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II BCCpralHCBKa HAyKOBO-TE€XHIYHA KOH(epeHisd « BUKIMKY Ta pilIeHHS B
nporpamHii imxeHepii». 36ipauk te3. — K.: JIVIKT, 2025, 536 c.

Le#t 30ipHMK MICTUTh TE€3W YYacHUKIB KOH(epeHLli, NpeacTaBlIeHUX Ha
II BceykpaiHchKid HayKOBO-T€XHIUHIN KoH(epeHuii «Buxnuku Ta pilmieHHs B
MpOrpaMHiil 1HXeHepii», ska npoBojauiack 26 nucronana 2025 poky Ha kadeapi
[mxenepii  mporpamHoro  3abe3nedeHHss  HaBuanbHO-HAyKOBOTrO  IHCTUTYTY
iHbopmaliitHux  TexHojorii  [lep:kaBHoro  yHiBepcuTeTy  iH(oOpMauiiHO-
KOMYHIKAI[IMHUX TeXHOJ0T1H, M. KHiB.

Po6oua moBa KoH}pepeHIlii — ykpaiHCbKa Ta aHTJIIHChKA.

VY 30ipHuKy npeacTaBiaeHo Te3u nonosiaeit I Beceykpaincbkoi HAyKOBO-TEXHIYHOT
KoH(epeHIli «BUKIUMKN Ta pillleHHS B MPOrpaMHIi 1HXKEHepii», K1 BUCBITIIOIOTH
CyyacHl TEHJEHIIi, I1HHOBallliHI MTIAXOAM Ta pPE3yabTaTH JOCIIXKEHb Y cdepi
OporpamMHOi 1HXKEHepil, 30KpeMa po3poOKH, TECTyBaHHS, BIIPOBAKEHHSI Ta
onTHMI3aIlli MPOrpaMHOro 3a0e3NeYeHHS.
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Innovative approaches in computer graphics programming today determine the
quality of digital content and the directions of development of visual technologies in
various fields - from the gaming industry and cinema to scientific modeling and digital
twins. In recent years, there has been a shift towards highly accurate physically correct
scene construction, the integration of artificial intelligence, the transition to new
graphics APIs and the acceleration of ray tracing at the hardware level, which
significantly expands the capabilities of developers. Research shows that the
development of computational architectures and optimized graphics pipelines is a major
factor in improving the quality of real-time rendering [1].

One of the trends has been the improvement of low-level APIs such as DirectX
12 Ultimate, Vulkan, and WebGPU, which provide almost direct access to the hardware
resources of video cards. Thanks to this, programmers can more effectively manage
memory, optimize parallel computing, and increase the performance of complex
graphics scenes. Of particular importance are mesh shaders and task shaders, which
allow you to form geometry in dynamic packages, accelerating the processing of large
polygon arrays and complex models [2].
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In parallel with the evolution of the API, real-time ray tracing is actively
developing. Modern GPUs are equipped with special blocks that provide fast
processing of the BVH structure and determination of ray intersections with geometry.
This allows for the formation of accurate shadows, reflections and global illumination
in dynamic scenes. New generation ray tracing shaders are used to create physically
based light modeling. Thanks to this, game engines achieve almost cinematic image
quality in real time [3].

An important direction is the integration of machine learning algorithms into
graphics pipelines. Supersampling technologies use neural network models to build
high-resolution frames with a reduced amount of raytracing or raster calculations,
which allows you to significantly optimize the load on the GPU. Additionally, Al is
used to eliminate trace noise, reconstruct geometry, automatically create textures, and
generate procedural materials. Such methods increase programming flexibility and
reduce scene development time [4].

Modern innovations in lighting models are aimed at achieving the most
physically correct interaction of light and materials while maintaining rendering
performance. One of the leading directions is the development of new generation
microfacet BRDF models, which more accurately describe the statistical distribution of
surface micro-roughness and provide natural shine, gloss and scattering. Dynamic
stochastic models allow you to avoid artifacts on small details and improve the
smoothness of transitions between different types of materials. At the same time, neural
lighting models are being actively implemented , where small neural networks partially
replace traditional BRDFs and predict the illumination of a pixel based on normal
vectors, viewing direction and history of neighboring frames, which allows you to
compensate for ray tracing noise and reproduce complex effects of indirect lighting.
Neural light fields have become an important direction , which describe the light space
of the scene as a continuous function, which provides accurate reconstruction of
reflections and refractions. Another direction is the emergence of adaptive lighting
models in real time: they combine traditional PBR formulas with selective ray tracing,
using hybrid methods of estimating light contributions depending on the complexity of
the scene. In parallel, volumetric lighting models are being improved, which use new
generation phase functions and neural denoisers to correctly reproduce global
scattering. Together, these innovations form a new lighting paradigm, where physics,
computational optimizations and artificial intelligence work together to create the most
realistic scenes in real time.
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Innovations in graphics parallelization today are based on the transition from
traditional threading models to multi-tiered systems, where CPUs, GPUs, and
specialized accelerators work as a single computing complex. New APIs such as
Vulkan and DirectX 12 allow developers to precisely control command queues,
synchronization, and resource allocation, which provides effective scaling when
processing complex scenes in real time. In addition, graphics engines are emerging that
use autonomous task graphs that automatically optimize the load distribution between
threads and allow for maximum performance even on new generation multi-core
systems.

Procedural modeling has also undergone significant changes. Modern tools allow
you to describe structures and environments in the form of computational graphs, where
changes in parameters automatically rebuild scenes. This opens up the possibility of
creating cities, landscapes, vegetation, cloud systems and technical models without
manual modeling. Combined with physically correct PBR materials, scanned surfaces
and adaptive detailing algorithms, such technologies provide consistently high realism
even in large open worlds.

Modern graphics engines are moving to component-oriented architectures that
optimize data distribution and make better use of multi-core CPUs. Unreal Engine 5
innovations, including Nanite and Lumen, have revolutionized the approach to real-
time image convergence, enabling the rendering of micro-polygonal structures and
global illumination without pre-baking. The emergence of virtual rendering
technologies has made it possible to integrate graphics into real studio shots, and VR
and AR require increased optimization for dual-channel output and sub-millisecond
latencies.

Cloud rendering services are increasingly used for complex calculations,
especially in scientific visualization, filmmaking, and engineering. They allow you to
work with complex scenes that are not available to local hardware, as well as scale
rendering depending on current needs.

Thus, innovations in computer graphics are aimed at combining physical fidelity,
high levels of optimization, and intelligent automation methods. In the coming years,
we expect even more active implementation of artificial intelligence in all stages of the
graphics pipeline, deeper integration of procedural tools, and a transition to fully
adaptive rendering models capable of changing rendering strategies depending on the
complexity of the scene and technical resources
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[udporsizamiss 0aHKIBCHKOTO CEKTOpa CTajia OJHUM 13 BU3HAYAJIBHUX IMPOIIECIB
TparcopMallii piHAHCOBUX MOCIYT MPOTATOM OCTaHHBOTO necatuiitts [1]. banku
aKTUBHO PO3IIMPIOIOTH CIIEKTP AUCTAHIIIMHUX CEPBICIB, MOJIEPHI3YIOTh IHTEp(deiic Ta
ONTUMI3YIOTh KaHAJI B3a€MOI11 3 KilieHTaMu. OTHUM 13 HaO1JTBII MTOMITHUX HACIIIJIKIB
i€l Tpanchopmariii € MOCTyMmoBe 3MIMIEHHS aKIEHTY 3 0araToKkaHaJIbHUX MOJENEH, Yy
SAKUX BeO-Bepcii Ta MOOUITBHI 3aCTOCYHKH CITIBICHYIOTD, 10 MOOUTOIIEHTPUYHUX PIllICHb,
0 repeadavaroTh JOMIHYBaHHS a00 HaBITh BUKIIIOYHICTh MOOLTFHOTO 3aCTOCYHKY SIK
OCHOBHOTO 3aco0y jJocTynmy a0 OaHKIBCRKHX mociyr. [lompu TexHOIOTIUHY
NpuBaOIUBICT, LBOrO0 MIAXOAY, MOro BIAMOBIAHICTE peajibHUM NOTpedam
KOPHUCTYBauiB 3aJIMIIAETHCS TUCKYCIAHOIO.
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