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Mporpama HaBuyanbHOI gucuunninm / Curriculum of the academic discipline

1. Onuc HaBYaNbHOI AUCUUNAIHY, 1T MeTa, NpeaMeT BUBYAHHA Ta pe3y/ibTaTu HaBYaHHA /
Description of the academic discipline, its aim, subject of study, and learning outcomes

AKTYyaNIbHICTb KPeAUTHOTO MOAYNA CMMPAETLCA Ha HEBIA EMHICTb Bidyanisauii 06’eKTiB Ta npouecis
AK CKNafoBoOro enemeHTy byab-akoi iHbopmauinHoi cuctemm.

KpeauTHuii moaynb MOTMBYE CTYAEHTIB A0 MPAKTUYHOTO BMKOPWUCTAHHA YMiHb, HAabyTUX BNpPOAOBXK
nonepeaHboOro HayaHHA. 3micT moayns nobyaoBaHMM TaKMM YMHOM, LWOOG 1MOro BMBYEHHSA Masno
3HAYEeHHA, CMPAMOBAHE Ha PO3BUTOK iH}KEHEPHOro MUC/IEHHSA.

MeToo KpegutHoro moayna € GopmMyBaHHA y CTyAeHTIB BCeBIYHOro PoO3yMiHHA NpUHUMNIB
pob0TN rpadiuHMX CMCTEM 33 PaxXyHOK OMAHYBaHHA TEOPETMYHOI Ta anroputmiyHoi 6asm metoais
Bi3yanisauii rpadiyHoi Ta reomeTpuyHoi iHPopmaLii. 3MiCT KpeauTHOro moay/ib PobUTb BHECOK [0
PO3BUTKY OCOBUCTOCTI CTYAEHTA K NPAKTUKYHYOro AOCAIAHWNKA, 343aTHOrO BUPILLYBATM CKNA4HI 3a4a4i B
obnacTi reomeTpuMyHOro MoAentoBaHHA B  iHOOPMaAUiIMHMX cucTemax, fAKi  XapaKTepusyoTbea
HEBWU3HAYEHICTIO TEXHIYHMX YMOB Ta BUMOT.

IHTerpanbHOK KOMMNETEHTHICTIO € 34aTHICTb PO3B’A3yBaTU 3a4a4i A0CNiAHULbKOrO Ta/abo
iHHOBaLiMHOro xapaKktepy y cdepi Komn'toTEPHUX HaYK.
3ara/sibHi KOMNETEeHTHOCTi KpeauTHoro mogynto (3K)

— 3[aTHICTb 10 aBCTPAKTHOrO MUC/NIEHHSA, aHani3y Ta cuHTesy (3K 01);

— 3/71aTHICTb 3aCTOCOBYBATU 3HAHHA Y NPAKTUYHUX cuTyauinax (3K 02);

— 3/[1aTHICTb BUMTUCA 1 OBONIOAiBATU Cy4aCHUMM 3HaAHHAMM (3K 05).
daxoBi KOMNeTeHTHOCTi KpeauTHoro mogynio (PK)

—  YCBiAOMNEHHS TEOPETUYHMX 3aca KOMN IOTepHUX HayK (PK 01);

— 3[aTHICTb po3pobnATU NporpamHe 3abe3neyeHHA BignoBigHO A0 cHOPMYNIbOBAHMX BUMOT 3
ypaxyBaHHAM HasBHUX pecypciB Ta obmexeHb (PK 07);

— 3[aTHICTb PO3pP0OONATU | peanizoByBaTM NPOEKTU 3i CTBOPEHHA NPOrpamHOro 3abesneyeHHs, y
TOMY 4ucni B HenepeabayyBaHMX YMOBaX, 3a HEYITKMX BMMOI Ta HeobXiAHOCTi 3aCTOCOBYBAaTU HOBI
cTpaTeriyHi niaxoam, BUKOPUCTOBYBATU MPOrPamHi iHCTPYMEHTU AN1A opraHi3auii KomaHaHOoT poboTh Hafg,
npoektom (PK 08);

— 3[4aTHICTb BUMKOPUCTOBYBATWM OZepXKaHi 3HaHHA ANA NPOrpamHoi peanisauii peanicTMYHOro
npeAcTaB/leHHA TPUBUMIPHUX MNPOLLECIB Ta O6’EKTIB 3 MOXAMBICTIO X iHTEPAKTUBHOINO KOHTPOJIIO,
TEXHO/IOTiN  AOMOBHEHOI Ta BiPTyaNbHOI pPeanbHOCTI i3 3acTOCYBaHHAM CMELiafibHOro TexXHiYHOoro
obnagHaHHA (PK 19).

MporpamHi pe3ynbTatn HaBYaHHA KpegutHoro moayaio (MPH)

— MaTu cnewianisoBaHi KOHUENTYabHi 3HaHHA, L0 BK/OMAKOTb Cy4acHi HayKoBi 3400yTKK y cdhepi
KOMMN'IOTEPHUX HaYK i € OCHOBOO A/1A OPUTiHAZIbHOrO MUCNEHHA Ta NPOBeAEHHA AOCNIAXKEHb, KPUTUYHE
OCMUCNEHHSA Npobnem y chepi KoMN'tOTePHMX HAaYK Ta Ha MeXKi rany3sen 3HaHb (MPH 01);

— MaTu cneuianizoBaHi yMiHHA/HaBMYKKN pOo3B’A3aHHA Npobaem KOMM IOTePHUX HayK, HEOBXiaHi
ANA NpoBefeHHA AoCniaXKeHb Ta/abo npoBaAKeHHA iIHHOBALLIMHOI AiANbHOCTI 3 METOI PO3BUTKY HOBMX
3HaHb Ta npoueayp (MPH 02);

— pO3pobAATU Ta 3aCTOCOBYBATM MaTeMaTUYHI MeToau ANA aHanily iHpopmauiiHux moaenemn
(MPH 07);

— CTBOPHOBATU HOBI aNroOpMTMM PO3B’A3yBaHHA 33434 Yy chepi KOMN'IOTEPHUX HaYK, OLLIHIOBATH iX
edeKTMBHICTb Ta 0bMmeXKeHHA Ha ix 3acTocyBaHHA (MPH 11);

— TecTyBaTu nporpamHe 3abesneyeHHa (MPH 14);

— 36upatn, ¢opmanisyBati, CUCTEMATM3yBATM | aHanisyBatm notpebu Ta BMMOrM [0
iHpopmaLiiHoi abo KoMN'IOTEePHOI CUCTEMU, WO PO3POBNAETLCA, EKCNIYATYETbCA YN CYNPOBOAKYETLCA
(MPH 18);

— QHani3yBaTM CY4YaCHUM CTaH i CBITOBi TeHAEHLji pPO3BUTKY KOMMN' IOTEPHUX HAYK Ta
iHpopMaLinHMX TexHonorin (MPH 19);



— BONOAITU TEOMETPUYHMMM METOLAMWU CUHTE3y [AOMNOBHEHOI | BipTyanbHOI peasibHOCTI,
CTBOPEHHA Mogenen OCBITNIeHHA Ta GpoTopeanicTUYHMX 306parkeHb ANA pPo3B’A3aHHA rpadivyHMX 3a4a4
(MPH 22).

The relevance of the credit module is based on the essential role of visualizing objects and
processes as an integral element of any information system.

The credit module motivates students to practically apply the skills acquired during earlier studies.
The content of the module is structured in such a way that its study contributes to the development of
engineering thinking.

The aim of the credit module is to develop students' comprehensive understanding of the principles of
graphic systems by mastering the theoretical and algorithmic basis of methods for visualizing graphic and
geometric information. The content of the credit module contributes to the development of the student’s
personality as a practicing researcher, capable of solving complex problems in the field of geometric
modeling in information systems characterized by uncertainty in technical conditions and requirements.
An integral competency is the ability to solve research and/or innovative tasks in the field of computer
science.

General competencies of the credit module (3K):

— ability for abstract thinking, analysis, and synthesis (3K 01);

— ability to apply knowledge in practical situations (3K 02);

— ability to learn and acquire modern knowledge (3K 05).

Professional competencies of the credit module (®K):

— understanding the theoretical foundations of computer science (®K 01);

— ability to develop software according to formulated requirements, taking into account available
resources and constraints (K 07);

— ability to plan and implement software development projects, including in unpredictable
conditions, with unclear requirements, and in the need to apply new strategic approaches, using software
tools to organize team collaboration on the project (®K 08);

— ability to apply acquired knowledge for the software implementation of realistic
representations of three-dimensional processes and objects with interactive control, augmented and
virtual reality technologies, using specialized technical equipment (®K 19).

Software learning outcomes of the credit module (MPH):

— possess specialized conceptual knowledge, including modern scientific achievements in
computer science, forming the basis for original thinking and research, and critically reflecting on issues
in computer science and at the intersection of disciplines (MPH 01);

— possess specialized skills/abilities to solve computer science problems necessary for conducting
research and/or innovative activities aimed at developing new knowledge and procedures (IMPH 02);

— develop and apply mathematical methods for analyzing information models (MPH 07);

— create new algorithms for solving problems in computer science, assess their effectiveness, and
determine the limitations of their application (MPH 11);

— test software (MPH 14);

— gather, formalize, systematize, and analyze the needs and requirements for an information or
computer system being developed, operated, or maintained (MPH 18).

— analyze the current state and global trends in the development of computer science and
information technologies (MPH 19);

— master geometric methods for synthesizing augmented and virtual reality, creating lighting
models and photorealistic images for solving graphic problems (MPH 22).



2. NpepeKBi3nTH Ta NOCTPEKBI3UTU AUCLUNANIHU (MicLe B CTPYKTYPHO-N0TiUHIl cxeMmi HaBYaHHA
3a BignoBigHOO OCBITHLOIO Nporpamoto) / Prerequisites and post-requisites of the course
(place in the structural-logical scheme of study for the corresponding educational program)

MpepekBiantn AaucumnaiHn. [lepeaymoBOIO BMBYEHHA KpeguTHOro mopayna «Bisyanisauia
rpadiyHoi Ta reomeTpuyHOI iHGOpMaLii» € ycniHe BWMKOHAHHA HACTYNMHUX KPeguTHUX MOoAyAiB 3a
cneuianbHicTio 122 «Komn’toTepHi HayKn»:

— «leomeTpuuHe mogentoBaHHA Ta Komn'totepHa rpadika» (VI VIII cemecTp, 3rigHO HaBYa/IbHOTO
nnaHy niarotoBkun 6akanaspis);

— «YuncenbHi meToam B MoAeNtoBaHHI eHepreTuyHux npouecisy (Il cemecTp, 3rigHO HaBYaIbHOTO
nAaHy niarotoBkun 6akanaspis).

MocTpekBiauTn gucuunaiHn. JaHnin KpeguTHUM MOAYNb € NEPEeAYyMOBOK BUBUYEHHA HACTYMHUX
KpeamuTHUX MoAyNiB 3a cnewianbHicTio 122 «Komn'toTepHi HayKn»:

— «MeToau cMHTe3y BipTyasibHOT peanbHOCTI» (Il cemecTp, 3riAHO HaBYa/IbHOrO NAaHY NiAroTOBKU
maricTpis).

Prerequisites for the course. The prerequisite for studying the credit module "Visualization of
Graphic and Geometric Information" is the successful completion of the following credit modules in the
specialty 122 "Computer Science":

— "Geometric Modeling and Computer Graphics" (VII, VIl semester, according to the bachelor's
degree curriculum);

— "Numerical Methods in Modeling of Energy Processes" (Il semester, according to the bachelor's
degree curriculum).

Post-requisites for the course. This credit module is a prerequisite for studying the following credit
modules in the specialty 122 "Computer Science":

— "Methods of Synthesis of Virtual Reality" (Il semester, according to the master's degree
curriculum).

3. 3micT HaBuyanbHoiI aucumunaidm / Curriculum content

Po3pgin 1. Bisyanisauisa iHpopmauii i3 3acTocyBaHHAM Weiigepis
Tema 1.1. NporpamHo-anapaTtHi 3acobu Bisyaniszauii iHbopmali
Tema 1.2. PeHaepuHr rpadivyHUX NpuUmMiTUBIB
Tema 1.3. IH}KeHepia NPOrpamHOro A04aTKy PeHOEPUHTY NOBEPXHI
Tema 1.4. ApxiTeKTypa LLeHTpanbHOro Ta rpadiyHoro npouecopy
Tema 1.5. KoHBeep TpaHchopmaluii BepwinH OpenGL
Tema 1.6. TpaHchopmalii mogeni-snay
Po3ain 2. Po3paxyHOK OCBIiT/IEHHA
Tema 2.1. Mogeni 3adapbyBaHHA TPMKYTHUKIB
Tema 2.2. Po3paxyHOK HOpMasien TPUAHTyAbOBaHOI Moaeni
Tema 2.3. Mogenb OCBITAEHHA
Tema 2.4. Tunu gxkepen oCBITNEHHA
Tema 2.5. IHXKeHepia nporpamHOro A4oAaTKy OCBITNEHHA NOBEPXHi
Po3ain 3. TeKcTypyBaHHA NOBEPXOHb
Tema 3.1. HaknagaHHA TeKCTyp
Tema 3.2. HaknagaHHA TEKCTYpU HOpManen
Po3ain 4. PeHaepuHr ¢potopeanicTuuHMx 306pakeHb
Tema 4.1. MeTtoam ctBOpeHHA poTopeanicTUuHMX 306paxkeHb
Tema 4.2. CTBOpeHHA TiHel 33 A4ONOMOroto anapaTHoro bydepa TiHel



Section 1. Visualization of Information Using Shaders
Topic 1.1. Software and Hardware Tools for Information Visualization
Topic 1.2. Rendering of Graphic Primitives
Topic 1.3. Engineering of the Application for Surface Rendering
Topic 1.4. Architecture of the Central and Graphics Processors
Topic 1.5. OpenGL Vertex Transformation Pipeline
Topic 1.6. Model-View Transformations
Section 2. Lighting Calculation
Topic 2.1. Shading Models of Triangles
Topic 2.2. Calculation of Normals for Triangulated Models
Topic 2.3. Lighting Model
Topic 2.4. Types of Light Sources
Topic 2.5. Engineering of the Application for Surface Lighting
Section 3. Surface Texturing
Topic 3.1. Texture Mapping
Topic 3.2. Normal Map Texturing
Section 4. Rendering Photorealistic Images
Topic 4.1. Methods for Creating Photorealistic Images
Topic 4.2. Creation of Shadows Using Hardware Shadow Buffers

4. HasuanbHi maTtepianu ta pecypcu / Educational materials and resources

OcHoeHa nimepamypa / Primary literature
1. DempskiK., Viale E. Advanced lighting and materials with shaders. Wordware Publishing, Inc.,

2005. - 340 p.

2. Dual Paraboloid Environment Mapping (Whitepaper). Imagination technologies. 2016.— 13 p.

3. Ghayour F., Cantor D. Real-Time 3D Graphics with WebGL 2: Build interactive 3D applications
with JavaScript and WebGL 2 (OpenGL ES 3.0). Packt Publishing, 2018. — 500p.

4. Castorina M., Sassone G. Mastering Graphics Programming with Vulkan: Develop a modern rendering
engine from first principles to state-of-the-art techniques. Packt Publishing, 2023. —382p.

5. Nvidia OpenGL Extension Specifications, Nvidia corporation, 2008. — 2166p.

6. Song Ho Ahn. OpenGL rendering pipeline, 2005.

7. Kessenich J. OpenGL Programming Guide: The Official Guide to Learning OpenGL, Version 4.5 with
SPIR-V / J. Kessenich, G. Sellers, D. Shreiner // Addison-Wesley Professional, 9th edition, 2016. — 976p.

8. Loeliger J. Version Control with Git: Powerful tools and techniques for collaborative software
development Second Edition / J. Loeliger, M. McCullough // O'Reilly Media. — 2012. — 456p.

HAodamkoea nimepamypa / Supplementary literature
1. Heller P. Automating Workflows with GitHub Actions: Automate software development

workflows and seamlessly deploy your applications using GitHub Actions / P. Heller // Packt Publishing. —
2021.-216p.



HasuanbHui KoHTeHT / Educational content

MeTogMKa onaHyBaHHA HaBYaNbHOI AMCLUUNAIHU (OCBITHBOrO KOMNOHEHTa) /

Methodology for Mastering the Educational Discipline (Educational Component)

Ne

3.M.

No.

Tema nekuy,jii Ta
nepenik OCHOBHMX NUTaHb

Topic of the lecture and
list of key subjects

Kinb.
aya. rog.
/
Number
of classr.
hours

Posgin |. Bisyanizauia iHpopmadii i3 3actocyBaHHAM weiigepis /
Section I. Visualization of information using shaders

JIEKUIA 1. Tema: lpoepamHo-anapameHi
3acobu si3zyanizauyii iHbopmauii
PetpocnektnBa KomnaHii SGI. IcTopis
NoABM Ta PO3BUTKY CTaHAapTiB: OpenGL,
OpenGL ES, WebGL. [OdeckTonHi
6ibnioteku glu, glut.

LECTURE 1. Topic: Software and hardware
tools for information visualization
A retrospective of SGI company. The
history of the emergence and
development of standards: OpenGlL,
OpenGL ES, WebGL. Desktop libraries:
glu, glut.

JIEKUIA 2. Tema: PeHOepuHz epaghiuHux
npumimusie

Cnocobu 3aBgaHHA rpadiyHMx Ta
reomeTpuyHMx AaHux. [eomeTpuyHi
NPUMITUBHU CTaHZapTy OpenGL.
Cnocobu 3aBaaHHSA noBepxoHb. bydep
BepwuH. bydpep iHaekciB. Macusn 3
yepryBaHHAm  gaHux  (interleaved
arrays). MpuHuMn poboTN KOHTposepa
DMA, po3TawyBaHHA gaHux bauxkye oo
GPU/CPU.

LECTURE 2. Topic: Rendering of graphic
primitives

Methods for defining graphic and
geometric data. Geometric primitives in
the OpenGL standard. Surface definition
techniques. Vertex buffer. Index buffer.
Interleaved arrays. Operation principle of
the DMA controller, data placement
closer to the GPU/CPU.

JIEKLIA 3. Tema: IHMceHepia
npoepamHo2o 000amKy peHoepuHay
nogepxHi

HanawTyBaHHA HOBOrO MNPOEKTY B
iHTerpoBaHOMY CcepeaoBuLLi PO3POOKM
Visual Studio Code.

IHXeHepiA  NporpamHoOro  OoAaTKy
PEHAEPUHTY  MOBEPXHI Yy  BUrNAA4j
KapKacHoi  mogeni. AHani3  Koay
3aBaHTaXKeHHA Ta Komninau,ii
LenaepHoi nporpamm.

CueHapii BignarogeHHs 3aCTOCYHKIB Y
Chrome DevTools.

LECTURE 3. Topic: Engineering of the
surface rendering application

Setting up a new project in the integrated
development environment Visual Studio
Code. Engineering of a surface rendering
application in the form of a wireframe
model.

Analysis of the shader program loading
and compilation code.

Web-application debugging scenarios in
Chrome DevTools.

JIEKUIA 4. Tema: Apximekmypa
UeHmMpanbLHO20 ma epagiyHo20
npouyecopy

MexaHiam B3aemogii UeHTPanbHOro
npouecopy (CPU) Ta rpadiyHoro
npouecopy (GPU).

PeTpocnekTnea rpadiyHoro
npuckoptoBadya Voodoo2, aK npuknag,

LECTURE 4. Topic: Architecture of the
Central and Graphics processor
The mechanism of interaction between
the central processing unit (CPU) and the
graphics processing unit (GPU).
Retrospective of Voodoo2 graphics
accelerator as an example of a business
solution to a technical problem.




6i3HecoBoro pileHHA TEXHIYHOT
npobnemu.

ETumonoria TepmiHy wengep. Tunu
WengepHUx Nporpam:  BepLUMHHWUIM,
dparmeHTHMA  (nikcenbHuit). Mosa
nporpamyBaHHA wenaepis GLSL ES,
3MiHHI Ta TMNXU JaHWUX; KBanipikatopu;
BOya0BaHi PyHKLUI.

The etymology of the term "shader" is
explored, along with an overview of the
types of shader programs: vertex shader
and fragment (pixel) shader. GLSL ES
shader programming language, variables
and data types; qualifiers; built-in
functions.

JIEKLIA 5. Tema: KoHeeep
mpaHcgpopmauii sepwiuH OpenGL

Cxema poboTM KOHBEEpPaA peHAEepWHra
OpenGL. [lepeTBOpeHHs KoopAauHaT
BEPLUMNH: TpaHcdopmalLii moaeni-smay,
NPOEKLitOBaHHSA, OAHOpPIAHI
KOOpAWHATM, nepeTBOpeHHA obnacTi
BUOMMOCTI.  ANroputm  BUOANEHHA
HEBUAMMMUX MOBEPXOHb Ha OCHOBI z-
bydepa, dyHKujia glDepthRange.

LECTURE 5. Topic: OpenGL Vertex
Transformation Pipeline

Operation scheme of the OpenGL
rendering pipeline. Vertex coordinate
transformations: model-view
transformations, projection,
homogeneous coordinates, viewport
transformation. Hidden surface removal
algorithm based on the Z-buffer,
glDepthRange function.

JIEKLIA 6. Tema: TpaHcpopmauii
mooeni-sudy

dyHKUiT TpaHchopmalin moaeni-smaa:
glRotate, glTranslate, glScale.
3actocyBaHHA ¢yHKUii gluLookAt Ta ii
BHYTPILIHA MaTemaTuKa.

LECTURE 6. Topic: Model-View
Transformations

Model-view transformation functions:
glRotate, glTranslate, glScale. Application
of the gluLookAt function and its
underlying mathematics.

Po3gin Il. Po3paxyHOK ocBiTneHHs /

Section Il. Lighting calculation

JIEKUIA 7. Tema: Modeni
3agapbysaHHA MPUKYMHUKiI8
Anroputmu 3adapbyBaHHA: Flat
shading, Smooth shading (Gouraud),
Phong shading. BapuueHTpUYHI
KoopAMHaATK Ta bGiniHiMHa iHTepnoaauis
B34,0BX TPUKYTHUKY. Anroputm
anapaTHOI pacTepu3aLii TPUKYTHUKA.

LECTURE 7. Topic: Triangle Shading
Models

Shading algorithms: Flat shading, Smooth
shading (Gouraud), Phong shading.
Barycentric coordinates and bilinear
interpolation across a triangle. Hardware-
accelerated triangle rasterization
algorithm.

JIEKLIA 8. Tema: Po3paxyHok Hopmaneli
mpuaHa2ynb08aHoi moodesni
Po3paxyHok daceTHoi HOpMmani,
pO3paxyHOK BEPLUMHHOI HopMmani
(3BarkeHOi Ta aHaniTM4HOI). MaTpuus
nepeTBOPEHHA HOPManen.

LECTURE 8. Topic: Computation of
normals of a triangulated model
Calculation of facet normals and vertex
normals (weighted and analytical).
Normal transformation matrix.

JIEKLIA 9. Tema: Modenb ocgimsaeHHsA
Mopenb ocBitneHHa Fixed Function
Pipeline OpenGL; KomnoHeHTM moaeni:

KOMMNOHEHTa HaBKO/INLLHbOTO
cepepoBula, AudysHa, A3epKabHa;
3ara/ibHe PiBHAHHA OCBIT/IEHHA
NOBEPXHI.

LECTURE 9. Topic: Lighting mode
The OpenGL Fixed Function Pipeline
lighting model; model components:
ambient, diffuse, and specular; the
general surface lighting equation.

10

JIEKUIA 10. Tema: Tunu Oxepen
oceimsaeHHA

MapameTpu axepena CBiTNA; TOYKOBE Ta
HanpasneHe OXepeno, MPOXKEKTop;
napameTpu maTtepiany.

Lecture 10. Topic: Types of light sources
Light source parameters; point and
directional light sources, spotlight;
material parameters.




11

JIEKUIA 11. Tema: IHMceHepia
npoepamHo2o 000amKy 0cC8imsaeHHsA
rogepxHi

Po3pobka  ¢yHKuii  OCBiTAeHHA i3
3aCTOCYBaHHAM LWENAEPHOT Nporpamu.

Lecture 11. Topic: Engineering of the
application for lighting of a surface
Development of a lighting function using
a shader program.

Posgin lll. TekctypyBaHHA noBepxoHb / Section lll. Surface texturing

12

JIEKUIA  12. Tema: HaknadaHHs
meKcmyp

[MOHATTA TEKCTYPU Ta TeKkcensa. 3aBAaHHA
TEKCTYPHUX  KOOpAMHAT. |HXKeHepiA
NPOrpamMHOro Ao04aTKy TeKCTypyBaHHA
nosepxHi. Cepsep pecypcis Live Server.
Pexkumun  dinbTpauii  Tekctyp. MIP
mapping. AHi3oTponHa ¢inbTpauis.

Lecture 12. Topic: Texture Mapping
Concept of texture and texel. Assignment
of texture coordinates. Engineering of
application for surface texturing.
Development of a resource server based
on node.js. Resource server Live Server.
Modes of texture filtering. MIP mapping.
Anisotropic filtering.

13

JIEKUIA 13. HaknadaHHA mekcmypu
Hopmanel

TaHreHuinHi KoopauHatn. Po3paxyHoOkK
MaTpuLi NepeTBOpPEeHHA Hopmanen 3
NOKa/lbHUX  KOOpAMHAT Yy  CBITOBI.
OpTtoroHanisauia Npama-LUmigTa

Lecture 13. Topic: Normal Map Texturing
Tangential coordinates. Calculation of the
transformation matrix of normals from
local coordinates to world coordinates.
Gram-Schmidt orthogonalization.

Pospgin IV. PeHgepuHr poTopeanicTMuHux 306pa>keHnb /
Section IV. Rendering of photorealistic images

14

ModynbHa KOHMponbHa poboma

Modular control work

JIEKUIA 14. Tema: Memoou cmeopeHHA
¢pomopeanicmudyHux 306paxeHs

3aBAaHHA  KOPUCTYBALLbKUX  MJOLLMH
BiACIKaHHA. Anroputm nobynosu
NAaHapHUX TiHel. Anroputm nobyaosu
NAOWMHHKUX Biga3epKaneHb. Mogeni
TYMaHy: JiHilAHa, eKCNOHeHLUiaNbHa,
E€KCMOHEeHLiaNbHO-KBaapaTMyHa.

Lecture 14. Topic: Methods of Creating
Photorealistic Images

Definition of user clipping planes.
Algorithm for generating planar shadows.
Algorithm  for  generating  planar
reflections. Fog models: linear,
exponential, exponential-quadratic.

15

JIEKLIA 15. Tema: CmeopeHHA miHel 3a
doriomozoro  anapamHozo  b6yghepa
miHel

MepeBarn Ta HE[ONIKM ANrOPUTMY
CTBOPEHHA TiHel Ha OCHOBI anapaTHOro

bydepa TiHen. MocnigoBHICTb
NepeTBOPEHHA MPOCTOPIB TEKCTYPHUX
KoopAuHaT npwm NPOEKTUBHOMY
TEKCTYpPYBaHHi. Po3swupeHHsn

ARB_depth_texture

LECTURE 15. Topic: Shadow Creation
using  hardware  shadow  buffer
Advantages and disadvantages of the
shadow creation algorithm based on the
hardware shadow buffer. Sequence of
transformations of texture coordinate
space in projective texturing.
ARB_depth_texture extension.




Na6opaTtopHi pob6oTtn / Laboratory works

Kinb.
Ne aya. roa.
3aHATTA
/ Ha3Ba nabopaTopHoi poboTu Title of the laboratory work /
No. of Number
class of classr.
hours
O3HaNoM/IeHHS CTYAEHTIB 3 BUAAMMU Familiarizing students with the types of
1 KOHTPOO KPeAUTHOro MoAY o Ta assessment for the credit module and 1
PENTUHIOBOIO CMCTEMOLO OLiHIOBaHHA | the grading system for evaluating
pe3ynbTaTiB HaBYaHHA learning outcomes.
Po3pgin I. Bisyani3zauia iHpopmadii i3 3actocysaHHAM weiigepis /
Section I. Information visualization using shaders
NIP 1 PeHpepuHr KapkacHoi mogeni | Lab 1 Rendering a wireframe model of a
NOBEpPXHi i3 3acTocyBaHHAM | surface using the WebGL GPU interface
iHTepdpenncy  WebGL rpagiyHoro | (installation and familiarization with the
npouecopy features of the Visual Studio Code user
1 (BcTaHOBNEHHA Ta 3HaWomcTBo 3 | interface, organizing code in 1
MOXK/IMBOCTAMM KopucTyBaubKoro | applications based on the JavaScript
iHTepdeicy Visual Studio Code, | programming language).
OpraHisauis Koay Yy 3aCTOCYHKax Ha
OCHOBi MOBi NporpamyBaHHaA JS)
JIP 1 PeHpepuHr KapKacHoi mogeni | Lab 1 Rendering a wireframe model of a
NoBepXHi i3 3actocyBaHHAM | surface using the WebGL GPU interface
iHTepdeincy  WebGL rpadiuHoro | (software engineering of an application
2-4 npotecopy for surface rendering utilizing the 6
(iH>KeHepia nporpamHoro 3actocyHKy | WebGL interface).
peHaepuHry NOBEPXOHb i3
3acTtocyBaHHAM iHTepdeicy WebGL)
NIP 1 PeHpepuHr KapkacHoi mogeni | Lab 1 Rendering a Surface Wireframe
NOBEpPXHi i3 3acTocyBaHHAM | Model Using the WebGL Graphics
iHTepdeicy WebGL rpadiuHoro | Processor Interface
5-6 npotecopy (organization of data structures for 4
(opraHizauia cTpykTyp paHux ana | rendering surfaces as a wireframe
PEHAEPVHIY NOBEPXOHb Yy Buraaai | model)
KapKacHoi moaeni)
Po3ain Il. Po3paxyHoOK ocBiTaeHHA /
Section ll: Lighting calculation
np 2 ImnnemeHTauia  mogeni | Lab 2 Implementation of shading and
7.8 3adapbyBaHHA Ta moaeni ocsiTneHHsa | lighting models 4
(imnnemeHTauis anroputmis | (implementation of algorithms of
PO3paxyHKy HOpManem) normal calculation)
np 2 IMmnnemeHTauifA mogaeni | Lab 2 Implementation of Shading and
9-11 3adapbyBaHHA Ta mogeni ocsiTneHHAa | Lighting Models 6
(imnnemeHTauis moaenein | (implementation of triangle shading
3adapbyBaHHA TPUKYTHUKIB) models)
1213 np 2 ImnnemeHTauis  mogeni | Lab 2 Implementation of shading and 4

3adapbyBaHHA Ta MOAENI OCBITAEHHS

lighting models




(imnnemeHTaLifs moaeneit OCBITAEHHS
NOBEPXHi)

(implementation of surface
models)

lighting

Po3gin lll. TekcTypyBaHHA NOBEPXOHDL /
Section lll: Surface texturing

14 Po36ip TMNoBux 3aBaaHb MOAY/NbHOI Review of typical tasks in the modular
KOHTPONbHOI poboTn control work
Po3pgin IV. PeHgepuHr poTopeanicTMuHux 306pa>keHnb /
Section IV. Rendering of photorealistic images
Po36ip TMNoBmx 3aBaaHb rpadivyHoi Review of typical tasks in the graphic
15 poboTtu work

BuKoHaHHA rpadivyHoi poboTn

Implementation of graphic work

MopaynbHa KoHTponbHa poboTta / Modular control work

B Mmerkax uvacy, BMAINEHOrO ANA CAaMOCTIMHOI pobOTW, CTyAEHT rOTYETbCA A0 MOAYNbHOI
KOHTPO/IbHOI pO6OTY, WO NONAra€ y po3pobLi 3aCTOCYHKY peHAEepUHTY NoAiIroHaAbHOI Moaeni Ha OCHOBI
iHbopMauii Po3giny 3: 3 HaKNaAaHHAM TEKCTYpU Hopmanen / TpaHchopmalLlieto TEKCTYPHMX KoopauHaT /
3 MIP TeKkcTypyBaHHAM. HanncaHHA MoAy/IbHOT KOHTPOIbHOT PO60TH BiADOYBAETHCA 33 paxyHOK 1 rogmHm
NeKUiMHOro 3aHATTA.

Within the time allocated for individual work, the student prepares for the modular control work,
which involves the development of an application for rendering a polygonal model based on the
information from Section 3: with normal texture mapping / texture coordinate transformation / MIP
texturing. The writing of the modular control work takes place during 1 hour of lecture time.

FpadiuHa pobora / Graphic work

B mexKax yacy, BUAiIeHOro A8 caMocTiliHOT poboTH CTyAeHTa, BiH rOTyeTbCA A0 rpadiyHoi poboTy,
Lo nonarae y po3pobuyi 3aCTOCyHKY NobyA0BU NAaHAPHUX TiHel / NNOWMUHHMX Biga3epKaneHb / TiHel Ha
OCHOBi anapaTHoro bydepy TiHel. BuKkoHaHHA rpadiyHoi poboTn BiabyBaeTbcs 3a paxyHOK 1 roamHu
NabopaTopHOro 3aHATTA.

Within the time allocated for individual work, the student prepares for the graphic work, which involves
the development of an application for constructing planar shadows / planar reflections / shadows based on the
hardware shadow buffer. The execution of the graphic work is carried out during 1 hour of laboratory work.

6. CamocriiiHa po6oTa ctyaeHTa / Individual work of the student

CamocTilHa poboTa cTygeHTa (90 roguH) BKAKOYAE MiArOTOBKY [0 ayAUMTOPHMX 3aHATbL Ta
KOHTPONbHWX 3aX04iB, NPOBEAEHHA PO3PAXYHKIB Ta pOPMYBaHHA BXigHMX AaHUX A0 poboTu.
Ha KoxHy nabopatopHy poboty Buainaerbca 10 roanH camocTiiHoi poboTu ctyaeHTa (CPC).
[NAa nigrotoBkM 40 BUKOHAHHA MOAY/IbHOT KOHTPOAbHOI BUAinAeTbca 20 roamH CPC.
[Ona niaroToBKW A0 BUKOHAHHA rpadivHoi pobotn Buainaerbca 20 rogmH CPC.
Ana nigrotoBkn ao eksameHy smginaerbca 30 roanH CPC.

The student's individual work (90 hours) includes preparation for classroom and control activities,
performing calculations, and preparing input data for the assignments.
10 hours of student individual work (SIW) are allocated for each laboratory work.
20 hours of SIW are allocated for preparing to complete the modular control work.
20 hours of SIW are allocated for preparing to complete the graphic work.
30 hours of SIW are allocated for exam preparation.



Monituka Ta KoHTponb / Policy and oversight

7. MoniTMKa HaBYaNbHOI AUcUUNANIHU (OCBITHLOrO KOMNOHeHTa) /
Policy of the academic discipline (educational component)

— BiABiAyBaHHA NEKLjiN, a TAKOXK BiACYTHICTb Ha HUX, HE OLHIOETbCA. BiaBiayBaHHA nabopaTopHMX
3aHATb € 060B’A3KOBOO CKNAL0BOO BUBYEHHA MaTepiany;

— Npu 3axucTi nabopaTtopHMx pobiT CTyAeHT Ma€e NPOAEMOHCTPYBATN Po3pobaeHnn NporpamHmin
KO, Ta pe3ynbTaTM MOro BMKOHAHHA Ha TecTax, AK 3a3ganerigb nigrotoBaHWX, TaK i 3anpPONOHOBaHMUX
BUKNagayem. Y BUNaAKy AUCTAHLIMHOT ¢$OPMM HaBYaHHA 3axUCT BigbyBaeTbcA Ha BiANOBIAHIN
KOHdepeHU|i WWNAXoM AeMOHCTPaL,ii eKpaHa;

— MOAITMKA Ta NPUHUMNW aKagemiyHoi aobpoyecHOCTi BM3HayeHi y po3gini 3 KoaeKkcy uvecTi
HauioHanbHoOro TexHidyHOro yHiBepcuteTy YKpaiHM «KUIBCbKUIA MOAITEXHIYHUIA HCTUTYT imeHi Iropa
CikopcbKkoro». fletanbHiwe: https://kpi.ua/code;

— HOPMW ETMYHOI MOBEeAIHKW CTYAEHTIB i NpaLuiBHUKIB BM3HaYeHi y po3aini 2 Kogekcy yecTi
HauioHanbHoOro TexHiyHOro yHiBepcuteTy YKpaiHM «KUIBCbKUIA MOAITEXHIYHUIA HCTUTYT imeHi Iropa
CikopcbKoro». letanbHiwe: https://kpi.ua/code.

— attendance at lectures, as well as absence from them, is not assessed. Attendance at laboratory
hours is an obligatory part of the material study;

— during the defense of laboratory work, the student must demonstrate the developed program
code and the results of its execution on tests, both prepared beforehand and those proposed by the
instructor. In the case of remote learning, the defense takes place at the appropriate conference via
screen sharing;

— the policy and principles of academic integrity are defined in Section 3 of the Code of Honor of
the National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute." More details:
https://kpi.ua/code;

— the norms of ethical behavior for students and staff are defined in Section 2 of the Code of
Honor of the National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute." More
details: https://kpi.ua/code.

8. BuAau KOHTPOAIO Ta PEUTMHIOBa CUCTEMA OLIHIOBAHHA pe3ynbTaTiB HaBYaHHA (PCO) /
Types of assessment and the grading system for evaluating learning outcomes (GSE)

Cucmema pelimuHaoeux (eazoeux) 6anie ma Kpumepii oyiHoeaHHa / The system of grading
(weighted) points and assessment criteria

8.1 PeNTUHT cTyAeHTa 3 OCBITHbOrO KOMMOHEHTa po3paxoByeTbea 3i 100 6anis, 3 HUXx 50 6anis
CKNaja€ ctapToBa WkKana. CTapToBUi PeUTUHT (NPOTArOM CEMeCTpy) CKNagaeTbca 3 6anis, WO CTyAeHT
OTPMMYE 33 BUKOHAHHSA nabopaTopHmx pobit (asox pobit), PTP Ta MKP;

8.2 Kputepii HapaxyBaHHA 6aiB 3a BUKOHAHHSA abopaTopHux pobit, PIP Ta MKP.

8.2.1 lHauBiayanbHMi BaroBmin 6an 3a BUKOHaHHSA 3aBAaHb NabopaTopHUxX pobiT cknagae 10 6anis.
MaKcumanbHa Kinbkictb 6anis 3a 1abopaTopHi 3aBAAHHA AOPIBHIOE:

10 6anis x 2 = 20 6anis.

8.2.2 BWKOHaHHA KOXHOro 3aBAaHHA JfabopaToOpHOi POBOTN OLHIOETLCA 3@ HACTYMHUMU
Kputepiamu:

— MNPaBWJIbHICTb OTPMMaHMX pe3ynbTaTie — Biag 1 A0 6 6anis;

— ¢$YHKUiOHaNbHO CNPOEKTOBaHMM iHTepdenc Kopuctysaya — 1 6an;

— iHTepaKTMBHe BBeAEHHA NapameTpis metoay — 1 6an;

— JAWHaMIiYHi 3MiHM Ha eKkpaHi— 1 6an;

— MOoAy/NbHUI cnocib opraxisauii BuxigHoro koay — 1 6an.

8.2.3 MiHiMmanbHa KifbKicTb 6aniB AnA 3apaxyBaHHA nabopaTopHOi poboTn cknagae 6 (60%).



8.2.4 MaKcmMmanbHa KinbKicTb 6anis 33 KOHTPOAbHY poboTy Ta P fopisHtoe 15 6anis. Ha mogynbHy
KOHTPOIbHY poboTy Ta P BUHOCMTbLCA OAHE NPaKTUYHE 3aBAaHHA.

8.2.4.1 KoHTposbHa poboTa Ta P OUiHIOTbLCA HACTYMHUM YAHOM:

— MPaBWJ/IbHICTb OTPUMAHUX pe3ybTaTis — Big 1 no 8 6anis;

— ¢$YHKUiOHaNbHO CNPOEKTOBaHMM iHTepdenc Kopuctysaya — 1 6an;

— iHTepaKTUBHe BBeAEHHA NapameTpiB metoay — 2 6anu;

— AWHAMIYHi 3MiHM Ha eKpaHi — 2 6anu;

— MOAY/NbHUI cnocib opraxisauii BUXxigHoro koay — 2 6anu.

8.2.4.2 MiHimanbHa KinbkicTb 6aniB ana sapaxysaHHa MKP cknagae 9 (60%).

8.3. YMoBM [0NYCKY A0 eK3aMeHY: 3apaxyBaHHA BCix 1abopaTopHux pobit, NP Ta MKP. MiHimanbHa
KinbKicTb HabpaHux 6anis — 30 ( 60%).

8.3.1 Ha eK3ameHi CTyAeHTU BMKOHYIOTb KOHTPONbHY pPo6OTY i3 3acTOCyBaHHAM Komn'toTepy.
Ek3ameHaUiiHMI 6ineT cKNagaeTbca 3 ABOX MPAaKTUYHUX 3aBAaHb. BaroBmin 6an KOXKHOIMo NPaKTUYHOrO
3aBAaHHA — 25.

8.3.2 MakcumasbHa KinbKictb 6aniB 3a CKNaaHHA eK3aMeHY AOPIiBHIOE:

25 6anis x 2 = 50 6anis..

8.3.3 MNpaKTn4yHe 3aBAaHHA OLHIOETLCA HACTYMHUM YAHOM:

— «BigMiHHO», NOBHEe, 6@3NOMMAKOBE PO3B’A3yBaHHA 3aBAaHHA — 22-25 banis;

— «n06pe», NnoBHe, p03B’A3yBaHHA 3aBAAHHA i3 HECYTTEBMMM HETOYHOCTAMM — 19-21 Ganis;

— «3340BiNbHOY», 3aBAaHHS BUKOHAHe 3 NeBHUMM Heaonikamu — 15-19 b6anis;

— «He3a40BiNbHOY», 3aBAAHHA HEBUKOHAHO.

8.4. Cyma cTaptoBux 6anis i 6anis 3a eK3ameHal,inHy KOHTPOIbHY PO6OTY NepeBoaAUTLCA 3a
OCBITHiA KOMNOHEHT 3rigHO 3 Tabauuelo.

8.1 Student's rating for the educational component is calculated out of 100 points, with 50 points
constituting the starting scale. The starting rating (throughout the semester) consists of points the student
earns for completing laboratory works (two works), GW (graphic work), and MCW (modular control work).

8.2 Criteria for assigning points for completing laboratory works, GR, and MCW.

8.2.1 The individual weight for completing the tasks of the laboratory works is 10 points. The
maximum number of points for laboratory tasks is:

10 points x 2 = 20 points.

8.2.2 The performance of each laboratory is assessed according to the following criteria:

— correctness of the obtained results —from 1 to 6 points;

- functionally oriented design of user interface — 1 point;

- interactive input of method parameters — 1 point;

- dynamic changes on the screen — 1 point;

modular organization of the source code — 1 point.

8.2.3 The minimum number of points required to pass a laboratory work is 6 (60%).

8.2.4. The maximum number of points for the control work and CGW is 15 points. The modular
control work and CGW consists of one practical task.

8.2.4.1 The control work and CGW are assessed as follows:

— correctness of the obtained results — from 1 to 8 points;

— functionally oriented design of user interface — 1 point;

— interactive input of method parameters — 2 points;

— dynamic changes on the screen — 2 points;

— modular organization of the source code — 2 points.

8.2.4.2 The minimum number of points required to pass the modular control work and CGW is 9
(60%).

8.3 Conditions for Admission to the Exam: completion of all laboratory works, GW, and MCW. The
minimum number of points required is 30 (60%).

8.3.1 During the exam, students complete a control task using a computer. The exam paper
consists of two practical tasks. The weight of each practical task is 25 points.



8.3.2 The maximum number of points for passing the exam is:
25 points x 2 = 50 points.
8.3.3 The practical task is assessed as follows:
— "excellent", full, error-free solution — 22-25 points;
— "good", full solution with minor inaccuracies — 19-21 points;
— "satisfactory", the task completed with certain shortcomings — 15-19 points;
— "unsatisfactory", the task is not completed.
8.4 The sum of the starting points and points for the exam control work is converted to the
educational component according to the following table.

Table — Points conversion

banu: CTapTOBI 6a{w| + erfsameng,MHa KOHTpO/IbHa poboTa / Ouitka Mark
Points: starting points + final exam control work
100...95 BiamiHHO Excellent
94...85 Lyxe nobpe Very good
84...75 Nobpe Good
74...65 3a40BiNnbHO Satisfactory
64...60 JocTtatHbo Enough
MeHuwe / less than 60 HesapnosinbHO Unsatisfactory
€ He 3apaxoBaHi poboTtu (nabopatopHi, MKP, TP) /
There are unapproved works (laboratory, modular control He gonyweHo Not permitted
work, graphic work)

Po6ouy nporpamy HaBuYanbHOI gucumnniHm (cunabyc):
CKNnaaeHo A0UEHT, K.T.H., lemunwinH AHaTonin AHaToniioBuy
YxBaneHo kadeapoto umdpoBux TeXHOOri B eHepreTuli (npotokon Ne4 siag 08.10.2025)

MoropaxeHo HayKoBo-meToaMuHOW Komicieto KMl im. Iropa CikopcbKoro 3i cneuianbHocTi F3 (npoToKon
Ne2 Big 16.10.2025)

The course syllabus was:

prepared by Associate Professor, cand. tech. sciences, Anatoliy Demchyshyn.

Approved by the Department of Digital Technologies in Energy (Protocol No. 4 dated 08.10.2025)
Agreed by the Scientific and Methodical Committee of Igor Sikorsky KPI for specialty F3 (Protocol No. 2
dated 16.10.2025)



