PE®EPAT

['onoBHUM xepenoM B CHPUUHATTI 1H(GOpMALl JIIOAUHOI € 3ip — TOOTO,
rpadiune noxanHs iH(GopMalii rpae A JTIOAUHU HaWBXKIUBIIY poJib. ToMmy mms
e(eKTUBHOTO CIIPUIHATTSA 1HQOpMaLii 1 TOCTae 3aBlaHHA HajaBaTH 1H(GOpPMAIIIIO B

BI3yaJIbHOMY, rpa1YHOMY, BUTJISII.

BaxxnuBuM HampsiMkoM mojlaHHs iH(popmalii B rpadiyHOMy BUIIISAL € i
reHepyBaHHA B peaJlbHOMY 4Yacl — peHjepiHr. BigOyBaeTbcs 11e Ha OKpeMOMY
OOYHUCITIOBATLHOMY TMPUCTPOi — TpadiuHOMY MpOIECcOopl, aMKe PEHACPIHT

rpadiuHOi ClIEHU BaXXKHU MPOIIEC 3 TOUKH 30py OOUHCIICHb.

Tomy 3pocrae morpeba B anropuTMax peHAEpIHTY, M0 e()EKTUBHO
BUKOPHUCTOBYIOTh OCOOJIMBOCTI CYy4acHUX T'padIyHUX MPOIIECOPIB Ta 3a0€3MEeUyI0Th

BEJIMKUN PIBEHDb BI3yaJIbHOI SIKOCT1 PE3YIbTYIOUOT0 300paskKeHHS.
006’exTOM JI0CTiTAKEHHS € TIpoOIeMa peHAePIHTY IpadiyHUX CIICH.

IIpeamerom [OC/iIsKeHHsI € aNrOPUTM  OOYMCIEHHA OCBITJIEHOCTI

rpadiunoi crienu Forward+.

MeTa po60TH: MOKPAIIUTH MBHAKOAIIO anroputMy Forward+ penumepinry
npu OOYMCIICHHI OCBITIEHOCTI rpadidHOi CIleHH, IO 3JaTeH BimoOpaxkaTu
HaITIBIPO30pi TiHI, Ta pO3pOoOKa 3aCTOCYHKY ISl BimoOpakeHHs rpadiuHHX CIeH

Ha OCHOBI MOJM(DIKOBAHOTO AJITOPUTMY.

HaykoBa HOBH3HA T1ONsTa€ B HACTYMMHOMY: 3aIllpPOIOHOBAHO CIOCIO
BiJOOpaKeHHSI HAITIBIIPO30PUX TiHEW, sSKH Oa3yeThcs Ha anroputmi Shadow
mapping, mo MiABUINYE Bi3yalbHY SKICTh PE3yJbTYIOUOTO 300pakeHHS. Takox
3alpPOIIOHOBAHO IMOKPAIICHHS MIBUAKOMII anroputMmy Forward+ penzaepinry 3a

paxyHOK peaiizallii KJIacCTepHOTO OCBITICHHS, SIKUW JO3BOJIAE OLIBIT €PEKTUBHO



¢uIbTpyBaTH JpKEpena OCBITJIEHHA, L0 MPU3BOAUTH JO 3MEHIIEHHS Yacy

BUKOHAHHS AJITOPUTMY.

IIpakTnyHa WiHHICTH OTPUMaHUX B pPOOOTI peE3yNbTaTIB IMOJIATAE B
MIJBUILNICHH] SIKOCT1 300pa)kKeHHS 3aBASKH MOXKJIMBOCTI BiIOOpakaTH HAMiBIPO30P1
TiHI Ta 3MEHIICHHI Yacy BHUKOHAHHS anroputMmy Forward+ penpepinry, o
703BOJIsIE 200 30UIBIIMTH KUIBKICTh JIKEpEN OCBITIEHHS B rpadiuHiid cueHi, abo

reHepyBaTu OUIbITY KUTBKICTh KaJpiB 32 OJMHHUIIIO Yacy.

Po3pob6nenuit 3acTocyHOK peHaepiHry rpadiuHUX CIEH Mae€ MOJIYJIbHY
apXITEKTypy Ta HE 3aJIeKUTh BiJl BUOOpPY IpadiuHOro MpOIEcOopy, L0 J103BOJISE

3aCTOCOBYBATH MOr0 Ha Oy/Ib-SIKOMY KOMII FOTEpI.

Anpobanis podoru. OCHOBHI MOJIOKEHHS Ta Pe3yJIbTaTH OyIU PO3KIAACHI
Ha XV HaykoBiii KoH(epeHuii wmarictpaHTiB Ta acnipanTiB «llpukmagHa
marematuka Ta komi roTUHr» [IMK-2022 (KuiB, 16-18 nucromaga 2022 p.).
Takox omybisikoBaHa cTarTs Ha KoHepeHii «IX MixHapoHa HAYKOBO-TEXHIUHA
Internet-xondepenmis «CydacHi Metoau, iHGOpMalliifiHe, TporpaMHe Ta TEXHIUHE
3a0€3IeUeHHs CUCTEM KEepyBaHHsI OpTraHi3aIlifHO-TeXHIYHUMH Ta TEXHOJIOTTYIHUMH
komruiekcamu» (Kuis, 25 nuctonaga 2022 p.).

CTpykTypa Ta 00cAr podoru. Maricrepchbka qucepTallis CKJIAIa€ThCs 3

BCTYITY, YOTHPHOX PO3JI1JIIB Ta BUCHOBKIB.

Y nepwomy po30ini TpoaHATI30BAaHO TPEIMETHY O00JacTh: MPOOIEMYy
OOYHMCIICHHSI OCBITJIEHOCTI rpadiyHUX CIIEH Ta ICHYIOYl aJITOPUTMH PEHICPIHTY
rpadiuanx creH. TakoX pO3MNISIHYTO Ta BUSBICHO HEMONIKH BXKE ICHYIOUHX

ANTOPUTMIB OOYMCIICHHS OCBITICEHOCTI TpaiuHUX CIICH.

Y opyeomy poszoini neranpHO ommcaHo anroputM Forward+ penmepinry,

JETATBHO OMHCaHO Ta OOrpyHTOBaHO Moaudikamii amroputmy Forward+



pPEHJAEPIHTY, a caM: ONTHUMI3allisl AJrOPUTMY Ta IMOKpAIIEHHs BI3yaldbHOI SKOCTI
PE3YABTYIOUOTO 300paKEHHS.

Y mpemvomy po3oini MPOBENEHO aHaNi3 Ta OOIPYHTOBAHO BHUOIP MOBHU
MPOrpaMyBaHHs Ta JOCTYNHHUX HA CbOTOJHI IHTETPOBAHUX CEPEIOBUIL PO3POOKH.
OkpiM 1BOTO, PO3AUT MICTUTH ACTAJIBHUI ONUC CTPYKTYPU Ta apXITEKTypH
PO3pO0JIEHOTO 3aCTOCYHKY.

VY uemeepmomy po30ini po3rJIAHYTO NIAXOAM O TECTYBAaHHS 3aCTOCYHKY Ta
OMMCAHO SIK CaMe 3a3HaueHl MiIXoaAu OylIu BUKOPUCTAaHI MPHU PO3POOIIl 3aCTOCYHKY
Ta TECTYBaHH1 (IHATBHUX PE3YNIbTATIB

V sucHoskax npencTaBieH1 pe3ynbTaTu pOOOTH.

Po6ora mpeacraBnena Ha XX apkylli, MICTUTh MOCHUJIAHHS Ha CIHCOK

BUKOPUCTAHUX JIITEPATYPHUX JIKEPET.

Kimrwouosi ciaosa: GPU, Forward, Deferred, Forward+, GPU, C++, Vulkan,

PEHEPIHT, MIeHaep.



ABSTRACT

The main source of human perception of information is sight - that is, the
graphic presentation of information plays the most important role for a person.
Therefore, for the effective perception of information, the task of providing

information in a visual, graphic form arises.

An important direction of presenting information in graphic form is its
generation in real time - rendering. This happens on a separate computing device -
a graphics processor, because the rendering of a graphic scene is a difficult process

from the point of view of calculations.

Therefore, there is a growing need for rendering algorithms that effectively
use the features of modern graphics processors and provide a high level of visual

quality of the resulting image.
The object of research is the problem of rendering graphic scenes.

The subject of research is the Forward+ rendering algorithm for lighting

calculations.

The purpose of the work: to improve the speed of the Forward+ rendering
algorithm when calculating the lighting of a graphic scene capable of displaying
translucent shadows, and to develop an application for displaying graphic scenes

based on the modified algorithm.

The scientific innovation is as follows: optimization improvements of the
Forward+ rendering algorithm are proposed, which leads to reduction of the
execution time of this algorithm. A method of displaying translucent shadows is

also proposed, which increases the visual quality of the resulting image.



The practical value of the results obtained in the work consists in
reducing the execution time of the Forward+ rendering algorithm and increasing

the quality of the image due to the ability to display translucent shadows.

The developed graphic scene rendering application has a modular
architecture and does not depend on the choice of graphics processor, which allows

it to be used on any computer.

Approbation of work. The main provisions and results were presented at
the XV Scientific Conference of Master's and Postgraduate Students "Applied
Mathematics and Computing” PMK-2022 (Kyiv, November 16-18, 2022). An
article was also published at the conference "IX International Scientific and
Technical Internet Conference "Modern methods, information, software and
technical support of management systems of organizational, technical and

technological complexes™ (Kyiv, November 25, 2022).

Structure and scope of work. The master's thesis consists of an

introduction, four chapters and conclusions.

The first section analyzes the subject area: the problem of calculating the
illumination of graphic scenes and the existing algorithms for rendering graphic
scenes. The shortcomings of already existing algorithms for calculating the

illumination of graphic scenes are also considered and revealed.

In the second section, the Forward+ rendering algorithm is described in
detail, the modifications of the Forward+ rendering algorithm are described in
detail and justified, and the optimization of the algorithm and improvement of the

visual quality of the resulting image.

In the third chapter, the analysis and justification of the choice of the

programming language and integrated development environments available today



Is carried out. In addition, the chapter contains a detailed description of the

structure and architecture of the developed application.

The fourth chapter examines the approaches to testing the application and
describes exactly how these approaches were used in the development of the

application and testing of the final results
The results of the work are presented in the conclusions.

The work is presented on XX sheets, contains a link to the list of used

literary sources.

Keywords: GPU, Forward, Deferred, Forward+, GPU, C++, Vulkan,

rendering, shader.



