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BBPXY AUCEPTALMOHEH Tpya 3a npuaobuearHe Ha obpasoBaTenHa u HayyHa cTeneH
~AOKTOp"

ABTOp Ha AUCEPTALUMOHHUA TpyA: Mar. uHX. Feopru Meoprues Neoprues

Tema Ha guceptauumoHHus Tpya: ,MnarcgopmeHO He3aBMCUMM MPUITOXKEHUSA C
usnonseaHe Ha GPU u mawunHHO oby4yeHue”

YneH Ha Hay4yHOTO Xypu: AouU. A-p MHX. AHTOHUA TaweBa

1. AKTyanHocT Ha pa3paboTBaHuA B AUCEPTALMOHHUA TPyA Npobnem

TemaTa Ha aucepTauunoHHUs Tpya e 6e3cnopHO akTyanHa, NnpegBua HapacTBaLLoTO
3Ha4yeHWe Ha XeTeporeHHUTe u3ynucnuTenHun cuctemu, GPU-yckopeHuTe n34ncneHus
W MalKWHHOTO obyyeHue. [JucepTtaumsTa NpaBUNHO MAEHTUMUMPA KATO OCHOBEH
npobnem cparmeHTauuaTa Ha NporpaMHuUTE UHTepdencn u HeobxoaumocTTa OT
cbyeTaBaHe Ha nnaTgopMeHa He3aBMCMMOCT C BUCOKa npoussoauTenHocT. Ocobexo
akTyanHa e nocTtaeBeHata Bpb3ka wmexay GPU-6asupaHoTo peanHoBpemeBoO
peHgupaHe n ML meTtogute 3a cyneppesoniounsi  reHepupaHe Ha MeXAUHHWU Kaapu.
ABTOpbT 0BocHOBaBa HeobxoaAMMOCTTa OT eAuHEH nporpaMeH mogen u usbopa Ha
Vulkan/Vulkan Compute kaTto ocHoBa 3a u3rpaxgaHe Ha npeHocumun GPU
NPUNOXEHUA.

2. CreneH Ha no3HaBaHe CbLCTOAAHMETO Ha npobnema M TBOpYecka
WHTeprnpeTauusa Ha NUTepaTypHUA MaTtepuan.

W3nonasaHaTa nutepatypa (06wo 108 ustoyHuka) e TemaTuyiHo fobpe nogbpana
obxBalla OCHOBHUTE Hay4HU W TEXHONOrMYHW HanpaBneHWs, CBbP3aHu C
AuceptauuvoHHusa Tpya. ManonseaHu ca cneuvanuavpaHu HayydHu nybnukauvm u
n3TouHuuu, pasrmexgawm GPU apxutektypu, rpacduyum API, Rust, ray tracing,
ReSTIR n mawmHHo 0by4eHune 3a peanHoBpemMeBo peHaupaHe. JliutepatypHaTta 6asa
ocurypssa HeobxoguMmaTta HayyHa OCHOBa 3a MpPOBEAEHOTO MW3CneaBaHe W
AeMOoHCTpupa fobpa MHopMMpaHOCT Ha aBTopa No u3cneasaHusa npobnem.

3. CwborBercTBME Ha u3bpaHaTa MeToA4MKa Ha U3cneaBaHe U NocTaBeHaTa uen
M 3a4ayn Ha AMCEePTaALMOHHUA TPyA C NOCTUrHATUTE NMPUHOCH.

lNocTaBeHaTa uen ,cb3faBaHe Ha yHuuumMpaH u nnatopMeHo He3aBMCUM copTyep
3a Cb3faBaHe Ha npunoxeHus c nanonspaHe Ha GPU B obnactra Ha kKoMnTbpHaTa
rpacmka M WMHTErpupaHeTo UM C MalUMHHO obyyeHWe“ e B CbOTBETCTBUE CbC
CbBpEMEeHHUTE TEeHAEHUMN B CUCTEMHOTO nporpamupaHe. M3bpaHaTta meToauka Ha
m3cneaBaHe € ajeksaTHa Ha nocTaBeHUs npobnem u BKMWYBA aHanu3 Ha
CbllecTByBallM nporpamHu uHTepdencu U noaxoawn, paspaborBaHe Ha
KOHUenTyaneH MoAden u apxuTekTypa, anroputMu4Ha onTMMmn3auusi, UHTerpupaHe Ha
MEeToAu 3a MaluMHHO oByyeHue W eKkcnepuMeHTanHa NpoBepka Ha nonyvyeHuTe
pe3ynTtaTu Ypes3 peanuaupaH NpoToTun.

Hanuue e obpo cLoTBeTCTBME MEXAy NocCTaBeHaTa LUen W 3agadud, ManonapaHara
MeToauka 1 OpMynupaHUTEe Hay4YHW, Hay4HO-MPUMOXHWU WU MPUNOXHU MPUHOCK.
PaspaboTeHuaT  koHuenTyaneH mogen 3a  nnaTOpPMEHO  HEe3aBUCUMMO
peanHoBpeMEBO peHaupaHe, apxuTekTypata Ha 6asupaHata Ha Vulkan u Rust
cucTema, aganTupaHeTo Ha anroputmute ReSTIR 1 uHTerpupaHeTo Ha metoam 3a Al-
BasupaHo mawabupaHe Ha n3obpaxxeHua U reHepupaHe Ha Kaapu ca B nNpsika Bpb3ka
C OCHOBHUTE HanpasneHus Ha wuscneasaHeTo. PeanuampaHuAT npoTtoTun u
npoBeAeHUTE  eKCNepuUMEHTanHW  U3CneaBaHus  OONbMAHUTENHO  NOAKPENsT
AOCTOBEPHOCTTA U NpakTU4yeckaTa 3Ha4MMOCT Ha nony4yeHute pesynrtatu. Kato yano
AncepTauMOHHUAT TpyA AEMOHCTpUpa nocnefoBaTenHa Bpb3ka Mexay nocTaBeHus




HayyeH npobnem, nsbpaHaTta MeToAMKa, NONyYEHUTE pesynTat U hopMynupaHuTe
NPUHOCH.

4. TpuHOCK Ha AUCEPTaLMOHHUA TPYA

B AvcepTaunoHHUA TpyA aBTOpbLT € hopMynupan ABa Hay4HW, TPY HAaYYHO-NPUNOXHK
W TPU NPUNOXHU NpuHOca. HayyHUTe NpuHOCKU ca CBbp3aHu ¢ pa3paboTBaHeTo Ha
KOHUEeNTyaneH mogen 3a nnatdopMEHO HE3aBUCUMO peanHOBPEMEBO peHaupaHe
ype3 eAuvHEH MporpameH MoZen 3a rpadMyHn U U3YUCIUTENHU onepauvm U C
npeanaraHeTo Ha OyHKLUWOHANHO-UMNEPATUBEH NOAXOA 33 BUCOKONPOU3BOAUTENHW
rpacuyHn npunoxenus. Cnopeg MeH NbpBUAT OT TAX MOXE OCHOBaTenHo Aa bbae
onpeperneH Kato Hay4YeH, Tbi KaTo npeacTaensasa 06o6LweH Mogen u cuctemaTuaupa
NPUHUMNK 3a OpraHv3auus Ha nnatcopMeHO He3aBUCUMO U3NbnHeHue. BropusT e
NO-CKOPO Hay4YHO-NPWUMOXEH, Tbi KaTO (hYHKUMOHANHO-UMNEPATUBHUAT noaxon €
o6Bbp3aH C KOHKpeTHaTa peanusauus ¢ Rust. Taka hopmynupaH, Toil UMa No-CUneH
XapakTep Ha TEeXHOMOrMYeH MoAXOA4, OTKONMKOTO Ha CaMOCTOATENHO Hay4HO
o606LeHne. Bunpekv HanpaBeHOTO YTOYHEHWE NpUeMam NpeacTaBeHUTe NPUHOCK B
TAXHATa UANOCT U MbiHOTA.

5. lMpeueHka Ha nyGnukauuuTe No AUCEPTALMOHHUA TPYA:

OCHOBHM NMOCTUXEHWUA W pe3ynTaTh OT AUCEPTAUMOHHUS Tpya ca nybnukyBaHu B 4
Hay4YyHW CTaTUKU, egHa OT KOUTO CaMOCTOsTenHa, a B OCTaHanuTe € MbpBu aBTop.
Bcuukm nybnukaumu ca nHaekcupaHu B Scopus, a efHa oT TAX € WHAEeKcUMpaHa u B
WoS.

6. MHeHuA, NpenopbKu U Genexku

[ducepTaunoHHUAT Tpya NpeacTaBnsBa 3aBbpLUEHO HAYYHO-MPUNOXHO U3cnenBaHe
Ha akTyaneH npobnem, ceBbp3aH c pa3paboTBaHETO Ha NNAaT(OPMEHO HE3aBUCUMMU
GPU-yCKOpPEHM NPUNOXEHUS U MHTErPUPAHETO Ha METOAM OT MALLMHHOTO oby4yeHue
npv peanHoBpeMeBO peHaupaHe. iacneasaHeTo € nocrnefosaTenHo CTPYKTypupaHo,
n3nonapaHarta METOAMKA € afjeKBaTHa Ha NocTaBeHara LUen, a nony4yeHuTe pesyntatu
ca nogkpeneHn 4ypes paspaboteH codTyepeH npoTOTUN W  EeKCnepuMeHTanHu
nscnegsaHus. GopmynupaHuTe NPUHOCKU Ca CbLUECTBEHUM W UMAaT KaKTO Hay4HO-
NPUNOXHa, Taka U NpakTM4yecka CTONHOCT.

Bux npenopbyana ga ce o4yeprae Mno-ACHO CTeneHTa Ha Hay4yHa HOBOCT Ha
NPEAnOXeHUTE apXUTEKTYPHWU PEeLLUeHWA CrpsMOo CbluecTeyBawmTe noaxoaw. pwu
LUMPOKOTO dhopMynupaHe Ha nnartopMeHata He3aBUCUMOCT € XKenaTenHo
eKcnepuMeHTanHaTa sepudukauma aa 6vae pasrnexgaHa v ¢ orne Ha KOHKpeTHO
n3cnegBaHUTE  ONEpPauMoOHHM  cucTemu, rpaduyHu cpeau W XapayepHu
KOHurypaumu. [locoYeHWTe npenopbku He HamansaeaT cbliecTBeHo obwarta
NONOXUTENHA OLEHKa Ha AUcepTauUOHHUA TpyA.

7. 3akniouyeHue

Cuyutam, 4Ye npencTaBeHUAT 3a peueH3upaHe AucepTauuoHeH Tpya OTroBapsa Ha
n3ancksaHusita Ha 3akoHa 3a PACPB u my gaBam obLua nonoxurenHa oueHka.
MNpeanaram Ha pokTopaHTa mar. uHx. leopru leopruee na Bbae npucbaeHa
obpasoBaTenHaTa u Hay4Ha cTeneH "AoKTop" no Hay4yHaTa cneunanHocTt ,CUCTEMHO
nporpamupane” ot MNMH 5.3 KomyHuKaunoHHa 1 KOMMITbPHA TEXHUKA.

Oara: 08.09.2026 r. YneH Ha Hay4YHO XYypMU: ........ PO
(aou. a-p nHX. AHTOHMA Tawesa)




OPINION

on a dissertation for the acquisition of the educational and scientific degree "Doctor"

Author of the dissertation: M.Sc. Eng. Georgi Georgiev Georgiev

Topic of the dissertation: ,Platform Independent Applications Using GPU and
Machine Learning”

Member of the scientific jury: Assoc. Prof. Eng. Antoniya Tasheva, PhD

1. Relevance of the problem developed in the dissertation

The topic of the doctoral thesis is undoubtedly topical, given the growing importance
of heterogeneous computing systems, GPU-accelerated computing and machine
learning. The thesis correctly identifies the fragmentation of programming interfaces
and the need to combine platform independence with high performance as a key
problem. Of particular relevance is the connection drawn between GPU-based real-
time rendering and ML methods for super-resolution and intermediate frame
generation. The author justifies the need for a unified programming model and the
choice of Vulkan/Vulkan Compute as the basis for building portable GPU applications.

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

The literature reviewed (a total of 108 sources) is well selected by topic and covers
the main scientific and technological areas relevant to the thesis. Specialized scientific
publications and sources have been used, covering GPU architectures, graphics APls,
Rust, ray tracing, ReSTIR and machine learning for real-time rendering. The literature
review provides the necessary scientific foundation for the research conducted and
demonstrates the author's sound knowledge of the research problem.

3. Compliance of the chosen research methodology and the set goal and
objectives of the dissertation with the achieved contributions

The stated objective — ‘to develop unified, platform-independent software for creating
GPU-based applications in the field of computer graphics and integrating them with
machine learning’ — is in line with current trends in systems programming. The chosen
research methodology is appropriate to the problem at hand and involves an analysis
of existing programming interfaces and approaches, the development of a conceptual
model and architecture, algorithmic optimisation, the integration of machine learning
methods, and experimental verification of the results obtained through a implemented
prototype.

There is a good alignment between the stated objective and tasks, the methodology
employed, and the scientific, applied scientific and applied contributions identified. The
conceptual model developed for platform-independent real-time rendering, the
architecture of the Vulkan- and Rust-based system, the adaptation of the ReSTIR
algorithms, and the integration of methods for Al-based image scaling and frame
generation are directly linked to the main research areas. The implemented prototype
and the experimental studies conducted further support the validity and practical
significance of the results obtained. Overall, the thesis demonstrates a coherent link
between the research problems posed, the methodology chosen, the results obtained
and the contributions formulated.




4. Contributions of the dissertation work

In the thesis, the author has identified two scientific, three scientific-applied and three
applied contributions. The scientific contributions relate to the development of a
conceptual model for platform-independent real-time rendering via a unified
programming model for graphical and computational operations, and to the proposal
of a functional-imperative approach for high-performance graphics applications. In my
view, the first of these can justifiably be classified as scientific, as it represents a
generalized model and systematizes principles for the organization of platform-
independent execution. The second is more of an applied scientific contribution, as
the functional-imperative approach is tied to the specific implementation in Rust.
Formulated in this way, it has the character of a technological approach rather than
that of an independent scientific generalization. Notwithstanding this clarification, |
accept the contributions presented in their entirety and completeness.

5. Assessment of dissertation publications

The main findings and results of the doctoral thesis have been published in four
scientific articles, one of which was authored solely by the candidate, whilst the
candidate is the first author of the others. All publications are indexed in Scopus, and
one of them is also indexed in WoS.

6. Opinions, recommendations and notes

This doctoral thesis presents a comprehensive scientific and applied study of a topical
issue relating to the development of platform-independent GPU-accelerated
applications and the integration of machine learning methods into real-time rendering.
The research is logically structured, the methodology employed is appropriate to the
stated objective, and the results obtained are supported by a software prototype and
experimental studies. The contributions outlined are significant and have both
scientific-applied and practical value.

| would recommend that the degree of scientific novelty of the proposed architectural
solutions relative to existing approaches be outlined more clearly. Given the broad
formulation of platform independence, it would be desirable for the experimental
verification to be considered in the context of the specific operating systems, graphical
environments and hardware configurations under investigation. These
recommendations do not significantly detract from the overall positive assessment of
the thesis.

7. Conclusion

| believe that the dissertation submitted for review meets the requirements of the Act
on the Development of the Academic Staff in the Republic of Bulgaria and | give it an
overall positive assessment. | propose that the doctoral student, M.Sc. Eng. Georgi
Georgiev be awarded the educational and scientific degree "Doctor" in the scientific
specialty "System Programming" from the professional field 5.3 Communication and
Computer Engineering.

Date: 08.09.2026 Member of the Scientific Jury: ... —...........
(Assoc. Prof. Eng. Antoniya Tasheva, PhD)




