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This article covers programming techniques in embedded devices, focusing on the advantages
and disadvantages of real-time operating systems. With the development of technology and the
growth of user requirements, approaches to programming change, and the question arises about
the feasibility of using different technologies, since the new ones are not always better in certain
cases. This article covers programming techniques in embedded devices, focusing on the ad-
vantages and disadvantages of real-time operating systems. With the development of technology
and the growth of user requirements, approaches to programming change, and the question arises
about the feasibility of using different technologies, since the new ones are not always better in
certain cases. Shedding light on the intricacies of selecting the most suitable technologies amidst a
backdrop of shifting paradigms.
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Introduction. Embedded systems are an integral part of the modern world, ensuring the
functioning of a wide variety of devices — from household appliances and automotive systems
to medical equipment and industrial automation. Software development for such systems re-
quires a special approach due to strict requirements for efficiency, reliability and real-time op-
eration. One of the popular approaches to the organization of embedded system software is the
super loop architecture. Although this architecture is simple and can be effective for small, not
very complex systems, it has significant limitations in the context of more complex applica-
tions.

Real-time operating systems (RTOS) solve the limitations of the superloop and other un-
derlying architectures by providing a more precise and reliable mechanism for hardware con-
trol and task allocation. RTOS allow developers to divide complex programs into separate
tasks with defined priorities and execution times, which ensures productive system operation
and high performance even in the most complex applications.

The need for development in the field of RTOS is due to the growing requirements of
modern technologies, such as autonomous vehicles, 10T devices and industrial automation sys-
tems. They require high reliability and accuracy, which can only be achieved with the help of
advanced RTOS. Developments in this area allow creating more complex and functional em-
bedded systems that meet the requirements of future innovative technologies.

The purpose of the study is to compare the initial and new architectural solutions, analyze
the feasibility of use and compare the performance of each of the solutions.
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Architecture. In embedded software development, there are several popular architectures
that help organize code for efficient device operation. In this article, we will consider several of
the main ones, list their advantages and disadvantages, and compare which tasks each method
is best suited for.

Superloop. The Super Loop architecture is one of the simplest approaches to software de-
velopment for embedded systems [1]. The main idea is to create a big endless loop in which all
the functions of the program are executed in turn. Each step of the cycle is responsible for per-
forming certain tasks, for example, processing data from sensors, performing calculations or
controlling actuators.

Advantages include the simplicity of the implementation of the superloop architecture,
which makes this approach attractive to beginners and those who want to quickly build a work-
ing system. A significant advantage is the high accuracy of delays, which in the execution of
tasks in a sequential cycle can provide precise control over the delay time between tasks.

Another benefit is low overhead, as the lack of multiple levels of abstraction and task
management means that overhead is minimal. And this, in turn, can be an advantage for sys-
tems with limited resources [2].

There are also disadvantages in this architecture. Among them - accumulation and com-
plication of the program. This means that over time, the number of functions performed in the
loop can increase, which leads to the complexity of the program and decrease in its speed.

Since all functions are executed in a single loop, it becomes difficult to manage priorities
and quickly change the order of execution, resulting in a loss of flexibility. There is no parallel-
ism in a superloop, tasks are performed sequentially, which can lead to a loss of efficiency in
systems where parallelism is essential. Over time, maintenance of the application can become
difficult due to the growth in size and complexity of the code, which indicates the difficulty of
maintenance. Some tasks may require tighter time control than others, which may be difficult
to implement within a single cycle.

Real-time operating systems. Real-time operating systems are designed to control hard-
ware and perform tasks at a specified and predictable time [3]. These systems are specifically
designed to ensure accurate and reliable performance of embedded systems where response
time and accuracy are critical.

Real-time operating systems provide accurate and predictable task performance, which is
critical for many embedded systems. Due to the controlled execution of tasks, the RTOS in-
creases the reliability of the system. Such a criterion as the flexibility of the RTOS allows de-
velopers to configure the system depending on the requirements, including task prioritization.
Due to the ability to skip tasks that cannot be performed at the moment, Real-time operating
systems allow the system to continue working without stopping, which means continuity of
operation and has a significant advantage over superloop.

Disadvantages include the following RTOS criteria. Implementation and configuration of
an RTOS can require considerable effort and expertise in embedded systems programming.
Commercial RTOSes can be expensive to purchase and maintain. Working with Real-time op-
erating systems requires experience and knowledge, which can be a barrier for beginners.

When choosing between an RTOS and a superloop architecture for embedded software
development, it is considered specific application examples that fit each architecture and ex-
plain why you should choose one over the other [4].

Real-time operating systems. When giving preference to real-time operating systems, it
is necessary to understand the important points why you should choose them. Consider the
situation when it is necessary to monitor several processes at the same time. This can be done
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in several ways, one of these ways is the accumulation of microcontrollers, each of which will
observe its own part. This approach is too expensive. Another method is to use one microcon-
troller and poll the sensors one by one, and after polling, perform calculations. In this case, a
lot of time is wasted on calculations. This creates significant time gaps in which a critical situa-
tion may arise that requires an immediate solution [2]. Vital time (and such a situation is quite
real) will be spent on calculations. This served as one of the reasons for the creation of real-
time operating systems. They allow you to perform processes in parallel, even on single-core
microprocessors, where they are mainly used. For clarity, examples of areas and advantages in
which it is recommended to use RTOS are given.

Modern cars are equipped with numerous electronic systems that perform a variety of
tasks, from engine management to safety systems and infotainment systems. RTOSes allow
these systems to be controlled with high precision and predictability. For example, the elec-
tronic stability control (ESC) system must instantly respond to changes in vehicle driving con-
ditions, which requires high speed data processing and control.

In the field of aviation and space, there are always requirements for high reliability and
accuracy of task performance [5]. RTOS provides real-time control of the flight of aircraft or
spacecraft, which is very important for the safety of passengers and crew. Medical devices such
as cardiac monitors or insulin pumps must work with high precision and reliability, as the
health and lives of patients depend on it. RTOSes allow for predictable and accurate control of
these devices.

Superloop. Compared to the RTQOS, the superloop is simple to implement and facilitates
device development. It is a simple and efficient choice for less complex projects that do not
require high flexibility and parallel processing, so it allows you to easily agree on a logical
sequence of actions.

Examples of areas in which it is recommended to use, as well as the advantages of using
superloop. In the field of home automation, for example, to control lighting or household ap-
pliances, simple embedded systems with limited capabilities are often used. The superloop
architecture is suitable for such systems due to its simplicity and ease of development. Many
portable devices: flashlights, watches, or small sensor devices often use superloop architecture.
These devices need simple and effective solutions, which he provides. Instrument Panels and
Displays: Industrial instrument panels or simple displays for displaying data often use the su-
perloop architecture due to its simplicity and low overhead.

Working principles of architectural solutions. Architectural decisions are the founda-
tion of any embedded system and define how the system will operate, manage resources, and
perform tasks. In the section, we will consider the principles of operation of various architec-
tural solutions used in embedded systems, including RTOS and superloop architecture [6].
These approaches have different features that affect the overall system design, efficiency, and
reliability.

Superloop structure. The architecture of a superloop consists in the sequential execution
of a set of actions from beginning to end in an infinite loop. This approach provides a clear
structure for the execution of tasks, but the only exception is hardware interrupts, which can
occur at any time. During an interrupt, the system executes a special piece of code, then returns
to the current location in the loop, continuing program execution. Fig. 1 shows the implementa-
tion principle of this architecture. Tasks 1 to 4 in the Fig. 1 are the notation of individual solu-
tions for the conditional system.
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The loop continues without stopping until all the tasks in the sequence are completed, and
then it starts over. However, if the application crashes or hangs during a task, it can cause the
application to stop completely. There are various methods to avoid this condition, such as
checkpoints, but when an error occurs, the system is forced to start over instead of repeating
only the specific task [7].
This approach can be limiting in complex systems, but it has its advantages in simple ap-
plications where sequential execution of tasks is desirable or even necessary.
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Fig. 1. Realizations of superloop architecture

The superloop architecture is often used in embedded systems, such as garden irrigation
control, due to its simplicity and efficiency. The irrigation system controller is responsible for
turning on and off the water valves according to the set schedule, monitoring the soil moisture
level, using sensors, and displaying the system status on the display.

Consider an example of a system in which the option of using a superloop is preferable.
The algorithm of the system is shown in Fig. 2. The task of this system is to measure the pa-
rameters of the environment and display the results on the screen, the diodes that signal the
start and end of the measurement also work. In this case, the task is important to us that some
sequence of actions is followed in a strict order and repeated for each measurement. We will
describe in more detail the algorithm of the above code. We will also analyze in more detail the
importance of implementing this particular architecture.
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Fig. 2. Scheme of the conditional system algorithm

Consider the created block diagram for our automatic watering system. Let's assume that
we have a set of parameters that must be constantly monitored: soil moisture and the amount of
water that was poured into the soil. These parameters can be determined instantly and, depend-
ing on the results, either stop watering or continue. As we can see, the tasks for this system are
quite primitive and do not fall under real-time requirements, since we do not have any module
for exchanging parameters over the Internet or inputting parameters to which an instant reac-
tion should occur. In addition, these tasks do not take much processor time, which could lead to
a critical delay in the system. Parameters can be entered at system startup.

Firstly, turn on the LED, which signals the start of the device. The next step is to display
the current time and date on the display, this is useful for tracking the execution time of various
processes and for informing the user. Further, with the help of the function, the system receives
the parameters from the sensors, which are required for further processing. After receiving the
data, it is processed, transformed, deciphered and analyzed. Regulation of watering the lawn,
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depending on the data received from the sensors. Next, the measurement results are shown on
the display. The superloop ends by turning off the LED to indicate the completion of pro-
cessing one cycle, i.e. one measurement. Adding a delay before starting a new cycle. This can
be useful for adjusting the frequency or timing of program execution.

Using a superloop in this code has its advantages. A superloop allows you to perform a
number of different functions in an infinite loop without blocking program execution. This
means that the program can continuously perform different tasks without waiting for the previ-
ous ones to finish.

Also, each stage of the superloop is executed in an infinite loop, which allows the pro-
gram to respond to changes during the next iteration of the loop. For example, in the given
case, the program can immediately respond to the requirements of lawn watering management
and display of data measured by sensors, since the complexity of implementing this system is
small. In general, the use of a superloop can be useful in many cases, especially in applications
that require a constant response to changes in the environment or external events.

Structure of real-time operating systems based on freeRTOS. RTOS are an important tool
for developing embedded systems that require multitasking, reliability, and precise time control
[8]. FreeRTOS is one of the most popular RTOS, widely used in various embedded applica-
tions. The structure of real-time operating systems based on FreeRTOS includes several key
components that ensure efficient management of tasks and resources:

Tasks: FreeRTOS allows you to create multiple tasks, which are independent blocks of
code that run simultaneously due to multitasking. Each task has its own priority, which deter-
mines its importance compared to other tasks. Tasks with a higher priority take priority over
tasks with a lower priority.

Scheduler: The scheduler in FreeRTOS determines when and which tasks should be exe-
cuted, depending on their priorities and current state. Tasks can be in different states, such as
running, waiting for an event, or inactive. The scheduler selects tasks to run according to their
priority and status.

Synchronization mechanisms: FreeRTOS provides various synchronization mechanisms
for the interaction of tasks with each other and with other system resources. Among them are:

Semaphores: Allows you to control access to resources and synchronize the execution of
tasks.

Mutexes: Provide exclusive access to resources, preventing them from being used simul-
taneously by multiple tasks.

Message queues: Allow tasks to exchange data or messages to coordinate their actions.

Timers: FreeRTOS supports timers that allow certain tasks to be executed at specified in-
tervals or under specified conditions. This is useful for tasks that need to be performed periodi-
cally or in real time.

Events (Event Groups): FreeRTOS has an event group mechanism that allows tasks to re-
spond to various events in the system. Tasks can wait for certain events and be executed after
they occur.

Memory Management: FreeRTOS supports both dynamic and static memory allocation
for tasks. This allows efficient use of limited memory resources, which is especially important
for embedded systems.

Hardware Support: FreeRTOS supports a variety of microcontrollers and architectures,
providing a wide selection of libraries and drivers for hardware interaction. This makes it easi-
er for developers to deploy FreeRTOS in different environments.
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With these core components, FreeRTOS provides developers with a powerful toolkit for
building reliable, efficient, and scalable embedded systems. Ease of use and a wide range of
features make FreeRTOS popular with many users in the world of embedded systems.

Users of embedded systems expect the system to work smoothly and harmoniously, per-
forming multiple tasks at the same time. This may include, for example, instant reaction to user
commands, display of current data on the screen, performance of certain operations with
equipment, such as: control of sensors or switching of relays. In an ideal world, all of these
actions are performed simultaneously and without noticeable delays, resulting in a smooth user
experience.

FreeRTOS implements the parallel operation of the embedded system using multitasking,
which allows the program to break complex processes into several independent tasks. Each
task has its own priority and execution time, which ensures efficient allocation of processor
time between tasks. The FreeRTOS scheduler manages task priorities and their distribution,
allowing each task to run at the optimal time.

Thanks to context switching, FreeRTOS is able to quickly switch between tasks, which
allows you to support parallel work and efficiently use computing resources. FreeRTOS also
offers various synchronization mechanisms, such as semaphores and mutexes, which allow
tasks to interact with each other and with the hardware, preventing conflicts and improving
overall system performance.

Thus, FreeRTOS ensures stable and reliable operation of embedded systems, performing
tasks simultaneously and in a coordinated manner. This allows users to enjoy a fast and unin-
terrupted system that performs all its functions effectively without noticeable delays or crashes.

Analyzing the Fig. 3 [9], it becomes clear how parallelism is realized in RTOS and per-
ception of information by the user. First of all, each task is a certain sequence of actions that
are connected to each other by means of a goal that must be achieved. Which task should be
performed first and in which sequence is decided by the task manager, but the time for opera-
tions in the system is the same for everyone. With the help of such a technical solution, an illu-
sion is created for the user that all processes are performed simultaneously, although each pro-
cess takes a certain amount of time, which the user has previously set.

TASK 1 TASK 1
]
TASK 2 ..| .. TASK 2 0
TASK 3 L] TASK 3 ‘ ‘ ‘
TASK4 | m TASK 4 —
TAsKkS I || TASK 5
REAL CPU WORK USER PERCEPTION

Fig. 3. Comparison of the real operation of microcontroller and user perception

Let’s consider another example of a system for which it is advisable to apply FreeRTOS.
As part of the task, it is necessary to monitor the operation of a meteorological station, which
analyzes parameters of humidity, pressure, temperature, direction and wind speed, and is regu-
lated via the Internet. This system works with the following main tasks.
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The thermostat regularly receives data from temperature and humidity sensors in the
room, as well as, if necessary, from sensors of the external environment. This helps to deter-
mine the current state of the indoor and outdoor climate.

1) The received data is compared to the target temperature and humidity values set by
the user.

2) Depending on the need, the system controls the heating or cooling of the room.

3) The system displays the current system status and all necessary settings and target
values on the screen.

4) The user can change the target temperature and humidity values directly using the app
on the smartphone.

Let's consider the advantages of using the FreeRTOS operating system in this system.
Since this system has the potential for further expansion and improvement, it is important to
provide as flexible a code structure as possible to facilitate modernization and optimization of
functionality. Using the previous approach can lead to a significant increase in the amount of
code and create a situation where the system does not have time to respond to user commands.

The use of FreeRTOS, on the contrary, provides convenience in the modernization and
expansion of the code, and also allows you to effectively implement pseudo-parallel execution
of tasks. This makes the system more dynamic and ready for further development.

| Task1\‘| | Tasik2 | |}ask3 |
RTOS
IPC Scheduler

Fig. 4. General structure of FreeRTOS

The Fig. 4 [10] above shows how tasks are formed in the RTOS. First of all, all tasks are
distinguished according to what they should perform. Peripheral management, security, and
distribution of which tasks are entitled to execution are handled by the operating system core
itself. Let's check the expediency of using RTOS based on an example with specified times for
each task. Let’s take three tasks that require 30, 50 and 70 ms to complete. The context switch-
ing time will be 20 ms. Let's divide the tasks into several stages for complete completion. The
first task will be completed in 2 stages, the second in 3 and the last in 4 context switches. Let’s
consider in more detail. Each stage of context switching takes place in a given time interval. If
we consider that we have a task that systematically monitors the change of information entered
by the user in the system, then the reaction time on average will be 60 ms for three tasks. Since
it takes 20ms to switch to the task and check. With a given number of tasks and a known con-
text switching time, we can calculate how much time it takes to return to the operation we
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need. When implemented by a superloop, the current time would be the time for all operations
to complete.

The main problem of choosing architecture. The challenge of choosing an architecture
for embedded systems is to determine the optimal approach to software organization that satis-
fies the specific requirements and constraints of the system. The choice of architecture deter-
mines how tasks will be executed, how the system will respond to real-time events, and how
resources will be allocated between different tasks.

There are major issues and aspects to consider when choosing between Superloop and
FreeRTOS. The superloop architecture is simple to implement because it involves executing
tasks in a fixed loop without multitasking. This can be an advantage for small and simple sys-
tems. FreeRTOS, on the other hand, requires more complex code organization, which can re-
quire more development and debugging time.

FreeRTOS provides better response to real-time events with the ability to prioritize tasks
and manage multiple threads. A superloop may not provide such a speed of response, since the
tasks are executed sequentially. FreeRTOS provides more flexibility in the allocation of re-
sources between tasks, which allows you to efficiently manage a system with different levels of
task complexity. A superloop, on the other hand, limits the possibilities of simultaneous work
with several tasks.

The choice of architecture can affect system power consumption. Choosing FreeRTOS
can be more energy efficient due to the ability to stop unused tasks and optimize their perfor-
mance. A superloop can consume more energy due to the continuous execution of the loop. If
the system needs to be expanded or upgraded, FreeRTOS can provide greater scalability with
its flexibility and threading capabilities. A superloop can become a limiting factor for more
complex systems.

A superloop architecture can be easier to design and maintain due to its simplicity, but it
can lead to complications in more complex systems. FreeRTOS may be more complex for ini-
tial development, but it can provide better long-term performance and reliability.

Ultimately, the choice of architecture for embedded systems is a matter of balancing the
system requirements against the capabilities of each of the available architectures. After weigh-
ing all the pros and cons of each approach, the developer must make a decision that best meets
the specific needs of the project.

Alternatives of real-time operating systems. In the world of embedded systems, there
are many different RTOS that offer alternatives to typical RTOSs and may be better suited for
specific tasks. Let's consider the main alternatives and their features.

Event-driven systems. Such systems focus on the processing of events that occur in the
system, instead of cyclical execution of tasks. This increases efficiency because resources are
only used when there is an event. Example. A system that responds to button presses or sensor
events can work more efficiently using an event-driven approach.

Operating systems with optimized power use (Power-aware RTOS). In such RTOSes,
special attention is paid to optimizing energy use, which can be important for battery-powered
devices. Example: an environmental monitoring system that collects data from various sensors
can work with such an OS to maximize the battery life of the device.

Systems with mixed criticality (Mixed-criticality Systems). Such RTOSes can provide
different levels of service for tasks with different levels of criticality, optimizing performance
and reliability. Example: A car's control system can have critical tasks, such as driving safety,
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and less critical tasks, such as a multimedia system. Time-triggered RTOS. In such systems,
tasks are performed according to a clearly defined schedule, which ensures predictable and
reliable system operation. Example: Air traffic control systems can use this approach to ensure
flight synchronization and safety.

Systems with a high level of security (Safety-critical RTOS). Such systems are designed
with special emphasis on ensuring reliability and safety of operation, often used in industries
where errors can be dangerous. Example: medical equipment or industrial process control sys-
tems can use such RTOSs to ensure safety and reliability.

Each of these alternatives has its own advantages and is suitable for specific use cases.
The choice of RTOS depends on the requirements of the specific project, including needs for
performance, energy efficiency, security and reliability.

Tips for choosing architecture. When developing a system, it is important to consider
several key aspects to determine the optimal architecture - either a supercycle or a real-time
operating system (RTOS). By anticipating the needs and characteristics of the project, an in-
formed choice can be made that meets the requirements and resources of the system [11].

One of the key aspects is the analysis of tasks and their reaction times. If the system has
tasks that require precise responses in real-time, such as process control or signal processing,
an RTOS may be the better choice. On the other hand, simple tasks that do not require precise
time control can be successfully performed using a supercycle.

The second aspect is the resources of the system. It is important to consider the amount of
memory, processor power, and input-output capabilities. An RTOS may require more resources
compared to a supercycle, so it is important to ensure that the system can handle its load.

Consideration should also be given to the complexity of development and maintenance. A
supercycle may be simpler to implement and understand, which is especially useful for smaller
projects or beginners. On the other hand, an RTOS can simplify the management of complex
tasks and provide greater stability in meeting real-time requirements.

Finally, consider the future needs and expansion possibilities of the system. If there is ex-
pected growth in functionality or a need for greater accuracy in real-time response, it may be
wiser to choose an RTOS. It is important to balance all these aspects and choose the architec-
ture that best suits the specific needs and capabilities of the system. No option is universally
better, so it is important to make an informed choice, taking into account all circumstances
[12].

Conclusion. As a result of the study, an analysis and comparison of the expediency of in-
creasing the complexity of the code was carried out, to the time advantages that each of the
architectural solutions provides us.

Considering the problems of cyber-physical systems in our time, we are strongly connect-
ed with remote control over the Internet. When creating large-scale systems that must instantly
respond to user actions, it is advisable to use an RTOS operating system. It enables easy up-
grades and code improvements without mixing independent tasks with each other. It also gives
an advantage in the speed of the system's response, since the execution of tasks is carried out
pseudo-parallel, which allows us to quickly fulfill the user's request in real time.

Compared to RTOS, a superloop, which is simpler to implement, the time delay for the
reaction of user actions can be significant in large-scale systems, since each task in this archi-
tecture is used sequentially, and in case of unpredictable reactions of the system, the entire ex-
ecution process is stopped. Another disadvantage of the system is the difficulty of mainte-
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nance. Over time, there is an accumulation of tasks performed by the system, therefore, accord-
ingly, the volume of written code in the loop becomes significant. This makes it difficult to
further modernize and improve the performance of the system. In addition to the ease of im-
plementation, it is possible to accurately track the time at which a particular task is executed,
since the task is executed from start to finish.

After comparing the timing diagrams, it becomes clear that for small tasks, RTOS can
cause more harm than good and complicate the creation of a system regardless of reliability
and the ability to perform tasks in parallel. However, in massive systems, the expediency of
using RTOS is justified due to the ease of modernization and independence of tasks. In small
tasks, the useful time to perform the operation is taken by context switching in the operating
system. In the case of long-term tasks, we need to be given the opportunity to perform and cal-
culate the next steps. Under such conditions, and especially when the speed of the system's
response to the user's actions is important, it is advisable to use RTOS.

On the basis of the conducted research, we can single out the following important points
for the correct choice of architecture before starting the implementation of the task. First of all,
it is necessary to foresee each task that the system should perform. After receiving the list of
tasks, it is necessary to set priorities and order of execution. In the case of the need for instant
system feedback from the user or the execution of several tasks at the same time, it is advisable
to use RTOS, because when implementing the superloop architecture, the program can give
priority to the execution of the process, but in no way execute the processes at the same time.
In the case of a small number of tasks that need to be performed, it is advisable to use a super-
loop architecture, since the tasks will be executed one after the other and will not waste time
switching contexts, handing over CPU time to another task.
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MOPIBHAJIbHUM AHAJII3 MIK ONNEPAIIIMHUMHUA CUCTEMAMM PEAJIBHOTI'O
YACY I CYHEPIIUKJIAMH
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VY po6oTi mpoaHati30BaHO Ta 3IHCHEHO MOPIBHSHHS MOIUILHOCTI 30UNBIICHHS CKIaIHOCTI
KOy y KOHTEKCTi YaCOBHX IIE€PEBar, sKi HaJar0Th Pi3Hi apXiTeKTypHi piieHHs. Y 3B'S3Ky 3 Mpo-
OsleMaMu Kibep-(pi3MYHUX CHCTEM CYYacHOCTI, SKi CHIIBHO 3aJIeaTh BiJl BIATAIICHOTO KEPyBaHHS
4epe3 [HTEpHET, DOCIIIKEHHs aKIEHTYE yBary Ha BaXKJIMBOCTI BHOOPY apXiTEKTypH AJsS CTBO-
PEHHS BEIMKOMACIITaOHHUX CHCTEM, 1[0 MAlOTh MUTTEBO pearyBaTH Ha il KOpUCTYBadiB.
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JlocnmijpkeHHsT BU3HAYa€ IepeBard BUKOPUCTAHHS OIEPAIlifHOI CHCTEMH PEabHOTO Yacy
(RTOS), ockingbku BOHA JTO3BOJISE 3/IIHCHIOBATH JIETKI OHOBJICHHSI Ta MOKPAIEHHS KOy 0e3 1o-
PYILICHHS He3aJIeKHUX 3aBJaHb. [i TICeBIOMApaTeTbHNH MEXaHi3M BUKOHAHHS 3aBIaHb TIiIBUIIyE
LIBUIKICTh peaKiii cucTeMu, 3a0e3Meuyoun BUKOHAHHS 3allUTiB KOPUCTYBadiB y peaJbHOMY Ya-
ci.

V¥ nopieasanHi 3 RTOS, apxiTekTypa cynepykiIy Moke BUKJIUKATH 3HA4HI 3aTPUMKH Y peak-
il Ha Jif KOPHUCTYBadiB y BEJIMKOMACIITAOHUX CHCTEMax 4depe3 MOCITiZOBHE BUKOHAHHS 3aBIaHb.
KpiM TOro, BUHMKAIOTh CKJIAIHOLII YTPUMAaHHs CHCTEMH dYepe3 HaKOIMYEHHS 3aBJaHb 3 4acoM,
110 YCKJIAJHIOE TTOJATIBITY MOJEPHI3allil0 Ta IIOKpANIeHHs IIPOTYyKTUBHOCTI CHCTEMH.

[Ticns mopiBHAIBHOTO aHAII3y Aiarpam 4acy cTae 3po3yMiTHM, 1o B MajuX 3aBaaHHsax RTOS
MOX€ MPU3BECTH 10 OLIBIIOrO 30UTKY, HiXK KOPHCTI, 1 YCKIIQJIHUTH CTBOPEHHS CUCTEMH, He3alle-
JKHO BiJl HAJIHOCTI Ta MO>KJIMBOCTI BUKOHAHHS 3aBAaHb MapajenbHo. OIHaK y BeIHKOMacmTad-
HuX cucteMax BukopuctaHHs RTOS oOrpyHTOBaHEe Yepes Horo 3py4HiCTh MOJAEpHI3aIil Ta He3a-
JIEXHICTD 3aBJaHb.

Ha ocHOBi mpoBeaeHOT0 AOCTiKEHHS BUAUICHO BaKJIMBI MOMEHTH JJISI IPABUIIBHOTO BUOOPY
apXiTEeKTypH IepeJl TOYaTKOM BIIPOBADKEHHS IEBHOTO 3aBJaHH:. 30KpeMa, MOJHA Iepea0adnTH
KOJKHE 3aBJIaHHSI, K€ CHCTeMa ITIOBUHHA BUKOHYBATH, BCTAHOBUTHU IPIOPUTETH Ta MOPSJOK iX BHU-
KOHaHHS. Y BHIAAKY NMOTpeOU B MUTTEBIH BIAMOBINI CHCTEMH BiJ KOpHCTyBada ab0 BHKOHAHHS
KiJIbKOX 3aBJaHb OJHOYACHO PEKOMEHIYEThCs BUKoprucToByBati RTOS. J{is BUMaakiB 3 HEBEIH-
KOO KIJIBKICTIO 3aBJjaHb PEKOMEHIYETHCS BUKOPHUCTOBYBATH apXiTEKTypy CYNEpLHKIy, LIO 3a-
Oe3medye BUKOHAHHS 3aBlaHb IOCIIZOBHO 1 HE BTpayae yac Ha MEPEMUKAHHS KOHTEKCTIB MIX
HHUMH.

Knrouoei cnosa: OCPY, cynepuuki, BOyI0BaHI CHCTEMH, apXiTeKTypa.
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