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Mporpama HasuyanbHoOi gucumnnninm / Curriculum of the academic discipline

1. Onuc HaBYaNbHOI AUCUUNNIHK, TT MeTa, NpeaMET BUBYAHHA Ta pe3yNbTaT HaBYaHHA /
Description of the academic discipline, its aim, subject of study, and learning outcomes

AKTYaNIbHICTb KPEAUTHOrO MOAYA CMMPAETLCA HA HEBIA EMHICTb Bidyanisauii 06’eKkTiB Ta npouecis
AK CKNaJ0BOro enemeHTy byab-aKoi iHdopmauinHoi cuctemm.

KpeguTHuii moaynb MOTUBYE CTYAEHTIB A0 MPAKTUYHOrO BMKOPUCTAHHA YMiHb, HAabyTUX BMPOLOBXK
nonepeAHbOro HaB4YaHHA. 3MicT mogyna nobyaoBaHWM TaKMM YMHOM, WO6 MOro BMBYEHHA Mano
3HaAYeHHA, CNPAMOBaHE Ha PO3BUTOK iIHXXEHEPHOro MUCIEHHA.

MeTtolo KpeguTHOro mopayna € GOpMyBaHHA Yy CTYAEHTIB BCeOIYHOro PO3yMiHHA MpPUHLUNIB
pob0oTU rpadiyHMX CUCTEM 33 PaxXyHOK OMaHyBaHHA TEOPETMYHOI Ta a/NropuTMiYHOI 6asu meTtosis
Bi3yanisauii rpa¢iyHoi Ta reomeTpuyHOi iHGopmauyjii. 3micT KpeaAUTHOro moAaynb pobuTb BHECOK A0
PO3BUTKY 0COBUCTOCTI CTyAEHTa AK NPAKTUKYOUYOro A0CAIAHUKA, 343aTHOMO BMPiLlLYBaTM CKNA4HI 3a4a4i B
obnacti reomMeTpuMyHOro MogentoBaHHA B iHOOPMALIMHMX CUCTEMAX, AKi XapaKTepusytoTbCa
HEBW3HAYEHICTIO TEXHIYHUX YMOB Ta BUMOT.

IHTerpasbHOK KOMMNETEHTHICTIO € 34aTHICTb PO3B’A3yBaT 3a4a4i A4OCNIAHULbKOrO Ta/abo
iHHOBALIMHOro XxapaKkTepy y cdepi KOMN'IOTEPHUX HayK.
3aranbHi KOMNETEHTHOCTI KpeguTHoro moaynio (3K)

— 34aTHicTb 10 abCTPaKTHOro MUC/NEHHA, aHani3y Ta cnHTesy (3K 01);

— 34aTHiCTb 3aCTOCOBYBATU 3HAHHA Y MPaKTUYHMX cuTyauiax (3K 02);

— 34aTHiCTb BUNTUCA M OBONIOAIBATM CydacHUMM 3HaHHAMMK (3K 05).
daxoBi KOMNeTeHTHOCTI KpeguTHoro moaynio (PK)

—  YCBIigOMNEHHA TEOPETUYHMX 3acas, KOMN'toTeEPHUX HAyK (PK 01);

— 3paTHicTb po3pobnaTn nporpamHe 3abesnevyeHHA BignNoBigHO A0 cHOPMYNbOBAHUX BUMOT 3
ypaxyBaHHAM HasfABHUX pecypcis Ta obmexkeHb (PK 07);

— 3[aTHiCTb po3pobaATK | peanizoByBaTM NPOEKTU 3i CTBOPEHHA NPOrpamHoOro 3abesneyeHHs, y
TOMY 4Mcni B HenepepnbayyBaHMX YMOBaX, 33 HEYITKMX BMMOr Ta HeobXigHOCTi 3acTOCOBYBaTM HOBI
CTpaTeriyHi niaxoam, BUKOPUCTOBYBATU NPOrPamHi iHCTPYMEHTU ANA OpraHisaliii KomaHaHOT poboTK Hapg,
npoektom (PK 08);

— 34aTHICTb BMKOPMCTOBYBATM OAEpPrKaHi 3HAaHHA A1 NPOrpamHoi peanisauii peanictMyHoro
NPeACTaBNEHHA TPUBUMMIPHMUX MpoueciB Ta O6’eKTiB 3 MOMIMBICTIO iX iHTEPAKTUMBHOINO KOHTPOIO,
TEXHONOrN [AOMNOBHEHOI Ta BiPTYanbHOI pPeanbHOCTI i3 3aCTOCYBAaHHAM CMELiaNibHOMO TEXHIYHOro
obnagHaHHA (PK 19).

MporpamHi pe3ynbTaT HaBYaHHA KpeauTHoro mogynto (MPH)

— MaTu cneuianizoBaHi KOHUENTyabHi 3HAHHA, WO BKAKOYAOTb Cy4aCHi HayKoBi 3400yTKM y chepi
KOMM'IOTEPHMX HaYK i € OCHOBOI A1 OPUTIHANbHOFO MUCAEHHA Ta NPOBEAEHHA AOCNIAKEHb, KPUTUYHE
OCMUCNEHHSA Npobnem y cdepi KOMN'OTEPHUX HAYK Ta Ha MeXKi ranysei 3HaHb (MPH 01);

— MaTu cneuianizoBaHi yMiHHA/HaBMYKN PO3B’A3aHHA NpPobaem KOMN'IOTEPHUX HAYK, HEOBXiaHI
ANA NpoBeAeHHA AocnifgKeHb Ta/abo NnpoBagKeHHA iIHHOBALIMHOI AiAabHOCTI 3 METOK PO3BUTKY HOBMX
3HaHb Ta npoueayp (MPH 02);

— po3pobaATM Ta 3aCTOCOBYBATM MATEMATUYHI MeToAM ANA aHanisy iHbopmaLinHUX moaenei
(MPH 07);

— CTBOPHOBATM HOBI a/ITOPUTMM PO3B’A3yBaHHA 3a4a4 y chepi KOMN IOTEPHUX HAYK, OLLIHIOBATH iX
ebeKTUBHICTb Ta 06MeKeHHs Ha ix 3actocyBaHHsA (MPH 11);

— TecTyBaTu NporpamHe 3abesnedyeHHs (MPH 14);

— 36upatn, dopmanisyBaTn, cuctemaTusyBaTM | aHanisysatu notpebwm Ta BMMOrM A0
iHbopmaLiiiHoi abo Komn'toTepHOI cMcTeMM, WO PO3POONAETLCA, EKCMIYATYETbCA YN CYyNPOBOAKYETLCS
(MPH 18);

— aHani3yBaTM Cy4yaCHWUM CTaH | CBIiTOBIi TeHAEHLUii PO3BUTKY KOMN'IOTEPHUX HAYK Ta
iHpopmauitHux TexHonorin (MPH 19);



— BONOAITM TeoMeTpPUYHMMM MeTodaMM CUHTEe3y [AOMOBHEHOI | BipTyanbHOI peanbHOCTI,
CTBOPEHHA MOAENIEN OCBITAEHHA Ta POTOPeaniCTUYHMX 300paxkeHb AN1a Po3B’A3aHHA rpadiyHux 3aaad
(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 (®PK 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 (NMPH 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 (MPH 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 (NMPH 19);

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



2. MpepeKBi3auTU Ta NOCTPEKBI3UTU AUCLUNAIHU (MicLe B CTPYKTYPHO-NIOTIYHIN CXemi HaBYaHHA
3a BigNOBiAHOI0 OCBiTHLOIO Nporpamoto) / Prerequisites and post-requisites of the course
(place in the structural-logical scheme of study for the corresponding educational program)

MpepekBisantn pgucuunaiin. lepeaymoBOO BMBYEHHA KpeaAUTHOro moayna «Bisyanisauin
rpadiyHoOi Ta reomeTpuyHOi iHPpopmaLii» € ycnilwHe BUKOHAHHA HACTYMHUX KPeAWUTHUX MOoAyAniB 3a
cneuianbHicTio 122 «Komn’toTepHi HayKn»:

— «leomeTpunyHe moaentoBaHHA Ta Komn'totepHa rpadika» (VILVIII cemecTp, 3rigHO HaBY4aIbHOroO
naaHy nigrotosku 6akanaspis);

— «YucenbHi meToam B MoaeNItoBaHHi eHepreTuuHux npouecis» (11l cemectp, 3rigHo HaBYaIbHOTO
naaHy nigrotosku bakanaspis).

MNoctpekBisutn gucumnninn. JaHnin KpeauTHUM MOAYNb € NepeayMOBOI0 BUBYEHHA HACTYMHUX
KpeANTHUX MOAYAIB 3a crneuianbHicTio 122 «Komn'toTepHi HayKkn»:

— «MeToam cnHTe3y BipTyasbHOI peanbHOcTI» (Il cemecTp, 3riHO HaBYaIbHOTO NJAHY NiArOTOBKM
maricrtpis).

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 HaByanbHoOi gucumnainm / Curriculum content

Po3gin 1. Bisyanisauis iHpopmalii i3 3acTocyBaHHAM wWeiigepis
Tema 1.1. MNporpamHo-anapaTtHi 3acobu Bidyanizau,ii iHpopmaLii
Tema 1.2. PeHpgepuHr rpadiyHnx NpumiTUBIB
Tema 1.3. IHXeHepia nporpamHoro A04aTKy peHAepUHry noBepxHi
Tema 1.4. ApxiTeKTypa UeHTpaNbHOro Ta rpadiyHoro npouecopy
Tema 1.5. KoHBeep TpaHchopmalii BepwmnH OpenGL
Tema 1.6. TpaHcopmauii moaeni-snay
Po3gin 2. Po3paxyHOK OCBiT/IeHHA
Tema 2.1. Mogeni 3adapbyBaHHA TPUKYTHUKIB
Tema 2.2. Po3paxyHOK HoOpmanein TpMaHrynboBaHoOi Moaeni
Tema 2.3. Moagenb OCBIT/IEHHSA
Tema 2.4. Tunu grepen OCBITAEHHA
Tema 2.5. IHXKeHepia nporpamMHoOro 4o0AaTKy OCBITEHHSA MOBEPXHI
Po3gin 3. TekcTypyBaHHA NOBEPXOHb
Tema 3.1. HaknagaHHA TeKCTyp
Tema 3.2. HaknagaHHA TEKCTYpU HopMmanen
Po3ain 4. PeHgepuHr ¢poTopeanictTMuHnX 306 parkeHb
Tema 4.1. MeToau cTBopeHHs ¢oTopeanicTM4HMX 306parkeHb
Tema 4.2. CTBOpeHHSA TiHEN 3a 4ONOMOTOto 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.

JAodamkoea 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

MeToguMKa onaHyBaHHA HaBYaNAbHOI AUCUMNAIHK (OCBITHBOro KOMNOHeEHTa) /

Methodology for Mastering the Educational Discipline (Educational Component)

Ne

3.M.

No.

Tema neku,i Ta
nepenik OCHOBHUX NUTaHb

Topic of the lecture and
list of key subjects

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

Posgin . Bisyanisauia inpopmau,ii i3 3actocyBaHHAM wengepis /
Section . Visualization of information using shaders

JIEKLIA 1. Tema: lpozpamHo-anapamHi
3acobu eizyanizayii iHpopmayii
PeTtpocnektnea KomnaHii SGI. IcTopia
NoABWU Ta PO3BUTKY cTaHAapTie: 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: OpenGL,
OpenGL ES, WebGL. Desktop libraries:
glu, glut.

JIEKUIA 2. Tema: PeHOepuHe 2pagiyHux
npumimusis

Cnocobn 3aBaaHHA rpadiyHMx Ta
reOMeTPUYHUX  JaHuX. [eomeTpuyHi
NPUMITUBM CTaHZapTYy OpenGL.
Cnocobu 3aBaaHHA noBepxoHb. bydep
BepwuH. bydep iHaekciB. Macusu 3
yepryBaHHAM  AaHUX (interleaved
arrays). MpuHumMn poboTn KOoHTponepa
DMA, po3TallyBaHHA AaHUX 6aUMKYe A0
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: IHMeHepia
npo2pamHo2o0 000amKy peHoepuHay
rnosepxHi

HanawTyBaHHA HOBOro MNPOEKTy B
iHTErpOBaHOMY CepefioBULLI PO3PO6KK
Visual Studio Code.

IHXXeHepiA  nporpamHoOro  A0[aTKY
peHOEepUHry  NOBEPXHi Yy  BUrnAAi
KapKacHoi  moaeni. AHanis  Koay
3aBaHTaXKeHHS Ta Komninauii
LwenaepHoi Nporpamu.

CueHapii BignaroaXeHHA 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
yeHmMpasnbHO20 ma 2paghiuHo20
npoyecopy

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

PeTpocnektuBa rpadivyHoro
npuckoptoeadya Voodoo2, sk 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 pilleHHA TEXHIYHOT
npob6siemu.

ETumonoria TepmiHy wengep. Tunu
WenaepHMx  nNporpam: BePLIMHHUA,
bparmeHTHUI  (nmikcenbHU). Mosa
nporpamyBaHHA wengepis GLSL ES,
3MiHHI Ta TMNWU AaHuX; KBanidikatopu;
BOyn0BaHi PyHKU.

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.

5 JIEKLIA 5. Tema: KoHeeep | LECTURE 5. Topic: OpenGL Vertex
mpaHcgopmauii sepuiuH OpenGL Transformation Pipeline
Cxema poboTn KoHBeepa peHaepwuHra | Operation scheme of the OpenGL
OpenGL. MepetBopeHHsA KoopauHaTt | rendering pipeline. Vertex coordinate
BepWUH: TpaHchopmauii moaeni-snay, | transformations: model-view
NpPOeKL,itoBaHHSA, oAHopiaHi | transformations, projection,
KoopauHaTK, nepeTBopeHHA obnacti | homogeneous coordinates, viewport
BUAMMOCTI.  Anroputm  BuAaneHHsa | transformation. Hidden surface removal
HEBUAMMUX TMOBEPXOHb Ha OCHOBI z- | algorithm based on the Z-buffer,
6ydepa, dyHKuia glDepthRange. glDepthRange function.

6 | JIEKLUIA 6. Tema: TpaHcchopmayii LECTURE 6. Topic: Model-View
mooesni-sudy Transformations
dyHKuUji TpaHcdopmauin moaeni-enaa: | Model-view transformation functions:
glRotate, glTranslate, glScale. | glRotate, glTranslate, gIScale. Application
3actocyBaHHA ¢yHKUji gluLookAt Ta ii | of the gluLookAt function and its
BHYTPILWHA MaTeMaTUKa. underlying mathematics.

Po3gin Il. Po3paxyHoK ocsitneHHsA / Section Il. Lighting calculation

7 | JIEKUIA 7. Tema: Modeni LECTURE 7. Topic: Triangle Shading
3a¢apbysaHHA MPUKYMHUKIG Models
Anroputmm 3adapbyBaHHA: Flat | Shading algorithms: Flat shading, Smooth
shading, Smooth shading (Gouraud), | shading (Gouraud), Phong shading.
Phong shading. bapuueHTpuyHi | Barycentric coordinates and bilinear
KoopAMHaTK Ta bGiniHiHa iHTepnonsuia | interpolation across a triangle. Hardware-
B340BX TPUKYTHUKY. AnropuTtm | accelerated triangle rasterization
anapaTHOI pacTepusavii TPUKYTHUKA. algorithm.

8 | JIEKUIA 8. Tema: Po3paxyHok Hopmanel | LECTURE 8. Topic: Computation of
mpuaHaynbo8aHoi mooeni normals of a triangulated model
Po3paxyHok daceTHOI Hopmani, | Calculation of facet normals and vertex
pO3paxyHOK BEPLWMHHOT  Hopmani | normals (weighted and analytical).
(3BaxkeHoi Ta aHanitmyHoi). Matpuua | Normal transformation matrix.
nepeTBOpPEeHHA HopManen.

9 | JIEKUIA 9. Tema: Modenb ocsimsaeHHsA LECTURE 9. Topic: Lighting mode
Mogenb ocsitneHHAa Fixed Function | The OpenGL Fixed Function Pipeline
Pipeline OpenGL; KomnoHeHTH mogeni: | lighting model; model components:
KOMMOHEHTa HaBKoAMWHboOro | ambient, diffuse, and specular; the
cepepoBulla, Audy3Ha, nO3epKanbHa; | general surface lighting equation.
3aranbHe PiBHAHHA OCBIT/IEHHA
NOBEPXHi.

10 | JIEKUIA 10. Tema: Tunu Oxcepen | Lecture 10. Topic: Types of light sources

oceimneHHsA

MapameTpu Axkepena CBiTAAa; TOYKOBE Ta
Hanpas/ieHe AyKepeno, MNpPOXKeKTop;
napameTpu martepiany.

Light source parameters; point and
directional light sources, spotlight;
material parameters.




11 | JIEKUIA 11. Tema: IHyceHepis | Lecture 11. Topic: Engineering of the
npoepamHozo 0odamky ocsimsaeHHs | application for lighting of a surface
rnosepxHi Development of a lighting function using
Po3pobka  ¢yHKuji  ocsiTneHHsa i3 | a shader program.
3aCTOCYBaHHAM LWeNAepHOi Nporpamm.

Posgin lll. TekcTypyBaHHA noBepxoHb / Section IlIl. Surface texturing

12 | JIEKUYIA  12. Tema: HaknadaHHA | Lecture 12. Topic: Texture Mapping
mekcmyp Concept of texture and texel. Assignment
MoHATTA TEKCTypM Ta Tekcens. 3asaaHHA | of texture coordinates. Engineering of
TEKCTYPHUX  KoopAauHaT. |HXeHepis | application  for  surface  texturing.
NnporpamHoOro AoA4aTtky TekcTypyBaHHA | Development of a resource server based
nosepxHi. Cepeep pecypcis Live Server. | on node.js. Resource server Live Server.
Pexxumun  oinbTpauii  Tekctyp.  MIP | Modes of texture filtering. MIP mapping.
mapping. AHi3oTponHa ¢inbTpau,in. Anisotropic filtering.

13 | JIEKYIA 13. HaknadaHHA meKkcmypu | Lecture 13. Topic: Normal Map Texturing
Hopmarnel Tangential coordinates. Calculation of the
TaHreHuinHi KoopauHatn. PospaxyHok | transformation matrix of normals from
MaTpuLi nepetBopeHHA Hopmanen 3 | local coordinates to world coordinates.
JIOKaNbHUX  KoopauHat y  cBiToBi. | Gram-Schmidt orthogonalization.
OpToroHanisauia Npama-LWmiaTa

Po3gin IV. PenaepuHr ¢potopeanictuuHux 306paxeHs /
Section IV. Rendering of photorealistic images

14 | MoOdynbHa KOHMPOAbHA poboma Modular control work
JIEKUIA 14. Tema: Memoodu cmeopeHHs | Lecture 14. Topic: Methods of Creating
gomopeanicmuyHux 306paxceHb Photorealistic Images
3aBAaHHA  KopucTyBaubKux niowmH | Definition of user clipping planes.
BiZICiKaHHS. Anroputm nobyaosu | Algorithm for generating planar shadows.
NAaHapHUX TiHel. Anroputm nobyaosu | Algorithm  for  generating  planar
NAOWUHHUX Biga3epkaneHb. Mogeni | reflections. Fog models: linear,
TYMaHy: AiHiliHa, eKcnoHeHUjanbHa, | exponential, exponential-quadratic.
€KCNOoHeHLUiaIbHO-KBaApaTUYHa.

15 | JIEKYIA 15. Tema: CmeopeHHA miHeli 3a | LECTURE 15. Topic: Shadow Creation

donomozoto  anapamHoz2o  bygepa
miHel
MepeBarn Ta HeZONIKM anropuTmy

CTBOPEHHA TiHEM Ha OCHOBI anapaTHOro
bydepa TiHeMn. MocnipgoBHicTb
NepeTBOPEHHA MPOCTOPIB TEKCTYPHMUX
KoopAuHaT npwu NPOEKTUBHOMY
TEKCTYPYBaHHI. Po3wunpeHHsA

ARB_depth_texture

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 po6boTtu / Laboratory works

Kinb.
Ne aya. rog,
3AHATTA
/ HasBa nabopatopHoi pobotn Title of the laboratory work /
No. of Number
class of classr.
hours
O3HaNOMNEHHs CTYAEHTIB 3 BUAaMMU Familiarizing students with the types of
1 KOHTPO/II0 KPpeguUTHOro Moy o Ta assessment for the credit module and 1
PEMTMHIOBOK CUCTEMOIO OLiHIOBaHHA | the grading system for evaluating
pe3ynbTaTiB HABYAHHA learning outcomes.
Posgin . Bisyanisauia inpopmau,ii i3 3actocyBaHHAM wengepis /
Section I. Information visualization using shaders
JIP 1 PeHpepuHr KapKkacHoi mogeni | Lab 1 Rendering a wireframe model of a
NoOBEpPXHi i3 3acTtocyBaHHAM | surface using the WebGL GPU interface
iHTepdeincy WebGL rpadiyHoro | (installation and familiarization with the
npouecopy features of the Visual Studio Code user
1 (BcTaHOBNEHHA Ta 3HanomcTBO 3 | interface, organizing code in 1
MOXIMBOCTAMU KopuctyBaubKoro | applications based on the JavaScript
iHTepdeicy Visual Studio Code, | programming language).
OopraHisauia Koy y 3aCTOCYHKax Ha
OCHOBi MOBi NporpamyBaHHs JS)
NIP 1 PeHpepuHr KapKkacHoi mogeni | Lab 1 Rendering a wireframe model of a
NoBepPXHi i3 3acTtocyBaHHAM | surface using the WebGL GPU interface
iHTepdeincy WebGL rpadiyHoro | (software engineering of an application
2-4 npouecopy for surface rendering utilizing the 6
(iH>KeHepia nporpamHoro 3actocyHKy | WebGL interface).
peHaepuHry NOBEPXOHb i3
3acTocyBaHHAM iHTepdelicy WebGL)
NIP 1 PeHpepuHr KapKacHoi mogeni | Lab 1 Rendering a Surface Wireframe
NOBEpPXHI i3 3actocyBaHHAm | Model Using the WebGL Graphics
iHTepdeicy WebGL rpadiyHoro | Processor Interface
5-6 npouecopy (organization of data structures for 4
(opranizauis cTpyKTyp @maHux Aana | rendering surfaces as a wireframe
pPEHOEPUHIY NOBepxXoHb Yy Buraaai | model)
KapKacHoi moaeni)
Po3ain Il. Po3paxyHoK ocBitneHHs /
Section II: Lighting calculation
NP 2 ImnnemenTauia  mogeni | Lab 2 Implementation of shading and
7.8 3adapbyBaHHA Ta moaeni ocsitneHHa | lighting models 4
(imnnemeHTauis anroputmie | (implementation of algorithms of
pO3paxyHKy Hopmaneit) normal calculation)
NP 2 ImnnemeHnTauia  mogeni | Lab 2 Implementation of Shading and
9-11 3adapbyBaHHA Ta mogeni ocsitneHHa | Lighting Models 6
(imnnemeHTaujna moaenein | (implementation of triangle shading
3adapbyBaHHA TPUKYTHUKIB) models)
12-13 NP 2 ImnnemeHnTauia  mogeni | Lab 2 Implementation of shading and 4

3adapbyBaHHA Ta MoAeni OCBITAEHHS

lighting models




(imnnemeHTaUis moaenei OCBITAEHHSA
noBepxHi)

(implementation of surface
models)

lighting

Po3ain lll. TeKcTypyBaHHA NOBEPXOHb /
Section llI: Surface texturing

14 Po36ip TMNnoBMx 3aBaaHb MOAY/1bHOI Review of typical tasks in the modular
KOHTPO/IbHOI po60TH control work
Posgin IV. PenaepuHr ¢potopeanictuuHmx 306paxeHs /
Section IV. Rendering of photorealistic images
Po36ip TMNnoBMx 3aBAaHb rpadivHoi Review of typical tasks in the graphic
15 poboty work

BWKoHaHHA rpadivyHoi poboTh

Implementation of graphic work

MopaynbHa KoOHTpoabHa poboTta / Modular control work

B mexax uvacy, BMAINEHOrO AN CaMOCTIMHOI poboTM, CTYAEeHT rOTyeTbCA A0 MOAY/IbHOI
KOHTPO/IbHOI po60TYy, L0 NONATAE Y PO3POOLi 3aCTOCYHKY PeHAEPUHTY NOJiroHa/ibHOI MOJle/li Ha OCHOBI
iHbopmaLuii Po3ainy 3: 3 HaknagaHHAM TEKCTYpM HopManen / TpaHchOpMaLLEID TEKCTYPHUX KoopanHar /
3 MIP TekcTypyBaHHAM. HanncaHHA MoAy/IbHOT KOHTPOIbHOT PO60TH BiAOYBAETLCA 3@ PAXyHOK 1 roanHU
NEKLiNHOro 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, BUZiNeHoro a5 camocCTiMnHOI poboTH CTyAeHTa, BiH roTyeTbCA A0 rpadiyHoil poboTy,
L0 NonArae y po3pobLi 3acTOCyHKY NobyA0BU NAaHAPHUX TiHel / NNOWNHHUX Biga3epKaneHsb / TiHel Ha
OCHOBI anapaTtHoro bydepy TiHen. BUKoHaHHSA rpadiyHoi poboTn BiadyBaeTbcA 3a paxyHOK 1 roauHu
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 ctygeHnTa / Individual work of the student

CamocTiiHa poboTta ctygeHTa (90 roauH) BK/AKOYAE MiArOTOBKY A0 ayAMTOPHUX 3aHATL Ta
KOHTPOJIbHUX 3aX0A4iB, MpoBeAEeHHA PO3pPaxyHKiB Ta popMyBaHHA BXigHMX AaHMX 40 poboTu.
Ha KoHy nabopaTopHy poboTy BuAinaerbca 10 roauH camocTiiHoi poboTn ctyaeHTa (CPC).
Lna niarotoBKM 4,0 BUKOHAHHA MOAY/IbHOI KOHTPOAbHOI BUainaetbca 20 rogmnH CPC.
[nAa niarotoBKW 40 BUKOHAHHA rpadivHoi poboTn Buainaetoca 20 rogmH CPC.
Lna nigrotoBkn oo eksameny suginaeroca 30 rognH 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. MoniTuKa HaBYanbHOI AncuUNNiIHK (OCBITHLOrO KOMNOHeHTa) /
Policy of the academic discipline (educational component)

— BiABiAyBaHHA NeKLiN, a TAKOXK BiACYTHICTb Ha HMX, HE OLIHIOETbCA. BiaBiayBaHHA nabopaTopHUX
3aHATb € 060B’A3KOBOIO CKNAL0BOKO BUBYEHHA MaTepiany;

— npw 3axucTi nabopaTtopHUx PobiT CTyAEeHT Ma€E NPOAEMOHCTPYBATH PO3P06/IEHNI NPOrPaMHMA
KOJ, Ta pe3y/ibTaTh MOro BUKOHAHHA Ha TecTax, AK 3a3fa/ierifb niArotoBaHUX, TaK i 3anponoHOBaHUX
BUKNagayem. Y BUNAAKy AUCTaHUiMHOI GOPMM HaBYaHHA 3axucT BiAOYBAETbCA Ha BiAMNOBIAHIN
KOHdepPEHLIT WAAXOM AeMOHCTPaL,ii eKpaHa;

— MNONITUKa Ta NPUHLMNN aKageMmidHoi aobpoyecHOCTi BM3HAYeHi y po3aini 3 Kogekcy uecTi
HauioHanbHOro TexHIYHOro yHisepcuteTy YKpaiHM «KUIBCbKMI MNONITEXHIYHMMA IHCTUTYT iMeHi lropa
Cikopcbkoro». letanbHiwe: https://kpi.ua/code;

— HOPMW eTUYHOI MOBeAiHKM CTYAEHTIB i NpaliBHUKIB BU3HayeHi y po3gini 2 Koagekcy uyecTi
HauioHanbHOro TexHiYHOro yHiBepcuteTy YKpaiHWM «KUIBCbKUI MNOANITEXHIYHMMA IHCTUTYT iMeHi lropa
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 "lgor 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. Buau KOHTPOIO Ta PeMTUHroBa CUCTEMa OLIHIOBaHHA pe3ybTaTiB HaBuaHHA (PCO) /
Types of assessment and the grading system for evaluating learning outcomes (GSE)

Cucmema peiimuHaosux (8azoeux) 6anie ma kpumepii oyiHroeaHHa / The system of grading
(weighted) points and assessment criteria

8.1 PENTUHI CTyAeHTa 3 OCBITHbOro KOMMNOHEHTa po3paxoByeTbca 3i 100 6anis, 3 HUX 50 banis
CKNafae ctapToBa WKana. CTapToBUN PEUTUHT (NPOTArOM CeEMECTPY) CKNagaeTbes 3 H6anis, WO CTyAeHT
OTPUMYE 3a BUKOHAHHSA nabopaTopHUx pobit (aBox pobit), PIP Ta MKP;

8.2 Kputepii HapaxyBaHHsA 6aniB 3a BUKOHaHHA labopaTtopHux pobit, PIP Ta MKP.

8.2.1 IHgMBiayanbHM BaroBmnin 6an 3a BUKOHaHHA 3aBAaHb labopaTopHMX pobit cknagae 10 6anis.
MaKcumanbHa KinbkicTb 6anis 3a 1abopaTopHi 3aBAaHHA AOPIBHIOE:

10 6anis x 2 = 20 6anis.

8.2.2 BWKOHAHHA KOXHOro 3aBAaHHA /nabopaTopHOi POOOTU OUIHIOETLCA 3@ HACTYMHUMM
Kputepiamm:

— MPaBUNbHICTb OTPMMaHMX pe3ynbTaTie — Big 1 Ao 6 6anis;

— (YHKUiOHaNbHO CNPOEKTOBAHUM iHTepdelic KopucTyBada — 1 6an;

— iHTepaKTMBHe BBeAEHHA NapameTpis metoay — 1 6an;

— AWHaMIiYHi 3MiHW Ha eKpaHi — 1 6an;
— MmoAyNbHMI cnocib opraHizauii BuxigHoro Kogy — 1 6an.
8.2.3 MiHimanbHa KinbKicTb 6anis Ana 3apaxyBaHHA nabopaTopHoi poboTn cknagae 6 (60%).


https://kpi.ua/code
https://kpi.ua/code
https://kpi.ua/code
https://kpi.ua/code

8.2.4 MakcmMmanbHa KinbKicTb 6aniB 3a KOHTPoAbHY poboTy Ta I'P gopisHioe 15 6anis. Ha moaynbHy
KOHTpPO/IbHY poboTy Ta P BUHOCUTBLCA OAHE NPAKTUYHE 3aBAaHHS.

8.2.4.1 KoHTponbHa poboTa Ta P oUiHIOTLCA HACTYMHUM YAHOM:

— MPaBUNbHICTb OTPMMaHUX pe3ynbTaTie — Big 1 Ao 8 6anis;

— (YHKUiOHaNbHO CNPOEKTOBAHUM iHTepdelic KopucTyBada — 1 6an;

— iHTepaKTMBHE BBEAEHHA NapameTpiB metoay — 2 6anu;

— AVHaMIiYHi 3MiHW Ha eKpaHi — 2 banu;

— MoAy/ibHMI cnocib opraHisauii BuxigHoro Kogy — 2 6anu.

8.2.4.2 MiHimanbHa Kinbkictb 6anis ana 3apaxysaHHa MKP cknagae 9 (60%).

8.3. YMOBM A0NYCKY A0 eK3aMeHY: 3apaxyBaHHA BCix 1abopaTtopHux pobit, P Ta MKP. MiHimanbHa
KinbKicTb HabpaHux 6anis — 30 ( 60%).

8.3.1 Ha ek3ameHi CTyAeHTU BUKOHYIOTb KOHTPOJ/IbHY POBOTY i3 3acToCcyBaHHAM Komn'toTepy.
Ek3ameHauiiHUi BineT cKknaZaeTbca 3 ABOX MPaKTUYHUX 3aBAaHb. BaroBuin 6an KOKHOIMo MPakTUYHOIO
3aBaaHHA — 25.

8.3.2 MaKcumasnbHa KinbKicTb 6aniB 3a CKNafaHHA eK3aMeHy AOPIBHIOE:

25 6anis x 2 = 50 6anis.

8.3.3 NpaKkTnyHe 3aBAaHHA OLHIETLCA HACTYNMHUM YNHOM:

— «BiAMiIHHOY», NOBHe, 6e3noMuNKoBe Po3B’A3yBaHHA 3aBAaHHA — 22-25 banis;

— «a06pe», NOBHe, PO3B’A3yBaHHA 3aBAaHHA i3 HECYTTEBMMU HETOUYHOCTAMU — 19-21 banis;

— «3a40BiNbHO», 3aBAaHHA BUKOHaHe 3 NeBHUMU HeadoniKamn — 15-19 banis;

— «HEe3a40BiNbHOY, 3aBAAHHA HEBMKOHAHO.

8.4. Cyma ctapToBux banis i 6aniB 3a ek3ameHaLliiHy KOHTPO/IbHY PO6OTY NepeBoAnTbLCA 3a
OCBITHI KOMNOHEHT 3rigHo 3 Tabanueto.

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: ctaptosi 6anu + eksameHaljiiiHa KOHTposibHa poborTa / .
. . . . OujiHKa Mark
Points: starting points + final exam control work
100...95 BiamiHHO Excellent
94...85 Oyxe nobpe Very good
84...75 HDobpe Good
74...65 33408BiNbHO Satisfactory
64...60 JocTaTHbO Enough
MeHwwe / less than 60 HesaposinbHO Unsatisfactory
€ He 3apaxoBaHi poboTu (nabopatopHi, MKP, IP) /
There are unapproved works (laboratory, modular control He ponyuweHo Not permitted
work, graphic work)

Po6ouy nporpamy HaBuYanbHOI gucumnnidm (cnnabyc):
CknageHo goueHTom Kadpeapu UTE, K.T.H., emunwimHom AHaToniem AHaToNinoBUYEM
YxBaneHo kapeapoto UMPppPoBUX TEXHONOTIN B eHepreTuli (npoTokon No22 Bia 17.06.2026)

Moroa)keHo HayKkoBo-meToanuHoto Komicieto KMl im. Irops Cikopcbkoro (npotokon Ne9 Big, 26.06.2026)

The course syllabus was:

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

Approved by the Department of Digital Technologies in Energy (Protocol No. 22 dated 17.06.2026)
Agreed by the Scientific and Methodical Committee of Igor Sikorsky KPI (Protocol No. 9 dated 26.06.2026)



