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1. AKTyaJlHOCT Ha pa3padoTBaHMsl B JMCEPTALMOHHMS TPYA NPoOJieM B
HAYYHO ¥ HAYYHO-NPHUJI0KHO OTHOIIeHUe. CTeneH U HUBA HA AKTYaJHOCTTA HA
npoodJjieMa 1 KOHKpPeTHHUTE 321244, pa3pa00TeHu B IUCEPTALHUATA.

N3cnenoBaTeiCKuAT NpoOieM B JUCEPTALMOHHMS TPYJl C€ XapaKTepu3upa ¢
0€3CIOpHa aKTyaJHOCT, COLMAJIHA 3HAYUMOCT M MPAKTHYECKA MPHUII0KHMOCT,
HAacOYeH KbM aHalu3 Ha TojeMH OMOMH(GOPMATUYHM JAHHU 32 JUArHOCTHKA U
ChCTaBSHE Ha MEAMIIMHCKUA Mpodui B 00JiacTTa Ha Mpeluu3HaTa MeAulMHAa 4pe3
pa3palboTKa U BHEIpsIBAaHE HA MHOBATUBHU TEXHOJOTUYHH PEUICHHS 32 M0100psBaHe
Ha 4oBEmKOTO 3ApaBe. dopmynupanu ca 6 MO-KOHKPETHU 3aJadd, CBbpP3aHU C
OouepTaBaHEe Ha CHBPEMEHHHUTE TMPEIU3BUKATEICTBA Tpe]l IEpPCOHATM3UpaHaTa
JMArHOCTHKA U JIeUeHUe, 1e(pUHUpaHe, CEJIeKTUPAHE U ONITUMU3HUPAHE HA aJrOPUTMU
3a 00pa0oTka Ha OMOMEIMIIMHCKHU JaHHU, pa3paOOoTKa Ha apXUTEKTypeH MOJAEI U
coTyepHa cuctemMa U OIleHKa Ha TsAxHarta edektuBHOCcT. llenta u 3amaunrte Ha

H3CJICABAHCTO Ca PCAIINM3UPAHN YCIICITHO U B II'BJICH 00eM.



2. CremeH Ha mNO3HABaHe CbLCTOSIHHETO Ha MmpodJjeMa W TBOpPYECKa
HMHTEPINpeTalus HA JUTEPATYPHHUS MaTepUAaJl.

B nuceprammonnuss Tpyn ca wusnoiasBaHu 100 akTyanHM W pesieBaHTHH
MH(POPMAIlMOHHM HM3TOYHMKA (BCUUKM Ha JaTMHMIA), KOETO pa3KpHBa BHCOKaTa
CTEIIEH Ha IO3HAHWE M KOMIIETEHTHOCT Ha JIOKTOpaHTa 3a CBCTOSIHUETO Ha
u3cienoBaTesickus mpobineM. HampaBen e 3ampnboueH 0030p W aHaMW3 Ha
UUTUPAHUTE WH(POPMALMOHHU PECYPCH, CIEA KOETO JIOTMYECKHU € JAepUHHpaHa
HayyHaTa HOBOCT, MPHJIOKHUMOCT M TIOJIE3HOCT HAa OYAaKBAaHUTE pPE3yJNTaTd OT

AUCCPTAIMOHHOTO U3CJICIBAHC.

3. CboTBeTCTBHE HA W30paHATA METOAMKA HA M3CJeJBaHe C MOCTABEHATA
1eJ ¥ 3a1a4M HA JUCEPTAIMOHHMS TPY/.

MeTonukata Ha HM3CJIEABAHETO BKJIIOYBA KOMIUIEKCHM M3CJIEAOBATEIICKU
TEXHUKU C MHOBATHBEH XapakTep KaTO MPOBEXKIAHE HA MHOXECTBO CUMYJIALIMOHHU
EKCTIIEPUMEHTH, TECTOBH H3MEPBAaHUS M MOJEIMpaHE Ha MPOIECH M CUCTEMH 3a
BaTuaIMsl W OICHKAa Ha TMOTEHIMala Ha XUOPUIHM KBAaHTOBO-KJIACHYECKU
anroput™Mu U Ap. Cuurtam, 4ye m3OpaHaTa METOJMKA HAa HAyYHUTE MU3CJICABAHUS €
MOAXOJAIA 1O OTHOIIEHHWE Ha TOCTaBeHaTa 1€ W 3aJayd W IOJy4YaBaHETO Ha

HAJACKIHN U KAYCCTBCHU PC3YJITATU.

4. KpaTka aHAJIMTHYHA XAPAKTEPUCTHKA HA €CTEeCTBOTO M OLEHKA Ha
AOCTOBEPHOCTTA HA MaTepHajia, BbpPXy KOHMTO ce rpajsiT NPHHOCUTE Ha
AUCEPTALMOHHUSA TPYA.

JlucepTallMOHHUAT TPYA € ¢ o0eMm oT 127 cTpanHuuu, n1odpe CTpyKTypupaH B 4
IJIaBU, YBOJ, 3aKJIOYEHHE, CIMCHK Ha MPUHOCUTE, CIUCHK Ha MyOIMKAaLMUTE IO
JUcepTauusaTa U U3N0J3BaHa JuTeparypa. [lvpsa 2nasa peaocTaBs o0l Iperyies U
aHaJIM3 Ha JAHHU M aJrOpUTMHU B NpELH3HATa MEIWILIMHA, LENTa W 3aJaYuTe Ha
JUCEPTAllMOHHOTO M3ClelBaHe. Bmopa eonasa TpeAcTaBs IpelMMCTBaTa Ha
XUOPUJIHU KBAaHTOBO-KJACHMUYECKH MOJENIM 3a JaHHM C BHCOKa pa3MEpHOCT B

npeuu3HaTa MCAUWIMHA. Tpema 2ldaea OIIMCBa Cb34aBaAHCTO Ha MHOT'OCJIOMHA



apXUTEKTypa 3a aHaJIu3 Ha OMOMENMIMHCKH JaHHU, a NlocienHara Yemevpma 2nasa
IIpaBU BAJIMJALMA U OLIEHKA Ha NPEIJIOKEHATa apXUTEKTypa 4Ype3 Ch31aBaHETO HA
OPOTOTUIl HA TOoTpeOutTencku uurepdeiic. CUIHO BrHeUaTICHUE MPABAT H3BOAUTE
cle] BCsKa Ii1aBa, KOUTO 0000111aBaT OCHOBHUTE PE3YJITATH U MPUHOCH M U3rPa)/1atr
JIOTUYECKa BPB3Ka KbM CIICABALOTO HUBO HA aHanu3. Mora ga Kaxa, 4e TpyIbT €
HAIMCaH Ha BUCOK aKaJEMUYEH CTHJI, HAYyYHUTE TEPMUHH Ca KOPEKTHO Je(UHUPAHH,
U3CJIEI0BATEIICKUAT 00XBAT € pEalCTUYEH, @ HAIIPABEHUTE MPENOPHKU MPEBPbHILAT

H3CJIICABAHCTO B 3aBbPHICH ITPOCKT C Bb3MOKHOCT 3a HAATPAKIAHEC U PA3BUTHUC.

5. Hay4yHu u/uiid HayYHO-NIPUJIOKHHM IPUHOCH HA TUCEPTANMOHHUS TPYI.

PesyntaTtuTe OT MpOBEACHHUTE M3CIEIBAHMS CHILPKAT CICAHHUTE MMO-3HAYUMU
HAyYHU U HAYYHO-TIPUIJIOKHHU MPUHOCH:

1. TlpennoxeH € KOHIENTyajeH MOJE] Ha MHOIOCIOWHA apXUTEKTypa 3a
aHanu3a Ha OMOMEUITMHCKH JAaHHU B 00JacTTa Ha MpEIU3HATa MEIUIIMHA, KOUTO €
CKaJIUpyeM, YCTOWYUB U e(pUKaceH CIpsiMO HEOOXOJUMHUTE PECYPCH.

2. IlpemmoxeH € WHOBAaTMBEH METOJ 3a KOJWpaHE Ha T'eHHU
MOCJIEIOBATETHOCTH, KOWTO 3ama3Ba OpUrMHAjIHATa CTPYKTypa Ha CEKBEHLMATA U
HaMaJIsiBa HEWHATa Pa3MEPHOCT.

3. [IpennioxkeH € XMOPUIHO-KBAHTOB MOJIEN 3a Kiacu(uKaiys Ha MEAUITMHCKA
U300paKeHHUS.

4. JlebvHupaHnu ca OCHOBHUTE BUJOBE JIaHHU, HEOOXOIWMH 3a CHCTaBSHE Ha
00CTOEH MEAUITMHCKY TTPO( T HA TTAIUEHTA.

5. HedbuHupanu u TPEAJIONKEHH Ca AITOPUTMHU 3a KOJAWpPAHE HA JaHHU U
MaITMHHU MOJICNI 3a KJjacu(UKaIis Ha 3aJaJCHUTE BUIOBE MEIUIIMHCKH JIaHHU,
KAaKTO M TSAXHATa KOHKPETHA HACTPOUKa.

6. Ha ocHoBata Ha mpemsioKeHUs KOHIENTyaJeH MOJE]T Ha MHOTOCJIOWHA
apXUTEKTypa 3a aHajin3a Ha OMOMENMIIMHCKU JIaHHW € pa3paboTeHa cucrema C
rpaduyeH uHTEpdenc, ocurypsipaiia JOCTHII 0 HHTEPHAIMOHATHU OWUOJOTUYHU
0a3u JaHHU, aHAIM3 Ha TAlUCHTCKH OWOMEIWIIMHCKU JIaHHU, TIOCTaBsSHE Ha

AWardo3a u Bpb3Ka ¢ MCAUMIIUMHCKH LICHTPOBC U CIICHHUAJINCTH.



6. Ouenka 3a cTeneHTa HA JJUYHOTO Y4ACTHe HA JMCEPTAHTA B IPHHOCHUTE.

Kareropuuno cmsitamM, Ye HampaBeHUTE W3CIEABAaHUS, HU3MEpBaHUS,
CUMYJIALINK, aHAIU3U U €KCIIEPUMEHTH, KaKTO U MOJyYEHHUTE PE3yJITaTH U HAyYHU
HNOCTHKEHUS B TUCEPTALMOHHMS TPy Ha Mar. uHxX. bopuc AtanacoB HenuoBcku ca
JUYHO HEroBO JI€J]0, KOETO C€ IMOTBBbpPXAaBa W OT HEroBaTa IMPEo/aBaTeiCcKa U

HAayYHOH3CJICAOBATCIICKA CKCIICPTHU3A.

7. llpemeHka Ha ny0JMKAaUMUTE IO [IMCEPTALMOHHUS TpyA: Opoi,
XapaKTep HAa M3JaHMATA, B KOUTO ca orneyaraHu. OrpaxkeHue B HayKara —
U3I0JI3BaHe M HUTHPAHEe OT APYIrd aBTOPH, B IPYT'U J1A00PATOPHHU, CTPAHM H IIP.

[Io Temata Ha AUCEPTALMOHHUA TPYyA JOKTOPAHTHT € MpPEeACTaBUa 3
nyOJMKAIMM — BCUYKM B CHABTOPCTBO C HAYyYHHS PBKOBOJIUTEN JAOL. J-p HHXK.
HecucnaBa lBaHoBa, kKaro Ha JBE OT TAX € IbpBU aBTOop. llyOnmkanuure ca
OTIE€YaTaHU BbB BUCOKOPEWTHHIOBU W3JIaHMS, UHAEKCUPAHU B Scopus (JIBE ca CbC
SJR) u IEEE, ¢ koeTo ce ocurypsBaT U HaJBUIlIaBaT MUHUMATHUTE HAYKOMETPUIHU
n3uckBanus 3a OHC “Jlokrop” B IIH 4.6 “UudopmaTika U KOMIIOTHPHU HAayKu,
¢buxcupanu B 3PACPB u ITII3PACPE. He ca npencraBeHy gaHHU 3a [UTHPAHUS Ha

nyOJIUKaIUTe.

8. U3no/i3BaHe Ha pe3yJTATUTE OT JAMCEPTANMOHHMS TPYA B HAy4YHATA U
conuajHaTa npaktuka. Hajiu4ume Ha MOCTUrHAT NPSAK UKOHOMHYECKH edeKT u
np. JloKkyMeHTH, Ha KOUTO Ce 0CHOBAaBa TBHPJAEHHETO.

Cp31aleHuAT METOJl U METOJOJIOTHS 3a aHalIW3 Ha TojeMd OMOMEIUIIMHCKU
JAHHU 3a Tpelr3Ha MEIWUIMHA, Oa3upaHW Ha W3KYCTBEH WHTEJICKT U MAIIMHHO
o0y4eHHe Ype3 U3MO0I3BaAHE HA TEHETUYHU CEKBEHIIMM, MEAUIIMHCKUA U300paXeHus 1
JOKJIa/IBAHU OT MAIMEHTUTE pe3yJTaTH IIe MMa NpsK e(eKT BbpXy HaydyHaTa U
MEJIMIIMHCKAaTa TMPaKTHKa, CBbpP3aHa C YCIEIIHaTa JUAarHOCTUKA W ONTHUMATIHOTO

MPOTHO3MpPaHE Ha TEHETUYHO MPEAPA3NO0JI0KEHHN 3a00JIIBaHUS.

9. OueHka Ha CHOTBETCTBHETO Ha aBTopedepaTra ¢ W3HMCKBAHHATA 32



U3rOTBSIHETO MY, KAKTO M HA a/1eKBATHOCTTAa HA OTpa3siBaHe HA OCHOBHMTeE
M0JI0KEeHHS U IPHHOCHTE HA ANCePTAHOHHUSA TPYA.

ABTopedepaTsT € ¢ 00eM OT 32 cTpaHHMIM U aJeKBATHO OTpa3siBa JU3aifHa Ha
U3CJIEIBAHETO, CHABPIKAHUETO IO TJIABHM, OCHOBHUTE pE3yJTaTH U MOJYyYEHHUTE
OPUHOCH Ha AMCEPTALMOHHUS Tpyd. Tol e OopOpMEH CBHINIACHO aKaJAeMUYHHUTE
CTaHJapTH U HAITbJIHO ChOTBETCTBA HA M3UCKBAHUATA Ha TE€XHUUYECKUS YHUBEPCUTET

— Codus 3a npugoOMBaHe HA HAYYHU CTENICHHU.

10. MHeHus1, IPENOPbKH U 0e1eKKH.

Hsamam KpuTHYHM O€NEeXKH, a TMO0-CKOPO TPEenopbka TOKTOPAHTHT [
npoAb/KaBa Jla c€ pa3BUBa KaTo CIELUAIMCT B Ta3M WHOBAaTHUBHA M MEPCHEKTHUBHA
00JlacT Ha CHBPEMEHHOTO HayKO3HaHHME KaTo OnouHdpopmaTukara, Ja NMyOJMKyBa B
NPECTIKHU U MHACKCUPaHU U3JaHUs U Ja MpeaaBa cBosi Oorat mpopeCUOHANIEH OMUT

Ha CTYACHTU U MJIaJ iy TPOGECUOHATHUCTH.

11. 3aknao4yeHue € SICHA MOJIOKMTEJHA WJIM OTPULATEJHA OLEHKA HA
AUCEPTALMOHHUSA TPYA.

Ha 6a3ara Ha chbabp’KaHUETO M MOCTUTHATUTE PE3YJTATH C BUCOK HAyudeH U
HAy4YHO-IIPWJIOKEH MPUHOC CMATAM, Y€ JUCEPTALMATA OTTOBapsl HA U3UCKBAaHUATA Ha
3PACPB, IITII3PACPB u IlpaBunHuka 3a ycloBUsTa U pela 3a NpuaoOUBaHE Ha
HayyHu crerneHu B TY — Codusa. He cbM ycTaHoBmiIa MIaruaTcTBO WM JPYro
HEIIPaBOMEPHO M3MOJ3BaHE HA Yy AW HJIECH B MPEICTABEHATA [0 KOHKypCca HaydyHa
npoaykuus. Bcuyko ToBa MM J1aBa OCHOBAaHME HaNbJIHO YOEIEHO Ja Jam
no0MCUmMeNHa OYeHKa HA JUCEPTALMOHHMS TPYyA W IpemjlaraM Ha yBa)KaeMOTO
HAy4HO KypH J1a mpUChau oOpa3oBaresiHaTa M HayyHa crteneH ‘“‘/[okrop” Ha mar.
uHxk. bopuc AtranacoB HenuoBcku B IIH 4.6 “Uudopmatnka u KOMOIOTHPHU

HayKW’ TIO TIOKTOpCKa mporpama “Uuadopmarnka’.

Hara: PEIIEH3EHT:
14.05.2025 r. /mpod. n-p Marnanena ["'apBanoBa/



REVIEW

on a dissertation for the acquisition of the educational and scientific degree of

“Doctor”

Author of the dissertation: MSc Eng. Boris Atanasov Nenchovski

Topic of the dissertation: Method and Methodology for Analyzing Big
Biomedical Data for Precision Medicine Based on Artificial Intelligence

Reviewer: Prof. Dr. Magdalena Zlatkova Garvanova, University of Library
Studies and Information Technologies

This review has been prepared in my capacity as a member of a scientific jury
appointed by Order No. OX-4.6-12/10.03.2025, Order No. OX-4.6-14/18.03.2025
and Order No. OX-4.6-17/26.03.2025 of the Rector of the Technical University —
Sofia and a protocol of the first meeting of the scientific jury on 21.03.2025.

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

The research problem in the dissertation is characterized by undeniable
relevance, social significance and practical applicability, aimed at analyzing large
bioinformatics data for diagnostics and compiling a medical profile in the field of
precision medicine through the development and implementation of innovative
technological solutions to improve human health. Six more specific tasks have been
formulated, related to outlining the contemporary challenges facing personalized
diagnostics and treatment, defining, selecting and optimizing algorithms for
processing biomedical data, developing an architectural model and software system
and assessing their effectiveness. The aim and objectives of the research have been
successfully and fully implemented.

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

The dissertation uses 100 current and relevant information sources (all in



Latin), which reveals the high level of knowledge and competence of the doctoral
student about the state of the research problem. An in-depth review and analysis of
the cited information resources was made, after which the scientific novelty,
applicability and usefulness of the expected results of the dissertation research were

logically defined.

3. Compliance of the chosen research methodology with the set goal and
objectives of the dissertation.

The research methodology includes the combination of complex research
techniques of an innovative nature, such as conducting multiple simulation
experiments, test measurements and modeling of processes and systems for
validation and assessment of the potential of hybrid quantum-classical algorithms,
etc. I believe that the chosen research methodology is appropriate in terms of the set

goal and objectives and obtaining reliable and high-quality results.

4. A brief analytical description of the nature and assessment of the
credibility of the material on which the contributions of the dissertation work
are based.

The dissertation has a volume of 127 pages, well-structured in 4 chapters,
introduction, conclusion, list of contributions, list of publications on the dissertation,
and references. The first chapter provides a general overview and analysis of data
and algorithms in precision medicine, the goal and objectives of the dissertation
research. The second chapter presents the advantages of hybrid quantum-classical
models for high-dimensional data in precision medicine. The third chapter describes
the creation of a multi-layered architecture for biomedical data analysis, and the last,
the fourth chapter, validates and evaluates the proposed architecture by creating a
prototype of a user interface. The conclusions after each chapter are very impressive,
which summarize the main results and contributions and build a logical connection
to the next level of analysis. I can say that the work is written in a high academic

style, scientific terms are correctly defined, the research scope is realistic, and the



recommendations made turn the research into a completed project with the

possibility of upgrading and development.

5. Scientific and/or applied-scientific contributions of the dissertation.

The results of the conducted research contain the following significant
scientific and scientific-applied contributions:

1. A conceptual model of a multilayer architecture for the analysis of
biomedical data in the field of precision medicine is proposed, which is scalable,
sustainable and efficient in terms of the required resources.

2. An innovative method for encoding gene sequences is proposed, which
preserves the original structure of the sequence and reduces its dimensionality.

3. A hybrid-quantum model for medical image classification is proposed.

4. The main types of data necessary for compiling a comprehensive medical
profile of the patient are defined.

5. Data encoding algorithms and machine models for classifying the given
types of medical data are defined and proposed, as well as their specific settings.

6. Based on the proposed conceptual model of a multi-layered architecture for
the analysis of biomedical data, a system with a graphical interface has been
developed, providing access to international biological databases, analysis of patient

biomedical data, diagnosis and connection with medical centers and specialists.

6. Assessment of the degree of the dissertation candidate’s personal
participation in the contributions.

I categorically believe that the research, measurements, simulations, analyses
and experiments carried out, as well as the results and scientific achievements
obtained in the dissertation work of MSc Eng. Boris Atanasov Nenchovski, are his

personal work, which is also confirmed by his teaching and research expertise.

7. Assessment of publications on the dissertation work: number, nature of

the editions in which they are printed. Reflection in science — use and citation



by other authors, in other laboratories, countries, etc.

On the topic of the dissertation, the doctoral student has presented 3
publications — all co-authored with the scientific supervisor Assoc. Prof. Dr. Eng.
Desislava Ivanova, and in two of them he is the first author. The publications are
published in high-ranking publications, indexed in Scopus (two are with SJR) and
IEEE, which ensures and exceeds the minimum scientometric requirements for the
educational and scientific degree of “Doctor” in professional field 4.6 “Informatics
and Computer Sciences”, fixed in the Law on the Development of the Academic
Staff of the Republic of Bulgaria (LDASRB) and the Regulations for the
Implementation of the Law on the Development of the Academic Staff of the
Republic of Bulgaria (RILDASRB). No data on the citations of the publications are

presented.

8. Use of the results of the dissertation work in scientific and social
practice. Presence of achieved direct economic effect, etc. Documents on which
the statement is based.

The created method and methodology for analyzing large biomedical data for
precision medicine, based on artificial intelligence and machine learning using
genetic sequences, medical images and patient-reported results, will have a direct
effect on scientific and medical practice related to successful diagnosis and optimal

prediction of genetically predisposed diseases.

9. Assessment of the compliance of the abstract with the requirements for
its preparation, as well as the adequacy of reflecting the main points and
contributions of the dissertation work.

The abstract is 32 pages long and adequately reflects the design of the research,
the content by chapters, the main results and the contributions of the dissertation. It
is formatted according to academic standards and fully complies with the
requirements of the Technical University — Sofia for the acquisition of scientific

degrees.



10. Opinions, recommendations and notes.

I have no critical remarks, but rather a recommendation that the doctoral student
continue to develop as a specialist in this innovative and promising field of modern
science such as bioinformatics, to publish in prestigious and indexed journals, and to

pass on his rich professional experience to students and young professionals.

11. Conclusion with a clear positive or negative assessment of the
dissertation work.

Based on the content and the achieved results with high scientific and
scientifically applied contribution, I believe that the dissertation meets the
requirements of the LDASRB, RILDASRB and the Regulations on the terms and
procedure for acquiring scientific degrees at Technical University — Sofia. I have not
established plagiarism or other unlawful use of other people’s ideas in the scientific
production presented in the competition. All this gives me reason to give a positive
assessment of the dissertation work with full conviction, and I propose to the
esteemed scientific jury to award the educational and scientific degree “Doctor” to
MSc Eng. Boris Atanasov Nenchovski in professional field 4.6 “Informatics and

Computer Sciences” under the doctoral program “Informatics™.

Date: REVIEWER:
14.05.2025 /Prof. Dr. Magdalena Garvanova/
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