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[Ouceptauusita ce obcbxaa M HacouBa 3a 3awuta oT CbBeTa Ha kategpata
"TexHonorvt ¥ ynpaeneHMe Ha KOMYHWKAUMOHHWM cuctemu" Kbm dakynrteta no
TenekomyHukauumn Ha TY-Codus Ha pefoBHa cpelda, nposefeHa Ha 11.06.2026 .

[MybrnnyHaTa 3awwmTa Ha anceptauusta e ce nposege Ha 01.10.2026 r. ot 15:00 vaca
B KoH(pepeHTHaTa 3ana Ha BUK Ha TexHnyeckus yHusepeuteT — Codoust Ha OTKPUTO
3acefaHne Ha HayyHoTO Xypu, onpegeneHo ¢ HapexaaHe No OX - 53 - 63 /
21.07.2026 Ha pekTopa Ha TY-Codms, CbCTaBeHo OT:

1. pou. a-p uHxX. Tuxomup bpyces — Npeacenaten
2. pou,. o-p Axka LiBeTaHoBa — HayyeH cekpetap
3. npod. aH [aHuena bopucosa

4. npoch. ATH Togop Crounos

5. oou. o-p mHex. Agpuana bopogxuesa

PeveHaeHTu:
1. npod. oH [anvena bopucosa
2. pou,. o-p Axka LiBetaHoBa

MaTepuanuTte no 3awmrata ca AOCTbMHM 3@ 3aWHTEPECOBaHWTE B odmca Ha
dakynTeTa no TenekomyHukauum Ha TY-Codous, 6riok No1, odmc No 1306.

[lucepTaHTBLT € 3afj04eH [OKTOpPaHT KbM KaTeapa ,TeXHOMOrMn U MEHUIXMBHT Ha
KOMYHMKALMOHHM CUCTeMM” HA chakynTeT No TenekoMyHukauuu. M3acnegsaHusta no
[cepTaLMoHHaTa pa3paboTka ca HanpaBeHW OT aBTOpa, KaTo HAKOW OT TAX Ca MOAKPENeHu
OT Hay4YHON3CNEeA0BATENCKM NPOEKTH.

AsTtop: Mar. bnepum WUcmainn 3tonduy

3arnasue: Metogu v OHnaiH nnatchopMa 3a U3CneaBaHe Ha AuHaMMKaTa M OLEHKa Ha
KM3HECNOCOBHOCTTa Ha (hMpMa 3a aBTOMATM3MPaHO MNPOEKTUpPaHe BLB BpeMe Ha
TEXHOIOrMMYeH npexos

Tupax: 20 6pos

OtneyartaHo B UMK Ha TexHuyeckn yHnepcuteT — Cogus
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l. OBLLA XAPAKTEPUCTUKA HA OUCEPTALIMOHHUA TPY[

AKTyanHocT Ha npo6nema

WHoycTpusTa 3a aBTOMaTU3MpaHo NpoekTupaHe B enektpoHukata (EDA) ce npeBbpHa B KpUTUYHA YacT OT
rnobanHata Bepura Ha JOCTaBKW Ha NonynpoBOAHULM. TS pa3paboTBa MHCTPYMEHTU 3a aBTOMATU3MpaHo
NpoeKTMpaHe ¥ MHTENekTyanHa cobcTeeHoCT (IP), M3non3BaHM Npu NPOEKTUPaHETo, BepudmuKaumaTa u
NPOM3BOACTBOTO Ha nonynposoaHuuy. MNpe3 nocneguute net aecetunetus EDA npexues MHOrOBPONHM
cnuBaHua u npugobusavns (M&A), Tbit KaTo MOMYNPOBOAHMLMTE €BOMOMPaxa OT HSKOMKO XWnsiaw
TpaHaucTopa npe3 80-Te roanHu Ha XX BEK 0 HAKOSIKO MUnuapaa TpaH3ncTopa B NPOeKT1TE OT TUN cucTema
BbPXY umn. HacToAwwoTo nscneasaHe naeHtTugnuympa 661 cnveanus n npugobusanns (M&A) B cektopa EDA
npes nocneaHuTe NeTAECET roanHM, KOETO AOBEAE L0 KOHLEHTpauusTa Ha MHoro manku EDA komnaHum u
[0 (hOpPMMPAHETO Ha TSCHa KOHLEHTpaums Ha Synopsys, Cadence Design Systems 1 Hackopo nosisunus ce
MOHONONMUCTMYEH KOHKypeHT Siemens EDA (Mentor Graphics). Taka ToBa u3cnegsaHe € BaXHO 3a BCUYKM
3aMHTEepPecoBaHun CTpaHM B NONYNPOBOAHMKOBATA MHAYCTPUS, KAKTO W 3@ PErynatopHUTE OpraHu, nopaau
HapacHanaTta KOHUEeHTpauus Ha rnobanHarta nomnynpoBOAHWMKOBA MHAYCTPUS B KIHOYOBMSI TEXHOMOMYEH
CEKTOp.

Llen Ha anceprtauunaTa, OCHOBHU 3agayvyu U MeToan Ha n3cnegBaHe

Llenta Ha pgucepTauMoHHMS Tpya e Aa Cce pas3pabot cbrmacyBaH Habop OT MeToau W OHMawH
uacnegosarencka nnatgopma 3a u3y4aBaHe Ha AMHaMUKaTa U OLeHsIBaHe Ha xu3HecnocobHocTTa Ha EDA
KOMMaHU1Te BbB BPEMEHA Ha TEXHOMOrMYEH npexod. 3anoyBaiki OT W3rPaxaaHeTO Ha HagexaeH U
BanuaypaH Habop oT AaHHM 3a M&A TpaH3akumm B EDA, KOMTO ocurypsisa eMnmpuyHaTa OCHOBa 3a BCska
cnefgalja CTbrka, npes paspaboTBaHETO Ha HOBW METOAM Ha MalWHHO 0ByyeHue 3a aBTOMATUYHO
noeHTuduumpaHe Ha ctpaterndeckn M&A mogenu, crnef ToBa 3axpaHBalku MeToau 3a NPOrHo3vpaHe u
aHanu3 Ha Xu3HecnocobHOCTTa, KOUTO NpefckasBaT Bb/IHATE Ha CrMBaHWA U NpUAoOMBaHNSA W OLeHsBaT
ObIrocpoyHata ycroiumeoct Ha EDA komnaHwnTe, Ao npunaraHeTo Ha paspaboTeHuTe METOAM BbpXY
BOZELLM KOMMaHUKM OT CekTopa Ha yunosete 3a V.

3a nocTuraHe Ha LienTa Ha aucepTauusTa ca AedMHUpaHK CneaHuTe 3aJaun:

3apava 1 - WMarpaxgaHe v Banuanpaxe Ha us4yepnatenHa 6asa ¢ aaHHm 3a M&A B EDA, obxBalualla mbiHus
MCTOPUYECKN XOPM3OHT Ha WHAYCTPUSTA, C BCUYKW CTAHOAPTHW moneTa, Heobxoaumu 3a nocnegpallus
aHanu3: Lenesa KOMMaHus, npuoobuBall, roguMHa Ha OCHOBaBaHe, Aata Ha npuaobuBaHe,
NPOABIMKUTENHOCT Ha XMBOTA M CTOAHOCT Ha CAEenkaTa, Korato e HanuyHa. basaTta ¢ aaHHM TpsibBa aa
[OCTUTHE HWMBO Ha MbIHOTA, AOCTAaTbYHO 3a MOAAbPXAHE Ha KONMYecTBEHW MeToau, U TpsibBa aa Obae
NOANoXeHa Ha JOKyMEeHTVpaHa npoLeaypa 3a BanuaypaHe.

3apava 2 - lNpoekTpaHe 1 BanuaypaHe Ha anropuTbMa 3a 0b6paTHO xubpuaHo KmbeTepupaHe (Reverse
Hybrid Clustering) 3a ugeHtuduuympade Ha M&A mopenu. AnroputbmMbT M3mbiHaBa mbpeo DBSCAN 3a
OTKpMBaHe Ha LWyM W sapeHa CTpYKTypa, a cnef ToBa K-Means 3a npeuusupaHe Ha sgpeHute obnactu B
KOMMAKTHU KITbCTEPY; LWYMbT, OTCTPAHEH B MbPBUS €Tarn, Ce PeuHTerpupa Tam, KbAeTo CXOACTBOTO C
npeLmsnpaH Knbetep Haaxebpnsa AeduHupaH npar. KauecTBOTO Ha KbCTepusaumusTa ce OLeHsiBa Ypes
BbTPELUHM METPUKM 33 BanuaaLns, BKITOYUTENTHO CUNYETHUS KoeduumeHT, nHaekca Ha [lensuc—boynauH u
nHoekca Ha KannHcku—Xapabal.

3apava 3 - poekTupaHe 1 BanuaupaHe Ha KOMMo3uTHaTa MeTpuka TechimpactScore 3a konu4ecTBeHo
onpeaensiHe Ha TEXHONOTMYHOTO Bb3aencTame Ha M&A TpaHsakuyuute. MeTpukata kKoMOGUHMPA NpusHaLY,
CBbp3aHK C NaTeHTW, (DMHAHCOBM, BPEMEBWM W CTpaTErM4ecKM MpW3HaLUM Ha BCAKA TpaH3aKuus;
OTHOCMTENHOTO TErr0 Ha BCEKM MPU3HAK Ce M3BEXAa EMMUPUYHO Ype3 aHann3a Ha rnaBHUTE KOMMOHEHTH
(PCA) Bbpxy Habopa 0T faHHW, BMeCTO Aa 6bae dukenpaHo anpuopu. BanuanpaHeTto ce u3BbpLUBa Ype3
KopenupaHe Ha NonyvyeHns pe3ynTart ¢ He3aBUCUMW AaHHU 3a CTOMHOCTTA Ha CLEIKUTE.



3apayva 4 — PaspaboTBaHe Ha pamka 3a NporHo3upaHe Ha BbITHUTE Ha CrNBaHMS 1 NpugobuBaHus B CEKTopa
EDA, GasvpaHa Ha CUHrynsipeH cCnektpaneH aHamu3. PamkaTta [ekoMmnosupa BpemMeBWsi pen Ha
nctopuyeckata M&A aKTMBHOCT Ha TPEHOOB, OCLMNATOPEH W LIYMOB KOMMOHEHT W NpousBexga
MHOrOroAmLLIHa NPOrHo3a, KOSITO MoXe Aa 6bae oLeHeHa CNPAMO 3abpXaHu Nepuoau.

3apaya 5 - WsrpaxgaHe Ha pamka 3a aHanu3 Ha XM3HECmocobHOCTTa UM 3a npeackasBaHe
Xu3HecnocobHoctTa Ha EDA komnaHuuTe. Pamkata u3nonasa perpecusita Ha nponopLuoHantnTe puckose
Ha KOKC 3a oueHsiBaHe Ha BEPOSTHOCTTa OT NpuaobuBaHe unv NpoBan Npu AafeHn XapaKTepucTukn Ha
KOMMaHWsTa 1 NasapHu yCroBuWS; NPOrHOCTUYHATa ePEKTUBHOCT Ce OLEHsBA Ype3 KOHKOPLAHCHUS MHOEKC.

3apaya 6 — KoHcTpywpaHe Ha MoAyn 3a MpEXOB aHanu3, KOMTO kapTorpadupa ekocucremarta Ha
npuaobusaxusTa B EDA ¢ TeopeTnko-rpachoBu TeXHUKM. MoaymbT N34MCnsiBa LEHTPANHOCTUTE MO CTEMEH,
Nno NOCPEAHNYECTBO M No GnM30CT 3a npupobuBallMTe KOMNaHUM W OTYMTA MHAEKca Ha XepduHaan-—
XupLmaH KaTo Mspka 3a nasapHa KOHLEHTpaLus.

3apava 7 — PeanusupaHe Ha nonyasTomMaTuanpaH Mogyn 3a oTkpusaHe Ha M&A, 6asnpaH Ha MHOroareHTHa
apXxuTeKkTypa C ronemu e3vKoBi MOAENW 1 BanuampaHe ¢ YoBek B Lukbna (human-in-the-loop). Mogynst
W3nonsea crneuuanusvpaHn areHT 3a yeb TbpCeHe, W3BMMYaHEe Ha CbAbpXaHue, BanuaupaHe u
CTPYKTYpUpaHe Ha AaHHM, C Len da nognomara u3cnegoBaTenute npu OTKpMBaHeTo Ha Hoeu MEA
TPaH3aKLMKM NpW HUCKM ONepaTUBHU Pa3xoam 1 BUCOKA NPeLy3HOCT.

3apava 8 - lNpoekTupaHe ¥ BHeApsiBaHE Ha MHTErpUpaHa OHNaiH W3criegosaTencka nnatgopma, Kosto
XOCTBa BCEKW aHanUTUYeH KOMMOHEHT, peanuaupaH B 3agaum 1 go 7. MNnatgopmarta cneasa TpUConHa
apxutektypa (penauuoHHa 6asa aaHHW, GekeHp ycnyra, uanarawa REST API, n egHocTpaHuyeH yeb
(poHTeHA) 1 npepocTass RESTful kpaitHy TOUKM 3a BCSKa aHanMTUYHa onepawms.

3agava 9 — BanuaupaHe Ha Bceku pa3paboTeH METOA Ype3 CTPUKTHO CTaTUCTUYECKO TecTBaHe. KoHBenepbT
3a Banugauus BKMYBa eaHodakTopeH paucnepcuoHeH aHann3d (ANOVA) 3a audepeHumpaHe Ha
knbcTepuTe, ByTCTPan KpbCTOCAHa BanuanpaHe 3a CTabunHOCT Ha pesynTaTuTe 1 Npoy4BaHNs ¢ abnauus
Ha Npu3HaLM 3a aHanu3 Ha YyBCTBUTENHOCTTa Ha TechimpactScore.

Pa3paboTBaHe Ha nonyaBToMaTu3vpaHa MHOroareHTHa cucTema 3a AWHaMUYHO paswwupsisaHe Ha 6asata ¢
naHHM 3a M&A. Hakpas, npeanoxeHata aHanuUTUYHa pamka e UHTerpupaHa B OHMNalH uacnegosarenckara
nnatgopma EDA-DYV.

HayyHa HoBOCT

[lncepTaLMOHHWAT TPy NPeACTaBs HAKOMKO MHOBaLMK. [TbpBO, HOBa XMBpUaHa TEXHUKA 3a KITbCTepu3aLms,
HapeueHa obpaTtHo xmbpmaHo knbcTepupaHe (Reverse Hybrid Clustering, RHC), cebp3sa gobpe 13BecTHus
anroputbM DBSCAN (Density-Based Spatial Clustering of Applications with Noise) n anroputbma K-Means
B pa3nuyeH pe, NocTuranku cpeaHo cunyeteH koeduumeHt 0.98 Bbpxy Habop 0T faHHM 0T 661 NOTBbPAEHM
M&A caenku ot 1975 go 2025 r. 1 pasgensiikv NpOCTPaHCTBOTO Ha TbPCEHE Ha CTpaTery 3a npugobusaHe
Ha NeT NOTBbPAEHN KImbecTepa, o3HaveHn kato High-Tech Targets, Growth-Stage Scale, Mature Portfolio,
Young Startup Tuck-ins n Rapid High-Value. Btopo, komnosutHata meTpuka TechimpactScore unHterpupa
naTeHTHW, PUHAHCOBW, BPEMEBW U CTPATErvyecku npusHaLy, U3non3Bamku Terna, U3BneyYeHn ot mbpeara
rriaBHa KOMMOHEHTA Ha aHanu3 Ha rnasHuTe komnoHeHTu (PCA) Bbpxy npusHauuTe Ha npuaobusaHusTa.
TpeTo, CUHIYNAPHUAT cnekTpaneH aHanns (SSA) ce npunara kbM Bpemeusi peg Ha M&A 3a MbpBM MbT B
Tasn nuTepaTtypa; TeXHUKaTa JekoMnosupa pesa Ha 3HauyuMu TPEHAO0BE, LMKIUN U CE30HHU KOMMOHEHTU 1
noaabpxa NporHosvpaHe Ha 6baeLm cnyysaHns. YeTBbpTo, NoNyaBTOMaTU3paHa MHOroareHTHa cUcTema,
6asupaHa Ha ronemu esukoBu mogenn (LLM), m3Bnnya HoBa uHchopmauus OT yeb, HenpekbCcHaTo
aKTyanuaupaiku 1 pasiumpsiBaniki Habopa oT JaHHW Ha nnaTtopmarta npy onepaTuBHU pasxoan noa net
USD Ha mecel ¢ MuHumaneH 6pon Banugauum ¢ YoBek B umkbna (human-in-the-loop). Hakpas, BCudku
NPeanoXeHy MeToau ca BanuaupaHu W MHTErpUpaHn B YCbBBPLUEHCTBAHA BEPCHMS HA  LUMPOKO
nsnonasaHata yeb nnatcpopma EDA-DYV, nopabpxanku Mo-HATaTbLUHO M3CNeABaHE Ha 3HAHWETO,
n3BneveHo ot M&A caenkute, 1 CTpaTernyecknTe Npo3peHus, KOUTO TO NPOMU3BEXAa.
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MpakTnyecka npunoxuMmocT

OnnanH uscneposatencka nnatcopma EDA-DYV. OnnaitH nacneposatenckata nnatcopma EDA-DYV
WHTErpupa BCEKW aHanuT4eH MeTop, paspaboTeH B TO3W AUCEPTALMOHEH TPy, B e4uHeH yeb uHTepdenc
c TpucnonHa apxutektypa (C# .NET B bekeHga c Entity Framework, n React ¢ D3.js Bu3yanusauum BbB
(poHTeHaa, SQL Server kato 6a3a gaHHw). Mnatopmata nokassa KbCTEPEH aHanu3, NporHo3npaHe Ha
BbJIHW, aHanM3 Ha MPexMBSEMOCTTa, MPEXOBU BU3yanu3auuu, aHanns Ha BpemeBata nuHuA Ha M&A 1
nonyaBTOMaTM3MpaHaTa cucTeMa 3a OTKpUBaHe U e BHeapeHa Ha agpec https://edadynamics.com.

My6nukaumm

OCHOBHUTE pesynTaTi Ha AUCEepTaLMOHHNSA TPyA ca nybrukyBaHu B 0CEM HayyHU Tpyada, u3bpoeHn B Kpas
Ha TOo3n aBTOpedepart. Te BKMOYBAT CTAaTUM B CMCAHMSA U KOH(epeHUMM, nHaekeupann B Scopus, Web of
Science u IEEE Xplore.

CTpykTypa 1 06em Ha AMcepTaLuUOHHUA TPYA

[ncepTaumoHHAT Tpya uma 06em ot 125 cTpaHuum 1 ce CbCToM OT BbBEAEHWUE, NET IMaBu, 3aKIYeHue,
U3NOXKEHNE HA HAy4YHUTE, HaYYHO-NPUNOXHWUTE W MPUNOXHWTE NPUHOCK, pasfen 3a OrpaHuYeHusTa W
Obgewara pabota, u bubnuorpadma ot 120 mstouHuka. Toi cbabpka 21 curypu u 12 Tabnuuw.
HomepauusTa Ha durypute u Tabnuuute B aBTopedepaTta CbOTBETCTBA Ha Te3u B AucepTauusTa.

Il. CbABPXXAHUE HA OUCEPTALIMOHHUA TPY[

IMABA |. AHanuTuyeH nutepatypeH 0630p Ha AMHamukaTta Ha M&A, meToguTe 3a KnbcTepm3auus u
OLeHKaTa Ha Xu3HecnocobHocTTa B uHaycTpusaTa EDA

AsTomatusupaHoTo npoektupaHe (EDA) obxsalla kateropusita COPTyepHU MHCTPYMEHTU, U3NON3BaHN 3a
NPOEKTUPaHe Ha EeNeKTPOHHK cucTemu kato uHTerpanHn cxemn (MC) u neyathu nnatku (PCB). Ta e
(byHAAMeHTarneH efneMeHT BbB Bepurata Ha [OCTaBkM Ha WH(OPMALWOHHUTE W KOMYHUKALMOHHUTE
TexHonoruun (UKT) u e eBontompana npes nocrnegHute 60 rognHu 3ae4HO C EKCMOHEHLManHo HapacTalaTa
CMOXHOCT Ha monynposogHuumTe. [eicteutenHo, 6e3 Hanpeabka B EDA npoekTupaHeTo Ha AHeWwHWUTe
npouecopu C TEXHWTe Munuapan TpaHauctopu 6um Guno Hemucnmmo. WHayctpusta EDA wmma
MyNTUOMCLUMNAMHAPEH — XapakTep, CbyeTaBalkyu  acnekTh  Ha  CO(OTYEpPHOTO  WMHXEHEPCTBO,
eNEKTPOMHXEHEPCTBOTO W KOMMIOTBPHUTE HaykW, W € B CbpLETO Ha Bepurata Ha CTOMHOCTTa Ha
nonynpoBOAHUKOBaTa MHAYCTPUS, NO3BONSBANKA MHOTO NPOAYKTU U YCIyrA.

MoHacToswem wuHgyctpusta EDA e TeceH onuronon no OTHOLWEHWME HAa MacoBUTE MPUIIOXEHUS 3a
aBTOMaTM3aLUms Ha NPOEKTUPaHETO. TpuTe KOMNaHUW, JOMUHMPALLM B Tasn obnacT, ca:

Synopsys, Hait-ronsamata EDA komnaHus, uma roguiiHu npuxoau, Hagxsbpnawm 5,8 munuapga gonapa
(FY2023). Ta pasnonmara ¢ mbnHa rama or EDA WHCTpyMeHTW, KOMTO MOKpMBAT BCEeKM eTan oT
NPOEKTUPAHETO, BKMIOYMTENHO CUHTE3 Ha HMBO perncTbpeH TpaHcdep RTL (Design Compiler), pasnonaraxe
un Tpacupane (IC Compiler), cumynaums (VCS) u IP. Synopsys e 6una Han-akTuBHaTa B npuaobusaHusTa
cpep ocHoBHuTe EDA goctaBunuy, ocbluecTesBaiiky noseye ot 80 npuaobusaHns npes roguHuTe.

Cadence Design Systems, BTopata no ronemuHa EDA komnaHus, reHepupa 4,1 munuapaa gonapa npuxoam
3a FY2023. Virtuoso e BOAELMAT MHCTPYMEHT B KaTEropusiTa Ha NepcoHanmanpaHoTo npoektupaxe Ha UC,
Innovus Boay B LnchpoBaTa umnnemeHTauus, a Tempus B signoff BepudpukaumsTa. Komnanusta ce pasiumpy
B MPOEKTUPAHETO M aHanu3a Ha cuctemm ypes npuaobusanms, sknoumtenHo AWR Corporation (2011) 3a
RF/mukpoBbnHOBO npoekTupaHe 1 Numeca International (2021) 3a usuucnutenHa pnymaHa guHamuka .

Siemens EDA (6uswa Mentor Graphics) ctaHa yact ot Siemens AG cnep npugobusaHeTo m3a 4,5
Munnapga gonapa npes 2017 r. busHecsT octaBa nasapeH nugep B npoektupaHeto Ha PCB (Xpedition), IC
Bepudmkaumsta (Questa) n npoektupaHeTo 3a npoussoacTteo (Calibre). MHTerpupaHeTo nB nopTdonmnoTo
Siemens Xcelerator no3sonsiBa HOBYU NPUNOXEHUS HA LIMPPOB ABOVNHUK 1 MHTENUIEHTHO NPOU3BO/ACTBO.

5



B npoabnxeHue Ha noBeYe OT AeceTuneTe KOMBUHUPaHUAT NasapeH AAN Ha TpuMaTa BoAeLLM 40CTaBYMLM
e 6nn3o 70%. Tasu cToinHOCT belLlie naeHTdMLMpaHa paHo B npoLieca Ha KoMnunupaHe Ha 6asata ¢ JaHHu
C TPaH3aKLUV 1 TS Ce npunara 3a TpUTe Bb3NpueT CerMeHTaumm: no roguHa Ha npugobusaHqe, No Per1oH u
Nno NPOAYKTOBa KaTeropus. YCTOMYMBOCTTA Ha Ta3u KOHLEHTpaLMs BbB BPEMETO NoKa3ga, Ye yCroBuaTa 3a
camocTosTernHo ouenssaHe B EDA ca He camo TpyaHu, HO M CTPYKTYpHO camonoacunealum ce. Cnopen Gao
n lyer TpaektopusTa Ha KoHconmpaums Ha uHoyctpusta EDA e nopgobHa Ha Tasu Ha yTBbpAeHWUTE
TEXHOMOTMYHI CEKTOPM, KbAETO NpeaumcTaaTa Ha Mawaba B R&D 1 B3aMMOOTHOLIEHWSTA C KIMEHTUTE
BOAAT 40 camonogcunealum ce bapuepu. Pesyntatute, npeactaBenu Tyk, 6asmpanu Ha 661 TpaH3akuyum 3a
50 roguHu, JaBaT Manko OCHOBaHUS 3a HECbrnacue.

AHanUTUYHUAT NuTepatypeH 0630p, NpefcTaBeH B Tasw rmaea, 06o6LuaBa ChLyeCTBYBaLLOTO 3HaHWE 3a
nagyctpusita EDA B neT kntovoBw obnacty: (i) uctopusita u nasapHata cTpyktypa Ha EDA, (i) meToguTe Ha
MaLLMHHO 0By4YeHmne 1 CTaTUCTUYECKUTE METOAM, MPUIOXKMMM KbM aHanu3sa Ha M&A,; (iii) busHec mopenute
Ha EDA n pamkuTe 3a OUeHKa Ha Xu3HecrnocobHocTTa; (iv) AWHamukata Ha M&A u mogenute Ha
KoHconuaauwms; 1 (v) npunoxenusTa Ha VIV 1 ronemmute e3uKoBKN MOLENN B TEXHONOMNYHATa UHAYCTPUS.

O630pbT OOKYMEHTMpa paaukanHata TpaHcdopmaums, kosato uHayctpusta EDA e npetwbpnsina npes
nocnegHuTe netaecet roauHu. Mpes 1980 r. nHAyCTpUSTa NpeacTaBnsBaLle CbBKYMHOCT OT JOCTaBYMLM Ha
cneumndmnyHn 3a NPUNOXEHNETO MHCTPYMEHTU, paboTewmn Ha dparmeHTUpaH nasap. Cnea aecetuneTtns
CNnBaHMs 1 NpnaobusaHns gHeC HAyCTpusiTa e 6nn3o 4o onuronon ot Tpuma urpaun: Synopsys, Cadence
Design Systems u Siemens EDA (6usla Mentor Graphics). Mo-ronsiMata yacT OT KOHconuaaumsTta ce e
cnyynna ype3 M&A n mexay 1998 n 2022 r. ca ugeHTUULUMPaHN YETUPU BBITHU HA CIMBAHKS, BCUYKM
KOpenupaLLy ¢ LKW Ha NonynpoBOAHUKOBUTE TEXHOMOMN.

KntoyoBu Haxoaku oT nutepaTypHus 063op: MbpBo, ChilecTByBa BoraTcTBo OT u3cneasaHns 3a M&A kato
LiAN0 ¥ 33 MHOBALWUTE, ABWXEHM OT NpuA0OMBaHNS, BbB BIUCOKOTEXHONOTUYHUTE MHAYCTPUX. HUTO €4HO OT
TAX 0baye He npunara CbBPEMEHHN NOAXOAM Ha MALUMHHO 0ByyeHne KbM aHanm3a Ha M&A B nHaycTpusTa
EDA; cbliecTByBalMTe TpydOBE pasyMTaT Ha TPaaMUMOHHM CTATUCTUYECKM MeToau W pbyHa
knacudmkaums. Bropo, ronsam obem pabota no anroputMuTe 3a KITbCTepU3aLmns 1 aHcambnosute MeToau
noTBbpXAaBa npegumcTeata Ha xubpugHute nogxoan. HWTO eduH OT TAX He € MNpOeKkTUpaH 3a
cneunuyHUTE XapakTepucTUKM Ha AaHHuTe 3a M&A TpaH3akuuu: Manku W3Bagku, CMECEHU TUMoBe
npusHauM W cTpaTermdeckata 3HaYMMOCT Ha OTarnevyeHuTe TpaH3akuyww. TpeTo, AokaTO MEeToau 3a
nporHoaupaxe kato SSA ca LUMPOKO U3N0N3BaHN B KIIMMATOMOrMATa M MKOHOMMKATA, HUTO eHO U3CreBaHe
He MM e W3non3Bano 3a MNpeackasBaHe Ha BbSHW Ha CIMBaHWA M NpuoobuBaHUsS B TEXHONMOrMYHaTa
nHaycTpus. YeTBbPTO, 06LLaTa nuTepaTypa YecTo e M3nonaeana TEXHUKM 3a aHamnmu3 Ha BU3HeCnocobHOCTTa
3a npeAckasBaHe Ha kopnopaTueeH nposan. Hama obaye nybrnukyBaHo u3cneasaHe, (POKYCMpPaHO BbPXY
cektopa EDA, kbaeto cnocobHOCTTa Ha JadeHa KOMMaHWs Aa 0CTaHe KOHKypeHTOCnocobHa ¢ pa3BUTUETO
Ha TEXHONIOTMYHWUTE B3NN HA MOSTYNPOBOAHMLMTE € CbLUO TOIKOBA BaXHa, KOJIKOTO U HEMHOTO (PUHAHCOBO
3gpase. [leTo, TEXHWKUTE 3a MPEXOB aHanW3 NpefocTaBAT MOLWHM MHCTPYMEHTW 3a pasbupaHe Ha
CTPYKTYpHUTE B3auMOOTHOLLEeHNs B M&A mpexuTe. [JOKOMNKOTO € U3BECTHO Ha aBTopa, HATO e1H MHAEKC 3a
nasapHa KOHLEeHTpaLus Unn TeopeTuko-rpachoBa METPUKA 3a LLEHTPASTHOCT He e NpuraraH KbM Mpexata Ha
npugobusanmsata B EDA. Llecto, Bbhpeks 4Ye ronemuTe e3WKOBM MOZENM] Beve NpaBaT
NnonyaBTOMAaTM3MPaHOTO U3BINYAHE Ha WH(OPMALIUSA OT HECTPYKTYPUPAHN USTOYHULIM OCBLLECTBUMO, HATO
€[HO HaCTOALLO M3CreBaHe He 13ror3ea Tasw TEXHOMOrMS 3a OTKpKUBaHe Ha JdaHHu 3a M&A B uHgycTpusTa
EDA. Hakpas, ocHoBononarallo nscneasaHe Bbpxy 6usHec mogenure Ha EDA cbbpa nbpBoHavaneH Habop
OT gaHHu 3a M&A un knacudukaums Ha EDA komnaHuute, a no-paHHa pabota npernefa TEXHUKM 3a
cdopmanu3aums 3a oueHka Ha busHec mogenu B EDA. Huto eamH oT Te3n npoektn obaye He uarpagm
NPOrHOCTUYHU MOAENM, He U3M0N3Ba aHanus, AsuxeH ot VW, 1 He Hanpasw faHHWUTE LOCTBLIHK Ypes OHITaiH
nscnegosatencka nnargopma. CBbp3Balku HULLKMTE 3aedHO, OT 063opa crefsaT cefeM KOHKPETHM
NPOMYCKM B TEKYLLOTO 3HAHME:



Mponyck 1 - AHanuabT Ha M&A Moaenw, aswkeH ot MW, nuncea B nutepatypata 3a EDA. CoLuecTsyBalmTe
n3cnegBaH1s ca OnMcaTeNiHn 1 He MoraT Aa U3BNYaT NAaTEHTHM CTpaTErM4Yeckn MOL4EeN OT roniemm Habopu
OT AaHHW 3a TpaH3aKLuK.

Mponyck 2 — He e npoekTMpaHa xubpuaHa TexHWKa 3a KnbecTepu3auust 3a gaHHn 3a M&A. Otgentu
anroputMn kaTo raycosu cmecenn mogenu, DBSCAN u K-Means ca 13nonssaHu LWMPOKO, HO HATO eauH
XxnbpuaeH noaxod He KOMOMHUPA KbCTepusauus, 6asnpaHa Ha NITbTHOCT, M NAPTULMOHHA KITbCTepU3aLus,
3a fa 06paboTu Wyma, BbBEEH OT CTpATErMUeCcky 3HauMMIUTE OTAaNeYeHn npuaobusaxms.

Mponyck 3 — He cbliecTByBa BanMaupaHa KOMMO3WUTHA METpUKA 3a KONMWYECTBEHO OnpefensHe Ha
TEXHONOTMYHOTO Bb3AencTBIe Ha daaeHa M&A TpaHaakuusi. CTOMHOCTTa Ha caenkata, OposT Ha naTeHTuTe
1 Bb3pacTTa Ha KOMNaHuWsiTa ce M3nonaeaT PYTUHHO M30MMPaHoO, HO He ca Bunn KOMOUHMPaHK B eanHHA
BanuaypaHa KoMNo3uTHa Mspka.

Mponyck 4 — He cblyecTByBa MOAEN 3a NPOrHO3MpaHe Ha BbiHM Ha CriMBaHWs U npuaobueaHns 3a cektopa
EDA. Makap TeopusTa 3a BbIHUTE Ha CMMBaHUsTa Aa € Aobpe yCTaHOBEHa, HUTO efHO M3CneaBaHe He e
13NON3Barno MeTOaM 3a AEeKOMNO3NLMS Ha BPEeMEBU pefjoBe 3a NpefckasBaHe Ha BbSIHUTE Ha CWUBaHWS B
cektopa EDA.

Mponyck 5 — He cbluecTByBa pamka 3a MPOrHO3MpaHe Ha Xu3HecnocobHocTTa, kanubpupaHa 3a EDA
komnaHum. ObLata nuTepatypa NpefocTaBst MOAENM 3a NPOrHO3MpaHe Ha KopnopaTUBEH NPoBar, HO HUTO
eOuH He pasrnexga cneunduyHute 3a EDA pgeTepMuHaHT Ha KM3HECMOCOOHOCTTA, CBbp3aHW CbC
CbOTBETCTBMETO C TEXHOMOMNYHUS LKL U BEPOSTHOCTTA OT NpuaobusaHe.

Mponyck 6 — Ekocuctemata Ha npupobusanuata B EDA He e usyyaBaHa kato mpexa. Mogenute Ha
LLeHTpasHoCT Ha NpuaobuBalLmTe 1 AUHaMuUKaTa Ha nasapHaTta KOHLUEHTpaLmUs 0CcTaBaT HeM3crneaBaHu.

Mponyck 7 — He cbluecTByBa aBTOMATM3WpPaH WHCTPYMEHT 3a cbbupaHe Ha AaHHM 3a M&A 3a
nacneposatenute B EDA. CbbupaHeTo Ha JaHHM e U3LUSNO PbYHO M OTHEMA MHOIO BpeMe, U He e HannyeH
noslyaBTOMaTM3npaH MHCTPYMEHT C nomoLyta Ha U

Mponyck 8 — He cbluecTByBa MHTErpUpaHa OHNaH u3cnegoBaTerncka nnatgopma, KosaTo aa kombuHmupa
naHHu 3a M&A B EDA, KimbCTepeH aHann3, MoZenu 3a nporHosupaHe, MpexoBa Bu3yanu3aums 1 oLeHka Ha
KM3HECNOCOBHOCTTa B €AMHEH pecypc.

Mponyck 9 — MetoauTte, paspaboTenu 3a nHayctpusta EDA, He ca BanmanpaHu B cbceaHn obnacTu, Taka
Ye TAXHaTa 0606LaeMoCT N MPEHOCUMOCT 0CTaBaT HEMOTBLPAEHMW.

'MABA Il. MeTopgonorus Ha u3scneaBaHeTo U MaTeMaTMYeCKM METOAM 3a aHanms3 u
nporHo3upaHe Ha mogenu B M&A

MeToau 3a KTbCTepu3auus U pasno3HaBaHe Ha 06pasu

AnroputbM 3a knbeTepusauua K-Means

AnropntbeMbT K-Means utepaTvBHO MUHUMM3MPA BLTPELLHOKNBCTEPHATa cyma Ha kagpatute (WCSS): 3a
[a pasgen n HabntoaeHns Ha K knbeTepa,

K
argming Y’ Y E - @l #1
i=1

fESi
KbOeTo Si npegcrasnsaBa MHOXECTBOTO OT TOYKW, pa3dnpeneneHn KbM KITbCTEP i, a |J|, LieHTpoOnObT Ha
KITbCTEPA S|, Ce n34vncnsaea 4Ypes B3eMaHe Ha CpeHaTta CTOWMHOCT Ha BCUYKU TOYKN B KIbCTEpPAa,

, 1 Z 5 4o
P = — x
Hi 1S;] 4
X€ES;
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WMHuumanuampar ce K LeHTpouaa, BCsika ToUKa Ce NPUCBOSIBA KbM Halt-0nn3kus LeHTpoua, LeHTpouauTe ce
NPeun34ncnsBaT Kato CPedHy Ha KITbCTepuUTe M MPOLECHT Ce NOBTaps [0 MOCTMraHe Ha CXOAMMOCT.
Peanusauusta usnonssa TpenHbpa K-Means 8 ML.NET, koiTo npunara ctpaterusita 3a uHuumanmsaumns K-
Means++, 3a 4a NpefoTBPaTH HEONTUMANHM MOKANH1 MUHUMYMW. M360p Ha onTumanHo K. geanHnsat 6poi
KITbCTEpYU Ce Hammpa Ype3 MeTofa Ha NakbTs. ToykaTa Ha ,J1aKkbTs", B KOSATO MapKMHANHOTO HaManeHue Ha
WCSS cnaga, ce nsbupa kato ngeanHoto K, korato WCSS ce HaHece cnpsamo K 3a CTONHOCTY B Anana3oHa
o1 2 0o 10. MeToabT Ha nakbTa onpegens, ve K = 5 e uaeanHarta CTOMHOCT 3a Habopa oT AaHHM 3a M&A B
EDA (n = 661).

Anroputem DBSCAN

B DBSCAN knbCcTepute ce AeduHMpar upes fokarnHa NimbTHOCT. AKO B eNCUIOH-OKOMHOCTTA Ha TouKa p
nma noHe MinPts ToukK, ToraBa Tasu TouKa Ce CHMTa 3a SapeHa Touka.

IN.(p)| = MinPts#3
KbETO EMCUNOH-OKONTHOCTTa Ce AeduHMpa KaTo:

Ne(p) ={q € D:dis(p,q) < €} #4
3a Knacmbmu,wpaHe Ha TOYKUTE CE U3NON3BAT TPU KaTEroOpun: AApeHN TOYKU Ca Te3n, KOUTO yOOBIETBOPABAT
FOpHKUA KpMTepI/Il71 3ad MJTbTHOCT,; rPaHN4HN TOYKM Ca TE€3WN, KOUTO C€ HamMumpat B €MnCUNOH-OKOJNTHOCTTA Ha
AOPEHa TOYKa, HO CaMuUTE T€ HE Ca AAPEHK; a LIYMOBW TOYKM Ca TE3WN, KOUTO HE Ca HUTO AAPEHWU, HUTO
rpaHnyHn. CBbP3BAHETO Ha OOCTVXKMMM MO MIBTHOCT SAPEHN TOYKM Cb3haBa KbCTepu. B cnyvam ve
CblleCTBYBa BEpUra OT A4peHU TOYKK, B KOATO BCAKa CrefBalla ,EI,BOI7IK3 € Ha pa3CTosHune, no-marnko ot
€MnCUNoH, Toraea ABe AApeHn TOYKKU, p 1 q, NPUHaANEXaT KbM €4UH N CbLl KNbCTEP.

MeTtoau 3a MPOrHo3npaHe U aHanu3 Ha NpPexmBAaemMocCTTa

CVIHI'yﬂﬂpeH CcrneKTpasneH aHanu3

Eran 1: BrpaxgaHe. EgHomepHnat Bpemesm peg X = (x1, x2, ..., XN) ce npeobpasysa B TpaekTopHa MaTtpuua
C NOMOLLTa Ha AbIHKMHA Ha npo3opela L:

X = (xl xz oo xK x2 X3 oo xK+1 xL xL+1 oo xN ) #6
kbaeto N - L + 1 = K. B cboTBETCTBYME C NpenopbKata, ye L Tpsbea aa 6bae mexay N/3 u N/2, gbnxuHaTa
Ha npo3opeLa 3a TpumeceyHus Bpemesy peq 3a M&A B EDA e 3agageHa Ha L = 12, koeTo npefcrasnsiea
TPV FOAMHN TPUMECEYHW AAHHM .

Ctbnka 2: CuHrynspHo pasnaraHe. SVD ce 13nonasa 3a pasnaraHe Ha TpaekTopHaTa MaTpuua.

d
X = Z JAUVE #7
i=1

kbaeto Ui ca nesute CUHrynspHu Bektopu, Vi ca OeCHUTE CUHIYNspHU BeKTopu, a Ai ca cobcTBeHuTe
CTOMHOCTY (B HamansBaLy pes). Besika Tpoiika (VAi, Ui u Vi) ce Hapuya cobctBeHa Tpoitka. CTbnka 3:
dopmupaHe Ha rpynu. KOMNoHeHTUTe Ha COBCTBEHMTE TPOMKM Ce KaTeropuamnpat cnopes Lym, OCUUNaToOpHH
Unknn v TeHgeHumn. OBMKHOBEHO TeHAeHUMsTa ce ynaes OT mbpBaTa COOCTBEHA TPOWKA, LMKNUYHUTE
KOMMOHEHTW Ce YNaBsAT OT CeABalUuMTe ABOWKY, a LWYMbT ce NpefcTaBs OT OCTaHanuTe COBCTBEHN TPOMKM.
Cnep ToBa peanusauusTa cneasa TEHAEHUMSATA 1 ABATa OCHOBHYW NEPUOANYHI KOMMOHEHTA B AaHHUTE, KaTo
3apaBa bpos Ha 3ana3eHnTe cobCTBEHM TPOiikK Ha 3 (3agageHo Ype3 napameTspa NUM_COMPONENTS =
3).

OueHuTten Ha npeBoBsieMocT Ha Kannan-Maiep

Ouenutenar Ha Kannan-Maiep e HenapameTpuyeH CTaTUCTMYECKM OLEHWUTEN Ha (yHKUMSTa Ha
NPEXMBSEMOCT OT [aHHW 3a NPOLABIMKUTENHOCTTA Ha XMBOTAa. B KOHTekcTa Ha KomnaHuute oT EDA
CbOMTMETO Ha NPEXMBAEMOCT Ce AepMHMpa KaTO HE3aBUCUMOCT OT MOTTbLIAHE OT APYrY KOMMaHWW (4a He
6baat npuaobuTy Unu NUKBUAMPaHH).



. d;
S(t) = | | (1——1) #8
n;
tist
di e 6posaT Ha cvbuTusATa (MPUao6mBaHUs) B MOMEHT ti, a ni e 6poaT Ha GusHecKTe Nog pUcK (KOUTO BCe OLLe
paboTAT Hes3aBMCMMO) HenocpeacTBeHo npean MomeHT ti. Kpueata Ha KannaH-Mawep Busyanuaupa

BEPOATHOCTTA 3a NPEXNUBAEMOCT Ha KOMMaHUA OT EDA Ha onpegerneHa Bb3pacT.

Mogen Ha nponopunoHarnHuTe pUCKOBE Ha Kokc

MogenbT Ha NponopLmMoHanHuTe puckose Ha Koke e passutie Ha oLeHuTens Ha KannaH—Maiiep 1 Bknousa
LOMbIIHUTENHU KOBapuaTy, 3a ia 0T4eTe hakTopuTe, KOUTO MOraT fa NoBNUSST Ha pe3ynTaTuTe 3a BpeMEeTO
[0 HacTbnBaHe Ha CbbuTMEe. DYHKUMATA Ha pucka Ha GU3HEC C BEKTOP OT Mpu3Hauu X B MOMEHT t e
cnepgHara.

h(X) = ho(0) - ex(Br Xy + BoXy + -+ + BpX,) #9

KbOETO KoeduumeHTUTE Bi KONUYECTBEHO ONPeeNsT BAMSHUETO Ha BCSKa KOBapuaTta BbpXy WHTEH3UTETa
Ha pucka, a 6asoBata yHKLMS Ha pucka, hO(t), e eaHa v cblua 3a BCUYKM KOMNaHuK. [1oKkaTo NONoXuTenHa
CTOWMHOCT Ha [3 MoKa3Ba, 4e No-BUCOKUTE CTOMHOCTW Ha CbOTBETHATA KOBapuaTa yBennyasar pucka (puck ot
npuagobusaHe), oTpuuaTenHa CTOMHOCT Ha B MokasBa 3awuteH edekt. MogembT 3a NporHo3vpaHe Ha
*u3HecnocobHoctta B EDA wu3nonssa peguua koapuati, BKIHOUMTENHO Bb3PacT Ha KOMMAHWATA,
TechlmpactScore, no3vums No LEHTPANHOCT B MpexaTta (0T MPEXOBWS aHanu3) U NPUHAANEXHOCT KbM
KnmbeTep (0T obpatHoTo xubpugHo kbcTepupaHe (Reverse Hybrid Clustering)). MogensT Ha Kokc ce
Banuaypa C nomoLuTa Ha KOHKOpPAAHCHWS MHAekc (C-WHOeKC), KOWTO oueHsiBa AOKOMKO Aobpe MogenbT
noapexaa ABoikx GU3HeCH Bb3 OCHOBA Ha 04aKBaHKS UM pUck. MepdekTHa KOHKOPAAHTHOCT ce 0603HavaBa
¢ C-ungekc 1.0, gokato cnyvaiHo npegckasaHue ce obosHavasa ¢ C-uHgekc 0.5. Brier Score: nokassa
CTeneHTa Ha KanubpupaHe Ha npefckasaHUTe BEPOSTHOCTU 3a MPEXMUBAEMOCT; MO-HUCKUTE CTOMHOCTU
nokaseaT no-gobpo KanubpupaHe. ba3oBuTe WHTEH3UTETW Ha pucka Ce M3BMMYAT OT EMMUPUYHUTE
cneumntuyHmM 3a KbeTepa TEMNOoBe Ha NpuaobuBaHe, N3YNCNEHM OT UCTOPUYECKIS HAabOP OT AaHHK 3a M&A
B EDA. Crneq ToBa T€31 TEMNOBE Ce npunaraT BbpXy NETrOANWEH NPOrHO3EH XOPU3OHT.

MeTtoam 3a MpeXoB aHann3 n CTaTUCTU4YeCKo BannaunpaHe

MpexoB aHanus

LleHTpanHocTTa no cTeneH uauncnsiea Gpost Ha NpekuTe Bpb3KA Ha AafeH Bb3en, HopManuaupaH CrnpsiMo
MaKcuManHus 6poii Bpb3kK, KOUTO MOraT Aa CbLUecTBYBaT.

Cor(v) = ‘flefvi #10

KbAeTo n e obwmaT Gpon Bbpxose, a deg(v) e 6posAT Ha pebpaTta, MHUMAEHTHU Ha BPbX V. CepuitHuTe
npugobuealy ce naeHTMUYMpaT Ypes BUCOKA LEHTPANHOCT MO CTEMEH B MpeXaTa Ha npugobreaHusTa.

YecroTaTa, C KOATO AadeH Bb3en ce HaMnpa Ha Han-KbCUsl MbT Mexay Apyru Bb3nun, ce u3Mepea 4Ypes
Herosarta LieHTPaJIHOCT o nocpeaHn4ecTBo.

Cy(v) = Z 05t (v) #11

Ost

S#EV#EL
KbaeTo ost(v) e BposiT Ha MbTULATa, KOUTO NMpeMMHaBaT npe3 v, a ost e obLmMAT Gpoit Ha Hal-KbeuTe

MbTULWA OT Bb3en S A0 Bb3en t. ,MoCTOBUTE" KOMMaHWM, KOUTO CBLP3BAT Pa3NuyHI CETMEHTU Ha MpexXaTa
Ha npuooOMBaHMsATa, Ce UOEHTUUUMPAT Ype3 BUCOKA LEHTPANHOCT MO MOCPeAHNYecTBo. CpemHoTo
Pa3CTosHVE MEXy [aAeH Bb3en U BCekW Apyr Bb3er Ce M3MepBa Ype3 LieHTparnHocTTa no 6mmsocT.

n—1
#
Yuzy dw,u)
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KbAETO Pa3CTOSHUETO MO HaW-KbC MbT MeXay V U u ce obosHavasa ¢ d(v, u). busHecute, kouto ca gobpe
nosuLMOHMPaHN Aa AocTuraT Obp30 40 BCsAKa 4YacT OT MpexaTa, ce WaeHTUdMuMpaT 4pes3 BUCOKa
LleHTpanHocT no 6nnsocT.MaesTa, Ye Bpb3KUTE KbM CUIHO LIEHTPANHM Bb3MNK Ca NO-LEHHN OT BPb3KUTE KbM
nepuepHn Bb3NW, Ce ynaBs OT COBCTBEHOBEKTOPHATA LEHTPANHOCT, KOATO € paswWupeHue Ha
LLeHTPanHOCTTa NO CTEeNeH, NPETernsLo Bpb3KUTE CNOpes LEHTPaNHOCTTa Ha CbeeaunTe.

WUHaekc Ha XepdmHaan-XvpwmaH

MasapHaTa KOHLEHTpaLKs Ha na3apa Ha npugobueanns B EDA ce namepsa Ype3s uHaekca Ha XepcuHgan—
Xupwman (HHI).

N

HHI = z s? #13

i=1
KbAETO Si NpeACTaBnsaBa nasapHuUs Asn Ha upma i Kato NPOLEHT OT BCUYKK Npuaobusanms. HHI e mexay
1 (MmoHonon) u 1/N (cbBbpLUEHa KOHKYpeHLUms). Mpu HabntogeHne Ha nasapute B CALL, Tean ¢ HHI nog 0.15
Ce CuMTarT 3a HeKOHLEeHTpupaHu, Tean mexay 0.15 1 0.25 3a ymepeHo KOHUeHTpupaHu, a Tean Hag 0.25 3a
CUIMHO KOHLIEHTPUPaHU, CbIMacHO HacokuTe Ha MUHUCTEPCTBOTO Ha NPaBOCLAMETO

MeTpMKVI 3a BanuaunpaHe Ha KnbCTepun

Koxesnsita W pasgensHeTo Ha KbCTepa 3a BCAKA TOYKAa OT AaHHUTE Ce M3MepBaT upe3 CUnyeTHWS
KoeuumeHT
sy = D20y,
ma(a(i), b())

kbaeTo b(i) e cpeaHOTO pascTosiHue 40 Han-6nM3kNs KITbCTep (CPEAHO PasCcTOSHUE 40 BCUYKM TOYKM B Hail-
Brmskusa cbeepeH Kbertep), a a(i) € CpeaHOTO BbTPELLUHOKITLCTEPHO PasCcTosiHUE (CpeaHO pascTosiHue 4o
BCWYKM OCTaHanM TOYKM B CblUmMst KIbcTep). CunHa KmbCTepHa CTpykTypa ce 0603Ha4aBa CbC CTOMHOCTM
Hag 0.7, kouto Bapupat oT -1 go 1. VHgekcwT Ha [eiBuc—-boynawH m3uMcnsiBa OTHOLLEHWETO Ha
MeXOyKITbCTEPHOTO pasfensiHe KbM BbTPELLHOKITECTEPHOTO pa3ceiiBaHe.

Z (Ul +UJ) #15

d(cl,c})
kbaeTo d(ci, Cj) € pa3CTosHNEeTO Mexay ueHTpowane, a Oi e CpefHOTO pa3CTosiHUe MexZy TOYKUTE B
KITbCTEP | 1 TEXHWUS LeHTpoua Ci. IMo-HUCKUTE CTOMHOCTM NOKas3BaT No-Jobpo pasaensiHe Ha KITbCTepUTe.
KputepusT Ha OTHOLIEHMETO Ha Aucnepcunte, wiv WHAekcbT Ha KanuHckn—Xapabal, wusvncnssa
OTHOLLEHMETO Ha BbTPELLUHOKTbCTEPHATa AMCMEPCUS KbM MEXAYKITbCTEPHATA ANCTepCHs.

SSp
K—1
SSw
n—K
kbaeTo K e BposaT Ha kmbcTepute, n e obwumsaT 6poit Toukm oT daHHu, a SSB n SSW ca cboTBETHO
MEXAYKITbCTEPHATA M BbTPELUHOKTbCTEPHATA CyMa Ha KBagpaTuTe. [10-BUCOKUTE CTOMHOCTU NOKasgaT no-

KOMMaKTHW 1 No-fobpe pasaeneHm KibeTepu.

CH = #16

MeTtoam 3a cTaTUCTUYECKA BanugupaHe

3a pa ce onpedenu fanu CbLUECTBYBAT 3HAYMMK PasfvKM MeXay WAEHTU(WLMPaHUTE KITbCTEPW MO
BaxxHuTe npomeHnmey (Lifetime, TechimpactScore, DaysSinceEarliest), ce nsnonasa gucnepcnoHeH aHanma
(ANOVA). Toi kato U1 = Y2 = ... = YK, Hynesata xunotesa HO rnacu, 4e BCUYKM CPEAHM HA KITbCTEPUTE Ca
pasHu. = pK. TectoBara cTaTuCTUKa e cregHarta.

10



SSg

F= MSbetween _ K—-—1 #17
MSWithin SS—W
n—K
KbAETO MeXOyrpynosata Cyma Ha KBagpatute e:
K
SSB =Z nk(.i'k_.i')z#18
k=1

kbaeTo xIk e cpegHaTa Ha KimbeTepa, Xl e oblwarta cpegHa, a nk e 6posT Ha HabnogeHUsTa B KITbCTep k.
Cymarta Ha kBagpaTuTe B paMKUTE Ha rpynata e:

K Nk
SSW = z Z (xki - X'k)z #19
k=1 i=1

Mpu HynesaTa xunoTe3a F-cTaTucTkata CbOTBETCTBA Ha F-pa3npeaeneHune cbe cTeneHn Ha ceoboaa (K -
1, n - K). MparbT 3a onpegensHe Ha cratucTuyecka sHaummoct e a = 0.05. Eta-kBagpart (n2) ce u3nonssa
3a AoKnaaBaHe Ha pa3mepuTe Ha edekTa u ce aedrHMpa KakTo cneasa.
,  SSp

Ty
B ta3n pabota pasmepbT Ha edhekTa ce AoknaaBa upes eta-kagpat (n?). Toea, kKoeTo ToW AaBa, € AeNbT
Ha obLLaTta aucnepens, KONTO MOXe Aa Ce OTAaAE Ha NMPUHAANEXHOCTTa KbM KITbCTEP, C APYrv AyMM YacTTa,
KOSTO WABa OT pasnuKUTe MexXZy KMbCTepuTe, a He OT pasnukuTe BbTpe BbB BCEKM KmbeTep. Cohen
npeanara Tpu pedepeHTHN CTOMHOCTY 3a MHTepnpeTaums, kato n? ot okono 0.01 o3Ha4yaBa Manbk eekT,
0.06 - cpeneH, a 0.14 - ronsm; makap 4e Tpsibea ga ce oThEnexu, Ye ToBa Ca HaCOKW, a He (PUKCUpPaHH
rpaHuum. Korato gaHHUTE He ca HopmariHu, gonyckaHeTo 3a HopmanHocT Ha ANOVA He e 6esonacHo u
BMECTO Hero ce M3nonsea TecTbT Ha Kpyckan—-Yonuc, Tbil KaTo TOW He U3NCKBA TOBA [OMyCckaHe. HaunHbT,
no KOMTO paboTW TO3W TeCT, e 4Ype3 3aMsiHa Ha MbpBOHAYaNHUTE HAOMIOOEHNS1 C TEXHWUTE PaHroBe
(M34MCrneHn CLBMECTHO 3a BCUYKW TPYNM) U cred ToBa NPOBepKa Aani Tesu paHroBe ca pasnpeaeneHu
pasnnyHo Mexay rpynute. Bcuuko ToBa ce obobuiaBa B e4HO-eAMHCTBEHO uucno, H-cTaTucTukara,
“34mMcneHa Ypes:

#20

H=— 2 ZK: Ri 3(n+1) #21
_n(n+1)k_1 ng n

K BbB (hopmynaTta no-rope npeacrasnssa 6posT Ha rpynute. bposT Ha HabnaeHusdTa, NnpuHaanexatm
KbM onpefeneHa rpyna K, ce gaea ot nk, gokato Rk cbabpxa paHroBata cyma B pamMKuTe Ha Tasu rpyna.
LisnaTa n3Bagka, 3a BCuukmM rpynu, ce npebposiea ot n. C K - 1 cTtenenn Ha ceoboga, H npubnuautenHo
crnefBa Xxu-kBagpaT pasnpefenieHne npu HyneBaTa XunoTe3a, Y€ BCUYKM TPynu UMaT eaHaKBY
pasnpefdeneHus. Ha cBbp3aHuTe CTOWHOCTW Ce MPWUCBOSIBAT CPedHW paHroBe, 3a Aa ce obpabotar
CBBbp3aHNTe HabnogeHus. 3a aa ce onpeaeny aany HabnogaBaHOTO KAYECTBO Ha KITbCTEpU3aLmsTa (KakTo
e 0603Ha4Y€eHO OT cunyeTHUs KOeULMEHT) € NO-BMCOKO OT TOBA, KOETO 6K ce npeackasaro no CryvanHocT,
ce m3nonaea nepmyTaumoHeH TecT. 3a Bcska oT B nepmytauuute (B = 1,000) ce cb3pasat cnyvanHu
NPUCBOSIBAHMS KbM KITLCTEPU 1 CE N3YMCNABAT CbOTBETHUTE CUNYETHM KoeduLmeHTH. Taka ce onpeaens p-
CTOMHOCTTa:
_ #{Srandom = Sobserved} +1

= 422
p B+1

KbaeTo srandom npefcraBnsBa CUIyeTHUS KOe(ULMEHT 3a BcAka nepmytaums, a sobs npencraenssa
HabntogaBaHNa cunyeTeH koeuumeHT. 3a Aa ce NpefoTBpaT Hyneea p-CTOMHOCT U Aia ce B3eMe Npeasua
camata HabniopaBaHa CTaTUCTUKA, YUCIUTENSAT U 3HAMEHaTENsT ce kopurupat ¢ +1. KaTo oueHka Ha
BaNMOHOCTTa Ha KITbCTepu3aumusdTta, HesaBuUCUMMA OT  pasnpeferieHuero, TO3M TeCcT [onbrsa
HenapameTpuyHus Metog Ha Kpyckan-Yonuc u napametpuyHus metog ANOVA. bytcTpan npeunssagka cbe
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100 mTepaunn ce n3non3ea 3a OLEHKA Ha CTAbMIHOCTTa Ha pesynTatute OT KmbcTepusauusTta. Beska
uTepauust BKIMKOYBa B3EMaHE Ha CryyalHa u3Bagka C pasMep n OT Habopa OT AaHHM, npunaraHe Ha
anroputbMa 3a obpatHo xubpugHo krbetepupaHe (Reverse Hybrid Clustering) cbe cblymte napametpu u
U3Non3BaHe Ha kopurupaHus uHaekc Ha PaHg (ARI) 3a cpaBHsiBaHe Ha kpalHWTe NPUCBOSIBAHWS KbM
KITbCTEPU C MbPBOHAYAHUTE.
Rl = L= EIRIL g
"~ ma(RI) — E[RI]

kbaeTo E[RI] e ovakBaHusT MHAEKC Ha PaHg npu criyyanHo npucsosisaHe, a Rl e uHaekesT Ha PaHg (aenst
Ha [BOVIKUTE TOYKW, KOUTO Ca UM B €4MH U CbLL KITbCTEP W B ABETE Pa3buBaHus, v B pasninyHu KTbCTepH
n B agete). Mpu ARI -1 nokasea aHTukopenaums, 0 NpeacTaBnsBa Cbrmacke Ha HWBO CryyaiHocT, a 1
npeAcTaBnsBa NepdekTHO cbrnacue. B nogkpena Ha Te3n TBbpaeHNs Belue NpoBepeHa KOHCUCTEHTHOCTTA
Ha ARI koeduuneHTa mMexay npensBagkuTe, 3a Aa Ce YAOCTOBEpM, Ye BCska HabniogaBaHa KmbCTepHa
CTPYKTYpa He e cneundmyHa 3a usBagkata. Cneapawiara crbnka Gewe ga ce maeHTUMUMpa Kom ot
OTAENHUTE NpU3HaUM gonpuHacs Han-mMHoro 3a TechlmpactScore. belwe u3BbplieHa abnauus Ha
npu3sHaLw, KaTo BCekn OT YyeTupute npusHaka (Patent Score, Deal Value, Age Score, Acquirer Frequency)
ce npemaxaallie nocreaoBaTenHo u CUYETHUAT KOeUUMEHT ce Npensyncnsealle, 3a Ja ce BUam Kak ce
MPOMEHAT MONy4YeHUTE KmbeTepu. [onemute cnagoBe B KoeduUMeHTa MokassaT BaXHM NpusHauu, a
MarnkuTe cnafoBe NokasBaT NPU3HAaLM, KOUTO He Ca BaxHM.

IMABA lll. O6paTHO XMOpMAHO KNbCTepupaHe, KOMNO3UTHU METPUKM, NPEAUKTUBHM
MOAeNnn 1 MHOroareHTHa cuctema 3a oTkpuBaHe Ha M&A

To3un AucepTauMOHEH Tpya Npeanara HoB anropuTsbM 3a 06paTHO xnbpuaHo knbeTepupaHe (Reverse Hybrid
Clustering) 3a gaHHM ot M&A cpenku, TpucTeneHeH aHcambrioB Mogxod 3a KTbCTepu3aumsi, KOWTO
nuterpupa DBSCAN u K-Means no HoB nocrneaoBaTeneH HaumH. TOYKUTe OT JaHHUTE Ce KITbCTepusnpar B
Tpu etana: kmberepusauyns no nobTHocT ¢ DBSCAN, npeumsupaHe ¢ K-Means w peuHTerpauus Ha
LyMOBWTe TOYKW. B TO31 pasgen ce obcbxaar napameTpute, npegapurenHara obpaboTka Ha gaHHUTe 1
TEXHUKITE 32 ONMTUMM3ALMS, U3MON3BaHN B NPEANOXEHUS NOAX0A 3a 06paTHO XMBPUAHO KITbCTepupaHe.
MoBeyeTo XMbpUAHW TEXHUKM 3a KTbCTepU3aums, U3MNON3BaHN NOHACTOSLEM B nuTepaTypata, npunarat
npaBa koHgwmrypauws, npu kosito DBSCAN ce 13nonsea 3a NokanHo npeyusmnpaHe no niTbTHOCT, Cef KaTo
K-Means unu nepapxuyHaTta KnbCTepusaUms Ce M3ronssat 3a YCTaHOBsBaHe Ha rmobanHa CTpykTypa.
HacToswoTo uscnegsaHe obpblya Ta3u MocrnefoBaTeNHOCT Bb3 OCHOBA Ha cneuuduyHa 3a obnactTa
Haxogka: M&A akTuBHoCTTa B cektopa Ha EDA noka3Ba 13bnuum, OCHOBaHW Ha €CTECTBEHA MITbTHOCT, KOUTO
CbBMagaT C Bb/HUTE Ha Na3apHa KOHCONMWUAaLUus, 3a pas3nuka OT paBHOMEPHO pa3npefeneHuTe BpeMeBu
mogenu. AnroputbMbT Mbpeo M3nonssa DBSCAN, 3a fa ynosu Tesn MOAENM Ha ecTeCTBeHa MITbTHOCT,
Npeam a Hanoxu npeaBapuTenHo onpeaeneH 6poit KimbcTepy.

ABnaumroHHO n3cneaBaHe, NpeACTaBeHO NO-HATATLK B Ta3u rnasa, 0CUrypsisa eMnmpuyHa noakpena 3a Tosa
NPOEKTHO PeLLieHe, KaTo NoKasea, Ye BbPXy eduH U Cbly Habop OT faHHM obpaTHaTta nocneaoBaTenHOCT
noctura cunyeteH koeduumeHT 0.98, B cpaBHeHue ¢ 0.72 3a npasus xubpuaeH noaxog.

Bcsika M&A coenka ce npeactass upes TPMM3MEPEH BEKTOP OT NpM3HaLy

X; = (DaysSinceEarliest;, Lifetime;, TechImpactScore;)#25
Lifetime: BpemeTpaeHe Ha CblUeCTByBaHe Ha LeneBata KOMMaHWS B TOAMHWM KbM MOMEHTa Ha
npugobusareto; DaysSinceEarliest: MonoxeHne Ha npuaobruBaHeTO BLB BPEMETO CMPSMO Hal-paHHaTa
caenka B Habopa ot aaHHu; TechlmpactScore: KomnosuteH pesyntart, npeacTassily Bb3gencTBUETO Ha
TEXHOMOrMATa BbpXy npugobutata komnaHus. BCuukMm CTOMHOCTM Ha NpusHauuTe ce HopManusupar B
avanasoHa [0, 10] npeau kmbctepusaymsaTta ¢ Min-Max ckanep. MbpBo ce paspabotsat cneyudukaummre
3a peanusauust Ha kbcTepusaumusaTa no nabTHocT ¢ DBSCAN (Etan 1). Tosn MeToA 3a KnbCTepusaums
pasnnyaBa M30MMpaHUTe COENKW OT PErMOHWUTE C BMCOKA MABTHOCT Ha NpuaobuBHA aKTMBHOCT B LiENMs
Habop o1 661 M&A crenku. 3a pernoHaneH pactex Ha obeanHeHnTe kbCTepy upe3 ctaHgapteH DBSCAN
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ce npwnarat ase crneuudnyHM 3a obnacTtta aganTauun: BpeMeBo npeTernsHe v kanubpupare Ha MinPts.
3a BpeMeBOTO npeTernsHe u3mepeHueTo, npeactasswo DaysSinceEarliest, ce npeterns, a epsilon ce
3apaea Ha 180, koeTo € NpubNM3UTENHO LWECT Meceua BbB BPEMEBOTO MPOCTPAHCTBO W CpeaHaTa
NPOABIPKUTENHOCT Ha M3bnmk Ha M&A KkoHconmMaaums, No BpeMe Ha KOWTO HSKOMKO npugobusaHus B
paMKUTE Ha KOHKpETHa WHOYCTPUS Ce KOHCONMAMpaT 3a OTHOCUTENHO KpaTbK nepuof OT Bpeme. 3a
kanubpupaHeTo Ha MinPts ce n3bupa no-ronama croHoct 10, 3a pas3nuka ot espuctukata In(N), n3segeHa
B, KOATO faBa In(661) = 6.5. MinPts 6eLwe 3agageH Ha 10, 3a fa ce 06eAMHAT B eAUHNYEH KITbCTEP CAEMKM,
KOMTO OTpassBaT CTabWMHM W 3HAYMMM MOZENW Ha KOHCOMMAALUMS, 3a pasnuka OT CAENKW, KOUTO NpocTo
HacTbnBaT 611130 BBLB BpeMeTo. TakoBa yBenuyeHne Ha MinPts e Heobxoanmo, 3a aa ce nsberHat daniumem
OTKPUTWS 1 3a NO-ACHO MAEHTU(MULMPAHE HA OCHOBOMOMNArallMTe BbSIHWA Ha CriMBaHUs 1 npugobusaHus B
AaHHuTe. MHOXeCTBO KITbCTEPU, OCHOBAHW Ha NITbTHOCT, U LWYMOBO MHOXeCTBO N, CbAbpXaLlo U30nMpaHm
COENKW, KOUTO He OTroBapsT Ha KpUTEpUs 3a MITbTHOCT, ca pedynTaTtute oT Etan 1. ETan 1 Ha Habopa ot
naHHu 32 EDA M&A 0B1kHOBEHO Hamupa OT TpK A0 YETUPM NTbTHU Per1oHa, kbaeto ot 15 ao 20 npoueHTa
OT CHOENKNUTE Ce KaTeropusmpar kato WyM. TPUCTENEHHUAT NOTOK Ha anropuTbma e 060bLieH rpadmyHO Ha
durypa 1, KOATO Nokassa MbTH HA LaHHUTE OT CypOBUTE CAEMKM NPe3 KITbCTepu3aumsTa no NibTHOCT C
DBSCAN, npeuusupareTo ¢ K-Means BbpXy SApEHUTE TOUKM 1 PEUHTErPaLMaTa Ha LyMa 40 OKOHYaTesHO
npuceosiBaHe{ CPBSCAN CDBSCAN &~ (CDBSCANY

DBSCAN Density Clustering

\dentiy desiy-based clusters

Queypa 1 - Aneopumsbm 3a 06pamHO XUbPUGHO KTbCmepupaHe — mpucmeneHHa 610K-cxema.

10) vs Within-Cluster Sum of Squares (y-axis), mark elbow at k=5 (UPDATED to match paper)

Queypa 2 - 'paghuka no memoda Ha nakbms 3a u3bop Ha onmumasnHo K.
{CPBSCAN CDBSCAN _  (CDBSCAN N} = DBSCA(X, €, MinPts) #26
kbgeTo Cj (j =1, 2, ..., m) € j-TUAT KITbCTEP, OCHOBaH Ha MITbTHOCT, @ N @ MHOXECTBOTO OT LLYMOBU TOYKM.
W3nonsBaiku aBa napameTsbpa, epsilon u MinPts (3agagenn cvoteetHO Ha 180 1 10), metogbT DBSCAN e
B CbCTOSIHME Aa WAEHTU(MULMpA ECTECTBEHUS MOLENl Ha NNbTHOCT B AaHHUTE U [a pasnvyM wyma
(OTKNOHEHUsATA) OT TUNUYHUTE M3BNMLUKM Ha koHconuaaums B M&A akTueHocTTa. Ha BTOpuMS eTan MeToabT
K-Means ce u3nmbnHaBa BbpXy 0BeOMHEHWETO Ha SOPEHWUTE TOYKM HA BCUYKW KITbCTEpW, HaMEepeHu Ha
mbpBua eTan. B pesyntat ot u3nbnHeHneTo Ha npoueca K-Means sigpeHuTe TOUKM ce KmbCTepusnpar B K
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KbCTepa, KOUTO Ca OTHOCUTENHO KOMMAKTHU, KaTO XapaKTePUCTUKITE Ha BCEKM KITbCTep Ce NPaBsiT 0CO6EHO
SICHW Ype3 HETOBUTE LIEHTPONAM:

{81,820, Sk} = (U2, CPP5C4N K) #27
MeTogbT Ha NakbTs, NPUNOXEH BbPXY SAPEHUTE TOYKM, AaBa K = 5 kaTo onTumaneH Bpoi knmbCTepy 3a
Habopa oT aaHHM 3a EDA M&A. ETan 3 pemHTerpupa Bcsika Wwymosa To4ka p N KbM Han-6nnskus LeHTpona
Ha npeLnsnpaH KITbCTep, U3Mon3Baikv eBKNUG0BO PasCTOsSHUE, NPU YCMOBKE Ye Pa3CTOSHUETO e nog npar
Ha CXOACTBO T:

. - - 2
(p) = argmingeqs,. iy |lP — ficll

if|lp — ph|| =T #28
Epsilon MinPts K CunyeteH DBI CH unpekc
KoeduLMeHT
120 8 4 091 0.21 1,847
150 10 5 0.95 0.15 2,156
180* 10* 5* 0.98* 0.12* 2,341*
180 12 5 0.96 0.14 2,198
210 10 5 0.94 0.18 2,087
240 10 6 0.89 0.22 1,923

Tabnuua 2 - Pesynmamu om MPexo80 MbPCeHe Ha napamempu 3a 06pamHo XubpudHo KiibcmepupaHe

TechimpactScore: Komno3utHa meTpuka 3a TeXHONOrn4Ha oueHka Ha M&A

TexHONOrMYHOTO Bb3feicTene Ha M&A BbpXy upMUTE M MKOHOMMKATa BCE OLLE HE € KOSMYECTBEHO
OLEHEHO B nuTepaTypata. Makap Aa cbluecTByBa 06LLIMpHA NuTepatypa, kosTo oueHsBa M&A genHocTute
Ypes3 CTONHOCT Ha caenkaTa U NPUXOAHN MHOXWUTENW, B Ta3n CTaTUS Ce BbBEXa HOBA KOMMO3UTHA METPUKa,
HapeyeHa TechlmpactScore, 3a n3mMepBaHe Ha TEXHOMOMMYHOTO Bb3AENCTBUE Ha caenkuTe. CTOMHOCTTA Ha
chenkarta v NPUXOAHUTE MHOXMTENW ca ABETE Hal-LUMPOKO M3MOMN3BaHN METPUKM 3a OLIEHKA Ha pesynTaTute
OT CruBaHusTa 1 NpuaobuBaHuaTa BbB (hHaHcoBaTa 0BLWHOCT. PakTopuTe Ha CTOMHOCTTA, KOUTO BIUSAT
BbPXY CTpaTernyeckuTe 1 TakTUYECKUTE LeNN B 3aBUCELLMTE OT TEXHONOMN MHAYCTPUKM 0baye, He BUHArK
ce 0TpassBaT B Te3u [ABe METPUKM, KOUTO MOXE Aa HEe Pa3KpUBAT HaMbIHO 3HAYMMOCTTA Ha NpuaobuTnTe
TexHonorun. KoHKpeTHa npasHuHa B nperreaa Ha nutepatyparta ce 3ambfiBa 0T MeTpuKaTa: HacTosWwuTe
aHanuTUyHM pamkm 3a M&A TpeTupaT BCWYKM NpuaobMBaHWS KaTo eAHOpOaHM CbOUTMS camo C
(bHaHcoBaTa CTOMHOCT KaTo onpefenswa xapaktepuctuka. CrpaTermyeckata M TeXHOMOrMyHata
3Ha4MMOCT Ha NpuaobueaHusTa B cektopa Ha EDA obave Bapupa 3HaunTenHo. Hanpumep crparternyeckute
nocneauum ot npuaobusare 3a 50 munuoHa gonapa Ha npeanpuste ¢ 200 nateHta U 15 roguHuM
ekcrnepTu3a B 0bractTa ce pasnuyaBat CbLLECTBEHO OT Te3n Ha npuaobueaHe 3a 50 MunroHa gonapa Ha
CTapTbM, KOWTO € CaMO Ha AiBE FOAWHMU U HAMa NaTEHTHO NOPTONNO. Te3n kKa4eCTBEHU BapuaLmm ce ynasaT
or TechlmpactScore, konuyectBeHa komnosuTHa MeTpuka. TechlmpactScore ce peduHupa kaTo
npeTerneHa cyma OT YeTUpW HOpManu3npaHu KOMMOHEHTA: NaTEHTHUS pe3ynTaT, pesynTara no CTOMHOCT
Ha cgernkaTta, peynTata no Bb3pacT Ha KOMMaHusTa 1 peynrata no YectoTa Ha npugobusams:

TechlmpactScore = 0.35- P, + 0.30-D,, + 0.20- 4, + 0.15 - F,#29
Kbaeto Pn e HopmanuaupanuaT nateHteH pesyntar (gaHHm ot APl Ha USPTO PatentsView), Dn e
HOPManU3NpaHUAT pesynTaT no CTOMHOCT Ha caenkata, An € HOpManuaupaHUaT pesynTar no Bb3pacT Ha
KOMnaHusTa, a Fn e HopManuaupaHuaT pesynTar no Yectota Ha npugobuealums. Beekn KOMNOHEHT ce
HopmManuaupa go ckana [0, 10] upes Min-Max Hopmanusauus:
X~ Tmin_ o 10 430
Xmax — Xmin

Ternata (0.35, 0.30, 0.20, 0.15) ca nonyuyexn ot PCA Bbpxy 661 M&A caenkn. HatoBapeaHusiTa Ha mbpeaTa
rnaBHa KOMMOHeHTa NoKa3BaT NPMHOCA Ha BCSKO M3MepeHne KbM obLuaTa aucnepeus: MaTeHTHUAT pesyntat
nma HaTtoBapsaHe 0.38 (Hopmanuauparo terno 0.35), CToitHocTTa Ha caenkata 0.32 (HopManuaupaHo Terno
0.30), Bb3pacrra Ha komnanusita 0.18 (HopmanuampaHo Terno 0.20, kopurupaHo Harope 3a peneBaHTHOCT
kbM 0bnactTa) u Yectotata Ha npugobusaims 0.12 (HopmanuaupaHo Terno 0.15, CbLLO KOpUrMpaHo Harope

Xnormalized =
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3a peneBaHTHOCT KbM 0bractta). 3a ga ce rapaHTupa, Ye BCEKM KOMMOHEHT MUMa 3HA4YUMM MWUHWUMAaneH
npuHoc, nssegexnte ype3 PCA Terna 6sxa HesHauMTENHO MOAMMMLMPaHM Bb3 OCHOBA Ha eKkcrepTusa B
obnactra, B CbOTBETCTBME C MeToAoNorusATa, npeanoxeHa ot Nardo et al. 3a narpaxaaHe Ha KOMMO3UTHN
nHamkatopu. BannaHoctta Ha TechlmpactScore Gelwe nposepeHa Ype3 CpaBHABAHETO My C HE3aBUCUMM
MEpPKK 3a CTOWHOCT Ha chenkaTta (T.e. MOKynHaTa LeHa UnW CTOWHOCTTA Ha TpaH3akuuMsaTa Ha caenkata).
M3non3saHuTe gaHHW Gsixa NpefoCTaBeHM 3a BCsKa cAenka, 3a KoaTto Bewe HannyeH TechimpactScore.
Belwe ycraHoBeHa kopenauus Ha MubpcbH r=0.71 (p < 0.001). Makap Ye kopenauyus, KOSITO € no-marka ot
nepekTHa, 0BMKHOBEHO Ce CuMTa 3a yMEpeHa, Haxofkata € TOYHO TOBa, KOeTo 61 ce ovakBano, 3a Aa
yKaxe KOHBEepreHTHa BanugHocT Ha TechlmpactScore kaTo Msipka 3a edHO KOHKPETHO M3MepeHue Ha
CTOWHOCTTA Ha npuaobuBaHeTo, OTAENHO OT CTOMHOCTTA Ha cAenkaTa, HO Kopenupawo C Hes. Tosa
noAckasea, Ye pe3ynTaTbT yraBs TEXHOMNOMYHM U CTpaTernyeckn hakTopy B AOMbITHEHNE KbM CTOMHOCTTA
Ha caenkata.

OTkpuBaHe Ha neT apxeTuna Ha M&A knbcTepu

C nomoLyTa Ha anropuTbMa 3a 06paTHO XMBPUAHO KMbCTepupaHe, NpunoxeH Bbpxy 661 EDA M&A caenku,
Osixa paskpuUTW NET OTAEMHM KITbCTEPHI MOAENA 3a CTPATErM4ecko NpugobuBHO NOBEAEHNE, UMW KITbCTEPHM
apXeTunu, KOUTO NPefCTaBAT YHWUKaNHM cTpaTerun 3a npupobusaHe. Tean apxeTunu CbCTaBnsBaT HoOBa
eMnupuyHa TakcoHomust Ha M&A noBeeHNeTO B paMKnUTe Ha TEXHOMOTMYHO UHTEH3VBHUTE UHOYCTPUN.

Knbctep HaumeHoBaHue Paamep (%) CpepgeH CpepeH 6poit | CpepeH Crparernyecka
XNU3HEH naTeHTu TechlmpactScore | uHTepnperaums
UMKBN
(roguHm)
Co BucokotexHonornuim | 15.1% 11.2 18.6 7.8 3penu
Lenm TEXHOMOMYHM
KOMMaHuy,
npuaoduTy

3apagy CUMHKU
MaTeHTHN
noptceiinm (IP)
C1 Malwyab BbB dhasa Ha | 35.9% 9.8 8.2 54 Hai-ronam
pacTtex KITbCTEp;
KOMMaHuy B
cpepHa ¢hasa,
npugobutyn
3apagu nasapeH
maLab

C2 3pan noptdein 18.7% 18.6 5.4 41 OtpasHa
YCTaHOBEHU
KOMMaHuu,
npugobutyn
3apagu
knuenTcka 6asa
11 NasapHa
nosunums

C3 MpucbeanHsisate Ha | 20.4% 4.2 31 3.6 CrapTbnv B
Mnagu cTapTbiu paHHa (ha3a,
npuaoduTy
OCHOBHO 3apagu
TanaHTv u
HOBOBBb3HMKBALLY
TEXHOMOMM

C4 Bbpan 9.9% <2.0 12.8 8.9 MHoro mnaau
BMCOKOCTOMHOCTHM KOMMaHuy ¢
U3KIMIOYNTENHM
CTOMHOCTM Ha
CAenkuTe
(cpenHo $249M);
cTpaTernyecku
npugobuBanms ¢
npemusi

Tabnuya 3 - Nem apxemuna Ha M&A kmcmepu, udeHmupuyupaHu Ype3 0bpamHo XubpudHo Kbcmepuparxe.
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Knbctep CO (High-Tech Targets) ce nsnonssa 3a onucaHue Ha npuaobruBaHETO Ha BUCOKOTEXHOMOMNYHM,
OBMKHOBEHO MATEHTHO WHTEH3MBHW KOMNaHUU. Te3n komnaHun umat busHec BpemeTpaeHe ot 10 roguHm
U1 NOBEYE W NpuTexasaT OrpOMHO Konn4ecTBO IP 1 Hoy-xay. Pasrnexnaiku KOHKpeTHO cektopa Ha EDA,
npupobusannsta CO yecto Bkntousat IP, DFM wnn cneuynannanpanu BepucmkaLumoHH1 upMm, YMUTO
TEXHOMOTMYHM NOPTONNa ca TPYAHM 3a BbTPELLHO Bb3npounseexgaHe. MpuaobusareTto Ha IP € ocHoBHaTa
cTpaTernyecka MoTUBaLMA, KaKTo CBUAETENCTBA CPeAHaTa CTOMHOCT OT 18.6 naTeHTa Ha uen.

lMoBeye OT edHa TpeTa OT BCUYKW caenku Bsxa HacoyeHn kbM komnaHum B Knbetep C1 (Growth-Stage
Scale), Han-ronemus KnbCTep. ToBa ca KOMMaHWN C YMEPEHW KONMMYECTBA TEXHONIOTUYHI aKTUBM BbB (hasa
Ha pacTtex, Ha npubnuautenHo 10 roguHn. MoBeYETO NOKYNKW B TO3M KITbCTep OsXa Ha KOHKYPEHTHM
KOMMaHWK, KakTo W Ha JOCTaBYMLM Ha JOMbMBALLM NPOAYKTY, 3@ Aa ce YBEnuYM 06XBaTbT Ha NOKPUTUE Ha
NPOEKTHWUS1 MOTOK Ha npugobuBawms. CrtpaTernyeckata [fBuxella cuna 3af ToBa € MasapHata
koHconuaauwma n mawaba. Caenkute C1 hopmmpat 94p0TO Ha MOAENa Ha KOHCONMAaUus B MHAYCTpusTa.

MpngobueaHusTa Ha YTBbPAEHM KOMMaHWM C No-Manbk Gpon nateHTu (cpepHo Ha 18.6 roguHu) ce
kaTeropusupat nog Knbcrep C2 (Mature Portfolio). Tean Bugose npuaobueaHns 0GUKHOBEHO Ce M3BbpLUBAT
3a 3aBbplUiBaHe Ha TEXHOMorMyHa nnatopma, 3a paswwupseaHe B reorpad)cku nasap wmunu 3a
npuoobueaHe Ha knueHTcka Hasa. Korato KOHKpPeTHO ce oTHaca 4o cektopa Ha EDA, C2 obukHoBeHO
BKMKOYBA NOKynkaTta Ha no-manka EDA komnaHus ¢ ycTaHoBeHa knneHTcka 6asa, obcnyxBealla KOHKpeTHa
nasapHa Hua.

Komnanunte B Knbctep C3, Young Startup Tuck-ins (cpeaHa Bb3pacT: 4.2 roguHu), ca Mnagum CTapTbim ¢
WHOBATMBHA TEXHOMOTUS 1 CMOCOBHN MHXEHepHM ekunu. Te ca npumep 3a ,acqui-hire* n cboTBETCTBAT Ha
MOTWBaLMsATa 3a npuaobuBaHe Ha TanaHTu, onucaHa B nutepaTypata. CTapTbnuTe ca B paHeH etan ot
KM3HEHWUTE CM LMKNW M UMAT HUCKa NaTeHTHa Npou3BoauTenHocT. 3atoBa cpeaHusit TechimpactScore e
OTHOCUTENHO HUCHK - 3.6.

Knbctep C4 (Rapid High-Value), Han-0TKposiBalWmMsAT ce apXxeTun, € CbCTaBEH OT U3KMKYUTENHO MNagu
npeanpuaTMa CbC cpedHa MPOABLIDKMTENHOCT Ha CbLUECTBYBaHe NOA [ABE TOAWHW, KOUTO [ocTurat
WU3KITIOYMTENHO BUCOKW NpUoBMBHW NpeMun (CpeaHa CTOMHOCT Ha caernkata 249 munuoHa gonapa). Teau
CAENKM ca NpUMepK 3a CTpaTernyeckn 3anosn Bbpxy npeobpasyBaLyy TEXHOMOrMM, NpK KOUTO KynyBaybT
nnawa noseye, 3a Aa NOMy4Yu MOTEHUMATNHO PEBOMIOLUMOHHA TEXHOMOTMS Mpean  KOHKYpPEeHTUT.
MpunobusaHusta C4 B cektopa Ha EDA yecTo BKIouBaT HOBa NoynpoBOAHUKOBA IP 1nn MHCTPYMEHTH 3a
npoekTupaHe ¢ noaapbxka Ha Al/ML. BUCOKOTO NMaTeHTHO Ka4yecTBO, @ He KOMWYECTBO, Ce 0TpassiBa BbB
Bucokusi TechimpactScore (8.9). MpocTpaHCTBEHOTO pa3aensiHe Ha NeTTe apxeTuna B NPOCTPAHCTBOTO Ha
npusHauute e Bu3yanmampaHo Ha Ourypa 3a u durypa 3b, KbaeTo BCska COenka e HaHeceHa B
TPUM3MEPHOTO NpOCTpaHCTBO, AeduHupaHo oT DaysSinceEarliest, Lifetime u TechimpactScore, u e
OLBETEHa Crnopes KITbCTEPHUS ETUKET.

X-Y Projection (Date vs Lifetime)

@ Cluster CO rC3 @ Cluster C4

Queypa 3a — lem apxemuna Ha M&A knbcmepu
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Y-Z Projection (Lifetime vs TechScore)
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Queypa 4 - Bpemeso pasnpedenerue Ha M&A cOenkume no Knbcmep.

KoHdmrypaums CunyeteH koedmument | DBI CH nHpekc Brow. (%)

Beuyku npusHaum - 0.98 0.12 2341 -

6a3oBa NuHUs

be3 naTeHTHU AaHHK 0.82 0.28 1645 -16.3%

Bes cToiHocT Ha 0.87 0.23 1812 -11.2%

caenkata

bes Bb3pacT Ha 0.91 0.19 1987 -1.1%

KoMnaHusiTa

Be3 TechimpactScore 0.64 0.45 1023 -34.7%
Tabnuya 4 - Pesynmamu om abnayuoHHomo u3credsaHe Ha npusHayume

Anroputbm CunyeteH DBI CH uHpekc O6paboTka Ha WUHTepnp. Ha
KoedhuLMeHT wyma KnbCTepuTe

K-Means 0.72 0.34 1567 Hama Bucoka

(K=5)

DBSCAN 0.85 0.21 1823 Ja CpenHa

(epsilon=180,

MinPts=10)

Mpaso 0.72 0.31 1678 YactnyHa CpenHa

XvbpmaHo

(K-Means —

DBSCAN)

GMM (K=5) 0.68 0.39 1456 Hsima Hucka

O6patHo 0.98 0.12 2341 Ja Bucoka

XnbpuaHo

(DBSCAN —

K-Means)

Tabnuua 5 - CpagHeHue Ha areopummume 3a Kbcmepu3sayus

MporHo3upaHe Ha BLNHU Ype3 SSA: AganTtaums Kbm BpeMeBu pegoBe Ha M&A

B To3u pasgen ce onucBa Kak CUHTYMSAPHUAT CheKTparneH aHanus e mMoauduuupaH 3a OTKpuBaHe M
nporHosupare Ha M&A BbnHU. ToBa e NpunoxeHne Ha SSA KbM BpeMeBW PefoBe Ha KOPNopaTUBHY CAEMKK,
KOEeTO He e [OKYMEHTUPaHO B nNuTepaTtypaTa npeaun B cektopa Ha EDA. SSA e npunoxeH 06LUMPHO KbM
(PMHAHCOBM 1 MKOHOMMYECKM BPEMEBW pefoBe; 3a [a Ce ChpaBu C HeperynspHuTe BpeMeBu MOZEenw,
TUNWYHU 33 NpugobuBHATa akTUBHOCT, W C AMCKPETHWS, OCHOBAH Ha Opoit XapakTep Ha AaHHWUTE 3a
COEnKWUTe, HEroBOTO NPUMOXEHUE KbM JaHHUTE 3a M&A aKTUBHOCT Hanara KOHKPETHW Mogudukaumn. bpost
Ha COenkuTe BbB BCSKO kaneHaapHo Tpumeceune oT Q1 1975 go Q4 2025 ce npebposiBa, 3a ga ce
npeobpasysat cypoBuTe AaHHM 3a M&A caenku B TpumeceyeH BpeMeBm pea. ToBa BOAM A0 BPEMEBM peq C
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N = 204 HabniogeHusi Ha Tpumeceune. Han-gobpata BpemeBa pes3ontoums 3a ynaBsHe Ha MOZENUTE Ha
M&A BbMHWTE € TpumeceyHaTa arperauus, a He roguwHata (kosto 6u 3arybuna BbTPEeLHOroAmMILIHaTaA
OMHaMKKa) N MeceyHata (kosTo Ou goBena [0 NMPEKOMEPHW nepuoan ¢ Hynes Gpon). Tpu roguHu
TPUMECEYHM JaHHW Ce NPeACTaBAT Ype3 Npo3opeLia Ha BrpaxaaHe, KOUTo e 3afaaeH Ha L = 12 Tpumeceuns.
OcBeH 4e e AOCTaTbYHO ronaM, 3a Aa YNOBM TUMMYHATA NPOLBIKUTENHOCT OT 3-5 roguHu Ha M&A
KOHCONMAALMOHHUTE BbIHM, HabntoaaBaHu B HAycTpusTa Ha EDA, TOM Cblyo Taka € B CbOTBETCTBUE C
obuoTo ykasaHwe, ye L Tpsabea aa nonaga mexay N/3 n N/2. MNopaaun paspeneHoCT Ha paHHUTe COEMNKK B
Habopa oT AaHHW, no-Abbr nposopel (L = 20) BbBeae rpaHnyHu edpekTu, 4okaTo no-kbe nposopel (L = 8)
He Delue B CbCTOSHWE [a pasnnin MbPBUYHWTE W BTOPUMHWTE LMKINYHM KOMMOHEHTU. KOMNOHEHTUTE Ha
CUrHana, KOMTO Ce 3anasBaT, U Te3W, KOUTO Ce OTXBbPNAT KaTo LUyM, 3aBUCAT OT Bpos Ha 3anaseHuTe
cobCTBEHN TPOMKKM. Bb3 OCHOBA Ha eMMMpUYEH aHammM3 Ha CrekTbpa OT COBCTBEHM CTOMHOCTM Gsixa
3anaseHu MbpBuUTE TpK COBCTBEHM TPOMKM: MbpBaTa NPeACTaBs AbrocpoyHaTa Bb3X0AsLa TEHAEHLMS B
M&A aKkTMBHOCTTa, BTOpaTa NpeAcTaBs MbpPBUYHWS LMKIMYEH Mogen ¢ nepuop okorno 8-10 roguHu, a
TpeTata npefcTaBs BTOpPUYHA ocuunauus ¢ nepuogd okorno 4-5 roguHn. 3aefHo Tesn Tpu KOMMOHEHTA
obsicHABaT NO-ronsiMata YacT OT CTPYKTypaTa Ha AucnepeusTa u npeMaxsat BUCOKOYECTOTHUS LyM, KOWTO
OM Hamanun TOYHOCTTa Ha nporHo3aTta. PeKypeHTHWAT anropuTbM 3a MPOrHO3MpaHe npoekTupa
pekoHcTpympaHus curdan 20 Tpumeceyns (5 roguun) B 6bAeLLeTo, Nponssexaanku nporHosu ot 2026 r. 4o
2030 r.. [loBepuTenHuTe UHTEPBAM Ce OLieHABAT Ypes EKCNOHEHLMANHO n3rnaxaaHe Ha XonT—YUHTBPC, C
napametpute a= 0.3 (HnBo) u § = 0.1 (TeHaeHuUus). i3anonaBaiiku nporHoaHaTa cTomHocT + 1.96 cTaHgapTHM
OTKMOHEHUs Ha ocTaTbunTe Mexay SSA PeKOHCTPYKUMSTa M OpUrMHaNHUTE [aHHuM, ce uaunucnsasat 95-
NPOLIEHTOBNTE MHTEPBanW. [TbpBa CTbNKa 3a BanuaupaHe Ha SSA aekomnosnyusaTa Ha BpeMeBUS peq Ha
EDA M&A e fa ce nposepu Janu LUMKIMYHUTE KOMMOHEHTY, Bb3CTaHOBEHW OT anropuTbMa, CbOTBETCTBAT
Ha YeTupute uctopuyeckn M&A BbMHK, KOUTO Ca JOKYMEHTUPaHW He3aBMUCMMO B nuTepatypata 3a EDA.
Tabnuua 6 oTynTa 3a BCAka OT YETUPUTE BBIIHW Nepuoza, Npe3 KOMTO BbiHATa € akTUBHA, NMKoBaTa roauHa,
noeHTuuumpaHa ot SSA  PEeKOHCTPYKUMSTa, MUKOBUSI TpUMecedeH Opoi caenku npu To3u MUK M
OOMUHMpALUMS MHAYCTPUAnEH ABuraten, CBbp3aH C BbfiHaTa. Bb3cTaHOBABAHETO Ha BCUYKUTE YETUPY
BbJIHW €AMHCTBEHO OT JaHHUTE, C NKOBE, KOWTO CbOTBETCTBAT Ha UCTOPUYECKUS 3aMIC B PAMKUTE Ha €AHO
TpUMeceyne, Nokasea, Ye LMKIMYHNTE KOMMOHEHTH, U3BNeYeHmn ype3 SSA, npefcTaBaT UCTUHCKA NasapHa
[VHaMVKa, @ He CTaTUCTUYECKM apTedaKkTh Ha JeKoMNo3nLmsTa.

BbnHa Mepuop MukoBa rognHa MukoB Tpumec. Gpoii [Burarten

BbnHa 1 1998-2001 2000 28 KoHconupauus cneg
[oTkom Byma

BbnHa 2 2006-2008 2007 22 CnoxHoct Ha SoC npeau
(hvHaHcoBaTa Kpusa

BwrHa 3 2015-2018 2017 25 BbanpuemaHe Ha
M/obnayHm TexHonorm

BbnHa 4 2020-2022 2021 24 HepocTur Ha yinose
3apapu Covid,
AMCcTaHumMoHHo EDA

Tabnuya 6 — icmopuyecku M&A gbsiHu, omkpumu ype3 SSA

AHanus Ha npexmsaemMocTTa 3a NPOrHo3npaHe Ha KM3HECNOCOOHOCTTa Ha
KOMnaHuuTe

Bepcusi Ha mMogena Ha MponopuUMoOHanHuTe puckoBe Ha Kokc ce u3noraBa B pamkaTa 3a aHanu3 Ha
MPEXMBAEMOCTTa 3a MPOrHO3MpaHe Ha Xu3HecrnocobHocTTa Ha EDA komnaHuuTe, Kbaeto ,cbouTne” e
npugobuBaHe Unn npekpaTsBaHe, a ,MPEXMBAEMOCT” ce aedMHMpa KaTo ,MPOAbIKaBaHe Ha He3aBMCUMa
feiHocT". HTerpaumsTa Ha pasHOPOAHM aHanUTUYHN NPU3HALM OT aHaNK3UTE Ha KITbCTepu3aLus, Mpexa
W TEXHOMOMW, Cb3dafeHN B TO3M AMCEPTALMOHEH TPy, MpaBu TOBa MPUNOXEHWE YHMKANHO. Ypes
KOMBWHMPaHE Ha Pe3ynTaTUTe OT HSKOMKO aHaNMTUYHM Moayna ModenbT Ha Koke crnobsisa netuamepeH
BEKTOP OT NPW3HaLM 3a BCsika KOMMaHWs.
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MpusHak 1 — MNprHagNEXHOCT KbM KIbCTep (kateropuaneH). MNpucBosiBaHETO Ha KMbCTep OT 06paTHOTO
xnbpugHo kmbctepupaHe (C0-C4) ynassa cTpaTernyeckus apxeTun Ha KOMNaHusTa 1 CBbp3aHnus C Hero
npoun Ha NpuaoBUBEH PUCK.

MpusHak 2 — TechlmpactScore (HenpekbcHaT). Ta3n KOMMO3WUTHA METPUKA 3a TEXHOMOrMYHa OLeHKa
cbobLiaBa Ha NOTEHLMaNHUTE KynyBayu 3HA4UMOCTTa Ha TEXHONOMATA Ha KOMNaHUsTa.

MpuaHak 3 — Mo3nuus No MpexoBa LEHTPaNHOCT (HenpekbeHaT). LieHTpanHocTTa no nocpeaHMYecTBo Ha
KoMnaHusiTa B NpugobreHaTa Mpexa u3passBa HelmHaTa CTPYKTypHa 3HaummMocT B M&A ekocuctemara.

Mpu3Hak 4 — Bb3pacT Ha komnaHusTa (HenpekbcHaT). bposT Ha roguHUTE OT OCHOBABaHETO Ha KOMMaHMATa
€ KIIY0B MHAMKATOp 3a NpuaobuseH puck B nutepatypata 3a M&A.

MpusHak 5 — Karteropusaums no TexHorornyeH cektop. MHaycTpuanumusat cermeHt (Hanpumep IP, DFM,
cUMynaums unu BepucrkaLms) BNmsie Bbpxy U3NOXEHOCTTa Ha KOMMaHUATa Ha KOHKYPEHTM.

ToBa MHOrOM3MepHO MPOCTPAHCTBO Ha MpU3HaLMTE e NOAoBPeHe CrPSIMO NPEAULLHUTE MPUIOXEHNS Ha
aHarnu3 Ha NpexvBSEMOCTTa B KOPNoOpaTUBHUTE (PUHAHCH, KOUTO OBUKHOBEHO M3MON3BAT CaMo (hHAHCOBM
npoMeHnueu. MopenbT MHTerpupa pesynTaTuTe OT TEXHOMOrMYHaTa OLEHKA, MpexoBaTa nosvuus w
KITbCTepHaTa NPUHAANEXHOCT, 3a ja 0TYeTEe CTPATErMYeckn acnekTu Ha (PMHAHCOBaTa XM3HeCnocobHOCT,
KouTo He ca obXxBaHaTM OT TPaAAULMOHHUTE WHAMKATOPU (KaTO Bb3BPBLIAEMOCT Ha npoaaxbute u
Bb3BPbLIAEMOCT HA UHBECTULMSTA).

MpexoB aHanu3 Ha Bpb3KUTe Mexay npuaobuBawmTe

Kakto Beye Gelie cnomeHaTo, B MOZyna 3a MPEXOB aHanu3 Ce W3non3BaT eNeMeHTU Ha TeopusiTa Ha
rpacure, 3a fia Ce aHanuaupaT CTPYKTYPHUTE XapakTepuCTUKL Ha npugobueHaTa ekocuctema Ha EDA. Tasm
Len ce u3mbiHsBa ot knaca ,NetworkAnalysisService.cs”. OpueHTupaH rpad Moxe fa 6bae KOHCTpyMpaH
no cnegHus HaunH: Gupmute ce NpPeacTaBaT Ypes BbPXOBe, a NPUA0OMBHUTE BPBH3KM MeXay bupmuTe ce
NpeacTaBsAT ype3 opueHTMpaHu pebpa, coyelm ot npugobusawiata upma KoM npugobutata gupma.
MpugobueHaTa Mpexa e usrpageHa ot 661 M&A caenku, fasanku rpacg ¢ npubnuantenHo 600 yHUKanHM
Bb3ena u 661 pebpa. MpexaTa e paspeaeHa, Tbil KaTo MOBEYETO KOMMaHUU Npeanpuemart camo 1-2 caenku
(nnbTHOCT < 0.01). domMuHupawwmte goctaBunum Ha EDA ca obkpbxeHu OT cb3Be3ame OT ,xbb“ Bb3nu
(cepuitHn npuaobuBaLLy) € BUCOKA M3XOASLLA CTeneH B 38e34000pa3Ha KoHGMrypawus.

Panr Komnanus Mpupobusanus LlenTpantoct no LlentpanHoct no
cTeneH nocpegHNYeCcTBO
1 Synopsys 80+ 0.132 0.287
Cadence 50+ 0.089 0.198
3 Mentor Graphics / 40+ 0.067 0.156
Siemens EDA
4 Intel 15+ 0.028 0.089
5 Keysight Technologies 12+ 0.021 0.067

Tabnuya 7 - Ton 5 npudobusalyu no YeHmpanHocm no cmeneH
Synopsys e Han-akTUBHO NpnaobusawmsaT goctaBynk Ha EDA v Taka KOHTpOnMpa Mpexata no BCUYK MEPKU
3a LeHTpanHocT. Bucokata my LeHTpanHocT no nocpeaHnyectso (0.287) o3Havaea, Ye Synopsys aencTea
KaTo KIKYOB CBbP3BALL, MOCT MEXZY pasnunyHuTe nasapHu cermeHT Ha EDA, ¢ pasHoobpasHo npuao6meHo
noptdonuo, koeto Bkntoysa IP, DFM, cumynaums v Bepudmkaums. 3a aa ce npocneay eBonoumusaTa Ha
nasapHata KOHUeHTpauus B npugobusanusta Ha EDA, nHgekcbT Ha XepduHgan—-Xupwmad (HHI) ce
W34MCNIABA B pamMKuUTe Ha BpeMeBm npo3opum. B Havanoto Ha 90-Te roguHu npugobusHusT nasap Ha EDA
3anoyHa KaTo HekoHUeHTpupaH nasap (HHI = 0.08), nocteneHHO HanpeaBaiku 40 YMEPEHO KOHLEHTPUPaH
npe3 2020-te roguHmn (HHI = 0.22), oTpassBaitk ONUrononHUsS MOZeN Ha KOHCONMaaums, UaeHTugnumpaH
no-paHo. MpexoBuAT aHanu3 UAEHTUPULMPA HAKOMKO eCTeCTBEHW OBLLHOCTU, B KOUTO KOMMaHWWTE ca
CKMOHHM Aa npupobuBaT Apyrv MpeanpusaTus B pamMKuTe Ha CBbp3aHu TEXHOMOrWW. TpuTe OCHOBHM
oBWHOCTM CBLOTBETCTBAT Ha NpuOobMBHMTE ekocucTeMu Ha lonsmata Tpowka“, LEeHTPUpaHM OKOmMo
Synopsys, Cadence n Mentor Graphics/Siemens EDA, ¢ no-manku obwHocTtn, LeHTpupaHu okono Intel,
Keysight u gpyru cepuitHu npugobusawm. durypa 5 uzobpasssa nonyyeHata CTpPyKTypHa opma Ha
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npuoobueHata ekocuctema Ha EDA nog dopmarta Ha CUNOBO HAaCOYEHO MPEXOBO NPEACTaBsHE Ha
opueHTupaHus rpad ¢ 661 pebpa. KomnaHunte ca n3obpaseHi KaTo Bb3nu B pasninyHi pasmepy v LIBETOBE,
O3HayaBalLy CbOTBETHUTE UM CTOMHOCTM HA LIEHTPAITHOCT.

Queypa 5 - lNpudobusHa mpexa Ha EDA — cunoso Haco4eH epach
N3obpaxeHneTo n3obpasssa xapakTepHaTa 3Be380006pa3Ha CTpyKTypa Ha nonynpoBOAHUKOBATA UHAYCTPUS
Ha EDA, ¢ Tpu ronemu xb6 Bb3ena, npeactassawm Synopsys, Cadence n Mentor Graphics / Siemens EDA
(Tonamata TpoWka), 0OBKPBXEHM OT peauua no-mManku cepuitHu npugobusalm (nepudepHn xubose) kato
Intel n Keysight.

ApXuUTeKTypa Ha MHOroareHTeH KOHBeMep

PBbYHUAT, OTHEMALL MHOrO BpeMe NpoLEeC Ha HamMpaHe W kaTanornaupaHe Ha HOBU CAEMKN € 3HAUUTESTHO
TACHO MSICTO B akafeMu4HuUTe uacneasaHus Ha M&A, koeTo ce agpecvpa OT nonyaBToMaTU3NpaHus MoayI
3a oTKkpuBaHe Ha M&A. B T031 pa3aen ce npeacTaBsT NPOEKTMPAHETO M peanu3aumsita Ha MHoroareHTHa
cucTeMa, KOSTO U3nonsea rofieMy e3vMKOBM MOZENM 3a aBTOMAaTU3MpaHo M3BMKUYaHe Ha MHGopmaums
Banuauus ¢ 4yosek B LUukbna (human-in-the-loop), 3a Aa nogabpxa CTaHgapTUTe 3a KaYeCTBO Ha AaHHMTE,
Heobxoaumu 3a akagemuyHK n3cneasanus. basata nanHu 3a EDA M&A, kosTo uma 661 caoenku kbm 2025,
Gelle MbpBOHAYanHO CbCTaBeHa PbYHO B MPOABLIKEHUE HA HAKOMKO roanHW. HEBBb3MOXHO € Tasu basa
[aHHM [a Ce NoAAbpXKa M pa3pacTBa PbYHO C YecToTata, Heobxoauma 3a NoAabpXKaAHETO MakTyanHa, Thbi
KaTo TOBa Hanara NOCTOSHHO HAabNtoAEeHWe Ha HOBUHAPCKW U3TOYHWLM, NPECCHOBLIEHUS U UHAYCTPUATHM
poknagun. [aHHuTe 3a akageMWyHW npoekTu Tpsibea Aa 6baaT TouHu. KaTo Usno HAKOMKO MOrpeLHo
3anucaHu COenku MoraT fa OKaxaT OrpOMHO BIMSHWE BBPXY Pesyntatute OT KTbCTepusauus,
NPOrHO3MpaHe Unn MPEXOB aHanms.

MOI[y.]'I’LT CbAbpiKa OpKEeCTpUpaliaTa ycjiyra 3a 4-te ClICOUAJIN3UPAHU arcHTa.

AreHT 1. MoHuTop Ha RSS emucun (RSSFeedMonitorService.cs) AreHT: Habntogasaly areHT AreHTbT 3a
MOHUTOPUHT Ha RSS emncumn Habnogasa 5 RSS emucun. Toea ca: - Electronics Weekly - Tom's Hardware
- Semiconductor Engineering - AnandTech - EE Times, cebp3aaHu ¢ enektpoHHaTa uHgyctpus. Toi knacupa
emMucumnTE Bb3 OCHOBA Ha HUBO HA PENEBAHTHOCT W BUHAMM Tbpcu M&A KntoyoBM Oymu B 3arnasusta u
onucaHusTa. HoBuTEe €nemMeHT OT eMMCUMTE NEPUMOAMYHO Ce WM3BMWMYAT M M3npawiat kbM AreHTa 3a
N3BNNYaHe.

AreHt 2: Google Custom Search (GoogleSearchService.cs) Toan areHT u3BbpLUBA LieNeHaco4eHo yeb
TbpCeHe 3a 00sBNeHUs 3a cnnBaHus 1 NpugobusaHus, KOMTO He ca obxBaHaTh OT HabntogaBaHute RSS
emucun. TOM U3non3ea MMeHaTa Ha KoMNaHuuTe, KOUTO BeYe NpUCHCTBAT B Ba3ata AaHHW, KOMOMHUPaHW C
Habop OT cBbp3aHu ¢ M&A Kro4oBK Symu. AreHTbT € KOH(UrypupaH Aa ce Bb3non3sa MakCUMamHo OT
6esnnathua cnon Ha Google Custom Search API: TepmuHuTE 3a TbpCEHe ca WM3rOTBEHM Taka, Ye da
MaKCUMWU3MpaT PEreBaHTHOCTTA, KaTO CbLUEBPEMEHHO MOAAbPKAT PasxoauTe HUCKW, B paMKuTe Ha
aHeBHWS numnT o1 okoro 80 Tbpcenus (Google APl uma numut ot 100).

AreHt 3: WssnunyaHe ¢ OpenAl (OpenAlExtractionService.cs) AreHt 3 usnonssa GPT-4o0-mini ot OpenAl
ype3 OpenAl SDK 3a ussnuyaHe Ha M&A faHHM OT HECTPYKTYpupaHu HOBUHK. TOW npunara cTpatervs 3a
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few-shot noackassaHe, 3a ga u3Bnevye crnegHute noneta: - Mme Ha ueneeata komnanus - e Ha
npugobuealiata komnaHus - [lata Ha npupobusaHe - CTOMHOCT Ha cgenkata (CaMo ako e HanuuHa) -
TexHonornyHa obnact. KbM Moaena ce nogasart 3 4o 5 npumepa 3a u3snuyaHus Ha M&A, nocneasaHu ot
TEeKCTa Ha HoBMHapckaTa cTatus. M3xoabT e orpaHnyeH 0o JSON cxema 3a uHTerputeT Ha gaHHute. GPT-
4o-mini Gewe u3bpaH npeg no-ronemu mMogerM 3a ussnnyaHe Ha M&A faHHM, TbI KaTo ocurypsiea
[0CTaTbYHa TOYHOCT, KaTo ChLLEBPEMEHHO NoAAbpXa pasxoauTe 3a API noa $5/mecell, KOeTo e 0CTbNHa
Cyma 3a akagemuyeH bromxer.

AreHt 4: [legynnukaums Ha komnaHun (CompanyDeduplicationService.cs) - To3u areHT u3nonssa
(DYHKUMATA 3@ CXOACTBO Ha HW30Be Ha [Kapo-YWHKNeEP, 3a Aa CPaBHW HACKOPO M3BMEYEHUTE COENKU C
6asarta faHHu, 3a Aa npefoTBpaTh Aybnukath. YCroBreTo 3a CbBnageHne e KOMOUHaLus OT CXOACTBOTO Ha
“MeHaTa v BpemeBaTa 6nm30CT Mexay ABeTe CAENKU:

(e,7) = ((target,, target,) =1)A(|date, — date,| < §) #31

Semi-Automated M&A Discovery — Multi-Agent Pipeline Architecture
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Agent 4: Deduplication Pending Approval

Quazypa 6 — Apxumekmypa Ha MHO20a2eHMHUS KOHsellep 3a omkpusaHe Ha M&A

Pecypc U3non3BaHe Pa3xog
OpenAl API ~200 n3BnnyaHms/meceL ~ $0.05/mece
Google Custom Search API 80 3asBku/geH (6esnnateH nnaH) $0.00
MonuTtopuHr Ha RSS emucum 5 eM1CUK, HeorpaHNYeHo $0.00
CbpBbpHa MHpacTpyKTypa CneupanuaupaH CbpBbp CuluecTByBaLy
061y MeceyeH pasxon / < $5 / mecely

Tabnuua 8 - M3nonssaHe Ha pecypcu om cucmemama 3a omkpugaHe Ha M&A

3a pa ce paswmpn M&A aHanu3bT KbM TEXHOSOTMYHI CEKTOPY, CbceaHM Ha EDA, ce BbBexaa koMnosuTHa
METpUKa, HapeyeHa WHoBauMoHeH (aktop (Innovation Factor, IF). [Jokato TechimpactScore pasrnexaa
e0MH KOHKpeTeH acnekT Ha M&A cpenka, wHoBaumoHHusT chaktop (IF) pasrmexga usnocTHaTa
cTpaternyecka WHOBALMOHHA TOTOBHOCT Ha [JajeHa KOMMaHWs, KaTto KOMOWHWpa KayecTBOTO Ha
npugobusaHeTo ¢ Habop OT MeTpWKW 3a CTpaTerMyecko U3nbiHeHue. MeTpuku 3a mexayobrnactHa
Banubauus ca Heobxogumu, 3a da ce NOTBbPAW, Ye u3bpaHuTe METPUKM Ca peneBaHTHU 3a BCska
nHayctpusi. TechimpactScore Gelle onpeaeneH kaTo penesaHTeH 3a onpeaenexn EDA caenku, Ho He ynass
Hamb/IHO MOM3nWTe OT npuaobuBaHMATa 3a LANOCTHAaTa WHOBALWMOHHA CTpaTerns Ha dupmarta.
WHoBaumoHHKAT dhakTop komBuHupa TechimpactScore u HAKONKO cTpaTernyeckm MeTpuku, 3a Aa ce nomnyym
METPUKa, KOSITO € PeneBaHTHa Ha HUBO pupMa. VIHOBaLMOHHMAT (haKTop Ce U34MCIIsBa Ypes npunaraHe Ha
hopmyraTta 3a npeTerneHa cyma KbM CrefHUTe KOMNOHEHTHW pe3ynTaTi:

n
IF =Z w; - S; #32
i=1

KbaeTo Si e pe3ynTaTbT 3a HOpManUaupaH CTpaTerMyeckn UHOMKaTop, a wi e cneunduyiHo 3a obracTTa
TErno.
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M&A Timeline with DBSCAN Clustering (eps=180, minPts=4)

®ueypa 8 - Bpemesa nuHus Ha M&A Ha NVIDIA ¢ DBSCAN knbcmepu.

Revenue Forecast with M&A Probability

Queypa 9 - lNpoeHo3a 3a npuxodume Ha NVIDIA (SSA, 2025-2030).

Acquisition Timeline (2011-2025)

®ueypa 10 - Bpemesa nuHusg Ha M&A Ha Qualcomm ¢ DBSCAN knncmepu.

Revenue Forecast (2020-2030) - with Edge Al Growth

Queypa 11 - lNpoeHo3a 3a npuxodume Ha Qualcomm (SSA, 2025-2030).

Metpuka NVIDIA Qualcomm
0610 aHanu3vpaHy npuaobreaHns 22 13
Bpemesu obxBat 2000-2025 2011-2025
VineHTMdmMumMpann NmbTHY KITbCTepH 2 1
CunyeTeH koeduumeHT 0.89 0.88
WHpeke Ha Jensuc—boynauH 0.18 0.18
CpegeH TechimpactScore 9.45 947
VHoBaLmoHeH dhaktop (Innovation Factor) 7.5/10 4.7110

XapakTepusupaHe Ha cTpaTerusTa

BepTukanHa uHTerpaums (,npunobusaxe 3a
JOMUHMpaHe")

Xopu3oHTanHa ausepcudukaLns (KbCeH
3aBoM)

[porHo3a 3a npuxogute (2030)

$5458 (CI: $440B-$650B)

$94B (CI: $81B-$107B)

Ma3sapeH gsan Ha GPU ~92% N/A
OcHoBHa mMoTuBaLys 3a M&A KonTpon Bbpxy menHocTekosa Al Edge Al n aBTomobunHa aneepcudukaums
nnatgopma

Tabnuya 9 — CpasHumeneH aHanu3 NVIDIA cpewy Qualcomm
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NVIDIA vs. Qualcomm across Innovation Factor Dimensions

Acquisition Quality
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// \
/
/ \
/ \\'\
Markef-® 85 Temporal
Position ”\5.0 e | .4‘0 ® Clustering
\ \ / /
® 4,5/

® 50
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@3 NVIDIA  IF=75/10
@ Qualcomm  IF=47/10

Queypa 12 — CpagHeHuUe Ha UHO8aUUOHHUS (hakmop — padapHa Ouazpama

MMABA IV. MNnatcdopma EDA-DYV: npoektupaHe u peanusauums

I'Ipe,ql-lasﬂaquMe un uenesu I'IOTpGﬁVITe.IWI

Iuncata Ha nHTerpupaHa oHNamH uacnegosaTencka nnatopma 3a uscneasaHe Ha auHamukata Ha EDA
nHagycTpusita Gewe agpecupaHa upe3 paspabotBaHeTo Ha nnatdopmata EDA-DYV. [Mnatdopmata
obcnyxea Tpu TUNa noTpedutenw.

Motpebutencku T1n 1 - akagemMuyHn n3cnegosatenu. Macneposatenute, kouto ndydasat EDA cekTopa, ce
HYXOasT OT Bb3NpoM3BOAMM AOCTbN 4O AaHHM 3a M&A, pesyntatu OT KITbCTepu3aums, U3xogn ot
NPOrHo3u1paHe 1 MPEXoBn METPUKM 3a cobcTBEHATa Ci paboTa.

MoTpebutenckn TN 2 - aHanusaTopyu B nonynpoeogHukoBata W EDA wHgyctpus. WHaycTpuanHute
aHanmu3aTopu Ce HyXaasT OT MHCTPYMEHTM 3a OLEHsIBaHe Ha TakTWKWTe Ha npuaobuBaliuTe CTpaHu,
MOZENUTE Ha Na3apHa KOHLEHTpaUms 1 CTpaTernyeckuTe nocneamum ot noBeaeHNeTo npu npuaobreaHe.

Motpebutenckn TN 3 - WHBECTWULMOHHM CheumanucTh. WHBECTULMOHHWTE CheuManucTi W3nonseat
NMPOrHO3MTE 3a XMW3HECMOCOOHOCT, MOLYNMTE 3a NPOrHO3MpaHe Ha BbAIHUTE M MOAyna 3a WHTENUreHTHU
NPO3peHuns 3a MaeHTUULMpaHe Ha LeneBy KOMNaHuM 1 3a HagnexHa nposepka (due diligence).

EDA-DYV Platform — Three-Tier Architecture

etwark Asabpis (11

Doy g e

Queypa 13 - lNnamepopma EDA-DYV - duaepama Ha mpucnoliHama apxumekmypa
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PenauuonHata cxema Ha 6asata ¢ gaHHu Ha EDA-DYV e usrpageHa BbpXy Tpu NpeAMETHN ChLUHOCTU:
KoMnaHum, HaycTpum u M&A TpaHsakumu. MoaensT Ha JaHHWUTE 33 KOMMAHWUUTE € KPabrbiHUAT KaMbK 3a
Bcuukmn M&A aHanuau. MpoekTUpaHeTo Ha Cxemara cnefga npuHUMna Ha TpeTaTa HopmanHa dopma (3NF),
3a Aia ce OCUrypy MUHUManHa U3MMLLHOCT Ha faHHWTe 1 no-gobpa npomssoauTenHoCT Npu obpaboTkata Ha
aHanuTUyHUTe 3asBku. Tabmmuyata Industry Cbabpxa MOMETO 3a MHAYCTPWUS, OQUTHWUTE MeTafgaHHM
(cb3gageHo oT, JaTa Ha Cb3aaBaHe, NOCneaHO NPOMEHEHO OT, AaTa Ha nocreaHa NpoMsiHa) 1 dornar 3a Meko
n3TpUBaHe, 3a Aa NpeacTaBK KnacudukaumMsaTa OT Hal-BUCOKO HMBO 3a OusHecute. busHecute ce
Knacuchuumpat Ha HUBO OCHOBEH BU3HEC CEKTOP Ypes MHAYCTpUarnHaTa Knacudgukaums 1 Toa ce 13nonsea
kaTo TakcoHomusi 3a OusHecute. CbwHocTta Company cbxpaHsiBa nofieta C AaHHM 3a NaTeHTW B
[OMbMHEHNE KbM CTaHOapTHUTE nofieTa (HanpuMep UMe Ha KOMNaHUsATa, rofuHa Ha OCHOBaBaHe, BbHLLEH
kntod 3a uHgycTpus): PatentCount, PatentCountSource, PatentCountDate u PatentCountNotes. Te cnyxat
3a npocnefsiBaHe Ha W3TOYHMKA Ha NATEHTUTE, KOWTO Ce W3MOn3BaT MpW W3YUCNSBAHETO Ha
TechimpactScore 3a gageHa komnanus. Tabnuuata MergersAndAcquisitions e ocHoBHaTa aHanuTU4Ha
Tabnuuya B 6asata gaHHW. T CbabpKa TOYHO MO e4MH 3anuc 3a Beska OT 661 nposepeHn M&A caenk.
Tabnuuata 13non3sa MoAen ¢ 4BOEH BLHLUEH KIOY, KOWTO e(heKTUBHO NoAabpXKa 3asBKM 3a [BYNOCOYHM
BPB3KW, TOECT 3asiBKW, KOMTO MPeMMHABaT NO BPb3KUTE OT NpugobuBallata KOMMaHus KbM LienesaTa
KOMMaHus 1 OT LienesaTta koMnaHus KbM npugobueallata koMnanus. [1Bata BbHLWHM kntoya ca Companyld
(uenesata komnanus) 1 CompanyMAByld (npugobuBawiata komnanusi). Mo-gony ca onucaHu YeTupute
TMNa noneTta B Ta3u ChLUHOCT.

lpyna noneta 1 - OCHOBHUTE AaHHW 3a TpaH3akuusita. FoundCompYear (e roguHaTta Ha OCHOBaBaHe Ha
yenesata komnaHus), AAndMDate (gata Ha npugobusane), Lifetime (e Bb3pacTTa Ha komnaHusTa npu
npupobusane B roguHn), BmFound (BusHec mogen npu ocHoBaeaHe) u BmMerged (6usnec mogen npu
npuaobueaHe).

B cbOTBETCTBYE C M3CrefoBaTENCKATE NPUHOCK HA AMCEPTALMOHHIS TPYA, CMOSIT 3a B1U3HEC Norvka rpynupa
CBOMTE TPUAECET CEPBU3HI KNAcOBE BbB (PYHKLIMOHAMHM rpyni. ANTOPUTMUYHITE AETANMM Ha BCEKU CEPBM3
W CepBM3HaTa apxmTeKTypa ca pasrnefaHu B TO3v pasgern.

KnbcTepusaumonin onunu (6 6pos): KnbCTepnsaumoHHUAT MOAYN CbAbpXa M YeTUpUTE anropuTbMa,
pasrnegaHn B aucepTaumoHHus  Tpya:  ReverseHybridClusteringService  (OCHOBHMSIT — mpuHOC),
HybridClusteringService (npasuat BapuaHT K-Means — DBSCAN), DBSCANCIlusteringService
(camocTosiTenHaTa Kmbctepusauns, 6asmpaHa Ha nnbTHOCT), GMMClusteringService (Gaussian Mixture
Models), ClusteringValidationService (n3uncnsea cunyeTHus koeduumeHT, nHaekca Ha [densuc—boynaumH v
nHaekca Ha KanuHckn—Xapabal 3a Bceku pesyntat oT knbcTepusaums) u AlgorithmComparisonService
(M3MbNHSABA W YETMPUTE anropuTbma BbPXYy eauH W Cbly Habop OT AaHHM M Bpblia Tabnuua cbe
CpaBHUTENHW MEeTPUKK). Beekn KnbCTepu3aLmnoHeH Cepar3 npuema MaTpuLa OT NPrU3HaLm C TpU M3MEPEHNS
(DaysSinceEarliest, Lifetime, TechimpactScore), cneunduynn 3a anroputsMa napametpy (epsilon n MinPts
3a DBSCAN, K 3a K-Means) v pesynTaHTHUTE KITbCTEPHU NPUCBOSIBAHWSI C TEXHUTE CbOTBETHU
BanMAaUMOHHX  METPWKW, KOeTo Ce npuabpka KbM  CTaHAApTeH  WHTepdenceH  mogen.
AlgorithmComparisonService Kelumpa pesyntaTute, Korato BXOAHUTE JaHHU He ca Ce NPOMEHUNK, 3a ba ce
n3berHe M3NUWHO M34MCneHne. Mima gBa onuum 3a MpOrHO3MpaHe: eKCMOHEeHUMAnHOTO M3rnaxgaHe Ha
XonT-YWHTBPC, KOETO BKIHOYBA OTKPUBAHE HA MUHANM BbIHM W OLiEHKa Ha MHTepBana Ha ObaeLynTe BbIHN
n e peanusmpaHo B MAWaveForecastingService 3a nporHosupaHe Ha BbnHUTE Ha M&A. B
SSAWaveForecastingService Hait-Hanpeg ce usrpaxaa TpaekTopHa maTpuua, cref ToBa TS Ce pasnara
ype3 SVD, nocne KOMMOHEHTWUTE Ce rPynuMpaT W Hakpasi Ce M3BbPLUBA PEKYPEHTHO MPOrHO3MpaHe C
[OBEPUTENHN UHTEPBANX.

MABA V. EkcnepuMeHTanHu pesyntatu u sBanuagupaHe

HabopbT 0T AaHHM cbabpxa 661 npoBepeHn M&A TpaH3akuuu, cBbp3ann ¢ EDA komnaHum unm komnaHum
B CbceaHaTa obnact. 3TouHmumTe Ha AaHHW ca cnegHuTe: - [oguwHMTe 0TYETM Nog hopMaTa Ha NoAaBaHy
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kbM SEC (Securities and Exchange Commission) gokymenTtn, kato Form 10-K, 3a komnaHum B EDA 1
cbecegHute obnactn. - M&A pgenHocTuTe Ha komnaHuu kato Synopsys, Cadence, Siemens EDA upe3
TexHWUTe npeccbobuieHus. - [laHHn 3a nateHTu ot PatentsView (USPTO) 3a nonyyaBaHe Ha 6posi naTeHTy.
- CtonHocTu Ha caenkute ot Crunchbase. [poBepexnTe TpaH3akLun ca CHabaeHN CbC cnegHuTe aTpubyTi:
- ImeHa Ha LenesuTe komnaHum - iMeHa Ha npugobusalumTe komnawu - [lat Ha npugobusaHe - MoguHa
Ha OCHOBaBaHe Ha LeneBuTe KOMMaHWW - [MpOLbMKMTENHOCT Ha XMBOTA Ha LEMNeBuTe KOMMaHuM npu
npuaobusaxe (B roauHu) - CTONHOCTU Ha CAENKNUTE, KOraTo ca HannyHmM - Knacudmkaums no TexHomnorniHa
obnact. TechimpactScore ce usuncnsea 3a Bcska M&A TpaHakums B Habopa oT AaHHW. Toan Habop oT
OaHHM 0bxBalla netaecet roanHn M&A aenHoCTK, kaTo MbpBaTa TpaH3akuus e 3anucaHa npe3 1975 r., a
nocrneaHara caenka - npes 2025 r. YctaHoBeHo e, Ye obuiata mbiHoTa Ha Habopa 0T AaHHU € MHOTO BMCOKa,
kato 99.8% OT 3anucuTe MMaT NoMblHEHa UsnaTta Heobxoauma WHdopMaums. Hanoxu ce ga Hanpasum
KpbCTOCaHa NPOBEpPKa CaMo Ha [ABe AaTW Ha OCHOBABaHE Ha KOMMaHuU, KbAeTo Aatute 6sxa HeeJHO3HAYHM,
a uHopmauusTa Moxelle fa 6bae NOTBbPAEHA B HAKOMKO APYry M3TOYHMKA. [TbnHOTaTa Ha AaHHWTE B
nscnegsaHusTa Ha M&A 06ukHOBEHO € AocTa Hucka. Hanpumep Thomson Reuters SDC Platinum e eauH ot
Han-LUMPOKO 13NON3BaHUTE MbPBUYHI HABOPM OT AaHHM B u3cneasaHusaTa Ha M&A, Ho uma ot 10% po 15%
NIMNCBALLM CTOMHOCTM B HAKOM OT Hali-BaxHUTE NPOMEHNMBYK B Habopa OT AaHHW. HawmsT Habop oT AaHHM
3HaYNTENTHO HAAXBBPSIS TOBA HUBO Ha MbrHOTa. EgHOakTopHUAT aucnepcuoreH aHanns (ANOVA) Belwe
NpoBedeH, 3a Aa Ce MpOBEpW HynesaTta XUnoTesa, Ye cpegHaTa NPOLLIKMTENHOCT HA XWBOTA Ha
KOMMaHWMTe He ce pasnuyasa 3Haunmo mexay DBSCAN kmbctepute, nonyyeHn B etan 1 Ha obpatHus
xnbpuaeH anroputbm. DBSCAN c epsilon ot 180 gHu 1 MinPts ot 10 gage 4 knbcTepa, cbabpxalyy 51
SAPEeHN TOYKK. Benyky octaHamu TpaH3akumm ce TpeTupart KaTo LWyM U ce BbBeXaaT OTHOBO B €Tan 3 Ha
obpaTHus xubpuaeH anroputbM. PesyntaTtute OTXBbpNAT Hynesata xunotesa: F (3, 47) = 175.6, p < 0.001.
Fonamata CTOMHOCT Ha F nNOTBbpXAaBa, Ye MexXAyKnbCTepHaTta AMCNepcHs B NPOABIKUTENHOCTTA Ha
KMBOTA Ha KOMMaHUUTE € CbLUECTBEHO MO-TONsMa OT BbTPELUHOKITbCTEpHaTa AUCNEPCHS, U TO3N roNsMm
pasMep Ha eekTa ce NOTBbPXKAABA CbLUO W OT CTOMHOCT Ha eTa-kBaapaT, no-ronsma ot 0.5. CTOMHOCT Ha
eTa-kBagpat, no-ronsama ot 0.14, ce cuuTa 3a ronsiMa B NOBEAEHYECKNTE U COLMAmNHUTE HayKu, a B TO3M
Cny4ait CTONHOCT Ha eTa-kagpar ot 0.5 noTBbpkaaBa SICHOTO pasgensHe mexay 6asmpaHuTe Ha NTbTHOCT
KITbCTepK, KOUTO pOpMUpaT CTPYKTYpHATa OCHOBA Ha KpalHWUTe NeT apxeTuna.

Henapametpuyen Tect Ha Kpyckan-Yonuc

[lonyckaHeTo Ha egHodbakTopHust amcnepcuoHeH aHanu3 (ANOVA) e, ye npoMeHNMBUTE Ca HOPMasHO
pasnpefeneHu BbB BCAKa rpyna. Mopagn ToBa LONyckaHe HenapameTpuyHusT TecT Ha Kpyckan-Yonuc
cblo ce npunara keM DBSCAN knbcTepute no nimbTHOCT. TecTwbT Ha Kpyckan—Yonuc e TecT, 6asupaH Ha
paHrMpaHu JaHHK, Taka Ye e CUMHO YCTOMYMB CpeLly BCSKaKbB TN OTAANEeYEHN CTOMHOCTI M HEHOpPMarHU
pasnpegeneHus. TectoBata ctatucTuka Ha Tecta € H = 46.3 cbe cTeneHn Ha cBoboga, pasHu Ha 3 (bpon
kmbeTepu - 1). CvoTBeTHaTa p cToiHocT € no-manka ot 0.001. 3HaunmuTe pesynTarti, MNOnmyyeHu ot
napameTtpuyHms ANOVA (F = 175.6, p < 0.001) n HenapameTpuiHus TecT Ha Kpyckan-Yonuc (H =46.3, p <
0.001), notebpxgasBaT, 4Ye HabnwaaeaHuTe pasnuku B GasvpaHUs Ha MITbTHOCT KOMMOHEHT ca
CTaTUCTUYECKN BanWOHW U He Ca CNEeACTBME OT HapyllaBaHe Ha [OMyCKaHWSTa Ha CbOTBETHWUTE TECTOBE.
DaKTBT, Ye KaKTO NapaMeTPUYHUAT, Taka 1 HenapaMeTPUYHWUAT TECT NOTBbPXKAABAT €AMH W Cbly pesynTar,
[onpuHaca 3a YCTOWYMBOCTTa Ha HaxogkaTta. Tbi kato RH anropuTbMbT 3anasBa M yCbBbPLUEHCTBA
nognexaliara cTpyktypa, 6asupaHa Ha NiTbTHOCT, CTaTUCTUYECKaTa 3HAYUMOCT Ha pasnukuTe B 6asmpaHus
Ha NTbTHOCT KOMMOHEHT Ce 3anasBa B KpalHWs u3xod C neT apxetuna. CtabunHOCTTa Ha nonyveHuTe
KITbCTepM Ce OLieHsIBa Ypes NpunaraHe Ha MeToaa Ha ByTcTpan kpbeTocaHo Banuamnpare cbe 100 utepauumn.
BbB BCsAka uTepaums ot 6asata gaHHM Ce 13BNnYa ClyyvanHa n3Baaka ¢ BpblaHe 0T 661 TpaH3akummn. Cneg
TOBa 00paTHMAT XWOpUAEH anropuTbM Ce npunara ¢ ONTUManHUTE CTOMHOCTM Ha epsilon, MinPts n K
(epsilon =180, MinPts = 10, K = 5). KnbCTepHWUTE NPUCBOSIBaHMSA, NOMYYEHN Ype3 NpunaraHe Ha anropuTbma
BbPXY M3BagKaTa, Ce CPaBHSBAT C KITbCTEPHWUTE NMPUCBOSBAHMSA HA MbiHaTa 6a3a gaHHM, NOMyYeHn Ype3
npunaraHe Ha obpaTHWA XMBpPMAEH anropuTbM, KaTo Ce U3YNCNABA KOPUrMpaHnaT uHaekc Ha PaHg (ARI).
Cpephuat ARI 3a 100-Te utepauum 6ewwe 0.94 cbe craHgaptHo oTknoHeHue ot 0.03 (cToitHocTuTe Ha AR
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3a BCWYKM MTepauun nonagat B auanadoHa ot 0.87 go 0.99). ARI ot 0.94 nokasa noutn nepdekTHa
KmbCTEpU3aLms, a CToNHOCTK Hag 0.8 nokasBaTt MHOrO CTaburHu pesyntatit OT KibeTepusaums. AHanu3bT
notebpxaasa, Ye u 100-Te utepauum NpomsBexgaT TOYHO CblyaTa KMbCTEPHA KOH(Urypaums, CbCTosLa
ce OT NneT KITbCTepa, KaTo HUTO efuH He e U3TPUT, pa3deneH Ha NOAKMbCTEPU UMK CISAT CbC ChLLECTBYBALL
kbcTep. OTHOCUTENHUTE pa3Mepy Ha KMbCTepuTe Bapupaxa C No-Manko oT 3 NPOLEHTHU NYHKTa Mexay
uTepauunTe, KOETo NMOTBBbPXAABA YNpaBMsBaHAS OT JaHHWTE XapaKTep Ha KMbCTepHa CTpyKTypa C net
apxeTuna, KosiTo He ce Onpeaens OT CreunduKUTE Ha KOHKPETHOTO CRyYanHO pasfensHe Ha TOYKUTE OT
OaHHU, HUTO OT M360pa Ha CTOMHOCT Ha CEMETO.

KoHconuaupaHo 0606LeHne Ha BanugauumsTa

YeTupuTe CTaTUCTUYECKM TECTA NPELOCTABAT CXOASALLM CE A0KA3aTeSCTBA OT JOMbBALLM Ce reaHN TOUKH,
0bobwieHn B Tasn Tabnuua.

Tect CratucTtuka df p- KakBo Banuaupa
CTOMHOCT

EnHodakTopeH F=175.6 3,47 <0.001 Pa3nuku B CpeaHUs XU3HEH LIMKBA

JMCMEPCUOHEH aHanms3 MeXay NITbTHOCTHUTE KITbeTepu (ETan

(ANOVA) 1)

Kpyckan-Yonuc H=46.3 3 <0.001 HenapameTpuyHO NOTBbPXAEHNE Ha
pasnuKk1Te MeXay NbTHOCTHUTE
KITbCTepH

lMepmyTaLOHeH TecT S$=0.907 - 0.044 KnbcTepHata CTpykTypa Hagxebpns
cnyvaitHata 6a3oBa nuHus

Bytctpan (100 utep.) ARI=0.94 - - CrabunHoct Ha pesynTata ¢ 5
apxeTuna npu NoBTOPHO 13BAAKOBO
mogenmpaHe (SD = 0.03)

Tabnuya 10 — KoHconudupaHo cmamucmu4ecko ganudupaHe Ha pesyimamume om Kibcmepu3ayusma

Mepuop Ha co C1 Pactex-mawab | C2 3penu C3 CrapTtbn C4 Bbp3u-BC
BbMHaTa BUCOKOTEXHONOTUYHM

BbnHa 1 (1998- 12 43 22 18 5
2001, JoTkom)

BbnHa 2 (2006- 19 30 24 17 10
2008,

MpenkpuanceH

nepuoa)

BbnHa 3 (2015- 17 28 15 23 17
2018, Al/Obnak)

BbnHa 4 (2020- 16 30 17 20 17
2022, COVID)

Mepvoan mexay 14 38 21 21 6
BbJIHUTE

Tabnuya 11 - Cbcmae Ha Kmecmepume npe3 ucmopuyeckume 8biHU Ha M&A (%)
SSA ce npunara KbM TpumeceyHusi Habop ot aaHHM 3a M&A 3a EDA vHgyctpusita (N = 204 HabniogeHus
3a nepuoga Q1 1975 go Q4 2025). Bewukute yveTpu BBIHWM, KOUTO ca ugeHTuduumpann B EDA
WHOYCTPUSATA Ype3 He3aBWUCUM aHanu3 Ha WCTOPUYECKUTE [daHHW, ca uaeHTuduumpann u ype3d SSA.
MMepuoguTe Ha BbIIHATE U TEXHUTE CbOTBETHU NMUKOBU FOAMHA W CTOMHOCTM Cca faaeHu B ckobm kato (1998-
2001, 2000, 28); (2006-2008, 2007, 22); (2015-2018, 2017, 25); 1 (2020-2022, 2021, 24). daKTbT, Ye YeTMPK
nepuoga Ha M&A aktusHocT B EDA uHaycTpusTta 65xa CbnoCTaBeHW C TEXHOMOMYHWN U MKOHOMMYECKM
cubutua B nonynposogHukoBata M EDA wHOycTpus, npepocTaBs AOMbIHUTENHO [OKA3aTesictBo, Ye
UOEHTU(ULMPAHNTE LMKNMKU Ca UCTUHCKA Mas3apHa [OMHaMWKa, a He CTaTUCTUYecku aptedaktu. Tpute
3anaseHu coBCTBEHM TPOMKM MOraT fa Ce 13NoN3BaT 3a pasnaraHe Ha BPEMEBUS pes Ha MHTEpNpeTMpyeMu
CUrHarHu KoMnoHeHTw. [bpBata cobcTBeHa Tpoilka HoCK MHbopMauusTa 3a HapacTBaHeTo Ha M&A B EDA
cerMeHTa nopagu obwus pacTex Ha nasapa. Bropata cobCcTBeHa TpoWka CbObpKa OCHOBHUS
(DNYKTYaUNOHEH KOMMOHEHT Ha uukbn oT 8 o 10 roguHu, KoMTo Aobpe CbOTBETCTBA Ha LMKbMa Ha
nonynpoBOAHMKOBaTa TexHomnorus. Tpetata coOCTBEHA TpOWKA HOCWM BTOPUYHUST  (PNYKTYaLMOHEH
KOMMOHEHT Ha LMKbN oT 4 00 5 roguHu, KoiTo Aobpe CbOTBETCTBA HA XKUSHEHWS LIMKBIT HA MPOAyKTa Ha
otaenHute kateropu EDA nHcTpymenTn. CnocobHoctTa Ha SSA fa oTgens TpeHaa OT UuKnuTe M oT
apyrute nyktyauu e owe efHo NpeaMMcTBO Ha M3ron3saHeTo Ha SSA B CpaBHEHME C MO-NPOCTUTE
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MeToaw 3a nporHoaupaxe. PekypeHTHaTa SSA nporHosa 3a 5-tata Bb/iHa npefsuxaa, Ye NukbT Tpsbea aa
6bae pocturHat npes 2027-2028 r. ¢ npubnuautenHo 27 ao 32 TpaHsakuum ¢ 95% foBepuTeneH nHTepBan
oT 18 o 42 TpaH3akumun. [loBepuTENHUTE MHTEPBANM 3a CheaBaLlMTe rOAWHN CTaBaT BCE MO-LUMPOKY, KaTo
ce nporHoaupat 20 go 30 TpaHsakumm 3a 2026 r. u 15 go 45 tpansakumm 3a 2030 r. lMo-wwmpokuTe
[OBEPUTENHN MHTEPBaNW 3a NPOTHO3W Ha Obaelwy TpaH3akuMM Ca TOYHO TOBA, KOETO CE O4aKBa.
HecurypHocTTa B NporHo3uTe ce yBenu4yasa, KONMKOTO no-garney B 6baeLleTo ce npocTupa XOpu3oHTbT, a
paswuvpsBawuTe ce [OBEPUTENHW WHTepBanKW cbobliaBaT Ha noTpebutens Ha nnatdopmara
HaZEeXOHOCTTa Ha KpaTKOCPOYHUTE WM ABArOCpOYHWUTE MporHo3un. flosieata Ha meTaTa BbflHA CbLO € B
CbOTBETCTBME C HAKONKO TEHAEHLMM B MONYNPOBOAHMKOBATA MHAYCTPUS. Te BKNtoYBaT: reHepaTtmeeH Al B
EDA npoekTHWTe NoTOuUM; MHCTPYMEHTW 3a NPOeKTUpaHe 3a KBAHTOBM M3YWUCIIEHWS, Cb3faBalliy HOBW
kaTeropu EDA MHCTPYMEHTW; BAMSIHMETO Ha MHTErpaumsaTa Synopsys-Ansys BbpXy KOHKypeHuusita B EDA
WHAYCTPUATA; U NPOABIKABALLOTO ABVMXEHWE KbM MO-CNIOXHW NPOEKTY Nog 2nm. Tean YeTupn gauratens
KOMBWHMPAT TEXHOMOTMYEH LLIOK 1 AOCTBN O KanuTan, ABeTe YCnosus, naeHtuduumpanm ot Harford (2005)
KaTo HeobXxo4MMM NPeaNoCTaBKM 3a BbITHW Ha CIMBaHUS 1 NPULOBMBAHMS B TEXHONOMNYHUTE MHAYCTpUK. B
[oMblHeHne kbM SSA nporHosaTta 3a BbfHUTE Ce NMPOBEX4a aHanu3 Ha MpexuBseMocTTa, 3a fa ce
reHepupaT NPOrHO3M 3a XM3HEeCNOCOOHOCT Ha HUBO KOMMaHWs. MogenbT Ha NPONOPLMOHaNHUTE PUCKOBE Ha
Kokc uma koHkopaaHceH uHgekc ot 0.78, koeTo 03Ha4aBa, Ye MOfebT e CnocobeH NpaBuiHO 4a paHrupa
BpeMeTo Ha npupobusaHe Ha NpubnuantenHo 78% oT ABOWKUTE KoMMaHMK. 10-401y ca NPeaCcTaBeHu HAKOM
BaXHW pesyntaTi OT aHanM3a Ha npexuBsiemocTTa. KomnanuuTe B AuanasoHa 3-7 rogvHu umar Hai-
BUCOKUSI pUCK OT npuaobreaHe BbB BCekM Kmbetep. B EDA nHyCTpusita kKoMnaHunTe, KOMTO ca Cb3aani
NPOAYKTW 1 ca npuaobunn KNMeHTW, HO UM nuncea Mawab, o6Bbp3BaHe Ha KIMEHTUTE M (PUHAHCOBM
pesepBu, Ca Hail-ys3BUMW KbM npugobueaHe. Korato komnaHusTa npemuHe Bb3pacT Hag 10 roguHw,
WHTEH3UTETBT Ha pUCKa PS3KO cnaga, npuaaBaiku NpeaymcTBa 3a ObArOCPOYHA XW3HECTOCOBHOCT.
KomnaHuute B kimbcTepa C2 (3psn nopTdhenn) umar creneH Ha npugobusaHe ot 45%. 3a pasnuka ot TX,
komnaHunTe B knbctepa CO (BMCOKOTEXHOMOTMYHW Lenn) Mmat cTeneH Ha npugobwsaHe o1 89%.
BWCOKOTEXHONOMMYHMTE KOMNaHWM CbC CUMHKM IP nopTdennu ca nog Han-ronsM HaTUCK, 3aLloTO TEXHWUTE
TEXHOMOTMYHW aKTUBK Ca BUOMMU, HO TPYOHU 3a Bb3NPOU3BEXAAHE YPe3 OpraHnyHa passoiiHa AEMHOCT
(R&D). Komnanuute cbe 3penu noptdeinnn (C2) ca no-manko npuenekaTenHm 3a npugobmeallmre, 3awloto
YTBbPAEHUTE UM Na3apH1 NO3ULMM HAMansBaT TsXHaTa NPUBNEKaTENHOCT CNPAMO TAXHATA LeHa.

Bcuyku Mepky 3a LiEHTpanHoCT BpbLUaT Synopsys KaTo LeHTpaneH Bb3en B Mpexata. C LieHTpanHocT no
creneH ot 0.132 (80+ npuoobuBaHWs), Han-BUCOKATa LEHTPANHOCT no nocpeaHuyectso ot 0.287 u
LOMUHUPALLY NO3NLMK MO LEHTParHOCT no 6nn3ocT 1 COBCTBEHOBEKTOPHA LIEHTPANHOCT, NOTBBPAEHO €, Ye
Synopsys 3aema AOMMHMpalja no3uumst B mpexarta. LleHTpanHocTTa no nocpegHuyectso ot 0.287
03HayaBa, Y& Synopsys Nexn Ha Hal-KbCus MbT MEXAYy HenponopLMUOHaNHO ronsam Bpon ABOWKM Bb3NM,
OTpa3siBankn HeMHMs pa3HoobpaseH nopTdein ot npuaobusaxns, obxeallaly cumynauusi, Bepudmkaums,
IP » npoektnpaHe 3a npoussoacTBo (design-for-manufacturing). 3a gpyrute komnaHum we 6Obae
NPEeAM3BMKATENCTBO Aa Ce N3PABHAT C TEXHOMOMYHATA LUMPOTa Ha Synopsys M KOHTPONa MBbpXy NOToLMTe
Ha MHOBALMMTE B MHAYCTPUSITA Ype3 BBLTPELLUHO Pa3BUTME MOPaaMW HelHaTa LeHTpanHa nosuuus. Tpute
OCHOBHM ekocucTeMu Ha npupobusaHe Ha Mentor Graphics/Siemens EDA, Cadence u Synopsys ca
npeacTaBeHn OT TPUTE [MaBHU KbCTepa, kouTo ce noseaeart. Intel, Keysight Technologies u gpyrute
npuaobmBaLLy KOMNaHUM ca NpeacTaBeHn OT No-Manku KmbeTepu. Huckata MexayknbeTepHa CBbp3aHoCT
nokasea, 4e Bogewmte EDA dmpmu ca Hanpaeunu npugobreaHus B OTHOCUTENHO pasninyHM 06nactu Ha
TEXHOMOrMYHaTa MHAYCTPKS, Cb3aaBalikii eKOCUCTEMM, KOUTO NO ChLUECTBO He Ce NpunokpueaTt. HAeKCHT
Ha XepduHaan-Xupwmar (HHI) ce nsyncnsea BbpXy NogBMXHM BPEMEBM NPO30pLK, 3a Aa Ce u3cneasa
€BOMILMATa Ha NasapHaTa KoHUeHTpauust BbB BpemeTo. lNpes 90-Te rognHn Ha XX BeK CTOMHOCTTA Ha
ngekca bewwe okono 0.08 (HeKOHLEHTPUPaH nasap ¢ MHOroO HeaBuUCUMK yyacTHUUK). CToMHOCTTa 3a 20-Te
roauHu Ha XXI Bek e okono 0.22, unu ymepeHo KOHLEHTPUpaH, BCe OLLe MO Npara Ha BUCOKa KOHLEHTpaLms
ot 0.25. S-kpuBaTa Ha KOHLEHTpaumsTa noka3sa, Ye KOHLEeHTpaumsaTa HapacTea 6aBHO B CTapTupalyata 1
paHHaTa hasa Ha pacTex, a crned TOBa MOXe [a Ce YCKOpW, KakTo ce Habntoaasa no BpeMe Ha BbiHUTE Ha
M&A ot 2000-2008 r. Hanocneabk koHueHTpauusTa B EDA nHgycTpusita gocturHa nnato B nepuoaa 2015-
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2025 r. WHpyctpuaTa ce npubnuxaea KbM ,TaBaH Ha KOHLEHTpaUMsTa®, OTBbA KOMTO MO-HaTaTblUHA
KoHconuaaums ©Ou npegusBukana perynatopHo BHWMaHWe (KakTo ce HabnogaBa Hackopo C
aHTUMOHOMONHUS Npernes Ha npuaobueaHeTo Ha Ansys 0T Synopsys). AKO Tasn TEHAEHUMS ce 3anasu,
nporHosupaxata neta BbiHa Ha M&A (2027-2028) moxe fa ce pasnuyasa OT CBOUTE NPeALLECTBEHNYKY,
KaTo (POKYCHT Ce M3MECTBA KbM NpuAoOMBaHE Ha TEXHOMOMAW, @ He KbM XOPU30HTaNHa KOHCONuaaums, 3a
na ce usberHat perynatopHu 6apuepu. O6o6LaemMocTTa Ha ropHUTe MeToAM Bellie oLeHeHa Ypes Kasycu
3a NVIDIA Corporation (22 tpaHsakuum 2000-2025) n Qualcomm Incorporated (13 TpaHsakuum 2011-2025)
B cekTopa Ha Al yunoserte. [NonyyeHuTe pe3ynTaTi NoKa3eaT, Ye MeToaNTe, U3BefeHn OT aHanusa Ha EDA
WHOYCTpUATA, Ce NPEeHacAT e(PEKTUBHO KbM CbCEOHW TEXHOMOMMYHM 06nacTh, C TPU KIHOUHOBK HAXOLKW.
Tabnuya 12 npefcraBs CpaBHEHWETO Ha MPOWU3BOAWUTENHOCTUTE HA METOAWUTE, MPUNOXKEHU KbM TpUTE
Habopa OT JaHHW.

Metpuka EDA uHpyctpus (N=661) NVIDIA (N=22) Qualcomm (N=13)
Anroputsm ObpatHo xnbpuaHo DBSCAN DBSCAN
CunyeteH koeduLmeHT 0.98 0.89 0.88
WHoeke Ha Jensuc—boynaumH 0.12 0.18 0.18
OTKPUTM NNBTHY KTbCTEPH 5 2 1

MinPts (4pe3 npasunoto In(N)) 10 3 3
CpegeH TechimpactScore 5.96 9.45 9.47
MHoBauuoHeH chakTop - 7.5/10 4.7110
(Innovation Factor)

MporHo3a 3a npuxoauTe Ypes - $545B $94B
SSA 3a 2030

Tabnuua 12 - ObobuweHue Ha mexdydomeHHama sanudayus

MapameTbpbT Ha DBSCAN ce HacTporBa Bb3 0CHOBa Ha Hacokata MinPts = In(N) u nponsBogutenHocTTa
Ha KITbCTepu3aumsTa ce u3cneasa BbpXxy TpK pasnuyHu Mawaba Ha AaHHUTE - OT MHAYCTPUanHWS Habop oT
[aHHKM ¢ 661 TpaH3akumn Ao dupmeHust Habop oT gaHHK ¢ 13 TpaHaakuuw. MonyyeHaTa rpaHynsipHOCT Ha
KNMbCTepu3aumsTa e NoaxoAsila 3a Bcekn Habop OT faHHM U NONYYEHUTE CUTYETHU KOEULMEHTN Ca MHOMO
Bucoku (mexay 0.88 1 0.98). HamansiBaHeTo Ha CUyeTHUTE KoedUUMEHTH NPK NPeMUHaBaHe KbM Mo-Marku
Habopu OT JaHHM Ce OYaKBa NpeaBuA HamareHus pasMep Ha u3Bagkata, a He Mmokassa METOAONOMMYHO
orpaHuyeHve. Kato meTpuka, TechimpactScore e npegHasHayeHa aa NpegocTaBu CpaBHWMMA OLEHKA Ha
Bb3aencTBneTo Ha M&A B pasnuyHute WHAYCTPUW. [1OYTM WAOEHTUYHUTE CPEAHW CTOMHOCTM Ha
TechimpactScore ot 9.45 3a NVIDIA n 9.47 3a Qualcomm, Bbnpeku hakta, Ye ABETE KOMMaHWW ca
cnegganut MHOro pasnuyuu M&A cTpaterumn, AEMOHCTPUPAT, Ye YETUPUTE KOMMOHEHTA ynaBsaT 0606Liaemo
N3MEPEHIE Ha KA4YECTBOTO Ha OTAENHOTO NpuaobueaHe. MHoBaumoHHUST paktop (Innovation Factor) psizko
pasrpaHuyaBa aBeTe komnanum, ¢ peayntat 7.5 3a NVIDIA cpewly 4.7 3a Qualcomm, noTebpxaaBaiku, Ye
LANOCTHOTO KayecTBO Ha M&A cTpaTerusTa 1 ka4yecTBOTO Ha OTAENHaTa TpaH3aKLWs ca OTAEMNHU SBNEHMS.
[1BychasHata ctpaterus 3a npugobusane Ha NVIDIA (2019-2022 3a Al uhcbpactpyktypa n 2024-2025 3a Al
cogpTyep) OCUTYpW 3HAYUTENHO MO-BMCOKW WHOBALMOHHM PakTOpW OT eaHOMa3HUs (POKYCUMpaH NOAXO4 Ha
npupobueare Ha Qualcomm, opy W ABaTa TUNa TPaH3aKumMK Aa ca UMani OTHOCUTENTHO eHaKBO KaYeCTBO.
CrepoBaTtenHo, CnpsiMO CypOBOTO KayecTBO Ha NpuaoBMBAaHETO, MHOBALMOHHUAT (hakTop MOxe Aa
npegocTaBu CTpaTernyecka OLEHKA Ha TEXHOMOorMATa 4Ypes ynaBsHe Ha BPEMEBOTO MO3MLMOHMPAHE W
OLeHsIBaHe 0TBB/ NMPOCTO KAYECTBOTO Ha NpuaobuBaHMATa B LisnaTta TEXHOIOTMYHa ekocucteMa. TexHukata
3a nporHoupaHe SSA, paspaboTeHa 3a aHann3 Ha BbnHUTE Ha M&A, e u3nons3eaHa 3a OLUEHKa Ha
nporHo3upaxeTo Ha npuxoauTe. Mpuxogute Ha NVIDIA 3a 2030 r. ce nporHo3mpat Ha 545 Munuapga gonapa
(95% Cl = 440 mnpa. gonapa - 650 mnpa. gonapa), a npuxogute Ha Qualcomm 3a 2030 r. ce ovaksa Aa
6baat 94 munuapga gonapa (95% Cl = 81 mnpa. gonapa - 107 mnpg. gonapa). Teau Haxoaku npegocTaBsAT
nogkpena 3a obobulaemocTTa Ha MaTemaThyeckata pamka Ha SSA B pas3nuuHuTe KaTeropum BpemeBu
pesoBe Ha TeXHOMNOrnyHaTa UHayCTpus.

HAYYHWU, HAYYHO-NPUNOXHWU U NPUNOXHU NPUHOCU HA AUCEPTALMOHHUA
TPYQ
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MpuHOCKUTE, NONYYEHN OT M3CNeaoBaTenckaTa paboTa, M3BbLPLUEHA B HACTOSLLMS AMCEPTALMOHEH TpyA, ca
rPYNMpaHu B TPW KAaTeropum: Hay4YHu NMPUHOCK, HayYHO-MPUINOXHM NPUHOCK 1 MPUMOXHM NPUHOCK.

HayyHuTe NnpUHOCH Ha AMUCEPTALMOHHUA TPYA ca ClegHUTe:

MpuHoc 1 — AnropuTtbM 3a obpaTtHo xubpuaHo kmbetepupare (Reverse Hybrid Clustering), Ho 3-eTaneH
anropuTbM 3a KnbcTepusauws, koo nbpeo npunara DBSCAN, a cneg Toea K-Means 1 penHTerpupa wyma
B NpeuusnpaHnTe KnbcTepu. To3n oObpHAT ped Ha onepauuuTe 3anassa €CTECTBEHUTE MOAENU Ha
NNBTHOCT B AaHHWUTE, CBbp3aHn ¢ M&A aKkTUBHOCTTa, KOMTO OBUKHOBEHO Ce paspyliaBaTt OT xubpuauTe,
3anoyBawy ¢ ueHtpouan. OueHkaTa Ha pesynTtatute Bbpxy Habopa oT gaHHu 3a M&A B EDA nokasa
MakcumareH cpefeH cunyeteH koeduumeHt ot 0.98. B cpaBHeHWe ¢ ToBa CUNYETHUAT KOEPUUMEHT Ha
obukHoeHns K-Means 6ewwe 0.72, Ha DBSCAN 0.85, Ha npaBoTo xubpuaHo knbctepupare 0.72 u Ha
raycosute cmecenn mogenu 0.68.

MpuHoc 2 — et apxetuna Ha M&A knmbcTepu. Tean apxeTvnu Gsxa M3BMEYEHW OT NpuUnaraHeTo Ha
anroputbMa 3a 06patHo xmbpuaHo kimbcTepupaHe (Reverse Hybrid Clustering) Bbpxy 661 M&A TpaH3sakumm
B EDA ot 1975 po 2025 r. Pesyntatute nokassaT neT oT4eTnMBK cTpaTernyecku apxetuna (High-Tech
Targets, Growth-Stage Scale, Mature Portfolio, Young Startup Tuck-ins n Rapid High-Value), dopmuparum
HOBa eMMNMpUYHa TakcoHoMmus Ha M&A noBeeHNETO B TEXHOMOTMYHUS CEeKTOp. PesyntaTute ca Banuampaxu
ypes egHodakTopeH aucnepcuoHeH aHanus (ANOVA) (F = 175.6, p < 0.001), Tect Ha Kpyckan-Yonuc (H =
46.3, p < 0.001) n nepmytaumoHeH TecT (p = 0.044). TecTbT upe3 OyTcTpan NOBTOPHO M3BAAKOBO
reHepupaHe nokasea, 4Ye NonyvyeHnTe KNbCTepn ca ctabunHm cbe cpeaHa ctonHocT Ha ARI ot 0.94 3a 100
uTepaumu.

MpuHoc 3 - KomnosutHa MeTpuka TechimpactScore. KomnosutHata wmeTpuka TechlmpactScore
KONMWYECTBEHO M3MEPBA TEXHOMOMMYHOTO Bb3fencTBIe Ha fadeHa M&A TpaH3akuus ypes koMbuHUpaHe Ha
NaTeHTEH pesynTar, CTONHOCT Ha CAenKaTa, Bb3pacT Ha KOMNaHWsTa U YecToTa Ha npuaobusaLus, ¢ Terna
(0.35, 0.30, 0.20, 0.15), usseneHn ype3 PCA Bbpxy Habopa oT 661 TpaH3akumu. MeTpukaTta nokassa
KOHBEPreHTHa BanuaHOCT Ype3 Kopenaums C He3aBMCUMM AaHHK 3a CTOWHOCTTa Ha caenkute (Pearson r =
0.71, p <0.001), a abnauunoHH1TE U3cneaBaHus Nokaseart cnag o1 34.7% B CUNYeTHUS KOEULIMEHT, KOrato
T4 6be NpemaxHaTa OT BeKTopa OT NpU3HaLu.

MpuHoc 4 — lMNporHosnpaHe Ha M&A BbnHNTE, 6asnpaHo Ha SSA. SSA e aganTupaH KbM BpeMEBUTE PeaoBe
Ha M&A TpaH3akuu1Te 3a MbpBM MbT B IUTEpaTypaTa 3a KOPropaTUBHY TPaH3aKLMK, C TPU CneLmnduyHm 3a
obractTa NpOeKTHYW peLleHuns: 12-TpumeceyeH Npo3opeL, Ha BrpaxaaHe, Tpu 3anaseHn COBCTBEHN TPOMKM W
EKCMOHEHUManHo wuarnaxgaHe Ha XOnT-YWHTbPC 32 OueHKa Ha [JOBEpUTENHUTE  MHTEepBanu.
[lexomno3unumsTa Bb3CTaHOBABA 1 YETUPUTE UCTOPUYECKM AOKYMEHTUPaH M&A BbnHM B EDA 1 nporHosupa
neta BbfiHa € BpbX npe3 2027 go 2028 .

MpuHoc 5 — KpuTuyeH npo3opeL, Ha pucka 3a xusHecnocobHocTTa Ha EDA komnanuute. M3rpageH e
MHOTOM3MEPEH MOAEN Ha npornopuuoHanHuTe puckoBe Ha Kokc 3a »xuaHecnocobHoctta Ha EDA
KOMMaHWUWTE, KONTO MHTErpupa NPUHAANEXHOCT KbM KnbeTep, TechimpactScore, MpexoBa LiEHTpanHocT,
Bb3paCT Ha KOMMaHWSTa U TeXHOMornyeH cektop. MogenbT gocTura KoHkopgaHceH wHaekc ot 0.78 u
naeHTUMLMpPa KPUTUYEH NPO30PEL, Ha pUCK OT NpuaobuBaHe Mexay Tpetata 1 cegmata roguHa OT XuBoTa
Ha JafeHa KoMNaHus.

MprHoC 6 — MpexoB aHann3 1 aHanu3 Ha KOHLEHTpauusTa Ha ekocuctemara 3a npugobusanus B EDA.
TeopeTuko-rpahoBMAT MPEXOB aHanNW3 Ha ekocucTemarta 3a npugobusanns B EDA maeHTudmumpa Tpu
ronemm obLWwHoOCTM Ha npuaobusaHns, LeHTpupaHu okono Synopsys, Cadence n Mentor Graphics / Siemens
EDA, 1 KOonuM4yecTBEHO M3MeEpBA YCTOMYMBO HapacTBaHE Ha NasapHaTa KOHUEHTpauWs, u3MepeHa 4vpes
nHaekca Ha XepduHgan-XupLmMaH, KonTo ce nokaysa ot npubmuautenHo 0.08 npes 90-te roguHn Ha XX
BeK (HekoHUeHTpupaH) fo 0.22 npes 2020-Te roguHn (yMEPEHO KOHLEHTPUPaH).

Haquo-annox(HwTe NPUHOCU Ha ANCepTalMOHHUA TPyA Ca clieaHuTe.
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MpuHoc 7 — [onyaBTOMAaTM3MpaHa MHOroareHTHa cuctema 3a OTKpuBaHe Ha M&A. MsrpageHa e
nonyasTOMaTM3MpaHa MHOroareHTHa cuctema 3a paswupseade Ha M&A 6asaTa faHHu, KOATO KOMBUHMpPa
“3BMNYaHe Ha MHGopmauus, 6asmpaHo Ha LLM, ¢ BanugupaHe ¢ 4oBek B Uukbna (human-in-the-loop),
n3nonasankn vetupn cneumanusmpann areHta (RSS Feed Monitor, Google Custom Search, OpenAl
Extraction, Company Deduplication) u HOB TpWHWBOB afanTWBEH MEXaHW3bM 3a OTXBbpISHE, KOUTO
nogobpsiBa NpeLmsHoOCTTa C TeYeHWe Ha BpeMeTo 6e3 noBTOpHO 0byveHWe Ha mogena. OnepaTUBHOTO
TecTBaHe nokasea 87 npoLieHTa NOKpUTME M 77 NpOLEHTa NPELM3HOCT Npu onepaTuBeH pasxog nog net USD
Ha meceL.

MpuHoc 8 — KpocaomeHHa meTpuka MHoBaLumoHeH akTop (Innovation Factor). PaspaboteHa e komno3uTHa
MeTpuKa nHoBaumoHeH akTtop (Innovation Factor) 3a MexayoTpacnoBo cpaBHeHue Ha M&A cTpateruuTe.
MpunaraHeto mkbM NVIDIA (MHoBaumoHeH dhaktop 7.5/10) u Qualcomm (4.7/10) notebpxaasa, ue
MeTpuKaTa pasrpaHuyaBa NpOaKTUBHWUTE CTpATEru 3a BEPTUKAHA MHTErpaLns OT peakTUBHUTE CTpaTerm
3@ XOpW30HTarnHa aveepcudukaumus JOpy KoraTo KavyeCTBOTO Ha OTAeNHUTe npuaobuBaHMs € CpaBHUMO,
BaMaMpanky aHanuTuyHaTa pamka n3sbH EDA.

MpunoxHUTe NPUHOCK HA AUCEPTALMUOHHUA TPYA Ca CNeAHUTE:

MpuHoc 9 — OxnaiH uscnegosatencka nnatgopma EDA-DYV. OnnaiH nscnegosatenckata nnatgopma
EDA-DYV uHTerpupa Bceku aHanuTuieH MeTod, paspaboTeH B TO3W AUCepTaUMOHEH Tpya, B eanHeH yeb
nHTepdoenc ¢ tpucnonHa apxutektypa (C# .NET B 6ekeHga ¢ Entity Framework, n React ¢ D3.js
BM3yanuaauum BbB hpoHTeHaa, SQL Server kato 6a3a aaHHK). MnaTtopmaTta nokassa KTbCTEPEH aHanms,
NPOrHO3MpaHe Ha BBbIHWTE, aHanM3 Ha XM3HeCNoCOOHOCTTa, MPEXOBM BU3yanu3auun, aHanus Ha M&A
BpemeBaTa fMHMA U MOMyaBTOMAaTM3MpaHaTta cuCTeMa 3a OTKpUBaHE W e pasrbpHata Ha
https://edadynamics.com.
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PE3IOME

METHODS AND ONLINE TOOL FOR STUDYING THE DYNAMICS AND EVALUATING THE VIABILITY
OF ELECTRONIC DESIGN AUTOMATION COMPANIES IN TIMES OF TECHNOLOGICAL DISRUPTION

Over the past fifty years, mergers and acquisitions have reshaped the electronic design automation (EDA)
industry. What began in 1980 as a crowded field of small, specialist tool vendors is today a market held by
three firms: Synopsys, Cadence Design Systems and Siemens EDA. Most studies of how this happened stop
at description. They lean on case studies, hand-sorted industry categories, and a few summary statistics,
and they leave the harder questions untouched. No one has analysed EDA acquisitions with machine
learning. There are no models that forecast when the next wave of deals will arrive, or that judge whether a
given company is likely to survive one. Nor is there a shared online tool that would let another researcher
load the data and check the results. This research starts from those gaps. The question it sets out to answer
is how the dynamics of EDA mergers and acquisitions can be studied, and the viability of the companies
involved assessed, with quantitative methods that stand up to statistical testing and still work outside this one
study. The work answers that question with a single framework built on solid ground: a dataset of 661
confirmed EDA transactions, checked and cleaned, covering 1975 to 2025. Six methods sit inside it, each
built for a distinct purpose. The first, Reverse Hybrid Clustering, runs DBSCAN to find the dense cores and
the outliers, then K-Means to sharpen those cores, and finally folds the outliers back in. Running the steps in
that order keeps the density patterns that a centroid-first method would flatten. The second is the
TechlmpactScore, a single number that captures the technological weight of a deal from its patent, financial,
temporal and acquirer features; the weights come from principal component analysis on the data rather than
being set in advance. Third, Singular Spectrum Analysis breaks the transaction time series into trend, cycle
and noise so that acquisition waves can be detected and projected forward. A Cox proportional hazards
model handles company viability. Network analysis maps who acquires whom and how concentrated the
market has become. Finally, a semi-automated system of language-model agents grows the dataset, with a
researcher checking its output. All six live in one place, the EDA-DYV online platform, which was then tested
beyond the EDA setting, on the adjacent Al chip sector. The clustering comes first. Reverse Hybrid Clustering
reached an average silhouette of 0.98, a wide margin over the alternatives: K-Means and the forward hybrid
both sat at 0.72, DBSCAN at 0.85, and Gaussian Mixture Models at 0.68. The deals settled into five strategic
archetypes, namely High-Tech Targets, Growth-Stage Scale, Mature Portfolio, Young Startup Tuck-ins and
Rapid High-Value. The obvious worry with groups this clean is that they reflect the algorithm rather than the
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data. Four independent tests argue otherwise: one-way ANOVA returned F = 175.6 (p < 0.001), a Kruskal-
Wallis test and a permutation test pointed the same way, and bootstrap resampling held the clusters steady
at a mean Adjusted Rand Index of 0.94 across 100 runs. The TechimpactScore proved useful on two counts.
It lined up with independent deal-value data atr=0.71 (p < 0.001), and removing it from the feature set cost
34.7 percent of cluster quality. Singular Spectrum Analysis recovered all four merger waves the industry
already recognises and pointed to a fifth, cresting around 2027 to 2028. With a concordance index of 0.78,
the Cox model placed the greatest acquisition risk in the years three to seven of a company's life. The
acquisition network resolved into three communities, centred on Synopsys, Cadence and Mentor Graphics /
Siemens EDA, and concentration rose over time, the Herfindahl-Hirschman Index moving from roughly 0.08
in the 1990s to 0.22 in the 2020s. The approach also held up away from EDA: applied to the Al chip makers,
it set NVIDIA, at an Innovation Factor of 7.5 out of 10, apart from Qualcomm at 4.7. The discovery system,
last, reached 87 percent coverage at 77 percent precision, and the whole pipeline now runs live and is publicly
accessible at edadynamics.com. This thesis set out to build a coherent set of methods, together with an
online platform to house them, for studying the dynamics of the EDA industry and the viability of its companies
through periods of technological disruption. That objective has been met. Each method holds up under
validation, and each result can be reproduced. What remains are the questions the work opens rather than
closes. The first concerns what sits behind the waves: future study could go past detecting acquisition waves
and begin explaining them, separating the surges set off by genuine technological disruption from those that
trace back to consolidation or to favourable financing. A second is whether the TechimpactScore keeps its
value after the deal closes, judged against what an acquirer genuinely gains from an acquisition in the years
that follow. The methods themselves could reach further as well, into biotechnology, financial technology and
other sectors, while real-time data feeds and deep-learning feature extraction would broaden what they cover
and lessen their reliance on manual oversight. These questions are taken up in more detail in the Limitations
and Future Work section.
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|. GENERAL CHARACTERISTICS OF THE DISSERTATION

Relevance of the problem
Introduction

The EDA industry has become a critical part of the global semiconductor supply chain. It is the source of
design tools and IP (intellectual property) used in designing, verifying and manufacturing semiconductors.
Over the last five decades, EDA has seen numerous Mergers and Acquisitions (M&As) as semiconductors
have evolved from few thousand transistors in the 1980s to a few billion transistors in system-on-chip
designs. The present study identifies 661 M&As in the EDA sector over the last fifty years, which has led to
the concentration of many small EDA companies and led to the formation of a tight concentration of
Synopsys, Cadence Design Systems and a recently emerged monopolistic competitor named Siemens EDA
(Mentor Graphics). Thus, this study is important to all stakeholders in the semiconductor industry as well as
regulatory bodies, due to the increased concentration of the global semiconductor industry in the key
technology sector.

Objective of the dissertation, main tasks and research methods

The research objective of this doctoral thesis is to develop a coherent set of methods and an online research
platform for studying the dynamics and evaluating the viability of EDA companies in times of technological
disruption. Starting with the construction of a reliable and validated EDA M&A transactions dataset, which
provides the empirical foundation for every subsequent step, to develop new machine-learning methods for
the automatic identification of strategic M&A patterns, then feed forecasting and survival-analysis methods
that predict M&A waves and assess the long-term sustainability of EDA companies, finally to apply the
developed methods across domains to leading companies in the adjacent Al chip sector, in order to confirm
their generalizability beyond the EDA industry.

To achieve the objective of the thesis, the following tasks are defined:
Ten research tasks are defined to accomplish the stated objective.

Task 1 - Build and validate 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, acquisition date, lifetime, and deal value where available. The database must reach a level of
completeness sufficient to support quantitative methods and must be subjected to a documented validation
procedure.

Task 2 - Design and validate the Reverse Hybrid Clustering algorithm for M&A pattern identification. The
algorithm executes DBSCAN first to detect noise and core structure, and K-Means second to refine the core
regions into compact clusters; the noise removed in the first stage is reintegrated where similarity to a refined
cluster exceeds a defined threshold. The clustering quality is assessed using internal validation metrics,
including the Silhouette Coefficient, the Davies-Bouldin Index and the Calinski-Harabasz Index.

Task 3 - Design and validate the TechimpactScore composite metric for quantifying the technological impact
of M&A transactions. The metric combines patent-related, financial, temporal and strategic features of each
transaction; the relative weight of each feature is derived empirically from PCA on the dataset rather than
being fixed a priori. Validation is performed by correlating the resulting score with independent deal-value
data.

Task 4 - Develop a forecasting framework for M&A waves in the EDA sector based on Singular Spectrum
Analysis. The framework decomposes the historical M&A activity time series into trend, oscillatory and noise
components, and produces a multi-year forecast that can be evaluated against held-out periods.

Task 5 - Build a survival-analysis framework that predicts the viability of EDA companies. The framework
uses the Cox Proportional Hazards regression to estimate the probability of acquisition or failure conditional
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on company characteristics and market conditions; predictive performance is evaluated using the
Concordance Index.

Task 6 - Construct a network-analysis module that maps the EDA acquisition ecosystem with graph-theoretic
techniques. The module computes degree, betweenness and closeness centralities for acquirer companies
and reports the Herfindahl-Hirschman Index as a measure of market concentration.

Task 7 - Implement a semi-automated M&A discovery module based on a multi-agent Large Language Model
architecture with human-in-the-loop validation. The module uses specialised agents for web search, content
extraction, validation and data structuring, with the goal of supporting researchers in the discovery of new
M&A transactions at low operational cost and high precision.

Task 8 - Design and deploy an integrated online research platform that hosts every analytical component
delivered in Tasks 1 to 7. The platform follows a three-tier architecture (a relational database, a backend
service exposing a REST API, and a single-page web frontend) and provides RESTful endpoints for every
analytical operation.

Task 9 - Validate every developed method using rigorous statistical testing. The validation pipeline includes
one-way ANOVA for cluster differentiation, bootstrap cross-validation for result stability, and feature-ablation
studies for the sensitivity analysis of the TechlmpactScore.

Developing a semi-automated multi-agent system for the dynamic extension of the M&As database. Finally,
the proposed analytical framework will be integrated in the EDA-DYV online research platform.

Task Publications

Task 1 Paper 1 (RIM 2023): Platform design and initial database; Paper 3
(IFAC 2024): Web-based M&A analysis application

Task 2 Paper 2 (UBT IC-CS 2023): Al in EDA review; Paper 5 (JITIS
2025): Reverse Hybrid Clustering algorithm and cluster archetype
analysis

Task 3 Paper 5 (JITIS 2025): TechimpactScore design and validation

Task 4 Paper 4 (ICEST 2025): SSA forecasting model for M&A waves

Task 5 Paper 6 (ICISNA 2025): Multi-algorithm integration framework

Task 6 Paper 5 (UITIS 2025): Network centrality and HHI analysis

Task 7 Paper 2 (UBT IC-CS 2023): Al in EDA review; Paper 7 (ICISE
2026): Semi-automated M&A discovery module

Task 8 Paper 1 (RIM 2023): Platform design; Paper 3 (IFAC 2024): Web-
based application in EDA-DYV platform

Task 9 Paper 5 (JITIS 2025): Statistical validation (ANOVA, cross-
validation, ablation); Paper 6 (ICISNA 2025): Multi-algorithm
validation

Task 10 Paper 8 (ICISE 2026): cross-domain case studies in the Al chip
sector; Paper 4 (ICEST 2025): SSA forecasting applied to the Al
chip sector

Table 1 - Research tasks and publications are in correlation.

Scientific novelty

The thesis presents several innovations. First, a novel hybrid clustering technique named Reverse Hybrid
Clustering (RHC) interlinks the well-known DBSCAN (Density-Based Spatial Clustering of Applications with
Noise) algorithm and the K-Means algorithm in a different order, achieving on average a silhouette score of
0.98 on a dataset of 661 confirmed M&A deals from 1975 to 2025 and partitioning the search space of
acquisition strategies into five confirmed clusters denoted High-Tech Targets, Growth-Stage Scale, Mature
Portfolio, Young Startup Tuck-ins, and Rapid High-Value. Second, the TechimpactScore composite metric
integrates patent, financial, temporal and strategic features using weights extracted from the first principal
component of a Principal Component Analysis (PCA) over the acquisition features. Third, Singular Spectrum
Analysis (SSA) is applied to the M&A time series for the first time in this literature; the technique decomposes
the series into significant trends, cycles and seasonal components and supports forecasting of future
occurrences. Fourth, a semi-automated multi-agent system based on Large Language Models (LLMs)
extracts new information from the web, continuously updating and expanding the platform dataset at an

36



operational cost below five USD per month with a minimal number of human-in-the-loop validations. Finally,
all proposed methods are validated and integrated into an enhanced version of the widely used EDA-DYV
web platform, supporting further investigation of the knowledge derived from M&A deals and the strategic
insights it produces.

Practical applicability

EDA-DYV online research platform. The EDA-DYV online research platform, integrates every analytical
method developed in this thesis into a single web interface with a three tier architecture (C# .NET in backend
with Entity Framework, and React with D3.js visualizations in Front, SQL Server as database). The platform
shows clustering analysis, wave forecasting, survival analysis, network visualisations, M&A timeline analysis
and the semi automated discovery system and is deployed at https://edadynamics.com.

Publications

The main results of the dissertation are published in eight scientific works, listed at the end of this summary.
They include journal and conference papers indexed in Scopus, Web of Science and IEEE Xplore.

Structure and volume of the dissertation

The dissertation has a volume of 125 pages and consists of an introduction, five chapters, a conclusion, a
statement of the scientific, application-scientific and application contributions, a section on limitations and
future work, and a bibliography of 120 sources. It contains 21 figures and 12 tables. The numbers of figures
and tables in the abstract correspond to those in the dissertation.

Il. CONTENT OF THE DISSERTATION

CHAPTER I. Analytical Literature Review of M&A Dynamics, Clustering Methods, and Viability
Assessment in the EDA Industry

EDA encompasses the category of software tools used for designing electronic systems such as integrated
circuits (ICs) and printed circuit boards (PCBs). It is a fundamental element in the Information and
Communications Technology (ICT) supply chain and has evolved over the last 60 years along with the
exponentially increasing complexity of semiconductors. Indeed, without the advancements in EDA, designing
today’s processors with their billions of transistors would be highly unthinkable. The EDA industry has a multi-
disciplinary character combining aspects of software engineering, electrical engineering and computer
science and is at the heart of the semiconductor industry value chain, enabling many products and services.

The EDA industry is currently a tight oligopoly with respect to the mainstream design automation applications.
The three companies dominating this field are:

Synopsys, the largest EDA company, has annual revenues exceeding $5.8 billion (FY2023). They have a full
range of EDA tools that cover every stage of the design flow including RTL synthesis (Design Compiler),
place and route (IC Compiler), simulation (VCS) and IP. Synopsys has been the most acquisition-active of
the major EDA vendors, having made more than 80 acquisitions over the years.

Cadence Design Systems, the second largest EDA company, generated $4.1 billion in revenue for FY2023.
Virtuoso is the leading tool in the custom IC design category, Innovus leads in digital implementation, and
Tempus in signoff verification. The company has expanded into system design and analysis through
acquisitions including AWR Corporation (2011) for RF/microwave design and Numeca International (2021)
for computational fluid dynamics.

Siemens EDA (formerly Mentor Graphics) became part of Siemens AG following its $4.5 billion acquisition in
2017. The business remains a market leader in PCB design (Xpedition), IC verification (Questa), and design-
for-manufacturing (Calibre). Its integration into the Siemens Xcelerator portfolio is enabling new digital twin
and smart manufacturing applications.
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Forces that are remarkably persistent have kept things this way. For over a decade, the combined market
share of the top three suppliers has been nearly 70%. This figure was identified early in the transaction
database compilation process, and it applies to the three segmentations adopted: by acquisition year, by
region, and by product category. The persistence of this concentration over time indicates that the conditions
for autonomous survival in EDA are not only difficult but also structurally self-reinforcing. According to Gao
and lyer, the EDA industry's consolidation trajectory is similar to that of established technology sectors, where
scale advantages in R&D and customer relationships lead to self-reinforcing barriers. The results presented
here, based on 661 transactions over 50 years, provide little reason for disagreement.

The analytical literature review presented in this chapter summarises the existing knowledge on the EDA
industry across five key domains: (i) the history and market structure of EDA; (ii) machine learning and
statistical methods applicable to M&A analysis; (i) EDA business models and viability assessment
frameworks; (iv) M&A dynamics and consolidation patterns; and (v) Al and large language model applications
in the technology industry.

The review documents the radical transformation that the EDA industry has undergone over the last fifty
years. In 1980 the industry was an assortment of application-specific tool vendors operating in a fragmented
market. After decades of mergers and acquisitions the industry today is close to an oligopoly of three players:
Synopsys, Cadence Design Systems, and Siemens EDA (formerly Mentor Graphics). Most of the
consolidation has happened through M&A, and four merger waves have been identified between 1998 and
2022, all correlated with semiconductor technology cycles.

Key findings from the literature review: First, there is a wealth of studies on M&A in general and on acquisition-
driven innovation in high-tech industries. None of them, however, applies modern machine-learning
approaches to EDA-industry M&A analysis; the existing works rely on traditional statistical methods and
manual classification. Second, a large body of work on clustering algorithms and ensemble methods
confirms the advantages of hybrid approaches. None of these has been designed for the specific
characteristics of M&A transaction data: small sample sizes, mixed feature types, and the strategic
significance of outlier transactions. Third, while forecasting methods such as SSA are widely used in climate
science and economics, no study has used them to predict M&A waves in the technology industry. Fourth,
the general literature has frequently used survival analysis techniques to predict corporate failure. There is
no published study, however, focused on the EDA sector, where a company's ability to remain competitive
with the development of semiconductor technology nodes is just as important as its financial health. Fifth,
network-analysis techniques provide powerful tools for understanding structural relationships in M&A
networks. To the best of the author's knowledge, no market-concentration index or graph-theoretic centrality
metric has been applied to the EDA acquisition network. Sixth, although large language models now make
semi-automated information extraction from unstructured sources feasible, no current study uses this
technology for EDA-industry M&A data discovery. Lastly, foundational research on EDA business models
gathered an initial M&A dataset and a classification of EDA companies, and earlier work reviewed
formalisation techniques for business-model assessment in EDA. None of these projects, however, built
predictive models, used Al-driven analysis, or made the data accessible through an online research platform.
Drawing the threads together, seven specific gaps in current knowledge follow from the review:

Gap 1 - Al-driven M&A pattern analysis is missing in the EDA literature. Existing studies are descriptive and
cannot extract latent strategic patterns from large transaction datasets.

Gap 2 - No hybrid clustering technique has been designed for M&A data. Individual algorithms such as
Gaussian Mixture Models, DBSCAN and K-Means have been used widely, but no hybrid approach combines
density-based and partitional clustering to handle the noise introduced by strategically significant outlier
acquisitions.

Gap 3 - No validated composite metric exists to quantify the technological impact of an M&A transaction.
Deal value, patent counts and company age are routinely used in isolation, but they have not been combined
into a single validated composite measure.
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Gap 4 - No M&A wave-forecasting model exists for the EDA sector. While merger-wave theory is well
established, no study has used time-series decomposition methods to predict EDA-sector merger waves.

Gap 5 - No viability-prediction framework is calibrated for EDA companies. The general literature provides
corporate-failure prediction models, but none addresses the EDA-specific viability determinants of
technology-cycle alignment and acquisition probability.

Gap 6 - The EDA acquisition ecosystem has not been studied as a network. Acquirer centrality patterns and
market-concentration dynamics remain uninvestigated.

Gap 7 - No automated M&A data-collection tool exists for EDA researchers. Data collection is fully manual
and time-consuming, and no semi-automated Al-assisted tool is available.

Gap 8 - No integrated online research platform combines EDA M&A data, clustering analysis, forecasting
models, network visualisation and viability assessment in a single resource.

Gap 9 - Methods developed for the EDA industry have not been validated in adjacent domains, so their
generalisability and transferability remain unconfirmed.

CHAPTER Il. Research Methodology and Mathematical Methods for M&A Pattern
Analysis and Forecasting

Clustering and Pattern Recognition Methods

K-Means Clustering Algorithm

The K-Means algorithm iteratively minimizes the Within-Cluster Sum of squares (WCSS): to divide n
observations into K clusters,

K
argming Y’ Y- P #1
i=1  X€S;
where Si represents the collection of points allocated to cluster | and pi, the centroid of cluster Si, is calculated
by taking the average of all the cluster's points,

. 1 Z S 4o
Hi=roe X
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XES;
K centroids are initialised, each point is assigned to the closest centroid, centroids are recalculated as cluster
means, and the process is repeated until convergence. The implementation uses the K-Means trainer in
ML.NET, which applies the K-Means++ initialisation strategy to prevent subpar local optima.

Optimal K Selection. The ideal number of clusters is found using the Elbow Method. The "elbow" point where
the marginal reduction in WCSS decreases is chosen as the ideal K when the WCSS s plotted against K for
values ranging from 2 to 10. The Elbow Method determines that K = 5 is the ideal value for the EDA M&A
dataset (n = 661).

DBSCAN Algorithm

Local density is used to define clusters in DBSCAN. If there are at least MinPts points: in a point p's epsilon-
neighborhood, then that point is considered a core point.

IN.(p)| = MinPts#3
where the epsilon-neighborhood is defined as:

N.(p) ={q € D:dis(p,q) < €} #4
Three categories are used to classify points: Core points are those that meet the density criterion above;
Border points are those that are within an epsilon-neighborhood of a core point but are not core; and Noise
points are those that are neither core nor border.
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Connecting density-reachable core points creates clusters. In the event that a chain of core points exists
where each successive pair is within epsilon distance, then two core points, p and g, belong to the same
cluster.

Forecasting and Survival Analysis Methods

Singular Spectrum Analysis

Stage 1: Embedding. The univariate time series X = (x1, x2, ..., XN) is transformed into a trajectory matrix
using a window length L:

X == (xl x2 xK xZ X3 XK+1 E.'- xL xL+1 xN ) #6
where N - L + 1 = K. In accordance with the recommendation that L should be between N/3 and N/2, the
window length for the EDA M&A quarterly time series is set to L = 12, which represents three years of
quarterly data.

Step 2: Decomposition of Singular Values. SVD is used to break down the trajectory matrix.

d
X = Z JAUVE #7
i=1

where Ui are the left singular vectors, Vi are the right singular vectors, and Ai are the eigenvalues (in
decreasing order). Every triplet (VAi, Ui, and Vi) is referred to as an eigentriple.

Step 3: Forming groups. The components of the eigentriples are categorized according to noise, oscillatory
cycles, and trends. Usually, the trend is captured by the first eigentriple, cyclical components are captured
by the following pairs, and noise is represented by the remaining eigentriples. The implementation then
follows the trend and the two main periodic components in the data, by setting the number of retained
eigentriples to 3 (set to parameter NUM_COMPONENTS = 3).

Kaplan-Meier Survival Estimator

The Kaplan-Meier estimator is a non-parametric statistic estimator for the survival function from lifetime data.
In the context of EDA companies, the survival event is defined as the independence from being taken over
by other companies (not being acquired or dissolved).

. d;
S(t) = 1_[ (1 - —‘) #8
tist M
di is the number of events (acquisitions) at time ti and ni is the number of businesses at risk (still operating
independently) just before time ti. The Kaplan-Meier curve visualizes the survival probability of an EDA

company at a certain age.

Cox Proportional Hazards Model

The Cox Proportional Hazards model is a development of the Kaplan-Meier estimator, and includes additional
covariates to account for the factors that may influence the time-to-event outcomes. The hazard function of
a business with feature vector X at time t is as follows.

h(X) = ho(t) - ex(Bi Xy + B2 Xy + -+ B,X,) #9
where the i coefficients quantify the impact of each covariate on the hazard rate, and the baseline hazard
function, hO(t), is the same for all companies. While a positive B indicates that higher values of the
corresponding covariate increase the hazard (risk of acquisition), a negative f indicates a protective effect.
The EDA viability prediction model uses a number of covariates, including company age, TechimpactScore
Network centrality position (from Network Analysis), and cluster membership (from Reverse Hybrid
Clustering).
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The Cox model is validated using the Concordance Index (C-Index), which evaluates how well the model
ranks business pairs based on their expected risk. Perfect concordance is indicated by a C-Index of 1.0,
while random prediction is indicated by a C-Index of 0.5. Brier Score: Shows the degree of calibration of
predicted survival probabilities; lower scores indicate better calibration. The baseline hazard rates are derived
from the empirical cluster-specific acquisition rates calculated from the historical EDA M&A dataset. These
rates are then applied over a five-year forecast horizon.

Network Analysis and Statistical Validation Methods

Network Analysis

Degree Centrality calculates a node's number of direct connections, normalized by the maximum number of
connections that can exist.

Cor(v) = ‘flefvi #10

where n is the total number of vertices and deg(v) is the number of edges incident to vertex v. Serial acquirers
are identified by high degree centrality in the acquisition network.

The frequency with which a node is on the shortest path between other nodes is measured by its
Betweenness Centrality.

Cp(v) = z 95t 41q

Ost
SFEFVEL
where ost(v) is the number of paths that pass through v, and ost is the total number of shortest paths from
node s to node t. "Bridge" companies that link various segments of the acquisition network are identified by

high betweenness centrality.

The average distance between a node and every other node is measured by closeness centrality.
n—1
Cc(v) = #
Zuzv  d(v,u)
where the shortest path distance between v and u is denoted by d(v, u). Businesses that are well-positioned
to swiftly reach any part of the network are identified by high closeness centrality.

12

The idea that connections to highly central nodes are more valuable than connections to peripheral nodes is
captured by Eigenvector Centrality, which is an extension of degree centrality that weights connections by
the centrality of neighbors.

Herfindahl-Hirschman Index
Market concentration in the EDA acquisition market is measured by the Herfindahl-Hirschman Index (HHI).

N
HHI = Z s? #13

i=1
where si represents firm I's market share as a percentage of all acquisitions. HHI is between 1 (monopoly)
and 1/N (perfect competition). Observing the U.S. Markets with HHI below 0.15 are regarded as
unconcentrated, those between 0.15 and 0.25 as moderately concentrated, and those above 0.25 as highly
concentrated, according to Department of Justice guidelines.

Cluster Validation Metrics
Each data point's cluster cohesion and separation are measured by the Silhouette Coefficient.
b(i) — a(i)

s) = ma(a(), b(0))
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where b(i) is the mean nearest-cluster distance (average distance to all points in the closest neighboring
cluster) and a(i) is the mean intra-cluster distance (average distance to all other points in the same cluster).
Strong clustering structure is indicated by values above 0.7, which range from -1 to 1.

The Davies-Bouldin Index calculates the ratio of between-cluster separation to within-cluster scatter.

o; + o;
Z (0 +9) #15
K d(cl, cj)
where d(ci, cj) is the distance between centr0|ds and oi is the average distance between points in cluster |
and their centroid ci. Better cluster separation is indicated by lower values.

The Variance Ratio Criterion, or Calinski-Harabasz Index, calculates the ratio of within-cluster dispersion to
between-cluster dispersion.

SSg
K—-1
SSw
n—K
where K is the number of clusters, n is the total number of data points, and SSB and SSW are the between-

and within-cluster sums of squares, respectively. More compact and well-separated clusters are indicated by
higher values.

Statistical Validation Methods

To determine if there are significant differences between the identified clusters on the important variables
(Lifetime, TechlmpactScore, DaysSinceEarliest), Analysis of Variance (ANOVA) is utilized. Since u1 = p2 =
... = UK, the null hypothesis HO states that all cluster means are equal. = pK. The test statistic is as follows.
SSp_
_ MSbetween _ K—-—1 #17
MSyithin ~ SSw_
n—K

CH = #16

where the between-group sum of squares is:
K
S§Sp = z n (%, — x)%#18
k=1
where Xk is the cluster mean, Xis the grand mean, and nk is the number of observations in cluster k. The
sum of squares within the group is:

SSy = z Z (xp; — %) #19

Under the null hypothesis, the F-statistic flts an F d|str|but|on with degrees of freedom (K - 1, n - K). The
threshold for determining statistical significance is a = 0.05. Eta-squared (n2) is used to report effect sizes
and is defined as follows.
. SSp
" =355, s, 120

In this work, the effect size is reported using eta-squared (n?). What this gives is the share of total variance
that can be attributed to cluster membership, in other words the part that comes from differences between
the clusters rather than from differences inside each cluster. Cohen proposed three reference values for
interpretation, with n? of about 0.01 standing for a small effect, 0.06 for medium, and 0.14 for large; though it
has to be said these are guidelines, not fixed boundaries.

Where the data are not normal, ANOVA's normality assumption is not safe, and instead Kruskal-Wallis test
is used as it does not require this assumption. The way this test works is by replacing the original observations
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with their ranks (computed across all groups together), and then checking whether those ranks are distributed
differently between groups. All of this gets condensed into a single number, the H statistic, calculated by:

T i Ri 3(n+ 1) #21
_n(n+1)k_1 Ny "

K in the formula above represents the number of groups. The number of observations belonging to a
particular group k is given by nk, while Rk holds the rank sum within that group. The whole sample, across
all groups, is counted by n. With K - 1 degrees of freedom, H roughly follows a chi-squared distribution under
the null hypothesis that all groups have the same distributions. Average ranks are assigned to tied values in
order to handle tied observations.

To determine if the observed clustering quality (as indicated by the silhouette score) is higher than what
would be predicted by chance, a permutation test is employed. Random cluster assignments are created for
each of the B permutations (B = 1,000), and the corresponding silhouette scores are calculated. This is how
the p-value is determined:

_ #{Srandom = Sobserved} +1

- #22
p B+1

where srandom represents the silhouette score for each permutation and sobs represents the observed
silhouette score. In order to prevent a zero p-value and take into consideration the observed statistic itself,
the numerator and denominator are both corrected by +1. As a distribution-free evaluation of clustering
validity, this test enhances the non-parametric Kruskal-Wallis and parametric ANOVA methods.

Bootstrap resampling with 100 iterations is used to evaluate the stability of the clustering results. Each
iteration involves taking a random sample of size n from the dataset, applying the Reverse Hybrid Clustering
algorithm with the same parameters, and using the Adjusted Rand Index (ARI) to compare the final cluster
assignments to the initial ones.
Rl = L= EIRIL g
"~ ma(RI) — E[RI]

where E[RI] is the expected Rand Index under random assignment and Rl is the Rand Index (fraction of point
pairs that are either in the same cluster in both partitions or in different clusters in both). In ARI, -1 indicates
anti-correlation, and 0 represents chance-level agreement and 1 represents perfect agreement. To support
these assertions, ARI score consistency across resamples was tested to verify that any observed cluster
structures is not sample specific. Next step, was to identify which of the individual features contributed most
to the TechimpactScore. Feature ablation was performed removing each of the four features (Patent Score,
Deal Value, Age Score, Acquirer Frequency) in turn and recalculating Silhouette Score to see how the
resulting clusters changed. Large drops in score indicate important features and small drops indicate features
that are not.

CHAPTER lIl. Reverse Hybrid Clustering, Composite Metrics, Predictive Models, and
Multi-Agent M&A Discovery System

This thesis proposes a novel Reverse Hybrid Clustering algorithm for M&A transaction data, a three-stage
ensemble clustering approach that integrates DBSCAN and K-Means in a novel sequential way. The data
points are clustered in three stages: DBSCAN density clustering, K-Means refinement, and noise-point
reintegration. This section discusses the parameters, the data preprocessing and the optimisation techniques
used in the proposed Reverse Hybrid Clustering approach.

The majority of hybrid clustering techniques currently in use in the literature use a forward configuration, in
which DBSCAN is used for local density refinement after K-Means or hierarchical clustering is used to
establish global structure. The current study reverses this sequence based on a domain-specific finding: M&A
activity in the EDA sector shows bursts based on natural density that line up with waves of market
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consolidation, as opposed to uniformly spaced temporal patterns. The algorithm first uses DBSCAN to
capture these patterns of natural density before imposing a predetermined number of clusters.

An ablation study presented later in this chapter provides empirical support for this design decision, which
shows that on the same dataset, the reverse order obtains a silhouette score of 0.98 as opposed to 0.72 for
the forward hybrid approach.

Each M&A transaction is represented by a three-dimensional feature vector

X; = (DaysSinceEarliest;, Lifetime;, TechImpactScore;)#25
Lifetime: Lifetime of the target company in years at acquisition; DaysSinceEarliest: Position of the acquisition
in time relative to the earliest transaction in the dataset; TechimpactScore: A composite score representing
the impact of technology on the acquired company. All feature values are normalized to the range of [0, 10]
before clustering with a Min-Max Scaler.

First, the implementation specifications for DBSCAN Density Clustering (Stage 1) are developed. This
clustering method distinguishes isolated transactions from highly dense acquisition activity regions across
the entire dataset of 661 M&A transactions.

Two domain-specific adaptations are employed to region-grow merged clusters using standard DBSCAN:
temporal weighting and MinPts calibration. For temporal weighting, the dimension representing
DaysSinceEarliest is weighted and epsilon is set to 180, which is approximately six months in temporal space
and the average length of an M&A consolidation burst during which several acquisitions within a specific
industry are consolidated during a relatively short period of time. For MinPts calibration, a larger value of 10
is chosen as opposed to the heuristic of In(N) derived in, which yields In(661) = 6.5. MinPts was set to 10 to
merge into a single cluster transactions that reflect stable and meaningful consolidation patterns as opposed
to transactions that merely occur close in time. Such an increase in MinPts is necessary to avoid false
discoveries and to more clearly identify underlying M&A waves within the data.

A set of density-based clusters {CPBSCAN ¢DBSCAN -~ ¢DBSCANY and a noise set N
comprising isolated transactions that do not meet the density criterion are the results of Stage 1. Stage
1 of the EDA M&A dataset usually finds three to four dense regions where 15 to 20 percent of transactions
are categorized as noise. The three-stage flow of the algorithm is summarised graphically in Figure 1,
which shows the data path from raw transactions through DBSCAN density clustering, K-Means
refinement on core points, and noise reintegration to a final assignment
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Three-Stage Flowchart (DBSCAN -+ K-Means — Noise Reintegration)

Final Output: 5 M&A Cluster Archetypes
(G0, C1, C2, C3, C4) — Al 861 transactions assigned

Figure 1 - Reverse Hybrid Clustering Algorithm - Three-Stage Flowchart.

Line chart: K (x-axis, 2-10) vs Within-Cluster Sum of Squares (y-axis). mark elbow at k=5 (UPDATED to match paper)

Figure 2 - Elbow Method Plot for Optimal K Selection.

{CPBSCAN CDBSCAN _  CDBSCAN N} = DBSCA(X, €, MinPts) #26
where Cj (j = 1, 2, ..., m) is the j-th density-based cluster and N is the set of noise points. Using two
parameters, epsilon and MinPts (set to 180 and 10 respectively), the DBSCAN method is able to identify the
natural density pattern in the data and to distinguish noise (outliers) from typical consolidation bursts in the
M&A activity. In the second stage, the K-Means method is run on the union of the core points of all clusters
found in the first stage. As a result of running the K-Means process, the core points are clustered into K
clusters which are relatively compact, with each cluster's characteristics made especially clear through its
centroids:

{S1,82, ., Sk} = (U2, CPP54N K) #27
The Elbow Method applied to the core points gives K = 5 as the optimal number of clusters for the EDA M&A

dataset. Stage 3 re-integrates each noise point p € N to the nearest refined cluster centroid using Euclidean
distance, provided the distance is below a similarity threshold T:

. - - 2
(p) = argmingeq,.. i |lP — fc|l

ifllp — pll < T #28
Epsilon MinPts K Silhouette DBI CH Index
120 8 4 091 0.21 1,847
150 10 5 0.95 0.15 2,156
180* 10* 5* 0.98* 0.12* 2,341*
180 12 5 0.96 0.14 2,198
210 10 5 0.94 0.18 2,087
240 10 6 0.89 0.22 1,923
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Table 2 - Parameter Grid Search Results for Reverse Hybrid Clustering

TechimpactScore: A Composite Metric for M&A Technological Assessment

The technological impact of M&A on firms and the economy has not yet been quantitatively assessed in the
literature. While a large body of literature exists that assesses M&A activities using deal value and revenue
multiples, in this paper, a new composite metric, named as TechimpactScore, is introduced to measure the
technological impact of the transactions. Deal value and revenue multiples are the two most widely used
metrics to evaluate the performance of mergers and acquisitions in the financial community. However, the
value factors that influence the strategic and tactical objectives in technology dependent industries are not
always reflected in these two metrics, which may not fully reveal the significance of the acquired technologies.

A particular gap in the literature review is filled by the metric: current M&A analysis frameworks treat all
acquisitions as uniform events with only financial value as a defining characteristic. The strategic and
technological significance of acquisitions in the EDA sector, however, varies greatly. For instance, the
strategic ramifications of a $50 million acquisition of a business with 200 patents and 15 years of domain
expertise differ significantly from those of a $50 million acquisition of a startup that is only two years old and
has no patent portfolio. These qualitative variations are captured by the TechimpactScore, a quantitative
composite metric.

The TechlmpactScore is defined as a weighted sum of four normalised components - the patent score, the
deal-value score, the company-age score and the acquirer-frequency score:

TechlmpactScore = 0.35- B, + 0.30- D, + 0.20- 4,, + 0.15 - F,,#29
where Pn is the normalised patent score (data from the USPTO PatentsView API), Dn is the normalised deal-
value score, An is the normalised company-age score, and Fn is the normalised acquirer-frequency score.
Every component is normalised to a [0, 10] scale using Min-Max normalisation:
X = Xmin
ized = —— X 10 #30
Xnormalized Xmax X

min

The weights (0.35, 0.30, 0.20, 0.15) are obtained from PCA on the 661 M&A transactions. The first principal-
component loadings indicate the contribution of each dimension to the total variance: Patent Score has a
loading of 0.38 (normalised weight 0.35), Deal Value 0.32 (normalised weight 0.30), Company Age 0.18
(normalised weight 0.20, adjusted upward for domain relevance), and Acquirer Frequency 0.12 (normalised
weight 0.15, also adjusted upward for domain relevance). To guarantee that each component has a
significant minimum contribution, the PCA-derived weights were marginally modified based on domain
expertise, in accordance with the methodology suggested by Nardo et al. for building composite indicators.

The validity of the TechimpactScore was tested by comparing it to independent measures of deal value (i.e.
the deal's purchase price or transaction value). The data used was provided for every deal for which
TechlmpactScore was available. A Pearson correlation of r = 0.71 (p < 0.001) was found. While correlation
that is less than perfect is generally considered moderate, the finding is exactly what would be expected to
indicate convergent validity of the TechlmpactScore as a measure of one specific dimension of acquisition
value, distinct from deal value while being correlated with it. This suggests that the score captures technology
and strategic factors in addition to the value of the deal.

Discovery of Five M&A Cluster Archetypes

Using the Reverse Hybrid Clustering algorithm applied to the 661 EDA M&A transactions, five distinct cluster
patterns for strategic acquisition behavior, or cluster archetypes, were revealed and represent unique
acquisition strategies. These archetypes comprise a new empirical taxonomy of M&A behavior within
technology-intensive industries.

Cluster Name Size (%) Avg Lifetime Avg Patents Avg Strategic
(years) TechimpactScore | Interpretation
Co High-Tech 15.1% 11.2 18.6 78 Mature
Targets technology
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companies
acquired for
strong IP
portfolios

C1 Growth-Stage 35.9% 9.8 8.2 54 Largest cluster;
Scale mid-stage
companies
acquired for
market scale
C2 Mature Portfolio | 18.7% 18.6 5.4 4.1 Long-established
companies
acquired for
customer base
and market
position

C3 Young Startup 20.4% 4.2 3.1 3.6 Early-stage
Tuck-ins startups acquired
primarily for
talent and
emerging
technology

C4 Rapid High- 9.9% <2.0 12.8 8.9 Very young
Value companies with
exceptional deal
values ($249M
avg); strategic
premium
acquisitions

Table 3 - Five M&A Cluster Archetypes Identified by Reverse Hybrid Clustering.
Cluster CO (High-Tech Targets) is used to describe the acquisition of highly technological, usually patent
intensive, companies. These companies have a business lifetime of 10 years or more and hold a tremendous
amount of IP and know-how. Looking into the EDA sector specifically, CO acquisitions frequently involve IP,
DFM or specialized verification firms whose technology portfolios are hard to reproduce internally. IP
acquisition is the main strategic motivation, as evidenced by the average of 18.6 patents per target.

More than one-third of all transactions went to companies in Cluster C1 (Growth-Stage Scale), the largest
cluster. These are companies with moderate amounts of technology assets in a growth phase, approximately
10 years old. Most purchases in this cluster were of rival companies as well as suppliers of complementary
products to increase the scope of the acquirer's design flow coverage. The strategic driving force behind this
is market consolidation and scale. C1 transactions form the core of the industry's consolidation pattern.

The acquisitions of established companies with smaller numbers of patents (on average 18.6 years old) are
categorized under Cluster C2 (Mature Portfolio). These types of acquisitions are typically conducted to
complete a technology platform, to expand into a geographic market and/or to acquire a customer base.
When specifically referring to the EDA sector, C2 typically includes the purchase of a smaller EDA company
with an established customer base serving a specific market niche.

The companies in Cluster C3, Young Startup Tuck-ins (average age: 4.2 years), are young startups with
innovative technology and capable engineering teams. They are an example of an "acqui-hire" and fit the
talent acquisition motivation described in the literature.The startups are at an early stage of their life cycles
and have low patent output. Therefore, the average TechimpactScore is relatively low at 3.6.

Cluster C4 (Rapid High-Value), the most prominent archetype, is made up of extremely young businesses
with an average lifespan of less than two years that fetch extraordinarily high acquisition premiums ($249
million average deal value). These deals are examples of strategic bets on transformative technologies, in
which the buyer pays more to obtain a potentially game-changing technology ahead of rivals. C4 acquisitions
in the EDA sector frequently involve new semiconductor IP or Al/ML-enabled design tools. High patent
quality, not quantity, is reflected in the high TechlmpactScore (8.9). The spatial separation of the five
archetypes in feature space is visualised in Figure 3a and Figure 3b, where each transaction is plotted in the
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three-dimensional space defined by DaysSinceEarliest, Lifetime and TechlmpactScore and coloured by
cluster label.

X-Y Projection (Date vs Lifetime)
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Flgure 3a - Five M&A Cluster Archetypes

Y-Z Projection (Lifetime vs TechScore)

—

® soom
-

22 I 1
0 5000 10000 15000 20000
5001
- ’ v R
<ol . . e Sov oL e ate Bute 3
1 S AL ‘:i" i
. rrE e o .-«4_.3_‘ o0 B f"‘.
’ - @ Cluster €0 @ ClusAVE iﬁ:ﬁmg%’ﬂwaﬁa-@"i Cluster C4 o o
Figure 4 - Temporal Distribution of M&A Transactions by Cluster.
Configuration Silhouette DBI CH Index Degr. (%)
All Features - 0.98 0.12 2341 -
Baseline
Without Patent Data 0.82 0.28 1645 -16.3%
Without Deal Value 0.87 0.23 1812 -11.2%
Without Company Age 0.91 0.19 1987 -1.1%
No TechIimpactScore 0.64 045 1023 -34.7%
Table 4 - Feature Ablation Study Results
Algorithm Silhouette DBI CH Index Noise Handling Cluster Inter.
K-Means 0.72 0.34 1567 None High
(K=5)
DBSCAN 0.85 0.21 1823 Yes Medium
(epsilon=180,
MinPts=10)
Forward 0.72 0.31 1678 Partial Medium
Hybrid
(K-Means —
DBSCAN)
GMM (K=5) 0.68 0.39 1456 None Low
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Reverse 0.98 0.12
Hybrid
(DBSCAN —
K-Means)

2341 Yes High

Table 5 - Clustering Algorithm Comparison

SSA Wave Forecasting: Adaptation to M&A Time Series

This section describes how Singular Spectrum Analysis has been modified for M&A wave detection and
forecasting. This is an application of SSA to corporate transaction time series that hasn't been documented
in the literature before in the EDA sector. SSA has been extensively applied to financial and economic time
series, in order to handle the irregular temporal patterns typical of acquisition activity and the discrete, count-
based nature of transaction data, its application to M&A activity data necessitates particular modifications.

The number of transactions in each calendar quarter from Q1 1975 to Q4 2025 is counted to convert the raw
M&A transaction data into a quarterly time series. This results in a time series with N = 204 observations per
quarter. The best temporal resolution for capturing M&A wave patterns is quarterly aggregation rather than
annual (which would lose within-year dynamics) or monthly (which would result in excessive zero-count
periods).

Three years of quarterly data are represented by the embedding window, which is set to L = 12 quarters. In
addition to being large enough to capture the typical 3-5 year duration of M&A consolidation waves observed
in the EDA industry, this also complies with the general guideline that L should fall between N/3 and N/2.
Because of the sparsity of the dataset's early transactions, a longer window (L = 20) introduced edge effects,
while a shorter window (L = 8) was unable to distinguish between the primary and secondary cyclical
components.

The components of the signal that are kept and those that are discounted as noise depend on the number of
retained eigentriples. Based on an empirical analysis of the eigenvalue spectrum, the first three eigentriples
were kept: the first one represents the long-term upward trend in M&A activity, the second one represents
the primary cyclical pattern with a period of about 8-10 years, and the third one represents a secondary
oscillation with a period of about 4-5 years. Together, these three components account for the majority of the
variance structure and remove high-frequency noise that would reduce forecast accuracy.

The recurrent forecasting algorithm projects the reconstructed signal 20 quarters (5 years) into the future,
producing predictions from 2026 to 2030. Confidence intervals are estimated using Holt-Winters exponential
smoothing, with the parameters a = 0.3 (level) and B = 0.1 (trend). Using the forecast value £ 1 point 96
standard deviations of the residuals between the SSA reconstruction and the original data, the 95 percent
intervals are calculated.

A first validation step for the SSA decomposition of the EDA M&A time series is to test whether the cyclical
components recovered by the algorithm correspond to the four historical M&A waves that have been
documented independently in the EDA literature. Table 6 reports, for each of the four waves, the period over
which the wave is active, the peak year identified by the SSA reconstruction, the peak quarterly transaction
count at that peak, and the dominant industry driver associated with the wave. Recovering all four waves
from the data alone, with peaks that match the historical record within a single quarter, indicates that the
cyclical components extracted by SSA represent genuine market dynamics rather than statistical artefacts of
the decomposition.

Wave Period Peak Year Peak Quart. Count Driver

Wave 1 1998-2001 2000 28 Dot-com consolidation

Wave 2 2006-2008 2007 22 Pre-financial crisis SoC
complexity

Wave 3 2015-2018 2017 25 Al/Cloud adoption

Wave 4 2020-2022 2021 24 Covid chip shortage,
remote EDA

Table 6 - Historical M&A Waves Detected by SSA
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Survival Analysis for Company Viability Prediction

A version of the Cox Proportional Hazards model is used in the survival analysis framework to forecast EDA
companies' viability, where "event" is acquisition or dissolution and "survival" is defined as "continuing
independent operation". The integration of heterogeneous analytical features from the clustering, network,
and technology analyses created in this thesis makes this application unique.

By combining the results of several analytical modules, the Cox model assembles a five-dimensional feature
vector for every company.

Feature 1 - Cluster membership (categorical). The cluster assignment from Reverse Hybrid Clustering (CO-
C4) captures the company's strategic archetype and the associated acquisition-risk profile.

Feature 2 - TechlmpactScore (continuous). This composite technology-assessment metric communicates to
prospective buyers the importance of the company's technology.

Feature 3 - Network centrality position (continuous). The company's betweenness centrality in the acquisition
network expresses its structural importance in the M&A ecosystem.

Feature 4 - Company age (continuous). The number of years since the company's founding is a key indicator
of acquisition risk in the M&A literature.

Feature 5 - Technology sector categorisation. The industry segment (for example IP, DFM, simulation, or
verification) affects the company's exposure to competitors.

This multi-dimensional feature space is an improvement over previous corporate finance survival analysis
applications, which usually only use financial variables. The model integrates the results of technology
assessment, network position and cluster affiliation in order to take into account strategic aspects of financial
viability that are not covered by the traditional indicators (such as Return on Sales and Return on Investment).

Network Analysis of Acquirer Relationships

As already mentioned, in the network analysis module elements of graph theory are used in order to analyze
the structural characteristics of the EDA acquisition ecosystem. This purpose is fulfilled by the class
"NetworkAnalysisService.cs". A directed graph can be constructed as follows: Firms are represented by
vertices and the acquisition links between firms are represented by directed edges pointing from the acquiring
firm to the acquired firm.

The acquisition network is built from the 661 M&A transactions, yielding a graph with approximately 600
unique nodes and 661 edges. The network is sparse as most companies only undertake 1-2 transactions
(density < 0.01). The dominant EDA vendors are surrounded by a constellation of 'hub' nodes (serial
acquirers) with high out-degree in a star-like configuration.

Rank Company Acquisitions Degree Centrality Betweenness

1 Synopsys 80+ 0.132 0.287

2 Cadence 50+ 0.089 0.198

3 Mentor Graphics / 40+ 0.067 0.156
Siemens EDA

4 Intel 15+ 0.028 0.089

5 Keysight Technologies 12+ 0.021 0.067

Table 7 - Top 5 Acquirers by Degree Centrality
Synopsys is the most acquisitive EDA vendor, and thus controls the network on all centrality measures. Its
high betweenness centrality (0.287) signifies that Synopsys acts as a key connectivity bridge between
different EDA market segments, with a diverse acquisition portfolio that includes IP, DFM, simulation and
verification. To track the evolution of market concentration in EDA acquisitions, the Herfindahl-Hirschman
Index (HHI) is computed over time windows. In the early 1990s, the EDA acquisition market started as an
unconcentrated market (HHI = 0.08), gradually progressing to moderately concentrated in the 2020s (HHI =
0.22), reflecting the oligopolistic consolidation pattern previously identified. The network analysis identified
several natural communities where companies tend to acquire other businesses within related technologies.
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The three main communities align with the 'Big Three' acquisition ecosystems centred on Synopsys,
Cadence, and Mentor Graphics/Siemens EDA, with smaller communities centred around Intel, Keysight, and
other serial acquirers. Figure 5 depicts the resultant structural shape of the EDA acquisition ecosystem in the
form of a force-directed network representation of the 661-edge directed graph. The companies are depicted
as nodes in different sizes and colours, signifying their respective centrality values.

Figure 5 - EDA Acquisition Network - Force-Directed Graph
The image depicts the characteristic star-like structure of the semiconductor EDA industry, with three large
hub nodes representing Synopsys, Cadence and Mentor Graphics / Siemens EDA (the Big Three),
surrounded by a number of smaller serial acquirers (peripheral hubs) like Intel and Keysight.

Multi-Agent Pipeline Architecture

The manual, time-consuming process of finding and cataloguing new transactions is a significant bottleneck
in academic M&A research that is addressed by the semi-automated M&A Discovery module. The design
and implementation of a multi-agent system that employs Large Language Models for automated information
extraction and human-in-the-loop validation to uphold the data quality standards necessary for academic
research are presented in this section.

The EDA M&A database, which has 661 transactions as of 2025, was first put together by hand over a
number of years. It is impossible to maintain and grow this database manually at the frequency required to
keep it up to date because it necessitates constant monitoring of news sources, press releases, and industry
reports. Data for academic projects must be accurate. In general, a few mis recorded transactions can have
a huge impact on the results of a clustering, forecasting or network analysis.

The module contains the orchestrator service for the 4 specialized agents.

Agent 1: RSS Feed Monitor (RSSFeedMonitorService.cs) Agent: Surveillance Agent The RSS Feed Monitor
Agent is monitoring 5 RSS feeds. These are: - Electronics Weekly - Tom's Hardware - Semiconductor
Engineering - AnandTech - EE Times related to Electronics Industry It ranks the feeds based on relevance
tier and is always looking for M&A keywords in the titles and descriptions. New feed items are periodically
retrieved and sent over to the Extraction Agent.

Agent 2: Google Custom Search (GoogleSearchService.cs) This agent performs a targeted web search for
mergers and acquisitions announcements that are not covered by the monitored RSS feeds. It uses the
company names already present in the database, combined with a set of M&A-related keywords. The agent
is configured to make the most of the free tier of the Google Custom Search API: the search terms are crafted
to maximise relevance while keeping costs down, within the daily limit of about 80 searches (Google API has
a limit of 100).

Agent 3: OpenAl Extraction (OpenAlExtractionService.cs) The Agent 3 utilizes GPT-4o0-mini from OpenAl
through the OpenAl SDK for extraction of M&A data from unstructured news. It employs a few-shot prompting
strategy to extract the following fields: - Target Company Name - Acquiring Company Name - Date of
Acquisition - Deal Value (only if available) - Technology Domain The model is prompted with 3 to 5 samples
of M&A extractions followed by the text of the news article. The output is constrained to a JSON schema for
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data integrity. The GPT-4o-mini was chosen over larger models for M&A data extraction as it provides
sufficient accuracy while keeping the API cost below $5/month which is an affordable amount for an academic
budget.

Agent 4: Company Deduplication (CompanyDeduplicationService.cs) - This agent uses the Jaro-Winkler
string similarity function to compare the recently extracted transactions with the database to prevent
duplicates. The match condition is a combination of the name similarity and the temporal proximity between
the two transactions:

(e,r) = ((targete, target,) > T) A (|date, — date,| < §) #31

Semi-Automated M&A Discovery — Multi-Agent Pipeline Architecture
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Figure 6 - M&A Discovery Multi-Agent Pipeline Architecture

Resource Usage Cost

OpenAl API ~200 extractions/month ~ $0.05/month
Google Custom Search API 80 queries/day (free tier) $0.00

RSS Feed Monitoring 5 feeds, unlimited $0.00

Server Infrastructure Dedicated Server Existing

Total Monthly Cost / < $5/ month

Table 8 - M&A Discovery System Resource Usage

To extend the M&A analysis to technology sectors adjacent to EDA, a composite metric named Innovation
Factor (IF) is introduced. While the TechlmpactScore looks at one specific aspect of an M&A transaction, the
Innovation Factor (IF) looks at the overall strategic innovation readiness of a company by combining the
acquisition quality with a set of strategic execution metrics. Metrics for cross-domain validation are needed
to confirm that the chosen metrics are relevant for each industry. TechimpactScore was determined to be
relevant for certain EDA transactions, but does not fully capture the benefits of acquisitions to the firm’s
overall innovation strategy. The Innovation Factor combines the TechimpactScore and several strategic
metrics in order to obtain a metric that is relevant at the level of the firm. The Innovation Factor is calculated
by applying the weighted sum formula to the following component scores:

n
IF=Z w; - S; #32
1

i=
where Si is the score for a normalised strategic indicator and wi is a domain-specific weight.

M&A Timeline with DBSCAN Clustering (eps=180, minPts=4)

Figure 8 - NVIDIA M&A Timeline with DBSCAN Clusters.
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Revenue Forecast with M&A Probability

Madel Ac
Methoa

Figure 9 - NVIDIA Revenue Forecast (SSA, 2025-2030).

Acquisition Timeline (2011-2025)

Figure 10 - Qualcomm M&A Timeline with DBSCAN Clusters.

Revenue Forecast (2020-2030) - with Edge Al Growth

Figure 11 - Qualcomm Revenue Forecast (SSA, 2025-2030).

Metric NVIDIA Qualcomm
Total Acquisitions Analyzed 22 13

Time Span 2000-2025 2011-2025
Dense Clusters Identified 2 1
Silhouette Score 0.89 0.88
Davies-Bouldin Index 0.18 0.18
Average TechimpactScore 9.45 947
Innovation Factor 7.5/10 4.7/10

Strategy Characterization

Vertical integration ("acquire-to-dominate")

Horizontal diversification (late pivot)

Revenue Forecast (2030)

$545B (CI: $440B-$650B)

$94B (CI: $81B-$107B)

GPU Market Share

~92%

N/A

Primary M&A Motivation

Full-stack Al platform control

Edge Al and automotive diversification

Table 9 - NVIDIA vs. Qualcomm Comparative Analysis
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NVIDIA vs. Qualcomm across Innovation Factor Dimensions
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Figure 12 - Innovation Factor Comparison - Radar Chart

CHAPTER IV. EDA-DYV Platform: Design and Implementation

Purpose and Target Users

The lack of an integrated online research platform for examining the dynamics of the EDA industry was
Research Gap 8, which was addressed by the development of the EDA-DYV platform. Three types of users
are served by the platform.

User Type 1 - academic researchers. Researchers studying the EDA sector require reproducible access to
M&A data, clustering results, forecasting outputs, and network metrics for their own work.

User Type 2 - semiconductor and EDA industry analysts. Industry analysts require tools to evaluate the
tactics of the acquiring parties, market-concentration patterns and the strategic implications of acquisition
behaviour.

User Type 3 - investment professionals. Investment professionals use the viability forecasts, the wave-
forecasting modules and the intelligent insight module for target identification and due diligence.

EDA-DYV Platform — Three-Tier Architecture

Figure 13 - EDA-DYV Platform - Three-Tier Architecture Diagram
The relational schema of the EDA-DYV database is built upon three domain entities: companies, industries
and M&A transactions. The company data model is the cornerstone for all M&A analyses. The schema design
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follows the third normal form (3NF) principle to ensure minimal data redundancy and better performance in
analytical query processing. The Industry table contains the industry field, audit metadata (created by,
created date, last modified by, last modified date) and soft delete flag to represent the top level classification
for the businesses. The businesses are classified at the main business sector level using the industry
classification and this is used as the taxonomy for the businesses. The Company entity stores patent data
fields in addition to the standard fields (e.g. company name, founding year, industry foreign key):
PatentCount, PatentCountSource, PatentCountDate and PatentCountNotes. These are for tracking the
source of patents that are used in the calculation of the TechlmpactScore for a given company.

The MergersAndAcquisitions table is the primary analytical table in the database. It contains exactly one
record for each of the 661 M&A deals that were verified. The table uses a dual foreign-key pattern that
supports bidirectional relationship queries efficiently, i.e., queries that cross the relationships from the
acquiring company to the target company, and from the target company to the acquiring company. The two
foreign keys are Companyld (the target company) and CompanyMABYId (the acquiring company). The four
field types in this entity are described below.

Field group 1 - The core transaction data. FoundCompYear (is the target founding year), AAndMDate
(acquisition date), Lifetime (is the company age at acquisition in years), BmFound (business model at
founding) and BmMerged (business model at acquisition).

In accordance with the research contributions of the thesis, the business logic layer groups its thirty service
classes into functional groups. Each service's algorithmic details and service architecture are covered in this
section.

Clustering Services (6 services): The clustering module contains all four algorithms discussed in the thesis:
ReverseHybridClusteringService (the main contribution), HybridClusteringService (the forward K-Means —
DBSCAN  variant), ~DBSCANClusteringService  (the  standalone  density-based  clustering),
GMMClusteringService (Gaussian Mixture Models), ClusteringValidationService (computes Silhouette
Score, Davies-Bouldin Index, and Calinski-Harabasz Index for any clustering result), and
AlgorithmComparisonService (executes all four algorithms on the same dataset and returns a comparative
metrics table).

Each clustering service accepts a feature matrix, with three dimensions (DaysSinceEarliest, Lifetime,
TechlmpactScore), algorithm specific parameters (epsilon and MinPts for DBSCAN, K for K-Means) and the
resulting cluster assignments with their respective validation metrics, which adheres to a standard interface
pattern. The AlgorithmComparisonService caches results, when the input data has not changed to avoid
redundant computation.

There are two forecasting services, Holt-Winters exponential smoothing, which includes past wave detection
and the future wave interval estimation, that is implemented in the MAWaveForecastingService for M&A
wave prediction. In the SSAWaveForecastingService a trajectory matrix is built first, then decomposed via
SVD and then the components are grouped, and finally recurrent forecasting with confidence intervals is
performed.

CHAPTER V. Experimental Results and Validation

The dataset contains 661 verified M&A transactions related to EDA companies or companies in the
surrounding domain. The data sources are as follows: - The annual reports in the form of SEC (Securities
and Exchange Commission) filings such as Form 10-K for companies in EDA and the surrounding domains.
- The M&A activities by companies such as Synopsys, Cadence, Siemens EDA through their press releases.
- Patents data from PatentsView (USPTO) to obtain the number of patents. - Deal values from Crunchbase.
The verified transactions are provided with the following attributes: - Name of target companies - Names of
acquiring companies - Acquisition dates - Target companies' year of foundation - Lifetime of target companies
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at acquisition (in years) - Deal values whenever available - Technology domain classification The
TechlmpactScore is calculated for each M&A transaction in the dataset.

This dataset covers fifty years of M&A activities, with the first transaction recorded in 1975 and the last deal
recorded in 2025. The overall completeness of the dataset is found to be very high with 99.8% of the records
having all the required information filled in. We only needed to cross-check two company founding dates
where the dates were ambiguous, and the information could be verified in several other sources. Data
completeness in M&A research studies is typically quite low. For example, Thomson Reuters SDC Platinum
is one of the most widely used primary datasets in M&A research, but it has from 10% to 15% missing values
in some of the most important variables in the dataset. Our dataset significantly exceeds this level of
completeness.

The one-way ANOVA test was performed to test the null hypothesis that the mean company lifetime does
not differ significantly among the DBSCAN clusters obtained in Stage 1 of the Reverse Hybrid algorithm.
DBSCAN with epsilon of 180 days and MinPts of 10 yielded 4 clusters containing 51 core points. All other
transactions are treated as noise and are reintroduced in Stage 3 of the Reverse Hybrid. The results reject
the null hypothesis: F (3,47) = 175.6, p < 0.001. The large F value confirms that the between-cluster variance
in company lifetime is substantially larger than the within-cluster variance, and this large effect size is also
confirmed with an eta-squared value larger than 0.5. An eta-squared value larger than 0.14 is considered
large in the behavioral and social sciences, and in this case, an eta-squared value of 0.5 confirms the clear
separation between the density-based clusters that form the structural basis of the final five archetypes.

Kruskal-Wallis Non-Parametric Test

The one-way ANOVA assumption is that the variables are normally distributed within each group. Because
of this assumption, the non-parametric Kruskal-Wallis test is also applied to the DBSCAN density clusters.
Kruskal-Wallis test is a test based on the ranked data, so it is highly robust against any type of outliers and
non-normal distributions. The test statistic of the test is H = 46.3 with the degrees of freedom equal to 3
(number of clusters - 1). The corresponding p value is less than 0.001. The significant results obtained from
the parametric ANOVA (F = 175.6, p < 0.001) and non-parametric Kruskal-Wallis test (H = 46.3, p < 0.001)
confirm that the differences observed in the density-based component are statistically valid and are not a
consequence of violation of assumptions of the respective tests. The fact that both parametric and non-
parametric tests confirm the same result adds to the robustness of the finding. Since the RH algorithm
preserves and refines the underlying density-based structure, the statistical significance of the differences in
the density-based component is preserved in the final five-archetype output.

The stability of the resulting clusters is evaluated by applying the bootstrap cross-validation method with 100
iterations. In each iteration, a random sample with replacement of 661 transactions is extracted from the
database. The Reverse Hybrid algorithm is then applied with the optimal values of epsilon, MinPts and K
(epsilon = 180, MinPts = 10, K = 5). The cluster assignments obtained by applying the algorithm on the
sample are compared with the cluster assignments of the full database obtained by applying Reverse Hybrid,
by calculating the Adjusted Rand Index (ARI). The mean ARI across the 100 iterations was 0.94 with a
standard deviation of 0.03 (the ARI scores across iterations all fall in the range of 0.87 to 0.99). An ARI of
0.94 indicates nearly perfect clustering and scores above 0.8 indicate very stable clustering results. The
analysis confirms that all 100 iterations produce exactly the same cluster configuration, consisting of five
clusters with none being deleted, split into sub-clusters or merged with an existing cluster. The relative cluster
sizes varied by less than 3 percentage points across iterations, confirming the data-driven nature of a five-
archetype clustering structure that is not driven by the specifics of the individual random split of data points
nor by the choice of seed value.

Consolidated Validation Summary

The four statistical tests provide convergent evidence from complementary perspectives, summarized in this
Table.
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Test Statistic df p-value What it Validates

One-Way ANOVA F=175.6 347 <0.001 Density cluster
differences in mean
lifetime (Stage 1)

Kruskal-Wallis H=46.3 3 <0.001 Non-parametric
confirmation of density
cluster differences

Permutation Test S=0.907 - 0.044 Clustering structure
exceeds random
baseline

Bootstrap (100 iter.) ARI=0.94 - - Stability of 5-archetype
output under resampling
(SD=0.03)

Table 10 - Consolidated Statistical Validation of Clustering Results

Wave Period CO0 High-Tech C1 Growth-Scale C2 Mature C3 Startup C4 Rapid-HV

Wave 1 (1998-2001, | 12 43 22 18 5

Dot-com)

Wave 2 (2006-2008, | 19 30 24 17 10

Pre-crisis)

Wave 3 (2015-2018, | 17 28 15 23 17

Al/Cloud)

Wave 4 (2020-2022, | 16 30 17 20 17

COVID)

Inter-wave periods 14 38 21 21 6

Table 11 - Cluster Composition Across Historical M&A Waves (%)

SSA is applied to the quarterly M&A dataset for the EDA industry (N = 204 observations for the period Q1
1975 to Q4 2025). All four waves that are identified in the EDA industry through independent analysis of the
historical data are also identified through SSA. The wave periods and their corresponding peak years and
values are given in parentheses as (1998-2001, 2000, 28); (2006-2008, 2007, 22); (2015-2018, 2017, 25);
and (2020-2022, 2021, 24). The fact that four periods of M&A activity in the EDA industry were matched to
technology and economic events in the semiconductor and EDA industries provides further evidence that the
cycles identified are genuine market dynamics rather than statistical artifacts. The three retained eigentriples
can be used to break down the time series into interpretable signal components. The first eigentriple carries
the information of the rise in M&As in the EDA segment due to the general growth of the market. The second
eigentriple contains the main fluctuation component of an 8 to 10 year cycle, which agrees well with the cycle
of the semiconductor technology. The third eigentriple carries the secondary fluctuation component of the 4
to 5 year cycle, which agrees well with the product life cycle of individual EDA tool categories. The capability
of SSA to separate trend from cycles from other fluctuations is another advantage of using SSA as compared
to simpler forecasting methods.

The recurrent SSA forecast of the 5th wave predicts that the peak should be reached in 2027-2028 with
approximately 27 to 32 transactions with a 95% confidence interval of 18 to 42 transactions. The confidence
intervals for the subsequent years are becoming increasingly broad with 20 to 30 transactions predicted for
2026 and 15 to 45 transactions for 2030. Broader confidence intervals for predictions of future transactions
are exactly what is to be expected. Uncertainty in forecasts increases as the horizon extends further into the
future, and the widening confidence intervals communicate the reliability of the short-term and long-term
forecasts to the user of the platform. The emergence of the fifth wave is also consistent with several trends
in the semiconductor industry. These include: Generative Al in EDA design flows; Design tools for quantum
computing creating new EDA tool categories; The Synopsys-Ansys integration impact on competition in the
EDA industry; And the continuing move to more complex designs below 2nm. These four drivers combine
technological shock and access to capital, the two conditions identified by Harford (2005) as necessary
preconditions for merger waves in technology industries.

In addition to the SSA wave forecast, a survival analysis is conducted to generate company-level viability
predictions. The Cox Proportional Hazards model has a c-index of 0.78, meaning that the model is able to
correctly rank the acquisition time of approximately 78% of company pairs. Some important results from the
survival analysis are presented below.
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Companies in the 3-7 year range have the highest acquisition risk in each cluster. In the EDA industry,
companies that have created products and acquired customers, but lack scale, customer lock-in, and
financial reserves, are the most vulnerable to acquisition. As a company ages past 10 years, the hazard rate
drops dramatically, conferring long-term viability advantages. Companies in the C2 cluster (Mature Portfolio)
have an acquisition rate of 45%. In contrast, companies in the CO (High-Tech Targets) cluster have an
acquisition rate of 89%. High-tech companies with strong IP portfolios are under the most pressure, because
their technology assets are visible but difficult to replicate through organic R&D. Companies with mature
portfolios (C2) are less attractive to acquirers because their established market positions reduce their
attractiveness relative to their cost.

All centrality measures return Synopsys as the central node in the network. With a degree centrality of 0.132
(80+ acquisitions), the highest betweenness centrality of 0.287, and dominant positions in closeness and
eigenvector centrality, Synopsys is confirmed as having a dominant position in the network. The betweenness
centrality of 0.287 means that Synopsys lies on the shortest path between a disproportionate number of node
pairs, reflecting its diverse acquisition portfolio spanning simulation, verification, IP and design-for-
manufacturing. It will be challenging for other companies to match Synopsys' technological breadth and
control over industry innovation flows through internal development because of its central position.

The three primary acquisition ecosystems of Mentor Graphics/Siemens EDA, Cadence, and Synopsys are
represented by the three main clusters that emerge. Intel, Keysight Technologies, and the other acquiring
companies are represented by smaller clusters. The low inter-cluster connectivity indicates that the top EDA
firms made acquisitions in relatively different areas of the technology industry, creating ecosystems that are
essentially non-overlapping.

The Herfindahl-Hirschman Index (HHI) is calculated over moving time windows in order to study the evolution
of market concentration over time. In the 1990s, the value of the index was about 0.08 (an unconcentrated
market with many independent participants).

The value for the 2020s is about 0.22, or moderately concentrated, still below the high concentration
threshold of 0.25. The S-curve of concentration shows that concentration is slow to rise in the start-up and
early growth phases, and then can accelerate, as seen during the M&A waves of 2000-2008. More recently,
concentration in the EDA industry has reached a plateau in the 2015-2025 period. The industry is
approaching a ‘concentration ceiling', beyond which further consolidation would trigger regulatory scrutiny
(as seen recently with the antitrust review of Synopsys' acquisition of Ansys). If this trend holds, the predicted
fith M&A wave (2027-2028) may differ from its predecessors, with the focus shifting towards technology
acquisition rather than horizontal consolidation to avoid regulatory barriers.

The generalizability of the above methods was assessed through case studies on NVIDIA Corporation (22
transactions 2000-2025) and Qualcomm Incorporated (13 transactions 2011-2025) in the Al chip sector. The
obtained results show that the methods derived from the analysis of the EDA industry transfer effectively to
adjacent technology domains, with three key findings. Table 12 reports the comparison of the performances
of the methods applied to the three datasets.

Metric EDA Industry (N=661) NVIDIA (N=22) Qualcomm (N=13)
Algorithm Reverse Hybrid DBSCAN DBSCAN
Silhouette Score 0.98 0.89 0.88
Davies-Bouldin Index 0.12 0.18 0.18

Dense Clusters Found 5 2 1

MinPts (via In(N) rule) 10 3 3

Avg TechimpactScore 5.96 9.45 9.47

Innovation Factor -- 7.5/10 4.7110

SSA Revenue Forecast 2030 $545B $94B

Table 12 - Cross-Domain Validation Summary
DBSCAN parameter is adjusted based on the guideline MinPts = In(N) and the clustering performance is
examined on three different data scales from 661-transaction industry dataset to 13-transaction company
dataset. The obtained clustering granularity is appropriate for each dataset and the obtained silhouette scores
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are very high (between 0.88 and 0.98). The decrease in silhouette scores when moving to smaller datasets
is expected given the reduced sample size rather than indicating a methodological limitation.

As a metric, TechimpactScore is meant to provide a comparable assessment of the impact of M&A across
industries. The near identical average TechlmpactScores of 9.45 for NVIDIA and 9.47 for Qualcomm, despite
the fact that the two companies have pursued very different M&A strategies, demonstrates that the four
components capture a generalizable dimension of individual acquisition quality. The Innovation Factor
differentiates sharply between the two companies, with a score of 7.5 for NVIDIA versus 4.7 for Qualcomm,
confirming that overall M&A strategy quality and individual transaction quality are distinct phenomena.
NVIDIA’s two-phase acquisition strategy (2019-2022 for Al infrastructure and 2024-2025 for Al software),
provided significantly greater Innovation Factors than the single-phase focused acquisition approach of
Qualcomm, even if both transaction types had relatively equal quality. Therefore, relative to raw acquisition
quality, the Innovation Factor could provide a strategic evaluation of technology through capturing timing and
evaluating beyond simply quality of acquisitions across the technology ecosystem.

The SSA forecasting technique developed for analysis of M&A waves has been used to evaluate revenue
forecasting. NVIDIA's 2030 revenue is projected to be $545 billion (95% CI = $440B - $650B) with
Qualcomm's 2030 revenue expected to be $94 billion (95% CI = $81B - $107B). These findings provide
support for the generalizability of the SSA mathematical framework across technology industry time series
categories.
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SCIENTIFIC, APPLICATION-SCIENTIFIC AND APPLICATION CONTRIBUTIONS OF
THE THESIS

The contributions obtained from the research work done in this doctoral thesis are grouped into three
categories: scientific contributions, scientific-application contributions and application contributions.

The Scientific Contributions of this thesis are as follows:

Contribution 1 - Reverse Hybrid Clustering algorithm, a novel 3-stage clustering algorithm that first applies
DBSCAN and then K-Means and reintegrates the noise into the refined clusters. This inverted order of
operations preserves the natural density patterns in the data related to M&A activity, which are generally
destroyed by centroid-first hybrids. Evaluation of the results on the EDA M&A dataset showed a maximum
average silhouette score of 0.98. Compared to this, the silhouette score of simple K-Means was 0.72, of
DBSCAN 0.85, of forward hybrid clustering 0.72 and of Gaussian Mixture Models 0.68.

Contribution 2 - Five M&A cluster archetypes. These archetypes were 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), forming a new empirical taxonomy of M&A behaviour in the technology sector.
The results are validated using one-way ANOVA (F = 175.6, p < 0.001), Kruskal-Wallis (H = 46.3, p < 0.001)
and permutation test (p = 0.044). Bootstrap resampling test shows that the resulting clusters are stable with
a mean ARI of 0.94 across 100 iterations.

Contribution 3 - TechimpactScore composite metric. The TechimpactScore composite metric quantifies the
technological impact of an M&A transaction by combining patent score, deal value, company age and
acquirer frequency, with weights (0.35, 0.30, 0.20, 0.15) derived from PCA on the 661-transaction dataset.
The metric shows convergent validity through correlation with independent deal-value data (Pearsonr=0.71,
p <0.001), and ablation studies show a 34.7% drop in silhouette score when it is removed from the feature
vector.

Contribution 4 - SSA-based M&A wave forecasting. SSA has been adapted to M&A transaction time series
for the first time in the corporate-transaction literature, with three domain-specific design choices: a 12-
quarter embedding window, three retained eigentriples, and Holt-Winters exponential smoothing for
confidence-interval estimation. The decomposition recovers all four historically documented EDA M&A waves
and forecasts a fifth wave peaking in 2027 to 2028.

Contribution 5 - Critical risk window for EDA company viability. A multi-dimensional Cox Proportional Hazards
model has been built for EDA company viability that integrates cluster membership, TechlmpactScore,
network centrality, company age and technology sector. The model reaches a concordance index of 0.78
and identifies a critical acquisition-risk window between the third and seventh year of a company's life.

Contribution 6 - Network and concentration analysis of the EDA acquisition ecosystem. Graph-theoretic
network analysis of the EDA acquisition ecosystem identifies three major acquisition communities centred
on Synopsys, Cadence and Mentor Graphics / Siemens EDA, and quantifies a steady increase in market
concentration measured by the Herfindahl-Hirschman Index, which rises from approximately 0.08 in the
1990s (unconcentrated) to 0.22 in the 2020s (moderately concentrated)..

The Application-Scientific Contributions of this thesis are as follows:

Contribution 7 - Semi-automated multi-agent M&A discovery system. 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, using four specialised agents (RSS Feed Monitor, Google Custom Search, OpenAl
Extraction, Company Deduplication) and a novel three-level adaptive rejection mechanism that improves
precision over time without model retraining. Operational testing shows 87 percent coverage and 77 percent
precision at an operating cost below five USD per month.
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Contribution 8 - Innovation Factor cross-domain metric. An Innovation Factor composite metric has been
developed for cross-industry comparison of M&A strategies. Application to NVIDIA (Innovation Factor 7.5/10)
and Qualcomm (4.7/10) confirms that the metric distinguishes proactive vertical-integration strategies from
reactive horizontal-diversification strategies even when individual acquisition quality is comparable, validating
the analytical framework beyond EDA.

The Application Contributions of this thesis are as follows:

Contribution 9 - EDA-DYV online research platform. The EDA-DYV online research platform, integrates every
analytical method developed in this thesis into a single web interface with a three tier architecture (C# .NET
in backend with Entity Framework, and React with D3.js visualizations in Front, SQL Server as database).
The platform shows clustering analysis, wave forecasting, survival analysis, network visualisations, M&A
timeline analysis and the semi automated discovery system and is deployed at https://edadynamics.com.
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SUMMARY

METHODS AND ONLINE TOOL FOR STUDYING THE DYNAMICS AND EVALUATING
THE VIABILITY OF ELECTRONIC DESIGN AUTOMATION COMPANIES IN TIMES OF
TECHNOLOGICAL DISRUPTION

Over the past fifty years, mergers and acquisitions have reshaped the electronic design automation (EDA)
industry. What began in 1980 as a crowded field of small, specialist tool vendors is today a market held by
three firms: Synopsys, Cadence Design Systems and Siemens EDA. Most studies of how this happened stop
at description. They lean on case studies, hand-sorted industry categories, and a few summary statistics,
and they leave the harder questions untouched. No one has analysed EDA acquisitions with machine
learning. There are no models that forecast when the next wave of deals will arrive, or that judge whether a
given company is likely to survive one. Nor is there a shared online tool that would let another researcher
load the data and check the results. This research starts from those gaps. The question it sets out to answer
is how the dynamics of EDA mergers and acquisitions can be studied, and the viability of the companies
involved assessed, with quantitative methods that stand up to statistical testing and still work outside this one
study.

The work answers that question with a single framework built on solid ground: a dataset of 661 confirmed
EDA transactions, checked and cleaned, covering 1975 to 2025. Six methods sit inside it, each built for a
distinct purpose. The first, Reverse Hybrid Clustering, runs DBSCAN to find the dense cores and the outliers,
then K-Means to sharpen those cores, and finally folds the outliers back in. Running the steps in that order
keeps the density patterns that a centroid-first method would flatten. The second is the TechimpactScore, a
single number that captures the technological weight of a deal from its patent, financial, temporal and acquirer
features; the weights come from principal component analysis on the data rather than being set in advance.
Third, Singular Spectrum Analysis breaks the transaction time series into trend, cycle and noise so that
acquisition waves can be detected and projected forward. A Cox proportional hazards model handles
company viability. Network analysis maps who acquires whom and how concentrated the market has
become. Finally, a semi-automated system of language-model agents grows the dataset, with a researcher
checking its output. All six live in one place, the EDA-DYV online platform, which was then tested beyond the
EDA setting, on the adjacent Al chip sector.

The clustering comes first. Reverse Hybrid Clustering reached an average silhouette of 0.98, a wide margin
over the alternatives: K-Means and the forward hybrid both sat at 0.72, DBSCAN at 0.85, and Gaussian
Mixture Models at 0.68. The deals settled into five strategic archetypes, namely High-Tech Targets, Growth-
Stage Scale, Mature Portfolio, Young Startup Tuck-ins and Rapid High-Value. The obvious worry with groups
this clean is that they reflect the algorithm rather than the data. Four independent tests argue otherwise: one-
way ANOVA returned F = 175.6 (p < 0.001), a Kruskal-Wallis test and a permutation test pointed the same
way, and bootstrap resampling held the clusters steady at a mean Adjusted Rand Index of 0.94 across 100
runs. The TechimpactScore proved useful on two counts. It lined up with independent deal-value data atr =
0.71 (p < 0.001), and removing it from the feature set cost 34.7 percent of cluster quality. Singular Spectrum
Analysis recovered all four merger waves the industry already recognises and pointed to a fifth, cresting
around 2027 to 2028. With a concordance index of 0.78, the Cox model placed the greatest acquisition risk
in the years three to seven of a company's life. The acquisition network resolved into three communities,
centred on Synopsys, Cadence and Mentor Graphics / Siemens EDA, and concentration rose over time, the
Herfindahl-Hirschman Index moving from roughly 0.08 in the 1990s to 0.22 in the 2020s. The approach also
held up away from EDA: applied to the Al chip makers, it set NVIDIA, at an Innovation Factor of 7.5 out of
10, apart from Qualcomm at 4.7. The discovery system, last, reached 87 percent coverage at 77 percent
precision, and the whole pipeline now runs live and is publicly accessible at edadynamics.com.

This thesis set out to build a coherent set of methods, together with an online platform to house them, for
studying the dynamics of the EDA industry and the viability of its companies through periods of technological
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disruption. That objective has been met. Each method holds up under validation, and each result can be
reproduced. What remains are the questions the work opens rather than closes. The first concerns what sits
behind the waves: future study could go past detecting acquisition waves and begin explaining them,
separating the surges set off by genuine technological disruption from those that trace back to consolidation
or to favourable financing. A second is whether the TechimpactScore keeps its value after the deal closes,
judged against what an acquirer genuinely gains from an acquisition in the years that follow. The methods
themselves could reach further as well, into biotechnology, financial technology and other sectors, while real-
time data feeds and deep-learning feature extraction would broaden what they cover and lessen their reliance
on manual oversight. These questions are taken up in mor
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