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1. AKTYaJqHOCT HA Pa3rjexAaHus B JUCEPTANMOHHHS TPyA npoldjeM B HAYy4YHO M

HAYYHOIIPHJIOKHO OTHOIIEHHE.

JucepTallMOHHMAT TpyA pasriekaa akTyaleH HaydeH M Hay4yHONPHIIOKEH NpolieM,
CBBpP3aH C H3TPaKIAHETO HAa BHCOKONPOHM3BOAMTEIHH M TUIATGOPMEHO HE3aBHCHMH
NPUIOXKEHHUA, n3nons3Bamu ceBpeMeHHH GPU apXuTeKkTypH, npocieasBaHe Ha TbYH B PEAJTHO
BpPEME W METOAM Ha MALIMHHOTO 00yueHue. AKTYaqHOCTTa MPOU3THYA OT €HOBPEMEHHOTO
HapacTBaHe Ha M3YUCIUTENHUTE Bb3MoxkHOCTH Ha GPU, ycnoxkusaBaneTro U pparMeHTauMATa
M HaB/M3aHeTo Ha ML-moanomMorHaTi TeXHUKH 3a peHaHpaHe.

IlenTa e ACHO HacoYeHa KbM H3C/IEABAaHE Ha Bb3MOKHOCTHUTE 3a Ch3JaBaHe Ha YHH(HULHMpPaH
u matgopmeHo HesaBucHM codTyep 3a GPU npunoxkeHMs B KOMIIOTbpHATa rpapuka H
HHTETPHPAHETO UM C MAaLTHHHO 00ydeHue. DopMyIMpaHH ca [eT U3CJIEe0BATENICKH XHITOTE3H!
Vulkan/Vulkan Compute kato o0uma ocHOBa; eAMHEH NpOrpaMeH MOJelN; ONTHMH3HPAHO
npocieasBaHe Ha JIbYH M CBETIMHHH MBTHIIA B pealHo Bpeme (real-time ray/path tracing);
ML-6a3upano MamabupaHe ¥ reHepHpaHe Ha KaJpH; H HHTEIPHPAaHe Ha Te€3H KOMIIOHEHTH B
[IPaKTHYECKH MPHI0KUMa cucTeMa. CuuTaM, ye npodIeMbT € ¢ BUCOKA CTEIEeH Ha aKTyaJTHOCT
3a pa3pabOTBAHETO HA MPEHOCHMH BHCOKOIIPOH3BOAUTENHH MPHIIOKEHHS.

2. CreneH Ha MO3HABAaHe CLCTOSAHHETO HAa NMpold/jeMa H TBOPYeCKAa HHTepHpeTalus Ha
JIHTepaTYPHUS MaTepHa

JIOKTOpPaHTBT JEMOHCTpHpa J00p0 TO3HABAHE HA CbBPEMEHHOTO CBCTOSIHHE Ha
u3cnenBanara obsact. B mbpBaTa riaBa ca aHanM3MpaHH apXUTEKTYPHHUTE OCOOEHOCTH Ha
GPU u ocHoBuuTe rpaduynu m obwonsuncanteanu uHrepgeiicn - OpenGL, Direct3D 12,
Vulkan, CUDA u OpenCL - ¢ akueHT BbpXY MPOU3BOAMTENIHOCT, MPEHOCHMOCT H
BB3MOKHOCTH 32 WHTErpHpaHe Ha rpadMuHi W M3YMCIMTEIHM 3aAayv. AHAJIM3BT BOJAM 10
moTHBHpaH u30op Ha Vulkan u Vulkan Compute. B cnexpamiuTe rnaBu JIHTEpAaTypHHUAT
MaTepHall € pasBHUT KbM Rust 1 yHKLIMOHaNIHO-UMIIepaTHBHUA noaxoa, Monte Carlo MeToan,
RIS/MIS/WRS u ReSTIR, kakTo M KbM CbBPEMEHHH TEXHMKH 3a super-resolution u frame
generation.

bubnnorpapusta ceappika 108 M3TOYHMKA M BKIKYBa KakTO (yHAaMEHTAIHH
pa3paboTkH, Taka U cpaBHHUTEIHO HOBH myOnaukauuu ot 2024-2025 r., KOETO € MON0KHTEEH
MOKAa3aTeN 3a aKTyaJIHOCTTA Ha JIMTepaTypHHs 0030p.



3. CroTBeTCTBHE HA H30paHAaTa MeTOAHKA HA H3CJeBAHe H NMOCTABEHATA IIeJ M 3aJa4M
HA IMCePTANMOHHHSA TPYA ¢ MOCTHIHATHTE NIPHHOCH

M30panata wu3cnenoBaTencka METOAMKAa ChOTBETCTBA Ha 1eNTa M JIOTHKaTa Ha
JUCEepPTAlHOHHUA TpyA. M3crnensaHero chyeraBa CpaBHUTENEH aHAIM3 Ha TEXHOJIOTHH M
MPOrpaMHU MOJZENH, APXUTEKTYPHO MPOEKTHPAaHe, Pealn3alys Ha MPOTOTHII, afaNTHPaHe Ha
ITOPUTMH M eKCIIEpUMEHTAIHO H3MEpBaHe Ha Npou3BouTeNHOCTTa. [IpoBeaeHH ca TecToBe
NpH pa3IMYHH ONEPALHOHHH CHCTEMH M rpaMuHM cpeiu, cpaBHeHHs Mexay Vulkan u
DirectX 12, excnepumeHTH ¢ ReSTIR Bvpxy GPU apXuTeKkTypH, KakTo M oueHka Ha ML-
Gazupano mawabupaHe U reHepupane Ha kaapu. Hanpumep npu ckanupane ot 1080p xkbm 4K
ca oryereHu 49.7 xagbpa/cek. 3a npeanoxkeHoro Vulkan Compute pewenue cnpsmo 48.5
kagbpa/cex. 3a FSR, npu 17.6 xamgepa/cek. npu 4K, kKoeTo noakpens IpakTHYecKaTa
MPHIIOKHMOCT Ha MOAX0Ma.

Hanuue e noruyecka Bpb3ka Mexay (GOpMy/IHpaHUTE XHMIOTE3U, pa3paboTeHHUTEe IIaBH,
€KCIIEpUMEHTAJIHUTE pe3yaTaTH M AekiapupanuTe npuHocH. Karto gopmanna Oenexka Oux
npenopbyal B OKOHYATEIHOTO MpejAcTaBsHe LeTa Ja Obje nociaeaBaHa U oT ACHO 000co0eH,
HOMEPHPAH CIIHCBHK HAa KOHKPETHUTE H3CJIEJOBATE/ICKH 3alayd. B HacTosmmMsa TekcT Te ce
M3BEKAAT €IHO3HAYHO OT XHMOTE3MUTE M CTPYKTYpaTa, HO OTACIHOTO MM (opmynnpaHe Ou
HAIMpaBHUJI0 NPOCIEAUMOCTTA OIIE MO-ACHA.

4. HayyH#n M/WJIH HAYYHONPHJIOKHH MPHHOCH HA JHCEPTALMOHHHUSA TPYI

[IpuHocute ca opMyaupaHH B TpH IPYNH — HAYUHH, HAYYHO-TIPUIO0KHH M MPHUIOKHH.
Ipennoxenara kiacubHuKausa, Moxe aa Obae ChlIeCTBEHO NoAoOpeHa:

HayuyHo-npH/JI0KHH NPHHOCH:

1. KoHuenryaneH Mozen 3a BUCOKONPOU3BOAUTENHH M1aTopmeHo Hezapucumu GPU
cucteMu, obeauHsiBaul eauHeH Vulkan nporpamen moaen H (yHKIHOHAJTHO-
MMIIEPAaTHBEH TMOIXO0I;

2. ApxutekTypa Ha mIaThopMeHO He3aBHCHMa CUCTeMa 3a peHaupaHe upe3 Vulkan u
Rust;

3. Tloaxox 3a agantupane W uHTerpupaHe Ha ReSTIR DI/GI 3a nmardopmeno
HEe3aBUCHMO MpOCIesBaHe Ha CBETIMHHU MbTHILA B PeaTHO BpeMe;

4. Tlonxon 3a wHTerpupaHe Ha ML-0a3upaHo mawmabupaHe M TeHepHpaHe Ha
MEKIMHHH KaJpH B TpaQU4HUA KOHBEHeEp.

IMpua0KHN NIPHHOCH:

1. MeToauka 3a eKCIEPUMEHTAIHA M CPaBHUTE/IHA OLIEHKA Ha IPOH3BOAUTENHOCTTA B
pa3/IMYHU OMEepallMOHHU CHCTeMH, rpaMuHH cpeau U uHTepdericu;

2. Peanu3MpaH M  €KCNEPHMEHTANHO BAJIMAMPAH MNPOTOTHMN, IEMOHCTPHpALL
mIaT¢OpMeHa HE3aBUCHMOCT M ChIIOCTABMMA IIPOU3BOIMTENHOCT.

5. Ilpeuenka Ha nyGaMKalMHTe MO IHCePTAllMOHHMS TPyA: Opoii, Xapakrtep Ha
H3JAHUATA, B KOUTO ca OTNeYaTaHH.

[To aucepralMOHHMS TPYA ca NPEACTaBeHH YeTHpH nyOnukauuu. Tpu ca myOaMKyBaHH B
MEK/AYHApOAHH HaydHM KoHpepeHuuu npes 2023 u 2025 r., a yeTBBpTaTa € NnpHeTa 3a
nyonukysane B COMSCI 2026. Tly6aukauusara or COMSCI 2023 e unaekcupaHa B Scopus;
nyonukauusTa ot ICEST 2025 - B Scopus u Web of Science; nybnukauusta ot COMSCI 2025
- B Scopus. TemaTnkata Ha myOJHKaUMHUTE MOCIEA0BATENIHO MOKPHBA OCHOBHHMTE €Tary Ha
JMCEPTAlMATa, KOETO TMoKa3Ba AoOpa Bpb3ka Mexday nyOnMKalMOHHAaTa MAeHHOCT u
CBABPMKAHUETO HA TPYa.

B MNpeaoCTAaBEHUTE MATECpHalIH HE Cca TMpeACTaBeHH OTAEIHHM OaHHH 3a HE3aBHCHMH
LUMTHPAaHUA Ha NyOJIMKaLMKUTE OT APYTH aBTOPH MJIM 32 BHEIPSABAHE.



6. MHeHMs1, NpenopbKH U Ge1ekKKH

JMCepTaLUHOHHHUAT TPYA € JOTHYHO CTPYKTYPHPaH H AeMOHCTpUpa 100pa KOMOMHALIUA OT
TEOPETHYEH  aHaIW3, CHUCTEMHO MpOrpaMHpaHe, alropuTMH4Ha  paspaboTka W
eKCnepHMeHTanHa nposepka. [TookUTEeTHO olleHABaM pean3aluuaTa Ha paboTell IpOTOTHII
M CTpEMeXa TBBPAEHHUATA 32 TIaTGOpMeHa He3aBMCHMOCT M NMPOW3BOAMTENIHOCT na ObaaT
MOJKPENEHHU C U3MEPBAHHUS.

KBM Tpyna morar a ce HanpaBsT U HAKOJKO IPENOPbKH:

(1) ma ce 060cO0AT H3PUYHO KOHKPETHUTE H3CIIEI0BATENICKH 3a1a4H;

(2) mpu mpencTaBsHe Ha INPUHOCHTE [a Ce MNOAYEpPTae MO-ACHO KOe € OpPUIHHAIHO
pa3paboTeHO OT aBTOpa M KO€ IPEACTaBJisiBa aJalTHpPaHe M MHTErpPUpaHe Ha HW3BECTHH
AJITOPUTMH M TEXHOJIOTHH;

(3) excnepuMeHTaNHATA BAIMAALMS MOXKe B ObJiele 1a ce pa3siupHu ¢ no-rojism Habop oT
GPU npoun3BoauTeny, MokoJeHus Xapayep, OllepallHOHHH CHCTEMH H CLIEHH;

(4) mpu ML-6azupannuTe MeTOaM € MOJE3HO Ja ce pa3lIMpH KOJIMYECTBEHATa OLEHKa Ha
BH3yaJTHOTO Ka4YE€CTBO C YTBLPAEHU OOCKTHBHM METPHUKH, 3aeHO C NPOHU3BOJMTETHOCTTA U
JIATEHTHOCTTA.

Te3u OenekkH UMAT NPENOPBUHTENICH XAPAKTEP M HE HamanaBar o0lIaTa MOJIOKHUTENHA
OLIEHKA Ha MOCTUTHATHTE Pe3yaTaTH.

7. 3aka04enne

JucepTauMoHHMs Tpyd OTroBaps Ha HM3MCKBAHMATA Ha 3aKOHA 3a pa3BHTHE Ha
akaZleMM4HHs cbecTaB Ha PenyOnuka bvarapus, Ha [IpaBunHMKa 32 HETOBOTO MPHIIOKEHHE,
Kakto ¥ Ha IlpaBunHuka 3a ycnoBusATa M pena 3a npuaoOMBaHe HAa Hay4HH CTENEHH B
Texungecku Yuusepcurer - Codus. [Ipenopsusam Ha yBaxkaemoto HayuHo »ypH 12 npHchau
Ha marucTbp WHK. [eopru IeoprueB I'eoprmeB oOpasoparennata M HaydyHa CTeleH
,»JIOKTOp* B mpoecHoHaNHO Hanpasienue 5.3 ,, KOMyHHKaLUMOHHA U KOMITIOTbPHA TEXHUKA™ H
JIOKTOpCKa Iporpama ,,CHCTEMHO MporpaMmupaHe’.

31.08.2026 r. UneH Ha HAYYHOTO KYPH,
rp. Codms HSTOTBHIT CTAHOBHIIETO! . .oinomsicaneesinsnssnnnsonniosisss
/ nou. n-p uHk. Maiino Yenyes /



OPINION

on a dissertation work for the acquisition of an educational and scientific degree “Doctor” (PhD)

field of higher education: 5. Technical Sciences
professional field: 5.3. Communication and Computer Technology
Doctoral Program: Systems Programming
Author of the dissertation: Georgi Georgiev Georgiev, MSc.

“Platform-Independent Applications Using GPUs and

Dissertation title: . ;
Machine Learning”

Assoc. Prof. Ivaylo Simeonov Chenchev, PhD, Eng.,
Member of the Scientific Jury: Head of the Department of Information Technologies,
University of Telecommunications and Post

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

The dissertation addresses a current scientific and applied research problem related to developing
high-performance, platform-independent applications using modern GPU architectures, real-time ray
tracing, and machine learning 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 for GPU applications in computer graphics and integrating them with machine learning. Five
research hypotheses are formulated: Vulkan/Vulkan Compute as a common foundation; a unified
programming model; optimized real-time ray/path 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 the literature

The doctoral candidate demonstrates a good knowledge of the current state of the research field.
The first chapter analyzes the architectural 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.



The bibliography contains 108 references and includes both fundamental works and relatively
recent publications from 2024-2025, indicating the currency and relevance of the literature review.

3. Correspondence of the selected research methodology and the stated aim and objectives of the
dissertation with the contributions achieved

The selected research methodology is consistent with the 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, [ 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. Scientific and/or applied-scientific 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:

Scientific-Applied Contributions:

1. A conceptual model for high-performance, platform-independent GPU systems, combining a
unified Vulkan programming model with a functional-imperative 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 for 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 of performance across
different operating systems, graphics environments, and interfaces;
2. Animplemented 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



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 practical 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:

(1) 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 of existing algorithms and technologies;

(3) the experimental validation could be further extended in future 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 intended as recommendations and do not diminish the overall positive
assessment of the results achieved.

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 of Sofia.

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™.

31 August 2026 Member of the Scientific Jury,
Sofia author of the opinion: ...........oooii
/ Assoc. Prof. Ivaylo Chenchev, PhD, Eng. /



