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PELNEH3USA

BBPXY AMCEPTAlMOHEH TPYJ 3a MpUA00MBaHe Ha 00pa3oBaTelHa U HaydHa
crerneH ,,J{okTop* B 061aCT Ha BHCIIE 06pa3oBaHue ,, T eXHUUECKN HAYKU®,
npodecruoHanHo Hanpasienue 4.6 ,,JIHbopMaTika i KOMIIOTEPHY HAyKH, HAydHA
cnenuansoct “Mudopmaruka’

AsTop Ha qucepranuonnns Tpya. Edjola Naka, MucturyT o unbopManaonHu
1 KoMmyHuKanuonHu texnonorun — BAH (MWKT-BAH)

Tema Ha AucepTanMOHHMS TPYA. ,Optimization Algorithms for Data
Management“ (Anroputmu 3a onTEMHU3aUKS 32 yIpaBiIeHUe Ha JaHHH)

Penensent: npod. AtH urx. Togop Ctomnos, UHCTUTYT 10 HHOOPMALIUOHHH U
KOMYHUKaLlMOHHU TexHonoruu — BAH

1. AkTyaaHocT Ha pa3paGoTBaHHs B AMCEPTANHOHHUSA TPYA MPo0G/ieM B HAYYHO
H HAy4YHO-NPHJIOKHO oTHomeHHe. CTenmeH H HHMBAa HA AKTYaJHOCTTA HAa
npob/eMa H KOHKPETHHTE 3324, pa3paboTeHH B AHCEPTANUATA

CepulecTByBa TEHACHLMA 33 YCIOXKHABaHE Ha BHUJAa M ChIBPKAHHETO Ha
ONTHMH3aLMOHHUTE 33/1a4l, KOUTO (popMallu3upar MpobIeMu OT pa3IndHid 00JacTH
Ha TEXHUYECKH, HKOHOMUYECKH, COLIUATHA, OOIIECTBEH! 00JIaCTH. Y CIIOKHEHHUST BUL
Ha ONTHMHU3ALMOHHNATE 3a]1a4M, [TOBUIIABAHETO Ha pa3MEPHOCTH HA M3XOMHH JaHHHU,
[IpUJIaraHeTo Ha KOJIMYECTBEHHU OLEHKHY 32 HETPUBUAIHY U3MEpUMH 00CKTH Hajara Jia
ce pa3pa60TBaT ChOTBCTHHU QJITOPUTMH 34 pClllaBaHE Ha TaKHBa CJIOXKHU
ONTHMHU3AIMOHHU 3a/add. TakuBa aJIrOpUTMH  IIOJI3BAaT HAMMEHOBAHHA KaTo
E€BPUCTHYHH, METAEBPUCTUYHU U JpyrH (OPMYJIHPOBKH, pa3IMuaBalli Ce€ OT
KJIAaCHYECKH TEPMHUHH 32 ONTHMH3UpaHEe IpH HaIUYHE WIM OTCHhCTBHE Ha
orpannvenus. JlucepralonHara paGoTa nMa 3a Len aa paspaborti u Moxuduuupa
coOCTBeH alropuThM, HapedeH Binary Volleyball Premier League. To3u ajiroputem
B [IOCJIEICTBHE € MIPMJIaraH ¢ JaHHU 32 UACHTU(UIMPAaHE Ha CTAANH Ha 3a00JIIBaHETO
Parkinson.

CunTaM, Ye IOJIE3HOCTTA M aKTYaJIHOCTTa Ha JIUCEPTALMOHHUTE U3CJICIBAHUS €
JIECHO BUAMMA U pasbupaema. OreHsIBaM MOJOXKHUTEITHO TeMaTHYHATa HACOUEHOCT U
aKTyaJHaTa mpodJieMaThKa Ha JUCEPTAllMOHHOTO H3CIICABAHE.



2. CrenmeH Ha mnoO3HABaHE CbLCTOSIHHETO Ha TmpobjemMa M TBOpYECKa
MHTePHpeTaNus HA JHTEPATYPHHUS MaTepHaJ

OneHsiBaM MOJIOKUTETHO CTENIEHTA Ha MI03HaBaHe Ha pobiieMa 3a pa3paboTBaHe,
Moau(uUIpaHe W TNpUIaraHe Ha €BPUCTUYHW/METACBPUCTUYHH AJITOPUTMH 34
pelllaBaHe Ha ONTUMU3ALMOHHHY 3a7jadyl OT Kilaca Ha KJIacCH(HLMpaHe U PaHKUpPaHe Ha
CBOMCTBa Ha O0EKTH U pe3yJsiTaTy. B ri1.1 e mpaBeH aHanu3 U 0630p Ha XapaKTEePUCTHKH
¥ CBOMCTBa Ha €BPHUCTUYHHUTE/METACBPUCTUIHNUTE AJITOPUTMH, KOUTO C€ Mpujarat 3a
LEJIUTE 3a pelllaBaHe Ha ONTUMM3auusTa. PasriexxaHyu ca ¥ € HalmpaBeH 0030p Ha
CHIBPXKAHUETO, ONIEpPALUNTE, IIPUIIOKEHUSATA Ha Npolienypute no Data Management,
Machine Learning, Metaheuristic algorithms.

Temarn4HaTa OpreHTalMs Ha AUCEPTALMOHHOTO U3CieBaHe 3a pa3paboTBaHe U
MomuHUIMpaHe Ha METAEBPUCTHYEH METOJ 3a ONTHMHU3alUs O0OCHOBaBa W
IpEeACTaBEHHS aHATN3 Ha Bb3MOXXHOCTHUTE Ha OTAETHH METOIHU U IIOAXOIH IIPH aHAITN3
Ha JaHHH, MAIIMHHOTO O0YYeHHE U METAeBPUCTUIHUTE anroput™Mu. [IpencraBeHUST
QHAJIM3 OLIEHsABA Bb3MOXKHOCTHUTE Ha Pa3IMYHUTE METOAH, IPUIAraH! B T€3U 00JIacTH
33 ONITUMM3AIMS U Kiacudukanus Ha peiienus. Kato pe3ynrat ot HanpaBeHUs 0630p
IMCEPTAI[MOHHUAT TPYJA IOCTaBsl CBOUTE 3aJaud 3a pa3paboTBaHe Ha CHELUPHYICH
METaeBPUCTHUEH AJITOPUTHM, KOWTO Ce OCHOBABA Ha ChIllecTByBal] Takbe Volleyball
Premier League u npuiiaraneTo My IpH JUarHOCTUIMPaHE Ha 3a00Ney MallueHTH OT
6omnectta Ha [TapkUHCOH.

3. CporBercTBHEe HA M30paHATa MeTOAMKA Ha H3CjeJBaHe ¢ NMOCTABeHATa
eI | 32J]a4 HA AUCePTALHOHHUS TPY]

N36bpanata MeToAWKa  HAa M3CIEABAaHE € JIOTMYHA M IIOCJIEI0BATENHO
m3neIHABaHA. T9 chappxa Momubunupane Ha anropursMa 3a Volleyball Premier
League upe3 W3MeHeHMEe Ha apryMEHTUTe Ha ONTHUMM3ALKATA B JBOMYHA (opma.
AHanu3¥paHy ca HAYMHWTE 32 Ta3W JBOMYHA MOAUGUKALWS, Thi KAaTO U3XOJHUTE
JIAaHHY UMaT 0011 HelpeKbCcHAT XapakTep. Tazu MomuduKanys 1 aBTOpCKa paspaboTka
e HapedyeHa Binary Volleyball Premier League. Bnocnencraue 1 e npunarada Bbpxy
pa3IMYHM MHOXECTBA OT M3XOAHM JAHHH 33 JMarHOCTUIMPaHETO Ha OonecTra Ha
ITapKMHCOH Ha MalMeHTH. Pe3ynTaTTe OT aBTOPCKUTE U3YUCIIEHUS Ca CPaBHIBAHH C
TpUIIaraHe Ha JPYTH CHINECTBYBAllM METOAM 3a KIaCU(UKAIMSA Karo ca MpaBeHH
CpaBHEHHS MO TOYHOCT (CpeJHa CTOMHOCT, CTaHHApTHO OTKJIOHeHue), fitness
(rogHoCT).



Metonukara Ha WM3CIIEBAHETO € CIEICTBHME Ha IIOCTaBEHaTa 3aJadya Ha
JMCEPTAMOHHUS TPYX 32 pa3paboTBaHe Ha alTOPUTHM 3a Paslo3HaBaHE Ha CBOMCTBA
oT 6onecrra Ha [ lapkuHCOH.

4. Kpatka aHAJIMTH4YHA XapaKTepHCTHKA HA €CTECTBOTO M OLEHKAa Ha
JAOCTOBEPHOCTTA HA MaTepHalia, BbPXY KOHTO ce rpajsT NPHHOCUTE HA
AHCEPTALMOHHHS TPYA

JIvcepTalMOHHUAT TPYH € pa3paboTBaH JIOTHYHO CHITIACHO M3UCKBaHUATA HA
aKaJeMHYHa u3ciieqoBareicka pabora. B I'maBa 1 e HanpaBeH 0030p Ha HEKJIACUIECKU
METOAM 3a ONTHMH3AlLlMg, KOWTO ce mpmiarar 3a enute Ha Data Management,
Machine Learning u pa3pabotrBaneTo Ha Metaheuristic algorithms.

['naBa BTOpa mpejcTass pa3paboTBaHeTO Ha MOTUGHUIMPAHUS aIrOpUTeM Binary
Volleyball Premier League 3a uzbop/onpezesnsHe Ha CBOHcTBA. TO3M alropuTeM €
IIpHJIaraH 3a IHarHoCTUIIMpaHe Ha cBOlicTBa Ha 60JiecTTa Ha HapKI/IHCOH. B Ta3u rinaBa
IVCEPTALMOHHOTO H3CJICABAaHE NPaBU U JONBIHUTENHA BepcHs Ha pa3paboTBaHMs
METACBPUCTHYCH JIITOPUTHM 32 ONpPEENAHE Ha CBOKCTBA.

B rnaBa 3 ca IIpeICTaBEeHU YUCIICHH OLICHKY ¥ CPaBHEHU Ha pe3yJITaTé OT u3060pa
Ha cBolicTBa. CpaBHsBaHHU ca COOCBEHUTE YUCIICHH PE3YITaTH OT Pa3pabOTECHUA METO
Binary Volleyball Premier League u wu3bpaHu ChLIECTBYBalllh METOOU 34
xnacuduxarus Logistic Regression, Neural networks u Naive Bayes. Ouenkure 3a
CpaBHEHHE ca MpaBeHH 110 Kpurepuu 3a Sensitivity (dysctBuTenHocT), Specificity
(cnenmmbunupane), Precision (mpermsHoct), Accuracy (TouHoct). Pa3spaGoreHusT
nucepraiuoneH anroputbM Binary Volleyball Premier League e npuiioeH KbM JeceT
MHOJKECTBA 32 JaHHU 3a Oonectta Ha [TapKUHCOH, KOMTO C€ OTHACIT KbM Da3IMYHU
¢uznonuruunm ceoiictea: Parkinson, HandPD spiral, HandPD meander, NewHandPD
spiral, NewHandPD meander, Early biomarkers of PD based on natural connected
speech, Parkinson’s Disease Classification speech-based, Replicated acoustic features
Parkinson, Parkinson dataset with Multiple Types of Sound Recordings, Gait Data Arm
Swing. PeleH3eHTHT HE € 3alO3HAT CBC CHIABPKAHHUETO HA TE3M MHOXKECTBA OT
W3XOMHM [JAHHM MW 3arToBa II0J3Ba HAWMEHOBAaHMSATa WM, JEKIapUpaHd B
JMCEPTAIMOHHOTO U3CIeABaHe. B SIBHO onMCaHue He Ca KOMEHTUPAHH ChAbPIKALIUTE
ce CBOMCTBA B T€3W MHOXKECTBA, KOUTO CBOMCTBA C€ UIEHTUPUINPAT/ONpEnesT Ipe3
pellaBaHe Ha U3XOIHA ONTHMU3ALMOHHA 3a/1a4a.

IIpencTaBeHUTe pe3yJITaTH Ca HAIPaBeHH MO JBOMKM OT MHOXECTBaTa Ha
W3XONHWUTE JIaHHW. [IpriaraHeTo Ha HadaleH BapMaHT HA aBTOPCKHS alTOPUTHM
Binary Volleyball Premier League He BUHAru iaBa BOJEILM PE3yITaTH IIPY HANPABEHH



CpaBHEeHHs. 3aTOBa JUCEPTALMOHHOTO MW3CNIE/IBAaHE € HAMpaBWIO IOPa3sBUTHE U
IpepabOTKH, HapevyeHH XHOpuAeH MeTaeBpucTHdeH anropuTsM BVPL BALO.
IIpencraBeHn ca JaHHUM OT HETOBOTO MpPIJIATaHE 3a Pa3IMYHUTE MHOMKECTBA OT
U3XOIHM JaHHU KaTo Ce€ OLCHsABA IPOABIDKMATENHOCT Ha pabora, Similarity,
Dimensions, Difference in accuracy.

Cuuram, 9e qucepTalMOHHATa paboTa KOPEKTHO IPECTaBs CBOUTE pa3paboTKH
3a pa3paboTBaHE Ha METaeBPUCTUYEH AITOPUTBHM 3a IOAPEXIaHE Ha CBOHCTBA U
HErOBOTO IIpHMJaraHe 3a JMATHOCTHIMpaHe Ha 3abonsBadme Ha Ilapkuncon. B
NUCEPTAllMOHHOTO U3CJEeBaHE € HalpaBeHa U OIIEHKA Ha ChOTBETHATA TOYHOCT HA
pelllapaHe Ha 337a4aTa 3a ONpeJieNisHe Ha CBONCTRA OT NPHJIAraHeTo Ha paspaboTeHus
AITOPUTHM.

S. Hayynn w®/maM HayYHO-NPHJIOKHH M NPHIGHKHH NPHHOCH HA
AUCEPTANHOHHMSA TPYH

Cuntam, Ye NUCEPTALMOHHUAT TPy MMa HaydyeH NPHUHOC. Tolf ce ChCTOM B
pa3paboTBaHe Ha MOAMGHILIMPAH AITOPUTHM 32 pelllaBaHe Ha 3ajja4a 3a ONpe/e/iaHe Ha
cBolictBa. HayuHO-npriioXHUST NPUHOC OIleHsIBaM B MPUJIAraHETO Ha pa3paboreHus
METaCBpUCTUYECH AJITOPATBM KbM pEaJlHA [aHHM Ha CBOWCTBa Ha OojiecTTa Ha
ITapkuHCOH. JIOIBIHUTENHO € IPaBEHO CPaBHEHUE HA CBOMCTBAaTa Ha pa3paboTeHUs
JITOPUTHM Ype3 CpaBHEHHUE C APYrd METAeBPUCTUYHU AITOPUTMU U € OLICHSIBaH IO
KOJIMYECTBEHH XaPAKTEPUCTUKHU 3a BpEME Ha U3YMCIIEHUE U TOYHOCT.

CuuraM, 4e MOJydYEeHUTE pe3yiITaTh Ca OPUTHMHAIHU U NOJE3HU. Te M3IbIHIBAaT
U3KUCKBaHMATA 3a pPa3pabOTBaHE Ha [IUCEPTALlMOHEH TpyA 3a IpuroOuBaHe Ha
oOpazoBaTenHaTa ¥ Hay4Ha CTeIeH ,,JlokTop".

6. Ounenka 3a creneHTa HA JHYHOTO Y4acTue HA JUCCPTAHTA B IPUHOCUHTE

HpellCTaBeHI/ITe HU3CjIeABaHUsl B JUCEPTAIMOHHUA TPyAd W IIPpUAPYXKaBalIUTE
Hay4YHHU Hy6J'II/IKaHI/II/I C aBTOPCKOTO y4daCTHC MH OaBAaT OCHOBAHHUEC Ja CUHUTaM, Y€

AUCEPTAITMOHHUTE PE3YJITATHU Ca HAIIpaBCHH JIMYHO OT JOKTOPAaHTA.

7. llpenenka Ha myOJHKAaLMHTE 0 AHCEPTALHOHHMSA TPyA: Opoi, XapakTep
HA M3JaHUATA, B KOUTO ca oTneyaranu. OTpaskeHHe B HayKaTa — M3MOJ3BaHe H
HUTHPaHE OT APYru aBTOPH, B APYrH JIa00paTOPUH, CTPAHH U NP.



JMCepTalMOHHUAT TpPYJd MPEACTaBi CeleM MyOnuKaluW, CBBpP3aHU C
pa3paboTBaHaTa TeMaTHKa. Te ca MpaBeHU Ha HAYYHU KOH(pEPEHLUH ¥ Hac, B PyMbHuA
1 B Manaiizus. Bendku my6nukaruu ce pedeprpatu B eJeKTpOHHATa OUbIMOTEKa Ha
opranusanuaTa IEEE. Enna my6nukanus e HanpaseHa u B criucanueto Cybernetics
and Information Technologies, koeto uma kBaptun Q2 , umnaxr ¢acrop IF u panr B
SCOPUS. ToBa € MHOTO HOGBP aTecTaT 3a JUCEPTAMOHHOTO U3cieaBane. I1puioxeH
€ U CIIUCHK Ha HAMEPEHU LINTUPAHUS, KOETO € U J0KA3aTEICTBO 32 KBAJTUTETHOCTTA Ha
U3CIIEABAHETO U MOJyuYeHUTE TUCEPTAIIMOHHHU PE3yITATH.

8. Mznon3Bane Ha pe3yJITATHTEe OT AHCEPTALMOHHHUS TPyAd B HAy4YHATA H
COLIHATHATA NPAKTHKA

JlucepTaliMOHHUAT TPy pa3paboTBa MPaKTHYECKU PEIIeHUs 33 pa3lo3HaBaHe Ha
CBOMCTBa 3a JWarHOCTHIMpaHe Ha Gonecrra Ha IlapkuHcoH. ToBa e moje3Ho 3a
npakTukara ©  oOumectBoTo. OLEHsBaM  IMOJIOXKHUTEIHO TMOTEHIMAaNa Ha
IVICEPTAIllMUOHHUS TPy 32 WU3IOJ3BaHE HAa IIONyYEHWUTE PE3YJNTaTH B KOHKPETHM
TIPUIIOKHH 3a]JaUH.

9. Muenus, npenopbKH 1 OeJIeIKKHU

PelieH3eHTHT cuKTa, Y€ B JUCEPTALMOHHOTO H3CJIEABaHE € MOIXOMASIIO Ja Ce
BKJIFOYAT IIPUMEPHH M3YMCICHUS OT OIpEeJeNIeHd CTBIKHA Ha pa3padoTBaHUS
aJITOPUTHM 3a OIpEleNITHe Ha CBOMCTBa. ToBa /aBa sICHOTa KaKBO C€ H3IO0JI3Ba KaTo
U3XOJTHHU AHHH, KaKBO Ce M3YMCIISABA M IIOMara Jia ce BB3MPOU3BEXKIAT PE3YITATUTE
Ha JUCEpTAIllMOHHOTO n3cienBaHe. [IpencraBsHeTo camo Ha HOPMAHA 3aBUCHMOCTH
He TOKa3Ba BBTpEIIHATa JIOTHKA Ha KOJIUYECTBEHHUTE OLIeHKU. M3XomHuTe NaHHHU,
KOHUTO C€ H3I0J3BaT 3a JUCEPTAlMOHHOTO H3CIeBaHe HE Ca MIIOCTPUPAHH.
OTCBHCTBUETO HA BH/Ia HA U3XOJHNUTE JaHHU HE IMO3BOJISIBA Jia CE€ OLICHU U 3HAYMMOCT,
CIIOKHOCT, HEOOXOJMMOCT OT Pa3pabOTBAaHETO Ha HOBHU aJITOPUTMH.

Te3n mpenopbKd MOXE da C€ OTYETaT OT IMCEPTAaHTAa B HETOBH OBIEHIM
My OJTMKAIMOHHHH M35BH.

Ilomoxurenen arecrar 3a AUCepTallMOHHAaTa pa60Ta € TOoJIEMUAT 6p0ﬁ
JIUTEePATYPHHU U3TOYHUIH, KOUTO Ca M3IOJI3BaHH, 3a a C€ NNIPEACTAaBU CHCTOSAHUCTO Ha
npobiieMaTHKaTa 1o pa3paboTBaHe U U3MON3BaHE HA METACBPUCTUYHYU AJITOPUTMHU 32
peliaBaHe Ha  ONTHMH3AUMOHHM  3amaud. OueHsBaM  IOJOXHTEIHO M
yOJIMKaIMOHHATA JeWHOCT, KOSTO € MOCTUrHajla ¥ LIUTUPYEMOCT OT CIIELHUATINCTH B
obracTTa y Hac U B UyXOuHa.






