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[MpoAoyocg

O Ttopog autdg mepAapBavel TEPIANWELIC EMAEYHEVWY  OITAWHATIKWY KAl
TTUXIOKWY  €pYAclwy Tou ekmovAOnkav oto Tunpa [Anpo@opikng Kat
TnAsmKolvwviwy tou EBvikoU kat Kamodiotplakou Mavemotnpiou ABnvwyv Katd
10 Olaotnua 01/01/2013 - 31/12/2013. MNpokettal yia tov 11° topo otn osipd
autn. Xtoxo¢ tou Beopou eivat n evBdppuvon TnG ONHIOUPYLKNG TPOCTIABELaq
Kal N MPoBOAN TWV MPWTOTUTIWY £PYACLWY TWV (POITNTWY TOU TPAHATOG.

H ékdoon auth eivat ynelakn kat éxet 0lko tng ISSN. Avaptdrtat otnv emionun
lotooeAida tou TUNHATog Kal £Tol, EKTOC amo Tn peiwon tng damdavng Katd tnv
Tpéxouca TePIoOO OLKOVOULIKNG Kpiong, €xel Kal peyaAutepn mpooBacipdtnta.
Ma to otox0 autd, onuavtikl Atav n oupBoAn tng ARdag XaAdton Tmou
EMPEANONKE KAl QPETOG TNV YNPLAKN €KOOON KAl TTETUXE HIA EAKUCTIKN TTOLOTNTA
apouciaong, evw BEATIWOE KAl TNV OHOLOYEVELD TWV KEIPEVWY.

H otdbpun twv emMAsYPEVWY €PYaActwy Eival UPnAnR Kal KATOLEG ATTO AUTEC €XOUV
gite Onpooleubei gite umoBANBei yla dnpocisuon.

Oa BEAaPE va EUXAPLOTAOCOUKE TOUG (POITNTEC YId TO XPOVO TOU aA@LEPWOAV yid
va Tapouctacouv tn O0UAELd TOUG ota TAdicla autou Tou BeopoU Kal va Toug
OUYXApPOUE yld TNV ToldTNTa Twv £pyaciwy tous. EAmidoupe n dwadikacia auti
va TPOCEWPEPE KAl 0TOUG (O1oUG Hila ptelpia mou Ba toug Bonbnoetl oTn CUVEXELa
TWV OTOUAWY TOUG N TNG EMAYYEAPATIKAG TOUG otadlodpopiac.

H Emtponn Epguvntikwy Kat Avantuélakwy Apactnplotitwy
0. Oeoxdpng (umeuBuvog €kdoong), H. MavwAdkog

ABnva, loUuAlog 2014
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nlarios@di.uoa.gr cmitatakis@di.uoa.gr

EmAoyn BEAtiotng Aladpopng XpnolHOTIOLWVTAC
Kataypagn KukAo@oplakwv AEOOHEVWY

veow Kivntwyv ZUCKEUWY

EOvikO Kal Kamodiotplako Mavemotipio ABnvwy, Tunpa MANpo@opIlkng Kal TNAETKOIVWVIWY
MavemotnuioUToAn, IAicla, 15784, ABrnva, EAAGG

NepiAnyn

H KukAo@oplakn oup@opnon Twv TMOAEwV o€ oUVOUAOHO HE TOUG OUYXPOVOUC
pubpoug {wng Kablotouv avaykaia tnv umapén evog epyaieiou mou 6a cUPBAAEL
otn BeATiwon TWV HPETAPOPWY, TAPEXOVIAC OTOUC XPNOTEC TOU Tn OuvaATOTNTA
eUpeoNg NG YPNYopoteEPNG OladOPOUNG Yld TOV EKACTOTE TPOOPICHO TOUG.
JTo mapov £yypago mapouctaloupe TNV £@appoyn Smart Driver (yua
KIVNTEC OUCKEUEC TX. smartphones, tablets pe Asitoupylkd cuotnua Android)
HECW TNG omolag 0 XpRoTng €xel Tn Ouvatotnta UPeong TNG BEATIOTNG XPOVIKA
Oladpopng yla KAamowo mpooplopd pali pe tov MPOBAEMOUEVO XPOVO EKTEAEONG
TNG. Baclkog 610X0G TNG £pappoyng ivat n BeAtiwon Twv ATOTEAECUATWY TOU
Google Directions API, ota omoia o uTOAOYIOHOG TOU XpOvou Hiag Sladpopng
o0ev Baociletat oe mpaypatika oedopéva Kivnong. O KOPHOG TNG €PAPHOYNG
amoteAeital amd dUo KOPHATIA, TNV Kataypa@n KUKAOQOPLaKwY O£G0HEVWY Kal
TNV €Upeon TNG BEATIOTNG Xpovika Sladpopng. H kataypa@n Twv KUKAOQOPLAKwWY
oedopévwy  yivetat pe xpnon tou GPS twv Kivntwv oucokeuwv. H gupeon
NG BEATIOTNG XPOVIKA Oladpoung mpaypatomoleitat pe tnv aflomoinon twv
TPAYHATIKWY OEOOPEVWY TIOU CGUAAEYyOVTIAL dATo TNV £QAPHOYH, CE GUVOUAGCHO
e ta amoteAéopata tou Google Directions APl. H e@appoyn eKpeTaAAeveTal
TNV Umapén HovtéAwv Kivnong mou Baocilovial ota XapaktnploTtika Kdade
nuépag kat wpag. H e@appoyn eivat @IAIKA TPog To XpNoTn HECW KATAAANANG
YPAPIKNG SLETAPNC.
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AE€eLC KAdA: EEOpUEN dedopévwy, s@appoyn android, BEAtiotn dladpopn, Kataypagn
KUKAOQPOPLAKWY OEGOUEVWV, YEWYPAPIKA onueia.

EmMBAETWY

Anpntplog MNouvomouAog, Kabnyntng

1. Elocaywyn

‘Eva Baciko mpoBAnpa He TO OoTolo €XEL ACXOANOEL N EMOTAKN TNG TANPOYOPIKAG
glval n eupeon ™G BEATIOTNG Oladpopng HeETalu OUo onpeiwv. H oxediaon plag
Oladpopng BploKel TMPAKTIKA £@AppPoyn oTnV TMAoNynon oxnpdtwyv TAvw o€ &va
o0lkO Oiktuo. To TMPOBANpA AUTO aAvaA@EPETAl CUXVA w¢ TMPOBAnua €Upeong
ouvtopotepng Oladpoung (Shortest path problem-SP). NMa tnv emiAuon Ttou,
€xouv avamtuxBei moAAoi aAyopiBpol ot omoiot To avrtigetwmifouv pe TEPAOTIA
EMITUXiA. AuTOi Ol AAYOpPLOHOL £XOUV EVOWHATWOEL OE EQAPUOYEG TTOU EKATOUHUPLA
XPAOTEC TIG XPNOIUOTIOIOUV KaBnUePIva HEOW OLAOIKTUOU, EI0IKWY  KIVNTWY
ouokeuwv (GPS destinators) [1] kat mo mpdéowata, PHECW OUYXPOVWY KIVNTWVY
ouokeuwv, OnAadn smartphones kat tablets.

Ot aAyoplOpol TwV E£QAPHOYWY AUTWY XPNOIUOTIOIOUV TAPAPETPOUG, OTIWG
TO OUVOAIKO PAKOC ptag Otadpopng Kal ta opla taxutntag Twv odwv yld vda
HTTOPECOUV VA TPOCKPEPOUV OTOUC XPNOTEG TOUG TN ypnyopotepn owadpopn. Ta
TeEAEUTaia Xpovia TOAAEC EPAPHUOYEG TPOKEIMEVOU VA EXOUV ATOTEAEOUATA TIOU
AvVTATIOKPIVOVTal TEPICOOTEPO OTNV TPAYHATIKOTNTA, aflomolouV TPAYHATIKA
KUKAO@oOpLaKa Oedopéva, TpoBAEmovIag He akOpa peyaAUtepn akpiBela To
Xpovo dle€aywyng plag Stadpopng.

H dnpo@iAéotepn e@appoyn mAonynong AOYw TwV UTINPECIWY TTOU TTPOCKEPEL,
aAAd Kat Aoyw tnNg Owpedv O01aBeong tNG HECW OlAadIKTUOU KAl yla KIVNTEG
OUOKEUEC HE AEITOUPYIKO ouotnpa Android, sivat n e@appoyn Google maps
N Google [3]. H e@appoyn autn €xel Tn OuvatdtnTa o€ €AAXIOTO XPOVO vd
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ETOTPEYPEL OTO XPNOTN HEXPL KAl TPEIC MOavéC OladPOopES, amd £va onueio
A péxpl éva onpeio B, padli pe tov mBavo xpovo Ole€aywyng tg Oladpopng.
AUTOC 0 XpOVOG, 0TN Xwpa pag umoAoyiletal povo amod Ta opla Taxutntag Twy
odwv TG KABe Owadpopng, OnAadn Oev  XPNOIPOTOOUVTIAL TPAYHATIKA
KUKAo@oplaka Ocdopéva. Emopévwg, o mBavog xpovog Ole€aywyng Hag
OladpoPNG ATEXEL OUXVA TOAU ATl Tn TMPAYHATIKOTNTA, HEWWVOVTIAG £TCL TNV
aflomotia tng Epappoyng.

2Ta mMAdiola autig TNG MTUXIAKNG £pyaciag, avamtuxdnke @appoyn yla KivnTtég
OUOKEUEG HE AslToupylkd ouotnua Android 2.3 1 veotepn €kdoon, n omoia £Xel
W¢ OTOXO TN BeATIWON TwV AMOTEAEOPATWY TNG £@appoyns Google maps, pe
XpAoN TPAYHATIKWY KUKAOPOPLaKWY O00HEVWY TA OTold auth Kataypagel.
H epappoyn eKPeTAAAEUETAl TO YEYOVOC OTL N Kivnon Twv OpOpwv oXeTi{eTal
apeoa pe KAbe nuépa Kat wpa tng eBoopadag. AnAadn, n Qappoyn Kataypagel
KUKAOpOPLaKA Oed0OPEVA PE XPNON EPYAAEIWY TNG GUOKEUNG, Omw¢ to GPS Kat
T0 aouppato Oiktuo 3G, Kat pe BAon autd EMIOTPEPEL OTO XPNOTN TNG TN
BEATIOTN XpoVIKA Oladpopn HETall OUo onpeiwv tng emAoyng tou. H BEATIOTN
Oladpopn TOU EMOTPEPEL OTO XPNOTN N £QAppoyn, €ivat n ypnyopotepn Siadpopn
amo Tig mAoyEg tou Google Maps, pe Baon ta KukAowoplakd Os0opéva Tou
£XOUV CUAAEXOEL Yl Tn CUYKEKPIPEVN PEPA KAl wpd.

EmmAéov, o0 TmTPOBAEMOPEVOG XPOVOG OAOKANpwong Ttng Oladpoung Tmou
EMOTPEPETAL OTO XPNOTN E€ival MO KOVIA OTn TPAYHATIKOTNTA, Kabwg
umoAoyiletat pe Bdon Ta KUKAOQOPLAKA O0OpEVA TOU €XOUV  CUAAEXDEL.
H epappoyn amoteAsital amd tn OlEmagn Tng Kivntig cuokeung Android kat
évav efumpetntn (Server). H yAwooa TPOypAUHATIOHOU TOU EMAEXONKE yia
Tov server tng e£@appoyng €ivat n PHP kat o Kwdlkag avamtuxbnke Kat
doklpaotnke ot virtual machine Ubuntu server tou cuotipatog tou Okeanos.
H avdmtuén tng OlEemapng TG KIVNTAG OUOKEUNG TPAYHUATOTORNONKE oOf
vYAwooa Java kat mepiBaAdov avamtuéng Eclipse pe Android  Software
Development Kit kat pmopei va tpé€el oe omoladnmote Android cuokeury Tou
OlaBETel AstToupyIKO ouotnua Android 2.3 iy vedtepn €kdoon.

2. MNeprypagn epappoyng Android

2.1. Xxnpa ApXITEKTOVIKAG TNG Eappoyng

To oxnua ™G APXITEKTOVIKAG TNG EQAPHOYNG Eival To €EAC:
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Eikdva 1: IXNPa ApXITEKTOVIKAG TNG EPAPHOYNG

‘Onwcg @aivetal amoteAsital amo 3 Pépn, TNV E@ApPHoyn tou e€utnpetntn, pia Baon
O0edoPEVWY KAl TNV £QAPUOYR TNS KIvNTNS cuokeung Android.

2.2. Mapouciaon tng e@appoyng Android
2.2.1. TeviKEG MANPOWOPIEG

H e@pappoyn Android avamtuxbnke pe xpnon tou Android SDK, to omoio
mepAapBavel to meptBaAAov avantuéng egpappoywy Eclipse IDE pe evowpatwpévo
ADT (Android Development Tools) kat to omoio mapéxel OAeC TIG BIBALOONKEC
APl kal Ta gpyaAeia mou gival amapaitnta yla TNy Katackeun, t OOKIKA Kal TIG
EQAPUOYEG EVTOTIOMOU O@AApatwy yia to Android. To Android SDK eivat
oupBato pe ta Asitoupylkd ouotipata Windows kat Mac 0OS. Ot yAwooeg
Tpoypapuatiopo’ Tou Xpnolgomolinénkav yia tnv avamtuén tng €@appoyng
ntav JAVA kat xml. Ot GOKIPEG KaTtd tnv avdamtuén Kal amoo@AAPAtwon Ttng
EQPApPHOYNG €ylvav otn ouokeun Samsung Nexus S Kal o€ AELTOUPYIKO cUCTNHA

10
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Android version 4.0.4.

H e@appoyn amoteAsitat amd OU0 Baclkd KOPpAtTia. AutO TG KAtaypag@ng
TWV KUKAOQOPLaKWY O00HEVWY amd TO XPAOTN KAl dutd tng €Upeong NG
BEATIOTNG Sladpopng petalu OUo onpeiwv mou emAEYEL 0 xpnotng. MNa tn xpron
NG £QAPHPOYNG Eival amapaitnTo n €@APUOYR va £Xel ouvexn oUVOEon OTO
Oladiktuo €ite péow KAmolou OIKTUOU Wifi gite péow acuppatou Oiktuou 3G-4G.
2TN OUVEXELD akOAoUBel avaAuTikn Tapouaciacn tng @appoyng Kat odnyieg yla
™ Xprion Tng.

2.2.2. Kevtpiko pevou £@apHoynG.

To KEVIPIKO PEVOU TNG EPAPHOYNG EXEL TNV £ENC HOPYPR:

Eikdva 2: Keviplkd Pevou EQappoyng

‘OnMwe paiveratl, To KEVIPIKO PeVOU aATOTEAEITAL ATO Pla eMKEPAAida, pia elKova
(POVTOU Kal Tpia Koupmid ta omoia 6ivouv 6Tov XpRotn TIg £ENG EMAOYEG:

e Monitor Track (Kataypapn owadpopnc): EmAéystal amd to xpnotn otav BEAsL
va Kataypdayel Ta KukAo@oplakda dsdopéva tng dtadpopng tou. Odnyeitat otnv
000vn kataypa@ng Sladpopng TToU TEPLYPAPETAL TTAPAKATW.

11
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« Find Route (EUpeon Aladpopnc): EmAgyetal amd 1o xpnotn otav BEAeL va Bpel
N BéAtiotn Owadpopn petafu OUo onpeiwv. Odnyeital otnv 00dvn gUpeong
OladpOUNG TTOU TTEPLYPAPETAL OTN CUVEXELA.

o Close App (KAcgiowo Eg@appoyng): O xpnotng e€Epxetal amo tnv £pappoyn
OTAPATWVTAC TN AELTOUpPYid TNG.

2.2.3. 000vn kataypa@ng diadpopng (MonitorActivity)

Epdoov 0 xpnotng eMAEEEL 6TO KEVIPLKO PeEVOU TNV emAoyn Monitor Track odnyeitat
otnv 00ovn Kataypa®ng Oladpopng:

Eikova 3: 006vn kataypa@ng KUKAOQOPLAKWY OEGOPEVWY EQPAPHOYNG

H 00dvn autn, omwg @aivetal, amoteAsital amo £vav Xdptn Kat 0Uo KOUMTIA
(Start, Stop). O xdptng xpnolpomoleitat amd tnv £pappoyn péow tou Google
Maps Android v2 APl mou mepiypdgetatl oto Ke@daAaio 2. Katda tnv eicodo tou
XpNoTn o€ autn tnv oBovn pmopel va emA£EEl povaxa tnv emAoyn “Start”
(N va emotpéyel otnv TponyoUpevn o00ovn HeE TO TANKIPO “mMiow” g
OUOKEUNG). Me tnv emAoyn “Start” €ekivasl n kataypa@n tng oladpoung Tou
xpnotn. E@ocov é€xel matnbei to “Start” dev eival ma emA&Eo, evw avtiBeta
n emAoyn “Stop” yivetat emAEEun. H tomobecia tou xpnotn ep@aviletal oto
Xaptn e €va PMAEe otiypa otav €ival akivntog Kat pe €va PmAe BEAOG e Tn

12
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KateuBbuvon Ttou otav Kiveitatl. ‘Otav n GUOKEUN KIVEiTtal oTov Xaptn ep@aviletal ye
UTTAE (XVOG N TPOXId Tou akoAouBeital. EmmAéov Otav n cuokeun MePVAEL KOVTd
amo KATolo onpeio evolaPEPoVTocg (Ta oTmoia TMEPLYPAPOVTAL AVAAUTIKA TAPAKATW
KAl O€ autd Yivetal n Kataypagrn KUKAO@oplakwy O0£O0PEVWY) gp@avileTal oto
onpeio autd €vag KOKKIVOG OeikTng (“Marker”).

‘Eva oTtypldtumo tng EQappoyng Katd tnv Kataypagn KUKAOQOPLaKwy O£O0UEVWY
KAl EVw N ouokeun Bpioketal o€ Kivnon ivat to €ENG:

Eikdva 4: 006vn Kataypagng KUKAOQoplakwy 0EG0HEVWY KATd ThV
Kataypagn

Epdoov o xpnotng emBupel va otapatnoel tnv Kataypa@n O£OOpEVWY, TOTE
TIPETEL £(TE VA TATAOCEL TO KOoupTi “Stop” €ite va matioel To MARKTIPO “miow” TG
oUoKeUNng. ‘Otav o XxpRotng oTAPAtnosl TNV Kataypagn 0edopEvwy, p@aviletal
Hla podéAa opTwong 660 n £@ApHoyn OTEAVEL oTov server ta OsOopEva Tou
EXEL CUAAEEEL Kal Oev €xouv otaAei akopa. ‘Emetta n emAoyn “Start” eivat Eava
olabeoiun yla emAoyn.

2.2.4. 000vn eupeong Oiadpopng (DirectionsActivity)

Epdoov o xpnotng emAé€el tnv emAoyn “Find Route”, odnyeitat otnv 06ovn

13
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EMAOYNG Twv OUO onpeiwv yia ta omoia B£AsL va Bpel tn BEAtiotn dwadpopn.
H o006vn aut) amoteAsitat amd to Xxaptn tou Google Maps, OmMw¢ aAUTOC
nmpoo@Epetal amo 1o Google Maps API, to oTiypa TnG GUGKEUNRG TAVW OTO XAPTN
Kal £va KoupTi “Send” to omoio Opwg Ogv givat emMAEEO:

2TN OUVEXELd, Yla va eMAEEEL 0 XpRoTNG Ta OUo onpeia HETAEU Twv omoiwyv BEAEL
va Bpel tn dladpopn, akoAoubei ta BApata:

o ApXIKA aKoupmdsel tnv 006vn oto 10 onueio TOU TOV EVOLAPEPEL WOTIOU VA
EMQPAVIOTEL €vag KOKKIVOG Ogiktng (Marker) oto onpeio kat éva mapdbupo pe
NG emAoyeg “From Here”, “To Here” kat “Cancel”.

e Xe TepIMTwWON TOU TO oONMElO autd eivat 1o onpeio €vapéng 1ng
Oladpopng, MPEMEL va eMAEEEL TNV emAoyn “From Here”.

e XTNV MEPIMTWON OTOU TO ONUEIO TTOU €MEAEEE €ival TO onpEio TEPUATIOHOU TNG
Oladpopng, Tote mMPEMeL va emMAEEEL TNy emAoyn “To Here”.

o e mepimtwon AdBoug pmopei va emAEEel “Cancel” kat o deiktng diaypdpetat.

Eikova 5: EmAoyn onpeiou Elkova 6: ATOGTOAR £PWTAPATOG
gupeong 0ladpopng

o E@doov o xpnotng emA£€el OUo onueia, €va £vapéng Oladpopng Kat Eva
TEpHATtIopoU, n emAoyn “Send” oto KATwW PEPOC TNG 000VNG YiveTal emMAEEN.
Egpdoov o xprnotng emAé€el “Send”, otéAveral to epwinua G Oladpopng

14
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otov Server Kal €@ocov Oextel amavtnon odnyei 1o XpAotn otnv £MOHEVN
000vn mapouciaong tng BEATIOTNG SladpopNnG.

o Eav o xpniotng éxel emA&€el kamolo AdBog onpeio pmopel va to OlopBwOEL
AKOUUTIWVTAG TOV KOKKLVO O€iKTn Tou onpeiou kat emAgyovrac “Delete” oto
mapdbupo mou Ba ePPavioTel.

2.2.5. 060vn napouciaong BEAtiotng diadpopng (RouteActivity)

A@otou o xpnotng £xet {ntnoest tn BéATiotn Owadpopn peTay OUo onpEiwy,
odnyeitat otnv 00ovn mapouciaong BEATioTng Oladpopng, N omoia amoteAsital
amo TO YVWOTO XApPTtn, £€va iXvog TG eMAEYHEVNG BEATIOTNG OladpoUNg Kal Eva
aompo medio oTo KATW PEPOG TNG 000VNC OTO OToi0 avaypdageTatl o TPOBAETOHEVOG
XpOVOC OAOKANPWONG TNG Oladpopng, OTMWE autog €XEL UTTOAOYLIOTEL e Baon ta
ocdopéva Tou £xel OlaBEoipa n e@appoyn.

Eikdva 7: NMpoBoAn BEATIOTNG SLadPOUNRG XWPIG KUKAOWYOPLAKN GUH@OpNoN

To xpwpa Ttou ixvoug tng BEATIOTNG OladPOopNng Eival TPAGCLIVO Yld TA TUAHATA TNG
Oladpopng yla ta omoia Ogv UTIAPXEL KAOOAOU KUKAOQOPLAKN OUp®Opnon, HE
YKPl Xpwpa amelkovidetat n pETPIA  CUPQPOPNON Kal HE KOKKIVO XpwHd
gp@avifovral ta tuRpata tng Sladpopng He HEYAAN KUKAOWQOPLAKH Cup®opnon,
oUppwva mavta Pe ta Oedopéva TOoU €XOUuv CUAAExBel amo tnv e@appoyn.
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EmmAéov, otav o xpnotng Bpioketal ot autn tnv 00dvn yivetal kataypagn
O0e00oPEVWY OTIWCE KAl oTnv 000vn kataypagng 0edopevwy. AnAadn, mapoucialetat
N Topeia TMou akoAouBsi pe PMAE iXvog Kal Ta onpeia evOla@EéPovrog amo Td
omoia mepvdel epgavidovtal Je KOKKIVOUG OEIKTEG TTAVW OTOV XApPTN.

3.

Meptypagn e§umpetntn €@appoyng

3.1. Mapouciaon tou Server tng £@pappoyng Kai tTng Baong 6edoUEVWYV

3.1.1. Tevikég NMAnpowopieg

Ma T¢ avaykeg tng €@appoyng, onuoupyndnke €vag Ubuntu Server kal pia
Bdon Ocdopévwy MySQL ot éva virtual machine oto oUotnua Okeanos tou
EOvikou MetocoBilou MoAutexveiou (https://okeanos.grnet.gr/home/), 1o omoio
divel tn duvatdtnta dnuloupyiag dwpeav Aoyaplacpou yia @ottntég. O Server
amoteAei web service pe xpnon tng YA\wooag PHP kabwg kat tou Apache Server.

O Server ulotolei TIC €A AstTOUpPYIEG:

Aéxetal éva aitnpa amd tnv epappoyn Android pe dplopda TIC GUVIETAYHEVEC
TTOU BpIoKETAl €KEIVN TN OTLYHN 0 XPNotng Kal péow http request otn google
maps Bpiokel o€ Tolo Opopo Bpioketat.

Aéxetal €va aitnpa amd tnv epappoyn Android pe oplopa 1o dpdpo mou
Bploketal €keivn TN OTLYHAR 0 XpNotng, EAEyXEL av UTAPXEL otn Bdon Kat av
UTTAPXEL TNG EMOTPEPEL TA ONHEIA EVOLAPEPOVTOC TOU £V AOYWw OPOLIOU.

Aéxetal OUo onpeia evOLAPEPOVTOC HE TIG CUVIETAYHEVEC TOUG, TO GUVOALKO
XpOvo avdpeca o€ autd, TV Taxutnta Tou TEPACE O XPNOTNG amod autd
Kal To timestamp kat ta amodnkevel otov mivaka TrafficData, kaBwg kat otov
avTiOTOLXO GUVOALKO TIivaka tng NHEPAG.

Aéxetal éva aitnpa amod tnv @appoyn Android pe Oplopa TIG CUVTETAYHEVEG
TToU BpioKeTal €KElvn TN OTIYHNA O XPAOTNG KAl TIC CUVTETAYHUEVEG TTPOOPLOHOU
Kal péow http request otn Google Maps Bpiokel TIG TPOTEIVOUEVEG OLAOPOHES
Kali €mMAEYel TN BEATIOTN XpoVIKA Oladpopn BACn TwV KUKAOQOPLAKWY
OEQOUEVWV.

OuoclaoTtika o Server gival umeuBuvog yla OAeg T attnoelg oto Google Maps API
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(n omoia yivetat pe pnvupata JSON), kabwg kat ywa tn Olaxeipion tg Baong
OcO0HEVWV.

3.1.2. ESumnpétnon twv Altnpdtwv tng €pappoyng Android amé tov
Server

O Server eivat umevBuvog yla tnv e€umnpetnon OlAPOPWY dITACEWY TNG
g@appoyng Android o€ autov Kat TNV aAmooToAn Twv KATAAANAwY OeS0UEVWY OF
autn.

JUYKEKPIHEVA EXOUPE:

Mepimtwon tng Kataypa@ng osdopévwy: O Server déxetal ta dedopéva mou
TOU OTEAVEL N £@appoyn Android kat ta amobnkeUsl oTov KATAAANAO Tivaka
NG Baong dedopévwy. Mapamdvw Aemtopépeleg Ba avapepBoUV 0TO EMOHPEVO
UTTOKEQPAAQLO TOU €V AOYw KeE@aAaiou.

Mepimtwon amootoAng ypnyopdtepng Oladpoung: O Server amodéxetal amod
KATOlOV XpNoTn Hla €pwtnon ywa pia dwadpopn n omoia mepltAauBavel tnv
Tpéxouca tomobecia tou (longtitude, latitude) kat tnv tomobecia otnv omoia
B€éAel va kateuBuvBei. O Server oto onpeio autd pe tn xprion tou Google
Directions APl [2] Bpiokel 3 Oladpopég. EmmAéov, Kpatdel o€ OLAPOPETIKEG
HETABANTEC TOV EKTIHWHEVO XPOVO Tou eMIOTPEPEL To Google Maps Api yla
TNV ekdotote Owadpopn. O EKTIHWHEVOG Xpovog Ttng Oladpopng Oa
XpnotlgomolnBei cav mapdyovtag cup@opnons. O©a CUuyKPlBsl PE TO XpOvo
EKTEAEONG HLOG TTAPOHOLAG TPOXIAC CUH@WVA HE Ta OsOOHEVA TOU E€XOUME
OUAAEEEL, AauBdavovtag umown TNV wpea KAl TN HEPA ToU €XEL CUAAEXBEl n
avtiotolxn tpoxid. O aAyoplBpog, apxikd, eAéyxel otn Bacn OedopEVWY av
UTTAPXOUV TIAPOHOLEG TPOXIEC TN CUYKEKPIMEVN wpd Kal PEpA. Av UTTAPXOUV
KAl o mapdyovtag cupgopnong Eival PHIKPOG, TOTE N CUVTOHOTEPN A0 AUTEG
TIC TPOXIEC TPOTEIVETAL OTO XpNotn. Av o mapdyoviag cup@opnong Eival
HEYAAOG, TOTE EMAELYOUPE TN OlAOPOUN HE TO MHIKPOTEPO GUVOAIKO XPOVo.
TéANog, oe mepimtwon mou Oev UTMdpxel otn Baon pag kKdamowa mapopola
oladpopn emAEyeTal anAd n Kovtivotepn Oladpopn mou divel to Google Maps
API. Xe kABe mepimtwon ATOCTEAAETAL N TPOTEIVOUEVN TEAIKH OladpPOUn OTO
XPAOTN HE TN Hop@n pnvupatog JSON.
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4. Xupmepdopata

To mpdéBAnpa eupeong BEATIOTNG Oladpopng petasu OUo onpeiwv mavw ot €va
XAptn €xel amacxoAnocel W0laitepa tnv €MOTAUN TG TANpowoplknG. Ta BAparta
yla tTn AUon Tou Atav n povieAomoinon tou TPoBARUATOG Of €va ypd@o, £T0l
wotTe va pmopel va AuBesl aAyoplBulka Kal otn ouvéxela n Onploupyia Tou
KataAAnAou aAyopiBpou. O Baclkotepog aAyoplBpog o omoiog XpnolyoToleital
HEXPL ONPEPA E(TE AUTOUGCLOC, €iTE PE BEATIOTOMOINCELS €ival 0 aAyoplOpog tou
Dijkstra[4].

Me Tig TeEXVOAOYIKEG €EEAIEELC Kal PE TN ONUIOUPYIa NAEKTPOVIKWY XAPTWY, AUTOI
ol aAyoplBpol Kat n povteAomoinon tou MpoBARpatog Bpnkav PEYAAn TPAKTIKA
e@appoyn. Ot epappoyEG ol omoieg EAuvay to TPOBANUA autd yvwploav PEYAAN
eumoplkn emtuxia. Edikotepa pe tov €pxopd tou GPS, autég ol €@ApUOYEG
HETEEEAIXONKAY O €@APHOYEC TAOAYNONG, Ol  OTOIEC £TPEXAV OE QAUTOVOUEG
(POPNTEG CUOKEUEG TTOU £ylvav ypnyopa OnHO@IAE(g oToug 0dnyous o€ 0AOKANPO
TOV KOOHO. Me TOV €PXOHO TwV E£EUTIVWV KIVNTWYV OUCKEUWV, OnAadn Ttwv
smartphones kat twv tablets, kal pe TIC TEPAOTIEG OUVATOTNTEG TOU QAUTEG
TTPOCYEPOUV avoixtnkav véol Opopol yia tn Onuloupyia £@APHOYWY Ol OTOIEG
Ba TPOCWPEPOUV OTOUG XPNOTEG TOUG aKOUA KAAUTEPEG utnpecieg mAonynong. Ot
HEYAAEG €TalpEieg ouvéXioay va aoxoAouvtal Pe To MPOBAnUa, mpoomabwvrtag
va TPOCYEPOUV KAAUTEpA amoteAéopata, a@ou n BEAtiotn Oladpoun o€ Evav
o0lkO xdaptn e€aptdrtal amd MOAAOUG TAPAYOVIEC KAl OXL PHOVO amd TO MNKOG
™G Sladpopng. Ol mapayovieg autoi pmopei va eivat n moldtnta Twv OPOHwWY
mou emAgyovtal, OnAadn n Aac@AAsld TOuG Kal n péon taxutnta PE TNV omoid
KIvoUVTdl Ta OXAPATA Of AUTOV Kdl N KUKAOW@OPLAKN oup@opnon. Me Alya
Adyla, tov odnyo tov evilagépel Kuplwg mola sivat n mo ypriyopn dSwadpopn,
Kabw¢ autn Oa eival Kat n OWKOVOUIKOTEPN. Emopévwg, pla onpavtikn
BeATloTOTOINON TWV E£PAPHOYWY TAONYNoNg E£ivalt O GUVUTTOAOYIOHOG TNG
KUKAO(POPLAKAG cup@dépnong plag oladpopng. Idwaitepa o pua mOAn oav autn
NG ABAVAC, ol KUKAOWOPLAKES cUVONKEG eival iowg 0 BaclkOTepog Tapayovtag o
oTmoiog HETABAAEL TO XPOvo eKTéEAeong Hwag Owadpopns. H e@appoyn mou
avantuxenke Kat mEPLYPAPETAl O AUTO TO £YYPAPO, EXEL OKOTIO VA CUUTIEPIAABEL
auti tn BeAtiotomoinon otnv OnHo@IAEcTEPN £pappoyn mAonynong, to Google
Maps.

H @opntotnta TwV KIVNTWV CUCKEUWY OE OUVOUACHO HE TIC SUVATOTNTEC TOUG
mou OAo Kat aufavovtal, eival €va XpAoIPo €PYAAEio TOU PTOPEl va BEATIWOEL
oE TOAAOUG TopeEiC TN Kabnuepvotnta pag. Ot duvatotnteg  Toug
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moAAamAacialovtal av  Asltoupyouv  Katavepnuéva, OnAadn Otav  TMOAAEG
KIVNTEC OUCKEUEC TPEXOUV TNV (0l  e@Appoyn HE €vav KOWVO OTOXO. XUXVvd,
000 TEPIOOOTEPEG KIVNTEC OUCKEUEC TPEXOUV Mia €@AppOyn TOOO TO TEAIKO
NG amotéAeopa eival kaAutepo. H e@appoyn mou meplypd@etal oto mapov
EKPETAAAeVETAL aQUTA TN OUVATOTNTA TWVY KIVNTWY CUCKEUWYV, KABWC 0 GKOTOG
NG €ival n cUAAOYN KUKAOQOPLaKWY O£OOHEVWY ATTO KIVNTEG CUCKEUEC TTOAAWY
XpNOTWV.

H eykupotnta TV amOTEAEOHATWY TNG £PAPHOYNG £€aptdtal amd Tn mocoTnNTd
TWV KUKAOWOPLaKwyY Ocdopévwy Ta omoia €xoupe otn Oudbeon pag (dnAadn
Tou pey€boug tou Dataset). Emopévwg, Baclkog mapayovrag £mtuxiag eival o
aplBpog Twv Xpnotwv yia dstypatoAnyia. ‘0co peyaAutepog gival o aplOpog twv
XpNOTWV TNG £QPAPHOYNG TOOO akplBEoTtepa eival Ta TEAIKA AMOTEAEoPATA Kal
pImopoUV va amo@euxfoUv OTATIOTIKA OQ@AAPATA akpaiwy THwv. EmmAfov, yua
TNV KAAUTePN AslToUpyia TG £pappoyng Wlaitepn mpoooxn mpEmel va 000si otnv
EMAOYN TWV 00WV OTIG OTOIEC YIVETAL KATAYPAWPN KUKAOPOPLAKWY OEOOHEVWY.
Oa TPEMEL va Eival KEVIPIKEC OOIKEC APTNPIEC, £TOL WOTE va XPNolPoToloUvTal
amo LKAvoToINTIKO AaplOpo XpnoTwy aAAd Kat yid TOAAATTAEC OLadPOHEC.

ZNUAVTIKO CUUTIEPACHA TTOU TTPOEKUWE KAl TO OTOI0 EKPETAAAEUETAL N EPAPHOYN
glvat n umapén potiBou ota KUKAowoplakd dedopéva, pe BAon th Xpovikn oTiypn
TOU €XOUV auTd OUAAexOel. JUYKEKPIPEVA, N E€@APUOYN EKHPETAAAEUETAL TO
YEYOVOC OTL N KUKAOWQOPLAKN CUHPOPNON TAPOUCIAJETAl CUYKEKPIPEVEG HEPEC
KAl WPEC péoa otnv eBAopdda Kal avtiotolxa n Kivnon twv oxnpdtwy ole€dyetal
OHAAG KATOLEG AAAEC wpeC. MNa mapddslypd, Tta HECNUEPL TWV KABNUEPIVWV
epgavidetatl auénpévn Kivnon o€ GUYKEKPIPEVEC 00LIKEC apTnpieg. Me T Xprion Tng
EPAPUOYNC AUTAG, EPOCOV £XEL YIVEL N amapaitntn cUAAoyn OeGOUEVWY O XPNOTNG
pmopel va amo@uyel Tn GUCAPESTN KATAOTACN £VOC PTOTIAlapiopatog. Mpokeltal
OUGCLAOTIKA Yla £€vayv cuvoOnyo PE APKETA EPTIELPIA ATIO TIC KUKAOWPOPIAKES CUVONKEG
NG MOANG, WOTE VA UTOPEL VA KAVEL EMITUXEIC MPOBAEWELC YA TNV Kivnon Twv
OpOUWY OToladNTOTE WPA TNE NHEPAG.

‘Ocov agopd OTO TEXVIKO TOHEA TNG AVvATTUENG TNG EQAPHOYNG KATAANYOULE oTd
akoAouba cupmepdacpata:

Fivetat ep@avig n onpacia tng €UKOANG EMIKOWVWVIAG HETAEU OlaPOPETIKWY
mAat@oppwy. AnAadn, n €@appoyn avanmtuxbnke TAVwW O OlAPOPETIKEG
TAATQOPHES HE KABE pia amd autég va eival umelbuvn yla KATOLEG EEXWPIOTEG
Asttoupyieg. H e@appoyn, OmMwg TePLypA@ETAl TAPATAVW, ATMOTEAsiTAl Ao
évav apache server (pe Bdon Oedopévwyv mySQL) kat pia android e@appoyn.
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H emkolvwvia petall server kat epappoyng android yivetat pe pnvopata JSON,
EMTUYXAVOVTAG PE AUTOV TOV TPOTO TO TEAIKO ATIOTEAEOHA TOU Eival N OwWOTA
Asttoupyia tg epappoyns. Qaivetal, £€tol, n afia tng avamtuéng mPoTUTwyY
KAl TTPWTOKOAAWY, OUTWC WOTE EUKOAA VA EMTUYXAVETAL N EMKOIVWVIA HETAEU
EPAPHOYWY TOU TMOAVWE £XOUV avamtuxBei o€ OlAOPETIKA TEPIBAAAOVTA HE
OLAWPOPETIKEG YAWOOEG TPOYPAHUHATIOHOU. AuTO, €KTOG amo tn BeAtiwon tng
amodoTIKOTNTAG TNG CUVOALIKNG EQAPHUOYNG, CUWBAAEL KAl OTNV EMEKTACIPOTNTA
NG, KaBwg PTopel EUKOAA va TMPooTeBOUY EMITAEOV ATTOUAKPUCHEVEG AEITOUPYIEC.

INPAVTIKO OTOIXEID TNG £PApPHUOYNG €ival n xpnon tou Google Maps API, to
omoio  TPOCWEPEL  BACIKEG  Asttoupyie¢ xaptwv. T[evikd, pla Olemagn
TIPOYPAHHATIOHOU £@appoywy (application programming interface-APIl) kaBopilel
WG OpLoPEVA oToXeia AoylopikoUu Ba mpemel va aAAnAemidpouv PeTAasUu Touc.
TNV mPAEn, OTIC TEPIOCOTEPEC TWV MEPIMTWOEWY £va APl givat pua BiBAoONKn
TOU oUVABWC TePIAAUBAVEL TPOSIAYPAPEC YA TN XPAON POUTIVWY, OOHWY
O0cO0UEVWY, KAACEWY AVTIKEIPEVWY, KAl HETABANTWY. OUCLACTIKA TPOKELTAL YA
gpyaAeia Ta omoia avantucoovidl PHE OKOTO TNV HETEMELTA XPAON TOU Ao TOu
(0l0Ug TOoUug ONMIOUPYOUC TOUC €ite amd AAAOUC. Me AQUTOV TOV TPOTIO EUVOEITAL
n OnuoUpyid VEWV E£QAPHOYWY KAl TEXVOAOYLWY, EMEKTEIVOVTAL UAOTOINCELC
PHE AMOTEAEOHA TN ONUIOUPYIA E€PAPHOYWY TIOU TIPOCWYEPOUV VEEC UTINPEGCIEG,
TNYdAivovtag tnv €mMOTAKN TNS TANPOPOPLIKNS TOAAA BApata mo pmpootd.

Ma ™ owotn avdnmtuén tng £@appoyng, aAAd Kat yla tnv emaAndeucn tng
OWOTNAG A£ITOUPYIaC TNG EKTEAEOTNKAV TOAAATAAQ TEIPAPATA. XKOTOC TWV
TMEIPAPATWY AUTWY, TEPA aAmo TNV emMBeBAiWON TWV CWOTWY ATOTEAECHATWY
TNG £QAPHOYAG KAl TNV ATMOCPAAPATWON TNG, NTAV N €UPEON TWV OpPIiWwV TNG
EQAPUOYNG, ONAAON To PHEYEDOC TwV OEOOUEVWY Yia Ta omoia doUAgUsL aflomiota.
MapdAAnAd, pEOw TwV TEPAPATwY, BpEONKav ol TPAYHATIKEG AVAYKEG TNG
EPAPUOYNC Yla XpAvo Katl pvApn. H ekTtéAeon Twv melpapdtwy emmAéov Bonbnoe
otn O0pbwon CPAAPATWY TNEG EPAPUOYNS TA omoia Oev €ixav yivel avtiAnmtd
mo mplv. ‘ETol, amodelkvUETAl N avaykalotnta Twv TEPAPATWY HETA TNV
OAOKANPWON avantuéng plag pappoyng, Ta omoid ival avamoomaoTto TG KOHHATL
NG Oadikaciag avantuéng AoylopikoU Kal yla auto mpémel va Oivete dlaitepn
£ugaon o€ autd.

Juvoyilovtag, pEoa amo Tt PHEAETN, TO OXeOIAOUO Kal TNV avamtuén TN EPAPHOYNG
TTOU TIEPLYPAPETAL OTO TAPOV £YYPAPO, UEAETABNKAV KAl GOKIPHACTNKAY TOAAEG
OlAWPOPETIKEG OUYXPOVEG TEXVOAOYIEG, evw umNpEe epBAaduvon o€ TOHEIS TNG
TTANPOWYOPLKNG.
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. ANAOOPEX

[1]

[2]

[3]

[4]

Global Positioning System Overview - amé to mavemotngio tou Colorado:
http://www.colorado.edu/geography/gcraft/notes/gps/gps_f.html

The Google Directions API:
https://developers.google.com/maps/documentation/directions/?hl=el

levikég MAnpowopiec yia tn Asttoupyia tng umnpeciag Google Maps - amod to
mavemotigo Ttou Cornell: http://blogs.cornell.edu/info2040/2011/09/ 14/
google-maps-its-just-one-big-graph/ .

Dijkstra, E. W. (1959). «A note on two problems in connexion with graphs».
Numerische Mathematik 1: 269-271. doi:10.1007/BF01386390.
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- MTYXIAKH EPIAZIA -

Mapia - Avva I'. Nepid€An
sdi0800124@di.uoa.gr

[ponypéva Eupetika
Altaxwptong Mediwv Tipwv o€
MpoBAnpata Ikavomoinong Meploplopwyv

EOvikO Kal Kamodiotplako Mavemotipio ABnvwy, Tunpa MANpo@opIlkng Kal TNAETKOIVWVIWY
MavemotnuioUToAn, IAicla, 15784, ABrnva, EAAGG

NepiAnyn

MeAetdape t™ oupBoAn tng Alaxwplong Twv Mediwyv Tipwy og didgopa mpoBARpata
(Kkavotoinong meploplopwy. MPOKEIPHEVOU va PEWWOEl 0 XpOVOC KAl O XWPOC
avalntnong, £loayovtal VEA TTPONYHEVA EUPETIKA Yid TN Olaxwplon KAl GUVETTWG,
TN opikpuvon Twv MediwV TIHWY TWV PETABANTWY. MeAstdtal n amodoon Toug
pe xpnon tou emAuth NAXOS oe oxéon pe AAAeg pedodoug avalntnong. Emiong,
Toviletal n onpaocia tng dtaxwplong mediou TIHWY OE £€va GUYKEKPLIPUEVO TTPOBANUA,
auto tNg tuxaiag tomobETnong opboywviwy MAAKIOiwY, OTO OToio onUElWONnKayv
amodoTIKOTEPA ATTOTEAECHATA.

AEEEIC KAELOLWA: Mpoypappatiopdg pe meploplopous, EmAutig NAXOS, Alaxwpion, medio-a
TV, NpdéBAnua Tuxaiag tomoBETnong MAAKLOIwY.

EmBAETOVTEG

Mavaywtng Xtapatomoudog, Kadbnyntng
NikoAaog Mobntdg, Ymownglog AIGAKTwpP
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- Mponypéva Eupetika Alaxwplong Nediwv Tipwy os MpoBAnpata Ikavomoinong Meploplopwy -
Mapia - Avva I'. MeptdéAn

1. Elcaywyn

‘Exete akoUoel yia to mTARB0C Twv chips ToU UTTAPXOUV TAVW CE Pia PNTPLKN TAAKETA;
‘Exete Bpebel Pmpootd o€ pla yeEPATn amobnkn Kat va BEAETE va TOMOOETNOETE
KATOL0 PEYAAO aVTIKEIHEVO aAAd va pnv xwpdel; ‘OAa autd sival mpoBARuata
XwpoBEtnong, pla umokatnyopia twv MpoBAnudtwy Ikavomoinong Meploplopwy
NG Texvntig Nonpoouvng, Ta omoia cuvavtapge cuxvd PUmpootd pag.

2€auTN TNV Epyacia, mpoomaboupe va BeAtiwooupe Stagopa emAUcIua mpoBANuata
LKavoToinong MEPLOPLOHWY Kal €LGIKA TO TPOBANUA TN XWPOBETNONG OE Hia amAn
TOU pop@n. Ze autd Ba pag Bondnoet kat n 10€a tng dlaxwplong. ZUYKEKPIPEVQ,
Ba douAswoupe mavw otov emAuth) NAXOS mou eival mpoypappatiopevog oe C++
yla va emAuvel NpoBAnpata Ikavomoinong Meplopiopwy Kat Ba mpoomabnooupe va
ETEKTEIVOUHE TO EUPETIKO KOPHATL TNG EMAOYNAG TIUNG Ao €va TeSIo TIHWY HLag
HETaBANTAG. MNa auth tv emAoyn Oa €lcayoupe Kat 6a XpnoIHOTIOICOUHE TNV
dlaxwplon Tou TEdIoU TIHWY O€ TOIKIAOU PEYEBOUC KoppaTia Kabwg Kat Tnv dikala
dlaxwplon mediou TIHWY plag HeTaBANTNS, OnAadn Tov Xwplopo o€ media mou Ba
EXOUV TTEPLOOOTEPEC MOAVOTNTEC VA LKAVOTIOIOUY TOUG TTEPLOPLCHOUG OTOUC OTT0I0UG
HETEXEL Jla PeTaBANTH.

JUYKpivovtag TIC KAAoIKEC peBodoug avalntnong pe Tig peBodoug avalntnong
dlaxwplong mediou TIHWY petaBAntwy, Ba amodeifoupe OtTL n OeUTEPN KATNYOpia
EXel KaAUtepn amédoon o€ MPOBANUATA XWPOBETNONG KAl CUYKEKPIUEVA OTO
mpoBANUa Tuxaiag TomobETNONG 0PBOYWVIWY TTAAKLIOIWY.

2. Npoypappatiopog pe MNeplopiopoug

Mwa onpavtiki katnyopia mpoBAnpAtwy peE Ta omoia acxoAsitat n Texvntn
Nonpoouvn, Kal OUYKeKpluéva €va medio TG, O TPOYPAUHATIOHOG HE
meploplopouc, ival ta mpoBANUATA IKAVOTIoinong MEPLOPLIOHWY 6TA omoia n Auon
gival £€va oUvoAo amo TIPEG TTOU IKAavoTIolouv OLaPopoug TEPLOPLICHOUC.

O akp1BAG oplopog toug mepIAapuBavetal péoa oto NG Tpimtuxo [1]:

o [Meploplopéveg petaBAnTEg (variables), mou avtimpoowmnevovtal PHE TO GUVOAO
V={V,Vs,.. .V}

o [Media TpwY Twv petaBAntwy (domains), mou avtimpoowmeUovtal PHE TO GUVOAO
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D = {D4,D,,....D,}. To medio TWHWV D; MEPIEXEL OAEG TIG EMTPEMOUEVEG TIHEG
Tou Pmopouv va doBouv otn petaBAnty V.

o [Meplopilopoi petall tTwv petaBAnTwv (constraints), mou avitimpoowmeUovTal
HE TO ouvolo C = {C4,C,,...,C,}. Kabe C; meplhauBavel pia oxéon Hetagu
TwV MESIWV TIHWY €VOG OUVOAOU HeTaBANTwY S; Tou aviikouv oto V, ol oToieg
OUMHETEXOUV OTOV TIEPLOPLOHO.

Q¢ AUon &vog MPOBANHATOC IKAVOTIOINGNG TEPLOPIoHWY opiletal pla avdadeson
(assignment) o€ OAeg TG petaBAntég V; tou mpoBARuatog (mAnpng avadeon),
€TOL WOTE va kavomolouvtal OAol ol reploplopoi C; tou mpoBAnpatog, dnAadn va
givat 0Aol aAnBeig (ocuvemng avabeon).

2.1. O EmAutrig NAXOS

O NAXOS SOLVER [2] eivat pia mpoypappatiotiky BiIBAIOONKN uAomiolnpevn oty
avikelpgevootpa@n yAwooa C++, n omoia otoxeUel otnv €miAuon mpoBAnpdtwy
(Kavotoinong mePLopIoPwY. H XpnoludtnTta tng £yKELTAlL OTO YEYOVOG OTL UTTOpEL
va AUGEL OTTOLOOATIOTE TTPOBANKA LKAVOTIOINONG TTEPLOPICHWY AV EKPPACTEL PE TOV
KataAAnAo tpomo, OnAadn dlaxwpilel Tov Tpodmo emiAuong, o omoiog eival id10¢
yla 0Aa ta mpoBAnpata amo ta {ntoupeva evog poBARpatog. O emAUTAG OExeETal
WG €10000UG TIG HETABANTEG TOU TPOYPAHPHATOG Ol oTToie TPEMEL va AdBouv TR,
KaBw¢ Kal Toug MEPLOPLOHOUC (EKPPACHEVOL WG HABNUATIKEG OXEOELG oTNV C++) Kal
mapayel oav £€€000 pia AUuon, onAadn TIG TIHEC TwWV HETABANTWY TTOU IKAVOTIOIOUV
OAOUC TOUC TEPLOPLOHOUG.

3. Avalitnon ota NMpoBAnpata Ikavomoinong Meplopiopwy

Jtov Topéa NG Texvning Nonpoouvng €xouv avamtuxBel TOIKIAEC HOPPEC
avalntnong o€ pla mpoomadela ypryopng Kal BEATIOTNG €MAUONG HEYAAWY Kal
OUOKOAWY TPOoBANpATwY, 0w N BEATIOTN KAAUWN oRPATog o acUppata diktua
TNAETMIKOIVWVIWY. [potou Opwg mpotabei pla Alon yla kdBe mpdBAnua esivat
amapaitntn n cwotn dlatumwon tou mpoBARpartog, ta dsdopéva Tou OnAadn aAAd
Kal ta {ntoupeva tou [1].

« H apxwkn katactacn, 6nAadn n avamapdotacn Tng APXIKAG E€KOVAC TOu
TPOBARUATOG O Pla KAtavontn YAWood Poypappatiopou i cupBOoAwy.
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« H ouvaptnon dwaddéxwv, n omoia maipvel wg Oplopa pla Katdotacn X Tou
TPOBARHATOG KAl EMOTPEPEL EVA GUVOAO (evEPYELA, O1A00X0C) TTou Tpoodlopilel
TIC OUVATEC EMOUEVEC «OlAOOXIKEG» KATAOTACELS AV E€QPAPHOCTOUV KATOLEC
OUYKEKPIPEVEG «EVEPYELEG>.

« O €Aegyxog otoxou Tou KaBopilel TIC KATAOCTACELS OTOXOU, ONAAdN TOLEG
KATAOTACELG OEXOUAOTE WG TEAIKEG EVOG TTPOBARUATOG.

e H ouvdptnon KGoTOUG povoTaTiou, TOU £ival To ABPOIoHA TOU KOOTOUC OAWY
TWV EVEPYELWV HIAG HETABAONC Amo pia KAatdotaon o€ pia aAAn.

2ta mpoBANpATA IKavoToinong TEPLOPICHWY EXOUHE pPeTaBaon amd pia kataotaon
o€ AAAN otav emMAEyeTal HETABANTA Kal TnG avatibetal pua tiun. TeAkA Katdotaon
(katdotaon otoxou) €ival auth TOU E€XEl OAEC TIC PETABANTEG OEOHPEUMEVEG ME
KATTOLA TIUR, EVW TAUTOXPOVA LKAVOTIOIoUVTAl Ol TTEPLOPIoHOL Tou TTPoBANHATOC.

Ta mpoBARpata Kavomoinong TEPLOPICHWY Ta omoia €EETACAUE OE AUT TNV
gpyaocia eivat moAU kAaclkd otnv Texvntn Nonpoouvn. Mpokeltal ywa: a) to
mpOBANUa Tou moAAamAaciacpou, omou BEAoupe va moAAAamAdacidooupe Ouo
TPWYNEPLOUG aplBpolc, €10l wWOTE 6 OAn TNV avaAuon Kat tn oladlkacia Ttou
moAAamAaclacpou Kabe wnegio va epavidetat akpiBwg dUo PopEg, B) To mpoBAnua
TWV KOWVWVIKWY TTAIKTWY TOU YKOAP HE GKOTIO TNV TOMOBETNON g X S TAIKTWY OF
g OHAdEC, Ye S atopa n KAbe pia, ywa pua mepiodo w eBOopAdwy, £T0L WOTE KABE
maiktng va Bpioketal kKabe BOopdda oe pla opdda pe SlaPopeTIKOUC TTAIKTEG AT
OAEC TIC TMPONYOUUEVEG TTOU CUMHETEIXE, Y) TO TPOBANUA TOU XPWHATIOHOU €VOG
YPAPOU, WOTE KABE KOUBOG va €XEl OLAPOPETIKO XPWHA ATO TOV YEITOVIKO TOU
KAl va €XOUME TOV EAAXIOTO aplBPo Xpwpdtwy, §) To MpoBAnpa tou Slapepiopol
aplBpwyv o€ umooUVoAd, woTe Ta abpoiopata twv OU0 UTTOCUVOAWY va €XOuv
TNV EAAXIoTn Olagopd, €) To MPOBANUA TWV HAYIKWY TETPAYWVWY N-TAENG, ota
omoia omoBsToUvtal ol TMPWTOl N? QUOIKOI aplBpol PE TETOIO TPOTO WOTE TO
abpolopa twv n aplOpwv o KAbe ypappn, otnAn Kat dlaywvio va eival ioco,
oT) To MPOBANua Twv N-BaciAtcowy, 6mou BéAoupe va tomobetricoupe N BaciAlooeg
oe pla okaklEpa N x N woTe va pnv «GUuyKpouovtdl» HETAEU TOUG CUHQWVA HE
TOUG KAVOVEG OTO OKAKL, {) To TPOBANHA TNG KATACKEUNG TOU YVWOTOU Traixvidiou
Sudoku, 6mou £xoupe n? TeTpdywva mou oxnuati{ouv €va PEYAAO TETPAYWVO Kal
0E KABE PIKPO TETPAYWVO Ol TTPWTOL PUGLKOL apldpol wg n? epgavidovratl akpiBwg
Pl @opd, OTMwG Kal o€ KABs ypappn Kat o€ KaBe oTAAN TOU HEYAAOU TETPAYWVOU,
n) 1o mpoBAnpa tng EAdxiotng KoupBlkng EmKAAuwng, mou OeOOHEVOU €VOG
ypdpou, {nteital To EAAXIOTO GUVOAO TwV KOPBWY WOTE va KAAUTITOUV KABe akun
TOoU ypagou (6nAadn KABe akpn Tou ypd@ou va «AKOUHTIAEL» TOUAAXIOTOV Evav
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amoé autoug Toug KOPBoug) Kal téAog 0) to mpoBAnpa NG tuxaiag Tomob£Tnong
opBoywviwv TAakIdiwy, 0mou dnploupyouvTdl Tuxaia HIkpd opboywvia mAakiola
Kal TPETMEL va TomoBeTtnBoUV o€ £va PeEYAAo opBoywVIo XwpIG va UTTEPKAAUTITOVTAL
HETAEU ToUC.

Kamoleg kAaolkég pEBodol avalntnong eivat ot: Mpwta Kata Babog (DFS), pe
Meploplopévn Acupgwvia (LDS), Awapolpacpou Miotwong (credit), ®paypévou
Bdabouc pe OmoBodpounon (DBS), pe Meploplopéveg Avabiéoelg (LAN), pe
®paypévn Kata Babog Acupgwvia (DBDS), pe EmavaAnmtikni Aieupuvon (lbroad),
e Opaypévn Omobodpopnon (BBS), Mpwta Katd BdbBo¢ pe Emavekkivioelg
(Rdfs), 'Eva-Aciypa (onesamp), EmavaAnmtikn AstypatoAnyia (IsampStepping),
pe Xtadlakd Meploplopd MAAGtoug (GNS) kat pe Zuvaptnolako [eploplopo
MAdtoug (FNS). Tic duo teAeutaicg avalntnoelg stonyaye o PoiBog Osoxdpng otnv
TITUXLAKNA Tou gpyaocia [3].

4. Auo Néeg M€0odol AvalntnonG XIXeTI{OPEVEG HE TNV
Alaxwpion Mediou Tipwyv MetaBAnTwy

4.1. H AmARl Alaxwpion Mediou Tipwv MetaBAnTwy

J€ aQUTA TNV gpyacia €lodyoups pla kawvoupla Wea otnv avalditnon Auong otov
TTPOYPAHUHATIONO HE TEPLOPIOHOUG, TO EUPETIKO TG Alaxwplong Mediou Tpwyv
(DomainSplitting).

O mPOoBANUATIONAOC TTOU OONYNOE OTN CUYKEKPLUEVN OEA NTAV TO «BAPOC» TWV
mMOaAvVWV TIHWY TWV PHETABANTWY £VOC MPOBANPATOC. Xe KATold mpoBARpATA, VW
Hla HETABANTN PTopel va Xl peydAo medio TIHwy, amod tig AUGELG TOU TTPOBARHATOC
TapatnPEITal 0Tl Ol EMTPEMTEC TIHEC TNG CUYKEVIPWVOVTAL OE Ml TEPLOXN TOU
mediou TIHWY, T.X. OE AUTEG TTou Bpiokovtal kovid oto 0. O Adyog mou cupBaivel
autd eivat n emBoAn TEPLOPIOPWY O©TO TPOBANUA, OnAadn oL TEPLOPICHOL
«OTEVEUOUV> TA Opld MlAG HETABANTAG TTOU OUHMETEXEL OE AUTOUG. XE€ OOOUG
TIEPLOCOTEPOUC TIEPLOPLIOHOUC cuvavtdtal pia HetaBAntr, 1060 Mo TMOAU Ol TIPEG
NG Oa CUYKEVTPWVOVTAL GE PLA HIKPN TTEPLOXN ToU eSOV TIHWY TNG. Oa pmopoUcdaps,
Aoumdv, va BeATIWOOUME TNV amodoon €evOG TPOBANHATOC av €0TIACOUME ThV
TPOCOXN HAC 6TNV avadeon TIHWY OTIC HETABANTEG A0 pia CUYKEKPLUEVN TTEPLOXN
Tou mediou TIHWYV TNG avaAoya pe ta {ntoupeva tou mpoBARpatog; A eEeTacoupe
TAPAKATW TOV TPOTO Acttoupyiag tng Alaxwpiong Mediou Tipwy.
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To avtikeipevo autig tng avalntnong £otidadeTal oTo EUPETIKO EMAOYNAC TIUNG OF
Pla TEPLOPIOPEVN HETABANTA. Avii katda tn Owadikacia tng avalntnong vd
avaB<Toupe TN o€ pla PeTaBANTA Kat va EMBAAAOUPE €K TWV UCTEPWY CUVETELA
AKHWVY WoTou va Bpoupe AUCN, ATTOKOTITOUKE £€va KOPHATL Ao To MESIOo TIHWY TNG
KAl Kpatdape Tig umoAotneg. ‘Etol, n avabeon dev yivetal an’ gubeiag, mapd povo
otav €xouv Meivel GUO TIPEG 0TO TEDIO TIHWYV TNG HETABANTAG.

H mo kotvi dlaxwplon mediou TIHWY ivatl ota 6Uo, OnAadn n «dIXxotopnon» mediou
Tipwyv. O Adyog mou amoteAei tn default tun yua autn tnv avaltnon sival ot
otav 0ev eipaote oilyoupol akpiBwg yla tnv meploxn mou padlevovtal ol TIPEG
TwV PETaBANTwWY, €ival Mo €UKOAO va TPOCOIOPICOUHE av £ival 0To MPWTO HIoO
N oto OtUTEPO, WOTE VA «KAAUTITOUHE» TMOAAEC TIHEC padi. ‘Otav OpwC PmopoupE
va MPoBAEWoUpE amd o TPV Td Opla TNG MEPLOXNG HE TIC HALEPEVEG ETMITPETTECG
TIPEG VLA TIC HETABANTEG, TOTE pmopoUpE va dlaxwpiooupe, OnAadn va «oTACOUpE>
Ta media TIPHWY O MOC0OoTd, TM.X. 0T0 10% Twv MediwV TIHWY av EEPOUPE OTL oL
HIKPOTEPEC TIPEG £ival o MOavéC va odnynoouv o€ Auon. Auth akplBwg tnv 10€a
gloayape otn olaxwplon mediou TIPwY, OnAadn tn PETABANTOTNTA TOU TMOGOCTOU
oto omoio Ba dwaxwpicoupe €va medio TiHwv. Odnynoape, OnAadn, Tnv amin
«01XoTOUNoN>» oTN HETABANTH «Olaxwplon».

H ulomoinon tng dwaxwplong THwy mediwv HeTaBAnTwy yla mpoBAnpata
(KAVOTIOiNoNG TTEPLOPICHWY EYIVE WG EMEKTAON oTn BIBALOOAKN Tou emAut NAXOS
KAl €ixe oav AamotéAsopa pla akopa péEBodo avalntnong yla tov €mAUTH, TNV
goalDomainSplittingLabeling.

4.2. H «Aikaia» Alaxwpion Mediou Tipwv MetaBAntwy

H 10¢a yla tn dlaxwpilon tou mediou TIHWY EEKivnoe Pe TOV TPOBANUATIONO av ol
TIPEG TwV PETABANTWY ol omoieg odnyouv o€ Auon palsvovtal o€ KAmola TEPLOXN
Twv mediou TIHwV TouG. Qotoco, pe Bdon autd Onploupyouvtal KAmola VeEQ
epwtiparta. Eival og Kabe petaBANTh ot «KAAEG» TIPEG TNG HalePEVEC o TapOpoLo
ONUELO PE TIC AAAEC TT.X. 0TO 10% Tou mediou TIHWY TNG; Kat av PE Tov Opo «KAAEC>
TIPEG EVVOOUHE AUTEG TTOU IKAVOTIOLOUV TOUG TTEPLOPLOHOUG, TOTE Oev e€aptdrtal amo
TTOOOUG Kal TIOlOUG TIEPLOPLIOHOUG CUHHETEXEL N KABe petaBANTni; Aev Ba mpeme n
dlaxwplon va €xel oav amotéAecpa OUo media TIHwyY, ToU va eival e€iocou mbavo
va Bpioketal n AUon 1 610 £va 1 oto dAAo Kal va €EeTaleTal mPwTA AUTO HE TIG
ALYOTEPEG TIHEG I HOVO TO €va amo Ta OUO av UTTAPXEL CUHHETPIa;
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Autd kal Kamota aAAa TapopoLd EPWTAHATA £PXOVTAL VA PAC PEPOUV TNV TTPOKANON
Hlag OlaopPETIKAG Olaxwplong TIHWY, Mo «OiKalag» yla TG HETABANTEC £vOC
TPOBARUATOC IKAVOTOINONG TEPLOPIOPWY. Oa PTOPOUCAPE VA EVOWHATWOOUHE
otn Olaxwplon Tediou TIHWV €va OlAPOPETIKO EUPETIKO €MAOYNG TIMAG, TO
omolo OTWG OAd, €XEL oAV OKOTO VA TPOTEIVEL TNV TIUN AMO TO TS0 TIHWY Hlag
HETABANTAG Tou Ba odnynoel pe peyaAutepn mbavotnta o€ Auon (succeed-first
heuristic) [4].

YmoBétovtag OTlL ota aplOunTika mpoBARUATA TEPLOPIOHWY, autd mou mailel
ONPAvTIKO POAO €ival va €ipacTe CUVETEIC oTa Opld TwV TESIWY TIHWY, APOU
Ta dwaotnpata eivat ouvexn [5], pmopoupe va s@appocoups £va OladedoPEVO
EUPETIKO, AUTO TNG MAOYNG TNG TIHAG YId TNV OToid €XOUUE TTEPLOCOTEPES TIPEG
urootnPENg (supporters), aAAd o cUvoAa. Avti dnAadn va koBoupe €va medio
TIHWV Tuxaia o KAmolo onpeio, Ba Nrav evola@eépov va OOKIHACOUPE vd TO
Xwplooupe o€ duo «looBapn» PHEPN OGOV APoPd TOV APIOHO TWV TIHWY UTTOOTAPLENG
yla Ta 6uo oUVoAd Tipwv Tou Ba mpokUyouv. ‘Etol, 6a €xoupe cav amotEAEoua
pla mo «Oikala» Olaxwplon yla TG TIHEG KABe petaBANTAG. AoKlpdocape va
€EETACOUPE TEPAITEPW AUTO TO EUPETIKO TNG <«Oikalag» Olaxwplong Tmou
oke@TAKape. Na onpewdel Ot ta media twv THWY Tou Oa acxoAnbBoupe
amaptiovtat amo tadoxikoug akepaioug.

JUYKEKPIPEVA, AEHE OTL Pla TP HETABANTAG €xel «BAapog» (6o pe To MANBOg TwY
TIHWV TWV AAAWY PETABANTWY Ol OTTOLEC LKAVOTIOLOUV TN CUYKEKPIMEVN TIPA OTOUG
TEPLOPIOPOUC OTOUG OToioug eumAéKeTal. Ma mapadelypa, oOToV TEPLOPICHO
X =Y, av 1o medio tpwv tng petaBAntig X eivat D, = {4, 5, 6} kat 1o medio
TIHWV TNG HETABANTAC Y eival Dy = {2, 3, 4}, téte n TN 4 oto medio D, éxel
pia TR umootnpEng amo 1o medio Dy (tnv 4 tou Dy), EVW Ol TIPEG 5 Kal 6 dev
EXOUV Kapia tiun umootnplEng. ‘ETol, oto eUpETIKO Ba eMAEYapE auth TV TIA.

MapatnpouUpe, OTL TO CUYKEKPIPEVO EUPETIKO £€apTdtal amd TOUG TEPLOPIOHOUC
OTOUC OTOIOUC OUHPMETEXEL KAOe WPETABANTA TPOKEIUEVOU VA OUYKEVIPWOEL
T0 MANBOC TWV «UTOOTNPIKTWY> KABE TIUAG Tou Tediou TIHWV TNG, WOTE vdA
UTTOPECEL PETA va KAvel Tn dlaxwplon oto medio O€ £va MOCOOTO TOU va Xwpilel
looBapwg 10 dldotnpa. AmO KABE TEPLOPIOHO TPOKUTITOUV EEXWPLOTOL KAVOVEG
eupeong TIHWY uTrooTtNPLENG.

210 TMPOBANpa tuxaiag tomobEtnong opboywviwy TAAKIGiwY TAVW OTO OToio
oxeOldoape TN «Oikala» Olaxwplon, n «olKaloouvn» EYKEITAlL OTO OlAPOPETIKO
BAPOC KATOWWY TIHWV TWV HETABANTWY TOU TPOBANHPATOC, WOTE vd £EETACTOUV
TPWTA Ol TIPEC TOU €ival Mo mMOaveég va KavomoloUv Toug TepLloplopouc. To
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mw¢ 6a OlapopPwoouphs To BAPOG PMOPOUHE va TO EMNPEACOUHE EKTOC ATO
TIC TAPAPETPOUC ToUu TPOBAARUATOC Kal amo €vav mapdayovta A, o omoiog eivat
default 50%, kat kaBopilel moco BEAoupe Ta duo dlactnpata mou Ba MPoKUYouv
va ival .ooBapn oTIg TIHEG UTTOGTAPLENG TWV HETABANTWY TOUC.

5. MNeipapatika AmoteAeopata twv Mebodwv Avalntnong ota
MpoBAnpata Ikavomoinong Meplopiopwy

5.1. ZUykpion t™ng AmANg Alaxwpiong Mediou Tipwv MeTaBANTWV HE TIC
KAaoikég Me6odoug Avalntnong

E€etdobnkav dwaopa MpoBARuata Ikavomoinong MeploploPwyY TPOKEIYEVOU Va
EVTOMOTOUV EKEIVEG Ol UTTOKATNYOPIEG oTIg omoieg n Alaxwplon Mediou Tipwy Ba
EXEl KAAUTEPN amodoon amo TG KAACIKEG peBadoug avalntnong. H cuykekplpévn
Katnyopia €ivat ta mpoBAnpata xwpobEétnong ki €0w Oa TAPOUCIACOUUE TO
mpOBAnpa tuxaiag tomoBETnong opBoywviwy MAakidiwy (rectangle packing).

2ta umoAolma mpoBAnpata n diaxwplon mediou TIHWY CUPTIEPLPEPBNKE avdaloya
HE TIC KAAOIKEG PEBOdOUC avalAtnong, wotoco Oev PmOpece va Eemepdoel o€
amodoon 2-3 amo autéC. MpEmel 0w va ToViooUpE OTL oNPEIWOE TTOAU KAAUTEPOUG
XpOVoug amo KAmoleG AAAec peBOdoug Ki £tol afilel pa Béon wg pEBOOOC
avalntnong ota mpoBARUATA IKAVOTIOINGNG TTEPLOPICHWY.

210 mPOBANUa tng Tuxaiag tomobETnong opboywviwy TAAKIOIWY, OTTWG AVAPEPAE
KAl o TAavw, To akplBEC {NTOUMEVO €ival N TOTMOBETNON €VOC CUVOAOU TUXAiwV
mapayopevwy opboywviwy Ola@opwy peyeBwY o€ €va PeyaAutepo opboywvio
(Teploxn TomoBETNONG) HE TPOTO WOTE TA opboywvia va pn «ocuykpouovtal»
HETAEU TOUG Kal OAEC Ol MAEUPEG TwV opBoywviwy va gival mapdAAnAeg mpog
TIC TAEUPEG TNG TeEPLOXnNg tomobetnong [6]. Ta dedopéva tou TPOYPAPHATOC
TmoU UAoTiolel To TMPOBANnua eivat ot OlacTACEIS TNG TEPLOXNG TOTOBETNONG, O
EMOUPNTOC aplBpog Twv opbBoywviwy mou BEAoupe va tomobetnooupe padi Pe Eva
avw 6plo OTIC OlAacTACELG TOUG Kal n HEBodog mou Ba spappootei otnv avalntnon
Tou mpoBANpatog (otnv mepimtwon tng dlaxwplong mediou TIHWY EI0AYETAL KAl TO
T0000TO TNG Alaxwplong).

Ta amoteAéopata TG oUYKPLoNG TwV KAACIKWY pEBOOwv avalitnong Kal tng
amAng dlaxwplong mediou TIHwV petaBAntwy (domain splitting - DS) pe to default
moc0oTOo NG Slaxwpiong 50% (DS/2) ywa 3 otiyplotuna tou mpoBARUATog ival ta
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e€ng:

Ixnpa 1: Méco teTpaywviko o@dApa AapBavovtag utm’ oytv Hovo ta UAIKA
TTOU CUVOETOUV TO EIKOVOGCTOIXEIO

Zxnpa 1: O xpovog eKTEAEONG TOU TIPOYPAUHATOG TWV KAACIKWY HEBODWY
KAl TG amAng dlaxwplong o€ OUTEPOAETTA Yid 3 SLAPOPETIKA OTLYUIOTUTIA,
pe Tnv TN 0 otig pebodoug va Bswpeital amotuxia.

Na onpewwdel €dw mwg o agovag twv y gival o€ AoyaplOuIkn KAHaKa woTE va
@aivovtal 0AeG ot TIHEG AdYw TOU PEYAAOU £UPOUG TOUG OTNV KAIHAKA TOU XpOVou.
Emiong, ywa tnv tpitn pétpnon oOmou ol AAAeg péEBodol AMOTUYXAVOUV, N
«01xotopunon» mediou TIHWVY Kavel 404.8 dsutepOAETTa.

Meta tnv elocaywyn tng Olaxwplong mediou TPwY, @aivetat n Owagopd oTo
mpoBAnpa tuxaiag tomoBETnong, Kabwg AUvovial OUCKOAA OTLYHIOTUTIA TTOU Ol
KAAoIKEG pEBodol avalntnong dev pmopoucav va AUcouv o€ Aoylkd xpovo. Eival
EMPAvNC N OlaYopd oTo XPOVO EKTEAECNC OTO PECAIO OTIYHIOTUTIO OE OXECN HE TNV
HéBodo avalntnong DFS.
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5.2. Xuykplon tng «Aikaiag» Aiaxwpiong Mediou Tipwv MeTaBAnTwy HE TIG
KAaoikég MeBddoug Avalntnong

MpoTOU TTPOXWPHNCOUHE OTNV TAPABESN TWV ATTOTEAECUATWY, TTPETEL VA TOVIOOUHE
OTL O0gv TPOKEITAL Yyla pla mAApn ouykplon twv pebodwv, yilati n «Oikaia»
olaxwplon OlapopPwWVETAl OlaWOPETIKA o KABe mpoBAnua avaloya HE TIG
HETABANTEC KAl TOUG TEPLOPLOPOUC TTOU UTIAPXOUV, £VW N aTAR Slaxwplon Kat ol
KAQOIKEG pEBodoL epappolovtal os KaBe mpOBANUa pLag Kat ivat ave§aptnteg amo
TOUG TTEPLOPIOHOUC TOU TTPOBARHATOC.

Mwag kat n dlaxwplon TeSIOU TIHWY @AVNKE va €XEl KAAd dAmoTeAéopata o€
Xwpotaika mpoBARpata, Omwg to mMPOBANpa tuxaiag tomobetnong opboywviwy
TAQKIOiwY, ol OOKIUEG HAG TEPLOPIOTNKAY OTO CUYKEKPIUEVO TPOBANpaA, OTou
£EETACAPE TOUC TTEPLOPIOHOUC TOU TTPOBARUATOC TTPOKEIHEVOU VA OLATUTIWOOUHE HLd
mo «Oikain»> TR dlaxwplong yla Kade petaBAnTh.

Ta amoteAéopata tng «dikatag» dwaxwplong (fair domain splitting - FDS) pe 10
default mocooto-A 50% o€ cUyKplon HE TIG KAAOIKEG PEBOOOUG yia 3 oTLyHIOTUTIA
Tou MpoBARpatog sival ta €€AG:

Ixnpa 2: O Xpovog eKTEAEONG TOU TTPOYPAHHATOG TWV KAACIKWY HEOGOWV
Kl TNG «OiKalag» olaxwplong o€ OEUTEPOAETTA Yid 3 SLAWOPETIKA
OTLyHIOTUTIA, pE TNV TIPN 0 otig peBodoug va Bswpeital amotuxia.
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Ma pla akopa gopd @aivetal Eekabapa n cupBoAn TG dlaxwplong TESIOU TIHWY,
Kal o€ autn Tnv €kOoXn TNG, 0To MPOBANUA NG TUXaiag tomobETnong opboywviwy
mAakdiwy. Aev tiBetal, OnAadn, Opa otL n Slaxwplon TESIOU TIHWY E(TE TTPOKELTAL
yla Tnv amAn €ite ywa tn «dikaia» Oivel AUon € OTIYHIOTUTIA TOU TTPOBANpATOC
OTIOU Ol KAQOIKEG HEBODOL ATTOTUYXAVOUYV.

5.3. XUykpion twv Auo MeBodwv Avalntnong Aiaxwpiong Mediou Tipwy
MetaBAntwy oto MpoBAnua TomoBEtnong Opboywviwy MAakidiwy

TéAog mapoucialoupe pla ouykplon HETAlU twv OUo eldwv dlaxwplong mediou
TIHWY, TNG AMANG KAl TNG «OiKalag» oTO OTIYUIOTUTIO TOU TPOBAAHATOC HE TIC
HEYAAUTEPEC TAPAUETPOUC, TTOU TANGLALEL TTEPLOCOTEPO TIC TPAYHATIKES OLACTACELS
TOU TMPOBANPATOC TuXaiag tomodEtnong opBoywviwy TAAKISiwY.

Ta amoteAéopata yla Ta OAd Ta MOCOOTd Twv OUOo £10wV Olaxwplong 6€ auto To
OTLYHIOTUTIO £ival Ta £ENG:

IxApa 2: O xpdvog eKTEAEGNG TOU TIPOYPANPHATOG TNG ATTARG KAl TNG
«Oikatag» dlaxwplong o€ OEUTEPOAETTA YId TO 30 OTIYHIOTUTIO HE OAA TA
TOC0O0TA SlaxwPLong.
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Daivetat €ekabapa n oupBoAnR TNG «dikaiag» Olaxwplong mediou TIHWV OTO
TPOBANUA OXL HOVO OE OXEON HE TIGC KAAOIKEC peEBOOOUG, aAAA Kal OE OXEON HE
NV amAn olaxwplon mediou Twwv, oto default (mpokaboplopévo) MOCOCTO
50%. ZNUEWWVOUHME TNV HEYAAN E£MPPON TWV AKPAIWY TOCOOTWY OTn «OiKala»
dlaxwplon, Kabwge yla pecaia mocootd yld Tov Kaboplopd tou A @aivetal pua
eEAaPpw¢ KaAutepn amodoon am’ O,TL OTNV aAmAN, €&VW avtiotpo@a 0Oco
€QApUOlOUHE AKPAIEG TIMEG TTOCOOTWY N «dikala» Olaxwplon EMETAl TNG ATANG.
Qotoco kat ot duo peBodol aveBalouv To XPOVO TOUG OTA akKpaia MOcooTd Kat
€XOUV TTapOHOoLloUG XpOVoUuG o€ autd. EUKoAa e€ayetal To cuhmEPACHA WG 000
mEPLocOTEPO Tpocappoloupe tn Slaxwplon mMediou TIHWY oTo MPOBANUa tuxaiag
TomoB£TNONG opBoywviwy TAAKISiwY (KAl EMAEYOUHE PN akpaia mocootd), T000
TIEPLOCOTEPO HELWVOUHE TO XPOVO EKTEAEONG TOU TTPOYPAPHATOC KAl AUEAVOULE TNV
emidoon tou.

6. Xuumepdopata Kalt MeAAovtikeG KateuBuvoelg

H ouvelo@opd autig tng gpyaciagc Atav n ecaywyn Hag kawvouplag pedodou
avalntnong, ¢ Olaxwplong medioU TIPHWV OToV  €MAUTH  TPOBANHATWY
tkavomoinong meploptopwyv NAXOS SOLVER. Mapouocidoape Ouo MAEUPEC AUTAC
™ng avalntnong, TN Yevikn HEBodo Odlaxwplong Kai tn «Oikala» Olaxwplon
mediou TIHWV TTou Tpoocappolstal Eexwplotd o Kabs mpoBAnpa Kal KataAnEape
ot €vd YvwoTto TpoBAnpa xwpoB£tnong, to MPOBANUa Ttuxaiag tomob£tnong
opBoywviwv TAAKIOiwY, oTo omoio ol duo HEBodol Olaxwplong medSIoU TIHWY
gixav KaAUtepn amodoon evw ol KAAoIKEG péBodot avalntnong aduvatoucav va
owoouv Auon.

H «dikaia» Olaxwplon AOyw tou 0Tl AduBAvel UTTOWLY TOUC TEPLOPLOHOUC EVOC
TPOBANUATOG, OF YEVIKEC YPAUHEG, €ixe pEYAAUTEPEC amodOoEI amd TNV ATAR,
HE TO HELOVEKTNHA OPWC TNG PN KABOAKOTNTAC. ‘lowg £meldn) oTA PNXavApata
ou €ylvav ol PETPNOELS N OlaBéoiun pvApn éptave ta 2GB n kKAldkwon va pnv
ATav MOAU HEYAAN, OHWC EVOEXOHEVWG OF HUNXAVAHATA HE HEYAAUTEPN HPVAMN
va @avotav mEPLOCOTEPO N CUHPBOAR TG «dikalag» Olaxwplong oto mPOoBAnua
Tuxaiag tomobEtnong opBoywviwy MAAKIOiwy. Oa Atav evOlaPEPOV oTo HEAAOV
vVa EMIXEIPNOOUPUE VA EQAPUOCOUUE QUTEC TIGC OUO HeEBAOOUG Ot OLAPOPES
mapaAAay£g Tou mPoBARPATOC TuXaiag TomoBETnong mou mpocopoldlouv akopa
TIEPLOCOTEPEC KATAOTAOEIG TNG KABNuepvOTNTAG N o AAAa TpoBARpATA TOU
avAKOUV OTNV KATnyopia TN XwpoB£Tnong HE TEPLOPIOHOUC 1N AKOPA KAl Of
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AAAEC KATNYOpPIEC TPOBANUATWY IKAVOTIOINONG TEPLOPICHWY, OTIOU N Olaxwplon
eSOV TIHWVY EXEL VA TPOOPEPEL ATTOOOTIKOTEPA ATTOTEAECHATA ATIO TIC UTTOAOLTTEG
pedodoug avalntnong.
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EppavounA . T¢aykapdkng
sdi0600143@di.uoa.gr

Neupwvika Aiktua kat AAyoplBuol Ekmaidsuong
yla Katnyoplomoinon Kelpevou

EOvikO Kal Kamodiotplako Mavemotipio ABnvwy, Tunpa MANpo@opIlkng Kal TNAETKOIVWVIWY
MavemotnuiouToAn, IAicla, 15784, ABrnva, EAAGG

NepiAnyn

JKomog TNG mapoucdac epydciag eivat n ouUykplon Ola@opwy aAyopibpwy
ekmaidguong OWKTUWV moAusmimedwy alodntnpwyv (multilayer perceptrons)
oTNV €pyacia Tng KAtnyoplomoinong Kelpévwy. EAEyxetal n taxutnta Kat To
TTOCOOTO TMPOBAEYWNC TOU pmopoUVv va emituxouyv. Mpoteivetal, akopa, £vag VEOg
aAyoplbpog opadomolnpévng padnong mou ovopdlstat otabepn  Oladoon
(constant propagation) kat daveilstal otoixeia 1660 amd tnv KataBaon MAAYIAG
(gradient descent) 6co kalt amd tnv gAactikni Owadoon (resilient propagation).
O aAyoplBpog autog MApPEXEL CUYKPIoIMA amoteAéopata TO00 AmEVAVIL OTOUG
umdAoloug aAyopibpoug ekmaideuong 000 Kal amevavil o€ AAAeg peBOdoug
Katnyoplomoinong.

AE€elc KAEOA: Neupwvika Oiktua, moAuemimeda Oiktua alodnTnpwy, KAtnyoplomoinon
KeWWEvou, omoBodiadoon, auéntikni omobodiddoon, omobodiadoon pe opadomolnuevn
paenon, ypnyopn owadoon, eAactikn oladoon, otabepn diadoon.

EmMBAETWY

Mavaywtng Xtapatomoudog, Kadbnyntng
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1. Elcaywyn

Ta teAeutaia xpovia AGYw TOU oUVEXWC AuEavopevou OYKOU Wn@LOTIONHEVNG
TANPoopiag Kal Kat’ EMEKTAON TNV AvAyKn yla TpooBacn o€ autn He Oldpopoug
TPOTOUG, TA CUCTAHATA avdktnong mAnpowopiag (information retrieval - IR)
EXOUV €va OLAKEKPIUEVO POAO OTOV TOHEA TwWV TANPOYOPIAKWY cuoTnudtwy. H
Katnyoplomoinon Kelpévou (text classification - TC i text categorization 1 topic
spotting) eival pia amo tig SladIKAGIEG TWY CUSTNHATWY avaktnong mAnpowopiag
[1]. H peAéTn autwy TwV cuoTNPATwWY, AOLTTOV, oTa TMAdicla £vOC KOGHOU TToU Ta
Ynelaka péoa oladpapatifouv 0Ao Kal HEYAAUTEPO POAO OTIC EMXEIPACELS, aAAd
KAl oTNV Kabnuepvotnta, KPIVETAL EMTAKTIKN.

‘Evag oplopog tng katnyoplomoinong Kelpévou eivat o €€ng: TC eivat n
dadikacia avabeong plag Suadikng Tung oe kabe Leuyapt (d;, c;)e D x C
omou D esivat éva medio oplopoU TOU TEPLEXEL KEIYEVA TOU TIPEMEL va
katnyoptomoin@ouv Kat to C €va oUvolo TO omoio TEPLEXEL OAEG TIG mMOAVEG
Katnyopieg. ‘Otav n tiunR oto {euydpt ivat aAndng (true) tote autd onpaivel ot
TO Kelpevo avnkel otnv katnyopia [1].

2tn OekasTia tou 1990 kat petrd, mpotddnkav péBodol Katnyoplomoinong amo
pNXaveég emMBAEMOPEVNC Kal Pn pdadnong (supervised/ unsupervised) twv omoiwyv
To KUPLO XApaKTnNPIoTIKO €ival otL dev xpetdlovtal Kamolov £101KO yid va QTIAEEL
KAvOVEG yld KATNYoplomoinon Kat OTL Ol PNXavég autéG pmopoUv va aAAdaouv
nmedio e@appoyng xwpic va xpelaletatl va dnploupyndei pia véa dopn Kavovwy
amo €va €10IKO OTMWG YvOTav HE TNV TPOCEYYION TNG HNXAVIKAG TN YVWONG
(knowledge engineering) [2]. Ot KUPLOTEPEG PNXAVEC TOU €XOUV TIPOTABEl oTN
BiBAloypagia sival ot: MBavotikoi katnyoplomolntég (Probabilistic), ta 0évipa
amopaong Kat gadnong pe emaywylkoug Kavoveg (inductive rule learners), ot
pEBodol maAvopopnong (Regression Methods - Linear least Squares fit), n p€6odog
Rocchio, ol katnyoptomointég Baclopévol oe mapddstypa (example based
Classifiers - kNN) kat ot Mnxavég Oiavuopatog umootiplEng (Support Vector
Machines). ®uolka og autég TIC peBOOouUC oupmeplAapBdavovtal Kat Ta
NeupwvVIKa Oiktua mou gival n pébodog mou eotialel n mapouoa peAétn [1][3].

H mapouca peAétn eotidlel €miong Kal oToug aAyoplOpoug ekmaidsuong Twv
TMOAUETHTTEO WY VEUPWVIKWY OIKTUWY. JUYKEKPIPEVA, HEAETWVTAL Ol aAyoplopol
NG opadomolnpévng omaobodiddoong, Tng omobodladoong Pe auéntikn paénon,
NG ypnyopng oOwadoong Kat tng eAactikng oOiwadoong [5][6]. Tautdxpova,
mpoteivetal €vag vEog aAyoplBpog ekmaidsuong, pe ovopacia otabepn diadoon,
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0 omoiog ouvoualovtac XapaKTNPIOTIKA amo TIC Tapamdvw HeBOOOUG TTPOCPEPEL
UTTOOXOHEVA amoTeEAéopATa.

2. Neupwvika Oiktua: Aopn, Ztoixeia kai AAyopiOuol
Ekmaidsuong

Ta veupwvika OiKtua amoteAouvtal amd dAmAEC UTTOAOYIOTIKEC HOVAOEG, TOUG
VEUPWVEC 1 KOPBOUC Kal TIC cUVOECELC HETAEU TOUG TTou ovopdlovtal cuvAyelg i
Bdpn. AVaAUTIKOTEPA TA OTOLXEI TTOU ATOTEAOUV £va VEUPWVIKO OIKTUO gival:

o O povadeg eme€epyaoiag i KOPBOL i VEUPWVEG.

e Mia moocOTNTa £vEPYOTOINONG TOU EKACTOTE KOPBOU TOU TO ATOTEAECHA TNG
amoteAel Tautoxpova Kat tnv €€000 Tou KABE veupwva.

o Ot ouvoéoelg PeETall Twv KOPBWY, YVWOTEC KAl w¢ BApn N CUVAWELG, TTOU
Kabopilouv Tnv £vtaocn mou €Xel TO onpa £€000u amd Tov KOPBO avaxwpnong
TIPOC TOV KOUBO Tpooplopou.

« ‘Evag kavovag diadoong (Propagation rule), o omoiog kabopilel Tig €10600UG
TOU KABe KOpBouU Kal Tov TpoTo e Tov omoio dtadidetal éva onpa lcodou.

« Mia ouvaptnon evepyomoinong, n omoia eivat umelBbuvn va oUAAEEEL Ta
oedopéva amo TIG £10000UG O €va KOPBO Kal va UToAoyioel Tnv moodtnta
gvepyormoinong.

e Muwa pébodog padnong [4].

2.1. Aopn NeupwVIKwV AIKTUWY

AUt TN OTIYPN UTIAPXOUV TOAAEG KATNYOPIEC KAl TOTOAOYIEC VEUPWVIKWY
OIKTUWYV, VW VEEG HEBOOOAOYIEC Kal TOMOAOYIEC NI TMAPAAAAYEC TAAAIOTEPWY
avakaAuntovtat kadnuepiva [7][5][16]. Ta veupwvika OIKTUA TOU UTIAPXOUV
otnv BBAloypawia pmopoUv va Xwplotouv HeE Olagopoug tpomous. O tpdmog
ekmaidguong, n tomoAoyia kat ta dsdopéva mou OEXovIdl Eival KAmolol amo
autoug. XXETIKA HPE TOV TPOTO EKMAIOEUONG, OUVAVTIAHPE VEUPWVIKA OIKTUA ME
EMBAETOUEVO KAl HN EMBAEMOPEVO HPNXAVIOPO pABNONG. Xtov E€MBAEMOHEVO
TPOTO padnong ta diktua yvwpilouyv Ta amoTEAECHATA TTOU TTPETTEL VA GTOXEUCOUY,
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EVW OTOV PN €MBAEMOPEVO TPOTO PABNoNg dev yvwpilouv ta amoteAéopata Kat
ouXva €mMTEAOUV E£PYACIEC PEIWONG TWV OlAOTACEWY N CUMPTIiEONG OEOOHEVWY.
H tomoAoyia twv OIKTUWV pmopei va xwplotel oe 0U0 BACIKEG KATNYOPIEG, oTa
OilKTua PE PG Ta ePTPOG Tpoodatnon (feed forward diktua) mou sivat akukALKol
ypd@ol Kat ota avadpopikd i HE TPOC Ta EUTPOG TPOPOAOTNON VEUPWVIKA
diktua, Omou Pmopouv va umapfouv KUKAoL oto ypd@o. TEAog, avaAloya e ta
oedopéva mou dlaxelpidovidal, EXOUHE TO OLAXWPIOHO TWV VEUPWVIKWY OIKTUWY OE
Oiktua mou €ival KatadAAnAa yla Katnyoplomoinon, Omou UTAPXouV HETABANTEG
KATNYOPLWY TTOU UTTOPOUV Vd TTAPOUV TTETTEPACHEVEG TIHEG KAl 0TNV KABE Katnyopia
avnkouv TOAAQ mapadeiypata ta omoia pmopoUhe va ta BpouUpe 1000 HE
EMBAETOUEVOUC 000 Kal Un EMBAETOPEVOUG UNXAVICHOUG pabnong, Kat o€ diktua
OTIOU TO ATOTEAECHA TOUC UTOPEL va eival €vag aplOpog mou avilmpoowITEUEL
N HETPNON €VOG HEYEBOUG, OTMWG TX TO MNAKOG €VOC avtikelgévou. H dadikacia
EMBAeMOUEVNG pABNoNg oe tétola Oiktua ovopdaletat maAtvopopnon [5][8][9].
H mapouca peAétn Oa emikevipwbBei otn Oopn KAl TIC TEXVIKEG HABnong Twv
OIKTUWV TOAUETTEOWY alobntipwy otabepng TomoAoyiag mou &ival mpog ta
EUTIPOC TpOoodoToUpeva SiKTua eMBAETOUEVNG HABNONG.

2.2. Eknaidsuon twv MOAUEMTESWY VEUPWVIKWY OIKTUWV

O kavovag pabnong aicbntnpwv xpnoldomolel tn Olagopd HeTalU TOU
EMOUPNTOU ATOTEAECHATOC KAl TOU Tapayopevou amd 1o OiKTuo aicbntipwy
amoteAéopatog yia va aAAdgel ta Bapn oUpgwva pe tov Kavova. Mia tétola
TTPOCEYYION HTOPEL VA €PAPUOOTEL OTOUC KOPBOUC €£€000U €VOC TOAUETITTEOOU
OlKTUOU atobntipwy, aAAd OXL OTA £CWTEPIKA Kpuppéva emimeda plag Kat yia
autd Oev UTTAPXEL KATIOLO ATIOTEAECHA OTOXOC YId VA CUYKPIVOUPE TNV £€€000 TOUG.
To mapamdavw mpOBAnua eivat yvwotd kalt w¢ mpoBAnpa avadeong miotwong
(credit assignment problem) [5]. H amavinon oto mapamdvw mpoBAnpa eivat
va opicoUpE Pia ouvaptnon Tou PETPAEL To AdBog KaBoAlkd, OTwg n cuvdaptnon
TOU PECOU TETpaywvikoU AdBoug (Mean Square Error - MSE) n omoia €ival to
abpolopa TWV TETPAYWVWY TwV OlAPopwV HETAEU Tou eMBOUUNTOU ATTOTEAEGHATOG
Kal autou mou mapayel 1o diktuo. H cuvaptnon MSE sival pia dlagopomotioiun
ouvaptnon twv £€00wv Tou OIKTUOU Kal N TIPA NG, To AdBog OnAadn, eival pia
OlAYOPOTIOIRCIUN cuvApTNON Twv BapwVv Tou OIKTUOU. ZUVETWC, HUTOPOUUE HE
olagopec pebdOouUg va Bpoupe ta Bdapn mou €AaxiotomoloUv Tn ouvdaptnon Tou
AdBoug. TEtoleg péBodol sival n kataBaon mAayldg (gradient descent), kKabwg
KAl aAAol o amoteAeopatikoi Tpomot BeAtiotomoinong [5]. H cuvdptnon AdBoug
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TToU TpooTTafoUpe va EAAXIOTOTIOINOOUKE ival n:

Ep :Ezizl(oi —tl.)2 (1)

oTou Ep glvat to OUVOAIKO AdBog, n eival o aplBpog twv mapadelyddtwy
eKTIaideuong #; eival To AMOTEAECHA TTOU OTOXEUOUME Kal O; Eival TO ATMOTEAECHA
mou mapdyel to Oiktuo. To 0.5 otnv apxn tou TUTOU XPNOIPOTIOLE(TAL Yla TNV
amAoUoTEUON TNG TAPAYwWYou. AVaAUTIKOTEPA BEAOUHE VA UTTOAOYIOOUE TO:

VE:(GE OF -,8E} 2

ow, ow,” ow,

WOoTE TeEAIKA va utoAoyicoupe to 4w, tnv aAhayr) SnAadn tou Kabs Bapoug pe tov
Tapakdatw TUTo:

AW, =—y— (3)

ya i and 1 éwg [, omou y eival pia otabepd mou Afyetal pubudg pabnong pe
TIPOTEIVOUEVEG TIHEG oTo Olaoctnua [0.25-0.5] [6]. Zkomdg Tng Sladikaciag TEAKA
glval va pndeviooupe tn ouvaptnon Adaboug.

IXETIKA PE TN Oladlkacia tng pAdnong ota VEUPWVIKA OlKTua €Xouv TPOoTadEei
Olagopot aAyoplBpol Pe Tou KUpLOTEPOUG va eivatl o aAyopiBuog omobodiadoong
(backpropagation - bp) pe opadomoinpévn (batch) [6] kat pe auéntiki (online)
paonon, o aAyopibuog ypnyopng otdadoong (qprop) [10] kabwg Kat o aAyopiBpog
eAaotikng diadoong (resilient propagation - rprop) [11].

2.3. MNpotaon yia €va BeATIWHEVO aAYOpPIOUO EKMAIGEUONG VEUPWVIKWV
OIKTUWV: Xtabepn oiadoon.

H otabepn diadoon eivatl pia pEBodog opadomoinuévng pabnong. O aAyopibpog
TTOU TpoTEeiveTal €xel OAVELOTEL oTolXeia amo tnv eAdctikn dldadoon, TIg SLAPOpPES
HEBOSOUC KaABOAIKNG Tpocappoyng Tou pubpol padnong, aAAd kat amod Tig
olagopec BeAtliwoelg tng omobodiddoong. H 1déa mou mpoEpxetal amd tnv
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geAaotikn dtdadoon gival OtL To BApa mou KAvel o aAyopldpog yia to Kabe Bapog Ba
mpEmel va eivat ave€daptnto amd 1o amoAuto péyebog tng KAiong. Xe avtiBeon pe
TNV €Aaotikn Otddoon OV Xpnolpomolndnke n aAAayn Tou mPOcnHou TG KAiong
HETAEU TNG TWPLVAG KAl TNG TPONYOUHEVNG EMOXNAG, TAPA HOVO TO MPOCNHO TToU
£XEL N KAlon otnv mapouca £moxn. H mocotnta tng omoiag eAEyxetat To MPOGNHO
givat n:

Aw(t):—y*g—E+m0menmm*Aw(f—l) (4)
w

Avdhoya pe TO mPOONUO TNG MAPAMAvWw TOooTNTAG, OnAadn to sign(Aw(t)),
e@appoletal pia otabepol peyeBoug aAAayn MAVW OTO €KACTOTE BAPOG, £0TW
Step. ATo(AcioTNKE va PNV £QApHPOCTEL KATTOlA TEXVIKA auénong i peiwong Tou
HEYEBoUg Tou Step, I KAAUTEPA OXL PE TOV TPOTO TOV OTOI0 TO XPNGCLHUOTOLEL N
eAaoTikn Oladoon, Kal autog ival €vag akopn AOyog mou Ogv Xpnoldototionke
dapeoa to mPOoNHo TNG KAiong otnv mponyoupevn €moxn. H aittioAoyia ywa to
mapanmdavw givatl 0Tt ol OUVAPIKEG HETABOAEG TOU BAPATOC TTOU TTPOKAAEL N EAACTIKNA
oladoon emraxuvouv apxikd tn Oladlkacia, aAAd amoTUYXAvouv vd Kpatnoouv
EYYUNUéva €va otabepd KaAd amotéAeopa Otav to KaBoAlKO AdBog €xel PElwOEL
APKETA. AUTO TO XAPAKTNPIOTIKO Yivetal mpoomdbela va emrteuxBel pe 1t
otabepn Ouddoon Oucialovtag BéBaia pe autov tov tpomo to 1daviko BhApa
mou otn Bswpia umoAoyilel TO00 n €AacTikn 600 Kai n ypnyopn oOiwadoon. O
aAyoplOpog €xel wg ENG:

$T0 TéAOoC K&Be emoxNC via k&Oe PR&pog rol ko6uPo mdiwong
bpoAioy?y 1j=-y* (9E/ (dw_17j))+momentum*Aw (t-1)

ov (bpaiioyny i3> 0.0) tote:
Aw i3 (t) = (n_plus) *AT

ov (bpaiioyn 1j< 0.0) tote:
Aw 1j (t)=[-n_minus)]*AT
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3. AmoteAéopata

2TV Tapaypa@o autn mapatifevial ta amoteAEopata Tng oUYKPLoNg Twv
Olaopwv aryopiBuwy yia didgopa ot GeC0HEVWY HETA ATTO TIPOCEKTIKN EMAOYN
OlaPOpwWV TAPAPETPWY AEITOUPYIAG TOU KABE £VOC yld TO EKACTOTE GUVOAO.

3.1. XUVOAO O€00UEVWY KPITIKWY XpNotwy tou Imdb

To oUvoAo amoteAsital amd 692 apvnTIKEG KAl 694 BETIKEG KPITIKEG TAVIWY. To
oUvVoAo autd pmopei kamolog va 1o Bpel otn dlevbuvon:

http://www.cs.cornell.edu/people/pabo/movie-review-data/mix20_rand700_
tokens_0211.tar.gz

AkoAouBouv ta amoteAéopata yia 500 emox£g ekmaidsuonc:

500 £mOXEG 1 2 3 4 5 M.O.

mpoBAewn batch bp | 0.6892 | 0.6289 | 0.6578 |0.6699 |0.6386 | 0.6569
mpOBAsyn online bp | 0.8289 | 0.7952 |0.8289 | 0.7904 0.8 0.8087
mpOBAswn gprop 0.5614 |0.5976 |0.6241 |0.5398 |0.5952 |0.5836
POBAewn rprop 0.8072 | 0.7807 |0.747 0.7759 0.8 0.7822
TPOBAsWN cprop 0.8289 |0.812 0.8193 |0.8096 |0.8217 |0.8183

Mivakag 1: AmoteAéopata KpLTIKwy Xpnotwy Tou Imdb

3.2. XUvoAo OedopEVWY spam Kal ham PnvUPAtwy KEIPEVOU KIVNTOU TRAEQWVOU

To ouvoAo auto amoteAsital amo 5.574 pnvipata KEWEVOU €K TwVY oToiwy ta 4.827
givalt ham kat ta 747 sivat spam. Mmopei va Bpebei e0w:

http://www.dt.fee.unicamp.br/~tiago/smsspamcollection/.

E€alpetikd onpavtikd otnv Katnyoplomoinon spam kat ham dev €ivat povo n
TaxuTnTa cUYKALONG Kal To €Mmed0 TNG akpiBelag mou Ba emteuxBbei, aAAd Kal To
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TTOCOOTO TWV UNVUHATWY TNG Katnyopiag ham mou dsv Ba katnyoplomoinbouv ocav
spam, YEYovog mou Ba €Xel oav AMOTEAECHA OTOV TPAYHATIKO KOGHO 0 XPNoTng
va pnv O€l €va Kavoviko pnvupa. Ta amoteAéopata Oa sival o pEcog 0pog MEVTE
TTPOCTIADELWVY.

200 emoxEg 1 2 3 4 5 M.O.
mpoBAsywn online bp | 0.9755 | 0.9815 |0.9833 | 0.985 0.9803 |0.9811
AdBog exmaideuong | 0.0009 | 0.0006 |0.0004 | 0.0005 |0.0007 | 0.0006
Mocooto ham 0.9867 |0.9965 |0.9923 |0.998 0.9931 |0.9933
Nocootd spam 0.9113 |0.887 0.927 0.8957 |0.8982 |0.9038
mpOBAsywn batch bp | 0.9551 | 0.9258 |0.9557 |0.9528 |0.9659 | 0.9511
AdBog ekmaideuong | 0.0207 | 0.0133 | 0.0113 | 0.0176 | 0.016 0.0158
Nocootd ham 0.9717 |0.9938 |0.9677 |0.9735 | - 0.9767
Mocooto spam 0.8475 | 0.4796 |0.8767 |0.827 - 0.7577
TmpOBAewn gprop 0.9557 |0.9492 |0.9581 |0.9522 |0.9617 | 0.9554
AdBog ekmaidsuong | 0.0119 | 0.0138 | 0.0127 |0.0134 | 0.0103 |0.0124
Nocooto ham 0.9815 |0.9896 |0.989 0.9903 |0.9898 |0.988
Nocooto spam 0.7751 | 0.6889 |0.7477 |0.704 0.7598 | 0.7351
TPOBAEWN rprop 0.9743 | 0.9581 |0.9767 |0.9593 |0.9773 |0.9691
AdBog exmaideuong | 0.0057 | 0.011 0.0048 | 0.0105 |0.0063 |0.0077
NMocooto ham 0.9924 | 0.9937 |0.9932 |0.9843 |0.9918 |0.9911
Mocooto spam 0.8559 | 0.755 0.8578 | 0.7794 | 0.8732 |0.8243
TPOBAewn cprop 0.9351 | 0.951 0.9563 |0.9528 | 0.9378 | 0.9466
AdbBog ekmaidsuong | 0.0167 | 0.0112 | 0.0087 | 0.012 0.0171 | 0.0131
Nocootd ham 0.9931 | 0.9979 | 0.9944 | 0.974 0.9707 |0.986
Mocooto spam 0.5664 | 0.6535 |0.7246 |0.8038 | 0.7406 |0.6978

Mivakag 2: AmoteAéopata cuvoAou spam Kat ham pnvUpatwy KePEvou
KIVNTWV TNAEQWVWY
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Kottalovtag TPOOEKTIKOTEPA, TA TAPAMAVW damoteAéopata €0IKA yla Tnv
omobodiadoon pe auéntiki padnon esivat e€ailpetikda, omou ot mepimou 1.450
KAvoviKa pnvupata Osv KATNYOPLOTIOIEl OwoTd HOVO Tad Katd péco opo 10
amd autd, VOUUEPO TIOU Of TOCOOTO €ival €vag MANPWS ATOOEKTOC aplOpoG.
AkOpa, TPEMEL va TOVIOTEL OTL Kal ot umoAotmol aAyopiBpol Asttoupynoav
alompenéotata, Kablotwvtag autd to moAuemimedo OiKTuo aicbnthipwv pia
APKETA LKAVOTIOINTIKN UNXAvh KAtnyoplomoinong sms UNVUHATWY.

3.3. XuvoAo 0edopEvwy spam Kdl ham pnVUPATwyY NAEKTPOVIKOU TaxudpopEiou

To oUvoAo O£00HEVWY UNVUHATWY NAEKTPOVIKOU Taxudpopeiou €ival €va moAU
ONHAVTIKO TEOT EIOIKA YA EQAPHOYEC TOU TTPAYHATIKOU KOOHOU. To mapov cUvoAo
mepAapBavel 4.327 pnvipata €K twv Omolwv Kavovikd (ham) eivat ta 2.949
Kal spam ta 1.378. To cuvoAo pmopei va 1o Bpel kamolog otn dlevbuvon:

http://csmining.org/index.php/spam-email-datasets-.html

AkoAoubBei 0 Tivakag amoTeAEoHATWY:

200 emoxeg 1 2 3 4 5 M.O.
MpoBAsywn online bp | 0.9611 | 0.6895 | 0.6672 |0.6834 |0.6818 |0.7366
AdBog Ekmaideuong | 0.1129 | 0.0576 |0.0553 |0.0582 |0.0571 |0.0682

Nocootd ham 1 1 1 1 1 1
Mocooto spam 0 0 0 0.0072 0O 0.0014
NpoBAewn batch bp | 0.7643 | 0.8413 | 0.6888 | 0.829 0.879 0.8005
AaBog Ekmaideuong | 0.0833 | 0.0757 |0.0658 |0.0564 |0.0701 |0.0703
Nocooto ham 0.99 0.9728 |0.9898 | 0.8209 |0.9513 |0.945

NMocooto spam 0.2594 |0.5212 |0.0459 |0.8447 |0.7362 |0.4815
MpoBAswn gprop 0.7535 |0.7365 |0.7535 |0.7296 |0.7227 |0.7391
AadBog Ekmaideuong | 0.0598 | 0.0617 |0.0599 | 0.0584 | 0.0613 |0.0602
Nocootd ham 0.8849 |0.8409 |0.8731 |0.8669 |0.8625 | 0.8657
Mocooto spam 0.4872 |0.5121 | 0.5059 |0.4699 |0.45 0.485
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200 emoxeg 1 2 3 4 5 M.O.
MpoBAswn rprop 0.9145 | 0.8097 |0.7712 |0.7334 | 0.8444 |0.8146
AdBog Ekmaideuong | 0.023 0.0574 |0.0577 |0.067 0.0339 |0.0478
NMocootd ham 0.9543 |0.7935 |0.8843 |0.7506 |0.8435 |0.8452
Mocooto spam 0.825 0.8447 |0.5388 |0.6966 |0.8463 |0.7503
NpoBAewn cprop 0.8891 |0.9237 |0.896 0.9106 |0.9253 |0.9089
AaBog Ekmaideuong | 0.0169 | 0.0205 0.0272 |0.0241 | 0.0223 |0.0222
Nocootd ham 0.9816 |0.9276 |0.9561 |0.9431 |0.9781 |0.9573
Mocootd spam 0.7016 | 0.9155 |0.7653 0.8425 |0.8 0.805

Mivakag 3: AmoteAéopata cuvoAou spam Kat ham pnvupdtwy NAEKTPOVIKOU
Taxudpopeiou

3.4. XuvoAo 0edopévwy 1 amo n, CUVOAO LATPIKWY KEIHEVWY

To mapamdvw OupTECPEVO  apxeio  mepléxel 19 oUvoAa  OeOOpPEVWY.
JUyKekplpéva, 1159 vywa Antibodies, 709 ywa Carcinoma, 764 ywa DNA,
1001 In-Vitro, 864 ywa Molecular Sequence Data, 1.621 ywa Pregnhancy,
1.037 ywa Prognosis, 1.297 ywa Receptors, 1.450 ywa Risk Factors kat 1.260
yla Tomography. To ouUvoAo pmopel va BpeBei oti¢ cUAAOYEG Tou weka otnv
lotooeAioa:

http://www.cs.waikato.ac.nz/ml/weka/datasets.html.
JUYKEKPIPEVA gival To 19MclassTextWc.zip pe ouvdeopo:

http://prdownloads.sourceforge.net/weka/ 19MclassTextWc.zip?download

Ta anoteAéopata sival ta €€AC:
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Zxnpa 1: AToTeA£oUATA KATNYOPLOTIOINGNG GUVOAOU LATPLKWY KEIHEVWY

3.5. Zuykpitikd amoteAéopata He AAAoug aAyopiBpoug katnyoplomoinong

2T0 TAPOV KEPAAALO YiveTal PHEAETN YA TO TWC CUUTIEPLPEPOVTAL Ol KAAUTEPEG
EKOOXEG £VOC TOAUETITTEOOU OLKTUOU aloBNTNPWY AmEVAVTL 0TOUC OladEOOUEVOUG
aAyopibpouc katnyoplomoinong Omwg Ta dageAn Bayes Oiktua kat o SVM.
AvaAuTika:

Ma 10 6UVOAO KPLITIKWY EXOUHE:

2UvoAo IMDB Mocootd MpoBAewng
2tabepn owadoon M.O. 0.8183

A@eAn Bayes Aiktua 0.826923

SVM 0.846154

Mivakag 4: AmoteAéopata KatnyopLlomoinong yida To GUVOAO KPLTIKWY
Tawviwy amod to Imdb

Ma to GUVOAO TOV PUNVUHATWY KIYNTOU TNAEPWVOU KAl TOU GUVOAOU HNVUHATWY
NAEKTPOVIKOU TAXUOPOUEIOU EXOUHE:

45



- Neupwvika Aiktua kat AAyopiOpol Ekmaideuong yia Katnyoplomoinon Ketpévou -

EppavounA I'. Taykapdkng

JUvoAo SMS HAM SPAM Nocootd Nocootd
SMS SMS HAM SPAM

2tabepn owadoon M.O | 0.986 0.6978 0.9515 0.9767

Online BP 0.993 0.9038 -

A@eAn Bayes Aiktua 0.992 0.913 0.9599 0.978

SVM 0.984 0.981 0.9784 0.983

Mivakag 5: AmoteAéopata KatnyopLlomoinong yid To 6UVOAO TwV UNVUHATWY
KEEVOU sms Kal email

Ma 10 6UVOAO TWV LATPLIKWY KEIHEVWY EXOUHE:

latpiko cUvoAo Mocootd NpoBAeywng
2tabepn owadoon M.O. 0.718937
AeAn Bayes Aiktua 0.733055
SVM 0.763511
online BP 0.780167

Mivakag 6: AToTEAéCATA KATNYOPLOTOINONG YId TO GUVOAO TWV LATPIKWY
KEIHEVWV

4. Zupmepdopata

MEAETWVTAC TTPOOEKTIKA TN CUHTEPLPOPA Kal TNV AmOooon TwV MOAUETITESwWY
OIKTUWV atentipwyv pe OldPopoug aAyopibpoug Kal TOTOAOYIEC TPOKUTTOUV
eVOlAYEPOVTA OupTEpAcpata. Apxikd, Ocov dagopd TNV daAmodoocn Twv
MOAUETIMES WY OIKTUWY alodNTNPWY PTOPOUHE va TOUHE OTL N eKTMaidEUoH TOUG
glval apyn OUYKPITIKA PE AUTH TWV AVIAYWVIOTIKWY aAyopiBuwyv. To yeyovog
aUTO KAVEL EMTAKTIKN TNV AvAyKn HEAETNG OTOLOUOATIOTE TPOTIOU BeATiwoNng tng
Taxutntag Pe tnv omoia padaivouv, wote Tto OIKTUO va pmopei va ekmatdsveTal
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ypnyopotepa ota ouvibw¢ ToAAwv Olaotdoswy  OlavUopata  €l6000u
TOU XPNOLUOToloUvVTAl OTnNV Katnyoplomoinon KelpEvwy. TEToleg pEBodoL
BeATioTOTOINONG MTMOPEL VA A@OPOUV AUOCTNPA TNV UAOTOINGN, HE TIC OTOIEC
0ev aoxoAnbnke n mapouca epyacia, 000 Kal pe peBOdoug mou Ba KAvouv To
gkAotote BApa tou aAyopibpou mo amodoTikO, EMTAXUVOVIAC TNV TOPEia TPOG
T0 €AAxIoto TNG ouvdaptnong AdBouc. Ta amoteAéopata Ocixvouv Eekdabapa
OTL 0 O aMAOG TPOTOC Yld va E€MITEUXOel auto €ival n xpnolgomoinon GIKTUOU
EVOC KpU@OU €MMEOOU HE KATAAANAO aplBud KOpBwY, XPNOLHOTIOLWVTAG
omoBodiadoon pe au€ntikn padnon. ‘Ocov agopd toug uToAolmoug aAyopibpoug
TTOU CUMHETEIXAV OE AQUTA TNV €pEUvVA PTTOPOUY va lmwBouV ta £€NGg cupTEpAcpara:

o H omo6Bodiddoon pe opadomoinpévn pabnon £ytve €vag mMoAU O ATOOOTIKOG
aAyoplBpog Pe pia onpavtika PIKPOTEPN mocotTNTa Oldipeong Twv Bapwy amo
TOV aplOpo Twv TapadelypdTwy.

« H ypriyopn oOwadoon £€0cle amMoOyonTeEUTIKA amoTEAéopATa  aAveEapTNTwG
0edopEvwy Kal O0PNRG Tou OLIKTUOU.

« H eAaotikil Owadoon €0woe ta OsUtepd KAAUTEPA aAmOTEAEopatTa amod
TOUG aAyopiBpoug opadomolnpévng padnong av Kat ol TApApeTpol Tou
Xpnolgomoiénkav ya 1o pEYloTo BAPOG NTAv onpavtika HIKPOTEPOL dATIO
autoug mou mpoteivovtal otn BiBAloypagia.

Mia o TPOGEKTIKN avayvwon TwV ATMOTEAECHATWY OPWG, O£ixvel OTL UTTAPXOUY
EVAAANAKTIKEG TAKTIKEG, OTIWC N otabepn diadoon. H otabepn diadoon eival £vag
amAOG aAyoplOpoC PE TEVTE TAPAUETPOUC, Ol TPELC EK TWV OTOIWYV gival 10laitepng
onpaciag. Ou mapdueTpol autoi givat o pubpog padnong kait n opun mou eivat
NOoOVOG onpaciag, aAAd Kal ol MO ONUAVIIKEG OTw¢ o OlalpETng Bapwy, TO
BETIKO - apvnTIKO BNpa aAAd Kal n MAapdpeTpog TG cuvVAPTNONG EVEPYOTTOINONG.
IXETIKA PE TO BApA PTOPOUHE va TMOUHE OTL UTTapxouv OUO EMAOYEG, AUTECG TOU
ioou BetikoU Kat apvntikoU BApatog kait autn tou OLmAdcolou BeTikoU Bnpatog
HE TIPOTELVOHEVEG TIHEC TIC 1.6 kat 0.8. H otabepny diadoon TIG TEPIOCOTEPES
(POPEC  EXEL  OUYKpiola amoteAéopata HE TG  umoOAolmeg  peBOdoug
Katnyoplomoinong, TN OTyMR HAAlOTAa TOU TAd  ATMOTEAEOPATA  TTOU
XPNOLHOTIOINONKAY OTOUG CUYKPITIKOUG TIVAKEG OV €XOUV AUTO TO OTOXO, MIAG
Kal KAtl tétolo Ba mpoumebete pia amodotikotepn dopn tou OIKTUOU Yla Kabe
mpoBANUa. Xav mpotdcel BeAtiotomoinong tng omoBodiadoong mpoteiveTal
éva ouotnua to omoio Ba sival Ikavo Pe KATolo amodoTIKO TPOTO Va HEIWVEL TO
puBUO pdadnong aufavovtag to Olalpetn Bapwv. H 100tnta auty 6a £0ive
TNV IKavoetnta otnv omobodiddoon va Wael avaAutikotepa META amo Evav
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aplBpo emoxwyv ekmaidguonc.
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Abstract

Recommender Systems (RSs) provide personalized suggestions to users for
specific items (e.g., books, music) according to their preferences. Popular
techniques for building an RS are Content-based (CB) models and Collaborative
Filtering (CF). A well-known problem of these systems is the cold start problem
that arises when there is lack of information about users or items. In such cases,
the RS is not capable of making accurate recommendations. In this thesis,
we try to alleviate the discussed problem and propose a hybrid model that
incorporates classification methods in a pure CF system by using user demographic
data. Through the proposed mechanism, we identify users with similar behavior
and predict their ratings for specific items. We evaluate our algorithm and show
its performance by executing a large number of experiments with a real dataset
(i.e., MovielLens).
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1. Introduction

In recent years, RSs have become extremely common and are used by several
applications and websites such as Amazon, Youtube, IMDB, MovielLens, LinkedIn
and Facebook. RSs are information filtering systems that deal with the delivery
of information that the user is likely to find interesting or useful. Such systems
can make recommendations that are based on models built from item or user
characteristics and social environment. RSs encounter a common problem, known
as the cold start problem [3]. This problem is detected when the users or items
are new to the system and there is no sufficient information (i.e., ratings) in
order to provide accurate recommendations. The problem is more intense in the
Collaborative Filtering (CF) approaches that are mostly based on user ratings in
order to find users similarities and, finally, make recommendations.

Several research efforts tried to propose solutions on the cold start problem.
Hybrid approaches that use both CB and CF features are proposed as a solution
to the discussed problem [1], [2]. These studies adopt a single probabilistic
framework in order to unify CF and CB techniques in sparse data environments.
Respectively, in [3] is presented a hybrid approach that is based on the analysis
of two probabilistic aspect models that use pure CF and user information.
Furthermore, predictive feature-based regression models [4] that leverage
all the available information of users and items can tackle the cold start
problem. In [5] is proposed a solution adopting the functional matrix
factorization (fMF) technique. fMF constructs a decision tree from the initial
user interview (each node being an interview question) enabling the RS to query
the user adaptively. Hence, the interview phase could be ‘alleviated’ in order
to improve the performance. Finally, the authors in [6] study a novel model for
the profiling of the new users and adopt an interview to elicit user opinions on
specific items.

In this thesis, we propose a hybrid approach that combines demographic data
and CF features in order to alleviate the cold start problem. The proposed
algorithm includes three phases: a) user classification, b) user similarity, and,
c) rating prediction. The user classification process classifies the new user in a
specific group. For this purpose, we adopt widely known classifiers such as C4.5
and Naive Bayes. In the second phase, we utilize an intelligent technique in
order to find the neighbors of the new user inside the group. We examine
important characteristics of the new user and try to find others inside the
group that best matches to her. In the final phase, we predict the ratings of the

51



- A Novel Approach for alleviating the Cold Start Problem in Recommender Systems - Blerina P. Lika

new user based on the outputs of previous phases by using a weighted average
scheme.

2. Proposed approach

We developed a three-phase algorithm that combines demographic data and
user similarity methods on a traditional CF system in order to make accurate
prediction on new user ratings. In order to describe in details the proposed
approach we define as U={u;, u,, ...,u,} the set of registered users in
the RS, N={n,, n,, ...,n,} the set of new users and I={i,, i), ...,i}} the set of
available items. Figure 1 depicts the main components of the proposed approach.

Figure 1: Architectural components of the proposed approach

In the first phase, we use a classifier to build a model based on demographic
data (e.g., age, gender, occupation), D={d;, d, ...,d;} represents the set
of each user demographic data. This classification component trains a
dataset that contains instances (observations) with D attributes. The training
process generates a model that maps a new user in the appropriate category
according to her demographic data. Let C={c;, ¢, ...,cp} be the set of
possible categories that the user may belong. Figure 1 shows two key factors:
a) the prediction variable V, and, b) the estimated category C. For each
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new user we set a class attribute that represents V. The values of this class are
the possible categories ch c C in which we will classify the new user.
One of these categories C; is the output of the model and the corresponding
category C for every n€N. The goal of this process is to find a neighborhood
NG = qu(NG c U) for every n€N. The neighbors in NG are users that belong to

the same category predicted by the model.

After the definition of NG, we calculate the similarity between n € N and
each of the neighbors u; € NG, j=1,2,...,|NG| through a weighted average
of their demographic data. More specifically, we obtain the similarity for the
age, gender and occupation and we combine these three metrics in a weighted
scheme producing an overall weight for the similarity between the new user and
her neighbor. This way, we are able to predict ratings of the new user based
on top-k nearest neighbors. In case of numeric data (e.g., age), we adopt an
exponential function that is described in Section 2.2. For nominal values
(e.g., occupation), we adopt the Wu-Palmer semantic similarity metric [8].

Finally, predictions are produced based on a weighted sum of NG ratings. We
combine similarities retrieved by the previous steps with the ratings of NG. In this
step we implement a function that makes a prediction for an item i € /.

2.1. User classification

Through the adoption of classification algorithms, we produce the estimated
category C based on the data related to U. We apply a multiclass classifier
in order to generate multiple categories. More specifically, we turn a binary
classifier into a multinomial classifier using the one against all (one-vs-all)
strategy [7]. For each class, we train a single classifier in order to distinguish
that class from all other classes. The final predicted class is that with the
highest confidence score that satisfies Equation (1).

y= czrgmax(’;g,?S %) (1)

Figure 2 depicts the OvA algorithm that we use in order to implement a multiclass
classifier.
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Figure 2: Multiclass classification (OvA)

2.2. User similarity

After retrieving C, we group users according to their categories. Our aim
is to find the neighborhood for each new user nj € N. Figure 3 shows the
algorithm that calculates user neighborhood. It matches Cn. against Cu, ,
where C” is the category of the new user n; € N and Cu is the

category of the user U € N. The result is the set of neighbors NG. jFigure 3
presents the algorithm that calculates NG group.
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Figure 3: Algorithm for new user neighborhood calculation

In addition, we calculate the weight of the similarity on the demographic data
between the new user and NG through Equation (2).

l
Sim(n,u)zzSFJ-wj (2)
j=1

In Equation (2), SFJ- is the similarity value of the j” attribute (e.g., similarity
of age) and w; is the corresponding weight. In this way, we can pay more
attention on specific demographic data. For example, let us consider
D={ld;=age, d,=occupation, d;=gender} so that /[=3. We can pay more
attention on age, if we define w;=0.5, w,=0.25, w3=0.25. In order to calculate
the similarity value SFJ- for each attribute dj, we define a similarity function
SF(at;,aty) € [0,1]. The terms at; and at, are the attribute values that
will be compared for a pair of users. We consider two attribute categories:
(a) numeric, (b) nominal. For numerical values we use an exponential function
SF : R" XR"—/[0, 1] defined in Equation (3):
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1oig]
sr_ 0D )" WIDHISD

0 if | Diff | > D,

More specifically, Diff is the age difference between two users and Diff,, . is
a maximum difference (defined by developers). The @ parameter is a policy
factor. For nominal values we adopt the Wu and Palmer semantic similarity
metric. Wu-Palmer metric adopts the known Least Common Subsummer (LCS). This
technique results the common node of the values to be compared according to
the Wordnet taxonomy'. Finally, in case of binary nominal attributes
(i.e., gender) or binary numerical attribute values, we consider boolean similarity
values (true or false). Hence, SF(at;, at,)=1 when at;=at, and SF(at;, at;)=0
when at j# at,

2.3. Rating Prediction

The final phase is the prediction of ratings for specific items. For each new user
n; € N, the model aims to prov1de predicted ratings for every item i; € I.
Every predicted rating Rn i, eER” is calculated by the weighted sum of NG

ratings for specific items i, € / (Equation (4)):

Z Slm(l’lj,l/l) "

— ueNG (4)

Rn/,ib .
- Z sim(n;,u)

ueNG

In Equation (4), Vu,l-b is the rating of the user u (neighbor of nj) for the
item i,. Based on this approach, we aim to enhance ratings that are made by
users having large similarity with the new user.

1. http://wordnet.princeton.edu/
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3. Experimental Evaluation

We evaluate the performance and prediction accuracy of the proposed approach
based on the widely known metrics Mean Absolute Error (MAE) and Root Mean
Square Error (RMSE).

MAE= S |p.,

u,i

RMSE = \/%Z( Pui =) (6)

We run several experiments using the MovielLens? dataset containing one
million ratings for 4000 movies provided by 6000 users. From the set of users,
we choose a number as the registered users in the system and the rest are
considered as new users. We start from 100 registered users and, in different
experimental scenarios we increase the number till 5000 users. Through this
approach, we try to find out how the system behaves for different registered
users number. Ratings are between 1 (minimum value) and 5 (maximum value).
All ratings are considered to be integer values. We adapt the MovieLens dataset
at the proposed model by adding in the dataset a category that the user may
belong according to her movie preferences. Therefore, we consider four attributes
C={c; ¢y c3}={fun, intellectual, adventurous, romantic}. Hence, a user is
defined by id, her demographic data D={d; d, ds;}={age, occupation, gender}
and the respective category C'. Moreover, in the classification step we use two
binary classifiers: a) C4.5 and b) Naive Bayes in order to build a multiclass
classifier. We compare our results of the proposed algorithm when adopting
these classifiers with those when users are randomly classified in C. For this
purpose, we replace the classifiers in the first step of the proposed approach
with a Random Classification Algorithm (RCA). For the C4.5 approach, we examine
a scenario where only two classes are used for the classification of each user
(C° 4.5) and a scenario where multiple classes are considered in the
classification process (CM 4.5 ). Table 1 depicts an overview of our experimental

2. http://grouplens.org/datasets/movielens/
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parameters.

Table 1: Experimental parameters

We examine different scenarios defined by the weights w; values for each d]
Table 2 depicts four scenarios. Every combination focuses on a specific
combination of weights for demographic data. For instance, in Scenario 1,
the algorithm pays more attention on the age in order to make the necessary
recommendations. Scenario 4 is more “fair” as all the demographic data are

equally considered for recommendations.

Table 2: Experimental scenarios

Figure 4 shows results of MAE and RMSE when we consider the Scenario 1. For both
metrics, C? 4.5 algorithm has the best performance. As |U| (number of users)
grows, MAE and RMSE are reduced. For |U| = 900, we take MAE approximately
equal to 0.8 and RMSE approximately equal to 1.0. As |U]| increases, the system
has more data to achieve good performance in the classification process as well
in matching user demographic information. Hence, the prediction error becomes
smaller compared to the scenarios with few users. The respective results
are shown in Figure 5. In this case, the best performance is achieved by the
C" 4.5 algorithm accompanied by the NB. The minimum MAE value is equal
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to 0.736 achieved by C" 4.5 when |U| = 5000. As natural, the RCA algorithm
performs worse than the rest. We obtain similar performance for the rest of the
examined scenarios.

Figure 4: Results for Scenario 1

Figure 5: Results for Scenario 2 - large number of users
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In order to compare the performance of the proposed approach using a small
dataset (e.g., |U| €{100, 200, 400, 500}|) as well using a large dataset
(e.g., |U| €{1000, 2000, 4000, 5000 }|) we define the D metric (Equation (7)).

-D
Base Target % (7)

D

Base

More specifically,  Dp,, stands for Base €{100, 200, 400, 500} and
Dyrger for Target = 10-Base. We calculate the Dyap and Dgysg for both
MAE and RMSE metrics. Figure 6 shows the results for Dyae. We see that all
the algorithms are affected by the increase in |U|. The (C° 4.5 algorithm is
less affected compared to the rest. The difference in the performance becomes
smaller as |U| increases. However, the difference remains close to 10% as
Base = 500. Concerning the RMSE metric, we see that the CY 4.5 algorithm is
heavily affected by the increase in |U| as in the MAE case. Smaller |U| leads
to greater MAE and RMSE results. This is because the system does not have
enough information about users in order to get better predictions.

Figure 6: Dyag comparison
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4. Conclusions

The proposed approach addresses the new user cold start problem for RSs
applying pure collaboration filtering techniques. We adopt a three-phase
algorithm in order to make predictions about new user’s rating for an item.
We combine classifiers and similarity techniques for defining users with similar
characteristics. The idea is that people with a common background and similar
features might have similar preferences for items. The new user is classified in
a group according to her demographic data. Users of this group are her neighbors
whose ratings are combined in a weighted scheme in order to calculate the
predicted rating of the new user. Experimental results indicate that the
proposed approach can efficiently provide accurate recommendations in the
absence of any information about users. As a result, the proposed method
performs better in scenarios where decision trees are used in the classification
phase as well for a large number of registered users.
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Abstract

The position of the nodes within a network topology largely determines the
level of their involvement in various networking functions. Yet numerous node
centrality indices, proposed to quantify how central individual nodes are in
this respect, yield very different views of their relative significance. Our first
contribution is then an exhaustive survey and categorization of centrality
indices along several attributes including the type of information (local vs.
global) and processing complexity required for their computation. We next study
the seven most popular of those indices in the context of Internet vulnerability
to address issues that remain underexplored in literature so far. First, we carry
out a correlation study to assess the consistency of the node rankings those
indices generate over ISP router-level topologies. For each pair of indices, we
compute the full ranking correlation, which is the standard choice in literature,
and the percentage overlap between the k top nodes. Then, we let these
rankings guide the removal of highly central nodes and assess the impact on both
the connectivity properties and traffic-carrying capacity of the network.
Our results confirm that the top-k overlap predicts the comparative impact of
indices on the network vulnerability better than the full-ranking correlation.
Importantly, the locally computed degree centrality index approximates closely
the global indices with the most dramatic impact on the traffic-carrying capacity;
whereas, its approximative power in terms of connectivity is more topology
dependent.
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1. Introduction

Social Network Analysis (SNA) provides a highly interdisciplinary theoretical
framework for processing social information and analyzing social
structures [1]. It draws heavily on graph models mapping individual actors
within the social network to the graph vertices and their relationships to the
graph (weighted) edges. It then leverages graph-theoretic concepts, metrics
and results to answer questions about the relative importance of actors and
the way information flows across it. Centrality is one such concept/metric.
To the best of our knowledge, it dates back to the work of Bavelas [2], who first
gave a formal definition of node centrality in connected graphs as the sum of
its geodesics (shortest-paths) to all other nodes. New indices were proposed
and existing ones were adapted to apply to a broader range of scenarios [4].

Motivation and objectives: Our main objective in this study is to quantify
how much information is embedded in centrality indices about the relative
importance of Internet nodes for different network operations. Given that all
centrality formulations proposed in literature are heuristic, the questions that
naturally arise are how do these formulations compare in their assessments/
predictions about the nodes’ relative importance and which one(s) may be
the “right one(s)” to consider as reference for more reliable predictions
of network vulnerability. The thesis seeks to systematically address these
questions by undertaking a three-step study with various instances of
methodological innovation. The first step, which herein is briefly presented,
involves a thorough survey and novel classification of the variety of centrality
indices proposed in literature over the last sixty years. This classification is then
used to select the seven most popular and representative indices for carrying
out the two experimental steps of the study. Hence, as a second step, we
derive the node rankings these indices induce over more than 40 router-level
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snapshots of network topologies and study their correlation. The correlation
strength is assessed by the mainstream rank/linear correlation coefficients,
but also less widespread measures such as the percentage overlap in the lists of
the k& most central nodes. Finally, we compare the seven indices with respect
to their capacity to reveal the network vulnerability to node removals. Hence,
we let the indices dictate the most central nodes to-be-removed and assess
how the network connectivity properties but also its traffic-carrying capacity
are affected.

2. A Novel Classification of Centrality Indices

In this Section, we briefly present the way we have characterized and classified
the rich variety of centrality indices that we have run across in our study of the
highly interdisciplinary 60-year-old literature [4]. At a first-level the reviewed
indices are divided into node (point) centrality and graph centrality indices.
The former are addressed by the vast majority of the literature and concern
individual nodes; whereas the latter are derived for whole graphs as functions
of the individual node centrality indices. Then, node centrality indices are
further characterized using three fundamental attributes, briefly discussed next:

Centrality context: topological vs. flow-aware. The vast majority
of centrality indices takes only the network topology into account.
They reflect either the distance of a node from all other network
nodes or the extent to which a node lies on paths connecting other network
nodes [3]. Topological centrality indices also include the so-called spectral
indices, which depend on the eigenstructure of a matrix (e.g., adjacency or
Laplacian) related to the network in question. The second set groups indices,
which attempt to factor the (predicted) network traffic in the centrality
computation [4].

Underlying graph types. Most of the indices are defined over connected,
undirected, binary, static graphs. Efforts to relax in turn each one of these
four graph attributes have resulted in a plethora of indices that can cope with
disconnected, directed, weighted and dynamic types of graphs [4].
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Computational Aspects. Centrality indices can be separated into local and
global ones, depending on the extent of topological information that is required
to compute them. To limit the scope of centrality computations one may use
the sociological notion of the ego-network [5] or control the length k of the
considered paths [6].

Selecting centrality indices for experimentation. Out of the numerous
indices reviewed in [4], we select the seven most popular ones that
appear repeatedly in the literature and, at the same time, capture a
wide range of different notions of centrality. Those indices are the Degree
(DC), Betweenness (BC), Closeness (CC), Eigenvector (EC), Harmonic Centrality
(HC), Pagerank (PG, with d=0.85 as typically used in literature) and Eccentricity
(ECC) [3][4].

3. Correlation Study Of Centrality Indices

In almost all instances where centrality indices inform network protocols,
what matters is the ranking of nodes induced by those indices rather than their
absolute values. These rankings are subsequently used in the decisions made
by the respective protocols. The question that plausibly arises in every case is
how similar are the rankings generated by each centrality index. In this section,
we carry out a thorough correlation study of these rankings, computed over a
broad set of ISP router-level topologies. First, we calculate for each topology
and node in it the seven centrality indices (Section Il), thus generating seven
different node rankings per topology. Then, we compute pairwise correlation
measures over these rankings. We consider two different measures, one
accounting for the full node rankings and the other only for the most highly-
ranked nodes.

3.1. Index correlation measures and router-level topologies
Index correlation measures. The first correlation measure is the nonparametric

Spearman’s rank-correlation coefficient, py, and is computed over the full node
rankings. For a given network topology node set V/, it is:
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where r¢; (1) and r¢y (u) are the ranks of node u in line with centrality
indices C; and C,, respectively. It lies in [-1, 1], with high positive (negative)
values denoting strong positive (negative) correlation. The second correlation
measure is the percentage overlap between the sets of the k& most highly
ranked (top-k) nodes that are generated by two indices.

The relevance of the two measures depends on the usage context of centrality-
based ranks.

Router-level ISP topologies. All our experiments are carried out over four
datasets, Rocketfuel [7], CAIDA [8], mrinfo (Tier-1 and Transit) [9] (binary router-
level graphs) and Topology Zoo (capacitated topologies) [10].

3.2. Results

Full-ranking correlation over binary graphs. Based on our results, the first
remark is that not a single centrality pair is negatively correlated over any of the
studied topologies. We empirically characterize the pairwise index correlation
as high and low when the corresponding pj- values lie in the intervals [0.7,1]
and [0.3,0.7), respectively. On the other hand, two indices are considered
non-correlated when their pj lies in [0-0.3). The second point is that the
indices’ correlation values follow similar trends across all datasets so that they
can summarized graphically in a graph like the one of Fig. 1.a. No edges are
added for non-correlated index pairs.
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Betweenness vs. Degree centrality: Degree centrality (DC) captures, at least
phenomenally, a completely different notion of centrality than Betweenness
(BC). DC takes into account only the node’s local neighbors, whereas BC
considers the position of the node within the whole network. Therefore, in
some cases DC can evaluate nodes’ position very differently than BC; In our
datasets, the two indices are found consistently highly correlated, in agreement
with earlier studies [5], [11], [12] that report positive Pearson correlation
between DC and BC over a wide range of networks such as random graphs and
real-world complex networks.

Pagerank vs. Degree centrality: Another persistent result, immediately
apparent from Fig. 1.a, is the strong correlation between Pagerank (PG) and DC.
PG is principally defined for digraphs discriminating between incoming and
outgoing connections at each node. Taking into account the aforementioned
strong BC-DC correlation, a triangle-like schema emerges and may be of
practical importance as it relates DC, the only local, index with two globally-
determined ones. Grolmusz shows in [13] for undirected general graphs that
Pagerank is statistically close but not identical to the degree distribution.
Positive correlation between the three indices (PG-DC-BC), with p values in
[0.66, 0.95] for all three-index pairs, is also reported in [14] over co-authorship
real-world data (directed graphs).

Pagerank vs. Eigenvector centrality: PG, and EC centrality are the two
spectral indices we experiment with. Both express the stationary probability of
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a random surfer to reside on some page while moving on the Web graph. Hence,
one would expect some positive correlation between these indices. However,
our results indicate the absence of such a relationship. A possible cause is that
their actual interpretation differs as, contrary to EC, the PG centrality utilizes
the damping factor d to determine the “jump” probability.

Eccentricity vs. Closeness centrality: Another strong correlation is between
the ECC and CC centrality indices. Recalling the definitions of the two
indices, there is absolute positive ECC-CC correlation if it holds that
ECC(n;))>ECC(ny) whenever CC(n;)>CC(n,), for all n; n, € V.
We can rewrite the former equation as max;cypd,,;>max;cyd,;; and
the latter as 2cpd,r;>2;cpd,; ;. Hence, looking at the last two
inequalities, the question becomes when the order in maximum index values
is also preserved for their averages over the studied graph. This holds in
several trivial graphs (e.g., line graph, rectangular grid) but not in all graphs.

Top-k percentage overlap over binary graphs. So far, our correlation analysis
has taken into account the full rankings produced by the seven centrality
indices. We now focus our attention on the top-5% most central nodes identified
by each index and investigate how large are the overlaps between different
rankings. The motivation for this set of experiments is the existence of network
protocols that seek to exploit a small set of the most central nodes [4].
In Fig. 1.b we show a summarizing graph-based illustration of the overlap
scores among the seven centrality indices. Figure 4 presents the average
overlap of nodes over all ASes of each dataset for the most significant
centrality pairs. On the one hand the overlap of some indices (e.g., BC-CC
or HC-BC) appear to be highly sensitive to the considered topology, with
differences that reach 40% across different datasets. On the other, all pairs
found earlier to be strongly correlated in terms of full rankings, appear to be
more weakly associated in terms of overlap values. This result should come
as no surprise since rank correlation is determined over all network nodes
rather than a subset of cardinality k. Let us look closer into the BC-DC pair.
Fig. 5 illustrates how the number of nodes with DC=1 affects the rank
correlation coefficient. It seems that the Spearman values between the two
indices increase with the number of DC=1 nodes. These nodes are expected
to positively contribute to the DC-BC correlation as they also exhibit the
lowest-ranked betweenness value (i.e., BC=0). At the same time, the ones
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with the top BC and DC values may not necessarily coincide. The above results
suggest that the high DC-BC correlation is mainly due to nodes of lowest
ranks. This observation warns against the actual value of high Spearman rank
correlation coefficients between two indices. On the other hand, the overlap
measure does not suffer from similar biases.

4. Centrality And Network Vulnerability

The network vulnerability analysis is of interest to various parties. A potential
attacker would like to know which index results in node removals with the most
significant impact on the network performance, so as to orchestrate the most
effective attack. From the network operator’s side, the dual aim is to identify
and better protect those critical nodes, whose failure would result in
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maximum network performance degradation. In this thesis, we relate the term
“performance” to fundamental connectivity and traffic capacity properties of
the network rather than the scores achieved by specific protocols/applications.
This way we get away with their engineering details that shape the end impact
and place the emphasis on the network topologies per se.

4.1. Centrality-driven node removals and connectivity

The experiments of this section explore how the size of the giant connected
component and the total number of connected components in each topology are
affected when up to 5% of the network nodes are removed. The experiments
are carried out over the binary datasets described in the subsection IlI-A.

Size of giant connected component (GCC): The GCC size reflects the number of
nodes that can communicate with each other. Figs. 6.a,d suggest that removing
those vertices that the ECC index identifies as most central has the minimum
impact on GCC. All other indices expose more quickly the vulnerability of the
network but we cannot identify any dominance relationship among them that
persists over all datasets. However, a closer look reveals that it is the top-k
overlap between two indices, rather than their rank-correlation that essentially
determines how similar is the impact of the corresponding removals. Overall,
a concluding note would be that any two indices measured with high top-k
overlap values are expected to give rise to similar GCC sizes, and vice versa. The
full-rank correlation values are not always in line with the experienced impact
due to the biases discussed in Section lll.

Number of connected components: Again, the ECC index yields node removals
that result in minimum network fragmentation (Figs. 6.b,e). Interestingly, DC,
a purely local index succeeds in removing nodes that play critical role in
connectivity as opposed to the other global and more complex ones (except PG).
On the other hand, BC and DC which were also found strongly rank correlated
yet of weaker top-k overlap, have different impact on the connected
components. Removing nodes according to DC, the number of components
increases constantly compared to the impact of BC. This implies that the network
connectivity mainly relies on strategic hub-nodes rather than bridging nodes
that are typically of high BC.
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Local vs. global centrality indices: Figures 6.a,b,d,e clearly show that the
removal of the most central nodes affects differently the connectivity measures
depending on which centrality index is used to determine them. For each
number k of removed nodes, one can identify best- and worst-case values,
my.(k) and m,,.(k) respectively, for the two performance metrics. These
values may be obtained by different centrality indices as the considered metric
m changes. Essentially, we seek to quantify how close to the best-/worst-case
is the impact of removals when directed by the single locally computable
centrality index. To this end, for each centrality index ¢, topology G, number
of removed nodes k and performance metric m(k, c) we define a normalized
distance measure, hereafter called impact factor /FG(k; c) as:

Note that depending on the metric, the worst-case value may coincide with
the minimum or maximum value the metric gets over all indices. It is then
straightforward to derive a topology average measure of the impact factor as:
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where K is the set of k values considered in the evaluation. Clearly,
both IF(k; ¢), k € K and IF(c) take values in [0, 1]. We are particularly
interested in [F;(DC) and Fig. 6.c plots the empirical probability mass
function of the IF5(DC) values over all topologies of a given dataset, when
the metric m is the size of the GCC. Despite its local nature, DC-driven node
removals in most cases affect significantly the GCC size. To which extent this
impact approximates the worst-case over all indices depends on the underlying
topology. Over the CAIDA networks DC closely approximates the low end of
the envelope (an envelope plot like the one in Fig. 8.d. indicates the
best- and worst- value of a certain connectivity metric for all centrality-driven
node removals). The approximation is looser over Rocketfuel, whereas in the
mrinfo (Tier-1) and (Transit) networks, considerable mass is accumulated at
medium and high IFG (DC) values, respectively.

4.2. Centrality-driven node removals and traffic capacity

We now turn our attention to a much less investigated topic, the comparative
impact of centrality-driven node removals on the network traffic serving
capacity. Such a task is not straightforward. One approach would be to
consider a given traffic matrix utilizing the solution of an instance of the
multicommodity flow (MCF) problem. However the MCF problem is an NP-
complete problem, with the computational complexity raising fast with the
number of commodities. To overcome those limitations, we have taken a
simpler approach and estimate the traffic serving capacity of the network as the
sum of maximum flows over all network node pairs [4]. Namely, we iterate over
all node pairs and for each pair we solve an instance of the maximum flow
problem, i.e., compute the maximum traffic load that can be served by the
network when only the particular pair transfers traffic across the network.
Clearly, this sum is a (very) loose upper bound of the traffic load that can
simultaneously be served by the network. However, it provides a traffic load
neutral measure of what can the network carry and how is this affected when a
variable number of nodes is removed.

Experimentation methodology and results. Our experimental study is carried
out over the Zoo Internet topologies with capacitated (weighted) links. For
determining the node rakings we had to carry out the centrality indices
computations over weighted graphs. This was mainly a question of computing
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shortest paths over weighted graphs. Regarding the spectral indices, in the
topology Zoo experiments we only employ the EC index that lends to a straight
forward extension over the weighted graphs. We then removed nodes in
decreasing order of centrality and measured the aggregate maximum flow over
all node pairs. The computed aggregate maximum flow over an indicative set of
networks is plotted in Figs. 8.a-c. We have obtained similar results for the rest
of Zoo datasets (totally 18 snapshots). The rate of aggregate max flow reduction
with the fraction of removed nodes varies wildly. This results in high best-to worst-
case flow values and wide envelopes, as shown in Fig. 8.d. Highly correlated
index pairs, especially those with high top-k percentage overlaps, affect the
accommodated flow in similar ways (i.e., intersection of corresponding curves).
On a positive note, when node removals are driven by the DC index, the
resulting aggregate maximum flow in most cases of Fig. 8.a-c is very close to
the worst achieved over all indices. This is more clearly shown in the empirical
probability mass function of the IFG (DC) measure in Fig. 6.f, whose mass is
highly concentrated at (very) low values close to zero. On the contrary, the
considered networks exhibit their highest resilience against the ECC-driven
node removals. This behavior can be explained along the same arguments
employed earlier, when discussing how node removals affect the connected
components. Having a single node i.e., the furthest one, determine ECC may
result in some of the most central nodes not being included in the top positions
of the ECC ranking.

5. Related Work

Regarding survey studies, Freeman [3] back in 1979 reviewed several centrality
indices and much later, Borgatti [16] introduced a typology of the different
types of network flows. A graph theoretic review in [6] classifies centrality
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measures according to their computational requirements. With respect
to centrality correlation studies, we are aware of two works [11][12] that
compute linear correlation between the DC and BC indices. Neither of them
assesses how the network is affected when different indices are used to
direct node removals. Work along this thread typically addresses synthetic
graphs and the removals’ impact is measured through purely topological
measures. Hence, in [16] the scale-free topologies are found vulnerable to the
removal of high-degree nodes and in [15] removals of high-DC and -BC nodes
in an AS-level topology are found equally harmful in terms of the inverse
geodesic length and the number of connected components.

6. Conclusions

We have undertaken a systematic approach to study the relevance of node
centrality indices to the Internet vulnerability. Departing from an exhaustive
survey and a novel classification scheme of numerous centrality indices,
we have carried out a thorough correlation study of the node rankings. Then,
we have experimentally assessed the impact of node removals determined
by those rankings. Contrary to previous works that consider only network
connectivity issues we have extended the vulnerability context to the network
traffic-serving capacity. Our main results follow:

e Certain index pairs (such as DC-BC, DC-PG) were consistently found to be
high (rank-) correlated across all datasets. Yet a significant part of the high
full rank correlation is due to the nodes that are ranked last.

« Node removals based on initial centrality rankings showed that index pairs
may exhibit dissimilar impact on the connectivity despite their high (rank-)
correlation.

« ECC is consistently the index with the least impact. On the other hand,
local-only information (DC) will be practically used to approximate the index
with the worst impact. In terms of connectivity, such an approximation
depends on the underlying network. In terms of the network traffic capacity,
the approximation is highly effective implying that the complexity of global
indices can then be escaped.
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MepiAnyn

Avtikeigevo tng mapoucag epyaociag eivat n oxediaon Kat avamtuén evog
pnxaviopoU Kpu@ng pvApng (cache) yua tov Maykoéopio lotd (Web), o omoiog Ba
Baoiletal otn Bswpia tng BEATiotng Mauong (Optimal Stopping). Mpodkettal yua
évav pnxaviopd mou 6a agopd Kupiwg Toug eEUMNPETNTEC KPUPNG HVAENG (cache
servers) Kal 6a otoxeUel otn BeAtiotomoinon tng emiAuong tou mPoBARNATOC TNG
OUVETIELAC TNG KPUPNG pvAUNG (cache consistency) og autoug, HOVIEAOTIOWWVTAG
T0 WG £va mpOoBAnpa BEATIoTNG emAoyng (best choice).
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1. Elocaywyn

To Web eivat éva mAnpo@oplakd oUcTNPA XTIOMEVO TAvw oto Aladiktuo
(Internet), to omoio mapéxel mpoomEAacn o€ OlacuvoedEpEva  Eyypagpa
urrepkelgévou  (hypertext) kavovtag xpnon tou HTTP mpwrtokoAAou. H
Asltoupyia tou eivat amAni: omote €vag web xpnotng' {ntd £va avtiKEipevo,
pia HTTP aitnon (request) amooctéAAstal mpog eva web e€umnpetnth (server),
0 omoiog avaAapBavel va oteiAel tTnv KatdAAnAn HTTP amdavtnon (response) [11].

H owadoon tou Web otic pépeg pag csivat paydaia [1]. H e€amAwon tou
ekppaletal péoa amod 2 TACEIS: a) TNV TEPACTIA AUfnon TwV XPNoTwvV TOu
Internet, B) tTnv oAoéva Kal HEYAAUTEPN avamtuén TEXVOAOYIWY YUpw Ao auTo.
To mpoBAnpa mou dueca tifetal Adyw TG TPEXOUOAC TPAYHATIKOTNTAC, agopd
™ dwatnpnon NG emektaciwyotntag (scalability) tou Web. AnAadn, tng
IKavoTNTag tou va Olaxelpiletal Tov oAogva Kal auEavopevo pOPTo £pyaciag He
emoé€lo tpomo [2,3].

Mwa AUon oto mapamdvw {ntnua amoteAoUv ol web caches (browser caches,
cache servers), ol omoieg €ival otoixeia mou Bpiokovtal yewypa@ikd yyutepa
OoToUG web XpnRoTtec Kal otoxo €xouv TNV dupeon €EumnpETnon TwWV AITACEWY
TOUG, EMITUYXAVOVTAG HE TOV TPOTO AUTO peiwon otnv Kabuotépnon amokplong
(latency). To mpOBAnua mou TPOKUMTEL amd Tn AUon autn ovopdaletalt cache
consistency kal n mepinmtwon Tou eival Olaitepn AOyw TNG KATAVEUNUEVNG
puong tou Web, aAAd Kal Tou PHEYAAOU OYKOU TOU. ZUYKEKPIPEVA, TO TPOBANUA
ouviotatal otnv TPOMOMOINCN £VOC AVTIKEIMEVOU OTOV €£EUTINPETNTH TPOEAEUONG
(origin server) Kat otn pn £ykaipn evnuépwon tou avilypdgou otnv cache [4].

MoAAoi pnxavicpoi €xouv mpotabei kat avamtuxBel ywa tnv emiAucn autou
Tou mpoBARuatog. N'vwototepog OAwv eivat o Adaptive TTL (ATTL), o omoiog
mpoomabel péow ekxwpnong KATAAANAA OSlapopPwpévwy xpovwy {wng (Time
to Live, TTL) va diacgpaAiosl pla acBevry cuvETeld PETAEU EVOC AVTIKEIPEVOU Kal
TWV avtlypdpwy Tou oTi¢ web caches. Xta mAaiola autng Tng epyaciag PeAstdartal
n duvatotnta uAomoinong €vog pnxaviopou mou Ba povteAomolel To mPOBAnUa
TNG CUVETELAG w¢ €va mpOBAnpa tng Bswpiag BéAtiotng Mavong, pe otOXO TNV
amodOTIKOTEPN AVTIYETWIION Tou. lNapopola mpoomdbela yivetal otnv epyacia
[10], omou mapoucialetal €vag acUyxpovog HNXAVIOHOG CUVEMELAG BACIOHEVOC

1. O web xpnotng oc autn mepintwon Asitovpyei wg client piag kat to Web éxel vioBetnost pia client -
server apxITeKTOVIKN, TNV omoia to HTTP alomnoiei péow tou request - response LIOVIEAOU.
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otov Odds aAyopibuo. Xtn mapoucd £pyacid, OPwG, TOo MPOBANHa peAsTdTal
guputepa, Kabwg e€etaletal n amodoon £vOC TETOIOU PNXaviopou O ouvdaptnon
HE OUYKEKPIPEVA XAPAKTINPIOTIKA TNG povieAomoinong. lMa 1o Adyo auto
uAoTroleital £vag TPOGOHOIWTAG, 0 Vproxy, HEOw TOU OToiou Yivetal mpoomdbela
TEKUNPLWONG KAl amoTiPnong ToU TTPOTELVOHEVOU HNXaviopou.

To umdéAowmo NG e€pyaciac Oopeital o€ MEVIE TAPAYPAPOUC. XTnNV 2n
mapAaypa@o Yyivetal pia oUvropn €loaywyn otov KOopo Tou web caching kat
Toug cache consistency? pnxaviopoug. Xtnv 3n TApdypa@o TEPLYPAPOVTIAlL Ol
Baolkég apxEg tng Bewpiag BEAtiotng Mavong, amapaitnteg ylia tny Katavonon
NG 4ng Tapaypda@ou Omou Tapouclaletal n HOVIEAOTIOINGN TOU TPOTELVOUEVOU
punxaviopou. TéAog, otnv 5n mapdaypago mapouctdlovial ta dAmoTteEAEopATa
TNG TPOOCOHOIWOoNG, MHE TA OupmeEpAcpata mou OleEnxbnoav amd autn va
KAtaypdagovtal otn TEAEUTAia mapdaypago.

Mptv, Opwg, o avayvwotng OwaBdacel TIC emOpeveg mapaypd@ous eival
amapaitnTo va amooa@nviotel to €€AC: €MEION N €pyaAcia autn EMIKEVIPWVETAL
otn Acttoupyia tTwv cache servers, ol omoiol avagépovtal otn BiBAloypagia kat
w¢ web caching proxies i xaptv amAoUoteuong proxies, amo to onpeio autd Kat
éneita Ba yivetat xpron TOUu Opou proxy avii tou Opou web cache mou
XpNOLHOTIONONKE PEXPL TwPd, KaBwg emiong 0An n avaiuon 8a agopd MALov Tn
Asttoupyia autwv.

2. Kpupn Mvnun oto Web

H Aoylkn twv proxies eivat idla pe autni twv caches ota PCs. AvaAaupBavouv va
LKAVOTIOLNOOUV TIC AITACELS EVOG Web XpnoTtn PE OTOXO va amaAUuvouv TO POPTO
epyaoiag (workload) otoug origin servers. ‘Otav €vag proxy AdBel pia aitnon €xel
O0Uo €mMAOYEG: €(TE va LKAVOTIOINOCEL TNV ditnon OTEAvOVTIAC OTO XPNOTN TNV
KAataAAnAn amdavinon, €@ocov OlaBETEL TO avTIoTOIXO avtiypa@o To omolo
Bewpel €ykupo (valid) eite va mpowbnoel Tnv aitnon mpog Tov origin server.
Ztnv 1n TMEPIMTWON 0 XPNoTnG EMwW@eAEiTal amd €va cupBav mou ovopaletat
ypnyopn suctoxia (fast hit). H 2n mepinmtwon pmopei va ocupBei otav o proxy dev
OlABETEL KATIOLO avTiypa@o Kal apa cupBaivel UTOXPEWTIKN actoxia (compulsory
miss) N OTav 0 proxy KPivel mw¢ To avtiypao Tmou OlaBETEL eV Eival £YKUPO

2. 2tnv BiBAioypapia umopei va ouvavtnbei kat e tov opo cache coherence.
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KAl akKoAoUBwC TIPETEL VA TO EMIKUPWOEL EMKOWVWVWVTAC HE TOV origin server.
Eav n emklOpwon emBeBAWOEL TNV PN €YKUPOTNTA TOU AVILYPAPOU, TOTE
oupBaivel actoxia ouvemelag (consistency miss) Kal apa TPEMEL va EVNUEPWOEL
0 proxy BAcel KalvoUplou avilypdgou, EVw €AV TO AVTIKEIHEVO OV €XEl aAAAEEL
otov origin server 1o cuuBav ovopdletat apyn guctoxia (slow hit) [4].

Ao Ta mapamdvw Yivetal avtiAnmto 0Tl KAAUTEPN MEPIMTwOon amoteAel to fast
hit, KaBw¢ péow autou eMTUYXAVETAL ATOCUP@Opnon Olktuou, peiwon workload
oToug origin servers, peiwon latency otoug xpnoteg Kat £€0lKovopnon £UPoug
{wvng (bandwidth), cupBaAAovtag £tol otn moONTN £mekTaciuotnta tou Web.
Ao tnv AAAn, ot €va fast hit eAAoxelel mavta o kivouvog mapddoong £wAou
avTtikelpévou (stale delivery), mou onpaivel tnv tkavomoinon, amo TAEUPAG £vOg
proxy, pia¢ HTTP aitnong kdamolou Xpnotn PEow €VOC avilypd@ou Tou Bewpel
£YKUPO, EVW OTNV TPAYHATIKOTNTA TO AVTIKEIPEVO £XEL TpoTOTIOINOEL OTOV Origin
server.

Mwa Alon oto mpoBAnpa tou stale delivery amoteAei n xpnon oxupwv
UNXaviopwyv ouvemelag. Ot pnxaviopoi autoi emBAAouv AUEOn EvNUEPWON TWV
avilypd@wy €vOg AvTIKEWWEVOU OTav autd Tpomomolnbei otov origin server.
‘Evag yvwotog pnxaviopog tng katnyopiag autn eivat o Client Validation [4].
Mo yvwotoi, 6pwg, eivat ot Polling Every Time kat Server Invalidation, ot
omoiol aviAKouv otnv Katnyopia twv pnxaviopwyv aklpwong (invalidation) kat
OTOUC OTOIoUG TNV €UBUVN YA TNV EVNUEPWON TWV AVILYPAQPWY OTOUG proxies
avaAapBavel o origin server [4]. Ztnv avtimepa 0x0n TwV OXUPWY HNXAVICHWY
Bpiokovtal ol pnxaviopoi emkUpwong (validation), ot omoiot emBAaAAouv acBevn
ouvénela ota Osdopéva plag cache. Mvwotol pnxaviopoi tng Katnyopiag autig
gival o ATTL mou éxel avagepBel mo mavw Kat Ba avaAubei otn cuvEXela, Kabwg
kat o Piggyback Cache Validation (PCV), o omoio¢ amoteAel pia mpoofyylon
acuyxpovou (asynchronous) pnxaviopou [4]. Xtoug pnxaviopoug autoug Ttnv
gUOUVN yla TNV EVNPEPWON TWV AVILYPAPWY TNV £XOUV Ol proxies Kal Oxl ot
servers, Kal autd TO XaPAKTNPIOTIKO TOUC KAVEL Mo EAKUOTIKOUG oto Web, agou
amo tn pla emBapuvouv Atyotepo to OiKTUO Kal amo tnv dAAn to HTTP pmopsi va
TOUG umootnpiéel kaAutepa [11].

Je autd TO onpeio kabiotatal avaykdio va TEPLYPAPEL AVAAUTIKOTEPA N
Asttoupyia tou ATTL, KaBwg eivat 0 onNPAVTIKOTEPOC HNXAVIOHOS amd OAOUC TOUG
mapamavw. O PNXaviopog Aautog o@eiAel TNV TPOEAEUCN TOU OTO TPWTIOKOAAO
Alex [5] kat Baociletat o€ pia mOAU amAn AoYIKA: «OCO0 TEPLOCOTEPO EXEL
TAPAUEIVEL €va AVTIKEIPEVO APETABANTO TOOO TEPLOCOTEPO TEIVEL VA TTAPAMEIVEL
aueTABANTO oto HEAAOV». Bdoel autou Ttou pnxaviopou, Aoumdv, Otav £vag

81



- MeAétn Mnxaviopou AlacgaAiong Zuvenelag EEumnpetntwy Kpugpng Mviaung Maykoopiou lotou,
pe Eqappoyn tng Oswpiag BéAtiotng Mavong - BaciAsiog A. Tolpwvng

proxy AapBavel éva avtikeipevo, umoAoyilel To oxeTIko Tou TTL w¢ éva KAdopa
TOU XPOVOU TTOU €XEl KUANOEL PETAU TNG TEAEUTAiAg Tpomomoinong Tou Kal Tou
XpOVOU TIOU ATTECTAAEL amo Tov origin server [4]:

TTL =min{k x (send _time —last modified),threshold}

omou to k eivat pla otabspd pe tumkEG TpéG 0.1 A 0.2 kau to threshold,
Eva KATW@AL TO OToi0 Xpnolpomoleital yia va eEacpaAloTel 0Tl akopa Kal ta
avtikeipeva ta omoia dev €xouv tpomomolndsl yla peydAo xpoviko didotnpa 6a
eAeyxBoUv. XTn CUVEXELd, IKAvoTolEl OAEC TIG AITACELS TTOU a@opoUv autd TO
avTikeipevo Katd tn Olapkela tou TTL, evw otav autd AnEel otéAvel pla aitnon
eMKUpwong (validation request) wote va Glac®AAiCEL TN CUVETIELD TOU.

3. Oswpia BEAtiotng Navong

Ta mpoBARpata pe ta omoia acxoAcitatl n Bswpia BéAtiotng Mavong ovopalovrat
mpoBAfpata eupeong kavova mauong (stopping rule) kat opiloviat amd ta
€€ng OUo avtikeipeva [6]:

« Hwa akoAoubia tuxaiwv petaBAntwv (tp) X, X5, ..., Twv omoiwv n Kovh
katavopn (joint distribution) Bswpeitat yvwotn, Kat

e amo Pla akoAoubBia TpaypdaTikwy cuvapticswy avtapolBng (reward functions)
Yo Y1 (X1, yi(Xp X2), oo, Yoo (X1, X2, .0).

Bdoel, Aoumdv, Tou mMapamavw opLopoU 0 Kavovdg mauong Pmopel va dlatumwoei
amAouotepa wg ENG:

(1) Mmopeig va mapatnpnoelg tg X;, X, ..., yua 6co didotnpa g,

(2) Ze k@Be BApa n = 1, 2, ..., éxovtag mapatnpnioel X; = x;, Xp = X, ...,
X, = X,,, HTIOPE(G €ite va oTAPATACELG Kal va AdBelg wg avtapoBn v
TR ™G ouvdptnong V,(X; Xy ...,X,), €T€ va ouvexicelg kal va
mapatnpnoelg tnv X, 47,

(3) Edv emAEEeLg va otapatnoelg 6iXwe va KAVELG TApaTNPROoELS, TOTE Ba AABELg
Vv otabepn TN Yy,

(4) Edv Oev otapatioelg moté, tote Ba AABEG Vo, (X, X), ... ).
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2TOX0G €ival n €mMAoyn €Keivou Tou Xpovou mauong mou Oa PEYIOTOTOINCEL TNV
avapevopevn avrapolBn i 6a eAaXIOTOTOINOEL TO AVAPEVOHEVO KOOTOG.

INUavTIkO mapdadslypa mpoBARpatog mou emAUETAlL PE Xprion Kavova mauong
givalt autd ¢ mwAnong omtiou (house selling problem) [6], 0mou TPOGPOPES
KatagBdavouv og tuxaia Xpovikd OlacTAPATA Kdl oToXo¢ €ival n mwAnon otn
HEYAAUTEPN TN, O MWANTACG OV €XEL KAPia a priori yvwon yld TIC TIHEC TwV
TPOCYOPWY, TAPA HOVO Hia Olaiobnon mw¢ autég eivat ave€aptnteg peTadu
TOUG Kat OLETOVTAL Aamo Pla KOWVR KAtavopn. X KAde mpoo@opd €xel 2 eMAOYEG:
1) amodoxn Kal WEPAC ayopamwAnciag, 2) amépplyn KAl avagovy yla tnv
EMOPEVN TPOOWPOPA TANPWVOVTAG €va otabepd KOotog c. To SiAAnua, Aoumdy,
ouviotatalt otnv €mMAoyn €KEIvNG TNG MPOCWOPAG Tou Ba val pev PeYaAUTepn
amo TI¢ mponyouUpeveg, Ba avtiotadbpuidel O Ta avrioTolxa KOOTN Tapatnenong.

‘Eva dAAo yvwotd mpoBAnpa tng Bswpiag autng €ival to KAAooIKO TpOBAnuUa
emAoyng ypaupatéwg (classical secretary problem, CSP). To mpoBAnpa autd
opilel pla oAOKAnpn katnyopia mpoBAnudatwy ta omoia ovopdlovtal mpoBAnpata
BEATIOTNG £MAOYNAG, OLOTL N povn amodekt AUon o€ autd €ival n KaAutepn. XTto
CSP yiwa mapddetypa, otoxog ivat n emAoyn Tou KaAUTEPOU péoa amo Eva mARBog
n alrtouvtwy. AmodelkvUETal OTL 0 Kavovag Tavuong mou Oivel tn Auon oto CSP gival
0 akoAoubog [6]:

N,=min{j>1: Z—<1}
kj+1k 1

O mapamdavw Kavovag ovopdletal kai kavovag Katw@Aiou (threshold rule),
Ol0TL auTO TIOU OUCLOCTIKA KAVEL €lval va TPOCTEPVA TOUG TPWTIOUG J
alTouVTEC (000 ONAadK opilel TO KATWPAL) KAl OTN CUVEXELA VA EMAELYEL TOV TTPWTO
uroynlo (candidate)® mou Ba cuvavtioel.

Eav to 7 eival moAU peydAo TOTE €lval TPOOCEYYIOTIKA BEATIOTO va TTPOCTIEPACEL
o kavovag mavong 1o e '=36.8% twv artoUviwy Kal 6Tn CUVEXELD va EMAEEEL
TOV TTPWTO UToWR®Lo TIou Ba cuvavtioel, pe mBavotntag vikng e ' [6].

AU0 Kavoveg ou opidouv £va MO YEVIKO TAdiolo emiAucong TPoBANUATWY OTIWG TO
TponyoUHEVo Kat ot omoiol 6a avaAuBouv otnv emopevn mapdypago, Kabwg 6a

3. Qc umowrpio¢ opiletal €keivog 0 AITWV TOU gival KAAUTEPOG amo OAOUC TOUG QITOUVTEG TIOU EXOUV
eéetaotei o€ £va 0£00UEVO XPOVIKO OldoTnya.
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Xpnolgomotnfouv 6T PHOVIEAOTOINGN TOU TIPOTEIVOUEVOU pnXaviopou, sivat o 1/e
kavovag [7], kabwg kat o Odds aAyopiBpog [8].

4. MovteAomoinon Mnxavicpou

O pnxaviopog ouvémelag mou Oa mpotabel Kal Ba TMEPLypaAWel OTN CUVEXELA
Tou KelPévou ovopdletal Vproxy. Ouclaotikd daveiletal To Ovopa Tou amo Tov
TTPOCOHOLWTN TTOU avamtUXONKE yla TOV MEIPAPATIKO EAEYX0 TNG CUPTIEPLPOPAC KAl
amodoong Tou. Ao auto to onpeio, Aoumdy, pe tov 0po Vproxy Ba evvoeitatl o id10g
0 UNXAVIoHOC.

O Vproxy gival évag pnxaviopog acbevng, emkupwong (validation) kat cUyxpovog.
‘Exetl, OnAadn, OAa €KEiva TA XAPAKTINPIOTIKA TOU €Xel Kalt o ATTL. Xtoxog tou,
HAAloTa, eival n mepattépw BeAtiwon tou ATTL pe tautdxpovn aflomoinon twv
TAgoVEKTNHATWY Tou. MNa va 1o Kata@epel autod mpoomabei va BeATlwoel TN
olaxeipion tou tradeoff mou eival £yyevég o€ KABE PNXAVIOUO GUVETELAG KAl TO
omoio ocuvTtibetal amd t SIANPPATIKA €MAOYAR AVAPESA O0TO KOOTOG EMKOLVWVIAG
Kalt to Babud ouvémelag. Mo ouykplpéva, oxupdtepog Babuog ouvémelag
onpaivel peyaAUTepo KOOTOC EMIKOIVWVIAG, £VW HIKPOTEPO KOOTOG EMIKOLVWVIAG
ouvenayetat acbevéotepo Babuod ocuvéneiag. Apa, to mpoBAnpa mAEov cuviotatat
oTNV €UPECN EKEIVOU TOU UNXAVIoHoU Tou Ba £MITUYXAVEL TO PEYAAUTEPO OUVATO
Babud OUVETEIAG PE TO HIKPOTEPO OUVATO KOOTOC emMKolvwviag. ‘Evag tétolog
HNXaviopog ivatl kat o ATTL.

Tnv mapamdavw Katdaotaon, o Vproxy TNV avTHETW{El POVIEAOTOWWVTIAG TN
dlaxeipion tou tradeoff wg éva mpoBAnpa BéAtiotng mauvong. MNa to Adyo auto,
mpoteivel TNV €vvola tou cacheability yla éva avtikeipevo mou Bpioketal o€ pla
cache, w¢ 1o péyebog ekeivo mou kabopilel tnv duvatodtnta xpnong autou Tou
AVTIKEIPEVOU TIPOC IKAVOTIOINON MIAC aitnong. XTn OUVEXELd, UTOBETEL TTWG €AV
eAEYEEL TN OUVETELA €VOG AVTIKEIPEVOU plag cache evdg proxy tnv akpiBn ekeivn
otTlyun mou Ba mapatnpnBei n péylotn TR oto cacheability tou, Uotepa amd
TNV omoia auto (to cacheability) 8a ¢Bivel kat dpa n mBavotnta stale delivery
Ba aufavel, tote Ba emrteuxOei n BEATIOTN avaloyia petagu slow hits (kdotog
EMKolvwviac) kat stale deliveries (Babuog ouvémelag). Apa HIAAUE yia Eva
mpoBAnpa BEATIOTNG emAOYNG, OLOTL N POV AamodeKTh AUon ival o EAeyxog Tng
ouvénelag otn MAEov cacheable katdotaon £vOg AVTIKEIPEVOU.

Emeldn o Vproxy eivat oUyxpovog pnxaviopog, pia mapatnpnon AapBavetat
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Kata tn Oudpkela plag aitnonc. Me aAAa Adyila, kdbe aitnon ouviotd mAEov
Kali pla mapatnpnon. Katd tn Oudpkela, Aowmov, Mg aitnong mpog €vd
AVTIKEIPJEVO AMOTIPATAl pld PETPIKA N OToid AamoTEAEl TNV TMOOOTIKA EKTiUNoN,
BAGEL CUYKEKPIPEVWY XAPAKTINPIOTIKWY, TNG Olaicbnong mou oxeTiletal HE TO
cacheability tou. Apa, n TR TNG PETPIKAG Yld TNV TPEXOUCA AiTNON ATOTEAEL
TNV TpEXouca mapatipnon. EAv n tn auth elvat n peyaAutepn ToOu EXEL
mapatnPnOel Yl TO OUYKEKPIUEVO QAVTIKEIPHEVO €AEYXETAL O Kavovag mauong,
WOTE VA ATOPACIOTEL £AV €lval TAUTOXPOVA N HEYLOTN TIUR, oUTWG WOTE va YiVEL
EANEYXOG CUVETIELAG. AlAYOPETIKA, N AiTtnon IKAvoTIoLE(TAL ATIO TOV Proxy.

JUVETIWC, TO CUYKEKPIPEVO TTPOBANUA BEATIOTNG TAUoNg yia KABE avTIKEIPEVO Pilag
cache evdg proxy opiletal wg €Nc:

« amo v akooubia twv tpwv U, U,,... pag petpikng U
e amO TNV akoAoubia Twv cuvapTAcEwy avtapolBng mou opiovral wg €EAC:

) 0, u, <M, , - U Ui
u)= , omou M: = max , . U
PP <u U <us), u>M ’ O i

210X0G, Aolmov, Tou Kavova mauong eivat n €mMAoOyn TOU XPOVOU EKEIVOU TOU
peylotomolel Tnv mbavotnta n mapatnpnbeioa péylotn TN va eivat  oviwg n

HEYLOTN.

4.1. MeTpIKEG

Ol HETPIKEG TTOU XPNOIHOTIOIOUVTAL GTN TAPOUsa HOVIEAOTIOINGN €ival Ol U3 Kal Uy
KAl amoteAoUV Tn oUVOEoN TwV EMPEPOUG HETPIKWY: ONUOTIKOTNTA AVTIKEIPEVOU
(object popularity, op), mocootd euctoxiag lototomou (site hit ratio, shr),
avaloyia xpovou tng aitnong (request time ration, rtr) kat peraBAnToOTNTA
avtikelpévou (object mutability, om). H u, ocuvtiBetat pe Baon TG 3 MPWTEG
HETPIKEG, €EVW N Uy EMEKTEIVEL TNV Uy TPocBETovIag tnv om. Ov mapamavw
HETPIKEG opilovTtal wg ENG:

Uy =W, Xshr + w, xop +w; xXrtr  kaw U, =U;+ W, Xom , émou
object requests site hits
op =—— J . el , Shr=—
object'ssite requests site total requests
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Ftr = min { Lowrent — Lioad I _ object modifications
t —t object requests

expires current

Ta Bapn w; ot MAPATAVW METPIKEG Eival LOOOKEAIOPEVA OTIG TIHEG 1/3 yua
NV U3z Kat 1/4 ywa tnyv uy.

4.2. Kavoéveg NMadong

O 1° kavdévag mauvong mou uAomoleitat amd Ttov Vproxy eivat 1/e o omoiog
nmpotddnke amd tov F. Thomas Bruss to 1984, pe okomd tnv evomoinon twv
mpoBANUAtTwy BEATIOTNG emAoYNG KATw amd tnv mAnpn dyvola tou aptopol twv
mapatnPnoswy, aAAd Kat Tng Kkatavoung autou [7]. H Aoyiki Tou gival moAU amAn:

‘EoTw OTL N XpoVvIKA oTyun a@igng kabe attolvta sivat iid* pe pdf f oto didotnpa
[0,T] kat cdf F’ tétola wote va LoxUEL:

F(t)= j f(s)ds, 0<t<T,

Kal £0Tw XpOvVoG T TETolog wote va oxvel F(t) = 1/e, tote eival BéAtioto va
TEPIHUEVEIC MEXPL TNV XPOVIKN OTIYUN T KAl OTN OUVEXEWM va E€MAEEEIC TOV
TPWTO uTToYn®lo Tou Ba cuvavinoelg [7].

Eav umotebel OTL ol xpovol APEng Twv altouviwy eival opoldpop@a idd oto
[0,T] tote 0 1/€ Kavovag Ba emMALyel TAvTa Tov 10 UTOYNPLO PE XPOVO APLENG
t>e'l

O 2° kavovag mauvong mpokumtel amd 1o Odds Theorem [8], omwg autd
mpotddnke amod tov F. Thomas Bruss og pia mpoomddeia va 0o06ei éva yevikOTEPO
mAaiolo emiAuong mpoBAnpdtwy BEATIOTNG €mMAOYAG, OTMOU Ol TAPATNPNOELG
pmopouv va mdpouv Tt 1 (emtuxia) n i 0 (amotuxia), kat dsv €xouv Markov
oopn. To Odds Bswpnua, Aoumdv, Aéet [8]:

‘Eotw Ot n akodoubia I;, Iy..., [, eivat pua akohouBia ave§dptntwyv

4. lIdentically independently distributed
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5(":(KTplw’V csuv’aprrios’wv He p; = E(I}) ka g = I- p;, 7= p]/ q;
TOTE UTIAPXEL €vag BEATIOTOC KAvOvag yla mauon otnv TEAEUTAia €mMTuxia Kat
elvat n mavon otnv 1n emruxia k(I;=1), ywa v omoia oxvel K > s , 6mou:

s=sup{1,sup{1£k£s:2rj.21}} , He sup{} =—o0

J=k

H mBavétnta vikng divetal amo tn oxéon: V(n) = quzn r [8]

Jj=s J
J=s
To mapamavw Bswpnpa, pag oivel tov Odds kavova mavuong 0 omoiog GUVOTITIKA
Hag AE€L va oTapatnooupe otav to ddpolopa QTacel N Eemepdoel TNy TN 1 i otav
0 Kavovag @tdost otnv tpn k=1.

210 MPOBANpA pag, WS, 0 XPOVOG €ival CUVEXNG Kal ol TapaTtnPRoELS YivovTal
o€ Tuxaia xpovika Olaotnpata, omou tov opilovta tov opilet to TTL Ttou
avTIKEIPJEVOU. OL 0 a@ifelg Twv AITACEWY TPOG €va AVIIKEIMEVO akoAouBouv
opoloyevn Poisson dlepyacia [12]. EmMTA£0V, TO CUYKEKPIPEVO TIPOBANHA BEATIOTNG
EMAOYNG avnkel otnv Katnyopia twv full-information mpoBAnpdtwy, plag Kat ot
TéC twv Tu U eival mpaypatikég kat iid oto [0,1] . MNa 6Aoug toug mapamdavw
Adyoug o Odds mou xpnotpomoteital amod tov Vproxy opiletal wg €EAG:

A x (I-u) x t<0.80435...,

OTIoU ¢ €ival 0 UTTOAELTTOPEVOC XpOVOC, ONAAON O XPOVOG TIOU ATTOHEVEL PEXPL TN
A€ tou TTL, A sivat o puBpdg €Asuong Twv AITAoEWY (€évtaon twv Poisson
apiewv) Kal u n pEylotn mapatnpndeioa TiPn TNG HETPIKAC.

2ta mAdiola Tng epyacia autig avantuxbnke pla amodelEn tou mapamdvw tUTou,
kKavovtag xpnon tou 0Odds Beswprpatog. H mapamdvw avicdtnta CUHQWVEL
amoAuta pe Tn Auon mou €xouv dwoel ot Sakaguchi [13] kat Bodjecki [9].

5. [Mpooopoiwon

Ma tnv mpooopoiwon tou Vproxy akoAoubrnbnke n pebBodoAoyia ekeivn mou
Baoiletal otn xprion trace apxeiwv. ZUYKEKPIPEVA, Xpnolgotmoindnkav Web
traces tng DEC ta omoia agopoucav pia mepiodo 3.5 eBdopadwv tou 1996 Kat

87



- MeAétn Mnxavicpou AlacgaAiong Zuvenelag EEumnpetntwy Kpugpng Mviaung Maykoopiou lotou,
pe Eqappoyn tng Oswpiag BéAtiotng Mavong - BaciAsiog A. Tolpwvng

nepAapBavouyv 24.477.674 avagopéEc.

‘Eytvav Olagpopeg TPOCOUOWWOELS Yid TOV €Asyxo TG amodoong Tou Vproxy
o€ oUykplon pe tov ATTL. H amdédoon tou petpndbnke pe Bdaoel ta slow hits,
consistency misses kat stale deliveries. EmimAéov, peAetnOnke n emidpaon
OlAPOoPWY TAPAPETPWY OTNV ATMOO00N TOU, OMWG: HETPIKN, Kavovag mauong,
moAttikn amédoong TTL, mapdayovtag A°. XTnv mPWTN CEPA TPOCOHOIWOEWY, O
Vproxy xpnoipomoinoe tov ATTL w¢ umootpwpd, OnAadn w¢ MOALTIKN amdédoong
TTL.

Ao Tta amoteAéopatra TNG TPWING OEIPAC TPOCOHOIWOEWY TPOKUTITOUV
evolagepovta ocupmepdopata (BAEme ox.1 & ox.2). lNpwtov eival gugpavig n
BeATlwpEvn amodoon tou Vproxy o€ oxéon pe tov ATTL. MNa kabe kavova mauvong
KAl KABe peTplkn metuxaivel KaAutepn amédoon ocov agopd ta stale deliveries
Kal ta consistency misses. MAAlota, tnv KaAutepn €midoon TNV €XEl yld ToOV
1/e tnv omoia Opwg MANPWVEL pe Tepdotia auv€non otov apBpd twv slow hits,
nmepimou 142%. Amé tnv dAAn, o Vproxy pe Odds kavova metuxaivel e€icou PeydAn
peiwon ota stale deliveries pe avtiotoixo kdotog TNV avgnon twv slow hits povo
Katd 50% mepimou. Na mapdadetypa, o Vproxy pe Odds kavova Kai u3 HETPIKA
meTuxaivel peiwon ota stale deliveries katd 43% pe avtiotowxn avénon 3.83%
TwV consistency misses Kat 53.47% twv slow hits.

Ixnpa 1: Métpnon KOoTtoug yia Oldgopeg TIPS threshold

5. AuToc apopd Kupiwg tnv anédoon tou Odds kavova kai CUVETWG TNV anoooon Tou Vproxy yia auto tov
kavova.
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IxApa 2: Métpnon KOoToug yia SLdagopeg TIHEG k

TTIC EMOUEVEC OEIPEC TTPOCOUOIWOEWY e€sTtaletal n emidpaocn tou A otnv amddoon
Tou Vproxy yia Odds kavova, kabwg Kat tng moAttikng amodoong TTL. Auto mou
YivETal £viova cagég eival mwg Kat ta 0Uo PeyEOn emdpouv KabBoploTiKd, Kadbwg
€(TE pla €0@AApEVN €KTiPNON Tou A €ite pla a@eAng mOMTIKA ekxwpnong TTL
umopouv va odnynoouv ce coBapn umoBaduion tng amdédoong tou.

6. Zupmepdaocpata

Ao TNV Mpoocopoiwon TPoEkuwe OtL 0 Vproxy mapouctalel afloAoyn amodoon
otav Xpnolgomolel w¢ umootpwpa tov ATTL. MdAlota, pe xpnon Odds kavova
TTAPOUCIACE TIO LOOPPOTINHEVN OCUUTIEPLPOPA, aPOU HEiwoe OpauaTiKd Ta
stale deliveries pe pikpd kootog o slow hits. To 0e k6otog o€ slow hits eival
avamo@EeUKTo, Hlag Kat givat ocUpguTto Pe to tradeoff mou meplypd@nke otnv 4n
mapdaypago. Asv mapouciacs, Opwg, TNV idla anodoon 0tav XpnoIHOTOIRONKE pia
amAolkn TMOATIKA amodoong otabepwy TTL oe 0Aa ta avrikeipyeva. Apa, yua va
glval amodotikog o Vproxy xpelaletal pia opBoAoyikn TOAITIKA ekxwpnong TTL
Hlag Kat autd emnpedldouv AUECA TOUG KAVOVES Tauong.

Mwa aAAn evdlagpépouca mapatnpnon a@opd TIC HETPIKEC. Ta amoteAéopara
€delav pikpn dlagopd otnv amodoon tou Odds yia TIg 2 HETPIKES. AUTO onpaivel
OTL 0 OPIOHOG Hia HETPLIKNAG XPELAdeTal EMITAEOV HEAETN (TT.X. HEAETN TNG KATAVOUNG).
Y& TApOYOl0 CUMTEPACHA HAC oOAYNoe n HEAETN Tou A. Oswpnbnke OTL n
dladikaoia agiewyv Twv AltAoEWVY eival opoloyevig Poisson Kat Twe to A ivat n
évtaon autng. ‘lowg sival avaykaia n PeAETN Tou TPOBARUATOC Yid AVOHOLOYEVA
dladikacia Poisson.
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TéAog, emonuavOnke to gatvopevo stale deliveries burst kat n peydAn emidpaon
TOU OoTnV amodoon €vOC PNXaviopoU OUVETELAC. TO (PAIVOPEVO AUuTO agopd Ta
ONUOWIAN aAVTIKEIPEVA Kal Tapatnpsitat Omote €va amd autd TPOTOTOLEITAl
oTov origin server, aAAd 0 PNXAVICHOG CUVETELAG £EAKOAOUBEL va IKavoTolEl TIg
AITACEIC TTPOC AUTO XPNOIHOTIOWWVTAC TAPWXNUEVO avtiypago pwag cache. Xe
autn Tn mEPIMTwon, To cuotnua Ba emBapuvOel amd €va peyalo aplOpo stale
deliveries. To @aivopevo autd avrtipetwmiletat otov Vproxy yiwa Odds kavova
HE Xpron KatdAAnAou eupetikoUu (heuristic), mapapével Opwg €viovo oOtav
ep@aviletal os eva ONPOPIAEC AVTIKEINEVO PE PIKPO Babuo petaBAntoTntTag.
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