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3 Gergana Mateeva

Introduction

This doctoral dissertation analyzes existing models and proposes novel approaches for the

utilization of Information and Communication Technologies (ICT) in information provision and

management of information processes. Furthermore, it addresses the integration of ICT with

heuristic optimization techniques and artificial intelligence-based methods to optimize strategies for

managing information processes. The research proposes a new hybrid framework for optimizing

communication strategies in distributed digital environments with limited resources.

Aim and Objectives

The main aim of this dissertation is to develop models and methods for optimizing

communication strategies in information process management. To achieve this aim, the following

objectives have been defined:

To develop heuristic methods for optimizing communication strategies in information
process management in a digital environment.

To propose a modification of genetic algorithms for optimizing communication strategies in
information process management.

To propose a method for improving the efficiency of genetic algorithms for the purposes of
information process management.

To develop models that allow effective implementation and application of the developed
heuristic methods on heterogeneous mobile and loT devices in distributed digital
environments with limited resources.

To propose an approach for assessing the effect of the application of the developed models
and methods for optimizing communication strategies for managing information flows in

distributed digital environments.

Structure of the Dissertation

The dissertation is structured into three main chapters:

Chapter 1 presents an analytical overview of contemporary trends in the development of

communication strategies and technologies for managing information processes.

Abstracts of Dissertations 2025 (5) 3-46



MODELING AND OPTIMIZATION OF COMMUNICATION STRATEGIES... 4

e Chapter 2 describes the developed heuristic methods, focusing on the DNA-inspired

modification of genetic algorithms and adaptive approximation of fitness functions for
optimizing communication strategies in information process management.

o Chapter 3 covers models enabling efficient application of heuristic methods on

heterogeneous mobile and 10T devices in distributed digital environments with limited

resources, including technical and architectural aspects of information flow management

with detailed implementation.

Chapter 1: Contemporary Trends in the Development of Communication Strategies for
Information Process Management

Chapter 1 provides an analytical overview of current trends in the development of

communication strategies and technologies for managing information processes.

1.1 Information Processes in the Digital Environment

The advancement of ICT has led to the modern information era, where ICT serve as
transformative factors across various industries. The information process includes collection,
processing, acquisition, recording, organization, retrieval, display, and dissemination of data,
ultimately enabling information analysis [Galbraith, 1977]. The digital environment encompasses
diverse digital devices, platforms, media, data, and technologies supporting the achievement of
digital goals. Figure 1.1 illustrates this environment. A profound understanding of communication
as the fundamental mechanism for management and information exchange is key to effective

organizational functioning.

Digital goals Digital Digital devices

+ Brand goals and strategy audience + Smartphone
* SMART comms objectives S — * Tablet
+ Always-on and campaign + Desktop
integration « Digital TVand out-of-home * Microsoft
« Digital transformation and signage « Apple
disruption « Other
= Monetization

« Business to business

+ Consumerto consumer

* Target markets,
segments and personas

Digital media Digital data Digital
technology

* Owned * Consumer behaviors « Software-as-a-Services

* Paid * Consumer profiles

* Earned = Consumer value « Martechincluding

* Websites and apps = Communication marketing clouds

+ Search, social and email preferences o e e
marketing « Bigdata . Al

* Content marketing and

0 « Augmented and virtual

reality

Figure 1.1. Digital Environment (Adapted
from:https://www.sciencedirect.com/science/article/pii/S1029313222000719)
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5 Gergana Mateeva

1.2 Communication Models

The term "communication” originates from Latin, meaning "sharing,” "messaging,”
"dividing,” or "transmitting,” emphasizing community creation, connection, and interaction among
people. Effective communication requires messages to be clear, concise, specific, credible, and

context- and audience-appropriate.

o Linear communication model: Represents communication as a one-way process from sender
to receiver, similar to Aristotle's and later Shannon-Weaver models. This model includes
elements such as information source, transmitter, channel, noise (any disturbances),

receiver, and final destination. Visualized in Figures 1.2 and Figures 1.3.

o B
/'/ RECEIVER
//—\;

MASSAGE
CHANNEL

DECODING

SENDER \ | 7
S - g
NOISE

Figure 1.2. Linear Model of Communication (Adapted
from:https://pressbooks.bccampus.ca/professionalcomms/chapter/3-2-the-communication-process-
communication-in-the-real-world-an-introduction-to-communication-studies/)

INFORMATIO [ : N \ FINAL
nsourcE Bl SENDER IR CHANNEL R RECIPIENT  MERR ooy
NOISE

Figure 1.3. Shannon and Weaver's Linear Communication Model (Adapted
from:https:/Aww.novavizia.com/model-za-linejna-komunikatsiya-na-shenyn-i-uivyr/.)
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Interactive communication model: Views communication as a two-way process with
feedback, where participants alternate roles of sender and receiver. Emphasizes the ongoing

process and feedback significance rather than just successful transmission [Elkins et al.,
2012]. llustrated in Figure 1.4.

Physicalcontext_—-
\ | &
- >
\_‘/\/\l’\‘\_

Encoding Decoding

-How are you? = Massage

Decoding Channel Encoding

Sender - Receiver X\

-Fine, thankyou? = Massage

Psychological context

—

Feedback channel

Figure 1.4. Interactive communication model

Transactional communication model: Describes communication as a continual process
where participants simultaneously send and receive messages, jointly creating social reality

within a given context. Participants are seen as "communicators.” Presented in Figure 1.5.

Physical and
Psychological
Context

+*

COMMUNICATOR COMMUNICATOR

ﬁ Co-creation of ﬁ

Cultural context

Social Context

¥

Relational Context

Figure 1.5. Transactional model of communication
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7 Gergana Mateeva

1.3 Theoretical Foundations and Contemporary Communication Models
This section explores both classical and modern approaches, based on intelligent agents and

complex organizational structures.

e Shannon-Weaver communication model: A linear, one-way message transmission model
with six main elements. Widely applied in technical and network communication systems
for optimizing data flow. Key elements shown in Figure 1.6, and noise influence illustrated

in Figure 1.7.

SOURCE -
MESSAGE SIGNAL
NOISE

SOURCE

SIGNAL

Figure 1.6. Key elements of the Shannon-Weaver model

Information
source

Reception Destination

Transmitter I B |

Receiver

Decoder

FEEDBACK

Figure 1.7. Impact of noise on the communication process

e Agent-based communication model: Uses autonomous software agents governed by

Artificial Intelligence (Al) to interact and optimize data exchange in multi-agent systems

Abstracts of Dissertations 2025 (5) 3-46
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(MAS), supporting automated decision-making. Typical characteristics of autonomous

agents shown in Figure 1.8; taxonomy of interaction models in Figure 1.9.

OTHER AGENTS

AGENT

» Attributes
# BehaviorRules
» Memory

# Resources
» Decision Rules
# Rules for Changing Behavior Rules

¢

ENVIRONMENT

Figure 1.8. Typical characteristics of an autonomous agent (Adapted from: Martin Ivanov, Modern
application of multi-agent simulation models in research and practice, New Bulgarian University,
Department of Informatics)

AGENT INTERACTION

DIRECT

- GUIDED / MEDIATED MED\jATE[? BY
ACEREEE BY ARTIFACTS AGENT
ENVIRONMENT

AGENT DISCOVERY
- - AGENT DISCOVERY THROUGH MIDDLE
J
ALQLPA;‘NJQINLEA THROUGH MIDDLE AGENTS AND
AGENTS ACQUAINTANCE
MODELS

Figure 1.9. Taxonomy of Agent Interaction Models (Adapted from:Bandini Stefania, Sara Manzoni and
Giuseppe Vizzari, Agent Based Modeling and Simulation: Aninformatics Perspective, Journal of Artificial
Societies and Social Simulation 12 (4) 4, 2009, http://jasss.soc.surrey.ac.uk/12/4/4.html)

o Hierarchical and decentralized communication models: Hierarchical models feature

structured top-down communication typical for corporate environments, while decentralized

Abstracts of Dissertations 2025 (5) 3-46
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9 Gergana Mateeva
models provide secure and distributed communication (e.g., peer-to-peer or blockchain-
based systems). Hybrid structures combine advantages of both. Theoretical model illustrated
in Figure 1.10. Table 1.1 summarizes key differences in decision-making, communication,

responsibility, and system scale.

Communication network

Network structure
(Centralized ys
Decentralized)

Collective effectiveness

Task performance

. Knowledge sharing / +

Taskurgency
(Strongys Weak)

Member perception

Figure 1.10. Theoretical model of centralized/decentralized communication structure (Adapted

from: Ding, X., Shen, W,, &Wang, S. (2024). Centralizedor Decentralized? Communication Network and
Collective Effectiveness of PBOs — A Task Urgency Perspective. Buildings, 14(2), 448.
https://doi.org/10.3390/buildings14020448)

Differences

Decision-making

Communication

Responsibility

Size of system

CENTRALIZED

One main controlling element
defines the processes and strategies.

The flow of information is mostly
one-way, from the control center to
the executive elements that
implement the tasks.

The main responsibility is
concentrated in the central
management element, which directs
the execution of information
processes with minimal external
intervention.

This model is often more suitable
for systems with a smaller scale or a
smaller number of interacting
elements and information flows.

DECENTRALIZED

Different components in the system make
independent decisions related to their areas.

System components exchange information
more flexibly and directly with each other,
allowing for a freer exchange of information
flows.

Responsibility is distributed among the
interacting components in the communication
system, which provides the opportunity for
feedback and adaptation in the management of
information processes.

It is usually effective for large-scale systems
with multiple distributed components, where
flexible management of information processes
is required.

Table 1.1. Comparison between centralized and decentralized models

e Game-theoretic communication model: Optimizes strategic interactions between agents in
competitive or cooperative settings, with applications in cybersecurity and business
negotiations [Marchao et al., 2020].

Abstracts of Dissertations 2025 (5) 3-46
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e Modeling and simulation in communication: Integrates communication between design,

production, marketing, and management to optimize the entire product and process
development chain [Balasko et al., 2008].

o Data quality management in information processes: Involves defining standards, control,

and continuous improvement of information flows to ensure accuracy, completeness,

timeliness, and relevance.

Figure 1.11 structurally presents main directions and interrelations in communication

strategies [Glowalla et al., 2014; Demirddgen et al., 2020].

Management - Management of
sector information flow

Building
relationships

Professional
contacts

Teamwork

Communication
strategies External
communication

Corporate culture

Internal
communication

Modeling

Process
reengineering

Optimization

Figure 1.11. Communication strategies (Scopus)

1.4 Communication Strategies in the Digital Environment

Communication strategies in the digital environment focus on achieving objectives through
online platforms and tools. Strategic communication is a deliberate and systematic approach to
delivering messages aligned with organizational values and goals. Information management is
conceptually divided into phases: collection, storage, analysis, and transmission [Hinton, 2006].
The development of a digital communication strategy involves sequential steps, visualized in Figure
1.12, encompassing data collection and analysis, channel and target audience identification,

Abstracts of Dissertations 2025 (5) 3-46



11 Gergana Mateeva

selection of communication levers, data analysis and interpretation, key message formulation, as

well as monitoring, feedback, and adaptation.

(

Situation
Analysis

Develop a \ — S, Study your
Content P 4 N\ target
strategy A4 L\ carefully

] X

\ Choose
Set goals for your
your strategy  Ji Communication

Figure 1.12. Steps in creating a digital communication strategy (Adapted
from:https://dottopia.com/what-is-digital-communication-strategy/)

Table 1.2 covers interrelations among social, technical, and management elements;

communication; organizational culture; information dissemination; information management; ICT

alignment; stakeholder engagement; and continuous improvement. A successful strategy informs,

prepares for change, and convinces stakeholders of decision optimality.

Characteristics

Interconnection of social,
technical and management
components

Top-down and bottom-up
communication

Alignment with
organizational culture and
strategy

Information distribution
channels

Information management
phases

Description

Integrating social, technical, and management elements ensures
that communication is comprehensive and covers all aspects of the
organization.

Information needs to flow both ways, ensuring that all levels of the
organization are engaged and informed.

This alignment helps achieve organizational goals and increases
the effectiveness of the organization.

Identifying and using key channels for information dissemination
is crucial. This includes both formal and informal channels to
ensure that information reaches all relevant stakeholders
effectively.

A communication strategy should cover key phases of information
management: collecting, storing, analyzing, and communicating
information. This structured approach ensures that information is

Abstracts of Dissertations 2025 (5) 3-46
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managed efficiently and effectively..

Strategic alignment with Communication strategies need to be aligned with ICT. This

ICT alignment helps to optimize the use of ICT for better information
management and decision-making processes.

Stakeholder engagement This ensures that the communication strategy is well accepted and

and feedback understood by all parties involved, facilitating smoother
implementation of the strategies.

Constant improvement Communication strategies must be dynamic and adaptable to

and adaptation change. Maintaining effective communication requires continuous
improvement based on feedback and changing organizational
needs.

Table 1.2. Main requirements for communication strategies

1.5 Components of Modern Communication Strategies

Modern communication strategies include several fundamental components:

« ICT integration: A foundational element providing infrastructure, tools, and platforms for
effective information collection, processing, storage, and dissemination, supporting
automation and interaction.

e Strategic planning and communication management: A systematic process of planning,
crafting, and disseminating messages aligned with organizational goals. Key stages are

shown in Figure 1.13.

4 [ { }
(11| : ' : :
G 1 T T
ANALYSIS OF THE DEFINING IDENTIFYING SELECTION OF MONITORING AND
CURRENT GOALS TARGET AUDIENCES COMMUNICATION ASSESSMENT OF
SITUATION CHANNELS AND TOOLS EFFECTIVENESS

Figure 1.13. Key stages in the communication strategy

« Integration of organizational processes and communication flows: Ensures synchronization
and coordination among various units (design, production, marketing, management) to
optimize product and service chains.

« Human factors and cultural context: Considers motivation, attitudes, cultural characteristics,
and participant expectations to build trust and collaboration.

« Monitoring, evaluation, and adaptation: Mechanisms for timely problem identification,

approach adjustment, and continuous strategy improvement.

Abstracts of Dissertations 2025 (5) 3-46



13 Gergana Mateeva

1.6 Role and Impact of ICT in Communication Strategies for Information Process
Management

ICT plays a crucial role in several aspects:

e Importance for decision-making and management: Provides reliable methods for
information collection, access, storage, processing, dissemination, and evaluation, which are
essential for effective management and competitiveness enhancement [Escobar-Toledo &
Martinez-Berumen, 2011, 2013]. lllustrated in Figure 1.14.

Information Data processing

collection alaprocessing
INFORMATION AND COMMUNICATION
TECHNOLOGIES

Assessment and
Access and storage - .
decision making

Figure 1.14. Importance of ICT for decision-making and management

e Role in knowledge management and innovation: Supports acquisition, dissemination, and
use of knowledge vital for employee-driven innovation and overall organizational
efficiency.

« Integration and digitalization of management systems: ICT streamlines operational, tactical,
and strategic processes, strengthens communication links, and forms the basis for the Fourth
Industrial Revolution technologies [Caffrey & McDonagh, 2015].

e« Need for dynamic adaptation of communication strategies: Changing environmental
demands require dynamic communication strategies to maintain competitiveness, including

comprehensive risk management processes [de Freitas et al., 2018].

1.7 Challenges in Implementing Communication Strategies in Organizational
Information Process Management

Implementing communication strategies entails several challenges:

o Complex organizational structures: Matrix structures present unique communication

challenges due to their complexity [Gillard, 2005].

Abstracts of Dissertations 2025 (5) 3-46
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o Decentralized data sharing: Effective query evaluation and information integration are
difficult due to overlapping data and the need for inter-source processing [Chen et al., 2008].

o Effective communication and management control: Lack of effective communication
mechanisms may hinder management control and organizational effectiveness [Chtioui &
Dubuisson, 2020].

e Dynamic and evolving requirements: Changing environmental demands require dynamic
strategies, while mismatches in information system abstractions lead to inefficiencies
[Bendoly et al., 2008].

e Technological integration and adaptation: The complexity of integrating diverse data
sources and maintaining up-to-date information is significant, especially during transitions

to electronic document management [Pobegaylov et al., 2016].

Optimization is a key factor for organizational success, involving systematic approaches for

analysis, improvement, and adaptation.

e Analysis and evaluation of communication processes: Starts with detailed analysis of
existing processes, data collection, communication model usage, and feedback. Table 1.3
outlines steps such as data gathering, communication model application, visual analysis,

feedback analysis, channel effectiveness evaluation, and root cause identification.

1. Data Collection

e Surveys and Interviews: Conducted with participants in the communication process to gather
feedback on the frequency, channels, quality, and results of communication.

o Observation: Analysis of real communication situations to identify difficulties or inefficiencies.
2. Use of Communication Models
e Linear, Interactive, Transactional, and Agent-Based Models: Examine the various aspects of
communication — who is the source, how is the information transmitted, who is the recipient, and

what feedback is received.

3. Visual Analysis through Graphs and Charts

e Graphs like the one attached: Visualize key stages and possible problem areas, making it easier
to identify weak points.

4. Feedback Analysis

o Qualitative and Quantitative Analysis: Evaluate the content of the feedback to identify

Abstracts of Dissertations 2025 (5) 3-46
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common difficulties, ambiguities, or lack of information.

5. Channel Performance Assessment

o Comparison between different channels: It is determined which communication channels are
the most effective and where difficulties or delays are observed.

6. Determining the causes of problems

e Root cause analysis: Analysis of cause-and-effect relationships to find the root causes of
communication difficulties.

Table 1.3. Identification and analysis of problem areas in communication processes

o Implementation of modern ICT: Integrating innovative ICT is essential for optimization,

enabling automation, personalization, and audience segmentation. The role of ICT is
depicted in Figure 1.15.

Digital devices

N p

Optimization of communication

strategies

Artificial
intelligence

Figure 1.15. Integration of ICT in communication strategies

o Contemporary industry developments in communication: Use of analytical tools for
continuous monitoring of key performance indicators (KPI), providing visual reports and
recommendations. Table 1.4 lists tools such as Trello, Asana, Slack, Microsoft Teams,
Lightico, Google Analytics, and Hootsuite with their functions and applications.

Abstracts of Dissertations 2025 (5) 3-46
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" Tool Features Applications
Trello Task and Process Management Campaign Planning and Tracking
Asana Team Task Coordination Internal Communication
Optimization
Slack Real-Time Communication Improving Internal

Communication

Microsoft Teams

Video Conferencing and Chat

Remote Team Management

Lightico

Conversation Analytics and KPI

Customer Interaction
Optimization

Google Analytics

Traffic and Conversion
Measurement

Digital Campaign Evaluation

Hootsuite

Social Media Management and
Analysis

Strategy Monitoring and
Adaptation

Table 1.4. Basic analytical tools for optimizing communication strategies

« Information overload management: A critical aspect involving ensuring information quality

and strategies to prevent overload [Eppler, 2015]. The efficiency curve in Figure 1.16

illustrates how increased information volume can improve but beyond a certain point reduce

decision-making effectiveness.

Theinformation
is sparse, but
reliableand
useful

Theideal situation,
m wherethereisan
abundance of reliable
information

QUALITY INFORMATION

Insufficientand
unreliable
information

Assituation of information
overload, where the large
volume ofinformation
makes processingand
decision-making difficult

QUANTITY OF INFORMATION

Figure 1.16. Efficiency curve

A 4

« Integration of organizational processes and communication flows: Optimization requires

process integration for better coordination and information exchange.
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17 Gergana Mateeva

o Impact assessment and continuous improvement: Periodic reviews and feedback analysis for

adaptation to dynamic changes and sustainable development.

1.9 Methods for Optimizing Communication Strategies

Heuristic and Al-driven techniques are applied to improve communication strategies,
enhancing efficiency and effectiveness in complex systems, including hyperheuristics and meta-

heuristic techniques. Figure 1.17 visualizes these approaches.

. Particle swarm Ant colony
Genetic o o
. optimization optimization
algorithms (GA) o) (ACO)
( N\ ( N\ ( N\
MmunTtupa obyyenue,
Develops optimal communication Simulates swarm intelligence for tf;izz::gﬁg?rﬁ p?oerrzmt?r:;
pathways using selection, self-organizing communication message routin Ea cnepu or
| mutation, and crossover | networks | d)epo%wouw 3ag0nTumaﬁHo
MapLpyTU3MpaHe Ha cboblieHns
\. J/ \. J/ \. J/
( N\ ( N\ ( N\
Used for adaptive network Applied in loT-based intelligent Used in dynamic traffic
routing and cloud resource systems and real-time data management and distributed
] allocation ] synchronization ] computing
\. J/ \. J/ \. J/

Machine learning- Reinforcement
based optimization learning for adaptive
(ML) communication
4 N\ 4 N\
Predicts Al models learn from
communication real-time feedback to
] bottlenecks and — optimize workflows
automates responses dynamically
. J . J
4 N\
Used in Al-driven
chatbots, email Applied in autonomous
filtering, and decision-making, smart
—| cybersecurity threat — factories and finance
detection
. J . J

Figure 1.17. Optimization methods
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e Optimization techniques and methods include:

o Genetic Algorithms (GA): Stochastic optimization methods inspired by natural
selection, using selection, mutation, and crossover for optimal solutions in adaptive
network routing and cloud resource allocation [Cormen et al., 2022].

o Particle Swarm Optimization (PSO): Algorithm based on collective swarm behavior,
applied in self-organizing communication networks and loT systems [Heaton, 2014,
Iba, 2020].

o Ant Colony Optimization (ACO): Algorithms mimicking ant food-searching
behavior, used for dynamic message routing [Heaton, 2014; Iba, 2020].

o Machine Learning (ML): Predicts bottlenecks, automates responses, integrates into
Al systems for enhanced efficiency and security [Petrov et al., 2022].

o Reinforcement Learning: Enables Al models to learn from real-time feedback for
dynamic optimization of communication and work processes [Petrov et al., 2022].

o Practical applications of optimized communication strategies include corporate
communication and collaboration, cloud and distributed computing, cybersecurity and
secure information exchange, 10T and intelligent systems with self-optimizing networks and

Al-assisted predictive maintenance.

1.10 Contemporary Trends in the Development of Communication Strategies for
Information Process Management
These trends focus on enhancing efficiency, automation, and decision-making, summarized

in Figure 1.18.

e Al-driven communication and automation: Al chatbots and virtual assistants with NLP
improve real-time communication, reduce human intervention, and support decision-making
via predictive analytics.

o Knowledge and big data management: Development of Big Data and quantum computing
transforms data analysis, requiring effective knowledge management and new approaches
[Van De Bogart, 2015].

« Risk management in digital transformation: Effective communication strategies must
include mechanisms for managing risks related to new digital transformation challenges
[Salutina et al., 2023].

« Interactive and dynamic communication: Uses new technologies to enhance engagement and

efficiency with dynamic search strategies [TeSi¢, 2016].
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—

Sector-specific telecommunications applications: Development of digital strategies is vital
for competitive advantage through innovative solutions and new business models [Polyanin
et al., 2017; Martyakova et al., 2019; Folch & Tamayo, 2008; Prokofiev et al., 2021].
Cloud-based and remote collaboration technologies: Platforms like UCaaS unify
communication channels, while cloud and blockchain technologies improve transparency
and security for hybrid and remote work.

lIoT and Edge Computing integration: Smart loT devices automate information exchange,
and Edge Computing reduces latency in time-sensitive applications.

Data-driven communication optimization: Dynamic workflow automation and Digital Twin
technology regulate information flow and simulate optimization strategies.

Blockchain and cybersecurity in communication: Decentralized blockchain networks
provide transparency and immutability; zero-trust security models and end-to-end
encryption enhance protection.

Adaptive and context-aware communication: Al personalizes information flow, and

gamification increases effectiveness.

Al-driven communication and automation |

I— Knowledge Management and Big Data |

—

Risk management in digital transformation |

I— Interactive and dynamic communication |

I— Telecommunications sector-specific applications |

I_ Cloud-based and remote collaboration technologies |

I— Integrating 10T and Edge Computing |

Data-driven communication optimization |

Blockchain and cybersecurity in communication |

Human-centered and intercultural communication strategies |

-
-
— T |
-
-

Future trends |

Figure 1.18. Main contemporary trends in the development of communication strategies for

information process management
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e Human-centered and intercultural communication strategies: Emotional Al and multilingual

Al translation improve human interactions and global information processes, aligned with
digital ethics.

e Future trends in optimizing communication strategies: Include quantum communication

(QKD) for exceptional security, 5G/6G networks for high-speed connectivity, Al

collaboration, and holographic interfaces for more secure, fast, and intelligent

communication strategies.

1.11 Conclusions

Modeling and optimizing communication strategies in information process management
significantly enhances their efficiency, security, and adaptability. Utilizing Al, heuristic algorithms,
and decentralized architectural models enables organizations to achieve effective data-driven
decision-making. Future trends emphasize greater adaptability, personalization, and real-time
decision-making. Technology integration in communication strategies optimizes decision-making,

internal communication, business processes, flexibility, risk management, and collaboration.

Chapter 2: Methods for Heuristic Optimization of Communication Strategies in
Information Process Management

This chapter focuses on the use of heuristic and metaheuristic methods for optimizing
communication strategies in managing information processes, emphasizing efficiency and handling
system complexity.

2.1 Heuristic Optimization Methods for Communication Strategies

To improve the efficiency and effectiveness of communication in complex systems, the
dissertation proposes the use of hyperheuristics and metaheuristic techniques.
2.1.1 Hyperheuristics

Hyperheuristics are high-level strategies that select, combine, or generate heuristics to solve
problems. They use information gained during the search process, often involving probabilistic

selection and reward-punishment mechanisms for optimization [Navarro et al., 2023].
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Heuristics— local
Hyper heuristic search, mutation,
etc.

Reward/
punishment

mechanism

Solution /
Optimization

Figure 2.1. Information on the search process

2.1.2 Metaheuristic Techniques

Metaheuristic techniques (MHT) are used for effective information management in complex
systems such as logistics and distribution. They focus on collaboration, communication, and
knowledge exchange along the supply chain and are critical for organizations requiring advanced

decision support systems [Yang, 2022].

APPLICATION

- Effective in logistics and distribution
management

- Focuses on collaboration,
communication and knowledge
exchange along the chain

BENEFITS

= Helps address complex challenges

- Improves information management

Figure 2.2. Applications and benefits
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2.2 Genetic Algorithms: Theoretical Foundations and Modifications

Genetic algorithms (GA) are heuristic global optimization methods inspired by natural
selection and genetics, used to solve complex optimization problems by mimicking natural selection

and reproduction processes.

2.2.1 Basic Principles of GA

The process starts with a random population of candidate solutions. Key stages include:

o Selection: Better-performing solutions have a higher chance to be chosen for reproduction.
e Crossover: Combining two or more solutions to create new ones.

o Mutation: Random changes to solutions to introduce diversity.

The fitness value of each individual is calculated by a fitness function assigning a numerical
quality score to the solution. This function may represent error or cost. The population evolves

towards better solutions through repeated application of these operators [Mateeva et al., 2023].

2.2.2 DNA-Inspired Modification of Genetic Algorithms

A DNA-inspired GA modification is proposed, using chromosomes as binary twins with
inverted bits (bit-string twin optimization). Each chromosome has a complementary pair, allowing
more efficient search space exploration, better constraint handling, and maintaining population
diversity [Mateeva et al., 2023]. Despite potentially higher computational costs, twin chromosomes
share the same fitness value, possibly avoiding premature convergence. The implementation uses
the open GA C/C++ library.

2.2.3 Experiments and Results

Experiments validating the DNA-inspired GA modification were conducted using well-
known benchmark optimization functions [Balabanov, 2020]. Figure 2.3 depicts a two-dimensional
benchmark function surface with many flat areas and local optima, making global optimum

discovery challenging.
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= GeoaGebra 3D Calculator

Figure 2.3. A two-dimensional version

The C/C++ source code was executed on a mobile device with the Linux Postmarket OS

distribution.

2.3 Application of GA in Information Flow Management in Distributed Computing
2.3.1 Managing Information Flows in Distributed Computing with GA

The dissertation proposes a strategy for managing information flows in distributed

computing systems using GA:

o Data flow from server to mobile devices: Financial time series data is provided by a web
server to mobile devices for computation [Mateeva et al., 2022].

o Management of global and local populations: The application maintains a global population
on the server and local populations on devices, controlled by different evolutionary
algorithms.

« Distributed computing without frequent synchronization: The architecture allows local
solution evolution over extended periods without frequent synchronization, reducing node
interdependence.

e Modular architecture: The mobile application features a modular architecture for maximum

configurability.

Figures 2.4 to 2.8 illustrate data flow, algorithm convergence, performance, and

computational cost evaluations related to MOEA Framework and Jenetics implementations.
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Figure 2.5. MOEA Framework convergence
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Figure 2.6. Jenetics convergence.
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Figure 2.7. MOEA Framework number of target function calculations
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Figure 2.8. Jenetics number of target function calculations

2.3.2 Financial Time Series Forecasting Using GA

GA are applied for forecasting financial time series in distributed computing, utilizing
gradient methods for training Artificial Neural Networks (ANN). Android OS services support

background computations, and Live Wallpaper is used for intermediate result visualization.

Figures 2.9 to 2.11 illustrate sample time series, training data formation, and data feeding
into ANN.
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Figure 2.11. Artificial neural network data feeding
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Quantitative evaluation uses metrics such as Mean Absolute Error (MAE) and Root Mean
Square Error (RMSE). The system employs a client-server architecture with mobile devices
connecting via RESTful HTTP/JSON communication. An alternative forecasting approach uses
curve approximation via sinusoidal series and linear regression, with GA optimizing coefficients
[Xujie Tan et al., 2023].

2.3.3 Internal Information Management Strategies in GA in Digital Environment via
Fitness Function Approximation

The fitness function is a key information process in GA guiding their evolution. When
fitness functions are time-consuming, GA efficiency drastically decreases. Approximation using
Lagrange polynomials is proposed to speed up optimization and reduce costly interactions. This
enhancement enables metaheuristics to be applied in previously inaccessible domains [Mateeva et
al., 2022].

2.3.4 Experiments and Results

Three experiments compared standard GA with GA using approximated fitness functions in
an optimization gaming environment (RTP). The first experiment showed the advantage of the

approximated fitness function near the optimization process end (Figures 2.12 to 2.14).

Optimization Convergence

Bast Found Value
o
B

Figure 2.12. First experiment
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Best Found Value

Bast Found Value

Optimization Convergence

Time: [m]

Original - abs(target-estimated) - - — - - — Approximated — abs(target-estimated)

Figure 2.13. Second experiment

Optimization Convergence

Time [m]

Original - abs(target-estimated) - - — - - - Approximated — abs{target-estimated)

Figure 2.14. Third experiment

2.4 Study of Statistical Properties in Optimization: Data Quality and Random Number
Scaling

Data quality is crucial. The generation and scaling of random numbers are critical for GA.

2.4.1 Generation and Scaling of Random Numbers

Random numbers can be generated by:

Pseudorandom Number Generators (PRNG): Use deterministic algorithms such as Mersenne

Twister.

True Random Number Generators (TRNG): Use physical processes such as TrueRNG v3.
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2.4.2 Random Number Scaling Techniques

Scaling transforms generated numbers into desired ranges using linear, nonlinear, or specific

scaling without introducing bias.

2.4.3 Statistical Tools and Experiments
The "ent" tool evaluates entropy of files and byte sequences, measuring:
o Entropy: Degree of randomness and unpredictability.
e Chi-square test: Assesses uniformity of byte value distribution.
e Arithmetic mean value: Average byte value.

« Monte Carlo estimation of Pi: Approximate value of Pi via sampling.

« Serial correlation coefficient: Measures dependence between consecutive values.

2.4.4 Experiments and Results

Experiments with Mersenne Twister and TrueRNG v3 data scaled from 0-1 to 0-32 show

scaling does not significantly affect statistical properties of pseudorandom numbers.

Figures 2.15 to 2.26 present entropy, chi-square values, mean values, and serial correlations

for different ranges.

Mersenne Twisier Generatar Num bers
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Figure 2.15. Mersenne Twister entropy
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Figure 2.16. TrueRNG v3 entropy

Difference

PR

Figure 2.17. Entropy difference
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Figure 2.18. Mersenne Twister chi-square
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Figure 2.20. Chi-square difference
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Figure 2.21. Mersenne Twister mean
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Figure 2.22. TrueRNG v3 mean

Difterence

oo0es

scare

Figure 2.23. Mean difference
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Figure 2.24. Mersenne Twister serial correlation
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Figure 2.25. TrueRNG v3 serial correlation
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Figure 2.26. Serial correlation difference

2.5 Conclusions

Heuristic and metaheuristic methods, especially GA, provide robust frameworks for
improving communication strategies and information process management in complex systems. The
DNA-inspired GA modification and adaptive approximation of time-consuming fitness functions
significantly reduce computational and communication traffic, enabling GA applicability on
resource-constrained devices. Modular software organization and use of open libraries contribute to
flexibility and quality of distributed systems. The holistic optimization approach considers both
algorithmic results and the efficiency of underlying communication processes. Scientific

publications reflecting the content of this chapter are listed at the end.
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Chapter 3: Models for Communication Strategies in Information Process Management
in Digital Environments: Technical and Architectural Aspects

Chapter 3 addresses the modeling of communication strategies in digital environments from
technical and architectural viewpoints, focusing on optimizing information flows and
communication processes. It discusses opportunities and challenges posed by digital environments,

as well as interfaces and algorithms structuring online communication [Kevin Lewis, 2021].

A key aspect is digital literacy, encompassing technical, cognitive, and socio-emotional
skills necessary for effective digital environment utilization. Higher technical digital literacy

correlates with increased use of collaborative technologies [Andree-Anne Deschénes, 2023].

The diversity of digital channels and tools is presented in Table 3.1 [Anthony Cherbonnier et
al., 2024], comparing immersive environments (e.g., video games and scenario-based simulations
requiring group activity for collaborative skills training) with non-immersive environments (e.g.,
sharing platforms and online courses that provide shared workspaces for synchronous and

asynchronous discussion).

IMMERSIVE ENVIRONMENTS NON-IMMERSIVE ENVIRONMENTS
Can be used to teach collaborative skills and  Provide shared workspaces and channels
require group activity to achieve common for synchronous and asynchronous

goals discussion

Video Games Sharing Platforms

Scenario Simulations Online Courses

PC-Based Simulators and Augmented Reality = Collaborative Problem Solving Tools
Tools

Table 3.1. Types of digital environments and their characteristics

3.1 Use of Android Content Providers and Architectural Aspects

For effective data management in mobile distributed environments, the dissertation proposes
the use of Android Content Providers. They serve as a mechanism for modular data management

and access, improving modularity and application robustness.

The client-server architecture is a fundamental model for digital information processes,
where the server provides information or services to mobile devices (clients) via HTTP/JSON

protocol.
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Figures 3.1 to 3.3 illustrate client-server architecture, HTTP communication, and modular

system components.

Figure 3.1. Client-server architecture

=N

Figure 3.2. HTTP communication

Command line
interface

Prediction
machine

OC Android Ul
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Figure 3.3. Modular architecture

Application of Content Providers in distributed computing includes data flow from server to
mobile devices, management of global and local populations, and asynchronous communication
models without frequent synchronization. This approach is particularly crucial for time-consuming
fitness functions, where approximation reduces the need for frequent communication [Mateeva et
al., 2022].

3.2 Technical and Architectural Analyses and Solutions

Mobile Cyber-Physical Systems (CPS) and the Internet of Things (I0T) underpin intensive
digital transformation, creating new opportunities and challenges. CPS integrates physical process
dynamics with software and networks for integrated modeling, design, and analysis [Sanfelice et al.,
2016; Chen et al., 2020].

IoT data is often noisy, highly variable, and "rough," necessitating preprocessing to extract
business value [Dineva et al., 2019]. The increasing number of I0T devices reaches the limits of
existing architectural scalability. Cloud-Based 10T (CB-loT) provides computational capabilities
and storage via virtualization [Dineva et al., 2020]. Developed architecture is based on AWS cloud,

enabling automated scaling and data analysis. Figure 3.4 visualizes these platforms.

| Application/ Storage platforms |

IoT device

IoT device : |:> JoT Edge : : Cloud <:||:> User interface

services
10T device &
group

- Monitoring services

- Data analysing
- Data evaluation

Figure 3.4. Cloud-based CPS/IoT architecture for monitoring livestock
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Key means for distributed computing implementation include Android OS APIs (such as
Android Services for background operations, Live Wallpaper for intermediate visualization, and
Android Widgets for flexible visualization and user input) [Mateeva et al., 2021]. Systems use
client-server architecture with HTTP/JSON RESTful communication, background execution, and
local data storage in SQLite, alongside external Java-based libraries for machine learning,

optimization, and communication. Modular design ensures flexibility.

3.3 Challenges and SWOT Analysis

Main challenges in interaction system design include operational interoperability (systems

working seamlessly together) and resource constraints (limited memory, no display, weak
processors) [Sadeghi & Mersedeh, 2023].

Table 3.2 summarizes problems, causes, and proposes principles such as minimalism and

adaptability to address them [Margaria et al., 2011].

Category

Resource
constraints

Reasons for
restrictions
Design
challenges

A perspective on

simplification

Empirical
observations

Description

Limitations such as limited
memory, lack of display,
weak processors

Economies of scale and
constraints imposed by the
host environment (weight,
size, energy)

Working on not yet fully
designed systems with
critical unknown factors
An approach to more
efficient use of resources
and creating stable, easy-to-
maintain systems

Collected findings and
examples from experts,
supporting the identification
of good practices

Impact /
Consequences
Makes

implementation and
management difficult
Affect system costs

and capabilities

The process is
complex and
uncertain

Improves stability

and performance

Facilitate the practical

application of the
principles

Principles and
Recommendations
Optimal use of resources
through simplification

Taking into account at an
early stage

Using iterative and
adaptive approaches

Applying the principle of
“less is more”

Applying recommended
methods in system
design

Table 3.2. Challenges and principles in the design of resource-constrained systems

SWOT analysis of CPS/loT and distributed computing resources identifies:
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Strengths: New product/service opportunities, integrated modeling approach, data value
creation, cloud computing advantages (AWS), use of Android OS APIs, client-server
architecture, background execution, local storage, and modular design.
Weaknesses: Lack of data sharing standards, noisy and variable loT data, need for
preprocessing, architectural capacity limits, interoperability and resource constraint
challenges.
Opportunities: Development of data transformation methods, CB-10T, enhanced data
processing, distributed knowledge, AWS scaling and analysis, flexible standardized
processes, and design simplification.
Threats: Noise and data errors, data inconsistency, computational limits, lack of

interoperability, and compromises due to resource constraints.

3.4 Architectural Models and Communication Optimization Techniques

Several architectural models for distributed systems are examined [Washizaki et al., 2020]:

Client-server architecture: Centralized management, implemented in the dissertation, but
susceptible to single point of failure.

Peer-to-Peer (P2P) architecture: Decentralized with high fault tolerance, reducing
dependence on a central server.

Event-based (Publish-Subscribe) architecture: Suitable for IoT systems with asynchronous
data generation (e.g., Smart Farming).

Layered architecture: Models in the dissertation can be framed within layered architecture

(Sensor, Network, Services, Application layers) [Triantafyllou et al., 2019].

Table 3.3 compares these models by principle, scalability, fault tolerance, latency, suitability

for resource-constrained 10T, and relation to the dissertation model. A future hybrid architecture

combining client-server, event-based, and P2P advantages is proposed to address SWOT-identified

challenges.
T
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Client-server Centralized Limited by | Low (single | Depends on High (thin Implementation
point of proximity and model: Central server
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control the server failure) server load clients) for managing the
population in GA;
mobile clients for
computation.
Peer-to-Peer Decentralized High High (no Variable; can Medium Alternative/Hybrid
(P2P) control single point | be low for (participants model: Can be used for
of failure) local also act as direct data exchange
participants Servers) between mobile nodes
without the
intermediary of a server.
Event-driven Asynchronous High High (weak Low for event High Conceptual suitability:
(Pub/Sub) messaging connectivity) | distribution (lightweight Fits the nature of data
publishers) generation from loT
sensors in smart
agriculture.
Multilayer Segregation of Varies Varies Varies High Overall Framework:
Responsibilities The system in the
dissertation can be
described by a multi-
layer model (Sensory,
Network, Services,
Applied).
Table 3.3. Comparison table of basic architectural models
Specific communication optimization techniques in CPS/IoT include adaptive

communication models (data transmission adaptation based on conditions), energy-efficient routing
and data aggregation (traffic reduction via local processing), and low-energy technologies (e.g.,
backscatter communication) [Taha et al., 2020; Wei et al., 2018; Ding et al., 2024; Chen et al.,
2021]. Optimization is a holistic, multi-layered problem linking algorithmic optimization with
network and energy efficiency [Taha et al., 2020; Wei et al., 2018; Ding et al., 2024].

Heuristic optimization architectural design in distributed systems employs an "island model"
for GA (each mobile device is an "island" with a local population). Information exchange among
nodes and central server includes initial population distribution, individual migration, and
broadcasting the global best solution, balancing quality and communication traffic [Mohamed et al.,
2012].

Integration of "DNA-inspired GA modification” and "time-consuming fitness function
approximation™ changes architectural requirements, allowing GA execution on resource-constrained
devices by reducing communication traffic. This algorithm-architecture synergy represents a

holistic algorithmic-architectural framework [Krupitzer et al., 2020].
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3.5 Prospective Architectural Vision and Conclusions

Future directions include integration with federated learning (training local device models,
sending only parameters for aggregation), multi-agent systems (decentralized negotiations, devices
as autonomous agents), and the impact of 5G/6G networks and quantum communication for lower
latency and higher security [Marfo et al., 2025; Dritsas et al., 2025; Yang et al., 2012; Saad et al.,
2009; Zreikat et al.,, 2025]. The dissertation framework is a fundamental step toward fully

autonomous and decentralized intelligent systems.

Mobile, cyber-physical systems (CPS), and 10T form the basis of digital transformation but
require innovative design strategies to address interoperability and resource constraints. The
developed models enable efficient application of heuristic methods on heterogeneous mobile and
loT devices in resource-constrained distributed digital environments, including their technical and

architectural aspects of information flow management.

Main Scientific and Applied Contributions

This dissertation presents a holistic hybrid framework for optimizing communication
strategies in distributed digital environments with limited resources, integrating flexible
architectural models, advanced heuristic methods, and a holistic approach to information flow

management.
Contributions are grouped into three categories:

1. Methodological contribution: Two new approaches for improving genetic algorithm

efficiency in networked environments are developed:

o DNA-inspired genetic algorithm modification: A new representation using paired
chromosomes with inverted bits is proposed and validated. This method enhances search
space exploration and maintains population diversity, providing more stable solutions for
complex optimization problems compared to standard GA.

e Adaptive method for approximating computationally expensive fitness functions: A new
technique using Lagrange polynomials to approximate time-consuming fitness functions is
developed. This approach significantly reduces computational and communication traffic,
making GA applicable on resource-constrained devices. The adaptive nature of the

approximation set represents a self-optimizing mechanism within the algorithm itself.
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2. Architectural contribution: A new architectural model for practical deployment of
computationally intensive optimization algorithms (such as GA) on heterogeneous mobile
and loT devices with limited resources is created. The novelty lies in the synergistic

combination of:

e Asynchronous communication protocols: The model minimizes the need for frequent
synchronization between central server and clients, mitigating the "slowest client™ problem
common in distributed systems.

e Modular and buffered data management: Specific use of mechanisms like Android Content
Providers serves as a generalized model separating user interaction from background
computation, ensuring system responsiveness and efficient local data processing. This joint
algorithm-architecture design is a significant contribution to Edge Al and distributed

intelligence.

3. Applied contribution: A comprehensive applied model for intelligent monitoring and data
processing in smart agriculture is developed, validated through the "Smart Livestock™

project. Validation is multidisciplinary, using:

« Quantitative performance metrics: Rigorous evaluation using standard metrics such as Mean
Absolute Error (MAE) and Root Mean Square Error (RMSE) to demonstrate forecasting
accuracy and optimization algorithm effectiveness.

o Qualitative strategic analysis: SWOT analysis contextualizes system strengths and
weaknesses and validates design decisions against domain key challenges like data quality,

interoperability, and resource constraints.

Directions for Future Research

Key future research directions include:

e Further development and application of advanced heuristic methods, particularly genetic
algorithms, in distributed digital environments with limited resources.

« Expansion of studies on adaptive and decentralized architectural models for effective
management of information flows and resources.

e In-depth exploration of integration and application of emerging communication technologies
and Al approaches for improving optimization strategies (e.g., quantum communication,

5G/6G, holographic interfaces).
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47 Teprama Mareesa

BbBegeHue

Hacroammsar nucepTaloOHEH TPy aHAJIU3Upa CBIIECTBYBAIM M IIpeIara MOJEIH 3a
U3M0JI3BaHe HAa WHQPOPMAIMOHHM W KomyHHKanuoHHH TexHosormu (MKT) 3a mpenmocrassine Ha
uHbopMalMg W yHOpaBieHWe Ha HWHPOpMauuMOHHM mpoueck. OCBEeH TOBa, TOW pasriexnaa
komOuaupanero Ha Te3n MKT TexHomormm ¢ Jpyrd TEXHUKM M METOAM 3a EBPHUCTHYHA
OINITUMHU3AIUA U YIIPABJISIBAHU OT U3KYCTBCH HMHTCJICKT MOAXOAU 34 ONITUMHU3UPAHC HA CTPATCTUH B
yrpaBieHHe Ha WHPOPMAIMOHHW mporecu. M3crnenBanero mpeanara HOBa XHOpHAHA paMKa 3a
OINITUMHU3AIMd Ha KOMYHUKAIUOHHU CTPATCTHUU B PA3MNPCACIICHU AUTHTAJIHU CPEAU C OrpaHUYCHU

pecypcH.

Llen 1 3agauv Ha gucepTaumoHHUA TpyA,

IlenTa Ha nUCepTALIMOHHMS TPYJ € Ja ce pa3padoTAT MOJEIU U METOJU 3a ONTUMHU3ALU Ha
KOMYHHUKAIIMOHHY CTPATETWy B yIpaBlieHHE HA MHPOPMALMOHHH TPOLECH. 3a TIOCTUTAaHETO Ha Ta3u
el ca Je(UHUPaHU CIETHUTE 3aJ]auu:

» Jla ce pa3paboTIT €BPUCTHYHU METOJM 33 ONTHMH3ALMS Ha KOMYHHKAIIMOHHH CTPATETHH
IIpU yIIpaBiieHHe Ha UH()OPMAIIMOHHH MTPOLECH B AUTUTAIIHA CPEJa.

» Jla ce mnpemioxku MoauduKanus HA TEHETHYHHTE alNTOPUTMH 33 ONTHUMH3AaIMs Ha
KOMYHHUKAI[MOHHY CTPATEruu B YIpaBieHUE Ha HH(POPMALIMOHHU IIPOLIECH.

» Jla ce mpeanoxu METOA 3a Mojo0psiBaHe Ha €PEKTUBHOCTTA Ha TEHETUYHHUTE AITOPUTMH 32
LIEJINTE Ha yIIpaBiIeHHE Ha UH()OPMAIIMOHHH ITPOLIECH.

» Jla ce pa3paboTAT MOJeNH, KOUTO IMO3BOJISIBAT €(EKTHBHA pealn3anvs W NpuiIaraHe Ha
pa3paboTeHUTe eBpUCTUYHHM METO/M Ha XxeTeporeHHH MoouiHu u [oT ycTpoiicTBa B pasnpeneneHu
JUTUTAIHU CPEIU C OTPAHUYEHH PECypCH.

» Jla ce mpeanoXu MOAXOJ 32 OIEHKAa Ha e(deKTa OT MPHUIOKEHHETO Ha pa3paboTeHuTe
MOJIETM M METOJM 3a ONTHMHU3alMs Ha KOMYHMKAI[MOHHU CTpaTeruu 3a YIpaBiIeHHE Ha
MH(GOPMALMOHHU TIOTOLU B pa3peesieH! TUTUTATHU CpeJiu.

CTpyKTypa Ha AucepTraumaTta
JlucepTalMoOHHUAT TPYA € CTPYKTYpUpPaH B TPU IJIaBU:

» I'maBa | mpexacraBst aHanUTHYEH 0030p Ha CHBPEMEHHH TEHACHIMM B Pa3pabOTBAaHETO Ha
KOMYHMKAIIMOHHU CTPATErMH U TEXHOJIOTHH 3a yIpaBlieHNe Ha HH(OOPMALIMOHHU MPOLIECH.

» I'maBa 2 omucBa pa3pabOTeHUTE EBPUCTUYHU MeToAH, No-KoHkpetHo JIHK-BapxHOBeHa
Moau(UKaAIMA Ha TEHETUYHUTE AITOPUTMU U AJalTHBHA alpOKCHMAalUs Ha LejeBuTe QyHKIUHU 3a
ONTUMH3AIMS HAa KOMYHUKALIMOHHU CTPATETHH B yIIpaBJieHUe Ha HHPOPMAIIMOHHH MPOLIECH.

» I'nmaBa 3 oOxBamma MOAENTUTE, KOUTO TO3BOJISIBAT €()EKTUBHO TpPHIIaTaHe HAa €BPHCTUYHUTE
METOAM Ha XeTeporeHHH MoOWiHUM u |0T ycTpoiicTBa B pa3mnpeneieHd AUTHTATHU CPeau ¢
OTPaHUYEHU PECYPCH, BKIIOUUTEITHO TEXHUUECKUTE M apXUTEKTYPHHU aCIIEKTH Ha yIpaBJICHUETO Ha
MH(GOPMAIIMOHHU TOTOLU C IeTalIHATa UMITJIEMEHTALIHSL.

Asmopegpepamu na oucepmavuu 2025 (5) 47-88
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lnasa 1. CbBpeMEHHU TEHAEHLMM B pa3paboTBaHe Ha KOMYHUKALMOHHU CTpaTernu 3a
ynpaBaeHne Ha MHPOPMaLIMOHHU NpoLecH

[IppBa rnaBa Ha TUCEPTALIMOHHMS TPYA MPEACTABIISABA AHATUTUYECH 0030p HAa CHBPEMEHHUTE
TEHJICHIIMU B pa3pab0TBaHETO Ha KOMYHHKAIIMOHHU CTPATEIMU M TEXHOJIOTHH 3a yIpPaBJIeHUE Ha
MH(OPMALMOHHHU TPOLIECH.

1.1. UHpopmMayuoHHU npoyecu 8 dueumanHa cpeda

HampenskbT Ha mHpOpManmoHHuTe U KomyHukanuoHHu texHosoruu (MKT) e nmosen mo
chBpeMeHHaTa uHpopmanmonHa epa, kpaeto MKT ca Tpancopmupamniu ¢Gaktopu B pa3iInvHH
uHayctpun. MHopManmmoHHUSAT mpouec BKIOYBAa chOupaHe, 00paboTka, mpHIOOUBaHE,
3alMcBaHe, OpraHU3UpaHe, U3BIMYaHEe, MOKa3BaHE U pa3NpOCTpaHEHHE Ha JaHHH, C KpailHa 1Lem
aHanu3a Ha wuHpopmarusaTa [Galbraith, 1977]. Jlururanxara cpema oOxBaiia pasHOOOpasHU
uudpoBH yCTPOKCTBA, MIATPOPMHU, MEAHUH, JaHHU U TEXHOJIOTUH, KOUTO MOJMOMAraT MOCTUTaHETO
Ha qurutanad nenu. Tasu cpena e wiroctpupana Ha @urypa 1.1. 3a eeKTHBHOTO PYHKIIMOHUPAHE
Ha ChbBPEMEHHHUTE OpraHU3allMu € KIOYOBO 3abJII00YEHOTO pa3dupaHe Ha KOMYHHKAIUSATa KaTo
OCHOBEH MEXaHU3bM 3a yrpaBieHue u 00MeH Ha HHPpOpMaIus.

AunrntanHm yenn AurntanHa Undpoeun Aurutanuu
- [ i G iE nybnuka ycTpoicTea nnatpopmm

MapKaTta
* busHec 3a BusHeca * CmapTtdoH
* SMART KOMYHMEELMOHHM —
uenu * busHec 3a knveHTa * Tabner * Google
* WHTerpupaHe Ha KamnaHu . I'IoTpt;.aﬁnTEﬂ Kb = PaboteH nioT * Amazon
notTpeouTen - 2 . o
+ [lurutanta TpachopmalLina P * Undposa Tenesmsna u * Microsoft
1 NpeKbCBaHe * llenesw nasapm, Tabnetn n3sbH goma * Apple

CErMEHTU M TMYHOCTH
+ MoHeTuzauma + [pyru

Lndpposu LUndposu Lmdposu
megun AaHHN TeXHONorMmm

* MNnatetn * KnMeHTCKM npodun * CodTyep Kato ycnyra

s CobcTBeHM * MoBefeHuUe Ha KAWeHTUTE * Martech, BRAOYMTENHO

* Cnevenetn * CTOMHOCT Ha KNKeHTa PRETHHIOB 0613k

* Vebcaiirose u * KomMyHHKaLMOHHM * MapreThhrosa
NpUACHKEHNA NIPEANCUMTAHMA aBTOMATMIALIMA

* TbpceHwuA, couraneH u * [onAm ofiem gaHHu * M3KycTBEH MHTENEKT
MMeiin MapKeTHT * PasluMpeHa W

* MapKeTuHr Ha BMPTYanHa peanHocT
CbabpKaHue u MNP

Queypa 1.1. /lueumanua cpeoa (Aoanmupano om:
https://www.sciencedirect.com/science/article/pii/S1029313222000719)

1.2. Modenu Ha KOMyHUKAUUSA
TepMUHBT ,,KOMyHUKalMS“ TpOM3IM3a OT JIATUHCKM W O3HayaBa ,,CHOJENSHE™,

,,ChOOIIIaBaHe™, ,,pa3feNsiHe’ Win ,,[IpeaBaHe’, aKIEeHTHPAHKu BHPXY CHh3JaBAaHETO Ha OOIIHOCT,
CBBP3BAaHETO W B3aUMOJICHCTBHETO MEXAYy xopaTta. 3a Ja Obje e(peKTHBHA, KOMYHHKAIUATA
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HU3KUCKBA MOCJIaHUATA Ja Ca SICHU, KPpAaTKH, KOHKPCTHU, JOCTOBCPHU U C’bO6pa3CHI/I C KOHTCKCTa "
ayauTopusaTa.

» Jluneen mozen Ha KoMyHHKanus: [IpencTaBs KOMyHHUKAIUATA KaTO €THOMOCOYEH IPOLEC OT
MoJiaTeNl KbM IOJIydyaTesl, Mojo0HO Ha Mojena Ha ApPHUCTOTEN W MO-KbCHO pa3BUT OT LlleHvpH M
VYussbp. To3u Moen BKIIIOYBA €IEMEHTH KaTO U3TOUYHUK HAa MHPOpMaLus, peaaBaTell, KaHall, IyM
(BCSIKaKBM CMYIIEHHMS), IPUEMHUK U KpailHa nectuHauus. Busyanusupan e Ha QPurypa 1.2. un
Qurypa 1.3.

=4
~~ Lym //
o I/\-// NMPUHEMHHMK

nopaTten

Queypa 1.2. Jluneen mooen na komyHuxayus (Aoanmuparo
om:https://pressbooks.bccampus.ca/professionalcomms/chapter/3-2-the-communication-process-
communication-in-the-real-world-an-introduction-to-communication-studies/)

b, KpaiiHa
nonyuaten w
AecTMHaLMA

M3TOYHMK Ha . npenagaTen
nHdopmauma L!\ peAas

@ueypa 1.3. Mooden 3a nunetina komyrnuxayus Ha Lllenvn u Yuevp (Aoanmuparo om:
https:/Aww.novavizia.com/model-za-lingjna-komunikatsiya-na-shenyn-i-uivyr/.)

» VIHTepakTHBEH MOJEI Ha KOMYHHKanus: Pasriekaa KOMYHHKAIUSATa Karo JBYIOCOUYCH
nporec ¢ oOpaTHa BPbB3Ka, KBAETO YYACTHHIIUTE PEIyBaT POJHMTE CH HA MOJATEN M TOIyJaTell.
AKIIEHTBT € BBPXY HENPEKbCHATHS MPOIEC M 3HAYCHHUETO Ha oOpaTHaTa BpPbB3Ka, BMECTO CaMo
BBpXYy ycnemnoro npeaasane [A. C. ElIkins et al, 2012]. Umoctpupan e Ha @urypa 1.4.
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KogupaHe

AexkoaupaHe

M3npauiay - noayyaren

MNCMXONOTUHECKN KOHTEKCT
~——

—
DU3NYSCKU KOHTEKCT

AexkogupaHe

KogupaHe

W3npaiay - nonyyaren

- fo6pe, 6naropapa? = CvobueHue

Kanan3a o6pata speaka

Queypa 1.4. Humepaxmusen mooen Ha KOMYHUKAYUs

» TpanzakunoHeH Mojien Ha KOMyHUKarust: OnucBa KOMyHUKAIUATA KaTo MMOCTOSIHEH IPOIIEC,
OpU KOMTO YYaCTHHIIMTE €THOBPEMEHHO W3Mpam@ar W IO0JIy4aBaT CbHOOLICHHS, CHBMECTHO

c1>3,ua13a1711<1/1 conyajiHa peaJIHOCT B

JaJ€H KOHTCKCT. yqaCTHI/IHI/ITe C€ pasriexaar Karo

"komynukatopu". Ilpencrasen e na @urypa 1.5.

KOMYHUKATOP

COLI.HaJ'IEH KOHTEeKCT

dusmueckm u
NCUXONOTUYEH
KOHTEeKCT

CbBMmecTHO
KOMYHWUKATOP

Cb3aBaHe Ha
CMMUCDBN

KynTypeH KOHTEKCT

Pena LLMOHEH KOHTEKCT

Queypa 1.5. Tpauszaxyuonen Mooen Ha KOMYHUKAYUS
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1.3. TeopemuyHU OCHOBU U CbBPEMEHHU KOMYHUKAUUOHHU mooenu

Ta3u CCKIOMA HM3CJICABA KAaKTO KJIACMYCCKH, TakKa WU MOICPHH I10AXOIH, 63.31/IpaHI/I Ha
HWHTCJIUICHTHU arcHTH U CJIIOKHU OpTraHU3allMOHHU CTPYKTYpPHU.

» Kowmynukanuonen monen Ha [llanbH-Yupbp: JIMHEEH U €JHOIIOCOYEH MOJIEI 32 MpeaaBaHe
Ha ChOOLIEHUs, BKIIIOYBAILL IIECT OCHOBHHU €l1eMeHTa. Tol € MMPOKO MPUIIOKHUM B TEXHUYECKU U
MPCXKOBH KOMYHHUKAIIMOHHHM CHUCTCMU 3a OITUMH3AlWA Ha MNOTOKAa OT JaHHH. OCHOBHHTE My
€JIEeMEHTH ca noka3zanu Ha Purypa 1.6., a BmussHUETO Ha yma — Ha @urypa 1.7.

M3TOYHHWK HA

NPEAABATEN
ChbOGLLIEHHE CUTHAN

MPUEMHHK 5 AECTMHALMA
MHOOPMALIMA

NONYYEH ChOBLUEHHE
CHUIHAN

Queypa 1.6. Ocnosnu enemenmu na mooena Ha lllanvu-Yusvp

H3TOUHWK Ha

uH$opmaLma npepaeaten Voo |\ NpMemMHUK [ecTUHaLMA

L obpatHa Bpb3Ka

Queypa 1.7. Bausnue na wiyma 8 KOMyHUKAYUOHHUS npoYec

Aekoaep

» KomyHnukaimoneH mojeln, 6a3upaH Ha areHT: M3mosi3Ba aBTOHOMHH CO(TYEpPHHM arcHTH,
yOpaBiIsiBaHU OT HM3KYCTBeH HHTENEKT (Al), KomTo B3amMoJeHCcTBAT W ONTUMH3UpAT OOMEHa Ha
JTaHHYU B MynTHareHTHH cucteMu (MAS). Te moanmoMarar aBTOMaTU3MPAHOTO B3€MaHe Ha PEIICHUS.
TunuuHUTE XapaKTEepUCTUKHA HAa aBTOHOMEH areHT ca Mmoka3aHu Ha @wurypa 1.8., a TakcoHOMHATa HA
MOJIeJIUTE Ha B3auMoeiicTBue — Ha @urypa 1.9.
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OPYTU ATEHTHU

ATEHT

» Atpubyn

» MNpaewna 3a nosegenve

» Namer

» Pecypcu

» Mpaeuna 3a 8B3emaHe Ha pelleHune

¥ MNpaeuna 3a npomsHa Ha
npaewnara 3a noeefeHne

¥

CPEJA

Queypa 1.8. Tunuunu xapakmepucmuku Ha aémonomer azenm(Aoanmupano om: Mapmun Hearos,
CvepemerHO npUiodiceHUe Ha MHOL0AREHIMHUME CUMYIAYUOHHU MOOETU 8 U3CTIeO8AHUAMA U 8 NPAKMUKama,
Hoe bwreapceru ynusepcumem, Jlenapmamienm ,, Unghopmamuxa )

B3AUMOJEACTBUE
HA ATEHTA

OWPEKTEH

HACOYBAH OT OMOCPEACTBAHO

SELEIGEEL APTEQAKTH OT CPEQATA

OTKPUMBAHE HA
OTKPUBAHE HA ATEHTW YPE3
ATEHT YPE3 CPEIHA CPEQHW ATEHTA U
ATEHTH MOOEN HA
NO3HAHCTBA

Queypa 1.9. TaxcoHomus Ha Modenume Ha 83aumooelicmaue medxcoy azenmume (Aoanmupano om:
Bandini Stefania, Sara Manzoni and Giuseppe Vizzari, Agent Based Modeling and Simulation: AnInformatics
Perspective, Journal of Artificial Societies and Social Simulation 12 (4) 4, 2009,
http://jasss.soc.surrey.ac.uk/12/4/4.html)

> MepapXuuHu U JeNEHTPATN3UPAHH KOMYHMKAIIMOHHN MOJEIN: MepapXHuHuTe MOJCTH ca
CbC CTPYKTypUpPaHa KOMYHHUKAalLUsl OTrOpe HAaJ0Iy, XapaKTepHa 3a KOPIOPATHBHHU CPEAM, JTOKATO
JEIeHTPAIU3UPAHUTE OCUTYpSABAT CUTYPHA M pa3lpeielieHa KOMyHuKanus (Hamnp. peer-to-peer wiu
06a3upanu Ha OJOKuYeiiH cuctemu). XUOPHIHUTE CTPYKTYpU ChueTaBaT NpEAMMCTBATa Ha J(BaTa
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noaxona. TeoperudeHn mojen e uimoctpupad Ha @urypa 1.10. Tabnuna 1.1. 060061maBa OCHOBHUTE
pa3IMKH 10 OTHOIICHHE Ha B3€MaHE Ha pPEIICHHs, KOMYHHKAIUs, OTTOBOPHOCT M Mamiad Ha
cucremara.

KoMyHUKaLMOHHa MperKa KonektusHa epeKTMBHOCT
e e —————

MpesoBa cTpykTypa
(LueHTpannanpaHo cpeLy
[eLeHTPaNu3npaHo)

M3nbnHeHwWe Ha 3afauaTa

CnogenaHe Ha SHEHHH/

CnelwHoCT Ha 3afavaTta
(cunHa cpewty cnaba)

Bb3npuemaHe oT
Y4acTHHLUTE

Queypa 1.10. Teopemuyen mooen Ha YeHMPAIUIUPAHA/OEYESHMPATUSUPAHA KOMYHUKAYUOHHA
cmpykmypa (Aoanmupano om: Ding, X., Shen, W., &Wang, S. (2024). Centralizedor Decentralized?
Communication Network and Collective Effectiveness of PBOs — A Task Urgency Perspective. Buildings,
14(2), 448. https://doi.org/10.3390/buildings14020448)

OcCHOBHHU
pa3auKu

HOEHTPAJIM3UPAHA

JEHHEHTPAJIN3UPAHA

Enun ocHOBEH KOHTpOJIMpall

Pa3znmnyHu KOMIIOHEHTH B CHCTEMaTa B3UMatT

Bsemane Ha
elIeHIC €JIEMEHT NeuHIpa NpoLecuTe u CaMOCTOSTENTHH PEIICHHsI, CBbP3aHH C
P CTpaTeruure. TEXHHUTE 00JIACTH.
[oTokbT Ha HHpOpPMAHS €
KommoneHTHTE Ha crcTeMaTa OOMEHST
MIPEAUMHO €JHOIIOCOYEH, OT
uH(popManus Mo-rbBKaBO U AUPEKTHO
Komynukarus YIPaBISIBALIHS [IEHTHP KbM
TIOME>KY CH, KOETO TI03BOJIsIBA I0-CBOOOJICH
M3IBIHATEITHATE EIEMEHTH, KOUTO
0oOMeH Ha HH(OPMAIIOHHH ITOTOLH.
peanu3upar 3aaunTe.
OcHOBHAaTa OTTOBOPHOCT € OTroBOpHOCTTA € pasmnpeeieHa MeXIY
KOHIIEHTPHUPAHA B [ICHTPAITHHS B3aUMO/ICHCTBAIIIUTE KOMIIOHEHTH B
OTrOBODHOCT YIPaBISIBAL €IIEMEHT, KOUTO KOMYHUKAI[MOHHATA CHCTEMa, KOETO
P PBKOBOJM U3ITBIHEHUETO HA OCHUTypsIBa Bb3MOXKHOCT 32 00paTHa Bpb3Ka U
MH(OPMAIMOHHHUTE MPOLIECH C aJlanTanys B yIpaBJIeHHETO Ha
MUHHMMaJIHa BBHHIIHA HaMeca. MH(OpPMALMOHHHTE ITPOLIECH.
To3u MoJe € 4eCcTo MO-TIOAX O
A 8 OOUKHOBEHO ¢ e(heKTUBHA 32 CHCTEMH C
Maab Ha 3a CHCTEMHU C TI0-MallbK Marabd uim
. . rOJISIM Maiad ¥ MHOKECTBO pa3lpeeleHU
cucremMara M0-MaTbK OGPOii B3aUMOICHCTBAIIH

€JIEMEHTH ¥ HH()OPMAIMOHHH
MOTOIIH.

KOMIIOHEHTH, KBJICTO € HEOOXOIUMO T'bBKABO
yIIpaBieHUE HA HHPOPMAIMOHHHUTE MTPOLIECH.

Tabnuya 1.1. Cpasnenue mexncoy YeHmpanu3upaHu u 0eyeHmpaiu3upan Mooeuu

» Teopernuno-urpon
B3aMMOJICHCTBUSL MEXKIy AareHTH B KOHKYPEHTHU WJIM KOOMNEpPAaTUBHU HACTPOMKH, HaMHUpalKu

KOMYHHKAIITMOHCH

MOJeI: Onrumusupa

NpUIIOXKEHHe B KuObepcurypHocTta u OusHec nperosopute [Marchao et al., 2020].

» Mogenmupane W CcHUMyJalys B KOMYHHUKAIUSTA:
MIPOEKTUPAHE, MPOU3BOJCTBO, MAPKETUHI M YINPABICHHE 33 ONTUMHU3AIMSA Ha IsjaTa Bepura 3a

pa3paboTBaHe Ha poaykTH u nporecu [Balasko et al., 2008].
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» VYnopaBicHHE Ha KayeCTBOTO HAa JaHHUTE B WH(POPMAIMOHHM TMpolecH: Brirousa
nepuHUpaHe Ha CTaHAAPTH, KOHTPOJI U HEMPEKbCHATO MO100peHne Ha HHPOPMAIIMOHHUTE MOTOLU
3a OCUTYpsIBaHE HA TOYHOCT, ITBJIHOTA, HABPEMEHHOCT M PEJICBAHTHOCT HAa WH(OPMAIIUATA.

@urypa 1.11. npencraBs CTpYKTYpUpaHO OCHOBHMTE HAlpaBICHUS U B3aUMOBPB3KU B
KoMyHuKalmonnute crpateruu [Glowalla et al., 2014] u [Demirdégen et al., 2020].

VYnpaeneHue Ha
MHbOpPMAaLMOHEH
NOTOK

¥YnpaeneHue -
CeKTop

WMzrpampaHe Ha
E23MMOOTHOLIEHMA
MpodecuoHanHm
HOHTaKTH

Pabora e ekmn

KomyHMKauMoHHK
CTPpaTEervuu BbHWHE
HOMYHMKaLMA
HopnopaTHEHA
KyATypa
BvTpewHa
KOMYHMKEaLMA

MogenupaHe

PeuHMeHepUHr Ha
BuzHec npouecu

OnTMmMKza LA

Queypa 1.11. Komynukayuonnu cmpameauu (Scopus)
1.4. KOMYHUKGQUUOHHU cmpameauu 8 du2umasaHa cpeda

KoMyHHMKAITMOHHHUTE CTpaTeTMH B JAWTUTAIHA cpefa ce (POKyCHpaT BBPXY IOCTUTAHE Ha
[IEJT Ype3 M3IMOJ3BaHe Ha OHJIAiH MIaTOpMHU U HHCTPYMEHTH. CTparernyeckara KOMyHUKAIIHS €
npeTHaMEepPEeH W CHCTEMaTHYeH MOXOJ 3a TpeaaBaHe Ha ChOOIICHUS, ChOOPa3eHH C IEHHOCTHUTE U
[[EJTUTE Ha OpraHu3alysaTa. YpaBJICHUETO HAa HHPOPMAIMATa KOHIIENTYaIHO ce pa3jiens Ha (asu:
chOupaHe, cbxpaHeHHe, aHanmu3 W nupexaBane [Hinton, 2006]. PaspaboTBaHeTo Ha JUTHTAHA
KOMYHHKAI[HOHHA CTPATETUsl BKIIIOYBA MTOCIIEAOBATEIHN CTHIIKH, BU3yanu3upanu Ha @urypa 1.12.
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CUTYALIMOHEH
AHANN3

PA3PABOTBAHE

Ha cTpaTerua

3a
CbabpiKaHue \
‘ \ CTbIKU .

N3bop Ha
NNOCTOBE3A
KOMYHMKALUWA

BHumaTenHo
NMPOY4YBAHE Ha
uenta

Llenu Ha
CTPATETUATA

Queypa 1.12. Cmvnku 6 cv3oasane Ha OULUMATHA KOMYHUKAYUOHHA cmpamezust (Aoanmupano om:
https://dottopia.com/what-is-digital-communication-strategy/)

Te oOxBamar chOMpaHe W aHATU3 Ha WHOOpMAIWSA, OMpECIITHC HAa KaHAIM M IICJICBU
ayTUTOPUH, N300p HA MOIXOISIIM KOMYHUKAIIMOHHH JIOCTOBE, aHATN3 U UHTEPIpEeTaIis Ha JaHHU,
dbopMyIMpaHe Ha KIIFOYOBH CHOOIICHHS, KAKTO 1 MOHUTOPHHT, 00paTHAa BPh3Ka U aJlalTaIvs.

Tabmuma 1.2. oboxBara BPB3KU MEXIY COLIMAIHHU, TEXHUYECKH U YIIPABICHCKU E€IIEMEHTH,
KOMYHUKAIUsI, OpraHM3allMOHHA KYITYpa, pa3NpoCTpaHEeHHWEe Ha HHQOpMAaIus, YHpaBleHUE Ha
nHpopmanusta, crorBercTBue ¢ MKT, yuactnme Ha 3aMHTEpecOBaHW CTpaHU W TOIOOpEHHE.
VYenemHara crparerus MHGOpMHpa, MOATOTBS 3a NMpoMsSHA M yOexJaBa B NPAaBMUIIHOCTTa Ha

pelLIeHusITA.

Xapakrepucruka
B3anmoBpb3Ka Ha cCOMAIHM,
TEXHUYECKH U YIIPABJICHCKU
KOMIIOHEHTH

KomyHukanus orrope Hao.1y 1
0T0JTy Harope

IIpuBexnane B CLOTBETCTBHE C
OpPraHM3aLMOHHATA KYJITypa U
crparerust

Kanaym 3a pasnpocrpanenue Ha
uHpopMAaLust

®a3zy HA ynIpaBJIeHne Ha
HHpOpMALHATA

Onucanne
HHTerpupaneTo Ha COIMAITHH, TEXHIYESCKH U YIPABJICHCKH €IEMEHTH TapaHTHpa, ue
KOMYHHKAIIUSITA € M34epriaTeliHa i 00XBallla BCHIKH aClIeKTH Ha OPTraHH3alsTa.

Nupopmarmsta TpsiOBa /ia Tede ABYINOCOYHO, KATO CE rapaHTHpa, Ye BCHUKM HABA Ha
OpraHM3alysITa Ca aHrKUPAHN 1 HHHOPMUPAHH.

ToBa moApaBHsABaHE IOMara 3a IOCTHTAHETO Ha OPraHM3ALMOHHUTE LEIA |
TIOBHIIIABa e(heKTUBHOCTTA HA OPTaHHM3AIIMSITA.

WnenTrduimpaneTo 1 M3M0I3BaHETO HAa OCHOBHUTE KaHAIM 32 PA3IPOCTpaHEeHHe Ha
nHpopMaIys € OT pelaBallo 3HaueHre. ToBa BKIIFOUBA KaKTO O(HIMATIHH, TaKa 1
HepopMaTHH KaHAJIH, 32 Jia Ce TApaHTHPa, Ye MH(OpMaIHsTa J0CTUra e(heKTUBHO 10
BCHYKH CHOTBETHH 3aMHTEPECOBAHH CTPAHH.

KomyHuKaroHHaTa cTparerss TpsioBa ja 00XBala KIFOUOBH (hasu OT YIPABICHACTO
Ha WHpOpMAIWSITA: CHOMpaHe, CHXpaHsBaHE, AHAIM3MPAHE M NpeJaBaHe Ha
nHpopmarmss. To3n cCIpyKTypHpaH NOAXOH TapaHTHpa, Ye HH(pOpMaIMsTa ce
yIpaBisiBa ehUKACHO 1 eEKTHBHO.
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Crparernyecko NpuBeKIaHe B KomynukarmonauTe crparern TpsioBa na Obmar ceriacyBanu ¢ WKT. Tosa

cworBercTBUEe ¢ UKT CBIVIACYBaHE TOMara 3a OmTuMIBHpaHe Ha mromBaHeTro Ha MKT 3a mo-mobpo
YIpaB/icHHE Ha MH(OPMALIATA F POLIECHTE HA B3EMAHE Ha PEILICHHS.

AHraKHpPaHOCT HA ToBa rapaHTHpa, Y€ KOMyHHKAIMOHHATA CTPATErHs € J00pe NMpHeTa 1 pa3dpaHa OT

3aHHTEPECOBAHUTE CTPAHU U BCHYKH yJacCTBAI CTPaHH, YICCHIBAHKH ITO-TUIABHOTO MPHJIATAHE HA CTPATCTUHTE.

00paTHa Bpb3Ka

HenpexncHaTo noxodpsiBaHe u KoMyHuKanyioHHMTE  CTpaterny TpsidBa 1a ObJAT IMHAMUYHM M AJANTHBHU KbM

alanTHpaHe NPOMEHHUTE. 3a  MOIIbpKaHe Ha e(EeKTHBHA KOMYHHKAIMS € HEOOXOAMMO

HEIPEKbCHATO YCHBBPIICHCTBAHE Bb3 OCHOBA Ha 00paTHA BPB3Ka M IPOMEHSIIN Ce
OpTaHM3ALMOHHH HYKIIH.

Tabnuya 1.2. Ocno6Hu U3UCKBAHUSL KoM KOMYHUKAYUOHHUME CIpame2uu
1.5. KomnoHeHmMu Ha cb8peMmeHHUmMe KOMyHUKAUUOHHU cmpameauu
ChBpeMEHHHUTE KOMYHHKAIIMOHHH CTPATETUHU BKJIFOYBAT HAKOJIKO OCHOBHH KOMITOHEHTA!

» MWarerpupane nHa UWKT: @DyHmameHTaJieH eJIEMEHT, MPEeNoCTaBsll HHPpPaCTpyKTypa,
MHCTPYMEHTH U uiatdopmu 3a eheKTUBHO chOupane, 00paboTKa, ChXpaHEHHE U Pa3IpOCTpaHEHUE
Ha MHPOpMAITHSs, ITOAIIOMAraiiku aBTOMaTU3aIHAATa U B3aUMOJICHCTBUETO.

» Crparernyecko IUIaHUpPAHE W yIpaBlieHUE Ha KOMYHHKalusaTa: CHCTEMaTH4eH IMPOIeC Ha
IUIaHUpaHe, u3paboTBaHE U PA3MPOCTPAHEHUE Ha CHOOIINEHUsS, CHOOpPA3eHHU C ICJIUTE Ha
opranuzanusaTa. Kimtouosute eranu ca npeacraBenu Ha @urypa 1.13.

= || e0¢ ﬁ
. I . l l \ . 1 i l
T T el T
L W3BOP HA
G AEOVHUPAHE MAEHTUOMLIMPAHE KOMYHUKALIMOHHM MOHUTOPHHT 1
HA LENM HA LIENEBM WAHANHA OLLEHKA HA
GREIONME AYAUTOPUU HHETEARAEE T EOEKTUBHOCTTA

Queypa 1.13. Knouoeu emanu 8 KOMyHUKAYUOHHAMA CMpame2usl

» MHuterpamus Ha OpPraHU3aIMOHHHUTE TMPOLECH M KOMYHHKAIIMOHHUTE moToiu: Ocurypsisa
CUHXPOHM3allUd M KOOPJIUHALMSA MEXAy pa3JIMYHU 3BeHa (MPOEKTUpaHe, MPOM3BOJICTBO,
MapKeTHHT, yIIpaBJICHNE) 3a ONITHUMHU3AllMs Ha BEpUraTa 3a MpoaAyKTH U YCIyTH.

» UYosemkusaT (akTop € KyITYpHHAT KOHTEKCT: OTYuTa MOTHBAaIMATA, HArJIACHTE,
KYITYpHUTE OCOOEHOCTHM U OYaKBaHUATA Ha YYaCTHHMLIMTE 3a UW3TpaKJaHe Ha JlIOBepUe U
CBTPYAHUYECTBO.

» MOHUTOPHHT, OIICHKa W ajanTtaius: MexXaHH3MH 32 CBOSBPEMEHHO HWACHTH(HIMpAaHE Ha
npobiemMH, alanTHpaHe Ha MOAXOIUTE U HETIPEKbCHATO YCHbBBPIIEHCTBAHE HA CTPATErUATA.

1.6. Pona u sb3delicmeue Ha MKT 8 KOMYyHUKGUUOHHUME cmpameauu 3a ynpasseHue Ha
UHOPMAYUOHHU npouecu

HKT ca ot pemraBamio 3Ha4eHue B HAKOJIKO aCIIeKTa:

> 3navyenue Ha KT 3a B3emaHe Ha peuieHus u ynpasieHue: [IpegoctaBsaT HageXIHU METOIU
3a chOMpaHe, JOCTBI, ChbXpaHsiBaHE, 00paboTKa, pPa3MpOCTpaHEHHWE M OIeHKa Ha WHdOpManusd,
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KOE€TO € OT ChIICCTBCHO 3HA4YCHHUEC 3a C(I)CKTI/IBHOTO YIIpaBJICHUC W IOBHUIIABAHC Ha
KoHKypeHTocmnocoonoctra [Escobar-Toledo&Martinez-Berumen, 2011; 2013]. 3nauenuero e
nitoctpupano Ha Gurypa 1.14.

Ob6paboTka Ha

Crbupane Ha
nHpopManus

t,
-

JaHHH

—

NH®POPMAI[MOHHHU U
KOMYHUKAIITMOHHHW TEXHOJIOI' MU

IIOCT'LH n OrneHka 1 B3eMaHe

ChbXpaHCHHE Ha pelcHuA

Queypa 1.14. 3nauenue na UKT 3a 3emane na pewenus u ynpaeienue

» Pons ma UKT B ynpaBnenuwero Ha 3HaHWMs M uHOBammu: [lommomarar mpuaoOMBaHETO,
Pa3sNpOCTPAHCHUETO U U3IOI3BAHETO HA 3HAHMS, KMU3HEHOBAXKHU 3a MHOBALMU, YIPABIABAHU OT
CITy’)KUTEITH, U ISUIOCTHA OPraHU3allMOHHA €(PEKTUBHOCT.

» UHrerpamuss W aurdtanuzanus Ha ynpaieHckute cuctemu: WMKT paunmonammsupar
ONEpPAaTUBHU, TAKTUYECKU M CTPATETMYECKH IPOLIECH, YKPENBAaT KOMYHHUKAIMOHHUTE BPB3KH U Ca
OCHOBAa 3a IpPeXoJ KbM TEXHOJOrMMTE Ha YeTBpprara MHIYCTPUAJIHA  PEBOJIIOLUS
[Caffrey&McDonagh, 2015].

» HeoOxomuMOCT OT AMHAMHYHO aJalTHpaHe Ha KOMYHHKAIMOHHUTE CTpAaTerHu:
[IpomensmuTe ce M3MCKBAaHMS Ha OKOJIHATA Cpela HajlaraT JIWHAMMUYHM KOMYHUKAIIMOHHH
CTpaTeruH 3a HOJAbp)KaHe Ha KOHKYPEHTOCHOCOOHOCTTA, BKIIIOYMTENIHO LSJIOCTHU MPOLECH 3a
ynpasienue Ha pucka [deFreitas et al., 2018].

1.7. Mpedussukamescmea npu Npuana2aHemo Ha KOMyHUKAQUUOHHU cmpameauu 3a
ynpasseHue Ha UHGOPMAYyUuoOHHUME NPoUecU 8 0p2aHU3AYUOHHOMO ynpassaeHue

HpnnaraHeTo Ha KOMYHUKAIITUOHHU CTPATCTHUH € CBIIPOBOACHO C pCaula MPpCAN3BUKATCIICTBA:

» CHoXHU OpraHW3aIllMOHHHW CTPYKTYpH: MaTpUYHUTE CTPYKTYpH TPEICTABIT YHUKATHA
KOMYHHKAIMOHHU MPEAN3BUKATEIICTBA opau cBosita ciaoxHoct [Gillard, 2005].

» JleueHTpaIM3NpaHo CIOJCIsHE Ha JaHHW: EQeKTHBHAaTa ONEHKAa Ha 3asABKUTE U
UHTETpUPAaHEeTO Ha WHpOpMAlUs ca TPYAHH TOpaad TMPHUIIOKPHBAaHE Ha WHPOpPMANUS U
HeoOX0oauMOCT OT 00paboTka Mexay usrounuii [Chen et al, 2008].

» EdexkTuBHa KOMYyHHKAIlMss W KOHTPOJ Ha ympasieHueto: Jlumcata Ha e(pEeKTUBHU
KOMYHHKAIIMOHHA MEXaHM3MH MOKE Jia BB3MPEISITCTBA KOHTPOJAa Ha YIPABICHHETO |
opranm3aimonnara epextuBaoct [Chtioui&Dubuisson, 2020].

» JluHAMWUYHU W pa3BUBAIM C€ HM3WCKBaHWA: [IPOMEHSIIMTE Ce WM3WCKBAHUS Ha Cpenara
Hajgarat JUHAMHYHU CTPATeTHMH, a HEChOTBETCTBHETO Ha a0CTpakiusaTa Ha HH()OPMAIMOHHHTE
cucrtemu Boau 10 HeedexkTuBHOCT [Bendoly et al, 2008].
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» TexnonornyHa uHTerpamus u aganranusi: CII0OKHOCTTa HA MHTETPUpPAHE Ha Pa3IHYHH
HN3TOYHUIIKM Ha I/IH(l)OpMaI_[I/ISI U MNOOAABPKAHCTO HA aKTyajlHa I/IH(bOpMaHI/IH € 3HA4YUTCIIHO
MPEIU3BUKATEIICTBO, OCOOEHO TpU TpexoAa KbM EJCKTPOHHO YIpaBICHHWE HA JIOKYMEHTH
[Pobegaylov et al, 2016].

1.8. Onmumu3auu9 uycesbvpweHcmMmeaHe Ha KOMyHUKQUUOHHUMeE cmpameeuu

OnTumuszanusra € KIo4doB (akTop 3a OpraHu3alMOHHUS YCIeX, BKIIOUYBAI CUCTEMATHIHU
MTOAXO/I 3a aHAJIN3, TTOJI0OPEHHE U Il TallHs.

» AHamu3 W OIlCHKa Ha KOMYHUKAIIMOHHUTE IMPOIECH: 3aro4yBa C JICTailJieH aHaliu3 Ha
CHILIECTBYBAIIUTE TPOIECH, CHOMpAaHEe Ha JaHHUW, HW3IMOJ3BAaHE HA KOMYHHKAIMOHHH MOJCITU M
oOparHa Bpb3ka. Tabmmma 1.3. ommcBa CTBNKU Karo ChOMpaHe HAa JaHHW, W3IOJI3BaHE Ha
KOMYHUKAI[MOHHU MOJICNIM, BHU3yaJCeH aHaliMW3, aHalu3 Ha oOpaTHa Bpb3Ka, OICHKA Ha
e(beKTI/IBHOCTTa Ha KaHAJIMTEC U OIPCACIIAHC HA IPUYHUHUTC.

1. CrOupane Ha JaHHA

e AHKeTH U HHTepBIOTA: [IpOBEXKIAT CE C YIACTHHUIINTE B KOMYHHKAIIMOHHHS MTPOIIEC, 3a Ja Ce
cbOepe obpaTHa Bpb3Ka OTHOCHO YeCTOTaTa, KaHAJMTE, KAYeCTBOTO U PE3YJITATUTE OT
KOMYHHKAIIHATA.

e HabOnionenue: AHanm3 Ha peaTHu KOMYHUKAIIMOHHU CUTYaIlllH C IIeJl OTKpUBaHE Ha
3aTpyJHEHHS WIH Hee(heKTHBHOCT.

2. M3non3BaHe HA KOMYHUKALIMOHHU MOJEIN

L] .JIHHeﬁHH, HHTCPAKTUBHU, TPAH3AKIIMOHHHA U areHT-ﬁampaﬂu MOJCJ/IN: HSCHGJIB&T ce
PAa3JIMYHUTC aCIICKTU HAa KOMYHHUKAIIUATA — KO ¢ HU3TOYHUKDBT, KaK C€ IIpcaaBa I/IH(I)OpMaI_II/IHTa,
KO ¢ MMOJIyHaTeJIAT U KaKBa 06paTHa BPB3Ka CC MojryuaBa.

3. BuzyasieH aHanus 4pe3 rpaduky 1 JuarpamMmu

o [I'pajuxu xaTo npujoxkeHara: Brusyanusupar ce KJIIOUOBU €Tany ¥ Bb3MOXKHH MTPOOIEMHHU
30HH, KOETO yJIECHABA MICHTU(HUIIMPAHETO Ha CIaduTe MecTa.

4. Ananu3 Ha oOpaTHaTa Bpb3Ka

. KauecTBeH M KOJIM4YeCTBEH aHAIHU3: OI_IeHSIBa CC ChbABPIKAHUCTO Ha 06paTHaTa BpPB3Ka4, 3a [1a CC
YCTAHOBAT YCCTO CpCUIaHU 3aTPYAHCHU A, HCACHOTH HUJIU JIMIICA Ha I/IH(I)OpMaHI/ISI.

5. Onenka Ha e(peKTUBHOCTTA HA KAaHAJIATE

. CpaBHeHne MEKAY PA3/IMYHU KaHAJIM: VcraHOBsIBa ce KOU KOMYHUKAITMOHHU KaHAJIK Ca Haii-
e(i)eKTI/IBHI/I " KBJEC CC Ha6IHOI[aBaT 3aTpyAHCHUS UIIN 3a0aBSIHUSL.

6. OnpeniensiHe Ha IPUYUHUTE 33 IpoOIEeMHUTE

o Kopenen aHanmn3: AHaNNU3 Ha TPUIMHHO-CJIEICTBEHN BPB3KH, 32 1a C€ OTKPHUAT IbPBONIPUINHHATE
3a KOMYHUKAIL[UOHHHUTE 3aTPyIHEHUS.

Tabnuya 1.3. Hoenmughuyupane u ananus na npodiemuu 30Hu 8 KOMYHUKAYUOHHUME Npoyecu
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» BuenpsiBane Ha ceBpemennn UKT: UnTerpanusra na nnoBatuBau MKT e cpmiecTBena 3a
ONTHMH3ALIMs, TO3BOJIABAMKY aBTOMAaTU3aLUs, IEPCOHAIN3ALNSA U CETMEHTUPAHE HA AyAUTOPHH.
Ponsra na UKT e npencraBena Ha @urypa 1.15.

ITudporn
ycTpoiicTBa

e

OnruMnzanms Ha
KOMYHHKAITIMOHHII CTPATETHI

7 X

IInardopmiza
yIpaBlIeHHe Ha
ChIbPAaHIIE

Codryepun
penIeHis

HskycrBen

HHTEIEKT

Queypa 1.15. Humeepayusa na UKT 6 komynuxayuonnume cmpameuu

» CpBpeMEHHH WHAYCTPHATHH DPa3pabOTKH 3a KOMyHHMKanus: M3Mmonm3Bar ce aHaIUTUYHU
MHCTPYMEHTH 3a HEMpPeKbCHAT MOHMTOPUHI Ha KIIOYOBM Mokazatenu 3a edexrtuBHoct (KPI),
MPEOCTAaBAIIN BU3YaJTHM OTYeTH W mpenopbku. Tabmuma 1.4. BkmouBa Trello, Asana, Slack,
Microsoft Teams, Lightico, Google Analytics, Hootsuite, ¢ TexHuTe QyHKIMH U TPUITOKEHUS.

HNHcTpymMeHT DyHKINH IIpunoxenus
Trello VYrpapieHnue Ha 33/1a41 U [Tnanupane u nmpocnensBaHe Ha
poLecH KaMITaHHH
Asana Koopaunanus Ha exunam 3agaun  OnTuMu3anus Ha BbTPELIHA
KOMYHUKaIUA
Slack PeaniHo BpeMeBa KOMyHHUKAIIUS ITonoOpsiBaHe Ha BbTpEILIHATA
KOMYHUKaIHS
Microsoft Teams Buneo xoHdepeHTHH BpB3KH U VYipasneHue Ha AUCTaHIIMOHHU
qaT SKHITH
Lightico Awnanus Ha pasrosopu u KPI OnrumMu3anys Ha KJIHEHTCKH
B3aUMOAEHCTBHS
Google Analytics UzmepBane Ha Tpaduk u OtieHKa Ha IUTUTAITHA KaMIIAHUH
KOHBEPCUH
Hootsuite VYhpaBiieHUE U aHaJIU3 Ha MOHUTOPHUHT U ajanTaius Ha
COIMAJTHU MEIUH CTpaTeruu

Ta6ﬂuua 1.4. Ocrosnu ananumuunu UHCMPYMERMU 3a onmumusayusl Had KOMYHUKAUUOHHU
cmpamezuu

» VYmupaieHne Ha WHPOPMANMOHHOTO TMpeToBapBaHe: KpHUTHYEH acrekT, BKIIOYBAI]
rapaHTUpaHe Ha KaYeCTBOTO Ha MH(OpPMAIUATA U CTPATETUH 3a MPEAOTBPATSIBaHE HA MPETOBAPBAHE

[Eppler 2015]. KpuBa Ha edexktuBHOCTTa Ha Purypa 1.16. marocTpupa Kak yBEIHYEHOTO
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KOJIM4YeCcTBO HH(pOpMamuss MOXe Ja Mmoaoopu,
e(eKTUBHOCTTA Ha B3€MaHE Ha PELICHHUSI.

HO CcCJica OImpeacicHa TOYKa Oa HaMald

N

WMHbopmaumaTa ’—\ MaeanHaTa cuTyauma,
€ 0CKbAHa, HO Kpuea Ha HbAETo UMa u3obunue
HaflemaHa U EDEKTMBHOCT OT HaJlexw IHa
nonesHa WHbopMaLma

=

=

=

<

=

o

Q

g

I

=

@]

g

= CuTyauma Ha

g UHbOPMaLUMOHHO

npeToBapBaHe, Kb eTo
ronemuaT obem
HepocTarbuHa U wHbopMaLma 3aTpyaHABA
HeHagexHa obpaboTkaTa M B3eMaHeTo
uHdopmauma Ha pelueHuA
>
KOMMYECTBO MHDOPMALMA
Queypa 1.16. Kpuea na eghekmugnocm
» MWuterpanmuss Ha  OpPraHM3alMOHHUTE TPOLECH W  KOMYHHKAIIMOHHHTE  ITOTOIH:

Ontumu3anusaTa M3MCKBA MHTETPALUS MEXKAY Pa3IMYHM IMPOIECH 3a MO-100pa KOOpAWHAIUS U
oOMeH Ha nH(popMaIus.

» OueHka Ha BB3JICHCTBHETO U HENPEKBHCHATO YCHBBPIICHCTBaHE: [lepnoauuHN PEeBH3UU U
aHaJM3 Ha 00OpaTHA BPb3Ka 3a aJanTalus KbM JUHAMUYHU IPOMEHU M YCTOWYNBO Pa3BHUTHE.

1.9. Memodu 30 onmumu3ayua Ha KOMyHUKQUUOHHUMe cmpamezauu

3a mnonoOpsiBaHe Ha KOMYHHMKAIlMOHHUTE CTpaTeTMM Cc€ TMpujaraT eBpPUCTUYHU U
yrnpasisgBanu oT Al texauku. Te ca mpeqHazHaueHH 1a moxo0psT epukacHOCTTa U e(heKTUBHOCTTA
B CJIO)KHH CHCTEMH, BKJIFOUUTEIHO XUIIEPEBPUCTUKH M METa-eBpUCTUYHM TeXHUKH. Durypa 1.17.
BU3yaJIM3upa TE€3U MOAXO0/IH.

OonTMmmn3sauua Ha OonTMmmn3sauuna Ha

[eHeTU4YHU
POAKa YacTtnun KOJIOHUATA Ha
anroputmu (GA)
(PSO) mpasku (ACO)
( ) ( ) ( )
Pa3BuBa onTMManHu Mmtupa obyuerive,
CUMyNMpa NHTENIUTEHTHOCT Ha 6asupaHo Ha cneay ot
KOMYHUKALMOHHU MbTULA,
L POAK 3a CaMoopraHusupalLm bepomoHy, 3a onTumanHo
13Mo/3BaiKuM cenekums,
L Ce KOMYHMKaLMOHHM MPeXu — MapLpyTU3MpaHe Ha
MYTaUMA 1 KPbCTOCBaHe CooBlLeHNs
. J . J . J
( ) ( ) ( )
W3non3Bsa ce 3a afanTMBHO Mpunara ce B 6asnpaxu Ha loT J13M0N383 C& MDY ANHAMAUHO
MPEKOBO MapLIPyTU3MpaHe 1 MHTENUTEHTHU CUCTEMMN 1 P A
ynpasneHue Ha Tpaduka n
pasnpeaeneHve Ha obnauHn CMHXPOHM3aLMWA Ha laHHM B
pasnpeaeneHn usHncaeHns
pecypcu peanHo Bpeme
L J L J —\ J
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Oby4yeHue ¢
Ontummsauyms,
nogcuiBaHe 3a
6a3V|paHa Ha MallMHHO aflanTuBHa
obyuyeHune (ML)
KOMYHWUKaUnA
( ) ( )
Al mogenuTe ce yyat oT
Mpeackassa TecHUTe MmecTa obpaTHa Bpb3Ka B peasHo
|| B KOMYHMKaLMATA 1 || Bpeme, 33 Aa onTUMUM3MpaT
aBTOMaTW3Mpa OTroBopuTE paboTHUTe npouecu
AVHAMUYHO

\ J \ J
( ) ( )

M3nonsga ce B ynpasasasaHu

Mpwunara ce Nnpu aBTOHOMHO
oT Al uatbotose,
L B3eMaHe Ha pelleHus,
dunTpupaHe Ha Umeinu n
VUHTENUreHTHN Gpabpukmn n
OTKpWBaHe Ha 3anaaxu 3a
| — dUHaHCH
KnbepcurypHocTtTa

g J g J

Queypa 1.17. Memoou 3a onmumuzayus
» TexHHMKH U METOIU 32 ONTHMHU3ALUS:

o 'enernunn anroputmMu (GA): CTOXaCTUYHU ONTUMH3ALMOHHU METOJH, BIHLXHOBEHU OT
€CTECTBEHMsI 110100p, U3IMOJI3BAILM CEJEKIMs, MyTallusi U KPbCTOCBAaHE 3a ONTUMAJHU PEIICHUs B
aJIalTHBHO MPEKOBO MapIIpyTU3UpaHe U pasnpeseicHue Ha oOnaunu pecypeu [Cormen, T. H. Et
al, 2022].

o Ontumumzamuss Ha posika yactuuu (PSO): AnroputbMm, 0Oa3wpaH Ha KOJEKTHBHOTO
MIOBEJICHHE Ha POSLH, IPUIaraH B CaMOOPIraHU3Hpalli c€ KOMyHUKAlMOHHU MpexH u loT cucremu
[Heaton, J., 2014; Iba Hitoshi, 2020].

o Ontumu3zanus Ha KonoHusTa Ha MpaBku (ACO): AAropuTMH, UMUTHPALIH TTOBEAEHUETO
Ha MpaBKHUTE NPU ThPCEHE Ha XpaHa, U3MOJI3BaHU 3a JUHAMHYHO MaplIpyTU3UpaHEe Ha ChOOLICHUS
[Heaton, J., 2014; Iba Hitoshi, 2020].

o Mamunno o6ydenue (ML): Ilpeacka3Ba TecHHm wMecTa, aBTOMAaTHU3Upa OTTOBOPUTE,
uHTerpupa ce B Al-Oa3upaHu CHCTEMH 3a MOBHUILIABaHE Ha e(EKTUBHOCTTa M cuUrypHoctTa [P.
Petrov et al, 2022].

o Obyuenue ¢ noxacunsane: ITo3BonsBa Ha Al MojenuTe na ce ydar oT oOpaTHa Bpb3Ka B
peasHo BpeMe 3a TUHAMUYHA ONTUMH3AIM Ha KOMYHHKAIIMOHHU 1 paboTHH mporecu [P. Petrov et

al, 2022].

» IlpakTHUecKkn  TNPWIOKEHHWs HAa  ONTUMHU3UPAHH  KOMYHUKAIMOHHU  CTPATETHH.
[TpunoxeHunero B mpakTUKaTa ce 0000111aBa B CICAHUTE OCHOBHUTE TEXHOJIOTUYHU HANPaBIICHUS:

o KopriopatuBHa komMyHHMKanus W CbTpyAHHYecTBO: Buprtyanuu Al acucrentu wu
aBTOMATU3HPAHO yIpaBlieHUEe Ha paOOTHH MpoIlecH HaMalIsBaT YOBEIlIKaTa HaMeca.

o O0nayHu ¥ pa3mpeleNieHn W3YUCIICeHUs: banaHcupaHe Ha HAaTOBapBaHETO U MepudepHH
m3uncnenus (Edge Computing) onTuMu3upaT KOMyHHKAIIAATA U HAMAJIIBaT 3a0aBSHUSATA.

o KubepcurypHoct u 3amuteH oOMeH Ha nHpopmaius: biokyeitH KOMyHUKaIUsl OCUTYpsIBa
MPO3PAYHOCT U I0BepHUe, a Al OTKpHBaHe HA 3aIlJIaXy MPEJOTBPATABA HEOTOPUZUPAH JTOCTBHII.

o Untepuer na nemata (IoT) m wnTenurentHu cucrtemu: Camoontumusupamu ce [oT
Mpexu 1 Al-ofcuiena npeackasyema noaapbKKa mogo0psBaT HaIeKTHOCTTA U aJJalTHBHOCTTA.
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1.10. CvepeMeHHU meHOEeHUUU 8 pa3gumuemo HA KOMyHUKAUUOHHUMe cmpameauu 3a

ynpaesieHue Ha UHCf?OpMGL{UOHHU/’nE’ npouyecu

Te3u TenaeHMu ce GPoKycupar BbpXy MOBHIIIABaHE HAa e(DEKTHBHOCTTA, ABTOMATU3AIIUATA U
B3EMAHETO Ha pelIeHus 1 ca 0000menu Ha @urypa 1.18.

— Y |
— T T |
— |
— T |
i cavtop ey TR |
— T e SRS |
— |
— |
— T e |
i  crospens e oy ——— |
— T e T |
— |

Queypa 1.18. OcHosHu cvepemenHu meHOeHYuu 8 pazeumuemo Ha KOMyHUKAyUuoOHHUume cmpame2uu
3a ynpasnenue Ha UHGOPMAYUOHHU Npoyecu

» KomyHukanmss u aBromaruzanms, ynpaBiasBaHa oT Al Al garGoToBe M BHUpTyalHH
acucteHTu ¢ NLP momobpsBaT kOMyHUKaIMsATa B peajlHO BpeMe, HaMallsiBaT YOBELIKaTa HaMeca U
IIO/IIOMAraTr B36MaHETO Ha PELIEHUS Ype3 NPEICKAa3aTeIeH aHaIu3.

» VYmpaBrneHne Ha 3HaHUS W rojemMHu naHHM: PasButmero Ha Big Data m kBaHTOBHTE
M3YUCICHHUs TpaHCPOpMUpa aHaIM3a HA JAHHU, U3MCKBA €(EKTHBHO YIpaBJICHUE HA 3HAHUATA U
nosu mojaxoau [Van De Bogart, 2015].

> VYmupaBineHue Ha pucka B Ludposara TpaHchopMmanms: EQEeKTHBHM KOMYHHKAIMOHHH
CTpaTeruu TpsOBa J1a BKJIIOUBAT MEXaHU3MHU 3a yIPaBJIECHUE HA PUCKA, CBbP3aHU C HOBUTE PUCKOBE
ot nudposara tpanchopmarus [Salutina et al, 2023].

» VIHTepakTuBHA M AMHAMWYHA KOMYHHKaIus: V3moa3Ba HOBM TEXHOJIOTHH 3a MOJ00psSBaHE
Ha aHTAKHPAHOCTTA M €(PEKTUBHOCTTA, pPa3uMTAiKi Ha AMHAMUYHH CTpaTerdu 3a ThpceHe [Tesic,
2016].

» CrenuduyHy 3a ceKTOpa Ha TEIIEKOMYHUKAIIMHUTE MPHUIOKEHUs: Pa3Buruero Ha nupoBu
CTPaTErvH € JKU3HEHOBAXHO 3a KOHKYPEHTHO INPEAMMCTBO, Yp€3 MHOBATUBHU DPEIICHUS U HOBU
ousnec mozenu [Polyanin et al, 2017; Martyakova et al, 2019; Folch&Tamayo, 2008; Prokofiev et
al, 2021].
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» TexHonoruu 3a Ga3upaHo B O0JaK M OTAAJICYCHO CHTpyAHM4YecTBO: Ilmatdopmu karo
UCaaS o6enuHsaBaT KOMyHUKAIIMOHHU KaHaJIM, a 00JauHUTE pelIeHUs U OJOKYEHH TEeXHOJIOTUUTE
no100psiBaT MPO3pavyHOCTTa U CUTYPHOCTTA 32 XUOpPHUIHA U OTaedeHa pabora.

» Wnrerpupane Ha loT&EdgeComputing: MuTenurentHn IoT ycrpolicTBa aBTOMaTH3Mpar
oomena Ha uHpopmanmsa, a Edge Computing HamamnsBa JaTEHTHOCTTa B YYBCTBHTEIHH KbM
BPEMETO IPUIIOKEHUS.

» OnTumu3aius Ha KOMYHUKAIAATA, YIIPABJIsSIBaHA OT JaHHU: J[MHAMUYHA aBTOMATH3AIUsI HA
paboTHus Tiporiec ¥ TexHosorusaTa Digital Twin perynmupat nHGpOpMaMOHHUS TOTOK U CUMYJIHPAT
CTpaTEruy 3a ONTUMM3ALMS.

» bBiiok4eliH W KHOEpCUTYpHOCT B KOMYHHUKanusTa: JleneHTpain3upanu OJOKYSHH MPEKH
OCUTYpsIBaT IPO3PAaYHOCT W HEU3MEHHOCT, a MOJEIUTE 3a CUTYPHOCT C HYJIEBO JOBEpUE U
KPUIITUPAHETO OT Kpaii 10 Kpail MOBUILIABAT 3alIUTATA.

» ApantuBHa ® CcboOpa3eHa ¢ KOHTEKcTa KomyHHKamus: Al  mepconammsupa
nH(OPMALIMOHHUS MOTOK, a TelMU(UKaIUATa MOBUIIaBa €PEKTUBHOCTTA.

» UYOBEKOLEHTPUYHN U MEXIYKYJITYpHH KOMYHUKAIIMOHHH cTtparteruu: Emormonanen Al u
MHoroe3ndeH Al mpeBoj mogoOpsSBaT YOBEHIKUTE B3aUMOACUCTBUSA U TTI00ATHUTE HHPOPMAIIHOHHU
poIecH, CbOOPa3eHH C TUTUTAHATA €THKA.

» bblemy TEHICHIMU B ONTHUMH3AIMATA HAa KOMYHUKAIIMOHHUTE CTpaTeruu: BxirouBar
kBaHTOBa KomyHuKanus (QKD) 3a u3kmountenna curypaoct, SG/6G Mpexu 3a BHCOKOCKOPOCTHA
CBBP3aHOCT, ChTpyAHHuecTBO ¢ Al u xomorpadcku wuHTEepdelicu 3a MHO-CUTYpHH, OBp3U U
WHTEJTUTCHTHU CTPATETHH.

1.11. 13800uU

MonenupaHeTo U ONTUMHU3UPAHETO Ha KOMYHHMKAI[MOHHUTE CTPATETHU B YIPABICHUETO Ha
MHPOPMAIIMOHHNATE TIPOLIECH 3HAYUTEIHO NOJ00psBa TAXHATA EQPEKTHBHOCT, CUTYPHOCT U
amantuBHOCT. Ype3 wusnmonsBaHe Ha Al, €BpPUCTUYHM aNrOPUTMH U JACLEHTPAIN3UPAHU
apXUTEKTYpHU MOJIEIH, OPraHU3allMUTE MOraT J1a MOCTUTHAT €(EeKTUBHO, YNPAaBISIBAHO OT JAHHU
B3eMaHe Ha peuleHus. bpaemmre TeHJIeHUMH IIe HaOJerHaT Ha MO-rojisiMa aJanTHBHOCT,
IIEPCOHAIN3AIM U B3€MAaHE Ha DPEIICHMs B peanHo BpeMme. MHTerpanusara Ha TEXHOJOTHHTE B
KOMYHHMKAIIMOHHUTE CTPAaTErMy ONTUMHU3HMpA B3EMAHETO Ha PELIEHUS, BbTPEUIHATa KOMYHUKALUS,
Ou3HEC MpollecUuTe, I'’bBKABOCTTA, YIPABIEHUETO HA PUCKOBETE U ChTPYAHUYECTBOTO.

[naBa 2. METOAM 3d EBPUCTUHHa ONTUMUN3aLIUA HA KOMYHUKaUNOHHW CTpaTernn B
yrnpaBaeHune Ha UHPOPMaLIMOHHM NpoLecU

Ta3u rnaBa ce pokycupa BbpXy U3IO0JI3BAHETO HA €BPUCTUYHHU U META-€BPUCTHUUYHU METO/AU
3a ONTHMH3ALMS HA KOMYHUKAI[MOHHUTE CTPAaTETUH B YIIPaBIEHUETO Ha NH(OPMAIIMOHHH ITPOLIECH,
KaTo aKUEHTHpa BbPXY €(hEeKTUBHOCTTA U CIIPABSHETO ChC CJI0KHOCTTA HA CUCTEMUTE.
2.1. EspucmuyHu memoou 3a ONMUMU3AUUA HG KOMYHUKQUUOHHUMeE cmpameauu

3a momoOpsiBaHe Ha e(QUKACHOCTTa M E€(PEKTUBHOCTTa HAa KOMYHHKALUATA B CIOXKHHU
CUCTEMHM, JUCEPTALMOHHUAT TpPyA Mpeajara H3MOJI3BAaHETO HAa XUIEP-€BPUCTHMKA U MeTa-
€BPUCTUYHU TEXHUKU.

2.1.1. Xunep-espucmuka (HyperHeuristics)

Xwurep-eBpuUCTHKATA € CTpaTerus OT BUCOKO HUBO, KOATO M30HMpa, KOMOMHUPA WK TeHEepUpa
eBpHCTHKA 3a pelllaBaHe Ha mpobsieMu. Ts u3nons3Ba uHGopMaus, HojydyeHa o BpeMe Ha Impoleca
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Ha ThPCEHE, YECTO BKIJIFOYBAIIA BEPOSATHOCTEH METOJ 3a MOAOOP M MEXaHHW3MH 3a Bb3HATPAXKICHHE
1 HakaszaHue 3a ontumu3anus [Navarro M.A. et al, 2023].

EBpucTMKa—
Mpobnem Xunep eBpuctuyeH NOKaNHO TbpCEHE,

MyTaLIMA W Ap.

MexaHMsbm sa
Bb3HarpamgeHue/
HaKasaHue

Pewenue /
OnTMumusaumna

Queypa 2.1. Unghopmayus Ha npoyeca Ha mvpceHe
2.1.2. Mema-espucmu4yHu mexHuku (MetaHyper Heuristics)

Mera-eBpuctinunute TexHukd (MHT) ce wu3mon3Bar 3a eQEeKTHBHO yIpaBieHHE Ha
nHboOpMaNKATa B CIOXKHH CHUCTEMH KaTo JIOTUCTHKA W muctpudymms. Te ce dokycupar BBpXY
ChTPYAHUYECTBOTO, KOMyHHMKAIUATAa 1 OOMEHa Ha 3HaHUS [0 BEpUrara Ha JOCTaBKH M Ca Ba)KHM 3a
CBHBPEMEHHUTE OpraHU3allH, KOUTO Ce HYXIAsAT OT YCHBBPIICHCTBAHH CHCTEMH 3a MOATIOMAaraHe
Ha B3eMaHeTo Ha perrenus [Yang, Pengbo, 2022].

NMPUNOMEHWUE
* EheKTMBHO B YNPaBNEHWETO Ha NOTUCTMKATA U
AUCTpUbyumMATa

» DoKyCUPa Ce BbPXY CBTPYAHWUYECTBOTO,

KOMYHWHKALUWMATa U obmeHa Ha 3HaHKA No BEpWraTa

NPEAUMCTBA

* Cnomara npu cnpasAHe CbC CAOMKHU

npeauviBUKaTencTBa

s Noao6paAsa ynpaeneHUeTo Ha MHbopMaumraTa

Queypa 2.2. Ilpunodcenus u npeoumcmea

Asmopegpepamu Ha Jucepmavuu 2025 (5) 47-88



65 I'eprama MareeBa

2.2. leHemu4yHuUme aneopummu: TeopemuyHu OCHOBU U MOOUGPUKAUUU

I'enernuynure anroputmMu ([CA) ca eBpuCTHYHU TIOOATHM ONTUMHU3ANMOHHH METOJH,
BIbXHOBEHU OT €CTECTBEHHMS IOJ0Op M TeHeTukara. Te ce M3MOJ3BaT 3a pEllaBaHE Ha CIOXKHU
ONTUMU3ALMOHHU TPOOJIEMU Ype3 HUMHUTAIUS Ha TMPOLECUTE Ha €CTeCTBEH Moadop U
BB3IPOU3BOICTBO.

2.2.1. OCHOBHU npuHyunu Ha A

HpOHeC"bT 3aro4Ba C IIPOM3BOJIHA IIOIYyJalusa OT KaHAWAAT-PCIICHHA. KirouoBure eramm
BKJIFOYBAT:

» Cenekuust: [1o-100pe npeacTaBsIIUTE Ce PEHICHUsT UMAT TO-TOJISIM IIaHC Ja ObaaT u3dpanu
3a BB3IPOU3BEKIAHE.

» KpsbcrocBane (Crossover): KomOuHupaHe Ha JBe WM MOBEUYE PEIICHUS 3a Ch3JaBaHE Ha
HOBH.

» Myranus (Mutation): Ciay4aiilHu IPOMEHH B PEUICHUETO 32 BBBEXJ/IaHE Ha pa3HOOOpasue B
MONyJIAlUATA.

Croiinoctta Ha TomHoctra (fitness value) Ha BCekM HWHIUBHUA C€ M3YUCISABA Ype3 IIEJIeBa
(GyHKIIHS, KOATO MPHUCBOSIBA YKCIOBA OIICHKA Ha KaueCTBOTO Ha pemeHueTo. Ta3u QyHKIHs MOKe
na e GyHKIMS Ha Tpelikara wid Ha pasxonute. [lomynanusara eBoironpa KbM MO-100pH peUIeHHUs
Yype3 MHOIOKPATHOTO MpHIIarane Ha te3u oneparopu [Mateeva G, et al, 2023].

[Ipennara ce mogudukamus Ha I'A, apxHoBena ot JIHK, kosiTo u3non3Ba XxpoMo30MH KaTo
IBOMYHU Onu3Hanu c¢ oobpHatu OuToBe (bit-string twin optimization). Beska xpomo3zoma nma
KOMIUIEMEHTapHa JBOMKAa, KOETO MO3BOJIsIBA MO-€()EKTUBHO H3CIEJBaHE Ha IMPOCTPAHCTBOTO 3a
TBPCEHE, M0-100pO CIpaBsSHE C OIPaHUYEHUSITA U MOJAbpKaHE Ha pa3HOOOpa3nueTo B MOMYNIalUATa
[Mateeva G, et al, 2023]. Bopeku MOTEHIIMAIHO TO-BUCOKUTE W3YMCIUTEIIHH PA3XO/d, JBONHUTE
XpOMO30OMM CHOJEISAT €JHAa M ChIla CTOMHOCT HAa TOJHOCT, KOETO MOXE Ja MpeloTBpaTH
MpeXIeBpeMEeHHa KOHBepreHuus. [IpakTiuieckara UMIUIEMEHTAIMs € OCBIIeCTBeHA ¢ OubaroTekara
openGA na C/C++.

2.2.3. EKChepumeHmu u pesyamamu

[IpoBenenu ca ekcriepuMeHTH 3a Banmuaupane Ha JIHK-BapxHOBeHaTa moandukanus Ha A
¢ nobpe mo3HaTH OeHUMapk QyHkimu 3a ontumusanus [Balabanov, T. 2020]. Ha ta3u ¢urypa e
MOKa3aHa JIByHM3MEpHaTa MOBBPXHOCT Ha OeHUMapK (YHKLUS, M3IIOJI3BaHA 32 EKCIIEPHUMEHTHUTE,
KOSITO MMa MHOTO IIJIOCKH 00JIaCTH ¥ JIOKAJHU ONTHMYMH, KO€TO NPAaBU HAMHUPAHETO Ha TII00aTHUS
ONITHMYM TPY/IHO.
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= GeoGebra 3D Calculator

“

Queypa 2.3. /[gyusmepHa eepcus

C/C++ HU3XOOHUAT KOJ € U3IIBJIHABAH HAa MOOWIHO YCTPOMCTBO 1O Linux ,Z[I/ICTpI/I6yul/I$I
Postmarket OS.

2.3. MpunoxeHue Ha A 8 ynpasneHuUe Ha UHOPMAUUOHHU homouu hpu paznpedeneHu
us4yucneHus

2.3.1. YnpasneHue Ha UHGOPMAUUOHHU NOMoyu 8 cneyuguyeH KOHmMeKcm Ha
pasnpedeneHu usyucnaeHud ¢ [A

Hucepramnusita mpenjara crpaTerust 3a yhnpaBlieHHWE Ha WH()OpPMAIMOHHU TIOTOIM B
pasnpeneneHy U3YUCIUTEIHA CUCTEMH, U3No3Bamm ['A:

» IloTox Ha AaHHU OT CHPBBP KbM MOOWIHH ycTpoicTBa: OUHAHCOBH BPEMEBU pPEIOBE CE
MPEI0CTaBAT OT yeb ChbpBBP Ha MOOMIIHU YCTpOiCcTBa 3a n3uucienus [Mateeva G, et al, 2022].

» VYmupasieHue Ha rio0anHa W JIOKAIHU momynanuu: [IpunoxeHneTo moaappka riodamHa
MOMyJIalus Ha ChpPBBpPAa U JIOKAIHU TMOMYJAallMM Ha YCTPOMCTBaTa, YHIpaBlISBaHU OT Pa3IMYHU
€BOJIFOI[IOHHH aJTOPUTMH.

» PasmpeneneHu u3uuciaeHus 0e3 yecta CHHXPOHU3AIMS: APXUTEKTypaTa I03BOJIsBA JIOKATHA
€BOJIIOIMS Ha PEUICHHUsTA 32 IBJIBI IEpHO]T 0€3 YecTa CHHXPOHHM3AIWsI, HAMAISIBAWKH 3aBHCHMOCTTA
MEX]y BB3JIHTE.

» Monaynaa apxutekrypa: MOOHMIHOTO TPWIOKEHHE € C MOJAYJIHA apXHTeKTypa 3a
MaKCHUMaJiHa KOH(UTYpUPYEMOCT.

70000
60000
50000

40000

arcusn

30000
20000

10000

Queypa 2.4. Jlannu 3a yenama na bumxoiin 6v6 hopmam na epemesu pedose

Asmopegpepamu Ha Jucepmavuu 2025 (5) 47-88



67 I'eprama MareeBa

Qurypa 2.4. wiocTpupa MOTOKa HA JaHHM OT OTAANCYeH yeO ChpPBBP KbM MOOWIHU
YCTPOMCTBA 32 U3YHUCIICHHUS, KOCTO € CBIIECTBEH €JIEMCHT 3a YIPaBICHHETO Ha WH(POPMAIMOHHU
MOTOIM B paslpeielieHd W3YHUCIUTEIHU cpean). AJITOPUTMUTE ca peanu3upanu ¢ Java
ouobmnorexkata MOEA Framework.

@urypa 2.5. noka3pa e()eKTUBHOCTTA U CKOPOCTTA, C KOATO ONTHUMU3ALUOHHUTE aJITOPUTMH
ce MpuOIMKaBaT KbM ONTHMAIHOTO PEUICHHUE).

MOEA Framework

45000
40000
35000
30000
25000

20000

Target Value

15000

10000

5000

Time |ms]

Queypa 2.5. Konsepeenyuama na aneopummu, pearusupanu ype3 MOEA Framework

CDI/Ipra 2.6. BU3yaJIn3Mpa KOHBECPIreHUUATA HAa T'CHCTUYHHUTC AJTOPUTMH KATO KPUTHUYCH
IOKAa3aTell 3a TIXHATa CTAOMIIHOCT U MMPOU3BOJUTCIIHOCT

Jenetics

60000
50000
40000

30000

Target Value

20000

10000

Time [ms]

Queypa 2.6. Konsepeenyuama na GA

Qurypa 2.7. mpenocraBs KOJMYECTBEHA MsIpKa 3a HW3YHCIUTETHATa €(PEeKTHBHOCT Ha
aIropuThmMa, 0COOEHO IPHU BPEMEEMKH 11€JIEBU (DYHKIIUU.
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MOEA Framework
450000

400000
350000
300000
250000

200000

Mumiber of Evaluations

150000
100000
50000

0

F G F

Time [ms]

Queypa 2.7. bpos na ussuxeanusma na yenesama ¢yukyus 6 MOEA Framework

Qurypa 2.8. gombiBa aHaiaM3a Ha I[IPOU3BOAMTENHOCTTA, JaBaliKM OLIGHKa Ha

W3YUCIUTEITHUTE Pa3XO0JU U TIO3BOJISIBAMKYM CPAaBHCHUE MEXK]y Pa3IMUHH TMOAXOIU WIN Pear3aliu
Ha [A.

Jenetics

300000
250000
200000

150000

Murber of Evaluations

100000
50000

0

B R R S S N A R0 TP S QL. S SN e, SRS PG SN S SRS,
F G F G F IS ST AT T

Time [ms]

Queypa 2.8. bpoii na uzeuxeanuama na yenesama ¢hynkyus 3a GA 6 Jenetics

2.3.2. [lpoeHO3UpaHEe HO QUHAHCOBU BpeEMeEBU cepuu Ype3 GA

['A ce mpuiarar 3a HporHo3upaHe Ha (UHAHCOBM BPEMEBM pEJIOBE B paslpeesieHH
W3YUCICHUSI, U3MOJI3BalKN TPaJMeHTHH METOJM 3a OOyueHHe Ha M3KYCTBEHU HEBPOHHU MPEXKHU
(MHM). Android OS ycnyru ce usnonsBar 3a (oHoBU u3uucieHus, a Live Wallpaper — 3a
BU3YyaJIM3allUs HA MEXIMHHU PE3YNITaTH.

Quzypa 2.9. Bpemesu pedose
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Qurypa 2.9. moka3Ba NpPUMEpPHH BpPEMEBU pPEIOBE, BEPOSITHO (UHAHCOBH, KOWUTO C€
HU3MO0JI3BAT KAaTO BXOJAHU JAHHU 33 IPOTHO3UPAHE.

QOurypa 2.10. uatocTpupa mnpoiieca Ha cbh3/laBaHe Ha HAOOp OT JlaHHU 3a 00y4eHHUe, KOeTo €
KIIF0UOBO 32 paboTara Ha THM.

Time Series Training Set

Queypa 2.10. Dopmupare na mpeHupogvyeH Habop

Ourypa 2.11. nokaspa kak gaHHuTe ce nogasat kbM MHM 3a 06paboTka u oOyueHue.

IIIIIIIIIIIIII!I!/ EEEEEEEEEEEEEEER

Queypa 2.11. Ilooasane na OanHu om U3KyCmMeeHa HeBPOHHA MpeXcad

3a KonM4ecTBeHa OIEHKA CE€ M3IOJI3BaT METPUKHU KaTo cpeaHa adcomoTHa rpemka (MAE) u
cpenHokBaapatuyna rpemka (RMSE). Cucremara e opranusupaHa Karo KIUEHT-ChPBBP
apXUTEKTypa, KBACTO MOOWIIHHTE YCTPOMCTBA Ce€ CBBpP3BAaT ChC ChpBBpa upe3 RESTful
komyHukaruss ¢ HTTP/JSON mporokon. BTtopu moaxon 3a mporHoswpane € OasupaH Ha
anpoKcHMalMs Ha KpHBa 4pe3 CHUHYCOHMJAIHW peloBe W JuHeiiHa perpecus, kato ['A Tbpcu
onTuManHu koepunuenta [Xujie Tan et al, 2023].
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2.3.3. BvmpewHuU cmpameauu 340 ynpassieHue HA UH@POPMAuuama 8 2eeHemu4yHu
as20pUMMU 8 OU2UMANHA Cpeda Ype3 anpoKCUMAUUS Ha uesnesa pyHKUUA

IleneBara ¢yHKIMSI € KIOUYOB HHGOpMamoHeH mporec B ['A, KoiTo HampaisiBa
eBomronusATa uM. Korato mneneBute (yHKIMU ca BpeMeeMKH, edexkruBHocTTa Ha [I'A cnanma
npactuyHo. [lpemnara ce ampokcumanusi Ha Te3u (QYHKIUHU C MOJIMHOMHU Ha Jlarpamxk, 3a na ce
110100pU CKOPOCTTa Ha ONTHUMH3ALUOHHHUS IPOLEC U Ja CE HaMaJAT CKBIIUTE B3aUMOJEHCTBUS.
ToBa npaBu MeTa-eBpUCTUKUTE MPUIOKUMHU U B 00JaCTH, KBJAETO JOCera He ca OWIIM Bb3MOXKHU
[Mateeva, G et al, 2022].

2.3.4. EKchepumeHmu u pe3yamamu

IIpoBenenn ca Tpu eKcrnepuMeHTa, cpaBHsaBanM cranaapreH ['A ¢ T'A, wusnonssaimg
anpokcuMupana (pyHKIMS 332 TOJHOCT, B KOHTEKCT Ha onTuMu3anus B urposa cpeaa (RTP).

H’prI/ISIT CKCIICPUMCHT IIOKa3Bad, 4YC aIllpOKCHUMHpaAHATa q)YHKI_II/ISI 3a T'OJHOCT JdaBa
NpeaAUMCTBO ITIOYTH B Kpasd Ha OIITUMU3AIUOHHUS ITPOLECC B IbPBHUA CKCIICPUMCHT.

Optimization Convergence

Found Valug
=]
i

Bast

Time: [m]

-------- Original - absftarget-estimatad) . - — . . — Approximated — ahs{targat-astimated)
Queypa 2.12. [Tvpsu excnepumenm

BTOpI/IHT CKCIICPUMCHT HWJIFOCTpUpa MNPECAUMCTBOTO Ha aIlpOKCUMHUpAHATa (I)YHKI_II/ISI 3a
rOAHOCT B CpcliaTa Ha ONITUMU3AMOHHUA MIPOUCC BbB BTOPHUA CKCIICPUMCHT.

Optimization Convergence

Found Value
o
in

Best

Time: [m]

-------- Original - abs(target-estimated) - - — - - — Approximated — abs(target-estimated)

Queypa 2.13. Bmopu excnepumenm
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TpeTusaT ekCriepuMeHT I0Ka3Ba, Y€ B TPETHUsS €KCIIEPUMEHT [BET€ KPUBU Ha KOHBEPIEHIUS
ca [OYTH YCHOPEIHHU, KOETO 03Ha4aBa, uye alpoKCUMHUpaHaTa (PyHKIMs HEe BUHATU JaBa 3HAYUTEIHO
IIPEAUMCTBO.

Optimization Convergence

Best Found Value

77777777 Original - abs(target-estimated) - - — - - — Approximated — abs(target-estimated)

Queypa 2.14. Tpemu excnepumenm

2.4. N3cnedsaHe Ha cmamucmu4YecKu ceolicmea npu onmumu3auyua: Kayecmeso Ha
0GHHU U MawabupaHe Ha cay4vyalHu Yyucaa

KadecTBOTO Ha JaHHUTE € OT CHIICCTBEHO 3HAYCHHUE. [ eHepupaHeTo Ha CIy4alHU 4MClla U
TAXHOTO Maladbupane ca KputuyHu 3a ['A.

2.4.1. l'eHepupaHe u mawabupaHe Ha cay4YaliHU Yucaa
Crny4aifHM 4Kcia Morart Jja ce FeHepupar upes:

» IlceBnmoreneparopu Ha ciaydaitau uncia (PRNG): M3nmon3BaT 1eTepMHUHHUCTUYHT aJITOPUTMH
kato Mersenne Twister.

» Hctuncku renepatopu Ha ciayvaiiau gucia (TRNG): M3mon3Bar ¢pu3nuecky mpouecH Kato
TrueRNG v3.

2.4.2. TexHUKU 30 maw,abupaHe Ha CAyYaliHU Yucaa

Marmabupanero TpaHc(hOpMEpa FeHepHpaHUTE YUCIIa B JKEJNaHMs jauana3oH. V3nomssar ce
JMHEHHO, HENWHEWHO WM CcrlenuduYHO MamadupaHe, Karo € BaXHO Ja HE CE BBBEXKAA
OTKJIOHEHHE.

2.4.3. Cmamucmu4yecku UHCMPYMEHMU U eKchepuMeHmMu

NHCTpyMEHTHT ,,ent” ce W3Mo3Ba 3a OIeHKa Ha CHTpONusATa Ha ¢GalIoBe W MOPEAUIU OT
OaiitoBe. Toit nu3mepna:

» EnTpomnms: Msipka 3a cIy4aifHOCT ¥ HEIPeICKa3yeMOCT.

» Xwu-kBagpatr tect: Ompenens nand paslpeleieHueTo Ha OalTOBUTE CTOHHOCTH €
PaBHOMEPHO.

» CpenHoaput™MeTH4Ha CTOHHOCT: CpeiHa CTOMHOCT Ha 0AaHTOBUTE CTOWHOCTH.

» Croitnoct Ha MonTe Kapio 3a Pi: OuensiBa Pi upe3 ciryyaiina u3Bajxa.

» Koedumment Ha cepwifHa Kopenanus: M3mepBa 3aBUCHMOCTTa MEXIY ITOCIEAOBATEITHU
CTOMHOCTH.
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2.4.4. EKchepumeHmu u pe3yamamu
Excnepumentu ¢ gannu ot Mersenne Twister u TrueRNG v3, mamabupanu ot 0-1 no 0-32,
MOKa3BaT, Y€ MalladMpaHeTO HE BIMAC JAPACTUYHO HAa CTATUCTHYECKUTE XapaKTEPUCTHUKU Ha

HCGBI[OCJ'IyLIaI\;IHI/ITC qucia.

®durypa 2.15. moka3Ba eHTpOINUATa Ha 4HCIA, TeHepupaHu oT Mersenne Twister npu
pa3IMYHM JUana3oHu Ha ManiadupaHe.

Mersenne Taiss G anerasor Hunbers.

Queypa 2.15. Eumponus na Mersenne Twister

@urypa 2.16. nokasBa eHTponusTa Ha yucia, renepupanu oT TrueRNG v3 npu paznuyau
JIMana3oHu Ha MaladupasHe.

TrueRNG 13 Genermicr Numbar

Queypa 2.16. Enmponus na TrueRNG v3

@urypa 2.17. cpaBHsiBa pa3iukara B eHTponuara Mexay Mersenne Twister u TrueRNG v3
clie Malabupane.

Queypa 2.17. Pasnuka 6 enmponuama
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@urypa 2.18. npencraBs CTOMHOCTUTE HAa XU-KBaApaT TeCTa 3a NCEBAOCIYYaliHU YUClia OT
Mersenne Twister ipu pa3IuyHu IMana30HU Ha MalabupaHe.

Mersenne Twaster G enaratar Hum bers.

eononan
o000

H00m0

crisque

0000

Queypa 2.18. Xu-keaopam na Mersenne Twister .

@urypa 2.19. npeacrass cToiHOCTUTE Ha XU-KBaJApaT TECTA 3a UCTUHCKU CIy4yallHU 4yuciIa
oT TrueRNG v3 nipu paznuuHu quamna3oHy Ha MaladupaHe.

TrueRNG 3 Genemtor Num bers

momo
@mmo
sammo

womo

e

mmo

mommo

o
01 0z o2 04 05 05 07 08 08 M0 1 Mz 003 0de 015 GI6 Q17 08 009 020 02l 027 023 024 05 06 027 028 073 030 031

Py

Queypa 2.19. Xu-keaopam na TrueRNG v3

®durypa 2.20. moka3Ba paziMkaTa B XHU-KBaJpaT CTOMHOCTUTE MEXKIYy JBaTa reHeparopa
cieq MaiabupaHe.

Differance

Chisque

e

@ueypa 2.20. Paznuxa 6 xu-keaopama
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Qurypa 2.21. u3o0pa3siBa cpeIHOAPUTMETHYHATa CTOHHOCT HAa TEHEPUPAHUTE YHUCIA OT
Mersenne Twister ipu pa3IuMyHu AMaNa30HU HAa MalabupaHe.

Mersenne Twisier Generator Num bers

o
Gl 02 02 04 05 85 07 09 09 000 Gl G2 012 04 0ds 05 0d7 0 QI3 00 Rl 022 029 0 025 025 037 02¢ 028 030 031

Queypa 2.21. Cpeona cmotinocm na Mersenne Twister

Qurypa 2.22. u3o0pa3siBa CpeIHOAPUTMETHYHATA CTOHHOCT Ha TEHEPUPAHUTE YHCIA OT
TrueRNG V3 npu pa3inuyuHu AUana30Hd Ha MalabupaHe.

TrueRNG 13 Generator Numbers.

Queypa 2.22. Cpeona cmounocm na TrueRNG v3

Ourypa 2.23. mokas3Ba paszuKara B cpelHaTa CTOHHOCT Mexay Mersenne Twister u
TrueRNG v3 cnex mamabupane.

Difference
0mas

P

Queypa 2.23. Paznuka 6 cpeOHama cmouHocm
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@urypa 2.24.
Twister.

@urypa 2.25.
V3.

Ourypa 2.26.
reHeparopa.

WIIOCTpHpa KoepHIMEeHTa Ha CepuiiHa Kopenanus 3a uuciara oT Mersenne

Mersenne Twister Generatar Num bers

o
W12 [er o4 05 os 67 A 08 000 011 01r ml2 O 015 66 17 0P 01 20 0E1 02 P GEd 025 26 6F7 0 0F4 430 01

o

R

s

Quzypa 2.24. Cepuiina kopenayus na Mersenne Twister

WIIOCTpHpa KoeuIMeHTa Ha cepHifHa Kopenaus 3a yuciara oT TrueRNG

TrueRN G 3 Genermior Num bers.

scarns.

Queypa 2.25. Cepuiina kopenrayus na TrueRNG v3

BHU3yaJM3upa pa3iauKara B Koe(ulMeHTa Ha cepuiiHa Kopesalus MexXIy JBaTa

Difference.

Sastcanonion

scare

Quzypa 2.26. Paznuka 6 ceputinama Kopeiayus
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2.5. N3s00u

EBprCcTHUYHUTE ¥ METa-€BPUCTUYHHUTE METOIU, 0co0eHO ['A, ocurypsiBaT cTaOWIIHU paMKU
3a o00psBaHE Ha KOMYHUKAIIMOHHUTE CTPATETUH M YIIPABICHUETO HA WHPOPMAITMOHHH TPOIECH
B cinoxHu cucremu. [IHK-BapxHoBenara momudukanus Ha ['A W aganTHBHUAT METOJ 3a
anpoKCUMAIlMsl Ha BPEMEEMKH IIeJieBH (DYHKIMHM 3HAYUTEIIHO HAMaJIABAT W3YHUCIUTEITHUS U
KOMYHUKAIIMOHHUS Tpaduk, mpaBeiiku ['A MpUIOKMMH Ha YCTPOWCTBA C OTPaHUYEHU PECYpPCH.
MonynHarta opranu3anus Ha copTyepa U M3MOJII3BAHETO HA OTBOPEHU OMOIMOTEKHU JOMPUHACST 32
I'BBKABOCTTA M KA4Ye€CTBOTO Ha PA3MPEACIICHUTE CHUCTEMH. XOJIUCTHYHHAT TOJIXO0J KbM
ONTUMU3ANMITA OTYNUTA KAKTO AJITOPUTMHUYHHUS pe3yaTaT, Taka U e(QeKTHBHOCTTAa Ha 0a3oBUTE
KOMYHHUKAIITMOHHH TpoIecH. B kpas Ha riaBara ca M30poeHW HaydyHU MyOJUKAIMH, OTpa3sBalllH
ChIABPKAHUETO H.

[nasa 3. Mogenv 3a KOMyHUKaUMOHHM CTpaTerMm npy ynpasaeHue Ha
MHPOPMaLMOHHM NPOLLECU B ANUrUTaNHa cpena: TEXHUYECKN U apXUTEKTYPHU acneKTu

['maBa 3 Ha JQUCEpTALMOHHUS TPYJ C€ pas3IiiekJa MOACIUPAHETO Ha KOMYHHKAI[HOHHU
CTpaTerny B JUTUTANHA Cpela OT TEXHMYECKAa M apXUTEKTypHA IJIeJHA TOYKA, KAaTO aKUEHTHPa
BBPXY ONTUMH3ALUATA HA HHPOPMAMOHHUTE MTOTOLU U KOMYHUKAIMOHHUTE TIpoliecH. Pa3riexnar
ce Bb3MOXKHOCTUTE M IPEIU3BUKATEICTBATA, KOUTO AUTUTAIHATA CPe/a Mpesiara, KakTo U poJisiTa
Ha uHTepdeicuTe U aNrOPUTMHUTE, KOUTO CTPYKTYpUpaT OHJIaliH KomyHHKanusaTa [Kevin Lewis,
2021].

KITl04oB acmekT € JAWruTalHaTa TPAMOTHOCT, KOSITO BKJIFOYBA TEXHHYECKH, KOTHUTHUBHU U
COLIMO-EMOITMOHAITHU YMEHHUs, He0OX0IuMU 32 €(eKTUBHO M3MOJ3BaHE Ha TUTUTATHHU cperu. [lo-
BHCOKaTa TEXHWYECKA JIUTUTAJIHA TPAMOTHOCT € CBBbpP3aHA C II0-aKTUBHO H3IIOJ3BaHE Ha
konmaboparuBuu TexHosoruu [Andree-AnneDesch” enes, 2023].

Pa3zHo0oOpa3ueTo OT AWTUTAIHM KaHAIW U MHCTPYMEHTH ce npencTaBs dype3 Tabnmma 3.1.
[Anthony Cherbonnier et al, 2024]. Tabnuiara cpaBHsBa UMEPCUBHU cpeay (KaTo BUIACOMIPH U
CHUMYJIALIUM ChC CLEHAPUH, KOUTO M3MCKBAT IPYNOBa aKTUBHOCT 3a 00ydyeHHEe Ha KOJabopaTHUBHU
YMEHHS) C HEMMEPCUBHH cpein (KaTo maaTdopMHu 3a CIOACISIHE U OHJIalH KYPCOBE, MPEIOCTaBSIIN
CHoZeJIeH! pabOTHU NMPOCTPAHCTBA 3a CHHXPOHHA U ACUHXPOHHA IUCKYCHS).

NUMEPCHUBHU CPEIUN HEUMEPCUBHU CPEIU
Moeam 0a 6woam usnonzeanu 3a obyyenue Ilpedocmasam cnooenenu  pabomuu

Ha KOJ1a60pamu6Hu YMeHUus U uUucKkeam npocmpaHcmed U KaHdajlu 3a CUHXPOHHA U
cpynoea aKkmueHocm 3a nocmuecane Ha 061/1/;7/[ ACUHXPOHHA OMC‘KyCu}l

yenu
Buneo urpu [Tnardopmu 3a criofensHe
CuMynanuu cbC CIIEHAPUH OHJtaiid KypcoBe

PC-6a3upanu cumynatopu 1 MHCTpYMEHTH 32  MIHCTpyMeHTH 3a KoJabopaTUBHO
no0aBeHa peasTHOCT peraBaHe Ha pooIeMu

Tabauya 3.1. Tunose oueumannu cpeou u mexHume xXxapaxKmepucmuxu
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M3nonzeaHe Ha Android Content Providers u apxumekmypHu acnekmu

3a e(heKTHBHO YIpAaBICHWEC HA MAaHHU B MOOWJIHU Pa3MpeeieHH CPEId, AUCepPTaIUsTa
npeanara usnonzBadero Ha Android Content Providers. Te ciyxaT Karo MEXaHU3bM 332 MOJYIIHO
yOpaBieHHEe U JOCTHII [0 JAHHH, MNOAOOPSIBafiKM MOMIYITHOCTTA H YCTOWYMBOCTTa Ha

MMPHUIIOKCHUSATA.

KimeHT-chpBBp apxuTekTypaTa € QpyHIaMEeHTaleH MOJACIH 3a JUTHTATHH WH(GOPMAIMOHHH
NPOIIECH, TP KOMTO ChPBBPBT MPEIOCTaBsA MH(POPMALUSA WIH YCIYI'H Ha MOOWIHH YCTPOWCTBa
(xmenTn) upe3 HTTP/JSON mporoxkod.

Queypa 3.1. Knuenm — cvpewvp apxumexmypa

®urypa 3.2 nokaspa npoleca Ha KOMyHHKaLUs MEXIY KIMEHTH U ChbPBbBP.

Queypa 3.2. HTTP komynuxayus

(DI/Ipra 33 OpeacrtaBd KakK CHUCTCMHUTC MOTAaT nOa 6’BI[aT pasaciiCHu Ha HE3aBHUCHUMU
KOMITIOHCHTH.
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vy

WUnuTtepodeiic Ha
KOMaHAHuWA pep,

y

UnuTtepoeiic Ha MaiumHa 3a
OC Android NpOrHo3upaHe

Queypa 3.3. Mooyrina apxumexmypa

[Mpunoxenuero Ha Content Providers B KOHTEKCTa Ha paslpeac/ieHd H3YUCICHHS BKIOYBA
OpraHM3MpaHe Ha TOTOKAa OT JIaHHU OT CHPBBP KbM MOOWIHH YCTPOHCTBa, YIpaBlICHHE Ha
r7I00aJTHA M JIOKAJTHHM TOMYJIAlUM, KaKTO M aCHHXPOHHU KOMYHHMKAIIMOHHHM MOJeNnu Oe3 dyecra
CUHXpOoHM3anus. To3W MOAXO0M € OCOOCHO BaKCH NPH BpeMeeMKH IejieBH (YHKIHMH, KBICTO
arnpOKCUMAIIMATa MOXKE J1a HaMaJli Hy»K/1aTa OT yecTa komyHukaius [Mateeva, G et al, 2022].

AHAAU3U U peWeHUA 8 MEXHUYECKU U apXUmeKkmypeH achekm

MoGunute kubeppuznuecku cucremu (CPS) m MatepHer Ha Hemara (IoT) ca B ocHOBara
HAa WHTCH3WBHA JIMTHTAlIHA TpaHchopMalus, Cbhb3JIaBailki HOBH BB3MOXXHOCTH, HO U
npenu3BukarencTa. CPS komMOMHMpar nuHamuKkarta Ha (DU3WYECKHTE MPOLECH ChC COPTyep U
MpEXHU 3a UHTETPUPAHO MOojeNupane, npoektupane u ananu3 [Sanfelice R et al, 2016] u [Chen Y.,
Li Y et al, 2020].

HMannute ot loT ycrpoiicTBa 4ecTo ca IIYMHH, CHIIHO IMPOMEHIMBH U 'TpamaBu'", KOETO
Haylara mpejaBapuTeaHa o0paboTKa 3a M3BIMYaHe Ha Ou3Hec croiHOocT [Dineva, K., et al, 2019].
HapactBamust Opoit IoT ycTpoiicTBa BOoaM /10 JOCTHraHe Ha TPAHMIMTE HA CHINECTBYBAIHUTE
ApXUTEKTYPHH CTPYKTYpH IO OTHOIICHHE Ha Marnadbupyemoct. KaTo pemieHue ce odepraBa
Basupanust B o6nak MurepHer Ha Hemara (CB-10T), npemiarain M34HCIATETHA Bb3MOXKHOCTH U
cbxpaHenue 4ype3 BupTyanusanus [Dineva K., et al, 2020]. Pa3zpaboTenara apxutekrypa € 6a3upana
Ha AWS o005aka, m03BoJsIBallla aBTOMATH3UPAaHO MamabupaHe U aHaiu3 Ha nanHu. Durypa 3.4
BU3YyaJIM3upa T€3U IIaTGOPMHU, BEPOSITHO BKIIOYBAIIHN 00JaUHU PEILICHUSI.

| TInatdopMH 3a MPHITOXEHHE / ChXPaHeHHe

IoT yerpoticTBO

]

]

]

]

]

]

]

]

1

]

]

]

]

! IoT yerpoHciBO =
1 R O0naTHH IToTpeSHTEICKH HHTEphEHT
| IoTEdge P epo:
1 YCIYTH

]

]

]

]

1

]

]

]

]

]

]

]

]

]

]

]
IoT yerpoiicTBo | $
3arpyma H

|

]

]

|

MoHHTOPHHT
- AHQ/IH3 HA JaHHHTe
- OIleHKA HA TaHHHTE

Queypa 3.4. Ilnampopmu 3a npunodicenue / coxpaneHue
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OCHOBHHU CpeICTBa 3a peanu3aiys Ha pasnpeneieHn u3uucienus pkimousat Android OS
APIl-ta (kato Android Services 3a ¢onoBu omneparuu, LiveWallpaper 3a MexauHHa BU3YyaTH3aUs
u Android Widgets 3a rpBkaBa Bu3yanu3auusi U nmorpedutencku Bxona) [Mateeva, G et al, 2021].
Cucremute U3MON3BaT KIMEHT-ChbpBBp apxutektypa ¢ HTTP/JSON u RESTful xomynukanms,
(OHOBO M3MIBJIIHEHHE U JOKAJTHO ChXpaHeHHe Ha JaHHU B SQLite. M3non3BaT ce u BHHIIHU Java-
0asupaHu OUONIMOTEKHM 3a MalIMHHO OOy4YeHHe, ONTHMHU3ALMS U KOMYHHKAlMs, a MOJIYJIHHUAT
JIM3aiH OCUTYpsABAa I'bBKABOCT.

lpeduzsukamesncmea u SWOT aHanu3
Cpen OCHOBHUTE MPEAU3BUKATEICTBA MPHU MPOCKTUPAHETO HA CUCTEMU 3a B3aMMOJCHCTBHE

ca orepaTuBHATa CbBMECTUMOCT (CIIOCOOHOCTTA Ha PA3JIMYHU CHCTEMH Ja paboTAT 6e3mpoOIeMHO
3a€/IHO) M PECYpCHUTE OTpaHUuYCHHs (OTpaHMYCHA MaMeT, JIUICA Ha JUCIUICH, Ciabu MPOIECOpH)

[Sadeghi & Mersedeh, 2023].

Tabnuua 3.2 06o0maBa Te3u MpodIeMH, MPUIMHUTE 33 TAX M Hpeliara NPUHLHUINA KaTo
MHHHUMAJIU3bM U aJalTHBHOCT 3a cupassiHe ¢ Tsix [Margaria, T et al, 2011].

Kareropus Onucanue Bausinue / HMpunuunu u
MMocaexcTrus NMpenopbKH
Pecypcun OrpaHuueHus KaTo 3arpyaHsBaT Ontumanto
OrpaHUYECHUs OrpaHUYEHA MaMeT, JINIICA  W3IbJIIHEHUETO U M3M0JI3BaHe HA
Ha JIUCILICH, cabu YIIPaBICHUETO pecypcu upes

[Ipynunnm 3a

MPOIIECOpH
Hxkonomuu ot Marmada u

Baussat na pa3sxoau u

ONPOCTSIBAHE
B3emane oz

OTpaHUYCHUS OTpaHUYCHUS, HAJIO)KEHU BB3MO)KHOCTH Ha BHUMAaHHE OLIC B
OT XOCT cpezarta (Tero, cucremara HayaJlHU eTaru
pasmep, eHeprus)

IIpenusBukarenctea  Pabota BbpXy Bce olle [TporechT € cioxeH u W3non3Bane Ha

B JM3aiiHa HEOKOHYATEITHO HEOoIpeeeH UTEPATUBHU U
MIPOEKTUPAHU CUCTEMH C allanTUBHU
KPUTHYHHI HEU3BECTHH MOAXON
bakTopu

[lepcniexTrBa 3a [lonxon 3a mo-epextuBHO  IlogoGpsiBa [Ipunarane Ha

OIPOCTSIBaHE U3IIONI3BAaHE HAa PECYpCH U CTAOMIIHOCTTA U MpPUHIMIA ,,[10-
Ch3/IaBaHE HA CTAOWIIHH, paboToCrmocoOHOCTTa MaJKo € rmoBeye‘
JIECHU 32 MOAJIPBAKKA
CHCTEMU

Emnupuunu CbOpaHu OTKpUTHS U VnecHsBar peaaHoTo [Tpunarane Ha

HaOTFOCHUS MPUMEPH OT EKCIIEPTH, npujara’He Ha pernopbUaHy
MOJITIOMAranu MNPUHIUITNTE METONIU B

uaeHTuuKaImMs Ha 100pu
MPAKTUKH

CHUCTEMHMUS TU3alH

Tabnuya 3.2. Ilpedussuxamencmea u npuHyunyu nPu OU3AUH Ha CUCMEMU C PeCyPCHU 02PAHUYEHUS]

N3ewpmien e SWOT ananuz na CPS/IoT u pasnpeneneHn H3YUCIUTEIIHA PECYPCH.

» Cunaure crpann (Strengths): HoBHM BB3MOXHOCTH 32 TNPOAYKTH/YCIYTH, HHTETPHUpPAH
MOJIXO/ 32 MOJIENTUpaHe, Ch3/JaBaHe Ha CTOWHOCT OT JIaHHH, NPEIUMCTBA Ha OOJTaYHUTE U3UHUCIICHUS
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(AWS), m3nonzBane Ha Android OS API-ta, KIMEHT-CBPBBP apXHUTEKTypa, (POHOBO H3IMBIHEHHUE,
JIOKAJIHO ChbXPaHEHHWE U MOJYJIEH JM3alH.

» Cnabute crpanu (Weaknesses): Jlumca Ha cTaHIapTH 3a CHOAENSHE HA JaHHU, IIYMHH U
npomennnBH loT naHHM, HEOOXOOMMOCT OT IpeaBapuTenHa 00paboTKa, JTOCTUraHe Ha KamaluTera
Ha AapXUTEKTYpUTE, MpPEIU3BUKATEICTBA TIPU OMNEpaTHBHATa CBHBMECTHUMOCT W PECypCHHUTE
OrpaHUYEHUS.

» Bwamoxnoctu (Opportunities): PazpaborBane Ha MeTonu 3a npeoOpasyBane Ha gaHHu, CB-
[oT, wnHagrpaxxmane Ha oOpaboTkara Ha JaHHHM, pasnpeneneHo mo3Hanme, AWS 3a
Marabupane/aHanus, 'bBKaBU CTaHJAPTHU3UPAHU MIPOLIECH U OTIPOCTSABAHE HA TU3aiHA.

» 3amnaxu (Threats): Illym u rpemku B TaHHUTE, HEMOCIIEIOBATEIHOCT HA JJaHHH, JOCTHTaHE
Ha U3YMCIIUTEIHU TPAHHIIY, JIUIICA HA ONEPAaTHBHA ChbBMECTUMOCT U KOMITPOMHCH 3apajid PeCypCHU
OrpaHUYEHUS.

ApxumeKmypHu mMooesnu U mexHUKU 3a onmumu3sauuAa HaG KOMyHUKaQuuAama

Pasrnenanu ca pa3iMvHU apXUTEKTYpHH MOJICTH 3a pasnpenencuu cucremu [Washizaki et
al, 2020]:

» KuumeHt-cbpBbp apxuTektypa: LleHTpanu3upaHo ympaBiICHHE, WMIUICMEHTHPAHO B
JMCEPTAINATA, HO BbBEXK/IA PUCK OT €AMHUYHA TOYKA HA OTKA3.

» Peer-to-Peer (P2P) apxurekrypa: JleneHTpaiM3upaHa, BHCOKa OTKa30yCTOWYUBOCT,
HaMaJIsiBa 3aBUCUMOCTTA OT IIEHTPAJICH ChbPBb.

» CrwoutniiHo-opuentupana (Event-Based/Publish-Subscribe) apxutekrypa: IMoaxomsmia 3a
IoT cuctemu ¢ aCHHXPOHHO TeHEpHpaHe Ha JaHHH (Harp. B "VHTEIMIEeHTHO JKUBOTHOBBACTBO").

» Mmnorocnoitna (Layered) apxutekrypa: Monenute B aumcepramusTa Morar na Obaar
pamkupanu B Hest (Cenzopen, Mpesxos, Yeryru, Ipunoxen cioese) [A. Triantafyllou, et al, 2019].

Tabmuuma 3.3. o0000maBa Te3u  MOAENH, TEXHUTE MPHUHIUIHK, MAaIlabupPyeMocCT,
OTKa30yCTOMYMBOCT, JIATEHTHOCT, MpUrogHocT 3a [oT ¢ orpannyenn pecypcu u Bpb3Ka C Mojelia B
JUCepTaIusITA.

IIpennara ce 6paena XMOpUIHA APXUTEKTYpa, KOATO /1a KOMOMHMpA MPeIUMCTBaTa Ha KIMEHT-
CbpBBD, CBHOMTHUIHO-OpHEeHTHpaHu U P2P wMomenu 3a chnpaBsHe ¢ Ipeau3BHKaresiIcTBara,
uaeHtupunmrpanu B SWOT ananusa.

5%
= s} =
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z T g 5 =g & g H ®
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5 = Y o a o g = &
2 = = > o 5 E & x o a
g 5 S Q ) g & g0 3 S 5
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Kiuenr- Llentpanusupan | Orpannden | Hucka 3aBucH OT Bucoka NUmniemeHTHpPaH
ChPBBLP KOHTPOJI aor (enmHUYHA Oonm30cTTa U (TBPHKH mopen: LlenTpanen
ChpBBpa TOYKA Ha HATOBapBaHETO | KIIMCHTH) CBHPBED 3a yIIpaBICHIE
OTKa3) Ha ChbpBHpa Ha romyinanusita B GA;
MOOWITHH KJIMEHTH 32
U3UYHCIICHUSL.
Peer-to-Peer JeuenTtpanu- Bucoka Bucoka [IpomennuBa; Cpenna AuarepHaTuBen/Xuodpu
(P2P) (usma MoxKe j1a Obie (yuactHunure | meH momen: Moxe na
31MpaH KOHTPOI .
eIMHIYHA HHCKa 32 JeicTBaT U ce M3I0NI3Ba 3a
TOYKA Ha JIOKAJTHU KaTo JTUPEKTEeH OOMEH Ha
OTKa3) YYaCTHUIIH CBPBBPH) JTAaHHU M@Ky MOOWITHH
BB31H 0e3
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IMOCPEAHNYECTBOTO HA

CBPBBD.
CrouTHiino- ACHHXPOHHHU Bucoka Bucoka Hucka 3a Bucoka Konuenrtyanana
OpHeHTHPaHa CHOOLICHNUS (cnaba pasnpocTpaHeH | (JISKOTOBAPHH | MPHUIOAHOCT:
(Pub/Sub) CBBP3aHOCT) | We Ha CHOWTHS | M3JaTelH) CnoTBeTCTBA Ha

[pUpozaTa Ha
reHepupaHe Ha JJaHHU
ot [oT censopu B
UHTEITUTEHTHOTO
3eMezienue.

MHorocoiina Paznenenue Ha Bapupa Bapupa Bapupa Bucoxa HsanocTHa pamka:
OTTOBOPHOCTUTE Cucremara B
JIFCepTaIsATa MOXE 12
ObJe omucaHa upes
MHOTOCIIOE€H MOJIEN
(Censopen, Mpexos,
Yenyru, [punoxen).

Tabnuya 3.3. Cpasnumenna mabauya Ha OCHOBHU APXUMEKMYPHU MOOeU

Cnenu(puyHy TEXHHKH 3a oONTUMH3alUs Ha KomyHukaiusta B CPS/IOT BkmouBat
aJlaNTUBHU KOMYHHUKAI[MOHHM MOJeNM (aJanTHpaHe Ha IMpeAaBaHe Ha JaHHU Bb3 OCHOBA Ha
YCIIOBHSI), €HEPTrHIHO-e(DEeKTHBHO MapUIpyTU3MpaHE W arperupaHe Ha JaHHW (HaMassBaHEe Ha
Tpaduka ype3 yokanHa oOpabOTKa) M HUCKOECHEPTMHHM TEXHOJIOTMH (KaTO KOMYHHUKAIUS upe3
obpartHo pa3sceiiBane) [Taha et al., 2020], [Wei et al 2018], [Ding et al, 2024]u [Chenand et al,
2021].

OnrtuMu3anusaTa ce pasriekaa Karo XOJUMCTHYEH, MHOTOCIOEH IIpo0iieM, CBBbp3Balll
aITOPUTMUYHATA ONTHMHU3AIINSA C MPEKOBa U eHepruiina eektuBHocT Taha et al, 2020], [Wei et al,
2018] u [Ding et al, 2024].

ApPXHUTEKTYpHOTO MPOEKTUpAaHE HA €BPHCTHYHA ONTHMHU3AIMS B PA3MpPEACICHN CHUCTEMH
M3M0J3Ba "OCTPOBEH MOJIeN" 32 TCHETHUYHUTE aJITOPUTMU (BCSIKO MOOMITHO YCTPOUCTBO € "oCcTpoB" C
nokanHa nomynanus). OOMeHBT Ha MHPOPMAIMS MEKAY BB3JIUTE U IICHTPAITHUS ChbPBBD BKIIOYBA
pas3npocTpaHeHNe Ha Haya Ha TOMYJIalysl, MUTPAls Ha MHAUBUIN U U3TbUBaHE HA TII00ATHO Haii-
JI00pOTO pelieHue, ¢ KOMIIPOMHC MEXIY KaueCTBO U KOMYyHHKalnoHeH Tpadpuk [Mohamed et al,
2012].

Wuterpupanero Ha ,,JIHK-BapxHOoBeHata mMomudukamus Ha GA® m ,,Anpokcumanusi Ha
BpEMEEMKH  IeJIeBH  (QYHKIUU TPOMEHS AapXUTCKTYPHHTE W3UCKBAHUS, IT03BOJISIBAKN
m3nbaHeHneTo Ha GA Ha yCTpoilcTBa ¢ OrpaHMYEHH pecypcd upe3 HamalsBaHe Ha
KOMYHHKAIIMOHHUS Tpaduk. Ta3sum CcHHeprmyHa BpB3Ka MEXKIYy alTOPUTBM H apXHUTEKTypa
Ipe/ICTaBIsIBa XOJIUCTHYHA allTOPUTMUYHO-apXUTEKTypHa paMka [Krupitzer, et al, 2020].

[lepcneKmugHa apxumeKkmypHa 8U3uA U u3zgoodu

boaenuTe HaCOKM BKITIOUBAT UHTETpAIs ¢ GefaepatuBHO oOydeHne (00yueHrne Ha JIOKaTH!
MOJICJIM Ha YCTPOWCTBA, M3MpaIlaHe caMO Ha MapaMeTPH 3a arperupaHe), MyJITHATCHTHH CHUCTEMH
(MAC) 3a pmenieHTpanu3upaHu MPEeroBopu (ycTpolcTBaTa IEHCTBAT KaTO aBTOHOMHHU areHTH) U
BrusHHEeTO Ha S5G/6G Mpeku W KBAaHTOBa KOMYHHKAIMS 3a TO-HHCKA JIATEHTHOCT M BHCOKA
curypHoct [William Marfo, et al, 2025], [Dritsas et al, 2025], [Dejun Yang, et al, 2012], [Saad, et
al, 2009] u [Zreikat et al, 2025]. Pamkara B aucepraiusra € GpyHIaMeHTaIHa CThIIKA KbM HAIThJIHO
ABTOHOMHHU U JICLICHTPAIU3UPAHU UHTEIUTC€HTHU CUCTEMH.
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Moobunaute, kubeppusnunute cucremu u loT ca ocHoBara Ha IUTHTaTHATA
TpaHchopMalMsi, HO M3UCKBAT MHOBAaTUBHU CTpAaTerMM 3a INPOEKTHpPAHE 3a CIpaBsiHE C
MpEeJU3BUKATEIICTBATa HA  ONEpaTUBHATa CBHBMECTUMOCT M PECYpPCHUTE  OTPaHUYCHHUA.
PazpaGorenute Mopenu Mo3BosiABAT €QEKTHUBHO IIpUJaraHe Ha €BPUCTUYHUM METOAM Ha
xereporenHd MoOwinHM u [oT ycTpoiicTBa B pasnpeieneHH AWTHTATHH CPEIH C OTPaHUYCHU
pecypcu, BKIHOYMUTEIHO TEXHUTE TEXHMYECKM M apXUTEKTYpHH AacleKTH Ha YIpaBIEHUETO Ha
MH(POPMALMOHHU TTOTOLH.

OCHOBHM Hay4HO-MPUNOMKHU NPUHOCH

I[I/IcepTaHI/IOHHI/IHT Tpyd MNpeacTaBss XOJMUCTUYHA XI/I6pI/I,Z[Ha paMKa 3a OITHMH3AllUA Ha
KOMYHUKAIIMOHHU CTPATCTUM B PA3MNPCACICHU AUTHUTAJIHU CpEArU C OI'paHUYCHHU PECYpPCHU, KOATO
HHTCTpHpa I'bBKaBHU apXUTCKTYPHU MOJCIIN, YCBbBBPUICHCTBAHU CBPUCTUYHHU MCTOAU U XOJIUCTUYUCH
noAXxo4 KbM YIIPABJICHHUCTO Ha I/IH(l)OpMaI_[I/IOHHI/I IIOTOLIH.

HpI/IHOCI/ITC Ca rpynupaHuv B Tpu OCHOBHU KATCT'OPUU:

1. MerogonoruueHn mnpuHoc: PaspaboreHu ca [aBa HOBM MOAXOAa 3a MOAOOpsiBaHE Ha
e(eKTUBHOCTTA HAa TCHETUYHHUTE AJITOPUTMHU B MPEKOBH CPEJIH:

o JHK-BabpxHOBeHa MoauduKalys Ha FeHeTUYeH anroputhM: [lpemioxkena u BanuaupaHa
€ HOBa perpe3eHTAIMs], U3MOJI3Balla CABOCHH XPOMO3OMH C MHBEpPTHpaHH OuToBe. To3W MeEToI
mojoOpsiBa M3CIEBAHETO HA MPOCTPAHCTBOTO HAa THPCEHE M MOIABPKAa Pa3HOOOpa3ueTo Ha
MOMYJAIASATA, OCUTYPSBANKN IMO-CTAOWMIIHM PEUICHHS 32 CIIOKHU ONTHUMH3AIMOHHU MPOOJIeMH B
CpaBHEHHUE ChC cTaHAapTHUTE ['A.

o AIanTHBEH METOJ 3a alpOKCHUMAIWMs HAa HW3YUCIUTEIHO CKBIMA IEINCBH (DYHKIIHH:
Pa3paborena e HOBa TeXHMKa, M3MOJN3Balla MOJIMHOMU Ha JlarpaH 3a ampokcuMalus Ha
BpeMeeMKH TienieBH  (pyHkmmu. To3W TOAXOA 3HAYMTETHO HAMaIsgBa W3YHCITUTCIHUS U
KOMYHHUKAIIMOHHUSA TpaduK, MpaBelku mpuiiokeHueTo Ha ['A ochblnecTBUMO Ha YCTPONCTBa C
OTpPaHHYEHU pPeCcypcu. AJNANTUBHUAT XapakTep Ha anmpoOKCHUMAIMOHHHS HA0Op TpEICTaBIIsBa
CaMOONTHUMH3HUPAILl CE MEXaHU3bM B PAMKHUTE Ha CAMHSI alTOPUTHM.

2. ApxurexrypeH npuHoc: Ch37a/IeH € HOB apXUTEKTYPEH MOJIEN 33 MPAKTUYECKO BHEAPSBAHE
Ha M3YUCITUTEIIHO WHTEH3WBHU ONTUMHU3AIMOHHH anropuT™Mu (kato ['A) Ha XeTeporeHHn MOOWIHU
u 10T ycrpoticTBa ¢ orpannueHu pecypcu. HoBocTTa Ha Ta3u apXHTEKTypa ce Kpue B CHHEprHYHATA
KOMOHMHAIHUS OT:

o ACHHXPOHHH KOMYHUKAIIMOHHH MPOTOKOIHM: MOJIEThT MUHUMHU3HPA HEOOXOIUMOCTTA OT
yecTa CHHXPOHH3AIUS MEXKIY [EHTPATHUS ChbPBBP U KIUEHTHUTE, CMEKYaBaiiku mpobiemMa c ,,Haii-
0aBHUSA KJIIMEHT', YECTO CPEIIaH B pa3NpeieIEHUTE CUCTEMHU.

o MonynHo u OydepupaHo ympaBieHue Ha AaHHM: CHerUUYHOTO H3MON3BAaHE Ha
mexanu3mu karo Android Content Providers cimyxu kato 0000IIeH MOl 3a pa3jieisHe Ha
B3aMMOJICHICTBHETO C MOTPEOUTENsT OT U3UUCICHUATA HA 33JieH TUIaH, OCUTYPSBAMKH OT3UBYHBOCT
Ha cucTeMara M e(eKTHBHa JoOKaJHa oOpa0oTka HAa JaHHHU. ToBa CHBMECTHO NPOEKTHpaHE Ha
QITOPUTHM M aPXUTEKTypa € 3Ha4YMTelIeH NMpuHOC KbM oOmactra Ha Edge Al u pasmpenencuus
WHTEJIEKT.

3. IlpunoxkeHn mnpuHOoC: Pa3paboTeH € ISUIOCTeH TPUIIOKEH MOJEN 3a WHTEIUTCHTEeH
MOHUTOPHUHT U 00paboTKa Ha JTaHHHW B 00JacCTTa Ha MHTEIMTEHTHOTO 3eMejIeiie, BAIUIUpaH dpes3
npoekTa ,, IHTeNUreHTHO )KMBOTHOBBICTBO ‘. Banuaamusata € MHOTOCTpaHHa, KaTo U3IM0JI3Ba:

o KonumdectBenn wmeTpukm 3a mpousBoauTenaHocT: CTpora OIEHKa ¢ IOMOINTa Ha
CTaHJIaPTHH METPHKHU KaTo cpenHa abcomroTHa rpemka (MAE) u cpegHokBaapaTHYHa TpeIika
(RMSE) 3a nmoka3Bane Ha TMpPOTHO3HATA TOYHOCT M €(DEKTHBHOCTTA HA ONTHMH3AI[MOHHUTE
QJIITOPUTMH.
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o KauectBen crparernueckn anamu3: M3Bspmen e SWOT  anamus, KoOWHTO
KOHTEKCTyaJIM3upa CUJIHHUTE U ciaabuTe CTpaHM Ha cHcTeMaTa M BalUAuMpa HEHHHUTE NMPOEKTHU
pelIeHns CHpsMO KIIIOUOBU IIPEIU3BHKATEIICTBA B JOMEWHAa Karo KayecTBO Ha JaHHMTE,
OIlepaTUBHA CbBMECTUMOCT U PECYPCHU OIpPaHUYEHUS.

Hacoku 3a 6baelum nscnegsaHms
OCHOBHI/ITG HACOKHU 3a 6’[:IICH_[I/I HN3CJICABAHUA BKJIFOUBAT.

e [lo-HaTaTBIIHO pPa3BUTHE M TpHUJIAraHe Ha YCHBBPIICHCTBAHW EBPUCTUYHU METOJIH, IIO-
CHEIMATHO TeHETHYHHU AITOPUTMH, B Pa3lpeICIICHH TUTHTATHU CPEIH C OTPAHUUYEHU PECypCH.

e PasmmpsiBaHe Ha NMPOYYBaHUATA BBHPXY QNaNTHBHH W JCHCHTPAIU3UPAHU APXUTEKTYPHH
MOJIeTH 32 €)EKTUBHO YIIpaBlIieHUE Ha HH()OPMAIIMOHHY ITOTOLH U PECYPCH.

e JIBJIOOYMHHO W3CIIEBaHE HA WHTETpalUsITa W TPUWIOKCHHUETO HAa HOBOBB3HUKBAIIM
KOMYHHKAITMOHHU TeXHOJOTHH U Al moaxoau 3a mogoOpsiBaHe HA ONTHUMH3AIMOHHUTE CTPATCTHH
(namp. kBaHTOBa KomyHuKanus, SG/6G, xonorpadcku untepdericn).
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