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NepiAnyn

O oKomog TG Mmapoucag SUTAWUATIKAG epyaciag ntav n oxediaon, n avaluon Kot
uAomoinon evog BaCIKOU CUOTIUATOC VLA EVIOTILOUO 0DAAUATWY Tou Tnyaiou Kwdika. Me
TO ouoTNUa autd o Xpnotng Ba umopel va evromilel moleg pEBodol xpelalovtal
TPOTOMOoiNonN TPOKELUEVOU va eMAUBOUV aoTOXlEC €VOC TPOYPAUMOTOC AOYLOpKOU. H
ueBodoloyia, mou avamntuxbnke, otnpiletal ot avadopég opaipatwy mou Statibevral
yla Tig edapoyEC AOYLOULKOU TTOU XPNOLUOTIOLOnKaV yLa TNV ETUKEILEVN UEAETN.

Juykekplpéva, Snuoupyndnke €va meplfallov to omoio Séxetal wg elcodo pia
avadopd oHAAUATOC KoL 0T CUVEXELD SnUoupyel pia Alota pe Tig uTtoAoumeg avadopEg
TOU €KOOTOTE UTO UEAETN OUOCTHUATOG WOTE va SWOEL OTOV MPOYPAUUATLOTH Hia ElkOvVa
OXETIKA HE TNV OMOLOTNTO TOU OUYKEKPLUEVOU OGAAMATOG UE TponyoUpeva Nnén
Kataywpnuéva opdaApata. Emerta ot péBodol Tou ouotiuato¢ Ttaflvopouvtal
AapBadavovtag umoPLy TIC CUCKETIOELG METAEU TOUC KOBWCE KOl HETPLKEC OXEOCELC YLOL TOV
kaBoplopo Bapoug oe kABe pia and autég. Kat’ autd Tov Tpomo oxnuatiletol pio Alota
Twv ueBO6dwv mou mpokaAouv to odAApa mou meplypddel n avadopd aoToxiag Tou
Bfoape wg eloodo.

H peBodoloyia autr epoapuooTnke o€ €EL TTPOYPAUUATA AOYLOULKOU Kol UIMOpEl va
amoteA£oel T BAon ywa TNV avamtuén evog mo eEEAlyUEVOU OUCTHUOTOC EVIOTILOUOU
00TOXLWV OToV TtNyaio Kwdlka, YyEYovog Tou Uopel va S1EUKOAUVEL TOUG TIPOYPAUMOTIOTEC
kaBwg €tol 6€ Ba ypelaletal va EodEPeL Lolaitepo xpovo avalnTwvtag TLG EAAATTWLATIKES
pneB6doug oe OAn tnv éktacn tou kKwdika, aAAd Ba toug bivetal ot Sduvatotnta va
napepuBaivouv otig ueBodoug mou npémnel va tpomomnotnbouv.

Né€erg KAewdud: Zuotnpua Evtomiopou Actoxlwy, Avadopég Aotoxlwy, Aotoxia mnyaiou Kwdika,
Né€elg mnyailou kwdika, Texvikég Avaktnong mAnpodopiag.






Abstract

The scope of this thesis was the design and the development of a methodology
in order to recognize and localize bugs in source code. The bug localization system
gives user the availability to detect which source code methods need to be modified
in order to solve a bug in a software. This methodology is based on bug reports
which are stored in bug repositories such as Bugzilla.

Specifically, the environment, which has been developed, takes as input a bug
report and then creates a list with the most relevant bug reports of the Bugzilla
repository for the specific software. As a result developers have a cluster of the most
similar to the input bug reports. After that, the bug localization system processes the
data and classifies the methods by taking into account the relations between them
and the metrics for weight calculation in each of them. Finally, the output of the
system is a list of methods that have a high probability to cause a bug in the
software.

This methodology has been applied on six software programs and can be used
as a foundation for the development of a more advanced bug localization system.
The usefulness of the system created is that it can help developers not to spend
considerable time searching the entire source code for bugs. Instead it gives them
the opportunity to directly detect the methods which should be modified so as to
solve the bug.

Keywords: Bug Localization System, Bugzilla, Bug Reports, Source code bugs, Source Code
Entities, Recover Information Techniques, Latent Semantic Indexing
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Ewoayowyn

1.1 Aé&oloynon ko Evromiouos Aetoyiomv Aoyicuikov

Ye pio kowvavia OTov 1 TANpoeopic amotelel £va amd To KLPLOTEP — AV Ol TO
T KUPLO- YOPOKTINPIGTIKA OVTNG, GE Lo KOW®OVIK OOV 1 OWTOUOTOTOINGT Kot 1M
amAomoinon sivar andTepog oKomds, o€ pia Kowvwvia 6mov 1 dueon eneepyosio TG
TAnpoeopiag Kabictator ovaykaio, 1 €0pecn KATolog dtadtkaciog mov Oa Exel avtdv
TOV GKOTO OmOTEAEL KUPLO HEANLA TOV OVOPOTOV.

Ytov Topéd NG TMANPOYOPIKNG, TN WPoomdbel Yy ovTOROTOmTOinom
TPOYLOTOTOLELTOL e TO GLOTHUATA AoYIoUKoV (Software systems). Tov 6po cdornua.
Aoyiouikod TovV YPNGLOTOIOVUE Y10 VO TEPLYPAYOVLE EVOL GUVOAO SLAOIKOGLOV TOV
EYouv oYeSOTEL Yo VO AEITOLPYOVV Kol Vo EAEYYOVV TO LVAIKO TOV VLITOAOYIGTY|
(computer hardware) pe okomd vo TapEYOLV [io TAUTEOPLLO YI0L TV EKTELEST] GAN®V

EQUPLOYDV.

21 onpepvn €moyn Aouov TAN00G TPOYPOUUATIGTOV EPpYALOVTOL GTOV TOUEN
™G avamtuéng T€T01mV GLGTNUATOY, LE amoTEAEGHA Ol Prounyavieg Aoyiopkol va
avtoyovifovtal petalh toug ®g Tpog TV motdtnTa Kot TNV a&lomiotio Tov Tpoidviov
tov¢. Q¢ actomiotio. evOg cLGTAUATOS, opilovue TV TOavotnta P(t) To cvoThua va,
unv  epgavicer kamow oactoyion (bug) oto ddotnuo  cvykekpyévov  xpOVoOL
Aertovpyiag tov t, dedouévov OtL extereitan oe Eva cvykekplévo mepiBdiiov. Kotd
OLVETEWN, M OovOayKn onpovpyiog &€vog afldmGTOL GUOGTAUOTOS TOL GTEPEITAL
aoTOYU®V 0A0EVa Kol av&dvetal, apov £va TETO0 cVOTNUO OlVEL GTOV YPNOTN TN
duvatodTNTO VO TPAYLOTOTOMGEL TNV gpyacia tov diywg va mpénel vo €pbet
AVTILETOTOG LE aVETIOOUNTEG SVOYEPELEC.
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Yuvenmg, tOc0 M alioAdynon 660 Kol 1 CLVTAPNOT EVOS TPOYPAUUOTOS
AOYIGLIKOD OTOTEAOVV  Ol00IKACIEG Ol OToleg OLVEIGPEPOVY oTn PeAtioon g
TOLOTNTOG TOV GLGTNUATOG, OAAG Kot otV €EEMEN Tov. Kdbe Aoyiopikd avapéveton
va ovtamokpldel oe ovykekpiuéveg avaykes. Etor dtav ovtd €yel avoamtuybet,
aropaitntn tpotimdOeon eivar va gheyyBel av TANPoHVTAL Ol TPOSAYPUPES TOV £XEL
0écel 0 ypoc. Avtd mpaypotomoleitol HEG® NG 0EOAOYNONG TOL, ONANON TNG
Jld1Kaciog EMKOPMOONG Kot ETAANOEVONG TOV AEITOVPYIDV TOL AOYIGHUIKOD OV KOPLO
0TOYO0 EYEL TOV EVIOMIGUO COUAUATMOV TPV TO YPTCLOTOGEL O YPNOTNG.

g apKETA omd TO, CLOTHIATA AOYIGUIKOD gival TOAVO Vo EVIOTIGTOOV 0GTOYIEG
010 O0TAd010 TG afoAoynons. Q¢ aoctoyia pmopel vo Bewpnbei omoradnmote
JPOPOTOINGT TNG TAPOUTNPOVUEVNG GUUTEPLPOPAS TOV GLOTAUOTOC CE OYEOM WE
aVTN oL £XEL TPOSLOYPUPEL Ko givat duvatd vo opeileTon og Kamowo eddrrwua (fault)
N opdluo (error). To eldTtOUO AVOQEPETOL KLPIOS GTOV TNYOHO KHOIKO TOV
TPOYpappaToc Kou umopel vo eivon emkevipopévo oe éva onueio 1 va givan
dloTapTo 608 WOALL UéPN TOL KMOWe e&outiag TG oAANAETiOpacnS mov E£xEL O
KOOKOG avTog pe dAlovg mapdyovies. Opiopéves Qopéc, kamolo ehdttopo givor
duvatd vo odnyNnoel otn JPOPOTOINCT TG E0MTEPIKNG Katdotaons (State) tov
GLGTNATOG — KOOMG VT Agttovpyel — amd TV TPOSYEYPOLUUEVT KATAGTOOT) GTNV
omoia Oa émpene va PpickeTol To GVGTNUO KOTA TV Agttovpyio TOL (CRAAULQ).

O evtomouos aotoyiwv otov mnyaio kddwko (bug localization) sivar pia
dwdkacio mTov cuuPaiAiel Kol ekeiv) pe T GEPd TG otV ovATTLEN Ko TN
ocuvvtnpnon Aoyopkod. Me ) dadwocio avty|, Tpocsdiopilovror onpeio Tov KO,
OV TPOKAAOVV GOAALOTO GTO TPOYPULLLOL, TO OTTOT0 O TPOYPOUUOTIOTNG Oo TpEMEL VO
dopbacel dote va eEarelyet T1g actoyiec. AMWOGTE TO EUTOOI0 TOV AGTOYIOV ivat
éva petlov Bépo mov KoAeitor voo OVTIHETOTIGEL O TPOYPOUUOTIOTNG GE OAN TNV
nopeia TG epyaciog Tov, Kab®g Ba mpénet va eivor o Béon va evtomilel dpeca Ko
£YKopo, TOV «EAUTTOUATIKO» KOO, va mapeppaivel e&icov dueca og avtdv Kot va
T0V dtopOdvet.

Olo to. Tapoamdve, KOVOLV EMITAKTIKY] TNV avAaykn Onpovpyiag evog GAlov,
VEOL AOYIoUIKOV, TO omoio Oa pmopel va mpocsdlopiletl pe avtdpoto tpdmo T onpeio
TOL TNyaiov k®dka (Source code) mov tpokarovy actoyies. Eva tétolo cvuotnua Oa
TPOCPEPEL GTOV TPOYPOUUOTIOTH TN dvuvatdTTa Vo ETEUPEL akpPdS 6TO onueio Tov
KOO oL yperaletal, ywpic va Eodéyet Wwitepo ypoévo avalntavtag oe OAN Vv
£KTOOMN TOL KAOJIKA TIG EVIOAES TOV 00N YNOAV GE AGTOY L.

O Y®pog TOL TPOYPUUUATIGUOD KOL TNG OVTOMOTOTOINONG €pxeTon Kot Oa
EPYETOL TAVTO AVTILETMOMTOG LE TO B TOV YPOHVOL KOl TOV OTOOOTIKMOV GE QVTO TOV
Topén ovotnudtev. [V avtd GAA®GCTE TPOYLOTOTOEITOL CUGTNUOTIKA EKTETOUEVN
épeuva Yo TV ovATTLEN OAYOPIOU®OV GYETIKMOV HE TOV EVIOMICUO GOUAUATOV TOL
TYoiov KOOKe Tov otdyo Bo xEL TNV SIELKOAVVGT TOV TPOYPUUUATIOTY], OAAG Kot
™V GUiKpLVOT TOV XPOVIKOL BeAnvekoDS a&loAdyNoNG Kot EAEYYOV EVOC GUCTNUOTOG.
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1.2 Avtikeiuevo O1mimuaTIiKygg

YKOTOG TNG TOPOLGOS SMAMUOTIKNG epyaciog eival 0 oyedoouos, n avdivon
Kol 1 LAOTOINO™ €VOG GLOTHHOTOG oL Bo pmopel va evtomilel To EAATTOUATO TOV
Tyoiov KO ota onoio opeilovtal aotoyieg EvOg TPoypappatog Aoyisukod. O
TPAYLOTEDETOL AVTO OV LE TNV oyyAkn oporoyia ovoudlovue bug localization.

H Aettovpyla t00 cvotiuatog, to omoio Ba mapovclooTel AETTOUEPDG OF
emdueva  Kepaiowo, otnpiletor ot avoaeopés ogoiudtov (bug reports). Ta
nePLocOTEPO. amd TA MO VAOTOMUEVO, KOU EVPEMG OLUOEOOUEVO, TPOYPELLLLOTOL
dwbétovv pion mAateopue. oty omoia amioi yprotec (end-users) 1 kor GAAOL
npoypappatioté (developers) éxovv t duVaTOTNTO VO KATOXM®PHGOLY KOOMG Kot va
OYOMAGOLY  GOOALOTO TOL  TOPATNPOVV OTO  GUYKEKPWEVO  Aoyopko. O
TPOYPOUUOTIOTNG, oTOV omoio avatibeton kdbe @opd &va bug report, avolver to
CQUALO TTOV TPOEKLYE Kl YAYVOVTOG GTOV KMIKO TOV TPOYPAULATOS, Ppiokel Kot
dopBmvel Ta EAATTONATIKE apyeia | TUAUATO KOOKA.

AVTéG o1 avapopég GEOANATOV OV GLYKEVIPOVOLUE Kot enefepyaldpocte
elvar ypappéveg oe puokn yAwoscsa. Emopévac pio and tig duokorieg g epyosciog
avtg eivan M ene€epyacio g evoikng yAwooag (Natural Language Processing —
NLP) mov otnv mpokeyévn mepintmon givar tar AyyAikd.

Mo to oxomd avtd Egovv dnovpyndel ToAAd epyadeio mov oTdHYO EYOVV TNV
eneepyacio g eLOIKNG YAwosag onwg givar o OpenNLP 1 to Stanford NLP. Ta
gpyoreia avtd, mapéyovv peddoovg ol omoieg vmootnpilovy TIC Mo GLVNOIGUEVES
dwdikacieg emefepyaciog YAMGoAS, OTMG &ivar 0 YOPOoUOG KeEWWEVOL o AEEELS
(tokenization), ce mpotdoelc (sentence segmentation),  avayvdpion ToV HEPOVE TOL
Aoyov mov avikel ke 6pog mov cuvavtdtal oto keipevo (part of speech tagging)
KaBmG Kot 1 ONovpyio TOL GLVTAKTIKOD OEVTIPOL TOV KEWEVOV.

Xpnoonowmvtag ta, To TPOPANUA TG EneEepyaciog TG PLGIKNG YADGGOG, Oa
umopovce va Eemepaotel o€ peydro Pabuo, aArd oyt va eEaleipfel, o160t dnwg sivan
OVOUEVOUEVO 1 QUOIKY] YAMGGO TePLEyel Oyt UOVO KUPLOAEKTIKES, OAAG Ko
LETOQOPIKEG EVVOLEC M| GAAEG 1O1OUOPPIEG TTOV UTOPEL VO «UTEPSELOVYY £VOL TETOLO
gpyoreio. ITap’ Ao avtd Opwc, TéTola gpyaAeio divovv GTOV TPOYPUUULOTIOTH TN
duvaTdTNTO VO KOTAVONGEL G PeYAA0 Pabud to vOnuo evog KEWEVOL, OALL KOl VO
KPOTIGEL EVVOLEG TTOL UTOPEL VO TOL PAVOVV TEPLGGOTEPO YPNOLUES Y10 TNV TEPETALP®
aviAVoN Kot EpYAcio TOv.

210 mopdV TOVNHO OUWOG OV XPNCIHOTOMONKE KATO0 ond avTd To epyaAeio.
[Mapapévovrog oe éva apykd oTdol0 avdAvong, ot avapopES GEUALATOV Kol To.
oxOAMa avTOV vréotnoay emetepyacio amd v omoia TEMKE KpaTHoUUE HUOVO TIC
AéEelg mov  avoaeépovior otov mnyoio kmowko (source code entities). ‘Etot
ypnoonomdnkay yo v gpyacio ovtn bug reports ta omoia éxavav avoapopd ce
GLYKEKPILEVO OVTIKEILEVO TOV TTNYOHOL KMOTKO TOV GUOCTHOTOS TOV LEAETI|COLLE.

To mepPdrrov, mTov dnuovpYNONKE, 6TO OTAOIO EMEEEPYUGIOG TV AVAPOPDV
oQAANOTOC, dEXETUL OC 10000 Uio VOPOPA GOAALOTOG KOl GTT] GLUVEXELD, OMLLLOVPYEL
pio ta&vopnpévn Aloto pe TIG VTOAOITES AVOPOPES TOL VIO LEAETT) GLUOTILOTOS DOTE
Vo OGEL OTOV TPOYPOUUOTIOT!] Mo €KOVOL OYETIKO HE TNV OUOOTNTO TOV
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CLYKEKPIUEVOL GOGALOTOC LLE TPOTYOVEVA NNON KATOY®PNLUEVO COAApaTO. OEToVTag
éva 0pto otov Padud opoldtnrag, N AMota ovth propei vo tepiéyet ta bug reports mov
enpaviCovtol To oYETIKA e EKEIVO TNG E1GOS0V.

To kotoeA (threshold) Aowdv oto Babud opotdtnTag eivon évo dAlo Bépa o
omoio mpénet va emivdel. ITowo 6pro Bewpeitar tkavomomtikd; Pucikd ovtd eivor pia
petaPAnt mov eaptdror amd kabe cvoTnue Kot o pmopet va givon pio Tiun mov Ha
woyvel o€ OAa. Tt cvpPaivel OpmG oTNV TEPITTOON TOV dEV LVILAPYEL KOVEVA GYETIKO
oc@aApa Yoo To 6pro mov £xet tebel; 'H axkoun kot av o aplBuoc tov avapopmv oty
tawvounpuévn Alota etvar apketd pkpdc; o vo amoedyovpe tétolov &idovg
TEPMTOOELS Bewpnoope t0 Kat®PAM Tov Pobpov opotdtntog HETaPANTO Yoo KAOe
oLGTNWO, TO OTOl0 UmOpel Vo OPIOTEL OO TOV TPOYPOLUUATIOT] OVOAOY®G UE TO
amotélecuo mov BEAEL va hpeL N oKOUN Kot Yol Vo PBEATIOGEL KOTOL0 OTOTEAEGLLOL
7oV oM €xet (AEAVOVTAG 1) LEUDVOVTOG TO KATMOAL).

ZUYKEVTIPOVOVTOG OAEG TIG AEEEIC TOL KMOWKO, OV VIAPYOLV OTIS GYETIKES
avVaQOPES COUAUAT®OV KOl YPNOILOTOIDOVTAG TIG OXECELS MOV TS GLVOEOLV GTOV
KOO, mpocdidovpe oe ke pio Eva Papog, To omoio mpocdiopilel MGG cLVAPES
etvat to onueio awtd Tov KMOOK Yo TV enilvon tov opdipatoc. [loteg oyéoelg OUMC
gtvar ot wWovikotepeg ywoo owtd To okomd; Ot oyéoelc HeTaED OVTIKEUEV®V
(ovvaptioemv, uebddwv, petafintov kAm.) mov opiloviol amd TOV KMOKO TOL
Tpoypappatog, evromilovror pe t Pondela evoc gpyaieiov emeepyaciag mnyaiov
KOOWKA, 1M Aertovpyics TOL OmOIOL OAVOADETAL EKTEVDS GE EMOUEVO KEPAAQLO.
Optopéveg amd avtég elvar WOUTEPW®S XPNOLES Yol TV avAALGN poG Kot GALEG dev
mPoodidovv kdmowo emmAéov mAnpogopiac. O doy®popds Tovg OmOTEAESE £va
onpavtikd Béua emedn n xpnon mheovdlovsog TAnpoopiag ivor KTt mov mOavov
va mpocBétel «0O6pufo» ota dedopéva pog kot va moapeppaivel v axpifeia tov
OTOTEAEGLOTOC.

Kot mog 8o vroloyicovpe to kotdAAnAio Papog yw kébe avrtikeipevo tov
myaiov kddwa; Xe kbbe AEEN TOL KMOOWO OV eUPAVICETOL GTO GUVOAO HOG KOt
TPOEPYETOL TOGO 0o To, bug reports 6o kat and TG oYECELS Le AAAN OVTIKEILEVO TOV
KOO mpocdidetar £va fApog, To omoio oyetiletan e 10 KATA TOGOV 0 OPOg AVTAC
elval oyeTikdg pe v avaeopd cedipatog mov Bdrape o¢ £l6000 6T0 GVGTNUE HOGC.
H opotdtta vroroyiletor avapeco e KEmolo GHVOAL OV dNULIOVPYOLVTAL, VA Yo
™V avaeopd TG 10000V, Kot £va Yo KABE OpO TOL GLVAVTALE KOl Yol Vo BpodEe To
Babuod g ypnoporombnke n pueTpikn opotdtnTag Jaccard.

Ta mopomdve eivor xor T KLplOTEPA Omd TO.  TPOPANUOTO  TTOV
OVTILETOTIGTNKAY KOTE TNV EKTOVNON TG £pYaciog avtne. Mepikés d10popomomacelg
oTOV TPOmO €miAvong Tovg (OT®MG Yoo TOPASEYHOL 1 XPNON TOV  EPYOAEiV
eneepyaciog ™G ELOIKNG YAMGGOS) Bo UTOPOLGAV VO OTOTEAEGOVV OVTIKEILEVO
HEALOVTIKTG EPYOGIOG KO EPEVVOLC.
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1.3 Opyoavwon keiuévov

H vroloun epyacio opyavavetot ota €61 KEQAANLO TOL 0KOAOVOOVV.

210 0e0TEPO KEPAANLO TOPOVCIALOVTOL TPONYOVUEVEC EPEVVEC KOL EPYOUCIES
OYETIKEG JLE TO OVTIKEILEVO TNG TOAPOVCAG EPYOACINS.

To Kepdrawo 3 mepthapPaver texvikéc, pebodoroyiec kol poviéla ota omoia
Baciotnke M oyedioon tov mEPPAALOVIOS AVAALONG TOV OVOPOPDV OCTOYLOV TO
omoio TaPoVGIALETOL GTNV EPYACIN OVTY.

210 Kepdiao 4 avontocoetan kot emeényeitot 11 £vvola «ovapopd aoTo ldV»
Kabmg kot 1 mhotedppa and v omoia cvAAEEaue Tig avagopés avtég (Bugzilla).
Emniéov mapovcialetor Kot avardeTon To LOVTELO PioG TETOOG OVOPOPES OGTOYLDV.

XvveyiCovtag, 6to emodpevo Kepaiao (Kepdiaio 5) meptypaeeton ovorlvuTikd Kot
pe Aemtopépetla to mepPaiiov mov dnovpynnke. Avapépovtor OAa To GTAON TOL
kot e€nyelton 1 dadkacio mov akoiovbeitor amd v €ic0dd TOV, PEXPL KOL TNV
TOPOVGIOOT] TV OTOTEAEGUATOV.

210 Kepdhoawo 6 mapovcialovioar To  mEpapatikd amoteAéopata. To
nePIPAALov, To omoio dMpoVPYNONKE, YPNCOTOONKE Yo TOV EVTOTICUO HEBOI®V
mov givar mOavo va yperdlovion tpomomoinom mpokeéEvoy va emAvdel Kamola
actoylo yw €& €QopUOYEC AOYIGUIKOV. XTO KEPOANWO OVTO OVOADOVIOL TO
OTOTEAECLLOTO TTOV TTPOLE Kot 0ELOAOYEITOL TO GVGTNLO TO 07010 dNUovpynOnKe.

Téhog, oto Kepdhawo 7, Ba avapepBodue oe cvumepdopato ota omoio

KatoAnEape KoTd TN SipKew TG Epyaciag avtng kabmg kol og {ntmuota to omoia
ATOTEAEGOVV AVTIKEIPEVO TEPAUTEP® HLEPEVYNONG.
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2YETIKES EPyaoieg

210 Ke@AAato ovtd Ba avapepBovpe oTic Bepatikéc evotnTeg OTIS OmOoieg LIAPYOLV
EPYOOIEG OYETIKEG UE TO OVTIKEILEVO TNG TAPOVGOS SUTAMUATIKNG EPYACiag. ApKETOl
EPELVNTEG €YOLV APLEPDGEL MPES €PYACIOAC OTOV TOUEN EVIOMIGHOD Ol HOVO
ACTOYLOV, OALL KOl YEVIKOTEPA EVVOLDV GTOV Tnyoio kmdwa. Ot mopdypagotl mov
aKOAOVOOVV TEPLYPAPOVY TOV TPOTO EPYOACING TOVG YPTCLUOTOUDVTOS OLUPOPES
TEYVIKEC.

2.1 Concept Location ue Latent Semantic Indexing

H odwdwocio g €&EMENG oAld kol cvvtpnong &vOg TPOYPAUUOTOS
Aoyiopikov, amontel emavalopPoavopeves aAlayég 6TovV KMOOWKE TOv, Ol omoieg &ite
elvarl amotéleopo Tpodypap®v mov £xel BEcel 0 ypNote, eite TpaypaTomolovvIo
vy v Bertioon kot tn dOpOmo™ TVXOV AGTOYIDOV TOVL TAPAUTNPOVVTIOL GTO GUGTNLLO.
O mpoypappatiot)g wov Oa kKAnbel va Tpomomom|cel Tov KMOKA OUMS, Kol 0TI dVO
TEPIMTOGELS, Oo mpémer va gviomicel to onueio ekeivo 610 omolo avoeEpeTar 1
Tpodypapn M M avaeopd GEAALNTOS OOTE Vo KAVEL TG amapaitnteg aihayés. O
xPOVOG mov ypetdleTon pio téToln dladtkacior e£0pTATOL Omd OPKETEG TOPAUETPOVG,
OT®G eivat 1 yvadon Kot 1) KATavon o Tov EXEL TPOYPOUUOTIOTNS Y10 TO GUYKEKPIUEVO
AOYIoUIKO KOOMOG Kot 1) TOAVTAOKOTITO TOV GUGTHLOTOG.

"Eto1 kataAnyovpe 6Tov 0po «eVTOmIoUOG EVvolac» 1 OTmG AEYETOL 0T AYyAtkd

concept location pe tov omoio TEPLYPAPOVLLE TOV EVIOMIGUO GNUEI®Y TOV KOIIKO GTO
omoia avagépetal pio Evvola 1 pio Tepypoon.
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[Tap’ 6A0 OV €K TPAOTNG OYEWMG it LEAETT GOV KO QLTI OEV QOIVETAL GYETIKN
HE TOV EVIOMIGUO OOTOYLOV, TOV ONOI0 TPOYUATEVETOL TO TOPOV TOVNUO, OTNV
npaypotikodtta otnpileton oty id1a Aoykn. To tpdPAnua tov bug localization givot
0 EVIOMIGUOG TUNUATOV KOOIKO TO 0T0i0 TPOKAAOVLY COAAUATO GTO AOYIGHKO. o
vo Tpoypatoronfel KATL TETOO PE OVTOUNTOTOMUEVO TPOTO, OTNPLOUOCTE OTIG
aVOPOPES AOTOYIMV, Ol OTOIEG TTEPLYPAPOLY GTI QUOIKN YAMGGH TN SLOAEITOVPYIN
nov mopovotdotnke. [lapopoto dradikacio TPUYHOTOTOEITOL Kot Ylo. TO TPOPAN LA
Tov concept location.

Ot A. Marcus, A. Sergeyev, V. Rajlich xou J. Maletic npaypatonoincav pia
épevva 6Tov Touén TOL concept location ypnoluoToOIOVTAC Hio TEXVIKY OVAKTNONG
nAnpogopiag, to Latent Semantic Indexing (LSI). Ou idwor emotiuoveg oe
TPoNyoOUEVN OOVLAELG TOVG, mpoomddnoav pe ™ Ponbeia tov LSI va evromicovv
ovvdéoelg petalld keyévov tekunpinong kodko (documentation) kot apyeiov tov
myaiov kodwo. H onuovikn dwupopd o avt v €pgvva givar 6t 10 LS| Oa
ypnooromBel yioo MV avTioTOlYIoN EPOTNUAT®V TOL YPNOTN HE OTOLEID TOV
KOO, ONAadn 0 ypnotng Ba katéyel Tov Kupiapyxo pOAO GtV HEAETT, apov Ba etvar
ekelvog mov Ba dnuiovpyel o epotiuato kot 0o a&loloyel Ta ATOTEAEGUATA TOVC.
Téhog, Ta amoteAéopata avtd Bo cvykpBobv kKot pe otatikés peboddovs dmwg M
napadoctokn pEBodog avalnmnong grep kabog kot m avalftnon otov ypaeo
eaptmoewv Tov kddtko (dependency graph).

Onwg etvat puoikd, o1 EVVOLEg VITAPYOLY KKPLUUEVEG» GTOV YO0 KOIKA EVOG
TPOYPAULOTOS UECH TOV OVOUATOV ToV ovayvoplotikov (identifiers) kot tov
oxoAlov Tov Kddwka (comments). Ta otoyeio avtd Oa ypnowomomBodv otV
avédivon pe 1o LSI, apod mponyovpévmg o koo vrootel o mpo-eneEepyacia.
Emopévac, tpia eivarl Ta Pacikd frpato mov Tpoylotonomdnkay o€ auty TV £pguva:

1) Elaywyn ovayvwpiotikdv Kol 6YoAmy amo ToV Tyoio KOOKa:
H dwdwkacio avt) amoutel ToAD TPOGEKTIKY OVOALGT TOV KOOWKO, OAAL
e€artiog TOV OHOOTNTOV 7OV gUEOVIOLY TOAAEG omd TS YADOOEG
TPOYPOUUATIGHOD, Ol  €PELVNTEC  £pTEoy  éva TPOYPOUUO  TTOV
avtopoTonolel T dtadikacio avt Kot eivatl eQoprocto oe Tryaio Kdduo
7oV givan ypappévog og yhwooeg 6nmg C, C++ kon Java.

2) Aoywpiouog tmv avoyvwpioTIKOV o€ Opovg UE VOUO.:

To PRuo avTd GLUVEIGEEPEL GTNV EVIGYLOT TOV EVVOLBY TIOL Ba vVILdpyovV
GT1 GLALOYN EYYPAP®V Kol TOVTOYPOVA PEATIOVEL T TEMKEO OTOTEAECUOTOL.
[MopampnOnke Ot1 o1 cvvnbéotepol kavoves Yoo TNV ovouacio &vog
aVOYVOPIOTIKOV, OTOV OTO OVOHO TEPLEXOVTOL TEPLGGOTEPEG Omd ia
onpacloloyikég AéEetg, etvar dvo: draywpilovag Tic AEEELS He KAT® Tovdo
(underscore “ ) 6nmg yia mapdderypo. concept_location 1 xpnoiporoidvog
kepoiaio ypappoato (ty Conceptlocation 1 CONCEPTLocation). Me Bdaon
TOL TTOPATAVE TO OVOYVOPLOTIKE YOPioTnKay oTIg AEEEIS TOV TO ATOTEAOVV
Kot TOG0 aVTEG OGO KOl TO OPYKO GVOLO TOV OVOyVMPLGTIKOD TPOCTEO KOV
07O COUO TOV Op®V TOVG omoiovg Ba eneéepyaotel To LS| otn cuvéyeta.

3) Anuovpyia oviloyng eyypdpwv

210 oTAd0 aVTO, TOL Elval Kol TO TEAELTAIO GTAS10 TNG Tpo-eneEepyaciog
TOL TNyoiov KMAIKe, dnpovpyovvtal ta £yypago (documents) mov eivat
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amopoitnta yio v epappoyn tov LSI. Kabe cuvapnon emiléyetan va givan
Eexwp1otd Eyypopo OTmG MIONG KO TO UTAOK LE TIC ONADGELS LETAPANTOV
€€ amd aVTNv.

210 onueio avTOd AoUTOV OAOKANPO TO GVGTNIO AOYIGHIKOD, TO 0010 aVaADETAL,
&xel amoovvtebel oe éva 6OVoro amd Eyypaga. Tumikd Aowov kdbe Eyypapo eivar pia
ovvaptnon 1 pia kKAdon tov cvotuatoc. ‘Etotl, o anyaiog kmduag (source code)
HETOTPEMETAL GTO GMA (COrpus) ato omoio Ba epapuootei To LS| kot B wpokvwyet to
LSI space. X¢& avtd tov ydpo, KEOe £Yypapo avIUTPOo®RTEVETOL Ao EVO SIAVUGLL TTOV
Ba ypnowomnomBel yio Tov vworoyiopd tov Babpov opotdTnTag peta&d Toug. Ola Ta
TOPOTAVE® PAIVOVTOL TNV EIKOVO TTOL 0KOAOLOEL:

Source User Query
code queries results

Preprocessing

Y
Corpus

SVD

Y

LSI space

Ewova 2.1: H Stabikaoia tou concept location ypnotuomnowwvrag to LS/

4)  Anuovpyia epwtnuitmy avaliitnong

Méypt otiypng dev Exovpe avapepbel kKabBorlov ota epoTATA AvalNTNoNG
(User queries). Avtd pmopodv va wpaypatonombovv pe 600 tpoémovg. O
évag stvan va Bécel o ypnog amevbeiog 10 epdTNUA 6TO GVOTNUO KoL O
dALog gtvar va onpiovpynBodv avTOLATOTOIEVA EPOTHLATE AvalNTNONG.
Ta epomuota HETOTPEMOVTOL KOl OLTO OTO OVIUWTPOCMOTEVTIKA TOVG
davOGHOTA, TO OTTOi0. GLYKPIVOVTOL UE TO £YYPOQa TOV GMUATOS (COrpus)
Kol €101l gvtomilovtor avtd mov oyetiCovron pe to epdTUa. To cvotnua
eMGTPEPEL £va GUVOLO amd OAd To £YYPOEQ TNG GLAAOYNG, Tagvounuéva
pe Pdaon 1o Pabud opotdTTdg TOVS HE TO Epd TN, ‘ETGL 0 Ypnotng pmopet
Vo SIMGTAOGEL TOw Amrd oV Té Toptdlovy oV £vvola Tov 0mododnke 6to
epOTNUA ovalrTnonG.

To mpodypappe Aoyispkod oto omoio gpapudotnke 1 pekétn eivar o NCSA
Mosaic browser kot To. GUUTEPAGLATO, TTOV TPOEKLY OV givarl Ta €ENG:

e H pébodog LSI mapovcialer moAld mpotepruoto 6Ty €V AdY®
HEAETT). ZUYKpLTIKA Le To grep givot to 1010 amhin Kot EVEMKTY, EVO
TO, ATOTEAEGLLOTA TNG EIVOL APKETA KAADTEPQ.

e EmmAiéov, pe to LS| gvromiomnkav Kot TUNUHOTO TOL KOOKO, TO
omoio dgv MTAV OLVOTO VAL TAL EVIOMIGOLV LE TNV TPOGEYYICT TOV
Ypapov e&aptnoemy.

e To onuaviikdtepo mpotépnua tov LS| givon 6t givar aveEdptnro
Ao TV YAOOOO TPOYPUULOTIGUOV Kot 1) eneéepyacio Tov mnyaiov
KOO Ty TOAD 7o oAl oladikacio. omd Tt onpovpyio. £vOg
ypdpov e€aptnoemv.
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o Téhog, &yve gppavég 6t 1o LSI propovoe va avayvopicer AEEgig
KOL 0VOYVOPLIOTIKG 0td TOV TNyoio KMOKa mov oyeTilovTotl e Toug
OPOLG KOt TIG PPACELC TOL TEOMKAV OO TOV YPNOTN MG EPMTNHLOTOL
avalnnonc.

[Mapopota  perétn  €xet  mpaypotomombei amd 7tovg D. Poshyvanyk,
Y.Gueheneuc, A. Marcus, G. Antoniol xou V. Rajlich yw 7tov eviomouo
YOPOKTNPIOTIKAOV TOV  KMOOKO  YPNOUOTOI®VTNS TaStvounon pHe  mlavotikd
VTOAOYIGHOV TOL GKOP Kol LeBAS0VE avAKTNONG TANPOPOPLaC.
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2.2 Evromicuoc elartwudtwv ue Latent Diriclet Allocation

Xmv evoémro ovt) Bo  meplypdyovpe  pion OTOTIKN  TEYVIKY Yo TNV
OVTOUOTOTTOINGT TOV EVIOMIGUOD gAatTOUdT®OV Tyoiov kddwa (bug localization) n
onoio Pacileton og éva GALO poviélo avaktnong minpogopidv, to Latent Dirichlet
Allocation (LDA).

H épevva adtn mpaypotoromnke omd tovg S.K. Lukins, N.A. Kraft kot L.H.
Etzkorn ko otnpileton otnv 180 6tL akOUn Kot 0 1610¢ 0 KMOOIKAG EVOG TPOYPAUUATOS
nepLopPavel onpUacloAOYIKES £vvoleg ol omoieg PpioKovial «KpLUUEVEG) TOCO GTA
oYOM0, OGO Kol GTOL OVOLOTO TOV PHETOPANTAOV 1] GAADV OVOYVOPLIGTIKOV TOV.

To ovomuo mov dnuovpyndnke kor €xel g otodxo to bug localization
amoteleitatl amd 6v0 kOpo povtéda: o povtého LDA kot to poviélo tov Queries.
Avo otadwa givon amapaitnra yo v Kataokevt] Tov LDA povtélov tov cuetipotog
Aoyiopikov mov e&etdleTol:

1) Koraokevn uiog ovlloyng eyypdpwv omd Tov Tyoio KOSK:

o v omwovpyio ™G GLAAOYNG €YYPAQOV glvar onuovTikd va
dwymplotel 1 ONUOGIOAOYIKY TANpoopia, OT®MG Ta OYOMA KoL TO
AVOYVOPLOTIKA TOV K®OKe 6Tov emifountd Pabud (uébodog, kKAdon KAT.).
21 ovykekpluévn peAétn, Kabe Eyypago g cvAroyng amaptileTon amod
T dedopéva mov eEdyovtar and kdbe nEBodo Tov TNYaiov KMIKA, 0pov
TpOTO. £Y0VV VITOoTEL Kamowa eneéepyacio (Stemming, remove stop words).
Ta avayvoplotikd mov mepEyovv meplocotepeg and pia AéEelg oe évav
6po, O6mmg yw mapaderypa printFile, dwaywpilovior otig AéEglg mov Ta
aroptilovv ypnopomoidvtos epyaieio mov Pacifovv ) Aettovpyio TOvg
OTIG KAOGGIKEG TEYVIKEG KmOtKomoinong (mapadeiypartog ydpv kdbe AEln
Eexva pe kepaiaio ypaupo, 0nmg to File oto printFile).

2) Egpapuoyn e LDA avaloons 6t cLAOYN €YYPAO®V TOL dnpovpynonke:
210 614010 awTd Ypnoipomombnke éva epyaieio yio LDA avédivon mov
ypnoonolel t detyporoAnyio Gibbs yio vo extipunost ta Oépoto (topics)
T0. OTO{0. TPOKVTTOLV OO OAOL TO £YYPOPO TOL ONHOVPYNONKAV GTO
nponyovuevo otddlo. To epyareio avtd ovoudletor GibbsLDA+. Apod
OPIGTOVV KATOLES TAPAUETPOL, OTMG ivar To TANB0G TV Bepdtmv mov Ba
vroAoywotel and 10 LDA, to mAnboc tov emavoiqyemv tov aiyoptOpov
Kot ovo mapdyovieg eEopdivvong, epapuodletor n pébodog LDA ot
ocvAhoyn tov gyypdowv. To amotéiecua ™ pebddov LDA eivor 600
Katavopés mbavotrog: pio oxetikn pe 1o 0épo tov opwv (word-topic
probability distribution) kot pio oyxetikny pe 10 Oépo TV EYYphO®V
(document-topic  probability distribution). EmmAéov, to epyodeio
GibbsLDA++ divet kot pio Aioto amd Bépata pe tig N Aé€eic mov £xovv
™V HEYaADTEPT TOOVOTNTA VO AviKOLV G€ K(BE BEpaL.

‘Etol 010 onueio avtd €xer ompovpyndel 1o poviého LDA 1ov Kddwko, o610
omoio Oa yivovtar ta epotiuoto avalitnone (queries) doTte va EVIOTIGTOLV T
opdipata (bugs). Ot 6pot tov epotuatog Tpo-eneepyalovtor e Tig idteg pebddovg
ov ypnowomomonkav ywoo v eneepyosio Tov myaiov kdowa. Kdabe epdtnpa
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Aomdv avtimpoconeveTal omd pio Aloto pe AEEEIG TOL KMOKO Ol Omoieg &ivan
taivounuéveg pe Paon to Pabuod opotdtntag pe ta Eyypoea tov LDA povtélov.

0O0c0 0popd 610 HoVTEAD epOTNUATOV, T qUEries dnuovpyndnkay yelpokivita
aEl0TOIOVTOC TIC TANPOQOPIEG TOV TITAOL KOU TNG TEPLYPOUPNS COPOUAUATOV TOL
VIAPYOVV GTIG avapopis opoiudtav (bug reports).

To amotéieopa eivor pio akoun taSvounuévn AMota pe to €yypo@a Tng
ovAloyns. H 0éom kéBe eyypdeov ot Alota avtn avtictolyel oto Pabud opotdtntog
TOV €YYPAPOV UE TO EPOTNLA avaLNTNONG TOV TEONKE GTO GLGTN LA

Ooca meprypbyope mopomdve, ometkoviCovior GYNUOTIKE otV €1KOVe, TV
aKolovOet:

Source
Code

Semantic
Extractor

Document
Collection

1. Construct LDA Model

* "--Bug

LDA Dugcuréptlan
Analyzer v

v ¥

LDA Query
Model Engine

Ranked
Results

Zxnua 2.2: LDA mpoogyyLon evtomniouoU o@aAudtwy nnyaiov Kwdika

2. Query LDA Model

IMa va kaBoprotel n amodotikdOTNTA 0AAG Kou ) akpifeta g LDA mpocéyyiong
Y10 TOV EVIOMIGUO TOV EANTTOUATOV TOL TTNYOiov KOOIKO TOV 001 YOUV GE OGTOYIES,
Ol EPEVVNTEG TTpayaTOTOINGaY Téooeplg HeAéteg ot cuathpata: Mozilla, Rhino kot
Eclipse. Xtnv npodtn pelétn, e&étacav av 1 akpifeia tov LDA povtéhov vreptepet
oe oyéon pe tov LS| ypnowomowwvtag ta ido dedouévo (data set) mov eiyav
ypnouonomBel ko o€ Tpoyevéotepeg £pguveg oyetikég pe o LSI yia to Mozilla ko
10 Eclipse. O 610)0¢ 0g avt Vv mepintmon frav va peretndei kot vo cuykpioei to
ototiko povrédlo LDA poévo pe 1o otatikd poviého LSI kan oyt pe dSvvapikd poviéia
N HE oLVOLACUOVG HOVTEA®V. XTO 0€VTEPO HEPOS TNG HEAETNG TOVG EMKEVIPOONKOAV
omv gpapuoyn g LDA mpocéyyiong oe 0ha ta bugs evoc cuotiuatog kot Oyl o€
€VOL CLYKEKPIUEVO GUVOAD TOVG, OTMG GTNV TPonyoOuevn Ttepintwon. Me avtd tov
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Tpomo Ba pmopodoav va afloloyncovv v amddoon kor TV okpifeid Tov
OLOTNUOTOG 7OV ONUIOVPYNoOV OTAV EKEIVO OAANAETOPA HE OAEC TIS OVOPOPEG
OQOALATOV TTOL dtabéTeL TO Aoyiopkd, To onoio e&etdletal. H tpitn mepintwon mov
peremnOnke etvor n epappoyn ™e uebodov oe axoun HeYOADTEPO GET JSEGOUEVOV
(bugs) kar yio moAAég emavornyelc. H pedétn avt) mop’ Olo mov ypnoIUomTolEd
neplocotePo. bug reports amd v debtepn mepintmon, dev meptiapuPdver 6lo ta bugs
K@Oe ékdoong tov AoylopkoV, oAAd poag olvel pia aicBnon g EMEKTOGIUOTNTOC
(scalability) ¢ uebddov kot pmopodue vo. TOOLUE OTL €ival CUUTANPOUOTIKY THG
OevTEPNG TEPIMTOONG. XTO TEAELTOIO MEPOS NG €PELVOC OLTNG, €EETAOTNKE O
EVIOTIGUOG OOTOYLOV LE OAPOPES HETAPANTEC OmmG To nEYeBog TOL TPOYPAULATOS, 1
TOALTAOKOTNTO TOV Y010V KMOOUKO, KA.

Ta ocvumepdopato ota omoio kotéAnée m €pevva avth eivar 6t 10 LDA
LOVTEAO LITOPEL VO EQOPLOCTEL Y10 TOV EVIOMIGUO OOTOXIOV KOl ETTALOV 1| HEAETY
£0e1&e OtL glvar TOLAGIOTOV 10106 mOO0GNG 1 KOl TO ATMOTEAEGLOTIKO GE OPIGUEVEC
TEPIMTOGELS 0o T0 avtioTtotyo LSI povtéhro.
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2.3 Evromiouoc slartroudtmyv cvykpivovrag uchodovs IR

[Tap’ 6A0 oL T EPYOAEIN EVTOTMIGLOV AOTOYUDV, SUVAUIKE KOL (1], LTOPOVV Vi
xPNOLomonBohv Gav dlayveooTikd epyoalreio Yo To Aoyiopkd mov egetdletal, exelva
nov otnpilovion oe peBddovg avaktnong nAnpogopiag (Information Retrieval —IR)
amoTEAOLV Kol PEGO TNG dtadikociog emddpBmong cOUALATOV TOV TOPOLGIALEL TO
Loyiopkéd (debugging process). Xtig nebddovg avtég, or avapopés cpaipdtov (bug
reports) ce cuVOVAGUS LEe TOV TITAO KOt TNV TEPLYPOAPT] TOVG, ATOTEAOVY OVTOTNTEG Ol
0To1EG YPNOUOTOIOVVTAL OGS EPMTNUO LE CKOTO TNV EVPECT AAAWV GYETIKAOV UE OVTEG
avapoOPOV.

YmpOUevol oV TOPOTAVE® AOYIKY, OPKETOL E€PELVNTEC €KTOC Omd TNV
ePapULOYN piog poévo uebdoov Yo TOV EVIOTIGUO OOTOXIDV GTOV KOOIKM, HUEAETNGOV
Kol GOYKpvaY TV anddoon ToAADV HeBddwV avdktnong mAnpoeopiog. Mia amd Tig
épeuveg  owTEC, mov  mepAauPdvel T GUYKPION  TEPICCOTEPOV  LOVTEA®V,
TAPOVGIALETOL EKTEVAOG TOPAKATO.

O1 S. Rao ka1 A. Kak otykpvav mévte Bacikd IR povtéda yio va amopavOovv
7010 €ivor 1o kaTaAAnAOTEPO Y00 To bug localization. Ta wévte avtd povtéda givar to
Vector Space Model, to Latent Semantic Indexing Model, to Unigram Model, 1o
Latent Dirichlet Allocation kot to Cluster-Based Document Model (CBDM). Ano
avtd, to 0vo mpota (VSM, LSI) sivon xobapd vieteppuiviotikd poviéra, evod to
emopeva 6vo (UM, LDA) esivor mbovotikd. To tpito poviédo mepthappdvel 1660
VIETEPUIVIOTIKY 000 Kot mihovoroyikn Bedpnon. T v enainbevon tov pebddwv
TOVG YPNOILoTOIiNGaY piot GLAAOYN amd avaPopéS cPaiudtov —mov ovopdaleton iBugs
— m omoia. pmopel va ypnowyomonfel Kot pe Tic VO KaTnyopieg HOVIEA®V NG
CLYKEKPILEVNC EPELVOG,.

H dwdwosio, mov akolovdnOnke yio v a&loddynon g pebodsov evromopon
AoTOYL®V BACICUEVNG GTNV OVAKTNGT TANPOPOPLDV, OTALTEL O VOPOPEG GPOAUATOV
(bug reports) vo mEPEYOLY TEPIYPAPES KEWEVOL £TCL MOTE VO UTOPOVV  val
ypnoonomBovv cav epotmoelg avalnmmong (queries).

H Boaocwm 10éa g perémg tovg otnpileton omn onuovpyio piog cvAAOYNg
EYYPAP®OV TOV TPOKVATEL OTO TOV TNYOHO KMIKO TOV GLUGTNIATOS TOL OVOAVETOL (OTN
ovykekpipévn epintwon to Aspect)). Encita og epdmpuo avalnmmong Bewpeiton pia
avaeopd cOAAULATOC, 1) oTtoio OVTICTOLYICETOL e TOL TAPATAVE® EYYPAPO AVOAGYMG E
70 BaBpd opotdTNTOC TOV TAPOVCIALEL LE T AVTIKEIIEVO TOV TTIYOiOV KOOIKAL.

[Tpotov va gpappoctel oto epdTHO ovalntnong Kabe pio amd T TopATdve
teyvikég IR, o mnyaiog kddwag Oa vmootel pio emelepyasio dote vo pmopel va
ypnoporombei oto mepifdArov g avakmong mAnpoeopiag. Ot o cvuyvéc pnéhodot
eneepyaciog eivar M eEdheym Tov AéEemvV NG YADOOOG TPOYPOUUATIGHOD
(keywords) xot o S®PIOHOS TOV  OVAYVOPIOTIKOV 7OV TEPIAAUBAVOLY
neplocotepeg and pio AéEeis. ‘Emerta, amd t1g AéEglg mov pévovv kou pe Pdon to
povtéda IR, dnuovpyovvrat ta £yypaga TG CLAAOYNC.

To amotéAecpa — 1 €£000¢ — TOV cvoTHuaTog givorl 1 emhoyn Tov N, eyypdomv
NG GLAAOYNG, T OToia EpEAVICOVY LEYOAVTEPT] OLOIOTNTO LLE TO EPMTNLLAL.
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Onwg avagépOnke mponyovpévme, o€ auT TN MHEAETN ovykpidnkav To Mo
dwdedopéva kot ypnoorompévo poviéda IR. Ta amotedéopato mov mpoékvyay
amd TN GUYKPLoN aVTH, cuvoYilovTal TOPAKAT:

e Ooco agopd oe peydio cuotnuota Aoyioutko, ta poviéla onwg to LSI, LDA
kot CBDM dev éxovv koldtepeg emdOcelg amd amAovoTeEP LOVTELN OT®G TO
Unigram kot to VSM.

e H ypfion petpikodv 6mwg to tf-idf yio tqv katavoun tov Aééemv tov Tnyaiov
KOO, divel pio kaAvtepn aichnon tng ¥pNoIOTNTOS TOV HOVIEA®Y OVTOV
Y1oL T0 TPOPAN O TOV EVTOTIGHOD OGTOYIDV.

Avtiotoymn perétn npayuatonomdnke and tovg S. W. Thomas, M. Nagappan,
D. Blostein kot A. Hassan ywo. tov &viomopd actoyidv oldeopmy GLOTNUATOV
Aoyiopukov (Mozilla, Rhino, Jazz, Eclipse, Aspect) kat ArgoUML) ypnoponoidvrog
pnedddovg avakmong mAnpogopiac. H dwwpopomoinon g peAétng avtig He
nponyovpeveg ivar 0Tt opifovtot pe akpifeio OAec ot mapapeTpot mov kabopilovv
ooumepLpopd Tov poviédmv IR énwg v mapddetypa moo TURATE TOL KOJKA TPo-
enefepydoTnKay, e OO TPOTO AmOdIdETOL BAPOG GTOVG OPOVS Kol Tl £I00VG UETPIKT
OUOOTNTOS XPNOHOTOMONKE UETOED TMOV OAVAPOP®OV COOALATOV Kol TOL TNyoiov
KOOIKA.

I'vopilovtag 1 aAANAOGLYKPOLOUEVEG OMOWELS GYETIKA pe To poviéda IR kot
T1G EMOOGELS TOVG, AMOPACIOAY YPTCLOTOLOVTOS 1010 GHVOAO dedOUEVOV Kot TG 1O1EC
TOPAUETPOVG VO LEAETNICOLV TNV EMdpacT oV €Yl 1| 0AAOyT KAOE TAPAUETPOV GTNV
enidoon tov peboddwV Eexmplotd.

To povtérla IR mov cvykpibnkav o avty v épevva givar ta VSM (Vector
Space Model), LSI (Latent Semantic Indexing) wot LDA (Latent Dirichlet
Allocation). Ta frjpota Tov akolovdnOnKay o€ YEVIKEC Ypouués ivar:

1) O opiopdg OA®V TOV TAPUUETPOV TOL YPNCLUOTOIONKaV

2) Extéheon «dbe wag mepintwong mov mpokvmtel Ko afloldoynon g
emidoong me.

3) Avdlvon kdBe amddoong YPNOUOTOIOVTAC KOTOW OTOTIOTIKG TECT
(Tukey’s HSD).

Ta cvoTuata Aoylopkod mov eEgtaotnKay emAéydnkav eEattiog Tov peydlov
pey€0ovg TOug KOl TOV YEYOVOTOG OTL NTAV TPAYUOTIKA GUGTIUOTO KOl ETOUEVMG
enétpenay  pa  peadMoTiK] oOykpon TV ueBddwv Ko a&loAdynon TV
amoTEAECUAT®V. AAAOG €vog ONUOVTIKOS AGYOG Yoo TNV €MAOYN TOug elvar OTL
neptEyovv Phoelg dedopuévav omd TIG Oomoieg UTOPOVUE VO TAPOLUE TIG AVAPOPES
COOALATOV TOLG KOOMG Kot OTL 0 TNYaiog KMOKAS Tov eivon S1oBEG1L0G 08 OAES TIG
eKOOGELS.

To apywd Prua yw ) dnuovpyio tov mAawsiov epyaciog NTav pio TP®OTN
obvdeon TV avapopmv actoyldv (bug reports) ue onueia tov kddKa. Ot EpgLVNTES
eneepydoTNKaV Kol avEALGOV GYOALL TOGO TOV KMOKO OGO Kol EKELVOL TOV VITAPYOLV
oto repository ) otiyun kdémolag odiayng (commit logs). Xxomdg tovg Nrav va
evtomicouv pnvopato O6mog “Fixed Bug #4322” 1 kémolo mapoOpol ®GTE Vo
ONUIOLPYNGOLY  pio GUVOEST HETOEDL OVIOTHT®MV TOL KMOOWKO KOl  OVOPOPAS
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opdiuatog. To anotéheoua NTav Eva cOHvoro pe e&aptioelg avapecso oe bug reports
Kol TNYaio KOOKe, TO 0oio ¥pNoomoincay yio va, 0E0A0YNCOVY TOVG TOEIVOUNTES
TOV KOTAGKEVOOAV.

21 ouvvéxeln NTaV amapoitnTn N TPo-emeSepyacio TOV KOJIKA GE EMIMESO
apyeiov. H dwdikacio avtn elvar mapopoto pe T GAAES TOV TEPLYPAPNKOV GE OVTO
TO KEPAAOO KOl GUVOTTIKO TEPAaUPavel dlaywplopd twv AéEewv, eEdieyn TtV
keywords ko stop word.

Téhog, oepd €xer n  emefepyocio TOV  OvVOQOPOV  OCTOYIDV. A@oD
CLYKEVTPOON KOV OAEG Ol aVOPOPES oL KOBEVE amd TO CLGTHLOTO AOYIGUIKOD TTOV
perenOnkav, apopédnkay exeivec mov:

I.  Aev giyav xatdotaon (Status) “FIXED”.
II. H erilvon tovg dev oamoutovoe TPOmMOMOINGoM TOVAUYIOTOV €VOG
ONUEIOL TOV TNYAiOV KMOOKO.
[l Aegv glyav kémoto titho.
IV.  Zuvdéovrtav pe configuration apyeio (5101t embBovpovcav pdévo cuvdeon
LLE OVTOTNTES TOV KMOKO KOt OYL LLE KATL AAAO)

Oogg mapépetvay HeTd TNV EQAPUOYN TOV TOPATAVED KOvOVeV TiS encgepydotnroy
YPNOWOTOIDOVTAG TS TOPOUETPOVS KABe to&wvopntr. H  ©dw  emelepyacia
TPOYLOTOTOWONKE KOl GTOV TNYOH0 KMIKOL.

Extog and v obykpion tov ta&wvountov (classifiers) mov dnuodpynoav,
HEAETNOOV KOl TNV €mI0OGT TOV GLVOLOCHOL GVTOV 6T0 TPOPANUe Ttov bug
localization. Telkd, katéAn&av ota eTOUEVAL

e O akpng kaBopiopdg TOV TAPAUETPOV TOV TOEWVOUNTOV glval TOAD
ONUOVTIKOC.

o KokOtepn pébodog amodelytnke ekeitvn tov poviéhov VSM,
YPNOLOTOLOVTOG Yo, omodoon Poapdv otovg Opovg to tf-idf, mov
EQUPUOCTNKE GE OANL T TUNLOTA TOL KOOIKA (GYOALA, OVOYVOPIGTIKA),
ta omoia glyav vrootel pio mpoemeepyacio mapduola pe ekeivn TV
dAhov epevvov kol vrohoyilovtag 1o Pobud opotdTNTOG pHE TNV
LLETPIKT] TOL GLVNUITOVOUL.

e O ovvdvacuog tav classifiers oe apkeTéc TEPITTOCEC GUVTEAEGE OTN
BeAtioon tov amoteAecpdtov avefdptnto omd TIG TEYVIKEG TOL
GLVOLAGTNKAV.

29



Ocwpntino vrofalpo

Ye aut Vv evotnNTa TEPAApUPavovTol TEXVIKES, LeBodoloyieg oAAE Kot LOVTEAN TTOV
YPNOLOTOWNONKAV YO0 TNV €KTOVNOT TNG OMA®UOTIKNG €PYOCiOG Kol TO Omoio
ypewletar va ovalvBodv mpv TN AENTOWPEPT) TOPOLGIOGN TOL GLOTHMHOTOS. Ta
Bacwdtepa and avtd ivon To Fact Extraction Chain Tool, n pébodog LSI, to Bugzilla
Metamodel, To RDF Schema kot kdmoleg pabnpatikés Evvoleg amapaitntes yo Ty
KOTOVONOT TV TOPOTAV.

3.1 Avaiveon Ilyyaiov Kadika

3.1.1 Opioudg rov Fact Extraction

To cvotiuoto Aoyopkov (software systems) otnv cOyypovn €moyn, GLVEXDG
OVOTTOCOOVTOL KOl dlevpvuvovtol pe Toyels puOuovs. Avtod €xel ®G AmOTEAEGUO O
myaiog k®dwac (source code) tovg va petaPdiieton kor mOovov va yivetou
ToALTAOKOTEPOG. 'ETo1 Aowmdv, dnpiovpyeitor 1 avaykn Katovonons TV oxEGEMY TOV
GLVOEOLV OAOL TOL SLAPOPETIKA LLEPT) EVOG LEYAAOV GUGTILOTOC.

Xpnowomowobe tov 6po Fact Extraction yio vo meprypdyovpe ™ dodikocio
AVIAVONG KMOOKA ard TNV OToio ££AYOVTOL TANPOPOPIES GTOLYEIMY TOV AVIKOLV GE
avtikeipeva Aoyopkov. H dwadikacio avty elvol autopotomompévn Kot pe yprion
gpyareiov avalvong (analyzer tools) mpayuatomoieiton eneepyacio kabe apyeiov
TOV VIO AVAALGT GLUGTHLOTOS £TGL MGTE VO, OVAYVOPLGTOOV d18POoPal YOPAKTNPIOTIKA
TOV KOJKO KOOMDS Kol 01 GYECELS TOV GLVOEOVV T GTOLYEID TOV GUGTIUATOG UETAED
TOVG,.
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Ytov mivoko 7ov axolovbel mapovcslaloviol Kol CLYKPIVOVTOL OpPLoUEVA
EPYOAELD VAALONG TTNYOLOV KMOTKAL.

Epyoleio Avaivong Metric Pattern Dependency Visualization Open
Inyaiov Kodwka Calculation | Detection Analysis Source
Open Visualization Toolkit 4 x x v x
TkSee/SN v X v X v
SN/Rigi v x v v Mepikdg
CPPX v v v v v
FETCH v v v 4 v

Mivakag 3.1: ZUykpLon Twv epyarelwv avaAuong nnyaiov KWKo

To Open Visualization Toolkit cuvévdaler Tov Source Navigator (SN) pe to
Open Inventor C++ toolKit kot ypnoomoteital Kupimg yio avticTPOEn apYITEKTOVIKN
(reverse architecture) peydlov cvotnudtowv. Exdpevo ot oepd givar to TKSee/SN
10 omoio emiong ypnoiponotel tov Source Navigator (SN) yo va dnpovpyfoet pa.
GXL avarmapdotacn tov Dagstuhl Middle Model (DMM). To TKSee/SN vrootpilet
1000 mhonynon 6co kot gpotiuata avalntnons. To SN/Rigi sivar éva epyaieio
avilvoong C++ kddika mov ypnoomotlei tov Source Navigator kot 1o pOvtéLo
e£odov mapovoidletor oe Rigi Standard Format (RSF). Téhog, 1o gpyareio CPPX
egayel kot exeivo dgdopévo and CH++ kddiko amd 10 vymidtepo emimedo (classes,
functions) péypt kot to yaunrotepo (ave&aptnteg SNAMOOELS Kot ekQpaoelg). Qg ££0d0
divel pio avamapdotacn tov Datrix ce GXL format.

Amo ta. TOpOmAvVe, OTN GLYKEKPLUEVN gpyocio ypnolpomombnke to Fetch
Extraction Tool Chain (FETCH) tov omoiov n Aettovpyia mapovotdletar ovaAvTikcd,
TNV TOPAYPUPO TOL OKOAOVOEL.

3.1.2 Fact Extraction Tool Chain

To epyaieio, mov ypnoyoromdnke yio v avdAvcn TOL TNYOI0L KOOKO TOV
CLOTNUATOV TOV YpNoomombnkay vy v gpyocio avtr, ovopdleton Fact
Extraction Tool Chain (FETCH). To FETCH nepilappdvet kdmoto epyadeio avorytod
KOO mov vmootnpilovv Pacikd Oépata ™ avtiotpoeng unyovikng (reverse
engineering) kot otoyo éyet v €€epedivnon HEYOA®V GLOTNUAT®V AOYIGUIKOD
ypappévo o C, C++ 1 Java yo:

(1) v avdivon e€apthoewmv,

(if) v aviyvevon potifov (pattern detection),

(iii) tnv ontikomoinon,

(iv) Tov VTOAOYIGUO HETPIKAOV KOl AAAWDV TOPOUOI®V EWOMV GTATIKNG AVAADOTG

3.1.2.1 Epyaleia tov Fact Extraction Tool Chain

2y ewova mov akohovBel paivovtal Ta epyoieio mov ypnoonoei o FETCH,
KaB®OG Kol T0 CLVOLAGHO VTV TPOKEUEVOL Vo EMTEVYOEL 1| OVAALGT TOV TN YOOV
KOOI
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Source
Navigator

Ewova 3.1: H aAvoiba twv epyadeiwv mou xpnouomnotovvral oo to FETCH

Source Navigator (SN): Epyoleio AekTikfg ovéiAvong mnyaiov K®OKo, TO 0moio
Eexivnoe and 1 Red Hat. To onpovtikd tov mAgovékTnua givol T0c0 1 ToOTNTOL
eneepyaciag mov TPOcPEPEL, OGO Katl 1 duvatdTNTO AvAAVONG 0E TOAAEG YAMOOEG.
EmumAéov ta amotedéopata g avaivong anonkedoviol o facn dedopévov pall e
TANpoYopies yio TV Tonofecio oAl Kot TNV pPérela Tovg.

C and C++ Code Counter (CCCC): Epyaieio pétpnong mov ovamtdydnke omd v
Littlefair kot extelel pHeTpNOEIG GYETIKA LUE YOPAUKTNPIOTIKA TTOV OEV GUVAYOVTOL OO
TN O0UN TOV TNYOUOV KAOOWKO, OTMC 1 UETPNOT YPOUUADV KOOIKA, T KUKAMUATIKN
rolvniokotnto (McCabe’s Cyclomatic Complexity) kot o apOudsg Tov ypapudv mov
KOTOAOUPAVOLV Ta GYOALO TOV KOOIKAL.

Source Navigator to FAMIX (snavtofamix): To gpyoleio avtd petatpénel otoryeio
tov mnyaiov kmowka oe C++ ko Java amd tov SN oe éva FAMIX Case Data
Interchange Format (CDIF) povtélo, to onoio Oa ypnoomombei oe mepparrovra
avtioTpoENG UNYAVIKAG. Avtd yivetor péom tov gpotnudtov (queries) otn Pdon
dedopévov tov Source Navigator kot tng emilvong ocvoyeticewv OmMG KANOM
(invocation), TpocPacn (accesses), kinpovopkdtnra (inheritance) kot dGAlov mov Ha
avaAvBovv g aKOAOLON TPAYPAPO.

CDIF2RSF: Méow xdmowwv scripts to CDIF povtého petatpénetar oe RSF (Rigi
Standard Format) ko étot dSnuiovpyeitar to Abstract Syntax Graph.

Crocopat: Mnyavy epoticewv oe ypaonuo (graph query engine) mov
dnuovpyndnke amd tov Dirk Beyer xor Andreas Noack. Yzmootnpilel epothuota
HEYOA®V HOVTEA®V AoYiopikob o€ RSF kot v-adik®v oy€oemv ypnoIUOTOIOVTOS Mo
yAMwooa mapouowa pe v Prolog (Prolog-alike Relation Manipulation Language -
RML) aALG apxetd ypnyopdtepn.

Guess: Zootnuo gEepedvnong Kot amekdviong ypapnuatov tov Eytan Adar. Ta
ypapruato gle6dov sivar oe ASCII format (Guess Data Format) kot mpoodiopilovv
WOTTEG TOV OKUOV Kol TOV KOUPOV e&vd TO oVvoTNUo TapEYeEl Odpopovs
alyop1fpovg drataéng.

R project: Epyaieio mov ypnGUHLOTOLEITOL Y10 GTOTIGTIKOVG VTOAOYIGHOVE KO TOPEYEL
boxplots, histograms kot regression models.

H pon ypnong tov mpoovaeepbéviov epyoieimv @aivetor 6to TponyoOUEVO
Swypappo (Ewkéva 1). O mmyoiog kdOKog ovoivetol Aektikd omd tov Source
Navigator kot yivovtat ot amapaitntotl vroloyispoi and tov CCCC. Ta dedopéva mov
TPOKVTTOVY Oomd T epyoreia avtd, cuvdvdloviat Kol ¥PNCYLOTOOVVIOL G £IG0d0L
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ywo. To Snavtofamix, pe amotédespo ™ dnuovpyio pag CDIF avorapdotacng tov
FAMIX povtélov. Z10 emduevo otddlo NG emefepyaciag, Yoo va LEAPYEL M
duvatdHTTo. Vo TPOyRaToTonfovy pOTAHOTO 0TO HOVTEAO, Oo mpémer avtd va
petotponel oe RSF ypaonua. Otav dnuovpyndet 1o ypdonua (RSF apyeio), pe to
Crocopat yivovior gpompota oto ypdonua oe RML, ta anoteAécpata Tov onoimv
elvar o GDF apyeio kot umopodv vo omtikomombBodv pe ) ypnon tov gpyoreiov
Guess 1 av givar emBount N TEPETAP® GTOTIGTIKY AvAALGN TOVG, Ta dedopéva (og
TXT apyeio) eicdyovtar oto R project.

3.1.2.2 Ovrtotyres o0 kwoika e Poon v avaloon oo FETCH

O myoiog KOOKAG avOAVETOL LE TN SLOOIKOGIN TOV TAPOLSIACTNKE KOl Al TNV
aviAVGoT] TOL TPOKVATOVV Ol PBAGIKES TOL OVTOTNTESG, Ol Oomoieg yapaktnpilovrol g

egng:

Ovtotnra Ieprypaen
Module Avapépetar og éva directory
File Avaeépetar o€ Eva apyeio
Class Avaeépetar oe pio KAAoN
Macro Avoeépetar o€ pio LOKPOEVTOM)
Struct Avaeépetar o€ pia doun
TypeDef Avapépetal 6 KATOL0V TOTTO
Method Avapépetar o€ pio nébodo
Function Avagépetar o€ pio cuvéptnon
Attribute Avapépetal o€ pio petafAnty
GlobalVar Avapépetar o€ kaBoAkég petaPfAntég

[Tivaxog 3.2: Oviotnteg mov mpokvmrovy ano ti¢ avelvoeig tov FETCH

3.1.2.3 Xyéoeic ustalo ovrotnrwv ue faon v ovaiven tov FETCH

Ot ovtomnteg mov avagEpOnkay otnv TPONYoOUEVN] TOPAYPAPO, GLVOEOVTOL
petald tovg pe oyxéoelg ol omoieg gaivovior oto RSF apyelo mov dmpovpysitar.
Mmropodpe vo Stoy®picCOVUE TIG GXEGELS OVTEG GE KOTNYOPIEG OTMG POIVETAL GTOVG
TivaKeG TOV aKoAOVOOVV:
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Kotnyopia

Yyéom

Heprypaen

Aopn ovTOTHTOV
ANYOI0V KOOIKA

ModuleBelongsToModule

Aniover 6t m  pio ovioTnTO
(directory) Bpioketol péoa o€ pio
GAAN.

FileBelongsToModule

Anidver o moto directory avniket
éva apyelo.

ClassBelongsToFile

AnAdVEL G€ TTO10 aPYEl0 OVIKEL
uio KAGom.

InvocableEntityBelongsToFile

AnAdVEL G€ TTO10 apYEl0 aVIKEL
uio global petapinty.

MethodBelongsToClass

Aniovet oo péEB0dOC aviKeL og
uio Khdon.

AttributeBelongsToMethod

Anhdver TG petaPAntég piog
uebodov 1 doung (struct).

Mokpogvtorég

MacroDefinition

Avapépetal 6ToV OpIGUO TIG
LLOKPOEVTOANG KAOADS Kol GTO
apyeio oto omoio vrhpyet.

MacroUse

Avagpépetar 6to apyeio 6To omoio
YPNOLOTOIEITOL 1] LOKPOEVTOAN.

Anroceg

Definedin

Anhavel og moto apyeio opiletan
uio péBodog 1 cuvéptmon. o
Ka0e néBodo N cuvaptnon
vdpyet povo pia oyéon
DefinedIn, apov povo éva ivor
Kol To apyeio mov mePLEYEL TO
GOUO TNC.

DeclaredIn

H oyéom avt dniovel o€ oo
apyeio VPOV INADCELS TIG
nedddov M S GLuVEpPTNONC.
Enopévmg o avtiBeon pe
oyéon DefinedIn, givat duvoto va
VILAPYEL TEPIOTOTEPES ATO pial
QOpEG M oo TN Yo pio
cuvaptnon N pnébodo.

KMjoeig

Calls

H oyéon avt) onAdvel v kKAnon
netalld cvuvaptnoemVv 1 HeBOdWV.
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TomroO<coia

EntityLocation

AnAovel og moto apyeio Ppickeron
uio ovtotnTo (entity).

EntityBelongsToBlock

ANA®VEL GE TO10 UTAOK TOL
T yaiov KOOKO OVIKEL N
ovToTNTO.

YovOnkeg

ConditionalCompilation

AnAdVEL KAT® omd TolEg
oLVONKeC £va LTAOK KMOKOL
uetaylotrtiCeral.

IAnpogopieg

Signature

ANADOVEL TNV «OTOYPOPN» TNG
nebooov. (Zvvnbmg eivor m
terevtaio AEEN petd TV Tedeio.
[Ma mopdoetypa yio tnyv
extract.foo(), n vmoypaen| eivan

foo().)

Visibility

AnAdvel amd molo onueio tvon
opatn pia petafAnt, pio KAdon
N pio pébodog.

Toror

TypeDefinition

H oyéon avt) avagépetal g Evav
TOmo e Tov omoio oyetileton pia
KAQoM.

HasType

AnAavel Tov TOTOL piog
cuvaptnong, pebooov,
uetapAntng (global 1 6x).

HasTypeDefinition

Avt n oxéon elvar €vag
GLUVOLUGHOG TV GYECEWMV TIC
KOTNYopiog avThg Kot GLVOEEL pia
cuvaptnon, petafAnti n pébodo
pe €va TOmO.

UsesType

AnAavel ol KAGom
ypnoonoteitol o pio péBodo M
aVTICTOLYO 010 OO
ypnoonoleiton o pio
Guvaptnon.

Ievikég Xyéoerg

InheritsFrom

Y€ OVTIKEYLEVOGTPAPT
TPOYPOAUUATIGUO, OVOTOPLGTH TNV
KAnpovokoTnTa HeTa&d
KAIoE®V.

Ankover 6g mow cvLVAPTNON 1)

Set Variable nuébodo  vmApyEL  KoTOKMOPNON
TING piog petapintig.
AnAovel oo apyeio
Include ngpmauﬁdvsmtpc)sca KOO0 GAAO.
AnAdvel o0, petafant
Accesses ypnowonoteiton  omd  KOmow

uébodo N cuvéaptnon

[Tivaxog 3.3: Xyéoeig mov mpokvmrovy arnd 1o FETCH
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3.2 Teyvikég Avaxtnons Ilinypogopiog

3.2.1 Eiecaywyn

H aApotdong avénon vémv TAnpoeopidv Tov TPETEL Vo amodnkedoviot Kot vo
aVOKTOVTOL AVl oo oTiypn elval £va amd tor KOPLo YOpaKTNPLOTIKA TNG GUYXPOVIG
eMOYNG Ko opeiletal otov vIepdplBpo 6yko dedouévmv mov eivan dabéoog. Iap’
O6A0 Ol TPOTOL OmoBNKELONG OAOV AVTAOV TOV OedOUEVOV YIVOVTOL EVKOAOTEPOL, 1|
avaltnon, n avaivon kabmg Kot 1 e£aymyr| PNCIL®Y XOPOKINPICTIKMOV TOVS YiveTon
o6A0 kot dvoyepéotepn. Ot dvokoreg avtég odynoav otV avantuén Kot ELPECT
HeBOO®V 01 0MOlEG AMOGKOTOVV GTO JYWPICUO OEGOUEVOV GE UIKPOTEPH, GUVOAQL,
onAadn v opadomoinoy tovg pe Pdon kémolo Kowvd Tovg YopakINPIeTIKO (Kupimg
0€ VONUOTIKO €Mimedo), ta omoia o dvBpwmog o pmopel va yewpileton pe peyodlvtepn
€VKOAD Amd OTL OAOKANPO TV OYKO TANPOPOPLDY TTOV £YEL 6T 014001 TOVL.

H dwdwkacio avaktnong minpoeopiog (information retrieval) otpiletar oto
avtietoiylon tov opov evdc kewévou (document) kot Twv Opmv eVOg EPMTHLOTOS
avalfong (query). H dvokoAia mov cuvavidtor otovg aAyoplOuovg avakTnong
mAnpogopiag &ykertoar otnv VIOPEN VO PACIKAOV YOPOKTNPIGTIKAOV TOL £XOLV Ol
TEPIOCOTEPEG PVOIKES YADCGEG: TNV TOADGHUIO KL T GOV VUL,

Emopévac etvar mpopavéc 01t yperdletot £va choT O TO 0moio B KaTagépet va
Eemepaoel o TpoovaeepBivo TpofAnpata yopic va etvar amapaitntn n enéuPoon
tov avBpomov. Ilpog avt) v xoatevbuvon mpocavatoAiletor M teyviky Latent
Semantic Indexing (AavOdavovoa Inpactoroyikny Agiktoddtnon). [pdkettan yio Evay
aAyopBpo avaknong TAnpoeopldv mov otnpiletar 6e padnuatiKés dadkocieg Ko
LE TNV EI0AYOYN TOV EVVOIOAOYIKAOV OEIKTAOV TOV ONUOVPYOUVTOL HETAED TV OpmV
EVOC KEWEVODL OVOKOAVTTEL TIG OTNUOGLOAOYIKEG GYEGELS OV GLVOEOLY OPOVS Kot
keipeva wov mhova vo unv elvar epeaveis.

3.2.2 Aovvauies vopyovrwv uedodwv avaxKtneons tinpopopios

Onog avagépnke oy swcaymyn 10 Oepeiiddeg mpdfAnua mov €xovv va
OVTILETOMIGOLV Ol  TEYVIKEG OvAKTNONG TAnpogopiog etvar Vo and T
YOPOKTNPLIOTIKA TNS PLOIKNG YAMGOAG: TNV TOAVGUia Kot T GLVAOVULL.

Tov 6po moivonuio TOV YPNOILOTOOVUE Y10 VO TEPLYPAYOVUE TO POVOLEVO
Katd 1o omoio pio AEEM Oev €yl amopaitnta pio HOVO E€VVOLOAOYIKN OTUOGio
(concept) aAAG 6Tt mOAAATALG onpocieg ivarl duvatdv va amodobovv otnv idia AEEN
aviAoyo pE TO GLUUEPALOUEVA, EVM HE TOV OPO GUVOVOUIG OVOPEPOLOCTE GTOVG
TOAALOVG SLOPOPETIKOVG TPOTOVG LE TOVS OTOioVE Pmopet va amodobel pia Evvola.

2NV TEPIMTOOT TOAVGNUIOG OVOKTATOL TANPOPOPIa AGYETY LLE TO EPATNLLO TOL
xpNno™ (v mopaderypo Keipeva yio Internet 6tov to gpdtua avaltnong eivol
«OEPPAPIGLOY) KOL KATO GUVETELN PELOVETOL TO TOG00TO TNG akpifetog (precision),
eV otV mepinTmon TG ovvovopiog ydvetor 1 mANpoeopio. mTOL  TEPLEXEL
SPOPETIKEG EKPPACELS TNG 1010 Evvolag (OTTMG Yol TAPAdELY LA TANPOPOPIES Yo TV
EVvola «OYMUoy EVO TO EPATNHA avalNTNoNG eIVl «OVTOKIVITOR).

36



e avtifeomn Opmg pe Tig dAleg vdpyovoeg neBddoLVE avdKkToNg TANPoPopiag,
10 LSI Eemepvd ta mpoavagepBévia mpofAquata, Kabmg pe T xpnon devucudTmy
OTOYXEVEL OTNV GNUOCIOAOYIKT] CLUGYETION OP®V Kol KEWEVOV TTOV apyIKd umopei va
pnv givot EQeavic.

3.2.3 Teyvikés Avaxtnons Ilinpopopiag

Ymv evomta mov akoAovBel Bo avaivBovv Tpelc amd Tic PacikdTepES Ko
EVPEMG OLOOEDOUEVES TEYVIKEG OVAKTNONG TANPOPOpiag MOTE va katovonfovv ot
dtapopeg nEBodotl mov ypnoiomolovvTal Yo To oKomd ovto. Ot 600 amd TIC TEXVIKES
avtég eivon vretepuviotikég (Vector Space Model, Latent Semantic Indexing) evé n
aAAn eivar mBavotikn (Latent Diriclet Allocation).

3.2.3.1 Vector Space Model

3.2.3.1.1lIeprypogpn tov Movtélov

To Movtého Alavocpatikod Xmpov (VSM) givar éva amkd adyefpikd poviélo
YL TNV OVOTOPAGTOCT) €VOG KEWWEVOL 1) OpOL UE TO GKOMO TNV OVAKTNOTNG
nanpogopiog (IR).

Mio ocvAroyn 1 Baom dedopévev amd D oe mAn0og yypago (documents) mov
neprypbeovtar and T Opovg (terms) upmopel va avamoapaoctabel pe Evav mivako
ovoyeticenv dpwv-keiuéveov (term-document correlation matrix). O wivokog ovtdg
éxel owotacelc T X D ko kdOe ypopun tov avamaplotd kdbe Eexwpliotd Opo mov
eupaviCetar 6T GLALOYY KEWEVDV, VA KABe oTNAN Tov €val Keipevo (€yypapo) g
OLAAOYNG OVTNG.  ZTOVG Tapamdved Opovg avatifevtor Papn to omoio amoteAobV
ototyeio Tov mivaka (W) Kot xpNnoLedovy Yo TOV VITOAOYIGHO OpOLOTNTOG LETAED TOV
epOTAHOTOG Ko TV KeWEvov. H Ty kédbe Bapovg avtikatontpilel T onuoacio Tov
OpOL HEGA GTO KEIEVO.

Otav o mivakag ovoyeticewv ocouminpobel, T Keipeva pmopodv  vo
avamopootafodv e To OEVLUGHO GTHANG TOVG, £va dLAVUCHO TTOL TTEPLAApPaveL Ta
Bapn «abe dpov mov vrapyovv oTo Keipevo (1 UNOEVIKA Yoo TOVG OPOLE TTOL OEV
enpaviCovror kafoAov). Avtiotorya kabe Opog pmopel va avoamapactadel amnd
VOGO YPOULUNG TTOV TOV AVTIGTOLKEL, TO 01010 TOPOLGLAlEl TGO oNuUAVTIKOS Etvan
0 0pog aTOHG o€ KAOE Kelpevo TG GLALOYNG.

To emdpevo Ppa etvar va vroAoyiotel 1 opoldtT T LETAED TOV KEWWEVOV. AVTO
TPOYLOTOTOIEITOL GUYKPIVOVTAG TA OVOGUATO TTOV OVIUWTPOGHOTEVOLV TO, KEIUEVOL
avtd. Xto Vector Space povtého, 000 keipeva Bewpoldviar Opolo av TEPLEYOLV
TovAQyLoTov Evay 1010 6po. Katd cuvéneia, 6060 TeEPIoGATEPOLS KOVOUG OPOVS EXOVV,
1660 VYNAOTEPO Bal £ivat TO GKOP OUOIOTNTAS TOVG.

210 1eMKO 6TAO10 TO Keipeva datdocovtal pe pBivovsa Gepd, e KPLTHpLo To
Babuod oporoTdg TOVG pHE TO gpdTNUO avalrTnong mov £xel Bécel o ypnong. ‘Etot
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Aoppdvovtor vEOyn Kot KeIPEVA OV IKOVOTOOVV UEPIKAOS TIG OLVONKEG TOL
EPWOTNUOTOGC.

H teyvucn oot ypnoipomotel Tic €ENG mOpaUETPOVG:

e Bdpog opwv (term weighting): to Bapog Tov dpwv g éva Keipevo. Xvvidelg
pébodot yio Tov vmoroyiopd Tov Pépovg gival 1 cLYVOTNTO HE TNV OToio O
o6poc avopépeton oto keipevo (term frequency) 1 n upetpwry td-idf (term
frequency, inverse document frequency) mov 0o oavaAvbei koatd TV
napovcioon Tov LS| og emdpuevn mapdypogo.

e Metpwkrp opowdtntog (Similarity metric): m opowdtnro.  petald  TOV
dtvoopdtov oo keévav. Kamoleg amd Tic yvmototepes UETPIKES givor 1
opotdtta cvvnuitovov (cosine similarity) ka1 n EvkAgideia amdctoon.

To kOpro mheovéktnuo tov Vector Space Model eivor 1 anddtmrTo 6TOLG
VTOAOYIGHOVG oV TEPAapPavel 10 povtélo kabmg emiong kot 1 €vkoAior pe v
omoia kdOe epdTNUO avaltnong umopet va cuykpBel pe ta VTAPYOVTO KEIPEVO NG
ocLALOYNG. X avtifeomn pe ta TpoovaeepOEVTA EPYETOL TO YEYOVOS OTL Ol OCTAGELS
TOV TVOKO, GLGYETIONG OpWV-KEWWEVOVY givar Thovd va givar mold peyddeg (large
dimensionality problem) xafd¢ kot 0 6Tl To SOVOGUATH TOV KEWWEVOV UTOPEL VL
givarl apketd opod (sparseness problem). EmumAéov 1 Beltioon g anddoong tov
kafiototor OVGKOAN YWpig EMEKTACT TOL EPOTHUATOS avalnTnong N avadpacn amd
10 ¥pNnotn. Opmg to oNUAVTIKOTEPO —1GMC— UELOVEKTNHO OVTOV TOV HOVTEAOL gival
0Tt advvotel Vo AVTIETOMICEL EMOUPKAOC TO. TPOPANUOTO TNG CLVOVLUING Kot
moAvonpiag mov avagépdnkav mponyovuéves. Iap’ dAa avtd, Adym g €OKOANG
VAOTOINGY|G TOVL TOPAPEVEL APKETH OLULOEOOUEVO.

3.2.3.1.2 Tuipiaoua Epwtiocwv Avalnthons

To taipracpa epoticenv avalimmong (query matching) sivar n dodikacio Tov
akoAovOeitar 6tav o ypnotNg slodyel pio epdtnon oto vector space model (dniaodn
éva Kelllevo) Kot mEPEVEL OC OMOTEAEGHO amd TO HOVTEAO OAAM Keipevo Tng
GLALOYNG UE TO 1010 GNUOGIOAOYIKO TTEPLEYOLEVO.

Onog avagépnke kot oTnv TEPLYypapn TOL HOVTEAOL, 1 GLAAOYN E€YYPAPW®V
pmopel vo. avamapacTadel [Le TOV TIVOKO GUGYETICEMV OPMV-KEWWEVOV KOl £TCL TO
SLVOGHOTO. GTHANG TOV TTVAKO 0WTOV VO OVTITPOCOTELOVY T KEILEVA TNG CLAAOYNC.
Avtictoyn owdikacio mpaypatonoleitor kot yioo to. gpotiuate avolnmong. To
epOTUO oL Bétel 0 ypnotng ovomaplotdtal and £va divuoue To omoio Ba
YPNOLOTOMOE] Y10 TOV VTOAOYIGHO TNG OPOLOTNTAG TOV LE Ta KEIHEVA TNG GVAAOYTG.

‘Eotw Aowmdv €va keipevo tng cvAhoyng pe dtdvvoupa di ko €va epmTNpo
avalfmong pe davocpa g. Ta dvo dwovoopato £xovv id1eg dwactdoels (T X 1), apov
Kol to. 000 voloyilovtat yio Tovg id1ovg Opovs. O Paburdc opoldTNTUG TOL KEWWEVOL
KO TOV EpOTAHATOG VToAoyiletan oG 0 Paburdc cuoyétions Tmv davucpdtov d; Kot g
TOV OTOioL HETPO €IVOL TO TVVHUITOVO THS YWVIOS TWV 0DO OLOVDOUATWY TTOL OIVETOL
amd TN GYEoN:
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—_— = T
d]xq _ Yi=1( Wi X Wi,q)

d|xldl  [er T
4] 141 \/Zi=1Wi,j2 x\/2i=1wi.q2

similarity(d-, q) =

OTOL |d] |, |G| etvan To pétpor TV Stavoopdtov Kar wy; , W, sivan to Bapn Kkdbe
OPOL TOL VILAPYOLV GTO OEAVLGL TOV KEWWEVOD KOl TOV EPMTHUOTOS OLVTIGTOLYOL.

O1 tég mov umopei va whpel to similarity eivar and 0, to omoio exppdlel
undevikn opotodtnTo, £0¢ T0 1 OV avTicToLEl 6TO0 TéAEL0 Taiplacua. Etol ta keipeva
tavopovvionl Kotd oelpd opoldTnrog Kot 0€Toviag €va KOTOEAL €AEYXOL TOV
similarity, 6o emoTpagodv TeEMKE 6TO ¥PNOTN TO KEipeva ekeiva mov €xovv Pabud
OHOLOTNTOG UEYOAVTEPO OO TO KATMOAL KOl €mOpéVOC ekeiva Bo eivonl avtd mov
TaPLALOVV TEPIGGATEPO LE TO EPATNILE TOV.

3.2.3.2 Latent Semantic Indexing

3.2.3.2.11Icprypagpn tov Latent Semantic Indexing

To poviédo g AdavBavovoag Enuacioloyikns Aciktodotnong (Latent Sematic
Indexing — LSI 1} aAumg Latent Semantic Analysis — LSA) givou pio tpoéktact tov
Vector Space Model (VSM) oty onoia mapovctdlovtor oieg ot alinieEapthoelg
petald Opmv Kot €yypaemv mov Onuovpyodvior AdY® onupactoloyiag kot Oyt
omplopeves oty emeavelokn dopr tov AéEewv. 'Eva onuaviikd mAeoveKTnua g
TEYVIKNG OVTNG, OTMG TPOKVTTEL A0 TO TPOUVUPEPOEV YaPaKTNPIOTIKO NG, Eivan OTL
éva epdTNHo ovalTnong ¥pNoTr WITopel Vo EMGTPEYEL ATOTEAECLLATO OO0 LE VTO
OKOUN Kot oV 0V TEPLEYOVV KOWVES AEEELS.

[No to oxomd avtd ypnowonoteitonr 1 pEOodog ¢ amocHvheong 1014Lovcag
Tiung (Singular Value Decomposition — SVD) i omoia d€xetan m¢ €i60d0 Evav mivaka,
ovoyeticemv Opwv-gyypaewv (term-document correlation matrix) kot katackevaletl
éva. OMUACIOAOYIKO YMPO O©TOV Omoio ot Opol ko Tao Keipeva mov oyetilovion
tonofetovvtol 10 £va Kovid oto dAlo. Aev givan amiBovo Aowtdv va mapatnpnbovv
Opot Kovtd o€ €va Keipevo, map’ 6Ao Tov dev gppavitovrol KaboAov 6e ovto, eoutiog
NG EVVOLOAOYIKNG TOVS GLGYETIONG LE TO TEPIEXOUEVO TOV KeEvov. [ mapddstypa,
av to “documentl” mepiéyet T AEEN “mouse” kan to “document2” tn AéEn “click”, ta
dvo keipeva Bo amoktnoovy peydio Babud opoldnTag AOY® NG ava@Opds TOVG O
kowd 0épa. ‘Etor n teyvikn avt, map’ 6o mov o AapPdver kabBoiov vmoOyTM TG
KOVOVEG GUVTOKTIKOD TNG YAMGGOG Kot otnpiletol HOVO 6TOV GNUAGIOAOYIKO XApTN
OV KATOUOKELALETAL, KATAPEPVEL VO EEMEPAGEL TAL TPOPANUOTO TOL ONUIOVPYOVV TOL
(QOVOLEVO TNG GLVAOVVUING KO TG TOAVGTULOG.

Otav o ypnomg Béter éva epdTUa avalNnons T0 OMOTEAEGUO TOV TOV
EMOTPEPETOL TEPIAAUPAVEL OAL T YELTOVIKA TOV £YYPOPO GTO GNUAGLOAOYIKO YDPO
nov onovpynoe n SVD pébodoc.

H teyvikn LSI ypnopomnotet t1g e&ng mapapétpoug:
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e Bdpog 6pav (term weighting): to Bapoc tov 0pwv o€ éva keipevo pe pebddovg
VTOAOYIGHOV Opoteg e T0 VSM.

e [IAN0og Bepdtmv (number of topics): o apBuds tov Bepdrov (topics) mov Ha
dttnpnBovv petd v epappoyn e SVD pebddov.

e Metpwkrp opowdtntog (Similarity metric): m  opowdtnro  petald TV
SLOVVGUATOV 000 KEWEVDV OTTmg Kot 6To VSM.

3.2.3.2.2 MaOnuatixo Yrofoabpo yio v katavonon g texvikng LSI

[Mopakdte meprypdpovtor To pHOONUOTIKE HOVTEAQ TOL  YPNCLUOTOLEL O
alyopBpog tov LSI.

3.2.3.2.2.1 Term Frequency — Inverse Document Frequency (TF-IDF)

H cuyvémrta 6pov Kot 1 avtictpoen cvyvotnta eyypaeov (Term Frequency —
Inverse Document Frequency 1 aAlog TF-IDF) glvatl pio otatiotiky] HETPIKT TOL
oLYVA xpNoHoTOLEiTOL otV avaktnorn TAnpogopiag (information retrieval kot v
e€opuén keévovu (text mining) ywo va aloloynbei n onuacio wov £xel kaOe dGpog
(AéEn) o¢ éva yypago N pia GuALoYN amd Eyypapa. H onpacia kabe 6pov avEdveton
avoroyikd pe tov aplud TV @opadv Tov eu@avileTol ©TO KelUEVO, OAAG
avtiotafpiletar amd 1N cvyvotnto TG AEENG o€ OAOKANPN TN GLAAOYN KEWEV@V.
Maporrayég tov tf-idf ypnowomolovvtar cuyvd and tic unyoavég avaltmong g
Kevipwkd gpyadeio Pobporoynong kot katdToéng OopodTNTOS €VOS  £YYPAPOV
OedOUEVOL EVOG EPOTNLATOG PN OTT.

To tf-idf Bapog anoteleitar and dHo OpovG: 0 TPDTOG givar 1 GuyvOHTTA OPOL
(TF) ka1 0 devtepog givar 1 avtiotpoen cvyvotnta eyypapov (IDF).

H Xovyvorpra Opov (Term Frequency) petpdel méco ovyva epoaviletar vag
o6pog oe éva €yypao. Elvar Aoywkd OtL €outiog Tov SoQOpeTIKOD UNKOLG KAOE
EYYPAPOV, £voc Opoc vo epeaviletal TOAD TEPICGOTEPEG POPES GE UEYAAL EYYPOUPO
napd oe pikpodtepa. Kabiotatar Aowmmdv amoapaitnn m kavovikomoinom, m omoio
EMTLYYAVETOL UE TN OlipEST NG GLYVOTNTOG OPOL UE TO WUNKOS TOL EYYPAPOL
(OnAadn e Tov cLVOAKO apBUd TV OPWV TOL TEPIEXEL TO KEILEVO):

AptBuds popwv mov 0 6pog t eupaviletal oe Eva Eyypagpo

tf(t) =
r® Zuvolikog AptBuog Opwv e éva Eyypapo

H Avtiotpopn Zvyvomnro Eyypagpov (Inverse Document Frequency) petpdet
OGO oNUAVTIKOG elval £vag 0poc. ['a Tov LVTOAOYIGHO TG cLYVOTNTOG OPOV, OAES Ol
AéEelg evog keyévov Bempotvtan e&icov onuovtikés. [ap’ Ola awtd dpmg, vVIdpyoLV
Kémolol 6pot mov epeovifovior cuyvd kKot dgv Exovv peydAn onuocio (6mwg yio
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nopaderypa ta apbpa, opiopéva pnuata, AEEELG mov amokolovue stop words). ‘Etot
avtég ol Aéfelg Ba mpémer va £xovv UkpOTEPO PAPOG amO TIC VITOAOUTEG, EVA Ol
onavieg Bo mpémer va Beswpodvion mo onuoavtikés. H Avtiotpoen Zuvyvotnta
Eyypdopov vroroyileton og €ENG:

Zvvolikog AptBude Eyypapwv

idf(t) = 1
idf (t) = log Apudc Eyyphpwv mov mepiéyouvv tov bpo t

Zuvovalovtog avtovg Tovg dVvo dpovg maipvovpe to tf-idf o omoio vroroyileton
Omw¢ aivetal oty akdAovOn oyéon:

tf —idf (¢) = tf (¢) x idf (t)

Yvvoyilovtog, o vmoroyiopds Papovg pe ™ pébodo tf-idf, amodidel otov O6po t
éva Bapog oto keipevo d, To omoio Exet:

e VYNAOTEPN T OTav 0 Opog t gppaviletor TOAEG QOpég og LKpo
aplOpo KEWEVOV.

o kpdTEPT TN Oty 0 O0pog t cuvavtdtor Aydtepeg @opég oe Eva
£yypago M 6tav epeavifeTar og TOALAL £yypaQa.

* TNV younAOTEPN TN OTaY 0 Opog t eppavileTar oe OAA TO KEILEVAL.

3.2.3.2.2.2 Singular Value Decomposition (SVD)

Iootyun W yapoxtnpiotiky sy (eigenvalue) ko idrodidvooua (eigenvector) evog
teTpdyvov mivaxka A givon éva péyebog 4 kon €va pun pndevikd dtdvoopo X TETow
WOTE:

Ax = Ax

Ioalovoa wyurp (singular value) xon éva Cedyog idwaloviwv diavooudrmv
(singular vectors) evoc tetpdymvov 1 opboydviov mivaka A givar évo pn pnoevikod
péyebog o kat 600 pn UNOEVIKA SavOGHATO U KO V TETOL0 (DOTE!

Av = ou kou APu = ov

O ex0émg A7 dnidver tov Eputiovd avéotpogpo (Hermitian transpose),
oniadn tov ovluyn avdotpogo evdg pryadkov mivako. Av o mivakag eivot
TPy HaTIKOS, TOTE 0 avacTPoPdC Tov eivar o AT

O widlovoeg TéG €govv peYdAn onuocio Otav évag mivakag TeEPLYPAPEL
LETACYNUOTIGUO OO €vo. SLOVUGUOTIKO YMPO GE VOV OAAO OLOVUGUOTIKO YDPO
SLLPOPETIKMV O10CTACEMV.
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H amoctvOeon dialovcag tung (Singular Value Decomposition —SVD) eivait
pion péBodog YPopIKNG GAYERBPOC TOL YPNOULOTOLEITOL YIOL TNV TOPOYOVIOTOINGN
(amocvOeomn) opboymdviov wivaka A d10cTACEDY M X N GE TPELS TIVOKEG.

‘Eocto Aowmdv A évag omotocdnmote mivakoag M X N. O wivakog avtdg pmopet va
amocvvtedel 6To YIVOUEVO TPLOV AAA®VY TvaK®V, Tov U, X, \VA AnAaon:

A=UxVT

omov U glvar évac m X m opBoydviog mivakog Tov 0moiov o1 GTHAEG OTOTEAOVY Ta.
Wodtovocpata tov AAT | V givar n X n opOoydviog mivokag mov o1 GTHAES Tov givar
T 1odavicpata tov AT A mivorxa kot T etvon évog Staydviog mivakog Siactdosmy m
X N TOL 0TO10V O1 TIHES EIVOL O1 TPOYLOTIKEG Kol [N apvnTIKEG 101aL0VGES TIES O1, Oo,
..., 6y 70V A Ta&vounpéveg katd eBivovcsa oelpd. Av o mivakag A givor Tpoypuatikdc,
t6te mpayuatikol Oo elvar ko ot mivaxeg U, V. EmmAéov ot otqrec tov U wor V
amoteAoVV avtioTolya To aplotePd Kot deEd 1014L0vVTa SLOVOCLATO TTOV AVTIGTOLYOVV
oTa dlydvio ototyeio Tov mivako X.

Mo Tov vroloyiopd AVong Le HWKPOTEPN O1UCTOCT, APOUIPOVUE KATOLOVS Od
TOVG GUVTEAEGTEG TOL dloy®dViov mivaka X apyilovtag cuvilwg e Tovg KPHTEPOLG.
Ot mpidrteg K otireg tov U kot V mvakov ko ot tpdteg K (pLeyaditepeg) 1010Lovoeg
TIWEG TOV Tivaka A ¥PNGIUOTOIOVVTIOL Y10, VO, KATAOKEVAGOLV évav Tivaka tééng K
(Ax) 0 omoiog amotehel TPOGEYYION TOL A GOUP®VO. LE TI OXECT:

Ay = UkaVkT

Ot otreg tov U xon V eivar opfoydvieg £tot dote va woyver 6t UTU =
VTV = I, pe r mv 148N tov mivaxo A. O mivakag Ay kotookevdletar and tig K
LEYOADTEPES 1OIOUOPPES TPMALTEG TOV A, dnAadn pio Wralovca T Kot To aploTtepd
Kol 0eEl 101alov dtdvuca TOV TNG AVTIGTOLXEL, Ko €lval 1 TANGIECTEPT TPOCEYYIoN
TOV Tivoka A.

3.2.3.2.3 T owdoia g LSI uebodov

3.2.3.2.3.1 Anuovpyio wivaxa cocyeticemv

Apywcd 6Tmg kot oto povtého Vector Space étot kat oto LS| givan amapaitn
1 KATOGKELT VOGS Tivaka cuoyeTicemv Opmv-kewévav (term-document matrix). O
nivakog ovtdg KoTaokevdletot pe Tov 1610 Tpdmo 0nmg kot 6to VSM.

Onwg éxel avapepbel oe mponyovpevn mopdypopo, o Tivakag £xel S100TAGELG M
X N, 6mov M givai To TAB0¢ TV OpwV oL gpEavilovTal 6T KEILEVO TOV £XOVUE OTN
owabeon pog ko N 1o mAN0Bog TV kelpévav avtdv. Ta otoreion Tov amoTEAOVV TIC
ovyvotTEG ERPAviong Kabe Opov oe £va GUYKeKPIPEVO Keiuevo, omAadr] To ajj
SMAGOVEL T GLYVOTHTO EUPAVIGNS TOV Opov | 610 Keipevo |. Enedn o apBuoc tmv
Opwv mov gpeavitovtat og €va Keipevo givot Tumikd moAd pikpdtepog omd tov aplipod
TOV Op®V OAOKANPNG TNG OGLAAOYNG KEWEVMV, O TIVOKOG GUOYXETICEMV TPOKLITEL
ouvnBwg TOAD apatdgs.
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21 ovvérela, 0tav o mivakag £xel cVUTANP®OEL umopet gite va ypnoiponombei
oto. emouevo Pruata og £xel, gite va epapuootei 1 uéBodog anddoong Papovg tf-idf
(mov avaidOnke mapOTAVEO) Kol a@OV OAOKANP®OOVV TO omapaitnte oTddle, O
nivakag elval £Tolog Yoo To ETOUEVO PriHa mov eival 1 EPOPUOYN TS ATOcVVOESTC
101dovoag tung (SVD).

Ay = Best rank-k approximation to A
m = Number of terms
U = Term vectors n = Number of documents
% = Singular values k = Number of factors
V' = Document vectors r = Rank of 4

Term K Document
Vectors Vectors
[ |
... :
k % | k
- |
Ay U b vT
mxn mxr rxr rxn

xnua 3.2: Avanapaotaacn touv SVD yia tnv mpocoéyyton A, Tou mivako A

3.2.3.2.3.2 Yrmoloyiouog tov SVND

To Latent Semantic Indexing ypnoyonolel v anocHvheon 1614lovcag TIUNG
TPOKELEVOD VO, LOVTEAOTIOGEL TIG OYEGELS LETAED OP®V KO KEWEVOV GE Evav viaio
x®po. Me avtd tov Tpdmo eivar dSuvatdV VO VITOAOYIGTOVV OUOOTNTES UETAED
EYYPAP®V, Op®V aAAE Kol LETAED EYYPAPMOV 1) EPOTNUATOV oVl TNONS KOl Op®V.

O mivakog opwv-eyypdowv (A) mov &yl TPOKOYEL 0d TO TPONYOVUEVO Pripa
avorldetar pe v SVD oe tpeig mivakeg U, T, V' and toug omoiovg o apyueoc
nivoKag pmopel voo TPOGOIOPIGTEL HE YPOUUMKO GLVOLAGHO. AVOALTIKE, O Tivokag X
(singular values) pag divel £va otoyglo Yo TIg S10GTAGELS TOV GNUAGIOAOYIKOD ¥MHPOL
Tov TPOKVTTEL, O Tivaxkag U apopd otic ovvietayuéveg kabe O6pov péco GTOV
EVVOLOAOYIKO Yhpo Kot Téhog, o mivokag V' omodidel Tic ouvvietaypéves kGOe
EYYPAPOV GTOV EVVOLOAOYIKO YDPO.

Mo va eivor mo eoxoAn m viomoinon g Oadikaciog, vmoAioyiletor pia
npocéyyion 1aéng K tov mivaxa cvoyeticewv A (Ak).

H emoyn tov mAf0oug tov K 1d1dpoppwv tipudv mov o emié€ovpe yio vo
vroAoyicovpe TV mPocEyylon Ak omotedel KpiGIHo onpeio Yo TV €QAPUOY TOV
LSI, agpo¥ Bélovue tétoro K dhote va punv xavetal 1 omoapaitntn ainpogopio alAd kot
VoL UTopEL VoL OVOKATOGKEVOGTEL O TIVAKOG GLGYETICEDV OPOV-EYYPAPOV.
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3.2.3.2.3.3 Taipraouo. epwtiocwy avolitnons

To gpdnua avalnmong (query) mov Bétet o xpnotng umopei va avamapactadel
oav évo davoucpo otov K-didotato ydpo, to omoio Oa cuykpOei e o avtictoryo
dtavuopo Kabe eyypdeov. H oyéon mov 1oyvet Yo 1o S1dvusa TOV EpOTHUOTOC Etvat:

q=q"U5 "

omov ( elval To dtdvooua AEEEMV TTOV ¥PNGIUOTOLEL O ¥PNOTNG YO TNV EPDTNOT TOL
TOAAOTAQGLOGHUEVO LE TO BAPT TOV OpWV.

Emopévog 10 epomua  avolitnong amoteleitor amd TOo AOpoicpa TV
Stavoopdtov tov 6pav (g7 Uy) mov aviioTorodv 6Tovg Opovs TOL EPMTALATOS £
Tov avtioTpo@o Tivaka W1aovcwv Tdv I L

XPNOOTOUDVTIOS MG GLVAPTNOT GYETIKOTNTOS TN GLUVAPTNGCT GLVNUiTOVOL
OLYKPIVETOL TO EPMTNUA, ONAOSN TO SIAVLGLO TTOL TO AVATOPIGTA, LE KaOEVa amd Ta
£yypago TG SoLAAOYNG poag (OnAadr| pe ta davdcpotd tovg). o ) cvvdhptnon
CLUVNUITOVOL YPNOLUOTOOVUE TO OAVLOUE TOV EPOTANATOS avalnTnonsg Kabmg
emiong kot to Odvucpo mov aviietolel oe KAOe Eyypago Kot TPOKHTTEL oM TIG
OTNAEG TOV Tivako &

MoOAg yivel 0 LTOAOYICHOG TNG OHOLOTNTAG TO Keipeva tadtvopovviotl o€ pia
Mota avaroyo pe 1o Padud opodtds Tovc. Oftoviag kdmowo mpokabopiGUEVO
KATOQAL, OT®G Kol otnv wepintmon tov VSM, Samoetdveral ol amd to Kelpeva
nov SbéTovpe givol mEPIGGOTEPO GYETIKA LE TO EpAOTNUA TOV TEOMKE, dNAAdN 7o
YNAd ot AMota. Avtd ETGTPEPOVTOL GTO YPNOTN OC OMOTEAEGLO TNG O1001KOGTOG.

3.2.3.3 Latent Diriclet Allocation

3.2.3.3.1lIeprypopn Tov Latent Dirichlet Allocation

H Aav@dvovoa Karovoun Dirichlet (Latent Dirichlet Allocation —LDA) &ivou
éva TOaVOTIKO HOVTELD, TO OTTO10 TTaPEXEL Eva LEGO YOl TNV OVTOUOTY OEIKTOOATN O,
avalntnon kot opodomoinon twv &yypdoov. Omwg to LSI (Latent Semantic
Indexing), étot kol aVTO EMTLYYAVEL TO TOPOTAV®, APOV APYIKH KAVOUKAADYED) &V
oUVoAOo omd Bépata oTo Omoio avVOEEPOVTAL TO KEILEVO KOl OVOTAPOUCTNOEL KAOE
Kelpevo og éva piypa Oepdrov.

H onpavtiky dwoeopd peta&d tov LDA ko tov LSI givor n pébodog mov
xpNoLomoteitol yio va dnpovpynel 1o evvoloroyikd mePEXOIEVO TV KEWWEVMV. XTO
LSl o onuocioloyikdc ympog eivar OmOTEAEGUO NG €QOpPUOYNS TG MeBOSOV
amocvvOeong Widlovowv tudv (SVD) otov mivaka cvoyeticemv Opwv-£yypaemv,
evo oto poviého LDA  dnuiovpyeitar  ypnowomowdvtag machine learning
aAyopifpovg (0mmwg 1 detypotonyia Gibbs). Etot, péowm enavaiqyewnv, o aAydpiOpog
ovumepaivel moleg AEEEIS £xOVV TTAPOUOLN £VVOl0 —KOl ETOUEVEDS oyeTilovTol HE TO
010 Bépo — ko moleg amd TIG EVVOLEG OV «AVOKOAVPONKAVY cvureptloppdvoviot
ota Keipeva g ovAloyng. Kdabe évvola Aowmdv eivar pio katoavoun mbovotntog 6to
GUVOAO T®V OP®V OV TEPLEYOLY GUVOALKA OAM T £YYPOPAL.
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To poviého LDA avryetonilel to @ovopevo e cuvovouiog Kot ETITAEOV
vreptepel o oxéon pe to LS| oty aviipetonion g moAvonuiag. Ilap® 6A0 mov n
dwdkacio g LDA mapovoidlel apketd Bewpntikd TAEOVEKTNUATO GE GYECN UE TO
VSM (Vector Space Model) ka1t 1o LSI xob6tt eivan moapoyomyikn, vrdpyovv
evBapPLVTIKA Kot 1) OTOTEAEGUATO GE OXECT LE TNV EPOPUOYN TNG.

2VVOTTIKA, 0 OAYOP1OLOC TEPAaUPAveEL TIC EENG TOPAUETPOVG:

[TAn00¢ evvolorhoyikmv Oepdtwv (number of topics): o apOudg dniadn
TV Bgpdtwv wov Ba dnpovpynovv.

o : mopdueTpog ywoo v eéopdAvvon Tov OspdTov TOV KEWEVOV
(document-topic smoothing parameter)

B : mapdueTpog oxeTikd pe v eEopdivvon tov Bepdtov tov Opmv
(word-topic smoothing parameter)

Ap1Budc tov emovarnyewv (number of iterations): mocec popég Oa
emovaAneOel 1 dradikacio g derypotoAnyiog

Metpikrp Opotdtrag (Similarity Metric) : yia tov vmoloyiopd
opodTNTOG UTOPOvV VoL YPNOLUOTONO0VY HETPIKEG OLO1EG HE EKEIVECG
tov LS| koau VSM 6mwg givar n opotdtnta cuvnpitovov.

3.2.3.3.2 Tuipiaoua Epwtiocwv Avolntnons

210 LDA povtélo n opodtnto peta&ld evog ketpévou dj kot evog epOTAHATOS
avalnmong Q (query) tov ypriotn vmoAoyiletar ®¢ m decpevpévn mbavotnTa
(conditional probability) tov epmtipatog, dedopévouv Tov KeEVOL. AnAadn:

Similarity(Q,d;) = P(Q|d;) = nqkeo P (qi|d;)

omov qy, givan ) k-oot AéEN Tov epwTpaTOg avalnTnong.

Me 10V TpOTO 0WTO, £vO KEIPEVO EUQOVICETOL GYETIKO LE TO EPMTNUO TOV
té0nke edv Exel peydin mbavotnto va mepiéyel AEEELG OV €YoV €VVOlEg Ol Omoieg
aVOPEPOVTOL GTO EPAOTTLLOL.
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3.3 Metpixés Ouorotnrag

Mo vo kaBopiotel av kdmoo epdtnua avalitmong (query) tov ypnoty
eneavilel 1 Ot opoldTNTA e KATO10 amd To KEIUEVA TNG GLAAOYNG, ivat amapaitnTo
Vo xpPNOHoToM OOV HETPIKES OHOOTNTOG TTOL Bal AodidovV GTa VILAPYOVTA EYYPAPOL
pio. Tyun, avédioyn tov Babpod opoldTNTOG TOL TOPOLGLALOLY HE TO EPAOTNLO TOL
0étel o ypnomc. Mio térown petpikny eivor - Opotdtmra Xvvnuitovov (Cosine
Similarity).

EmutAéov eivor dvuvatd va vmoloyiotel mn opotdtnra Oyt uoévo  petald
davvoudtov aAld kot peta&d cLVOAMVY Kal 0V TO ETLTVYYXAVETOL LE TH peTpikn Jaccard
OV TTAPOLGLALETOL TOAPAKATO.

3.3.1 Cosine Similarity

Me avt T petpikn umopei vo extiundel n yovia peta&d dvo davuoudtov n
onoio amoteAel éva KaAd péTpo g opotdTTas Tovs. Oco ikpdTepn spgaviCetar n
yovia, T060 o KovTd €ival To SVOGHOTO KOl EMOUEVMSG TOGO HEYaALTEPO Pabuod
OHLOLOTNTOG £XOLV.

> 7 , ’ , ‘
‘Eoto &0 dwvvopata a, b. To ecotepikd yvopevo twv 600 dloavuoudtomv
dtvetar amd v akdAovOn e&icmon:

- b= dl|b| - cos((a b))
omov ||, |I; | elvar ta pé€tpa twv dvo davvoudtov kot (a, b) n petagd toug yovia.

Enopévog péoa and avtr pmopodue e0koAa vo vtoAoyicovpe tn yovia petald
TOV  OlOVUCUAT®V, HEG® TNG T TOV GLVNUITOVOL 1TNg YOVIOG OVTNG
APNOLOTOIDVTOGS T CYECT:

H mopoamdve oyxéon vmodsikviel kot Ty opotdTNTo TV 000 SVUCUATOV.
YVvenmg, 1oyvEL OTL:

Qu
S

cos((a, b)) =

QA
=

- — C_i * B
similarity(d,b) = cos((a,b)) = —=
|l |b]

Ot Tipég mov evoéyetal va £xel T0 cuvnuitovo ¢ Yoviag Kopaivovton and -1
¢wg 1. To -1 avtiotoyel o yovia 180 popdv mov onuaivel 6Tl To dStovocpate dev
enpaviCouv kapio opotdra (0% similarity), evéd n i 1 apoxvmtel dtav 1 yovia
etvar 360 poipeg mov onuaiver 6Tt tor Savdopato eivor evteddg opown (100%
similarity). Katd cuvéneia, 60tov to cuvnuitovo £yt tun 0, tote To dtavdouata givat
50% opota mov onuaivel 0tL glvan opBoymvia petald tovg (oynuatifovv ymvia 90
HO1p®V).
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3.3.2 Jaccard Similarity Coefficient

H petpwkn opodtrag Jaccard (Jaccard Index W aAluwg Jaccard Similarity
Coefficient) eivar éva otatiotikd ctoyeio mov ypnowonoteitol yioo T oOyKplon
OLOLOTNTOC KOl TTOIKIAOLOPPiaG TmV cLVOA®VY gvog deiypatoc. O cvvteleotnc Jaccard
HeTpd TV opotdtnto. pHetalh MEMEPASUEVOV GLVOAWV Kol opiletar ¢ to péyebog
(cardinality) tng toung tovg dropoduevo amd 1o pEyebog T EVOONG TV GUVOL®V.
Anlodn Bewpavtog 600 chvora A, B 1oyvet Ot

|A N B|

Jaccard(A,B) = AU B

6mov |A N B| givar 10 péyebog g toung twv cvvolwv A kot B kou |A U B| 10
néyebog g Evmong tovg.

I'evikd ot tiuég mov divel  petpikn Jaccard aviikovv oto ovvoro [0, 1]. Av
A= Qxor B = @16t Jaccard(A,B) = 1.
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3.4 Avarmapaoctacny Zyuocioloyiknys Iiypopopixis

3.4.1 Resource Description Framework

To MMiaiocwo Ieprypaenc ITopwv (Resource Description Framework —RDF)
gtvo évo povtélo dedopévov (data model) yio v avorapdotacn TAnpoeopiog Kot
Wwitepo petadedopévav (Metadata) oyetikd pe v meptypagn mopwv (resources)
otov moykoouo 10td. Eivor avefapmto amd to medio epappoyng kot pmopel vo
AmEKOVIOTEL G £vag KATELOVVOLEVOC YPAPOC LLE ETIKETEC.

To povtého RDF Baciletatl ota akdAovba epguvntikd medio:

Avanapdotoon yvoong (Knowledge Representation)
Teyvmm vonuocvvn (Artificial Intelligence)
Awyeipion dedouévov (data management)
Evvotloloywkoi ypagot (conceptual graphs)
Yyeowukég Paoeig (relational databases)

Nonpotikédg Iotog (Sematic Web)

To RDF pmopet va ypnoporomOei eniong yuo avtikeipeva ta omoio propodv va
tavtonomBodv 6Tov TaykOGHOo 16Td, ahAd dev givor dvvatd vo avoktnBodv dueca
and ovtov, Ommg Yo Tapaderypa Evo PipAio 1 éva mpdswro. EmmAéov, mpoopiletan
Y. TEPWMTMGELS OMOV Ol KOTOYEYPOUUEVES TANPOPOPIES EVOEYOUEVMG VO TUYOLV
eneepyaciog amd kdmoo GAAN approyn Kot 0yt va dtofactodv and avipomovg. To
TAOIGL0 TEPLYPAPTG TANPOPOPLDV TOV TAPEYEL, EMTPENEL TNV AVTOAAOYT TOVG UETAED
EQUPLOYDV YOPIG ATMAELL TOL VOLULOTOC.

‘Eva. onuovtikd yopoKTnplotikd Tov HOVIEAOL avTov, glvar 0Tt mopéyel Evav
ouvey TPOTO AVATOPACTACTG OEOOUEVMVY, TETOL0 MGTE 1| TANPOPOPI 0O TOAAUTALS
TNYEG VO GUVEVOVETOL KOl VAL YPTGLOTOLEITOL GOV VO TPogPYOTAY amtd pio LOVO Tym).

3.4.2 Ocuclivoerg évvoieg tov RDF

To oyfua tov RDF Baciletor oty 10éa 611 01 TOPOL OV TEPLYPAPOVTAL EYOVV
w10Teg o1 omoieg mpoodopilovtar amd KAmoleg TIHES. AxOun ot moOPol avtoi
UTOPOLV VO TEPLYPAPOVY OO TPOTAGELS 01 0Toleg TEPIAAUPAVOLVY TIG 1010TNTEG ALY
KOl TIG TYES TOVG,.

3.4.2.1 Ilopoi

Ov mopor (resources) eivor avrtikeipeva 1 mpaypota (6mmg yuow TopadEryo
ovyypageis, Ppiia, mOAelg KAT) KabBévag amd Tovg omoiovg £xet pio dtevbvvon URI
(Uniform Resource lIdentifier) og povadikd avayvopiotikd (cuvibmg mpdkettar yio
devbvvon URL) ko xpnotpomoteitan yio Ty avayvopion 1 TOVTOToiNon TV Topmy.
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3.4.2.2 Io1otntes kou Tiuég

H meprypagpn tov mopmv emitvyydvetonr He 1010TNTEG OAAG KOU UE TUUES
BTN TOV.

Ot wiotnreg (properties) eivor €01k mepinT®on MOPOV OV £YOVV OVOUW
(mapadetypotog xapv “book™) 1§ meprypapovv oyéoeig uetald mopwv.

O ripéc 1010ty (property values) mpodidovv THéG oe 1010TNTEG.

3.4.2.3 RDF — Ilpotdoeig

Kdé0e RDF npotaon (statement) amoteAsiton amd pio tputiétas
Yroxkeiuevo — Katnydpnuo — Avtikeiuevo

To Ymoxeipevo (Subject) eivar évog mOpog oTov 0moio avapEpeTot OAOKAN PN M
npotaon, to Kommyopnuo (predicate) eivor pio 1d10tto 1§ €va xopaKTploTiKo Tov
éyel o vokeipevo kot g Avtikeipevo (object) Osmpeitor ) iU TG 1010TNTOG AVTHG.

3.4.2.4 RDF — Baagikn 2ovroén

Kdabe éyypapo RDF yopaxtnpiletoan amd évo otoryeio, t pila tov, to omoio
neptéyel évav aplud ond meprypagés. To otoyeio avtd eivar to <rdf:RDF> ko
apYIKE KAVEL aVAPOPEG GE YDPOVS OVOUATOV, LE TPAOTO TOV Y®po ovopdtwv RDF
(xmlins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#). Ot vrdLourotl ydpot 1Tov
avaQEPOVTOL GE OVTO TO TUNUO TOL &£yypapov givar eEmtepikoi o RDF ko
nepthapfavouy dara yypapa RDF, ta omoia opiovv mOpovg mov ypnoiporotodvtol
010 TpéYov Eyypao. To yeyovog 01t umopet va yiver avapopd ce dAlo RDF €yypaoa
elval ekelvo OV EMTPEMEL TNV EMOVOLYPT|CLULOTOINCT TOV TOPWV.

Kd&Be pia and t1g meprypaéc mov meptlapfavovior 6to £yypago amotelel Eva
otoyeio <rdf:Description> ko mepiéyetl 1o yopoaktnprotikd “rdf:about” to omoio pe
N GEPE TOL AVAPEPETUL GTOV TEPLYPOPOUEVO TOPO KAOADS Kot otoryeion mov tov
TEPLYPAPOLV.

[Mapdderypo RDF cdvraéng mopovoialetal otny endpevn ceAMo

<?xml version="1.0"?>

<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:cd="http://www.recshop.fake/cd#">

<rdf:Description rdf:about="http://www.recshop.fake/cd/Empire Burlesque">
<cd:artist rdf:resource="http://www.recshop.fake/cd/dylan"/>
<cd:country>USA</cd:country>
<cd:year>1985</cd:year>

</rdf:Description>

</rdf:RDF>
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To mapandve mapddetypo amoteiel £va EVOEIKTIKO TNG GTOLELMIOVS GUVTOENG
evog RDF gyypdoov. v apyn tov, apod dnilwbei n €ékdoon g Xml, eaivetar 1
pila tov RDF 6nw¢ emiong kot to ototyeio <rdf:Description> mov mepthopfavet,
OTNV TPOKEWEVT TEPITTMOGN, TNV TEPLYPOPn €vOg povo mopov. O mdpog, mov
npocdopiletar omd to rdfrabout, eivan o “http://www.recshop.fake/cd/Empire
Burlesque”. Ot 1816ttéc Tov Qaivovtol apéocms uetd kat givar ot Eng: artist, country,
year. Evo ot dvo tehevtaieg (country wou year) €xovv tiuf (USA ko 1985
avtiotoya), n WidTTa artist dgv Eyel cLYKEKPIUEVT TN, OALAL KAVEL va.pOopd. o€ Eva
nopo (“http://www.recshop.fake/cd/dylan ") mov mepiéyet Tyég oxetikég pe artist.

Onwg elvatl puotkd o1 TOPOL TOV PTOPOVLE VAL TEPLYPAWOVLE LE TO TAOIGLO TTOV
pag mopéxel to RDF pumopel va glval apketd mo moAOTAOKOL amd TO TPONYOVLEVO
TOPASEYHO. XTI TEPIMTMOCELS AVTEC VEN oTOLEln TEPIAOUPAVOVTOL GTNV TTEPLYPOON
TOVC OOTE VO arod0BovV 01 1010TNTEG TOVG. LVVETELD aLTOV €ivol i ETEKTACT) TOV
RDF, to RDF Schema, to omoio &givar pio «yAdooa» mov gumAovtilel T0 HOVTELO
dedopévov  RDF  pe  yopoktnpioTikd  OVTIKEWLEVOSTPAPOVS  AVOTOPAGTOCNG.
Yvykekpipéva, o RDF Schema opilet éva A€o ya va ekppdalovtal ot mdpot, ot
KAMAOELS, 01 1010TNTEG TOVG KAOMDGS Kot 01 HeTall TV GYEGELS.

http:fiwww.recshop fake/cd#artist

http:/fwww.recshop fake/jcd/dylan

p  USA

http yfwww.recshop fakefcd/Empire Burlesque http/fwww.recshop fake/ed #country

http:/fwww.recshop fakejcd#year

1985

Ewova 3.3: Avarnapdaotaon RDF ypdagpou
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http://www.recshop.fake/cd/Empire%20Burlesque
http://www.recshop.fake/cd/Empire%20Burlesque
http://www.recshop.fake/cd/dylan

3.5 Merpikéc Extiunons Anodoons

Mo va agloloynoovpe v omdd00m KATO0V GLGTHIATOS, VITAPYOLY SLAPOPOL
KPLTNPLOL TO, OO0 LWITOPOVLE VL EPELVIIGOVUE. AVTA elval Ta EENG:

e To otdd10 g emelepyaoiac twv dedousvav (Processing Stage): 'Eva
ocvotnpo Bewpeitanr amodoTikd ATav 0 YPOVOS CAAY KoL 1) UVALUN TOV
YPNOUOTOIEL KATA TNV EMEEEPYOATIN TOV TANPOPOPIDOV KLHOIVOVTAL GE
AoyiKa TAaiotaL.

e To ot4d0 1t™g avalijmyone (Search): Xe avtd 10 o140,
EVOLPEPOUOOTE KLUPI®MG YO TOL OMOTEAEGULOTO TOV GULGTHLATOG,
a&0A0YDVTAG TN GYETIKOTNTA TOvG e Pdon To gpdTNUO ovalRTNONG
nov t€0nKe amd Tov YpNoT.

e To gbotnua cuvolikd dmov e€etdletal T0 TOCO KAVOTOMUEVOS Eivat 0
YPNOTNG OO TO AVTO.

Ymv mapdaypaeo avti Ba acyoAnbovue pe to 0e0TEPO GTASIO KO TIC HETPIKEG
OV 0EOA0YOVV TO OMOTEAEGLOTA TOV TPOKVTOLV amd 10 cvotnua. ['a 10 ckomod
aVTO YPNOLOTOL0VLLE TO Precision kat to recall.

‘Eotw A, B, C, D dedopuéva omd ta omoio UEPIKA E£XOLV TPOKVYEL MG
anoteléopato Tov cvotuatog (Retrieved), evd dAla oyt (Not Retrieved). Mepukd
amd avtd givar oyetikd pe to gpotnua avalnmong (Relevant) kot dAlo dev €xovv
oyéon pe avto (lrrelevant) copgova pe Tov axdrovbo mivaka:

Relevant Irrelevant
Retrieved A B
Not Retrieved C D

3.5.1Precision

Q¢ precision (axpifeia) opiletol T0 KAACUA TOV GYETIKOV OTOTEAECUATOV TOV
GLGTNUOTOG MG TPOG OAOL TOL OEOOUEVE TOV CLUTEPIAOUPAVOVTOL GTO. ATOTEAEGLOTO
TOV GLGTNHOTOG Kot EKPPELeTON GLVNOMS MG TOGOGTO.

Enopévog oty mpoxeévn tepintmon sivat:

number of relevant items retrieved A

Precision = x 100%

total number of items retrieved =~ AUB

3.5.2 Recall

Recall (avaxinon) ovoudlovpe 10 KAAGHO TOV GYETIKOV OTOTELEGLATMV TOV
TPOEKLYOV OO TO GUCTNUO OG TPOG OAOL TOL CYETIKO OEOOUEVO TOV €ite QLT
TOPOVGLACTNKAY GOV OTOTEAEGUOTO E1TE TO GVOTNUO OEV KATAPEPE VO, TO, ALVOKTNGEL.
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Yy nepintoon avt to recall £yel tocootd Tov VIoAoYileTon and T oyéon:

number of relevant items retrieved A

Recall = x 100%

number of items in collection =~ AUC

3.5.3 Zyéon ueralv Precision xkou Recall

To precision kot to recall givor dbo petpikéc aviiorpopwe ovaloyes peta&y
T0VG. Avtd onuaiver 6t 660 avédvetor M pio, pewdveror 1 GAAN. Tpoaktikd, Oo
LITopovGE KAmo10g va. okePTel 0Tt Yo va avénoet to recall tov cvotiuatog Oo énpene
Vo OMHoVPYNoEL Eva GOGTNHO TO 0TToT0 VoL divel HeYaADTEPO TANOOG OMOTEAEGLATOV.
Kértt té1010 0pmg sivar eovepd mdg Oa. peimve to precision.
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3.6 Avamapaoctacny Apyitektovikig LoeTiuatos

Qc povtého KAmowv ocvoTtHUATog opileTor  pio  TUMIKY  WEPLYpOEN M
TPOdLLYpapn TNG AELTOLPYIOG, TNG OOUNG KO TNG CUUTEPIPOPAS TOV GUCTHLATOS GAAL
KoL TOV TEPPAAALOVTOG TOV Y10 KATO10 GUYKEKPIUEVO GKOTTO. XuyVEL 1) TEPLYPAPT QLTY|
amoteAeiTon TOCO amd GYNUOTE OGO Kot oo KEIPEVo, To omoio elval ypapupévo gite og
Kanowo, yAdoco povteAlopov (modeling language), eite oe @uowkn yAdooa. Ta
napandve opiCovtor amd to Object Management Group (OMG) wote vo kabiepwbei
pio gviaio ovoropdoTtaon TV HOVIEA®V LE EKOPACTIKO Kot TAN PN TPOTO.

[a 10 oxomd avtd &xovv oavomtvybel kot mpotabel O1dpopeg YADGGES
LOVTEAMGHOV, YPOPIKEG OAAG Kot ypomtég (mov mepiéyovv keipevo). Ot mpdteg
wepAapPavouy dtaypdupoto kot cupPoia To omoio avamaploTohv £VVoles, Kabmg Kot
YPOUUES Ol OTTOIEG EVMOVOLV T GUUPOAO KOL OVATOPICTOVV TIG GYECGES HETAED TV
ovtotNt®Vv Tov mapovctalovtal. Ot dedTeEPEg avapEéPovIal oe Kelevo, 610 0omoio
ypnoonoovvtor kabopiopéveg Aé€elg (keywords) i axoun kot Opot QLGIKNG
YADOOOG Yo TV €XEENYNOT GTOWYEI®V TOV GUGTHOTOS TOV UEAETATOL.

H mo dodedopévn yAdwooo poviehopov eivor 1 Unified Modeling Language
(UML) xar éyer edpouwbei otov touéa g Teyvoroyiag AoYIoHKOD TOGO Y10, TO
OoYEOOGO KOl TV OTTIKOTOINoN £vOG GLGTNUATOG, OGO Kot Yo TOV KaBopPIopud TV
TPOSOYPOPAOV TOV. ZOUP®va. Aodv pe v UML, éva povtého givor éva otrypudtomo
tov UML petopovtélov kot pe €va Sudypoppo TopouvotdleTor M YPOEIK)
avamopdoTacy Tov  povtédov avtov. EmmAéov, €éva otorgeio tov  povtédov
avagépetor oe €va otrypudtono kamowog UML petaxAdong kot 1 Katdotaoy Tov
opiletar amd T1g TYWEG TV TESI®V TOV GTOLYEIOL AVTOV.

3.6.1 To nporvmo Meta Object Facility

H Model Driven Architecture (MDA) givon pia mpocéyyion yuo 0 6xedloond
cvotNudtev Aoyiopkov kat exivinoe and v OMG 1o 2001. Baocileton o€ pia oepd
and vrapyovoes teyvoloyies omwg n UML, to Meta Object Facility (MOF), to XML
Metadata Interchange (XMI) ko dAlec.

To Meta Object Facility opilet pio apnpnuévn yA®ooo Kot £va TAAIGLO Yo TV
TPOJAYPOPN KOl TOV GYEOCUO PETAUOVTEA®MY, OTOV OC LETAUOVTELD Bewpovpe pio
aeNPNUEV YADOGO 7OV  YPNOUOTOIEITOL Y. KATOWOL €100VG UETAOEOOUEVAL.
[Mapadeiypoto petapoviédmv givar 1 UML, to Common Warehouse Metamodel
(CWM) kabmg kot 1o i610 to MOF. Emipocbétmg o MOF kabopilet éva mhaicto yia
TOV OPICUO HLOVTEA®V, TO OO0, TEPLYPAPOVTOL OO TO, LETOUOVTEAQ.

Ta MOF povtéha oyedialovtar pe Pdon opiopévoug kavoves €TI0l MOTE Vo
dltnpeitol N GLVETELD KOL VO UTopovV va xpnoipomombodv amd S1apopeETIKONS
TOPAYOVTEGS.
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3.6.1.1 Apyitextovikn Tecodpwv Emméowv

To xhoowod miaicto yio to peTapovtédo Poaciletor o o OpYITEKTOVIKN
TE660POV eMMEOMV, OMOV TO. oTolyeio KAOe emumédov amotelobV oTIyHdTLTTO
OTOLYEI®V TOL TPONYOVUEVOL ETITEOOV.

Xy kopuen g epapyioc etvar to M3 erninedo. Xe avto 10 emimedo Ppickovron
T0.  peTo-petapoviéda, O6mwg to MOF, 1o omoio opiouv 1 YA®GGO 7OV
YPNOUOTOIEITOL Y10 TOV KAHOPIGUO TV TPOSAYPOUPDV EVOC LETOUOVIEAOV. ZOUPOVA
pe t PPproypaeio, Eva PeTA-HETOUOVIELO €lval O GUUTOYEC OO TO PETAUOVTEAO
OV TO TEPLYPAPEL KOl TOV GLYVA UTOPEl TEPLYPAPEL Ko GAAQ UETAUOVTELQ.
EmumAéov, eivor emBopntd To  HETOHOVIEAD KOL TO  UETO-UETOUOVTEAD TOL
ovoyetilovtol pe avtd vo £4ovV Ko GrAocopia. 6YeS0GHOY Kol VO LopAalovTol TiG
idteg dopég. Tlap’ OAa avtd, elvar onuovtikd kdbe eminedo g epopyiog va givar
ave€apmTo amd to LILOAOUTA KoL Vo SloTtnpel TNV AKEPAOTNTO TOV GYESAGHOD TOV.
Ta peta-petapoviéda opifovior avtoava@opikd. Avtd onuaivel 0Tt 0 0pIoUOS TOV
MOF yivetou pe yprion tov id1ov tov MOF.

M3
MOF Meta-metamodel meta-metamadel
M2
e.g. UML Metamodel metamade|
M1
e.g. UML Mode| model
e.g. Programs .MD .
information

Ewkova 3.4: Apxttektovikn Teoodpwv Emunédwv

To endpevo eninedo, T0 M2, cuyvd kaleitor Kot eMiNESO TOV LETAUOVTEL®V KO
OT®G elmope Kol otV apyn anoterel otiyptdTuIo ToL emédov M3. To eninedo avtod
neptopfdver  petapoviéda,  dnAad  YADGGES  HOVIEMOHOD Ol OTOieg
YPNOUOTOOVVTOL GTOV OPIGHO TV  HOVTEA®V. XapOKINPIOTIKA TopadEtypLoTa
uetapovtédov givar 1 UML xabobg ko to Common Warehouse Metamodel (CWM).
Ta petapovréda sivar cuvnBmg mo mepimAoko amd To LETA-UETOUOVTELD EOKA OTOV
VILAPYEL 1] AVAYKT) VO TEPTYPUPOVY OVVOUIKES OTLOGLOAOYIEG.

To M1 eivar 10 enimedo oto omoio ovnkovv To HOVTEAD (OTIYUOTLTO TMV
LETAUOVTEA®V TOV emmédov M2). O oKomOg TV HOVTEA®MV EIVOL 1| TEPLYPAPT EVOG
GLOTNOTOG GTOV TPAYUATIKO KOGHO O0UEGOV KATOI®WV YAMGOMOV TOL TEPTYPEPOLV
EVVOLEG. ZTOV TOUEN TOV AOYIGUIKOV, TO oToryeio Tov otpodpatog M1 givorl ta poviéia
TOV OGLOTNUATOV Aoylopkov, To omoio opilovron pe wémoww UML povtéla
(Swypappata kKAGceE®V, TO dlorypappoto akoAovdiog KAT).

> Pbon g epapyiog Ppioketor 1o emimedo MO, oto omoio avrKouvv Ta
dedopéva mov emMBVUOVUE VO LOVTEAOTOMGOVLE KOl OVTATOKPIVOVTOL GE GTOtYElN
mov meptypdpovion 6to M1.
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Ymv Ewoéva 3.4 amewkoviletal to oOGTNUA TOV TECCAPOV EMTES®V TOL
neprypbonke. Eivoar onupaviikd va onueiwcovpe 01t givar dvvatd va vrdpEovv
CLGTNHUOTO LOVTEAIGHOD HE OLPOPETIKN OPYITEKTOVIKY 0md TO mapomdve. Avtd
onuaivel 0Tl UTOPOLV VO ATOTEAOVVTAL OO OTOLOVONTOTE OPOUd UETA-EMTE®V,
apkel va glvar mepiocodtepa amd dvo. [Top’ dAa avtd, TO0 KOWO YOPAKTNPIOTIKO OA®V
TOV GLGTNUATOV AVTOV TOV €idovg elvar 1 Vmapén Tov (evyove KAGON-CTIYIOTVLTO
(class-instance pair) mopdAAnio pe €va unyovioud yoo T petdpacn amd TO
OTIYMUIOTLTIO GTNV AVTIGTOLYN KAAGN TOL.

3.6.1.2 Aoun kou Avamopdoracny oo MOF

H mo npdcpatn ékxdoon tov MOF éxel oyedwnotel pe 1€t010 TPOTO OGTE VO
etvar otevd ovvoedepévn pe v UML, xobdg yuoo tig mpodiaypagéc g €xet
ypnowonomBel 160 M obvvtaln 6co kot 1 onuacoroyio g UML. Xy
npoypatikdTnTo Yo T1i¢ Tpodtaypapés tov MOF ypnoiponoteitol éva vTocHvoro g
UML (xvpiong dwypappoto kKAdcewv), pio yADOCGO TPOOypOaens TEPLOPIGUAOV
(Object Constraint Language —OCL) ka1 1) g1k YADGGO.

H mpodiaypar; tov Aowmdv enttpénel dvo maporroyés: v Paocikn (Essential
MOF —EMOF) ko1 v mtAnpn (Complete MOF —-CMOF). Téoo to EMOF 660 kot 10
CMOF meptypeoviot ¥pnoYLOTOIMVTAS TOV £0VTO TOVG KOl TO KaOEva TpoépyeTal 1
emovaypnopomotet tuqpua s UML.

O okomdg tov mnpovg MOF (CMOF) givor va mapéyet éva. yevikd TAAIGLO Yo,
LETOPOVTEMO O, evd 10 Pacikd MOF (EMOF), mov omv mpoypotikdtnto givat
vtoovvoro 10V CMOF, 7eprypdest  yOpOKTNPIGTIKA Kol AELTOVPYiES TOV
OVTIKEYLEVOGTPOPADV YAMGCHOV TPOYPappaticov kot tov XML.

2mv gpyacia avt ypnoponomdnke 1o facikd MOF kot yia to Adyo avtd o
oynuata mov axoilovbovv opilovv to EMOF 6nwc mapovoidletor oto £yypago
Tpodaypaens g teAevtaiog tov ékdoong (MOF 2.4.2). Oco agopd ctov opiopd tov
mpovg MOF, pmopel kaveilg va tov avalntioel 610 £yypago TPOodLoypoedV TOV
avaeépetol otn PAoypagio.

3.6.1.3 H XML Avaropdaoroon

To MOF amote)el éva mpdéTLmo oL GLUPAALEL 6T dnovpyio. GAAL KOl GTO
YEPOUO LOVTEAW®V Kol peTapovtéAwy. Qotdcso, o MOF dev givar pio vAomoinon kot
enedn umopel va @avel wlaitepa YPNOIUO GE Eva TPOYPUUUATIOTIKG TEPIPEALOVTA
OOV GLVLTTAPYOVV SLUPOPETIKES TEXVOLOYiEG elvan amapaitnto va Bpedel Evag TpoOTOG
dlovvdoeong Tov pe Ao mpdtvmo. [Ma 1o Adyo avtd, €xovv dmuovpynOet
TPOJYPaPES mov mepAapPdvouy avtiototyicelg and MOF oe dAho miaicta kot
TeYvoLlOYieg Omm¢ eivar M avtiotoiyion and MOF oe Java pe to Java Metadata
Interface (JMI) 1} exeivn amd 10 MOF 6e XML pe to XML Metadata Interface (XMI).

To XMI givan éva mpoétvmo tov OMG mov oyetiCetor pe v avtodioyn
TANpoeoplOV petadedouévov pécw tg Exetensive Markup Language (XML) xat
pumopel  vo  ypnowomomnBel Yy omoldNTOTE PETAOEOOUEVA T®V  OMOI®V  TO
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peTapoviéAov pmopel va exkppoaotel cvppovo pe 1o mpdétvmo MOF yeyovog mov
EMAVEL TO TPOPANUA NS OLUPATOTNTOG TOL  TOPOVGLAGTNKE  TPONYOVUEVOC.
Xapakmplotikd mapddetypa givar n ypnon tov XMl yoo v avomapdotoon
HoVTEL®V TTpodtayeypappéveoy oe UML.
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Multiplicity Element

+isOindered | Boolsan = false
#glnicus | Boolean = ne
ilower © Inbeger [0.]= 1

hupiper ! UriimitedNaturad [0.] = 1

Claggifier Jgenersl ;- T T T
+isAbsiract : Boolean = fase N StructursiFesiure
B o
ﬂ | T
Class Property smemberEnd +associstion | Association
wolasg ronnedAlinbule . . - "
0. o -mml:smm[é_] PR 2 fordere) o
{erdered) :mmc i mﬂﬁh +ownedEnd +owningAssociation
- [Eg— 0.
+olass
o Happosile
0.
+auperClass *propedty
=
" [MatiptciyElame || 7pecEiament|
Operstian Parameles
shalndened | Bookan = 13l -— inection | ParametenDinec onkind = in
ke *ewnedOperation mmuue:mm-.wm 0. {ontent e )
0. 0 [ #honwer : inseger 0] = 1{rean0nly}
#hupper | UnlimitadMalural J0.] = 1readnly
- vaperalion +raisedExcaption
o o % T‘.i'ﬂl
{ordered)
Jxnua 3.5: KAdaoeig tou EMOF (Essentials MOF)
NamedElement
Y
IPackoyub!aEfwnMr|
£
|Instanoe8peciﬂcation |
i)
|Primltlva‘rypo | |Enumoraﬂon F;enumeratim +ownedieral 4Enumoratloanral |
0.*

2xnua 3.6: Ot tumot ebouévwy tou EMOF
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PackageableElerment

+packagedElement |
0.~

+visibiity : VisibiityKind = public{redefines visibiity}

+owningPackage | 0..1

Package L.= +package +lownedType

+URI - String [0..] 0. 0.
+nestingPackage

0.1
+nestedFackage

0.

Sxnua 3.7: EMOF Package

+owningElement

Element

0.1
+annotatedElement

0.°

+comment | 0..* 0.*

Type

+ownedComment

NamedElement Comment

+name : String [0..] +body : String [0..]

+/qualifiedName : String [0..{readOniy}
+visibility : VisibilityKind [0..]

n md-typadﬂemmt
ypedEiem 0.~

Jynua 3.8: Tumot tou EMOF
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Avagopéc kar AmoOnkes 2paiudrwy

Me tovg O0povg avamtuln KOSKE 1 TPOYPOUUATIGUO OTNV ETMICTHUN TOV
VTOAOYIOT®V  GUYVE  avoeepOpoote ot dwdikacio  ovAamtuéng, eAEyyov kot
GLVTNPNONG TTNYUIOL KOIKA TPOYPOUUATOV Y10t NAEKTPOVIKOVS VITOAOY1oTEC. 'HOm, o¢
TPOTYOVUEVO KEPAAOLO, EYEL YIVEL AOYOG Y10l TIG TTOAAEC KO SLOPOPETIKEG SEEIOTNTEG
KOl YVOGELS TOL OoutoVVIOoL Omd TOV TPOYPUUUOTIOT KOODS Kot Yo TG SVCKOMMECS
OV TTPEMEL EKEIVOS VO AVTIHETOTICEL 0TN Oladikacia avtr. [ to okomd avtd, £xovv
avantuyfel mOAAL epyodeld To omoio SLELKOADVOLV OPKETE Tr OOLAEWL TOL
TPOYPOUULUATIOT!], TPOSTOODOVING TOPIAANAL VO  SGPUAIGOLY TNV  TOPOY®OYN
TOLOTIKOD KMOKA.

Onowdnmote kol av elvar 1 TPOGEYYIoT NG AVATTLENG AOYIGUIKOD KOl O
OKOTOG TOV TTPOYPAULATOG TTOVL dnpovpyeitar, Oa Tpémel ovTO Vo IKOVOTOLEL KATOow
Baocwkd kprnpla. Apykd to mpoypappa 0o Tpénet va ivan arodotiko (efficient) toco
®¢ TPOg TN xpnon tev toépwv (uvnun RAM, okinpd dicko, eneepyaot) K.a.) 0G0
KOl ©G TPOS TO XpOVOo mov ypelaletar ywo v ektéieor] tov. EmumAéov eivan
amapoitnTo 0 mapayOUeEVOC KMdKag va gival aliomotog (reliable). Avtd onpaiver ot
Ba mpémel va vVAOTOLEL OTIONTOTE £XEL OPLOTEL GTIG TPOIAYPAPES TOV TPOYPAULOTOC,
TPOPAETOVTOC KO OVTILETOTILOVTOG TPOPANUATO TTOV UTOPEL VO TPOKOYOLV KOTH TNV
EKTEAEON TOL, OMMG Yoo mopddetypo m vmepyeidon M n Elhewyn pvAung. X
oVYYPOVN ETOYN, TOL Yapaktnpiletor amd paydaio ovaTTLEN TNG TEXVOAOYING TOGO OE
eminedo vikov (hardware) 6co kol ce eminedo Aoywouucov (Software), eivar mwoAv
xpnowo to wpdypappo mov Oa onmpovpyndel va pmopel vo  petoeepbel oe
omotodnmote mepPdArlov yopic enavampoypappoaticpd. H 00tta ovt) ovopdleton
uetapepouotnto. (portability) kot eivar éva amd o YOPAKTNPIOTIKG TOV TAPUYOUEVOL
KOOIKO 7OV  OlEVKOADVEL TNV  €KTEAECT] TOL O€ OPOPeTIKA ocvotnuata. O
TPOYPOUUATIOTHS Oa TTpénel woTds0 vo mpoPAEnel 66O TO dVVATOV TEPIGCOTEPEC
TEPWTAOOCELS, OTIG OMOlEG LIAPYEL TOHAVOTNTO VO TPOKVWYOLV GOAALOTA KOTA TNV
EKTEAEOT NG €QUPUOYNG. X& TepimTon mov cLpPodv TETOL €100VG CEAAHATA,
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KatéAnAa unvopota Oa epgoaviCovior 6to ¥pNoTN HE OKOTO VO ETIOEIKVOOVV TN
oMOTN XPNOTH TOV TPOYpaupatoc (copwotio - robustness). TELOG, 0 TPOYPAUUATIOTNS
Aappdvovtag vdyn Tov 6Tl T GVVTNPNON Kot BEATioon Tov KOdKa ovalopBavouy
TOALEC POPEG OUAOES GAAWDV TPOYPOULOTIOTOV KOl O)l OTOKAEIGTIKGE EKEIVOC TOV TOV
ONUovpYNGE, Eival amapaitnTo va TopdyEl ELOVAYVOGTO Kol KATOVONTO KMOOIKO MOTE
va. umopel omoloconmote va. oofdcel kKabe UEPOC TG €QapUOYNG Ywpic Wlaitepn
dvokora (avayvawoiuotyo. — readability).

Onwg yivetor avTiANTtd amd To TOPATAVEO, N OCPIAIoT TG TOdTNTAG oG
EQOPUOYNG AOYIoUIKOD €lvar pion TOAOTAOKT dadikacio Kot eEaptdTot omd opKETONS
napdyovteg.  Tig meplocodTEpe @Opéc MHOAGOTO Ogv  €ival €OKOAO Y. TOV
TPOYPOUUUATIOTH Vo EAEYEEL TNV TOWOTNTA TOV KMOJKO 7TOL TOPAYEL, OPOV oV
UTOpOvGE Vo EVIOTIGEL To onpeio ota onoio votepel, Ba Ta eixe dropbmoet eEapyng.
[Map’ 6Ao avtd, £govv avamtvyBel odpopa epyareion mov cLUPAALOLY TOGO GTOV
TO0TIKO 000 Ko otov €Aeyyo g opBdtrtog £vog cuotnuatog (OTATIKY avaALoT
Kkmdwka — PMD yia Java, test units — JUnit).
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4.1 Avagopés Actoyiav

O aotoyieg elvar éva @ovopevo mov mopatnpeitol cLuyxve GE TPOYPALLOTOL
Aoylopkoy Ko cvpPaivel oe peydio Pabuod e€artiog TpoPANUATIKOV oNnuUEi®vV 6TOV
myaio K®oka tovg. Ta onpeio ovtd, 6nwg £yel avapepbel Kol e mponyovueEVeES
evotnTeg, ivat apKeTE SVGKOAO VO EVIOTIGTOVV OO TOV 1010 TOV TPOYPOLUATIOTI KO
va dpbwbodv ™ otiypun g dnuovpyiag tov Aoywopkov. ‘Etol Aowmdv, otnv
eEAOOAMOTN TNG OKEPOUATNTOSC Kol TNG MOLOTNTAS TOL AOYIoUIKOV, GLUPAALOVY Ot
AVaPOPEG AGTOYLADV, Ol OTO1EG TTEPLYPAPOVY EAATTONATO 1) TOUVES SVCAEITOVPYIEG KOt
elval ypnoéc 1660 yia T 010pOmon TeV GEUANAT®V, OGO Kol Yol TNV TEPETOLP®
avamTuEn ToL TPOYPALLLATOC.

[Tio avalvtikd, pio avagopd ootoyiog eivar €va €yypoago TO 0moOio
onNuovpyeitol amd KATOWOV TPOYPOUUOATIOT] 1 OKOUN Kot TEMKO YpNotn €vOg
GUGTNUOTOG KOl TEPLYPAPEL TIG KOTUOGTAGES OTIG ONMOIEG TO TPOYPOUUO OEV
aVTOTOKPIONKE OTIC TPOSIAYPAPES TOV KOl OEV EIYE TNV AVOUEVOUEVT] CUUTEPLUPOPAL.
EmumAéov mepthapfdvel d1dpopeg mAnpopopieg OYETIKO WHE TNV TEPLYPOAPY] TOV
OQAALOTOC, PALOTA YIOL TNV OVATOPOY®YT TOV KOOMG Kot Tycio kdduke 6mov avtd
elvan avayxaio.

Xvumepaivovpe Aomdv OTL 0L OVAPOPES ACTOYLDOV ATOTELOVV Eva LEGO Y10 TNV
EVIUEPMOT) TOV TPOYPOUUATICTOV GYETIKG LE TPOPANUATO TOV GLVOVIOVIOL GTOV
KOowa. Emedn Opmg ocvyvd ovvidocovtol Kot omd TEMKOVG YPNOTEG TOV
TPOYPAUUATOC AOYIGHIKOD, elvarl Thavo va mowiAovv 1060 6TV moldTNTO OGO Kot
oto mepleyduevo. Ilapammpeitar dnAadr 10 @avOUEVO OL ¥PNOTEG VO PNV &ivan
Wwitepa TPOCEKTIKOL Kotd Tn Onpovpyion Tovg, HE amotélecua vo  divouv
AavBoopEVEG 1 KOl aGOPElG TANpoPOpieg TYETIKA LE TO GOAALN TOV TEPLYPAPOLV
(Y10 mapdoetypa AovBocuévo AEITovpyiKd GUOCTNUA 1) U1 EMOPKEIS TANPOPOPIES).

H yprion opwg tov avagopdv actoyidv, dnpovpynce v avdykn vmopéng
CLOTNUATOV GTO 07Ol Bol KATOX®POVVTOL OL avaPOpES aVTEG Ko €tol Ba elvar mo
€0KOAO Y10 VOl TPOYPOLUATIGTY] VO TOPAKOAOLOEL TNV KOTAGTAGN Kot To. TPOPANLOTA
eVOG TPOYPAULATOG AOYIGHIKOV. AVO amtd TO O YVOGTH GLGTHUATO TOPAKOAOVONONG
npoPAnudteov, to Jira kaw to Bugzilla, mapovoidloviar oty emdpevn mopdypao.
EmmpocOétmg avalvovior ot avagopés actoyumv tov Bugzilla émwc eniong kot 1o
LLOVTEAO TOVG,.
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4.2 2vornuara HapaxoiobOnong lpofinudtwy

Extég Opwg omd tov €Aeyy0 TOL KMOKO OTO GTASW0 TOPUY®YNS TOV, €ival
mOovo 10 Aoyiopikd mov Ba onuovpyndel, vo Tapovcldcel GEAAUATO Kol KOTd TNV
EKTEAEGT] TOV TOL OTOI0L O TPOYPOUUATIOTHG OV KOTAPEPE VO, EVTOTIGEL vopitepa. [a
NV KOTOypopYy] TETOOL  €100VC  OLGAEITOLPYI®V, VTAPYOLV TO  GLCTHLOTO
napakorovOnong npofinudtmv (bug tracking systems) ota omoia kataywpovvrad,
EVILEPDVOVTOL KO EMAVOVTOL TPOPANUOTO GYETIKA UE KATOO TPAYPULLO TOCO OO
¥PNOTEG OGO KOl Ad AAALOVS TPOYPOUUOATIOTEG.

2y 1eXvoAoYiot AOYIGIKOD, TOL GUGTHLOTO OVTE Vol OYESIOCUEVO ETOL DOTE
VO GUVEICQEPOVY GTNV €YYLUNGCT TOWOTNTOG TOV KOJKA KoO®OG kot vo. fonbovv tovg
TPOYPOUUUATIOTEG VO, OVOPEPOLY  aoToYieg mov elval mBavd va mpokvyovv. H
YPNOUOTNTO TETOLWV CUOTNUATOV EYKELTAL GTO YEYOVOG OTL TOPEXOLV Uio YEVIKN
EMOMTELN TV OVOPOPADV GOUAUATOV TOL SNULOVPYOVVTOL KOTE TNV avVATTLEN KOOTKN
Ko TG Katdotaot toug (Status).

AVO amd TO MO YVOOTH GLOTHHOTO TOPOKOAOVONONG ceaALdTOV givol TO
Bugzilla xor to JIRA. T 10 mpdto Bo yivel ektevig ava@opd oe €mOUEVN
napaypoeo. To JIRA egivar éva gumopwcd mpdypoppo kot angvfoveror Kvpiog o€
emyelpnoels. Lovnbog ypnoyonoteitar ®g cHotua Tapakolovinong ceaipdtov
OAAG Ko ¢ cOoTNU SLoEIPIoNG £PYOV. ZVYKEKPIUEVO EMLTPETEL TV ATEIKOVIOT] TOL
KOKAov ComMg evog mpoPAfuatog kabdg kol apKETOVG TPOTOVLS Yo TNV TOPOYN
TANPOPOPLOV GYETIKMV LE TPOPAUOTA 1) POEG EPYACIOG GE TPOYUATIKO YPOVO.

4.2.1 Bugzilla

To Bugzilla givar icwg 10 T0 yvwotd amnd o S10d1kTVaKAE EpyaAeio dlayeipiong
npoPAnudtov, to omoio avomtuybnke, ypnowomombnke amd to Mozilla kot
KUKAOPOPNGE G AOYIGUIKO OVOTYTOV KMOTKA. XPNGUYLOTOLEITAL Y10 TV KOTAXDPNOM
KOl ar0ONKELGT AVAPOPOV AGTOYLDV TOAMY Tpoypappdtov 6tmg to Mozilla kot to
Eclipse, aALd kot epappoydv Aoyioukod tomv Linux.

To Bugzilla mpocéper ™ dvvatdmmra 1660 o6& amhodg xpNoTeg OGO KOl O
TPOYPOUUATIOTEG Oyt LOVO Vo ovalnTGoVY 10T VILAPYOVCES AVAPOPES CPAAUATOV,
oAAG Kol vo dnpuovpynicovy ek véou kovovpleg. Ot ypnoteg eivar oe Béom va
avalnoovV KAmow avapopd amAd TANKTpoAoydvtag oto medio avalntnong (amd
amlo KEIPEVO HEYPL KOl TO OVAYyVOPLOTIKO NG ovagopds — bug id) to omoio &yet
TPOULPETIKO PIATPAPIOUA VIO TO TPOTOV 1 Yo TNV KATAGTOON TG ovapopdg (status) .
INa exetvovg mov emBovpovv mo e€eAryuévn avolrnon, vrdpyel M €mAOYN TNG
«XovBetng Avalnmong» (Advanced Search) omov pmopodv va @iktpdpovy cxedov
OTO10ONTTOTE TEDI0 TNG AVAPOPAS COAALNTOC TOV amoBnKevETOL 6T Pdor dedopuévav
tov Bugzilla.

To Bugzilla mopéyet évo moAd e&glypévo choTNUA OVOPOPAS, TO OTOI0 OPYIKA
eovtalel mepimhoko, AOyw TG Olemapng ypnotn (user interface) mov dgv &ivan
wWuwitepa euukn. Katd 1 dadikasio g onpovpyiog piog ovapopds cOUALOTOC
(bug report) o ypriotng KoAeital vo copTANPOGEL pio EOpa, 1 omoio TEPIAaUPAVEL
Kol medio AmapoiTTO Yo TNV KATOXDPNON TNG avagopds ot Pacn dedopévmv.
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Ot minpoopieg aVTEC 0POPOVV AETTOUEPELEG TNG OLGTOYIOG TOV TOPATNPNONKE Ko
TEPIAAUPAVOVY il OYETIKY TEPIANYN TOV GPAAUATOS, TO TPOIOV GTO OTOio
aVOPEPOVTOL KOL TN GLYKEKPLUEVN €KOOCT TOV, TNV TAATEOPUO GTNV Omoio &ivat
EYKATEGTNUEVO TO TTPOTOV, TNV TPOTEPAATNTA TOL Kot AAlo. EmmAéov mapéyetan 6to
¥pNoTN M duvoTdTTa Vo TPocshEcel oydAa, ota omoio uVHOWG emelnyel AemTOUEPDCS
TO GQAALO TTOL TOPATHPNCE. ALAPOPEC EVIUEPMDOELS TNG KATAGTACTG TOL GOAALOTOG
emtpémovtat, Lol Pe ONUEUDGELS amd TOV YPNOTH IOV EVIOTIGE TO GOAALLN KOOMG Kot
Tapadetypoto oto omoio epeavifeTat.

Ortav N avagopd olokAinpwbei, To Bugzilla sidomotei pe ufvoua niektpovikon
TOYVOPOUEIOD TOVG ¥PNOTEG Yo TNV VL KaToy®dpnor. To ceAAUaTe GTOV KMOKO
UTOpovV v 6TAAODV amd OTOlOVONTOTE Kol v ovotefodv oe €vav GUYKEKPIUEVO
TPOYPOUUOTIOT. XtV  {poyuatikotnto, to Bugzilla empéner v  dnudowo
KaToympnon oeoApdtov, to omoio avatibeviar oe kdmowov vmedOvvo Yo TV
nePETAP® OVADEST] TOVG GTOVE APUOSIOVS TPOYPUUUOTIOTEG KOOMG KOl TOV Oplopod
TOV EMMTEIOV TPOTEPULOTNTOG.

[Tap’ 6A0 mov 1 ypnon Tov eaivetor Witepo TOADTAOKT, Ol SUVATOTNTEG TOV
TPOcPEPEL lvar a&LOAOYEG KOt ETAPKOVV Y10 TOVG TEPIGCOTEPOVS OPYOAVIGLOVG TOV TO
ypnouonotovv. ‘Eva ard ta yopaktnpiotikd tov Bugzilla eivor ) taydtntd To00 kot n
un emPoapvpévn LAOTOINGT TOL, EAXYIOTOTOIMVTAG OGO £ival dLVATO TIG KANOELS TPOG
™ Paon dedouévov. EmumAéov, ot Olayeplotéc €govv TN duvatodOTNTO VO
onpovpyncovv  akdun Kot ypaonuato (mivakeg, ypaenuo mitog) ®OCTE Vo
ATEIKOVICOVV KoAOTEPA Ta amobnKevpEVE dedopéva Tov oyetilovtal e TO EKAGTOTE
TPOYPOULO AOYIGHKOD Om®G €miong KOl Vo TOPATNPNCOLV TS €E0PTNOELS TOL
avartoocoviol HETaEh TV oQoApdTOV péco omd TOvg YPAPovg EEAPTNCEMV
(dependency graphs).

Mia avagpopd aotoyiog oto Bugzilla axoiovBei pio otabepn «dradpoun» oto
ocvoTnuo Tov ovopdleton kvrkAog {wHs ™G AvVOEOPAS Kol ToPOLGLAlETOL GTO
TOPATAVE® dLAypappo Kataotdsewy. Otav 1 avaeopd kotaympndel Yo TpdTN popd,
Bpioketon otnv kotdotoon (state) “New” (oniadn xowvovpua) kot eivor glte
“Confirmed” (emBeparmpévn) eite “Unconfirmed”. "Encita n avaeopd avatibetotl og
Kamowov mpoypaupatioty (omdte petoPaivel oty katdotaon “Assigned”) o omoiog
etvat vrevBVVOG VoL EPEVLVNGEL TNV TPOEAELGT TOV TPOPANLATOG Kot Vo S10pBDGEL TOV
Kodwko. Otav emivbel to mpdPAnua, n oavagopd yoapaktnpiletar wg “Resolved”
(nradn emhopévn) Kol veapyel mhavotnta vo yivel “Reopened” av n emilvon g
YOPOKTNPIOTEL Un EMOPKNG. AlQopeTikd M katdotacn ¢ Oo sivor “Verified”
(emoAnBevpévn). O verified avagopéc amoktovv katdotacn “Closed” détav 1 actoyia

éxel emlvbel omoteleopoTiKd, €v@ pmopel Kol va  petafovv oe  Katdotoom
“Reopened”.
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New bug from a
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Bug is reopened,

Bug confirmed or was never confirmed
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possession finished with bug
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INVALID
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with solution solution worked
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REOPEN VERIFIED
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Ewkova 4.1: KukAog {wn¢ uiac avagpopac aotoyiac (bug report)



4.3 Movtéio Avagopas Actoyidyv

Yg outn TNV TOPAYPAPO TOPOVGLALETOL TO HETAUOVIEAO TOV AVOPOPDV
actoyudv oto Bugzilla. mn cvvéyeia Oa avolvBodv o1 onpovTIKOTEPES OVIOTNTEG TOV
LOVTEAOL KOOMG KOl 01 GYECELG TTOL VITAPYOLY UETAED TOVC.

4.3.1 Ovrotntes Movtéiov

H avagpopd opdluotoc (BugReport) amotehel tnv kuptdtepn oviotnto o€ £va
ocvoTua TopakorovONoNg actoyldv 6mwe o Bugzilla kot mepiéyet minpogopieg mov
elval mopOUOlEG Yo TO. TEPIGGOTEPO, GUOTNUATO. XTO GULYKEKPIUEVO HOVTEAO, Ol
TANPOQOPIEC OVTEG eivar Gpeso cLVOESEUEVEG e TNV avaQOPE, VD EKEIVEC TTOV
oyetiCovron éupeca avoamapiotavror pe Eegyoplotéc oviottes. Ilo cvykekpéva
vrdpyovv ta eENG:

e BuglD: ZXto Bugzilla 6Aiec o1 avapopéc actoyudv €yovv  Evav
avayvoploTiKo aplfpd, povadwo yia kobepio. O aplBuog avtdc sivor
aképatog ko av&avetal Katd v Tpochnkn evog véov bug report oto
GUGTN LA

e Date Submitted: H mnuepounvia otv omoio kataywpndnke n
GUYKEKPLUEVT] OVOPOPE GTO GUGTNLLOL.

e Status: H xotdotaon piog avaeopds actoyiog apopd oto 6Tddie Tov
mepvasl koatd tov kOkho CoMg G, Om®G mEPyplPETOL  OTNV
wponyovpevn mopdypao. Iapadelypata katactdcewv sivor n “new”,
“resolved”, “fixed” ko dAAo.

e Priority: Tponomotgitol amd TOV TPOYPOUUOTIOTH TOV Eivar VIEvHVUVOG
YL TNV EMIALGCY] TOL GEAAULOTOS OV TEPLYPAPETOL, TPOKEUEVOL VL
Béoel TPOTEPAOTNTA GTIG AVAPOPES LLE TIG OTOTEG TPEMEL VAL Ao OANOEL.

e Resolution: Otav pio avagopd ocedaipotog Ppebei oty Katdotoom
“resolved”, givar mOavo vo vapyovv meplocdTEPES amd pio avoADoELS,
kaBepio ek T@V omoimV va TPoTEIVEL dLOPOPETIKO TPOTO Yo TNV EMIAVOT)
™G aotoyiog.

e Commit Link: Tig mepioocdtepeg @opéc 1 emilvon €vog GOAMLATOC
amoltel  TPOMOMOMGCEL G€ TUAUOTO TOL TNYOIOL KMOKO TOV
mpoypbupotoc  Aoywopkov. O kodwog ovtdg  ovvnbmg  elvan
amofnkevpévog og va cuoTnUa dloyeiplong ekOOGE®V TNy iov KOSKA
(6mwg Yoo mopaderypa givor to Git) kot avoavedvetar 0mote yivovtot
aAlayéc oe avtov. To ocvykekpyévo link agopd oty tomobecio Tov
KOOIKA LEGO OTO €V AOY® GUGTILLOL.

Emopevn onuavtikn oviotnto givar o Avbpwmog (Person), n onoio. omoteleitat
amo Tpeig empépovg ovtotteg: 10 Anuovpyd (Creator) g avapopds actoyiog, Tov
Tehkd yprotn (end user) tov TPOYPAUUATOC AOYIGUIKOD KOl TOV TPOYPOULOTIOTN
otov omoio avatifetar | exilvon Tov opdipatog (Assignee). Extog and tov facikod
poAo kéBe Katnyopiog, 0 Kabévag amd Tovg TOPATAVE UTOPEL VO KOTOYXM®PNGEL GO
OYETIKG pE TIG avo@opéc kabdG Kol vo dNUovpynoel ek véov kdmolo bug report,
YEYOVOG mov Tov mPocdidel Tig WwidtTeg evoc Creator. Ot mAnpogopiec mov
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amofnkevovtal yio kéOe dropo mov aAANAETIdPA pe pio ovapopd GOAANATOG Elval TO
ovopa ko to email Tov kot YU awtd T0 AdY0 M GLYYDOVELGT TOVG GE piat OVTOTNTA O
Ba Onpovpyovoe kdmolo TpoOPANUe avakpifelag N andAslog dedopévov. [ap’ dia
ouTa Yyl vo Yivel TEPIGCOTEPO OAVIIANTTOS O O ®PIGUOS TV POA®V, GTO
LETAUOVTEAO OV TOPOLGLALETAL GTNV €VOTNTA OLTY, eUPavioviol oG Eex®ploTég
OVTOTNTEG TOV AVKOLV OTNV YEVIKOTEPN ovTdTNTOL Person.

Mia axoun ovtotnta yio. 1o HeTopovtélo sival ta oyoiia (Comment), oto omoio
KUPIOG TEPLYPAPOVTOL TPOTOL Y10, TNV OVOTAPOY®YN TOV COAALOTOS 1 KO KOt
dtapopotl TpoPANUaTIcHOl TOV TPOKHTTOVY KATA TN dldpKewn emilvong tov. Onmg
avaeépinke otV mponyoOUEVT Tapdypapo, Eva oxOAl0 pmopel va onpovpyndel and
onotovdnmote dvBpwmo &ite £yel to poro Creator, gite End User, ite Assignee kot yia
Kabe oyoio amobnkevovtar TAnpoeopieg énmwg to Keipevo tov (Comment Text),
oniadn v mEPLYpoer] TOov, KABMG €miong kol M muepounvio dMuovpPyiog TOL
(Comment Data).

Mepkd and ta mpoiovra (Product) Aoyiopikol givon mbavo va amotelovvran
amd ToANG emuépovg otoryeio. (Components). I kaOe mpoidv oto Bugzilla, dmwg ko
ywo xkdBe component onpovtikés mAnpoeopieg eivar  to  O6voud  tov
(Product/Component Name), aiAd kot 1 €kdoon tov (Product/Component Version).
Ye pia avoaeopd actoyiog Tov Bugzilla eivon eniong amapaitnto vo kataywmpnel kot
10 Jlerrovpyiko ovotnquo. (Operating System) oto omoio mapatnpnidnke 10 oediua
avopéPovTog To ovopa Kot Ty ékdoon tov (OS Name/Version).

Télog, vapyovv ot e€apthoeig (Dependences) ot onoieg Oa yivouv teptocdTepoO
Katavontég otnv emduevn mopdypaeo Omov yivetar AOGYOS Yoo TIC GYECELS TOV
ovtoTTeV Kot ot mepiypapés (Descriptions), otic omoieg avikovv M mepilnyn
(Summary), dnAadn pio. GOVTOUN TEPLYPAPT) TOV GOPAAUATOC TOL TOPOTNPNONKE Kot
uio extevéotepn meptypagn (Long Description).
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Descriptian

68

LongDescription

LongDescriptionText : String

Product Campanant
hasComponent
Product_Mame : String 1 g.* | Component_Marme : String
Product_Version : String - Component_‘Yersion : String [|5
Person | containg Summary
1
isAffectedBy nx SummanText : String
Z|§ BugReport
BuglD : Integer contains 1
Date_Submitted : Date 1
End_User Creatar Assignae Status : String
: - - - isAssignedFar Priority - String
EndUser_Mame : String Creator_Mame : String Assignee_Mame : Siring q 1.# |Resalution ; String
EndUser_Email : String Creator_Email : String Assignee_Email : String CarnmitLink - String . refersTa | CperatingSystern
- OS_Mame ; Sting
. CS_Version : String
0.1 .
0.1 1 1 -
n.*
creates .
1 0.* B
isDependent
hlocks |
isBlockedBy  |dependson
*
0. 0o* 0
Blacks o | DependsOn
BuglD : Integer BuglD : Integer
wiritesComments
writesComments 1.% 0=
- Comment 67
. hasGomments Dependences
Comment_Date ; Date
wiitesCamment

Carmment_Text : String

Ewkova 4.2: Metauovtédo Avapopwv SpaAuatwy oto Bugzilla




4.32 2Xyéoeig uetadv OvroTtyTtwy

Eekwavtog amd to Product, n mpd oyéon mov cuvovidue eivor M oyéon
Product-Component, | onoia. dnidvetat oto poviédo wg hasComponent. Kabe mpoidv
Aowmdv givar duvatdv va €yl mepiocdTepa amd Eva otoryeio Kot yI' ovtd T0 AOYo 1M
oyéon hasComponent givon 1-tpoc-N.

Ta empépovg otoyeio evog mpoidvrog (components) eivar exeiva oto omoia
Tapovo1aloviol Kot Kataypdeovial ceaipoto o€ cvotiuata 6nmg to Bugzilla. Avtm
n 1-mpoc-N oyéon Component-Bug Report avagépetar oto povtého g isAffectedBy,
a@oL €ivol TPOPOVEC OTL £VaL GTOLYELD TOV TPOYPAUUOTOS AOYIGUIKOV, UTOPEL va. £xEl
TEPLOCOTEPES OO IO OVOPOPES AGTOYLDV TTOL GyeTiCovTat pe avtd, evod avtibeta pio
avapopd actoyiag oyetileTon pe Eva Ldvo cuyKeKpILEVO component.

2TV TPONYOVLEVN] TOPAYPAPO, TEPLYPAPNKE AEMTOUEPM®SG O pPOAOG KO
ovtoéTTOag OV OVAKEL 6T Yevikn katnyopio Person (Creator, Assignee, End User).
KdéBe pio ovtoémra £xel S10QOPETIKOV €10V OAANAETIOPACELS LE TIG VITOAOUTEG TTOV
nmapovotdlovtal 6to povtélo. Boown kot tavtdypova omapaitnn eivor 1 oxéon
peta&b Creator-Bug Report, n omoio ovopdaletan creates kot etvor 1-mpog-N, agov dev
VILAPYEL TEPLOPICUOG MG TPOG TO TANOOG TV avVaPOPAV OCTOYIMV TOV UTOPEL vol
onuovpynost évag dvBpomoc. ‘Exet non avapepBel 011 petd ™ omuovpyio piog
avaQopds, ovolapuPdvel KATOL0G TPOYPOUUOTIOTS Vo eMdopOdcel To TpdPAna.
Avt eivor 1 oyéon Assignee-Bug Report kot givar 1-mpog-N (isAssignedFor). Ot
OVTOTNTEC OV OVIKOLV GTNV Kotnyopia Person éxovv tn duvatdtnta vo ypayouvy Eva
oxoMo, oyéon writesComment kot givon 1-mpoc-N, emeldn] kabe avOpwmog Exel to
dwkaiopa va yphyel TEpLocotepa omd Eva oo, oAAG KABe oYOAI0 GUVTAGGETOL Kot
KaTaympeitar povo and £vo GLYKEKPYEVO ATOLO.

Yxéon l-mpoc-N eivar kou m oyéon Bug Report-Comment. Mio avagopd
actoylog €xel éva M Kot mepiocdtepa oyoAa. Opmg éva oyoAo avagépetorl og pio
povo avaeopd kKot dev umopel va aviiotolyel o€ mepiocdtepec. H oxéon avtn €xel to
6vopo hasComments.

Katd ™ dnuovpyio pog ovaeopds oedipatog oto Bugzilla, cupminpmveran
10 medio Summary ko to avtiotoryo Long Description. ‘Etot éyovpe ™ oyéon
contains peta&v Bug Report-Summary kot Bug Report-Long Description. Eneidn yio
KGOe pio avopopd vapyetl Lovo éva medio Summary kot Long Description, 1 oyéon
avtn etvon 1-mpoc-1.

Emmiéov éva bug report oyetiCetor extog amd To component kot pe TO
AELTOVPYIKO GVGTNO 6TO 0Tol0 evTomicTnke T0 GPdAua. ‘ETol mpokidntel kot n oyéon
N-mpog-1 Bug Report-Operating System (refersTo), epocov mOAAEG avVOPOPES
GOAALATOV glval duvato va oyetilovtot pe Eva AgTovpyikd ZOoTnpa.

Téhog petald g avaeopds actoyiog kot tov eoptioenv (Bug Report —
Dependencies) vrapyovv ot oyéoeic blocks kot dependsOn. Emeidn n eme&nynon
aVTOV TOV OYECE®V &ivar mepimAokn, 0o mEPLYpaOVV  YPNOIUOTOOVTOS EVal
napadeypo. Eotow 6TL €yovue Tic avapopés ceoripdtov BR1, BR2, BR3 ko
Bewpovpe 611 Yo v enilvon g BR1 mpénel mpdrta va mponynbei n emilvorn g
BR2 kot g BR3. Avtd onpaiver 611 1 BR1 g€aptdron and t1g dAreg 600 (oyéon
dependsOn) kot mapddinio 6Tt ot BR2 ko BR3 umhokdpovv v emikvon g BR1
(oxéon blocks). IMapoatnpovue Lowtdv o1t yuo kabe oyéon dependsOn dnuovpyeiton
kot n avtiotoryn blocks 6nmg emiong kot 6Tt pio avapopd actoyiog eivol duvato vo
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e€aptatal amd mEPIGGATEPEG AVOPOPES KABMG KOl Vo UTAOKAPEL TEPIGCOTEPES QMO
pio ovopopec.
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Apyrtextovikny Tov 2voTiuatog

Xmv evomra avt] 0o meprypagodv  deodikd OAo To PrpoTo  TOv
TPOYUOTOTOON KAV Y10 TO GYESOGUO KOL TNV aVATTVEN TOL TEAKOL cuoThuatog. To
GUOTNUA TIOL VAOTOMONKE TOapEYeEl G6TO YPNOTN TN OvvOTOTNTA VO EVTOTLEL TO
CEMOTTOUOTIKA» ONUEl0 TOL Tyaiov KOdKa, To omoio ivatl vevbbvva ylo cedApaTa
mov evtomiCovionr Katd v ektéleon evog mpoypdupatog Aoywopkov. [Ma vo
AEITOVPYNOEL EMTLYMG TO €V AOY® GVGTNUA, YPELGlovTal Ol avapopéc actoyidv (bug
reports) otig omoieg onpileton T0 HEYOAVTEPO TOGOGTO TOL KAOMG KOl O TN yoiog
KOOKOG.

H apyrtektovikny tov bug localization cvotfiuatog, to omoio dnuovpyndnke
oTNV TAPOLGH SWMAMUOTIKY epyacia, yopileton oe tpla Paocikd oTdd, 7OV
napovcstalovtar EekdBapa otV SLYPOLUATIKY] OVOTAPACTOGT) 7OV  oKOAOLOEL.
Kaféva and to otddo avtd eivor €&icov amapoitnto Kot amoTeAel avomdGTOGTO
KOULATL Y10 TOV VTTOAOYIGHO TOV TEAMKOV OMOTEAEGILATOG,

Apyikd 0 KOOGS TEPVAEL OO TO GTAOO TPO-EMELENPYATIAS TOD THYOLOD KWMLK,
(Source Code pre-Process), omov Aapfdvel xopa o doyopiopos tov keywords g
YADGGOG TPOYPAUUOTIoNoD and To avayvoplotikd (tokens). EmmAéov, avalvoviol
Kot Topovstdloviotl ot oyEcelg Hetalh TV ovIoTHTOV ToL KMOKA. To amotédecua
avtoh TOL oTOdioV, KVPIWE o1 AEEEIG OV AVTIGTOLYOVV GE OVIOTNTEG TOL KMIIKO,
elvar amapoitnto yuo T0 emOUEVO OV GYeTileTol e TNV eMeEepyacio TV OvVaPOP®OV
0oTOYUDV.
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Source code pre-process

Bug report pre-process
Get Source Code e e/
from Git repositorv
Buggzilla

rep ositj

Retrieve bug reports Retrieve bug reports
from DB and keep from Bugzilla
only the comments repositorv

for each one

use the relation file (final rsf) Run a python script 5o as| Keep bug reports with

Choose - -
to Get Version, Status status "FIXED" and
and Commit to GIT Product version Commit available

I
I
I
I
1
1
I
I
I
I
1
1
' use lnerlas inout
I
I
I
1
1
I
I
I
I
1
1
I

use each one as inoul

Main process

Get a list of bug
+ RunLS

reports related with
the aiven input

End up with a
ranked list of
Methods that may

Find the relations find the most relevan
between SCE
need to be fixed
1

Rank each SCE
from the related bug
reports

Ewoéva 5.1: Zynuoatikn avamapaotaon tneG apYLTEKTOVIKNG TOU OUGTHUATOG

Ot avoopéc ceoipdatov gival advvato va gcayfovy 610 GOoCTNUO HE TN
HOpPN TToL Eyovv OTav TIS avaktovue and to Bugzilla. T'a to Adyo avtd, 610 6T4d10
npo-emelepyooios twv avapopov (Bug Report pre-Process) mpayuatomoteiton pio
apyikn enefepyacio Twv bug reports mpokewévoy vo KaTaoToOV KATOAANAEG Yia
LETENELTOL XPTIOT] GTO GUGTIULOL.

Otav oAokAnpmBovv ta d00 avTd oTAdN, GEPA EYXEL M| KUPIWS emelepyaTio TOV
dedopévaov (Main Process). Xe oavtd 10 oTAd0 €ivol OMUOVTIKO Vo €l MOM
onuovpynOet o apyeio L TIG GYEGEIS TOV OVIOTHTMV TOL TNYOIOL KOdKA Kabmg Kot
va €youv emheyel Ol avVOQOPES OCTOYIDOV oL Bo ypnoiponombovy cav (6000 6To
Kupiog cvomua. H €£0d0¢ avtod 10V GLGTAUATOS, TOL €ivol Kol TO TEAMKO TOV
amotéAecpa, etvat Eva apyelo, To omoio Tapovstdlet T peBdS0VG TOV TPOYPAUIATOS
Aoylopkod mov e€eTdlovpe, oTIG omoiec £xel amodobel Eva okop, avaAoyo pe TNV
mhovoTnTO TOL £Y0VV VAL EVOVVOVTOL Y10 TV OGTOYIA.

2T1g emOUEVES TAPAYPAPOVS AVOADOVTOL AETTOUEPMG OAQ TO. GTASIOL Kot YiveTO
EKTEVIG TOPOLGLOGT Yo Kaféva amd T EMPUEPOLS PHOTA TOVG.
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5.1 2raodio mpo-ereéepyacios Tov mnyaiov KWKo

To otddo mpo-eme€epyaciag nnyciov kmdwke (Source Code pre-Process)
amoteleiton amd 600 Pacikd eMPEPOVS PAUATO: TNV OVAKINGT TOV KOSIKK TOL
npoypaupotog Aoytopukov and to Git repository kot tnyv ektédeon tov FETCH Tool.

To Git givar éva katavepunuévo cHOTNUO EAEYYXOV EKOOGEMV AVOLYTOD KMOOKOL
(distributed version control system — DVCS) mov onuoivelt 01t gmitpénel v
TAPAAANAN epyocio TOAMATADV OTOU®V GE €vo £pY0, OKOUN Kot Yopig TV Vmapén
oOVOEOT|G GE KEVIPIKO OIKTLO apov 1 gpyacia Tovg umopei vo kataympnOei (push)
otav givor £toyun. Enedn ta mpoypdppato mov Exovv emAEYEl yo avT TV €pyacio
givan Oha avorytod kmdiko, (OPeN SoUrce) Kot o TNyeioc KOdKAS Tovg vapyet oto Git,
T0 TPp®TO Prpa givar va amoktnOel TpodSPact oTov KdOdIKa Kol GTO apyeia Tov.

To FETCH Tool givat éva gpyaieio mov avoldvOnke o€ mponyodUEVO KEGALNLO,
T0 0moio déyeTo MG €G0S0 TOV TNYOI0 KMOIKO KATOO0V TPOYPAUUATOS Kot Oivel mg
¢€odo tpia apyeio Tomov Isf. Xto éva apyeio, mov ovopdleton “names.rsf”, vwapyovv
OAec ot ovtotnteg tov kMmoo, (Source Code Entities — SCE) kot emmAéov
avaYPAPETOL KOl O TOUTOG TOVG. To  apyeio e TO OVOUO TOL TPOYPAUUOTOS TEPLEXEL
OAEG TIG OYECELG HETOED TMV OVIOTHTOV aVTAOV Kot TEAOG To apyelo pe to dvoua
“final.rsf” to omoio gival cuvdvLOCoUOC TV DO TPONYOVUEV®V.

2VVENMG, KOPLOG GKOMOG TOL GTadioV TPo-eneEepynsiog TOV MNYAioL KMOOWKO
glvar n dnuovpyia TV TPIOV aVTOV apyeimv and to omoia Taipvovpe TANPOPopieg
1660 ywo. 11 SCE 600 kot yo Tig oyéoelg mov TIc ovvdéovv. Ta tokens mov
OVTIGTOLYOVV GE OVIOTNTES YPNOLUOTOI0VVTOL GTO EMOUEVO GTAOL0, EVA AVTIGTOLYO Ol
oxéoelg petald avtdv eivor oamapaimteg yio to otddl0 g emeepyaciog TV
OedoUEVOV.
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9.2 2Td010 IPO-ETECEPYAGIOS AVAPOPDY AGTOYLDV

Emopevo otddo amoteAet n eneéepyasio tov avapopadv actoyumv (Bug Report
pre-Process). T'o va mpaypotorombei avtd, Tp®dTO Kol onuavtikd PAua ivor m
aVAKTNON TOV avapop®dv actoytdv amd to Bugzilla repository, to omoio givar pia
Baon dedopévav tov Bugzilla mov avaloufdavel v amobnkevon tov ovagopdV Tov
KOTOY®POLVTOL OO O1APOPOVS YPNOTES.

Avtiypago TV avaeopdv aeToylOV Tov Ppickoviatl amodnkevuéva ot Pdon,
1PEWCONOOTE TOTIKE GTO O1KO HOG UMYV Kot Vag TPOTOG Yol Vo Yivel avtd gival
va to. «Cnticovpey amd to Bugzilla pe éva XML-RPC request’. To Bugzilla napéyst
éva XML-RPC API 10 omoio dievkoAvvel ) dtodikacio auTh Kot ¥pnoipomomonke
Yl TV OVAKTNON TGOV aVOQOPOV OGTOYXLOV KOOMOS etvar aveEdptnto TG TAATQOpLAG,
YEYOVOG IOV EMTPENEL EEYMPLOTEG EPAPUOYES VO, EMKOVAOVOLV HETAED TOVC.

Bugzilla
repository
p ¥ Data from FETCH
Toal
names.rsf

XML-RPC Request to
retrieve bug reports

XML-RPC response

Retrieve bug reports
from DB and keep
only the comments

for each one

Transform each bug
report to a JSON
Object

Retrieve bug reports
from Bugzilla
repository

using
information
from the
JSON file

h

Create 2 sets of bug Choose Product Run a python script so as Keep bug reports
reports: LSl inputs and version to Get Version, Status  [€————yse them as inpul which contain only
bug reports with SCE and Commit to GIT Source Code Entities

Ewkova 5.2: Bug Report pre-Process

To endpoint ywo ta WebServices tov Bugzilla sivow éva xmlrpc.cgi apygio mov
dnuovpyeitar katd v eykatdotacn tov. ‘Etol yuo mopddetypo, otav to Bugzilla
Bpioketor oto bugzilla.yourdomain.com, o XML-RPC client 0o mpémer vo éyxet
npocPaon oto APl péocw e URL http:// bugzilla.yourdomain.com/xmlrpc.cgi.

H gpappoyn mov dnpovpyndnke yio va eEINPETAGEL T1 GLYKEKPLLEVT OVAYKT)
TPOCPEPEL OVO EMAOYEG: TNV OMOOTOAY QUTHUOTOS Yo cLyKekpuévo bug reports
YPNOLOTOLDVTOS TO avayveploTiko tovg (id) 1§ tov optopd tov apytkod Kot TEAKOD
id Tpokeévoy N ambvinon Tov otHuatoc va mepthauBavel OAa ta evolaueca bug
reports. H mpdtn mepintmon dtevkodvvel tov ypriot otav yvopilel cuykekpyuéva ids

! To XML-RPC givar éva mpwtékoiro 1o omoio ypnowomotei XML pmvopota yio va extedéoet
amopakpuouéveg kMoelg povtvév (Remote Procedure Calls — RPC). ITo cuykekpiuévo xpnoiuonote
XML y10 va KOSIKOTOMGEL TIG AUTHOELG, Ot 0mtoieg otélvovtat pe HTTP unyovicuo.
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Yoo TG avapopég mov ypsraleTar eved 1 0g0TeEPT Olvel GTO aitnua éva €DPOG
aVOPOPMV.

A@dtov €pbet n amdvinon and 1o XML-RPC request, tpénet vo vrootetl v
amopaitntn enesepyacio TPOKEYEVOL VO, LETATPOTEL € KATAAANAN LOPPN, OTOOEKTY|
v v amobnkevon oe pio tomk; Mongo Database. Avtd onuaivel 0t mpénet vo
otatnpnBovv A ta medior OV EivVOl CUUTANPOUEVO GTNV OVOPOPE GOAALOTOS KOt
TOVTOYPOVE, Vo cuvdvactody yio. va dnmuovpyndel éva JSON object mov 6Oa
amobnkevtel o MongoDBZ.

H ypnion g tomkng Mongo Bdong dedopévmv dev Ntav amapaitntn, mop’ OAn
aVTé OHMG O1EVKOADVEL TNV amoBNKELON Kol GVAKTNOT TOV AVAPOPDV OCTOYUDY
Eexwprlotd oo kabéva amd To TPOYPAUUATO AOYIGHIKOD OV avaAbONKaY 6€ avTd TO
GUOGTN .

Xe OleC TIG avOQOPEC COOAUATOV €ivol amapaitnto vo TEPLYPAPETOL UE
AVOALTIKO TPOTO TO TPOPANLLA TOV TAPOVCIACTNKE, MGTE VO Elvan o€ BEom kdmolog va
T0 avamopdyel Kol vo acyoAnfel pe v emiivon tov. Mia cuvomTiK TEPypapn
VIdpyel oto medlo Summary, eved €KTEVEGTEPT GLVOVTE Kovelc oTOL GYOAO TNg
avoeopdc. 'vetor katavontd Aowmdv, 6tt yio to bug localization eivon aropaitmro va
EMEEEPYAOTOVLLE TO KEILEVA TTOV KATAX®POLVTAL G GYOMA G Lo avapopd acToyiag,
kaOdg eivor exeiva mov pog odnyodlv 610 CEAARO 7OV  JMGTOONKE GTO
GLYKEKPLUEVO TTPOYpappo AOYIoUIKOV. Ot VTOAOUTEG TANPOPOPIEG TOV VILAPYOVY OEV
EMIKEVTIPOVOVTAL GE OMUEID TOL KOJIKA ETOUEVAOC OEV SLIELKOAVLVOLV TNV EVPECT] TOV
EMATTOUOTIKOD TUNHOTOS TOV.

opupova pe to mpoavagepbivia, Yoo KaOe e@oppoyn AOYIGHIKOD OV
avoADOLUE, avoKTOOUE ol T Bdon OAES TIG avVaPOPES AGTOYIMV TOL oyeTilovTal e
eketvn kol ot ocvvéyeln TiG enefepyalONOoTE TPOKEUEVOL VO ONUOVPYNGOLUE
apyelo — éva yuo k0Be avapopd — to omoia Bo mEPEYOLY aVTN TN POPE HOVO TA
GYOAOL TV YPNOTMV Y10 TO CLYKEKPIUEVO TPOPANLLAL.

Ta xeipeva tov xpnotodv Onwg givar Aoykd givor ypappévo ce QUGIKY YAOCO,
yeYovog Tov Onpovpyetl pio duokoAia oty enelepyacia twv dedopévov. Idavikd Ha
énpeme va dnuovpyndel éva cvotnua, 1o omoio Ba elvar oe Béon va katovoet
onupocio kKaBe @pdong g @uoikng yAwoococ. Kdatt téroro Oa frav dvvord va
npaypatonomBel pe epyadeio emefepyociog QUOIKNG YA®OoAS, oAAd e&ottiag Tng
HEYEANG TOALTAOKOTNTAG TOV OEV AMOTEAEL LEPOG TOL GLGTNUOTOG TOV TTEPLYPAPETAL.

Q¢ evOAAOKTIKTY A0 Kol 000UEVOD OTL 0 TEMKOG GTOY0G tvatl £va GVGTNUA TO
omoio Ba mpocodlopilel Ta onueion Tov Tyaiov KMOOIKO GTO OMOiot OPEiAovVTOL Ol
AGTOYIEC, TTPETEL VO GUGYETIGTOVV TO GYOAO TV AVAPOP®V TOL £XOVUE GTN 01d0eon
pog, pe tov koowa. Kot tétoro emPailer evoc idovg dahoyn 610 GOVOAO TV
oYOM®V TPOKEWEVOL VO peivovy ekeiva mov Tepiéyovy source code entities 1 adiimdg
AEEelg Tov TTyaiov KOO,

210 onueio avtd o&iler va onuewwbel n Swdwacio pe v omoia €ywve 1
avaltnon kail 1 tavTtomoinon twv source code entities, kabhc tépoaoce amd TOAG

2 H MongoDB &ivat ioog 1 dnpoeihéotepn eyypopokevipuchi Baon dedopévav. To avtiotoro record
TOV oyeolok®v Bdoswv, oe avti ) Pdaon eivor to £yypapo (document) kon mepiéyer medion wov
anaptilovtor and Levyn Khewdrdv-tnmv (Key-value pairs) mapopota pe avruceipeva g popeng JSSON.
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61ad10 VAomoinomng aAld kot Pedtictonoinong. To epyaieio FETCH, 6mwg éxer non
avoeepOel, pag mapéyel Eva apyeio “names.rsf”’, to omoio mepiéyet OAec T1c AéEelg Tov
nyoiov KOJKa. XPNOLOTOI®VTAS TO apyeio avtd vAomomdnkav kdmotleg pébodot
v v avalftnon tov source code entities mov vrdpyovv péoa oe kabe bug report,
UEPIKES A0 TIG OTOlEG EVA £JVOV GMOTH OMOTEAEGUOTO, VOTEPOVGAV GE TAXVTNTA,
eV GAAeg mapovsialay KATO CTUOVTIKA HEIOVEKTHUOTO KOl KOTO GUVETEWL OEV
NTaV SVVATO VO EPOPLOGTOVV.

Apyikn 10éa yia ) dadtKacio Tovtomoinong Tov AEEemv Tov KMAKA NTav M
vAomoinom avalntnong pe hash tree. And 1o apyeio mov mepiéyovian OAeg ot AEEELG,
dnuovpynonke évo hash tree, kdbe kouPog tov omoiov givar pio AEEN TOL KMIIKO.
‘Eneita yio ka0e pio AEN g ovagopdc actoyiag, avalntovpe oto SEVIPO av
Toupladet pe kamota omd ta source code entities. Av kou 1 avalitnon o€ évo hash tree
TPOYUOTOTTOlEITOL e UEYAAN ToyVuTNTA, M HEOBOJOG vt £€xel €V ONUOVTIKO
petovéktnua. o va tavtomomBel pio AEEN ¢ AEEN KMOWKO, TPEMEL GTN AVOPOPA
o@aluatog vo. eppaviletar akpipdc énwg oto apyeio “names.rsf”, dwapopetikd M
avalnmon amotvyyavel. Opmg elvar ovxyvd 10 @awvdpevo £€vag ypnog va
avaeépetal o pia pEBodo ywpic vo ypnoionolel OAGKANPO TO OVOUA TNG, CALL LOVO
1o Signature tg. TTapdadetypa owtod amoterel n avapopd otn péBodo method.foo(),
YPNOUOTOLDVTAS Y10, AOYOLS Guvtopiag o ovopo foo().

Avto 10 TpoPAnpo propel va emdvbel avalntovtag ™ ALEn 1 substring avtig
anevbeiog oto apyeio tov FETCH Tool, mpdypoa to omoio Ba ypetaldtav moAAéG dpeG
va oAoKANPpwOEL Yo OAES T avapopég actoytdv. [ v emttdyvvon g dadkaciog
evodnkav 0lo to source code entities ce éva eviaio String mov mepiéyel to cvuPoro
oV doropiov ($) ota onueia ota omoia daywpilovran ot Aé€ec. H avalntnon Aowmdv
npoypotonoleitar tpoomadmvtag vo avtiotoyylotel kabe AEEn tov bug report pe
Kkamoto substring tng ovuPorocepdc ovtic. Av avtd emtevyBel, yeyovog Tov
vodelkviel 0Tt 1 AéEn elvan pia source code entity, otdyoc gival va €16GyovUE 6TO
GUVOAO IOV ONULOVPYOVUE TO OAOKANPOUEVO GVOLE TG Kot OYL TY GUVTOUEVOT| TOV.
2uvenmg, To emOpeVo Prina eivat va evtomiotel To SoAAPLO TPV Kol PETA TN AEEN DoTE
VO KPOTNGOLVLE O,TL VTLAPYEL AVAUEGH TOLG KO VAL TO EIGAYOVIE GTO GUVOAD LLOG.

[Tap’ 6Ao mov TO MOpamAve omotedel onuavtikny Peitioon ®¢ mpog v
avalntnon omevbeiog oto apyeio tov FETCH Tool, esmmhéov tpomomomoeig
TPOYLOTOTOMONKOY OCGTE 1 EKTEAEGN TOV Vo amottel akoun Atydtepo xpdvo. ‘Etot
dnwovpyndnke pia avtiotoiyion oe popen json, tnv omoio Oo pmopovoaue vo
yapoktnpicovpe mg Eva €idovg uvnung kot mepiEyet t AEEN tov bug report wg kiedi
(key) kot tig Aé€e1g TOL TYOIOL KOSIKO TOL AVTIGTOLXOVV o€ avTh Mg TIég (values).
Mo kaBepio AEEN ™G avapopds cpdipatog, eetdlovpe TpodTa av £yl KotaywpnOel
070 JSON AVTIGTOIYIoNG KOl EPOGOV dev VITaPYEL, avalnTtodue tn AEEN GTo gviaio string
HE ToV TPpOTOo oL TEPLYpdpnKe TponyovuEves. H dradikacia avtr eEowovopet xpovo
o€ MEPIMTAOGELG oL avalntovpe v 101a AEEN mepiocdtepeg and pia Popésg, kabmg
dev yperaleton va mpayparomoteiton 1 idwa avalrtnon oe oAdKANpN ™ cvuPoArocelpd.

Kotd ovvémewn, énerta amd 10 Prpa avtd, €govpe €va cbvoro oamd apyeia,
Kkabévo amd to. omoion mepiEyel AéEelg tov kmdwka, Oyt keywords olAd ovopoarto
petafAntav, apyeiov, peboddwv, cuvaptioemv kot dAia. Kdbe apyeio avtiotolyel o
éva bug report tov onoiov 1o id mepiEyeTon oTo dGvoua ToL.
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Inuovtikny tpobmodeon yi va ddoel o cvotnua opfn €€odo amoteAel m
dvvoTdtTTo GLOYETIONG, MEGH Ui Oadikaciag mov Oa meptypapel o610 €MOUEVO
0TAd0, TG avagopds aotoyiog mov Oa Oécovpe ¢ eicodo, pe GAheg MOM
Katoyopnuéves avaeopéc. e 10 okomd avtd ypealopoote pio £KO00T TOL
TPOYPAUUOTOS AOYIGHKOD GTNV 0010 VO VITAPYEL IKAVOTOMTIKOG aplOUOg ovapopmv
COUAUATOV TPOKELEVOD VoL EIVOIL EPIKTI 1 GLGYETION HE HEYOADTEPN akpifeto. Xt
AMym améeaong Yo To ol £K600T TOL KMOKa Ba avaAvbel cupfdiiel o endpevo
frua, oto omoio ypnooToO®VTOG T apyeion mov £xovv Onpovpyndel, maipvooue
TAnpogopiec yio to Status kot tn Version kdbe avagopds, Kabdg Kot yo. T ov
vapyet 1 oxt Commit oto Git mov cvvdéetan pe to ocvykekpiévo bug id. To 6o
nporTa (Status kar version) eivar evkoro vo Bpebovv amd to apyeio mov AN Exovpe.
"o To commit oto Git dpwg amarteiton pion GAAN dodikacio, 1 owoio TePAaUPavel
TV omooToA evog request oto online Git tov mpoidvtog pe TIc KaTAAANAEG
nopapéTpovg (v mopadstypo to bug id). Av vrdpyer commit oto Git yw t0
ovykekpuévo bug, tote oty amdvinon (response) speoaviCetor évo pattern to omoio
avayvopilet o alyoplOpdg pog kot kataypdest v vmapén commit. To commits oto
Git elvar 101aitepa ypnoa yio. 10 6téd10 a&loAdYNoNS TOL GLOTNUATOS, APOD
TEPEYOVY  TANPOQOPlEG Yo TO onueion TOL KMOOKO TOL £xovv  Tpomomow el
TPoKeEVOD va dtopBwbei To bug.

‘Etot dowmdv yvopilovtag yio mOceg avapopéc actoyidv ue status “Fixed”
VIAapPYEL COMMIit kot o€ 7ol KOO0 KOOIKO OVOQEPETAL OVTO, UTOPOVUE VO
amo@ocicovye mowov myoio KOdKa o ypNoYLOTOW|coVE. XE TEPIMTOON TOL O
Kddkog wov avorlvdnke pe to FETCH Tool dev givat o emtBountdc, tpéyovpe moit to
FETCH pe m oot version k®dika kot exavolappdvovpe ) dadikacio. Avtd sivar
KoL To Prpa TG ETAOYNG TNYOIOV KMOTKO TOV TPOYPEUUUTOS AOYIGULIKOV.

Amd ta bug reports ta onoia mepiEyovv AéEelg kddwka (Source code entities)
dnuovpyovpe dvo cvvora. To éva amoteleitar amd T avapopég mov givon “Fixed”
Kot Oo ypnoyomomBovv mg input yo To ETOUEVO 6TAG10 Kot To GALo amd dAo To bug
reports ota oyoAo Twv omoimv gpeaviovtor source code entities. To dgvtepo cuvoro
amoteleitan amd TIC AVAPOPES OCTOXIOV He TIG omoieg Bo cvoyetiotel N avoeopd
€16600v tov LSI.
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5.3 2taodio emelepyacias twv oedouévwy

To otdd0 eneepyaociog dedopévav (Main Process) Eekiva pOAG TELEIOGEL TO
6TAO10 TTPO-EMEEEPYACIOG TOV OVOPOPDV OIGTOYLDV GTO OTOI0 SNUIOLPYOVVTOL TEAKE
Ta OV0 CUVOAN TOL TEPLYPAPNKAY TPonyovuévme. Emduevo Prpa Aowmdv eivor m
epapuoyn g teyvikne LSI, n omoia Ba donpiovpynoel cucyetioelg peta&y oAy TV
AVOPOPAV ACTOYLDOV KOl TNG 0VaPOPAg oL BETovpe ®¢ £160306 TNG.

Onwc £xer Non avagepbel 010 KePAAoo TOL avaAvETAL TO Be®PNTIKO LTOPOPO,
n texvikn LSI dnuovpyel clusters amd oavagopéc aoctoyidv, To omoio Exovv
oLYKEKPIUEVEG ovvietaypéves. T va ovuPel avtd, oe kabévo bug report
avtiototyiletar éva SLOVLUGHO, TO 0010 AVTITPOCMOTEVEL TIG GVVIETAYUEVEG TOV GTO
YOPO €vvoldv (Concept space). AvoQopEc OGTOYIMV WE YELTOVIKEC GUVTETOYUEVEG
amotelovv éva cluster.

To oamotéhecpa tov LSI eivor pio ta&vounuévn AMoto pe Tic vrTOLOTES
aVOQOPES AGTOYIMV TOL VIO PEAETN GLGTNUATOS Ol 0Toieg GYETILOVTOL EVVOIOAOYIKA
pe v avagopd gwoddov (input bug report). H Alota avth dnpovpyeiton Oétovrag
KAmO1Eg TOPAUETPOVG GTOV VTOAOYIGHO OpO1OTNTOG Kot divel pio KOV GYETIKA e
TNV OHOOTNTO TOL OQAALOTOC €16000V0 HE TPOMYoLHEVO MON  KoTay®pMUEVA
GOAALLOTOL.

All bug Reports

and "FIXED" bug
reports )
SCE ofinput
bug

relations.rsf
Get a list of bug Gather all SCE from the names.rst

reports related with the| related bug reports > + from
given input (Group of Related SCE) FETCH TOOL

Run LSl

Create sets of SCE:
S$1.Input Bug Set
§2. Set per SCE of the related
bugs

N

Compare 81 Rank each SCE included in the

with 52 Group of Related SCE

End up with a ranked list of
Methods that may need to be
fixed

Ewkéva 5.3: Ztadbio enséepyaociac twv dedouévwv
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[No tov daympiopd tov avapopmdv actoyldv oe clusters eivar avaykaio vo
ypnowonomBel pio uéB0dog GVYKpPIoNG TV cVVIETAYUEVOVY TV bug reports, dniadn
TOV OVIUTPOSOTELTIKOV Tovg Olavvoudtov. H pébodog avty eivar m opotdtnta
ovvnuitovov (cosine similarity). Zvvenmg tifetar pia tiun o¢ katodeAr (threshold) pe
Vv omoia cuvykpivetor o Pabudg opowdTOg KAOE avagopds €Tl MOTE Vo
npaypoatorombet pio SwwAoyn exeivov mov  oyetilovior TEPIGGOTEPO HE  TO
TEPLEXOLEVO TNG OVOPOPAS ELGOJOV.

To kat®ePAL awTd eivon pio petafAnt mov eaptdror amd kdbe cOHGTNUO Kot
elvar omdvio n 101 Ty va touptéletl og Oha. Avtd onuaivel 60Tt KGbe cHoTU TO
omoio pEAETATOL, £XEL OLAPOPETIKO KOTOQAL £T61 oTE TO omotédecua tov LS| va
mepthopPdvel tkavomomtikd aptBpd avagopmv, ot onoieg Ba avaivbodv ce emdUEVO
PAna. To mAeovéktnuo g petofAntdéTTOC NG TWNG OVTAG &ivor OTL O
TPOYPOUUOTIOTHG Bo pmopel va Bétel Omota Ty Bewpel ekeivog KaToAANAOTEPY
avoAOY®G UE TO OmOTEAEGHO TTOL BEAEL vau Exel 1 axoun Kot Yo v BEATIdGEL oM
VILAPYOV ATOTEAEG AL

[Tap’ dha avtd Opmc givarl TOAVO Vo UV VILAPYEL KAVEVO GYETIKO COAALLN V1oL
TO KOTOQAL TOV £)EL OpLoTEL 1 KON KoL 0 apBUdg TV avapopdV Tov cuoyeTilovTat
pHe ™V ovagopd €10600v va givor apketd pkpds. e auTh TNV TEPITTOON GTO
neplPdAlov mov €yel avamtuybel vdpyel  dvvatdTTo Vo opicel kavelg To TAN00G,
éotm X, tov related bug reports mov embopei va mepthapfavovior oty Aiota. Ot
aVOQOPES OGTOYLDV TOL CLOTNUOTOG Katatdoooviot pe Bdon to Pabud opoldtntag
TOVG Kot El6dyovian 61N AMota eketves mov o Babpog Tovg ikavomotel T oxéon:

bug report similarity > similarity x—oato0 bug report

AoV &yet dOnuovpynBel n Aota pe T avaeopég mov oyetiloviat EVVOlohoyIKA
HE TO COAALO TTOL TEPLYPAPETOL GTNV AVOPOPA €1GOO0V, GEPA £xel N emeEepyacia
TOVG. XTO OTAS0 TTPO-£MEEEPYAGIOG TOV AVAPOPDOV GPUALATOV EYEL TPAYHOTOTTOWOEl
N dwAoyn Tov AéEemv oe AEEELS PLOIKNG YADooag kol AéEelg kadka (Source Code
Entities). 'Exovtag 116n Aowdv to cbivoro mov mepthapPdver source code entities mov
VILAPYOLV GTNV AVAPOPE COAAUATOS €1GO00V, ONUOVPYEITAL GE OVTO TO GTAOLO £val
GAlo olhvolo, 1o omoio amoteleiton amd To. source code entities exeiva mov
ouvvovtovtal og OAa. related bug reports.

To cbvoro tv Aéemv Tyaiov KOOKA TN avapopds 16000v givat mhavo va
mepLEel Kamoleg AEEElg KMdwo ot omoleg Oev eivorl 1010dTEPA OMNUOVTIKES LE
AMOTEAECLLOL VO UV TPOGOIO0LY YPNGIUN TANPOPOPio. GTNV OVIAVOT LG, OTMG Yo
napdderypa n AEEN public | to Ovopa tov VWO peAétn ovothuotoc. o vo
AOKAELGTOVV 01 AEEEIC QVTEG YpMoIoTomOnKe pio LETPIKN M omoia divel éva oKop
oe kafepio AEEN TOL CLVOAOL pe Paom TIC EOPEG MOV ekelvn euEavilETOL OTIg
avaQOpPEG GPAALAT®OV oV €xovv mpokvyel amd to LS| ko vmoroyileton amd
oxéon:

1 # related bug reports
o8 # related bug reports with the SCE

“Emeita amd v €QOpPUOYN TNG TAPATAV® GYECTG O€ OAEC TIG AEEEIS TOL GLVOAOV,
TPEMEL VO OPIOTEL VAL AKOUT] KATOQAL COUP®VA e TO omoio Oa eAéyyetan av N AEEN
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elvar onuavtikn 1 6yt Avtd 1o KatdEAl 6mwg kot ekeivo tov LSI eaptdton and 1o
GUOTNUO TO 0mol0 avalveTol KaOMG Kot and 10 TAN0og TV Aéemv mov emBupel o
¥pNoTNG Vo amokAiegioel. Emopévmg datnpodvior or AéEelg exetveg mov mAnpodv v
TOPOKATO TPOSLLYPOPN:

importance threshold < SCE rank

E&aipeon amotelohv o1 AéEelg mov dev eppavifovior o kapio amd TIC ovVoQOpPES TOV
oyetiCovtar pe ekeivn g elo6dov. o avtég n Tty #related bug reports with SCE
oovtot pe unodév (0) kot dev pumopet va Tpaypoatomondei n daipeon tov AoydpiOuov.
['a to Adyo awtd to okop tovg tibeton €€ apyng undév (0) kon emmAéov ppovrtilovpe
MOTE VO UMV d1aypo@odV amd 10 TeEMKO oOVOAO. AV Kopio AEEN dev 1KOVOTTOLEL TNV
TOPOTAV® GLVONKN, TOTE MG KOTOQGAL opiletal o pécog 6pog Twv Aoyopibumy v
AEEemV KO dLoTNPOVVTOL TAEOV EKEIVEC TTOV TKAVOTOL00V TN GYECN:

average SCE log < SCE rank

Yvvdvalovtog tig TAnpogopicc mov Ppickovrar toco oto apyeio “final.rsf”, oto
ovvorlo SCE ¢ avaeopdg 166600 —pHETA TV €QapUOY TOV AoydptOpov— 6co Kot
oto obvoro SCE 6Awv twv related bug reports, dnpovpyodvron peyaddtepa ohvolra,
To. omoia mepEyovv mAEov Kou TG oyéoelg peta&d tov SCE. H Sadwocio avt)
TAPOLGLALETAL OVOAVTIKG GTO OLAYPOLLLO TOV OKOAOVOETL.

LSl
Bug Reports with y  Related Bug gather all SCE y| PS:SCEfromall
SCE input query: bug report Reports related bug reports
use specific relations
SCE4:Ey for each SCE, Extended PS: SCE
SCE.:E ¢ including the |
22 create a set () relations from
------ o extractor

y'y using all available
relations

PS Methods ranked

J= |ENEy /|E; U Ey

h

E: setincluding all
relations in depth1 use relations .S.0urce Code
except words that are Entities of Input Bug
Functions/Methods which Reports
are in defined depth

A

Ewkova 5.4: Anutoupyia emtipuépoug ouvoAwv yia ranking twv SCE
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‘Exet avoaeepBel 6Tt poMg orlokAnpwbOel m epappoynq g teyvikng LS,
GLYKEVTPOVOVTOL GE Eva apyeio OAEG 01 AEEELS T YAIOV KMOTKO TOV GLVAVIMVIOL CTIG
AVOQOPEG OOTOYUDY Ol OTOIEG £YOVV GUGYETIOTEL ONUOGIOAOYIKG LE TNV OVO(QOPA
€16000v. To chvoro awtdv Twv SCE, ovoudletor Problem Set (PS), mepiloufaverl oyt
puoévo peboddovg, aArd Kot petaPAntéc, apyeio | akdun Kot KAAGES. 10 onueio avtd
o ypnowomomBovv o1 oyécelg mov cvvoéovv ta SCE peta&d tovg ko Oa
dnuovpyndet pio eméktaon tov PS (Extended PS) omv omoia Oa epmepiéyovron
neprocdtepa SCE chppwva e Tov Tivako mov okoAovoet:

SCE Type Relation used for PS
GlobalVar Accesses
Attribute Sets

File DefinedIn, Declaredin

Class MethodBelongsToClass
Method Calls
Function Calls

Mivakag 5.1: Syéoelg mou xpnaotuomotovvtal yia tnv dnutoupyia tou Problem Set (PS)

‘Etol yioo x@0e tomo Source Code Entity ypnopomombnkav ot mopamdvem
oyéoelg, o€ emimedo N aAAG Kot out® kat dgdopévov Tov OTL 1 TPOGEYYIGN TOV
GLOTNUATOG £XEl OC TEMKO OKOTO Vo Topovcldcel Tic HefdO0VG Tov KOKE TOL
yperalovtal Tpomonoinon, 6tav o THmog Tov SCE 1 kot ™¢g AéEne mov TPOoKVHTTEL PéEGOL
and TG oxéoelg ivon Method 1 Function, t oyéon Call v maipvovue o€ fdbog, to
omoio opileton amd Tov mpoypappatioty. Onwg yiveton avtiinmtd, tpayuotoromonke
pla dwroyn otg oyxéoelg tov SCE, m omoio amotedel onpovtikd Bépa apov
nmAgovalovoa mAnpoopia mOavov va tpochitel «BopvPo» ot dedopéva Lag Kot vo
napepPaivel v axpifeto Tov TEAMKOD ATOTEAEGLATOC.

Endpevo otado elvor plo mepoautépo  avdivon kabepiog AEENG  mov
nepthopfaveton oto Extended PS, dnuovpydvrtag éva ovvoro (Ei) mov avtictotyei og
avti. Eeodcov o tonog tg SCE eivan Method 1 Function, tote a&lomoteitan n oyéon
Calls mpokeipévov va gtoaybodv oto cuvoro Ej kot dAleg nébodot 1 GuvopTHoELS TOV
KaAoOvionw omd 10 ovykekpiuévo SCE (oyéom out), aAdd akoun kot ekeiveg mov
kahoOv 10 SCE (oyéom in). Extog opuwg and ™ oxéon Calls, ota apyeioa mov
onuovpyei extractor (FETCH Tool) onidvovtar kot GAhec oyéoelc, TIC omoieg
xpnowonoovpe o Pabog éva (1), eEapdviog T oyéoeig Signature kou Visibility
O10TL TO OMOTELEG LA TOVS OEV TPOGOIdEL TEPETAIP® TANPOPOPin TNV avdAvoT).

¥ Tov 6poug in kat OUt Lo TOV TPOGSIOPIGUO TMOV GYECEMV, TOVS SAVEIGTHKALE GO TOVS OPIGHODE TOV
RDF. T'wo tnv kKoAOTtepT 0mdO0GT) TOVG YPTCILOTOLOVLE TO GYNLLOL:

O xoppog SCE 2 cuvdéetar pe tov SCE 1 pe .. ..
oyéon relation_one (oyéon IN), kabbc ko pe - -
tov K6pPo SCE 3 pue m oyéon relation_two (oyéon OUT)
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Emumiéov eopodvtan amd to SCE mov mpokdmtovv oto Ei, 6ca eivar Attributes
N enedn M avldAvon EMKEVIPOVETAL TNV €OPECT TV HEBOO®V TOV KMOIKA 7OV
ypewdlovtal tpomomoinon yw. va dwopbwbei 1o bug. Avrtictoyyo ovvoro (Ey),
axolovBmvtog v 1010 dtadkasio, ONUOVPYEITAL CLYKEVIPMTIKG Kol Yo, OAEG TIC
AEEELS YOOV KMOIKO TOV VAPYOVY GTNV AVAPOPE GOALLOTOG 160d0v (input bug
report).

Onwg avaeéphnke Kot 6TIG TPONYOOUEVES TOPAYPAPOVS, OAQ TOL GUVOAL TTOV
dnuovpynonkav (Extended PS, E; kot Ex) mepthoufavovv SCE ta onoio oyetiCovron
pe ta NN vapyovia péoa and Tig oxéoelg tov extractor. ‘Etor Aowmdv ot AéEeic tov
TMYaiov KOJKO UTOPOVV Vo, GLVOLUCTOVV LE TIC GYXEGELS OVTEG KO Vo, Onpovpyn et
évag katevbuvopevog ypdoog, pe KatevBovoelg mov opilovtor amd T In ko Out
oyéoelc. Emopévog yia va BpeBodv 1o «ovyyevikd» SCE Mrov avaykoio 1
TPOCTELAGT TOL YPAPOV, KATL TO omoio Bo umopovoe vo mpaypoatomombetl pe 6vo
tpémove: pe v Cayley DB* 4 pe RDF ypapo. H dnuovpyia tov koatevbovopevov
YPAPOV Kol OTIS dVO TMEPWMTMGELS TPAYUOATOTOLEITAL PE TPIMAETEG (Yoo Topdadety o
SCE;-relation-SCE;), 6mov relation eivor ot oyéoeig tov extractor otig omoieg
npootédnke kaw n oyéon “Is” yw va dnilwbei ko o tomog kabe SCE (SCE; Is
Method). ‘Emeita. ovalntoope «d0e SCE o610 ypapo kot akoAoLO®OVTOG TIC
Kkatevdvveelg Tov, Taipvovpe to vdAoua SCE mov giodyovtat 6to suvolro. [ap’ 6Ao
OV KOt Ol 0V0 VAOTOMGELS EPOPUOCTNKAY, TEAIKA emkpatnoe ekeiviy tov RDF
YPaPov, AOY® amodoTIKOTNTAG GE EMITEDO YPOHVOV.

2uven®g, Yo va amodobet éva Bapog oe kédbe SCE mov Ba avikarontpilel to
160 mhavod givar vo evBivetan ekeivo yo To bug mov meptypdpeTor otnV avoeopd
actoyiag, eivon arapaitnto va cuykpiBel Kabe cuvoro E;pe to avtiotoryo chvoro tov
input bug report Ex. ' T 60YKpIon avty yPNOYOTOLEITOL 1| UETPIKT] OUOIOTNTOG
Jaccard:
_|EiNEy]
|E; U Ey|

To amotédecud g avaypdeetor 6to TeMKO apyeio, dimla oto dvopa ¢ pnebosov,
MOoTE 0 YPNOTNG Vo Umopel va katovonoel o Pabud otov omoio emnpedlet n KO
1éB030G T0 GPAALLN TOV TOPOVGLAGTNKE.

Znucioon: o va oievkoldvooue 10 Kouuatt e allolOYnons tov GLOTHUATOS UG,
onuovpyeitor éva oxoun opyeio pe ovouo. “Results-Methods” wov mepiéyer 1o dvoua
me uebodov kou dimda 1 Oéon s oto apyeio “psRankMethods”, oro omoio
weprioyfoveror n talvounuévny Aiato. e tig uedodovg mov eivou mbavo va. yperalovroa
TPOTOTOINTN Y10, TV ETIAVGH TOV GYPAIUATOG.

* H Caley sivau pio: open source Baon dedopévov, 1 omoia divel ) duvatdéTnTa 670 YPHOTNH dXL HOVO VO
amobnkedel ypaeovg, oAl Kol Vo TOLG ORTIKOTOlEl OmWE emiong kol vo ekteAdel queries maveo oe
avtovg. Xpnotpomoteitar kuping yw Linked Data ot vrépyst fom viomompévo APl pe to omoio
umopet éva TpoOYpopLe Vo eKtelel queries ot Pdon.
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Egpapuoyn ko Ilewpapatika Amoreiéouara

210 kePAAao avtd Ba TopovolacTel TOGO M EQPOPLOYN TOV GUGTHUOTOS TTOV
onuovpynOnKe oTo TANIGIO TG SMAMUOTIKNG €PYOCING, OGO KOl TO OTOTEAEGLLOTO
OV TPOEKLY OV OTTO OV TN.

To oldomua EVIOMIOUOD «EAOTTOUATIKOVY onueiov tov kddika (bug
localization) epapupootnke og téocepa npoiovta tov KDE, yia ta omoia vrdpyet 1
SuVOTOTNTO AVAKTNONG TOV OvaPopdY ceoApdtov tovg ornd to Bugzilla kot
TaVTOYPOVa. Elval TPOYPAIATE AvOLYTOV KOJK (OPen Source), yeyovog e&otpetikd
aropaitnto, aeov Ommg &xel NOM avaeepBel o mNyaiog KMOOIKAG ovaADETAL Kot Ot
OY£GES OV TPOKVTTOLV YPNGLLOTOOVVTOL Yl TNV EVPECT] TOV KTPOPANUATIKAOV
pefodwv. Ta mpoidvta avtd emA&yOnkov petacd dAlmv eoutiog Tov mTANBovg TV
bug reports mov giyav dnuovpyndei oto Bugzilla. Avtd onuaivel 6t amoppipdniay
T TPOIOVTA EKElva TOL OTolaL €ite iyov Likpo apOpd cuvolikadv bug reports, gite ta
mo wpdoearta bug reports tovg NTav apketd TOAd, TPAYLO TO 0010 VTOJEKVIEL OTL
€xel mePAcEL OPKETOG KOOGS amd TV TeEAeLTAio Popd mov cvvnprOnkav. Télog, Eva
Baoikd yapakTnploTikod Tovg givar | YA®ooa mpoypappaticpov. To FETCH Tool éxet
KaAOTEPQ amoTEAEGHOTA (e YAMooeg Omwg 1 C 1 C++, v’ avtd Kot 6t TpoidvTa Tov
epapuootnke M teyvikn bug localization eivon ypoppéva otig YAdooeg owtéc.
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6.1 Ilaepovciocn 2radimy tov LveTtHuatos

210 onueio avTo Yivetol pio TEPIMNTTIKY TAPOVGINGT TV oTAdIwV HECH amd Ta
omoio. mpaypatorombnke m emneepyosio TV OedoUEVOV Kol KOT  ETEKTOCT M
epapuoyn tov bug localization cvetuatog. Extevéotepn avdaivon mponynbnke oto
KEPAAOLO 5, OMOL TOPOVLGLACTNKE AEMTOUEPDS T OPYLTEKTOVIKY] TOL &V AOY®
GLGTNLOTOG,.

Apyikn kot amapoitnmn ddikacio givol 1 avéktnon Tov anyaiov KooK omd
to Git Repository, dote va epapuootei oe ovtév 1o FETCH Tool kot vo
oNuovpynBovv o1 GYEcElg HETAED TMV OVIOTNTOV TOL KMOIKM, TOV aVayPAPOVIOL GTO
apyeio ‘final.rsf’. "Enetta oepd £yl n €bpeon g KATAAANANG EK30GNG TOV TPOTOVTOG
7oL Oa. ypnopomonel Yo TNV ovAALGN Kol TPOYLLOTOTOIEITOL 0LpoD EYovV avaKTnOel
o6Aa to bug reports and to Bugzilla repository. Amd avtéc Tig avapopég aoTo OV
EMAEYOVTOL HOVO gkelveg OV TTEPEYOLY ToYOAO Kot amd TG AEEELG OV TTEPIEXOVTOL
ot 6YOM yiveTol pio SIHAOYT TPOKEEVOL VO TOPAUEIVOVY EKEIVEG TOV glvar AEEELS
kodwa (Source Code Entities). Emopévmg amnd tov cuvolkd aptBud ovapopdv
AGTOYLOV, TEAKA KPOTALE ekelveg TOV oTa oOALd Tovg TepiEyovv SCE.

Xe owto to onueio givor onuaviikd va avaeepBel ot Yo agoroynfodv ta
AMOTEAEGLATO. TOV GUGTNOTOS TOL dNUoVPYNONKE, Ba xpnotpomomBovv cav gicodot
oe ovtd bug reports vy to omoion yvwpilovpe NOM TG GAAAYEC  TOV
npaypatonomdnkav otov k®dwa (bug reports pe status ‘FIXED’). Kabe odloyn
ovvodeveTal Kot amd Eva commit tov kmdwka oto Git, pe anotéheoua va yvopilovue
oL ovapopd ceaipdtev emdvel. Enedn akpiPdg o kdduag £xetl 1101 tpormonombet,
glval oAV mhavd va vITdpyEL KATO0 GYOA0 GTNV avaPOopd, TO 0moio Ba evuepdVEL
TOVG XPNOTES Yot AVTEG TIG 0AAAYES. Opmg to oxOAMo avTd 0 Aapfavetar VITOYT oG
otV aviivon kot eEopeitor amd TV avapopd 16000V, POV OTOKOADTTEL EK TMV
TPOTEPMOV TIG LEBODOVE 1| CLVOPTNGELS TTOL YPELUGTNKAY TPOTOTOINGT).

‘Eneita og kdbe avapopd €166d0v epapuolovpe v teyvikny LSI, pe v omoia
Toipvovpe Kol oplopéva  dwypdupate  mov  omokaAvmtovv  to.  clusters  wov
dnuovpyovvrar peta&d tmv bug reports. T cvvéyeia cvykevipovovior Oio ta SCE
OV £YOLV TPOKVYEL OO TIG OVOPOPES TOV GLOYETILOVTAL e EKEIVI TNG E1GO00V KO
epapuodlovtag tig oxéoelg tov FETCH Tool, kotookevalovior to ohvora mwov
ocvykpivovtor pe okomd va mpootebel oe kdBe pébodo/cuvviptnon éva Papog mov
ekppdlel o OGO onuavtikny Bewpeiton yioo v emilvon tov TPOPANUATOS TOL
KOTOYPAPETAL GTNV OVOPOPAL.
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6.2 Egpapuoyn kot Ilapovciacny amotelecudtmy

21 ouvéyeld akoAovbel 1 TaPOLGINCT) TOV OTOTEAEGUATOV TOV TPOEKLYOV
and TV epapuoyn tov cvothuatog bug localization ota mpoidvia mov emAéydnkay,
KOODS Kol OPIGUEVEG YPUPIKESG TAPACTACELS EVOLAUEG®Y OTASIWV.

6.2.1 Egpapuoyn eto Amarok

To Amarok eivar pio epoappoyn ovamopoyoyng povoikng (music player
software) avoiytov kmdiko (Open source) kot Asttovpyel e€icov o€ TAATQOPLES OTMG
Windows, Linux kot UNIX. ITap’ 6Ao mov anoterei pépog tov KDE project, vrapyet
1N OLVVATOTNTO AVTOVOUNG XPNONG TOV AVEEAPTNTO GO T VITOAOUTA TPOYPELLLLATO TOV
nepthappdvovtar oto KDE.

Metd v avdivon tov myaiov kddk omd to FETCH Tool, cuykevipmOnkav
OAec ot avapopés opaiudtov tov Amarok (number of bug reports retrieved from
Bugzilla) kot amd ekeiveg povov O6ceg eiyav oyOMO 0O YPNOTEC MAPEUEIVOV GTO
obvolo avapopdv mov eEetdotnkay (number of bug reports with comments). Meta
Tov €leyyo Kabe oydAov, doywpilovtar exeiva mov mepieyovv SCE (number of bug
reports including SCE in comments) ta omoia ypnoiporolovval yio tn dnpovpyia
clusters (number of bug reports that would be related with LSI input). ‘Etot mpoékvye
0 Tivakag mov akolovbei yio v ékdoomn 2.8 Tov Amarok:

Number of bug reports retrieved from Bugzilla 17976
Number of bug reports with comments 17976
Number of bug reports including SCE in comments 7218
Number of bug reports that would be related with LSI input 7277

Mivakac 6.1: MANY0¢ TwV avapopwy aoToXLWVY TTOU XPNOLUOTOLNONKAY OTo
otadla tn¢ npo-eneepyaciog Toug

Emopevo Prpa eivon n epappoyn g teyvikng LSI ypnoyomoidvtag og €i60d0
entd (7) ovapopéc ceaipdtov yw TG omoieg yvopilovpe Tig peBoddovg mOL
tpomomomOnkay oTovV KOO0, TPOKEWEVOL va emAvbel 10 mpOPANUo mov &iye
evromiotel 6N Asrtovpyio Tov TPOIOGVTOC.

Me v teyvikn LS| emroyydvetor o S1o0ympiopog ToV avopopdV aoTO OV CE
clusters, dniladn opdadeg té€toleg MdOTE Vo, TEPIAAUPAVOLV TIC aVOQPOPEG EKEIVEG OL
omoieg oyetiCovtal evvolohoykd peTaEy Tovg. Avtn givor eEdAAov Kou 1 emmAéov
TAnpoeopia mov mapéyetar omd v gpappoyn tov LSl To anotéiecpa eivor va punv
ovykpivovtor amAd AEEelg e Aégelc, aAAd T0 onuacloloyikd meplexduevo tovg. Ta
clusters Aowwdv mov dnpovpyoHvtol TPOKHTTOLY Ad EVa PAPOG TOV AVTITPOCMOTEDEL
ké0e SCE, ko kdmoleg opég eivar e0KoAo SlaymPIicIL evd KAmoteg GAAeg dev givat
€VO1AKPLTN 1 SLPOPOTOINGT TOVG.
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Yy ewova eaivovtarl ta ClUSters yuo Tic avagopés aoto OV mov TEPLE OV
SCE ot ypnopomomdnkav oto LSI. Kébe onpeio oto eninedo avtimpoocwnevet Eva
bug report kou pmopei kaveic edkolo vo mapatnpnoet Ot oynuotilovior KAmToleS
EexkdBapeg opadeg, OTIC OmOleg OCLYKEVIPOVOVTOL OpKeETEC  avapopéc. Eivar
a&loonuelmwTo dUmG TO YEYOVOS OTL TO HEYOAVTEPO HEPOG TMV OVAPOPDY GOPOAUATOV
QOIVETOL VO GUYKEVIPOVETOL GE £VOL GNLEID TOV EMTEOOV KOl VO EMEKTEIVETAL TTPOG TOL
Tave dnuiovpydvog o peyaddtepo cluster. dvoikd vrapyovv kot bug reports to
omoio «tAnoclalovvy kdmota clusters, ywpic va avikovy péca og oTd.

0.06

0.00

-0.02

-0.04
-0.[F D] | -0.25 -0.20 —0.15 ~0.10 -0.05 0.00 0.05 0.10

Ewova 6.1: Clustering yta TI¢ avaupopeg aotoxLwv tou Amarok

1 cuvéyela kat apob dnpovpyndnkav ta clusters, yia kabs avapopd 16660V
€YOVUE TO. TOPOKAT® OTOTEAEGLOTO TTOL OPOPOVV GTO TANOOC TV AVOPOPDOV
opaApdTmv Tov oyetifovton pe kabéva oo ta bug reports (#related bug reports), oto
mn0o¢ tov SCE nov oyetiCovton pe to input (#related SCE) kot téhoc otov apifud
tov SCE mov tpokdmTovy HeTd Ty epapuoyn tov oxéoswmv tov .Isf apyeiov (#related
SCE using code relations) :

#SCE in the #related SCE
Input Bug | #related bug reports _ #related SCE _
input bug ] using code
Reports (IDs) (LS! result) (PS size) .
report relations
323156 352 32 1654 3594
323614 5196 21 5376 10497
323635 5190 10 5368 10463
325006 5199 2 5381 10501
328445 280 2 2585 5085
334479 5188 13 5317 10459
337725 323 4 3242 5797

Mivakac 6.2: Stolyeia ueta tnv epapuoyn tou LS/
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‘Emerta onpovpymvrog to cuvora E;j yuo kaBepio AEEN mov meptlapfdvetot 6to
Extended Problem Set (Extended PS) kot Ex yia 0Aeg T1c AEEELS TG avapopdc 16660V
GUVOMK(, YPNOLLOTOIOVUE TNV WETPIKN oOyKplong ocvvoAwv Jaccard mote vo
amodobet éva Papoc oe kaBe SCE. H ta&vounuévn Aota mov mepthapfaver Ol ta
SCE nepiéyeton oto apyeio “PSRankMethods.txt” amd to omoio maipvovpe ta e€ng:

Input Bug Ranked )
o Methods in the
Reports Methods position in the )
) Sorted List
(IDs) Sorted List

323156 SqlRegistry.getTrack(int) 86 3286

323614 MainWindow.slotShufflePlaylist() 6 8963
Playlist::SortWidget.SortWidget(QWidget*) 5
Playlist::ViewUrIRunner.run(AmarokUrl) 7

323635 Analyzer::Base.Base(QWidget) 118 8938
BallsAnalyzer.BallsAnalyzer(QWidget*) Not found
BlockAnalyzer.~BlockAnalyzer() 19
BlockAnalyzer.resizeEvent(QResizeEvent*) 8
BlockAnalyzer.paintEvent(QPaintEvent*) 1
BlockAnalyzer.drawBackground() 28

325006 MainWindow.createMenus() Not found 8968
QScriptEngine::AmarokScript::Scriptimporter.1 1
0adQtBinding(QString)

328445 ProgressWidget.updateTimeLabelTooltips() 14 4537

334479 ScriptableService.addTrack() 5 8926

337725 SearchQueryBias.toString() 1 5061

Mivakac 6.3: AtoteAéouata bug localization

Y1ov mpomyovuevo mivoka @aivovtor ot péBodor Tov mnyaiov KOOKO TOL
Amarok, ot oroieg TpomomoOnKay e GKOTO TNV ETIAVGCT) GUYKEKPLUEVOV OVOPOPOV
opoludtov (input bug reports). IMapatnpdvTag To. ATOTEAECUATE, OLOTIGTOVOVUE OTL
pe v avéivon tov bug localization cvotiuotog, n 0éon teov pebdd®V otV
tagvounuévn Aota tov SCE eivor apketd koin, mop’ GAO TOL VITAPYOVY OPIGUEVEG
péBodot — dvo yia v axpifeto — mov dev evromictTnray omd to cvotnuo. To yeyovoc
avto opeiletar gite oto OtTL dev vINPYe Kapia oyéon (relation) and to FETCH Tool
oV v oVoYETICE TIG CLYKEKPIUEVEG HEBOdOVS e ekelveg OV VITAPYOLY TOGO GTO
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input bug report 660 ko ota related bug reports (dniadn oto Extended PS), gite oto
011 10 BdBog oL emAEXONKE Yo TN OMovPYio TOV GLVOA®Y JEV NTAV TKAVOTOINTIKO
Kot eEmopévag ypetaldtav avaivon oe peyarvtepo Pébog.

[Tio ovykekpéva yio v avopopd opdiuatog ue id 325006, Tapatnpovue 0T
ot dvo pébodot, Tov TPOTOTOMONKAY TPOKEEVOL Vo EMALOEL TO GEAALA, avIKOUY
o€ OPOPETIKEG KAAOELG Kol OV TTPOEKLYE KATOlM GYECN Omd TNV OVOALGT TOL
FETCH Tool cg avtd 10 Baboc mov va Tig cuvoéel pHeta&d TovG. TVVETMG, TOPA TO
yeyovog OtL M pio amd avTéG OVIXVELTNKE OO TO CUGTNUA UOG KOl LOMOTO TO GKOP
ov TG amododnke v Kotétale otnv vymidtepn 0B€om, M OedTEpPN OV ExEl
evTomioTel 00TE KO LITAPYEL OTNV TavounuéVN Mota Tov HeBddmv.

AvtioTtoryo mapddetypo. amoteret yioo v ovagopd pe id 323635 ko n pébodog
BallsAnalyzer. BallsAnalyzer (QWidget*). I'io. T cuykekpiuévn dpmg pébodo a&ilet
va Topatnpn et 6t Aektikd poialet pe v kidon BlockAnalyzer, tnc omoiag apketég
pébodot €xovv vmootel tpomomoinom. Emopéveog Ba pmopodoape vo vrobécovyle,
emaAnfevovtag v vrdectn avT Kol 0TO EMOUEVA TPOYPEUUATO AOYIGUIKOV, OTL
onuavtikd poro mailel kot n onuacioloyio tov ovopatog tov ekdotote SCE, xabmg
SCE pe mapoépolo Aektikny onuoctoAoyio eueoviCouv avénuévn mbovotnta vo
yperalovtar pali tpomomoinon TpokeEVoOL vao emAvOel KAmTolo G,

Ta dedopéva mov mapovstalovial 6Tov emdpevo mivaka (6.4) meptiapfavouv
CLUTANPOUOTIKEG TTANPOPOpPieg Ommg To precision kot to recall yio kébe bug report.
Eivon a&loonueioto 1o yeyovog OtL ektdg omd TIg 000 OvVOPOPEG AGTOYIDV TOV
avaépOnkay Tponyovuévee, Oleg ol voloweg pébodor evromiotnkay and to bug
localization cvotuo, aAAd kot katatdyOnkoav oe vymiég Béoelc otn AMota TV
pefddv cvykpitikd pe 1o péyebog g Aotag. E&aipeon amotedovv ot pébodot
SqlRegistry.getTrack(int) — bug report 323156 kot Analyzer::Base.Base(QWidget) —
bug report 323635, ot onoieg eppaviCovtar og younAn 0éom. Iop’ 6Aa avtd OP®C
Bpiokovtar oto 2,63% ot 1,32% avtictorya tov pebddwv e 10 KOAVTEPO GKOP TNG
Motag pe amotélecpia To Precision vo éxet ToAd VYNAES TIHEG.

O mivaxog oty endpuevng ceridag mapovctdletl Tic peBddOVG TOL OmMOTEAOVYV TO
resolution kéOe ova@opdc aotoyiog, opadoTOMUEVES LE BAOT TIG OVOPOPES AGTOYIOGC
KO TODTOYPOVO TTOPEYEL KOL TANPOPOPIO. Y10 TO, TOGOGTA TOL precision o recall
kabevog bug report. Oco a@opd To T0GO0GTA TOL Precision TapatnPoVUE OTL GE TPMTN
@don etvor apkeTd younAd. Avtd epunvevetol and tov peydlo apBud pedddwv mov
avacvpovior 0tov Adfovpe VIOYN HOG TIG GYECES MOV TIG GLVOEOLV UETAED TOVG
(Methods in the Sorted List). Avtifeta dpwg to mocootd tov recall eivon apketd
VYN0, pe e&aipeon v avaeopd 325006 yio v omoia dev evtomioTnke N pio €K TOV
000 pebddwv. Ta vynmAd oavtd voduepa NTov ovouevopeva Kabmg yio OAeC TIg
AVOQOPEG OOTOYIMV, GTO GUVOAO TV HEBOd®V TOL avakTHONKAY TEPEXOVTOL KOl
ekeivec mov amotelovv To resolution tovg
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Ranked
position in list/ | Recall | Precision
Bug IDs Methods
number of (%) (%)
methods in list
323156 | SqlRegistry.getTrack(int) 86/3286 100 0.0304
323614 | MainWindow.slotShufflePlaylist() 6/8963 100 0.0335
Playlist::SortWidget.SortWidget(QWidget*) 5/8963
Playlist::ViewUrIRunner.run(AmarokUrl) 7/8963
323635 | Analyzer::Base.Base(QWidget) 118/8938 83,33 0.0559
BallsAnalyzer.BallsAnalyzer(QWidget*) Not found
BlockAnalyzer.~BlockAnalyzer() 19/8938
BlockAnalyzer.resizeEvent(QResizeEvent*) 8/8938
BlockAnalyzer.paintEvent(QPaintEvent™) 1/8938
BlockAnalyzer.drawBackground() 28/8938
325006 | MainWindow.createMenus() Not found 50 0.0112
ScriptEngine::AmarokScript::Scriptimporter
QScrip .9. - p ptimp 1/3968
loadQtBinding(QString)
328445 | ProgressWidget.updateTimeLabelTooltips() 14/4537 100 0.022
334479 | ScriptableService.addTrack() 5/8926 100 0.0112
337725 | SearchQueryBias.toString() 1/5061 100 0.0198

Mivakag 6.4: Precision kat Recall yia ta anoteAéouarta tou bug localization

Meletovtag to amoteléoparta, yivetor aviiinmtd Ott tétolo mA0og pebddmv
dev elvar gvkora dwuyepioo, kabmg eivar SVGKOAO Yl TOV TPOYPOULOTIGTY] VO
eetdoet mepimov 9000 peBoddoLE, oOTNn YEWPOTEPN TEPIMTWON, TPOKEWEVOL V.
evtomicel ekeiv ov gvBoveton yro o oeaipa. I'a o Aoyo awtd to bug localization
GUGTNUA LG, EMOTPEPEL GTO YPNOTN LOVO €va TOGOGTO TV HEBOd®V, DOTE Vo givol
og Béon va 11 eEléyEet. 'Emetta kot omd avt T dtoehoyn tov pebddmv, to mAnboc tovg
070 TEMKO apyeio mov TEPIEYXEL TNV KATATAEY TOVS, EAaTT®VETOL onpavTikd. H peioon
aVTN TV SESOUEVOV EXEL OC OMOTELEGLLOL TO TOCOGTO TOL Precision va avéPet apketd,
Omm¢ eaiveTol 6Tovg Tivakeg mov akoAovBovv ITap’ 6la avtd dp®g T0 GLVOAO TV
uebOd®V TOL TAPAUEVOVY Eival LEYALO Kol YU avTO TO AOYO TO TOGOGTO TOV Precision
Kopaiverol og younAd emineda.
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210V¢ mivakes Tov aKoAovBovV TapovctdlovTal To TOGOGTA TOV precision Kot
recall yia 6Aeg T avapopéc mov ypnotpomombnkay g gicodotl oto 3%, 5% kot 7%
TOV GLVOAKOV peyéBovug tng taStvounuévng AMotag Tov pebodwv.

Bug Recall Number of

Reports Precision (%) (%) Methods' in

(IDs) ranked list
323156 1.02 100 98
323614 1.11 100 268
323635 1.865 83.33 268
325006 0.372 50 269
328445 0.735 100 136
334479 0.374 100 267
337725 0.66 100 151

Mivakag 6.5: Precision kat Recall yta to 3% twv uedodwyv tne taétvounuevng Alotag

Bug Recall Number of

Reports Precision (%) (%) Methods. in

(IDs) ranked list
323156 0.61 100 163
323614 0.669 100 448
323635 1.121 83.33 446
325006 0.223 50 448
328445 0.442 100 226
334479 0.22 100 446
337725 0.395 100 253

Mivakag 6.6: Precision kat Recall yta to 5% twv uedodwyv tne¢ taétvounuévng Alotag

Bug Recall Number of

Reports Precision (%) (%) Methods. in
(IDs) ranked list
323156 0.435 100 230
323614 0.478 100 627
323635 0.8 83.33 625
325006 0.159 50 627
328445 0.315 100 317
334479 0.16 100 624
337725 0.282 100 354

Mivakacg 6.7: Precision kat Recall yia to 7% twv uedodwyv tne¢ taétvounuévng Alotag
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Apywf mopotipnon eivar 6tL 10 T0c0ctd Tov recall dev dapoporomOnke oe
oY£0M LLE TO TPOTYOLUEVO, ONAaDT ekelvo Tov apopovse 6to 100% tov nebddwv Tov
avokthOnkav amo to bug localization cvotnpa. Avtd givol apketd onuovtikd kabdg
1660 10 3% 060 10 5% Kot 10 7% elval apKeETA LIKPE TOGOGTA GE GYEGN LLE TO OPYLKO
Kot ETOUEVS TTEPAapPavouy Atydtepeg pebodovs. ‘Etot Oa tav mold mbavd kdmoteg
and Tig puebddovg mov amotelovv To resolution tov avoaeopdv €160d0V, Vo uny
evromilovtal o tO60 HIKpA mocootd. To yeyovog Opmg OTL ovakTthOnkKov Kot
emmAéov PBplokoviar kar 610 3% TV pnedddmv e taSivounuévng Aotag, etvor éva
EVOEIKTIKO TNG KAVOTNTOG TOV GULOTHUOTOC VO EVIOMILEL TIC «EANTTOUOTIKEG»
uebosovg.

060 a@opd 610 TOGOGTA TOL Precision, mopatnpovue 0t 660 avEAvetol o
GLVOMKOG 0ptOpdg tov uebddwv, Aoyov xapn omd 3% oce 5%, n Ty tov precision
peidveTot. Avto givol amoAdTog AOYIKO Kol OVOUEVOUEVO, apOoL ovolNTOOLE TOV 1010
aplOpd pebddmv oAAd avt T @opd ce peyokdtepo ocbvvoro. Katd cuvvémeiwa, to
GLUVOAO aVTO Ba TEPLEXEL Kol «OKOVTIOW, dNAadY| dAleg AéEelg Kdka —pueBdO0Vg
GLYKEKPLUEVO— TTOV OV YPEILOUACTE.

YVYKpivovTog OpmG TO Precision Tmv TPoNyoLLEV®Y TIVAK®V UE TIG TIEG TOV
nivoka 6.4 mov apopd oto 100% tv avaknuévev pebddwv, tapatnpovue Bedtioon,
oV PETOPPAlETOL GE aVENON TOL TOGOGTOV, €MEWN TO GUVOAO TV UEBOSWV TNg
ta&wvounuévne Aiotog (number of methods in ranked list) éyel pewwbei acbntd oe
GYEoM UE TTPLV.

To mo onuovikd cvunépacpa amd Ta OEOOUEVE TOV TAPOLGLACTNKAY Eivat
eketvo mov &xer avaeepBel Non: 10 péyebog TO0L GLVOAOL TEV pPeBOOWV TOV
evroniovrtat Kot tagvopodvtor and to cHoTNUa £ivol TOGO PEYAAO TOV AKOUT KOl GE
TOAD UIKpA 0600Th dnewg t0 3% £xel pikpd mocootd precision. Avtd cvvendyestol
otL amoteiton pio PeAtimon tov gpyodeiov dote vo Kpatdel akOun Ayotepeg
pneBOd0Vg GTO GUVOAOD 1] OKOUN KOL TNV EMAOYT KOG OOPOPETIKNG UETPIKNG Yo TNV
amoooon Papovs. [ap’ 6o avtd P Aoppdvoviag vwoyy pag 6Tt To GUGTILLO TOV
vAomomOnke amoterel to Bepédo yu T dOUNON EVOG AAAOL, O TPOYMPNUEVOD,
Bempovpie tKavomomnTiky TV avENom Tov Precision yio o T0606Td AVTA.
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6.2.2 Egpapuoyi oro Dolphin

To Dolphin givar pio epappoyn dwyeipiong apyeiov (File Manager) avouytod
Koo (open source) kor amotelel pépog TV geapuoymv tov KDE. Eivou
OYEOCUEVO HE EUQOOT] OTNV EVYPNOTIOL KOl TNV OTAOTNTA, EVM EMITPEMEL TNV
eveMia Ko TNV mpooapuoyn kat Aettovpyei oe LiNuX cuetiuata.

Ta dedopéva Tov TPOEKLYAV ATO TO GTAOO TPO-EMEEEPYAUGIONG TOV AVOPOPDV
actoydv yw. v €ékdoon 2.1 tov Dolphin mapovoidlovion otov mivake wov
akolovBei. Amd to 7663 bug reports mov avaktnOnkov amd to Bugzilla, yo
TEPETAIP® AVALIVGON YPEWGOTNKAY HOVO gKeiva Tov Ttepteiyav oydha (number of bug
reports with comments) kot omd avtd yioo TV ovAALGT HOC TV omapaithTa. 0o
nepehaupavov SCE ota oxdmd tovg (number of bug reports including SCE in
comments).

Number of bug reports retrieved from Bugzilla 7663
Number of bug reports with comments 1221
Number of bug reports including SCE in comments 1145
Number of bug reports that would be related with LSI input 1144

Mivakac 6.8: MANYo¢ Twv avapopwyv aoToXLWVY TTOU XPNOLUOTTOLNONKAY OTo
otadla tn¢ npo-eneepyaciog Toug

Elvar onuavtikd va yiver oto onueio avtd pio ovykpion pe to mAnbog twv
AVOPOP®Y COOALAT®V TTOV glyape ot dtdbeon pog and to Bugzilla yia to Amarok. O
oLVOAMKOG aplBudg twv bug reports yio to Amarok ftav 17976 and ta omoia. TEMKA
ta 7278 mepieiyav SCE kot pmopovoayv va ypnoiorombodv. Kot otny nepintmon tov
Amarok aAAd kot €3 mapatnpodpe OTL VEAPYEL HEYOAN Olopopd peTaEd TV
avVoQOPOV TTOV EYOLV OYOAD Kol ekelvov mov telkd mepthapupdvovy SCE. Oco
pikpotepog givar o apludg Tov avaeopdv actoyidv mov mepEyovv SCE, 1600
TEPIGOOTEPO UELDVETOL TO GVVOAO TmV bug reports mov Oa ypnoiporombovv yia to
clustering, yeyovoc mov givar mbovo vo, dnpovpyncel SVGKOMEG 0TI GLGYETICELS TV
avVaPOPOV Katd TNV gpapuoyn tov LSI.

Qg eicodot 610 LSI ypnoonombnkav dddeka (12) avapopés actoyidv —uio
Kk&Be popd — yla TG omoiec OTMG KOl TPONYOLUEVAS YVOPILOVUE EK TOV TPOTEP®V TIG
pebddovg Tov amotedovv to resolution tovg.

To omotélecpa tov LSI givar n onovpyio clusters amd cvoyeticpéveg
avoeopés aotoxlov. Ta clusters eaivovtal otny gikdvo oV akoAovOel GtV eTOUEVT
oeAida. Avrtiotorya pe ta clusters tov Amarok, xkdfe onueio oto eminedo
AVTITPOCOTEVEL Hiao ovaeopd aotoyias. To peydio mAnboc twv avoaeopdv eivot
ovyKevipouévee oe évo cluster, mov onuaiver 01t or avagopés avtég oyetiCovron
evvoloroyikd peta&d toug. Tavtdypova duwe dnutovpyodvrotl kot GAla dvo clusters
OV TEPLEYOLV KOl ekeival To. vorowmo. bug reports. Onwg eivor avapevopevo, dev
yivetar OAEC O1 AVOPOPES VOL OLLOLOOTOLOVVTAL, YU OVTO PAIVETOL VO VITAPYOLV KATOLES
7ov eved TAnotalovv ota clusters, dev avikovv oe oTd.
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Ewova 6.2: Clustering yia Ti¢ avapopéec aotoytwv tou Dolphin

Mo xaBepio avoeopd €10600V EYOLUE TO TOPAKATO OTOTEAECUOTO TTOV
a@opov 610 TANB0G TV avaPopdV ceaApdTev mov cyetiloviot e Kabéva and Ta
bug reports (#related bug reports), oto TAn00¢ Twv SCE mov oyetiCovton pe to input
(#related SCE) ka1 téAog otov apBud tov SCE mov mpokdatovy HETE TV EQOPUOY
TV oyécemv Tov .Isf apyeiov (#related SCE using code relations) :

Input Bug #related bug reports | #SCE in the input | #related SCE #rel_amd SCE
Reports (IDs) (LSI result) bug report (PS size) u::zii:jie
161385 399 3 227 1145
250787 391 2 206 1122
267171 461 1 379 1342
287829 464 3 388 1312
302264 134 15 49 177
303742 168 3 191 937
304524 372 6 329 1272
306147 484 24 375 1380
306167 492 5 435 1452
306459 444 11 376 1323
307254 135 2 65 244
308018 92 7 126 977

Mivakac 6.9: Stoyeia pueta tnv epapuoyr tou LS/
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Kotémy onpovpyodvtan ta chvora Ej yia kdbe AéEn mov mepthapfaveral oto
Extended PS xou Ex yuo tig AéEgig g avagopdc €10660v Kol yPNOCULOTOLEITOL )
petpkn Jaccard yio v amodoon Papovg o ke SCE. Ta amoteréopata sivat:

Bug Ranked Methods
Position in in the

R(eIpDosr)ts e S the Sorted Sorted
List List

161385 | DolphinViewContainer.setUrl(KUrl) 2 1112

250787 InformationPanelContent.InformationPanelContent 14 1090

(QWidget™)
InformationPanelContent.showltem(KFileltem) 1
InformationPanelContent.showltems(KFileltemList) 2
InformationPanelContent.showlcon(KFileltem) 5
InformationPanel Content.showPreview 3
(KFileltem,QPixmap)

267171 UpdateltemStatesThread.run() 1 1297
UpdateltemStatesThread.UpdateltemStatesThread() 2
VersionControlObserver.updateltemStates() Not found

287829 DolphinView.selectedltems() 2 1276

302264 | VersionControlObserver.updateltemStates() 5 169
UpdateltemStatesThread.setData(KVersionControlPlugin*, 8
QList<VersionControlObserver::ltemState>)

UpdateltemStatesThread.run() 25

303742 DolphinView.slotRoleEditingFinished 30 911
(int,QByteArray,QVariant)

304524 KStandardltemListWidget.editedRoleChanged 8 1231
(QByteArray,QByteArray)

KStandardltemListWidget.closeRoleEditor() 2

306147 DolphinView.slotRoleEditingFinished 64 1330
(int,QByteArray,QVariant)

306167 KStandardltemListWidget.paint 5 1400
(QPainter*,QStyleOptionGraphicsltem* QWidget*)

306459 | DolphinMainWindow.createSecondaryView(int) 786 1277
KFileltemModel.KFileltemModel(QObject*) 7

307254 DolphinViewActionHandler.slotTrashActivated 3 233
(Qt::MouseButtons,Qt::KeyboardModifiers)

308018 KStandardltemListWidget.closeRoleEditor() 2 956
KStandardltemListWidget.editedRoleChanged 1

(QByteArray,QByteArray)

Mivakac 6.10: AnoteAéouata bug localization
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Meletdvtog AENTOUEPDS TO O€dOUEVA, TOPATNPOVUE OTL OTIG OVOPOPES
aoTtoyiag oL ypnoiponotydnkay g eicodot yia to LSI, to resolution ntoav dAlote pia,
puévo ovvéptnon Kot dArote meptocotepec. To mAN00¢ TV HEBOI®V TOL OVOKTMOVTOL
(Methods in the Sorted List) ywa ké0e bug report givar moAd pikpdtepo o oyéon ue
eKEIVO Yo TIG avapopég €160d0ov tov Amarok. Avtd ovpfaiver enedn ta SCE tov
Dolphin ivar Arydtepa and exeiva tov Amarok, yeyovoc mov cuvendyetar OTL Ot
ox£0€1g TOV GLUVOEOVV TIG HeBOdOVG de Ba 00MyoLV o TOAAEG OLOPOPETIKES. XToL
OTOTEAEGUATO TTOV TOPOVGLALOVTIOL GTOV TVAKO TNG TPONYOVUEVIC GEMOG umopel
Kaveig va det tn 0éon Tov pneboddwv oty ta&vounuévn Aioto (Ranked Position in the
Sorted List), kabd¢ ot 1o péyebog tng exdotote Aotac. Xe avtibeon pe 600
uebddovg, ot omoieg dev Eyovv tkovomomTiky 0éon oto ranking, ot vroéroueg £xovv
OPKETA LYNAO OKOp HE OMOTEAECHUO VO KOTAAAUPAVOLV TIG KoALTEPES BEoeElg TNg
Mortag.

Onwg éxer Mom avaeepbel, 6t0 cvotua mov omuovpyndnke, to Pdbog
TPOCSTELAGNG TOV YPAPoL elval PETAPANTO, TPAYIO TOL GUVETAYETOL OTL O YPNOTNG
elvan exeivog mov kabopilel v T tov. ‘Etol oy avaeopd 267171 dev vmpye
Kkamowo. oyéon tov FETCH Tool mov va @épel 6to 6OVOAD HOG T GLYKEKPLUEVN
pébodo. MetafdArovtog v mapdpetpo tov Bdbovg, sivar mbovo n pébodog avt va
evTomioTel, 0ALA aVTO popel va €xel G OMOTELEGUO VO YEUIGEL TO GOVOAO HOG LE
nepLocoTEPES HEBOOOVS TOV OeV GYETILOVTAL [IE TO COAALLN TNG OVOPOPAS OVTNC.

Yy avapopd actoyiog pe id 306459 n pébodog mov ypeldoTnKe TpOTOTOINGN
v vo. dtopBwbel to opdiua ftov 1 DolphinMainWindow.createSecondaryView(int).
H ocvykekpuévn eviomiotnke and 10 cOHGTNHA, OL®G TO BAPOG TOL TNG AmTodOONnKE TNV
KatéTae o€ oA yopunAn 0éom, 786" otig 1227 uebodovg, dnradn oto top 64%. Avtd
Tpoékuye e&ottiog TS Kuplmg TG S10QopeTIKNG KAGoNG TG HeBOdOVL avTNG pe TV
uébodo KFileltemModel KFileltemModel(QObject*), n onoia gupavictmke 7" otnv
katdtaén. dvowd moAd onuoviikd poro mailer kot to wANOog twv SCE g
epappoyng Dolphin. Oco Ayotepec ALEEIC KMOKA LITAPYOLV OE £VOL TPOYPOLLLLOL
Aoyo koD, TO60 Mydtepeg ivar kal ol oyEcelg mov Oa avantHcoovTal LETAED TOVG
ko gvromtilovtar and to FETCH Tool. Zuvendg, n mbavotnta va vrdpyet povomdrt
GTO YPAPO TOV GYEce®V-UeBOd®V OV Vo 00MYel amd Kamola pEHodo oe Kamola GAAN
pkpaivel, pe omotélecpa 1 createSecondaryView(int) va unv eppavifel kowd
otolyeia pe to SCE g ovagpopdc o@AAUATOS Kot £€TGL VO, KOTOTAGGETOL OTIG
terevTaieg BEoeELG.

[Mopatnpovpe O6tL extdg omd ™ peEBodo, m omoio dev gviomiotnke omd TO
ovomud bug localization, vrapyovv kot tpelg axdun pébodot mov KatoTdybnkay oTig
yopnAodtepeg Béoeig oy taSivounpévn Alota cuykprtikd pe tig vrorowres. ITo
ovykekpuéva, avtég eivor ot eéng: apywka m DolphinView.slotRoleEditingFinished
(int,QByteArray,QVariant), n omoio &éyer 30" 0éon otic 911 pebdo6dove —bug report
303742, n pébBodog mov anotelel To resolution g avagpopdg actoyiog pe id 306147
DolphinView.slotRoleEditingFinished(int, QByteArray,QVariant) otn 6éon 64 otig
1330 xor téhog m péBodog DolphinMainWindow.createSecondaryView(int) mov
kozatdyOnke 786" otic 1277 yia v avagopd 306459.

AxolovOel o mivakag pe to precision wou recall ywo xafepio amd TIg
TPONYOLUEVES avapopéc ceaipdtov. Eivar avapevopevo o6t agod ot pébodot
evromictnKa OAeg (xTOC amd pia) To Tocootd Tov recall Ba givar 100% (ko 66.67%
oV mpokewévn mepimtoon). Kot mdA ouog ta mocootd tov precision eivol
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wWwitepa YounAd, yeyovog mov o@geiletor otov peydAo apBud pebddwv mov
OVOKTOVTOL 0O TO GUGTTLO.

Ranked
position in
Rflf)%ts Methods list/ Precision | Recall
(I%s) number of (%) (%)
methods in
list

161385 | DolphinViewContainer.setUrl(KUrl) 2/1112 0.089 100

250787 InformationPanelContent.InformationPanelContent 14/1090 0.460 100

(QWidget*)
InformationPanelContent.showltem(KFileltem) 1/1090
InformationPanelContent.showltems(KFileltemList) 2/1090
InformationPanelContent.showlcon(KFileltem) 5/1090
InformationPanelContent.showPreview 3/1090
(KFileltem,QPixmap)

267171 | UpdateltemStatesThread.run() 1/1297 0.154 66.67
UpdateltemStatesThread.UpdateltemStatesThread() 2/1297
VersionControlObserver.updateltemStates() Not found

287829 | DolphinView.selectedltems() 2/1276 0.078 100

302264 | VersionControlObserver.updateltemStates() 5/169 1.775 100
UpdateltemStatesThread.setData(KVersionControlPlI 8/169
ugin*,QList<VersionControlObserver::

ItemState>)
UpdateltemStatesThread.run() 25/169

303742 DolphinView.slotRoleEditingFinished 30/911 0.120 100
(int,QByteArray,QVariant)

304524 KStandardltemListWidget.editedRoleChanged 8/1231 0.162 100
(QByteArray,QByteArray)

KStandardltemListWidget.closeRoleEditor() 2/1231

306147 DolphinView.slotRoleEditingFinished 64/1330 0.075 100
(int,QByteArray,QVariant)

306167 KStandardltemListWidget.paint 5/1400 0.071 100
(QPainter* QStyleOptionGraphicsltem* QWidget*)
DolphinMainWindow.createSecondaryView 786/1277 0.156 100

306459 (int)

KFileltemModel. KFileltemModel(QObject*) 711277

307254 DolphinViewActionHandler.slotTrashActivated 3/233 0.429 100
(Qt::MouseButtons,Qt::KeyboardModifiers)

308018 | KStandardltemListWidget.closeRoleEditor() 2/956 0.209 100
KStandardltemListWidget.editedRoleChanged 1/956

(QByteArray,QByteArray)

Mivakag 6.11: Precision kat Recall yia ta amoteAéouata tou bug localization
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O ap1Budc tov dedopévav mov avaktnOnkov arnd to bug localization cvotnpa
poG v kabe pio oavopopd aetoyiog mov ypnotporomdnke wg 160d0g elval apkeTd
HeyoAog Kot OTmg avapépOnie ivar 1 artio Tov TOAD PIKPOV TOGOGTOV TOV Precision.
‘Etor Aowmdév mpootédnke o10 ovotnuo, mov vAomomOnke, éva  emmALoV
YOPOKTNPIOTIKO: 1M SvvaTOTNTO VO EMAEYEL O YPNOING MO0 TOGOGTO 1TNG
ta&vounpévng AMotag 0éAetl va det.

To yapokTNPIoTIKO VT givar Waitepa YPNGIUO Kot TPocHETEL Eva oNUOVTIKO
TAEOVEKTN IO, OTY] JloXElPLoT TV HEBOSMV TTOV AVOKTMVTOL, OPOV O TPOYPULUATIOTNG
Bo pmopel va emiéEel to péyebog g taSivounuévng Alotoc. Zvvenms, EEKIVAOVTOG
amd éva pIKpO TOGOoTO NG MOTOG, OV TO OMOTEAEGHO OEV €ivol 1KOVOTOUTIKO,
ocvveyilovv av&dvovtdg To mg 6tov va kataAnEovy otov emBountod aplopo.

210v¢ mivakeg Tov akoAovBoHv Tapovctdlovial avTioToly o To AmoTEAECUATO
7oV TTPoKLTTOVY Yo T0 3%, 10 5% Kot T0 7% TV pebdd®V TOL AVOKTMOVTOL Kot
EMGTPEPOVTUL GTO YPNOTN MG ATOTELEGLLO TOV GUGTNLOTOC.

Bug Recall Number of
Reports Precision (%) (%) Methods in

(IDs) ranked list
161385 3.03 100 33
250787 15.15 100 32
267171 5.26 66.67 38
287829 2.63 100 38
302264 20 33.33 5
303742 0 0 27
304524 5.55 100 36
306147 0 0 39
306167 2.38 100 42
306459 2.63 50 38
307254 16.66 100 6
308018 7.14 100 28

Mivakac 6.12: Precision kot Recall yia to 3% twv uedodwv tng taétvounuévng Aiotoag

Bug Recall Number of
Reports Precision (%) (%) Methods in
(IDs) ranked list
161385 1.82 100 55
250787 9.25 100 54
267171 3.125 66.67 64
287829 1.58 100 63
302264 25 66.67 8
303742 2.22 100 45
304524 3.28 100 61
306147 151 100 66
306167 143 100 70
306459 1.59 50 63
307254 9.10 100 11
308018 4.26 100 47

Mivakac 6.13: Precision kot Recall yia to 5% twv pedodwv tng taétvounuévng Aiotog
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Bug Recall Number of

Reports Precision (%) (%) Methods in

(IDs) ranked list
161385 1.30 100 77
250787 6.59 100 76
267171 2.22 66.67 90
287829 1.12 100 89
302264 18.18 66.67 11
303742 1.58 100 63
304524 2.34 100 86
306147 1.07 100 93
306167 1.02 100 98
306459 1.12 50 89
307254 6.25 100 16
308018 3.03 100 66

Mivakac 6.14: Precision kot Recall yia to 7% twv uedodwv tng taévounuévng Aiotag

2vuykpivovtog toug mivakeg ovtolg e Tov tponyodevo mov agopd oto 100%
TV HeBOd®V, TOPATNPOVUE OTL TO TOGOGTO TOV Precision avéNdnke onuoaviikd. Avtd
ntav  avopevopevo agov 1o mANBog tv pebodwv g tafvounuévng Alotog
eratTminke, evd o apliudc tov pebddmv mov avalnrovue (bug resolution) mopéueve
otafepdc. EmmAéov etvar onpovtikd va mpocégovpe 0Tt KaBdg avsdvovtat ot pébodot
™G Ta&vounuévng AMotag, 1060 T0 T0G0GTO TOV Precision peldveTaL.

Yyetkd pe 10 mocootd tov recall, and to dedopéva OV TAPOVOIAGTNKAY,
dwmot@vovpe 6Tt TaPAUEVEL G€ TOAD VYNAL enimeda. H actoyia, mov meprypdpeton
otV avaeopd cedipatog pe id 267171, arartovee ™V TPoToToincn TPV HeBddwv
Tov mnyoaiov kddka. And ovtég to bug localization cvomua gviomios Tig dVo 61O
100% tov pebddwv kol ocvvenmdg to mocootd tov recall (66.67%) vy
oLYKEKPLUEV avoeopd, Ba moapapeivel To 010 kot Y to 3%, 5% wor 7%, Ommg
QOIVETOL GTOVG TVAKEC.

Awopopéc evtomilovior oTIS avapopEg 0oTOYloG HE OavayvVOPLoTIKO oaptBud
302264, 303742 ko 306147 ko agopodv kvpiwg 10 3% tov pebddwv. H mpmt
avapopd mopatnpovue ot Exet recall 33.33%, mov opeidetar 6To YEYOVOS OTL Yo TO
3% tov mAnBovg g tagvounuévng Alotag —kot cuykekpluéva v 5 pefddovc—
avokthOnke povo pia amd Tig Tpelc pebddovg mov amotelovoav to resolution tnge.
[Top’ 6Aa avtd, 60tav o TANB0G TV HeBdO®Y 6To chHvoro avéavetatr oto 5% kot 7%
evromiCovtal 600 péBodot Kot avtd petaPdArel To T0606TO TOL Precision oto 66.67%.
Ot dAheg 0v0 avagopés (303742 ko 306147) avrkovv oty 1010 mepinTmo: Yo TO
3% tov pebddwv wapio amd ekeiveg mov TpomomomOnKav Oev VRAPYEL OTNV
ta&vounuévn AMota kat yio tov Adyo owtd toco to recall, 6co kat To precision givol
0%. Avto Opmg arralet v to 5% kot 7% kabdg o€ AVTO TO TOGOGTO, TO GUGTILLOL
evromiCel Oheg Tic peBddovg Kkat emouévamg to recall yivetar 100%.

Téhog, m bug report 306459 £yet dvo pebddovg yia resolution, ol omoieg Yo o
100% towv pebddwv evtomilovion amd to cvommua. Opmg n pio ek tov 6o
kotatdyOnke oe apketd yoaunin 0éon (786") ko xatd cuvéneio dev evromileton yia
HUIKPOTEPOQ TOGOGTA TOV GLVOLOL TNG TASIVOUNUEVG AloTOC.
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6.2.3 Egapuoyn oro Konqueror

To Konqueror eivar évag dmpedv Kot avorytoh KMOKO TEPUYNTNS OOIKTOOV
(web browser) kabmg kot dwoyepiotng apyeiov (file manager), o omoiog mapéyetl ™
SVVATOTNTO OTTIKOTOINGTG APYEIDMV TOL GUGTNUOTOS OTTMG TOTIKA apyeia, apyeio evog
amopokpvopuévov FTP/SFTP g&umnpetnti kot ovumecpuéva apyeio. H epapuoyn ot
amotedel kOpo tuqua tov KDE project, éxer vAomomOel amd ebelovtég
TPOYPOUUUOTIOTES Y10, AEITOVPYIKA cvothpata tomov Unix kot Windows. Zav web
browser ompiletar otny KHTML pnyovi mov onuaiver 6tt vmootpilel OAeC TIC
tehevtaiec teyvoloyieg Omwg HTMLDS, Javascript, CSS3 «kor dAlo. Emmiéov
ypnowonolel T tedevtaieg KDE teyvoloyieg Kot mapéyet €101KO mpdypappo yio
dvorypo. PDF  apyelov, emefepyaotn Oyt UOVO KEWEVOL OAAGL KOl  QUAA®V
VTOAOYIGHOV YOPIg KATOL0 GAAY EEYMPLOTY EQOPLOYY.

"Exer non avaeepbel oe mponyodueva kepdroto Kot mopaypdeovs 0Tl T0 TPAOTO
GTAO10 TOL GLGTHUOTOC OV dNovPYHONKe gival To 6TAd10 Tpo-enelepyaciog TV
avVoQPOPAOV OCTOYOV. X 0oVTO TO OTAd Y TV geappoyn Konqueror ot
ouykekppéva yuoo v €kdoom 4.0 avaktiOnkav cvvolikd 38480 avagopég amd To
Bugzilla. Ztov wivaka mov akolovdei vapyovv dedopéva ya kabévo amd ta frpoto
g mpo-enelepyaciog dnwg to TANHOC TOV AVIPOPOV GTIG OTTOIES TEPIEXOVTAL GYOAN
(38228) ko 10 AN 00¢ TV avapop®mv mov meptEyovv SCE ota ool Toug.

Number of bug reports retrieved from Bugzilla 38480
Number of bug reports with comments 38228
Number of bug reports including SCE in comments 14433
Number of bug reports that would be related with LSI input 14432

Mivakac 6.15: [MAB0¢ Twv ava@opwy acToxLwV Tou xpnoluorotdnkay ota
otadla tn¢ npo-eneepyaciog Toug

Yoykpitikd pe T dvo mponyovpeves epappoyés (Amarok, Dolphin), to
Konqueror £yet tig meplocOTEPES AVAPOPES CPUAUATOV TOL TAVTOXPOVO, TEPIEXOVV
oyora pe SCE (14432). O peyddog apBuodg tov ovaeop®dv cuvterel otn onovpyio
KaAvTEp®V Kot okpiBéotepmv clusters, otav oe avtéc epoppootel to LSI. Avtd
cuvemdyetol peyoAVTeEPN OKPIPEI GTOV EVVOIOAOYIKO GUGYETICUO TOV OVAPOPDOV
AOTOYIMV KOl ®OG €K TOVTOV T OMOTEAEGUATO TOV B TPOKVWYOLV AVOUEVETOL VO ETval
KaAOTEPO.

"o to LSI ypnowomomOnkav mévte (5) bug reports ywo tig omoieg £xovue Bpet
T1G LeBABOVE TTOV YPEIUCTNKOV TPOTOTOINGT TPOKEEVOL VoL EMAVOEL TO GPAALL GTO
omoio avaeepdtav kabe pio. Me ™ pébodo avtn dnuovpynOnkav clusters ota omoio
VKOV aVOQPOPEG AGTOYLOV OV GYeTilovTal £vvoloAoyIKd pHeTa&y tovg. Kat mé
KkéOe avoapopd cedaAipatog ameikovileton pe éva onueio 6to akOA0LOO SOy POLLULL.
AVt T QOPA dEV GLYKEVTPOVOVTAL Ol TEPIGGOTEPES AvaPOpPES o€ €va cluster, aArd
OMUOVPYOVVTOL OPKETE UIKPOTEPO KOl PUOIKE VILAPYOLV OPKETEC OVOPOPES TOV OEV
ovoyetilovtal pe Kavévo amd oUTa Le OTOTELEGHLO VA NV aviKoLV o€ Kavéva cluster.
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Ewova 6.3: Clustering yLa TG avapopéeg aotoxtwv tou Konqueror

[Noa xoBepioc avapopd €166d0v mopovcidlovtar otov  okdiovbo mivokoa
dgdopéva Tov avaPEPOVTUL 6TO TANOOSC TV AVIPOPOY GEOANATOV oV GyeTilovTal
ue xobéva amnd to bug reports (#related bug reports), oto mAnboc twv SCE mov
oyetiCovron pe 7o input (#related SCE) kou téhog otov apbpd twv SCE mov
TPOKLITOVV UETA TNV €QUPUOYT TV oyéoemv Tov ISt apyeiov (#related SCE using
code relations:

Input Bug #related bug reports | #SCE in the input | #related SCE #rel_ated SCE
Reports (IDs) (LSI result) bug report (PS size) u::;i(;:j:
153117 3341 3 8288 11887
153533 7931 6 8921 12554
155225 6056 36 8559 12134
155434 7850 519 9573 13231
156658 895 3 5976 9066

Mivakacg 6.16: Stolyeio UETA TNV EQapuoyn Tou LSI

Metd v ohokAnpwon ¢ epappoyng tov LSI, Bpiokdpacte mo 6to 6Tdd10
MG Kuplwg emeEepyaciag TV avaPOPOV OGTOYUDY, Y0 TIS OToileg OTMG €xel MO
avapepBel Exouv ocvykevipmBel o1 AéEelg KMdka mov mepAappdvovtor ota oYOMA
tovG. 'Etot yuo kabepio SCE tov Extended PS onpuovpyeiton éva cvvoro E;j to omoio
ovyKkpiveton pe 1o obvoro Ex mov meprhapfdver 6deg tig AEEEC KON TG Avapopdg
€16600v kabmg kot 6oeg SCE cvuvdéovtan e auTég LEGH TOV GYEGEDV TOV TPOEKVY AV
and v avéivon tov Fetch Tool. H obykpion tov cuvolwv pe ) petpikn Jaccard
npocdidel o kdBe SCE éva Bapog pe Pdon 10 omoio katatdocovtal ot péBodot kot
onuovpyeitan n ta&wvounuévn Alota. H Béon g xdBe pebodov ot Mot avt
QOiVETOL GTOV TTivOoKa TOL AKOAOVOEL.
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oo Ranked Position in | Metnods in

Reports Methods . the Sorted
(IDs) the Sorted List List

153117 hp_removeDupe(KCompletionMatches,QString,K 3 599
CompletionMatches::Iterator)

KongMainWindow.slotAddClosedUrl(KongFram Not found 9819

153533 -
eBase*)

ViewMgrTest.testAddTab() 4
ViewMgrTest.testDuplicateSplittedTab() 374
KongView.saveConfig(KConfigGroup,QString,K 16 9419

155225 S
ongFrameBase::Options)

155434 KHTMLView.focusNextPrevNode(bool) 8 10266
Documentlimpl.setActiveNode(Nodelmpl*) 1687
Documentlmpl.setFocusNode(Nodelmpl*) 687
KonquerorAdaptor.openBrowserWindow(QString 6 6889

156658
,QByteArray)

KonquerorAdaptor.createNewWindow(QString,Q 5
String,QByteArray,bool)
KonquerorAdaptor.createNewWindowWithSelecti 4

on(QsString,QStringL.ist,QByteArray)

KonquerorAdaptor.createBrowserWindowFromPr

ofile(QString,QString, QByteArray) !
KonquerorAdaptor.createBrowserWindowFromPr 2
ofileAndUrl(QString,QString,QString, QByteArra

y)

KonquerorAdaptor.createBrowserWindowFromPr
ofileUrlAndMimeType(QString,QString,QString, 3

QString,QByteArray)

Mivakac 6.16: AnoteAéouata bug localization

ApyIK] TOPATNPNCT TOL UTOPOVUE VO KAVOLUE GUOUP®VO LE TO TOPOTAVED
dedopéva givar 0Tt to TAN00g TV nebddwv oty Ta&vounuévn Aiota (Methods in the
Sorted List) givatr moAd peydio og oyxéon pe t1g pebddovg mov anotelovv to resolution
KkéOe avapopds cpdrpatog €160d0v. Emmpochétmg sivar Oetikd 6t OAeg o1 pébodot
evtomiotnkav and to bug localization cvotua kot o1 TeplocdTEPES £X0VV KaTaTayOel
o€ moAO vynAég Béaeig. EEaipeomn amotehovv:

o) N néEBodog TG avapopas actoyiog Tov ypnoorodnke wg eilcodoc oto LSI
pe id 153533, KongMainWindow.slotAddClosedUrl(KongFrameBase*) n omoia dev
evtomiotnke aAAd ko 1 ViewMgrTest.testDuplicateSplittedTab() mov kartatdaydnke
oto top 3.81% tv uebddmv g AMotag.

B) Ztv avaeopd 155434 ot péBoodot Documentlmpl.setActiveNode(Nodelmpl*)
kot DocumentImpl.setFocusNode(Nodelmpl*) o1 omoieg mapdAio mov evromiotnkov
KatatayOnkay oe younAég Béoeig, 1687 kot 687 avtictorya. BéPata cuykprrkd pe to
mmBog tov pedddwv mov avaxtnOnkav (10266) avtéc Ppiockovioar oto 16,4% won
6,7% avtioTtouya.

Kot o115 800 mapandve tepintdcelg ovapopmy 160d0v ot pébodot mov gite dev
gvtomiotnkay, gite oev Ppiokovtal oe VYNAEG BEGEIC aviiKovY GE S10POPETIKT KAGOM
amd TIc HeBddoLVE eketveg mov MTav oTIC TPMTEG BEcelg TG TaSivounuévng Alotog.

102




"Etot Aowmdv cuykekpéva yuo v avaeopd 153533 dev vmnpye oxéon oto Pdbog mov
emA&yOnke MoTe vo EPEL oTN AMota T HEB0SO TTOV deV EVIOTIOTNKE KO OVTIOTOLYO
Yoo v ovoeopd 155434 1 péBodog mov 0ev EVIOMIGTNKE OVNKE GE OLOPOPETIKY
KAGoM Kol 0ev GLVOENTAV Yo TO GVYKeEKPIUEVO PBdBoc pe kamola amd too SCE mov
ovykevipoOnkav pe v teyvikn LSIL A&iler vo onueiwBel dpmg 6Tl kKot GTo
Konqueror ot pébodot mov katatdyOnkav oe oxetikd yoaunAég 0€oelg, govv ovopato
To. ool EVVOLOAOYIKA ep@aviCouv opotdtteg pe kdmoteg omd Tig peBddovg TV
vymAdtep®V BEcEWV.

AxoiovBel o mivakag mov meptlopfdaver v mponyoOueEVn TANpoeopia GE
ovvovacpo ue ta Tocootd precision kat recall. To nocootd tov recall diotnpeitan o€
TOAD LYNAQ emimeda, YEYOVOG OVOUEVOLEVO 0OV OAeG Ol péBOdOL eKTOC amd pia
evtontiotnkav and to bug localization cvotnuo. Ilop’ dha avtd ot uébodor mov
AVOKTOVTOL Elval apKeETES Kot avTd dvoyepaivel TNV avalntnomn ekeivng mov mpémet va
tportonom el and Evav tpoypappatiot. Avtdg eivor Kot 0 Adyog Tov o TOGOGTE TOV
precision givat apkeTd pikpa.

Ranked

BU position in

Re o?’ts Methods list / Precision | Recall

(IFE)s) number of (%) (%)

methods in
list
hp_removeDupe(KCompletionMatches,QString,KCo 3/599 0.167 100

153117 mpletionMatches::Iterator)

KongMainWindow.slotAddClosedUrl(KongFrameB Not found 0.020 66.66

153533 ase®)

ViewMgrTest.testAddTab() 4/9819
ViewMgrTest.testDuplicateSplittedTab() 374/9819
KongView.saveConfig(KConfigGroup,QString,Kon 16/9419 0.012 100

155225 A
gFrameBase::Options)

155434 | KHTMLView.focusNextPrevNode(bool) 8/10266 0.029 100
DocumentIimpl.setActiveNode(Nodelmpl*) 1687/10266
DocumentIimpl.setFocusNode(Nodelmpl*) 687/10266
KonquerorAdaptor.openBrowserWindow(QString,Q 6/6889 0.087 100

156658 ByteArray)

KonquerorAdaptor.createNewWindow(QString,QStr 5/6889
ing,QByteArray,bool)
KonquerorAdaptor.createNewWindowWithSelection 4/6889
(QString,QStringList,QByteArray)
KonquerorAdaptor.createBrowserWindowFromProfi
le(QString,QString,QByteArray) 1/6889
KonquerorAdaptor.createBrowserWindowFromProfi 2/6889
leAndUrl(QString,QString,QString,QByteArray)
KonquerorAdaptor.createBrowserWindowFromProfi
leUrlAndMimeType(QString,QString,QString,QStri 3/6889
ng,QByteArray)

Mivakag 6.17: Precision kat Recall yia ta amoteAéouata tou bug localization
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Ytoyxevovtag Aowmov otn peimorn tov aptpod tov pedddwv, e oKomd 1
taSvounuévn Alota vo yiver mo eOkolo dwayepioyn kot mwpoomadmviag vo
avENGOLVE TO TOGOGTO TOL Precision, ywpic OUMG Vo «(OAGGOVUE» TO AVTIGTOLYO
nocootd tov recall, emiéyovpe évo GUYKEKPIUEVO TOGOOTO, OTNV TPOKEWUEVN
nepintoon 3%, 5% kot 7% kot wapatnpolue To EENG:

Bug Recall Number of
Reports Precision (%) (%) Methods in
(IDs) ranked list
153117 5.56 100 18
153533 0.68 66.66 294
155225 0.35 100 282
155434 0.33 33.33 307
156658 2.43 100 206

Mivakac 6.18: Precision kot Recall yia to 3% twv uedodwv tng taétvounuévng Aiotoag

Bug Recall Number of
Reports Precision (%) (%) Methods in
(IDs) ranked list
153117 3.33 100 30
153533 0.41 66.66 490
155225 0.22 100 470
155434 0.19 33.33 513
156658 1.45 100 344

Mivakac 6.19: Precision kot Recall yia to 5% twv uedodwv tng taévounuévng Aiotog

Bug Recall Number of
Reports Precision (%) (%) Methods in
(IDs) ranked list
153117 2.38 100 42
153533 0.41 66.66 490
155225 0.22 100 470
155434 0.19 33.33 513
156658 1.45 100 344

Mivakac 6.20: Precision kot Recall yia to 7% twv uedodwv tng taétvounuévng Aiotog
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2uykpivovtog To 0edOpEVOL TV  TPONYOVUEVOV TIVAK®V HE OLTE  TOL

mopovotdlovtal oTov Tivaka 6.17, Kavovue TIc akOAOLOES TapUTPICELS:

To 0606716 TOVL Precision onuei®ce onUAvVTIK) HENCN GE GYEOT LLE EKEIVO TTOV
agopd oto 100% TV pebdd®V MOV GLYKEVIPAOVOVTOL OO TO GUGTNUG HOG
(mivaxag 6.17). Eivaw 10 1010 @ovopevo mov moapatnpndnke Kot oTig
TPONYOVUEVES EPOPLOYEG AOYIGHIKOD TTov avalvOnkav. Avalntodue, dniaon,
ToV 1610 apBud pebddwv, e KPOTEPO GVVOAO, LE OTOTELEGHO TO Precision va
avEAVETOL, 0OV TOOVA «dypNnoTes» HEBodoL ealeipovTar.

Av kot to precision BeltidOnke Yo O eG TIG OVOPOPEC OOTOYIOG TOL
ypnowonmomdnkov mg gicodot oto bug localization cvomua Tov vAomoOnke,
VILAPYOVY KATOLEG —CLYKEKPIUEVAL 1 TPAOTY KOl 1 TEAELTOIO— TV OTOi®V TO
m0600TO gueavilel ™ peyodvtepn avénon. o v avaeopd 153117, avtod
oLVEPN emedn] ot nEBOdOL OV GLYKEVIPOONKAV HETA TNV TPOCTEAUGT TOL
YPAPO TV GYEGEMV NTAV AYOTEPEG GE GYECT LE EKEIVEG TTOL TPOEKLYAV Y10l TIG
vrOlomeg avaopés aotoyldv. Avtifeta n avagopd actoyiog pe id 156658
ELQAvice peydAn dlopopomoinon 610 mocooTd Tov Precision, map' 6A0 TOL TO
cVuvorlo TV peBddwV ¢ talwounuévng Alotag stvon apxetd peyaro (200
pébodor), e&attiog tov aptdpod tov pedddmv mov avalntodue o ovTO (TEVTE).

Oco agopd oto recall, dtatnpodvtac to 100% tov cuvoroL TV PGSOV TG
taSvopnpévng Motog, coppova pe tov mivaka 6.17, yio OAeg TG avapopég
actoyiog, evtomiotnkav Oleg ot péBodol mov amoteAobv to resolution tovg.
E&aipeon amoterel n avagopd 153533, yio v omoia evromiotnkov povo 600
péBodOL, VTl Yo TPELG MOV TPOTOTOWONKAV Kol EMOUEVMOS TO TOGOGTO TOL
recall ywo t ovykekpuévn givar 66.66%. Eival Aowmov mpo@avég OTL Kat yio
pikpotepo appd pebodwv (number of methods in ranked list), n pébodog
KongMainWindow.slotAddClosedUrl(KongFrameBase*) d¢ Oa evtoniotel. [a
10 MO0 avtd To recall dratnpeitor 6to 66.66%.

210V TIVOKEG TNG TPONYOVLEVNG GEALdOG PAETOVpE OTL 1 avapopd 155434 &xet
pkpotepo recall (33.33%) cuykpitikd e 10 T0606TO OV £ixe 6TOV TivoKa 6.17
(100%). Avtd ovpPoiver 610tL or Vo omd TG TPeic uebodovg TOL
tpomomomOnkav mpokewEvoy vo emAvbei to bug g epapuoyng, odev
nepthappdvovtar 6to 3%, 5% kot 7% tov cuvoikol aptBpoL TV PeBOSWV.

ZUVETMG, KOTOAYOVUE GTO GUUTEPAGHO OTL YPELOUACTE APEVOS LEYAAVTEPO
10G600T0 and 10 7% €101 MoTE vo. cuurEPIANEOOVY Kot avtég ot pEBodot Kot
APETEPOL U0 TPOGEYYIoN 0TV omoia To péyebog g Ta&tvounuévng Aotog va
glvon evkoAa dtoyelpicipo amd Evav avlpmmo.
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6.2.4 Egapuoyn ero Kopete

To Kopete eivar pion epapuoyn omootoAf|g duecomv pnvopdtov (instant
messenger) mov vnootnpilel mpwtokoAlo Omwc to AlIM, ICQ, Windows Live
Messenger, Yahoo, Jabber, Gadu-Gadu kot dAla. Eivor Aoyiopikd avorytod kddika
ko omoterel pépog tov KDE project. EmimAéov gival oyed106UEVO DOTE VO TPOGPEPEL
eveMéio KaBdG eivol ETEKTAGIHO 68 GVOTNIO TOALUTADY TPOTOKOA®YV KATAAANAO
Oyl LOVO Y10 TPOCMOTIKY], AAAA KO Y10 EXAYYEAUOTIKN YP1ON.

2tov mivako mov okolovBel Tapovctdlovial OpIGHEVES YEVIKEG TANPOQOpPieg
OYETIKG UE TOV 0plOUd TOV avaQop®Y acTOYIOV oV avokthonkay amd to Bugzilla
v v €kdoon 1.0.80 tov Kopete (9872 avagopéc cvvolikd), tov aplBud twv
aoTOYI®OV Ol OToieC TEPAOUPAVOLY OYOAO KOl EMEITO OO GYETIKY €mesepyacio
avoypaeeTol Kot o apdpog tov bug reports mov meplapfavovy AéEelg kK oTa,
oOM ToVG KOOMG Kot ekelveg oL B GLGYETIGTOVUE TNV AVAPOPE IGO0V KATA TNV

€QOpLROYN TG TEYVIKNG LSI.

Number of bug reports retrieved from Bugzilla 9872
Number of bug reports with comments 9814
Number of bug reports including SCE in comments 3266
Number of bug reports that would be related with LSI input 3265

Mivakac 6.21: [MANB0¢ Twv ava@opwy aoToxLwV ToU xpnoluonotdnkay ota
otadla tn¢ npo-eneepyaciog Toug

To endpevo Prpa g emeepyaciog T@V avaEOPOY COUAUATOV, 0POD EXOLV
Non daywpiotel ot AéEeig kmdka (SCE), eivan n epappoyn g teyvikng LSI pe okond
TOV €VVOIOAOYIKO GUGYETIGHO TV avagopadv. [Tio cuykekpiéva ypnotpomomOnkoy
oKT® (8) avapopég Yo Tig omoieg Kot TaAL Yvopilove €K TV TPOTEP®V TIG HEBOdOLG
OV TPOTOTOMONKAV TPOKEWEVOL Vo emALOel 1 actoyio mov mapovsidctke. To
QTOTEAEG O, TNG TEYVIKNG OWTHG €ivar 1) dnpovpyio opdadmyv (clusters) amoteloduevmv
and bug reports.

Ta clusters avtd @aivovtar oty akdéiovdn ewova. Onmg kot yuoo Tig
TPONYOVLEVEG EQPAPLOYEG, £TGL Kol Yo, To Kopete, kdBe onueio avtiotoryel og pia
avaeopd kol kafe kOkAog meptlapuPdvel TiIc avapopéc ekeiveg oTic omoieg €xel
evtomiotel evvoloAoyikn opowdtnto. [opoatmpodpe 6tL edkd yo dvo clusters eivor
eEaPeTIKA OVOKOAD Vo YivEL SOY®PICUOS, KOOMG LIAPYOVY OVOPOPES OV EXOVV
evtomiotel avapesd tovg. dvoikd Onmg givar avapevopevo kdmowo bug reports dev
en@avilovv mANpn EVVoloA0YIKT cLGYETION LE avtioToyo kamotov cluster, yeyovog to
omoio amewoviletor pe to onueion exeiva TOL JYPAUUATOS TOL Ppickovtol
evolaueca 1 akoun kot oAl mo pakpld and to. clusters mwov £yovv dnuiovpynoei.
Xopokmplotikd mopddetypo €ivar 1 avagopd KAT® oT0 KEVIPO KOOMG Kot Ot
AVOPOPES ACTOYLDV APIOTEPA TOVL TPOTOL Cluster.
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Ewkova 6.4.: Clustering yia Ti¢ avapopég aatoxtwv tou Kopete

Mo t1g avagopés 16660V mov emAEyTKAY akolovOel Tapakdtw mivokag Le
TAnpoeopieg mov oyetiCovtar pe tov apBud tov SCE mov evtomiotniov og kdbe pio
avapopd gicodov (#SCE in the input bug report), to mAn0oc tov avapopdv mov
ovoyeTioTNKOV UE TV €KAoToTE avapopd (#related bug reports), Tov apiBud tov SCE
nov oyetiCovtarl pe v avoeopd €166d0v Kot amoteAovv to Problem Set (#related

SCE) xot 1élhog 10 obvolo twv SCE mov oyetiovion

HE TNV ovopopd

YPNOLOTOLDVTOG TIG oY£0ElG Tov Tposkvyay omd to FETCH Tool (#related SCE
using code relations).

Input Bug #related bug reports | #SCE in the input | #related SCE #rel_ated SCE
Reports (IDs) (LSI result) bug report (PS size) u::aiij;ie
243653 2613 1 7417 12018
251226 2612 5 7414 12021
254494 592 25 4134 7739
265295 2612 9 7412 12017
268056 2610 12 7412 12020
270797 591 5 4129 7731
273070 590 5 4128 7730
277606 590 14 4128 7725

Mivakac 6.22: Stolyelo ueTda TV papuoyn tou LS/

Amo tov mivaxa avtd umopolViE va TapoTnproovpe OtL mop’ OAO0 TOv Ot
avOQOPES ACTOYUDY, TOV YPNCIHomomOnKay ¢ €{codol Yy TV €QOPUOYN TNG
teyvikng LSI, dev mepilapPavav moAld SCE, ypnoluomolidviag Tig ovapopésg
CQUALATOV TOV GUGYETIGTNKAY EVVOLOAOYIKG e 0VTEG, dALA Kot TiG oxéoelg Twv SCE
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TOV KMOKO KATOPODVOLUE VO ONUOVPYNCOVUE £VOL IKOVOTONTIKE HeYOAo cHVOLO
SCE oyetikmv pe kabe pio avagpopd. To péyeboc tov Extended PS givar onpovtikde
napdyovrog ywoo v emtvyio tov bug localization kabmdg ta cvvora Ej mov Oa
onuovpynBovv Ba meprhapPdvovv meplocdtepeg AéEelg ko emmAfov Ba givon
neplocoTepa oe mANBoc. Onwg €xel NON avapepbel, kKabe tétolo chHvoro cuykpiveTol
pe 10 ovvoro Ex g avagopds e160d0v mov mepthappdvel 6Aa ta SCE ko eketva mov
TpoKLTOVY amd TV aviivon tov FETCH Tool. ‘Etot Aowmdv mpocdidovpe ce Kabe
SCE éva Bépoc kot amd 1 dadikacio ot moipvouve To okdAovbo amoteAésoTa

Input Bug g\’s?tr:‘c;rioiln Methods in
Reports Methods ph the Sorted
(IDs) s S List
List
243653 KActionMenu::KConfigGroup::Kopete::Account.edit Not found
Account(QWidget*)
251226 GoogleTalk.logout(QString) 1 10020
Kopete::MetaContact.setDisplayNameSourceContact 6 6682
254494
(Contact™)
265295 GoogleTalk.logout(QString) 1 10017
268056 Client.smt_messageSent() 124 10021
Client.gotFileMessage(int,QString,QByteArray, 287
Buffer)
Client.deleteTasks() 74
TranslatorPlugin. TranslatorPlugin(QObject™*, 12 6676
270797 S
QStringList)
QsString::KSelectAction::Kopete::Message::Kopete:: 37
MetaContact::Kopete::ChatSession:: TranslatorGUICI
ient::TranslatorLanguages:: TranslatorPlugin::Translat
orPlugin. TranslatorPlugin(QObject*,QStringL.ist)
TranslatorPlugin.TranslatorPlugin(QObject*, 12 6674
273070 S
QStringList)
QsString::KSelectAction::Kopete::Message::Kopete:: 37
MetaContact::Kopete::ChatSession:: TranslatorGUICI
ient:: TranslatorLanguages:: TranslatorPlugin:: Translat
orPlugin.TranslatorPlugin(QObject*,QStringL.ist)
Kopete::MetaContact.setDisplayNameSourceContact 10 6672
277606
(Contact*)

Mivakac 6.23: AnoteAéouata bug localization

Ao tov mapanmdve mivaka a&ilel vo TopatnprioovpE OTL TO ATOTEAEGLLOTO. TOV
bug localization cvotiuatog dev eivar omoyontevtikd Yoo To bug reports mov
emAéyOnkay. Zvykekpuévo povo pia péBodoc, mov amotelei to resolution tng
avaeopdg 243653, dev evtomiomnke amd 10 cHoTUa. Avtd GuVEPN S10TL 1 avapopd
aotoyiog dev mepieiye mMOAAEG AEEELS KMOKA, Tapd UOVO pia, YEYOVOS TOV OLGKOAEYE
TNV aVAADVOT XPNOLOTOIOVTOS TIS oYEcelS HeTaEy twv SCE. Avtd onuaivel 6tL 610
emAeypuévo Pabog, ot AéEelg KMAKO oL evromicTnkayv Ogv mEPAapPdvouy
ocvykekpipévn pébodo.
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2TIC TPELS EMOUEVES AVOPOPEG COOAUATOV —GUUG®VO UE TO OEOOUEVO TOV
nivoka— o1 HéBodoL OV YPELAGTNKAY TPOTOTOINGT EVIOTICTNKAV LE EMTVYIO OO TO
cvoTnua Kot KotatdyOnkav otic mpoteg 0éoeic g Tagvounuévng  Adotag.
Xvuykekpuéva o t1ocootd emttvyiog etvar 0.009%, 0.089% kot 0.009% avtictorya.

AxolovOei n avagopd pe id 268056 yio v omoio 1 ta&voumuévn AMota £xet
arotedeiton amd 10021 pebddoovg. Iap’ 6A0 OV pe TNV TPOTN HOTIE POAVETOL VO UMV
elvat 10104TEPQ KOVOTTOMTIKG TO ATOTEAECUATO, OV TO, CLYKPIVOLUE e TO HéEYEDOg TG
Motag Ba mapatnpricovpe ot péBodot mov eviomictnkav ot avikovv oto 1.23%, oto
2.86% ot oto 0.73% avtictorya. Emopéveg n pébodog pe ™ xepdtepn katdtoin
oniadn m Client.gotFileMessage(int,QString,QByteArray, Buffer) mov sugoavifeton
287" o115 10021, aviikel 6xe80v 610 3% TOV ANOTEAECUATMV.

21 ovvEXELN EXOVUE TIG EMOUEVEG 0V0 avapopég actoytmy, 270797 kou 273070,
ot omoieg &yovv TIc id1eg pebodovg yio resolution. Xtig puebddovg avtég amodddnke
nepinov 1o 1010 Papog Kot 6Tig 600 avaAOGELS. ATO TOV TPONYOVUEVO Ttivaka LE To
otolyela énetta amd TV epoppoyn g texvikng LSI BAémovpe 611 ot 600 avapopés
&xovv 1010 aplBud avaEop®V OV £YOVV GULGYETIOTEL PE AVTEC —yoL TV axpifela
Spépovv kotd éva related bug report. Enumpocsbétmg ot 600 avagopéc ceaipdtoy
éxovv to 110 mAnBog SCE kot kat’ eméktacn ot AEEELG KMOKO TOL TPOEKLYAV LET
™V avdAven Kot xpnoiporoldvog tig oxéoelg tov FETCH Tool 0a givar idiec kat yio
TG 000 avapopés ceoipdtmv. Olo To mopomdve cuviehobv 610 YeYOVOS OTL Ol
pébodol avtéc katatdydnkav otig idieg Bécelg otic avtiotolyeg Tagvounuéveg AMoteg
TOVG pe N xewotepn va ovnkel 6to 0.55%.

H televtaio avapopd mov ypnoiorombnke oty avdivon tov bug localization
ovotiportog £xet id 277606 ko n uébodog mov Tpomomoidnke katatdydnke oty 10"
0éon o115 6672, dmAadn oto 0.15%.

Yvumepaivovpe Aoudv OTL To OMOTEAEGLOTA TOV GLOTHHOTOS Yo to Kopete
aviKouV OAa 6 VYNAES BE0ELS Kot T GLYKEKPILEVA OAOL VOl GE TOCOGTO UIKPOTEPO
oV 2.86%. Mg Bdaon avtd to mocoatd tov recall mepuévoope va givar apketd vynia
kovtd oto 100%, evd ekeiva Tov precision Oa ivar apketd pikpd emeidn ot péBodot
OV OVOKTAOVTOL KOl «cuvayovilovtawy oty ta&vounpévn Alota eivor moAAég (amod
6676 £wc 10021).

2V endpevn oerido akoAovBel Evag mivakog, TapOLolog LE TOV TPOTYOVLEVO,
OV TEPLEYEL TIC AVAPOPES AOTOYIDV, TG LEBOSOVG TOV £MPETE VO EVIOTIGTOVV 0td TO
cvotnua Kot ) 0éom tovg oty TaStvounuévn Adota tov pebodwv. EmmAiéov Oa
neplapPdvel kar to Tooootd Tov precision ko recall yio kobéva bug report mov
avoADOTKE.
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Ranked

Bug position in . Recall
Reports Methods list/ number Pre(‘g/':)"’” 0
(I1Ds) of methods (%)
in list
243653 | KActionMenu::KConfigGroup::Kopete::Account.e Not found 0 0
ditAccount(QWidget*)
251226 | GoogleTalk.logout(QString) 1/10020 0.0099 100
Kopete::MetaContact.setDisplayNameSourceCont 6/6682 0.0897 100
254494
act(Contact*)
265295 | GoogleTalk.logout(QString) 1/10017 0.0099 100
268056 | Client.smt_messageSent() 124/10021 0.0299 100
Client.gotFileMessage(int,QString,QByteArray, 287/10021
Buffer)
Client.deleteTasks() 74/10021
TranslatorPlugin. TranslatorPlugin(QObject*, 12/6676 0.0299 100
270797 S
QStringList)
QsString::KSelectAction::Kopete::Message:: Kopet 37/6676
e::MetaContact::Kopete::ChatSession:: Translator
GUIClient::TranslatorLanguages:: TranslatorPlugi
n::TranslatorPlugin. TranslatorPlugin(QObject*,Q
StringL.ist)
273070 Tran_slato.rPIugln.TransIatorPIugln(QObject*, 12/6674 0.0299 100
QStringList)
QsString::KSelectAction::Kopete::Message:: Kopet 3716674
e::MetaContact::Kopete::ChatSession:: Translator
GUIClient::TranslatorLanguages:: TranslatorPlugi
n::TranslatorPlugin. TranslatorPlugin(QObject*,Q
StringList)
277606 Kopete::MetaContact.setDisplayNameSourceCont 10/6672 0.0149 100

act(Contact*)

Mivakacg 6.24: Precision kat Recall yia ta amoteAéouata bug localization

Amo T dedopéva Tov mivake Yivetal avTIANTTO 0Tl TO TOG0GTO TOV Precision
dgv glval KavomomTikd, agov sivor apketd pkpd. To yeyovog avtd dikatoloyeiton
Ou®G amd To PeYaAd aplBud pebodd®v Tov avaxtovtol omd to cvotnuo. H dwadikacio
avaKTNoNG AapPAavel VTOYV TG TIG GYECELS TOL EXOLV TPOKLYEL Omd TNV avdAvon
tov KOdko pe to FETCH Tool xafdc kot to Baboc 1o omoio éxel oprotei. EmmAéov
moilel onuovtikd polo Kot 10 TANDOG TV avVOEOPADV AGTOYLOV TOL EUEAVIiOVV
Ta otoyeioa Tov wivaka 6.22
emPefoardvouv 0Tt TOALES avagopés cvoyetilovtar (Yo TG TEPIOCOTEPES AVOPOPES
€10000V givar wive ard 2000) pe kabepia avagopd £16660v. ATdppota avTov lval M
onuovpyio peydAmv TOEWVOUNUEVOV ACTOV TOV TEPLEYOLV TOAAEG TMEPLGGOTEPES
uebddovg amod ekeiveg mov ypewalopaote. Xe avtifeon e to TOcOGTO TOL Precision,

EVVOLOAOYIKT] OHOWOTNTO HE TNV avAPOPE €1GO00V.
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épyetan o recall, To omoio eivar 100% yio OAEG TIG OVAPOPEG —EKTOG OO TNV TPDTN—
7OV onuaivel 0Tt OAES o1 uébodot Tov amoteAovv to resolution tovg evromifovrat.

E€attiog tov vmépoykov cvvorov peBOdwvV mov dnupiovpysiton yoo KO
avaQopd 16000V, €lvol EMTAKTIKY] 1 avayKn va olatnpnoel éva mocootd avtd g
¢€0dog oto ypnom. Iapakdte Aowwov mapovoidlovrar ta amoteléopata (precision,
recall) ywo kéBe pio amd TIG TPONYOVUEVES AVOPOPES E160J0V, OTOV EMIKEVIP®BOLUE
610 3%, 5% xot 7% g TeEMKNG TaSvounpévng Motog.

Bug Recall Number of

Reports Precision (%) (%) Methods in

(IDs) ranked list
243653 0 0 300
251226 0.33 100 300
254494 0.5 100 200
265295 0.33 100 300
268056 0.667 66.67 300
270797 1 100 200
273070 1 100 200
277606 0.5 100 200

Mivakag 6.25: Precision kat Recall yia to 3% twv uedodwy tng tatvounuévng Alotag

Bug Recall Number of
Reports Precision (%) (%) Methods in

(IDs) ranked list
243653 0 0 500
251226 0.199 100 501
254494 0.299 100 334
265295 0.2 100 500
268056 0.399 66.67 501
270797 0.601 100 333
273070 0.601 100 333
277606 0.3 100 333

Mivakag 6.26: Precision kat Recall yia to 5% twv puedodwy tng taétvounuevns Aiotog

Bug Recall Number of
Reports Precision (%) (%) Methods in

(IDs) ranked list
243653 0 0 701
251226 0.143 100 701
254494 0.214 100 467
265295 0.143 100 701
268056 0.285 66.67 701
270797 0.428 100 467
273070 0.428 100 467
277606 0.214 100 467

Mivakac 6.27: Precision kot Recall yia to 7% twv pedodwv tne taétvounuévng Aiotoag
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Mia apyikn, 0AAG oNUOVTIKY, TopoaTpnon gival 0Tt 0 aptBpdc Tov pebddwv
(number of methods in ranked list) mov divovtar wg £€odot amnd TO0 cHOTNUO TOV
VAOTOMONKE Y100 TNV OVOYVAOPLOT] TOV TPOPANUOTIKGOV ONUEIOV TOV KOOKA, givol
OPKETA HEYAAOG OKOUN KOl Yl TEPLOPICUEVO OPOUd TOL TEMKOL GUVOAOL T®V
puefddwv. Katt téroto duwg eivor Aoyiko, edv Anebet vmoyy 10 yeyovog OtL TO
UIKPOTEPO GUVOAO TOL OnuovpynOnke eivar 6674 kou to peyordtepo etvar 10021.
Apeon cLVETELN QVTOV EIVOL KO TO TOGOGTEH TOV Precision mov mapapévouy yYounAd.

[Tap’ 6Ao mov TO Precision givor yoUnAd, TOPATNPOVUE CNUOVTIIKT (vOd0 GE
oyéomn Ue Ta dedopéva Tov Tivaka 6.24, yeyovog mov emPBePaidvel OTL LIKPOTEPO —KOi
GUVETADG EVKOAOTEPO, OLOYEPIGIHO GVOVOLO— EYEL KOAVTEPQ AMOTEAECUATO OKPiPELag
cvykptikd pe o 100% tov pebddwv mov avaktdvrol. EmmAéov, 6co avdverar to
TN00G TV PEBOOWV TOL GLYKEVIPAOVOVTOL, TOGO MEPIGGOTEPO EAATTMVETOAL 1) TIUN
Tov precision. Onwg éxel avagepbel kal og Tponyoduevee avaAdoelg avtd cvpPaivel
ened] av&avovtag to cLVOA0 TV UEBOd®V VTapyel peyalvtepn mbovotnta vo
avaktBov pébodot mov dev oyetiCovran pe to resolution mov avalntodue.

Y10 onueio ovtd Ba emkevipwBodue o©TIC  avaQOpES  acTo)ioG OV
napovotdlovv yopnio mocootd recall. H pébodog mov amotelei to resolution g
avoeopdg actoyiog pe id 243653 dev evtomiotnke and to bug localization cvomua
v To 100% tov nefddmv g ta&vounpuévng Motag. Emopévag etvatl BéParo 0Tt kan
Yo KPOTEPO. TOGOOTA OVTNG, 0 Ba €yovpe emttvyiot Kol TO TOCOGTO TOGO TOL
precision 6co ka1 tov recall yia v cvykekpiuévn ovapopd Ba givor 0%.

H avoagopd actoyiag 268056 yw to 100% tov cvvorov éxet 100% recall, mov
onuaiver 61t Ko ot Tpelg pEHodoL oL YPELAGTNKOV TPOTOTOINGT Y10, TNV EMIAVGCT TOV
GOAALOTOG, EVIOMIOTNKOV amd TO cVoTNUA oL VAomomOnke. Opwg O0nmg eaivetol
otov mivako 6.24 wototdyOnkav otic 0éoeig 124 wou 287 peracy 10021 GAlmv
ava@opdv. Amotélecpa avtov givar n pio omd aVTES var PNV GOUTEPIAAUPAVETOL GTO
3%, 5% kot 7% ko £to1 10 Tocootd Tov recall va sivor 66.67%.
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6.2.5 Egapuoyn oto GTK+

To GTK+ givar pio gpyaretodnkn, mov amoteAei uépog tov GNU Project,
oxedloopévn yoo moArég mhloteopueg (multi-platform toolkit) yw ™ onuovpyio
YPaQIKdV demapdv ypnotn (graphical user interface) kot givar xatdAinio t6c0 yio
HKPG Projects 6co kot yio. oAokAnpouéves epapuoyés. To gtk+ elvar ypappévo otnv
YAOGGo mpoypappatiopod C, map’ 6Ao avtd Opme £xel vAomonbel €101 ®oTE Vo
vrootnpilet kot aAAeg YAdooeg, Oyt povo C/CH++, aldd axoun ko Perl kot Python.

To Tp®TO 6TAS0 6TO EMIMEDO TPO-EMECEPYATIOS TOV AVAPOPDV OGTOYLOV Efvat
1 6LAAOYY TOV avaeop®dv and to Bugzilla repository. Zvykekpuéva yia to gtk+ 3.19,
Om®mG  @aivetonr ota dedouéva oL  mopovclalovior otov  akOAovbo  mivaka,
avokthOnkav ypnowonowwvtag to Bugzilla APl cvvolkd 21803  avagopég
c@oAipdtov and T omoieg ot 21803 mepieiyav oyxdia. Emduevo otddo sivor évog
EMMAEOV dlaymplopdc Twv bug reports kot n daAoyn ekeivov mov oto oYOMA TOVG
neprhapPdvovton AéEelg kadka (14008 oe mANn00c). AvTéc ot avapopég elvar exetveg
7oV 0o GLGYETIOTOVV PETAED TOVG TPOKEUEVOL va dnuiovpynBovv ta clusters.

Number of bug reports retrieved from Bugzilla 21803
Number of bug reports with comments 21803
Number of bug reports including SCE in comments 14008
Number of bug reports that would be related with LSI input 14007

Mivakac 6.28: [MANY0¢ Twv ava@opwy acToxLwV Tou xpnotluorotdnkay ota
otadla tn¢ npo-eneepyaciog Toug

X ovvéyewn, emAEyOnkav tuyaio dekatpeig (13) avagopéc, kdbe pio ek TV
omoiwv Ba ypnowwonombel g eicodog yw v teyvikn LSl ko emopéveg Ba
ovoyetiotel pe tig vworomeg 14007 avapopés. [a T avagopés aotoyidv 16600V,
yvopiloope T1g pebddovg mov Eyovv tpomomondel mpokeyévov vo emivbel To
TpOPANUa wov meprypdpetal. Avtd pog eEvmnpetel 610 6TAd10 TG AEOAGYNONG TOV
bug localization cvotipatog, kKobmc o propécovpe va cuykpivovue T HeBOd0LVS
OVTEG LE TOL AMOTEAECUATO TNG TOASIVOUNUEVNC AIOTAG TTOV JTVEL TO GUCTNUA LLOG.

Onwg givar yvootd and mponyodueveg avagopés oty teyviky LS, o okomdg
™G €lval M OCNUOCIOAOYIKT) GUGYETION TOV KEWWEVOV TOV VIIAPYOVV G £va repository
—otnV pokelévn tepintmon ot 14007 avapopés ceaApdtev— Le To Keipevo 16000V,
onAaon v kabepio amd T1g dekatpeic avapopés. Eivor mpopavég otL dev yivetan M
avoeopd €10600v Vo Taptdlel vvoloroyikd kot pe Tig 14007 avagopég tov gtk+.
‘Etotr Aowmdv to LS| dnpovpyei ouddeg (clusters) pe tig avagpopés mov oyetiCovron
peta&y tovg kot tomobetel ™V avagopd glcddov oto cluster pe ta bug reports wov
epeaviCovv tn peyaidtepn opotdtnTa.

Yy ekdva mov akoAovdel gaivovtal to clusters mov dnpovpyndnkav yio to
gtk+ petd v epappoyn tov LSI.
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AT 10 TPONYOVUEVO OAYPOLUN UTOPOVUE VO TAPOTNPNGOVHE OTL GTNV
nepintowon tov gtk+ ot avaeopés actoyudv opadomotovvtar Kot dtaympilovon
EexdBapa petald tovg. ITo ovykekpyéva dnuiovpyovvran clusters ta omoio &yovv
dlokprtd OpaL 10 éva pe To GAAO, KOOMG dgv LIThpyEL avapopd cEAALATOS TOV givorl
mOavo va avikel o€ meptocdTepa omd va clusters 1 akdun kat vo Bpiocketal ota Oplo
Vo opddwv. Attio. cwTOL TOV YEYOVOTOG givar OTL Ta bugs mov £xovv Kataypapel yio
10 gtkt ogeilovtar oe moapduolo cdApata to omoio. avoayvopiloviol omd TOV

-0.15

-0.10 -0.05

0.00

Ewkova 6.5.: Clustering yia Ti¢ avapopéeg aotoytwyv tou GTK+

aryopBuo LS| mov dmpovpyel tig 4 katnyopieg mov @aivoviol 6ty 1KOva.

#related SCE

Input Bug #related bug reports | #SCE in the input | #related SCE using code

Reports (IDs) (LSI result) bug report (PS size) -
757282 10992 1 14261 22853
757805 11241 4 14314 22883
758442 11624 12 14446 22990
758609 11006 2 14273 22863
758901 1720 3 6495 19014
759091 10936 2 14244 22850
759299 11439 7 14361 22918
759705 11082 132 14277 22865
759764 10984 5 14249 22852
760213 10975 15 14236 22843
760640 11695 2 14469 23009
760942 245 1 1851 9167
761128 10816 2 14226 22822
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Mivakag 6.29: Stoyela pueta tnv epapuoyn tou LS|




Emdpevo Prpa givat n kotoypo@r Tov 0£00UEVOV LETA TO TEPOS TNG EPOPUOYNG
tov LSI. Xtov mpomyoduevo mivake Aouwwdv, mov &ivar O ovTIOCTOWOC HE TIG
Tponyovpeves evotnres, Ppickovral mAnpopopieg oyetkég pe tov apldud tov SCE
7oL gvtomioTnKav og kibe pio amd 11g 13 avapopéc, to mAN00G TV avaPop®Y TOV
ovoyetiCovtatl evvoloroyka pe kabéva bug report elc660v kKabmg kot To TA0og TV
SCE nov amotelovv to Problem Set ko to Extended Problem Set, ypnowwonowdvrag
TG oyéoelg tov FETCH Tool.

Avtd mov mapovoidler to ddypoupo tov LS| emPefordverar kor omd To
ototyelo Tov mivako. LVYKEKPUEVE TOPATNPOVUE OTL Yo KAOE avapopd GOAALATOG
€10000V, VILAPYOLVY TOALEC GAAES avapopéc (mepimov 14.000), o1 omoieg oyetilovron
EVVOLOAOYIKA e TNV TTpdT, pe e€aipeon PEPata 0Vo avapopéc mov cuoyetilovtan pe
Myotepec. Emmiéov etval onuavtikd 1o yeyovog 0Tt mopd T eEAdyioteg AEEELS KDOKN
ov meplopPavel kabe avagopd aotoyiog €woddov, T0 chvoro Extended PS eivau
apKeTd pEYAAO o OAEG TIC TMEPWMTAGCELS, TPAYUO TOL ONUAivEL OTL VIAPYOLV
TEPLoGOTEPES AECELS KO GLVETTAG TEPLGGOTEPU GUVOAN Ej Tl omoia cuykpivovtan pe to
ocvvoho Ey. Ta amoteléopato g oOyKpiong ovtng pog divovv tn Aota pe TIg
puebd60vg ToL TYaiov KK oV givon THAVO va ypeldlovTal TPOTOTOINGN Yo Vo
emivbel 10 cEAALO.

Xtov mivako TG ETOUEVNS GEADNG TOPOLGLALOVTOL AVOAVTIKA TO ATOTEAEGLATO
tov bug localization cvotiuotdg poc. Xe yevikég YpOppUEG Tapatnpodue OTL T
AmOTEAEGUATO EIVOL OPKETO IKAVOTTOUNTIKA YEYOVOG TOL OQEIAETOL GTNV VTOPEN TOV
TEGGAPMV dlaKkpLTdV ouddmv bug reports (yio v axpifelo tpidv opddwv kot pio
avoeopd uoévn mce). ‘Etot kébe bug report opadomoteitan apuécms oe pia. «OKoyEVELOY
AVOQPOPAOV TOV YPTGLULOTOOVVTAL Yo TNV AVAKINGN Kot TaSvopnon tov pefddmv.
[Top’ 6o mov vrapyovv pEBodOL o1 omoieg PaiveTol vo ivar TOAD YOUNAd otV
tawvounpévn Aota, otnv TpaypatikdtnTo Bpickovtal 6e KOAO TOGOGTO GE GYEON e
tov oplBud ekelvov mov €xovv avaxtndel Kol cuykekpipuéva OAec Ppiokovtal KOTM
a6 1o 1.085% tov cuvoikol apBpov pebdowv (tepimov 21.000 péBodot e OAeG TG
aVaQOPES COUALATOV).

[Tio ovykekpyéva mapoatnpovpe OTL YL TG OVOQOPEG OOTOYUDV  UE
avayvoploTikd aplBuod: 757805, 758901, 759091, 759705 wor 760942 ta
anoteAéopata tov bug localization mepioppdvovy T pebddovg mov ypeldoTKAY
tpomomoinom otig BEcEIC TG TPOTNG dekddag TG Alotag Tov neboddwv, pe e€aipeon
™ uébodo get tab_at pos(GtkNotebook*,gint,gint) g oavapopdg 759091 mov
KaTatdyOnke o 0éon 11 KaOmG emiong Kol ™m pébodo
gtk_window_show(GtkWidget*) g avagopdg 759705 mov Bpicketor ot Héon 22.

Apyilovtag amd v mpmdTn avaeopd actoyiag (id 757282), to resolution g
omoiag meptlapfdvel tpelg pebddovg, cOpemva pe ta ototyeio Tov akdAovBov Tivaka
000 amd TIG HeBOOOVE OVTEC KOTATAGGOVIOL GTNV TPATN OEKAON TOL GLVOAIKOV
apBpov tev pebodwv (21555), evd n GAAn ot Béon 94. H B€om avt avtictoryel oto
0.43% twv pedddwvV mov avakTHONKOV YeYovOG TOL VTOOEIKVVEL OTL dgv glval
eEapetikd doynun n xotdtady ™. [oapatnpovpe dpmg OTL AekTiKG TOPOLGLALEL
opoldtteg o€ oxéon ue Tig dAleg pebddovg, kabmg Eekivodv OAeg amd “gtk_window”
Kot avTd evioybel v mhovotnta vo Bpedel oe Kamowa kaAvtepn Béon av epapprootel
pia Teyvikn mov va AapPavel vToyn TG TETO0L 100VG AEKTIKEG GUGYETIGELS.
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Input Bug Ranked .

Reports Methods position in the Mseg;fsds I'_r}Stthe

(1Ds) Sorted List

757282 gtk_window_resize(GtkWindow*,gint,gint) 9 21555
gtk_window_compute_configure_request_size( 94
GtkWindow*,GdkGeometry*,guint,gint*,gint*)
gtk_window_resize_to_geometry(GtkWindow*, 3
gint,gint)

757805 get_shadow_ width(GtkWindow*,GtkBorder*) 2 21572
_gtk_window_get_shadow_width(GtkWindow*,G 3
tkBorder*)

758442 gtk_style context_set path(GtkStyleContext™, 13 21651
GtkWidgetPath*)
gtk _css_node_declaration_add_to_widget path(Gt 235
kCssNodeDeclaration*,GtkWidgetPath*,guint)

758609 gtk_window_show(GtkWidget*) 171 21563
gtk_window_move(GtkWindow*,gint,gint) 2
gdk_wayland_window_configure(GdkWindow*,in 5 18407

758901 o=
t,int,int)
get_widget_coordinates(GtkWidget*,GdkEvent*,g 5 21555

759091 int*.gint*)
tab_prelight(GtkNotebook*,GdkEvent*) 1
get tab_at pos(GtkNotebook*,gint,gint) 11
tk_notebook_leave notify(GtkWidget*,GdkEvent 2
Crossing®*)

759299 gdk_wayland_window_set_transient_for 12 21602
(GdkWindow*,GdkWindow™)

759705 gtk_window_show(GtkWidget*) 22 21564
gtk_window_realize(GtkWidget*) 5

759764 warn_response(GtkDialog*,gint) 6 21555

760213 gdk_wayland_device_set window_cursor 20 21548
(GdkDevice*,GdkWindow*,GdkCursor*)

760640 gtk _notebook_destroy(GtkWidget*) 83 21659
paint_border_window(GtkTextView*,cairo_t*, 10 9053

760942 G_BEGIN_DECLSGtkTextWindowType,GtkStyl
eContext*,char)

761128 gtk_entry draw_text(GtkEntry*,cairo t*) 132 21535
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Mivakac 6.30: AntoteAéouata bug localization




Oco agopd ota bug reports 758442, 760640 wor 761128, ovykpivovtag to
OTOTEAECUOTO TOL TVAKO HE EKEIVO TMV VTOAOUT®V OVOPOPDV, CLUUTEPOIVOVUE OTL M
0éomn Tov pnebddwv oy TaSvopmuévn AMota givatl younin, map’ 6o mov 1 uébodog pe
™ yopuniotepn 0¢on kdOe piog Ppioketar oto 1.085%, 0.383% won 0.6129% avrtictoryo.
To yeyovog avtd pmopel va ogeidetal kKatd KOPLo AOY0 GTOV TEPACTIO OYKO EQOUEVMV
(1eBOd®V) mov avoktHOnKay péow tmv relations tov FETCH Tool, 6nwg eniong kat oto
Babog (depth=1) mov emAéyOnke. EmmpocOétmg a&ilel va tovicovue 6t to TAn00¢ Tov
SCE kot ovykekpiuévo Tov pebddmv mov avoktnonkay sivar apketd peydio d10TL £xovv
dnpovpyndei Hovo técoepelg opadeg Kat Ommg ivar Tpoeavég 1 avtiototyio bug report
ue éva cluster cvvemdyetar oLTOHOTO KOL TOV CUGYETIGUO TNG UE TIC OVAPOPES TOL
avikovv oto cluster avtd ko mov e€artiag tov HiKpov aplBpod opadmv, eivol mhpo
TOoAAEC. Amotédecpa avtolh eivor va avdvetor kot to mAnBog tov SCE ko katd
ouvEnE Kol TV HeBOd®V, YeEYOVOG TOvL OLGYKEPOIVEL TO OlOYWOPIGUO TOVS OE
OMUOVTIKOTEPES KO UT).

[Ma v enilvon 1ov cEdApaTog TG avaeopd actoyiog 758609, coppwva pe 0
Bugzilla, ypeldotnkav tpomomoinon otov mnyoio kddko ot dvo pébodol mov
avVOQEPOVTOL 6TOV Ttponyovpevo mivaxke. H pia and ovtég kototdydnke omd to bug
localization cvotnpd pag ot dedtepn BEon g Ta&vounuévng MoTog, Tov avVTIGTOYEL
010 0.009% TV peBdd®V oL avakThOnKay, Ve avtiBeta 1 devTEPN KATUTAYONKE OTN
0éon 171 otig 21563 peboodovg, dniadr| oto 0.79%. EEautiog tov peydrov apbpod SCE
OV TPOKVATOLV 0T’ TG TOGEG OVOPOPES AOTOYUDY, Ol Omoieg cvoyetilovtal pe v
avapopd 160000, glvar Aoykd kdmoleg vo BewpnOnkay TePIocOTEPO CNUAVTIKES Omd TN
OCLYKEKPIUEVN HEDODO AOY® TNG HEYOADTEPNG OUOLOTNTOG TTOV EUPAVICAY HE TIC AEEELS
™G OPYIKNG avaeopds. Onmg pmopovpe vo Tapatnpcovpe 0Tt ot dV0 aVTéG pEBodot
7ov amoteAovy o resolution g avagopds 758609 mapovcldlovv AEKTIKY OpotOTNH T
neta&d Toug pe eEaipeon tig AéEglg move kot Show, yeyovog mov evicyvel T Bewpio Ot
plo wpocséyyon pe Pdon tv evvoloroyikn onupocio tov pefddwv Ba umopovce va
BeATidoEL TO £V AOY® OTOTELECLLAL.

Ot emdpeveg 000 AVOPOPEC TOV VILAPYOLV GTOV TIVOKO KOl OEV GYOAACTNKOY
axoun stvor ot 759299 ko 759764 £xovv 1 kaBepio and pio péBodo mov sivor Pacikm
Y TV €milvon Tov ekdotote oPaipatos. Kat ot dvo péhodot Ppickoviar o€ oA KaAEG
0éoec oy ta&vounuévn Alota tov bug localization cvetpatog. o v akpifea
pébodog  mov  avtiotoyel  omv  avoeopd  actoyiag 759299  eivan 1
gdk_wayland_window_set_transient_for (GdkWindow*,GdkWindow*) kot katéyet
0éon 12 otic 21602 pebdo0ve mov avaktiOnkav. Akoun kaidtepn Béom €xel n néBodog
warn_response(GtkDialog*,gint) tov bug report 759764, mov KOTOTAGOETOL £KTN OTIG
21555 pebdoove.

[Mopakdto akorovdel Evag axoun mivakag mov teptiapfavel v idio TAnpopopio
LLE TOV TPOTYOVLEVO KOl EXTAEOV TO TOocootd precision ko recall ywa kébe pio avoapopd
mov ypnowonmomdnke ¢ eicodog oto bug localization cvomqpa. Onmwg sivon
OVOUEVOUEVO TO TOCOGTO TOL precision Oa eivor daitepa pikpd, emewdn to bug
localization cvOomua mpocOéter ot Alota moOAAEC pebddove, evd ekeiveg moOv
avalntovpe sivor Alyec. T va peiwBel o apBudc tov SCE kot katd cuvémelo va
avénbei t0 ToGooTO TOL precision, Bo umopovoape va emAEEovE Vo TOGOGTO TMV
OUVOAMKOV pefddwv mov ovoktovtotl. [lap® Ao avtd emedn OAeg ot pébodot
evromifovtan pe emrvyia, YU owtd 10 mocoatod tov recall eivar otabepd oto 100%.
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Input Bug

Ranked
position in list

Reports Methods / number of Pressn |- ResEL
: (%) (%)
(IDs) methods in
list

757282 gtk_window_resize(GtkWindow*,gint,gint) 9/21555 0.0139 100
gtk_window_compute_configure_request_size( 94/21555
GtkWindow*,GdkGeometry*,guint,gint*,gint*)
gtk_window_resize_to_geometry(GtkWindow*, 3/21555
gint,gint)

757805 get _shadow width(GtkWindow*,GtkBorder*) 2/21572 0.0092 100
_gtk_window_get_shadow_width(GtkWindow*,G 3/21572
tkBorder*)

758442 gtk_style_context_set_path(GtkStyleContext*, 13/21651 0.0092 100
GtkWidgetPath*)
gtk_css_node_declaration_add_to_widget path(Gt 235/21651
kCssNodeDeclaration*,GtkWidgetPath*,guint)

758609 gtk_window_show(GtkWidget*) 171/21563 0.0092 100
gtk_window_move(GtkWindow*,gint,gint) 2/21563
gdk_wayland_window_configure(GdkWindow*, 5/18407 0.0054 100

758901 =
int,int,int)
get_widget_coordinates(GtkWidget*,GdkEvent*,g 5/21555 0.018 100

759091 int*.gint*)
tab_prelight(GtkNotebook*,GdkEvent*) 1/21555
get tab_at pos(GtkNotebook*,gint,gint) 11/21555
tk_notebook_leave notify(GtkWidget*,GdkEvent 2/21555
Crossing™)

759299 gdk_wayland_window_set_transient_for 12/21602 0.0046 100
(GdkWindow*,GdkWindow*)

759705 gtk_window_show(GtkWidget*) 22/21564 0.0092 100
gtk_window_realize(GtkWidget*) 5/21564

759764 warn_response(GtkDialog*,gint) 6/21555 0.0046 100

760213 gdk_wayland_device_set_window_cursor 20/21548 0.0046 100
(GdkDevice*,GdkWindow*,GdkCursor*)

760640 gtk _notebook_destroy(GtkWidget*) 83/21659 0.0046 100
paint_border_window(GtkTextView*,cairo_t*, 10/9053 0.0111 100

760942 G_BEGIN_DECLSGtkTextWindowType,GtkStyl
eContext*,char)

761128 gtk_entry draw_text(GtkEntry*,cairo t*) 132/21535 0.0046 100
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Mivakacg 6.31: Precision kat Recall yia ta amoteAéouata bug localization




OTEC:

‘Etot Aowmdv yia tig dexatpeic nebodovg mov ypnoipomombnkoyv cav gicodol oto bug
localization cVvotua, kpatdue 10 3%, 5% kot 7% tov cLvorov TG Tavounuévig Alotag Tov
dnovpyeital. Iopoakdto akolovBovv ol mivaxeg pe to precision ko recall yua kébe pio amnd

Number of

Bu%lg;:)ports Precision (%) R?"Z?" Methods in

ranked list
757282 0.464 100 647
757805 0.309 100 648
758442 0.308 100 650
758609 0.309 100 647
758901 0.181 100 552
759091 0.618 100 647
759299 0.154 100 648
759705 0.309 100 647
759764 0.155 100 647
760213 0.155 100 646
760640 0.154 100 648
760942 0.369 100 271
761128 0.154 100 646

Mivakag 6.32: Precision kat Recall yta to 3% twv uedodwv tng taévounuévng Aiotag

Number of

Buglgeports Precision (%) Rel;all Methods in

125, (%) ranked list
757282 0.278 100 1078
757805 0.185 100 1079
758442 0.185 100 1083
758609 0.186 100 1078
758901 0.109 100 920
759091 0.371 100 1078
759299 0.093 100 1080
759705 0.186 100 1078
759764 0.092 100 1078
760213 0.093 100 1077
760640 0.092 100 1083
760942 0.221 100 453
761128 0.093 100 1077

Mivakacg 6.33: Precision kat Recall yta to 5% twv uedodwv tng taéivounuévng Aiotag
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Bug Reports .. Recall Number c.)f

(IDs) Precision (%) (%) Methods in

ranked list
757282 0.199 100 1509
757805 0.133 100 1510
758442 0.132 100 1516
758609 0.133 100 1509
758901 0.077 100 1288
759091 0.265 100 1509
759299 0.066 100 1512
759705 0.133 100 1509
759764 0.066 100 1509
760213 0.066 100 1508
760640 0.066 100 1516
760942 0.158 100 634
761128 0.066 100 1507

Mivakag 6.34: Precision kat Recall yia to 7% twv puedodwyv tng tatvounuévng Aiotag

Ta cvunepdopata oto omoia KataAnyovpe ivor mapdpola pe ekeiva TV GAA®V
epapuoydv. Ta mocootd TOL Precision eivar opketd pKPG Kot avtd OPEIAETOL GTOV
peydro aplBud peBdO®V OV GLYKEVIPAOVOVTOL GTNV €KACGTOTE Tagvounuévn Adota.
Onwg moapatnpodue otov mivaka 6.31, 1on yw 10 apykd ocbvoro, ot péBodot mov
avaktovtor kopatvovror and 18407 €wg ko 21659 pe povn e&aipeon v avapopd
actoyiag 760942 ywo v omoio dSnpovpyndnke cvvoro g TaENS TV 9053 pebddmv.
YUVENMG TOC0GTA TETONG TAENG Yo TO Precision ivat SikatoAoynuéva.

[Tapd 0 pkpd 10V TOGOGTO dPMS PAETOVLE OTL 660 TTepropilovpe To pEYeBog ™G
to&wvounuévng  Alotag, tOco Pedtidvovtor kot ot Tég  precision. Onwg  Tig
TPONYOVUEVES POPES, £TCL Kl TOPA, aVTO cuuPaivel emedn avalntovpe tov idto aplfuo
peBddmV og KpOTEPO GLVOAO amtd TO apykd. ' 10 3% TV PeBOdWV TapatpovE OTL
TO precision ywo ke avo@opd cOAMLOTOS GALEG POPEC dEKATAACIN KOl GALEG oKOUT
Kol ekotoévramiocialetor. Avtd eEaptdton kot omd to mANBog TtV pedddwv mov
anoteAov to resolution kdbe avoapopds 16650V Kot givar ekeiveg mov avalnTovpue 6TV
taSvounuévn Alota. Ilpopavag, 6co mepiocdtepec eivar ot pébodot avtég, TOGO
peyoldtepo eivan Kor to precision. Avtiotorya yio o 5% woir 7% To. TOGOGTA givat
OYEO0OV SEKATAAGLO OO TOL ALPYLKAL.

Yyetwkd pe o recall a&ilel va mapatnpnoovpe 61t yio to 100% t00 GLVOLOL TV
nefodwv, n Béon exeivov mov avalntovue ot AMoto elval apkeTd LVYNAN o GYEON UE
10 mA00¢ avtdv mov avaktOnkav. To 1510, dOmwg NTOV Avapevouevo, cupPaivel Kot
010 3%, 5% ko 7% xon emouévmg to mocootd tov recall mapapéver 100% yio Oheg TIc
AVOPOPEG ALGTOYLDV ELGOJOV.
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6.2.6 Egapuoyn oo Nautilus

To Nautilus eivon 1 enionun epapuoyn dwyeipiong opyeiov (File Manager)
avolytov Kdduka (0pen source) oyedlacuévn yo v emeavela epyoasioc oo GNOME.
Avtikatéotoe o Midnight Commander cto GNOME 1.4 10 2001 kot éktote givat o
npoemleypévog Odayeplotig apyeiov tov GNOME. Baocwd yopaktnpiotikd Tov
Nautilus eivar 6t1 voonpilel TV TEPMYNON TOTKAOV apyei®V, KAOMS KOl GLGTHUATO,
apyeiov mov dwatibevtor péow FTP, HTTP, WebDAV ka1 SFTP dwakopiotés. EmumAéov,
0 YPNoTNG £xel TN duvaTdTNTo Vo, dNUovPYeEl oeMdodeikteg Ko v apakolovdel to
16TOPIKO TOV PakéA®V oV emckéPOnke, 0nmg cvpPaivel kou pe tovg Web Browsers,
EMTPEMOVTOG EVKOAT TPOGPaoN 6€ PakEALOVG TOL Elye NON TepuynOel malodtepa.

H éxdoon 3.8.0 tov Nautilus mov ypnoyomombnke givar ekeivn yioo v omoia
UTOPOLGAV VO aVOKTNOOUV Ol TEPIGGOTEPES AVAPOPEG COPAAUATOV KOl TAVTOHYPOVO. VoL
Bpebovv avapopés yio Tig omoiec vrdpyetl katayeypoupuévo to resolution tovg. Omwg
eaivetolr Aowmdv otov akOAovbo Tivaka, opyikd cvykevipmbnkov amd to Bugzilla
repository 52134 bug reports. And avtd emiéyOnkov ekeiva Ta onoia Tepieiyav oydio
(number of bug reports with comments) kot and avtd £ywve n dokoyn peta&d ekeivov
nov mepiEyovv SCE ota oydha tov ypnotov (number of bug reports including SCE in
comments).

Number of bug reports retrieved from Bugzilla 52134
Number of bug reports with comments 52130
Number of bug reports including SCE in comments 21014
Number of bug reports that would be related with LSI input 21013

Mivakag 6.35: MMARY0¢ Twv ava@opwy aoToxLwV ToU XpNoLuomotjinkay ot
oradia tne¢ npo-eneéepyaociog Toug

[Mopatmpodpe and tov mivaxe Ot map’ OAo mov T0 TANBOG TOV AVAPOPDV
actoylov sivor 52134 kor amd ovtég uoévo téooepic dev mepiEyovv oxOAla, SCE
armavtovtol povo og 21014 bug reports. Avtd onuaivel 6t mepimov 30000 avapopéc
«omoppimTovTow Yol dgv Umopovv va ypnoipomroinfovv apov dev mepiéyovv SCE ota
oxOAd Toug kot £tot 1 texvikn LS| dev pumopel va cuoyetioet evvolodoyikd v avapopd
€10000V g Kamota amd avtés. Evvolodoykog kot onpactoloyikdg GLGYETICUOG GNUaiveL
OtL o1 avapopés, mov o aiydpiBuog tov LSl Ba amopacicer 6tL avikovv oty 1o
opdoa, TEPYPAPOLV TO 1010 1) KATO10 Tapdoto c@aipa. ‘Exovtag Aowmdv apopéoet and
™MV avaeopd 16660V —cuykekpluéva yio. To nautilus kon amd tig entd (7) avapopég mov
ypnoonomdnkoav— 1o oxdAo mov avapépet T nebddovg mov amotelobv to resolution
™me, N texvikn LSI dnuiovpyel ta clusters oto omoior tomobetovvtar avagopés pe ™
HEYOADTEPT OUOLOTNTA KOl POLIVOVTOL GTNV EIKOVO TOV aKOAOVOEL otV emdPEVT GEMOOL.
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Ewova 6.6.: Clustering yLa Tic avapopég aotoxtwv tou Nautilus

Kdabe onueio 010 S1dypappo aviimpocsomevetl pio avapopd cOAAUATOS Kol 000
and ot Tepikieiovtat amd Vv idla ypoupun avikovy oto idto cluster. ®aivetat Aowtov
TOC UETd TV gpapuoyn tov oiyopiBuov LSl mpokdmtouv cuvolikd tpelg opddeg
(clusters), ot 6v0 ek TV omoi®V OU®E dgv givar dlokpitég peTa &l Tovg, Kabdg vdpyovv
AVOPOPES OOTOYLDY OV Ppickovtal ota Opto TV dvo clusters kot avtd dvoyepaivel v
ddwkacio tng opadomoinong tovg. To cluster oto apiotepd GLYKEVIPOVEL TO
ueyaAdtepo mAnBog avapopdv, evd oto 6v0 GAAla clusters katotdyOnkov Ayotepeg
avapopés aotoydv. Télog, vdpyovy bug reports mov o akyopiduog dev KaTapepe Vo, Ta
oLOYETIoEL €VVOLOAOYIKG pe kopio opddo Kot PBpiokoviar pove tovg, £ omd To
clusters.

Input Bug #related bug reports | #SCE in the input | #related SCE #rEI_ated SCE
Reports (IDs) (LSI result) bug report (PS size) u::agtizc:f
333265 1164 4 926 3382
697183 871 12 677 2751
697890 16710 3 2496 4481
698190 1935 8 1364 3833
702546 16842 30 2504 4498
703349 1290 14 799 3012
711480 16710 11 2479 4473

Mivakag 6.36: Stolyela peta tnv epapuoyn tou LS|

Mo 11c avapopéc €10000V OV EMAEXTNKAV O TPONYOVUEVOS TIVOKOG TEPLEYEL
TAnpoeopiec mov oyetiCovion pe tov apBpd twv SCE mov gvtomiotnkav oe kdbe pia
avaeopd ecodov (#SCE in the input bug report), to nAn0og twv avagopdv ToL
ovoyetiotnKav pe v ekdotote avaeopd (#related bug reports), tov apiOud tov SCE
7oV oyetilovial pe TNV avapopd 16660V kat amotedovv to Problem Set (#related SCE)
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Kot T€Ao¢ 10 ouvoro twv SCE mov oyetiCovtar pe v avaeopd YpnOLLOTOIOVTIOS TIG
oyéoelg mov mposkvyav and to FETCH Tool (#related SCE using code relations).

Mia npot mapatypnon givar 6Tt ta. bug reports mov Bécape og eicodo oto bug
localization cvotnua dev meplapfavovy apketéc AéEelg kddka (katd péco 6po 8 SCE
oe kaOe bug report). Movn e€aipeon amoterei 10 702546 otov omoiov TA GYOAQ
eppaviCovtoar 30 Aééeic kmowa. Metd OSpmg omd v epapuoyn tov LS| pepikég
avapopés 10000V cuoyetifovtat teAka pe mepimov 1000 avagopég Tov repository, evd
KAmoleg GALEG TOV QaiveTon va avikovy oto peydio cluster mapovoidlovv opotdtnta pe
oxeddv 16700, yeyovog mov av&avel Tig oxetikés SCE yuo kdbe pio avapopd €16680v.
Avtd elvar 1dwitepo xpnopo, Kabhg étol enekteivoupe to ovvoro twv SCE mov Oa
ypnooromOel apyodtepa yio T cHYKPLoN Kol TOV TPOSIOPIoHO Papovg oe kdbe pio
and avtég. Anuovpyeitor Aowmdv €va ovvolo Ex, 10 omolo mepthapPaver tig AéEelg
KOO oV Bpickoviol 6TV ovapopd 16600V, KaBMG Kot EKEIVEG TOL TPOEPYOVTOL AT
115 oyéoelg tov FETCH Tool kot cuykpivetan pe ) petpikn Jaccard pe kabs ohvoro E;
nov amoteAeitan and kobeuio SCE evog related bug report oe cuvdvacud pe dGAleg mov
npoépyovtal and Tig oxéoelg tov FETCH.

Amotéreopa kGbe mopamdve cvykplong etvar o vroAoyopdg evog Pépovg mov
npoodopilel kKabBe péBodo kot vmodewkvdel to mOco mbavd eivar va yperdleTan
TPOTOTOINGT Yo TNV EMIAVLGN TOL CEAAHNTOC. AKolovbel o mivakog pe Tig nebddovg
aTég ko T Béom mov Eyovv oty Tagvounuévn AMota pebodwv:

Input Bug quked_ Methods in

Reports Methods position in the Sorted

(IDs) i SO List
List

333265 real_update_menus(NautilusView*) 10 3247
apply_columns_settings(NautilusListView?*, 6 2695

697183 char**,char**)
create_and_set up_tree_view(NautilusListView*) 3

697890 filtering_changed_callback(gpointer) 23 3673
invalidate_one_count(gpointer,gpointer, 88
gpointer)
collect_all_directories(gpointer,gpointer, 25
gpointer)

698190 colum_n_chooser_use_defauIt_ca_lIbac!< . 1 3673
(NautilusColumnChooser*,NautilusListView™)
get_column_order(NautilusListView*) 7
get visible columns(NautilusListView*) 8
nautilus_list_view_reset to_defaults 3
(NautilusView*)

702546 nautilus_window_slot_dispose(GObject*) 5 4284

71480 custom_icon_f_iIe_choqser_respoqse_cp 73 4267
(GtkDialog*,gint,NautilusPropertiesWindow*)

703349 appen_d_directory_coqtents_fields _ 143 2914
(NautilusPropertiesWindow*,GtkGrid*)

Mivakac 6.37: AnoteAéouata bug localization
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Onwg eaivetoar omd to dedopévo TOV TivoKo To, amoTEAEoUATO glval 1dtaitepa
wavormomtikd ywo. v epapuoyn Nautilus. And 1ic entd avoapopés actoyiog mov
eetdotnioy, ot péBodol TV TECCEP®V KaTATAYOMKAV OTIG VYNAOTEPES BEoElS TV
avTIGTOY®V TOEWVOUNUEVOV AMOTOV Kol GLYKEKPLLEVA KAT® and t0 1% Tov pedoddwv
mov avoktinkav oe kdbe Alota. Etol yioo v avapopd actoyiog pe id 333265, n
uébodoc, mov amotedei To resolution tng, korotdyOnke oty 10" 0don petatv 3247
A oV pefddwv mov avakthOnkav kot aviietoryel 6to 0.308% TV cLVOMKAOV HEBOd®V
™G MoToc.

‘Iow mepintwon eivar kor m bug report 697183, yio v emilvon ¢ omoiag
ypewbotnke va tpomomonbovv dbo upébodol. To bug localization cvothuo mov
vAomomOnKe KOTATAGGEL TIC cLYKEKPLUEVES neBOOOVG oTIc Béoelg 6 kot 3 avApESH OTIG
2695 Gileg, n peyoddtepn tov omoimv avtiotoryel oto 0.223% tov pebddwv g
ta&wvounpuévng Motag.

[Mopopoimg, yio v avagopd 698190, ov téooepic pnéBodor mov emmpéalav
Aertovpyion TG €QPOPUOYNG Kol ONUIOVPYOVLGOV TO GOAAUN TOV  TEPLYPAPETOL,
avaktinkov and 10 GOGTNUA Hog Kol HoAoTa 6Tl Tpadteg 0éoeic. o v axpifela 1
uébodoc get visible columns(NautilusListView*) katatdyOnke otn younidotepn 0éon
amd TG voAowmeg TPElg pebBddovg. Xvykekpyéva 1o Bépog mov G amoddnke v
kotétaée 8" otnv ta&wvounuévn Aota peta&d 3673 uebddwv cvvolikd, dnAadn oto
0.218% TV pnebodmv.

Téhog, n pnéBodoc g avapopdg 702546 avnkel oto 0.117% tov 4284 pebodwv
oV avakthonkay, agod fpde 5" oty Ta&vounon g AMotac. H emituyio Tov nopandvo
neBddwv opeiletor otnv emhoyn tov PAOOVE Kot TOV OXEGEDV TOL TPOEKLYOV OO TNV
avaivon tov kodko amd to FETCH Tool.

[Tap’ 6Aa avTd OUMC VTTAPYOLY KOl OL VITOAOITES OVOPOPES ACTOYUDY, Ol OTOLES
Tapd TO YEYOVOG OTL Ogv €xovv 1O 1010 KOAd amoteAéouato He TIG TPONYOVUEVES, T
katataln tov pefddwv oty ekdotote taSvounuévn Aloto aviiotolyel 6€ mOc0oTA
Kat® T0V 5% TOV GLVOMKOV avVaEOPDOV. ZVVET®S N HEB0dOC Tov TpomoToOMONKE Yo
v enilvon tov bug g avagopdc pe avayvoptotikd 71480, Bpicketar oty 73" 0éon
petald 4267 puebddmv mov avaktOnkav. H Béon avt) avtictoyet oto 1.711%. Kovta
070 T0G00TO VT Ppickovion kot o amoteAéspata TS 697890 avapopds actoyiog, Tng
omoiag M néBodog pe v yaunAdtepn Béon oty taSvounuévn Aota aviiotolyel 6to
2.06%. Avtd onuaiver 6Tt amd Tig 3673 pebddovg mov avaktOnkav omd To bug
localization cbotnpa, To resolution g avapopds Bpicketar oo 2% avtdv. H televtaio
avaeopd actoyiog oL TOPOVLGLALETOL GTOV TIVAKO TNG TPONYOLUEVNG GEAOMG Kol
ovykekpévo N uébodoc mov amotehei to resolution tng actoyiog, ovakTHOnKe Kot
tonofetnOnke oty tavounuévn Alota tov bug localization cvoetiuotog kKo pdAicta
010 4.907% tov GLVOAMKOD POLOV TV PHEBOIWV.

Yvumepaivovpe AoV OTL 0V LIAPYEL OTN CLYKEKPIUEVT] EQOPULOYN AOYIGUIKOD
Kamotla avapopd actoyiag mov va €yl amoteAéoparto, To onoia Eemepvave 10 5% TV
GLVOAMK®V HeBOd®V oL avakT®vTal. Avtd onuaivel 6t n emAoyn tov Pdbovg (depth =
1) yio to nautilus @épvel, t6ceg pebddovg 60eg givar AmPOiTNTES Y10 TOV EVIOMIOUO
exetvov mov tpomoromOnkav. [TiBavn adiayn oty T Tov BdBovg pmopel va avéncet
Tov aplfud Tov avaktmBéviov pedddmv 1o omoio pe ™ oepd Tov givar duvatd va
EMLPEPEL SLOUPOPOTOUCELS GTNV KATATAEN TV HEBGOMV OTIS aVTIGTOLES TAEIVOUNUEVES
Morteg.
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[Mopakdto akorlovbel o mivakag mov meptlopPdavel Tic 1O1EC AVOPOPEG LE TOL
TPONYOOUEVO, OPOV OTOTEAODV AAAMGCTE KOl TIC OVAPOPES EIGOJ0V, LE TN HOVI d10popd
Ot avT T Eopa TEPLEYEL TO TOG0oTO TV precision ko recall. Ty mepintwon tov
nautilus, 6mw¢ kat 6T TPONYOVUEVEG EQUPLOYEC TOV avolvONKaY Kot eEETAOTNKAV OO
10 bug localization cbotud pog, to T0606Td TOL Precision givar apketd pKpd. Avto
ovpPaiverl eredn] ol péBodol Tov avakTdvionl cuvovdlovtag o fabog avalnnong ctov
YPAPO TV OYEGEWV e HEPIKES O TIC GYECELG AVTEC, £QEPAV TIC KOTAAANAES neBddovg
otV taSvounpévn AloTo KOl TOVTOYPOVO OVOKTNONKOV Kol OpKETEC OGAAEG TOV
oOUP®VO e TV amddoor PBapovg dev BempnOnkav amopaitnTeg Yo v €nilvcr Tov
ekdotote bug. To mocootd TOL Precision eivor duvatd va pelwdel av avti yio OAeg Tig
neBddovg mov avakTmvTol, EmAeyel povo éva tocootd avtdv. [lap’ dha avtd emedn
OAec or péBodor evromilovion pe emtvyio kot YU avtd 10 mocootd tov recall sivan
otabepd oto 100%.

Ranked
position in
Ir;ep;uto?tl;g Methods list/ Precision Recall
(IFl)Ds) number of (%) (%)
methods in
list
333265 real_update_menus(NautilusView*) 10/3247 0.031 100
apply_columns_settings(NautilusListView™, 6/2695 0.074 100
697183
char** char**)
create_and_set_up_tree_view(NautilusListVie 3/2695
W*)
697890 | filtering_changed_callback(gpointer) 23/3673 0.081 100
invalidate_one_count(gpointer,gpointer, 88/3673
gpointer)
collect_all_directories(gpointer,gpointer, 25/3673
gpointer)
column_chooser_use_default_callback 1/3673 0.109 100
698190 (NautilusColumnChooser*,NautilusListView*
)
get_column_order(NautilusListView*) 7/3673
get_visible_columns(NautilusListView*) 8/3673
nautilus_list_view_reset to_defaults 3/3673
(NautilusView*)
702546 nautilus_window_slot_dispose(GObject*) 5/4284 0.023 100
custom_icon_file_chooser_response_cbh 73/4267 0.023 100
71480 (GtkDialog*,gint,NautilusPropertiesWindow™*
)
703349 append_directory_contents_fields 143/2914 0.034 100
(NautilusPropertiesWindow*,GtkGrid*)

Mivakac 6.38: Precision kot Recall yia ta amoteAéouata bug
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[Tepropilovrag Aowmdv o TANB0G TV HEBOSI®V OV AVOKTMOVTOL Kot TASIVOLOUVTOL
ot Mota €£6d0v tov bug localization cvetpatog oto 3%, 5% kot 7%, Taipvovpe ta
TOPOKATO ATOTEAECUATO, TO, OTTOl0 B0 OYOAAGTOVV GTN GUVEYELDL:

Number of
Bu%g(:)ports Precision (%) R?;j" Methods in
ranked list
333265 1.02 100 98
697183 2.469 100 81
697890 2.727 100 110
698190 3.63 100 110
702546 0.775 100 129
71480 0.781 100 128
703349 1.149 100 87

Mivakag 6.39: Precision kat Recall yta to 3% twv uedodwv tng taévounuévng Aiotag

Bug Reports .. Recall Akl ?f

(IDs) Precision (%) (%) Methods in

ranked list
333265 0.617 100 162
697183 1.481 100 135
697890 1.63 100 184
698190 2.173 100 184
702546 0.467 100 214
71480 0.469 100 213
703349 0.685 100 146

Mivakoag 6.40: Precision kat Recall yto to 5% twv pedodwv tne taétvounuévng Aiotag

Bug Reports .. Recall Akl ?f

(IDs) Precision (%) (%) Methods in

ranked list
333265 0.44 100 227
697183 1.058 100 189
697890 1.167 100 257
698190 1.556 100 257
702546 0.333 100 300
71480 0.334 100 299
703349 0.49 100 204

Mivakag 6.41: Precision kat Recall yto to 7% twv uedodwv tng taévounuévng Aiotag




Y& oyxéon pe TIC AAAeg eapuoyég, oto hautilus, ta mocootd Tov precision eivot
peyoAvtepa, tOco Yy 10 100% tov pebddwv 660 Kol Yoo T TOGOGTH OV
napovctaloviot otovg mivakes 6.39, 6.40 kot 6.41. Avtd copPaivel emeldn ot péBodot
OV OVOKTOVTOL OO TO CUOTNUA HOG OEV Eival TOOEG TOAAEG OGEG GTIC TPOTYOVUEVEG
EPAPLOYEG AOYIGLKOD TTOL OvOAVONKOV.

Mewwvovtag tov TAn0oc Tov nebddmv g taSivounuévng Motog, EmTUYYOVOLLLE
mv avénon tov Tococtol Tov precision. Ewwd yio 3% ot tipég givar TodAd vyniéc oe
oyxéon ue 11§ apykés. Avtd ovupaivel emedn o 6OVoro TV peBddmV Exel HikpOVEL,
oAAGd ot péBodor mov avalnrodpe péco oe avtd Exovv mapopeivel otabepéc.
EminpocHétmc, o1 meptocdtepec amd TG avapopES ACTOYUDY TOL YPNGLLOTOONKAY Yo
mv avaivorn tov nhautilus, omoartovcov v tpomomoinon mePlocdTEPOV amd piog
uebodwv Kot avtd Toilel oNUOVTIKO POLO GTOV VIOAOYIGUO TOL Precision, avédvovrag
TNV TN TOL.

[Na ta mocootd 5% wor 7% mapoatnpodpe oe oxéon pe to apywod (mivaxog 6.38)
elvat kot avtd Bertiopéva. Xvykpitikd pe 10 3% dpmg Exovv vootel peimon, mov ival
SKaloAOYNIEVN 0poD 0 GLVOMKOG aplBUOS TV HEBOd®V TG EKAGTOTE TASIVOUNUEVNS
Motag etvon peyoddtepog omd OTL TpLv.

Yyetwkd pe to recall a&iCer vo mapoatnproovpe 6t yo o 100% T00 GLVOLOL TV
pnefodwv, N Béon exeivov mov avalntovpe ot AMota givorl apKeTd LYNAY 6e GYéon Ue
10 mA00¢ avtdv mov avaktOnkav. To 1d10, dmwg NTav avapevopevo, copPaivel kKot
010 3%, 5% ko 7% xon emouévmg to mocooto tov recall mopapéver 100% yio dheg T1c
AVAPOPES AGTOYLOV ELGOJOV.
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Eniloyog

210 KEPAAOO QVTO, OV AMOTEAEL KO TO KAEIGIHO NG OWTAMUATIKNG epyaciag,
AVOKEPAAOLDVOVTOL OGO £XOVV TOPOVGIOGTEL GTIG TPOTYOVUEVEG evOTNTES. Apykd Oa
yiver pio TEPIANTTIKNY 0vaQOPA GTO GUGTN LA TTOL VAOTOMONKE Kot £metta Ba avaivBovv
TO. GUUTEPAGLOTO GTO OTOi0. KOTOANYOUHE HETO TO oTAd0 TG aS0AdYNoNG TOL
GULGTNUOTOG GUVOAKE ylol OAEG TIG EQPAPUOYES AOYIGHIKOD TTOL Ypnoiponombnkay. H
dwmhopatikny epyoacsioa Bo katoaAn&el pe mpotdoelg Yoo peAAOvTIKY] €pgvva mov Oa
avagépovtol o {niuata Kot Topeig mov Ba pmopovcav va depevvnBodv TEPoLTEP®
wote va e&ehybel to MO vmdpyov cvotnue oe pia mEPLGGOTEPO PeATiOUEVN Kot
OTOTEAEGLOTIKT) £KO00N.
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1.1 Xvurepaocuata

Avokealaidvovtog Aomov ta 660 avaeEpOnKay oTic Tponyodueveg votnteg Ha
KATOANEOVUE OTOL GUUTEPACUOTO OV TPOKVATOVV OO TNV EKMOVNOTN OVTNG NG
gpyaciog.

Apyikd, mpoypotomomOnke pio. EKTEVIG TEPLYPAPT KOL OVAALGON NG £VVOloG
avopopa actoyiog, Kabmg eniong kot tov Bugzilla mov amoteiei to repository amnd to
onoio oavaktOnkav 6Aa ta bug reports. Ev cuveyeio mapovoidotnke o kdxkiog (ong
(lifecycle) piag avapopdc cediuatog oto Bugzilla 660 kot to petapoviédo g yo to
OVLYKEKPLUEVO Fepository cuvvodevduevo amd pio Aemtouepn emeEnynon OA®vV TV
OY£0EWMV KOl TOV OVTOTNTMOV OV gppaviovral.

Metd v Katavonon ToV avoQopdv 0cTOXIdV TTov eival kol 10 Poactkdtepo
oTo(El0 Yoo TN AETOLPYICt TOL GLGTHUOTOC TOL VAOTOWONKE, acyoAnONKaue pe tO
oyedtooud tov aAyopibuov tov bug localization punyaviepov. Zvvortikd, to tepPdiiov
Tov OMuovpyNONKe déxetan mg £i60d0 pio avapopd GOEAANATOG KOl GTH GLVEXELD diveL
¢ £€0do pio Ta&wvounpévn Alota pe Tig HEBOSOVEC 1 CLVOPTNOELS TNG VIO UEAETNG
EPAPLOYNG AOYICUIKOV, DOCTE O TPOYPOUUATIGTAS VO EXEL M EIKOVO GYETIKA PE TIC
ekeiveg mov elvan TOavoTEPO va ypelalovol Tpomonoinon yia vo, emAvbei To bug.

[a mv oa&oAdynon Tov cLGTARATOG 7OV VAomOMONKE YpPNCLOTO KAV
ovykekplpéves ekdooelg €61 epapuoymv Aoyopkov. Kobepio emdléyOnke pe don tov
aplfpd tov avaeopdv actoyudv pe Status “Resolved” kot tov resolution mov eiyoue
StB€o1o, KOOMG Ol CLUYKEKPIUEVES AVAPOPES AMOTELECAV TNV €GOS0 TOV GLGTHLOTOC,.
To mopordve bug reports emdéynkov toyaio pe povn mpovmdOeom va gival yVvooTég ot
CEMATTOUATIKES) HEBOdOL, dNAad ekelveg TOV TPOTOTOONKAV TPOKEWEVOL VL
emth0el To ekdotote bug Kot va avikovy otny id1o ékdoomn (Version) tov mpoiévtog.

Ytoyxevovtag ot peimon tov apBpod tev pebddwv, pe oxomd va yivel
TEPLGGOTEPO OOYEPICIUN OO KATOOV TPOYPOUUOTIOT 1N ToSvounuévn Alota, Kot
TPooTadOVTOG VO LEIMGOVUE TO TOGOGTO TOL Precision ywpig OUmG v EXNPEACTEL TO
avtiotoyo tov recall, emiéyOnke éva cuykekpiévo m0c0oTd HEBOdWV TG TEAIKNG
Motag. Zuykekpiéva Tapovstdotnkay tao aroteréopata yio 3%, 5% kot 7%.

g YEVIKES YPOAUUES TTOPOATNPOVLE OTL TO GUGTNLLA TOV VAOTOMONKE KOTAPEPVEL LIE
emruyio vo gviomicel pHeydAo mocootd TV HEBOO®V TOL YPEBOTNKAY TPOTOTOiNom
TPOKEWEVOL vo emAvbel kdmoto bug otov mnyaio kddka. Iap’ 6Aa avtd, oNUOVTIKO
HELOVEKTN A TOV givar To TAN00G TV HeBOd®V oL avaKTOVTOL Kol TIG omtoieg Oa mpémet
vo AMAPEL VTOYIV TOL O TPOYPOUUATIGTHG Y10 VO ETADGEL TO GOAALLOL.

Mo avoAvTikd, To GLUTEPAGUOTO GTA OTToloL KOTOANEAUE Yio TV TEXVIKY Tov bug
localization mov vAomomOnke givor ta €€1G:

e 270 0TAO0 TPO-EMEEEPYNGIOG TOV OAVAPOPDOV OCTOYIDV, OTMG EYEL NN
avaeepbel, emAELyovtal Ol OvVAPOPES OCTOYIDV EKEIVEG TOL TEPLEYOVV
oyxoMo. Emopévmg, sivor mpogavég 01l amokieiovion OAeg 01 VTOAOUTEG.
Avt6 onuaivel 6t 1060 10 TAHBog Tewv bug reports rov repository, 6o Kot
t0 7winbog exeivov otg omoies mepiloufavovior oxdAa  emmpedlovv
ONUOVTIKA TO0 TeEAMKO amotédespo. Oco meptocoTepes ivol ot avapopég
aoTOYI®V, TOG0 avEdvetor 1 THovOTNTA VTOPENS AVAPOPDV HE GYOALO
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YEYOVOg mov av&dvel pe TN oglpd tov v mlavotnta va. Ppebovv
EVVOL0AOYIKEG OUOLOTNTEG GE TEPLOGATEPES AVOUPOPES OGTOYING.

‘Evag  axoun onuovtikdg mapdyovtog, omd TOV Omoio  Kpivetor TO

OMOTEAECUO, TOV GULGTNUOTOC 7OV VLAomomOnke eivaw to fabog mov
EMAEYONKE Y10 TNV TPOGTELOGT TOV YPAPOL TeV oxécemv. Onmg £xel NN
avaeepbei o mponyovueveg evotnreg, o FETCH Tool evrtomiler o
onuovpyel oxEGEIC TOV GLVOEOLVV TIC OVTOTNTEC TOV TNYOIOL KAOSIKO
peta&y tovg. Me Bdaon avtéc Aoumdv, Onpovpyeital Evag ypaeog o omoiog
nepthopPavel OAEG TIG OVTOTNTEG TOV KO TIG GYECELG TOV gvtomiotnkay. [a
™ onuovpyia Tov Extetapévov Tuvolov Mebodwv (Extended Problem
Set) mpoonerdcape 0 Ypaeo o€ Pdboc mov kKabopictnke and o cHoTNULO
pag. Iap’ 6Aa avtd 10 fabog Tpooméraong ivar duvatd va Tpomomoin el
amo tov xpnot. Eivar onpovtikd opmg va toviebet 6t 660 avédvovpe 1o
Baboc (depth), toc0 TeprocdTepeg néBodol cvykevipdvovtor oto Extended
PS. Ouwg dev elvar amapaitmra ypnowo ovtd. Opiopéves avoapopés
ACTOYLOV TEPIEXOVY OPKETES AEEELG KMOWKO, YEYOVOS TTOL dnovpYEL éva
apketd peydio Problem Set. Xtig meputtdoelg avtég 1o peydio Padog
TPOoTEAAONG  avEAvEL Tdpo TOAD TO oOVOAo Twv pehddwV onv
taSivounuévn AMota, pe amoTEAECUN GE OPIGHEVEG o’ TIg HeBddovg va
amodideTar vYNAO Bapog e&artiag TV KooV onueiwv mov gppavifovv pe
TIG AEEEIS TNG avaPOPAS 10000V, KOOMS Kot VO LELDVETOL TO TOGOGTO TOL
precision.

Axopo pio peTafANT| TOL GLGTHUATOS TOV LAOTOMONKE givan o Labuds
opOLOTNTAS TNG OVAPOPAS €1GO00V HE TIC LRAOAOMES OVAPOPEG TTOV
vrapyovv oto Bugzilla repository. O Babuog opotdtntag givat onuavtikog
nophyovtog yoo ™ Onuwovpyio tov clusters ot pébodo LSI. Avtod
onuaivel 6tL dopopomoinon otnv T Tov, ennpedlel to mANBog TV
avaPoOpOV ceuApdTmv mov o tomobetnBodv oto id10 cluster. Xvvémeio tov
TponyovuevoL givor n avénon N peioon tov mARBovg twv SCE (Source
Code Entities) oto apykd obvoro mov dSnpovpyeitar a@od £xovv
ovykevipmBel o1 AEEEIC KMOIKO OA®MV TOV «GLYYEVIKOVY» OVAPOPOV
actoyiov. Emopévmg, av o ypnomg Bewpel anapaitmto vo avénoet tov
aplOpo TV AEEEMV KMOOTKO TOL TPOKVTTTOVY, Evag TPOTOG Eival Vo LELDGEL
TO KATOEAL TOVL Babpov opoldtnrag.

H pebodoroyia mov akorovBnOnke yio tov evtomiopnd tov pedddmv mov
ypewlovial Tpomonoincn TPokeEéEVOL va emAvdel 1 actoyia, €xel ®g
oTOYO0 aPYIKA TN dnpovpyio evog cuvorov (Problem Set) pe tig Aé€eic Tov
myoiov KOJKo Kot €v ovveyeio v eméktaon ovtov oto Extended
Problem Set, to omoio mepiéyerl meprocdtepeg SCE and to apykd. Ouwmg
ypewletal Waitepn mPOGOY MOTE TO GUVOAO Vo UNV €YEl TEPAOTLN
éktaon Kot yioo o Adyo avtd kabopiletoan 10 PdBoc mpooméraong tov
YPAPOL 0ALGL KOl Ol gyéoeig mov emileyOnrav va ypnopomombovv. To
FETCH Tool dnuodpynoe OAec ekeiveg Tig oxéoelg LeETa D TOV OVIOTHTMV
OV TEPLYPAPNKOV GTO TPito KePAAmo. Amd ekeiveg Opmg emA&ydnkav
OVYKEKPIUEVEG OYECES, Ol omoieg £yovv avagepbBel mponyovpévad,
divovtag Witepn Eppacn og ekeiveg Tov eEpvouv nebddovg oto Extended
Set. H emloyn avth éel oNUOVTIKY EMIOPOCT GTO OMOTEAEGUA, GPOV Ol



oY£0€1C OV YpNoomolovpe gival kot eketveg mov kKabopilovv tig SCE mov
epnepavifovtol 6to TEAMKO GHVOLO.

‘Evag axoun mapdyovtag mov enxnpedlel T0 amoTEAEGUN TOV GUGTNHOTOG
mov dnuovpynnke eivor o TPOTOG pe TOV omoio &ival YPOUUEVEG Ot
avaeopés actoyumv. Eilvalr mpogoavéc Ott n mpocfyyion Tov &V AOY®
oLOTNHOTOG GTNPILETOL GTO YEYOVOG OTL GTIG AVAPOPES AGTOYUDY VITAPYOVV
Aé€erg kwowa. Ooo meprocdtepec SCE vrdpyovv oty meptypapn Kot 6Ta
oxOA piog avapopds actoyiog, 1000 TEPIECOHTEPEG MOAVOTNTES £XEL TO
ocboTuo. vo ovoyetioet to bug g avoaeopdc pe tig uebddovg mov
xpelovTal TPOoToToinoT Kot vo TG TaEIVOUNGEL 0TI TPAOTES BECELG NG
TEMKNG MoToc.

Téhog, petdvovtag 10 TAN00C TV avaEop®dV oL TASIVOHOVVTAL LITAPYEL
Kivouvog va «ydoovpe» kamoleg pebodovg mov evtomiotnkov oto 100%
TOV GLVOAOV, OmOKAElOVTAG TEG amd TO OVTO GTNV TPOCTADELd oG Vo
ehattocovpe 1o péyeBog g Alotag. Ilap’ Ao avtd 10 GLYKEKPUEVO
oLoTNNO, KPIvOVTOG amd To amoTEAECUATO TOV, PAVINKE VO UNV epeavilet
TPOPANUO, 0EOL Ol TEPLGOTEPES HEDOSOL KOTATAGGOVTAL GE VYNAEG
0éoe1g e Motag.
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1.2 Ilpotdcelg yio uellovrikn Epevva

Kotd ™ dSudpkelo peAéc, vAomoinong Kot Guyypoeng TOL CULYKEKPLUEVOL
TOVILLOTOG, TPOEKLYOV KAmol onueio to. omoior Bo pmopovoav vo diepevvnbovv
nepeTaipm pe okomd T Pektioon tov bug localization cvuetiuotog Tov dnpovpynionke.

Apyikd, addd ko Pactkdtepo onueio To omoio dvoyepaivel v eneéepyacio TV
AVOPOPOV OCTOYIMOV €lval TO YeYovOS OTL Ta GYOAA TOLG vl YPOUUEVO GE (PLGIKN
YADGGO, To ovykekpluévo oe Ayylkd. Ommg éxet Mon avaeepbel oe mponyodueva
KeQPAAAL, omd TIG AVAPOPES AGTOYIMY TOV GLYKEVTIPOONKAV, EMAEXONKOV exelveg TOV
nepteiyov Aé€elg Kmdwka ota oxOAle Tovs. ‘Etol, agoipédnkav ot AEEElg TG QUGIKNG
YAOOOOG Kot Omwg €ival mTPOPAVES TO VONUO TOL KEWEVOD v dotnpnoOnke, apov
emkevipodnkoue uoévo otig Source Code Entities (SCE). Xpnoipomoidviog Opme
Kémolo amd to. epyareion TOV £Y0VV MG 0TOYO TNV emeCepyacio TNG PLOIKNG YADOGCOG
(Natural Language Processing Tools) kot mopéyovv pefddovg Omwg o YwPLopog
Kkewévou og AéEelg (tokenization), oe mpotdoelg (sentence segmentation), n avayvopion
TOL UEPOLE TOL AOYOL TTOV aviKeL Kabe Opog Tov keévou (part of speech tagging) kot m
onuovpyi Tov cLVTOKTIKOD Oévipov TG KAOBe mpodtaong, Oa  umopodoav va
drtnpnBovv Kot GAreg AEEEIC N PPAGELS TOV Bal TPOGIIdOLV Vol SLOPOPETIKO VONLLOL KoL
TaVTOYPOVAE Bl GLUVEIGPEPOLY GTOV GUGYETIGUO TOV OVAPOPDOV OGTOYLOV UETAED TOVC.
‘Etor, Bo mopovciale diaitepo evdwpépov va mpootebel Kot avt M Aoyikn oTto
oxedopd tov bug localization svotiuatoc mpotod epappootel n teyvikny LSI otig
AVAPOPEG COUALATOV.

"Eva. GAho onpeio To omoio givar d&lo peAétng Kot TEPAUATIGHOD vl 1 TEXVIKY|
opadomoinong mov ypnotuonoleital yioo t onuovpyic tov clusters omd avagopéc
ACTOYIOV TOV €UPAVICOLV €VVOLOAOYIKT opoldtnto HETOED TOVS. YThPYovuv TOAAES
TEXVIKES Kol oaAyOpOpoL, peptkés amd Tig omoieg availvdnkay oto kepdioto 3. Avdroyo
pe to dedopéva mov €yovpe otn Odbeon poc, Kamoleg eREaviCovy TAEOVEKTNUO GTO
OmOTEAECUOTO OE OYEON HE OAAEG. Zuvem®g, Bo pumopovoe vo mpaypoatoromBel pio
TEWPAPATIK Oladikacio, pe v omoia Oa emAeyotov m moO KATAAANAN péBodog
ONUOGIOAOYIKNG OLLOO0TOINONG EYYPAP®V.

ZyeTIKd e TO Topamave, Bo NTav xpnoo vo peletnOel emmAéov kol n xpnon
Machine Learning teyvik®v yio. T0 cLGYETIOUO KOL THV OUASOTOINGT TV OVOPOPDV
acTOYIOV pe Pdon 1o mepleyOUeVd TOLG. ZOUPOVO PE ONUOGLEVCELS KOl TEPALOTOL
GAAOV EPELVNTAOV, VTAPYOVY KOl AVOTTOCCOVTOL OLOPOPETIKES TEXVIKEG oL Pacilovrot
oto Machine Learning kot emtoyydvouv pe apket akpifelo ) dnuovpyio clusters
opadomomuévmv bug reports. Tétoeg teyvikéc oe cuvdvaoud pe ™ ypnon NLP
gpyoreiov, Bo nNTov dvvatd va PEATIOCOVY CNUOVTIKA TO OTOTEAEGUOTO.  TTOV
TOPOVCIACTNKAY GTO TPOTYOVUEVO KEPAANLO.

Mia axéun mpoTaon yroo LEAAOVTIKY £pgvval, ivor Vo QOpUOcTEL KATolo omd TiG
TEYVIKEG OPLOOOTTOINGNG GE apyeia Tov myaiov KOdka. Avtd amortel TV a@aipeon TV
keywords ¢ ekdoTtoTe YADOGOG TPOYPUUUATIGHOD OO TOV KMOIKA, LE YPNON KOTOI®V
stemming epyoleiov Kol £TETO TNV OLOSOTOINGT TOV OPYEIOV TPOKEWEVOL OVTH TN
@opa M ovapopd actoyiog va cvoyetiotel ue kamoto cluster mov Oa amoteAsiton amd
pedddovg myaiov kdoka. [ap’ dAo mov Paciletar oe dopopetikd Kopud epyociog and
v mapovoa, Bo pmopovoe vo ypnoywomombel GLVOVOCTIKA HE TIG TPOTYOVUEVESG
peBdo0VG TPOKEEVOL VO dNpoVPYNOEl Eva aKOUT amOd0TIKOTEPO GUGTN LA
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EmumAéov mapommpnnke kot GYOAMAGTNKE OTA OMOTEAEGUOTO TO (POLVOUEVO
TOALEG amd TG HEBAOOVG OV YPELAGTNKAY TPOTOTOINGCT VO aviKOLY 6TV 10100 KAGon M
aKOUN KOl TO OVOUOTO TOLG VO TOPOLGLAGOLV AEKTIKY opoldtnta. Avtd eivon €va
YOPaKTNPLoTIKO, To omoio Ba Ponbovoe mbBava ot Pertiowon tov epyareiov, kabmg
eoaivetol Kot Aoykd. Zoyva Tuyaivel Katd TV EQaproyn piog aAlayng oe pioa pébodo, va
ypetdlovrar aAlayn kat dAleg péBodot g idtag kAdone. ‘Eva bug localization cbotua
Ba pmopovoe, yo mopdaderypa, vo AapPavel vtoyy Tov TS ueBdS0Vg OV KATEYOLV
vyniég Béoeig oty Ta&vounuévn Alota kot pe Bdomn avtéc va mpocdivel véo Bapog oe
60ec amd TIG VTOAOWTEC TOPOVCLALOLV EVVOIOAOYIKY] 1 OKOUN KOl AEKTIKY HOVO
opowdtnrta pe avtés. To amotéleoua piog térolag mpocéyyons Oa frav vo «avefacery
oV Katdtoén pedddovg mov mhavd va Padporoynnkay Aavlaouéva, eneidn dev elyov
TOALGQ KOWd povomdtio 6To Ypapo TV oxéoemv ue Tig SCE g avapopdg e16600v.
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