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OG:gacT Ha BHCHIE 0GPa3OBAHHC 3. TexHA9ECKH HAYKH!
npodecHOHaTHO HANPaBICHe 5.3 . KoMyHHKallHOHHA ® KOMITIOTHPHA TEXHHKA ™

HayuHa CHeLHaInoCT LABTOMATH3AIMAA Ha HHKCHCPHHSA TPY/1 M CHCTCMH 34
aBTOMATHU3NPAHO TIPOCKTMpaHe™.

ABTOp HA AMCEPTAUHOHHWS TPYIL: mar. baepuMm Jondny

Tema Ha AHCEPTAUHOHHHS TPYI: Meromm n oHiaiH naardopMa 3a H3CIeABane
Ha AMHAMHKaTa (i OIICHKA Ha
su3HecnocodHOCTTA Ha bupma 3a
aBTOMATH3NPAHO TPOCKTHPAHC BHR ppeMe Ha
TexXHOMOIHYeH npexoa”

PenenH3ent: noit. A-p AHKa | [seTanoBa

1. AKTYaJiHOCT HA paspaboTBans npobaem

JlpcepTallHOHHAAT TPYA © [IOCBeTeH Ha KOJIHYECTBCHOTO y3cieaBaHe HA
cAMBARUATA H TTpUAOOHBAHMATA (M&A) B HHAYCTpHATA 38 ABTOMATH3HPAHO MPOSKTHPAHE
B EICKTpOHHKATa (EDA). TIpOrHO3MPAHETO Ha TAXFATA JAHHAMAKA M OUCHABAHETO Ha
&H3HECIIOCOOHOCTTa HA KOMMAaHHHTE B cexropa. PaipaboTsaHara npodiemMaTHEa CC
oTIHuaBa ¢ BUCOKA AKTYaTHOCT B HAYYHO M HAYYHONPHIOKHO otnomenue. EDA
WHCTPYMCHTHTE HMaT KIIOHOBO spaveHHe 3a NPOCKTHPaHeTo H seprdukamaTa Ha
MHTEIPAHH CXCMH, 4 BICOKATA cTernicH Ha Ma3apHa KOHUCHTPALHA, YCKOPEHOTO PasBHTHC
Ha W3KYCTBEHHS HHTCACKT H HAPACTBAIIATA COKHOCT Ha MOYIPOBOAHHKOBHTC CHCTCMH
[3BeZIAT HA TIPEiCH IUIaH BHIPOCHTE. CBBp3ANH € YCTOHYHBOCTTA Ha KOMMAHHHUTE.
TeXHOAOrHYHATA KOHKYPCHUMS 1 HPOLECHTE AA NOCASABAINA KOHCOIHIALHNS.

AKTyaniHocTTa Ha wiciensaneTo ¢ yOeauTenano obocHOBaHA HA HAKOIKO
B3AMMHOCBBP3aHH pasHHILA. B OTpACIIOB ACIEKT TH CC H3pa3ABa B AHANW3a 11a TPOTICCHTE
ua komcommaamus Ha EDA asapa 34 [IEPHOA OT NeT ACCETHICTHA. B MeroaudecKo
OTHOMIeHHE NPOM3ITHHA OT cpUeTARAHETO Ha Meroau 33 KTECTEPH3AINA, KOMIIO3HTHH
noKasaTenH, AHATA3 HA BpEeMCBH pefoBe, MOJCIH Ha NPSKHUBASMOCT H MPEKOB aHanu3.
[IpuaoKHATA 3HATHMOCT CC IpOABSBA B MHICIPHPAHETO pa pa3paboTEHHMTC METOAR M
aHAMHTHYHK CPEICTBa B omaitH rargopmara EDA-DYV. Lleara Ha AuCepTALHOHANA
TpyA € AcHO (QopMyTHpaHa A4 chorsercTBa Ha m30paHara TeMa. a NOCTaBeHUTE
W3C1EOBATEICKH 3aa4n Ca JOrHHeCKH oGREp3aHA M TOCISI0BATENHO HACO4YEHM KBbM
weiigoTo mnocrurase - 0T HIrpakdaHeTo M panuaMpanero Ha Oasara JA4HHH 10
pa3palboTBaneTo, anpoGupaHeTo 1 codyryepHaTa peain3aius Ha pe/UIoAKERHTE METOH.



3. Crened Ha nO3HABAHE CHCTORHHETO pa npobiema # TBOPHECKA
WHTEPIPETAINS HA THTEPATYPHHS MaTepHail.

Tlureparypuuat  0030p obxBAIA OCHOBHMTC TEOpETHUEH H METOANYECKH
HANPABICHIA, CRBP3AHM C pasBHTHETO M CTPYKTYpata Ha EDA HpyCTpHATA, TEOPHATA Ha
BLINATE Ha CIABAHHS W NPUIOOHBAHMA, METOJIMTE 33 KIIBCTEPH3ALMA ¢ POTHO3MPAHE,
apann3a Ha MpeKHBAEMOCTIA, rpaoBHTE MOLCTH W aBTOMATHIAPAHOTO M3BINYAHC HA
uHbOpMAaLHa. [Ipoyuecun ca 120 ANTEpaTYPHH HITOURHKA, CPEL KOMTO OCHOBOI07IAIAIIN
paydin paspabOTEH ¥ AKTYATHI yGAHKALHN 110 H3CCABANATA npofremaruka. ABTOpPET
e ce OrpaHHYana J10 OMWCATCIHO [Ipe/ACTaRsiHe HA CHUICCTBYBAUIHTE M3CTCABAHNA. &
aHATH3Npa M CBIOCTaBS BEIMOKHOCTHTE H OFpaHHUCHHATA HA DBSCAN, K-Means.
ficpapxuHata KTbCTCPH3AMHSA, CHATYISPHUR CIICKTPATCH AHANN3, MO na Kokc #
[OKA3ATEAMTE 33 MPEKOB AHATN3, BE3 OCHOBA Ha KOETO WISHTH(QHIPA HEIOCTaThIHO
J3CIIeABAHH ACHCKTH HA pasrICHIani npobiaeM.

TBOpYECKHAT MOAXOA HA apTopa C¢ W3passasa paii-gciHo B 00CAMHABAHETO HA
PasTMIHH  HAYHHH pAMpaBicHUA B EAMHHA aHAAWTHYHA PpaMKa, chobpasena CBC
creundukara Ha EDA wunayerpusta, JIHTCpaTypHUTE WATOYHHMIIH Ca H3NOA3BaHH
{e/leHacoucHO 33 000CHOBaBaHC Ha HEODXOAMMOCTTA OT MPEIIOREHHTC METOIHYECKH
pelcHHA B 33 ONPCICIAHC Ha MACTOTO HA H3CIC/BAHETO B CHIIECTBYBAMIOTO HAYTHO
nospanpe. JIHTepaTypHHAT 0G30p AMa aHAIHTHYCH XapaKkTep W OCHIypABa peodxoaMMara
TeopeTHYHa OCHOBA 32 (Gopmy/HpaneTo H paspaboTBaHCTO Ha JAHCEPTalHOHHATA TE3a.

3. ChoTBeTCTBHE HAa H3OpaHaTa MEeTONHKA HA W3cjegBane € pocTaBeHaTa mned
W 32129 HA ANCEPTAUHORHHI TPYA.

M3bpanara M3CIE10BATEICKE METOIIIKA CHOTBETCTBA HA KOMILTCKCHHA XapaKrep Ha
[TOCTABCHATA 1€ M HA TPOHITHYALIATE oT Hes 3anayu. VsciensaHeTo € Opranu3upano B
TpH MOCTSAOBATENHH €Tana, BIUIIOMBAIIH M3IPAXIaHe M panpaupane na Ga3a naHlH,
paspa0oTBAHC W HPAIATAHE Ha aHATHTHYHH METOU, KaKTo o CTATHCTHYCTKA [TPOBCPKA H
MEXYOTPAcI0Ba anpoOamMa Ha NOMYHCHHTE peayiITaTit. EsMnmpH4HaTa 0CHOBa ofxpama
661 nOTBHLPACHH CACIKH 110 CAMBAHHA ¥ TPHAOOHBAHHA B EDA upjycTpnsTa 3a iepuoid
1975-2025 T., CHCTeMaTH3HpUHH 853 Ocmosa Ha undopmanmi OT peryaaTopHi
JOKYMEHTH, KOPIOpaTHBHH ny GHKalHK, OTPacIoBH WITOUHHILIN i HAYYHA THTEpaTypa.

Ja pemIaBaHETO Ha OTACTHUIC [3CITEA0BATENCKH 3a/adl € MPHIOKEH KOMITIEKC OF
g3AWMHEO J0TThIBALIH CE KOTHYCCTBENH METOIN. MpeANOKCHAAT AITOPHTRM 33 00paTHO
XHOPHIHO KITBCTEPH3HPAHE (Reverse Hybrid Clustering) cbhaeTasa DBSCAN u K-Means
¢ rocneABalia PEHHTETPAINA HA g3oampannTe HaOIOICHMA. 3a olicHABAHE HA
TEXHOJOTMEHOTO Bb3ACHCTBHEC HA cneikure € paspaloren KOMIO3WTHHAT [OKa3aTel
TechlmpactScore, KOHTO oGenpnsBa NATEHTHH. (UHAHCOBH, ppeMeBH W CTPATErHucCKH
XapaKTepHCTHKH. JluHaMBKaTa Ha CAMBAHMATA M nprioGuBanuATa ¢ y3cie/saHa upe3
CHMIYASPeH CHEKTPANCH AHMIH. a mu3pecnocoOHOCTTa HA KOMIIGHHHTC — TIOCPEACTBOM
\ojena Ha MPONOPIHOHATHATE puckose na Koxe. MpexoBpata CTPYKTYpa H cTeneHTa Ha



Najapha KOHICHTPALMA Ca OHCHEHH gpe3 MOKA3ATENH 33 UCHTPALHOCT B HMHAEKCa Ha
Xepdumian—Xupumar.

JIOCTOBEPHOCTTA | YCTOHYABOCTTA HA OMYHEHUTE PE3Y/ITaTH Ca NPOBCPCHH ypes3
JHCTICPCHOHEH aHATH3, TecTa Ha Kruskal-Wallis, nepMmyTamHoHH# TECTOBE, bootstrap
npoueaypn # abJalnHORHH mscaeapanms. Hamaue € SICHO CHOTBETCTBHC MERIY
HOCTABCHATE 3a1a9H, W3OPaHHA METOAMHUCCRH MHCTPYMEHTApHyM H TIOCTHIHATHTC
pesy:rar. Ocobeno OOKHTE/IHA ONEHKA 3acaykasa WHTETPHPAHETO HA PasIHtdHi
aHATHTHYHH TOAXOMH B CIMHHA H3CIACA0BATE/ICKA [TOC/C/IOBATEAHOCT, KOETO M03BOABA
npobaemsT @ Obie pasriciat B teXHOIOIHUCH, BPEMCBH, CIPYKTYpeH MPOrHOCTHYEH
acriext. [lo TO3M HaudH NPUIOKEHATA \{eTOAMKa OCHIYpSBa HEoOXOIMMATa OCHOBA 3a
OCTHFAHE HA LETa HA JNCEPTAIMOHIHS TPYA 1 33 OGOCHOBABAHE HA HETOBHTC HAYWHH M
HAYTHONPAICKHH PHHOCH.

4, XapakTepHCTHRa Ha eCTECTBOTO M OlleHKa Ha AOCTOBEpPHOCTTa HA
maTepHana, BbPXY KOHTO ce rpaast NPHHOCHTE HA ANCePTAUHOHNNR TPYL

[TpumocATE Ce OCHOBaBAT HaA spaguTeen 110 0OXBaT aBTOpCKH Habop 0T JAHHH,
HPOCTICANBAIIL ny5ANYHO ONOBECTCHH EDA tpansakums. IlocoscHa € 09.8% mpAHOTA HA
peicBaHTHHTE ToJeTa, [PHAOKEHH Ca MPOLEAYPH 32 AeAYITHKAINAS, NPOBEPKA Hpe3
JISTOMHMIM W CTATHCTHYECKA BauliIALi. JloxiaaBaHnTe pesyaraTH — cpenen silhouette
098. ARl 094 upn bootstrap. ANOVA F=175.6 (p<0,001), xopeiranus Ha
TechlmpactScore Che cToifHOCTTa HAa CACIHKHTE =0.71 (p<0.001) u C-index 0,78 -
rokaseat Ao0pa BhTPEIHA CHIIIACYBAHOCT.

JlocrosepHOCTTa Ha Marepuama Ce HOAKpens W 0T KOPSKTHO IPEACTABCHATE B
AUCEpTALMATA OIPAHHYCHIA 1A HANO3BANMTE JAHAH, ABTOPBT HOCOUBA, ye Gazara
obxpama MyONHTHO OfIOBECTCHH ClieKH, We npH 4dact OT JRTICBAIMHTE CTOHHOCTH €
NPIUIOKEHA CTATHCTHYCCK PMTIYTAHS W 9¢ MaTeHTHHTE W3TOYHMIIM HE MOFAT /13 OTpasst
WADATO BCHYKH (opM#  Ha TEXHONOIHHHO 3HAIHE. Tosa cBHAETEICTBA 334 nodpo
paz0upane 1 rPaHHimMTe Ha eMIHpHYHHS MaTepHan | 3a OTTOBOPHO HHTEPIPETHPAHE Ha
pe3yaTarTuTe. [Ipe/icTaBeHATE MPOBEPKH, CpaBHUTCIHH aHATH3N I KOHHECTBEHH OLCHKH
aBar JIOCTAThYHO OCHOBAHHC [I0AYUEHATE pe3yITaTi aa HbAAT IPUETH KATO JIOCTOBCPHH
B PAMKHTE Ha ONPECTICHHA oBeKT # 00XBAT HA W3CICABAHCTO.

5. Hay4ns, HAYIHO-IIPHIOKHN | NPHIOAHH NPHHOCH

[lpeactaBennie B JMCEpTANHOHHNEA  TPYA NpMHOCH €3 Pe3yIraT orT
(OC/IEIOBATEAHOTO H3ITRAHCHHE HA [[OCTABEHHUTE M3CIEIOBATEACKH 3aMadH ¥ Morar Aa
Guaar pasrpaHMycHd  Kato HayTHH, HAYSHO-TPHIOWIH u upuioknn, Te ca ACHO
dopmy/IHpaHH, OBOCHOBAHH HYpe3 MOIYUEHHTE peayaTari # MOAKPENCHH € TIOAXOIAIIH
CTATHCTHHECKH TIPOBEPKH,

Karo HaydHH TPHHOCH MpHCMAM: (1) pazpaboTBaneto H EKCIIEPHMCHTAIHOTO
paTHAMpaHe Ha TpHCTANHWA axropuThM Reverse Hybrid Clustering, KOifTO ChYCTaBa
DBSCAN 1 K-Means ¢ [oCAe/IBAII0 PeHHTSIpHpaHe Ha pyMOBHTE HabmoACHUA H



[JOCTHIA 110-BHCOKa TOUHOCT CIIPAMO CpaBHABAHWTE AITOPUTMHL (2) M3BSKIAAHETO HA NCT
eMnHpuIHO 000CHOBAHH ApXETHNA A TIOBEICHHE TIPH CAMBaHNA W NPUIOOHBAHAA B EDA
uHAycTpHsTa, GOpPMHpAIH HOBA gracupAKAIMA Ha CTPATETHUSCKHUTE MOZICAH B CEKTOpa:
(3) paspaboTBaHeTO HA KOMITO3HTHHS [TOKa3aTed TechimpactScore 33 KOIHYECTBEHO
OlEHABAHE HA TEXHOMOIHHHOTO apajleficTBHe Ha CASTKMTE BB3 OCHOBA HA naTeHTHA,
dupaHCcOBA, BPEMEBA W CTPATEIHYeCKH XapaKTepUCTHKH, (4) apmanTHpaneTo Ha
CHETY/ISPHHS CICKTpAJIEH aHATHI 33 MICHTA(QUIApARE A OPOrHO3NPAHE Ha BLAHWIC HA
cauBaHus | TIpUI0OHBAHKS: (3) pa3paloTBaHETO HA WHOTOMEpeH MO 32 OLCHABAHT HA
wH3HecnocobHOCTTA Ha FDA KOMIGHHHTC H YCTAHOBABAHETO HA KPUTHYEH TIEPHOJL HA
PHCK OT npuaodHBaHT MEAILY TPeTHIa B ceAMaTta roAMHa OT TAXHOTO passuTie; (6)
pasKpHBaHeTo Ha MpekoBaTa CTpYKTypa Ha npHAoGHBaHHATE M KOMHYECTBCHOTO
YCTAHOBABANE HA TEHACHINATA KbM HAPACTBAIIIa KOHIEHTPAIIS HA EDA na3sapa.

HaywHO-TIpHAOKEH Xapakrtep  HMaT pazpaboreHaTa [1OIyaBTOMATH3HPAHA
MHOFOAreNTHa CHCTEMA 32 OTRPHBAHE H CTPYKTYPHPaHC Ha pnpopmalms 3a CUBaHIA H
npuAoOKBaHuA, OCHOBaHA HI gzauMo/eiicTRHe MCKIY cricuMadu3Hpadn areHTH H
ekcrieprHa HpOBCPKA,  KaKTO U KOMTOZWTHHAT [OKa3arci Innovation  Factor,
npeHa3Haten 32 cpaBHMTCIHA OUCHKA HA crpareruyTe 3a nprAoGHBaHe B PasIHdHA
TeXHOJIOIMIHH CEKTOPH. [TpraO/KEHHETO HA paspaGoTeHHTE METOIH npy aHanE3a Ha
NVIDIA # Qualcomm pasumpasa oGxpara HAa W3CACABAHETO M NOTBLPKIABA
BBE3IMOKHOCTHTE 32 THAXHOTO JaTIoA3BaHe M3BbH HETOCPEICTREHMIA xonrexer Ha EDA
HHAYCTPHATA.

CpmecTBe NPATOKCH NPHHOC (pe/CTan1aBa ognaitn nuardopmara EDA-DYV.
KOSITO WMHTEIPUpa Ch3ajicHaTa Gasa JAHAM, RHATHTHYHHIE MCTOLN H cpeacTBara 3a
BUIyATM3AlMA B CAWHHZ TpucioiiHa  apXMTCKTYpd. ITnardopmara OCHIYPABA
SE3MOKHOCTH 3@ KIBCTEPCH AHATHI, MPOTHO3HPAHE HA M&A BLIHH, OICHABAHE HA
SEH3HECIIOCOOHOCTTa Ha KOMIAHHHTE, MpEXOB aHAIAS 1 [O/IySBTOMATH3HPAHO OTKPUBAHE
44 HOBH CETKM. 3HAUMMOCTTA H3 NPHHOCHTE €& H3pasABa B CHYCTABAHETO HA B3AUMHO
JOITBABAINH C& KOMWUECTBCHH \eToN B CAWHHA H TPAKTHUYCCKH NpRICKHMA Cpeda 3a
jaciesiBaHe Ha JAMHaMHKaTd, TeXHOAOIMUHOTO BB3ACHCTRAC H JKH3HECTIOCOOHOCTTA HA
gommasuute B EDA HEZyCTPHATA.

6. OueHKa 33 CTENEHTA HA JTHIHOTO yuacTHe HA THCEPTAHTA B npunocHTE

[TpeacTaseHoTo p3nokenne, ACTAHIHOTO onfcanie Ha ANrOpHTMHTE M
MPOTPaMHHTE KOMINOHEHTH,  TOJYJYEHHTE eKCIIepHMEHTaTHH pesyarary M
nyGARKaIHORHATA JeifHOCT 1aBaT OCHOBANHE J1a €€ npAEME, He IUCEPTARTET M4 BOACLIO
AMYHEO y4acTWe BHB BCHURH OCHOBHH CTANH Ha M3CISABAHCTO — or CHOMPEHETO H
CTpYKTYpHPAHCTO HA jqanmmTe A0 pa3paboTBanHcTo HA MEeTOIUTE. [POBEHIAHETO HA
eKCHCpHMCHTHTE H peanu3aunsTa Ha naaropmara. Eama 0T nyoanKanuHTe €
caMoCToSTeNHa, @ B WeCT 01 chEMECTHATE TTyOIHKAIIHH JMCEePTaHTHT € THPBH ABTOP.
[MpeacTapenute pe3yaTaTh HOCAT SCHO pa3’no3HABACM aBTOPCKH Xapakrep H noKassar



criocobHocT 33 CAMOCTONTETHO dopmyTHpase M PCIIABAHC Ha  CHOKHH
HAYYHOMICIEI0BATCACKH 1 HIACHCPHH 3azaui.

7. Mpenenka Ha nyGaHKAUANTE 10 AHCEPTALMOHHHSA TPYA

[fo aucepTalMOHHAA TpyA <& OpeiCTABCHH  OCCM nyOauKauan - €AHa
CaMOCTOSTeHA M CeleM B CHABTOPCTBO. Karo B IECT 0T ChBMECTHHTC pa3paboTKH
AMCEPTAHTHT € IIbPBH ABTOP. TlyOAMKAIMATE BRIIOUBAT cTaTus B HAYYHO CIHCAHHE H
OKIAAH 0T MSAK/IYHapOIHH HayTHH xondepenmn. [lga OT TPYIOBETE c4 MHJICKCHPaHH B
Scopus. eHHHAAT OT KOHTO H B Web of Science. a eana myOIHKalmR € sxmouena 8 [EEE
Xplore. Jlpyrn ABa JOKIaza ca NMpHETH 33 nevar B cOopuuk Ha Springer. TemaTHuHo
nyOmKalmiTe  OOXBAIlAT OCHOBHMTC pe3yiATaTH O7 JIMCEPTAITHOHHOTO  W3CAS/IBANE,
cBLp3aHM € nardopmara EDA-DYV. asamm3a Ha CAMBAHHATA d OpHAoOUBaHMATR,
gpcrepusaimaTa, SSA [IPOIHO3HPAHETO, MHOPOQITOPATMIMHATA  MHTCIPAIHA H
NOYABTOMATHIHPAHOTO OTKPHBAHC ua caenky, [TydaukanHoHHaTa AeWHOCT 1pE/ICTaBs B
JocCtaThuHA CTENCH OCHOBHHIC HOCTIDKEHHS HA Tpylda W Ch3/asa MpeJinocTaBKH. 328
[XHATA NO-UIHPOKA HAYTHA BIIHMOCT.

8. M3noalBaHe Ha pesyaraTHTe O aMcepTAHOHHWA Tpyd B HAY9IHATA H
CONMRAIHATA MPARKTHRA

Henocpeacrsenara [IPUIOKHUMOCT € peanu3npana 9pes mmartdopmata EDA-DYV
Ha NOCOUEHHA a/Ipec edadynamics.com. Ts npeoCTaRA HA H3CICIOBATEIN | aHATH3aTOPH
qoctsl Ao M&A  Qasa  JanHH. KTbCTepen aHamms, [POTHO3UPANC, apau3 Ha
NPEANBACMOCTTA, MPEKOBH BH3yanH3aue H [10;1yaBTOMaTHIUPAHO OTKPHBAHE Ha
crenky. TloNyueHHTE pe3yTTaTi MOTaT 3 OBjar H3NON3BAHR MPH NPOBCKIAHETO HA
HAYYHH H3CTCIBAHNA, paspaloTBaHETO Ha TeXHOMOTHYHH CTPATEIHH, H3BBPIIBAHETO Ha
KOMIUICKCHA OLEHKA Ha CACIKA 1 ITPH QEA;TH3a HA TIA3APHATA KOALCHTPAIHA.

PaspaboTeHaTa prardopma NPEACTABIARA KOHKpeTHa (opma Ha (paKkTHIeCKa
peaqH3aliug  Ha AMCEPTAIMOHHATE Pe3YITATH W CH3AaBa BB3MOKHOCT T Ad OBAaT
W30N3BaHH, POBEpABaHH M HAArpak/iaHy oT JpyrH ECTEAOBATENN M CHEIHATHCTH.
HefinusT MOAY]IEH Xapakrep H myGHMHATA AOCTBIHOCT ¢ca mpeATOCTaBKa 34 ObaeHo
pHe/psBane B J3cAeNOBATENICKH  opranu3almn  H TEXHOJNOTHYHA  NpeaTpHaTHA.
[IpaKTHYECKATa OpPHCHTALNA Ha Tpy/ia € OTHeTIHBO W3pascHa M JA0mBIBa yOeIHTEIHO
HeroBHTE HAYYHH pesyiITarTi.

9. Quenka Ha agropedepara

AstopedepatrsT ¢ paspaboTed B obeM oT 32 crpaHHlm W npeACcTaBs
focaesoparenno  uerta M sqpaulTe Ha H3C]AC/IBAHCIO, pIIIOKEHATa  MCTO/LHKA,
CTpYKTYparTa Ha AHCEpTALHONENA TPYL OCHOBHHWTE PE3yATaTH, MPHHOCHTE, KaKro W
[TyOTHKALMATE 10 TeMaTa. ChIBPKAHBETO MY OTpasfiBd [T5AHO ¥ KOPEKTHO OCHOBHHTC
[TOIO/KEHHs HA JMCePTALHOHHIA Tpyil. KOHIO € B oBem or 131 cTpani i BKIIOYBA ner
rnasp. 21 duryps. 12 raGaum W GubaHOTPadus 0T 120 AWTEPATYpHH W3TOUHHKA.

N



AgtopedeparpT & JOrHIHO CTPYKTYpHpaH H PCROCTABA ACHA H WANOCTHA NPEICcTand 3a
CHABPKAHHETO, HICTC/IOBATEICKHA [IOAXO0/1 # TIOCTHIHATHTE PE3YITaTH.

10. Muesus, TPenophsKE A DeICKKH

B3 OCHOBA Ha HANPABEHWA aHAIM3 M € orneal Ha BBIMOKHOCTHTIC 34 Obaeuo

pa3BHTHE HA WICIEABAHETO \orar Aa ce GopMyIHpar CICIHATA npenopbKa U CACAHHUAT
BBIIPOC:
1. MeToARYECKOTO NPeCTaBdHE Ha KOMITO3HTHATA MeTpHKa . /IHOBAIHONCH dakTop” o1
MO0 Jia ce AOIBAHM € MO-ACHO OMMCAHEE HA HAUMHA 32 OMPEACHAHE HA Ternara,
HOPMATH3MPARETO HA KOMTIOHEHTHTE ¥ W3UNCAABAHCTO HA KpaifHuTe OUSHKH. Tosa on
MOBHIINI0 MPOCIEANMOCTTA H RBL3NPOA3BOIHMOCTTA Ha OYYeHATE pe3y ITaTi.

2. Cuyra M ABTOPHT, Y€ KOMIO3HTHATA merpuka . JMHOBAIMOHCH daxrop” OH MO A4
Gpae AOpaIBUTA TAKA, HE HAPEA € OlENKATA Ha CTPAaTerHHTe 33 CANBAHHA 1 npHA0GHBAHHA
14 TI03BOIABA A NO-IULIOCTHA OLCHKA HA AHOBAIMOHNAKS KaNaTeT R goMmaHunte?

11. 3axa0vueHRe

JlwcepTalHOHHAAT TPy MPE/CTARIABA 3ABBPUICHO H CAMOCTOSTEIRO HAYYHO
pscreiBaHe ¢ SCHO QopMyTHpan: ued H sanauy, KOMIUTCKCHA i 00OCHOBaHa METONHK,
spaMHTeAHA eMIHpAYHA 0asa W CHUICCTBEHH RayJHH, HAy9HO-TIPHIOKHR H npPHIOKHA
pesyararn. Harpasenuie GeekKi WMAT KOHCTPYKTHBEH Xapakiep M Oo4YepraBar
gEiModkHOCTH 3a ObJemio pasBHIHE HA yBCIIeBAHETO, €3 Aa NPOMEHST IAIOCTHATA

CumraM, 4¢ AHCCPTAUMOHEHMAT TPYA oTTrOBaps Ha W3MCKBAHAATA HA 3axona 3a
pa3sBHTHETO Ha akaJeMHYHUA ChCTas B PenyGauka brarapus. [IpasiIHHKa 33 HETOBOTO
npunarane # TIpasuiHika 3a yCIOBAATA W peja 3a ppuoOnBanHe HA HAYUHH CTENCHH B
Texpuyeckus YHHUBCPCHICT - Cotus. [laBaM [OJOKATENNA O[lcHKa W Tpejiaram Ha
yBAKAEMOTO HAYHHO KypH Jga TpACHIH  Ha mar. baepum Soadny
oOpazosate/iHaTa M HaydHa crencH .JIOKTOp™ B 007acT Ha gucmie obpaszoBanue 5.
Texnuueckd  HaYRH, npohecHoHATHO HanpaBieHie 53 .Komynmkanuosta H
KOMIIOTHPHA TEXHHKA™, Hay1Ha CrHeNHaTHocT L ABTOMATH3AUNA 1d HIDKEHEpHHA TPYA 1
CHCTEMH 38 aBTOMATHIHPAHO IPOEKTHPAHE™.

Jlara: 08.09.2026 1. PELIEH3EHT:
Codus ot A-p Anka llperanasa
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1. Relevance of the Research Problem

The dissertation is devoted to the quantitative study of mergers and acquisitions (M&A) in
the electronic design automation (EDA) indusiry, forecasting their dynamics, and assessing
the viability of companies in the sector. The subject matter is highly relevant from both
scientific and applied-scientific perspectives. EDA tools are essential to the design and
verification of integrated circuits. while the high degree of market concentration, the rapid
development of artificial intelligence, and the increasing complexity of semiconductor
systems bring 0 the fore issues relating to company sustainability, technological
competition, and further consolidation processes.

The relevance of the research is convincingly substantiated at several interconnected levels.
From an industry perspective, it lies in the analysis of consolidation processes in the EDA
market over a period of five decades. From a methodological perspective, it derives from
the combination of clustering methods, composite indicators. time-series analysis, survival
models. and network analysis. Its practical significance is demonstrated by the integration
of the developed methods and analytical tools into the EDA-DYV online platform. The
aim of the dissertation is clearly formulated and corresponds to the selected topic, while
the rescarch tasks are logically interrelated and consistently directed towards its

achievement—from database construction and validation 10 the development. testing. and
software implementation of the proposed methods.

2. Degree of Knowledge of the Current State of the Problem and Creative
Interpretation of the Literature

The literature review COVers the principal theoretical and methodological areas related to
the development and structure of the EDA industry. M&A wave theory. clustering and
forecasting methods. survival analysis, graph models, and automated information
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extraction. A total of 120 sources have been examined, including seminal scientific works
and recent publications on the subject. The author does not confine the review to 2
descriptive presentation of existing research, but analyses and compares the capabilities
and limitations of DBSCAN, K-Means. hierarchical clustering, singular spectrum analysis,
the Cox model, and network-analysis metrics, thereby identifving insufficiently explored
aspects of the problem under consideration.

The author's creative approach is most clearly expressed in the integration of different
scientific ficlds into a unified analvtical framework tailored to the specific characteristics
of the EDA industry. The literature is used purposefully to substantiate the need for the
proposed methodological solutions and to position the research within the existing body of
scientific knowledge. The literature review is analytical in nature and provides the
theoretical foundation required for the formulation and development of the dissertation
thesis.

3. Correspondence of the Selected Research Methodology to the Aim and Tasks of
the Dissertation

The selected rescarch methodology corresponds 10 the complex nature of the stated aim
and the tasks arising from it. The research is organised into three consecutive stages
comprising database construction and validation, the development and application of
analytical methods, and the statistical verification and cross-industry testing of the results
obtained. The empirical basis encompasses 661 confirmed mergers and acquisitions in the
EDA industry during the period 19752025, systematised on the basis of information from
regulatory documents, corporate publications, industry sources, and scientific literature.

A set of mutually complementary quantitative methods is applied to address the individual
research tasks. The proposed Reverse Hybrid Clustering algorithm combines DBSCAN
and K-Means, followed by the reintegration of isolated observations. The composite
TechlmpactScore indicator is developed to assess the technological impact of transactions
by combining patent-related, financial, temporal, and strategic characteristics. M&A
dynamics are examined through singular spectrum analysis, while company viability is
modelled using the Cox proportional hazards model. Network structure and the degree of
markel concentration are assessed through centrality metrics and the Herfindahl—
Hirschman Index.

The reliability and robustness of the results are verified through analysis of variance, the
Kruskal-Wallis test, permutation tests. bootstrap procedures, and ablation studies. There
is a clear correspondence between the stated tasks, the selected methodological toolkit, and
the results achieved. Particularly commendable is the integration of different analytical
approaches into a unified research sequence, enabling the problem to be examined from
technological. temporal. structural. and predictive perspectives. The methodology thus
provides the necessary basis for achieving the aim of the dissertation and substantiating its

scientific and applied-scientific contributions,
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4. Nature and Reliability of the Material Underpinning the Contributions of the
Dissertation

The contributions are based on a substantial original dataset tracking publicly disclosed
EDA transactions. A completeness raie of 99.8% for the relevant fields is reported, and
procedures for deduplication, source verification, and statistical validation are applied. The
reported results—an average silhouette score of 0.98, an ARI of 0,94 under bootstrap
validation, ANOVA F =175.6 (p < 0.001), a correlation between TechimpactScore and
transaction value of r=0.71 (p< 0,001), and a C-index of 0.78—demonstrate good internal
consistency.

The reliability of the material is further supported by the appropriately presented
limitations of the data used. The author notes that the database covers publicly disclosed
transactions, that statistical imputation has been applied to some missing values, and that
patent sources cannol fully capture all forms of technological knowledge. This
demonstrates a sound understanding of the boundaries of the empirical material and a
responsible interpretation of the results, The checks, comparative analyses, and
quantitative assessments presented provide sufficient grounds for accepting the results as
reliable within the defined object and scope of the research.

5. Scientific, Applied-Scientific, and Applied Contributions

The contributions presented in the dissertation result from the consistent fulfilment of the
stated research tasks and may be classified as scientific, applied-scientific., and applied.
They are clearly formulated, substantiated by the results obtained, and supported by
appropriate statistical verification.

I accept the following as scientific contributions: (1) the development and experimental
validation of the three-stage Reverse Hybrid Clustering algorithm, which combines
DBSCAN and K-Means with the subsequent reintegration of noise observations and
achieves higher accuracy than the algorithms used for comparison; (2) the derivation of
five empirically grounded archetypes of M&A behaviour in the EDA industry, forming a
new classification of strategic pattems in the sector; (3) the development of the composite
TechlmpactScore indicator for the quantitative assessment of the technological impact of
transactions on the basis of patent-related. financial, temporal, and strategic characteristics:
(4) the adaptation of singular spectrum analysis for identifying and forecasting M&A
waves: (5) the development of a multidimensional model for assessing the viability of EDA
companies and the identification of a critical acquisition-risk period berween the third and
seventh vears of their development: and (6) the clucidation of the acquisition network
structure and the quantitative identification of the trend towards increasing concentration
in the EDA market.

The semi-automated multi-agent system for discovering and structuring information on
mergers and acquisitions, based on interaction between specialised agents and expert
verification, and the composite Innovation Factor metric. designed for the comparative
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assessment of acquisition strategies across different technology sectors, constitute applied-
scientific contributions. Applying the developed methods to the analysis of NVIDIA and
Qualcomm broadens the scope of the research and confirms their potential for use beyond
the immediate context of the EDA industry.

A significant applied contribution is the EDA-DYV online platform, which integrates the
created database, analytical methods, and visualisation tools within a unified three-tier
architecture. The platform supports cluster analysis, M&A wave {orecasting. company
viability assessment, network analysis, and the semi-automated discovery of new
transactions. The significance of the contributions lies in combining mutually
complementary quantitative methods within a unified and practically applicable
environment for studying the dynamics, technological impact, and viability of companies
in the EDA industry.

6. Assessment of the Doctoral Candidate's Personal Contribution

The presentation. the detailed description of the algorithms and software components, the
experimental results obtained, and the publication record provide grounds for concluding
that the doctoral candidate has played a leading personal role in all principal stages of the
research—from data collection and structuring to method development, experimental
work. and platform implementation. One publication is single-authored, and the doctoral
candidate is the first author of six of the jointly authored publications. The results bear a
clearly recognisable authorial character and demonstrate the ability to independently
formulate and solve complex scientific and engineering problems.

7. Assessment of the Publications Related to the Dissertation

Eight publications related to the dissertation are presented-one single-authored and seven
co-authored, with the doctoral candidate listed as first author in six of the joint publications.
The publications comptise & journal article and papers presented at international scientific
conferences. Two works are indexed in Scopus. one of which is also indexed in Web of
Science, and one publication is included in IEEE Xplore. Two further papers have been
accepted for publication in Springer proceedings. The publications: cover the principal
results of the dissertation rescarch concerning the EDA-DYV platform, M&A analysis,
clustering, SSA forecasting, multi-algorithm integration. and semi-automated transaction
discovery, The publication record adequately presents the main achievements of the
dissertation and creates favourable conditions for their wider scientific visibility.

8. Use of the Dissertation Results in Scientific and Social Practice

The immediate applicability of the results is realised through the EDA-DYV platform
available at edadynamics.com. It provides researchers and analysts with access 10 an M&A
database. cluster analysis. forecasting. survival analysis, network visualisations, and semi-
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automated transaction discovery. The results obtained may be used in scientific research,
the development of technology strategies, comprehensive {ransaction assessment, and
market-concentration analysis.

The platform constitutes a tangible practical implementation of the dissertation results and
enables their use, verification, and further development by other rescarchers and
professionals. 1ts modular design and public availability provide a basis for future
deployment in research organisations and technology companies. The practical orientation
of the dissertation is clearly expressed and convincingly complements its scientific results.

9. Assessment of the Author's Abstract

The author's abstract comprises 32 pages and consistently presents the aim and tasks of the
research, the methodology applied, the structure of the dissertation, the principal resuits
and contributions, and the publications related to the topic. Its content fully and accurately
reflects the main elements of the dissertation. which comprises 131 pages, five chapters.
21 figures. 12 tables. and a bibliography of 120 sources. The author's abstract is logically
structured and provides a clear and comprehensive overview of the content, research
approach, and results achieved.

10. Opinions, Recommendations, and Comments

On the basis of the analysis conducted and in view of the opportunities for the future
development of the research, the following recommendation and question may be
formulated:

|. The methodological presentation of the composite Innovation Factor metric could
benefit from a more detailed explanation of the procedures for assigning weights,
normalising its components, and calculating the final scores. Such clarification would
further improve the transparency, traceability, and reproducibility of the results.

3. Does the author consider that the composite Innovation Factor metric could be further
developed so that, in addition to assessing merger and acquisition strategies, it would also
permit a more comprehensive assessment of companies’ innovation capacity?

11. Conclusion

The dissertation constitutes a completed and independent scientific study with clearly
formulated aims and tasks, a comprehensive and well-substantiated methodology. 2
substantial empirical basis, and significant scientific, applied-scientific, and applied
results. The commenis made are constructive in nature and outline opportunities for the
future development of the research without altering the overall positive assessment of the

dissertation.



| consider that the dissertation meets the requirements of the Development of Academic
Staff in the Republic of Bulgaria Act, its Implementing Regulations. and the Regulations
on the Terms and Procedure for the Acquisition of Academic Degrees at the Technical
University of Sofia. T give a positive assessment and propose that the esteemed Scientific
Jury award MSc Blerim Zylfiu the educational and scientific degree of Doctor in
Area of Higher Education 5. Technical Sciences, Professional Field 5.3 Communication
and Computer Engineering, doctoral programme Automation of Engineering Work and
Computer-Aided Design Systems.

Date; 8 September 2026 REVIEWER:
Sofia Assoc. Prof. Anka Tsvetanova, PhD



