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1. AKTyaqHocT Ha pa3paboTBaHHs B HCEPTAUMOHHHS TPyA npodjeM B HAY4HO H
HAYYHO-TIIPHIIOKHO OTHOLUEHHE

Bbp3oTo HapacTBaHe Ha rpaduUUHUTE M HM3UHUCIMUTEHMTE W3MCKBAHUS HA CbBPEMEHHHS
coTyep NpoTHYa B YCJIOBHS HA BCE MO-TOIsiMa (hparMeHTalMs NpH XapayepHHUTe I1atGopMH H
NPHJIOKHO-NIPOrpaMHUTEe MHTepdeiic M M3BEKIa Ha Npe/eH IJaH u3cieaBaHus npobiaem. B
Hay4yHO OTHOILICHHE TPYIBLT ajpecHpa (yHJIaMEHTAIHOTO MPEIN3BUKATEICTBO 3a MOCTHraHE Ha
nbjHa miargopmeHa HezaBUCHMMOCT Oe3 3aryba Ha M34MCIIMTENIHA NPOM3BOJMTENIHOCT IIPH
pabota ¢ rpaguuHUTE NMpoLECOpH. B HayuyHONPHIOKHO OTHOUIEHHWE TOH OTroBapsi Ha HyXjarta
OT eJIMHEH MPOorpaMeH Mo/ell, KOHTO HaMallsiBa CI0XKHOCTTA MPH YNPaBIEHHUETO HA PECYPCHTE H
yckopsiBa paspaboTBaHeTo Ha KpocruiatrhopMmeHu npuioxenus. MscneaBanero pasrnexia
nposieMa CHCTEMHO Ha HAKOJIKO HHBA — 3alo4Baifki OT apXHTEKTYPHOTO M MPOrpPaMHOTO HHBO
3a MPeojoJIssBaHe Ha XapjyepHara dparMeHTalus, NpeMHHABaiK) Mpe3 alrOPUTMHYHOTO HUBO
3a ONTHUMH3ALMA HA MPOCJCAABAHETO HA CBETJIMHHH JIBYH B peaiHO BpeME H ﬂOCTHFaﬁKH a0
HHTEIPUPAHETO Ha METOAM OT MALIMHHOTO OOy4YEHHE 3a CYNEppe30IHLHA M INeHepHUpaHe Ha
MEXIUHHH KaJpH C LeJ MPeoJ0NssBaHe Ha H3YMCIUTENIHATA CIIOKHOCT MpH (HOTOPEasTHCTHYHO
penaupane. KpaliHaTa uen ce mocTura Ha HMBO CHMCTEMHA MHTErpauHs, KbJETO CbBMECTHATa
paboTa Mexay miaatopMeHO HE3aBHCHMHMs KOHBEHEp, MPOCIEIIBAHETO HAa CBETJIMHHH JIbYH H
MALIMHHOTO O0y4YeHHE HM3rpakK/]1a NPAKTHYECKH NPHIIOKHMMA M XapJyepHO HE3aBUCHMa CHCTEMA,
CBBp3Ballla MAKCUMaJIHATA MPOHU3BOAUTETHOCT C MPEHOCUMOCTTA Ha CbBPEMEHHUs COPTYED.

2. Crenen Ha mo3HaBaHe CLCTOSTHHETO HAa npodjemMa M TBOpYECKa HHTEpPNpeTauus Ha
JIMTEPATYPHUS MaTepHaJ

JIMcepTalMOHHUAT TPY/ € MOCBETEH Ha aKTyallHa TeMaTHKa, KOsTO Mpe/rnoiara 3aabI0oueH
npersiexl Ha MHTepdeHcHTe OT HMCKO HHBO Ha rpa@MYHMTE MPOLECOPH 3a MPEONoJIABAHE Ha
xapayepHarta (parMeHTalMs, aHAJIH3 Ha MapajMrMHUTe B €3MLMTE 3a CHCTEMHO NpPOrpamMHpaHe,
KaKTO M Ha CTOXACTHYHWTE AJTOPHTMH 33 ONTHMHU3UPAHO MPOCEIABaHE HA CBETIMHHH JIbYH,
KOMOHWHHMpAHH C METOQM Ha MAIIMHHOTO O0yueHHe 3a reHepupaHe M MauadupaHe Ha KajpH.
Lutupanute 108 nureparypHu u3TOYHMKAa B OuOmmorpadckata crnpaBka CBHMJETENCTBAT 3a
M3BBPILEHHS 3a1bN00YEH KpPUTHYEH aHaIW3 M J00pOTO MO3HaBaHe Ha creuMdHkaTa Ha
MarepusTa, 00ekT Ha auceprauuoHHus Tpya. Ha Tasu 6a3a npaBwiHO ca GOpMYyJIMpPaHH UENTA U
3a7launTe Ha M3cllenBaHeTo. TBOpUecKaTa HHTEPNPETAIHs Ha JTUTEPAaTYPHHs MaTepHall € J0Besa
10 pa3paboTBaHETO Ha MNPEAJOKEHHs MOJeJ, ApPXHUTEKTypa, MNOAXOAM M METOAMKA, a
MPOBEJCHHUTE HW3CIEABAHWS M TMOTYYEHHMTE pe3y/nTaTH TMOKa3BaT, 4e AOKTOPAHTLT I03HaBa
3a0bJ100YEHO CBCTOSHHETO Ha MpobliemMa, KOeTo MY € TMO3BOJIMAO YCMEWHO Ja H3IbIHH
MIOCTABEHUTE 3a/1a4H.



3. CnorBercTBHe Ha W30paHATAa MeTOAMKA HA H3C/IeJBaHe C MOCTABEHATA LeJ M 3aa4H
Ha IMCePTANHOHHHS TPYA

LlenTa Ha AMCEPTALMOHHHS TPYA € Ja ce M3cIeJBaT Bb3MOKHOCTHTE 3a Ch3JaBaHE Ha
yHUDHUMpaH U 1aTGOPMEHO He3aBUCHM COTYep 3a U3TpakJaHe Ha NPUIOKEHUs ¢ rpaduyuHu
npotiecopu B 00J1aCcTTa Ha KOMIIOTHPHATA rpad)MKa U HHTETPUPAHETO UM C MAIIMHHO 00y4eHue.
OOeKkT Ha nNpOy4YBAHETO Ca CPEAMTE 3a IeHepHpaHe Ha HM300pak€HHs B pEaNTHO BpeMe H
CHOTBETHUTE AJITOPUTMH, @ MPEIMET Ca METOANUTE, APXUTEKTYPHUTE PEIICHUS M OPraHH3alMsaTa
Ha rpadMYHUTE U U3YUCIMTEIHUTE MPOLIECH YPe3 eAMHEH MTPOrpaMeH Mo/Iell, ONTHMHU3AIMITa Ha
TpacHpaHeTo Ha CBETJIMHHM JIb4H M Mauabupane Ha Oa3zaTa Ha M3KYCTBeH MHTeNekT. M3bpanara
METOJ0JIOTHS C€ OCHOBaBa Ha TeOpeTHYeH 0030p Ha CbBPEMEHHMTE apXMTEKTYPH Ha rpaduyHu
NpOLECOPH M MNpHIOXKHO-nporpaMHu uHTep(dekicn (kato Vulkan, Direct3D 12 u CUDA),
KOHLENTYaTHO M CHCTEMHO MOJENHpaHe, NPaKTHYeCKH eKCIIePUMEHTH W JIeTaiiIHa OlLIEHKa Ha
MOJy4YeHHTE pe3yaTaTH. TO3M KOMIUIEKCEH MOAXOA Mo3BoasBa n00pe o6ocHOBaH M300p Ha
Vulkan Compute u e3uka Rust, kakto 1 eekTHBHO aganTupane Ha anroputmu kato ReSTIR DI
u ReSTIR GI. TlpennoxkeHn ca HOBM METOAM, MOJEGIH M CHCTEMHH APXHTEKTYPH, KOHTO
JEMOHCTpPHpAT Mo00peHa NPEeHOCHMOCT, CKOPOCT Ha 00paboTka, BUCOKA MPOU3BOIUTEIHOCT H
ONMTHUMAaTHAa KOHCYMAllMsl Ha [IaMeT MpH peHIHpaHe B peanHo Bpeme. [locTurHatute pesynraT
MOTBBPKAaBAT (GOPMYTHPAHUTE XHIIOTE3H M BOIAT IO YCMEIIHOTO pEIaBaHE Ha MOCTABEHHUTE
3a/la4y U NOCTHraHeTo Ha odIaTa uen Ha Tpyza.

4, KpaTKa AHAJTUTHYHA XaPAKTEPHCTHKA H OLEHKA Ha JOCTOBEPHOCTTA HAa MaTepuaJa,
BBpPXY KOHTO ce rpagsitT IpHHOCHTE HA THCEPTALLHOHHHUA TPYA

JucepTalMOHHHUAT TPYA € B 00eM oT 135 cTpaHuiy, KaTo BKJIIOYBA YBO/, YETUPH IJIaBH 3a
pewiaBaHe Ha (HOPMYJNHPAHUTE OCHOBHM 3a/a4yM, CIUCHK HA OCHOBHHTE NMPHHOCH, CIHCBHK Ha
nyONMKALKMKUTE MO JMCepTauMsATa M HW3nos3BaHa naurepatrypa. LlutHpanun ca obuo 108
JMTEPAaTYPHH U3TOYHMKA, KATO BCHYKH T€ ca Ha natuHHLa. Paborara BritouBa 06uio 63 ¢urypu
1 4 Tabauuu.

B nwbpBa rziaBa e HanpaBeH KPUTHYEH aHAIMTHYEH MpPerje/ Ha CbBPEMEHHOTO ChCTOsSIHUE Ha
apXMTEKTYpUTE Ha rpa(pUMUHHUTE MPOLIECOPH M OCHOBHHMTE MPHJIOKHO-NPOrpaMHU MHTepdeicH
(OpenGL, Direct3D 12, Vulkan, CUDA, OpenCL). MarepuasbT B Ta3u 4acT CThIBa BBPXY
peanHH apXMTEKTYPHHM cneuM(HUKalMK U TEXHOJOIHYHHM MOKA3aTeNnH, KOETO MO3BOJSABA HAYYHO
aprymeHTHpanust M30op Ha Vulkan m Vulkan Compute kato Haii-noaxojsia TeXHOJOTHYHA
0CHOBa 3a M1aTOpMEHO He3aBHCHMa rpaduka. BB BTopa riaBa W3CIeI0BaTEICKUAT MaTepHall
npemMHHaBa B 00J1aCTTa Ha KOHLENTYAJIHOTO U CUCTEMHOTO MOJEIHpaHe, KbAETO € AedhuHHpaHa
apXMTEKTYypara Ha M1aT(opMeHO HEe3aBUCHMA CHCTEMA 33 PEHAMPAHE B PEATHO BPEME C €AUHEH
nporpamMeH Mojen. Tpera W ueTBbPTa rIjaBa pa3lIMpPsBAT MaTepuana B I0COKAa Ha
aTOPUTMUYHHTE ONTUMM3ALMH H NPAKTHYECKOTO NPHJIOKEHHE — ChOTBETHO Ype3 aganTHpaHe
Ha aNrOpuTMH 3a npocneassane Ha ceeTAMHHM 1b4H (ReSTIR DI u ReSTIR GI) u unrerpupane
Ha METO/IM OT MAIIMHHOTO 00y4YeHHe 3a MalladupaHe U TeHepHpaHe Ha MEeXAUHHU KaapH.

Onenkara 3a JOCTOBEPHOCTTAa Ha M3CJICAOBATEIACKHA MarepHan ¥ (GopMylupaHuTe Bb3
OCHOBA Ha HEro NMPHHOCH CE ApTYMEHTHUPA ChC CAEAHUTE (HAaKTOPH:

. [IpuHOCHTE HE ce 6a3HpaT eAMHCTBEHO HA TEOPETHYHH XUIIOTE3H, & BBPXY PEaTHO
pa3sBUT M (QYHKUHOHHpAIl MPOTOTHN Ha TIIATOPMEHO He3aBHCHUM rpaduyeH KOHBelep
(peanu3upan upe3 Rust u Vulkan);

. M3BbplieHn ca 00eKTHBHM M3MEpPBAHHMS U CPABHUTEIHHM TECTOBE MO Pa3iuYHH
onepaudoHHu cpean (Windows u Linux) ¥ BbpXy Xapayep OT pa3jiHuyHH MPOHU3BOAMTEIIH
(NVIDIA, AMD, Intel, Apple);

" [IpunokeHuTe TECTOBM  CLEHApHM M IOKas3aTeld 3a  M34YMCIMTENIHA
MPOM3BOJUTENHOCT, ONMPECHHUTEIHA YECTOTa W KOHCYMallMsi Ha BHCOMAMET Ca KOJIUYECTBEHO
M3MEPHMH M HAITBJIHO BB3MPOM3BOINMH NPH UAECHTHYHH €KCIIEPUMEHTAIIHU YCIIOBUS,

. AHaIM3BLT OTYMTA KAKTO MPEAMMCTBATa, Taka M YCTAHOBEHHMTE OrPaHUYEHHS,
KOETO JOKa3Ba OOEKTHBHUS U KPUTUYEH MOAXO/ [PH U3CIEABAHETO.
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B 3akniodeHde, H3MOM3BAHHAT MaTepHal € [OCTaTb4eH MO o0eM M aKkTyaleH Io
ChABPKAHHME, A IOJIYYEHUTE DPE3YJTaTH MOTBBbPXKAABAaT JOCTOBEPHOCTTa Ha (OPMYJIHPAHHTE
HAYYHH W HAYYHO-ITPHIOXKHH MPHHOCH.

5. Hay4ynum /M HAYYHO-NPHIOKHH NPHHOCH HA 1HMCEPTALHOHHHUS TPYA

B pe3ynTraTr Ha IPOBEACHHUTE H3CJICABAHMA, MOIYUYECHHUTE PE3YITATH Ca 00001IeHH U
NMpEACTABEHH KAaTO IMIPHHOCH CUCTEMATHU3HPAHHU B TPU KaTECTOPHH!

Hay4ynu npunocu:

1. PaspaboTeH e KoHLenTyaJieH MOAe] 3a H3rpaxjaHe Ha ruaThOPMEHO He3aBUCHMA
CHCTEMa 33 PEHIMpPaHe Ha H300paskeHUs B pealHO BpeMe OCHOBAH Ha €MHEH NpOorpaMeH
MoJel 3a rpa)MYHU U M3YUCIIMTENIHU onepauuu ype3 Vulkan,

2. Ilpeunoxken e (QYHKUMOHAJIHO-UMIIEPATHBEH MOJAXOA TNpH  pa3paboTBaHETO Ha
BHCOKONPOU3BOAUTEIHH rpadUyHH NPHIIOKEHMS B peallHO BpeMe, KOHTo ce Oa3upa Ha
OesomacHO ympaBJIeHHE Ha pECYpPCHTE, MOAYJIHOCT M e(EKTHBHO H3MOJI3BaHe Ha
CbBPEMEHHHUTE MHOTOSJIPEHH APXUTEKTYPH.

HayuHo-npu/10:KHH NPHHOCH:

1. Ilpennoxena e apxuTekTypa Ha niatgopMeHo He3aBHCHM rendering engine 3a
peH/iMpaHe Ha HW300pakeHHs B PEAJIHO BpPEME C IMPOCIEIsBaHE HA JTbYH, pealn3HpaHa
ype3 Vulkan u e3muka Rust, KoATO MO3BONSBA HM3MON3BAHETO HA €IMHEH MOJEN 3a
yIpaBjeHHe Ha rpadUYHUTE H U3YUCIUTEIIHUTE PECYPCH BBPXY Pa3IMUYHH ONEPAlHOHHH
cHCTeMH 0e3 HeoOXOAMMOCT OT MEXKIWHHH cloeBe M IIaThOopMeHO creunHuHH
MPOMEHH.

2. PaspaboreH e noaxoxa 3a MHTErpypaHe Ha MOJU(PHUIMPAHH W aNaNTHPAHH AITOPHTMH 34
qupektHo M riobanHo oceeriaeHue ReSTIR DI w ReSTIR GI B nnardopmeno
HE3aBHCHMa CpeJla 3a peHAUpaHe Ha u300paxkeHHs B peasHo BpeMe ¢ path tracing, koiiTo
MO3BOJIABA TPEHOCHMO pPEHAMpAHE B pEaHO BPEME M H3MON3BAHE Ha XapJyepHo
YCKOPEHO NpocliesBaHe Ha J1bud Bbpxy padindiu GPU apxurektypw.

3. llpeanoxken € MOAXOA 3a M3MOJM3BaHE HAa MAlUMHHO OOydeHHE NpH pEHAMpaHe Ha
u300paxenus ype3 Al-Gasupano mamadbupane Ha H300paKeHUs KbM BHCOKH PE30JIHOLIMH
M TeHepHpaHe Ha MEeXKIHMHHM KaApu B peaJHO BpPEME C LeJl HaMansdBaHE Ha
M34YHCIMTEIHOTO HATOBapBaHe B rpad)MuHMA KOHBeHep NpH 3ama3BaHe HAa BH3YAIHOTO
Ka4yeCTBO Ha PEHIHMPAHHTE H300paKEHHUA.

C npuiokeH xapakrep:

I. PaspaboreHa e meToauKa 3a EKCTICPHMCHTATHO W3C/ICABAHC M CPABHHMTC/IHA OIICHKA Ha
MPOM3BOJAMTENHOCTTa Ha TIUIATPOPMEHO HE3aBMCUMM TIpaduyHH TNPHUIOKEHHS [pH
pa3jIMYHH ONEPALlHOHHH CHCTEMH, rpad)HyHu cpead U rpaduyHu uHTEpdeicH.

2. Peanusupal e MpOTOTHN Ha rulaTGopMeHo HezaBHCHM rendering engine 3a peHAMpaHe Ha
H300paKEHUs] B pEalHO BpeMe C IMpocieisBaHe Ha JTb4yM ¢ path tracing, m3noJzBaiil
Vulkan u Rust, ¢ ko#iTo ca npoBe/ieHH €KCIIePUMEHTAIIHN TECTOBE, JOKA3BAIlH €/HAKBA
MJIH €KBUBAJICHTHA NPOU3BOAUTEIHOCT NPH M3nbiHeHHe BbpXy Windows u Linux cpeawu.

3. EkcrnepHMeHTanHO € JOKa3aHa BB3MOXKHOCTTa 3a T[OCTHTaHE Ha ChIOCTABHMa
NPOM3BOAMTEIHOCT MpPH H3M0JI3BaHe Ha pa3paboTeHaTa CHUCTEMA BBPXY pasziHuHH
OMEpALlMOHHH CHCTEMH M rpaduunu cpean ©Oe3 u3non3BaHe Ha IaTGOPMEHO
crieun(UYHH pean3alny,

Cunram, uYe NPHHOCHTE OTpa3siBaT MOCTHKEHHATa Ha [JOKTOpaHTa B pe3yiTaT Ha

NPOBEJICHHTE U3CIEIBAHUA H MOTAT Ja HaMepAT NPAKTHYECKO MPHIIOKEHHE.

6. Ouenka 3a cTeneHTa HA JHYHOTO Y4aCTHE HA IHCEPTAHTA B MPHHOCHTE

[TocTurHaTuTe pe3yaTaTH OT HANpaBEeHHTE aHAIM3W M TMPOBENEHHTE H3CIEABAHHA B
JMCEPTALMOHHUS TPY/, Ca MPeACTaBeHH Ha HayuyHu (GopyMH, KaTto ca OMIM pELEH3HPaHH OT
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HE3aBUCHMH PELIEH3EHTH M Ca MONy4YHIH HeoOXoaumara myOJMYHOCT M OLEHKH OT Hay4yHara
obuHoct. Ha Tasu 6a3a, BHMMAaTe/IeH MPOYMT M aHAIM3 HA AMCEPTALHOHHUSA TPY/, aBTopedepara
M Ha nyOMMKalUMHTE HA aBTOpA, MOTa J1a HAalpaBes 3aK/I0YeHHe, Ye U3CIeIBAaHUATA U MPUHOCHTE
ca HEroBO JIMYHO JIEJIO.

T HpeueHKa Ha nyﬁnuxaumne Mo AHCECPTALHOHHHA TPYQ

[lo Temara Ha aMcepTallMOHHMA TPYA ca npeacraBeHu 4 nmydonukauuu B mepuoma 2023 —
2026 r. [Ige oT TAX ca MyONMKYyBaHHW B JIOKJAJMTE Ha MEXIyHapoJHaTa HaydHa KOH(pepeHLHs
COMSCI 2023 u COMSCI 2025, a eana e npuera 3a Joknansane U nyonukysane Ha COMSCI
2026. Enqna nybnukauus e npeactaBeHa Ha 60-ata MexayHapoaHa HayuyHa koHpepeHuus ICEST
2025. JIOKTOpaHTBHT € CaMOCTOSATEJNEH aBTOP Ha €/HA OT MyOJMKAaUMHUTE, a B OCTAHAIUTE TPH €
nbpBU aBTop. KbM MOMEHTa He ca perucTpupaHd uuTHpanus. [IpeacTaBeHUTe HAyYHU TPYLOBE
HAIBJIHO MOKPUBAT MUHUMAHUTE HALIMOHAJIHU U3UCKBaHUA U creuudukara Ha [TpaBuiHuka 3a
YCIOBHMSATA W pea 3a NpuaodHBaHe HA HayyHH creneHu B TexHuyeckus yHuBepcuteT — Codus
3a npuaoOHBaHe Ha 00pa3oBaTeNHAaTa M HayYHa CTEMEH ,,JIOKTOP".

8. H3noa3saHe HA pe3yJITATHTE OT JIHCEPTALMOHHHUSA TPY/ B HAYYHATA NPAKTHKA

HOHY‘{BHHTE pe3yiaTratu OT lIHCEpTaLIHOHHHﬂ TpyA IpHTENKABAT METOHOJOIrHYeCKa H
MpaKTHYECKa CTOﬁHOCT H MOraTt nga HaMepﬂT AKTHBHO ﬂpHJ’IO)KeHHe B Hdy4YHaTa W Hay4HO-
NPUIOKHATA NMPaKTHKa B HAKOJKO OCHOBHHM HampasieHus. Ha mbpBO MACTO, M3rpageHMsT
nnarhopMeHO HEe3aBHCHM rpaduyeH KOHBEHep, MpeacTaBisBa TOTOB 3a MoN3BaHe codryepeH
MPOTOTHIN M CTaOMIIHA eKCrepuMeHTalHa raTopMma 3a MocleBalld M3caeaBaHus B obiacrra
Ha KOMIIOTbpHATa rpaduka, TpacupaHeTo Ha cBeTAHHHU Jb4H U GPGPU u3uncnenusra, 6e3 na
OrpaHH4YaBa HW3CIEJ0BAaTENINTE A0 KOHKPETHa ONEepallMoOHHA CHCTeMa WIH XapayepeH
Npou3BOAUTEN. MeTomonoruara 3a HMHTEIpHpaHe Ha METOAHM OT MAIUMHHOTO oOy4yeHHe 3a
Maliabupane U reHepHUpaHe Ha MEXIHHHHU KaJpu B rpagUYHUs KOHBEHep MOKe /1a MOCIyKH 32
OCHOBa npH pa3paboOTBaHETO Ha HOBM HEBPOHHM MpEXH 32 ONTHMH3ALUA  Ha
MPOU3BOJUTENIHOCTTa INIPH OrpaHH4YeHH pecypcu. Pa3paboTeHHAT KOHUENTyaleH MOoJesl |
(yHKLMOHATHO-MMIIEpAaTHBHATA MapagurmMa 3a 0e30nacHO YNpaBleHHE Ha PECYPCHTE, MOXKe
YCMEWHO 1a Ob/ie MHTErprUpaH U B yueOHHUs MpOLEC 3a ClelHaTH3UpaHl KypCoBe M0 CHCTEMHO
MporpaMupaHe, napajaeaHi U3UUCIUTEIHN aDXUTEKTYPH U KOMOIOThPHA rpadHka.

9. OmneHka Ha CHOTBETCTBHETO HA aBTopedepaTa ¢ H3UCKBAHHMATA 32 H3rOTBSIHETO MY,
KAKTO H HA aJIeKBATHOCTTA HA OTPa3siBaHe HA OCHOBHHUTE MOJI0KeHHsI H NPHHOCHTE HA
ANCePTAUMOHHHUS TPY]

[IpencraBenusar ot mar. umk. ['eopru ['eoprues aBropedepar Ha AUCEPTALMOHHHS TPY/ € B
obem or 30 crpaHuuM M € O(POpPMEH B CbOTBETCTBUE C M3UCKBaHusATa Ha [IpaBuiHMKa 3a
yCIOBHATA W pela 3a npuaoduBaHe Ha HaydHH creneHH B TY-Codua. Toit npexacras BspHO
CbIIbPXKAHHETO, CBIIECTBEHUTE CTPaHM Ha M3CICABAHMATA, TOCTHTHATHTE TEOPETHUHH U
MPaKTUYECKH Pe3ynTaTH U AePUHUpPAHUTE HAYYHH, HAYYHO-TNPUJIOKHH W TIPHIOKHH MPUHOCH,
ChIAbpXKALIM C€ B NbJIHUA TEKCT Ha JMCEpTauMoHHMs Tpyd. [IpencraBen e um cnuchk Ha
nyOJMKalMUTE MO TEMaTa Ha AHCEPTALIMATA, KAKTO W PE3IOME Ha aHTIMICKH e3HK.

10. MueHusi, NpenopbKH U DEIEKKH

JIOKTOPaHTBT € U3BBPLINAJ 3HAYMTENEH 110 00eM M KayeCTBO H3CIIeN0BATEICKH TPYI M0
TeMara Ha JUCEepTallUATa, KOMTO € J0Ben N0 LIEHHH Hay4YHH M HAYYHO-TIPHUIJIOKHH PE3YJITATH.
KbM odopMsaHeTO Ha AHcepTalMOHHMA TPYA MOra Ja OTIpaBs €JHAa OCHOBHA peJaKLMOHHA
3a0enexkKa ¢ 1e JOKTOPAaHTHT Ja noaodpH cBosTa ObAelia HaydHa U MyOJIMKAHOHHA JeHHOCT
— B TEKCTa C€ CpellaT MHOXXECTBO CHKpAllEHHs, KOMTO HE ca [OSCHEHW MPH MbPBATA UM
ynotpeba 1 He ca BKIKOYEHH B CITHCHKA HA M3MOJI3BAHHTE CHKPAIIEHHS.

[Tocouyenara 3abenexkka uMa H3LAI0 0OPMSLL XapaKTep, KaTO He HaMasBa CTOIHHOCTTA
Ha MOCTHIHATHTE HAayYyHH pE3y/NTaTH M HE BIMAE Ha IMOJOKHTEIHATA MH KpaiiHa OLIeHKa 3a
AMCEPTALMOHHHUA Tpyd. Temara € B M3KITIOUHUTENHO aKTyalHa M MEepCIeKTHBHA HayuHa obnact,
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nopaagn KOETO MNpEnopbKara MH KbBM Mar. HHIK. FCOpF}’ICB € Ja ImnpoAbIKH CBOATA
H3CJIEN0OBATEJICKA pa601‘a U HAY4YHO pa3BUTHE 3a HaArpaxKJaaH€ Ha IMOCTHUTHATHUTE PE3YJITATH.

11. 3aka4yenue

CJIBI[ KaTo Ce 3amo3Hax C JHMCEepTallHOHHHA TpyHd, CHHTaM, 4e TOH OTroBapsAa Ha BCHHYKH
M3MCKBaHH Ha 3akoHa 3a pa3BUTHETO Ha akaJeMUYHHs cbcTaR B PemyOnuka bwiarapus,
IlpapuiHHKa 3a HEroBOTO MpMJaraHe, KakTo M Ha [lpaBW/IHMKAa 3a yclOBMSTA M peda 3a
npuaoOHWBaHe HAa HAay4YHHM CTeNeHU B TexHuueckus yHuBepcuTeT — Codus. AKTyalHOCTTa Ha
Temara, W3BbPIICHUTE M3CIEIBAHHS W aHAJIM3M, KAKTO W MOCTHTHATHTE PE3YJITaTH, OTPAa3eHH B
HayuyHuTe nyOJMKalUMHd, MH [JaBaT NBJHO OCHOBAHHE Ja JlaM [OJIOXKMTE/IHA OlIeHKa Ha
JMcepTalMoHHMs Tpyld. Bb3 OocHOBa Ha TOBa nNpejajaraM Ha yBaxaeMoTo HayuyHo kypu Ja
NMpUCHAM 00pa3oBaTeNHATa M HAayvyHa CTeNeH ,,J0KTOp“ Ha mar. uH:xk. ['eopru Teoprues
lNeoprues B oOnact Ha Bucmie oOpasoBanue 5. TexHHYeCKM Hayku, NpodecHoHaHO
HanparineHue 5.3 , KoMyHMKauUMOHHAa M KOMITIOTBPHA TEXHHKA" MO Hay4yHa CIELHATHOCT
,»CHCHTEMHO NnporpamMupaHe’.
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1. Relevance of the problem developed in the dissertation in scientific and scientific-
applied terms

The rapid growth of graphical and computational demands in modern software takes place
amid increasing fragmentation of hardware platforms and application programming interfaces,
bringing the researched problem to the forefront. From a scientific perspective, the dissertation
addresses the fundamental challenge of achieving full platform independence without sacrificing
computational performance when working with graphics processing units. From an applied
scientific perspective, it meets the need for a unified programming model that reduces resource
management complexity and accelerates the development of cross-platform applications. The
research approaches the problem systemically across multiple levels - starting from the
architectural and software levels to overcome hardware fragmentation, proceeding through the
algorithmic level to optimize real-time ray tracing, and culminating in the integration of machine
learning methods for super-resolution and frame generation to overcome the computational
complexity of photorealistic rendering. The ultimate objective is achieved at the system
integration level, where the interplay between the platform-independent pipeline, ray tracing, and
machine learning yields a practical and hardware-agnostic system that bridges maximum
performance with the portability of modern software.

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

The dissertation is dedicated to a highly relevant topic that requires an in-depth review of
low-level graphics processing unit (GPU) interfaces to overcome hardware fragmentation, an
analysis of paradigms in system programming languages, as well as stochastic algorithms for
optimized ray tracing, combined with machine learning methods for frame generation and super-
resolution. The 108 literature sources cited in the bibliography bear witness to the thorough
critical analysis performed and a strong grasp of the specifics of the subject matter of the
dissertation. On this basis, the objective and tasks of the research have been correctly formulated.
The creative interpretation of the literature material has led to the development of the proposed
model, architecture, approaches, and methodology, while the conducted research and achieved
results demonstrate that the doctoral candidate possesses a deep understanding of the state of the
art, enabling him to successfully fulfill the set tasks.

3. Correspondence of the chosen research methodology with the set goal and tasks of the
dissertation work

The objective of the dissertation is to investigate the possibilities for creating unified and
platform-independent software for building applications with graphics processors in the field of
6



computer graphics, as well as their integration with machine learning. The object of the study
comprises environments for real-time image generation and their corresponding algorithms,
while the subject covers the methods, architectural solutions, and organization of graphical and
computational processes through a unified programming model, the optimization of ray tracing,
and Al-based super-resolution. The chosen methodology is based on a theoretical review of
modern GPU architectures and application programming interfaces (such as Vulkan, Direct3D
12 and CUDA), conceptual and system modeling, practical experiments and a detailed evaluation
of the obtained results. This comprehensive approach enables a well-justified choice of Vulkan
Compute and the Rust language, as well as the effective adaptation of algorithms such as
ReSTIR DI and ReSTIR GI. New methods, models, and system architectures are proposed,
demonstrating improved portability, processing speed, high performance and optimal memory
consumption in real-time rendering. The achieved results confirm the formulated hypotheses and

lead to the successful resolution of the set tasks and the attainment of the overall goal of the
work.

4. Brief analytical description of the nature and assessment of the credibility of the
material on which the contributions of the dissertation are based

The dissertation spans 135 pages and includes an introduction, four chapters addressing
the formulated core objectives, a list of main contributions, a list of publications related to the
dissertation and references. A total of 108 literature sources are cited, all of which are in the
Latin alphabet. The work contains 63 figures and 4 tables.

The first chapter presents a critical analytical review of the state of the art in graphics
processing unit architectures and key application programming interfaces (OpenGL, Direct3D
12, Vulkan, CUDA, OpenCL). The material in this section relies on real architectural
specifications and technological metrics, providing a scientifically grounded rationale for
selecting Vulkan and Vulkan Compute as the most suitable technological foundation for
platform-independent graphics. In the second chapter, the research material shifts toward
conceptual and systems modeling, where the architecture of a platform-independent real-time
rendering system with a unified programming model is defined. Chapters three and four expand
the material toward algorithmic optimizations and practical implementation—specifically
through the adaptation of ray tracing algorithms (ReSTIR DI and ReSTIR GI) and the integration
of machine learning methods for super-resolution and frame generation, respectively.

The evaluation of the reliability of the research material and the contributions formulated
on its basis is supported by the following factors:

- The contributions are not based solely on theoretical hypotheses, but on a fully
developed and functioning prototype of a platform-independent graphics pipeline (implemented
via Rust and Vulkan);

. Objective measurements and comparative benchmarks were conducted across
different operating systems (Windows and Linux) and on hardware from various vendors
(NVIDIA, AMD, Intel, Apple);

' The applied test scenarios and performance metrics—including computational
throughput, refresh rate and video memory consumption—are quantitatively measurable and
fully reproducible under identical experimental conditions;

= The analysis accounts for both the advantages and the identified limitations,
demonstrating an objective and critical research methodology.

In conclusion, the material used is sufficient in volume and up to date in content and the
obtained results confirm the reliability of the formulated scientific and applied contributions.

5. Scientific and/or scientific-applied contributions of the dissertation work

As a result of the conducted research, the obtained results have been summarized and
presented as contributions categorized into three groups:



Scientific Contributions:

1. A conceptual model has been developed for building a platform-independent real-time
image rendering system based on a unified programming model for graphics and
compute operations via Vulkan.

2. A functional-imperative approach has been proposed for developing high-performance
real-time graphics applications, based on safe resource management, modularity, and the
effective utilization of modern multi-core architectures.

Applied Scientific Contributions:

1. An architecture for a platform-independent real-time rendering engine with ray tracing
has been proposed, implemented using Vulkan and the Rust language, allowing the use of
a unified resource management model for graphics and compute operations across
various operating systems without the need for abstraction layers or platform-specific
modifications.

2. An approach has been developed for integrating modified and adapted direct and global
illumination algorithms (ReSTIR DI and ReSTIR GI) into a platform-independent real-
time path tracing rendering environment, enabling portable real-time rendering and the
use of hardware-accelerated ray tracing across different GPU architectures.

3. An approach has been proposed for utilizing machine learning in image rendering
through Al-based super-resolution to high resolutions and real-time frame generation,
aimed at reducing computational load in the graphics pipeline while preserving the visual
quality of the rendered images.

Applied Contributions:

1. A methodology has been developed for the experimental evaluation and comparative
benchmark of platform-independent graphics applications performance across different
operating systems, graphics environments and graphical interfaces.

2. A prototype of a platform-independent real-time rendering engine with path-traced ray
tracing using Vulkan and Rust has been implemented, with which experimental tests
were conducted, proving identical or equivalent execution performance under Windows
and Linux environments.

3. The feasibility of achieving comparable performance using the developed system across
different operating systems and graphics environments without relying on platform-
specific implementations has been experimentally proven.

I consider that these contributions reflect the achievements of the doctoral candidate
resulting from the conducted research and hold clear potential for practical application.

6. Evaluation of the degree of personal participation of the PhD student in the
contributions

The results obtained from the analysis and research conducted in the dissertation have
been presented at scientific forums, peer-reviewed by independent reviewers and have received
the necessary publicity and recognition from the scientific community. On this basis, as well as
upon a careful reading and analysis of the dissertation, the abstract and the author's publications,
I can conclude that the research and contributions are his personal work.

7. Evaluation of the publications on the dissertation

Four publications have been presented on the topic of the dissertation in the period 2023

2026. Two of them have been published in the proceedings of the international scientific

conference COMSCI (COMSCI 2023 and COMSCI 2025), and one has been accepted for

presentation and publication at COMSCI 2026. One publication was presented at the 60th

International Scientific Conference ICEST 2025. The doctoral candidate is the sole author of one

publication and the primary author of the remaining three. To date, no citations have been
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registered. The presented scientific works fully satisfy the minimum national requirements and
the specific criteria of the Regulations on the Terms and Conditions for Acquiring Academic
Degrees at the Technical University of Sofia for obtaining the educational and scientific degree
of ‘Doctor’.

8. Using the results of the dissertation work in scientific and social practice

The obtained results of the dissertation hold significant methodological and practical
value and can find active application in scientific and applied scientific practice across several
main areas. First and foremost, the developed platform-independent graphics pipeline represents
a ready-to-use software prototype and a robust experimental framework for future research in
computer graphics, ray tracing and GPGPU computing, without restricting researchers to a
specific operating system or hardware vendor. The methodology for integrating machine learning
methods for super-resolution and frame generation into the graphics pipeline can serve as a
foundation for developing new neural networks aimed at optimizing performance under
resource-constrained conditions. The developed conceptual model and the functional-imperative
paradigm for safe resource management can also be successfully integrated into the educational
process for specialized courses in system programming, parallel computing architectures and
computer graphics.

9. Assessment of the compliance of the abstract with the requirements for its preparation,
as well as the adequacy of reflecting the main points and contributions of the
dissertation work

The dissertation abstract presented by M.Sc. Eng. Georgi Georgiev spans 30 pages and is
formatted in accordance with the requirements of the Regulations on the Terms and Conditions
for Acquiring Academic Degrees at the Technical University of Sofia. It accurately reflects the
content, the essential aspects of the research, the achieved theoretical and practical results and
the defined scientific, applied scientific and applied contributions contained in the full text of the
dissertation. A list of publications on the dissertation topic and a summary in English are also
included.

10. Opinions, recommendations and notes

The doctoral candidate has performed a significant body of research work on the
dissertation topic, which has led to valuable scientific and applied scientific results. Regarding
the formatting of the dissertation, I can offer one main editorial remark to help the doctoral
candidate refine his future scientific and publishing activities - the text contains numerous
abbreviations that are not explained upon their first appearance and are not included in the list of
abbreviations.

The aforementioned remark is strictly formatting in nature, does not diminish the value of
the achieved scientific results and does not affect my overall positive evaluation of the
dissertation. The topic lies in an exceptionally relevant and promising field of research;
therefore, my recommendation to M.Sc. Eng. Georgiev is to continue his research work and
scientific development to further build upon the achieved results.



11. Conclusion

Having reviewed the dissertation, I consider that it meets all the requirements of the Act
on Development of Academic Staff in the Republic of Bulgaria, the Regulations for its
implementation, as well as the Regulations on the Terms and Conditions for Acquiring
Academic Degrees at the Technical University of Sofia. The relevance of the topic, the
conducted research and analyses, as well as the achieved results reflected in the scientific
publications, provide me with full grounds to give a positive evaluation of the dissertation. Based
on this, I propose to the esteemed Scientific Jury to award the educational and scientific degree
of “Doctor” to M.Sc. Eng. Georgi Georgiev Georgiev in the field of higher education 5.
Technical Sciences, professional field 5.3 “Communication and Computer Engineering” in the
scientific specialty “System Programming”.

Date: 31.08.2026 r. Reviewer:.....ooooveeiiinnnnnn,
/Prof. Emil Iontchev, PhD/



