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Розглянуто принципи реалізації антиаліайзингу в графічних процесорах 

сучасних обчислювальних систем. Проаналізовано апаратні та програмні методи 

згладжування, зокрема суперсемплінг, мультисамплінг і часові алгоритми. 

Описано особливості їх інтеграції в графічний конвеєр та взаємодію з 

підсистемою пам’яті. Визначено переваги й обмеження різних підходів з точки 

зору продуктивності та якості зображення. Показано, що комбіноване 

застосування методів дозволяє забезпечити ефективний компроміс між 

швидкодією та візуальною точністю.  

The principles of antialiasing implementation in graphics processors of modern 

computing systems are considered. Hardware and software antialiasing methods are 

analyzed, in particular supersampling, multisampling, and temporal algorithms. The 

features of their integration into the graphics pipeline and interaction with the memory 

subsystem are described. The advantages and limitations of various approaches in terms 

of performance and image quality are determined. It is shown that the combined use of 

methods allows for an effective compromise between speed and visual accuracy. 

The implementation of anti-aliasing in the graphics processor is an important element 

of modern computer graphics systems, since it is the GPU that is responsible for 
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generating images in real time with high detail and complex scene geometry. The aliasing 

effect occurs due to the transformation of continuous geometric objects into a discrete 

pixel structure of the screen. Limited resolution leads to the appearance of stepped 

contours, flickering of thin lines, and distortion of small details. To reduce these artifacts, 

modern graphics processors developed by NVIDIA and AMD use both hardware 

mechanisms and software anti-aliasing algorithms. The application of appropriate 

methods is possible at different stages of the graphics pipeline during rasterization, 

fragment processing, or at the stage of final frame post-processing. 

One of the traditional approaches is supersampling. In this case, the scene is generated 

in a higher resolution, after which the result is scaled to the required size. This method 

provides high image quality, since not only the edges of the polygons are smoothed, but 

also texture transitions and the results of shader calculations are refined. However, the 

computational cost increases significantly because each frame must be processed at a 

higher internal resolution. This increases the load on arithmetic units, texture modules, 

cache subsystems, and video memory bandwidth. As a result, supersampling is usually 

applied when sufficient performance reserves are available or in professional 

visualization tasks where image accuracy is more important than frame rate stability. 

A more balanced solution is multisampling. Its feature lies in storing several depth 

and coverage samples per pixel while calculating the color value once for each fragment. 

This allows the rasterizer to determine polygon boundaries more precisely without 

proportionally increasing the number of shader executions. After rendering is completed, 

the stored samples are resolved into a final pixel color. The effectiveness of this method 

depends on the organization of color and depth buffers, as well as on memory bandwidth. 

Modern graphics APIs such as OpenGL, DirectX 12, and Vulkan provide tools to 

configure multisampling parameters, including the number of samples for render targets. 

Increasing the sample count generally improves edge smoothness but also increases 

memory consumption and data transfer requirements. 

In addition to hardware-oriented techniques, post-processing algorithms are widely 

applied. One well-known example is fast approximate anti-aliasing, which operates as a 

full-screen shader and analyzes local contrast differences between neighboring pixels. 
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The algorithm identifies potential edges based on luminance gradients and then applies 

smoothing filters along those edges. Since this method does not require storing additional 

subpixel data, it has minimal impact on memory usage and usually maintains high frame 

rates. However, it may reduce overall sharpness and slightly blur fine textures. 

Temporal approaches represent a further stage of development. These methods 

accumulate information from previous frames, using motion vectors to reproject 

historical samples into the current frame. By combining current and past data, the 

effective sampling density increases without multiplying per-frame shading cost. 

Temporal anti-aliasing reduces flickering, stabilizes thin geometry, and improves the 

perception of distant objects. Such methods are integrated into real-time engines 

including Unreal Engine and Unity, where they operate together with dynamic resolution 

scaling, high dynamic range rendering, and other optimization technologies. 

At the architectural level, anti-aliasing is closely related to the functioning of the 

rasterizer, depth testing modules, texture caches, and the memory controller. Many 

modern GPUs implement tile-based rendering principles, where the screen is divided into 

smaller regions processed in on-chip memory. This approach reduces external memory 

traffic and improves energy efficiency, which is especially important for high-resolution 

rendering. Efficient anti-aliasing therefore requires coordination between shading units, 

buffer management systems, and cache hierarchies. 

The prospects for the development of anti-aliasing in GPUs are associated with 

several major trends. One direction is integration with real-time ray tracing. Stochastic 

sampling used in ray tracing introduces noise artifacts that differ from classical edge 

aliasing. Therefore, hybrid methods combining spatial filtering, temporal accumulation, 

and denoising algorithms are required. Another promising area is the use of machine 

learning techniques. Modern GPUs include specialized tensor computing units capable of 

performing neural network inference. In this context, anti-aliasing becomes part of a 

broader image reconstruction process that enhances resolution and restores fine details. 

Adaptive systems are also developing, where the level of smoothing dynamically changes 

depending on scene complexity and GPU workload, allowing stable frame rates to be 

maintained. 
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An important challenge remains memory optimization. The transition to 4K and 8K 

resolutions significantly increases the volume of processed data. Even a moderate growth 

in the number of samples per pixel can substantially affect bandwidth and energy 

consumption. For this reason, future solutions are focused on selective multisampling, 

intelligent reconstruction filters, and variable shading rate techniques, in which visually 

important regions of the frame are processed with higher precision than background areas. 

Thus, the evolution of GPU anti-aliasing technologies is aimed at improving 

computational efficiency, adaptability, and integration with advanced rendering 

paradigms. The combination of hardware acceleration, optimized memory architectures, 

and sophisticated filtering algorithms enables the generation of stable, high-quality 

images even in complex dynamic scenes.  
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У тезах представлено програмний засіб електронного документообігу для ІТ-

компаній, який підтримує реєстрацію, зберігання та пошук внутрішніх і зовнішніх 

документів. Ключовою особливістю є налаштовувана маршрутизація погодження 

(послідовна та паралельна) з фіксацією візувань, коментарів і версій. Система 

дозволяє призначати доручення відповідальним виконавцям, контролювати 

строки та статуси виконання, а також автоматично надсилати нагадування й 


