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103-120)u 6uorpaduja aytopa. lucepranuja cagpxu 9 cnuka,26 rabena u 29 muctudra kojga. YBOIHHU J1€0
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4. Ummiementanyja pedepentre apxurekrype y Pharo okpyxemy (Implementation of the Reference
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Refactoring Engines)
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3aTuM cliefie CIMCAK JIUTEpaType U Yetupu npmiora: A. Mama unrepdejca mozaena nporpama (Program
Model Interface Map), B. Extract Method y 3ateuerom cuctemy (Extract Method in the Legacy Engine), C.
IMotBphenu nedextu cucrema 3a pedpakropucame (Confirmed Refactoring Engine Defects) u D. Pesynratu
Mmetona Refazz o mpojextuma (Project-Specific Refazz Outcomes), kao u 6uorpaduja ayropa. Ha kpajy je
MIPIJIOJKEH TUIAH TPETMaHa MOJaTaKa.

V  BPEJHOBAILE NOJEJUHUX JIEJOBA JOKTOPCKE JMCEPTAIUJE:

JucepTranuja cagpXu CBe eIeMeHTe y ckiuany ca Baxkehmm mpommcuma. OcaM MOTIIaBiba JIOTHYKH CYy
pacnopehena u 1o6po cTpykrypupana. [Ipa qBa mornassba MOCTaBIbajy MPOOIEM UCTPAKUBAKA, OCHOBHE
nojMoBe W crame y obmnactu. Ilormasmka 3 u 4 mpeacraBibajy MpBY IpyIly AoNpuHOca (pedepeHTHY
APXUTEKTYPY U BbeHY UMIUIEMEHTAIU]y Y Pharo okpyxKemy), a MOTNIaBike 5 BeHy eBanyarny]jy. [lornasssa 6
u 7 mpeacTaBibajy APYry IPYIy AOMPHUHOCA: METOJ TECTHPama Refazz U HEeroBy eMIHUPUjCKY eBaiyalHjy,
JIOK ITOTJIaBJbe 8 cymMMpa 3aKJbydKe W IpaBLe JaJber pa3soja.[lormasiba 5 1 7 HaBoAe NOCTYIIKE, pe3yITaTe
Y MIPETHE BAJIUIHOCTH 3aj€IHO ca MepaMa 3a HbUXO0BO yOiiakaBame.

IlpBo mormaBke YBOAM KOHTEKCT HCTpPaKHBama, NMPEAMET HCTPaXKUBama, IIJBEBE, XHIOTE3e,
HCTpaXHBayuKa MUTama, MeTox U gompuHoce. Ilomasu ce ox 3amakama Jja CHCTEMH 3a pe(aKTOpUCAHL
ayTOMaTHU3yjy CTpYKTYpHE U3MEHE KOJa y3 OUyBake MOHAIIAma, aJli Aa je y AMHAMHYKH THIU3HpaHUM
00jeKTHO-OPHjEHTUCAHUM je3UIMMa CTaTHYKAa MpOBEpa OUyBarma IMOHANIAMKka CYIITHHCKH OTPAaHHYEHA
HEJOCTAaTKOM MH(pOpMaIja o TUNOBUMA. MneHTudrkoBaHu cy mpobieMu y mocrojehum cuctemmuma 3a
pedakropucame: apXUTEKTOHCKA HCIPEIICTEHOCT U TeIIKoie CHCTEMAaTCKOT TECTHPaha 0BaKBUX CHCTEMA.




Ha ocHoBYy ToTa hopMynHcaHU Cy HUIBEBH, XUIIOTe3e X1—-X4, Koje Cy rpynucaHe y JBe TeMe (a pXUTEKTOHCKA
MOJyJNapHOCT U HHTEpaKIHja; MOY3MaHOCT CHCTeMa M ayTOMaTH30BaHO TECTHpame), U oAromapajyha
ucrpakupauka nurama RQI-RQ4. CBako HCTpa’>kMBauko MUTAmE jeé IOBE3aHO Ca HCTPa’KWBAUKOM
axtuBHOWNhY, I1a BHUM JJOKa3iMa U 00yxBaToM eBaiyanuje. [Tornassbe ce 3aBpliaBa npernie oM J0IpHHOca
U CTPYKTypE AucepTaluje.

Jlpyro nornaBise AeHHHIIE OCHOBHE NOjMOBE (pedaKropucame, OUyBarme ITOHAIIAma, IPELyCIOBH,
TpaHchopMaLyje) 1 mpaTH eBOIYyIHjy obnactu o Ongajkose aucepranyje u npeor Refactoring Browser-a
JI0 CaBPEMEHHX OKpYXema. AHAJIM3MpaHa je aHAaTOMHUja CHcTeMa 3a pedaKkropucame (MOJAEN Mporpama,
MOZEI W3MEHa, INPEIyClIOBH, M3BpIIABAKE) M CHCHUPUYHOCTH AWHAMHYKH THUIH3UPAHUX OOjEKTHO -
OpHjeHTHCAaHuX je3uka. IIpernen crama y obsacTh oO0yxBaTa HAYMH Ha KOjU Cy MocTojehin cucTeMu 3a
pedakropucame rpaheHn (apxuTekTypa, IpeAcTaBbake NporpaMa, IOHOBHA yHOTpeOa M KOMITO3HIH]ja
oTiepanyja), HaYMH Ha KOjH ce KOpUcTe (MHTepaKIHja, CKpHITOBAa ’be U Cel(HUKaiija IpeayCcIoBa ) 1 Ha UnH
Ha KOjU ce TpoBepaBajy (IPUCTYIH TeCTHpamy, YK/bydyjyhnm reHepaTope CHHTETHUKHX IIpOTpama,
SafeRefactor u HOBHjy emmupHjcKy cTyaujy nedekara). [loceOHa makma mocsehena je satreaeHoM Pharo
cucteMy 3a pedaKkToprcame Kao KOHKPETHO] MOJIa3HOj OCHOBH 32 aHaJTU3y Ipobiema . [JoOkyMeHTOBaHU Cy
BCTOBH MEXaHHW3MH, MapajellHe XHjepapXuje I WHTepaKnnja ca KopucHUINMa. [loTiaBike ce 3aBpIiaBa
CHUHTE30M Koja yTBplyje ucTpakuBayku ja3 KOjuM ce gucepranuja 6asu. [Ipenien murepatype je akryenaH,
peleBaHTaH U KPUTHYKU BPETHOBAH.

Tpehe mormaBie TpencTaBiba IEHTPANIHH JONPHHOC AHCEpTanyje: peepeHTHY apXUTEKTypy Koja
ob6jenumyje TpaHchopmayje u peakToprcama y MOHOBO yHOTPeOJIbIBE, KOMIIO3UTHE TpaIHBHE OJIOKOBE.
ApXUTEKTypa je ONHCaHa je3NYKH HEe3aBHCHUM MOJEIIOM yJIoTa M yroBopa. JlehuHHCaHH Cy IIperyclIoBd
MIPUMCHJBIBOCTH, NPEAYCIOBH OUYyBama IOHAIama, OJIYyYHBAKEC O HACTABKY M3BpIIABama IOCIE
yHo30pema U KOMITO3UNHja Hax Mel)ycTamiMa mporpama, YuMe ¢y yTBpheHe OATOBOPHOCTH yJIOTa U Tauke
IoCMaTpamka Ha KOje ce OCIama METOA TeCTHpama U3 MIeCTOT MorIaBika. M3narame je mpenusHo u 100po
WIYCTPOBAHO JMjarpaMiUMa ¥ TOKOM H3BpLIaBaba.

YeTBpTO MoOTIaBIbe NPECINKaBa yiore pedepeHTHEe apXUTEKTYpe Ha KOHKpETHE Ki1acey Pharo OKpyxKemwy
U JOKYMEHTYyje MHUIpalyjy 3aTE€4eHOr CUCTeMa Ha HOBH nu3ajH. OmucaH je moauMop(HH MNporpamcku
uHTepdejc, peanusanuja AeKopaTopa, peu(HKoBaHU Py CIOBHU, XHjepapXuja HHTEPaKIHOHUX ApajBepa u
unTepdejc Moaena nporpama. Murpaiuja je mocTeneHa, na 3aTe4eHe 1 MUTpUpaHe Kiiace IoCToje YIopeao.
Onuc je TeXHUYKU Mpenu3aH, NOTKPEIJbeH JTUCTUH3UMA KOJa U JOBOJbAH 3a Pa3yMeBaibe eBalyalyje Koja
CIIeH.

ITero mnornaBibe eBayupa apXHUTEKTypy Kpo3 IBa HcTpakMBauka murama. RQl: , Kako o6jeanHutn
TpaHcdopManyje u pedakTopucama y rpaJuBHe OJIOKOBE MOTO/IHE 33 HOHOBHY YNOTpeOy U KOMITO3ULH]jY ?*
RQ2: ,,Kako n3010BaTH KOPUCHUYKY MHTEPAKLH]y OZ OCHOBHE JOTHKE OIEpallije TAaKO Aa UCTa JIOTHKA
HOJPXKH Y MHTEPAKTUBHU paJl U HEMHTEPaKTHBHO M3BpIIaBame 0e3 rpaduukor unrepdejca? y cxiomy
MHUTpalyje 3a AeBeT pedaKTopucama HalpaBJbEHH Cy IEKOPATOPH HaJ IIecT TpaHc(OpMalMOHUX Kiaca,
HAaIpPaBJbCHO je 35 MHTEpaKUUOHMX IpajBepa, a 35 AMPEKTHHX ynoTpeda amIMKaTHBHOT MPOTPaMCKOT
untepdejca (eurn. Application Programming Interface — API) Monena nporpama 3aMEHEHO je OHOBHOM
ynoTpeboM TpaHchopmanuja. [lonoBHa ymnorpeba Tpanchopmanuje Add Method nopacna je ca 5 Ha 28
KIujeHaTa,a Remove Method ca 3 Ha 14. Yaeo nyminpaHuX THHHAja cMambeH je ca 6,02% Ha 1,52%. Ctynuje
ciydaja TMOKa3yjy Ja ce KOMIO3WIHjOM pe3yiTyjyhux omepanuja ommTa omnepaimja Extract Method
M0jeTHOCTABIbYj€, & TOMECHCKH CIIeUpHIHE BapHjaHTe Ipaje oJ noctojelinx kopaka, koje 3aMewyjy WIH
mpommpyjy. 3a RQ2, nupekTHH MO3WBH 3a YIO30peHa W TPEHIKe YKIOHBEHH Cy W3 MHUTPHpAaHHX Kiraca
pedakTopucama, a McTa JIOTHKA ONepalija N3BpIIaBa ce M HHTEPAKTUBHO M U3 CKPUITH.

Ilecto mornasike yBoau Refazz, MmeTon 3a MeTaMophHO TecTHpa ke cUCTeMa 3a pedakTopucame. TecTorn
peaJIHuX TpojeKaTa ce KOPHUCTE Kao JETMMHUYHE M3BPIINBE CIeIM(HUKAIje TOHANIama, a H300p TECTOBA
Boher je amatom MuTalk. MeTo 1 pa3nuKyje 4eTHPH pesKUMa U3BPIIaBa Ha | TECTHPA e HCIIPa BHUM YJIa 31MA
(MR1), nctpaxuBame mapamMeTapa ykbyuyjyhu HencnpaBHe u rpaHndHe KoHpurypamuje (MR2), mpunynHo
M3BpIIaBamke Mocie OA0MjeHOr mpenaycioBa nmpuMeHIsnBocTH (MR3) m mpuHygHO M3BpmIaBame mocie
yno3opema 0 ouyBamy noHamama (MR4). Pexxumu MR3 n MR4 ucnutyjy rpaHmie npeayciosa, a He
OuyBame IOHaIIama. lloraBjbe ONMUCyje CTpaTerdje reHepucama mapamerapa pedakTopucama,
HMIIEMEHTANHjy MeTO/ja U MOCTyIaK aHaJIH3e KOjIM ce 3aMUCH O MOKyIIajuMa CBOJE Ha TpyIie aHOMallnja,
nperjiefane penpe3eHTaTHBHE MOKymaje u moTBphene jenuHcTBeHe nedexre. Ilo3unmoHMpame mnpema
paHUjUM MPUCTYNHMa jacHO oOpasziake HOBUHY MeToje. M3narame je CUCTeMaTHYHO M IMOBE3aHO ca
MojesoM u3 Tpeher nornassma.




Cenmo mornaBibe eMmnupujcku eBanyupa Refazz ma Pharo cuctemy 3a pedakropucame, Kpo3 ABA
HCTpaxuBauka mutama. RQ3:,,Y kojoj Mepu ce mocTojehn TecTOBU peaTHUX MpOjeKaTa MOTY KOPUCTHUTH Ka0
JeIUMUYHE U3BpIIMBE crienuduKalyje Koje OTKpHUBajy MpoMeHe NoHallama n3a3BaHe pedaKkropucamem?
RQ4: ,Ha xoju HauyuH UCHHUTHBaKkE MPOCTOpa Mapamerapa U MPUHYJIHO HU3BpIIABambe MOCie oa0ujama
NpeyciI0Ba NMPUMEHJBMBOCTH MM YIIO30peHa O O4YyBamy [OHallaka OTKpHMBajy HepocTtajyhe wmin
HpeTepaHo KOH3EPBAaTHBHE NPEYCIIOBE Y OQHOCY Ha TECTHpame caMo McnpaBHuX ynasa?“ [Ipojexru cy
n3abpaHy HAMEHCKMM Y30pPKOBakheM: IET peajiHUX NpojeKaTa U3 pas3iHMYUTHX JOMEHa M Pa3IUYUTHX
BEJIMYMHA, & HUCIUTAHO je cemaM pedakropucama Kpo3 ykymHo 255.699 mokymaja. ITotepheno je 19
JjeOVHCTBEHHX nedekarta cucrema: 12 Be3aHMX 3a TpaHcopmanuje M 7 BesaHuMX 3a npeaycinose (3
Hegocrajyha,2 npeTepaHo KOH3EpPBaTHBHA U 2 TIOTPELIHO CMELITEHa IpeayciioBa). TecToBH pojekaTa Koju
HHCYy NpOLUIM OTKpwin cy cemaM nedexarta (37%), ONHOCHO H3MEHE IOHANIaHKka KOjeé CHHTAKCHE H
CTPYKTYpHE IPOBEpe HEe OTKPHBA]y, TO MOApKaBa XUMOTe3y X3 y ucnuranoM ooumy. On 19 nedexkara, 13
je mpHIMcaHo TecTHpamwy ucnpaBHuM ynaszuMa (MR1), mer mctpakuBamwy mapamerapa (MR2), a jeman
MIPUHYTHOM M3BpIIaBamy mocie oxbujama (MR3). Pexxumn MR2 m MR3 3ajenno cy otkpunu 6 ox 19
nedexata (32%), cBe Be3aHe 32 PEyCIOBE, INITO MOJPKaBa XUIOTE3y X4 32 HCIIUTAHE PEKUME U MPOjeKTe.
Pexxum MR4 HHje noHeo HOBe AcdekTe: HEroBH MOKYMIajH KOjU Cy OACTYIIUIN OJ OYEKHBaHOT HCXOMa
MTOHOBWJIX Cy Hajla3e IPYTHX PEeXUMa, a YCHEIIHH MOKYIIajH HUCY MOTIH J1a NCKJbyde pHU3HKE Ha Koje Cy
yno3opema ykasupana. CBaku moTBpheHH nedexT MmoBe3aH je ca MpHjaBOM y jaBHO JOCTYITHOM CHCTEMY 33
npaheme rpemaka, a mecT UCIIpa BKU HHTETPHUCAHO je Y pa3BojHy rpaHy Pharo cucrema. [IpeTme BanTngHOCTH
HaBeJIEHE Cy 3aje/HO ca MepaMa Ipely3eTHM Jja Ce OTPaHHYN BHUXOB YTHIAj, a 3aKJbyYIH Bajke CaMo 32
HCTIUTaHE TIPOjeKTe U pedakToprcama.

3aBpIIHO OTIIaBJEE CyMHpa 00a JOTPUHOCA 1 1aje eKCITUIUTHE OATOBOPE HAa CBA YSTHPH UCTPaKUBAUKA
MMUTamka, y3 OLEHY CBaKe XUIOTEe3¢e y NCIUTaHOM 00mMy. Pa3mMaTpaHa je IPEHOCHBOCT pelleka Ha Apyra
JUHAMHYKI TUOH3HPaHAa OKPYXKeHha, HA OCHOBY NPECIHKaBamka aPXUTEKTOHCKUX yJIOTa M 3aXTeBa Koje
LHUWBHH CHCTEM MoOpa jAa UcIyHH. [IpaBIu fajeer pasBoja yKJbydyjy HOBpIIETaK MHIpaldje KaTajora
pedakTopucama, I0KyMEHTOBalbe HOHABIBAjyANX 0ITyKa O MUTPALIUjH y BUAY KaTaJIora 3a ayTOpe CIIMYIHUX
cuctema, ynorpedy Metona Refazz xao dyBapa KBaJuTeTa HOBUX Bep3Hja CUCTeMa 3a pedaKTopucame U
IIPEeHoCe Ha pyTe je3uke. 3aKJbYUIU Cy jaCHO 00pa3noKeH! H yckiIal)eHn ca mpecTa BIbeHUM pe3yITaTUMA.

[puno3u, a moce6Ho KaTasor cBux 19 noTBphenux aedexarta ca Be3aMa Ka IpHjaBaMa y jaBHO J1OCTYIHOM
cucteMy 3a mpaheme rpemaka (mpuwior C) u pesyatatu merona Refazz mo mpojekruma (mpuior D),
006e30el)yjy mpoBepJbUBOCT U IOHOBJBUBOCT pe3yiTaTa.

Cnucak nurepatype (104 pedepeniie) pereBaHTaH je 3a TeMy aucepTanuje U 00yXBaTa KiIaCHYHE H
caBpeMeHe H3BOpe U3 00J1acTH pedaKTopucama, apXUTEKType COPTBEPCKUX ajlaTa U TECTHpama corBepa.
[IpommpeHu pe3nme Ha CPIICKOM je3UKy BEpHO Opa’kaBa cajipkaj auceprauyje.

VI CIUCAK HAYUYHHX M CTPYYHHUX PAJJOBA KOJU CY OBJAB/LEHU WJIN
MIPUXBAREHHU 3A OBJAB/bUBAILE HA OCHOBY PE3YJITATA HCTPAKUBAIbA Y
OKBHPY PAJIA HA JIOKTOPCKOJ JMCEPTALIMIM:

TakcaTHBHO HaBECTH Ha3WBE PajioBa, IIe W Kaja cy objaBibeHu. [IpBO HaBeCTH HajMame jelaH paj
00jaBsbeH WK npuxBalieH 3a 00jaBIbUBaE y CKIady ca l[Ipasuruma 00OKmMopcKux cnmyouja Ynueepsumema
y Hosom Caody koju je MoBe3aH ca calipxajeM JOKTOpCKe JucepTanyje. Y ciydajy pagosa npuxBahienux za
00jaBJpHBabe, TAKCA TUBHO HaBECTH Ha3WBE paIoBa, Te U Kaaa he OuTH 00jaBIJbCHH U MPUIIOKUTH TOTBPAY
ypEeIHHKA 4aCOMKca 0 TOME.
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Vil SAK/BYUIIN OJHOCHO PE3YJITATH UCTPAXKHUBAIbA:

Joxropcka qucepranuja 6aBu ce yHampehemeM Moy31aHOCTH K TIOHOBHE yIOTpebe YHyTap cucTeMa 3a
pedakTropucame y AMHAMUYKA TUIH3UPAaHUM 00jeKTHO-OPHjSHTHUCA HUM je3UIINMa, KPO3 ABa
KOMIUIEMEHTapHA JONPHUHOCA : pe)epeHTHY apXUTEKTYPY CHCTEMa 3a peaKTOpHCa e U METOJl TECTHPaha
Refazz. UctpaxkuBame je 1oBeno 10 ciaenehnx 3akibydaka u pe3yyirarta:

MeTo/10101IIKH pPe3yJITaTH

1. Jedunucana je pedepeHTHa apXUTEKTypa cUcTeMa 3a pedaKkTopucame, ONMCaHa MOJAEIOM YJiora M
yroBOpa HE3aBUCHUM OJ1 KOHKPETHOT je3MKa M CHUCTeMa, KOja ce Ocllama Ha MocTojehe Mojene nporpamMa u
N3MEHa LUJBHOT CHCTEMa.

2. Nedunucat je Refazz, MeTaMop(HH METOJ TECTHPaHha CUCTEMA 32 pedaKTOPHCaHe KOJH TECTOBE peaTHIX
IpojeKaTa KOPUCTH Ka0 ACTUMUYHY U3BPIIUBY CHEIM(HUKAIIN]y MOHAIAHha U KOjH, TOPE UCTIPaBHUX yJiaza,
CHCTEMAaTCKH UCITUTYje IpaHULE PEAyCcIoBa KPo3 4YeTHPH peskiMa u3BpmaBama (MR1-MR4).
TexXHUYKH pe3yJITaTu

1. 3areuenu Pharo cucteM 3a pedaKkropucame MUTPUPAH je HA HOBY apXUTEKTYpy y 00uMy Koju oO0yxsata
JIeBET JeKopaTopa HaJ IIecT TpaHCHOPMAIMOHUX Kiaca, 35 MHTEpaKIHMOHUX IpajBepa M 3aMeHy 35
IupekTHHX yroTpeba API-ja mMomena mporpama moHOBHOM ymoTpeOoM TpaHchopmamuja . KommosntHa
uMIuieMeHTanmja Extract Method w nBa nomencku crnenuduuna pedakTopucama Mokasyjy na ce
pesyaryjyhe onepaiyje KOMIOHY]jY U Jia ce KOMITIO3UTHH HHU3 MOXE 3aMEHHTH WU MPOIUpuTH. PesynTaTtu
MHTpaIfje Ao cy pa3BojHe rpaHe Pharo cuctema.

2. OrpaHWYeHH T0Ka3 KOHIENTa Y He3aBUCHO pa3BHjeHOM Python cucteMy 3a pedaKTopuca ke Mo Ha3HBOM
rope TOKa3a0 je 1a ce OCHOBHE IIOCTaBKE a pXUTEKType MOTYy UMIUIEMEHTHPATH Ha jOIII jeTHOM JMHA MAIKH
TUIH3HPAHOM je3WKy, opex Pharo-a. PeannszoBaHre cy nBe omnepanuje, y3 103 HoBa Tecrta, mok cBux 137
nmoctojehux TecToBa THX ONepanyja 1 Jajbe Mpojasu. Pememe je jaBHO JOCTYIHO.

Emnupujcku pe3yJaratu

1. V nmeny cucrema obyxBaheHOM murpanujom, yaeo AYIUIMPaHUX JIMHHja Y aHATH3UPaHUM MaKeTHMA
cMameH je ca 6,02% Ha 1,52% (penatuBHO cMameme 74,7%), 6poj maposa kioHoBa ca 104 Ha 32, a maposa
mmelhy xmace pedaxropucama U kiaace TpaHchopmanuje ca 79 Ha 19. IloHOBHa ymnoTpeba KIBYYHHX
TpaHc(hopMmaIyja mopacnaje ca 5 Ha 28 knujeHata (Add Method) u ca 3 Ha 14 xnujenata (Remove Method).
OBu pe3ynTaTH HOApkaBajy xumnoresy X1.

2. Mcto KOH(UIypHCAaHO je3rpo U3BpIIaBa C€ U MHTEPAKTUBHO U U3 CKPUNTH, a OpOj AUPEKTHUX MO3MBA 32
yIo30pema U 3a Tpelike y CUCTeMy cMambeH je ca 28 Ha 15, ogHocHo ca 163 na 98. OBu pesynratu
MoApIKaBajy Xunoresy X2 y oOuMy UMIJIEMEHTALIH]j €.

3. IIpumeHoMm Metona Refazz Ha MET peaslHUX MpojeKaTa U ceaaM pedaKkTopucama U3BpLICHO je 255.699
nokymaja u notrBpheno 19 jeaumncrBenux aedekata (12 BesaHux 3a TpaHchopMalmje U 7 Be3aHHX 3a
npenyciose). TecToBH KOjU HUCY MPOLUIA OTKPHJIU Cy ceiaM aedexata KOjH ce HE HCIOJbaBajy Kpo3
CHHTaKCHE M CTpYKTypHe npoBepe. OBU pe3yJITaTH MOApKaBajy XUIoredy X3 y HCIIUTaHOM O0UMY.

4. VlctpaskuBame apaMeTapa 1 IPUHY THO U3BPIIIa Ba le OTKPHIIH Cy IecT Ae)eKaTa Be3a HUX 3a MPEyCIIoBe
(32% xaTanora) Koje TeCTUpame UCIPAaBHHM yjla3uMa HHUje HAILIO, IITO MOJp)KaBa XHIoTesy X4 3a
UCTINTaHE peXuMe 1 npojexre. Mcnpaske 3a mecT nNpyjaBbeHNX AedekaTa HHTETPUCAHE CY y Pa3BOjHY TpaHy
Pharo cucrema.

VY3ere 3ajenHo, noapxkaHe xunorese X1—X4 moTkperubyjy 06a TonpuHOCca qHcepTallyje HaBeIeHa H3HA M.

VIIIT OIEHA HAYMHA ITPUKA3A U TYMAYEIbA PE3YJITATA HCTPAXKHUBAIDbA:
ExcnuunuTHO HaBECTH MO3UTHUBHY WM HETaTHBHY OLEHY HAa4yWHA MPHKa3a M TyMaudema pesyliTaTa
HCTPa’KuBama.

Joxropcka aumcepramyja ypaheHa je cuCTeMaTHYHO, y3 NPUMEHY PUTOPO3HOT HAYYHOT NpPHCTYIIA.
HctpasxuBauku npobiieM, XUIOTe3e, IUJbEBU M METOJIE jaCHO ¢y (QOpMYJIMCAaHU y YBOJIHOM HOIIABIBY, a
HapeJHa MOrjaBiba Clie[ie JIOTHYaH TOK O] Ac(pUHHCAkha OCHOBHHX IOjMOBA U CTamka y 00JIaCTH, IPEKO
nepuHNCcama pedepeHTHE apXHUTEKTYpe U HEHOI MOJena, 0 MMIUIEMEHTalhje, eBajlyallje i MeToma
TecTHpama. CBAaKO UCTPa)XKMBAUKO MUTAHKE CKCIUTMIUTHO je MOBE3aHO ca MCTPAKUBAYKOM aKTHUBHOIINY,
[JIABHAM JIOKa3uMa M 00yXBaTOM €Ballyalyje. ADXUTEKTypa U MMIUIEMEHTAlllja WIYCTPOBAHE Cy jaCHUM
JUjarpaMuMa U JIMCTHH3UMa KOJa, a Pe3yJITaTH HCTPasKHBaHha MPEACTABIECHU CY HYMEPUYKH U Ta 0ela pHO U
00jeKkTUBHO Ccy MpoTyMadeHu. CBaka IpeTka BaIWAHOCTH HABE/ICHA j€ 3ajETHO ca MepaMa KOje OrpaHUYABajy
BCH yTHIIA]j, a TBPAKE Cy U3HETE caMO Yy OKBUPY HcmUTaHOT oOuMa. [loTBpljeHn nedektu moBesaHu cy ca
MpHjaBaMa y jaBHO JOCTYITHOM CHCTEeMy 3a Tpalieme rpemaka, a Ipuiio3n u copTBepCKa penieka 0OTBOPCHOT
koja oMoryhaBajy mpoBepy ¥ MOHOBJBHBOCT pe3yJITaTa.3aK/byYlld IPECTaBIbajy KOHIIM3HY M KOXEPEHTHY




CHHTE3y pe3yITaTa U HEMOCPEAHO Cy MOTKPEIUBCHH H3HETUM JoKa3MMa, MITO MOTBplyje na cy xumoTese
KPUTHYKH NIPOBEPEHE W [a Cy IMJBEBH AHMCEpTalldje ocTBapeHH. Pax kaHAMIATA Y MOTIYHOCTH OATOBApa
nedUHUCaHOj TEMU U HACJIOBY, KAKO MO 00MMY, TAKO U MO METOJIOJIOTHjH, a P €3yIATaTH NPYXkKajy COTUAHY
OCHOBY 3a Jlajba HCTpaXkMBama y OBOj obnactu. Jucepranuja je mpoBepeHa y co(TBepy 3a AETEKUHU)Y
mwiarujapusma iThenticate.

Ha ocHOBY HaBeJeHOr, KOMHCHja MO3UTHBHO OLemYyje HAYMH MPUKAa3a M TyMauema pe3yJiTaTa
HCTPaKUBabA.

IX KOHAYHA OIIEHA JOKTOPCKE JUCEPTAIIMJE:
ExcrmnnnTHO HaBecTH [a JM JUcepTaldja jecTe WIM HHje HalHMCaHa y CKIAay ca HaBeICHHM
00pa3noxemeM, Ka0 U a JIM OHa caJp KU WU He caJp>kKu CBe OUTHE eneMeHTe. JlaTu jacHe, IpeIu3He U
KOHIM3HE onropope Ha 3. u 4. murame. HaBecT Hymepuuke NHOJaTKe O pe3yJiTaTHMa IpOBEpe
OPUIMHATHOCTHU Pajia ¥ IaTH TEKCTYAIHO 00pa3IoKemhe.

1. /la an je AMcepTamuja HANKMCAHA y CKJIAAY ca 00pa3iiokemeM HaBeleHUM Yy IpUjaBu Teme?
Jloxropcka gucepTanyja je HaMUcaHa y CKIaay ca 00pa3ilokemeM HaBeACHUM y mpujaBu Teme. Hacios
aucepTanuje ycknahen je ca kopekuujom kojy je u3Bpunmia Komucuja 3a oneHy nogo0HOCTH KaHAUAATA,
TeMe U MEHTOpa, IITO je YCBOjeHO MPIINKOM NpuxBaTama Teme (20.11.2025).

2. Jla u qucepTanuja cap:ku cBe OMTHe eJieMeHTe?
Jucepranuja caapku cBe OUTHE €JIEMEHTE.

3.I1o yemy je quceprauMja OPUrHHAJAH JONPUHOC HAYIH ?
Hoxropcka nuceptauuja banme IllapeHua mnpencraBba OpUTMHANIAH HAay4YHH JAONPUHOC oOjactu
co(TBEPCKOT MHKEHEPCTBA, TOCEOHO aPXUTEKTYPH U TECTUPAIbY CUCTEMA 33 pe(aKTOpHCa e y TUHA MUUKA
TUMU3UPAHUM 00jE€KTHO-OpHUjEHTUCa HUM je3uliuMa . tbenu gomnpunocHu cy:
* PedpepentHa apxurekrypa koja objequmyje TpaHchopmauje u peakropucama Kao je3uUKd He3a BUCHE
yJiore ¥ yroBope HaJi nocrojehnm Moenuma nporpama M M3MeHa IIMJBHOT CUCTEMA .
* MIHTepaKIMoOHM IpajBEepH KOjH OJ1Bajajy HHTEPaKLHjy ca KOPUCHUKOM O]l OCHOBHE JIOTHKE OIlepalije, Tako
Jla ¥CTa JIOTHKA M0J[p>KaBa MHTEPaKTHBHY Paj U U3BPIIAaBaHhe CKPUIITH.
* Refazz, meTaMopdHH MeTON TecTHpama cUcTeMa 3a pedaKTopHcame KOju TECTOBE PEaTHUX NpojeKaTa
KOPHCTH Ka o IeIMMHUYHY M3BPIINBY CICUU(UKAIH]y MOHAIIAHha U KOjU CHCTEMATCKHU HCITUTY]e IIPEyCciIoBe
HCTPaXWBaheM IapaMeTapa W MPUHYTHUM H3BpIIaBamkeM MOCIIe 00Mjamka WK Jo0Hjamka yIo30pema.
* EMnupujcku pesynraTi: MUTpalyja 3aTedeHor Pharo cucreMa ca MEpJbMBHM CMambCHEM TyINIHPama U
mopacToM MOHOBHE ymoTpebe, kaTayor ox 19 morBphennx nedekata u3 255.699 mokymaja, ca mecT
HCIIpaBKH MHTETPUCAHUX Y Pa3BOjHY IpaHy Pharo cucteMa M orpaHUYCHH J10Ka3 KOHIENTa y Python cuctemy
0T HA3UBOM rope KOjH IoKa3yje Aa apXUTEKTOHCKE yJore HUCY Be3aHe 3a Smalltalk.
Iopex Hay9IHOT HOMIPHHOCA, OBH PE3yJITATH UMajy M HETIOCPEIHY MPaKTHUHY BPETHOCT 32 Pharo eKOCHCTEM
1 ayTOpe CIUYHUX CHCTEMa, jep Cy TOCTYITHH Kao pelieha OTBOPEHOT KOJa .

4. Koju cy HepocTanu AucepTanyje U KAKaB je lbUXOB YTHIIAj HA pe3yJITAT HCTPaKuBamba?
Kowmmcnja HHje younna HeJoCTaTKe JUCEpPTallHje KOjH OM YTHIIAIHN Ha Pe3yJITaTe HCTPa KHBaha.

5. O6pa3noxeme pe3yarata npoBepe OPUrHHAJIHOCTH Pajia (HyMepHMYKU U HAPATHUBHO):

IIpoBepa opurnHaIIHOCTH cripoBeaeHa je cogrBepoM iThenticate y Oubmuorenn axynrera TEXHIIKUAX
HayKa, HaJl OCHOBHUM TEKCTOM aucepraiyje (26.769 peun). Unaekc cnuaHocTH u3HocH 3%, y3 41
MoKIamname Ha 16 u3Bopa, mpu YeMy HHjeIaH u3Bop He mpenasn 1%. Hajpeha mokianmama moTudy ca
JOKaIfja Ha KOjuMa Cy JOCTYIIHH paJOBH KaHANUAAaTa 00jaBICHH Y OKBUPY OBOT HCTPa’KHBaHka, a
IpeocTalia ce 0JJHOCE Ha CTaHAapAHy TEPMUHOJIOTH]Y 00JacTH U Ha3uBe MUTHpaHUX pagoBa. Komucnja
CTOTa 3aKJbydyje 7a je ToJHeTa JOKTOpCKa AUCepTalija OpuruHaaHo aeno kauauaarta bamme [lapenma.




X HPEIJIOTL:

Ha ocHOBY HaBeqeHOT, KOMHCH]ja IPpEIaKe:

a) 1a ce JOKTOPCKA IUCEePTALIMja MPUXBATH, 4 KAHIUAATY 0100pHu oa0paHa;
0) a ce JOKTOpCKa AMcepTalyja BpaTH KaHAUIATY Ha 1opaay (Ia ce JOMYyHH OJJHOCHO U3MEHN);
B) Ja ce IOKTOpCKa Jucepranuja onduje.

Mecrto u natym: Hosu Cag, 14.09.2026.
1. np Mupocnas 3apuh, pen. mpod.

, IpeICETHUK

2. ap Munena ®prynuh ['muropujesuh, noueHt

, 4llaH

3. ap I'opnana Pakuh, nomeHt

, 4llaH

4. np Urop [lejanoBuh, pea. npod.

, WIaH

5. np Stéphane Ducasse, HayYHU CaBETHHUK

, MEHTOP

6. np I'opnana MunocagibeBuh, pen. mpod.

, MEHTOP

HAIIOMEHA: YnankoMucHje KOjU He XKeJH a MOTIHIIE H3BEIITa] jep ce He CllaXe ca MUIUbeHheM BehuHe
4YIaHOBAa KOMHUCH]€E, Ty>KaH je J1a yHece y U3BelITaj 00pa3liokKeme 0JHOCHO pasiore 300T KOjUX HE XKelu J1a
MOTITHIIE M3BEIITAj U J1a UCTU MOTIHIIIE.
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Improving Refactorings in Dynamically Typed Object-Oriented Languages
(YHanpeheme pedakropucama y IHHAMUYKA THIIU3APAHUM 00jEKTHO -OPHjSHTUCAHUM jEe3UIIHMA )

IV OVERVIEW OF THE DOCTORAL DISSERTATION:
Provide a brief overview indicating the number of pages, chapters, figures, diagrams, graphs, etc.

The doctoraldissertation of Balsa Sarenac is written in English and presented in B5 format. Ithas 167 pages
in total,of which 121 are numbered. The main text is organized into eight chaptersacross 92 pages, followed
by a bibliography with 104 references (pages 93—102), four appendices (pages 103—120), and the author’s
biography. The dissertation contains 9 figures, 26 tables, and 29 code listings. The front matter comprises
the title page, Key Word Documentation in Serbian and English (Form 5a), a dedication, the table of contents,
an extended summary in Serbian (15 pages), an English abstract, and the lists of figures, tables, listings, and
abbreviations.

The dissertation's chapters are:

1. Introduction

. Background and Related Work

. Reference Architecture Design

. Implementation of the Reference Architecture in Pharo
. Architecture Validation and Evaluation

.Refazz: Metamorphic Testing of Refactoring Engines
.Refazz Evaluation

. Conclusion

0NN L W

The main text is followed by the bibliography and four appendices: A. Program Model Interface Map, B.
Extract Method in the Legacy Engine, C. Confirmed Refactoring Engine Defects, and D. Project-Specific
Refazz Outcomes, and the author's biography. A data management plan is appended at the end.

\4 EVALUATION OF INDIVIDUAL DISSERTATION CHAPTERS:

The dissertation adheres to all prescribed regulations. Its eight chapters are logically arranged and well-
structured. The first two chapters establish the research problem, basic concepts, and the state of the art.
Chapters 3 and 4 present the first group of contributions (the reference architecture and its implementation
in Pharo), and Chapter 5 its evaluation. Chapters 6 and 7 present the second group of contributions: the
Refazz testing method and its empirical evaluation, while Chapter 8 summarizes the conclusions and
directions for future work. Chapters 5 and 7 report procedures, results, and threatsto validity together with
the measures that limit their impact.

The first chapter introduces the research context, subject, objectives, hypotheses, research questions,
method, and contributions. It starts from the observation that refactoringengines automate structural changes
while preserving behavior, but that in dynamically typed object-oriented languages the static checking of
behaviorpreservation is fundamentally limited by the absence of type information. Problems were identified
in existing refactoring engines: architectural coupling and the difficulty of systematically testing such
engines. On this basis, the research is guided by four hypotheses, H1-H4, grouped into two themes
(Architectural Modularity and Interaction; Engine Reliability and Automated Testing), and by the
corresponding research questions RQI-RQ4. Each research question is connected to its research activity,
principal evidence, and evaluation scope. The chapterconcludes with an overview of the contributions and
the structure of the dissertation.




The second chapter defines the basic concepts (refactoring, behavior preservation, applicability and
behavior-preserving preconditions, transformations) and traces the evolution of refactoring from Opdyke's
dissertation and the original Refactoring Browser to modern development environments. It describes the
anatomy of a refactoringengine (program model, change model, preconditions, execution) and the specifics
of dynamically typed object-oriented languages. The state-of-the-art review covers how existing refactoring
engines are built (architecture, program representation, reuse and composition of operations), how they are
used (interaction, scripting, and the specification of preconditions), and how they are verified (testing
approaches, including synthetic program generators, SafeRefactor,and a recent empirical study of defects).
The Pharo legacy engine is examined as the concrete baseline for the architectural work. Its mechanisms,
parallel hierarchies, and embedded interaction are documented in deta il. The chapter closes with a synthesis
that states the research gap. The literature review is current, relevant, and critically evaluated.

The third chapter presents the central contribution of the dissertation: a reference architecture for
refactoring engines that unifies transformations and refactorings into reusable, composable building blocks.
The architecture is described in terms of roles and contracts, in a language-independent model that defines
applicability preconditions, behavior-preserving preconditions, the decision whether to proceed after a
waming, and composition over intermediate program states. The model fixes the responssibilities of the roles
and the observation points on which the testing method of Chapter6 relies. The presentation is precise and
well illustrated with diagrams and an execution flow.

The fourth chapter describes the implementation of the reference architecture in the Pharo refactoring
engine. It focuses on the concrete classes and protocols that realize the architecturalroles: a shared execution
API, refactoring decorators, reified preconditions, interaction drivers, and the program -modelinterface. The
migration is incremental, so legacy and migrated classes coexist. The description is technically precise,
supported by code listings, and sufficient for understanding the evaluation that follows.

The fifth chapterevaluatesthe architecture through two research questions. RQ1: "How can a refactoring
engine be architected to unify behavior-agnostic transformations and behavior-preserving refactorings into
reusable, composable building blocks?" RQ2: "How can user interaction be isolated from core refactoring
logic while preserving both interactive guidance and headless batch execution?" Within the scope of the
migration, nine refactoring wrappers use the decorator pattern and delegate to six distinct transformation
classes, 35 interaction drivers have been created for several families of refactorings, and 35 usages of the
program model API were replaced with explicit transformation reuse. Add Method is reused by 28 clients,
up from 5, and Remove Method by 14, up from 3. The duplicated-line ratio decreased from 6.02% to 1.52%.
The case studies show that the resulting operations compose into a simplified Extract Method refactoringand
into domain-specific variants that replace or extend composed sequences. For RQ2, the migrated families
contain no direct sends to the legacy signaling entry methods in their core operations, and the migrated
operations use the same core implementation for interactive and unattended execution.

The sixth chapter presents Refazz, a method for the metamorphic testing of refactoring engines. Project
tests serve as partial executable behavioral specifications, and test selection is guided by MuTalk. Four
execution modes are distinguished: valid input (MR1), input exploration with invalid and boundary
configurations (MR2), forced execution afteran applicability rejection (MR3), and forced execution aftera
behavior-preserving waming (MR4). MR3 and MR4 examine the precondition boundaries, not behavior
preservation. The chapterdescribes the strategies for generating refactoring parameters, the implementation
of the method, and the analysis pipeline, which reduces attempt records to anomaly groups, inspected
representatives, and confirmed unique defects. The positioning against prior testing approaches clearly
explains the novelty of the method. The method is presented systematically and is connected to the model of
Chapter 3.

The seventh chapterempirically evaluates Refazz on the Pharo refactoringengine, addressing two research
questions. RQ3: "To what extent can existing test suites from real-world projects act as partial executable
behavioral specifications that expose behavior changes caused by refactorings?" RQ4: "How do parameter
exploration and forced execution past an applicability rejection or a behavior-preserving warning reveal
missing or overly conservative refactoring preconditions that valid-input testing does not expose?" The
projects were chosen by purposeful sampling, from various domains and of different sizes. Across seven
studied refactorings and five projects, 255,699 attempts confirmed 19 unique refactoring engine defects: 12
transformation defects and 7 precondition defects (3 missing, 2 overly conservative,and 2 misplaced checks).
Project-test failures exposed seven of the 19 confirmed defects (37%), thatis, behaviorchanges that syntactic
and structural checks do not reveal, which supports hypothesis H3 within the observed scope. Valid-input
testing surfaced 13 defects. Three missing checks, one overly conservative check, and one misplaced




behavior-preserving check were uniquely attributed to MR2, and one overly conservative check to MR3.
Together, these account for 6 of the 19 confirmed defects (32%), all of them precondition defects, which
supports hypothesis H4 within the studied modes and projects. MR4 added no confirmed defect: its
anomalous runs repeated evidence from other modes, and passing runs could not rule out the behavior risk
reported by a waming. Every counted defect is linked to a public tracker issue, and six fixes have been
integrated into the Pharo development branch. Threatsto validity are stated together with the measures that
limit their impact, and the conclusions apply only to the projects and refactorings studied.

The final chapter summarizes both contributions and gives explicit answers to all four research questions,
together with an assessment of each hypothesis within the observed scope. The portability of the solution to
other dynamic environments is discussed on the basis of the mapping of architectural roles and the
requirements a target engine must fulfill. Future work includes completing the migration of the refactoring
catalogunder the new architecture, compiling the recurring migration decisions into a migration catalogfor
developers working on similar engines, making Refazza permanent quality gate before each Pharo release,
and transfers to other languages. The conclusions are clearly justified and consistent with the presented
results.

The appendices, in particular the catalogofall 19 confirmed defects with links to reports in the public bug
tracker (Appendix C) and the per-project Refazz outcomes (Appendix D), make the results verifiable and
reproducible.

The bibliography (104 references) is relevant to the topic of the dissertation and covers classic and recent
sources in refactoring, software tool architecture, and software testing. The extended summary in Serbian
faithfully reflects the content of the dissertation.
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Engines. In: International Conference on Information Society and Technology (ICIST 2025),2025, pp. 1 -
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Vil CONCLUSIONS AND RESEARCH RESULTS:

The doctoral dissertation addresses reliability and reuse in refactoring engines in dynamically typed object -
oriented languages through two complementary contributions: a reference architecture for refactoring
engines and the Refazz testing method. The research led to the following conclusions and results:

Methodological results

1. A reference architecture for refactoring engines was defined, characterized by a model of roles and
contracts that is independent of any specific language or engine. This architecture builds on the existing
program and change models of the target engine.

2. Refazz, a method for the metamorphic testing of refactoring engines, was defined. It uses real project
tests asa partialbehavioraloracle and combines parameter exploration with forced execution past rejected
applicability checks and behavior-preserving warnings (modes MR1-MR4).

Technical results

1. The legacy Pharo refactoring engine was migrated to the new architecture in a scope covering nine
decorators over six transformation classes, 35 interaction drivers, and the replacement of 35 direct usages of
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the program model API with transformation reuse. The composite Extract Method implementation and two
domain-specific refactorings show that the resulting operations compose and thata composed sequence can
be replaced or extended. The migration results are part of the Pharo development branch.

2. A scoped proofof conceptin rope, an independently developed Python refactoringengine, shows that the
core architecturalroles can berealized in anotherdynamically typed language besides Pharo. Two operations
were realized, with 103 new tests, while all 137 pre-existing tests of those operationsstill pass. The artifact
is publicly available.

Empirical results

1. Within the scope of the migration, the duplicated-line ratio in the analyzed packages decreased from 6.02%
to 1.52% (a relative reduction of 74.7%), the number of clone pairs from 104 to 32, and the pairs between
refactoring and transformation classes from 79 to 19. The reuse of the essential transformations increased
from 5 to 28 (A4dd Method) and from 3 to 14 (Remove Method) distinct clients. These results support
hypothesis H1.

2. The same configured core runs from both interactive and scripted entry points, and direct warning- and
error-signaling sends in the engine decreased from 28 to 15 and from 163 to 98, respectively. These results
support hypothesis H2 within the implementation scope.

3. Applying Refazzto fivereal projects and seven refactorings produced 255,699 attempts and confirmed 19
unique defects (12 transformation and 7 precondition defects). Project-test failures exposed seven defects
that syntactic and structural checks do not reveal. These results support hypothesis H3 within the observed
scope.

4. Parameter exploration and forced execution exposed six precondition defects (32% of the catalog) that
valid-input testing did not find, which supports hypothesis H4 within the studied modes and projects. Fixes
for six of the reported defects have been integrated into the Pharo development branch.

Taken together, the supported hypotheses H1 -H4 substantiate both contributions of the dissertation stated
above.

VIII. EVALUATION OF THE METHOD OF PRESENTATION AND INTERPRETATION OF
RESEARCH RESULTS:
Explicitly state a positive or negative evaluation of the method of presentation and interpretation of the
research results.

The doctoral dissertation has been prepared systematically, applying a rigorous scientific approach. The
research problem, hypotheses, objectives, and methodsare clearly formulated in the introductory chapter,
and the subsequent chapters progress logically from the definition of the basic conceptsand the state of the
art,through the definition of the reference architecture and its model, to the implementation, the evaluation,
and the testing method. Each research question is explicitly connected to its research activity, principal
evidence, and evaluation scope. The architecture and the implementation are illustrated with clear diagrams
and code listings, and the research results are presented numerically and in tables and are objectively
interpreted. Every threat to validity is stated together with the measuresthat limit its impact,and the claims
are made only within the observed scope. The confirmed defects are linked to reports in the public bug
tracker,and the appendices and publicly available software solutions enable verification and reproducibility
of the results. The conclusions represent a concise and coherent synthesis of the results and are directly
supported by the presented evidence, confirming that the hypotheses were critically examined and that the
objectives of the dissertation were achieved. The candidate's work fully corresponds to the defined topic
and title, in scopeaswell asin methodology,and the results provide a solid basis for further research in this
area. The dissertation was checked using the iThenticate plagiarism detection software.

Based on the above, the Committee positively evaluatesthe method of presentation and interpretation of the
research results.

IX FINAL EVALUATION OF DOCTORAL DISSERTATION:
Explicitly state whetherthe dissertation was or wasnot written in accordance with the stated rationale, and
whether it does or does not contain all the important elements. Give clear, precise and concise answers to
questions 3 and 4. Provide numerical data on the results of the originality check of the work and give a
textual explanation.

1. Was the dissertation written in accordance with the previously submitted and approved
explanation given in the topic proposal?




The doctoral dissertation was written in accordance with the explanation given in the dissertation topic
proposal. The title of the dissertation reflects the correction made by the Committee forthe Evaluation of the
Suitability of the Candidate, Topic, and Mentors, which was adopted when the thesis topic was accepted
(20.11.2025).

2. Does the dissertation contain all the important elements?
The dissertation contains all the important elements.

3. Why does this dissertation provide original contributions to science?
The doctoral dissertation of Balsa Sarenac represents an original scientific contribution to software
engineering, in particular to the architecture and testing of refactoring engines in dynamically typed object -
oriented languages. Its contributions are:
» A reference architecture unifying transformations and refactorings as language-independent roles and
contracts built on a target engine's existing program and change models.
* Interaction drivers thatisolate parametercollection, warning resolution, and preview from the refactoring
core, so the same logic runs under interactive use and headless execution.
* Refazz,a metamorphic testing method forrefactoring engines thatuses project tests asa partial behavioral
oracle and combines parameter exploration with forced execution past rejected applicability checks and
behavior-preserving warnings.
» Empirical results: the migration of the legacy Pharo engine with a measurable reduction in duplication and
increase in reuse, a catalogof 19 confirmed defects from 255,699 attempts, with six fixes integrated into the
Pharo development branch, and a scoped proof of concept in the Python rope engine showing that the
architectural roles are not Smalltalk-specific.
Beyond their scientific contribution, these results have direct practicalvalue for the Pharo ecosystem and for
authors of similar engines, as they are available as open-source solutions.

4. What are the shortcomings of the dissertation and what is their impact on the research results?
The Committee did not identify any shortcomings of the dissertation that would affect the research results.

5. Explanation of the results of the originality check of the work (numerical and narrative):

The originality check was performed using the iThenticate software in the library of the Faculty of Technical
Sciences, on the main text of the dissertation (26,769 words). The similarity index is 3%, with 41 matches
across 16 sources, and no source exceeds 1%. The largest matches come from repositories where the
candidate's papers published within this research are available, and the remaining ones concern standard
terminology of the field and titles of cited works. The Committee therefore concludes that the submitted
doctoral dissertation is an original work of the candidate Balsa Sarenac.




X PROPOSAL:

Based on the indicated information, the committee proposes:

a) to accept the doctoral dissertation and approve the candidate's defense;
b) to return the doctoraldissertation to the candidate forrevision (to be supplemented or amended);
c) to reject the doctoral dissertation.
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