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Bbpry Ar4cepraquoHeH rpyA sa npugo6ueaxe ua o6pasoearenHa H HayeHa creneH
,,AOr(TOp"

Aerop xa Aucepraqr4oHHr4r rpyA: Mar. tlHx, Feoprx Feoprree Feoprrea
Tetta xa AncepraquoHHr4f, rpyA: ,,Ilnar$opuexo He3aBlrcnMr npxroxeHm c
n3non3BaHe xa GPU x MaurrHxo o6yrexre"
Llnex xa HayqHoro xrypu: Aoq, A-p t,tHx. Axroxrr Tauega

1 . Axryanxocr xa paspa6orBaHrn B AxcepraqxoHHxn rpyA npo6neu
Teuara Ha AucepraquoHHr4f, rpyA e 6eecnopno aKryaflHa, npeABHA HapacrBat4oro
3HaqeHue Ha xereporeHHure u3qhcnurenHu cr4creMh, GPU-ycxopexure h3qucneHh,
I MauJ[HHoro o6yvexre. ,Qucepraqranra npaBunHo ra4enru$raqrapa Karo ocHoBeH
npo6nem $paruexraqunra Ha nporpaMuure utrepQeicr u xeo6xoAuMocrra or
cbqeraBaHe xa nnarQopueHa He3aBuct4Mocr c BHcoKa npousBoAureflnocr. Oco6exo
aKTyanHa e nocraBeHara Bpb3Ka uexgy GPU-6aerpaxoro peanHoBpeMeBo
peHAr4paHe u ML uero4ure sa cyneppe3onoqhe u reHepupaHe Ha Mex(Ar4HHu KaApu.
Aeropur o6ooioaaea xeo6xo4ruocrra or eAhHeH nporpaMeH MoAen h ras6opa ta
VulkanA/ulkan Compute Karo ocHoBa 3a [3rpa4qaHe Ha npeHocrar,ara GPU
npunoxeH 9.

2. Crenex Ha no3HaBaHe cLcrorHtrero Ha npo6neua x rBopqecxa
rHrepnperaqxr Ha nxreparypHffi Marepxan.

l4snonaeaxara nureparypa (o6uto 108 uerovuuxa) e reMarultHo go6pe no46pana r.t

o6xaaula ocHoBHHTe HayqHu 14 TexHonoruqH14 HanpaBneHtas, cBbp3aHH c
Ar4cepraLyoHHue rpy4. lrlgnon3eaxu ca cneqr4anu3hpaHu HayqHu ny6nuxaquu u
r43rot{ H 14 r.14, pa3rnex4aulfi GPU apxurerrypu, rpa$rvxu APl, Rust, ray tracing,
ReSTIR u MauHHHo o6yvexue 3a peanHoBpeMeBo peHAupaHe. Ilrareparypxara 6aga
oo4rypnBa reo6xogun,tara HayqHa ocHoBa 3a npoBeAeHoro r43cneABaHe v
AeMoHcrpupa 4o6pa uxQopuhpaHocr Ha aBropa no 3cneABaHue npo6neM.

3. CuoreercrBlre Ha us6paxara MeroAlrKa Ha lr3creABaHe t,t nocraBeHara qen
h 3aAaqx Ha AxcepTaqroHHxa TpyA c nocTrrHaTrTe npxHocx.

flocraaexara qefl ,,cb3AaBaHe xa yxu$uqupan u nnar$oplaeHo He3aB[cl4M co$ryep
3a cb3AaBaHe Ha npunoxeHur c u3nofl3BaHe Ha GPU a o6nacrra Ha KoMnprbpHara
rpaQuxa 14 hHTerpupaHero HM c MauJ[HHo o6f{eHhe" e B cborBercrBue cbc
cbBpeMeHHHTe reHAeHLlhr4 B o4creMHoro nporpaMupaHe. l4e6paxara MeroAhKa Ha
u3cneABaHe e aAeKBarHa Ha nocraBeH[r npo6nela u BKnEqBa aHanu3 Ha
cbulecrByBau.U nporpaMHu uxrep$efrcu h noAxoAH, paspa6oreane Ha
KoHLlenryaneH MoAen H apxxTeKTypa, anropHTMl4qHa onTuMl{3aqur, r4HTerpupaHe Ha
MeroAr4 3a MauJuHHo o6yver.rue ta eKcnepuMeHranHa npoBepKa Ha noflyqeHure
pe3ynTaTH qpe3 peanrr314paH npoToTun.
Hanuqe e Ao6po cborBercrBue Mex(Ay nocraBeHara qen 14 3aAaqx, H3nofl3BaHara
Mero4uKa u $opruynupaH[Te HayqHu, HayqHo-npunoxHr4 u npunoxHh np Hocl4.
Paspa6orenunr KoHqenryafleH MoAen 3a nnarQoprueno He3aBucrrMo
peanHoBpeMeBo peHgxpaHe, apxureKrypara xa 6asrpaxara xa Vulkan u Rust
cucreMa, aAanrhpaHero Ha anroprrMrre ReSTIR u HHTerpupaHero Ha MeroAu 3a Al-
6asupauo MaulabupaHe xa rao6paxexrs x reHepupaHe Ha KaApr ca B nprKa Bpb3Ka
c ocHoBHtaTe HanpaBneHr4s Ha H3cneABaHero. Peanusupaxnrr npororun u
npoBeAeHhTe eKcneplrMeHTanHu u3cJreABaHu9 AonbnHHTenHo noAKpenrT
AocroBepHocrra u npaKruqecKara 3HaqlMocr Ha noflyqeHure pe3ynrar . Karo qrno
AHCepTaqHOHHl4f,r rpyA AeMOHCTpUpa nOCneAOBaTerHa Bpb3Ka Mex(qy nOCTaBeHU9
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HayeeH npo6neM, ll36paHaTa MeroAxKa, nonyeeHHre pe3ynrarH 14 QopMynhpaH]rre
npuHoclr.

4. flprrocr Ha AxcepraqxoxHxn rpyA
B gracepraqroxHr4e rpyA aBropur e $oprrrynrpan ABa HayeHr4, rph HayqHo-npr4noxHl4
x rpu npxnoxHu npr4Hoca. Hayrxure npuHocr4 ca cBbp3aHu c paspa6oraarero xa
KoHqenryaneH MoAen sa nnarQopnexo He3aBucr4Mo peaflHoBpeMeBo peHAupaHe
qpe3 eAuHeH nporpaMeH MoAen 3a rpa$uvur h u3qucnurenHu onepaqhu u c
npeAnaraHero xa $yxxquoxanHo-uMneparuBeH noAxoA 3a BucoKonpou3BoA TenH
rpaQravxra npunoxeHr4fl. Cnopeg MeH nbpBr,rqr or rnx Moxe ocHoBarenHo Aa 6uAe
onpeAeneH Karo HaygeH, Tbf Karo npeAcraBnsBa o6o6qex MoAen 14 cucreMaru3rpa
npuHqunta 3a opraHh3aqrn xa nnar$opMeHo He3aBhcr4Mo u3ntflHeHue. Bropunr e
no-cKopo HayqHo-npfinoxen, rufi xaro QyxxquoHanHo-uMneparuBHr4gT noAxoA e
o6aupaan c KoHKperHara peanr3aqun c Rust. Taxa Qopuynupax, roi urua no-chneH
xapaKTep Ha rexHojlorrqeH noAxoA, oTKoflKoTo Ha caMocTo9TenHo HayqHo
o6o6qexue. Bunpexu HanpaBeHoro froqHeH e npheMaM npeAcraBeH[Te npxHocr4 B

TRXHaTa qflnOCT U nbrHOTa.

5. flpeqexxa Na ny6nrxaqrxre no AxcepraqxoHHxr rpyA:
OcxoaHr4 nocrhxeHrr H pe3ynrarr or AhcepraquoHHr4fl TpyA ca ny6nuryeaxu e 4
HayqH[ cTaTuu, eAHa or Kor4ro caMocroerenHa, a B ocTaHanHTe e nbpBu aBTop.
Bcuvrlr ny6nraraquu ca uHAeKcupaHu e Scopus, a eAHa or rsx e hHAeKcupaHa h B

WoS.

6. MHeHxr, npenopLror r 6enexxr
,QucepraqnoxxunT TpyA npeAcraBnrBa 3aBbpueHo HayqHo-npunoxHo r43cfleABaHe
Ha axTyaneH npo6neu, cBbp3aH c paspa6orsaxero na nnar$opMeHo He3aBucuMr4
GPU-ycxopexra npunoxeH g 14 r4HTerprpaHero Ha MeroAr4 or MauuHHoro o6yvexue
npx peanHoBpeMeBo peH4upaxe. l4scnegeaxero e nocfleAoBarenHo crpyKrypr4paHo,
u3non3BaHaTa MeToA[Ka e aAeKBaTHa Ha nocTaBeHaTa qen, a nonyqeHuTe pe3ynTaTu

ca noAKpeneH qpe3 paapa6oren co$ryepen npororun 14 eKcnepuMeHTaflHu
u3cneABaHur. Oopruynrpaxrre npuHocr4 ca cbulecrBeHn u tAuar KaKTo HayqHo-
np noxHa, TaKa,r npaKrhqecra ctofixoct.
6ux npenopuqana Aa ce oqeprae no-qcHo creneHra Ha HayqHa HoBocr Ha

npegoxeHnre apxureKTypHr4 peueHhs cnpsMo cbulecrByBau.lure no4xo4u. fl pu
urupoKoro Qopruynupaxe Ha nnarQoptr,texara He3aBxct4Mocr e xeflareflHo
eKcnepr4MeHTanHara sepuQuKaqun Aa 6u4e paarne4qaHa u c orneA Ha KoHKperHo

u3cneABaHrre onepaquoHHr4 cr,lcreMr, rpa$rvxr cpeAr u xapAyepHH
xox$rarypaqur,t. flocoqerrre npenopbKr4 He HaMafltBar ctqecrBeHo o6qara
nonoxhrenHa oqeHKa Ha AhcepTaLlHoHHt49 TpyA.

7. 3axnpqexre
C.rurarv!, qe npeAcraBeHhqr 3a peqeH3hpaHe AucepraquoHeH TpyA orroBapq Ha

l43r4cKBaHuf,Ta na 3axoua aa PACPE h My AaBaM o6u.la nonoxlrenHa oqeHKa.
[lpe4nararu Ha AoKropaHra Mar. uHx. l-eopru l-eopruea 4a 6uge npr4cbAeHa
o6paaoaarenxara u HayqHa ctenex "gorrop" no xayvxara cneLluarHocr ,,Cucreuno
nporpaMxpaHe" or flH 5.3 KotvtyxltxaquoHHa H KoMnDT'bpHa rexHuKa.

9nex xa HayqHo )rrypx: ... -. . .., . .. . . . ...
(aoq. n-p Hxx. AxroHhq Tau.eaa)
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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 lndependent 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 VulkanA/ulkan Compute as the basis for building portable GPU applications.

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 scientrfic, 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 lmplemented 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.
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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.



4. Contributions of the dissertation work
ln 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 realtime 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. ln 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, I

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.
I 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
I 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 I give it an
overall positive assessment. I 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.

Member of the Scientific Jury: ....-...7.......

(Assoc. Prof. Eng. Antoniya Tasheva, PhD)
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