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Bbpxy ArrceprarlrloneH :rpya sa npuAo6uuaue ua o6pasouarerHa r.r HayqHa

@KCT

'oo1{fl
cteneH ,,,{oxrop" n o6aacr Ha Brrcue o6pasoranue ,,Texnruecxr-r Hayxu",

rtpo$ecuoHanHo Ha[paBneHue 5.3 ,,Kor,,ryHlrKarluoHHa rr KoMlrorcpHa rexnuxa",
AoKTopcra nporpaMa "Cucrelur c rr3KycrBeH uxre.nerr"

Anrop Ha ALlcepraultoHHIrfl TpyA: uar. CreSan Anunues I-{oroe, TexHuqecrca

Ynuaepcutvr - Co$ua, @aryrrer no ,,KolrnrorupHn cllcreMlr r rexnolorlof',
Ka're4p a ,,Korranrorrp uu cuqrelru"

Teua ua Ar{ceprarlr{oHHrrfl rpyA.' ,,Oururuurupare Ha ap xr4rerTyprr Ha

HeBp o HHr,r Mp exn qp e3 eBo Jr rourro HHr.r aJrrop r.rrMr.r

Peqeurenr: npo$. Arn unx. To4op Ctouror, I,Iucrnryr rro ltrr(popnaqnoHru.r u

KoMyHrrKarl[oH]rr{ TexrroJrorlrr.r - EAH

l Arcrya.nnocr na pa:pa6orBauuq B Arrceprau[oHHr{s rpyA rrpo6.,reM B HayrrHo

H HayqHo-[puJroxHo oruorrreur{e. Crenen rl HuBa Ha aKTyaJrHocrra Ha

npo6.reua rr KoHKperHrrre 3aAaqr{, pa3paooreHu B A[cepraurrflTa

IIp r.r no4elr,rpaHe Ha p eanur,r rrp aKTuq ecK]r npoqecu He BHHarr{ Moxe Aa ce

I43IIOJI3BaT I,I np I4naraT TOqHI,I KOIrr4rreCTBeHr{ 3aBI{CI,IMOCTLI, [peACTaBgH[ .Ipe3

xonxperen (!op Mam,r3lrpaH Br.rg. Pearrrure npoqecu s o6uecrBoro B floBeqero cryqau
c6.qbp xar ne.nunefinu Bp B3r(r,r, nporleA)?Ho 3aAaBaur,r 3aBr4crrMocrrr, HerBrrll

ssazNloAeficrsrEr. ,{onuuureJrHo ycJroxHrrBaHe Ha MoAen}rp aHgro Ha c}rcreMr4 ,r

Ilpoqecl4 4qBa I4 oT pa3MepHocT Ha IIp oqecrrTe, TexeH cToxacTr{rreH E HeAep Mru{,rpaH

xap arcrep. 3arosa ce rbpcrr u parpa6omar MeroArd 3a MoAeJrr{p aHe, Korrro no

Bb3MoxHocr o6exusHo orp a3aar raxrrBa p eanHr,r ceoicrBa Ha cr,rcreMrrre r{

o6errure. E4un nauunsa (fopnra:rHo npeAcraBrue r,r orrr[TaHe Ha cJroxH]r, xap arfiEp

Ha o6ex'rure e r.rHcnepup aH o'r 6lrororuquoro yc-rpoficrBo Ha qoBerrrKux Nrorrr. Toea

e MoAenrrpaHe rr r{3rroJr3Bane ua $ynrquoHaJrHr,r 3aBr.rcrrMocrrr, Ko}rro Moxe ce

$op rrraru.rrnpar c perueurrero ,,HeBpoHHr,r rr.rpexu". O6nacrra Ha npfinaraue Ha

HeBpouHlrre Mpexu 3a peulaBaHe Ha rrore3Hlr rtp aKTr,rqecK[ 3a4aq e ruupoKa. Karo
IIp IrMep HeBp oHHr.r Mpexu ce flpunaraT flprr MoAennpaHe B ceKroprr Ha xr,rBoTa Karo

3ApaBeola3Baue, SuHacr, aBToMo6r{rrua r.rHAycrprrr. PeruasaH[te 3aAar{}r ca B

o6nacrure Ha pa3[o3HaBaHe Ha o6pasu, o6pa6o:rxa na ecrecrBeu e3r,rK, nporHo3llpaue.
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Toea nogsorf,Ba Aa ce aBToManE:upar 4eftnocrrr rro B3eMaEe Ha p e reur.r-fi, Koero Bo.q,

AO [OCTr,rraHe Ha 3HaqI,IMr.I rlp aKrUqeCKU pe3yJITaTrL

llp eAcraseulrrr Allceprarlr{oHeH TpyA uua o6err Ha r,r3cJreABaHe Haqrrrn,t 3a

crpyrcrypupaHe z rr.rogr$r,rqlrpaHe Ha HeBpoHHr,r Mpexr. tlpes npularaHero rril
aBTOMaTEqHO r{3MeHeHr,re Ha CTp yKTypa r{ flapaMsTpr,r Ha HeBp oHHr4Te MpeXU Ce

rrocrfira aAarrrr,rBHoqr Ha rlynxqlronr.rp aHero I{a czsreMr,r, Korro np[rarar p erueHr{,

Ha HeBpoHHr,r Mpex[ npl.r cBoero t[ynxrlNonr,rpane.

Cvurana, qe [oJle3Hocrra I,I arTyanHocrra Ha A[ceprau[oHHr{Te r{3cJIeABaHH, e

JIecHo BlrAIlMa u pa:6upaenaa. Oqerueau noJloxl,rreJruo reMarlrr{Hara HacoqeHocr I4

arTyanHara np o 6r elrarlrxa Ha AuceprarlrroHHoro rr3cJreABaHe.

2. Crenen Ha rro3HaBaHe cbcroqHfiero Ha

r{HTeprrpeTaur.rq Ha Jrr.rTeparypHrrfl MaTepr{aJr

flpoofleMa II TBoprrecKa

Oqenqsar\a noJroxrrreJrHo crerrerrra Ha no3HaBaHe Ha rtp o6neMa 3a pa:pa6ornang

rraogra$r.rqrpaue LI flp]InaraHe Ha eap rac'ruvnr.rhreTaeBp roTllqHrr anroprrTMr,r 3a

rrp o eKT[p auero Ha HeBpoHHrrre Mpexu. 3a cryuar Ha Ar.rcepraqno]rHrrlr rpyA

rlp oeKTr4p aHero Ha HeBp oHHaTa Mp exa ce u3p a3.[Ba B yAaqHo r,r3rrr.rcJreH e Ha TerJroBr.r

xoeQuqr,reu'ru Lr orMecrBaHero Ha BceKr.r HeBpoH, r.r3Meneuue na 6po, Ha HeBpoHtr rtrrn

MexArl HHrr cnoeBe B HeBp oHHaTa Mp exa KaKTo u oflp eAenqHe Ha csoTBeTHlrTe Bp 63Kr,I

MexAy HeBpoHv. ,{ucepraqronur.rf,T Tp y.( noKa3Ba BrrcoKa xnanu$uraqur ua

AoKrop aHTa no upo6neuure Ha rrpoeKTr,rpaue u uactpofiBaue Ha HeBpoHHrr Mpexu.

3. Cr,orsercrBrre Ha H36paHara MeroAIrKa Ha [3cJreABaHe c [ocraBeuara
ue.,'r II 3aAaqII Ha Ar{cepTarlrroHHrrfl TpyA

klz6panara MeroA[Ka Ha r,r3cJreABaHe e JrorrrHa rr [ocJreAoBarerrHo

lnrnnssaua. T., c6Abp xa aHaJrr{3 Ha xap aroepucrr,rxr{Te rr HaqrrHbr Ha

$ynxqr,ronup ane Ha HeBpoHrr[Te Mp exrr, HaqrlHETe 3a oflp eAeJrsHe Ha rexHrr

fiapaMslpu t4 gTp yKrypa, crrMy]IauuoHHr{ eKcrrep uMeHTr{ 3a onp eAenrHe Hil

xap aKrepr4cTr,lK[ E cTpyKrypa Ha HeBpoHH]r Mp exrr 3a Tpfl Tr4na IIp unoxeHrrr:

ABrlDKeHrAe Ha aBTOHOMeH areHT, U4en'rrZ$UqZp aHe CbCTOtrH]/le Ha qoBerrtr(O

[oBeAeurre, nporHo3 paHe ua aruoc$epHo 3aMbpcrBaHe.

flp mraraue e aBTopoBara rr,ro4u$uxaqu, c onpeAeJrrHe Ha orHocr.rreJrHr.r

p a3crosHu{ Ha flap aMsrpr4 B KoMrroHeHTr{ Ha HeBpourrre. Pesyntaru're or trp unaraue
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Ha aBTOp O Br.rTe Mon[0[rKaUr{rr ca oueHjrBaHr,r qpe3 ToqHocT Ha r,rleHTrr0[qr.rp aHe,

ToqrrocT Ha np orHo3r,rp aHr,r.

MsroAzrata Ha I,I3cneABaHero e cneAcrBr,re Ha [ocraBeH ara 3a&asa Ha

ALrcepraIIiIoHHlr.[ TpyA 3a p aepa6o:reaue ua anropr.rrMrr 3a orrp eAeJrrr{e Ha flapaMerpu

[I CTpyICrypa Ha HeBpOHH]r MpeXIr flpu pa3rr.rrrH[ Ep aKTr,rqecKr.r np uJroxeHr,r,.

4. Kparrca auaJrrrrr{rrHa xaparffep[crrrKa Ha ecrecrBoro r{ orIeHKa Ha

AocroBepuocrra Ha MareprraJra, Bbpxy rcofiro ce rpaAqr rrpunocrrre Ha

Ar{cepTarlrroHHHf TpyA

.{ucepraqronHllllT TpyA e paspa6oroaH Jror trHo clrJracHo r.r3r,rcxBaHr,urra Ha

aKaAeMr4r{Ha r.r3cJreAoBareJlcra p a6ota.

B u.l e flpaBeu anarv3 r o6rop Ha xap aKrep]rqnrKr.r r.r csoficrna na

erpucru.rHHre/ueraeBpucrr,rqHr,rre aJrroprrrMl{, KoI,ITo ce flp[narar 3a ueJIIITe

rlp oeKfi{p aHe H cTpyKryp?r 3a H3KycrBeHrr HeBpoHr4 r.r cEoTBeTHuTe HeBpoHHr,r Mporu.

Kolterrrup auu ca u ca aHanh3r.rpaHll BT,3MoxHL xap aKTepI{crrrKH, np r{naraHr{ 3a

tfynrquonr-rpauero Ha HeBp our.r 14 cborBerur,r Mpexu. Anamsupanu ca Mero.ryr 3a

onpeAenrHe Ha cborBsrHr.r xap aroepr4grr{Kr.r, [peHaAnexaulu na o6nacrra Ha

eB on louuo HHLI t43qLlg I eljr4[.

B r.lrasa 2 guceptauyoHHara pa6ora ce KoHKp grr,r3rrpa MeroAbr 3a aHaJrlB r,r

onp eAenrHe Ha xapaKrepncrr.rKr.rre Ha HeBp oHr,rre B Mp exara. I{s6opr,r e Hanp aBeH 3a

reHeTr{rrHr4 anropr4TMr,r, KorrTo rrpr{naraT HeAeTep Mr,rHr.rpaHo r.r3MeHeHr.re Ea flap aMerpII

Ha HeBp our.r qpe3 cborBsrua rolr6unauns Mex.4y qacrra Ha [oreHur.IaJrHr.r p elueHr4,

(rorrrnoueH'ru). B ra3u rJraBa Ar.rceprarllroHHr,r.rrr rpyA BtBexAa co6crBeHa

nro4uQuraqu.a ua ofleparop 3a KptcrocBane. B ceAcrsue Ha p e3yJrrara or
KpSCTOCBaH9TO B ArrCepTaUr,rOHHrr' 'rpyA Ce np lrnar?T Tpu "t a MyTaur4rr:

laoauibuqnpane, go6auue u flpeMaxBaue Ha KoMrroHeHr. Tesu rtao4rarf uxa4lu,
np lreTr.r oT ArrcepTauIIoHHoTo r.r3cJreABaHe ce oqetulBaT I,I cpaBIUIBaT c rr3BecTHr4

MeroArr 3a npoMrrHa Ha ap xr.rreKryp a Ha HeBp oHHr,r Mpexu. B creAsarq[re rJraBr{ ce

r{Jrrocrp r{p a np r4JroxeHr{ero na paspa6meuara uo4aQ}rKaulur 3a KoHKp srHr.r

flp aKTuqecKu cflyqau.

B masa 3 ce auanr.I3l{pa rloBeAelrlrero Ha caMogrorreJren arenr, xofiro rpr6aa 4a

rao6[xans np erurrcrBr,r, (rp anuqr,r, orpora) u ga no:rpe6sBa 3aJroxeHa xpaHa Ha

lpol{3Bonul,I Mecra B p aMKr,rre Ha onpeAeJreuo rrp ocrpaHcrBo. 3a tosrl rrp axTr,rqecrcr

cayvafi HeBponHara Mpexa [oAA6pxa [ocrorHHa crp yrcrypa Ho ce np oMerurr

xap aKrep USIIIKLI Ha oTAeJrHrrTe KoMrIoHeHTr,r.
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B rnasa 4 rtp aKrruecKrasr rrp r{Mep ce orHac, 3a no3uaBaHe Ha qoBerura Aeinocr.
3a roeu cnyqafi rr,roAz(br.fiaqurrre, IIp r.rJraraHr.r B Aucepraqr{oHHara Mpexa BoArr Ao

II3MeHeHIae Ha orAeJIHIrre MexAI,IHHI.I cJ'IoeBa B HeBpouHara Mpexa. Auarxlr,rpar ce

Tpr4 BuEa LI3XOAHI{ Aa}IHv, O[peAenrHa e ap xI{Tem}? aTa Ha HeBpOHHaTa Mp OI(I,

r,r3r{ucrrBaHa e roqHocma Ha orrpeAennHee Ha BI,tAa Ha qoBellrKara AeftHocr
(nsrauraue Ha crbn6l{, TLIrIaHe, ceAeHe, pa3xoxAaHe, qroene, cnr43aHe rto crbn6u).

B r,raea 5 e rrp eAcraBeua 3aAaqa 3a rrp orHo3r{pane Ha 3aM6pc{BaHero Ha Br3ADta

(np axonu qagrrrq[, a3oreH AByoKrrc, cep eH AByoKrrc r.r Ap .). rr3noJr3BaHr,r c:r

MereoAaHHH Ha 12 craurllru, r3Mep Balqr{ 3aMtpcrBauws s Kurafa. Tesz AaHHr4 ca

rr3[oJr3BaH]I 3a npoe(TxpaHe Ha HeBpoHHa Mpexa, cLoTBqfHaTa u ap xr.rTeKTypa ,r

napaMerpu. Crorssnro ca nporHo3r.rpaHr,r cp eAHrr crofo{ocru Ha 3aMtpcrBaHbrra.

3aAaqam e ycnoxlurBaHa c orr{r{Taue 6nr.r3Ko r{nr.r Aanequo orcro{Hr.re rra

r,r3Mep BareJrHnre craHr{a[ eAHa or Apyra. OrIeH.sBaHae rp errrKara MexAy rrp orHo3a r,r

p9anHu AaHHI.

Crgrp xarennara qacr Ha Ar,rcepraur,roHHara pa6ora npeAcrarx 4o6pe
TeMarr,rqHara o6:rac'r na rr3cJreABane 3a anroprlTMrlrrHo ofipelensHe Ha flapaMsrprre
r.r crp yrrypara Ha HeBp ouHlr Mpexu u cueqlrSnvnara paepa6orra Ha

Ar.rcepTarlrroHHaTa r.r3cne.{BaHe trpe3 rraogr(praraqnx Ha ollep aTopa 3a KpbcTocBaHe r,r

np unaraHr,rTe T}{IIoBe MyTarlurr.

C.rurau, rre Ar.rcep rarluo Hurl-sr rpyA r.rMa HayqeH flprruoc. Tofi ce cbcrorl B

parpa6orraue na rr,roAu$rqrpax anroprrrbM 3a eJreMeHT Ha teHerr.rqer anroplrrbM.
Tolu erenenr e rrao4u(puqlrp aHe Ha oleparopa 3a KptcrocBaHe H rrplrJraraHe Ha

onpeAeneH Tr,rn Myrarlur{. Hayvno-npruox{eH nprrnoc orleHrrBaM B cr.rMyn rrp aHr,ne

eKcnep r4MeHTI,t 3a HaMIIp al{e Ha 3aBrzcuMocTII IIp II ABLIXeHISTO Ha aBTOHOMeH arerrT B

cpeAa c orp aHl,rrreHlr-fi, IIp IlI IlllenurQuqlrpaHe Ha cBcTo-rIHI{e Ha qoBeIrKa 4efiuocr, npn
nporuo3[IpaHe Ha arMocQepHo 3aM6pcqBaue c orqeraHe Ha ltcropltrrecxu 3anrrcr,r Ha

3aMbp cBaHr,rrTa.

Cuurau, qe flonyqeHr{Te p esynrarlz ca op trrrrHamr.r u noJre3Hrr. Te [gnsnHtsat
r.r3rrcxBaHr,rrrra sa paspa6orraHe Ha AnceprarlltoneH TpyA sa nprgo6ranaHe Ha

o6p aronarennara r,r HayirHa creneH,,.{o rrop ".

5. Hay.run uln:ln Hayrruo-flpfi,'roxHu r{ flpr{JroxHrr flpr.rHocu Ha

Ar{cepTaq[oHrrr.rfl rpyA

4



6. Oqenrca 3a crerreuTa Ha .,'rutrHoro yqacrue Ha Ar{cepraHTa B rrpuHocrrre

Ilpegcranennre ra3cneABaH?r, B Ar4cepraulrouHr.rs rpyA r,r rtp nApytr<aBarqme

HayrIH[ rry6nuraqru c aBTop cKoro yqac'rue MIt AaBar ocHoBanr.re Aa crrrraM, qe

.uucepTaIII{oHHLITe pe3ynTaflr ca Hanp aBeHrr Jrr{rrHo oT AoKTopaHTa.

7. IIpeueHrca na ny6.nnraqurrre rro Arrcepraur.roHHr.rs rpyA: 6pofi, xaparrep
Ha lr3AaHrrsra, B Korrro ca orneqaraun. Orpaxeune B HayKara - [3noJr3Bane r.r

rlrrrrrpaHe or Apyrfi aBTop[, B Apyr[ ;ra6oparopnn, crpaHr.r r lrp.

flucepraquoxru-a'r rpyA Ep eAcraB, oceM rry6rr.xaquu, cB6p3aHr,r c

p aspa6orrauara reMarr.rra. Te ca npareuu ua uayrun xouQepeHrlt4lr y Hac, B crr[caH]Irr

y nac (Computer and Communication Engineering, Proceedings of Technical

University of Sofia). ,{oe or uy6lmauulrre ca uy6nr.rryBaur.r B qyxAecrpaHru

la34anlt-aiIOPConferenceSeries:Materials,ScienceandEngineering uSustainability.
Btopoto cnucarlaevv,a Scopus paur 0.69 u rsaHT[n Q1. Tora e rr,ruoro BrrcoK arecftrr
3a AllceprarluoHxoro r,r3cJre,qsaue. B l[ceprarl[roHuara pa6ota ca oT 6erssau[ n 59

flonyqeull qI,IrEp aHI,L or tlyxAecrp aHHr.r aBropr{ (no4po6ua cnpaBKa He e

ttp eAcraBeHa B AoKyMeHrure rra Arrceprarlr{oHHara npor{e4ypa).
Kato orqararra 6por na rry6lzxaqzute r.r ,t3r,rcKBaHr4-rrra Ha TY-Cor[ur rora

yAoBnerBop{Ba r.rcKaHrrr [par oT ToqKrr 3a 3aulr.rTa Ha o6p asorarenHo -HayE{aTa

srerreH ,,AoKTop '6 qp e: Karerop lrure A, B7 u f7 .

8. Ilrno.nrnane Ha pe3yJrrarr{Te or Arrceprarlr{ouHr{fl rpyA B Hayrruara ll
courraJrHaTa IIpaKTlKa

.{ucep raquo nHr.rrr rp yA p a3p a6otra np amuqecKr.r p emeHrq 3 a OopMarrcup aHe

Ha [pouecr{ qpe3 yAaqHo rp o eKTr,rp aHe Ha ffpyKTypa n napaMerpr{ Ha HeBp oHHr.r

Mpexu. floxaranu ca np lrMeprr Ha aBToHoMHo ABr,rxeHI.Ie Ha o6eKTy, IIa p a3rlo3HaBaHe

Ha gbcroflHrre Ha qoBeK, Ha flporHo3lrpaue Ha arMoctfep no sanarpcrBaxe.

Toea ca [oJrBHr.r p eueHrrrr ?r HMar rrp ]rJroxenr.r, 3a flp arcfl.rKara u o6qecrBoro.
OrleH.snarra [oJloxlrreJrHo noreHrlr,raJra rra Ar,rceprarluoHHr,rr rpyA 3a r.r3rroJr3BaHe Ha

lonyqeHuTe p e3ynTaTr.r B KoHKp eTHr,r [pr{noxHlr 3a4al{u.
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9. Mueuua, flpenopbKr.r n 6qrexnu

PeqeHgeHTbr cqrrra, qe B ArrceprarruoHHoro lr3cJreABaue e [oAxoArrrlo Aa ce

Brurrorrar npr.rMepHu n3quc;lrcr.vr, or o rrp eAen eHr.r crr,fiKrr ua p a:pa6oreauer
anropr,rrbM 3a ofipeAentrre Ha [apaMgrprr Ha HeBp oHHr,rre Mpex(u. Tora 4ara xoroTa

KaI(BO Ce I,I3[OJI3Ba KaTO I43XOAHr Aa,JfiI"j, KaKBO Ce 3Lt C,lfiBA II [OMata Ia Ce

B63npo 3BexAarp e3yJrrarr.rre Ha Arrceprar{uoHHoro r,r3cJregoaue. flp eAcraBfiHero Ha

[ceBAoKoA He [oKa3Ba cbABpxarerHo Kor[qecTBeHuTe orleHKr.r Ha nap aMerpr,r H

crpyKrypa Ha HeBpoHHara Mpexa.

PeqeuseHrtT HaMnpa rpyAHocrrr npu qereHero Ha Ar{ceprarluoHHru rpyA
flop a.qu MHoxecTBoTo rr3rroJr3BaHr4 Tep MrIHr4, Kor{To IIoH{Kora r4MaT eAHaKBO

cbABpxaHxe. floasgaur,r ca rep Mr,rrr,r Karo ,,xorr.rnouenru", fioAnorryJraryM,

[oKoJreHr,Ir, reuou". flp enopr.maru Aa ce rr3noJr3Ba rr cla3Ba crpora fiep apxr.r-r rm

Tep Mr4Hr.rre, Koero e neo6xoAurrao 3a Aa ce p as6npa Bbrp errrHr,rre flpoqeclr B

HeBpoHHaTa Mpexa,

Karo sa6erexxa ule or6enexa, qe aBTopoBr.rre rrp erenrlr{r{ ce AeQr.rHr.rp ar c
TepMI4Ha,,rrpeAJIoxeH e MgroA....". Orct craa ouentqHa qacr, (o{To [o3Bon.rrBaAa ce

BvA*r u orlenr{ To3r, MeroA KaKBr.r rroJroxrrreJrnr.I eQerrr flocrrrra. C rep rumra

,,npeAJroxeH e..." ce rrpaBrr Agrurapaqlrr, Ho HrMa AoKa3areJlcrBo, qe roBa e rroJr6Ho

u 4ana eQerr.
Tesu np enopbKr.r Moxe Aa ce orrrerar or ArrcepraHTa B HeroBH 6raeru,r

rry6auxauuox:e.:avr vt3flBvt.

floroxutereu arecrar 3a Alrcepraur.roHuara pa6ora e roaerrararr 6po[
nrrTep aTypHr{ rr3TorrHrrrlrr, KorrTo ca r43noJr3BaHr{,3a Aa ce qp eAcTaB}r c6cToflHrreTo Ha

npo6relaaT urara no flpoeKrr{paHe Ha napaMerpu r.r crp yKTypa Ha HeBpoHHr.r Mp oror.

OqenxsaM noJroxrrreJrHo r ny6ruraquoHnara AefiHocr, Korro e nocrurHaJra 14

rrr,rrr4p yeMo cr or cnequanr,tcru e uyx6uua.

10. 3arc.nroqeHrre c flcHa noJror(ureJrHa l orprrrlareJrna oqenna Ha

Ar.rcepTaquo HHrrfl TpyA

OrIerLflsaI\,I noJroxI,ITeJIHo Harrp aBeHI,ITe HayqHu r.I HayqHo-flpuoxHr.r rrp rrHocr.r

Ha Ar.rcepTarlr4oHHrd rpyA Ha rr.rar. cresan Arunfles L{oxoa. curtarra, ue

rr3r,rcKBaHrurra na 3arona 3a p a3Br,rrrre Ha aKaAeMr,IqHwr cbcraB a Perry6ruma

Etmapu-r, flpaezrnruxa 3a HeroBoro rrp rr.JraraHe u flp aau;ra'ra u np oqe.elprr 3a

rrp neMaHe r.r o6yvenue na .qoKropaHTu u rtp uAo6r.rBaHe Ha o6pasoeareaHara r4 HafrHa

creneH ,,AoKTop" na TY-CoQur ca usur,,rueHlr B rrpeAcraBeHH, Ar.rcepraWoHeH TpyA.

6



fop eusnoxeuoro Mu AaBa ocuoBaHr.re ,qa AaM noJroxr{TeJrHa orIeHKa 3a rrp eAcraBeHrrr

AlicepralluoHen TpyA Ir Aa rrpelopbqaM Ha Hayuuoro xypr.r Aa npncbArl Ha Mar.

CreQan AJrlnues Iloxon HayqHara crefieH ,rgonToptt no npotfecuorraJlHo

HattpaBneHlre 5.3 ,,Kouyruxaur{oxua r,r KoMrrrorbpHa rexHuxa", uayvua cleq?raJrHocr

"CucT euu c Lr3KycrBeH utrterert".

.(ata: 5.1.2026 r.
rp. Cor[ux

PEIIEH3EHT: '-

( npoQ. ATH r{Hx. Togop CTor.rnou )

7



REVIEW

about the PhD thesis for the acquisition ofthe scientific degree "doctor"

Domain: 5 Engineering Sciences,

Professional field 5.3 "Communication and computer equipment"
Scientific specialty: 'Artificial intelligence systems "

Title of the PhD thesis: "Optimization of neural network architectures

through evolutionary algorithms "

Author of the PhD thesis: Stefan Alipiev Tsokov, Technical University of
Sofia, Faculty of "Computer Systems and Technologies", Department of
"Computer Systems"

Ph.D. supervisors: Prof. Ph.D. Milena Lazatova-Technical University of Sofia,

Assoc. Prof. Ph.D. Adelina Alexieva - Technical University of Sofia

Reviewer: Prof. D.Sc. Ph.D. Eng. Todor Atanasov Stoilov, Institute of
Information and Communication Technologies - Bulgarian Academy of Sciences
(IICT-BAS), Sofia, Acad. G. Bontchev str., BL.2

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, procedwally
assigned dependencies, and implicit interactions. Additional complication for
modeling systems and p rocesses comes from the dimensionality of the p rocesses, 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 rep resent and account for the comp lex nature of obj ecls

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.
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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 presenteddissertationworkhas as its object the studyofways of structuring
and modifying neural networks. By applying automatic changes in the structure and

parameters of neural networks, the adaptability ofthe functioning of systems that apply
neural network solutions in their functioning is achieved.

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

visible and understandable. I positively assess thethematic 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 ofweight coeffrcients 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

dissertationwork 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 struchrre, simulation exp eriments for
determining the characteristics and structure of neural networks for three types of
applications: autonomous agent movement, identification of human behavior statg and

forecasting of atmospheric p ollution.

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

2



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

The research methodology is a consequence ofthe task set in the dissertation work
to develop algorithms for determining p arameters and the structure ofneural networks

in various practical applications.

4. Briefanalyticaldescriptionofthenatureandassessmentofthecredibility
of the material on which the contributions of the dissertation are based

3

The dissertationis logically developed according to therequirements ofacademic
research.

In Chapter 1, an analysis and overview ofthe 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 ofevolutionary calculations are analyzed.

In Chapter2, the dissertationspecifies the method for analyzingand 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 adoptod by
the dissertationresearch are evaluated andcomparedwithknownmethods forchanging
the architecture ofneural 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 networkmaintains a constant structurg
but the characteristics ofthe individual components change.

ln chapter 4, the practical example concerns the recogrition 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 tlpes ofoutput 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, nitrogur
dioxide, sulfurdioxide,etc.). Meteorologicaldatafrom 12 stations measuringpollution

in China were used. These data were used to desigrr a neural network, its corresponding

architecture, and parameters. Accordingly, average pollution values were predicted.

The taskwas complicatedby takinginto 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 ofthe dissertation work presents the thematic area of research for

algorithmic determination ofthe p arameters and structure of neural networks, and the

sp ecific development of the dissertation research by modifuing 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. I assess the scientific and applied contribution in simulated experiments 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.
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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 (Computerand 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, andthe joumal

Sustainability. The journal has a Scopus rank of 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 ofthe 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 tkough
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 ofthe developed algorithm for determining p arameters ofneural ndworks
in the dissertation research. 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.
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The reviewer finds it diffrcult 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 intemal
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 litaary

sources that have been used to present the state ofthe art in the design ofparameters
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

dissertationwork ofMag. 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 ofDoctoral Students and the Acquisition of the 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 theprofessional field 5.3 "Communicationand computer

equipment", scientific specialty "Artificial [ntelligence Systems"

Date : 5.01.2026 r. REVIEWER
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