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1. Axrya.nuocr Ha pa3rJrexnaHr{s B axcepraulloHHrrr rpya npo6,rerrr B HayqHo H

HAyqHOnpl|,lIoxHo oTHorrreHue.

.I{ucepraquouulrrr rpyA pa3rnexAa aKTyaneH HayqeH H HayrrHonpunoxen npo6,rcu,
cBap3aH c rr3fpaxaaHero Ha BHcoKorrpoH3BoauTenur u uarQopueHo He3aBHcHr\rH

flpunoxeHr,rr, H3no,.r3Bauru cr,BpeMeHHr.r GPU apxlrrenrypH, npocreAqBaHe Ha Jrbqu B peanHo

BpeMe u Meroau Ha MauHHHoro o6yueuue. Axryamrocrra npolr3Tfiqa or eaHoBpeMeHHoro
HapacrBaHe Ha r.r3qacJrr,rreJrHrrre 863MoxHocrn ua GPU, ycJroxHrBaHero u Sparneurauurra
r.r HaBrH3aHero sa ML-noAnouorHarn TexHuKH 3a peHAHpaHe.

I-{erra e xcuo Hacoqeua KbM H3c,'reaBaHe Ha B!3MoxHocrHre 3a ca3aaBaHe ua yuuSt-tuupau
u uarSopuexo He3aBHcHM coSryep ga GPU npunoxeHH, B KoMnxlrtpHara rparlr.rxa n
rruTerpupaHero r.rM c MarrrHHHo o6yueulre. (Dopuyrupauu ca ner H3cJreaoBarerrcKrr xurrore3H:
Vulkan/Vulkan Compute xaro o6ula ocHoBa; eAuHeH nporpaMeH MoaeJr, onruMr.r3HpaHo
npocneArBar{e Ha Jnqu H cBsrrHHHH ntTrrrla B pezrnHo BpeMe (real+ime raylpath tracing);
Ml-6asupauo lraqa6upaue u reHepHpaHe Ha Ka.qpu; H HHTerpHpaHe Ha re3ll KoMrroHeHTH B

flpaKrnqeclo4 npuJloxr4Ma cl{creua. C.ruralt, ve npo6lelrtr e c BHcoKa creneH Ha arcryirJrHocr

:a paspa6ornanero Ha rrpeHoc]rMlr BHcoKonpou3BoarrreJrHr.r npfi noxeHur.

2. Crenes Ha rro3uaBaue ctcrornlrero ua npo6,rerra H TBopqecxa HuTepflperauxq Ha

JrI|TepaT]pHHfl nraTepEa,

.{orropanrsr AeMoHcrpllpa ao6po noauanaHe Ha cbBpeMeHHoro cbcrorrHHe Ha

H3cJIeaBaHara o6racr. B flr,pBara rJ]aBa ca aHann3upaHu apxureroypHrre oco6eHocru ga

GPU r-t ocroeHure rpaSlrvuu n o6utorz:'r[crure.nurz uHrepr]eficu - OpenGL, Direct3D 12,

Vulkan, CUDA n OpenCL - c aKueHr Br,pxy rpoH3BoanreJrHocr, npeHocl.INrocr H

Br,3MoxHocrr.r 3a HHTerprrpaHe Ha rpaSuvHl.r H H3rlLrcJrHTeJrHr.r:agavu. AHa,rn3'r,T BoAH ao
Morr.rBr.rpaH u:6op ua Vulkan H Vulkan Compute. B creAsauure rlraBlr nr.rreparypHurrr
Marepua.n e pa3B[T K6M Rust u $yHxuuoua,rno- MneparrrBHr.r, noAxoA, Monte Carlo MeroAH,
RIS/MIS/WRS N ReSTIR, KaKro H K6M cl,BpeMeHHH rexHHKH 3a super-resolution u tiame
generation.

Elt6.nuorpaQurra c6A6pxa 108 usroqHfira r.r BKrrcrrBa xarro $yH4aueHraJlHH
pa:pa6orxn, TaKa H cpaBHrrreJrHo HoBr.r uy6ruxauur.r or 2024-2025 r., Koero e noJIoxLITereH
noKa3are;'t 3a axTyanHocrra Ha nHTeparypHlrr o6rop.



3. Cr,orsercreue ua u:6pauara MeroalrKa Ha H3cJreaBane H fiocraBeuara ueJr ll 3aaaqlr
Ha aficepTauloHHIlfl Tpya c rrocT[rHaT]lTe rrpHHocll

hr6paHara H3cJleaoBareJrcKa MeroatIKa ctorBercrBa Ha ueJITa I.r JrornKara Ha

auceprarluoHHlrr rpya. tr4rcleaBaHero cRqeraBa cpaBHHTeneH aHanrl3 Ha rexHoJrorul H

npofpaMHH Moaerr.i, apxuTeKTypHo npoexTHpaHe, pe,rJrH3aqH, Ha npoTorr.rn, aaalrlrpaHe Ha

anroplrrMH H eKclepEMeHTaJrHo n3MepBaHe Ha npor.r3BoaHTeJrHocrra. flporegeHu ca recroBe
rIpn pa3nurrHr.r olepaurroHHz cHcreMH u rpa$nvun cpealr, cpaBHeHr{, Mex.{y Vulkan r.r

DirectX 12, eKclepr.rMeHTr{ c ReSTIR rr,pxy GPU apxnrexrypn, Kaxro r,r oqenxa sa ML-
6aaupaHo lraua6upaue H reHepr.rpaHe Ha KaapH. Hanpnuep npn cranupaHe or 1080p rcu 4K
ca orqereur,r 49.7 xag\pa/cex. 3a npe,qnoxeHoro Vulkan Compute peueHue cnpxuo 48.5
xaarpa/cex. sa FSR, npu 11 .6 rca4rpa/cer. npra 4K, Koero rroaKpen, fipaKrnqecKara
IIp noxHMocr Ha [oAxoAa.

Haarlue e ,oruqecKa Bp63Ka Mexry $opruy,rupaHure xunore3r.r, paspa6oreunre r:raslr,
eKcnepnMeHTaJrHrrre pe3ynraru n aeKJrapHpaHHTe npHHocr{. Karo rfopuaaua 6eaexxa 6nx
npenop6qa,'r B oxonqareJlHoro npeacraBrHe uenra aa 6r,Ae noc.rreasaHa L or rcHo o6oco6eg,
HoMepHpaH crtucr,K Ha KoHKperHHTe H3c.,reaoBareJlcKH 3aaaqlr. B Hacr:oqruuq reKcr re ce
H3Bexaar eaHo3HaqHo or xrrnore3nre H crpyr<rypara, Ho orAenHoro uu $opr'ryar.rpaue 6r.r

HanpaBrrro npocnear.rMocTra oue IIo-rcHa.

4, HayvHlr n/uan xay.lronpflJroxlm rrp]rHocr Ha aHcepraulloHHrlq rpya
flpuuocure ca Sopuynupaul.r B rpx .pynH - HayLIHH, HayqHo-[prnoxHu 14 npHJIoxHIl.

flpe4roxenara xracuSNxaqur, Moxe aa 6r,ae ctulecrselro no.qo6pena:
Hayvxo-nplr,roxurt [pr{HocH :

I . KoHuenryalen MoAeJr 3a Brrcot<onpoH3BoAHTeauu nrar&oprueuo ue:anucurr.ru GPU
clrcreMr.r, o6eA[n.asau eAnseH Vulkan [porpaMeH MoAeJr r] QyuxqroHarHo-
HMneparHBeH noAxoA;

2. Apxurerrypa ua uarQoplreHo He3aBlrcuMa cr.rcreMa 3a peHAr.rpaHe vpe: Vulkan u
Rnst;

3. floaxoa 3a aaanrapaHe r.r HHrerpflpaHe Ha ReSTIR DI/GI :a naar$opueHo
He3aBr,ICHMO IpOCJ]eIrBaHe Ha CBeTJrr.rHHH IIATI,IUla B peaJIHO BpeMe,

4. floaxoa 3a r.rHTerpHpaHe na Ml--6asnpauo ruaqa6upaHe r.r reHepr{paHe Ha

Mex,qHHHrr xaapu n rpa$nvuu.a roxae ep.
IIpu.noxxu trprrHocn:

I . MeroAuxa 3a eKcneprrMeHT,rnHa H cpaBHHTerHa oueHKa Ha npou3BoanTeJrHocrra B

pa3nrrr{Hu oflepaqrroHHr.r cHcreMr.r, rpaQuvnr.r cpepu n uurepSeficu;
2. Peaau:r.rpan lr eKcnepuMeHrarHo BuInr{AHpaH npororxfl, AeMoHcrpnpaxl

nrar$opueua He3aBHctlMocr r.r canocraBr{Ma npor.r3BoaurenHocr.

5, Ilpeqeurca ua ny6,ruxaqur{Te no AncepraunonHlrq rpyA: 6pofi, xaparrep ua
I|3AaIMgTa, B KOl,lTO Ca OTneqaTaHU.

flo AnceprauuouHr.r, rpyA ca [peAcraBeHH uerupr ny6,ruraqua. Tpu ca ry6llrxyraur.r a

MexAyHapoAHH Hayvnrl xon@epeHur{[ npe3 2023 u 2025 r., a rrerBtprara e npuera 3a

ny6rurynaHe e COMSCI 2026. tly6ruxa\rsra or COMSCI 2023 e uHAeKcHpaHa s Scopus;
ny6ruxaqurra or ICEST 2025 - r Scopus n Web ofScience; ny6ruxaqn.rra or COMSCI 2025
- a Scopus. Teuarurata ua ny6luxaqurre nocJIeAoBareJIHo nok?rlBa ocHoBHHTe eranu Ha

rficepra\AfiTa, Koero noxa3Ba go6pa rpt:ra uexgy ny6ru.rxaqlroHHara aefiuocr u
claapxaHHsro Ha rpyaa.

B npeAocranenuTe Marepuzrnu He ca DpeacraBeHlr orAeJrHu AaHHLI 3a He3aBHcI.IMI,l

uHTHpaHx, Ha ny6auraquure or apyrl aBropr.i unfi 3a BHeaprBaHe.
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6. Mneuur, npenopbr(H n 6e.nexru
.{ncepraunounurr rpyA e JroruqHo crpyKTypHpaH H AeMoHcrpupa Ao6pa xor,r6uHaquq or

reoperl4qeH aHaJrr.r3, cHcreMHo nporpaMlrpaHe, arropurMr.rHa pa:pa6oma v
excnepHMeHTanHa flpoBepKa. flo:toxlttelno oueHgBaM peirJ]H3auxrra Ha pa6oreut npororurr
Lr crpeMexa rBGpaeHrirra sa nlar$opueua He3aBucl.rMocr H npou3Boaarennocr aa 6r,Aar
fionxpefleHL c l,t3MepBaHHf, .

Ktlr rpyaa Morar aa ce HarrpaBrr r.r HsKorKo npefloptKrl:
( I ) aa ce o6oco6cr x3puqHo KoHr(perHure u3cJreaoBareJrcKV 3aaav.v:
(2) npu [peacraBrHe Ha npHHocHTe ,[a ce noarreprae rro-.f,cHo Koe e opHrgHanHo

parpa6orexo or aBTopa H Koe npeAcraBJrrBa aAanrHpaHe H uHTerp[paHe Ha r{3BecrHr.r

irJrropr.rTM H n TexHolrorHH;
(3) excnepr.rr'aenrarHara B&.rr{aarr}rfl Moxe e 6rAelre,qa ce pa:}rxupn c rro-ro:rrM na6op or

GPU upousao4ureJrlr, noKoJreHr.r, xapayep, orrepauuoHHH cHcreMH H cueHrr;
(4) npu ML-6a:upaHHTe MeroAH e rroJre3Ho aa ce pa3uupu KoruqecrBeHara orreHKa Ha

Blz3yarnuoro Kar{ecrBo c yrBtpAeHr.r o6errusHu Merpr.rKHJ 3aeaHo c npor.r3Bo,qnTenHocrra r.r

JIATCHTHOCTTA.

Te:u 6e.nexru HMar npenopr,rr HTeneH xapaKTep He HaMa:rrBar o6ulara noJIoxHTerHa
oueHKa Ha nocT[rHaTrzTe pe3yJrTaTH.

7. 3axnrcqerue
.I{ucepraquoiruu, TpyA orroBaprr Ha u3rlcKBaHlrrra Ha 3aroua :a pa3BuTr.re Ha

aKaAeMI4qHr.r, ctcraB Ha Peny6ruxa Eurrapn.n, Ha flparu.nriNxa 3a HeroBoro npHroxenne,
KaKTo Ir na flpasNauuxa 3a ycJroBr.rrra u peAa 3a npu4o6neaue Ha HayqHri creleur4 B

TexHH.recxr4 YHlrrepcure, - Corpur. flpenopr,unau ua yaaxaeuoro HayqHo xypr.r aa rpHc6AU
Ha MarucrLp uux. Ieoprn leopruee feopruen o6pa:onarelHata u HayqHa creneH

,,Aorflop" n npo{ecuoaaruo HanpaBneHHe 5.3 ,,KorrynuxaufioHHa r{ KoMnrorbpHa rexHura" u
,qoKTopcKa rrporpaMa,,Cr.rcreuno lporpauupaue".

9,res sa HayqHoro xypfi,
H3TOTBHJ] CTAHOBHTUETO: .

/ aou. a-p uHx. I4eafiro 9euqee /
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OPINION
on a dissertation work for the acquisition of an educational and scientific degree "Doctor" (PhD)

Me mbe r o r the Sc i e nti nc,,,r, fi l'"T ;i Il : ;'.lH:'il""}l1 i,lilili]' iL? ; liil,,
University of Telecommunications and Post

1. Relevance of the problem addressed in the dissertation from a scientific and applied-scientific
perspective

The dissenation addresses a current scientiflc and applied research problem related to developing

high-performance, platform-independent applications using modern GPU architectures, real-time ray

tracing, and machine leaming methods. Its relevance stems from the simultaneous increase in GPU

computational capabilities, the growing complexity and fragmentation of the technological ecosystem,

and the increasing adoption of ML-assisted rendering techniques.

The objective is to investigate the possibilities for developing unified, platform-independent

software fbr GPU applications in computer graphics and integrating them with machine learning. Five

research hypotheses are formulated: Vulkan/Vulkan Compute as a common foundation; a unitled
programming mode[; optimized real-time raylpath tracing; Ml--based upscaling and frame generation;

and integrating these components into a practically applicable system. In my assessment, the problem is

highly relevant to developing portable, high-performance applications.

2. Degree of knowledge of the state of the problem and creative interpretation of th€ literature

The doctoral candidate demonstrates a good knowledge of the current state of the research lleld.

The first chapter analyzes the architecrural characteristics of GPUs and the main graphics and general-

purpose computing interfaces-OpenGl, Direct3D 12, Vulkan, CUDA, and OpenCl-with an emphasis

on performance, portability, and the potential to integrate graphics and computational tasks. The

analysis leads to a well-justified choice of Vulkan and Vulkan Compute. In the subsequent chapters.

the literature review is extended to cover Rust and the functional-imperative approach, Monte Carlo

methods, RIS/MIS/WRS and ReSTIR, and contemporary super-resolution and frame generation

techniques.
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The bibliography contains 108 references and includes both fundamental works and relatively
recent publications frorn 2024-202 5, indicating the curency and relevance ofthe literature review.

3. Correspondence of the selected research methodology and the stated aim and objectives of the

dissertation rvith the contributions achieved

The selected research methodology is consistent with tl.re dissertation's objectives and overall logic.

The research combines a comparative analysis of technologies and programming models, architectural
design, prototype implementation, algorithm adaptation, and experimental performance evaluation.

Tests were conducted across different operating systems and graphics environments, including
comparisons between Vulkan and DirectX 12, experiments with ReSTIR on GPU architectures, and an

evaluation of Ml-based upscaling and frame generation. For example, when upscaling from 1080p to

4K, the proposed Vulkan Compute solution achieved 49.7 frames per second, compared with 48.5

frames per second for FSR and 17.6 frames per second for native 4K rendering, supporting the practical
applicability of the proposed approach.

There is a clear logical relationship between the formulated hypotheses, the individual chapters, the

experimental results, and the stated contributions. As a formal recommendation, I would suggest that,

in the final presentation of the dissertation, the research objective be followed by a clearly defined and

numbered list of specific research tasks. In the current text, these tasks can be clearly derived from the

hypotheses and the structure of the dissertation; however, explicitly formulating them would further
improve traceability between the research objective, tasks, methodology, results, and contributions.

4. Scientilic and/or applied-scientilic contributions of the dissertation

The contributions are formulated in three groups-scientific, scientific-applied, and applied. The

proposed classification could be substantially improved as follows:

Scientifi c-Applied Contributionsl
I . A conceptual model for high-perforrnance, platform-independent GPU systems, combining a

unified Vulkan programming model with a functional-irnperative approach;
2. An architecture for a platform-independent rendering system based on Vulkan and Rust;
3. An approach for adapting and integrating ReSTIR DI/GI lbr platform-independent real-time

path tracing;
4. An approach for integrating Ml-based upscaling and intermediate frame generation into the

graphics pipeline.

Applied Contributions:
1. A methodology for the experimental and comparative evaluation ofperformance across

different operating systems, graphics environments, and interfaces;
2. An irnplemented and experimentally validated prototype demonstrating platform independence

and comparable performance.

5, Assessment of the publications related to the dissertation: number and nature of the
publications in which they have appeared
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Four publications related to the dissertation have been presented. Three were published in

international scientific conference proceedings in 2023 and 2025, while the fourth has been accepted

for publication at COMSCI 2026. The COMSCI 2023 publication is indexed in Scopus; the ICEST

2025 publication is indexed in both Scopus and Web of Science; and the COMSCI 2025 publication is

indexed in Scopus. The topics of the publications consistently cover the main stages of the dissertation

research, demonstrating a strong relationship between the publication activity and the dissertation

content.

The materials provided do not contain separate data on independent citations of the publications by

other authors or on the practicaI implementation of the research results.

6. Opinions, recommendations, and remarks

The dissertation is logically structured and demonstrates a good combination of theoretical analysis,

systems programming, algorithm development, and experimental validation. I positively assess the

implementation of a functional prototype and the effort to support the claims regarding platform

independence and performance with experimental measurements.

Several recommendations can also be made regarding the dissertation:

( I ) the specific research tasks should be explicitly formulated;
(2) when presenting the contributions, a clearer distinction should be made between the author's

original developments and the adaptation and integration ofexisting algorithms and technologies;

(3) the experimental validation could be further extended in furure work to include a broader range

of GPU vendors, hardware generations, operating systems, and test scenes;

(4) for the Ml-based methods, the quantitative evaluation of visual quality could be extended by

incorporating established objective metrics, alongside performance and latency measurements.

These remarks are rntended as recommendations and do not diminish the overall posilive

assessment of the results achieved.

3 I August 2026

Sofia

Member of the Scientific Jury.

author of the opinion: ..................
/ Assoc. Prof. Ivaylo Chenchev, PhD, Eng. /

,

7. Conclusion

The dissertation meets the requirements of the Act on the Development of the Academic Staff in the

Republic of Bulgaria, the Regulations for its Implementation, and the Regulations on the Terms and

Procedures for the Acquisition of Academic Degrees at the Technical University ofSofia.
I recommend that the esteemed Scientific Jury award Georgi Georgiev Georgiev, MSc., the

educational and scientific degree "Doctor" (PhD) in the professional field 5.3 "Communication and

Computer Engineering" and the doctoral program "Systems Programming".


