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puoNG, unod Tnv NpolnoBeon va ava@epeTal n nnyn NPOEAEUCNC Kal va diaTnpeital To
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ABSTRACT

During the last two decades extremely rapid evolution is observed in Technology and
Communications. This evolution benchmarks a new era and calls everyone to be a part
of this, by using the new infrastructures developing. At the same time, this evolution is
reflected in the enormous investments made on the development of pioneer systems
and infrastructures. These infrastructures aim at coping with the continuous needs of
the users, as well as adapting to their unique preferences. This may be realised through
constantly updated, adaptive and innovative services. These services ‘will have to be
viable and dependable systems, able to fulfil users’ needs, any time requested. The
viability of such systems is guaranteed through the appropriate technoeconomic analysis
and the adaptation to users’ preferences, through cognitive networks. In this context,
this PhD thesis deals with issues of technoeconomic analysis and user profile

management, for services and wireless Beyond the Third Generation networks.

The First Chapter of this thesis is introductory. It presents the axes on which the thesis
is set and the field of knowledge is covered within these axes. More specifically, the
structure of the PhD thesis is presented, outlining the field of knowledge it discusses.
The technoeconomic analysis that takes place, in order to certify Reconfigurable
Networks’ viability, serves as the cost efficiency assessment procedure. Quality of
Service estimation and functionality improvement comprise the target of the User Profile
Management in the context of services and wireless Beyond the Third Generation
Networks. Moreover, within the First Chapter the support by the State of the Art is
presented, in order to showcase the relevance of this analysis with the current trends in
technology. Finally, the Chapter concludes with an overview of Beyond the Third

Generation systems and introduction each of the chapters of this thesis.

The Second Chapter is a technoeconomic analysis and evaluation of the Beyond the
Third Generation infrastructures. It is essential to have evidence that the transition to
the Beyond the Third Generation infrastructures is a technological achievement,
progress and increase of the options for user’s satisfaction, and a financially viable and

profitable solution. In this way, the functionality and efficiency of these networks is
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verified, resulting to the improvement of Quality of Service and consequently, to user

satisfaction.

The Third Chapter discusses on the User Profile in a Mobile Service environment. It is
mandatory for the purpose it is set up for; the fulfilment of user requirements. Thus,
this chapter defines the way, by which User Profile has to be structured, as well as the
parameters that comprise it, in order to reflect user preferences. Furthermore, it
presents two different methodologies for encoding and recording such preferences,
namely the Bayesian Average methodology and the Bayesian Networks methodology.
The results of the application of the two methodologies and a comparison between

these results is also taken down and presented.

The Fourth Chapter is a technical, specific instance, and acts as a sequence of the Third
Chapter. Precisely, it presents the structure and the parameters of the User Profile,
within an E-learning Service environment. Recording and predicting users’ future
preferences are also studied within this chapter, through Bayesian Networks
methodology. Based on this methodology, the results of different case scenarios are also

discussed.

The Fifth Chapter considers User Profile in a Transportation Management — Car Pooling
Service environment. This chapter also presents the structure and the parameters of
User Profile, focusing on its management. Moreover, in the context of this service, the
way of selecting a specific transportation service, through correlating a driver and a
passenger sharing the itinerary, is also discussed. The methodology used is the
Objective Function. The results of the different case scenarios created to test the

methodology are also presented.

The Sixth Chapter describes the conclusions of the PhD thesis and potential future

extensions of the work are also given.

As the wide scientific field of this PhD thesis is “Quality of Service Management in Future
Multimedia Applications”, the main objective of this thesis focuses on the
technoeconomic analysis for the verification of the financial viability in the investment on
Beyond the Third Generation networks and User Profile management for service and
wireless Beyond the Third Generation networks. In this sense, simulations have taken

place, the results of which are used to certify the legitimacy of the allegations, with
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respect to the effectiveness of the presented methodologies for resolving the presented

problems.

Keywords: Beyond the Third Generation (B3G) systems, cognitive networks,

technoeconomic analysis, user profile management
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MEPIAHWH

Tig TeAeuTaieg dUO OekasTieq napatnpeital paydaia €EENIEN oTnv TexvoAoyia Kal TIG
Enikoivwviec. H €EENIEN auTny avTavakAATal OTIC TEPAOTIEG €NeVOUCEIC nou AaupBavouv
XWpPa yia Tnv avanTtuén neEpaITépw KalvoTOPwV oUCTNUATWY Kal unodopwv. TauTtoxpova,
n €€ENIEN auTr onuaTodoTel Hia veéa enoxn Kal KaAei OAOUG TOUG NOAITEG va anoTeAEoOUV
MEPOG TNG EEENIENC AQUTNC, MEOW TNG XPNONG TWV VEWV UNOJOUWV Nou avanTtuooovTal. Ol
UNOJOKEG QUTEG €XOUV WG OTOXO TOOO va avtene&EABouv OTIG OIapKWG au&avopeveg
avaykeg TWV XpnoTwv, 000 Kal va NpooapuooToUV OTIG I0IQITEPEC NPOTIMACEIG TOUC.
AuTd €ival duvaTo va npaypatonoindsi HEow TNG napoXne dlapkwe avapabuilopevwy,
NPOCAPHUOCTIKWV KAl KaIVOTOPWV unnpeciwv. Ol unnpeoieg autec Oa npenel va
anoteAoUV CUOTAKATA BIWOIKA, IKAVa va KAAUNTOUV TIG AVAYKEC TwWV XPNOT®V, ONOTE Kal
av {ntnBsi. H BiwaoipoTnTa (viability) auTtr) moTonoleital TO00 PECW TNG TEXVOOIKOVOUIKNG
avaluong (technoeconomic analysis), aA\a kai HEGW TNG NPOCAPHOYAG OTIG NPOTIUACEIG
TV XpnoTwv (adaptation in user preferences) péow Twv yvwaolakwv SIKTUWV (cognitive
networks). 2To nAdiolo auTo kiveital n napoloa OIdakTopikn dlaTpir), n onoia
npaypaTeleTal NTHPATA TEXVOOIKOVOUIKAG avaAuong kai diaxeipiong npogik XxproTn, yia
unnpeoiec kal acUppata dikTua nepav Tng TPITNG yeviag (Beyond the Third Generation -
B3G).

To MpwTo KepaAaio anoTelei sicaywyr Tng didakTopikng diaTpIBnc. Mapoucialel Toug
a&ovec 0TOUC ornoioug KIVeiTal n diaTpIBr Kal To yvwoTikO nedio To onoio kaAunTel. Mo
OUYKeKpIUEva, napouaialeral n dopn TnG d1dakTopikng diaTpiPng, unoypaupidovrac ta
EMIPEPOUC enioTNpOVIKA nedia, Pe Ta onoia katamaveral. H diadikacia anoTiunong Tng
OIKOVOUIKNG anodoTIKOTNTAC AduBAVEl Xwpa PECW TNG TEXVOOIKOVOMIKNG avaAuong, woTe
va moTonomnBei n Piwoipotnta Twv Enavadiapbpwoipwv AikTUwv (Reconfigurable
Networks). H ekTignon Tng MoiotnTac Ynnpeoiag (Quality of Service) kai n BeATiwon TG
AEIToupyIKOTNTAG Tou cuotnuatog (functionality) anotehoUv To oTOXO Tou MEdiou TNG
diaxeipionc MpoiA Xpriotn (User Profile Management) oTo nAdiolio Twv unnpeciov Kai
Twv acupudtwy, Mépav Tng Tpitng Mevidg AikTuwv. EmnAgov, oTo nAaicio Tou MpwTou

Kepahaiou, yiveral ouoxETIon Twv agovwv Tng dIdakTopIKAG SIATPIRAG HE TIC TEAEUTAIES
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€€eNiEeic. TéNog, To KedaAalo OAOKANPWVETAl PE TNV ENIOKONNON TwV AIKTU®V Mépav TN

TpiTng Meviag kal TV gloaywyr) o€ kABe €va anod Ta kepdaiaia Tng diaTpIBng.

To AeUTepo Ke@AAalio anoTelei TNV TEXVOOIKOVOUIKN avaAuon kal agioAoynon  Twv
unodopwv Mepav TnG TpiTng Meviac. Eivar avaykaio va yvwpifoupe OTI TO NEPACHA OTIC
unodopEg Mepav TG TpiTng Meviag anoTeAei TOOO TEXVOAOYIK NPOodo Kal avanTugn Twv
EMAOYWV YIa TNV IKAvVOMoinan Tou XpnoTn, aAAd Kai OIKOVOUIKG BIwaoIUn Auon. Me Tov
TPONO auTd MIOTOMNOIEITAl N ASITOUPYIKOTNTA KAl N anodoTIKOTNTA TWV OIKTUWV auT®V,
EXOVTAC WG anoTeAeopa Tn BeAtiwon Tng MoidTnTag Ynnpeoiag kal kAt enéktaon Tnv

IKkavonoinon Twv NPOTIUACEWV TOU XPAOTN.

To Tpito Kepahaio nepidappavel Tn HeEAETN Tou Mpo@ik Tou Xprotn o€ £va MepiBailov
Kivntwv Enikoivwviov (mobile service). To ouoTnua auTto €ivar anapaitnTo va IKavonolei
TO OKOMO yia TOV 0rfoio OnUIoUPYNONKE: TNV NANPWON TWV avaykwv Kal npoTIUNoEwY
Tou Xpnotn. To Kepdhaio Aoindv autd opilel Tov. TpOMo HeE Tov onoio Ba npénel va
dopeital To Mpo@iA XpAoTn Kai TIG NAPAMETPOUC MOU TO ennpedlouv, ®OTE va
avTikaTonTpilel TIG NPOTIUACEIG TOu XpnaoTn. EnmAgov, napouaialel dUo peBOdoug yia Thv
KwAIKOMNOoINaN Kal Kataypagr Twv NpoTIMACEWV auTwy, Tn JEBodo Bayesian Average kai
Tn pEBodo Bayesian Networks. Téhoc, napoucialovTtal Ta anoTeAéopaTa Twv PEBOdwWV

Kal n METAEU Toug ouyKpIon.

To Terapto Ke@dlaio anoTelei €EEIDIKEUPEVO NAPAdEIYUA KAl OUVEXEI Tou TpiTou
Kepahaiou. Zuykekpiyeva, napouaialel Tn OoWn kal TIG NApapeTpoug Tou MpogiA Tou
Xpnotn o€ éva Mabnoiakd MepiBarhov (e-learning service). H kataypapr kai n
NPOBAEYn TWV. HEAOVTIKQV MPOTIUNCEWV TOU XPNOTN MEAETWVTAl PECW TNG HEBODOU

Twv Bayesian Networks, evw avaAbovTal mbava osvapia e Baon tn peBodo auTh.

To MépnTo KepaAaio peAeta 1o Mpo@iA Tou Xpnotn o€ eva MepiBaAov EEunnpéTnong
MeTagopdc - (Transportation -Management — Car Pooling service). To Kegpdhaio
npaydaTteveTal Tn 00U €VOG TETOIOU GUOTNAKATOG Kal £0TIAlEl oTn diaxeipion Tou Mpo®iA
XproTn. Opilel TIC NapapETpouc nou ennpealouv To Mpo@iA Tou XprioTn oTo NAdicIo TNG
UNNPECIAG auTNG Kal napouaciael Tov TpOMo €MAOYNG MIAG OUYKEKPIMEVNG UMNNPECIag
METAPOPAC, MEow Tou Odlauolpacuyol TnG Me €vav AMo xprnotn. H pEBodog nou

Xpnolydonoleital ival ekeivn TNG AvTIKEIMEVIKNG ZuvapTtnong (Objective Function). Eniong,
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MEAETWVTAI OIAPOPETIKEG NEPINTWOEIC EPAPHOYNC TNG MEBOdOU AUTHG kal napouaialovTal

Ta anoTeAéopara.

TéAog, oTo 'ExTo KepaAalo nepiypdgovTal Ta cupnepdopaTa Tng diIdakTopikng d1aTpIBRg
Kal NpoTeivovTal KAnoleC MOaveég PHEANOVTIKEC €MNEKTACEIC YIA TN OUVEXION TNG EPYATIAC

o€ B¢paTa nou npogkuyav €€’ auTng.

Kabwg To €upUTEPO €MIOTNHOVIKO nedio Tng diIdakTopikng diaTpiBng eival “Aiaxeipion
MoidTnTag Ynnpeoiag o€  MeA\ovTikeg E@appoyeg - MoAupeowv”,  n  diaTpipn
ENIKEVTPWVETAI OTNV TEXVOOIKOVOMIKN avaAuon yia Tnv migTonoinon Tng BIwoiuoTnTag
Kal n dlaxeipion Tou Npo®iA Tou XpnoTn yia UNNPECIEC kal acuppaTa AikTua Mépav Tng
Tpitng Meviac. MapaAAnAa, npaypaTtonoloUvTal NPOCOUOINOEIC, TA AMOTEAEOUATA TWV
onoiwV XPNOIKONOIoUVTAl Yia TNV MIoToMnoinon TnG opboTnNTAC TwV ICXUPIOUWY OXETIKA

ME TNV KATAAANAOTNTA TwV NapoucialopEvev HeBOdWV €nNIAUGNG TWV NPOBANHATWV.

Ne€eic — KAeidia: Mvwaoiakd diktua, Alaxeipion Mpogil XprioTtn, Zuotnuata Beyond the
Third Generation (B3G), TexvooIkovouikr AvaAuan
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FOREWORD

It is the journey that matters, not the destination... These are the words used by
Konstantinos Kavafis, a talented Greek poet, to express the beauty of every journey that
takes place during peoples’ lives. As every journey, this- PhD thesis’ progress

encountered difficulties and adversities, but also enjoyed many successful moments.

Heading towards the completeness of my PhD thesis, which was started and concluded
in the context of the Telecommunication Networks and Integrated Services Laboratory,
of the Department of Technology Education and Digital Systems, within University of
Piraeus, Greece, 1 would like to express my deep thanks to certain people that stood by

me and each one of them contributed in her/ his own way to its completion.

The corner — stone of this effort was my family. I owe so much to my parents, Nikos
and Katerina. My parents, since the day I was born, took care of me, providing me with
all their love and care, bequeathing their principles and moral equipage that would join
me for the rest of my life. The stood and stand by my side, real helpmates during the
route of my studies, encouraging and inspiriting every effort towards the completeness
of my PhD thesis. They were and are a paradigm to me and I express my deepest

thankfulness and gratitude from the bottom of my heart for everything.

My brother, Kostas, has been the paradigm to me and set the path to continue with him
towards knowledge and education. We lived together as students and as fresh
professionals. We shared our anxiety and engrossements for our lives, but we also
shared successes. I thank him very very much for the love, the support and his faith to

my abilities.

A very big part in the completeness of my PhD thesis has my supervisor, Associate
Professor in University of Piraeus, Dr. Panagiotis Demestichas. I would like to deeply
thank him for trusting my potential and capability and with both scientific and moral
support he contributed to the completeness of my PhD thesis. Our cooperation has been
catalytic for me, inspiring me and helping me continuously. Thanks to this cooperation
my scientific horizons were broadened, I sharpened my critical view and through this

procedure my willingness to pass on this knowledge was established.
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Furthermore, very important was the contribution of Vice-Rector of University of Piraeus
and President of the Technology Education and Digital Systems Department, Dr.
Georgios Vassilacopoulos and the Associate Professor in University of Piraeus, Dr.
Demetrios Sampson. Our cooperation started during my undergraduate years, within
which they offered their help whenever I needed, providing me important scientific

advice and guidance, motivating me to become better.

Moreover, I would like to thank Associate Professor in University of Piraeus, Dr.
Athanassios Kanatas. His scientific contribution and moral support was very important

for the completion of my PhD thesis.

I would like to express my deep thanks to the Lecturer Dr. Vera-Alexandra Stavroulaki,
who has been by my side all these years, providing me with her scientific advice and her
unreserved support in moral and psychological level. Her help was catalytic to me and to

the completion of this thesis and I owe her very much.

I would also like to thank my colleague and friend, Apostolos Katidiotis. We started
together this journey, sharing our doubts and dreams, reaching again together the
completeness of our PhD theses. I thank him for the support during all these years and

for the very nice moments we shared.

Moreover, I would like to thank Dr. George Dimitrakopoulos, for helping me during my
PhD thesis, providing me with apposite comments and his scientific experience in the

problems I faced.

I would also like to thank Dr. Kostas Tsagkaris, who contributed to the completion of my

PhD thesis, providing my with his help and knowledge in the problems I encountered.

Furthermore, the rest members of the Telecommunication Networks and Integrated
Services Laboratory have contributed to the completion of my PhD thesis, namely
Dionysis - - Petromanolakis, . Aggelos Saatsakis, Marios Logothetis and Andreas
Georgakopoulos. I would like to thank them and wish them to complete their own

journey towards knowledge very soon.

I would also like to thank some people that had a very important part in the completion
of my PhD thesis, providing me their love and support. I would like to thank my cousin,
teacher and mother of my beloved godchild Antia, Katerina Kontovraki, who, since my
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adolescence, was there for me, to tolerate my anxiety, support my dreams and

encourage me, in every goal I set.

Many many thanks I would like to express to my beloved friends Dimitra Andritsakou,
Maria Pappa, Rodanthi Vidali, Louise-Madeleine Papadopoulou, Vera-Alexandra
Stavroulaki, Daphne Bravou, George Tsoukalas, Stelios Tziras and Robert Schmidt.. They
stood by my side all these years, friends and helpmates, not only for my PhD thesis, but
also for everything else I needed; they were always there for me. I thank every one and

each of you for everything you did for me...

Finally, many many thanks I would like to express to Ilias Katsogiannis, my significant
other. His smile and optimism encouraged me to complete my PhD. thesis with very
much love and excitement. He supported and impelled me even in moments I lost my
temper and confidence, and gave his personal rhythm and tempo in my PhD thesis.

Thank you for everything...
With honour,

Panagioula N. Kritikou
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MrPoAoroz

>nuacia dev €xel O MPOOPIOPOG, aAAd To Tagidl... Me auta Ta Adyla €EE@pace o
KwvoTavTivog Kapaenc tnv opoppia kabe Ta&idioUu nou yiveral katd Tn OIApKEId TNG
{wnc evoc avBpwnou. Kal onwg oAa Ta Ta&idia, €101 kal n nopeia autng Tng diIaTpIPng,

€ixe TIG OUOKOAIEG, TIG avTIE0OTNTEG, aAAA Kal TIG XApEG TNG.

OdelovTac npoc TNV oAokAnpwaon TnG SI0AKTOPIKAG Hou diaTpIBRC, N omoia Eekivnoe Kai
oAokKANpwONkKe oTo0 gpyaorrpio  AikTuwv  TnAsrmkovwviwv  kar - OAokAnpwuevawy
Yrnpeoiwv Tou TUNWATOG A/0akTikric 1n¢ Texyvoloyias kal ¥Wn@iakwv SUoTnudTwv Tou
TMaverornuiou lMeipaiwg Ba NBeAa va eKPPACW TIC EUXAPIOTIEG POU OTOUG avBpwmnoug
nou ortabnkav OinAa pou kal ouvéBaAav o KaBévag pe TO OIKO TOou TPOMO OTNV

0AOKANpPWON auTnc.

Akpoywviaiog AiBog o€ autiv Tnv npoonabeia unnp&e n olkoyevela pou. OPeidw €va
Heyalo euxapioTw oToug yoveic pou, Niko kar Katepiva. Or yoveic pou gival ekeivol nou
ppovTioav and naidi va pe didagouv TNV ayann kar tn @povTida, va Jou dwoouv apxeS
Kal nveupatikd e@ddia yia Tn {wr pou. XTAdnkav oTo NAEUPO HOU MPAyMATIKOI
ouMNapaocTaTec kad’ OAn Tn OJIdpKeEld TwvV Onoudwv Hou, evBappuvovTac Kai
EMYUXWVOVTAG KABe pPou npoonabeia nou ouveBaAe aTnv oAOKANpwan TG dIOAKTOPIKNAG
pou dIaTpIBAG, kal Oxl Povo. 'HTav kai gival npoTuna yia Tn {wr Pou Kal ToUG EuXapioTw

MECa ano Tnv kapdid ou yid OAQ.

O adeppog pou, KwoTtag, pou €dwoe To napddelyua Kal Hou MPOTEIVE To XEPI va
OUVEXIOOUME NApEa TNV Mopeia mpog Tn yvwon kai Tn Hopewon. Znoape pald Ta
POITNTIKA PAC XpOvIa kal KAVape Ta NpwTaA Pac enayyeARaTika BrApara. MoipaoThKaye
avnouxiec, nNPoBANMATIONOUC, aAAG Kal enITUXieG. Tov €uxapioTw Bgpud yia TNV ayann,

TNV UNOOTNPIEN KAl TNV MGTN TOU OTIG QUVAMEIG [ou.

ZNMAvTIKOTATO  PEPIDIO OTNV OAOKANpwon TnG OIDAKTOPIKAG Hou dIaTPIBNG EXEl O
enBAénwv kabnyntng Hou, AvanAnpwtng Kabnyntng MavenioTtnuiou Meipaiwg, Ap.
MavayiwTng AsheoTIXaG. OEAw va Tov EUXAPIOTACW BepUd nou £O€IEE EUMIOTOCUVN OTIC
duvaToTNTEG Kal TIG IKAVOTNTEG HOU KAl TOOO HE ENICTNHOVIKN, 000 Kal NOIKr unooTrpIEn
ouvEBaMe atnv oAokAnpwan Tng d1IdakTopIKng Hou diaTpIBnc. H ouvepyaaia pag unnpée
KATAAUTIKR yia €Uéva, anoTEAWVTAG NNyn EMNVEUONG YIa TNV €NAyYEAUATIKA Hou nopeia.
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Méoa anod Tn ouvepyacia auTr dielpuva Toug EMICTNHOVIKOUG HoU opilovTeg, avenTuéa
TNV KPITIKN HOU OKEWN Kal pEoa ano autr Tn Oladikacia nayiwoe n KAion pou oTo

EMIOTNHOVIKO auToO Nedio Kal n eniBupia Pou yia Tn HETAdoon TG yVwong.

IdiaiTepa onuavTik unnp&e n oupBoAr Tou AvTinpuTavn Tou MavenioTnuiou Meipalng
kal Mpogdpou Tou TuAuatoc Wnoglakwv ZuoTnuatwv Ap. Fewpyiou BaogidakonouAou,
KaBw¢ kal Tou AvanAnpwtr) Kaényntn Ap. AnunTpiou Zapwwv. H ouvepyaoia pag
Eexivnoe and To nmponTuxiakd akopa €ninedo, kATd To onoio e Bononoav 1diaiTepa
onoTedNMNOTE  XPEIAOTNKA, MAPEXOVTAC Hou 101QiTEPA . ONMAVTIKN  EMIOTNHOVIKNA
Kabodrynon kai GUPPBOUAEC, ONUIOUPYWVTAC HOU ME TOV TPOMO AuTO TA KivnTpa yia va

yivw kaAUTepn.

Eniong, 6a nBeha va suxapioTnow Tov AvanAnpwTtrh Kabnynth Ap. ABavaocio Kavarg,
0rnoiog KE TNV €NICTNKOVIKN TOU CUMBOAN Kal TNV nNBIKA unooTnpIiEn ouveRale onuavTika
oTnV oAokApwaon TnG SIDAKTOPIKAG Hou diaTpIPrG.

Oa nbeka akopa va nw &va noAu Peydlo euxapioTw oTn AékTopa Ap. BEpa-AleEavdpa
2TAQUPOUAAKN, n onoia oTddnke kovTd Hou OAa auTd Ta Xpovia, NapeXovTag HJou TOoo
TNV  €MICTNHOVIKN TNG Yvwon, 000 Kal TNV auépIoTn oupnapdoTacn o nliko Kal
YuxoAoyIkO eninedo. H BonBeid Tng Tav KAaTaAuTikn yia TNV oAokAnpwon TnG diaTpIRng

QUTAG Kal TNG XPWOTW NApa NoAAd.

Oa nBeAa va euxapioTHOW TO CUMPPOITNTA, QiAo Kal ouvadeA@o, AnoaToAo KaTidiwTn.
Me Tov AnooToho EEKIVACANE WG CUUQPOITNTEG, OTNV nopeia yivape @ilol kal diavuoape
padi To dpopo nPog TNV oAokAnpwan Tng diIdakTopikng diaTpIBNG. MolpacTrkape TIG idIEg
apIBoAieg, Ta idia Ovelpa kal GTAVOUKE va KApNwVONAOTE Tov idI0 KaIpO TOUG KOMOUG
TwV npoonadeinv pac. Tov euxapioTw Yia Trn cupnapdacTaon OAa auTd Ta Xpovia, aAAa
Kal yIa TIG MOAU OLOPPEG OTIYUEG NOU Nepdoale napéa, ota dinAava ypageia.

EminAéov, Ba nBeha va euxapiotnow To Ap. MNwpyo AnuNTPaAkONoulo, O Onoiog HE
BorBnos ka®’ OAn Tn Oiapkeld TNG OIDAKTOPIKAG Mou dIaTpIBnC, HE TIGC €UCTOXEG
napaTnpEnosiC Tou Kar. TNV €MICTNHOVIKA TOU Eeuneipia o€ OAa Ta npoPAnuaTa nou

avTigeTownma.

Eniong, 6a nbeha va euxapiotnow Tov Ap. KwoTta Toaykdpn, O ornoioG ouveéBaAAe

onMavTika otnv oAokAnpwaon TnG dIdAKTOPIKNAG Mou BIaTpIBnG, napéxovrag Tn Pondeia
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TOU Kal TIC YVWOEIC TOU, YId TNV €niAuon Twv NpoBANKATWV N NPoBANUATIOHWY Mou

avTigeTonmda.

AkOpa, onUavTikd Pepidlo oTnv OAOKANPWON AUTHG TNG EPYACiag KATEXOUV TA UMOAOING
MEAN Tou epyacTtnpiou AIKTUWV TnAENIKOIVWVIOV Kal AIKTUGK®V YRNPECIWV Kai Mo
OUYKeKpIJEva ol Alovuong MeTpopavwAakn, Ayyelog Zaatodkng, Mapioc AoyoBeTnG Kai
Avdpéag ewpyakomnoulog. Toug €uxapioTw MOAU Kal Toug €Uxopal oUvToda va

oAokAnpwaouv To 8IkO Toug Tagidl Npog TN yvwaon.

Eniong, 6a nBeha va euxapioThow 10IAiTEPA KAMOIOUC avlpwnoug nou -énaigav noAu
onuavTikd PoAo oTnv oAokAnpwon Tng SIBAKTOPIKNAG Hou dIaTpIRNG, MAPEXOVTAG HOU
yevvaiddwpa Tnv aydann Toucg kai Tn oTnPIEN Touc. MOAU WPEYAAO €UXapIOT® OTNV
Eadeppn MOU, KABNYNTPIG MOU Kal Papd Tng ayamnuevne pou Avtiag, Karepiva
KovtoBpakn, n onoia and Ta padnTika HoOu Xpovia w¢ kabnynTpid HOuU, GKOUYE TIG

avnouxiec pou, onpile Ta Ovelpd POU Kal Pe EVBAPPUVE O< OMolo OTOXO kal av €0gTa.

MOAU pEYAAO €UXaPIOT® OPEIAW Kal OTIC ayannuéEveS pou (IAeC AfunTpa AvOpITOoakou,
Mapia Mannd, Poddaven BidAAn, Aouila-Maydahnvi Manadonoulou, Bépa-AAeEavdpa
>TaupouAdakn kai Aagpvn MnpdaBou kar TOUG ayannuévoug pou gilouc Mwpyo TooukaAd,
>TéNlo T{npd kai Robert Schmidt. >TdBnkav OAa autd Ta Xpovia oUpPaxol Kai
OUMUNAPAOCTATEG OTOV aywva Hou yia Tn O1IdakTopik Hou diaTpifry, aAM\d kai o€
onoiadnnoTe Bonbeia XpeIGoTnka, NTAv Navra Kovra Pou. Xac euxapioTw OAouc pad kai

KaBévav EexwpIoTa yia OAa 00a HOU EXETE NPOCPEPEL...

Telog, éva 10iaiTepa peyalo euxapiotw OéAw va nw otov HAia Katodyiavvn, TO
oUVTPOPO Hou. Me To XapOYeAO Tou Kal e TNV aiolodogia Tou Pe wONOE va 0AOKANPWOw
autny Tn O1IdakTopIkn OIaTPIBN Ke MOAAN ayann kal PePAkl. Me otpiEE kal pou €DdIve
KOUPAyIo akOua Kal G€ OTIYHEG NOU £xava TV Wuxpdaidia kal Tnv autonenoionon Hou kai
€0woe TO OIKO TOU PUBHO Kkal TO JIKO TOU TEWMO OTn OIDAKTOPIKA Hou diaTpIpn.

EuxapioTtw HAia pou...
Me Tiun,

MavayioUAa N. KpnTikou
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1. INTRODUCTION TO TECHNOECONOMIC ANALYSIS AND
USER PROFILE MANAGEMENT IN THE CONTEXT OF
WIRELESS B3G NETWORKS AND SERVICES

Abstract

The following section composes the introduction of this PhD thesis. It outlines the basic
concepts it is based on, presenting the structure of the thesis. The State of the Art is
also presented, in order the connection with the current trends to be showcased.
Moreover, an overview of the Beyond the Third Generation Networks is made. Finally, a
brief introduction of each chapter of this PhD thesis is made, underlining each chapter’s
focus, the problem it solves, the methodology used and the results produced by the

application of the methodology.

Keywords

Chapter overview, state of the art, thesis structure
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1.1. Introduction

During the last two decades there has been exponential development in the field of
technology. Data, applications and services are now available at any time and place,
through the use of Mobile Communications Systems. Thus, regardless the context, the

user has the potential to access the information desired.

More specifically, this ability is realised through the use of wired and wireless access
technologies, in other words, through the fixed and wireless devices. As expected, there
has been an emphasis on the continuously evolving Beyond the Third Generation (B3G)
infrastructures, which are made available through the wireless access technologies and
are capable to fulfil users’ specific needs and preferences for services, regardless the

place, the time and the equipment.

In order to fulfil these special and personalised user preferences, these systems will
have to conform to and integrate certain system features that include both technical
requirements and human interaction. Moreover, the system will also have to take into
consideration both the particular results of the system, i.e. the output of the system,

and the overall characteristics of the system.

The subsequent section analyses the requirements of a system, the way these
requirements have been taken into consideration in this thesis and therefore the

structure of this thesis for supporting system’s requirements and features.

1.2. Thesis’ Structure

Undoubtedly new services, available through innovative infrastructures, are very
successful, as they have received wide acceptance by users and gradually have gained
ground in the market. This has happened as these services facilitate peoples’ routine,
saving effort, time and money and are easier than before to access, using the new,

inventive infrastructures.

B3G networks’ utmost goal is to support customers with a wide range of applications
and offer cheap and flexible application access. As mentioned previously, this is
achieved with the combination of different access technologies, which are beneficial and

resource efficient. The customer connects to an access network based on a combination
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of personal preferences as grade of Quality of Service, level of security, price of usage,

operator and service access.

In order to achieve this goal, a B3G system should be able to fulfill different end-user

demands. Such demands include:

= Ubiquitous access; with easy access to applications and services, regardless the

place, the time and the equipment of the system,

= Network characteristics; appropriate Quality of Service and security at reasonable

cost,

= Terminal characteristics; vast choice of terminals with easily understandable user

interface and user friendly billing capabilities, including advice of charge,

= Multi-profile usage; regarding Quality of Service (QoS) profile for same service,

context information, choice of service/content provider.

Furthermore, it is considered that the B3G users take on different ro/es during a working
day and for each new role the user may apply a different usage package with predefined
characteristics. This may be relevant to the kind of services available in the package, the
price this service is offered at, the quality of this service and security [1]. The

requirements formed by users and have to be gratified in the B3G context are:

= Always best connected; a user always connects to the best possible network

(based on personal criteria) available to support the service required,

= Personalization; including personal service selection, different personal profiles

pointing-out users interests,
= Simplicity; meaning that services must be easy to configure and easy in use.

As described above; B3G systems put new demands on the network to suit user
expectations of the future communication society. Satisfying these expectations, results
to the establishment of the usage of the specific service. It is therefore important to

make sure that users’ requirements are obeyed.

Thus, in order to comply with users’ expectations, exploiting the advantages offered by
B3G networks and taking into consideration user preferences, the system will have to

make cost efficient provision and user profile management, in the context of the service.
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Cost efficient provision is realized through technoeconomic analysis, contributing to
overall system’s quality, and the augmentation of user satisfaction. Furthermore, it has
to be mentioned that technoeconomic analysis takes into account the Quality of Service
provided in each service. In this PhD thesis Reconfigurable infrastructure is investigated,
being able to dynamically adapt to the environment requirements and conditions, in
principle, by means of self-management. This means that Reconfigurable Networks may
operate with diverse alternate configurations, in order to achieve the best configuration
for the characteristics of the service required. The tool used for the technoeconomic
analysis is the Net Present Value technique (NPV). The Net Present Value technique is
one of the most popular tools for financial evaluation and is considered to be one of the

most robust techniques for analyzing a variety of investment activities [2].

On the other hand, standalone is the provision of user preferences, through user profile
management, and consequently the definition of the appropriate Quality of Service as
well as the formulation of the apposite functionality of different applications of such
systems. Put another way, user profile management takes place for discovering the best
suitable Quality of Service for each user, along with the way a service will have to be set
and improve its functionality. Both these research areas lead to increasing user
satisfaction, by making the system more effective and wuser centric. In the context of this
thesis, Bayesian Networks, Bayesian Average and Objective Function are the
methodologies used within the chapters for recording and learning user preferences and
consequently achieve better Quality of Service and increased functionality for satisfying

Uusers.

Bayesian Networks is a method for evaluating, in a qualitative and quantitative manner,
elements of the user behavior and accordingly updating the User Profile [3]. Bayesian
Rating methodology uses the Bayesian Average method, which is a method of
calculating the mean of a data set where there is a known prior probability of the value
being estimated. It is of particular value when calculating means of multiple differently
sized data sets from a larger population [4]. Objective Function (OF) is defined as the
simplest case of optimization, or mathematical programming and refers to the study of
problems in which one seeks to minimize or maximize a real function (or objective
function) by systematically choosing the values of real or integer variables, within an

allowed set [5].
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Cost Efficient
Provisioning of

Quality of Service in
Personalized Services

Assessing Cost Efficiency

Technoeconomic Analysis of B3G
Infrastructures
- Net Present Value Tool

Technoeconomic tools are used to
measure cost efficiency in a system
Chapter 2

Learning User Preferences
- Quality of Service

User Profiles Management
- Learning User Preferences
Quality of Service

Analysis takes into account Quality of
Service parameters
Chapter 3

Learning User Preferences
- System Functionality

User Profiles Management
- Learning User Preferences
Functionality of the System

Provision of appropriate functionality
requirements in addition to Quality of
Service

Chapter 4, Chapter 5

Figure 1-1: Analysis of the scientific field of the thesis
These techniques are applied to a mobile service, in order to investigate the way Quality

of Service may be measured and set properly for each user and to a transportation
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management — car-pooling service and e-learning service in order to define the suitable

functionality for each service.
Figure 1-1 presents the structure of the PhD thesis, showcasing each chapter’s content.

The following sections make a reference to the State of the Art, which supports this PhD

thesis’ structure and subsequently introduce each of the axes of this PhD thesis.

1.3. Support by the State of the Art

The rationale that was developed in the previous section is empowered by a recent
research presented in [6]. Within this research it is supported that users look for (web)
services that not only can meet their requirements, but are also capable of performing
the required functionalities with an acceptable degree of Quality of (web) Service.
Quality of Service is a significant differentiator among the competing implementations.
To this end, Quality of Service must transcend -system-centric quality measures to
encapsulate not only implementation details that may influence performance metrics,
but also deployment and user-experience issues. As Al-Masri and Mahmoud (2009) have
illustrated, Quality of (web) Service parameters are distinguished in two basic types of
parameters; objective and subjective parameters. Objective parameters correspond to
measurements that are concrete or quantitative. Subjective parameters correspond to
qualitative measures, either based on the client’s perception or regulated by the service

provider.

In other words, this work [6], being a specialized instance, supports the two-fold idea
developed in this thesis, which serves as a more generalized view of the Quality of
Service investigation. Figure 1-2 illustrates a part of the identified Quality of Service

parameters in [6].

On the one hand, the technoenomic analysis defines whether an investment on a new,
more powerful technology that aims at improving Quality of Service for users, is not only
technologically pioneer but also financially profitable. In this way, the objective
parameters of Performance and Dependability are reinforced, as the system has better
performance and is dependable, thanks to the better technology used. On the other
hand, the Reputation of the system, counted by the ratings that the user has attributed

the service with, represents user satisfaction when using this service. In this sense,
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being able to know user’s opinion on the service, it may adapt in order to offer the
service enhanced with the features requested. Ergo, the overall functionality of the

system is improved.

Quality of Service

Objective Parameters Subjective Parameters

Figure 1-2: Part of basic Quality of Service parameters; objective and subjective
parameters

Conclusively, this PhD thesis takes into consideration objective as well as subjective
parameters, in order to make a globed analysis of the factors that influence Quality of
Service in services and B3G networks and contribute to the enhancement of the
system’s functionality. These factors are namely the technoeconomic analysis and the

user profile management of services and wireless B3G networks.

1.4. B3G Networks Overview

In today's telecommunications market a variety of new wireless access technologies with
great potentials are available, as a result of numerous research and development
activities as well as standardization bodies in the area of wireless networking solutions,
like the 3GPP/3GPP2 (3rd Generation Partnership Project) [7], IEEE (Institute of
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Electrical and Electronic Engineers) [8], WWRF (Wireless World Research Forum) [9],
DVB [10], and IETF (Internet Engineering Task Force) [11]. The wireless access world
as it is formed nowadays includes mobile communications (2G/2.5G/3G/3.5G), wireless
local/metropolitan area networks (WLANs/ WMANS), wireless personal area networks
(WPANSs) and short range communications, as well as digital video/audio broadcasting
(DVB/DAB).

One of the most recent trends in the area of wireless access communications is the
migration towards the so called Beyond the Third (3™) Generation (B3G) era. The
motivation is to exploit the available technologies in the most effective manner. The
main concept behind B3G systems is that a Network Operator (NO) can operate and rely
on networks with multiple, different radio access technologies (RATS), for achieving the
required capacity and QoS levels, in a cost efficient manner. A NO can select the set of
networks, potentially belonging to affiliated NOs, which are best suited for delivering
agreed-upon business objectives, given the current service area conditions. Regarding
this issue from the users’ perspective, the supporting network technologies are
irrelevant, as long as cost and appropriate business criteria (e.g., QoS, reliability, etc.)

are fulfilled.

In order to accomplish this functionality, two complementary technologies have been
developed; Composite Radio Networks [12] and Reconfigurable Networks [13], [14]. As
illustrated in Figure 1-3, these two technologies may offer these services to users, based

on both the requirements of each service and user’s preferences.

Composite Radio networks, sometimes also referred to as cooperative networks, jointly
handle a difficult condition. The main assumption is the collaboration between the RATs/
networks, so as to direct the traffic to the most appropriate RAT/ network of the
Composite Radio infrastructure, according to service area regions, time zones, profile

requirements and network performance criteria.

Reconfigurable ‘Networks have the ability to dynamically adapt to the environment
requirements and conditions, in principle, by means of self-management.
Reconfiguration may affect all layers of the protocol stack, namely; the physical, MAC
(Medium Access Control) and LLC (Logical Link Control), IP, transport, presentation,

session and application layers.
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Figure 1-3: Mobile Communication Systems Analysis
One of the key features of Reconfigurable Networks are reconfigurable elements
(terminals or network elements) that can operate with diverse alternate configurations,
especially, RAT and spectrum-at the PHY/MAC layers [13], [15]-[19] as depicted in
Figure 1-4.

In other words, it.is envisaged that reconfigurable elements will comprise reconfigurable
transceivers capable of switching between a certain number of potential modes and

operating at various frequencies in-a dynamic, autonomous fashion.

In this sense it is essential to exploit the abilities provided by B3G Networks for creating
applications-and services that comply with users’ requirements and preferences and are
available ubiquitously, in the best terms regarding Quality of Service and system
functionality improvement.

Thus, this thesis has elaborated, as mentioned in the previous, on technoeconomic
analysis of B3G systems and user profile management in different contexts. The
forthcoming sections provide information on each of the chapters that compose this
thesis.
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Figure 1-4: Reconfigurable elements concept
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1.5. Technoeconomic analysis of B3G Infrastructures

As mentioned before, B3G infrastructures are in the centre of all technological
achievements and researchers, organisations, networks managers and equipment
manufacturer are working on them. For the successful adoption and establishment of
these infrastructures it is very important to emphasise on the Quality of Service and the

technoeconomic viability of the infrastructures, as an investment.

More particularly, high and stable Quality of Service delivery is a very important feature
of the services that are made available through' B3G. infrastructures,  contributing
catalytically to wuser’s satisfaction. 1t is more than obvious that when a user is satisfied
regarding the kind and the quality of a certain service, then it is more likely that he is

going to use this service again, establishing its use.

Moreover, the investment refund and amortization of a B3G network is essential as well.
Such an infrastructure has to be robust, reliable and stable in covering users’ needs.
This means that the user is aware that the network he is using is reliable and able to
satisfy users’ needs and requirements whenever needed and thus, he keeps on using

the service, making the service viable and profitable.

As already mentioned, Composite Radio networks have served as an excellent first step
towards the realization of B3G systems. However, the implementation of a B3G
infrastructure by means only of network co-operation may not be effective, especially on
a long-term basis. In order for a NO to operate a multi-RAT network it may be necessary

to massively deploy alternate radio networks.

The motivation for Reconfigurable Networks is to overcome some of the drawbacks
associated with Composite Radio networks. More specifically, one of the most prominent
aspects of Reconfigurable Networks is the fact that RAT management can be achieved
through the deployment of software. For example, software can be invoked to activate
the appropriate RAT, in the service area regions and time zones that face specific
environmental conditions, which can be optimally handled by that specific RAT. When
the environment: conditions change, this RAT may be replaced with another that is
better suited for supplying services under the changed environmental conditions. In this

way, the service specifications will comply with user preferences, in terms of service
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personalization and adaptation to the specific requirements set by the user, enhancing

the overall system functionality.

Therefore, it is essential to assess whether these technologies are not only capable of
providing the user with the requested service in an efficient manner, but also-there is
the need to certify that a new technology is profitable and able to refund the investment

amount of money.

In chapter 2, the main target is to assess both  technologies’ -technoeconomic
parameters, in order to be able to come to a scientific conclusion on whether
Reconfigurable Networks make up an investment able to reimburse the money spent.
Thus, the Net Present Value technique (NPV), which is one of the most popular tools for
financial evaluation and is considered to be one of the most robust techniques for

analyzing a variety of investment activities [24], is used in this case.

NPV consists of Capital Expenditure (CAPEX), Operational Expenditure (OPEX),
Amortization (Depreciation), Taxation, Revenues and Discount Rate. These parameters
are investigated for both cases. Results are presented for different cases and

comparison is made, in order to have an orbicular view of the results produced.

1.6. Mobile Services

In the recent years a number of new and powerful wireless networking standards have
emerged, as already introduced. More specifically, a key topic in the research area of
B3G/4G networks is related to mechanisms and strategies to efficiently realize the
collaboration between the different technologies and consequently their join use. The
aim is to exploit the variety of the various available access standards to the benefit of

manufacturers, operators and end-users.

The B3G concept introduces the idea of diverse, heterogeneous Radio Access
Technologies (RATs) able to converge into one composite radio environment, where the
user is “always best connected”, while the most appropriate technology is selected and
applied by the system seamlessly. Cognitive and reconfigurable wireless networks have
appeared as a complementary concept to B3G networks, as already discussed. Cognitive
systems determine their behavior, goals, principles, experience and knowledge,

reactively or proactively and acting in response to external triggers [25]-[30].
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Along with these technologies and in order to exploit the potentials they offer, new
services have also been deployed. These services are made available through the
internet [25]-[32] and aim at facilitating users’ lives, replacing the user from being at a
certain place and making a specific activity faster and easier. Therefore, mobile services
are heralded to create a tremendous spectrum of business opportunities [33]. Mobile
services have initiated as plain audio or text service delivery and have evolved to more
complicated services, taking into consideration both context and fulfilling needs. Such
services include e-banking, e-learning, e-business, e-market, e-government. Day by day
users get to discover these services and use them as a tool to complete as many tasks
as possible, facilitated by new technologies. Thus, user acceptance of these services is

of paramount importance [33].

This means that the already developed web based systems make users’ lives easier,
saving them time and effort. Personalization applies to many aspects of peoples’ lives
and is a feature that enhances user’s experience by adapting to his certain preferences,

increasing his satisfaction.

In this way, a system may and, as inferred by the above, need to be properly modelled,
in order to map user’s preferences and needs. The information extracted is collected and
may be used, in order to satisfy user’s future requests for the same type of service. In
other words, the system may use the historical data gathered from users past activity
and exploit this knowledge so as to provide the user a more personalised service
experience. This is achieved by storing the collected data appropriately coded in User
Profile component. Therefore, the utilisation of the information collected for user’s
satisfaction is now feasible, ensuring Quality of Service, every time the user requests the

specific service.

This is the main subject of chapter 3. It addresses user preferences modelling through
the User Model component, aiming at recording user’s activity. After specifying
parameters which effect directly user’s preferences and therefore user’s satisfaction, the
system makes use of two methodologies for evaluating the results and consequently
user’s satisfaction regarding with the Quality of Service provided; Bayesian Rating and
Bayesian Networks. The results of these two methods are presented and discussed

accordingly.
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1.7. E-learning systems

As a consequence of the advent of new communication technologies, modern mass
communication is no longer constrained by the traditional one-way, asymmetric
communication medium, as presented previously. Today it is possible to present
communication materials, which automate convoluted interaction with individuals. In this
way, the ability to achieve symmetric communication is extended and the development
of advanced e-learning systems (or platforms) [34]-[37] is accomplished. Moreover,
evolved systems have the ability to adapt themselves in order to conform to each
reader's unique characteristics, capacities, and preferences [38]-[40], while
contemporary computer software technologies can project interactively-tailored content
and formats according to the designer's intended purpose(s) [40]. This can be
accomplished by means of electronic message presentation formats such as software

engineering in combination with learning techniques [41].

In other words, it is important to combine knowledge elaborated on new technologies
along with theories [41] that may distinguish user types and therefore have a criterion

of the way a user learns best.

Yet, there is still a missing piece in this puzzle; personalization. It is important for a
system to be able to identify user’s separate, different, individual needs and be able to
adapt to them. This is.in direct relation to user’s motivation for lifelong learning and, of

course, satisfaction increase.

Personalization may be approached as a methodology to categorize user’s unique needs,
explore the ways to interact with the user in order to have feedback on his preferences
on these uniqgue needs and, in the end, configure the material and the system as a
whole accordingly. Yet, it is important to be noted, that the interactivity and functionality
necessary to be attributed to the system in order to learn users’ preferences, must be
carefully studied, structured and provided to the user. This happens as such systems are
used not only by users with high acquaintance with technology and computers, but also
novices that need specific guidance in order to concentrate on the material to be learnt

and not the way an e-learning system works.

The benefits of this procedure are clear; users perceive better the material presented,

their satisfaction is increased, they are motivated to continue using the system and
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therefore they are enhancing their knowledge and the use of the service is established.
Therefore, e-learning systems [34]-[37] seem to gain ground constantly, as they allow

users to access them at any time and place, at their own convenience.

The main concept dealt with in chapter 4 is the personalization and functionality
structure within an e-learning system. The components of such a system’s architecture
are presented and discussed. Focus is on User Profile component, the parameters that
compose it and how these parameters may enhance user’s experience when using this
system. Concepts from Bayesian Networks are used in-order to present the results of the

simulation of such a system.

1.8. Car-pooling (sharing) systems

Most of large cities of the world are today overcrowded with personal vehicles. This
phenomenon has resulted in a never ending congestion state, which inevitably leads to
high pollution, loss of time and money, degradation of quality of life, and a huge waste
of non renewable fossil energy [45], [46]. Governments have understood that
transportation inefficiency, as most vehicles only carry the driver, is a hurdle to
sustainable development. This inefficiency is a good that could be addressed to us. In
fact, such cities have a poor social fabric, as most people live alone or in a small family
cell and consequently they face difficulties to extend their social circle and trust each
other. Indeed, the idea of offering a passenger a place in his own car or willing to be
transported by an unknown driver is something difficult to envisage, especially when

both involved parties do not know enough about each other.

It sounds obvious that increasing the level of trust between people and allowing them to
know more about each other, can be a key factor to the improvement of transportation
efficiency [45], [47]. This community driven cooperative transportation is part of the
vision of this chapter. It can only be enabled if an appropriate information technology
(IT) system is offered to all citizens to use. This IT system would be utilized as a mean
to create communities, to improve trust between people and to organize and supervise
the transportation itself. Icing on the cake, such information available for the users also
helps potential passengers to know more about the driver attitude and behavior, and

vice versa. Therefore, while safety in car transportation is increased, some important
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information about the driver can be used for improving the level of mutual knowledge

between the car driver and potential passengers.

Some countries have already taken action and, in order to address transportation
inefficiency, they have introduced car-pooling systems [46], [48]. Such countries are the
United States, Germany, Great Britain and of course Greece [49]-[56]. Yet these

solutions are independent and have not received wide acceptance, yet.

Chapter 5 presents an integrated, community driven, mobility solution combining the
concepts of communities, mobility and car pooling. More specifically, the idea of a car-
pooling system that takes into consideration user characteristics and preferences
regarding their transportation is presented. Furthermore, the architecture of such a
system is presented, while emphasis is given on user personalization and system
functionality. This is achieved by using objective function, a method to measure user’s
preferences on certain parameters. The methodology is analyzed and different scenarios

and their according results are discussed.

1.9. Summary

As a result of all the previously mentioned, it is now clear that the scientific field of
“Quality of Service Management in Future Multimedia Communication Systems” focuses
on defining, analysing and evaluating the Quality of Service Parameters in New Services,
using the B3G infrastructures. Quality of Service Parameters are the 7echnoeconomic
Analysis for ensuring the economic viability and the investment amortization in B3G
Networks and the User Profile Management for adapting each Service in each user’s
personal preferences and needs, so as to set this Service and make these Networks

financially stable and profitable.

Recapitulating, this- PhD thesis is moving on two axes; the Evaluation and
Technoeconomic Analysis for B3G Networks and the User Profile Management, as stems
from the previous analysis. Both axes aim at forming the best circumstances for users in
order to increase their satisfaction. This is achieved by ensuring that Reconfigurable
Networks comprise a remunerative investment, as this technology has the ability to
adapt to users preferences according to the service and the context. Moreover, User

Profile is gone through, analysing its parameters in three different cases; mobile services
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(as a generalised service), e-learning and transportation. This User Profile components
analysis targets to achieve the maximum possible user’s satisfaction, improving system'’s

functionality.

The structure of each chapter presented hereinafter is as follows; initially, the problem
and its definition are presented, the solution of the problem ensues and the respective
results produced from the solution application compose the structure followed for each

of the axes of this thesis.
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2. TECHNOECONOMIC ANALYSIS AND EVALUATION OF B3G
INFRASTRUCTURES

Abstract

The B3G concept can be realized in two complementary ways. The first solution is the
integration of the diverse radio access technologies into -one Composite  Radio
environment. The alternative solution is provided by the concept of Reconfigurable
(adaptive) Networks. Composite Radio networks, sometimes also referred to as
cooperative networks, jointly handle a difficult condition. Reconfigurable Networks on
the other hand, support B3G Systems by providing technologies that enable network
elements and terminals to dynamically adapt to the environment requirements and
conditions, in principle, by means of self-management. This chapter provides proof on
the business advantages of Reconfigurable Networks. In this context, the chapter
performs an evaluation of the investment in both Composite Radio and Reconfigurable
Networks, presenting a methodology that can be used for the financial assessment of
such networks by applying investment appraisal techniques. Concrete results, produced
by different scenarios, for both cases are presented and analyzed. The analysis clearly
proves that Reconfigurable Networks can provide significant business benefits for
Network Operators, as well as users, enhancing their experience within a service

provided through them and increasing their satisfaction.

Keywords

CAPEX, Composite Radio Networks, Net Present Value, OPEX, Reconfigurable Networks
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2.1. Introduction

As presented previously, one of the most recent trends in the area of wireless access
communications is the migration towards the so called Beyond the 3rd Generation (B3G)
era. The motivation is to exploit the available technologies in the most effective manner.
The main concept behind B3G systems is that a Network Operator (NO) can operate and
rely on networks with multiple, different radio access technologies (RATS), for achieving

the required capacity and Quality of Service (QoS) levels, in a cost efficient manner.

The B3G concept can be realized in two complementary ways. The “first solution
proposed was the integration of the diverse radio access technologies into one
Composite Radio environment [1]. More recently, the concept of Reconfigurable

(adaptive) Networks has been proposed [2], [3].

Composite Radio networks have served as an excellent first step towards the realization
of B3G systems. However, the implementation of a B3G infrastructure by means only of
network co-operation may not be effective, especially-on a long-term basis. In order for
a NO to operate a multi-RAT network it may be necessary to massively deploy alternate
radio networks. This leads to great increases in capital expenditures (CAPEX), whenever
new technologies are introduced. It should also be considered that not all technologies
are suitable for all conditions. Therefore, in some time-zones or areas, part of the
infrastructure for new technologies may not be required to be “active”, as they exhibit

low utilization, even though these technologies may have been acquired at a high cost.

The motivation for Reconfigurable Networks is to overcome some of the drawbacks
associated with Composite Radio networks. More specifically, one of the most prominent
aspects of Reconfigurable Networks is the fact that RAT management can be achieved
through the deployment of software. For example, software can be invoked to activate
the appropriate RAT, in the service area regions and time zones that face specific
environmental conditions, which can be optimally handled by that specific RAT. When
the environment conditions change, this RAT may be replaced with another that is
better suited for supplying services under the changed environmental conditions.
Therefore, massive deployment of network elements and hardware components is not

required, and thus the associated CAPEX is reduced.
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From the short analysis in the previous, it can be deduced that the deployment of
Reconfigurable Networks can bring important business benefits for a Network Operator.
An initial analysis of the business perspectives of end-to-end Reconfigurable Networks
has been performed in [4], where a Business Systems Architecture Process (BSAP)
methodology was introduced in addition to a unified business model (UBM) for

Reconfigurability.

The aim of this work (which can be seen as complementary to the work in [4]) is to
provide concrete proof on the business advantages of Reconfigurable Networks. In this
context, within this chapter an evaluation of the investment in both Composite Radio
and Reconfigurable Networks is performed. First, some fundamentals on investment
evaluation are presented. This is followed by the business case analysis and the
respective parameters taken into account in this work. Furthermore, the application of
the investment evaluation tool in specific case studies for Composite Radio and

Reconfigurable Networks and the analysis of the corresponding results are presented.

2.2. Investment Evaluation Aspects

Investment evaluation or investment appraisal refers to the analysis process used to
determine whether a firm should undertake an investment activity, considering the

expenses required and the estimated future benefits deriving from the investment.

Several formal methods exist for investment appraisal such as Net Present Value,
Internal Rate of Return, Payback Period, Profitability Index, etc [5], [6]. This analysis
focuses on the Net Present Value technique, which is one of the most popular tools for
financial evaluation and is considered to be one of the most robust techniques for
analyzing a variety of investment activities [7]. In the following section some general

aspects on the Net Present Value will be presented.

2.2.1. Net Present Value Definition

The Net Present Value (NPV) of an investment is defined as the sum of the present
value of the annual cash flows produced by the investment minus the initial expenses
for the investment. The annual cash flow is in essence the sum of incoming and

outgoing money in the specific year, or in other words the annual net benefit.
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In order to calculate the present value of these cash flows, the revenues and expenses
are discounted by the same factor, which represents the capital cost of the firm. This
transformation of revenues (incoming cash flows) and all expenses (outgoing cash
flows) of the investment into their present values deduces that the Net Present Value

technique expresses the net profit or cost in the specific time the decision is made.

The process of calculating the NPV for a specific investment comprises three main steps
[7]. The first step is to estimate the annual cash flows for the investment, i.e. the
revenues and expenses for each year of the investment period. The second step is to
determine the discount rate that will be used to calculate the present value of the cash
flows. Finally, in the third step, the NPV is calculated using the cash flows and discount

rate specified in the previous two steps.

The generic formula used for the calculation of net present value is ([8], [9]):

NPV = Ck - — [nitial Investment 1)
i (L+r)

Where:

= n is the investment period, i.e. the number of years for the investment analysis,

» CF'is the net cash flow (revenues minus expenses) of year ¢,
= ris the discount rate,
= Initial Investment corresponds to the initial expenses at the start of the

investment.

2.2.2.Cash Flows

The first step for the computation of the NPV is to define the annual cash flows, as was
introduced in the previous. The annual cash flows are computed as the expenses

subtracted from the benefits (i.e. revenues) for each year of the investment project
[81[9].

2.2.2.1 Expenses

Two main categories of expenses should be taken into account for the calculation of
cash flows and the NPV; the expenses for acquiring and upgrading any physical assets

required for the investment and the expenses necessary for maintaining this investment.
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These are Capital and Operational Expenditure, respectively. This sub-section analyzes

this type of expenses and examines the way they influence the investment.

Capital Expenditure (CAPEX) refers to the initial investment for installing technology and
the necessary infrastructure, the operational software, as well as the additional
investments during the years for upgrading the system or supporting increased capacity

[8].

In the current analysis CAPEX is mainly considered as the cost of setting up radio sites,
which can be further analyzed as the product of the number of radio sites required and

the expenses for hardware, software and installation required for each radio site.

Operational Expenditure (OPEX) concerns the expenses to preserve and operate the
system, to maintain/ acquire potential software licenses, as well as costs for system
reconfiguration [8], [9]. Following the classification of operational expenditures in [10],
in the subsequent analysis it is considered that the annual OPEX primarily comprises the
network operation and maintenance costs, continuous cost of infrastructure and

provisioning and service management costs.

It should also be noted that expenses and thus cash flows are implicitly influenced by
taxation. Therefore taxes that will be charged to the investment are a form of indirect

expense.

2.2.2.2 Revenues

The main source of benefits, used for the calculation of the Net Present Value, in the
case of telecommunication networks are the revenues from users/subscribers. Revenues
from users or subscribers for a specific year of the investment are calculated as the
product of the annual Average Revenue Per User (ARPU) and the predicted number of

users for that year.

2.2.2.3  Amortization/ Depreciation

If a company purchases a capital asset of a certain value at year t, this expenditure is
not considered to influence the expenses of year t, but is allocated over the following
years in a way that is usually specified by tax legislation. Usually, each category of

capital asset legislation defines a number of years over which the asset is deduced,
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considering an annual expense that equals the value of the asset divided by the number
of years. This deduction of the capital expenses over a period of time (in this case the

time horizon of the investment) is called amortization or depreciation [8], [9].

The annual amortization is deducted from operation benefits of the specific year, when
accounting profits and considering that payable tax is a function of accounted profits,
amortization reduces annual taxes. Therefore, by reducing the annual tax, amortization

implicitly influences the cash flow for a specific year.

The most straightforward and frequently used method to calculate amortization or
depreciation is the straight line method [11], where the" distribution of the capital
expense for the asset over the amortization years is done by dividing the initial expense

in equal annual amounts.

2.2.3.Discount Rate

The discount rate used in the calculation of the NPV, also referred to as rate of return or
company cost of capital, is usually defined by calculating the rate that the capital
required for the investment could return if it were invested in an alternative project with

similar risks [7].

One way to calculate the expected return of an investment is the Capital Asset Pricing
Model (CAPM), which defines a relationship between the risk of an investment for a

company and the expected return of the investment [12].
More specifically according to the CAPM formula the expected rate of return for an asset

r. is defined as:

a

EerJrﬁ'(a—rf) 2
where:

= 1, is the risk-free premium, in other words the rate for a zero-risk investment,

= [ is the beta of the security, which is a measure of the volatility of a portfolio (a

collection of investments) compared to the rest of the market. Beta is calculated

for individual companies using regression analysis [9],

. E is the expected market return,
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. (a— rf) is the equity risk premium, that is, the difference between the average

premium for the market and the risk free premium.

2.2.4. Net Present Value Formula Used in the Analysis

In the previous, the various factors that influence the value of the NPV for
telecommunication networks were presented, namely Capital Expenditures (CAPEX),

Operational Expenditures (OPEX), revenues, amortization and taxation.

Taking these factors into account in the generic formula for the NPV (1), the formula for
the calculation of the NPV can be formulated as follows [12]:

. QCPX, -z A) KB(RL-R)) ¥ 0, 7.0}
WV Ty Y @y Ay Ay ©

Where:

= X refers to the investment analysed each time; in the current analysis the
investments considered are in Composite Radio or Reconfigurable Network
systems,

= |, is the initial investment for investment X,
= CPX| is the CAPEX at year i for investment X,

= A is the amortization for the CAPEX at year i for investment X,

= tis taxation rate,

. R‘X is the amount of revenues derived from users at year i for investment X,
= O‘X is the operational cost (OPEX) for investment X , at year i,

» n is the timeline for the investment,

= r is the discount rate.

The aforementioned formula will be used in the following for the evaluation of the

Composite Radio and Reconfigurable Networks investment projects.

2.3. Business Case

In order to be able to properly compare the investment in Composite Radio and

Reconfigurable Networks it is preferable to use the same values for some parameters /
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inputs to the respective NPV calculations. This section presents some general
assumptions that apply to both investment ventures and sets the framework that will be

used for the analysis.

The analysis focuses on a Network Operator of a typical Western European country that
is in the possession of licenses for the simultaneous operation of various wireless access
technologies. More specifically, in this analysis two wireless standards are considered,
namely UMTS and WiMAX. The Network Operator has two main options for the
deployment of his infrastructure. The first option is the set-up of a Composite Radio
network comprising various distinct hardware elements corresponding to the different
technologies. The second option is to set up a Reconfigurable Network consisting of
reconfigurable elements, i.e., elements with reconfigurable transceivers capable of
operating more than one wireless access standard at the same time. In the current

analysis, three transceivers per radio site are assumed.

The investment horizon considered is 10 years and spans over the years 2008-2017.

2.3.1.Service Area and Network Dimensioning

A service area is considered that comprises a certain number of cells/ radio sites. An
initial surface of roughly 950 Square Kilometres is assumed. The number of radio sites is
derived by dividing the surface of the considered service area by the cell area. The cell
area corresponds to- a regular hexagon surface with a radius of approximately 1,3
Kilometres. It is considered that each year there is an extension to the surface of the
service area covered and thus a corresponding upgrade in the network, in order to

increase capacity and support higher demand.
The number of required radio sites per year is summarized in Table 2-1.

Table 2-1: Radio sites required per year

Number of radio 8 8 S b 9 p S - 9 N
sites required o o S o o S S o S S
Cumulative 220 234 247 261 275 288 302 316 330 343
Incremental 220 14 13 14 14 13 14 14 14 13
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Over the years of the investment, different demand patterns are assumed for each radio
site. Nine demand cases are considered where users request two types of services
according to different corresponding patterns. Users are uniformly distributed in the
service area. A certain percentage of video and voice sessions are associated with each
demand pattern, as depicted in Table 2-2. Application profiles show that the voice
service should be provided at 16 kbps, and video service at 32,64, 128 or 256 kbps.

Table 2-2: Demand patterns

Demand | Case Case Case @ Case Case Case Case  Case | Case
patterns 1 2 3 4 5 6 7 8 9

Voice 95% | 85% | 75% 65% | 55% | 45% | 35% | 25% 15%

Video 5% | 15% | 25% | 35% | 45% | 55% | 65% | 75% | 85%

In order to effectively serve the user demand, it is required to decide for each radio site
what the most appropriate configuration pattern is, i.e. which combination of wireless
technologies should be used to offer. the required services. The most appropriate
reconfiguration for a specific radio site is selected and enforced by appropriate

management functionality for Reconfigurable Networks [13], [14].

In general, for a radio site the following possibilities exist: to provide services only over
UMTS or to provide services through the combination of UMTS and WiMAX. It should be
noted that the operator prefers to serve the main volume of voice sessions over UMTS,
while only a small percentage of such sessions will be served by WiMAX. Therefore, the

use of only WiMAX for a specific radio site is not considered.

The possible configurations for a radio site and the corresponding options in terms of
hardware elements for the case of Composite and Reconfigurable Networks is

summarized in Table 2-3.

Table 2-4 presents the most appropriate configuration for each demand pattern derived

from management functionality for Reconfigurable Networks [13], [14].

Table 2-3: Possible configurations and corresponding hardware requirements for
Composite and Reconfigurable Networks
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Possible
configurations for
a radio site

Composite Radio network
options

Reconfigurable Networks
options

3 UMTS 1 reconfigurable element (Base
transceivers 1 UMTS element with 3 Station) with 3 transceivers, where
transceivers (U3 Base Station) all 3 transceivers are configured to
(Uuu) operate in UMTS
2 UMTS 1-reconfigurable element (Base

transceivers and 1
WiMAX transceiver

1 UMTS element with 2
transceivers (U2 Base Station)
and 1 WiMAX Base Station

Station) with 3 transceivers, where
2 transceivers are configured to
operate in UMTS and 1 transceiver

(uuw) is-configured to operate in WiMAX
1 UMTS 1 reconfi.gurable element (Base
transceiverand 2 | 1 yMTS element with 1 transceiver Sta;"z:a)nvsvég;vz:ri:'lsocﬂiv irfé dwtr;ere
WiMAX (U1Base Station) and 2 WiMAX : 9 q
transceivers Base Stations OpEigi® in UMTS and 2
transceivers are configured to
(uww) operate in WiMAX

Table 2-4: Configuration selected per demand pattern

?)22::_‘: Configuration
Case 1 uuu
Case 2 uuu
Case 3 uuw
Case 4 uuw
Case5 uuw
Case 6 uuw
Case 7 uuw
Case 8 uww
Case 9 uww

For the first 2 cases of demand patterns where voice sessions dominate, configuration

UUU is the only feasible one. As video sessions increase, and voice traffic decreases, a

note-worthy superiority of the configuration combining UMTS and WiMAX (UUW) can be
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observed. Two UMTS transceivers are adequate for serving voice, as well as video
sessions outside the range of the WIMAX transceiver for case 3 to 7. The WIiMAX
transceiver can be dedicated to offering higher QoS, with respect to cases 1 and 2, to
video sessions in its coverage range. Finally, at certain traffic mixtures with a low
percentage of voice and a high percentage of video sessions, configuration UWW

exhibits the best performance, which applies for cases 8 and 9.

It is considered that over the years a percentage of radio sites faces different cases of
demand patterns (Table 2-2) and is thus configured accordingly (Table 2-4).

Table 2-5: Percentage of radio sites facing a specific demand pattern and thus a
corresponding configuration

Configuration | ,,; | yyy yUUw UUW | UUW  UUW  UUW UWW | UWW
pattern

Demand Case Case | Case Case | Case | Case Case | Case | Case
patterns 1 2 3 4 5 6 7 8 9

2008 50% 50%

2009 40% 40% 20%

2010 70% 20% 10%

2011 60% 20% 20%

2012 60% 20% 20%

2013 55% 25% 20%

2014 55% 25% 20%

2015 60% 20% 20%

2016 55% 25% 20%

2017 50% 25% 25%

This ~percentage of radio sites with a specific configuration for a certain year
corresponding to the demand pattern that has to be supported is presented in Table 2-5.
For example, the first row of Table 2-5 shows that in 2008, 50% of the radio sites face a
demand pattern corresponding to case 1 of Table 2-2 and the other 50% face a demand
pattern corresponding to case 2 of Table 2-2. Based on the most appropriate

configuration for each demand pattern, as selected by the appropriate network
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management functionality (Table 2-4), the configuration for all radio sites in year 2008

is the UUU configuration.

Finally, combining the number of required radio sites per year (Table 2-1) and the
percentage of radio sites with a specific configuration (Table 2-5) the number or radio
sites with a specific configuration can be derived. More specifically, the number of radio
sites with a specific configuration can be found by multiplying the number of sites
required and the percentage of sites per year facing a certain demand. The following

formula represents this relation:

#ofSitesWithSpecificConfig =#ofSites,, . - %0fSites

Req PerYear,CertainDemand 4
In this way Table 2-6 is formed as follows:

Table 2-6: Number of radio sites with a specific configuration

Configuration  ,;; yyy Uuw UUW UUW UUW UUW UWW UWW
pattern
2008 110 | 110
2009 94 | 94 | 47
2010 173 | 49 | 25
2011 157 | 52 52
2012 165 | 55 | 55
2013 158 | 72 | 58
2014 166 | 76 | 60
—_— 190 | 63 63
2016 182 | 83 66
017 172 | 86 86

By combining the data in Table 2-3 and Table 2-6, the hardware requirements for
Composite Radio and Reconfigurable Networks can be derived. These directly affect the
expenses for each year of the respective investment, as will be presented in the

following.
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2.3.2.Subscriber and Revenue Information

Based on wireless market analysis reports such as [14] it can be observed that in typical
Western European countries such as UK, Italy, France, Germany and Spain, for an
average subscriber population of 57,76 million there is an average of 2,28 million of 3G
subscribers. Considering a regular operator with a 20% market share, it can be
realistically assumed that the number of 3G subscribers for such an operator is

approximately 450.000.

In other words, the number of the operator 3G subscribers is calculated as the product

of the number of 3G subscribers and the market share:
#Operator3GSubscribers = #3GSubscribers - MarketShare (5)

(This number of 3G subscribers can be assumed to be served by a 3G mobile network
such as UMTS).

800.000
700.000 —
600.000
500.000 -
400.000
300.000
200.000
100.000

0

3G Subscribers

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
11450000 472.500 496,125 | 520.931 | 546.978 | 574.327 | 603.043 | 633.195 | 664.855 |698.098
Year

Figure 2-1: Subscriber information of the Network Operator

Considering an annual growth rate of 5% for the 3G subscriber population the estimated
number of corresponding users for the operator for the period 2008-2017 is presented in
Figure 2-1. It can further be considered that initially a percentage of the 3G subscribers
of the operator will subscribe for services offered over the B3G infrastructure, i.e. either
the Composite Radio or the Reconfigurable Network. This percentage is the "B3G
penetration rate” which is used to denote the number of operator B3G subscribers

within the operators’ 3G subscriber population. More specifically, based on this

66



PhD Thesis Panagioula N. Kritikou

penetration rate, an annual number of B3G subscribers can be derived so as to calculate
the estimated revenues per year. Here, it is assumed that the penetration rate for B3G
services for the specific operator is 5% per year. In other words, the annual number of
B3G subscribers in the service area addressed, equals 5% of the 3G subscribers. In

summary, the number of B3G subscribers of the operator is calculated as follows:
#OperatorB3GSubscribers = #Operator 3GSubscribers - B3GPenetrationRate  (6)

The estimation on the number of B3G subscribers is summarized in Table 2-7. Table 2-7
also presents the assumed monthly Average Revenue per User (ARPU), based on data in
[15].

The data in Table 2-7 is used for the computation of the revenues per year.

Table 2-7: B3G Subscribers and ARPU

Year Number _of B3G ARPU per
subscribers month
2008 22.500 26,00 €
2009 23.625 26,00 €
2010 24.806 27,00 €
2011 26.046 27,00 €
2012 27.348 28,00 €
2013 28.716 28,00 €
2014 30.152 28,00 €
2015 31.659 29,00 €
2016 33.242 29,00 €
2017 34.904 29,00 €

More specifically, the annual ARPU is obviously calculated by multiplying the ARPU per
month by 12.  This, ‘additionally multiplied with the number of the operator B3G

subscribers, gives the Revenues per year:

Revenues = OperatorB3GSubscribers - (ARPU ..o *12) @

PerYear
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The calculated annual revenues are depicted in Figure 2-2.

250
®
.g.g 200 § U3 Base stations
Co
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100
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2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
M U3 Base stations 220 | 0 0 0 0 0 0 0 0 0
# U2 Base stations 0 14 13 14 14 | 13 0 0 0 0
i U1 Base stations 0 0 0 0 0 0 14 | 14 | 14 | 13
1 WiMAX Base stations| 0 47 | 27 | 187 | 14 | 13 | 74 | 80 | 37 | 36

Figure 2-2: Annual Revenues
2.3.3. Discount Rate

For the calculation of the discount rates the following values have been used for the
parameters of the CAPM formula (2) [12].

= 1, =4.04%, which is the combination of a real risk free premium of 2% and an

inflation rate of 2%,

m

= (-1 )=23%,
- =135,

With the above parameters, which are typical of a mobile operator in a large Western

European country, the resulting discount rate is 7.145%.
2.4. NPV Elements Calculation Analysis

2.4.1.CAPEX

CAPEX for both Composite Radio and Reconfigurable Networks is calculated as the sum
of Base Stations (BS) per year, and Customer Premises Equipment (CPE) costs per year,

as depicted in formula (8).

68



PhD Thesis Panagioula N. Kritikou

CAPEX = BSCost + CPECost,yen (8)

PerYear

The BS cost per year for Composite Radio networks depends on the number of different
elements required for each radio site. As was introduced in section 2.3.1, for each radio
site a certain configuration is specified through appropriate network management
functionality (Table 2-6). In the case of Composite Radio networks this configuration
influences the number of elements required per technology for each radio site (Table
2-3). More specifically, the number of different types of equipment required for
Composite Radio networks (U3, U2, Ul, and WIMAX) is derived. as a function of the
number of sites with a specific configuration per year and the number of elements per

type required for the specific configuration.

The BS cost per year for Composite Radio networks is calculated as the sum of total cost
for each type of equipment required. This in turn is calculated as the number of the
required equipment multiplied with the corresponding total cost for the specific
equipment type. The calculation of the BS cost per year for Composite Radio networks is

represented by the following formula:

CompositeRadioBSCost,,.,, =#0fU3BS,, -U3BSTotalCost
+#0fU 2BS,,, -U 2BSTotalCost @
+#0fU1BS,,, -U1BTotalCost
+#0fWiIMAXBS,,, -WiMAXBSTotalCost

Req

Similarly to Composite Radio, the BS cost per year for Reconfigurable Networks is
calculated as the product of the number of Reconfigurable Base Station required and the

Reconfigurable Base Station Total Cost.

ReconfNetBSCost = #ofReconfBS,,, - ReconfBSTotalCost (10)

PerYear

As was mentioned in section 2.3.1 (Table 2-3) one reconfigurable element is sufficient to
support any ‘configuration. This means that there is a one-to-one correspondence
between the number of radio sites per year and the number of reconfigurable base
stations required. Customer Premises Equipment Costs (second factor of formula (8))
are calculated in the same manner for both Composite Radio and Reconfigurable

Networks. The number of CPE required per year corresponds to the number of the
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operator B3G subscribers for that year. The annual CPE cost, is the product of the

number of CPE required and the cost per CPE.

CPECost =#0fCPE_,_ -CostPerCPE (11)

PerYear Req

2.4.2.0PEX

OPEX is calculated in the same way for both Composite -Radio -and Reconfigurable
Networks and it is defined as the sum of the Network Operation and Maintenance,
Continuous Cost of Infrastructure and Service Provisioning and Management [10], as

presented in formula (12):

OPEX = Network Operation & Maintenance +
Continuous Cost Of Infrastructure + (12)
Service Provisioning & Mngnt

Analyzing the above mentioned factors, Network Operation and Maintenance (NOM) is
defined as the product of the number of radio sites required and the Network Operation

and Maintenance cost per site.

NetworkOperation & Maintenance = #ofRadioSites- NOM CostPerSite  (13)

PerYear

The second factor of the formula (12) is the product of the number of radio sites and

Continuous Cost per Site.

Continuous Cost of - Infrastructure = #ofRadioSites - ContinuousCostPerSite (14)

PerYear

The third factor of formula (12) is given by the product of the number of Operator B3G
Subscribers and the Cost per B3G Subscriber, which is the (average) service and

provisioning cost per subscriber.

ServiceProvisioning & Mngnt = #OperatorB3GSubscrs - CostPerB3GSubscr (15)

PerYear

2.4.3. Revenues

Revenues are  calculated as was presented in section 2.3.2. The procedure for
calculating Revenues applies for both Composite Radio as well as Reconfigurable

Networks.
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2.4.4. Amortization

Amortization for Composite Radio and Reconfigurable Networks is calculated following

the procedure described hereinafter.

For the first year of the investment the amortization is calculated by dividing the CAPEX
of the same year with the number of the years of the investment, as presented in the

following formula.

Amortization,; .., = " (;?PEXSE”"GYW (16)
ofYears

ofthelnvestment

For the remaining years amortization is equal to the sum of the amortization of the
previous year plus the quotient of the CAPEX of the same year and the number of

remaining years of the investment, as the following formula depicts.

CAPEX

SameYear 17
—#ofPreviousYears

Amortization = Amortization

PreviousYear

#ofYears

ofthelnvestment

2.5. Results of Evaluation of Investment in Composite Radio and

Reconfigurable Networks

This section presents results derived from the calculation of the NPV for Composite
Radio and Reconfigurable Networks for various cases. The impact of the various factors
that influence the calculation of the NPV is investigated. The presentation of the results
starts with a simple scenario, where slightly lower OPEX is assumed for Reconfigurable
Networks (Section 2.5.1). Section 2.5.2 presents the NPV results where it is assumed
that both solutions have the same OPEX. Section 2.5.3 addresses the case where
increased (compared to the initial scenario) CAPEX values are assumed for
Reconfigurable Networks. Section 2.5.4 presents results for the case where increased
values for both CAPEX and OPEX are considered for Reconfigurable Networks. In Section
2.5.5 results for the case of upgrading an existing network infrastructure are provided.
It can be argued that tax and amortization effects differ between countries and
therefore may influence the final NPV assessment in a diverse way. Therefore, for all
cases, results are also presented, where tax and amortization effects are excluded from
the NPV formula.
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2.5.1.Case 1: Lower OPEX for Reconfigurable Network

2.5.1.1 Composite Radio Network
CAPEX

As mentioned in Section 2.4, CAPEX depends on the number of radio sites used in the
system. Furthermore, the configuration of each radio site can be mapped to specific
requirements in infrastructure elements. These requirements for - Composite Radio

networks are presented in Figure 2-3.
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2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
U3 Base stations 220 | 0 0 0 0 0 0 0 0 0
H U2 Base stations 0 14 | 13 | 14 | 14 | 13 0 0 0 0
i U1 Base stations 0 0 0 0 0 0 14 | 14 | 14 | 13
1 WiMAX Base stations| 0 47 | 27 | 187 | 14 | 13 | 74 | 80 | 37 | 36

Figure 2-3: Equipment required for the Composite Radio infrastructure per year
The cost per type of equipment is presented in detail in Table 2-8.

Table 2-8: Cost of equipment for Composite Radio infrastructure

, Hardware Software | Installation
Type of equipment cost cost cost Total cost

YMTS Base Station.yith 3 16.000 € 8.000 € 6.000 € 30.000 €
Transceivers

UMTS Base Station with 2 15.000 € 7.000 € 6.000 € 28.000 €
Transceivers

UMTS Base Station with 1 14.000 € 6.000 € 6.000 € 26.000 €
Transceiver

WiMAX Base Station 20.000 € 10.000 € 6.000 € 36.000 €
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Furthermore, the cost per CPE for this case is considered to be equal to 100 €.
Consequently, also taking into account the CPE costs ((11)), the CAPEX for the
Composite Radio solution is formed as presented in Figure 2-4.
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Figure 2-4: Composite Radio CAPEX
OPEX

The OPEX for the Composite Radio network over the years 2008-2017 is presented in
Figure 2-5.
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Figure 2-5: Composite Radio OPEX
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More specifically, the considered Network Operation and Maintenance is 3.500 € per site,
the Continuous Cost of Infrastructure is 3.000 € per site and the Service Provisioning
and Management Cost is 10 € per subscriber. It should be noted that for the first year of
the investment horizon the OPEX is considered to be 0 as no operational expenses have

occurred yet.
Amortization

Using straight depreciation for capital expenses for each year, following the process

presented in section 2.4.4, amortization for a Composite Radio network is as illustrated

in Figure 2-6.
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Figure 2-6: Composite Radio Amortization

In order to compute the NPV for the Composite Radio solution, the data presented in
the previous, is used as input for the NPV formula (3) introduced in section 2.4. More
specifically, the Revenues, CAPEX, OPEX and Amortization data presented in Figure 2-2,
Figure 2-4, Figure 2-5 and Figure 2-6 respectively are used. Furthermore, the discount
rate (as calculated in section 2.3.3) has a value of 7.145, while the tax rate 1 is
considered to be 30%. The outcome of the calculations is that the Net Present Value
for the Composite Radio solution is 17.443.584 €.

In order to have a clearer picture of the NPV tax and amortization effects are excluded

from the NPV formula. The Net Present Value for the Composite Radio solution

74



PhD Thesis Panagioula N. Kritikou

without taking into account the effects of taxation and amortization is
27.695.138 €.

2.5.1.2  Reconfigurable Networks
CAPEX

The requirements for infrastructure elements for the case of an investment in

Reconfigurable Networks are presented in Figure 2-7.
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Figure 2-7: Equipment required for the Reconfigurable Network infrastructure per year

As was already mentioned, reconfigurable elements are elements with reconfigurable
transceivers capable of operating more than one wireless access standard at the same
time, as was introduced ‘in the previous. Therefore, the change of configuration in a
specific radio site does not lead to the requirement for an additional element. It can thus
be observed in Figure 2-7 that the hardware necessary for an upgrade of the
infrastructure in the case of Reconfigurable Networks is significantly less compared to

the case of Composite Radio networks.

It is assumed that the total cost for a reconfigurable element is 36.000 €, more
specifically the cost for hardware is considered to be 20.000 €, for software 10.000 €,
while installation costs equal 6.000 €. Furthermore, the cost per CPE for this case is

considered to be equal to 150 €, slightly higher than for the Composite Radio solution.
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Consequently, also taking into account the CPE costs (formula (11)), the CAPEX for the

Reconfigurable Network solution is formed as presented in Figure 2-8.
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Figure 2-8: Reconfigurable Networks CAPEX
It should be noted that even though the cost for a reconfigurable element is higher than
(or equal to) that of a (plain) UMTS or WiIMAX element, the annual CAPEX for the
Reconfigurable Network solution is much less over the years than the relative CAPEX for
the Composite Radio. This is due to the fact that less reconfigurable elements are

required for the same service area.
OPEX

The OPEX for the Reconfigurable Network over the years 2008-2017 is presented in
Figure 2-9.

In the case presented here, it is assumed that operational and maintenance cost for
Reconfigurable Networks is slightly lower than that of the cost for Composite Radio
networks. This is assumed as reconfigurable elements adapt their operation according to

the current needs and state of the network in an autonomous manner.

Consequently, it is envisaged that reconfigurable elements ease the operation and
maintenance process of the network. This in turn leads to a decrease in the
corresponding operation and maintenance cost and thus OPEX. More specifically, the

considered Network Operation and Maintenance is 2.500 € per site, the Continuous Cost
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of Infrastructure is 3.000 € per site and the Service Provisioning and Management Cost

is 10 € per subscriber.
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Figure 2-9: Reconfigurable Networks OPEX
Amortization

Using the process described in section 2.4.4 amortization for the Reconfigurable

Network option is as illustrated in Figure 2-10.

In order to compute the NPV for the Reconfigurable Network solution, the data
presented in the previous, is used as input for the NPV formula. More specifically the
Revenues, CAPEX, OPEX, and Amortization data presented in Figure 2-2, Figure 2-8,
Figure 2-9 and Figure 2-10 are used.

Additionally, as for the Composite Radio case, the discount rate is 7.145 and the tax rate
7 is considered to be 30%. The result of the calculations is that the Net Present
Value for the Reconfigurable Network solution is 25.120.408 €.

The Net Present Value for the Reconfigurable Network solution without taking
into account the effects of taxation and amortization is 38.601.400 €. This value is
higher than the respective value for Composite Radio case (27.695.138 €) and therefore

Reconfigurable Networks are viewed as a preferable solution to the Composite Radio.
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Figure 2-10: Reconfigurable Networks Amortization
2.5.2.Case 2: Same OPEX for Both Solutions

In the previous analysis different” OPEX values were assumed for Reconfigurable
Networks and Composite Radio networks. This sub-section provides results on the NPV
value when the same OPEX is assumed for both solutions, i.e. Composite and
Reconfigurable Networks. More specifically, for the computation of the NPV for the
Reconfigurable Network solution, Composite Radio OPEX presented in Figure 2-5 is used
while the Revenues, CAPEX, and Amortization data remain the same as in section
2.5.1.2. The result is that the Net Present Value for the Reconfigurable Network
solution is 23.952.041 €, in other words it remains higher than that of the Composite
Radio case (17.443.584 €).

The Net Present Value for the Reconfigurable Network solution without taking
into account the effects of taxation and amortization is 36.631.985 €, which is still
higher than the NPV of the Composite Radio case, when calculated without taking into
account tax and amortization effects (27.695.138 €).

2.5.3.Case 3: Same OPEX for both solutions and increased CAPEX

for Reconfigurable Networks

In the initial test case, presented in sub-section 2.5.1.2 it was assumed that the total

cost for a reconfigurable element is 36.000 €. In this case the total cost for a
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reconfigurable element is considered to be 40.000 €, including a hardware cost of
20.000 €, a software cost of 12.000 €, and installation costs that equal 8.000 €.
Consequently, the CAPEX for the Reconfigurable Network solution is formed as

presented (by the second column per year) in Figure 2-11.
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Figure 2-11: Increased Reconfigurable Network CAPEX compared to initial CAPEX (Figure
2-8)

The derived value for the NPV of the Reconfigurable Network solution is
23.657.201 €. Even though the increase in CAPEX has resulted in a decrease in the
NPV, the NPV continues to be much higher than that of the respective Composite Radio
NPV.

The Net Present Value for the Reconfigurable Network solution without taking
into account the effects of taxation and amortization is 34.816.189 €. The
respective NPV value for Composite Radio is 27.695.138 €, which is still lower than NPV
value for Reconfigurable Networks. Therefore, Reconfigurable Networks are preferred in
this case as well.

2.5.4.Case 4: Increased CAPEX and OPEX for Reconfigurable
Networks

In this case, apart from considering an increased CAPEX, as in the previous (Figure

2-11), an additional increase in the OPEX is assumed. More specifically, the considered
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Network Operation and Maintenance is 4.500 € per site, the Continuous Cost of
Infrastructure is 3.000 € per site and the Service Provisioning and Management Cost is
10 € per subscriber. The OPEX for the Reconfigurable Network in this case is formed as

presented (by the second column per year) in Figure 2-12.
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Figure 2-12: Increased Reconfigurable Network OPEX compared to initial OPEX (Figure
2-9)
This results in a further decrease in the Net Present Value for the Reconfigurable
Network solution. However, the derived value for the NPV of the Reconfigurable
Network solution is 21.336.046 € and thus it remains a preferable solution to the

Composite Radio solution.

The Net Present Value for the Reconfigurable Network solution without taking
into account the effects of taxation and amortization is 33.193.469 €. This value is
still higher than the respective in Composite Radio case (27.695.138 €), therefore
Reconfigurable Networks are considered to be a preferable solution, even when the
CAPEX and OPEX is increased in such Networks.

2.5.5. Case 5: Upgrading an existing network

This section presents additional results under the assumption that the UMTS technology

has already been set up by the network provider, while WiMAX technology has not been
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rolled out yet. More specifically, the case of upgrading an existing network refers to the
case where a basic UMTS network infrastructure is already in place. Over the years the
number of radio sites is increased in order to cover a larger geographical region (i.e. to
increase the surface of the service area). Thus, the “upgrading process” in the case of
Composite Radio network does not require any initial investment costs (null CAPEX for
year 1), while for the rest of the years of investment the CAPEX of case 1 is considered
(Figure 2-4). However, the upgrade of a Composite Radio network over the years,
entails the need of introducing additional UMTS Base Stations and WIMAX Base Stations
in both existing sites as well as new sites, to increase capacity and support the
requirement for higher data rates. In the case of upgrading the existing infrastructure to
a Reconfigurable Network, reconfigurable elements (Base Stations) are initially
introduced in existing sites, replacing the UMTS infrastructure, thus entailing a
significant initial investment. Over the years though additional reconfigurable elements
are only required for new sites. Thus, the CAPEX for Reconfigurable Networks is the

same as for case 1 (Figure 2-8).

The results in this case show that the NPV for Composite Radio networks is 24.689.053
€ when taking into account taxation and amortization. For the Reconfigurable Network

solution the NPV is 25.120.408 € when taking into account taxation and amortization.

For Composite Radio networks when taxation and amortization are not taken
into account in the NPV formula, the calculated value of NPV is 36.545.138 €. For
Reconfigurable Networks, when taxation and amortization are not taken into account in
the NPV formula, the calculated value is 38.601.400 €.

It can thus be observed that although the difference between the NPV of the two
solutions appears decreased, compared to the previous cases, Reconfigurable Networks
still provide a better investment opportunity.

2.5.6. Analysis of Results

This section provides a summary of the results from the NPV calculations for Composite
Radio and Reconfigurable Networks presented in the previous and highlights the main

conclusions that can be drawn from this investment evaluation.

Table 2-9: Summary of results for NPV including tax and amortization effects
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Types of Networks
Cases
Composite Radio Reconfigurable
Case 1: Lower OPEX for Reconfigurable Networks 25.120.408 €
Case 2: Same OPEX for both solutions 23.952.041 €
c 35 o dc ‘ 17.443.584 €
ase 3: Same OPEX, increased CAPEX for
Reconfigurable Networks 2365781 €
Case 4: Increased CAPEX and OPEX for
Reconfigurable Networks 25330046 €
Case 5: Upgrading an existing network 24.689.053 € 25.120.408 €
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Figure 2-13: Net Present value for different cases including tax and amortization effects

Table 2-9 provides a- summary. of the results obtained when taking into account tax and

amortization effects in the calculations.

Figure 2-13 additionally provides a graphical summary of the results for the NPV of
Composite Radio and Reconfigurable Networks when taking into account tax and
amortization effects.
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Table 2-10: Summary of results for NPV without tax and amortization

Types of Networks
Cases
Composite Radio | Reconfigurable

Case 1: Lower OPEX for Reconfigurable 38.601.400 €
Network

Case 2: Same OPEX for both solutions 36.631.985 €

27.695.138 €

Case 3 Same OPEX, increased CAPEX for 34.816.189 €
Reconfigurable Networks

Case 4 Increased CAPEX and OPEX for 33.193.469 €
Reconfigurable Networks

Case 5: Upgrading an existing network 36.545.138 € 38.601.400 €

As can be observed when moving from case 1 to case 4 the Net Present Value for the
Reconfigurable Network solution decreases. This consequently leads to a smaller
difference between the NPV of the Reconfigurable Network and the corresponding
outcome of the Composite Radio deployment option (case 1 and case 5 are the same for
Reconfigurable Networks). This reduction is due to the fact that the costs (CAPEX and
OPEX) for Reconfigurable Networks are assumed to increase going from case 1 towards
case 4. However, as can be seen in Table 2-9 and Figure 2-13, even under such
relatively unfavourable conditions, the NPV of Reconfigurable Networks is higher than

that of Composite Radio for all cases.

In an analogous manner, Table 2-10 presents results for the various cases when tax and

amortization effects are excluded from the calculation of the NPV.

Figure 2-14 additionally provides a graphical summary of the results for the NPV of
Composite Radio and Reconfigurable Networks without taking into account tax and
amortization effects. The conclusions that can be derived are similar to the ones drawn
in the previous, when considering tax and amortization. In other words, for all cases
investigated, Reconfigurable Networks appear superior in terms of expected investment
return (i.e. NPV) with respect to Composite Radio. Results show that even under
auspicious cost assumptions, Reconfigurable Networks are a financially preferable

solution for the implementation of B3G networks.
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Figure 2-14: Net Present value for different cases without taking into account tax and
amortization effects

It should be noted that these results can be regarded as being independent from the
Radio Access Technologies taken into account. Regardless of the technologies assumed,
the main differentiation between Composite Radio and Reconfigurable Networks, which
lies in the structure of the respective cost models, remains the same. As was already
mentioned, in the case of Composite Radio networks one hardware element per Radio
Access Technology is required, whereas in the case of Reconfigurable Networks one
hardware element is sufficient, as it comprises reconfigurable transceivers capable of
switching to the desired Radio Access Technologies. In other words, Reconfigurable
Networks require less hardware due to the ability of reconfigurable elements to
simultaneously operate in more than one mode. As a result, changes or upgrades in the
network infrastructure necessitate fewer hardware additions in Reconfigurable Networks,
thus leading to a decreased CAPEX over the years in comparison to Composite Radio
networks. This holds even for the case of augmenting an existing network infrastructure

with additional technologies.
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2.6. Conclusions and Future Work

2.6.1.Overall Summary

One of the most recent trends in the area of wireless access communications is the
migration towards the Beyond the 3™ Generation (B3G) era. The motivation is to exploit
the variety of technologies available in the current and future wireless landscape in the

most effective manner.

Two solutions may be considered for the implementation of a B3G infrastructure: 1) the
integration of diverse radio access technologies into one Composite Radio environment
and 2) the deployment of Reconfigurable (adaptive) Networks. Composite Radio
networks have served as an excellent first step towards the realization of B3G systems.
However, the implementation of a B3G infrastructure by means only of network co-
operation may not be effective, in terms of cost and Quality of Services provided,
especially on a long-term basis. Reconfigurable Networks on the other hand are
envisaged to lead to a reduction of capital and operational expenditures, thus offering

important business benefits for Network Operators.

The work presented in this chapter has been targeted to the presentation of proof on
the business perspectives that the deployment of Reconfigurable Networks can bring to
Network Operators. In order to achieve this goal, a popular investment evaluation tool
has been applied, namely the Net Present Value (NPV) criterion. This investment
appraisal technique has been used for the analysis of the investment in a Composite
Radio infrastructure on one hand and in a Reconfigurable Network on the other hand. In
this context, the factors that influence the estimation of the NPV were analyzed,
presented and calculated for each case, in order to prove in financial terms that

Reconfigurable Networks are -more profitable to invest in.

The results derived from the calculations show that the NPV of the investment in
Reconfigurable Networks is significantly higher than in the case of the investment in
Composite Radio. This is mainly due to the important decrease in CAPEX brought by
Reconfigurable Networks.

The work of this chapter can be extended with the analysis of additional case studies.

Moreover, it can be studied whether the model presented in this chapter for the
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calculation of the NPV can be enhanced with additional parameters. Finally, the analysis
on the financial benefits that can be derived from Reconfigurability can be extended on

other business players of the wireless markets such as manufacturers.

2.6.2.Linking Technoeconomic Analysis and User Profile

Management

This chapter presented a technoeconomic analysis and comparison of the results
between Composite Radio and Reconfigurable Networks, in order to comply with users’
expectations, exploiting the advantages offered by B3G. networks and taking into
consideration user preferences for estimating Quality of Service. This work is

complemented by the work in the forthcoming chapters.

More specifically, the next chapters aim at learning user preferences, through user
profile management. Therefore, the appropriate Quality of Service is defined and the
most suitable functionality of different applications of such systems is identified, taking
always into consideration user preferences and requirements for each specific service.
Both these research areas lead to increasing user satisfaction, by at the same time

enhancing system'’s effectiveness and user centricity.
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3. LEARNING USER PREFERENCES IN A MOBILE SERVICE
CONTEXT

Abstract

The focus of this chapter is more on the end-user side, thus deals with issues related to
the utilisation of a heterogeneous composite radio environment with the aim of
improving the user experience, by learning user preferences. More specifically, the
chapter presents a Cognitive Terminal Management System that comprises mechanisms
for retrieving and managing user information, as well as predicting elements of a user’s
behaviour and preferences, so as to dynamically configure the user terminal. This is
achieved by using two methods, namely Bayesian Average and Bayesian Networks.
Results are presented for both cases, outlining their differences and comparing the

outcomes of these methodologies. Conclusions are provided in the end of this chapter.

Keywords

Bayesian average, Bayesian networks, mobile service, user profile, utility volume



PhD Thesis Panagioula N. Kritikou

3.1. Introduction

The continuous evolution of wireless systems has resulted in a number of new and
powerful wireless networking standards. The concept of Beyond the Third Generation
Systems (B3G) emerged in an attempt to exploit the variety of the available access
standards to the benefit of end-users, operators and manufacturers. In this context, a
key topic in the research area of B3G/4G networks is related to mechanisms and
strategies to efficiently realise the complementary use of the diverse Radio Access
Technologies (RATSs), through their convergence into one composite radio environment.
One of the most important features of these evolving systems is the availability of
multiple access technologies, which will allow users to enjoy wireless services at any
time, at any place. Evidently in order to truly enhance the experience of all users, even
technology agnostic ones, functionality is required, on both the network and the user-
device side, for providing the “always best connection” in a transparent manner. In this
direction, cognitive [1]-[3] and reconfigurable ~systems [4]-[6] have appeared as a
complementary concept to B3G networks. Cognitive systems determine their behaviour,
goals, principles, experience and knowledge, reactively or proactively and acting in
response to external trigger [7]. The focus of this chapter is more on the end-user side.
In this sense, the chapter presents a Cognitive Terminal Management System (CTMS)
that comprises mechanisms for retrieving and managing user information, as well as
predicting elements of a user’s behaviour and preferences so as to dynamically configure
the user terminal in @ seamless and transparent manner. This can be realized through
appropriate management functionality that takes into account (in addition to user
requirements) environment characteristics, configuration policies and experience
established through machine learning mechanisms [8]. In more detail, the chapter is
constructed as follows. Related work in the field of cognitive terminals and learning user
preferences is presented. The requirements for the proposed system are outlined
followed by the description of the architecture of the system and the related
components. An approach for modelling user preferences is presented as a key part of
the proposed CTMS, using concepts from Bayesian statistics, namely Bayesian Networks
as well as Bayesian Average. A comparison of the results of the two methods is
presented as well. Finally, the chapter concludes with a summary of the main points as

well as directions for future extension of the work presented.
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3.2. Related Work

A number of studies have been made in the field of mechanisms for managing
heterogeneous radio access networks with the goal of achieving the best Quality of
Service possible and therefore increasing the user’ satisfaction, using an economic and
user differentiated approach [9] and emphasizing on the requirements of a cognitive
equipment management system [10]. Furthermore, related research work also includes
the use of Bayesian Networks in support of User Modeling, as a method for evaluating,
in a qualitative and quantitative manner, elements of the user behavior and accordingly
updating the User Profile. Such researches include the approach to construct and handle
statistical models [11], the issues that arise in achieving user-intent ascription through
dynamic User Model construction with Bayesian Networks [12], Bayesian Networks'
application inferring user’s learning styles [13] and the ability to merge partial user
models [14]. Bayesian Networks have also been employed to derive user characteristics
[15]. Systems using weighted parameters have also been studied, using Bayesian
Networks and other methods from decision theory as well [16]-[18]. Yet, a method to
measure and dynamically infer user. preferences in wireless systems has not been

examined yet, which is the scope of this research.

3.3. System Requirements

The general business level -objective is to offer a set of services able to serve multiple
types of users, being in various locations (residential, public, or business) and in a
variety of time zones. Services can “include voice/audio/data/video content, which is
communicated in a- conversational, interactive, streaming, or background manner.
Within the different locations and time zones a user may adopt various roles during the
daily routine, e.g., at work, private-life, social life etc. In any case, services should be
provided at the best possible Quality of Service (QoS) and cost levels. QoS levels are
related to reference performance metrics (e.g., bit-rate, delay, etc.), availability (e.g.,
low blocking probability, capacity), reliability (e.g., low dropping or handover blocking
probability), as well as security/safety [19].

In order to achieve this business level objective, the utilisation of the wireless B3G

infrastructure is subject to a number of key requirements. These are the need for
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personalization, context awareness, always best connectivity, ubiquitous provision and

seamless mobility. More specifically:

= Personalization derives from the need to support different user types and roles.
This means that each service is adapted according to individual preferences and
needs. This information is derived from user’s past activity using this service, as

well as directly from the user,

= Context awareness derives from the need to consider the state of the served
user, terminal and environment. The basic contextual information consists of the
user identity and roles, terminal capabilities, ‘location and- time zone. In other
words, context awareness is the ability of the system to know at-any time where
the specific user is, what type of terminal this user has and the time zone the

user is in,

= Always best connectivity derives from the need to optimally offer the diverse
services, in terms of QoS and cost, taking into account personalization and

context information,

= Ubiquitous provision is the requirement to offer always best connectivity

everywhere,

= Seamless mobility hides the complexity. of the underlying infrastructure from the
user. This features. benefits user by providing the same type of service, as

requested, regardless the equipment, time zone, location.

In order to meet the abovementioned requirements, a Cognitive Terminal Management
System (CTMS), incorporating the following features is required. The first feature is
management of user preferences, equipment capabilities and network policies. This
capability refers to the accurate description and representation of this information as
well as configuring and updating the respective profiles and policies [10]. Acquisition of
context information is a second feature that has to do with the collection of information
pertaining -to the current state of the terminal and the user. The target of context
acquisition is to assess the necessity of reconfiguration and provide input to the relevant
process of selecting the most appropriate configuration. Finally, the election of the most
appropriate reconfiguration action for the equipment may result into a switch from one

network/ RAT to another. This action should be consistent with user preferences and
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equipment capabilities, and should also take into account specific service area region
conditions and time zones of the day (seamless mobility requirement). The selection
process may obtain additional information from the network side through the

negotiation of offers with the various available networks.

3.4. System Design

This subsection gives an overview of the components that comprise the CTMS. The
components are mapped to the requirements (specified in the previous) that the CTMS
system has to fulfil in order to be able to identify and adapt to elements of the user
behaviour and preferences. These components are Profiles Management, Policies

Derivation, Context Acquisition and Configuration Negotiation and Selection.

As presented in Figure 3-1, these components are able to dynamically learn the
preferences of the user, identify changes in terminal capabilities or policies and estimate

future contextual situations, so as to enhance terminals with cognitive functionalities.

Management

guration
action

/ Selection

s ]
; Acquisition Configuration
! i \  Context \) Negotiation
4 N . Learning

_______ )\ Derivation
A . . \
E Policies )

// Learning
——————— N/

Figure 3-1: Overview of CTMS
Furthermore, the CTMS can learn and immediately apply the solutions that were found

in the past and have been recorded as being effective. Thus, optimisation mechanisms
related to the selection of the most appropriate configuration action(s) can become

faster.
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3.4.1. Profiles Management

The role of this component is to manage the information regarding the preferences of
the user in accordance with the capabilities of the terminal. This component uses
mechanisms to develop knowledge on the preferences, requirements and behaviour of
the user. It is important to accurately represent the preferences of the user for QoS

levels, when a certain service is used, at a certain location and time of day.

User preferences are expressed through the utility value associated with each
application and QoS level. This component is the main focus of this chapter and will be

further analysed in the following sections.

3.4.2. Policies Derivation

This component is responsible for the provision and management of information related
to policies. Policies are used as an input during the decision process for selecting the
most appropriate configuration, based on user profile (preferences) and the context
(network capabilities). More particularly, a certain policy specifies a set of rules that the
terminal must follow. The goal of policies is to refine the input provided in the profiles
and the context. In case negotiations are realised, policies may also specify a list of
networks that may be used by the Configuration Negotiation and Selection component.
In other words, policies can influence available services and respective QoS levels, as

well as the subset of available configurations for the device.

3.4.3. Context Acquisition

The functionality. of this component can be split into two sub-tasks: discovery and
monitoring. The main- goal of discovery is to periodically perform checks in order to
determine whether or not a new and/or more appropriate configuration has become
available. In other words, it should be possible to identify the entrance of a new RAT in
the service area, offering better service features (e.g. higher QoS provision, lower cost
per QoS level and service). Monitoring refers to the collection of statistics on the current
network connection in order to assess its status and the performance level of service
provisioning. Furthermore, in order to enhance the reliability of the monitoring and
discovery processes and capabilities are required for inferring supplementary information

on the current context. More specifically, in order to deal with the dynamic nature of a
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heterogeneous and reconfigurable infrastructure, mechanisms are required for learning
the typical capabilities of configurations, in certain contexts (e.g., locations, time

regions).

3.4.4. Configuration Negotiation and Selection

This component decides on the most appropriate configuration(s) for the terminal in
terms of the obtained QoS levels. This is realised through an optimisation process that
takes into account the user and terminal profiles, the current context, and policies from
network management entities. Information regarding the provision of certain services
can be obtained through negotiations with networks complying with policies. In the case
of this component, learning is required for selecting configurations faster and in a more
reliable manner. The initial step towards achieving this goal is to store solutions applied
for the handling of a certain situation. The next step is the evaluation of solutions after
they have been applied in order to assess whether they were effective or not, in terms
of achieved user satisfaction and system performance. Finally, comparison of the current
situation with previous situations encountered-is required. If a matching situation exists
and the corresponding solution was rated as being good, the Configuration Negotiation

and Selection component may apply it without running the optimisation process again.

3.5. User Profile Modelling

As already mentioned in the previous Sections, this work focuses on the continuous
measuring of preferences of a certain user in order for the system to be able to adapt
accordingly in various context states. Moreover, methods for the prediction of future
preferences of the user are investigated. The first step is the definition of User profile
parameters that can be mapped to user preferences and thus be used in order to adapt
the configuration of the user equipment. The component responsible for managing User
profile information, as was already mentioned, is the Profiles Management component.
User profile parameters can be split into two categories; observable parameters and

oulput parameters.

Observable parameters are countable parameters, which can be inferred by the system
at a very specific time period, or provided by the user with the minimum interaction.

User feedback can be obtained in the following manner. The user initiates a specific
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service. At the initial stages the Profile Management component considers that the user
does not have any particular preferences, in other words the user is initially considered
to be indifferent between service provision choices. Thus, configurations are selected
mainly based on contextual information and policies (information retrieved by the
respective components). Every time the user obtains a service, a rating facility
(embedded in the Profiles Management component) allows the user to rate how much
he liked the particular service provision. A Likert Scale [20] is used for the rating. In this
way even the non-technology expert users can provide the system with feedback on
their preferences. The user is also given the choice to decline providing a rating.

Observable parameters and their potential values are presented in Table 3-1.

Table 3-1: Observable parameters and their potential values

Observable Parameters Potential Value
Service Audio, Video, Data, Voice
Quiality of Service level High, Medium, Low
Location Value retrieved by Context Acquisition component
Time Zone Value retrieved by Context Acquisition component
User Role At home, at work
User fb 1- Awful, 2- Poor, 3- OK, 4- Good, 5- Excellent

Output parameters depend on the value of observable parameters. Their value is
dynamically updated over time. Output parameters are used in the selection process in
order to decide on the most appropriate configuration for the specific user in a certain
context (location, time zone, user role). Table 3-2 presents the output parameters and
the values they can be attributed with. The following section describes the way that

observable and output parameters can be combined, so as to
a.  reliably represent user preferences and

b. enable personalised service delivery.
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Table 3-2: Output parameter and its potential values

Output Parameters Potential Value

Utility Volume Ui tz,ur(S1,91), Uriz,ur(S2,92), Uiiz,ur(S1,92)--+

where s; denotes service [ q; denotes QoS level j, - and
/,tz, ur stand for location, time zone and user role respectively

3.6. Learning User Behaviour and Preferences

Functionality related to developing knowledge on user preferences and behaviour can be
divided in two phases. The initial phase is collecting information on user preferences.
The second phase deals with the prediction of future user preferences based on the

information collected.

One method for modelling such prediction mechanisms is using the concepts of Bayesian
Networks (BNs). A BN is a graph that depicts a set of variables and their probabilistic
dependencies [11]. In this case, a BN represents the probabilistic relationships between
output parameters and observable parameters. The corresponding dependencies are

depicted in Figure 3-2.

The rest of this chapter focuses on the initial learning of user preferences. Two
methodologies are going to be investigated.. First, the methodology using the Bayesian
Average will be presented. The second methodology uses the Bayesian Networks, which

will be presented subsequently.

For the initial phase, the approach proposed in this chapter is to collect feedback from
the user and calculate rankings of Services and QoS combinations. This approach applies
for both methodologies to be presented in the forthcoming sections. As presented in
Figure 3-2, given observable parameters, the value of output parameters is calculated.
These output parameters, can then be used to decide on the most appropriate
configuration for the user device. In the following, the calculation of the Utility Volume

(output parameter) is described in detail.

The Utility Volume is used to represent wuser preferences for QoS levels when making
use of a certain service. In other words, the Utility Volume provides a ranking (by order
of preference) of Service and QoS pairs. The range of the Utility Volume values is a set

of real numbers. The actual values of the Utility Volume have no importance. It is the
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ranking of these values that is significant for the personalised selection of the most
appropriate configuration. User preferences may vary depending on the contextual
situation. Therefore, the Utility Volume depends on a range of context-related

parameters as depicted in Figure 3-2.
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Figure 3-2: Inference of user preferences
More specifically, the Utility Volume, apart from the Service and QoS level, may be
related to the location of the user, the time zone, the user role and the feedback
obtained from the user. User preferences may also change over time. In order to take
this into account the Utility Volume is calculated based on the methodology of Bayesian
Average [21] and the methodology of Bayesian Networks [22]-[25]. The aim is to have
a “weighted” ranking of QoS levels per service. In both cases, the weight of each
parameter combined in a specific way that will be analysed in the forthcoming sections,
provides information on the user’s preference for a specific type of service (regarding

the set of parameters that compose the service, e.g. the set of Service-QoS level).
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3.7. Bayesian Rating for Discovering User Preferences

3.7.1. Description of the Bayesian Rating Methodology

In order to test and validate the previously presented learning user preferences
procedure, in this section we use the Bayesian rating methodology. Bayesian rating is
applied through the following formula:

b (avg _num_ fb-avg _rating) + (this _num _ fb - this _ rating)
r =

avg _num _ fb +this_num _fb (18)

Where:

« avg_num_1b s the average number of feedbacks provided by user, within a

certain time period (phase),

«  AV0_raling s the average rating that a service received (through the feedback),

within a certain time period (phase),

« this_num_ s the number of feedbacks provided for a specific value,

« this_raling js the rating that a certain value of feedback received.

The feedback value of the user can be attributed with an integer number in the interval
[1, 5], where 1 represents user’s strong dissatisfaction and 5 represents user’s strong
satisfaction (Likert scale), as discussed in section 3.5. Taking into consideration the
parameters presented previously, along with this section’s methodology, the following

scenario is formed.

We consider a user that requests a specific service (e.g. audio) during various phases,
each of which has certain sub-phases that reflect the times the user requests for the

specific service within the period of a phase.

In this case, 500 sub-phases are considered, consisting 50 phases, that is 10 sub-phases
per phase. Yet, the number of sub-phases in a phase may vary, as the number of
service delivery within a phase may be different for each phase. Moreover, the service is
provided at a specific Quality of Service (QoS) and its values may be high, medium and

low.
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Table 3-3: Example of the monitoring procedure for learning user preferences

Audio | Medium | Personal 1
Audio Low |Professional| 5
Audio Low Persor.-\al ) 0
Audio Low fP/r/ofessionaI : 41

Audio High Persohél 1

Audio Low Personal d q

Audio | Medium |Professional| = 5

Audio Low Personal 1

Audio | Low Personal 4

Audio | Medium |Professional| 4

Audio Low | Personal 2

Audio Medium |Professional 4

Audio Low Personal 3

Audio High |Professional 5

Audio- Low |Professional 2

Audio High |Professional| 4

‘Audio High |Professional 1

Audio High |Professional 3

Audio | Medium | Personal 5
Audio Low Personal 1
Audio | Medium | Personal 1
Audio | Medium | Personal 5
Audio | Medium | Personal 3
Audio Low |Professional 3
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Audio Low Personal 1
Audio Low |Professional 4
Audio Low |Professional 5
Audio High Personal 5
Audio High Personal 5
Audio | Medium | Personal 5
Audio | Medium | Personal 1

Audio High - |Professional 5

Audio Medium | Personal 4
Audio Low |Professional 3
Audio Low - |Professional 5

Audio High ~ |Professional 1

Audio Low |Professional 5

Audio Medium |Professional 4

Audio Medium |Professional 5

Audio Low Personal 3

At each phase the ‘system"calculates the Bayesian rating (6r) in the way presented
previously. This rating denotes user’s satisfaction, or in other words, Utility Volume. This
means that after calculating br, the system concludes which QoS the user preferred the
most. Practically, in this way the system learns user’s preferences, regarding the QoS,
for a given Location, User Role and Service. User Role is a generalized parameter to
include time zone and context. In other words, it is taken into consideration that the
time zone and context cannot be precisely defined within a certain time zone within a
day. For-instance, a user may work during the weekend or late at night, whereas during

the noon the user may be in a personal context.
An example of the collected information on these elements is depicted in Table 3-3.
The following section presents the results of the application of Bayesian Rating

methodology.
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3.7.2. Results using Bayesian Rating Methodology

In Bayesian Rating methodology the system separates the phases taking into
consideration the User Role and calculates the br for Personal and Professional User
Role, distinguishing the calculations also by QoS provided (high, medium-or low).
Therefore, six tables are created so as to calculate user’s preference for each of the
service instances, namely “Audio-Personal-High”, "Audio-Personal-Medium?”, "Audio-
Personal-Low’, "Audio-Professional-High”, “Audio-Professional-Medium” and “Audio-
Professional-Low”. In this way, the CTMS system creates knowledge on user’s
preferences, when the Audio service is requested. For instance, in order to calculate the
br for the Phase 3 of the Table “Personal-High” (Table 3-4) the system follows the

subsequent steps.

Table 3-4: Information collected for “Personal-High”

Service QoS | User Role (User FB

Sub-phase 28 | Audio High Personal 5

Phase 3
Sub-phase 29 | - Audio High Personal 5

For this example, formula (18) is formed as follows:

br = (2:333-9)+@12)) g 9375 as
(2,333+3)

W~

avg_num_ fb=
(times personal was selected)/ (the amount of values for

high>0),

. . 545
avg _rating _high=——=5
. 2 (the summary of the rating of high) / (the amount

of feedbacks received for high),

. high_num_fb=3 (the times high was selected so far, including previous

phases),

. high_rating =5+5+2=12 (the total rating that high received, including

previous phases).
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The results for Personal-Medium, Personal-Low, Professional-High, Professional-Medium
and Professional-Low are calculated in the same way. Figure 3-3 graphically presents
the results regarding user’s preferences, when using the Audio service, for User Role

Personal, Qos High, Medium and Low.

This result seems reasonable, as it is verified, by graphically depicting user feedbacks for

the same Time Zone and Quality of Service values. Figure 3-4 presents these results.

It is inferred that the user prefers low quality for the service, when using Audio at a
personal level. On the other hand, when the user is in a professional context, it seems

that QoS is more important (Figure 3-5).

User feedback also confirms user’s preferences, as depicted in Figure 3-6. It may be
noted that it is obvious when comparing the set of the two graphs of both cases that the
user prefers the low or high QoS, respectively. Yet, in both cases, user feedback
processing makes the results more clear and robust and provides the system with
knowledge, based on proved theories and not assumptions by user’s behaviour within

the system.
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Figure 3-3: Utility Volume (through Bayesian rating) results for QoS level High, Medium
and Low and Time Zone Personal
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User Feedback for Personal User Role
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Figure 3-4: User feedback (through Bayesian rating) results for QoS level High, Medium

and Low and Time Zone Personal

Bayesian Rating for Professional User Role
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Figure 3-5: Utility Volume (Bayesian rating) results for QoS level High, Medium and Low

and Time Zone Professional
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User Feedback for Professional User Role
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Figure 3-6: User feedback (through Bayesian rating) results for QoS level High, Medium
and Low and Time Zone Personal

3.8. Bayesian Networks for Discovering User Preferences

3.8.1. Description of the Bayesian Networks Methodology

The process of developing knowledge regarding user preferences is comprised of two
phases, as already introduced. The initial phase is the collection of information on the
user. For the initial phase, the approach proposed in this section is to collect feedback
from the user and calculate rankings of Services and QoS combinations. The next phase
is the approximation of future user preferences based on the gathered feedback, using

Bayesian Network method.

Concepts from Bayesian statistic are applied in order to estimate the probability of the
level of user satisfaction (or the maximum acceptable cost) for a specific service and
QoS level provided, given a certain location and time zone. More specifically, a method
is presented according to which instantaneous estimations are updated by taking into

account existing information on the user [15], [25].

The first step of the application of this methodology is to create the Conditional
Probability Table (CPT) for the Utility Volume (Table 3-5).
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This Table is produced with the use of the MSBNx Bayesian Network editor and toolkit
[26], based on the network of Figure 3-2.

It is assumed that values for the observable parameters are recorded for various
instances (steps), as also presented depicted in Table 3-3. Respectively to Bayesian
Rating (Section 3.7), 500 sub-phases are considered, consisting 50 phases, that is 10

sub-phases per phase. These values constitute the “Observable Parameters Evidence”.

Table 3-5: Conditional Probabilities for Utility Volume
Parent Hode(s) LilityVolume
Service | OualityOfService | UserRole i 2 3

Peraondl || 035 | 025 | 045 | 045 | o
i Il B

Profeszional || 0,1 015 02 a2 035 I
Perzonal || 0,02 02 025 1K] 02 I

Audo Mecium Professional || 005 | 02 03 02 0.2

Personal || 0,02 01 02 025 04
Professional || 0,13 03 02 a2 014 I

Ly

Practically, the CPT Table serves as an input to the instantaneous estimated probabilities
of utility volume, which is the second step of this methodology. As the user is being
delivered with a specific service, the instantaneous estimations are changing, depicted
by and depending on the feedback the user provides the system. This means that the
instantaneous probability estimations are changing in time and act as input to the

estimation of the adapted probability, for a certain Service, QoS and User Role.

The third step of this procedure is the calculation of adapted probabilities. The

calculation of these probabilities is based on the following formula:

padapted,n = Whist * padapted,n—l + Winstant * (1_| padapted,n—l - pinstant,n |) pinstant,n (19)
Where:

» |X|: represents the absolute value of X,

= n: denotes the current instant,

Pagaptean - FEPresents the adapted probability estimation at moment n,
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"  Pagapreans - FEPresents the adapted probability’s previous value,

stands for the current instantaneous estimation and

pinstant,n :

= w,, and w,... : reflect the weights attributed to the historical estimation and

instant *

the current instantaneous estimation, respectively. Their value is in the interval

(0,1) and the formula w,;, + W,

instant

=1 is always true.

As mentioned in Section 3.6, the feedback provided by the user influences the value of
Utility Volume probability. This is realized through formula (19) by attributing the
appropriate weight to the adapted and instantaneous estimations, accordingly, based on
the obtained user feedback. A set of results is presented, focusing on the estimation of
the Utility Volume.

The aforementioned formula is applicable to the -estimation of the probability of the
feedback given. For instance, should the user selected to rate the service delivered to
him with a “2”, then the formula is going to be used to calculate the adapted probability
for "2". Yet, it is essential to adapt the remaining feedback values, in order their sum to
equal 1. Thus, the following formula is used.

(p;dapted,n - paﬁapted,n—l) (20)

Y Y
padapted,n e padapted,n—l ™y 4

Where:

. pZdapted,n represents the adapted probability of each of the potential feedback

values that where not selected (Y), at the moment ».

. pldapted’nfl represents the adapted probability of each of the potential feedback

values that where not selected (Y), at the moment -1, that is the previous time

slot,

= p;(dapted’n represents the adapted probability of the feedback selected (X), at the

moment n,

. p;damgd’nfl represents the adapted probability of the feedback selected (X), at the

moment n-1.
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In order to provide personalised and adapted results, taking into consideration every
single instance of the service delivery, separate results for each of this service delivery
have been created. In this case, Audio is the service delivered, distinct results for all the
potential combinations of the parameters have been created, namely “Audio - Personal
— High’, "Audio — Personal — Medium”, "Audio — Personal — Low’, “"Audio — Professional
— High”, "Audio — Professional — Medium”, “Audio — Professional — Low”. Ergo, the
special preferences of the user for each instance of the service ‘may be  better
comprehended, so as to adapt to his preferences accordingly and create knowledge on
his preference, which will be of extreme use for the preference on Quality of Service

identification.

Five different cases have been elaborated, based on the weights of the historical and
instantaneous estimations attributed each time. More specifically, in Case 1 the ratio of
Whist and Winstant i considered to be equal. This means that Wit and Winstant @re equal to
0,5, as their sum must always be equal to 1, as mentioned previously. In Case 2, the
ratio the ratio of Whist and Winstant is considered to be 2, which means that Wy is equal
to 0,8 and Winstant is equal to 0,2. Case 3 is the reverse case of Case 2, considering Wh;st
to be equal to 0,2 and W,sant to be equal to 0,8. Case 4 considers W: to be equal to
0,6 and Wit is equal to 0,4, while Case 5 is the reverse case of Case 4 taking into

account that the ratio of Wyt is equal to 0,4 and Winstant is equal to 0,6.

Moreover, it has to be noted that the instantaneous estimations are the same for all five
cases examined in this work. This seems reasonable, as Whist and Winstant affect only the
Bayesian Networks formula, which is used to create the adapted estimations table. This
means that Instantaneous Probability Estimations results are presented in Case 1 and
remain the same for all cases. Thereof, for brevity’s sake, Instantaneous Probability
Estimations results (Figure 3-7, Figure 3-9, Figure 3-11, Figure 3-13, Figure 3-15 and

Figure 3-17) are not presented in the Case 2 to the Case 5.

The following section presents the results of the application of Bayesian Networks

methodology.
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3.8.2. Results using Bayesian Networks

3.8.2.1 Case 1: Whist=Winstant

In this case it is considered that the weight of the historical estimations is equal to the
adapted estimations. Since their sum is equal to 1, each of the weights is equal to 0,5.
Taking “Audio-Personal-High” as an example, the instantaneous estimations table is
formed as follows, based on the procedure described in the previous. The example

presents the first 15 phases of the Service instance (Table 3-6).

Table 3-6: Instantaneous Estimations for “Audio-Personal-High” Instance

Instantaneous Estimations

1 2 3 4 5

Phase 0 0 0 0 0 0

Phase 1 0,99000 | 0,00250 | 0,00250 | 0,00250 | 0,00250

Phase 2 | 0,49000 | 0,00333 | 0,00333 | 0,00333 | 0,49000

Phase 3 | 0,32333 | 0,00333 | 0,00333 | 0,00333 | 0,65667

Phase 4 | 0,24000 | 0,00500 | 0,24000 | 0,00500 | 0,49000

Phase 5 |°0,19000 | 0,00500 | 0,39000 | 0,00500 | 0,39000

Phase 6 | 0,15667 | 0,00500 | 0,32333 | 0,00500 | 0,49000

Phase 7 | 0,13286 | 0,00500 | 0,27571 | 0,00500 | 0,56143

Phase 8 | 0,11500 | 0,01000 | 0,24000 | 0,11500 | 0,49000

Phase 9 | 0,10111 | 0,01000 | 0,32333 | 0,10111 | 0,43444

Phase 10| 0,10000 | 0,10000 | 0,30000 | 0,10000 | 0,40000

Phase 11 | 0,09091 | 0,18182 | 0,27273 | 0,09091 | 0,36364

Phase 12 | 0,08333 | 0,25000 | 0,25000 | 0,08333 | 0,33333

Phase 13" | 0,07692 | 0,30769 | 0,23077 | 0,07692 | 0,30769

Phase 14 | 0,07143 | 0,28571 | 0,21429 | 0,14286 | 0,28571

Phase 15 | 0,99000 | 0,00250 | 0,00250 | 0,00250 | 0,00250
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Applying formula (19) to the results of Table 3-6, the following table of adapted
probabilities estimations is created (Table 3-7). More specifically, collecting data from
Table 3-3 and Table 3-6, formula (19) is evolved:

Pagapteayn = (0,5-0,2) +0,5(1-0,2-0,99]()-0,99
=0,20395
This value is going to be set to the second cell of “1”, for Phase 1. The rest of the cells

are filled with the values that come up using formula (20). More precisely:

~0,20395-0,2

psdapted,z = 0' 2 = 0,19901

Table 3-7: Adapted Estimations for “Audio-Personal-High” Instance

Adapted Estimations
1 2 3 4 5

Phase 1 0,20 0,20 0,20 0,20 0,20

Phase 2 0,20395 0,19901 | 0,19901 | 0,19901 [ 0,19901
Phase 3 0,18540 0,18046 | 0,18046 | 0,18046 | 0,27321
Phase 4 0,16894 0,16401 | 0,16401 | 0,16401 [ 0,33904
Phase 5 0,16172 0,15679 | 0,19288 | 0,15679 [ 0,33182
Phase 6 0,14669 0,14176 | 0,25300 | 0,14176 | 0,31679
Phase 7 0,13565 0,13071 | 0,24196 | 0,13071 | 0,36096
Phase 8 0,12466 0,11972 | 0,23097 | 0,11972 | 0,40492
Phase 9 0,12532 0,12038 | 0,23163 | 0,11709 | 0,40558
Phase 10 0,11756 0,11263 | 0,26266 | 0,10933 [ 0,39782
Phase 11 0,11930 0,10568 | 0,26439 [ 0,11107 | 0,39956
Phase 12 0,10950 0,14488 | 0,25459 [ 0,10127 | 0,38976
Phase 13 0,09965 0,18430 | 0,24474 | 0,09142 [ 0,37990
Phase 14 0,08897 0,22701 | 0,23406 | 0,08074 | 0,36922
Phase 15 0,08231 0,22036 | 0,22740 | 0,10736 | 0,36257

111



PhD Thesis Panagioula N. Kritikou

This value is the same for “2", 3", "4 and “5". Of course, as the phases proceed, these
values are not always the same, as their value depends on the Feedback of the user

selected in each sub-phase/ phase.

After applying the previously presented calculations for all instances of the service,
certain results are produced. In this particular case the results are presented for both

instantaneous and adapted probabilities, for all instances of the service.

Personal User Role

Instantaneous Probability for Personal User Role, High QoS

Probability

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81
Phases

Figure 3-7: Instantaneous Probability for Personal User Role and High QoS, W}+=0,5,
Winstant=0,5

As it can be noted in Figure 3-7, in the first phases of the application of this
methodology, the instantaneous estimations are very variant, causing the system sharp
deflections. At this point, the system applies the Bayesian Networks algorithm, in order

to smooth this variation.

The target is to maintain an as uniform as possible estimation, so as to deliver the user
a specific service, whose characteristics will not have enormous deviations amongst the
phases. In this way, the user will be able to select the type of service he prefers,
without being confused with significant changes in the characteristics of the service from

one phase to another.

Figure 3-8 presents the adapted probability estimations for this specific instance of the

Service, which is “Personal User Role and High QoS” for Audio Service. It may be
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observed that the application of the Bayesian Networks formula ((19)) smoothes the
sharp deviations of the Instantaneous Probability estimations and provides the user with

a more unvarying result.

Adapted Probability for Personal User Role, High QoS
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Figure 3-8: Adapted Probability for Personal User Role and High QoS, Wh=0,5,
Winstant=0,5

The following Figures, Figure 3-9 to Figure 3-12, present the remaining instances for
Personal User Role, namely Medium and Low QoS, both for instantaneous and adapted

probability estimations.

As mentioned previously, Instantaneous Probability estimations are prickly, while soon
after the implementation of the Bayesian Networks methodology the result is blunter.

Instantaneous Probability for Personal User Role, Medium
QoS
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1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81
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Figure 3-9: Instantaneous Probability for Personal User Role and Medium QoS, W;+=0,5,
Winstant=015
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Adapted Probability for Personal User Role, Medium QoS
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Figure 3-10: Adapted Probability for Personal User Role and Medium QoS, Wi=0,5,
Winstant=0,5

Instantaneous Probability for Personal User Role, Low QoS
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Figure 3-11: Instantaneous Probability for Personal User Role and Low QoS, Whst=0,5,
Winstant=015
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Adapted Probability for Personal User Role, Low QoS
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Figure 3-12: Adapted Probability for Personal User Role and Low QoS, Whs=0,5,
Winstantzol5

Professional User Role

Figure 3-13 to Figure 3-18 showcase the results for Instantaneous and Adapted
Probability estimations for the Audio Service, Professional User Role and High, Medium

and Low Qos, respectively.

Instantaneous Probability for Professional User Role, High
QoS
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Figure 3-13: Instantaneous Probability for Professional User Role and High QosS,
Whist=0,5, Winstant=0,5
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Adapted Probability for Professional User Role, High QoS

1,00
0,90
0,80
0,70
0,60 —_—2
0,50

0,40 3

0,30 - —
0,20 — 5
0,10 -

0,00 rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrCACLTITCTITITITTITITITITITITIITILT

1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70
Phases

Probability

Figure 3-14: Adapted Probability for Professional User Role and High QoS, W=0,5,
Winstant=0,5

Instantaneous Probability for Professional User
Role, Medium QoS
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Figure 3-15: Instantaneous Probability for Professional User Role and Medium QoS,
Whist=0,5, Winstant=0,5
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Adapted Probability for Professional User Role, Medium QoS
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Figure 3-16: Adapted Probability for Professional User Role and Medium QoS, Wh«=0,5,
Winstant=0/5

Instantaneous Probability for Professional User Role, Low QoS
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Figure 3-17: Instantaneous Probability for Professional User Role and Low QoS,
Whist=0,5, Winstant=0,5
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Adapted Probability for Professional User Role, Low QoS
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Figure 3-18: Adapted Probability for Professional User Role and Low QoS, Wy«=0,5,
Winstant=015

Conclusively, as it can be deduced by Figure 3-7 to Figure 3-18, the Bayesian Networks
approach smoothes out the sharp fluctuations that are recorded during the phase of

Instantaneous Probability estimations.

More precisely, it can be inferred that, when taking into account that Wjs=Wistzne=0,5,
the user prefers Low QoS for "Audio-Personal’, as the percentage of this instance during
the evaluation phase is clearly higher than the rest potential values (Medium and High).

For Professional context, the user prefers High QoS.

3.8.2.2 Case 2: Whist=0,8 and Winstantzolz

As described in Section 3.8.1, the Instantaneous Probability estimations Tables remain
the same in all phases. Therefore, for Personal User Role the Instantaneous Probability
estimations Figures are Figure 3-7, Figure 3-9 and Figure 3-11 for High, Medium and
Low QoS, respectively. For Professional User Role Figure 3-13, Figure 3-15 and Figure
3-17 represent the Instantaneous Probability estimations for High, Medium and Low
instances of the Service. According to Case 1, Adapted Probability estimations tables are
formed for W,=08 and Wne=0,2. The results after applying Bayesian Networks

formula (19), are as follows.
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Personal User Role

Adapted Probability for Personal User Role, High QoS
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Figure 3-19: Adapted Probability for Personal User Role and High QoS, W;=0,8,
Winstant=0,2

Adapted Probability for Personal User Role, Medium QoS
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Figure 3-20: Adapted Probability for Personal User Role and Medium QoS, Wi=0,8,
Winstant=0,2

119



PhD Thesis Panagioula N. Kritikou

Adapted Probability for Personal User Role, Low QoS
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Figure 3-21: Adapted Probability for Personal User Role and Low QoS, Whs=0,8,
Winstant=012

Professional User Role

Adapted Probability for Professional User Role, High QoS
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Figure 3-22: Adapted Probability for Professional User Role and High QoS, Whi=0,8,
Winstant=0,2
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Adapted Probability for Professional User Role, Medium QoS
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Figure 3-23: Adapted Probability for Professional User Role and Medium QoS, Wh+=0,8,
Winstant=0,2

Adapted Probability for Professional User Role, Low QoS
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Figure 3-24: Adapted Probability for Professional User Role and Low QoS, W,+=0,8,
Winstant=0/2

As in Case 1, the sharp fluctuations are smoothed and the Service is therefore delivered
in @ more equable manner. More specifically, for the instance “Audio-Personal-High” it is
deduced that the user prefers by “4” the instance, when attributing W,=0,8 and
Winstane=0,2. For the instance “Audio-Personal-Medium” is in favour of “4” and “5". For
the instance “Audio-Personal-Low"” the user prefers “5”. This means that comparing the

results, the user for "Audio-Personal”is in favour of Low QoS. For “Audio-Professional’,
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it seems that the user prefers Medium QoS, as the percentage of this instance is higher
than the Low instance and marginally higher than High instance. Therefore, the system
now has created knowledge for this particular instance of the service. This knowledge
may be used for future requests of this service, in order to satisfy user preferences, as

recorded during this test.

3.8.2.3 Case 3: Whist=0,2 and Winstant=0,8

As mentioned previously, the Instantaneous Probability estimations Tables remain the
same in all phases. Therefore, for Personal User Role the Instantaneous Probability
estimations Figures are Figure 3-7, Figure 3-9 and Figure 3-11 for High, Medium and
Low QoS, respectively. For Professional User Role Figure 3-13, Figure 3-15 and Figure
3-17 represent the Instantaneous Probability estimations for High, Medium and Low
instances of the Service. According to Case 1, Adapted Probability estimations tables are
formed for W,=0,2 and W,=0,8. The results after applying Bayesian Networks

formula (19), are as follows.

Personal User Role

Adapted Probability for Personal User Role, High QoS

[

oo o9
o N © w©

05

Probability

o o o o
[ SR

o
+ 4

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82
Phases

Figure 3-25: Adapted Probability for Personal User Role and High QoS, Wh=0,2,
Winstantzol8
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Adapted Probability for Personal User Role, Medium QoS
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Figure 3-26: Adapted Probability for Personal User Role and Medium QoS, Wi=0,2,
Winstant=0,8

Adapted Probability for Personal User Role, Low QoS
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Figure 3-27: Adapted Probability for Personal User Role and Low QoS, Whst=0,2,
Winstant=018
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Professional User Role

Adapted Probability for Professional User Role, High QoS
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Figure 3-28: Adapted Probability for Professional User Role and High QoS, Wh=0,2,
Winstant=0,8

Adapted Probability for Professional User Role, Medium QoS

0 TTTT T T T TTTT LI L B B B R N R I I R

1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76
Phases

Figure 3-29: Adapted Probability for Professional User Role and Medium QoS, Wh=0,2,
Winstant=018
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Adapted Probability for Professional User Role, Low QoS
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Figure 3-30: Adapted Probability for Professional User Role and Low QoS, Wy+=0,2,
Winstant=0/8

Studying Figure 3-25 to Figure 3-30 that showcase the Adapted Probabilities estimations
and comparing them with each other, we can conclude that for “Personal-High” and for
“Personal-Medium” instance the probability for the user to vote “4” is higher, while for
“Personal-Low” instance the probability is *5”. This means that the user is more likely to
be satisfied with Low QoS, when being in "Personal User Role”. For "Professional User
Role’; is it observed that the user has higher probability to be satisfied with High QoS.
This happens, despite the fact that the user is also satisfied with Medium and Low, as

the percentage of High QoS is elevated.

Conclusively, when taking into consideration that W,=0,2 and Wi,s.,:=0,8, the user

prefers Low QoS in a Personal context and High QoS in a Professional context.

3.8.2.4 Case 4: Whist=0,6 and Winstant=0/4

According to Case 1, Adapted Probability estimations tables are formed for W,+=0,6 and

Wistane=0,4. The results after applying Bayesian Networks formula (19), are as follows.
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Personal User Role

Adapted Probability for Personal User Role, High QoS
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Figure 3-31: Adapted Probability for Personal User Role and High QoS, Wht=0,6,
Winstant=0,4

Adapted Probability for Personal User Role, Medium QoS
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Figure 3-32: Adapted Probability for Personal User Role and Medium QoS, W=0,6,
Winstant=014
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Adapted Probability for Personal User Role, Low QoS

1

09

08 .
> 07
=06 —_—
805 -
g 04

03 - —4

02 —5

01 -

O TTTTTTTT T T T T T T I T T T T T T T I T I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T I T T T ITTI I T T TITTIT T

1 5 9 1317 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93
Phases

Figure 3-33: Adapted Probability for Personal User Role and Low QoS, Whs=0,6,
Winstant=014

Professional User Role

Adapted Probability for Professional User Role, High QoS
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Figure 3-34: Adapted Probability for Professional User Role and High QoS, W=0,6,
Winstant=014
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Adapted Probability for Professional User Role, Medium QoS
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Figure 3-35: Adapted Probability for Professional User Role and Medium QoS, Wh+=0,6,
Winstant=0,4

Adapted Probability for Professional User Role, Low QoS
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Figure 3-36: Adapted Probability for Professional User Role and Low QoS, W=0,6,
Winstant=0/4

Going through the graphical representations depicted in Figure 3-31 to Figure 3-36 and
considering that Wi=06 and Wisn:=0,4 where attributed in this case, the following
conclusions may be reached. For the instance “Audio-Personal-High” it is deduced that
the user prefers by “4” the instance, while for the instance “Audio-Personal-Medium” is

in favour of “4”. For the instance “Audio-Personal-Low” the user prefers “5”. This means
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that the user for "Audio-Personal”is in favour of Low QoS. For the “Audio-Professional”
instance, for “Professional-High” the probability of “4” is higher, for “Professional-
Medium” 5" is the value that has the highest probability and finally, “Professional-Low”
“5” is the value that has the highest probability, as well. Therefore, it seems that the
user prefers Medium QoS for the "Audio-Professional”instance, as the percentage of this

instance is higher than Low and marginally higher than High.

3.8.2.5 Case 5: Whit=0,4 and Winstant=0,6

As mentioned previously, the Instantaneous Probability estimations Tables are Figure
3-7, Figure 3-9 and Figure 3-11 for High, Medium and Low QoS,  respectively, for
Personal User Role. For Professional User Role Figure 3-13; Figure 3-15 and Figure 3-17
represent the Instantaneous Probability estimations for High, Medium and Low instances
of the Service. According to Case 1, Adapted Probability estimations tables are formed
for Wi=0,4 and W,,«n:=0,6. The results after applying Bayesian Networks formula (19),

are as follows.

Personal User Role

Adapted Probability for Personal User Role, High QoS
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Figure 3-37: Adapted Probability for Personal User Role and High QoS, Wh=0,4,
Winstantzol6
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Adapted Probability for Personal User Role, Medium QoS
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Figure 3-38: Adapted Probability for Personal User Role and Medium QoS, Wyi=0,4,
Winstant=016

Adapted Probability for Personal User Role, Low QoS
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Figure 3-39: Adapted Probability for Personal User Role and Low QoS, W;+=0,4,
Winstant=016
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Professional User Role

Adapted Probability for Professional User Role, High QoS
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Figure 3-40: Adapted Probability for Professional User Role and High QoS, Whs=0,4,
Winstant=016
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Figure 3-41: Adapted Probability for Professional User Role and Medium QoS, Whst=0,4,
Winstant=0,6
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Adapted Probability for Professional User Role, Low QoS
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Figure 3-42: Adapted Probability for Professional User Role and Low QoS, Wy=0,4,
Winstantzol6

Concluding this set of results, after attributing W,+=0,4 and Winstant=0,6, the following
inferences come up. For “Personal-High” and “Personal-Medium”, the most probable
value is “4”, as for “Personal-Low” the respective probability is higher for “5”. This
means that the user is more likely to be satisfied when having Low QoS delivered to him,
being in "Personal” User Role. For the "Audio-Professional” context the user seems to
prefer Medium QoS, as the percentage of this instance amongst Low and High is

elevated.

The next Section presents a summary of the results of the different cases studied within

the previously described and analyzed section.

3.8.3.Summary of the Results between Bayesian Networks’ Cases

Examined

Summing up the various cases that were considered in the previous sections during the
methodology application of Bayesian Networks, it may be concluded that in for "Personal
User Role” the user seems to prefer Low QoS, despite the different cases taken for
instantaneous  and historical weights. On the other hand, for "Professional User Role”
when equal weights are taken into consideration, the result is in favour of High QoS. Yet,
especially on cases where the historical information is highly taken into consideration,

the result is marginal, between Medium and High.
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The following section provides a discussion on the results of the two methodologies/

approaches used in this Chapter, so as to predict user preferences.

3.9. Comparison of the Results between Bayesian Rating and

Bayesian Networks’ Cases

The following table (Table 3-8) summarizes the results produced by applying Bayesian
Rating and Bayesian Networks methodologies. The initial input was the exact same for
both methodologies, in order to have a common background and be able to compare

the results.

As may be observed in Table 3-8, the results of both cases are really close. More
specifically, in three cases the result is borderline Medium, for the Professional User Role,
while for the rest cases the result is definitely High. For Personal User Role, the result is
Low for all cases, no matter the weight taken into consideration. This has happened as
the user might have been certain right from the beginning on the QoS he preferred to
be delivered, when being in a Personal Context. On the other hand, for Professional
User Role, the user might have been hesitant on the QoS most suitable for him. Yet, he
definitely did not want to choose Low QoS for Professional User Profile. As the user

proceeds using the Service he would lean more-obviously on the QoS of his preference.

Table 3-8: Summary of Bayesian Networks and Bayesian Rating Results

Cases
Case 1 Case 2 Case 3 Case 4 Case 5
Equal Weights| Whist=0,8 | Whist=0,2 | Whist=0,6 | Whist=0,4
and and and and
Bayesian Winst=0,2 | Winst=0,8 | Winst=0,4 | Winst=0,6
Networks
Personal Low Low Low Low Low
. . Medium/ . Medium/ Medium/
Professional High High High High High
Bayesian Personal Low
Ratin
g Professional High
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3.10. Conclusions and Future Work

This chapter presented a Cognitive Terminal Management System (CTMS), with a
specific focus on functionalities for obtaining and dynamically managing information
related to user preferences and elements of the user behaviour. More specifically, the
chapter presented an approach for the design and implementation of mechanisms that
may enable the delivery of services to users according to their personal preferences, as
well as to predict future preferences, based on past observations. The requirements for
the proposed system were outlined. The components of the system, targeted to
addressing these requirements, were specified. Moreover, this chapter focused mainly
on the Profile Management component. In this direction, the modelling of the User
Profile was discussed in detail. The structure of the User Profile organised in observable
parameters and output parameters, was explained in detail. The Bayesian Rating
method for enabling the CTMS to learn user- preferences and provide personalised
services was described in detail. Furthermore, the implementation of Bayesian Networks
for the prediction of future user preferences facilitating proactive functionality of the
CTMS was also discussed in detailed. More specifically, for the solution of Bayesian
Networks five different cases were examined, so as to have a more global view of the
methodology application. The results of the implementation of both methodologies were
presented and compared. The next step of this ongoing work is to implement this

system using both methodologies in an integrated mobile service delivery system.
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4. LEARNING USER PREFERENCES IN AN E-LEARNING
SERVICE CONTEXT

Abstract

As competition in the professional field is continuously increasing and there are
numerous new information fields to explore, lifelong learning is imposed. This is
supported by internet, a tool that has brought all kinds of information at the
convenience of the personal context (home, work, leisure), only by few clicks. Learning
by exploiting the availability of internet is made available through e-learning platforms,
which have been developed, in order to make particular sets of information available to
the users, depending on the information they want to know. Yet, since the needs, the
expectations or the familiarization of a user with a specific field of knowledge may differ
amongst users, personalisation seems to be imposed. This feature adds value to the e-
learning service by forming it as the user prefers is to be, taking into consideration his
personal preferences on content difficulty, content volume, level of interactivity and
lesson interface. The following chapter presents a methodology on the way user
preferences may be identified, with minimum user interaction, and the way the service
may be adapted according to these preferences, enhancing systems’ functionality. This
methodology is based on Bayesian Networks, which constitute a concrete method for
predicting the values of the desired parameters, based on another - much easier to
measure - set of parameters. The results of the application of such methodology are

also presented.

Keywords

Adaptation, Bayesian networks, e-learning service, user preferences
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4.1. Introduction

There is no doubt that the era we are running is characterized by the explosion of
information and knowledge, needed to be reached everywhere and at any time. Time in
peoples’ everyday schedule becomes even more little year by year and, therefore, the
need to save as much time as possible is a necessity. Consequently, the amazingly rapid
development of technology during the recent years has the power to facilitate this call
for web based systems regarding information and knowledge, using-devices to introduce
e-learning systems [1]-[4]. The e-learning systems, -able to satisfy the requirements of
both novice and advanced users, are an area of interest which is always under the
spotlight of research efforts. Today, significant steps have been made towards the
direction of providing enhanced web-based learning systems, known as personalized
educational services. Yet there is still a great volume of research that is to be further
conducted with a view to rendering these services fully personalized and adaptive [4]-
[7]. In this context, the user preferences should hold a primary role in personalization
and should dictate the structure and functionality of the entire adaptive educational
system [8]-[13].

Embedded in a so called User Profile, one of the issues that must be addressed is the
prediction of the user preferences and, in general, the modeling of the user’s profile,
taking into consideration user’s overall performance, content and system/ platform
characteristics. This can prove to be a really complex and difficult task, as the values of
certain attributes and characteristics of the user’s profile are unknown, yet follow an
implicit logic which we are trying to approximate, based on certain evidence and
feedback originating from the user’s navigation through the system. A further parameter
to be taken into consideration-is the way information should be presented to the end-
user. This happens as the user is navigating through a system that provides a large and
possibly overwhelming volume of information and therefore is an issue that poses extra
limitations and -corresponding challenges for application designers and usability
specialists. Cognitive overload [14], [15] and disorientation [14], [16] are the main ones
[17], [18].

Consequently, the goal is to develop an e-learning platform, which will accelerate the

learning process and render it more efficient, by diminishing the emerged problems,
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thanks to its enhanced functionality to dynamically plan lessons and personalize both the

communication and the learning strategy [19].

This section embraces the idea of the development of such an e-learning platform,
capable of adapting to each user group’s specific needs. In particular, section 4.2
outlines some interesting related work that can be found in the literature. Section 4.3
discusses on the structure of an e-learning system and, more specifically, introduces the
main requirements of an advanced e-learning system, explains the way a user navigates
in such a system, presents the architecture of a novel e-learning system, and describes
its main components. These components are hamely, User Model (User Profile), Domain
Model, User Monitoring and User Interface. Finally, it elaborates on the User Model
component and its functionality in the e-learning system. In section 4.4, the parameters
comprising a typical user profile are presented. Section 4.5 discusses on User Profile
Modeling, by defining a 3-layer model which makes use of Bayesian Networks, with a
view to predicting user preferences. Section 4.6 presents the results of four scenarios
revealing the system’s performance, while section 4.7 concludes this section of the

chapter.

4.2. Related work

The field of e-learning systems has received significant research attention over the past
years. More specifically, ‘numerous web-based learning systems [1]-[3], have been
developed, aiming at being ubiquitously available and therefore facilitate user’s learning
by saving time. For such web-based learning systems research has proposed different
architecture approaches and usage of distinct components to make up the architecture
of the system and contribute to system'’s personalization. More particularly, in [10], [12],
[13], [20] it is followed a similar pattern in the architecture, as using Learner Model
(User Profile), Adaptation Model (Adaptation Filter), Detection Mechanisms, Instructional
Views. (Display Engine), Content Domain (Lesson Plan) and Feedback, as the
components of an-architecture to realize an e-learning platform. Moreover, [8], use as
main architecture components Value-Added Services, Student Modeling Servers, and
Topic Based Inference Agents. In [11] Context interpreter is used in addition to the
typical architecture [10], [13], as a component which helps in the “translation” of the

context and automatically process the “annotated content”. In [9] it is used a layered

141



PhD Thesis Panagioula N. Kritikou

model, using a more complex architecture consisting of the components Conceptual
model (domain model), Goal and constraints model, User model, Adaptation model and

Presentation model.

Furthermore, many approaches have been made with regard to e-learning system’s
personalization in order to achieve adaptation. This is accomplished by using monitoring
and evaluation methods during the learning procedure. For instance, it can be used a
student modeling server [8], explicit or implicit input by user -in the Detection
Mechanism [10] or an adaptation filter, which “cuts” the implied unnecessary
information for the user [13]. Another method is used in [18], where it is supported that
web navigation can be modeled by studying individual differences and behavioral
metrics, using Latent Semantic Analysis (LSA) [21]. On the other hand research has also
been done in Bayesian Networks in support of User -Modeling, as a method of
qualitatively and quantitatively evaluating users’ behavior in the system and updating
User’s Profile. This means that Bayesian Networks method provides us with a simple yet
effective approach to construct and handle statistical models [22]. More specifically, the
problems and issues that arise in achieving user-intent ascription through dynamic User
Model construction with Bayesian Networks are presented in [23]. In [24] Bayesian
Networks’ application infers user’s learning styles according to the modeled behaviors,
while [25] discusses on the ability to merge partial user models using Bayesian Networks.

Bayesian Networks have also been employed to derive learner characteristics [26].

As a sequel of the abovementioned research studies, this work advocates the
implementation of an e-learning platform that is able to adapt to the user’s personal
needs and requirements, using information not only provided directly by the user, but
also derived by user’s overall behavior during the navigation in the e-learning system. In
particular, the proposed system is in position to predict the user’s future preferences
and interests, making use of Bayesian Networks, which constitute a concrete method for
predicting the values of the desired parameters, based on another - much easier to
measure - set of parameters. In other words, the e-learning system extracts information,
by monitoring the user’s actions within the system through specific parameters.
Therefore, the system is able to predict user’s preferences and adapt platform’s

characteristics in order to be consistent with the user’s preferences.
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Hereinafter, our focus is to include an extended set of requirements, which are essential

in the development of the e-learning platform.
4.3. E-learning system structure

4.3.1.System requirements
An advanced e-learning system has to comply with the following requirements:

Personalization. This requirement suggests that the learning process -needs to take into
account the user’s preferences and personal needs. This implies either that the user is in
position to explicitly specify these preferences or that the system has the ability to infer
them through a monitoring process. The latter is far more convenient for the end-user

and, thereby, constitutes a highly desirable feature.

Adaptivity. The user’s preferences change over time and the system must be able to
track them and properly adjust to them. By ‘properly” it is implied that the whole history
of the user’s learning behavior must be taken under consideration, and not just user’s

latest (most recent) actions.

Extensibility: An e-learning system has to be extensible in terms of the learning material
it provides. The incorporation of new. courses and resources must be an easy to

accomplish task.

Interoperability. An e-learning system must be able to both access content from and
provide content to digital libraries and other e-learning systems. In this way, the
provision of enriched and updated content is feasible. Regarding the client side, the
interoperability requirement imposes that there should be no need of specific software,

in order for a user to gain access to the e-learning platform.

While ‘the latter two- requirements can be fulfilled by adopting open, web-based
interfaces and following XML standards, the former two ones call for the presence of a
robust probabilistic scheme, capable of inferring the user’s preferences, at any time,
based on monitored data and previous experience. As mentioned in Section 4.2 as well,
many methods for platform adaptation have been examined and presented by experts.
The use of Bayesian Networks has further potential for approaching the adaptation of an

e-learning platform. In the following section we discuss on the navigation of the user in
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such a system, the architecture of the system, and we concentrate on the User Model

component, so as to have a more complete view of the platform discussed.

4.3.2.User navigation

The goal of an e-learning platform is to effectively interact with users, offering them the
appropriate information, while conforming to their preferences and needs, in order to
evolve their knowledge and skills on certain topics. To this end, the development of an
efficient system, which will contribute to users’ effective learning, is a challenging

research task.

Within this framework, Figure 4-1 represents the way an e-learning system works, and,

more specifically, the user navigation procedure.

E-Learning Platform

* Questionnaire * Bvaluation Test
+ Cognitive Tests « Content * User Feedback
* Performance o Bxercises

Measures « Resources
i e
Characteristics
Estimation

End of the course

Next Section

Figure 4-1: User’s navigation in the e-learning platform
In such a system, the user enters the educational platform for the first time. Then, the
user is asked to participate in a set of questionnaires, cognitive tests and performance
measures [27]. These questions aim at extracting some initial clues regarding the user’s
preferences, skills and personal goals. Using these features, the system forms an initial
profile for the user in the system. This profile classifies each user in a particular group of
users, assigned with specific attributes. The socio-cultural status, the interests, the
previous experience in working with computers and the expected outcomes of studying

the particular material are some indicative attributes that characterize a group of users
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[18], [28], [29]. In this sense, categorization may classify a user in “novice”,
“intermediate” or “expert” group, based on user’s previous experience on the specific
field of knowledge. As soon as a user completes a course, the system is, with the help of
Bayesian Networks, in position to infer whether there needs to be a change in user’s
group. If the answer to this question is affirmative, the system changes user’s group
accordingly and caters to present the appropriate (of the specific group’s) information,
as it is also discussed in Section 4.5.2. The main idea of user grouping is to reduce the
complexity of the system and make it more flexible regarding the amount of information
stored, as well as the time it takes to process this information and provide user with the
appropriate learning material. In this work we use specific parameters for characterizing
a user and classify this user in a certain group, namely Context, System Characteristics
and User Performance, as presented in Section 4.1 and further discussed in Section
4.5.2.

After completing the set of provided questions, and being integrated in a specific group,
the user starts navigating in the system, as depicted in Figure 4-1. The user explores the
available material, studies the- courses ‘and - the given resources, and takes the
correspondent exercises, following the path considered more interesting and spending
time on. Issues the user thinks worth studying and are likely to enrich user’s knowledge
are also examined, as the system provides material for further knowledge enhancement,

covering each of the sub-fields presented to the user.

At this point, the system has developed specific mechanisms, so as to detect the user’s
reactions to the incentives given by the e-learning environment. For instance, in case
the system has noticed that the user is viewing a page for a much longer time than
expected, it may use a.pop-up window to clarify the user’s opinion about the specific
material. Thus, the system communicates with the user and defines whether it is difficult
to understand the meaning of the page, or it is very interesting and needs further
information on the topic. Consequently, the system will have to provide the user with
some additional and simplified information, so as to make the learning material more
comprehensible, or, on the other hand, offer extra resources for further studying and
increasing user’s knowledge on the subject. The system updates user’s profile after this
interaction between them with the appropriate information, which may result to a simple

enhancement of user’s profile with additional information, or even to changing user
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group, as the system can understand what are user's needs or targeted skills have
changed (i.e. a user may be characterized as an “expert”, after being “intermediate”).
This update is realized through the according parameters, which help the system in
monitoring user’s behavior. The methodology used to update user’s profile is extensively

discussed in section 4.5.

When completing a chapter or a lesson, it is assumed that user’s knowledge on the
particular field involved is enhanced. This can be certified by a test taken at the end of
the course. The answers given to the questions reveal the depth, in which the user has
understood the material went through, and indicate an evolution or modification in
user's preferences, skills and expected outcomes for future content. Along with this, the
user is provided with some feedback designed from the course tutors/ experts,
according to the answers to the questions. The role of this feedback (pop-up windows)
is to direct users to further study the lesson’s section they did not fully comprehend, as
well as emphasize the points they have managed to absorb as expected. Similarly to
pop-ups, is treated system’s feedback; the system monitors (with the help of
parameters) user’s acceptance of the feedback or not and responds accordingly. By
taking into account the questionnaire and test results, the answers provided to the pop-
up questions during the lesson, it is possible to adapt the material that is to be displayed
to the user in the next lesson to be virtually attended, as well as update the user’s
profile. The practical way in which the user’s profile is updated, so as to conform to the

user’s changing needs and skills, is examined thoroughly in section 4.5.

This procedure takes place every time a user enters the e-learning system, taking into
account both user’s already formed profile, as well as the path of information the user
chooses to follow during each course. Needless to say that the initial test, mentioned in
the beginning of the chapter, is taken only at the very beginning of user’s navigation in
the system. Then the system stores the information in User Profile and forms it

accordingly when needed.

4.3.3.The proposed e-learning system and its components

In the previous section, the navigation of a user in an e-learning system and the
interaction with it during this navigation were described. This section intends to define

the architecture of such a system, as well as the components that comprise it, with the
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aim to provide users with a compact platform, rich and comprehensible content, and

apposite feedback.

The e-learning system proposed in this work is comprised of four main components:
User Model (Profiles), Domain Model (Content), User Interface and User Monitoring, as

illustrated in Figure 4-2.

/ Context

l

: Domain _ User Model
Model (User
(Content) Profile)

User
Monitoring

User

Interface /

Figure 4-2: E-learning system’s architecture

Each of these components has an irreplaceable role in this system, rendering its
presence mandatory for the system’s functionality [10], [13], [14], [29], [30].

The User Model component stores all user-related data, such as the users’ profiles,
including - personal - information, preferences, monitored user actions and user
performance related data. This component enables the system to deliver customized
instruction, on the basis of the individual student’s, or student group’s, learning style
[29]. Learning (or cognitive [14] styles [31], as they are one of the factors composing
user grouping, presuppose different people perform differently and reach to different
learning outcomes, given the same learning content. This is mainly attributed to unequal
previous knowledge, motivation and intellectual properties [25]. Thus, cognitive styles

are an important part of a learner's personality [32]. Several groupings regarding
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learning styles [33]-[38] have been proposed. The aim is to define the best way people
learn and apply it to teaching method. This is achieved by providing a set of simple
questions in the beginning of the first course (as a part of the questionnaire). Some of
these questions refer to user’s learning styles, and more particularly to the way that
people prefer knowledge to be presented to them, the way they feel more comfortable
with the learning procedure and content’s structure. The system receives a first picture
on the learning style of the user and classifies this user in a user group. Of course, the
system keeps monitoring user’s behavior and may accordingly change user’s group, in
case it infers that the user needs a different (more advanced) context in order to be
able to work and perform better. In the forthcoming sections, focus is given on this
component, since it plays an integral part in rendering the e-learning system adaptable

and user-centric, and therefore truly cognitive.

The Domain Model component stores information about the material that is to be
delivered to users. In particular, learning theories [39] that have been evolved the last
two decades, as well as learning styles [40] that have been identified, have shown that
not all users learn in the same way, due to socio-cultural and educational differences
and different life experiences. Thus, the educational -material will have to be expressed
and presented in different ways, aiming at fulfilling the users’ special needs. The Domain
Model stores the learning segments (learning courses) in XML format and, when notified,
provides the appropriate information to the User Interface component, utilizing the

instructions sent by the User Model, about each user group’s preferences.

The User Interface is the component that exploits information from the User Model
(Profiles), in which the users’ preferences are stored, and the Domain Model (Content),
in which each lesson’s structure is stored, and forms the final content to be delivered to
the user. This content is formed in pages using Java Servlets [41], and comprises the

material to be finally presented to the user.

Finally, the architecture comes full circle with the User Monitoring component. This
mechanism monitors each user’s behavior during the navigation in the e-learning system,
detecting the user’s interest on certain subjects, or weaknesses of understanding in
some others. The data collected in the User Monitoring component are transferred to

the User Model, in order to serve as input for the adaptation of the user profile.
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Summarizing the above, the proposed e-learning system’s architecture consists of four
main components, which aim at rendering the system easy to navigate, interesting and
attractive to the user, as well as adaptable to particular characteristics and learning style

preferences, imposed by each user group.

4.3.4.Role of the User Model component

In the previous subsection, the User Model component was briefly outlined. In this
subsection, the User Model’s role, the parameters that characterize it and its function in

the system will be analyzed.

The main objective of the User Model is to tailor the learners’ information space, by
presenting learning material according to each group’s cognitive level/progress, socio-

cultural attributes, goals, plans, tasks, preferences, and beliefs [42]-[44].

In more detail, the user is initially provided with a certain amount of questions and
cognitive tests to fill in when entering the system, as also stated in section 4.3.3. This
set of tests aims at tracking some primary characteristics regarding the user’s
preferences. More specifically, the system wants to identify what are the reasons that
impelled the user to take the particular course, what the user expects to learn, how
much is the user familiarized with the content of the course and, thus, whether the user
is considered to be a novice, an intermediate or an expert in the subject. Later on, the
way the user wishes the material to be presented, the level of interactivity preferred
with the system, -and the depth of content complexity desired, are also essential

information for the system.
In summary, the User Model has to infer the following information:

a. the users’ preferences concerning the content of each course, and

b.” the users’ preferences regarding the structure of the user interface/ platform.
Furthermore, it has to store the following information:

a. the users’ profiles, i.e. personal information about each user,

b. information about each user group, i.e. which members it consists of, what are

its main characteristics (e.g., group of novice or expert users),

c. log files about each user’s behavior during navigating the system,
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d. the answers each user provided to the set of questions and tests, when entering

the system for the first time, and

e. the scores in the exercises and evaluation tests, when completing a lesson, as

well as the feedback provided by the administrator of the course, for each user.

4.4. User Profile parameters

A user’s preferences are constantly changing, as progressively. studying the offered
courses, enhancing the knowledge and viewing different -aspects of a subject. This
means that the system should revise certain aspects of the offered learning procedure,
in order to better meet the user’s evolved needs. Each of these aspects is influenced by

one or more factors that reflect the user’s behavior within the system.

More specifically, user profile parameters aid the system to effectively monitor user’s
navigation in the system and also to record specific information regarding user’s
preferences and needs. Several articles have been presented over the last years [27],
[43], [45], [46], [47] proposing or implying parameters that influence User Profile. For
instance, in [43] it is supported that “in -general, the pedagogical agent provides
unsolicited hints when the probabilities in the student model indicate that the student is
missing key pieces of knowledge to learn from her current move.” This states clearly
that an agent is used to monitor user’s behavior, report and update his Profile and
consequently provide the missing material. Thus, for instance, the parameter “Lesson
Duration” used in this chapter, which will be presented in the next section, represents
the aforementioned procedure, as it triggers monitoring and system interacting with the
user when exceeding a specific time limit and therefore influences parameters Content
Difficulty, Content Volume and Lesson Interface. Claypool concludes that “updating and
improving such user models is possible, since each user action counts as a re-diagnose
of the user” [46], [47]. This means that user’s behavior can be monitored through
parameters concerning the navigation in the system and certain points of user’s

behavior and, by being kept in log files, this information can be updated accordingly.

Hence, following - the previously presented methodology, we use parameters
categorization following [27], [45] example in order to make User Profile parameters’

evaluation more effective and productive. Therefore, we assume that a user’s e-learning
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profile consists of two types of parameters: the learning procedure preferences, which
will be referred to as ‘target parameters’, and the influential factors, which will be called

‘evaluation parameters’.

In what follows, four target parameters and three evaluation parameters are presented,
in order to retain the forthcoming analysis both realistic and easy to- follow. More
complex models may incorporate a higher humber of parameters, yet the nature of the

analysis does not change.

4.4.1.Target parameters

The target parameters include Content Difficulty, Content Volume, Interactivity, and
Interface. By keeping these parameters updated, the system is able to provide the user
with the appropriate content, in the most suitable way. The values of these parameters

are modified according to the user’s behavior in each didactic unit.

Content Difficulty is influenced by the level of the user’s knowledge on the subject,
being a novice, intermediate or expert. As the user takes more and more courses, the
level of knowledge changes, from novice to intermediate, or from intermediate to expert,
and consequently asks for more complex content, with more detailed information on the
subject and more advanced resources to explore. Content Difficulty may be attributed to

one of the following three values: low, medium, or high.

Content Volume refers to the amount of information the user wishes to explore in the

lesson to study. Low, medium, or high are the values that Content Volume can be set to.

Interactivity is one of the parameters much appreciated by e-learning users. This is
because Interactivity makes the user feel that the system is intelligent and able to adapt
to user’s preferences, as well as in position to understand the difficulties encountered

and to-help in solving them. Interactivity may also take the values low, medium, or high.

Another important profile parameter, which is the desired type of Lesson Interface, is
influenced by user’s learning styles and user preferences on content structure.
Consequently, the Lesson Interface parameter is connected to the learning procedure
preferences. This parameter is assumed to have four different values: Simple, Normal,

Rich, or Advanced.
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4.4.2. Evaluation parameters

Though it may seem as easy, it is in practice rather difficult to properly set the values of
the target parameters. In most cases, even the user is not in position-to realistically
estimate his educational level, the level of familiarity on a subject or the expected
outcomes of taking a specific course. Therefore, we need to set.a number of evaluation
parameters, which aid the system to predict the user’s preferences, as progressing with
the study of the provided material. The evaluation parameters are the Lesson Duration,

the 7est Duration, and the Performance.

More precisely, Lesson Duration refers to the time that a user spends for completing a
didactic unit/lesson. This time is measured and then compared by the system to a set of
(pre-estimated) threshold values, which depend on the particular lesson. The result is
the classification of the user’s time in one of the following four classes: low, medium,
high, or very high. The value of Lesson Duration subsequently affects the determination
of the target parameters’ values. The 7est Duration parameter is similar in nature, with

the difference that it is related to the time that a user spends to complete a test.

What is also measured and taken into account in the process of user preferences
prediction is the Performance parameter. By keeping the user’s test scores, the system
can estimate how well the user has comprehended the concepts of the course. This

parameter is assumed to have four possible values: ‘A’, 'B’, 'C’, or 'D'.

Therefore, the system is adapting to user’s preferences, with the help of user groups
and Bayesian Networks. An example of the classification in groups used for users is

presented in Table 4-1.

Table 4-1: User Groups — Target Parameters

Novice @ Intermediate Expert
ContentDifficulty Low Medium High
ContentVolume Low Medium High
Interactivity High Medium Medium/ Low
LessonInterface Simple Normal/ Rich Rich/Advanced
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In case the system has inferred after the initial short questionnaire that the user is
Novice, it presents the corresponding information and it adapts accordingly, using the
information by Table 4-1. Thereafter, the user takes the course and the system monitors
user’s navigation and behavior. This is done by measuring the evaluation parameters, as
discussed previously. Comparing the values of these parameters with the data of Table
4-2, the system can conclude whether the group of user will have to be changed or not.
In any case, the system consults Table 4-1 in order to define the information to be

presented to the user, according to user group.

Table 4-2: User Groups — Evaluation Parameters

Novice Intermediate Expert
LessonDuration | Very High, High Medium Low
TestDuration Very High, High Medium Low
Performance Low Medium Very High, High

On the other hand, in case the system receives conflicting pieces of knowledge to arrive
at group — specific probability tables it uses probative pieces of information in order to
define user’s reaction on this (i.e. different user interface, or easier content) and adapt
to the most appropriate form, through User Monitoring Component. This methodology is

presented and confirmed by Scenarios 1 and 2-of Sections 4.6.1 and 4.6.2, respectively.
4.5. User Profile Modeling

4.5.1. Overview

The functionality of the proposed system for the modeling and adaptation of the user’s
profile comprises three different functional layers, as depicted in Figure 4-3. The role of

every layer is described thoroughly in what follows.

Monitoring Layer. The role of this layer is to collect the values of certain key indicators,
which will, in turn, be used for the evaluation and adaptation processes. These
indicators are representative of the user’s general performance and assist in forming
user’s profile. In other words, this layer is responsible for retrieving the corresponding

measurements from the User Monitoring component of Figure 4-2.
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Modeling and Evaluation Layer. The main functionality of this layer lies in retrieving the
information collected from the monitoring layer and in modeling it in an efficient way.
For this purpose, this layer makes use of Bayesian Networks, which have proven to be
valuable tools for the encoding, learning and reasoning of probabilistic relationships
[48]-[52].

estimated profile
; attributes in User

L\ --Updates the
1
1
"=-=" Profile Component

A -- Models information

», received

! -- Makes use of BNs

---Makes instantaneous

----- 'estimations on target
parameters

~Z ».:- Measurements by User
: Monitoring Component
1

Monitoring Layer

Figure 4-3: Functional layers of the user profile model
Once. the values of the monitored parameters (i.e., the evaluation parameters) are
retrieved through the Monitoring Layer, the Modeling and Evaluation Layer caters to
providing this evidence to the model, in order to acquire some instantaneous estimation
about the target parameters of the user’s profile. The application of a specific model
must anyhow comply with certain requirements. In particular, the selected model must

reflect the actual causal relationships between the different attributes, while taking into
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account, at the same time, the degree of their dependency, which implies that the way

different parameters are affected by the evidence varies.

Adaptation Layer. This layer is responsible for updating the estimated profile attributes
according to the evidence received through the indicators of the Monitoring Layer. This
evidence serves as feedback in order to acquire knowledge related to the user’s
behavior. What needs to be highlighted is the necessity to take into account, not only
the current feedback, but also the past monitored evidence. In this way, any irregular
information or any temporary performance fluctuations will not affect tremendously the
estimation process. The need to encompass historical information in an e-learning
system, as described in Section 4.3.4, is more than obvious, since such a system needs

to evaluate not only a user’s current performance, but also his overall progress.

4.5.2.Modeling and Evaluation Layer

Figure 4-4(a) depicts the Bayesian network employed for the modeling of the
relationships between the target and evaluation parameters of a user’s profile. As can be
observed, the causal relationships between the parameters under consideration are as

follows.

Content Difficulty dependencies. This parameter depends directly on the values of all
evaluation parameters. The actual lesson duration, the test duration and the user’s
performance dictate the difficulty level of the content that should be provided in the

next lesson to the user.

Content Volume dependencies: The volume of the content that should be provided in
the next lesson to the user is affected by the time needed to complete both the previous
lesson and the corresponding test. Content Volume parameter’s dependency on the
performance cannot. be considered primary, since large content volume does not
necessarily suggest great difficulty and therefore the amount of information provided is

not an accurate factor to influence user’s performance and vice versa.

Interactivity dependencies. 1t is assumed that the degree of the required interactivity is
determined solely by user’s past performance. More specifically, if a user achieves low
performance, it is quite probable that further guidance is needed, thus more interactivity

and knowledge communicability, through the lesson. On the other hand Lesson Duration
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and Test Duration are not safe factors to determine Interactivity, as the time spent on a
lesson or test cannot determine in a secure manner user’s view on the system’s
communicability of knowledge. The knowledge communicability and ability to request

certain pieces of information is what we refer here to as Interactivity.

Lesson Interface dependencies. 1t is realistic to assume that the only indicator affecting
the type of interface needed throughout a lesson is the amount of time that the user
has spent in the previous lesson. This means that the way information is presented in
the course (interface’s appearance, complexity, etc) cannot be safely determined by the

time a user spent on the respective test or user’s score in the test.

With reference to the model of Figure 4-4(a), the notations depicted in Table 4-3 will be

used for estimating the desired probabilities.

Table 4-3: Parameter Notations

Parameter Notation
LessonDuration LD
TestDuration TD
Performance R

ContentDifficulty CD

ContentVolume cv
Interactivity I
LessonInterface LI

The goal is the determination of the values of the parameters CD, CV, I and LI that

maximize the following joint conditional probability:
P(CD,CV,I,LI |LD,TD,R)

In what follows, we will demonstrate that the calculation of the abovementioned joint
conditional probability - reduces to the computation of the product of four partial

conditional probabilities, which is a computationally easier task.

The joint probability distribution of the network of Figure 4-4(a) can be expressed as

follows:
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P(CD,CV,1,LI,LD,TD,R) = P(CD|LD,TD,R)-

P(CV [LD,TD)-P(I |R)-P(LI | LD)-P(LD)-P(TD)-P(R) (1)

Based on the Bayesian product rule, it also holds that:
P(CD,CV,I,LI,LD,TD,R)=P(CD,CV,I,LI |LD,TD,R)-P(LD,TD,R) - (22)
Formula (22), due to the independence of the parameters LD, 7D and R, becomes:
P(CD,CV,I,LI,LD,TD,R)=P(CD,CV,I,LI |LD,TD,R)-P(LD)-P(TD)-P(R) (23)
From (21) and (23), it can be derived that:

P(CD,CV,I,LI |LD,TD,R) =

P(CD|LD,TD,R)-P(CV |LD,TD)-P(I |R)-P(LI | LD) (24)

The values of the partial conditional probabilities of formula (24), for given LD=/d,
TD=td and R=r, can be retrieved from the model’s Conditional Probability Tables (CPTs),
which have, a priori, been filled appropriately by a set of experts in the domain of
education (i.e., teachers, psychologists, ‘pedagogues). Figure 4-4(b) illustrates the
model’s CPT for the Content Volume parameter. The CPTs for the other target

parameters have a similar structure.

The final goal is the determination of the most probable set of values for the target
parameters, CD, CV, I and LI, given the evidence LD=/d, TD=td and R=r. It is relatively
easy to observe that the values of the target parameters which maximize the joint

conditional  probability P(CD,CV,I,LI|LD=Id,TD=td,R=r) are those that

maximize each of the four product factors separately.

As described above, every Bayesian network is associated with a set of probability tables,
i.e. the probability distributions of the evaluation parameters and the CPTs of the target
parameters. A learning system may employ either a unique (and generic) set of
probability tables or several sets of probability tables, each one corresponding to a
different user class. The latter presumes that there is an additional parameter, ‘User
Class’, which acts as a contextual parameter [48], [52]. According to the value of this
parameter, a different set of probability tables is used by the underlying Bayesian

network. This extended model is depicted in Figure 4-4(c), which features the
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separation of the model into two different layers: the contextual layer and the predictive
layer. The former defines the set of probability tables that should be used by the latter.

The class each user belongs to can be defined upon the user’s initial entry to the
educational platform, via questionnaires, cognitive tests and performance measures.

This helps the system classify the user into a particular group, assigned with specific

attributes, as described in Section 4.3.2.
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Figure 4-4: (a) Bayesian network employed by the Modeling and Evaluation Layer; (b)
The CPT for Content Volume; (c) Extension of model (a) in a two-level Bayesian network

4.5.3. Adaptation Layer

As stated in Section 4.2, Bayesian Networks is a method of effectively handling statistical
models. Moreover, statistical models fit very well to the problem of modeling users,
since they allow us to represent the intrinsic uncertainty inevitably related to any effort
to model human characteristics [25]. Therefore we can achieve advanced user profile
modeling by monitoring simple parameters, having also the ability to monitor past and
current performance. In this section we are presenting a mechanism to update User
Model information taking also into consideration historical information, with the help of

Bayesian Networks.

As already discussed in Section 4.5.1, the computation of the most probable set of user
profile characteristics should also encompass historical information, i.e. past monitored
data regarding the user’s overall performance. Therefore, a mechanism that updates the

instantaneous, i.e. the most recent, estimations, on the basis of past information should
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be developed. A simple yet effective approach is the calibration of the estimated

probability according to the following formula:

padapted n-1" Pinstant n

) " Pinstant,n (25)

padapted,n = Wit - padapted,n—l + Winstant * (1_

where |x| returns the absolute value of x. Assuming that n represents the current time
moment, Paeq, denotes the adapted probability estimation at moment 77, P.yued ns
denotes the adapted probability’s previous value, P, .., Stands for the current

instantaneous estimation, and Wy and Wj,san reflect the weights attributed to the
historical estimation and the current instantaneous estimation, respectively. Their value
is in the interval (0, 1) and the formula Wi+ Winstant=1 iS always. true. As can be
observed, the right-hand part of formula (25) comprises two components, one for the
employment of historical information and one for the employment of the instantaneous
estimation. Thus, the proposed approach consists in- modifying the previous estimation
(first component) by a factor that is a function of the most recent, instantaneous,

estimation (second component). To achieve this, the instantaneous estimation p, ..., iS

multiplied not only by a weight Wi« but also by a factor that depends on the

difference between P,y peins @A Pipgincn - A SMall difference between these two values

results in greater consideration of the second component. In this way, abrupt
fluctuations can be smoothed out while the adaptive nature of the overall system is not

violated.

The system’s ability to adapt to the evidence received by the user, while, at the same
time, perform a certain filtering of the outcome is influenced by the ratio Whsy/Winstany
which controls the contribution of the two components in formulating the adapted
probability estimation. Larger values of the aforementioned ratio suggest slower
adaptation rate, but better smoothing ability; whereas, smaller values imply faster
adaptation rate yet more sensitive behavior regarding sharp fluctuations. In Section 4.6,
the impact of the ratio. Wys/Winstane Will additionally be examined in more detail through

simulation results.
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4.6. Results

4.6.1.Scenario 1 — Generic example

In this scenario, we will examine the model’s behavior in a random situation. The value
of the ratio wys/Wistane has been set equal to 1. Initially (step 0), as depicted in Figure
4-5(b), all the possible values of each target parameter are considered equally probable
(uniform distribution). Hence, a lesson with random content difficulty, content volume,
interactivity and interface is generated and delivered at this step. At the end of this
lesson, the model’s monitoring mechanism reports the following evidence: Lesson
Duration = Medium, Test Duration = High, Performance = C. This set of evidence serves
as input for the formation of the next lesson, i.e. the lesson of step 1, as depicted in
Figure 4-5(a). At the beginning of step 1, the aforementioned evidence is utilized in
order to produce a set of instantaneous probability estimations concerning the target
parameters. This is carried out with the use of formula (24), as described in Section
4.5.2, after setting LD=Medium, TD=High and R=C. Subsequently, the instantaneous
estimations of this step (step 1), in conjunction with the adapted probability estimations
of the previous step (step 0), are utilized for the computation of the adapted probability
estimations (Figure 4-5(c)) of the current step (step 1), on the basis of the analysis of
Section 4.5.3 (formula (25)). Based on the adapted probability estimations, we come to
the conclusion that, at step 1, Low is the most probable value for Content Difficulty,
Medium for Content Volume, High for Interactivity, and Rich for Lesson Interface. Thus,
the lesson of step 1 should comply with these suggestions, in order to best fit the user’s
preferences. The same method is followed for inferring the most probable values of the

target parameters throughout the rest of the steps.
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Figure 4-5: Scenario 1: (a) Evidence; (b) Instantaneous Estimations; and (c) Adapted
Estimations

Based on the results of Figure 4-5(c), we construct the diagrams of Figure 4-6. As may
be observed from the curves of Figure 4-6, the adapted estimations smooth out the
sharp fluctuations of the instantaneous estimations, which is the desired behavior, by
adapting to the evidence at a slower pace. This has the clear advantage of exploiting

not only the most recent evidential data, but also knowledge about the past.

As an indicative example of this behavior, let us observe the estimation results for the
Content Difficulty parameter, at steps 4 and 5. At step 4, we may observe that the
adapted estimation indicates High as the most probable value. However, at step 5, a
radical change is detected at the evidential data. According to the instantaneous
estimations, Low is by far the most probable value at step 5. However, the adapted
estimation takes into account the historical knowledge, by moderating this oscillation,
and suggests again Hjgh as the most probable value; this time, of course, the probability
of value High has significantly been decreased. This gradual adaptation to the evidence

allows the system to avoid temporary and impulsive oscillations.
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Figure 4-6: Scenario 1: Estimation results for the (a) Content Difficulty; (b) Content
Volume; (c) Interactivity; and (d) Lesson Interface target parameters

4.6.2.Scenario 2 — Fluctuation smoothing

In this scenario, we examine the oscillation avoidance through a more specific example.

As depicted in Figure 4-7(a), we assume that the user’s performance is very low during

the steps 1-4, then that there is a sudden radical improvement at step 5, while at step 6

the user continues to have a very low performance.
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Content Difficulty - Probability Estimation Results
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Figure 4-7: Scenario 2: (a) Evidence; and (b) Estimation results for the Content Difficulty
parameter

In this use case scenario, at step 5, it would be wrong to consider that the user has
suddenly become an expert. This means that the system should avoid providing the user
with content of great difficulty at this point. Examining the estimation results for the
Content Difficulty parameter, this is exactly what is achieved by the proposed system at
step 5, as may be observed in Figure 4-7(b). The results are similar for all the other

target parameters, as well.

4.6.3.Scenario 3 — Measuring the adaptation speed

The goal of this scenario is to obtain results about the model’s adaptation speed for
different values of the ratio Wwps/Wistane In this scenario, we assume that the user has
very low performance in steps 1-4, but exhibits a remarkable and steady performance
thereafter, as shown in Figure 4-8(a). We will study the estimation results for the Lesson
Interface parameter, for values 1, 2, and 3 of the ratio (Figure 4-8 (b), Figure 4-8(c),
and Figure 4-8(d), respectively). The results for the other target parameters are similar.
At step 4, Simple is the most probable value of Lesson Interface. Our goal is to measure
the adaptation speed, i.e. how many steps it takes for the model to regard the value
Advanced as the most probable one, for the three different values of the ratio. As may
observed from Figure 4-8(b), for wysy/Winsm=1, 3 steps are needed by the system to

reach this conclusion. For wy/Winsne=2 (Figure 4-8 (c)), 5 steps are needed, while for
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Whist/Winstane=3 (Figure 4-8 (d)), 6 steps are required. Hence, it is clear that larger values

of the ratio result in slower adaptation speed.
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Whist/ Winstant =2
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Figure 4-8: Scenario 3: (a) Evidence; Estimation results for the Lesson Interface
parameter 7 fOI’ (b) Wh/'sl/ W/hstant=-l; (C) Wh/'.';t/W/hstant=2; and (d) Whis/ W/hstant=3
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4.7. Conclusions and Future Work

In this chapter, the concept of predicting the users’ preferences in an e-learning
environment was established and implemented. Modern e-learning- systems need to
offer personalized experience to their users. To that end, the automatic inference of the
users’ preferences is a key issue, whose probabilistic nature can be dealt with, as

demonstrated, through the utilization of Bayesian Networks.

In particular, this chapter presented the central requirements of an advanced e-learning
system. Focus was given on the need for personalization and adaptivity. The structure of
a novel e-learning system complying with these requirements was presented. The
parameters comprising a typical user profile within the  e-learning context were
investigated. The central role of the system’s User Model component was explained, and
its encompassed functionality was thoroughly analyzed as a 3-layer model, which makes
use of Bayesian Networks and appropriate fluctuation smoothing in a consistent manner.
Results depicting the system’s predicting behavior were demonstrated.

At this point we presented the theoretical framework of our work. Following the
investigation of the behavior of our schemes, there is complete development of the
platform and application on trials at various scales. More specifically, this work includes
the exhaustive trial testing and fine-tuning of the implemented e-learning system with
the help of a number of volunteers. The incorporation of additional parameters to the
proposed model will also be investigated. For instance, the preferred type of practice
(e.g., multiple choice questions, true/false questions, etc.), and the preferred learning
structure (e.g., top-to-down approach, down-to-top approach, etc.) may serve as
additional target parameters. Measuring a user’s scroll rate (how much time it takes the
user to scroll to the end of the page, i.e. how fast the user reads), or how many times a
user is forced to scroll up (in order to search for a piece of information neglected at first
glance) are examples of additional target parameters. Furthermore, a user’s age, origin,

or profession can serve as additional contextual parameters.

Another challenging future task is the dynamic determination of the optimal structure for
the Bayesian Network of the Modeling and Evaluation Layer. So far, the structure of the
Bayesian Network of Figure 4-4 has been considered constant and unaltered. However,

one could argue that a different set of causal relationships should have been assumed.
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The development of an efficient algorithm for learning the structure (i.e., causal
relationships) of the Bayesian Network that is used for modeling the user preferences
involves finding the structure that best suits a given set of pre-defined data, and is an

NP-hard problem [53].
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5. LEARNING USER PREFERENCES IN A “"TRANSPORTATION
MANAGEMENT — CAR POOLING"” SERVICE CONTEXT

Abstract

The continuously increasing need for mobility has brought about not only significant
facilities in several aspects of human initiative, but also growing traffic congestions, a
phenomenon that leads at a short time level to unpleasant everyday situations, but in
the long run also to the degradation of the level of quality of living in large cities. The
management of traffic stands thus as a fundamental prerequisite for confronting those
issues and enhancing transportation. This chapter considers the concept of car pooling
as a structured approach to this problem, by specifying, developing and validating a
mobile-community-driven system for - collaborative transportation, namely the
“Transportation Management - Car Pooling System”. The system is capable of proposing
optimal, reliable and secure community matches (taking into consideration personality
features, talking interests, driving style, etc.), based on user profile and context
information. The chapter describes the Transportation Management - Car Pooling
System, presenting its input parameters, decision making process and outcomes. Finally,

indicative simulation results showcase its functionality and effectiveness.

Keywords

Car-pooling, personalisation, transportation management, utility volume
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5.1. Introduction

Current socio-economic circumstances in Europe impose an increased need for mobility.
Most European cities are overcrowded with vehicles, facing a continuously growing
volume of traffic. Traffic congestions, an everyday phenomenon, are basically caused by
the large number of vehicles, moving or searching for a parking place [1]. In addition,
they are often incurred by unpredicted accidents and emergencies, which are, at the

same time, associated with serious injuries/ fatalities.

These facts show that there are important inefficiencies related to transportation.
Inefficiencies cause enormous losses of time (e.g., the period that drivers spend in
traffic congestion or while they search for parking places), decreases in the level of
safety for both, vehicles and pedestrians, high pollution, degradation of quality of life,
and huge waste of non renewable fossil energy, as identified by the research community
[1]-[5]. Those inefficiencies have brought up the necessity for developing systems for
more efficient and safer mobility. In response to the above, transportation (also traffic)
management has been lately attracting enormous research effort, being established as a
key service that should be offered, in the area of transportation, by Information and

Communication Technologies (ICT) [6]-[8].

A phenomenon that is quite aligned with the inefficiency of transportation is the
continuously increasing level of utilization of vehicles (i.e. vehicles are used in more and
more aspects of human initiative), linked to the minimization of vehicle passengers (i.e.
vehicles carrying only the driver), due to the increase in vehicle ownerships [1].
Apparently, this causes a significant increase in traffic volumes. To address this
drawback, only some independent solutions have been proposed in the United States,
Germany, Greece and Great Britain [9]-[16]. Moreover, internet community portals
provide the means to bring people together sharing the same interests and needs in
order to ease poor social fabric and remove interaction barriers [17]-[21]. On the other
hand, communication between drivers is until now researched in some small projects in
Scandinavia [22] developed a mobile broadcast system for car drivers (ROAD TALK),
while Esbjornsson et al [23] created a mini computer for the communication between
motor bikers. Both systems were highly accepted even though the tested samples were

very small (about 6 participants) and the design process was intuitive. In addition to this,
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attempts to model drivers behavior have also taken place [24]-[26], yet these

researches take into account only driver’s profile and not passenger’s.

Therefore, car pooling (sharing) services (most popular in the US [10], [13], [27] are
chosen as one of the solutions for improving transportation efficiency [28]-[30]. As a
definition, “car pooling is at least two people riding in a car. Each-member would have
made the trip independently if the carpool had not been there. Driver and passengers
know before the trip that they will share the ride and at what time they will be leaving.
Professional and/or commercial vehicles are excluded. Both the driver. and the

passenger(s) are considered as carpoolers”, as stated in [1], [31].

With the vision to improve transportation efficiency- and also. contribute to the
enhancement of social fabric, this chapter builds on the aforementioned proposals and
presents an innovative, widely applicable approach that lies on the advances of
telecommunications [1]. More specifically, the chapter combines the concepts of
communities, mobility and car pooling into one integrated, community driven, and
mobility solution. In particular, it presents an optimization method that leads to mobile-
community-driven, secure, collaborative transportation, which is capable of proposing
optimal, as well as reliable and safe community matches (e.g., safe driving, talking
interests, etc.) and routes, based on profile and context information in mobile situation

contexts.
The contribution of this work is twofold:

First, it specifies and develops a mobile-community driven optimization strategy that
proposes community matches and routes, based on user profile and context information
and succeeds in reducing the overall traffic loads in transportation infrastructures,
through exploiting advanced transportation management solutions, improving system'’s

effectiveness and functionality.

Second, it - delivers inter-disciplinary solutions that benefit from advanced ICT
technologies and the sociology and psychology sciences, contributing also to the
enhancement of social fabric, since based on user profiles (drivers and passengers) that
depict their preferences, people are connected, and communities are built out of these
interactions. Through these communities people can share transportation and more

generally support each other.
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In the light of the above, the structure of the chapter is as follows: the next section
presents the motivation for this work and describes in a high level fashion an
optimization scheme that can efficiently manage transportation infrastructures through
the concept of car pooling, namely the T7ransportation Management - Car Pooling
System (TM-CPS). Section 3 presents the TM-CPS in detail, focusing on its input and
output parameters, whereas section 4 provides some indicative simulation results that

showcase the system'’s efficiency. Finally, concluding remarks are drawn in section 5.
5.2. Motivation, Business Case and High-Level Description

5.2.1. Motivation for Transportation Management through Car
Pooling

As previously mentioned, the necessity to eliminate the continuously growing volume of
traffic is broadly accepted, since it involves versatile, everyday, unsatisfactory situations.
A solution approach to this could be the concept of  "car pooling”, which suggests that
the passenger and the driver may agree to share the same ride to a certain destination,
based on an agreement upon specific criteria. The results of such an action are to have
reduced number of cars on the route and to significantly reduce the expenses for gas or
parking (there is an agreement of sharing the car expenses between the passengers
[32]-[35]). In addition to the above, the overall energy consumed is significantly
reduced, and therefore pollution and CO, emissions become less. In this respect, car
pooling contributes to the diminishment of atmospheric pollution, more than any state-
imposed policy ([32]-[35]). Also, the participants may take turns through sharing their
vehicles ([10]). Last but not least, car pooling may also provide social connections in an
increasingly disconnected society ([36]). Aligned with the latter, online car pooling
services offer new ways to make social connections through discussion sites and custom
ride-sharing services. Moreover, car pooling services are based on user preferences,
which include social status, education and age, as will be discussed in section 5.3.1 and
also introduced in [17]-[21].

An important measure that has been already applied in countries that car pooling is
widely accepted (i.e. in twenty states of U.S.A.) is the designated car pool lanes on

highways (usually called High-Occupancy Vehicle - HOV lanes), which make traveling
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faster [3], [4], [10]. These lanes concern cars having more than 2 passengers.

Researches have shown that such lanes operate in an encouragingly effective manner
[3], [10], [21].

To this effect, car pooling seems an attractive concept that could contribute to-a more
intelligent management and improvement of transportation circumstances. In this
respect, the next subsection indicates how a car pooling system could become of great
commercial use, while subsection 2.3 gives an overview of the TM-CPS which will be

analyzed in the context of this chapter.

5.2.2.Business Case

This section aims at exemplifying the role of car pooling and raising the issue of its
application, to support transportation management in large cities that face congestion

problems, through a system created for this purpose.

The business case assumes that a person wishing to reach a destination monitors a
specific drivers’ pool, seeking for a subset of drivers being directed towards the same
place. The person in question (prospective passenger) interacts with all “candidate”
drivers and examines whether ‘an agreement can be established, regarding specific
criteria that originate either in the passenger’s preferences, or in the driver’s intentions.
Indicative parameters, influenced by information retrieved within literature and car
pooling websites, which provide actual car pooling services [2], [5], [9]-[16], [27], [31],
[33] include on one-hand the requested (by the passenger) and provided (by the driver)
departure and destination point, as well as the itinerary’s cost, and on the other hand,
user profiles (age, gender, marital status, educational level and occupation, language,
nationality, smoking habits, etc.). The driver-passenger pair selected is the one that

results in the best matching of parameters.
A high-level scenario corresponding to the business case is shown in Figure 5-1.

The scenario can be either passenger-, or driver-initiated and evolves in five main
phases. Examining the passenger-initiated scenario, in the first phase, the passenger
seeks for drivers originating at a certain place and intending to reach a desired
destination (the depiction of the driver-initiated scenario is omitted for brevity). In the

second phase, the passenger interacts with the identified candidate drivers and
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negotiates upon a set of predefined criteria. In the third phase, the driver that satisfies
most of the criteria is selected for the journey. The fourth phase refers to the
implementation of the journey, while the final (fifth) phase, which takes place after the
journey, consists in the evaluation provided by both parties of the journey, for future
reference.

Passenger

Identification of
candidate drivers

29 Phase _

Interactions: Negotiations upon predefined criteria (parameters)

37 Phase

Selection of the most
appropriate driver

4" Phase _

Implementation of the journey

5 phase

Figure 5-1: High-level car pooling scenario

5.2.3. High-Level TM-CPS Description

The opportunity to share a vehicle, when having a similar itinerary and set of matching
parameters, offered by the concept of car pooling, can be guaranteed through the
existence of a system, which can reside in a mobile phone or laptop/PC and, as such, it
is rather easy to deploy and utilize. In general, such a system takes into consideration
user’s preferences and personal needs, as well as their changes as the time elapses, in
order to adapt to them, taking in mind past preferences. More specifically, the user that
wishes to use the car pooling service logs on to the system, through his device, and

makes a request (as a driver or as a passenger). The system recognizes the specific
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user and has access to his personal information, specific preferences and history. This
information on each user, his preferences and the past activity on the system (history) is
kept in log files, in appropriately formed Data Bases. In this way, the system is in
position to find the most appropriate match for the users (both driver and passenger).
Moreover, knowing user’s past activity on the system, the evaluations/ feedbacks the
user has done and received and the previous matches he has accepted, it can avoid or
prefer a certain connection between users. Social relations are consequently enforced in
two ways; first, the system makes connections between users taking into consideration
user personal preferences and personal information of both, driver and passenger (as
will be explained in section 5.3.1) and second by knowing the users that liked each
other and the ones that did not, the system prefers or rejects, respectively, to make
match and has, thus, higher chance to make a successful match, that will lead to a

pleasant trip.

User Profile Aspects

Weighted
Parameters

Decision Making and
Implementation
(optimization procedure)

Service Aspects

yojeln erdoiddy

Figure 5-2: TM — CPS High Level Description

Hence, the system’s two fundamental requirements are (i) personalization and (ii)

adaptability, so as to effectively interact with the user [37]. In fact, the envisioned
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community applications (residing on the mobile phone/laptop/PC) shall be integrated in

the different user-service interaction contexts (e.g. in-car, mobile).

This chapter proposes such a system, namely the Transportation Management — Car
Pooling System (TM-CPS). The TM-CPS uses as input user profile aspects, as well as
service aspects and aims at proposing optimal, personalized, reliable, secure and safe
community matches and routes. The TM-CPS is described in a high-level manner in

Figure 5-2, while its main components are thoroughly analyzed in the next section.

5.3. TM-CPS Detailed Analysis

This section elaborates on the components of the TM-CPS presented in section 5.2.3
and depicted on Figure 5-2, as well as their operation and interactions. Each of these
components has an irreplaceable role in this system, rendering its presence mandatory

for the system’s functionality [37], [38].

5.3.1.User Profile Aspects

This component stores all user-related data, namely personal information and
preferences. It enables the system to know, immediately after the user logs on to the
system, the identity of the user and the data the user has provided the system with.
However, it should be noted that the user’s preferences may change as the user makes
use of the car pooling service. For instance, in the morning a user (driver) may accept a
request for a ride having destination close to his work. In the afternoon the same user
(as a passenger this time) may want to go downtown in order to run some errands and
request for a ride. The component allows such amendments. The information handled

through it is reflected on a list of parameters, discussed below.

User Profile Parameters. In general, the parameters that depict the data contained in
the User Profile Aspects component include personal data and personal vehicle data.
Personal vehicle data contain information on the vehicle that the user has and the
characteristics that make it unique and identifiable by the passenger. These data are the
number plate, the year the car was constructed, the year the user got his/ her driving
license, the type and date of expiration of the car insurance and the brand of the car. Of

course, personal vehicle data are optional, since a user of the system may not possess a
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car, yet can make use of the car pooling service, so they are just presented here for

consistency and will remain unconsidered for the rest of the chapter.

Personal data contain information regarding age, gender, marital status, educational
level and occupation, language, nationality and whether the user is a smoker or not.
More specifically, each user states his age, as well as the age category he wishes his co-
passenger to be in. Usually the gender of the user does not make any difference, yet
sometimes the gender may help people in having common interests. Being married or
single is of importance for users’ matching. For instance, mothers may have many
common interests regarding their children, than they would have while traveling with a
student. A user’s educational level is important, as it can create a more convenient
atmosphere for co-travelers, as the chances of having something to discuss increase,
and make the journey more pleasant. Occupation is another important parameter that
affects the matching between users and creates higher possibility for it to succeed [10],
[39]. The languages a user speaks may include him in-a wider group of users and
therefore have more chances of finding an appropriate match. Nationality is also a factor
that influences the matching of users and their possibility to have a pleasant trip. Being
a smoker or not may be very important for a user and affect at a great extent whether
he will accept a matching or not. This is the reason for which in the beginning of the trip
users establish some ground rules. In general, there has to be an agreement regarding
smoking, music, food, drinks etc. Discussions are possible to irritate a user, as some
may like quiet time in the morning, or a user may be sensitive to strong perfumes [12].
Rules are thus important to be set and agreed between users. In this respect, two
additional parameters placed within this component (however not directly linked to user
preferences) are (i) the itinerary’s cost (to be discussed below) and (ii) the driving

competence (deriving from others’ evaluations, as will be shown in the sequel).

Parameters’ Weight. Apart from the aforementioned parameters, a TM-CPS user needs
to specify the importance he attributes to each of those parameters. This is achieved by
attributing each of the parameters with a certain weight. Of course, it is possible that
parameters could have the same weight for the user. For instance, a user may consider
equally important that his co-passenger speaks English, as well as the fact that he is not
a smoker. Practically, the user attributes each parameter with a value between 0 and 1,

with 0 implying that the parameter has a low importance for the user and 1 pointing at
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a high importance. In case a parameter has the same weight with another (or more
than one) parameter, it is inferred that the user has equal interest in these parameters.
Regarding the repetition of the match, the user does not attribute it with a certain
weight, yet in the case that this user has traveled again with another user, the system
can be informed whether the user is willing to share a ride again, based on the

information extracted at the end of the itinerary.

As far as the cost of the itinerary is concerned, the user also specifies its weight. This
means that the user is in position to state the level of expenses he can afford, or this is
of no importance for him. The cost of the itinerary is calculated when a service request

is made (this procedure is analyzed in 5.3.2).

Table 5-1: User Profile Parameters

Parameters Notation
1.Age AG
2. Gender GEN
3. Educational Level EL
4. Family State FS
5. Work WOR
6. Smoking SM
7. Language LAN
8. Nationality NT
9. Source SR
10. Destination DEST
11. Commuter Cost cC
12. Evaluation EST
12.1 Driving Skills DS
12.2 Social Behavior SB
12.3 Repeat Match RM
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In order for the system to be aware of the gas expenses, in the beginning of the
itinerary the driver sets the number of the kilometers, as well as whether the itinerary
includes tolls or not. Last but not least, the driver’s driving competence and social
behavior is evaluated by the passengers when the itinerary is completed. The value of

these parameters is calculated as the mean of all passengers’ evaluations.

A summary of the parameters associated with the User Profile Aspects component and

their notations, is provided in Table 5-1.

5.3.2.Service Aspects

This component stores information about the service delivered to users. In particular, it
is responsible for keeping records of the information regarding the service requests, the
service requests that were satisfied and the users that were involved in the realization of
the car pooling service. This means that when a user makes a car pooling service
request, this request is received and decoded by the Service Aspects component,
through identifying the critical information within the request (user id, departure point,
destination point) and then passing this -information to the User Profile Aspects
component, in order to make the initial scanning of the user profiles and propose the

potential matches.

The aforementioned critical information is reflected on a list of parameters, summarized
in Table 5-2.

Table 5-2: Service Parameters

Driver Parameters Matching Parameters Passenger Parameters
Driver departure point E Itinerary E Passenger departure point
Driver departure time i Itinerary’s cost i Passenger departure time
Driver destination point Pick-up point Passenger destination point

A parameter that has to do with the itinerary is the passenger’s starting point. The
respective parameter for the driver is the driver’s starting point, which is dependent on
the itinerary he will follow to reach his destination. In other words, a matching takes
place when passenger’s departure and destination point are convenient for the driver’s

itinerary and departure and destination point. For instance, co-workers or people

187



PhD Thesis Panagioula N. Kritikou

working in the same area of the city may agree on a car pooling service on a daily basis
[39]. Moreover, itinerary’s cost is agreed between users, so as they are both aware of
the amount of money the passenger is going to compensate the driver. The cost is
calculated taking into account the number of kilometers, as well as the fees spent on
tolls, through a specific formula. The result of the formula represents the amount of
money that the passenger will provide the driver and depends on the distance of the

itinerary, and also the number and the cost of the tolls [33].

This formula can be defined as follows:

ZCOSI _ (0.25-Km+2-n)

N (26)

where km is the itinerary’s distance (expressed in km), N is the number of the
passengers and n expresses the times that tolls shall be paid throughout the itinerary.
The cost of the tolls is set to 2€, yet it may change and the formula may be formed

accordingly.

Finally, it is important to be punctual and agree on how long the driver will wait for a

passenger. The usual waiting time is 2 to 3 minutes [12].

5.3.3. Optimization Method: Decision Making and Implementation

This component receives the potential matches from the User Profile Aspects and the
Service Aspects components. Its main responsibility is to make a decision amongst those
matches, through an optimization process, which aims at maximizing the value of an
objective function (OF) [40], whose variables are the profile and service parameters (see
also Table 5-1, Table 5-2 and [41]. The OF value is calculated for every user based on
the parameters and their respective weights. The driver for which the OF is maximized is
the driver that best fits to the user requesting the service, and therefore the one that

will be chosen among all candidates.

Let x be the user, with X denoting the set of users (x e X ). Accordingly, let d be the
driver, where D is the set of drivers (d € D ). Each parameter (among the ones

previously mentioned) is denoted as par , where PAR is the set of parameters

( par € PAR). In this respect, W (X, par) is the weight for each parameter ( par) for
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the user x and par(d) is the value of the parameter that corresponds to the specific

driver. The OF for the system is formed as followed:

OFgyem = Max{z K(x,d)-> W(x, par)- par(d)} par >0, par =1,..N (27)
d

par

As can be observed, the OF, . consists of the sum of the OFs of each driver (OF,)

ystem

and the factor K(x,d). The TM-CPS target is to identify the maximum amongst the OF

values that correspond to each of the drivers. The OF, is given by the following formula:

OF, =Y "W(x, par)- par(d) (28)

par

Also, it holds that K is a binary parameter which shows whether a driver is chosen by

user or not. Specifically:

0, if user x does not choose driver d

K (x,d) ={ (29)

1, if user x chooses driver d

This formula denotes that every user x may select only one driver d for each itinerary.

The above described procedure applies also to the reverse procedure, when a driver is
seeking for a passenger, in order to use car pooling service. The scenarios that follow in
section 5.4, present this procedure and therefore the way OF works in order to find the

best match for each user.

5.3.4.Feedback — Evaluation

As already mentioned, when registering on the platform, the user provides the system
with their personal data and preferences. Yet, a change of user’'s preferences or
personal data is possible, therefore the system will have to be able to update the
according parameters and adapt to user’s new preferences and needs. Of course, a user
may update his profile by himself. For instance, in case he changes area of residence or
area of work, he can update this information by himself. On the other hand, changes in
user’s profile or preferences may be inferred through the evaluation procedure within
the system. This procedure is done by the passengers concerning the drivers and vice

versa, at the end of every ride. It provides the users (both the driver and the passenger)
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with the option to fill in a brief questionnaire, evaluating the driver/ passenger. The
questions aim to extract the user’s opinion on his co-passenger’s social behavior, the
driving competence and skills and whether he is willing to share the same ride with this

driver or not.

Specifically, there are three categories of overall evaluation (overall evaluation on user
parameter) which a user can choose from: positive, neutral or negative. Also, the user
may specify whether he is willing to share a ride again with the same user of the system.
In this way the system may create, and each time update, a “+” /list for. positively
evaluated users and a “-" /ist for negatively evaluated users. Driving style, driving
competence and social behavior are some evaluation parameters which help the system
to update the user profile, in order to create more successful matches in the future. In
addition, each user can explain their evaluation through comments, giving e.g. details
on the punctuality or reliability of the other member. Each user may have access to the
evaluation user profile of a user, in which all received evaluations are collected. By
viewing this profile, other users can view evaluations and profit from the experiences of
other users [9]. It is important to make comments easily understandable and factual for
other users, as other users may read evaluations. The purpose of the comments is to
allow other members to hear of certain experiences and of course not to insult other

users /9]. The update parameters are summarized in Table 5-3.

Table 5-3: System Update — Evaluation Parameters and their potential values

System Update — Evaluation Potential Values
Parameters
Overall evaluation-on user positive, neutral, negative
Willingness to share a ride again positive, neutral, negative
Driving style calm, convulsive, environment friendly and gas saving
Driving competence good, efficient, dangerous
Social behavior pleasant, friendly, annoying, rude

5.4. Results

This section contains indicative results that derive from the utilization of the TM-CPS to a

simulated transportation infrastructure environment. Some indicative, realistic everyday
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scenarios are presented, which can lead to comprehensive results and thus showcase
the efficiency of the proposed scheme. The scenarios have been constructed using
information and being influenced by [2], [5], [9]-[16], [27], [31], [33].

Three scenarios will be presented. The scenarios are user-driven, -in that they are
differentiated based on user preferences. In this respect, the first one presents the
typical paradigm of a car pooling service request. The second one serves as an example
for the case when a user values extremely high a certain parameter (the cost, in our
case). Finally, the third scenario presents a case when. a user has no. particular

preferences, i.e. values the parameters approximately the same.

5.4.1.Scenario 1: Regular car pooling service request

We consider user Mary, who has already registered on the TM-CPS and therefore
disposes a unique identity in the system. Her starting point is SP-A and her destination
point is DP-A, an itinerary of 18 kilometers (km). At the same time, three (3) drivers
make a car pooling system request, making the system aware that they are going to
follow the itinerary SP-A to DP-A. In summary, the itinerary has the following

characteristics:

= Starting Point: SP-A,
= Destination Point: DP-A,

= Kilometers: 18 Km.

Mary is supposed to have already filled her personal profile, stating the weights of
parameters and also depicting her personal preferences on the driver or passenger (in
case she is the driver). Table 5-4 presents the parameters and their respective weights
(viewed from both), the passenger and the driver side. In the sequel, following the
procedure discussed, the TM-CPS is responsible for deciding upon the best possible
match. Specifically, taking into consideration the data provided by Table 5-4, Table 5-5
is formed in order to provide reference to the parameters and their respective weights
for each of the three suggested candidate drivers, in order to showcase their differences.
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Table 5-4: Scenario 1 - Parameters and their respective weights

Parameter Weight
Age 0,09
13-17 0,1
18-24 0,25
25-34 0,4
35-44 0,16
45 -54 0,05
55 -64 0,02
65— 70 0,02
Gender 0,02
Male 0,5
Female 0,5
Educational Level 007
Higher 0,6
Medium 0,2
Low 0,2
Marital Status 0,05
Married 0,3
Single 0,7
Occupation 007
Employed 0,4
Unemployed 0,05
Housewife 0,05
Student/ Pupil 0,5
Smoking 0,25
Yes 0,1
No 0,9
Language 0,02
English 0,3
French 0,3
Greek 0,3
Other 0,1

192



PhD Thesis Panagioula N. Kritikou

Nationality 0,05
English 0,8
Other 0,2

Evaluation
Driving Competence 0,25

Good 0,5

Medium 0,35

Low 0,15
Social Behavior 0,08

Good 0,8

Medium 0,1

Low 0,1
Itinerary Cost 0,05

Economic 0.6

Non-economic 0.4

Repeat Match

(NMB) No Match Before

Yes

No

For every candidate driver, there is a respective OF value, based on the parameters and
their weights, as presented in 5.3.3 and formula (28). Specifically,

OFGeorge: ZW (X' par) ¥ par(d) =

par

0,09.0,16+0,02-0,5+0,07-0,2+0,05-0,3+0,07-0,4+
0,25.0,9+0,02-0,3+0,05-0,8+0,05-0,4+0,25.0,5+0,08-0,8

=0,5614
Similarly,
OF,.= X W(x, par)- par(d) =
par
0,09-0,4+0,02-0,5+0,07-0,6+0,05-0,7+0,07-0,5+
0,25.0,1+0,02.0,3+0,05-0,8+0,05-0,6+0,25-0,5+0,08-0,8
=0,448
and
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OFNicoIas: ZW (X' par)' par(d) =

par
0,09-0,4+0,02.0,5+0,07-0,6+0,05-0,7+0,07-0,5+
0,25-0,1+0,02-0,3+0,05-0,8+0,05-0,6+0,35-0,5+0,08-0,8
=0,4105

Replacing the respective factors to formula (27) and taking into account formula (29),

we construct the following formula:

OF = Max{z K(x,d)- > W(x, par)- par(d)}

par
= Max {1- 0,5614+0-0,448+0- 0,4105}
=0,5614

Table 5-5: Scenario 1 - Candidate Drivers’ Parameters and their Values

Parameters George Kate Nicolas
Age 44 years old (0,16) 26 years old (0,4) | 34 years old (0,4)
Gender Male (0,5) Female (0,5) Male (0,5)
Educational Level Medium (0,2) Higher (0,6) Higher (0,6)
Marital Status Married (0,3) Single (0,7) Single (0,7)

Occupation Employed (0,4) Student (0,5) Employed (0,5)
Smoker No (0,9) Yes (0,1) Yes (0,1)
Language English (0,3) English (0,3) English (0,3)
Nationality English (0,8) English (0,8) English (0,8)
Departure SP-A SP-A SP-A
Destination DP-A DP-A DP-A

Itinerary Cost

Non - Economic (0,4)

Economic (0,6)

Economic (0,6)

Evaluation

1. Driving Competence | Good (0,5) Good (0,5) Medium (0,35)
2. Social Behavior Good (0,8) Good (0,8) Good (0,8)

3. Repeat Match NMB NMB Yes
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Figure 5-3 depicts the weights of the parameters with regards to Mary’s preferences.

Weights of Parameters

2 H George
S
o i Kate
= .
kI Nicolas

AG GIN H FS WOR M LAN NI O DS SB
Parameters

Figure 5-3: Scenario 1 - Parameters weights in combination with passenger’s

preferences

Based on the results, what can be concluded is that the TM-CPS will decide in favor of
Mary and George, as George’s OF value is the highest, among the three candidate
drivers. It may also be observed that despite the fact that Kate and Nicolas comply with
Mary’s preferences as far as age, educational level and marital status are concerned,
driver George is selected as more appropriate, as Mary thinks of driving competence and

smoking as more important factors to make the match.
Figure 5-4 graphically presents the OF values of the 3 candidate drivers.

Furthermore, let it be noted that using formula (26) presented in section 5.3.3, we can

calculate the cost of the itinerary, which in this case is 2.25€.

When the selection of the users that will share the ride has been finalized, they contact
each other by telephone, e-mail or SMS in order to set the details of the itinerary,
namely the time of the pick-up, the pick-up point, the destination point, the maximum

time of waiting at the pick-up point and the cost of the itinerary.
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Figure 5-4: Scenario 1 - Objective function value for each candidate user

Of course, candidate drivers and passengers have the right to reject a potential match,
as they will be able to view their candidate’s match profile. In case one of the users

rejects a match, then the solution proposed-is the second optimum choice.

5.4.2.Scenario 2: Cost — driven scenario

In this case, user Thomas (a driver now) wishes to drive an itinerary of 463km, having
as starting point the SP-K and destination point the DP-L. This means that the itinerary
is an interurban itinerary and it definitely involves tolls. Driver Thomas specifies the day
and time of departure, the possible stops he is going to make during the itinerary and

the number of tolls he is going to pay:

= Starting Point: SP-K,

= . Destination Point: DP-L,
= Kilometers: 463 Km,

= Number of tolls: 5.

In such a long itinerary it seems rational that, more than any case, the cost is important
to the users, as it is higher than any other itinerary. The weights of parameters for

Thomas are presented in Table 5-6.
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Table 5-6: Scenario 2 - Parameters and their respective weights
Parameter Weight
Age 01
13-17 0,15
18 - 24 0,3
25-34 0,3
35-44 0,1
45 -54 0,05
55 -64 0,05
65— 70 0,05
Gender 0,02
Male 0,5
Female 0,5
Educational Leve/ 0,09
Higher 0,5
Medium 0,35
Low 0,15
Marital Status 0,04
Married 0,3
Single 0,7
Occupation 0,08
Employed 0,2
Unemployed 0,25
Housewife 0,05
Student/ Pupil 0,5
Smoking 015
Yes 0,8
No 0,2
Language 0,02
English 0,3
French 0,3
Greek 0,3
Other 0,1
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Nationality 0,05
English 0,65
Other 0,35

Evaluation
Driving Competence 0,0

Good 0,0

Medium 0,0

Low 0,0
Social Behavior 0,1

Good 0,8

Medium 0,1

Low 0,1
Itinerary Cost 0,35

Economic 0,1

Non-economic 0,9

Repeat Match

(NMB) No Match Before

Yes

No

As it may be observed, the driver thinks of the cost as a very important factor of the

itinerary. Another point to underline is that in the evaluation part, the sub-parameter

“Driving Competence” is not taken into -consideration (it is equal to zero). This is

because in this case the driver is the one that looks for a co-passenger and not vice

versa. Therefore, it is of no importance whether the passenger is a competent driver or

a driver at all, since he is not going to use such skills. There are three users of the

system that wish to -make the same itinerary as Thomas and seem to be close to the

characteristics that the driver has applied for.

Table 5-7 presents the weights that correspond to the values of parameters for each

candidate user, as formed according to Thomas’ preferences and priorities, expressed in

Table 5-6.

Table 5-7: Scenario 2 - The weights of the parameters for the candidate passengers
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Parameters Margaret Amy Jim
Age 23 years old (0,3) | 53 years old (0,05) 31years old (0,03)
Gender Female (0,5) Female (0,5) Male (0,5)
Educational Level Higher (0.5) Medium (0,35) Higher (0,5)
Marital Status Single (0,7) Married (0,3) Single (0,7)
Occupation Student (0,5) Housewife (0,05) Employed (0,2)
Smoker Yes (0,8) No (0,2) Yes (0,8)
Language English (0,3) English (0,3) English (0.3)
Nationality English (0,65) English (0,65) English (0,65)
Departure SP-K SP-K SP-K
Destination DP-L DP-L DP-L
Itinerary Cost Economic (0,1) Non-Economic (0,9) | Economic (0,1)
Evaluation

1. Driving Competence

2. Social Behavior Good (0,8) Good (0,8) Good (0,8)
3. Repeat Match NMB NMB Yes
Weight of parameters
1 —
08 + Il
06 | B
Weight _ 1 | | B Margaret
0,4 A Amy
0,2 —'I:] ‘I-’ | B Jm
O —r‘ T T .| | .

T T T T

AG GEN H FSWORSM LAN NT CC =B
Parameters

=
T

Figure 5-5: Scenario 2 - Parameters weights in combination with driver’s preferences
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Figure 5-6: Scenario 2: Objective function value for each candidate user

Then, based on the parameters and their weights, we can calculate the OF’s value for
the three candidate passengers, using the formula (27), and following the example of

the first scenario (in section 5.4.1).

Figure 5-5 presents the values of the parameters for every candidate passenger, while

Figure 5-6 presents the OF values for all three candidate passengers.

Out of the three candidates, Margaret and Jim have almost all parameters’ values similar
and very high. This means that they have high chances to match with Thomas. Thus, it
would be sensible that the system would have to choose between one of the two
passengers (Margaret or Jim) to travel with. Yet, since Thomas thinks that the cost is
the most important factor, Amy will be chosen, as she is the user that has the same
opinion with Thomas, that is a non-economic itinerary, and Thomas attributes a high
importance to this parameter (providing a high value). This means that Thomas would
like to travel through the most expensive and yet safer manner, which is through the

National Highways.

Figure 5-6 shows in a graphical way the OF values of the 3 candidate drivers. Moreover,
using formula (26) presented in section 5.3.3, we can calculate the cost of the itinerary,
which in this case is 62,87 €.

This is a typical example showing that the weights can catalytically affect the results of

the OF value calculation. However, the driver is in position to reject the candidate
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passenger with the highest OF value and choose the passenger that has resulted to the

second highest OF value, as also previously mentioned.

5.4.2.1 Scenario 3: No particular preferences (similar parameter weights)

In this case a user makes a car pooling service request without having a specific
preference on a certain parameter. In other words, the user attributes approximately
the same weight in every parameter. This means that the user is not interested whether
his co-passenger fits with his own personal preferences, e.g. whether he smokes, if he
prefers an economic or non-economic itinerary, if he'is.employed, student or housewife,
etc. As a result of this, the parameters’ weights are similar. The following section

presents the characteristics of this match request.

= Starting Point: SP-P,
= Destination Point: DP-Q,
= Kilometers: 120 Km,

=  Number of tolls: 1.

The following table (Table 5-8) presents the weights of parameters, as defined by the
user Angela, who makes the request. Going through Table 5-8 it can be concluded that
Angela values the parameters in a similar manner, as she does not have any specific

preference to the other user(s) preferences.

More specifically, according to Angela’s preferences and priorities on the parameters,
presented in Table 5-8, Table 5-9.is formed and presents the weights of parameters of

the candidate passengers’.

After inferring the values of the parameters for the candidate drivers, the OF formula
can be filled in, in order to provide the results and present the classification of the
candidate drivers. Then, the OF is calculated for each driver, following the example

given in 5.3.3.
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Table 5-8: Scenario 3 - Parameters and their respective weights
Parameter Weight
Age 0,08
13-17 0,05
18-24 0,15
25-34 0,27
35-44 0,2
45 -54 0,18
55-64 0,1
65— 70 0,05
Gender 0,07
Male 0,47
Female 0,53
Educational Leve/ 0,09
Higher 0,3
Medium 0,4
Low 0,3
Marital Status 0,09
Married 0,4
Single 0,6
Occupation 0,08
Employed 0,2
Unemployed 0,25
Housewife 0,3
Student/ Pupil 0,25
Smoking 0,10
Yes 0,3
No 0,7
Language 0,09
English 0,25
French 0,25
Greek 0,25
Other 0,25
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Nationality 0,09
English 0,55
Other 0,45

Evaluation
Driving Competence 0,10

Good 0,6

Medium 0,35

Low 0,05
Social Behavior 0,12

Good 0,9

Medium 0,05

Low 0,05
Itinerary Cost 0,09

Economic 0,5

Non-economic 0,5

Repeat Match

(NMB) No Match Before

Yes

No

The three candidate drivers are totally different with each other, yet the value of the OF
for each one of them is similar. This occurs due to the weights that the passenger has
attributed the parameters, which results to-having similar OF values.

The forthcoming figures depict the parameters’ weights, as well as the OF values for
each of the three candidate drivers and the cost of the itinerary. To this end, Figure 5-7

shows the weight of every parameter.

Seeing these parameters in groups of three (as the number of candidate drivers) it can
be easily inferred that their values do not differ much, while in most cases they are quite
close, or similar. Accordingly, Figure 5-8 shows the OF values that correspond to each

user.

Therefore it is clear that Miguel is the most appropriate match for Angela, having small

differences from Lilly. The cost of the itinerary is calculated by formula (26) and it is 26
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€. Thus, Miguel is the driver that will be presented to Angela as the best available match

for the itinerary she wishes to make.

Table 5-9: Scenario 3 - The weights of the parameters for the candidate passengers

Parameters Lilly Miguel John
Age 38 years old (0,2) 25 years old (0,27) | 45 years old (0,18)
Gender Female (0,53) Male (0,47) Female (0,47)
Educational Level Higher (0.3) Higher (0,4) Higher (0,4)
Marital Status Married (0,4) Single (0,6) Married (0,4)
Occupation Housewife (0,3) Student (0,25) Employed (0,2)
Smoker No (0,7) No (0,7) Yes (0,3)
Language English (0,25) Spanish (0,25) English (0.25)
Nationality English (0,55) Spanish (0,45) English (0,55)
Departure SP-p SP-P SP-p
Destination DP-Q DP-Q DP-Q
Itinerary Cost Non-Economic (0,5) - | Economic (0,5) Non-Economic (0,5)
Evaluation
1. Driving Competence Good (0,6) Good (0,6) Good (0,6)
2. Social Behavior Good (0,9) Good (0,9) Good (0,9)
3. Repeat Match NMB NMB Yes
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Figure 5-7: Scenario 3: - Parameters weights in combination with passenger’s

preferences
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Figure 5-8: Scenario 3 - Objective function value for each candidate user
5.5. Conclusions and Future Work

The continuously increasing need for mobility has brought about significant changes in
transportation infrastructures, usually associated with unpleasant traffic congestions.
Those unpleasant phenomena raise the necessity for more efficient and safer mobility. A
valid option to efficiently manage transportation is reflected on the concept of car

pooling, which envisages that drivers and passengers can share an itinerary, increasing
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the number of passengers per vehicle, while decreasing the number of vehicles in the
route (and thus reducing traffic). In this respect, the chapter has proposed a system,
namely the "Transportation Management - Car Pooling System" (TM-CPS), which is
capable of proposing optimal, reliable and secure community matches, based on profile
and context information. Apart from the detailed description of the TM-CPS components,
the chapter has also gone through extensive simulations, the results of which are more
than encouraging in proving the TM-CPS's capability to be applied in real time

transportation infrastructures.

In general, the TM-CPS represents a simple, while absolutely effective means to improve
current transportation management schemes and their functionality and significantly
reduce traffic congestions. At the same time, the TM-CPS contributes to the reduction of
environmental pollution, as well as to the enhancement of social relations amongst users,
since it takes into consideration users’ personal preferences (such as occupation,
educational level, marital status, etc). Furthermore, as the concept of car pooling is
envisaged to attract significant attention in the near future, more and more
organizations are expected to target the development and utilization of management

systems, such as the TM-CPS.

A potential improvement to the proposed system could consist in a further analysis of
cost factors that should be taken into account, with this denoting the design and
development of advanced, composite objective functions that should be optimized when
proposing matches. Furthermore, another aspect to be analyzed is the creation of user
groups, by taking into account user history preferences (the parameter used in this
system “Repeat Match”, as well as personal characteristics of the user (area of residence,
area of work, etc). In this way, the system will search on a first level within the group
and if not finding a match, then it will proceed on the broader level of the system as a
whole. A result of this procedure is to encourage social connections between people with
common or similar interests and to make the itinerary more pleasant for passengers.
Additionally, part of our future activities shall be devoted to the incorporation of, the
TM-CPS in larger transportation management systems. This implies the exploitation of
work on distributed, cognitive functionality in the transportation management domain, in

terms of combining the concept of car pooling with other legacy and novel methods,
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such as vehicles redirections or traffic lights amendment, according to the management

system's commands.
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6. SUMMARY — ONGOING CHALLENGES

This PhD thesis was engaged in the field of Quality of Service in Future Multimedia
Systems, focusing on the Technoeconomic Analysis and User Profile Management in the
Context of Services and Wireless B3G Networks. Particularly, the viability of
Reconfigurable Networks was proved, after going through several different cases, and
methodologies on learning user preferences, and therefore composing User Profile, were
analysed, in order to improve overall functionality of the system. The results of all cases

were thoroughly presented and discussed.

The First Chapter of the PhD thesis made an introduction to the main concepts that
were discussed throughout the document. The structure of the PhD thesis was provided,
so as to showcase the directions followed within the PhD thesis. Technoeconomic
analysis took place, using the Net Present Value Tool (NPV Tool) in order to validate the
cost efficiency of new technologies. Technoeconomic analysis took also into
consideration Quality of Service that depicts user preferences. Should the system be
dependable and perform according to user preferences, the service would become
reliable, establishing its use by responding to user specialized needs. Furthermore, the
connection between user preferences and Quality of Service is explored, by investigating
User Profile parameters and by analysing different services, in order to improve system’s
functionality. The support by the State of the Art is also presented, in order the link of
the current trends and the current work to be discussed. The Chapter concludes
providing overview of B3G networks and making a short introduction for each chapter of
the PhD thesis.

The Second Chapter of this thesis addressed the issue of the profitability of the
investment on Composite and Reconfigurable Networks. Based on the Net Present Value
tool, the factors that compose it were analysed. More specifically, Capital Expenditure
(CAPEX), Operational Expenditure (OPEX), revenues, amortization and discount rate
were analysed, in order to form the Net Present Value formula. More precisely, CAPEX
refers to the initial investment for installing technology and the necessary infrastructure,

the operational software, as well as the additional investments during the years for
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upgrading the system or supporting increased capacity. OPEX concerns the expenses to
preserve and operate the system, to maintain/ acquire potential software licenses, as
well as costs for system reconfiguration. Revenues (or benefits) concern the profit of the
service from user/subscribers. Amortization (or depreciation) is the deduction of the
capital expenses over a period of time (in this case the time horizon of the investment).
The discount rate (or rate of return or company cost of capital), is defined by calculating
the rate that the capital required for the investment could return if it were invested in an
alternative project with similar risks. The computation of these factors acted as an input
to form different cases and finally compare the results for both Composite Radio and
Reconfigurable Networks. In all cases, as showcased in the Second Chapter,
Reconfigurable Networks are not only viable as an investment, but also are going to

yield more profit to the investors, even under very harsh circumstances.

The main target of the Third Chapter was to investigate Use Profile, regarding the
parameters that compose it, influencing user preferences, in the context of a Mobile
Service. To this end, the architecture of such a system was provided and analysed. The
main components of this system are Profiles Management, Policies Derivation, Context
Acquisition and Configuration Negotiation and Selection. Emphasis was given on Profiles
Management, in order to model the User Profile for learning user preferences. In this
sense, observable (Service, Quality of Service level, Location, Time Zone, User Role and
User Feedback) and output (Utility Volume) parameters were introduced. Using these
parameters, along with the appropriate methodology, the system is in position to learn
and therefore provision user preferences. Two methodologies were discussed for
recording and learning user preferences; Bayesian Rating and Bayesian Networks. The
results of the application of both methodologies were presented, analysed and
compared. Both methodologies were able to map user preferences with close

approximation, being thus able to foresee user future preferences within the system.

The Fourth Chapter of this PhD thesis acted as an instance of an e-service application, in
the User Profile management. More specifically, an e-learning service was investigated,
aiming to identify the components of the system, focusing on learning user preferences.
The components if this system are Domain Model (preserving the content), User Model
(User Profile), User Monitoring and User Interface. The identified User Profile

parameters for this type of service are distinguished in two categories, as in the previous
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chapter; target and observable parameters. Content Difficulty, Content Volume,
Interactivity and Lesson Interface compose target parameters, while Lesson Duration,
Test Duration and Performance compose evaluation parameters. Having this set of
parameters, the Bayesian Networks methodology was used in order to record and learn
user preferences. The results for different use cases of this application were presented

and discussed thoroughly.

In the Fifth Chapter of the thesis another instance of User Profile management in e-
services is discussed. This service is a Transportation -Management service, also called
Car Pooling. This system is composed of Service Aspects and User Profile Aspects, which
act as the input of the system and Decision Making and Implementation process, which
acts as the optimization procedure of the system. In order to find a match for a driver or
a passenger, the system collects the appropriate information from the User Profile
component, finding the most appropriate match for each user. The parameters identified
for this specific service are Age, Gender, Educational Level, Family State, Work, Smoking,
Language, Nationality, Source, Destination, Commuter Cost and Evaluation (consisting
of Driving Skills, Social Behaviour and Repeat Match). The optimization procedure
followed in this case was Objective Function (OF), through which the weights attributed
to each parameter by each user were taken into account, showcasing the best match for
the case. In this way, different case scenarios were presented to show the classification

of each user, according to the weights (that map user preferences) in each case.

Recapitulating, the thesis presented o global view on the Quality of Service in New
Services and Infrastructures. The technoeconomic analysis certified that Reconfigurable
Networks are able both technically and economically to support the continuously evolved
services and the need for personalisation to user specific needs. Furthermore, different
methodologies to identify, measure, record, learn and further predict user preferences

were presented, analysed and discussed in detail.
Thereof, the contribution of this thesis is multifaceted, as it presented:

= the technoeconomic analysis methodology, using the Net Present Value (NPV)
tool. Net Present Value is one of the most popular tools for financial evaluation
and is considered to be one of the most robust techniques for analyzing a variety

of investment activities,
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the analysis that took place for Composite Radio Networks and Reconfigurable
Networks. This work provided concrete proof that Reconfigurable Networks can
provide significant business benefits for Network Operators, even under

financially non-prosperous conditions,

the structure of the architecture and the components that compose a mobile
service system, as well as the parameters that compose the User Profile of a

mobile system, in order to depict user preferences,

the structure of the architecture and the components that compose an e-learning
system, as well as the parameters that compose the User Profile of such a

system, in order to represent user preferences,

the structure of the architecture and the components that compose a
transportation management — car pooling system, as well as the parameters that

compose the User Profile of this system, in order to map user preferences,

the methodologies followed to record and therefore learn user preferences, so as
for the system to adapt to them. These methodologies are namely Bayesian

Networks, Bayesian Rating and Objective Function.

The work presented in this PhD thesis serves actually as a basis for enhancing Quality of

Service within a service or wireless network. This work may be extended in the following

aspects:

Further analysis of the parameters that influence Quality of Service in Services

and Networks,

The technoeconomic analysis made could be generalized in order to be applied
for various technologies, for the validation of each investment’s financial viability.
A general formula may be created, which will apply on every new technology
introduced, aspiring to replay the existing ones. In this way, apart from the
technical -and- technological aspects, the economical aspects may be easily

explored,

The conformance and usability of the service may be investigated, so as to make
the system more proactive regarding user preferences. Best practices and

compliance (that appertain conformance) and documentation (that appertains
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usability) are factors to be further analysed. This analysis will provide the
designers more knowledge on user preferences and the users a more enhanced

and personalised experience,

= The cost is another factor to be further researched. More precisely, the price of a
service is very important and may be influenced by several factors and in various
ways. This means that the cost will have to be carefully and globally analysed, in
order to achieve accurate estimation and prediction on ~user preferences

regarding cost,

= Investigation of the functionality, techniques and parameters, in order to
enhance it, would also be a future aspect to explore. This could be done in the
context of the different services available, in order to progress on the system’s

special characteristics.

Undoubtedly, the field of wireless communications and systems is very wide and
continuously enhanced with new features and demands. This makes the
abovementioned list of ongoing tasks growing continually, promising to fulfil users’
needs in the best, most efficient, accurate and affordable way. In this sense, it is
obvious that the progress and development within this scientific field is infinite. Thus,
the realization of these goals is feasible, making this PhD thesis serving as a minimal
contribution to the enhancement of this field. Therefore, the wish to add a minor, yet
hopefully significant, page in the book of Quality of Service enhancement was an honour

for me and a target for the past years.

Having the hope that this target of the completed PhD thesis was accomplished, it will
accompany my thoughts and provide me the incentive to keep my research interests

alive.
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7. APPENDIX A — ACRONYMS

Acronym Explanation
3GPP Third (3) Generation Partnership Project
B3G Beyond the Third (3™) Generation

BN Bayesian Network

BR Bayesian Rating

BSAP Business Systems Architecture Process
BS Base Station

CAPEX Capital Expenditures

CPE Customer Premises Equipment

CTMS Cognitive Terminal Management System
DAB Digital Audio Broadcasting

DP Destination Point

DVB Digital Video Broadcasting

HOV lanes | High-Occupancy Vehicle lanes

ICT Information and Communication Technologies
IEEE Institute of Electrical and Electronic Engineers
IETF Internet Engineering Task Force

IT Information Technology

LLC Logical Layer Control

LSA Latent Semantic Analysis

MAC Medium Access Control

NMB No Match Before
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NOM Network Operation and Maintenance

NO Network Operator

NPV Net Present Value

OF Objective Function

OPEX Operational Expenditures

QoS Quality of Service

RAT Radio Access Technology

TM-CPS Transportation Management - Car Pooling System

UMTS Universal Mobile Telecommunications System

UBM Unified Business Model

WIMAX Worldwide Interoperability for Microwave Access

WLAN Wireless Local Access Network

WMAN Wireless Metropolitan Access Network

WPAN wireless personal area networks

WWRF Wireless World Research Forum

Uuu (U3) 1 UMTS element with 3 transceivers

uuw 1 UMTS element with 2 transceivers and 1 WiMax Base Stations
uww 1 UMTS element with 1 transceiver and 2 WiMax Base Stations
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