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Anrop Ha AucepraIIHoHHHq rpy.q: Mar. HHxt. Feopru feopruee feoprnen
Terra sa AncepraulloHHHfl TpyA: ,,f[,rarQoplreHo He3aBlrcur]tu lrpHJro:xeHufl c
rr3rloJr3BaHe ua GPU n MarrrrHrro o6yuenue"
rl;ren sa rrayqHoro xypu: npo$. A-p uHx. Arauac Be,'rros Arauacon, XTMY-CoQur

l. AxryarHocr Ha AHceprauuoHHnq rpyA

Arryarurocrra Ha ar.rcepraur{oHHu, Tpya ce olpeaen, or HapacrBauloro 3HaqeH}re Ha

rpa@Huultre flpol(ecopu Karo Brrcoxorrpou3BoAurerHa nnarSopua 3a napaJlenHl,l

u3'uvcneHnr, KoMnrorcpHa rpaQr-rra v Marrr4 HHo o6f.reHue. Cr,npeueHurare flpxnoxeHllfl 3a

peHAHpaHe B peanHo BpeMe r.r3r.lcKBar eaHoBpeMeHHo Br,rcoKa npoH3Bo,qr4TenHocr,

$oropeaaucruuHo KaqecrBo n Bb3MoxHocr :a pa6ora BT,pxy pa3rurrHu xapAyepHl.I H

coQryepHu nnarQopuu. B c:suloro BpeMe cbulecrByBauure GPU peureHux qecro ca
o6n'sp:anu c KoHKperHH apxHTeKTypH, nporpaMHr4 uurep$eicu, u oneparlHoHHu cHcreMll,
Koero ycnoxulra pa:pa6orxara Ha npeHoculr coSryep u orpaHr.IqaBa e$exruruoro
rr3non3BaHe Ha rr3quclrureJrHI{, IroreHullait Ha c6BpeMeHHHre rparprlvxu npouecoptl.

B rosu xoHrexcr oco6eno aKTyaneH e npo6reur,r 3a cb3aaBaHe Ha y'ur.rQuqnpana u
nrar$opnteno He3aBr.rcrrMa cpeAa 3a GPU nprzloxeHrrr, Korro Aa ctqeraBa rpa$runr u
u3qucnrlrerHu npoqecu. ,{ucepra\uflrau3crrerna rosu npo6aeM qpe3 H3nor3BaHe Ha Vulkan
r Rust, Karo eAHoBpeMeHHo c roBa pa3mex.qa orrrnMu3aur,rrra Ha rrpocneArBaHero Ha

cBerJIIrHHL Jrr,qu B peaJrHo BpeMe qpe3 ctBpeMeHHr.r anroprlrMrl Karo ReSTIR.

,{ontrHurelHa aKTyaJrHocr npr4,qaBa r{HTerpnpaHero Ha Mero,qu Ha MauHHHoro 06) reHue
:a Al-6a:Npano uaula6upaHe K6M BHcoKH pe3onrol(nn u reHepnpaHe Ha MexAVHHH KaApH c

ueJI HaMtrJIrBaHe Ha IT3qHCJII4TeIHOTO HaTOBapBaHe IIpI,I 3ana3BaHe Ha np]IeMnr{BO Bu3ya,rrHo

KaqecTBo.

Arrya:rNocrra rrMa KaKTo HayqeH, TaKa H Haf{Honp}rnoxeH xapaxTep, rtfi raro
flpe.qnoxeHl,rre perxeHrrr ca peaJrx3rrpaH B flpororun ua nnarSoprveHo He3aB]IcI-IM

rendering engine r.r ca eKc[epHMeHTaJrHo orreHeHn npx pa3rr.rr{Ht4 onepauvoHHl4 cHcreMH H
rpa$avHlr cpe4u. llonyreHr4Te pe3ynrarli noKa3Bar Bb3MoxHocr 3a trocrzraHe Ha

ctnocraBliMa npou3BoArrreJlHocr 6e: Ir3noJr3BaHe Ha uarQoprtaeno cnequSuvuu
peaJrrr3aur{H, Koero rrorB]px.qaBa npaxTuqecKara 3Haqr.rMocr Ha H3cJreABaHur npo6nen.

2. CreneH Ha rro3HaBaHe c'bcroflHuero ua npo6;rena u rBopqecKa lrnTeprrperauufl Ha

JruTepaTypHnq rraTeplran

.{ucepranrrr feoprn leoprlten AeMoHcrpr,rpa BucoKa creneH Ha rro3HaBaHe Ha

c6cror{Hr{ero Ha u3cJIerBaHur npo6lenr. Toe e HanpasHJI cllcreMarr.rqeH aHzuru3 Ha

ctBpeMeHHHTe noaxoAti 3a BrrcoKo[pou3BoAuTeJrHo rpaQuuHo a GPGPU nporpaMlrpaHe,
Karo ca pa3rneAaHr,r ocHoBHrrre nporpaMHrr nHrep$eficu H TexHo;rorur,r, BKJrroqHTeJIHo

CUDA, OpenCL, OpenGL n Vulkan, KaKro H rexHr.rre npear.rMcrBa n orpaHLrqeHLL ro
orHorxeHr-re Ha npor.r3BoAr.rreJrHocr, trpeHocr4Mocr n uarQopueua He3aBr,rcr.rMocr. Oc06eHo
BHUMaHr.re e oTAeJIeHO Ha CbBpeMeHHI,tTe MeTOtrtI 3a npOCJIeArBaHe Ha Jr6rrr{ B peanHo BpeMe,

path tracing, ReSTIR DI u ReSTIR GI, raxro H Ha lr3rrorr3BaHero Ha Marrr.rHHo o6yreHue:a
Maula6lrpaHe Ha lr3o6paxeHr.rero (image upscaling) u reHepupaHe Ha MeXAHHHH Ka.upt .



Jft.rreparyprrrr Marepnan ( 108 rureparlpHr.r H3ToqHrrrlu ua .narrnnqa) He e rrpe.[craBeH

caMo orrlrcareJrHo, a e [oAnoxeH Ha cpaBHr.rreneH n KpfiTriqeH aHaJrr,r3. Asroptr rr3BexAa
KOHKpeTHI,I OrpaHHqeHHrr Ha cSuIecTByBallII,lTe peuIeHI.L - HanpHMep 3aBHcr.rMocTTa Ha

CUDA or xapayepa Ha NVIDIA H onpaH[qeHnrra Ha cbr]ecrB]tsaxrrrre Al-6a:upaun
MeTO,q[ 3a Marqa6xpaHe u feHepr{paHe Ha KaApH rro orHorrreHr{e Ha nnaToopMeHaTa

He3aBr.rcHMocr r,r r{HTerpaul{rra B ct,lqecrByBaqn rendering cHcreMH.

Creg reopvecra uHTepnperaur{, Ha Jrr.rrepar}pHllr MarepHaJI II.rcepraHTar e npeaJloxll;t
KOHUenTyaneH MOAen 3a Cr,rcTeMa 3a peHAHpaHe B peirnHo BpeMe, ocHoBaHa Ha eArIHeH

nporpaMeH MoAen qpe3 Vulkan, KaKTo r{ Syrrxqraoualuo-rrMnepar}rBeH noaxo4, cbqeraBaur
6egonacso yfipaBreHue Ha pecypcr{Te, MoayJrHocr u eQerrueuo H3noJI3BaHe Ha

MHOIof,[peHH apXHTeKT]pH.
B pesynrar Ha aHaJrH3a aBToplT He caMo n4eurrQuqtrpa clulecrB)tsaxrure HayqHr.l lr

TexHoJroruqHr.r orpaHurreHr,rr, Ho Ir rll rr3noJr3Ba Karo ocHoBa 3a Qopuynupane na co6crseHo
peueHr{e, Koero BnocJreacTBr,re e peiul[3rrpaHo r,r eKcnepHMeHTaJrHo [poBepeHo qpe3

nporoTrrn Ea nnaroopMeHo He3aBrlcr.rMa rendedng engine.

3. Cr,orsercrelre Ha npeaao?r(eHara MeroArira Ha [3creABage rr [ocraBeHrrre ueJr u
3aaaqI,l Ha nncepTarlfioHHrrf rpyA

Llz6pauara MeroA[Ka Ha H3cJreaBaHe e a,ueKBarHa u B rlp{Ko clorBercrBue c

nocraBeHara uen H SopMynxpaHuTe 3aaaqr Ha AxceprauuoHHl,L TpyA. I-{erra e HacoqeHa

Kt,M r,r3cJIeABaHe Ha Bb3MoxHocrure 3a cB3AaBaHe Ha yrrr.rQuqr.rpaH u rurarQopueuo
He3aBr{crrM cofiryep sa GPU fipunoxeHr.r, B KoMnrcrtpHara rpadrra u l4Hrerp]rpaHero My c

Ma[rHHHo o6y.renue. 3a uefinoro nocrr.rraHe ca nocraBeHu 3aaaqu, o6xBaurauu
pa3pa6orBaHe na nla'rtpopueHo He3aBr.rcl4Ma apxureKTlpa r eAI.IHeH nporpaMen Moren,
onrrrMr,r3arru, Ha npocfle,u.f,BaHero Ha Jrbqr{ r{ }r3cJreABaHe Ha Mero,(u 3a Marrrr,rHHo o6yreuue
nplr peHAnpaHe c BHcoKa pe3ojlloufi, n feHepHpaHe Ha KaApI{.

MeroANxara noc;IeaoBareJlHo BxlloqBa aHaJtLl3 ti cpaBHeHLIe Ha ctl[ecrB]tsaxln
TexHororufi u nporpaMHu anreprfeicu, npoeKTI.IpaHe Ha apxl{TeI$ypHLI pelxeHur,
pa3pa6orBaHe Ha aJroprrrMlr I{ flpororufl, KaKTo I4 ercnepuMeHTanHa [poBepKa x
cpaBHr4TeJrHa ouenKa Ha noJryqeHuTe pe3ynrarr.r. To:u noAxoA no3BoJr.,rBa reoperuqHr.ITe

nocraHoBKu aa 6rAar npoBepeHu npaKrr,qecKn Bbpxy peaJrHr.r GPU apxNrerrypv u
pa3nuqHH co$ryepnu cpean. B Auceprarrxrra Hanpr.rMep e H3Bl,pIxeHo cpaBHeHrre MexAy
rpaQr.rvnure lrurepQeficrl Vulkan u DirectX 12 npu peanr{3arrru Ha eAHr,r L, c:".ulLt

onrrrMH3arluoHHr4 irnroplrTMrr, Karo ca r,r3MepeH pe3yJrTaTr,rTe npH pa3nr{qHr{ pa3aenr,rTeJrHr.r

cnoco6nocru.
Oco6eno cauecrBeHo e, qe Mero4uxara e excnepuMeHTarnHo opxeHTxpaHa.

Parpa6oreunrr rendering engine e recrBaH B6pxy pa3nr.{qHu cueHr.r lr xon$lrrypaqr.ru, a

nonrleHrrTe pe3yJrTaTrr ca H3noJr3BaHn 3a orIeHKa Ha npol{3BoarrTeIHocTra, nnaToopMeHaTa
He3aBLICHMOCT I{ flp[JIOXHMOCTTa Ha npe,qnOXeHHTe anropfiTMn. TaXa rr.rerO,ql4Xara He Ce

orpaHuqaBa Ao Teoperr{qeH aHaJrr{3, a oc rypfBa BL3MoxHocT 3a KoJrHqecTBeHa rrpoBepKa Ha

nocraBeHrfle xDIrore3lr u ua e$errurnocrra Ha npeaJroxeHure peureHltr.
Cvutau, qe [3nor3Banl,tre B Auceprauvrra MeroAr4, noAxo,qu E cpeAcrBa 3a aHaJrr3 ca

AAEI(BATHI,I HA NOCTABEHATA IICJI I{ 3AAAqH.

4. Hayvuu, HayqHo-[prrJroxHlr rr npHJroxHH npr{Hocr{ Ha aucepraur{onn[fl Tpya

flpuenau Bcr.rqKr{ 3arBeHr{ or Mar. uux. feoprN feorfies npuHoc]l, Koxro rofi e

Qopruynupan xaro:
HayuuN:



- Pa:pa6oreH e KoHrrenry:rJreH MoAen 3a r43rpaxaaHe Ha nlarQopueHo He3aBHcHMa

cucreMa 3a peHAHpaHe Ha a3o6paxeHu, B peirJrHo BpeMe ocHoBaH Ha ear{HeH nporpaMeH
MOAeJT 3a fpaiblqHr.r u r,r3qr.rcJrr{TeJrHH ollepaufiu upe: Vulkan;

- llpea.noxeu e Qyuxqnonanuo-uMneparrrBeH noaxoA npu pa:pa6orBaHero Ha

B,rcoronpor43Boar.rreJrur,r rpa$lrqHu npuJroxerlu B peaJrHo BpeMe, KofiTo ce 6a:upa na
6esonacHo ynpaBnerr.re Ha pec)?c re, MoAynHocr rz eQexruuro H3rroJr3BaHe Ha

crBpeMeHHHTe MHOrOr.qpeHH apxr.rTer(TypH.

Ilay.ruonplraoxulr:
- flpe.4loxeua e apxrrrexTypa na nlardopr'.reHo He3aBHclrM rendering engine ra

peHAr.rpaHe ua r.rso6paxeun, B peaJ'rHo BpeMe c npocne.qrBaHe Ha Jrbrlr, pearr.r3upaHa qpe3

Vulkan u e:nra Rust, Korro no3Bor.,rBa r43noJr3BaHero Ha eAuHeH MoAeJr 3a ynpaBneHue Ha

npa$uunure r,r H3rrr,rcrHTerHrrre pecypcH B6pxy pa3nr.rqHfi oneparruoHuu clrcreuu 6eg

ueo6xoaruocr or MexAlrHHr.r cJroeBe 14 nrarQoprr.reHo cneqnQuvxlr npoMeHH;
- Parpa6oreu e noAxoA 3a rrHTerplrpaHe Ha Mo.qu$rlunpaHrl h a\aflTupaHu iurFopI,ITMIr

3a .qlrpexTHo a uo6alno ocBerJreHue ReSTIR DI n ReSTIR GI e nnar$opnreHo He3aBLIcr{Ma

cpeaa 3a peHAHpaHe ua ueo6paxeHr{, B peanHo BpeMe c path tracing, KofiTo ro3Bon.sBa

npeHocr4Mo peHAupaHe B petrJrHo BpeMe rr r.r3non3BaHe Ha xapAyepHo ycKopeHo

[pocneAflBaHe Ha rbqrr Bbpxy pa3nuqHu GPU apxurexT ypu;
- flpealoxeu e [oAxoA 3a [3[oJr3BaHe Ha Marrrr{HHo o6yreuue rrpu peHAr.rpaHe Ha

u:o6paxeuux upee Al-6a:r,rpaHo uaula6upaHe na u:o6paxeHur KbM BtrcoKu pe3onrcqflfi Ir

reHeprrpaHe Ha MexaHHHH KaapH B peuurHo BpeMe c rleJr HaMaJUrBaHe Ha 3qr.{cjrHTeJlHoro

HaroBapBaHe r rparpuuHur xourefiep npr{ 3ana3BaHe Ha Bn3yarHoro KaqecrBo Ha

peH.qHpaHHre lr3o6paxeHHr.
llpHroxnn:
- Pa:pa6orena e MeroauKa 3a eKcrrepr4MeHTanHo [3cneABaHe u cpaBHI.{TeJIHa oueHKa Ha

npor,r3BoAr.rrenHocrra Ha nlar$opn,teHo He3aBrlcrrMr,r rpa$uvuu npunoxeHn.n npr4 pa3nr.ItrHH

oneparluoHHr.r cr{creMri, rpa$runu cpe nt4 r.t rpa{uu H n r{HTep0efi c H ;

- Pearu:upan e [pororurr ua n,narQopueuo He3aB]rcrrM rendering engine sa peHAlrpaHe

Ha u:o6paxenuq B pe:urHo BpeMe c rpocreAqBaHe Ha Jrtqrr c path tracing, prsnor:sau.l Vulkan
r Rust, c KofiTo ca npoBeAeHr{ eKcnepuMeHTarHfi TecroBe, AoKa3BaurH eaHaKBa HJrr.r

eKBuBaJreHTHa npor{3BoArTenHocr npu }r3nb;rHeH}re er,pxy Windows N Linux cpe4u;
- Excnepurr.reHTurJrHo e AoKa3aHa Bb3MoxHocrra 3a nocrHraHe Ha cb[ocraBllMa

lporr3BoauTeJrHocr npu r,r3rro;r3BaHe Ha pa:pa6oreHara cucreMa Bbpxy pa3nr.IqHLI

onepaqr{oHHu cr4creMr{ r,r rpaQuunr.r cpe.qlr 6es H3[oJr3BaHe Ha nrar$opueuo cnequ{uuutt
peaJllI3aqr{H.

5. llpeqenra na ny6.nuxaqu[Te no AuceprarlnoHH q rpyA

.{oxropanrrr e npeacraBr{n 4 ny6aura[uu, Kolrro ca pa:pa6orenu tro BpeMe Ha

AorcropaHT)?ara. Ily6nllxaqrluTe ca cBrp3auN c npo6re:ut4're, u zaaavvre perxaBaHlI B

alrcepraurrsra. Cr,ulure ca npe.acraBeHH B MexA),r{apognr.r ronQepeHqr4r.r, Karo ca
orrrerraraHr.r B ntJreH rexcr. Tpu or ny6nlrKaulrure (no4 HoMepa 1,3 u 4) ca [peacraBeHl
npe3 pa3nHqHH roAlrHri (2023, 2025, 2026-tpueru sa nevar) Ha Mex,qyHapoAHara
roHfiepeuqur International Scientific Conference on Computer Science (COMSCI), Sozopol,
Bulgaria, Korro e rrHAeKcHpaHa u Scopus. fly6.rruxaqnx noa HoMep 2 e npegcratena ua 60th

International Scientific Conference on Information, Communication and Energy Systems and
Technologies (ICEST), Ohrid, North Macedonia, 2025, wonro e HHAeKcrlpaHa n Scopus u
Wos. B eana or ny6ruraqlrure I- feoprueB e eAxHcrBeH aBTop a B ocraHirJrHTe rpn e [apBI.{

cbaBTop 3aeAHo c ear{H oT aBaMaTa cu Ha).qHu pr,KoBoAr.rTeJrI4. c6oprr oT TorIKtITe Ha

ny6ruxaquure Ha AoKTopaHTa HaABr{rrraBa rpr{KparHo r,r3ucKyeMr,r, MIrHt Myr!{, 3irnoxeH B



flpanruuuxa 3a ycnoB[rra h pera 3a npu4o6uraue Ha HafrHara ctenen ",[orrop" na TY-
CoQur no nH 5.3.

6. MHenun, rrpe[oplr(H n 6e.nexxu
HqMaln{ oco6eHn :a6e:rexxn KbM arceprauuoHHr4fl Tpya. Tofi e o$opr'aeH BHr4MarerHo 14

cTapaTenHo c Br,rcoKo Hr,rBo Ha npeacTaBrHe Ha HarlHHTe Il3cIeaBaHI.t, Lr cBl{aeTeJIcTBa 3a

,1o6poro no3HaBaHe Ha trpeAMerHara o6lacr.
C.ruraru{, qe AoKTopaHTtT r.rMa Ha)AeH noreHIII4;uI 3a [poBexAaHe Ha caMocrorreJlHlr

u3cl,e1BaH:afl, KaKTo B o6nacrra Ha clrcreMHoro nporpaMnpaHe, I43KycrBeHI.r, r4HTeJreKT r.r

MarxrrHHoro o6yrenue, raxa r.r o6lacrra Ha KoM[]or6pnara rpaSnra I4 peHAI.IpaHero Ha

u:o6paxeuu-r B pe:rJlHo BpeMe.

34K,'IIOTIEHHE

Ouesrara Mr4 orHocHo c'bar,pxaHxero Ha aHCepraqHoHHI.Ifl Tpy,q H npnHoctlTe Ha Mar. LIHx.

leopru feoprneu I-eopnrer e noJrorxlrTeJr]ra. AHcepraHT6T e !r3B'r,ptrrr.rJr 3HaqHTeJrHa no o6errr

H Cl,AbpXaHHe H3CJreAOBareJrCra pa6ora. flncepraunoHHl.Irr rpyA orroBapfl HaflbJrHo Ha

r,r3lrcKBaHr{Jrra Ha 3aKoHa 3a pa3BHTHe Ha axa,u,eMnr{Hr.r, ct cTaB Ha Peny6nl-rxa Er,arapu-r, xa
flpaurnuuxa:a HeroBoro npHnoxeHHe u ua flpanurHuKa 3a ycJIoBHrra Ir peaa 3a npuAo6IrsaHe
Ha Hay{Ha crefleHr.r s TexH .{ecrnr Yurrepcurer - CoQur.

fopex:noxenoro MH aaBa ocHoBaHI4e Aa npenopbqaM Ha Ysaxaer\.{oto Ha)"{Ho xypn Aa

rrpHcbarr Ha HHx. feoprn feoprnen Feopruee oopa3oBaTenHaTa H HayqHaTa cTeIIeH

,,aoKTop" no npoQecrouirnHo HanpaBnenue 5.3 KoltyuuraquonHa I,r KoMIrIorbpHa rexH[Ka,

Hay{Ha cnerruanHocr,,CtlcreMHo nporpartrpaue".

Co$u-a,31.08.2026 r.
9:reH Ha xypliro:

/npoQ. a-p uuN. A. AraHacoe/



OPINION

on a dissertation work for obtaining a scientific degree "Doctor"
professional direction 5.3 "Communication and computer technology"

scientific specialty "System Programming"

Author of the dissertation: MSc, Eng. Georgi Georgiev Georgiev
Dissertation title: "Platform independent applications using GPU and machine learning"
Member of the scientific jury: Prof. Dr. Eng. Atanas Velkov Atanassov, UCTM-Sofia

1. Actuality of the dissertation

The relevance of the dissertation work is determined by the growing importance of graphics

processors as a high-performance platform for parallel computing, computer graphics and
machine leaming. Modem real-time rendering applications require both high performance,
photorealistic quality and the ability to work on different hardware and software platforms. At
the same time, existing GPU solutions are often tied to specific architectures, programming
interfaces, and operating systems, which complicates the development of portable software and

limits the effective use of the computational potential of modern graphics processors. In this
context, the problem of creating a unified and platform-independent environment for GPU

applications that combines graphics and computational processes is particularly relevant. The

dissertation explores this problem using Vulkan and Rust, while simultaneously considering the

optimization of real-time ray tracing using modern algorithms such as ReSTIR. The integration
of machine leaming methods for Al-based scaling to high resolutions and generation ol
intermediate frames in order to reduce the computational load while maintaining acceptable
visual quality is of additional relevance.

The relevance is both scientific and applied, as the proposed solutions are implemented in a

prototype of a platform-independent rendering engine and are experimentally evaluated under
different operating systems and graphical environments. The obtained results show the
possibility of achieving comparable performance without using platform-specific
implementations, which confirms the practical significance of the studied problem.

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

The PhD. student Georgi Georgiev demonstrates a high level of knowledge of the state of
the art ofthe problem under study. He has made a systematic analysis of modern approaches to
high-performance graphics and GPGPU programming, examining the main programming
interfaces and technologies, including CUDA, OpenCL, OpenGL and Vulkan, as well as their
advantages and limitations in terms of performance, portability and platform independence.
Particular attention is paid to modern methods for real-time ray tracing, path tracing, ReSTIR
DI and ReSTIR GI, as well as the use of machine learning for image scaling (image upscaling)
and generation of intermediate frames.

The literature material ( 108 literary sources in Latin) is not only presented descriptively, but
is subjected to comparative and critical analysis. The author brings out specific limitations of
existing solutions - for example, the dependence of CUDA on NVIDIA hardware and the



limitations of existing Al-based methods for scaling and frame generation in terms of platform
independence and integration into existing rendering systems.

After a creative interpretation ofthe literahrre, the PhD student proposed a conceptual model

for a real-time rendering system based on a unified programming model using Vulkan, as well
as a functional-imperative approach combining safe resource management, modularity, and

effective use of multi-core architectures.

As a result of the analysis, the author not only identified the existing scientific and

technological limitations, but also used them as a basis for formulating his own solution, which
was subsequently implemented and experimentally verified through a protot)?e of a platform-
independent rendering engine.

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

The chosen research methodology is adequate and in direct accordance with the set goal and

formulated tasks of the dissertation. The goal is aimed at exploring the possibilities of creating

a unified and platform-independent software for GPU applications in computer graphics and its

integration with machine leaming. To achieve it, tasks have been set, covering the development
of a platform-independent architecture and a unified programming model, optimization of ray

tracing and research of machine learning methods for high-resolution rendering and frame

generation.

The methodology consistently includes analysis and comparison of existing technologies

and program interfaces, design of architectural solutions, development of algorithms and a
prototype, as well as experimental verification and comparative evaluation of the obtained
results. This approach allows the theoretical statements to be verified practically on real GPU
architectures and different software environments. For example, in the dissertation, a
comparison has been made between the Vulkan and DirectX 12 graphic interfaces when
implementing the same optimization algorithms, and the results have been measured at different
resolutions.

It is particularly important that the methodology is experimentally oriented. The developed

rendering engine has been tested on various scenes and configurations, and the results obtained

have been used to assess the performance, platform independence and applicability of the

proposed algorithms. Thus, the methodology is not limited to theoretical analysis, but provides

an opportunity for quantitative verification of the hypotheses and the effectiveness of the

proposed solutions.
I believe that the methods, approaches and analysis tools used in the dissertation are

adequate to the set goal and tasks.

4. Scientific and/or applied science contributions ofthe dissertation.

I accept all contributions stated by MSc. Georgi. Georgiev, which he formulated as:

The scientific:
- A conceptual model has been developed for building a platform-independent real-time

image rendering system based on a unified programming model for graphics and compute

operations via Vulkan;



- A functional-imperative approach has been proposed for the development of high-
performance real-time graphics applications, based on safe resource management, modularity,
and efficient utilization of modem multi-core architectures.

The scientific and applied:
- An architecture for a platform-independent real-time ray tracing rendering engine has been

proposed, implemented using Vulkan and the Rust language, which enables the use of a unified
model for managing graphics and compute resources across different operating systems without
the need for intermediate layers or platform-specific modifications.

- An approach has been developed lbr integrating modified and adapted direct and global

illumination algorithms ReSTIR DI and ReSTIR GI into a platform-independent rea[-time path

tracing rendering environment, enabling portable real-time rendering and the use of hardware-
accelerated ray tracing on different GPU architectures.

- An approach has been proposed for using machine leaming in image rendering through

Al-based image upscaling to high resolutions and real-time intermediate frame generation in
order to reduce the computational load in the graphics pipeline while preserving the visual
quality of the rendered images.

The applied:
- A methodology has been developed for experimental investigation and comparative

evaluation of the performance of platform-independent graphics applications across different
operating systems, graphics environments, and graphics interfaces;

- A prototype of a platform-independent real-time ray tracing rendering engine with path

tracing has been implemented, using Vulkan and Rust, and experimental tests were conducted

with it, demonstrating identicaI or equivalent performance when running on Windows and Linux
environments;

- The capability ofachieving comparable performance when using the developed system on

different operating systems and graphics environments without employing platform-specific
implementations has been experimentally proven.

5. Evaluation ofthe publications on the dissertation

The PhD student has presented 4 publications that were developed during the doctoral

studies. The publications are related to the problems and tasks solved in the dissertation. The

same have been presented at international conlerences and have been printed in full text. Three

of the publications (under numbers l, 3 and 4) have been presented in different years (2023,
2025, 2026-accepted for publication) at the international conference Intemational Scientific
Conference on Computer Science (COMSCI), Sozopol, Bulgaria, which is indexed in Scopus.

Publication under number 2 was presented at the 60th International Scientific Conference on

Information, Communication and Energy Systems and Technologies (ICEST), Ohrid, North
Macedonia,2025, which is indexed in Scopus and WoS. In one of the publications, G. Georgiev
is the sole author and in the other three, he is the first co-author together with one of his two
scientific supervisors. The sum of the points of the doctoral student's publications exceeds three

times the required minimum set out in the Regulations on the conditions and procedure for
acquiring the scientific degree "Doctor" of TU-Sofia under Professional Direction 5.3.

6. Notes, opinions and recommendations



I have no particular comments on the dissertation. It is carefully and thoroughly prepared

with a high level of presentation of scientific research and evidence of good knowledge of the

subject area.

I believe that the doctoral student has the scientific potential to conduct independent

research, both in the field of system programming, artificial intelligence and machine learning,

and in the field of computer graphics and realtime image rendering..

CONCLUSION

My assessment of the content of the dissertation and the contributions of MSc. Eng. Georgi
Georgiev Georgiev is positive. The dissertation candidate has carried out significant research

work in terms of volume and content. The dissertation fully meets the requirements of Law on

the Development of the Academic Staff of the Republic of Bulgaria, the Regulations for its
Application and the Regulations for the Conditions and Procedures for Acquiring Scientific
Degrees at the Technical University - Sofia.

The above gives me reason to recommend to the Honorable Scientific Jury to award MSc.
Eng. Georgi Georgiev Georgiev the educational and scientific degree "Doctor" in
professional direction 5.3 Communication and Computer Engineering, scientific specialty
"System programming".

Sofia,31.08.2026 Jury member:

/Prof. Dr. Eng. Atanas Atanassov/


