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L« 7 Ha QUCEPTaLNOHEH TPYA
3a npwobusane Ha obpaszosaTenHa u HayyHa creneH ,Jlokrop*
no npodhecnoHanHo Hanpasnerdue 5.3 KoMyHUKauMOHHa W KOMMTIOTHLPHA
TEXHMKA,
Hay4yHa cneunanHocT ,ABTOMaTU3aUMNA Ha UHXEHePHUA Tpya v
CHCTEeMM 32 aBTOMaTH3aLuUsA Ha NpoeKTupaHeTo”
ABTOp Ha AUCEPTaLVOHHUA TPYA:
Bnepum  3wonduy
Tema Ha aucepraLuoHHns TpyA: ,MeToan 1 oHnaik nnargopma 3a
W3cneasaHe Ha AMHAMMKaTa v OLeHKa Ha XW3HECTOCODHOCTTa Ha (hupma 3a
aBTOMATU3UPAHO NPOEKTUPaHe BbB BPEME Ha TEXHOMOMM4YeH Npexoa’
nou. a-p vkx. Tuxomup ____ bpyces,
TexHuyeckn Yuusepcuret - Coduna

1. AKTYanHOCT Ha pa3paboTBaHuA B AWCEPTAUMOHHWA TPYA npobnem B
Hay4HO ¥ HayYHOMPUIIOKHO OTHOWeHKe. CTeneH M HUBa Ha aKTyanHocTTa
Ha npoBnemMa ¥ KOHKPeTHUTE 3aaayn, pa3paboTeHu B AuCepTaumaTa.

B OHELWHO Bpeme KoMnaHuuTe, KOUTo paboTaT B 0bnactTa Ha UHAYCTpUATa
3a aBTOMaTuaupaHe Ha enekTpoHHoto npoektupase EDA (Electronic Design
Automation), Tpabsa aa ouenesT B 6bP30 passuBalla ce ¥ AWHamu4iHa nasapHa
cpepa. EDA uHOycTpusTa © MHOrO BaxHa 4acT OT CBeToBHaTa Bepura 3a
[AOCTABKA Ha NONYNPOBOAHULIM. TR U3NON3Ba MHCTPYMEHTHU 3@ NPOeKTUpaHe Ha
ENeKTPOHHN CXemu, NPOBEpKa cnep NPOeKTUPaHETo UM 1 38 NPOUIBOACTBOTO Ha
nonynposogHuun. EDA uHaycTpusTa € OCHOBEH ENIEMEHT B MHPOPMaLIMOHHWATE
W KoMyHukauvosHn Texvonorum (MKT), kouto umat MynTUaucLMnianHapeH
xapakTep, Cbuyerasall acnekT Ha  CO(TYepHOTO  MHXEHEpCTBO,
ENeKTPOTEXHWUKATA U KOMMIOTBPHUTE HAYKU.

CnusauuaTa U npuaobusanusTa (Mergers and Acquisitions - M&A) 8 EDA
WHAYCTPUATA Ca Ce MpesbpHanu BbB BaXHa 4acT OT CBETOBHATa UKOHOMWKA W
BuaHec crpaterus. lNpeaxoaHUTe W3cneaBaHna 3a cnusanusa U npugobuBaHua
ua komnaHum B EDA ca ce ocHOBaBanuW Ha Ka4yecTBeHW OUEHKW, pb4Ha
knacudukaumMa M onpocTeHa onucatenHa craTucTuka. Wma HeobxoaumocT OT
W3CNeaBaHus B 0DnNacTTa Ha MAlLMHHOTO ODydyeHue Ha AewHocTuTe Mo
cnusanus W npugobusanma 8 EDA, kouto Mmorar Aa ce wuanonssar 3a
WarpaxaaHe Ha npeAckassali Mogeny 3a nporHosvpaHe Ha cwbuTuaTa no
crMBaHvs U nNpuaobueaHust Ha KOMNaHWU W 33 OueHKa Ha »u3aHecnocobHocTTa
Ha chupmute B EDA uHaycTpuaTa.



OcHOBHATa Uen Ha Tasu auceprauuvs € aa ce pa3paboTAT HOBU TeXHWUKK 33
MalUMHHO 0DyueHue v OHNanH uacnegosarencka nnatdopma 3a n3yyasaHe Ha
avHamukata U oueHka Ha swuanecnocobHoctta Ha EDA xomnanuute BbB
BpeMeHa Ha TEXHOMOTU4HW CMYLLUEHWA. Tosa e OT peluasaulo 3HaueHue cera,
korato uma abnboka TpaHcdopmauvs B Tasn obnacT nopaau HapacTBalloTo
W3NOn3BaHe Ha TEXHWKW 3a AbnboKo obyueHne Ha W3KyCTBEeH WHTENnexkT (nn),
oBnayHnuTe W3YUCNEHUA W HENPeKbCHAToTo HamanssaHe Ha pasmepuTe B
nonynpoBOAHUKOBaTa UHAYCTPUA.

3a fa NOCTUTHE Ta3un Len, JOKTOPaHTET € cdhopmynupan 3afayu, CBbp3aHi
c' aHanuMa Ha CLBPEMEHHUTE TexXHONorun B obnacTra asTomaruaupaHe Ha
EneKTPOHHOTO NpoeKTUpaHe EDA, W3KyCTBEHUS WHTenekT W« MalUMHHOTO
obyueHve npu aHanu3 Ha cnuBanuaTa ¥ npuaocbusaHuaTa Ha KonHaHuy B EDA
cektopa, BuaHec moaenuTe U oueHKkaTa Ha WUIHECNOCOOHOCTTa Ha KOMNaHUWTE,
KaKTO W Ha BBLMHOBTa TEOpUsATa CrAUBaHUATaE U npuaobusaHuATa Ha KonHaHum B
EDA.

WarpageHa € W BanuaupaHa UAnocTHa fa3za QaHHWM 33 CnUBaHus W
npuaobusaHua Ha KoMHaHWM B EDA cexTopa, obxsaljaiia NenHna NCTOPUHECKH
XOPW3OHT Ha MHAYCTPUSTA, obxsallalia; uenesa Komnaxus 3a npoaobusaxe,
npuaobuBalla KOMNaHus, roguHa Ha OCHOBaBaHe Ha KOMnaHwAaTa, gara Ha
npuacbueaHe, MXW3HeH UWKeN Ha KOMNaHWsTa W CTOMHOCT Ha caenkata.
MpoekTMpad € anropuTe™m 3a obpatHo xubpuaHO KnbCcTepupaHe 3a
uoeHTUUUMPaHE Ha MOAEenw Ha cnusanus w npuaobusaxuA. BueeaeHa e
KOMNO3uTHaTa MeTpuka _TechlmpactScore” 3a KONU4ecTseHo onpepensHe Ha
TEXHOMOMMUYHOTO Bb3AeicTBNE BbPXY CAENKUTE OT CAVBaHUS W NpUAoBUBaHWA.
PaspaGoteHa € pamka 3a nporHo3aupaHe Ha BbHUTE OT CcnusaHus W
npunobusanus 8 EDA cextopa, 6asupaHa Ha Singular Spectrum Analysis (SSA).

WarpageHa e CTpykTypa nporHosupaty wuaHecnocobHoOCTTa Ha EDA
xomnanuuTe. NpoeKkTupaH & MOAyn 33 Mpexosu aHanua, KoWTo kaprorpadvpa
exocucTemara 3a npuaobusaHe Ha EDA u3nonasaikii TeXHUKU Ha TeopuATa Ha
rpacute. BHedpeH e nonyasTomMarusvupas Moayn 3a OTKpUBaHE Ha CNNBaHUA ¥
npuaobusarus. Ton faaupaH Ha MHOroareHTHa apxuTeKTypa usnonssaiua Large
Language Model (LLM - TexHuku 3a ronemu e3vkosi moJeny), KORTO CbAbpXa C
panuouuus C Tun HOBEK B uuikena’. MpoekTupaHa e WHTErpupaHa OHnanH
wacneposarencka nnardopma 3a oueHKa Ha wuaHecnocobHocTTa Ha EDA
KOMMaHWuTE BB BPeMeTO.

Bcyuko TOBa ONpedens akTyanHocTTa Ha uacnensaHua npobnem, kakTo oT
Hay4HONpUOXHa, Taka u oT NPUNOXHE rNEAHU TOUKA.

2. CrveneH Ha no3HaBaHe cLCTOSHMETO Ha npobnema W TBOpYeckKa
WHTEPNPETALMUA Ha NUTepaTypHNuA marepuan.
B Tasu AMcepTaums ca uanonasanu 120 nuTepaTypHu U3TOUHUKE. MoseueTo

oT TAx ca oT nocrneguuTe 10 roauHN. B nutepaTypHua 0030p W asanusa Ha
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uacnenosaTenckara MeToAonors U MeToauTe, nnaHupaHk 3a W3CNeABaHeTo,
KOWTO Ca NPeACTaBeHu CLOTBETHO B rnasa 1 v rnasa 2, ca uuTupanu noseue ot
100 nyGnukauumn.

ToBa MW O3Ba OCHOBaHWE ga CMATaM, Ye AOKTOopaHTLT bnepum 3iondouy
No3HaBa CbBPEMEHHOTO ChCTORHUE HA PELIaBaHNTe OT Hero npobnemu, koeto €
OCHOBA 33 YCNELHO petlasaHe Ha NoCcTaBeHuTe 3anaiu.

3. ChoTBeTCTBME Ha u3bpaHaTa MeTOAUKa Ha u3cnenBaHe C nocraseHara
uen ¥ 3agavM Ha aucepTauuMoHHUA TPyA.

[okTopaHTsT Briepum 3ionduy e copmynupana uen 1 3anayu, kouTto ca
afeKksaTHW ¥ CLOTBETCTBAT HAa W3NUCKBaAHWATA 33 AWCEepTauvoHeH Tpya 33
npunobusaxe Ha obpasosarenHaTa v Hay4uHa cTeneH JJokTop"”.

W3bpaxaTa MEeTOACNONMs BKMIOYBA aHanu3 Ha ChilecTByBallW peliehns u
NPOEKTUpPaHE Ha anropuTeMm 33 obpatHo xubpuaHo KnbCTepuparne 3a
uwoeHTuuLMpaHe Ha Mogenw Ha CnusBaHua W npuaodusaHns, KOWTo MbPBO
npunara DBSCAN (Density-Based Spatial Clustering of Applications with Noise),
a cnen ToBa K-Means u pewHTerpupa wyma B pauHupaHuTe KITbCTEPW.
ChCTaBHUAT  nokazaten  TechimpactScore  onpepens  KOMWYECTBEHO
TexXHONOINVMYHOTO Bb3ASNCTBME Ha cAenkaTa 3a CnusaHuns ! npuaobusanus, KaTo
KOMBWHMpA NATEHTHUS PEWTUHr, CTOMHOCTTa Ha cpenkara, Bb3paciTa Ha
KOMNaHUATA U YecToTara Ha npuaobusannsTa OT NpuaodusauuTe KOMNaHK, 1
ce WINOM3Ba 32 OLEHKa Ha TeXHOonoruyHata TEXeCT Ha caenkara. WarpageH e
mHoromepeH mogen Ha Kokc 3a wuaHecnocobHocT Ha komnaswute B B EDA
uKaycTpuaTa. MarpaaeHa e nonyasToMaTusnpaHa cuctema 3a paswupnBaHe Ha
Ga3aTa AaHHW 3@ CIVMBAHWA W NPUAOOUBAHUSA, KOATO KomMBuHupa U3BnuyaHe Ha
uHhopmauus, Basuparo Ha LLM, ¢ sanuavpane Tun  HOBEK B UuKbna“,

4. KpaTka aHanuTM4yHa Xapakrepuciuka Ha ecTecTBOTO M OLeHKa Ha
AOCTOBEPHOCTTa Ha Marepuana, BbpXy KOWTO ce rpagsT NPUHOCUTE Ha
AUCEepPTALMOHHUA TPYA.

MpeacraBexara AucepTauma ceé CbCcToM OT 134 TexkcT, MHoro aobpe
CTPYKTYpUpaHu B neT rnasw, abcTapkT, Cnucely C churypu ¥ Tabnuum, ysoa,
NPUHOCH, U3NO3BaHa NUTEpPaTypa v NPUNOXEHNA.

B rnasa | e HanpaeeH nutepaTypeH 0b3op. lNpeacTaseqn ca CbBpEMEHHUTE
texHonorun B EDA WHOYCTPUATA, W3KYCTBEHUA WHTENeKkT W MaLUUHHOTO
oByyeHue Npu aHanua Ha crvsaHusa U npuaobuBaHUA Ha KOMNAHWW, BuaHec
MOAenuTe W oueHkata Ha WUIHECNOCOBHOCTTa Ha KOMNaHwuTe, Kakto W
BLAHOBATa TEOPUATa OT cnuBaHuATa. MaeHTuduumuparn ca peavua nunceatuv
ageHa, kouTo Mmodat Aa GbaaT 000GLEeHW KakTo cneasa. B nuTepartypara
NUNcBa aHanua3 Ha MoAenuTe Ha CNUBaHUA W npupobuBaHus Ha KOMNaHuw B
EDA cektoea, Hasaupan Ha U3KYCTBEH WHTENeKT, He € paspaboreHa xubpuaHa

TexHuKa 3a KTbcTepupaHe Ha paHHu oT crnvBaHua w npm,qoﬁuaaﬂm; HE
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ChlUecTBYBa BanuaupaH ChCTaBeH nokasaTen 3a KoNWYecTBeHO OnpeaenaHe Ha
TEXHOMOTUYHOTO Bb3ASHCTBUE BbPXY CAENKUTE 33 CrIMBaHWA U NpuaoduBaHus,
HE CbliecTsyBa MOAen 3a NpOr{o3upaHe Ha BbHWTE HA CHAWBaHWUS U
npuaobusasus 3a cektopa; Hema kanubpupana cucTema 3a NporHosupaxe Ha
MU3HecnocobHOCTTa 33 KOMNawuuTe, He CbiuiecTeyBa aBTOMaTu3vpad
WHCTPYMEHT 3a Cbbupaxe Ha AaHHu 3a CnusaHusa u npugobusaHus, KOWTo Aa
fbaoe wanonasaH OT 3a uacnegosaTenuTe B obnactra, HAMa WHTErphpaxa
OHNaiH wacnegosaTencka nnaTtopma, KOSTO Aa KoMOuHuMpa [aHHu 33
CnuBaHUs W npuaobuBaHuA, aHanu3 Ha KTbCTepupaHe, Mmoaenn  3a
NPOrHO3upaHe, BU3yanusaums Ha Mpexata U oueHka Ha WU3HecnocobHocTTa Ha
KOMNaHuMUTE, MeToauTe, paspaboTeHu 3a MHAYCTPUATa Ha ENEeKTPOHHOTO
npoexTupaHe, He ca BanuaupaHu B CbCegHu oTpacnu.

OCHOBHUTE MaTeMaTW4ecku KOHUenuuu K Metoau, Heodxogumu 3a
pa3pabOTBAHETO Ha OHNalH WHCTPYMEHT 3a usy4aBaHe Ha AuHamukaTa w
ouEeHKa Ha Xu3HecnocobHocTTa Ha EDA komnaHuuTe, Ca onucaii 8 asa ll. B
Ta3u rnasa ca NpPeACTaseHW pasnuyHWUTE BUAOBE aNTOPUTHMU KITbCTEPUPAHS,
METOAWTE 33 MPOTHO3UPaHEe, METOAUTE 33 aHanu3 Ha OUEnfABaHEeTO W MepkuTe
3a UEHTpanusupaHe Ha Mpexosuns aHanus.

OCHOBHUTE NOCTMKEHUS Ha AUCEpTaUMAT TPyA Ca NpeacTaseHn B fnasa lll.
MpeanoxeHu Ca METOAW 3a OTKpUBaHE Ha KTbCTepu W Moaeny 3a aHanu3 Ha
cnusaxusTa u npuaobusanusTa Ha komnaxwue 8 EDA uHgycTpuaTa. OnucaH e
pa3paboTeHuAaT  anroputeM  3a obpatHo XxubpuaHO  KITBLCTEpUpaHe.
TechimpactScore € 8BbBegeH KaTo CbCTaseH noKasaren, KoOWTo MOXe
KONMUYECTBEHO [0a OLEHM TEXHOMOTUYHOTO BL3AEWCTBUE HA CnuBaHuATa W
npuaobuBanuaTa BBPXY uUpMUTE B EDA wuHgyctpusta. C nomowra Ha
anropuTbma 33 0BpaTHO xuBpUAHO KNbCTEpUpaHe Ca pasKputh ner pasnuyHun
MOOena Ha KbCTEpU 33 CTparerv4yecko noBeAeHUE npw npuaobueanusa. SSA
aHanuaa e MOAUMULMPAH U M3NON3BaH 3a OTKPUBaHE W NPOrHO3WPaHe Ha BbIHA
Ha cnusaHus v npuaobusanua B EDA cextopa. Bepcua Ha moaena Ha Ha Kokc
Ce u3non3Ba B pamkaTa 33 aHanu3 Ha OUEensBaHeTo Npu NporHo3vpaHe Ha
suaHecnocobHocTTa Ha EDA komnanuute. EnemeHTuTe Ha moayna 3a MPEXO0B
aHanua OT TEOpWUSTA Ha rpaduTe C€ U3NON3BaT 3a aHanuavpane Ha
CTPYKTYPHUTE XapaKkTepucTuku Ha exocucremara 3a npugobusane Ha EDA.
MpenctaseHo € NPOEKTUPAHETO W BHEAPABAHETO Ha cucrema 3a
aBTOMATM3UPaHO W3BAMYaHe Ha WHMOPMauus ¥ BanuAupaHe Tun JHoBeK B
UMKbNa®, 3a ga ce NoAAbPXaT CTaHAapTuTe 3a KauecTso Ha AaHHUTe,
HeoDXoAWMM 38 aKafeMUdHUTE U3CneaBaHns.

MpoekTupaHeto W BHEApABaHETC  Ha oHnawH  nnartcdopmarta
ABTOMaTM3aLMA Ha  ENeKTPOHHOTO  NpoekTupaHe - AuHaMuka M
wuanecnocobHocT (EDA-DYV - Electronic Design Automation - Dynamics and
Viability) ca npeacrasexu 8 [nasa IV. Onucaxy ca nnatdopmara U HenHusT
ye6-6azupaH uHTEepdenc, KuaeTo ca uHTerpupaxi BCUHKM TEXHUKYM 3@ aHanu3. B
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Ta3u rMaga Ce pasrnexaar TPUCMOHaTa CUCTeMHa apXuTexTypa, AU3aiHBLT Ha
Basara AaHHV W B3aUMOBPBL3KNTE Mexay obekTute, peacraseHara nnarcopma
moxe ga npeobpasyBa aHanUTUYHUTE PE3ynTatu B UHTEPaKTUBHK, BU3YyalHu
NPeACTaBAHUA, W3NON3Baliku CNOJA 33 BU3yanusauus Ha W3CNeAsaHuATa.
MpeactaseH € AM3alHLT Ha ROTPEOUTENCKUA uHTepdenc Ha nnardopmara
EDA-DYV.

B nasa V ca npeacTaseHn eKCnepuMEeHTanHnuTe pesynTaTi u sankuaauvsTa
Ha BCUYKM MOKa3aTenu 3a Ka4yecTBOTO Ha KNbCTepu3auusita U CpaBHeHWsTa Ha
npeacTasesuTe anroputmu. BbeeseH € HAbOp OT aHANUTUYHW METOoAW 3a
cnuBaHus ¥ npuaobusanns Ha komnadu ot EDA wHAyCcTpUsTa, BKITIOWWTENHO
KITbCTEPM3aUNA, W3TPaXKOaHe Ha CbCTaBHW MOKasaTenu, nporHosupade BbB
BpemMesa 0DnacT, aHanua Ha OUENABaHETO, MPEXOB aHanms v
fnonyasToMaTuavpaHo cubupaHe Ha AaHHu.

5. HayuHu, HayYHONPUIOXHM U NPUNOKHA NPUHOCH Ha ANCEepPTaUMOHHUA
TPYA.

B gokTopckara guceprauuvs asTopbT € nocouun 9 npuHoca. Lllect oT TAX ca
HayuYHU, B3 Ca HAyYHO-NPUMOXHK W €4UH € NPUNOXEeH. MNpuemam npuHocuTe,
cdopmynMpaHn OT AokTopaHTa bnepum 3ioncuy, kouto morat ga OGwaat
o06o0LWEeHN NO CNEAHUA HAYNH!

» PaspaboreH e ¥ oOnucadH anropuTbeMbT 33 obpatHo xubpuaHo
kmbcTepupare. [peanoXeHusT anropuTem MbPBO npunara DBSCAN, a
cnea ToBa K-Means 1 peuHTerpupa LWwyma B NpeuvsnpannTe KimeCTepi.

» [MeT apxeTuna Ha KNbCTepyu OT CNUBaHus w npuaobusaHus ca u3sneyeHn
OT NPUNOXEHUETO Ha anropuTbma 3a obpartHo xuOpUAHO KITbCTEPUPaHe.

> BuBeaeH e cberaeeH nokasaren TechlmpactScore, KOWTO KONW4YECTBEHO
onpepAens TexXHOMOrMYHOTO BL3AENCTBUE BbPXY CAenkara 3a cnuBaHe u
npunaobueaxe, KaTo KomBuHnpa NaTeHTer PEeWTUHI, CTOWHOCT Ha cAenkara,
BbL3PACT Ha KOMNaHWATa U YecToTa Ha npupobusaHuaTa.

5> SSA e ajanTupaH KbM BPEMEeBWTE CepuW Ha CAenkute 3a CruBaHus "
npuaobusaxus

» WarpageH e MHOroMepeH mopesn Ha Kokc 3a xuaHecnocobHocTTa Ha

komnaHuuTe B8 EDA uHAyCcTpUsTa, KOWTO MHTErpupa NPUHaANEXHOCTTa

KbM KNbCTEpW, CbCTasBHWUA nokasarten TechimpactScore, UeHTpanHocTTa

H@ MpEeXaTa, Bb3pacTTa Ha KOMNaHUATa U TEXHONOrU4HUA CEeKTOp.

M3BLpLUEH € MPEXOB aHanua Ha ekocucTemara 3a npupobueaHe Ha

komnanuan B EDA cekropa.

» WarpapeHa e nonyastoMaruavpara cucrema 3a paswmpsBaHe Ha 6aszarta

[AAHHU 33 CIUBaHUA ¥ NPUACOMBAHUA KOMNAHWH, KOATO KomMBuHupa

u3Bnu4aHeTo Ha uHdopmauus, 6asuparo Ha LLM moaenw, © ganuaupaHe

TWN ,4OBEK B UUKBNA"

PaapaboTeH e cbCcTaseH nokasarten 3a chakTopa Ha uHosauuuTe,

npeaHasHayeH 3a MeXayoTPacnoso CpaBHeHUe Ha cTparerniTe 3a

crnusaHns ¥ npuacdusarus.
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» MpoexTupaHa u BHeApeHa e OHNaiH uacneaosaTenckara nnardopma
EDA-DYV, KOATO MHTErpupa BCHYKW 3HANUTUYHN METOAU, paspaboTeHu B
Tasn guceprauua..

CMsiTam, Ye NoNyYeHUTe Pe3ynTaTk ca OpUrMHanHW U U3LANO0 CLOTBETCTBAT
HA WANCKBaHWATA 3a OWCepTauvoHeH Tpya 3a npuaobusaHe  Ha
oBpasosaTentara u Hay4Ha creneH Jokrop".

6. OueHKa 3a CTeNeHTa Ha NWYHOTO Y4acTHe Ha AUCepTaHTa B NpUHoCUTE.

3a nu4yHATE NpUHOCK Ha AokTopaxTa bnepum 3ionguy cuas oT dakTa, Ye
TOIl UMa eauH CaMOCTOSTENeH HayyeH TPy4, @ B LWeCT OT ocTananure TOol e
bpBU ChaBToOp. MHOrO monoxuteneH e dakra, Ye NpeacTaseHuTe cTaTuu Ha
[OKTOpaHTa vMaT 3 uvTupaHus. ToBa mMuU aasa OCHOBAHWUE Aa npuema, 4e
AMCEPTaLMOHHUAT TPYA ¥ NPUHOCUTE Ca NTUYHO AENnO Ha KaHaugara.

7. Mpeueska Ha nyBGnukaumuTe No AUCEPTaLUMOHHUA TpyAa. OTpaxeHue B
Haykara.

Mo AUCEepTaLUsTa Ca HanpaseHn ocem nybnukauuy. [se ot cTtatuute ca
pecepupanu 8 Scopus, KaTo egHa OoT THX e pedepupaHa B Web of Science.
Eaua ot nybnukauuute e pecbepupara 8 |IEEE Xplore.

Hanpasexute nybnukauuu HagxsbpnaT MWHUMAENHUTE WM3UCKBaHUA 32
npuceXgaHe Ha obpasoBaTenHara U HaydHa creneH Joktop“. MNpuemam, 4e
OCHOBHWTE PE3yNTaTh Ha [WCEpTauMoHHWs TPpyA Ca AoCTosHUe Ha
MexgayHapoaHarta u Dbnirapckara Hay4Ha 0DLLECTBEHOCT.

8. Wanon3saHe Ha pesynTaTtute OT AWUCepTauMoHHUA TpyAa B HayyHaTa W
coumanHara npaxkrmka.

MpeacTaseHaTa guceprauus U paspaboreHaTa oHnaiH nnargopma morar
[a CE& W3NOM3BaT 3a aKkageMuyHn uacneasaHus n o1 chupmu, Kouto paboTaT B
AVHAMWYHA CpeAa W XenasT Aa OUEHAT CBOATa Buavec edeKkTuBHoOCT U Aa
NPOrHO3WPAT CBOATA XUIHECTOCOBHOCT.

9. MHeHUs, NPenopbKu K Benexxu.

Bcuuky Npenopbkn 1 3abenexku, HanpaseHn oT MeH B npeasapuTenHoTo
MHEHUE, KaKTO W Ha NPeaBapuTenHoTo obceXaaHe Ha AVNCepTauUnoHHNUA TPYA ca
N3MbIHEHW.

10. 3aknioyeHMe C RCHa nonoXxwurenHa Win oTpMuaTenHa oueHka Ha
AMCepTaLMOHHUA TPYA.



CunTam, Y€ AUCEPTALMOHHWAT Tpya ,MeToau U OHnaiH nnatgopma 3a
u3cneasaHe Ha AuHamMukara u oueHka Ha )uaHecnocoBHocTTa Ha dupma 3a
asTOMaTU3NpaHO NpOeKTUpaHe BLB BpeMe Ha TexHonorudeH npexoa’ Ha
noktopaxTa Bnepum 3iondguy Nokpusa U3NCKBaHUATA Ha 3akoHa 33 passuTUE
Ha aKkagemudHus cbetas B Penybnuka bBenrapua MpaBunHUKa 3a HErosoTo
npunoxenve. Mpuemam ye, HaNPaseHUTe U3BOAN U IAKNICHEHWS ca noruyecku u
KOMNETEHTHO NOCTPOEHMU.

Bba OCHOBA HA NOMYYEHWTE HAy4HW, HAYHHONPUMOXHW W NPUNOXHA
NpUHOCK B AUCepTauuaTa, AeMOHCTpUDaHUTE obpa3oBaTenHo HUBO WU
HaTpynaHwus TEOpeTU4EeH W NPAKTUHECKU ONUT, 3HAUMMUTE nyGnukauuu no
AMCepTaLmMsATa, Npeanaram Ha Hay4HoTO XypW Aa NpUchAu Ha Bnepum 3ronduy
nayysata crened Jloktop" no npodecuoHanHo HanpasnexHue 5.3
KOMyHMKauUMOHHZ M KOMNIOTbpPHA  TexHuka,  Haydha cneuuanHocT
ABTOMaTH3aUMsA Ha WHXEHEpHUA TPya W cucTeMu 3a agTOMaTU3auua Ha
NpoeKTUpaHeTo".

-

24 08.2026 . WaroTteun:
(mou. a-p Tuxomup bpyces)
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1. Relevance of the problem developed in the doctoral thesis in scientific
and applied science. Degree and levels of relevance of the problem and the
specific tasks developed in the doctoral thesis.

Nowadays, the companies which work in the field of electronic design
automation industry (EDA) must survive in a rapidly evolving and dynamic
market environment. The EDA industry is very important part of the global
semiconductor supply chain, being the source of design tools and IP (intellectual
property) used in designing, verifying and manufacturing semiconductors. It is a
fundamental element in the Information and Communications Technology (ICT),
which has a multi-disciplinary character combining aspects of software
engineering, electrical engineering and computer science.

Mergers and Acquisitions (M&As) in the EDA industry has become a vital part of
the worldwide economy and business strategy. The previous studies about M&A
in EDA have been based on qualitative case studies, manual classification of
industry, and simple descriptive statistics. There is a research gap in the field of
machine learning analysis of M&A activities in EDA, which can be used to build
predictive models to forecast M&A events of companies and to evaluate the
viability of firms in the EDA industry.

The main goal of this thesis is to develop new machine learning techniques and
an online research platform for studying the dynamics and evaluating the viability
of EDA companies in times of technological disruption. This has crucial role now,
when there is a profound transformation in this field due to the increasing
adoption of deep leaming techniques of Artificial Inteliigence (Al), Clouc:



Computing, and by the continuous scaling down to even smaller technology
nodes in the semiconductor industry.

To achieve this goal, the doctoral student has formulated tasks connected with
analysis of the state of the art within Electronic Design Automation, Al and
machine learning in M&A analysis, business models and company viability
assessment within technology companies, and merger wave theory. A
comprehensive EDA M&A database covering the full historical horizon of the
industry, with all the standard fields needed for downstream analysis: target
company, acquirer, founding year, acguisition date, lifetime, and deal value
where available are built and validated. The Reverse Hybrid Clustering algorithm
for M&A pattern identification is designed. The TechimpactScore compasite
metric for quantifying the technological impact of M&A transactions is introduced.
A forecasting framework for M&A waves in the EDA sector based on Singular
Spectrum Analysis (SSE) is developed.

A survival-analysis framework that predicts the viability of EDA companies is
built. A network-analysis module that maps the EDA acquisition ecosystem with
graph-theoretic techniques is constructed. A semi-automated M&A discovery
module based on a multi-agent Large Language Model architecture with human-
in-the-loop validation is implemented. An integrated online research platform for
evaluating the viability of EDA companies in times is designed.

All this determines the relevance and significance of the researched problem and
the tasks set in the dissertation, both from a scientific-applied and applied point
of view.

2. Degree of knowledge of the state of the problem and creative
interpretation of the literary material.

In this doctoral thesis are used 120 literature sources. Most of them are from the
last 10 years. In the literature review and the analysis of research methodology
and methods planned for the study, which are presented respectively in chapter
1 and chapter 2, are cited more than 100 references.

This gives me reason to believe that PhD student Blerim Zylfiu is familiar with the
current state of the problems posed by her, which is the basis for successful
solution of the defined tasks.

3. Correspondence of the chosen research methodology with the set goal
and tasks of the dissertation.



PhD student Blerim Zyifiu has formulated a goal and tasks that are adequate and
meet the requirements for dissertation work for obtaining the educational and
scientific degree "Doctor",

The chosen methodology includes analysis of existing solutions and designing of
Reverse Hybrid Clustering algorithm for M&A pattern identification, which first
applies DBSCAN and then K-Means and reintegrates the noise into the refined
clusters. The TechimpactScore composite metric quantifies the technological
impact of an M&A transaction by combining patent score, deal value, company
age and acquirer frequency is used to assess the technological weight of a deal.
A multi-dimensional Cox Proportional Hazards model is built for EDA company
viability that integrates cluster membership, TechimpactScore, network
centrality, company age and technology sector. A semi-automated multi-agent
system has been built for M&A database expansion that combines Large
Language Model LLM-based information extraction with human-in-the-loop
validation.

4. Brief analytical description of the doctoral thesis and assessment of the
reliability of the material on which the contributions of the dissertation are
buiit.

The presented dissertation consists of 134 pages of text, very well structured in
five chapters, abstract, lists of figures and tables, introduction, contributions and
references.

In Chapter | is performed literature review. The state-of-the art of Electronic
Design Automation Industry, Al and machine learning in M&A analysis, business
models and company viability assessment within technology companies, and
merger wave theory is presented. Based on the analysis of the literature review
seven research gap are identified. They can be summarized as follows: Al-driven
M&A pattern analysis is missing in the EDA literature; No hybrid clustering
technique has been designed for M&A data: No validated composite metric
exists to quantify the technological impact of an M&A transaction; No M&A wave-
forecasting model exists for the EDA sector; No viability-prediction framework is
calibrated for EDA companies; No automated M&A data-collection tool exists for
EDA researchers; No integrated online research platform combines EDA M&A
data, clustering analysis, forecasting models, network visualisation and viability
assessment in a single resource; Methods developed for the EDA industry have
not been validated in adjacent domains.

The basic mathematical concepts and methods, required for the development of
online tool for studying the dynamics and evaluating the viability of EDA

companies, are described in Chapter II. In this chapter are presented: the
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mathematical formalizations of the clustering algorithms K-Means, DBSCAN,
Reverse Hybrid and Gaussian Mixture Models; the forecasting methods SSA
and Holt-Winters exponential smoothing; the survival analysis methods Kaplan-
Meier estimator and Cox Proportional Hazards model, the network analysis
centrality measures and Herfindahl-Hirschman Index; and the statistical
validation silhouette analysis, Davies-Bouldin Index, Calinski-Harabasz Index,
ANOVA and the bootstrap cross-validation.

The main achievements of the thesis are presented in Chapter lil. Cluster and
pattern discovery methods are proposed for M&A analysis. The developed
Reverse Hybrid Clustering algorithm is described. The TechimpactScore is
introduced as a composite metric which can quantitatively assess the
technological impact of M&A on firms in EDA industry. Using the Reverse Hybrid
Clustering algorithm five distinct cluster patterns for strategic acquisition
behavior are revealed. The Singular Spectrum Analysis (SSA) is modified and
used for M&A wave detection and forecasting for M&A in EDA sector. A version
of the Cox Proportional Hazards model is used in the survival analysis
framework to forecast EDA companies’ viability. The network analysis module
elements of graph theory are used to analyze the structural characteristics of the
EDA acquisition ecosystem. The design and implementation of a muilti-agent
system, for automated information extraction and human-in-the-loop validation to
uphold the data quality standards necessary for academic research, is
presented.

The design and Implementation of Electronic Design Automation - Dynamics and
Viability (EDA-DYV) online research is presented in Chapter IV. The platform
and its web-based interface, where all the analysis techniques are integrated, is
described. The three-tier system architecture, database design and entity
relationships are considered in this chapter. The presented platform can convert
the analytical results into interactive, explorable visual representations by using a
research visualization layer. The user interface design of EDA-DYV platform is
presented.

In Chapter V are provided experimental results and validation for all the
clustering quality metrics, comparisons of algorithms, test of significant
differences, and forecasting accuracy, based on an integrated analysis from
multiple perspectives. A set of analytical methods for M&A in the EDA industry
were introduced, including clustering, composite metric construction, time-series
forecasting, survival analysis, network analysis and semi-automated data
collection.



5. Scientific, scientific-application and application contribution of the
dissertation.

In the doctoral thesis the author has indicated 9 contributions. Six of them are
scientific. two of the indicated contributions are scientific-application and one is
application contribution. | accept the contributions formulated by the PhD student
Blerim Zylfiu, which can be summarized as follows:

» The Reverse Hybrid Clustering algorithm is developed and described. The
proposed algorithm first applies DBSCAN and then K-Means and
reintegrates the noise into the refined clusters.

» Five M&A cluster archetypes are extracted from the application of the

Reverse Hybrid Clustering algorithm to 661 EDA M&A transactions from

1975 to 2025. The results show five distinct strategic archetypes: High-

Tech Targets, Growth-Stage Scale, Mature Portfolio, Young Startup Tuck-

ins and Rapid High-Value.

The TechimpactScore, composite metric quantifies the technological

impact of an M&A transaction by combining patent score, deal value,

company age and acquirer frequency, is introduced.

» The Singular Spectrum Analysis (SSA) is adapted to M&A transaction time
series.

» A multi-dimensional Cox Proportional Hazards model is built for EDA
company viability that integrates cluster membership, TechimpactScore,
network centrality, company age and technology sector.

» A network and concentration analysis of the EDA acquisition ecosystem

was performed.

A semi-automated multi-agent system has been built for M&A database

expansion that combines LLM-based information extraction with human-in-

the-loop validation.

% An Innovation Factor composite metric has been developed for cross-
industry comparison of M&A strategies.

% The EDA-DYV online research platform, which integrates all analytical
method developed in this thesis is designed and implemented.
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| pelieve that the results obtained are original and fully comply with the
requirements for dissertation work for obtaining the educational and scientific
degree "Doctor”.

6. Assessment of the degree of personal participation of the dissertation in
the contributions.

For the personal contributions of the PhD student judges from the fact that he
has one independent scientific paper, and in six of the others he is the first co-
author. It is very positive that presented papers of the PhD student have 3
citations. This gives me reason to accept that the dissertation and contributions
are the personal work of the candidate.



7. Evaluation of dissertation publications. Reflection in science.

Eight publications have been made on the dissertation. Two of the articles are
cited in Scopus, and one of them is cited in Web of Science. One of the articles
is cited in IEEE Xplore.

The publications made exceed the minimum requirements for the award of the
educational and scientific degree "Doctor". | accept that the main results of the
dissertation are available to the international and Bulgarian scientific community.

8. Application of the results of the dissertation in scientific and social
practice.

The thesis and the designed online platform can be used for academic research
and for businesses that work in dynamic environments that desire to assess their
business performance and forecast their business viability.

9. Critical remarks and recommendation

All recommendations and remarks made by me in the preliminary statement, as
well as in the preliminary discussion of the dissertation are fulfilled.

10. Conclusion

| believe that the doctoral thesis "Methods and Online Tool for Studying the
Dynamics and Evaluating the Viability of Electronic Design Automation
Companies in Times of Technological Disruption" by PhD student Blerim Zylfiu
meets the requirements of the Law on the Development of Academic Staff in the
Republic of Bulgaria and the Regulations for its implementation. | accept that the
conclusions and conclusions made are logically and competently constructed.

Based on the scientific and applied contributions received in the dissertation, the
demonstrated educational level and accumulated theoretical and practical
experience, the presented scientific papers, | propose to the Scientific Jury to
award the scientific degree "Doctor” in professional field 5.3 Communication and
computer engineering, scientific specialty "Computer-aided engineering and
computer-aided design systems" to Blerim Zylfiu.
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