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strengths. Modern programming languages and libraries often provide thread and process management 

tools to simplify the development of multithreaded and multiprocessing applications in Linux. The 

increase in game software performance due to threads and processes in the Linux operating system can 

vary significantly depending on the nature of the game, the hardware it's running on, and how well the 

game is optimized for multithreading and multiprocessing. Let's consider several ways threads and 

processes can impact game performance. 

The first way is multithreading. Parallel execution based on multithreading can improve game 

performance by allowing specific tasks to run concurrently on multi-core CPUs. For example, game 

engines can use separate threads for rendering, physics simulations, and AI calculations, utilizing all 

available CPU cores. Responsiveness based on multithreading can help maintain a smooth and responsive 

user interface (UI) even when computationally intensive tasks are running in the background. This is 

important for preventing frame rate drops or input lag. Faster load times based on background loading of 

assets (textures, models, etc.) in a separate thread can reduce load times and provide a seamless gaming 

experience. 

The second way is multiprocessing (multiple processes). Isolation, used for running game logic 

and other components in separate processes, can enhance stability and security. If one component crashes, 

it's less likely to affect the entire game. Resource management, used for multiprocessing, can help 

manage resource-heavy tasks that are best isolated from the primary game process, such as video 

encoding or complex physics simulations. This can prevent these tasks from adversely affecting game 

performance. Parallelism, used for specific game servers and backend processes, especially in online 

multiplayer games, can benefit from multiprocessing to handle concurrent connections or game instances. 

However, it's important to note that adding more threads or processes does not always guarantee a linear 

increase in performance. That is why there are challenges to consider. These problems and considerations 

are as follows. Synchronization overhead is that synchronization mechanisms like mutexes or semaphores 

may be required when multiple threads or processes need to access shared data. If not managed carefully, 

these can introduce overhead and potential bottlenecks. Complexity appears when multithreaded and 

multiprocess programming can be complex, and managing concurrency issues, such as race conditions 

and deadlocks, can be challenging.  

For this, Amdahl's Law states that the speedup from parallelization is limited by the fraction of the 

program that cannot be parallelized. That is why some game tasks are inherently sequential, meaning they 

can't be parallelized effectively. Resource constraints are that adding more threads or processes consumes 

additional memory and CPU resources. Not managed well can lead to resource contention and reduced 

performance. 

Overall, the performance gains from threads and processes in Linux for game software depend on 

careful optimization, hardware capabilities, and the specific demands of the game. That is why game 

developers often employ profiling and benchmarking tools to identify performance bottlenecks and make 

informed decisions about where to implement multithreading or multiprocessing to achieve the best 

balance between performance and resource utilization. 
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This work is devoted to the coverage of BEAM robotics development issues. The author provides a 

comparative analysis between the BEAM robot and a classic mobile robot according to various criteria 

and has developed a BEAM robot scheme based on Arduino Pro Micro using a Solar Panel. 

 

BEAM robotics (Biology, Electronics, Aesthetics, Mechanics) is an approach to creating minimalist 

robots that combines a biologically inspired approach with electronics, mechanics and aesthetics [1]. 
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BEAM robots are based on the concept of using simple components and tools such as solar panels, light 

sensors, motors and capacitors to create autonomous robots that can interact with their environment. One 

of the main principles of BEAM robotics is the efficient use of energy, similar to how nature uses energy 

for the functioning of living organisms. Research in the field of BEAM robotics has the following 

promising aspects [2,3]: 

- efficient use of resources: BEAM robotics shows how functional robots can be created using 

minimal components and using energy from renewable sources such as solar panels. In the context of 

growing interest in sustainability and energy efficiency, this may have a practical application in robotics 

to create autonomous systems with reduced energy dependence; 

- training and education: BEAM robots have long been used as a tool for training and education, as 

they help to experience and understand the principles of robotics, electronics and mechanics. In 

combination with modern distance learning platforms and virtual reality, BEAM robotics can become a 

powerful tool for learning and practical application of knowledge in the field of robotics; 

- experimental solutions: BEAM robotics promotes a creative approach to robot construction and 

solving real problems. It allows you to experiment with different designs, mechanisms and electrical 

components to create non-standard and innovative robots; 

- application in biorobotics: Insights obtained from the natural mechanisms used in BEAM robots can 

be useful for the development of biorobotics and biologically inspired robots. This can contribute to the 

creation of more adaptive and efficient robots for specific tasks [5-7]. 

An example of BEAM robots developed by the Mark Tilden team is presented in Figure 1. 

 

  
а) б) 

а) insect-like shape [1]; б) QUL [1]. 

Figure 1 – BEAM robot developed by Mark Tilden's team 

 

Table 1 shows a comparative analysis between the BEAM robot and the classical mobile robot 

according to various criteria. 

 

Table 1 – Comparative analysis between the BEAM robot and the classical mobile robot. 

Criterion BEAM Robot Classic Mobile Robot 

Energy supply Use of solar panels and 

renewable energy 

Battery or accumulator 

Number of components Minimal quantity, simple 

components 

Different components for 

different functions 

Reaction to the environment Reacts to changes in light, 

darkness, obstacles 

Can use sensors to detect 

objects 

Mechanical mechanisms Simple mechanical moving 

parts 

Various motors, gearboxes, 

wheels 

Using programming Minimal or no programming Usually requires programming 

to control 
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Based on the selected criteria presented in Table 1, we will develop the scheme of the BEAM robot, 

which is presented in Figure 2. 

 
Figure 2 – Scheme of a BEAM robot based on Arduino Pro Micro using a Solar Panel 

A Solar Panel (80x45mm, 5V) is used to power the BEAM robot; the TP4058 module is a charging 

module for lithium-ion or lithium-polymer rechargeable batteries. This module allows the battery to be 

charged from a power source such as a solar panel or DC source. To position the Solar Panel according to 

the sun, it is planned to use the GL5516 sensor and servo motors Servo1, Servo 2, which allow you to 

rotate the optimal angle of inclination according to the sun. The engine control system (M1, M2, M3, M4) 

is built on the basis of the MX1508 driver module. The general control system, information processing 

and decision-making system is built on the basis of the Atmega32u4 microcontroller (Arduino Pro Micro) 

[8-12]. 

Conclusion. All these factors show that BEAM Robotics can continue to make an important 

contribution to the development of robotics, even in the age of modern technology, helping to shape the 

approach to creating robots that interact effectively with the surrounding world and resources. 
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Проведене дослідження присвячено кросплатформовому фреймворку Flutter. Порівняння 

було зосереджено на відмінностях продуктивності вбудованих програм. Дослідження  показало, 

що Flutter-застосунки мають таку ж продуктивність, як і нативні Android-застосунки для 

геолокації користувача, доступу до бази даних і безперервного прокручування списків.  

 

З постійно зростаючими апаратними можливостями програмне забезпечення для мобільних 

пристроїв стає все більш складним. Незважаючи на те, що технологічні тенденції продовжують 

розвиватися та змінюватися з часом, проблематика розробки застосунків для певних платформ 

залишається незмінною, оскільки кожна платформа має власну архітектуру та набір інструментів 

для створення застосунків. 

Існує два способи розробки мобільних застосунків: нативна розробка, націлена на конкретну 

операційну систему, і кросплатформова розробка, націлена на кілька операційних систем. Вибір 

між нативною чи кросплатформовою розробкою є одним із найважливіших рішень у будь-якому 

проекті мобільного застосунку. Це єдине рішення має величезні наслідки для дизайну програми, 

технологій, використаних для її створення, і, зрештою, користувачів, які мають до неї доступ. 

Фундаментальна відмінність між нативною та кросплатформовою розробкою залежить від 

того, для якої операційної системи ведеться розробка. Нативна мобільна розробка дозволяє 

створювати програми для певної операційної системи – Android або iOS. На відміну від цього, 

кросплатформова розробка дозволяє створювати застосунки для кількох операційних систем. 

Розробка мобільних застосунків на кросплатформових фреймворках економить час і, як 

наслідок, гроші на розробку. Крім того, розробникам не потрібно вивчати кожну платформу при 

тому, що вони все ще можуть охоплювати кінцевих користувачів цих платформ. Ще одна перевага 

кросплатформових фреймворків полягає в тому, що застосунок виглядатиме однаково на різних 

платформах. Це чудово підходить для застосунків з унікальним стилем, оскільки розробникам 

потрібно створити його лише один раз, як і з кодом. Однак, якщо розробник хоче, щоб застосунок 

виглядав як нативний, цього легше досягти за допомогою нативної системи. 
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