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ANTOPUTMIB KepyBaHHS Ta 3a0€3MEYUTH THYYKICTH NPH 3MiHI yMOB ekcruryartamii. Kpim Toro, peamizamisi 3aco0iB
MOJICIIOBAHHS Ta ABTOMATH3alii HABYAILHOTO IPOLECY CIIPUs€ 3HIKECHHIO BUTPAT Ha EKCIIEPUMEHTAIbHI JOCITIIKSHHS
Ta MiIBUIIYe Oe3MeKy BUIPOOYBaHb.

OtpumaHi pe3yibTaTH CBiM4aTh MpPO €QEKTUBHICTH 3alPOIIOHOBAHOTO pIOICHHSA Ui 3agad  HaBYaHHA
POOOTOTEXHIYHUX CHCTEM i MIATBEPIKYIOTh MOMIJIMBICTh HOTO BHKOPHCTAHHS AK YHIBEpCaJIbHOI IMPOTPaMHOI OCHOBH
IUISL TIONANBIIOTO PO3BUTKY IHTEIEKTYaJbHUX POOOTH30BaHUX IUIATGOpM. Y MiACYMKY BCTaHOBJIEHO, IO MpOrpaMHa
peaizallisi KOMIUIEKCY HaBYaHHs 3a0e3ledye MiJBHUIICHHS PIBHA aBTOHOMHOCTI pPOOOTIB, CIPOIILY€E IHTErpawilo HOBHX
ITOPUTMIB Ta CTBOPIOE IIEPEAyMOBH [UIsi MacliTaOyBaHHS cUCTeMH Ha OaratopoOotHi cueHapii. I[Tomambiri
JIOCIHIZPKEHHST JIOLUUIBHO CHPSMYBaTH Ha PO3IIMPEHHS (DYHKIIOHAIBHOCTI KOMIUIEKCY Ta BJIOCKOHAJICHHS MEXaHI3MIB
MIEpEHECEHHS PEe3yJNIbTaTiB HABYaHHS i3 CUMYJISILIIHHOTO CepeIOBHILA B peabHi YMOBH €KCILTyaTallil.
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MAIN TRENDS IN PROGRAMMING LANGUAGE DEVELOPMENT

The main trends in the development of programming languages in the context of the digital transformation of
society are considered. The impact of hardware changes, network technologies, security requirements, parallel
computing and multi-paradigmality on the evolution of languages is analyzed. The role of cross-platform, specialization
and automation of development processes is outlined. The directions of improvement of programming languages are
summarized and the prospects for their further development are determined. Keywords: programming languages,
development trends, parallel computing, software security, multi-paradigmality, compilers.

The current development of programming languages [ 1-8 ] is driven by the needs of scalable software systems,
distributed services, and high security requirements. Researchers have noted that the evolution of languages in recent
years has been aimed at combining high-level abstractions with execution performance [1]. In particular, the role of
languages that provide strict type control and minimize the possibility of errors at the execution stage is growing.

One of the leading trends is the improvement of programming security. Modern research emphasizes the need to
prevent memory management errors and concurrent access to resources [2]. New language constructs and improved
typing systems allow to reduce the number of vulnerabilities at the compilation stage. Special attention is paid to formal
methods of program verification and static code analysis [3].

The development of multi-core processors stimulates the integration of concurrency and asynchronous execution
mechanisms. Recent publications emphasize that effective parallel programming models should be intuitive and safe for
the developer [4]. Programming languages increasingly include built-in facilities for working with threads, tasks, and
non-blocking 1/0 operations.

Multi-paradigmality has become a characteristic feature of modern languages. The combination of object-
oriented, functional, and declarative approaches allows for flexible adaptation of the programming style to a specific
task [5]. Researchers note that functional concepts, in particular data immutability and higher-order functions,
contribute to increased code predictability.
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The development of tools and compilers plays a significant role. Optimization of machine code, support for
precompilation, and improvement of error checking mechanisms are the subject of active research [6]. Modern compilers
perform deep analysis of programs, which allows combining execution efficiency with a high level of abstraction.

Programming language ecosystems have also undergone significant development. The availability of package
managers, automated testing systems, and continuous integration tools determines the competitiveness of a language [7].
Thus, a programming language is not considered in isolation, but as part of a broader technological environment.

Recent years have been characterized by the emergence of new programming languages that are focused on
solving specific problems of modern development: memory safety, concurrency, performance, scalability, and syntax
simplification. Most new languages do not try to completely replace existing ones, but occupy certain niches or offer
improved approaches to already known tasks.

One of the most notable modern languages is Rust. Although its development began earlier, it has only recently gained
widespread adoption in systems programming, cloud infrastructure, and embedded systems. Rust's main feature is a memory
ownership model that provides safety without the use of a garbage collector. The language combines high performance with
compiler control mechanisms that prevent common errors — such as the use of uninitialized memory or thread races. Rust is
actively used to create components of operating systems, network services, and mission-critical software.

The Go language continues to grow and gain traction in the server-side programming and microservice
architecture space. It features simple syntax, fast compilation, and built-in support for concurrency through goroutines
and channels. Go is focused on building scalable network services and is widely used in cloud platforms and container
systems. The simplicity of the language has become its main advantage in large development teams.

Kotlin is another language that has seen a surge in popularity in recent years. Originally created as an alternative
to Java, it has become the official language for Android app development. Kotlin combines object-oriented and
functional approaches, offers a concise syntax, and an improved type system with null-checking. In addition to mobile
development, the language is also widely used for server-side applications and cross-platform solutions.

Swift, designed for the Apple ecosystem, also continues to evolve actively. It was created as a safer and more
modern alternative to Objective-C. Swift is characterized by strict typing, high performance, and a convenient syntax.
In recent years, the language has expanded its application beyond mobile development, including for server-side
solutions and systems programming.

Among the newer languages, Zig is worth noting. It is positioned as a modern alternative to C for systems
programming. Zig gives the programmer control over memory and compilation, but strives to make the code more
predictable and safe. The language abandons hidden mechanisms, focusing on execution transparency and minimalism.

Another modern language is Crystal, which combines the syntactic simplicity of Ruby with the performance of
compiled languages. It is aimed at creating fast web applications with an attractive and understandable syntax. Crystal
uses static typing with automatic type inference, which allows you to keep your code concise.

Julia is a language that is actively developing in the field of scientific computing and high-performance data
analysis. It is designed to combine simplicity of syntax with efficiency of execution. Julia provides high performance
due to compilation into machine code and support for parallel computing. Recent years are characterized by the growth
of its popularity in scientific research and technical computing.

Dart also continues to grow as a cross-platform development language, particularly with the Flutter framework.
It is focused on creating user interfaces for mobile, web, and desktop applications. Dart combines an object-oriented
approach with asynchronous programming mechanisms.

Of particular note is Carbon, which is being developed as a potential successor to C++ with the goal of
maintaining performance and compatibility, but with a simplified syntax and improved security mechanisms. Although
still in its early stages of development, its emergence demonstrates a desire to modernize traditional systems languages.

In general, new programming languages are characterized by several common features: an orientation towards
memory safety, support for concurrency, multi-paradigmality, simplicity of syntax and the development of powerful
ecosystems. Most of them are created taking into account modern requirements for scalability, distributed systems and
cross-platform. Thus, the emergence of new languages does not mean the rejection of classic solutions, but reflects the
adaptation of programming to new technological challenges and industry needs.

Modern programming languages have a clear focus on the subject area, which determines their application in
various areas of software development. Some languages are created taking into account the needs of specific industries,
such as data processing, web development, scientific computing or systems programming. For example, the Python
language is distinguished by its versatility and wealth of libraries for data analytics, machine learning and automation,
which makes it popular in the field of science and business analytics. The JavaScript language is focused on developing
web applications, providing dynamic user interaction with web pages and supporting client-server architecture. Low-
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level languages, such as C or C++, are used in system programming, driver development and games, where high
performance and control over hardware resources are important. Specialized languages, such as MATLAB or R, are
actively used for scientific and mathematical computing, which provide powerful tools for modeling, analyzing and
visualizing data. In addition, modern languages tend to support different programming paradigms - object-oriented,
functional, procedural, which allows developers to choose a programming style according to the specifics of the subject
area and the type of tasks. As a result, the focus on the subject area determines the choice of programming language, its
ecosystem and tools, ensuring efficiency, productivity and specialization in software development.

Thus, current trends in the development of programming languages are characterized by increased security,
support for parallel computing, multi-paradigmality, development of compiler technologies and development
infrastructure. Further evolution of languages will be associated with the improvement of formal verification methods,
optimization of execution and expansion of integration capabilities in distributed systems.
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OPTIMIZING TEXTURE SHADERS USING HLSL AND GLSL

Methods for optimizing relief texturing shaders in HLSL and GLSL environments are considered in order to
increase the performance and realism of computer graphics in interactive applications. Classical and modern relief
texturing methods are analyzed, including bump mapping, normal mapping, parallax mapping, and parallax occlusion
mapping (POM), as well as the features of using physically correct light reflection models (BRDF). Keywords:
reducing conditional branches, limiting cycles, adaptive use of levels of detail (LOD), hardware tessellation, texture
caching, and table approximations.

Relief texturing is an important technology in modern computer graphics systems, which allows to convey a high
level of detail of the surface of objects without the need to create additional geometry. It uses auxiliary maps, such as
height maps, normal maps, ambient occlusion and other parameters, to model the interaction of light with the surface,
including small irregularities, depressions, protrusions and other details that are physically present on real objects.
Relief texturing is especially important for interactive applications, such as modern video games, virtual and augmented
reality systems, as well as in scientific and industrial visualizations of architectural, engineering and medical objects.
The main advantage of these methods is the ability to create the effect of complex surface geometry without increasing
the number of polygons, which allows to achieve high performance in real time and significantly reduces the load on
graphics processors [1, 4].

Among the main methods of relief texturing, bump mapping, normal mapping, parallax mapping and parallax
occlusion mapping (POM) should be distinguished. Bump mapping is a classic approach that consists in changing the
direction of surface normals to create the illusion of irregularities without changing the geometry. This method provides
ease of calculations and efficiency when rendering large scenes, but is limited in transmitting the effect of perspective
depth of the relief. Normal mapping allows you to set more accurate normals based on normal maps that describe in
detail local surface changes and significantly increase the realism of the reproduction of lighting and shadows. Parallax
mapping changes texture coordinates depending on the viewing angle, which creates the effect of perspective
displacement of the relief. Parallax occlusion mapping (POM) is an extension of this method and involves multi-step
integration of the height map, which allows you to model the depth and self-obscuration of relief elements, creating a
high-quality illusion of a three-dimensional surface structure [4, 5].

Optimization of HLSL and GLSL shaders for relief texturing is important because without optimization, even
powerful modern GPUs can be overloaded with computational operations, leading to reduced frame rates and instability
of interactive applications. The main areas of optimization include reducing conditional branches and loops, minimizing
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