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BBPXY AUCEPTALMOHEH TPYA 3a MpUI00MBaHe Ha 0Opa3oBaTeIHa U HayyHa CTEIEH ,,A0KTOp”
ABTOp Ha aucepranuoHHus Tpya: bopuc Atanacos HenuoBcku
Tema Ha gucepTalMOHHUA TPyZ: MeTOA U MEeTOA0JIOTHs 32 AHAIU3 HA T'0JIeMH
OMOMEIMIMHCKH JAHHH 32 NPEeNH3Ha MeIMIHHA 0a3UPAHU HA U3KYCTBEH HHTEIEKT
Unen Ha Hay4HOTO Xypu: Jdou.1-p Auna Po3zeBa coriiacHo 3anosenu OXK-4.6-

12/10.03.2025r., O%K-4.6-14/ 18.03.2025r. 1 O7K-4.6-17/ 26.03.2025r.

1. AxkryanHoct Ha pa3paOoTBaHUS B JUCEPTAMOHHUS TpyA IMpoOieM U 3a7ayu.
JlucepTaliMoOHHUAT TpyA € (OKyCHpaH BBPXY HaydyHUTE OOJACTU W3KYCTBEH HWHTEJEKT U
copTyepHH apXUTEKTYpH C MPUIOKEHNE B OMonH(OpMaTHKaTa U MeIuIMHaTa. Besika oT Tax
MIPUBIIMYA U3KITIOUUTEIHO TOJISIM U3CIIEA0BATEIICKH HHTEPEC B POABIIKEHHE HA MHOT'O TOIMHU
KaTo ca MOJIy4eHW 3HAUYMMHU pe3ynratd. Te MmpoabiDKaBaT U c€ 3aabi1004aBaT KakToO U
OYaKBAHMSATA 3a PE3YJNTAaTH C TIOBHUILIEHO KAauyeCTBO M TMpaKTUYeCKa MPUIIOKUMOCT 3a
JMArHOCTHKA Ha 3a0o0MNsBaHUs C BHCOKa colpaiHa 3HauyuMocT. OcoOEHO akTyalHHu ca
W3CIeBaHMATa, KOUTO KOMOMHUpAT MOCOYEHUTE HAyYHU 00JacTu ¢ pe3ydrar codTyepHU
apXUTEKTYpHU C U3MOJI3BAHE HA MOAXOAU U METOAM Ha U3KYCTBEH MHTEJIEKT C MPUIIOKEHHUE B
OouonH(popMaTuKaTa W MeauluHaTa. TakaBa cuMmOMO3a € HalIWle B MPEICTaBEHUs
JUCEPTALIMOHEH TPYJ, KOETO MPEANOCTaBsl HEroBara akTyalHOCT. KOHKpeTHUTE peliaBaHu
3a/lauM, CBbP3aHU C JAM3aiiH Ha T'bBKaBa, ONTUMU3HUPAHA APXUTEKTYpa, KOSATO Ja MHTErpupa
QIITOPUTMHU 32 MAIIMHHO CaMOOOYYEeHHE U J1a TTO3BOJISBA MOAXOIAII0 KOIUpaHe 3a 00paboTka
Ha Pa3IMYHU TUIIOBE BXOJHH JIaHHU, KAKTO M Ch3/laBaHE M ONTUMU3ALMS Ha alTOPUTMH, Ca
0€3CIOpHO aKTyaJlHd M C MOTEHIMAN 3a HAyYHO MPHJIOKHU NMPUHOCH B MH(pOpMaTHUKaTa U
KOMITIOTHPHUTE HAYKU U OBJICIIH MPUIOKESHHSI B IEPCOHATN3MpaHaTa MEeAUIINHA.

2. CteneH Ha MO3HABaHe CBHCTOSHHUETO Ha MpobOiIeMa W TBOpUYECKAa HMHTEpHpeTanus Ha
nutepaTypHus wmarepuan. OT H3JI0KEHHETO B AWCEPTAIIMOHHUS TPy JUYH OTIMYHA
OCBEJIOMEHOCT Ha aBTOpa MO OTHOIIEHHUE Ha KU3HEHUS UK Ha MIPOEKTUpaHaTa copTyepHa
apXUTEKTypa — OT crenuuyHuTe OMOMH(MOPMATUYHN U METUIIMHCKU JTaHHU — TEHOMHH U
TeHeTUYHHU, OMOMapKEepPH, METUIIMHCKNA W300paxKeHwsl, IPe3 MPHUHIIUIINTE Ha U3TpakaaHe Ha
copTyepHa apXHTEKTypa, OCHOBaHa Ha MHKpPOYCIYTH, JO HWHTETpalusaTa Ha H3KYCTBEH
WHTEJEKT 32 Ch3JaBaHe Ha KIAaCH(PUKAIMOHHU MAIIMHHU MOJENH, TIXHATa BepuHUKaIUsI U
OIICHKA Ha MPOU3BOAUTEIHOCT U TOYHOCT. JIuTepaTypHUTE U3TOUHUIIM B Oubnuorpadusra ca
OT TIOCIIEAHUTE JECET TOJMHU, M3ISUI0 B 001acTTa Ha PEIIABAHUTE B JUCEPTAIUOHHUS TPYI
3anaun. [loaxomammsaT UM moad0p U HUTUPAHE B TEKCTA JEMOHCTPUPAT KAKTO OCBETOMEHOCT
3a JOCTHMXKEHUSATA KbM MOMEHTA, Taka U 00OCHOBABAaT MpEJIAraHUTE WHOBATHBHU PEIICHHUS,
KOUTO ca IpeaMeT Ha pa3paboTkara.

3. ChoTBeTCTBHE HAa N30PAaHATA METOAUKA HA M3CJIC[BaHE U IMOCTABEHATA I U 3a/1a4 Ha
JUCEPTALIMOHHUS TPYJ C MOCTUTHATUTE NMpUHOCU. CreiBaHa € METOAMKA 32 IPOCKTUPAHE Ha



I'bBKaBa U yCTOMYMBA COPTYEpHA apXUTEKTypa 3a aHAIIN3 U KiIacu(UKaus Ha TOJIeMH JJaHHU
OT MeJWIIMHATA U OMOMH(OpPMATHUKATa U CHOTBETHA MEPCOHAIM3UPAHA IOMOII. 3a IeNTa €
n30paHa MHOTOCIIOWHA apXUTEKTypa C HMHTErpalus Ha MOJEIH C MAallMHHO OOy4YeHHe,
OCHOBaHa Ha MUKPO yCIIyTd. Peanmzanusta u BaIMAMPAHETO HA TPEIIOKEHATA apXUTEKTypa
M TIOCTUTHATUTE pEe3yJTaTH CHOTBETCTBAT HAIIBJIHO HA IIOCTaBEHATa 1€ W 33aJaud u
000CHOBaBAaT (OPMYITHPAHUTE TIPUHOCH M HAYYHA HOBOCT.

4, HayyHn W/WMAM HAYYHONPWJIOKHU TPHUHOCH HA  JUCCPTAIIMOHHHUS  TPYH:
JlMcepTalMOHHUAT TPYI ChIAbp)Ka HAYYHONPUJIOKHHM W TPUIOKHH NpuHOcH. CuMtaM 3a
HAYYHONIPHJIOKHH cieqHute npuHocu: (1) XuOpuaeH KBaHTOBO-KJIIACUYECKH MOJET 3a
kinacuukanus Ha MEIUIMHCKH u300pakeHus, (2) Mertox 3a KoaupaHe Ha T'eHHU
nocjenoBarenHocTH, (3) KoHnenrtyaneH Moen Ha MHOTOCIIONHA apXUTEKTYpa C MUKPOYCITYTH
Y MallMHHUA MOJCIU 3a aHAJM3 Ha OMOMEIUIIMHCKH JTaHHU (HOBU KOHCTPYKIIUHM, METOJH).
Ipunoxun (mpunocu 3a BHenpsisane) (1) CodryepHa cuctema 3a TOCTHII 10 OMOJIOTHYHU
0a3u JaHHW, aHaIM3 HAa JaHHM W Bpb3Ka cbc croenuanuctd, (2) CrpykTypa Ha
KOHBOJIIOI[MOHHATAa HEBPOHHA MpeXka 3a Kiacu(UKalus Ha MEAMIMHCKU M300paKCHUS U Ha
KOHBOJIIOIIMOHHATA HEBPOHHA MpeXka ¢ KBaHTOB cjioi, (3) Cumynauuu ¢ MpoBepKa U aHaIH3
4ype3 padivdYHH METPUKH Ha TOYHOCT Ha Kiacu(UKalusATa, HaJIM4YMEe Ha IMPeoOydeHUeE,
TpPETUPAHE Ha CIIyYau Ha KJIACOBE C M3pa3eH JIucOaaHc.

[Tonmyuenure MpUHOCH O0COOEHO XMOPUIAHUAT KBAHTOBO-KJIACHMYECKH MOJEN M METOABT 3a
KOJIMpaHe Ha TeHHHU IOCIEOBATEIHOCTH ca C MOTEHIMAN Jla CTaHaT 3HAYMMU 3a HayKaTa U
npaktukata. CopTyepHara cucreMa uMa MpakTHIecKa MPUIOKUMOCT B O0YUYEHHETO, KaKTO U
KaTo OCHOBA 32 M3IOJI3BaHe B OBJACIIE OT MEAUIIMHCKH CIICIIUATHCTH.

5. [Ipenenka Ha myOJMKALMHUTE 110 AUcepTaloHHus Tpyad. [IpeacraBenu ca 3 myOauKkanuu
B aBTOPUTETHU MEXayHapoaHu usnanus, ot kouto AIP Conference Proceedings ¢ SJR, karo
BCUYKHU Ca MHAEKCHpaHU B SCOPUS. Te chabpKaT OCHOBHHUTE PE3yJITaTH B AUCEPTALIMOHHUS
TPYJ KaTo KOHIIETITyallHU MOJENH, copTyepHa apXUTEeKTypa, Au3aiiH Ha codtyep. He ca
OTYETCHH LIUTUPAHUS OT IPYTH aBTOPH.

6. MHeHus1, MpenopbKU U Oee:XKH. JlMCepTalMOHHUAT TpPyA MpaBd MHOTO J00pO
BIIEYATIIEHHE KAaTO KOMIIETEHTHOCT M0 pa3paboTBaHaTa MHOTOCJIOWHA apXUTEKTypa,
TIpHUJIaraHe, aHalu3 ¥ OIICHKa Ha MAITUHHU MOJIETIH B MeIUIIMHATa U OuonHpopmaTkara. Mima
pa3MrHaBaHe Ha 3arfaBusta Ha [aBa 1 u 2 B nucepranusra u aBropedepara. [Ipunocu 2 u 5
MoraT Ja ce 0000IIAT B METOJ W alrOpUThM, MPUHOC 4 HE € MPSIKO CBHP3aH C HAYYHOTO
HanpasieHue. [lyOnukanuuTe mo aucepTanusara He ClIeBa Jia ce BKIIOYBAT B CIIMCHKA HA
W3MOI3BaHaTa JJuTeparypa. Beripeku ropHuTe 3a0eneKKy MOCTUTHATUTE PE3yNITaTH ca J00pa
OCHOBA 3a TI0-HATATHIITHO Pa3BUTHE U 331bJI00YABAHE HA U3CIICIBAHUATA.

7. 3akirouenue. [locTurHaTuTe B QUCEPTAIMOHHUS TPY/l IPHHOCHU ca OE3CIIOPHH U ca TUIHO
JeNno Ha KaHauaata. ToBa MM JaBa OCHOBaHHME 3a MOJIOKMTENHA OIICHKA W Tperophka 3a
npuckxkaane Ha bopuc AtanacoB HenuoBcku oOpa3oBaTenHaTa U Hay4Ha CTEMeEH ,,JIOKTOp
B ipodecroHanHo HanpasieHue 4.6 apopmaTika 1 KOMIIOTbPHU HAYKH.

Hara: 22.05.2025 UiieH Ha KypuUTO:



OPINION

on a thesis for acquiring a PhD degree
Thesis author: Boris Atanasov Nenchovski
Thesis theme: Method and methodology for analyzing big biomedical data for precision
medicine based on artificial intelligence

Jury member: Assoc.prof. Anna Rozeva, PhD

1. Actuality of the investigated problem and tasks. The thesis is focused on several research
topics, i.e. software architectures with artificial intelligence and applications in bioinformatics
and medicine. Each one of them has been attracting continuously increasing research interest
in many years with significant results achieved. The amount of research work is still growing
and deepening as well as the expectations for higher quality results and practical applicability
for the diagnostics and early prevention of socially significant diseases. Investigations with a
special actuality have turned out to be the ones that combine the before mentioned research
topics resulting in software architectures implementing methods and approaches of artificial
intelligence for bioinformatical and medical tasks. Such a symbiosis is to be observed in the
current thesis which provides for its significance and actuality. The specific tasks under
investigation referring to the design of a flexible and optimized architecture which integrates
machine learning algorithms for classification and provides for the encoding and manipulation
of various types of medical input data; tasks referring to algorithm design and optimization are
definitely actual for the software and computer science with a potential for acquiring results
with application value for the personalized medicine.

2. Acquaintance with the problem’s state of the art and creative interpretation of the surveyed
literature. The thesis content shows the author’s remarkable acquaintance of the life cycle of
the designed software architecture, i.e. the specific biomedical data (gene sequences,
biomarkers, medical images), the design principles of micro service oriented software
architecture, integration of classification models developed by machine learning techniques
and algorithms, their verification and performance evaluation. The bibliography is quite up to
date - from the last ten years and it is entirely within the scope of the researched tasks. The
articles from the literature have been properly selected and referred to in the text which
demonstrates acquaintance of the current achievements in the subject area as well as they
provide for the justification of the proposed further development and innovative decisions in
the thesis.

3. Compliance of the implemented research methodology and the research goal and tasks
to the contributions claimed. The research methodology follows the design principles of a
flexible and sustainable software architecture enabling the analysis and classification of big
biomedical data and the provision of personalized medical service. In accordance with the
stated investigation goal, a multilayer architecture with integrated machine learnt models has
been proposed, which is micro service oriented. The development and validation of this



architecture and the results that have been obtained match entirely the research goal and tasks
and provide for the achievement of contributions of scientific and application significance.

4. Scientific and/or scientific and application contributions of the thesis: The thesis has
achieved scientific and application contributions. The following are considered as such: (1)
Hybrid quantum — classical model for medical images classification, (2) Method for encoding
of gene sequences, (3) Conceptual model of a multilayer architecture micro service oriented,
with machine learnt models for biomedical data analysis. Contributions with application
value: (1) Software system developed on the multilayer architecture, (2) Structure of the
convolutional neural network for image classification and of the convolutional neural network
with a quantum layer, (3) The simulations and classification accuracy analysis by implementing
different metrics, consideration of overfitting and treatment of imbalanced classes.

The contributions claimed, especially the hybrid quantum — classical model and the method for
encoding gene sequences have the potential to become significant for further scientific research
and applications development. The software system developed can be used for educational
purposes and as a basis for future use by medical specialists.

5. Evaluation of the publications on the thesis. Three publications concerning the thesis have
been published. They have appeared in authoritative international editions, two of them in AIP
Conference Proceedings, an edition with SJR. All of them are indexed in Scopus. They present
the main achievements of the thesis, i.e. conceptual models, software architecture, software
design. No citations by other authors have been observed so far.

6. Overall impression, recommendations, remarks. The overall impression from the thesis
is definitely positive as competence and research potential on architecture design, application,
analysis and evaluation of machine learnt models in medicine and bioinformatics. The titles of
chapters 1 and 2 in the thesis and the abstract do not match. Contributions 2 and 5 could be
generalized as method and algorithm, contribution 4 is not closely related to the professional
area. The author’s publications on the thesis should not be included in the bibliography. Despite
of these remarks the results obtained provide a sound basis for further development and
deepening of the research.

7. Conclusion. The contributions that have been presented in the thesis are significant and with
potential scientific and application value. They have been achieved by the candidate himself.
This provides for my definitely positive evaluation of the thesis results and for my
recommendation Boris Atanasov Nenchovski to be awarded a PhD degree in Professional
area 4.6. Informatics and Computer Science.

Date: 22.05.2025 Jury member:



