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PeueH3eHT: gou. A-p uHxX. Fans BecenuHoBa lNaBnoBa

1. AKTyanHocT Ha pa3paboTBaHus B AuWcepTauMOHHMA Tpya npobnem B
Hay4YHO M HAy4YHO-NPUMNOXHO OTHoweHue. CTeneH U HUBaA Ha aKTyanHoCTTa Ha
npob6nemMa u KOHKpPeTHUTe 3afayu, pa3paboTeHun B AuceprTaumunaTa

AKTyanHoCTTa Ha pasrnexgaHata npobnemaTtuka ce onpeaens oT Obp30To
pa3BuTUe Ha rpaduyHuTe npouecopn (GPU) 1 HapacTsBalloTo UM 3Ha4YeHWe He camo
3a KOMNTbpHaTa rpaduka. Te ce yTBbpAMXa M Kato OCHOBHA nnartgopma 3a

BUCOKOMNPOM3BOAMTENHN M3uMcneHms ¢ obuwo npefHasHadeHue M 3a obydeHue U

U3NbLNHEHWE Ha MOAEeNy Ha MaLlWWHHO obyyeHune.
coTyepHuTe nnatdopmu u npunoxHo-nporpamuute uHTepdgencn (CUDA, OpenCL,

Direct3D, OpenGL, Vulkan). Toea Hanara pa3spaboTtymumTte Aa NOAABPKAT MHOXECTBO
peanusauMm Unu fa npuemar KOMNpoOMUCKU MO OTHOLIEHME Ha MNPeHOCUMMOCTTa U

NPOU3BOAMTENHOCTTA. JUCepTaLUMOHHUAT TPYyA aapecpa UMEeHHO To3n nNpobnem upes
u3cneasaHe Ha Bb3MOXHOCTUTE 3a Cb3fasBaHe Ha yHudbuumupaHa v nnatopmeHo

HesaBucuma apxutekTypa Ha basata Ha Vulkan u Vulkan Compute, komBuHupaHa c
ONTUMMW3ALMOHHU anroOpUTMK 3a NpocnefsBaHe Ha CBETNMHHM NbYM WU MEeToAM Ha
MaLUMHHOTO 0By4eHre 3a cKanvpaHe KbM BUCOKM pasfenuTenHn cnocobHoCTH.

OcHoBeH npobnem B pasrnexgaHara obnact ocrtasa parMeHTaumaTa Ha

PaspaboTeHnTe B TpyAa KOHUenTyaneH MoAen, peanusauvs Ha peHaepupalla
cucTema v MeToAmKa 3a CpaBHUTENHA OLEHKa Ha NPOW3BOAMTENHOCTTA AONPUHACAT 3a

npaxkTuyeckaTa CTOMHOCT Ha W3CneaBaHeTo.
2. CreneH Ha no3HaBaHe CBLCTOAHUETO Ha npoGnema U TBOp4YecCKa

WHTepnpeTauunsa Ha NUTepaTypHUA MaTtepuan
ABTOPBT AEMOHCTPUPA MHOrO 400pO NO3HaBaHe Ha CLBPEMEHHOTO CLCTOSHUE Ha
npobnemarukata. HanpaeeH e 3ag4bnNO04eH CPaBHUTENEH WU CUCTEMATUYEH aHaNuU3 Ha
Ha apxWTeKTypuTe Ha CbBpPEMEHHWUTE rpaduyHM npouecopy, 0coBeHoCTUTE Ha
napanenHoTo nporpamupaHe (SIMT), kakTo M Ha OCHOBHUTE MPUMOXKHO-MPOrPaMHM
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uHTepdencn 3a rpacduka u GPGPU wusuucnennsa — OpenGL, Direct3D 12, Vulkan,
CUDA n OpenCL. AicHo ca waeHTUdUUMPaHW NpeaumcTBaTa WU orpaHudeHuATa Ha
BCAKa nnatdopma No OTHOLIEHME Ha NPEHOCUMOCT, KOHTPON BbLPXY pecypcute u
Bb3MOXHOCTUTE 3a UHTErpauUusa Ha rpaduyHn U U34YUCIUTENHN 3afa4n. ApryMeHTupaH
e n3bopwuT Ha Vulkan n Vulkan Compute kaTo TexHonornyHa ocHoBa, KOETo nokassa
3aabnboyeHo pasbupaHe Ha akTyanHuTe TeHaeHUun B obnacTTa.

NuTepaTypHUAT maTepvan e WHTepnpeTupaH TBOPYECKW, KaTo aBTOPbLT He ce
orpaHuyaBa 4o Npernea Ha CbLecTByBalmMTe pelleHns, a rv N3Non3ea KaTto oTrnpasHa
ToYKa 3a hopMmynupaHe Ha cobcTBeHa KoHUenuua 3a NNaTtopMeHo HesaBucuma
apxuUTeKTypa, ONTUMU3ALUMOHHM anropuTMK 3a NPocNeasBaHe Ha N4y B peanHo Bpeme
(BKNKOYNTENHO CbBpeMeHHW TexHukn kato ReSTIR) v uHTerpaumMs Ha MeToaum Ha
MalKMHHOTO oBy4yeHne 3a Ccynep-pe3onouMa W reHepupaHe Ha kagpw. Tosa
cBuaeTencTea 3a cnocobHOCT 3a KPUTUYEH aHanu3 U 3a CAMOCTOATENHO U3BEXAaHE Ha
n3cnenoBaTencku HacoKu.

3. CroTBeTcTBME Ha u3bpaHaTa MeToAuKa Ha u3cnenBaHe ¢ NocraBeHarta uen
M 3a4a4uM Ha QMcepTauMoOHHUA Tpya

[vucepTaumoHHUS Tpyn € CTpyKTypupaHa B YeTupu nocnefosBaTenHu rnasw,
cnepBally noruvkaTta: aHanu3 — npoeKkTupaHe — anropuTMU4YHa OnNTUMM3auns —
WHTEerpaums Ha MawunHHO obyyeHune, KOeTo NO3BOMsABa NOCTaBeHaTa Uen - cb3aasaHe
Ha yHudUUMpaH 1 NNatopMeHO He3aBUCUM CodTyep 3a Cb3faaBaHe Ha NPUNOXEHNUS
¢ n3nonseaHe Ha GPU B oBnactTa Ha KoMNTbpHaTa rpacuka U UHTErPUPaHETO UM C
MaLUMHHO oBy4eHue — fa 6bae pasrbpHaTa NornyHo.

MeTTe w3cnegoBaTencCkM XUNOTe3W ca NPSAKO aapecupaHd oT CbOTBETHUTE
METOAONOrMYHN  KOMMOHEHTU. XunoTeza 1 WM 2, CBbp3aHM ¢ nnatdhopmeHaTa
HEe3aBUCUMOCT M eAWHHWA NporpaMeH Mogen, ca BepuuumMpann Ypes CpaBHUTENHWUSA
aHanu3 Ha API B nasa 1 un npeanoxerata Vulkan/Rust apxuTekTypa B [nasa 2.
XunoTesa 3 3a peanHOBPEMEHHOTO NPOCNEeAsBaHE Ha NbYM € ajpecupaHa ypes
anroputmuyHaTa paspabotka Ha ReSTIR DI n ReSTIR Gl B aea 3 ¢ KOHKPETHM
U3MepBaHus Ha npoussBoguTenHocTTa. Xunotesa 4 3a ponata Ha ML npw
KOMNEHCUpaHe Ha w3YMCnUTenHaTa CroXHOCT e pasrnefaHa B [naea 4 4pes
CPaBHWUTENHA OLUEHKa Ha TEeXHUKWUTE 3a Cyneppesoniouns W reHepupaHe Ha Kagpw.
Xunotesa 5 — cuHTesupawata xunoTtesa 3a KoMOWHWpaHata cuctemMa — e
BEpUdULMPaHa Ypes UHTErpupaHeTo Ha pe3ynTaTuTe OT NPeAXOAHWUTE rNasu B e4MHHa
paboTella peanusaums.

TpyA®T He cbabpxa U3pUYHO DopMynupaHa M3cnegoBaTencka MeToauka KaTo
CaMOoCTOATeNeH pasfgen — MeToAoNorn4HnTe n3bopw ca pasnpeaeneHn UMNINUUTHO

mexay rnasuTte, 6e3 obobliaBalla pamka, KOETO He e npeyka 3a NOCTUraHeTo Ha
nocraeeHara uen.



4. KpaTka aHanuMTuyHa XapakTepucTUKa Ha ecTecTBOTO WU OueHKa Ha
[OCTOBEPHOCTTa Ha Marepuana, BbpXy KOWTO ce rpagsaT npuHOCUTE Ha
avcepTauMoHHUA Tpya

AncepTaumoHHWAT TpyA € B 0bem oT 135 cTpaHuuw, KaTo BKNOYBa yBOA, 4 rnasu,
3aKNKYEHNE, CMUCBbK Ha OCHOBHWUTE MPUHOCKU, CAUCBK Ha nybnukauuuTe no
aucepraumaTa U usnonapaHa nutepartypa. Paborarta Bknwoysa obuwo 63 cdurypu un 4
Tabnuum. HayyHata nuTtepatypa obxsawa 108 HayyHu nybnukauuwv B YyTBBLPAEHU
nanaHua— ACM SIGGRAPH, IEEE, Eurographics, ECCV/CVPR v gp.

MNpeAcTaBeHUAT MaTepuan BKMKYBA CUCTEMATUYEH Npernen Ha CbBPEeEMEHHUTE
GPU apxuTekTypu W NPWUNOXHO-NPOrpamMHU MHTEPgENCH, CPaBHUTENEH aHanui Ha
nporpamHu es3vuu, paspaboTBaHe Ha cobcTBeHa nNaTtopmeHo Hesasucuma
apxuTekTypa Ha Basarta Ha Vulkan, onTUMU3aUWMOHHN anropuTMUK 3a NpocneasBeaHe Ha
nbyn (BrkntoumtenHo ReSTIR) 1 meToan 3a cynep-pes3ontoums U reHepuMpaHde Ha Kagpu
4ypes MalMHHO oByyeHune.

EkcnepumenTanHaTta pabota B AucepTaumoHHuA Tpya obxealla ABe OCHOBHM
HanpasBneHua — ONTUMWU3ALUMOHHW anropuTMK 3a peanHOBPEMEHHO NpocneaasaHe Ha
CcBETNUHHM Nbun (MTnaea 3) u ML-6asnpaHo ckanupaHe u reHepupaxe Ha kagpwv (FTnasa
4) — wn ce rpaau Bbpxy cobcTBeHa peanusaums Ha rendering engine B Rust ¢ Vulkan
bekeHA.

B Tpeta rnaea ca oOnuMcaHW nNpoOBEAEHTE EKCNEPUMEHTU C ONTUMMU3ALMOHHK
anropuTMi 3a NpocnefsBaHe Ha CBETNMHHU NbYX B peanHo Bpeme, C akLEHT BbpXy
TexHnkata ReSTIR. TecTBaHeTO e U3BbPLUEHO BbPXY cTaHaapTHU cueHu (Cornell Box,
Sponza # 100 Lights), kaTo OCHOBHWMAT KONWYECTBEH nokasaTen e OposT kagpu B
cekyHpa (FPS). MNpeacraseHu ca 1 BU3yanHu pe3yntat OT peHAUPaHeTo.

EkcnepumeHTUTE, ONUCaHW B YeTBLPTA rNaBa, ca OPUEHTUPaHW KbM MeToaM 3a
CKanupaHe KbM BWCOKW pasfenurenHu cnocobHOCTU W reHepupaHe Ha Kaapu 4ypes
MaLmnHHO 0ByyeHre. CpaBHeHu ca native peHampaHe (4K 1 1080p) ¢ pasnuyHu TEXHUKK
3a upscaling (FSR, Vulkan Compute Mogen, komBuHupauu nogxoau ¢ FXAA).
OueHkaTa BKNKOYBA KAKTO KONMWMYECTBEHWU AaHHW 3a npoussoautenHocT (FPS), Taka u
Ka4YeCTBEHW BM3yarnHW cpaBHEHWSA B BNU3bK NnaH.

TpuTe TecToBu cueHu ca nogbpaHu ¢ HapacTsalla CNOXHOCT, KOeTo No3BONsABa
oueHka Ha maiabupyemoctTa. Pesyntatute ca npefcTaBeHW C KOHKPETHU YUCheHM
CTOMHOCTH, a He ¢ 0BLWM onucaHus.

5. Hay4Hu u/unu Hay4HONPUNOXHW NPUHOCK HA ANUCEPTALMOHHUA TPyA

ABTOPBT (POPMynupa ceaem NpuHoca, pasnpefeneHy B TpW KaTeropum — fAea
Hay4HW, TP HAYYHONPUAOXHW U ABA NPUNOXHW.

Hayy4Hu npuHocu

Pa3paboTeH e koHUenTyaneH mMoaen 3a nNnaThopMeHO HesaBUCMMa cucTema 3a
PEHAUpaHE B peanHo Bpeme, OCHOBaH Ha eAWMHEH MporpameH Mohen 3a rpadudHn u
nsducnutenHn onepauun ypes Vulkan. MpegnoxeH e gyHKUMOHANHO-UMNepaTvBeH
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noaxoa 3a paspaboTBaHe Ha BUCOKONPOW3BOAWUTENHWU rpadUyHN NPUNOXEHUA, KOWTO
cbyeTaBa 6GesonacHO ynpaBneHWe Ha pecypcute, MOAYMHOCT W edeKTUBHO
N3N0N3BaHe Ha MHOMOAAPEHUTE apXUTEKTYPU.

Tesn NpUHOCKH UMAT TEOPETUYHA CTOMHOCT U 3a4aBaT OcHoBa 3a npeHocumn GPU
MPUNOXEHNSA.

Hay4Ho-npunoxHu npuHocu

MpepnoxeHa e KOHKpPeTHa apxuTekTypa Ha nnaTgopMeHO He3daBucum rendering
engine c npocnegaBaHe Ha Nb4u, peanuanpaHa yYpes Vulkan v eanka Rust. PaspaboTeH
€ NnoAaxoa 3a uHTerpupaHe Ha agantupanu anroputmu ReSTIR DI v ReSTIR Gl B
nnaTtdopMeHO HE3aBUCUMMA CpeAaa, KOeTo No3eonsasa NnpeHocumo real-time path tracing
Bbpxy pasnuyHn GPU apxutektypwu. [peonoxeH e M noaxon 3a M3nonssaHe Ha
MalWHHO obyyeHne 3a Al-6asvpaHo MauwabupaHe KbM BMCOKM pes3onoumm w
reHepvpaHe Ha MeXAWHHW Kaapu C Len HamanssaHe Ha U34YUCNUTENHOTO HaToBapBaHe
npv 3anasBaHe Ha BWU3yanHOTO Ka4ecTBo.

[MpunoXHu npuHocu

Peanusvpan e paboTew nNpoTOTUN Ha cucTeMara, C KOWTO ca MNpoOBEAEeHU
eKCNepuMeHTH, AoKa3BallM eKBMBanNeHTHa NPoOn3BOAUTENHOCT NPU U3MbIHEHWE BbPXY
Windows n Linux 6e3 nnatcgopmeHo cneunduyHn peanusaumn. PaspaboTteHa e
METOAMKa 3a CpaBHUTEMNHA OLEHKA Ha NPOW3BOAUTENHOCTTA B Pa3nNuU4HU Cpeaw.

KaTo uano cuyutam, Ye NnpuHoOCKTE ca opurmHanHu, gobpe o6oCHOBaKW, akTyanHu 1
W C npakTuyecka 3Ha4YMMOCT, KaTo [AeMOHCTpuUpaT CcnocobHOCT Ha asTopa
CaMOCTOSTENHO Aa PopMynupa 1 pellasa Hay4YHO-NPUNOXHU 3a4a4vM CbC 3HAYMTENHa
CTeneH Ha CrnoXHOoCT. Te ca B Npska Bpb3ka C TeMaTikaTa Ha AUcepTaunoHHA Tpya U
ca ybegutenHo noakpeneHu OT  pesynTtatute  OT  paspaboTBaHeTo M
ekcnepumeHTanHoto wuacnegeaHe. OcobeHO UeHHW ca KombuHaumaTa  oT
nnatopmeHa HezasucumocT (Vulkan + Rust), nHTerpaumsTa Ha CbBPEMEHHN TEXHUKN
3a npocnegsisaHe Ha nbun (ReSTIR) u uanonssaHeTo Ha MawMHHO 0BydyeHve 3a
oNTUMM3aUMs Ha NPON3BOAUTENHOCTTA.

Bb3 ocHoBa Ha TOBa [faBam NOMOXWTENHA OUEHKA Ha MpUHOCUTE Ha
AVCEPTALMOHHUA TPYA U CcYMTaM, Ye Te OTroBapsT Ha U3UCKBaHWATA 3a npuaobuBaHe
Ha obpasoBaTenHaTa u Hay4yHa cTeneH ,AOKTop".

6. OueHka 3a cTeneHTa Ha NMYHOTO yyacTue Ha AUCEePTaHTa B MPUHOCUTE

CunTam, Ye NpMHOCUTE B NPEACTaBEHWNS MU 3a peLieH3paHe AUcepTaLUnoHeEH TpyA
Ca OpUrMHanHKW 1 ca NpeanMHO NUYHO Aeno Ha gokTtopaHTa. KoHuenTyanHuaT mogen,
apxuTeKTypata Ha nnatgopmeHo He3asucuMmuA rendering engine, agantauvsta u
WHTerpaumsaTa Ha anroputmute ReSTIR, kakTo M noaxoAbT 3a M3nNon3BaHe Ha
MalUMHHO 0By4YeHue 3a cynep-pe3ontoumns 1 reHepupaHe Ha Kagpu ca CBUAETeNcTso 3a
ToBa. CodTyepHaTa peanusauus Ha npoToTMna Ha esuka Rust ¢ Vulkan,
NPOBEXAAHETO Ha EeKCNepUMEHTanHUTe W3cneaBaHWs W CPaBHUTEMHWUTE aHanmau



BBbPXY PasNUYHU onepaumMoHHW CMCTEMM CbLIO ca pe3ynTaTt OT caMocTosTenHara my
paborTa.

7. MpeueHka Ha NyGnukaumMuTe No AUCepTaLMOHHUA Tpya: 6poi, xapakTep Ha
M30aHUATa, B KOUTO ca oTneyaTaHu

KbM aucepTaumsTa e NpUoXxeH CNUCkK ¢ HanpaseHy 4 nybnukaumm, 1 oT KouTo e
CaMOCTOATENHA, @ APYruTe ca B CbaBTOPCTBO C Hay4YHUTE PbKOBOAUTENMN.

MybnukaummTe Ha mar. wWHX. [eoprn [eoprues TemaTU4YHO CBLOTBETCTBAT Ha
TemaTukaTa, UenuTe W 3ajadynTe Ha AucepTauuMoHHus  Tpya. Te  nokpusat
nocneaosaTenHoO BCUYKM OCHOBHMW acnekT — MHTepdencu, apxutektypa, onTummnsaumns
Ha NpocneaaBaHe Ha NbY¥ U MHTEerpauusi C MalMHHO obyyeHune — n ocurypsasat fobpa
anpobauua Ha pesynraTuTe.

8. M3non3eaHe Ha pe3ynrtatute OT AUCepTaUMOHHMUA TPyA B HayvHata u
coumanHara npakTuka

PesynraTuTte OT AUCEPTALUMOHHUS TpyA Bixa MOrnun Aa HaMepAT NPUNoXeHue B TpK
HanpaBneHua. B HayyHaTa npakTuka — KaTo Bb3NpouM3BoAMMA W3cnegosaTersicka
OCHOBa 3a Obaewwm pa3paboTkv B peanHOBpeMeHHaTa KOMMKTbpHa rpaduka wu
nnaTdopmeHo HesasucumoTo GPU nporpamupaHe. B obpasosartenHaTta npakTtuka — B
y4ebHMA Npouec No CUCTEMHO NporpammpaHe U KoMmnTbpHa rpaduka b OPKCT Ha
TY-Codums. B nHgyctpmanHaTta npaktuka — cuMynauuoHeH codTyep, NpUnoXxeHns 3a
BMPTyanHa u gobaBeHa peanHocT, UHXEHepHa BU3yanu3auuns, KMHOTO U MeguLUMHCKaTa
obpasHa gmMarHocTuKa, KbAETO Ce U3NCKBA BUCOKA NPON3BOANTENHOCT U NPEHOCUMOCT
MeXay pasnuyHu onepauroHHu cuctemm n GPU apxutekTypw.

9. OueHKka Ha CBHLOTBETCTBMETO Ha aBTopechepatra C M3UCKBAHUATA 3a
M3roTBAHETO MY, KakTO M Ha afeKBaTHOCTTa Ha OTpa3sBaHe Ha OCHOBHUTE
NONOXEeHUA U NPUHOCUTE Ha ANCEePTaLUOHHUA TpyA

ABTOpedepaTsT Ha AUcCepPTaUMOHHUA Tpya e B 06em oT 30 cTp. Ha Bbnrapcku e3vk
n 27 cTp. Ha aHrnuitckn esnk. OopmeH e B CbOTBETCTBME C WU3UCKBaHUSATa Ha
lNpaBunHWKa 3a yCnosuaTa 1 peda 3a npuaobmsaHe Ha Hay4HW cTenenu B TY- Codua
U oTpasfaBa BAPHO CbABPXKAHWETO, NPOBEAEHUTE W3CNeaABaHWSA, NOCTUrHaTUTE
TEOPETUYHM U NPAKTUYECKU pesynTaTh U NPUHOCUTE, CbAbPXKALLM CE B MbIHUSA TEKCT
Ha AucepTauMoHHWA Tpyd. Homeparta Ha durypute, Tabnuuute u cdopmynute B
aBTopedepara CbOTBETCTBAT Ha TE3W B AUCEPTAUMOHHUS TPYA,.

10. MHeHusA, npenopbKU U Genexku
[AvicepTaumoHHMAT Tpya Ha Mar. wHx. [eopru [eoprues npepcTaBnsea
3aBbplleHa U UHXeHepHo 3aabnboyeHa HayyHa paspaboTka no akTyanHa Tema.
MpuHocuTE ca OpUrMHaMHW W MOTWYHO CBBP3aHW — OT KOHUEeNTyaneH mMoaen w
nnaTopMeHo HesaBuUcMMa apxuTekTypa Ha Gasata Ha Vulkan u Rust, npes

5



onTUMKU3auUMa Ha npocnegssaHe Ha nNbyM ¢ ReSTIR, o0 WMHTerpauma Ha MallMHHO
obyyeHue 3a cynep-pes3oniouns U reHepupaHe Ha kKagpu. ExkcnepumeHTanHuTe
pe3ynTaTt¥ noaKpensT OCHOBHUTE XWnoTesw, a nybnukauuwute ocurypasat pobpa
anpobaums.

EkcnepumeHTanHuTe pesyntatim ca ybeauTenHu W NOAKPENST OCHOBHWUTE
XMNOTE3W, HO NpefcTaBsHeTo MM Bu cnevenuno oT no-noApobHO onucaHwe Ha
M3NON3BaHUTE XapAyepHW KOHUrypauuvw, BEpCUX Ha ApanBepn U TOYHM YCroBMUA Ha
TecTBaHe.

Mpenopbyeam Ha asTopa B 6baelle ga:

- paswmpu CpaBHUTENHUA aHanua ¢ gonbnHuTenHn GPU apxutekTypu (Hanpumep
AMD w Intel) ¢ uen no-cunHa 4eEMOHCTpaUWA Ha nnaTopmMeHaTa He3aBUCUMOCT.

- no-nbNHa BepuduKauma Ha MalMHHOTO OBy4YyeHue 4pes WHTerpupaHe Ha
CTaHAapTHN METPUKM 3a BMU3yarHO KayecTBO, CPABHEHWE C WUHAYCTPUAnHU pelueHus
kato DLSS u FSR, n TectBaHe npu No-LWUMPOK CNEKTbPp OT CUEHapuuv U ANHAMUWYHW
YyCNoBuA.

- Npoy4M BB3MOXHOCTTA 3a No-Abnboka WHTerpaums Ha MalWHHOTO oby4yeHue
AWPEKTHO B npoueca Ha path tracing.

11. 3aknioyeHue C SICHa MNONIOXWUTENHa WNM oOTpULaTernHa oOueHKa Ha
AvcepTauMuoHHUSA TpyAa

Cnen 3ano3HaBaHe ¢ NpeAcTaBeHUTe JOKYMEHTU U AUCEPTALMOHHUS TPYA, KAKTO U
CbAbpXaLlUTe Ce B HEr0 Hay4HW, HayYHO-NPUNOXHWU U NPUNOXHW NPUHOCK, CHUTaM, Ye
TE ca B aKTyanHa Hay4Ha obnacT 1 nokassaT cnocobHOCT 3a CAaMOCTOATENHO pellasaHe
Ha WHXEeHEePHW 3a4a4n.

MpeacraseHnTe matepuany OT AOKTOpaHTa yAOBNEeTBOPABAT BCUYKN M3UCKBAHUS
Ha 3aKoH 3a pa3BUTMETO Ha akageMnyHus cbeTas B Penybnvka Bunrapus, MpaBunHuk
3a HEroBOTO NpunaraHe u NpaBUNHUK 3a yCnosuATa 1 pefa 3a NpuaobtusaHe Ha HayYHK
ctenenu B TY-Codwus.

Bcuyko TOBAa MM fgaBa OCHOBaHME [fa [daM MOSIOKWUTENHa OueHKa Ha
ANCEPTaLUMOHHNSA TPy M Aa NPeanoxa Ha ysaxaeMoTO Hay4HO Xypu Aa nNpuchbav Ha
mar.uHx. Neopru lNeoprues Neoprues oGpasosaTenHaTa U HayyHa CTeneH ,40KTop" B
obnactta Ha BuUCWeETO obpasosaHue 5. TexHuyecku Hayku, [podecroHanHo

HanpaeneHue: 5.3. KOMyHUKaLUMOHHa U KOMMIOTBbPHA TEXHWMKA, Hay4Ha crneuuanHocT
,CUCTEMHO nporpamupaHe”.
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1. Relevance of the problem addressed in the thesis from a scientific and applied
scientific perspective. Degree and levels of relevance of the problem and the
specific tasks addressed in the thesis

The relevance of the subject matter under consideration is determined by the rapid

development of graphics processing units (GPUs) and their growing importance not
only for computer graphics. They have also established themselves as a
primaryplatform for high-performance general-purpose computing and for the training
and execution of machine learning models.

The major problem in this field remains the fragmentation of software platforms
and application programming interfaces (CUDA, OpenCL, Direct3D, OpenGL,
Vulkan). This forces developers to maintain multiple implementations or to make
compromises regarding portability and performance. This doctoral thesis addresses
precisely this problem by investigating the possibilities for creating a unified and
platform-independent architecture based on Vulkan and Vulkan Compute, combined
with optimisation algorithms for ray tracing and machine learning methods for scaling
to high resolutions.

The conceptual model, the implementation of a rendering system and the
methodology for comparative performance evaluation developed in this thesis
contribute to the practical value of the research.

2. Level of understanding of the state of the art and creative interpretation of the
literature

The author demonstrates a very good understanding of the current state of the
field. An in-depth comparative and systematic analysis has been carried out of the
architectures of modern graphics processing units, the characteristics of parallel
programming (SIMT), as well as the main application programming interfaces for
graphics and GPGPU computing — OpenGL, Direct3D 12, Vulkan, CUDA and
OpenCL. The advantages and limitations of each platform in terms of portability,
resource control and the possibilities for integrating graphics and computational tasks
are clearly identified. The choice of Vulkan and Vulkan Compute as the technological



foundation is well-reasoned, demonstrating a thorough understanding of current
trends in the field.

The literature has been interpreted creatively; the author does not limit themselves
to a review of existing solutions, but uses them as a starting point for formulating their
own concept for a platform-independent architecture, optimisation algorithms for
realtime ray tracing (including modern techniques such as ReSTIR) and the integration
of machine learning methods for super-resolution and frame generation. This
demonstrates an ability for critical analysis and for independently deriving research
directions.

3. Alignment of the chosen research methodology with the stated aim and
objectives of the thesis

The thesis is structured into four consecutive chapters, following the logic: analysis
— design — algorithmic optimisation — integration of machine learning, which allows
the stated objective — the creation of unified and platform-independent software for
developing GPU-based applications in the field of computer graphics and their
integration with machine learning — to be developed logically.

The five research hypotheses are directly addressed by the corresponding
methodological components. Hypotheses 1 and 2, relating to platform independence
and the unified programming model, are verified through the comparative analysis of
APls in Chapter 1 and the proposed Vulkan/Rust architecture in Chapter 2. Hypothesis
3 onreal-time ray tracing is addressed through the algorithmic development of ReSTIR
DI and ReSTIR Gl in Chapter 3, with specific performance measurements.
Hypothesis4, concerning the role of ML in offsetting computational complexity, is
examined in Chapter 4 through a comparative evaluation of super-resolution and
frame generation technigues. Hypothesis 5 — the synthesising hypothesis for the
combined system — is verified by integrating the results from the preceding chapters
into a single working implementation.

The thesis does not contain an explicitly formulated research methodology as a
separate section — the methodological choices are distributed implicitly across the
chapters, without a summarising framework, which does not prevent the achievement
of the set objective.

4. A brief analytical description of the nature and an assessment of the
reliability of the material on which the contributions of the thesis are based

The thesis comprises 135 pages and includes an introduction, four chapters, a
conclusion, a list of the main contributions, a list of publications related to the thesis,
and a bibliography. The thesis includes 63 figures and 4 tables. The scientific literature

comprises 108 scientific publications in established journals—ACM SIGGRAPH,
IEEE, Eurographics, ECCV/CVPR, etc.



The material presented includes a systematic review of modern GPU architectures
and application programming interfaces, a comparative analysis of programming
languages, the development of a proprietary platform-independent architecture based
on Vulkan, optimisation algorithms for ray tracing (including ReSTIR), and methods
for super-resolution and frame generation using machine learning.

The experimental work in the thesis covers two main areas — optimisation
algorithms for real-time ray tracing (Chapter 3) and ML-based upscaling and frame
generation (Chapter 4) — and is based on a custom implementation of a rendering
engine in Rust with a Vulkan backend.

Chapter 3 describes the experiments conducted with optimisation algorithms for
real-time ray tracing, with a focus on the ReSTIR technique. Testing was carried out
on standard scenes (Cornell Box, Sponza and 100 Lights), with the main quantitative
metric being the number of frames per second (FPS). Visual results from the rendering
are also presented.

The experiments described in Chapter 4 focus on methods for upscaling to high
resolutions and frame generation via machine learning. Native rendering (4K and
1080p) is compared with various upscaling techniques (FSR, the Vulkan Compute
model, and combined approaches with FXAA). The evaluation includes both
quantitative performance data (FPS) and qualitative close-up visual comparisons.

The three test scenes were selected in order of increasing complexity, allowing for
an assessment of scalability. The results are presented with specific numerical values
rather than general descriptions.

5. Scientific and/or applied scientific contributions of the thesis

The author identifies seven contributions, divided into three categories — two
scientific, three applied scientific and two applied.

Scientific contributions

A conceptual model has been developed for a platform-independent real-time
rendering system, based on a unified programming model for graphics and
computational operations via Vulkan. A functional-imperative approach to the
development of high-performance graphics applications has been proposed, which
combines safe resource management, modularity and the efficient utilisation of
multicore architectures.

These contributions have theoretical value and lay the foundation for portable
GPU applications.

Scientific and applied contributions

A specific architecture for a platform-independent ray-tracing rendering engine,
implemented using Vulkan and the Rust programming language, is proposed. An
approach has been developed for integrating adapted ReSTIR DI and ReSTIR Gl
algorithms into a platform-independent environment, enabling portable real-time path



tracing across different GPU architectures. An approach is also proposed for using
machine learning for Al-based upscaling to high resolutions and the generation
ofintermediate frames, with the aim of reducing the computational load whilst
maintaining visual quality.

Practical contributions

A working prototype of the system has been implemented, and experiments have
been conducted using it, demonstrating equivalent performance when running on
Windows and Linux without platform-specific implementations. A methodology for the
comparative evaluation of performance across different environments has been
developed.

Overall, | consider the contributions to be original, well-founded, topical and of
practical significance, demonstrating the author’s ability to independently formulate
and solve scientific and applied problems of considerable complexity. They are directly
related to the subject matter of the thesis and are convincingly supported by the results
of the development and experimental research. Particularly valuable are the
combination of platform independence (Vulkan + Rust), the integration of modern
raytracing techniques (ReSTIR) and the use of machine learning to optimise
performance.

On this basis, | give a positive assessment of the contributions of the thesis and
consider that they meet the requirements for the award of the academic and scientific
degree of ‘Doctor’.

6. Assessment of the degree of the doctoral candidate’s personal contribution
to the work

| consider that the contributions in the doctoral thesis submitted to me for review
are original and are predominantly the doctoral candidate’s own work. The conceptual
model, the architecture of the platform-independent rendering engine, the adaptation
and integration of the ReSTIR algorithms, as well as the approach to using machine
learning for super-resolution and frame generation, bear witness to this. The software
implementation of the prototype in the Rust language using Vulkan, as well as the
conduct of experimental research and comparative analyses across different
operating systems, are also the result of his independent work.

7. Assessment of the publications related to the thesis: number and nature of
the journals in which they were published

Attached to the thesis is a list of four publications, one of which is an independent
work, whilst the others are co-authored with the academic supervisors. The
publications by MSc Eng. Georgi Georgiev correspond thematically to the subject
matter, aims and objectives of the thesis. They systematically cover all key aspects —



interfaces, architecture, ray tracing optimisation and integration with machine learning
- and provide sound validation of the results.

8. Application of the results of the thesis in scientific and social practice

The results of the thesis could be applied in three areas. In scientific practice —
as a reproducible research foundation for future developments in real-time computer
graphics and platform-independent GPU programming. In educational practice — in
the teaching of systems programming and computer graphics at the Faculty of
Computer Science and Technologies, Technical University of Sofia. In industrial
practice — simulation software, virtual and augmented reality applications,
engineering visualisation, cinema and medical imaging, where high performance and
portability across different operating systems and GPU architectures are required.

9. Assessment of the abstract’s compliance with the requirements for its
preparation, as well as the adequacy of its presentation of the main arguments
and contributions of the doctoral thesis

The abstract of the doctoral thesis comprises 30 pages in Bulgarian and 27 pages
in English. It has been formatted in accordance with the requirements of the
Regulations on the Conditions and Procedures for the Award of Academic Degrees at
the Technical University of Sofia and accurately reflects the content, the research
carried out, the theoretical and practical results achieved, and the contributions
contained in the full text of the thesis. The numbering of the figures, tables and
formulae in the abstract corresponds to that in the thesis.

10. Opinions, recommendations and comments

The doctoral thesis by MSc Eng. Georgi Georgiev represents a comprehensive
and technically rigorous scientific study on a topical subject. The contributions are
original and logically interconnected - ranging from a conceptual model and a
platform-independent architecture based on Vulkan and Rust, through the optimisation
of ray tracing with ReSTIR, to the integration of machine learning for super-resolution
and frame generation. The experimental results support the main hypotheses, and the
publications provide good validation.

The experimental results are convincing and support the main hypotheses, but
their presentation would benefit from a more detailed description of the hardware
configurations used, driver versions and precise testing conditions.

| recommend that the author, in future, should:

-expand the comparative analysis to include additional GPU architectures (e.qg.
AMD and Intel) in order to demonstrate platform independence more convincingly.

- carry out a more comprehensive verification of the machine learning approach
by incorporating standard visual quality metrics, comparing it with industry solutions



such as DLSS and FSR, and testing it across a wider range of scenarios and dynamic
conditions.

- Explore the possibility of deeper integration of machine learning directly into the
path tracing process.

11. Conclusion with a clear positive or negative assessment of the doctoral
thesis

Having reviewed the submitted documents and the doctoral thesis, as well as the
scientific, applied scientific and applied contributions contained therein, | consider that
they fall within a current field of science and demonstrate the ability to independently
solve engineering problems.

The materials submitted by the doctoral candidate satisfy all the requirements of
the Law on the Development of Academic Staff in the Republic of Bulgaria, the
Regulations for its implementation, and the Regulations on the conditions and
procedures for the award of academic degrees at the Technical University of Sofia.

All of this gives me grounds to give a positive assessment of the doctoral thesis
and to propose to the distinguished academic jury that they award MSc Eng. Georgi
Georgiev Georgiev the academic and scientific degree of ‘Doctor’ in the field of higher
education 5. Technical Sciences, Professional field: 5.3. Communication and
Computer Engineering, scientific specialisation ‘Systems Programming’.
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