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1. AKTYa/IHOCT HA AUCEPTALHOHHHUSI TPYI

AKTyaJHOCTTa Ha JMCEPTALMOHHUA TPY/ Ce ONpezelis OT HapacTBallOTO 3HAYE€HHE Ha
rpa¢HYHUTE M[POLECOPH KaTo BHCOKONPOM3BOAMTENIHA Iiatropma 3a napajeiHH
M3YHCIICHHS, KOMITIOTbPHA Irpaduka U MalIMHHO 00y4eHHe. CbBPEMEHHHUTE NPHIIOKEHHS 3a
pPEHIMpPaHE B pEAJHO BpEME H3HCKBAT €JHOBPEMEHHO BHCOKA IIPOM3BOAMTEIHOCT,
(GOTOpPEAIMCTUYHO KAaYecTBO M BB3MOXKHOCT 3a padoTa BbPXY pa3jMUHH XapAyepHH H
copryepun muargopmu. B ceuoro Bpeme cwbuiectByBamure GPU pewenus yecto ca
00BBP3aHU ¢ KOHKPETHH apXUTEKTYPH, IIPOrpaMHU UHTepdeicH, U OnepallHOHHU CUCTEMH,
KOETO YC/IOKHsBAa pa3paboTkaTa Ha MPEeHOCHM codTyep M OrpaHu4aBa e(peKTHBHOTO
M3II0JI3BaHE Ha U3YHCIIUTEHHA NTOTEHIMAJl Ha ChbBPEMEHHHTE IPa(HUYHH MPOLIECOPH.

B T03u KoHTekcT ocoOeHo akTyaneH € mpoOneMbT 3a Ch3JaBaHE Ha YHH(HUHpaHa U
ruiatopMeHo HezaBucuMa cpena 3a GPU mpunoxkenus, koaTto ga cbuyeTaBa rpadUyHy |
M3YHCIUTEIHHU npoliecH. JlucepTauusaTa n3cieaBa To3u npobieM upes usnonspade Ha Vulkan
1 Rust, KaTo €IHOBPEMEHHO C TOBa pasryekJa ONTHMH3aLMATa Ha IPOCIEAsSBAHETO Ha
CBETIMHHH JIbYM B pealHO BpeMme upe3 cbBpeMeHHM anroputMu Kkato ReSTIR.
JlonbIHUTEHA aKTYaJHOCT MPUAaBA HHTETPHPAHETO HA METOAM HAa MAILMHHOTO O0ydYeHHE
3a Al-0a3upaHo MallabupaHe KbM BUCOKH PE30JIIOLMH H I'eHepHUpPaHe Ha MEKIHHHH KaJIpH C
LIeJ1 HaMaJIsiBaHE Ha M3YMCIMTEIHOTO HaTOBapBaHE IpH 3ara3BaHe Ha MPHEMIIMBO BH3YaIHO
Ka4yecTBOo.

AKTyaJHOCTTa HMMa KaKTO Hay4deH, Taka M Hay4YHOIPHJIOXKEH XapakTep, TbH KaTo
NpeAIoKEHHTE peIleHHs ca peaju3hpaHd B MPOTOTHI Ha MIATPOPMEHO HE3aBHCHUM
rendering engine U ca eKCIEPHMEHTAIHO OLIEHEHH MPH Pa3IHYHH ONEPALHOHHH CHCTEMH H
rpaduunn cpenu. IlomydeHuTe pe3yaTaTd MNOKa3BaT BB3MOKHOCT 3a TIOCTHraHe Ha
CBIIOCTABMMa IIPOM3BOAUTENHOCT ©Oe3 H3Moa3BaHe Ha MIaTGoOpMeHO cneluH(QHUYHH
peanu3alii, KOETO NOTBBbPIKAaBa MpakTHUYECKaTa 3HAUMMOCT Ha U3CJIE/IBAHH TPODIIEM.

2. CTteneH HA MO3HABAaHE CbLCTOSIHHETO HA npoﬁ.ﬂema H TBOpP4YCCKa HHTCPHNpeETAalHsa Ha
JIUHTEPATYPHHA MaTepHaJ

HuceprantsT ['eopru ['eoprueB aeMOHCTpHpa BMCOKa CTENEH Ha I[O3HAaBaHe Ha
CBCTOSTHMETO Ha wu3cneasanus npobinem. Toe e HampaBWi CHCTEMaTHYEeH aHalu3 Ha
ChbBPEMEHHHUTE MOAXOAM 3a BHCOKOoNpou3BoanuTenHo rpapuyno u GPGPU nporpamupane,
KaTo ca pa3rjelaHd OCHOBHHUTE IPOTpPaMHH HMHTEpdEHcH M TEXHOJIOTHH, BKIIOUHTEIIHO
CUDA, OpenCL, OpenGL u Vulkan, kakTo ¥ TeXHHTE NpPEeJIMMCTBAa M OTPaHHUCHHUS 110
OTHOIIEHHE Ha MPOU3BOJUTEIHOCT, IPEHOCUMOCT H M1aTdopMeHa He3aBUCHMOCT. OcoOeHO
BHUMAHHE € OTJEJIEHO Ha CbBPEMEHHHMTE METO/IM 3a IIPOCJIE/IsIBAHE Ha JIbYH B PEAJIHO BpEME,
path tracing, ReSTIR DI u ReSTIR GI, kakTo 1 Ha U3MOJI3BaHETO HA MALLIMHHO 00y4YCHHE 3a
Maiiabupase Ha n3o0paxkeHuero (image upscaling) U reHepupaHe Ha MEXKIMHHH KaZpH.



JIutepatypuusat matepuai (108 nurepaTypHH H3TOUYHHLIM Ha JIATMHHIA) HE € TIPEACTaBeH
CaMo ONMCATENTHO, a € TOJUIOKEH Ha CPAaBHUTENEH M KpPUTHYEH aHAJIH3. ABTOPBT HU3BEKIA
KOHKPETHH OTpaHHWYeHHs Ha CBIIECTBYBALIMTE pELICHHs — HAaNpHUMep 3aBHCHMOCTTa Ha
CUDA ot xapayepa Ha NVIDIA u orpanumyenusara Ha cbuiectByBamure Al-Gasupanu
MeTOOM 3a ManlabupaHe M TreHepHpaHe Ha KaJpM MO OTHOIIEHHE Ha IUlaTpopMeHara
HE3aBHCHMOCT H HHTETpALMATa B CHILIECTBYBAIIH rendering CHCTEMH.

Crnen TBOpYeCKa HHTEPIIPETALIMS Ha TUTEPaTyPHHUs MaTepHall AMCEPTAHTBT € MPEITOKUIT
KOHIIENTYaleH MOJIENT 3a CHUCTeMa 3a peHAHpaHe B peajlHO BpeMe, OCHOBaHA Ha €IUHEH
nporpamex Mozen ype3 Vulkan, kakTo U () yHKIHOHAIHO-UMIIEPATHUBEH MOAXO0/1, ChUETaBalL]
0e30macHO ympaBieHHE Ha PEeCcypcuTe, MOJAYJIHOCT M €(EeKTHBHO H3IMOI3BaHE Ha
MHOTOSIIPEHN apXUTEKTYPH.

B pesynaTar Ha aHanM3a aBTOPBT HE CAMO MACHTH(HIHMpPA CBIIECTBYBAIIUTE HAyYHH U
TEXHOJOTHYHH OTPAHUYEHHS, HO M T'H M3I10J13Ba KaTO OCHOBA 3a (JOpMYIMpaHe Ha COOCTBEHO
pelieHHe, KOETO BIOCIEACTBHE € pPEaJM3HPAHO M EKCIEPHMEHTAJIHO IIPOBEPEHO upe3
MPOTOTHN Ha TIaThopMeEHO He3aBHCHMa rendering engine.

3. CboTBETCTBHE HA npeaoxreHara METOAMKa Ha H3CIEABAHE H MOCTABCHHUTE 1€ H
3aJla4y HA JTUCCPTALIHOHHHA TPYA

N30panara MeToamka Ha H3CJIEABAHE € aJeKBaTHAa U B IPSIKO CBOTBETCTBHE C
NoCTaBeHara 1ea U GopMyJTHPAaHUTE 3a/1a4d HAa AucepTauuoHHus Tpya. Llesnra e HacoveHa
KbM H3CIle[IBAaHE Ha BB3MOKHOCTHTE 3a Ch3JdaBaHe Ha YyHU(UUMpaH M MaaTdopMeHO
HezaBucuM codpryep 3a GPU npunoskeHus B KOMIIOTbpHATA rpad)uka U HHTETPUPAHETO MY C
MalIMHHO oO0y4yeHwe. 3a HEHHOTO TMOCTHraHe ca IIOCTaBeHHM 3aJayM, oOXBallalM
pa3paboTBaHe Ha MIaTHOPMEHO HE3aBUCHMA apXMTEKTYpa M €JMHEH TMpOrpaMeH MoJel,
ONTHUMH3AIMS Ha IPOCJIEIBAHETO HA IbUM M M3CNIe/IBaHE Ha METO/IM 32 MAalIMHHO o0yueHue
NpU pEeHAMpaHe ¢ BUCOKA PE30JIOLHA H TEHEPUPAHE Ha KaJpH.

MeToauKkaTa TMOCJIEIOBAaTEIHO BKIOYBA aHAIM3 M CPAaBHEHHE HA ChIIECTBYBALIH
TEXHOJIOTHH M TIPOTpaMHU HHTep(elicH, MPOEKTUpPAaHE Ha AapXUTEKTYPHH PpELICHUS,
pa3paboTBaHE Ha alrOPUTMHM M MPOTOTHI, KaKTO M EKCIepMMEHTallHa TNpoBepKa M
CpaBHMUTE/IHA OLIEHKA Ha MOJY4YEHHTE pe3ynTaTd. To3M MOAXOM MO3BOJISIBA TEOPETHYHHTE
MOCTAHOBKM Ja ObIaT MpOBepeHH TNpakTHYeckH BbpXy peanHu GPU apxurektypu H
pa3nu4yHu copTyepHH cpead. B auceprauusaTa HarnpuMep € M3BbPLIEHO CPABHEHHE MEKIY
rpaduunute uHTepdeiicu Vulkan u DirectX 12 mpu peanu3auuss Ha €IHH H CBIIH
ONTHMH3AIIMOHHH aJITOPHTMH, KaTO ca H3MEPEHH Pe3yJITaTHTE NPH Pa3IHYHU pa3ae/IUTEIHH
CIOCOOHOCTH.

OcobeHO CBLIECTBEHO €, 4Ye MeTOAMKaTa € eKCIIepMMEHTaJHO OpHEeHTHpaHa.
Pa3paborenusT rendering engine € TeCTBaH BBPXY pa3IMYHHM CLEHH U KOH(HUIypalHuH, a
MOJYYEHUTE PE3YJITaTH ca M3IM0J3BaHH 3a OLIEHKA Ha MPOU3BOAMTENHOCTTA, MaT(opMeHaTa
HE3aBUCHUMOCT M NPHJIOKMMOCTTA Ha MpeAIoKeHUTe anropuTtmu. Taka MeToauKaTa HE ce
OrpaHuYyaBa JI0 TEOPETHYCH aHATN3, @ OCUTYpPsIBa Bb3MOXKHOCT 3a KOJIMYECTBEHA [TPOBEpPKa Ha
MOCTAaBEHUTE XUIOTE3H U Ha €()EeKTUBHOCTTA Ha MPEUIOKCHHTE PEIICHHS.

CuynTaM, Ye M3MOJI3BAHUTE B JUCEPTALMATAa METOJHU, MOAXOIN U CPEACTBA 3a aHAIN3 ca
aZIeKBaTHH Ha MMOCTaBEHATa IeJ1 M 3a1a4H.

4. Hay4yHu, HAYYHO-TIPUJI0KHH H NPHJI0KHH NIPHHOCH HA IHCePTALMOHHNS TPYA
[IpyeMaM BCHYKHM 3asiBEHH OT Mar. HHK. ['eopru I'eormeB NnpuHOCH, KOMTO TOH e
dopmynupan Karo:
Hayunn:



- Pazpaboten e xoHuenTyajseH Mojes 3a M3rpakaaHe Ha MiIaTGoOpMeHO He3aBUCHMA
CHCTEMA 3a PEHJMpaHe Ha M300pa’keHUsl B pEalHO BpPEME OCHOBAH Ha €QMHEH MpOorpaMeH
Mozen 3a rpadU4YHM U U3YUCIIUTENIHU onepaunH ypes Vulkan;

- IlpennokeH e (GYHKUHOHAIHO-UMIIEPATHBEH TMOAXOA IpH pa3paboTBaHETO Ha
BHCOKOIIPOM3BOAUTENHH rpaduuHU MPHJIOKEHHS B peaJlHO Bpeme, KOHTO ce 0a3upa Ha
Oe3onmacHO yIpaBJIEHHE Ha pECyYpCHUTe, MOIYTHOCT M e(eKTHBHO M3IM0JI3BaHE Ha
CbBPEMEHHHUTE MHOTOSIPEHH apXUTEKTYPH.

Hayuynonpunoxuu:

- IlpeanoxeHa e apXMTeKTypa Ha IulaTopMeHO He3aBHcHMM rendering engine 3a
peHAHpaHe Ha H300pa)KeHHUsl B pealHO BpeMe C IIPOCIIesiBaHE Ha JIbYH, Peajlu3upaHa upes3
Vulkan u e3uka Rust, KosATO M03BoJIsIBa U3I10JI3BAHETO HA €IMHEH MOJEN 3a YNpPaBJICHHE Ha
rpaQUYHATE W H3YHCIUTETHHTE PECYpCH BbPXY pa3MM4YHHM OMEPALMOHHM CHCTEMH Oe3
HEOOXOIMMOCT OT MEXKIHHHH CI0€BE M MIAaTGOPMEHO crieln(PUYHH POMEHH;

- Pa3zpaboteH e moaxon 3a MHTErpupaHe Ha MOAMGMHUIMPAHU U aJalITUPAHH AJITOPHTMH
3a nupekTHo U rnobanHo oceeTiieHne ReSTIR DI u ReSTIR GI B nnardopmeHo HezaBucHMa
cpela 3a peHAMpaHe Ha M300pakeHHMs B pealHO BpeMe ¢ path tracing, KOHTO MO3BOJIABA
MPEHOCHMO pEHAMpPaHE B peaJHO BpeMe M M3MOA3BAHE Ha XapAyepHO YCKOPEHO
npocieasBaHe Ha Ib4M BbpXY pasnuyHu GPU apxurextypw;

- Ilpennoken e moaxoa 3a M3MON3BAHE HAa MAIUMHHO OOy4eHME NIpPH PEHAMPAHE Ha
n3o0paxenus ype3 Al-OasmpanHo mamabupaHe Ha U300paKEHHUsI KbM BUCOKH PE3OJIIOLHH H
reHepupaHe Ha MEXIMHHH KaJpH B peaJlHO BpeMe C LieJ HaMalliBaHe Ha H34YHMCIHTEIHOTO
HaToBapBaHe B rpad@uUuyHMs KOHBeHep IpH 3ama3BaHe Ha BH3YaJHOTO KadecTBO Ha
PEHAHPAHUTE U300paXKeHHsl.

IIpunoxuu:

- PazpaboreHa e MeToIMKa 32 EKCIEPUMEHTAIHO U3CJIE/IBAHE U CPABHUTENIHA OLIEHKA Ha
MPOM3BOAUTEIHOCTTA HA MJIATGOPMEHO HE3aBUCUMH IpaQUUHH TIPUIIOKEHHUA NIPH pa3IMYHH
OINEPAaLMOHHHU CHCTEMH, rpadHuHu cpeau U rpaduyHu HHTEepdeicH;

- Peanusupan e nporoTun Ha raThopMeHo He3aBHCHM rendering engine 3a peH/IMpaHe
Ha M300paKEeHUs B pealIHO BPeMe C Ipociie/isiBaHe Ha b4 ¢ path tracing, nznonssaiy Vulkan
n Rust, ¢ KOHTO ca NpOBEAEHHM EKCMEPHUMEHTAIHH TECTOBE, [AOKa3Ballld €IHAKBA HIIH
eKBHBAJICHTHA IPOHU3BOAUTEIHOCT IPH U3IbIHEHHE BbpXY Windows u Linux cpeaw;

- ExcrnepuMeHTanHO € [0Ka3aHa Bb3MOKHOCTTAa 3a IIOCTMIAHE Ha CBIIOCTaBHMa
NPOM3BOAMTEIHOCT IIPpM M3I0JA3BAHE Ha pa3pabdoTeHaTa CHUCTEMa BBPXY pa3IH4YHH
OMEpaMOHHA CUCTEMH M rpaduuHH cpeau 0e3 HU3nosi3BaHe Ha MIaTGOpMEHO CHElH(HUYHH
peanH3aLuy.

5. Ilpenenka Ha MyOJIMKALUHTE 110 THCEPTALIHOHHHUS TPYA

JlokTOpaHTBT € mnpeactaBun 4 MmyOoNMKalMM, KOMTO ca pa3paboTeHH MO BpeMe Ha
Aoktopantypara. [lyOnumkauuure ca cBbp3aHM ¢ NpoOnEeMHUTE, M 3aJayuTe pellaBaHH B
aucepranuaTa. ChUOIMTE ca OPEJCTAaBEHH B MEXKAYHApOJHH KOH(EpEeHLMH, Karo ca
OTIeYaTaHH B I'bJIEH TeKCT. Tpu oT myOnukauuure (moa Homepa 1,3 u 4) ca npencraBeHu
npe3 pasnuyHd roamHM (2023, 2025, 2026-mpuera 3a meyaT) Ha MeXAyHapoJHaTa
koH(epenuus International Scientific Conference on Computer Science (COMSCI), Sozopol,
Bulgaria, kosTo ¢ nHaekcupana B Scopus. ITy6nukanus noa Homep 2 e npejcTaseHa Ha 60
International Scientific Conference on Information, Communication and Energy Systems and
Technologies (ICEST), Ohrid, North Macedonia, 2025, kosTo ¢ uHJAeKcHpaHa B Scopus H
Wos. B eana ot nydnukanuute I'. ['eoprues € eAMHCTBEH aBTOP @ B OCTAHAJIUTE TPH € [IbPBH
ChaBTOP 3a€AHO C €AHH OT ABamMaTa CH HayyHH pBKOBOAMTENH. COOpPBT OT TOYKHTE Ha
nyOIHKaLUMKUTE Ha JOKTOpPAHTAa HAJBMIIABA TPUKPATHO M3UCKYEMHsT MHHHMYM, 3aJI0KEH B



ITpaBuiHKKa 32 YCJIOBUATA M peaa 3a npuaoduBaHe Ha HayyHaTa creneH "lokrop" na TVY-
Codms o [T1H 5.3.

6. MHeHHs, NPenopbKN H 0eJIeKKH

Hsmam ocobenn 3abeneskkn KbM aucepTaioHHus Tpya. Toil e opopmMeH BHUMATETHO U
CTapaTeTHO C BUCOKO HMBO Ha MpEACTaBsAHE HAa HayYHUTE M3CIeABaHMs M CBHIETENICTBA 3a
n00poTo Mo3HaBaHe Ha MpeaMeTHaTa o0acT.

CunTaM, 4e JOKTOPAaHTHT MMa HAy4eH MOTCHIMA 3a MPOBEKIAHE HAa CaMOCTOATEITHH
W3cIIeBaHKs, KaKkTo B 00/acTTa Ha CHCTEMHOTO MpOrpaMupaHe, M3KYCTBEHHUs MHTENEKT M
MalIMHHOTO 00yueHHe, Taka M 00/IaCTTa Ha KOMIIOThpHATa rpaduka M peHAMPAHETO Ha
H300paXkeHus B peajlHO BpEME.

JAK/IIOYEHHUE

OneHKaTa MU OTHOCHO Cb/IbPKAHHETO HA IMCEPTALMOHHHA TPY U IPHHOCHTE Ha Mar. HHK.
I'eopru I'eoprues ['eoprues e nojokuTeHa. /[McepTaHThT € H3BBPILINII 3HAYHTEIHA 10 00eM
M ChIbpXKaHHe H3cienoBarencka pabota. /[McepTaMOHHMAT TPyA OTroBaps HANbIHO Ha
M3HUCKBAHUATA HAa 3aKOHA 3a pa3dBUTHE HA aKaJeMH4YHHMA CcbCcTaB Ha Penybiuka bwarapus, Ha
[TpaBUIHKMKA 332 HErOBOTO MpHIOkKeHHe U Ha [IpaBunHMKa 3a yc10BUATa U pe/a 3a MpUaoOHBaHe
Ha HayyHH cTeneHH B Texuuueckus YHuBepcuteT — Codusi.

['opensnoxeHOTO MM JaBa OCHOBaHHE Ja NpernopbyaM Ha YBakaeMoTo HayuHo xkypu aa
npucbau Ha HHAK. [eoprm TI'eoprues I'eoprues odpasoBaTesiHATa M HAyYHATAa CTeNeH
»IOKTOpP* no npodecronanHo HanpasieHue 5.3 KoMmyHHMKalMOHHA ¥ KOMITIOTbPHA TEXHHKA,
HayyHa CrenuanHocT ,,CUCTeMHO nporpaMupaHe”.

Codus, 31. 08. 2026 1.
YieH Ha XKypHTO:
/mpod. a-p unk. A. ATaHacos/



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 learning. Modern 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 learning methods for Al-based scaling to high resolutions and generation of
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 wusing 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
literary material

The PhD. student Georgi Georgiev demonstrates a high level of knowledge of the state of
the art of the 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 of the literature, 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 prototype of a platform-
independent rendering engine.

3. Correspondence of the chosen research methodology with 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 learning. 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 of the dissertation.

[ 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 modern 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 for integrating modified and adapted direct and global
illumination algorithms ReSTIR DI and ReSTIR GI into a platform-independent real-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 learning 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 identical or equivalent performance when running on Windows and Linux
environments;

— The capability of achieving 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 of the 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 conferences and have been printed in full text. Three
of the publications (under numbers 1, 3 and 4) have been presented in different years (2023,
2025, 2026-accepted for publication) at the international conference International Scientific
Conference on Computer Science (COMSCI), Sozopol, Bulgaria, which is indexed in Scopus.
Publication under number 2 was presented at the 60" 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 real-time 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/



