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WiieH Ha Hay4yHOTO Kypu: po¢. A-p Tarana Aranacosa

1. AkKTyaJHOCT Ha pa3pa0OTBaHMsA B JUCEPTALUOHHUS TPYA NPo0dJeM B HAYYHO U
HAYYHONPHUJIOKHO OTHOLLICHHE.

W3cnenBanusaTa B AUCEPTAIMOHHUS TPY/ ca IOCBETCHW HA METOJIUTE 32 00padOTKa HA JIaHHU
3a IenuTe Ha Mpenu3Hara MeauiuHa. To3M HMHOBaTMBEH TOAXOA B 3paBEeONa3BaHETO,
BBh3HUKHAJI OJlaroJJapeHre Ha TEXHOJOTHUTE 3a TOJICMH JIaHHU W HamausBamara mnena Ha JIHK
CEKBEHHPAHETO, MIPECTaBIIBA HECHBMHEHO akTyanHa TeMa. OT Ipyra cTpaHa, HHTETPUPAHETO
Ha KBAaHTOBHUTE QJITOPUTMH B MAIIMHHO OOyYeHHE € ChbBPEMEHEH METOJ 3a MPEOJOJIsIBAaHE Ha
W3YUCIIMTETHATE OTPAHMYCHHUS HAa KIACHYECKOTO MAIIMHHO OoOydeHue mpu oOpaboTka Ha
oOmmpHU 00eMU OT TaHHU B TIpElM3HATa MEIUIINHA.

Konkpernure 3amaum, pa3paboTeHH B JAWCEpTalUATa, I103BOJISBAT OrpaHMYaBaHEe Ha
HEOOXOAMMHTE BXOJHHM JaHHM 3a MAlMEeHTa, HaMalsgBalKU pa3XOAMTE 3a JUArHOCTHKA, HO
nofoOpsiBaiiku HeiHaTa TOYHOCT. [Ipennokenara qucepTanroHHa padoTa MOKa3Ba HAYMH 3a
IIPEONONIABAHE HA IMPEIU3BHUKATEIICTBaTa M TPYAHOCTUTE B IpEUU3HAaTaA MEAMLMHA IIpU
IIPENOCTABSIHETO HA IIEPCOHANIM3UPAHU CTPATETUU 32 JUArHOCTHUKA, JICYEHUE U MOHUTOPUHL.

2. CreneH Ha MO3HABaHe CbCTOSIHMETO HA MP00JieMa U TBOPYECKA HHTEpPIpeTalus
HA JINTEPATYPHHUS MaTepuaJl.

HucepranmonHust Tpya € pa3paboreH B o6em ot 127 cTpaHUIM, CTPYKTYpUpPaH B 4 TiaBu ¢
nocoueHn 100 wmHbOpmarmoHHN u3TOUHHMKA. OTOENsI3aHU ca OCOOCHOCTHUTE, CBBpP3aHHU C
pasmiekIaHUTE JaHHU, 2 UMEHHO TSAXHATa Pa3HOPOIHOCT, TOJIEMHUAT 00eM, TPYAHOCTHUTE C
Ha0aBsHE UM, KaKTO W TMPEAN3BHUKATEIICTBA, CBbP3aHU C TsAXHaTa oOpaborka. M3cimeasano e
HAIMYMETO Ha Pa3NUYHM W3TOYHUIM HA JaHHU TMPHU MPEAIAraHeT0 Ha MEPCOHATU3UPAHU
TUArHOCTUYHM CTPAaTeruyd B Mpelu3HaTa MEIUIMHA, KOETO H3HMCKBa pa3paboTBaHETO Ha
apXUTEKTypa, CIIOCOOHA Ja Koaupa U KiacuuIupa rojsiMm Habop OT MOCTOSSHHO HapacTBaIU
MacHBH OT JJaHHU, 00XBaIaIly Hail-BaXKHUTE OMOMH(GOPMATUYHU MTOKA3aTEIH.

ApryMeHTHpaHO € OOsiCHEHa IpUYMHATa 3a CTECHABaHE Ha o00XBara 3a H3CICABAHUS.
IIpenocraBen e mpervies; HA OCHOBHHUTE aJrOPUTMH Ha MAIIMHHOTO OOy4YeHHE, KaKTO W Ha
KBAaHTOBUTE alnroputMu. [lokazanu ca 3HAYUTENHU MPEIUMCTBA, HO U MPEIU3BUKATEIICTBA HA
KBAaHTOBOTO MAaIIMHHO oOydeHue. IIpoydeHo e M3mon3BaHe Ha KBAaHTOBUTE M3YMCICHHS B
OnomH(poOpMaTHKaTa.

3. CboTBeTcTBHE HA H30paHATA METOAUKA HA N3CJeIBAHE U MOCTABEHATA LeJ U
3aJ]a4d HA JUCEPTANMOHHUSA TPYA € MOCTUTHATUTE MPUHOCH.

Bp3 ocHoBa Ha  suTeparypHus 0030p B CBOTBETCTBUE C  Je(UHUpAHUTE
HayYHOM3CIIEIOBATEIICKH 3a/1a4U ca pa3paboTeHN METOIH 3a KiIacu(PUKAIUATa Ha METUIITHCKH



M300paKEeHMsI U aHAJM3a Ha TEeHHH IMMOCIeA0BaTeTHOCTH. [IpeioKeHusIT moaxo KoMOMHApa
TPAJAUIIMOHHUTE TEXHUKHU 32 MAIIMHHO OOy4YeHHE C pa3BHBaIlaTa ce 001acT Ha KBAaHTOBUTE
W3YMCIICHUS C 1€ J1a C€ M3TOI3BAaT YHUKATHUTE Bh3MOXKHOCTH Ha JIBETE 00JIaCTH.

[IpoexTrpaHa € MHOTOCJIOWHA MOIYJTHAa apXHTEKTypa, KOATO Ja 00paboTBa XeTEepOTreHHH
6I/IOMGZ[I/ILII/IHCKI/I JaHHM - TCHHHU T1I0CIACAOBATCIHOCTH, MCAUIINMHCKHU I/I306pa)KeHI/I}I,
NalueHTcKu AanHu. [Ipunoxenn u pa3paboTeHH ca CbBPEMEHHHUTE AJITOPUTMH 32 KOTUPAHE U
kinacudukanus 3a OnonHGoOpMaTUYHN JaHHU Ha 0a3ara Ha U3KYCTBEH MHTENEKT. Jleunupana
€ MUKpPOCHPBHCHA apXUTEKTypaTa 3a peann3aius Ha U3YUCIUTeIHHs TIporiec. PazpaboTenara
apXHUTEKTypa TPEIOCTaBs YHUBEPCATHO W IIMPOKO TOCTBHITHO PEIICHHE 3a UArHOCTHKA B
npeuu3HaTta MCAWIIMHA, KaTO MMOBUIIIaBA TOYHOCTTA IMPU B3CMAHC HA PCHICHUC U OITUMHU3UPA
A3YUCIUTEITHUTE PECYPCH.

4. Hay4yHu u/WjiM HAyYHONPHJIOKHHU MPUHOCH HA THCEPTALMOHHUS TPYA.

[IpuemMaM u oOIEHsABAM TIOJOKUTETHO HAYYHO-TIPWIOKHHUTE NPUHOCH, (DOPMYITHpaHu B
nucepranusata. OCHOBHUTE MPUHOCH B JUCEPTAITMOHHHS TPYJ MOraT Ja ce OTHEecaT KbM
obOorarsiBaHe Ha CBINECTBYBAIIWTE 3HAHUS, Ch3JaBaHE HAa HOBU METOAM Ha H3CIICABAHE U
MPUIOKCHUE HA HAYYHU MTOCTHIKEHUS B IpakTukaTa. CunuTaM, 4e MOCTUTHATUTE PE3yITaTH ca
JUYHO JIEJI0 Ha JOKTOPAHTA MOJI BEIIOTO PbKOBOACTBO HAa HAYYHUSI PHKOBOAMTEIL.

Hpe;monceH c XI/I6pI/II[HI/ISIT Ioaxoa, BKIIKOYBAILl M3IIOJI3BAHCTO Ha HeBpOHHI/I Mpencn Kartro
npeIBapuTeliHa CThIKA 3a HaMajsgBaHE Ha pa3MEPHOCTTA, TIIOCICIBAHO OT KBaHTOBHU
aJIFOpI/ITMI/I 34 II0-HAaTaThIICH aHAaJI1U3 HA JaHHUTC. I/I?)CJICI[BaHI/I ca rmoaxoau 3a OHTI/IMI/I3I/IpaHe
Ha KBAaHTOBHU CXeMH (KOPHTHpPaHe Ha IbJIOOYMHA HA CXeMara, TapaMeTpy Ha reiiTa v CTpaTeruu
3a 3aIUTMTaHE), 3a J1a Ce MOI00pHU TOYHOCTTA Ha MOJICITTUTE.

MHorocnoifHata apXUTEeKTypa 3a o0paboTka Ha OuomeauIMHCKAa WHMOpPMAIUS MOXE J1a ce
OTpeeNid Karo 3HAaYMMa 3a HayKara M MpakTHKara NMpH TPUIOKEHHE Ha MPUHIUIHNTE 32
Npenu3Ha MEIWIIMHA W KBaHTOBU HM3uUMCIeHUs. PaspaboTeHara apXUTEKTypa € BaJMIupaHa
BbPXY PEaIHU MMALUEHTCKU JaHHMU.

5. IlpeneHka Ha My0JUKAIIUWTE MO TUCEPTAIUOHHUSA TPYA.

[lo mucepranmoHHMs TPy ca mpeacTaBeHu 3 myonukauuu B miargopmute Ha IEEE Xplore
Digital Library u AIP Conference Proceedings, unaexcupanu B Scopus. Beruku myOnukanym
ca B ChaBTOPCTBO C HAyYHHUsS PHKOBOAUTEN, B JIBE OT TAX JOKTOPAHTHT € Ha I'BPBO MSCTO.
OOt 6poit Touku 1o nokazaren I'7 e 78 T., K0eTo HAAXBBPIIA U3UCKBAHETO OT 30 TOUKH.

[TyOnukanMuTe OTpa3siBaT pe3yaTaTUTE OT H3CIACABAHHATA B JHCEPTAIMATa, C KOETO €
JCMOHCTPUpaHa HEOOXoJAMMaTa MyOIMYHOCT HA MOCTUTHATHTE pPE3yJATarTd Mped HaydHaTa
OOIIHOCT.

6. MHeHust, IpenopbKH N OeJIeKKH.

JlucepralioOHHHUAT TPyX TpaBu 1O00po BIeYaTIieHWe ¢ o0xBaTa, 3aabia00YeHOCTTa U
apryMEHTHPAHOCTTa Ha uslnokeHuero. OOmactra Ha Tpenu3Hara MeIuIuHa W
OnonH()OpPMAaTHYHUTE JTaHHU € CJIOKHA M TMOCTHUTaHETO Ha CHIIECTBEHH PE3YJITaTH B Hes
W3MCKBA TMpUJaraHe Ha WHTEPAMCUUIUIMHApEH moaxoa. [locTurHartute pesyiaraTtd ca
OpUTHHAIIHU M ChOTBETCTBAT Ha MOCTaBeHara Tema. Kato 3a0enexku MoraT Jia ce CIIOMEHAT



CaMO HSKOJIKO OT PEJaKIMOHCH U TEXHUICCKU XapaKTep, KaTo HalpuMep HEChOTBETCTBHUATA B
3arjaBHUsiATa Ha IVIABUTE B aBTOpedepara u nucepranusata. Ho ToBa He HamamnsiBa 3HAYMMOCTTa
Ha MPUHOCHTE B AucepTarusaTa. [I[permopbuBaM Ha aBTOpa Jia MPOIBIDKK padoTaTa B n30paHara
OT HEro o0JIacT.

7. 3akiawuyeHue ¢ SICHA TOJOXKHTEJIHAa WJIM OTPHIATEIHA OIEHKAa Ha
AUCEPTALHOHHUS TPYH.

Cuntam, ue MpeICTaBEHUAT OUCEPTALMOHEH TPYyA OTroBaps HAa M3MCKBAaHUATA HA 3aKoHA 3a
pa3BUTHETO Ha akaJeMU4Hus cbcTaB B PenmyOmuka bbarapus, [IpaBunHuka 3a HEroBoTo
npusarade, a Cblo Taka U Ha [IpaBuiHMKA 3a yCIOBUATA U pejia 3a MpU100MBaHEe HA HAYYHU
creneHu B Texuuuecku yHuBepcureT - Codus 3a noayyaBaHeTo Ha oOpa3oBaTeIHa M HayyHa
crened JJOKTOP. Ilocturnarure pesynraTy MM JaBaT OCHOBAHME Ja JaM IIOJIOKUTEIIHA
OLIGHKa W MpernopbuBaM Ha moyutaeMoro HaywyHo Xypu na mpuchau oOpa3oBaTenHara U
HayyHa cTeneH ,,Jlokrop™ Ha mar. mHX. bopuc AranacoB HeHdoBcku B mpodecHOHAITHO
HanpaBinenue 4.6. ,MHpopmatuka M KOMOIOTBPHM HAyKH [0 Hay4Ha CIIELUATHOCT
»HpopmaTmka®.

Hara: 27.05.2025 YJIEH HA )KYPUTO:

/mpod. a-p Tarsna AtanacoBa/



OPINION
on a dissertation for the acquisition of an educational and scientific degree "Doctor"
Author of the dissertation: Boris Atanasov Nenchovski

Dissertation topic: Method and methodology for analysis of big biomedical data for
precision medicine based on artificial intelligence

Member of the Scientific Jury: Prof. Dr. Tatiana Atanasova

1. Actuality of the problem developed in the dissertation in scientific and applied
terms.

The research in the dissertation is devoted to the methods of data processing for the purposes
of precision medicine. This innovative approach in healthcare, which has arisen thanks to big
data technologies and the decreasing cost of DNA sequencing, is undoubtedly a hot topic. On
the other hand, integrating quantum algorithms into machine learning is a modern method for
overcoming the computational limitations of classical machine learning when processing vast
volumes of data in precision medicine.

The specific tasks developed in the dissertation allow limiting the necessary input data for the
patient, reducing the cost of diagnosis, but improving its accuracy. The proposed dissertation
shows a way to overcome the challenges and difficulties in precision medicine in providing
personalized strategies for diagnosis, treatment and monitoring.

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

The dissertation is developed in a volume of 127 pages, structured in 4 chapters with 100
information sources indicated. The specifics related to the data under consideration are noted,
namely their heterogeneity, large volume, difficulties in obtaining them, as well as challenges
related to their processing. The availability of different data sources in the proposal of
personalized diagnostic strategies in precision medicine has been investigated, which requires
the development of an architecture capable of encoding and classifying a large set of constantly
growing data sets covering the most important bioinformatics indicators.

The reason for the narrowing of the scope for examinations is explained with arguments. An
overview of the basic algorithms of machine learning as well as quantum algorithms is
provided. Significant advantages but also challenges of quantum machine learning are shown.
The use of quantum computing in bioinformatics has been studied.

3. Compliance of the chosen research methodology and the set goals and objectives
of the dissertation with the achieved contributions.

Based on the literature review, in accordance with the defined research tasks, methods have
been developed for the classification of medical images and the analysis of gene sequences.
The proposed approach combines traditional machine learning techniques with the emerging
field of quantum computing in order to exploit the unique capabilities of both fields.



A multi-layer modular architecture has been designed to process heterogeneous biomedical
data - gene sequences, medical images, patient data. Modern algorithms for coding and
classification for bioinformatics data based on artificial intelligence have been applied and
developed. A microservice architecture for the implementation of the computing process is
defined. The developed architecture provides a universal and widely available solution for
diagnostics in precision medicine, increasing decision-making accuracy and optimizing
computing resources.

4. Scientific and/or scientifically applied contributions of the dissertation.

I accept and evaluate positively the scientific and applied contributions formulated in the
dissertation. The main contributions to the dissertation can be attributed to the enrichment of
existing knowledge, the creation of new research methods and the application of scientific
achievements in practice. I believe that the results achieved are a personal work of the PhD
student under the expert guidance of the supervisor.

The hybrid approach is proposed, involving the use of neural networks as a preliminary step to
reduce dimensionality, followed by quantum algorithms for further analysis of the data.
Approaches to optimize quantum circuits (circuit depth correction, gate parameters, and
entanglement strategies) have been investigated to improve the accuracy of the models.

The multi-layer architecture for processing biomedical information can be defined as
significant for science and practice in applying the principles of precision medicine and
quantum computing. The developed architecture has been validated on real patient data.

5. Evaluation of the publications on the dissertation.

The dissertation presented 3 publications in the IEEE Xplore Digital Library and AIP
Conference Proceedings platforms, indexed in Scopus. All publications are co-authored with
the supervisor, in two of them the PhD student is in first place. The total number of points under
indicator G7 is 78 points, which exceeds the requirement of 30 points.

The publications reflect the results of the research in the dissertation, which demonstrates the
necessary publicity of the achieved outcomes to the scientific community.

6. Notes, recommendations and remarks.

The dissertation makes a good impression with the scope, thoroughness and argumentation of
the presentation. The field of precision medicine and bioinformatics data is complex and
achieving significant results in it requires an interdisciplinary approach. The results achieved
are original and correspond to the topic posed. Only a few of editorial and technical remarks
can be mentioned, such as the discrepancies in the titles of the chapters in the abstract and the
dissertation. But this does not diminish the significance of the contributions to the dissertation.
I recommend the author to continue working in the field of his choice.

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

I believe that the submitted dissertation meets the requirements of the Act on the Development
of the Academic Staff of the Republic of Bulgaria, the Regulations for its implementation, as
well as the Regulations on the terms and conditions for acquiring scientific degrees at the



Technical University of Sofia for obtaining the educational and scientific degree of DOCTOR.
The achieved results give me grounds to give a positive assessment and I recommend to the
honorable Scientific Jury to award the educational and scientific degree "Doctor" to MSc. Eng.
Boris Atanasov Nenchovski in the professional field 4.6. "Informatics and Computer Science"
in the scientific specialty "Informatics".

Date: 27.05.2025 JURY MEMBER:

/Prof. Dr. Tatiana Atanasova/



