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CTAHOBHWIIE
BbPXY JMCEpPTAIlMOHEH TPYX 3a puaoOuBaHe Ha oOpa3oBarTe/iHa ¥ Hay4Ha
CTEIICH ,,JIOKTOpP”

ABTOp Ha JiMcepTallioHHUs Tpy/: mar.uk. Credan Anunues llokos

Tema Ha auceprauMoHHUS Tpyd: OnTHMH3HMpaHe HA APXHTEKTYPH Ha

HEBPOHHH MPEKH 4Ype3 €eBOIIOUNHOHHH aJIFrOPHUHTMH

Yien Ha HaydHOTO Kypu: npod. a-p mmx. Ausexcanasp boraanos
beksipekn

1. AktyajsiHocT Ha pa3paboTBaHMsl B JUCEPTALMOHHMS TPy npobjem B
HAYYHO U HAYYHONPHJIOKHO OTHOLIEHHE

Hayunara o0Oiacr, cBbp3aHa ¢ HEBPOHHHUTE MpPEKH € 0cOoOEHO aKTyajaHa Mo
OTHOLICHUC HA HCHHHUTE MIMPOKH BBL3MOXKHOCTH 3a MPUJIOKEHHUE B PA3HOCTPAHHM
HAy4YHHM M mpakTHdeckd oOnactv. Tasm akTyaJlHOCT € JICMOHCTpHpaHa B
HACTOSIIMA JIMCEPTALIMOHEH TPY/l B HACOKA Ha ONTHMH3MPAHE HA apXUTEKTYPH Ha
HEBPOHHHU MPCIKU € CBOJIIOIMOHHH aJITOPHTMH.

2. Crenen Ha mo03HABAHE CBLCTOSIHHETO HAa mpobjeMa H TBOpYecKa
MHTEPIPeTALMSI HA JIUTEPATYPHHUSI MaTepHaJl

Peanna mnpejacraBa u 00OCHOBKAa 3a HAYYHOTO HHBO MM CTENEH Ha
[03HABAHC CBCTOSAHMETO HA NPoOJIEMa U ChOTBETHA TBOPYECKA MHTEPIIPETALUS Ha
JUTEpaTypHus mMatepuall Moke Ja ce (¢opmupa Ha Oa3zara Ha HM3JI0KCHHETO B
I'naBa 1 na ngucepranmonHus Tpy/a. B Ttaszu rinasa, Ha Oasata Ha MHOroOpoHHH U
AKTYaJlHH B HACTOAIIMSA MOMEHT HaydHH NyONMKalMHM, € H3BBpIIEH 00CTOCH
nperjiel M € HalpaBeH AaHaJIM3 Ha ChIICCTBYBALIMTE AaKTyaJlHU MOJCAH U
ApPXUTEKTYPHU HAa HEBPOHHH MPEKH, KOUTO da OBbAAT 0OEKT HAa ONTHMH3HUpAHE upes
CBOMONMOHHM  anropuT™Mu. HM3nonspanuTe mnpu  anaamMs3a W BKJIIOYCHH B
oubnuorpadguara kpm aucepranuara 206 auTepaTypHH ca HM3LI0 HAYYHH
nyOnMKauuu, JIOKJaaId W CTaTUM OT PEHOMHMpaHU CIHIHMCAHMS, W3JaHUs OT
MEIK/LlYHAPOIHM KOH(MEPEHUUH U U3TOYHUIM OT caiitoe B MHTepHeT, ¢ MMeHa Ha
JIOCTaThb4CH Ha Opoil aBTOpU KaTO BOJCIIM, M3TBKHATH B HACTOSIIUS MOMECHT W
OJIM3KOTO MHHAI0, YY)KIM M HAIIM Y4YCHH H CHCUMAIMCTH B o0jiacTra Ha
HEBPOHHHUTE MPEXKH.

3. CuoTBeTCTBHE HA u36pauaTa MeTOAHMKaAa Ha H3cJieIBaHe U 1nocraBeHaTa neJ
H 3a/1aH HA JHCePTAUHOHHHS TPYA ¢ NOCTUIHATHTE IIPHHOCH



OT HamBJIHO OCHOBATEIHO Je(uHMpaHaTa 3HAUMUMOCT M HE0OXOIHMOCT B
HAY4YHO M HAYYHO-TIIPWIOKHO OTHOIICHHE OT H3cieaBaHe B olOiacTra Ha
NPUWIOKEHHUETO HA HEBPOHHUTE MPEKHU CleiBa OOOCHOBAHOCTTA HAa IIEIHTE U
33/IAYNTE B JIMCEPTALMOHHUS TPY/1, KOUTO ca (OpMYIHpaHH OT JIOKTOPAHTa MHOTO
TOYHO U KOHKPETHO.

OcHoBHATA 1eJ HA HACTOSIIMS JUCEPTAIHOHEH TPyl € pa3paboTBaHETO Ha
CBOJIIOLIMOHHA CTpAaTerus 3a ONTHMHU3MPAHE HA apXUTEKTYPH HAa HEBPOHHH MPEXKH
C FeHCTHYHU QJITOPUTMH, KOETO Ja ObJe MPHI0KEHO 3a pellaBaHe Ha KOHKPETHH
NPHIOKHH TIPOOIEeMH.

3a U3MBIHEHUETO HA Ta3| 1e, ca (OpMyIIMpaHH cJIeIHUTE 3a/1a4H:

- JIMTEpaTypeH 0030p C 11€J1 aHAJIM3 MO/IEJIM Ha HEBPOHHH MPEXKH;

- JIM3aifH Ha CBOJIIOIIMOHHA CTpaTEerds 3a aBTOMATHYHA OITHMMU3ALMA Ha
APXUTCKTYPHU HA HEBPOHHHU MPEKHU C OMNPE/IE/ISIHE HA I€HOTHUIIHO TIPEACTaBAHE H
KOJIMpaHe Ha pelieHus U MOAU(UIIHPAHN ONIEPAaTOPH 3a KPBCTOCBAHE U MYTallus;

- pazpaboTBaHe Ha METOJIOJOIMs 3a IPUIIOKEHHE Ha EBOJIIOIMOHHATA
cTpaTerus 3a aBTOMaTHYHA ONTHMHU3ALUs Ha apXUTEKTYPH Ha HEBPOHHHU MPEKH 3a
yIIpaBJeHHE Ha ABTOHOMHH areHTH;

- paszpaboTBaHe Ha METOJIOJIOTUA 33 [PWIOKCHHUEC Ha EBOJIOIIMOHHATA
cTpaTerus 3a apToOMaTU4YHa ONTUMHU3ALNS Ha apXUTEKTYPHU HA HEBPOHHU MPEKH 32
pasro3HapaHe Ha YOBEUIKH JIEHHOCTH,

- paszpaborBaHe Ha METOJIOJIOTHS 3a [PUIOKECHHE Ha €BOJIOIMOHHATA
CTpaTerus 3a aBTOMaTH4yHa ONTUMHU3ALMA Ha aPXUTEKTYPH Ha HEBPOHHH MPEXKH 3a
[POrHO3HUPAHE HA 3aMbPCABAHE HA Bb3IyXa;

- [POBEK/JAHE Ha EKCIEPHUMEHTH € MaCHBH OT JIaHHHU 3a Ba/IHJMpaHE Ha
CBOIOIIMOHHATA CTpATeruss M OllEHKa Ha e(EKTMBHOCTTA HA NPOSKTHPAHHUTE
MOJIC/IN.

4. HayyHu /WM HAYYHONIPWJIOKHH MPHHOCH HA AUCEPTALMOHHHUS TPY/

B paspaboTBaneTo Ha aucepTalMOHHUSA TPy ca NPEACTABEHH CIEIHUTE
Hay4HH, HAYYHO-TIPHIOKHHU M TIPUIOKHH IPUHOCHU:

Hayuyno npunocu:

METO/[ 3a ONTHUMH3AlMA Ha apxuTekTypata Ha HM c u3non3BaHe Ha reHeTHYEH
AITOPHTHM 3d CBOJINOTIHAL
MeTo/L 3a eBoJironpane Ha HM 3a ynpaBneHue Ha aBTOHOMHH areHTH;
METO/l 32 aBTOMAaTH4YHA ONTHMHU3AlHS Ha apXUTEKTypaTa Ha KOHBOJIIOIMOHHH
HM 3a pa3no3HaBaHe Ha YOBELIKH JEHHOCTH Ype3 €BOJIIOLMOHEH MPOIIEC;
- T0JIX0Jl 3a BKJIIOUBAHE Ha €BOJIIOMPAaHM ApXUTEKTYpH 3a XuOpuaeH InJIOOK
IIPOCTPAHCTBEHO-BPEMEBH MOJIE/I 3a IPOTHO3MPAHE HA 3aMBPCABAHETO HA BB3/AyXA.

Hay4Ho-npHI0KHH NPHHOCH: .
- XuOpuJieH  BJI0OK  INPOCTPAHCTBEHO-BPEMEBU  MoJesa, 0OasMpaH  Ha
konsonounonna HM n LSTM mpexa 3a nporHosupaHe Ha 3aMbpCABaHETO Ha
Bb3/1yXa;



- XuOpu/jHa cTparerus 3a 3albjJBaHE Ha JIMIICBAIM CTOMHOCTH BBB BPEMEBH
pejloBe, lpuiiokeHa 3a oOydenue Ha XuOpujaeH IbI00K IIPOCTPAHCTBEHO-
BPEMEBH MO/IEJT 3@ IPOTrHO3UPAHE HAa 3aMbPCABAHETO HA BB3AYyXa;
- crparerusi 3a 1oja0op Ha BXOJAHH IPOMEHJIMBH IIPH  IIPOrHO3HpaHEe Ha
3aMbpPCIBAHETO Ha Bb3AyXxa ¢ XuOpuaeH ABIOOK IPOCTPAHCTBEHO-BPEMEBH
MOJIET;
- CTpaTerus 3a BKJIIOYBAHE HA NPOCTPaHCTBeHA MH(OPMALUS MPHU [IPOTrHO3HpAHE
HA 3aMBPCABAHETO HA BB3JAyXa ¢ XUOpHjIeH JbJIOOK IPOCTPAHCTBCHO-BPEMEBH
MOJICII.

[IpuniioskHu NpuHoOCH:
- NPOTOTHII 3@ CKCIIEPUMEHTAJHO OICHSBaHE Ha IpeJUlojKeHaTa OHOJIOrHYHO
B/ABXHOBEHA HHJIMPEKTHA CXeMma Ha KoaupaHe Ha esomodpane Ha HM 3a
yIpaB/cHUEe Ha AaBTOHOMHH areHTH;
- [IPOTOTHUII 33 EKCIICPUMEHTAIIHO OLCHABAHE HA €BOJIIOLIMOHHO OasMpaHus JAU3aiiH
Ha KOHBOJIIOIIMOHHM MPEKH 3a pa3lo3HaBaHe Ha YOBEIIKA JEHHOCT;
- NpPOTOTHII 32 CKCIICPUMEHTAIHO  OIcHsBaHe Ha XuUOpHJeH  ABIOOK
POCTPAHCTBEHO-BPEMEBH MOJIC]T 3@ OLICHABAHE HAa 3aMBPCIBAHETO Ha BB3/1yXa.

5. Mpeuenka HAa NyGAMKALMHUTE 10 AHCEPTALMOHHUS TPy

OCHOBHHUTE MMOCTHKEHMS B JIMCEPTAMOHHUS TPY/l ca NOIYISpU3HpaHy B 8
HaydHu nyOJMKaluy, eJHa OT KOMTO CaMOCTOSITE/IHA, a OCTAaHAJIUTE B
ChaBTOPCTBO ¢ Hay4yHUTe pbkoBojurean. OT TaX 4 ca MHICKCHpaHH B Scopus.
[lpeacraBenn ca obmio 78 1urHpaHus Ha NyOJMKALMUTE 110 JMCEpTAIMATA.
Bewukn nyOiMKanMy ca © TEOPETHMYHO M IIPWIOXKHO 3HAaYe€HME, CBBP3aHH ca ¢
jucepranusaTa 1 ¢ npodecuoHanyHoro Hanpasienue 5.3, KoMyHHUKal[MOHHa U
KOMMIOTEpHA TexHHKa. [lpmemam myOnuKanMoHHATa JAEHHOCT KaTO HAITBIHO
J0cTaTh4yHa 10 00eM, Ha BUCOKO HAYYHO HHMBO U IOIYJISIPU3MpPAHa B JIOCTAThYHA
CTEINEH B HAIIMOHAJICH U MEXK/IYHApPOAEeH Hay4eH ILIaH.

6. Muenusi, npernopbKu ¥ 0ej1eKKH

B mayuio oTHOIICHAE NPEICTABEHUAT 32 PElleH3UPAHe JIMCCPTALMOHECH TPYI
¢ MHoro ao00pe opopmeH, pealu3MpaH M CTPYKTYpPHpaH M 3aToBa MoraT Ja ce
110COYAT IJIABHO CJIEJAHUTE 110 BAXKHU PEJAKIMOHHM M APYIH HE3HAUHTEITHH
3a0€J1eKKHU:

- OM ciie/Ballo, apXUTEKTypaTa Ha NPOCTPAHCTBEHO-BPEMEBHUAT MOJET Ha
komOuHupanara 2D CNN u LSTM HeBpoHHa Mpexa., ja ce IpelIcTaBH ChC
CLOTBCTHA (PUrypa MM TaOJMIA, B KOSTO JIa Ce [10coYaT KOHKPETHUTE [apaMeTpH
Ha BXO/IHUTE JAHHU M HA OTJEJIHUTE CJI0EBE HA HEBPOHHATAa MpeXka, BMECTO TE3U
OCHOBHH IIAapaMETPH J1a C€ ONUCBAT B PA3/IMYHH MECTA CaMO ChC TEKCT;

- 3@ W3I10JI3BAHUTE B JMCEPTALMATA JJaHHHU OT CTAHIHHU 3a 3aMbpCSIBaHEe Ha
Bb3JlyXa, Hanpumep craHuus Wanliu 1 macuBa nannm Beijing Multi Site Air-



Quality Data Dataset Wanliu u ap. cieasa ja uma UMTHPaHH JIMTEPATypPHH
M3TOYHUIIN;
- HE € II0COYEHO B JHCEpTalMATa WU3MO0JI3BAHETO HA JaHHH OT HANIM CTAHIMH 3a
3aMBpCABAHE HA BB3IyXa, KOETO OM IOKA3aJ0 MPaKTHYECKATa MPHIOKHMOCT Ha
MpeUI0KEHUTE MOJIE/IH B HaIllaTa cTpaHa.

llocoyeHuTe nNpenopbUUTEIHM 3a0€/ICKKHM HMMaT peajleH CMHCB]  Ha
KOJICTMAJIHK  [IOJKeJlaHMs 3a Objemara HayyHa JIeHHOCT Ha JOKTOpaHTa B
MEpPCHEeKTUBHATA Hay4Ha o0J1acT Ha AMCEpTalUATA.

7. 3akiiouenue ¢ sicHA T0JIOYKHTE/IHA HJIH OTpHLUAaTEe/JIHA OLICHKA Ha
JAHCEPTALIMOHHHS TPY

B 3akiiodenue cuMTam, 4e JHCEPTALMOHHHAT TPy € 0pOpMEH B ChOTBETCTBHE C
M3CKBAHUATA, MMA ONPE/ICICHH U MOTBBPACHH NMPAKTHYCCKH M AeHUHUPAHH KATO
HAYYHO-IIPWJIOKHM W NPWIOKHHA NPUHOCH, OTpPa3eHH M IONYJIAPHU3HPAHH B
JIOCTaThu€H Ha Opoil HayuyHM IMyOJMKAlUMHM U B MOJXOJSUIM HAy4YHH CITMCAHUS M
koH(pepenunu. llpeuraram Ha VYBaKaeMOTO Hay4yHO JKYpH Ja [PUCHIH
oOpazoBaTre/lHATa U Hay4yHa crened ., Jokrop  Ha Mar. Credan Anunues [lokos B
npodecnonannoro HampasieHue 5.13. KoMyHuKallMOHHa W KOMIIOTBpPHA
TEXHHMKA, Hay4YHa CIEeUaIHocT: ,,CUCTeMH ¢ U3KYCTBEH HHTENIEKT

Hara: 25.01.2026 r. YWIEH HA KYPRTO: w0000 AR AR

(npog. a-p Anexcanabp beksipekn)



OPINION
on the dissertation for the acquisition of the educational and scientific degree of
"Doctor"
Author of the dissertation: M.Eng. Stefan Alipiev Tsokov
Topic of the dissertation: Optimization of neural network architectures using
evolutionary algorithms
Member of the scientific jury: Prof. Dr. Eng. Alexander Bogdanov Bekyarski

1. Relevance of the problem developed in the dissertation in a scientific and
applied scientific sense

The scientific field related to neural networks is particularly relevant in terms of
its wide possibilities for application in various scientific and practical fields. This
relevance is demonstrated in the present dissertation in the direction of
optimizing neural network architectures with evolutionary algorithms.

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

A real idea and justification for the scientific level or degree of knowledge of the
state of the problem and a corresponding creative interpretation of the literary
material can be formed on the basis of the presentation in Chapter 1 of the
dissertation. In this chapter, based on numerous and currently relevant scientific
publications, a comprehensive review and analysis of the existing current models
and architectures of neural networks, which are to be the subject of optimization
through evolutionary algorithms, has been carried out. The 206 literary
publications used in the analysis and included in the bibliography to the
dissertation are entirely scientific publications, reports and articles from
reputable journals, issues of international conferences and sources from Internet
sites, with the names of a sufficient number of authors as leading, prominent at
the present time and in the recent past, foreign and domestic scientists and
specialists in the field of neural networks.

3. Compliance of the chosen research methodology and the set goal and
tasks of the dissertation with the achieved contributions

From the completely well-defined significance and necessity in scientific and
scientific-applied terms of research in the field of application of neural networks.
the justification of the goals and tasks in the dissertation follows, which are
formulated by the doctoral student very precisely and specifically.

The main goal of this dissertation is the development of an evolutionary strategy
for optimizing neural network architectures with genetic algorithms, which can
be applied to solve specific applied problems.

To achieve this goal, the following tasks have been formulated:

- literature review for the purpose of analyzing neural network models;



- design of an evolutionary strategy for automatic optimization of neural network
architectures with determination of genotypic representation and coding of
solutions and modified crossover and mutation operators;

- development of a methodology for applying the evolutionary strategy for
automatic optimization of neural network architectures for controlling
autonomous agents;

- development of a methodology for applying the evolutionary strategy for
automatic optimization of neural network architectures for recognizing human
activities;

- development of a methodology for applying the evolutionary strategy for
automatic optimization of neural network architectures for predicting air
pollution:

- conducting experiments with datasets to validate the evolutionary strategy and
assess the effectiveness of the designed models.

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

The following scientific, applied scientific and applied contributions are
presented in the development of the dissertation:

Scientific contributions:

- a method for optimizing the architecture of NM using a genetic algorithm for
evolution;

- a method for evolving NM for controlling autonomous agents;

- a method for automatically optimizing the architecture of convolutional NM for
recognizing human activities through an evolutionary process;

- an approach for incorporating evolved architectures for a hybrid deep
spatiotemporal model for predicting air pollution.

Applied scientific contributions:

- a hybrid deep spatiotemporal model based on a convolutional NM and an
LSTM network for predicting air pollution;

- a hybrid strategy for filling missing values in time series, applied to training a
hybrid deep spatiotemporal model for air pollution forecasting;

- a strategy for selecting input variables in air pollution forecasting with a hybrid
deep spatiotemporal model;

- a strategy for incorporating spatial information in air pollution forecasting with
a hybrid deep spatiotemporal model.

Applied contributions:

- a prototype for experimentally evaluating the proposed biologically inspired
indirect coding scheme for NM evolution for autonomous agent control;

- a prototype for experimentally evaluating the evolutionary-based design of
convolutional networks for human activity recognition;

- a prototype for experimentally evaluating a hybrid deep spatiotemporal model
for air pollution estimation.



5. Assessment of the publications on the dissertation

The main achievements in the dissertation have been popularized in 8 scientific
publications, one of which is independent, and the rest in co-authorship with the
scientific supervisors. Of these, 4 are indexed in Scopus. A total of 78 citations
of the publications on the dissertation are presented. All publications are of
theoretical and applied importance, are related to the dissertation and the
professional field 5.3. Communication and computer technology. I accept the
publication activity as completely sufficient in volume, at a high scientific level
and popularized to a sufficient extent in national and international scientific
terms.

6. Opinions, recommendations and notes

I'rom a scientific point of view, the dissertation submitted for review is very well
designed, implemented and structured, and therefore the following important
editorial and other minor remarks can be indicated:

- the architecture of the spatio-temporal model of the combined 2D CNN and
LSTM neural network should be presented with a corresponding figure or table,
in which the specific parameters of the input data and the individual layers of the
neural network should be indicated, instead of these basic parameters being
described in different places only with text;

- for the data used in the dissertation from air pollution stations, for example the
Wanliu station and the Beijing Multi Site Air-Quality Data Dataset Wanliu, etc.,
there should be cited literary sources;

- the use of data from our air pollution stations, which would show the practical
applicability of the proposed models in our country, is not indicated in the
dissertation.

The indicated recommendations have a real meaning of collegial wishes for the
future scientific activity of the doctoral student in the promising scientific field
of the dissertation.

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

In conclusion, I believe that the dissertation work is designed in accordance with
the requirements, has certain and confirmed practical and defined as
scientifically applied and applied contributions, reflected and popularized in a
sufficient number of scientific publications and in appropriate scientific journals
and conferences. I propose to the Honorable Scientific Jury to award the
educational and scientific degree "doctor" to mag. Stefan Alipiev Tsokov in the
professional field 5.13. Communication and computer technology. scientific
specialty: "Artificial intelligence systems"

(Prof. Dr. Alexander Bekyarski)



