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O TOpOG auToc nepIAapBavel NEpIAAWEIC TWV KAAUTEPWV JINAWHNATIKWV KAl NTUXIAKWOV
Epyaciov nou eknovnbnkav oto TuAua MANpo@opikng Kal TNAENIKOIVWVIWV TOU
EBvikoU kal KanodioTplakou Maveniotnuiou ABnvwyv kata Tto diaotnua 1/1/2011
- 31/12/2011. MpokeiTal yia Tov 90 TOYO OTN OEIpd AUTH. ZTOXOC TOU BOeoguoU
gival n evbappuvaon Tng dnuioupyikng npoondabsiag kal N NpoBoAR TWV NPpWTOTUNWY
EPYACIOV TWV QOITATWV TOU TUAMATOG.

H €kdoon auth eivar ynelakn kal €xel d0ikd TnGg ISSN. Avaptdartalr otnv enionun
IoToo€Aida Tou TPAMATOG Kal €TOI, €KTOC ano Tn Meiwon TnG dandvng kata Tnv
TpExouoa NePiodo OIKOVOUIKAG KPiong, €XEl Kal WeyaAuTepn npooBacipotnTa. MNa To
OoTOXO auTO, onuavTikn ATav n oupBoAn TnG Andag XaAdTton nou enigeAnOnKe Kai
(PETOC TNV Wwn@elakn €kdoon Kal METUXE MIa EAKUCTIKNA MN0IOTNTA napouciaong, Ve
BEATIWOE KAl TNV OMUOIOYEVEIA TWV KEIHEVWV.

H oupueTOX TWV (POITNTWV NTAV KAl PETOC NOAU IkavornoinTikn. H oTdlun Twv
EPYAOIWV Mou eykpiBnkav (aAAd kar autwv nou unoBARBnkav) nTav uwnAn kai Td
YVWOTIKA aVTIKEIJEVA MOU nMpayuaTelovTdal ol Epyaciec KAAUNTOUV o€ Yeyaio Baduod
0AOKANPN TNV nepioxn TNG MANPOPOPIKAG Kal TWV TNAENIKOIVWOVIWV.

©a O&Aape va €uxapioOTHOOUME TOUG (POITNTEC Yid TO XPOVO Mou aQIEpwoav yid
va napouciacouv Tn OOUA&Id Toug oTad nAdiola autoU Tou Be0poU Kal va Toug
ouyXxapoUUE yia TNV noloTNTa TwV £pyaciov Touc. EAniCoupe n diadikacia auTtn va
NPOCEPEPE Kal OTouG idIoug Hia guneipia nou Ba Toug BonOROsl OTN OUVEXEIQ TWV
onoudwV TouG N TNG eNayyeAPATIKNG Toug oTtadliodpopiac.

H EmiTponn EpeuvnTikwv kal Avantu&iakwv ApacTnpioTATWV
©. ©goxapng (unevBuvog €kdoong), H. MavwAdkog

ABnva, Iouviog 2012



EMIAETrMENEZ2
NTYXIAKE2Z EPTA2IE>




n - [MTYXIAKH EPIAZIA -
I R

o

MeA€Tn kat YAoroinon Texvikwv
Katdotpwong 2xedilou oe MeplBaAAov
Unity3D

BaaoiAelog - Mdplog Avactaaoiou Mavaylwtng Alapavtonoulog
astyanax@di.uoa.gr panos_10d@di.uoa.gr

EBvikd kat Kamodiotplakd Mavertuotriuio ABnvay, Turua MNANeoQopIKrC Kal TNAETIKOIVWVIWOV
MaveruotnuiouroAn, INola, 15784, ABriva, EAAAQ

NepiAnyn

Ta TeAeuTtaia xpovia, akadnuaikég TexVIKEG TexvnTtAg Nonpoouvng Kkai nio
OUYKEKPIPEVA TEXVIKEC KAAOOIKOU OXeJIAOPOU yia Tov KABopIoHNO CUMMNEPIPOPWV
NPOOAVATOAIOUEVWY OTO OTOXO £xouv anodeixBei 10i1aiTepa  XPHOILMEC OTOV
NPOYPAMMATIONO nNAEKTpoVIKwWV naixvidiwv. Odnyouuevol and To YeYovog OTI
dev unNApxel oapwc OPICUEVO MPOTUMO YIA TNV aAvanTu&én TETOIWV CUMNEPIPOPWV
o€ NAeKTpoOVIKA naixvidia, uhonoinoapue Tnv iThink, pia BIBAIOBAKN Mou enITPENEI
TN XpNon akadnuaikwv TEXVIKWV YId TNV €QAPHOYN TETOIWV CUMNEPIPOPWYV OF
npaypartika nepiBaAlovra avanTtuéng Bivreonaixvidiwv. ZTnv napoucda epyaacia,
eoTialouhe oTo QopuaAiopd STRIPS kabwc kal oro nepifaAlov Unity3D, pia
OnUOIAR pnxavh naixvidiwv. EKTOG and Tn XpnoTikoTnTa Tng iThink yia Toug
NPOypapuaTioTeg, BewpoUpe OTI pnopei va aflonoinBei kar otnv eknaideuan,
NapeXovTac €va HOVTEPVO Kdl d1aokedaoTIKO PECO €KPABNONG Kal MeIpApaTiohou
ME TOV KAQOOIKO oXeQIATNO.

NEEeic-KAe1d1a: KaTtaoTpwon oxediou, Mnxavnh naixvidiwv, Unity3D, C#, STRIPS

\ _ Koupnapakng MavwAng, KabnynTtng
EmiBAenovTec: Bdoooc >Taupocg, MeTadidakTopikoc EpeuvnTnc
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1. Eicaywyn

Mapadooiakd, ol TeXVIKEC TexvnTnc Nonuoouvng nou XpnoigonoioUuvTav yid Tn
dnuioupyia Bivreonaixvidiwv dev Bacifovrav O TEXVIKEC NMOU €ixav avanTuxBei ano
TNV NAVENIOTNMIAKA KOIVOTNTA. TNV 0ucid, ol NpoypauudaTioTeC dnuioupyouoav
weudaiobnon vonuoouvng, a&lionoimwvrtag MpPoypANHATIOTIKA KOAMa YXwpic va
BaoifovTal oTn MEAETN EKAEMTUOMEVWV TEXVIKWV and Tov TOMEA TNG aKAdNMPAikAC
TexvnTAc Nonupoouvncg [6, 13]. Auti n Tadon anodeixbnke napd TauTta 1di1aiTepa
anodoTikn, kKabw¢ odnyouoe oe TaxUTATN aAvANTUEN OCUPNEPIPOPWYV YIA TOUC
NPAKTOPEC TOU PivTeonaixvidioy, ouxva und Tn Mopepn HIaG oe€ipdc ano
NPOYPAMUATIOUEVEC eVEpPYEIEC nMou BacilovTav o€ OUuVONKEC mMou agopoucav Tov
KOOMO Tou naixvidioU KAl TOUG NAiKTEG.

Autd Oev amnoTeloUoe npOBANMA Yyia APKETA Xpovia kKabwc n Blounxavia Twv
narxvidiwv pnopeoce va eEehixBei €€aipeTikd@ kaAd a&onoiwvrag TIC payddieg
e€eAifeic 0 AANouUC TOMEIC ONMWC Ta Yypa@ika, TOUEAG MOU EYIVE evOOUOIWIWCE
anodekTdOC anod Tnv nAsiowneia Twv naiktwv. H avaykn yia Tn Onuioupyia
no avrtaywvioTikng TexvnTng Nonupoouvng e€Eaoc@aAil0Tav napeEXoOvTag OToug
XAPAKTAPEC neploadTepn dUvaun and auTtn nou gixav ol avbpwnol naiktec (n.x va
EXOUV AVOPO NAeovekTNUa). Ta TeAeuTaia xpovia n Blognxavia Twv naixvidiwv £XEl
(PTACEl O &€va OnMEIoO Mou €ival anapaitnTn NAEOV N XPNOoN M0 €KAENTUOHEVWV
TEXVIKWV YIQ TN CUMNEPIPOPA TWV NPAKTOPpwWV. AUTO €XEl Yivel avTIAnNTO TOCO and
TOUG NaikTec nou avaldnTouv MNio avTaywvioTIKoUC NPAKTOPEC TEXVNTAC vonuoouvng
(NPC's), woTte va divouv Tnv avtiAnwn &vog avBpwrnou PE OTOXOUC Nou avTidpa
oTo nepiBaiiov Tou [4, 7], 600 kal and Touc NPOYPANMATIOTEG ol onoiol avalnTouv
Evav €ENEKTACIYO, €MNAvaxpPnoIMoOMoINCINo  Kal  diaTnpAcIgo npoTUNO  yia TN
onuioupyia npakTopwv TexvnTng Nonuoouvng, a@oU TMAEOV TA NAEKTPOVIKA
naixvidia £€xouv ouvexwc au&avopevn noAuniokotnTa [9].

Mia aloonueioTn Texvikn Texvntnc NonuoouvnG Nou MNPOEPXETAl ano TNV
akadnuaikn koivoTnTa kal anodeixbnke 101aiTepa XpNoIWn yia Tov okond auTo,
€ival o KAQoIkOC OXedIAOPOC Mou ouxva ava@epeTal otn Piognxavia naixvidiwv
WG KATAOoTPWaOn oXedIOU HUE EVEPYEIEC NPOCAVATOAIOUEVEG OTO 0TOXO (goal oriented
action planning). H 16¢éa oTtnv onoia oTnpileTal auTn n TEXVIKA €ival n napoxn
EVOC OUVOAOU EVEPYEIWYV, ME TNV NEPIYPAPN TWV £MOPACEWY MNOU AUTEG EXOUV OTO
nepiBaiilov, KaBwc kal €va oTOXO OTOV 0noio kKaAsital va odnynbei o npdkTopag
XPNOILOMOIWVTAG AUTEG TIC EVEPYEIEC. AOONKe 1010iTEPN MPOOCOXN OE AUTNV TNV
TEXVIKN KUpiwg Aoyo Tou didonuou naixvidiou F.E.A.R. [8] nou xpnoipgonoliouoes
Mia anAouoTeupevn €kdoaon Tou poppaAiopou STRIPS [3] yia Tn povTeAonoinon TNG



OUMNEPIPOPAG NPAKTOPWV TEXVNTAC vonuoouvngc.

>Tnv napouca epyacia eoTialoude oTo PBaocikd npoBAnua  uAonoinong Miag
nAaTPOpHaAc kAaoikoU oxediaoTny N onoia hnopei va xpnoipgonoinBsi oe nAndwpa
NPOYPAMMATIOTIKWV MNEPIBAANOVTWV NAEKTPOVIKWV naixvidiwv. AvaAUoupe Tn
diadikacia avanTtu&éng Tou iThink, piag BIBAIOBAKNG KAAoIKoU oxedlaouoU BACIONEVN
oto STRIPS kai n onoia oToxeuesl OTn Yevikeuon Tn¢G diadikaoiag axediaouou, oTnv
E€UKOAIQ Xpnonc Kai oTnv eVOWHATWON O Mia NPAyhaTtikn pnxavhn naixvidiwv.
>Tnv evoTnTa 2, 6a yivel yia ocuvToun nepiypa®n Tou STRIPS evw oTnv €voTnTd
3 Ba yivel n nepiypaen Tng BiBAI0BNKNG iThink. ZTnv evdéTnTa 4 yiveralr avagopad
OE OXETIKEC ONUOOCIEUOEIC MOU £XOUV OAOKANpwOEel npooparta, ornv evoTnTta 5
ava@epovTal HEANOVTIKEG enekTaocel TNG PIBAI0ONKNG iThink kal kaTaAryoupe
oTnVv evOTNTa 6 PE TA YEVIKA CUNNEPAOUATA.

2. STRIPS planning

>e auTn TNV nepioxn TnG Texvntng Nonuoouvng Kanolog avTiheTwnilel TN akoAoubn
dladikaacia. Aedopevng Hiag NARPWG OPICHEVNG APXIKNG KATAOTAONG, MIAG KATAOTAONG
OTOXOU Kal €VOG GUVOAOU EVEPYEIWV MOU MEPIYPAPOUV TIG aAAayEG Mou WPMopEi va
eneAbouv oTov kOOWO, €ival duvaTtn n eupeon MIag aAAnAouxiag evepyelwv ETOl
WOTE OTAV TIG Epapudooupe d1adoxikd, N apXIkn KaTaoTraon va PETATpanei o€ pia
KaTaoTaon nou va Ikavonolei Tov enBupnTo oTdXo.

>Tnv napouoa epyacia €oTialouphe oTov poppaAiond STRIPS yia Tnv avanapdoraon
diadikaciwv oxedlaopou. =tov STRIPS, n avanapdoTtacn TnG apxIKNG kKaTaoTaong,
TWV EVEPYEIWV KAl TWV KATAOTACEWV OTOXoUu Paciletal 0t AekTIKG ano Tnv
Kartnyopnuatikn Aoyikn (predicate logic).

H apxikn kataotaon (initial state) nepiypageral ano €va cuvoAo ano BeTIKA AeKTIKA,
Ta onoia napExouv Hia nAApn npodiaypa®r TnG kartaoraonc Pacioyevn oTnv
unoBeon kAeloTou koopou (closed world assumption). O1 evepyeleg (actions)
ennpealouv TNV TPEXOUOA KATAOTACN NPOOBETOVTAG N APAIPWVTAC AEKTIKA.

Ta oxnuaTta evepyelwv (action schemas) €ival yevikoi kavovec nou kabopilouv TIC
EVEPYEIEGC MOU pnopouUv duvnTiIKA va epapuhooToUV O€ Wia kataoraon. Ta oxnuara
EVEPYEIWV NeplypagovTal eninAéov and dUo akoua aToixeia, TIG NpoUnoBeoelg Kal
TIC emdpaacelc Touc. OI npolnobéoeic (preconditions) €ival eva cUvoAo ano AekTIKA
TwV onoiwv n unap&n €ival anoAUTwWG anapaiTnTn O Wia KATAOTACN MNPOKEINEVOU
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va pnopei va e@appoaTei n avtioToixn evépyela. O1 enidpaosig (effects) sival €va
oUVvoAo ano AekTIKA Ta onoia kabopilouv TIC aAAayEC nou Ba enIPEPEI N EQApPPOYN
TNG EVEPYEIAC OTNV KATAoTAon.

KaTtaAnyovTag n kartaoraon otoxou (goal condition) eival éva ocuvoAo anod BeTika
AEKTIKA Ta onoia npenel va sugavifovral 0 Jia KaTaoTaon yia va IKavonolei auTn
Tov €mBupnTd oTOXO. AUON O €va nMpoBAnua oxedlaopou anoTeAei pia akoAouBia
EVEPYEIWV MOU av &QPAPUOOTEI oeiplakG and pia apxikn Kataoraon, KAavovTac
TOUG anapaitnTouc €AEyXouc via npoUnoBeoelc kal epapuolovTac TIC KATAAANAEC
enIdPACEIC, TN UETATPEMNEI O KATAOTACN OTOXOU.

3. H BiBA10Onkn iThink oTo nepiBaAAov Unity3D

3.1 Mepiypa®n Tou epyaAegiou Unity3D

To Unity3D e€ival pia nAat@opua epyaAlsiov kabwc kal pnxavr naixvidiwv rnou
NPOOMEPEl  UWNANG nOoIOTNTAG  XAPAKTNPIOTIKAG Kal  gpyaieia  diaxeipiong
NEPIEXOMEVOU, Ta onoia Tnv kaBioTouv 13avikn yia Xpnon w¢ nAaT@opupa Taxeiag
avanTtuénc Bivreonaixvidiwv KAOwG Kal nMpooouoiwoswy. O npoypauuaTioNoG o€
autod TO nepIBAAAov PBaociletal ot scripts kwdlka ypauueva oe yAwooec C#,
Javascript 1| Boo, Baoiopevoc oTnv nAATgopua avoixTou kwdika Mono.

Mapéxetal dwPeAv NAKETO XPAONG Nou Tnv kKabioTd npooitn o nAnbwpa
NPOYPANMATIOTWV. Ta XapakTnpIoTIKA TNG, 0€ UVOUACOPO HE TN dIapKWES auEavopevn
ONUOTIKOTNTA KAl UunooTApPIER TNG, MAg odnynoav otnv enmAoyn TNG wg 10avikng
nAaTPOpuaAc avanTuéng yia TNV €pyaciag uac.

3.2 Neprypaen TnG BiBAIoONkNG iThink

>TnV NTUXIaKn Hag epyacia opicape dUo otoxouc. O nmpwTog ATav n dOnuioupyia
MIQC MNPAKTIKNG, VYEVIKAG XPNONG Kal €UKoAa enekTaoiuyng PiBAI0OAKNG n onoia
0a npooEPepe eukoAia avanTtu&éng TEXVIKWV KATAOTpwONG oOxediou OTOUG
NPOypapuaTioTeG. O JeUTEPOG NTAV TO NMAKETO va €ival KATAVONTO OTOUC XPNOTEG,
NPAKTIKO YId XPNOon O€ €peuvnTIKO NAQiolo, KaBWC Kal €KNAIDEUTIKO WG £PYAAEIo
EKMAONONG TEXVIKWV KATAOTPpwoNG oxediou. AuToi o1 oTOXol anodeixdbnkav
avTipaTikoi, napd TauTa avanTtu&ape €vav QopuaAiopo Baociopevo oto STRIPS
ME EMApKN E€KPPAOTIKOTNTA MOU OPWC NpooapuoleTal €UKOAA OTIC avAyKEG Tou




EKAOTOTE NMpoypapuaTioTn BivTeonaixVvidiwy.

Ta oToixeia Tn¢ iThink nou avanTU&ape enmiTpEnouv TNV NANpn nNeEPIypaen
€VOC MnpoBARNATOC KAAolkoU oxediaopoU. Ta Aoyika AekTIKG peTtappalovral o€
veyovoTa (iThinkFact) kar Ta Aoyikd kartnyopnuarta Heta@palovral O EVEPYEIEC
(iThinkAction). To ocUVOAO TWV YEYOVOTWV KAl TWV EVEPYEIWV MNOU gival dlabEaiya
o€ €va npakTopa KAtaoTpwong oxediou anoTteAouv To nedio oxediaouou
(planning domain). Mia ouAAoyn YeyovOTWV anoTeEAEl TNV NEPIyPAPn HIAG
kaTaoraong oto xwpo avalntnong (iThinkState), cuvenwc pnopei va xpnoiJonoinoei
yla TNV nepiypagpn TnG TwpIvAG/apxIkng kataortaong (initial state) Tou npdakTopa
KaBwc kal Jia kataoraon ortnv ornoia B€éAoupe va odnynboupe MPEOW €VOC
oxediou/nAdvou, Tnv katdoraon oToxou (goal state). To oUvoAo Twv evepyeiwv
Kal TwV YeyovoTwv, padi PJE TNV aApXIKA KATAOTAON Kdl KATAOTACEIG OTOXOU,
anoteAoUv €va npoBAnua oxediaopou (planning problem). Xkonog Tou npdkTopda
gival va a&onoinoel TIC JOIABECIUEC EVEPYEIEC WOTE va eKTEAEOEl avalnTnon oTo
XWPO KATAOTACEWV Kal va Bpel aAAnAouxia evepysiwv — dnAadr €va oxedio/nAavo
evepyeiwv (iThinkPlan) - nou 6a Tov odnyrnoouv and Tnv apxikn karaoracn ornv
KaTaoTaon oTOXOoU.

H nepiypa®r Twv evepyeiwv YiveTal HEOW €10IKA OIAUOPPWHEVWY CUMBOAOCEIpWY,
TIC onoie¢ neplypdpoupne ¢ action schemas, ol onoieg nepiypagouv TN
dladikaoia autopatng () kar kabodnyoupevncg) napaywyns OlaBECIHWY EVEPYEIDV
(iThinkActionSchema) Bdaocsl Tng YVWOTAG OTOV NPAKTOPA yvwong. AuTO Eival
anapaitnto woTe va kabopileTal n oUvVOEON TwWV OVTOTATWV/AVTIKEIHEVWV TNG
NPOOOMOIWONG HE TA OTOIXEId TWV eveEPYEIWV. H GUAAOYN QUTWV TWV AVTIKEIHEVWV
yiveTal péow evog ouoTnuatog aiodntnpwyv (iThinkSensorySystem). O1 eveépyeleg
nou napdayovTal guAAEyovTal o€ AioTa di1abeoipwy evepyelwv (iThinkActionManager).

Qc oxediaotn (iThinkPlanner) nepiypd@oupe Tn AsIToUupyikn povada nou a&lonolsi
TIG OIaBECIPEC NANPOPOPIEC WOTE VA EKTEAETEI TEXVIKEG avalnTnong kal va napayel
NAGVO E€VEPYEIWV NpPoC Xpnon and Tov npdaktopd. 'OAa auTtd TaA OuCTAHMATA
OUAAEYOVTAl O€ €va €vIAIO NAKETO MOU anAonolei TNV uAonoinon Tou nNpdkTopa Kal
Tn Oladikacia nepiypa®ng Tou npoBAnpaTog oxediachoU aAAd Kal TNG METEMEITA
kaTaoTpwong oxediou (iThinkBrain).
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3.3 Mapadsiypa xpnong Tou iThink

public class SimpleFPSAgent : MonoBehaviour

{
iThinkBrain brain ;
public string [ ] schemaList = {
"ActionMove-3-Tag~loc-Tag~loc-Tag~dir" ,
"ActionTurn-2-Tag~dir-Tag~dir" ,
"ActionShoot-4-Tag~loc-Tag~loc-Tag~dir-Tag~gun® ,
"ActionStab-2-Tag~loc-Tag~knife" ,
"ActionPickUp-2-Tag~knife-Tag~loc" ,
"ActionPickUp-2-Tag~gun-Tag~loc"} ;

public void Awake ( ) // executed when NPC is constructed

{

brain = new iThinkBrain ( ) ;

List<String> tags = new List<String>() ;

tags.Add('dir ') ; tags.Add("loc ') ; tags.Add(" player ')
tags-Add('npc') ; tags-Add( "'gun' ) ; tags.Add(" knife ') ;
brain.sensorySystem.OmniUpdate(this.gameObject , tags);

brain.ActionManager = new iThinkActionManager ( ) ;
brain_ActionManager.initActionList(
this.gameObject ,
schemalList ,
brain.getKnownObjects ( ) ,
brain.getKnownFacts ( )

)
}
public void Update () // executed at every frame of the game
{

// . . . code that specifies the initial state and goal

Brain.planner.forwardSearch ( // invokes planner
brain.startState,
brain.goalState,
brain._.ActionManager,
1); // specifies the search method

brain.planner.getPlan() .debugPrintPlan();

// . . . code that uses the plan for NPC behavior

}
3

ZxnHa 1: Napadeiypa xprong Tou IThink og €va anAonoinuévo KOGHO




H enionun Tekpnpiwon e€ival diaBeoiyn oTtov 1oToXwpo TNG BIBAI0ONKNG oOTNn
dleuBbuvon: http://code.google.com/p/ithink-unity3d/

4. ZIXETIKEG ONHOOCIEVOEIC

Ynapxel TEpAOTIO €UPOC £PAPHOYWV MOIKIAIAC HEBODdWV KATAOTPWONG oXediou OTNn
BiBAloypagia nou apopd PeydaAo eUpoG HeyeBouC NPoBANUATWY KABWC KAl XPOVIKWV
N UMNOAOYIOTIKWV MEPIOPICHWY. KUpIO XapakTnpIioTIKO auTwv E€ival n oUupBoAIKn
nePIypa®n TWV OVTOTATWY, MOAAEC (POPEC UMNO Tn HOPPN aAnAwv CUHUBOAOCEIPWY,
YEYOVOC MOU EPXETAl O AVTIOEON HE TIC AVAYKEC €vOC NMPAKTIKOU MeEPIBAAAOVTOC.
H npoogyylor pac anoTeAei emTuxn Kal NpwTonopa YEQPUPWON AUTWV TwV OUO
TpONwv avantuéng, oupBaTto Pe TO POPHAAIONO STRIPS kal mpoo@epovTac £va
NPOYPAMMATIOTIKO MeEPIBAAAOV avanapdoTaonc PACIOPEVO OE KATAVONTEC EVVOIECG,
onwc n Xpnon MeTaBANTwV (OVTOTATWYV) KAl ETIKETWV (E10WV OVTOTATWV).

To Bivreonaixvidl “F.E.A.R.” anoTeAei To NpwTO Kal XAPaAKTNPIOTIKO napadelyud
XpNong KataoTpwaong oxediou ota nAaioia Bivreonaixvidiou, Bacioyevo otn doUAEId
Tou Jeff Orkin [8]. O Bjarnolf npdéoBeos «avaAuon anelAng» oe ouotnua GOAP
hME Baon Tn MEBodo “Observe, Orient, Decide, Act” [1]. O Long ékave ouykpion
endooswyv HETA&U uAonoinoswv cuoThuatog GOAP kal pnxavng NeENEPACHEVWV
kataotacewv [2]. O MMe&ikidng PeAETNnOE Tnv e@apuoyn ouotnuatog GOAP ot
nepiBaAAiov Bivreonaixvidiou oTpaTtnyikng [10]. TEAog, o Pittman €ionyaye iepapxia
evToAwv og guotnua GOAP pe okond Tnv anAonoinon Tng diadikaciag ouvTnpnong
Kwdlka [11].

O1 napandvw UAOMOINCEIC EYNVEOVTAl ANO TIC APXITEKTOVIKEG EMAOYEC MOU NPOTEIVE
o Orkin oUTWC wOoTE va enmITUyXAveralr IkavonoinTikn enidoon o€ nepiBailov
npaypartikou Xpovou. AUTEC odnyoUv Ot€ XprAon anAonoinuévou @opuaAiopou
Baoiopyevo oTtov STRIPS, nepiopidovTag onuavrtika Tnv &K@PACTIKOTNTA TNC
neEBOOOoU. EminAgov, kaBepia ano TIC Napandavw MpPooeyyioelc oTialel 0 opyavwon
Kal AENTOMEPEIEC UAOMOINONG OUYKEKPIMEVWV BivTeonaixVvidiwv, neplopilovrag
onUavTika Tn HETAQEPOINOTNTA Tou KWOIKA. AVTIBETwG, n BiIBAIoONKN iThink
gival yevikng XpNonc Kal €K@pacTikOTNTAG, KAOBWC kKal €UKOAA HETAPEPOIUN OF
EVAAAAKTIKG nepiBaAlovra avanTtuéng. Afionoimvrtag To AoylkO unoBabpo Tou
STRIPS, n BIBAIOBAKN MPOC@EPEl Wia 10XUPR NAATPOpUA avanapaoracnc oxXediwv
oe nepiBaiiov Unity3D.
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5. MeAAovTIKEG enekTAOEIG TNG iThink

TeAlkOG okonodg pag €ivar n avanTtugn Tng BiIBAI0BNKNG iThink o€ €va nARpeg kai
anodoTikd nakeTo Odnuioupyiac Texvntng Nonuoouvng katdaoTpwon oxediou,
ouvodeuopevn and epyaAgia nou anAonololv Tn dladikacia. Apxikd, 6a yivel
enekTaon Me emnAéov HeBOdoUC avalnTnong Kal EUPECTIKEG OUVAPTAOEIC YId
nANBwpa epapuoywv oc NePIBAAAOVTA NAIXVIDIWV. ZNUAVTIKO 0PeAOG anddoaong Kal
avtanokpiong Ba enéABel éneiTa anod siocaywyn noAuvnuaTtikoU npoypappaTiopou.
TauTtoxpova, Ba slocaxBboUv Kal oTolXEia ApXITEKTOVIKNG nou Oa unooTtnpifouv Tnv
TauTOXpovNn A&IToupyia Kal cuvepyacia noAAanAwv npakTopwv. TEAOG, €xel NON
dpopoAoynBei n dnuioupyia epyaAegimv nou Ba diaxeipiovTtal kar 6a anAonololv TN
diadikaoia nepiypapnc/dnuioupyiag Twv YEYOVOTWV KAl TWV EVEPYEIWV TOU nNediou
oxedlaopoU JECW TOU ypagikou nepifailovToc Tng Unity3D.

6. Zupnepaocpara

H kAaoikl katdoTpwon oOXediou anoTeAEl XPNOINN TAKTIKA Yid €EMNEKTACIUN
onuioupyia avaduophevnNG OUMNEPIPOPAC O NPAKTOPEC TEXVNTAC VonUoouvng
Bivteonaixvidiwv. H npooeyyion HaAg Npoo@EPEl €vav  MNpwTONopIakd Tpono
€QApPUOYNG akadnuaikwyv TEXVIKWV OTO MPAkTIKO nNePIBAAAOV TwV CUYXPOVWV
Bivteonaixvidiwv. H BiBAIoBNKN iThink anoTteAei €vav katavonTto, €UKOAQ
METAQEPOINO, €UKOAA €EMEKTACIUO KAl KUPIWG YEVIKEUMEVO TPOMO MEPIYPAPNG KAl
eniAuong npoBANUATWY KATAOTPpwWONG oxediou. EKTOC and xpnoido epyaeio,
anoTeA&i kal XPNOIMO €KNAIOEUTIKO MECO, MPOoPeEPOVTAC £va 0O1adpacTikd Kal
dlackedaoTikO nepIBAAAov nelpapaTiogol ekPAdBNONG KAl NEIPAUATIOHNOU HE TNV
TexvnT Nonuoouvn, eknAnpwvovTag €Tol Kal TouG dUo OTOXOUC TNG NTUXIAKAC
epyaaciac.
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NepiAnyn

> autn TnVv e€pyacia napoucialoupe €va OAOKANPwHEVO oUOoTNHA Vid TN
HETAPPAON €pwTNHATWV SQL ot @uoikn yAwood. AvanapioToUPE TO €pwTnHa
WG KATeubuvopuevo ypa@o KAl ENICNMAIVOUME TIC OAKMEC TOU HE  ETIKETEC,
XPNOIYOMOIWVTAG £€vav  EMNEKTACINO  PNXAVIOMO npoTunwv. To ouoTnua Mag
XpNOoIKonolei dIapOPETIKEC TEXVIKEG dIACXIONG TOU YPAPOU Yia va TOV NPOOoneAAOEl
anodoTIKA Kal va OUVOEDEl TO KEINEVO PUOIKNG YAWooacs. 'OAn n AsIToupyikoTnTa,
nou agopd Tn METAPPacn AAAd Kal Tov npoodiopioud TwV NPOTUNWV, NAPEXETAI
MEOW Miac XpnoTIKNG, Baoiopevng oTo OikTuo, dIENAPNC.

NEEeic-KAeidi1d: Alienagec Baocswv Oedopevwyv O QUOIKN YAwood, EneEepyaoia
(PUOIKNG YAwooac, EpwTnua, Baon dedopevmwv

Méepoc Tn¢ epyaociac nou napouoidletal Exel dnUooieuTei oTo ACM SIGMOD 2012 wg:
Logos: A System for Translating Queries into Narratives.
(A. Kokkalis, P. Vagenas, A. Zervakis, A. Simitsis, G. Koutrika, Y. Ioannidis)

. _ Iwavvng Iwavvidng, Kabnyntng
Me Tn ogupBoAn Tn¢ Mlewpyiag KoUTpika kai Tou AAKN ZIMITON
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1. Eicaywyn

H xpnon @uoikng YAwooag oTo Xwpo Twv Baccwv dedopévwyv dev gival véa 10€a.
AIGQOPEC NMPOOCEYYIOEIC, EUNVEUCHEVEC aAMO Tn QUOIKN YA®WOOd | BACIOUEVEC O€
auTr), €XOUV YIVElI AVTIKEIHEVO PEAETNG TIC TEAEUTAIEC DEKAETIEC. QC XAPAKTNPIOTIKA
napadeiyyata MnopoUpe va ava@epoupe Tnv avalntnon He A€Esic-kAsidia [1]
N Ta epwTnuaTta précis [2][3], kKaBw¢ kar Tn HPETAPPAON (PUOIKAC YAWOOAC Ot
EKPPACEIC dounuEVNG Hoppnc [4][5]. Evw, O6pwg, n ouvBson epwTnUATWV ano
KEINEVO €Xel PEAETNOei enavelAnpuéva oTo NApeABOV Kal OUCTAPATA MNOU TNV
ENITPENOUV €XOouv avanTuxBei, n avTiBeTn kaTteuBuvon, dnAadn auTr nou Bswpsi
TNV €€aywyn QUOIKNG YAwooac and dopnueEva €pwTAMATA, €XEl MOAIC npoopaTa
eEepeuvnBei wg neploxn [6].

H petdppaon epwTnUATWV O QUOIKN YAwooad ouvioTd pia nnyn nAoucia TOOO
0O€ €PEUVNTIKO €vOIaPEPOV 000 Kal O eQAPMOYEC. KaTapxdg, npiv éva €pwTnua
oTaAei yia ekTéAeon, Oa NTav wE@EAIYO yid TO XPNOTN va HNopouce va To Ocl
EKPPACHUEVO OE Mia nio Npoo@IAn Hop®n, auTn TNG (PUOIKNAG YAWOOAG, wC Mia
eniBeBainon yia 1o OTI €Xel TO €MBUUNTO vonua. '‘Oco dg nio NoAUNAOKN €ival n
dlaTunworn Tou, TOOOo Nio XPNOoIUn napoucialeTal hia nepiypagn o€ QUK YAwoaod.
Mia dianioTwueva owoTrn METappacn 6a prnopoUoe va anoTeAETEl Wia NOAU 10xXUPN
enaiAnbeuon yia TNV €ykupoOTNTA TOU €pwTNHAToC. Emnpoocbera, dedopévng piag
TETOIAQG METAPPAONG, Ba nNTav nio EUKOAO yia TO XPNOTN va KATaAdBel Ta KOPPATIA
TOU EPWTANATOC Mou e&uBuvovTal yia pia Tuxov Kevih andavrtnon n, avrioroixa,
yia pdia 10iaitepa peyaAn. Mepa, Opwe, and Toug kateEoxnv Xpnorec Bdaoswv
0edOPEVWY, ONUAavTIKa pnopoUVv va w@eAnBoUv kal 000l Oev EXOUV MHEYAAN
EUnelpia, KABwc n €ENynon €pwWTNHATWV O QUOIKN YAWOOA WMopei va BeATIWOEI
aiobnTa TNV KAunuAn paénong. MpokUunTouv £€T0l €vOIAPEPOUTEC I0EEC YIA
EPAPHUOYEG OTO XWPO TNG eknaldeuTikng diadikaoiag. MapaAAnAa, ol TEXVIKEG Mou
napouaialovrtal O AUTA TNV €pyacia Pnopouv va enekTabouv woTe, €enINAEOV
TV epwTNUATWV SQL (evrtoAn SELECT), va kaAuntouv kal AGAAeC evToAec SQL
onw¢ csloaywyes (INSERT), diaypagec (DELETE) kar evnuepwoelc (UPDATE).
e auth TnVv nepinTwon, To ZUoTtnua Alaxeipiong Bdong Asdopevwv Ba napeixe
hia mo oAokAnpwpevn dlena®n QUOIKNG YAwooag oTo Xpnorn. 'ETol, oTav, vyia
napadslyya, Kanolo¢ UnoBAAAsl pia @Oppa nou avayeral oOTnv  €KTEAEON
kKanolwv evroAwv SQL, B8a nTav xpAoigo va undpxel n duvatoTnTa napoxng Hiac
NEPIYPAPNG OE PUOIKN YAWOOA Yyia TIG €V AOYw €VTOAEG, €10Ika OTav pia TETOIA
(POpHa €ival geyaAn kal o Xpnong Oev €ival eUKOAO va yvwpilel Tov TPONO PE TOV
onoio ouvdeovTdl onuacioAoylka Ta Oidpopa eunAekopeva nedia. TEAOG, nEpav
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NG SQL, n peBodoAoyia nou napoucialetal Pnopei va TpononoinBesi woTe va
diaxelpiCeTal epwTApaTta RDF oe SPARQL 1 RQL, npoypdapuarta Datalog k.a. Oi
d1apopec NIBaveG e@ApPOYEG, AoInov, €ival NOAUApPIBNEG KAl 0 KABe nepinTwon
evOIapPEPOUOEC.

H €Eaywyn piag owoTnG aAAd Kal QUOIKNG PMETAPPAONG Yia €va €pwTnua dev €ivail
TETPIYUEVN dladikaoia. Ac Bswpnooupe, yia napdadelyya, To napakdtw £pwTnua
(EpwTtnua 1):

select a.name, m.title from MOVIES m, CAST c, ACTOR a,
DIRECTED r, DIRECTOR d, GENRE g
where m.id = c.mid and c.aid = a.id and m.id = r.mid
and r.did = d.id
and m.id = g.mid and d.name = “Coppola” and g.genre = “action”’

Kanoloc 6a pnopouoe va I10XUpIOTE OTI PNopoUME va napdyoupe Tn HETAPPACN
anAwG akoAoudwvTag TIC OXETEIC NPWTEUOVTOGC-EEVOU KAEIDIOU, WOTOGO AOYW TOU
au&nuévou apiBpou oxeoewv CeUENC, N anAoikn auTrh npoocyyion 6a dnuioupyouoe
hia BepunaAloTikh Kal aQuaoikn MeTAappaocn. QoTd00, HE XPAON KaTAAANAwv
npoTUNWV, TO CUCTNHA YAC MNOPEI va NPOoPEPEl TO €ENC ANOTEAECNA:

“Find the action movies directed by Coppola and the actors that
play in these movies”

Ta Baocikd epyaAgia nmou XPNOIYOMOIOUME Yid VA AVTIMETWNIOOUPE QUTEG TIC
OUOKOAIEC €ival, apevoc, €vac uNXaviopoc NpoTUnwyY NMou €NITPENEI TNV KATAAANAN
avanapdaoTtacn nNoAUNAOKWV OCUVTAKTIKWV HOTIBwV Kal, AQETEPOU, Hia TEXVIKN
d1a0XI0NG Nou NpooneAauUVel To YpAPo EpWTAKATOC Yia TNV €Eaywyn TNS HETAPPAONC.

2. OewpnTIKO UNOBABpO

3£ auTn TNV €vOoTNTA Nnapoucialoue pia cuvown TNG NPOCEYYIONC Hac. To BewpnTikO
unopadpo TNG epyaciac KaAUNTETAl o€ PYeyaio Babud oTo [7].

2.1 Npagog oxnUAaToG Baong Se3ONEVMWV KAl YPAPOG EPWTAHATOG

Toéoo To oxApa TnNG Baong dedopevwv 000 Kal TA €pWTHAMATA nou unoBdaAAlovral,
avanapioTavral w¢ Kateubuvouevol ypagol. O ypdgog oxnuaTog Baong dedouevmwv
gival évag kaTeubuvouevog ypAa®og Mou anoTUNWVEl TOUG KUPIOUG POAOUC TwV




OXEOEWV Kal TwVv Nediwv Toug otn Baon. MepiAapBavel eva kOPPo yia kaBs oxeon
N nedio, EVvw 0Ol AKPEG TOU €ival akpeG JEAoOUC (anod Ta nedia Npog OTIC AVTIOTOIXEG
oxeoelg, ek@palovrtac npoBoAeg), emiAoyng (and TIC oxéoelic npoc Ta nedia,
ek@palovTag enAoyeCG) N katnyopnuatog (ano nedia os nedia, ekppalovrag (eVEEIC).
'Evac anAdog ypagog epwTnuUaToc ekppdalel Tn onpacioAloyia &vog €pwTnPATOC
eniAoynG-npoBoAnc-CeUENC Kal ouclaoTIKa OUVIOTA Hia €NEKTAoCn Tou YypAagou
oxnuatog Baong dedopevwy. MNa Tnv akpifeia, €xel Toug idIoUG TUNOUG AKHWV HE
auTov, Evw 000V apopd oToug KOPBoUG, nepIAapBavel eva KOUBO yia KABE ep@avion
oxeong, nediou n TIMNG oTOo €pwTnpa. MNa nio noAunAoka €idn €pwWTNHATWY,
w0oTd00, 0 YPAPOG EPWTAMATOC MMNOPEI va NEPIEXEI ENINPOCOETOUC TUMOUG KOUBWV
Kal aKJwv, £TOlI WOTE vad avanapiota ouvaBpoloTIKEG OUVApPTNOEIG, €101KOUG
TeAeoTeC (yia napadeiypa DISTINCT), kabwg kal Ta TuApaTta GROUP BY, HAVING
kal ORDER BY.

2.2 ETIKETEG Kal npoTUNA

Anodidoupe onUACIOAOYIKA XAPAKTNPIOTIKA oOTa Jlagopd HEPN TOU EPWTNHATOC,
EMNIONUAiVOovTac TouG KOUPBOUC Kal TIC AKHUEC TOU YPAQPOU EPWTNHUATOC HUE ETIKETEG
Kal XpNoIYOMNoIWVTAC €vav €NEKTACIMO PNXaviopud npoTtunwv. ApXikd, oTov KaBe
KOUBO TOU YPAPOU £pWTHKATOC avTioToIXI(ETAl HIa €TIKETA NoU ek@palel Tn onuaacia
TOU KOMBOU 0Ot uoikh yAwood. ‘Etol, yia napdadsiypya yia Tn oxéon MOVIES,
HUMOPOUPE VA OPICOUME TNV ETIKETA ‘movies’. Mapopoia, kKABe akun n povondari
nou ouvdEel OUO KOPBOUC HWMOpPEl va smonuaveei Pe pia €TIKETA nou ekppadel Tn
onuacia TNG oxXEonG PETAEU TOUu KOWPBOU MPOEAEUONC KAl TOU KOPBOU mpoopliouou.
MNa napdadeiyya, n akprn HEAoUC nou cuvdEel To nedio title Tng oxeong MOVIES
otnv idla Tn oxeon 6a pnopouce va exel TNV eTikETa ‘of’. OI ETIKETEC AUTEQ
anoBnkevovTal oTo YpApo oxnuaToc Baonc, TOCO yia TOUC KOWBOUC 000 Kal yia TIC
aKMEC, Kal OTn OUVEXEIQ KANPOovououvTal and Tov EKACTOTE YPAPO EPWTHHATOC.

O1 aAyopiBuol JeETAPPAONG Nou XpnoidornoloUuue diaocyifouv To ypAa@po £PpWTHHUATOG
Kal kKaTaokeualouv QpPAcEIC OUVOETOVTAC KaTAAANAQ TIC ETIKETEC NOU BpioKouv OTNn
d1adpopn. Mia etikera 1 ((v, u)) avTioToixiCeTal og pia akpn (v, u) n, YEVIKOTEPA, O€
€va pJovondari and 1o v oto u. 'ETol opieTal eva npdTUNO, NOU XPNOIWOMNOIEITal yia Tn
METAPPAON TNG OXEoNC METAEU TOU V KAl TOU U, KATA TNV Napaywyrn TOU KEINEVOU
(PUOIKNG YAwOOAc.

Ol ETIKETEG NPOTUNWYV KATAoOKEUAlovTal YN auTopaTonoingeva, and avépwnoug, Kal
MropoUVv va napdyouv UWNANG moloTnTag Keipgevo. Q¢ eva ouvTopo napadsiyua,
N €TIKETA yid TO povonaTti eniAoyng and Tn oxeéon MOVIES ortnv Tiun Tou nediou
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year, oTn yYAwooa npotunwv [7] , 6a ynopouoe va sivai:

I(MOVIES) + “ released in ” + MOVIES.year.<val>

2.3 MeTappaon epWTAHATOC HE diaoyxion ypapou

H diaoxion Tou ypdgou €pwTnuUaAToC YNopei va npayuartonoin®ei ye pia nAnbwpa
aAyopiBuwv. ZTa nAdgiola auTng TNG £pyaciac, NEAETAUE TPEIC OIAPOPETIKEC TEXVIKEG
diaoxiong via Tnv €€aywyrn TnG MeETAPpaonc. OtgueAiwdn onuacia €xel oe kabe
nepPIiNTwon o npoodloplohdc Tou KOPBOU — onueio agpeTtnpiac Tng didoxiong, Tov
ornoiov ovopAaloUME UMOKEIMEVO TOU €PWTNAMATOC. AVaAOYwG HWE TNV €niAoyr Tou
UMOKEIYEVOU, N KaTeuBuvon TnG d1aoxiong Kai, TeEAIKA, n napayoudevn HETAPPAON
Mnopei va gival noAU d1aPopETIKH.

H npwtn TeEXVIKA nou BewpoUpe, o aAyopiBuoc BST, kataokeudlel OIQpOPETIKEC
NPOTACEIC yIa TO KABE TUAMA TOU €pWTAMATOC. 'ETOI, apxika PeETA@pPalel TIC AKHEC
MEAOUC, OTN OUVEXEIQ OUVOEEI OAEC TIC OXEOEIC OTO UMOKEIPEVO HEOW TWV (eUEEWV
TOU EPWTANATOC Kal, TEAOG, KATAVAAWVEI TA POVONATIA MOU OUVOEOUV OXEOEIC HE
KOWBOUC TIMAC Nou €xouv NpoadiopioTei yia nedia TwV v AOyw oxeoewv. H diaoxion
0€ AuTN TNV NEPINTWON NPAypaTonoleiTal npwTa Kata Badocg, &skivwvTag and To
UMOKEIJEVO TOU EPWTAMATOC KAl MPOG OAEC TIC EUNAEKOUEVEC OXEOEIC, MEOW TWV
(eUEswV.

SUM@WVa Je TN OeUTEPN TEXVIKA, TOV aAyopiBuo MRP, n petappacn dnuioupyeital
HME €vav OAIOTIKO TPOMo, Onou nNANPo@opiec and OAd Ta TUNMATA TOU EPWTANATOC
unelgepxovTal oTn HeTappaon kabwg diaocxifouphe To ypago. H Baaoikn 16€a eival
0TI, evw oTov BST OAa Ta OTOIXEid TOU €£PpWTANATOC ava@epovTal navrta orto idio
UMOKEiJeEVO, €0W XPNOIMOMOIOUME €MNPOCOETa onueia avagopdg HE okono va
ano@UYOUHE HAKPOOKEAEIG, NIBavwg PN QUOIKEG NPoTACEIG. KaTa auTth Tnv €vvoiq,
dlalpoUHE TN METAPPACN onUAcioAoyika o€ NoAAAnAd onpeia.

TeAog, n TpiTn HEBODOG, 0 aAyopiBuoc TMT, emiTpenel Tn XPNon NAOUCIOTEPWV
NPokKabopIoUEVWY MPoTUNWY, ME OKOMO TNV e€€aywyn METAPPACEWV UWNANG
noldTNTac. Mo CUYKEKPINEVA, OE AUTH TNV NEPINTWON MNOPOUME va avabeooUpE
ETIKETEC O OAOKANPOUC YypAapougG, Kal EMOMEVWG, VA avanapacTrOOUME
onMacioAoyika unoypd@goug Tou YpAapou pwTANATOC.

MapadeiypaTta ekTEAeoNG Tou EpwTipaTog 1 kal JeE Toug TPEIG aAyopiBuoug paivovTal
oTo Zxnua 1.
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Query Translation

Databases Translallon Schema Templates Profile
Query Translation
SELFCT a.namk, =-Eitla BAT
FRCH movies m, CAST 0, AOTOE A,
dicected r, dicectar d, gesce g Find the mowiss nd the sctors for mﬂhdr“‘”“
MENE m. ideo.mid KD 5. addee. id AND directors, foaturing actors and that have 4 that Is
= ider sl AN s didmd_id BHD A I of penres. Contider cnly pences wheate byps i
m.id=3.mid AND d.mame="Coppola® AND action and directors whote name 15 Coppola.
S-guErasgeEisn

MRF

Find the maowles that have 1d that i3 mesde id of genres
whede byped I3 sothon, mondes drectid by Srecton

Options whoss name 13 Coppola and dso find the actors who
plory I thaste masded,

Algorithm  Language i

ST Ergish
¥ B = '_"l Trafh Lo Find thi action sovles Srecisd by Coppols and the
F TEAT 7 Factoraaton actors who play in these mosdes.

Save Cluery

== 2

ZxAMa 1: ®oppa petadppaong

3. AiIEna@pn ToOU CUOTAHATOG

KaBe xpnortng xpnoipgonolei Tn dienagn yia va ouvdeBei 0t PIa ANONAKPUOHEVN
Baon kai va PETAQPACEl EpWTAMATA o€ auTtnv. Ta dikaiwpaTa nou €xel otn Bdaon
KaTnyoplonoiouv TOV XPnoTn E€iTEe wG KAvoviko XpnoTn nou evOlapEPETal yia Tn
METAPPAON £PWTNUATWYV Kal TIC (POPHEC TOU MPOPIA TOoU, €ITE WC JIAXEIPIOTN MNMOU
MMOPEi va NapapeTPOnoIE TIC HETAPPATEIC HECW PNXAVIOHWY NMPoTUNWV.

3.1 Aiena®n Xpnorn

Tunik@, €vag KAavovikog XpnoTng evOIa@EPETAl YIA TN METAPPACN €PWTNHATWV Kal
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TIC (POPHEC TOU NPOPIA TOU.

MeTappaon EpoTnUarmv:

H peTagpaon epwTnudTwyv kabioraTtal duvaTn JECwW Miag anAng opuag, ornv onoia
0 XPNOTNG €10AYEl TO €pWTNMA, Yyia va Tou nNpoBAnOei oTn ocuvexela To napaxbev
KEIMEVO 0 QUOIKN YAwooa (Zxnua 1). H peTragpaocn Wnopei va npooapuooTei
BETOVTAG MAPAMETPOUG ONWC N €MOUPNTA YAWOoa MPETAPPACNG, O aAAyopiOuog
META@pPaAoNG, Kabwg kal n napayovronoinon. H TeAeuTtaia €niAoyn €AEyxel To av
Kanoleg €I0IKEG AEEeic, ONwG apBpa N ava@opikeG avTwVUUIeG, enavaAauBavovTal
N oxi, npoadiopifovTag Ye AUTO Tov TPOMO TO MOCO CUMMAYNG €ival N NApayouevn
MeTa@paon. MapdAAnAa, undpxel n duvardéTnTa €nMIAOYNG napandvw Tou &vOg
aAyopiBuou peTa®PPAoONG. e auth Tnv nepinTwon, npoBdAlovral oTo XpPHOTN
OAEG Ol OXETIKEG METAQPPACEIC. ZTn CUVEXEId, O XPNOTNG MNopei €iTe va €iodyel €va
VEO €PWTNMA, €ITE va TPOMOMOINCEl TIC NAPAUETPOUG TOU UNAPXOVTOG. TEAOG, £va
EPWTNMA MPNopei va anobnkeuTei yia HETENEITA XPpAOon, OUVOOEUOUEVO anod uia
KaTaAAnAn €TIKETA yia eUKOAN avagopd.

MNa va iodyel Kanoiog €va €pwTnUa Npoc PeTagpaon, 6a npenel va yvwpilel 1o
oxAua Tne Baoncg dedopevwy. To cUOTNHA PAC NApeXel Eva devOpoeldn EgpeuvnTn
oxAuatoc (IxNuUa 2) nou EMTPENEl TN YPAYopn €MNiOKONNON TOU OXAMATOC.
KaTtapxdc, oTto Xpnotn napouaialovTtal ol KOPBol Tou avw eninedou Tou d&vdpou,
onAadn ol oxeoeic TNG Baoncg dedopevwy. O XpAOTNG MNOPE HEOW TOU €€epeuvnTn
va avanTtu&el eva kOPBo oxeong woTe va npoBAnBoUV ol avTioTolxol KOUBoI nediwv.
H eniAoyr evOC OUYKEKPIPEVOU KOUBOU NMPoBAAAEl TNV ETIKETA TOU.

Schema Eclit lalwels
= Collapee @ kxpand Relation Lkl
meves |rrr|:rv1m

= genre
Heast Attribute Label
=directed id | -

did W

— ‘. Tk |u:|.¢|
= TTHIES yeEar |)ﬂ

i

8 e Lo

ZxXAMa 2: Asvdpoceldeg aoxnpa Baong kal eneEepyacia ETIKETWV
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Mpo@iA Xpnotn

H dienagpr Tou CUCTAPATOC PAg €ival d1adpacTIKA KAl ENITPENEI NAPAPETPOMNOINUEVEC
HETAPPAOCEIC. NMPOKEIJEVOU VA NMPOCPEPEl Wid OAOKANPWHEVN €UNEIpia OTO XPHoTN,
TOo oUOTNMA pac anoBnkevel dedopeva Tou NPo@iA Tou. TeETola dedopeva pnopei va
gival ol NPOTIUNOEIC HETAPPAONC, ONWC N YAWOOod, 0 aAyopiOPoC HETAPpPAONC Kal n
eniAoyn napayovronoinong, Kabwc Kal N AioTd TwV dnoBnKEUPEVWV EPWTNHATWV.
Meéow TNG oeAidag npo@id (ExAMa 3), o XPNOTNG MMOPEI va TPOMOMOINCOEl TIG
MPOTIMNOEIC PMETAPPACNHC TOU N va XPNOIMOMOINOEl Tn AioTd €pwTNUATWV Yid vd
HETAPPACEl 1| va ENEEEPYAOTEI TNV ETIKETA KAMOIOU £PWTHMATOC.

Save a Juery Trantlation Preferences
Query Algorithm  Language
-L::- - .:,.I-__"_:-F Rt ¥ B5T Engiah "
WHERE &, idei,mid AND o.ald=a.id :'_ﬁ
vty . f Factortzation
J T i ICT B, YEar)s
L ks Bavvm changes
1 - 1P E &
-
ey Queries
List of Queries

Order By = Time created Timess tranlated
sction movies By Coppola

SELECT a.name, m,A9ihe FROW mavies m, Cit ©, 3E00 A, dinkcied 1, dinecior &, penee g WHERE m, sd=g.mid AKD
.aidsa.id ARD m,idsr,mid AND r.dided.id AND m, ideg.mid AND d rames Coppols’ AND ¢ gencesaction’ Geieie

el &% Cieli
SELECT m.tigle FROM mavies m, caat ¢ WHERE muid=c.mid AND c.role=m.title

ZxAmpa 3: Enihoyec xpnorn

3.2 Aiena®n diaxeipioTn

MpoKeIJEVOU va napdayel JETAPPACEIC YIa €pWTAMATA €ni piac Baoncg dedouEvwY,
TO OUOTNUA HAaG OUVOEETAl PE TO AMOPAKPUOPEVO ZuoTnua Alaxeipiong Baonc
Aedopevwyv kal €€ayel Ta anapaitnta peradedopéva and TO AvVTIOTOIXO OXNMa.
‘Exovtac ouvdeBei pe pia ouykekpipyévn Baon O£dopEVWY, O OPICHOC MPOTUNWV
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npayuPaTonolgiTal dIauECoU TNG EVOWHATWHEVNG KOvooAag dIaxXeEIpIoOTr NMOU NApPEXEI
To ouoTnua. H uAonoinon pag nNpooQeEpel NPOENIAEYHEVEG ETIKETEC (AOyou xapn,
TNV €TIKETA “of” yia aKWYEC MEAOUC), WOTOOO, 000 MEPIOCOTEPEC EEEIDIKEUMEVEG
ETIKETEC NAPEXEI OTO OUOTNHA O OXEJIAOTAC, TOOO BEATIWVETAlI N MoIOTNTA TWV
anoTeAeOUATWV TNG HETAPPAONC.

H ouUvBeon Twv ypdpwv npoTunwv npaygartonoleitar BrAua-npoc-Aua Kai
unoBonOeiTal andé To cuoTnua. To Xxnua 4 deixvel Tn diadikaoia KATAOKEUNG Tou
npoTUNMOU MOuU AVTIOTOIXEI OTO KOPUATI Tou EpwTthApaTtoc 1 nou pertappaleral wg
“action movies directed by Coppola”. O oXeTikOC ypa@oc npoTUNou anoTeAEiTal
and duo povonaTia. To npwTo &kiva and Tov kKOPBo oxéong MOVIES, petapaivel
oto DIRECTOR péow Tou DIRECTED Xpnoigonolwvrac KOUBoOUC nNediou PE OXEON
NPWTEUOVTOC-EEVOU KAEIDIOU, OTn OUuVExela HeTaBaivel oTtov kOPBo nediou name
TNnG oxeong DIRECTOR kal kaTaAnyel OTov avTioTolxo KOWPBO TIUNG. To OeUTEPO
govondaTl €xel agernpia Tov KOPBo oxéonc MOVIES, oTn ouvexela nepva oOTo
GENRE xpnoigonoiovrtag KOPBouc nediou PE OXEON NPWTEUOVTOC-EEVOU KAEIDIOU,
eneira oto nedio genre TnNG oxeong GENRE kail, TEAOG, OTOV avTioTOIXO KOUBO TIUNAC.

Databoses Transiatlon Sehermg Prafile Help
Path sditer Termplabes
Mew Edpe Path Current Template
Create & iemplate By sdding paths Each paih et Path 1: :
censial of one ofe MOne ediges, | movees | wp [movies.id| s |penee, mad|

|_penre | wp [geeve. genre| mp [gennepenne, cvals|

[Snese) o name | 5 [ vaiue |

Source: SEECIGE — DT

Edige Type: Selection Label of template
Cperator: eqals s e Sty ¥ % ¢
Destinatbon: walias

Ak Ciarreel P

Current Path

mrgvies | a i.'rn-m.-:l] o |drpcnedumid) e
[directed| a [dvected.did| ab [directorid| b
inecta

Add L CeTR{ale

ZxAMa 4: Karaokeur npoTUnou
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Ma va dnuUIoupynOOoUKE To NPOTUNO, epyaldpacTe wg €ENG. KaTtapxdacg, XpnoiLonoloUe
Tov ene€epyaoTn povonaTioU yid va nNpocdlopicoUE €va PovonaTl unodelkvUovTag
O1ad0XIKEC AKMEC.

AC MEAETNOOUME TO MPWTO HOvondaTi. Xpnoigonoiwvrac To OevOpoeldny emAoyEa
npogAeuonc, kabopiloupe Tov KOPBO oxeonc npogAeuong (MOVIES) kal To OXETIKO
kOuBo nediou Tou (id). XTn OUVEXEld, O TUMOC TNG TPEXOUOAC evEPYeEIac opileTal
wC (eUEn. 'Exovtac €niAéEsl Tov TeAEOTn 100TNTAC WC TEAEOTN KATNYOPNHATOC,
XPNOIUOMOIOUKE To OevOposidr €MIAOYEA MPOOPIOPOU YId va NPOoOodIOPICOUNE MWG
oAokAnpwveral n CevE&n.

To oUOTNUA MPAC EKPETAAAEUETAI OXEOCEIC MPWTEUOVTOG-EEvOU KAegidioU yia va
NPOOMEPEI NPOTACEIC YyIA TOV KOWPBO mpoopiopou (Zxnua 5), dieukoAUvovTac Kal
eniTaxUuvovTac JE AuTOV Tov TPONo oAOKANpNn Tn diadikaoia. XpnoigonoiwvTac auto
TO XAPAKTNPIOTIKO, UMOPOUME PE €UkOAia va eniAéEoupe Tn oxeon DIRECTED kai
To avTioToixo nedio mid kal PJe auTd Tov TPOMO va OAOKANpwooupe Tn Ceugn.
>Tn ouvexeld, n (eu&n autn npooTiOeTal OTO TPEXOV HovondTi. AkoAoubwc,
enavaAapBavoupe Tn Oladikacia dUO (POPEC YIA VA KATAOKEUAOOUNE OAOKANPO TO
HovonaTi: apxika npooBetoupe Tn C(eU&én ano 1o DIRECTED oto DIRECTORS kal
META, TNV €nmAoyn ano 1o DIRECTORS otnv TiuR Tou nediou name Touc. Agou
OAOKANPWOEi To povondTi, YNOpPEi va NpooTeBEi 0TO TPEXOV NPOTUNO.

Operator:  equals
Destination: Destination

Suggestions genre.mid
A“- H-Elﬂtiﬂn!r ﬂail..mid
directed.mid

Zxnua 5: MpoTtaaceig npoopiopoU

>Tn OUVEXEId, TO OUOTNMA PAC cuoowpevuel noAAanAd povonaTtia (eUénc. Ma va
NPOooBECOUNE TO DEUTEPO POVOMATI TOU NpoTUnou, apxXika npoadiopiloupe Tov KOUBO
nou polpaleral Ye TO MPWTO POVONdATI KAl OTn CUVEXEId enavaAapBavoupe Ta idia

Bnuara.

'OTav 0 ypda®og npoTunou oAokAnpwOei, pia kaTaAAnAn €k@paocn TnG yAwoodg
NPOTUNWV NpENEl va avaTtebei og auTov npiv anobnkeuTei. H ekppaon o€ auTtn Tnv
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nepinTwon 6a sivai:

GENRE.genre.<val> + “ ” + I(MOVIES) + “directed by” + DIRECTOR.
name.<val>

TEANOG, 0 oxXedIAOTNC MNOPEiI va avabeoel auTn TNV €TIKETA OoToV NapaxBevra ypagpo
Kal va anoBnkeuaoel To NpOTUMNO.

3.3 MNMOoAUYAWOOIKEG HETAPPACEIG

To ouoTnud pag NPooPEPEl PETAPPACEIC KAl yia GAAEC YAWOOEC nNEPAvV TwWV
ayyAkov. Ze noAAd nepiBdAAovta Tonikonoinong, n unooTnpiEn Miag yAwooag
ouvioTtatal anAd oe avabeon OupBoAOCEIpwV. TNV MNEPINTWON HAG, WOTOOO,
anaitTeitalr nARPNG eKPPAcTIKOTNTA Kal sueAi€ia. KaBwg kabs yAwooa €xel TIG OIKEG
TIC YPAMMATIKEG KAl OUVTAKTIKEG 101QITEPOTNTEG, N ANAN avaBeon CUPBOAOCEIPWV
dev eival enapknc. To oluoTNUA Pag avTigeTwnilel auth TNV NPOKANON BewpwvTag
€va €ninedo aQaipeonG nNou evVOwMATWVEl TOOO Ta OlA@opa YPAUMATIKA, 000
KAl OUVTAKTIKA XapakTnploTika. Mo ouykekpiyeva, opiloupe Tnv kdaBe yAwooa
WG Mia npoypappaTioTikn povada, YEoa oTtnv onoia kaBopilovral  Ta 1d1aiTePA
XapakTNPIoTIKA TNG, KABwC Kal n ouunepipopd TnNG wG Npoc Tn HETAPppPaAon.
EmnpdoBeTa, n KANPovouIkOTNTA NPOYPANHATIOTIKWV HOVAdWV €UVOEl TNV gueAi&ia
MECW TNG enavaxpnoipgonoinong kwdika. Me auTn TNV Npoogyyion, Hia véa yAwooa
MMOPEl va unooTnpIXTEl YE TN dnMIoupyia HIAg TETOIAG NPOYPANMATIOTIKAG Hovadag
Kal TNV €lo0aywyn TG oto ouoTnua.

To oloTNUa pag, nEpa ano Ta ayyAika, unooTtnpilel HETAPPACEIC O EAANVIKA Kal
ionavika. MNa napdadeiyya, To EpwTnua 1 pynopei va PeTappaoTei oTa eEAANVIKA wG:
«Bpec Ta ‘movies’ TUnou action nou €xel oknvoBeTrosl o Coppola kai Ta ‘actors’ nou
naiouv o€ auTa Ta ‘movies’» kal oTa lonavikd wg: «Buscar los ‘movies’ de género
action que ha rodado Coppola y los ‘actors’ que actlan en estos ‘movies’.

4. ApPXITEKTOVIKN

To ouoTNUA pag anoTeAeiTal anod dUo kUPIA CUCTATIKA: TO PNXAVIOWO HETAPPAonC
Kal Tn ypagikn dienapn xpnortn (ZxAua 6). O unxaviopog PeETagpacng €ival o
nupnvag Tou CUCTANATOG Kal nepiAauPBavel nevre KUPIEG PHOVADEG: TOUG YPAPOUG
OXAMATOC KAl EPWTANATOC, TO UNXAVIONO NPOTUNWYV, TO HETAOXNMATIOTH EPWTANATOC
o€ ypd®po Kal Tn povada aAyopiBuwv perappaonc. H ypagikn diena®n ouvioTa To
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dlapgecoAaBnT Nou MNPOCEEPElI TN AEITOUPYIKOTNTA TOU MNXAVIoHoU METAPPACNG
EPWTNHUATWV OTO XPNOTN. ‘O00oV aPopa OTIG TEXVOAOYIEG, O INXAVIOHOG NETAPPACNG
ulonoinBnke oe Java, evw n ypaeikn dlenagn Xxpnotn oe Java EE, JSP kai
servlets. TEAoG, wg ZUoTnua Alaxeipiong Baong Aedopevwy XpnoiPonoinoaue Tnv

PostgreSQL.
Apache
Tomecal
B L p=| Translation |....
&-ﬂ——— hirord | engine e

JSP S,

Java
. |
Parser

[ Schema
graph

Text in
natural

language

[ Template
mechanism

Translation engine ]

L
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Kataveunuevol AAyoplouot
>uotadoroinong XpnolUomnolwvTag To

MapReduce kal To lNMAaiolo Misco

Mewpylog Maomnapng
g.gasparis@di.uoa.gr

EBvikd kat Kamodiotplakd Mavertuotiuio ABnvay, Turua MNANeoQopIKrC Kal TNAETIKOIVWVIWOV
MaveruotnuiouroAn, INola, 15784, Abriva, EAAAQ

NepiAnyn

AVTIKEIHEVO TNG napouoac NTUXIAKNG €pyaciac €ival n €ioaywyn Kai avaiAuon Tng
10€aC €PAPUOYNG KATAVEUNMEVWV aAyopiOuwv cucoTtadonoinonc oe nepiBailovTta
KIVNTOV TnAeQwvwv. Me Baon To nAaiolo Misco, nou UAonolei TNV TEXVIKN
Tou MapReduce [1] og nepiBaAAov KIVNTWV OUOKEUWYV, napoucialoupe €va
a&ionioTo oUOTNUA ENIKOIVWVIAGC KATAVEUNMEVWYV OUCKEU®V HE XAMNAO KOOTOC.
MapouaoialeTal eniong Kai hia epappoyn ocuotadonoinong nou ekTeAEITal Navw ano To
npoavagepBEV cUOTNUA KAl N onoia uAonoindnke yia va ekTeAEl gia napaAAayn Tou
YEVIKOU aAyopiBuou K-means.

NEEeic-KAeidi1d: Kartavepnuevol aAyopiBuol cuotadonoinong, EEOpuEn yvwongc,
MapReduce, nAaioio Misco, K-means.

AnunTpiog MNouvonouhog, AvanAnpwTng Kaényntng
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1. Eicaywyn

And Tn OTIYMA NOU n KATAVEUNMUEVN ene€epyaocia uloBeTHBONKeE o€ NMOAAOUG TOUEIC
TNG ENIOTAKNG TWV UNOAOYIOTWV KAl TA KIVATA ThAEQWVa €EEAiXBnNKav o€ NAVioXUpPEG
OUOKEUEG, €va VEO nepIBaAAlov dnuioupynOnke. ENINPooBETWC, oI TEXVIKEC EEOPUENC
yvwong avadelkvUuovTdl O OAOEva Kdal MI0 ONUAvTIKO €PYAAEio OTn ONMEPIVA
egnoxn. Akopn, n a&onoinon kar n HeTEnsITa €EEAIEN Tou nAaiciou Misco [2]
OUVTEAEOQAV OTN CUVEVWON KAl ENEEEPYATia TWV TPIOV KAIVOTOHWV NPoavapepOEVTWV
TOMEWV PE OTOXO TN OnuIoupyia evoc a&idonioTou kKal eUPWOTOU CUOTANATOC MOU
BpiokeTal €va eninedo uywnAoTepa and To NMAPEXOMEVO NAAICIO KAl ENITPENEl OTOUC
XPNOTEC TNV €KTEAEON MNOAUNAOKWV £pAppoywv cucTtadornoinon PBaciONEVWV O€
NANPOMOPIEC NOU napdayovTtal ano TIC iOIEC TIGC CUOKEUEC.

MANBoc epyaciwv €xouv ONUOCIEUTEI €XOVTAG G AVTIKEIMEVO auTd Twv
Kataveunuevwy nepiBallovtwv. TeAeutaia, NoAAeEg €€’ auTtwv onwg ol [2], [3]
eoTialouv oTNV avanTuén Tng Texvikng MapReduce nou npotabnke ano tnv Google.
AAAeC [4], oToxeUoOUV 0TO OXEDIQONO TNG AEIToUupyiag TwV NEPIBAAAOVTWV AUTWV.

>To OonMeio autd BEAoupe va ava@epoupe OTI n 10€a PAG AUTH OUVTEAECE OTNV
uAonoinon HIAag EQapuPoyncg rnou Pnopei va XpnoigonoinBei ye okono Tov EVTONICHO
NEPIOXWV HE PHEYAAO TOUPIOTIKO evdlapepov. MepIoXeS, Onws n AKponoAn kal To Big
Ben, €ival dnuo@IAeic Tonobegiec kal KATa OUVENEIa NOAAOI EMIOKENTEG TIG EXOUV
anoBavaTioel. Av KAnolog XpnoTNG EKTEAETEI TNV EQApUoyn Mag, autn 6a wagel yia
KOVTIVOUG OUMMETEXOVTEG KAl €NEITa Ba eKTEAEDEl ToV aAyopiBuo cuoTtadonoinong,
TonoBsTwvTag oTnv idla opada, PWTOypaAPIieG NOU EXOUV TPABNXTEI OE KOVTIVEG
TonoBeoiec. Me To NEPAG TNG EKTEAEONG O XPNoTng Ba yvwpilel noia €ivalr Ta nio
ONMOQ@IAN HEPN OTOV KOOWO Kal UNOPEI £TOI VA KAVOVIOEl TO ENOMEVO Ta&idl Tou.

2. MoVTEAO TOU CUCTRHATOC

H AsiToupyia Tou OUOTAMATOG anaitei Tnv Unap&n &voc ouvoAou KOUBwWV-
KIVNTOV TNAEQpwVwV. H oTtabepn kai uwnAou €mnedou enikovwvia TwV KOPBwV
dlac@aAileTal and 1O NAdiolo Misco. H oupnepipopd Twv KOPBwV pubpileTar ano
gvav €10Ikd0 kOpBo nou ovopdaloupe ouvTovioTr. AUTOC €ival umnmeuBuvog yia TN
JlaXeipion TwWV UMOAOYIOTIKWV MOpwV, TNV avadeon epyaciwv oToug Aoinouc
KOuBouc, kal Tn diaTnpnon NANPOMOPIWV OXETIKA ME TNV NPO0d0 TNG EKTEAEONC.
O apiBuoc Twv epyalOPeVwV KOPBWYV YivETal YVWOTOG KATA Tn OIAPKEIQ EKTEAEONC.
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OewpoUpe kaGBe OoUAEId nou UNoBAAAETAl 0TO CUOTNMA HAG wG €va oUvoAo ano
(paoceslg. Kabe @aon ekTeAegital napdAAnAa kair €ivar koivl yia OAOUG TOoug
OUMMETEXOVTEG. 'OTav OAOI Ol KOHUBOI €XOUV OAOKANPWOElI TOUG UNOAOYIOHOUG TOUG
n OouAeld petaBaivel oTnv €nopevn @acn TnG. AuTn €ivalr n unodbeon nou
dlagoponolei To cUOTNHA PJag and To Misco kal Ta aAAa nepiBaAlovTa nou uhonoioUv
To MapReduce. ZTnv nepinTwaon pag, eniBupoUpe OAol ol epyalOPeEVOl va KTEAOUV
ocIplaka TIC OOUAEIEG MOU TOUG avaTiBevTal, JE TPOMO TETOIO WOTE KAVEVAG va PNV
nponopeveTal Twv unoloinwv. O1 gpyaldpevol €ival uneubuvol yia TNV NeEpATWON
TNG BOUAEIAC NoU Toug avaTifeTal, kal nepav autng dev d1aTnpouVv NANPOPOPIES Yid
OAOKANPWHEVEG OOUAEIEG. 2TO PMOVTEAO Misco, Ta dedoueva €100dou kABe epyaaiag
hneTadidovTal and ToO OUVTOVIOTH OTOUuG kOWBouc. Edw, Ta dedopeva napayovral
and Toug KOPBouG. e avTiBeon pe TiIc dIAPopec AAAEG uAonoinoelg Tou MapReduce,
OTIG OMOIEG O OUVTOVIOTNG EXEl Jovaxa POAO OpyavwTr, €MEIC €l0aydyoupe &vav
avaBabuIoPEVO CUVTOVIOTR, ENIPOPTIOUEVO HE UNOAOYIOTIKEG APHODIOTNTEG.

3. AvaAuon KOpBwV

3.1 AvdaAuon KOHBoOU gpyaTn

'Evac TET010C KOUPBOG anoTeAsiTal ano Tpia Baoika pgépn. To NpwTo €ival unevubuvo
yia TNV aAAnAenidpaon Tou KOPJBOU PE TO CUVTOVIOTR, TNV AMOCTOAN AITHOEWV Kal
TN ANWN Kal JeETapop@won dedopevwy. ‘OTav €vag epydaTtng €ival Avepyoc anooTEAAEI
aiTnon yia €pyacia OTO OUVTOVIOTH HECW €vOC Eviaiou Evtomotrh Mopwv (URL).
'OAa Ta anapaitnta dedopeva, ONwe apxeia €100dou Kal €vOIAUEDA aApXeEid TwV
d1aPOopwVv PAcewv, anobnkeuovTdl oTo OcUTEPO HWEPOC TOU €PydATNn, TNV aAnoBnkKn
gEpyaciwv. TEAOC, XpNOILOMOIOUKE €va PEPOC MOU €ival uneubuvo yia TNV PETAd00N
OTATIOTIKWV NANPOoPopInV (XPOoVIKN dIdpKeia urnoAoyiopoU, XpOvoG HETAPOPTWONC,
K.d.) METAEU KOUBwWV KAl OUVTOVIOTH.

3.2 AvaAuon KOHBOU CUVTOVIOTRH

O KkOMBOC auTOoCc anoTeAeital and TEooepa kupia PEPN. Apxika, €vag
xpovornpoypapuaTiotnc (scheduler) xpnoigonolgitar yia Tnv o0ploBETNON TwWV
dlapopwVv gpyaciwv. H anobnkn pappoyng, nou di1aTnpei NANpopopia OXETIKA PE
TNV €icodo kal TNV £€€000 TNG JOUAEIAC, anoTeAEl To EUTEPO TUNKA TOU OUVTOVIOT.
XpNOIYOMNOIOUPE akOpn €va OlakopioTh MpwTokOAAOU MeTa@opdc YNEPKEIPNEVOU
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(HTTP server), o onoio¢ €EUNNPETEl TNV €NIKOIVWVIA OUVTOVIOTA-KOUBwWV. AUTOC
gival unelBbuvog yia TN ANWn aITAoEwWV Kal TNV napouadiacn Tng Kataotaong Tng
€PpAapuoynG oTo XpnoTn. TEAOG, undapxel €vag akoun diakopiotns (UDP) nou akouel
yla €l10epXOPeEVA PNVUPATA OTATIOTIKAG NAnpo@opiac and Tnv nNAsupd Twv
epyaloPEVWV KOUBWV.

3.3 Aiena®n Xpnorn

O1 d1apopec doUAEIEG nou unofBaiAovTal oTo cUoTnUa €ival NANPWS dIAaXEIPIOINEG
and To XpAoTn HEow TNG dlenapng QUAAopeTpnTh. Ekei, 8a Bpel TIc di1dpopeg
NAapapeETPOUC nou oxeTidovTal PE AUTEG, N.X., MNOPEi va kaBopiosl Tn XPOVIKN
J1apKela KATA TNV onoia pnopouv ol epyalOuevol va dNAWOOUV GUPHETOXN O HId
douAeld. Ekei, emnAgéov Ba Tou NApPoUCIACTEl KAl N OTATIOTIKN NANPoQPoOpia OXETIKA
ME TN OouAeid.

4. YAONOINOEIC

'O00v a@opd TO TEXVIKO KOPMATI, EMAEEAPE N enikolvwvia epyalONEVWV-OUVTOVIOTH
va ulonoigital ye Baon Tnv polling-based npoogyyion. AKOPN, XPNOILOMOIOUME
To MpwTOkoAAO MeTa@opdc Ynepkeigevou (HTTP) NPOKEINEVOU va HETAPEPOUUE
aITANATa €pyaciac, NANpPogopiec epyaciwv kal dedopeva HETAEU TwV KOUBwV.
>xedlaoapye To oUOTNUA MAC WOTE va AEIToUupyei o KivnTa TnAEpwva Nokia N95
8GB [5]. AuTtd avnkouv oTtnv katnyopia S60 kair unooTnpifouv Hia anAonoinuevn,
J0oKIJaoTIkn €kdoon TNG YAwooac npoypappartiogou Python.

4.1 YAonoinon kOHBouU gpydarn

O KOMBOG €ival appodiog yia Tnv enegepyacia TwV EICEPXOUEVWV EPYATIOV KAal
TN METAd0O0N TWV AMOTEAEOMATWV OTO OuvTovioThH. EKTOG and Tn PBacikn
AEITOUPYIKOTNTA NOU napexeral, unooTnpifouhe e€niong OuvaToOTNTEG ONWG:
€ykaTaoTaon Tou MAdICiou, avavewon Tou nnyaiou kwdika kal kabapiopgou Twv
0€00PEVWYV OTN CUOKEUN. MPOKEIYEVOU PIa CUOKEUN VA CUPMETAOXEl O€ Pia OOUAEI
Ba npenel va To OnNAwaoel evTOG TNG NEPIOOOU CUMMETOXNG. MOAIG o0 epyaldpevog
KOMBOG evnuepwOBEi OTI CUPUETEXEI OTN OOUAEIA, OTEAVEI QITNOEIC YId €pyacdia oTo
ouvTovIoTH. MeTa&u d1adoxIKwV aITNUATWV EXOUME Opicel Hia nepiodo okvnpiag
NPOKEIYEVOU VA PNV KAVOUNE aAOyIoTn Xpnon TWV UNOAOYIOTIKWV HAG NOpwV.
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'YoTepa, xpnoigonolei Tov Eviaio EvronioTn Mopwyv, nou BpiokeTal aTnv nAnpogopia
TOU OUVTOVIOTH OXETIKA YE TNV €pyacia, €Tl WOTE va avakThoel, an’ autov, OAa
Ta oXeTIKG dedopéva. Ev ouvexeia, apXIKONOIE TIC EOWTEPIKEG TOU DOUEC Kal Eekiva
TNV €KTEAEON TNG epyaciac. Ta anoTeAéopaTtd Tou anoBnkevuovTal Tomikd, evw Td
KOIVOMOIEi aTOV €101KO KOWBO HECW EVOG uNVUHAToC (TUnou POST). MapdAAnAa pe auTo,
anooTEAAEI Kal OTATIOTIKN NANPOMOPIa OXETIKA HUE TOUG XPOVOUC NMou XPEIAoTnKav yid
Ta d1agopa KOYNATIa TNG €pyaaciac.

4.2 YAonoinon cuvtovioTR

O xpnotng aAAnAenidpd WPE TOV OUOTOVIOTH MECW WHIag dienapng FAwooag
>nAuavong Ynepkeigevou (HTML). O diakopioTnG ekTeAeiTal og Toniko dikTuo (LAN)
Kal €ival npooBaocipog o dielBuvaon kal Bupa kabopildopevn and To XpNoTn. MOAIG
n OouAeld unoBAnBei kal UoTepa anod Tn Onuioupyia TwWV anapaiTNTWV ApXEiwv Kdal
KAaTaAOywvV yI’ auTr, 0 OUVTOVIOTAC AVAKEVEl yia XpoVIKO d1aoTnua ioco PE To XPOVo
ouppeToxng. Kata tn didpkela autoU kKataypd@el NANPo@oOpia yia TOuG €PYATEG
nou &€kavav aitnon va CUMPETAoXouv oTn OOUAEId, evw NApAaAAnAad TOuG OTEAVEI
€va JNVUNa NepIypa@ovTac Tn. TouG EKNPOBECHOUC OTEAVEI HIA ApVNTIKA anavtnon
OUMMETOXNG. 'ETOI, yvwpilel, Tov apiOud Twv anavrnoswv MNou npenel va AdBel
NPOToU N JOUAEIA UeTaABei og endpevn paon.

O CUVTOVIOTNC HAC OUMNEPIPEPETAl DIAPOPETIKA an’ OTI 0 AVTIOTOIX0G Tou Misco. Edw,
Exel OITTO pOAO. AnAvTa OTIC AITNOEIC TwV KOMBWV YIa €pyacieg NnapeXovTac Toug
nAnpo@opia yI' auTec, evw napaAAnAa €ivalr unglBbuvocg yiad TN OUYKEVTPWON KAl
ene€epyaoia TwWV ANOTEAEOUATWYV TOUC, npoeTolgalovrac £€Tol TNV €i00d0 TNG
endpevng eaonc. MOAIC pia douAeld oAokKANPwWOei 0 ouVTOVIOTAC €ival dIaBEoIPOoC
yia Anwn veac. TEAOC, NApEXEl OTO XPAOTN OTATIOTIKA NANPOQOpia OXETIKA HUE TNV
OOUAEIA NMou OAOKANPWOE.

5. Epappoyn

H e@appoyrl nmou uAonoloUPe, €ival pia napaAAayny Tou YevikoU aAyopiBuou
K-means. AnoTteA&ital and duo BrAuarta, Ta BApaTa avabeong kal enavainoAoyiopou.
>ToXeUOUME OTN ouoTadonoinan pwToypaPiov PHE AEova TO YEWYPAPIKO TOUC MNKOG
Kal NAAToc.




5.1 Mepiypa®pn aAyopiOupou

5.1.1 Brnipa avabesong

>TO BrNA AUTO O CUVTOVIOTHG avaBeTel 0TOUC KOUPBOUC Ta apxika (Tuxaia eniAeyueva)
KEVTpa Bdapouc via TIC diagopes ouoTadec. O1 epydTeg unoAoyilouv TIC AnMoOoTACEIC
TWV ONMEiWV TOoucg and Ta KEVTPA Kal avaBeTouv TA OnueEia Toug oTn ouoTada Tng
ornoiag To KEVTPO €ival nio KovTa o€ auTd. MNpenel edw va TOVIOOUHE OTI Ta OnMEia
Hac anoteAoUv onueia oTtnv udpoyelo Kal yI’ auTod XPpNOILOMOINCAPE Hia €I0IKN
HETPIKN YIia Tov unoAoyiopd anooTdcewv, nou ovopdalsral anooracn haversine
[6]. O TUNOC auToG pag divel Tnv andoracn duo onueiwv oTnv udpoyelo Pe Baon
Ta YEWYPAPIKA NAATN KAl MNKN Touc. H xprion Tng anooracnc auTnc eEao®ailel
Nooo0TO OPAAHATOC HIKPOTEPO TWV TPIWV HETPWYV TO XIAIOMETPO.

5.1.2 BrijHa enavainoAoyioHoU

AuTd ouvioTatal and dUo HIKpOTEpa BrpaTtd. To NMpwTo eKTEAEITAI 08 KABE KOPBO
EexwploTd, evw TO OeUTEPO OTO CGUVTOVIOTH. XTO MPWTO UMNOoPnua, o KAbe kKONBOC
unoAoyilel Ta véa kevTpa Bdapouc yia kaBe ouotdda ouppwva Pe Ta OIKA Tou
onueia kar Ta anooTéAAEl oTo ouvTovioTh. O unoAoyIiopOG auTog vivetal pe Baon
TNV TEXVIKN YEWYPAPIKOU HEOOU MOU UnoAoyilel TIC OUVTETAYMEVEC TOU ONMEIOU
Mou KeiTETal JETAEU €vOC OUVOAOU onueiwv. XTo deUTEPO UNOBAKA, O GUVTOVIOTAC
AauBavel 0An Tnv nAnpogopia kair unoAoyilel Ta vea kabBoAika keEvrtpa Bapouc,
nou €ivar koiva yia OAouUC TOUuC KOMBOUC. 2TnNV MEPINTWON AuTn €I0AYOUME TNV
€VVOold TOU PBAPOUC. ZUYKeKpIYeEva, dev BewpoUpe 10GEIEC TIC AMAVTNOEIC OAWV
TwV KOPBwWV, aAAG avaBeToupe oe kaBe pia €va Bapoc. To Bapoc (€va yia kKabe
KEVTPO 0OUOTAdAC Yyia KABe KOHUPBO) avTINpoownevel To NANBOC TwV ONUEIWV Mou
avTioToIXoUV OTn OUYKEKPIYEVN cuoTada yia kabe kouBo. H nAnpogopia Tou Bapouc
EUNEPIEXETAl, Nali JE TO KEVTPO BAPOUC Yia KaBs ouoTada, oTo YAVUNA TOou €pyaTn.

6. MezipapgaTika anoTteAEopara

AlENyape €va oUvoAo and NelpapaTa NPoKeIPeVoU va agloAoynooupe Tnv andédoaon
TOU OUOTANATOC pacg. MNa Ta neipapara xpnoigonoinoape 5 kivnta TnAepwva Nokia
N95 8GB. To oUvoAo dedopevwy Hag nepieAaupave 15.580 onpeia nou avTioToixouv
o€ PWTOYPAPIEC ava ToV KOOWO Nou PETAPNOPPWOAKE ano Tov 1IoToTono Flick-r.
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6.1 MNMpwTo neipapa

>TO NPWTO PAC NEipAPA, KATATUNOAKE TO GUVOAO TWV OEDONEVWV OE NEVTE ICOPEYEDN
TUNMATA Kal avabeoape Kab’ eéva €€’ autwv o€ KABE TNAEPWVO. ZEKIVAOANE €XOVTAC
OUVOAIKO PEyeBoc 1000 onueia kar TEAIKA xpnolgonoinoape oAa Ta d0edougva pac.
O1 ouvoAikoi Xpovol ekTEAeonc napouoialovrdl oTo napakdtw Oiaypaupa. Eivai
EUPAVEC OTI Ol XpOVol €KTEAEONC au&avovTtal Kabwe PEYAAWVElI TO HEYEBOC TWV
dedopevwy. EninAéov n andédoon Tou CUCTANATOC ennpedalsTal Kai anod Tov apiOuo
TwV 0oUuoTadwv. MeVIKA, 000 MNEPICOOTEPEC OUOTADEC EXOUME TOOO MEYAAUTEPOC
XpOVOC anaiTeitTal, yiati anairouvTtal MNeEPICOOTEPEC (PAOEIC EKTEAEONC WOTE va
eniTeuxOei oUYKAION.
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ZxAMa 1: Xpovog oUykAIonG — HEYEDOC DESOHEVWV.

Mapouoialoupe eniong eva diaypapua (ZxnMa 2) nou anoTeAEi avaiuon TnG Xpnong
TV TNAEPWVWV. O NEPICOOTEPOC XPOVOC XPNOILOMOIEITAlI YIA TOV UMOAOYIOHO TWV
KEVTPWV BAPOUC TWV CUCTADWV.
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IXAHAa 2: Avaiuon Xpnong KivnTOV TNAEPOV®V.

6.2 AseUTEpPO neipapa

>€ auTO TO Neipapa anodelkVUOUHE OTI TO HOVTEAO PAC CUPMEpPICETAl TNV apxn TV
KATAVEPNMEVWV OUOTNHATWV. Edw, XpnoigonoloUpe oAOKANPO TO GUVOAO OEDOHEVWYV
Hac kal To avaBeToupe oTadiakd o€ OAOUC TOUC EPYATEC. ZUYKEKPIMEVA EEKIVAUE HE
€va KIvNTO OTO onoio avaBeToupe OAA TA ONMEIa KAl OTN OUVEXEID AVABETOUME Ta
onueia €€ioou og OAa TA KIvNnTdA.
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ZxAMa 3: Xpovog ocUykAIoNg — NANBOG pyaTwy.




- Karaveunugvoil AAyopiBuor Suoradornoinonc Xpnoipornoiwvrac To MapReduce kai 1o lMAaioio Misco -

Fewpyio¢ Faonapng

7. AnNE€IKOVION TWV ANOTEAECHATWV guoTadonoinong

€ auTtoO TO KOMMATI TNG €pyaciag napoucidlouphe ypa@ika Ta aArnoTEAEOUATA TWV
neIPAPaTwV Pag. 'Onwg exel avapepOei, Ta dedoPéva Pag anoTeAolVv QwTOoypPaAPieg
an’ 6Ao TOV KOOMO. Edw, XPnOIMOMOIOUME TNV NPOYPAMMATIOTIKN dlena®n Tng
unnpeoiag Google maps [7] yia va napoucidoouphe Tn O0UAEld pag. =ZTO NPWTO
oxnMa sikoviferal n apxIkn KAaTaoraon TwV onUeEiwv pag, npotoUu n cuoTadonoinon
AaBel xwpa, evw oTo OeUTEPO nApoucialeTal TO AMOTEAECHA €EKTEAEONG TNG
€papuoyng oto oUOTNKA Kag yia apiBud cuoTadwv ico e 5.

ZxAMa 5: AnoteAéopa guoTadonoinong yia 5 ouoTadec.




- Karaveunugevoi AAyopiBuoil Suoaradoroinonc Xpnoiuonoiwvrac To MapReduce kai 1o lMAaioio Misco —

Fewpyiog Faonapng

AvaQopeg

1. Jeffrey Dean, Sanjay Ghemawat, "MapReduce: Simplified Data Processing on Large
Clusters”, OSDI 2004.

2. A. Dou, V. Kalogeraki, D. Gunopulos, T. Mielikainen and V. H. Tuulos, “Misco: A
MapReduce Framework for Mobile Systems”, Petra 2010.

3. Disco, http://discoproject.org/.

4. Adam Dou, V. Kalogeraki, D. Gunopulos, T. Mielikinen and V. Tuulos, “Scheduling for
Real-Time Mobile MapReduce Systems”, New York, 2011.

5. Nokia N95 8 GB, http://www.forum.nokia.com/devices/N95_8GB
6. Wikipedia, “Haversine formula”, http://en.wikipedia.org/wiki/Haversine_formula

7. Google maps api, http://code.google.com/intl/el-GR/apis/maps/index.html




n - MNTYXIAKH EPIrAZIA -
I R

/
[

Evepyn Ekmnaideuon ®iAtpou
AveruOuuntne AANnAoypagiac ue
Erau&ntikr) Zuotadoroinon

KA\edvon E. Ml'ewpyald
std06017@di.uoa.gr

EBvikd kat Kamodiotplakd Mavertuotiuio ABnvay, Turua MNANeoQopIKrC Kal TNAETIKOIVWVIWOV
MaveruotnuiouroAn, INola, 15784, Abriva, EAAAQ

NepiAnyn

H napouoa epyacia ecicdyel pia PEBOOO AVTIYMETWMIONG TOU MPOBAANATOC TwV
avenBuunNTwVv NAEKTPOVIKWV HPNVUUATWYV, BACIOPEVN OTNV EVEPYO e€KPAdNon, ME
Xpnon Hiag enau&nTikng peBOdou ouoTadonoinong Kali €Xovrac wg KivnTpo To
YEYOVOC OTI 0 XpnoTng Oev WMOPEI va MApeEXeEl TNV OwOTH KaATnyopia yia oAa Ta
unvUupaTa nou AauBavel. Ta pnvupata Ta&ivopoUvTal anod €va QIATPo Mou Exel
eKNaideuTel YE TA PNVUMATA TWV NPONYOUHUEVWV JEOPWV-NUEPWV KAl OTN CUVEXEID
€naveknaideuouv To QPIATPpo Pe OUO eVAAAAKTIKOUG TPOMOUG: d) MOVO Ta PnvupaTa
yla To onoia €xel {nTndei n owoTr kaTtnyopia Touc (nepiopiopEvn eknaideuon).
B) OAa Ta pnvupaTa, O6nou yia autd nou dev yvwpeiloUPE Tn OwOTH KaTtnyopia
EUNIOTEUONACTE TNV Kpion Tou PiATpou Ta&ivounong (nui-eniBAenopevn eknaideuaon).
JUMNEPACHATIKA, N MEBODOG nuI-emPBAEnOPEVNG e€knaideuong, XPNOIKONOIWVTAG
To 10% TwV KATNYOPI®V AnNd TO CUVOAO TWV PNVUHATWV KATAPEPE va aAnodwoEl
e€ioou kKaAa pe pia pEBodo NAnpouc eniBAenOUEVNCG ekNaideuong.

NEEEIG-KAeI101G: Evepyog ekuadnon, Mnxavikn paénon, Enau&nTikn cuotadonoinon,
Hui-eniBAenopevn pabnon, AveniBuuntn aAAnAoypa@ia

ErBASHOVTEC: MavayiwTng ZTapgatonouAog, Enikoupog KabnynTtng
6 Fewpyloc MaAloUpag, EpsuvnTng
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1. Eicaywyn

Qc avenmbuunTn aAAnAoypagia (spam) opileTal To cUVOAO TWV PNVUHATWV MNOU
gival autokAnTa, aveniBuunTa kai anooTeAAovTal paldikd and €va anooToAéa nou
Oev €xel AUeon OXEon HWE Toug napaAnnTec [1]. Baoikd kivnTpo Twv avenibuunTwv
MNVUMATWV NAEKTPOVIKAG aAAnAoypagiac sivar n napoxr nAnpogopiwv Kal n
J1a@AMIoN YN UNAPKTWV NMPoidvTwY KAl UNNPECI®V, MOU arnookonouV OTIC XPNHATIKEC
andTec kal oTtnv eykataoraon PBAaBepou AoyioupikoU yid TOV UMOAOYIOTR TOU
napaAnnTn. AJECO ANOTEAEOUA TNCG AvVeEmBUPNTNG aAAnAoypagiac €ivar n xpnon
€EVOG MEOOU d1adIKTUAKOU EMIKOIVWVIAG yia KAkOBouAn Oiapruion, uneppopTwon
TOU anoBnKeUTIKOU XWPOU TOU NAEKTPOVIKOU TAXUDPOMEIOU TOu XPnoTn, Kabwc
kal Aabog xprion Tou eUpouc {wvnc Tou OIKTUOU. Mia nmpwTn NPOCEYYIoN Yid TNV
avTIMETWNION TNG avenmBuunTng aAAnAoypagiac e€ival n Xpnon XelpokivnTwv
HEBODWV YIa Tn MEIWON KAl TNV APECN avayvwpion PNVUPATWV TETOIOU €id0UC HE
oKoMoO TNV NpoaoTacia Tou Xpnortn and eniTndglouc anooToAeic. Kanoieg yeBodol gival
N avayvwplion CUYKEKPIMEVWV AEEEwv, KATAANEEWV apxeiwv Kal KwOIKOMOINOEWYV
KEIMEVWV anod To QIATpo npooTtaciac. Ol TAKTIKEG AUTEG dEV avTANokpiOnkav Pe Tov
KaAUTEPO duvaTtd TpOMNO OTIC aVAYKEG TWV XPNOTWV NAEKTPOVIKNAG aAAnAoypagiag,
HIaC Kal npokaAouoav anwAgia XpAoIHWV UNVUPATWV 1 €€andTtnon Tou NapaAnnTn,
nap’ OAeg TIG NMPoondbeIeC va NPOOTATEUCOUV TNV aKEPAIOTNTA TNG NAEKTPOVIKNG
Tou dlelBuvonG. AUTO €iXe WC ANMOTEAECNA, va OTPAPEi N NPOCOXN O£ AUTOUATOUC
Ta&ivounTEG UNVUPATWYV.

1.1 TexvikéGg @QIATp@WV avemBOUPNTNG aAAnAoypagiac PBaCIOHEVEG OTNh
Hnxavikn paénon

'Exouv xpnoigonoin®ei apketoi aAyopiOpol evepyouC ekpAONONG MPE OKOMO
TNV AVTIHET®WNION TNG avemduuntnG aAAnAoypagiac Adyw TnG npoondabeiac
avTikataoraong Twv XelpokivnTwv peBOdwv [2]. H evepydc ekudabnon e€ivar &va
€i00C gNXavikng pabnong nou BacileTal oTnv nNUI-€NIBAenOPevn pabnon. H evepyoc
EKPAONON oToxeUel OoTNV €NITEUEN HWEYAAUTEPNC akpiBelac pe AlyoTepa OedOpEvVA
npo¢ e€knaideuon, yia Ta onoia yvwpeilOUPE TNV MPayuaTikn Toug kartnyopia. €
nPoBAANATA MNXAVIKAG HABNOoNG, 0nou n avadeon eTIKETWV o€ OAa Ta dedopeva eival
hia dUokoAn, xpovoBopa kal akpiBn diadikacia, n eVePyoC ekKUAONON AnoTeAEl pia
KaAn Auon.

H pebodog Twv K-KOVTIVOTEPWV YEITOVWV €ival yvwoTtn HeBodog Ta&livopnong
KEINEVWYV, N onoia anogaacilel TNV €TIKETA €vOC €yypapou Pe Baon Tnv opoloTNTa
TOU ME Ta anobnkeupeva napadeiypata. Mia npooeyylion, and Tnv NAEupd TNG
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EVEPYOUC &eKuABNONG, €ivalr n xXpnon OIaQOoPETIKWY Bapwv 0t KABe AEEN Tou
KEIMEVOU 1 OTIC AMOOTACEIC TOU ano Ta urnoAoina 0edopeva XpnoihonoliwvTac To
nAnpogopiakd kEpdog (information gain). Aivovtag d1a@opeTIk BapuTnTa O KAOE
AEEN N andoTaon, n evepyoc pabnon a&lonoisi avaloya Tnv NANpo@opia Nou Pnopei
va napexel autn n A&En otov Ta&vountn [3].

O1 Mnxavecg AlavuopaTtwv Ynootnpi&nc (Support Vector Machines — SVM) anoteAouv
Mg apkeTa Oladedopevn peEBodo Ta&ivounong. O1 Tta&ivounTtec SVM avalntouv
eva unepeninedo nou dlaxwpilel Ta OeTikA and Ta apvnTika napadsiypara,
HeyloTonolwvTac To nepidwpio (margin) PJeETA&U Twv O€OOPEVWV MOU AVIAKOUV OTIC
0Uo kaTtnyopleg [4]. ZTOXOG eival va PBpebei €éva kaAd unepeninedo, To ornoio
KaTnyopIonolei e owoTO Tpono Ta dedopeva eknaideuonc. Mia npooeyyion SVMs
Nnou Xpnoldonolei evepyo padnaon sival n enIAekTIKA OslypaToAnwia, onou n evepyog
Maénon Bonbael Tov Ta&ivounTn va €mAEEEl eva unooguvoAo OedOPEVWV KOVTA OTO
unepeninedo, Ye okono va auénbei n akpiBela Tou aAyopiBpou kal va Pelwbouv
MEAAOVTIKG AAOn. Eniong, o€ pia AaAAn npoogyyion, oOKonog €ival TO €EMNOMEVO
0edopeEvo nou Ba eniAeyei Npoc Ta&ivounon va PEIWoEl To HEYEBOC TOU XWPOU Mou
nepiAapBavel 0Aa Ta nmBava unepenineda, pPe okond va Bpebei To unepeninedo
nou 6a PnopoUCE va OXNMATIOTEI av €iXaude TNV Npayuartikn KAAon OAwvV Twv
0edoPEVWYV. H evepyOC HaBnon enIAEyel KABE POPA TO OTOIXEIO MOU PMOPEI va PEIWOEI
TOV XWPOo OAwV Twv niBavwv unepeninedwv [5].

Mia TeAeuTaia npoosyyion apopa Tnv emitponn Ta&ivountwv (Query by Committee
-QBC) o0e ouvduaopo de TN BeAtmiotonoinon MiBavogaveiag (Expectation
Maximization- EM) [6]. H peEBodog QBC eniAéyel keipeva npog Ta&vounon
MEAETWVTAG TN dlapwvia YETAEU TNG EMITPONNG TWV TAEIVOUNTWY, EVW 0 AAYOpPIBHOG
EM xpnolgonolgital ye okono va eKPETAAAEUTOUNE TNV NANPOQPOpPIia Nou napexeTal
ano Keigeva nou dev €xouv Ta&lvounbBei. Xe auTn TNV NEPINTWON O aAyopiBpog
TNG MNXAVIKNG HAbnong napexel Tnv duvatoTnTa €NIAOYNG ETIKETWV and To oUVOAO
TWV MN TAEIVOUNMEVWV KEIMEVWV, KUPIWG €KEIVWV nMou Ba evioxUoouv Tn yvwun
Tou Ta&ivounTn kai napoucialouv Mia OIAQOPETIKN CUMNEPIPOPA and Ta non
Ta&ivounueva pnvupara.

O1 napanavw npooeyyioeic nou BaacifovTtal oTIC HEBOOOUG K-KOVTIVOTEPWV YEITOVWY,
SVMs kai otnv eniTponn Ta&ivounTwy, €ival UNoAoyIoTIKA AVEPIKTO va €QAPHUOCTOUV,
JIOTI 0€ &va OuvoAo unownpiwv Oedoupévwy eknaideuonc n a&oAdynon Tou
KaBevog eival danavnpn kal xpovoBopa diadikacia. H evepyog padnaon BeATIwVE TIG
NPOOEYYIOEIC AUTEC, dAAG AOyw Tou napdayovrta TnG aBeBaioTnTac kai Tou TpOrnou
dlaxeipionc Twv OedOPEVWV aAnO TIC TEXVIKEC AUTEC, TEIVEI va eniAEyel deiypaTa
akpaiwv TIJWV €neidn dlapEPouV &vTova HPE Ta nponyoupeva dedopeEva MOU Eixe
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eNIAEEel npocg eknaideuon. OI akpaieg TIMEG €ival PEPNOVWHEVEC MNEPINTWOEIC KAl N
YVWON TouG Oev eVOUVAPWVEI TOV TAEIVOUNTA £POCToV deV ANOTEAOUV PHEYAAO KOPHATI
TwV OedOUEVWV.

1.2 TexvikéGg TadlvopnonG KeIJEvwv PaCICHEVEG OTNV  ENAUENTIKA
ouoTadonoinon

TonoBeTwvTAC KeEieva napopoliou nepiEXodevou oTnv idia cuoTtada Bonbdape TO
XPNOTN va nepinynOei ue eukoAia os dIaPOPETIKEC BEPATOAOYIEC KAl ENITPENOUNE OE
uNXaveg avaliTnong va €EETAOOUV ANOTEAECOUATIKA HEYAAEC OUAAOYEC OEDOMEVWV.
O1 neploocoTEPOlI aAyopiBuol ouoTadonoinong Mou £XOUV MNApouciacTei, Onwc o
IEPAPXIKOC aAyopiBuoc COBWEB [7], eneEepyalovTal Ta KEigeva kai Tautoxpova Ta
TONoOeTOUV O CUOTADEC PE €NAVAANNTIKEC HEBODOUC BeATIOTONOINONG. AVTIBETWC,
oTnVv enauénTikn ouoTtadonoinon, kabwc AauBavovTtal véa Keigeva, PJeTapailiovral
ol ouoTAadec avaloya Xwpic va avakararacoovtal Ta ndn undapxovTra Keipeva,
Ta&ivopwvTag Ta anod Tnv apxn kar aAAalovrag £Tol T Hop@n TnG ouoTtadonoinongc.
'‘Eva akoépa onuavTiko B€pya Tng peBodou cuoTtadonoinong, €ivar o TpOMoc nou
XelpiCeTal TNV aAAayr B€uaTog o TAKTA Xpovikd diaoTApaTta. H BgpaTtoAoyia kai ol
TEXVIKEC TWV AVENIBUPNTWY PNVUMATWV aAAaGlouv O TAKTA XPoVIiKa Ola0TnHATa Kai
yla autd To Aoyo, Ta QiATpa nou BaacilovTal oTnv enauénTikn cuotadornoinon divouv
HeyaAUTepo BApoC OTn XPOVIKN NePiodo nou £xel AnPOei To prvupua.

1.3 Zuveio®popa epyaciag

>Tnv e€pyacia auTtn ouvdudaletal n evepyoc pabnon kai n PEBODOC €nau&nTikNng
ouoTtadonoinong €xovrag, w¢ OToxo, va OnUIoOUPYNOEl Mia VEQ TEXVIKN
PIATpApiopaToc TNC aveniBuunTng aAAnAoypagiac Tou NAEKTpovikoU TaxudpouEiou.
To QIATpO Nou avanTuxenke dExeTAl WG €i00d0 dedopeva yia Ta ornoia dev yvwpiloupe
€€’ apxnc Tnv @uUon Toug, av sival dnAadr emBupnTd, | OxI, Kal Ta KATaTAoOoEl O€
ouoTadec. H npoTteivouevn peBodoc ouvdualel oToixeia TOOO TNC eMIBAENOUEVNC,
000 Kdl TNG UN-€MPBAENOPEVNC HABNONCG, apou undapxel €va oUVOAO JeOOUEVWYV YId
Ta onoia anokaAUNTeETal n @uUON TOUC Kal €KNAIdEUEl PE AUTO TOV TPOMO TOV
Ta&ivounTtn Naive Bayes [8]. To @iATpo eknaideveTal pe dUO TPOMOUG : a) ME Ta
gnvipaTa yia Ta onoia €ival yvwoTn n npayudaTikng Touc @uon (NEPIOPIOUEVN
eknaideuon) kar B) pe OAa Ta pnvUpaTta, OMou yid auTtd nou dOev yvwpiloupe
TNV NPAYHATIKR TOUC Katnyopia, otnpi{opaocTe oTnv andpaon Tou QIATpoU nou
avanTuxinke TIC NponyoUHeVEG NUEPEC (NUI-EMIBAenOuevn eknaidsuon). H anogaon
yla TNV anokaAuwn TnG NpaypaTtikng ouong €vog VEOU PNVUPATOC YiveTal PE TNV
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- Evepyn Eknaidsuon ®iATpou AvermBuuntnc AAAnAoypaiac pe Enauvéntikn Suortadonoinon —

KAedvln E. M'ewpyala

BonBela TNG evepyoUG e€kpddnong, oOnou peéoa and €va oUVOAO MEPINTWOEWY,
eniAéyoupe av Ba ¢ntnbei and To XpnoTn n Quon Tou PNVUPATOC KABwg TO
Ta&ivopyoUue o0 pia katnyopia. ZkKonoG TnG epyaociag sivai, ye 60o TO duvaTtod
AyOTeEpa enionuelwpPeva dedopEVa eKNAIdEUONG, va EMNITUXOUPE TNV NPOGOOKWHEVN
akpiBela, ouykpivovTag MeIpapaTika TA ANOTEAECWATA PAG ME €va Ta&ivounTn nou
eknaideveTal og OAa Ta dedopéva (NMARPWC enIBAENOPEVN eknaidguon).

2. AAyopiOpol eknaidsuong QiATpou aveniOuPNTNG
aAAnAoypaiag pe enauinTikn cuoradonoinon

Baoiko kivnTpo yia Tnv €knovnon TNG €pyaciac auTng, anoTeAei n eknaideuon evog
anAou Ta&ivountn (Naive Bayes) yia Tnv sioepxopevn aAAnAoypagia, pe 600 TO
ouvaTo AlyoTepa Ta&ivounuéva dedopeva. OswpoUpe OTI Ta gnvupara Aaupavovral
and To XpnoTn o€ OEOMEC, M.X. MiAC nUEPAc kar OTI o Ta&vounTng, MMNopPEi va
anodwoel To id10 KaAd Xwpic va xpelaleTal va eknaldeuTei NAvw o€ OAA Ta pnvupaTa
KGBe OEopnG. ZKOMOG HaAG €ival va MEIWOOUME TIG NEPINTWOEIC AavOaopevng
anogaong, Xwpic va eniapuvOei NoAU o XxpnoTnc.

2.1 Enauinmikn cuotadonoinon

OewpPOUNE NWG TNV NPWTN HEPA, MAG YiVETAl yVWOTA N @UON OAWV TWV PNVUPATWV
nou 6a AdPoupe kAl HPE aAUTO ToVv TPOMO KATAOKEUACOUME TIG OUO HEYAAEQ
KAQOEIG, TNV KAAQon Twv aveniBuunTwv pNvVUPAaTwv (spam) kdl TNV KAAQon Twv
enbupnTwv pnvupatwyv (ham). ZTnVv apyikonoinon Tou oUCTHMATOG, KABE cuoTada
nepIAaPBAvVEl aAnMOKAEIOTIKA pNvUMATA MOU €XOUV KPIBEi w¢g €mBupnTd 1 WG
aveniuunTa.

MNa kabe dAAAN HEPA €KTOG TNG nNpwTng, npayuartonoleitar n  diadikacia
avanapdoTacng Tou PnvUpaTtog o€ d1avuopa Kal oTn GUVEXEIa YiveTal xprnon Tng
METPIKNG, UE OKOMNO VA ANOMACIOTEI N CUGXETION TOU PNvUMATOG KE TIG dUO KAAONG.
O aAyopiBpog eEeTalel KABe VEDO €I0EpXONEVO PNVUNA PE okonod va Bpebei To nodco
polalel pe kaABe ouoTada Twv dUOo KAAoswv. AnAadn, YeEAeTaue Tnv gyyUuTnTa TOU
MNVUPATOG OTN OUYKEKPIYEVN ouoTada Kal OTIGC umnoAoineg ouoTadec Tng idiag
kKAdong. KaBe véo unvupa, nou elgdyetral oto oUOTNUA, avanapiorarar o &va
diavuopa TnG popdng <X;, x>, <X,, x>, ..., <X, x,>, 6nou kabe oToIXEIO TNG
HOP®NG X; anoTeAEl To NANBOG TwV POpwWV Nou gugavileral n Aegn X; oTo prvupa.
H peTpIKN nNou XpnoIMOMoOINOAuE, ME OKOMO va UMOAOYIOOUME TNV gyyuTnTa TOU




VEOU MUNVUMATOG HE TIG NON undpxXouoeg ouoTAadEG, NapeExel KAAUTEPN NoiOTATA Kal
OnMIoupyYEi Nio oupnayeic ouotadeg, dedoPEVOU OTI N avanapdaoTaon Twv AEEewv
yivetalr pge Tn Bonbeia apiBunTikwv Tidwv. O1 cuoTddeg nMou napayovTal HE TN
XpNon TNG METPIKAG auTng Oeixvouv MIKpR €uaiobnoia otn o€ipd PeE Tnv onoia
epgaviovral Ta dedopeva [9]. Zuxva edpavifOPeveG AEEEIG dev XpnoidonolouvTal
oto OiGavuoua, vyiati n nAnpogopia nou peTapepouv OUOKOAEUEl Tn AEIToupyia
ToU QiATpou. MNa kABe veo PNVUpa, apoU TEAEIWOEI 0 EAEYXOG YIa KABe Tou AEEn,
aBpoifovTal ol napandvw akeEPAiol avTioToiXwG Kal PByaivel €vag Babuog nou
xapakTtnpilel Tn ocuoTada o€ OXEoN ME TO VEO PNvupa. MNa kabe kAaon, okonog €ival
va BpouUpe TO MEYIOTO nnAiko, dnAadn Tn ouotada spam 1 ham nou eival
KOVTIVOTEPA OTO VEO WNAVUMA. ZTO TEAOG TOU UMOAOYIOMOU, €XOUME dUO Babuoug,
rtSpam kai rtHam otnv spam kalr otnv ham ouoTtdda nou €ivalr nio Kovta OTO
MAvupa [8]. O1 Tunol cuvowidovTal NnapakaTw :

Zi"_x mAnBos unvouarov s cvotadas Cp mov osv mepisyovv tn Asén X
i =Xt

rtHamC,; =
Zif’_xl wAnbog unvouartov e kAaong ham, exrtog tns cvoradas Ci, wov mepigyovv ™ Aeén X;
(=
Kdl
Zif—x mAnbos unvouarov tne ocvoradas C; wov dsv mepisyovv tn Aeén X;
rtSpamC; = I

14

e mAnbos unvouatov tne kAaong spam, exrtog tns ovoradas Ci, mov mepigyovv tn Aekn X
i~

MNa kabe kAdon, av To rt €ival navw ano To Kanoio Navw Oplo, TO VEO pnvupa Oa
TonoBeTnOei oTnV undpyxouod cuoTada PE To HEYAAUTEPO OKOpP, EVW AV €ival KATW
and €va katw opio Ba dnuioupynooupe pia véa cuoTada. Evdiagpepouoa eival
N nNepinTwon nou Ta rt €ivar geTaél Twv opiwv. TNV €pyacia pag, OswpoUpe OTI
0 aAyopiBuoc cuoTtadonoinong dev €ival o B€on va OlAMOPPWOEl Anoyn yid TO
MAVUPa autod kal To TonoBeTei ornv doun not-yet-buffer. To TEAOC TNC nuEPAc,
eAEyxel Eava Ta pnvupaTa nou €xouv TonoBeTnOei ekei, unoAoyilel Eava Tn HETPIKN
rt kar epapuodlel €k VEOU TIG TPEIC NAPANAVW NEPINTWOEIC.

3TIC NEPINTWOEIC MOU €va VEO MPNvupa o¢Tiagel pia vea ouotada n evwbei pe
Mia undpxouod, n veéa nAnpo@opia nNou QEPVEl TO PAVUMA npenel va aglonoindei
avaAoywe. H €vvoia TnG enau&nTikng cuoTadonoinong, €yKeITal OTO YEYOVOG OTI
0ev xpelaleTal va avakaTtaokeudloupe TIC ouoTadeg anod Tnv apxn OTav €U@AvICTEI
€va veo unvupa. MNa autov To AOyo, kabe cuotada nepiexel €va OlAvuopa Tng
Hopong <N;, n;>,<N,, n,>, .., <N,, n,>, onou Ta N; €ival o1 dIAPOPETIKEG
AEEEIG OAWV TwV KEIJEVWV TNG ouoTadag kai n; €ival To NANBoG Twv Popwv Mnou
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eppavifovtal ol Ae€gig otn ouoTada. Av eioaxBei véo Keigevo oe pia ocuoTtada, TOTE
EVNUEPWVETAI TO JIAVUOHA €I0AYOVTAC VEEG AEEEIC OTN OUOTADA KAl EVNNEPWVOVTAC
To NANBOC TwV QOopwWV Nou ePPavideTal kabe Ae€n oTn cuoTada.

2.2 EvepyoG ekpadnon

Tnv NnpwTn NUEPA, To PiIATpo dev Pnopei va avanTu&sl anown yia KAnoio véo pnvupa
yiaTi dev €xel nmponyoUpevn yvwaon, ME Baon Tnv oroia 6a pnopei va To Kpivel.
Suvenwe, BewpoUPE NWC TNV NPWTN HEPA MAC YIVETAl yVwoThH N euUon OAwvV TwV
UNVUPATwV nou 8a AdBoupe. Ensidn yvwpiloupe TNV katnyopia kabe pnvuparog,
unoAoyifoupde yia TNV avTioToixn KAAGon TNV NoocoTnNTa rt Kal Tn OUYKPIVOUHE HE
Ta Opla Nou TEBNKav anod Tov XPnaoTn, odnywvTac To YAvVUPa &iTe 0 veéa ouaTtada,
€iTe og pe pia AdOn undapxouod, &iTe TonoBeTwvTag To oTov not-yet-buffer Tng
KAGoNG. ZTo TEAOG TNG nMEpacg, npoonaboUpe va adeidooupe Tov not-yet-buffer,
enaveAéyxovtag Pe Tov idlo TPOMO Ta PNVUPATA nou gival ekei. Eniong, Tnv npwTn
MEPA OAad Ta upnvUpaTa xpnoigonoloUvTal yia Tnv eknaideuon Tou Ta&ivounTn
TWV MNVUPATwV, aveEdptnTa av TonoBetnbnkav o€ kdnola ouoTdada n oTov
not-yet-buffer.

MNa kabe enouevn PEPA, agpou avanapaoTabei To kABe véo pnvupa o didvuopa Kai
unoAoyioTouv Ta rtSpam kal rtHam Twv avTioTolXwVv oucTadwv spam kai ham, pe
TIC OMNOIEC TO PAVUNA napouoialel peyaAuTepn opoloTnTa, €sTalovral ol akOAOUBEC
enTta (7) nepINTWOEIG:

e rtSpam navw ano 1o avw 0plo Kal rtHam kaTw and To KATW OpI0. Z€ AUTA
TNV NEPINTWON, XWPiG va {NTHOOUNE ETIKETA and To XPNoTn, BewpoUNE NwG
TO MAVUMA €ival spam Kal To TonoBeToUE PE TN ouoTada Tng spam KAAong
ME TO uwnAoTEPO rtSpam.

e rtHam ndvw ano 1o avw Oplo Kal rtSpam KATwW and To KATW OpI0. € AUTNA
TNV NEPINTWON, XwPI¢ va {NTHOOUNE ETIKETA and To XPNoTn, BewpoUNE NwG
TO MAVUMGa €ival ham kal To TonoBeToUpe pe Tn ouotdada TnG ham kAdaong pe
TO UWNAOTEPO rtHam.

e rtSpam kal rtHam katw and 10 KATW O0pI10. € AUTH TN NEpPinTwon, {NTAUE va
HaC anokaAu@BOsi n npayuaTikn guUon Tou PnvUpaTog, To TonoBeToUUe oTnv
avTioToixn KAdon kal @TIAXVOUME vVea ouoTada.

e rtSpam kal rtHam navw and To Avw OpI0. Z€ AUTN TNV NEPINTWON, UNAPYXOUV
O0Uo €kdoXeG : Av n anoAutn dlagopa Twv rtSpam kai rtHam €ival JikpoTepn
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TNG NpokKaBopIoPEVNG TIMNG, TOTE (NTAWE va pag anokaAugbei n npayhaTikn
@uon TOou HNVUPATOG, TO TOnMoBeTOUWE OTNV avTioTolXn KAAGon Kai To
EVWVOUME PE TNV avTioToixn ouoTtada. Av dev €ival, dev {NTAUE €TIKETA, Kal
av To rtSpam e€ivar peyaAuTtepo Tou rtHam, To BewpoUpe spam Kkal To
TONoBeTOUNE OTNV KAAON spam oTnv avTioToixn ocuoTadd, aAAIwG To BewpoUpe
ham kal To TonoBeToUPE OTNV KAAQON Sspam Kal oTnv avTioToixn ouoTada.

e rtSpam peTa&U kaATW Kal Gvw opiou Kal rtHam PIKPOTEPO TOU KATW OpPiou. 2€
auTtn Tnv nepintwon, {NTAPE va Pac anokaAu@Bsi n npaypaTiki guon Tou
gnvUpaTog Kal av €ival spam pnaivelr atov not-yet-buffer Tng kAaong spam,
aAAlwg, TonoBeTeiTal oTNV KAGon ham kai gTIaxVEl 0 auTr véa cuoTada.

e rtHam peTa&U KATW Kal Avw opiou Kal rtSpam peyaAUTEPO TOU NMAVW Opiou.
e auTtn TNV nepintTwon, d0gv (NTAUE €TIKETA, OEWPOUME TO PAVUMA Spam, TO
TOnoOeTOUNE OTNV KAAON Spam Kal TO EVWVOUWE JE TNV avTioTolxn ouoTada.

e rtSpam kal rtHam pera&l kaATw KAl Avw opiou. Z€ AUTA TNV NEPINTwON,
unapyouv dUo €kdOXEG : Av n andoAuTtn diapopa Twv rtSpam kai rtHam eivai
MIKPOTEPN Miagc npokaBopIioPeEVNG TIMAG, TOTE (NTAME va Pag anokaAu@Bei n
npaypaTikn @uon Tou PNVUPATOG, TO TOMOBETOUME OTOV AVTIOTOIXO not-yet-
buffer. Av dev €ival, dev {nTAUE €TIKETA, KAl av TO rtSpam €ival HeyaAuTePO
Tou rtHam, 1o BewpoUpe spam Kal To TonoBeToUPe oTov not-yet-buffer kai
oTNV KAGon Twv spam, aAAlwG, To Bewpoupe ham kal To TonoBeTOUPE aTOV
not-yet-buffer kal otnv kAaon Twv ham.

MapdAAnAa pe TIG HEBODOUG, Nou €kNAIdEUOUNE ToV TAEIVOUNTA HWE MEPIKA N NANPN
eniBAewn, XpnoigonoloUUE Hia akOpa PHEB0dO WG PMETPO CUYKPIONG TWV aAyopIiOuwyv
Mou MpoTEIVOUNE. AUTH n TETApPTN MEBODOG, Xpnoldonolei yia Tnv Ta&ivounon Twv
MNVUMUATWV JOVO TNV Kpion Tou aAyopiBuou enau&nTikng cuotadonoinong.

2.3 AAyopiOpol eknaidsuong
O1 diapopeTikoi TpoNnol eknaideuong Tou Ta&ivounTn Naive Bayes ival ol €EAG:

e Eknaideuon poévo pe Ta OedOPEVA YIA TA onoia e€Xoupde (NTNOEl ETIKETA
(neplopiopevn eknaideuon - ME). Ze auth Tn HEBodo, o Ta&vounTng
eknaldevUeTal XpnNolgonolwvTag JOvVo Ta PnvupaTa yia Ta onoia €ival yvwaorn
N NPAyHaTikn TOUG €TIKETA. Me AuTOV TOV TPOMNO EMIAEYOUME va AYVONOOUWE
€va PeyaAo oUvoAo 0edopevwy Yia Ta onoia dev sigaoTte BEPRalol kal evOEXETAl
va eioayouv B0pufo. Eniong, otnpildpacTe 1810iTEpa OTNV 1KAVOTNTA TOU
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aAyopiBuou evepyoUG eKNAONONG Yia va €NIAEYEl «ONUAVTIKA» PnvUupaTta, yia
Ta onoia {nTa TNV NpayuaTikn TOUG ETIKETA.

e Eknaideuon navw og O0Aa Ta pynvuparta (nuieniBAenopevn eknaideuon - HE).
H pébodoc autn, eknaidsvel Tov Ta&ivounTthn navw o€ OAa Ta pgnvupaTta Tng
NUEPAc. MNa 6oa yvwpilouphe TNV NPAYHATIKI TOUC ETIKETA TNV XPNOIKMONOIOUKE.
MNa o6oa dev yvwpi(OUUE, €PNIOTEUOPAOTE TNV Kpion Tou Ta&ivounTr nou
gixe eknaideuTei TNV nponyouuevn nUEpa. H npooeyyion autn €oTialel oTo
HEYEBOG Twv OedouEVwY €knaideuonc, anodexOdevn XapnAoTeEpn noidTNTA
AOYw BopuUBou nou sicAyeTal anod Tov TA&IVounTn.

e Eknaideuon navw o€ OAa TA PNVUPATA YvwpilovTac TIC KATNYOPIEC TOUC
(nAnpwc eniBAenopevn eknaideuon - MEE). H péBodog xpnoipgonoindnke wg
METPO OUYKpPIONG Twv dUO napandvw HeBOdWV Mou XPNOILOMOIOUV EVEPYN
EKPAONon. Apou xpnaolyonolei OAa Ta dedopEva kKal Xwpic 606puPo, avaueveTal
va &enegpaoel Tnv andédoon Twv dUO napanavw PeBOdwv.

Xpnolyonoinoape Kal yia TeTaptn PEBOOO Nou XPNOCIKONOIEL yia TV Ta&livounaon Twv
MNVUMATWV POVO TNV Kpion Tou aAyopiBpou enau&nTikng cuotadonoinong (EAK).
AvaAuTika, agou unoAoyioToUV ol NoocoTnNTeS rtSpam kai rtHam, av n rtHam
gival yeyaAuTepn n ion TG rtSpam TOTE BeWPOUNE NWG TO PNVUMPa €ival ham kai
avtioTpog@a. H péBodoc auTrh avapeveTal va E€xel XaugnAoTepn anodoon anod TIG
AaAAeg, kabwg dev eknaidevel kanolov TagivounTn.

3. Meipapara

>Ta NeipdPaTta Pacg xpnoigonoindnke pia dnuoaoia eAeUBepn GUAAOYN KEINEVWYV, MOU
ovopaderalr Enron-Spam. Ta emBupnTd pgnvupgaTta TnG CUAAOYNC HAC NPOEPXOVTAl
ano &€& epyaldpevoug oTnyv €Taipia Enron kail 660nkav oTo KoIvo JETA Tn dnuoaisuon
Tou okavddaAou TnG €Taipiag oTnVv Apepikn. Ta pun €niBuunTa unvupata npogpyovral
ano 4 dIaQOopPETIKEC NNYEC: SpamAssasin, Honeypot project, Tn GUAAOYR UNVUNATWV
Tou Bruce Guenter kai Tou k. MaAioupa [10]. KaBe cuAAoyr uNVUPATWYV €EETACTNKE
KAl JE TOUC TPEIC TPOMNOUC €MAoYNG 0eDOPEVWY NPOC ekNaidsuan.

>konog TnG a&lioAdynong NTav va eAeyEoupe av eva QIATPO PNOpPEi va eknaldEUTEI
e€ioou kaAa ano dedopeva, TwV Onoiwv YVwPIi(OUPE HOVO HEPIKWG TNV NMPAyHaTikn
eTikeTa. MNa tnv a&oAdynon, XpnoldonoINCAPE HETPIKEG ONWG TO spam kal ham
recall. YnevBupifoupe nwg ol U0 AUTEG METPIKEG unoAoyilovTal wg:
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e Qc ham recall opiCoupe To nnAiko true positives npo¢ To abpoiopa Twv true
positives kal false negatives, dnAadn ndéoa eniBuunTa pnvupaTa Tagivounénkav
OWOTA OTO GUVOAO OAWV TWV ENIBUPNTWV UNVUNATWY, Kal

e Qc spam recall To nnAiko Twv true negatives npo¢ To ABpoioua Twv true
negatives «kair false positives, 0onAadn ndéoca avemBuunTa pnvUpaTa
Ta&ivoundnkav owoTd oTo CUVOAO TwV aveniOuuNTwWV HNVURATWV.

Me Baon TIC dUO nMapanavw METPIKEG KAl PUE OKOMO VA OUYKPIVOUUE TIG HEBODOUC
eknaideuong Tou Ta&ivounTn, Xpnoipgonoinoaue Ta diaypaupata ROC orta onoia
o afovag Twv X avTioToIXei otnv TINN 1 - ham recall kai o aéovag Twv WY n TIPN
spam recall. ZTa anoTeAéopaTa Tou TEOT KABE NUEPAG, O TA&IVOUNTNG EMNIOTPEQPEI
Mia dekadikn TiNN MeTa&u 0 kal 1. OewpwvTag eva opio A = 0.5, anogaaciloupe
nwW¢ Ta PnvUpata Pe Tign Katw Tou 0.5 naipvouv Tnv €TikETa ham, aAAiwg Tnv
ETIKETA spam . Aegdopevou auTtng Tng 10160TNTAG Tou opiou A, oTI¢ OIKEG MAC
NEIPANATIKEG avaAUosiC anogacgiocauye yia kabe dekadikn Tign Tou A and T10 0.1
MEXpI To 0.99, va Bpiokouhe €va onueio ortnv kapgnuAn ROC. KdaBe kaupnuAn
xapaktnpietal andé To KATW Kal To Avw OpIo MOU €I0AYOUME OTNV dpxn Tou
npoypaupaTog Kabwg kal ano Tnv JEBodo nou XpNoIKONOoIoOUME. ZTnV TpiTn HEB0DO,
0ev naifouv poAo Ta avw kal KATw Opla Kal oTnv TETapTn MEBOOO N KAPNUAN
xapaktnpiletal and €va povadikd onueio PIag kal unoAoyilouhe POVO Ta TeEAIKA-
OUVOAIKG spam kal ham recall. Eniong, MEAETACAME Tn OUMMEPIPOPA TNG
ouoTtadonoinong kabwg nepvouv ol PEPEC WE dlaypaupata spam kdl ham recall
per batch kair TEAoc dnuioupynoape dlaypauparta, orta onoia o opifOvVTIoG agovag
gival o a&ovag Twv nuUeEpwvV eknaideuong kal o kabetog agovag €ival o a&ovag nou
NEPIEXEI TOV APIOPO TWV ETIKETWV NOU €xouv {NTNBOEI NEXPI KAl EKEIVN TNV NHEPAQ.

'Eva apxikd oupnépacpa nou npokunTel and Ta diaypdupata ROC oAwv Twv
ouAAoywv, €ival nw¢ n PEBodog nAnpouc eniBAenopevng pABnong anodidel
KaAUTepa ano TIG OUO AAAec pebBodouc eknaideuonc nou avanTuxenkav. ‘Onwc
givar avapevopevo, n MNAAPNG yvwon OAWV TwV ETIKETOV TwWV HNVUPATOV
€KNaideuonc ENITUYXAVEl KAAUTEPA ANMOTEAECUATA OTNV TAEIVOUNON KNVUUATWV.

O napakdTtw nivakac¢ napoucialel TO NOCOOTO ETIKETWV Mou {nTABnkav ano Tov
aAyopiBuo yia Ta opia 0.1 kai 0.3, nou opifovTal oTnVv apxn and To XpnoTn:
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request for label in

ham + spam request for label SEETEeT
farmer-d +GP 1522 29.4%
kaminski-v +SH 293 5%
kitchen-l + BG 641 13%
williams-w3 + GP 393 7%
beck-s + SH 638 13%
lokay-m + BG 391 7%

Nivakag 1: ETIKETEG Nou ¢nTABNKav yia kae guAloyn pe opia 0.1 kai 0.3

EvdiapEpov napouaialouv ol OUO NPWTEC CUAAOYEC, Orou n HEBODOC MEPIOPIOPEVNC
eknaideuonc Teivel va €xel €€ioou KaAd anoTeAEéopata HE TN HEBODO NANPouC
empBAendpevng padnong. =Tnv npwTn ouAloyn (ZxApa 1), napouocidletal TO
MEYIOTO MOOOOTO ETIKETWV MNou &xel {NTnBei ano Tov aAyopibpo 29.4%, svw oTnv
deuTepn ouAloyn (Zxnua 2) napouaoialeral To eAAXIOTO NOCOCTO ETIKETWV 5%. H
I01AITEPOTNTA Nou napouciacav ol OU0 NPWTEC OUANOYEC MAC wBOnoe va
NPAYMATOMOINOOUPE MNEPETAIpW HETPNOEIG, €MAEyovTag OIAPOPETIKA Avw Kdal
KATw Opld. ZTnNV €nopevn ouAioyn (Zxnua 3), napatnpoupe nwc n HEBodOC
NUIENIBAENOPEVNG eknaidsuonG €xel €€ioou kaAd anoTeAEoparta He Tn HEBodO
nAnpoug eniBAenopevng eknaideuong. To idl0 cupBaivel kAl OTIC TPEIG ENOMEVEG
OUAAoyeG, nou napouoialouv To id10 diaypaupa ROC pe Tn ouAdoyny 3 kai dev
napouoialovTtal edw Yia €E0IKOVOUNON XWPOU. Ta NOCOOTA TWV ETIKETWV MOU £XOUV
{nTnOei and Tov Ta&vounTn KupaivovTal HETAEU 7% kai 13%, npaypa nou oTtnpilel
TNV apxikn pac unobeon OTI o Ta&ivounTnc Pnopei va anodwoel Eicou KaAa oTav
xpnoigonolei €éva 10% TwV ETIKETWV ANO TO CUVOAO TWV PUNVUUATWV.

>TNV NpwTn OUAAOYN, TO MOCOOTO TWV ETIKETWV Mou {nTouvTdl and To XPNnoTn
Eenepvael kata noAu 1o 10% nou NTAv 0 apxlkoG OTOXOG TNG €pyaaciag. AvTiBeTa,
oTn OUAAOYNR 2, TO MOOOOTO TWV WNVUMATWV Nou {NTACAME va PAC anokKAAupoOei
N ETIKETA TOUG €ival HOAIC 5%. ZTIC 4 €nOPeEVEC OUAAOYEC, €NIAEYETAI £va NOCOOTO
kKovTta oto 10% Twv pnvupaTtwyv. MNa Tnv akpiBeia, n pEBodog nuienIBAENOUEVNG
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eknaideuong eival e€icou kaAn pe Tn HEBodo NARpoug eniIBAENOPEVNG EkNaideuong.
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ZxApa 1: ROC yia Tnv guAioyn farmer-d +GP pe diaQopeTika opia
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ZxnHa 3: ROC yia guAAoyn kitchen-I + BG
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elustars par bateh
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ZXAMAa 4: SuoTAdeC UNVUNATWV ava nueEpa

H avaloyia peTa&U eniBuunTwv Kal pn €niBupnT@V PNVUPATwyV, (aiverar €niong
va ennpeadel Tnv avaloyia peTaél Twv ham kalr spam ouoTadwv. € OAEC TIC
OUAANOYEC, TO NANBGOC Twv oUOTAdWV MNOU MEPIEXOUV HUNVUMATA Hn €MBUUNTAC
aAAnAoypagiac €ival HeyaAUTEPO anod TwV €MBUPNTWV PUNVUPATWV. AUTO opeiAeTal
OTO YEYOVOC OTI Ta UNVvUNATA PN emMBupnTnS aAAnAoypa@iac, ouvndwc, NoiKiAouv w¢
NMPOC TO NEPIEXOUEVO.

4. Zupnepaocpara

Ano Ta neipdpaTa nou npayuartonoinénkav, eEayape Ta €€ENG oCUPNEPACTHUATA YIA TOUG
aAyopIBUOUG NoU KATAOKEUAOAUE:

e O aAyopiBuog nuieniBAenOPevnG eknaideuong katapepvel va anodwaoel eEicou
KaAd e Tov aAyopiBuo nARpouc eniBAenodpevng eknaideuong, {NTWVTAG HOVO
ETIKETEG YIa 7-10% TOU GUVOAOU TWV UNVUPATWV. O aAyopIBHoC NEPIOPICHEVNG
eknaideuong ayyilel Tnv anodoon Tou aAyopiBuou NAAPOUG enIBAENOPEVNG
eknaideuong, 6Tav To NOCOOTO TWV ETIKETWV NAnaciace To 30%.

e ZnuavTikn napatnpnon €ival nwGg 000 NePICOOTEPA  HN  €MBUNNTA
gnvopaTta AdPBAVOUPE, TOOO MEPICOOTEPEC OUOTADEC TETOIWV MNVUMATWV
dnuioupyouUvTal, YEYOVOC NoU OQEIAETAl oTnNV NoikiAia TNG BgpaToAoyiac Twv
MNVUpaTwyv auTtwyv. Mapatnphoape nw¢ aAAalovrag Ta oOpia OTIC 2 NPWTEC
OUAAOYEC, n anodoon TnG HeEBOdOU NEPIOPIOPEVNG €KNAIOEUONC EPTACE TNV
anddoon TNG NANpouc eniBAenopevng eknaidsuong, au&avovtag Tov apiOuo
TwV oUuoTadwv nou dnuioupyouvTal.
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AladIKTUAKEG ZulnToElg pe Xprion
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EBvikd kat Kamodiotplakd Mavertuotiuio ABnvay, Turua MNANeoQopIKrC Kal TNAETIKOIVWVIWOV
MaveruotnuiouroAn, INola, 15784, Abriva, EAAAQ

NepiAnyn

>Tnv napouocd e€pyacia MpPoOTEIVOUPE HiId HEBODO yia TOV MPOCdIOPIOHO OXECEWV
oupwviac/diapwviac NeTa&u ouvopIAnTwy, o< diadikTuaka ¢opa (web forum), kai
TNV ohadonoinon ekeEivwv Nou cUP@wvoUV PeTA&U Toud. MNa va PEYIOTOMNOINCOUKE TN
OUVOXN TWV OXECEWV AUTWYV, MNPOTEIVOUUE HIa KAIVOTOMO HEBOBO yia TNV avaAuon
TNG €EEAIENC TOU BENATOG PIag oulnNTNoNG, KaBwG, 0 NOAAEC NEPINTWOEIG, Ol OXECEIC
oupewviag/diapwviac allalouv Pe Tnv npoodo TnG oulntnong. H npoogyyion
Mag BaocileTal anokA&IOTIKAG o dopIKa oTolxeia, Xwpic €EO6pUEN Tou kelhévou. Ta
anoTeAéoparta €ival NoAU evBappuvTika kal d€iXvouv TIG PMEYAAEG duvaToOTNTEG TNG
OUVOAIKNG NMPOCEYYIONG KAl TWV MPOTEIVOUEVWYV AAYOpPIiOPwV.

NeEeic-KAeidia: EEOpuEn Oopng, Kartatunon oulntnong, EkTipnon Oilapwviwy,
Koivwvika diktua, AladikTuaka ¢opa

BpapBeio “"Best Undergraduate Poster” [11][12] oTo ouvedpio SIGMOD 2010 kai BpaBeio
m KaAutepnc Epyaagiac [13] oro lMpwTo AigBvec @oiTnTiKO Zuvedpio Eureka! 2010.

Iwavvng Iwavvidng, Kabnyntig
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1. Eicaywyn

O1 01adIKTUaKEC oulnTnoeig €xouv e&eAixBei 0 €va avanodoomnacTo OTOIXEIO TNG
KaOnNuUePIVOTNTAG TOU KOIVWVIKOU I0TOU. XTOXOC TNnG OOUAEIAC Mag, e€ival va
€EAYOUNE TO MAOUCIO JIKTUO OXEOEWV OUMPWVIAc Kal diapwviag nou oxnuaridovrai
kata Tn Oidpkela oulnTROEwWV MNAVW O «KAUTA» B€pata. Me autd wG OTOXO,
MPOTEIVOUUE MIa PEBODO yia TNV avayvwpion TV OXECEWV MHETAEU OAWV TwV
OUVOMIANTWV Kal Tn Onuioupyia odadwv Twv onoiwv Ta HEAN poipalovTal OPOIEC
B€ocic kal anoyelc. MoTtevoupe akpadavTta OTI N auTopaTn €€aywyn €voc TETOIOU
OIKTUOU MMopei va €UnNAOUTIOEl Kal va w@EANCElI TNV KATAvOnon Nou £XOUME yia TO
nwc eEeAiooovTal ol culnTNOEIC hE dIAPOPOUG TPOMOUC, ONWC:

e Zav Baon uiag BabuTepng avaAuong Tou €EayOpevou JIKTUOU: KEVTPIKOTNTA
(centrality), «betweeness», yepupwon akpwv (bridge edges) kAn. pe otoxo
TNV avayvwpion Bacikwyv XapakTnpIoTIKWV Kiag oulntnong.

e 3Ta nAdiola npo-ene€epyaaoiag yia pia TeExVikn Avaiuong duoikng Mwooag
(Natural Language Processing - NLP) via Tnv €€aywyn TnG yvwung Twv
OUPMETEXOVTWYV. Eival npogaveg, 0T n diadikacia eE0pUENG anoWewv YiveTal
NOAU nio eUKOAN 0€dOPEVOU TWV OXECEWV CUNPWViIag kal diapwviag [8].

e 3av €vag PNXaviopog €niokonnong, yia TNV autopartn dnuioupyia nepIAqYEwV
Twv oulnNTNOEwWV, ONou 0 TEAIKOG XpnoTnc diaBadsl avapThOEIC CUVONIANTWV
nou d1a@wvoUVv PETAEU TOUC WOTE va €XEl €MiyVwWOon OAwV TwV OIAPOPETIKWV
anoYewv.

Av kal ol Baoikec 10eec TNG PEOODOU paAG PNopouv va £QApPooTOUV 0 NANBwpa
HOop@WV oulATNoNnG, oTNV napouca OOUAEId EMIKEVTPWONKAUE OCUYKEKPIMEVA
oe oulnTnoeig nou AaupBavouv xwpo ot d1adikTuaka @opa (1 ¢oépoupc). TEToIOU
gidouc oulnTnosi¢ avantTuooovTal oTa nNAdiold autovopwv vnuaTtwyv (threads) Ta
onoia xapakTnpifovral ano Tov TiTAO Touc. Ta JdoMIKa oTolIxEia evog vuaTog €ival
ol avapTnoeIC ol onoie¢ xapakTnpifovral and To XPAOTN Nou TIC €KAVE KAl TNV
nUEpPopnvia nou yivave. Opoiwg pe TIG (wVTAveg oulnTNOEIG, TO BEPA evOg vUATOCG
hMropei eUKoAa va napekTpanei and To apXIKO kKal VEEC (JIaPOPETIKEG) OXEOEIC
METAEU TWV COUMMPETEXOVTWYV HUNOpPEi va dnuioupynBouv. Mia AioTa pe Ta peyaAuTepa
01adIKTUAKA (pOpa Pnopei va npooneAacTei oTo guvdeopo [10].

1.1 TPOYEVEOTEPEG KAl OXETIKEG EPYATIEG

H doulAeid Twv Agrawal et al. [2] ndvw oTnv €€opu&én oulntTnoewv ot Usenet
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Newsgroups (01adIKTUuaKOG 100TONOGC ME oulnTnoeiC navw o€ Bepata  TNg
ENIKAIPOTNTAG) €ival AUNECa OXETIKA ME Tn d1kN pag. O cuyypageic NPOTEIVOUV Mid
HMEBODO YIa TO JIAXWPIOHO TWV CUMMETEXOVTWY OE BUO AVTIKPOUOUEVEG ONADEC HEOW
TEXVIKWV Olapepiopol ypapwyv. Av Kal yiveral Xpnon HOvo OOMIKWV OTOIXEIWV N
O0OUA&Ia Toucg dlapépel anod Tn dIkN Hag Kabwg n HEBODOC Pag PNopEi va evronioel
OAEC TIC MBAVEC OJADEC, XWPIC NEPIOPICHO OoTOV apIBUd Toucg, KaBwe Kal To GUVOAO
TWV OXEOEWV METAEU TOucC. Baoiloupevol oTnv npoavagepbeioa douAeld, ol Mukari
kal Raymond BeATimoav Tn MPEBODO KAvVOVTAG XPNON KAl TOU KEIMEVOU TwV
oulnTnoswyv [6]. ZTn ouvexela, ol Somasundaran kal Wiebe katagépvouv napopolia
anoTeAEopa KAvovTag, OMWG, AnOKAEIOTIKA XPAON TOU KEIJEVOU, ayvowvTag Kabe
Hop®n GopIkNG nAnpo@opiag [7]. Mapopola douAsid anoTeAei kal Twv Xu et al. [9]
nou avayvwpifouv onolodnnote nAnBo¢ opadwv aAAd BewpoUv TIG OXECEIC
oup@wviacg/diapwviag dedopeveg. O1 UNOAOINEG OXETIKEC EPYATIEC YIA TOV EVTOMIOHO
TETOIWV OXECEWV EMNIKEVTPWVOVTAl KaABapd Ot TEXVIKEG €neEepyaniag (QUOIKAG
yAwooag.

MponyoUpevec OOUAEIEC NAvw OTNV KATATUNON oulnNTACEWV €XEl Yivel and Touc
Kim et al. [3] kai Adams et al. [1], ol onoiol €ival kal ol NnpwTol, an’ 600 EEPOUNE,
nou xpnoigonolioUv JOMIKAG XApakTnpIoTIKA yid va opadonoinoouv avapThoelC OE
BENATIKEC NEPIOXEC. H pEB0OOC pac, napoAa auTd, dIapEPElI OTOV TPOMO Mou YIVETal
N TeAIKN Katartunon (31akpiTtoTNTa UNooulnNTACEWV) KABwC Kal OTIC EUPIOTIKEG MOU
XPNOILOMOIOUKE YId va avayvwpiooupde o nola onueia aAAadlel To B€ua. TeAoc,
oTnv epyaocia Twv Lin et al. [5] yiveTal, €niong yia npwTn popd, 0 CGUCXETIOHOC
META&U BEuaToc kal doung TnG oulnTnong (HovteAo SMSS).

1.2 Zuveiopopa

H kaBapd OopIkn NPOCEyyIon Mac, €vavTl auTwyv MNou KAvouv HOVo Xpnon
ene€epyaoiac @QuUOIKNG YAwooac 1 uBpidikwvV MNpPooeyyiosewyv, napeEXel Ta €ENC
NAEOVEKTNHATA:

e Eival TeAsimg aveEaptnTn and TNV YyAwooa oOTnv onoia ypagouv ol
OUPMETEXOVTEC. (MNopEoape kal epappooape Tn HEB0dO pag kal ge eAANVIKA
aAAd kal o€ ayyAika 01adIkTuaka pOpoUl Xwpic kapia aAAayn.)

e To Keiyevo Twv avapTtnoewv Osv anaiTeital, AUvovTac €10l coPfapda O<uara
I01WTIKOTNTAG (privacy).

H Baoikn ouvelo@opd TNG DOUAEIA PAC AanMoTEAEI TNV Evwan, 0€ €va Koivo ouoTnua,
OUO EMNIPEPOUC NEPIOXWV:
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— Avayvwpion €&ANIENG Tou BEuaToc oulnTnong (kalr KATATUNoNG OTA OnMEida
aAAayng).

— ExTignon diapwviag kal ouppwviac HETAEU ONAdWV CUVOMIANTWV.

EninAgov, eKHETAAAEUONAOTE TA NPOTUNA KOIVWVIKNG OCUMMNEPIPOPAc (social behavior
patterns) nou napatnpouvTal ota nAagiola piag oulnTnong (evoTnTeg 2.1 kai 2.2)
yia Tn dnuioupyia €upIioTIKWV AAyopiBuwy nou €Eayouv Tnv emBuUPNTn NAnpogopia
MOVO ano doudIKA XapakTnpIoTIKA.

2. Me6odoAoyia

>Tnv kapdid Tng peBOdou pacg BpiokeTtal n €€aywyn (kar BeATiwon) TnG OOMNG
TWV AnNAavtAoewVv oTn HopPpn &vog devTpou (OEvTpo anavrtnoswv). Q¢ andvrtnon
BewpoUPE MIa avapTnon &voc XpnoTn n onoia anoTeAei Tnv andvrtnon Tou o€
kanola npoyevéoTepn avaptnon. O1 kOPBol Tou dEVTPOU AnoTEAOUV avapTnROEIG TOU
VAMATOG Kal Ol aKHPEG UNodEIKVUOUV OXECEIC andvTnong HETa&u dUo avapTnOEwV.
'OAa Ta dopIKA XAPAKTNPIOTIKA NOU XpNGCIYONoIoUUE NPOoEPXOVTAl anod To dEVTPO auTo.

H dnuioupyia Tou d&vTpou XwpileTal o dUO HEPN: A) TN CUAAOYN TWV PAVEPWV
OXE0EWV aAnavtTnong kai B) Tnv €€aywyn TwV KPUPWV OXECEWV anavtnong. davepn
oxeon anavrtnong OnuioupyeiTal and pia avaptnon n onoia napab&erel (quote)
HMEPOC TNC ApXIKNG avapTnong oTnv ornoia anavTdesl, kal Ta d1adIkTuaka popa £xXouv
€101KO PNXaviopo yia Tnv unootnpi&n tnG. O id1oC pnXaviopoc pacg enmTpENEl vda
OUAAEEOUPE auTh TNV NANpo@opia ano Tn oeAida Tou PpOPOUH, XWPIC va anaiTeiTal To
KEIMEVO TNG avapTnong.

MNa va eival To 0E&vTpo 0G0 MIO MANPEG YiveTal, avayvwpilouphe eniong kal eva
oUVOAO ano OXECEIG anavTrnoswyv nou dev €ival gpavepeg, dnAadn, dev EXOUV YiVEl
ME napabeon. Eknaidevoape eva Ta&ivountn diavuopatog unooTnpiéng (Support
Vector Machine - SVM) wote va Ta&vopoUPe op@Paveg avapTnoelig o€ Ouo
KaTtnyopieg: auteg nou (a) dnuioupyouv oxeon anavrtnong (B) dev dnuioupyouv
oxeon anavrtnong. Mia avaprtnon eival op@avn otav dev napabeTel kapia AAAn,
aAAa pnopei pe mBavoTnTa 0.5 va anavtael otnv akpiBws NPonyoupdevn. ZUVOAIKA,
oe €va vnua, 1o 10% Twv avapTnoswVv €ival op@PaveG Kal ol HICEG and aAuTeG
anavtave oTIG akpIBwg nponyoupeves. Epapudlovrag Tov Ta&ivounTn O OAEG TIG
0pPAVEG avapTnoel avayvwpifoupde TIG MIBAveg OXEOCEIC aAnNAvVTNONG ME eniTuyia
75,4%. Ta xapakTtnpioTika (features) eknaideuong Tou Ta&ivounTn €ival €niong
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OopIka Kal agopolVv ToVv €VTONIOHNO AAANAOUXIWV avapTAOEWV NOU KATAARYouv O€
OXEOEIC anavTnong. ZTo ZxXNAKa 1 napoucialoupe Ta XapakTnpIoTIKa auTd.

- Author quoting post i-1

s
Author, post i-1 replies to ! ) _
4 ! ,.r"'- Author replying to post i
\ / /
AN !
. | )
H‘. g
Post i-3 Posti-2 Post i-1 Posti Post i+l Post i+2
Author(i-3) Author(i-2) Author{i-1) Author(i) Author{i+1) Author(i+2)
e

Time between posts

ZxApa 1: MNa pia oppavn avaptnon i, EAEyXoupe TNV Tonikn doun oulnTnong (nolog anavTasl os
noiov). Anod Ta €ikoviJOPEVA XapaKTNPIOTIKA, DV EYIVE XPrON TOU XPOVOU HETAEU TwV avapTnoewy,
kabwc anodeixBnke NnapanAavnTikOC yia Tn CUYKEKPIYEVN Ta&ivounon.

AedOPEVOU TOU JEVTPOU anavtnoewv n PEBodOC pac diaipeiTal oe Tpia ENIPEPOUC
BnuaTa, onwc napouaialovral oTo XxAHa 2.

Discussion Agreement/ User
Reply . Disagreement Group
Tree SEE"};'}T i Estimation Creation

{2.2) (2.3)

ZxnHa 2: Aidypappa pong TnG pebddou pag: MeTda Tn dnuioupyia Tou dEVTPOU ANAVTNOEWY, N
oulnTnon katakepuaTieTal og unooulnThoeIg Kal g€ kKaBe unooulnTnon EAYOUNE TIG OXETEIG
ouppwviag/diapwviac. TENoG, ol XprHoTeg opgadonoloUvTdl PUE BAon TIC OXECEIC AUTEC.

Meplypapoupe avaAuTika Ta eNINEPOUG BANATA OTIC AKOAOUBEG unoevoTnTeG 2.1, 2.2
Kar 2.3.




2.1 Kararpnon oulnTnong

>TnVv €voTNTA auTr napoucialoupe Tn HEBODO Kal TIC napaTnpnosic/napadoXEC nou
KAVaue yia TNV KATatunon Miag oulntnong O €nINEPOUG UMOOU(NTAOEIC WOTE N
KGBe pia va neprypdageTal and Jovo €va Kal OUYKEKPIYEVO BEua.

1. MapdAAnAeg ZuinTtRoeig: Ta B<uaTta piag culnTNoNG O€ Hia CUYKEKPIPEVN
XPOVIKN OTIYMNR 0&v KAAUMNTOUV MePICOOTEPEC ano Mia n OUo OeuaTiKEG
evotTnTeg [5]. EminAgov, vyia &va OUYKEKPIJEVO BEua, ol avapTAOEIC Mou
NEPIEXOUV TN OXETIKN oulnTnon €ival ouvnBwg CUYKEVTPWHEVEG Padi Yeoa oTo
vAua [1], kaTti nou €ival puaoiko enakoAouBo Tng duokoAiacg va diatnpnbouv
napaAAnAeg oulntnoelg vyia Ol1apopeTika O¢uata. TeAikda, kanoia anod Ta
«guvaywvifopeva» BgpaTta Ba unepioXUosl.

2. ZUMHETEXOVTEG: 'OTaV O PIA CUYKEKPIPEVN XPOVIKA OTIYMR UNApXEl MEYAAN
OUMMETOXN OUVOMIANTWYV, N mBavoTnTa va aAAd&el To B€pa sival peyaAuTepn.
To avTiBeTo 1o0)Uel eniong: 'OTav €va PIKpO NANBOC XPNOTWV HOVO CUMMETEXEI N
oulnTnon €ival nio NiBavo va diatnpnoel To idio BEpa [eunelpikh napathpnon].

3. Zx€oeic Anavrnong: ‘Otav 1o 6€ua piac oulnTnonc aAAadel, ivar AiyoTepo
méavo €vag xpnoTnc va anavrnoel € Pia avaprtnon anod Td nponyoupevd
B<uara.

To npoBANpa TnG KaTatunong oulnTnoswv Mnopei va AuBesi npooeyyioTiKa
avayvwpifovTag 0Aa Ta onueia geoga otn oulnTnon ONou N GUMMETOXN €ival uwnAn
Kal ol OXEOEIC anavtnong OUVTOHUEC. AedOPEVOU €VOC OUVOAOU and OXECEIC
anavtnoewv C, opiloupe wg Mukvotnta Anavtnoswv (Post Connection Density -
PCD) Tnv noooTnTa:

pcd,= Y, ,-:X(Xﬂ)connectionExistsX ) | 1rue (D
onou x &ival o apibuoc TnG avaprtnong ornv onoia unoAoyifoUPE TN MukvoTNnTa,
HeE x < N, kar N o ouvoAiko¢ apibuoc avapTnoswv Tou vhAuaTtoG. H ouvaptnon
connectionEXxists(.) opiCeTal wg €ENG:

connectionExists, () = @A) -k<x)NC(1,j) (2)
Ol TIMEG TWV K KAl A €ival EUNEIPIKEG NAPAUETPOI Kal kabopilouv NOCO «Niow» 0TN

oulnTNOon KOITAME yia anavTtnoelC. MpakTikd, yia Jia avaptnon X HETPAPE NOOEC
avapTnoeIg anod TIG ENOPEVEG A anavTAVE O avapTNOEIG HETAEU TWV K NPONYOUHEV®V.
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Eniong, opiCoupe wg MukvoTnTa ZuvopIAnTwv (Discussant Density - DD):
dd,= | {Author; | i € [x-Kk, x+ 1]} 3)

onou gav Author; ouppoAifoupe Tov GUVOMIANTR MOU €kave Tnv avapTtnon i. Kai
€dw, METPAMYE NOOOI XPNOTEC KAvAvE €0TwW KAl Wid avaptnon oto dIaoTnua Twv
[x-Kk, x+ A]avapThoswv.

MNa Tov EVTOMNIOMO TWV TOMIKWV HEYIOTWV KAl €AAXIOTWYV UMoAoYilOUHE TIG
napaywyoug Twv dUo nukvoTATwv PCD kal DD. EvOia@epOPacTe yia MEPIOXEG OTN
oulnTnon OTIC onoieg €va ToMIkO MEYIOTO TNG MukvoTnTag ZuvopiAnTwy (1) €ival
noAU kovTa (6 avapTnosic) o€ €va Tonikd eAdaxioTto TnG MukvoTnNTAC AnMAvThnoswv
(3). Aedopévou OTI Kal ol dUO NMUKVOTNTEG €ival dIaKPITEC YETABANTEG opioupE TNV
napaywyo f’ o€ pia avaptnon x wg €EnG:

L "k SR )
AxX  x—(x-1)

>T0 2ZxAMaA 3 NApaBeToupe €va NApAdElyUa KAVOVIKOMOINKEVWY MUKVOTATWV KAl
TWV Napaywywv Touc. H péBododc pac avayvwpilel 0TI oTnV NeEpPIOXN METAEU Twv
avaptnoewv 303 kal 317 undapxel aAAayn Tou B€paTtoc. H €E0pUEN Twv neEpIOXWV
auTwV €XEl YPAUMIKN NOAUNAOKOTNTA KAl ayvoei Ta (OXETIKA) ouvToua Tonika peyiora/
ehaxiora.

=
L

W ecd L5 | il
W ad W o

i fj &

£ 0 g AP g R g g PR R PR P

ZXAMa 3: MNapdadslypya NUKVOTATWY Kal TwV Napaywywyv ToUG O Jid Npayuarikr oculATnon, HETagu
TwV avapTnoswy 253 kal 361.
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2.2 Avayvwpion cuppwviag/diapmwviag

MNa kabe Ceuydapl ouvouIANTwV opioupe €va OIGVUONA TO OMoio PETA TA&IVOPOUUE
gav oxeon oupgwviac n diapwviac PJe xpnon evoc eknaldsupevou Ta&ivounTr. Av
Kal undapxel navra n nmoéavotnTa yia oudeTepeC oxeoelG (oUTE OUPPWVIAG OUTE
dlapwviac) emAEEAUE va PNV €I0AGYOUHE TETOId KAdon ortnv Ta&ivounon. Ol
KUPIOTEPOI AOYOI yia Tnv andégaon auTh €ival ol €Enc: (a) kabioTda Tnv Ta&ivounon
Mo €UKOAN, Kai, To nio onuavTiko, (B) pnopei va BewpnOei 0TI OAOI O GUUPETEXOVTEC
otn oulATnon €xouv Kdanoio €ninedo ouppwviac n olapwviac PE OAOUC TOUC
AaAAouc dedopevou OTI €0TIAOUME OE €va OUYKEKPIPNEVO BEpa (META TNV KATATUNON)
Kal OAOI Ol OUVOMIANTEC OTO OUYKEKPIMEVO TUNHA ekppalouv TNV anoyrn Touc.

H Baoikn unoBson/napartnpnon ortnv onoia oTnpiOJAcTe yia Tn dnuioupyia Twv
XApaKTNPIOTIKWV TWV d1aVUONATWV €ival n €ENG:

e Kata Ttn didpkela piag oulnTnong, €vac CUPHETEXWV 0a a@IEPWOEl TOUC
neEPICOOTEPOUC and TOUG MEPIOPICPEVOUG NOpouC Tou (XpOvoG, npoondabeia)
aAANAenIdpWVTAG ME TOUG XPNOTEC nou aneiloUv Ta EenIXEIpAMPATA TOU,
dnAadn, ME auTouc ME Toug onoioug dlapwvei. (Mapopoleg I0€eC £xouv NN
xpnoipgonoin®ei ye eniTuxia o€ NponyoUpeveG epyaciec [2]).

Ma Tn dnuioupyia Twv XapakTnpIoTIKWV (OUVIOTWOEC Tou O1avUoNaToc) opifOUME TIC
€€Nc BonONTIKEC oUVAPTHOEIC:

— replies(ui, uj): O apiBUOG TWV AVAPTACEWV TOU XPNOTN ui Nou anavrouv o€
avapTnoeIG Tou XpNnoTn uj.

— posts(u): O apiBudg Twv avapTROEWV ToU XPROTN U.

Kabe diavuopa anoTeAeiTal and Tig €ENG TPEIG OUVIOTWOEG:

OuoioTnra EToxwyv - Target Similarity

targetSimilarity (u;, u; )= cosineSimilarity (targets (u; ), targets (u;))

(5)

onou targets (.) €ival To diavuopa:

s = replies(u;,u,) replies(u;,u,) ’
Bets (1) = | =R poss(u) (6)
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Mpo@avwc, epOcOV £€vac oOUVOMIANTAC OV UNOPEI va anavTdasl 0ToV €QUTO TOU:

replies(u;,u;) 0
posts(u,)

SUykEvTpwon Anavrioewyv - Reply Focus

replies(u;,u; ) replies(u;,u;)

replyFocus(u., U, ) =max : (7)
Py (. u)) ( posts (u, ) posts (u; )
KaAuwn Anavrnoswyv - Reply Coverage
min(replies(u,,u. ), replies(u.,u.
replyCoverage(u;, u; ) = (replies(u, u, ) replies (u; ) (8)

max(replies (u;,u; ), replies (u;,u; ) )

2.3 Angioupyia opadwv

>T0 TEAIKO Bnua XxpnoipgonoloUhe Tnv €E€ayopevn nAnpo@opia HE TIC OXECEIC
oupewviac/diapwviac PETAEU TwV OUVOMIANTWV Yid va ONUIOUPYNOOUPE OHPADEC
XPNOTWV NMoU CUPNPWVOUV PETAEU TOUC. To TEAIKO Npoidv TnG peBOdou ival (yia kabe
unooulnTnon) €vac Pn-kateubuvopevoc ypdapog O6nou ol KOUPBoI anoTeAoUVv opadeg
XPNOTWV KAl Ol AKPEC unodeIkvUOUV MOIEC OPADEC CUNPWVOUV/dIapwVvouV HETAEU
TOUC.

ApxIKa dnNUIOUPYOULE TOV YPAPO OMNoU KABE GUVONIANTNAG anoTeAEl pia opada (KopRo)
ano POvoG TOU Kal ol KOPPBOoI evwvovTal HETAEU TOUG HE TIC OXECEIC NMOU EXOUME NON
e€ayel. Na tn ouyxwveuon KOUBwV, epapuodloupe TNV €ENG anAnotn (greedy) nebodo:
Evwvoupe Celyn KOPBWV 01 0noiol EvwvovTal HE AKPEG CUNP®VIAg KAl TwV onoiwy ol
aKMEG NPOC OAOUC TOUG AAAouc KOPBoUG neplypagovTal Je To id1o TUno oxeong (onou
N Jia opada €xel cUPQWVia €xel Kal n aAAn, kai 1o idio yia Tn diagwvia). ‘'OTav nA&ov
OEV UNAPXOUV KOMBOI MoU va JNnopouv va cuyXwveuBouv, o aAyopiOpog TepuaTidel.

Kabwg o napanavw aAyopibuog civar anAnotog dev KATAARYEl avaykaoTika OTn
BEATIOTN AUON. MNa va 1o BeATIWoOUNE, opiOUNE HIa PETPIKAG KEPDOOUG (gain) wg To
MECO OPO TWV HEYEBWV KABE OouAdAC. TN CUVEXEIA TPEXOUME TNV ANANOTN HEB0DO
APKETEC POPEC (Onou kKABe popd n eniAoyn TwV KOPBWYV YIa CUYXWVEUON gival Tuxaia)
KAl KpATAPe Tn AUoN PE To HeyaAUTepo kKEPDOC. H 10€a niow anod Tn PETPIKA €ival OTI
NPOTIMOUME YPAPOUC UE AiYEG OMADdEG Kal HeyaAo NARB0C XxpnoTwv ava opdda.
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3. A§ioAoynon peOOdoU

Zav npokatapkTikn agloAdynon Tng HEBODOU HAG KAl TwV EMNIPMEPOUC NPOTEIVOUEVWV
aAyopiBuwv, Kal yia va MNOPECOUME va €EETACOUME €va HeEyaAo oUvoAo ano
J1aPOPETIKEG DOUEG, dnuIoupynoape ouvBeTikeG oulnTnoels. Kabwg n peEBodoC pag
XPNOIMOMNOIEl JOVO OOMIKA XApaKTNPIOTIKA auTd ATAV €QIKTO XwpPic va xpeialeral
dnuioupyia KeIgevou, aAAa povo devTpwy oulnTnong. MNa autd To okono, ENEKTEIVAUE
dUo povTéAa oulnThocwy and Tn BiBAloypagia ([4], [5]) woTe va divoupe oav €icodo
(a) To peyebog pia oulnTnong, (B) Tn katavoun nbavoTnTag To 6€pa va aAAdgel, kal
(y) Tn kaTtavoun méavoTnTag dUo GUVOMIANTEG va 31apwVoUV/GUHPWVOUV.

XpNolyonoiwvTag To HOVTEAO AUTO MNOPECAPE va ONUIOUPYNOOUME €va OUVOAO
ano 11.000 oculntnosic (3.250.000 avapTnoeic) yia Tnv a&ioAdynon TnG peBOdou
KaTatunongG. Ma Tn MEBOodO EKTIUNONG CUMPWVIOV/dIapWVIOV ONUIOUPYNOAUE
(a) &va pikpd ouvoAo ano oulnTnoeIC yia TNV eknaideuon Tou Ta&ivounTtn (CUVoAIKa
80) kar (B) €va ouvoAo ano 14.400 culntnosic (1.440.000 avapTnoEeIC) yia TNV
a&loAoynon.

O1 ueTpikeC akpiBelag (precision) kal avakAnong (recall) @aivovTral otov napakaTw
nivaka.

AAyopi0pHOG | A&loAoynon
KataTtunon ZulATnong Precision: 82% Recall: 75%
EkTiunon Zupgwviag Alapwviag Precision: 76%

Ta anoteAéopaTta autd cUPPWVOUV Pe agioAdynon MIKPNG KAiJakag nou KAvape He
dedopéva NpayPaTikwv culnTHoswy.

4. MeAAOVTIKEG KATEUBUVOEIG

‘Eva anapaitnTo Brjpa yia Tnv oAokARpwaon TnG napouaoac doUA&Idc ival n dnuioupyia
M1aC oUAAOYNC OdOUEVWV PEYAAOU HeEYEBOUC amd NPAayhaTikeG oulnTNOEIC PE TIC
KaTaAAnAec enionueiwoelc (labeled dataset). An’ 6co yvwpioupe TETOolad OedopEva
dev undapyouv, aAAd €ival avaykaia yia Tn owoTn kai nAnpn a&ioAoynon Tng pebodou

Magc.
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Eniong, av kal eomidoape o€ O1adIKTUAKA @Opa OTN OUYKEKPIYEVN OOUAEIQ,
EMNBUPOUNE va YEVIKEUGOUWE TOUC aAyopiBuoug pac woTe va epappolovTtal o Kabe
gidoucg diadikTuakn oulnTnon, o6nwc¢ diaAdyoug ota Twitter/Facebook, oxoAia oe
Blogs, d1adikTuakeG kKouBEvTeG (web chats) kAn.

5. Zupgnegpaocpara

>Tnv napouca €pyaocia NPoTEiVANE YIa KAIVOTOUO HEBODO yia TNV €Eaywyn OXEOEWV
dlapwviac/ouppwviac JeETaEU XpnoTwV, akOPa kal 0Tav auTec aAAalouv kabwg n
oulnTnon e&sAiooeral. O1 NPOTEIVOUEVOI aAyopiOpol KAvVOuv XPron anokKAEIOTIKA
OOMIKNG NAnpo@opia nou eEayetal and To AévTpo AnNavTnoswyv piag oulATnong.

H ektevAg a&loAoynon Tng PeBOdOU pag pe ouvOeTIkKA dedopeEva NPOOPEPEI MOAU
€evOappuVTIKA anoTEAECNATA Kal TO €NOMEVO PBRMa e€ivalr piag €niong €KTEVNG
a&loAoynon o€ npaypaTikeg oulnTtnosic. EAniCoupe 0TI n douA&ld pac 6a PnopEoel
va Bonbnosl otnv €dpaiwon TNG XPNOoIHOTNTAG JOMIKWV OTOIXEIWV VIO €PYACIEC O€
OXETIKOUG TOEIG.
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NepiAnyn

H napouoa epyacia anoTeAei pia nepiypa®r Tou oxediaoyoU kal TNG uAonoinong
evog OladpaocTikoU eknaldeuTtikoU naixvidiou Enau&nuevng MpaypaTtikoTnTag,
ME YevIiKO B€pa Tnv AkpornoAn ABnvwv. O okonoc¢ Tou naixvidioUu e€ival TOOO
WYUXaywylkog, 000 kKal eknaldeuTikoG. lMpokelTal yia €va naixvidl yVWOoewvV Mou
BaoileTal o€ 10TOPIEC OXETIKA WE TNV AKponoAn ABnvwv, TIC onoiec Ba npenel va
«OUVOETOUV>» Ol MAIKTEG, 0t ouvepyacia HPETAEU Touc. QOTOCO, TO MAicIO nou
oxe0IA0TNKE MMOPEI va XpnaoigonoinBei kal yia aAAa —eknaideuTika n un- naixvidia.

NEEeIG-KAe1d1a: Enau&nuevn MpaypaTtikotnTa, =xediaon Alena@wv, AladIKTuakn
Epappoyn, EknaideuTikn TexvoAoyia, Wneiaka Maixvidia
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1. Eicaywyn

To avTikeiyevo TnNG napouoac epyaciac sivar n oxediaon kai n avantu&én evocg
d1adIKTUaKOU eknaideuTikoU naixvidiou Enau&énuévne MpaypaTtikoTntac (EM) [1].
To naixvidl naileTar and d0Uo NaikTeg, o€ dUO dIAPOPETIKOUC UNOAOYIOTEC, Ol OMoiol
gival mBavd va Bpiokovral g JIAPOPETIKOUC XWPOUC KAl i0wWC O OIAPOPETIKEC
NOAEIC 1 XwpeG. O1 NaikTeg, €ival duvaTov, va €ival kal dIaPopeTIKNG €OVIKOTNTAG,
KaBoTI napexeral n duvaTtoTnTta emAoync YAwooac. O1 01aB€0iueC YAWOOEC Tou
naixvidiou gival npoowpiva Ta EAANVIKa kai Ta AyyAikd.

To naixvidl ansuBbuveTal kKupiw¢ o naidid AnuoTikoU oxoAegiou. T’ autd Eexel
oxedIAOTEI PE TETOIO TPOMO WOTE va NPOOEAKUElI TO €vOIAPEPOV TwV MNaidiwv ME
APECO Kal anAo Tpono, NAapeEXovTac NOAAAd EAKUOCTIKA ypa@Iika OTOIXEIAd KAl EUKOAQ
KatavonTn avatpo®odotnon. O Baocikdc Tponoc aAAnAenidpaonc TwV MNAIKTWV Kdal
TOU UMOAOYIOTH YIVETAl HECW CUYKEKPIMEVWV XAPTIVWV KAPTWV, TIC OMNOIEC Ol MAIKTEC
“deixvouv” oTnVv KAPEPA Tou unoAoyioTn Toug (webcam). Baoikog yvwuovag yia Tn
oxediaon TNC EpapPoync ATAv ol apxeg EuxpnoTiac.

MpoBean pag nTav n dnuioupyia evog naixvidioU nou Ba PNOPEI va NPoPEPEl Evav
EVAAAGKTIKO TpONO MABNONG O PaABNTEC ANMOTIKOU OXOAEiOU, XPNOIMOMOIWVTAG
VEEG KAl HOVTEPVEG TEXVOAOYiEG, Onwc auTtn Tng EM.

2. OQewpnTIKO UNOBABpPO

H Enau&nuevn MpaypatikotnTta (EM) (A Augmented Reality - AR) agopd ortnv
apeon n €upeon npoBoAn evoc quaoikoU NePIBAAAOVTOC TOU MPAYPATIKOU KOOMHOU,
TOU Ornoiou Ta oToixeia €xouv enau&ndei pe aiobntipia €icodo NPoepXOUEVN ano
UMOAOYIOTR, ONWG NXOG N YPAQIKA oTolxeia. XXeTi(eTal NE Tn YeEVIKOTEPN 10€a MNou
ovopaderal diapecoAaBnuevn npayuaTikotnTa (mediated reality), otnv onoia pia
oyn TNG NPayphaTikoTnTag Tpononolsital (nbavwe iowg Kal va HEIWVETAlI avTi vda
enau&averal) ano €vav unoAoyioTn. Kat’ autdv Tov Tpono, n TexvoAoyia ennpeadel
TNV avTiAnwn TnG NpaypaTtikoTnTac.

O TpoOnog pe Tov onoio n EM xpnoigonoinbnke oOTn CUYKEKPIMEVN €pyaacia sival
MEOw kanolwv €1dikwv patterns (Eikdva 1), dnAadn kdanoiwv HOTIBwV €navw o€
KANoIlo UAIKO, M.X. EKTUMWMEVWV NAVW O Pia KOAAa xapTti. H gicodog Aappaveral
MEOW Miag kapepag (webcam) kal n €€odog, dnAadn n npoBoAn Tng €106dou TNG
€1IKOVAC MOoU unapxel otnv obovn, enau&averal avrikadioTwvTag To POoTiBo auTo ME
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kanoia diodidoTaTn €ikova (Eikova 2).

MITISGETS PREGNANT AND GAIA
PREDICTS SOMETHING BAD

Eikova 1: Pattern oe kapta Eikova 2: MNapadeiyua Enauvgnuévng
MpayuaTikoTNTag e KAPepPa Kai KapTa

Gameplay cival To gUvoAo Twv PeBOdWV NMou XpnoidonoloUVTaAl Yid va €NITEUXOEI
n o1adpaon MWETAEU kaAnolou apiBuoU NAIKTWV Kdl €vog naixvidiou. OpileTal PEOW
TWV KavOvVwV Tou naixvidiou, Tn¢ d1acUVOEONC TOU JUE TOV MNAIKTN, TWV NPOKANTEWV
Nou EUNEPIEXEI KAl TNG NAOKNG TOU.

Baoikeg AEEeic-kA&101a gival:

1.

2.

Qg

H napouacia evdg nepiBAAAOVTOG
H 1kavoTnTa TwV aVvTIKEIJEVWV NOU avAKouVv oTo nepiBailov va aAAalouv.

Kavoveg yia Tnv aAAayn TnG kataoTaong TwV avTIKEIMEVWY, ONwG n B€on Toug,
ME Baon Tnv KaTaoTacn AAAWV AVTIKEIHEVWV | ANOPACEWV TWV NAIKTWV.

O1 avTapoIBEG Kal ol MNOIVEC TWV NAIKTWYV, Ol OMNOIEC NPOKUNTOUV anod TIG aAAayEG
TNG KATAOTAONG TOU naixVvidiou.

O1 NaikTeC va €xouv TNV 1IKAvoTnTa va aAAnAemdpouv PeE TO NeEPIBAAAOV Kal Ta
OTOIXEia Nou BpiokovTadl JEOA OE AUTO.

goBapo naixvidi opileTal eva naixvidl To onoio £xel oxedIAOTEI PME NPWTAPXIKO
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OTOXO AAAOV €KTOC auToU TnG kaBapnc wuxaywyiac. To eniBeto «ocoBapd»
avagQepeTal, ouvnbwe, o€ NpoidovTa nou XpnoigonoloUvTal and Blopnxavieg onwg
aupuva, eknaideucn, enioTnUovikn €€epeuvnon, uyeia, dlaxeipion kivouvou, oxedid
NOAEwv, Pnxavikn, 6pnokeia kal noAiTikA. Ta coBapd naixvidia oxedidlovTtal He
oTOXO va AUcouv €va npoBAnua. MapoT ynopei va €ival dilaokedaoTikd, o KUpPIOG
okonog Toug €ival va eknaldeloouv, va €peuvnoouv N va diapnuioouv. Kanoleg
POPEC €va naixvidl okonmua «Buaialel» oToixeia dlaokeEdAoNG Kal yuxaywyiag
NPOKEIYEVOU va KAvel kanoia cofapn dnAwon. Mia didonun unokatnyopia, ortnv
ornoia evTacoeTal KAl n napouoda £pyaacia, €ival Ta eknaideuTika diadikTuaka naixvidia.

3. MNepiypaen Tou ARcropolis

3.1 Baoikn 18éa

O1 naikTec kaAouvTal va ouvBeoouv padi hia eikovoypagnuevn ioTopia Pe BEua TNV
AkpoOrnoAn ABnvwv. H ouvBeon npaypaTtonoleital TonoOETWVTAC TA KOPHATIA TNC
I0TOopiac oTn owaoTn ogipd, oav nalA. H 1oTopia nou xpnoigonoindnke gival o pubog
TNG Yévvnong Tng ABnvacg kar Tng ABrivag. MeAAovTIka n «nAaTQoppa» 6a pnopei va
d€xeTal onoladnnoTe IoTopida.

3.2 davraocTiKO nAdaicio

O Baoikd¢ pavTaoTIKOC XapakTnpag ival eva «napapubac». O napapubac npoonalei
va dinynOei pia 1oTopia oTouc dUO NaikTeG, AAAG Oev pynopei va Tn BuunBei ocwaoTda.
>TOX0C TwV OUO NalkTwVv (W¢ akpoadTtnplo) €ival va BondRoouv Tov napaupuba va
BupunOei auTt TNV 10TOPIa YIa va punop&oel va Tn dinynBei cwoTa.

3.3 ®daosig Tou naixvidiou

To naixvidl xwpiletal o 2 @Aocsic. H npwTn @aon €ival €va NpokKaTapKTIKO naixviol
To «Rock - Paper - Scissors - Lizard - Spock», To onoio anoTeAsi napaAAayn Tou
naixvidlioU «neTpa - WaAidl - xapTi». H ¢paon autn €xel TpeIC BaocikoUc oTOXOUG:
Na anogaacioTei noiog Ba nai&el NnpwToC, va NPokKANBEi To evIAPEPOV TWV NAIKTWV
ME KATI KaBapd Yuxaywylko, Kal TEAOG Ol NAIKTEG va ANOKTAOOUV WIa NpwTn enagn
hE TNV Enauénuévn MpayuaTikoTnTa.
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Fa vo omogosieoup: nedy 8o oo mpudrog B moifoupe Bvo mongi
Mitpn Wakidn Xapri Taopo Trooe!

Ehed pnd ThOaARIVE Tou yyLadTod Thangrelecd MEnpa ol Xapn!
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Eikova 3: Odnyiec Rock Paper Scissors Lizard Spock

H deuUTepn @daon anoteAei To Baoikd naixvidl. O kKABe naikTnG €xel apxika €& (6)
«{WEC». XTN €KAOCTOTE OEIPA TOU, O KABE NAIKTNG ApXIKA MEAETAEl TIG JIABECIUEG
KAPTEG Kal €nIAEyel TNV KAPTA nou nioTevel OTI ouvexilel owoTa Tnv IoTopia. Av
Kavel AdBog xavel pia {wn, aAAd €xel Tn duvaToTnTa va &avanpoonadnoel auéowe.
Av peivel xwpic Cweg, xavel To naixvidl. EkTOg anod «xpovika» AABoC KAPTEG,
UNApXoUV Kal KAMoIEC «KAPTEG-nayidec» ol onoieg dgv avTIOTOIXOUV O Kavéva
KOMMATI TNG 1oTopiac. Edv eniAeyei pia TETola kApTa and KAMolov NaikTn, TO
anoTéAeopa €ival naAl va xaoel pia ano Ti¢ {wéG Tou.

BB T opy S0u TR M A
Lot ff v o] ok Byt e 1] AR
T T e

Eikova 4: Apxn ARcropolis: Zwég
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Eikova 5: ARcropolis: Avapovr Tou avTindAou

To naixvidl TeAsiwvel OTav KANOIOG NAIKTNG XAoel OAEG TIG (wEG Tou ) OTAv N I0TOpId
OAOKANPWOEI ENITUXWG.

4. Kivntpo

Baoikd kivnTpo yia Tn dnuioupyia autou Tou naixvidlou NATAv TO YEYOVOG OTI
dev katapEpape va Bpoupe €va naixvidl nou va ouvdudalel 6Aa Ta napandavw
XAPAKTNPIOTIKA. OewpoUhe nw¢ n  aAAnAenidpaon pMEOow  Enau&nuevng
MpaypaTikdTNTAc, EVIOXUEI ONUAVTIKA TNV €Pneipia xpnoTtn. EninAgov, n Enau&nuevn
MpayuaTikdéTnNTa, 0 Oouvduaopd ME OTOIXEId Ouvaywviohou, avrtaywviouou,
(pavTaciac kal npokAnong, kKabwg kal To Yeyovog OTI To naixvidl Ppiokeral
oTo J01adikTuo, Ba pnopouce va nNPoosAkUOEl To evOIAPEPOV TWV PABNTWV Kal vda
TOUG KAvel va BEAOUV va OUHPPETEXOUV evepYa o€ auTo.

5. YAonoinon

MNa Tnv uAonoinon Tou naixvidioUu xpnaoigonoinoape To Adobe Flex SDK, oTo onoio
xpnoipgonoiouvtal MXLML kai Actionscript. Eniong, xpnoipgonoinoape PHP, mySQL,
HTML, CSS. TMNa 1o koppaTt TnG Eikovikng MpaypaTtikoTnTag XPnOIKNONoINCAPe TO




npoypappaTioTikd nAaioio (framework) FLARmanager [5]. To naixvidl yia To €T0¢
2012 eival diaBeoipyo oTnv IoTooeAida http://arcropolis.heypano.com.

6. ZxXed1AOHOG

O oxedlaopoc TnG dlenapnc Tou naixvidlou E£yIVE PE yvwpova Twv 10 apxwv
euxpnoTtiac kata Nielsen [2], aAAd kal TwV KAA®V MNPAKTIKWV OTO OXEJIAOWO
epapuoywv yia nepiBaAlovra atunng eknaidsuong [3]. Idiaitepn €ugpaon d0ONKe
oTn MIVIMAAIOTIKN €IKaoTikn oxediaon, kaboTi n andonacn Tng npoooxng Tou
XpNOTN HE ypa@ika oToixeia nou Oev €EunnpeTouv KAmolo okono, Oev nTav
KaTl €nbuunTto. ‘'Onou Kpibnke anapaitnto, d00nke n €Aeubepia oTO XPnoTn va
ENIOTPEPEI O Hia nponyoupevn kataortaon. Mapadeiypatog xaplv, o XpPnoTng,
eEVw BpiokeTal otnv 0B06vn nou npenel va €niAEEEl eva dWHUATIO OTO OMoio ENIOUEI
va nai&el, €xel Tn duvatoTnTa va PeTagepbei niow, otnv apxikn obovn. Qortooo,
and Tn oTiyun nou Oa apyiosl To naixvidl, dev UNOPEI va ENICTPEYEI O KAMOIA
nponyoupevn 0Bovn. MeydAn npoooxn d00OnKe €niong, TO0O OTNV EVNHEPWON TOU
NaikTn OXETIKA PJE TNV KATAOTAON TOU CUCTAMATOC, 000 KAl oTnV anopuyn avaykng
anouvnuoveuong NoAAwV nANPo@opiwv. AuTO ENITEUXONKE NAPEXOVTAC OTOV NAIKTN
Tn duvaTtoTnTa va Bpiokel gUkoAa onola nAnpogopia degv Buuartal. EidikoTepq,
ka®’ oAn Tn didpkela Tou naixvidioUu, undpxel ouvexnc avaTtpopodoTnon yia To Ti
oupBaivel, €10Ika KoUpPnIa Ta onoia NapeEXoUV OTOUG MAIKTEG avaAuTika TIG odnyieg,
kal duvaToTnTa NMPoBOANC TWV KAPTWV Nou £xouv Ndn NaixTei.

O oxedlaopog Tou Naixvidlou €YIVE PE TETOIO TPOMO, WOTE va IKAVOMOIEI Ta KPITNpId
nou TiBevtal and Toug Malone kal Lepper [4] yia Tn Onuioupyia Tou egyyevoug
KIVATpoOU, €0TialovTag KaTa KUplo AOyo OTa NapakdaTw:

MNpokAnon: To ARcropolis {nTa and Toug NaikTeg va AUocouv €va npoBAnua Tou
onoiou Tn Aucon 6a npénesl, o NOAAG onueia, va sikaoouv. H eniTtuxia dev eival
B£Bain, kKaBwc o apiBuoc Twv (wwV €ival NEPIOPICUEVOC.

Mepiepyela: To ARcropolis kGvel Toug NAIKTEG va avapwTioUvTadl yia TV AAOKN
TNG 10TOPIAC KAl YIa TO Nold €IKOvVA Ba €PPAvIOTEl TN CUVEXEIQ.

AvTaywvVviopog kal Zuvepyacia: O1 naikteg cuvepyalovTal yid va «KTioouv» Tnv
I0TOopia, aAAd avtaywvifovTal yia To noiog 6a kavel Ta Aiyotepa Aaoen.
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7. Euneipieg xpnong - A§loAoynon

To naixvidl napoucidoTnke oTa nAaiold TeEooApwV OIAPOPETIKWV OPYAVWHEVWV
ouvedpiwv/ouvedplaoswv: Hpepida Greek ACM SIGCHI (2011), Serious Games
Showcase and Best Practices (2011), Zegupivapio MAnpo@opIakwyv ZUuoTNNATWY,
Tunua MAnpo@opiknc kalr TnAenmikoivoviwv (2011), 3rd IEEE Intelligence
Conference in Games and Virtual Worlds for Serious Applications (VS-Games
2011). ZTa ouvedpla auta dev akoAoubnBnkav OUYKEKPIUEVEG HEB0DOI a&loAdynang.
MNMapoAa autd, To Naixvidl avTIJETWNIOTNKE PE EVOOUOIAONO Kal NEPICOOTEPEG IDEEC
yla enEKTacn», napd Ye napdanova.

e gia anonesipa nio peBodeupévng a&lioAdynong, To naixvidl napouciaoTnKe O€
€€l naidid nAikiac 7 €wg 11 eTtwv oto epyactipio HCIL (Human-Computer
Interaction Lab) oTto University of Maryland, ota nAdioia TnG TakTIKAG EPEUVNTIKNG
dpaoTtnploTnTag «Kidsteam», otnv onoia Ta naidid avTigeTwnidovral ¢
I0a&lo1 oxedlaoTec. H peBodoloyia mou akoAouBnbnke, eival pia €€ autwv nou
oxedidoTnkav oTo idlo To €pyacTnpio Kal anokaAeitalr «sticky notes» kai ortnv
onoia Ta naidid kaAouvTdl va ypaywouv O€ HIKPA XApTAKIa TI TOUG APeEOCE, TI D&V
TOUG Aapeog, Kal KANoleC 10€eC OXETIKA HE To oOXedlaopyo Tou naixvidiou. Ta
XApTAKIa WETA OUAAEyovVTal And TOUC €vNAIKOUG Kal opyavwvovTadl avaAloya, ME
KaTnyoplonoinon n onoia npokUNTel ano Tn BepaToAoyia TwV ANavTnoEwy.

Ta anoteAéopata TnG a&ioAoynong €dsi€av nwc Ta naidid ATav evlouoiaopéva e
TNV 10€a TNG KAPEPAG Kal dev Ta &voxAnoe 1o OTI dev n€epav Tnv IoTopia. Ta
hgovadika onueia duocapeokelag agopouaav TNV EAAEIYN avTapoIBnG WETA Tn AREN
Tou naixvidioU, TNV avagovn HEXP! va anavThnoesl o avTinaAog kal diagopa AAAa
oToixeia TNG dienapnc. Ta naidlid €ixav €niong ApkeTeG 10€eC MoU aAQopouv TN
BeATiwmon Tou naixvidioU, ONWG OUVEPYATIKEC TAKTIKEG N NPOCWMOMNOINUEVEC
EMIAOYEG.
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EikOova 6: SUYKEVTPWTIKOG NivaKAg anoTeAEOUATwV and Tnv agioAoynon Twv naidiov

8. MEeAAOVTIKEG ENEKTACEIG

SUMQWVA MPE TIC E0WTEPIKEC Kal €EWTEPIKEG AEIOAOYNOEIG, MPOTEIVOUUE KAMOIEG
Mmoaveg MPEANOVTIKEG €nekTdoelG. Apxikd, To ouoTnud pag 6a pnopolos va
€nekTabei, €TOI WOTE N 10TOPIA KAl 01 EIKOVEC va anoTeAouv €icodo oTo cUOTNHA Kal
0l NAikTeG va pnopoUv va eniAé€ouv napandvw anod Mia loTopia. Mia onuavTikn
enekTaon 6a ATav n €yeavion kai Twv U0 NAIKTWV o€ KaBe 06dvn, kaboTI auTo Ba
BeATiwve onuavTika TNV €uneipia xpnong kata Tn OIdpKeEId TNG avapoviG. TEAOG,
To naixvidl 6a BeATIwVOTAV onuavTikd av n avranokpion TOUu CGUCTAPATOG OTnNV
EUQAVION TWV KAPTWV PBEATIWVOTAV KAl AV UNNPXaAv MepIocoOTEPa HEOA
avatpopoddTNoNG NPOG TOUG NAIKTEG KAl MEPIGOOTEPOI TPOMOI AvVTAUOIBAG.
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9. Zupnepaocpara

Kab’ oAn Tn didpkela TG avanTtuéng Tou naixvidiou £€yIVE kKATAvonTod TO MOCO
onNMavTikOG €ival 0 MPOOEKTIKOC 0XedIAoOUOC €vOog naixvidioU, nou va ouvoudlel
elxpnoTn Kkal katavonTtn Jdlenagr, va NpokaAei To evdla@EPOV TOU NAIKTN Kdl vd
EXEl TAUTOXPOVA €KNAIDEUTIKO XapakTnpd. And Ta oxOAld Mou ékavav ATtopa nou
enaigav 1o naixvidl, £yIve EUPAVEG TO NOCO ONUAVTIKN €ival n ypriyopn anokpion
Tou naixvidiou. MapatnpwvTag TI¢ avTIOPACEIC KAl TOV TPOMO MOU CUNMEPIPEPOVTAV
Ta Aatopa nou €nai&av To naixvidl, €idape OTI noAAoi dev €divav onuacia OTIC
OUMBOUAEC nou napeixe To naixvidl yia va Toug JIEUKOAUVEI woTe va JlaAEEouv
TN owoTn kapta. Eniong, kanolol and Toug xpnoteg dev diaBalav npooekTika Ta
ovOouaTa TWV KapTwv, adAAd auTtd ouveRn PHovo und ouVvBNnRKeC nieong.
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NepiAnyn

& ApKETA MpoBAANATA IKAvornoinong MNeEPIOPICUWY €ival mBavo va enioKePOoUlE
I000UVAPEC KATAOTACEIC NAvw anod Pia popd AOYwW TWV CUPUETPIWV. Z€ AUTR TNV
gpyacia napouaialovral ol onUAvTIKOTEPEG HeBOdOI didonaong CUMMETPIWV, Ol
OMNoieC €xouv Oav OTOXO va Mnv €€epeuvnBoUlv noTte dUO KATAOTACEIC MoOu Eival
OUMMETPIKA 1000UvVapec. Eniong, enekteivape Tov enmiAuth Naxos [3], €va Yeviko
eMNIAUTA NpoBANUATWV IKAVOMNOINONG NEPIOPIOUWY MOU €ival supuTepa OIABETINOG
0 XPNOTEG-NPOYPAMMATIOTEG, E£10AYyovVTAG O auTOV JUO PACIKEG TEXVIKEG
d1a0nNaonNC CUPMETPIOV. TEAOC, UNAPXOUV PETPNOEIC ANOOOONC YIA TIC OUYKEKPINEVEC
duUo peBOdOUC KAl cupnepaouaTa.

NeEeic-KAeidia: MpoypauuaTiogdc HE  NEPIOPIOPOUC, AIdonNacn OCUMMETPIWYV,
IoodUvapec kaTtaoTaoelg, SBDS, SBDD

\ _ >TapatonouAog Mavayiwtng, Enikoupog Kadnyntng
EmipAenovTec: MoBnTo¢ NikOAaog, Ynown@iog AIdAKTopag
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1. Eicaywyn

O1 ouppeTtpiec gugavifovral otn {wn Pac Pe dIAPOPEC HOPPEC KAl O OIAPOPOUC
Topeic. O1 BewpnTikoi puaikoi 1oxupifovTal OTI oxedov OAol o1 VOPOoI TNG puong
npoEpyovTal and oUphPeTpiec. O1 BIOAOYOI KAl XNUIKOI HEAETOUV TIC OUMMUETPIEG HETA
and Ta PAkKpopopia, TIC XNMIKEC OOMEC, TNV KpuoTaAloypagia kK.d. € OAa autd
€pXovTal va npooTeboUV Ol CUMHETPIEG MOuU NEPIYPAPOVTAl OTNV APXITEKTOVIKN,
aAAd kai os JIAPOPEC HOPEPEC TEXVNG, OnNwc n {wypadikn, N ayyeionAacoTikn, N
HOUCIKN KTA.

e @uTn TNV €pyacia B8a enikevTtpwBoUUE O CUPMETPIEC nMou gugavidovTal OTov
NPOYPAMMATIONO, Kal OUYKEKPIMEVA O MNpoBANUATA IKAVOMOINONG NEPIOPICHWV
oTov KAAdO TNG TeEXvNTAG vonuoouvnG. € AUTEG TIG NEPINTWOEIC N UNApén
OUMPMETpPIAg dev €ival navroTte emBupnTr, KAOwc odnyei o€ 1I000UVAPEC KATAOTACEIC
NPooBETOVTAC KOOTOC O XPOVOo Kal Xwpo. ‘'OTav oToxXo¢ Yag €ival Ta anoTeAéopaTa
nou Oa AdBoupe va €ival diakpITa NeETA&U Toucg (OXI CUMMPETPIKA 1I00dUvapa), ToTe Ba
NPENEl Y€ KAMolio TPONo va JlaonAcouUNE TIGC OUMMETPIEC. AUTO €ival kAl To Baciko
AVTIKEIHEVO MEAETNG paC. Oa nepiypayoupe peBodouc 0O1donaonc OUUUETPIOV
(symmetry breaking) o€ npoBAnuara ikavonoinong nepIopIoHWY.

O1 yeBodol aTic onoiec 6a avapepBboUpEe dIAPEPOUV WG NPOG TO €id00C TWV CUHUHPETPIWV
nou avTIMeETwNICOUV, WG NPOG TN XPOVIKN CTIYHR €PAPHOYNG TOUG Kal wG Npog TO
NOC0O0TO CUMMETpPIAg nou diacnouv. MoAAEC popeg dev pag evOlaPEPEl va onACOUME
KGO oUNPETPia, Nnapa POVOo TOOEC OOEC XPEIAleTal WOTE VA MEIWOOUKE TA XPOVIKA Kal
XWPIKA KOOTN O€ €va IkavonoinTikd nAaialo.

>tnv Mapaypago 2 vyiverar pia napouciacn Twv MpoBAnuaTtwyv Ikavonoinon
MNeplopiopgwyv. ZTnv Mapdypa@o 3 nepiypd@ovTtal ol ONUAavTIKOTEPEG EVVOIEG NAVW
OTIC ZUMMETPIEC, o1 onoiec anoTeAouv Baon yia 6ca 6a avaAuooupe otnyv MNapaypagpo
4 yia TIC dlapopec MeBodouc Aidonaonc ZUMMPETpIWV. XTnVv Mapdypago 5 n
EpIypa®oupe TNV uAonoinon Twv PeEBOdwv SBDS kai SBDD oTtov enAuTty Naxos.
>Tnv Mapaypa@o 6 nepiEXOvVTAl TA AMOTEAECHATA TWV HETPAOEWV aAnodoong Twv
0Uo auTwv MEeBOdwWV Kal, TeAog, oTtnv Mapaypago 7 KAegivoupe ME kdanoid
oupneEPAoHATa Nou agopouv TNV anddoon auTwyv TwV PJEBOdwWV Kal Tn XpNnoidoTnTd
TOUG.
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2. MpoBAnpaTa iIkavonoinong NEPIOPICHMV

2.1 OpIoHOG

Tunika, €va npoBAnua ikavonoinong nepiopiouwv (constraint satisfaction problem -
CSP) opiCeTal and [4]:

e &va ouvoAo petapAnTov X = { X7, X5, ..., X, }
e yia kaBe peraBAnTn X; €va pn kevo nedio (domain) D; Twv duvaTtwV TIHWV TNG

e &va ouvoAo nepiopicpwv C = { C;, Cy, ..., C, ). KaBe nepiopiopog dpa oc
€va oUuvoAo S € X «karl kaBopilel TOUC EMITPENTOUC OUVOUACHOUC TINWV MOU
hgnopouv va napouv ol HETABANTEC MoOuU avrnkouv oTo S.

Mia kardoraon (state) Tou npoBARuaToG opileTal Ye avaBeon TIMWV O KAMOIEG
and mig petapAnteg, {X; = v, X; = v, ..} . Av pia avabeon dev napapiadel
Kavévav ano Toug Nepiopiopouc, ToTe ovoualetal ouvenncg (consistent). Mia avaBeon
nou nepiAapBavel OAeg Tic NeTaBANTEG ovoualeTal nAnpng. Auon Tou nNpoBARNATOC

IKavonoinong NepIopIoUWY €ival hia nAfpNG, ouvenng avadeaon.

2.2 To npoBAnua Twv N BaciAicomv

To npoBAnua Twv N BaciAioowv eykeiTal otnv Tonobétnon N apiBuou BaciAlcowv o€
d1aPopeTIKEG B€oeIg piag okakiépac N X N , Je TETolo TpONo woTe Kapia BaciAiooa va
MNV aneiAei kanola aAAn, dnAadn va punv BpiokeTal o idla ypapun, otnAn n diaywvio.
AG TO POVTEAOMOINCOUNE WG NPOPBANMA IKavonoinong nepiopioywyv. ©a éxoupe N
METABANTEG, Wia yia KAOs ypapur TNG OKAKIEPAG KAl 0UCIaoTIKA yia kaBe BaciAiooa:

X = {Xl,Xz,...,Xn}

To nedio TINWV KABe PeTaBANTNG €ival OAEG ol NIBAveG GTAAEG OTIG OMNOIEG MNOPE va
TonoBeTnBei N BaciAiooa TNG CUYKEKPINEVNG YPAMKNAG:

Vi D;={1,23 ..,N}

Av npoogEoupe, 0 TPOMOC Nou povTeAonoinoape To npoBAnua dev eniTpenel duo




- MeBodor Aidonaonc SupueTpiwV yia MpoBAnuara Ikavonoinong lMNepiopiou@y —

KaAAippon Aoyavn

Baoihiooec oTnv idla ypauun, agou kKAbe ypauun onuaivel diapopeTikn BaciAiooa.
Apa ol NEPIOPIONOI NMou NpEnel va BAAOUME €ival va PNV undpxouv BaciAiooec oTnv
idla oTAAN 1 otnv idia diaywvio. MNa va pnv €ivar otnv idia otnAn Baloupe Tov
NEPIOPICHO:

Xi#X;, Vi, j=1,..,N kari<j
Ma va unv unapxouv BaciAiooeg otnv idia diaywvio BAloupe TOUuG NEPIOPICHOUC:

X;j+i#X;+jka X;~i#X; -j, Vi, j=1,..,N ka1 i <j

3. ZUMMETPIEG

3.1 ZuppeTpieg oTo NpoBAnpa Tov N BaciAicomnv

>70 NpoBAnua Twv N BaciAioowv av Oev eEAAEIWYOUNE TIC CUPUETPIEG, Yia KABs Auon
0a gu@avifovtal kAl OAEC Ol CUMMHETPIKEG TNG OTO OUVOAO TwV AUCEwvV. Moleg gival
OMWC Ol CUMMETPIEG 0TO OedOoPEVO NMPOBANUA;

YNAapxXouv OUVOAIKA OXTW CUMMETPIEC 0TO NPORANUA, CUNMNEPIAQUBAVONEVNC KAl TNG
TAUTOTIKNC OUpMETpiac (identity symmetry) n onoia agryvel aprvel KGBe OnUEIo EKEi
nou BpiokeTal. MNopoUUE va NEPIOTPEYOUHE TO OKAKI Katd 90, 180 kai 270 Hoipeg
HE KaTeuBuvon id1a PeE TwV JEIKTWYV Tou poAoyiou. Eniong, undpxouv ol CUPHETPIEC
Y10 TIC avTavakAAoEeIC w¢ Npog Tov kadeTo agova, Tov opifOVTIO KAl WG NPOC Toug dUo
dlaywvioug a&ovec.

3.2 OpIoHoi CUHHETPIAG

Ynapxouv dUO0 €1dwV OPIOUOI TNG CUMMPETPIAG: auToi nou opifouv OTI N CUMHETPIA
evtonileTal oto oUVOAO AUCEWV Kal auToi nou opilouv OTI N CUMMETPIa PNopei va
avayvwpioTel oTNV KAataoraon Tou NpoBAANATOC, XWPIC OMWG va To AUVOUV. AUTECQ
ol OUO MEPINTWOEIC AVAPEPOVTAl AVTIOTOIXA WC OUMMETPIa AUCEWV Kal CUHMPETpIa
npoBAANATOG.

AuUo Baoika €idn oUPMETPIAg AUCEwWYV €ival N CUUKETPIa HETABANTWY Kal N CUMMETPIA
TIHWV. H npwTn ouclaoTika avaQEPeTal o€ PETABEDEIC PETABANTWY, EVW N OEUTEPN
dlatnpei Tn 01aTaén Twv PeETABANTWV Kal PHETABETEl TIG TIMEG Toug. OI nio €nionuol
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oploloI gival ol €ENG:

Opiopoc 1 (ZuppueTtpia MeTaBAnTWV):

H ouppeTpia peTaBANTwWV €ival yia au@igovoonuavTn ouvaprtnon 6 nou avTioTolxilel
MeETaEU TOug Toug OEiKTEG Twv METABANTWV €TOI woTe av n X; =d;, .., X, = d,
anoTeA&i AUon Tou NpoBANUATOC, TOTE KAl N Xom= dy, ..., Xom= d, €ival eniong
Auon.

OpIoHOC 2 (ZuppueTpia TIHWV):

H oupueTpia TIHOV  €ival i @U@IJOvVOONPAvTn  ouvaptnon ¢ nou
avTioToIXiCel METAEU TOUG TIG TIMEG TwWV METABANTWV £TOI WOTE av N
Xy =d;, .. , X, = d, anoteAei Auon TOou npoPAnuaTog, TOTE KAl N
X;=o0(dy), .., X,=o0(dy,) eival eniong Auon.

MapakdTw akoAouBoUvV ol OPIoHOI TNG CUMPMETPIAC AUCEWV Kal TNG CUMPHETPIAC
npoBANNATOC ONWG NEPIypagovTal oTo [6]:

OpIoHOG 3 (ZUPUETPIa AUCEWV):

H ouppetpia AUocewv e€ival pia PeTaGBeon Tou OuvoAou Twv (euyapiov
<METABANTA, TIHA> n onoia diaTnpEi To GUVOAO TwV AUCEWV.

OpICHOG 4 (ZupueTpia NpoBARUATOC):

H ouppeTpia npoBARuartoc eival pia PeTabeon Tou ouvolou Twv (euyapiov
<METABANTA, TIHA> N onoia diaTnpei To cUVOAO TWV NEPIOPICHWV.

4. AAyopiOpoI 31a0NACHG CUHHETPIMV

O1 aAyopiBuol didonacng cuppeTpiwv (symmetry breaking) xwpilovtal o€ TpeIg
Baolikeg kaTnyopieg: avadiaTunwaon Tou NpoBARKATOG, NPOCONKN NEPIOPICHWY MNPIV




TNV avalnTnon Kal npooBnkn nepiopioywy kKata tn didpkela Tng avalntnong (dynamic
symmetry breaking).

4.1 Avadiatunwon Tou npoBARHATOG

H povTtelonoinon Tou npoBAnuaToc emdpd o€ peyado LabBud oto ndoo
anoTeAeopaTika 8a AuBei To npoBAnua (KkO6oToG 0 XwpPo Kal Xpovo). H avadiatunwon
Tou NpOoBANMATOC PE Hia OIaPOpPETIKN HovTeAonoinon nailel Bacikd poAo yia Tn
d1Gonacn TwV CUMMPETPIOV. AlaQOPETIKA HOVTEAA ToUu idlou NPOoBAANATOC KMOpPEi va
E€XOUV OIApPOPETIKEC CUPHETPIEC ANO TIC OMOIEC KAMOIEC WMOPEl va €ival nmo €UKOAO
va TIC XEIpIoOTOUV and O,TI KAMOIEC AAAEG. & €EEIDIKEUMEVEG MEPINTWOEIG, AAAN
hgovTeAonoinon pnopei va s€agavidel evTEAWC TIC CUMMETPIEC, EVW O AAAEC AanAd va
MEIWVEI TN CUUMETPIA O onuavTiko Baduo.

4.2 MpooONKN NEPIOPICH®V NPIV THV avalnTnon

& auTtni Tnv kartnyopia ol peEBodol didonaocnc CUMMPETPIOV MNEPIAAPBAVOUV TNV
npooBnkn Kanoiwv NEPIOPICUWV NpPIV apxioel n avalnTnon yia va €€apavioTouv ol
oupueTpiec. O1 vEol auToi NepIOpPIOUOi Ba Pag ENITPEWPOUV va EXOUPE OTNV KAAUTEPN
nePINTWOoN POVO Hia AUon ano Kabe oUvoAo 1000UVANWY CUPHETPIKWV AUCEWV.

Mia TeTola HEBODBOC €ival N «Lex-Leader» [2], n onoia apopd CUUHPETPIEG HETABANTWV.
H Baoikn Tng 10€a €ival 0TI OIAAEYOUE HIA CUYKEKPIPEVN dIATAEN Yia TIG HETABANTEG
Kal NpooBETOUNE NePIOPIOPOUG Yia va eEac@aAiocoupe OTI N TeAIKn Aucon Ba sival
AEEIKOYPAPIKA HIKPOTEPN and onoladnnoTe CUUKETPIKA avadiaTagn Twv HETABANTWV.
MNa napadsiyha, av €XOUKE KIa GUPHETPIA NOU avTIoTPEPEl TN O€Ipd TWV PHETABANTWV
kal avTigTolXiCel To X ; 010 X ,,_;,7, TOTE NPOCHETOUNE TOV NAPAKATW MEPIOPICHO NMOU
dlatnpei TN Ae€ikoypa@ikn d1aTagn:

[ X1, s Xn ] S gex [Xn, 0 X1 ]

onou < ., OUMBOAICel TN axeon Aegikoypapikng diaTagng.

4.3 AuvapikéG HEBODOI 31G0NACNG CUHHETPIOV

O1 duvapikeg peEBodol didonaonG CUMMETPIWV MNPOCOETOUV NEPIOPIOUOUG KATA TN
dlapkela Tng avalntnong. O1 aAyopiBuol SBDS kal SBDD e€ival duo Bacikeg pebodol
MoU avnKoUVv O€ AUTn TNV KATnyopia kai €ival auteg nou uAonoinoaue otov Naxos
Solver oTa nAagioia TNG NTUXIAKAG.
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SBDS:

H peBodog SBDS (Symmetry Breaking During Search [7, 10, 11] ) otnpileTal oTo
€€Nc: apou €xoupe oniocBoxwpnosl and kamoia avabson TIUNG O PeTABANTH, Oa
aQaipECOUPE ano To NEJI0 TINWYV TNG HETABANTAG OXI HOVO TN OUYKEKPIMEVN TIUN, AAAG
av eEakoAouBei va unapxel CUPKETPIa, O6a apaipECOUNE KAl T CUMMETPIKN 1000UvVaun
TNC YIA TN OUYKEKPIYEVN CUPHETPIA. H pEB0dOGC auTr) anoTeAEl Yia duvaudikn TEXVIKN,
KaBwc¢ dev PNopoUUE va NMPOCOECOUUE MEPIOPIOPOUC PEXPI va AngBei pia anogaon
oTtn didpkela TG avalnTnong.

'EoTw OTI BplokOpaoTE O€ £va onueio otnv avaliTnon, onou A €ival n Yepikn avadeon
NMou €XEI YIVEI JEXPI OTIYUNG KAl OEAOUNE va TNV ENEKTEIVOUPE Pe TNV anodgaon. lMNa
KABe ouppeTpia g Tou NPOPBANPATOG NPOCOBETOUNE TOV NEPIOPICHO:

A&AY &var+val = (var # val)?
(Ms A 9 oupuBoAilouue TIC avaBeoeic nou Ba ndpouue av oTic avaBsoeic A spapudoouus
oupuETPIa g).

AUTOC O MEPIOPICPOG OUCIACTIKA ONMAivel NwG av 1IoXUouv KAnoleg avabeoslc Kal
TAuTOXPOVa I0XUOUV Kdl Ol CUMMETPIKEG TOUG WG NPOG TN oUMpEeTpia g (dnAadn 1oxUel
AY), av apaipéow and Tn peTaBAnTA val TAv TIPA var 6a npénel va apaipéow Kai To
OUMMETPIKO Tou val = var.

SBDD:

H upéBodog SBDD (Symmetry Breaking via Dominance Detection [8, 9])
eAEYXEl KABe kOPBo Tou O&vTpou avalATnong yia va Ol av €ival OUPHETPIKA
I000UVAPOG WE KAnolo AaAAo kOuBo nou €xel ndn e€epeuvndei kar o€ auTth TNV
nepinTwon de&v €nekTeivel AAAo Tov KOPBo. Me aAAa Adyia, xTidovrag To JEVTPO
NPoonaboUPe va €VTOMNIOCOUME HMOVOMATIA MOoU anoTeAoUV CUMMPETPIKA 100dUvapda
Non €€e€peuvnUEVOV HOVONATIWV KAl va TAd ANoKOWOULE.

>Tn ouvéxela Ba pac xpelaoTouv KaAl ol NapakdATw OPICHOI:

Opiopoc 5 (No-good):

O kOpBog v €ival €vag no-good Tou n av undapxel Nnpoyovog n, Tou n, O v €ival To
apioTepo naidi Tou n, KAl o v dev €ival Nnpoyovog Tou n.
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OpiCoupe wg 6(n) To OUVOAO TwWV aAnNoPACEWV OTO PovondaTti and Tn pida PEXPI TOV
KOuBo no-good. Mpagpoupe A(S) yia To oUVoAo Twv JeUyapiwv v; = @; yla OAEG TIG
METABANTEG v; Nou oTo Nedio TIHWV TOUG EXEI PEIVEI JOVO [Ia TIMN.

Opi1opo¢ 6 (Kupiapyia):

AEUE NWG €vag KOPPBOG n KuplapxeiTal av undpxel evag no-good KOUBOG vV Tou n Kal
HIa CUPHETpPIa g €TOI WOTE (5(1/))*9 C A(n). TOTE 0 V KUPIAPXEI NAVW OTOV N.

5. YAonoinon Towv aAyopiOpwv SBDS kai SBDD oTov eniAuTi
Naxos

O emAUTAC nNpoBANUATWYV IKavonoinong neplopiopwy Naxos KATAOKEUAOTNKE ano
Tov N. MoBnTO oTa nAaiola Tng OIKNG Tou NTUXIakNG epyaciac [1]. MpokeiTal yia
hia BIBAIOONAKN nou pnopei va xpnoipgonoin®ei yia va AuBouv npoBAANATA HEOW TOU
NPOYPAMKATIONOU PE NMEPIOPITHOUC.

H avaliTnon otov Naxos uAonolgiTal yeoa ano Toug oToXouG. H auvnBng AciToupyia
€EVOG OTOXOU €ival va npokaAei Tnv avadeon diag TIUAG o€ pia peTtafAnTn N Tnv
agaipeon kanolag TIMAG ano To nedio TnG. Av katd Tn didpkela TnG avalnTnong
agalpebolv OAec ol TIHEG and To nedio kdanolag PeTaBAnTnNG TOTE O EMIAUTAG
avaAauBavel va akupwaoel TOUGC OTOXOUG nou odnynoav oTnv anoTtuyia kal va
ENAvVaQEPEl To YPAPO MEPIOPICHWY OTNV NponyoUlevn KataoTaaon Tou. Eniong, evag
OTOXOG €X€l TN dUVATOTNTA va €NIAEEEI TNV €NOMEVN WETABANTA oTnv onoia Ba yivel
avabeon, n, Kata Tov TEPUATIOKO TNG EKTEAEONG TOU, va OnMIOUPYNOEl evav AAAo
OTOXO.

5.1 Symmetry Breaking During Search (SBDS)

To MAEOVEKTNMA ME TO PNXAVIOWO OTOXWV, MOU avagEpape napandvw, eivar OTi
hunopoUUE va kaTeubuvoupe TNV avalnTnon €kei nou BEAOUNE XWPIC va XPEIAOTEI va
ENEPBOUNE OTOV TPOMO NOU EKTEAEITAI, 0 onoiog ival oTaBepdg aveEapTnTa KE TO TI
EMOIWKOUKE ano auTn. MNa va ekPeTaAAeuToUUE auTd TO YEYovOog, aAAd Kal yia va
akoAoubBnooupe 1o NveUupa Tou Naxos Solver, oTnpi€ape TNV uAonoinon Tou SBDS
O€ OTOXOUC.

dTia€ape ToOUC dIKOUC paAC OTOXOUC, Ol onoiol €ival ungvuBuvol yia Tn didonaon




OUMMETPIWV. Eidape 0TI 0 SBDS o6tav ano@acilel va apaipeBei pia Tiun anoé kanoia
METABANTH, €AEYXElI av UMNAPXOUV OUVONKEG CUMMETPIAC wOTE va agalpebei kal n
OUMMETPIKA TNG. OuoiaoTika npocBeTEl UNOOUVONKN MEPIOPICHOUC. To OUOKOAO
KoduaTi ortn OIKA pag uAonoinon nATav OTI 0gev WMoOpoUcApe va MNPocOECOUNE
TETOIOUG NEPIOPIOUOUG, KaBwg n ulonoinon Tou Naxos Oev ENITPEMNEl VEOUG
neplopioyoUuc anod Tn oTiyun nou E&ekivael n avalntnon. Autd onuaivel nwg av
n ouvebnkn Tou neplopicpou A; & A,-g & var; # val = (var; # val ) 9 3dev nrav
IKAVOMOINCIYN €KEiv TN OTIYMA nou &ekivoUuoe va 1oXUEl 0 NEPIOPIOPOC, WOTE Vda
BEooupe kaTeuBeiav oav OoTOXO TNV APAipEON TNG CUMMETPIKAG TIMAG, Oa &npene
ME Kkanolo TPOMo va anoBnkeUOUME TN OUVOAKN Kal va €AEYXOUME MANWG
npaypatonoin®ei nio katw oTo devTpo avalnTnong. AuTO TO KAVAPE €XOVTAG Evav
01001a0TaTo Mmivaka onou oTtov 1o nivaka KpaTtayaude MOIEG TIMEG EXOUV apalpebeEi
and Tnv 1n petaBAnTn kai xpelialovral €AEyXO0, OMOIWG OTO 20 nNivaka MoIEG
TIMEG €XOUV a@aipebei and Tn 2n peTtafAnTn k.o.k. To A; deixvel noieg avabeaelq
TIHWV €XOUV Yivel PEXPI TNV avadeon TnG MeTaBANTAG i. ZTIC NEPINTWOEIG MOU Ol
METABANTEC OEV NAipvoUV TINN ME TN O€Ipd, KABWC EXOUME Nel Nw¢ o SBDS ggBeTal
TN o€Ipd enmAOYAG METABANTWV Kal TIHWV Twv OIAPOopwV EUPETIKWY, Oa npeEnel
va KPAaTApe KANou Tn O€ipd HWE TNV onoia nnpav Tihn ol petaBAnTéG. 'OTav
TeEAIKG evTonifape nmio kKATw oTo OEVTPO va IoXUEl N ouvlnkn, anAd agaipoUcape
KaTeubeiav TN CUPHETPIKA TIWA. YANpXav kal aAAa 6€uaTta nou avTIJETWNIoAPE KaTa
TNV uAonoinon Tou SBDS oTto Naxos, n.x.:

e TI YiVETAI OTIC MEPINTWOEIC Nou €€aiTiac TNG d1adoonG NEPIOPICHWYV PEVEI HOVO
HIa TIPN O KABg peTaBAnTn Kai o €NIAUTAC ePpavilel auTEC TIC TIMEC oad Auon
npiv npoAdBoupe va eAeyEoupe av undpyxel CUPHETPIA

e OTav yiveTal d1adoon NEPIOPICUWY Kal apaipouvTal TINEC and WeTaBANTEG, Ba
npenel va apaipedouv Kal ol CUPPETPIKEC TOUC O OUVONKEG CUPHETPIAC;

5.2 Symmetry Breaking via Dominance Detection (SBDD)

H uAonoinon Tou SBDD c€ival kal autn Baciopévn o€ oToxouc. Mpiv BEooupe oa
oTOXO TNV avabeon kanolag TIMNG O€ MPETABANTH, KAAOUPE Mia ouvdprtnon yia
eAeyxo kuplapyxiag, dnAadn eetaloupe av o KOUPBOG oTOV Onoio BPICKONACTE €ival
I000UvVapog WE Kamolov nou &€xoupe nNon e€epeuvnoel. Av 1oxUel auTo, TOTE aAnAd
0 OTOXOGC NMOU EMNIOTPEPOUNE €ival va agalipebei autn n TIUR ano Tn PeTaBAnTn,
01aKONTOVTAC TO OUYKEKPIMEVO PovonaTi, Kal va doKIJWAoOOUME Kamnola aAAn Tiun yia
auTtn Tn MeTaBAnTn.

To 101aiTEPO O AUTO ToV AAYOPIBUO ATAV PE Molo TPONOo Ba KpaTAUE Toug KOPBOUG
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nou £XoUde NON €nioKePOEei, ol onoiol xpelalovTal yid va EPApPOCOUNE OTN OUVEXEID
ToV eAEyXO KuplapXiag. To va anobnkeUoupe OAOUG TouG KOMBoUC dev ival kaBoAou
anodoTiko and anown Xwpou. AuToi nou XpelaleTal TEAIKG va anoBnkeUoU e €ival ol
KOMBOI no-good, dnAadn ol pilec NANPWG EEEPEUVNHEVWV UNOJEVTPWV.

>Tov €mAUTH Naxos TO OUYKEKPIPMEVO BEpa NTAv AdpkeTd anAd va uAlonoindei Adyw
Twv JeTaBANTWV NsIntVar (Aképaisc nepiopiouévee UETABANTEC NENEPACLEVWV NEdIWV),
Nou unakoUOoUV OTOUC KAvOVeg TnG onioboxwpnong. MNa va kpatdpe Toug no-good
kKOuBouc pTIGEape €va dikd Pag oToxo, 0 onoioG agou agaipouos kanoia TiPn ano
kanoia geTaBAnTn, TNV anoBnKeue o €vav nivaka Pe JeTaBAnTEC Tunou NsIntVar.

6. MeTpnoeic anodoong Twv SBDS ka1 SBDD

Epapudoape TIg peBOdoug SBDS kai SBDD oe dUo npoBAnuara ikavonoinong
NEPIOPICUWY NOU gU@avifouv ouppeTpia. Ta anoTeAeopaTa ATav napopoia kal oTa
OuUo. Epeic €dw 6a eEeTacoupe povo To npopAnua Twv N BaoiAioowv. ©a doUpe NOCo
HEIWONKAv ol AUCEIG JE TOV AMNOKAEIOMNO TWV CUMMETPIKWY, B6a KAVOUUE OIAPOPEC
METPNOEIG OXETIKA UE TO XPOVO KAl TOUG KOUPBOUG Kal Ba CUYKPIVOURE Ta anoTeAETUATA
HE To anAd Naxos Solver nou d€ xpnoiponolei kanoia YeBodo d1Idonaong CUUHNETPIWV.
Eniong, 6a kavoupe kai pia ouykpion HETA&EU Twv dUo PeBOdwWYV NMou UAOMOINCANE Yia
va doUpe av napouaialouv kanoia diagoponoincon oTa anoTeAEgUaATa.

O Mivakag 1 pac deixvel Tov apiOpo Twv AUcewvV yia diagopa N oTnv NepinTwaon nou
dev epapuoleTal kanolog ailyopiBuoc didonaocng CUPHETPIOV KAl OTNV MNEPINTWON
nou epapuodoape kanoiov ano Toug SBDS kal SBDD (o api®uog TwV PN CUPHETPIKWV
AUoswvV €ival o id10¢ kal oTIg dUo PeBOdoUC). MNMapaTnpoUpe OTI 01 AUCEIC HEIwOnKav
o€ peydalo Babuod. EdIka yia peyaAa N BAENoupe OTI KATAQPEPAPE va anopUYOUHE
KAnola €KATOPUUPIa CUPHETPIKEG AUCEIG, Ol onoiec BERala au&avovTal ekBeTIKG 000
au€averal kai 7o N.

D D J DD
4 2 1
5 10 2
6 4 1
7 40 6
8 92 12
9 352 46
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10 724 92
11 2680 341
12 14200 1787
13 73712 9233
14 365596 45752
15 2279184 285053
16 14772512 1846955

MNivakag 1: ApiBuodg AUoewv oto npdpAnua Twv N BaciAioomyv yia diapopeg Tinég Tou N otnv
nepinTwaon nou dev €Xoule d1IACNACN CUHMHETPIWV KAl, AVTiOTOIXd, OTNV NEPINTWON NOU £XOULE.

2710 ZxNHWa 1 BAEnoupe TO OXedIAypaupa Xpovou yia Tic duo peBddoUC Kkal yia To
anAo Naxos. O1 diapopec apxifouv kal yivovralr evrtova aiodnteg yia N > 13.
MapatnpouUpe OTI KePdilouhe OVTWG kal oe Xpovo. Kai ol dUuo peBodol nou
UAOMOINCAPE EXOUV HIKPOTEPO KOOTOG O XPOVO, KATI MOU NTAV AVAPEVOUEVO KABw(
a@alpwVvTag CUMHETPIKA 10odUvapa povondaTia MHEIWVETAl 0 Xwpog avalnTnong.
'Oco au€avetral To N, 1600 nio aicOnTn yiverar kar n diagopda. And N = 15
napatnpoupe pia diagopd kal oTto Xpovo Twv dUo aAyopibuwv. MNa N = 16 10
anAo Naxos kavel nepinou 32 Aentd, o SBDD 17 Aentd kai o SBDS 13 Aentd. Av
OKEPTOUHE NW¢ OouAguouv ol dUo hEBodoI Ba pnopecoupe va KAaTtaAdaBoupe nou
opeileTal aut n Ola@opd. O SBDS evtonilel CUPPETPIKA 1000UVANOUG KOMBOUG
Kal TOUC aalpei Nplv TOUG €nIoKEPTEi. AvTiBeta, o SBDD npwTa €NIOKENTETAI
Tov KOMBO kal av O&l OTI €ival CUPUETPIKA 1000UVANOG ME KAMNOIOV Mou €XEl Non
e€epeuvnBei, TOTE anokoOnTeEl TO MovondTi. Apa agouU EMICKENTETAl AIlYOTEPOUG
KOMBouG €ival Aoyikd yia peyaAa N va undapyel dia@opda oTo XpOovo.

To XZxnAua 2 nou deixvel Tov aplOud Twv KOMBWV pag sniBeBaiwvel 60a sinape yia
TOuG kKOMBouc. O SBDS @aiveral va €xel otabepd AlyOTEPOUG KOHUBOUG. ‘Ouwc Kal
ol dUo pEBODBOI B1A0NACNG CUPHETPIOV EMICKENTOVTAl ELPAVWC AlYOTEPOUG KOUBOUG
and o,Ti av dev e@appolape kanoia HEB0dO. 'Onwc NON ava@EPAPE, 0 XWPOG
avaldnTnong €ival NoAU HIKPOTEPOC.
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ZxApa 1: Sxediaypaupa Xpovou (sec) —N yia To anAo Naxos, Tov SBDS kal Tov SBDD yia 1o
npopANua Twv BaciAlocowv. Xpnoigonoindnke ensEepyaotng Intel i5, 3.3 Hz, 4GB pv

ZxApa 2: >xedidypappa ApiOuoc kouBwyv — N yia To anAd Naxos, yia Tov SBDS kal yia Tov SBDD
yla To NpoBANua Twv BaciAicowv.
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7. ZupgnepAacpara kal HEAAOVTIKEG KATEUBUVOEIG

3Ta nAdiola TNG NTUXIGKAG MeAeTnoape di1dgopouc aAyopiBuoug didonaong
OUMMETPIOV KAl €NIKEVTPWONKAWE KUpiwg oTtou¢ SBDS kai SBDD, Toug onoioug
uAonoifnoaue kal otov enmAUTh Naxos. Ano TIG YETPAOEIGC NOU KAVAME yia TIG dUO
auTEC NEBODOUG €idape OTI HEIWVOUV O PeyaAo BaBud To Xxwpo avaldntnong, Kadbwg
Kal To KOOTOGC 0t€ XpOvo. AnO TIC iDIEC PETPNOEIC DIAMIOTWOAUE OTI yia HEYAAEQ
TIMEC €1000wV (ONAAdR NEPIOCCOTEPEC CUMMETPIKEG AUCEIC), o SBDS @aiveral va
gival kaAUTtepog and Tov SBDD, kabwg £xel KAAUTEPA ANOTEAEONATA OE XWPO KAl
XpOvo. Q0TO00, HNOPOUKE VA GUHNEPAVOUNE OTI ol dUo PEBODOI dev anexouv TOOO
noAU heTa&l Toug. Kal o1 dUo npoonabouv va evToniocouv CUHPMETPIKA 1000UVAHOUG
KOMBOUC Kal va Toug anokowouv. H povn ouaciaoTikn diagopd, n onoia npokaAei
Kal TIG d1apoponoINCEIG oTa anoTeAEgaTa, eival 0TI o SBDD nepipevel va @TAcEl O€
€va KOMBO yia va eAey&el av €ival OUPPETPIKA 1000UVANOC HE KAMOIOV AAAO, EV®
o SBDS Tov evTonilel kal Tov anokonTel vwpiTepa. Av €EAIPECOUE AUTO TO AENTO
onueio, 6a pnopouaoape va noUpe OTI hia uhonoinon Tou SBDS €ival ouolaoTika Hid
uAonoinon Tou SBDD kal avTioTpo@a.

Ynapxouv diapopa Oepata Ta onoia dev Ta €€sracape. MNa napdadeiyya, oTtav o
apiOuoC TwV CUMMPETPIOV €ival peydlog ol SBDS kai SBDD diatnpouv Tnv idid
oupnepIpopa; e auTthn TNV NeEpiNTwon €ival noAUu mBavo o SBDD va e€ivar nio
anodoTIKOC AOYw TNG anAoTnTAc Tou.

KaTti aAAo nou 6a pnopouoce va PeAETNOsEi gival o ouvduaopog d1apopwy PHeEBOdwWV
didonaong OUMMETpIOV. Av To npoBAnua eival katdAAnAo, 6a ATav KaAUuTepO
va NpooBEcoUNE KAMOIOUG MEPIOPICUOUC MOU va ONAve KAMNOIEG OUMMETPIEC npiv
Eekiviooupe TNV avaliTnon Ye Touc SBDS kal SBDD.
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H epyacia auTthl aoxoAesital pge Ta (elyn ONUOCIEUOEWV €PWTNONG - ANAVTNONC
nou ep@avifovrtal og online fora. MapouoialeTal éva ouoTnua Pe OUO AEITOUPYIEG:
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1. Eicaywyn

O1 online nepioxéc oulntnong (forum) anoTeAoUv ONUAVTIKO KOMWATI ToOU
naykoouiou 1otou. O apiBudc Twv PNVUPATwV nou dnuooievovtal o€ didgopa
fora eivar TepdoTioC. Zkond¢ TNG €pyaciac auTng e€ival va €eKPETAAAEUTEI Tnv
unapxouoa yvwon evog forum kal va napexel APeca kKAl auTopaTonoinuéva
anavTnoeIG O€ VEEG EPWTNOCEIG Nou dnuoaigvovTal. To NpoBANUa PMAOPEI va XwPIoTEI
oc OUO @Aaocsic. ApxXIKG NpENEl va avayvwpliotouv kal va e€axBouv Ta Celuyn
EPWTACEWY — aAMNAVTACEWV Nou undpyxouv nNdn ONMOCIEUMEVA. TNV OCUVEXEIQ,
npEnel va napakoAouBeital To forum kal JOAIC EU@AVIOTE WIa Kalvoupia €pwTnon
nou &xel Ndn anavTtnOei, va yiveralr autopaTta n KkatadAAnAn dnuoacisuon.

O1 ouyypageic TnG epyaciac [1] napoucialouv pia peBodO yia TNV avayvwpion
EPWTNOEWV Kal TWV anavtnoewv Toug ot online fora. MNa Tnv avayvwpion
TV epwTnoswv Pacifovtal orta Labeled Sequential Patterns (LSP) [2]. Ta Tn
ouvdeon EPWTACEWV KAl anavTnoswV MpPoTeivouv €vav aAyopiBuo 81adoong okop
navw o€ &va ypago Twv dnuooieuoewyv. Ta apxika okop unoAoyifovtal e Baon T0
MovTeAo Query Likelihood i To KL-Divergence. O1 gpyaoieg [3], [4] avTigeTwnilouv
avTioToixa npoBARpaATa, ONWC avayvwpion EPWTACEWY — ANAVTHOEWV O PnvUuuaTa
NAEKTpoVIkoU Taxudpopeiou. Kal OTIC TPEIG AUTEG €pyaadieg, yiveTal xpnon evog SVM
Ta&vounTn yia TNV avTioToiXNoN EPWTNOEWY — ANAVTAOEWV.

To oluoTnua nou napouadidleTal oTnv napouca epyacia dnuioupynbnke Pe okonod
TNV €pappoyn Tou oto forum Tou pabnuatog «Eicaywyrn otov MpoypauuaTioyo»
Tou TunuaTog. MpokeiTal yia To npwTo (oTo Badud nou eival duvaTtd va yvwpilw)
OAOKANPWHEVO CUOTNUA AUTONATNG ANAVTNONG €pwWTNOswV o€ forum, KabBwc Kai
TO NMPWTO cUCTNHMA avayvwpiong (Euywv pWTNONG — anavtnong ora EAAnvika. Ta
anoTeEAEOUATA MOU NMPOKUMNTOUV €ival IKAVOMoINTIKA Kal anodeikvUouv OTI PNopEi va
unap&el NpakTIK €paApPoyn TOU CUOTNHATOC.

>To KEPAAQIO 2 UNApPXEl MIA YEVIKN NEPIYPAPN TOU CUOTANATOC. 2TA KEPaAaia 3, 4,
5 kar 6 avaAuovTal Ta BAcikOTEPA TUNHKATA TOU OUCTAMATOC. TEAOC OTO KEPAAdAIO 7
napouadialovTal Ta AnoTEAECUATA TWV MEIPAPATWV.

2. AOMNR OUOTAHATOG

H epyacia autn XwpileTal og dUo Bacika PEPN:




- Eé,aywyn Zeuywv Epwtnonc — Anavrnonc ano Forum kair Autopatn Andvtnon Newv EpwTnoswv —

MixanA N. ZepBoc

1. Zmnv €€aywyn e€pwTANOKpicEwv anod TIC undpxouoeg OnPOCIEUCEIG Kal
dnuioupyia Tng Baong yvwong (0€&i piod oto Alaypaupa 1).

2. 2TV AGVTIMETWNION VEWV EPWTHOEWV nou su@avifovral ato forum (apiotepd
MI00 oTo Alaypappua 1)

Knowledge Base
[Q/A Pairs)

Alaypappa 1: Aidypappa AsiToupyiag

O MOVOC TPOMOG EMIKOIVWVIAC auTwV Twv dU0 HEpwV €ival n Baon yvwonc. Kata
TNV €€aywyn yvwonc, n Baon yepilel pe Ta (elyn EpwTNOEWY — anavrtnoswy. ‘Otav
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EYPAVIOTOUV VEEC ONUOOCIEVOEIC / EpWTAOEIC TOTE TO NPOYPAUHKA AVTIMETWNIONG TOUG
xpnoigonolgi Tnv Baon yia va evroniosl Yia napopold pwTnon Kal va dnPooieUoEl
TNV avTioTtoixn andavrtnon. Kdbe €va and Ta uUMNOCUCTANATA Nou ¢gaivovTadl OTo
Alaypappa 1 napouoialetal oTa ENOPEVA KEPAAaia.

3. AvdAuon kdil ene&epyaocia KEINEVOU

To unoouoTnua avaAuonc Kal €neepyaociac KeIPEVOU NAPEXEl MIa O€ipd ano
AEITOUPYIiEGC ONWG: agaipeon Toviopou, Jiaypapn stopwords, agaipeon n/kai
avTikataoraon Tou kwdika popgornoinong BBCode nou xpnoigonoisital oto forum,
Kabwg kal 1dIkwv xapaktnpwyv HTML (nx &#8730;) kal emoticons. 'EkTo¢ anod auTa,
avaAapBavel kai opIoPEVEC aKOPA AEITOUPYIEG Nou avaAuovTal NapakdaTw.

3.1 Stemmer

To Stemming e€ival n diadikacia peraTponng pia AEENc oTtn pida TNG, aveEapTNTwC
NTWONG N Xpovou. Na napadelypa ol AEEEIC «TNAEPWVA», KTNAEQPWVW>», «TNAEPWVO>,
«TnNAe@wvnoav» 8a avTioToixoUv aTtnv idia pifa «TnAepwv>». 'ETOI pnopei va Pelwbei
0pacTIkKa o0 apiBuoc Twv Ae€swv oTo Ag€IkO kal n diacTaciyoTnTa (dimensionality)
TNG avanapdaoTaocng Tou Keigevou. lMa TI¢ avaykeg TnG €pyaociag xpnoigonoinénke
Mia Tpononoinuévn €kdoon Tou stemmer nou neplypdageral oto [5].

3.2 OpOoIOTNTA CUVNHITOVOU O CUAAOYR EYYpAPpwV

MNa Tnv avanapdcrtacn Twv ONHOCIEUCEWY EMIAEXTNKE TO HWOVTEAO dlavuouaTikou
xwpou (Vector Space Model). KaBe stemmed 0pog t; mou eu@avileralr oTIq
dnuHooievoelg eioayetal oto Aggiko T = (t;, tz, ..., ty). 'ETOI pia dnuoocieuon d;
avanapiotatal and €va diavuopa N d1aoTacswyv Onou KaBe d1a0Tacn AvTIOTOIXEl O€
gvav 0po Tou Aegikou: d; = (W(y, j), Wz, j), - W(n, j))- TO Bapog w(; ;) €ivai 1o TF-IDF
(Term Frequency - Inverse Document Frequency) okop:

w, y=tfidf (i, ) =t (@ ) *idf (i)
onou tf (i, j) ival To NANBog Twv euPavicewv tc (i, j) Tou Opou t; KAVOVIKOMOINUEVO

wG npog To peyeBog Tou kelpgevou kai idf (i) €ival n avrioTpo®n ouxvoTnTd
EYYpagou yia Tov opo t;. To IDF €ival €va PETPO TNG ONPAVTIKOTNTAG TOU OpOU t;

oTn GuAAoyn eyypaowyv C.
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<]
1+‘{j : tiedj}‘

o @D _te @) ey
)5 s i idf (i) =log

To METPO TNG OMOIOTNTAG NOU XPNOIMOMOIEITAl €ival N oholdTNTA CUVNUITOVOU. Kabe
dnuoaoicuon anoTeAei €éva €yypago d kal pia kaivoupla dnuooisuon anoTeAEl Tnv
enepwTnon (query) g. H opoidTnTa ouvnuIToOvou unoAoyilel TNV ywvia peTagl Twv
dlavuopdtwy q kai d.

<g-d>

[l

cos _sim(g,d) = =g-d

‘Onou q°, d” Ta avTioTolxa kavovikonoinuéva diavuouara:

. g ~ d

P
gl 4]
To va unoAoyilel kaveig kaBe @opd To cos_sim (q, d) PETAEU Tou query Kal KAbe
eyypagou d pe autd Tov TpOMo e€ival ndapa noAu akpiBo. lMa Tov TaxuTepo
unoAoyliopo TnG opoloTnTag, Ta Olavuopata d; kdbe e€yypa®ou pia GUAAOYNG
KEIMEVWV €10AYOVTAl WG OTAAEC o€ €va nivaka A. 'Eotw o611 unapyxouv N opoil kai M
gyypaga. Tote o nivakag A exel peyebog NXM. To otoixeio (i, j) Tou nivaka A
anoTehei To TF-IDF score Tou Opou ¢; oTo eyypago d;. O nivakag auTog
unoAoyileTal Yia gpopa KAaTa TNV €KKivnon Tou CUCGTANATOG.

5= *A:(ql,qz,...,qn)*

MoAAanAacialovtag To didvuopa g peE Tov A naipvoupe €va didvuoua S, To 0noio
anoTeA&iTal and TNV oPoIOTNTA TOU query JE KAbe €yypago TnG oUAAOYNG.
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4. Avayvwpion EPWTNCEWV

H diadikacia Tng Ta&ivounong piag dnUooisuong WG €pWTNON MNPOG anobnkeuon
yiveTal o€ dUo oTadia. Apxikd, n dnuooicuon Ta&IVOMEITAl WG €PWTNUATIKA av
NeEPIEXEI TOUAAXIOTOV HId NPOTACN MOU €ival EpWTNON. ZTNV OUVEXEIQ, EKTINATAI N
«ONMavTikOTNTA» TNG dNUOCisuoNnG / EpWTNONG, YIA va anopacioTei av sicaxbei oTnv
Baon yvwong. MNa napadeiyya kail ol dUo akdAouBec dnuooieloelg Ta&ivounenkav
apxika w¢ pWTNMATIKEC. 'Opwe povo N npwTn €xel afia va anodnkeuTtei oTn Bdon
yvwong.

Anuooiguon 1: «Ti eivar To segmentation fault; »
Anpoaiguon 2: «AnAadn unopw va epbw apyoTepa, »

To npwto oTAdio TOoUu aAyopibuou BaocileTal 0 €vav ouvOuaopuOd EUPIOTIKWV
OUVAPTAOEWV Kal O0€ MHiId Oipd ano patterns €pwTNUATIKOV MNPOTACEWV MOU
npoonaBei va Taipia&el. H dnuoaoicuon xwpileTal o NPoTACEIC KAl KABe npodTaAON
xwpileTal o @paosic. MNa TNV avayvwpion Xpnoigonoiouvtal n npwTtn Kdl n
TeAeuTtaia ¢pdaon. O1 evOIGUETEC PPAOEIC CUVABWC NEPIEXOUV €NEENYNOEIC Kal
MMOPOUME va TIC napaAsipoupe. O1 €UPIOTIKEC CUVAPTHOEIC NMOU XPNOIKOMNoIlouvTdal
gival ol €&nc:

e 'Ynap&n epwTtnuaTtikoU oTo TEAOC TNG NPOTACNC
e Apxn TNG GPAONC ME EPWTNHUATIKR AEEN KA&IDI (M.X. NOTE)
e Apxn TNG @paonc KE Pia AiyoTepo niBavn epwTnUATIKA AEEN

Eniong eAeyxetal av n ¢pacn Taipialel o €va ano Ta eikool (20) patterns nou
onuioupynénkav yia To okond auTo. 'Eva napdadelyua anoTeAEi To:

"AMIIOPEI\s+ (KAIIOIOY | KANEIZ) \s+ (NA) \s"

>uvduadlovTac Ta ANOTEAECOHUATA TWV EUPICTIKWV KAl TO KATA NOCO BpEONKe £va
pattern, unoAoyiletal pia Tiun (confidence) nou ek@pdalel katd nNOCoO N NPOTACN
anoTeA&i epwTNON.

>T0 deUTEPO OTADIO, O AAYOPIOUOC AnoOKAEiEl EpWTNAOEIC Nou Ogv €XOUV I101AITEPN
a&ia yia va anobnkeutouv. XT0 0TAdIO AUTO EAEYXOVTAl Ol EENG NAPAMETPOI:

e XpnRoTng nou €kave Tnv dnuoaoisucn

e Méyebog dnuoaoisuong
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e ApIBudc napabéoswv (quote) oTnv dnuoacicuon
e EpwTtnon peoa og eicaywyika r) napevOEoeIC

Juvnbwe, ol €pWTAOEIC YyivovTal and Toug QoITNTEG kKal OXI anod kKadnynTeg N
ouvepYATeG PabnuaToc. Eniong, €xel napatnpnBei OTI 01 «KAAEG» €PWTNOEIC O&V
gival NoAU peydAec oe peyeBocg, oUTE MOAU MIKpEC (M.X. «ZwoTd;»). AkoOpa, ol
EPWTNHATIKEG dNPOOIEUOEIC ondvia Kavouv quote kanola aAAn dnuoaicuon. TEAOC,
0l EPWTNOEIC HECA OE €10aYWYIKA, oUVROWG €xOUV avTioTolXn onuacia Ye Ta quotes,
EVW AUTEC Nou BpiokovTal péoa o€ napevOeoeic dev anoTeAoUv To BACIKO PNVUMA
TNG dnuooisuong, onoTe ayvoouvTtal. Me Baon auTtd, npooappoleTal availoya To
confidence TnNG epwTNONG. ‘O0eC EpWTAOEIC dEV AanokKAgioTnkav, anodnkelovTal oTnv
Baon dedopevwy. Mpiv avalntnBouv ol anavThoEeIC TOUG, PNopei va undap&el vag
€VOIAUEDOC XEIPOKIVNTOC EAEYXOG, HEOW TNG dlENagnc nou dnuioupynOnKe.

5. Eupeon (EuywV EPWTNOEWV — ANAVTNOEWV

MNa Tnv avayvwpion TnG andavrnong o€ Hia Jedopévn €pWTNON UAoMnoInednke
Mia pEBodoC nou BacileTal OTIGC PNXAveg diavuopdtwv unootnpiEnc (SVM). Qg
UNOWNQIEC ANAVTAOEIC OE PIa EpWTNMATIKR dnuooisuon, BewpouvTal ol 10 eNOPEVEQ
OnNUoOoIEVUOEIC HETA TNV €pwTNnon. MNa pia dedopevn epwTnUATIkn dnuooisuon Q Kai
Hia unowngia anavTnon A, Ta XapakTnpIloTika nou XpnaoigonoloUvTal ival Ta €&ENG:

1. Av n Q yiveral quote otnv A

2. Eidoc xpnotn (poitnTng n ox1) nou dnuoacicuce TNV A
3. TMANBoc¢ posts nou pecgoAaBolv peta&u A kai Q

4. OpoidTNTa ouvNUITOVOU PETAEU Q kal A

5. Av n A nepiexel code tag

H emloyr) Tou 2°Y xapaktnpioTikoU €yive pe Baon To OTI oI kabnynTéc kai ol
ouVvePYATEG TOU padnuaTog ocuvnbifouv va anavrtouv, napd va KAvouv £pwTNOEIC.
Eniong, To yeyovog OTI Yia dnpoaisuon nepIEXEl KOWUATI KwOIKA, MMOPEi va gival pia
¢vdeIEn yia To av eival andvtnon (5° xapakTnpIoTIKd).

O nupnvac nou enIAEXTNKE yia Tov SVM, €ival o Radial Basis Function:

_x—7l2
K(x,y)=e 7|X y” ,v>0. H anoteAeopatikotnTa TOou SVM BaciCetal karta
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noAU oTnv €niAoyn TwWV OWOTWV NaApdueéTpwyv [6]. MNa Tov npoadiopiond Tou
BEATIOTOU ouvduaouou, dokipalovTal JIAQPOPEC TIMEC TOUG anod &va nAéypa. Kabe
ouvouaopog eAéyxetal pe N-fold cross validation oto ouUvoAo eknaidsuong. O
ouvOUAONOC NAPANETPWY Nou divel To KAAUTEPO ANOTEAECKA XPNOIMOMOIEITAl yia TNV
€KNaideuaon ToUu JOVTEAOU.

6. AVTIHET®ONION VEWV EPWTHNOEWMV

Ta uNooUOTANATA TOU MNPOYPAUNATOC anAavTnong VEWV £PWTHOEWV (paivovTal OTo
apiotepd MIoo Tou dlaypapuaTog (Aiaypappa 1). O Forum Client avaAauBaver tnv
enikovwvia e To forum PECW TOU NPWTOKOAAOU HTTP, pigoUpevog Tn AsiToupyia
€vVOG web browser. To unocuoTnua napakoAouBnong (Forum Monitoring) eAéyxel To
forum yia veec dnuooleUoelC ava TakTa xpovika diaotnparta. O Question Classifier
givalr uneuBuvog yia Tnv Ta&ivounon €vOoc KEIYEVOU wC EpwTNON N OXI Kal €ival o
i010¢ Ye auTdv nou avaAubnke oto kepdaAaio 4. To BacikOTEpo unoouoTnUa eivai
To Question Matching. Autd €xel wg okono va Taipid&el pia kaivoupia epwTnon HE
kanoia and TIC undpxouoec oTn PBdon yvwoncg, unoAoyilovrag Tnv opoloTNTd
ouvNUITOVOU, ONWC NApoUCIA0TNKE OTO KEPAAdio 3.2.

7. AnoteAgopara

Anod 1o forum TOU paABRnuaTog «Elcaywyr oTov NpoypaupaTiono», €yivav annotate
1215 dnuooievoelic and 36 dIAPOPETIKA VAKUATA PE €QAppoyn nou dnuioupyndnke
yla auTto To okono. Na Ta neipduata Xpnoihonoindnke UNoAOYIOTAG UE ENEEepyacTn
Intel Core i7 Q720 @ 1.6 GHz ue 6GB RAM.

7.1 Avayvmpion EpWTHOEMV

Kabe dnuooicsuon nou nepleixe TouAdxioTov pia gpwTnon (guBeia n nAdyia) eixe
XapakTNPIoTE WG epwTNON. Ano TIC 1215 dnuoaieloelg, ol 455 nepisixav TouAdxioTov
Mia epwTnon. O1 dnuooieloslG nepisixav kata PeEoo oOpo 3.06 npotdoeic. O
aAyopiBuog nou dokiyadleTal ival autog nou anogaacilel av pia ONPOCiEUon MeEPIEXEI
TOUAAQXIOTOV HId EpWTNON. ZTOV Nivaka nou akoAouBei ep@avifovTal Ta anoTeAéopaTa
yla dIaQopEG TINEG KATWPAIOU.
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H péBodoc avayvwpiong EpWTACEWY NOU NPOoTeiveTal divel MOAU KaAd anoTeAEoNATa,
eEAAPPWC XeIpOTEPA and TnG PeboOdou [1]. Mia suBeia olykpion Twv PEBOdWV Oegv
0a nTav owoTn apoU Ta anoTeAéouaTta sival o€ d1apopeTIKG ocUvoAa OedOPEVWV KAl
o€ OlIAQOPETIKEC YAwooes. O PETog Xpovog andgpaong avda npotaon €ivalr 0.37ms.
Xwpic Tn npoene€epyaoia, o pETOC XpoOvog anogaong ava npotaocn 0.13ms. lMa
TIUA KaTwPAiou 0.7, o aAyopiBuoG avayvwpiong €pWTNHATIKWV ONHOCIEUCEWVY
ENEOTPEWYE TIC 416 and TIG 455. O aAyopiBuoG €nIAOYAC «KAAWV» EPWTHOEWV
KpaTtnoe TI¢ 140 and auTec. 'ETol TEAIKA, av KANoIoG BEAElI va eAEYEEI TIC EPWTAOEIC
NPV QUTEC MMouv oTnv Bdaon yvwong, xpelaletar va Oiapdosl yovo 1o 11.6%
TWV apXIKwVv dnUooleloswV. & ouyKkpion ME To [4], o aAyopiBuog TnG napouodc
€£pyaociag Kavel napanAnaoio xpovo ava npoTaon.

0 0.8516 0.9208 0.8848

0.5 0.891 0.9164 0.9035
0.7 0.8965 0.9142 0.9053
0.9 0.968 0.2747 0.428

Mivakag 1: AnoTeAéopuaTa avayvwpiong EpWTHOEWY

7.2 Avayvmpion {EuymV EpOTNONG — ANAVTNONG

Nna Ttnv a&oAoynon Tou SVM avayvwpiong {euywv e€pwTnong - andavrnong,
xpnoigonomnGnke To annotated oUvoAo JedopEvVwV  MOU  MNEPIYPAPNKE
NPONYOUMNEVWG. ANO TOo OUVOAO Twv 1215 epwTAoewv, onueElwONnKav anavrnoeig
yla TIg 225 ano auTteg. OpIOPEVEG EPWTNOEIC £XOUV MOAAANAEG ANAVTNOEIG, ETOI
onuioupynénkav 289 (elyn €pwWTAOEWV - ANAVTACEWYV, TA onoia anobnkeuTnkav
w¢G OeTika deiyparta. Na apvnrmika Odeiydata xpnoigonoindnkav ol 10 €nOpeveg
onuoaievosic (unown@leg anavtnoeic nou Ogv €ival owoTeG) and KABe gpwTnon.
'ETol, dnuioupynbnke €va ouvoAo pe 289 BeTikd deiypaTta kal 1845 apvnTika.
Ta neipdparta €yivav O€ €PWTAOCEIC YIA TIC OMOIEC UNNAPXE TOUAAXIOTOV HIa OwOTH
anavrtnon. Ta anoTteAéopaTta kaBe aAyopiBuou @aivovtal oto Aldypapua 2. TNa
AOyouG ouykpiong dnuioupyndnkav duo anAoi aAyopiduol:

e Random: EmAoyn Tuxaiag anavrnong ano Ti¢ 10 unownQIeg

e First Quote: EmAoyn TNC npwTng unoywn@lac anavrnong nou napabeTel Tnv
EPWTNON
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B Random
B First Quote

Precision Recall Fl

Aiaypapya 2: AnoteAéopaTa avayvwpiong (euy®v EpwTNONG - anavtnong
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NepiAnyn

MeAeTOnkav pPEBODOI Kal e€pyaAsia povTeAonoinonG Kal MNpPooopoimong TNC
OUMNEPIPOPAC NOAUNAOKWY YOVIOIAKWYV KUKAWHATWY, HEOW TWV £PYAAEiwv iBioSim
kal SPiM nou BaocileTal oTov N-AoyIOPO. ZXETIKA PE To SPIM, napouoialerar pia
EVAAAAKTIKN MPOCEYYION TwV YOVIOIAKWV KUKAWHATWYV Baciopevn oTnv avaloyia
€VOG yovidiou ME Mia Aoyikry nUAn. Anuioupynénke pia BiBAIoBAKN npdTUNWV
UAoMoINOEwV YovIdIakwV NUAWV o€ SPiM, onou evowuatwOnkav oav dopika oToixeia
Kal NPOTUMEG UAOMOINCEIG YEVETIKWV JIKTUWV YIA TIG AEITOUPYIEG BATIKWV AOYIKWV
nuAwv NAND kar NOR. Mapd TIG opBoywVIEG NPOCEYYIOEIC TwV OUO €pyaAsiny,
ENITUXAME €EOMOIWON TWV ANOTEAEOUATWV MPOCONOIWONG TOU i0IOU KUKAWMATOC
MECW avTIoToIXiaG TWV NAPAMETPWY Tou iBioSim og auTég nou Xpnaoigonoinénkav
OTIG NEPIYPAPEG YEVETIKWV NUAWV Tou SPiM.

NeEeic-KAei1di1a: Zuaotnuikn BloAoyia, ZuvBeTikn BioAoyia, MNpooopoiwon, iBioSim,
SPiM, MeveTIKA KUKA®WUATA

HAiag MavwAakog, AvanAnpwTng KabnynTng
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1. Eicaywyn

H Mopiakny BioAoyia €xel anokaAuwel Ta TeAeuTaia xpovia MeydAo nAnBocg
nAnpogopiwyv, autd OpwG Osv apkei yia Tnv NAApn katavonon Tng OUVAMIKAG
TwV BIOAOYIKOV OUCTNUATWV. [MapoTi ol €EeAIEEIC OTIC NEIPANATIKEG HEBODOUC
avap@ioBnTnTa 6a ocuvexioToUv Ye TaXU pubpo, NEPICCOTEPN YVWON OXETIKA HE TN
AeIToupyia kal duvVauiKkn CUMNEPIPOPd TWV BIOAOYIKWV CUOTNUATWV Oa NpokKUWEI
ano €va ocuvoudaouo NEIPAPATIKWY KAl UMOAOYIOTIKWV HEBODWV.

Ol ynXxaviopoi PE TOUG onoioug eAEYXETAl N EKPPACN TNG YEVETIKNG NAnpogopiag
OTOUG EMNIMEPOUC KUTTAPIKOUC TUMOUG, napagevouv o€ €va Badbud dayvwarol,
apou MECOW OUVOETWV YovidlakwVv aAAnAenmdpdacswyv odnyouv oTn Onuioupyia
noAUNAOKwV OIKTUWV. & TETOIOU €idouc Yyovidiaka pubpioTika OJikTua, Hia
ouvduaoTIKN NPOCEYYION NEIPAMATIKWV KAl UMOAOYIOTIKWV HEBOdWYV, PNOPEi HEOW
enavaAnnTikwv O1adikaciwv va Bonbnosl ouciaoTika, dnUIoOUpYywVTAC PHOVTEAA MoU
Ba neplypa@ouyV Tn cUPnePIPpOopa Tou enNBuPNToU yovidiakoU dIKTUOU.

>Tnv napouoa epyacia, avaAvuovTal ol JEBODJOI KAl Ta EpYaAAEia YE TIG ONOIEg pnopouyv
va eniteuxbouv N JovTeAonoinon Kai N oToxXAacoTIKR MPOCONOoIwanN TNG CUMNEPIPOPAC
TETOIWV OIKTUWV. FiveTal napouadiaon Twv dU0 gpyaieiwv nou Ba xpnaoigonoinbouv
oTa nAaiola TnG epyaciag iBioSim kair SPiM, ka®wg eniong kal Tou n-AoyIOHOU,
oTov onoio Bacilel Tn AsIToupyia Tou To €pyaAgio SPiM. Ze oTI apopd Tn HEBOdO
Tou SPiM, napouoialeTal yia dIapopPETIKA NPOCEYYION TWV YoVIdIakwV OIKTUWYV, Nou
otnpileTal atov NapdAAnNAICHO €vOC yovidiou PE pia Aoyikh nUAN. Angioupynobnke
Mia BIBAIOOAKN NPOTUNWYV UAOMOINCEWV ME BAon TIC onoie¢ w¢ OoWIKA OToIXEia
MMopei va enmiTeuxBei n povTeAonoinon kai n NPoOCoPoiwan onoloudnnoTe yovidiakou
O0IkTUOU. H BIBAIOBAKN auTR €UNAOUTIOTNKE HME MNPOTUMEC UAOMOINCEIC KaAl YId
TIC Baoikeg Aoyikec nuAec NAND kai NOR. Eniong, npokelgévou va eniTeuxOei
OTATIOTIK OMOIOTNTA avAPeESa OTa dAnoTEAECNATA npooopoiwong Twv duo
epyaleiwyv, npoTeiveTal pia uBpioTikn peBodoAoyia avTioToiXIoNG TWV NAPAHETPWV
nou XpnoigonoloUuvTal OoTd HOVTEAA NUAwV SPiM oeg puBuI(ONEVEC NAPAMETPOUC
Mou XPNOIJOMOIEl TO avwTepw €epyaAleio iBioSim. TMa va anodeixbei n
anoTeAEONATIKOTNTA AUTNG TNG HEBODOU EYIVE HOVTEAOMOINON KAl NPOCOMOIWaN Kal
ME Ta OUO epyaAcia yia pia PEYAAn ykapa yovidiakwv OIKTUWV, KAvovTag Xpnon
TWV UAOMOINHEVWY BaciKwV OToIXEiwv TNG PBIBAIOBAKNG NPOTUNWV UAOMOINCEWV
Kal epapuolovTag TNV NPOTEIVOUEVN AVTIOTOIXION TWV NAPAPETPWV.
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2. AikTud PpUBHIONG EKPPACNG YOVISIiWV

MapoTi To yovidiakd UAIKO €vOC opyaviopou egival 1o idlo og kaBe kuTTapOo, dOev
napayovTal o€ KABe KUTTAPO OAEG Ol NPWTEIVEG G KABE XPOVIKNA OTIYMR, KATI Nou
KaBioTa anapaitnTn TNV Unapén KAnolou HUNXaviopou €AEyXOU TNG €KPPAonG KAabe
yovidiou. H ikavotnTa TG RNA noAupepdaong va npoodeBei oTov UNOKIVNTA Kal vda
EekIvOEl TN METAypagn Tou yovidiou, ynopei €ite va BondnOei (evepyonoinon) €ite
va epnodioTei (kataoToAn) and AAAEG NPWTEIVEG, TOUG HETAYPAPIKOUG NAPAYOVTEG.
Me Tov TPONO auTO KaTaAnyoupe o€ yovidiakd dikTud, Ornou To Npoidv TNG EKPPACNS
TOU €VOG WNopEi va odnynoel oTNV EVEPYOMOINGN ) TNV KATACTOANR €vOg AAAouU.

MNepa and Ta nNeipapaTika €pyaleia, unoAoyioTIKEC PJEBODOI yia TN PovTeEAoMoinon
Kal TNV npocoopoiwon Twv dlEpyaciwv yovidlaknG pubuiong, €ival anapaitnTec. Me
TN Xpnon TETolwV PeEBOdWY, n OOMN €VOC OUOTNHATOC YoVvIOIaKNG puUBUIONG WNopEi
va neplypagei ge oagn Tpono evw NPoBAEYEIC yia TN CUMMNEPIGOPA TOU PUnopouv va
yivovTal cuoTnuarika.

MnopoUUJe va E€MITUXOUME povTeAonoinon &vog  yovidiakoU OIKTUOU  HEOW
OIaPOopPETIKWYV HeEBOdwYV, kabeuyia and TIC onoieg npooPépel  dIAPOPETIKOU
€idoUuGc NANPOQOPpPIeC yia TO HOVTEAO Kal JlapopeTikO BABoC peAETNG. AUo ano
TIC N0 OnMUOMIAEic UeBOdoUC eival auTh nou anegikovilel To OIKTUO HEOW PBeAwV
EVEPYONOINONG N KATAOTOANG avAUETaA 0Ta yovidia kal N NA€ov KAAooIKr HEBODOC TwV
XNHUIKOV avTidpdocwy. MpokeiTal yia dUo peBddouc nou xpnaoipgonoliouv diapopeTIKO
eninedo agaipeonc yia To OIKTUO MOU MEAETAVE MPOOPEPOVTAC £TOI YEVIKOTEPEG
(O0ikTUO AAANAEMIOPATEWV) N €IOIKOTEPEC (DiKTUO avTIOPACEWV) NANPOPOPIEC YIA TO
ouoTnua.

3. EpyaAegia povreAonoinong kKai NnpocoHoimong BIOAOYIK®V
HOVTEAWV

H avaykn yia X€IpIogd TOU TEPAOTIOU OYKOU TwV PBIOAOYIK®WV OeJOUEVWY, AAAG Kal
yla TNV €UKOAn avtaAAayrn OedOoPEVWV KAl HOVTEAWV avAPeEsa oOTd MEAN TNG
ENIOTNHOVIKNG KOIVOTNTAG, odnynoe ortn Onuioupyia TwWV NpwWTWV EPYAAEinV
HOVTEAOMOINONG KAl MPOCONoiwanG BIOAOYIKWY CUOTNHATWYV. H dnuioupyia TETOIWV
gpyaAeiwy, nou eixav Tn duvatoTNTA va MNPOCOPOIWVOUV BIOAOYIKA OUCTRAHATA
HME TNV NAPOJO TOU XPOVOU EMITPENOVTAC OTO XPrNoTn va dNUIOUPYNOEl TIC GUVONKEC
NPOCOMOIWONG TOU CUOTNMATOC KaTta PBouAnon, odnynoe ekTOC TwV AGAAwV 0OTNn
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MEIWON TOU KOOTOUG Kal Tou XpoOvou nou anaitTouvTav yia Tn dIEVEPYEIA NEIPAPATWV
OTO £pYAaCTnpIO.

To npwto and Ta dUO e€pyaAsgia nou xpnolgonomdnkav oTa nAaiold auTtng Tng
gpyaaoiac, €ival To iBioSim. To gpyaAgio auTo divel Tn duvaTtodTnTa yia govreAonoinaon,
VTETEPUIVIOTIKI KAl OTOXAOTIKI MPOoCopoiwaon BIOAOYIKWV CUOTNUATWV aAAd Kal
oupnepacpd aImwdwyv yovidiakwv JIKTUWV JE BAon ouykekpiyeva dedopeva. To
deUTEPO €pyaleio nou xpnoigonoindnke €ival To SPiM, To onoio nepiAauBavel pia
YAWOOQA nNpoypauuaTiopgoU, BAcioPeEvVn 0TO HABNUATIKO POPUAAIoud Tou n-Aoyiouou,
yla To oxediaopd KAl TNV MPOCOMPOIWaON UMOAOYIOTIKWV HOVTEAWV Yia BIOAOYIKEC
diadikaoiec. Baoikn 10¢a Tou @opuaAiogoU Tou nN-AoyiopoU €ival nwc ol OVTOTNTEC
ENIKOIVWVOUV HETAEU TOUG PEOW KAVAAI®V €MIKOIVWVIAC, EMNITPENOVTAG £TCI OE £vd
ouoTNUa XNMUIKwV avTidpdoswyv va Eavaypa@ei wg pgia cuAloyn anod d1adikaagies, ol
onoiec aAAnAenidpouv PeTA&U TOUC PECW ANOOTOANG MNVUMATwV (?a : €i0odog oTo
KavaAl a, 'a : €£000¢ and To kKAvdaAl a). Baoikd NMAEOVEKTNKA TNG POVTEAOMNOINONG
HEOW OlEpyaciwVv M-AOYIOPOU €vavTl TNG PovTeEAONoinonG PHEow avTidOpAaocewy, €ival
n anAdTnTa TwWV HOVTEAWV MOU MNPOKUMATOUV, KATI MOU E€ival EPJPAVEC KUPIWG OE
HeyaAUTEpaA cuoTNHATA.

4. Aneikovion diIkTU®WV aAAnAenidpaong yovidimv HE TN HOPPN
YOVIOIaK®V NUA®V

>Tnv €voTnNTA auTn napoucialeTal Mia MPoOCEyyIon HOVTEAONOINONG YOVISIaKWV
KUKAWUATWV nou oTnpileTal otnv 10éd nw¢ To KAaBe yovidlo xapaktnpileTal
ano Tn pubuioTIKh Tou €icodo (evepyonoinon/kaTtaoToAn) kal €€0d0 Kal €TOl €vd
0AOKANPO dikTUO aAAnAenidpaong yovidiwv pnopei va BewpnBei wg pia cuvbean ano
yovidla-nuAec. ZUPQwva Pe TN MEBOodO auTr, dev PovTeAonoloUvTal ol avTiOpAacelg
O0AOKANPOU TOU OUOTAHATOG AAAG KABe TuAMa (yovidlo) ToOu oUOTAHATOG EEXWPIOTA,
KATI Nou JIEUKOAUVEI onUavTika Jia méavrh aAAayn N eNEKTacn Tou PHOVTEAOU.

Positive Regulatien
Negative Reguiation | . | Transeription
Input , , /' Qutput
1l —
| / L - . Coding region
(Stretch of DHA) ™ Reguatory reglon

Eikova 1: To yovidio w¢ nuAn [5]
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Ze autn Tn BAaon kal Xpnoidonoliwvrtag Tn YAwooa Tou gpyaAeiou SPiM,
OnNUIoUpYAOAue Mia ogipd and nNPOTUNEG UAOMOINCEIG yia Ta BAcika oTolxXEia nou
Mnopei va nepihappavel eva yovidiakd kKUkAwpa. Mapouaialovtal ol avTioTOIXEG
SPiM diepyaoiegg [3].

e Tovidio-nUAn xwpic pubuioTikn €icodo (nullp)

nullp( cst:float, p:proc()) =

delay@cst; (p() | nullp(p)) (* constitutive production *)
e [ovidlo-nUAN e apvnTikn puBUIoN Ek@paoncg (negp)

negp (a:chan (inh:float, cst:float, rbnd:float) ,p:proc()) =
do ?a*rbnd; delay@inh; negp(a, (inh,cst,rbnd), p)
(* repression - no production *)
or delaylcst; (p() | negp(a, (inh,cst, rbnd),p))
(* constitutive production *)

e Tovidlo-nUAN pe BeTIKn pUBUION ekppaonc (posp)

posp (a:chan, (cst:float, acp:float,abnd:float),p:proc()) =

do ?a*abnd; delay@acp; (p() | posp(a, (cst,acp,abnd),p))
(* activated production *)
or delay@cst; (p() | posp(a, (cst,acp,abnd),p))

(* constitutive production *)

e AnNAOC petaypagikdc napayovrac (tr)
tr (dk:float, b:chan() ) =
do !'b; tr(dk,b) (* binding to some promoter site¥)
or delay@dk (* degradation *)

e  MeTaypa@ikoG NapayovTac Nou Pnopei va kataoTaAei (rtr)

rtr (dk:float, b:chan(), r:chan()) =

do !'b; rtr(dk,b,r) (* binding to some promoter site *)
or !r (* being repressed *)
or delay@dk (* degradation *)

e KaTtaoToA€ac peTaypa@ikwyv napayovtwyv (rep)

rep(r:chan (), rbnd:float ) =
?r*rbnd; rep(r,rbnd) (*binding to some transcription
factor and repress it¥*)
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5. ZuyKpPITIK| HEAETN NPOCOHOIWONG JIKTUWV adAAnAenidpaong
yovidimv pEéow iBioSim kai SPiM

Baoikry npolnoBeon vyia va EMTUXOUME OUP@Via anoTeAeopdTwv  OTav
npoosyyifouhye €va ouoTnua Ke Ta dUO npoavagepbévra epyaleia, €ivar va
eEao@aAifoupe TIG idlEG OUVONKEG, avTioTolxi(ovTag TIG TIMEG TWV NAPAUETPWV TWV
dUo gpyalAeiwv, oto Baduod 6nou auTo €ival EPIKTO.

EpunvelovTac Tn onuacia kabeuyiac anod TIC NApapeTpouc TOoO Yia To iBioSim
(ékdoon 1.5) 6oo kai yia To SPiM, npoekuwav Celyn anod napapeETpouc Mou
ennpeadlouv Pe Tov id10 TPONO TO JIKTUO MOU HEAETAME. ZTO ONMEio auTo Ba npéEnel
va onueiwBei, Nnwc napoTi To iBioSim XpnoIYONOIEI CUYKEKPIPMEVEC NAPAPETPOUC NOU
eENIAEXONKAvV KATa TNV UAOMOINON TOU €pyaA€iou, ol NAPAUPETPOI NOU aAvAPEPOVTAl
oTnVv €IkOva 2, yia To gpyaieio SPiM, anoteAoUv NApapeTPOUC NoU dNUIOUPYNOAKE
Kal €I0aYaPE WC NAPAPETPOUG 0Ta oToixeia TNG BIBAIOBAKNG NPOTUNWYV UAOMOINCEWY,
UoTepa anod evdeAexn HEAETN TNC PUONG TWV KUKAWHUATWY MOU PJOovTeAOMolouvTal.

iBio3im SPIiM
Degradation Rate (kd) Degradation Rate (dk)
Activated Production Rate (ka) Activaled Production Rate (acp)
Baszal Production Rate (kb) Conshtutive Production Rate (cg1)

Dpen Complax Produchon Rale (Ko) Constitutive Produchon Hale (cst)

Repression binding eguillibowm (Kr) Repression Rate (fbnd)

Activanon binging equilibrium (Ka) Activaton Rate (apnd)

Eikova 2: AvTiOToiXION NApapeTpwy TwV epyaAsiwv iBioSim kal SPiM

Nna va a&oAoynooOUPE TaA AMOTEAECNATA TNG MPOTEIVOUEVNC aAVTIOTOIXIONC
NApapETPWV, UAOMOINCAKE PIa OEIpA YEVETIKOV KUKAWPATWY TOOO HE TO iBioSim 000
Kal Je To SPiM, epapuolovTac TNV nNpoTelvouevn PEBodo. MPoToU nMapoucidOoUNE
TA AMOTEAECNATA MOU MPOEKUWAV Yiad €va and autd Ta YEVETIKAG KUKAwuaTa, 6a
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npenel va B€0OUPE KAMoIoV MePIOPIOUO Yia va OIaKpiVOUME TIG MEPINTWOEIC MOU
EXOUME €MAPKN OMOIOTNTA OTA anoTeEAEONATa TwV OUO MPOCEYYIOEWV aAnd AUTEG
nou mBavwg va pnv €xoupe. MNa To okond auTd, BewpnoaPe NWG Ta ANOTEAECNATA
TwV OUO epyaAsimwv napoucialouv oucIacTIKEG JIAQOopEC OTaAv n KAunuUuAn nou
npokUNTEl anod Hia ekTEAeon Tou SPIM eival katd anoAuTtn TIMAR HEYAAUTEPN N ion
ano Tn PEoN TIMA TWV anoTeEAEOUATWY ano 100 NnpooopoIwaelg oTo iBioSim, augnuevn
KATA TO MIOO TNG TUMIKAG AnOKAIONG TWV NPOCOMOIWNCEWY Tou iBioSim. To YeveTIKO
KUKAWPA nou 6a napoucidooupe anoTeAEl TUAMa Tou OIKTUOU anogacng Tou
BakTnplopayou A.
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Eikova 3: MovTéAlo nuAwv yia To TuRua CI CII Tou dikTUOU anogaacng Tou BakTnplopdayou A

simulation resalts
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EikOva 4: M£00C OpOC ANOTEAECONATWY
ano 100 NpooopOIWOEIC TOU HOVTEAOU TNG
glkdvag 3, aTo iBioSim yia xpovo 200.000

OEUTEPOAENTWV
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EikOva 5: Tunikn anokAion
anoTeAeoPATWV NPOCONOIWONG TOU
MOVTEAOU TNG €IkOvVac 3 We To iBioSim
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EikOva 6: ANoTeAE0OUATA NPOCOUOIWAONG TOU HOVTEAOU TNG €ikOvag 3 yia Xpovo 200.000
OEUTEPOAENTWYV HE TO SPIM

MNapaTnpwvTac Ta AnoTEAECHATA TwV OUO €pyaAsiwv kal AauBavovrtag unoywn Tov
neEPIOPIOCPO OPOIOTNTAC MOU €XOUME B€0El, HNOPOUME va IOXUPIOTOUNE Nw¢ Ta dUo
epyaAeia napayouv Opola anoTeAEopaTa TOGO NOIOTIKA 000 Kal NoooTIKA.

6. YAonoinon AoyIK®V NUA®WV HE YEVETIKEG NUAEG

3TNV €vOTNTA aUTR MEAETAOAUE TPOMOUC HME TOUG OMOIoOUC HMNOPOUHE vd
UAOMOINOCOUKE YOVIOIaKA KUKAWMUATA nou Oa oupnepipépovTal PJE Tov idio TPOMo
Mou AEITOUPYOUV NAEKTPOVIKEC AOYIKEC MUAEC. Me Tov TpPOMNoO auTd n CuPnEPIPopd
MIaC AOYIKAC NMUANG pnopei va uAonoinBei and KUKAWHPATA VYEVETIKWV MUAWMV.
>Ta nAdiola auTtnC¢ Hacg TnG MEAETNG, eunAoutioape Tn BIBAIOONKN NPOTUNWV
ulonoinoswv, Me SPIM nepiypagéc Twv Aoyikwv nulwv NAND kar NOR.

(* nand gate *)
let nandp(a:chan, b:chan, (inhl:float, cstl:float, rbndl:float),
(inh2:float, cst2:float, rbnd2:float),
p:procQ)) =
( negp(a, (inhl,cstl,rbndl), p) | negp(b, (inh2,cst2,rbnd2), p) )
(* Parallel execution of two negative gates with the same
product but different promoters¥)
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(* nor gate ¥*)
let norp(a:chan, b:chan, (inh:float, cst:float, rbnd:float),
p:proc()) =
do ?a*rbnd; delay@inh; norp(a,b, (inh,cst, rbnd), p)

(* Be repressed by inputl ¥*)
or ?b*rbnd; delay@inh; norp(a,b, (inh,cst, rbnd), p)

(* Be repressed by input2 ¥*)
or delaylcst; (p() | norp(a,b, (inh,cst, rbnd),p))

(* Or produce constitutively *)

XpnoigonoiwvTtag TIG NApandavw npoTUNEG UAOMOINCEIG O OUVOUACOHO HE OCEG
napouacliacTnkav O MNPONYOUHEVEG €VOTNTEG, UAOMOINOAME VYEVETIKA KUKAWMATA
nou CupnepipepovTal ONwG ol Baaoikeg Aoyikeg nuAeg NAND, NOR, AND kai OR.
2TIG €IKOVEC 7 kKal 9 napouaoialovTal Ta ANOTEAECUATA NPOCOUOIWONG TOU YEVETIKOU
autoU KUKAWMPATOG TOOO ME TO iBioSim 000 kar pe 1o SPiM. MNa va eniTeuxOei
OUMOQWVIa TwV anoTEAECHATWV EQAPPOOTNKE N MEBOJOG mMou npoTabnke oTnv
nponyoulevn evoTnTa.
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EikOva 7: M£€00C OpOGC ANOTEAECUATWVY Eikova 8: AnoTeAéouaTa Npooouoiwong
and 100 NpoOCOHOIWOEIG TOU KUKAWUATOG TOU KUKAWMATOG NOU anoTeAEi Tn
nou anoTeA&i Tn yovidiakn uAonoinon piag yovidiakn uAonoinon piag nuAng OR, aTo
nuAng OR, oTo iBioSim yia xpovo 100.000 SPiM yia xpovo 100.000 dsuTEpOAENTWV

OEUTEPOAENTWV
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7. Zupnepdaoparta — HEAAOVTIKEG KATEUOUVOEIG TG EPpEUVAC

Méow TnNG napouocag epyaciac, KATa@epape Oxl MOVOo va OnUIoOUpPYHOOUME Mia
YEQUPA enikolvwviag avaueoa ota epyaAeia iBioSim kar SPiM, aAAd kai va
OIEUKOAUVOUME Tn MovTeAOMoinon KUKAWHPATwWV yovidIaknG pubuiong, napeXovTag
oTov Xpnotn Mia BiBAIoBNkN uAonoinoewv Tnv onoia 6a pnopei va Xpnoihonoinosl
yld Tn HOVTEAOMOINON OMNOIOUdNMNOTE YEVETIKOU KUKAWMATOG, XWPIiG va yvwpilel
TIG AENTOPEPEIEG TNG UAonoinong, napd povo divovTag TIG analToUUEVES €10000UG,
€E000UG KAl NApAPETPOUG.

Juvexidovtag kal META TO NEPAC AUTAG TNG NTUXIAKNG €pyaciag oTtnv idla
kaTeubuvon, ©6a pnopoUuoe G MEAAOVTIKO nAAvo, va auTopartonoin®ei ot
hHeyaAUTtepo BaBud n diadikacia nMpooopoiwonG PUBUICTIKWV YovIdiakwV OIKTUWV
HEOW Tou SPiM, pe Tn dnuioupyia KAnolou €pyaA€iou To onoio MnaipvovTac wc
€icodo dedopEvVa OXETIKA PE Ta yovidla nou nepiAapBavovTal oTo JiKTUO, Kal TIMEC
yla TIC analTOUPEVEC NAPAMPETPOUG, KAl XPNOIKMONoIwvVTAG Ta UAOMoINKEVA OTOIXEIa
NG BIBAI0BRKNG 6a napayel 6Aov Tov anapaitnTo SPiM kwdika yia TNV Npooouoiwaon
Tou OIKTUOU PECW TOU EPYAAEgiou.
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NepiAnwn

>TnNV NTUXIAaKn Mou napoucialeTal aoXoAoUPAOoTE PE TO va ONUIOUPYNOOUME HId
BIBAIOBAKN YIa TNV KATAOKEUN VYEWHETPIKWV OXNMATWV KAl TNV avTIETWNION
NPOBANUATWV TNC UMOAOYIOTIKNG YEWMETPIAG. H dnuioupyia piac pn €€aptnueEvNg
BIBAIOOAKNG ano ToO A€IToupylkO ouUOTNUA Kal n €UKOAn €ykataoraon o€
UMOAOYIOTEC €ival ol MpoTEPAIOTNTEC pac. Edw napoucialovral Ta BAPATA Kal
ol ano®Aceig yia Tn dnuioupyia auTtnc TnG BIBAI0OBNKNG KABWC Kal To anoTEAECHQ.
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1. Eicaywyn

H BiBAI0BNkN nou avanTtu&ape eykabioTatal eUKOAA O 0OMolodNMOTE UMOAOYIOTH,
dev eEaptatal and KAMOIO OUYKEKPIMEVO AsIToupylkd ouoTnua (cross platform
application), eniTpénel Tnv €UkoAn dnuioupyia/aAlayn onueiwv — noAuywvwv (Ta
oxXNMaTa, YE TA ornoia n UMOAOYIOTIKN YEWMETPIA AoXOAEiTAl NEPIOCCOTEPO) ANd TO
XPNOTN Kal NEPIEXEI OUVAPTNOEIG UNOAOYIOHNOU TOPWV O100IA0TATWY YEWHETPIKWV
AVTIKEIMEVWYV Kal npooavaTtoAliopoU Tpiwv onueiowv. 'OAa autd dev Ba pnopoucav
va yivouv eUKoAa Xwpig ypa@iko nepiBaAlov, kKaBwg OAa Ta YEWHETPIKA AVTIKEIMEVA
Ba ATav o€ Pun onTIKA HopPN.

Me Tn BonbBeia Tng VPython n ypagikn aneikovion d1aQopwy YEWHETPIKWY EVVOIWV
EYIVE €UKOAN unoBeon. O xpnoTng, Me Tn Ponbesia Tou novTikioU, KNOPEi va
OnuIoupyei onueia kal kGBe AAAO YEWMETPIKO avTIKEIPEVO nou XpelaleTal. H eicaywyn
onMeiwv YyiveTal €iTe PJe TO MNOVTIKI €iTe npoypappaTioTikd. O €UKOAOG XEIPIOHOG
TNG BIBAIOONKNG €ival mBavo va TnG EMITPEWYEI va KATAKTNOEl KAl XWPOUG €KTOG
Tou MaveniotApiou. Av kal n VPython unootnpilel kai TIC 3 O1AOTACEIC, €XOUME
uAonoInoel €vvoleC JOVO OTIC 2, avTikabioTwvTtag Tnv 3n 01aoTaon TwV ONUEIWV HE
undev (0). To napov Keipyevo ogeilel apkeTa orta gpebiopata Tng CGAL [4] kal TIC
anokTnOeioec yvwoeic og python and oxeTikn BiBAloypagpia [5].

2. EmiAoyn YAwooag uAonoinong

2.1 Python

H emiAoyn Tng Python w¢ yAwooa ulonoinong €yive kabwg €ivalr pia and TIG nio
O1adOoNEVEG YAWOOEG OTNV UAOMOINGN ano Twv Mo anA®V HEXP! TWV M0 NOAUNAOK®WV
npoypaupdTwy, 0nwg ol noAuvnuaTtikoi dlakopioTeG. H Python dev eEaptdTal ano
TO AEITOUPYIKO oUOTNHA Kal auTd TNV Kavel 181aitTepa Xpnaoiun, kabwg n BIBAI0BAKN
yiveTal TeAeiwg peTakivioiun (portable) oe 0Aa Ta pnxavAupaTa. Eniong, €ival nio

euxpnoTn, AOyw TNG oUVTA&NG TnC.

H Python xwpic epwTtnuaTika (;), oUuBoAa doAapiou ($) kal AykUAEC kAvel Tov
K®OIKA M0 euavayvwoTo OTOUC KOIVOUC avlpwnouc evw, YeEVIKA, Oev €XEl MOAAG
oupBoAa nou va pnv yivovral avriAnnTa oTto pEco avBpwrno. Emnpoobera, ol
AEEEIC vIa TIC AoyIKEG npa&eic Oev ek@padlovTal Pe Ta ouvnBiopeva cUPBoAa nou
XPNOIPOMNoIoUV AAAeC YAwoOoec (Aoyiko kal: &&, Aoyiko ni: ||, Aoyikr apvnon: !, KTA),




- EucleiDIs : Mia lewuetpikn BiBAioBnkn yia AnAoug AvBpwnoug —

rewpyioc KoAoBevtioc

aAA@ PE TIG avTioToIXeG AEEEIC TOUG oTnV ayyAikn yAwooa (and, or, not, kAn). Me
auTov Tov TPONo, N HETATPONN EVOC WeUudoKwWAIKA aAyopibpou os Python €ival oav Tn
HMETA@PAON €VOG KEIPEVOU. TEAOC, OVTAG HiIa YAwooa uywnAou eningdou (high-level),
KaB10TA TOV NPOYPANKATIONO Mo EUKOAO, KABWC deV UNAPXEI N avaykn evacXoAnong
ME TN O€0MEUON KAl ANOJETPEUDN PVIHUNG.

2.2 VPython [1]

H BiBAI0BNKN VPython eivali €va eUXpnoTo €pyaAe€io Mou NPOOQPEPEl MOAAEC
duvartoTnTec. Eival Adn ouppatn Pe TN dnuioupyia AvTIKEIHEVWV TPIWV OlAOTACEWV
Kal €i0dyel nNANBGOC avTIKEINEVWY, ONwG ogaipa, ypauun, OakTUAIOG, nupapida,
BEAog, eAaTnplo kAl NOAAd aAAa. XpnaoigonolwvTag PHepIKaG and auTd Ta avTIKEIJEva
dnuioupynoape 6Aa Ta anapaitnTa avTikeigeva yia Tn BiIBAI0OAKN pag. H duvaTtoTnTa
ansikoviong TwV avTIKEIJEVWY, dAAAYNG XPWHATOC Kal €10aYyWYNGS KEINEVOU OTa AN
aneikovIoOPEVA AVTIKEIMEVA, TNV KAVEl €va eUXpnoTo MnepIBAAAOV yIa va HMNOPECEI
Kanolog va d010a&el oxNUATa KAl AvTIKEIYEVA OE QOITNTEG, ME Aiyo KOMO Kal XwPig
I010ITEPEC NPOYPAPMATIOTIKEG dUOKOAIEG. H BIBAIoBNKN auTn €xel Adn OOoKIYaAoTEi
otn d1daokaAdia Tng Puoikng (HEow OnuIoupyiag NEIPAPATIKWV JIATAEEWV HE TA
avTIKEIigeEVA TNG) aAAd kal TnG Xnueiag, kKabwg pnopei kanolog va OnuIoupynoel
TpIodIAOTATA POVTEAA XNMIKWV OTOIXEIWV KAl EVOOEWV YIa TNV KAAUTEPN KaTavonon
TWV d1aPOPWV HOPPWV TOUG OTO XWPO.

3. MpoBAnpara Tng Python

3.1 Ynep@popTmON CUVAPTHOEWV

H Python e€ivar pia and Tic mio J1adedoueveC YAWOOEC npoypaupartiogou. O
NPOYPAMMATIONOC o€ auTnv napouaoialel diapopec and T C++. H Python
XPNOIYOMOIEiTal Kal w¢ 01adikaoTikn, AAAd Kal wC AVTIKEIHEVOOTPAPNS YAwooa,
dla@epel OHWC WG Npoc TN C++ oTnV UNEPPOPTWON TWV CuvapThoswv. H Python
NPOOMEPEI UNEPPOPTWON YIA TA PHadnuaTtika oUPBoAa (==, >=,<=,!=,<,>), WOTE
va pnopouv va xpnoigonoin®ouv yia Tnv Ta&ivounon Hiag AioTac n yia Tov €AEyYX0
TWV OTOIXEIWV TNG KAGonc. ‘'OPwc, ol CUVAPTNOEIC NMOU PTIAXVEI O NMPOYPANUATIOTAC
dev uneppopTwWvovTal he avaioyo tng C++ Tpono.

AvanTtu&ape Tn ouvapTnon isinstance nou naipvel 2 opiopyata. To NPpwWTO OPICKA €ival
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N METABANTA Nou BEAOUME va KATnyopionolinooupe Kal To OsUTEPO €ival To Ovoua
TOU TUNOU 1 TNG KAdGong nou B€Aoupe va eival n PeTaBAnTn pac. Autd enITpEnEl
va OnUIoOUPYEITAl TO aAVvTIKEigevo POVO HWE Tn ouvdpTtnon _ init_ kdBe kAdong,
avaAoya Pe To TI opiopaTa dEXETAl N cuvapTnon.

3.2 AvanapdaoTraon onHeEimv HEYAaAng akpiBeiag

'Eva peydAo INTnua yia TIG undpxXouoeg BIBAIOBNKeES dnuioupyiag onueiwy €ival n
akpiBela. Av npoonabrooupe va dnUIOUPYNOOUKE OnUEia PEYAAng akpiBeiag, ToTe
OAEG o1 BIBAIOBNKEG £xouv INTNHa opBOTNTAC OTAV KAvouv Npa&eic e autd Ta onueia.
Id1aiTepa To kKATNyopnua orientation (NpooavaToAiopog) onueiwv apyilel va napayel
AavBaoueva anoTteAéouaTa [6].

H BiBA10BAkN Decimal nou ocuvodeuel Tn Python, NpoopEPEl ONUAVTIKEC dUVATOTNTEC
onwg:

e  OplopdGg TNG akpiBeiag Tou onueiou
e  YNEPPOPTWHEVEG OUVAPTNOEIC YIA OAEG TIC NPAEEIg
e  MeydAn akpiBela oTig Npa&eig

XPEIAOTNKE va avTIMETWNIOTOUV Jdlagopa Bepata pe Tnv Xpnon Ttng Decimal,
Kabwg n BIBAI0BNKN akoAouBei Tn Aoyikn «naipvelg O,TI NAnKTpoAoyeic». KaTta
TNV €KTEAEON apIBUNTIKWV npafewv OIaPOPETIKNG akpifelag avTiheETwNIoAUE
TO akOAouBo npoBAnua: av o xpnortng €Bale onueia pe akpiBela PIKPOTEPN TNG
NPOENIAEYHEVNG, TO ANOTEAECKA NTAV £vag aplBudG JE TNV NPoEnIAEYHEVN akpiBela.
AUTO NOAAEG QOpPEG 0dnNyoUoE OTN EPPAVION €VOG OnueEiou HeE OUO OIAPOPETIKEG
akpiBeleg, pe anoTteAeopa OTav yivoTav ouUykpion 100TNTAG va anotuyxavel. To
{NTNUa autd AUBNKe WE TNV €l0aywyn Twv anapaitntwv pndevikwv (0), woTe va
€XOUV OAa Ta onueia Tnv idla akpifela

4. BaoikEg EvvoleG TG BIBAIOOAKNG

Me TOV Opo PBacikec €vvoiec TnG PBIBAIOOAKNG, €vVooUHE TIC KAQOEIG nou
dnuIoupynonKav yia Ta €NIJEPOUG AVTIKEIMEVA NMou npooPepel n PBiBAI0BRKN. ‘OAa
Ta avTIKEigeva agopouv Tov digdiaoTato Xwpo (napadeiyparta Kwdika cuvodeuodpeva
and avTioToixa oTiyhioTuna o0ovng: http://test-georgios-koloventzos.web.cern.ch/
test-georgios-koloventzos/examples.php).
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4.1 Znpeio (Point_2)

To onueio eival n Baoikdotepn kAAon TnG PBIBAIOBAKNG. ApXIKOMOIEITAl HE TIG
OUVTETAYMEVEC TOU onpueiou og 2 yetaBANTEG decimal, pia AioTa YE TIC CUVTETAYHEVEC
wC oToixeia (MpwTa n TETUNMEVN KAl PMETA N TETAYHMEVN), TO XpWHA wC TUNOG tuple
Kal To avTikeipevo opaipa (sphere) Tng VPython. EninpooBeTa, av €I0GYOUUE KEIPHEVO
yla TO oOnueio, TOTE dnuIoupyeiTal €va avTikeiyevo label Tng VPython. To onueio
NEPIEXEI, €MIONCG, UNEPPOPTWHEVEC OUVAPTNOEIC yia OAa Ta padnuaTika oUUBOAQ,
oUTWC WOTE VA PUNOPOUNE va KAvoUupe TaEIVOUNOEIC o€ AIOTEC NMOU MEPIEXOUV ONUEia.
O1 ouykpiogIG yivovTdl NMpwWTA WC MPOC TNV TETUNMEVN, KAl av €ival i0eg, TOTE
OUYKPIVETAl Kal N TETAYHEVN.

Eikova 1: >nueia oTo €ninedo

4.2 EuOuypappo THAHpa (Segment_2)

To €uBUYpAUPO TUNMA WMOPOUME va MOoUPe OTI €ival n KAQon HE TIC NEPICOOTEPEC
xpnoeic. Autd aupBaivel, d10TI €ival n KAGon oTnv onoia aneudbuvouacTe 0TAV EXOUME
va KAVOUME oUyKpion METAEU avouolwVv npaypatwyv (akopa kal otav (wypa@ioupe
TN ypapun (o.0. BAéne 4.3), Tn OnUIOUPYOUUE HE €va €uBUYpaAPHO TUAMA Mou Ta
akpa Tou €ival noAU pakpld). To suBUypappo TUAMA NEPIEXEI 2 onueia, wg apxn
Kal TEAOG, Kal Mia kapnuAn (curve) Tng VPython yia va dnuioupynooupe Tnv
€lkOva Tou €uBUypaupou TUAMatog. H kAdon Tou euBUYypAPMOU THAMATOG MEPIEXEI
NOAAEG OUVAPTNOEIG, WOTE va dwaoel dIAPOPEC NANPOPOPIEG, ONWC TO HWNAKOG TOU
OTO TETPAYWVO, TO PJECOV TOU TUNMATOC, TN YPAMMN OTNV onoia BpioKeTal, av &vda
onMeio Tou €ival navw o€ auTo Kal av €ival kabeto f op1lovTIO.
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Eikova 2: EuBuypappua Tunuarta

4.3 Ipappn (Line_2)

H kAGon TnG ypauung Hag eniTpenel va dNPIOUPYNOOUE HId YPAWKN KAl va KAVOUHE
npageic yia Tov npooavaTtoAlohyd onueiwv Pe auTtn. H kAdon nepiExel Toug 3
OUVTEAEOTEG TNG €uBeiag (and Tnv e€giocwon Ax + By +C =0) kal Tn ypappn g
KAMMUAN, akpiBwg onwg kal To eubuypappo TUAMAa. H eubeia dnuioupyeital ano &va
€UBUYPAUMO TUAMA ME NOAU peydAa dakpa (naipvoupe onueia €kTOG TOUu apyikou
onTikoU nediou Tou npoypauuaTioTn). 'ETol, divetal n weudaiobnon Tng subeiac.

Eikova 3: paupec oTo €ninedo
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4.4 Axrtiva (Ray_2)

H akTiva €ivar ouoiaoTikG pid ypappn ME onueio apxncg. ‘Exel oxedov TIC idIEC
1010TNTEC ME TN YPANKN, AV KAl N akTiva xpelaleTal onwaodnnoTe €va onueio yia Tnv
apxn TnG. H akTiva kpaTtd otnv KAAon TnG To onueEio apxng, Tn dieuduvon TnG, TO
onueio TEAouc TNCG (y1a AoyoUc EUXEPEIAC KAl aneikoviong) Kai TNV KapnuAn TnG, onwg
OAEG Ol KAQOEIG UE YPAMMEG.

Eikova 4: AkTiveC aTO €ninedo

4.5 Tpiywvo (Triangle_2)

H kAdon Tpiywvo Xpnoidonolgi 3 oTiydioTuna Tng KAAong eubuypappho TUAHA, WOTE
va dnMIoUpPYNOoEl TV onTikonoinon Tou Tpiywvou. 'ETol, kabe subuypappo TUAMA
Kal kKabe onueio €xel TIG 1010TNTEG TNG KAAoNG Tou, kal OAa padi dnuioupyouv TO
Tpiywvo. Edw xpnoigonolsital kalr n kAdon tng VPython pe Tnv ovopacia face (€dpa)
Kal JE AUTOV TOV TPOMO, MNOPOUME VA XPWHATIOOUHE TO ECWTEPIKO TOU TPIYWVOU.
'Exouv dnuioupynBei ouvapTnoeIC yia TO XPWHATIONO MOVO TwV ONMEIWV i HOvo
TwV €UBUYpPANUWY TUNPATWV. Eniong, ol ouvapTnoeig nou XpnoipgonoloUuvTal yia va
ano@avBouue av 2 Tpiywva €ival ioa, €xouv ulonoinBei oUTwWG woTe, av doBouv Ta
onMEia ME KUKAIKO ouvduaopo, n KAAon va Pnv €xel npoBAnMa va cupnepavel oTi
npoOKeITal yia 1dia Tpiywva.
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Eikova 5: Tpiywvo oTo eningedo

4.6 KukAog (Circle_2)

Av kal yevika n YnoAoyloTikn FewpeTpia dev aoxoAesital 101aiTepa PE KUKAOUG, N
uAonoinon Piac KAGong yia auTto To YEWHETPIKO oxNua iowg va BonBnoel og kanolov
aAyoplOpo apyotepa, Onwc yia napdadeiyya ortn onuioupyia Tou diaypaupaTog
Voronoi. O KUKAOG €xel oav KUpIa XapakTnpIoTIKA To KEVTPO, wG €va anueio (Point_2),
Kal TO PAKOG TNG akTivag oTo TeTpaywvo (ouvnBileTal TETOIEC TIMEG va €ival aTo
TETPAYWVO, KABWC n €Upecn TOU MNKOUC €ival UMNOAOYIOTIKA akpifry Kal OToug
NEPICOOTEPOUC TUNOUG (OykKou, KAN) xpelaleTal va €ival oto TeETpaywvo). H kAdon
Tng VPython yia Tnv onTikonoinon Tou kKUkAou €ival o dakTuAlog (ring).

Eikova 6: KUkAol oTo €ninedo
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4.7 MNoAuywvo (Polygon_2)

H YnoAoyioTikr) FewPeTpia aoXOAeiTal KATad KOpov HE TA noAuywva. Ta Kupia
XapakTNPIoTIKA TNG KAAong, €kTOC and TIC 2 AiOTeg, €ival kal To av €ival aniod n
KUPTO NoAUywvo, Kabwc kal o npooavaToAlIOPNOC TWV ONUEIWV TOU MOAUY®VOU.
AuTd apyxika dev unoAoyilovTal. Av o xpnoTtng Ta {nTnoel, TOTE unoAoyilovTal Kai
anoBnkevovTal yid TIC €ENOHPEVEC XPNoeic. H kKAdon autn €xel NOAAEC ouUVAPTNOEIC
yia va aAAadoupe TO NEPIEXOPEVO TwV 2 AIOTWV, OoUTWC WOTE va HNopoUHE va
aAAaloupe To MOAUYWVO YIa va IKAvoroiel TIC avAykKeg ToU MpoypauuaTioTn. ‘Exel
npoBAe@BOei kGBe enavaAnyn nou YiveTalr oTa onueia ) ora subBuypaupa TUAPATa
va €xel TN ouvapTnon Xrange avTi yia range TngG Python, woTe va pnv undp&ouv
NPOBANMATA PE TN PVNHN OE MOAU peydAa noAUywva r 0€ Jn 10XUPOUC UMOAOYIOTEG.
H ouvaprtnon Tou €uBadou uAonoisi Tov KAAoIkO aAyopiBuo yia Tnv eupeon eupadou
NoAUYWVOU (XwPIiC va €xel NpoBARUATa av €ival KupTo n pn) He 0edouévo POvo Ta
onueia Tou.

Eikova 7: MoAUywvo oTo €ninedo

5. BAOIKEG Kal pn, ouvapTnoEig TNG BIBAIOOAKNG

5.1 ZuvdapTROEIG YiAa TN XEIPAY®YNOT ONHEIWV

Ynapxouv 2 ouvapThoEeIC XEIpaywynong onueimv. 'OAeg ol cuvapTnoeic xpeialovTal
KaAUTepn uAonoinon, kabwg Oev ekPeTaAAeUovTal OAEC TIC NAPAMETPOUC MoOU
hnopouv va 0obouv. 'HOn &xouv uAonoinBei NoAU KaAeC emAoyec ortnv opada
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ano aAAloucg cuvadelpouc, nou Ba gicaxbouv atn BIBAIOBAKN OTO NMPOCEXEC MEAAOV.

5.1.1 H ocuvaprTnon getVisualPoints

H ouvaptnon autn dev naipvel opiouyata kair ouciaoTika etoigdaler tn BIBAI0BAKN
yla va dexBei Tnv €icodo and ToO NovTiki, oUTWC WOTE va AMNEIKOVIOEl Ta onueia.
O TpoOMoOC yia va oTapaTnosl 0 XpAoTnG TNV €i00d0 €ival va natnosl To NMAAKTPO
backspace. EnIA&EXTNKe autdC 0 TPOMNOG YIATI OAA TA KOUMNIA TOU MNOVTIKIOU €£XOUV
hia xpnon oTic endpevec ekdoosic TG VPython. H ouvapTtnon kpartdsl Ta onueia
o€ pia AioTa kaBoAIkng €uBeAsiac yia va PnopouUlde va Tnv npooneAaUVOUNE ano
onoladnnoTe onueio TNG BIBAIOBAKNG.

5.1.2 H ocuvaprtnon getPolygon

'Onwg kal n «adeA@Ikn» TnNG cuvaprtnon, getVisualPoints, dev naipvel opioyata. H
€i0000C TWV ONUEIWV OTAPATAEl, KAl AuTn, ME TO NANKTPO backspace. H ouvapTtnon
EVWVElI Ta onueia, kKaBwc o XxpAoTng Ta siodyel (YE Tn O€Ipd nNou Ta ONUIOUPYEI O
XpNoTnG), e Segment_2. XTo TEAOC TNG €10000U N OUVAPTNON ENICTPEPEI TIG 2
AioTec (pia pe Ta onueia kal pia Pe Ta €uBUYpPAUPA TUAMATA) YIA VA WUMNOPECEl O
XPNOTNC va XpNolJonoinoel onwc BEAel TIG 2 AioTeC EexwploTd. AUTEC pnopouv va
gloaxBbouv kaTteubeiav oav opiopata TnG kAdong Polygon_2 yia Tnv apxikonoinon
TNCG.

5.2 ZuvapTAOEIG XPNOIiHWV AEITOUPYI®OV YiAd TNV UNOAOYIOTIKN YEWHETPIA

5.2.1 Zuvaprtnon npoocavatoAiopou (orientation) [2]

H ouvaptnon (katnyopnua) npooavaTtoAlopoU €ival gdia ouvapTnon nou, YeEoa OTIG
ouvapTnosIC TWV KAAOEWV, XpnolgonolsiTal guvexela. Mag divel Tn nAnpogopia av
Ta onpeia sival npooavaTtoAloPEva PE TN gopd ToU poAoyiou, TNV avTioTpopn gopa,
N e€ivalr ouveuBeiakda. AuTO, viaTti péoa ortn BIBAIOONKN €ival npoypaupaTtioTika
KAAUTEPO va yivovTal ouyKpioelg Je apiBuoug, Nnapd CUYKPIOEIG UE aA@apIOunTIKA.

Anod padnuaTikng danowng, n ouvaprtnon PBpPioOKel TOV NpooavaTtoAlONO MHE TNV
apaipeon TWV CUVTETAYHEVWV TWV ONUEiwv JETAEU Touc. Me auTov Tov TPONo, HId
and TIC KUPIOTEPEG GUVAPTNOEIC KAl EPWTNOEIG TNG UMNOAOYIOTIKAG YEWHETPIAg Ogv
XPeIadeTal TEpAOTIA UNOAOYIOTIKA 10XU. H ouvdapTnon €nioTpepel aApapiBunTiko yid
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va Pnopei va ekTunwbei kaTteubeiav, av XpelaoTei. XTIG KAAOEIC anoBnkeUeTAl WG
aplBuoOC yia va undpxel eUKoAia yia AlyoTeEpn XPOVIKI KAl XwpIKr NoAUnNAokOTNTA o€
npa&eic ueTa&l npooavaToAIoPwV PETAEU KAGOEWV.

5.2.2 Zuvaprtnon Topung (intersection)

H ouvaptnon TOMNAG €ival n MeyaAuTepn ouvaptnon TnG PBIBAIOOAKNG anod Tnv
nAeupd kwdika, dI1OTI nMpénel va kKaAuwel 6Aoug Toug ocuvduaopouG avapeoa oTIq
KAQOEIC. TNV uAomnoinon XPNOIMOMOINOAUWE TO TEXVAOHA YId TNV UMNEPPOPTWON
ouvaptnoswv (BA. 3.1) OTIG KAAQOEIG, WOTE va PNOPECOUME va PTIAEOUHPE auTnv
TN ouvapTNoNn HE NEPIOON avTIKEINeEVOOTpEPela. 'ETol, n ouvaptnon naipvel wg
dedopéva Ta 2 oTIYHIOTUNA KAQOEWV KAl TO av BEAOUME va €U@PAVICOUPE TNV TOMN
TouG. 'OTav £XOUME TOMEC AVANEDA O YPAMUMEG, EUBUYPAUNA TUAMATA KAl AKTIVEG,
TOTE OAQ PETATPENOVTAI O YPAUMEG KAl YIVETAI N TOMN. AV ENICTPEWEI KATI N TOUN TWV
YPAMMWV, TOTE YivOvTal CUYKPIOEIC YIa va DOUNE av To ONUEIo €ival JETA OTNV AKTiva
 oTo €uBUYypaPuO TUNKA. 'ETOI, avTi va ypa@oUlEe Tov KwdIKA GUVEXEIQ, EXOUNE MIa
Mo AVTIKEIJEVOOTPAPN NPOCEYYION.

To id10 YiveTal KAl JE TIC TOMEC AUTWV TWV KAQOEWV PE TOV KUKAO Kal TO NOAUYWVO.
Aivoupe BApoc oTnVv TOoun TNG YPAWMNG ME OAA Ta aAAd aAvTIKEIMEVA yia KAAUTEPN
uAonoinon. H ouvaptnon dev eniOTPEPEl TO idI0 AVTIKEIUEVO KABE popd. AuTo EyIve
OI0TI avaheoa o€ 2 YPAPMEC MNOPEI va EXOUMPE EiTE €va ONUEIO €ITE PIa ypapun.
'OJWG, OTAV EXOUME TOWN MIAC YPAUMNG ME €vav KUKAO PMoOpEi va €Xoupe 2 onueia,
€va onueio | kal Tinota. AKOPA XEIPOTEPA €ival, OTAV £XOUME va KAVOUMPE HE TOMN
NMOAUYWVOU HE Ypauun, €uBuypauppo TUNMA N1 akTiva. Ekei pnopei va eivai
eubuypappa TUAMATa, onueia N kail Tinorta. ‘ETol, Ba np&ngl oTnv €nopevn €kdoan,
n ouvdaprtnon va enioTpePel Aiota e PNdevikd apiBud, av dsv undapyouv onueia
TOMNC N JE OAa Ta onueia, euBUYpANPA TUANATA, KAN O pia AioTd. AuTi Tn oTIyun,
auToO TO KAVEI JOVO YIa TO NOAUYWVO.




Eikova 8: Toun KukAou pe Mpappn, Tour MFpappnic kal EuBUypappou TUAWATOC

6. Zupnegpaocpara

H BiBAIoBAKkN auTtn e€ival n apxn Miag noAUu peyaAng douAsidc. H apxn Tng, va
gival eUKOAN yIa TOUG Mn €EEIDIKEUPEVOUG XPNOTEG, €ival pia HPEYAAn eniTuxia
TNG. Mnopei va oxedidaosl noAUywva o€ NoAU Aiyo XpOvo HE pia evToAn kai Xwpic
101aiTEPEC DUOKOAIEG yia Tov Xpnortn. Av Kdl n METAKivnon onueiowv Oev €ival
OTO KAAUTEPO TNnNC oTadlo, Ba Odwoel pia peydAn Ponbeia ortn d10AKTIKA TNG
YnoAoyIoTIKNG TEwUETPIac kal YeVIKOTEPA TNC YEWMETPIAG KAl OTNV €vaoxoAnon
TWV AIYOTEPO HUNMUEVWV HE TOV MNPOYPAMMATIONO. Mia anapaitntn avapaduion
TNG BIBAIOONKNG €ival n oupBatdTnTa pe Tnv Python 3 (Ba npenel va aAAagouv
Kanola npayuarta 101aiTepa oTnv ekTUNWON Twv KAdoewv). H BIBAIOBAKN pnopei
va enekTabei oTo Xwpo Twv 3 d1aoTAcEwyV, aAAd kal va dnuioupynBbouv ol KAACEIG
Kal ol ouvapTnoelg yia Ti¢ 3 diaotacelc. H BiBAioBAkn duvatal va e&eAixbei wg
€pyaAcio yia kaBe daokaAo nou BeAel va d10A&el YeEWPETPIA, UNOAOYIOTIKN YEWMETpIA
Kal ornolodnnoTe PABnua €xel va KAvVel YEVIKA HE TN Onioupyia avTIKEINEVWY OTOV
xwpo. H Python €ival elkoAn oav yAwooa kai OAo kal nNepICOOTEPA NAVEMIOTAHIA
TNV €VTAOOOUV OTO npoypapua onoudwv Toug, 101aiTeEpa OTO MPAOBNUA TNG
«Eloaywyng oTtov npoypappationd». Akoua kal naidid Aukeiou €ival €UkoAo va
@TIGEoUV evav aAyopiBuo o pia weudoyAwooa kal PJE NoAU Aiyn npoonabeia va
TOV HETaTpEWouv o€ kwdika Python yia Tn BiBAIoBNkN. H BIBAI0BAKN €xel MOAU
MEYAAEC MPOONTIKEG Yyla va yivel eva Bonbnua yia To pabntn kal Tov kadnyntn
oTnNV €KPAdNnon kail Tnv Katavonon aAyopifpwy, oxNHATWV Kal YEVIKWG TOU XWPOU
Nnou Pag nepiBaiAel.
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NepiAnyn

> auTn TNV gpyacia napouoialovTal ol NNYEC kal ol YeBodor diadoonc NPoTUNWV
XPOVOU Kdal CGUXVOTNTWV OTn MIKpokupaTikn {wvn CUXVOTATWV Kdl KUupiwG oTnv
onTIKf. ApXIKA NeEPIYPAPETAl O TPOMOC AsIToupyiac kalr Ta €idn TwV ATOMIKWV
poAoyiwv, Ta onoia anoTeAoUVv TN ONMAVTIKOTEPN NNyn MNpoTUNWV. To KUPIwg
OKEAOG TNG €pyaciac agopd Tn dlavour auTwv TwV NpoTUunwv HeE OIAPopES
HMEBOOOUC mou diatnpouv Tnv &e€aipeTn oTaBepdTNTA KAl AKpiBeid Toug, or dUo
BaoIkEG KATNYOPIEC Twv oOMoiwv €ivar n HPETAd00N MECW ONTIKWV IVWV Kal n
ueTadoon peEow Odopu@opou. 'Epgaocn diveTrar oTnv NpwTn KaATtnyopia, onou Kdail
avaAuovTal ol TPEIC TEXVIKEC MeETAd0ONC MECW ivac nMou XpnoigonoloUuvTal Cnuepa.
TEANOG, avapeEpPovTal Ol EPAPHOYEC TWV NPOTUNWV KAl TwV PHEBOdwV O1avOUNC TOUG,
KaBwg Kal ol opyaviopoi Nou EUNAEKOVTAl OTN OXETIKN EPEuva.

NEEeIc-KAei1d1a: Ava@opd auxvoTnTag, ONTIKEG iveg, AToMIKA poAdyia, OnTIKO QpEpov,
Laser, >T1aBepdTnTa, ABEBaIdOTNTA, ZUYKPION CUXVOTATWY, ZUyXpoviouodg, Frequency
comb, GPS, Telecommunication fiber
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1. Eicaywyn

>Tn ONUEPIVI €N0XN, TA ATOMIKA pOoAOYIa NAPEXOUV NMPOTUNA GUXVOTATWV 1 XpOvou
nou Xxapaktnpifovralr and noAU peydAn oTabepoTnTa kKai akpiBsia. Ma va
xpnoigonoin®ouv o pia NnAnBwpa and spapuoyeC, €ival anapaitnTn n avanTuén
TEXVIK®V OIaVOUNG KAl HETAd0ONG TOUC, Ol onoiec diatnpouv TN oTabepOTNTA TOUC KAl
€l0ayouv 000 To duvaTtov AlyoTepo B6puBo. Eni Tou mapovrocg, npayuartonoioUvTal
OUVEXWC NEIPAPATA KAl EPEUVEC YIiad VEEC MEBODOUC KAl TEXVIKEC METAPOPAC, Mia
and TIG onoieg €ival N PeTAdoon HECW ONTIKWV IVWV. H avaykn yia PJETA@opa Kai
METAdOON YIVETAl MIO KATAVONTA KAl anod TO YEYovOoC OTI TA ATOMIKA poAoylid Kdl
YEVIKG Ol nny&c TO600 OTaBepwv MPoTUNWV €ival nNoAU akpifoi pnxaviouoi Kai
ueTapépovTal dUokoAa. 'ETol, yovo opliouéva epyaoThpia OIaBETOUV TETOIEG NMNYEC,
EVW 01 UNOAOINEC €yKATAOTACEIC NMPENEI va NpounBguToUV Ta NPOTUNA ANod auTd.

Ta npdTUNa CUXVOTATWV E€ival XpAOIYA 1 KAl anapaitnTa yia €va peyaio apiBuo
epapuoywv. TeTolec €ival To GPS, o naykoopiog xpovoc UTC, neipapata nou
egeTalouv BepeAimdelc Bewpieg kal oTaBepeG TNG (QUOIKNAG, O GCUYXPOVIOHOG
TNAgoKOMiWV 1 AGAAWV UNXAVIOPWV Kal ol eNITaxuvTeg owuaTidiwv. Ta npdTuna
XpnoigonoiouvTal Yevika and KAAdoug TnG €nioTAPNG ONWG N aoTpovopia, n
METpOAOYia K.a.

>Tnv napouaoa €pyacia yiveral gia avackonnon Twv npoTunwv cuxXVoTATWwY/ XpoOvou
Kal TwV oUyXpovwv HeBOdWV PETAPOPAC TOUG. 2ZTO NPWTO KEPAAalo, apou OoBei
€vacg OUVTOMOG OpPIOWOC Yia Ta npoTuna/avagopes ouxvoTntag, napouacialovTal
ol NNY&g Toug, OnAadn Ta didpopa AdN TWV ATOMIKWV poAoylwv (MIKPOKUMATIKA,
onTika, kBavTika). ZTo JeUTEPO KepAAalo napoucialetar To frequency comb, o
TPOMOG A&IToUupyiag Tou Kal n XpnoigoTnTda Tou, apou n Kkatavonon Tng €vvoiag Tou
anaiTeital and Ta endpeva ke@aAaia. To TpiTo KEPAAAIO €ival TO KUPIWG KEPAAAIo
TNG €pyaciag, apou avaAuel TIC HeBOdoUG dlavoung Twv MpoTUnwvV Kal xwpileTal
o€ Tpia PEPN: napdapeTpol BopuBou, dlAVoun MECW ONTIKWV IVWV Kal dlavoun HEoW
00pPUPOPWV.

To NPWTO PEPOC APOPA TIC YEVIKEC NAPAPETPOUC HE TIG OMOIEC HETPATAl 0 BOpUBOC
Miag CeUENG YETAPOPAG Kal o€ deUTEPN PACN MNIO CUYKEKPINEVA TO €id0¢ Tou BopuPou
nou €l0ayeTal and pia onTIKA iva Kal Tn YEVIKN apxn akUpwonc Tou.

To 0eUTEPO WEPOC NEPIYPAPEI TIC NAPAPETPOUG Nou ennpealouv Tn HPETAd00N HEOW
ONTIKNG ivag kal avaAuel TIG TPEIG BAOIKEG PEBODOUC Nou XpnaihonoloUvTal yia ia
TETOIQ PETAdOON: METAPOPA MIKPOKUMPATIKAG OoUXvOTNTAC HE OlaNOpPwWon NAATOUC
€voc laser, aneuBeiac peTapopd onTikoU (PEPOVTOC KAl YETAPopa evog frequency
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comb. T€Aog, OivovTal NePICOOTEPEC AENTOUEPEIEC YIA KAMOIEC and TIC EPAPHOYEG
TNG METAdOONG MEOW ivac kal napouaialovral cUvToPa ol KUPIoI Opyaviopoi nou
EUNAEKOVTAl OTNV avanTuén Twv napandvw PeBddwv kal Tn dieEaywyn avTioToIXwV
neIPaPaTwy.

To TpiTo YEPOC napoucoialel TIC OUO KUPIEC HEBODOUC PETAdOONC HETW dOPUPOPWY,
To GPS kai To TWSTFT, Tov TpOno A€IToupyiac TOuG KAl Td NAEOVEKTAKATA TNG KABE
Miac.

TeAoG, €EayovTal KANOIA CUNMEPACHATA WE NPog TIC dIAPOPEC PEOODOUC PHETADOONG
(onTikn iva 1 dopugopikn), TAa NAEOVEKTAMUATA KAl MEIOVEKTAMATA TOUC, KdAl TIG
NEPINTWOEIC XPNOIMOTNTAC TOUG.

2. ATOMIKA poAOdyia

'Eva aToupikd poAdI €ival €va poAdl nou XpNnoIYonolei Tn ouxvoTnTa HIAG
NAEKTPOVIKNG METABAONG TwWV NAEKTPOVIWV €VOC aATOMOU OTN  MIKPOKUMATIKA,
ONTIKA N unepiwdn NEPIOXN TOU NAEKTpopayvnTikoUu ¢AoPATog, w¢ npOTUno
ouxvoTnTag yia Tn OgueAimwdn povada HeE TNV onoia PeTpdel To Xpovo. H apxn
AEITOUpPYIAC TWV AaTOPIKWV poAoyiwv BacileTal oTnv KBavTIoPEvn GUON TWV ATOHWV.
'Eva atopikd poAdl ekueTaAAeleTal TV napandvw 1010TNTA TV ATOPWV Yid vd
dnuIioupynaoel pia avag@opd ouxvotnTtag, n onoia e€aprtdtal and TA ATONa nou
XPNOIMOMOIEI OTO NNXAVvIoUO Tou.

2.1 OpICHOG TOU BeUTEPOAENTOU

Mpiv TN XPAON ATOMIKWV POAOYI®WV O XPOVOC €iXe oploTei Ye BAon TNV NEPIOTPOPN
TNC YNNG YUpw ano Tov €auTd TNG Kal TNV nepigpopa TngG yupw ano Tov nAio. Me tnv
avakaAuyn TwV aTOHIK®WV POAOYIWV TO OEUTEPOAENTO WMOPEI va OPIOTEI PE MOAU
HeyaAUTepn akpiBela, oe oxéon WE TN QUOIKN ouxvoTnTa OIEyeponG evoc aTtopou,
agou auTn n ouxvoTnTa &€ival napa noAu oTtabepny kai dev ennpealeralr anod Tn
Beppokpaacia, TNV atgooaipikn nieon KTA. To deUTEPOAENTO PUMNOPEI VA OPIOTEI WC N
dlapkela 9.192.631.770 enavaAn@ewv r NepIodwy.

2.2 AkpiBeia aTOHIK®V poAoyi®V

AUTI N OXEon ouxvOoTNTAC KAl XpOVOU XPNOILOMOIEITAl YIA va opIoTEi N Napodog Tou




XpOVoU HWE YeYAAn akpiBeia. Ta poAdyia, €v YEVEl, HETPAVE TNV NApodo Tou XPOVou
ME XpNON &€vOG TAAQVTWTN NMOU AEITOUPYEI OE Hiad OUYKEKPIMEVN ouxvoTnTa. '‘Oco
MEYaAUTEPN €ival n ouxvoTNTa Tou TaAAvTwTn, TOOO NEYAAUTEPN €ival N akpiBeia Tou
poAoylou. Ta punxavika poAoyla nou XpnoigonoloUoav eva EKKPEPEC AsiIToupyouoav
o€ ouxvoTnTa MepIkwV Hz. O1 TAAQVTWTEG TWV POAOYIWV MNOU XpnoigonoloUv
KPUOTAAAOUG quartz AsiToupyoUv O ouxXVvOTNTEG Kanolwv MHz. Ta aTtopika poAoyia
XPNOIYOMOoIoUV WG «TaAavTwThA» Ta idla Ta AToda €vOG OTOIXEIOU Kal AEITOUpyoUV
oe ouxvotnTeg GHz, THz n akopa kalr PHz. Eivalr npo@aveég noco HeyaAuTepn
akpiBela NPOCEEPOUV OE OXEQN ME OAOUG TOUC NMAAAlOTEPOUG TUNOUG poAoyiwv. Ol
KUPIOTEPEG EPAPHOYEG TWV ATOMIKWV POAOYIWV CUpnepIAauBavouv To Maykoouio
>uoTtnua OeoiBeoiag (Global Positioning System, GPS) kair Tn 81€6vn apxn Tng
XPOVOUETPNONG, MOU €ival YVWOTN WG ZUYyXPoVIoPEVOS Maykoaopiog Xpovog i UTC.
Ta aTtodika@ poAoyia XpnolpgonoloUvTal ENiong o€ nelpapaTta JeyaAng akpiBelag, nou
e€eTalouv BepeAiwdelg Bewpieg, ONWG N KPBavTikn NAekTpoduvapikn kal n Fevikn
SXETIKOTNTA, KABWG Kal O€ €NIOTAKEG ONWG N padloacTpovouia.

3. Frequency combs

3.1 OpIoHOG kal AsiIToupyia

Méxpl npiv and Aiya xpovia, o HOVOG TPOMOC va OUCXETIOTOUV Ol OMNTIKEG HE
TIC MIKPOKUMATIKEG OUXVOTNTEG NTAV HEOW MIAG OUOKEUNG nou ovopaderal
aAucida ouxvotnTwv (frequency chain). MpoopaTta OPwWG, €XEl €U@PAVIOTE MId
noAU anAouoTepn HEBODOC METPNONC OMTIKWV CUXVOTNTWV WC AMNOTEAEOHA TWV
eEeAifewv oTnv TexvoAoyia laser femtosecond kal pn YPAUMIKWV ONTIKWV IVOV.
Eivar nAéov duvatd va peTpnBei pe pia povadikry CUOKEUN KAl PE MPWTOQPAv
akpiBeia n ouxvoTnTa oxedov onolacdnnoTe oTabepnc onTIKNG nNnNynG. H ouokeun
HE TNV onoia yiveral auTo eival yvwoTn w¢ optical frequency comb (OFC).

3.2 EqpapHOYEG

Ta frequency combs €xouv anAonoinosl NoAU onNUAvTiIKa Tn HETPNON ONTIKWV
ouxvoTnTwy, divovtag Tnv duvatoTnTa o€ OeKADEC EPAPHOYEC MOU Xpnoipgonolouv
ONTIKEG OUXVOTNTEG, ONWC TA ONTIKA daTOMIKAG poAoyla, va avanTuyxbouv.
SUVOEOVTAC TIC OMNTIKEG ME TIC MIKPOKUMATIKEG OUXVOTNTEG, Ta frequency combs
gnopouv va xpnoigonoinBouv yia va OdIaipECoUV TIC CUXVOTNTEC TWV ONTIKWV
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POAOYIWV O XAUNAOTEPEC OUXVOTNTEG Mou HnopoUV va HETpNOOUV MPE Xpnon
MIKPOKUHATIKWV MPoTUNWV.

4. Aiavopn HECW ONTIKWV IVOV

4.1 MeTa@opd HIKPOKUHATIKOU (PEPOVTOG

Mpo¢ TO nNapov, n diavoun poAoyioU yid WAKPIVEG ANOCTACEIC YIVETAI MEOW TWV
00pUPOpPIKWV HEBOdWY GPS kal TWSTFT, aAAd n aoTtdbela Twv PEBOdWV aAUTWV
0ev enapkei yia Tnv peTadoon Twv OUYXPOVWV OMNTIKWV npotunwv. 'ETol, Ta
TeEAeuTaia xpovia diepeuvaTtal n JeTadoon NPOTUNWV XPOVOU Kdl ouxXvoTnTag HECW
onTIKWV IVWV. Mia onTikA iva, €iTe €ival yjovoTponn €iTe NOAUTPONN, AnNoTeAEITal ano
TOV KEVTPIKO nupnva (core), nou nepiBaAAeral and 1o pavdua (cladding), nou pe
TN O€Ipd Tou NePIBAAAETAl and €va NPOOTATEUTIKO €EWTEPIKO MePiIBANUA. To Qwg
kaBodnyeiTal JEow Tou pavoua katd PAKOG TOU nmupnva Pe Tn HEB0dO TNG OAIKAG
E0WTEPIKAG avakAaong. Kata tn d1adoon MECW ONTIKWV VWV, gd@avifovtal NoAAd
(Palvoueva nou npenel va An@oouv undwn kai va avaAubouv eEaitiag Tng enidpaong
nou €xouv OTOo ouoTnua. TETold gaivopeva e€ival auta Tng €€aocbBevnong, Ta
(paivopeva TnNG dlacnopdg, onwg n Xpwuartikn diacnopd, n dolacnopd TPoOnwv
noAwong kair d1adoong Kai Pn ypauuika @aivoueva, onwg Ta gaivopeva okedaong
Raman kai Brillouin.

H nio dueon pEBodOG yia d1adoon MPIAC MIKPOKUMATIKAC ouXVOTNTAC HECW OMNTIKWV
IVOV €ival n d1auoppwaon MAATouC evog laser ouvexouc kUPATOG OTn OUXVOTNTA
avagopdac Kal N HYeTagopd auTtou Tou OIaUMOPPWHEVOU PWTOC MEOW TNC ivag. TN
OUVEXEId, N OouxvoTnTa ava@opdc avakTatal oTto JEKTN HWE TNV avixveuon TNnG
ouxvoTnNTac dIauOPPWONC, NPAYHA NMOU EMITUYXAVETAI JE XPrON EVOC PWTOAVIXVEUTN
0 0onoioG avixveuel TNV €vTacn Tou AAPBavOPEVOU PWTOC Kal anodiahopPWVEl TIC
NAEUPIKEG (WVEC CUXVOTATWV YUpw and Tn QeEpouca ouxvoTntd. H diauodppwon
NAAGTOUG epapuoleTal oTo WG MOuU napdayerar and &va povotpono distributed
feedback laser nuiaywyou (nou ouvnOwc eknepnel ota 1.3 4 1.55 ym), Pe xpnon
gva OdlapopPwTn €vraonc Mach-Zehnder. Tia va perpnbei o 60puBoc TOU
HETAPEPOUEVOU HIKPOKUMATIKOU ONUATOC, apxika OnuIoUpyeiTal €va Tomniko
avTiypa®o Tou MnpoTUMOU ONAPATOC METATOMIOPEVO OTN OUXVOTNTA KATA KAMoid
KHz. 3Tn ouvéxela, avapelyvueTal To onua oAokAnpwpevng diadpouns (nou €xel
eNIOTPAPEl and Tov OEKTN MNiow OTOV MOMMO) HE aAutd TO TOMIKO AVTIYyPAPO MNou
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onMIoupynOnke kal YeTpouvTal ol OIaKUPAVOEIC OTn CUXVOTNTA TOU NMPOKUMNTOVTOG
dlakpoTnuaTtoc. O BopuBog eivalr TnG Ta&ng Tou 2x10713 yia 1 deuTtepOAENTO, EVW
(PTAVElI TO 2x10714 avapeoa ora 100 kar 1000 deutepoAenta. ‘Eva aAAo IATnua
nou TiBeTar Adyw TNG XpAong ouvnBiogevwy VWV €ival autd Tng dlacnopdg
TPONwvV noAwong. To gaivopevo dlopbwvetal e WiEN TG noAwong (polarization
scrambling).

4.2 MeTa@opda onTikoU (PEPOVTOG

'ONwG NPosINWBNKE, Ta ONTIKA ATOMIKA poAdyld, HE TNV avWTEPN oTabBepdTNTA Kal
akpiBelia nou napouocialouv, anaiTolv JiKTua METAPOPAC CUXVOTATWV TEPAOTIAC
oTaBepdTNTAC Via TN OlAVOMN ONUATOoC KAl TO OUYXPOVIOHO, HEYAAUTEPNG ano
auTr Mou €£XOUV €MITUXEl Ol TEXVIKEC METAPOPAC HIKPOKUMNATIKAC OoUXvVOTNTAG. AUTO
hMopei va enITeuxOsi Pe TNV ansuBsiac PeETAPoOPA TNG OMNTIKAG OuXvOTNTAC £VOC
laser guvexoUG KUPATOG, KATI TO OMOI0 €XEl TO MAEOVEKTNHUA TNG UWNANG avaiuong
yla Tn METpNON Twv diakupavoewv BopuBou gdong otn (euén. Eniong, Aoyw TNG
au&nuévne oTabepdTNTAC, N YETADOON MMOPEI va Yivel yia HEYAAUTEPEC AnNOOTAOEIC.
H onTikr) ouxvoTnTa WNopei va xpnoligonoinBsi oto O£KTN Yia ansuBeiac ouykpion
HE AAAEC OMTIKEC OUXVOTNTEC N yia Tn oTaBsponoinon €voc frequency comb PEOW
TOU OMoioU HMNOPEI va OUCXETIOTEI PE MIKPOKUMATIKEC OUXVOTNTEC. H peTagopd
ONTIKWV OUXVOTATWV HUMNOPEI va Yivel angubeiag Heow JIKTUWV ONTIKWV IVWV, HE TNV
npoilnoBeon OTI 0 BOpUBOC PAONG, NMOU NMPOKUNTElI KATA Tn METAPOPA, WNOPEi va
aKupwOei anoTeAeouaTIKA.

H enioTpo®n Tou oApatoc ano To OEKTN Niow OTOV MOWNO YId TNV EVeEPYN akUupwaon
Tou BopUBou pnopei va yivel ge dUo TPOMOUG: €iTe YE anAf avakAaon Tou oAPaAToc,
€iTe Ye TN AsiToupyia €voc laser oTo OEKTN, TO OMOIO AVIXVEUEl TO AAPBAVONEVO
onpa, ToO avakaTaokeuddlel kal OTEAVEI TO VEO ONMa niow oTtnv iva. Merd Ttnv
akupwon Tou BopuBou, enITuyxAveral pia aortabesia TnG TAENG TOU 3x1071° yia
To neipapa d1adpopng 6.9 km oto BRAN. Ze €va nio npoc@arto (2008) neipapa
METAO0ONC OMNTIKOU (PEPOVTOC HECW OKOTEIVAG ivag pAkouc 86 km, emiTeuxdnke
aotdBeia 1.5x1071° oe éva Seutepohento. Mapd Touc nepIopiopolc, UNAPXE
oNUavTIKN BEATIWON O OXEON MWE TA KAAUTEPA ANOTEAEOUATA TNG OTABEPONOINKUEVNC
HETAPOPAC HIKPOKUMATIKOU (PEPOVTOC. AUTO O@EeiAeTal oTnVv €nAoyn MIAc noAu
hHeyaAUTepNG ouxvoTnTac dlapopPwonc, n onoia ouclacTika e€ival n ouxvoTnTa
TOU onTikoU @opea. Av au&nbei 1o dlaBeaigo SNR, €iTe pe ouykOAANnon oUVTNENG
TV TUNHATWV TNG (EUENC, €ITE HPE HIKPN METATOMION OUXVOTNTAGC TOU OMTIKOU
(POpPEA OTO OEKTN MPIV TNV ENICTPOPN TOU, £TOI WOTE va anopBexboUv avakAAoeIg
nou emdpolv apvnTikad O AUTO, MNOpPei va emTeuxOei aoTtdBela kaAUTepn ano
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10! o¢ éva OeuUTEPOAENTO.

4.3 MeTagopa evog frequency comb

H petagopd piag onTmikAG ouxvoTnTag npoo@EPeEl MOAU  HIKpR eueAi&ia, MeE
anoTEAEoHa To OTI €AV 0 XPNOTNG BEAEI va PETPAOEI Mia ouxvoTnNTa Nou BpiokeTal
oe andéoTtaon akoua kar 100 GHz and Tn petragepbeioa ouxvoTnTa, NPENEl vda
xpnoigonoinoel éva optical frequency comb. To idi0 10xUel yia PETPNON ONTIKAG
ouxvoTNTag €4v €xel METAQPEPOEl pia PIKPOKUMATIKN ouxvoTnTa ME dlauoppwon
nAdTouc. Mia Auon oTo napandvw npoBAnua civar va HeTa@epBei apeoca éva
frequency comb, To onoio pnopei va otaBeponoinBsi €iTe o Wia onTIKM, €iTE Og yia
MIKPOKUMATIKA ouxXvOTNnTad, avTi yia Tn METAPOPA TNG OUXVOTNTAC AUTNG KaBEAUTNC.

'OnwG Kal oTIC aAAec duo peBOdouC, o BopuBoc nou NpoaoTiBeTal and Tn PeETAPopa
MECW TNG ONTIKAG ivag unoAoyileTal Ye Tn OUYKPION Miag TomiknG avagopdag oTov
nound Kal ToUu ONUaTtog nou exel YeTadobei, evw TO anoTeEAeETHa TNG oUYKpPIoNG
XPNOIYOMOIEITAl YIa va pubpioTei pia d1aTa&n nou Tov aKUPWVEI.

. . AoTaOsia o
Texvikn peradoong

1s
MeTa@opd PIKPOKUMATIKAG ouxXvoTNTAG KE 13 x 10715
d1apOpPWon NAATOUC eVOG laser '
ApEon HETAPOPA ONTIKOU (PEPOVTOG 1.5x 1071°
MeTagopa frequency comb 5x 107%°

SUYKpION EMIDOCEWY TWV TPIMV TEXVIKWV YIA METAd0ON MECW OKOTEIVIG ivag NRKoug 86km

4.4 EQAPHOYEG HETAPOPAG HECW OMNTIK®V IVOV

H peradoon npoTUunwv OUXVOTATWV €ival anapaitntn o pia nAnbwpa ano
epapuoyeG nou Bacifovral oTn ocUYKPION GUXVOTATWY N OTO CUYXPOVIOHO, ONwG N
oUykplon METAEU aTOMIKWV POAOYIWV Nou BpiokovTal o dIAPOPETIKA €pyacTnpia,
N avanTu&n nnywv akTivwv X vEag YEVIAG O€ €yKATAOTACEIG ENITAXUVTH CwHaTIdinv
yla TN MEAETN NApa noAU ypnyopwv QAIlVOPEVWV O KAAdOUG ONwG n XnMeia, n
(PUOIKN Kal n BioAoyia, kali 0 OUYXPOVIOHOG TNAEOKONIWV, €TOI WOTE Ol EIKOVEG
nou Aaupdavouv kAaBe XpoviKh OTIYUn va pnopouv va ouvdebolUv pe akpiBelia
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NPOCOMOIMVOVTAG €vad MNOAU HeEYAAUTEpPO TnNAeokOMio. 'OAEC AUTEG Ol EPAPHOYEC
anaiToUv MEYIOTN BpaxunpoBeoun n PakponpoBeoun oTabepodTNTa Kal XAPNAO
8opuBo @aong n timing jitter.

5. Aopu®opikn diavoun poAoyioU

5.1 GPS

To GPS eival pia povodpopn TeXVIKN cUPpva PE TNV onoia onuarta peradidovTal
and Toug dopuPbdpouc (o1 onoiol BpiokovTal O YVWOTEC TPOXIEC) MECA anod Tnv
aTtuoopaipa nNpoc oTabepouc eniyeioug OEKTeC. O1I OUYKPIOEIC yivovTal YeE NoAAoUG
TpOnoug nou e&aptwvTtal and To diabeoiyo €EonAiopd (evog kavaAioU (single
channel), noAAwv kavaAiwv (multi channel), P3 kai PPP). ‘OAol ol TpOnol napExouv
TNV duvatoTNTa NPAyhaTika NaykooMIwV OUYKPIoEWV, Npdyuda nou onuaiver oTi
poAdyIia nou BpiokovTal o€ onoladnnoTe onueia Tou NAAvATN JnopoUv va cuykpiBouv
METAEU TOUC.

5.2 TWSTFT

H péBodoc TWSTFT xpnoidonolsi dUo onuata nou PeTadidovral Tautoxpova ano
TOov €va oTadBud oTov AAAO HEOW TOU idlou HEOOU, anAd npoG OlIaPOPETIKEG
KaTeuBbuvoelic. AuTO TNC divel To MAEOVEKTNHA OTI Ol KABUOTEPNOEIC Nou opeiAovTal
oTn MHeETadoon aAAnAoakupwvovTdl O HeyaAo Babuo. To TWSTFT, ouvhBwg
XPNOIMOMOIEI YEWOTATIKOUG TNAEMIKOIVWVIAKOUG dopuPOPOUC YIa TNV avaueTadoon
TwV onuatwv oTto OidoTnuad. AuTO OPwCG, 0 ouvOUAOPO HE TO YEYOVOG OTI O
dopuUPOPOC NPENEI va €XEl ENAPn Kal Je Touc dUo eniyeiouc oTabuouc TauToxpova,
BE€Tel €va neplopioyod oTnv anoortaon PETA&U Toucg, agou auTrh dev PNOpPEi va eival
nepioodTepn ano nepinou 1000 km. ‘Eva nAeoveékTnua Tng WeBOdOU €ival OTI Ta
anoTeA&éopara TnG oUykKpIonS Twv dUo poAoyiwv €ival aueoca diabgaiya oTouc dUo
oTaduouc HETA TNV eykaTtaoracn TnG (eUEnc peTa&u Toug, evw TOo GPS anaitei
nepaiTépw eneEepyaaia.

ME QUTEC TIG TEXVIKEC HETAOOONG, Ol CUXVOTNTEC MNopoUV va ouykpiBouv Pe akpiBela
1071° kai ol KAIJAKEC XpOVOU va ouyxpovioTouv pe aBeBaiotnTa 1 ns.




6. Zupnepaocpara

O1 Tpeic peBodOI PETAPOPAC KAl oUYKPIONG CUXVOTATWV 1 Xpovou (GPS, TWSTFT
Kal ONTIKEC IVEC) €XOUV N KAOe pia Ta NAEOVEKTAHPATA KAl TA HPEIOVEKTANATA TNG. H
eniAoyn TnG pebodou eEapTdaTal KUPIWC ANO TNV £QApUoyN.

MNa napdadeiypa, €av xpeialetar aBeBaidoTnTa TnG Ta&nc Twv 5 ns, n peBodog GPS
enapkei. O1 OEKTEC Tou €ival @ONvVoi 0 oxeon HE TIC AAAEC dUO HEBODOUG, Evw Ol
enidodoeIc Tou dev €EapTwvTal ANO TNV €KAoTOTE Tornobeoia Twv oTabpwv kal divel
Tn duvaToTnTa oUyKpIiong oTaduwv nou BpiokovTtal onoudnnoTe oTov nAavnTn. Eni
TOU NapoOvToC, TA NEPICTOTEPA £pyacTnpia nou diatnpouv €va Toniko avTiTUMNO TOU
UTC xpnoigonolouv 1o GPS, via va ouvdeboUv pPe To O1EOVEC BiKTUO €pyaocTnpiwv
XpoviogoU. To TWSTFT napexel XaunAoTepn aPBefaiotnta kai  PeyaAuTepn
otaBepdTnTa OoTn (eUén, evw Ol AyvwoTeC KABuoTeEPAOEIC TNG MeETAdooNG
akupwvovTal AOYyw TnNG OUMMETpiag Tou. Mepiopilel, Opwg, TNV anodéoTacn PeTA&U
TwWV €niyeiwv oTabpwv Kkal anaitei TN  d1aBeoiydTnNTad  €VOC  YEWOTATIKOU
TNAENIKoIvwviakoU dopu@opou. 'ETol, n eykaBidpuon TnG ouvdeonG METAEU Twv
oTaBuwv €ival nio anaitnTikn. Eniong, o api®udc¢ Twv TAUTOXPOVWY OUYKPICEWV
e€apTatal ano Tov Olab&aiyo €EonAiopd. TeEAog ol eniyelol oradBuoi TWSTFT eival
akpiBoi kal 0 Xpovog xpnong Tou dopupOPoU NPENEl va NANPWVETAI.

H akpiBeia Twv peBddwv GPS kal TWSTFT eival TnG Ta&ng Tou 101> o¢ Mia nuepa,
nou onuaivel 0TI ol AuTEG ol DOPUPOPIKEG TEXVIKEC Oev enapkouv yia Tn heTradoon
TwV oUYXPOVWV ONTIKWV NMpoTUNwV, apou autd €xouv oTtabepdTnTa TNG TAENG TOU
107 kai BeATiwvovTal ouvexw¢. H avapBaduion Tou dopuopikoU €eEOMAIGUOU
8a pnopouce va BeATiwoel TIC enIOOCEIC TOUG, AAAA €ival NOAUNAoKn Kal akpipn.
Eniong, autd Ta ouoTtnuaTta peTadoong OevV ENITPENOUV BPaXunpOBECUEC GUYKPIOEIG
oTaBepdTNTAC, aPoU n akpifeia TNG TAENC TwWV NS E€MITUYXAVETAlI PE XPAON €VOG
HakponpoBeopou MECOU Opou, Kal apa ol Bpaxunpobeopec dlakupavoelg Oev
MnopoUv va MeTpnBoUv. 'ETol, o1 OOpPUQPOPIKEG TEXVIKEG OEV MAPEXOUV TN
BpaxunpoBeoun oTaBepdTNTa MOU anaiTeiTal anod TIG EPAPHUOYEG OUYXPOVIOUOU.
Eniong, Oev €ival NPAKTIKEG OE E€PAPMOYEC MOU anNAIToUVv Tn MeTadoon piag
avagopdac ouxvoTnTag Jeoa oTo i0I0 CUYKPOTNHA.

O1 0oNTIKEC ivec anod TNV AAAn, NapEXOUV TIC KAAUTEPEC eNIOOTEIC AOYW TOU JEYAAUTEPOU
gupouc {wvnc TNG HETAdoonc, oTav cival JdIaBECIPNEC OKOTEIVEC IVEC AMOKAEIOTIKNG
xpnonc. H peradoon onTikoU PEPOVTOC OE OKOTEIV iva, yia Nnapadeiyua, Exel TACE
aBeBaidoTnTa TNG TAENC TOU 1071® ge ¢va deuTepOAenTO, ONAAdN NoAU KaAUTepn
and TNV akpiBeia Twv dopuPopikwVv HEBOdwV. Eniong, onwc €xel avagepBdei, ol
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ONTIKEG Iiveg xapakTnpilovtal and MIKPEC dANWAEIEG, XaunAn dOlacnopd Kal
ENEKTACINOTNTA. 'ONwG, OTAv N JeTAdoaon YiveTal yia HEYAAEC ANOOTACEIC, ANAITEITAl N
xpnon enavaAnntwyv. NapoAo nou To uWPnAO KOOTOC Yia NOAU PJakpivh) cUVOEDN HECW
ONTIKWV IVWV WNopei va napepnodiosl epapPoyeG o€ eninedo nneipwyv, dikTua nou
neplopiovral 0 NAVENIOTNHUIAKEG MEPIOXEG Kal OiKTua Yia MEIPAPaTikoug okonoug
avapeoa o€ NOAEIC pnopouv va uAonoinbouv noAU nio €ukoAa. Ta diaocTnuIKa
nelipapgaTta anaiToUv €niong €niyele¢ €yKATAOTACEIC YyiA TO OUYXPOVIOWO, dapa
anoTeAouv AAAn pia e@apuoyn yia TNV onoia guvioTatal N Xpnon onTIKWV IVOV.

TowC TO MEYAAUTEPO MAEOVEKTNHA TNG METAO0ONC MEOW OMNTIKWV IVWV, EKTOC ano
TN MEYAAUTEPN AKPIBEId MOU METUXAIVEI OE OXEON ME TIC OOPUPOPIKEC HEBODOUC,
givar n OuvatoTnTa avantuénc evog OIKTUOU OJIaVOPNnG npoTUNnwV HEOW TWV
unodopwv Tou d1adikTuou. EEAGAAoOU, o1 UNOOOPEC TWV OMNTIKWV IVWV ouvexi(ouv va
au&avovTal, npdyua nou o€ cuvouaopd PE TNV EKPETAAAEUON TwV NON UNAPXOUCTWV
E€YKATAOTACEWYV, TIC KABIOTA Hia €AKUCTIKR Kal anodoTikr, anod MAEUpAc KOOTOUC,
Auon yia €va naykoopio ouoTnua PETAPOPAC NPOoTUN®WV. Ta NEIPANATA METAPOPAC
onTikoU MNPOTUMOU, MEOW TNAEMNIKOIVWVIAKOU OIKTUOU MOU HPETAPEPEI TAUTOXPOVA
wnelaka dedopeva, EXouv NoAU BeTika anoTeAéopaTa. H akpifeia nou NeTuxaiveral
aKONa KAl HECW TWV MOAU Mo BopuBwdwV TNAEMIKOIVOVIAK®V IVOV €ival Kal naAl
KaAUTepn amnd Tnv avTioToiXn TwV OJOopUPOPIKWV TeEXVIKWV. ‘ETOl, HEow ToOU
d1adikTUoU, €ival duvaTov va ouvdeBoUv epyacTnpia nou BpiokovTadl O PEYAAEG
anooTAcelC onoudnnoTE OToV NAAVATN, XWPIG Tn Borndsia dopuPopou.

Telog, B6a pnopoucav va ocuvduacToUuVv OAEC Ol NApanavw TEXVIKEG METAPOPAG Yid
€va naykoopio ouoTnua d1avoung NpoTUnwyv. ZTIC OUVTOUEC AMNOOTACEIC HEPIKWV
EKATOVTAOWV XIAIOHETPWY, TA EPYAcTnPId PNopoUv va OUVOEOVTAl HECW OMTIKWV
IVOV, €&V auTd Ta ouykpoTnuaTta 6a cuvdéovTtal PETAEU TOUC ME OINNEIPWTIKEC
ZelEeic TWSTFT kai GPS.
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NepiAnyn

H napouoa eknovnon €xel okornd Tn Onuioupyia piac pnxavic napaywync
NpoBAEWewY, n onoia O&EXeTal wC €i00d0 akoAoubiec ypapudTwV Kal napayel
oTnv €£000 TNG &vav niBavoTikd Xwpo. AuTn n Pnxavn JIaBeTel TO XApaAKTNPIOTIKO
OTI UNOPEi va napayel, EEATOUIKEUPEVEG OTO XPNOTN TNG, NPOoBAEWEIC, KaBwC Kal va
evToniosl kal va pabel AéEeic nou dev yvwpilel. H uAonoinon nou 6a napouciaoTei,
OTOXEUEI OTNV ayyAlkn YAwood. ANwTEPOC 0konog TNG €ival va XpnaoigonoinBei ano
€va AoyIopikO NANKTPOAOYIO YIa OUCKEUEC AQPNG KAl Ta anoTeEAEopATd TNG vd
a€ionoinBouv onTIKGA and TO AOYIOMIKO NANKTPOAOYIO. XpnoIgonoiwvTac Td
anoTeAéopara TNG MNXAavng auTtng, OnUIOUPYNOAPE €va AOYIOHIKO MANKTPOAOYIO
nou METABAAEl Ta PEYEOBN TWV EIKOVIKWV MAAKTPWYV, HME ANOTEAECHA va OIEUKOAUVEI
TN yPAnTn €NIKOIVWVIa TWV XPNOTWV Ao TIG OUCKEUEG ApnG TOUG.

NeEeig-KAeidia: MpoPAewn, MBavoTnTeg, Eknaideuon, EEaTopikeuon

AnunTpiog MNouvonouhog, AvanAnpwTng Kaényntng
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1. Eicaywyn

To npOBANUA NOU KAAOUPAOTE va AvTIHETWNIOOUME €ival n Kataypagprn TN ypanTnc
gNIKoIVWVIiag evoc XpnoTn, ME okond va npoBAEYOUHE €MITUXWC MOIO ypdpua Ba
NANKTPoOAOyNnoel, o BABoc evoc ypaupatoc. Autd, néEpa ano Tnv Kataypaen Tng
YypPanTnG €NIKOIVWVIAG Tou XpNnoTn, anaiTei Kal pia apxikn yvwaon, MPOKEINEVOU vda
BpiokopaoTe o B€on va OWOOUMPE NPOBAEYEIC XWPIC va £XOUHE KATAYPAWEl KANold
YyPanTr Tou evEpyela. Ta KepAAaia nou ouvTeAoUV TO NAPOV KEeiJeVO, akoAouBoUv Ta
BripaTa nou akoAouBbnenkav, NPoKEINEVOU va avanTuxBei n unxavn Twv NpoBAEYEwWV
Mou NpaypaTteuveTal n epyaacia.

Apxika, €npene va Bpebei €va ouvolo AEEswv TNC ayyAlkng yAwooag kal va
dlapoppwBei o pia anAn popen, n onoia 6a ATav €va apxeio KelYevou nou Ba
NEPIEIXE MOVO TIG AEEEIC OlIAXWPIOHEVEG ME KaAmMolo OlaxwpIoTh. XTn OUVEXEId,
oxedIAoTNKE KAl avanTuxdnke n upnxavn kai n dlenagn nou Tn Xpnoldornolouoe
NPOKEIYEVOU va Mnopei va dokipaoTei. EnnAgov, Ba napouaciacTei pia uAonoinon
€10000U YIO OUOKEUEG ApnG, N onoia eKPUeETAAAEUETAl TN PUnxavn nou Ba nepiypagei.
H diena@n autn €ival éva duvapikd AOYIOHIKO NANKTPOAOYIO, TO onoio anogaagilel
nola NANKTPA va cuppikKVWaoEl Je Baon TIG NPOoBAEWEIC TNG MNXAVAG NPoBAEWEWV. Mg
auTo Tov TpOno, OIEUKOAUVEI TO XprOTn KATAa TNV NANKTPOAOYNoN Kal urnoouveidnTa
Tov odnyei eUKOAa kai ypnyopa otn AEEN nmou O&Ael va nAnkTpoAoynoel. Eniong,
UNApxel NNXaviopog akupwong TNG NpOBAEWNG, 0 NEPINTWON NOU TO NANKTPO Mou
ENIBUPEI va NANKTPOAOYNOEl £xEl CUPPIKVWOEI AOYw KAk NpoBAEWwNC.

AuTn n dienagn ival yia and TIgNOAAEG nou pnopoUv va undp&ouv Kal va a&lonoinoouv
TIC NPOBAEWYEIC TNG MNXAVNC NPOoBAEWewV pag. H yAwooa npoypappaTiogou nou
ENIAEXONKE yia va uhonoinBei onoladnnoTe autTopaTonoinuevn BondnTikN AsiToupyia,
Kabwg kal n hgnxavn kai To KEAu@og dienapng Tng, €ivar n C# [1]. MNpokeiTal yia
Mia avTikeipevooTpapng yAwooa, oxedlaopevn and Tn Microsoft, n onoia auTtn
TN OTIyMN €ival n nio 1oxupn YAwooa yevikoU okonou. lMNa va Tpe€el o kwdikag
oe Unix-like AeiToupylk@ oOuOTAMATA AnaiTeiTal va €xel eykaraoracbei To Mono
[2] framework. H adeia Tou nnyaiou kwdika €ival akadnuaikn kal d1abeoiyn oTo
01a0ikTUO Kal ouykekpipgeva oto Github. H avanTuén Tou AoyiopikoU nAnKTpoAoyiou
npaypatonoindnke oe yAwooa Java kal nepiBaAlov avantuéng Eclipse [3] Me
TNV npooObnkn Tou Android [4] Software Development Kit kal pnopei va Tpegel
oe onoladnnote Android ouokeury nou J81aBeTel Android 2.1 3 vedTepn €kdoon
Tou AsiToupyikoU. AEiCel va onueElwBel NwG n ouppikvwon Twv NANKTPWV E€ival
OUVAMIKNA, WOTE VA UMNOPEI VA CUUNEPIPEPETAI CWOTA OE0MNOI0ONNOTE HEYEBOGOBOVNCKAI
EXEI OXeDIAOTEI ETOI WOTE VA CUMNEPIPEPETAI AvAAoya Kal o€ opICOVTIO NPOCAVATOAIGHO
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TNG 08ovnG. Na onuelwBei, 0TI 6Tav Ba avapepeTal o Opog «akoAoubBia», Ba npokeITal
yia A€EN kal OxI yia oAOKANpn €icodo nou €xel NANKTpoAoynBei. AuTO MpPakTiKA
onuaivel nw¢ kabe popd nou NANKTPOAOYEITAl OTNV €i0000 €vag d1aXwpIoTNG AEENG
¢, N, Y k.a.) TOTE N akoAouBia yiveral kevn. Eniong, 6a napoucidooupe povo
TNV NEPINTWON TNG YPAMMIKAG €10000U. AUTO onuaivel nwg dev Ba €EETACOUNE TIG
NEPINTWOEIC ONOU O XPNOTNG €mBuUpEi va diaypawel eva ypaupa n va PeTapepOei
oc kKdanola naAloTeEpa nNANKTPOAoynuEVN akoAoubBia ypappatwv. MNapoA’ auTa,
QUTEG Ol NEPINTWOEIC €ival anapaitnTo va kaAugBouv and Tn dienagrn AoyloHIKoU
nAnkTpoAoyiou, n onoia 6a a&lonoinosl Tn Pgnxavn npoBAEWewyv. XTn dienagn nou

Ba NnapoucIAoouNE, EXOUV KAAUQPOEI Ol NEPINTWOEIG AUTEG EMITUXWC.

2. AZionoinon TnG HNXAavng o€ nepiIBAAAov apng

H uAonoinon n onoia napouoidoTnke, KAAUNTEI, 0€ NOAU peydalo Babuo, To oevapio
TOU va XpnoipgonoinBsi and kanoio nANKTPOAOYIO AOYIOHIKOU TO OMoio EKTEAEITAl O€
(popnTN ouokeun. AldBETel TN duvaToTNTa €knaAideuong Kai diaTnpei TNV KATaoTaon
Tou OTav auTd dev ekTeAeiTal. ENopévwg, He auTtd TOov TPOMo o XpnoTng Ba eival os
B€on va Aappavel cuvenn €EaTodIKEUPEVA anoTeEAEOPATA YETA ANO Wia €navekivnon
TNC OUOKEUNC Tou. Emiong, Ta anoTteAéopata napdayovral o oTabepd Xpovo,
a@ou To JOVO Mou KAvel €ival va TpeEel TN pOpUOUAd TwV A&IOAOYNOEWV Yia KAbg
AEEIKOYPAPIKO UNOJEVTPO. TO YEYOVOC OTI N £E000G unoAoyileTal oe oTabepod Xpovo
gival €EalpeTik@ onuavTiko, OIO0TI av €ixe HWEYAAUTEPN XPOVIKR MNOAUMAOKOTNTA
(€oTw kal noAuwvupikn), O6a kabBioTouos aduvatn Tnv aonoinon TNG ano
(POPNTEC OUOKEUEC. AUTO oupBaivel JIOTI TETOIEC OUOKEUEC, MPOKEINEVOU VA EXOUV
hHeyaAUTepn auTovopia, d1aBeTouv apyouc €ne€epyacTeC apXITEKTOVIKNG ARM [9],
EMNOPEVWC, UN oTadepn 1 akOpa Kal Ypauuikn NoAUnNAoOKOTNTA €ival noAU méavo va
onpaive Xpovo eKTEAEONC AvTIANNTO ano To XpnoTn. AuTo, NpakTikd, 6a kabioTouoe
TNV €@Apuoyn Hac axpnoTtn. ZUMPMNEPACHPATIKA AoINOvV, Ol NPOCONKeC npenel va
npooavaToAloToUV oTnV 000 To duvaTov KAAUTEPN €EATOMIKEUCN NOU WMOPEi va Yivel
yla TOV €KAOTOTE XPNOTN.

Agdopevou OTI n napouca ulonoinon npoopileTal yia Xpnon TnG o€ QOpNTEG
OUOKEUEG, Ol OMoieg kata naca méavotnTta B6a eival ocuvdedepeveg oTo O1adiKTUO,
au€avel kaTa noAu TIG NANPogopieg Nou Ba pnopoucs va a&lonoinNoel N Pnxavn,
NPOKEIYMEVOU va Napayel akopa nio 1oXUpeG npoPBAewelc. Ta duo nio evdlaPepovTa
0€dOHEVA MOU Ol POPNTEG AUTEG OUCKEUEG NopoUV va NPoo@EPOUYV, €ival 0 XpOvog
Kal 0 XwpoG. OTIdNNoTe NANKTPOAOYOUHE KATA Tn ypanTn Hag enikolvwvia, €xel
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OX€ON ME TO NOTE Kal TO Nou To ypagoupe. Enmiong, 6cov apopd 1O XpOvo, €ival
oNMavTikO va HPNOopEi n Pnxavn va npoodppoleTal oTo Npoowpivo AeEIAOYIO Tou
xpnotn. O kaBe avbpwnog, oTn ypanTn TOU E€MIKOIVWViA, XPNOILOMNOIEI €&va HIKPO
unooUvoAo TwV AEEEwv TNG YAwooag nou xpnolgonolei. Eniong, autd To ypanTo
AEEINOYI0, dlaPEpel onuavTika ano avlpwno o€ avBpwno. Enopevwg, dev eival
NPAKTIKO 0 KOOMOG YyvwonG TNG MNXAvng va €ival and Tnv apxn OAEC AUTEC ol
€EKATOVTAdEC XIAIAdEC AEEEIC nMou Xpnoigonoindnkav oTtnv napouca uAonoinon. O
AOYOC, nEpa ano To OTI Ba kAvel TNV epapPoyn NoAU apyn KaTta Tnv ekkivnon Tng,
gival nwg o xpnotng 6a xpnaoigonoinoel nepinou 1000 pe 5000 d1aPOPETIKEG AEEEIC
KaTa Tn ypanTtn Tou enikoivwvid. ENopgevwg, n gnxavn npenel va €ival o B€on va
MABegl auTeg TIC AEEEIC Kal HOVO auTeC. AuToO Ba eniTeuxBei, EekivwovTag Tov KOOHO
yvwong TnG pnxavng pe Tic 1000 ewg 5000 nio guxva XPnoIMOMNOIOUPEVEG AEEEIC
TNG ayyAIKNG YAwOoOAdg Kal oTn OUVEXEId, OTAV O apiBuoG AEEswv TNG PNXAVACG
(PTACEl O€ KANOIO Ooplakd onueio, va diatnpouvTal ol 1000 pe 5000 nio npocgpaTa
XPNOIYONOINKEVEG AEEEIC Kal Ol uNOAoIneG va diaypagovTal and Tov KOOHO YVWONG
TNG MNXavng. Me autd Tov TPONO E€MIAUOUME Kal €va AAAo peilwv npoBAnua Twv
ouoTNHATWV NPOPBAEWNC ypanToU AOyou.

'Eva ouxvo @gaivopevo nou napaTtnpeiTal o€ TETOId CUOTANATA, €ival n anobrnkeuon
AABoG NANKTPOAOYHOEWV TOU XpnoTn. AuTO €XEl WG ANOTEAEOUA va anobnkevovTal
MOVIJA Kal va npokaAouv B0puBo oTIC NPOoBAEWEIC, AKOWA Kal va npokaAouv
duodpeoTn evTUNWON OTO XPAOTN OTav BAENEl NWC TO AOYIOMIKO TOU MPOTEIVEI
hia AabBoc A€EnN. Enopevwe, PBaocifOPevVOl OTO YEYOVOC OTI ol AdBoC AEEeig
NANKTPOAoyouvTal Aiyec PpopEG, To Egkabdapiopa, nou Ba yiveTal yia va NpoosyyYiooUHE
TO Npoownikd oUvoAo A£€swv Tou XpnoTn, 8a €xel w¢ anoTeAeopa va &exviouvTal
and To oUVOAO yvwonG TNG KNXAvng Kal ol AdGoc¢ auTec NANKTPOAOYNOEIG, apou
€V AVAKOUV OTO OUVOAO A€Eewv ypanTng €MIKOIVWVIAG TOU XpAoTn. AUTO (PUOIKA
anaiTei va Kparteitalr pia xpovoo@payida KABe @opd nou NANKTPoAoyeiTal pia
AEEN. 'Ooov apopd ToV YEWYPAPIKO XWPO OTOV onoio NANKTPOAoyei kanola AEEn o
XpNoTng, npenel va dwBei npoooxny o dUo onueia nou napoucialouv OUOKOAIEC.
A@evoc, Npenel va AABoUpE unoywnyv, nNwc n YEWYPAPIKR Tonobeaia TNG OUOKEUNG
dev €ival navra diabeaiun. Eite o xpnoTng pnopei va €xel anevepyonoinosl auTn TN
AeiIToupyia, €ite n ouokeun va pnv O1abetel GPS [8] (Global Positioning System)
N ouvexn ouvdeon oTo dladikTuo. Enopévwe, Ba npenel va evepyonoinbouv ol
npoBAEWYEIC Nou AauBavouv unownv 1o XwpPo NANKTPOAOYNOoNG, HOVO av KpiBei nwc
EXOUV anoBnkeuTel apkeTEC TonoBeoiec. To deUTEPO AENTO ONMEIO TNG YEWYPAPIKNG
KaTaypapnc, €ivalr nwc npener va ano@aocioTei To noid nepioxn 6a Bswpsital wg
XWPOGC yia To Xpnorn. MNa napdadsiyua, yia kanoiov nou Ta&idelel noAU ouxvda OTO
€EWTEPIKO AOYW TWV aANAITAOEWV TNG £PYyaAciac Tou, wG &vac XWPOC €ival MNoAu
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noeavo va opioTei oAOKANPN N Xwpa diapovig Tou. Evw, yia kanolov nou gpyadleral
EVTOC TNG XWPAG Onou OJIauEVEI, WG XWPOC NoAU mBavo va npénel va BewpnOei
0 XWPO¢ dIaUOVAC TOU, 0O XWPOC £pyaciac Tou kal To €EoxIkO Tou. Enopévwg, Ba
NPENEl va MNOPEi n PnNxavr va opadonoinNoel Ta Yewypapikd onueia nou 6Oa
KaTaypa@el gg XWPOUC, ONMou o XpnoTng OTav PBpiokeTal HEOA TOUC NANKTPOAOYEI
d1aPOPETIKEG AEEEIC. TEAOG, avanoPeUKTO ival Nwe Ba npEnel va undapé&el unooTnpIEn
Kal yia YAWOOEG nEpa TNG AYYAIKAG.

3. Mapouciaon diena®Png AoyioHIKOU NANKTpoAoyiou

AQ@oU OAOKANPWOAUE TN MNXavn nou napoucidoaue, oxedidoape pia Olenagn
AOYIOPIKOU NANKTPOAOYioU, N ornoia eKPETAAEUETAl KATAAANAG Ta anoTeAEopaTa TNG
MNXavneg pac. H 10€a pag nTav va PIKPaivoOUUE Ta €IKOVIKA MAAKTPA nou BpiokovTal
oTnv 0Bovn Tou XpnoTn, Ta onoia ATav XaunAda oTic a&loAoynoeic. AkoAouBouv ol
€IKOVEG Mou KaTaypawape anod tnv o8ovn Tou KivnToU NANKTPOAOYWVTAG TN AEEN
«Hello»:

@@ 7:51rm
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Eikova 1: WriteRight «H>» Eikova 2: WriteRight «He»




- Anuioupyia Eknaideuopevne Mnxavnc MNMapaywync MNMpoBAcwewv Keiugvou —
Mavayiwtng 2. SAKKoG

AR 7:53 rM

GEL Y Nkl

<7l z X b'nm <&

o

Eikova 4: WriteRight «Hell»
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Eikova 5: WriteRight «Hello» Eikova 6: WriteRight «Hello»
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MpokelTal yia &va NANPeC NANKTPoAdyio, TO onoio kaAunTtel OAa Ta yvwoTd
aA@apiBunTikG oupBoAa. H oxediaon Tou NANKTpoAoyiou nou napoucidlel Ta
NANKTPA, nou nepiAauBdavouv Toug apiBuolc Kabwg kal Ta unoAoina yn aAgapnTika
OUNBOAGQ, €yIVE CUNPWVA PE TO NANKTPOAOYIO TOU AgIToupyikou iOS 5.

CefBee, From: panos sakkos@gmail.com

Suyihjact

return

Eikova 7: 'Oyn nANKTWV Eikova 8: 'Oyn NAAKTWV
aplBpwv Kalr cupBOAWY oTO aplBpwv kalr cupBOAwvY oTo i0S
WriteRight

MPOKEIYEVOU Vva €ival £TOIHO €va OAOKANPWHEVO AOYIOHIKO MNANKTPOAOYIO yia va
xpnoipgonoin®ei and Toug XpHoTeG TNG nAATQOppac Android, xpnoigonoioaye
deiypya ano Tic 1000 nio yvwoTEG AELEEIC TNG AMEPIKAVIKNG YAwooac. Eniong,
€PpapuoOoape Eva alyopiBuo napopolo pe Tov LRU [10] (Least Recently Used) navw
oTn xpovooppayida Twv At€swv (TnV onoia kal KPATAPE Kal avaveWVOUME KaBe
(opa nou NANKTPOAOYEI 0 XpNoTNG Mia AEEN) yia va npoosyyiooupe 600 To duvaTov
KaAUTEPA TO NPoownikd AEIAOYIO TOU XproTn, AAAd Kal yid va ano@UYOUME TNV
anoBnkeuon AaBoc AEEswv, ol onoiec npokaAouv B0puBo oTa anoTeAéouatd pag
Kal npokaAoUv dUCApPECKEId OTO XPNOTN, ONWC AVA@EPAPE KAl OTO MPONYOUNEVO




KepaAalo. To Oplo, Mou OpicAME yia va Yiveral auThn avavéwaon Tng yvwaong, €ival
ol 1500 A€Eelc.

H dienagr nepiAauBavel €va unxaviopo PE TOV 0OMoio 0 XpnoTng HNOpPEl va dKUPWOE!
dia npoBAewn n onoia €ivar AaBoc. AuTO onuaivel Nwg, av o XpNnoTng BEAel va
NANKTPOAOYAOElI €va ypAuupa To onoio n dlenagrn HaAc €Xel OUIKPUVEI, UMNOPEI va
akupwaoel TNV NpoBAswn. O pnxaviopuoc nou oxedIAOTNKE KAl UAOMNOINONKE €ival va
oupel To OAKTUAO Tou navw oTo NANKTPoAoylo de&ia 1 apioTepda-diaywvia. TOTE,
n napaywyn nNpoBAEYEWV AKUPWVETAl KAl €navapEépovTal TA KAVOVIKA MEYEDN
OAWV TWV NAAKTPWYV, £EWG OTOU va NANKTPoAoynOei Evacg dlaxwploTnG AEENC.

To KpITAPIO PE TO oMoio yiveral n €mAoyn yia To nold NANRKTPa 6a OpIKPUVOUUE,
gival duvapiko. Mo OUYKEKPIYEVA, EXOUME Hia MeTaBAnTr, n onoia unodukVUEl
TO MEYIOTO ApPIOUO TWV YPAWMUATWV MOU AQPNVOUPE OTO KAVOVIKO TOUC MEYEDOC.
duaika, av n Pnxavn npoPALWewv Pag eNIOTPEWYE! ypduuaTa Ta onoia unoAoyloe
nw¢ €xouv mBavoTnTa pnd&v va eggaviotouv TOTE Ta OMIKPUVOUME. Eniong,
undpxel eva oplo owoTwV NPoBAEWewV, av auto &enepaoTei TOTE TO PNOeViI(OUME
Kal MEIWVOUME Tn HETABANTA MNOU QUAJEl TO MEYIOTO apPIBPO NANKTWV HE HN
undevikn a&loAoynon nou 6a agriVoOUuUe OTO KAVOVIKO TOUC WEYEDOC. Z€ NEPINTWON
A@Bouc npoBAewnc (kaTm To onoio evrtonieTal av o0 XPAOTNG AKUPWOEI TNV
npoBAewn pacg) pndevifoupe TO METPNTH. AUTO divel Pia oupnepipopd OUVAMIKAC
eniBeTikOTNTAC OTN OlEna®r, oUN@WvVA HE TV onoid 000 OUVEXOUEVEC OWOTEC
NPoBAEWEIC napdayel, TOGO nio NOAAG NANKTpa Ba ouppikvwoel, apoU HMNopEi va
VIWOElI yeyaAUTEPN AuTONENOIONGON YIA TA ANOTEAEOUATA NMOU Napayel.

TENOG, MPOKEINEVOU va unap&el nepIoOOTEPOG XWPOG MNPOC EKPETAAAEUON OTO
NANKTPOAOYIO, O&v TOMOOETACAME KAMOIO NANKTPO TO onoio 0a kpupel TO
NANKTPOAOYIO (ONWG €XOUV Ta MEPICOOTEPA AOYIOMIKA NANKTPOAOyIa), aAAd
npooBeoape TN OUVATOTNTA, CUPOVTAG O XPNOTNG TO OAKTUAO TOoUu NAvw OTO
NANKTPOAOYIO NpPoG Ta KATwW, va KpuBetar To NANKTpoAoylo. TEAog, ailel va
onuelwBel NwWG To NANKTPOAOYIO auTO, OTav eykaTaoTaBei kal evepyonoinbei,
TOTE avTIKadioTad To NANKTPOAOYIO TOU A&IToupyikoU. Enopévwg, €ival d1abeaiyo
o€ 0noladnnoTE €QAPUOYN TPEXEI O XPNOTNG Kal dexeTAl €i0000 PECW AOYIOHIKOU
nANKTpoAoyiou. Mnopeite va To BpeiTe 0TO WNPIAKO KATAOTNHA EQAPHUOYWV TNG
Google.
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4. Zupnepaopara

H npoBAswn eic0dou ypanTng enikoivwviag eivalr €va {ATnua nou BpioKeTAl OTO
KEVTPO TNG EMNOPIKNG OWNG TNG EMIOTAMNG TwV unoAoyloTwv. O €TaIpeieg
NANPOPOPIKAC MNAYKOOMIWG, Mou PBpiokovTdl OTnVv diXhn TNG TexvoAoyiac Kal
nPAypaTonolouVv TEPAOTIA KEPON O KABE OIKOVOUIKO TOUC TETPAPNVO, npoonabolv
va kKavouv Tn ypanTh ENIKOIVWVIA TwV (POpNTWV CUOKEUWV apnc 6co To duvartov
no €UKOANn kai ypnyopn yiveral. H unap&én piag 1davikng pnxavng npoBAEYewv
€10000U ypanTn¢ enikoivwviac Ba avoiye dpopouc yia dienapeg snagpnc, onou Ba
heiwvav dpapaTika To XPOVOo EMNIKOIVWVIAC TWV XPNOTWV.

MapOA’ auTtd, n kataockeun piag 1davikng pnxavng npoBAewng dev eivar duvarn,
0EOOMEVOU NWG NMOAAEC (POPEC AKOMAa Kal o idlog o XpAoTnNG dev €XEl ANOPACIOEl
TI B€Ael va ypawel. Ta anoTeAéopata and Ta nNeipauaTta nou napouciaoTnkav
oTnv napouca eknovnon, pag divouv aioclodofia woTe va NIOTEUOUPE OE MPNXAVEC
nou av eknaideutoulyv, Oa BpiokovTal o B€on va npoBAENOUV TO €NOPEVO GUUBOAO
TNG akoAoubiac €1000ou MPeEoa OTIC OUO HE TPEIC NPWTEC a&loAoynoeic. Mo
OUYKEKPIYEVA, YIA TIC EKTEAECEIC MOU mpayuartonoindnkav, napatnpoupe agevoc,
nw¢ avapeoa oTIC NPOBAEYEIC MoOu napnyaye n pnxavn, To OoUPBOAO rnou
akoAouBoUoe, BpiokOTAv HECA OTIC TECCEPEIG ME MEVTE NPWTEC NPOPRAEYEIC,
npaypa noAu BeTiko. Autd pacg evBappuvel, dIOTI O NEPINTWAON NOU XpNOoIUonoinBei
n MnNxavn autn yia npoBAswn KeipgeEvou, Ba apkei va BewpnbBouv wg nibava
endPeva ypaupaTa Ta NEVTE NpwTa o€ a&ioAoynon.

>Tn OUVEXEId, avaloya To oxedlaopo Tng diena®ng 6a AapBaveralr unown Kal n
TIUA TNG a&loAdynong Tou KABe and Ta NEVTE auTd ypapuaTa, dla@OopETIKA, MACG
apkei va yvwpiloupe pOVO TA NEVTE npwTa nio nibava ypauuata nou BHa
akoAouBnoouv. Eniong, 6Tav evronioTnke pia AEEN n onoia dev ATAV yVwOTH, TN
0eUTEPN POpaA nou AduPave otnv €icodo TNV unakoAoubia autng TNG AEENG,
oupnepIEAABE OTIC NPOPBAEWEIC TO Kalvouplio ypduPa nou dnoTeEAEce Tn AEEN
“panos”, evw oTnNV npwTn ypapn TnG AEENG, oTnv akoAouBia «pano» Oev E&ixe
nPOBAEWN yia 1o ‘s’ WG ENOMEVO Ypauua. AuTO NPAkKTIKA onuaivel nwg dev yvwplle
kanola akoAouBia «panos», enopeVWG oTav Tnv OI0AXTNKE Napnyaye pn Mndevikn
mnBavoTnTa. AuTn €ival gia ocuvioTwoa TNG €NBUPNTAG CUMNEPIPOPAC nou BEAape
va neTuxoupe. MapoA’ auta, n mBavoTnTa auTtn ATAv ndpa noAu HIKPR, €neidn
a@evog dev unnpxav AAAeg AEEEIC mou va akoAouBouUv TNV akoAouBid «panos»,
aQeTepoOU €neldn €iXe NANKTPOAoynOei POVO Wia (popd, ENONEVWC Kal €iXe XaunAn
onMo@IAia.
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'EKNANEN npEnel va npokaAsi To yeyovog OTI NApOAO Mou Ol NApAndavw EKTEAECEIC
npayugartonoménkav Xwpic kanoia nponyoUHevn eknaidcuaon, ol NpoBAEWYEIC NOVO
anonpooavaToAIOUEVEC OV UNOPOUV VA XAPAKTNPIOTOUV. TO YPAUMA Nou ENPOKEITO
va nAnkTpoAoynBei, BpiokdTav oxedOV nNAVTA HEOA OTIC NEVTE IOXUPOTEPEC
npoBAEWeIC. AUuTO pac evBapUvel NWG ME TAKTIKN XPNon, To ypduua nou 6Oa
nAnkTpoAoynOei 6a BpiokeTal akopa uwnAdTEPa oTNV KATATAEN TWV NPOBAEWPEWY,
AOYyw TnG O6Ao kal au&avopevng dnuogiAiag nou Ba napouaciaocel.
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EBvikd kat Kamodiotplakd Mavertuotriuio ABnvay, Turua MNANeoQopIKrC Kal TNAETIKOIVWVIWOV
MaveruotnuiouroAn, INola, 15784, ABriva, EAAAQ

NepiAnyn

>Tnv €pyacia auTrh npoonabnoaue va XapToypa@nooUPE Ta BIVTEO MOU unNApPXouv
oto YouTube, pe Baon nAnpo@opiec yia TonoOeoieC Nou WPNOPEI va undapxouv oOTd
0edopEvVa Nou ouvodeuouv Kabe BivTeo oTov I0TOXWPO auTo. KaTtaokeudoape Evav
aAyopiBuo yia avalntnon TonoBsoiwv KAl nHEpounVviwv ota dedopeva Twv BivTeo,
MECA ano €va nARBoc TonoBeoiwv nou dnUIoUpYHOAUE Unod Popen AloTwyv, avaioya
ME TO €id0¢ TNG TonoBeoiac. AlanIoTWVOUNE OTI €va PNEYAAO MOCOOTO TWV BiVTED Tou
YouTube d1a6€Touv nAnpogopia yia TonoBeoia €ite aTtov TiTAO, €iTe oTa dedopeva
nou To cuvodeUouv (nNeprypagr, oXOAla K.d.). ZTn ouvexeld, ONUIOUPYNOAUE €va
AOYIONIKO MOU OUVEDEDE TIC TOMOOETIEC PE TIC YEWYPAPIKEC TOUC OUVTETAYMEVEG,
WaxvovTag yia autec oto d1adikTuo. 'ExovTacg, oto TéEAOG, Wia Baon dedopeEVwY nou
EXEl yia kaBe Bivreo Tou YouTube TIC TOnoBEeCieq e TIC onoieg ouvdoEETAl KAl TIG
OUVTETAYMEVEG QUTWYV, WMOPECAME VA XAPTOYPAPNOOUKE TNV NANpogopia auTtn yid
Ta Bivreo nou avalnToUpe KAVOVTAG ENEPWTAOEIC OTN BAon HaAc.

NEEeIG-KAe1d1a: XapToypapnaon, YouTube, Bivreo, Avalntnon Tonobeaiag, Avalitnon
nuepopnviag

AnunTpiog MNouvonouhog, AvanAnpwTng Kaényntng
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1. Eicaywyn

O nNpwTapxIKOC OTOXOC TNC €pyaciac pac €ival va KATAPEPOUPE PEoa anod Td
dedopeva nou napexovrtal padldi ye kabe Bivreo orn Baon dedopévwyv Tou YouTube
(http://www.youtube.com), va ouvdeooupue, av yiveral, kanoia BivTeo PYe TONOBETIEC
onwc nMoAsIc, Xwpec, a&loBeaTa, oradia kal yevikdTepa onolodnnoTe diakpITO €id0C
TonoBeaiac.

>Tnv napouoa €kdoon Tou YouTube, o xpAoTNG MNOPEi va KAVEl pYia NEPIOPICUEVN
B8a Aéyape avalnTnon, MGG KAl AuTn apkeital oto va PBpiokel AEEeIC KAEIDIG OTOUG
TiTAOUC TwVv BivTeo kal va napouaoialel Ta anoteAeopard. MoOAAEC POpPEC, OMWC, O
XpNoTnG dev evdlapEPeTal TOOO Yia TIC AEEelc kA€IdId, 000 yia Ta PeTadedopeva
nou ouvodeUouv Ta BivTeo HE TIC AEEEIG AUTEG. M0 OUYKEKPIMEVA, MOAAEG (POPEC
€vac XpNoTng evOla@EPETAl Yia To NMOTE Kal noU eAaBe xwpa KArnoio yeyovoc. Me Ta
Twplva dedopeva, yia va avalntnoel kaT TeTolo oTto YouTube, o povadikdg Tponog
gival va Bdalel wg AEEeIg kA€I0IG TO yeyovog nou BeAel kal va wagel €va €va Ta
BivTreo oTa anoTeA&éopaTta yia va Bpel TNV nAnpo@opia TNG nUeEpounviag kal
TonoBeoiac, a@ou NOAAEC (QOPEC TETOIEC NANpPoPopiec PBpiokovtal ota dedopeva
KEIMEVOU nou ouvodeUouv Ta BivTeo.

Aivoupe Tpia napadeiypata ano d1a@OopETIKEG KATNYOPIEG BivTeo, 6nou napouaialeral
To {ATNMa auTo:

Napadsiypga 1: Avalntnon pe A€eig kAe1d1a «data mining conference»

>tnv avalntnon auTn, To YouTube pag enioTpepel 236 Bivreo Pe TIC AEEEIG KAEIDI.
>Ta anoTeAECPATA auTa Bpiokoupe Kal kanola Bivreo, onwg Ta «Attend M2010 Data
Mining Conference» kal «Data Mining For Accounting Part 3», oTta d€dopeva Twv
onoiwv BAEnoupe OTI Ta ouvedpia auTa €AaBav xwpa oTto Las Vegas kal oTto San
Diego avTioToixa.

MNapadeiyyga 2: Avalntnon He Ag€eig kAeidid «Olympic games»

>Tnv avalntnon auTn, €xoupe 38.500 Bivreo oTta anoTeAféoparta. X noAAd Bivreo
onwc ota «Sydney 2000 Olympic Games-4x100 Freestyle Relay-Australia Highlight»,
«1984 Los Angeles Olympic Games-Opening Ceremony» kal «Opening Ceremony
Olympic Games 2004 Athens» TOOO OTOUC TITAOUC, 000 Kal oTa O£dOpEVA TOUC,
Bpiokoupe NANpogoOpia XpoVvikr Kai yia Tnv TonoBeoia ge Tnv onoia oxeTidovTal.

MNapadsiypga 3: Avalntnon e AEEeig kAeidia «Dream Theater live»

>Tnv avadntnon auTn, €xoupde 13.900 anoTeAEopATA PECA OTA onoia undpyouv Kal
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Ta Bivreo «Octavarium (2006 live in Seoul)» kal «Dream Theater-The spirits carries
on (live new york 2000)» oTa onoia £€XOUME XPOVIKN Kal TOMIKN NAnpogopia oTa
dedopEva.

>Ta Tpia auTta napadeiypata and Tov ENIOTNHUOVIKO TOWEa, Ta abBAnTika Kal Tn
Houaikn BAENoUPE OTI UNAPXOUV XPOVIKEG KAl YEWYPAPIKEG avapopeg oTa dedopEvVa
nou ouvodelouv Ta Bivreo ornv Baon Tou YouTube kal ouvenwg €ival €PIKTO va
MMOPECOUNE VA OUVOECGOUE Ta BiVTEO anNO Ta ANOTEAECHATA YIa KANOIEG AEEEIC KAEIDIA
ME XPOVIKN KAl YEWYPAQPIKA nAnpogopia. H dnuioupyia autng TnG nio ouveeTng
avalntnong kdl ouvdeong Twv PIiVTEO HE YEWYPAQIKN KAl XPOVIKN NAnpo@opia
anoTeA&i Tov Nuprva Tng epyaciag auTng.

>Ta nAaioia TnG d1adikaoiag auTtng, apxika npoonadnodpe va NETUXOUME TN
ouvOEon auTh ME KAnoia AOYIOHIKA MOou XpnoidornoloUvTal yia avaAuon KEINEVOU
KAl oTn Ouvexela, dnuIoupynaoape dIKO HAc AOYIOHIKO YId va AVTIMETWMNIOOUME Ta
nPOoBAANATA MOU CUVAVTNOAE.

A@OU KATAQEPAMUE va KAVOUUE Tn OUvOeOon auTr Kdl PAAIOTA O MooooTd Mnou
(PTAVOUV TO 63% Of OPIOPEVEC KATNYOPIieC PivrTeo, ONUIOUPYNOAHUE AOYIOWIKO
nou WAxXVel Kal ouvdEel TIC OIAPOPEC TOMOBECIEC ME TIC YEWYPAPIKEG TOUG
OUVTETAYMEVEC XpnolipgonolwvTtag dedopeva ano Tov 1oToxwpo http://en.wikipedia.
org Kal OTn OUVEXEId KAVOVTAC EMEPWTNOEIC OTN VEA BAon JeOOPEVWV MOU EXOUME
dnUIoUpYNOEl, KATAaoKeuadeTal yia KABe enepwTnon €va apxeio javascript To onoio
OMTIKOMOIEI Ta anoTeAEopaTa xpnoipgonolwvtag To google maps api (http://code.
google.com/apis/maps/index.html).

Me Tov TPOMO AuTO, O XPNOTNG MMNOPEI va KAVElI ENEPWTNOEIC NPOG TN Bacn Pag - yia
oTIONNOTE TOV €VOIAPEPEI KAl MICTEUEI NWG MNOPEI va To BpeEl OTNV UMNNPECia Tou
YouTube kal ouvdeeTal Pe KAMoleG TONOBETIEG - KAl XPNOIKMONOIWVTAG TO AOYIONIKO
hMac va BAEnel o0Aa Ta Bivreo TnG Baong dedopevwv Tou YouTube nou nepieixav
dedopeva-Tonobeaieg kal oxeTiCovral Pe Ta KA€Id1IA nou avalnTd o XpnoTng, Kal nwg
auTa TonoBeToUVTAl OTOV NAYKOOMIO XApTN.

TEANOG, WC €NEKTACN TOU AOYIOMIKOU, npocBéocaue Tn Ouvartortnta avalnTnong
KAl NUEPOMNVIWV, YEYOVOG MOU MAG nNapexel Tn duvatotnTa va PBAENOUME NWG
KATavéuovTal OTov naykoouio Xaptn OAa Ta Bivreo TnG BAong JedOMEVWV TOU
YouTube nou oxeTiovTal Ye TNV nUEpopnvia nou avalnToupe.
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2. AvalnTnon kardAAnAou AoyiCHIKOU

2.1 NMapouciaon AOYICHIK®V

To npwTo OTAdIO TNG £pyaciac pac ATav va kavoupe avalnTnon TonoBeciov PEOa
oTa dedopeva nou ocuvodeUouv KaBe Bivreo. MNa To okono auTod apXika JOKINACAUE
va XPpNOIYOMOINCOUKE GUVTAKTIKOUC aVAAUTEC.

— The Stanford Parser [1]

O avaAuTng auToc XpNOIMONOIEITAl YIa va KAVEl OUVTAKTIKN avaAuon Tng OouNG
KGBe nNpOTAONC TOU KEINEVOU Kal va napdyel oTaTIoTIKA yia TIC AEEEIC nou
xpnoigonoiouvTail.

— Illinois Named Entity Tagger [6]

To AoyIlopIkO auTo dev napouaoialel Tn CUVTAKTIKN avaAuon, aAAd otnpileTal og auTn
Kal o€ kanoleg Aioteg and TonoBeoiec nou €xel oTn d1dBCr Tou yia va Xapaktnpilel
TIGC AEEEIC €VOC KEIYEVOU O JIAPOPEC KaTnyopiec (people/organizations/locations/
miscellaneous). To AoyIONIKO auTO pnopei va eknaldeuTei o€ KAnola Keiyeva yia va
napayel KAAUTEPA ANOTEAECNATA, AvVAAOYA HE TOV XWPO arnod TOV Onoio NpoEPXETAl TO
KEIMEVO NOU BENOUME va avaAUOOULE.

2.2 Aoyol nou odnynoav otn dnHioupyia véou AOYIOHIKOU

>Tn OIKA MAg MepinTwon, N XPAon TwV AOYIOMIK®WV auTwVv anoppipdnke yia duo
Aoyouc. MpwTov, napatnpnOnke 0TI Ta dedOPEVA HAG MOAAEG POPEG DEV EXOUV OWOTN
ouvTaén, Aoyw Tou OTI XpnaoihonoloUvTdl NOAAEC GUVTONOYPAQIEG KAl YAwood argo
Kal €niong, OIOTI MOAAEG (POPEC Ol XPNOTEC Mou dnuioupyoUv Ta dedopéva Oev
yvwpilouv KaAd Tnv ayyAikn yAwooa. O deUTepog AOYoG €ival oTI Ta dedopeva Hag
EXOUV TEPAOTIO OYKO HE AMOTEAEOUA VA APYEI O ANAYOPEUTIKO BaABPO N CUVTAKTIKNA
TOuG avaAuon.

'Eva napdadeiypa xpnong Tou deUTEPOU NPOYPAUKATOC MOU NAPOUCIACAUE, PAVEPWVEI
To NPOBANKA NMOU UNAPXEl KAl AITIOAOYEI TNV anoppiYn TWV AOYIOHIKWV AUTWV YId TO
O01kO pag npoBAnua.

To napakaTw Keipgevo €ival n €£€000¢ Tou deUTEPOU AOYIOMIKOU YIA €va KOMPMATI TNG
Baong pag, nou agopad o€ €va Povo BivTeo:
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«mnOfrurrbvg | 1296601143000 5 2 | hatton tv - anthony crolla
on british title challenge v Jjohn watson on feb 12th | shows
| lightweight boxing british title john watson anthony crolla
liverpool | Anthony million dollar crolla says it only took him
ten seconds to decide he wants to fight john watson for the wvacant
british lightweight title at liverpool olympia on 12th february.
full coverage and reaction can be found on http://www.hattonboxing.
tv»

'Onw¢ BAENoupe unapyel OUo PoPEC N avapopd atnv NoAn Liverpool, aAAd Adyw TN
HN OWOTNC XPAONG TNG YPAMMATIKAC KAl TOU OUVTAKTIKOU TNG ayyAIKNG yAwoodag,
TO Npoypappa Oev WMopei va evronioel TIC ava@opeG o Tonobeoia. AOyw Tou
npoBANUaToc autou, dnAadn OTI ol XpnoTec Tou YouTube dev xpnoigonolouv navra
owoTn oUVTA&En Kal ypaupaTikn, odnyndnkapye otn dnuioupyia vEou AoyiopikoU Yid
va KAavoupue TNV avaldntnon TonoBeoiwv ota dedoueva pac.

3. Angioupyia kal napouciaocn VEou AOYICHIKOU

3.1 Anpioupyia AIOT®V TONOOECIMV HE CUVTETAYHEVEG

MNa va PJnopeCOUNE va KAavoupe avalnTnon TonoBeciwv otn Baon dedoNEVWV HAG,
NPENElI NPWTA VA KATAOKEUAOOUME TIC AioTEC PE TIC TonoBeaoiec nou Ba avalnToUpe.
>Ta nAaiola Tng epyaciac autng, dnNUIoOUPYNOAPE TECOEPIC AIOTEC JE TONOBETIEC Nou
gival o1 €ENG: XwpeG, NoOAeig, oTadia, a&iobeata. Tic AiIOTEC AUTEG TIC KATAOKEUAOAWE
ano wikilists kar and oTaTIOTIKEG HEAETEC YA NANBUOHO NOAEWV.

H Aiota xwpwv nepiAapBavel OAeG TIC XWPEG ToUu KOOHoU. H AioTa Twv nOAswv
nepIAapBavel OAeg TIG NOAEIG UE NANBUCOPO peyaAuTepo and 100.000 kaToikoug. H
AioTa Twv oTadiwv nepiAapBavel Ta nio yvwoTa otadia kabe xwpag, 6nwg eniong Kai
n AioTa Twv a&loBeaTtwv.

3TN OUVEXEIA, KATAOKEUAOAUE €va AOYIOMIKO Mou ouvdEel kaBs TonoBeoia anod TIg
AOTEG MAG PE TIC YEWYPAPIKEG TNG OUVTETAYHEVEG, XPpNOlPonolwvTag Ta OedopEva
Tou IoToXWpou http://en.wikipedia.org.

To AOYIOMIKO AQuTO XpNnoidonolel Tn pgnxavn avaldnTnong nou NApeEXEl O I0TOXWPOC
kal avalnta Tnv kabe TonoBeoia oTa dedoUEVA TOU I0TOXWPOU. Av Bpel TNV TonoBeaoia
Kal undapxouVv Ol YEWYPAPIKEC CUVTETAYHEVEC TNG oTn oegAida pe Ta dedopeva TNG




TonoBeaiag, TOTE kKaAvel Tn ouvdean. Ala@opeTIKA, npoonabei va Bpel ota dedopeva
TNG oeAidag TnG TonoBeoiag, av undpxel avagopd o€ mnola NoAn BpiokeTal n
TonoBeoia, onoTe ouvdEel TNV TOnNoBECia aAuTn ME TIC YEWYPAPIKEG CUVTETAYMEVEC
TNG NOANG auTnG. TEAog, av dev undapxel oeAida yia Tn OUYKEKpPIMEVN TonoBeaia,
TOTE avalnTa ota anoTeAéopaTta Tng avalntnong Tou wikipedia yia va Bpel av n
TonoBeoia pag ouvdEETal JE KANOIA NOAN Kal av val, ToTe ouvdEel TNV TonoBeaia e
TIC YEWYPAPIKEG CUVTETAYHEVEC TNG NOANG AUTAC.

MNa napadeiyya av avalnTtoUde TNV nNoAn «Athens», TOTE odnyoupaocTe oTn ogAida
http://en.wikipedia.org/wiki/Athens onou undpxel n nAnpo@opia «coordinates
37.966667, 23.716667». Av Twpa waxvoupe 1o 0TAdI0 «Abomoslem Mashhad»,
TOTE OTA anoTteAeéopata TnG avalntnong undapxel o oUvOeoPOoC Yyia Tn oegAida
http://en.wikipedia.org/wiki/F.C._Aboomoslem, oTnv onoia avageperar OTI TO
otadio BpiokeTal oTnv NOAn «Mashhad», otn oeAida Tng onoiag (http://en.wikipedia.
org/wiki/Mashhad) BpiokOUNE TIC YEWYPAPIKEG CUVTETAYHEVEG «36.3, 59.6>.

Me autd TOV TpPOMNO, APEDA N €UMEDA, BPIOKOUME TIC YEWYPAPIKEG OUVTETAYMEVEC
OAWV TWV TOMOBECIWV MOU €XOUME OTIC AIOTEC MAC, YIA va MMNOPOUME TEAIKA vda
ONTIKOMOINOOUNE TA AMOTEAECNATA TNG €Pyaciac paAac XpnoigonoiwvTac To google
maps api.

>To onMeio autd, NPENEl va TOVIOOUME TO YEYOVOG OTI TO AOYIOMIKO HAG MMOPEI va
EUNAOUTIOTEI UE NEPIOOOTEPEG AiOTEC Kal TonoBeaoieg, anAd dnuIoUpYwWVTAC Mia VEa
AoTa pe TIC TONoBECieC NMou pag evOlaQEPOUV Kal €TCl va yivouv nia akpifn Ta
anoTeAéopata nou Ba ndpoupe otnv onTikonoinon. MNa napdadsiyuya, PNopoupE va
XPNOILOMOINCOUKME OAEC TIG MOAEIC TOU KOOWOU, anAd npocBeTovTacg pia AioTa HE TIg
NOAEIC TOU KOOMOU HE NANBUOHO HIKpOTEPO Twv 100.000 avBpwnwv.

3.2 AAyopiOpog avalnTnong Tonobeciov

3.2.1 MpwTn NpooEyyion

H TexVIKN NMou OKEQPTAKAME va UAOMOINOOUME yia Tnv avaliTnon Twv Tonobeoiwv
oTa dedopéva pag ATAav Kai n no anAn, va waxvoupe dnAadn pia pia TIG AEEslg
TwV OcOOPEVWV KAl VA TIG EAEYXOUME HE TIC TONOBEDieC pac. Av Bpebei pia TauTion,
TOTE OUVOEOUME TNV TOMOBECIA MPE TIC YEWYPAPIKEG TNG CUVTETAYMEVEG, ME TO a4
VayvwpIoTIKO Tou BivTeo oTa dedopEva Tou onoiou BpEBNKe n Tonobeaia.

H 10€a gaiveTal anAn, €ival OJwg kai n povn duvartn eniAoyn pag, agou Adyw TNG
PuUONC TwV OEJdONEVWV PAC - nou Oev undapyxel owoTn oUuvTa&n kal NoOAAEC POPEC
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onueia oTiEng, dev TnpoUVTAl YPAMMATIKOI KAVOVEG KAl XpnoIhornolouvTal NOAAEC
OUVTOMOYPAQIieG KAl argo yAwooa - 6a nTav npakTikd aduvaTto va KAVOUME
avaldnTnon ME XPnon CUVTAKTIKOV aVAAUT®OV.

Akyop1Bpoc o Yevbokwdika,

1: create location lists

2: build indexes on the location lists

3: open data base file

4: while [EOF

L if word matches video ID then

6: create new record in output

7: else

& create buffer with the current video’s data

9 for each word in buffer

10 if word appears in an index then

1k write the location to the current record
1 else if word mathes date format

13 append date to the list of dates for current record
14: end if

15: end of for loop

16: write fist of dates to current record

17 endif

18: end of while loop

Eikova 1: AA\yOpIBuoC NpoypAaupaTog o€ YeUdoKwIIKA

H npwTtn ulAonoinon TNG TEXVIKAG AUTAGC NTAV KAl n Mo anAn npoosyyion.
Anuioupynoape €va Npoypapa nou osiplakd eAEYXEl €va, €va Ta Bivreo TnG BAong
Hac kal OnUIoOUPYEl MIa VEa eyypa®n O €va dapxeio yia kabe Bivreo. AuTo
ENITUYXAVETAl OKAvVApovTac TO APXEIO PNAC Kal OTAv BPOUME avayvwplioTiKO BivTeo
ONUIOUPYOUNE MIa VEa eyypa®r, AAAIWC ONMUIOUPYOUHE €vav EVTAMIEUTN ME Ta
doedopeva Tou Bivreo kal €Estalouphe av n KABe AEEN O auTOv, TAUTOMOIEITAI HE
kanola TonoBeagia ano TIG AioTec pag. Av val, TonoBeTei TNV TonoBegia autn padi
ME TIC YEWYPAPIKEG TNG OUVTETAYHEVEG OTNV €yypa®r Tou BivTeo nou €ETAlOULE.
'OTav TEAEIWOEI O EVTAMIEUTNC, NPOXWPAWE OTO €nOuevo PBivieo TG Baong




0edOPEVWYV. TNV MPWTN AUTA MPOCEYYION, 0 EAEYXOC Yia TauTonoinon MIac A&EENG
ME TIC TonoBeadieg OTIC AiOTEC pag, yiveral oeipiakd. MNa va d&€iEoupe Nwg AEITOUPYEI
0 aAyopIBuoG, NAapaBeTOUPE TO NAPAKATW KOMMATI TNG APXIKNG Wag Baong kai To
anoTEAEOKA TOU aAyopIOPoU yia TO uNooUVOAO auTo.

'ONwG avapEPOUPE OTNV EI0AYWYN, 0 aAyOpIBUOC XpNOIYONOIEiTAl Kal yia avalnTnon
XPOVIKNG NAnpogopiac. To KOPJUATI auTd AEITOUPYEI PE TOV D10 TPOMNO ONWG KAl N
avalATnon TonoBsoiwyv, PE Jia JIKpn Tpononoinon. Kata 1o okavapiopya tng Baonc
Hac yia avalnTnon TonoBeoiwv, €AEYXOUME yia va BpoUpE XPOVIKN NAnpogopia,
€iTe autn eival og popoen apiBuwv (n.x. DD/MM/YY, MM/DD/YY k.a.), €iTe €ival Ye
TNV avaAuTikn popen (n.x. 15 Aug 2010, September 13 2009 k.a). levika,
eAEYXETAI €va oUvoAo ano Tponmouc avaypadpns Kiag NUEPOUNVIAG Nou cuvavTwvTal
ouxvoTepa. ‘OTav Bpebei oTO KeEiPEVO €vOC BivTeo pia nuepounvia, TOTE auTtn TNV
KPATAPe O pia Aiota. MOAIC TeAsiwooupe pe Ta dedouéva Tou Pivrieo, AuTO Mou
KAVOUME €ival va npoodpToUhEe Tn AiOTa HE TIC NUEPOMNVIEC mMou BpRnkape va
ouvdEovTal YE AUTO, OTOV TITAO Tou Bivreo. Me autd TOov TPOMNo, ONwcC Ba doupe
NapakaTw, JNOPOUHE va ONMUIOUPYOUHE ENEPWTNOEIC OXI ME AEEEIC KAEIDIG, AAANG HE
NHEPOMNVIEG,.

O aAyopiBuoC AsIToupyei Kal EXOUUE Oav aAnMOTEAECHA Tn véa Baon OedOoPEVWY,
NMouU anoTeA&iTal and To avayvwplioTiko kabe Bivreo padi e TIC TonoBeoieg nou
Bpebnkav orta dedopeva Touc. Mnopei va @aiveralr OTI n uAonoinon Oe&v €ival
anodoTIKA, AapKEi OPWG va OKEPTOUME OTI 0 AAyOpIOUOG auToC apkei va TpeEel
hia @opd oTa apxika pac Oedopéva Kal PMETA €XOUME Tn VeEa BAon OedOUEVWV HAC
nou Ba xpnoigonoinBei yia enepwTAOEIG, onoTe N anddoon locooTabuileTal Ye TO
YEYOVOCG OTI €XOUME Hia povo enavaAnyn. ‘'Opwc, To yeyovog OTI n Baon dedoNEVWV
TOU 1I0TOXWPOoU Tou YouTube €ival otnv npaypatikdTnNTa TEPAOTIA O PEYEBOC (NOAU
napanavw ano Ta 1.500.000 BivTeo nou XpnoldonoloUUE EUEIC OTNV €pyacdia pag),
Hac odnyei oTo va XPnOIJONOINOOUME KAMOIEC TEXVIKEC BeATIoTONOoInONG anddoong
TOU XPOVOU EKTEAEONC TOU BacikoU aAyopiOpou nou PHOAIC NApouUCIAoaiE.

3.2.2 Enmitaxuvon aAyopiOpou

To BaAoikd KOUPATI Tou aAyopiBuou, NTav onwc npoavagEpape, n npoondbeia yia
TauTonoinon kAabe AEENC Twv OedOHEVWY TWV BIVTEO HE TIC TONOBOETIEC OTIC AIOTEC
hac. Ma tn BeATioon TnNG TaxuTnTag TOU aAyopiOpou pag, xpnoidonoinoape dUo
TEXVIKEG, TA VANATA KAl TA EUPETAPIA.

O1 nepIOOOTEPOI  €MNEEEPYAOTEC OTIC MHEPEC MHAC unooTnpifouv  MOAUVNMUATIKEG
gpappoyec. MNa TO AdYyo auTO, TO nMNpwTO PAMa yia TNV €mTaxuvon Tou
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aAyopiBuou ATAv va Tov UAOMOINCOUME XpnaoidonolwvTag vauaTta. H aAAayn autn
NETUXAIVETAlI JE TO va OnMIoupyoUHE €va VAMAa yia kabe €idog AioTag TonoBeoiwv
nou d1aBeToupe (XWPEG, NOAEIG, oTadla, a&loBeaTa) kal oTn ouvexela va Baloupe
KGBe vnua va TpExel OAn Tn Paon 0edopeEvVwY Kal va npoonab&si va TauTonolnoel
MOVO HE TIG TONOBEDIEC TNG CUYKEKPIYEVNG AioTaC.

Me TOV TpOMO auTo KABe vnua, oTtav npoonabei va TauTonoinoel Hia AEEN wc
TonoBeoia, apkeiTal oTo va €AEyEsl osipiakd Tn Povadikn AioTa Mou Tou EXEl
avaTtebdei. Avapepoupe €dw, OTI av €MIAEEOUNE va €UNAOUTIOOUHE TIC AIOTEC PAG ME
aAAou TUNou TonoBeadiec, apkei va dNUIOUPYNCOUKE Ta avTioToIXa VAKATa nou Ba
ene€epyalovTal TIC VEEC AUTEC AiOTeC, Kal £€Tol Ogv XpelaleTal va aAAA&oupe TinoTa
oTov aAyopibuo. TEAoG, apoU TEAEIWOOUV TA VAMATA PE TNV ene€epyacia, €XOUME
nAEovV TEOOeEpa apxeia, 60a kal ol AIOTEC pac, Mou MEPIEXOUV TA AvAYVWPIOTIKA
OAWV TwV BivTeo padi YeE TIC OUVOECDEIC UE TONOBEDIEC NOU PMOPEI va €xouv ano Tnv
KaTnyopia TonoBeciwv nou Xpnoigonolouoav. ApKel va KAVOUHE Hia OUYXWVEUON
Kal Naipvoupe Ta NMAAPN AanoTEAECUATA WE TIC CUVOECDEIC TOU KABE BivTeo PE OAEG TIC
KaTnyopiec TonoBsoiwyv. H €nEKTAON QUTIH TOU AAyYOpIBUoU enepepe BeATIiwWON TNC
Ta&nc 50%, 6oov apopd O0TO XPOVO EKTEAEONC.

3.2.3 MpoonTikéG BeATimonNg aAyopiOpou

EkTOG ano Tnv BeATiwon oTnVv Nol0TNTA TWV ANOTEAECUATWY NMOU PUNOPEI va NPoKUYEl,
ONWC EXOUME Mnpoavagepe,l PJE Tn Onuioupyia VEWV AIOTWV HE TONoBEoieC, pia
onuavTikn 1010TNTA Tou aAyopiOpou nou enmAEEauE, ival OTI HNopei NOAU €UKOAA vda
napaAAnAonoinBsi.

'Eva eninAéov oTadlo yia TNV NEPAITEPW BEATIWON Tou aAyopiBpou Aoindv, €ival va
XWPIOOUPE TNV apXIkn Baon OedOPEVWV O MOAAEG MIKPOTEPEG KAl OTn OUVEXEID
va TPEXOUWE O KABe €vav nupnva n enegepyaocTn 170 BEATIWUEVO AAyOpIBUO Mou
napoucidocape oTnv nponyoupevn evoTnTa.

Me €va noAU anAo Brijua Aoindv, BAENOUME OTI PMOPOUMPE va HETATPEWOUME TOV
aAyopiOud pac oc KATAVEUNMWEVO aAAYOpPIBUO HE BewpnTiKA ANEIPEC OUVATOTNTEC
oTnNV KAIJAKwOon, agou TO POVO MOU MPENEl vad KAVOUME €ival va Xwpi(oupde o€
NEPICCOTEPA KOPUATIATN BACN HAGKAIVAXPNOIKOMNOIOUPENEPICOOTEPOUCENEEEPYAOTEG.
To yeyovoc autd, OnAadn Tn¢ eUkoAnG napaAAnAonoinong, €ivar nou Kavel
ToVv aAyopiBuod pac, av kai anAo, noAu anodoTiko.
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3.2.4 Mapouciaon anoTeAeoHATOV

>TO Onueio autd 6a NApoucIiAOOUMPE TA OTATIOTIKA AMOTEAEOPATA MOU NRpaps,
XPNOIKOMOoIWVTAG ToV aAyopiOuo nou uAonoinodue navw otn Baon dedoueEvwyY Hac,
n onoia nepiexel 1.275.434 Bivreo pe 1a dedopeva Touc. O aAyopiBuog uhonoindnke
Kal OoKIJaoTnke o€ nepifallov MAC OSX 10.6.8 kal Ta XapakTnpioTikad Tou
UnoAoyloTn €ivai:

Processor 2.8 GHz Intel Core 17
Memory 4 GB 1067 MHz DDR3
Hard Disk 1 TB

O XpOVOC €eKTEAEONG TOU PBeATIWMEVOU aAyOplOuou ndAvw oTn Bacn pag nrav
35’ 51",

>Tn OuVvéXela akoAouBouv ol ouvdeoelC BivTeo PE TouAdxioTov pia TonoOeogia, o€
KGBe kaTnyopia Bivreo xwpIoTa:

related to total per video category
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ZxAMpa 1: AIGypaupa ouoXETIoONG BIVTED UE KAl XWPIG YEWYPAPIKEC TUOXETIOEIG
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related to un-related ratio per video category

Ly
20%
200
70%
a0
S0
0%
200
200
10%

09% -

B

L

U .,
W Hel ..

'__'*C"_J'_""'-.'

THEe e E LS EEE S LY
FeE g B 2 333 539 &8 =
= s L B = m G Eﬂﬁ"ﬂ'-"-
& a8 -

= L m

1)

B

[5)

SXAMa 2: AIGypaupa cuoxETIONG BIVTED PE Kal XWPIC YEWYPAPIKEG CUCXETIOEIG, €Mi TOIG EKATO

'Onw¢ BAENoupe oTa dilaypaupaTta, Td NoocooTd oUuvdeong Bivreo Ye TOUAAXIOTOV Hia
TonoBeagia kupaivovTal anod 15% pexpl kal 63%, avaloya Pe TNV KaTtnyopia otnv
onoia avAkouv Ta Bivreo. Ta NooooTA AuTa €ival uYPnAda o€ OXEON E TA AVAPEVOUEVQ,
YEYOVOC nMou pag odnyei oto cupnépaopa OTI €va YEYAAO NoocooTo, TNG TAENG Tou
30% OAwV TwV BivTeo TNG Baong pag, cuoxeTifovTal e TOUAAXIOTOV Wia TonoBeaia.

AuTd Ta anoTteAféopaTta ival evBappuvTika, OTO va MMAOPOUME va MNoUME OTI Hia
TETOIA €QPAPHUOYN MNOPEI va (avei apkeTa Xpnoidn oTnv KoivoTNTa TWV XPNoTwV
TWV unnpeciov Tou YouTube kai yia To AOyo auTd npoXwpnoaue Kal UAOMOINOAE
TNV onTIkomnoinon Twv nilavov enepwTnOswy oTn  Bdon Oedopevwyv  Hag,
XPNOIMOMNoInVTag To google maps api.

3.3 EnepwTnOEIG KAl NPOoBOAN ANOTEAECHATWV

3.3.1 Angioupyia ENEPWTNOEWV

‘ExovTag dnuioupynoel NAEov TNV Kaivoupyla Bacn dedoUEVWY HE TA AVAYVWPIOTIKA
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TwV BivTeo kal TIC TonoBeoieG PeE TIC onoiec ouvdEovTal, dNUIOUPYOUHE TO TEAIKO
apxeio navw oTo onoio Ba yivovTal ol ENEPWTNOEIC, NPOOHETOVTAG anAd oe KaBe
gyypaen Tov TiTAO Tou BivTeo Kal TNV KATnyopia oTnv onoia avnkel. 'ETol, €xoupe
TNV TeAIKN Baon dedONEVWY HAG NOU €XEl TNV AKOAOUON HopPN:

ID: B29ju4b HkE | TITLE: Pantyhose party http://cocojambo7.
blogspot.com/ | CATEGORY: People | RELATIONS:

ID: EbM6-xKA8bo | TITLE: Alphabet Soup | CATEGORY: Film |
RELATIONS: durham(T); 54.7761, -1.5733#

ID: DTKs2UTGmTo | TITLE: Bo bia | CATEGORY: Howto |
RELATIONS: viet nam(C); 21.033, 105.85#

ID: pNiOIxju75M | TITLE: The 5 DeVils - Le Grand Blonde ave une
chaussure noire [13 february 2009]| CATEGORY: Music |
RELATIONS: bologna(S); 44.5075, 11.351394 buenos aires(T);
-34.60333, -58.38167#1ivorno (T) ; 43.55, 10.317#bologna (T) ;

44.5075, 11.35139#modena (T); 44.65, 10.933#

Navw 0 AauTO TO APXEIO PNOPOUME, €UKOAA MAEOV, va KAVOUUE ENEPWTNOEIC MOU
va a@opoUv oTouc TiITAouC Twv BiVTED KAl va NAipvoupe oav anoTeAeopa Ta Bivreo
Mou €XOUV OTOV TITAO Toug Ta kA&ldia avalnTnong Kal TIG TON0BETIEC PE TIG OMNOIEG
ouvdeovTal. H AeiToupyia nou nNpooQEPOUNE €ival napopola HME TNV UNNPECia
avalnAtTnong nou d1aBeTel To YouTube, piac kal auTtn WAxvel yia TIC AEEEIC KAEIDIA
MOVO OTOUG TITAOUG Twv apxeiwv. H enéktaon, nou npoo@epel n dIKA Hag
uAonoinaon, €ival 0TI KGBe BivTeo Nou ENIOTPEPETAl, CUVODEUETAl ano TIC TONOBETIEC
ME TIC onoieg €xel ouvdeBei kal eniNAEov WNOPOUME va KAVOUWE Kdal XPOVIKN
avalnTnon.

Katd Tnv uAonoinon Tou aAyopiBuou, €kTOG and Tonobecoieg, npoonadnoape
va EVTOMICOUME Kal nuepounviec ota dedopeva Tou KaABe Bivreo (eA&yxovTal ol
NEPICOOTEPEG YVWOTEC POPHEG Yia ONAwON NUEPONNVIWY, Onwg n.X. 12 Feb 2010,
12/02/10, 2/12/2010, February 12 2010). Me TOoV €AEXO aUTO, E€KTOGC aANO TIC
TonoBeoieg, ouvdEoupe KABe TITAO BivTeo Kal HPE TIC NUEPOMNVIEG ME TIC OMOIEC
eyavifovral orta Oedopeva Tou. ‘'Onw¢ PAENOUNE OTO TETAPTO nNAPAdEIyUA
napandavw, o TiITAOG Tou BivTeo pe KwOIkKO «pNiOIxju75M» €xel 0TO TEAOC TOU ia
AioTa nou nepiéxel TNV nuepounvia «13 February 2009», n onoia cixe Bpebei oTa
dedopéva Tou Bivreo Onwg neplypayape. Autd TO YEYOVOC, MAG NMPOOQPEPEl TNV
duvaToTnTa va PnopoUPE va kKAvoupe avalntnon, Me BAon pia nuepounvia kai va
naipvoupe O0Aa Ta Bivreo nou cuvdEovTal UE TNV NUEPOPNViIaA auTnh.
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3.3.2 OonTIKONOIiNoN ANOTEAECHATWV ENEPWTNONG

To endpevo Bripa oTnv Napouciaon TWV ANOTEAECUATWV €ivail, £pooov dIaBETOUNE
TIC YEWYPAQPIKEG OUVTETAYMEVEG TWV TONOBECIWV HE TIG OMoie¢ ouvdéovTal Ta
BivTeo, va ONTIKOMOINOOUKE TA AMNOTEAECOHUATA MIAC ENEPWTNONG OTOV MNAYKOOUIO
XapTn. To KOYNATI AuTO, ANOTEAEI Kal ToV dpXIkd aTOXO TNC £pyaciac, nou ATAv va
HMOPOUMPE va NAapAyouME ONTIKN Aneikovion Twv BiVTEO Mou Pacg evolagEPoOUV, Ot
OUOXETION ME TIC TONOOECIEC PE TIC ONoieC ouvOEovTal.

Nna va TO EMNITUXOUME auTd, XPNOIYOMOIOUPE TO google maps api, woTe va
avanapacThooude Ta BivTEo oTOv NAykOOMIo XApTn, OTA ONMEId nMou avTioToiXxouv
OTIC TonoBegiec Ye TIC onoiec ouvdEéovTal. Kataokeudoape, Aoinov, €va AoYIOMIKO
nou naipvel ogav €i0od0 TA AMOTEAECNATA MIAC EMEPWTNONG KAl KATAOKEUAleEl HE
Baon auTtd, €va javascript To onoio €ival ocUPJPWVO HPE TOUG KAVOVEC Tou google
maps api kal 6Tav To avoiEoupe g evav QUAAOUETPNTN MAIPVOUNE €va NAyKOOWIO
XapTn ME TaA anoTeAeopaTa TNG enepwTnong. Or akidec oTo XApTn €Xouv duo
JlaPOPETIKA XpWHATa, NpAacivo Kal KOkkIvo. OI npdoiveg akideg avTioTolXouv o€
BivTeo HE XpoVvIKn NAnpogopia, Evw ol KOKKIVEG Xwpic. AKOua, Onwg @gaiveralr oTnv
O0eUTePN €IkOVA NapakdaTw, KaBe akida nepieXel NANPOQOPIEC nou e€ival ol €ENG:
nAnGog Bivreo nou ouvdeovTal Pe TNV Tornobeagia, NUEPOUNVIEC NMou cuvdEovTal HE
Tnv TonoBecgia, ovoua TnG TonoBeaiacg, TiTAol Twv Pivieo nou ouvdEovTal HUE TNV
TonoBeaia.

AkoAouBouUv dU0 napadsiyuaTa YE Ta anoTeEAECPATA NOU NMAPANE Yia Hia ENEpWTNON,
otnv onoia avalnToUue Bivreo pe AEEeic kAeldid «dream theater» kar pia deuTepn,
nou avalnToupe Bivreo pe kA€ldi TNV nuepounvia «09/11/2001» kai £XOUME oav
anoTEAECOHA TOUC NAPAKATW XAPTEG:
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EikOova 2: XapTng he anoteAéopaTa yia «dream theater»
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Eikova 3: XapTtng Pe anoTteAéopara yia «09/11/2001»
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4. Z0vowyn Kal cupgnepaocuara

>TnV €pyacia auTtn, napouciaocape To nNpPOBAnUa TnG enegepyaociag Peyalou
oykou OedopEVWV Yia TNV €€aywyn XpNoidwv nAnpogopiwv. Mo OUYKEKPIWEVA,
npoonadnoape va €€ayoupde and TNV nAnBwpa dedONEVWY MOU CUVOEOVTAl PE €va
Bivteo oTov IoToxwpo Tou YouTube, Tnv nAnpogopia nou a@opd oTo XpOVO Kal OToV
TONOo nou e&eAiooeTal To Bivreo, av auTo eival duvarTo.

Xpnoigonoinoaue &€vav aAyopiBuo avalnqtnong yia va PBpoUHe TIG TOMoBeoieg
Kal nUEpPOMNVIEC nMou undpyouv oTa OedopeEva €vOG BIVTEO Kal OTn OUVEXEIQ,
dnuIoupynoaue pia veéa Baon OedopEVWY, OTNV 0noia €XOUME MAEov KaBe BivTeo
ME TO avayvwploTikO TOu, TOV TiTAO TOU, TNV KATNyopia oTnv onoia avikel Kal TIG
TONoBETIEC KAl NUEPONNVIEG HE TIC OMOIEC oUVOEETAl.

Katoniv, €xovrac Tn vea Baon O0edOUEVWY, MNOPOUPE va KAVOUPE ENEPWTNOEIC WE
Baon AEEsic KAEIBIA KAl NUEPOMPNVIEC, kavovTag avalnTnon oTouc TITAOUC TwV BivTeo.
'ExovTac Ta anoTeAEopaTa KABe €nepwTnONG, NPOXWPNOAWE OTNV ONTIKOMOINon
TWV ANOTEAEOUATWYV aAUTWV ME BAon TIC TOMOBECIieC PE TIC OMOIeC OuvdeovTal,
XPNOIYoNoInVTag To google maps api.

Anpioupynoape, JE TOV TPOMO AUTO, €va AOYIOMIKO nou gunAouTilel TNV UNnpeaia
avalATnong Nou napexel o 1I0ToXxwpoc Tou YouTube, divovTag oTto XpnoTn a@evog
Tn duvaTtoTnTa va avalnTta Bivreo kal oTa AnoTEAECHATA va HPNopei va O&l Kal TIG
TonoBeagieg Pe TIG onoieg ocuvdeovTal Ta Bivreo auTd, kKal apeTeEpou TN dUvaTOTNTA
avalntnong Bivreo, Ox1 ME AEEEIG KAEIBIA NOU A@OpoUV OToV TITAO Tou, AaAAd HE
Baon pia nuepopunvia.
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NepiAnyn

MNa Tnv neipapaTikn PEAETN Kal €nidsi€n oTo €pyacTnpio Twv OUVATOTATWV &VOC
HAlgkoU ITeppatoypd@ou, nou anoTeAeital and Ouo JdiaoTnuonAola o€ NTRNON
oe oxnuaTtiopo (ASPIICS), ota nAaiola Tou npoypdppatog STARTIGER Tng ESA,
anaiTeito va oxediaoTei eva auTOVoUo unoouoTnua eAEyxou gpwTodiddwyv LED. To
oUoTnNUa auTtod, €npene va €xel TNV IKAvoTNTa va unootnpilel duvapika, apkeToug
d1aPopPETIKOUC cuvduaopouUc diaTa&swv yia dIapopeTIKa oevapia xpnong. Eniong,
avanTtuxlnke MIa TEXVIKA UWNAAG ouxvoTnTag, PBaociopevn otn Alauoppwon
MAatouc MaApou (PWM), Adyw TnG anaitnong unap&ng duvatoTnTac akpiBECTEPNC
au&opeimong TNG EvTaong Tou €EEPXONEVOU PWTOC. XTNV NEIPANATIKA auTtn di1dTagn,
OUMNEPIANPONKAV €niong Kal AaAAeEG XPNOINEG BondnTIKEG AsiToupyieg, ONWG o
EAEYXOG MNXAVIKWV KAgioTpwv. H uAomoinon Tou unocuoTAHATOG, Yia XpHon
oc kaBapd dwudaTIo, €ival BACIONEVN O €va HIKPOEAEYKTH KAl CUUNANPWVETAl HE
nANpn, anokAeioTikn Olacuvdeon Ethernet oTto oTaBuO €AEyxou Kal NAEKTPOVIKA
MEPN OE PIa NAAKETA KUKAWUATWV.

NEEEIG-KAe101a: Eupwnaikog Opyaviouog AlactripaTtog, PROBA-3, ASPIICS
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1. Eicaywyn

Ta TeAeuTaia xpovia, unapxel auEavouevo ev3Ia@EPOV yia Tn XprHon ouvepyalOPEVWYV
dlaoTnuUonAciwv O€ oxnNUATIoNo. AuTl n  @IAocopia oXedIaouoUu JIaoTNHIK®V
NTACEWV, NPOEKUYE and NANOwpPa anooTOAWV Kal AdnoTEAEOUATA EPEUVWV WC £VA
HECO OXI MOVO MEIWONG Tou KOOTOUG Kal au&énonc TngG eueAi€iac o diaoTnuika
npoypdpuara, aAAd kal yia Ta Hovadikd €nIOTNUOVIKA MAEOVEKTAMATA MOU
npoo®epel. ‘ETol, undpxel eAnida va peiwbei To PEYEBOC kal n MOAUMAokOTNTa
pgovadiaiwv d1aoTNUIKWV drnooToAWV, UMNEP TNC XPNONG OuoToIXiaC MHIKPOTEPWV
Kal anAouoTtepwv OopuPoOpwv, Ol onoiol cuvepyalovtal PETAEU TOUuC yia KaBe
AgiToupyia. To ouoTnua TNG NTAONG O OXNMATIOWO €ival NAEOVEKTIKOTEPO, YIATI
TO MEyEBOC TOU OUVOAIKOU opydvou Kdl O MpooavaToAlONOG Tou HMopouv vd
HeTaBaAAovTal evoow To cUOTNUA BpiokeTal o€ Tpoxid.

1.1 H anooTtoAn PROBA-3

H anooToAr) PROBA-3 (PRoject for On-board Autonomy) 6a npoo@epel pia sukaipia
yla Tnv npoTtunonoinon TnG METPOAOYiag Kal TwVv TEXVOAOYIWV TnNG MTAONG OfE
oxnMaTiopo, evw napdAAnAa Ba avantu&el kalr Ba eAey&el duvapika Tn oTPATNYIKN
kaBodnynon, TNV NAonynon Kal Touc aAyopiOpouc €AEyxou, MOU €ival avaykaiol
yla Tnv nNTAON Of OXNUATIONO Of HEAANOVTIKEG OIAOTNMIKEG EMIOTNHOVIKEC
anooTOoAEC. ©a PEAETNOEI, €niong, €va supU (pAopa OUVATOTATWV KAl OTPATNYIKWV
eAéyxou, kalr Ba avanTu&el Ta avTioToIXa €pPYaAEid TwWV OXETIKWV UMOJOPWV.
To Ceuyoc diaoTnuonAociwv 8a akoAouBei pia apkeTd €AAEINTIKN TpoXid yupw ano
TN I'n, &va PEPOC TNC onoiac Ba €ival n OIKOVOMIKA akpifrny NTRON O oXNUATIOWO,
onou eival dUVATEC Ol NApPaATNPNOEIG, Kal ol urnoAoinec nepiodol Ba eival eAelBepnc
ntiong. Ta Ouo OiaoTnuonAoia Oa neToUv OE OXNUATIONO o€ anooraon 150m
METAEU Toucg, ME akpifeia MIKPOTEPN TOU XIAlooToU. To &va diaoTtnuonAoio Ba
NPOKAAEi TEXVNTA €KAgIWn Tou 'HAlou OTO cuoTnUa ava@opdg Tou AAAou, Kal €TOl
Ba eivalr duvatn n napatnpnon Tou HAlgkoU ZTeéppaTtoc. H uAonoinon autng Tng
anooToAnG 8a avoi&el veoug opilovTeg aTn d1ACTNMIKN TEXVOAoYia.
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ZxAMa 1: H Tpoxia Tou PROBA-3.

1.2 To snioTnHoVikO 6pyavo Tou PROBA-3: O HAIOKOG STENHATOYPAPOG
ASPIICS (Association de Satellites Pour I’ Imagerie et I” Interferometrie de la Couronne Solaire)

To HAlakO ZTeppa, n €EwTepikn aTtuoéo@aipa Tou ‘HAlou, €ival €€alpeTika apailo,
a@ou POVO &va OTa €va eKATOUNUpPIO PWTOVIA TG pWTOOPaAIpac okedalovTal ano To
NAGoPa Tou, Kal eEAIPETIKA BepUd PE BEPPOKPATIEC HEPIKWV EKATOUHUPIWYV BABPWV.
ANOTEAECNA AUTWV TWV UYWPNAWV BepUoKpaACIWV €ival Kal N UNEPNXNTIKN EKTOVWON
TOUu NAJQOPATOC TOU ZTEPMATOC MPOG TOV HWECONAAVNTIKO XWPO, MECa ano TIG
AEYOUEVEC OTEUMATIKEG ONEC WE TN MOPPN Tou nAlakoU avepou Parker, nou @BOavel
ME TaxUTNTECG 3 €KATOMMUPIWV XIAIOMETPWV TNV wpa oTtn I'n. Ta oXeTika nouxa
(Paivoheva TnG NAIGKAG @wTooPaipag (0nwg ol nNAIGKEG knNAIdec), aAAd kal Ta
EKPNKTIKA Kal €EalpeTika PBiala @aivogeva nou ouvodsUOUV TNV EPPAVION Tou
HayvnTikoU nediou oTnv nAiakn atudéo@aipa, ouvioTouv Tnv nAlakn dpaocTnploTnTa.

O1 kUpIOl €NIOTNHOVIKOI OTOXOI TOU npoypduuaTtoc PROBA-3 e€ival n karavonon
a@evoc TwV PUOIKWV JIEPYATI®V NOU CUUBAivouVv OTO NPEUO STEPHUA KAl APETEPOU,
TWV QUOIK®V OIEPYACI®V NMou odnyouv OTIC IOXUPEC STEPUATIKEG EkTiva&eic Madlacg
Kal ouvakoAouBa otn Onuioupyia Tou AlaoTnuikou KaipoU, pge OAEG TIC OUVENEIEC
Tou yia Tn 'n kai To AiaoTnua. H YeAETN Tou oTeppaTog Je To ASPIICS 6a anavTnoel
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AiaoTnuikng fTrnonc o Sxnuartiouo — Xpnoroc¢ K. Tolykavog

0O€ OUYKEKPIPEVEC EPWTNOEIC ONWC:
e NMwc npoadiopileTal n douNG TNG NAIAKAC ATHOOPAIPAC OE NMOAU HIKPN KAINAKa;

e [olog €ival o gnxaviopocg B€ppavonc Tou HAlakoU ZTEPPATOC KAl 0 pOAOC TWV
KUMATWV O auTo;

e [loia sival n NpoEAeuon Kal QUOIKEG d1adIKaoieG MOU OUVEICPEPOUV OTNV
EMNITAXUVON Tou apyoU Kal ypryopou nAlakoU aveuou;

e AnoO noiec OOHEC TOUu YapnAoU ITEupaAToc oxnuatidovral, smTaxuvovTal Kdl
TEAIKA EKPAYVUVTAI Ol ZTEPPATIKEG EkTIVaEeic Madlac;

e [loid n oxeon Twv ZTeppaTIKwV EkTiva&ewyv Malag ue AANEG EVEPYEC NEPIOXES
Tou NAIou, OnNw¢ ol EkAdpweig kai ol Mpog€oxec;

e [wg ol ZTeppaTikEG EkTIVa&eic Malag dnuioupyoulv 1I0XUPA wOTIKA KUPATA OTO
XAUNAO ZTEUNQ;

O XTtepypaTtoypagoc ASPIICS nou 6a TonoBernBei oto PROBA 3 oToxeuel oTOo va
napatnpnoel To HAlak6 ZTéupa otnv anootaon (1.03 - 3) nAlakwv akTivwv ano To
NAIGKO KEVTPO, WE dIAKPITIKN 1KAVOTNTA €PANIAAN AUTNC NOU NMapaTnPOUKE ano TN
' kaTta Tn dIApKEIQ TWV OAIKWV NAIGKWV EKAEIPEWV.

2. To npoypappa STARTIGER tng ESA

To npoypappa STARTIGER Tng ESA anookonei ot pia npwTn €nidsi€n Tng
TEXVOAOYIAC O€ €pyaoTnpIakeEG OUVONKEG yia OAd Ta AENTOMEPR OUOTNAHATA
OUYXPOVIONOU Kal METPOAOYIAC, TWV ONTIKWV unoouoTnuaTwy Tou ASPIICS.

2.1 EuBuypdappion TnG NTAONG OE CXNHATIOHO

H Baoikn 10éa Tou OTeppaToypdagou, e€ival va anoTeAeital and €va peydlo,
EVVOIOAOYIKA €vidio, Opyavo, nou 6a €xel w¢ CUVIOTWOEG Tou duo diaoTnuoénAoia,
nou Ba BpiokovTal 0 NTAON O OXNKATIONO. 'Eva TETOIO ENIOTNHOVIKO Opyavo NpPENEl
va E€MTUyXavel agevog anoAutn €uBuypdupion Tou oxnMaTiopgoUu Twv  dUo
dlaoTnuonAciwv HE Tov NAIO KAl AQETEPOU, OXETIKN euBuypdppion Twv duUo
diaoTnuonAociwv PJETA&U TOUG.

SNUEIWVETAl OTI AUTA N opyavwon (Ixnua 2), €ival npwtoyvwpn oTo XWPOo TNC
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KATAOKEUNG EMICTNMOVIK®V opyavwyv. BeBaiwg, To oloTnua Twv dUo dopupopwv Ba
€xel ndn To dikd Tou cuoTnUa METpoAoyiag nou B6a napakoAouBei To oXNUATIOUO
(emikoivwvieg RF, onTikoi aioOnThpeg), and Tnv nNpwTtn pacn Tou PROBA-3. 'Opwg,
n apxikn, kai nepiodikn Babpovounon (calibration) Tou cuoThApaTog B£0NG, 6NWC Kal
0 AENTONEPEDTEPOG KABOPIoUOC Tou, Ba yiveral ano To idlo To opyavo. ‘ETol, oTdxol
Tou STARTIGER sninA<ov, sivar:

e O npoodioplonoG, n avantuén kair ol JOKINEG KAl n opbr enmiBeBaiwon Twv
UMOCUOTNHATWY EUBUYPANMIONG KAl OTOXEUONC.

e O1 OOKIUEC KAl N OUVOAIKN 0pOn AsiToupyia OAOKANPOU TOU OUOTAHATOC
eEopoiwong oe popgpr breadboard, kaBwcg kal EOCWTEPIKN €UBUYPAPUION TOU
opyavou.

Occulter Axis Center of the

Coronagraph Axis Sun disc (O,)

sun P

Formation Axis

Center of the coronagraph Center of the
entrance pupil (O,) occulting disc (0,,)
Center of the internal occulter (0,)

ZxApa 2: O1 aEoveg euBUYpPAPNIONC TOU opyavou:
KokkIvo xpwpa: agovag TnAeokoniou oTepgpaToypdgou, Mpacivo xpwua: agovag ekAeintn (occulter),
MnAE xpwpa: dgovac oxnuaTiopou, NeTa&U Twv dUo diacTnuonAociwy,
MwB xpwua: dEovac oTOXEUONG WG NPOG ToV NAIOo.

H suBuypdaupion Tou opydavou YiveTal anokA&gIoTIKA and To idlo, kal n sniBepainon
QUTAC EMITUYXAVETAl KBavTonoiwvTag KataAAnAa Tn 6£€on Tou €KAEINTN OTO ONTIKO
nedio (Field of View, FoV) Tou oTeppaToypdgou. H npoTteivogevn AUon auTtou, o
AioBnTnpac ©€ong EkAsintn (Occulter Position Sensor, OPS), BaocileTal 0€ APKETEC
PWTEIVEC NNYEC OTO NICW MEPOG TOU €EWTEPIKOU EKAEINTN, NMou QpwToypa@ouvTal
and onTikd CUCTHAKATA TOU OTEPPATOYpAPou. H andAuTn oTOXEUON TOU CUOTANATOG
nTnong viverar sniBeBaiwvovtac tn B€on TnG onTIKAG kopng (optical pupil) Tou
opydavou OTn OKIG TOU KWVOU Mnou oxnuaTtileTal niow anod Tov ekAeintn-dioko. H
npoTelvohevn Auon, o AioBnTripag O@cong Zkidag (Shadow Position Sensor, SPS),




gival Baciopevoc oTn YETPNON TNG 6€ong TNG napaokiag (penumbra) yupw and Tnv
onn €10000U TOU OTEPpaToypdagou. H BEATIOTN OTOXEUON ENOMEVWG EMITUYXAVETAI
oTav Ta €nineda Napackidag €ival opoldpoppa oTabuIoPEvVa.

2.2 YnoouoThRpara

To 6pyavo ASPIICS, 6nwg uAonoindnkKe 0To EpYAcTnPIO YIA TIG AVAYKEC TNG €MIOEIENG
anoTeAgiTal and Ta akoAouba unocuoTANATA:

To unoouotnua TMA (Three-Mirror Anastigmat), To TnAgokonio Tou opyavou,
gival Baoiopévo o€ TPEIC aoPalpikous kabpenTeg off-axis, woTe va eAaxioTonoindei To
okedalOPevo pwC Pe diappaypa onTIKNG KOpNG.

To unoouotnua EOS (External Occulter Simulator), €fopoiwvel Tov 'HAlo pe
napopola KapgnuAn ewTteivoTnTag. Mapayel eniong, npokabopioheEvn ava NePinTwaon
OKIG KAl Napackid, nou WYeTpdaTtal otov AioBnTnpag ©€ong Zkiag (SPS). To pwg, ano
TN QWTEIVA NNYN KATEUBUVETAI JEOW ONTIKWV IVWV O €va PIATPO Kal OEIpd PpAKWV
Kal otn ouvexela npoBdaiierar oe slide film, onou dokipalovral OIAPOPETIKEG
pubuioeic yia eEopoiwan oKIWV.

To unoouoTnua ASCS (Attitude S/C Simulator), anoteAsitar ano €va €€anodo
POUNOT-NMAATPOPUA Kal OKONeUEl OTO va €EOMOIWOEI T OCUMMNEPIPOPA TOU €VOC
dlaoTnuonAoiou o€ oxXEon HE To AANo. AlaBETel €1 BaBuoUc eAeuBepiac, kail IKavoTnTa
aAAaync ToUu KEVTPOU MePICTPOPNC on-the-fly.

H povada MCU (Metrology Control Unit), cival eva ouoTtnua Baciouevo o evav
autoeoTiaoTny (autocollimator), yia Tn Baocikn avaykn euBuypdppiong OOHIKWV
oToixeiowv (n.X. TNC nAaT@opuac-tpaneliov). Eniong, XpnoIMONOIEITAl YIa HEAETEC
dovnoewVv €3APOUC, WOTE VA KAVOVIKONoINBouv ol HETPNOEIG AAAWV UNOCUCTNHATWY
OXETIKA JE AQUTEC.

To BonBNnTikO unocuoTnua PCU (Photometric Control Unit), oxediaoTnke woTe
va NpooPEPEl €va Xaptn OUo d1d0TACEWY TNG AAPNPOTNTAG TNG NPOCOMOIOUHEVNG
napaokiag (penumbra), ynpooTta ano Tov AicOnTnpa ©éong Zkiag (SPS), yia Adyoug
enainbeuonc.

To unocuotnua SPS (Shadow Position Sensor), eAéyxel 10 Babud TNC
anoAutng OTOXEUONG TOU Opyavou, avixvelovTac Tn METATONION TNG NAPACKIAC
nou oxnuariletal and Tov €EwTeEPIKO ekAeginTn. '‘OTav 0 OXNUATIOMOG €ival
BEATIOTOC, ONAAdN 0 agovac Tou €ival eUBUYPAUMIOPEVOG HE TO KEVTPO TOU NAIOU, N
PWTEIVOTNTA Mou Aaupdaverar and okTw PwTo-aiodnTripes nou Bpiokovtal yupw
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and Tnv ONTIKA onn, €ival odolohoppa Katavepnuevn. 'Otav n okia kivnBei (Un
opOn oTOXEUON TOU OXNMATIOWOU), To SPS ekTING/ANOTIMG TN METATOMION METPWVTAC
Kal ouykpivovtac Ta AapBavopeva onuarta anod Toug aiodntnpeg. duoika, TO
unoouoTnua SPS anapTileTal and d1aTa&n okTw PpwTodI0dWV YUPpWw and TNV ONTIKN
onn €1000ou Tou TMA.

To unoouoTtnua OPS (Occulter Position Sensor), npoo@Epel NANPOPOPIEG yia TN
B€0n Tou €KAEINTN OTO ONTIKO Medio TOU OTEPPATOYPAPOU. TO ENITUYXAVEI AUTO HE
PwTodI1000UC LEDS, nou BpiokovTal OTO Miow PEPOC TOU €KAEINTN Kal ansoTialdovTal
ano 1o CCD Tou TnAeokoniou. 'ETol, emiTuyxaverar eubuypdupion Tou agova Tou
>xnuaTiopouU Kai Tou onTikoU a&ova Tou XTepypaToypdagou. To unoouotnua OPS eivai
UNEUBUVO YIa TIG €ENG AEITOUPYIEG:

e Mapoxn nnywv ¢wTtoc LED anévavTi ano tnv onn gilcodou Tou TMA

e [poadlopiopoU TNG akpIBnG B€onNg TwV PWTEIVOV NMNYWV PECW Tou TMA Kal
TWV QWTO-BAPUKEVTPIKWV BECEWV TOUG

e AKpIBAC pUBMION TNG QWTEIVOTNTAG TwV LEDS
e EvaAAayn diapopeTikwv dlata&ewv LED
e AuvatdTtnTa aAAayng eoTiaong Tou TnAgokoniou TMA

TeAoG, n kapdid Tou neipapaTtoc, To AoyioHiIkO Aloiknong/EAéyxou (Command-
Control Software), nou ouvdouadel UAIKO Kal AOYIOMIKO, €ival uneuBbuvo yia OAEG TIC
AOVIKEC AEITOUPYIEC TOU OUCTHHATOG. ZUYKEKPIYEVA,

e 'EAgyX0G Kal OUYXPOVIOHOG OAWYV TWV EMNAEKOHEVV TEXVIKWV UNOCUOTNHATWY,
onwg ol Kapteg Anywng Aegdopevwv (Native Instruments 9205/9206), To
autocollimator kai To PCU yia Tnv suBuypdauuion, Tn @wTOypagIikn KAPepQ,
TOU UMOCUOTNHATOC Yia Tov €Aeyxo Twv LEDs kal To Hexapod.

e Ynnpeoiec dokiung (testing), ye npokaBopiopéva NPo@iA dOKIPNG KAl EAEYXOU
oPaAUATWV

e  ANOTEAEOHATIKOC XEIPIOPOC TOU PEYAAOU OYKOU TWV OEDOUEVWV

e Baoikeg unnpeoieg on-the-fly avaAuong dedopevwy, duvapikou linking Matlab
scripts kal eEaywyn TwV anoTEAECUATWV.

To AoylopIkO uAonoinBnke o€ BAon MIAg noAueninedng onovOUAWTNG NPOCEYYIONG.
>TOo KaTWTEPO €ninedo, BpiokeTalr n unooTnpi&n BIBAIOBNK®WY Mou JIEKNEPAIVVOUV
OANEG TIC EMIKOIVWVIEC HE TIC OUOKEUEC UAIKOU. XTO €vOIGueco €ninedo, TO
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core application logic xelpiCeTar Tn A€ITOoUpPYIKOTNTA TNG KABE OUVIOTWOAG TOU
ouoTAPaToc. TeAog, oTo avwTaTo €ninedo, To nepiBailov dienapnc kal N avaiuon
0edOMEVWY, MAPEXOUV Mia anAn kal anoteAeopaTikn Oiacuvdeon yia To XEIPIOWO
TWV UMNOKEIMEVWV UNOCUOTNHATWY. 2TO ZXNMa 3 (aivetal To Aoyiko didypapua Tou
AoyIOpIKoU, onou dlakpivovTal ol AEITOUPYIEC TWV UNOCUCTNMATWY KAl n pon Twv
NANPOPOpPIWV.

i | i g | .

ZxnHa 3: To Aoyiopikd Aloiknong/EAgyxou.

3. Zxed1aopog HAekTpovikou ZuoTnparog OPS

MNa TIG avaykKeg Tou €eAEyxou Twv onTikwv 0100wV (LEDs), oxediaoTnke kai u
Aonoinénke To NApakAaTw oUOTNHA, HE TOUG €ENC AEITOUPYIKOUG OTOXOUG:

e IkavoTnTa unoaoTnpPIENG dIaPopPeTIKWV ouvduaopwy diata&ewv LEDs

e Aufopciwon TNG EvTAonG TOU €EEPXOUEVOU PWTOC
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e BonOnTIKEG AEITOUPYIEG, ONWG O EAEYXOG MNXAVIKWV KAEIOTPpWV
e [IAAPNC ANOPAKPUOHEVOG EAEYXOC HEOwW Ethernet

Op1fopevn and TIC APXEC TOU YEVIKOTEPOU AoyiopikoU Aloiknonc/EAEyxou, n Eugacn
000nke oTnVv avanTu&én piac AveEapTnTng ApXITEKTOVIKNAG ZUOTANATOC, dIaTNPWVTAC
napaAAnAa Tnv enavaxpnoigonoinon Tou Kwdlka oTo PeEyioTo. H avaykn yia nAnpn
ave€apTnoia and To Kupiw¢ ouoTnua napexel Tn OuvatoTnNTa AnoPOvVWOoNG €VOC
oQAAPATOC 0TO UAIKO, WOTE va unv d1adolsi.

Q¢ Bdon avanTtuéng Tou NnAEKTpoVIKOU CUCTAMATOG, Mou (aiveTal oTto XxAua 4,
eNeAéyn €va avoixtou KwOIKA eVOowPaTwHevo ouoTtnua (Arduino), Adyw Twv
NAEOVEKTNUATWV MNOU TMPOOQPEPEl, OAV YPHYOPN, EUEAIKTN Kal ANOTEAECHUATIKN
nAatopua. H avoixtr oxediaon Tou UAIKOU, PBACIOPEVOU OFE £va MIKPOEAEYKTH
TNG Atmel, emiTpénel Taxeia diadikaoia avanTtuéng Pe akadnuaika epyaleia, evw
KpaTa dapeon npoofacn oTIC XxaunAoU TUMou AsiIToupyiec Tou ene€epyaocTn. ‘Eva
NPWTOKOAAO TCP/IP gmiTpgnel Tn BEATIOTN dlaoUvdeon WE TO AoyIiodikd Aloiknong/
EAéyxou. Me Xxpnon nNAkeETwv, e€MTPENETAl OIAAEITOUPYIKOTNTA OTNV avtaAAiayn
NANPOQPOPIWV KAl OTN HETAPOPA EVTOAWV OTN OUOKEUN. KABe cuoTnua AsiToupyei
WG OIaKOMIOTAC oTo 10IWTIKO OIKTUO TOU NEIPANATOG, Kal n Xpnon aitnoswv TCP
MMopel va empépel aAdayég, n va {nTthoel dlayVWOoTIKEC NAnpoPopiec and To
MIKPOEAEYKTN. XPNOILMONOIWVTAG AUTO TO aoUyXpovo HovTeAo EEunnpeTnTr/MeAdTn,
KABE NAKETO JIKTUOU EAEYXETAI KAl EVEPYOMOIOUVTAI 0l KATAAANAECG AEITOUPYIEC.

—n SigralTita

= Maghanical IF

ZXAMa 4: To nAekTpoVvIko cloTnua OPS

L4




OAOKANpo TO oUOTNUA BpiokeTal o kKaBapo dWHATIO PUE ANAiTNON va NAPAUEVEl OTO
eAAxIO0TO N avBpwnivn dpacTnploTNTa, ondTE €ival avaykaiog 0 €K TWV MNPOTEPWV
AenTopepnc oxediaopdc. O kKevTpikOG unoAoyioTng Aloiknonc/EAEyxou BpiokeTal
OTO ANMOMOVWHEVO OWHATIO €AEYXOU, Kal OUVOEETAI AMOKAEIOTIKA OIKTUAKA ME TO
EOWTEPIKO TOU XWPOU TOU MEIPANATOC.

Me TO WYn@IaKO EAEYXO TWV AVAAOYIKWV KUKAWMATWYV, TO KOOTOG TOU GUOTAMATOC
Kal n KAtavaAwon evepyelag MeiwvovTal OpaocTika. H diauoppwaon nAATouC
naApou (PWM) eival €évac Tponoc wneiakns KwdIkonoinong oTaduewy avaloyikwyv
onuatwv. O KUKAOC AsiToupyiac evoc TeETpaywvikoU naApou diapopPwVETal Yid vd
KWOIKOMOIEI Pid OUYKEKPIMEVN OTABWN avaloyikoUu onuartoc. To onua PWM eival
wnelako, dnAadn os KABe Xpovikn OTIyur €xel hia and duo kataotaoceig (High n
Low). H Tdon napéxerar oTto avaAoyikd (opTio PE TNV €vvold TWV TETPAYWVIK®V
naApyowv. O evepydg xpovog nou civalr High eival o xpovog kata 1n didpkeia Tou
onoiou e@apuoleral Taon oTo PopTio. Agdouevou enapkoug gupouc (wvng, Kabe
avaAoyikn TIUA TNG Taong pnopei va kwdikornoindei pe PWM. MoAAoi HIKPOEAEYKTEC,
onwc kai DSPs, nepiAauyBavouv ndn on-chip eAeyktéc PWM, KaBioTwvTac €UKOAN
TNV €@apuoyn Tou. 'Eva anodé Ta nAsovekTApata Tng diapoppwaonc PWM eivar oT1 1o
oNua Mapapevelr YPneiakd o€ OAO TO KUKAwPA and Tov ens€epyacTtn HEXP! TO
eAeyxoOpevo oUOTNUA, XWPIC va €ival anapaitnTn KAaugia PETATPONN TOU ONHATOC
ano ynelakd oe avaloyiko. KpatwvTtac To onua ynelako, Ta ¢gaivopeva BopuBou
ehaxioTonoliouvTal.

O1 napexopeveg anod TNV NAAT@Oppa ouxvoTnteg PWM Asitoupyiac dev nATav
KaTaAAnAa uwnAeg, kabwg xpelaldTav yia Touc AOYoucG Tou MeipapaTog duvaToTNTEC
AENTOUEPEDTEPNG aAUEOMEIWONG TNG €vTaong Tou eEepyxoOpevou @QwToOC. ‘ETOl,
XpNOIJOMoIWVTAG oav OnueEio ava@opdg To XpovioTh Tou chip, eniTuyxavovral
KaTaAAnAec (oTaTika) ouxvoTnTtee PWM. To chip Atmega328 0Ji1aBeTel TpEIg
XPOVIOTEG. Me KaTAAANAn Xpnon, ol KATaxwpnTeG XPOovIoTwV Tou chip pnopouv
va napayouv diagopec E00ouc PWM. Kabe xpovioTng ano Ttoug Timer0, Timerl,
Timer2, €xel dU0 KATAXWPNTEC oUYKPIONG €EO000U, NOU €AEyXouv To NAATo¢ PWM
yla TiIG dUo Tou €EO6d0UG: OTAv 0 XPOVIOTAG PTACEI TNV TIUN oUYKpPIoNG, N avTioTolxn
€€odoc evepyonoleital. O1 £€€odol Quolika, ava Ouo, €xouv Tnv idla ouxvoTnTd
A&IToupyiac, aAA@ pnopouUv va exouv dlagopeTika duty cycles (nou eEapTwvTal
and TOV avTioToIXo Kataxwpntn ouykpiong). To Atmega328 AsiToupyei oTa
16MHz, enopévwc n ouxvoTnTa AsiToupyiag kaBe xpovioTn 6a €ivar n ouxvoTnTa
AeiToupyiacg Tou chip diaipepevn Pe Tov napayovra 1, 8, 64, 256 ) 1024.

XpnolgonoliwvTag TIC UNAPXOUOeC OuvaTtoTnTeEG OIKTUWONG, MNXavika KAEgioTpa
(okiaoTpa) odnyouvTal €niong and TOo ouoTnua. Kdabe kAesioTpo, Ol1abeTel dUO
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nOaveg KATaoTAoEIG: avoIXTO Kal KAEIoTO. 'ETOI, ME yvwon TnG dapXIKNG QUOIKACG
0€ong To ouoTnua yvwpilel TNV KAaTdoTaon Tou Kabe kAgioTpou, Kal ival duvaTog o
€AEYXOG TOUG ano To Aoylopikd Command/Control.

Tpeig kKukAlogideic ouvduaopoi LED oxedidoTnkav yia TIG dvayKeG TOU MEIpApaToc,
yia OOKIUEC ot anoortdaoesic 15, 25 kai 35 JPETpwV, HE aVTIOTOIXEC OIAUETPOUC
KUKAWV. O HIKpOTEPOG OAKTUAIOG d1aBeTel dUO napandavw pwTodiodoug LED, nou
XpnolgonolouvTal yia enaAfBeucon evoc anod Ta JOVTEAA apIOUNTIKAC NPOCOHU0IwaNC.

>Tnv Eikova 1 ¢aivovral 6Aa Ta unocuoTnuaTa Tou opyavou ASPIICS, 6nw¢ auTto
uAonoinénke oTo gpyacTtnpio Tou LAM oTa nAaiola Tou STARTIGER.

Eikova 1: H enidsi€n oto epyaoTtrnpio Tou ASPIICS

AnNUOOIEUTEIG

Ta anoTeAéouara auTnc TnNC NTUXIAKNG Epyaciac CUMNEPIANPONKAv oTnv TEXVIKI avapopd
"Occulter Position Sensor Definition Document” Tou LAM (LAM-PJT-SFF-SPT-1046) kai
rnapouoiaobnkav ora ouvedpia:

* International Conference of Space Optics, Rhodes, Greece e TiTAo "The STARTIGER’s
Demonstrators: Toward a New Generation of Formation Flying Solar Coronagraphs”

* SPIE Space Telescopes and Instrumentation 2010: Optical, Infrared, and Millimeter
Wave, Volume 7731, San Diego, USA, ue TitTAo "Demonstrator of the Formation Flying
Solar Coronagraph ASPIICS/PROBA-3".
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NepiAnyn

>Tnv napouoa dINAWNATIKA epyaacia, ene€epyalopaoTe Ta OdOPEVA NOU OUAAEXONKaAV
and éva acuppaTo JikTUO algbnTRpwv. Zkonog ival va PHeEAETHOOUNE HEBOBOAOYIES
NPOBAEWNG AAINWV TIHWV KAl VA CUYKPIVOUHUE Ta anoTeEAEopATa Toug PBAcEl TwV
NOCOOTWV €MTUXIAG TOUC. Eniong €EeTAloUpE TEXVIKEC MEIWONG TOU OYKOU TWV
OE0OMEVWV NPOKEIPEVOU VA PEIWOEI TO UNOAOYIOTIKO KAl anobnKeUTIKO KOOTOC.

NEEEIG-KAg101a: KIvnTOG unoAoyiopog, EAaTTwpaTikoi aiodntipeg, AvaiAuon KUpiwv
ouvioTwowV, MpoekBoAn, Katnyopionoinon

EuoTabiog Xatlneubupiadng, Enikoupog Kabnyntng
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— ZUYKPITIKI) MEAETN Mnxaviouwv EkTiunong EAAinouc MAnpogopiag o Aoupuara Aiktua Aiobntnpwv -

AiuiAia B. ApyupornouAou

1. Eicaywyn

O KIVNTOG UNOAOYIONOG €ival &vag KAAdo¢ nou avanTtuooeTal TaxUuTaTa Kal €XEl
€PApPUOYEC 0 NOAAOUC TOMEIGC TNG avBpwnivng dpaoTnploTNTAc. Ta acupuaTa dikTud
aiobnTApwWV XpnoigonolouvTadl Kata BAon oTov KIVNTO UMNOAOYIOHO Yia Tn GUAAoYN
TwV nAnpogopiwv [1]. 'Eva acUppaTo dikTuo «EEunvwv» alodnTnpwv eneepyaleral
Ta 0edopEvVa NMou GuAAEyel [2]. Aedopévou OTI N UNOAOYIOTIKN 1I0XU TwV aiodnTripwv
gival neplopiopévn kKai o OYkKoG Twv OedOoPEVWV TePAOTIOG, €enIBAAAETAl va
€QPAPUOOTOUV TEXVIKEG HeEIiwWONC OlAOTAOEWV TWV apxikwv oOegdopévwyv [7]. H
Meiwon Twv dlaoTdoewv €ival n 01adikagia Kata Tnv onoia HEIMVOVTAl O apXIKEQ
HMETABANTEC €vVOC OUVOAOU JeDOMEVWYV, XWPIGC MEYAAN anwAsgia nAnpogopiac. AuTh
n diadikaoia Pnopei va yivel ite ge Tnv enidoyn yvwpiouatwyv (feature selection),
eite pye Tnv e€aywyn yvwpiopydtwv (feature extraction). O1 peBodol enAoync
YVWpIoPaTwVv npoonabolv va Bpouv €va unocUVoAo amnod TIG APXIKEC WETABANTEC
Mou va WJMopei va avTinpoowneucel To oUVoAo Twv Oedopeévwv. H eEaywyn
yVvwpiopdTwyv npoonaBei va npoBdAsel €va ouvoAo ano Jdiavuopara UWnANRG
diaoTaonc o €va Xwpo XAaunAotepnc didoTtaonc. H Texvikh nou e€EsTdoape eival
n AvaAuon KuUpiwv ZuvioTwOwV, NOU HEIWVEI OTO MICO TIC APXIKEG OIAOTACEIC TWV
O0€0OUEVWYV, XPNOILOMOIWVTAC TNV €EAYWYN YVWPIOUATWV.

Mepa and Tn MEeEiwONn Tou UMNOAOYIOTIKOU Kdal anoBnkeuTikoU KOOTOUC, yia va
e€axbouv oupnepacpara nou BOa eival XpAoIHa OTOUG XPNOTECG, NPENEl vd
€QpapuooTouVv peEBOodOI €EOPUENC YVWONG OTIC POEC OEDOMEVWV MOU GCUAAEyovTal
[4], [5]. QoTOOO UNAPXOUV OPICHEVA MPOBANMATA OTNV €PAPHOYN AUTWV TWV
HEBOOwWYV [3]. Ta nmpoBAApATa NMou MPoKUNTOUV MNPOEPXOVTAl KUPIWG and nepITTa
0edopEvVa Nou OUAAEyovTal ano aicbntnpeg, and eAAinn dedopeva kai ano Tnv
aVOMOIOYEVEIA NMou NIBavwe undapxel OTn ONUAcioAoyIK €ppnveia 0edoPeEvwyY ano
TNV nAgupd Twv OIKTUWV [6]. H epeavion d1apopwyv HOpQWY CEAAPATWV
ouvenayeralr Tnv €AAINN nNAnpo@opnaon npog TIG €PAPHOYEC nou kaAunTtouv. lMa
TNV ano®uyn Twv NpoBANUATWV MNOU PNOPEi va NpokUWouv anod eAAINEIC TIYEC,
MEAETOUVTAlI OTATIOTIKEG MEBOOOI ONWC N nNpoekBoAn/napeuBoArn, kabwg Kal
aAyopiBuol kaTtnyopionoinong nou rnpoBAEnouv €AAINEIC TIHEC Ot €va Ociypa
oedopevwy. O1 aAyopibuol nou e&stalovtal eival oi: Decision Tree, C4.5, M5P,
Decision Stump kal RepTree. ZKonog €ival va OUYKpPiVOUMPE TIC anodOoeEl TwV
neBodoAoyIWV Kal va OIEEAYOUNE cupnepaopara yia Tnv a&lonioTtia Toucg, Baocel
TWV MOCOCTWV EMITUXIAG MOU €xOouv OTNV MNPOBAEwn Twv HETPNOswv. Eniong,
vad UMNOAOYIiOOUME TnVv anwAeld nAnpogopiac nou Oa npokUWEel, &€nsira and Tnv
EQAPHOYN TEXVIKWV PEIWONG OEOONEVWV.
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2. AvaAuon KUpPI®WV CUVIOCTWO®V

H avdAuon oeg KUPIEG OUVIOTWOEC €ival HId TEXVIKN MEIWONG Tou apXikoUu OyKou
Tou O€iyhaToc. XpnOoIKOoMnoIsiTal OTav €XOUME WYNAAG OUOXETIOWEVEG METABANTEC, yia
TN Meiwon Twv Ocdopevwyv. O NPWTEC KUPIEC OUVIOTWOEC dapKoUv yid va
avTIKaTaoTAOOUV TNV MA€IovOTNTA TWV dapXIikwv Oedopévwyv. H peimon Twv
dlaoTadoswVv €ival €niong Xpnoiun Kar otav To nARBoC Twv napatnpioswv E€ival
MIKPOTEPO anod auTd Twv HeETABANTWV. Mia AaAAn xprAon Tng avaAuong KUpiwv
OUVIOTWOWV €ival n onTikonoinon Twv O0gdouévwy kKaABwWC eival dUOKOAO vda
aneikovioTouv OTAav undapxouv Napandavw ano TPEIC HETABANTEC. MEow TwV KUPIWV
OUVIOTWOWV aneikoviZeTal n PeyaAuTepn MeTABANTOTNTA Twv Ocdopévwyv oe dUO
govo OlaoTdaocsic. ‘ETol, n nmoAudidaoTratn NAnpogopia HPMopeEli va CUYXWVEUTEI Ot
hia mio oupnayn aneikovion. TEAOG, n avixveuon akpaiwv Tigwv (noise reduction)
Kal n opadonoinon Twv JedOMEVWV YIVETAl MIO €UKOAN ME TN XPNON auTng Tng

TeEXVIKNG [8].

H AvaAuon KUplwv ZuvioTwowv €ival pia noAU d1adedopévn OTATIOTIKA TEXVIKN,
NMou XPNOILOMOIEITAl EUPEWC O NPOBAAKATA NOU NPOKUNTOUV ANO TNV ene€epyaania
ONMaTog, aAAd kal oTnv avaAuon Jdedopevwv. AuTA n pabnuatikn dladikaacia
XpNoIJonolei Tov opBoywvio PETAOXNHATIONO Yia va PETATPEWEI €va cUvoAo anod
napaTnpnoeic, onou To NANBOC TwV PETABANTWV TOU €ival MOAU PeydaAo kal nmbavwg
OUOXETICOMEVO, OE €vA VEO GUVOAO UN-CUOXETIOPNEVWV PETABANTWY, NMou ovopadlovTal
KUplEC ouvioTwoes (principal components). AnO TIC VEEC OUVIOTWOEC, HOVO €va
HEPOC auTwv Oa xpnoipgonoinBei yia TNV €€aywyrn OUPNEPAOPATWV. H PeAETN dUo
N TPIWV HN-CUOXETICOMEVWY METABANTWV €ival €UKOAOTEPN aAnO Tn MPEAETN ToUu
OUVOAOU TwV apxIKwVv HeTaBAnNTwv. O PETAOXNHUATIONOG YIVETAl UE TETOIO TPOMO,
WOTE N NpwTn KUPIA CUVIOCTWOA va npokunTtel and Ta dedopEva PE TN MEYAAUTEPN
dlakupavon kKal Kabe enOPeEVN CUVIOTWOA VA EXEl TV AUECWC ENOPEVN HMEYAAUTEPN
oduvatn Odiakupavon, ME ToVv NEPIOPIOPO OTI Ol KUPIEC OUVIOTWOEC €ival PETAEU
TouG opBoywviec (dnAadn nNApAPEVOUV ACUOXETIOTEG METAEU Toucg). O1 KUPpIEC
OUVIOTWOEG €ival aveEapTtntec (0ev ouoxeTiovTal), €V TO CUVOAO TwV OEJONEVWV
akoAouBei kavovikn katavoun [9], [10].

3. MeBodoAoyiec napeHBOANG / NpoeEKBOANG

3€ NEPINTWOEIG NMOU To OiKTUO aIoONTAPWV PNopei va Bpebei ekTOG AsiToupyiag Kai
OUVENWG va anoTUxXEl va anogaTeiAEl TIG TIMEG TWV HETPROEWV TOU, XpnaoidonolouvTal
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ol peBodoAoyiec napePBoAnG kal npoekPBoAnc. Kata Ttn Oidpkela oUAAOYNG TwV
0edoPEVWV and TOUG aloBNTNPEC MNOPOUME va ONMIOUPYNOOUME HIa KAPMUAN
navw otnv onoia 6a gugavifovral 0Aa Ta cuAAexBevta onueia. MapeuPBoAn eival
n oiadikacia avaktnong TIHWV and TNV KAWnuAn, avageoa orta ndn yvwoTa
onueia (d0edopeva). AuTO emITUYXAVETAl MEOW TNG MNPOCAPHOYNG TNG KAMNUANG
N TNG XPNon TnG naAlvopopikng avaiuong. MpoekBoAn (Extrapolation) eivar n
d01adikaoia andkTnong MIag TIMAG and €va ypagnua n gia ypagikn napdoracn nou
EKTEIVETAI NEpa ano Ta ouAAexBevTta dedopeva. H diadikacia TnG NPoeKBOANG €ival
napopola pe TN diadikacia TNG NApeUPOANG, aAAd Ta AnoOTEAECHATA TNG ouvNBWC
unokeIvTal o€ PeyaAuTtepn aBePBaloTnTa, yiaTi dev nepiopifovTal o€ €va YVwoTO €UPOG
TIHOV.

-
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-
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D
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NapepBoAn (Interpolation) / MpoekBoAn (Extrapolation)

2Ta nelipapaTa nou npayparonoindnkav, 6eAape va npoBAEWOUE TIHEG O NEPINTWOEIG
nou To JikTUO aioBNTAPwWYV Oev €KNEUNEI KABOAOU TIG HETPNOEIG, ONOTE PEAETHOAUE
TN peBodoAoyia Tng npoekBoAng Cubic Spline [11].

4. AAyOpiOHOI KaTNyopIionoinong

'Eva oUvoAo Jedopévwv nou OUAAEyeTal and aiodnTrnpec €ivalr noAU peydlo o€
0YKo, AOYw TNG ouvexoUG evnuEPWONG Tou. M’ autd To Adyo, npEnel va dnuioupynoei
€va HOVTEAO NPOBAEWNG TIMWV MNOU va avTINPOOWNeEUEl TNV MAEIOVOTNTA TWV
O€0OMEVWV KAl VA UMNOPEI va IKAVOMOINOEl O€ YEVIKO €MNiNedo OAEG TIG HEPHOVWHEVEG
eANINeic TIpeg. KaTtnyopionoinon Twv dedopévwy eival n diadikacia katd Tnv ornoia
e€eTalovral Ta PBaAciKOTEPA XAPAKTNPIOTIKA €vOC OUVOAOU OedOpEVWV Kal BACEl
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auTWV KATNyopIOMNoIEiTal €va VEO AVTIKEIMEVO O€ WIa npokaBopliopevn KaTnyopia,
ouUh@wWva HE TO MOVTEAO KaTtnyoplonoinoncg. Ma Tn Onuioupyia Tou HOVTEAO
KaTnyoplonoinong npenel npwta va 0oBei €va oUvoAo pe dedopeva ekPadnong
(training data) yia Tnv kaBe katnyopia. 'Eneira, ye Tn Xprnon autoU ToU POVTEAOU,
8a pnopouv va kartnyopionoinBouv dedopeva Ta onoia dev AVAKOUV O€ Kanoia
katnyopia (AyvwoTta/véa avTikeigeva). Zuvnbwg, xpnolgonolouvtal  devdpa
anogaong (decision trees) w¢g pebodoAoyieg kaTnyopionoinong. XTOX0G €ival va
onMIoupynBei €va PgovTeEAO nou Ba pnopei va npoBAENEl TNV TIUNA MIAg HETABANTAG,
Baaoilopevo oTnV €i0000 dEBONEVWY TWV UNoAoinwv PeTaBAnTwv [12].

O1 aAyOpIBuoI Nou PEAETAOAUE €ival ol €ENC:

e 1ID3/C4.5

H Baoikn 10éa Tou aAyopiBuou e€ival n KATaokeun €vog 0&vdpou anod nMavw npog
Ta KATw, epappolovrac «anAnortn» avalntnon oTo OUVOAO OedOMEVWV NOU
oiveral. To XapakTnpioTIKO Yyvwpioda nou 6a enAEEOUPE va XPNOIKMOMOINCOUNE
yla Tnv kartnyoplonoinon (classification) Tou ouvoAou Twv dedopevwy, NPENEl va
MeyloTonolei To kEPOOC nAnpoopiag (information gain). O aAyopiBuog C4.5 sival
Mla €nékTaon Tou aAyopiBuou ID3 kal kataokeualel dEvdpa anopaong HE Tov id1o
Tpono. Qotdco, o C4.5 £xel apkeTeg BeATIOTONOINCEIC O oxEOn ME Tov ID3. AUTEG
ol BeATiwoelg nepIAapBavouv PEBOdOUC yia TNV AVTIMETWNION TWV apIOuNTIKWV
YVOPIOHATWY, TWV EAAINWV TIHWV, Tou «BopuBou» ota dedopeva (ME epapuoyn
TEXVIKIN €KTiHNONG NocooToU AdBoug navw ota idia Ta dedopeva eknaideuong) Kai
Tn dnuioupyia kavovwyv ano To dEvOpo nou dnuioupyeital [12], [13].

e M5P

O aAyopiBuog M5P kaTtaokeualel devdpo OMou Ta (QUAAaA Tou anoTeAouvTal ano
YPAMUIKA PovTEAa NoAAwV PeTaBAnNTwv. To KpITrplo SlaXwpIoHoU KABE e0wTEPIKOU
KOMBOU €ival n e€Aaxiotonoinon Tng dlakuhavong Twv UMNoouvoAwv nou 6a
npokUwouv [14].

e RepTree

O aAyopiBuoc RepTree epapudleTal o€ aplOuNTIKa dedopEva Kal divel WS anoTEAETUA
TN MEON TIMN TWV AVTIKEIHEVWV TOU KABe (PUAAOU. XpnoIPONoIEl TN METPIKN TOU
information gain kal Tn peiwon TNG d1IAKUPAVONG OTOUG E0WTEPIKOUG KOUBouUG [12].

e Decision Stump

O aAyopiBpocg Decision Stump kataokeudlel d&vOpo anopaong €vog eninedou
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(BaBoug 1) [15]. Kavel TiIc npoBAEWeIC BacIfOPEVO OTNV TIMA Miag povo PETABANTAC
€10000uU. YnoAoyilel €va okop, yia KABe &va yvwpioua, KATAUETPWVTAG NOCO KAAd
Xwpilel To oUVOAO TNG TAENG.

5. MNeipapgaTtikn a§ioAoynon

ra Tnv epapuoyn Twv neipagdTwy, Xpnoigonoindnkav dedopeva nou cUAAEXONKav
0c nNpaypaTiko xpovo anod 1o nedio. To OiKTUO aIoONTAPWV MOU XPNOIYOMnoIndnke
anoTeAsitar and Tpia {euydpia aiodONTAPWV nNou PETpoUvV Tn Bepuokpacia kai Tnv
uypacia Tou nepiBAAAovTog Kal évav TETAPTO aioBNTAPA nou WETPA Tnv TAXUTNTA
TOU AVEHOU TIC IDIEC XPOVIKEG OTIYHMEC. SZUVENWG, N KABe pia diavuopaTikh PETPNON
anoTeA&iTal and enTa PeTaBANTEC TNC HOPPNAC:

x = (temp_1, hum_1, temp_2, hum_2, temp_3, hum_3, wind_speed)

Ta dedopeva nou €xouv CUAAEXBOEei kal xpnoipgonoinBei oTa neipapara, ansikovifouv
TIC METPNoeIC yia 387 OIAPOPETIKEC XPOVIKEC OTIYMEC. ZUVENWG, €Xoupe 387
OIaMOPETIKEG HETPNOEIC YIA JIAKPITEG XPOVIKEG OTIYHEG.

Ta neipduaTta nou €yivav Kabwg KAl Ta cupnepaocpara nou €nxnoav, pnopouv va
enekTaboUvV KAl O€ €va YEVIKOTEPO MePIBAAAOV He NMARBOC KOPBwV aiobnTnpwv (apa
Kal d1aPOoPETIKO apIBuo PETABANTWYV) KABWC Kal o€ dIAPOPETIKO €id0C HETPOEWV.

5.1 Neipapara npoekBoAng

MNa Tov €Aeyxo TNG akpifeiac piac npoBAswnc nou BacileTal oTnv NPoeKBoAn dev
AaBape unowiv OAeG TIG TIMEG anod Tnv apxn Tou dataset, aAAG pOVOo TIC M TEAEUTAIEG
METPNOEIG, YIa va NPOPBAEWYOUHE TNV APECWG ENOMEVN TIUN TOU KABE yvwpiopaTod.
To peyebog Tou m Eekivnoe and 2 kai eptace pexpl 10. 'Eneira and apkeTa
neipapaTa, napatnpnénke OTI OTAv ToO M ENAIPVE TIMEG HEYAAUTEPEG Tou 10, OI TIPEG
nou npogRAene guvekAivav, onoTe dev UNNPXE AOYOG va €EETACOUNE NPOBAEYEIC Yia
MEYaAAUTEPN TIMA M. MNa kABg TIUR Tou m, unoAoyiocape TNV TINN NPOBAEWNG nou
NPOEKUNTE €NEITA ANO TNV €pappoyn Tng hpeBodoAoyiag Cubic Spline kabwg kar Tn
MEON TIUA TOU YVWPIoPAaTog BACElI TWV NPONYOUHEVWY HETPAOEWV.

Mo ouykekpigéva, oe KABe oevaplo d0Onkav d1adoxikad m HPETPNOEIC JE OKOMNO va
dnuioupynBei n avTioTolxn ouvapTnon Kai €Tol va yivel n npoBAswn yia tTnv 251n
XPOVIKN oTIyhn. O okonog nou doKIigaoTnkav oevdpla e Jla@opETIKO MNANBOC




— SUYKpITIKN MeAetn Mnxaviouwv EKTiunonG EAAInouc rNinpo@opiac oe Aoupuara Aiktua AiobnTnpwv —

Aiuidia B. ApyuporiouAou

METPAOEWV €ival yia va doUMe NwG To PEyeEBog Tou napabupou (m) ennpealel
TNV akpiBela Tng ouvapTnong Nou KaTtaokeudldeTal Kal CUVEN®G TNV akpiBela Twv
anoTeAeopdTwv. Eniong, BEAAPE va OUYKPIVOUHE TA ANOTEAECKATA NOU MPOKUMNTOUV
and Tnv epappoyn Tng Cubic Spline pe autd TNG MEONG TIMNG TNG id1AC TNG
METABANTAG, WOTE va eAEyEoupe nold HEBODOC €ival MIo ANOTEAECUATIKA KAl
agioniotn. MapoTi npaypartonoindnkav npoBAEWEIS yia OAeC TIC METABANTEG
EexwploTd, Napakdtw napouoialovral TAa aAMOTEAEOUATA YIA TIGC METPAOEIC TNG
Bepuokpaciac Tou lou leuyoug aioBnThpwyv. Ta cupnepdopaTa nMou npPoKUNTOUV
gival Opola Kal yia TIG UNOAOINEG YETABANTEG.

H npaypaTikn TIMA TNG METPNON TnG Bepuokpaciac Tou lou Ceuyouc aiodnTrRpwv
TNV 251n xpovikn oTiyun €ivar 18,3. AkoAouBei o0 nivakag HE TIC METPNOEIG TWV
NPOBAEYEWV.

S T AnoTtéAeopa Cubic AnotéAeopa Méong
Spline TIpAG
m=2 18,0000 18,4500
m=3 18,1000 18,6333
m=4 18,3000 18,8000
m=>5 18,1250 18,7600
m=6 17,9400 18,7333
m=7 17,8786 18,6714
m=38 17,8679 18,5875
m=9 17,8672 18,5222
m=10 17,8674 18,4400
MNivakag 1: AnoteAéopara MpoBAewng 1ng Oeppokpaciag
183 i
W 1 ;
T
187 = W lgayanmetr,ufg
15 — B {ubicSplne
1nE BT T
R

meld omd o rmd omer me omed ml oMy opell

SxApa 1: AlaypappaTikn Aneikovion MpoBAswnc 1ng Ospuokpaaciag
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'Onw¢ napatnpoupe, 600 TO M napapével PIkpo ol npoPAewelc Tng Cubic Spline
gival apketa akpifeic. Mo ouykekpipgeva, yia m=4 n npoPAewn exel 100%
akpiBela kal gexpl To m = 6 n Cubic Spline divel nAnoiEoTepa anoTeAEgpaTa oTnv
NPAypaTikn PETPNON an’ OTI N MeEon TINN. QoTdoo, Kal N PEan TIMN Oivel apkeTa
IKAvomoINTIKa anoTeEAEoNATd, KUpiwG kabwg To m au&averal. AnAadn, yia m > 6
gival NpoTINOTEPO va XPNOIMOMOINCOUKE TNV NPOBAEWN TNG MEONG TIWAG, N onoid
(aiveral oTI npoosyyilel KAAUTEPA TNV nNpayuaTikn TIKA ano Tnv Cubic Spline nou
otadlaka oTrabeponoleiTal nepinou oTo 17,86.

To yevikd OUPNEpAocPa anod OAAd TA NEIPANATA €ival NwG KAabwc au&averar To m,
N MEON TIUN BEATIOVEI TNV anodoon TngG, evw To avTibeto cupPBaivel pye Tn Cubic
Spline. MNa va emTuxel kaAutepn npoBAewn n Cubic Spline and Tn xprnon TNG HEONG
TIMNG, NPENEI TO M va €ival NoAU Pikpo, dnAadn va AdBel unoyiv Tou Povo TI¢ 2-3
TEAEUTAIEC NETPNOEIC.

5.2 Meipdapara Kkarnyopionoinong

>Ta neipaugata  nou  €@ApUOOTNKAV  yid TOV  EAEYXO TwV  aAyopiOpwv
KaTtnyopionoinong, uAonoindnkav Tpia oegvapia. X kaGBe €va oevapio d0ONKe w¢
€icod0 €va dOIaPOPETIKO NOCOCTO TOU apXIkoU OgiyNaTog, YE OTOXO va npoBAEWouv
€va TUNHa and TIC ApXIKEC WETPNOEIC. TO NPWTO OEVAPIO XPNOIMOMNOINOE NEPINOU
To 1/20 Tou OuvoAou w¢ dedopeva eknaideuonc (20 peTpnoeic), To OeUTEPO
oevapio 1o 1/5 Tou ocuvoAou wg dedopeva eknaideuonc (75 HETPAOEIC), EVW TO TPITO
oevapio 1o 1/2 Tou ouvoAou (190 perpnoeic). MNa kabe oevapio, TO KOPUATI TWV
d0edopEVWY nMou Ba xpnoigonolouTav yia enainBesuon, napePeve oTabepo kai ATav 50
heTpnosic. OuolaoTika, To oUVOAO eknaidsuong ival eva napadupo nou kKAbe popa
au&averal yia va npoPBAEWel TIC enopevec 50 perpnosic. O Adyog €ival yia va doUlE
Ti enidpaon Oa £xel auTo oTo 0EvOPOo Nou dNUIOUPYEITAI, KAl CUVENWC OTIC NPOBAEYEIC.

Na Ta O0edohéva nou xpnolgornoindnkav oTtnv enaAnBeucn Twv MNPoBAEYEWY,
ENIAEXONKe n Oepuokpacia Tou TpiTou C(euyoug aioBnTnpwv (dnAadn n REUNTN
NApAUPETPOC TWV METPAOEWYV) Yia TNV onoia 8a yivouv ol NpoPBAEYEIC. Oewpnoape
OTI Ol TIMEC AQUTWV TwWV HETPAOEWV Oev €ixav OUAAexBei, onoTe agaipednkav ano
TOV MNivaka Kal €yive n npoBAswn Twv eAAIN®V TIHWV PE Baon Ta dEvdpa nou sixav
onuioupynBei and Ta dedopéva eknaideuong Kal PE €i0000 OTOUG AAYOPIBUOUG TIC
UMNOAOIMNEG PETPNOEIC TWV AIoBNTAPWV.

Opliopevol and Toug aAyopiBuoug nou Xpnoigonomnonkav orta neipduyata Ogv
epappolovtal oe ouvexn Oedopeva (n.x. C4.5), ouvenwg E€npene va Yivel pid
npoene€epyacia Twv OedONEVWYV €10000U, WOTE va HETATPANOUV Of OIAKPITEG
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ol TIMEC TNG OTAANG yia npoPBAswn. BEPRala, undpxel kal N NEPINTWON KAMOIWV
aAAwVv aAyopiBuwyv (onw¢ o M5P) nou e@apuolovtal HOVO OE GUVEXEIG TIMEC Kal
Ol o€ OIAKPITEC. Z€ AQUTH TNV NEPINTWAON, XPNoidonoindnke To apxiko dataset nou
NEPIEIXE TIG CUVEXEIG TIMEC, KAl aPOU €yIVE N NPOPBAEWN, ENEITA EYIVE N YETATPONN
o€ OIAKPITEG TIMEC, WOTE va Yivel n oUYKpION TwWV anoTEAECOPATWYV. To NANBoC Twv
O0laKkpITwWV TIMWV nou Ba avTikadioTouoav TIC NPAYHATIKEG TIMEC (OUVEXEIC TIMEQ)
eENIAEXOBNKe Tuxaia. Emopevwe, ol TIMEG TIG Bepuokpaaciag avTikaTaoTadnkav HeE TIG
€ENC OIaKPITEG TIMEG:

a : nepiIAappBavel Beppokpacoiec Tou eUpoug (6 - 9,9) Babuouc °C.
b : nepiAappavel Beppokpaaciec Tou eupoucg (10 - 13,9) Babuoucg °C.
C : nepiAapBavel Bepuokpaaieg Tou eUpoug (14 - 17,9) Babuoug °C.

d : nepiAauBavel Bepuokpaaciec Tou eUpouc (18 - 22,3) Babuouc °C.

e OeUTEPN @AON, Ta MAPANAvVw OevAPIa €EKTEAEOTNKAV €K VEOU, a®ou npwTd
epapuooTnke n TeExvikn PCA. Zkond¢ nATav va OOoUPE Tnv anodkAion Twv
npoBAEWewv oTav epapuolovTal TEXVIKEG Heiwong dlaoTAcewy. Ma va PnopECOUNE
vad OUYKPIVOUME TNV anokAlon avapeoa oTtnv TINn npoBAewnc Tou apxikou
MOVTEAOU Kkal oTnv npoPAewn e€neira anod Tnv e@apuoyn PCA, ouykpivape
Ta aAnoTeEAEONATA anod Toug aAyopiOpouc nou npoPBAENOUV MPAYUATIKEG TIMEG
(dnAady M5P, Decision Stump kal RepTree). e €va npaypaTtikd nepifailov,
onou Ba undpxel CUVEXNG pon HETPNOEWV WG €i0000, €ival avanopeukTn N Xpnon
TEXVIKOV Heiwong O1aoTACEWV. 2UVENWG, auTo ennpealel Tnv andédoon Twv
aAyopiBuwv nou €EeTAlOUE.

Eniong, 6Aa Ta oevapia spappooTtnkav oe dUO JIAPOPETIKA OUVOAA OEOOPEVWV
(eknaideuoncg kai enaAnbsuonc) yia va €EETACOUPE av n anodoon TwV aAyopiduwv
napapevel otabepn n ennpealeral and To €id0oC TWV PHETPATEWV.

Baoikoc oTOX0C TwV Nelpaudtwv €ival va PeTpnBei n akpifeia Twv NpoBAEWPEwWV
Kal n anwAela nAnpogopiac €neirta ano Tnv spappoyn PCA. TMNa va eniteuxOei
auTO, OUYKPIVOUUE Ta anoTeAeouaTa TnNG NPOBAEWNG HE TIGC NPAYHATIKEG TIMEG Kal
unoAoyifoupe To MooooTod eniTuxiac. 'YoTepa, epappoloupe PCA kal unoAoyiloupe
TO OXETIKO OQAANa Kal Tn dlakUuphavon O OXEQN ME TNV apXIkn NpoBAswn.
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MooooTo EniTuyiag

MARnOGog
AgdOHEVWYV 31 D3 Me Decision
Eknaidsuong pr?lq Pruning C4.5 M5P Stump RepTree
Pruning
10 Aciypa MpoBAtyweic MeTpnoemwv 251-300
20 (1o Aevdpo) 54% 54% 64% 94% 52% 54%
75 (20 Aevdpo) 82% 82% 100% 96% 36% 84%
190 (30 Aevdpo) 98% 92% 92% 94% 36% 92%
20 Aciypa MpoBAtweic MeTpnoewv 338-387
20 (10 Aevdpo) 42% 42% 42% 54% 60% 60%
75 (20 Agvdpo) 90% 90% 92% 96% 10% 78%
190 (30 Aevdpo) 92% 92% 92% 90% 84% 94%

Me Baon TA anoTeAEOPATA, NAPATNPOUME OTI PE Tn Xpnon 20 HETPACEWV, WC
dedopEva eknaideuonc, Ta N0COO0TA EMITUXIAC NTAV APKETA XaUNAG oTnV NAgIovVOTNTA
TWV aAyopiOpwyv. Autd ogeileTal oTo Aeyopevo underfitting, dnAadn Ta dEvdpa dev
€XOUV KATAOKEUAOTEI YE Ta anapaiTnTa 0edopéva yia va KaAUWouv Ta anoTEAECUATA
ano OA&g TIC OUVATEC NeEPINTWOEIG. H xpnon 75 PHeETpAoewV w¢ dedopEva ekNaideuonc
au&avel apkeTa To NOCOOTO €MITUXIAC KAl TEAOG, N Xpnon Twv 190 PeETPHOEWV O€
OpIOPEVOUG aAyopiBuouc au&avel og PIkpO BaBuo To nooooTto emituxiac (m.x. ID3
ME/Xwpic pruning, RepTree, Decision Stump), evw OTIC NEPINTWOEIG TWV AAYOPIOUWY
M5P kai C.4.5. To noogooTo eniTuxiag NElwVETal EAappws, AOyw Tou overfitting.

And TOov napandvw nivaka, napatnpoupe OTI 0 aAyopiBuog M5P diatnpei uwnAd
enineda anodoonc kal ota duo dsiypaTta dedopevwy. AkoAouBei o C4.5. AEloonueiwTo
gival To yeyovog OTI 0 aAyopiBuog Decision Tree, Pe pruning kal Xwpig, €XEl TIG
NEPICOOTEPEG POPEG TO idI0 NOCOOTO €nITUXiag. Ta anoTeAeopaTa Tou RepTree €ivail
e€ioou IkavonoinTika. O aAyopiBuog Decision Stump €xel, pe dia@opad, Tn XEIPOTEPN
anodoaon and 0Aoug Toug aAAoug kal 101aiTepa oTo OeUTEPO Oeiyua OEOOPEVWV EXEI
nepiepyn dlakUupavon oTa NoooTa €NITUXIAG TOU. ZUPNEPaivoupe Aoinov OTI dev gival
a&ionioTog.

H peBodoAoyia PCA €@appOOTNKE OTOUC aAyopiBuoucg npoBAEWNC npaypaTikwyv
Tiuwv (M5P, Decision Stump, RepTree). ®uoikd, PUNopei va €paApPOCTEl KAl OTOUG
aAyopiBuoug NpoBAewNC dIaKPITWV TIHWV, AAAd 0 OKOMOC TWV NEIPANATWY €ival va
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UMOAOYIOTEI N anwA&gia nAnpogopiac €nsiTa and TNV £QAPPOYN TEXVIKOV HEIWONG
dlaoTacswv. MNa 1o Adyo auTo, unoAoyioaye Tn PECN TIPN TOU OXETIKOU OQAANATOG
avapeoa otnv apxikn npoBAswn kai Tnv npoBAewn pe PCA pe xprion Tou TUMNOU:

% , OMou p; apxikn NpOPBAewn kai D; npoBAewn He pca.
P;

'YoTepa unoAoyioape Tn dlakUPavon Tou OXETIKOU o@AAPaToc BACEI TOU TUMOU:

_\2
> (x-%)
n-1
MEyEBOC TOU deiypaToc.

, ONMouU X €ival n hEoN TIPA TOU OXETIKOU OQAAPATOG Kal n €ival To

H xpnon Tnc pebodoAoyiac PCA Onuiolpynose €€ KUPIEC OUVIOTWOEG MOU
avTikabioTouv TIG €€l ueTABANTEC €10000U (temp_1, hum_1, temp_2, hum_2, hum_3,
wind_speed). MNa va peiwBei To PEYEBOC TwV apXIKWV OEJOUEVWYV XPNOINOMNOIOUME
HOVO TIC TPEIC NPWTEC KUPIEG CUVIOTWOEG, Ol OMNOIEG KAAUNTOUV NAavw ano 1o 95%
TNG ApPXIKNG NANpoPopiac.

MaF Decision iump Repires

m=20 m=fs me19d  medD =l m=190 m=20 m=75

1" Aziypa

Lpahparog 0220660 | 000469 | 004063 | 0043231 | 000747 | 017949 | 0,009406 | 014224 | 010352

MpoPREyEI; METDYTEN 3

Ipahparog 0000468 | 031441 ) 016857 | 0036250 | 003634 | 031264 | 00565 | 0219 | 022263

Tepdhparoc | 0000016 | 0,01371 | 0.42108 | 0,004000 | 001426 | 0.10280 | 0,006361 | 0.01045 | 0.02061
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'Onw¢ napaTtnpoUpe anod 1o 1o deiypa, n HEoN TINA TOU OPAAPATOC YId TOV aAyopiduo
M5P Eekivasl ano pia UWnAn TIURA OUYKPITIKAG PE Toug undAoinouc aAyopibpouc
OTav TO OUVOAO Oe€dOMEVWV €KNAIdEUONC €ival HIKPO, AAAG HEIWVETAl ONUAVTIKA
kabwc Ta dedopeva eknaidesuonc au&avovTtal. Apa, 6co nepiocoTepa dedopeEva
eknaideuonc eicayovTal n anwAsia nAnpogopiac ye tn xprion PCA peiwveTal oTadiakad.
Aev 10xUel TO id10 Kal yia Touc dAAouc dUo aAyopibpouc, 6nou n anwAgia nAnpogpopiag
au&averal pe TNV avénon Twv dsdopevwy. EiIdika otov aAyopiOuo Decision Stump
au&averal apkeTa To o@AAPA aAAd kal n diakupavaon Tou, UNOJEIKVUOVTAC HEYAAEG
anokAigeIg aTnV apXIkn TIUA NPOBAEWNC Kal oTNV NPOBAEWN NOU NPOKUNTEl Ano TNV
epapuoyn PCA.

‘Ooov a@opd 1o 20 deiyua, To oPAAPA KUPaiveTal o€ peyaAuTepa enineda. QoTooo, ol
aAyopiBuol Decision Stump kai RepTree, diatnpouUv Tnv idia CUPNEPIPOPA OE OXEON
he To 1o deiypa. O M5P dev £xel oTabepn nopeia kabwc To opaipa kai n diakuyavon
au&opeimvovTal avaloya Pe To NANBOC Twv dedOPEVWY E100J0U.

Eival avapevopevo va au&averal To opaipa kai n diakupavon kabwcg au&averal To m,
ylaTi Ta dedopEVa Nou XpnolpgonolouvTal yia Tn dnuioupyia Twv KUPIWV CUVIOCTWOWYV
€ival NeEPIOCOTEPA Kal PE PEYAAUTEPEC aAnokAioelc. AuTO, ouvenayeral JeyaAuTepn
anwAe&la nAnpogopiag Kata To YeTaoxnuaTiopo. O pubpog au&énong ennpealeTal ano
TNV avaioyia Twv TIHWV Nou Npenel va npoBAEWel o KABs aAyopiBuog o oxeon HE
TIGC TIMEG NOU €xouv d00&i wg dedoueva eknaideuonc. MNa napadeiypa, oto 20 deiyua
onou m=75, ol aAyopiBuol M5P kal RepTree napoucialouv pia napado&n augnon.
AuTn oQeiAeTal OoTO OTI OI TIMEG TNG Bepuokpaciag Nou Mnpenel va unoAoyloTouv
gival OXETIKA XAMNAEG, EVW TO €KNAIOEUTIKO OoUVOAO nepleAaUPave PIKPO NOCOOTO
avTioTOIXWV HETPNOEWV.

ZUVOAIKA, 0 aAyopiBuog RepTree gaiveral va €ival nio otabepdc oUYKPITIKA PE TOUG
unoAoInoug aAyopiBuouc, yiati diaTnpei XaunAod o@AApa kai akopa XapnAoTepn
dlakupavon. ZTa TEooepa ano Ta €€ neipauarta nou eyivav pe xpnon PCA o M5P
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gixe kaAuTepa anoteAeapaTta. O aAyopiBuol M5P kal Decision Stump napouaoialouv
au&opeiwoelg oTo oPAaApa kai Tn diakuphavaon, dAAd O€ YEVIKEG YPAMMEG Ol ANOKAICEIC
ano TIG apXIKEC NPOBAEWEIC dev €ival UPNAEG. AnAadn, 0Tav To OXETIKO opAaApa eival
nepinou 30% (nepinTwoelg M5P yia m=75, Decision Stump yia m=190) BewpeiTal
apKeTA uwnAod, aAAa dev Ba npEnel va Jag NPokKaAei avnouyia, yiaTi autoé To N0C00TO
avTioToIxXei o€ pia diapopa nepinou 3,5 Babuwv °C anod Tnv apxikn npoBAswn.

6. Zupnepaopara

H peBodoloyia extrapolation £dsi&e 0TI xpeiaoTnkav nepinou 10 PETPAOEIC YIA va
oTraBeponoindei n TiPn Kiag npoBAewnc. '0co HIkpoTEPO NTAv TO deiyua eknaidsuonc,
TOOO KAAUTEPEC ATAV OI TIUEG EKTIINONG. Z€ OXEON ME TIC NPOPBAEYEIC NOU EyIVAV HE
Baon Tn pEon TP napatnpnénke 6T n peBodoloyia extrapolation peiovekTei.

'‘Ooov apopa Touc aAyopibuoug kaTnyopionoinong, Ta 0&vdpa Nou KATAoOKEUAoTNKAV
ME Xpnon pruning dev JIEQepav OTIC NPOBAEWEIC ToUuG an’ OTI Ta JevOpa Xwpic
pruning. XTa neipayaTta rnou Xpnoigonoindnke PEYAAUTEPO NOCOOTO OEOOUEVWV WG
0edopEva eknaideuonc, Ta ANOTEAEOUATA TWV AAYOopPiBuwyV gixav kKaAUuTepn anodoon
TIC NEPICOOTEPEC POPEC. QOTOOO, OE APKETEC NEPINTWOEIC N avaAoyia au&nong Tou
NnooooToU TwV OedOHEVWYV EKMNAIdEUONG WG NPOC TN BEATIWON TWV ANOTEAEOUATWV
nTav duocavaloyn. H xpAon TnG TEXVIKNG HEIWONG TwV apxIkwv dlaotacsewv PCA
0d0Nynoe O€ HIKPN anwA&ld NANPo@OpPIiag o oxXEon ME TIC APXIKEG MPOPAEWEIC.
Id1aiTepa oTav Ta dedopéva eknaideuong NTav Aiya, To opAApa avapeoa oTnv apxikn
npoBAewn kai TNV npoBAswn pe xpnon PCA nTav oxedov apeAnTeo.
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NepiAnyn

O1 naBoAoyiec paoTou napouacialovral ouxvda OTIC YUVAIKEC O NAyKOOWIa KAipaka.
H eykaipn didyvwaon eniTpenel Tnv opBOr Bepaneia. MNa To AOyo auTo, enioTpaTevovTal
aKTIVOOIaYVWOTIKEC ANEIKOVIOTIKEC HEBodoI pe Tn MayvnTikn Topoypagia (MRI) va
gival n nio diadedopevn. AuTo cupBaivel, d10TI napayovTal €IKOVEG UWNANG XWPIKNG
OIaKpPITIKAG 1KavoTNTAG Kal euaiobnoiag, xwpic Tnv enmifdpuvon Tou acBevoucg
Me 1ovTiouoa akTivoBoAia. =Ta nAdgiola TnNG napoucac epyaociag, avanTuxbnke
AOYIOUIKO, TO OMOi0 MPOCOMOIWVEI TNV KAIVIK] HEBOJOAOYId TwV AKTIVOAOYWV
MPOKEIJEVOU Vva &€vTonioel UMONTEC MNEPIOXEC TOU MPAOTOU. To napov AOYIOMIKO
OIEUKOAUVEI Kal €mTaxUvel Tn OOUAEId TwV aKTIVOAOYWV Kdal AEITOUPYEI HE TO
HIKpOTEPO duvaTod pioko dlIAyvwaong, onwg enifaAAouv ol diebveic odnyiec. TEAOC,
N €v AOYw €@appoyn, unoBAnBnke o€ KAIVIKEG OOKIHEG aVIXVEUOVTAG ENITUXWG OAEG
TIG naBoAoyIkEG, Baon Blowiag, NeEPINTWOEIC.

NEEeIG-KAe101a: MayvnTikn Topoypagpia, MaboAoyia paoTou, Meploxn evOlaPEPOVTOC,
KaunuAn @wTelvoTNTag, XpwHaTikog XapTng
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1. Eicaywyn

O1 naBnosic paoTou €ival NoAU ouxva eupavi{OUEVEC o€ NAyKOOUIa KAINAKa, KUpiwg
OTIC YUVAIKEC AOYw avaTopiac. O aplBuoc supavicswv Touc auéavel oTtabepd, HE
TOV KApPKivo va €ival o KupidTepoC ekPpacTnc Toug [29]. Mapd TalTa, n €ykaipn
diayvwon pnopei va odnynosl otnv anoTeAsopaTtikn Ogpaneia [28]. MNa To Adyo
auTto, emoTpaTelovTal AKTIVOOIAYVWOTIKEG AMEIKOVIOTIKEG MEBOdoI. H xpnon Tng
KAQOIKNC paoToypagiac kal Tou unepnxou (US) anoTteAei Tn ouvnOn pebodoAoyia.
H MayvnTiky Topoypagia (MRI) AsiToupyei CUPNANPWUATIKA OTIC NApANAave
pneEBOdoug [13]. H MRI eival noAU diadedopévn, dIOTI napdyovTal €IKOVEC UWNANG
XWPIKNAG JIAKPITIKAC 1IKAvOTNTAG, €ival nio suaiodntn and 1o US, 6nwc kalr ano Kabe
AAAN ansikovioTIKN TEXVIKN [25, 26, 27] kai dev enifapuvel Tov aoBevn Pe 1ovTidouoa
akTIVOBOAia.

H ouveiopopd TnG MRI paoTtwv oTov evroniohdd naboAoyiwv Tou pacTou €ival
KoIVWG napadekTn kal adiap@ioBnTnTn [23, 24]. Eniong, We TIG VEEG TEXVOAOYIEG Nou
EVOWUATWVOVTAI, ENITUYXAVETAl aKOPa HWEYaAAUTEpPN eualioBnoia oTnv napayopevn
glkova [21, 22]. AuoTuxwg, navrta undapyxouv nepioTaTika nou n MRI dev pnopei
va BonBnoel [20], OpwWC NPOKEITAl Yia NOAU ONAVIEC NEPINTWOEIC.

H MRI napdyel €eva nAnBo¢ naApoocipwv (CApWOEWV) APIV KAl PETA TNV €yxuon
oKlaypa@ikoU UAIkoU. KdBe ocdpwon anoTeAsital and &éva nAnbog ToHoypaPIKWV
€IKOVWV (TopEg). Av S eival To NANBo¢ Twv napayouevwyv oapwoewv kal T To
nANGoc Twv TOoPwV KABe odpwong, TOoTE S*T €ival To NANBOC TwV EIKOVWV
nou napayovtal. O akTIVOAOYoG eneEepyadleTal, Mia npog Hia, OAEC TIC EIKOVEG
NPOKEINEVOU va Olayvwoel NaBoAOYIKEC MEPIOXEG TOUu paoTou. To TeAeuTaio,
KaBioTa Tn OOUAEIG TOU AKTIVOAOYOU KOUpAOoTIKN Kal XpovoBopa. O okondg Tou
avanTuxBevToc AoyIodIKOU €ival n autouaronoinon TnG akTivodiayvVwoTIKAG
dladikaciac. H epappoyn dexetal oav €icodo OAEC TIGC OAPWOEIC MIAC TOMNG Kal
napayel otnv €€000 €va ouvoAo naboAoyika UNonTwv NEpIoXwV. Me Tov TpOMno auTo,
N OOUAEIG TOU aKTIVOAOYOU kaBioTaTal EUKOAOTEPN, YPNYOPOTEPN Kal akpIBEoTEPN.

H doun Tng epyaciac €xel w¢ €ENC. 2TNV NApAypapo 2 ava@epovTdal Td TEXVIKA
XAPAKTNPIOTIKA TWV €IkOVwV MRI. 3TNV napaypago 3 anotunwveral n gebodoloyia
avixveuonc UnonTwv MEPIOXWV MOU XPNOoIJonoloUv ol akTIVOAOYOl, €vw OTnV
napaypapo 4 napoucialeral n €papuPoyn Kai To Nwc auTr NMPOCOMUOIWVElI TNV &V
Aoyw peBodoloyia. ZTnv napaypa®o 5 napoucialovral Ta ANMOTEAEOUATA KAIVIKWOV
JOKIHWV. XTNV napaypago 6 OuykpiveTalr n avantuxBeioa e@apuoyn HE TO
€OpAIWUEVO AOYIOHIKO TNG ayopdc. H napdaypa®oc 7 anoTeAei Tn ouvowyn Kai Ta
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oupnepAopaTa TNG napouoag epyaaciac. TEAoG, oTn napaypa@o 7 napouaialovral Kal
KAMoIEC evOIAPEPOUTEC HEAAOVTIKEGC MPOKANTEIG.

2. TeXVIKG XAPAKTNPIOTIKA €IKOVWV MRI

To npwTOkoAAO TNG MRI paoToypagiac anoTeAsital and nAnRBo¢ TUNWV NAAPJOCEIPWV
[13]. O1 naApoosgipec AauBavovTal npiv Kal JETA TNV €yXuon OKIaypa@ikou UAIKoU
[14, 15], To onoio npoo®&pel dlayvwoTika opeAn [16, 17, 18] kai gival 8 og guvoAo.
AuToU TOUu TUMOU Ol NAAUOCEIPEC anoTeAouv Tn duvapikn nAnpogopia TNG MRI.
H MRI anoBnkeusl 6An TNV NnAnpogopia yia kabe Toun, o€ apxeia Tunou dicom [19].

O1 €IKOVEC Nou Xpnoipgonoinénkav otnv napoload epyacia €ival €IKOVEC dUVAMIKAC
nAnpo@opiac TnGg MRI npoPeBAnueveg oTto ofeAiaio eninedo npoPoAng. Eivai
dlaoTtacewv 256 x 256 kal kABe eikovooToixeio exel Padog 8 (AapBavel TIUEG
PWTEIVOTNTAC OTO akepalo diaoTnua 28 = 256 otoixeiwv [0, 255]). H iR O
avTioToIXi(eTal oTo Paupo XPWHA, EVw N TIPNA 255 oTo Aeuko. EvOiGueoeg KAIPAKEC
TOU YKpI avTigTolxifovTal g€ evOIAPETES TIMEG [2].

To AOYIOMIKO KAVOVIKONOIEN TIG TIMEG PWTEIVOTNTAG oTo didoTnua [0, 1], pe To 0 va
avTioToIXi(eTal oTo paupo kal To 1 oTo Aeuko XpwHa. Evaiaueosg TINEG angikovilouv
eVOIANEDEC aANOXPWOEIC TOU YKpI. H kavovikonoinon yiveTral npokelgéEvou va
anogeuxbouv opaipata oTpoyyUAEUONG.

3. KAivikn pebodoAoyia avixveuong naboAoyiwv HacTou

H kAivikl peBodoloyia avixveuonc naboAoyiwyv OTO PAOCTO, XPNOIMOMNOIWVTAC
Tnv MRI paoTtou, Xwpiletar o 3 Brnuata [3]. H peBodoAoyia autry npenel va
EQPAPHUOCTEI anod Tov AKTIVOAOYO O€ OAEC TIG TONEG kKGBe MRI ocdpwong.

BRpa 1: ®iATpo PWTEIVOTNTAG

Katd 1o BrApa autd, o akTIVOAOyoC avayvwpilel Je To PATI UNONTEG NEPIOXEC OTO
HaoTO. AUTEG Ol NEPIOXEC, AOYW TNG au&énueévng pong aipgaTtog [12] kal TnNG Xprnong
oKlaypa@ikoU UAIkoU napdyouv uwnAo onua €€odou ortnv MRI, dpa Xxpwua
UWNAAG TIUAG QWTEIVOTNTAG OTNV €lkova. Mepikd napadeiypata napouoialovTal
otnv Eikova 1 [3]. O €1dikdc eoTiaGlel O QUTEC aKPIBWG TIC MEPIOXEC UWNANRC
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PWTEIVOTNTAC TIC ONOIEC Kal enIAEyel NE To Xepl [11] (avBpwnivo opaApa). AUTEG
ol neploxec 6a ovopalovTal, unoWn@IeG nepioxeg naboAoyiac.

Eikova 1: And apiotepd npog T1a de&id: Ivoadevwpua, ‘Oykog, Aeppadévag, KuoTeg

BRpa 2: ®iATpo kKAiong KAUNUANG PWTEIVOTNTAG

H MRI napdyesl éva nAnbog capwoswv. H npwTn ocdpwon napdyeral Xwpic Xxpnon
oKlaypa@ikoU UAIKOU, evw ol undAoineg 7 Pe xpnon okiaypa®ikou [3]. H npwTtn
odpwon 6a kaAeiTal cdpwon avagopdac. Kabe adpwon neplypd@el TNV KAtaoraon
TOU PaoTOU O€ JIAOPETIKEG XPOVIKEG OTIYHEG.

Kata 1o Tpexov Brua, kataokeudalovral oI KAUNUAEC pwTeivoTnTac (sikdva 2)
TOV unowneiwv neploxwv nadoAoyiag. H kapnUuAn QwTeIvOTATAG NEPIYPAPEl TN
HMETABOAN TNG PWTEIVOTNTAC TNG NEPIOXNG, OE OXEDN HE TN PWTEIVOTNTA OTN 0ApwWON
avagopac, ato Xpovo (N KaTta PNKoC TV 0apwWoEWV).

Eikova 2: ApioTepa: YNownQleg NepIoxeg, Ae€ia: AVTIOTOIXEG KAUMNUAEG PWTEIVOTNTAG

Ev yével, unapxouv 3 TUNwvV KAPnuAec (eikova 3) [9]. O Tunog I eivar popen
KaunuAng otabepnc evioxuong, o Tunog II ivalr yopepr oTaTiknG KAPMUANG, EVW O
Tunoc III €ival yoppn KAPnuAng orabepnc €€aoBevionc. H miBavoTnTa naboAoyiag
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TNG UNoWNAQIag neploxng napouacialeral oTov nivaka 1.

Before Afrer
contrast contrast
; liquid liquid
la Ib

Intensity Medification

Eikova 3: Tpeig TUNOI KAPNUAWY QWTEIVOTNTAC

TUnog KapnuAng MOeavornTa NMNaboAoyiag
Tunocg I (Ia, Ib) 8.9%
Tunog II 33.6%

Mivakag 1: MBavoTnTa naboAoyiag avaioya Tov TUNO KAPNUANG ewTevoTnTag [10]

O akTIVOAOYOGC OUYKEVTPWVETAl OTIC KAWMUAEG Tunou III, To onoio KAIVIKG
META@pPAleTal o€ 3 OUVEXOHUEVEG NTWOEIG TNG TIMAG TNG PWTEIVOTATAG TNG KAUNUANG,
METAEU O1adoxIKWV Ooapwoewv and Tnv 3n odpwon kal Perd [8]. O1 unowngIeg
nepioxec naboAoyiac, nou avTioTolxilovTal o€ TETOIOU €idOUGC KAMMUAEG, Oa
ovopadovTal UNonTec neploxec nadoAoyiac. IaTpikd, Ta napandavw perappadlovTal
oTo OTI Ol MEPIOXEC auTEC MeTaBoAifouv ypriyopa TIC OPENTIKEC OUCIEC TOUu
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oKIaypa@IkoU UAIKOU, Nou anoTeAEi 1010TNTA TwV NaBoAOYIKWV I0TWV.

Bripa 3: OiATpo XpWHATIKOU (pPAYHATOG

2T0 BnUa autd, O akTIVOAOYOC XPNOIUOMOIEI TOUC XPWHATIKOUG XAPTEG KAIioONG
avodou/kabddou (eikova 4). AuTtoi katackeudalovTtal and undapxovta AOYIOMIKA
Kal avTioTolXi(ouv MNEPIOXEC TOU PAoToU O€ XpwpaTta, avaloya HE TNV KAion Twv
KaunUAWV QWTEIVOTNTAG TOUG. M0 CUYKEKPIYEVA, YIA TO XApTN KAioEwWV avodou, 0600
nio Oepud €ival To Xpwua nou avTioTolxi(eTal oTnVv nNeEpIoxn, TOCO Mio ypnyopa
EVIOXUETAl N QWTEIVOTNTA TNG NEPIOXNG KATA WNKOG TWV OAPWOEWV. TO KOKKIVO
XPNOIYOMOIEITAl 0T PEYIOTN €vioxuon Kal To NNAE oTn INdevIKn. AvTioToixa 1oXUouV
Kal yla To XapTn kKAiocewv kabodou kal Tnv e€acbévion TG KaunUANG, HE TO KOKKIVO va
avTIOTOIXEI OTN MEYIoTN €€adBevion kal To PNAE oTn PNJEVIKNA. Apd, 0 AKTIVOAOYOG
ENIKEVTPWVETAl OTIC UNONTEC MEPIOXEG NMOU KAAUNTOVTAlI ME BEPUA XPWHATA OTOUG
XPWHATIKOUG XAPTEG. AUTEC Ol NeEPIOXEC Ba kaAouvTal €niKiVOUVEC NEPIOXEG
naboAoyiag.

Eikova 4: ApioTepd: XpwHaTIKOG XapTng KAiosewv avodou
Ag€14: XpwuaTikoc XapTng kKAioewv kabodou

4. Autoparonoinon HeEBodoAoyiag avixveuong

Ta TeAeuTtaia xpovia, yiverar PeyaAn npoonabeia yla TNV €eKPETAAAEUON TwV
navioxupwv UMNOAOYIOTIKWV OUCTNMATWY, TOOO yid Tnv avanTtuén TnG MNXAvikng
unoaoTnpiEng 1aTtpikng ano@aong (Clinical Decision Support Systems) [4, 5], 000
Kal yia Tnv avantu&n unxavikng latpikng diayvwong (Computer Aided Design) [6].
Eidika n BeATiwon TeEXVIKWV MNXavikng d1dyvwaong, MNopeEi va €xEl ENAvVACTATIKEG
OUVENEIEC OTn ouyxpovn 1aTtpikn [7]. TNV napaypa@o nou akoAouBei Ba avaAubei
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N €QApuoyn Kal To NwW¢ auTn nNpooopolwvel Tn dladikacia nou NepPIypaPnkKe oTnv
nponyoupevn napdaypago.

BRua 0: Apyxikonoinon

Apxika @opTwvovTal Ta 8 apxeia dicom nou avTioToiXoUVv OTIC 8 CAPWOEIG HIAG
OUYKEKPIMEVNG TOUNG. H epapuoyn, €neiTa, napexel Tnv eniAoyn Tng napadupwaong.
H napabupwon ek@paleTal PECW MIAC AKEPAIAC MAPANETPOU W, nMou kabopilel To
nANGoGC Twv €lkovooToIXEiwv nou dev Ba An@BoUuv unown and TNV Kopupr, ToV
nato, Ta O€&id kAl TA ApPIOTEPA TNG MaAOTOYPAQIKAC €ikovac. 'Eva napadeiyua
napouaialetal otnv Eikova 5. Me 1n Xpnon TnG napabupwong, ol aAyopiduol
neplopidovral JOVO OTO WEEAIMO HEPOG TNG €IKOVAG KAl WG €K TOUTOU €KTEAoUvVTAl
TaxuTeEPa Kal akpiBeaTepa.

Eikova 5: Epappoyn napabupwong pe w = 45

BApa 1: ®iATpo PWTEIVOTNTAG

MPOKEIYEVOU VA NPOCONOIWOEI TO PIATPO PWTEIVOTNTACG, N E@appoyn diaBalel anod To
XPNOoTN Hia apiBunTikn TIKA, TNV prc, n onoia dnAwvel &va epdyua QwTeIVOTNTAG.
'EneiTa, yia Tnv TpEXOUOA TOUN TWV 8 0ApWOEWV NEPIKAEIOVTAl anod TNV £QApHOY Ol
NEPIOXEG, TWV OMOIWV N HEON PWTEIVOTNTA UNEPPRAIVEI TNV TIUN 05, OMOU:

Ithres = Iavg + prc* Iavg

H miun I,y dnAover Tn peon @wteivoTnta Tng Tpexouoag MRI Topng. Or v Aoyw
NEPIOXEG €ival ol unNoWnQIeC NepIoXEG naboAoyiac kai npoBailovral oTnv 008ovn
NG epappoyng (Eikdéva 6). O xpAoTnG WNOpEi va NeEpaPaTioTel Je TNV TIUR prc
€WG OTOU va PTACEl O OIKEIO ONTIKO ANOTEAEONA. Me Tov TpONo auTod, anoPeUyeETal
TO avOpwnivo OPAANA TNG XEIPWVAKTIKAG EMAOYNG TV UNOWNQPIWV NEPIOXDV.
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Eikova 6: Ynownoleg neploxeg naboAoyiag yia kabe pia and Tig 8 capwoelg TG MRI (prc = 2.5)

BRpa 2: ®iATpo kKAiong KAUnUANG PWTEIVOTNTAG

'Eneira anod tnv eniBefaiwon TwV unown@eiwv nMePIoOXwy, AKOAOUBEI n Npooopoiwon
TOU QIATpOU KAIONG KAMMUANG QWTEIVOTNTAGC. XTO ONMEio auTo kaTtaokeualovTal
0l KAMMNUAEC QWTEIVOTNTAG OAWV TWV UNMOWNQPIWV Mneploxwyv naboAoyiac kai, wg
UNONTEC NEPIOXEC KpaTouvTadl MOVO €KEiVvEG Mou napoucdialouv 3 OUVEXOMEVECQ
NTWOEIC OTNV KAWMUAN Toug ano Tnv 3n odapwon kal eneira [3]. O1 ev Adyw
NEPIOXEC NpoBdaAAovTtal oTnv 06ovn TnG epappoyng (Eikdva 7). H diadikacia auTtn
yiVETal auTOpaTa, Xwpic va xpeldleTal o akTIVOAOYOG va WEAETACEI hia Npog Wia Tig
KapnUAEG.

Eikova 7: 'YNnonTec nepioxec naboAoyiag
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Bripa 3: OiATpo XpWHATIKOU (pPAYHATOG

MeTd TNV enifeBaimon TwV UNONTWV NEPIOXWV NabBoAoyiac, akoAouBEei n Npogopuoiwaon
TOU QIATPOU XpWHATIKOU (ppaypatoc. H epapuoyrn Kataokeuadlel TOUG XPWHATIKOUC
XapTeG kAioewv avodou/kabodou (Eikova 8 kaTtw).

MNa 1o xapTn KAioewv avodou avTioTolxileTal To KOKKIVO XpWHa OTn MEYIOTN KAion
Kal To JNAe otnv pndevikn. Ta evdidueoa xpwuaTa avrioToixiovral Je Tn HEBodo
TNG YPAMMIKAG napepBoAnG [2] oTtnv naAera oupaviou TOoEou (Eikova 8 navw).
Ta avTioTolxa 10XUOUV YIa To XapTn kKAioewv kabodou.

Eikova 8: MNMavw: Zuvdeon TIHwV TC KAl XpWHATWV HECW TNG NAAETAG oupaviou TOEOU
Katw aplotepd: XpwpaTikog XapTng kAiocewv avodou, Color map of increase slope
Katw 0e€1a: XpwpaTikog XapTng kKAioewv kabddou

'EneiTa, o XpnoTtng €icdyel Tnv apiunTikn Tiun T, , n onoia ekppalel To XpwHaTIkO
eppayua. Avnkel oto diaotnua [0, 1] kal kABs TIUR avTioToIXi(ETAl O £€va XpWHA
oUNPWVAa PE TNV NAAETa oupaviou TOEou (To 0 oTo WNAE Kal TO 1 OTO KOKKIVO).
MNa evoldueoa XpwHaTa XpNOIMOMNOIEITAl NAAI N YPAUMIKN NApePBOAR.

MNa kabe unonTn nepioxn naboAoyiacg, eAEyxeral av €ival aAnbng o napakdaTw TUNOG:

T < Tcolor_map_increase AND T < Tcolor_map_decrease

Onou Teolor map._increase €VAl N PaBuwTr peTaBAnt ornv onoia avTicToixiGeTal o
XPWHATIKOC MECOG OpPOC TNG TPEXOUOAg UnonTngG nepioxnc naboloyiac oTto XapTtn
avodou. AvTioToIXa N Teolor map_decrease YIG TO XApTn kaBodou. Av o napanavw
TUNOC €ival aAnBng, TOTE n TpExouoa UNonTn NeploxXn XapakTnpileTal wc¢ enikivouvn
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nepioxn nadoAoyiac. H diadikaaoia yiveral autopaTa Kal dev XpelaleTal o akTIVOAOYOG
va TO KAVel Je To WaTI. TeAIKa, ol enikivOuveg nepioxec naboAoyiag, npoBaAAlovTal
oTnv 00ovn Tng epappoyng (Eikova 9).

Eikova 9: Enikivduveg neploxeg naboAoyiag pe T, = 0.4

BApa 4: 'EAEyX0G KaAUNUA®WV (PWTEIVOTNTAG

TEAOC, 0 XpNOTNG MNopei va eniAEEsl pia enikivduvn nepioxn naboAoyiag kal va del
TNV KAPNUAN QWTEIVOTNTAC NOU TNG AVTIOTOIXEI. 2TO apioTePO TUNMa TnG Eikovacg
10 €xel emAeyei n enikivduvn nepioxr ME To npdcivo nepiBAnua kar oto Oegi
napouoialeral n KAUNUAN GWTEIVOTNTAG TNG.

] L] ] [ ] L] L] ] #

Eikova 10: ApioTepd: EmAeypéveg enikivOuveg neploxec (Npacivog KUKAOG)
A€€1a: AvTioToIXn KaunUAn QWTEIVOTNTAG

5. AnoTeA&opara KAIVIKOV SOKIH®V

1n NepinTwon: YyYING HAOTOG

>TIC €IKOVEC nMou akoAoubBouv napouoialovTal ol €niKivOUVEC NePIOXEC naboAoyiac




- Avdntuén Autouatonoinuevou AiayvwaoTikou Aoyiouikou yia EEETaon MayvnTiknc Touoypa®iac MaoTwv -

AVTWVIog AaveAdkng

TOU paoTou, onwc npokunTouv and Tnv e@apuoyn (ME KOKKIVO XpwHa), kabwg kai
ol XpwpaTikoi xaptec. O akTivoAoyog Ba dianioTwaoel OTI Ol NEPIOXEG nou Oivel N
€Qapuoyn €ival HOvo 2, Kal auTEG MIKPEC Kal apdaleg, nou avTioTolxi(ovTal o Yyuxpda
XpWHATA OTOUC XPWMATIKOUG XAPTEC, KaTAAnyovTac oto opbO oupneEpacpa OTi
NPOKEITAl YIA UYIR JaoTo.

Eikova 11: Ano apiotepd npog Ta de€id: Apxik MRI eikova. Enikivduveg nepioxeg naboAoyiag
(w=40, prc=2.5, Tc=0). XpwpaTIkdC XapTng KAioewv avodou. XpwuaTikdc XapTng KAioewv
kabodou.

2n NepinTwon: MaoToc pe KakonOeia

>TnNV MEPINTWON auTr, O AKTIVOAOyoc Oa dianioTwoesl OTI UNApPXEl HId HEYAAN
enikivouvn nepioxn naboloyiaC oOc OUYKEKPIJEVN BO€on Tou pAOTOU Mou Oev
dikaloAoyei Tnv Unapén Tnc. H avTioToixn nepioxn kaAunTterar and noAu Oepud
XpWHATA OTOUC XPWHATIKOUC XAPTEC, npdyua nou Oa KAvel ToVv akTIVOAOYo va
KaTaAn&el oTo ocupnepaopa OTI N ev Adyw nepioxn Xpilel nepaiTepw €EETAonC.

EikOova 12: Ano apioTepd npog 1a de&ia: Apxikn MRI gikdva (n KakonBelia onUEI®VETAl JE KOKKIVO
KUKAO). Enikivdouveg nepioxeg naboAoyiag (w=70, prc=2.5, Tc=0.925). XpwuaTIKOG XAPTNG KAIOEWV
avodou. XapTtng kKAicewv kabodou.
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Eikova 13: ApioTepd: EmAeyeioa enikivduvn nepioxn (Npacivog KUKAOC)
A€€1a: AvTioToIXn KAunUAN PWTEIVOTNTAG.

3n NepinTwon: MaoToc pe KaAonBeia

Kalr o€ auTti TNV NEPINTwOon, 0 akTivoAdyog Ba dianioTwaoel OTI UNApXel Yia HEYAAn
enikivouvn nepioxr naboAoyiac 0g CUYKEKPIPEVN BEON TOU HaoToU nou Ogv JIKAIOAOYEI
TNV Unap&n TnG. H avrioToixn nepioxn KAAUNTETAl and noAU Beppd Xpwuarta
OTOUG XPpWHATIKOUG XAPTEG Npdayua rnou 6a Kavel Tov akTIvVOAOyo va KaTtaAn&el oto
gupnépaopa oTi N ev AOyw nepioxn Xpilel nepaiTepw EETaonc.

Eikova 14: Ano apiotepa npog Ta de€ia: Apxikn MRI €ikova (n kaAonBeia onUEI®VETAl HE KOKKIVO
KUKkAO). Enikivduveg neploxeg naboloyiag (w=60, prc=2.5, Tc=0.4). XpwPaTIKOG XAPTNG KAIoEWV
avodou. XpwHaTIkOG XapTng kKAioewv kabBodou.

.

Eikova 15: AvTioToixn KapunuAn owTeIvOTNTAG
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6. ZUykpion HE nioTonoinuéva AoyioHIKA

>Tnv napdypago auTrl OCuykpivovTdl Ta danoTEAEoPATA TnG avanTuxBeioac
€QAPUOYNG, HME Ta AMNOTEAEOUATA £PApPPOYWV, nioTonoinuevwyv and Tov (FDA).
H oUykpion napouaoialetal oTi¢ Eikovec 16 kal 17. O KAuUNUAEC QWTEIVOTNTAC
avTioToiXoUVv OoTnNV €MIAEYPEVN MEPIOXN TOU PAOTOU nou napoucialeral otnv Eikova
18.

H eAa@pia dla@opd OTIC KAUNUAEG QWTEIVOTNTAG oQeiAeTal e 2 Adyougs. MpwTov,
Ta OU0 AoyYIOMIKG JOUAEUOUV O OIAQPOPETIKA dlaoTnHATa PwTEIVOTNTAG. To napov
O0ouAegUel oTo diaotnua [0, 1], evw Ta niotonoinuéva douAsvouv oTto [0, 255] [1].
AgUTEpPOV, TO avanTuxBeEv AOYIOHIKO MEPIKAEIEl akpIBwg TNV UNonTn nepioxn Kail
MOVo auTn. AvTiBeTa, oTta nigTonoingéva Aoylopikd, Tnv UnonTn nepioxn Tnv
EMIAEYElI O XPNOTNG ME TO XEPI, ENIAEYOVTAG KAl €IKOVOOTOIXEIa nou dev Ba Enpene
(AOYW TNG Kivnong Tou XepIloU) Ta onoia OPWC, OUVEIOPEPOUV OTnN dnUIioupyia TNG
KAPnUANG.

Eikova 16: AnoTteAéopaTta avanTuXBévTog AoyIoHIKoU

Eikova 17: AnoTeAéopaTa AOYIOUIK®V TNC ayopdc
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Eikova 18: lNepioxn avTioToiXIonG OTIG KAUNUAEG QWTEIVOTNTAG TWV EIKOVWV 16, 17 (npacivog
KUKAOG)

7. ZupgnepAaocpaTa kal HEAAOVTIKEG NPOKANOCEIG

MapouoidoTnKe avanTuXBev 1aTPIKO AOYIOMIKO MOU MPOCOMOIWVEI TNV  KAIVIKN
HEBODOAOYIa TwV aKTIVOAOYWV yia Tov €vToniopd UNOATWV MNEPIOXWV TOU pacTou
otnv MRI paoTtou. To AoylopikO OIEUKOAUVEI, emITaXUVEl KAl KAVEI akpIBECTEPN TN
OOUAEIO TWV akTIVOAOYwV. 'Onwc enmiBAAAeTal ano Tic dieBveic odnyieg, AsIToupyeEi
ME TO MIKPOTEPO duvaTod pioko diayvwong. TEAOG, N ev AOyw e@appoyn, unoBARBnkKe
0€ KAIVIKEG OOKIMEG aVIXVEUOVTAG EMITUXWG OAEC TIC naboAoyikeg, Baon Blowiag,
NEPINTWOEIC.

H BeATiwon Tou avanTuXBEvToc AOYIOPIKOU, WE XPpON OTATIOTIKWV KAl AVAAUTIKWV
HEBODWYV, Yia TNV €AaxioTornoinon TwvV WeudwC ENIKIVOUVWYV MNEPIOXWV, AMOTEAEI
HIa MoAU evdlapepouoa npoOkANON yia To PEAAOV. TEAOG, ONMUAVTIKA MEAAOVTIKN
NPOKANON, anoTeAei n ekPeTAAAeuon peBOdwvV  Avayvwpionc [lMpoTunwy,
NPOKEIYEVOU va eniTeuxOei pnxavikn diayvwon uwnAng a&lonioTiac.
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MepiAnyn

O oakxapwdng d1aBATNC €ival n TpiTn onoudaidTepn, PN HeTadIdOPevn aoBEvelq,
NAaykoouime kal xapaktnpileral and au&nuévn OUYKEVTPWON TWV E€MNEdWV TNC
YAUKOUNG oTo aiga népa and Ta @uaoloAoyika opld. To &viupo TNG Ppwa@POopUAAoNnG
TOU YAUKOYOVOU XPNOILOMOIEiTAl WG MOPIaKOC OTOXOG Yid TO OXEDIAOPO VEWV
avaoToAewv, €v Ouvapel avTidlaBnTikwv @Appakwy, HE okonod Tn pubuion Tng
vAukaipiag. Xtnv napouca epyacia €yive anoTunwon TwWV MPOCEYYICEWY MNOU
epappolovtal yia Tnv in silico poplaki npdéodeon, Twv nAEov O1adedOUEVWV
AOVYIOUIK@WV MOuU xpnolgornolouvTal yI’ auThyv, onwc¢ kal in silico npocdson ev
OuvAaPel avaoToAEWV TNG PwWOPOPUAAONC Tou YAukoyovou, Pe Tn PBonBeia Tou
AoyiopikoU AutoDock. MMpaypatonoin®nke OUYKPITIK MEAETN TwV TECOAPWV
aAyopiOuwv Tou AutoDock, kaBw¢ kal oUykpion Tou KaAUTEpPOU €€ aAUTWV ME
TA AnOTEAEOUATA MOU MPoEKUWav ano a) Ta neipapatika dedopeva) kair B) Tnv
epappoyn Tou AoyiopikoU Glide yia Toug idIouc NPOCOETEC.

NEEEIG-KAe101a: dwo@opuldon Tou yAukoyovou, Moplakn npdodeon, Zakxapwdng
d1apnTNnc, AutoDock, KateuBuvouevog - ano Tn doun - oxediaopoc papuakwyv

: _ Iwavvng Epipng, Kabnyntng
EmipAenovre: Ap. EuayyeAia Xpuagiva
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1. Mopiakn npoodeon

O1 d1ad1kacieg auTeg TwvV in silico npocopoiwoewy o€ eninedo atopwv (HeEBodOAOYiES
MHOpPIaKNG npoodeonG) agopoulv oTnv eUpeon TNG akpifouc diapdppwong Kdal
nPOCavaToAIoNoU Tou NMPoodETN eVTOG Hiag doBeiocac NpwTeivnG-oTOXO0U, TNG onoiag
n Ooun €iTe €ival €k TWV MNPOTEPWV YVWOTN €iTe pnopei va unoAoyloTei. Ol
UNOAOYIOTIKEG MEBOOOI €ival enBUPNTEG yia TNV NPORAEWn €v JUVAMEI TPOMWV
npoodeong, e€€aitiac Twv OUOKOAIWV KAl TOU OIKOVOUIKOU KOOTOUG TwV
neIPaPaTikov PeBOdwv yia Tov Kabopiogd Tng OOMNG TwV OUMNAOKwvV. KaTta
TNV NpPOoOoMoiwon TnG Hopliakng npdodeong, XIAIAdseC ouvduaopoi ouvdeong
dokipadovTal Kal ekTIJwvTAl. H B€on kal o NpoocavaToAIONOG TOU MPOCdETN HME TN
XauNAOTEPN evepyelakn BabpoAoyia Bewpeital w¢ To kKaAAUTepo Taipiacpa (best
match), dnAadn o KaAUTEPOG TPONOC NPOCdEDNC.

'Eva npoypappa HopliaknG npoodeonc NpwTEIVNG-NpoodETn anoTeAeiTal anod Ouo
BaOIKEC OUVIOTWOEG: Tn delypatoAnwia (sampling) kai Tn BadBuoAoynon (scoring).

H OsiypatoAnwia avagéperar ortn Onuioupyia €v  Ouvdapel npooavaToAiouwyv/
JIaUOPPWOEWY TOU NPOCOETN KOVTA O €va KEVTPO oUVOEONG MIAC NPWTEIVNG Kal
MMOpEi va XwploTei o€ dU0 eninAéov TuAMarta: Tn dsiygaToAnwia Tou NpocdeTn Kal
TNV EUKAPWia TNG NpwTEivNG.

>TO NAPAKATW OXNUA PAaiveTal Pia AENTOPEPEOTEPN KATnyopionoinon Twv HEBOdwV
Mou XpNOIKOMOIoUVTAl OTNV NPOCOPOoIwWaoN HopPIaKnS NPoodeanc.

T
it i)

Eikova 1: KaTtnyopionoinon Twv NeEBOdwV nou XpnaoigonoloUvTal gTnv NPoCoUoiwan HopIakhg
npoodeonc [1]
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2. Zakxapwdng diapnTnG kai Pwo@PopuAdacn Tou YAUKOYOVOU

O oakyxapwdnc 01apNTNC (ZA) avhkel OTIC AEYyOMEVEC U METAOIOOUEVEC AOBEVEIEC
(non-communicable diseases, NCDs) kai €ival pia vooog nou Xapaktnpilerar anod
au&énon TNG CUYKEVTPWONG TNG YAUKOING oTo dihga népa and Ta (puaoloAoyika opia
HE oOPBApPEC KAl XPOVIEC ENIMAOKEC [2].

ZUp@wva pe Tov Maykoopio Opyaviouo Yyeiag (MOY n World Health Organization,
WHO) eival n TpitTn KupIioTepn Wn METadIdoPevn acBevela (META TIC KAPDIAYYEIAKEC
aoB&veIEG KAl TOV KAPKIvO).

O ZA diakpiveTal o dUO KaTtnyopieg: TOo oakxapwdn diaBATn TUNou 1 kai TO
oakxapwdn dianTn TUNou 2.

O oakxapwdnc 01aBNTNC TUNOU 1 1 IVOOUAIVO-£EapTWHEVOC aakXxapwdns d1aBnTng
(Insulin-Dependent Diabetes Mellitus, NIDDM) npokaAsgitai and auTodvoon
KATaoTpoPn TwV B-KUTTAPWV ToUu naykpeatoc. O aoBevnc sival dueoa eEapTWPEVOC
ano e€&wyevn Yopnynon TNC IVOOUAiIvNG, wOTE va diatnpouvTtal QpuOIoAoYIKa Td
enineda yAukoldng oTo aipa Tou.

O oakxapwdnc o1aBNTNC TUNOU 2 1N MN IVOOUAIVO-EEAPTWHEVOC 0aKXapwong
d01aBATng (Non-Insulin-Dependent Diabetes Mellitus, IDDM) e€ival nepioodTEPO
noAUNAoOKoG kal Xxapaktnpiletar and Oiatapaxn oTnV €KKPIoN IVOoUuAivng Kal
eAATTWON TNC €uaiodnoiac Twv KUTTApwVv o€ auTn (IvoouAivoavTtoxn). Agopd oTo
90% TwV NEPINTWOEWYV TOU XA Kal OoXeTI(ETAl JE TNV NAXUOAPKIid, TO OIKOYEVEIAKO
IOTOPIKO, TNV €AAEIYn OWMATIKAG A0KNONG Kdl Igopponnuevng d1aTpopng, Tnv
NnAIKia kal Tnv €BvikoTnTd. ZTO0 XA TUMOU 2 n XOPnynon IVOOUAIvNG KpiveTal
anapaiTnTn HOvo oTnV nepinTwon nou n diaiTa kail Ta avTidiapnTika papuaka gavouv
avanoTeAeopaTika.

O ZA xapakTnpileTal and au&nuevn CUYKEVTPWON TwV €MNEdWV TNG YAUKOING
OTO dipga nEpa ano Ta QpuaioAoyika opia. O KUpPIOG PpUBMIOTAC TNG OUYKEVTPWONG
YAukolnGg oTo aiya €ival To nAnap, OTo onoio Yyiveral n anoBbnkeuon TNG
MEYAAUTEPNG MOOOTNTAG TOU YAUKOYOVOU Kal n anoikodounor Tou npoG YAukoln
(yAukoyovoAuon). H pwo@opuAacn Tou yAukoyovou (Glycogen Phosphorylase, GP)
KaTaAUgl To NPWTO OTAdIo TNG ANoIkodOUNoNG TOU YAUKOYOvVou npog 1-pwao@opikn
YAUKO(N, n onoia oTn OUVEXEId PETATPENETAl O YAUKOLN Kal eAeuBepwVETAl OTNV
KUKAoQopia Tou aipatoc. H avaoToAn Tng dpdong Tou ev{UPOU XPpNOIKMONOIEiTAl YId

TN pUBUION TNG YAUKAIWiag.
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3. MeipapgaTiko HEPOG

O kateuBuvopevoc - and Tn Ooun - oxedlaopoc (appakwv (Structure Based
Drug Design, SBDD) agopd oTnv avakaAuyn VEWV @QApuakwv He Tn Bondeia
UMOAOYIOTIKWV TEXVIKWV. ApXIKa, €ixe 000l €upacn OToO NAKPOUOPIAKO OTOXO KAl,
Mo OUYKEKPIMEVA, OTA YVWOTA KEVTPA oUVOEONC ONWC auTd €XOUV NPOKUWEI ano TIC
KpuoTaAAoOypa@IikeG dOoMEG. Ma TNV NPooopoiwon TNG MOPIAKNG npOodsonc £XouvV
avanTtuxOei nMoAAd Aoyiopikd, Ta dnuo@IAECTEpPA Twv onoiwv €ivalr Ta GOLD [3],
[4], FlexX [5], [6], DOCK [7], ICM-Docking [8], Glide [9], [10], LigandFit [11] kai
AutoDock [12], [13].

AVTIKEIHEVO TNG napouoac €pyaociag €ival n GUYKPITIKN HEAETN TNG TPIoOIAOTATNC
dounN¢ TNS GP w¢ oupnAOKOU HE 1I0XUPOUC avaoToAEgic TNG dpdaong Tou ev{UHoOU, ONwG
auTh NpokUNTEl and KPUOTAAAOYPAPIKEG WEAETEG ME XpNon akTivwv X kai Tnv in
silico peAeTn pe 1o Aoylopiko AutoDock.

H enmiAoyn Tou Aoyiopikou AutoDock gyive yia Tpeig Adyoug: a) Eival dwpeav, B) €ival
AOYIONIKO avoixToU kwdika and 1o 2009 kal y) ATav To ONUOPIAECTEPO AOYIOHIKO
yla NPOCOMoIwaN HOPIAKAG NPOodeanG cUNPWVA UE TN MEXP! TWPA VEOTEPN MEAETN
[1]. O1 JdopéC Twv OUMNAOKWV Mou avaAubnkav npoodlopioTnkav o€ UuWwnAn
geukpivela ano Tnv Opada Aopikng BioAoyiag Tou IvoTiTtoutou Opyavikng Kai
dapuakeuTIKAG XNueiag Tou EBvikoU IdpupaTog Epeuvmwyv PeE Xpron GUYXPOTPOVIKNAG
akTivoBoAiac.

H pev npwTn a@opd ortnv &vwon onipoico&aloAivn, KIVNTIKEC UEAETEG TNG onoiag
€dei€av OTI avaoTeEAAel 1oxupd Tn Opdon Tou ev{UPou MPE oTaBepd avaoToOANG
Ki=0.63 uM kai €xel kataTtebei otnv Protein Data Bank [14] pe kwdikd 2QRP.
Ma Tnv €&vwon auTh €Xouv npayuartonoindei napdAAnAa PeE TIC KpUOTAAAOYPAPIKEC
MEAETEG KAl WEAETEC MovTeAoMnoinong PeE xpnon Tou AoylopikoU Schrodinger, Ta
anoTeAéopaTa Twv onoiwv cuvowilovTal oto [15].

H deUTepn agopd oe €va avaloyo yYAukolnc [16] kal yia Tnv ornoia €niong £xouv
npayuaTtonoinfsi KpuoTaAAOYpaAIKEG HWEAETEG. 'Eva eninpocBeTo kal evdiapepov
OTOIXEIO TNG €vwong auTng €ival O0TI napouaoialel TauTouepela, dnAadn HNopei va
eupavifetal oe TpeIG 1000UvVapeS Hop@ec (Tautopepec 1 ) T1, TauTopepeg 2 (| T2
kal Tautopepéc 3 n T3) nou BpiokovTal o€ Icopponia PETAEU TOUC Kal Ol OMOIEC
EXOUV TOV (010 XNMIKO TUMO, aAAd dlaPEpouv wG npoc Tn B€on &voC aTOMOU
udpoyovou Kal evog dinAou deapou.

Ta und HEAETN OUPNAOKA MPOETOINACTNKAV KATAAANAG yia Tnv npooopoiwon
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TNG Moplakng npocodeong. Mo OUYKekpIPMEVA, Ta OUWNAOKA XwpioTnkav o€ QU0
O0laKpITaG TUAMATA, €K TWV OMNOIWV TO €va MEPIEXEl TIGC OUVTETAYHEVEG TWV ATOHWV
TOU avaoToAEd Kdl To AAAO TNG NpwTEivNnG.

Ev ouvexeia, opioTnke TO TpIiodidoTaTo MAEyPd, OTOo onoio 6a npayuatonoindei
n Mopiakn npocdeon MPOKEIMEVOU va OUupnepIAng@Bolv Ta apivo&Ea nou
OUVBETOUV TO KATAAUTIKO KEVTPO ToU ev{UPOU, KaBWC Kal Tov und JEAETN AvaoTOAEQ.
'‘Ooov apopd oTo NAgEyua, €€stadoTnkav OUO UMOMEPINTWOEIC: OTN MEV MPWTN Ol
S100TACEIC TOU TPIODIAGTATOU MAEyHaAToC ATav 27 x 27 x 27 A kai eneAéynoav pe
Baon Tnv nponyoupevn MEAETN Mou €iXe npayuaTtonoin®ei ano Touc Benltifa et al.
([15]) pe 1O Aoyiopikd Schrodinger, woTe va yivouv aneuBeiag ouykpioeiG UE TO
npoypaupa AutoDock. 3Tn 0OeUTepn nepinTwon To PEYeEBOG Tou TPIoOIACTATOU
nA&ypaToc ATav 17 x 17 x 21 A, €701 ®OTE va €0wKAgiovTal 0 AUTO Ta AMIVOEEa
nou oxnuatifouv ev duvapel ansuBeiac dsopouc udpoyovou n/kar Van der Waals
aAANAenIOPACEIC UE TOV AVAOTOAEA N HEOCW HOpPiwV UOATOC, KABWC KAl Ta AvTioToIXd
hHopia UudaToc. EnminAgov To pEYEBOC TOU MAEYHATOC NTAV TETOIO MOU VA EMITPENEI
OTOV AaVAoTOAEd va nepPIOTPAPEi €AeUOEPA WC OUUNAYEC AKAUMNTO OWHA EVTOC
TOU NAEypaToC. H nukvoTnTa TOU TPIoOIAOTATOU NAEYHATOC EMIAEXONKE va eival
1.000 A kal oC KEVTPO TOU BewpriBNKE TO KEVTPO TOU €KACTOTE AVACGTOAED, OMNWCE
auTO NPOEKUYE ano Ta KpuoTaAAoypa@ika dedopeva.

'Eyive npooBnkn Twv MOAIKWV aTOPwV udpoyovou TnG npwTeivng pe To AutoDock
Kal TwV aTohwVv udpoyovou TOU avaoToAEd HUE TNV pappoyn Maestro Tou nNakeTou
AoylopikoU Schrédinger, Ta onoia anoucialav ap@oTepa and TNV KPUGOTAAAIKN
OO TOU CUMNAOKOU AOYW EUKPIVEIAC.

EneAéynoav Ta popia udatog, Ta onoia 6a nepiAauBavovrav oTto TpIodIAoTATO
nAEyuda, Je Baon TIG €ENC nepIiNnTwoelG: (a) kaveva popio udaTog, (B) O0Aa Ta popia
udaTtog, (y) Ta poOpia UdATog Nou oxnuaTtifouv aneubeiag deopoUG UBPOYOVOU HE
Tov avaoToAea kal (8)-(¢) Ta popia udaTog Nou PBpiokovTal o€ andoTacn HIKPOTEPN
A ion Twv 4.0, 8.0, 12.0 ka1 16.0 A, avTioToixa, and Tov avaoToAéd GOTE vd
oupnepiAapBavovTal OAEG Ol MNEPINTWOEIC TWV Mopiwv UdATOC nou oxnuaTifouv
aneubeiag N peow AAAWV popiwv UBATOG aAANAENIOPACEIC UE TOV AVACTOAEQ.

Epappoornkav kai ol TEooepIC aAyopiBpol Tou AutoDock (Local Search (LS),
Simulated Annealing (SA), Genetic Algorithm (GA) kai Lamarckian Genetic
Algorithm (LGA)) 1600 pe TIG €€ oploPoU NAPAPETPOUG OCO Kal WE dlagpoponoinon
TOV TIHOV TWV aAyopiOuwv auTwyv, WOTE va yivovTal nepinou 15 ekatoupupia
EKTIUNOEIC YIa KABe €vav anod auTouc.
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O unodoxeag padi pe Ta yopia UdATOC NOU PMNOPEI va undpxouv O KABE MepinTwon
BewpeiTal AKAUNTOG, EVW O AvVAOTOAEaG &ekiva and pia Tuxaia B€on kabe @opd
EVTOG TOU TPIodIAOTATOU NAEYUATOGC.

Qc RMSD Twv nolwv nou npogkuyav anod tnv in silico popiakn npdcdson opileTal
To RMSD TWwV OUVTETAYHEVWV TWV ATOPWV TOU avaoToOAEd yia Tnv ekaoTtoTe nola
WG Mpoc TNV avTioTolxn 6€on Twv aTONwV oTNV KpuoTaAloypa®ikn Ooun Kal
yiveTrar opadonoinon (clustering) Twv anoTeAeopdTtwv wG npog To RMSD, o6nou
To €UpoC kaBe opddac eivar 0.5 A, dnAadn o1 nolec pe RMSD 0.00-0.50 avAkouv
oto npwTo cluster, ol nd6lec pe RMSD 0.51-1.00 avnkouv oTto deUTepo cluster kal
oUTW KABEENC.

O1 napAueTpol Nou anoTéEAeoav KpITAPIO yia TRV a&lioAdynon TwV AnoTEAECUATWV
kal divovTal w¢ €€0doc Tou mnpoypdapupaToc AutoDock eival n eAaxiotn eAeuBepn
evepyela npocdsonc (AG) Tou avaoToA£a yia TIC NAPAPETPOUC TOU KGBe aAyopibBuou
kal To RMSD Tn¢ nolag Pe TNV eAAxioTn eAeUBepN evepyeia NpoOodEONG.

O1 napandavw napdaueTpol unoBANBNKav o€ NepaITeEpw €ne€epyaacia yia Tnv eUpeon
TWV HECWV TIHWV TWV EVEPYEIWV, TWV HECWV TIHWV Tou RMSD, TnG 0€1pdg wg Npog
To RMSD Tn¢ nolac pe TNV €Adaxiotn €AeuBepn evépyela npoodeonc, TNG HEONC
aplBunTiknG anokAiong (mean deviation) Twv €AeUBepwv evepyeiwv NPOCGOEONG
WC NPOoC TNV €AAXIOTN €VEPYEIQ NPOCOEONC NOU €XEI UMOAOYIOTEN yia TNV €KACTOTE
nepinTwon, TnG MEONG aplBunTIKAG anokAlong Tou RMSD, Tng Tunikng andkAiong
(standard deviation) Twv €AelBepwv evepyelwv NPOCOEONG WG NPOG TNV €AAXIOTN
EVEPYEIQ NPOOdECNC NOU EXEI UMOAOYIOTEI yIA TNV EKACTOTE NEPINTWON, TNG TUMIKNAG
anokAiong Tou RMSD, Tou nocootoU Twv nolwv PE apvnTIKn €AeUBepn evepyeld
npoodeonc, Tou eUpouc Tou RMSD, Tou nocooToU Twv nolwv Pe RMSD HIKPOTEPO
and 0.30 A, nou €ival To 6pI0 ToU GPAAPATOC TNC BEONC TWV ATOPWV ONWC AUTO
opileTal and Tnv KpuoTaAAoypa@ikn dour, Tou NocgooTou Twv nolwv nou BpiokovTal
oTo npwTo cluster kal Tou yeoou NARBouG Twv clusters.

4. MeipapaTikd anoTeAEoHATA KAl CUMNEPAOCHATA

4.1 ZuyKpITIKN HEAETN TWV aAyopiOpwv Tou AutoDock

O LGA @aiveral nwg €ival o KaAUTEPOG aAyopiBPoG and TOuG TEOOEPIG, KABWG
eQQavifel Ta BEATIOTA anoTeEAECPATa €iTE O OAEG €iTe OTNV nNAglown®ia Twv
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NEPINTWOEWY TOOO OTIC €€ OpIOKUOU NAPAPETPOUC OCO KAl OTNV MEPINTWAON, ONoU TO
NANGOC TWV EKTIUNOEWV TWV AAYOpiOUWV gival NnapePPePEC.

To peEyebog Tou NAEypaTog nailel poAo oTnv MoidTNTA TWV ANOTEAECUATWYV, KABWC
TO MIKPOTEPO €K TWV OUO NAeypa Oivel oapwc KAAUTEpa anoTeAEopara orTnv
NEPINTWAON ONoU To NANBOC TWV EKTIMACEWV TWV AAYOPIBUWY €ival NAPEPPEPEC, EVW
oTNV NEPINTWON TwV €€ opIoCUOU NAPANETPWY TA ANOTEAECHATA YIA TA dUO NAEyuaATA
gival oxedov Tautdéonua.

H apxikn 8€on Tou avaoToAEd, onwg auTtn npoadiopiletal and To AutoDock,
(aivetal OTI dev e€nnpedlel Ta anoTeAéopaTta nou eEayovTal. M0 OUYKEKpPIMEVQ,
onwc¢ napatnpnénke and Tnv €€000 ToU NPOYPANKATOG Ol APXIKEG BETEIC TNG EVWONG
aneixav katd 5.629 A ¢wc 20.090 A anod auTh TNS KPUGTAAAOYPAPIKAC DOMNG, EV®
Ol AVTIOTOIXEC EVEPYEIEG NPOCOEONC NApEPEIVAV aXedOV aPeTABANTEG.

‘Ooov agopd oTa popia udaTog, napatnPnOnke nNwc n XaunAoTepn evépyeia
ouvdeonG NPoKUNTEl OTNV NEPINTWON Nou nepiAapBavovTtal 0Aa Ta popia udaToc,
EVW TA ANOTEAEOPATA OTIC NEPINTWOEIC NMou nepiAauBavovTal Ta popia udaTog o€
andoTaon pikpdTEPN R ion Twv 4.0, 8.0, 12.0 kai 16.0 A, avTioToixa, anod Tov
avaoToAga, TauTidovTal Ye auTta TnG nepintwong (y), dnAadn Tnv nepinTwon oTnv
onoia nepiAayBavovTal Ta MOpld UdAtoc nou oxnuaTtilouv aneubeiac deouoUC
udpoyOVoU HE TOV AVAOTOAEQ.

4.2 ZUykpion HE TNV epappoyn Glide Tou nakéTrou AoyioHikoU Schrodinger

H ouykpion Twv anoteAeopdtwv Tou Schrodinger kar Tou aAyopiBuou LGA Tou
AutoDock eival neplopiopyevn [17], kabwc¢ wc €€odoc Tou npwTou OideTAl N
ouvaptnon BabuoAoynong GlideScore, evw Tou deUTEPOU €ival n eAeUBepPn evepyEla
npoodeonc. EnminAgov, dev diveTral o0 XPOVOC UMOAOYIOPOU TNG MPOCOMOIwoNC
TNG MOPIAKAG npocodeong yia Tov aAyopiOpo Tou Glide. To povadikd Koivo
XAPAKTNPIOTIKO MOU €XOUV OTA dnNOTEAEOUATA Toug e€ival To RMSD Twv
OUVTETAYHEVWYV TWV ATOMWV TOU AVAOTOAEA WG NPOG TNV KpUCGTAAAOYpaAIKA doun.

'Ooov agopd oto RMSD, To anoTéheopa oTouc Benltifa et al. [15] €ival 1.506 A.
O LGA napayel povo oto 3.29% TwV ANOTEAECHATWV TOU Yiad To idlo nARBog
EKTIUNOEWV NOlec e peyaAuTepo RMSD. ZuvunoAoyilovTag kal TNV NEPIiNTwon ME
TIC €€ oplopoU nApapeETpoug onou o LGA dev napdyel oute pia nola pe RMSD
peyaAUTepo Tou 1.506 A, To nocooTd autod yiveral 1.64%. 'OAec ol noleC Tou LGA,
23 Tov apiBud, pe RMSD peyaAutepo Tou 1.506 A, €xouv TauTtoxpova RMSD
HeyaAUTepo Tou 13.00 A. Enopévwg, sival noAU eUkoAo va TIC evTonioel KANolog Kal
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va TIC apalpEdel and To GUVOAO TWV AUCEWV PIAg Kal dlapEPoUV TOOO NMOoAU ano TIg
unoAoineg. 'Etol, To nAnBog Twv nolwv Tou LGA pe RMSD peyaAuTtepo Tou 1.506
A viverar 0. And Ta napandvw cupnepaivetal 6T To AutoDock €xel noAU kaAUTepa
anoTeAégpata ano To Schrodinger yia To KpITAPIO AUTO O NOCOOTO TOUAAXIOTOV
98.36%.

‘Ooov agopda oTnVv eAelBepn evepyela NpoOodeonG nou eixe we €€odo 1o Glide, au
unoAoyileTal nepinou oe -8.65 kcal/mol and 1o [15], n onoia avTiOToOIXEl O pia
oTta®epd avaoToAnc Ki = 0.455 uM, dnAadn PiIkpOTEPN and AUTNV MOU MPOEKUYE
and Ta neipapaTika dedopéva (0.63 pM). 1o AutoDock o1 noleg pe RMSD UIKpOTEPO
Tou 1.506 A €xouv XaunAoTepn eAelBepPn evépyela NPOTdEONC Kal dpa HIKPOTEPN
oTabepd avaoToAng, dnAadn xeipoTepa anoteAeoparta. Ma Ti¢ undloinec nolec,
n €AeUBepn evepyela npoodeonc eival 101aiTepa auénuevn didovrac pia otabepad
avaoToAncg nepinou 47-380 (popeC YeyaAUTEPN and AuThV Nou €XEl NMPOCdIOPIOTEI
and Ta neipapaTika dedopéva. Enopévwe, yia To KpITAPIO autd To Schrodinger
unepexel o€ nocooTo 100%.

H ouykpion Twv OUo Aoyiopikwv £0gi€e OTI To AutoDock napdyel nolec nou
npooopolalouv MoAU NEPICOOTEPO amnd aUTEG Tou Schrodinger o€ auTéG nou
npoadiopioBnkav neipapatikd. To Schrodinger, woTdoo0, €xel Wia NOAU KAAUTEPN
ouvaprtnon BaduoAoynong, n onoia pnopei kal NpoBAEnel akpiBEoTepa TNV EAeUOePN
EVEPYEIQ NPOOdeONC O OUYKPION ME AUTAV MOU MNPOKUNTElI Aand Tnv NPooouoiwaon
TNG hoplakng npoodeong Tou AutoDock.

4.3 LGA kdil TAUTOHEPN

>TNV NEPINTWON TWV TAUTOUEPWV €QAPUOOTNKE HOVO o LGA aAyopibuog, TO
MIKpOTEPO and Ta dUo NAEyuaTa Kai, 6oov apopa ota PJopia udaTog, JHEAETAONKAV ol
NEPINTWOEIC ONOU nMepIAapBavovTal 0Aa Ta popia udaTog, Kaveva hopia udaTog Kal
Ta Jopla udaTog nou oxnuaTtifouv aneubeiac deopoUG UBPOYOVOU HUE TOV AVAOTOAEQ.
O1 unodAoinec napapeTpol TNG PeBodoAoyiag kal Tou alyopiOpou eival idIeC HE QUTECQ
nou epapuocOnkav aTnv nepintTwaon Tou LGA yia Tnv onipoico&aloAivn.

Ta anoTeAéouaTta mnou nposkuwav £0si€av OTI To T2 @aiveral va npoodEveTal
KaAUTepa. M0 OUYKEKPIPNEVA, €XEl Ta KAAUTEpPA anoTeAéoparta 6cov agopd oTnv
eNAXIOTN €AeUBePN eveEpyeia NpOCdEONC, OTn MEON €AeUBepn evEpyeia Npoodeonc,
oTn MEON apiBunTIKN Kal TUmikn anokAion TnG €AeUBepnC eveEpyeiac nNpoodeonc.
‘Ooov agopd oTa KpITAPIA auTd, To T1 €xel Ta OsUTEpA KAAUTEPA AMOTEAECOUATA
yla Tn HEon eAeUBepn evépyelad npoodeong, KABWG Kal Tn MEON apiBunTIKA Kal
TUNIKN anokAion TnNG eAeUBepnG evépyelag Npoodeong, evw To T3 yia TNV €AAxXIoTN
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eAeUBepN evepyela npoodeonc. Eniong, onueiwveTal OTI KAl yla TA Tpia TAUTOMEPN
N eAaxioTn eAeUBepn evépyela NpocodeonG nNApaATnPEITAl yia TNV MEPINTWON nou
nepiAapBavovral 0Aa Ta popia UdaToc.

>Tn ouykpion Mou npaypartonoinénke pe Baon 1o RMSD, TOo TAUTOMEPEC T1
eupavifel Ta kKAAUTEpa anoTeAéopaTa Ooov agopd oTa Kpitiplia Tou RMSD Tng
nolac Ye TNV eAAxIoTn €AeUBepn evépyela nNpoodeong, Tn osipd TnNG nolac PE To
eAaxioto RMSD w¢ npoc¢ Tnv €AelBepn evepyeia Npoodeonc, KABwC KAl TNG TUMIKNAG
Kal JEoNG anokAlong Tou RMSD. MaAioTa, kal oTIG TPEIC NEPINTWOEIC NMOU APOpouV
ota popia udartoc, n nola Tou T1 pe TNV €AAXIOTN E€VEPYEIA €ival KAl QUTH HE TO
ehaxioto RMSD. Avriotoixa, To T2 ep@avilel Ta KAAUTEpA AMNOTEAEOUATA Yid TO
nEoo RMSD, To peoo nARBoc Twv clusters, To NARBoC Twv nolwv oTo nNnpwTo cluster
Kal, €niong, 1coBabuei pe To T1 oTto nNARBo¢ Twv nolwv Pe suvoikn (apvnTikn)
evepyela npoodeonc. AvTiOeTa, TO TAUTOHEPEC T3 Oev eugavifel Ta KaAUTepA
anoTeAEoPATA O KaWia KaTnyopia napd Jovo £xel Ta OeUTEPA KAAUTEPA ANOTEAECUATA
yla Ta kpitnpia Tou RMSD Tnc nolac Ye TNV eAAxioTn eAeUBepn evépyeia Npoodeonc,
TNG o€lpd¢ TNG nolag Me To eAaxioto RMSD w¢ npog Tnv €AeUBepn evepyela
npoodeonc Kal Tou nNAnBoucg Twv nolwv oTto npwTo cluster. A€o ava@opdac, TEAOC,
gival To yeyovoc o1l 8 BpeBnkKe kapia nola nou va éxel RMSD pikpoTepo Tou 0.30 A.

AapBdavovrtac un’ owiv OAa Ta KpITAPIA Mou a@opoUv Tnv €eAEUBepn eveépyela
npoodeonc kar To RMSD, To T2 ep@avifel Ta KAAUTEpA dAMNOTEAEOUATA Yia
nepioooTePa €€ auTwV O€ ouykpion Ke To T1 kal To T3. To T1 gugavilel Ta kaAUuTepa
anoTeA&éoparta yia duo KpITApIa, evw To T3 yia kaveva. Av OUVUMOAOYIOTEI Kal To
YEYOVOC OTI TO T1 gp@avilel NeEPICOOTEPEC POPEG TA OEUTEPA KAAUTEPA ANOTEAEONATA
o€ ouykplon WE To T3, €EAyeTal TO CUPNEPAOPA OTI To T2 npoodeveTal KAAUTEPA
an’ 0Aa Ta TauTopepn kal To T1 kaAuTepa ano 1o T3.

4.4 MeAAovTIKNn Epyaacia

Nna Tnv akpiBeotepn npoBAewn TnG eAeUBepng evepyelagc npododeong, N
a&loAdynon TwV anoTeEAECUATWY MOU npokunTouv and Tov LGA 6a pnopouoce va
npaypatonoin®ei kal pe kanola AAAn ouvaptTnon evepyeiakng BaduoAdynong,
onwg yia napadelypa To ChemScore.

Na Tic OOWEC yia TIC onoieg Osv undpyxouv KpuoTaAloypagika Oedopeva, 6Oa
MnopoUoE va yivel npoBAEWn TNG PopIakng NpPocdeonG PE Tn Xpnon Tou LGA, apou
nponynBei Npoodnkn Twv BewpnTIKWV HOpiwv UBATOC ME KAMOIO AAAO AOYIOMIKO
Kal oTn ouvexela yivel n a&loAdynon Twv JdOPwWV HE TN OUVAPTNON EVEPYEIAKNC

BaBuoAdynong.
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MeAAovTikG 6a pnopoloav va Yivouv MeEPIOCCOTEPEC MEAETEC MeE Tn Bondeia Tou
AoyiopikoUu AutoDock, €ite pe vEouc avaoToAsic yia TNV €Eaywyn nNepIooOTEPWV
oupnepacuaTwy n/kal Tnv eniBefaiwon/enaveleyxo Twv NOn unapxovrtwv E£iTE e
TOUG i0I0UC avaoToAEiC, aAAd pe (eminA€ov) diagoponoinon TwV NAPAPETPWY, WOTE
va €EaxBouv oupnepaouaTa yia To poOAo Touc.

H eukapwia Tou unodoxea o OAEG TIG UMOAOYIOTIKEG HUEAETEG HOPIAKNG NpOodeang
gival pia €€aipeTika onoudaia kal TauToxpova MePINAOKN NApPAPETPOC, n onoid
npenel va a&loAoyeital kaTtaAAnAa kai va AapBaveral un’ oyiv Toug UNoAoyIGHoUG.
>T0 NAaiolo TnNG napouoacg €pyaciac auto Oev £YIVE yia AOYoug oUyKpIonG, woTOo0
0a napouciale evdiapepov n HEAETN aAyopiBuwv nou AapBavouv un’ OWlv Toug
TNV €UKapyia Tou unodoxed, OTAV auToi XpnolgonoloUvTadl yid TNV NpoBAEwn
TOU TPOMOU OUVOEDONG EVWOEWYV, N OOMN TWV OnNoiwv €XEl NPoodloplobei TOGO HE
OUYKPUOTAAAWGON OCO Kal KE EUMNOTIONO TOU KPUOTAAAoOU oe dIGAupa TnG npog
MEAETN EvwoNg.
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1. Eicaywyn

>Ta ONopPTOUVIOTIKA OikTua, ouxva ava@epopeva w¢ Delay Tolerant Networks
(DTNs), n poviun diacuvdeon O0AWV TwV KOUBwWV PETAEU anooToAEA Kal NApaAnnTn,
kata Tn OI1dpkeld TNG HETAdOONC €vOC MNvUpaTtog, Osv amnoTeAei npolndBeon.
Juvenwc, n OpopoAdynon E£YKeEITAl OTNV npowdnon OAOKANPWV HNVUPATWV ano
KOUBO o€ KOMPO, ME amoTEAeopa To NpoBAnua dpopoAoynonc va ek@uAileTal og
BETIKEC 1] APVNTIKEC ANOPACEIC NpowdNOoNC, KaTa Tn dIAPKEIa TNE OUVAVTNONC-ENA®PnG
dU0 N nNepPICOOTEPWV KOPBWV TOU OIKTUOU. Ol apXIKEC NMPOTACEIC OPOPOAOYNONG
NTAvV ouOIaoTIKA NAPAAAAYEC HiaC «eEAEYXOMEVNC MANUUUPAG» UNVUNATWV PJECA OTO
dikTUO, oI onoiec nepiopiav Ta NpoBARUATA Tou eMdNUIKOU (epidemic) NpwTokOAAOU
d1adoonc [11], B€TovTac avw o6plo oTa napayopeva avtiypapa (n.x. [10]). NeodTepa
oxnuata OpopoAoynonc enedim&av Mo OTOXEUMEVEG aNOPACEIC npowdnong,
unoAoyilovtag Tn XPNOINOTNTA TwV KOMBWV Yyia avaheTradoon Tou pNvUHATOC
(relaying utility). Ta utilities AduBavav unéwn Tn ouxvoTnNTa TWV ENAPWV HE TOV
KOuBo-npoopiopd [8], N MO YEVIKA KOIVWVIKG XAPAKTNPIOTIKA, ONWC Ta OUXVOTEPA
ENIOKENTOPEVA PEPN N TA KOIVA evOIaPEPOVTA TOU UMOWN@PIOU avaueTadoTn PE ToV
KOuBo-npoopiopd [1].

TeAeuTaia, n KoIVWVIKN NAnpogopia £xel eioaxdei nio peBodikd OTIC CUVAPTAOEIG TWV
relaying utilities, p€ow TNG eKPETAAAEUONG EVVOIWV Kal PETPIKWV TNG KOIVWVIKAG
AvaAuong AikTuwv (Social Network Analysis-SNA). XapakTtnploTika napadsiyparta
anoTeAouv Ta nNPwWTOKOAAa SimBetTS [4] kai BubbleRap [7], oTa onoia ol
METPIKEG SNA unoAoyifovtal Navw O€ KOIVWVIKOUG YpApoug Mou anoTunwvouv
TNV akoAouBia Twv enapwv PEoa o kabBopiopeva xpovika napabupa. Kai Ta duo
NPWTOKOAAA ENITUYXAVOUV KAAUTEPN ANOd00N EvavTi TWV AdpXIKWV NPOCEYYIOEWV Kal
avadelkvUiouv TNV <«KevTpikoTNTa» (centrality) Tou ekdoToTe KOUBOU, WC TO
ONMAavTIKOTEPO KPITAPIO YIa TIG anodoelg npowdnong, akoun kai oTtav auth
ouvduadleTal he AAAEG.

EvTouToig, n OpopoAoynon HeE Bdaon TNV KEVTPIKOTNTA e€u@avilel TPEIG BACIKEG
aduvapieg, nou HEXP!I Twpa Oev exouv MeAeTNBei kal aloAoynBei: a) ol TIMEG
KEVTPIKOTNTAG TWV KOUBwWV dev AauBavouv unoywn Tov NpoopIiohd Tou pnvUpaTog,
B) n anodoon €Eaptartal aueoca and Tov TPOMO KATAOKEUNG TOU YypAQPOoU £napwyv
navw oTov onoio unoAoyifovTal ol NeTpIkeG SNA [6] kal y) N KEVTPIKOTNTA WNOPEI
va NPOCEYYIOTEI NPAKTIKA WE UMOAoyIond nNavw oTo two-hops unodikTuo Tou KaBe
KOMBoU (ego network), napExovTac NEPIOPICUEVN EIKOVA TNG XPNOIMOTNTAG TOU OTO
OUVOAIKO JiKTUO.
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2TOXO0G TNG €pyaciag pag €ival va a&loAoynooupe To NANPOYPOPIAKO NEPIEXOUEVO TNG
KEVTPIKOTNTAG TWV KOMBwWYV, OTAV aAuTh XPNOIMOMNOIEITAl WG KPITAPIO dpOPOAOYNONG
O€ OMOPTOUVIOTIKEG TonoAoyieG. EEeTaloupe o BABOC TN ONMOPIAECTEPN METPIKA,
Betweenness Centrality (BC), kal JEAETOUME NWG O TUMNOG TOU YPAPOU ENAPWV -
ypapog pe Bapn (weighted) i xwpic (unweigthed) - kai o Tponog nou unoAoyileTal
N METPIKN — KOIVWVIOKEVTPIKA (sociocentric BC) 1 eywkevTpika (egocentric BC) -
ennpeadlouv TNV anodoon Twv anoPpacswyv npowbnaong. EninAgov, a&loAoyoUHEe NwG
n WeTpikn BC ouykpiveral pe Tnv 1coduvaun tng Conditional BC (CBC) [9], n onoia
dlaTnpEi TINEG KEVTPIKOTNTAC ava npoopiouo, yia kKabe kOuBo. EEeTaloupe Kupiwg
TIG EYYEVEiIG aduvapiec TG dpodoAdynong HE BAon TNV KEVTPIKOTNTA, €NEId BETOUV
auoTtnpa opia otnv anddoon kal dev evOIAPEPONACTE YIA TIC ATEAEIEC OUYKEKPINEVWV
NPWTOKOAAWV: MOoco pnopouv ol ano®dcelc dpodoAoynong nou Bacifovral oOTIC
METPIKEG KEVTPIKOTNTAG va NANCIAaocouVv To BEATIOTO; MNwG o1 dIAPOPEC EVAAAAKTIKECG
yla TOV UMNOAOYIONO TNG KEVTPIKOTNTAG TwV KOMBwvV €nidpouv oTnv anodoaon TNnG

dpopoAdyNnong;

MeAeToUE BewpnTIKA KAl NEIPAPATIKA TIC EVAAAAKTIKEG AUOEIC YIA TOV UMNOAOYIOHO
TNC KEVTPIKOTNTAG TwV KOWPBwV. MEVTE TEXVIKEG, NMou npooeyyi(ouv OIAPOPETIKA
TIG TIMEC TNG KEVTPIKOTNTAG KAl TIG XPNOIKONoloUV WG KPITAPIO TWV ANOPACEWV
npowBnong, ouykpivovTal MPeTAEU TOUC Kal emnAgov pe OUO OYXAUATA TMou
avTinpoowneuouV TIG dUO aKpaiec NepINTWOEIC dpopoAdynong o DTN: a) To anAo
NPWTOKOAAO NpowbnoNG PNVUNATWV Pe Baon pia opiopevn mBavoTnTa kal B) €va
10avikd oxnua nou unoAoyilel Ta BEATIOTA XwWPO-XPOVIKA YHOVONATIa yid Tn JETAdoon
€EVOG MNVUMATOG, €XOovTag NANpPn yvwon Twv MeEAAOVTIKWV enapwv. Elocayoupe
Kal avaAUoUME pia veéa pop®n ypapou enapwyv, NouU EMITPEMNEN T XPNoiJonoinon
TUnMonoINUEVWY aAyopiBuwv shortest-path os duvauikd onopTouvioTika OikTud.
TeAoG, napouaidloupe Ta AnOTEAECUATA KAl cupnepaocuaTta Tng a&ioAdynonc pag, Ta
onoia dev oupBadifouv navra Pe Tn O1aI00ONTIKI AOYIKH.

2. EvaAAakTikoi TpOnol UNoAoyioHOU TNG KEVTPIKOTNTAG

Destination-aware n destination-unaware.

'OTav ol kouBol anogacifouv va npowbnoouv (N Oxl) €va PrRvupa os évav KOoupo
nou cuvavTtouv, Ba npenel va AauBdavouv unown Tn PeTaBiBacTikh XpnoiuoTnNTa TOU
KOMBOU WG NPOG TOV NMPOoOPIoHO TOU PMNVUPATOG. Q0TOC0, Ol UETPIKEC KEVTPIKOTNTACG
ouvnBwg eival peoeg TINES ([4] [7]), nou npokunTouv and OAa Ta mBava leuyn
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anooToAewV-napaAnntwyv Tou diIkTUoU. 'ETOl, €vag KOUBOG PE uwnAn (XaunAn) Tidn
KEVTPIKOTNTAG, MMopEi eUKOAA va €ival pia aotoxn (evoToxn) eniAoyn avaperadoong
yla OpIOHEVOUG KOUBOUG-NapaAnnTec.

Unweighted ] weighted contact graphs.

3ITIC MEXPI TWPA MEAETEG, N akoAoubBia €naQwv EVOWHATWVETAI O €vad OTATIKO
ypago snapwv xwpig papn, G=(V,E), onou V To guvoAo Twv KOUBwWV Tou JIKTUOU
Kal e € E ol akPEC, nou evwvouv Ta (euyn TwV KOPJBWV Nou €XouvV NpaypaTonoinoel
C. > thr, ouvavtnoeig, peoa o€ napdabupo oTabepng xpovikng didpkeiag T.
H anodoon Twv oxnuatwv dpopoAoynong eEaptdral aueca ano Ta thr, kar T [6].
ZuvnBeig TipeG eival thr,=1, T = 6hrs (n.x. [7]). QoTd00, pia akoAouBia enapwv
Hnopei evaAAaKTIKG va anoTunwOei o€ ypago pe Bapn, nou dnAwvouv Tn ouxvoTnTa
TWV OUVAVTACEWV METAEU TWV KOMBWV. O UNOAOYIOHOG TWV TIHWV KEVTPIKOTNTAG
navw o’ autov To ypago, odnyei o€ €va OIAPOPETIKO GUVOAO TIHWV KEVTPIKOTNTAC
yla Toug KOMBoug TNG idlag akoAouBiag enapwv.

Egocentric i) sociocentric.

O unoAoyIopOC TWV MHETPIKWV OCUVOAIKNG KeVTPIKOTNTAC (sociocentric) anaiTei
ouvnOwc NARPN yvwon Tng TonoAoyiac Tou dikTUoU. AKOPA KAl av TO NPOCEYYIOTIKO
o@AApa nou npokUNTel and TNV eVOWHUATWON TWV ENAPWV OE OTATIKOUC YPAPOUC
gival anodekTod, ol PEPOVWHEVOI KOPBol dev pnopouv navra va yvwpilouv Tov
NANPN KOIVWVIKO ypdgo nou napdyeral and TIC OUVAVTAOEIC OAWV TwV KOUBwWV
Tou OIKTUOU. Enopévwg, peaAloTik@ npwTOKoAAa JpopoAdynong, onwe Ta [4]
kal [7], oTnpifovTal 0€ eYWKEVTPIKEG Mpooeyyioelg (egocentric) TNG OUVOAIKNG
KEVTPIKOTNTAG, MEOW TwV ego JIKTUWV Twv KOWBwv [5]. EvrouToig, undapxouv
Aiya oToixeia OXETIKA PE TO NOCO KAAN €ival n OUOXETION METAEU EYWKEVTPIKWV
KAl KOIVWVIOKEVTPIKWV TIMWV Kal noTe n NAAPNG yvwon Tou JIKTUOU anaiTeiTal
npayuarikd.

3. Me6odoAoyia neipaparwv

MpaypaTonoloUhE NEIPAPATa XpNOoIKonolwvTag NEVTE YVWOTEG kKaTaypaPeg (traces)
TOU npoypaupartog Haggle [3], nou agopouv ot ena®eg peow Bluetooth pera&u
OUOKEUWV iMotes, TIG onoieg (PEPOUV XPNOTEC PEAAIOTIKWV MEIPANATIKWV OIKTUWV
DTN. Kdabe enapn Bluetooth BswpeiTal w¢ eukalpia oTnv onoia ol KOPBoOI pnopouv
va avtaAAa&ouv nAnpogopia. Ztov llivaka 1, @aivovTtal Ta Bacikd NApAPETPIKA
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auTwV TV NEIPANATWY, EVW MNEPIOCTOTEPEC NANPOPoOpiec napaTiBevral ora [3] kal
[12].

H peBodoloyia neipapdtwv €xel wG €E€nc: Mapdyoupe pnvuparta TG HOPPNAC
msg (s, d, t), onou eniA&yovTal Tuxaia n nnyn s, 0 NPoopIoUOG d kal 0 XpOvog
dnuioupyiag Touc t Kal €EOPOIWVOUME Ta HovondaTtia PETAdoonG Toug oTo OIKTUO.
MNa 1o AOyo auTo, ekTeAOUME «replay» Twv traces, onou ol kOPBoI unoAoyilouv TIG
TIuEC BC kai AauppBdavouv avdaloyec anodoesic npowbnong, yia KABe upnvupa.
E€sTaloupe névre niBavoug TpoOnouc d1aPopeTIKOU unoAoyiopou Twv TIHwV BC Twv

KOMBWV.
Aiapoppwon Intel Cambridge Infocom05 Content  Infocom06
Alapkeia
MeipauaTog 6 6 4 24 4
(NHEPEC)
, Alapkela 5-10 5-10 5-10 5-10 5-10
2apwong (sec)
Xpovocg peTa&u
>apwoEwv 120 120 120 120-600 120
(sec)
KivnTeg
S UOKEUEC 8 12 41 36 78
PETEIEEPEG 1 0 0 18 20
2 UOKEUEGC
M.O. enapwv/
. . 9.09 12.09 8.60 0.66 9.03
Ceuyog/nuepa
# Enapwv 2766 6732 28216 41330 227657

Nivakag 1: XapakTnpIoTika TwV NEIPAaPaTikwv ded0UEVWV

3.1 ESopoiwon TnG 3poHoAdynong He BAon TNV KEVTPIKOTNTA NAVW OE
traces

To npwTo Brua ene€epyaociag €ival n anoTunwon TwV enapwv Twv traces oe €va
ypago, navw oTov ornoio unoAoyilovTdl ol TIMEG KEVTPIKOTNTAG TWV KOUBWV.
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MpokeiTal yia pia anoTunwaon Tou dUVapikoU onopToUVIOTIKOU JIKTUOU Nou cUMnIECE
Tn didoTaon Tou Xpovou. lMNa kabe trace, napayoupe dUO BIAPOPETIKOUC OTATIKOUG
ypagoug, evav xwpig Bapn pe thr,=1 kai evav pe Bapn, onou 1o BAPOG HIAG AKHNG
META&U dUo KOMPBWV Io0UTAl JE TO AVTIOTPOPO TOU NARBOUC TWV ENAPWV TOUG.

H akoAouBia pnvupatwv msg (s, d, t) OpoHOAOYEITAI OTOV MNPOOPICUO HECW
«anAnotwv» (greedy) ano@docswv npowbnong. Mo CUYKEKPIPEVA, €AV TN XPOVIKN
OTIYHN t; TO MAVUPa €ival otov KOuBo u, o u Oa perafiBdosl To Prvupa O
gvav aAlo kopBo k , kata Tnv endpevn cuvavtnon Toug, povo eav BC(k) >
BC(u) (RANK [7]). O1 Tiyéc auTég pmopoUv va npoEABouv e€iTe egocentric eiTe
sociocentric kal unoAoyifovtal and To oUVOAO TwV €NApwVv MouU CuvéBnoav oTo
XpoVvikO napabupo | ti-T, ¢t |, onou T TO XPOVIKO NApabupo eVOWHATWONC TWV
enapwv. Aedougévou OTI yia TOV UNOAOYIOPO TnG sociocentric BC anaiteital nAnpng
YVWON TWV OUVAVTACEWV Ot OAO TO OiKTUO, €VOEXOMEVN MEIWON TNG anodoong
opeiAeTal oTnVv EAAEIYPN 10XUPOU NANPOPOPIAKOU NEPIEXOUEVOU TNG HETPIKNG Kal OXI
TNG d1aBgoiung NnAnpogopiac yia To dikTuo.

E€eTaloupe eniong Tnv Conditional BC (CBC) [9], 6nou n KeEVTPIKOTNTA €£VOG TuXaiou
KOMBou unoAoyileTal og ouvapTNON UE VA OUYKEKPIPEVO NPOOpPIoHO d:

CBC (u;d)=2, %5 (1) (1)

sel/, u#d
O-sd

onou g,y To NANBog Twv shortest paths avapeoca oToug koOpBoug s kai d Kai
o¢4 (u) Ta shortest paths nou nepvouv and Tov kopBo u. H CBC(u;d) npokunTel
and oAa Ta {euyn kKOUBwV (x, d), Vx € V, kal 0x1 0Aa Ta miBava feuyn, onwg n BC(u).

H Jiadikacia OpopoAdynong €EOMOIWVETAlI MEVTE @POPEC NAVW O kKABe trace.
Xpnoigonoioupe TIG ouvTtunoeig soc(C)BCy,, , egoBC,,, , socBC, , egoBC,, , ya
TIg sociocentric/egocentric (C)BC Tigeg nou unoAoyiCovrar o€ unweighted
(uw)/weighted (w) ypdaopoug, avrtioTtoixa. YnoAoyilouhde Tnv KabBuoTEpnon
napadoong kalr To nNAn6og Twv PeTaBIfacewyv Twv Pnvupdtwv msg (s, d, t) kal Ta
OuyKpivoupe pe dUO oxnuata dpopoAdynong, nou XpnoigonoloUvTal oav onueEio
avagopdac: a) eva nibavoTikd oxnua PFy, onou &vac kKOPPBoc npowbei pe mBavoTnTa
p TO MRAvupa, kabe @opd nou cuvavta aAilov kouBo kai B) 1o BeEATIOTO (Opt)
oxnua, nou neplypagertal otnv enopevn Mapaypa@o. Aedopévou 0TI N dpoPoAdynon
ME Bdon TNV  KevTpIKOTNTA danoTeAei greedy npoogyyion oTo NpOBAnua
BeATioTONoinoNg d1adpounG Tou PNVUPATOC, Undpxel Jia méavornTa, un-aPeAnTeaq,
€va Pnvupa va «nayldevetar» o €vav KOPBO HWE MEYAAN TIMN KEVTPIKOTNTAG, MOU
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0ev ouvavTa NoTE Tov KOWPBOo-npoopiopo. M’ autd To Adyo, yia kKGBe napaAAiayn
dpopoAOYNONG, EKBETOUME TO oUVOAO TwV NapadoBevTwy PNVUPATWY, 0av N0CO0TO
TOU OUVOAOU TWV MNVUMATWV nou duvavTal va napadobouv pe To BEATIOTO OXNMa
(napadoTéa pynvupara).

4. YNOAOYIOHOG TWV BEATIOTWV XWPO-XPOVIK®OV HOVONATIOV

Ta BEATIOTA XWPO-XPOVIKA povondaTia JeTadoong opifouv To avw Opio TNG anodoonc
onolacdnnoTe TeEXVIKAC OpouoAdynong. Mepiypagovrtal Pe Tn Bonbeia Xpovika
eEeAiooopevwy ypapwyv [2] kar dlakpivovTal Ot «TaxUTEpA» Kal <«KovTUTEpA»
govondTia. Ta TaxUTepa MPOvondaTia avTioToIXoUV OTIC OUVTOMOTEPEG OIadPOHEC
(foremost journeys), uno Tnv &vvola TNG Mo €ykaipng aQiENG Tou PNvUPaTog oTov
NMPOOPIOHUO, EVW TA KOVTUTEPA POVONATIA OTIC OIadPOHEC eAAXIOTWY HETABIBACEWY
(shortest journeys), uno Tnv €vvoia TOU HIKPOTEPOU MAABOUC NPowbOnoswv Tou
gnvopatoc. Ma va avakaAUWel npayhaTtika Kdl va XPnoIhonoInoel auTeG TIC
01adpOoMEG €vag KOMBOG, Ba npenel va €xel NARpPN yvwon Tng akpifoug akoAoubiag
TWV HEAAOVTIKWV €NAPWV, HETAEU OAWV TWV KOPBWV Tou JIKTUOU.

QOTO000, akOun Kal otnv 1I0eaTn auTn NePINTwon, o BewpnTIKOG UNOAOYIOHOG TWV
BeATIOTWV povonaTiwv napoucidlel npoBARuata. H dapeon e@appoyn KAAoIKWV
HEBODWV eUpeanG BEATIOTOU povonaTioU NAavw OTO OTATIKO YPAPO nNaPpwV (HE/ XwpPig
Bapn), anotuyxavel va dwaoel Auon, yiaTti o ypagog enapwv cupnieel Tn didoTaon
TOU XpOvou kal dev NepIypaPel Tn Xpovikn €EEAIEN Tou dikTuou. 'ETol, avanTtu&ape
Mia d1aopETIKN avanapacTacn ypa@ou, NMou eKPETAAAEUETAI TN OXETIKN XPOVIKN
O€Ipd TWV ENAPWV TWV KOMBWV Kal ENITPENEI TN XPHON TUNOMNOINUEVWY aAyopiBuwv
shortest-path, n.x., Dijkstra fj Depth First Search (DFS). H diadikacia napaywyng
TOU ypagou OexeTal oav €i0odo Tnv akoAouBia Twv enapwv, OIAUOPPWHEVN
onwg napouaialeral oto XxnKa 1 kar akoAouBei Ta €€Ng duo Bruara:

Ano 1o apyiko trace ornv akoAouBia enapwv npowdnong (PIATpapioya).

H akoAouBia enapwv @IATpApeTal, OIATNPWVTAC HPOVO EKEIVEC MNOU Hnopouv
va odnynoouv Oc npowblnon €vOC OCUYKEKPIYEVOU MNVUPATOC, E£PEENC ENAPEC
npowBnong (forwarding contacts). Eav ¢, €ival o xpovog dnuioupyiag evog
gNvUPATOG OTNV NNYN S Yia Tov NpoopIiouo d, TOTE To NPWTO BAKA ANOKAEIEl:

1. Tig enageg Npiv TNV NPWTN €NAPR €y HETA TO XPOVO t;, MOU EUMAEKEI TOV
KOMBO s.
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2. Tic enagec Tou unodAoinou trace, ol onoieg Oev anoTeAoUv egukaipia vyia
MeTadoon Tou pnvupatoc. Mia enagn ¢j= (g, ny, ;) napouaialel sukaipia,
€QPOOOV €vag anod Toug dUO KOUPOUG, nj Kal n;, €iXE Kal VWPITEPA TNV
€UKalpia va danoKTAOEl TO MAVUHA HECW €VOC N NEPICCOTEPWYV ENAPWV
npowdnong (BA. ZxAua 1).

3. Tig enageg PeTa and TNV NpwTn €nagn npowbdnong ¢z, MOU EUMNAEKEI TOV
kOupo d.

>Tn OnuoOOIsUpEVN epyacia pag [12], nepiypd@eral avaAuTika OTI N OUVOAIKN
noAunAokoTnTa Tou npwTou Pnuatog Tou trace eivar O(Nlog|V|+N+logN+
|V|log|V| )=0(Nlog|V|), n onoia, yia Tunikeg TIMEG NARBouUg KOUBWV, €ival TNG
Ta&ewc TOoU XpOVOU NMou anaiTeital yia va diaBacTouV ol KaTaXwpnoeiC TWV ENapwV.

Angioupyia Tou ypa@gou enagpnv npomwnong.

O N, kaTtaxwpnoelig €na@wv MNOoU darnoheVOUV HETA TO nNpwTo  PBhpa,
ueTaoxnuaTifovTal o€ &vav KaTeuBuvopevo ypdago enapwv npowdnong, oOnou
TOo oUVOAO TwVv KOUBwV (vertices) V., avTioToixei oTIG enapeg npowBnong, dnAadn
oe (euydapia KOPBwv (node pairs) kal 0xl TOuG HEHOVWHEVOUC KOUBOUG Tou OIKTUOU
(Zxnua 2). Kabe vertex €xel oe napevOeon Tov KOPPBo oTov onoio peraBiBadleral 1o
MAVUMa Kata Tnv enagn. H akoAouBia Twv enapwv npowbnong diapaleral
naAl d1adoxIka, evw ol KOPBol mou oupBAAAouv oTnv npowbnon Tou PNvUuaToc,
anoBnkevovTal o pia peiwpevn Aiota, peyedouc O(|V]) (reduced forwarder list).
'Otav avakTdral pia enaen nou nepiAappavel Toug kOPPoug (ny , ny): a) €va veo
vertex npooTiBeTal €av akpIBwe £€vac and Touc KOPBOUC MOU ouvavtwvTal UNAapxel
non ortn Peiwpevn AioTta, B) duo véa vertices npooTiBevTal €dv kal ol dUO KOMBOI
nou ouvavtwvTal sug@avidovral ndn orn MeElwPEvn AioTa, y) Kaveva vertex Oev
npooTiBeTal €av n ena®n nou nepiAapfavel Touc dUO KOUPBoUC €xel oupBei Eava
OoTO NapeABoOv.

EninAéov, NpooBETOUHPE KATEUBUVOUEVEC AKHWEG NMpoC To veo vertex (N vertices)
ano 6Aa Ta undapxovTta vertices, nou €xouv o€ napevOeon €vav and Toug KOUPBOUC
nou ouvavTtnoOnkav. Kat’ autov Tov TpOMo, ol KaTEUBUVOPEVEC AKHEC TOU YpAQpou
deixvouv navra npog TIG Nio NpooParteg enapes. O ypdgpog G, nou dnuioupyeiTal,
gival  kaTteuBuvopevog kal  akukAikog (DAG), Me ouUvoAo vertex-enagwv
V.| = 0(|V|2) KAl OUVOAO aKHWV |EC|=O(|V|3). JUVENWG, O aAyopiBuog
Dijkstra pynopei va napayayel TIC TAXUTEPEC KAl KOVTUTEPEC OIAdPOPEC MNVUHATWYV
npog Tov npoopicgud d, oe xpovo O(|V,. |+|E.| ), apkei ol akyeg Tou ypagou va
AaBouv Ta cwoTa Bapn.
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Contact Imvolved Contact Add.
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Zxnpa 1: AkolouBia enagav C; (t; > t,yai > j). Kabe ypappn deixvel Toug kOPBoUG nou
ouvavTwvTal Kal To Xpovo ouvavtnong. O1 EVTOVEG eyypa@EG dEiXVouV TIC ENAPEC Npowenaonc.

1,
Cylny) 51(“2}i C,4(Nng) CglNy) Cglny)  Cglny) CglNg)
tn'ln ‘t1=. -, - et LY ,-’
q'"‘—-—|_\_|_‘___‘—._._‘.'_‘-;,|_q:'"_":—._ﬁ_._,..---"
Lty te-ls

ZxAMa 2: Contact-vertex ypa@oc enapwv npowdnong. Ta Bapn xpnoigonoioUvTadl yia Tov
unoAoyIopO TNG TaxuTepng 31adpounG NPog ToV NPoopIoud ng. ‘OTav avrikabioravral ye Tn povada,
XPNOoIJonoloUVTadl yid ToV UnoAoyioud Tou povonaTtioU eAdxIoTwyv PeTaBIBacewy.

4. TupgneEPpAoHATA ANO TA ANOTEAECHATA TWV NEIPANATOV

E€eTdoape neipapaTikd Ta oxApata nou Pacifovral oTnV  KEVTPIKOTNTA TWV
KOMBwV yia Tn dpopoAdynon PNVUHATWV O onopTouvioTika dikTua. EoTidoape oTIg
TPEIG OePEAIWOEIG EVAAAAKTIKEG UNOAOYIOHWOU nou neplypagnkav otnv Mapdaypago
2. XpnoigonolwvTtac Tn HeBodoloyia Tnc Mapaypdpou 3, NPOCOUOIWCAPE TN
dpopoAoynon 5.000 pnvupatwv msg(s, d, t), nou dnuioupynbnkav Tuxaia
MEoa oTa uno e€&etaon traces. O TUNIKEG TIMEG YiA TO XPOVIKO napdbupo Kal To
KAaTW@AlI EVOWPATWONG TWV €napwyv oTo ypago enagpwyv, ntav T = 6hrs kal
thr,=1. EmnNAgov, NPOKEINEVOU va €EETACOUME TNV €§ApTNOn and To peyeBoOG Tou
xpovikoU napaBupou T, xpnoidonoinoape dUo akoun TiheG: T = 2hrs (npoeniAoyn
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Tou BubbleRap) kal To aBpoioTiké napabupo (npoeniAoyn Tou SimBetTS), 6nou pia
akun MeTa&u duo KOUBwV NpooTiBeTal oTo ypdAgo, ApKE va undapxel TOUAAxioTov
Mia enagn autwv oTo napeABov. Ta anoTeAeopatd pag unnp&av noikiAAa Kal
ouvowilovTal €dw ME TN Bonbeia oxNUATWV:

Fevika cupnepaocpara.

O1 greedy anogaocsi¢ npowbnong ora oxnuata dpopoAodynong nou BacifovTtal oTn
METPIKN TNG KEVTPIKOTNTAC, AaveEApTNTA ANO TOV TPOMO UMOAOYIOMOU TNG, MNOPEI
va anokAivouv onupavTika anod TIg BeATIOTEG (opt) kal va kataAnyouv o€ 181aiTepa
Kakn anodoon, TOOO and amoywn TNG KaABuoTEpnong napadoonG 000 Kal TwV
anaiToupevwyv HeTafiBacswyv. H anddoon noikiAAel and trace oe trace kai
e€apTarTal apeoa ano 1o Badud avapiEng Twv NPo@iA KIvNTIKOTNTAG TWV XPNOTWV.
MNa napadeiypa, oto neipapa tng Intel (Zxnua 3), To onoio nepIAapBavel eva Pikpo
aplBuo unaAAnAwv piag €Taipiag, TA KOIVWVIOKEVTPIKA oxnuaTta OpopoAdynong
ENITUYXAvouVv JladpoPEC NMOAU KovTa oTIC BEATIOTEG. O1 kOPBoOI KivoUvTdl O &vd
(PUOIKA MEPIOPICHEVO XWPO KAl oUvVAVTWVTAl OUXVA 0 €vac Pe Tov aAdov (Mivakacg
1), kATl nou €nion¢ anegikovileTal oTNV AVTIOTOIXN MUKVOTNTA GKHWV TOU ypaPou
TV enapwv (ZxAua 6). AvTiBera, ol idleC TeXVIKEC anodidouv oapwc XeIpoTEPA
oTo NoAU apaidTtepo Content trace, To onoio nepIAapBavel XpnoTEG NOU KivouvTal
yUpw and pia aoTikn nepioxn, yia diaoTnua oxedov evoc Pnva.

'Ew¢ kal 30% Twv Punvupatwy nou 6a pnopoucav va pTACOUV OTOUG MPOOopPIGHOUC
TouG, Baon Twv BEATIOTWV XWPEO-XPOVIKWV povonaTiwv, nayidevovral PECa Ot
AaBog d1adpopéG kal dev pOAvouv noTeE. AKOUN OMWG Kal 0Tav autd ENITUYXAVETAl,
anaiTouvTtal nepioodTepeg MeTaBiBaoeic (MEXP!I NEVTE (POPEC) Kal kabuaTepnon
MEYaAUTEpPN TNG Miag nuEpac. AuTO c€ival E&kabBapo TOOO OTIC KATAVOMECG
kaBuoTEpnong napadoonc, 000 Kal OTIC KATAVOHEG NANBoug peTaBiBacewy.

e oploheva traces, n anokAion and To PBEATIOTO €ival TOOO HeEyAaAn nou TO
moéavoTikd oxnua npowbnon¢ pnvupatwv, PF,, To onoio ayvoesi onoladnnoTte
NANpPo@opia OXETIKA HE TIGC HETPIKEC TWV XPNOTWYV, Nnapouadialel ouyKkpioiun andédoon
WC NMPOG TNV KaABUOTEPNON, ME TA «MI0 EVNUEPWHEVA» KOIVWVIOKEVTPIKA OXAMATA.
QoTtoco, n idla autr) anodoon €MTUYXAVETAlI JE onNUAvTIKaG AlyoTepeC PETABIBACEIC
EVavTl TWV NIBAVOTIKWV OXNUATWV, UE AMOTEAECHA HIKPOTEPO EVEPYEIAKO KOOTOC
(Zxnua 5a). ZnuelwveTal TEAOC, NwG OTav n nibavoTiki npowbnon Yivel nio
€NIOETIKN, MNOPEI aKOUN KAl va &Enepva OPIOUEVA KOIVWVIOKEVTPIKA OXNUATA, O€
Bapog navrta nepigooTEpwv peTapiBacewv. MNa p=0.5 kar p=0.8, Ta pnvupara
d1avUouUV PEXPI NEVTE POPEC NAKpUTEPEC dladpopeC (Zxnua 5B).
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Zuykpion BC - CBC.

H avTikataoraon TnG PETPIKNG BC anod tn petpikn CBC, n onoia AauBdvel unown
TOV MPoOPIoCHO TOU MNnvUpaTtog, Oev BeATiwvel Tnv kKabuoTépnon oUTE TNV
méavoTnTa napdadoong Twv HPNVUPaTwv (ExAMa 3). Av kal n xpnon Tou CBC
UNovoEei OpopoAOYNON HECW TWV MO KATAAANAWYV WG NPOC TOV NMPoopIoud KOPBwY,
UNApXouVv MNOAUApPIONEG NEPINTWOEIC YPAPWY €NAP®Y, ONOU TEAIKG anodeikvUETal
npoBANMaTikn (n.x. UNdevIkeG TIMEG CBC yia noAAoUcg KOUBoug OTav undpxouv Hn-
ouvdedepeva clusters oTo ypago). QoTdco, Ta neipdpata £3€i&av 0TI N Npowelnaon
hMe Baon 1o BC, 0odnyei og pakpuTtepeg Oladpopec (nepioodTtepa hops), €wg kal
50% o€ oxéon Me OoTav xpnoiponoisital To CBC (Exnua 4), dnAadn, Ta pnvupara
Ta&idevouv NoAU nepiocoTEPO oTo dikTUO. KaTtd ouveneia, n xpnon Tou CBC unopei
va odnynoel o onuavTikn €Eoikovounon evépyelag-pnarapiac.

- Intel Infocom 05 Content
00 . o0 —— 100 —
E]W ﬂﬂt,_;- o — 1 _.-'.-h;a-'_ — W'f .-._.._
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ZxnHa 3: Katavour Tng KabuaoTEpnong napadoonc KNVURATwV yia dpodoAdynon Ye Baon Tnv
KevTpIKOTNTA. Destination-aware (socCBC,,,) kai Destination-unaware (socBC,,,), T=6hrs.
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ZxApa 4: Katavoun nAnBouc YeTABIBAGEWVY UNVUHATWY Yia dpopoAdynon Je Baon Tnv
KeVTPIKOTNTA. Destination-aware (socCBC,,,) kai Destination-unaware (socBC,,,), T=6hrs.
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ZxAHa 5: (a) ApioTepad: Katavoun kabuoTépnong napadoong UNVURATwYV.
(B) Ae&ia: Kartavoun nAfBouc petaBiBacewv. O1 HeTpIkEG BC unoAoyilovTal og ypa@oug Pe Bdapn Kal
Yypagoug Xwpig Bapn. ZuykpivovTal ye Ta duo onpeia avapopdg, opt kai PF, ;. T = 6hrs.

Zuykpion weighted kail unweighted ypagwv.

O unoAoyiopoc TnG HeTpIkKNG BC navw oe ypagouc pe Bapn, dev ouvendayetal o€
KGBe nepinTwon trace PBeATimon TN andédoonG ¢ NPoc TNV KabBuoTEpnon
napadoonc. MNa napadeiypa, odnyei oe 10% nepioocoTEpa napadobevra pnvuuara,
KAaTa TIC NPpWTEC 15 wpeg Tou neipapartoc Infocom’06 (Zxrua 5a), aAAa unoAsineTal
TOU OXNMATOG MOuU ayvoei Tn ouxvoTnTa Twv enapwv, socBC,,, oto Infocom’05

(Zxnua 5a).

Enidpaon Tou XpovikoU napadUupou EVOWHATWONC ENAPWV.

Ta peyaAUTepa napdBupa odnyoUv 0O HEYAAUTEPN NUKVOTNTA AKPWV KAl N
diakupavon TnG HETpIkNG BC Teivel va e€apavioTei, Je anoTEAEOUA TN MEIWON TNG
anodoonc OAWV TwWV TEXVIKWV. ZTNV akKpdaia nepintwon abpoloTikou napadupou
EVOWUATWONCG ENAPWV, 0 anAocC ypapoc Xxwpic Bapn viverai clique kai n dpopoAoynon
nou PBaocileTal oTnv 10€a TNG KEVTPIKOTNTAC AKUPWVETAl. Ta neipapara £dsi€av
(Zxnua 7) OTI ol ypagol pe Bapn npoodiopifouv KAAUTEpA Tn XPOVikn O1aoTaon
KAl OUuVIOTWVTAl Of MEPINTWOEIC NOU Xpnolgonoleitalr abpoloTikd napadupo
EVOWNATWONG ENAPWV.

Socio-BC vs ego-BC.

H xpnoigonoinon TnG eYWKEVTPIKAC METPIKNG BC peiwvel eAaxiota tTnv anodoon,
oTav unoAoyileTal og ypApouc Xwpic Bapn, evw akopa AlyoTepo, 0Tav unoAoyileTal
o ypagoucg ue Bapn (n.x. Zxnua 5). Zuvenwg, npooBeTn nAnpopdpnon, nou
NPOKUNTEl and TNV EVOWHATWON OAWV TwWV €NA@wV ToUu JIKTUOU OTO ypago, dev
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WE@EAEI onNuUavTika TIC ano@dcsic npowbnong (Movo 6% neplocdTepa nNapadobevTta
MNVUNATa 0 OAEG TIG NEPINTWOEIC). AUTO TO CUMNEPACKA €VIOXUETAl NEPAITEPW KAl
anod Tov 1oXUpa BETIKO CUOXETIONO METAEU TNG KOIVWVIOKEVTPIKNG KAl EYWKEVTPIKAG
BC oxedov oe OAa Ta traces, 1600 oc anoAuTtec TieEc (PEARSON), 6oo kai otnv
katataén (Spearman) (BA. Zxnua 8 kai 9).

e Intel ,, . Cambridge 4. Infocom ‘05 . Content
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SXAMa 6: Xpovikn €€€AIEN (anod enagr] o enagn) TG NUKVOTNTAC AKK®V TOU YPAPouU.
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=xApa 7: Cambridge dataset: Kartavoun kabuoTépnong napdadoong HNVUPATwy yia dUo diapopeTiKa
napabupa, T=6hrs (apioTepd) kal aBpolaTIKO XPoVIKO napabupo (de&ia).
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ZxnHa 8: Zuoxerion socBC,,,, - egoBC,,,, yia Ta Intel (apioTepd) kar Content (de&id) traces.
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ZxnHa 9: Zuoxerion socBC,, - egoBC,,, yia Ta Intel (apioTepd) kar Content (d€&1d) traces.
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