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MEPINHWH

ZKOTOC TNG Tapoloas SUTAWUATIKNAG gpyaciog €ival n avamtuén evog alyoplbuou o
omoiog OSlaxelpiletal tnv opydavwon KvNTwV OUCKEUWV, HUE OKOTO TNV Snuioupyla &vog
EKTETAUEVOU aoUpudatou Olktuou Tou Ba gEumnpetel AMOTEAECUOTIKA TNV avaykn yla
ETUKOLVWVIA O KATAOTACELG EKTAKTNG OLVAYKNG.

Katd tnv ekmovnon tng gpyaciag autng, avaAudnkav Ste€odikd ta Siktua dnuootlag
aodalelag, wote va eivat duvartn n oxedlaon evog SIKTUOU TIOU KAAUTITEL TLG AVAYKEG TOUG. Ta
Siktua avtd epdavilouv CUYKEKPLUEVEG ATIOLTIOELS OL OTOLEG €lval Llaitepa oNUAVTIKO va
LKavoTtolouvTalL 0o KABe Tepimtwaon, eMeldn n enkowwvia mou TapPEXOUV lval KABOPLOTIKAG
onNUaolag Katd TG OTIYHEG avaykng. H e€aodalion tng ampdokomtng AEToupyiag Toug akopa
KOl OE TIEPUTTWOELG OMWAELAG HEPOUC TOUG SIKTUOU KOPUOoU, n Taxelo avakaudr PeTA amo
KATIOLO KATAOTPODIKO PaLVOUEVO KaL N SLaodAALon TNG APECNE KOL TAXELAG EMLKOWVWVIAG LETAEY
TWV SL0OWOTIKWV POoPEWY, TWV opyavwy enavadopdg tng Tatng N KeTaty omoladnmote AAANG
opadag pe auénuévo evlladEpov EMIKOWVWVIOG, €lval HEPKA OO TA ONUOVILKOTEPA
XOPAKTNPLOTIKA TIoU TPETEL va Slabétel éva Siktuo dnuooiag achdalelag. Tautdxpova, n
blaitepa auvgnuévn KvnTKOTNTO TWV CUCKEUWV TIOU TIOPOTNPELTAL CUXVA OF KOTOOTACELG
£KTOKTNG avaykng, emBAAeL otov oXeSLaoTH TETOLWV SIKTUWV VO CUMTEPIAAPEL UNXAVIOUOUG
Slaxelplong ¢ KvnTIKOTNTOG AUTHS Katd tTnv AnYn amoddcewv dnuioupyiag, opydvwaong Kat
ouvtpnong tou Siktuou. MapdAAnAa n mapatneENnon, N ovAAUon Kal TEAKA N yvwon Twv
HOTIBWV KLvNTIKOTNTAG TOU epdavilovial O KATAOTAOEL; EKTAKTOU OVAYKNG EXEL TNV
Suvartotnta va dwoel mpoPadlopa os pla oxediaon nmou alomolel tnv mAnpodopia avtr. Mia
OKOUO TIAPALETPOG TIOU Eival onUavtiko va AndBel umoyn sival to evepyelako mpodid Twv
TEPUATIKWY CUOKEUWV TOU OLOUPUATOU SIKTUOU TIou avamtuoostal kabwg n mAsoPndia tov
KOpBwv PBaociletol AmMOKAELOTIKA O UMOTOPLEG yla TNV TTOPOXN TNG ATMALTOUPEVNG EVEPYELAG
Aettoupyelag KoL wg ek TOUTOU €XEL TEPLOPLOMEVA amoBEpata. Ao TNV AAAn TAEUPQA, €va aKOUO
evéladépov otolxelo Twv SIKTVWV dNUOoLOC AoPAAELNG TIOU ATIOTEAECE MPOKANGCN KOTA TNV
oxeblaon Atav n etepoyevig ¢uon tou SKTUOU Tou amaptiletal amd éva eupl dacpa
TEPUATIKWY CUOKEUWV PE SLOPOPETIKA XAPAKTNPLOTIKA KAl EVEPYELOKEC SUVATOTNTEC.

MNa va avamtvéoupe M AUCN TIOU OVTATIOKPIVETAL OTOUCG TIEPLOPLOUOUG TIOU
nepleypadnkav mapandvw, Oewpnbnke okomuo omoladnmote mepaltépw oxediaon va
BaoloBel 0Tto pOVTEND TWV SIKTUWV CUCKEUNG LE CUOKEUT), adAVovTag iow TO CUUBATIKO TpOTIO
ETUKOWVWVIOC TWV ONUEPLVWV KLVNTWV OCUCKEUWV TIOU umayopelel Slapecoldpnon &vog
TouAdylotov otabuou PBacng oe kabe avtaAlayn mAnpodopiag. MNa 1o Adyo autd, mpwta
mapouaotalovtol Ta TTAEOVEKTALATA TIOU TIAPEXOUV TA SIKTUO CUCKEUNG UE CUOKEUN, AAAA KOl OL
TMPOKANRoel Tou eudavidovtal Katd Tov oXeSlOoPO TOUG, OMWG N avaykn yla avamtuén
HUNXOVIOUWY OTTOKEVTPOTIOLNUEVNG 0PYAVWONG Tou SIKTUOoU Kal Slaxeiplon Twv KOUBwWVY mou To
amoptil{ouv ev amoucia KEVIPLKOU GUVTOVIOTIKOU 0pyavou, pOAOG Tou ota cupfatikd Siktua
avahapBavel o otaBuoc Baong. AkoAoUBwc, TeplypadeTal To POVIEAO opadomoinong Twv
OUOKEUWV HE OTOXO TNV 0pyAVWaorn TOUG yla TNV dnutoupyia Aettoupykol SIkTUou KaBwe Kal Ta
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TIAEOVEKTAMATA TIou SLaBETel wG AUON Tou TPOPANUATOC OPYAVWONG OE SIKTUA CUCKEUNG UE
OUOKEUN.

TeAka, mapouolaletal n kupLa cuvelodopd tng epyaciag autig n omoia AapPBavel Tnv
Hopdn Hag alyoplBuLkng AUong yla tnv opadomnoinon Twv CUCKEUWVY UE OKOTIO TNV Snuoupyla
€VOG OIKTUOU OUOKEUNG HME OUOKEUN, ota MAaiola Twv SKTuwv dnuoolag aoddAelag. O
oAyoplOuog autog amookomel va B€oel Tig BAaoelg yia tn dnuloupyia evog Siktuou mou Ba
LKOVOTIOLEL TLG QUMOUTAOELS AUTEG KOBWCE TOUTOXPOVA TIPOCAPUOTIETAL OTOUG TTEPLOPLOUOUG TIOU
eudavitovtat ota mpoavadepbévta Siktua. Ta kupla TPoPAnUaATa TIOU EMISLWKETAL va
OVTILETWITLOO0UV €lval j augnpévn KvNTIKOTNTA TwV KOUPBWV Tou SIKTUOU, N ATOTEAECUATLIKN
XPNoN TNG MEPLOPLOUEVNC EVEPYELAC, N TAXUTNTA EMAVAKAUPNG LETA amo evéexouevn BAGBN i
TUXOV KataoTtpodn Kopuou Tou SIktuou Kat n StaodaAion KaBwg KAl EMITAYUVON TNG AVIAAAQYNG
6ebopévwy petafl cuokevwv Pe auEnuévo eviladEpov emkovwviag.

H epyacia autr oOAOKANPWVETAL LE TNV UE TOPOUCLaon TNG AmOS00NG TOU TPOTELVOEVOU
aAyopiBuou. Na va aflohoynBel n anddoon auth, €ywvov MOAUAPLOUEC TPOCOUOLWOELG UE
SL0POPETIKEC TIOPAETPOTIOINOEL; TOU TIPOTEWVOUEVOU aAyopiBuou, oAAA Kol EMUTAEOV
TIPOCOUOLWOELG AAAWV HOVTEAWV Tou epdavidovtal otn BLBAloypadia, pe okomo TNV mapoxn
OUYKPLTIKWYV ded0opEVWY amodoonc. ETol, KATAoKEUAOTNKE pLa OELPA ATt YPADLKEG TTAPACTACELS
nou amnodidouv tn cuunepldopd Tou alyoplbuou o Stadopoug Touelg Kal SLEUKOAUVOUV TNV
afLoAOyNnoN TOu £pYOU TIOU EKTIOVNONKE O AUTHV TNV SUTAWUATIKY Epyaoia.

NEEeLg KAELOLA: <<bikTua SnuooLag aodAAELAC, AUENUEVN KLVNTIKOTNTA, TIEPLOPLOUEVN EVEPYELQ,
EVEPYELOKO TIPOdIA, evdladEpov emikovwviag, ahyoplBuikn AUon, S{KTUO CUGKEUN G UE CUOKEUN,
opadormnoinon Twv CUCKEVWV.>>
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ABSTRACT

The main objective of this diploma thesis is the development of an algorithm, which
manages the organization of wireless mobile devices into clusters, in order to create an extensive
wireless ad hoc network that will serve the need for effective communication in any public safety
and security scenario.

The development of effective Public Safety Networks poses multiple challenges as these
networks are quite demanding, in terms of the features that they need, and it is crucial that all
prerequisites are met, since the communication service they provide during emergency
situations is of outmost importance. Establishing and maintaining smooth operation even in
situations where there is complete loss of coverage from the main network, fast network
recovery after any catastrophic event and the maintenance of direct and fast communication
between rescuing teams, other order restoration units or between any other group that has a
high interest of communication, are some of the features a Public Safety Network must have. In
addition, during most emergency situations and generally most public safety and security
scenarios, increased mobility of the network nodes is often observed. The observation, analysis
and knowledge of the mobility patterns that present themselves in emergency situations, has the
ability to provide useful information that can help the algorithm produce clusters with enhanced
stability. Another parameter worth taking into consideration is the energy profile of the terminal
devices of the wireless network, since the majority of the network nodes depends, almost
exclusively, on batteries for their energy needs and thus there are limited amounts of available
energy. On the other hand, another interesting element of the public safety networks that was
found challenging during the design, is their heterogenic nature as these networks often consist
of a wide range of terminal devices with different characteristics and energy efficiency profiles.

To develop a solution that effectively addresses the limitations described above, it was
considered necessary to base any further design, on the model of device to devise networks (D2D
networks), abandoning the conventional way of communication today’s mobile devices use,
which calls for a mediator of at least one base station(eNodeB) in every exchange of information.
Hence, we first present the advantages provided by the device to device model of
communication, along with the need to develop decentralized organization mechanisms in the
absence of a central coordinating board, a role that in conventional networks is assigned to the
base station.

Finally, the main contribution of this document is presented, which takes the form of a
clustering algorithm that combines information from multiple parameters in order to provide the
basis for designing a Public Safety Network. The clustering scheme we propose is energy and
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mobility aware. In addition to that, the proposed algorithm takes it account the interest of
communication between the different devices of the networks when performing the clustering
operations.

Finally, a performance evaluation is presented in order to provide proof that the proposed
scheme is operational and effective. To assess the performance, multiple simulations were
performed not only of the proposed algorithm, but also of other algorithmic systems found in
the literature. Various graphs and diagrams produced during these simulations are presented,
providing evidence that the proposed algorithm is a well-balanced solution that assimilates the
benefits from multiple types of clustering algorithms effectively fitting the specific needs of Public
Safety Networks.

Keywords: << Public Safety Networks, ad hoc networks, D2D communication, algorithmic
solution, energy and mobility aware, interest of communication >>
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1.1 NpodAoyog
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1.1 Tlponoros

Ta teleutaia xpovia n e€EAEN NG texvoloyiag €xel aAldael ta Sedopéva otov XWPO TNG
gTKOWVWVLaC. Ta acUppata Siktua orfpepa £xouv yivel TOAU alomiota Kal oL AvOpwrol €xouv
HaBel va PBacilovtal oe autd ylo To HEYOAUTEPO HEPOG TNG ETUKOWVWVIAG TouG. MA€ov n
mieloPnodia tou MANBUCHOU, O OPKETEC XWPEG XPnolUomolel £Eumva TNAEPwva Kal AANEG
dopNTEG CUOKEVEG eTKOWVWVIAG 0 KaBnuepvn Baon[1]. Zta mAaiola autd ivol OVaUEVOUEVO,
o€ OUVONRKeC EKTaktng avaykng (A.X. dpuolkwv kataotpodwv KAL) OTIOU N EMIKOWVWVIO €lval
{wTIKNG onuaoiag, ot avBpwrmol va otpadouv ota diktua avalntwvtog tnv peyoAltepn duvarn
aflomiotia. 2€ TETOLEC KPIOLUEG KATAOTACELG, TUXOV EAAeWPN 1 SUCXEPELA ETUKOLVWVIAG UITOpPEL
va TIPOKOAECEL AVETTAVOPOWTEC {NUieg, evw avtlBETwg n Asttoupyia kat mAnpng StabeoudtnTa
€VOC YpNyopou Kal aflomiotou Siktuou sival BEPRato otL unopel va Stachalicsl Tnv mpootacia
™¢ avBpwrvng wng Kol meplouaiag, aAAd Kal TNV eUpubun Asttoupyla TNG KPATIKAG
Slolknong KoL TNG €V YEVEL TTOALTIKNC TpooTaciag. Ta acupuata SikTtua ou XpnoLonolouvTal
HEXPL ONUEPQ, TLAPOTL e€aoPaAilouV UTIO OUAAEG CUVONKEG OPKETA A&LOTILOTH ETIKOLVWVIA OTO
HEYOAUTEPO UEPOC TOU XPOVOU Asltoupyiag toug, epdavilovv mapdAAnAa Kol apKETA onUEela
aduvapiag. AmoteAel Aowumtov  peyaAn MPOKAnon n oavamtuén evog véou TUTMOU SLKTUOU
ETKOWVWVIOC TIou Ba Eemepva TOUC TIEPLOPLOUOUG TWV SLABECIUWY CUUBOTIKWY QCUPUATWV
SIKTUWV TIOU XPNOLUOTIOLOUVTOL €W ORUEP Kal Ba eival o Béon va dwaoel AUCELS TN OTLYUN
TIOU TOUTO €£lval ETITOKTIKA QVAYKALO HECO OE KPIOLWWEG KOl amPOPAENTEC CUVONAKEC EKTAKTNG
avaykng. Tautoxpova To Yeyovog OTL HeyAAo HEPOG Tou TANBUooL SlabEtel AdN otnv Katoxn
TOU OUOKEUEG OOUPUOTNG ETLKOWVWVIOG OTMOTEAEL TPAYUATIKA UEYAAN €ukalpla yla tnv
avarmntuén €€unvwv Siktuwv Tou va dtabgtouv ta mpoavadepOUeEVa XapaKkTnpLloTika. Ta Siktua
OUOKEUNG HE oUOKeLN elval olaitepa SnUOoPIA OTIC HEPEG HAG KOL ATTOTEAOUV TO HEAAOV TWV
oouppatwyv  SIKTUwvV  Kvntwv  ocuokevuwv(Ad-hoc networks). ‘H6n avamtuocoovtal ot
anoattoupeveg texvoloyieg(Wi-Fi Direct, LTE Direct) [2] wote ta diktua autd va svtaxBouv ota
UTdpyovta HovtéAa aocUppatng emkowvwviag [3][4]. H avamtuén evog mpwtokOoAAou
ETUKOLVWVIOG TIOU KAVEL XPon TETOLWV TEXVOAOYLWV, WE OKOMO TNV dnuioupyia  Siktuwv
dnuooiag aopaAelag, eival To emikapn ano moTte.

1.2 ANTIKEIMENO THE AINAQMATIKHZ EPTAZIAZ

H SutAwpatikn autr gpyooia €xel oTOX0 va TPOOEYYIOEL TO KOUPLIKO autd TpoBAnUa tng
Snuoupylag kat opydvwaong EEumvwy SIKTUWV yLot ATTOTEAECUATIKI ETILKOLVWVIOL CUGKEUWV OTO
mAaiolo Twv OSlktuwv Onuociag aocdpadelag. To kévipo evdladEpovtog evrtormiletal otnv
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Snuoupyia SIKTUWV CUCKEUNG UE CUOKEUH, UE OTOXO TNV avAantuén aflomiotwy SIkTuwv Tou Ba
TIAPEXOUV TNV QATOPALTNTN ETUKOWVWVIO O€ KATAOTAOCEL EKTAKTNG OvVAYKNG. MEVIKOTEPQ, OTA
aolppata SIKTua CUCKEUNG HE CUCKEUN, N OPYAVWON TOUC OTOTEAEL ONUOVTIKO €PEUVNTLKO
MPOPBANUa ya To omoio €xel mpotabel mAnBwpa AUoswv. MapoAa autd, Sev UTApXEL pLa Auon
TIOU KOAUTITEL OAEG TIG MEPLUTTWOELG. To yeyovog 0Tl ota mpoavadpepBevta Siktua dev unmapyet
HLOL KEVTIPLKA OVTIOTNTO TIOU oUVTOVilelL 6AOUC TOUG KOUBOUC Tou SIKTUOU, OTIWE OTA CUMPBATIKA
aocUpuata Siktua, kKablotd to MpoPAnUa Wolaitepa SUOXEPEG. ITO MPWTO MEPOG TNG EPEUVAG
emyelpeitat va avaluBolv Sie€odika ta Siktua dnuoociag acpAAeLag, WOTE VO EVTOTLOTOUV OL
dlaitepeg amaltioslg Toug KoL pe Baon autég va kabBodnynBel omoladnmote mepaltépw
oxeblaon. Neploplopol kat WlattepdtnTeC ou epdavilovtal og avta divouv Tnv kateuBbuvtipla
YPOUUN OTNV CUVEXELD TNG gpyaciog. Emouevo BRpa tg HEAETNG amoteAel n avaAucn Twv
SIKTUWV OUOKEUNG HE OUOCKEUN, WOTE VO EVIOMIOTOUV Ol KATAAANAEG TPOOEYYIOEL TOU
tatplalouv, aAAG KoL QUTEG TToU €ival aduvato 1 acUudopo va EPoPUOOTOUV OTO MAAICLO TWV
mapanavw Siktuwv. Me Baon Tig mpoavadePOUEVEC AVAAUCELS AVOTTTUCCETAL L0 AAYOPLOUKN
TIPOCEYYLON YlOL TNV OpYAVWON TWV OUCKEUWV. Mo OUYKEKPLUEVO TO TPOoBARuaTO TNG
opadomnoinong Twv cUCKELWY, aAAA Kol TNG EMAOYNG Tou KOUBou KedpAAng tng kABe opadag
QVTLUETWTI{OVTAL LE €Va KOLVOTOLO TPOTIO IOV EVOTIOLEL KATAAANAEG TEXVOAOYIEG KaL SnpLoupyel
otaBepd Kal cuyxpPovws amodotika diktua Snuociag aopaielag.

1.3 AOMH TH: AINAQMATIKHE EPTAZIAE

Itnv apxn TnG epyaciag autng yivetal pla mpwtn eloaywyn ota diktua dnuoociag acdalelag,
wote va efolkelwbel o avayvwotng pe to medio €psuvag ota mpoavadepbévia diktua. Ito
bevtepo keddAalo avalvetal S1e€odikd n onuacia Twv SIKTUWV AUTWV OTNV CNUEPLVA ETOXN).
Mapouaotalovtal ol AMALTHOELS TOUG Kal oL tpodlaypadég mou sival emBupnTto va mAnpouy,
oAAG KOl OL TTOPAYOVTEC TIOU TtEPLOPIloUV TOV OXeSLAOUO TOUC Kot Slapopdwvouv TiG LoLaltepeg
ouvOnkeg Aettoupyeiag toug. OAokAnpwvovtag, To KEGAAALO AUTO O AvayvVwWoTNG EXEL Lo Baotkn
yvwon mavw ota diktua dnuoociag aodhAaAelag, YeEyovog TOU TOU ETITPETEL EV CUVEXELQ va
KOATAVONOEL T KivnTpa Tiow amod tov oxeblacpd tou alyopibuou mou amotelel tnv KupLa
ouvelodopad TNG EPYOOLOC QUTAC.

210 €MOUEVO KEDAAALO TTAPOUCLAIOVTAL OL TPOTIOL TTAPOXAG CUVOECIUOTNTOG OE TIEPUTTWOELG
€KTOKTNG AVAYKNG Kal YIVETOL Pl TIPWTN Eloaywyn oTo SIKTUO CUOKEUNG UE CUOKEU. ApXLKA
avaAvovtal oL 51adopoL TPOTOL 0pYAVWONG ToU SIKTUOU Ttou £xouv ripotabei otnv BLBAoypadia
Kall akoAoUBwC emionpaivovtal ToANQTTAEC Katnyopleg aAyopiBuwv opadomnoinong. Ao autoug
Eexwpilovpe Toug KATAANAOUG Yyl TNV Ttapovuoa £peuval Kol SIVETAL HLa TPWTN £LKOVA TNG
TPooéyylong mou 6a akoAouBrioouE.
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To tétapto kepAAalo ival To TUAKA TNG Epyaciag oTo onolo mapouctaletal o alyoplOpog
opadonoinong Tou TIPOTEIVETAL ZEKWVWVTOG CUVOTITIKA TEPLYPADOUUE TOUG OTOXOUG TOU
oAyopiBuou. Enetta avantuoostal n neplypadn tng tomoloyiag Kat tou 161kol mepLBaAAovtog
oto omnoio kaAsital va epappootel o alyoplbuog. Etal, €xovtag mAEov oploel e cadrvela to
TPOBANUA MapoucLalou e TO KUPLO HEPOG TNG Epyaciag, oTo omoio mapatiBetal o alyoplBuog
opadomnoinong.

AkohouBeil to kedalalo mEvVTe, oTo omoio epdavilovral avaAluTIKA Ta AMOTEAECHATA TIOU
blvet n edapuoyn tou aAyopibuou, petd amd mpooopoiwon ot Siadopa Siktua Kal umo
SLOPOPETIKEG TTAPAUETPOTIOLOELG.

Tehikd, oto keddlalwo 6 yivetal pla cuvtopn ouvolyn TNG £PEUVOC TIOU EKMOVAONKE.
Mapouaotalovtol THAMOTO ToU TIPOBAAUATOC TNE AvATUENC SIKTUWV EKTAKTNG AVAYKNG Ttou Sev
Tipooeyylotnkav Kot evromilovral véa TBavA aVTIKEIEVO TIEPALTEPW EPEUVAC.

ITIC TeAeUTaleg OeAldEC TNC epyaoiag autng, epdavilovtal OAEG Ol TAPATIOUTIEG O AAAEG
EPYACLEC KOL KELLEVA TIOU ATIOTEAECQV EUTIVEUCT YL TNV OVATITUEN QUTHC KAl CUVETEAECQV OTN
Slopopdwon TwV TEAIKWY CUUTIEPATUATWY
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KEDANAIO 2
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AIKTYA AHMOZIAZ AZDANEIAZ

2.1 Inuoaoia dSiktvwv dnuooiag achaAelag
2.2 Anoawtnoelg Siktuwv dnpooiag aodpalelag

2.3 T[leploploTikol TopAyovTEeQ
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2.1 XHMAZXIA AIKTYQN AHMOZIAX AX®PAAEIAX

Me tov 6po diktua dnuootag achalelag avadepopaote oe kabe popdpn Slacvvdeong
TEPUOATLKWY CUCKEUWV TIOU OIMOOKOTIEL 0TNV avTtaAAayh TANPODOPLWV OE KATAOTACELS EKTAKTNG
EKTOTNG avaykne. Ta diktua autd Asltoupyouv mapdAAnAa Le TO UTIAPXOV KUpLo SiKTUO KopuoU
Kal €EUTNPETOUV KATA KUPLO AOYO TIC QVAYKECG ETLKOWVWVING OLOTUVOULKWY, TTUPOOBECTIKWY,
SL00WOTIKWYV CWHATWY Kal AAAWV Popéwv uTeLBUVWY yla TNV e€oudAuvon omolaodnToTe
KATAOTAONG EKTOKTNG AVAYKNG TTOU EVOEXETAL VOL TTAPOUCLOOTEL i} yla TNV mapoyxn BonBelag kat
urmootnPLEng otov mAnyévta mAnBuopd. Tautdxpova, ta Siktua autd eival avaykaio va
TIAPEXOUV CUVEECLUOTNTA KAl OTOV AmMAO XProTn, OTav UTAPXEL ETLKEIMEVOG KivOuvOog Kal To
KUpLo OIKTUO KOPHUOU QTOTUYXAVEL VOl AELTOUPYNOEL yla OToLodnmote AOYOo, WOTE va
evnuepwOOUV oL apxEG Kol va ekklvnBel €ykalpa n Stadikaoia opydvwong Twv KAtaAAnAwv
EVEPYELWV EMEPPAONG yla TNV Apon Tou KwSUVOU Kal TNV OmOKATACTAOoNn TNG Kplowng
kataotaong. O xpdvog anokplong Twv appodiwv popéwv eaptdatal apeca and Tnv TaxutnTa
emitevéng tng ouvdeoLuoTNTAC Yl TNV TANPodOpnon Toug Kot GuaLKA emnpealel KABoPLOTIKA
™V €kPacn kaBe SpAong n EMIXEIPNONG TTOU ATTOOKOTIEL OTNV eMavadopd TNG KATAOTAONG KAl
TNV amoTpornr] tou Kvduvou. EmumpooBEétwg, n EAAeldn emkowwviog Kotd TNV €EEAEN €vOC
kataotpodilkol ¢dawvopevou i cupPavtog mou ameldel tnv dnuoola achaAela lvat OAU
TOavo va GUVTEAECEL OTNV GUYXUGN TOU KOLVOU OXETLKA TNV EEEALEN TWV YEYOVOTWY, 08NywvTag
KaT aUTO ToV TPOTMO oTnV Stadoaon avallomotwy nAnpodopLwy ou eVEEXETAL VO OTIELPOUV TOV
TLAVLKO.

Elval yeyovog otL n Umapén Siktvwv dnuoolag acdAAelag oTIC MEPEG HOG KPLveTal
anapaitntn kabwg to SikTuo KopUoU TIoU XpnoLoToLEiTal onpepa, aduvatel va eyyunbet tnv
QIPOCKOTITN AELTOUPYIA TOU OE OAEG TIG TEPLOTACELG. ZUXVA TIAPATNPELTAL UTTOAELTOUPYLO TOU
Siktbou ) Kat palikn anwAela KAALPNG Katd TV eEEAEN ekONAWOEWY, OTIOU CUYKEVIPWVETOL
HEYAAOC aplBuoOG avOpwmwy 0€ £vVa OXETIKA LUKPO XWPO OMWCE CUVAUALEC, OALEG 1) aBANTIKEG
ekdnAwoelg[5]. Ze tétola meplPariovia eival Wlaitepa onuavilko va dtatnpeital to diktuo
AELTOUPYLKO KABWCE N XPoN TOU YL TNV ETKOLVWVIA TWV apXwV TTou cuvTtovilouv TNV ek6AAwon
kal Slacdalilouv tnv aocdalela Tou kKO6oPOU elval anapaitntn. EmutAéov eival yeyovog otL
OUXVA, OE KOTOOTAOELG EKTAKTNG OVAYKNG, TO O&IKTUO KopupoU aduvatel va TapdoxeL Thv
OUTOULTOUEVN ETILKOVWVLA, SLOTL OL amaltoelg eUpoug {wvng auvéavovtal CnUAVTLIKA. MEVika, To
Siktuo evdéxeTal va KaTaoTeL N AELTOUPYIKO OTav SEXETAL TANUUUPA ALTHCEWVY YLa ETUKOLWVWVIA,
KATL Tou oupPaivel otav ToAAol xprioteg mpoomaBbolv va EMIKOWVWVAOOUV TAUTOXPOVA
xpnotgomnowwvtag tov 6o otabuo Paong. Amd tnv AAAn TAEUpd, TO oUMPATIKO Oiktuo
ETKOWVWVIOC elval LOlaltépa eVAAWTO, KABWG N AstToupyia Tou €apTaTtal Amod TNV AKEPALOTNTA
Tou efomAlopol Slktuwong Tmou xpnotporoleitatl (otabuot Baong, Siktuo kKoppoU) Kat
omoladnmote Kataotpodr Tou €EOMMGHOL avTOV, €ite and duolkd dawodueva, site and
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KAKOBOUAEG eVEpyeLEC SUVATAL VA KATOOTHOELTO SIKTUO OTO GUVOAO TOU Hn AELTOUPYLKO. MapoTl,
€xouv LehetnBel ol Bavég aotoyieg Twv cuppatikwy SIKTVWV[6] Kal £xouv avamtuxBel Tpomot
BeAtiwong tng aglomiotiog toug[7] [8], amoteAel kowvr) tapadoxr Tou LEYAAUTEPOU UEPOUG TNG
ETUOTNHOVIKAG KOLWVOTNTAG OTL TA XPNOLUOTOLOUEVA acUppata Siktua onuepa dev emapkouv
yla TNV KAAUYPN TWV 0VayKWV ETILKOWVWVING O TIEPLTTWOELG EKTAKTNG OVAYKNG.

2.2 AnNAITHZEIZ AIKTYQON AHMOZIAEZ AS®AANEIAZ

Ta Siktua autd, AOyw TOU OKOTOU TIOU ETUTEAOUV  TIPETIEL VO £XOUV OPLOMEVEC
npodlaypadég, wote va e€aodalileTal n Suvatotnta va MAPEXOUV UTIOOTAPLEN, TOCO OTOUG
XPNOTEC TTOU EVOEXETAL VA BPlOKOVTOL O€ KATAOTACN £KTOKTNG AVAYKNG, OG0 KOL OTOUG EKACTOTE
opuodlouc 1 umevBuvoug dopeic yia TNV €opdAuvon TNG KATAOTAONG QUTAG. TNV
BBAloypadia[9][10][11] €xouv peAeTnOel aVAAUTIKA OL OVAYKEC KOl YEVIKOTEPA OL TIPOKANCELG
mou mapouotlalel n oxediaon Siktvwv dnuoociog aodpalelag KaBWCE KaL TPOTOL LE TOUG OMoloug
Ol UTIAPXOUOEC TIPOOEYYIOELG Umopouv va BeAtiwBouyv [12]. ESw, mapoucialovtal KATola oo
TO TTLO BOCIKA XOPAKTNPLOTIKA TIOU TIPETIEL VAL EXEL EVAL TETOLO SiKTUO.

Apxka 1o Siktuo Snuoolag aocdalelag Ba mpEmel va eival oe BEon va mpoodEPeL
avOeKTLKA AELTOUpYla OKOUA KOL O€ TIEPUTTWOELS KATAOTPODNG ONUAVTIIKOU HEPOUC TOU Kupiou
Sktvovu. MNa napdadeypa, To Siktuo Ba pémel va pumopei va Statnpel tnv Aettoupyia Tou akoua
Kall av Kataotpadouv 0oL oL otabuol BAoNC o Pt CUYKEKPLUEVN TiepLloxn. Elval yeyovog otL
TO Meploootepa aclppata Siktua onuepa Bacilovtal 0To HOVTEAO €TIKOWVWVIAC KABE xprnotn
HE KAmolo otabuo Baong, wote va emtuyxavetal dtacuvdeon. e éva TETolo PoviéAo Tbavn
kataotpodn Tou otabuol Bdaong kablotd Apeca To SIKTUO eVTEAWC AVIKOVO va €EUTINPETAOEL.
EtoL elval ¢pavepo OTL mpeénel va BpebBouv véoL TpOTOL opydvwong, avOeKTIKOL 0 GUOIKEG
KATAoTPODEG | AAAEC KOKOBOUAEG eVEpYELEG OL omoleg Ba axprioTeEVAV TA XPNOLUOTIOLOUMEVA
SlkTuO ACUPUATNG ETLKOLVWVLOG.

EmumAéov elval amapaitnto, 0 MEPUTTWOELS EKTOKTNG QVAYKNG, oL TAnpodopieg va
taélbevouv ypryopa. H taxutnta Stddoong onuavtikwy mAnpodoplwv eVEEXETAL va KPLVEL TNV
gmtuyia pLoG SLoowoTIkAG evEpYeLaG. Taxela emkolvwvia pmopet va fonBrioetL otnv €ykatpn Kat
Kuplw¢ opBn ANYn anodpacewv yla §paacn, eVioXUOVTOG TNV OMOTEAECUATIKOTATA TWV OUAS WV
SLaowaonc, aAAd KoL TwV opyavwy eAEYX0OU TNE SNUOOLOG TAENG .
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2.3 T[EPIOPIZTIKOI NAPATONTES

Ye éva Olktuo mou amoteAsital Katd KUplo Aoyo amod ¢opnTEC CUOKEUEC €L0AyovTaL
TiEPLOPLOUOL oL omoiol emnpealouv tnv oxediaon pe KaBoPLOTIKO TPOTO. ApXLKA, Ba mpEmel va
AndBel umoyn to yeyovog OTL oL GopnTEC OUOKEUEG €lval KUPLWG TPOodOSOTOUNEVEG QO
UmoTapleg , yeyovog Tou onuaivel OTL €Xouv MEPLOPLOpEVN Slabéoun evépyela. Eival opwg
ONUOVTIKO N EVEPYELA QUTH VO XPNOLUOTOLE(TAL €EUTIVA, WOTE VAL UTIAPXEL OGO TO SUVATOV TILO
opolopopdn KATAVAAWON oo OAEC avefalPETWC T OUOKEUECG TOU SIKTUOU, £TOL WOTE va
au&avetal n Stapketa {wng Twv povadwyv kot va dtaodaliletal mapdAAnAa n aflomiotia Kot n
XPNOLUOTNTA TOU SIKTUOU 0TO GUVOAO TOU.

‘Evaig GANOC TOpAYOVTOC TIOU TIPETIEL VAL ETILONUAVOEL elval n au€npévn KvnTIKOTNTA TWV
OUOKEUWV/KOUBWVY Tou SiktUou. ELSIKOTEPQA O TEPLOTAOELG EKTAKTNG AVAYKNG N KVNTLKOTNTA
TWV CUCKEUWV €lval Wolaitepa avénuévn kot £ToL eival KaBopLoTIKN G onuaoiag to Siktuo Kata
TNV opyavwon tou va Aappavel auth tnv blotnta untoPv. Eival avaykaio, to Siktuo va €xeL tnv
duvatotnta va MPocapuoleTal otnv taxutata PeTaBaAAouevn TomoAoyia, mpofaivoviag oTig
KATAAANAEG EVEPYELEG KOTA TNV OPYAVWAN TOU.

T€AoG, £vag eMUMAEOV TAPAYOVTOG TTOU TTapouaLalel Evtovo eviladépov ival n EAeWP N eVOG
KEVTPLKOU GUVTOVLOTIKOU UEPOUG TOU SIKTUOU. 2T ONUEPLVA SiKTUA N KABE CUOKEUH ETILKOWVWVEL
HE €va otabuo Bdaong o omolog pe TN Oelpd Tou TPowBEL TNV eloepXoUévn MAnpodopia oto
S6ikTUO KOpPUOU, AelToupywVTaG £TOL WG CUVTOVLOTHG Tou SIKTUOU. € €va PoVTEAO SIKTUOU OTOo
omoio &ev UTIAPXEL KATIOLOG KEVIPLKOC oTaBUOC BAong, To SIKTUO TIPETEL VAL OPYOVWVETAL OO
Hovo tou. Etol, v amouoia vOg KEVIPLKOU GUVTOVLOTIKOU HEPOUC TOU SIKTUOU, N AUTOOPYAVWON
elval avaykalia, eivat e amapaitnto va yiveTal e TPOTO ATIOKEVTPWIEVO KL QUTOVOLO.
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KEDANAIO 3
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OPrANQzH TOY AIKTYOY / AIKTYA 2YZKEYHZ ME 2YZKEYH

3.1 TpomoLmapoxng ocuvoeoIUOTNTAC OE TTEPLITTWONG
anwAeLag kKaAuvPng amno to kupLo diktuo.

3.2 Aiktua emikowvwviog cuokeur pe cuokeun(D2D networks)

3.3 Opuadomnoinon twv cuokeuwv(Clustering) ko ta opEAN
TIOU TTOPEXEL

3.4 Turmot kat aAyoplOpotl opadomnoinon cuokevwv avaioya
To tedio edbappoync.

3.5 Anattioslg aAyoplOpwv opadonoinong cuoKEV WY OTO
nAaiolo twv Skt wv dnuoociac acdAAeLac.
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3.1 TPOIOI MAPOXHX XYNAEZIMOTHTAZX XE HEPIIITQIHE AIIQAEIAX
KAAYYHX AIIO TO KYPIO AIKTYO.

Y& mepimTwon anwAeLag KaAAUYPnG urtdpxouv U0 SLoPOPETLKEG IPOCEYYLOELG SLOBEOLUEG
yla tTnv eniluon tou mpoBARuatog.

A.H o mpodavng Abon elval n emotpdteucn emmAéov €EOMALOMOU, WOTE va
OVTLKOTOOTHOEL TOV KATEOTPAUUEVO/UN AELTOUPYIKO. TETOLEG TMPOOEyyloelg mepAapuBavouy
OTTOOTOAN €KWV ETHYELWV 1} EVAEPLWV OXNHUATWY, EMAVOPWHEVWVY A UN. AUTOG 0 TPOTIOG Elval
dlaitepa amoteAeopaTIKOC KaBw ev amattel avadlopydvwaon Tou SIKTUOU oo TNV MAEUPA TWV
OUVOESEUEVWYV TEPUATIKWY CUOKEUWV. AOKLUEG £XOUV SEIEEL OTL pe TNV Mapoloa TeExVoAoyia Eva
UN EMAVOPWHUEVO UTTAPEVO OXNUA UITOPEL VO TTOPAMEIVEL OTOV a€pa PEXPL Kol SEKATECOEPLG
HEpec[13]. EmumA€ov, oL TeXVOAOYIEG QUTEC CUVEXWG TOPoUCLAlouV VEEG BeATIwOoELG. Al tnv
OAAN TAEUPA OUWC, OL TEXVIKEC AUTEC elval olaitepa damavnpeg kat dev evdeikvuvtal oe
TIEPUTTWOELG KATA TIG OMoleG  TO SIKTUO MPEMEL va eMAVEADEL o€ AELTOUPYELQ TO CUVTOUOTEPO
Suvatd. O xpOvoC TToU ATALTELTAL VLA VA ETTAVAAELTOUPYHOELTO SIKTUO HETA O UL KaTtaotpodn
KATIOLOU KEVTPLKOU oTaBpol Baong pe Tn BonBela TEToLwV oxNUATWYV givatl auénpuévog, AOyw tou
YEYOVOTOG OTL TPETEL VAL LETAKIVNOEL 0 EEOMALOUOC O0TO onEio Tou elval eEMBUUNTO va TTAPEXEL
KAAun. AKOpa Kol €val EVAEPLO M EMOVOPWHEVO OXNUA XPELAIETAL QPKETA AEMTA yld val
HETAKIVNOEL otnv amattolpevn B€éon. e pla KATAOTOON OUWG EKTAKTNG AVAYKNG, O XPOVOG
QUTOG, elval WTIKNC onuaciag yla TNV opyavwon TUXOV SLOOWOTIKWY EVEPYELWV I EYKALPWV
eMeUPAcCEWY TPOG APON ETUKELMEVOU KLvOUVOU.

B.H &eUtepn mpoaoéyylon yla tnv emiluon tou mpoBARpatoc anwAslag KAAupng anod to
KUplo Siktuo Oev amaltel Kapia emotpdtevon emutAéov UAIKOU Kal CUVETWG &gV amattel
ETUMAEOV KOOTOG yla TNV ayopd podcbetou e€omAlopou. H AUon mou npoteivetal Baciletal oto
YEYOVOG OTL oL avBpwrol Tou €mMBUUOUV VO ETILKOLVWVAOOUV €XOUV AdN OTNV KATOXN TOUG
OUOKEUEG, OL OTOleC HME KATAAANAN Tmpooappoyry TOU AOYLOUMIKOU TOUG  UmmopoUv va
Snuoupyrnoouv €va VEo aluToopyavoUpevo Siktuo. Kat’ autd tov Tpomo yivetal mA£ov AGyoc yLa
ETUKOLVWVIO. CUOKEUNG UE OUOKEUT), 0€ avtiBeon Le To yvwoTo Kot Rdn epapUooUEVO  HOVTEAO
ETUKOWVWVIOC KAOE PEUOVWUEVNG CUOKEUNC LE TO 0TaOuO Baonc.
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Ewova 1 - Emixoivawvia ue ypnon arobuod faong(l) Vs emikoivavia cookevns pe oookevn(2)

Y€ aUTO TO HOVTEAO N KABE CUOKEUN ETUKOLVWVEL HE TLC YELTOVLKEG TNG KOL QLUTEG HE TN
OELPA TOUG ETUKOLVWVOULV LE TouG 8IKOUG TOUG YEITOVEG, SNULOUPYWVTAC £TOL pLo aAUGiSa HECW
NG omolag TEAKA ETMLKOLVWVOUV OL TEPUOTLIKEC CUOKEVUEG. H apaSooLakr apXLTEKTOVIKN TIOU
BAEMOUUE O0TO HEPOG 1. TNG €lkOVAG 1 umayopeVEL OTL OMOLASHTIOTE EMIKOWVWVia PETay Suo
OUOKEUWV TPETEL va yivetal dla péow tou otabpol BAong akOpa KAl av n Ul CUOKEUN
Bpiloketal evtog epPéAelag tnG AAANG. AuTO To HOVTEAO Talplalel o ePAPUOYEC HE XOUNAEC
anattnoelg ano anoPn gvpoucg Lwvng, OMws A.X. TNAEGWVIKEG KANOCELG 1] yPATTA UNVUHATA.
INUEPA OUWE, OL ATIATOELG TNG ETUKOWVWVIAG £XOUV OAAAEEL ONUOVTIKA. H xprion TOAULECIKWY
epapuoywv yla SLopoLlpaco eKOVAC Kal BivTeo o€ GUVOUACUEVO LE TOV OAOEVA Kal auEavOUEVO
TANBUOLO TWV CUPUATWY CUCKEUWV QUEAVEL KATAKOPUPA TO AMALTOUEVO EUPOG {WVNC.

3.2 AIKTYA ENIKOINQNIAZ 5YSKEYH ME 5Y3KEYH (D2D NETWORKS)

MNa va emtevxBel n emkovwvia SUO TEPUATIKWY CUCKEUWV cUUPwva Pe TV SelTeEPn
T(POCEYYLON TIOU TIEPLEYPADNKE TTAPATIAVW ATTALTE(TAL AVATITUEN SIKTUWV CUCKEUNG UE CUOKEUN.
Ermkowvwvia cuokeung pe cuokeun A D2D emikowvwvia(device to device) onmwg epdaviletal otnv
BBAloypadia opiletal n Aaueon, amneubeiag emikovwvia HETAlU SUO ACUPUATWY CUOKEUWV,
Xwplc TNV mapepBoAn otabuov Baong r} Tou SIKTUOU KOpHUOU. TO HOVTEAO QUTO ETLKOLVWVIOG
omoTeAEL pLa VEQ, TTIOAG UTTOOXOUEVN TIPOOTTIKY Tou €Xel &N apxloel va avamtUooETaL LE
oTox0 va evtaxBel ota diktua vEag yeVLAC.

Amo tnv GAAN MAEUPA, AOYW TOU YEYOVOTOG OTL OL GUOKEUEG TOU SIKTUOU ETLKOLVWVOUV
KOTA KUPLO AOYO HE TIC YELTOVIKEC TOUG, £ival duvatr n XWPLKA EMAVOXPNOLUOTOoLNon Twy
SL0BECIUWY TOPWV EMKOWVWVING TOU CUCTAMATOC. Zav anotéAeoua auvtwy, To Siktuo duvatal
vVa ETUTUXEL HEYOAUTEPN XWPNTIKOTNTA (Ssystem capacity), evw tautoxpova meplopilovtal ot
ETAVEKTIOUMEG AOYw oUYKpouong petadoong (reduced retransmission and collisions). Mépa Opwg

K. Kovkdg | 32



and tnv avénuévn Swapetaywyn (throughput), n texvoloyia auti €xeL tnv duvatotnta va
BeATlwoel Kot AAAEG TITUXEG TOU SLKTUOU, OTIWGE TNV EVEPYELOKN KATOVAAWGTN, TNV TaxUTNTA TNG
ETUKOWVWVIOC aAAQ KOL TNV LOOTNTA OTNV HETOYWYN TwV dedopévwy. Na 6Aoug autolg Toug
AOyoUC TO HOVTEAO aUTO eTKOWVWVIAG €lvatl Wlaitepa KatdAAnAo yla tTnv avamtuén Siktuwv
onuoolag acdalelag[14] kot peAetatat Adn ywa Tnv éviagn tou ota Siktua EMOPEVNG
yeviag[15][16][17].

3.3 OMAAONOIHEH TON 5YSKEYQN (CLUSTERING) KAI TA O®EAH NOY NAPEXEI

O SLaXWPLOHOC TWV CUOKEUWV Ot OLOPOPETIKEG VONTEG OUASEC He xprion dladopwv
KavOvwv eival auto mou ovopalouvpe opadomnoinon i Clustering, onmwg eivat o ayyAlkog 6pog
Tou xpnotpomnoleitat otnv BipAoypadia. O xwplopodg autdg o opadeg ival KOUBLKOG yLo TNV
Snuloupyia acupudtwy SIKTUWV TIou amaptilovtal and KvNTEG OUOKEVEG, KaBwg Slvel Tnv
Sduvatotnta oto Siktuo va KALHakwOel eukoAd. MapdAAnAa, SLeUKOAUVEL TNV SpOUOAOYNnoN Kot
TIPOOSISEL YAPAKTNPLOTIKA ETtEKTAOIUOTNTAC (scalability) og Siktua mou mapouaoidlouv auénpévn
KLVNTIKOTNTA, OAAG KOl pEYAAo aplBud kopBwv. Meplopilovral Ta pnvupata SpopoAoynong
kaBw¢ oL mAnpodopieg yla tnv tomoAoyia Statnpolvtal HOVO TOTUKA 0TV OpAda Kot TiBaveg
HEeTaBoAEG Oev xpeldletal va Swadibovtal oto umolouto diktuo. Me Tov TPOMO QAUTO
npootiBevtal kot adalpolvtal KOUPBOL HE €UKOAIQ, €VW TAUTOXPOVO  QVTLUETWIETAL
OTTOTEAECUATIKA KAOE petafoAn TnG TomoAoyilag, AOyw KIVNTIKOTNTOC e SUVALKA TTPOCAPUOYH
TWV OpAdwv.

3.4 Tynoi KAl AATOPIOMOI OMAAOMOIHZHE YZKEYQN ANAAOTA ME TO MEAIO EQAPMOTHE.

Avaloya pe to mebio edapuoyng KoL ToUG 0TOXOUG TouG, oL aAyoplBuol opadomnoinong
ota aoUppata Siktua Kvntwv cuokeuwv (mobile wireless ad-hoc networks) pmopouv va
evtoaxboUv og pLo amo TIg mapakatw katnyopieg [18]-[20].

3.4.1 Opoadonoinon pe BAon TO AVAYVWPELOTLKO KAOE KOpPOU

Amotelel pla peyaAn katnyopio aiyopiBuwv opadomoinong pe dtddpopeg mpooeyyioelg
Ol OTIOlEG OUWG €XOUV €va KOWVO XOPOKTNPLOTIKO. 2e KABe kOuPo avatiBetal pia povadikn
TOUTOTNTA TIOU AVTLOTOLXEL 0€ évav PuUOLKO aplBuo Kal pe xprion kpLtiplwyv mou Bacilovrtal o
OUTA TA LOVASLKA OVaYVWPLOTIKA 0pyavwVETAL 6An n doun tou Siktuou. KaBs cuokeun €xel
YVWOon LOVO YLOL TIC TAUTOTNTEC TWV CUCKEU WV TIoU Bplokovtatl evtog tng epBéAetag tng. O KOpBOg
kedaAnG TG opadoag ekAEyetal Pe Kpltrpla mou Pacilovtol 0 aUTA T aVOYVWPELOTIKA. la
TapASELYUA, N CUCKEUN UE TO HLKPOTEPO AVAYVWPLOTLKO €lvat autr) mou AapBavel To poAo ng
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kKedbaAng/nyEtng tng onadag otov adyoplBuo Lowest ID(LIC), evw avtiotolya to HEYAAUTEPO
avVayvwpLoTIKO emtiléyetal otov Highest ID[21][22]. Mwa GAAN (POGEYYLON TIOU EUTITITEL OE AUTAV
™V Katnyopia kat Snuouvpynbnke oe o mpoomabela BeATiwoNg TwV MAPATIAVW HOVTEAWV
amoteAei 0 « Max-min d-cluster formation» aAyoplBuog[23]. Ztnv teAeutaia mepintwon n évvola
™G Snuoupyiag opadag evog ailpartog (one-hop cluster) Steupuvetal kabBwg yivetal eloaywyn
NG LOEAG yLo OUASEG OKTIVOG TEPLOCOTEPWV Ao €va dApa (d-hop clusters).

3.4.2 Opadonoinon pe Baon tnv tonoloyia

OL aAyoplBuol mou avAKOUV OE QUTAV TNV KATnyoplo KAVOUV XPron HETPLKWV TIOU
QVTLOTOLXOUV OTNV Hopdr TNG TomoAoyiag, Omwe yla mopadelyo 0 aplOUoC TWV YELTOVWY EVTOG
€UPOUC EKTIOUTING, YL VO avaBE00UV TOUG KATAAANAOUG POAOUG OTLC CUCKEUEG TOU SLkTUOU. Evag
TETOlog aAyoplOuog eival o «Highest connectivity clustering algorithm (HCC)» otov omoio
glodyetoalL n évvola tou Babuou cuvdeowotntacg (degree of connectivity)[22]. O BaBuog autog
OVTLOTOLXEL OTOV OPLOUO TWV YELTOVIKWY CUCKEUWV TIOU avixVeUEL KABe cuokeun. H cuokeun pe
ToV péyloto Babuo avalapPavel tov poAd tou kOpuPou kedaAr. H Abon autr) amoteAel pa
a€Lomiotn Auon nomola OpwWC MapPoucLalel TopAAANAA Kal HELOVEKTHMATA, Adyw TG EAAELPNG
avw opiou otov aplBud Twv KOUPBWVY TIOU PImopolV va cuvdeBolv o éva KOUPBO KebaAr Kot
Tautoxpova eudavilel pelovpevn anodoon oe SIKTUO LE KIVNTEG CUOKEUECG, OTIOU 0 BaBuog
ouvdeolpotnTag peTaBarAetal ouvexws. Mia AAAn evoAAaKTIKN Ttapouoialetal oto [24] omou
SnuUioupyouvToLl PN ETUKOAAUTITOUEVEG OUASEG HUE QMOOTACN TPLWV OAMATWV HETAEL SUo
Sladopetikwy KePpoAwv opadag He TNV eloaywyn evog véou poAou oto Siktuo, autol Tou
KOUBOU EMLOKEMTN.

3.4.3 Opadomnoinon pe BAon TNV KLVNTIKOTNTA

Ze autn TNV Katnyopia aviAkouv alyoplBuol oL omoiol kAvouv xprion otolxelwv
KLVNTLKOTNTAC TWV CUCKEUWV TOU SIKTUOU, LE OKOTIO VOl LEYLOTOTIOL|COUV TNV oTABEpOTNTA TWV
TIOPOYOUEVWY SLATAEEWY. AVTUTPOOWMEUTIKO Tapadelypa amoteAel o aAyoplBuog MOBIC
(Lowest Relative Mobility Clustering Algorithm)[25]. H 6éa miow amod autr thv TPOCEyyLon
£VKELTAL OTNV TOPATAPNON OTL OE €va. ACUPUATO SIKTUO KIVNTWV CUCKEUWV N ETLAOYN TOU
KOUBOU UE TNV UIKPOTEPN KLVNTIKOTNTA yla TNV avaAnyr tou poAol KouBou Kepalrg, mapeExet
otaBepotnta oto Siktuo. H AUon auth €xeL LkavomounTikr anodoon oe diktua mou sudavilouv
HLKPN KWVNTIKOTNTA, AAAQ TIAPOUGCLATEL CNUAVTLKA LElwon otnv anodoon tng, otav ebapuoletal
o€ KOUBOUG TOU KlvoUVTal HE UEYAAUTEPEG TOXUTNTEC. Evag AAAOg aAyoplOpog Tou €miong
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EUMUMTEL O AUTAV TNV Katnyopla eivat o DDCA (Distributed Dynamic Clustering Algorithm)[26]
Omou ol kOpPoL xwpilovtal oe opdSeg akTivag MOAAMAWY aApdTwy He Bdaon ta (@, t) kpltnpla,
OMWG auTa epdavilovial oTnVv OXETIKN epyacia. Ta KpLTpLo auTd avadEPovTaL 0To YEYOVOG OTL
KAOe KOUPOG og pla opada Ba €xel povomati mpog kaBe aAAo kOpBo To omoio Ba sivat Stabéoiuo
o€ €va XPOVIKO Slaotnua t pe mbavotnta 2a aveédptnta and tnv anootacn(aplOpog aApdtwy)
HETAEL Touc. Auti n AUon dev amattel mMepLlodIKn EMavaouyKpOTnon tou Slktuou Kabwg KAbe
KOUPBOG Tou elogpyxetal oto Siktuo avalntel ouvdeon pe pa opada(cluster) tnv omola
ETUTUYXAVEL EQV  UTIAPYXEL apOLBOilo HOVOTIATL TIOU LKAVOTIOLEL TOl Ttapamavw Kpltipla (a, t)
HETAEL TOU KOUPBOoU auTtoL kat tou urtoPrdlou KouBou KepaAnc tng opadac.

3.4.4 Opoadonoinon pe Baocn tnv evépysia

Elval yeyovog OTL oL KLVvNTEC CUOKEUEG TTOU amapTilouv ta acUppata diktua Bacilovral
o€ €va oAU peyalo Babuo os pmatapieg yia va kaAuouv tic avaykeg tpododoaoiag toug. Eival
AOUTOV avapeVOUEVO va avantuxBouv adyoplBuol mou Ba £xouv wg KUPLO OTOXO TNV «EEUTIVN»
EKUETAAAEUON TNG OloBéoung evépyelag. AmO TNV Lo TAEUPA, elval emBuuntd va
EANQXLOTOTIOLELTOL N KATOVAALOKOUEVN EVEPYELX, WOTE VA EMUNKUVETAL N Sldpkela {wnNg Twv
OUCKEUWV TIOU To amaptilouv. EmumAéoy, ol kOpBoL mou avalappavouv poAoUC TTOU amaALToUV
HEYQAUTEPN €VepPYELlAK KaTtavdAwaon, Omwg ot KouBot Kepaldng, eivat mo mbavo va
€€avTANOOUV Ta ATOBEATA EVEPYELOC TOUG YPNYOPA KOL VO KATAOTAOOUV TN CUCKEUN KVEKPN»
av dlatnproouv To pOAO AUTO YL ONUOVTIKO XPOVIKO Stdotnua. H anwAsla kOuBwv and to
Olktuo evdéxetal va mpokaAéosl cofapd TmpoPAnuata oto Oiktuo, OnMwe SLAKOTEG
EMIKOWWVLaG[27].

Ztnv BBAloypadia cuvavtad KAVELG OPKETEC TIPOOEYYIOELS TTOU QVIIKOUV OE QUTAV TNV
katnyopia. M mpwtn AUon mou mpoteivouv oL cuyypadei¢ oto [28] Slapopdwvel Tov
aAyopBuo IDLBC (ID Load Balancing Clustering), 6mou omouU kaBe kvntog koppog diatnpel Eva
«ELKOVIKO» aplOuo mou ovopdletal VID kat apxtkd AapBavel tTnv tun tou ID tou koppou. H
OUOKEUN PE TNV peyalltepn T AapBavel to podo tou KouBou Kepalng. Na kabe KouBo
KepaAng, n tun avtr tou VID auvéavetal og kaBe povada tou xpovou Kal Otav EEMEPACEL ULa
HEYLOTN T TIou opilel o aAlyoplBuog, tote undeviletal kat o kOpBog Sev eival mAéov KouBoc
Kepalnc. Avtiotolya, kaBe amAog kouBog oAoBaivel katd pia B€on tnv T tou VID os kaBe
povada tou xpovou Kal otav évag KouBoc¢ Kepalr¢ mapatteital tou poAou Tou, TOTE 0 KOUPBOG
pe To peyalutepo VID avalappavel. Me autov Tov TpOTo neplopileTal o XpOvog Iou €vac KOUBoG
uropet va dtatnpei éva poAo oto Siktuo, o omoiog e€avtAsl TaxEw Ta amoBEpaTa eVEPYELAC TOU.
O IDLBC mapouotalel Opwe Kol Kamola pelovektipata mou ailel va avadepBolv. H évapén
avadlopydvwong Tou SIKTUOU UETA amod TNV mapaitnon evog KouBou Kepalrg evbéxetal va
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dnuloupynoet éva dawvopevo xovootipadag pe dtadoxikég aAlayég KouBwv Kepalrg mou Ba
SladoBouv oe 6Mo to Siktuo, av dgv AndBel umoyn n tomoAoyia Tou Siktvou. EmutAéov sival
avaykaia kamola popdn ocuyxpoviopou yla va eEacdaliletal 0Tl n ouykplon petaty twv VID
Silvel ovtwg aglomiotn mAnpodopia yia tnv KATtaAANAOGANTA €MAOYNC TOU EKACTOTE KOUPBOU yla
KouBo KeaAnc. Akopa eivat epdaveg OTL 0 XpOVOG TTOU Lot CUCKeUH Statnpel évav evepyofopo
poAo oto biktuo, amd povog Tou, dev amoteAel aAfLOTLOTN MUETPLIKN YL TNV KATOVAAWGN
EVEPYELQC.

‘Evag dAAo¢ adyoplBuog opadomoinong mou amooKonel oTnV HELWON TNV ATALTOUUEVNG
EVEPYELAG Yla ETKOWVWVIA UETAEU Twv KOUPwv, mapouctdaletal and tov Ryu oto [29]. O
ouyypadéag dakpivel Toug kOUPoug o duo tuTouc: okAaBog(slave) kal agpeéving(master). Evag
okAaBo¢ umopel va ouvdeBel LOVO e EVav aPEVTN KAl O PEYLOTOG OpLlOUOC KOUBWVY ToU Hopet
va UTtooTNpPiEeL €évag a@évtnc sival meploplopévod. MNa va peylotononBei o xpovog {wng tou
SIktUoU 0 aAyOpLOUOC €XEL OTOXO VO EAQXLOTOTIOLNOEL TNV EVEPYELX TIOU OUMOLTELTOL YL TNV
EKTIOUT HETAEY EVOG OKABOU e TOV aVTioTOoLXO a@EvTn otov omoio Ba cuvdebel. Tautoxpova,
OTNV CUYKEKPLUEVN UAOTOLNGN, yLa va LELWBEL N KatavaAloKOUEeVN evEpyELa lval emBLUUNTO va
LEYLOTOTOLE(TAL O APLOPOC TwV ouVOedeUEVWY KOUPBWVY o0t éva KOUPBO a@évtn. Ie autd To
HOVTEANO, oL KOUPOL apévteg ekkivouv TNV Stadikacia opadomnoinong anootéAAovtag Eva oo
HE TNV HEYLOTN ETUTPEMOUEVN oYXV eKOUmnC. KaBe okAaBo¢ mou AapPavel €va n meploocotepa
onuata otéAvel emiBeBaiwon otov KOUPBO amno tov onoio EAafe To LoXupPOTEPO onua. AkoAouBwg,
oL KOUPOL aPEVTEC TPWTA CUVSEOVTAL UE TOUG KOUPBOUC TTou £AaBav €va POVOo orpa Kal EMELTA
€AV peivouv keveg BEaelg amodExovtal TNV olvéeon Ue Toug KOUBOUG Tou EAafav mapandavw
a6 Suo onpata otnv mponyouuévn ¢aon. Etol, Sivetal mpotepaldTNTA OTOUG KOUBOUG Tou
£€XOUV HOVO EVa KOUBO oVt eVTOG TOU EVPOUC EKTTOUTTNC TOUC, EVW TOUTOXpOVA TIpLodoTETaL
N enkowvwvia Tou KaBe KOUPou okAdBou e Tov TANGCLEOTEPO adEvin. AKOAOUBWC, N EKMOUTH
OTNV UETEMELTA ETUKOLWVWVIA TTPOCAPUOLETAL OTNV EAAXLOTN LOXU LE OKOTIO TNV EAQXLOTOTOLNON
NG KATavaAloKOUEVNG evépyelag. O aAyoplBuog autog, av kat Sivel pia oAU evepyelakd
amodotikn AUon, 6ev meplhapBavel TpOMo eKAOYNC TwV KOUPWV a@evtwy, oUTe Kal HEBobdo yla
TNV oUVTPNON TNE OPYAVWONG QUTAC OE TIEPIMTWON KIVOULEVWV KOUPBwWV.

3.4.5 Opadonoinon pe Baocn CUVSUACO HETPLKWV

e QUTA TNV Katnyopia avkouv aAyoplBoL mou XpnoLUomolouv Suo | MEPLOCOTEPEG
HETPIKEC HE OKOMO va KaAUouv TToANAmAoUC oTOXoUG Tautoxpova. MNapoTL, 0To EPEUVNTIKO
mAaiolo avamtuooovtal oANol aAyoplBuol pe eEelIKEUIEVOUG OTOXOUC, Ol TIEPLOCOTEPEC
epapuoyég og mpayuatiko nepBaiiov cuxva epdavilouv cUVOETEG ATTALTHCELG KOL AVAAOYA LE
To TEAKO TepLBAaAlov edapuoyng, oL alyoplBukeég AVoELG KaAoUvTal va pocappootolv. O
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aAyOPLOUOL AQUTAG TNG KATnyoplog UTIEPEXOUV EVOVTL TWV MAPATAVW TIPOCEYYICEWY, AOYW TOU
YEYOVOTOG OTL TAPEXOUV EUKOALO MOPAETPOTIOINONG AVOAOYWG HE TO TEPLBAAAOV ePapLOYNC.
KaBe petpikr) mpooapuoletol €UKOAQ , WOTE va TAPLAel oTI OlaiTEPEC amaltoelg Kabe
neplotaoncg. Eva aviumpoowmneuTiko mopdadelypa amoteAel o alyoplBpog On-Demand WCA
(Weighted Clustering Algorithm), onw¢ avayeipetat otnv BiBAloypadial[30]. Ze autdv kabe
KOUPBOG uTtoAoyilel pLo cUVEUACTIK LETPLKN /v N OTtola AMOTEAELTAL ATTO TECCEPELG TTAPAUETPOUG
«{uylopEVoUC» KATAAANAQ pe tnv Bonbela twv avtotoiywv «Bapwv». O TUMoG Aapupavel tnv
popdn : Iv = ¢y *D, +c, *B, + c3 *M, + ¢4, *T, , omou P, €ivaL to dBpolopa twv
QIMOOTACEWV TOU KOUPOU pe KABe yeltova tou , M, n péon taxutnta kivnong touv , T, 0 Xpovog
KOTA TOV omoio o KOpPog eixe To poAo tou KouBou Kepalrc HéxpL TNV MapoUoa XPOVLKA OTLYUN
KaL TéAog D, n ardAutn Tl tng Stadopdg tou aplBpol Twv YELTOVWY TOU TNG CUCKEUNG Ao To
aplBuod mou Wavika pmopel va Staxelplotel évag KouBog Kepadng. O WCA avabétel Tov poAo
ToU KouBou KepaArc otnv cuokeun He To eAaytoto Iv. Mapotl, n mPooEyyLon auTr mapouacLalest
ONUOVTLKA TIAEOVEKTAHMOTA AOYyW TNG CUVOUOOTLIKAG HETPLKNC TIOU XPNOLLOTOLEL, UOTEPEL OE
TIEPUTTWOELG EVTOVA KIVOUPEVWY KOUBwY, KaBw¢ kabe dopd mou évag VEog KOUPOG eLoEpXETaL
o€ pa meployn, oAn n Stadikacio opadomnoinong emaveKKLVELTAL KATL TTOU UIopEl va amopel
KOOTOBOPO TOGO amo TNV MAEUPA Tou MANBOUC TWV UNVUUATWY TIOU OMALToUVTaL, 000 KOl amno
TNV EVEPYELOKN KATOVAAWGN TIOU QUTH ETLPEPEL.

3.5 ANAITHZEIZ AATOPIOMQN OMAAOMOIHZHE $YZKEYQN ITO MAAIZIO TON AIKTYQN
AHMOZIAZ AZDAAEIAL.

Mia mpooapuoopévn AUon Tmou KaAsital va edappootel oe €va Siktuo dnuoaolag
aoddAelag eival amapaitnto va Aappavel umtoPn Tou MOANATIAEG TTAPAPETPOUC. APXLIKA, AOYywW
TOU Y€YOVOTOG OTL Ta SlkTua AUTA €lvatl avaykaio va dltatnpouv tnv amodoTIKOTNTA TOUG OKOUA
Kol og TePLBAANOV e AUENUEVN KLVNTIKOTNTA, Elval avaykaio va cupnepAaBoupe mAnpodopieg
Klvnong Twv KOopPBwv katd tnv AP n anopacswv yla opadomnoinon. Evag alyoplbuocg pe yvwon
yla tnv Kivnon tTwv KopBwv mou anaptilouv to SiKTuo, £XeL TNV SUVOTOTNTA VA TTPOCAPUOOTEL
Suvaplkd otnv petafarlopevn tomoloyia kepdiloviag oe otabepOTNTA KAl KATAVAAWON
evépyeLaG. Tautoxpova, N KWVNTLKOTNTA OTLS LOLAITEPEG TIEPLOTACELG LA KOTAOTACNG EKTOKTNG
avaykng ouxva spdavilel potifa ta omoia givat duvatov va aflomolnBolv yla mepeTaipw
avénon ¢ amodotikotntag Tou aAyopiBuou. EmumAfov, emeldny avadepopaote oe Siktua
KLVNTWV CUOKEUWV TPoPoSoTOUUEVWY KATA KUPLO AOYw Omd UMATOPLEG TTOU WG €K TOUTOU
SlaBETouV meploplopévn eVEPYELQ, Elval EMBUKNTO VA UTIAPXEL YVWON TWV ETHMES WV EVEPYELAG,
oAAG KoL TNG HopdrC TNG KATAVOUNG AUTAG OTLG CUOKEUEC Tou Siktuou. Elval emBupunto, amno tnv
HLo TTAEUPA, VO EAQXLOTOTIOLELTOL 1N KATOVOALOKOUEVN EVEPYELA TOU SIKTUOU KATL TTOU UIMOPEL va
emtevxOel pe pla aAyoplOULKn IpoaogyyLlon mou AapBavel UTOYN Ta EVEPYELOKA KOOTN EKTIOUTNC
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Kal Snuioupyel opddeg Pe yvwpova tnv Helwon toug. EmumpooBétwg, eival avaykaio va
TIPOBAEMETAL KATIOLOG UNXOVLOMOG Ylot TNV OMOLOHopdn KOTAVAAWGN TNG EVEPYELAG, WOTE va
amodeLyetal N e€AVTANCN TWV EVEPYELOKWV TTOPWV CUYKEKPLUEVWY CUCKEUWV TIOU TUXALVEL va
avaAapPBdavouv Ttoug evepyoPfopouc poAoug tou Siktuou.  Elval emiong onuavtikdo va
e€aodaliletal OtTL n avtaAlayn UNVUUATWY HETOED KOUPBwV Tou SikTtuou mou epdavilouv
Heyaho evdladépov enikovwviag Ba yivetal anmpooKomta Kal TaxUToTo. JUCKEVEG TWV OMolwy
Ol XPNOTEC OVAKOUV OTO (810 CWwHA, OMWE yLo TTAPASELYO Ol CUCKEVEG ETILKOLVWVIAG OAWV TWV
OOTUVOULKWV N TV TUpooBeoTikwY SuVANEwWV Elval amapaitnTto va cuvdéovtal 660 TILo Apeca
yilvetal, wote va gEumnpeTolVIaL Ol AVAYKEG OPYAVWONG TWV EVEPYELWV EMEUBAONG O pLa
KATAOTAON EKTAKTNG avaykng. Mo amAd, sivat emBupntd 6nAadn va SieukoAlvovtal ol
ONUOVTIKEG KOL CUXVEC ETILKOLVWVLOKEG OVAYKEG.
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KEDAAAIO 4

K. Kovkég | 39



AATOPIOMOZ OMAAOMOIHZH ZYIKEYQN

4.1 >toxoL aAlyopiBuou

4.2 TomoAoyia Siktuou

4.3 Mepypadn kat avaluvon aAlyopibuov

4.3.1
4.3.2
4.3.3
4.3.4
4.3.5
4.3.6
4.3.7

Bripata ektEAEONC

AM\ec MapatnpnoeLg

Yupurneplpopa oTo XpOovo.

AldAuonc opadag

ALOpOWTLKEC EVEPYELEC

Kivhtpa mapovoocg uAomoinong opadomnoinong

AVOEVOUEVA OTTOTEAECHOTA
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4.1 XTOXOI AATOPIOMOY

O alyoplBuog mou mapouctaloupe otnv mapouvoa epyocia Savelletal otolxeia anod
Sladopetikoug aAyopiBuoug opadomoinong oe SIKTuA CUOKEUNG HE CUOKEUN LE OKOTO va
Snuloupynoel poe AVon Tou Talpldlel oTIg WOLaiTEPEC aMALTAOEL TwV SIKTUWV dnuooiag
aodpaAelac. Ano tnv avaluon tou Kedalaiou 2 kat 3 ivat pavepod OTL yLa VO TIPOTEIVOUUE ULa
AUon mou tatplalel ot Wlaitepeg ouvonkeg mou efetaloupe eival amapaitnto va AdBoupe
umoPn TOAAATMAOUG TOPAYOVTEG Kol HETPIKEC. Etol avamtuxdnke £€vag oAyoplBuog mou
KATATAOOETAL OTNV TEAEUTAlO OO TI( KATNYOPLEG TIOU TOPOUGCLACTNKOV TOPOTAVW
opadomnoinon, Ke Bacn cuvlUACUO UETPLKWV. ZUYKEKPLUEVA O OAYOPLOOG XPNOLUOTIOLEL, KOTA
KUPLO AOYO, OTOLXELOL KLVNTIKOTNTOG, EVEPYELOG KoL €VOLAPEPOVTOC EMIKOVWVIOG yla va
OVTIUETWITIOEL TO TPOPANUA TOU SLOXWPLOPOU O OUASEC Kal TNG emiloyng tou Apxnyou
KouBou(KouBoc KepaAnc).

O MpWTOCg 0TOX0G Tou aAyopibuou eival va dnuloupynBouv opddeg ol onoleg Ba eival
000 10 Suvatov Mo otabepEg oTo Xpovo. Na va To eMITUXEL QUTO, XPELAETAL VA YIVEL KATIOLOL
nopdn mpoPAsPng yia tTnv peAhovtikn B6éon twv cuokevwv. H mAnpodopia plag afldomotng
npoBAedng ywa tv popdr) tng tomoloyiag oe pia HEANOVTIKN) OTLYUN €XeL KaBopLoTikA
OUVELOPOPA OTNV QATIOTEAECUATIKA OUASOTOLNON TWV CUCKEUWV €VOG SIKTUOU, OTO Omoio ot
kKOpPBolL gudavilouvv WSlaitepa auvénuévn kwntikotnta. EmutAéov, AapPavoviag umov tnv
pHeAAOVTIKN B€on Twv KOUPwV Tou SIKTUOU gival Suvatov va EAAXLOTOMOLCOUUE TA UNVUOTA
e\éyxou ToOU amattouvral KoBwWE n apPXIK OPYOVWTIK €VEpyela Tou Ba uTtayopeVEL O
oAyoplBuog Ba dnuioupyel éva Siktuo mou Ba Slatnpel TNV OMOTEAECUATIKOTNTA TOU yla
HEYAAUTEPO XPOVLKO Slaotnua. Itnv mapovoa epyacia, n mpoBAedn avtr yivetal Euueca PEow
™¢ mAnpodopiag tng katevBuvong kivnong kaBe ocuokeung. H katevBuvon tng Kivnong KABe
OUOKEUNG QIMOTEAEL TNV MPWTN TIOPAUETPO TIOU XPNOLUOTIOLEL O AAYOPLOUOG.

AkoAoUBwC, 0 eMOPEVOG 0TOXOG adopd TNV EVEPYELOKN CUUTIEPLDOPA TWV KOUBWY Twv
CUOKEUWV TIoU amapTi{ouv To Siktuo. EMISWKOUUE EOIKOTEPA N EVEPYELA VO KATAVAAWVETOL
000 to duvatov Mo opoldpopda amd OAeG avefalPETWE TIG OUOKEUEG. Mpodavwg, yla va
ETUTUXOUME HLa TETOLA popdn KATAVAAWONG EVEPYELAG £lval amapaitnTto va cupunepAaBoupe
nmAnpodopleg evépyelag yla tnv Kabe cuokeun. Etol, apxtkd, AapBavoupe umtoPv tnv Tpéxovoa
otalun Swbéoung evépyelag KABE OUOKEUNG, WOTE va €lval yvwothi n KATtavoun Twv
amoBepdtwy evépyelag oto Oiktuo. Emetta, €lval avaykaio va ocupmepAdBoupe Kamola
mAnpodopia mou Ba mapéxel tnv duvatdotnta va KAVOUUE TPOBAsdn yla tnv HEANOVTIKNA
evépyela kKaBe ouokeung. AOyw Tou yeyovotog otL to Siktuo rmou Ba dnuioupynBet mephapBavel
OUOKeUEC Oladopetikol TUMOU Kal Stadopetikwy Tpodlaypadwy Kal KAVOTATWY, oo
gvepyelakn anoyn, eival mpodaveg OTL yivetal AOyoc yLa €va eTepoyeVEG Siktuo. Kabe ouokeun
o€ éva Tétolo Siktuo, Ba €xeL To 61kO TNG PUBUO KATAVAAWONG EVEPYELAC OVEEAPTNTO IO TOV
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pOAo mou Ba éxeL oto Siktuo. Etay, yia va pmopet va aglomotnBbei n mAnpodopia Twv evepyelakwy
anoBepdtwy Kat va eivat duvath n cUykpLon Toug KETAEU SLadpopETIKWY CUCKEUWY Ba TIPEMEL
Va UTTAPXEL YVWON €VOC EKTEVECTEPOU eVEPYELOKOU TIPOGDIA. ZUVEMWC, N EMOUEVN TIAPAUETPOG
TIOU XPNOLUOTIOLELTOL OTNV TIPOCEYYLON MG €lval 0 pubuog KOTOVAAWONG EVEPYELOG TNG KABE
OUOKEUNG.

T€AoOG, €vag akOpa oTOXoG Tou aAyopiBuou mou avantuxbnke otnv moapovoa epyaocia
elval va dleukoAUvetal n emkowvwvia PeTafl TwV CUCKEUWV TOU avtalldooouv dedopéva
OUXVA KOL TAUTOXPOVA OL CUXVEG aUTEC (eUEelg va €xouv peyaho Babud aflomiotiag. Mo va
emutevxBel auto eival amapaitnto va AndOsl unoyPn to evdladépov emkovwviag TNG ULOG
OUOKEUNG ME TNV AAAn, Katd tnv opydvwon tou Siktuou [32], [33]. Ze éva Siktuo KvnTwv
OUCKEUWV AOYWw SLadpOpwvV apayoviwy, Lo CUCKEUN EXEL LEYAAO evELOdEPOV ETILKOLVWVIAG UE
KATIOLECG, EVW ONUAVIIKA UIKPOTEPO evdladépov pe KATOLEG AAAEC. OL ox£oeLg evOLAPEPOVTOG
evOéxeTal va avayovtal oe OSladopeTIKEG altieg. OL KOWWVIKEG OXEOELG, TO EMAYYEALQATA 1)
umaywyn o€ ¢opeilg N EUPUTEPEG OUABEG KAl YEVIKOTEPA O KOLWWVLIKOG POAOG HETAEY TWV
XPNOTWV TWV CUCKEUWV OIMOTEAOUV TIOPAYOVTEC TIOU €MNPeAlouV To eviladEpov emkovwviag.
J€ YLA KATAOTAON EKTAKTNG AVAYKNG AAAA Kal UTIO OHOAWV cuvBNnKwv évag avBpwrog elval mo
TOavo va eMSLWEEL va ETLKOLVWVIOEL LE TNV OLKOYEVELA TOU I UE AAAOUG LLE TOUG Omoloug
UTTAYETAL O€ KOWVO PopE 1 KOWVO ETTAYYEAUATIKO XWPO N KOWWWVIKO KUKAO. ETimA€oy, Katd tnhv
opyavwon kabs opadag eméupaong, OMwE TUPOOPECTIKAG, OSlAoWOTIKWY GopEwv N
OOTUVOULKWYV SUVAUEWY amaLteital ouxvh, ToXela Kot KUPLWG agLOTILOTN EMUKOWVWVIO HETAEY TWV
HEAWV TNG opddag akoua Kat av to Siktuo Kopuou €xel kataotel pn Asttoupykd. Emiong, n
OPXLTEKTOVLKH TNG EHAPUOYNG TTOU XPNOLUOoTOoLEiTal oTo SiKTuo eival mBaAvVOV va EMNPEACEL TIG
OXE0ELC eVOLOPEPOVTOC ETKOLVWVIOG HECA 0TO cuotnua. Etol, eival epdaveg OtL N katataln
TWV CUOKEUWV TIOU epdavilouv peyaAlTepo evdladEpov emikovwviag otnv idta opada €xeL tnv
Suvatétnta va Swoel onpavtikd mAgovéktnua oto Siktuo kabwg kablotd To ypriyopn Kot
QUEDN TNV CUXVN ETUKOLWVWVIAL.

4.2 TOnoOAOrIA AIKTYOY

H aAyoptBuikr) AUGN TOU TPOTELVETAL O AUTAV TNV £pyacia elval TPooavaToALoUEVN OTa
Siktua dnuooiag aoddAelag. EtoLyla va tny e€etacou e oto Wolaitepo meptBAaiAov mou KaAeital
va ebapuootel, Bewpou e TIg akdAouBeg cuvOnkeg puaikoL mepBaAlovtog:

ApxKa Bewpolpe €vav evepyd otabuo Baonc wovo va KOAUPEL £va PUIKPO TUAUA TNG
TEPLOXNG OTnVv omola Bplokovtal KATOLEG cUOKEVEC. Emelta, umoBEToupe OTL O UTIOAOLTOG
e€omAlopog mapoxng kaAudng (Aot otabuot Baong i AAAog e€OTALOUOG TOU SLKTUOU KopHoU)
€XeL umootel onuavtiky PAAPN Kal €XEL KATAOTEL WG €K TOUTOU MNn Aeltoupylkog. Etol
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BPLOKOUAOTE O€ Mla OTNV Kataotoaon omou n mAsoPndia Twv cuokeuwv PBplokovial eKTOG
KAAuPNG AOyw KATOLOG KATAOTAONG EKTAKTNG avaykng(m.x. ¢uaoiky kataotpodr, avOpwrivn
KaKOBOUAR evépyela) kat epdavilouv €vtovn KvNTIKOTNTA N omoia OpwE akoAouBel kamola
poTiBa. Ze KATAOTAOEL EKTAKTNG OVAYKNG, OUXVA TapatnpoUpe Suo  Kuplapxeg HopdEG
KLVNTIKOTNTAG. ATO TNV la TAEUpd, 0 MANBuopOG ou Bploketal otnv MAnyeioa nmepLoxn teivel
VO KWVELTOL HaKpLd amd To KEVIPO TNG. AmO TNV AAAn OMwG TAEUPA TAPOUCLAZETAL Ko
KLVNTIKOTNTA TIPOC TNV MANYEioa TepLloxr amo opddeg ) GopelG IOV CUVTIPEXOUV VA TTAPACYOUV
BonBela f va emavadépouv tnv TAfN avaloya LE TO TEPLOTATIKO. TEAOC 0 TTANBUOUOC TTou Sev
OVNKEL O€ KATIOLA ATto TLG TTAPATIAVW KATNYOPLEG TEIVEL VOl aTtodUYEL VA TIEPATEL ATTO LA TIEPLOXN
upnAol kwduvou. AapBavovtag umoyn ta mpoavoadpepOUeva HoTiBa KnTkoTnTag €£ival
Suvatov va SwooUUE oTov aAyoplBuo €va GUYKPLTLKO TipoPadiopa anddoong o OXECELG UE
AAAEC TPOOEYYLOELG YEVIKOU OKOTIOU. TNV €lKOVA TIou akoAouBei(Etkova 2) mapouotdletal n
ToToAoyla TTOU MOPOUCLACAE TIOPATIAVW.

Disaster Zone Safe Zone ; N

: Member Node

—~ / / ¢L «"7
® Cluster Head —& i -

“

l : Damaged eNB

:eNB

: D2D link

— : Direction of movement 5 4 :

Ewkéva 2 — TortoAoyio cuOTHUATOC

Onwg ¢aivetatl otnv Ewkdva 2, ol mAsloPnodia Twv cuokevwyv eival ektdg tou mediov
KaAung tou otabpol BAaong Kal LOVO HEPLKEC OO AUTEC Bpilokovtal evtog. H tomobétnon twv
OUOKEUWV KOTA OUTOV TOV TPOTIO £XEL OTOXO VA TIPOCOMOLWOEL TNV KATAOTOON KATA TNV omola
€vag n neploootepol otabuoi Baong (eNodeB) oe pia meploxn eival ektog Asttoupyeiag, yla
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omoloénmote Aoyo (kataotpodr i PAARN), EVw KATOLO YeLToviKol otabuol Baong Asettoupyouv
KQLVOVLKAL.

4.3 T[EPIFPA®H KAI ANAAYZH AATOPIOMOY

O aAyoplBuog mou avamntuape meplypadeTal avaAUTIKA 0To KedAAalo auto. MNa va
SleuKOAUVOUE TNV KaTavonaon, UmopolUe va Slaxwpiooupe Vo pépn tou aAyopiBuou mou
armookomoUVv otnv entAucn duo SladopeTikwy MPoBANUATWY, Ta omoia anod kool amnaptilouv
To MPOPANUA TNG opadomoinong TWV CUCKEUWVY OE £Vl SIKTUO OLOUPUATWY CUCKEUWV.

To nmpwto mpoPAnua ival n emthoyr) tou KataAAnAou kopBou kepaing tng opadag. O
KOUBOG autog Ba sival emipopTIOUEVOC HUE TO POAO TNG OpyAvwoNng TG opadag kot Ba €xel
kaBoploTik Aeltoupyia otn SpopoAdynon twv OeSouévwv HE OKOMO TNV emiteuén 1ng
ETUKOLVWVLOG O€ EMOUEVO 0TASLO.

To 6eUtepo MpOPANUa ival n emhoyn Twv KOPBwv mou Ba anapticouv tnv opada mou
Ba kataokevaotel. KaBe kOuBoc¢ mpénel va anodaciosl pe molo kOUPo - kepaAn Ba cuvdebel
KOl CUVETIWG o€ Tola opada Ba yivel pélog. Ta Suo mpoPAnpata autd sival aAAnAévoeTa Katl
oAANAEEapTWHEVA KaL N CELPA WE TNV omola mapouaotalovral 6w gival n idla pe tnv onolia ta
ETUAUEL 0 alyoplBpog mou mpoteivetal. Eival mpodavég otL pia Stadopetikr pooéyylon Ba
UMOPOUCE VA AVILUETWTIIOEL T SUO AUTA MPoBARUATO LE TNV avtioTpodn OElpA 1} EVOEXOUEVWG
KOl 0€ £va 0TASL0 TAUTOXPOVAL.

AtileL va onuewwBel 6T, n popdn NG SpopnoAoynong, aAAG Kal OAwWV TwV HETEMELTA
QIOPALTNTWY EVEPYELWV VLA TNV ETITEVEN TOU TEAKOU 0TOXOU, SnAASH TN AMOOTOANG TMOKETWV
6e6opéVV amO MO TEPUOATLKA) OUOKEUN O MLt AAAN, €lval €KTOG TOU OVTLKELMEVOU  TNG
napovoag epyaciac kat dev e€etaletal.

4.3.1 Bnpoata eKtéAeong

O aAyoplOuog €xel 8 StakpLta Pripata eKTEAEONG:

ApxLKAa 6ot o KOpBoL Eekvolv o kataotaon «pn cuveedepévocy. ANy TG KATAOTAONC TOUG
oupBaivel otav edpatlwbel kamola popdn cuvdeonc oL UPwva Pe TNV akOAoUON Tteplypadn).
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4.3.1.1 AvakdAuyn yeitovwv.

21O MPWTO aUTO Bripa 6AoL oL kOGpBoLou Bplokovtal o€ KATAOTAON «Un cUVOEdEUEVOCH
QIMOCTEAAOUV EVAL UVULO EUPUEKTTOUTTNG, WOTE VA YIVOUV aVTIANTITOL Ao TOUG YELTOVLIKOUG TOUG
KOpBouG. To MAVUHA OUTO TEPLEXEL adeVOC HEV TO QVAYVWPELOTIKO TOU KOPBou Tou To
anootéAAeL adetépou &€ TNV KatevBuvaon kivnong tou. Exel SnAadn tnv €€n¢ popdn:

Hello Message = { ID, Direction }

H katevBuvon npoaodlopiletal wg ywvia pe tov opllovtio afova oe poipec. OLkoppoL mou
Bplokovtal OTNV YELTOVIKA TEPLOXN KOL TIOPAUEVOUV OE KOTAOTAON «Un ouvOedepévocy
AapBavouv To prvupa Kot anobnkelouv tnv MAnpodopila auth, WOTE va XpnoLlomnolnbet oto
€MOUEVO otadlo.

4.3.1.2 YmoAoyiouoi oxetikn¢ kateuduveong Kivnong.

e aUTO To oTtAdlo KABe kOUPOC ToOU PplokeTal O KATAOTAON «HN OUVOESEUEVOGH
XPNOLUOTIOLEL TA pnvUpaTa TTou €Aafe 0To MPonyoUEVO oTASLO yLa VoL UTIOAOYIEL TNV OXETIKN
Klvnon Tou pe tov Kabe kopuPo yeitova. O UMOAOYLOUOC AUTOG YiVETAL e TOV 0tkOAoUBo TPOTO:

RD, = |'18ia katevOvvan — Katevbuvon yeitovikoO kOufou,, |

K. Kovkdg | 45



AkohoUBw¢ n TR RD, mou TPOKUMTEL ylo KABe yeltova CUYKPLVETOL WE TNV TLUN
katw@ALou (threshold value). H otaBepd autn eival kowvr) yla OAou¢ Toug KOUBOUG Kal amoTeAel
™V MaPAUETPO pLOULONG Tou aAyopiBuou. H tiun ¢ pnopet va petafAnBet katdAAnAa, wote
VoL «XOAQPWOEL» T Opla N AVTIOETWG va TA KATOOTAOEL TO «ouotned». EToL avakUmtel
SuvaTOTNTA YLO TTPOCAPOYH TOU SIKTUOU avAAoyad e TNV Hopdr KLVNTIKOTNTOG TWV CUCKEUWV.
Av n TN NG OXETIKNC KateuBuvong kivnong PpeBel UIKpOTEPN ATO TNV TIUN KATWPALOU yla
KATtolo KOUPO, TOTE auTog AapuPBavetal utoPy ota emopeva otadla opadomnoinong(Kpttiplo 1).
Ye avtiBetn mepimtwon, n T pnopel va amoppidBei. O aplOpog Twv cucKeLwV Tou Bplokovtal
EVTOC TNG EUPEAELAC TNG OCUOKEUNC Kol TTAnpoUV to Kpttriplo 1 cupPoAiletal wg N. Etol mpokUTTel
€VaC 0PYLKOC SLOXWPLOPOC TWV CUCKEU WY, TIou evOEXeTAL va Bplokovtal otnyv Sl meploxn, Ue
Baon tnv popdn TNG Kivnong toug. Ta KivnTpa Tou Slaxwplopol autol avaAllovTtal O€ EMOUEVO
HEPOC.

4.3.1.3 YmoAoyioUOG TN CUYKEVTPWTLKNG CXETIKAG Kateuduvong.

TNV OUVEXELD OAoL oL KOuPolL Tmou Pplokovtol O KATAOTAON «uUn ouvdedeuévogy,
umoAoyilouv pla TR TNV omolo OVOUA{OUUE OUYKEVIPWTIKN OXETIKN kateuBuvon(ZZK) 1
aggregate relative direction(AgRD). H Tiun autr unoAoyiletal wg €€AG:

AgRD = vary(RD,, ...,RD,)

Omnovu vary lvat n SlakUPAVON TWV TLHWV OXETLKAG KATEUYUVONG Kivnong UTIOAOYLOUEVN
pe Baon to undév(kal OxL ToV PECO OPO TWV TLUWV). ZTOV UTTOAOYLOMO QUTO Xpnaolpomnolouvtal
HOVOV OL TIUEC TIOU €lval UIKPOTEPEC ATO TNV TLUN KATWEALOU KoL OXL OAEG OL TLUEG, OTWG
EMIONUAvVONKe mapamdvw. O TpOTOG AUTOG UTIOAOYLoOMOU TNG SlakUavonG yiveETal KOt TpOTO
TIOPOUOLO HE OUTOV TIOU XPNOLUOoTMOLElTal otov aAyoplBuo MOBIC[25] yia tov UtoAoyLoUO TNG
OXETIKINC KLVNTIKOTNTOC.

4.3.1.4 AmootoAn EUPUEKTTOUTTHC

2Tn OUVEXELA AKOAOUBEL £va VU0l EUPUEKTIOUTTNC TIOU TIEPLEXEL TIANPOPOPLEC TTOU EXEL
umoAoyioel kKaBe kOUPOC He faon ta oTolxela TIou €XeL CUAAEEEL A0 TOL TPONYOUEVA LNVU AT
KOl UTTOAOYLOMOUC. To HAVULLO QUTO €XEL TNV Hopdn:
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Broadcast Message = {ID ,AgRD;p ,E;p ,R;p ,Nip ,Pip }

ID: O avayvwpLoTIKOG aplBuog Tou KOUBOU TTou To amooTEAAEL

AgRD;p: H oUyKeVTPWTIKY) OXETIKI) KATEUTUVON TOU CUYKEKPLUEVOU KOUPBOU Tou uTtoAoyioTnke
o€ mponyoUevo otadlo.

E;p : Htpéxouoa otdBbun evEPyELOG TNG CUCKEUNG
R;p : O pubuog katavaAwong eVEPYELAG TNG CUCKEUNG

N;p : O aplOudg twv KOUBwv Tou Bpilokovtal evtog TN eUPEAELAG TNG CUOKEUNG KaL TTANPOUV TO
Kpttriplo 1

P;p: To aBpotopa tng AapBavopévng Loxvog onuatog ano kabe koppo mou mAnpot to Kpttrplo
1.

4.3.1.5 YmoAoyiouog Bapoug Wi

To otddlo autd amooKomel OTOV UTMOAOYLOUO HLlag HETPLKNG Tou Ba umodeiel tov
KatdAAnAo koppo yla va AdBel tov poho tou «KouBoc KepaAn». To Bapog W1 amote)el tnv
HETPLKN auTn Kot uttoAoyileTal wg €ENG:

W, = Ay * AgRD,, + A, * (1—En)+A3*Rn+A4*(ddn )
range
KaBe cuokeun Eexwplotd umoAoyilel To mapandavw BAapog, yla KABe yeITovikd KOUPBo amo
ToV onolo €Aafe TO HAVULO EUPUEKTIOUTIAG TOU otadiou 4 kat mAnpot to Kputipto 1. Etol peta
TOV UTIOAOYLOMO aUTOV Kal KABe kOpBog €xeL TNV amapaitntn mAnpodopia yla tnv ekAoyr tou
«KouBou KepaAnc» xwpig va amatteital va avialdaxBeil kavéva emumAéov pivupa . OL opot
Ay, Ay, Az kol A, anotelouv otaBepég mou pubuilovtat and tov oxedlaoth Tou Sdiktuou wote
VoL TIPOCaPUOZeTaL To SIKTUO avaloywg He TG amautnoels kdbe edpoappoyns. Me dygnge
oupBoAieTal n epPPENELO TWV CUCKEUWV TOU SLKTUOU KL UE d,, N ardoToon OV AVTLOTOLXEL 0TV

. . Py, . .
TLUA LoxLog N—" oUudwva pe To VOO toug Friis.
n

4.3.1.6 EnmiAoyn kOuBwv — keaAwv.
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H petpikny Wi €xel StapopdpwBel e TETOlo TPOTO, WOTE 000 UIKPOTEPN ELVAL N TLUA TNG,
TOO00 TLo KATAAANAOG lval 0 avTioTolog KOUPBOG yLa Tov pOAo Tou «KouBou Kepalrg». Zuvenwg,
TO MPOPANUa ekKAoyn¢ Tou KatdAAnAou KopBou avayetal oe poPAnUa eUpeong Tou ehaxiotou
o€ €vav TIVOKOL TTOU €XEL, TO HEYLOTO, TOOA OTOLXELD, OOQ KAl OL YELTOVLKOL KOpBOL KABe cuoKeUNC.
KaBe koppog Bplokel To eAAXLOTO aUTO avefdpTNTA OO TOUG UTIOAOLIIOUG .2 TNV MEPLTTWON IOV
N €AAXLOTN TN Elval AUt Tou KOUPBOU TTOU KAVEL TOV UTTOAOYLOUO, TOTE QUTOG avVaKnNpUOCETAL
w¢ «KouBoc KeaAnc». EtoL e€aodaliletal 6Tl moté Suo yeltovikol kopoL dev Ba yivouv koupotl
kedaAng kata tnv dnuloupyia Twv opdadwy.

4.3.1.7 YmnoAoyiouog Bapoug W;

JTo otadlo autd umoloyiletal plo Sevutepn MeTplk, W2, ue Baon tnv onola Oa
EVTOTILOTOUV Ta HEAN TNG KABe opadac. To Bapog W, urtodoyiletal Eexwplotd, amnod kabe kouPo
miou Sev £xeL AaBeL To poAo tou «KouBou KepaArc» oto mponyoUevo otadlo Kal Ba emiyeLprosl
va ouvdeBel oe pla tétola ocuokeur). O umoAoylopog meph\apPavel oToXeld KIVNTIKOTNTOG
(oxetikn katevBuUvon kivnong RD) kat evéladépovtog enikowvwviag (i). Me tov 6po evlladépov
enwowwviag i(j, n) ,uetau Tou KOPPOU j pe Tov KOUPBO n, oplloupe Lo LETPLKN TToU AapBAvel
TIMEC MeTall 0 kol 1 kol aviloTolel otn cuxvotnta avtaAlayng mAnpodoplwv HETOEl TwV
KOUBWY QUTWV 1| 0TNV ONUOVTIKOTNTA £6paiwaong KavaAlol EMKOWVWVING LETAED TOUC. SUOKEUEC
HE HeyOAo evOLADEPOV ETKOLVWVIAC, TI.X. TEPUOTIKEG CUOKEUEG TIOU OVTLOTOLXOUV OE XPHOTEG
TIou avrnKkouv otnVv WLd opada i dopéa(nupooPeoTikd, SLOCWOTLKA, OLOTUVOULKA CWHUOTA KTA.)
€xouv uPnAn Twn i. Avtiotolya armAol xpAoTeG TOU EVOEXETAL VAL EXOUV KOWVWVLKOUG SEC0OUG Kal
WG €K TOUTOU €XOUV Ueyalutepn TiiBavotnTa va embLwEouv emikovwvia LETAED TOU £XOUV TTAAL
udnAR TR evlladépovtog emikowvwviag. MEVIKOTEPA, N TIAPAUETPOG QUTH €XEL OKOTO va
EVVONOEL TNV EVIAEEL CUCKEUWV LE CUYXVH ETILKOWVWVIA oTtnV LA Opada WaoTe va n TEAEUTALO VO
kaBilotatal apeon Kol taxeio. O mMapakAtw TUTOG SIVEL TNV OXEON UTIOAOYLOHMOU TNG UETPLKAG
OUTAG.

RD
WZ =A i

N 5*W+A6*(1_i(j:n))

OLdpol As kat A4 anotedouv otaBepeg ou amodidouv tnv katdAAnAn Baputnta os kAOe
napdpetpo Avaloya pe tnv Kkpion tou oxediaotr. O opog RD,, avtlotol el otnv OYeTkn
katevBuvon kivnon petafl Tou KOUPoU j ou ekteAel Tov uTtOAOYLOUO Kal Tou urtoPridLou mpog
olvéeon «KouBou Kepaldn» pe avayvwplotikd n. TéAog, pe i(j,n) ocupuBoAiloupe TNV TIUA
evlladEpovtog emikovwviog LeTafL Tou KOUBoU j Kal Ttou avtiotolyou «KouBou Kepadn».
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4.3.1.8 Anuioupyia ouadwv.

210 TEALKO QUTO 0TAdL0 KABe cuokeun Tou Sev €xeL AdPeLTo podo tou «Koupou Kepain»
Ba mpoonabrosl va cuvdeBel oe pla tétola cuokeur). MNa va npofet otn emloyn €etalel Tnv
HETPIKN W2 Ttou umoAdyloe yla kaBe «KouBou Kepadn» mou Bploketal otnv eyPEAELQ TOU Kal
TEAKWC ETUAEYEL QUTOV IOV €XEL TNV €AAXLOTN TN adou pwta BePatwbel 6TL 0 KOUBOG AUTOC
mAnpot to Kpttrplo 1. Tote amootéAAEL HRVURO cUVEECNG OTNV AVTLOTOLXN CUCKEUN N omola Ue
TN O€lpA NG MPooBETEL ToV KOUPBO otnv Alota pe toug «KouBoug MEAn» mou tnv anaptilouv.
KaBe «KouBoc MéAoc» bev Slabétel kapia yvwon ylo tTnv UTIOAOLTTN OpAda Kol ETMLKOWVWVEL
TIAVTO LECW TOU apXnNyou Tn¢ opdadag Ye Tov omolo eival cuvdedepévoc.

MpéneL va tovioBel Ot 0o alyoplBuog opilel éva péyLoTto aplBUd CUCKELWV TIOU €lval
Suvatov va ouvdeBolv pe éva «KouBou KepaArc». Itnv mepimtwon mou €xouv Nén ocuvoebel
TOOEG OUOKEUEC, OOEC UTTIOOELKVUEL O HEYLOTOG AUTOC aplOuOg, Tote 0 «KouBocg Kepadn» Sev
S€xetal emutA£ov kKOpBoUG otnv opdada. Mia cUOKEUT) TIOU ETLXELPEL var ouvdeBel og Lo opdda
TIOU €XEL GTACEL OTO MEYLOTO TWV SLACUVEESEUEVWY CUCKEUWVY OIOPPLTITETAL, OTAV KAVEL aitnon
yla cuvéeon(UEow avTioTOLXOU UNVUHATOC) KoL TIPAUEVEL OE KOTAOTAON €N OUVOESEUEVOCY.
Me autdv tov tpomo séaodaliletal ot kavévag «KouBog Kepadr» 6 Ba emidpoptwOdel pe
HEYAAUTEPO apLlOUO CUCKEUWV ATIO AUTOV TToU SUvaTaL va eEUTINPETHOEL.

4.3.2 AN\eg NapatnpnoELg

O aAyoplBuog autog mapdyel opadeg oL omoleg xouv «SLAMETPO» UIKPOTEPN N Lon Tou
Suo. Zuvontikd ol kKoppot punopel va Bplokovtal og 2 MIBAVEG KATOOTACELS : «LUn CUVOESEUEVOCY
Kol «ouvoedeuévocy. Otav Bplokovtal o KATAOTACN «OUVOESEUEVOCH EVOEXETAL VAL EXOUV TOV
poAo «KouBoc MéAog» 1 «KouBog Kepadn», 6polL mou OSaveilovtal amd Ttoug ayyAlkoug
avtiotolyoug 6poug mou epdaviovrat otnv BLBAoypadia (Cluster Member, Cluster Head)

4.3.3 Zuunepidpopd oto Xpovo.

KaBe koppoc mou elo€pyetal oto SIKTUO Kol OMOCKOTEL val Yivel HEPOC Tou, Eekva e
Kataotoon «un ouvbedepévocy OmMwe mepleypadnke mapandvw. MNa va  opadomoinBel
KatdAAnAa akoAouBeil ta mpoavadepopeva otadla tou adlyopiBuou 1-7. Otav mAéov ival HEpog
KamoLog opadag pe titho «KopBog MEAoG» Kal €xel petaPel og kataotaon «ouvOedeEVOCY, TOTE
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KaBe popa mou emiBu el va amooteilel SeSopéva, MPoomabel va To KAVEL e BAON TNV TpEXouoa
YVWan Tou yla TV TomoAoyia. Edv Sev eMITUXEL va ETUKOLVWVHOEL LE TOV ApXNYO TNG opadag otnv
orola €xeL avateOel, TOTE AUTOUATWG LETABALVEL OE KATAOTACN « U oUVOESEUEVOCY Kal EEKLVAEL
€K véou tnVv Sladikaoia opadomnoinong. Av dev emBupel va emikovwvnoeL Kat n ouvdeon dev
ermuBefatwvetal anod aAAn popdn avtaiayng dedopévwy (m.x. pnvopata §popoAdynaong) tote
VA TOKTA XPOVIKA SlacTtripata arnootéAAEL éva Kevo purivupa (heartbeat) wote va AdBel yvwon
o avtiotolyog «Koupog Kepahn» ot n evén eival evepyn). And tnv aAAn mAeupad, kabe «KouPBog
KedaAn» mou AapPavetl unvupata heartbeat anavtd pe pvupa emiBeBaiwonc.

KaBwg ot kopPol kivouvtal kat n tomoloyia petafaAAetal o alyoplOuog npoPaivel o
SLOPOWTLKEG KLVNOELG KaL OTtav TAEoV €ilval acUpudopo va StatnpnBel pla opdada, tnv SlaAvel,
wote va avadnuoupynBel pe Baon ta véa Sedopéva.

4.3.4 AwdAvongopadag

H nén oxnuoatiopévn opdada SlalUeTal oTiG akOAOUBEG MEPUTTWOELG:

1. Otav o «KouBog KepaAng» &ev UMopel va EMIKOWVWVNOEL TTAEOV HE €VOL TTOCOOTO TWV
apxlka ouvbedepévwy KOUBwWVY PEAN TNG opddag tou, | N SladopeTkA, OTAV O TPEXWV
oplOPOC Twv ouvdedepévwv KOpBwY, e€alpoupévwy Twv KOUBWVY TTou mpooaptrnOnkav
oapyotepa, TA , yivel UIKPOTEPO aAmMO TO YWOUEVO TOU TOOOOTOU TMANBoUC KOUPBwvV
SLdAuong emL Tov aplOpo Twv apxlkd cuvdedepévwy KOUBWV TNG opaddac.

ZuvOnkn dtdAuong 1:
(IMXK) < (ITIAK ) = (IIT[IKA )

MzK : MANBoc ouvedepévwv KOUBwWY
MAK :MARBo¢ apxkwv KOUBwvV

MNMNKA :Moogooto nAndouc kouBwv dicAvonc

2. Otav n otabun evépyelag tou «KouBou KepaArc» eAattwBel o€ TIUN HKPOTEPN ATO TO
YWOUEVO TNG OTAOUNG EVEPYELOG TOU KATA TNV dnuloupyla tng opadag (koatd tnv
avaAnyn tou polou «KouBog KepaArnc») emLto mooooto sveépyetog StdAuong.
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ZuvOnkn StaAuong 2:

(Tpexovoa evépyela)
< (evépyela kata v dnuovpyia) * (Tooooto evépyelag StaAvong)

Ta Vo mapamdvw MOCoOoTA, T0 T0oo0To MANYou¢ kouBwv StdAvoncg MMKA kol To mOoooTO
evépyetac StaAuoncg anoteAolV SU0 HETABANTEG TAPAUETPOTOLINGNG ToU aAyopiBuou kat pall pe
ta Bapn Ai-As, kaBopilouv tnv cupnepidpopd Tou aAyopibuou kat divouv tnv duvatdtnTa yla
npooapuoyn o€ dtadopetikd neptBailovia koL cuvOnKeg epopuUoync.

4.3.5 A0pOWTIKEG EVEPYELEC

Otav pla cuckeun amoomnoaotel anod tov «KouBo KepaArc» oto omolo ftav cuvdedepévn
AOyw TG Kivnong tou €KTOC TNG €UPEAELOC TOU, TOTE TPV EMAVEKKLWVAOEL TNV Sladikaocia
opadormoinong, aviyvevovtag toug meptfallovteg «pn ouvdedepévouc» kopBoug(BAua 1),
eTUXElpel TpwTa va aviyveloel AANoug «KouBoucg Kepadnc». Av avixyveloeL €vav N
TIEPLOCOTEPOUG, TOTE EAEYXEL TNV OXETIKN Kivnon Tou o oxéon Ue tnv (Sla katevBuvon kivnong
TOU KoL av auTr TAnpot to Kpttrplo 1, TOTe 0 KOUPOG AUTOC EVOWUATWVETAL OTNV 16N untdpyouvoa
opada xwplg va amatteital mARpng emavekkivnon tou aAyopibuou. Av BpeBolv mapandavw amno
€Vag, TOTE ETUAEYETAL AUTOG LLE TNV ULKPOTEPN OYETIKN KaTteuBuvon kivnong RD. H evépyela autn
OTTOOKOTIEL OTNV €AATTWON TWV QATIALTOUUEVWY UNVUUATWY €AEYXOU ylO. TNV CUVTAPNON TOU
SIKTUOU KOl CUVETIWG OTNV UELWON TNG KATAVAALOKOUEVNG EVEPYELAC.

4.3.6 Kivntpa napouoag vAomnoinong opadomnoinong

KaBe mapapetpog mou Aappavel HEpog otov umtoAoyLopd Tou Bapoug W1 armookoTel oTo
va BeAtwoel tnv andédoon tou alyopiBuou, tOoo amod anodn KATAAUONG EVEPYELAC, OGO Kol
ano anon otabepotnTag TwV SNULOUPYOUUEVWY OpAadwy. Mo avaAUTIKA:

H xprion tn¢ tiun Katw@ALoU yio TNV SLoXwpLopo TwV CUCKEU WV TIou Ba amapticouv pia
opada BeAtiwvel Tnv otabepotnta, avéavovtag mapaAAnAa tov pEco Xpovo {wrc Tov opadwy
ouTwv. Auto cupPaivel S10TL kKOUBOL pe mapopoLla katevBuvaon kivnong Telvouv va Tapapeivouv
yla TIEPLOOOTEPN WP EVTOC eUBEAELOG KOl dpa va dlatnprioouv Tnv ouvdeon Toug. Avtibeta,
elval emBLUUNTO oL CUOKEVEG TTOU €XOUV avTiBeTeg kateuBUVOEeLS va pnv opadomnolnfouv Kabwg
O€ ULIKPO XPOVLKO Sldotnua Ba BpeBouv pakpld n pla anod tnv GAAn Kat cuvenwe Ba xabel n
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(ev€n peTaty toug. AuTto To GaLVOEVO OTIOU SLAPOPETIKEG OUASEG CUOKEUWVY €XOUV QVTIOETEG
KateuBUVOoELG kKivnong eudaviletal o peydlo Babud o€ KATAOTACELG EKTOKTNG AVAYKNG.

1D\ 2D/
0 I

Ewova 3 — Kivnon ue napouota katvduvon

B8

Ewkéva 4 - Kivnon ue évtova Stapopetr katuduvon

Y€ TETOLEG TEPLOTAOEL CUXVA UTAPXOUV OUAdeC TANBUCHOU TIOU EKKEVWVOUV TNV
TMANyeiloa ePLo)I, EVW TAUTOXPOVO OUASEG TTOU ATIOCKOTIOUV OTOV €AEYXO TNG KATAOTAONG, TNV
enavadopd tng Ta¢ng N tnv mapoxn Ponbelag Twv MANYEVIWY, CUPPEOUV TIPOG TNV TIEPLOXH).
MNapatnpouvtal SnAadn dUo HopdEC KIVNTIKOTNTAG. ZUVETIWG ival Aoylko avamtuxBel kamolog
HUNXOVIOUOG WOTE VO ATTOTPETIOVTOL CUCKEUEG TIOU £X0UV AVTIOETEC KATeLBUVOEL Ao TO va
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oxnuoaticouv opdada, av emBUUOUUE va AUEACOUME ToV XPOVo LW TWV OUASWVY auTwy, Kabwg
Ol CUOKEUEG HE EvTova SLOPOPETIKEG KATEVOBUVOELG Kivnong Ba oxnuatioouv mapodikég LeVEeLG.

Me TOV UTIOAOYLOUO TNG OUYKEVIPWTIKAG OXETIKAG KATEUTIUVONG ETUSLWKETAL va
ToooTkomolnBel n opoldTNTA TNG Kivnong evog KOUPBOU HE TNV avtioTolyn KWNTLKOTNTA TIoU
eudaviletal otnv neploxn. O ouyypadéag tou [31](WCA: A Weighted Clustering Algorithm for
Mobile Ad Hoc Networks), o omoiog emelpel pla mapopola mpooéyylon emloyng «KouBou
Kepadnc» kdavovtag xpnon HLOG METPLKAG TOU TPOKUTITEL WC OUVOUOOUOG ETILUEPOUC
TIOPOHETPWY, KAVEL TNV UTOBeon OTL KAtaAANAGTEPOG KOUPBOC yia TtV avaAnyn tou poAou
«KouBou Kepaldng» elval autog e TNV EAAXLOTN KvnTkoTnTa. MLa Tétola ultoBeon evdéxetal va
armodidel LKOVOTIONTIKA OTOTEAECUOTA OTNV TIEPIMTWON TIOU E€XOUME OUOKEUEG ME MLIKPEG
TAXUTNTEC Kivnong. AVTIOETWG, O€ ULa KATAOTOON EKACTNG avAykng oL Koppol elvat oAl mbavo
va KWvouvTal TaxEwC, OMOTE N MAPATAvVW Tipooéyylon dev Ba IKAVOToLEL TNV amaitnon g
Snuoupylag otaBepwv opadwy He peyAAo PEGO Xpovo {wNC.

Inueiwon: Q¢ xpovog {wng pag opadag opiloupe To Xpovo HeTafL TNG €MIAOYNC TOU
«KouBo KepoaAn» xat tng otiyung OSwdAuong tng. H opdada Bewpoupe otL SltalUeTal otav o
«KouBoc¢ KepaAn» anodeopevoel OAa ta PEAN TNG opadag | otav o teheutaiog Sev duvatal va
ETIKOLVWVHOEL UE KAVEVA ATIO QUTA.

Onwg €ywve pavepo Kal amod TNV MPOoNyoupévn avaAlucon, o «KouBocg Kepalnc» eival
TIAVTA EMPBAPUUEVOC PE AUENUEVN KATOVAAWON EVEPYELOG. AUTO oUMPaiveL SLOTLO KOUPBOC AUTOC
Aewtoupyel wg SpopoAoynTAG yLa TNV ETIKOWVWVIA OAWV TWV UTTOAOIMWV KOUPBWV TNG OpAdaG HE
OUOKEUEG €KTOG TNG opadag. EmumAéov n LoxUE OU amalteltatl yLo va EMLKOWVWVNOEL UE AAAOUG
«KéuBouc KepaAnc» eival emiong auvénuévn, d10tL cuvABwg autol Bplokovtal oe peyaAltepn
anootaon anod Toug KOpPBoug g opadag. TéEAog, o «KOuPog KedaAn» evOEXETAL VO OPYAVWVEL
TNV EMKOVWVIO KOl O KATWTEPO €MinMedo, OMwWC yla mapddelypa n avabeon mopwv o KABe
OUOKEUN TNG OMASOG KATL TTOU onpaivel emumAéov katavalwon. Etol, n tpéxouoa otabun
eVEPYELAG TNG KABe ouokeung, E;p eloépxetal otov uTtoAoylopod tou Bdapoug Wi pe oKomo va
€UVONOEL TOUC KOUBOUG e uPnAn SLabBéoLun evépyela Evavtl autwy tou SLaBETtouv HIKPOTEPN.

Ano tnv aA\n mAsupd, yivetat Aoyocg yia €va SIKTUO HE OUOKEUEG OLOPOPETIKWY
npodlaypadwyv. JUVEMWCE, O EVa ETEPOYEVEG SIKTUO €lval onuUavTiko va Aafoupe mAnpodopia
Kal ylo To pubpo katavaAwong evépyelag tng kabBe cuokeung, R;p . H SlaBéoun evépyela
amoteAel un aflomowjowo otoxeio av dev cuvodeletal amd tnv mAnpodopia auty otav
KAvoupe Adyo yla €va Siktuo mou amaptiletal and OSiadopetikol TUTIOU CUOKEUEG. M
napadelypa, Evog KOUPBog pe otadbun evépyetag 40 povadeg Kal pubuo KaTavaAwong 2 Lovadeg
ova povada xpovou elval TPoTIHOTEPOC Ao £vav KOUPo pe otabun evépyetag 80 povadeg kat
pUBUOS KatavaAwong 5 povadeg ava povada xpovou.
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Akdua, to aBpolopa TnG AapBavopévng LOXUG onuatog amnod Kabe kOupo, Pyp, £XEL OTOXO
VO EAATTWOEL TNV HEDN EVEPYELD TIOU OUTALTELTAL YLOL TNV EMUKOWWVia KABe «KouBou KepaArg»
HE Ta LEAN TNG opadag. 16avika ivat emBupunto o «KouBoc¢ KepaArc» va Bploketal oTo KEVIPO
™¢ opadag. H e€nynon Sivetal mopakatw:

Elval yvwoto OTL katd TNV HeTadoon NAEKTPOUOYVNTIKWY KUUATWY oTov EAeUBEPO XWwpo,
N EVEPYELA TIOU ATTALTELTAL YLO TNV LETASOON EVOC CUATOC UEAVETAL AVAAOYQA LE TO TETPAYWVO
NG amooTAoNG OTIWG TEPLYPAETAL amd TO VOO Tou Friss.

P D. D ( A )2
P, t7" \4nd

JUVETIWG, YLa EAQXLOTOTIOLIOOULE TNV ATIALTOUEVN EVEPYELQ EKTIOUTNG, APKEL O KOUPOG
mou Ba emileyel va BplokeTal oTo KEVTPO TG opadag. Etol n HeTPKA Prp, €XEL OKOTIO VAL TOUG
KOUBOUG auToUG Ttou €xouv KaAUTepn B€on oTo XwpPo, oUWV LE TA MAPATIAVW.

Ewkova 5 - Ertibpaon 9éong KouBou KepaAng atnv armautoUUEVN EVEPYELX EKTTOUTTHG

T€AOG, yla va. UITOPOUE Vo A€LOAOYI|COUE QTMOTEAECUATIKA TNV MAnpodopia TNE LoxUoG
KABOe eKMOUTAG €lval amoapaitnto va TNV ovAyoupe oto TANBOC TwV OUOKEUWV TIOU
Xpnotgormnotnkayv yla va urtoAoylotel autod To aBpotopa. MNa 1o Adyo auTto XpNOLULOTIOLOUE TO
NID-

4.3.7 Avapevopeva anoteAéopata

ApxKa elval onuOVTIKO va avadEPOUHE OTL N avaykn ylwo «EEumvn» Katavalwaon
EVEPYELAG EPXETAL O€ oUYKPOUON UE TNV avaykn yla otabepotnta tou diktuou. Méoa amod tnv
TIAPOTAVW TIPOCEYYLON QATIOOKOTIOULE Vo eVTOmicoupe tnv PéAtiotn «uéon» Alon mou Ba
armobibel kavomolnTkd amoteAéopata kal ot duo amattioelg. Eival mpodaveg otL €vag
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aAyoplBuog mou Ba eotiale AmMOKAELOTIKA OTNV KATavaAwon evépyelag Ba €8wve kaAutepa
QIMOTEAECUOTA OE AUTOV TOV TOMEQ KAl avTioTola av Aapuavape umtdyn HOVo TNV KVNTKOTNTA
Twv KOopBwv Ba Nrtav duvatov va dnuloupynBel mo otabepd diktuo. H ouykpluévn epyaocia
amookonmel otn ouleuén pe tov KOAUTEpPO Suvatd TPOMo Twv SUO AUTWV OTOLTACEWV
opadomnoinong MPOoKELUEVOU va eMLTEUXOEL LkavomoLnTik oTaBepotnTa, VW TAUTOXPOVa Ba
TPOKUTITEL aUENoN TNG SLdpkeLag {wrg TwWV CUCKEVUWY TIOU amapTi{ouVv To SIKTUO e XprHon TwvV
HUNXAVIoUWV SLOXELPLONG TNG EVEPYELA TTOU avarmtuxbnkav otnv epyacia autrn. O MPOTELVOUEVOG
OoAyOpLOUOG QVAUEVETAL VO UOTEPEL O AmOS00N O OXEON UE TIG ATOKAELOTIKA E0TIAOUEVEC OF
€VAV OUYKEKPLUEVO TOUEQ TIPOOEYYIOELS, XWPLG OUWCE va €XeL pHEYAAn Sladopd amd autolc.
Juvbualovtag OpwG, Ta PBEATIOTA XAPOKTNPLOTIKA amd TOAAAMAOUG TUTouC oAyopiBuwv
opadomnoinong OVAUEVOUUE O TIPOTELVOUEVOG QAYOPLOUOC VA OVTOITOKPIVETAL O OAEC TLG
anmaltnoelg Twv Alktuwv Anpootag Acpaielag.
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KEDAAAIO 5
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APIOMHTIKA ANOTEAEZMATA

5.1 Evepyeslakn aéloAoynon npotelvopuevou aAyopibuou
5.1.1 ALloAdGynon Tou TPOTIOU KATAVAAWGCNC EVEPYELAC TOU
TPOTELVOUEVOU aAyopiBuou Kal ocUuykplon LE AANEC
nebodouc.

5.1.2 JuvoALKn KATAVAAWON EVEPYELOC TOU CUCTAMATOC

5.2 AfloAOynon Tou TPOTIOU KATAVAAWONC EVEPYELOC TOU
TPOTELVOUEVOU aAyopiBuou Kal olykplon He AAAeC pebodouc.

5.3 A£loAOyNnon OUOLOYEVELOC TTOPAYOUEVWY OUASWV
TPOTELVOUEVOU aAyopiBpou Kal oUYKpLon UE AANEC
TPOOCEYYIOELC.
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5.1 ENEPIEIAKH AZIOAOTHZH ITPOTEINOMENOY AATOPIOMOY

Y€ aUTO TO HEPOG TNG Epyaoiag e¢eTaleTal n evepyeLlakr) anodoaon tng alyoplOukngAvong
TIOU TIAPOUCLACAE OTO Tponyoupeva kepahata. H Staxeiplon tng evépyelag e KATAAANAO Kot
OTTOTEAECUOTIKO TPOTO WOTE va €EUTNPETOUVTOL OL ELOIKEC AVAYKEG TwV SIKTUWV dnuoaiag
aodpAlelag ATAvV €vag omd TOUG KUPLOTEPOUG OTOXOUG QVATNTUENG TOU OUYKEKPLUEVOU
oAyopiBuou. Ze autd to kedalalo e€etaletal n ocuunmePLPOPA MOV TApoUaLAlel o alyoplOpog
ocov adopd TNV KatavaAwon evépyelag. MapdAAnAa yiveTOL GUYKPLTIKN Topouciacn Ttwv
QMOTEAECUATWY Hall He GAAOUG yvwaoTtoU¢ adyopiBuoug opadomnoinong.

5.1.1 A&loAdynon Tou TPOMOU KATAVAAWGCNG EVEPYELOG TOU TIPOTELVOHEVOU aAyopiOou Kat
oUyKpLon He AAAeG pebddoug.

Mépa amo tov mpodavr oTOXO YL EAAXLOTOMOLNGN TNG CUVOALKNG KATAVOALOKOUEVNG
EVEPYELAG TOU CUOTHMOTOG, £VOC aKOUO £E(00U ONUAVTIKOG OTOXOG KOTA TOV OXESLAOUO TOU
oAyopiBuou eival va EMITUYXAVETOL OGO TO SUVOTOV TILO OUOLOHOPHN KOTOVAAWOT EVEPYELAC
oo OAEC TIC OUOKEUEC Ttou amaptilouv to Siktuo. Mo amAd, eival emBUUNTO OL CUOKEUEG LE
pHeyoAUtepa anobépata kot KAAUTEPN EVEPYELOKN AMOS00TN, va ETUAEYOVTAL CUXVOTEPA KOTA TNV
avaBeon Twv evepyoBopwv SIKTUAKWY POAWY, ETOL WOTE VA OTOTPEMETAL N OALKN €EAVTAnON
EVEPYELOG TIO €val PEPOG TWV KOUPBwWY Tou SIKTUOU TIOU UTTOAElmovTal o€ amoBépata Kol e
OUTOV TOV TPOTIO VO ETLUNKUVETAL N Stdpkela {wr¢ TOU CUVOALKOU CUOTIUATOG.

210 MPWTO oTAdLo TG avaiuong, yia va aflodoynbel n popdn KATaVAAWONG EVEPYELOG
TIOU T(POKUTITEL KATA TNV £DAPOYN TOU TIPOTELVOUEVOU aAyopiBuou, ekTeEAECONKE Mpooopoiwaon
otnv omnoia eAdOnoav avd Taktd xpovikd SlaoTAuaTa oTLyULOTUTIA TG TPEXOUCOG OTABUNG
EVEPYELNG KADE HLOG €K TWV OUCKEUWV. Mo KABE TETOLO OTLYULOTUTIO KOTOOKEUAOTNKE ML
ypadLKr TOPACTACN TIOU QTELKOVI(EL CUVOTTIKA Ta emimeda  evEpPyelaG KABE GUOKEUNG TNV
OUYKEKPLUEVN XpOVOOXLOUN ektéAeonG. ETol, n emlokomnnon twv Slaypapdtwy autwv Sivel pa
TPWTN €LKOVA yla TNV Hopdn KATAVAAWGT €VEPYELAC TIOU TPOKUTITEL. Katd tn Sldpkela tng
npooopoiwong, AndOnkav otypotuna, Eva kabe 100 XpoVIKEC LOVADEG, EEKLVWVTOG OO TNV
XPOVLIKN otlyun 0, og pia mpooopoiwaon pe 400 cuoKeVEC Kal oUVOALKH Stapketa 1300 XpOVIKES
HOVASEC. 2Tov opl{OVTLO AEoVO ATMOTUTTWVOULE OAEC TG SLOLPOPETIKEC CUOKEUEG TOU CUOTIUATOG
Kol oTov KAaBeto aova kataypddovial OAEC OL AVTIOTOLXEG EVEPYELEG TNV XPOVLKI OTLYUN TIOU
ANdONKe TO OTLYULOTUTIO. TNV €KKIVNON TNG MPOCOUOLWONG avatéBnke He Tuxaio Tpomo éva
eninedo evépyelag, petafy tou 0.5 kat tou 1, oe kABe cuokeun, OmMwc daivetal KoL oo Tnv
TPWTN KOva(t=0). Me &Laitepa MPOCEKTIKA TAPATHPNCN UMOPOULE Vo SOUHE OTL OG0 POoXwWPA
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N €KTEAECN OL EVEPYELOKEG SLAPOPEG TIOU TIPOKUTITOUV UETAEY TwV SLAPOPETIKWY CUOKEUWV
Telvouv va pelwBouv, av Kot KATL TEToLo Sev elval apeoa mpodaveg amo tnv napouaciacn autn.

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
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Ewkova 6 — EEEALEN aTo xpovo tnG katavourg Stadéatunc evépyeLag KopuBwv

OL mapamavw ypadlkeG mapaotaoelg Sivouv pa aiobnon otL o aAyoplBuog euvoel tnv
opolopopdn KATAVAAWGN EVEPYELAG, XWPIC OUWC VA TTOOOTIKOTOLOUV TNV CUUTIEPLOPA TOU
oauth. Mo va BeBatwbBolpe OTL OVTWC 0 aAyoplOpog €xel tnv duvatotnta va €EOPOAUVEL TIG
SLapopEG OTLG EVEPYELOKEG OTABIEG TWV CUCKEU WV, AAAA Kal yla va eivat Suvatov va ipoBoul e
O€ OUYKPLTLKN avaAuon tng anodoong tou, anatteital va eEkppAacou e tnv Lopdn TnG KATAVOUNG
oUTAG HE TNV PBonBela kamolou pabnuatikol peyeBouc. Etol, AapBAvovtag TNV OTATLOTIKA
SlakpavVon TwV EVEPYELWV OAWV TWV CUOKEUWV TOU SLKTUOU O KABOE XPOVIKA OTLYUNn TNG
TPOOOUOLlWoNG TAPATNPOUHE OTL TPOKUTITEL €val PEYEDOC TTOU MEPLYPAdEL KOl TTOOOTIKOTIOLEL
™V Katavoun auth kot Sivel tnv duvatotnta ylo cuykpioelg pe &AAoug alyopiBuoug. H
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SloKUPAVON TNV XPOVIKN OTLYUN T, UTIOAOYL(ETAL KATA Ta yvwoTd cUudwva Pe Tov akolouBo
HaBnuatikéd Tumo:

1 - 2
Var(®) == (E(®) = s, (@)
i=1
Ormou 1o cuoTNUO amapTileTaL and n CUCKEVEG Kal KABe i cuokeun €xeL evépyela E; ()
TNV XPOVIKA oTyun T. EmutAéov pe ug, (T) cupBoAifoupe tn péon T twv E; evepyewwv tnv
XPOVLKI OTLYUN T.

H enduevn ypaodikn napdotacn(Etkova 6) amelkovilel TO AMOTEAECUATO TTPOCOUOLWOTG
ylo TOV TPOTELVOUEVO aAyoplOuo(Proposed) mou €ylve o€ oUOTNUA LE XOPAKTNPLOTIKA TIOU
Sivovtal otov MMivaka 1. 3tov opllovilo afova Tou SLaypAUPOTOG OITOTUTIWVETOL O XPOVOG
EKTEAEONC, €VW OTOV KABeTO Afova TOmoBeTONKAV Ol OVTIOTOLKEG TIUEG TIC SlaKUUAVONG yLa
KABOE XPOVIKN OTLYUI, OTWE QUTEC TIPOKUTITOUV CUUGWVA LLE TOV TTAPATIAVW HoBONUaTIKO TUTIO
™¢ Stakupovongc.

Kata tnv évapén tng mpooopolwong avatednke Pe TuXaio TpOMo og KABs cUOKEUN £val ApPXLKO
eninedo otabUNG eVEPYELAC KAL EVOG pUBUOC KATAVAAWONG TNG, EMIONG UE Tuxaio Tpomo. Ta elpn
TWV TIHWV PETAEL Twv omoiwv yivetal kabe dopa tuxaio emloyn yla ta duo autd PeyEOn
daivovtal otov Mivaka 1. AOyw TOU YEYOVOTOG OTL TO €UPOC TOU OPXLKA avaTlOEpevou puBuou
KATAVOAWONG EMNPEATEL ONUAVTLIKA TNV SLAKUUAVON TWV EVEPYELWV TWV KOUPBwWV Tou SikTuoUu,
OTWG €ywve eudaveg pEoa and emavalapPavoueveg eKTEAECELS TNG Tpooopoiwaong, Kpilbnke
avaykaio va mopouclacBolv U0 CET TMPOCOUOLWOEWV TWV ONMOlIWV TA amoTteEAEoUATA
gudavilovral otig Etkovecg 6 kal 7. O PoTeVOEVOC aAyOpLlOUOC, TIou EUPaVIIETAL PIE TNV ETIKETA
“Proposed” og 6A\a ta StoypAppaTa ToU akoAouBouv, EMITUYXAVEL HElwon TNS SLAKUUOVONG TWV
EVEPYELWV TWV KOUPBWV, XOpAKTNPLOTIKO Ttou eival emBupunto. H mpotewvouévn Avon katadEpvel
va €EOPOAUVEL TIG SLadOPEG TWV EVEPYELWV TIOU avaTEBNKAV KATA TNV apXn TNE MPOCOUOLWONG
OTLG OUOKEVEG. Na va emiBefalwbel Opws n cupunepldopd AUTH QAMALTELTOL KOL GUYKPLTIKN
OVAAUCHN, WOTE va YIVEL OVTIANTITO OV TO CUMMEPOCMO AUTO lval KATL TTOU MapaATnpPEiTal o€
O0Aoug toucg alyopiBpoug opadomoinong n av OVtwg eival amotéAeopa TG avaAluong Kal Tou
oxedlaopou mou €Aafe xwpa oTo MAALOLO TNC Epyaaciac.
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Mivakoag 1 - Aptduntikd otoLyela TPoooUolwon¢ MPOTELVOUEVOU aAyopiBuou

AplOuoG Koppwv 400
Extaon Meploxng 8000m x 8000m
EUpoG apxIKa avaTIOEUEVWY OTABUWY EVEPYELAG [0.5,1]

EUpog apxika avatiBéuevou puBuou katavaiwong | [0.7,1] /[0.9,1]

T katwdAlol OXETIKNAC KateLBUvVONC Kivnong 90°
Mooooto evépyelag SLaAuong 80%
Mocooto nmAnBoug KOpPBwvY SLaAluong 40%
Méyloto aplBuog cuokeuwv ava «KouBo Kepain» 15
Ay, Ay, Az, Ay 0.3

As, Ag 0.5

‘Etol, oTIC ypadIKEC MAPACTACELS TTAPOoUCLAIOVTOL TO ATOTEAECUATA ATO AANEG TECOEPLG
ETUMAEOV TIPOCOLOLWOELG, KABE LA EK TWV OTIOLWV OVTLOTOLXEL O€ évav SLapopeTIKO aAyoplOuo
opadomnoinong. ApxLka, mpooopolwOnkav ot aAyoplBuol Lowest ID kat Highest ID. Ot alyoplBuot
autol mepleypadnkav cuvontikd oto Keddlalo 3 otnv Kkatnyopia He Toug aAyopiBuoug
opadomnoinong pe Baon To avayvwplotiko kabe koppou. Afilet va emavadlatunwbOel oto
onueio auto otL oupdwva pe tov Lowest ID emidéyetal mavta wg KouBoc KepaArnc n cuokeun
TIOU €XEL, METAEU TWV YEITOVWV TNG, TO HIKPOTEPO HOVASIKO OVOyVWPLOTIKO aplBuod ID kat
avtiotolya, otav ekteAeital o Highest ID aAyoplBuog emAEyeTal N CUOKEUN E TO Leyalutepo ID
yla tnv avaAnyn tou poAou autou. OL duo autég mpooeyyioelg Sev Aappdavouv unodn Toug
KavEva aro ta blaitepa xapaKTnPLOTIKA Tou MEPLBAAAOVTOG TToU £EETATOUE KAl CUVETIWE Elval
OVOLEVOUEVO VO PELOVEKTOUV cofapd oe KAOes TopEa. Asv XpnoLpomolouv SeSopéva eVEPYELOC
KOTA TNV Opyavwon Twv opddwv Kol oUVENWC epdavilouv pHeElwHEVN amodoon onwg sival
WOlaitepa epdaveég amod TG Etkovee 6 kal 7. H Slakupavon OTL( €VEPYELEC TwV KOMBwvV
mapoucoLalel aufavopEeVn TAON KAl OTLG SUO ELKOVEC, TIAPATHPNON TTOU UTTOSELKVUEL AUEAVOLEVEG
SL0bOpPEG OTLG EVEPYELAKECG OTABUEG TWV CUCKEU WV TOU SLKTUOU.

AkoAoUBw¢, mpooopolwBnkav duo akopa aAyoplOpoL TTou €XOUV ETIKETOTIONOEL WG
“Energy” kot “Mobility” ota duo mpwTta autd cuykpLTkA dtaypdppata mou séetaloupe. Kal ot
duo autég mpooeyyioelg amoteAouv apaAAayEG Toug Kupilou Tpotelvopevou aAyopiBuou. O
TPWTOC, av Kal gival Baclopévog oto MANRPEG cuotnua mou meplypadape oto Kedalato 4,
oTeEPELTAL OAWV TWV PNXOVIOHWVY 6paong BaoWOPeEVWY OTNV KLWVNTIKOTNTA TOU OUOTHUOTOC.
AmoteAel pa mopaAlayn ou Kotd tnv erihoyr «KouBwv Kepalrc» Sev cupmepAapPAvel TLg
nmAnpodopieg katevBuUVONG TOU XPNOLUOTIOLEL 0 KUPLOG aAyoplBuog. PuBuilovtag katdAAnAa tig
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oTaBEPEC TMAPAUETPOTIOL|OLUEG TIUEG MIMOPOUME €UKOAA va MeTaBolpe amd Tnv KupLla
TIPOTELVOLLEVN TIPOCEYYLON O €vav aAyoplBuo opadomoinong PACLOMEVO ATIOKAELOTIKA OF
kpttpLa evépyelag (BA. 3.5.4). Ano tnv aAAn mAeupd, o aAyoplBpog pe etiketa “Mobility” elvat
oavtiotolya PBaOLOUEVOG OTO TIPOTELVOUEVO aAYOPLOUO , OUWCE eival amaAAayuEVOG amo OAa Ta
otolyela Kal pnxoaviopolg Slaxeipong mou Paoilovtal otnv evépyela twv KopBwv. Etol
T(POKUTITEL EVAG OAYOPLOLOG OVTUTPOCWITEUTLKOC TNG TPLTtNG Katnyoplag, opadomnoinon e Baon
TNV KWNTIKOTNTA, oUWV UE TNV avaAuon tou KedaAaiou 3(BA. 3.5.3).

Me omtikry emomnteia Twv Slaypapudtwy mopatnpeitat 6tt BEéAtotn anodoon ek Twv
Tévte aAyopiBuwv mou ouykpivoupe, eudavilel o alyoplBuog “Energy”. Katl tétolo eivat
QVaUEVOUEVO, KOBWC 0 TeEAeuTaiog amoteAel pia AUON amokAELOTIKOU okomoU Kal Sev amalteitot
va €xelL e€loou kaAn amodoon kal o AAAOUG ToUElG. AkoAouBel o “Proposed” alyoplBuog o
omolog npooeyyileL tov “Energy” , ue ocupunepipopd avapevopévn Kat embupntr). AkoAoUObwg,
oL urtoAourol TPeLg opolalouv HeTafL TOUC OTNV eVEPYELAKN anddoon nou eEeTAlOUUE OTO MOPOV
Saypappa(Ekoves 6 kot 7). Kat ol tpelg tedeutaiol alyoplBuol epdavilouv auvavouévn
Slakupavaon, yeyovog mou SikatoAoyeital av AdBoupe unmodn tnv TARPN amoucia Xprnong
TIANPOPOPLWYV EVEPYELAG KOTA TNV EKTEAECT TOUG. Elval onpavtiko, emiong, va tovioBei n vmapén
gvtovng Sladopdc amdédoong Twv TPLWV TEAEUTAlwV OAYOplOUWVY ot oxéon Pe toug Suo

TIPWTOUG.
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Ewkova 7 — Alakuuavaen cuvaptiost tou ypovou (R, € [0.9,1])
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Ewkova 8 — Alakuuavan ouvaptioel tou xpovou (R, € [0.7,1])

QG AOYIKO AMOTEAECUA TNG ETMOUUNTAC AUTAG OUOLOHOPHNG KATOVAAWONG EVEPYELAG TWV
OUOKEUWV TIOU amapTilouv to SiKTUO, OVOUEVETAL va €lval n  EMUAKUVON TOU GUVOALKOU
xpovou wng toug. Auto onuaivel otL ol kouPol Ba apyolv va kataAnéouv oto onueio tng
TIANPNG EVEPYELAKAG TOUG £EAVTANGONG. Q¢ K TOUTOU TO CUOTNHA 0TO 0UVOAO Toug Ba eival mo
otaBepo Kal alomioto.

Na va empPepawocouvpe tnv umoBson authy, Slapopdwbnke TO EMOUEVO
Staypappa(Ekova 9). Ze auto To ypadnua avanapiotatal o aplOpog TwV CUCKEUWYV TIOU €XOUV
e€avtAnoeL ta anobEépato evEPyElag TOUC, OUVAPTHOEL TOU XPOVOU TNn¢g mpooopoiwonc. Na
ONUEWWOEeL OTL yLa va mapaxBel autd To dlaypappa, LelwONKav Ta OpLa TOU EUPOUG TWV APXLKA
OVOTIOEUEVWY OTABUWY EVEPYELAC, WOTE VA EXOUHE AMWAELX KOUPWV 0 €va AOYIKO XPOVIKO
Staotnua amnd tnv évapén t¢ npocopoiwong. Napatnpoupe Aowmdv OTL TO00 0 MPOTELVOUEVOC,
000 KOl O ATTOKAELOTLKA EVEPYELAKOC aAyOpLOUOC kaBuotepolV TV MpwTn “anwAela” kKOuPBou ot
ox€on HUE Toug uttdAounou tpeig. Tautdxpova dlatnpouv, o€ KABE XPOVIKA OTLYUI, ULKPOTEPO
oplOpo “vékpwv” KOUPBwWVY, KATAARyovTaC £TOL LE IEPLOCOTEPOUG AELTOUPYLKOUC KOUBOUC oTOV
610 xpovo mpooopoiwong. Kat’ avtiotolyia pe ta mponyoupeva Suo Slaypapparta, mponyeital
0 EVEPYELOKOG OAYOPLOUOG, EVW O TIPOTELVOUEVOCG akoAouBel pe pikpn Stadopd. O umtdAourol
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TPELG Kvouvtal ota (Sla enimeda, Slatnpwvtag OUwS afloonueiwta pKkpotepn anodoon oe
OX€0N HE TOUG SUO TPOTIOPEVOHEVOUG.
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Ewkova 9 — AptSudg “vekpwv” oUOKEUWY OUVAPTHOEL TOU XPOVOU

5.1.2 uvOAwKN KOTAVAAWGCHN EVEPYELOG TOU GUOTHLOTOG

Mépa amd tnv «&Eumvn» Slaxelplon MOpwWV OV TEKUNPLWONKE amod TNV mpoesktebeioa
avaAuon, afilel oto onuelo auto va e€eTaobolv oL EMUTTWOELS TNG AAYOPLOULKAC 0pYAVWONG
TIOU TIPOTEIVETOL OTNV OUVOALKA KOTAVOALOKOUEVN EVEPYELD TOU OUOTAHATOC. QOC OUVOAIKN
KOTAVAAWON EVEPYELOG TOU CUCTAUATOC OTO TEPAG LA Tipooopoiwaong opiloupe tnv Stadopad
TOU 06pOloUATOC TWV EVEPYELWV OAWV TWV CUCKEUWV KATA TNV €vapén TG amo To avtiotol o
aBpolopa oto TEAOC TNG. EKTEAWVTAC TPOCOUOLWOELS VLA TOV TIPOTELWVOUEVO aAyopLlOpo aAAd Kat
ylad TOUG TEOOEPLS AAAOUC TIOU XPNOLUOTIOLNCAUE Tapamavw dnuioupyndnke to akoAoubo
Staypappo(Ewkova 10).

OL aAyoplBuol Lowest ID kal Highest ID mapouctdlouv TNV UEYLOTN KaTAVAAwon
EVEPYELAG EVW 0LKOAOUBEL 0 aAyOpLBOC TTOU XPNOLUOTIOLEL ATTOKAELOTLKA OTOLXELO KLVNTLKOTNTOC
Ao to (610 Slaypappa TTPOKUTITEL OTL CNUAVTIKA BEATIWHEVN amOd00N O OXEON HE TOUC
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T(PONYOUHEVOUG, TIAPOUCLALEL O EVEPYELAKA ETUKEVIPWHEVOC aAyoplOuog, evw tnv B€on tng
EAAXLOTNG KATAVAAWON EVEPYELAG KATAAAUPBAVEL O TTARPNG AAYOPLOUOC TTOU TIPOTEIVETAL OTNV
epyacia auti. To amotéAeoua £pxetol o€ avtiBeon pe TNV TAPOTNPOUMEVN TACGH TOU
akoAouBoUv Ta SlaypAappaTa Tou eEETACTNKAV UEXPL OTLYUNAGS KaBwe o “Proposed” alyoplBuog
dalvetal va UTEPEXEL €vavilL TNG EVEPYELAKA QTMOKAELOTIKAG TopaAlayng Tou. Authq n
TapaATAPNON, TOPOTL EPXETAL OE CUYKPOUOHN HE T EUTIELPIKA OVOUEVOUEVO QTOTEAECUATA,
umopel va e€nynBel av AdPel kavelg umoyn Tou TO OUVOALKO cUOTNUA KABWC Kal TLG
AP PETPOUC TTOU KaBopilouv TNV anwAela evépyelag. H attioloyia mapatibetal akplBwg HeTA
TO SLAypappa.

59.5 T T T T T

59

58.5

Energy consumed

58

57.5

Lowest ID HighestID Energy Mobility Proposed

Ewkova 10 — ZuvoALkl) KATaVaALOKOUEV EVEPYELX CUOTHUNTOG

H kotavaAwon evépyelog evog KOUPBoU o €va aoUPUATO SIKTUO KLVNTWV CUCKEUWV
e€aptatal, ev HEPEL, APXLIKA, ATtO TOV POAO TIOU AUTOC SLaKaTEXEL, TIX “KouBogc MéAoc” ) “KouBocg
Kepadn”. O polog autog petadpaletal o popto epyaciag. Na mapadelypa évag “Koubog
Kepadn” eival emidbopTiopévog pe TNV SpopoAoynon Twv SES60UEVWV TWV UTTOAOUMTWY HEAWV TNG
opadag, evw ol “KouBot MEAn” eivat umeBuvoL LOVO TNV ATOOTOAN TwV SLKWV TOUG SES0UEVWV.
ErmutAéov, o aplBuog twv kopPwv mou cuvdéovtal o vav “KouBo KepaAn” emnpedlel tnv
OTTOLTOUHEVN EVEPYELD Yot TNV efumnpeétnon Ttouc. Mépa amd Ta mapaAmavw, yla va
0£LOAOYNCOULE TNV KOTOVOALOKOUEVN EVEPYELA E(VAL AVAYKALO VO EEETACOU E TNV ATTALTOUUEVN
loX0 EKTMOUMNG ylo TNV EMKOWVwWVIO METAEL Twv KOUPwvV Tou acuppdtou Siktuou. Omnwg
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nepleypadnke Kol o€ TponyoUUeEVO KeDAAOLO, CUOKEUEG Tou Pplokovtal oe peyaAUlTePN
anootaon UETAEU TOUG KOTAVAAWVOUV PEYOAUTEPN EVEPYELA VLA VA ETUKOLVWVIOOUV OE OXEON
He éva aANo {eUYOG CUOKEUWV OTO OTIOLO N ULa OUCKEUT BplokeTal MAncléotepa otnv aAAn. OAa
TOL TTAPATIAVW €XOUV CUUTEPIANGOEL 0TO LOVTEAO KATAVAAWONG EVEPYELAC TIOU XPNOLUOTIOLETOL
KQTA TNV TPOCOMOIWON OE HLO TIPOOTIABELN VO TIPOCEYYLOTEL, 000 TO SuvaTtov KaAuTépa €va
TipayHaTKO TeptBaliov edappoyng. Ol alyoplBuol Lowest ID kat Highest ID 6nwg e€nynoape
KOl TIOPATIAVW TIAPOUCLAlOUV TNV MEYLOTN KATAVAAWON EVEPYELOG, SLOTL OUASOMOLOUV TLG
OUOKEUEG XWPLE Kaveva amoAUTwWE KPLTHPLO TIOU €XEL OXEON N EMNPEALEL UE KATIOLO TPOTIO TNV
EVEPYELOKN ouumeplpopd . Amo tnv AGAAn mAeupd, o “Energy” alyoplbuo¢ mapoucialel
ONUOVTIKA ULIKPOTEPN KATAVAAWGN, YEYOVOC TOU €ilvol aVAUEVOPEVO, KABwC o TeAeutaiog
AapBavel unoPn Tov pubuod KAtavAAwong eVEPYELOG KABE CUOKEUNG KOL EUVOEL OQUTEG ME
HLKPOTEPO pUBUO yla TNV avaAnn Twv evepyofopwv pOAWV TOUG EVTOC TOU CUCTIUATOC, EVW
TOUTOXpOVA EAQXLOTOTIOLEL TIC QAMOOTAOEL METAEU TWV APECA OUVOESEHEVWV KOUBWY TOU
Siktbou pe v PBonBela TG mMopapétpou P. TeAlkA OUWC, O TPOTEWVOUEVOG aAyoplOpog
KatapEPVEL va ETUTUXEL TNV EAAXLOTN KOTOVAAWON HETAEU Twv Tévie efetalOpevwy
Tipooeyyioewv. Kal TouTo 8LOTL emITuyXdvel va  ouvdualel Tnv amodoTiKr) opyavwon Tou
QIMOKAELOTIKA evepyelakd Paollopévou alyopiBuou pe otabepdtnta ToOu TPOOHEPEL N
opadomnoinon e BAON TNV KWWNTIKOTNTA. € £va SIKTUO HE €vtovn KvNTIKOTNTA Sev apKel va
AndBoUV cwoTég amodAcEeLS yla TNV apxLkh Lopdn tng opadomoinong, aAAd Tautoxpova eivat
avaykaio, mtpoPAEnovrag tnv Béon twv kKOpBwv va e€aocdaliletal OtL n apxlki popdn Twv
opadwv Ba mapapeivel amoSOTIKN yLA EVO GNUAVTLKO XPOVLKO SLACTNHA KOL OLUTO ETUTUYXAVETOAL
pe ocuvbuaotikn aflomoinon MAnPodopLWV EVEPYELAG KAL KLVNTLKOTNTAC.

5.2 AZzIONOrHzH :TAGEPOTHTAZ NPOTEINOMENOY AATOPIOMOY

Ztnv evotnta auti 6a aoxoAnBoupe amoKAELOTIKA PE TNV avAAuon TnG otabepotnTag
TWV TIAPAYOUEVWY Oopadwy. MNa Tov OKOMO autd eKTEAECONKOV TIPOCOUOLWOEL OAWV TWV
OoAyOplOUwWYV TIOU XpNnOoLUoToLoape NN yla TNV eVepyelokn afloAoynon, moapdAAnAa e Tov
oAyoplBuo mou avamtuéape otnv gpyacia auth. MNa tv dnuloupyia TOU MPWTOU OET TWV
Staypappatwyv(Elkoveg 12 kat 13) petpndnkav ol ypovor {wn¢ OAwv Twv OUAdwvV Tou
SnuoupynOnkav Katd TNV KABE KTEAEDN KOL OTO TIEPAG TOU XPOVOU UTIOAOYIOTNKE 0 LECOC OPOG
TWV TWHWV autwv. Qg ypovo lwnc po opadag(cluster) opiloupe tic povadeg xpovou mou
TapEPXOVTAL HETAEU TNG XPOVLKAC OTLYUAG TNG apXLKNC cuotaong tng(emloyn tou «KouBou
Ke@aAn») kaL tng XpOVIKNAG OTLYUAG TTou N opdda Stalvetat(o «KouBoc Kepadn» aneAeuBepwvel
TO OAa T HEAN TNG opdda). Me otoxo va AndBouv 1o avVILTPOCWIEVUTIKA OMOTEAECHATA, YL
KaBe alyoplOuo Eywav mpooopowwoel pe Sladopetikd TANON cuokeuwv SLKTUOU Kal
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UTTOAOYLOTNKE O LECOG OPOG TWV HECWYV OpWV TWV XPOvVwy {wNG mou LeTpnBOnkav. ETol, yla tnv
napaywyrn Tou Tpwtou ypadnuatog(Ewkova 13), ekteAécOnkav TIPOCOUOLWOELS Yla
50,60,70,80,90 kot 100 koppoug kot AdBape Tov PECO OpPO TWV TLUWV TIOU Tpoékuav. XTo
Slaypappd mou TMPOKUMTEL €ival eudavig n UTEPOXN TOU ECTLAOUEVOU OTNV KLVNTKOTNTA
oAyopiBuou. O mpotewvopevog aAyoplBuog mapouctdlel amdédoon mou TMAnoLAlel Tov
T(PONYOUHEVO SLaTtnpwvTag TApAAANAQ ONUOVTIKO TpoRAadlopa €vavil TwWV UTMOAOLMWY TpLWV
T(POOEYYIOEWV. AUTH N CUMMEPLPOPA NTAV QAVAPEVOUEVN Kal N Taon mou eudaviletal eival
TIAPOUOLA. QUTNV TIOU Tapatnpndnke katd tnv evepyelakn afloAoynon. O alyoplBuog mou
AapBavel umoyPn TOU OUTOKAELOTIKA OTOLXELDL KLVNTIKOTNTAG EMITUYXAVEL TNV BEATIOTN
otaBepotnTa eVvw 000l aAyoplOuoL mpocopolwdnkayv Kat Sev xpnolponolovoav ANPodopieg
yla TNV Kivnon twv KOpBwv Snuoupyolv opades ue Hikpotepn Stapkela {wng Katd LECO OpPO.
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B
(23]

Lowest ID Highest ID Energy Mobility Proposed

Ewkova 11 - Méan tun diapketag {wng ouadwy (50-100 kouBot)

Avtiotolya pe tnv Ewkova 13, emavaAndOnkav ol 8leg HeTprioelg yia dAAo €va €0PoG
mAnNBoug kKOUPwv, wote va emPBeBalwooupe OTL N TAON TIOU tapatnpPoUue eudaviletal Kal o
CUOTNUATA LE TIEPLOCOTEPOUC KOUBOUG. Na aUTOV TOV OKOTO, EKTEAECONKOV TIPOCOUOLWOELS YLot
160,170,180,190,200 kat 210 kO6pBouc auth T dpopd, AapBAVOVTAG TOV LEGO OPO TWV TLLWV TTOU
Tpoékuayv, KoTtd Tov (Lo TPOTIO UE TIPONYOUUEVWC.
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Ewova 12 - Méon twun dtapketag {wng ouadwy (160-220 kouBot)

Ta mopanavw dLaypappaTa TTAPEXOUV LA ELKOVA YLA TNV cupmepLldopd Tou alyopibuou
mou oupPadilel pe Tt avapevopeva amoteAéopata. Mapoda oautd kaBe SladopeTikn
ipooopoiwan €ywve pia povadikr ektéAeon. MNa va £XoUHE TNV SUVOTOTNTA VA YEVIKEUGOUUE TLC
TAPOTAVW TOPATNPAOCEL, QAAAQ Kal yla vo. aUENOOUUE TNV aflomiotia Twv Aappavouevwy
Sebopévwy yla T ouumneplpopd kaBe oAyopiBuou, KpiBnke okoOmuo va mpofolue o€
TOAMOTAEG  eKTEAECELC  KABe Tpooopoiwong He  Sladopetiky  apxwkomoinon  tng
XPNOLUOTIOLOUEVNG YEWNTPLAG TuXaiwv aplOuwv kdbe ¢dopd wote va efaleldpBolv TtuxoV
TUXQLOTNTEC TTou evEEXeTal va aAAolwvouv Tnv AndBeioa mAnpodopia. 1o emOpevo SLaypappa
KABe onueio mou Sivel po TR péong Stapkeiag wng opadog yla éva oUYKEKPLUEVO TTANB0G
OUCKEUWV KATA TNV edopUoyn EVOC CUYKEKPLUEVOU aAYOpPLBLOU OVTLOTOLXEL OTOV HECO OPO TWV
TLLWV TIou TPoEéKuPav KATA TNV €KTEAECn TNG LSlag MPOoopoiwong MEVIAKOOLEG POPEG UE
SladopeTiki apxLlkomoinon tng YevNTpLaG Tuxaiwv aplBuwy Kabe dpopd. Ztov opliovtio dfova
£€Xoupe TO MANBOC TWV CUCKEUWV TIOU Xpnolpomolndnkav oe kaBe mpooopoiwon. Eywvav
TPOoOoUOLWOELS yla 50, 60, 70, 80, 90 kat 100 cuokeuég. Itov KaBeto afova amodidovtal ot
ovTioToLXEC TIHEG TNC HEoNC Slapkeiag {wn¢ opadag.
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Ewkova 13 — Méan tiun dtapketog {wng ouadwv(cluster) cuvaptiost tou aptduou twv kouBwv

Me pLa mpwTn EMONMTELN TOU SLaypAUUATOG TAPATNPOULE OTL TNV UEYLOTN oTtabepotnTa
ETUTUYXAVEL O aAYOPLOUOC TTOU XPNOLUOTIOLEL oToLXEla KlvnTikOTNTAC Kot Sev AapBavel umoyn
TOU TNV EVEPYELAKA TITUXH ToU TPoBANUatos. AKoAouBel o ARPNG MPOTELVOUEVOG OAYOPLOUOG LE
onUavtika pikpn Sltadopd tou pécou xpovou Lwn¢ and tov ponyol Uevo. Emelta oL UTIOAOLTEG
TPELG Tpooeyyloelg epdavidouv blaitepa pelwPEVN oTaBepdTnTa eV TOUTOXPOVA KlvoUvTal
ota (6la enineda. Ta amoteAéopata autd eival evBappuvtikd kabwg n cuumepidpopd Tou
TapaTtNPOULE cUUPBASIEL Ue TO AVAUEVOUEVO.

Mta akOpa apaThPNon IOV TIPOKUTITEL E(val OTL UTIAPXEL TAON AVENONG TNG LEONG TLUAG
¢ Swopkeiag Lwng g opadag pe avénon tou mMARBoug Twv KOuPwv. Katt tétowo esival
OVOLEVOUEVO OV OVAAOYLOTOULE OTL TIEPLOCOTEPEG CUOKEUEG OTOV (L0 XWPO aVTLOTOLXOUV o€
TIUKVOTEPO OUOTNHO. Z€ €Va TIUKVOTEPO CUCTNUEVA ELvaL TILO EUKOAO €vac KOUBOC va evtomilel
KATAAANAEG OUOKEUVECG yla ouvdeon KabBwg €xel va emlé€el amod éva peyalutepo mARBog
VELTOVIKWV KOPBwv. To dawvdépevo autd umofonba tnv dwadikacia kat Stapopdwvel o

otaBepég opadec.
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5.3 AZ=IOAOrHzH OMOTENEIAZ NAPATOMENQN OMAAQN MPOTEINOMENOY AATOPIOMOY KAl
ZYTKPIZH ME AANEZ NMPOZEITIZEIZ.

1o teAevuTtaio HEPOC TOU TAPOVIOG KEDAAQIOU, TAPOUGCLALETAL N OULOYEVELA TWV
TIOPOYOUEVWY OHASWVY TIOU ETUTUYXAVEL O TIPOTEWVOUEVOG  aAyoplBuog. T Aoyoug
povtelomoinong BewpoUpe OTL oL CUOKEUEG LSlou TUTOU €Xouv HeyaAUTepo evlladEpov
ETUKOLVWVIAG METAEL TOUG KOl avaBEToupe avtiotowa Tig TIHEG evlladEpovtog i. Opiloupe wg
OUOYEVELX TWV OPASWY TOU CUCTAUATOC pLa SeSOUEVN XPOVLIKA OTLYUNA TOV HECO OPO TWV TLHWV
OMOYEVELAG OAWV TOV OUASWV TNV XPOVIKN OTLYUN auth. H TLUA TNG ouotloyEvelacg kade ouadac
UTTOAOYLIETAL WG O LECOG OPOC TWV TLHWV EVOLADEPOVTOC ETIIKOWVWVIAC KABE KOUPBOU PEAOUC PE
Tov KOUPOo KedaAn TnG opadac avtnc. AnAadn av pia opada €xelt M kopBoucg LEAN, N OLOYEVELR
NG unoAoyileTal wg €NG:

M
1
Cluster Homogeneity = i Z i(j,CH)
j=1

Omnou pe CH oupBoAiletal o KouBog Kepadn tng opadag (Cluster Head) kal ue i(j,CH) n
TLUA Tou evlladEpovTtocg emikovwviag Tou KopBou péAouc j pe tov KouBog KepaAn.

Onwg Kal OTI{ TPONYOUUEVEC UTIOEVOTNTEG Omou afloAoynBnke n amodoon Tou
aAyopiBuou mou avartuxbnke, £toL kot edw, yLa AGyoug cUYKpLoNG, TPOoCcoUoLWONKayv mEpa ano
TNV TPOTEWVOPEVN ekbo)N, Suo akoua mapalayeg TnG aAlAd kot ol aAyoplBuol Lowest ID kat
Highest ID. H mpwtn mapaliayn €xet avadpépetal ws « Mobility» aAydplOuog ota Staypdupata
TIou akoAouBouv. ITnv MPOocEyylwon autrh ol KopBolt opadomolovvtal cUUPwvo HE TOV
TIPOTELVOUEVO OAYOPLOUO e TNV Sladopd OTL £xel e€aleldOel MANpwC KABEe xprion MAnpodopLwv
evladépovtog enmkowvwviag oto otadlo Tn¢ emloyng Twv kopBwyv mou Ba amapticouv tnv
opada. Avtiotola, n emopevn mapaiAayr mou avadEpetal wg «Interest» aAyoplBuog dev
Xpnolpomnolel MAnpodoplec KvNTIKOTNTAC KATA TNV €MAOYN TwV KOUBwvV HEAN KATA TNV
Snuoupyla Twv opadwv.

Katd TIg mpooOoUOLWOELG TToU ekTEAECONKAV LE OKOTIO va LovteAomolnBel to evlladépov
ETUKOLVWVLOG OL CUOKEUEG KaTaveUnOnkav o€ TPeLg LoomAnBeic opddeg. O aplBuog autocg ATav
auBaipetoc kal Ba pmopoVoe va TIAPEL OTIOLASHTIOTE TLUA KOBWG EEUTINPETEL LOVO TIG OVAYKEC
anodoong TIHWV evOladEPOVTOC ETIKOWVWVIAC OTIC oUOKEVEC. KaBe kOpPBog €xel auvénuévo
evbladépov emikovwviag Pe autolg mou avikouv otnv dla opdda evw avtiotolya HUIKPO
evlladépov e aUTOUG TTOU aAviKouv o€ omoladnmote amod tig AAAeg duo. Kabwg ol koupot
TomoBeToUVTAL OTO XWPO HE TuXaAlo TPOMO Katd TNV évapén tng mpooouoiwong, efetalovrtag
KAOE UIKPOTEPO HEPOC TNG OGUVOALKNAG TIEPLOXNG, €LVOL OVOLEVOUEVO, OV ULa OUCKEUN €XeL N
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., N . . , , . , 2N . ,
VELTOVIKEG, — €f’ autwv Ba avikouv otnv i6la opdda evw Ta uTtOAouta 5 Ba avrKouv oTLG AAAEG

SV0. TO YKPOUTL TWV TIPOCOUOLWOEWYV TIOU EKTEAECONKAV yLa vl AABOUE TNV EMOUEVN YpADLKA
napdaotacn avabéoape T evdladEpovtog petafl SUo KOUBwWVY Mou avrkouv otnv dla opada
0.9 evw MeTagL autwv mou avrkouv o€ dladopeTikég 0.3. Me Bdaon Ta mMapandavw aplOunTika
oTtolxela, N opoyEévela og KABE TtepLoxr Tou xwpou Ba mpenel va Aapavel TLun nepinou lon pe
(0.9 * %) + (0.3 * g) = 0.5. Zuvenwg kaOe TR opoyévelag plag opadag mavw amd tnv 0.5
UTTOSEIKVUEL HEYOAUTEPN OUOYEVELA OO QUTAV TIou Ba emituyxave €vag aAyoplbuog mou dev
AapBavel umtodn tou mAnpodopieg evdladépovtog enkovwviag. Eival, dnAadn, €vdelen otL o
aAyOpLOLOG TTOU TTAPOUCLALEL, KOTA LECO OPO, TETOLEG TIUEG BeATIOTOMOLEL TNV opadonoinon Ue
Baon ta evoladEpovta eMKOVwWVIAE LETAEY TWV CUOKEUWV TPLULOSOTWVTAC TNV KATATAEN TWV
KOUBwWV Tou avrikouv oto 810 ykpouTt evéladépovtog otnv dla opada(cluster). Npayuartt, otnv
Ewkova 15 mapatnpoUpe OtTL, TO00 O TPOTEWVOUEVOC AAYOPLOUOG OCO KAl N EO0TIAOUEVN OTO
evlladépov enikowvwviag, mapaAlayrn Tou, Kvouvtal KAatd KUpLo AOyo TAvw amo To TNV TLUNA
0.5. AvtlB€Twg, Kal oL Tpeic aAAoL aAdyoplBuol ou mpocopolwdnkav kKat dev meplapfavouv
nmAnpodopia evéladépoviog otnv ANPng anodpdcswv opadomnoinong, €Xouv UECN TLUA TOU
KLeltal kovta oto 0.5, onw¢ 0pBwg MpoPAEP ape mapamavw.
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Ewkéva 14 — Ouoloyévela mapayOUeEVwWY ouadwv

OAokAnpwvovtag TNV afLoAOYyNon OLOYEVELOG TTAPOUGCLALOUE GANO £va SLAYPOUUA LLOG
HETPLKNC TIOU OUOLALEL UE TNV TIPONYOUUEVH. H LETPIK auTh avapEPETOL WG OALKI) OUOLOYEVELX,
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N «Intra-homogeneity», onw¢ ocupPoAiletal oto Sldypappo Tou akoAouBei, Kal yla va
umoAoyLloTel akoAouBeital n mapakdtw Stadikaoia:

ApXKA A BAVOULE TNV TLUA TNG 0ALKN G OUoLoYEVELAC Kade opddag Tou UTIOAOYIZETAL WG
0 UECOG 0pOC TWV TLHWV eVOLADEPOVTOG EMIKOWVWVIAG KABe TBavou {elyoug CUCKEUWV TIOU
avikouv otnv opada auth. Av pia opada €xel n péAn(ouumneplhaBouévou Kal tou KouBou
KeaAn) tote Ba éxoupe (72‘) OpPOUG KATA TOV UTOAOYLOMO TOU HECOU OpOoU auUTOU.
Enavalappavetal n dStadikacio ylo kaBe opdda kat urtoAoyiletal 0 LECOG OPOG TWV UECWV
O0pwV Tou MpoékuPav Sivovtag TNV TLUN TNG OALKIC OUOLOYEVELXG TOU CUOTHATOC Uia SeSoUEVN
Xpovikn otyun. H 0An Swadikacia Sievepyeital kat emavaAndn kABs xpovikn OTyUn Kot oL
TLOPOYOLEVEC TLUEG OTELKOVI(OUV TO KOBEOTWC OUOLOYEVELOG TOU OCUOCTHUOTOC QVA XPOVIKN

oTLyun.

H mapayopevn ypadikn mapdotacn akoAouBel tnv dla taon mou mapatnprioape Kot
nipwv. O «Interest» aAyoplBuog mponyeital evw o «Proposed» akoAouBei. Ot umtOAoumol TPELG
Kwvouvtal TaAL ota idla emineda epdavidovrag XapnAOTEPES TILEG OUOLOYEVELAC OO Toug Suo

T(PONYOUHEVOUG.
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Ewkova 15 - Ouotoyévela mapayouevwy ouadwv(oAtko adpotoua)
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KEDAAAIO 6




2YNOWH KAI EMOMENOI zTOXOI

6.1 Xuvoyn tou aAyopiBuou Kal emopevoL otoyol
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6.1 XYNOYH TOY AATOPIOMOY KAI EIIOMENOI XTOXOI

TNV SUTAWMATIKY gpyacia auth avantuxdnke éva alyoplBuikd cuotnua opadomnoinong
OUOKEUWV oTta mAaiola Twv Siktuwv dnuoociag acdalelag. Na va enteuyBel To amotéAeopa
QUTO TPWTA LEAETAONKAV EKTEVWE OL AVAYKEG TWV SIKTUWV aUTWV. EMmpooBeta avaAluOnkav ot
TLEPLOPLOUOL, OAAG Kal Ta LOLaLTEPA XAPAKTNPLOTIKA TOU TEpLBAAAOVTOC 0TO omoio poopilovtal
va Asttoupynioouv ta Siktua autd. Evepyelakol meploplopol aAAd kal Slaitepeq popdEg
KLVNTIKOTNTAG TwV KOUPBwV Ttou SIKTUOU, TIOU evtomiotnkav, oklaypadpnoav tnv popdn tou
aAyopiBuou mou avantuxOnke Kol TAUTOXpoOvVA KATESTNnoav Suvato va eEomALoTel n oxediaon
TOU HE UNXAVLIOMOUG TTOU amESWOoaV CUYKPLTLKO poBadiopa tng avamntuxbeioag Auong os oxéon
HE QAAEC TMPOOEYYIOELG YEVIKOU oKOToU. TNV mopouoca epyacia, ocuvdudotnkav LOEEC Kal
Hovtéla Tmou gpdavilovtal otnv yevikotepn PBiBAoypadia Twv acUppaTwV SIKTUWY KIVNTWV
OUCKEUWV KOl Mn, UE OKOTO TNV avamtuén evog MpwTtotumou oAyopiBuou opadomoinong
OUCKEUWV, O oOmolo¢ Onuloupyel otabepd kol evepyelakd oamodotikd 6Siktua dnuociag
aodalelag. O otoXo¢ NG gpyaciog autng ntav va dnuoupynbel évag alyopldBuog mou Ba
EVOWMOTWVEL HUNXavVIopoU¢ aflomoinong mAnpodoplwv EVEPYELOG, KLVNTIKOTNTAC KOl
OMOYEVELAC, TIAPEXOVTAC MLa «KOAQ LoOppOmNUEVN» AUGCN TOU O&V UOTEPEL ONUAVIIKA OF
anodoon, oe KABe TOpEQ, Ot oOxéon He OLAdopeg AAAEC TPOOEYYIOEL OGUYKEKPLUEVOU
evOLAPEPOVTOC KL ECTIACUEVOU OKOTIOU. KATL TETOLO ETILTUYXAVETOL TEALKA KO TEKUNPLWVETAL
HEoO QO TNV TAPOUCLACH TWV ATOTEAECUATWY TToU TIPoEKUav amod ektéAeon evog mMANBoug
TIPOCOUOLWOEWV.

EmumpooBétwg, n  popdry TOU  TPOTELWVOUEVOU  OAyOoplBuou  elval  évtova
napoapeTponoiodn, Sivovrag olaitepn eveli€ia otnv puBULON TNG cUUTEPLPOPAG AVAAOYWE UE
T amaltioelg kabe meplPailoviog epapuoyng. Tauvtoxpova, n ¢duon auti Tou aAyoplbuou
kaBlotd 1dlaitepa EUKOAN TNV OVTIKATACTOON LLOC 1 TIEPLOCOTEPWV TIOPAUETPWYV LE AVTIOTOLYEG
HETPIKEC OL omoleg TBavov va avILTPOCWIEUOUV UE KAAUTEPO Kal TLO AmodOTIKO TPOMO TNV
OUUTEPLPOPA TIOU TTOCOTIKOTIOLOUV CUUbWVA HE TNV avAAUoN €VOG PeAAOVTIKOU gpsuvntr. To
XOPOAKTNPLOTIKO aUTO KaBLoTA TOoV OAyOpLlOUO EMEKTACLUO KAl QELOTIOLACLUO O TIOAAOTAQ
nieplBaAlovra.

OAOKANPWVOVTAC TO CUCTNHO 0OPYAVWONE TWV CUCKEUWY OE OUASEC Kal £XOVTOC OTOXO
TNV avVAamntuén evog MANPOUG CUCTAOTOC ETILKOLVWVLAG, Elval amapaitnto va peAetnOel o Tpomog
Kal n popdn SpopoAoynong mou tatpldlet kal Asttoupyel amodotikd o€ €va Siktuo dnuootag
aopaAelag. EmumAéov, o TpOMoG e Tov omoio n SpopoAoynaon mou Ba emAeyel EVIAOOETOL OTO
noN avemtuypévo cuotnua opadomoinong Twv CUCKEUWY, KOOWG KoL Ol TPOTIOTIOLHOELG TIOU
TOavov kplBolV avayKaleg amoTeAOUV Kol QUTA OVTIKELUEVO TIEPALTEPW EPEUVAC.
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