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npodecnonanHo Hampasienne 5.3 ,, KoMyHHKallMOHHA U KOMITIOTHP HA TEXHHKA
JOKTOpcKa nporpama “CHCTEMH C H3KYCTBEH MHTEJICKT

ABTOp Ha JucepTauuoOHHHA TPpYA: Mar. Credan Anunues Llokos, Texunyecku
Yuusepcurer — Codusi, @akynrer mo ,,KoMIOTEpHH CHCTEMH W TEXHOJIOTHUH
,,ONTUMHU3MpaBe Ha apXUTEKTYpH Ha

Karenpa ,,KomnoTepHEM crucTeMu

Tema Ha IHCePpTALMOHHHS TPYA

HEBP OHHH MPEKU YPe3 €BOJIOLMOHHH aJIr0Op UTMH
Penensent: npod. ntH unk. Togop Cromno, MHCTUTYT 0 HHPOP MALIMOHHHU U

KOMYHUKAIIMOHHU TexHomorun — BAH
1. AKTya/IHOCT Ha pa3paboTBaHHs B IUCePTALMOHHHS TPY A PodJieM B HAYYHO
M HAYYHO-NPWIOXKHO OTHoweHHe. CTenmeH M HHBA HA AKTYAJHOCTTA HA

npoﬁ.uema H KOHKPETHHUTE 3a/1aH, pa3pa60TeHu B JUcCepTalHUsATA

[Ipu mMonenupaHe Ha peayHU MPAKTUYECKH MPOLIECH HE BUHATU MOJXKE Ja Ce
M3M0J3BAaT U TpWIaraT TOYHA KOJUYECTBEHH 3aBUCHUMOCTH, NPEACTaBSIHA dYpe3
KOHKp €TeH Gop Mam3upaH Bu1. PeaTHUTE p o11ecH B 0011IECTBOTO B IIOBEYETO CITyYaH

CBABPIKAT HETWHEHHM BPB3KH, MPOLUEIYPHO 3aJaBaHH 3aBUCHMOCTH, HESBHU
)

2
B3aUMOIOCHCTBHUA I[OH’I:»J'IHHTGJ'[HO YCHIO¥KHABAHE HAa MOICIMPAHETO Ha CHCTEMH H
[IpOoUeCH UiBa U OT pa3sMEPHOCT Ha NP OLECHTE, TEXEH CTOXACTHYECH H HEACP MUHUPAH

XapakTep. 3aToBa ce THPCAT M pa3pabOTBAT METOIH 3a MOJEIHpaHe, KOUTO II0
pa3sp

BB3MOKHOCT OOEKTHMBHO OTpa3siBaT TaKHMBa peEaJiHM CBOMCTBA HAa CHCTEMUTE U
oOektute. Ennn HaumH 3a GopMarIHO npe/ICTaBsHE M OTYMTAHE HA CIIOKHUA Xap akTep
Ha 00EKTHTE € HHCTIepUPaH OT OUOJIOTHYHOTO YCTPOMCTBO HA YOBEIIKHUS MO3bK. ToBa
,
OOnactra Ha mpuIaraHe Ha

¢ MOJCIHPAHC M H3II0JI3BAHC Ha CI)YHKI_II/IOHEUIHPI 3aBHUCHMOCTH, KOUTO MOIKEC CC
(29

(GopMamu3upaT ¢ pEIIeHUETO ,,HEeBPOHHH Mp eXH
MpHMEP HEBP OHHU MP €KH CE NP UJIarar IpH MOJEJIMpaHe B CEKTOP U Ha KUBOTA KAaTo
3apaBeonasBaHe, (uHacu, aBToMOOMIHA WMHAYCTpusi. PemaBanute 3agayu ca B

)

HEBP OHHMTE MP €KH 3a PeLIaBaHe Ha TOJIE3HH MPaKTUIECKH 3a1a4uH € mupoka. Kato
b
oOnacTuTe Ha pa3no3HaBaHe Ha 00pa3u, 00padoTKa Ha €CTECTBEH €3UK, TP OTHO3HpaHe



ToBa no3BoJigBa 1a ce aBTOMATH3HpAT JCMHOCTH 10 B3€MaHe Ha PCIICHHUA, KOCTO BOOH
A0 NOCTUI'aHE HA 3HAYHUMH IIPAKTHYCCKH P E3YIITAaTH.

[IpencraBeHUAT AMCEpTaLMOHEH TPYJ MMa OOEKT Ha W3CIeABaHE HAYMHU 3a
CTPYKTYpHpaHE M MOJAM(UUUpaHe Ha HEBPOHHU MpeXH. Upe3 IpuiiaraHero Ha
aBTOMATHYHO M3MEHEHHE HAa CTPYKTypa H NapaMeTpu Ha HEBPOHHHUTE MPEXH Ce
TMIOCTUra aJalTUBHOCT Ha QYHKIIMOHUP AHETO Ha CUCTEMH, KOUTO TP MUJIaraT p elIeH s
Ha HEBP OHHM MP EXH MPH CBOETO (PYHKIIHOHHUP aHE.

Cuutam, 4e MOJE3HOCTTA U AKTYaJHOCTTA Ha JUCEP TALMOHHHUTE H3CIIEABAHMS €
JIeCHO BUAMMa U pa3bupaema. OLieHsIBaM MOJOKUTETHO TEMATHYHATA HACOUEHOCT H
aKTyajHaTa npoOjeMaTHKa Ha JUCEpP TALMOHHOTO U3CIIe/IBaHE.

2. CreneH Ha mNO3HABaHe CbCTOSHHETO HA mnpolJjieMa M TBOPYeCKa
HMHTEPIpeTaLHs HA INTePAaTYyPHHS MaTepHaJl

OuensaBaM NOJIOKUTETHO CTENIEHTA Ha ITI03HaBaHe Ha Mp o0s1ema 3a pazpaboTBame,
MOAM(HULMpaHe W TpHIAaraHe Ha €BpHCTHUYHW/METACBPUCTUYHH aJTOPHUTMH 3a
NIPOEKTUPAHETO Ha HEBPOHHHWTE MpEXH. 3a cilydas Ha JUCEpTALUOHHHS TPYA
IIp OEKTHUP AHETO HA HEBP OHHATa Mp €Ka CE M3p a3sBa B yAaYHO U3YHCIEHHE Ha TErJIOBH
KOe(UILIMEHTH U OTMECTBAHETO HAa BCEKH HEBP OH, U3MEHEHHE Ha Op 051 Ha HEBP OHH WIH
MEXJIMHHHM CIIO€BE B HEBp OHHATa Mp €Ka KaKTO U OTIp eIeJISTHE Ha ChOTBETHUTE BP B3KU
MEX]y HeBpOHH. JlMcepTalMOHHMAT TPYyJA MOKAa3Ba BHCOKA KBaTH(UKAIMS Ha
JOKTOPaHTa I10 Ip 006JIeMUTe Ha Mp OeKTHpaHe U HACTp OfiBaHe Ha HEBP OHHH M €KH.

3. ChoTBeTcTBHE HAa H30paHaTa MeTOHKA HA H3C/AeIBaHe ¢ MOCTABEHATA
eJ M 3a1a49i HA AUCePTANMOHHUS TPY X

N30panata meroaMka  Ha U3CIAEABAHE € JIOTMYHA M TOCIEIO0BATETHO
M3IbJIHABaHA. TsA CbABpIKAa aHAIMU3 Ha XapaKTEPUCTUKUTE M HAYUHBT Ha
(YHKUMOHHMpaHe Ha HEBPOHHHTE MpEKH, HAUMHUTE 3a OMpeNCIsHe Ha TEXHH
napaMeTpu M CTPpYKTypa, CHMYJIAIMOHHU EKCIIEpUMEHTU 3a OINpeensHe Ha
XapaKTEPUCTUKH M CTPYKTYpa Ha HEBPOHHU MPEKH 3a TPH THMA TP HIOKEHUS:
JABWKCHHME HAa AaBTOHOMEH areHT, MIACHTH(QHULUMpaHE CHCTOSAHME HAa YOBEIIKO
MIOBEJICHHE, IP OTHO3MPaHe Ha aTMOC(hEpHO 3aMbp CSIBaHE.

[Tpunarane e aBTopoBara MoauduKauua ¢ OTpEAeIssHe Ha OTHOCHTEITHU
pPa3CTOsHUA Ha ITap aMeTpH B KOMIIOHEHTH Ha HEBpP OHHUTE. Pe3ynraTure OT rp uiiarase



Ha aBTOPOBUTE MOJAM(HKALIMH ca OLIEHABAHH 4pe€3 TOYHOCT HAa HIACHTH(OHUIMP aHE,
TOYHOCT Ha I OTHO3HMP aHH.

MeronukaTta Ha H3CIEIBAHETO € CIENCTBUE Ha IIOCTaBEHATa 3ajladya Ha
IUCEp TALMOHHUS TP Y1 3a pa3paboTBaHe HA aJITOPUTMH 32 OTIp €ZIeJITHE Ha TTap aMeTpu
H CTPYKTYpa Ha HEBP OHHU MP EXKH MPH Pa3THYHH [P aKTHYECKH TP UII0KEHHUSI.

4. KpaTka aHa/JMTHYHA XapaKTePHCTHKA HA eCTECTBOTO M OlEHKA HA
[I0CTOBEPHOCTTA HA MaTepHAaJIa, BbPXY KOHTO ce rpaasT NPUHOCHTE HA
JAHCePTAUHOHHHS TPYA

HHC@pT&HHOHHHHT pyA € pa3pa60TBaH JJOTUYHO CBI'NTACHO HM3UCKBAHHATA Ha
aKaJeMH4YHa U3CJIIeJ0BATECIICKa paGOTa.

B rn.l e mpaBeH aHanmu3 U 0030p Ha XapaKTEpPUCTHKH M CBOWCTBAa Ha
EBP UICTHYHHUTE/METAEBP UCTHYHHUTE AJITOPUTMM, KOMTO Ce€ TMpHIaraT 3a IelIHuTe
TP OEKTUP aHE H CTP YKTYPH 38 H3KYCTBEHH HEBP OHH ¥ ChOTBETHUTE HEBP OHHH M €KL
KoMeHTHpaHu ca W ca aHaAJIM3MpaHU BB3MOXKHM XapaKTEpHUCTHKH, MpHUJIAaraHd 3a
(yHKIIMOHMp aHETO HA HEBPOHH M CHOTBETHU MpPEXKH. AHAIM3UPAHU Ca METOJH 3a

ONpeNeNsHe HAa CbOTBETHM XapakTepUCTUKH, IpeHajIekanid Ha obgactra Ha
€BOJIFOLMOHHU U3YUCIICHU.

B rnaBa 2 nucepranmmoHHaTta paboTa ceé KOHKpETH3Mpa METOABT 33 aHAJIU3 U
OTIp €[IE/ISTHE HAa XapaKTEPHUCTHKUTE Ha HEBP OHUTE B Mp ekaTta. MI300pbT e Hanp aBeH 3a
TEHETHYHH aJITOPUTMH, KOUTO MIpUJIarar HeleTep MUHUPaHO H3MEHEHHE Ha I1ap aMeTpu
Ha HEBPOHH Ype3 ChbOTBETHA KOMOMHAIMS MEX/Iy YaCTH Ha MOTECHIHAHH P eIICHUS
(kommoHeHTH). B Tasu rnaBa AMCepTALMOHHUAT TPYA BBBEKIA COOCTBEHa
MOAM(UKALMs Ha oOmepaTtop 3a KpbcrocBaHe. BcenctBue Ha pesynrara oOT
KPHCTOCBAHETO B JUCEPTALMOHHHMA TPYyA C€ TMpHIaraT TpPHU TUNA MYTalHd:
MoauduuMpase, fo0aBsiHe U TNpeMaxBaHe HAa KOMIIOHEHT. Te3u MoauduKalmy,
NPHETH OT AUCEPTALMOHHOTO M3CIEABAHE CE OLCHABAT M CPaBHABAT C M3BECTHHU
METOIH 3a NP OMsHA Ha apXUTEKTypa Ha HEBPOHHU MpexH. B crnexBamure riiasu ce
WIIOCTpHUpa TPHUIO0KEHUETO Ha paspaboreHara MoAuUHUKAIMA 3a KOHKDETHH
[P AKTUYECKH CITyYaH.

B rnaBa 3 ce aHanu3upa IOBEIEHUETO Ha CAMOCTOSTEIEH areHT, KOWTOo TpsiOBa 1a
3200MKaJsl [P enATCTBHA (TpaHHLK, OTPOBA) M [a MOTpeOsABa 3aJI0XKeHa XpaHa Ha
[P OM3BOJIHK MECTa B PAMKHUTE Ha OTIP €EJIEHO NP OCTPAHCTBO. 3a TO3H MPaKTHYECKA

Cllydyal HEBpOHHATa MpeXka MOIAbp)Ka TMOCTOSHHA CTPYKTypa HO C€ TIpOMEHSIT
XapaKTep UCTUKU Ha OTIETHUTE KOMIOHEHTH.



B riaBsa 4 np akTHYECKHAT TP UMEP CE OTHACA 3a [TI03HABAHE HAa YOBEIIKA ICHHOCT.
3a T03u cinyyai MoaudUKanMuTe, NP WIAraHu B JUCEep TALIMOHHATA Mp eKa BOJIAT 10
M3MEHEHHE Ha OTIEHUTE MEKIUHHU CII0€Ba B HEBpOHHATAa Mp exa. AHaIM3UpaT ce
TPH BHAA M3XOJHHU JaHHH, OTNpEe/sHA € apXUTEKTypaTa Ha HEBpOHHATa Mpexka,
M3YMCIsABaHA € TOYHOCTTAa Ha OMNpejensHee Ha BHAA Ha 4YOBEINIKaTa JCHHOCT
(M3ka4yBaHEe Ha CTHI0M, THUAHE, CEICHE, pa3X0JKAaHe, CTOCHE, CIIU3aHe MO CTHJIOH).

B rnasa 5 enpencraBena 3a/1a4ya 3a [1p OrHO3UpaHe HA 3aMBPCSABAHETO HA BB3/IyXa
(mpaxoBU YaCTHLM, a30TeH IBYOKHUC, CEPEH IBYOKUC W [Ap.). W3MOJI3BaHH ca
MeTeoZlaHHU Ha 12 craHimu, u3mepBauy 3ambpcsiBanus B Kurait. Te3u nanHu ca
M3M0/I3BaHHU 3a TP OEKTHpaHe Ha HEBPOHHA MpeEXka, CbOTBETHATA U apXUTEKTypa
napamerpi. CbOTBETHO Ca IPOTHO3MPAHHU CPEAHH CTOWHOCTH Ha 3aMbp CABAHHSATA.
3ajayara € YCIOXHfABaHa C OTYWUTaHE OJIM3KO WM [aJIEYHO OTCTOSHHE Ha
M3MEp BATEITHUTE CTAaHIMK €Ha OT Apyra. OLeHsABaHa € Ip elKaTa MeX 1y Ip OrHO3a U
peanHH JaHHH.

CeabpikarenHara yacT Ha JHcepTalliOHHaTa paboTa mpencraBs aoOpe
TeMaTHYHaTa 00J1acT Ha U3CJIEIBaHE 3a AJITOPUTMUYHO OTIpEAEIIsHE Ha Tap aMeTpUTe
M CTpYKTypaTa Ha HEBPOHHM MpeXH H crneuuduuHata paspaborka Ha

AHcep TallMOHHATA U3CIeIBaHE Ype3 MOAU(PHKAIMA Ha OTlepaTopa3a KpbCTOCBAaHE U
IpWIaraHUTe TUIIOBE MY TAIlHH.

S. Hayysn W/MJIH HAYYHO-NIPHJIOKHH M TPHIOKHH TPHHOCH HA
AUCEPTALMOHHMS TPY

CuuraM, 4e QUCEPTALMOHHUAT TPYA UMa HayueH MpHHOC. TOi ce ChCTOM B
pa3paboTBaHe Ha MOIU(QHILMPAH aJITOPUTHM 33 €IEMEHT Ha F€HETHYEH alTOPHTHM.
To3u enemeHT € MoaMdULKpaHe Ha ONepaTopa 3a KPbCTOCBAHE M MpHIAraHe Ha
omnpezeneH TN MyTaluyd. Hay4HO-npuaokeH MpUHOC OLIEHABAM B CHMYJIMP aHUTE
eKCIIEp UMEHTH 3a HAaMHUP aHe Ha 3aBUCUMOCTH TP U ABMKEHHUETO Ha aBTOHOMEH areHT B
cpejia ¢ OTp aHMYEHHs, TP M UICHTH(HUIIMpaHe Ha ChCTOSHHE HA YOBEIIKA J1eHHOCT, IpH
TP OTHO3HpaHe Ha aTMOC(EP HO 3aMBbPCSABAHE C OTYETAHE HA MCTOP MUECKH 3aIIUCH Ha
3aMbp CBaHUSATA.

CuuTaM, Ye MoJydeHHUTe pe3yITaTh ca OP UTHHATHH U T0JIe3HH. Te U3IbaHsIBaT
M3MCKBaHMsATA 3a pa3paboTBaHe HAa JUCEPTAIMOHEH TPYA 3a NpHI00MBaHE Ha
oOpa3oBaTelnHaTa U Hay4yHa CTereH ,,JJokrop".



6. Onenka3a cTeneHTa Ha JIHYHOTO Y4YaCTHE HA JHCEPTAHTA B MPHHOCHTE

IIpencraBenuTe n3cneqBaHus B JUCEpTALMOHHMA TPYI M IIpHIpPYKaBaIUTe
Hay4HHU ITyOJMKalLMK ¢ aBTOPCKOTO y4acTHE MU JaBaT OCHOBAHME Ja CYUTAM, 4e
JHCep TALIMOHHHUTE PE3YJITaTH Ca HANPaBeHH JIUYHO OT JOKTOpaHTa.

7. IIpenenka Ha NyOJIHKANMHUTE 110 JUCEPTANHOHHMS TPYA: OPoOii, Xapakrep
HA M31aHHUATA, B KOUTO ca oTneyaTaHu. OTpaskeHHe B HAyKaTa — H3MOJI3BaHe H
LUTHPAaHe OT APYrd aBTOPH, B APYrH 1a00paTOpHH, CTPAHH H Mp.

JMcepTauUMOHHUAT TPyA TNpPeEAcTaBs oceM MyOJIMKalMuM, CBBP3aHU C
paspaboTBaHaTa TeMaTHKa. T e ca MpaBeHU Ha HaYYHU KOHPEPEeHILIUH Y HAC, B CITMCAHUS
y Hac (Computer and Communication Engineering, Proceedings of Technical
University of Sofia). [Ise ot myOnukanumure ca myOJHKYBaHH B YUY KIECTPAHHH
m3nanus: [OP Conference Series: Materials, Science and Engineering u Sustainability.
BropoTo crincanne nma Scopus panr 0.69 nkeantia Q1. ToBa € MHOTO BUCOK aTeCTaT
3a IMCEpTAllMOHHOTO U3cleaBaHe. B pucepTannonHaTta pabora ca otdenda3anu u 59
NOJY4YEHH LMUTUPAHUA OT YYKIECTpaHHM aBTOpU (moapoOHaA crpaBKa HE €
NpEACTaBeHa B JOKYMEHTHTE Ha AMCep TAMOHHATA NP OLeaAypa).

Kato oTunram Opos Ha nmyOnukanuuTe 1 u3uckBaHuATa Ha TY-Codus ToBa
yIIOBJIETBOPSIBA MCKAHUS Ipar OT TOYKH 3a 3amiuTa Ha 0Opa3oBaTe/IHO-Hay4yHATa
CTeIleH ,,J0KTOp *“ upe3 kareropuute A, B7 ul'7.

8. U3nmos13BaHe Ha pe3yJTATHTE OT JHCEPTANMOHHHA TPYA B Hay4YHaTa H
COIMAJIHATA NPAKTHKA

Jlucep TALMOHHHUAT TP YA pa3paboTBa NP aKTUYECKH p elIeHHs 3a (hopMaTu3upaHe
Ha TPOIECH Upe3 YAaYHO MPOEKTUPaHe Ha CTPYKTypa U MapaMeTpy Ha HEBp OHHU
MpexHu. [Tokazanu ca mpuMepu Ha aBTOHOMHO JIBIKEHHE HAa 00€KTY, Ha P a3M03HABaHe
Ha CbCTOSIHUE Ha YOBEK, Ha NP OTrHO3HpaHe Ha aTMOChEpPHO 3aMbp CSIBAHE.

ToBa ca MOJIE3HH P ELISHHI U UMAT P WIOKEHHs 3a NP aKTUKaTa U 00IIECTBOTO.
OueHsiBaM MOJIOKUTENHO MOTEHIMANIA HA JUCEP TAIIMOHHHS TPY/l 32 U3MOJI3BaHe Ha
MOTYYEHUTE Pe3yATaTH B KOHKD €THHU TP WJI0KHH 3aJa4H.



9. MHeHus1, NPpeNnoOPbKH U OeNeKKH

PenensenTsT cuymrta, 4e B AMCEP TALIMOHHOTO M3CIEABAHE € MOIXOIAIIO 1a Ce
BKJIIOYAT TPHUMEPHHM H3UYMCIEHHS OT ONpEAelIeHH CTBIKH Ha pa3paboTBaHus
aJTOPHUTHM 3a OIpEACIAHE Ha TapaMeTPU Ha HEBP OHHUTE Mpe&KU. ToBa aBa sICHOTA
KaKBO Ce€ M3MOJI3Ba KaTO M3XOJHHM IAaHHH, KaKBO C€ W3UYHUCISBA U ToMara a ce
BB3IIP OM3BEKIAT P €3y/ITATHTE HA AUCEP TALLMOHHOTO U3caenBane. [IpeacraBsanero Ha
TICEBJOKO/J HE MOKa3Ba ChABPIKATETHO KOJIMYECTBEHHTE OLIEHKH HAa TMapaMeTpu U
CTpYKTypa Ha HEBpOHHATa Mpexa.

PenieH3eHTBT HaMupa TPYAHOCTH IIPHU YETEHETO HA JHMCEPTALHOHHUA TPYA
NMOpajyl MHOXKECTBOTO M3IOJ3BaHM TEPMHHHM, KOWTO TOHAKOra HMMAaT €IHAKBO
cpabpkanue. Ilom3BaHum ca TepMHMHHM KaTo ,,KOMIIOHEHTH, TOATIOINYJIALMH,
noKoJeHusA, reHoM". [IpenopbuBaM Aa ce M3MOJI3Ba M Ca3Ba CTpOra iepapxus Ha
TEPMUHHUTE, KOETO € HEOOXOIMMO 3a Ja ce pa3dupa BBTpELIHMTE NPOLECH B
HEBpPOHHATa MpexKa.

Karo 3abenexka me orOenexa, ye aBTOPOBUTE NMPETCHUIUH ce AehHHUPAT C
TepMHHA ,,IIp €17I0KEH € METOI...."". OTChCTBA OLIEHBYHA YacCT, KOSITO MO3BOJIABA 1A Ce
BHIM M OILIEHH TO3M METOJ KakKBH MOJOKUTeTHH edektn moctura. C TepMuHa
,,TIPEIJIOXKEH €...“ ce TIpaBy AeKIapalus, HO HAMa J0Ka3aTeICTBO, Y€ TOBA € MOJIE3HO
U 7]aBa €(eKT.

Te3n mpenopbkH MOke [a ce OTYETaT OT JAHCEpTaHTa B HETOBH ObIelm
Iy OTMKaLIMOHHHU HU35BH.

[Tonoxurenen arecTaT 3a JucepTalliOHHAaTa paboTa € ToNeMHAT Opoii
JUTEepaTypHHU U3TOYHHLIM, KOUTO Ca M3TI0JI3BaHH, 3a []a CE TP €ICTaBH ChCTOSHHETO Ha
npobieMaTHKaTa [0 P OEKTHpPaHe Ha NapaMeTpH M CTP YKTypa Ha HeBP OHHU MP €XKH.
OueHsBaM IOJIOKUTENHO U IyOJIMKAlMOHHATAa AEHHOCT, KOSTO € IOCTHIHajla U
LIUTUP YEMOCT OT CHELMAIUCTH B YyKOHHA.

10.3ak/il04eHHe ¢ sICHA TOJIOKHTEJHA WM OTPHIATe]HA ONEHKAa Ha
AHCEPTALHOHHHUA TPY

OrneHsiBaM TMOJIOKUTENTHO HANIpaBEHUTE HAYYHH U HAaYYHO-TIPUJIOKHHU TP HHOCH
Ha JaucepTalMoHHMs Tpyd Ha wmar. Credpan AnunueB Iloko. Cuwurtam, ue
M3UCKBaHMATA HAa 3aKOHA 3a pa3BUTUE HA aKaJAeMUYHHS chcTaB B PemyOnmka
bovarapus, IIpaBunnuka 3a HeroBoto npuinarane U IlpaBunata u mpouemypu 3a
npHeMaHe U 00yueHre Ha JOKTOPaHTH M IIp uA00KMBaHe Ha 00pa3oBaTeIHATa U HAYYHA
creneH ,,Jo0kTop” Ha TY-Codus ca u3IbJIHEHH B NP €/1CTAaBEHUS AMCEP TAIMOHEH TPY/I.



["open3noxeHOTO MU 1aBa OCHOBaHHE /1a JaM IOJI0>KUTETHA OIICHKA 3 TP eCTaBEeHHUs
JUCEPTALMOHEH TPYA U J1a IpenopbyaM Ha HayyHOTO Kypu Ja NpUCBLAU HA Mar.
Credpan AnunmeB IlokoB HayuyHaTta CTemeH ,,AOKTOP“ 1O mpodeCHOHATHO

Hanpasienue 5.3 ,, KoMyHHKaIlMOHHA M KOMITIOThP HA TEXHUKA *, HAyYHa CIIEIHaTHOCT
“CHCcTeMH C U3KYCTBEH UHTEJIEKT .

Harta: 5.1.2026 r. PENEH3EHT :
rp. Codus (mpod. ara urxk. Togop CToumnos )
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1. Actuality of the problem developed in the dissertation work in scientific

and applied scientific terms. Degree and levels of relevance of the problem
and specific tasks created in the dissertation

For modeling real, practical processes, it is not always possible to use and apply
precise quantitative dependencies, represented by a specific formalized form. Real
processes in society, in most cases, contain nonlinear relationships, procedurally
assigned dependencies, and implicit interactions. Additional complication for
modeling systems and processes comes from the dimensionality of the processes, their
stochastic and non-deterministic nature. Therefore, modeling methods are sought and
developed that, if possible, objectively reflect such real properties of systems and
objects. One way to formally represent and account for the comp lex nature of objects
is inspired by the biological structure of the human brain. This is modeling and using
functional dependencies, which can be formalized with the solution "neural networks".
The area of application of neural networks for solving useful practical tasks is wide.



As an example, neural networks are applied in modeling in sectors of life such as
healthcare, finance, and the automotive industry. The tasks solved are in the areas of
image recognition, natural language processing, and forecasting. This allows decision-

making activities to be automated, which leads to the achievement of significant
practical results.

The presented dissertation work has as its object the study of ways of structuring
and modifying neural networks. By applying automatic changes in the structure and
parameters of neural networks, the adaptability of the functioning of systems that apply
neural network solutions in their functioning is achieved.

[ assess that the usefulness and relevance of the dissertation research is easily

visibleand understandable. I positively assess the thematic focus and current issues of
the dissertation research.

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

I positively assess the level of knowledge regarding the development,
modification, and application of heuristic/metaheuristic algorithms for neural network
design. In the case of the dissertation work, the design of the neural network is
expressed through the appropriate calculation of weight coefficients and the offset of
each neuron, as well as adjusting the number of neurons or intermediate layers in the
neural network, and determining the corresponding connections between neurons. The

dissertation work shows the high qualification ofthe doctoral student in the problems
of designing and tuning neural networks.

3. Correspondence of the chosen research methodology with the set goal and
tasks of the dissertation work

The chosen research methodology is logical and consistently implemented. It
contains an analysis of the characteristics and mode of functioning of neural networks,
methods for determining their parameters and structure, simulation experiments for
determining the characteristics and structure of neural networks for three types of
applications: autonomous agent movement, identification of human behavior state, and
forecasting of atmospheric pollution.

The application is the author's modification with the determination of relative
distances of parameters in the components of neurons. The results of applying the



author's modifications are evaluated by the accuracy of the identification and the
accuracy of predictions.

Theresearch methodology is a consequence ofthe task set in the dissertation work
to develop algorithms for determining parameters and the structure of neural networks
in various practical applications.

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

Thedissertationis logically developed according to the requirements of academic
research.

In Chapter 1, an analysis and overview of the characteristics and properties of
heuristic/metaheuristic algorithms, which are applied for the purposes of designing
structures for artificial neurons and the corresponding neural networks, is made.
Possible characteristics applied to the functioning of neurons and corresponding
networks are commented on and analyzed. Methods for determining relevant
characteristics belonging to the field of evolutionary calculations are analyzed.

In Chapter 2, the dissertation specifies the method for analyzing and determining
the characteristics of neurons in the network. The choice is made for genetic
algorithms, which apply a non-deterministic change in neuron parameters through a
corresponding combination of potential solutions (components). In this chapter, the
dissertation introduces its own modification of the crossover operator. Based on the
result of the crossover, three types of mutations are applied in the dissertation:
modification, addition, and removal of a component. These modifications adopted by
the dissertation research are evaluated and compared with known methods for changing
the architecture of neural networks. The following chapters illustrate the application of
the developed modification for specific practical cases.

In chapter 3, the behavior of an independent agent is analyzed, which must bypass

obstacles (boundaries, poison) and consume food placed in random places within a

certain space. For this practical case, the neural network maintains a constant structure,
but the characteristics of the individual components change.

In chapter 4, the practical example concerns the recognition of human activity.
For this case, the modifications applied in the dissertation network led to a change in
the individual intermediate layers in the neural network. Three types of output data are
analyzed, the architecture of the neural network is determined, and the accuracy of



determining the type of human activity (climbing stairs, running, sitting, walking,
standing, descending stairs) is calculated.

Chapter 5 presents a task for predicting air pollution (dust particles, nitrogen
dioxide, sulfur dioxide, etc.). Meteorological data from 12 stations measuring pollution
in China were used. These data were used to design a neural network, its corresponding
architecture, and parameters. Accordingly, average pollution values were predicted.
The task was complicated by taking into account the close or far distances of the

measuring stations from each other. The error between the forecast and real data was
estimated.

The content of the dissertation work presents the thematic area of research for
algorithmic determination ofthe parameters and structure of neural networks, and the

specific development of the dissertationresearch by modifying the crossover operator
and the applied types of mutations.

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

I found that the dissertation work has a scientific contribution. It consists of
developing a modified algorithm for an element of a genetic algorithm. This element
is a modification of the crossover operator and the application of a certain type of
mutation. [ assess the scientific and applied contribution in simulated exp eriments to
find dependencies in the movement of an autonomous agent in an environment with
restrictions, in identifying the state of human activity, and in predicting atmospheric
pollution, taking into account historical pollution records.

I assess that the results obtained are original and useful. They meet the

requirements for developing a dissertation work for acquiring the educational and
scientific degree "Doctor".

6. Assessment of the degree of personal involvement of the Ph.D. student in
the contributions

The research presented in the dissertation and the accompanying scientific
publications, with the author's participation, gives me reason to believe that the
dissertation results were made personally by the doctoral student.



7. Assessment of the publications on the Ph.D. work: number, nature of the
editions in which they were printed. Reflection in science - use and citation by
other authors, in other laboratories, countries, etc.

The dissertation presents eight publications related to the topic under
development. They were made at scientific conferences in our country, in journals in
our country (Computer and Communication Engineering, Proceedings of the Technical
University of Sofia). Two of the publications were published in foreign publications
editions: IOP Conference Series: Materials, Science and Engineering, and the journal
Sustainability. The journal has a Scopus rank 0f 0.69 and a quantile of Q1. This is a
very high certificate for the dissertation research. The dissertation also noted 59
citations received from foreign authors (a detailed list of citations is not presented in
the documents of the dissertation procedure).

Considering the number of publications and the requirements of TU-Sofia, this
satisfies the required threshold of points for the defense of the educational and
scientific degree "doctor" through categories A, B7, and D7.

8. Using the results of the Ph.D. work in scientific and social practice

The dissertation develops practical solutions for formalizing processes through
the appropriate design of the structure and parameters of neural networks. Examples
of autonomous object movement, recognition of a person's state, and prediction of
atmospheric pollution are shown.

These are useful solutions and have applications for practice and society. I

positively assess the potential of the dissertation for using the obtained results in
specific applied tasks.

9. Opinions, recommendations, and notes

The reviewer assesses that it is appropriate to include sample calculations from
certain steps of the developed algorithm for determining parameters of neural networks
in the dissertationresearch. This provides clarity on what is used as input data, what is
calculated, and helps to reproduce the results of the dissertation research. The
presentation of pseudocode does not meaningfully show the quantitative estimates of
parameters and the structure of the neural network.



Thereviewer finds it difficult to read the dissertation work due to the many terms
used, which sometimes have the same content. Terms such as "components",
subpopulations, generations, and " genome" are used. I recommend using and
observing a strict hierarchy of terms, which is necessary to understand the internal
processes in the neural network.

As a note, I will note that the author's claims are defined by the term "a method is
proposed....". There is no evaluation part that allows one to see and evaluate what
positive effects this method achieves. The term "it is proposed..." makes a declaration,
but there is no evidence that this is useful and effective.

These recommendations can be taken into account by the dissertation candidate
in his future publications.

A positive certificate for the dissertation work is the large number of literary
sources that have been used to present the state of the art in the design of parameters
and structure of neural networks. I also positively evaluate the publication activity,
which has also achieved citations by specialists abroad.

10. Conclusion with a clear positive or negative evaluation of the dissertation
work

I positively assess the scientific and applied scientific contributions of the
dissertation work of Mag. Stefan Alipiev Tsokov. I found that the requirements of the
Law on the Development of the Academic Staff in the Republic of Bulgaria, the
Regulations for its implementation, and the Rules and Procedures for the Admission
and Training of Doctoral Students and the Acquisition ofthe Educational and Scientific
Degree "Doctor" of TU-Sofia are met in the presented dissertation work. The above

gives me reason to give a positive assessment of the presented dissertation work and
to recommend to the Scientific Jury to award Mag. Stefan Alipiev Tsokov, the

scientific degree "Doctor" in the professional field 5.3 "Communication and computer
equipment", scientific specialty "Artificial Intelligence Systems"
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