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mspxy .QMerTauMOHeH TPYA 3a npugobusaHe Ha
obpasosarenia u HayuHa cTeneH ,JokTop"
no npodecuoHanHo Hanpasnexme 5.3. [ KoMmyHUMKauMoHHa N KOMNIOTLPHA
TEXHUKA", Hay4Ha cneynanHocT ,ABTOMaTU3aUUsA Ha UHKEHEPHUS TPYA U
cUCTEMU 33 aBTOMaTU3MpPaHO NpoexkTupaHe”

ABTOp Ha AUCEPTALMOHHUA TPYA!
Mar. Bnepum | 3roncuy

Tema Ha gucepTauMoHHU| TPYA.

MeToau » oHnanH nnatgopma 3a M3cneaBaHe Ha AMHaMUKaTa U oueHKa
Ha XWU3HecnocobHoCTTa Ha (hMpma 33 aBTOMATUIUPAHO NMpPOEKTUpaHe
BbLB BpeMe Ha TEXHOMOTUYeH npexon

UneH Ha Hay4YHOTO Xypu:

aou. a-p uHxX. Aopuasa Bopopxuera

Pycexcku yHuBepcuteT ,Axuren KbHuyes", chakynrer ,EnekrporexHuka,
eneKTpoHUKa U aBToMaTUka", karegpa ,,TenekomyHmkaumm™

rp. Pyce — 7017, yn. ,,Crynentcka® Ne 8

1. AKTyanHocT Ha paspaborBanWmMa B AOuCepTaUMOHHUA TpyAa
npobnem B Hay4YHO U HaAYYHO-NPUIMOXHO OTHOLWeHue. CTeneH U HMBA Ha
aKTyanHocTTa Ha npobnema M KOHKpeTHUTe 3apgauu, paspaboreHu B

auceprauuvsaTta

MpoBnemMbT 3a aHanu3 Ha cnusaHusita U npugobusanuaTa (MEA) M oueHka Ha
MusHecnocobHoctta Ha EDA koMnanHuuTe B YCNOBWMSNTa Ha TEXHONOTWMYHU npexoan e
U3KNIOYUTENHO aKTyaneH KakTo HayyHo, Taka u HaydHo-npunoxHo. B aucepraumsata sicHo
e noctaseH KoWwTekcTwT: “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.”

HayuyHa akryansocT:

» ®okyc sbpxy EDA cektopa: AsTopbT uaeHTuduuupa 861 MEA cpenku B
EDA uxgycTpuaTa 3a nepuod or 50 roaMHu ¥ nokassa TpanHa OnuvrononHa CTpykrypa ¢
nomunupam Synopsys, Cadence Design Systems 1 Siemens EDA,

» CuBpemeHHn wMetoau: Masnonssar ce mawwumkso obyueHue, xubpugHa
KITbCTEPU3aUWA, CUHTYNAPEH CNEKTpaneH aHanus, aHanua Ha NPexuBaeMocTTa ¥ Mpexos
aHanus — MeToau oT ,dHPoHTOBaTa NUHWA" HA CbBPEMEHHaTa U3YMCNUTENHA UKOHOMUKE U
UHXKEHEPHWN NPUMOXEHUS.

Hay4HO-NpUNOoXHa aKTyanHoCT:



» Ounaun nnavpopma EDA-DYV: “The EDA-DYV online research platform
integrates every analytical method developed in this thesis into a single web interface...
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.”

» lNnatcopmara e peanHo paboTell UHCTPYMEHT, KOWTO MOXE Aa Ce U3Non3sa oT
u3cnegoBaTtenu, WHOYCTPUS W perynaTtopu 3a aHanuw3 Ha KOHCOoNuaauusTa W
MU3IHECNOCODHOCTTa Ha KOMNAaHUU.

Obpa3zoBaTenHa u coymanHa aKTyanHocT:

» Temata e B CbpuUesuHaTa Ha rnobDanHuTe OUCKYCUWM 33 KOHUEHTpauwsa Ha
nasapa, TexXHONOTUYEeH CYBEepPeHWTET W YCTOWYMBOCT Ha BepwWrMTe 3a [J0CTasku B
nonynpoBoAHUKOBATa MHAYCTPUSA,

» PaspaborteHute metoau #u nnartgopMa vmaT NOTEHUWan ga noANOMOrHaT
ODy4eHWETO W CTPaTernyeckoTo nNnaHupaHe B KOMYHWKAUMOHHATA W KOMMOTbpPHAaTa
TEXHUKA.

HecduHupanute geseT (B gucepTauusTa — AeCET, BKNOYUTENIHO KPbLCTOCaHo
AOMenH-Banuaupaxe) sagauu — o7 uarpaxagaHe u sanuaupaxe Ha 0asa gavHu 3a M&A,
npe3 Reverse Hybrid Clustering, TechimpactScore, SSA nporxoan, Cox mogen 3a
XU3HecnocoBHOCT, Mpexoe aHanua, mHoroaredTHa LLM cucrema 3a otkpusaxe Ha M&A,
A0 VHTerpupaHa OHNawH nnaTtopma — Ca NOTUYHO CBBLP33HW C Ta3W akTyanHocT U H
NPU3EMABAT B KOHKPETHM, NPAKTUHECKN 3HAYUMKU pe3ynTaTi.

2. CreneH Ha no3HaBaHe CHLCTOAHMETO Ha npoﬁnema U TBOp4YeCkKa

UHTEpnpeTauus Ha NnuTepaTypHUs Marepuarn.
AucepTaumMoHHUAT Tpya € ¢ oBem 131 cTpaHuuy, BKMIONBA YBOA, NET rnaswy,
3aKmoYeHue, pasaen 3a HayuHuTe, HayuHO-NPUNOXHUTE U NPUIOKHWTE NPUHOCK, pasaen
3a orpaHmuyeHns u Obgewa pabora u Gubnuorpadwms or 120 uatoyHuka. Coabpxa
21 churypu 1 12 Tabnuuyu.
JlutepaTtypuuaT ob3op 8 nasa | @ aHanuTu4eH W aobpe CTpyKTypupaH, ABTOPBT
pasrnexaa:

~ Wctopua v naszapua cTpyktypa Ha EDA: onucansa e esoniouuaTa oT
hparmeHTpax nasap npea 80 ao "tight cligopoly” ot Tpu Bogewm Komnanuu,

» Metoau 3a MalWwMHHO oOy4yeHue U cratucTuka 3a ME&A awanua: obScwxaar
ce KnbcTepu3auws, aHcambnoBu MeToAW, BpemMeBW penose,  aHanu3 Ha
XKM3HECNOCOBHOCTTa, MPEXOB aHanus.

» BusHec Mogenyu W XU3HECNOCODHOCT: BKNIOMEHW Ca PaMK/ 33 OUEHKa Ha
Xu3HecnocobHocTTa U cneunduyrnTe aetepmuHanTy 8 EDA cexTopa.

» OuHamuka Ha ME&A ¥ KOHCONWAAUMA: MASHTUDNUMPEHN €3 YETUPU BBITHU Ha
cnueaHus mexay 1998 u 2022 r., kopenupalm ¢ TEXHONOTUMHIK LUKNK,

» Npunoxexuus Ha UN m LLM: orbensasea ce, 4e “no current study uses this
technology for EDA-industry M&A data discovery”, koeto asTOpbT agpecupa ¢
MHOrOareHTHaTa cucrtema.

TeopyecKkaTa MHTepnpeTaums ce Nposessa B AcHO (opmynupann ‘gaps” (Gap 1 -
Gap 9), KoWTO QUPEKTHO BOAAT KbM 3aZja4vTe Ha avuceprauuata. Hanpumep:
2



Gap 2: "No hybrid clustering technique has been designed for M&A data.”

Gap 3: "No validated composite metric exists to quantify the technological impact of
an M&A transaction.”

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.”

OB630pbT He @ caMOo KOMNUNaLUWs, a KpUTUYEeH aHanua, konto oGocHoBaBa HyxaaTa
OT HOBM MeToau u nnartdopma,

3. CxoTBeTCcCTBME Ha u36paua'ra MeToAuKa Ha wua3cnegBaHe C

nocraBeHarta uen v zagavuum Ha AucepTauuoHHUA TpyAa.

Metoaukata e sicHo cTpyktypupaHa B [nasa |l "Research Methodology and
Mathematical Methods for M&A Pattern Analysis and Forecasting” n e B mHoro go6po
CbOTBETCTBME C LenTa. TH BKNKYBa HAKONKO Bnoka:

7 KnecTepusauus 1 pasno3HaBaHe Ha MoOgenu:
o K-Means, DBSCAN, Gaussian Mixture Models;
o Reverse Hybrid Clustering (RHC) — HoB xubpugeH anroputem, KOUTO
nepBo u3non3sa DBSCAN 3a otkpusBaxe Ha WYM W sgpa, nocne
K-Means za npeuvauparne W Hakpas PEWHTEIPUPa LWYMOBUTE TOMKM
NpU AOCTaTb4YHO CXOACTBO.
~ lMporHoaupaxe U aHanu3 Ha Xu3HecnocobHocTTa:
o Singular Spectrum Analysis (SSA) 33 AeKOMNO3WUMA Ha BpEMEBUS
pen Ha M&A u NporHo3a Ha BBIHM,
o Kaplan-Meier u Cox Proportional Hazards mopen 3a cueHka Ha
BEpOSTHOCTTa OT npuacbueaxe/nposan nNpv AageHW XapakTepucTUKA
W NasapHu yCnoBus.
» MpeXoB aHanu3 U CTarucTUYecKa Banuaauus:
Degree, betweenness, closeness, eigenvector centrality;
Herfindahl-Hirschman Index 3a nasapHa KOHUEHTPauus,
Silhouette, Davies-Bouldin, Calinski-Harabasz;
ANOVA, Kruskal-Wallis, permutation tests, bootstrap cross-validation.
» MuoroareHTHa LLM cucrema:
o “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 operational cost
below five USD per month...”
» Wkterpupana nnardopma:
o TpucnonHa apxutekTypa: SQL Server 6asa gannu, C# NET Bekerp
Entity Framework, React + D3.js dpoHTeHa.
MeTogukata eHOBPEMEHHO!
» Warpaxga cgopmanti MOAENU 3a aHanua U NporHosvpaxe:;
» peanuaupa ry 8 paborewa nnargopma;
» Banuavpa rm CTaTUCTUYECKH,
» NpoBepsABa TAXHATa NPUIOXKUMOCT B ChceaHn gomentu (Al chip cexrop).
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4. Hay4yHu w/vnu Hay4yHO-NPUNOXHU NPUHOCK Ha AUNCEPTaLUOHHUA
TPYA, XapakTep v 3Ha4YMMOCT.

MpuHocute, copmynupanu B AuCepTauuaTa ¥ asTopedpepara, morat ga ce
rpynupar Taka:

4.1. Hay4ynu npuHocu

» Hos xuﬁpuneu anroputem Reverse Hybrid Clustering (RHC):
Cewpasa DBSCAN u K-Means 8 ,06paten” pea;
Moctura cpepeH Silhouette Score 0.98 enpxy 661 M&A cpenku
(1975 — 2025);
WaenTudbmumpa neT knbcTepHu apxetuna: High-Tech Targets,
Growth-Stage Scale, Mature Portfolio, Young Startup Tuck-ins, Rapid
High-Value.
» KomnoaurHa metpuka TechimpactScore:

o WHTerpupa nateHTHW, UHAHCOBM, BpEMEBW W CTpaTern4ecky
NpuU3Hauum,

o Ternarta ce w3snuW4aT OT Nbpsarta [MaBHa KoMmnoHeHTa Ha PCA, a He
ce 3anasar anpuopu,

o Banuawpaxa 4ypes Kopenauus CbC CTOWHOCTTa Ha CAENKUTE.

» Mpunoxexue Ha SSA kum ME&A spemesu pea:

o 3a nbpBu NbT B Tasu nurepaTtypa SSA ce vanonssa 3a nporHosvpaxe
Ha M&A BbnHW B TEXHONOMMYHATa MHAYCTPUR,

o [exkomno3vwpa pega Ha TPeH4, UMKNU W Ce30HHOCT U noaabpxa
MHOrOrOAULIHIN NPOTHO3N,

» Mopaenu 3a Xu3HecnocobHoCT:

o Cox Mogen ¢ KOoBapuatM KaTo Bb3pacT Ha KOMNaHWATA,
TechlmpactScore, MpexoBa UeHTpanHocT 7] KITbCTEPHa
NpWHaANEXHOCT,

o Ouenka ypea Concordance Index u Brier Score.,

» KpecTOoCaHo nOMEWH-BanuanupaHe:
o Case studies 3a NVIDIA n Qualcomm g Al chip cekTopa:
o [MokazaHo e, Ye pamkaTta € npunoxuma v n3sbH EDA uHgycTpusita.
4.2. HayyHO-NPUMOXHU U NPUITOXHN NPUHOCK
» Ounawun nnatgopma EDA-DYV:

o Wurerpupa sBcuuku paspaboTeHn MeTogu 8 equHeH yed uHtepdenc,

o MMpegocrasa REST API 3a aHanuTu4HUTE Onepauuu,

o> Busyanusupa KNbCTEPW, BBAHW, MPEeXW, BpEeMEBW  NUHWUW,
KU3IHECNOCOBHOCT U PE3YNTaTH OT MHOroareHTHarTa cucrema.

» MuoroarenTHa LLM cuctema 3a oTkpuBare Ha M&EA:

o Creuvanuaupadu aredth 3a web search, content extraction,
validation, data structuring;

o Human-in-the-loop sanugauus;

o OnepatusHu pasxoav nog 5 USD/mecel.

» Basa panum 3a M&A B EDA:
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o 661 noTBbpaAeHW caenkn, ¢ Kmo4voeu noneta (uen, npuaobusauy,
roguMHa Ha ocHoBaBase, aara Ha npuaobusaxe, lifetime, deal value);
c [oxkymeHTupaHa npouegypa 3a sanuavpase.
3HauYMMOCTTa 3a HayKaTa € B Cb34aBaHETO Ha HOBW METOAM U PaMKW 33 aHanu3 Ha
KOHCONUAAUMATAE W XM3HECNOCODHOCTTa B TEXHONOTUHMHU WHAYCTPUM, 3HAYUMOCTTA 32
npaktukata — 8 peanHo pabotewara nnatopMa U WHCTPYMEHTHU, KOMTO morat fa
NoANOMOTHAT CTpaternyecku pewenus 8 EDA u cocenHn cextopu.

5. MNpeuexka Ha nyGnukauuuTe NO AMCEpPTAUMOHHMUA Tpya: Opow,
XapakTep Ha uW3JaHuATa, B KOWTO ca otnevyaranu. OrpaxenHue B

HaykKarta — M3nons3BaHe u UuTupaHe oT Apyru asTopu.
OcHoBuuTE pesyntat ca nyGnukysaHu B OCeM Tpy[a — CTAaTUW B CMIMCAHUA W
koHdepeHuun, Haekcupanu 8 Scopus, Web of Science u IEEE Xplore.
» Paper1 (RIM 2023): auzand Ha nnatopmara EDA-DYV w Hayanua bBasa

OaHHW,

» Paper 3 (IFAC 2024, TECIS): web-6aaupano npunoxeHue 3a aHanus Ha M&A
8 EDA-DYV, nHaexcupana 8 Scopus n Web of Science,

» Paper 4 (ICEST 2025, IEEE Xplore): SSA mogen 3a nporHoaupaHe Ha MEA
BbITHU.

» Paper § (IJITIS 2025, Scopus): knucrepes adanus Ha M&A mopgenu 8 EDA ¢
MaLUWHHO ODyuYeHue.

» Paper 6 (ICISNA 2025): wHTenuredTHa pamka 3a WHTETPauus Ha MHOXEcCTBO
anroputmu 3a M&A peluexmns,

» Paper 7,8 (ICISE 2026, Springer): mHoroareHTeH Moayn 3a OTKpWBaHe Ha
M&A u kpbcTOCaso goMenH-sanugupane 8 Al chip cextopa.

Hanuue ca v uutupaHus Ha Tesn nybnukauwu, sekmountenHo 8 Pollutants, IEEE

KoHepeHUUY U APYrv U34aHUs, KOETO NoKassa BUAUMOCT W BNUAHKE HA peaynTtaTure.

6. MHeHMA, NPenopbKK U Genexku.
» Cunuu cTpaum:

o Muoro gobpa Bpb3Ka Mexay TeOpus M peanusauus: oT opMantin
mogenu (RHC, TechimpactScore, SSA, Cox, network metrics) ao
pabotewa nnatgopma EDA-DYV.

o ficHo dopmynupann “gaps” W 3apaum: NOTUNHA NWHWR  OT
nuTtepaTtypeH 0b30p KbM MeToan, NnaTdopma U Banuavpase.

o Crartuctuuecka ctporoct: ANOVA, Kruskal-Wallis, permutation
tests, bootstrap cross-validation, Adjusted Rand Index = 0.94.

o KpbcTocaHo AOMeWH-BanupupaHe: nokasea, 4e pamkata He e
.3arBopexa’ camo 8 EDA.

» BBb3MOXHW AOPA3IBUTHA:

¢ PaswuvpsBaxe Ha MHOroareHTHara CcucTema C AOMbAHWTENHU
natoyHuum (Hanp. narexTan basu, SEC filings) n no-aeTomaTuavpaHu
MEeXaHU3MK 3a OLUEHKa Ha HagexaHocTTa.



o [Mo-3aabnboyex aHanus Ha perynaTopHUTE acnekTH — Kak pesyntaTu-
T€ MoraT ga nognoMOrHaT aHTUMOHOMONHW OPraHW MpU oueHKa Ha
KOHUEHTpauusTa,

o B Ouvgewa pabota mMoxe [a ce pasrmeaa WHTerpauws Ha
nnatopmaTta ¢ Apyrv uHAycTpuanuu cuctemu (Hanpumep TCAD,
supply-chain aHanus).

Benexxute ca HacoueHu KbM BbAeLLD pasBuTUe, a He KbM KPUTUKE Ha HacTosLwaTa
pabora.

7. 3aKnYeHue ¢ ACHa NONOXUTENHA UK oTpuuarTesiHa oueHka Ha

AucepTaunoHHusA TpyAa.

[IMcepTauroHHUAT TPy © USANOCTHO 3aBbplueH, METCAOMNOrMYHO nocnegosareneH
W HayyHo yGeautened. [locTaseHata Uen € W3NbNHEHa, 33[4a4WTe Ca pelusHu, a
NpUHOCUTE — ACHO (OpMynUpaH W MOAKPENneHn C peanHu pesyntat B nnatdopma,
nySnnkaumu v cCTaTtucTuyecKka sanuaauus.,

MNpencraseHusT aucepraumMoHeH TPyA OTTOBapsl Ha W3UCKBaHUATa Ha 3akoHa 3a
pa3suTue Ha akagemMuyHusa cbetas B Penybnuka Bounrapus u MpasuiHWKa 3a HErosoTo
npunaraxde, Kakto u Ha lMpoueaypHuTe npasuna 3a npuaobusaHe Ha HayYyHWU CTEneHn U
3aeMaHe Ha akageMu4Hu QTBXKHOCTU Ha TexHuuecku yHueepcuteT — Codus,

[laBaMm NONOXWTeNHa OUeHKa Ha AVCEPTAUMOHHUA TPYA W NPeanaraMm Ha mar.
Bnepum Sondmy pa Bvae npucbaesa obpasoBaTenHaTa M HayyHa CTened
LAOKTOP" NO Hay4yHaTa cneuvanHocT ,ABTOMaTUIALUMA Ha UHKEHEPHURA TPYA U CUCTEMM 33
aBTOMaTU3MpPaHO NpoekTupaxe”, npodecuoHanHo Hanpasnexue 53 KomveukatinoxHa u
KOMNIOTbPpHAE TEXHMKA",

[ata: 31.08.2026 r. UIEH HA XXYPUTO:;
/aou. ao-p AgpuaHa bopoaxuesa/
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Assoc. Prof. Eng. Adriana | ' Borodzhieva, PhD
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Electronics and Automation, Department of Telecommunications

7017 Ruse, 8 Studentska Str.

1. Relevance of the problem developed in the dissertation in
scientific and scientific-applied terms. Degree and levels of relevance of

the problem and specific tasks developed in the dissertation

The problem of analyzing mergers and acquisitions (M&A) and assessing the
viability of EDA companies in times of technological transitions is extremely relevant both
scientifically and scientifically-applied. The dissertation clearly sets the context: “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.”

Scientific relevance:

» Focus on the EDA sector: The author identifies 661 M&A deals in the EDA
industry over a period of 50 years and shows a persistent oligopolistic structure with
dominant Synopsys, Cadence Design Systems and Siemens EDA.

» Modern methods: Machine leaming, hybrid clustering, singular spectral
analysis, survival analysis and network analysis are used — methods from the “front line® of
modern computational economics and engineering applications.

Scientific and applied relevance:

» EDA-DYYV online platform: “The EDA-DYV online research platform integrates

every analytical method developed in this thesis into a single web interface... The platform

|



shows clustering analysis, wave forecasting, survival analysis, network visualizations,
M&A timeline analysis and the semi-automated discovery system and is deployed at
https://edadynamics.com.”

» The platform is a real working tool that can be used by researchers, industry
and regulators to analyze the consolidation and viability of companies.

Educational and social relevance:

» The topic is at the heart of global discussions on market concentration,
technological sovereignty and sustainability of supply chains in the semiconductor
industry.

» The developed methods and platform have the potential to support training and
strategic planning in communication and computing.

The nine (in the dissertation — ten, including cross-domain validation) tasks defined
- from building and validating an M&A database, through Reverse Hybrid Clustering,
TechimpactScore, SSA forecasts, Cox viability model, network analysis, multi-agent LLM
system for M&A discovery, to an integrated online platform — are logically related to this
relevance and land it in specific, practically significant results.

2. Degree of knowledge of the state of the problem and creative

interpretation of the literature.

The dissertation work has a volume of 131 pages, includes an introduction, five
chapters, a conclusion, a section on scientific, scientific-applied and applied contributions,
a section on limitations and future work and a bibliography of 120 literature sources
(references). It contains 21 figures and 12 tables.

The literature review in Chapter | is analytical and well-structured, The author
discusses:

~ History and market structure of EDA: the evolution from a fragmented market
in the 1980s to a “tight oligopoly” of three leading companies is described.

» Machine learning and statistical methods for M&A analysis: clustering,
ensemble methods, time series, viability analysis, network analysis are discussed.

» Business models and viability: frameworks for assessing viability and specific
determinants in the EDA sector are included.

» M&A dynamics and consolidation: four waves of mergers between 1998 and
2022 are identified, correlating with technology cycles.

» Applications of Al and LLM: it is noted that “no current study uses this
technology for EDA-industry M&A data discovery”, which the author addresses with the
multi-agent system.

Creative interpretation is manifested in clearly formulated “gaps” (Gap 1 — Gap 9),
which directly lead to the tasks of the dissertation. For example:

Gap 2: “No hybrid clustering technique has been designed for M&A data.”

Gap 3: “No validated composite metric exists to quantify the technological impact of
an M&A transaction.”

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



The review is not just a compilation, but a critical analysis that justifies the need for
new methods and platform.

3. Compliance of the selected research methodology with the set

goal and objectives of the dissertation.

The methodology is clearly structured in Chapter Il “Research Methodology and
Mathematical Methods for M&A Pattern Analysis and Forecasting” and is in very good
compliance with the goal. It includes several blocks:

» Clustering and pattern recognition:

o K-Means, DBSCAN, Gaussian Mixture Models;

o Reverse Hybrid Clustering (RHC)—a new hybrid algorithm that first
uses DBSCAN to detect noise and kemels, then K-Means for
refinement and finally reintegrates the noise points with sufficient
similarity.

» Forecasting and viability analysis:

= Singular Spectrum Analysis (SSA) for decomposition of the M&A time
series and wave forecasting,

o Kaplan-Meier and Cox Proportional Hazards mode! for estimating the
probability of acquisition/failure under given characteristics and market
conditions.

» Network analysis and statistical validation:
o Degree, betweenness, closeness, eigenvector centrality;
o Herfindahi-Hirschman Index of market concentration;
Silhouette, Davies-Bouldin, Calinski-Harabasz;
o ANOVA, Kruskal-Wallis, permutation tests, bootstrap cross-validation.
» Multi-agent LLM system:
o “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 operational cost
below five USD per month..."
» Integrated platform:
o Three-tier architecture: SQL Server database, C# NET backend with
Entity Framework, React + D3 js frontend.
The methodology simultaneously:
» builds formal models for analysis and forecasting;
» implements them In a working platform;
» validates them statistically;
» checks their applicability in neighboring domains (Al chip sector).

«

4. Scientific andlor scientific-applied contributions of the

dissertation work, nature and significance.
The contributions formulated in the dissertation and the abstract can be grouped as

follows:



4.1. Scientific contributions
» A new hybrid algorithm Reverse Hybrid Clustering (RHC):
o Combines DBSCAN and K-Means in a “reverse” order;
o Achieves an average Silhouette Score of 0.98 on 661 M&A deals
(1975 - 2025);
o Identifies five cluster archetypes: High-Tech Targets, Growth-Stage
Scale, Mature Portfolio, Young Startup Tuck-ins, Rapid High-Value.
» Composite metric TechimpactScore:
o Integrates patent, financial, time and strategic features;
o Weights are extracted from the first principal component of PCA, and
are not set a priori;
< Validated by correlation with the value of deals.
» Application of SSA to M&A time series:
o For the first time in this literature, SSA is used to forecast M&A waves
in the technology industry;
c Decomposes trend order, cycles and seasonality and supports multi-
year forecasts.
» Viability models:
o Cox model with covariates such as company age, TechimpactScore,
network centrality and cluster affiliation;
o Assessment using Concordance Index and Brier Score.
» Cross-domain validation:
o Case studies for NVIDIA and Qualcomm in the Al chip sector;
o It is shown that the framework is applicable outside the EDA industry.
4.2. Scientific-applied and applied contributions
» Online platform EDA-DYV:
o Integrates all developed methods into a single web interface;
o Provides REST API for analytical operations;
o Visualizes clusters, waves, networks, timelines, viability and resuits
from the muiti-agent system.
» Multi-agent LLM system for M&A discovery:
o Specialized agents for web search, content extraction, validation, data
structuring;
o Human-in-the-loop validation;
o Operating costs under 5 USD/month.
~ M&A database in EDA:
o 661 confirmed deals, with key fields (target, acquirer, year of
foundation, acquisition date, lifetime, deal value),
o Documented validation procedure.

The significance for science is in the creation of new methods and frameworks for
analyzing consolidation and viability in technology industries; the significance for practice —
in the real working platform and tools that can support strategic decisions in EDA and
neighboring sectors.



5. Assessment of publications on the dissertation work: number,
nature of the editions in which they were printed. Reflection in science —

use and citation by other authors.
The main results have been published in eight papers — journal and conference
papers, indexed in Scopus, Web of Science and IEEE Xplore.
» Paper 1 (RIM 2023): design of the EDA-DYV platform and initial database.
» Paper 3 (IFAC 2024, TECIS): web-based application for M&A analysis in EDA-
DYV, indexed in Scopus and Web of Science,
» Paper 4 (ICEST 2025, IEEE Xplore): SSA model for forecasting M&A waves.
» Paper 5 (IJITIS 2025, Scopus): cluster analysis of M&A models in EDA with
machine learning.
» Paper 6 (ICISNA 2025): intelligent framework for integration of multiple
algorithms for M&A decisions.
» Paper 7, 8 (ICISE 2026, Springer): Multi-agent module for M&A detection and
cross-domain validation in the Al chip sector.
There are also citations to these publications, including in Pollutants, IEEE
conferences and other publications, which shows visibility and influence of the results,

6. Opinions, recommendations, and notes.
» Strengths:

o Very good connection between theory and implementation: from
formal models (RHC, TechimpactScore, SSA, Cox, network metrics)
to a working EDA-DYV platform.

o Clearly formulated “gaps” and tasks: logical line from literature review
to methods, platform and validation.

o Statistical rigor: ANOVA, Kruskal-Wallis, permutation tests, bootstrap
cross-validation, Adjusted Rand Index = 0.94.

o Cross-domain validation: shows that the framework is not “closed” only
in EDA.

~ Possible further developments:

o Expansion of the multi-agent system with additional sources (e.g.
patent databases, SEC filings) and more automated mechanisms for
assessing reliability.

o More in-depth analysis of regulatory aspects — how results can assist
antitrust authorities in assessing concentration.

o In future work, integration of the platform with other industrial systems
(e.g. TCAD, supply-chain analysis) may be considered.

The notes are aimed at future development, not at criticism of the current work.

7. Conclusion with a clear positive or negative assessment of the

dissertation.
The dissertation is completed, methodologically consistent and scientifically
convincing. The objective has been achieved, the tasks have been solved, and the
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contributions are clearly formulated and supported by real results in the platform,
publications and statistical validation.

The dissertation meets the requirements of the Law on the Development of the
Academic Staff in the Republic of Bulgaria, the Regulations for its Implementation, and the
Procedural Rules for the Acquisition of Scientific Degrees and Holding Academic Paositions
of the Technical University of Sofia.

| give a positive assessment of the dissertation and propose that MSc Blerim

Zylfiu be awarded the educational and scientific degree “Doctor” in the scientific
specialty “Automation of Engineering Work and Systems for Desian Automation”
professional field 5.3. “Communication and Computer Engineering”
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