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Application of clonal selection principle in neural architecture
search

Dmytro Darahan®, Oleksandr Sahaidachnyi?, Nataliia Serdiuk®

“ Kharkiv National University of Radioelectronics, Nauky ave., 14, Kharkiv, 61166, Ukraine

Abstract

This paper describes the application of artificial immune systems in the domain of automatic
machine learning. A method of applying the clonal selection algorithm for solving the task of
searching for neural architecture is proposed. The prospects of using the described approach,
its advantages and disadvantages are analyzed, and the future research subjects are outlined.
Keywords *

AutoML, artificial intelligence, artificial immune systems, deep neural networks, neural
architecture search

1. Introduction

Automated machine learning, also known as AutoML, is the process of automating the time-
consuming tasks of developing machine learning models. It allows to creation of machine learning
models with high scalability, efficiency, and productivity, preserving model quality.

Depending on the essence of the problem, a deep learning expert may need tens to hundreds of
experiments to find the balance between neural network architecture and hyperparameters. Such
searches, as a rule, require a large amount of computing resources.

AutoML potentially includes all steps from starting with a raw dataset to building a deployment-
ready machine learning model. AutoML was proposed as an Al-based solution to the growing problem
of machine learning applications. Common techniques used in AutoML include hyperparameter
optimization, meta-learning, and neural architecture discovery.

A subfield of AutoML, Neural Architecture Search (NAS) is a technique for finding the best neural
network architecture for a given problem. NAS automates the design of deep neural networks, providing
higher performance and less loss than manual architecture search.

The general idea of NAS is to choose the optimal architecture from all possible solutions. The
selection algorithm is based on the search strategy, which, in turn, depends on the objective evaluation
scheme.

There are actual problems of the application of artificial immune networks for tasks of automated
machine learning. AIS uses ideas gleaned from immunology to develop adaptive systems capable of
forming a wide range of tasks in various areas of scientific activity. One such task can be the neural
architecture search.

2. Proposal of conception

Neural architecture search consists of three main components, which can be classified in terms of
the type and complexity of algorithms, on which basis they are implemented: search space, search
strategy, and evaluation strategy.
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The NAS search space defines what type of architecture can be discovered. It is defined by a set of
operations that define the overall structure of the network, the type of units or blocks that define the
layers, and the allowable communication between layers to create architectures.

The search strategy determines how the NAS algorithm experiments with different architectures.
Based on a sample of the network population, the algorithm optimizes the model's performance metrics
as a reward for generating a high-performance architecture output. Types of search algorithms include
random search, evolutionary methods, Bayesian approaches, and reinforcement learning.

During NAS search, the algorithm learns, evaluates, tests, and compares performance before
selecting the optimal neural network. Several strategies can be used to reduce the cost of evaluating
deep learning models, including proxy tasks, low precision performance evaluation, learning curve
extrapolation, network morphism

The clonal selection principle explains how the adaptive immune system deals with external foreign
antibodies. The main elements, antibodies, and antigens are points in the L-dimensional space of forms,
in which the measurements correspond to a set of features essential for the recognition of antigens by
antibodies.

Antibodies recognize foreign antigens with a certain affinity. Affinity is a characteristic that
quantitatively describes the strength of the interaction between an antigen and an antibody. Antibodies
with high affinity are selected for cloning and multiple antibody clones are produced. Cloning —
obtaining a given number of identical copies of the original antibody. Antibody clones undergo a
mutation process. The mutation process leads to the fact that the newly created antibodies have a better
affinity for a given antigen than the original selected antibody. Antibodies with improved affinity are
stored in memory. Newly formed antibodies are removed if they have low affinity.

We propose to use the clonal selection algorithm as a search strategy for the NAS.

As an antigen, should be used the sought hyperparameters of the neural network in the Hamming
space of forms. As a measure of affinity and an evaluation strategy, the neural network training metric
will act at the testing stage, which must be optimized at each generation of the artificial immune system.
To save computing resources on low-affinity antibodies, we suggest using early stopping and training
coefficient planning during neural network training. Also, to speed up the search for the optimal
network, it is planned to use proportional mutation and proportional cloning. The stop criterion for for
the immune network is the lack of improvement in affinity above a certain threshold value during a
certain, small number of generations.

The main problem of this approach is common to all NAS implementations - high computing costs,
the need to correctly define the search space - the number and type of levels, their connections, and
other hyperparameters of the network, etc.

3. Conclusion

We have proposed a conception of the application of the clonal selection algorithm for tasks of
automatic search of neural architecture. We have considered the potential advantages and disadvantages
of this approach. Our proposal should preserve all the advantages of NAS, i.e. accelerate and optimize
the development of neural networks. At the same time, our approach remains prone to high costs of
computing resources, time, and memory. Quantitative and qualitative assessment of the use of this
approach, and in-depth analysis of the results of its application is a topic for further, more thorough
research.
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Application of the Results of Modern Science in the
Development of Information Systems for the Functioning of the
Hotel Business
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Abstract

Article describes the transformative impact of scientific advancements on the hotel industry,
highlighting the challenges and opportunities that hotels face in harnessing these advancements
to provide exceptional guest experiences, operational excellence, and environmental
stewardship.

Keywords ?

Al, Big Data, Information systems, 10T, hotel business, modern science, robotics, VR/AR

1. Introduction

In an era defined by relentless scientific discovery, the hotel industry finds itself at a transformative
crossroads. The infusion of modern science into the realm of information technologies and systems has
revolutionized the functioning of the hotel business. By leveraging findings and innovations from an
array of scientific disciplines, hotels have achieved unprecedented levels of guest satisfaction,
operational efficiency, and environmental sustainability.

2. Problem definition

The hotel industry stands at a pivotal juncture, propelled by the relentless surge of scientific
discoveries that revolutionize the realm of information technologies and systems. This infusion of
modern science has opened doors to unprecedented opportunities for hotels to elevate guest satisfaction,
optimize operational efficiency, and embrace environmental sustainability. However, amidst these
advancements, hotels face the daunting task of effectively harnessing and managing a burgeoning
network of interconnected technologies, safeguarding sensitive guest data, and ensuring the seamless
operation of increasingly complex systems.

In essence, the hotel industry faces a multifaceted challenge in harnessing the transformative power
of modern science while navigating the complexities of data management, cybersecurity, and system
integration. Addressing these challenges will be crucial for hotels to fully capitalize on scientific
advancements and establish themselves as leaders in providing exceptional guest experiences,
operational excellence, and environmental stewardship.

3. Ways of applying the results of science
3.1. The Internet of Things: Revolutionizing the Hotel Industry

The Internet of Things (10T) has emerged as a linchpin in redefining the concept of smart hotels. By
seamlessly interconnecting a myriad of devices and systems, loT technology has ushered in a
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harmonious guest experience. Mobile applications empower guests to control room elements such as
lighting and climate, while simultaneously enabling hotels to optimize resource consumption,
transcending guest satisfaction into the realm of operational efficiency [1].

3.2. Big Data and Analytics: The Science of Personalized Hospitality

The utilization of Big Data and analytics has introduced a data-driven paradigm to the hotel industry.
The ability to decipher guest behavior and preferences empowers hotels to personalize services, fine-
tune marketing campaigns, and forecast room demand with remarkable precision [2]. The resultant
enhancement of the guest experience is inextricably linked to the application of scientific insights.

3.3. Atrtificial Intelligence: Automating Hotel Operations for Efficiency and
Guest Satisfaction

Acrtificial Intelligence (Al) has transcended the conventional boundaries of technology by
automating a gamut of hotel operations. From expediting check-ins to optimizing room temperatures,
Al systems are pivotal in enhancing operational efficiency. Chatbots, driven by Al, elevate the guest
experience by addressing inquiries, and predictive Al capabilities optimize resource allocation and
supply chain management.

3.4. Cybersecurity: Safeguarding Guest Data in a Digital Era

As hotels increasingly rely on digital systems, safeguarding guest data from cyber threats becomes
paramount. The integration of cutting-edge cybersecurity solutions, propelled by scientific research,
shields sensitive guest information and fortifies the hotel's reputation by ensuring data confidentiality
and guest trust.

3.5. Environmental Sustainability: Science Driving Green Practices in Hotels

Environmental sustainability is a key focus in the hotel industry, underpinned by scientific
innovation. Hotels are adopting eco-friendly technologies to reduce energy consumption, minimize
waste, and lower their environmental footprint. 10T sensors optimize energy usage, while data analytics
reveal opportunities for resource conservation, emphasizing the pivotal role of science in achieving
sustainability [3].

3.6. Biotechnology: Enhancing Guest Health and Wellness through Scientific
Innovation

The hotel industry is also embracing the potential of biotechnology to enhance guest health and
wellness. Biometric sensors, embedded in wearable devices or hotel amenities, monitor guest vital signs
and alert staff in case of emergencies. Biodegradable materials, derived from organic sources, replace
plastic and synthetic products, reducing waste and pollution. Biotechnology also enables hotels to offer
personalized wellness services, such as genetic testing, nutritional advice, and customized treatments

[4].
3.7. Robotics: Transforming Hospitality with Intelligent Machines

Another scientific domain that has influenced the hotel sector is robotics. Robots, equipped with Al
and loT capabilities, perform a variety of tasks, such as delivering room service, cleaning rooms, and

providing concierge services. Robots enhance guest convenience and satisfaction, while also reducing
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labor costs and human errors. Moreover, robots can interact with guests in multiple languages, catering
to the diverse needs of international travelers [5].

3.8. Virtual Reality and Augmented Reality: Immersive Experiences for the
Modern Guest

The hotel industry is also exploring the possibilities of virtual reality (VR) and augmented reality
(AR) to create immersive and engaging guest experiences. VR and AR technologies enable guests to
experience different destinations, cultures, and activities, without leaving their rooms. Guests can also
use VR and AR devices to access information, entertainment, and social media, enhancing their comfort
and enjoyment. VR and AR technologies also provide opportunities for hotels to showcase their
facilities, services, and attractions, and to create virtual tours and simulations [6].

4. Conclusions

In summation, the infusion of modern scientific knowledge into the development of information
technologies and systems has indelibly impacted the hotel business. This symbiotic relationship
between science and the hotel industry has ushered in an era of unparalleled guest satisfaction,
operational efficiency, and environmental stewardship. As technology advances unabated, the hotel
sector is poised to continue reaping the dividends of contemporary scientific discoveries.

Successfully achieves goals by highlighting the transformative impact of science on the hotel
industry and providing a detailed analysis of the challenges and opportunities that hotels face in
harnessing these advancements. The article serves as a valuable resource for hoteliers and hospitality
professionals seeking to understand and implement scientific innovations to enhance their businesses.
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Development of Universal Solution for Integration with Lighting
Devices
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Abstract

It is proposed to develop an innovative solution for determining the lighting color of devices
depending on various factors. The main goal is to integrate artificial intelligence and provide
the user with an application for selecting the lighting mode, which will allow to quickly and
intuitively turn on the necessary palette in all connected lighting devices (Computer
components, LED tapes, lamps, etc.) at once.

Keywords ?

Acrtificial intelligence, microcontroller, optical sensors, intelligent control unit

1. Introduction

In today's world, the use of artificial intelligence (Al) is becoming a key aspect in creating smart
systems, including lighting. Our project aims to develop a universal smart lighting system capable of
automatically adapting to different environmental conditions and events by utilizing Bluetooth and
Wi-Fi technologies present in various lighting devices.

2. Development of an innovative solution

A key feature of the system being developed will be the ability of lighting devices to change color
schemes depending on the time of day, season and various events using an intelligent control unit. This
unit will analyze data on time of day, season of the year and calendar holidays to dynamically adjust
color scenarios. Lighting devices will change color temperatures, creating warmer hues in the evening
and cooler hues in the morning hours. The system will also adapt color schemes according to the time
of year, providing warmer or cooler shades depending on the current season. In addition, the lighting
units will be able to automatically respond to various calendar events and holidays by changing their
color palette to accentuate the festive atmosphere. Additionally, the smart control unit will take into
account weather and outdoor temperature data to adapt color scenarios. In the event of cold or warm
weather, the lighting devices will create the appropriate color tones, enriching the ambience of the
room. Our development involves the use of a specialized color microcontroller, which will be
responsible for analyzing and transmitting color data to the lighting device.

This microcontroller will be integrated into the system and will collect color information from the
external environment. The color microcontroller will process data received from optical sensors or
other sources (e.g. Smart Home system) capable of recording spectral characteristics of color. Using
special signal processing algorithms and color models, the microcontroller analyzes the data and
determines the exact color parameters or color gamut. To send color information to the lighting device,
the microcontroller will use appropriate wireless communication protocols, such as Bluetooth or Wi-
Fi, depending on the capabilities and settings of the particular device.
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Figure 1: Schematic image of program

For example, through wireless communication, the microcontroller will send color and brightness
setting commands to the lighting device. Our project develops algorithms for determining the optimal
lighting color scheme, taking into account a variety of factors in the environment. To adapt to the time
of day, we are developing an algorithm that automatically adjusts the color temperature according to
human biological rhythms. In the evening, the algorithm will prefer warmer shades, while in the
morning it will focus on cooler colors, promoting a comfortable wake-up. To adapt to the seasons, an
algorithm is used that automatically changes the color palette according to seasonal changes. Summer
will favor brighter colors, while winter will take into account the need for warmer shades. Integration
with the user's event calendar involves developing an algorithm that can adapt the lighting to different
holidays or events specified in the calendar. For example, for holidays, the system can automatically
select color schemes appropriate for that event, creating a festive atmosphere. Adaptation to weather
conditions will be done by using an algorithm that analyzes outdoor weather data. For example, in
case of sunny weather, the system can choose brighter and lighter shades, while in cloudy weather -
preference will be given to warmer and cozier colors. Each of the factors described (time of day,
seasons, user's calendar of events and outdoor weather) will be presented as a separate "Lighting
Mode". These modes will be available for the user to select and activate based on their preferences or
current needs.

For example, the selection of the "Seasons" mode is realized by the intelligent control unit and the
system will automatically switch the lighting to the mode corresponding to the current season. This
means that the system will independently adapt the color palette according to the algorithms
associated with the seasons with the intervention of the intelligent control unit. In this way, the
intelligent control unit is able to select and switch lighting modes according to predetermined
algorithms or current needs, which provides flexibility and convenience in the use of the smart
lighting system.

3. Conclusion

The project will result in the development of a unique smart lighting system that not only provides
functionality and comfort, but also transforms the ambience of spaces by adapting to a variety of
conditions and events. This represents a significant step in the use of Al to create an adaptive and
intelligent lighting system.
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Development of an intelligent visual indicator of weather
conditions
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Abstract

It is proposed to develop an innovative LED strip that automatically changes its color
according to the temperature outside. The main goal is to integrate artificial intelligence and
provide users with a visual indicator of weather conditions that will allow them to quickly
and intuitively perceive changes in atmospheric conditions using the color palette of the LED
strip.
Keywords 1

Artificial intelligence, LED strip, microcontroller, weather indicator

1. Introduction

In 2023, artificial intelligence (Al) becomes not just a promising technology, but a relevant and
necessary component for the development of various spheres of society and business, this is
manifested in the optimization of business processes, where Al allows you to automate and optimize
many tasks and processes in business - from analysis data and forecasting market trends for
automation of production and logistics. Thanks to Al, the processing of large volumes of data has
already become more accurate and efficient, which is positively reflected and helps to make informed
decisions based on analysis and forecasting, which is important for business management, economy,
because the execution of such tasks by a person takes a lot of time, and can cause inaccuracies in
calculations Effective marketing and advertising using the latest technology allows you to precisely
direct advertising to the target audience, conduct personalized campaigns and analyze consumer
behavior, reducing advertising costs, while increasing conversion and attracting customers to the
product.

2. Artificial intelligence and LEDs

The OpenLicht intelligent design project, which was launched in September 2016, presents
customised lighting solutions based on open source code and new materials. OpenLicht is funded by
the German Federal Ministry of Education and Research to create new forms of collaboration between
science, industry and manufacturers. Infineon Technologies AG is leading the project in close
collaboration with Bernitz Electronics, Deggendorf Institute of Technology and Dresden University of
Technology. Open Photonics projects pursue a broad spectrum of objectives. These include open
innovation approaches for better utilisation of photonic components and systems as well as open
source approaches for use in a wider range of applications.
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The results have been published and include a prototype for an intelligent lighting system based on
artificial intelligence. It automatically adapts the lighting in a room to the user's position and activity,
e.g. reading or watching TV, learns the person's preferences and can even react to new circumstances
to a certain extent. The solution being developed as part of the project is based on open source
approaches such as openHAB, smart home systems and machine learning libraries. The use of freely
available development environments, software environments and low-cost hardware solutions enables
the integration of a wide range of different sensor data and the further development of existing results
by the community. Intelligent lighting control is finding its way into the smart home and will
accompany us in our everyday lives with fully automated solutions. However, the solutions currently
available on the market often present users with major challenges. They are often semi-automated at
best, difficult to programme and operate, offer no privacy protection or consume energy
unnecessarily, as the use of light is not optimally tailored to the user's needs, which in turn has a
negative impact on CO2 emissions. OpenLicht offers answers to these problems. The use of artificial
intelligence in the local network creates intelligent lighting solutions that are safe and sustainable and
protect the privacy of users. The artificial intelligence works in a system that is shielded from the
outside world and requires no connection to the internet. To achieve this, an open source gateway was
developed based on the Raspberry Pi and the Trusted Platform Module (TPM) from Infineon. This
means that data does not need to be sent to the cloud, but can be processed locally, ensuring the
security and privacy of households. These factors are crucial for the growing popularity of smart
home solutions. In addition, the automatic adaptation to the user's actions ensures that the system put
into operation at a specific point in time is always ready for use.

3. Development of an innovative solution

The goal of the project is to create an innovative LED strip that automatically changes its color
according to the temperature outside. The main goal is to integrate artificial intelligence and provide
users with a visual indicator of weather conditions that will allow them to quickly and intuitively
perceive changes in atmospheric conditions using the color palette of the LED strip. A schematic
representation of the innovative LED strip is shown in Figure 1.

Sensor temperature reading is a temperature reading system that will be integrated into the LED
strip, it may include the use of thermal sensors or other technologies to accurately measure the air
temperature.

LED control, which will be implemented through a microcontroller, which will receive data from
special software with integrated Al (intelligent unit), which will process information about the
weather, and transmit it to the microcontroller of the tape, which in turn will correspond to the
algorithm and ensure a smooth change colors on the LED strip.

Interaction with other devices can be a key negative of the LED strip. Interactions with other
devices or systems, such as a smart home, all types of advertising - banner, interactive. This can make
it possible to expand the convenience of use in everyday life, for example, when the temperature
outside the window is low, the tape will create a "frosty" effect inside the house, where in fact there is
a pleasant, warm and cozy atmosphere. The effectiveness of advertising such a product, which is
advertised with the help of additional interactive lighting, increases many times, because it
distinguishes the ad from others.

Therefore, the use of such technology can become an innovative solution. Ribbons occupy a
significant place in the field of marketing, advertising, in the illumination of architectural details,
bridges, building facades and other urban elements, they create impressive visual effects and change
the appearance of objects, in theatrical and stage events - concerts, festivals, parties and other LED
strips at entertainment events. By adding an intelligent block to the tape, you can achieve an
impressive, new result, or improve an existing one.
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Figure 1: Schematic image of an innovative LED strip

4. Conclusion

Therefore, the use of such technology can become an innovative solution. Ribbons occupy a
significant place in the field of marketing, advertising, in the illumination of architectural details,
bridges, building facades and other urban elements, they create impressive visual effects and change
the appearance of objects, in theatrical and stage events - concerts, festivals, parties and other LED
strips at entertainment events. By adding an intelligent block to the tape, you can achieve an
impressive, new result, or improve an existing one.
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Abstract

Recently, cloud computing has become actively deployed in IT-companies information
systems due to a number of its benefits that comprise high availability, control and security.
However, with this, there still remains a gap in resource distribution which can be resolved
with traditional queuing. A number of such approaches are already utilized in this field, and
the current research deals with analyzing the existing models, attempting at applying a
combination of them to cope with customer service time and the cost of queue maintenance.
Among such techniques, Mason-Wiener and Kennedy-Nishikane models have been analyzed,
aiming at optimal resource distribution in a queue.

Keywords !
Information system, Wiener model, Kennedy-Nishikane model, queueing model, cloud
computing

1. Introduction

Cloud computing is an important paradigm in IT industry. It has a significant impact on modern IT
companies, enabling them to reduce costs, increase flexibility and improve availability. In addition to
the main characteristics, cloud computing can also be classified into the following types.
Infrastructure as a Service (IaaS): provides access to virtual servers, disk storage, network resources
and other IT infrastructure components. Platform as a Service (PaaS): provides access to a platform
for developing, testing and deploying software. Software as a Service (SaaS): provides access to
ready-to-use software products, such as email, CRM and content management systems [1].

Cloud computing is widely used in a variety of industries, including: finance, retail, healthcare,
education. It is used to store financial data, process payments and provide financial services. Cloud
computing is used to store customer information, manage warchouses and provide e-commerce. It is
used to store medical data, diagnose diseases and provide medical services. It is used to store
educational content, deliver online courses and manage educational institutions [2].

2. Queueing models in the context of cloud computing

In this section the analysis of the concept of queueing models and its role in solving the problems
occurred in cloud computing are observed. Queueing models are one of the main approaches to
modeling and analyzing queueing systems. They allow describing the probability that a queue will
have a certain number of items at a certain point in time. For example, Mason-Wiener formula may be
deployed to predict the average time to serve customers in a queue. This model assumes that customer
service times are independent and distributed according to a normal distribution law.

_ﬂ (1)

T (u-2)
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where W is an average waiting time of a request being present in a queue, p is an average intensity

of a request servicing, and A is an average intensity of receiving the requests by the system.

Probabilistic queuing models can be used to determine the optimal queue size. This can be useful
to ensure an optimal balance between the cost of queue maintenance and the loss of customer
abandonment.

On the other hand, Kennedy-Nishikane formula can be used to determine the optimal queue size.
This model assumes that the arrival of customers is independent and distributed according to the
Poisson law, and the time of customer service is independent and distributed according to the
exponential distribution law.

w=k (2)
n

where W is an average waiting time of a request being present in a queue, p is an average intensity

of a request servicing, and L is an average number of requests in the system.

The parametric approximation model provided further can be implemented for IS functioning
description, which is a nonlinear system, in order to formalize the process of queue formation in cloud
computing. Let an input sequence of a system be presented as u(¢), an output sequence as y(¢), an

intermediary state as x(¢), and w(¢) as outliers present in intermediary states.The input sequence may
be introduced as u” ={u(l),u(2),..,u(N)}, and the probability function of the output as

vV = {5(1), ¥(2), ..., ¥(N)}. Wiener model for such a nonlinear system can be represented by the
following system of equations:
{xo(t)=G(Cl,9) u(®) (3)
x(t) = xo () + W) (t)
whereg and 6 are the estimated parameters that match initial data sequence. As referred to [3, 4], a

model class for G may be introduced in a form of FIR filters, rational transfer functions (OE models),
state space models (which are the matter in our case), Laguerre filters.

3. Conclusion

In addition to the tasks discussed, queueing models can also be used for queue maintenance cost
reduction. To achieve this goal, we have analyzed existing queuing models for cloud computing. This
task is necessary in order to identify the strengths and weaknesses of existing models, as well as to
identify opportunities for their usage and improvement. The analysis allowed us to combine the most
efficient models to our particular case. A combined queueing model has been tested for compliance
with the requirements based on one of the market leading IT companies located in Kharkiv.

As a result of the work, an analysis of existing research in the field of cloud computing and
queueing models was carried out. Also the available statistical data on the load on the IS of an IT
company has been analyzed, the requirements for the quality of customer service have been
considered. Thus, the performed study aims at developing and optimization of a queueing model to
improve the operation of IT companies ISs.
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Abstract

The purpose of the study is to analyze the methods of working with relational and
graph databases, to develop recommendations for their use depending on the input data.
Keywords *
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1. Introduction

Nowadays, databases are an integral part of most application software systems under development.
During development, different types of databases are used, where the logic of each of them has its
own purpose, strengths and weaknesses. Accordingly, each type of DBMS (database management
system) has its own specialized field of use and was created to solve its own range of tasks. In order to
model complex, loosely structured subject areas with different types of data, relationships, etc.,
developers face an important task of determining which type of DBMS is best suited in this context.

2. Problem statement

The purpose of this paper is to formulate more effective recommendations for choosing a data
model and a suitable DBMS taking into account the context of the data that will form the basis of the
respective databases based on the analysis of the results of their experimental studies.

To achieve this goal, the following tasks need to be solved:

» to select the best database systems for further research based on the analysis of existing

DBMSs and multi-criteria decision-making;

« plan an experimental study (select a subject area and design a database, develop a query

system for the study and select metrics for the study);

«  develop software solutions for each of the studied DBMSs;

» conduct experiments and formulate recommendations for choosing a DBMS in accordance

with the context of the subject area data.

3. Description of the study

It was decided to focus on the study of the efficiency of relational and graph [1,2] databases and
their dependence on the data context. The object of the study is the process of working with graph and
relational databases, and the subject of the study is the methods of storing, processing and accessing
data in relational and graph database management systems, in particular, lazy loading using the Entity
Framework.

There are some general recommendations in the literature on choosing a database, but there is no
clear division - the choice is up to the developers. Many studies show that graph databases are much
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more efficient than relational databases if the database contains many relationships between tables [2],
while with a large amount of data and a small number of relationships, their performance is much
lower [1, 3].

We analyzed such popular graph DBMSs as: Neo4j, ArangoDB, OrientDB-X, Amazon Neptune,
and Azure Cosmos DB. In order to select a DBMS for further research, the task of multicriteria
selection was solved, taking into account such criteria as response time, scalability, data consistency
and support for ACID properties during transaction processing, support for a graphical data model,
ease of use and development.

The qualitative assessments obtained during the analysis were converted to quantitative scales,
normalized, and analyzed using the Pareto principle. A convolutional model based on linear additive
convolution with weighting coefficients was chosen for the multicriteria selection:

Based on the results of solving the multicriteria decision-making problem, the Neo4j graph DBMS
was chosen for further research, since Amazon Neptune is focused on larger projects and has limited
capabilities when used for free.

As a subject area for modeling and studying the dependence on the data context, the field of
football statistics was chosen, which is described by data of various types, including media data, and
requires modeling various types of relationships, for example, the history of encounters between two
players, etc.

Researching the process of working with graph and relational databases involves studying the
ways of storing, processing, and accessing data in these systems, as well as their differences in terms
of efficiency.

As methods of storing, processing and accessing data in relational and graph database management
systems, it was decided to consider the option of lazy loading using the Entity Framework as well.
Lazy loading is a technique used to postpone the loading of related data until the moment when it is
really needed.

4. Conclusion

At this stage, the most suitable database systems were selected for further research and an
experimental study was planned. In the future, the obtained results will be used to write a master's
thesis, in particular, to develop a software solution and develop recommendations for the choice of a
DBMS depending on the subject area based on the experiments.

5. References

[1] Kotiranta P., Junkkari M., Nummenmaa J. Performance of graph and relational databases in
complex queries. Applied sciences. 2022. T. 12, Ne 13. C. 6490. URL:
https://doi.org/10.3390/app12136490 (nata 3Bepuenns: 03.04.2023).

[2] Lazarska M., Siedlecka-Lamch O. Comparative study of relational and graph databases. 2019
IEEE 15th international scientific conference on informatics, m. Poprad, Slovakia, 20—22
quctor. 2019 p. 2019. URL: https://doi.org/10.1109/informatics47936.2019.9119303 (umata
3BepHeHHs: 03.04.2023).

[3] Mazurova, O. NOSQL database logic design methods for MONGODB and NEO4J /
Mazurova, O., Syvolovskyi, 1., Syvolovska, O. Innovative technologies and scientific
solutions for industries, Ne 2 (20), pp. 52-63.

18



Simulation of the page replacement process

Hanna Novakova“, Nataliia Khatsko®? and Kyrylo Khatsko?

@ National Technical University «Kharkiv Polytechnic Institute», Kharkiv, 61002, Ukraine
b National University of Radio Electronics, Kharkiv, 61166, Ukraine

Abstract

An efficient page replacement algorithm is required by the operating system for the efficient
execution of applications. FIFO, Second Chance, etc. are used to select the page to be unloaded
in case of a page fault. Many algorithms have been developed over the years. Each of them
aims to reduce the number of page faults. This article presents the results of experiments of the
replacement process with the FIFO algorithm. The occurrence of Belady’s anomaly is
demonstrated. A proposal for improving modern algorithms is given — the introduction of a
two-bit variable to determine page activity.

Keywords *

Page replacement, Belady’s anomaly, FIFO, Second Chance, physical memory.

1. Introduction

Let us consider the process of page swapping in main memory, a problem that has been studied for
along time [1, 2, 3, 6, 7]. It is known that RAM is divided into page frames that have the same constant
size. When preparing for execution, the process is placed in virtual memory, which is also divided into
pages of the same size as the frames. Before executing the process, the virtual pages of the process must
be loaded into free RAM frames. If there is no free space, the operating system will free up the necessary
space to place the page.

According to the demand paging, the execution of the process starts with empty physical memory,
the page needs to be loaded into main memory only when it is requested. If the requested page is not
present in physical memory, a page fault is said to occur. Based on the scheme described above, the
number of loads affects the performance of the computer system, so it is important to reduce the number
of loads. There are many algorithms for replacing pages in RAM (FIFO, LRU, Second Chance). For
the study, we used FIFO, the simplest of the algorithms.

2. Results of the experiment

FIFO is simple to understand and implement a page replacement algorithm. It removes the page that
was loaded into physical memory first. A linked list is usually used for this page replacement. If a page
fault occurs, it deletes one at the head and attaches a new page to the tail of the list. The performance
of this algorithm is rather bad because it suffers from Belady’s anomaly [3].

Belady’s anomaly is unexpected behavior in FIFO. In some of the reference strings, increasing the
number of page frames increases the number of page faults [4].

For a particular application, a sequence of requests for the pages of process that are defined in virtual
memory has been determined. For the experiment, a string containing this sequence was created as an
input.
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For example, consider the reference string that has numbers from 1 to 6. The sequence is defined in
the first row of each table from Tables 1-4. The first column lists the page frames in RAM, and their
number corresponds to the conditions of the experiment.

The rows correlate with the page frames containing the numbers of virtual pages loaded into RAM.
In the line Faults: 1 — there is no page in the RAM and the process needs to load one; 0 — the page is
already loaded. The last line shows the resulting number of required replacements.

In Tables 1-4, you can see the process of replacing pages with the FIFO algorithm.

Table 1
The process of replacing pages with a FIFO algorithm with three frames for distribution
Pages 1 2 1 3 4 1 6 2 4 3 4 2
Frame 1 1 1 1 4 4 4 2 2 2 2 2
Frame 2 - 2 2 2 2 1 1 1 4 4 4 4
Frame 3 - - 3 3 3 6 6 6 3 3 3
Faults 1 1 0 1 1 1 1 1 1 1 0 0
Sum of faults —9
Table 2
The process of replacing pages with a FIFO algorithm with four frames for distribution
Pages 1 2 1 3 4 1 6 2 4 3 4 2
Frame 1 1 1 1 1 1 1 6 6 6 6 6 6
Frame 2 - 2 2 2 2 2 2 2 2 2 2 2
Frame 3 - - - 3 3 3 3 3 3 3 3 3
Frame 4 - - - - 4 4 4 4 4 4 4 4
Faults 1 1 0 1 1 0 1 0 0 0 0 0
Sum of faults —5
Table 3
The process of replacing pages with a FIFO algorithm with three frames for distribution
Pages 1 2 3 4 1 2 5 1 2 3 4 5
Frame 1 1 1 1 3 4 1 1 1 2 5 5
Frame 2 - 2 2 3 4 1 2 2 2 5 3 3
Frame 3 - - 3 4 1 2 5 5 5 3 4 4
Faults 1 1 1 1 1 1 1 0 0 1 1 0
Sum of faults — 9
Table 4
The process of replacing pages with a FIFO algorithm with three frames for distribution
Pages 1 2 3 4 1 2 5 1 2 3 4 5
Frame 1 1 1 1 1 1 1 2 3 4 5 1 2
Frame 2 - 2 2 2 2 2 3 4 5 1 2 3
Frame 3 - - 3 3 3 3 4 5 1 2 3 4
Frame 4 - - - 4 4 4 5 1 2 3 4 5
Faults 1 1 1 1 0 0 1 1 1 1 1 1

Sum of faults — 10

The experiment revealed an increase in the number of page faults with an increase in the number of
RAM frames allocated to the process, which is contrary to expectations — with an increase in the number
of frames, the number of loads should have decreased. Thus, we observe the well-known Belady’s
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anomaly. In modern operating systems, this anomaly is overcome by a number of algorithms. But the
problem still exists, and everyone can observe it at some points in the computer’s operation.

3. Conclusions

This paper presents the results of a computer simulation to reproduce Belady’s anomaly. It is
determined that it occurs when the page needs to be loaded after a short period of time.

For the FIFO algorithm, it was found that the phenomenon may or may not occur during an
operation. It makes sense to characterize each process page by the degree of its importance for the
process execution. To determine whether the process has accessed a particular page, a reference bit was
created with which this idea can be implemented. The well-known Second Chance algorithm uses this
bit, thereby allowing active pages to remain in RAM for some time. According to the results of
experiments, it turned out that this implementation is not the best. We propose increasing the length of
the reference variable to two bits, which can improve the characteristics of the activity of each page
(the number of accesses). This way, we can distinguish between the degree of page activity and
determine whether to leave the page in RAM.

In future research, we are going to modify the Second Chance algorithm and implement a two-bit
characteristic of page access activity with a software.
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Abstract

This paper examines the common and specific challenges and threats that arise when using
cloud service models. The main objective is to find solutions to these problems that can
help optimise and operate the systems efficiently.
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1. Introduction

Cloud services play a crucial role in the contemporary information and technology landscape,
providing a diverse range of offerings like Infrastructure as a Service (laaS), Platform as a Service
(PaaS), and Software as a Service (SaaS).

The concept of Everything as a Service (XaaS) further amplifies organizational capabilities, granting
unmatched flexibility and efficiency in the utilization of computing resources and software solutions.
This, in turn, enhances operational capabilities and technological agility for businesses[1].

Nevertheless, as organizations progressively embrace cloud technologies, they are confronted with
a series of challenges. Addressing these challenges necessitates strategic solutions to ensure the
seamless integration and secure utilization of cloud services.

2. Common challenges of using cloud services

While cloud services have achieved significant success, they come with inherent challenges. These
challenges encompass areas such as data security, confidentiality, network reliability, and the absence
of standardized practices and interoperability among diverse cloud platforms[2]. These factors can pose
difficulties in tasks like migrating, integrating, and sharing data across various cloud services.

3. Specific cloud services — Aiaa$

In addition to fundamental cloud services, specialized offerings are emerging, such as Artificial
Intelligence as a Service (AlaaS). AlaaS presents opportunities to leverage intelligent algorithms,
machine learning, and data analysis through cloud computing[3].

AlaaS simplifies the development, training, and deployment of artificial intelligence models by
providing a flexible cloud infrastructure. This enables users to access potent machine learning tools
without the need for substantial investments in dedicated computing infrastructure.

Given the myriad use cases for Al, businesses often encounter challenges in constructing and
maintaining a bespoke Al tool for each scenario[4]. The adaptability of AlaaS is particularly valuable
as organizations can swiftly deploy Al services and tailor them to align with their specific needs.
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4. Specific AlaaS problems

As the popularity of Al as a Service (AlaaS) increases, new challenges emerge that have the potential
to impact the security and effectiveness of the service. These challenges may encompass issues common
to cloud services in general, such as concerns about data security and vulnerabilities to unauthorized
access.

Additionally, there are risks specific to artificial intelligence, like blended attacks targeting machine
learning models. The integration of AlaaS into existing systems can prove intricate, particularly when
confronted with diverse technology stacks and varied data formats[5].

The resource-intensive nature of Al model training and deployment can result in scalability
challenges and elevated operational costs. Moreover, there exists a shortage of skilled professionals
proficient in both Al and the specific domain of application, further complicating the effective
implementation and management of AlaaS

5. Solving the problems of cloud services

One potential strategy to address these challenges includes strengthening encryption and data
protection mechanisms, implementing advanced cybersecurity measures, refining authentication, and
authorization systems, and advancing technologies related to vulnerability detection systems. Through
these efforts, organizations can reduce the risks associated with the use of intelligent algorithms,
enhancing the resilience of models against unauthorized interference and overall cybersecurity[2].

To ensure operational continuity and minimize downtime, organizations may opt for a multi-cloud
or hybrid cloud strategy, providing redundancy. Additionally, selecting cloud providers with robust
Service Level Agreements (SLASs) that guarantee high availability contributes to a more reliable
infrastructure.

6. Conclusion

Solving the challenges associated with cloud services requires a multifaceted approach that
encompasses technological advancements, strategic planning, and ongoing commitment to security and
compliance. As organizations continue to harness the power of the cloud, adopting these solutions will
pave the way for a more secure, efficient, and resilient cloud computing landscape.

AlaaS opens new opportunities for developers and researchers, but its use comes with specific
challenges and threats. Its shortcomings indicate that there is still room for improvement, but despite
the potential obstacles to its development, understanding these issues and improving security measures
will allow AlaaS to maximise the benefits of AlaaS in various fields and this cloud service model will
be as effective and important as its predecessors.
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Abstract

The aim is to investigate a model of a system suitable for analyzing network traffic that
would meet the requirements of modern cybersecurity. Due to the growing popularity and
accessibility of artificial intelligence, its models have begun to be used to crack cybersecurity
systems.
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1. Introduction

Currently, the most common software for preventing network intrusions is a manually configured
firewall. On the one hand, this is a classic approach, well-known and relatively reliable. Firewalls are
mostly configured manually, and they can simply block or allow certain traffic according to the
configuration. On the other hand, we have a growing demand for next-generation firewall (NGFW).
These not only encapsulate the functionality provided by a classic firewall, but also provide new
features with built-in intrusion prevention/detection systems (IPS/IDS). These solutions follow the
classical approach to information systems, i.e., they follow rigidly prescribed algorithms, are not
capable of learning and adaptation.

2. Threats detection methods

This paper discusses the topic of an alternative approach to analyzing network traffic using a
system based on the danger theory[2] of artificial immune systems(AIS)[1]. AISs are based on the
principles of the immune system of biological organisms and can be used to detect anomalies and
other unusual changes in network traffic, which may be a sign of potential threats to network security.
Using this approach, it is possible not only to provide a wide set of rules that determine a particular
system behavior. But it is also possible to extend the existing functionality by adding an advanced
layer of analysis software which will be based on artificial immune networks to perform analysis of
traffic, host behavior in the network, availability of responses to requests, etc. Figure 1.

The idea is to perform traffic/network activity analysis in response to anomalous behavior,
detecting incidents that may indicate attacks or other dangers. This includes analyzing traffic,
identifying a large number of unusual requests, excessive attempts to access the system, and other
anomalous patterns. The algorithms used in AIS[4] can detect these anomalies and notify network
administrators or trigger automatic measures to prevent potential threats. Of course, the effectiveness
of the system depends on the proper training and configuration of the AIS, as well as on the ability to
detect new threats. This technology can be useful for improving the security of computer networks and
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detecting potential attacks. The diagram shows the traffic path through the system divided into three
modules. The first stage of the system is traffic capture at the interface, followed by primary data
processing and verification for compliance with security rules configured in the system. After that, the
data can be transferred to the traffic analysis module based on an AIS for more detailed traffic
analysis. In this diagram, the solid lines indicate the path that the traffic passes through as a matter of
course, and the dashed lines indicate the paths that are optional, which means that the data flow may
be before this stage. This approach does not exclude the classic way of filtering network traffic,
defining rules and analyzing traffic, but aims to add an additional level of analysis.

General system scheme
Mandatory path AlS
A '
- Y
Predefined assessment rules
Flow could be and policies
terminated on the T :
; Y
previous stage
_______ Traffic capturer
A '
External data flow. :- - Data flow after validation- - - >

Figure 1: General scheme of traffic processing

The first approach to build such system is aimed at detecting anomalies, this approach is based on
the use of a positive selection algorithm[2], whereby the system adapts to legitimate patterns of
behavior in the network and detects anomalies/abnormalities. The opposite[3] approach according to
which the system should detect attack signatures is based on the use of a negative selection
algorithm[2]. The system adapts to identify known attack signatures and compares them with network
traffic. If a match is found with known attack signatures, it may indicate an attack. An alternative is a
hybrid approach, which is the use of a combination of different methods to increase the effectiveness
of threat detection and make the system more flexible.

3. Conclusion

Building and configuring such a system can be a complex task and requires in-depth knowledge of
network security and machine learning. Another important factor is the need to regularly update the
system, as new threats and attacks are constantly changing.
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AHani3 Metogis BuasneHHa AHOmanbHuX 3HauyeHb y Habopax
EKcnepumeHTanbHux laHux

Karepuna Topimas®, Bosioanvip Ko63es?

¢ XapxiecoKuil HayioHAIbHUU YHisepcumem padioenekmpoHriku, np. Hayku, 14, m. Xapxis, 61166, Ykpaina

AHoTauin
Po3risiHyTi  0COOMMBOCTI ICHYIOUHX METOJIB BHOKPEMJICHHS AHOMAJIbHUX 3HAYCHbB, SIKi
3aCTOCOBYIOTBCSI IJIsl BUSIBJICHHSI IPHMXOBAHMX 3aKOHOMIPHOCTEH y Habopax AaHHX.

Kntouvosi cnosa !
AHaJ'Ii3 JaHHUX, aHOMaJ'H)Hi 3HAa4YCHHsA, MCTOJW BHUABJIICHHA

1. Bcryn

CraTUCTHYHMIA aHATI3 TaHUX EKCIIEPUMEHTAIBHUX JTOCIIKEHb epeadadae 00poOKy BETUIE3HOTO
obcsary iHbopMmarii I BHUABICHHS ICHYIOUMX B HUX 3aKOHOMipHOCTeH. IcHye Takox mpobiiema
BUSIBJICHHS aHOMAIIbHUX, HETUIOBUX JAHHX, SIKI MOXYTh CIOTBOPHTH pE3YJIbTATH aHaIl3y Ta
nporHo3yBaHHs. B Oyap sikomy pasi, HEoOXiZHO BMITH BHOKPEMIIIOBaTH 3 HAasBHUX Ha0OpiB
eKCTIEpUMEHTAIBFHUX JaHUX TaKi HETHIIOBI 3HAYCHHS, SIK IIOMUJIKOBI 200 SIK MOKJIMBI TPOSIBU PiIKHX
SIBUI, HE BPaxOBaHMX OOpPaHOI0 MOJCIUII0 JaHWX. B jaHiit poOOTI HaBeleHI pe3yiabTaTH
y3araJlbHEHOTO aHaIi3y HAUIMOMYJISPHINIUX METOIIB BUSBJICHHS aHOMAaJIbHUX 3HAYCHb.

3a3Bnyaii aHOMAJIFHUM 3HAYCHHSIM (BUKHUIOM) MPUIHATO BBAKATU CIEMEHT CYKYITHOCTI TIEBHOTO
00’eMy, 110 3HAYHO BIiZIPi3HAETHCSA HAOOPOM 3HAYECHH CBOIX XapaKTEPHICTHK BiJl IHIMUX i €JIEMEHTIB
[1]. OnHak TepMiH «3HaYHA BiIMIHHICTB» HE 3aBXJIH Ma€ TOYHOT'O BH3HAUCHHS, 110 pOOUTH OaskaHUM
HasBHICTh KUTBKICHOI MipHM BiJNOBIJHOCTI MK €JEMEHTAaMH aHali30BaHOro Habopy HaHHX Ta
XapaKTepUCTUKAMH iXHBOTO CTATUCTUIHOTO PO3IOJILTY, Iepe0adyBaHUMK 00PaHOI0 MOJIEILTIO.

2. MeToau BUABNEHHA aHOMaJIbHUX 3HaYeHb

HaiimomynsapHrinn MeToay BUSBICHHS aHOMANbHUX 3HaueHb (aHOMalliil) HEOOXiIHO PO3IIsSAaTH y
BiJIIOBITHOCTI 10 OKPEMUX 3a7a4 BUSBJICHHS IPUXOBaHUX 3aKOHOMipHOCTeH (3amad Data Mining) [2].

1. 3agada kmacudikarii.

[IpumyckaeTbes, MO HOpMajbHA MOBEIIHKA AESIKOI CHCTEMH BHU3HAYATHCS OJHUM UM KUTbKOMA
KjacaMu il XapakTepucTuk. Ex3eMIusip, Sk He HaleXHTh A0 >KOJHOTO 3 KIIACiB, € aHOMAI€Elo.
[Momryk aHoMaJiii Ma€ JBa eTaly: HaBYaHHS Ta po3mi3HaBaHHs. KiacugikaTop HaBYa€ThCS Ha MaCHBI
MapKOBaHHX JaHWX. BU3HAYa€ThCS MPUHANEKHICTH HOBUX EJIEMEHTIB /10 OJTHOTO 3 BIJOMHX KJIACiB.
Exzemmuisipu, 110 He BiJTHECEH] 10 ’KOAHOTO KJIacy, MO3HAYAIOTHCS SIK aHOMAJTIi.

[IpencraBHuKamMu 1i€i Tpymu METOMIB pO3Mi3HABaHHS aHOMAJii €: HEHPOHHI Mepexi, OalecoBi
MepexXi, METOJ OIOPHHUX BEKTOPIB 1 METOA Ha OCHOBI MpaBW, SKI BiANOBITAIOTH HOPMabHIHN
MOBEIIHI[l CHCTEMH.

2. 3aaya KJIacTepu3aliii.

Bussienns anomaniit OyayeTbes Ha IPUITYIICHH], 10 HOPMabHI €K3EMIUISIPH YTBOPIOIOTH BEJHKI
IIUTRHI KJIACTEPH, a aHOMaJdbHI — MaJIeHBKI Ta po3pizHeHi. OZHUM 3 HAWIPOCTIIIHX peaTi3arlii
MiaXoay 3 ypaxyBaHHIM KiacTepusalii € anroputM k-means.
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3. Posmmpenuit cTaTucTHIHUH aHaTi3.

JocnimKyeTbesl IeBHA cucTeMa, OynyeThbest ii mpodine (MOxenb), SIKMH MOTIM TOPIBHIOETHCS 3
peanbHUMHU 11 mposiBaMH. SIKIIO pi3HUI y peaibHId i MOAENbHIM MOBEMIiHII CHCTEMH BHILE 3a
BCTAHOBJICHUH TIOPIT, pOOUTHCS BHCHOBOK PO HAsBHICTH aHOMaJid. Haifgacrimie mpUITycKarTh, 110
HOpMaJIbHA TIOBEIIHKA CHCTEMH TIepeOyBaTUME B 30HI BUCOKOI HMOBIPHOCTI, TOMI SIK aHOMAJIii ¥ 30Hi
HU3bKOi. Llel kimac MeToniB 3pydHUi, BiH HE BUMAarae mornepeIHbo MEeBHUX 3HaHb PO BUJ aHOMAJil.
CxJraHoIII TIOB’s13aH1 3 BU3HAYCHHSM TOYHOT'O CTATUCTUIHOTO PO3MOIITY O3HAK Ta MTOPOTY.

MeTtoau CTaTUCTUIHOTO aHAJI3Y TMOMIISIOTHCS HAa IBI OCHOBHI TPYIIH:

*  [apaMeTpUyHi METOAM MPUIYCKalOTh, IO HOPMaJIbHI JaHI MalOTh PO3MOMALT 3 KiHLEBOIO
MHOXHHOIO mapameTpiB P(x, 01), ne i = 1, 2,..., n. Lli MeToau yacTto IpyHTYIOTbcS Ha ['aycoBiil um
perpeciifHiit MOJIeIi, a TAaKOXK 1X KOMOIHAITIT;

*  HemapaMeTpU4YHi MeToau IependadaioTh, IO CTPYKTypa MOJENi He BHU3HAYEHa aIpiopHO
KiHLIEBOIO MHOXKHMHOIO TIapaMeTpiB, HATOMICTh BOHA [IEBHHM YWHOM BH3HAYA€THCA 3 HASBHUX JAHHX.
Cepen HaHOLIBII BIJOMHUX METOIB 1€l TPYIIH METOAM 3 yPaxyBaHHAM TicTorpaM 4u (QyHKIIH sapa.

Hamnpuknazn, rpyry HaliMeHIIUX 3HAYEHB (IUB. pUC. 1) MOXHA BiTHECTH IO aHOMAJLHUX.

Ficrorpama i noniroH Yacror

PucyHok 1: lMpuknag rictorpamm 3 aHomanismm

Po3nizHaBanHs aHomaniii Ha ocHOBI (pyHKUIT sapa BiAOyBaeTbCS aHAJIOTIYHO JO MapaMETPHYHHX
METO/IB 32 BUHATKOM CII0cO0Y OLIHKH IiITBHOCTI HIMOBIPHOCTI.

4. AnTopuT™M HAHOIMKYIOTO CyCia BUKOPHUCTOBYE TOHSATTS BilCTaHI MiX 00'€kTamMu (HaIIPUKIA,
EBxuriioBa BizicTans). JIBa OCHOBHUX IMiIX0MN 0a3yIOTHCS HA TAKUX TPUITYIICHHSIX:

*  BIICTaHb [0 HAMONMKYOrO CycCia BH3HAYAETHCS A KOXKHOTO EK3eMIULIpa Kiacy, MO0
TeCTyeThCS. EX3eMInIsap, HAWO1IbI BiIATICHIH Bl HAMOIMKIOTO CyCiia, BBAKAETHCS aHOMAITIEIO;

*  BHKOPHCTOBYETHCS BIJIHOCHA TYCTHHA Y OKOJHIII KOXKHOTO €K3eMIUIsIpa JaHuX. [[puMipHUK,
110 3HAXOJUTHCS B IIPOMIXKKY 3 HU3BKOIO IIIIBHICTIO, PAXy€ThCs aHOMAIbHIM. Moro BixcTans 10 k-ro
HaOMMKIOro Cycifa eKBiBaleHTHA paiycy Tinepcdepy 3 HEHTPOM B JaHOMY €K3EMILISPI.

5. I'iOpuaHi METOMKY PO3IM3HABAHHS aHOMAIIIN TO3BOJISIOTH TOEAHYBATH TIEPEBATH Pi3HUX BHUIIIC
3a3HaYE€HUX M1IXOMI1B.

3. BucHoBKuU

TakuM YWMHOM, METOJM BUSBJICHHS aHOMAJBHUX 3HAYCHb BUPI3HAIOTHCS CBOIMHU IMiJXOJaMU Ta
nepeBaraMu. KOMITJICKCHE BHKOPUCTaHHS PI3HUX METOMIB MOXeE 3a0e3leuuTH OuIbil e()eKTHBHE
BUSBIICHHS Ta OOpPOOKy aHOMamiii B 00cArax BEUKUX JaHUX. 30KpeMa, BaXJIMBO BPaxOBYBaTH
0COOJIMBOCTI KOHKPETHOTO 3aBJaHHS Ta OCOONHMBOCTI JaHUX JUIS BUOOPY ONTUMAIBHOTO METOMY
BUSIBJICHHS] aHOMAJIbHUX 3HAYCHb.

4. Nlitepatypa

[1] L Kirichenko, V Kobziev, Y Fedorenko. Data Mining methods for detection of collective
anomalies in time series, In: Intern. sc. and pract. conf. “Application of information technologies
in the preparation and operation of law enforcement forces”, Kharkiv, 2021, p. 106.
[2] Han, Jiawei. Data mining: concepts and techniques / Jiawei Han, Micheline Kamber, Jian Pei. —
3rd ed., Morgan Kaufmann Publishers is an imprint of Elsevier, 2012, 740p.
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DocnipXeHHa 3actocyBaHHA MeTtogis AHanisy [QaHux vy
Cucremax Astomartmsauii Po6otu KiHoteaTpis

Kupuio I'pau? ta Cepriii Titos?

Xapriscokuu Hayionanvuuii Yuisepcumem Paoioenexmponixu, 14, npocn. Hayxu., Xapxis, 61166, Yrpaina

AHoOTauiA

Y poOoTi po3rfsHYTO 1 HOCHIIKEHO METOAM aHaji3y MaHUX Ta iX BHUKOPHUCTaHHS B
PO3BaXKAIBHOI IHAYCTPIi, a came y KiHoTeaTpax. JIJs JociimkeHHs OyJIo CTBOPSHO POTOTHIT
iH(pOpMaIIiiftHOT crcTeMH OpOHIOBAaHHS KBUTKIB KiHOTEATpy. 3aCTOCOBYIOYHM PO3pOOICHUN
MIPOTOTUII CUCTEMH OpPOHIOBaHHS KBUTKIB KIHOTEAaTpy, BUSIBJIEHO BXiJHI Ta BUXigHI AaHi. Ha
OCHOBI IIMX JaHWX OYJO0 JOCTIIKCHO TPH METOIU aHammizy maHuX. [licis mocimimpKeHHs
PE3YJIbTATIB 1€ JO3BOJIHMIIO MiABHITUTH €()EeKTUBHICTD YIIPABIIHHSA KIHOTEATPOM.

Kniouosi cnosa ?
AHai3 CHOXXUBYOI MOBENIHKH, EJEKTpOHa KOMepllis, KiHoreaTp, meron ABC-anamisy,
METOJT! aHaJI3y JaHHX, YaCOBI PSIH.

1. Bctyn

Kinemarorpadiss - me He JumIe MHCTENTBO, ale ¥ BENMKA YacTHHA CYYacHOI PO3BAYKAIBHOT
iHAycTpii. 3 KOXKHMM POKOM KiHOTE€aTpu MPOIMOHYIOTh IMUPHIMK BHOIp (iNbMIB Ta MEpUIOKIAacHI
BpakeHHA Bim meperysiny. OpHak 1ed MIBUIKUHA PO3BUTOK CYIMPOBOKYETHCS 3POCTAHHSIM
MOTYJISIPHOCTI, 1, SIK HACIIOK, 301TBIIEHHSIM KUTBKOCTI KJI€HTIB 1 CKIIAHICTIO KEPyBaHHS KBHUTKAMH.
Bianogriano, iHGopmaliliHi cucTeMu Jjisi OPOHIOBAHHS KBUTKIB CTAlOTh HEBIJI'€MHOI YaCTUHOKO IIi€i
raiysi, o JI03BOJISIE SIK KIIIEHTaM, TaK i KIHOTeaTpaM 3py4HO Ta e()eKTHBHO OPOHIOBATH Ta KepPyBaTH
KBUTKaMH Ha QiTbMH.

B cywacnHomy iH(poOpMamiiHOMy CyCIHiNBCTBi, € OOCATH JaHWUX POCTYTh EKCIOHEHIIHO, a
OTpUMaHHs 1HQOpMAIIl cTa€ JIETKOJAOCTYIIHUM 3aBJISIKM IIMPOKOMY PO3MOBCIOJIKEHHIO NHU(POBUX
TEXHOJIOTIH, aHaJIi3 JaHUX CTa€ KIIOYOBOK CKJIQJOBOIO YCHiXy B Garatbox cdepax xutts [1]. Bin
0i3HeCy 1 HayKH JI0 MeIUIIUHY 1 TPOMAJICHKOI MTOITUKHY, aHAIli3 JAHUX JTO3BOJISIE OTPUMYBATH TITHOOKI
1HCAlTH, MPUHAMATH OOTPYHTOBAHI PIICHHS Ta ONTUMI3yBaTH MPOIIECH.

2. Xipg po6otm

IcHyIOTE pi3HOMaHITHI METOIW aHAI3y JaHWX, SKi MOKHA BUKOPHCTOBYBATH I KiHOTEaTpiB, a
caMe: aHaji3 JacoBHX psdiB [2]; kopemsmiiinuii anami3z [3]; aHami3 BIUIMBY Ta ekcriepuMeHTH [4];
reoindopmariitauii anamiz [5] Ta immi. I[o6 mpoBecTH MOCHIIKEHHS METOMIB aHAi3y HaHHX
noTpiOHO 3HATH, SIKI BXiJHI Ta BUXIJHI JIaHI BUKOPHCTOBYIOThCS Y cUCTeMi KiHoTearpy. st mporo
Tpeba CTBOPHUTH NMPOTOTHUI iHPOpMALiiiHOT cuCTeMH OpOHIOBaHHS KBHUTKIB KiHOTeaTtpy. CTBOpEHHS
MNPOTOTHITY CKJIAaJa€ThCsl 3 JABOX eTamiB: (OpPMyBaHHS BHMOT Ta MOJENIOBAHHS IPOTPaAMHOTO
3a0€e3IeUeHHSI.

@dopMyBaHHS BUMOT BKIIOYAa€ BHM3HAYCHHS POJI KOPHUCTYBAayiB 1 IX MOXKIHMBOCTI y CHCTEMI,
cueHapii moBemiHKM Ta cxemu Hapiramii. Ilo-mepiie, ans po3poOku Oysno 0OpaHO HamMMCAHHS
KOPHCTYBAIbKOTO CIICHApil0 y BUMIIAJI PO3MOBiI KOPHUCTYBava MpPO TMOCIIOBHICTh CBOIX MM JUIs
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IOCSATHEHHs pe3ynbTaTy. Ha npyromy erami oopano User Story sik croci6 ¢hopMaii3oBaHOTO OIMUCY
niit kopuctyBaua. Ha TpeTrOMy eTami creHapii moBeIiHKHY MPeNCTaBIsSIOThCA y BUIIAAL Hiarpamu Use
Case, sika onmcye Bci B3aeEMOJIi cUCTeMHU 3 KOpucTyBadeM. Ha dyeTBepToMy erami 30MpatoThcs pa3oM
yci cuenapii, User Story i Use Case. Ilicis doro crBoproethess User Flow, to6To ouikyBaHmii
ANTOPUTM [i KOPUCTYBaya, i OTPUMYETHCS MOBHHUM OMHC KOXXKHOI B3a€MOJIi MK KOPHCTyBadeM i
MPOAYKTOM, a TAKOXK YiTKEe OAYSHHS OCHOBHHX MPHHIIUITIB POOOTH MPOAYKTY [6].

MopemoBaHHS TPOTPAMHOTO 3a0€3IMCUEHHS CKIATAEThCS 3 TBOX YaCTHUH: KIIIEHTCHKOI 1 CEPBEPHOI.
KitienTcpka wacTrHa MOTPiOHA I TOTO, MO0 TOYHIIIE 3pO3YMITH K MMOBHHHA TPAIIOBATH CHCTEMA.
st 1bOr0 BUKOPHCTOBYETHCS ONMUC (DYHKIIOHATHLHOCTI CHCTEMHM 3aBASKM Jiarpami IOCIiZOBHOCTI,
Jiarpami JisUTBHOCTI Ta Jiarpami moTokiB ganux. /s po3pooku Oyno Bukopuctano StartUML, BPwin
i Erwin. Jlist cepBepHOi yacTHHU OyJM BUKOPHCTAHI IHCTPYMEHTH JUIsS MOJICIIOBaHHS 0a3 JaHHUX Ta
cepBepHoi Joriku, Taki sik MySQL Workbench [7].

BuKOpHCTOBYIOUM CTBOpEHHI MPOTOTHII OYJIO AOCHIIKEHO TPU METOJA aHajli3y JaHHX, a TaKOXK
PO3IIISHYTO SK BOHH BIUTMBAIOTH HA ITPEAMETHY 00JIacTh, a came:

1. gacosi psagku (ARIMA). Peanizamiss mporHo3yBaHHS TpPOAaXiB KBHUTKIB 32 JIOTIOMOTOFO

Metony ARIMA miakpecnuiia Horo KOpUCHICTB AJIs IUTaHyBaHHS ailli Ta KaTajaory ceaHciB;

2. wmeron ABC nmns imBentapm3amii. Knmacudikaris ToBapiB Ha kareropii 3a meromom ABC

JO3BOJISIE ONTHMI3YBaTH YIPABIiHHS 3amacaMi, MPHUIULIOYH YBary HaiOiIbIl BaKIUBUM Ta

CTpaTeriuHuM TOBapam,;

3. aHaJi3 CIOXXMBYOI MOBEAIHKM Ha aKiii. Po3poOiieHnii MeTo aHami3y CIIOKMBUYOI IMOBEAIHKH

TIPH aKIIiAX J03BOJISIE €(PEKTHBHO aJanTyBaTH MapKETHHTOBI CTpaTerii Ta ONTUMI3yBaTH aKIii s

301TBIIIEHHS TIOMTUTY Ta MPUOYTKY.

3. BuUcCHOBKM

VY pe3ynbraTi IOCTIIKEHHS 3aCTOCYBaHHS METOJIB aHAIi3y JaHUX Yy CHCTEMaxX aBTOMaTH3allil
poboTH KiHOTEaTpy BUSBUIIOCSA, IO BUKOPUCTAHHS IHTETPOBAHUX ITiXOAIB MOXKE 3HAYHO MOIMIITUTH
e(eKTHBHICTb Ta CTpaTerii ynpaiinasa. 3actocyBaHHs MeToiB MozaentoBanHs (IDEF0, DFD, BPwin,
ERwin) m103BOJMIIO CTBOPUTH JAETAJbHUI HPOTOTHII CUCTEMH KIHOTEATpy, IO JAJ0 MOXKJIHBICTH
BUOpaTH OyAb-SIKHiA METO]] aHAJI3y JaHUX Ta JOCTIANTH HOTO B PeMETHIN 001acTi.

3acTocyBaHHS OTPUMAaHUX PE3yJbTaTiB y peaJibHOMY Oi3HEC-CepedOBHUII MOXKE HPU3BECTH [0
onTUMi3amii 3amaciB, MiABHIICHHS €(QEeKTUBHOCTI MapKeTHHTOBHX KaMIaHiii Ta TMOKpalleHHs
3aJJ0BOJICHOCTI KITIEHTIB.

JochimKeHHs TAKPECInI0 BaXJIMBICTh 1HTErpamii pi3HHX MeTOAiB aHamizy naHux. [lomampiie
JOCITIPKEHHSI MO)Ke OYTH CIIPSIMOBaHE Ha ONTUMI3AIliI0 aTOPUTMIB, PO3LIMPEHHS (DYHKIIIOHATLHOCTI
Ta aJanTaililo s pi3HUX THIIB KiHOTeaTpiB. Llg poboTa € 3HAUymMM KPOKOM Y pO3yMiHHI
MOXKIIMBOCTEH Ta BIIPOBA/DKEHHS METOJIB aHali3y JaHuX y Oi3Heci KiHOTeaTpiB, CIPHSIOYN
MOKPAIIEHHIO CTPATETIYHOTO YIIPABIIHHS Ta JOCSITHEHHIO MOCTABJICHHX LIiIEH.

4. MNepenik axKepen NOCUNAHHA

[1] Big Data for Sustainable Development. URL: https://www.un.org/en/global-issues/big-data-for-
sustainable-development

[2] Yacori psmu. URL: https://kstat.pnu.edu.ua/wp-content/uploads/sites/63/2018/04/%D0%A7%
D0%B0%D1%81%D0%BE%D0%B2%D1%96- %D1%80%D1%8F%D0%B4%D0%B8.pdf

[3] Kopensmitinmii awamiz panmx: Illo me Take 1 sk #oro 3acrocoByBatH. URL:
https://ua5.org/model/1728-korelyaczijnyj-analiz-danyh-shho-cze-take-i-yak-jogo-
zastosovuvaty.html
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Docnip)xeHHAa MeToais Ta TexHonoriv ABTomaTtusauii Mpouecis
dopmyBaHHA 3aABOK anAa Beb-canty Komnadii 3 NMpokaty ABTo

Jlinenxo Jennc?, Bikrop JIeBukin?

& Xapriecokuil HayioHanbHull yHisepcumem padioenrexmponiku, np. Hayxku, 14, m. Xapxis, 61166, Ykpaina

AHoOTauiA

[TosiBa InTepHery mpuHecna 3 cobor0 6arato KOpUCHUX peueil. OIHIE 3 HUX € MOXIIUBICTh
aBTOMAaTH3aIlii OpeHAM aBTOMOOUIA. 3aBHaHHSA JOCTIAATA METOAM Ta TEXHOJOTI]
aBTOMaTH3allil mporieciB OpMYyBaHHS 3asBOK JIJIS CAUTy KOMIIaHii 3 MPOKaTy aBTOMOOLIIB.
Kntouosi cnosa !

[Ipokar aBTO, aBTOMaTH3aIlIs OOIKY 3asBOK.

1. Bctyn

3a OoCTaHHI POKH IHTEpHET-Oi3HEC B Taly3i MpoKaTy aBTOMOOLTIB CTaB CYTTEBOK CKJIAJ0BOIO
cTparterii po3BUTKY KOMIaHil, 10 HAAIOTh MOCIYTH MPOKaTy TPaHCIOPTHHX 3aco0iB. Ll TeHaeHtis
00yMOBJIEHa 3pOCTaHHAM IONHUTY Ha MOOUTBHI Ta e()eKTHBHI PIllICHHS IS 3aMOBIICHHSI aBTOMOOLITIB
gepe3 [HTepHeT. 3 UM BHHUKA€e BaXKJIMBa MpolieMa: SIK ONTHMI3yBaTH Ta aBTOMAaTU3yBaTH IPOIECH
(¢opMyBaHHsI 3asBOK Ha MpOKAT aBTO JUIA MaKCUMI3allil 3py4YHOCTI KIIEHTIB Ta IiABUIICHHS
KOHKYPEHTOCIIPOMOKHOCTI KOMIIaHIM y IIbOMYy IWHAMIYHOMY PHHKOBOMY cepemoBuiii. CydacHi
KIII€EHTH BHMAararoTh HE JIMIIE IMIBHIKOCTI OOCIyroBYBaHHS, ajleé ¥ TEepCOHATI30BAHOTO MiAXOIy Ta
BHUCOKOTO PiBHS CepBicy. Y I[bOMY KOHTEKCTI, €(PEKTHBHICTh B3a€MOJIi 3 KIIIEHTAMU Ta ONTHMI3allis
poleciB 0)OPMJICHHSI 3asBOK Ha BeO-caliTax crae CTPATErivyHOI IEPEeBaror0 JjIs KOMIaHIH, sKi
NparHyTh BIANOBIIATH Cy4YacHHM CTaHIapTaM SKOCTI oOciyroByBaHHs. JlocmimkeHHs Ta
BIIPOBA[)KCHHSI HOBUX METOJ[IB Ta TEXHOJIOT1i aBTOMATH3allli MOXE BIJKPUTH HOBI MOXKJIUBOCTI JJIst
YJIOCKOHAJICHHS TPOIIECIB (POPMYBaHHS 3asBOK, 3a0€3MEUYIOUd ONTHMAJbHY PEaKIlil0 Ha MOTpPeOn
KIIIEHTIB Ta 3a0e3Meuyodn CTabUThHUH picT Oi3HECY KOMMAaHiH, SKi JIIOTh Y IIbOMY CEKTODI.

2. AHani3 iCHylOUMX MeTopAiB Ta TEXHOOTIN

Ha cywacHOoMy erami pO3BUTKY raiy3i NpoKaTy aBTOMOOUTIB ICHYIOTh pi3HI MiAXOAW 10
(dopMyBaHHsI 3asBOK Ha BeO-caiiTax KOMIaHii, mpore 0arato 3 HUX CTHKAKOTHCS 3 BHU3HAYCHUMU
oOMexeHHaMHU. TpajuIiitHi MeToau, Taki SK 3almoBHEHHS (opM Ha BeO-CTOpIHKaX YW 3aCTOCYHKaX,
30epiraroTecs y cKiIagHuX Gopmarax, 0 4acTO MOXKE BUKIMKATH HE3PYYHOCTI JUIsi KOPUCTYBayviB Ta
MPU3BOJIUTH JI0 HEBIPHOTO BBeJeHHS iH(opMarii. BiibmIicTh iCHYIOUMX CHUCTEM IOKJIAJIAIOThCS Ha
pY4YHE BBEIEHHs AaHUX KJIIEHTaMH, II0 MOXE BECTU JI0 IOMHJIOK Ta 3aTPUMOK Yy 0OpoOIi 3asBOK.
Kpim TOro, BOHM MOXYyTh OyTH OOMEXKEHMMH B (YHKUIOHAIBHOCTI, HE HAaJAlO4M JOCTATHBOI
THYYKOCTI JUIsi BpaxyBaHHS Pi3HOMaHITHHX TOTpeO KiieHTiB. Jleski KOMIMaHii BXe 3aCTOCOBYIOTh
JISSIKI €JIEMEHTH aBTOMAaTH3allil, TakKi sSIK aBTOMaTHYHE 3alIOBHECHHS JCSIKUX IOJIB a00 BUKOPUCTAHHS
CHCTEM pPEeKOMEHJaliidi Ha OCHOBI momepenHix BuOOpiB KiieHTa. IIpoTe, GaraTo i3 IMX pilIeHb €
(¢parMeHTapHIMH Ta HE BHKOPHUCTOBYIOTH TIOTCHI[iaJl Cy4YacHHX TeXHoJorid.  JlocmimkeHHs
3a3Ha4eHUX OOMEXEHb Ta aHalli3 ICHYIOUMX METOJIIB JIO3BOJIUTh BU3HAYHUTH MPOTAIUHH B CyYacHUX
migxogax o0 aBToMaTH3amii GopMyBaHHS 3asBOK Ta MOKAKE LUIAXH JUISA IMOAAIBLIONO PO3BUTKY Ta
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BIIOCKOHAJICHHS ITUX IPOIECiB. BaXIMBUM €TaroM € TaKoX TOPIBHSHHS BapTOCTi, IMBHIKOCTI Ta
TOYHOCTI Pi3HUX METOJIIB /Il BUBHAYCHHS ONITUMAIBHUX CTpATeriii aBToMaTH3aitii.

3. AHani3 nonepepgHix AocniaKeHb WOA0 aBTOMaTMU3aLii NpoueciB B3aEmogii
3 KNiEHTamu B ranysi NnpoKaTty aBTomobinis

HaykoBa cminpHOTa BKE BHsIBHJIA 3HAYyIIUMA iHTEpec 10 NHUTaHb aBTOMAaTH3alii MpoIeciB
B3aeMopii 3 KirieHTaMu B c(hepi mpokaTy aBToMoO1miB. [lekinpKa momnepenHix oCHiPKeHb MPUCBIYeH]
acTeKTaM ONTHUMIi3allii Ta MOKpaImeHHs BiTHOCHH i3 CHOXUBa4aMHU B I[bOMY KOHKPETHOMY KOHTEKCTI.
[lepm 3a Bce, MiIKPECTIOETHCS BAXKIMBICTh BUKOPUCTAHHS TEXHOJIOTIN AJISl MiABUIICHHS 3pYYHOCTI
KIIIEHTIB MiJ 4Yac mpouecy mpokaTy. JocmiikeHHsS BKa3ylOTh Ha Te, M0 ¢(peKTUBHE BUKOPHCTAHHS
MOOUTPHMX JOJAaTKiB Ta BeO-caliTiB 11 OQOpPMIICHHS 3asdBOK MOXKE 3HAYHO TOJIIIIIUTH
KOPHUCTYBAI[bKUH JIOCBiJ Ta WiABUINUTH JIOSUIbHICTh KITI€HTIB.  OIHIE 3 KIIOYOBUX TEM €
BITpOoBaKeHHs ITy4HOTro iHTenekTy (L) Ta mammunoro nauanus (MH) y npouecu aBromatu3arii.
JIOCNiTHUKM AaKUEHTYIOTh Ha MOXJIMBOCTSX aHai3y JaHUX U1 [POTHO3YBaHHS IIONHTY,
MepcoHami3amii MPOMO3MINi Ta TMOKpAIIEHHS CTpareriii MiHOYTBOpEHHS. TakoXK pO3TIsIacTbes
Ba)XKJIUBICTh iHTErpalii iHTEpaKTUBHUX iHTEp(EHCIB Ta TEXHOJOTIH, CIIPSIMOBAHUX Ha ITiJBUIICHHS
3a;ydeHHs KOpHCTyBadiB. J(OCHIDKEHHS TMOKa3yloTh, M0 iHTep(hEHCH, SKi CIpUSIOTH B3a€EMOIIl 3
KIIIEHTAaMH Ta HA/JalOTh PEKOMEHAIlii Ha OCHOBI iXHIX iHAWBiTyaTbHUX MOTPEO, MOXYTh 3HAYHO
MOJIIITIITUTH SAKICTh 0OCIIYyTOBYBaHHS. BpaxoByrouH Iii MOTMEPEHI JOCTIKESHHS, CTaE 3p03yMLUTUM, 110
MEPEOCMUCIICHHS ICHYIOUHX METOIB T4 BUKOPHCTaHHS HOBITHIX TEXHOJIOTIH y cdepi aBTOMaTH3aLii
mpotieciB (opMyBaHHS 3afBOK MOXKE TPU3BECTH JO 3HAYHOTO IiIBUIICHHS e()eKTHBHOCTI Oi3Hec-
MIPOIIECiB Ta 3a0e3MmeYnTH OLIBII BUCOKUAN PiBEHDb 330OBOJICHHS KIIIEHTIB.

4. BUCHOBKM

VY pesynbTaTi aHalizy ICHYFOUMX METOJIB Ta MOMEPEAHIX IOCIIKeHb y Taly3i aBTOMaTH3allil
mpotieciB (hopMyBaHHS 3asBOK JJIsi BeO-CAaHTIB KOMIaHIii 3 MPOKAaTy aBTOMOOINIB MOXKHA 3pOOHUTH
KUJTbKa Ba)KJIMBUX BUCHOBKIB.

[Mo-nepure, Tpaauuiitai Metoan (HOpMyBaHHs 3asiBOK MAarOTh CBOI OOMEXKCHHS, SIKi BKIIOYAIOTh
HE3PYYHOCTI JJIsi KOPHUCTYBAa4diB Ta MOXKJIHMBICTP BHHHKHEHHS IIOMWJIOK BBEICHHS JIaHHX.
JlocTiDkeHHS TIOKa3yloTh, IO ICHYIOYi CHCTEMH YacTO HE BHKOPHCTOBYIOTH IOBHICTIO MOTEHIIIAl
Cy4YaCHHMX TEXHOJIOTIH.

[o-ppyre, BaKIMBUM €TaliOM € BIPOBAPKEHHS MITYYHOTO IHTENEKTY Ta MAIIMHHOTO HaBYAHHS
JUTSL ONITHMI3AIlii IpOoIIeciB B3a€MOIIi 3 KiTieHTaMU. ABTOMAaTHYHHUM aHaJi3 JaHUX JTO3BOIISIE MiIOUpaTn
1H/IMBIyaJIbHI POTIO3HILii, epedavyaTy MOMUT Ta ONTHMI3YBaTH CTpaTerii 00CIIyroByBaHHS.

[To-Tpete, iHTerpallisi iHTEpaKTHBHUX 1HTEp(ENCIB Ta TEXHOJOTiIH MOXXE 3HAYHO MOKPAIIUTH
CIIO’KUBYMH HOCBiJ. B3aemonis 3 Kii€eHTaMM Ta HaJJaHHS MIEPCOHAI30BaHUX PEKOMEH/IAIi CIIPHSIOThH
ITiIBUIICHHIO 33]J0BOJICHOCTI KOPHCTYBAUiB.

3 oraAy Ha I1ie, NMEPCIEeKTHBH PO3BUTKY BKIIIOYAIOTh y ceOe BIPOBAKEHHS 1HHOBAI[IHHHX
TEXHOJIOT1H, TaKuX SK PO3IIUPEHHH aHalli3 JaHWX,, & TAKOX IOCTiHE BIOCKOHAJIEHHs iHTep(eiciB
U151 3a0e31eveHHs 3pyYHOCTI Ta JOCTYITHOCTI [UIsl IIMPOKOT0 KOJia KOPUCTYBAUiB.

5. Jlitepatypa

[1] Car rental. URL: https://en.wikipedia.org/wiki/Car_rental

[2] Car renting. URL: https://www.automotive-fleet.com/147063/car-renting-its-development-and-
future

[3] Car Rental Insurance Tip Sheet. URL.: https://www.consumeraffairs.com/travel/carrent_ins.html

[4] History — The beginning of a moving tale. URL.: https://about.sixt.com/en/

[5] FluentValidation docs. URL: https://docs.fluentvalidation.net/en/latest/
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Docnip)xeHHAa IHpopmauiitHoi TexHonorii JlokymeHTOObiIry Ana
OnTtumisauii Po6otn BetepuHapHoi KniHikn

Hais Kanmura?, Anacracis ConstHUK?

8 Xapriecokuil HayioHanbHull yHisepcumem padioeaexmponiku, np.Hayku, 14, m.Xapkie, 61166, Vrpaina

AHoOTauiA

JOCHiIKeHH TPHUCBAYEHO pPO3MIsAY 1H(OpPMALiHOT TEXHOJNOril JOKyMEHTOoOo0Iiry y
BETEPHHAPHHUX KIIIHIKAX Ta 11 BUKOPUCTAHHSA I ONTHMI3amii poOoYux IMporeciB Ta
MiABUINECHHS edekTuBHOCTI. OOTrOBOPIOIOTHCS CyYacHI TEHACHIIT y cdepi TOKyMEHTOOOIry,
MepeBaru Ta BUKJIUKH 3aCTOCYBaHHS €JIEKTPOHHUX CUCTEM, a TAKOXK BILIUB 1Li€1 TEXHOJIOT] Ha
SIKICTh MEJMYHOTO OOCITYTOBYBaHHS Y BETEPUHAPHUX KITIHIKAX.

Kntouosi cnosa !

aBTOMATHU3AaIlisl IPOLIECiB, BETepHHAPHA KIIiHIKA, €IEKTPOHHUI JOKYMEHTOO00Ir, iH(popMmaniiiHa
TEXHOJIOTis, KJIIEHTChKE OOCIyTrOBYBAaHHS, ONTHMIi3allisi poOOYMX MpoLEciB, €(hEeKTUBHICTh
YIPaBIIiHHS TaHUMH

1. Bctyn

Y cyudacHOMy iH(OpMamiiHOMY CYCIIJIbCTBiI, ¢ TEXHOJOTIYHI IHHOBAIlil BiAKPHUBAaIOTH HOBI
MOJKJIMBOCTI UL ONTHMi3alii pi3HUX cdep, BOKIMBUM acCHEKTOM CTa€ BIOCKOHAJICHHS CHCTEM
ynpaBiiHHS JOKyMeHTo00iroM. OHUM 3 HanpsMiB, SIKUi OTpedye onTuMizalii y [bOMy KOHTEKCTI, €
BeTEpHHApHA MEIWIMHA. AKTYyaJbHICTh JOCITIKEHHS Mi€i iHhopMaIiitHoi TexHoorii 00yMOBIeHa
HarajgbHOK TMOTPEe0OI0 B YIOCKOHAJICHHI CHCTEM YIPaBIiHHS JOKYMEHTOOOIrOM, 30Kpema y
BETEpUHAPHHX KIliHIKaX. BerepuHapHi KIIiHIKY, K 1 1HII 3aKIaJd, CTUKAIOTHCS 3 BEJIMKHM OOCITOM
JIOKYMEHTAIIil CTOCOBHO IAaIli€HTIB, IEPCOHAIY, JTIKYBaHHS, MaTePiaIbHO -TEXHIYHOTO 3a0e31eUeHHS,
yIpaBIiHHSA 3akiagoM Toio. EdexkTuBHA cucTeMa eleKTpOHHOTrO JOKYMEHTOO0OIry 3adesredye BCi
nepeBard  BOPOBDKEHHS  1HQOpPMAIIMHMX  TEXHOJOTiH y Tmpolecd BHPOOHMITBA Ta
aJIMiHICTPATHBHOTO KEPYBaHHS, 1[0 B CBOIO YEPT'y MO3UTHBHO BILIMBAE HA SIKICTh HAJaHHS ITOCIYT .

2. OcHOBHa YaCTUHaA

EnexTpoHHHH JOKYMEHTOOOIT — CyKYyNHICTh TPOIECiB, BKIIOYAIOYM CTBOPEHHS, OOPOOKY,
BiJIIIpaBJICHHS, TepelaBaHHs, OTPUMAaHHs, 30epiraHHsi, BUKOPHCTAHHS Ta yTHIII3allil0 eJIEKTPOHHHX
nokymMeHTiB. Li omepartii 3miiCHIOIOTECS 3 BUKOPUCTaHHSIM MEPEBIPKH IUTICHOCTI Ta, 33 HEOOX1THOCTI,
3 TiATBEPHKEHHAM (DaKTy OTpUMAaHHS TaKuX JOKYMEHTIB [1].

BukopucTaHHS MarepoBOro JOKYMEHTO00ITY, MMOB'SI3aHO 3 HU3KOIO TIpodiieM, a came [2, 3]:

*  BUTpaTH Yacy i pecypciB. OOpoOKka narnepoBux JOKyMEHTIB 3a3BHYail BUMArae 3Ha4HO OiIbIIIe

Yyacy MOPIBHAHO 3 ENEKTPOHHHMH cHcTeMaMu. PyuHe copTyBaHHsS Ta apXiByBaHHS NalepOBHX

JOKYMEHTIB 3a0Mpae BEJIMKY KUIBKICTh Hacy, IO MOXE BIUIMBATH HA MPOAYKTHBHICTH Ta

e(EeKTHBHICTh POOOYHX MPOIIECIB;

. HU3bKa MOOUIBHICTh Ta JOCTYMHICTh. BiACYTHICTHP MOXIWBOCTI IIBHUAKOTO JOCTYITY JO

MarnepoBUX JOKYMEHTIB YCKJIagHIOE poOOTy B yMmoBax BingajeHoi poboTu abo y MoOiIbHOMY

CEPEIOBHIIL;
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*  BTpAaTH Ta IONIKO/PKCHHS TOKyMEHTiB. [larepoBi JOKyMEHTH IiAJal0ThCSI PU3HUKY BTpAaTH a00
MOILIKO/DKEHHS B PE3YJIbTaTi MOKEXi, MOBEHI, KPaAKKUA UM 1HIIMX MPUPOTHUX UM TEXHOTCHHUX
nofii. Lle Moske mpu3BecTH 10 BTPATH BaXITUBOI iHPOpMAaIii Ta YCKIaJHUTH BiIHOBJICHHS 1aHHX;

*  EeKOJIOTi4HI acrekTd. BupoOHUITBO Ta BUKOPUCTAHHS NAllepy MarOTh HETaTHMBHUH BIUIMB Ha

JIOBKJIJIA,;

* Oesmeka 1 KoHQimeHUiiHicTh. [lamepoBi OOKYMEHTH MOXYTh OyTH BpasiuBi 10

HECaHKI[IOHOBAHOTO JOCTYITY Ta KPaIiKKH, IO CTBOPIOE 3arpo3y KOH(DiAeHIIHHOCTI iH(popmaii.

Ha BigmiHy Big mnamepoBOTO, ENEKTPOHHHHA IJOKYMEHTOOOIr mepemdadae 3axWINeHi KaHal|

nepenaBanHs iHGopMariii. 3riJHO 3 UYWHHUM 3aKOHOJABCTBOM CJCKTPOHHI JIOKYMEHTHU

MPUPIBHIOIOTECS 10 opuriHaiiB. Ha Hux nHaknanmatrotbes enextponHi mignmucu (KEID), siki 3akon

TaKOX MPHUPIBHIOE 0 BIACHOPYYHHUX MIMHUCIB [4].

MeToto poOOTH € AOCHiIKEHHS EJIEKTPOHHOTO IOKYMEHTOOOITY Yy BETEpHHApHINA KIIHIII Ui
BU3HAYCHHS e(EeKTMBHHX IUIAXIB onTHMi3amii poOounx mpoueciB. s AOCATHEHHS Iii€i MeTH
HeOOXiTHO MpOBEeCTH KOMIUIEKCHUN aHalli3 CTaHy eJNEeKTPOHHOTO ITOKYMEHTOOOITYy y BeTepHWHapHIN
kiiHimi. [loyaTkoBUM eTanoM € BH3HA4YEHHS MEPEeIyMOB NSl BIPOBAKEHHS ©()EeKTHBHOI CHCTEMH,
30KpeMa, BpaxyBaHHS TEXHOJIOTIYHUX MOXKIUBOCTEH Ta OCOOJUBOCTEH KIIIHIYHOI TPAKTHKH.
[IpoBenennst aerampHOrO aHaimizy GYHKLIA KoxHOi migcucrtemu iHQopMamniinoi cuctemu (IC)
JTOKYMEHTOOOITy TOTIOMOKE€ BHM3HAYUTH IXHIO pPONb 1 Miclleé B 3araibHiii cTpykTypi. HeoOximHO
BU3HAYUTH MOTPEOM KOPHUCTYBadiB, DPO3TISHYTH IHAWBIAyalbHI OCOOIMBOCTI POOOYHMX MPOIECiB
KOXKHOI KaTeropii mpaiiBHUKIB KIiHIKH. lle 103BOJMUTH HaJalmITyBaTH CHCTEMY Tak, 00 BOHA
BIJIOBiZaja KOHKPETHUM BUMOT'aM KOYKHOT'O KOPHUCTYBaya.

Ha croroguimHii geHp BXKE ICHYIOTh JesKi DIMIEHHS eJIeKTPOHHOTO JOKYMEHTOOOITy ¥y
BeTepuHapHHUX KiiHikax. Hanpuknan, Hippo Manager — mporpaMue 3a0e3neueHHs Al KepyBaHH:
BETEPHHAPHOIO KITIHIKOIO, SIKE POCTE Y BUKOPHUCTaHHI Ta MPU3HAYEHO JIJIS MiIBUIIECHHS e(DeKTHBHOCTI,
¢ikcariii BUTpaT KJIiHIKK 1 OTPUMaHHS TOCTYILY 10 JaHHX y peanbHoMy 4aci [5]. Lls cucrema BrITIOUae
B ceOe TOJIOBHI MOYIJIMBOCTI €IEKTPOHHOTO JOKYMEHTOOOITY, TakKi SIK eleKTPOHHA MEIUYHA iCTOopis,
TUTaHYBaHHS MPUIOMY, OOMIK KITIEHTIB Ta iXHIX TBAPHH, EIEKTPOHHI PELENTH, a TAKOXK:

* BOymoBaHi 3BiTH. [l03BONSIOTH aHaNli3yBaTH BaXKJIMBI TMOKa3HUKA €()EKTHBHOCTI poOOTH

3akmany [6];

*  KOHTpPOJb 3amnaciB. Jl03BoJIsi€ MATPUMYBATH PiBEHb 3allaciB, TOYHO BiJICTEKYBaTH MPUOYTOK,

HaJIal04u BCi IHCTPYMEHTH JUIsl KepyBaHHs 3anacamu [6];

*  moprai manieHTiB. KileHTH BeTepruHApHOI KIIIHIKM MOKYTh OTPUMATH JOCTYM JI0 MEIUIHUX

3amKCiB TBapUH OHJIANH, TIEPErJIsiIaT paxXyHKH, APYKyBaTH cepTudikatu Baoma [6];

*  Ta0nwuii JTiKyBaHHSI. ABTOMaTHU30BaHi JIUCTH, SIKi CIIPOIYIOTh IEPEMIIIICHHS TAHUX MPO TBAPUH

Ta BIZICTEKYIOTH MPOLIEC Ta MPOrPeC iX JIIKyBaHHs y KiiHiIi [6].

eVetPractice.com — 1ie noBHOYHKIIOHAIbHE BETEpUHAPHE MPOrpaMHe 3a0e3MeUYeHHs, TPU3HAYCHE
JUIss 0OCIYyrOBYBaHHSI CTapTaliB Ta MIANPUEMCTB. eVetPractice.com Hajlae KOMIUICKCHI PIIICHHS,
po3pobuieHi s BeO-3acTOCYHKIB. Llsi oHNaiiH BeTeprHApHA CHCTEMa NPOINOHYE IUIaHHU JIIKYyBaHHS,
TUIAaHYyBaHHS BiJIBilyBaHb, YIIPaBIIiHHS 3alacaMu, YIIPaBIiHHS PEICTITAMHU, BUCTABICHHS PaxyHKIB [7].

[Hdopmariiina crcteMa JOKyMEHTOOOITY BKIIOUYAE PSIJ MiJICHCTEM, CIPSIMOBaHUX HA YNPaBIiHHS
MEIMYHOI0 JTOKYMEHTAIlI€0 Ta 3abe3rneueHHs e(peKTUBHOTO (PYHKIIOHYBAaHHS KJIIHIYHOTO IPOILECY,
KOXHa 3 SKMX BiITIOBIJIa€ 32 KOHKPETHI (PYHKITIT:

. MiJCUCTeMa MEIWYHHMX KapTOK MaifieHTiB. DyHKIIi: 30epiraHHs Ta OHOBJCHHS MEIMYHUX

3aITUCIB KOXKHOTO TAIli€EHTa, BHECEHHS JaHUX PO J1arHO3H, JIIKYBaHHS Ta MPo(iaKTHYHI 3aX0/H,

o(opMIIeHHS HaNpaBJICHB;,

*  MiJCMCTEMa 3aMOBJICHHS Ta YIIPaBIIIHHA MeaukaMeHTaMu. DyHKIIT: 0hOpMIICHHS PELIETTIB Ta

3aMOBJICHHS JIIKiB, BiJICTEXKEHHSI 3aJIMIIKIB JIIKIB Ta YIPaBJIiHHSI HUMH,

*  migcucteMa 3anucy Ha npuiiom. DyHKOIi: 3aMuC MAali€eHTIB Ha NPUAOM 10 BETEpHHAPA,

BiJCTeXeHHS rpadika poOOTH BeTeprHApiB, MiATBEPAXKECHHS Ta CKaCyBaHHS NPUHOMIB,

*  mijcucTeMa JIAbOpaTOPHUX JOCIHiKeHb. DYHKIIT: 3aMOBIICHHSI Ta BIJICTEKEHHS Pe3yJIbTaTiB

nabopaTopHUX aHaji3iB, 30epiraHHs 1abOpaTOPHUX AAHUX Y Nali€HTCHKUX KapTKax;

*  migcucTeMa paxyHKiB Ta ¢iHaHciB. DyHKIII: BUCTABIEHHS paxyHKiB 3a HaJaHi MOCIYTH, 00JIiK

(iHAaHCOBHX TPaH3aKIIi{ Ta OTLIAT,

*  mijcucTeMa 30epiraHHs Ta KepyBaHHs JoKyMeHTaMu. DyHKIIIi: 30epiraHHs Ta opraHizarlis BCix

BUIB JOKYMEHTIB KITiHIKH, TOCTYII A0 CTAaHAAPTIB Ta PErYIATOPHUX aKTiB.
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i migcucremu yTBOPIOIOTE IC MOKyMEHTOOOITY BeTEpHMHAPHOI KIIIHIKH, CIPSIMOBaHY Ha
MOKPAICHHSI YNPaBIiHHSA MEIUYHOK JIOKYMCHTAIlI€I0, TiJBHUIICHHS C€(PEKTUBHOCTI pOOOTH Ta
3a0e3MeUeHHs] BUCOKOTO CTaHAapTy HaJaHHS BETEPHHAPHUX TOCIYT.

Kopucrysaui IC BerepuHapHOi KIIIHIKM MOXYTh BKIIOYATH aJMIiHICTPATOPIB KIIHIKH, JIKapiB,
MezcecTep, KITEHTIB (BIacHUKIB TBapwH). Ko)kHa KaTeropis KOpPHCTyBadiB Mae BH3HAYEHI poii Ta
PiBEHb JOCTYIY BiAMOBIIHO A0 TXHIX (PYHKIIOHAIEHUX O0OB'SI3KiB:

*  amMiHicTparopu KimiHiku. OyHKIN: peecTparis KIIi€HTIB, yIPaBIiHAS aKayHTaMH{ BIIACHUKIB Ta

TBapuH, (DiHAHCOBI omeparlii, 3aIC KIIEHTIB Ha MIPUIOMH, MIATBEPIKEHHS Ta CKacyBaHHS 3aIIHCIB.

Joctynm o naHuX KIIEHTIB Ta IXHIX TBapWH, MOXJIMBICTh BHOCHTH JIO HHUX 3MiHH, JOCTYII JIO

rpagikiB npuiioMy Ta BHECEHHS 10 HUX 3MiH;

*  BerepuHapHi Jikapi. DPyHKmii: 00poOKa MEONYHWX 3amMUCIB Ta NPU3HAYCHHS JIIKyBaHHS.

JocTyn 10 elIeKTpOHHMX MEIWYHHX KapT TBAPHH, MOXKIUBICTb BHOCHUTH 3MIHH Y MEIWYHHUX

3aImcax;

*  wMenacectpu. DyHKIIT: 3amKc Ta OHOBIICHHS NMEBHUX MEJAWYHHUX NaHWX TBapuH. OOMexeHUn

JOCTYII IO MEIUIHUX 3aITUCIB;

*  BJAacHUKH TBapuH. OYHKIII: JOCTYI /10 0cOOUCTOT iH(pOpPMALlii PO CBOIX TBAPUH, BKIIOUAIOUH

MEJIMYHI 3aITUCH, BI3UTH, PELIEIITH, 3alIMC Ha BI3UTH Ta MEPEria] peKOMEH Al jikaps. Joctym 10

JAHWX TUTBKH IIOJI0 iX TBApWH, 3 00MEKECHIMH TpaBaMU Ha pearyBaHHs.

Lli poni Ta piBHI IOCTYIy JOMOMArarTh 3a0e3MeUUTH OC3MEeKy NaHUX Ta SEKTUBHY OOpOOKY
iHpopMalii y BeTepUHApHIM KJIiHIlL, BiANOBIAHO 10 (PYHKIIOHAIFHHX OOOB'SI3KIB KOXKHOTO THUILY
KOPHUCTYBaya.

BripoBakeHHsI €1eKTPOHHOTO TOKYMEHTOO0Iry y BETepHHAPHUX KJIiHIKAX MOXKE CTHKATHCS 3
JIESIKUMU BUKJIMKaMHM, TAKMMH SIK HEOOXITHICTh aJamnTaliii mepcoHany 10 HOBUX TEXHOJIOTIH, TPy HOIII
iHTeTpamii 3 iICHyFOUMMH CHCTEMaMH, BUTPATH 4Yacy Ha IMEpexia BiJl MamepoBOTO M0 €IEKTPOHHOTO
(hopMaTy, CTBOpEHHsI CTaHAAPTIB Ta 3a0e3MeYeHHS CyMICHOCTI MK PI3HUMH CHCTEMaMH, a TaKOX
notpeba B HAIIHHOCTI Ta MOCTIHHOMY AOCTyMi A0 cucteMHu. OHOBJICHHS Ta MiATPUMKA €IEKTPOHHOTO
JOKYMEHTOOOITY TaKoXX MOXYTh BHMaraTtu JOJATKOBUX pecypciB Ta yBard Ui 3a0e3reueHHS
e(eKTHBHOCTI Ta aKTyaJbHOCTI cUCTeMH. 3abe3nedeHHs] e()eKTUBHOIO BHUPIIICHHS IIMX BUKJIHMKIB €
KPUTHYHAM JJIsl YCHIITHOI IMIUIEMEHTAIlli eJeKTPOHHOTO JOKyMEHTooO0iry. BoHo moBHHHO OyTH
CHpsSIMOBaHe Ha MaKCHUMI3allifo ITepeBar, 110 MoXe JJOIOMOTTH BETEpUHAPHHUM KITIHIKaM ONTHMI3yBaTH
pobodi mporecy, MiABUIIMTH TOYHICTH Ta JOCTYIHICTH MEIUYHOI iHQopMmarii, mo mpu3Beae 10
MTOKPAIEHHSI SKOCTi 0OCITyTOBYBaHHS Ta 33/I0BOJICHHS KITi€HTIB.
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3acTOCYBaHHA LUTYYHOrO iHTENEKTY B My/bTUMeAIMHUX cucte-
Mmax

Kupuuenko? ta 3airpaes?

! Xapxiscoxuii nayionanvnuil ynisepcumem paoioenexmpouixu, npocnexm Hayxu, 14, Xapxis, Xapxiscoka 06-
aacmy, Yxpaina, 61166

AHoTauiA

CraTTst TOCIiKy€e BILIUB Ta 3acTocyBaHHS MeToniB LI B MymbTUMENIHHIX cUCTEMaX, OXOTI-
JIIOIOYH aHaNi3 BioOpaXkeHHs, 00poOKU Ta po3yMiHHS MyJIbTHMEAIHHOrO KOHTEHTY. BoHa Ta-
KOXK PO3IIISAA€ TEXHONIOTIT, 110 BUKOPUCTOBYIOTh 111 711 MOKpaIieHHs CIpUNHHATTS Ta B3ae-
MOJIii KOPHCTyBaJa 3 MyJIbTUMETIHHAMU PECYPCAMHU.

Kntouosi cnosa !

I Ty4yHuit iHTENEKT, MyIbTUMEIMHI cucTeMH, 00poOKa MyJIbTHMENIA, BiIOOPaKEHHs KOHTE-
HTY, pO3ITi3HaBaHHS 00pa3iB, aHaJIi3 3BYKY, MyJbTHMEliliHA B3a€EMOIis

1. Becryn

MynbTUMENIHHI CUCTEMH 3MIHWJIM CIIOCIO, IKUM MU CIIPUMMaeMO iH(GOpMAIlito, PO3BAKAEMOCS Ta
B3aeMoieMo. BoHU BKIIIOYAIOTH y ce0Oe pi3HOMaHITHI TUIIM KOHTEHTY, TaKi sIK 300pakeHHsl, Bijieo, ay-
IO Ta TEKCTOBI JaHi, SIKi CHiBICHYIOTh, CTBOPIOIOYH 3aXOTLTIOI0YI BpakKeHHS. PO3BUTOK MITYYHOTO iH-
tenekty (1) cyTTeBO BIUIMHYB Ha MOKJIMBOCTI Ta MOTEHIlIA)I MYJbTUMEIIHHUX CUCTeM. [HTerpartis
metoxis LI y MynsTHMeniliHi cucTeMH BiAKpriia Oe311id MOKIMBOCTEH, JO3BOJISIOUH MM CHCTEMaM
He Juie 00poOIIsATH, a i PO3yMITH, TIIyMa4nTH Ta TOKPALLyBaTH MPEACTaBICHUH KOHTEHT. L[ B3aemo-
nist mixxk I Ta MynpTHMEzia TOPOIKYE 1HHOBAIIII, IO BUXOAATH 32 paMKH TPAIUIIHHAX 0OMEXeHb,
30arauyro4n KOPUCTYBaIlbKi BPaXXCHHS Ta PO3MIMPIOIOYN MOKIIMBOCTI TBOPYOTO BHpa3y.

HITy4HU# iHTENEKT Y MYJIbTUMEIIHHNX CUCTEMaxX BHSBUBCS KIIFOYOBUM (PAKTOPOM, IO J03BOJISIE
BIOCKOHAJIOBATH Ta PO3IIMPIOBATH (PYHKIIOHAIBHICTH CUCTEMH. BiAMOBIHO 10 1IBOTO, aIrOPUTMHU
MaIIMHHOTO HaBYaHHS T4 HEHPOHHI Mepexi BUKOPUCTOBYIOTHCS JJIsl PO3Mi3HaBaHHS 00pasiB, po3y-
MiHHS MOBH, aHaJli3y 3BYKYy Ta CTBOPEHHSI 1HTEJIEKTyaJbHUX CHUCTEM, [I0 ABTOMATHYHO aJaINTYIOThHCS
70 TOTped KOpUCTyBadiB. IHTENEKTyalbHI CUCTEMH B MyJbTHME[ia PO3MIMPIOIOTH MOXIMBOCTI HE
JIUILE JJI51 CIOKHUBAYIB, ajie i 17151 TBOPLIB KOHTEHTY. 3a IOIOMOTr 010 aHaJli3y AaHUX PO KOPUCTYBAyiB,
Il CHCTEMH MOXYTh IIPOTHO3YBATH Ta CTBOPIOBATH MEPCOHATI30BaHUI KOHTEHT, SIKUH Kpalle BiJmoBi-
Ja€ IHIUBITyaIbHAM YIIO00aHHSAM ayTUTOPIi.

LlITydHut iHTENEKT CTaB KIFOYOBUM KaTaii3aTOPOM JUIsl iHHOBaMil y chepi MyImbTHUMETia, 3MiHIO-
FOYH CIOCI0, IKUM MU CITIPUHMAEMO, CTBOPIOEMO Ta CIIOKMBAEMO KOHTEHT. B 111l cTaTTi MU JIOKJIaIHIIIIE
PO3TIISIHEMO BIUIMB Ta nepcnekTuBr po3BUTKy LI y MynbTuMeniiiHux cucteMax, po3KpHBarOuu, sK Iii
TEXHOJIOT1i MOJIEITIOIOTh CYYacHI pealii Ta MepeTBOPIOTh MaHOYTHICTH 1€l chepu.

2. Po3ni3sHaBaHHA 06pa3iB 3a gonomoroto LI

OctaHHI JOCTDKEHHS B Tally3i po3mi3HaBaHHs 00pa3iB POKYCYIOThCS Ha BJOCKOHAICHHI HEHPOH-
HUX MEPEXK Ta MoJieliel rIMOoKoro HaBdaHHs. KiTlouoBi JOCATHEHHS HOJISATal0Th Y BAKOPUCTaHHI apXi-
tektyp CNN Ta mogeneli, Takux sk ResNet, EfficientNet, sxi Big3HauaroThCS BHCOKOK TOYHICTIO

Information Systems and Technology (1ST-2023), November 28 — December 1, 2023, Kharkiv, Ukraine
EMAIL: iryna.kyrychenko@nure.ua (A. 1); dmytro.zaihraiev@nure.ua (A. 2)
ORCID: 0000-0002-7686-6439 (A. 1)

%%i Information Systems and Technology (IST-2023) Part 2. Youth section

35



knacudikallii Ta po3mi3HaBaHHS 00'€KTIB Ha 300pakeHHsAX. HemaBHi JOCTIIKSHHS TaKOX 30CEPEIKY-
I0THCSl Ha PO3BUTKY MOJENEH, sIKi 3a0€3MeUyIOTh BiIHOBIICHHS 300paskeHb BHCOKOI SIKOCTI 3 BUKOPHC-
TaHHSIM TeHepaTHBHUX aaBepcapHuX Mepex (GANS) Ta aHOTYBaHHsI 300paXKeHb AT MO MIIEHHS TOY-
HOCTI Ta pI3HOMAaHITHOCTI JaHHX.

[oxpamenHs sKocTi 00poOKK Ta penaxiiis 300paxeHs. CydacHi maxomau 10 00poOku 300pakeHb
BUKOPHUCTOBYIOTh ITMOOKI HEMPOHHI MEpeXi I aBTOMAaTHYHOI KOpeKii 300pakeHb. BOHN MOXKYTh He
JIUIIIE TTIBUIITYBATH PO3AUTHEHY 3AAaTHICTH, ajle i BUIIPABIATH Ne(EKTH, TaKi SK PO3MHTTS, PO3TSITHEHHS
Ta 3a6apBieHHs [5]. Jleski MeToau TakoK aKTHBHO BUKOPHUCTOBYIOTH CTPYKTYPH 3BOPOTHOTO 3B'SA3KY
JUISL TIOKPAIIeHHS SIKOCTi 300paxkeHb. OcoOMMBHI aKIEHT 3pO0JICHUI Ha PO3BUTOK aBTOMAaTH30BaHHUX
METOAIB pecTaBpallii Ta yCyHEeHHs HIyMy, II0 3a0e3MeuyioTh BUCOKOSKICHE 300paskeHHs micist o6po-
OKwu.

[epconanizoBana 06poOka KoHTeHTY. LLITy4HHi i1HTEIEKT JO3BOJISAE CTBOPIOBATH iHIUBIAyabHI Ha-
JAITyBaHHs. 00pOOKH 300paskeHb, BpaXOBYIOUH YHIKaNBHI ynomo0aHHS KopucTyBadiB. CHCTEMH MO-
KYTb IaTyBaTUCS IO BEMOT IOAO KOJBbOPY, KOHTPACTHOCTI, ICKPABOCTI Ta CTHIIIO 300pakeHHS, 3a-
Oe3nedyroun KOpHCTyBadaM IIepCOHATI30BaHMIA JOCBIT [4].

OctaHHi po3po0KH y mili 001aCTi BKIIOYAIOTh B ce0e PO3BUTOK aJTOPUTMIB, L0 BPaXOBYIOTh KOH-
TEKCT BUKOPUCTAHHS 300payKeHb, BPAXOBYIOUH HE JIUILE OCOOJIMBOCTI KOPUCTYBaya, ajie i 0COOIMBOCTI
BUKOPHUCTaHHS 300paKeHHS B PI3HHUX CIIEHAPIX.

3. YHiBepcanbHicTb 3aCTOCYyBaHHA

Texnomorii po3nizHaBanHs 00pa3iB Ha ocHOBI LIl MaloTh BenmuKuii MOTEHINIaN y Pi3HUX Taly3sX.
BoHu BUKOPHCTOBYIOTHCS JJISi PO3Bar, MEIWIIMHH, MPOMHUCIOBOCTI, OE3MEeKH Ta 0araThboX IiHIIAX
ctep.CydacHi AOCTIKEHAS aKTUBHO JTOCIKYIOTh MOKIUBOCTI 3acTtocyBaHHs LI B apxitektypi "iH-
teprety peuei” (IoT), mo 703BOIIsIE aBTOMATU3YBATH MPOLIECH Ta POOOTY Pi3HUX MPUCTPOIB, BUKOPH-
CTOBYIOUM Bi3yalbHUI aHaJi3 Ta po3Mi3HaBaHHs 00pa3iB [3].

1. Po3Baru Ta Menia - ITYYHUHA IHTENEKT JO3BOJISE CTBOPIOBATH IHAMBIyallbHI HAAIITYBAHHS 00-
poOKH 300pakeHb, BPaxOBYIOUH YHIKaJIbHI yIOJ00aHHS KOpHCTyBadiB. CHCTEMH MOXYTh aJlanTyBa-
THCS 10 BUMOT IOJI0 KOJIBOPY, KOHTPACTHOCTI, ICKPABOCTI Ta CTUITIO 300payKeHHs, 3a0e3Medyoun Ko-
pHUCTyBayaM nepcoHaitizoBaHuid 7ocsif [2]. OctaHHi po3poOKH y 1ii 001acTi BKIIOYAOTh B cede po3-
BUTOK aJITOPUTMIB, [0 BPAXOBYIOTh KOHTEKCT BUKOPHCTAHHS 300payKeHb, BPAXOBYIOUH HE JIMIIE 0CO-
OIMBOCTI KOPHUCTYBaya, ajie i 0COOJIIMBOCTI BUKOPHUCTAHHS 300paKeHHS B PI3HUX ClIEHApisX.

2. MeauiivHa Ta JAiarHOCTHKA - B MEIUIIMHI TEXHOJIOTIT po3Mi3HaBaHHS 00pa3iB BUKOPUCTOBYIOTHCS
JUTSL TIarHOCTUKY 3aXBOPIOBaHb Ha OCHOBI MEJINYHUX 300paXkeHb. Moei TiIMO0Koro HaBYaHHs J0TI0-
MararoTh iZICHTU(IKYBaTH aTOJIOTI] HA 3HIMKaX PEHTI'€HIBCHKUX Ta KOMITTOTepHOT ToMorpadii, mo no-
3BOJISIE IIBU/IMIC Ta TOYHIIIE TOCTABUTH JiarHO3H.

3. [IpoMuCIIOBICTH Ta aBTOMATH3AIIIS - Y TIPOMHUCIIOBOCTI TEXHOIIOTIi po3Mi3HaBaHHS 00pa3iB BUKO-
PHUCTOBYIOTBCS ISl Bi3yaldbHOT'O KOHTPOITIO SIKOCTI MPOAYKIIii Ha BUpoOHnumx JiHisx [1]. Lle mo3Bomsie
BUSBIIATH JeheKTH a00 HEBIAMOBITHOCTI CTaHIapTaM Ta aBTOMATUYHO BUIIYYaTH HESKICHI BUPOOH 3
JiHiT BUPOOHMIITBA.

4. "laTepHeT pedeil”" Ta BizyalbHUH aHaNi3 - y cdepi "iHTepHeTY pedei” cHCTeMH PO3Ii3HABaHHS
00pas3iB 3aCTOCOBYIOTHCS JIJIsl PO3YMIHHS OTOUYHOUOT0 CepeIoBHINa. JlaTunku Ta KaMepH 3/1aTHI aHai-
3yBaTH Ta PO3IMi3HABAaTH 00'€KTH, IO JOMOMArae B aBTOMaTH3AIlil IPOIIECIB, HAIPUKIIAJ], Y CUCTEMAax
"po3ymMHOro OyauHKy" a0 B aBTOHOMHHX TPaHCHOPTHHUX 3ac00ax.

Tabnuua 1
MpuKnagm 3aCToCyBaHHA TEXHO/ONM po3nisHaBaHHA 06pasiB y pisHMX ranyssax
lanysb MpuKNag 3acTocyBaHHA
Po3Baru Ta megja BipTyanbHa peanbHicTb Ta po3wmnpeHa peanbHictb (VR/AR)
MepguumHa Ta giarHocTuKa PeHTreHonoria Ta Komn'totepHa Tomorpadis (CT)
Mpomuncnosictb Bi3yasibHWUI KOHTPO/Ib AKOCTI BUPOOHMLTBA
"IHTepHeT peyein” "Po3ymHuit gim"
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[puknaau 3aCTOCYBaHHS TEXHOJIOTIH pO3Mi3HaBaHHA 00pa3iB y Pi3HMX ranay3sx HaBeneHi y Ta0:1.1.

PosBaru Ta Menia - BipTyansHa peansHicTh (VR) Ta posmmpena peanbHicTs (AR). Texnomnorii pos-
mi3HaBaHHA 00pa3iB BUKOPHCTOBYIOTHCS JJIsi CTBOPEHHSI Bpa)XKalOUHX Bi3yalbHHUX e(DEKTiB y BipTyallb-
Hill peanpHOCTI. Hanmpukiaza, nogatku, mo BUKOPUCTOBYIOTh AR 11 po3misHaBaHHS 00'€KTIB y pealb-
HOMY CBITi Ta TPOEKTYIOTh HA HUX IHTEpaKTUBHY iH(OpMAITitO.

MenunyHa Ta JiarHOCTHKA - pEHTreHoIorisa Ta kommn'torepaa ToMmorpadis (CT). Texnomorii po3mi-
3HaBaHHA 00pa3iB y MEIUIINHI JOTIOMAararOTh JIKapsM IIBH/IIE Ta TOYHIIIE BUSBIISTH 3aXBOPIOBAHHS.
AJNTOPUTMHU BUKOPUCTOBYIOTHCSA JIJIS1 aBTOMATUYHOTO PO3ITi3HABAHHS MATOJOT1# Ha 3HIMKaX PEHTTEHiB-
cekux a0o CT 300pakeHs, 10 MOJICTIIYE JiarHOCTUKY.

[IpomucOBICTh Ta aBTOMATH3ALliS - Bi3yalbHUI KOHTPOJIb SIKOCTI BUPOOHUITBA. Y IPOMHCIOBOCTI
CUCTEMH pPO3Mi3HaBaHH: 00pa3iB BUKOPHUCTOBYIOTHCS IS Bi3yaIbHOTO KOHTPOIIO SIKOCTI BHPOOHHUIITBA.
Kamepu ta anroputmu cripuiiMaroTh Ta aHaIi3yl0Th 300pakeHHs B pealbHOMY 4aci, BUSBISAI0UH Aede-
KTH 200 HECTaHIapPTHICTh y BUPOOax.

"laTepueT peueit" Ta Bi3yanbHHH aHANI3 — «pO3yMHUM OyauHOK". Y crctemax "pozymHOro Oyan-
HKY'" KaMepH Ta JaTYNKHA BUKOPUCTOBYIOTHCA JUIS PO3ITi3HABAHHS 00pa3iB Ta aHAII3Yy OTOUYIOYOTO Ce-
penoBuma. Hanpukinan, cucTeMyd BU3HA4YEHHs OOJIUYb JIFOIEH /7151 aBTOMAaTUYHOTO BKIIIOYCHHS/BUMH-
KaHHS MiJCBITKH, KOHTPOIIO TOCTYITy Ta MiATPUMKH O€3MEKH.

4. BUCHOBKM

TakyuM YMHOM, BIUTHB MITYYHOTO IHTEIEKTY Ha PO3BUTOK MYJIbTUMENIHHUX CHCTEM, 30KpeMa y cdepi
posmizHaBaHHs 06pa3ziB. LI BigkpuBae 6e37i4 MOKIMBOCTEH 7151 TOKPALICHHS Ta PO3MIUPEHHS (YHK-
IOHAJLHOCTI MYIBTUMENIHHNX cucTteM. [HTerparis meroxis 1L no3Bose cuctemam He nmine 06poo-
JISITH, @ ¥ PO3YMITH, TIIyMauuTH Ta IIOKPALIyBaTH IPEACTaBICHUN KOHTEHT, 110 NOPOAXKY€ 1HHOBaL] Ta
30arauye KOpUCTyBalbKi BpaskeHHA. PosmizHaBaHHs 00pa3iB uepes LI Bka3yoTh Ha 3HAYHHI TIpOTpec
y it obnacti. BukopucranHs HEHPOHHUX MEPEXK Ta ITMOOKOTO HaBYAHHS CIIPHUSE BUCOKIH TOYHOCTI
knacudikalii Ta po3mizHaBaHHS 00'€KTIB Ha 300paxeHHsX. KpiM Toro, 3acTocyBaHHS T€HEPATUBHUX
aJIBEpCapHUX MepeX Ta aNTOPUTMIB aBTOMAaTHYHOI KOPEKIii 300pakeHb IMiIBUIIYE SIKICTh OOpOOKH Ta
JI03BOJISIE CTBOPIOBATH MEPCOHANTI30BaHUN KOHTEHT. [LITyqHMit IHTENEKT He JInIIe BIUTMBAE HA PO3Baru
Ta Mejia, Jie BiH JO3BOJISIE CTBOPIOBATH 1HIMBIIyaIbHUH HOCBIJ Il KOPUCTYBAUiB, ajie TAKOX 3HAXO-
IUTHh 3aCTOCYBaHHS y cdepax MeIUIMHH, MTPOMHUCIOBOCTI Ta "iHTepHeTy pedeir". B memumnuHi BiH
CHpUsi€ TOYHIIIIH JIarHOCTHII, Y IPOMHUCIIOBOCTI - KOHTPOJTIO SIKOCTI, a B "iHTepHeTi peueil” - aBToMa-
TH3aIi] Ta pO3yMiHHIO OTOYYIOUOTO CEpPEIOBHIIIA.

3arajioM, IITYYHUH 1HTEJIEKT Y MyJIbTUMEIIHHUX CUCTEMaX BiAKPUBA€E MIMPOKI TOPU3OHTH JUISI TBO-
pUoro BHpasy, 3a0e3Meuyrur HOBI MOXIIMBOCTI SIK JUIS CIIOXHBAYiB, TaK 1 IS TBOPIIB KOHTEHTY, Ta
CTa€ KIOYOBUM (haKTOPOM, 110 MOJISIIIOE CyUYacHi peatii Ta MepeTBOPIOE MaHOYTHICTD ITi€T cdhepu.
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DocnipXeHHA CY4YaCHUX TeXHONOoTIl onTumisauyii
Beb63acToCyHKiB

€rop Jlebinp?, FOpiit Mimepskos?

& Xapriecokuil HayioHaneHull yHisepcumem padioenexmponiku, np. Hayxu 14, Xapxkis, 61166, Yxpaina

AHoOTauiA

VY pamkax poOOTH MPOBEACHO aHaJi3 KpUTEPiiB ONTHUMi3alii BeO3acTOCYHKIB Ta BU3HAYEHO
aKTyallbHI KpUTEpii IS BEMIPY HPOJYKTHBHOCTI cucTeMHd. CTBOPEHO OIMMC MaTeMaTUIHOI
MOJICHI 33ajadi y BUTJLIII MiHIMI3aIll Ta MakcuMizallii BiAMOBIAHUX KpuTepiiB. [IpoBeneHo
aHaJli3 1 BU3HAYEHO TNepeBaru, HeJOMIKU Ta aKTyalbHICTh 3aCTOCYBaHHS KOXKHOTO 3 IMiJXO/IB
JI0 MacIITabyBaHHS.

Kniouosi cnosa !
Kpurepii ontumizartii, MaciTabyBaHHs, Be03aCTOCYHKH, iH(POPMAIIiiiHi cUCTEMHU.

1. Bctyn

Hapasi indopmaniiini cucreMu € Ha3BUYaliHO MOMYJSIPHUMU. BOHM MIMPOKO BUKOPUCTOBYIOTHCS
y pi3HHX cdepax Ta raixy3sixX, OCKUTEKHA BUPIITYIOTH ST MPOOIIeM 3aBISKA CBOIM IIepeBaraM, TakKuM sIK
aBTOMATH3allisl IPOIIECiB Ta 30epiraHHs BEMTUKUX 00CSTiB JaHUX. Be03acTOCyHKH — Iie mporpamH, sKi
MpaIo0Th Ha BeO-cepBepax i JOCTYIHI KOpPHCTyBadaM uepe3 BeOOpayszepu. Bonu npusHayeHi ajis
HaJaHHS KOPUCTyBadaM 3pY4YHOTO iHTepdeicy s B3aeMOJii 3 CepBepOM 1 BHUKOHAHHS Pi3HUX
3aBmaHb. Ha choromHimmHii geHb Be0O3aCTOCYHKH BHKOPHUCTOBYIOTHCS KOJKHOIO JIFOJHHOIO, SIKa M€
nocTyt 10 Mepexi. Uepes riobajibHe BUKOPUCTAHHS Mepexi [HTepHeT Oarato KoMIaHii 3aiiikaBicHa
y CTBOPEHHI BJIACHOTO Be03aCTOCYHKY JJIsl HAJITAaHHS THX UM IHIIUX ITOCTYT abo MpOIaxy TOBapiB.

AKTYaJIbHICTh TEMH TIOJISITAE Y TOMY, [0 OTITUMIi3allist Be03aCTOCYHKIB Biflirpae KIFOYOBY POJIb AJIS
KOHKYPEHTOCIIPOMOXKHOCTI Ta 3a0e31neueHHs] KOM(OPTHOTO JTOCBI Iy KOPUCTYBaHHS.

2. Pesynbtatm [oOCNiAKEHHA KpuUTepiiB  ONTMMI3auii Ta BU3HAYEHHA
y3araZbHEHOro Kputepia ontumisauii

B pesynbraTti aHanmizy 0yi10 BU3HAYECHO MEPENiK KIFOYOBUX KPUTEPIiB ONTHMI3allii Be03aCTOCYHKIB:

1. mponyckna 3matHicTh (throughput);

2. pocrymHicth (availability);

3. wapiitHicts (reliability);

4. 3arpumka (latency).

Kpurepiit npomycknoi 3natHocti (throughput) xapakrepu3sye KijdbKicTh TpaH3akIliid abo 3ammuTiB,
SKI MOXe 00poOHMTH Be03aCTOCYHOK 3a OJUHMINIO Yacy. Brcoka MmpomycKHa 31aTHICTh, SIK MTPAaBHIIO,
CBIIYMTH TMpO Kpaily MpOAYyKTHBHICT, Ta MacimTaboBaHicTh[1]. ®opMmyna st po3paxyHKY
MPOIYCKHOI 34aTHOCTI B MIPOAYKTHUBHOCTI BeO-10/1aTKIB Ma€ TaKUN BUTIISAL;

N

RPS = ?R (1)

ne RPS — mpomycKkHa 3/1aTHICTh 3alMTiB, KUIBKICTh 3alMTIB 332 CEKYHAY; Np — KiJIbKICTH 3aIlUTiB 3a
npoMixkok yacy T.
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Kpurepiii qocrymsocrti (availability) — e kirro9oBuit mokasHuK, 10 XapaKTepu3ye CTabilbHICTh Ta
Mpare31aTHICTh CUCTEMHU y HeCTaOUIbHI mepiofaun. TakuM YMHOM, BUCOKHIA MIOKA3HUK JIOCTYITHOCTI, SIK
MpaBWIO, CBIAYMTH MPO Kpally MPOAYKTHBHICTb, MacHITa0OBaHICTh Ta CTaOLIBHICTH pobotu[2].
®opMyna 1Sl po3paxyHKy Ma€ HACTYITHUN BULJISIA:

T
A=—"—x100, 2

T Ty+Tp
ne A — KpuTepiil TOCTYIMHOCTI y BiacoTKax; Ty — 4ac poboTH 3actocyHky (Uptime); Tp — gac, Koiu
3aCTOCYHOK HepoctymHui (downtime).

Kpurepiit wHamiiinocti (reliability) xapakrtepusye 3maTHICTH CHCTEMH CTaOUIBHO TpalOBATH
BIAMOBIMHO g0 CBOiX crenudikamid. Ile HMOBIpHICTE 0€3BIIMOBHOI pPOOOTH IPOTPAMHOTO
3a0e3nedeHHs MPOTATrOM MIEBHOTO TEPioAy Yacy y BU3HAYeHOMY cepefoBHIli. OTHIM i3 MOMUPEHNX
crnoco0iB BUpayKeHHSI HAIIHHOCTI € cepeHil yac HampaitoBanHs Ha BigMoBy (MTBF):

T
MTBF =, ©)

ne MTBF — cepenniii yac HanpaifoBaHHs Ha BigMoBYy; T — 3arajibHuUil 4ac poOOTH cuctemu; N —
KUIBKICTH BiIMOB.

Kpurepiit 3atpumku (latency) B KOHTEKCTI MPOMYKTHBHOCTI BE03aCTOCYHKIB XapaKTEepHU3ye
3aTPUMKY a00 4ac, HeOOXIJHUI JUIA Tiepeaadi JaHUX MK IPUCTPOEM KOpHUCTyBaya i Beoceprepom. Lle
yac, HeOOXiTHUH I Tiepeaadi JaHuX 3 OJHi€T TOUKH Mepexi B iHmry[3]. PopMmyna 1 po3paxyHKy
MAa€ HACTYIHUH BUIJISL;

L=T,— T, (4)

ne L — JaTeHTHICTh, BIIHOCHTHCSA IO Yacy 3aTPUMKH MDK iHII[IIOBaHHSM 3amuTy abo omeparii Ta
OTPUMAaHHSM BiNOBiAi a00 pe3ynbrary; Ty — 9ac, HeOOXiTHUI TSt BUKOHAHHS 3anuTy abo omepaitii, 3
MOMEHTY HOTO iHIL[IFOBaHHSA /10 MOMEHTY OTPUMaHHs BilmNoBiai; T, — 4ac, BUTpauyeHni Ha (GakTHIHy
00poOKy maHux abo oOuncieHHs, 6e3 ypaxyBaHHS 9acy O4iKyBaHHS a00 IIPOCTOIO.

[IpoBiBImIK aHami3 KpUTEpiiB omnTHMizaiii BeO3aCTOCYHKIB Ta BH3HAUMBIIM TMEPEITIK OCHOBHHX
KpUTEpiiB, 0 OyAyTh BUKOPHCTaHi, MOKHa c(hOpMYJIIOBAaTH OCHOBHY MaTeMaTW4Hy MOZEJb 3a1adi
onTuMizarii. MeTor orrruMisanii € 3MeHIIIEHHS OHUX MOKA3HUKIB ONTUMI3aLli 1 IMABUAIIEHHS 1HIINX.
Tax B pamMkax JIJaHOT MOZIENi KPUTEPIsIMH, III0 BUMAraroTh MiHiMi3allii €:

* 3zarpumka (latency), OCKUIbKM 4Yac OUiKyBaHHS TpeOa 3MEHIIUTH Ui KpPalloro

KOPHCTYBAIIBKOTO JIOCBIly, KpUTEPil PAMYE 10 MiHIMYyMY: L — min.

Cepen kpuTepiiB, 110 BUMararoTh MAKCHMi3aIlil 1e:

* mpomyckHa 3xaTHicTh (throughput), ockinbkum 00poOka OiNbIIOT KUIBKOCTI 3alMTIB 32

OIUHMII0 4Yacy MAae€ TapaHTyBaTH BHMCOKY Mpale3laTHICTh 3aCTOCYHKY i dYac HaIMipHOTO

HaBaHTa)XXEHHS, KPUTEPIH MpSIMye 10 MakcuMymy: RPS — max;

*  goctynHicTe (availability), OCKiIBKM 4Yac JOCTYMHOCTI 3aCTOCYHKY JJIsSi BHKOPHCTAHHS

MiZBHINYE SKICTh KOPUCTYBAILKOTO JIOCBIy Ta PEMyTAallif0 KOMIaHil B IIIOMY, KPUTEPii NpsSMye

10 MakcumMymy: A — max;

*  HamidHicTh (reliability), ockinmbku HafiiiHICTE cuUcTeMu 3a0e3mnedye OesrepebiiiHy poOoTy

CHUCTEMHM I Yac He3aIUTaHOBaHMX MPOOJIeM i3 CHUCTEMOIO, KPHUTEPIH MpPSIMyE 10 MaKCUMyMY:

MTBF — max.

OTxe, BU3HAYMBINM KPUTEPii, 110 BUMAraroTh MiHiMi3allii Ta MaKCcUMi3allii, MOXXHa TPEJCTaBUTH
y3arajbHEHUH KPUTEPill ONTHMI3allii y HACTYITHOMY BHTJISIII:

0 = {min(L), max(RPS), max(A), max(MTBF)}, (5)

ne L — xpurepiit narentrocrti (latency); RPS — kputepiit nponycknoi 3aatHocTi (throughput); A —
KpuTepii goctymHocTi (availability); MTBF — kputepiii foctymHocTi (availability), mo xapakrepusye
cepe/iHii yac HamlpallOBaHHS Ha BiAMOBY.

3. Pe3ynbTaTtv gocnigyKeHHa niaxopnis Ao macwrtabyBaHHA

OnHUM 3 HaHOIIBII MOMYJSIPHUX Ta CYYaCHUX METOJIB ONTHMI3allii BEO3aCTOCYHKIB € TEXHOJIOTis
MacmTaOyBaHHs. [cHye ABa BuAM MaclTabyBaHHsA, cepe] IKUX BEPTHKAJIbHE Ta TOPU30HTANIBHE.
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BeprukanpHe MaciiTaOyBaHHS — II€ IPOIEC 30UIBIICHHS IMOTYXHOCTI ICHYIOUOI CHCTEMH, SIK
HaTpHUKIa] npolecopa adbo onepaTHBHOI MaM’ ST, Ui 3aI0BOJICHHS 3pOCTal0OYMX BUMOT 10 CUCTEMHU.
Ile — mpornec mokpaieHHs: ofHOTO cepBepy. JaHui miaxin g0 MacmTabyBaHHS € JOCUTHh MPOCTHM,
OCKUTBKM HE BHUMAarae >KOJHUX 3MiH KOJOBOi 0a3W, a MPOCTO BUMAra€e 3alydeHHS MOTYXKHIIIOTO
pecypcy A BUKOHAHHA. J[J1s MeBHUX MOTped MaHOTO MiAXOmy MOXKe OyTH TOCTaTHBO, ajie iCHYIOTh
nesiki 0OMEKEHHS TaKoro migxomny. | ronoBHe OOMeXEHHsS MOJSrae B TOMY, IO He icHye (i3udHoi
MOJKITUBOCTI 3a0€3MeUnTH MOCTiiTHEe BepTHKAIbHE MacIITaOyBaHHS CHCTEMH.

Juia nmeTampHOTO OMUCY JaHOTO OOMEXEHHS HEOOXITHO pPO3MIIAHYTH 3aKoH Mypa, mo OyB
Ha3BaHuii ['opgonom Mypom, oIHUM i3 cliB3acCHOBHUKIB KommaHii «Intely, sika crmenianizyerscs Ha
pO3po0II MPOIEeCOpiB JUIsi KOMITIOTEPIB. 3aKOH TMOJSATae B TOMY, IO KUIbKICTh TPaH3HCTOPIB B
IHTeTpalbHI CXeMi ITOJBOIOETHCS KOXKHI JBa POKH, a BAapTICTh 3MEHIIYETHCA B 1Ba pasu. s
CHPOIICHHSI PO3IJISILY KiJIBKICTh TpPaH3UCTOPIB OyIyTh XapaKTepu3yBaTH IIBUAKICTb BUKOHAHHS
anroputMmiB. OTXe, MU MOXEMO 3pPOOWMTH TMPHITYLICHHS, Oa3ylOuyuCchb Ha JaHOMY 3aKOHi, IO
IIBUIKICTh TIpOIlecOpiB Oyae 301bIIyBaTHCh y JBa pa3W KOXHI 1Ba poku. lle o3Hawae mo pict
IIBUIKOCTI Ma€ OyTH EKCIIOHEHIabHUM, alleé y CydacHOMY CBiTI M 0Oadymmo, mo rpadix pocTy
IIBUAKOCTI TPOIIECOPIB MiIXOAUTh A0 CBOTO IIaTo. 3a ocTaHHi 10 pOKIB PICT MIBUAKOCTI 3HAYHO
ckopoTuBcsi[4]. CxeMaTH4HO 1€ MOIaHO Ha PUCYHKY 1.

T

KinbKICcTb
TpaH3ucTepiB
(wBnAakicTb)

Yac

PucyHoK 1: CxemaTu4He npeacTaBAeHHA 3aKoHy Mypa

BpaxoBytoun 1ane 0OMeKeHHs, MO’KHA 3pOOUTH BHCHOBOK, 1110 BEPTHKAJIbHE MacITa0yBaHHS Ma€e
naHe oOMEXEHHs y SIKICHOMY MOKpaIlleHHI OJIHOTO CepBepa, OCKUIBKM TaK YW 1HAKIIE TEMITH POCTY
LIBUIKOCTI poOOOTH MPOLIECOPY 3HAYHO 3MEHIIYIOTHCS.

[HIIMM KITFOYOBHMM TiJIXOJ0M A0 MaciuTaOyBaHHS € TOpU30HTaIbHE MaciiTaObyBaHHs. BoHO sBisie
co0O0¥0 TIJIX1JT IO pO3UIHPeHHs 200 MiABHUINEHHS POYKTUBHOCTI CHCTEMH IUISIXOM JIOJIaBaHHSI HOBUX
pecypciB, 3a3BUYail 30UIBIICHHS KIIBKOCTI OO0YMCIIOBaIbHMX BY3JiB. lle BiAOyBaeThcs IIITXOM
30UIBIIEHHST KUJIBKOCTI CEpBEpiB, SIKi BUKOPUCTOBYIOTBCS Uit pobotu cucremu[5)]. Lled miaxin e
0TI e(heKTUBHUM Y paMKax MaclITa0yBaHHS, OCKUTBKH MPAKTUYHO HEe Mae oOMexkeHb. OKpiM TOro
JaHWHK TAX1T TOKpantye ¥ iHI Kputepii onTuMizaliii Be03aCTOCYHKIB, Taki sSK MPOMYCKHA 3/IATHICTb
(throughput), noctynnicts (availability) Ta HaniiinicTs (reliability) 3aBasiku OUTBIIIN KiJIBKOCTI BY3JIiB
B cuctemi. [lo-gpyre, nanmii miaxix BuMarae ocoOJMBOI yBarM A0 TOOYAOBH apXiTEKTypH
Be03aCTOCYHKY, OCKUIBKH BUMArae MiITPUMKHU pO3rainyKeHoi 00poOku iH(opMallii B 3aCTOCYHKY.

BpaxoBytoun yci mepeBarn i Hemoniku[6] B OCHOBHHX XapaKTepPHCTHKaX BEPTHKAJIBHOTO 1
TOPHU30HTAJIBHOrO MacIITa0yBaHHS OyJI0 BUKOHAHO MOPiBHSIHHA, 1110 HajaHe y Tabmmui 1.
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Tabnuua 1

XapaKTepMCTMKVI BEPTUKA/IbHOIO Ta rOPU30OHTA/IbHOIO MaCLIJTa6YBaHHF| cmcremum

XapaKrepuctunka BepTtukanbHe [opu30HTaNbHE
macwTabyBaHHA MacwTabyBaHHA
Posnoain pecypcis OauH cepsep Kinbka cepsepis
MacwTtaboBaHicTb ObmerkeHa MpaKTUYHO HeobmexKeHa
JocTynHicTb Be63acTOCyHKyY Hi, ocKinbKn ma€ oauH TaK, oCKinbKKu cepsepu
nig, 4ac OHOBNEHHA cepsep OHOB/IOKOTLCA NO Yepsi
CTivikicTb o0 BiaMOB Hu3bKa yepes €gMHY TOUKY BucoKa yepes KinbKicTb
BigmoBM cepsepiB
CknagHicTb B peanisauii Hwn3bKa Bucoka

MpoAYKTUBHICTb MiaBuLLYE NPOAYKTUBHICTb
OAHOro cepBepa.
He3HauyHO nigBuLyeTbCA
He3HayHO nigBuLyeTbCA
He3HauyHO nigBuLyeTbCA

He3Ha4yHO 3meH LUYETLbCA

Po3noginae HaBaHTaXKeHHA
MiX cepBepamm
3Ha4yHO NiABULLYETLCA
3Ha4yHO NiABULLYETLCA
3Ha4yHO NiABMULLYETLCA
3HaAYHO 3MEHLYETbCA

MponycKHa 34aTHICTb
JocTynHictb
HaginHictb
3aTpuMKa

4. BUCHOBKM

B pesymprari mocmimkeHHS METOIB BHpIIICHHS 3amadi Oyino MpOBEACHO aHali3 KPHUTEpiiB
onTuMmizamii Be03aCTOCYHKIB Ta BHM3HAYCHO aKTyallbHI KpUTEpil ISl BHMIpY NpPOXYyKTHBHOCTI
cucremu. Ilicns qocmimkeHHsT METPUK OyJI0 CTBOPEHO OMHC MaTeMaTHYHOI MOJISI 3a/1adi y BUTIISI
MiHIMi3amii Ta MakchMi3amii BIATIOBIAHUX KPHUTEPIiB Ta OMHCAHO Yy3araJbHEHUH KPHUTEPii
onrtuMizaiii. byso mpoBeaeHO aHai3 1 BU3HAYEHO MEPEeBard Ta HEAONIKM KOXXHOTO 3 MiAXOIIB J0
MaciTa0yBaHHs Be03aCTOCYHKIB. Bysu 3po0jieHI BHCHOBKHM IIIOJI0 aKTyaJIbHOCTI 3aCTOCYBaHHS
KOKHOTO 3 HHX.
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AHoTauiA

JocnimKkeHHs IPUCBSYCHE MiABUILCHHIO €()eKTUBHOCTI POOOTH TEKCTOBUX T'€HEPATUBHUX
cucteM. [IpoBeneHO aHami3 MOBHHMX CHUCTEM 3 PI3HUMHU THIIAMH IaM’sITi Ta BUSBJICHI
0COOIMBOCTI BUKOPUCTAHHS aCOIIaTUBHOI ITaM’sITi B TeHEPaTUBHUX CHCTeMaX. B pobori
PO3TISAAAOTHCS: CHCTeMa 0e3 apXiTeKTypHUX 3MiH Ta CHUCTeMa 31 3MIHCHHUM THUIIOM
nam'siTi, sika kpiMm ocHoBHOI Mojieni GPT-2 mMae monaTkoBi mapu.

Kniouosi cnosa
AcoliaTuBHa I1aM’siTh, IaM’sITh, HEHPOHHI MEPEXki, MariCTepchbKe AOCIIKEHHS

1. Bctyn

Ha manmii MOMeHT icHye 0araTto MOCTYITHHX CHCTEM TEHEepalii TeKCTy, SKi BIIPI3HSIOTHCSA 3a
SIKICTIO B 3QJIKHOCTI BiX Mozeni. SIKiCTh TEKCTy MPsIMO MPOTIOPIiiHA SKOCTI MOJETI, 5SKa, y CBOO
4epry, 3aJeKHUTh BiJ pO3Mipy, THITY Ta 00CATY HaBUAIBHUX JIAHHUX, & TAKOXK THITY MaM'sITi CHCTEMH.

TeopeTnuHO acomiaTMBHA MaM'sITb y MOBHHX MOJIENAX TIependadae HaBYaHHS HaM'sTi IHX
MojieTielt 0e3 BUMTEINS, IO CIPOIIY€e TeHEPAIlil0 TEKCTY B IIOMY, a TAKOXK PO3POOKY TaKUX CHCTEM.
e mocnmimkeHHs cOpsMOBaHE Ha IiJBUINEHHS €()EKTUBHOCTI reHeparii TEKCTY 3 BHKOPHCTaHHSIM
acoLiaTUBHOI I1am’ATl.

2. AHani3 MOXNMBOCTEN BUKOPUCTAHHA acoLiaTMBHOI Nam’ATi B TEKCTOBUX
reHepaTMBHMUX CUCTEMAX

Hefiponna acomiatuBHa nam'ste (HAII) - me HelipomepeskeBi Mojenmi, IO CKIATAIOTHCS 3
HEHPOHOMOAIOHUX Ta CHHAICONMONIOHMX €NeMEHTIB. Y Oyab-iKHi MOMEHT 4acy CTaH HEHPOHHOI
MEpEKi 3aa€ThCSl BEKTOPOM HEWPOHHOI aKTHUBHOCTI, KWW HA3MBAETHCSA MATTEPHOM aKTUBHOCTI.
HeiipoHn OHOBIIOIOTH 3HAYCHHSI CBOET aKTHMBHOCTI Ha OCHOBI BXiJTHHX JIaHHX, SKI BOHH OTPUMYIOTbH
(uepe3 cuHaricw). Y HaMNpOCTIIIMX MOAEISIX HEWPOHHUX Mepex (PyHKIisl BXOILy-BHXOIy HEHpOHa €
(dyHKII€I0 1IeHTHYHOCTI 2060 moporosa omepailis. Tpeda 3ayBakuTH, IO B OCTAHHHOMY BUIIAJIKy CTaH
HEHPOHHOI AKTUBHOCTI € OiHApPHUM: aKTUBHUM a0o0 HeakTuUBHHUU. IH(oOpMalis, sky 00podsie
HEHpOHHA Mepeka, MPEACTABISIEThCS y BUINIAAI LIA0JIOHIB aKTHUBHOCTI - MAaTTEpHAMU AKTHBHOCTI
(HampuKJal, NPEACTaBICHHS JepeBa MOXKe OyTH NAaTTepPHOM AaKTHBHOCTI, JI€é aKTHBHI HEHPOHH
BiJOOpakatoTh 300paskeHHs JepeBa). TakuM YHHOM, IMAO0JIOHM aKTHBHOCTI € MPEJCTaBICHHSIMH
CIIEMEHTIB, IO OOpOOISIIOTECS y Mepexi. [lpencTaBieHHS HA3WBAETHCSA PO3PIIHKEHUM, SKIIO
CHIBBiIHOLIEHHS MK aKTUBHUMH Ta HEAKTUBHUMH HEHPOHAMH HEBEIIMKE.

CuHaricu B HEMpOHHIN Mepexi - 11e 3B'I3KH MK HepoHaMu a00 MK HEHpOHaMH Ta BOJIOKHAMH,
[0 HECYTh 30BHIIIHIN BX1I.

Heiipon — ne oauHuis, mo BHUKOHYe oOuucineHHs. BoHa oTpumye nani 3 BXiZHOTO MIapy,
BUKOHYIOUH 3 HEIO MIPOCTi OOUMCIIEHHS, a MTOTIM MepeJatoun HaCTYITHOMY HEHPOHY.
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Pi3Hi ¢yHKII maM'aTi BU3HAYAIOTHCS THM, SK MOXKHAa OTPHMATH JOCTYII 0 BUBYCHMX I1a0JIOHIB
BUOIDKOBO 3BepTaTHCs /A0 BXigHOro 3paska. ODyHKUis po3mi3HaBaHHS 3pa3KiB  O3HAyae
knacu(ikyBaHHS BXiIHUX 3pa3Kd Ha JBa KIJIACH: 3HAHOMi 3pa3Kd Ta pemTy. Acouialis maOioHiB
ormrcye (YHKIIIO acOIifOBaHHS MEBHHUX BXITHUX 3pa3KiB 3 MEBHUMH 3pa3kaMd y Tam'sti, TOOTO
KOKHA TIaM'sITh CKJIAJAEThCS 3 TIApH BXITHOTO 1 0a)KaHOTO BHXITHOTO 3pa3KiB.

AcoliaTuBHA NaM'siTh Y HEHPOHHUX MepeKaX CTOCYETbCS IXHBOI 3IaTHOCTI 3alam'aTOBYBaTH Ta
acoIIiIoBaTH BXiaHI AaHi un oOpasu. L{e# TepMiH 0XOILTIOE KiJTbKa aCIeKTiB:

1) mam'aTe 00pa3iB —Mepexi MOXKYTh 3allaM'siTOBYBaTH Ta PO3II3HABATA KOHKPETHI 00pa3w y
BXIJJHUX JIaHUX, BUSABJISIOYM A0JIOHU Ta 3aKOHOMIPHOCTI;

2) acomiaTMBHE 3amaM'dTOBYBaHHA — MepeXi BiJHOBIIOIOTH iHQOpMamilo 3 mam'sTi,
KOPHUCTYIOUHCh YAaCTHHAMH BXIJHUX MJaHUX a00 KIIOYOBHMH €JEMEHTaMH, IO [O03BOJSE iM
acoLIOBAaTH BX1IHI JaHl 3 IEBHUMH BUXOIaMHU;

3) HaBYaHHS 3 y4YdTeNeM 1 0e3 Y4HMTens - MEpexXi MOXYTh HABUATUCS 3 YYHTENEM, KOJIU
HAJAr0ThCS TTApU BXiI-BUXind, a00 0€3 y4nTesi, KOJM BOHH CAMOCTIHO BUSBISIOTH 3aKOHOMIPHOCTI B
TaHUX;

4) 3icTaBlIiCHHS CXOXHX 00pa3iB — CHCTeMa MOPIBHIOE BXINHI JaHi 3 BiIOMHMH 3pa3kami, IO
JI03BOJISIE i pOOUTH BUCHOBKU 200 MPOTHO3H HA OCHOBI CX0XKOCTI.

[lepeBara HelipoHHO{ acoIliaTUBHOI Mam'sATi HaJ IHIIMMH alTOPUTMaMHu 30epiraHHs MAaOIIOHIB,
HaIpPUKIIAJ, TaOJMIAMHU TONIYKY XEUI-KOJIB, TMOJSITrae B TOMY, IO JOCTYIN J0 NaM'sTi Moxe OyTH
BiJIMOBOCTIHKHM TI0 BiIHOIIEHHIO IO 3MiH BXiJHOTrO I1abnony. Jlis acomianii ma0ioHIB 11e O3HaYae,
10 BUXiTHUN MIa0JI0H MOXKe OYTH CTBOpPEHHHU il HAOOPY BXINHWX MIAONIOHIB, SKi € HAWONMXKYI 110
BXIJHOTO IIa0JIOHY, TIPEACTABICHOTO /I Yac HAaBYaHHS.

HeiiponHi Mepexi MOXYTb JOCHTh €()EKTHBHO MPAIIOBATH 3 PI3HUMHU THUIIAMHU JaHUX, TAKUMH SIK
300pakeHHs, 3BYK, BiJie0, TEKCT TOmO. Toai 3 TOYKHM 30py MiABUIICHHS €()EeKTHBHOCTI pOOOTH
TEKCTOBUX TEHEPATHBHUX CHCTEM BAXJIMBOIO Ta AaKTyaJbHOIO 33/1a4€l0 € caMe JOCIIDKEHHS
aCoOILIIaTUBHOTO THITY TaM’sATi. BUKOpHUCTaHHS acOI[iaTHBHOI MaM'sITi y MOBHUX MOJECJISAX € JOLIJILHUM,
OCKIJIBKH II€ CTIPOIIY€E NMEePEeBipKY acomialiii Mix CII0BaMH Ta KOHTEKCTOM IIiJl 4ac reHepallii TeKCTYy.

3. Merta gocnig)KeHHsA i NOCTaHOBKA 3a4aui A0CNiAXKEeHHA

T'onoBHa MeTa JAOCIHIPKESHHST — MOPIBHIHHS JBOX MOBHHUX CHCTEM 3 PI3HUMHU THIIAMH IaM’Ti Ta
BUSIBJICHHS JIOIJILHOCTI BUKOPUCTAHHS caMe acOI[laTUBHOI IaM’sTi B TCHEPAaTUBHUX CUCTEMaX.
3anmayi, ki HEOOX1HO BUKOHATH ITiJ1 YaC MPOBEACHHS JOCITIKCHHS
1) 3HaWTH MOBHY MOJIEJIb, SIKA Bi/IIIOBi1a€ KOHKPETHUM BUMOTaM JOCITiKEHHS;
2) amantyBath oOpaHy MOBHY MOJIENb JJIS POOOTH 3 acOIiaTHBHOIO Mam’SITTIO, IO CTAHOBHTH
OCHOBY JIOCJIIJDKEHHS;
3) JeTaibHO 33JJOKyMEHTYBATH MPOIEC PO3POOKH CHCTEMH;
4) miAroTyBaTH JaHi JJIS HABYAHHS MOBHOI CHCTEMH;
5) mpoBecTr HaBUAHHS PO3POOJCHUX CHCTEM HA KOHKPETHHX BXiTHUX JAHHX;
6) mOopiBHATH ABI OTpUMaHi HEHPOHHI MEpeXi Ha OJHAKOBHX [AHHUX 3 METOI0 BU3HAYCHHS
e()eKTUBHOCTI BUKOPHCTAHHS aCOI[IaTHBHOI TIaM ATi.
HaBuanHs 1aHMX CUCTEM BUKOHYBaJIOCh Ha cepBepi Microsoft Azure.
Uepes BeNMKY KIIBKICTh JAHUX B MATPHIIX, OyJI0 BU3HAHO JOMUILHUM PO3MAPATICIIUTH 1, IS
4oro OyJ0 BUKOPHUCTAHO OJIMH 13 BUAIB ONTHMI3allii, a came — TPU.
JlJis mepeBipKU JaHMX CHUCTEM BUKOPHCTOBYBajach METpHKa accuracCy, a came — IOPIBHSHHS
OYIKyBaHUX JaHUX 1 JaHMX HEHPOHHOT MEpPEeKi.

4. Peani3auyifa 3aga4 A0CNiAXKEeHHA

Otpumana cucrema € TpaHchopmepom GPT-2, ToOTO cucTemMor st OOpOOKH TEKCTOBUX
MOCHIIOBHOCTEH, TaKUX SIK Yy 3aBJaHHAX MAIIMHHOTO IMEepeKiaay Ta aBTOMATUYHOTO pedepyBaHHS.
OcHoBHa HOT'0 0COOJMBICTh — MEXaHI3M YBard, sSIKUil BUSBIISIE B3AEMO3B'I3KH MK YaCTHHAMU BX1JHUX
i BuxigHux nanux. Moxens GPT-2 BukopuctoBye transformer attention, mo mae 3mory ehekTHBHO
00poOIATH BXiHI JaHi, BpaXOBYIOUH BCi MO3HUIIT B TOCHiJOBHOCTI.
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VY pe3ynbTari Mu OTPUMAJTH JIBl CUCTEMH: OJHA CHCTeMa 0e3 apXiTeKTypHHUX 3MiH, TOOTO Ma€ CBiif
3puvaiinuii Bux GPT-2, a apyra cuctema — 3i 3MiHEHHM THIIOM Mam'siTi, TOOTO OKpIM OCHOBHOI
mogeni GPT-2 mae moaaTkoBy MynbTUMOAAIBHY "ToNOBY" BXoay. BrockoHanena cucrema mae Taki
nonarkosi mapu (1):

Memory output - > Embedding - > Bidirectional LSTM - > Attention Mechanism. (1)

ne Memory output — BuBi 1ogaTKOBOI Mojesi 0e3 BUMTEINs, sSKa IIOBHHHA CTBOPIOBATH acoIliaIlii Ha
OCHOBI aBTOCOIIIaTUBHOTO MPHUHIIUITY i TOHOBJIIOBATH 00pa3u JaHUX.

CriouaTtky JaHi 00pOOISFOTECS CUCTEMORO ITaM’ SITi, JaJli TJaHi CTHCKAOTHCS 3a TOAIOHUM 3MiCTOM.
Ha mnacrymaomy xpomi nBonampaBieHa LSTM BukoHye poOoTy 3 maHMMH (ITPOTHO3YBaHHS
TTOCITiIOBHOCTI, KiacHikaIlis JaHuX, pO3Mi3HaBaHHS IMCHOBAaHUX JAaHHX, TO3HAYCHHSI YaCTHH MOBH),
a Ha OCTAaHHBLOMY KpOIli — BUOMPAIOTHCS BAXKIIUBI JIaHHI.

VY pesynbTati 10 JBOX PO3POOIIEHUX CHCTEM CTABISATHCS OJHAKOBI 3aTMTAaHHSA (a TakoX N - TpaMu
B TIporieci HaBdaHHS). Y TpaHC(hOpMEpiB € WMOBIPHICTH HACTYITHOTO CIIOBA: SIKIIO TEKCT Oyze
HaNMCaHWH 3 OUTBIIMM 3HAYCHHSAM HMOBIPHOCTI, TO BiH BBaXKA€ThHCS OUTBII MPABWIBHAM TaKOX, SIKIIO
METpHKa TOYHOCTI Oye BUCOKOIO. T0oOTO JBI MOENI AIOTh CXOXKY BiIIOBiJb, ajie TaM, JI¢ TOUHICTh
BIZIMOBiAI OinbIlie, TO TaM i Kparmie TekcT. OKpiM TOTO BPaxOBYETHCS 1i BIATIOBIAHICTE 1O MaHWX, HA
SIKUX CUCTEMa HaBYasiacsl.

5. BUcHOBKMU

B pesynbrari mpoBeneHHS AOCHIIKEHHS BHSBWIOCH, IO acolliaTHBHA MaM'siTb € O0COOJIMBO
e(eKTUBHOIO TIpH POOOTI 3 3aBIAaHHAMH, SKi TependadaroTh PoOOTy 3 KOHTEKCTOM, iHTEpIpEeTaIliio
BeNMMKHUX 0O0csTiB iH(opMaIii Ta TreHepalilo 3MiCTy 3 ypaxyBaHHAM IMONepenHiX 3HaHb. [Ipote
e(eKTUBHICTh I[LOIO METOJy MOXE BapilOBaTHCS B 3aJICKHOCTI BiJ KOHKpETHOI 3aiadi, 1 ACsKi
3aBJaHHA MOXKYTh OyTH MEHII YyTIMBUMH J0 BUKOPHCTAHHS ACOLIaTHBHOI aM'sITi.
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MopaentoBaHHA pob6oTn 3 6azamm gaHuX TopriBesIbHUX KOMNAHIN
Ha XMapHUX naatpopmax

Cepriit Minyxin?®, Mupocnas Bamkipos?

8 Xapriecokuil HayioHanbHull yHisepcumem padioerexmponiku, npocn. Hayxu. 14, Xapkis, 61166, Vkpaina

b Xapriecoxuii nayionanshuii exonomiunuti yrieepcumem im. C.Kysueys, npocn. Hayxu. 9a, Xapxis, 61166,
Vkpaina

AHoOTaUiA

[IpoanaiizoBaHo MpoOIeMy 00pOOKH 3pOCTAFOUUX 00CATIB JaHUX. [IpoBeIeHO MOIETIOBaHHS
po0OTH 3 IPOTOTUIIOM 0a31 JJaHUX TOPTiBEIHLHOI KOMITaHii Ha OCHOBI 3T€HEPOBAHUX TECTOBUX
JIaHHX, pealli30BaHUX Ha JIOKAIBHOMY pecypci, Ta IIUISIXOM po3ropTaHHs Ha cepici Microsoft
Azure. HaBeneno Monenb 0a3u JaHMX Ta ONKUC 3allUTIB PI3HOI CKIAJHOCTI, MPOBEICHHMA
MOPIBHSAJIBHHN aHaJi3 OIIIHOK MPOMYKTHBHOCTI poOOTH 3 0a3aMH JaHWX Ha JIOKATBHOMY
pecypci Ta XMapHOMY CepBici.

Kntoyosi cnosa !
XwmapHi cepsicH, TopriBensHa kommanis, Big Data, SQL, 6a3a nanux, TecToBi maHi, 3amuT

1. Bctyn

30inbIIeHHs 00’ €MIB TaHUX BHMara€ 3aCTOCYBaHHS CYYaCHHX TEXHOJOTIH i ix 30epiraHHs Ta
00pobeHHsl. XMapHi TEXHOJOTIi BifIrpaloTh Ba)KJIMBY POJIb Y BHUpIIIEHHI 3aBJaHb IOJI0 0OpOOKH
BeMMKMX maHux [1]. ix BUKOPHCTAaHHS Ha TOPTiBENBHUX IUTaTGOpMax JJO3BOJISE ITiIBUIIUTH
e(eKTUBHICTh pOOOTH KOPIOPaTUBHOI iH()OPMAITIHHOT CHCTEMH Ta BAOCKOHAIUTH Oi3HEC-TIPOIIECH.

B nmocnimpkeHHi st ONMUCY MpeaMeTHOI 00J1acTi Ta OOYI0BH MOJIEICH NaHMX BUKOPUCTAHO TakKi
JlaHi: TOBapH; 3aMOBJICHHS; (ijlii; poOITHUKY; CKJIaaH; KIi€EHTH. B mporieci po3po0ieHHs 3aluTiB J10
0a3m gaHMx Tpeba BpaxOBYBaTH PI3HOMAHITTS BUXIIHUX MAaHUX I TIOAAJbINO] aHAIITUKH:
y3arajibHEH1 JaHi NpO AacOPTHUMEHT, NOMYJSIPHICTh, TUHAMIKY IiH, €(QEeKTUBHICTh MPOJIAXKIB;
CErMEHTAIlII0 CIIOXKMBAYIB; KJIFOUOBI IMOKA3HUKHU €PEKTUBHOCTI. [{ysi 3ariOBHEHHS TaOJMIlb BEIMKHX
00’eMiB e()eKTUBHUM € TeHepallis TECTOBUX JaHWX - Ha JOKAJILHOMY pecypci Ta Ha cepsici Azure - 3
MOJAJBIIMM TECTYBaHHSM Ta OIIHIOBAaHHSIM MPOIYKTHBHOCTI BUKOHAHHS 3aIIUTIB.

2. MopgenoBaHHA Ta aHaNi3 pe3ynbTaTtiB 06po6KKu gaHux
2.1. CTBOpEeHHA Ta TeCTyBaHHA 6a3M AaHUX HA IOKa/IbHOMY pecypci

Ha nepuiomy erari po3po0Oiiena (hizuuHa MOJIeb 0a3u TaHuX, sKa MPEJICTaBICHa Ha PUCYHKY 1, Ta
onuc TadauIb 0a3u JaHUX 3 BIIMOBIAHO KIJIBKICTIO 3aIIKCIB, 110 MPEACTaBIeHUH y Ta0mui 1.

PucyHoK 1: ®isnyHa moaens 6a3u gaHux
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Tabnuua 1
Onuc Tabanub 6a3m gaHnx

HasBa Tabauui KinbKicTb 3anucis 0O6'em (Mb)

Brands 200000 15

Categories 36 0.136
Products 2000000 273
Customers 1000000 161

Branches 100 0.136
Warehouses 1000000 76
Employees 250000 38
Orders 3000000 453
OrdersDetails 4500000 415

Juis TecTyBaHHA CTBOpEHOI 0a3W MaHWX HA JIOKATBHOMY pecypci po3pobmeHo SQL-3zamut, mio
Bi10Opakar0Th TUIIOBI 3aBaHHsI JJIs aHATI3Y JAHUX LI0J0 PE3YJIBTATIB POOOTH TOPIiBEIbHOT KOMITAHIi:
aHaJIi3 ToBapiB 3a OpEHIaMH 1 KaTerOpisiIMU; BU3HAYEHHSI TON-TIPOAYKTIB 3a 00CsATaMH MPOJIaiB; aHaIi3
3aMOBJICHb 1 MOBEIIHKU KIII€HTIB; aHaJi3 MOKa3HUKIB poOOTH (inii Ta iHIII, OTPUMAHO OLIHKH iX
peamizartii.

2.2. CTBOpeHHA Ta TecTyBaHHA 6a3u AaHUX Ha cepBici Azure

s peamizariii Apyroro eramy JaochikeHHs Oymo obpano cepsic SQL Database xmaproi
miarpopmu Azure [2, 3] anst posropTaHHs Ta onTuMizanii 6a3u qaHux. Po3poOiieHo reneparop Ajis
TECTOBOI 0a3W JaHWX, 3 BUKOPUCTAHHAM SKOTO CTBOPEHO TECTOBI JaHi TaOIHUIlh Bike cTBopeHoi b/l Ha
JIOKaJIbHOMY pecypci B pexkuMi on line, He BUKOPUCTOBYIOUH TPH I[bOMY 1HCTPYMEHTH Mirparii 6a3u
JaHUX 3 JIOKaIbHOro pecypcy. CTBOPEHO 3amuTH Pi3HOI CKIaTHOCTI, OTPUMAHO 3HAYEHHS METPHUK
MPOIYKTUBHOCTI II0/I0 YaCy BUKOHAHHS 3aMUTIB Ta 3aBaHTA)XEHOCTI PECYPCiB BipTyalbHUX MaIuH [4]
3 BpaxyBaHHIM 4acy IeHepallii JaHuX.

3. BucHoBKu

3acTocyBaHHS MOJENIOBAaHHSA IPOAYKTUBHOCTI pOOOTH 3 6a3aMu JaHUX BEITMKUX 00’ €MiB J03BOJINTh
MIIBUIIATH PiBEHh OOTPYHTOBAHOCTI MPUHHATTS PIllIEeHh MEHEPKMEHTY KOMIIaHiil Ta peKOMEH Il B
paMKax BHKOPHCTAHHS CyYaCHHUX aHATITHYHUX IHCTPYMCHTIB 3aBISKH BCEOIYHOMY TECTyBaHHIO 6a3
JAHWX Ta OIIHKH 1X MPOIXYKTHBHOCTI Y PI3HUX PEXKHMaX PO3TOPTaHHS.

4. Nitepatypa
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IOCTyIy oo pecypcy: https://learn.microsoft.com/en-us/azure/azure-sql/database/performance-
guidance?view=azuresgl

[3] SQL Shack. Create an Azure SQL Database with built-in sample data [Enextponnuii pecypc] —
Pexxum noctyny mo pecypey: https://www.sglshack.com/create-an-azure-sgl-database-with-built-
in-sample-data/

[4] SQL Performance. Azure SQL Database Performance Tuning Options [Enextponnuii pecypc] —
Pexum nmoctynmy 1o pecypey: https:/sglperformance.com/2019/03/azure/azure-sqgl-database-
performance-tuning-options
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AHani3 BeIMKUX AaHUX ANA BUABNEHHA TYPUCTUUHUX TPEHAiB Ta
nepcoHanisauii nponosuuin

Jlaniin Mosuan?, FOpiit Mimepsikos?

2 XapxiecoKuili HayioHaneHul yHisepcumem padioenekmpouiku, np. Hayxu, 14, m. Xapxkie, 61166, Vkpaina

Abstract

L1s craTTs po3risiaae BAKOPUCTaHHS BEJMKUX JaHUX I ieHTH]IKaLi TypHCTHYHNX TPEH/IIB
1 mepcoHamizauii mpono3uuiidi. BoHa akueHTye Ha Merogax Data Mining Ta MamIMHHOTO
HaBYaHHS JUIsI aHAJ3y TOBEIIHKU Ta TepeBar KopucTyBadiB. CTaTTs MiAKPECITIOE POJb
CEMaHTUYHOTO aHANi3y B PO3YMIHHI eMOLIHHMX BiATYKiB KOpUCTyBauiB. OCHOBHUM aKI[EHT
3po0JIeHO Ha BIUIMBI X METOJIIB Ha €(hEKTUBHICTh PEKOMEHIALIIHUX CUCTEM, CIIPSIMOBAHUX
Ha 3a0e3MeueHHS TePCOHAII30BAaHOTO JIOCBITY Y Cdepi Typu3My.

Keywords !

Data Mining, aHami3 BENMKUX [aHUX, IHHOBAlii B TypWU3Mi, MallMHHE HaBYaHHA,
TIepCcoHATi3allis MPOTO3HIIiH, TOBEIIHKOBI IIIA0JIOHH, PEKOMEHIAIIHHI CUCTEMHU, CEMaHTUIHUN
aHaJTi3, TEXHOJIOTII B TypH3Mi, TYPHCTUYHI TPEH/IH.

1. Bctyn

Cy4acHuil CBIT Typu3My Ta IOJOPOXKEH XapaKTEpU3YETHCS MIBHIKMMH 3MiHAMH Ta BEIHKOIO
KUTBKICTIO JTaHWX, II0 TE€HEPYIOTHCS KOPHCTYBauaMH, TYPUCTHYHUMH areHTCTBaMH, COLiaTbHUMHU
MepeXaMu Ta IHIIMMH JDKepenamH. AHajli3 BEUKUX JaHUX BiJirpae KIIOYOBY pOJb Yy BHUSBICHHI
TPEH/IiB, TIOBEIIHKA CITO’KMBAYiB Ta CTBOPEHHI IMEPCOHAIII30BaHUX MPOTIO3UIIiH it KopucTyBadiB. Ls
CTaTTS PO3IIISAAE BAKIMBICTD Ta METO/IU aHAJI3y BEJMKHUX JaHUX Y KOHTEKCTI TYPHCTHYHOI iHyCTpil.

2. Benuki gaHiy typusmi

BripoBakeHHS BETMKKX JaHUX Y TYPUCTUYHIHN iHAyCTpii BiIKpUBA€E HOBI EPCIIEKTUBY JJIsl aHAITI3Y
Ta PO3YMiHHS NOTpe® Ta MOBEAIHKM TYPHUCTiB. Y LbOMY KOHTEKCTI BEJIMKI JaHi MOXYTb OyTH
PO3TISHYTI SK 3i0paHHS BENUYE3HOI KiJIBKOCTI iH(OpMaIii 3 pi3HOMaHITHUX JDKepes, SKi HaIaroTh
[JIMOOKHMIA BUTJISA] Y TIOBEAIHKOBI TEHICHIII1, yriogo0anHs TypucTiB. Lli gaHi BigirparoTh BaXKJIMBY POJIb
y JIOTIOMO31 TYpUCTHYHHM KOMIIAHISIM PO3pOONATH Oinblnl e(eKTHBHI MAapKETHHTOBI CTpaTerii,
OIITUMI3YyBaTH TOCIYTH Ta CTBOPIOBATH MEPCOHANI30BaHI MPOIO3UIIii, SIKi BiAMTOBIAAI0Th KOHKPETHUM
notpebam i iHTepecaM KOpHCTyBadiB. AHaJi3 BEUKUX JIAHUX JO3BOJISAE (PaxiBISIM y rary3i TypuU3My
BUSIBJISITH 3aKOHOMIPHOCTI Ta MPOTHO3YBATH TPEHIIU, IO € KIFOUOBHMH JIJISI pO3POOKH e(EKTHBHUX
CTpaTerii 3ay4eHHs Ta yTPUMaHHS KIII€HTIB.

2.1. [Xepena aaHux

CekTOp TYpU3My CHOTOJHI HACHYEHUH PI3HOMAHITHUMH JDKEpEJaMH BEIMKMX JIAHUX, SKi
BKIIIOYAIOTh B ceOe ColliaybHI Mejia, BIITYKH KIIEHTIB Ha IuiatdpopMax OpOHIOBaHHS, iCTOPIIO
OpoHIOBaHb, a TakoxX AaHi GPS, mo BincTexKyoTh nepemMinieHHs TypuctiB. CouianbHi Mepexi, Taki K
Instagram Ta Facebook, € cmpamxHiM ckapOHHYKaMm iH(opMmaimii mpo TeHIeHIIi Ta mepeBaru
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KopHcTyBauiB. 3 iHIIOro OOKy, IuaTtdhopMu BiArykiB, Hampukiazd TripAdvisor, HanawTh TTTHOOKUI
aHaJIi3 3aJI0BOJICHHS KJIEHTIB Ta AKOocTi mocnyr. Li mkepena qanux, pa3oM 3 MOOLIBHUMH JIOJJaTKAMHU
Ta BHYTPILIHIMU JaHUMHU TYPUCTHYHHUX areHTCTB, CTBOPIOIOTH Oaratuii HaOip iHpopMalii, SIKUil MoxKe
OyTH BUKOPUCTAHHUN JJIS TIIHOIIOTO PO3yMiHHS MOTPed Ta TepeBar TypHUCTIB.

2.2. O6car paHux

3i0pana iH(opMalliss YTBOPIOE BEIMUYE3HUI 00CAT NaHUX, IO MOCTIHHO 3pOCTAE Ta OHOBIIOETHCS.
[loneHHo MiNBHOHM KOPUCTYBadiB reHEPYIOTh HOBi JaHi, AUISYUCH CBOIMH BPaXCHHSAMH, POOIISTYH
OpOHIOBaHHS, MUIIYYH BIATYKH, i BUKOPHCTOBYIOUH pi3HI TypucTH4HI cepBicu. Lleil HemepepBHUit
MTOTIK iH(OpMAaIIil CTBOPIOE BUKINKH, TIOB’s13aHi 3 1 300poM, 30epiraHHsaM Ta 00poOkoro. EdexTuBHe
yOpaBliHHS LWUMH JaHUMH BHMAara€ 3acTOCYyBaHHS IEPEJOBHUX aHAIITHYHUX I1HCTPYMEHTIB Ta
TEXHOJIOT1H, TAKUX SK TEXHOJIOT1l 00pOOKH BENIWKHUX JaHHX, IO JO3BOJISIOTH 30MpaTH Ta aHAJI3yBaTH
iH(opMartito B pealbHOMY 4aci. B pe3ynprati, TYpHCTHYHI KOMIIaHil OTPUMYIOTh MOKIJIHBICTD HIBHIKO
pearyBaTH Ha 3MiHM Y TIOBEHIHIII Ta BIOJOOAHHIX CIIOKMBAYiB, 3a0e3MEUYIOUN aJanTallilo CBOiX
MOCIYT A0 MOTOYHUX TPEHIIIB Ta MOTPEO PHHKY.

3. MeTtoam aHanisy BEIMKUX AaHUX

EdexTruBHUI aHai3 BENUKUX JaHUX Biirpae KIFOYOBY POJIb Y BUSABJICHHI Ta PO3YMiHHI CKIIAIHHIX
1a0JIOHIB MTOBEIIHKY Ta TepeBar y cdepi Typusmy. [HTerpyroun nepenoBi TEXHOJOTIT aHai3y, MOXKHA
TOYHO BHM3HA4YaTH NOTpeOM Ta OakaHHA TYPHUCTIB, ONTUMI3yBaTH MPOMO3MIIi Ta 3a0e3neuyBaTH
MepPCOHANTI30BaHI MOMOPOXKi. Y IhOMY KOHTEKCTi, OCHOBHI METOAM aHami3dy, Taki sk Data Mining,
MallHHEe HaBYaHHS Ta CEMaHTHUYHUN aHaji3, BIJIKPUBAalOTh HOBI MOXKJIUBOCTI IS PO3POOKHU
BUCOKOC()EKTHBHUX Ta 1HHOBAaLiHHHUX PIMIEHb Y TypU3Mi, 3a0€3Medyloud YHIKQIbHUA IOCBiA IS
KO’KHOTO KOPHCTYyBaya.

3.1. Data Mining

Data Mining € KIIOYOBOI TEXHIKOIO Yy PpO3pOOI[l PEKOMEHIAIIMHUX CHUCTEM, JIO3BOJISIFOUN
ineHTH(iKyBaTH MAOJOHKM Ta 3B'SI3KM y MOBEJIHIII Ta BnogoOaHHAx kopuctyBaui [1]. Lleit metox
aHaJIi3y JI03BOJISIE BUSIBIISITH MPUXOBaH1 B3a€MO3B'SI3KH, HAITPUKIIA], MK MOMYJISPHUMU TYPUCTHUYHHUMH
HAMNpsAMKaMH Ta OCOOJNUBOCTSMH, SKi BOHH MPOMOHYIOTh. BUKOPUCTOBYIOYM iH(OpPMAII PO
MoTIepe/IHI BUOOPH Ta IHTEPECH KOPUCTYBAdiB, PEKOMEHJAIliiiHA CHCTEMa MOXKE IMPOIOHYBAaTH HE
TIJBKY TOIYJISPHI, aie W iHAWBIAyaIbHO BIATIOBIAHI Micld JUIS BiJIBiTyBaHHS, 3HAYHO IiABUIYIOYH
3aJI0BOJICHICTh KOPHUCTYBadiB Ta €(PEKTHUBHICTh PEKOMEHAIIIH.

3.2. MalwuHHe HaBYaHHA

MeTou MaIIMHHOTO HABYaHHS HAJIAl0Th PEKOMEHIALIMHAM CHCTEMaM MOXJIHUBICTH "BUMTHCA" 3
ICHYFOUMX JJaHUX Ta TIOKPAIlyBaTH CBOIO 3/IaTHICTH JI0 MPOTHO3yBaHHs 3 yacoM [2]. BukopucroByroun
aIropuTMH Kiacudikaiii, perpecii, 800 HEMPOHHI Mepexi, CUcTeMa MOKE aHali3yBaTH BEIHKi 00csaru
iHpoOpMaIlii, BKIIIOYAIOYM MOBEIIHKOBI JaHi, IMOIIYKOBI 3allUTH, Ta BiI'YKH KOPHCTYBadiB, IS
BH3HAYEHHS MOXIMBHX BHOJOOaHb Ta iHTepeciB. Hampukmaj, cucteMa MoOKe BUSBHUTH, IO
KOPHCTYBaui, SIKi BiABIAYIOTH TiPCHKOJIM)KHI KypOPTH, YacTO IIYKAalOTh TAaKOX 3aTHIIHI roTem 3
KaMiHOM, Ta aBTOMaTHYHO BKJIIOYATH TaKi MPOIO3HIIii y CBoI pekoMeHaitii. 1le 1o3BoJisie cTBOproBaTu
Jly’Ke TOYHI Ta MePCOHANI30BaHI POIO3UIIii, SIKi TOCTIHHO BJIOCKOHAIIOIOTHCS HAa OCHOBI HOBUX JIAHHX.

3.3. CemaHTUYHMI aHaNI3

CeMaHTHYHUH aHaNli3 B PEKOMEHAAINIMHUX CHCTEMaX BHKOPHUCTOBYE TEXHOJIOTI 0OpoOKHU
MIPUPOTHOI MOBH JIJISl iIHTEPIIPETAITil Ta pO3YMIHHSA JIIOJCHKOI MOBH y TEKCTOBHX AaHuX. l[e BKiIfoUae B
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ceOe aHayi3 BIATYKIB Ta KOMEHTapiB KOPUCTYBAUiB IS BUSBIICHHS IXHIX EMOIIMHIX BiATYKIB, TEpEBar,
Ta HecnoiBaHUX BpaxkeHb [3]. Hampukinazn, cucrema Mojke aHanizyBaTH BIATYKH Ha TeMy "pOMaHTHYHI
BikeHAU" Ta BHSIBUTH, IIO BHUCOKO IIHYIOTHCS OCOOJMBOCTI, Taki SK NPUBATHICTh, YHIKAJIBbHICTh
MICIIEpPO3TAlIyBaHHS Ta SKICTh OOCIYTOBYBaHHA. Takuii aHaNi3 TO3BOJIIE HE TUIBKH ITiIBUIIATH
TOYHICTh PEKOMEHJAIIiH, ajie # CTBOPUTH TIMOIIE PO3YMIHHS HIOAHCIB IHOUBIAyaIbHHUX yIOA00AaHb
KOPHUCTYBaiB.

4. BUKOPUCTAHHA aHaNi3y BEIMKUX AaHUX ANA BUAB/NIEHHA TPEHAIB

AHaIi3 BENTUKHX JaHUX BiAIrpae KIIFOYOBY POJIb y BUSBIIECHHI Ta pO3yMiHHI IOTOYHUX Ta MalOyTHIX
TpeHmaiB y chepi TypusMmy. BUkoprcToByr0Ur pi3sHOMaHITHI JKepela JaHuX, peKOMEeHAaIliiHI CHCTEMHI
MOKYTh iIeHTU(IKyBaTH 3MiHU B IHTEpecax Ta MOBEiHII KOPHCTYBaYiB, IO € HaJ3BUYAHHO LIHHIUM
JUTS afanTallii TYpUCTHYHHIX TPOTIO3HIIIH.

4.1. BuABNEHHA NONYNAPHUX HANPAMKIB

B paMkax pekoMeHIamiiHOI CHCTEMH, aHaJli3 BEMKHUX JTaHUX JI03BOJISIE BUSBHUTH, Ki 3 HASBHHUX Y
CHCTEMi Miclb CTaloTh MOMYJIAPHUMHU cepel KopucTyBadiB. Lle Moke BKIIIOYATH aHaii3 AaHUX PO
YaCcTOTy MOIIYKYy MEBHUX MICIb, peUTHHTH Ta Biaryku [4]. Hampuknanm, sKIo cucrema momidae
3pOCTaHHs IHTEpeCy MI0 MEBHUX ICTOPUYHUX aM'sITOK a00 MPUPOIHUX PEe3epBaTiB, 1€ MOXKE BKa3yBaTH
Ha BUHUKAIOYl TPEHAM Cepe]l MaHAPiBHUKIB. BUSBICHHS IUX TPEH/IIB TO3BOJISE CUCTEMI aKIICHTYBAaTH
yBary Ha IIMX MOIYJISIPHUX HANPsSIMKaX, BKIIOYAIOUH iX y TIepellik peKOMEHI0OBaHHUX MiCIlb YacTimie abo
BUIIE B MIOITYKOBHX pe3yJbTaTax.

4.2. ApanTtauia A0 3MiH y nepeBarax CnoXmnsadis

BukopucTaHHS BEJIMKUX JaHHUX TaKOX BKJIFOYA€ MOHITOPUHI Ta aJalTallifo J0 3MiH y IepeBarax
KopucTyBauiB. Lle Moxke OyTH 3p00JICHO IIJISIXOM aHaJli3y JaHUX TOBEAIHKU KOPHCTYBAUiB, TAKUX SIK
yac, MPOBEJCHUN Ha MEperiisiji MEBHUX CTOPIHOK, B3a€MOJIT 3 PEKOMEHIAI[ISIMU, T4 BIATYKH Ha
MpOTNoHOBaHi Micisl. Hanpukinaj, sSKIIo JaHUX CBiq4aTh MPO 3pOCTaHHs iHTEpecy 0 €KO-TYypH3MY,
CHUCTEMa MOXE PearyBaTH Ha Iie, 30UTbIIYI0YH IPOIO3HIIIT MiCIlb, SIKi BIAMOBIIAIOTH 1AM KPUTEPIsAM, Ta
HAJIAIITOBYIOYH AITOPUTMH PEKOMEH/IAIlIH, 00 BOHM BiJ/IaBAIIU MEPEBAry bOMY THITY MiCIlb.

4.3. [porHo3yBaHHA MaUbyTHiX TpeHpaiB

JJist MiATPUMKH TOBTOCTPOKOBOT aKTYaJIbHOCTI PEKOMEH/IaIlil, aHajli3 BEIMKUX JaHUX MOXE OyTH
BUKOPUCTAHUH IS MPOTHO3YBaHHA MaiOyTHIX TpeHniB. Lle BkiItouae B cebe BHBYCHHS ICTOPUYHUX
JAHWX, TOBEMIHKOBUX MOJIENed Ta 30BHINIHIX (DAKTOpiB, SKi MOXYTh BIUIMBATH Ha IHTEPECH
KopucTyBauiB. Hanpukiiaza, 3 BUKOPUCTaHHIM aHAIITUKH Ta MOJeJIeii MPOrHO3yBaHHs, CUCTEMa MOXKeE
BU3HAYUTH, WIO TEBHI BHUJIW IOJOPOXKEH abo Micls MOXYTh CTaTH OUIBII TOMYJSIPHUMHU Y
Mail0yTHROMY, BPaxOBYIOUHM CE30HHICTb, IJ100ajibHI NoAii, a00 KynbTypHi TeHaeHuii. Lle mo3Bomse
crcTeMi NOMNEepeHbO aJaNnTyBaTH CBOI peKOMEeHallii, 11100 BOHM BifoOpakaian MaiOyTHI iHTEpecH Ta
nepeBaru KOpUcTyBadiB.

5. MepcoHanizauia npono3unuin

[lepconamizariisi TPOMO3HUIIIA € OJHUM 3 HAWBAXJIMBIIIUX aCIEKTIB Cy4acHOI PEKOMEHIAIiHHOT
cucremu. Lleit minxin 3abesmedye, M0 KOXKEH KOPUCTYyBad OTPUMY€E YHIKaJbHI peKOMEHAalii, sKi
BIJIMTOBIIal0Th TXHIM IHIUBIIyaJIbHUM IIEpEBaraM Ta IHTepeCaM.
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5.1. IHauBigyanbHMii Nigxig A0 KopuctyBaya

[lepconamizaniss MOYMHAETHCS 3 ACTANBHOTO PO3YMiHHS ymomoOaHb Ta IHTEPECiB KOXKHOTO
KopuctyBada. lle Moke OyTH JOCATHYTO HUISXOM aHAJI3y IMONEpeAHiX MOIIyKiB, OpOHIOBaHb Ta
BIATYKIB KOpHCTyBaua. Hampukian, SKIIO KOPHUCTyBad YacTO NIYKAae€ MOPCHKI KypopTH abo Bimmae
nepeBary TrOTeNsSAM BHIIOTO KIACy, CHCTEMa aBTOMATUYHO aJanTye CBOI peKoMeHnanii, miob
BigoOpaxkaTH 1i nepesary. Lle 3a0e3neuye, 1110 Ko’KHa IPOMO3UILIiSL Ma€ BUILY HMOBIPHICTh BiATIOBiAATH
OYiKyBaHHSIM KOPHCTYBaya.

5.2. [oKpalieHHA 3a40BO/IEHHA KNIEHTIB

[lepconamizanisi Tako CHOpsSMOBaHa Ha MiIBUILEHHS 3arajlbHOTO 3aJI0BOJICHHs KOpUCTyBauiB. Lle
JOCSITAEThCA HE TIABKH LUIIXOM BiAMOBITHOCTI TXHIX OYiKyBaHb, aje W HUISIXOM 3alpOIOHYBaHHS
VHIKaJThbHUX, HEOUIKyBaHMX BapiaHTIB, SKi MOXYThH 3alliKaBUTH KOpUCTyBadiB. Hampukmian, cucrema
MOJXKE 3alpoIOHYBaTH MAJOBIJIOMi, aj€ BHCOKO OIlIHEHI TYPUCTHYHI MICIl, SKi BiIIOBINAIOTH
3arajibHUM iHTepecaM KOPHUCTYBaya, 3IMBYBAaBIIHN HOTO HOBU3HOIO Ta OPUTIHANBHICTIO BUOODY.

5.3. [OwuHamiyHa apganTauia npono3uuin

[lepconamizarrist MPOIMO3UILA Y pEeKOMEHIAIIIHHIX CHUCTEMaX TaK0K BUMarae JHHaMIYHOI aIarTariii
JI0 3MiH y BIIOZI00aHHSIX KOpUCTYyBauiB. Lle 03Hauae, 110 cucTeMa MmocTiHO OHOBIIIOE CBOT pEeKOMEH A1
HAa OCHOBI OCTaHHBOI TOBEAIHKM KOpHCTyBaua. Hampukiaza, SKIIO KOPHUCTYBad MOYHMHAE HIYKATH
iH(opMaItito mpo KymbTypHi moii abo My3ei, cucTeMa IBUIKO BKITFOYAE TaKi MiCIA Y CBOT TIPOTIO3HITii.

6. BUCHOBKM

AHai3 BeTMKUX JJAHUX B iHAYCTPii TypU3MYy HE TiJIbKH CIIPHSIE BUSBICHHIO TPSHIIB Ta alanTallii /10
3MiH y BMOJOOAHHSX KOPUCTYBadiB, ajie W JO3BOJIIE CTBOPIOBATH BHCOKO NEPCOHAII30BaHI Ta
edextuBHI pono3wuiii. L{e migBHIye 3a]0BONEHICTh KIIIEHTIB Ta CHPHUSE 3POCTAHHIO TYPUCTUIHOTO
0i3Hecy. 3acToCyBaHHA IHHOBAaIlIHHUX TEXHOJIOTIA Ta METOMIB aHaNi3y JaHUX € KIFOYOBHMHU JIJIS
JOCSITHEHHSI YCIIiXy B LM TUHAMIYHIN TaTy3i.

7. Nepenik pgXXepen NnoCUNaHHA
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AHoTauinA

Jana poboTa po3risgae CHCTEMHUH MiIXiJ A0 aHATi3y Ta MOJENIOBaHHS TaHUX, a TAKOXK
BUKOPHUCTAHHS METOJIB MAIIMHHOTO HAaBYaHHS i1 MOOYZOBH TOYHHMX IIPOTHO3IB.
JlocnimxeHHs TPOBOAWINCEH Ha MPUKJIaAi MPOrHO3YBaHHI BPOXKAHHOCTI, aje MOXYTb OyTH
3acTocoBaHa Asl Oyab-sikoi ramysi. [IpoBeneni mocHimKeHHS Ta MpaKTUYHA pealtizawis
CHCTEMH IIPOTHO3YBaHHS MAIOTh 3HAYYIINII MOTEHIIA AJIS MiABUIICHHS TPOTYyKTUBHOCTI
Ta CTIUNKOCTI CITLCHKOTOCIIOAAPCHKOT0 BUPOOHHIITRA.

Kniouosi cnosa !
AHaji3, BpOXXKalHICTh, BHWITAJIKOBi Jica, JepeBa pillleHb, MOCTIIKCHHS, MAaITuHHE
HaBYaHHS, IPOTHO3yBaHHS

1. Bctyn

Hama xpaiHa Mmae m0Bry Tpaguuilo CiUIBCBKOTOCHOAAPCHKOTO BHPOOHMLTBA Ta € OAHIEIO 31
3HAUYIIMX arpapHux JIep)KaB y CBiTi. 3abesnedeHHs CTaOUIbHOI BPOXKAaHHOCTI Ta €(EeKTHBHOTO
CUTBCBKOTO TOCHOZApCTBA € KIIOYOBMM 3aBJAaHHAM JJIs 3a0e3MeueHHs MPOAOBOJIbYOI OE3MeKH Ta
€KOHOMIYHOTO PO3BUTKY YKpaiHH.

HasBHICTh TOUHUX Ta aKTyaJIbHUX MTPOTHO3iB BPOXKAIO [ 1] € KPUTUYHO BKIIMBUM IS TIAHYBaHHS
Ta ONTHUMI3AIll MPOIECIB CITLCHKOTO TrocmogapcTBa. JIOCHiKEeHHS Ta BIPOBAHKCHHS 1HHOBAIIIHHIX
METOMIB IJIsi TPOTHO3YBAaHHS BPOXKAIO Ta ONTHUMI3AIlil BHPOOHWIITBA CTAIOTh BCE BaXUIHBIIIAMHU
3aBJIaHHSIMU B Iil TaTy3i.

2. Xip, pocnipXeHHA

PoGora mpucBsdeHa BIPOBAHKEHHIO METOJIB MAIIMHHOTO HaBYaHHS [2] IS TPOTHO3YBaHHS
BPOXKaHHOCTI CLIBCHKOTOCIIONAPChKUX KyNIbTyp. OCHOBHOI METOH € CTBOpPEHHS iH(OpMaIiiiHOi
cuctemu [3], sKa JO3BOJIUTH arpapHUM MiANMPUEMCTBAM Ta pepMepaM OTPUMYBATH TOYHI Ta aKTyalbHI
MPOTHO3H BpOKar0. BUKOpHCTaHHS 1HHOBAIIMHKX IMiXO/MIB JO3BOJIUTH MiABUINUTH SKICTh POTHO3IB
Ta 3MCHIIINTH PU3UKH B CUTLCBKOMY TOCIIOAAPCTBI.

B xo/1i BUKOHaHHSI TPOBEICHO AOCIIKSHHS MTPEIMETHOT 001aCTi, OXOILTFOIOYH aHai3 Mpo0iIeM Ta
BH3HaUYCHHs c(pepu 3aCTOCYBaHHS METOJIB MAIIMHHOTO HABYAaHHS YIS MPOTHO3YBAHHS BPOXKAWHOCTI
CLITBCHKOTOCIIONAPCHKUX KyIbTyp. CHOpMOBAHO TOCTAHOBKY 3a/adi, OpI€HTOBAaHY Ha BHKOPHUCTAHHS
MallMHHOTO HAaBYaHHS JUIA TIOKPAIleHHA TPOTHO3YBaHHS ypOKaWHOCTI Ta  ONTHUMI3aIlii
arporpoOMHCIOBOTO CEKTOPA.

Jiis po3poOkM Mojeei MPOrHO3YBaHHS YiTKE BHU3HAYCHHS Ta JOKIAJIHUN aHalli3 KOXHOIO
rmapaMeTpa BXiTHMX IaHUX — (QYHIAMEHT, HEOOXIiTHHUN IS JOCSTHEHHS BHCOKOI TOYHOCTI Ta
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¢(EeKTUBHOCTI B IPOTHO3YBaHHI BPOKAHHOCTI CLIBCHKOIOCIOMAPCHKUX KYyJNbTyp. BHKOpHCTaHHS
o(inifinux [4] gaHUX 3 BpOXKaHHOCTI MUHYJIMX POKiB IPH MALTMHHOMY HaBYaHHI € HEOOXiAHUM €TarnoM
JUTSL TPECHYBaHHS TOYHHX Ta HAJIMHUX MOJIENel MPOTHO3yBaHHS ypokaitHOCTi. OKpiM IIbOro, y po0oTi
IIpU TPOTHO3YBaHHI OYJI0 BUPIIICHO 3BEPHYTH yBary Ha rmapameTpH [S5], Ha sSKi JroauHa 3a3BHUYail HE
MO)ke BIUIMHYTH. Lli 30BHIimIHI ()akTOpH BKIIIOYAIOTh B ceOe KIIMaTHYHI YMOBH, Teorpadidye
po3TalryBaHHS Ta MOTOIHI YMOBH, THIT IpyHTY. J{J1s 300py nuX MaHuX OyJI0 BUPINICHO 3BEPHYTHUCS JI0
KapTH TPYHTIB YKpainu [6] Ta apXiBiB MIOJCHHUKIB OToau [7].

Posrasaaroun 111 pi3HOMAHITHI MiIX0IH, MA MOYKEMO KpaIlle pO3yMITH IX CHIIbHI Ta cJ1a0Ki CTOPOHH,
a TaKOX BU3HAYHMTH, YOMY BHOIp TEBHOTO METOMy, HANPHUKIAJ, METOJIY BHIIQJKOBHUX JICiB, €
OOTpYHTOBAaHUM JIJIs1 KOHKPETHOTO BHITAJIKy TIPOTHO3YBaHHS BpOXaiHOCTI. ToMy mepe BHKOHAHHSIM
MPAKTUYHOI YaCTHHU 3ajadi IPOTrHO3yBaHHS BPOXKAHHOCTI 0yJI0 BUPIIIEHO JOCTIAUTH Pi3HI MIAXOAH Y
cdepi MaIIMHHOTO HaBYaHHSI, 30KpeMa B KOHTEKCTI IIPOTHO3YBAHHS YPOXKAWHOCTI.

OO0paHO MeTOIM MAIIMHHOTO, TaKi SK METOJ 4YacoBHX psfiB [8], miHiliHA perpecis [9], meTon
oniopauX BekTopiB [10] Ta Bunmaakosux JiciB [11]. [IpoBeaeHO MOPIBHSAILHUN aHAJI3 ITUX METOIIB,
BHM3HAYCHO iX IepeBary Ta HeJomiku. BpaxoByroun HEOOXiHICTh POOOTH 3 BEJIMKMM O0CSAIOM JIaHUX B
KOTPUX MOXJIMBI HemepeadadyBaHi Bunaaku (Bukuam) [12] Ta Bce me HEOOXigHWN MEBHHI pPiBEHD
TOYHOCTi, OYJI0 30CEPe/PKEHO yBary Ha METOZl BUMAIKOBUX JiciB. OJHaK, BPaXOBYHOUM HEIONIKH
MeTo/a OyJIO BHPINMIEHO PO3IIISIHYTH MOXIIUBOCTI BJIOCKOHAJICHHS IOTO 3aCTOCYBaHHS, BKIIOYAIOUYH
JIOJTaBaHHS Bar J0 MPUKJIAJIIB.

3. BuUcHOBKMU

BuxopucTanHs METOIIB MAIIMHHOTO HABYAHHS € 0araTooO0IIII0YrM HAIIPSIMKOM TSI TIOKPAIIESHHS
MIPOTHO3YBaHHS BPOXKAWHOCTI ¥ CUTLCHKOMY TOCTIOIapCTBi. BuOip KOHKpETHOTr0 METOAY TOBHHEH Oy TH
OOTpYHTOBaHMM 3 ypaxXyBaHHSIM OCOOJMBOCTEW 3a7adi Ta JOCTYNMHUX JaHuX. Posrmsy BaromocTti
KOXXHOTO METOJy Ta HOro MOXKIUBOCTEH Yy KOHTEKCTI TOKPAIICHHS CLIBCHKOTOCIIONAaPCHKOL
MPOJAYKTUBHOCTI € KITFOYOBHM aCIIEKTOM MOJIABINNX JOCIIPKEHD Ta BIPOBAKCHHS B MPAKTHKY .
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AHani3 AKOCTi 06cnyroByBaHHA B CEHCOPHUX MepeXKax

Irop Macrymenko?, /lennc Yepuenko?

2Xapxiecokull HayioHarbHUll YHigepcumem paodioerexkmponiku, np. Hayxu. 14, Xapkis, 611166, Yxpaina

AHoTauinA

IIpoBeneHo BU3HAUECHHS OCHOBHHX XapaKTEPHCTHK SIKOCTI 0OCIyroByBaHHS O€3MPOBOJOBUX
ceHcopuux mepex (BCM). TTokazaHo B3a€MO3B'I30K XapaKTEPUCTHK SIKOCTI 0OCITYrOByBaHHS
3 pisHUMEH (akTopaMHu peamizallii MepexxeBoi Moxenm. IlokazaHO 3aJIeKHICTh SKOCTI
0OCIIyTOBYBaHHS CEHCOPHHX MEPEXK BiJ OCOOJUBOCTEH TPOTOKOJIB MapIIpyTH3aIlii.
ITpoBexneHo nopiBHsuIbHKHN aHaii3 mpotokoniB TMAC, ZigBeeMAC 3 GTS ta BaselineMAC.
HagseneHo BiMOBiAHI KpUTEPii IKOCTI 0OCIyTOBYBaHHS.

Kntouosi cnosa *
BesnpoBogoBa ceHcopHa Mepeka, XapaKTEepPUCTUKU SKOCTI OOCIyroBYBaHHS, NPOTOKOJIU
MapupyTH3aii

1. Bctyn

Besnporomoi cencopHi Mepexi (BCM) 3 KOXHMM POKOM 3HAXOJATh IIUPIIC 3aCTOCYBAaHHS B
PI3HHX Tay3sXx MPOMHUCIOBOCTI Ta cepax AisUTBHOCTI TIOAMHA. BOHH IMPOKO BUKOPUCTOBYIOTHCS HE
TITBKHU IS 300py 1 0OpOoOKH MaHWX Ta KEpyBaHHS MPOMHUCIOBUMHU 00’ €KTaMH, aje W y 3BUYaifHOMY
mo0yTi. Lle poOuTk ii 0THUM 3 HAHTIEPCIICKTUBHIIIMX BUJIIB TEXHOJIOTIH, SIKi BXE CbOT'O/IHI Ha3MBAIOTh
«TexXHOoJoril MaitoyTHROTO» [ 1 ].

Sxicte oOcmyroByBanHs (Quality of service - QoS) BBOAMTBCS B Mepexax Ajisl BH3HAYCHHS
3MATHOCTI MEpeXi BIAMOBINATH 3aJlaHMM BHMOTaM 1 XapakTepHCTHKaM. SIKicTh 00CIyroByBaHHS
BHU3HAYA€E, Y MOXKE MEpeka HaJaTH HeoOX1THUH CepBic mepeadi JaHuX 3a 3aJlaHuX YMOBax.

VY kjacHYHHX Mepekax sK Taki HapamMeTpy BUKOPHUCTOBYIOTH CMYTY MPOIYCKaHHs, 3aTPUMKHU TIPH
nepezadi MmakeTiB, PO3KH 3aTPUMKH, 8 TAKOK MOXKJIMBICTh JOCTaBKH makera [ 2 ].

SxicTh 00cTyroByBaHHS B 0€3MPOBOIOBUX CEHCOPHUX MEpekax — Iie iHTerpalibHa XapaKTepUCTHKA,
sIKa BU3HAYa€ MOXKIIMBICTh MEPEXi BUKOHYBATH 30ip, 0OpoOKy Ta mepenady JaHWX 3a THX YU 1HIIUX
3aJ]aHNX yMOBaX. XapaKTepHi U1t Oe3MPOBOJOBUX CEHCOPHUX MEPEX OCOOIMBOCTI, 10 BU3HAYAIOTHCS
yMOBaMH iX (DYHKIIIOHYBaHHS, 10 BIUIMBAIOTh HA BU3HAYECHHS SIKOCTiI OOCIYTOBYBaHHS, HACTYIIHI:
0OMeKeH1 pecypcH, CTIHKICTh, Pi3Hi B Tpadiky, MoJelb mepeaadi, MoOiIbHICTS [ 3 .

Ha BigmiHy Bij KIacHYHHX Mepex Oe3MpoBOJIOBI CEHCOPHI MEpeXi HalaloTh CepBiC HE TUIBKU
nepeaayl JaHWX, ajge TakoX 1 mo 30opy Ta ix oOpoOmi. BimnmoBigHO SKiCTh 0OCIyroByBaHHS B
0€3MpPOBOIOBUX CEHCOPHUX MEPEKax i HOro MOKa3HUKH TAKOXK BIAPIZHATUMYTHCS BiJl KIACHYHOI'O
YSBJICHHS 1 TOTPeOyIOTh aHATI3Y.

2. AHani3 aKocTi 06cNyrosyBaHHA y CEHCOPHUX MeperKax

Jlo xapakTepUCTHK SKOCTI 00CIIyrOByBaHHS OS3ITPOBOIOBUX CEHCOPHUX MEpekKax BiTHOCAThH TaKi
napamMeTpH sIK: 3aTpUMKa, MPOIYCKHA 3JIaTHICTh, BTPATH, Yac MKUTTS MEpexki, MOKPUTTS 3aJaHOoi
00J1aCTi, CTIMKICTD JO 3MIHH TOIOJIOTII [ 4 ].

[TapameTpu AKOCTI 00CIyTrOBYBaHHS 4acToO MOB's3aHi M co0oro. Y Tabi.1 HaBeaeHi GakTopH, 10
BIUTMBAIOTh Ha XapaKTEPUCTUKHU SIKOCTI 0OCITyTOBYBaHHS, 110 BITHOCSTHCS JIO TOTO YH IHIIOTO PiBHS
MepeKeBOT MOJIEI.
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Tabauua 1

B3aemo03B'AA30K XapaKTepUCTUK AKOCTi 06CNyroByBaHHSA 3 pisHMMU daKTopamu peanisaLii mepexxeBoi

moaeni.
XapaKtepuctuka Pi3nyHMIA piBeHb KaHanbHWUi1 piBeHb MepexeBuii piBeHb
AKOCTI
06CyroByBaHHA
3aTpmMmKa Cnocib KoayBaHHA Posknapg goctyny ao Yac BM3HaYeHHA MapLlpyTy, AOBXKMNHA
KaHany Konii
MponyckHa Posmip CuHxpoHi3auia goctyny  MaplpyTrsauia no KibKox Waaxax,
30aTHICTb nosigomneHb 00 KaHany, 000ATKOBI AaHi maplpyTmusau,ii B
Hag/IMWKOBI NaKkeTn nakKeTi, Knactepmsauia
Btpatn PiseHb Wwymy Konisii TYyNWUKOBI MapLwpyTh, 3aLLMKAOBAHHA

Yac Kutra mepexi Cnoci6 KoayBaHHs, Yac BMKOPUCTaHHA TUX CaMUX BY3/iB Npu
NOTYXHiCTb aKTMBHOro/nacueHoOro nobyaoBi MapwpyTy, Knactepusauis
nepepavi perKMmis, MOBTOPHA

nepezaya nakeTis

NokputTa MoTy»KHicTb - -
nepegaui

CTinKicTb MOTYyKHiCTb Mepioa 3miHKN pexxumis  [AnHamiyHa maplpyTmsauisa,
nepegauvi Knactepu3auin

3abe3meueHHs! SKOCTi 00CITyTOBYBaHHS 3aJIEKUTH Bifl OCOOIMBOCTEH MPOTOKOIY Ha KOKHOMY PiBHI
MepexeBol MOZeTi: Qi3UYHO AKICTH 00CIYTOBYBaHHS 3aJIEXKHTh BiJl PiBHS IIyMY, ClTI0OCOOY KOJYBaHHS
Ta iH., Ha KaHaJLHOMY — BiJI 4acy JOCTYIY /IO CEPEAOBHINA Ta HAIfHOCTI JOCTaBKU MAKETiB. 3aJIeKHO
BiJI peasrizaiii alropuT™My MapIIpyTH3aIlii MOKYTh 3MIHIOBATHCS BUTPATH €HEPTii MepexXi, 3aTpUMKa Ta
MIBUIKICTH JOCTAaBKHU IOB1IOMJIEHD.

Jnst pochmiypkeHHsT TapaMmeTpiB SKOCTI OOCIIyrOBYBaHHSI CEHCOPHHX OE3MPOBOJOBUX MEpPEex
BUKOPUCTOBYBABCSl CUMYJIITOp 0e3MpoBOAOBUX ceHcopHuX Mepex Castalia 3.2. Ilpun moznentoBaHHI
3aJlaHi TaKi mapaMeTpu: 9ac CUMYJIALIi — tsim = 51c¢, 3 ko1 1¢ BiABOAUTHCS /ISl HATAIITYBaHHS BY3IIiB,
po3mip naketry sp = 100 GaiiT, po3mip 3aronoBka nakera sh = 5 0aiiT, MPoNyCKHa 31aTHICTh KaHAJTY
3B'13Ky — 1024 Kb/c. Ilig wac pocmimkeHHsT NpoBoAMIIOCs NOpiBHIHHA TpboX MAC-npoTokomis — T-
MAC, ZigBeeMAC Ta BaselineMAC. Pe3ynbraTn MozentoBaHHs IPpeACTaBIeHO Ha puc.1, 2.

1800

1l
500 |

1400 |
1200 |
1000 |-
800 b
S0

400

PucyHok 1: licTorpama KinbKOCTi AOCTaBAeHMX MaKeTiB 3a pPi3Hi

NPOTOKOANIB

{ow'nl

10"
AN

[i:: TR VTN

o0z ol

{

BaseinebAC w—
THMAL
ZigBochAL w—

8 2 B B 28 &2 £t £ B # g L. Mc
s & &8 & s B s & 5
£ 86888888 8¢8:3

54

NPOMIXKKM Yacy ana pisHmx MAC-



He oTpHMaHO Fepes KOmi3il M

Top 7 He orpumaHo gepes

MIePEIKOIH V KaHai 3B'SI3KV
OTpHMAHO He3BAKAIOTH HA
08 | 4 xomisii

OtpHMaHO Oe3 Komisii
08 B

04 -

02 -

w N
B 2 g
| T
2 5
= A
(@]

PUCYHOK 2: BigHOLWEHHA KiNbKOCTI 4OCTaBAEeHMX NaKeTiB A0 BTpavyeHux pisHnx MAC-npoToKonis

3. BuUcHOBKM

[IpoBeneHO BHW3HAYECHHS OCHOBHHX XapaKTEPUCTHK SIKOCTi obciyroByBaHHs BCM: 3arpumka,
MPOITyCKHA 3/IaTHICTh, BTPATH, 4ac JKUTTS MEPEXKi, MOKPUTTS 3a7aHOl 00JIacTi, CTIMKICTh JO 3MiHH
toroorii. [loka3zaHo B3aeMO3B'I30K XapaKTEPUCTHK SIKOCTI 0OCIYroByBaHHS 3 Pi3HUMHU (DaKTOpaMu
peanizarii MepexxeBoi Mmoaeni. HaBeneHo kputepii, o CToCyrThes nepenadi qauux y BCM, 3a skumu
MOJKHA OIIIHIOBAaTH AKiCTh 0OCITYrOBYBaHH:I.

[TokazaHo 3aleXHICTh SKOCTI 0OCIYTrOBYBaHHSI CEHCOPHUX MEPEk Bijl OCOOIHMBOCTEH MPOTOKOIIB
mapupytusanii. [lopiBHtoBanucs mnpotokosin TMAC, ZigBeeMAC 3 GTS Tta BaselineMAC.
BaselineMAC i ZigBeeMAC kOHKYpYIOTh MK COOO0I0 3a 3aTPUMKOIO JOCTaBKU, OUIBIINICTh TTAKETIB
ZigBee nocrasisie B Mexax 120 mc. Y TMAC 3aTpumKa po3rnoiiieHa MPaKTUYHO PIBHOMIPHO B MeXax
niBcekyHau. Ilpore SKIIO BaKIMBOIO € MIBHIKICTH JTOCTABKH, 3aCTOCOBYBAaTH LI€H NMPOTOKOJN HE €
nouiisHuM. BaselineMAC — miBuakwuid, ajie He Kpalilii 3a HaJiiHICTIO TPOTOKOI.
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AHani3 3acobiB aBTomatusauii BM3HAYEHHA AiarHo3y Aansa
iHpopmauinHoi cuctemu "MeguuHuii ueHTp"
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Abstract

PobGora mpucBsdeHa onmcy po3poOKH iH(QOpMAIHHOI CHCTeMH s aBTOMaTh3aIlil
BH3HAYCHHA JIarHo3iB y MeAWYHUX IeHTpax. OCHOBHAa MeTa IIOJIATaE B CTBOPEHHI
IHCTPYMEHTY, SKHH JO3BOJIMTh MAIliEHTaM OIIHIOBAaTH WMOBIPHICTh HAsSBHOCTI XBOpOOH,
BBOJSIYM BJIACHI CHUMITOMHM Ta 1HAMBIOyaldbHI XapakTepucTUKH. ONHCaHUN NPOEKT
CIpsSMOBaHWK Ha TOKpAIICHHS TOYHOCTI BHU3HAYCHHS JIarHO3iB Ta TOJETHICHHS POOOTH
MEJMYHOTO MEepPCoHANy, 00 3a0e3MeYnTH SKiCHE MEIUYHE OOCITYTOBYBaHHS Ta ITiIBUIIUTH
CBIJIOMICTH MALI€HTIB.

Keywords®

Menuunuii eHTp, iHGopMaIliifHa cUCTeMa, JiarHo3, BU3HAUCHHS JIiarHO3y, aBTOMATH3aIlis,
XBOpo0a, CUMIITOM, iHAMBiAyalli30oBaHA MEAUIMHA, 1H(GOPMAIiHI TEXHOJOTil y 3A0pOoB’i,
aBTOMATH3allisl B MEUIIMHI, MTOJIMIIEHHS 30POB s MAII€HTIB, Malli€HTChKAa CaMOIIarHOCTHKA

1. Bctyn

VY Ham yac iHpopMaliitHi TEXHOJIOTIT HaIal0Th CYTTEBUH BIUIMB Ha Pi3Hi chep KUTTS, BKIIOUAIOUH
MennaHy cepy. 3poctaHHs 00CATY MeIUYHOI iH(OopMaIlii Ta MBUAKICTH 11 00POOKH CTBOPIOIOTH HOBI
MOJKITUBOCTI JUTS BIIOCKOHAJICHHS TPOIIECiB JIarHOCTHKH Ta JIKyBaHHS XBOP0O. Y IIbOMY KOHTEKCTi
poOoTa, mpucBsYeHa po3poOIll iHGOPMAIIHHOT CUCTEMHU I BU3HAYCHHS WMOBIPHOCTI HAsBHOCTI
MEBHOI XBOPOOM HAa OCHOBI BBEJCHUX CHMITOMIB Ta iHJMBIIyalbHUX XapaKTEpUCTUK TMaIli€HTa,
Ha0yBae 0COOIMBOI aKTyaTbHOCTI.

B ymMoBax mocTiifHOro po3BUTKY MEIMYHOI HAYKH Ta 3pOCTaHHS 00CITY MEAMYHUX JTAHHX JIIKapi Ta
MAIIEHTH CTUKAIOTHC 13 301JIbIICHOI0 CKJIAIHICTIO IPUIHATTS OOIPYHTOBaHUX pillicHb. [HpopMaIiiiitHa
CHCTEMA, SIKy HPOIOHYETHCS PO3POOWTH, BHUPIIIye KOHKPETHY HpOOJieMy: HaJaHHS MallieHTaM
MOJKIIMBOCTI CaMOCTIIHO OIIIHIOBATH CBifl CTaH 37I0POB’S Ta OTPUMYBATH iH(OPMAIIII0 TIPO MOXKIIUBI
JlarHO3Y HA OCHOBI BBEJIEHUX JAHUX.

BaxuBICTh 1IBOTO TPOEKTY BU3HAYAETHCS MOTPEOOI0 B TOKPAIEHHI JIOCTYIHOCTI MEIUYHOL
iH(opMarii 11 rpoMaaChKOCTI Ta HaJlaHHS TMallieHTaM 3aco0iB Ui OUTBIN CBIJOMOTO YIPaBIiHHS
BJIaCHUM 3710poB’siM. Taka iHdopmalliliHa cucTeMa He TUTBKH CIIPOCTHTD MPOIIEC CaMO1iarHOCTUKY ISt
KOPHCTYBA4iB, a TAKOXK MOXKE CTATH IHCTPYMEHTOM JIJIsl Ta PAHHBOTO BHSBJICHHS 3aXBOPIOBAHb.

Otxe, 1 pob0Ta Mae peasbHy NPaKTHYHY 3HAYYLIICTh, OCKIJIBKH BOHA CIIPIMOBAaHA Ha CTBOPEHHS
iHHOBaMLiHOT iHpOpPMaLiiHOT cuCTeMH, SIKa MOXKE BILUIMHYTH Ha MiJIBUILEHHS PiBHA 1iH()OpMOBaHOCTI
Ta BIJNOBIIAJIBHOCTI MAIIEHTIB Y BIAHOIICHHI TXHBOT'O 3710POB’ 5.

2. lNocTtaHOBKa 3aBAaHHA

LentpansHolo mpo0GsiemMoro, SKy BHpillye Isi poboTa, € po3pobka iHpopmaniiiHoi cucremuy,
CIPSIMOBAHOI HA MiIBUIIICHHS IOCTYITHOCTI Ta TOYHOCTI BU3HAYEHHSI A1arHO31B JJis mamieHTiB. OCHOBHE
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3aBIaHHS IOJIATAE B TOMY, OO CTBOPUTH 3aci0, SIKUi JO3BOJUTH KOPUCTYyBavYaM, 3aCHOBAHO HA TXHIH
BJacHi# iH(opMarii, OLiHIOBaTH HMOBIPHICTh HASBHOCTI IEBHOT XBOPOOH.

[ligxomu 10 BUpilIeHHS MPOOIEMH:

*  po3poOka KOMIUIEKCHHX MeamdHux iHMopmariitaux cucteM (MIC). O0’emHaHHS acIEKTIiB

00pOoOKM MEIWYHHUX MaHWX, Bix 300py A0 Bizyaumizarii, s aBTOMATH3AIlil Ta CIIPOIIEHHS POOOTH

MEIUYHOTO MEPCOHAIY;

*  BHUKOpPUCTaHHA cucreM Mmry4yHoro intenekry (LIII). BmpoBamkeHHS MeTOAiB MalIMHHOTO

HaBYaHHSA Ta TJIHOOKMX HEHPOHHHX MEpEeX JUIS aBTOMATH30BAHOTO BHM3HAUCHHS JiarHO3Y,

BPaxoBYIOUH pi3Hi (aKTopH,;

*  CTaHJapTH3alisi MEIWYHUX AAHUX Ta KIIHIYHUX peKoMeHJamid. PO3BUTOK Ta BUKOpHCTaHHS

CTaHIAPTIB IS OMHOPITHOCTI Ta Y3rOIKEHOCTI BU3HAYEHHS JiarHo3iB.

Taxkum unHOM, pO3poOKa iH(POPMALIIHHOT CHUCTEMH, IO BPaxoBY€E iHAMBIAYaIbHI XapaKTepPUCTUKU
MalienTa Jyisl TOYHOTO BU3HAUEHHS HMOBIPHOCTI XBOpOOH, BIANIOBia€ HACYIITHIM NOTpedaM CydacHOi
MEIWIMHY Ta TAIlieHTiB. Pe3ympraToM poboT Mae OyTH eQeKTHBHHNA IHCTPYMEHT, CIIPSIMOBAaHUHN Ha
TMIOJIITIIIEHHS SIKOCTI MEAMYHOTO OOCITyTOBYBaHHS Ta IMiABUIIEHHS 0013HAHOCTI MAIi€HTIB 00 IXHOTO
3JI0POB’ 4.

3. Niaxoan po BupilweHHA 3aaaui

B nmaniit poboTi mpobiieMa BH3Ha4YeHA SK HEOOXiTHICTh PO3pOOKH iHPOPMAIIHHOI CHCTEMH, sKa
JO3BOJISIE TIAIIEHTAM CaMOCTIHHO OIIiHIOBATH WMOBIPHICTh HAsBHOCTI XBOPOOM Ha OCHOBI BBEIEHHX
CUMIITOMIB. ['0JIOBHIM 3aBIaHHSIM € CTBOpPEHHs iH(OpMaIiifHOI CHCTEeMH, sIKa JJO3BOJIMTH MallieHTaM
OIIIHIOBaTH WMOBIPHICTh HAsIBHOCTI XBOPOOM HA OCHOBI BBEJEHMX CUMNTOMIB. Pe3ymbpraToM poOoTH
Mae OyTH IHCTPYMEHT, SIKHH MOJKE TIOKPAIIUTH 3JOPOB’ A Ta CAaMOITi3HAHHS MAIIEHTIB, & TAKOXK CIIPHUATH
MiABUIICHHIO 0013HAHOCTI Y Taly3i MEIUIIMHU Cepell IPOMaCHKOCTI.

Hnst BupimeHHst wiel mpobiemu, po3poOisieThes iHQopMaliiiHa cuctema, sika 0a3yeTbcs Ha
OOMMPHUX MEIUYHUX MaHWX Ta EKCIIePTHUX 3HAHHSAX MJIs BH3HAYEHHS HMOBIPHOCTI HasSBHOCTI
XBOpOOM Ha OCHOBI CHUMIITOMIB, BKa3aHMX HauieHTOM. CHcTeMa Ma€ BpaxOBYBaTH 1HIUBIAyabHI
XapaKTePUCTUKH MAIli€HTA, TaKi sIK BiK, CTaTh, XPOHIYHI XBOPOOH, ITOTaHi 3BUUKH, 1110 MA€ JTO3BOJUTH
poOuTH ORI iHIUBIAYaTi30BaHI Ta TOYHI AlarHO3W. TakWi IMiJXiJ JO3BOJUTH BHPIIINTHA HEAOITIKH
ICHyIOUMX cHCTeM, 3a0e3nedyroun OuUThII epeKTHMBHHN Ta 3pyYHWN IHCTPYMEHT JUIsl TAIEHTIB y
BHU3HAUYEHHI CBOT'O CTaHy 370POB’s.

Hwxye 3a3Ha4eHO OCHOBHI €TaIW MPOLIECY BU3HAYCHHS J1iarHO3Y:

. 30ip iHdopmamii Bix mamienta. CucreMa I03BOJISIE TMAlli€HTAM BBOAWTH 1H(QOPMAIIIO IIPO

CUMIITOMH, BiK, CTaTh, XPOHIYHI XBOpOOM, TOTraHI 3BMYKMA Ta MOMEPE/IHI TPaBMyBaHHSI, IO €

KJIFOUOBHMM €TarlOM JIJIsl aHaJIi3y Ta BU3HAYCHHS J[IarHO3Y;

*  aHaJi3 CUMIITOMIB Ta iHIUBiAyaJbHUX XapakTepucTuK. CHcTeMa BIPOBADKYE AITOPUTM IS

00poOKHM BBEICHUX NaHHWX Ta aHAJI3y CUMITOMIB, BPaXOBYIOUM iHIVBIIyallbHI XapaKTePUCTHKH

MAI€HTa, 110 € BAYKJINBUM JUIsI TOYHOTO BCTAHOBIICHHS J1arHO3Y;

*  BU3HAYEHHS HMOBIpHOCTI XxBopoOu. Cucrema po3paxoBye HMOBIPHICTH HAsBHOCTI MEBHOT

XBOpOOM Ha OCHOBI aHaNi3y CHMITOMIB Ta iHIIMX iHAWMBIAyaJIbHUX (aKTOpPiB, BUpAXKAIOUM ii y

BiJICOTKaX JIJIsl 3pyYHOCT] KOPUCTYBaua,

*  Bi3yaumizalmisi pe3ysbTariB. Pe3ynpTaTi aHamily MpeiCTaBISIFOTECS CHUCTEMOIO 3pO3YMIIO Ta

JOCTYITHO, BKJIIOYAOUX iHPOpMAaLil0 PO HMOBIPHICTH HAsSBHOCTI Pi3HUX XBOPOO Ta peKOMEHIAIIl

JUIA TIAII€HTA,

*  Oesneka i KOH}ieHIIHHICTE NannX. CucTeMa mMae 3a0e3rnedyBaTH BUCOKY 0e3leKy 0coOuCTOl

iHpopMaLii MmamieHTiB, 30KpeMa HUISIXOM 3aCTOCYBaHHS BiAMOBITHMX 3axOAiB MH(PyBaHHA Ta

KOH(IISHITIHHOCTI 00POOKY TaHUX;

*  MOXJIMBICTh po3mHpeHHsi cucteMu. CHcTeMa PO3pOOITIOETHCS 3 ypaxyBaHHSM MOKIMBOCTI

JIETKOTO PO3MIMPEHHS (PYHKIIIOHABHOCTI Ta J0AaBaHHS HOBHX XBOPOO 1 CHMITOMIB JUIsl aHANTI3Y,

3a0e3Meyyl0ul THYUKIiCTh Ta aKTYaJIbHICTB,

*  3arajlbHa MeTa Ta TOTEHIIHHI TepeBard CHUCTEMH. 3arajbHa MeTa TOJSIra€ B CTBOPCHHI

THCTpYMEHTY JUTs iH()OPMOBAHOT'O CAMOCTIHHOTO OIIHFOBAHHS CTaHy 3/I0pOB's naiieHTiB. Crcrema

MPOTIOHYE OLIHKY WMOBIPHOCTI HAsBHOCTI XBOPOOM Yy TPOLEHTaX, BPaxoBYIOUM Oijblie
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IHIUBITyaIbHUX XapaKTEPUCTHK, MO0 JO3BOJIMTH OTPUMATH OUIBIT TOYHI Ta TMEPCOHATI30BaHI

pe3yabTaTH.

OTxe, po3poOKa 1€l iHPpOopMaIIiifHOT CHCTEMH BHPIIIYE KITFOYOBI TPOOJIEMH, OTIMCaH| B IIOCTAHOBIT
3aBIaHHs, HAJAI0YM IHHOBAIIMHUNA 1HCTPYMEHT AJIS Malli€HTIB Ta CIPHUAIOYN MMOKPAMIEHHIO IXHHOTO
CaMOITi3HaHHSA Ta 0013HAHOCTI y raiy3i MEIUIHHH.

4. BUCHOBKMU

V 1miif po6OTi BU3HAYEHO Ta MPOAHaIi30BaHO MPOOJIEMH, MOB’sI3aHi 3 BCTAHOBICHHSM J1arHO3y B
MeandHuX 1HGOpMaIiiiHIX cucTeMax. | OMOBHMM 3aBHaHHSIM Oyjo (OPMYIIOBaHHS BHMOT [0
pO3po0KH 1HGOPMAIIHHOI CHCTEMH, SKa JTO3BOJUTH MAIliEHTaM CaMOCTIMHO OITIHIOBaTH HMOBIPHICTH
HasBHOCTI XBOPOOW Ha OCHOBI Ha/IaHUX CUMIITOMIB.

OTtprMaHUil IHCTPYMEHT BHCTYTIA€ HE JIUIIE SK 3aci0 IS MOJIMIISHHS 3/I0pOB’Sl Ta CAaMOIII3HAHHS
MAIiEHTIB, aje ¥ AK iHiliaThBa, CIpSIMOBaHA Ha MiABHUINEHHS PiBHA 00i3HAHOCTI y cdepi MEeTUIMHN
cepeJ1 MHUPOKOI MacH HaceJIeHHSI.

s poGota He nuine pO3MMUPIOE PO3YMIHHS MPOLECIB BU3HAUCHHSA JiarHO3y B MEIWYHHX
iH(opMaIitHIX cHUCTeMax, ale ¥ BHOCHUTH TMPAKTHYHUA BHECOK Yy cepy ePeKTHBHOTO B3aEMOil
MAIiEHTIB 13 CyY4acHO MEIUITMHO. Pearizaliis 1i»0ro npoeKTy MOXKEe 3HAYHO IMOJICTIIUTH JOCTYII J0
MeJUYHO1 iH(pOpMAaIllii, MOJIMIIUTH SAKiCTh 00CIYrOBYBaHHS Ta JIOTIOMOTTH y BYaCHOMY BHSIBIICHHI Ta
JKyBaHHI XBOPOO.
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Abstract

HocnimkeHHs BusaBsie mpoOiemu y miarpuMiui CSS-komy, 3yMOBIIEHI 3aCTOCYBaHHSAM
HEaKTyaJbHUX TMPAaKTUK Horo HammcaHHA. [IpomoHyeTbes pimeHHS depe3 pedakTopwHT Ta
BHKOPHCTaHHS BiAMOBITHUX MeToomoriit CSS.

Keywords !

Technical debt, CSS optimization, CSS development methodology

1. Bctyn

Y cBiTi mporpaMyBaHHs ICHYE€ NapaJoKC: PO3POOHUKM YCBIIOMIIIOIOThH, IO Oe3lanx y KOl
CHOBUIBHIOE 1X poOOTY, ajie, BiAUyBalOUl TUCK JEIaiHIB Ta KBAIUISTYMCh, 3HOB CTBOPIOIOTH OE3Ial.
“Im 6pakye gacy, mo6 npamrosaTi mBHAKO!” [1, ¢. 26]. IIpaBaa B ToMy, IO JHIIE MOCTiHHA yBara 0
YHCTOTH B KOJI MOX€ JJO3BOJIUTH OJHOYACHO JOTPUMYBATHCS rpadika Ta MpaifroBaTH eQeKTHBHO.

2. NocTaHoBKa 3aaaui

B cyuacHOMYy CBITI Ba)KKO YSIBUTH TIOBCSIKJICHHE JKUTTA Oe3 BeO-TexHonoriid. HaBuanus, pobora,
x00i, CIIKyBaHHS - Ha BCE 3HAMIEThCS BIANOBIMHUEN BeO-pecypc. Bia mpoctux html-cTtopiHok BeO
PO3BUHYBCA y TJ00QbHY CHUCTEMY IHTEpaKTUBHUX BeO-momatkiB. Taki ¢akTtopu SK 3pOCTaHHS
CKJIaJIHOCTI IM3aiiHy, Pi3HOMAaHITTS IPUCTPOIB, MTOSIBA HOBUX 1JI€H, 1110 TPU3BOJUTH JI0 3MiH y BUMOTaX,
BEIyTh 10 MOCTIHHUX 3MiH y BeO-iHTepdeiicax, M0 4acTo MPU3BOAMTH JO MOSBH KOAY 3 BHCOKHM
piBHEM TexHiuHOTO Oopry. bepydi Takuii mpoekT y poOOTy 4acTO BaKKO 3PO3YMITH 3 HOTO MOYATH Ta
SK BIJJIQJUTH TPOEKT MOBHICTIO HOTO HE TepenucaBid. Y AaHili poOOTI MPOMOHYEMO PO3TISHYTH
po0IeMH, 0 BUHUKAIOTh Y TIPOLIEC] MIATPUMKH CSS-KOJIy 3 BUCOKHM PiBHEM TEXHIYHOTO OOpry

3. Onuc gocnipkeHHA

OcCHOBHE NMUTaHHS JOCHTIDKEHHS - 116 BU3HAUCHHS MEBHUX O3HAKaX TEXHIYHOTO OOpry y €ss-Komi
[2], sike po3risiHEMO Ha IEKIIbKOX MPUKIIaIaX BAKOPUCTAHHS 3aCTapINX Ta HEAKTYaJIbHUX MPAKTHK.

[lepma npoGiieMa - Bennka BKjajgeHa Bara (puc.la). [TosiBa mpernpoliecopiB 3HaAYHO IOJICTIIMIIA
XKHUTTSI BeO-pO3pOOHHKaM, 00 CTara MOXKIIMBA 1HKAICYJISALIS CTHIIIB. AJie 3JI0BXHMBaHHS BKJIAJCHICTIO
CENIEKTOPIB MOXK€ 3HAYHO YCKJIQJIHWUTH PO3YMIHHS Ta peJaryBaHHS CTHIIB Ta TPHU3BOJUTH JI0
MOBTOPEHHS (3aMiCTh MIEPEBUKOPUCTAHHS) CSS-TIPABHJI, ITOSIBU HAJIMIIIKOBUX KJIACIB.

I'moGanpHi cenexkTopu (MpHUKIaA HABEJCHO Ha puc.10) BINIMBAIOTH HA BCi €1€MEHTH B JOKYMEHTI,
IO MiBUIIYyE PU3UK BUHUKHEHHs MepeBH3HAauYeHb a00 HEOOXigHICTh CTBOPEHHS 3aiBUX KIJACiB, IO
OyayTh MepeKpUBATH INIOOANBHI CTHIII. 3BEPTATHUCH J0 CENIEKTOPIB TAKUM YHHOM IPHITYCTUMO TiTBKH
y MpaBUiIax JUIsd CKUIAHHS CTHIIIB.
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PucyHoK 1 - Mpuknagu: a) HaAAMWKOBOT BKAaAEHOCTI; 6) rnobanbHUX cenekTopis; B) HEAOUINbHOIO
BMKOPWCTaHHA CSS-NPaBuA; ) NOBTOPEHHSA CSS-NPaBu

O3Hakol0 MOXUOOK y MPOSKTYBAaHHI € BUKOPUCTAHHS AUPEKTUBH !important, 0 3MiHIOE TIPUPOTHIH
MOPSZIOK CTIAIKOEMHOCTI CTHIiB. HasBHICTH MaHOi MUPEKTHBH TaKOX MOXKE OYTH ITOKa3HHKOM
HesignoBimHocti Ul 6i0i0oTekH, MO BUKOPHUCTOBYETHCA, pPEalbHUM TOTpedaM MpOomyKTy. Takoxk
BUKOPHUCTAHHS 1HJIAHH-CTHIIB YCKJIaJHIOIOTh MIATPUMKY KOIy, pOOJISTYMd HOro MEHII YnTabeNbHUM Ta
THYYKHM JIJIS 3MiH.

3actrocyBanHsa CSS-mipaBui, 110 HE MPU3HAYEHI /IS BUPIIICHHS TIEBHOI 33/1a4i MOKE TIPU3BOANTH
JI0 CKJIQ/THOIIIB y TiITPUMIII Ta afanTaiii 10 Cy4aCHHX BIMOT Ta TEXHOJOTiH: (quB. puc.1B).

Hactynna npo6iiema - BiICyTHICTB XeJepiB Ta roToBux (2060 po3pobIeHHX MO/ MOTPEOH MPOCKTY)
“citok” (puc.lr). I[loBTOpEeHHS CSS-TIpaBMII YCKJIaIHIOE 0OCIYTOBYBaHICTh Koay (00 y pasi morpebu
BHECEHHS 3MiH JIOBEIETHCS POOUTH IIe B KIIBKOX MICIISX) Ta 3HAYHO 301JIbIIIy€e HOTo 00'eM.

OTmxe, SKIIO MM MaeMO CIIPaBy 3 CSS-KOJIOM, IO Ma€ OJHY YH JCKiIbKa IMepesiYeHnX O3HaK
TEXHIYHOTO OOpry, TO Takui Koja morpedye pedakropuHry. Ilepmum KpoKOM JOPEYHO Y3rOAWUTH
Metoposorito HamucaHHs CSS-xomy - OOCSS, Atomic CSS Ttomo (abo po3poOHTH BIacHy,
MiAMOPSAKOBaHY pealbHUM MOTpedaM MPOEKTY, METOAOJOTII0) Ta MEPEBIPUTH CSS-KOJ| Ha AKICTh Ta
YHIKaJIbHICTh. J{)1st IbOTo Tpeba mo30yTHCS IHITMX 03HAK TEXHIYHOTO OOPTY, TAKKX SIK BEJINKa BKJIa/IeHa
Bara, BIJIMOBUTHCH BiJI BHUKOPDHCTaHHS IJIOOAJIbHUX CEJEKTOPIB, NMEPEBIPUTH KOA HA AUPEKTHUBY
“limportant” Ta mO30yTHCh TPUYMH ii BUKOPUCTAHHS, BHUHECTH IHJIAWH-CTHIIL Yy CSS-IOKYMEHTH,
MEPEBIPUTH YM 3aCTOCOBaHI MpaBWja € NMPU3HAYEHUMH JUIsS BHpIIICHHS TEBHUX 3a/1a4, HAMHCATH
XeIepy Ta BUHECTH KOJILOPH # Bce, 0 HEOOXiAHO Ta JOPEYHO, y 3MiHHI.

4. BUCHOBKMU

B naniit poOoTi po3riisiHy 10 AesiKi 03HAKH TEXHIYHOTO 00pry y css-koi. HaBoasTecs npukiany css-
KOJIy, SIKI MOXKYTb ITPU3BOJIUTH JI0 CKIIATHONIIB Y 30€peKeHHI KOHCUCTEHTHOCTI Ta alanTaliii 0 3MiH.
HocnimpkeHHs BU3Ha4ae npoOieMu i pekoMeHaye pedakTOPUHT SK CIOCiO BUPILIEHHS HeperideHux
npobieM. BuzHauaeThCs BaXIIMBICTD y3TOJUKEHHS METOJI0JIOTi HAMCAHHSA CSS-KOAY. Y 3arajJbHIOI0UH,
JOCHI/DKEHHSI BKa3ye Ha HEOOXIJHICTh BJOCKOHAICHHS TPAKTHK PO3POOKH CSS-KOJAY 3 METOH
MIBUIIEHHS HOro YMTa0eIbHOCTI, MIATPUMKH Ta aJanTadeabHOCTI 10 3MiH.
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AHoOTaUiA
HaBeneno acmektd peamizanii mporpaMmHoi MOJENi  JIIHTBICTHYHOTO —TIPEACTaBICHHS
netepMiHoBaHuX TpadiB. OKpecIeHo IepeBaru HaBeJICHOT pearisaiii.

Kntoyosi cnosa !
JerepMminoBanuii rpad), MpeaCcTaBICHH, MOJCTIOBAHHS

1. Bctyn

OpHi€0 3 BOKIMBUX HPOOJEM y CydacHii MaTeMaTHIli Ta MOCIIOBAHHI € 3pydYHE 3aJaHHs SK
CKIHYCHHMX, TaK 1 HECKiHUeHHMX 00’ekTiB. OmHUM i3 e(EeKTHMBHHX CIOCOOIB TaKOTO 3aJaHHS €
MIPEICTaBJICHHS 00’ €KTY 32 JOIOMOTOI0 TBIipHUX €JIEMEHTIB Ta CITiBBiTHOMIEHb MiX [TUMH €JI€MEHTaMH.
VY rtakuii cnocié MOKHa 3aJaBaTH TPYNH, HAMIBIPYIH, aBTOMATH; BiJOMUI pPAJ TEOPETUYHUX Ta
MpUKIAIHUX 3a7ad, sKi Oe3mocepeJHbO TOB’s3aHi 13 TakMM crocoOoM 3amaHHs. Hapasi Take
MIPeNICTaBICHHsT PO3MOBCIOKeHO [1] Ha merepminoBaHi [2] rpadwm, siki MOXYTh OyTH edeKTHBHO
BHKOPHCTaHI B SIKOCTi CEpeloBHINA y 0ararboxX NMPHUKIAAHUX 3amadax. llpu mpomy, merepmiHOBaHi
rpadu 3amal0Thcad cloBaMH B andaBiTi MITOK iX BEpIIMH, TOMY MOXKHa TOBOPUTH caMme Ipo
JIHTBICTUYHE TPEACTAaBICHHA JeTepMiHOBaHMX TpadiB. OCKiIbKM Ha JaHUd dYac rpadu €
KOHLIETITyalbHUM 1HCTPYMEHTOM TEXHIYHOI JOKYMEHTalii Ta, KpiM TOTrO, € IMIMPOKO BXKHBAHOO
MPOTPaMHOI0 abCTPaKIli€l0, TOMY BaXIIMBY POJb BiJirpae MporpamMHe MOJICTIOBAHHS Pe3YJbTaTiB 3
METOIO iX MiATBEP/KEHHS, aHalli3y, YTOYHEHHsI Ta YAOCKOHAICHHS MPaKTHYHOIO pearizanicro. Kpim
TOTO, MOXIIMBE 3aCTOCYBAaHHS JIHI'BICTHYHOTO IPEICTABICHHS NETEPMIHOBAHUX TpadiB y CKIIAJHUX
TH)KEHEPHHUX CHCTeMaX MOTpeOye PO3pOOKH MPOrPaMHHUX MPOTOTHUIIIB aITOPUTMIB, K1 3aITPOIIOHOBAHO
y IIbOMY TIPEJCTaBIEHHI, 3 METOIO TIOAAJBIIOr0 aHaIi3y MOMIIMBOCTI X BIIPOBA)KCHHS B TIPOMHCIIOBI
CTaHJIapPTH.

2. OCHOBHi O3HauyeHHA

PosrnsimaroThest HEOpi€HTOBaHI, CKiHYEHHI, HETOPOXKHi, 3B’SI3HI MPOCTi rpady 3 PO3MiYEHUMHU
BepumHamu G = (V,E, X,&(V)), ne V — muoxuna BepudH rpada, E — MHOXKHHA #oro pedep,
§(V):V - X — BcroauBu3HaueHa (HyHKIIISI PO3MITKU BepIIHH rpada CHMBOIAMH CKiHUEHHOTO ai(aBiTa
X = {xl, ...,xp}. Posmiuenuit rpad G HasuBaeThes naerepminoBaHuM (J[-rpadom) [2], skmo Bci
BEPIIMHM Y BIIKPUTOMY OKOJI KOKHOI MOTO BEpUIMHM MAlOTh Pi3HI MITKH: Vv, V1, V, € V(Vq, v, €
EW)AE(wy) =E(wy)) — v =vy). Hlnax p = v’y ... V', posrisaaeMo sk mociigosHicTs & (p) =
§('y) .. &£(v'}) MiTOK BepIIUH, 1O BXOAATH [0 p. 3ayBaKMMO, 10 Y BHNAJKY, KOJH BijloMa KapTa
rpada Ta moyaTKkoBa BEpIIMHA MUILXY, TO 32 MOCIIIOBHICTIO MITOK & (p) OHO3HAYHO BiJITBOPIOETHCS
MOCHIIOBHICTh BEPILIHH, IO BXOJATH A0 HUIAXY, ToMy J-rpadu € ayxe 3pydHUMH AJIs iX AOCIIIPKEHHS
3a JIOTIOMOT'OI0 areHTiB, 10 MEepPeMILIyIoThCsl BeepeanHi rpady. 3adikcyemMo BepmuHy v € V, Ky
OyJeMO Ha3uBaTH iHILIAJbHO, AaJi BBAKAEMO, 110 BCI ILISXU B rpadi MOYMHAIOTHCS 3 1HIIIAIBHOT
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Bepiuunu. [LIsx (c1080) p = X'; ... X'), HA3BEeMO NPUITYCTUMEM 11t Bepuinuu v'y € V, sikio E(v') =
x'y, Ta icHyroTh Taki BepumHH V5.V €V, mo EW',) =x'y..,E@W') = xki
(v’l,v’z), s (v’k_l,v’k) EE.

V [1] 6ymno pospobieno mpexacrasienns J-rpapa G = (V,E,X,E(V),v,) maporo {C,L}(x")
CKIHYCHHHMX MHOKUH CIIiB B ayipaBiti X, st IKOT c110Ba MHOXKUHU C OMUCYIOTH UK Tpada G, a ciaoBa
L onucyrots oro Bucsyi Bepuai. Muoxkuau C Ta L HasuBarwoTh komnoHeHtamu mapu {C, L}(x").
Byno BucyHyro BuMOrd, 3a BHKOHaHHsIM skux Jl-rpad G = (V,E,X,&(V),v,) BBaxaeThcs
npeacraBieHHsM 3a maporo {C, L}(x"):

a) £(vo) = x';

0) Bci coBa 3 C Ta L € MPUITYCTUMIMH JJIs1 BEPIIUHH V)

B) KOJKHE CJIOBO 7 € C BH3Ha4a€ y G UK Vo7 = Vg,

T') U KOXKHOTO CcJIoBa ¢ € Ly G BeplIMHA Vyq € BUCSUCIO;

JT) JUTsL KOXKHOI BUCSYOT BEPIIUHY ¥ € V, 0 € BiIMIHHOO BiJI iHIiLlIaIbHOT BEPIIUHH V, iICHYE X04a
0 omHE Take cIoBO g € L, mo vyq = v;

e) mus Oymp-skoi mapu {C,L}(x') abo He icHye mpencraBieHHs, ab0 Iie NpeICTaBICHHS
BU3HAYAETHCS OJTHO3HAYHO.

[Ipu bOMyY JCKITBKOM Pi3HUM MapaM MOKE BIATIOBIATH OJIHE i T€ K MPEICTaBICHHS.

V [1] 6yno BusHaueHo amroput™ (AlIl), skuii 3a 3aganoro mapot {C,L}(x") abo Gynye J-rpad
G({C,L}(x")), sxuit € npencTaBieHHAM 3a HeE, ab0 MOKa3ye, IO 32 M€ Mapor He iCHYyeE
npe/ICTaBIIeHHs, TOOTO He icHye Takoro J[-rpada, 1o Bianosizae ymosam (a) — (e). Lleit anroputm y
SIKOCT1 JTOTIOMID)KHOTO BHKOPHCTOBYE anroput™M peaykuii (AP), skuil cnemiadbHUM CrocoOoM
OJIHO3HAYHO TEPETBOPIOE MOBiMbHUI rpad G y merepminoBanmii. ITapa {C,L}(x") Ha3uBaeThCs
BU3HAYaIBHOW s rpada G, sxmo G ({C,L}(x")) = G. Takox y [1] Bu3HaYeHO 0COOIMBY KaHOHIUHY
BU3HAYaIbHY Tapy Ui Oy ab-sakoro J-rpada G. J1ist 1boro Ha MHOKHHI BCiX CITiB B aniaBiTi X BBEJCHO
TMHIAHUN TOPSAAOK X, Y BIANOBITHOCTI 3 SKUM MOOY/IOBaHO HAWKOPOTIIIE KICTSIKOBE AepeBo rpada G,
3a JOMTOMOTOIO SIKOTO 13 BUKOpHCTaHHAM anroputMy AK moOymoBana 1151 KaHOHIYHA BU3HAYATbHA Mapa
{Z¢, Ag}. Byrno 3HaiineHo esiki METPHYHI XapaKTePUCTUKH Tapu {X¢, Ag ).

3. NporpamHa mogenb

B sixocTi TexHIYHOI crierudikalii uisi mporpaMHoro MojaentoBanus ainroputmis AIl, AP ta AK
BU3HAueHo poboty [1]. Texuiuna peanizauis [3] BUKOHaHA 3 BUKOPUCTAHHSIM MOBH MPOTpaMyBaHHS
Python ta 6i6miorexku st monemoBants mepex NetworkX [4], 3 oTprMaHHAM BUMOT CHenU(iKu
CTaTMYHOTO Ta CHHTaKCH4YHOro aHamizaropa MyPy ta Pylint. SIkicte Koy, 3riIHO IUX MEpPEBipOK,
mporpaMHo omiHeHa sk 9.3 / 10 3a crarmaptom PEPS. 1lg omiHka HEe € MakCHMalbHO MOYIIHBOIO
3aBJISKHM HasBHOCTI B (DYHKITiSAX 3017bIIEHO] KIIBKOCTI, JOKAJIFHUX 3MiHHUX, @ TAKOX BUKOPUCTAHHS
Ha3B 3MIHHHMX IMEHOBaHHMX OJHIEIO JITEPOI0, MO0 € He PEHTAOeNbHWUM IpPH HAIMCAHHI CKJIAJIHUX
MpOrpaMHUX MOJYJIB, aje I pealizamis oOpaHa CBiOMO, JUIS BIiATIOBITHOCTI TepMiHAM,
BHKOpHCTaHUM y po0OoTi [1]. Ha puc. 1 HaBeneHO pe3ynbTaTH OIIHKH KOJY:

sxxzmxxxxceex Module alglib
alglib.py:19:34: CB183: Argument name "G" doesn't conform to snake_case naming style (invalid-name)
alglib.py:114:4: C81@3: Variable name "G_" doesn't conform to snake_case naming style (invalid-name)
alglib.py:137:13; 0A183: Argument name “C" doesn't conform to snake_case naming stule (invalid-name)
alglib.py:137:27: C@183: Argument name "L" doesn't conform to snake_case naming style (invalid-name)
alglib.py:137:41: C@183: Argument name "x_" doesn't conform to snake_case naming style (invalid-name)
alglib.py:137:8: RBI14: Too many local variables (22/15) (too-many-locals)

alglib.py:142:4: CB1A3: Variable name "g" doesn't conform to snake_case naming style (invalid-name)
alglib.py:146:4: CB1@3: Variable name "G" doesn't conform to snake_case naming style (invalid-name)
alglib.py:159:8: CB183: Variable name "G" doesn't conform to snake_case naming style Cinvalid-name)
alglib.py:161:4: CB183: Variable name "g" doesn't conform to snake_case naming style (invalid-name)
alglib.py:173:8: CB183: Variable name "G" doesn't conform to snake_case naming style (invalid-name)
alglib.py:137:8: RE912: Too many branches (2B/12) (too-many-branches)

alglib.py:223:4: CB183: Variable name "ni" doesn't conform to snake_case naming style (invalid-name)

Your code has been rated at 9.38/18 (previous run: 9.38/18, +8.88)

PucyHoK 1: KoediuieHT skocTi Koay

Ha puc. 2 HaBeneHO 1IKany CKJIAAHOCTI Koay 3a MeTpukoro MakKeiiba [5] Ta 3HaueHHS Ii€] METPUKH
JUIS. TIPOTPaMHOTO0 MOJYJISA, IO PO3TISAAEThCs B JaHid poOoTi. Bci mokasHHMKHM 3HAXOIATHCS Ha
JOCTaTHBOMY PIiBHI, YOTHPHU 3 HHMX 3HAXOIATHCSA HAa HAMKpAIIOMYy PiBHI, 3 4Oro MOKHa 3pOOUTH
BHCHOBKH, III0 KOJI IMiITAETHCS TECTYBAHHIO Ta ITiITPHMIII.
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137:8 ap_graph - C (28)
199:8 ac_pair - C (15)

CCscore Rank Risk

F
1-5 A low - simple block F
6-10 B | I d and stable block F 59:8 check_g_node - C (13)
- o= WeS Striciired andSiabie biod F 89:9 word_pair_data_validation - C (12)
11-20 C moderate - slightly complex block F 112:8 ar_nodes - B ()
21-30 D more than moderate - more complex block F 26:8 find_neighbours_with_the_same_labels - A (5)
31-40 E high - complex block, alarming F 19:8 get_all_leaf_nodes_from_graph - A (4)
41+ F very high - error-prone, unstable block E 41:8 walk by word = R (4)

242:8 get_canonical_pair_metrics_from_graph - A (4)

PUCYHOK 2: MeTpUYHi OLiHKM cKnagHocTi Kogy 3a MakKelibom

Taxox Oyno obumncneno 3Hauenns Metpuk Halstead Complexity (cknamnicts Xonctena) [5]. L
METPHKH Ha/Iat0Th 1H(POPMAIIiF0 MO0 CKIAAHOCTI Ta po3Mipy Koy B (haiimi. 3HaYeHHS ISt TapaMeTpiB
difficulty, effort Ta bugs, mo xapakTepu3yoTs BIAOBIAHO MipH CKIQJHOCTI PO3YMIHHS alrOPUTMY,
KUTBKOCTI 3yCHIIb, HEOOXIAHUX UL PO3POOKM W MIATPUMKH alrOpUTMy Ta Koe(ilieHT mpuOIM3HOI
KUTBKOCTI TOMIJIOK, BKa3YIOTh HA MIPUHHATHY SKICTh HPOTPaMHOTO KOAY. 3ayBa)KHMO, IO Ii METPHKH
€ eBPUCTHYHIMH BUMIPIOBAHHSAMH, 1 iX CINIiJl BpaXOBYBaTH y KOHTEKCTI BUMOT mpoekTty. Ha pumc. 3
HaBEJICHO 3HAYCHHS MMapaMeTPiB X MeTpuK [yt anroputmis All (ap_graph) ta AK (ac_pair).

ap_graph: ac_pair:
hi: 8 hi: B

h2: 22 h2: 28

N1: 19 N1: 16

N2: 35 N2: 27

vocabulary: 38 vocabulary: 28

length: 54 length: 43

calculated_length: 122.18743561882854 calculated_length: 118.43856189774725
volume: 264,97289216286 volume: 286,71626164847697
difficulty: 6.363636363636363 difficulty: 5.4

effort: 1686.1868418363818 effort: 1116.2678129817756

time: 93.67788227979898 time: 62.81487849454389

bugs: 8.88832483872895334 bugs: B8.86898542854343232

PucyHoK 3: MeTpuYHi OLiHKK CKNagHOCTI Kogy 3a XoncTeaom

3aBasiKU MIporpamHiil peasizallii 0yJio MpoBeICHO 3arajbHui aHaii3z crenudikamii anropurmy All
Ta IPUHAHATO PilIeHHS PO Horo Moan(DIKaIifo B KOHTEKCTI T0/IaBaHHS MapaMeTpy POoOOTH alTOpPHTMY
B HECTPOTOMY peXHUMi 0€3 BUKOPHUCTaHHS JIOJaTKOBUX IEPEBIPOK, IO O3BOJIUTH OyayBaT rpad Oe3
00OB’SI3KOBOTO OMHCY CJIB 3 MHOXHHHU L, SKIIO Taki BepIIMHW MOOYZOBaHI MpH oOpoOIi cIiB 3
MHOXHMHU C. TakoX MpPOBEJEHO MEPEeBipKy TiMOTe3H MpO Te, IO MaKCHMallbHEe 3HA4YeHHS 00 €My
NepIIoi KOMIIOHEHTH KaHOHIYHOT BU3HAYAJIBHOI MapH € y TaK 3BaHOro «rpada-keiTkm». Kpim Toro
3aIpOIIOHOBAHO MOXKJIMBICTH 3acTocyBaHHs anroputMmiB AIl Ta AK y koHTekcTi cydacHOi Teopil
MoOyIOBU KapTH TECTOBOTO MOKPHUTTS JUIS IPOTPAMHOT0 3a0€3MeUeHHS, 1[0 MOKE OYTH KOPUCHHUM JUJIsI
BUKOPHCTAHHS B TIPOIecax IiJIBUIIEHHS SKOCTI MPOTrPaMHUX TPOIYKTIB.

4. BUCHOBKMU

Y po0oTi pO3rasHYTO NpPOTrpaMHE MOJENIOBAHHS aJrOPUTMIB, IOB’SI3aHUX 3 JIIHIBICTUYHUM
MpeJcTaBIeHHM JieTepMiHOBaHUX rpadiB. HaBeneHo METpHUHI XapaKTEePUCTUKHU PEati30BaHOTO KOy .
Lle monenroBaHHS cripusiiio MoudiKaIlii aropuTMIB Ta MiATBEPHKEHHIO TIOTE3W TPO Tpad, Y IKOro
3HA4YEHHS 00’ €My MepIIOi KOMIIOHEHTH KaHOHIYHO{ BU3HAYANBHOI ApH € MAKCUMAJIEHUM.

5. Jlitepatypa

[1] O.C. Cenuenkxo, M.I. TIpuryma, O.A. Cepema, IlpencraBienust merepmiHOBaHHMX Tpadis

BU3HaYaJIbHOW Tapoto ciis, [Ipami IIIMM HAH Vkpainu, Tom 36, Ne2, c. 104-116, 2022. doi:
10.32782/1683-4720-2022-36-09.

[2] LS. Grunskii, I.A. Mikhaylova, S.V. Sapunov, Domination on the vertices of labeled graphs,
Algebra and Discrete Mathematics, Vol. 15, Is. 2, p. 174-184, 2012.

[3] This repository presents the implementation of algorithms for the linguistic representation of
deterministic graphs, 2023. URL.: https://github.com/NickIT87/IAMM_proceedings.

[4] NetworkX is a Python package for the creation, manipulation, and study of the structure, dynamics,
and functions of complex networks, 2023. URL.: https://networkx.org/documentation/stable.

[5] Introduction to Code Metrics. URL: https://radon.readthedocs.io/en/latest/intro.html.
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Po3pobKa mob6inbHOro 3acTOCyHKY aHanisy craHy 3430poB’sA
NIOAWUHU Ta A0CNIAKEHHA aATOPUTMIB MOro pobotu

Amnacracis Poxkoa?, Bikrop PernerHik®

& Xapriecokuil HayioHanbHull yHisepcumem padioenekmpoHrixu, npocnexm Hayxu, 14, Xapkie, 61166, Vkpaina
b Xapriecoxuil Hayionanshuil ynieepcumem padioenexmponixu npocnexm Hayxu, 14, Xapxis, 61166, Vxpaina

AHoOTauiA

VY [0MOBiAl PO3MIIAAAETHCSA 3MICT €TaliB PO3POOKHU alrOPUTMY Ta 3aCTOCYHKY JUIS aHAMI3y Ta
00poOKHM JaHWX Mpo 370poB’s. Po3po0iieHUil adropuT™ J03BOJIMTH IepeadavyaTH MOXKIIMBI
MPUYUHHE Y 3MiHI CTaHy TAIlieHTa HA OCHOBI MOKA3HUKIB, SKi BBOAATHCSA Ta OOPOOIISIOTHCS
HIOAEHHO. Y SIKOCTi NMOKa3HUKIB BUKOPHUCTOBYEThCSA Taka iH(OpPMAIIisl: TUCK, ITyJbC, PiBEHb
yKpy y KpoBi. OKpiM MOKa3HUKIB, TAKOK BUKOPHUCTOBYETHCS 1H(POPMAIIiS PO CTATh MAII€HTA,
HOT0 BiK, 3aTAJIBHAM CTaH 1 MpermaparH, KO Mali€HT IPOXOAUTh Kypc JKiB. Y 3aCTOCYHKY
peai3yloThCs HacTynHi (pyHKIIi: peecTparlist, BUOip MOKa3HUKIB, SIKi MOTPiOHO BiICTEXKYBaTH,
Bi3yaiizallisi 3MiHH MOKAa3HUKIB y BUTIIAII Tpadiky, JOJaBaHHS HaraayBaHHS JJI NIPHHAOMY
JIiKiB, TEHEpAIlis 3BTy PO MOKJIMBI MPUYMNHH 3MIHH CTaHY Ha OCHOBI ITOKa3HHKIB.

Kniouosi cnosa *

aHaJIi3 370POB’ s JIIOAWHH, METOIH aHAITI3Y 370pOB’st, KoedillieHT Kopessiii, arima, javascript,
typescript

1. Bctyn

VY cygacHOMY CBITi 3pocTae 00CST JOCTYIHHX JaHUX PO 370POB'S 3aBASIKA MEIHIHUM JDKEpEsIaMm,
ceHcopam, MOOITFHUM J0/aTKaM i TuiaTgopmam 310poB'a Ta ¢ditHecy. AHami3 i 00poOKa MUX JaHUX
MOXe€ JIOTIOMOTTH BHpILIyBaTW MpoOJIEeMH 300pOB'S, BIJICHIAKOBYBaTH Ta IONEPEKYBATH
3axBoproBaHHs. OcTaHHIM YacoM HEHWPOHHI MeEpeXi BCe uvacTille BHKOPHUCTOBYIOTBCS y cdepi
MmenunuHA [1], ane mpakTHYHA KOPUCTH BijI TAKMX TEXHOJOTIH JOCI MajoNoMiTHA Ta Hee(eKTHBHA.
OnHOMO 13 IPUYHH IBOTO € Te, 0 HEWPOHHI Mepexi MoTpedyIoTh Oarato pecypciB. 3 1i€i IpuunHHA
MPOIIOHYETHCSI PO3POOHUTH AJITOPHUTM JUISl aHANI3y 370pOB’S JIIOAWHM Ta 3aCTOCYHOK JUISl aHAI3y Ta
00pOOKHM TaHUX PO 37I0POB’A.

2. Po3po6Ka anroputmy AnA aHanisy 300pos’a NI0AUHU

3roprtroBi HelpoHHi Mepexi (CNN) BHKOPHCTOBYIOTBCS JUIsS aHANi3y pe3yibTaTiB MeIUYHOL
Bizyamizarii. Taki HEHPOHHI MepexKi po3pOOIIIOTHCS 3 METOI0 00POOKH 300pakeHb, TOMY BOHH UYJOBO
miaxosaTh st anainizy MPT abo peHTreHiBchkux 3HiMKIB. Bukopucranas CNN, 3aMicTh 3BHYaHOTO
aHaJi3zy 300pakeHb Jikapem, Mae niepeBard. [lo-mepiie, HEWPOHHI MepeXi MEepPeBEPUIYIOTh TOUHICT
moaeit. [lo-apyre, HeMpOHHI MepeXi BUKOHYIOTh aHaJli3 IIBUALIE JIFOAUHH.

OCHOBHI KOMIIOHEHTH Ta IPUHLUIIA pOOOTH 3TOPTKOBUX HEHPOHHUX MEPEXK IS aHAITI3y MEINYHUX
300pa’keHb BUTTISIIAIOTH TaK:

1) 3roprtkoi mapu (Convolutional Layers): Lli mapum BHKOPHCTOBYIOTBCS JUIS BHSIBIICHHS
JIOKaJIbHUX OCOOJIMBOCTEH Ta 03HAK B Pi3HUX YaCTHHAX 300pakeHHs. 3rOpTKOBI (GiIbTpU MPOHMatOTHCS
300paKCHHSM, BHKOHYIOYM OIEPAIlif0 3rOPTKH, 1 BUIUISIOTh Ba)KJIUBI OCOOJIMBOCTI, Taki K Kpai,
dhopmu TotIIO.

Proceedings of the Information Systems and Technology (1ST-2023), November 28-December 01, 2023, Kharkiv, Ukraine
EMAIL: anastasiia.rozhkova@nure.ua (A. 1); viktor.reshetnik@nure.ua (A. 2)
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2) llapu myniary (Pooling Layers): Ilicms 3ropTkoBoro mapy MOXe BHKOPHUCTOBYBATHCS IIap
OyJiHCYy JUIS  3MEHLICHHS IPOCTOPOBUX pO3MIpiB  300pakeHHsT Ta 30epeKEHHS BaXKIIMBUX
iH(opMaIiiHIX 03HAK. 3a3BUYail BUKOPUCTOBYETHLCS MAKCUMAJIbHE a00 CEPETHE MyJIiHT.

OpmanM 13 MeTO/iB aHaMi3y naHux mpo 310poB’s € metoq ARIMA. Metox ARIMA (Autoregressive
Integrated Moving Average) € epeKTUBHUM IHCTPYMEHTOM MJIsI aHAJi3y Ta MPOTHO3Y YacOBUX DPSIIB,
TaKuX SK TIOKa3HWKHU 310poB's 3 dacoM. ARIMA ckiagaeTscsi 3 TphOX OCHOBHHMX KOMITOHCHTIB:
aBtoperpecii (AR), inrerpyBanns (I) Ta koB3HOTO cepenanporo (MA).

Astoperpecisi (AR) BpaxoBye aBTOKOpEJAII0 B YacOBOMY psilli, TOOTO B3a€MO3B'S30K MIiX
3HAYCHHSIMHM ITOKAa3HHMKA 3 PI3HUX MOMEHTIB 4acy. SIKII0 MOKa3HUK 3/I0OPOB'sl Ma€ SIKU-HEOY b TPEHI,
AR no1iomMore BUSIBUTH 110 CUCTEMATUYHY 3aJICHKHICTB.

IarerpyBanns (I) BimmoBimae 3a BHANIEHHS CTAIliOHAPHOCTI y YacoBOMY psiai. [HTerpyBaHHS
3a3BUYall BUKOPUCTOBYETHCS I BHIAJICHHS TPEHIIB, 1100 3pOOMTU YacOBUW P/ CTAI[iOHAPHHM.
SIKII0 TPEeHA € MPHUCYTHIM, BiH MOKe OyTH BUITyUEHHI IIUTSIXOM BiAHIMAHHS BiATOBIIHUX 3HAYCHb.

Kos3sue cepenne (MA) BpaxoBye KOB3HE CepeHE 3HAUEHb Y YaCOBOMY PAJIi U 3MEHILICHHS BIUTHBY
NIYMIB Ta BUMAJKOBUX BEJIHYMH. SIKIIO € Ce30HHI KOMMBaHHS, MA MOXe JOMOMOI'TH 1X BUSIBHTH.

[HKOMM 171 BUSIBIICHHS B3a€MO3B’SI3KIB MiXK PI3HUMU IMOKa3HUKAMH 3JJ0POB’ST BUKOPUCTOBYIOThHCS
CTaTHCTUYHI METO/IH, TaKi K KOS(DILIEHT KOPEIIALIl.

KoedimienT xopensmii BHKOPUCTOBYETHhCS ISl BUMIPIOBaHHS CHIIM Ta HANpPsAMKY JIHIHHOTO
B3a€MO3B'S3KY MK JIBOMa 3MIHHUMU. Y BUNAJKY aHaTi3y MOKAa3HUKIB 3I0POB'S, 116 MOXKE JOMIOMOITH
BUSIBUTH, HACKUIBKH J[Ba MIOKA3HUKH B3aEMOJIIFOTh 00 KOPEIIOITh Mik c00010. KoedimieHT kopensitii
MO’Ke OyTH MO3HaYeHHH sK "1 1 MOXKe mpuiMaTH 3HaYeHHs Bix -1 go 1:

1) ITozuTnBHMIA B3aeMO3B'130K (1 > 0): SIKII0 r TO3UTHUBHUM, 1€ BKA3y€E Ha Te, IO 31 301IbIICHHSIM
OJIHOTO TIOKAa3HMKA IHIIUH TakoX 30UIbIIyeThCcS. UnM Onrokde 3HaueHHS r 0 1, THM CHJIBHIIIUN
MO3UTHUBHUM B3a€MO3B'A30K.

2) HeratuBHwmii B3aeMo3B's130K (1 < 0): SIKIIO r HETaTUBHUIA, 11 BKa3ye Ha Te, MO 3i 30UTBIIICHHAM
OJTHOTO ITOKA3HUKA HININUN 3MEHITYEThCs. UM OJryKue 3HAYCHHS T JI0 -1, THM CHIIBHILIIUI HeraTUBHUMN
B3a€MO3B'A30K.

3) BincytHicTh niHiliHOTO B3aeM03B's3Ky (r = 0): Sxmio r gopiBHIoe 0, 11e BKa3ye Ha BiJCYTHICTb
JIHIHHOTO B3a€MO3B'A3Ky MK TNokazHHUKamMu. OJHAK CJIiJ 3ayBaXWUTH, IO BIJCYTHICTH JIIHIHHOTO
B3a€MO3B'I3KY HE 03HAUYAE BiJICYTHOCTI OY/Ib-SIKOTO B3a€MO3B'SI3KY B3arali.

KoeinienT kopemnsiii po3paxoByeThCs 32 POPMYIIOHO:

r = nXExy)-Cx0Xy)
VInZx2-E02l[nTy2-Cy)?]

1)

ne:

N - KUTBKICTh CHIOCTEPEKEHbD,

X 1y — 3Ha4eHHS JBOX MOKa3HHMKIB,

>’ - cyma 3Ha4YeHb.

[Nepesaroro koedilieHTa KOPENAILii € Te, 0 BiH HOPMaIII3yEThCS, TOOTO HE 3aJISKUTh Bijl MaciiTady
noka3HuKiB. OJJHAK Ba)KIIMBO PO3YMITH, LIO KOPENSIisl He 03HAYa€ MPUYMHHO-HACIIAKOBOTO 3B'SI3KY 1
MOKe OyTH BHKOPHCTAaHA TUTLKH JJI1 BUMIPIOBaHHS CTYIICHS JIIHIHHOTO B3a€MO3B's3Ky. [HIN THIH
B3a€MO3B'S3KIB MOXKYTh 3JIMIIATUCS HEMOMIY€HNMHU KOPEISLIHIM aHaIi30M.

3. BuUcHOBKM

[IpoBeneHuit anaji3 iCHyOYMX aaroputmis, a came Meron ARIMA Ta CTaTUCTUYHHMIA METO.,
MOKa3ye, MO Ii METOIUW MOXXHAa BUKOPHCTAaTH MPU PO3poOIli 3aCTOCYHKY aHaJi3y CTaHy 370pOB’S
moauHd. IpyHTyrounch Ha KoeilicHTax KOpensmii Ta BHSABICHHUX TPEHAAX, BOHHM JIOINOMOXKYTh
YTOYHIOBATH Pe3yJIbTATH aHAII3y CTaHy 3I0POB’sl JIIOIMHU.

4. CnuUcokK nitepatypu

[1]. Mintz, Y, Brodie R. Introduction to artificial intelligence in medicine. Minim Invasive Ther Allied
Technol. 2019;28(2):73-81. doi: 10.1080/13645706.2019.1575882
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Po3pobneHHa Ta [JocnhigkeHHA HeupoHHOi Mepexi [AOna
Po3ni3HaBaHHA [1OpOKHiX 3HaKiB

Hais Kanmura?, Mukura Crnarig?

& Xapxiecokuili HayioHanbHull yHisepcumem padioenekmpoHiku, np.Hayku, 14, m.Xapxkis, 61166, Vrpaina

AHoOTauiA

Y J0mOBiI PO3TISINAEThCS BaKIMBICTh PO3IMI3HABAHHS JOPOXKHIX 3HAKiB IS Oe3leKkw Ha
J0po3i B YMOBax 3pOCTaHHS IIOTOKY aBTOTPAHCIIOPTY Ta PO3BUTKY MicT. 3a3HaueHo, L0
BUKODUCTAHHS CHCTEM pO3II3HABaHHSA JOPOXKHIX 3HAKIB BIOMUX OpeHMIB, TakUX K
Mercedes-Benz, BMW ta Audi, crae Bce 6inbin momupernuM. OOGroBoproeThes mpobiiema
CUCTEM DO3Ii3HABaHHS JOPOKHIX 3HAKIB, 30KpeMa, YnTaOeIbHICTh dYepe3 3a0pyJHCHHS Ta
mryM. Ilpencrasnena mera pob6oTH - po3poOKa Ta JOCHIKEHHS e(eKTUBHOCTI HEHpPOHHUX
Mepex, Takux sk VGG-19, LeNet-5 ta Mepeska 13 s po3iisHaBaHHS JOPOXKHIX 3HAKIB yepes
Be03acTOCYHOK. BupimieHHs mocTaBiieHol 3a1a4i OTpeOye MiIrOTOBKH JaTaceTy 3 Habopom
PI3HOMaHITHUX 300pa’keHb JOPOXKHIX 3HAKiB, HABUAHHS MOJENICH HEHPOHHUX Mepex Ta iX
iHTerpamii y BeO3actocyHok. Jlns mocnipkeHHS BUKOpUCTOBYEThes nmatacer GTRSB, mio
MICTHTh pealibHi 300paXkeHHs 43 pI3HUX KJIACIB JOPOKHIX 3HAKIB.

Kniouosi cnosa *

VGG-19, LeNet-5, Mepeska 13, koMIT FOTepHHI 3ip, JaTaceT, 3rOPTKOBI HEHMPOHHI MEpexi,
MepenKoau, Bed3actocyHok, Python

1. Bcryn

PosmizHaBaHHS MOPOKHIX 3HAKIB € KITFOYOBHUM aCHEKTOM Oe3IMeKH Ha JT0pO03i, OCKUTBKH ITOPOKHI
3HAKH HAJAIOTh BOMISM BOXIUBY iH()OPMAITIO TIPO JOPOXKHI 0OMEXEeHHsI, TIpaBUjIa PyXy Ta HOTEHILiTHI
HeOe3neku. BianoBinHa iHTEeprpeTanis uxX 3HaKiB MOXe 3amo0irTi aBapisM, HEJOTPUMAHHIO TPABHIT
Ta TIOPYIIEHHSIM IIBHIKICHUX OOMeEXeHb. I3 3pocTaHHsIM KUTBLKOCTI aBTOTPAHCIOPTY Ha Joporax i
PO3BUTKOM MICT Ta METANO]iciB L iHpOpMalLis cTae BKpall Ba)KIMBOIO. 30KpeMa, pO3Mi3HABAHHS
JOPOXKHIX 3HAKIB CIIPHSE ONTUMI3AIli] pyXy Ha AOporax i po3BUTKY CHCTEMH YIIPaBIiHHS PyXOM, IO
JIOTIOMara€e YHUKHYTH 3aTOPIB Ta MOKPAIIUTH 3arajlbHy MPOJYKTUBHICTh JOPOXKHBOI iHPpacTpyKTypH
Ta 3MEHIIIUTH KiTBKICTh BUKUJIIB Y aTMOC(epy depe3 3MEHIIEHHs Yacy OUiKyBaHHSL.

2. OcHOBHa YacTUHa

Bimomi OpeHau aBTOMOOUIEOYAyBaHHS BXKE pPO3POOMIIM BIIACHI CHUCTEMH Ui PO3Mi3HABAHHS
JOPOXKHIX 3HAaKiB, AKi MOOyIOBaHI Ha OCHOBI 3rOPTKOBHUX HEHpOHHUX Mepex. Mercedes-Benz
BukopuctoBye cucremy "Traffic Sign Assist," sika BUSBJIsIE JOPOXKHI 3HAKH, BKIIOYAIOYM MIBUIKICHI
oOMekeHHs 1 3HaKu 3a00poHH, Ta BinoOpakae ix iHdopmaniro Ha nmpuianosiii manem [1]. BMW
BUKOpUCTOBYE TexHoorio "Speed Limit Info," ska posmizHae mBuaKicHI 0OMEXEHHS Ta BigoOpakae
ix Ha Bogifickkomy amciuiei [2]. Audi Bkimowae cuctemy "Traffic Sign Recognition” sxa posmizHae
JNOPOXKHI 3HAaKM 1 Hajgae BOIisAM iH(popMaulilo Npo HUX Ha ekpaHi iHporeiinMeHT-cuctemu [3]. Yci
3a3Ha4YeHi CHCTEMU BHKOHYIOTh CBOKO 0a30BY (YHKIIiIO, a caMe, BUSBIICHHs JOPOXKHIX 3HaKiB, abo
PO3Mi3HABAHHS OKPEMHX 1X BUIIB. AJIe JUIS IIUX CUCTEM BEJIMKOIO ITPOOJIEMOIO € YNTA0EIbHICTh 3HAKIB
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yepe3 3a0pymHEHHS, IIyMH TOIO. TOX akTyalbHUM € TIMTaHHS OCIIKEHHS e()EeKTHBHOCTI
BUKOPHUCTAHHS IITYYHUX HEHPOHHUX MEPEXK AJIS pO3Mi3HABaHHS 300paKeHb HEUiTKUX a00 3 IeeKTaMu
Ta MOXKIIMBOCTI iX BUKOPUCTaHHSI ISl BUPILICHHS MPAKTUYHUX 3a7ad.

Metoro poOOTH € [JOCHIHKEHHS HEHPOHHHX MEpeX, SKi € JOCTYIHUMH Ta YCIIIIHO
BHKOPHCTOBYIOThCS JJII PO3MMi3HABaHHSA 300paKe€Hb, a TaKOX iX IHTerpamisi y Be03acTOCYHOK
pO3Mi3HaBaHHs JOPOXKHIX 3HAKIB BOIISMH Mif yac pyxy. Jms mocsraeHHs wiei MeTd moTpiOHO 00paTn
MeBHI HEHPOHHI MepexKi, MPOBECTH X HaBYAHHS, JOCTIIUTH BIUIMB MEPEIIKO/ Ha Pe3yIbTaTH POOOTH
HEHPOHHUX MEpPEeX, pealizyBaTH OTpPUMaHI MOJeNi HeHpoMmepex y BeO3aCTOCYHKY IS BUPIIICHHS
3ajadi po3Mi3HaBaHHS IOPOXKHIX 3HaKiB. B TakoMmy 3acTOCYHKY KOpMCTyBaudi MOXYTb OTPHUMATH
iH(pOpMaLlio PO HaBYEHI MEPEeXi, 3aBaHTAKyBaTH 300pakeHH AJIs MOJANBIIO] 00pOOKH, BHKOHYBATH
pO3Mi3HABaHHS 3a JIOTIOMOTOI0 BHOpPAaHWX HEWPOHHUX MEpEX 1 OTPUMYBaTH IOKIAJHI Pe3yIbTaTH
orepartii.

PizHOMaHITHI JOCTiPKEHHS TOBEIU €(PEKTHBHICTh 3rOPTKOBHX HEWPOHHUX MeEpex y 0ararbox
cepax KOMO'IOTEPHOTO 30py, BKIIOYAIOYM DO3Ii3HABaHHSA 300pakeHb. Haiikpamni pesynbpTatd B
3amadax OOpOOKHM Ta pO3Mi3HABaHHS 300pakKeHb ITOKAa3ajdd 3TOPTKOBI HEHPOHHI MeEpexki, TOX
PO3TJITHEMO OKpeMi 3 HUX, SIKi 00paHi 1) MPOBEACHHS JOCTIIKCHb.

LeNet-5 - e ogHa 3 mepmMX YCHIIIHUX apXiTeKTyp INIMOOKMX HEHPOHHHUX MEpexk, po3pobieHa
Anom JleKynowm B 1998 pomi mns posmizHaBaHHS pyKonucHUX Iudp. BoHa Mae KigbKa 3rOPTKOBHX Ta
MiZICYMOBYIOUHX IIAPiB, BUKOPUCTOBYE aKTUBAIiiHI GYHKIIT THITY Sigmoid Ta BUKOPHUCTOBYE TEXHIKY
MyJHTY 1711 3MEHIICHHST POCTOPOBUX po3MipiB. LeNet-5 Bimirpana BakKIuBY pojiib y BCTAaHOBJICHHI
OCHOB JIJIs TIOJIAJIBLIIOTO PO3BUTKY IITMOOKOr0 HaByaHHs [4].

VGG-19 - me apxitekTypa rimOokoi HEHPOHHOI Mepexi, po3poliieHa rpymnor BueHHX 3 Visual
Geometry Group (VGG) npu YuiBepcureti Oxchopay. BoHa Mae neB’ITHA AT MIAPiB, BKIIHOYAIOYH
3TOPTKOBI Ta MOBHICTIO 3'€HaHI mapu. Bci 3ropTKOBI apy BUKOPUCTOBYIOTEH QibTpu po3mipom 3x3,
a MakCUMalIbHE 3MEHIIIEHHS BUKOPUCTOBYETHCS JUTS TiABHUINEHHS perenTuBHOro noist. VGG-19 crana
MOMYJISIPHOIO 32 CBOEIO MPOCTOTOIO Ta €(PEeKTUBHICTIO, AOTIOMAralo4u BJOCKOHAIUTH PO3Mi3HABAHHS
00'eKTiB y 300paxeHHsIX [5].

Jia BupiTieHHS 3aB/IaHb 3 pO3ITi3HABaHHS JOPOXKHIX 3HAKIB CTBOPEHO aBTOPCHKY HEHPOHHY MEPEKY
3 YMOBHOIO Ha3Bow 13, sKka ckiamaerbcs 3 TpPUHAAUATH mapiB. HelipoHHa Mepexa mpuiimMae
300paskeHHs po3mipoM 32x32 mikceniB. Ha Bxo1i Mae qBa mapw Juist 3rOPTKH, OJIVH [Iap MyJIiHTY, OIUH
map HopMaJtizaillii, e J1Ba mapu 3rOPTKH, OJIMH MIap MyJIiHTY, e rap HopMadiizarii. [licns nporo ine
map KoHBepTanii 3 2D nomaHHs, 10 TIOCKOTO BHY, 32 HUIM MOBHO3B SI3HUH IIap Ta MIap HopMaJti3aii
3 peryispusaiiiero. Ha Buxoji moBHO3B’si3HUH map 3 43-Ma HEWpPOHAMH, IO BIJNOBIAE KUILKOCTI
KJIaciB B 0OpaHoMy Habopi qanmnx. Ha pucyHky 1 HaBeneHa apXiTekTypa po3po0iieHoi HelpoMepexi.

Layer Output Shape Param
Input Image (None, 32, 32, 3) 0
A Convolutional (None, 30, 30, 16) | 448
2 Convolutional (None, 28, 28, 32) | 4640
3 Max Pooling (None, 14,14,32) |0
4 Batch Normalization (None, 14, 14,32) | 128
5 Convolutional (None, 12, 12,64) |18 496
6 Convolutional (None, 10, 10, 128) | 73 856
7 Max Pooling (None, 5, 5, 128) 0
8 Batch Normalization (None, 5, 5, 128) 512
9 Flatten (None, 3200) 0
10 Dense (None, 512) 1638912
11 Batch Normalization (None, 512) 2048
12 Dropout (None, 512) 0
Output Dense (None, 43) 22059
Cyma napameTtpis: 1761099

PUCyHOK 1: ApxiTeKTypa HelMpoHHOT mepexKi 13
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3agadi 00poOKHu 300pakeHb 3a3BUYal BUPINTYIOTHCS Y IEKIJIbKA STAITiB:

1. TIligroroBka pmaraceTy s HaBUAHHS HEWPOHHUX MEPEXK, BH3HAUCHHS IX MIAXOIAIINX

apxiTeKTyp, 3aBIaHHS BiAMOBITHUX rineprnapamerpis;

2. HaBuyaHHS HEHPOHHHUX MEPEIK Ta OL[IHKA SIKOCTI OTPUMAHUX MO/ICIICH;

3. Po3poOka mporpaMHOro 3aCTOCYHKY Ta IHTETpyBaHHS HABYCHUX MOJICIICH;

4. TIpoBeneHHS OOUUCTIOBATEHIX CKCIIEPUMEHTIB.

Oco0muBicTIO 3a/1a4i po3Mi3HABAHHS ITOPOXKHIX 3HAKIB € Te, M0 3HAKH Ty>Ke Pi3SHOMaHITHI: BOHU
MaroOTh Pi3HI po3MipH, (HOPMH, KOJIBOPH, MICTATh TEKCTH, YHCIa TOIIO, 1, 0T)KE, BHHUKAE TIpodiieMa ix
knacudikauii. B sikocti Habopy BximHuX ganux BukopuctoByeThest GTRSB 3 miardopmu Kaggle [6],
SIKUH MICTUTh YCHO HeoOXimHy iHdopMalliro Ui AOCHiNIB, Ta A00pe MIXOAWTH JJis HaBYAHHS
HEWPOHHUX MEPEK Ta 1HIINX aITOPUTMIB KiIacudikarii:

* 43 pi3HuX KJIacu TOPOXKHIX 3HAKIB, SIKi HEOOXIIHO PO3Mi3HATH,;

*  3arampHa KiIBKICTh 300paxens nepepuirye 50 000, mo poOUTh HOTO TOCTATHLO EMHHM;

*  3o00pakeHHs TOPOXKHIX 3HAKIB € pEaTbHUMH, IO € AyKe [IIHHUM ISl HABYaHHS Ta TeCTYBaHHS

ANTOPUTMIB MAITMHHOT'O HAaBYAHHS B 33J1a4i PO3Mi3HABAHHS MOPOKHIX 3HAKIB.

Jlyis peanizaliii pOEKTy BUKOPHCTOBYEThCS JICKUIbKa (DpeHMBOpPKIB Ta 0i0iOTEK Ha 0a3i MOBH
nporpamyBanHs Python. [7], 30kpema 6i0iioTexkn BeO po3poOKH, MAIIMHHOTO HaBYaHHS Ta 0OPOOKH
nanux, taki sk Matplotlib, Scikit-learn, OpenCV, Pandas, Keras, TensorFlow ta NumPy.

[Tixg yac 0OYMCIIOBATBHUX EKCIICPUMEHTIB Ta TECTYBaHHS MOJIEICH OTPUMAHO TEpIi pe3yIbTaTh
e(eKTUBHOCTI HEHPOHHUX Mepex. TecToBa BUOipKa 0e3 3MiH 300paKeHHS OKa3alla Taki BiJICOTKU IO
tTouHocTi: Mepexa 13 —98,33%, LeNet-5 - 89,04%, VGG-19 — 96,87%. Lli pe3ynprati JeMOHCTPYIOTh
mepeBary aBTOPChbKOI HeHpoHHOI Mepexi. OKpiM IbOT0, cepes TMepeBar MO)KHA 3a3HAYHTH SIK Bary
¢atiny moneni — 310Kb, tak i po3mip daitny Bar, skuit ckiangae s Mmepexi 13 — 20 646Kb. VGG-19
IIpH IIbOMY Mae OiybIIi 3HaYeHH, a came: Qaitn Moxeni — 564Kb Ta posmip ¢aiury Bar — 241 382Kb.
LeNet-5 mae oocsru 152Kb ta 770Kb BiamoBigHO, ajne MiHOK BOTO € TOYHICTh PO3IMi3HABAHHS, KA
Oyie 111e 3MEeHITYBAaTHCh 3 KOKHOI MOAU(DIKAIIEI0 JOCTIHKYBAaHUX 00’ €KTIB.

HaBuaHHs Ta olliHKa IKOCTI HEHPOHHHUX MEpPEX MPOBOAUTHLCS Ha ACKUIBKOX MOJU(IKAIIISIX TECTOBOT
BHOIpPKH, 1 M0 3aBEpIIEHHI IHOTO €Taly HaBYeHI Mojemi OyayTh IHTErpoBaHI y Be03aCTOCYHOK,
OCHOBHUM (YHKIIIOHAJIOM SIKOTO € Teperyisia iHpopmalii mpo HasBHI HEHPOHHI Mepexi, JoAaBaHHS
300paXkeHHS IS aHalli3y, OTPUMAHHS CTATUCTHKHM BIAMOBIAHOCTI. Y pasi, SKIIO BIiJCOTOK
BiZmoBiHOCTI He cTaHoBUTH 100%, HelipoMepeka HaaacTh JIeKUTbKa BapiaHTIB JOPOXKHIX 3HAKIB, sKi
MAaroTh HAOUIBII BIJICOTKH BiAIOBIIHOCTI.
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Abstract

Konnent Ge3mepepBHOi JTOCTaBKM OHOBJICHH IMPOTPaMHOTO 3a0e3redeHHs OyB NMpUHHATHMA
OpraHizauismMu, o6 3poOuTH MporpaMHe 3abe3neyeHHs JOCTYITHUM JJIsl CBOiX KOPUCTYBaiB
y Oynp-sikuii yac. 31 MIBUAKUM 3pPOCTAHHSIM IHAYCTpil HporpamMyBaHHS MPUHHSITTS HiIXOAY
DevOps i sukopuctanns CI/CD crany BaXITUBAMHY IS €PEKTHBHOTO YIPABIIHHS POCKTAMHU.
Y po0oTi BHUKIAIEHO OCHOBHI KOHICMIIi Oe3rmepepBHOI pPO3POOKU  MPOrpaMHOTO
3abe3nedyeHHs. DevOps, sIK TOeIHAHHSA KyJIbTYpHUX (iocodiif, MpakTUK Ta iIHCTPYMEHTIB,
MOKpaIye 31aTHICTh OpraHi3amii MBUAKO HAZaBaTH MPOTPaMH Ta IOCIYTH, PO3BUBAIOYH Ta
BIIOCKOHATIOFOYX TPOIYKTH INBHIIIC, HIX Ti, MO0 BUKOPUCTOBYIOTH TPATHIIIHHI MpOIECH
PO3pOOKH MPOrpaMHOro 3a0e3MeUeHHs Ta YIPaBIiHHs iHQPaCTPYKTYPOIO.

Keywords 1!

Po3pobka mporpamuoro 3abesmedenns, DevOps, OesnepepBHa iHTerpaiis, Oe3nepepBHA
JI0CTaBKa, TECTYBaHHS IPOrPaMHOTO 3a0e3redeHHs

1. Bctyn

Hana poOorta, TpuCBSYeHA OJHIA 3 KIIOUOBHX cdep y Cy4acHid po3poOIli MpOrpamMHOTO
3a0e3NeyueH s - aHaji3y Ta oOIpyHTyBaHHIO Oe3nepepBHOi po3poOku (CI/CD). Pazom i3 cTpimMkum
PO3BHTKOM iHAYCTpii mporpaMmyBaHHs, BipoBamkeHHs DevOps-migxony Ta Bukopucranus CI/CD
CTaJIM HEOOXITHICTIO JUIsl €(DEKTHUBHOT'O BEICHHS MPOCKTIB.

JInst 3aHypeHHS B JaHy TEeMaTHKy HEOOXiTHO IMoYaTH 3 O3HAHOMIICHHS 3 OCHOBHHMH IOHSTTSMH,
takumu sk DevOps, Continuous Integration (OesmepepBHa iHTerpaiiisi) Ta Continuous Delivery
(6esnepepBha moctaBka). ITOpIBHAHHS 3a3HAYCHHWX BHIIE IMMAXOMIB 3 TPAmUIIHHAMH METOAAMH
PO3pOOKH MOKJIMBO POBOIUTH OararbMa CocoO0aMu, HAPUKIIA 3 YPAXyBaHHIM TaKHUX aCIIEKTIB fIK,
BU3HAYEHHS AaKTyaJlbHUX I1HCTPYMEHTIB, Orjsiay pisHoBuAiB 1 TumiB iHcTpymentiB CI/CD Ta
BH3HAYEHHSI IHCTPYMEHTIB JUIsSl aBTOMATH3aIlil TECTYBaHHS SIKi MOXKYTh OYTH 3aCTOCOBaHi.

2. OCHOBHi NOHATTA 6e3nepepBHOI PO3pP06KK NporpamHoro 3abesneveHHs

DevOps — ue moeaHaHHS KyJIbTypHUX (inocodiidl, MpakTHK Ta IHCTPYMEHTIB, siKe 3011bILIye
3IaTHICTh OpraHi3alii JOCTABJISTH IPOTPaMH Ta TIOCIYTH 3 BEJIMKOIO MIBUIKICTIO: €BOJIIOLIOHYIOUH Ta
MOKPAIIYIOYX TMPOJYKTH IIBHUJIIE, HDK Oprasizamii, 10 BHKOPUCTOBYIOTh TPAJUIIiHI TpOILECH
pPO3po0KK TporpamMHOro 3a0e3nedyeHHs Ta yhpamiiHHA iHQpacTpykryporo [1, 2]. g mBumkicTs
JI03BOJISIE OpraHizalisiM Kpaiie 0OCIyroByBaTH CBOIX KJIIE€HTIB Ta OUIbII e()eKTUBHO KOHKYPYBAaTH Ha
PHUHKY.
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besmepepena inTerpamis (Continuous Integration, CI) — me mpakThka po3poOKH IIPOTPaMHOTO
3abe3neueHHss B pamkax DevOps, ae po3poOHUKM peryisipHO 0O0'€qHYIOTh CBOi 3MiHHM KOAY B
LEHTPAILHOMY PEMO3UTOpii, MICIs YOro aBTOMATHU30BaHI 30IpKM Ta TECTH BUKOHYKOThCS [3].
[Mpuuunoro s BuHuMkHeHHS imei Cl cramo Te mo y MHHYJIOMY PO3POOHHMKM KOMaHIH MOTIIH
MIPAIFOBATH B 130JIAII1 Ha MPOTA31 TPHBAJIOTO MEPioay Yacy i 00'efHyBaTH CBOT 3MiHU B TOJIOBHY TLIKY
JIIe Ticys 3aBepiieHHs poooTu. Le pobuino npouec 06'eqHaHHS 3MiH KOJY CKIaJHUM Ta 3aTPaTHUM
B 9aci, a TaKOX MMPHU3BOJIMIIO 10 HAKOTIMYEHHS TOMIJIOK Ha TPUBANHNH 1epiost 6e3 iXHhOT0 BUNPABICHHSL.
i daxkTopu pobumu mporec MBHUIKOT TOCTABKH OHOBIIEHh KOPUCTYBAYaM OLITBII BaYKKHM.

BesnepepBna mocraBka (Continuous Delivery, CD) — me mnpakTuka po3pOOKH IMPOrpamMHOTO
3a0e3MeueHHs, e 3MiHM B KOJIi aBTOMAaTHYHO TOTYIOThCS 10 pernidy B mpoxakiueH [4]. Lis npakTtuka
PO3IMIAPIOE MOXIIMBOCTI O€3MEepEPBHOI IHTETPaIlii, pO3ropTaloyH BCi 3MiHH KOy B TECTOBE CEPEIOBHUIIIE
i/abo cepenoBuIle MpoJaklieHy micas etamy 30upanHs. [IpaBunbHO peanizoBana Oe3nepepBHa
JOCTaBKa rapanTye, 10 pO3POOHHUKH 3aBXKIU MATUMYTh TOTOBHI 0 PeNlizy 30ipKOBHi apTe(aKT, sIKUi
MPOMILIOB CTAaHAAPTU30BAHUN MIPOLIEC TECTYBAHHSI.

BaxxmBoto cximagosoto merogonorii DevOps € CI/CD, siki gomomararoTh peanizyBaTH KIFOYOBI il
imei:

1. Tlocunenns aBromaruzanis — CI/CD cnpusitoTs aBTOMaTH3aIii 6araTbox MporeciB po3pooKH,

BKJIFOYAIOYH TECTYBaHHs, 30MpaHHS, PO3TOPTaHHS Ta JOCTaBKY IporpaMHoro 3adesnedeHHs. Lls

ABTOMATH3allisl JOIIOMAarae 3HU3UTH PYYHI OIepallii Ta MOMUJIKH, [0 3a3BUYall BUHUKAIOTH IiJ Yac

PYYHHX IIPOIIECIB.

2. Isuaxicte Ta wactora peni3iB — CI/CD no3BONSIOTH 3aCTOCOBYBAaTH 3MiHU Ta OHOBIICHHS

mporpaMHoOro 3a0e3medueHHs mmBHAIIe Ta peryisapHime. lle Bigmosimae imei DevOps momo

HIBUIKOCTI Ta HEBIIMHHOTO BIOCKOHAICHHS.

3. Hapmiiiricts — CI/CD crnpusitoTh MiIBUIIEHHIO SKOCTI MMPOTPaMHOTO 3a0€3MEYEeHHS IIITXOM

aBTOMATH30BAHOTO TECTyBaHHA Ta KOHTPOJNIO sKocTi. lle momomarae HamiiHO OCTaBISATH

mporpamHe 3a0e3redeHHs! PY IMBUAKOMY TEMITi PO3POOKH.

4. MacmrabyBanus Ta edekruBHicTh — CI/CD 103BOJSIIOTH KepyBaTH PO3POOKOIO Ta

PO3TOpTaHHSAM BEIHKHUX MPOEKTIB Ta iHPPaCTPYKTYyp B €EeKTUBHUI Ta CTaHIAPTU30BAHHIA CIIOCIO.

Le Bignosigae inei MmacmTady Ta eextruBHOCTI B DevOps.

5. Cmiempanss — CI/CD nomomararoth 00'€qHaTH KOMaHIW OMNEPaTOpiB Ta PO3POOHHKIB B

CIIIJIBHUH TpOIIeC PO3pOOKU Ta PO3ropTaHHA. BOHM CHITBHO NMPaIOIOTh HaJl aBTOMAaTH30BaHHUMHU

MpoliecamMHu, AUIATh BiJIIOBIAIBHOCTI Ta CTAIOTh O1NIBII B3a€EMO3aJIC)KHUMHU.

6. besneka — CI/CD m03BOsIFOTh BIPOBAKyBaTH O€3MEKy B pO3POOKY, HaJarouu 3aco0u Jis

ABTOMAaTUYHOTO TECTyBaHHs Ta mepeBipku Oesmeku B mporeci CI/CD. lle BiamoBigae koHmenii

DevSecOps, ne 6e3rneka cTae HeMoAUTEHOK YaCTHHOO MPOLIECY PO3pOOKH.

3. AKTyanbHi iHctpymeHnTn CI/CD

[Migsumenns BaxauBocti CI/CD BimoOpakaeTbcst B ToMmy, mo 44% po3poOHHKIB 3apa3
MiATBEPIUKYIOTh PEryjsipHe BuUKopucTaHHs iHcTpyMmeHTiB CI/CD, mpu npomy 3HauHi 22% Bxe
BUKOPHCTAJIH HOBHI IHCTPYMEHT MPOTSTOM OCTaHHBOTO poKy [5]. Llel mingiom nomysisipHOCTI PU3BIiB
70 HaJ3BHYAWHOI KIILKOCTI BapiaHTiB Ha puHKY iHcTpyMeHTiB CI/CD, mio ycknamHioe BHOIp
i71ealbHOTO BapiaHTy JIJIsl YHIKaJIbHUX MOTPEO Pi3HUX KOMaH/I.

ITpu Bubopi Haiikpamioi miardopmu CI/CD cnin BpaxoByBaTu KiJibKa (akTopiB, a came, HalpuKiIa,
yn € iHcTpyMeHT CI/CD BikpuTHM JpKepenoM a0o KoMepuidHuM pimeHHsM? Binkpure nmporpamue
3a0e3nedyeHHs OE€3KOIITOBHE Y BUKOPUCTAHHI, ajie MiATPUMKa 3a3BUYaii 3aJIC)KUTh BiJl CIIIJILHOTH. SIKIIO
BU BUSIBUTE MIOMMJIKY 200 XOTiiM OM A0AaTH HOBUI (DYHKIIOHAN, BaM JJOBEAETHCS YeKaTH, IOKH XTOCh
IHIIMI BUPIMINTG 1€ MUTaHHSA, a00 XK BH MOXKETE CaMOCTIHHO BHOCUTH 3MiHH. He3anexHo Bij Toro,
SIKMM YHHOM BHOCHTBHCSI HOBUH KOJI, 1I€ MOXKE 3aiHITH NIEBHUM Yac IS IEPEBIPKU Ta MPUHHATTS HOroO
KepiBHUKAMH TPOEKTY.

HaBnaku, xomepuiiiHi miatdopmu 3a3Buyail BKimodaoTh SLA (anrn. Service-level agreement,
VYroza npo piBeHb MOCIYT) NIOAO0 TEXHIYHOT MiITPUMKH 1 HAIAIOTh PETYISIPHI OHOBJICHHSI 3 HOBUMH
(YHKIISIMA  Ta BUNPABICHHSIMH TOMWIOK. barato komepuiliHux iHctpymentiB Cl Hajgaroth
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OC3KOIITOBHUH PiBEHB, aJI¢ 3a3BUYAN iICHYE 0OMEXEHHS Ha KUTBKICTh OMHOYACHUX 301pOK 200 KUTBKICTh
XBWIVH JUJIS 301pKH.

Which of the following tools do you regularly use?

84% Source code collaboration tool
74%  Desktop editor
73% Standalone IDE
45%  Issue tracker
_ 44% Continuous Integration or Continuous Delivery tool
40% Team collaboration / task management / project / workflow management tools
13%  Static analysis tool
12% In-cloud editor or IDE
9% Code review tool
6% Service desk / helpdesk automation solutions

1% None

Figure 1: PelATUHI NONyNsapHOCTI iIHCTPYMEHTIB cepes, po3pobHuUKiB

[lle onmvH BapiaHT BUKOPHUCTAHHS - Il IHCTPYMEHTH 1HTETPOBaHi 3 XMapoko Ta CAMOCTIHHI PillleHHS
(Cloud-based vs self-hosted options) [6]. TTepexia 10 BUKOPUCTAHHS iIHCTPYMEHTIB T Oe3mepepBHOI
iHTerparii Ta Oe3nepepBHOi TOCTABKU B XMapi aKTUBHO PO3BUBAETHCS, TIPH I[LOMY OLIBIIIE MTOJIOBUHU
po3pobHukiB (51%) Bxe mnepedIIM A0 BUKOpUCTaHHS XMmapHuxX iHcTpymeHtiB Cl, a 42%
BUKOPHUCTOBYIOTh XMapHi iHcTpyMeHTH i CD.

Do you use any of the following tools in the cloud?

_ 51% Continuous Integration tool

45%  Issue tracker
42% Continuous Delivery tool
25% Code review tool

32% None
Figure 2: BUKOPUCTaHHSA iIHCTPYMEHTIB Y XMapHOMY CcepeaoBuLLi

4. OCHOBHI NOHATTA aBTOMaTMU3aLil TECTYBAHHA

TectyBaHHS TIporpaMHOrO 3a0e3ledeHHs — IIe MPOleC aHami3y MPOrPaAaMHOTO MPOJYKTY IS
BUSIBJIGHHS Pi3HUII MK ICHYFOUUMH Ta MOTPIOHUMH yMOBaMH (TOOTO BUSIBIICHHS IIOMHJIOK), 2 TAKOX
Ul TIepeBipKH (YHKLIOHAJIBHOCTI MPOAYKTY. TecTyBaHHS € BaXKJIMBUM €JIEMEHTOM 3arajibHOTO
MPOILIECY PO3POOKH MPOrpaMHOTO 3a0e3MeUeHHs i BKIIFOYae B cebe 3aIlrycK mporpaMu abo CHUCTEMU 3
METOI0 3HAWTH TIOMHIIKM MPOTPaMHOTO 3a0e3ledeHHs] Ta TEepPeKOHATHCS, 10 MPOJIYKT BiJIOBIJIAE
3a3HaYeHUM BUMorawm [7, 8].

ABTOMAaTH30BaHE TECTYBaHHS — 1€ BUKOPHCTaHHS CIELIaJbHOTO MPOrpaMHOro OONagHaHHS s
KOHTPOJIO BHKOHAHHS TECTiB 1 TMOpIBHSHHA (AKTUYHUX pe3yJbTaTiB i3 mepeadadyBaHUMHU.
ABTOMATH3aIlisl TECTYBaHHS MOXE aBTOMATHYHO NEPEBIPSATH, UM pealibHI pe3yJbTaTH BiAMOBIIAIOTH
OYiKyBaHUM pe3yJbTaTaM, TUM CaMHUM 3a0e3Medyloun eeKTUBHICTh TECTYBaHHS Ta JONOMAralouu y
BUSIBJICHHI IOMHJIOK.

OnHuM 13 CTaHAapTiB, SKWUU PETyNIOE TPOLECH TECTYBaHHS NPOTrPaMHOro 3abe3leveHHs, €
ISO/IEC/IEEE 29119. lleti nHaOip cTaHmapTiB BKJIIOYAE IIOJIOKEHHS Ta PEKOMEHJAIll MI0A0
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TUTAHYBAaHHS Ta YIPaBIIHHS TECTYBaHHSM, JOKYMEHTYBaHHS IPOICCIB TECTyBaHHS, BU3HAUCHHS
TECTOBHX IPOEKTIB, Big0ip TecToBux MeroaiB i Oararo inmoro. Cranmapt ISO/IEC/IEEE 29119
CHpSMOBaHUM Ha WIATPUMKY MDKHAPOJHUX HaWKpallUX TMPAKTUK y TECTYBaHHI MPOTPaMHOrO
3a0e3MevYeHHs.

5. Bubip iHcTpymeHTy gna aBTOMaTU3alii TeCTyBaHHA

Bubip iHcTpyMeHTY Al aBTOMaTH3alii TecTyBaHHS MOXKe OyTH CKIIQJIHUM, ajle Opi€eHTYBaHHSA Ha
MOMYJISIPHICT IHCTPYMEHTIB Yy CHIIBHOTI PO3POOHUKIB MOKe OyTH KOpucHUM. ONUTYBaHHS IPOBE/ICHE
kommaniero Jetbrains BimoOpaskae mepeBard po3pOOHHKIB Ta TECTYBaJbHHUKIB MO0 IHCTPYMEHTIB
aBTOMATH3aIlil TeCTyBaHHsS. Pe3yibTaTu IIbOTO ONUTYBAHHS ITOKAa3ylOTh, IO TaKi IHCTPYMEHTH SK
Postman, JUnit Ta Jest MaroTh BETMKY YaCTKy BUKOPHUCTAHHS, 10 BKa3ye Ha iX BEJIUKY MOMYJISPHICTS i
IIUPOKI MOYKJIMBOCTI 3aCTOCYBaHHSI.

Postman, rmacammiepen, € BubopoM it tectyBaHHs API 3aBasiku cBOi#l 3pydHOCTI Ta IHTYiTHBHO
3po3ymisiomy iHTepdeiicy. Lle iHCTpyMeHT, sIKuil 103BOJIsE HE TUIBKH BiIIPaBIATH 3anmutu 10 API, a
MEPETJIsIIaTH BIATIOBI i, CTBOPIOBATH CKJIAIHI CIICHAPIl TECTYBaHHS Ta aBTOMAaTH3YyBaTH IX.

JUnit mpooBKye 3aJIMIIATUCS HANTIOMYISPHIIINM 1HCTPYMEHTOM JJIsl MOIYJIBHOTO TECTyBaHHS Y
Java-ekocucremi, a Jest Habupae momysnsipHOcTi y JavaScript po3poOHHKIB, TPOMOHYIOYH IIBUIKE
HaJIAIITYBaHHS T4 BAKOHAHHS TECTiB.

Selenium WebDriver mpofoBxye OyTH 30J0TUM CTaHAAPTOM I aBTOMaTH3allii BeO-Opay3epiB i
TECTYBaHHS BeO-0/JATKIB, M ATPUMYIOUYH ITUPOKUH Mianma3oH Opay3epiB i MOB porpaMyBaHHSI.

Cypress 3'IBUBCS TOPIBHSAHO HEJABHO, ajie BKE HAOYB MOITYJISIPHOCTI 3aBISKH CBOEMY CY4acHOMY
MiIXO/IY 10 TeCTyBaHHS OJHOCTOPIHKOBUX BE0-T0IaTKIB i BOyIOBaHMM 3ac00aM ISl HaJaroKeHHSI.

Iamn inctpymenrn, sik-ot Apache JMeter, NUnit/xUnit.Net, Cucumber, ra Mocha, Takox mMaroTh
BRXJIMBE MiCIIC B CKOCHUCTEMI TECTYBaHHSA 1 € KIFOYOBUMH JIJIi BU3HAYCHUX OO0JIACTEH, Bif
HaBaHTAXYBAJILHOTO TECTYBaHHs 10 miaxoiB behaviour-driven development (BDD).

Behaviour Driven Development (BDD) sikuii € IpakTHKOIO pO3POOKH TPOrPaMHOro 3a0e3neueHHs,
IO CIIPSAMOBaHA Ha TOJIMIIEHHS CHIiBOpalli MiX po3poOoHuKamu, QA (axiBIsIMHU Ta He-TEXHIYHUMH
YYaCHHKaMH TMPOEKTY, TAKUMH sIK Oi3Hec-aHamiTHKU. BDD 30cepekyeTscst Ha CTBOPEHHI UYiTKUX i
3pO3yMUTHX ISl BCIX YYaCHUKIB MPOEKTY CLIEHAPiiB MOBEIHKA CHCTEMH 4Yepe3 iX OMHC B MPHUPOIHIN
MOBI.

3risiHo 3 AaHUMU onuTyBaHHsI Jetbrains, OunbriicTs pecrioneHTiB (83%) He BUKOPUCTOBYIOTH BDD
B CBOIX IPOEKTaX, [0 MOKE BKAa3yBaTH Ha HEIOCTATHIO 00i13HaHICTh ab0 CKiaaHoIl iHTerpamii BDD
MPaKTHK B icHy04i poboui mporiecu. [Ipote, cepen Tux, xTo BukoprctoBye BDD, Cucumber e sigepom.
Ieit incTpyMeHT Hazae miaThopMy U BUKOHAHHS TECTOBUX CIieHapiiB, omucanux MoBoro Gherkin,
110 JI03BOJISIE TUCATH MTOBEIIHKOBI TECTH Ha Oi3HEC-OpPiIEHTOBAHIN MOBI.

Gherkin — e mMoBa, siKy BUKOPHCTOBYIOTh ISl HaIlMCaHHs ciieHapiiB B Cucumber, i BoHa Takox
MoKasajia HeBeJIMKE 3pOCTaHHs y BUKOpPUCTaHHi. [Hin iHcTpyMeHTH, Taki sk JBehave, Behat, Lettuce
ta Gauge, Xod4 i MarOTh MEHINy YacTKy PWHKY, IPOTE BCE Il BaXJIMBI JUIs CHENU(IYHUX BHUIAJIKIB
3actocyBanHa BDD.

3acrocyBanHsl mTyyHoro iHrenekry (Al) ta mammaHoro HaBuanHsS (ML) y cdepi tecTyBaHHA
BIJIKpMBA€E HOBI TMEPCICKTHBHM JUIs ONTHUMI3allii Ta aBTOMaru3aiii poO0OYMX NPOIECiB. 3rigHO 3
onuTyBaHHIM, 14% pecnoHIEHTIB BKe BUKOPUCTOBYIOTh AI/ML TexHOJOrIT Y CBOEMY TECTyBaHHI Yy
2022 poui, mo Ha 6% Oinbue, Hix y 2021 poui. Lle Moxe BkirouaT 3actocyBanHs Al 11 BUSIBIICHHS
11a0JIOHIB y JaHUX TE€CTYBaHHS, IPOrHO3yBaHHs MPoOIeMHUX o0acTeil a00 aBTOMaTH3Aallil CKIIaJHUX
CIICHApIiB TECTIB.

Xoua BDD i AI/ML y tectyBanHi Bce 1€ HE € YHIBEpCATbHUMH PAKTUKaMH, 3pOCTal0uni iHTepec
70 HHUX CBIAYUTH NPO MIBUAKE PO3BUTOK Tajy3i Ta MOIIYK HOBUX LUIAXIB ONTUMI3alii mporecy
PO3pOOKHK TporpaMHOro 3abesrnedeHHs. . BpaxoByrouwm JWHAMIKY PO3BHTKY TEXHOJOTIH Ta 3MiHY
norped PUHKY, KOMIIaHil MOBHHHI MOCTIHHO aHalli3yBaTW HOBI IHCTPYMEHTH 1 METOJOJIOTII, 100
3a0€3MeYUTH BUCOKY SIKICTh T4 KOHKYPEHTOCIIPOMOXHICTh CBOIX IPOIYKTIB.

ABTOMAaTH3aIlisl TECTYBaHHSI € KPUTHYHO BAXKJIMBOFO JUISl I ITPUMKH IBUJIKOTO IHKITY PO3POOKH Ta
3a0e3TeUeHHs] BUCOKOT SIKOCTI MPoAyKTy. [IpaBriibHUi BUOIp iIHCTPYMEHTIB, SIKHIA BpaXOBYE CIIETUPIKY
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MPOEKTY Ta KOMaHIM, MOXKE 3HAYHO MiABHUIIUTH €(PEKTHUBHICTh PO3POOKH Ta 3a0€3MEYUTH YCIIIIIHE
BIIPOBAJ[XKCHHS MTPOAYKTY HAa PHHOK.

6. BUCHOBKMU

Hana poboTa AEMOHCTPYE 3HAYMMICTh ABTOMAaTH30BAHMX TECTOBMX KOHBEEPIB B KOHTEKCTI
Oe3nepepBHOI PO3POOKH MpOrpaMHOTO 3abe3meueHHs. AHai3 cydacHuX miaxoniB DevOps Ta mpakTHK
CI/CD migkpeciroe HeoOXiIHICTh IHTErpalii TeCTyBaHHS Ha BCiX eTamax po3poOKH It 3a0e3edeHHs
SKOCTI Ta OINEPaTHUBHOCTI BHXOAY MPOAYKTiB Ha PHUHOK. OTJSA Cy4acHOTO CTaHy 3alliKaBJIEHOCTI
PO3pOOHHKIB Y BUKOPUCTAHHI IHCTPYMEHTIB JJIsl aBTOMATH3aIlii TECTYBaHHS, iXHIX TepeBar, a TaKoX
3pocTaHHs BUKOpUCTaHHS MeTonoorii BDD ta AI/ML y TectyBaHHI, IEMOHCTPY€E MTPOTPECUBHUH PyX
ranysi B HanpsIMKy ONTHMi3alii Ta aBToMaTu3aii. lana po6oTa Bka3ye Ha akTyaJbHICTh Ta IPAKTHYHY
3HAYYIIICTh JOCIIPKEHHS aBTOMAaTH30BAaHUX TECTOBHX KOHBEEPIB y KOHTEKCTI €BOIIOMIi MPOIECiB
PO3pOOKH MPOTPaMHOTO 3a0€3TIeUeHHS.

7. CNUCOK BUKOPUCTAHUX ArKepen

[1] Maslianko, Pavlo & Savchuk, Ivan. (2022). DevOps — concept and structural representation. KPI
Science News. 39-51. 10.20535/kpisn.2021.4.261938.

[2] Zulkarnain, Jefri & Mulya, Rizki & Pratiwi, Tika & Pangestuti, Widi & lImawati, Fahma. (2022).
DevOps Main Area and Core Capabilities Adopting DevOps in the Last Decade: A Systematic
Literature Review. International Journal of Research and Applied Technology. 2. 184-197.
10.34010/injuratech.v2i2.8364.

[3] Benjamin, Jetty & Mathew, DrJuby. (2021). Enhancing the efficiency of continuous integration
environment in DevOps. IOP Conference Series: Materials Science and Engineering. 1085.
012025. 10.1088/1757-899X/1085/1/012025.

[4] Rubert, Maluane & Farias, Kleinner. (2022). On the effects of continuous delivery on code quality:
A case study in industry. Computer Standards & Interfaces. 81. 103588.
10.1016/j.¢si.2021.103588.

[5] Olga Bedrina, Best Continuous Integration Tools for 2023 — Survey Results, 2023. URL:
https://blog.jetbrains.com/teamcity/2023/07/best-ci-tools/.

[6] Sinde, Sai & Thakkalapally, Bhavika & Ramidi, Meghamala & Veeramalla, Sowmya. (2022).
Continuous Integration and Deployment Automation in AWS Cloud Infrastructure. International
Journal for Research in Applied Science and Engineering Technology. 10. 1305-1309.
10.22214/ijraset.2022.44106.

[7] Eisty, Nasir & Carver, Jeffrey. (2022). Testing research software: a survey. Empirical Software
Engineering. 27. 10.1007/s10664-022-10184-9.

[8] Chevuturu, Advaith & Mathur, Divyendra & Kumar Reddy, Byreddy Joseph & R, Dr. (2022). A
Comparative Survey on Software Testing Tools. International Journal of Engineering and
Advanced Technology. 11. 32-40. 10.35940/ijeat.F3664.0811622.

73


https://blog.jetbrains.com/teamcity/2023/07/best-ci-tools/

IHpopmauiitHa 6e3neka E-Commerce nnatpopm
JIvmtpo Uyiikos? , [rop TeperieHko 2
9 Xapriecoxuti Hayionanonuti Yuisepcumem Padioenexmponixu, npocn. Hayxu, 14, m.Xapxis, 61166, Ykpaina

AHoTauinA

B ycix ramyssx enekTpoHHOI TOprieii iHpopMamiiiHa 6e3nexa Bifirpae KiIro4oBy pois. Kiie-
HTH TEPEIaloTh CBOI 0COOMCTI AaHi Ta (piHAHCOBY iH(pOPMAIlF0, OUiKYIOYH, [0 BOHA 3aIU-
IUTHCSA KOH(IIEHIIIHOIO Ta 3aXUIICHOI0 B/l HECAHKIIIOHOBAHOTO AOCTYIy. BTpaTta abo mor-
KO/DKCHHS IIMX JaHUX MOXKE MIPU3BECTH 0 CEPHO3HUX HACIHIAKIB, BKIFOYAIOYH BTPATY AOBIpH
CTIIOXKWBaYiB, (DiHAHCOBI BTPATH Ta HABITH MPABOBI HACTIIKHU I KoMMaHii. OTKe y JOMOoBiIi
MIPOBEJICHHUI CTUCITUH aHaJli3 HAHOUTBII MomMpeHnx 3arpo3 11 E-Commerce matdopm i cro-
c00iB 60pPOTHOM 3 IIUMHU 3aTPO3aMHU.

Keywords ?

E-Commerce, DDoS-araku, aBreHTHdIKAISA, QIIIAHT, ITHGPYBaHHS, OJIOKYCHH.

1. Bcryn

3axwuct inpopmarii y chepi enexrpornoi komepii (E-Commerce) ctae Haa3BHUaliHO BayKIIMBOIO TIPO-
OIeMOF0 B Cy4acHOMY CBITi, Jie BIpTyallbHI Ta MA(POBI TEXHOJIOTIT peatizyroTh CIIOCOOH, IKUMH 3iHCHIO-
I0TBCSl TIOKYTIKH Ta OpraHi3yroThcsl Oi3Hec-mpouecu. [Hpopmariiina G6esneka E-Commerce miargopm €
KJIFOUOBHM aCIICKTOM JIJIsl 3a0€3eUeHHS JIOBIPH CIIOKHUBAYiB, 3a0€3MCUCHHS 3aXUCTY X OCOOMCTHX JTAaHUX
Ta MiATPUMKH CTIHKOCTI Oi3HECY B yMOBaX BUCOKHX TEXHOJIOTTYHHX 3arpo3 Kidep cepenosuinax [1].

2. OcHOBHi BUAM 3arpos Ta cTparerii 3axmcry

Kibep3nounHHiCcTb. SIK MOKa3ye MpaKkTHKa OJHUMHU 3 HalOimbIux 3arpo3 ajst E-Commerce € Taku
BUAM KiOEP3IOYMHHOCTI SIK Kibepataku, QimuHr, BipycHi po3cuiku, DDoS-ataku Tomto. [ns 3axucty
BiJI WX 3arpo3 HEOOXiTHO 3aCTOCOBYBATH KOMILIEKCHI CTpAaTerii, Taki sk mu(pyBaHHS JaHUX, BUKO-
pUCTaHHA MeXaHi3MiB aBTeHTH(]IKaIlil, MOCTIHHE OHOBIEHHS MPOrPaMHOIO 3a0e3eueHHs Ta BIIPOBa-
JDKEHHSI 3aXO0/IiB 3 MPEBEHTHBHOI OE3MEKH.

ComianbHa iHXKeHepis (ICUXOJIOTTYHIH COIliaIbHUN IaHTaX Ta maxpaicTBo). OcTaHHI YacH cydac-
HUX TI00aBbHHUX 3arpo3 CTBOPWIIM CIPHSITIMBI YMOBH JUIsl CYTTEBOTO 3pOCTaHHS OJHI€T 3 HAMOUIBII
ckiaauux Hebesnek s E-Commerce sik corianbha imkenepis Ta OSINT (Open Source Intelligence).
Bce gacrime 3710BMUCHUKH BUKOPHCTOBYIOTh IICUXOJIOTIYHE MAHIITyJIFOBaHHS Ta OOMaH 3 METOIO CII0-
HyKaHHS JTI0/IeH 10 BYUNHEHHS TIEBHUX JIil a00 po3roJIoieHHs KoH)iaeHiHoi iHpopmartii. s 6opo-
THOH 3 IIMMU 3arpo3aMy HEOOXiHO HABUATH MIEPCOHAJI Ta KJIIEHTIB PO3Ii3HABATH IMiI03PLII CUTYaIlii Ta
BYACHO pearyBaTH Ha HUX.

3. AKTyanbHi Buau 3arpos Ta 3aXxoAm 3aXucrty

@OimuHT Ta 3aXUCT BijJl HHOTO: (PIIMHT CTaB cepio3HOI0 3arpo3oro st E-Commerce, KoIH 3710BMU-
CHHMKH BHKOPHCTOBYIOT ITiZIpo0JIeH] BeO-caiiTn a00 eNeKTPOHHI JIUCTH, 00 OTpUMAaTH KOH(1ISHIIHHY
iH(pOpMAIIiO BiJ] KOPUCTYBAUiB, TaKy SK MapOii YU KPeIUTHI KapTKu. Habupae akTyanbHOCTI «collia-
JBHUKA (QIMIUHTY, SKUHA YacTille MOXE BKJIIOYATH CHTYalil0, KOJIM 3JIOBMUCHHK MPEICTABISAETHCS
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CHIBPOOITHUKOM KOMITaHii/0aHKY, COLIIAIbHUX CIYKO TOIIO Ta HAMAra€ThCs OTPUMATH JOCTYII 10 0CO-
ouctux manux. Jns 3axucty Binx (IMMHTY, HEOOXiTHO PO3IMOBCIOHKYBATH JIJIsl KOPUCTYBAUiB MOSCHIO-
BaJIbHY iH(OpMaIlif0 II0A0 PO3IMi3HABaHHS MiJO3PLINX JHCTIB 1 pO3CHIIOK, a Takox mepesipsaTa URL-
aJpecu Ta BUKOPUCTOBYBATH NBO(AKTOpPHY ayTeHTH]ikarito. [lieBumMu 3acobamMu MONEPEIKCHHS €
CTBOPEHHS HaAIMHUX NMapoiiB Ta UdpyBaHHs iHpopMalii, sika Moxxke OyTH nepenana yepes pizHi API
(Application Programming Interface).

DDo0S-aTaku Ta 3aX¥CT BiJI HUX: aTakd 3 METOIO BiZIMOBH B 00ciryroByBanHi (DDoS) npuBosTh 10
mepe0oiB B poOOTI cailTy, M0 MOXE CYTTEBO IIKIUIMBO BIUTMHYTH Ha Oi3HEC-TPOIIEC 3 TONATBITIMHA
HETaTUBHUMH Hacligkamu. s 3amoOiraHHs TakuM aTakaM, KOMIIaHii BUKOPHUCTOBYIOTh 3aXHILEHI
CDN (Content Delivery Network) Ta mexanizmu ¢inbTpanii Tpadiky A po3noainy HaBaHTaKCHHS, a
TaKOX BHSIBIICHHS Ta OJIOKYBaHHS MOTCHIIHHO IIKIJTUBUX 3aIUTIB.

4. Po3BuUTOK iHpopmauinHoi 6e3nekn E-Commerce nnatpopm

[IIBuAKI TEXHOIOTIYHI Ta PUHKOBI 3MiHH CTBOPIOIOTH NOCTIHHY HEOOXiIHICTh BIOCKOHAIICHHS 3aX0-
niB 3axucty i E-Commerce. PO3BUTOK MITYYHOTO 1HTEIEKTY, OJIOKYEHH TEXHOJOTIH BiIKpUBaE HOBI
MOJKITUBOCTI 7151 3a0e3nedeHHs Oe3MeKn JaHuX Ta 3armobdirans Kidepsarpos [2].

Hogi TexHoIOTIi TOTIOMararTh MPUCKOPUTH MOMIYK CIAOKUX 30H Y IPOTPaMHOMY IMPOTYKTi, Ta BHO-
CUTHU 3MiHU 3aBYacHO. PO3rIIsiHEMO JAeKijbKa HAMPSMKIB, sIKi JOIIOMAralTh 3aXUCTHTH MPOTPaMHHN
MPOAYKT:

1. mudpyBaHHS € OJHMM 3 OCHOBHHUX METOHIB 3aXWCTy KoH(ineHuidHOi iHpopmanii B E-
Commerce. Hanpuknan, nporokon HTTPS (HyperText Transfer Protocol Secure), sikuit Bukopuc-
TOBY€ETHCS OaraThMa OHJIAWH-Mara3uHaMu, 3a0e3nedye mudpyBaHHS JaHUX, IEPEAAHNX MK KOPH-
CTyBa4yeM Ta CEPBEPOM, IO YCKIIATHIOE NMEPEXOIUICHHS Ta YUTAHHA IUX JAHUX TPETIMH 0co0aMu.
Takox A7 MIATDKHUX CHCTEM € OKpeMi 3acoOM AJisl 3aXMCTy KII€HTIB, HAalpUKIaA Taki SK
«Comodo Internet Security» um anroputm «3D Secure» pi3HHX Bepcii, IIi CUCTEMH 3aXHLIAIOThH
KJTIEHTIB BiJ] 37T0YMHILB;

2. 3acTocyBaHHs iHHOBauiil A iHpopManiiiHoi Oe3neku. 3ayBaxuMo Ha OJIOKYEHH- TEXHOJIOT],

sIKa TMOCTYNOBO BXOIUTh B 00nacTh E-Commerce, mporoHy0un HOBI MOXKJIMBOCTI IS 3aXUCTY J1a-

HuX. BoHa Moxke OyTH BHMKOpHCTaHa IJisi CTBOPEHHS ACLEHTPalli30BaHUX CHUCTeM 30epiraHHs

JaHuX, MO0 POOMTH iX MEHII Bpa3IMBHM. TakoX, Ul aHalli3y BEJIHKHX OOCSATIB JaHUX Ta

BUSIBJICHHSI HE3BU-YallHMX TPEH/IB, IO MOXKE BKa3yBaTH Ha KiOep3arpo3w, BHKOPHUCTOBYIOTHCS

METOJIM HITYYHOTO iH-TeNeKTy [3];

3. JIOTpUMaHHS MPaBWJI OE3MEKH JUIsl CIIOKMUBAYiB Ta KOMIIaHil (KOpIopaTHBHA eTHKa Ta mpode-

cifina nucnuruiina). {ogo cnoxnBaviB, BaKJIMBO BUKOPHUCTOBYBATU MApOJi CKIAJHOT CTPYKTYPH,

OHOBIIIOBAaTH NporpaMHe 3a0e3reveHHs Ta BiICiIKOBYBAaTH aKTHBHICTh Ha CBOIX OOJIIKOBHX 3aIy-

cax. Illogo xoMmaHiil Ba)KIIMBO MOCTIHHO OHOBIIIOBATH Ta ayJUTYyBaTH CUCTEMH Oe3IeKH, MPOBO-

JUTH HAaBYaHHS TIEpCOHAITY 1010 HeOe3MeKn KibepaTak Ta pearyBaTy Ha MOJiOHI 3arpo3u IBUAKO

Ta eeKTUBHO TOOTO BIIPOBAJKYBATH T€, 1[0 MAE HA3BY «3ATyUYCHHS EPCOHATY» Y MCHEPKMEHTI.

5. BUCHOBKMU

[Hdopmariitna 6esnexa E-Commerce muiaThopM € KIIOYOBUM acHEKTOM YCIIIIHOI eNeKTPOHHOT
TOpriBmi. [HBeCTyBaHHS y BIOCKOHAJIEHHs Ta ITOCTIHE yIOCKOHAJEHHS 3aXOJliB 1 3aC00iB 3aXHCTy
JIOTIOMO>KE 30€eperTH JOBipYy CIIOKHUBAviB Ta 3a0€3MEUUTH CTIMKICTH Oi3HECY B yMOBaX 3pOCTalOuMX
kibep3arpo3. Tinbku 3a YMOBH MOCTIHHOTO BIOCKOHAJICHHS 3aXOAiB O€3MEeKH MOXKHa 3a0e3MeunTH
YCIIIIHY Ta O€3MeYHY TOPTIBIIO B OHJIAHH-CEPEOBHIIIL.
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Po3pobKa metoay nopiBHANABbHOro aHanisy MiKpocepBicHOI i
MoHoAITHOI apXxiTeKTypu

Irop Saunucekuii?, JIvutpo CUTHIKOB?
Xapxiscokuil HayioHanbHull yHieepcumem paodioenexkmponiku (61166, Xapkis, np. Hayxu 14)

AHoTauiA

Y poOoTi PO3MIISIHYTO METOJIW SIKi MO>KHAa BHKOPHCTOBYBATH ISl MOPIBHSJIBHOTO aHAIIIZY
moOymoBu iHQopMaIifHMX cHUCTeM 3a JomoMororo MikpocepBicHOi Ta MOHOITHOT
apxiTekTypu. Byso BUIUIEHO BIIACHUH METOJ MOPIBHSAHHS HA OCHOBI MATEMATHYHOI MOJICTI.
Keywords ?

MikpocepBicy, TOPIBHSUIGHUHN aHaNi3, apXiTEKTypa MPOrpaMHOTro 3a0e3eueHHS.

1. Bctyn

CydacHu# CBIT XapaKTePU3y€ETHCSA CTPIMKUM PO3BUTKOM 1H(QOPMAIIHHAX TEXHOIOTIH, M0 3MIHIOE
MiAXOAM 10 YIPaBIiHHS Ta ONTUMI3alii Pi3HUX cdep MisUTbHOCTI, BKIIOYAI0UYM BUPOOHUYI MPOLIECH.
Ile 0co0mMBO aKTyaldbHO JJIsi CEKTOPY EJICKTPOHHOI Komeplii (e-commerce), Jae IIBHAKICTB,
THYYKICTh 1 €(pEKTHUBHICTh iH(OPMAIIHHIX CHCTEM € BHPIIIATFHUMH I ycmixy. BuxopucranHs
MIKPOCEpBICHOI apXiTeKTypH Yy [IbOMY KOHTEKCTi BiJirpa€ Ba)JIMBY pPOJb, JJIO3BOJISIFOYN
CTPYKTypyBatu iH(pOpMAIliiiHI CHCTEMH TaKMM YHHOM, 00 3a0e3Me4uTH OUIbINY THYYKICTH Yy
YIIpaBIiHHI pecypcamMy Ta ONTUMI3yBaTH MpolecH. [HHOBaMiHI MAXOMN A0 YIPABIiHHSA JAHUMHU Ta
MpoliecamMy He JIUIIE CIPHUSIOTh MOKPAIIeHHIO 00CITyroByBaHHS KITI€HTIB, e i BIIKPUBAIOTh ITUPOKi
MOJKJIMBOCTI JIJIsl PO3BUTKY Oi3Hecy B 1inomy [1-3].

2. Pe3ynbTat gocnigKeHHA

[TpoBeneHo AeTanbHUIN aHAN3 METONIB BHPIMICHHS 3a/ad4, TOB'SI3aHUX 3 MIKPOCEPBICHOIO Ta
MOHOJITHOIO apXiTeKTypaMH, BUKOPHCTOBYIOUH SIK KBAJIITATHBHI, Tak i KijabKicHI MeTomu. ExcriepTHi
OIIHKH BiJI JIOCBIYEHUX PO3POOHUKIB Ta apXiTEKTOPIB BUCBITIIIOIOTH MEPEBArd Ta HEIOJIIKH KOXKHOT
apXiTEeKTypH, a KeHc-cTai AeTaNbHO aHAI3yIoTh peallbHi nmpoekTH. KinbKicHI METpPHUKH, TaKi sSIK 4ac
BIATYKY, TIPOITYCKHA 3/IaTHICTh, BUTPATH Ha PO3pPOOKY, MIATPUMKY Ta MacIITaOyBaHHS, JAlOTh 3MOTY
OI[IHUTH MPOYKTHBHICTH Ta €(pEeKTHBHICTH 000X apXiTekTyp [4].

MeToau MOJEIIOBaHHS Ta CHUMYJISINI OI[IHIOIOTH MacITaOOBaHICTh 1 CTIMKICTh KOXKHOI
apXITEeKTYpH, a TEXHIYHHUIA aHaJi3 BKIIIOYAE B ce0e OIIHKY 3aJICKHOCTEH, CKIATHOCTI MIXCEpPBiCHOI
KOMyHiKkanii Ta Oe3nekoBux pu3uKiB. OcoOnuBY yBary MpHIUICHO aHai3y BHMOI Ta HOTped
KOPHCTYBa4iB, BKJIFOYAIOYM OI[IHKY 33J0BOJICHOCTI KOPHCTYBadiB Ta BHMOT JIO (DYHKI[IOHAJIBHOCTI,
mo0 3pOo3yMiTH, HACKUIBKM KOXKHA apXiTeKTypa BigmnoBifae Oi3Hec-BUMoraM 1 moTpebam
KOopHcTyBauiB [5-7].

3HaYHUN aKIEHT POOUTHCS Ha MOPIBHSHHI KUTTEBOTO IMUKIY PO3POOKH 000X apXiTEKTyp, IO
BKIIIOYA€ aHali3 MIBUJIKOCTI PO3POOKH, THYYKOCTI 3MiH Ta MacmTa0yBaHHs. BUkopucTaHHS mHX
PI3HOMAHITHUX METOXIB JO03BOJISIE OTpUMaTH BceOiuHE Ta OO0'€KTMBHE pPO3YyMiHHSI IepeBar Ta
HEJIOJIKIB KOYKHOT apXiTEKTYPH.

Byno ypockoHalleHO MeETOJA OIHKA PECYpCOBHKOPHCTAHHS JUI  KPalmioro po3yMiHHS
BUKOPHUCTAaHHS CUCTEMHHX pecypciB, Takux sk LI, mam'sate, MepexeBi pecypcu, y MOHOJITHUX Ta
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MIKPOCEPBICHUX apXiTeKTypax. TpaguIiiiiHO el mapamMeTp BHUMIpPIOBaB 3arajJlbHE BHKOPHUCTAHHS
pecypciB MOHOJITHOIO CHUCTEMOIO Ta CyMy BHKOPHCTaHHA pecypciB ycima MikpocepBicamu. Jlis
BJOCKOHAJICHHSI METOAy Oylo 3ampONOHOBAaHO [eTali3yBaTH pecypcd Ha kareropii, sik-to LI,
mam'siTb, MEpeXeBe BUKOPUCTAHHS Ta AWCKOBUH MPOCTIp, MO MO3BOJSE TOUHImIE ineHTH(DIKyBaTH
"By3bKi MicIs" B cucTteMi. Takok BayKIIMBUM € BpaXyBaHHS AMHAMIYHOTO BHKOPHCTAHHS PECYpPCiB HE
TIJIBKM B CTaHI CIIOKOIO, alle i MiJ 4Yac MIKOBHX HAaBaHTa)XEHb, MO0 Kpalle 3pO3yMITH MOBEIiHKY
cucremu [8-9].

Byino BHeceHO HOBUWII TapaMmeTp BapTOCTI BHUKOPHCTAHHS PECYpPCiB, IO JO3BOJISE BKIIOYUTH
CKOHOMIYHMI acCleKT y pO3paxyHKH. AHalli3 MacmTabOBaHOCTI pECypCiB, SKHI BHU3HAYAE, 5K
3MIHIOETBCS BUKOPHCTaHHS PECypCiB IIPH MacIITa0yBaHHI CHCTEMH, Ta OI[IHKA CHEPrOCPEKTUBHOCTI
CUCTEMH € BOXIIMBUMH I PO3YMiIHHS €KOJIOTIYHOTO BILUTUBY 1 BAPTOCTI €HEPTii.

[lin wac pocmimxkeHHs OyJlO BUSIBICHO, IO MIKPOCEPBICHA apXiTEKTypa 3HAYHO IIiJIBHILYE
e(eKTUBHICTh PO3POOKK Ta 00CITYroByBaHHS Be0-3aCTOCYHKIB, 3a0€3M€UYIOUM BUCOKY THYYKICTh Ta
MacmTaboBaHicTh. lle 0COOMMBO BaXJIMBO B KOHTEKCTI IIOCTIHHO 3pOCTAlOYHUX BHMOT 10
MPOAYKTHBHOCTI, HAAIHHOCTI Ta INBHAKOCTI pearyBaHHS. JOCTIIKEHHS MiAKPECITIOE 3HAYHHUN
MOTEHIIIaJ]l MiKPOCEPBICHOI apXiTEKTypH IS MOAAJIBIIOTO PO3BUTKY BeO-3aCTOCYHKIB.

3. BuUcHOBKM

VY pamkax mi€i podoTu Oyia po3poOiieHa cUcTeMa, sSIka BHKOPUCTOBYE MiKPOCEPBICHY apXiTeKTypy
JUTS ONITHMI3aIlii Be0-3aCTOCYHKIB, 30KpeMa B KOHTEKCTi elleKTpoHHOi xomepii. lle mocimimkeHHs
MoKasaso, 10 MIKpOCEpBICHA apXiTeKTypa MOXKe 3HaYHO MiJIBUIIMTH MPOAYKTUBHICTH Ta THYYKICTb
CUCTEM, OJHOYACHO 3HMKYIOUH CKJIAQJHICTh YIpaBIiHHS Ta MaciitaOyBaHHS. Takuil miaxiz moske
OyTH O0COONMBO KOPHUCHHM y CY4YacHOMY IWHAMIYHOMY IU(PPOBOMY CBITi, /¢ BaXKIHBO MIBUIKO
pearyBaTé Ha 3MiHHM Ta MaclTadyBaTu pecypcu edekTuBHO. [lomanbim qocmiKeHHsI MOXKYTh OyTH
CHpsSIMOBaHI Ha IHTETpaIlii0 IIi€i CUCTEeMU B OUIBIN CKJIaJHI iHGOpPMAIiiHI CTPYKTYpH, a TaKOX Ha
po3mmpeHHs 1i PyHKIIOHATBFHOCTI IS MIATPUMKH PI3HOMAHITHUX BE0-3aCTOCYHKIB 1 TEXHOJOTIYHUAX
moTpeo.
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