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Abstract. This paper presents a mathematical model for the optimal selection 
of sensors in Security Information and Event Management (SIEM) systems using the 
Analytic Hierarchy Process (AHP). The growing complexity of modern information 
infrastructures and the increasing number of cyber threats require reliable and efficient 
monitoring mechanisms. Since the effectiveness of a SIEM system significantly depends 
on the performance and configuration of its sensors, the problem of selecting the most 
suitable sensor under multi-criteria conditions becomes a relevant scientific and practi-
cal task. The proposed approach formalizes the sensor selection process as a three-level 
hierarchical structure that includes the main objective, a system of evaluation criteria, 
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and alternative sensor configurations. The criteria considered in the study include sys-
tem load, reaction time, working time, efficiency, implementation cost, labor intensity, 
universality, implementation quality, and prevalence. Pairwise comparisons were per-
formed according to the Saaty scale, and weighting coefficients were calculated using 
eigenvalue-based methods. The consistency index and consistency ratio were evaluated 
to ensure the reliability of expert judgments.Based on the developed model, a software 
tool was implemented in C++ using the MySQL database management system. The sys-
tem automates the formation of comparison matrices, calculation of priority vectors, and 
ranking of alternatives. Experimental results demonstrate that the application of AHP 
improves the objectivity and transparency of decision-making, reduces configuration 
time, and increases the reliability of SIEM sensor deployment. The proposed model is 
scalable and can be adapted to various information security infrastructures, contributing 
to the advancement of multi-criteria optimization methods in cybersecurity.

Keywords: information security, SIEM, sensor, Analytic Hierarchy Process 
(AHP), decision-making
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        Аннотация. Бұл мақалада SIEM класты ақпараттық қауіпсіздікті басқару 
жүйелерінде оңтайлы сенсорды таңдау үшін иерархияларды талдау әдісі 
(ИТӘ) негізінде математикалық модель ұсынылады. Заманауи ақпараттық 
инфрақұрылымдардың күрделенуі және киберқауіптердің артуы сенімді әрі 
тиімді мониторинг тетіктерін қажет етеді. SIEM жүйесінің тиімділігі көбінесе 
қолданылатын сенсорлардың сипаттамалары мен конфигурациясына тәуелді 
болғандықтан, көпкритерийлі ортада ең қолайлы сенсорды таңдау ғылыми әрі 
практикалық тұрғыдан өзекті мәселе болып табылады. Ұсынылған тәсіл сенсорды 
таңдау үдерісін үш деңгейлі иерархиялық құрылым түрінде формалдайды: 
негізгі мақсат, бағалау критерийлері және баламалы сенсорлар. Зерттеуде келесі 
критерийлер ескерілді: жүйеге түсетін жүктеме, жауап беру уақыты, жұмыс 
уақыты, тиімділік, енгізу құны, енгізудің еңбек сыйымдылығы, әмбебаптық, 
жүзеге асыру сапасы және таралу деңгейі. Жұптық салыстырулар Саати шкаласы 
бойынша жүргізіліп, салмақ коэффициенттері меншікті мәндер әдісі арқылы 
есептелді. Сараптамалық бағалардың дұрыстығын тексеру үшін келісімділік 
индексі және келісімділік қатынасы анықталды. Әзірленген модель негізінде C++ 
бағдарламалау тілінде және MySQL деректер қорын басқару жүйесін қолдана 
отырып бағдарламалық құрал жасалды. Жүйе жұптық салыстыру матрицаларын 
құруды, басымдық векторларын есептеуді және баламаларды ранжирлеуді 
автоматтандырады. Эксперименттік нәтижелер иерархияларды талдау әдісін 
қолдану шешім қабылдау үдерісінің объективтілігі мен айқындығын арттыратынын, 
жүйені баптау уақытын қысқартатынын және SIEM инфрақұрылымында 
сенсорды таңдаудың сенімділігін жоғарылататынын көрсетті. Ұсынылған модель 
масштабталатын болып табылады және әртүрлі ақпараттық қауіпсіздік жүйелеріне 
бейімделе алады, бұл киберқауіпсіздік саласындағы көпкритерийлі оңтайландыру 
әдістерін дамытуға ықпал етеді. 
             Түйін сөздер: ақпараттық қауіпсіздік; SIEM; сенсор; иерархияларды талдау 
әдісі; шешім қабылдау
    Дәйексөздер үшін: В. Махатова, Б. Джугембаева, А. Габдулова, Л. 
Нургалиева A. Абдигалиева (2026). Иерархияларды талдау әдісі негізінде 
siem жүйелерінде оңтайлы сенсорды таңдаудың математикалық моделі // 
Халықаралық ақпараттық және коммуникалық технологиялар журналы. Т. 
7. № 25. Б. 326–349. https://doi.org/10.54309/IJICT.2026.25.1.020. (Ағыл. тіл.).
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Аннотация. В данной статье представлена математическая модель выбора 
оптимального сенсора в системах управления информационной безопасностью 
класса SIEM на основе метода анализа иерархий (МАИ). Возрастающая слож-
ность современных информационных инфраструктур и увеличение количества 
киберугроз требуют надежных и эффективных механизмов мониторинга. По-
скольку эффективность функционирования SIEM-системы во многом зависит от 
характеристик и конфигурации используемых сенсоров, задача выбора наиболее 
подходящего сенсора в условиях многокритериальности является актуальной на-
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учной и практической проблемой. Предложенный подход формализует процесс 
выбора сенсора в виде трехуровневой иерархической структуры, включающей це-
левую функцию, систему критериев оценки и альтернативные варианты сенсоров. 
В исследовании учитываются следующие критерии: нагрузка на систему, время 
реакции, рабочее время, эффективность, стоимость реализации, трудоёмкость 
внедрения, универсальность, качество реализации и распространённость. Парные 
сравнения проводились по шкале Саати, а весовые коэффициенты рассчитывались 
на основе методов определения собственных значений. Для проверки корректно-
сти экспертных оценок были вычислены индекс согласованности и отношение 
согласованности. На основе разработанной модели реализовано программное 
обеспечение на языке C++ с использованием СУБД MySQL. Система автомати-
зирует формирование матриц парных сравнений, расчет векторов приоритетов и 
ранжирование альтернатив. Результаты экспериментов показывают, что примене-
ние метода анализа иерархий повышает объективность и прозрачность принятия 
решений, сокращает время настройки системы и увеличивает надежность выбора 
сенсоров для SIEM-инфраструктуры. Предложенная модель является масштаби-
руемой и может быть адаптирована к различным системам информационной без-
опасности, способствуя развитию методов многокритериальной оптимизации в 
сфере кибербезопасности.

Ключевые слова: информационная безопасность; SIEM; сенсор; метод 
анализа иерархий; принятие решений
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Introduction.
Modern information systems are an integral part of the infrastructure of enter-

prises, government agencies, and commercial organizations. As data volumes and levels 
of automation grow, the number of information security threats increases significantly, 
requiring continuous improvement of protection and monitoring methods. One of the 
most effective tools is a security information and event management system (SIEM), 
which collects, correlates, and analyzes data on events occurring within the protected 
network.

The effectiveness of a SIEM system depends on the proper operation of its sen-
sors—the components that collect, filter, and transmit security event data. An incorrect-
ly selected or improperly configured sensor can lead to the loss of critical data, false 
alarms, or increased system load. Therefore, the problem of selecting the optimal sensor 
that balances performance, reliability, and cost is a pressing scientific and practical is-
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sue.
Traditional sensor selection methods rely primarily on expert assessments and 

empirical data, which do not always account for the multi-criteria nature and mutual 
influence of system parameters. Therefore, it is advisable to apply formalized mathe-
matical methods of multi-criteria analysis, capable of considering both quantitative and 
qualitative characteristics. One of the most universal approaches is the Analytic Hier-
archy Process (AHP), proposed by T. Saaty, which is widely used in optimization and 
decision support problems.

Using the Analytic Hierarchy Process (AHP) allows us to represent the sensor 
selection process as a hierarchical structure: from the primary goal—improving the ef-
fectiveness of the security system—to subordinate levels of criteria and alternatives. 
This model enables us to objectively assess the importance of each criterion, determine 
the weights of alternatives, and formulate a quantitative justification for the selection.

The objective of this study is to develop a mathematical model and software 
tool that enable rational selection of the optimal sensor for a SIEM system using the 
Analytic Hierarchy Processing (AHP) method. To achieve this goal, the following 
tasks are addressed:

•	 An analysis of existing approaches to the construction and configuration of 
SIEM systems was conducted;

•	 a hierarchical structure of sensor selection criteria has been formed;
•	 an algorithm for calculating weights and consistency indices has been im-

plemented;
•	 a software module was developed in C++ using the MySQL DBMS;
•	 An experimental verification of the correctness and effectiveness of the 

proposed model was carried out.
The results of the study are aimed at improving the efficiency of SIEM system 

setup and operation, reducing the risk of information incidents, and ensuring a higher 
level of information infrastructure security.

Materials and Methods
SIEM Systems.
Security Information Event Management (SIEM) is the general name for soft-

ware products previously used separately from each other, categories SIM (Security 
Information Management) and SEM (Security Event Management).

A typical SIEM system faces the following tasks.
Consolidation and storage of event logs from various sources – network devices, 

applications, OS logs, security tools. Sometimes an incident is detected late, and the 
events have long since been deleted, or the event logs are inaccessible for some reason, 
making it impossible to identify the cause of the incident. Furthermore, connecting to 
each source and viewing events is time-consuming.

Providing tools for event analysis and incident resolution. Event formats vary 
across various sources. Text-based formats can be cumbersome when dealing with large 
volumes and reduce the likelihood of incident detection. Some SIEM products standard-
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ize events and make them more readable, while the interface visualizes only valuable 
information events, highlights them, and allows filtering out non-critical events.

Correlation and rule-based processing. A single event doesn’t always indicate an 
incident. The simplest example is “login failed”: one instance is insignificant, but three 
or more such events involving the same account may indicate brute-force attacks. In the 
simplest case, rules in SIEM are represented in RBR (RuleBasedReasoning) format and 
contain a set of conditions, triggers, counters, and action scripts.

Automatic notification and incident management.
The primary goal of a SIEM is not simply to collect events, but to automate the 

process of incident detection, documenting them in its own log or an external HelpDesk 
system, and providing timely notification of events. A SIEM can detect:

network attacks on internal and external perimeters;
viral epidemics or individual viral infections, unremoved viruses, backdoors and 

Trojans;
attempts to gain unauthorized access to confidential information;
errors and failures in the operation of information systems;
vulnerabilities;
Configuration errors in security tools and information systems.
A SIEM system is versatile thanks to its logic. But to accomplish its intended 

tasks, useful sources and correlation rules are necessary. Any event (for example, a door 
opening in a specific room) can be fed to the SIEM input and used.

Sources are selected based on the following factors:
criticality of the system (value, risks) and information (processed and stored);
reliability and informativeness of the source of events;
coverage of information transmission channels (not only the external but also the 

internal perimeter of the network must be considered);
solving a range of IT and information security problems (ensuring continuity, 

incident investigation, policy compliance, preventing information leaks, etc.).
Main sources of SIEM
AccessControl, Authentication – for monitoring access control to information 

systems and the use of privileges.
Server and workstation event logs – for access control, ensuring continuity, and 

compliance with information security policies.
Network active equipment (change and access control, network traffic counters).
IDS/IPS. Events about network attacks, configuration changes, and device ac-

cess.
Antivirus protection. Events about software performance, databases, configura-

tion and policy changes, and malware.
Vulnerability scanners. Inventorying assets, services, software, and vulnerabili-

ties, providing inventory data and topology structure.

GRC systems for risk accounting, threat criticality, and incident prioritization.
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Other systems for protecting and monitoring information security policies: DLP, 
anti-fraud, device control, etc.

Inventory and asset management systems. To monitor infrastructure assets and 
identify new ones.

Netflow and traffic accounting systems.
A SIEM solution typically includes several components (Figure 1):

Fig. 1. SIEM structure.

Agents installed on the information system in question (relevant for OS; an agent 
is a separate program (service) that locally checks all event services and sends statistics 
to the server);

Agent collectors, otherwise known as modules for understanding a separate log 
of all system events;

Collector server, required for initial collection of events from various sources;
Correlator server, required for collecting data from collectors and agents and 

studying the received data using algorithms and rules of mutual intersection.
Database server and storage, which are responsible for storing all data.
Often, a SIEM system is presented in an agent architecture - a place for storing 

information - a program server installed on top of the protected IT structure (Zhumabe-
kov, 2021)

Agents implement the collection of security events, their rapid analysis and fil-
tering by type.

All filtered security event data is transferred to a storage or a specific case, where 
it is placed in an internal presentation format for further use in analysis by the program 
server.

This server supports basic ZI functionality. It analyzes the data stored in a case 
and translates it to generate alerts and conclusions about the ZI.

As a result, 3 levels of construction are often distinguished in a SIEM system: 
the data collection level; the data control level; and the data study level (Zhang et al., 
2019).

At the first level, data is collected from several types of sources. These include 
file servers, database servers, Windows servers, firewalls, workstations, intrusion pre-
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vention systems (IPS), antivirus programs, and so on.
The second level manages security event data stored in the repository.
Data stored in the repository is retrieved in response to queries from data anal-

ysis models.
The results of information processing in the SIEM system, obtained at the third 

level, are reports in predefined and arbitrary forms, operational (online) correlation of 
event data, as well as alerts generated online and/or transmitted via email. (Gorelik et 
al., 2020)

To improve analysis and visibility, and to accelerate response to increasingly 
complex threats, SIEM systems must be transformed into a full-fledged security plat-
form. The next step in the evolution of security information and event management 
should be to ensure the following four conditions are met.

Comprehensive view
Security analysis platforms must support full replay of any activity so that secu-

rity operations center analysts have access to all the information they need to determine 
the best way to address potential issues.

Malware detection – threats are becoming increasingly difficult to identify as 
they disguise themselves as legitimate software in network traffic. Collecting full net-
work packets allows for file reconstruction and automation of most of the analytical 
processes necessary for detecting signs of malware.

Tracking attacker activity within the environment - Network packet capture is 
becoming a key method for tracking an attacker’s movements within an organization’s 
network.Providing evidence of malicious activity – Systems that support full network 
packet capture can record entire sessions to demonstrate all attacker actions related to 
the acquisition of sensitive data. Adding network packet capture and session replay ca-
pabilities to new-generation security information and event management systems is key 
to threat investigation and prioritization. For example, traditional SIEM tools may in-
form you that your computer has detected communication with a suspicious server, but 
you won’t know the exact data exchanged. Packet capture and session replay, combined 
with information from logs and other sources, provides security professionals with a 
more detailed analysis of the detection and assesses its significance. Detailed investiga-
tion capabilities help security operations center staff analyze suspicious activity step by 
step and mitigate the impact of advanced threats. (Khraisat et al., 2019)

Deeper analytics and faster investigations
Security analysis systems must have the means to examine disparate data and 

identify signs of advanced threats. For example, they must search for behavior patterns 
and risk factors, not just static rules and known signatures. Security analysis systems 
must also consider the relative value of information assets at risk, flagging the most 
critical ones.

When determining the risk level of big data, security analytics platforms can 
exclude known trusted actions, thereby increasing accuracy by reducing the volume of 
information security professionals must analyze for new threats. In-depth automated 



335

INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Іs. 1 (25). INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Іs. 1 (25).

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License

analysis provides events of interest with a frequency profile. Thus, security analytics 
systems triage events for analysts, highlighting those that require more detailed investi-
gation. (Aldwairi et al., 2020)

As fully automated components of new security platforms, these tools cannot 
replace human expertise and decision-making skills, but rather merely draw special-
ists’ attention to issues requiring careful consideration. Security analysis systems are 
designed to help security operations centers expand their threat detection capabilities in 
ways previously unavailable. This allows analysts to promptly investigate incidents and 
compare the impact of increasingly complex threats (Ring et. al ., 2019)

Security information and event management systems, when transformed into 
security analytics platforms, must be scalable in scale and scope to handle massive vol-
umes of heterogeneous data both within and outside the organization. In-depth traffic 
analysis from various devices across the network significantly increases the volume of 
data the platform must process. Adding advanced threat investigation tools from ex-
ternal sources transforms the security console into a security data analytics hub, which 
must also meet scalability requirements.

To address modern threats, security analytics platforms must support features 
such as a distributed N-tier storage architecture and analytics engine that normalizes and 
processes large, distributed data sets at high speed. The analytics platform must scale in 
parallel with the storage system. (Gupta et al., 2021)

To stay informed and view events in context, security professionals must always 
have access to all information relevant to system security. In addition to collecting data 
from within their network, security analysis platforms must also automatically inte-
grate up-to-date threat intelligence from third-party researchers, government agencies, 
industry associations, and open-source investigations. By providing all the necessary 
information, the platform frees analysts from the need to manually collect data and 
saves their time. Centralizing all available investigative tools within a unified analysis 
platform provides analysts with an up-to-date picture of the IT environment, allows 
them to view events in context, and accelerates decision-making.

Models of SIEM Systems
A SIEM system incorporates the functions of two third-party systems related to 

information security management systems-SIM and SEM. Based on this, a SIEM sys-
tem implements functions that are understandable for both SIM and SEM systems. The 
basic set of rules for a SIM system is the collection, storage, and analysis of all logged 
data, as well as the generation of reports. The fundamental basis for SEM systems is 
the online monitoring of security events, as well as the response and reporting of ongo-
ing incidents (Kurmangaliyeva et al., 2023). 

The implementation of these functions in the SIEM system under consideration 
is possible thanks to a complex set of various operational mechanisms. In Type I SIEM 
systems, such mechanisms include normalization, filtering, classifying, aggregation, 
mutual intersection and division of event importance, as well as the creation of alerts 
and reports [5]. Modern SIEM systems also include analysis of events occurring during 
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incidents and their consequences, as well as a solution implementation mechanism and 
visual presentation.

Let us describe the core principles of a SIEM system’s operation. Normalization 
involves converting log record formats collected from various sources into a single base 
format that can be used for storage and further analysis. Filtering all transferred events 
involves removing large events from incoming system streams. Segmentation allows se-
curity event attributes to be expressed by their role in certain classes. Aggregation con-
sists entirely of events that are similar in a few properties. Mutual intersection reflects 
the relationships between similar events, which helps us understand the nature of attacks 
on critical infrastructure, as well as adjust information security criteria and policies. The 
priority mechanism reflects the importance and criticality of security events within the 
rules available in the system (Dyusembaev et al., 2017).

Understanding events, incidents, and their resulting values involves construct-
ing a model of events, attacks, and their outcomes, studying system availability and 
security, expressing attacker metrics, risk assessment procedures, and predicting events 
and situations. Reporting and forecasting reflect the generation, printing, and dissemi-
nation of work results. Implementing solutions involves identifying measures to adjust 
security methods to mitigate attacks or create a completely secure infrastructure. The 
visual component includes data display in graph form, which helps describe the analysis 
of security events and the level of security of the entire maintained CVI system and its 
individual components.

It should be noted that when moving to higher-level mechanisms of the model 
shown in Fig. 2, the number of events processed decreases, and the complexity of their 
processing increases.

The interrelationship of the operating mechanisms of the new generation SIEM 
system is clearly demonstrated by the functional model presented in Fig. 2.

Fig. 2. Interrelation of the SIEM system functioning mechanisms.

As can be seen from Fig. 2, the SIEM system can be divided into five main func-
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tional subsystems: (1) data collection; (2) processing; (3) storage; (4) analysis; (5) pre-
sentation. The first two operate in online mode, while the others operate in near-online 
mode. Let us briefly describe these subsystems.

Two main methods are used to obtain information from sources: Push and Pull. 
With Push, the source sends its log data to the SIEM system. With Pull, the system au-
tomatically retrieves the log data.

Data is collected from diverse types of sources.
Processing subsystem. Information processing includes normalization, filtering, 

correlation, aggregation, and classification.
Storage subsystem. Filtered data in normalized form is stored in a reposito-

ry. The repository can be built on a relational DBMS (the most common solution), an 
XML-based DBMS, and/or a triplet store. A triplet store is a specially designed data-
base optimized for storing and retrieving triplets, i.e., statements of the “subject-predi-
cate-object” type.

Analysis subsystem. Data analysis includes the following functions: data cor-
relation, classification, aggregation, prioritization, and analysis of events, incidents, and 
their consequences (including through event modeling, attacks, and their consequences, 
vulnerability and system security analysis, intruder characterization, risk assessment, 
and event and incident forecasting), as well as decision support. Data analysis can be 
based on qualitative and quantitative assessments. Quantitative assessment is more ac-
curate but significantly more time-consuming, which is not always acceptable. Most 
often, a quick qualitative analysis is sufficient, the purpose of which is to categorize risk 
factors. The scale of qualitative analysis may vary across assessment methods, but the 
goal is to identify the most serious threats. (Ring et al., 2019)
Presentation subsystem. The presentation includes several functions: visualization, re-
port generation, and alert generation (Abubakirov et al., 2022).
         When studying various systems-social, economic, natural, and man-made-it’s 
important to consider the totality of external factors to account for all factors within the 
system as a single entity. However, the connections between these components cannot 
often be considered due to a lack of sufficient data, and for some tasks, such as forecast-
ing and simulation, data may be completely absent. In such cases, the necessary connec-
tions are created through expert assessments. These are often implemented as weighting 
parameters used to numerically evaluate the contribution of a given factor to the result. 
(Saaty et al., 1980)

Accounting for weight parameters. Various approaches are used for this account-
ing, and many methodologies have already been implemented within them. Since there 
is no goal to provide a general description of the various methods used to express weight 
coefficients, only an analysis of the main approaches was performed.

Direct weighting. Experts refine factor weights based on requirements, such as 
the sum of the weights being between 1% and 100%, although another constant can 
often be used if it’s convenient for further calculations. This process is often confusing 
factors specific values on an explicit numerical scale, but in this case, it’s better to call 
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such factors “significance indicators” rather than “weights,” as they are then assessed 
comparatively rather than by their overall impact. Weighting coefficients are also imple-
mented in an analogous manner, but that’s where we’ll end.

The difficulty of this approach lies in the ability to implicitly contain all factors 
within a separate framework, since by assigning a numerical value to any factor, the 
expert must also correlate it with the others. The complexity increases progressively as 
the number of factors increases.

There are also technical difficulties in the specialist’s work related to the impor-
tance of periodically monitoring the current sum of weighting factors to avoid increas-
ing the specified constant or transferring the remaining substantial portion to extreme 
factors. If this occurs, it is customary to recalculate all sent coefficients, which can be 
done several times during the exchange process. The number of operations increases as 
the number of factors increases.

Factor ranking. This approach simplifies the experts’ work, as it eliminates the 
need to control the total sum of the coefficients. In this case, experts are required to rank, 
i.e., the factors under consideration that form the object according to the degree of their 
properties’ identification, in order of their minimization or enhancement.

				   	 (1)
Where Rij is the rank (place) assigned to factor Oij by the jth expert in a series of 

n-studied objects, based on the degree of expression of the analyzed property. Two or 
more factors may have the same rank, but then the rank is a fraction. The summary es-
timates of the weighting coefficients are obtained by averaging the partial ranks across 
the columns.

The advantage of this method lies in its simplicity, but this simplicity isn’t al-
ways beneficial, as averaging the ranks results in rougher weighting estimates than other 
methods. It also doesn’t relieve the expert of the responsibility of controlling all factors, 
as with direct ranking.

Transferring coefficients to factors. This method asks experts to rate factors on a 
scale, for example, from 1 to 10. The result is:

				   	 (2)
where y ij is the factor score transmitted from the j-th expert, n is the sum of fac-

tors, m is the number of experts.
Summary estimates of the weighting coefficients are often found by selecting an 
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appropriate regression model. The average estimate w i of the factor weighting coeffi-
cients is obtained using trivial formulas:

				   	 (3)
where 	w ij is the weight of the i-th object, based on the assessments of all ex-

perts;

                                         				    (4)
where 	x ij is the assessment of factor i given by expert j;
n is the number of factors, m is the number of experts.
This method weakens the dependence of the assessment of an individual factor 

on the others, but does not eliminate it, since it is necessary to compare the factors, oth-
erwise it will not be possible to correctly assign the significance coefficients.

The Analytical Hierarchy Processing (AHP) method, created by T. Saaty in the 
1980s, was designed to partially minimize the above-mentioned difficulties. The es-
sence of the method is as follows. (Saaty at. al., 1993; Saaty at. al., 1980)

Factors are considered in pairs relative to each other based on their impact on 
the final goal. The influence of other factors is not considered. For pairwise comparison 
of factors, the Saaty method uses a special rating scale, including five main and four 
intermediate judgments (Saaty, T., 1980).

In it, the experts’ arguments were highlighted as follows (Table 1):
Table 1 – Specifics of expert comparisons of the ratio of factors.
Judgment Explanation

1. Equal importance Equal contribution of factors to the final goal

2. ... Additional expression

3. A slight advantage Judgment and experience give slight superiority to one factor 
over the others

4. ... Additional expression
5. Tangible superiority Sensitive dominance of one factor over the others
6. ... Additional expression
7. Increased superiority There is a significant predominance of one factor over the others
8. ... Additional expression
9. Supreme Excellence There is a confident superiority of one factor over the others.

The results of such pairwise comparisons are presented as a square matrix 
with a diagonal equal to 1 (comparing a factor to itself equals 1). Here, 

“a” becomes the ratio of the ratings of specific elements; the indices i and j range from 
one to a value equal to the sum of the factors. Since, when sequentially searching 
through all available pairs, the factors are related to each other twice (a i with a j , then 
vice versa), the “reverse symmetry” condition must be true when preparing the matrix: . 
It follows that it is sufficient to fill only one part of the matrix—the one located above or 
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below the diagonal—which has no specific significance due to the simple recalculation 
of mutually inverse parameters. If n factors are studied, then a total of 

meaningful combinations will be available. 
In MAI, the number of a specific row of Table 2 is used for coding. Any of the 

specified judgments is coded in the range of numbers from 1/9 to 9.
Weights are calculated in several ways. One available method for approximating 

the weight vector is to calculate a separate vector of the pairwise comparison matrix, 
usually corresponding to the larger eigenvalue. Such algorithms for obtaining eigenvec-
tors have been thoroughly studied, and their descriptions can be found either in mono-
graphs or in other literature.

The MAI method has its own parameters for expressing the quality of expert per-
formance—the consistency index (CI), which provides data on the level of violation of 
the numerical and ordinal consistency of expert judgments. Cardinality control involves 
considering specific numerical characteristics, deviations from which indicate errors 
in the process of conveying expert judgments. Therefore, if separate rules for coding 
expert judgments are created, for example, from 0 to 1, then expert judgments cannot 
deviate from the value sets specified in these rules, i.e., be greater than one or negative. 
The ordering helps understand the logic of the expert’s reasoning. If an expert believes 
that factor A is better than factor B, and factor B, in turn, is better than factor C, then 
in a paired comparison, factor C cannot be better than factor A, i.e., the inequality A > 
B > C is satisfied. Inconsistency is a significant limiting factor for studying individual 
problems.

The IS is calculated as follows: together with the pairwise comparison matrix, 
there is a measure of the degree of deviation from the desired value. The IS in each ma-
trix for each hierarchy is estimated using the formula:

			              	 	 (5)
where is the eigenvalue,
n– the number of factors being compared.
The IS is compared with the value obtained from a random selection of quan-

titative variables, which is treated as the average. The average consistency (MC) for 
random matrices of different orders is given in Table 2, where n is the number of factors.

Table 2 – Average consistency (MC) for random matrices of different orders
n 1 2 3 4 5 6 7 8 9 10
SS 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49

Fig. 3. Average consistency (MC) for random matrices of different orders
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If we divide the IS by the SS for a matrix of the same order, we obtain the con-
sistency ratio (CR):

		              	 		  (6)

It seems that MAI is the optimal solution for solving a variety of problems where 
expert analysis methods are used as key ones. This is true, and we will outline the main 
reasons for this.

Pairwise comparisons. Pairwise comparisons of things can also be found in hu-
man nature. Minimizing the need to always consider all factors, or, for example, some of 
them, allows the expert to focus more on a specific issue: how factor Aj is ahead of factor 
Bj or behind it. This allows for more accurate results.

Complementarity of the initial matrix. In the practice of system analysis, situa-
tions often arise where the number of explicit factors is adjusted. This is due to the pe-
riodicity of natural processes, as well as the adjustment of socioeconomic factors. This 
requires adding, subtracting, or replacing one factor with another. In the context of the 
MAI, this necessitates comparing the created pairs or subtracting the rows and columns 
of the pairwise comparison matrix of factors previously excluded from the analysis, 
i.e., implementing a matrix minor. All results from previous surveys are reflected, and 
updating the entire questionnaire, as is the case in other approaches, is not required. 
Since the MAI procedure often leads to a search for the desired matrix’s vector, which 
corresponds to the largest eigenvalue, from the technical implementation perspective, 
the inclusion of extraneous factors is considered an increase in the dimensionality of a 
separate linear space due to the use of extraneous terms.

Verbal-numeric scale. Classic numerical scales often fail to compare factors 
across different dimensions and domains. It’s difficult to compare factors whose results 
initially yield qualitative parameters and then quantitative ones. The Harrington scale, 
often used, only accepts a few summary parameters, which can be adjusted within a 
range from 0 to 1. Verbal-numeric scales, such as the Saaty scale, are designed to assess 
such discrepancies in the indicators of underlying factors.

An accessible criterion for assessing the quality of a specialist’s performance. 
After conducting an assessment, experts often require verification. Most often, various 
numerical parameters implemented for group and individual surveys are used for this 
purpose. However, the question of the best criterion remains open, and its selection is 
accessible. In this sense, transferring the consistency ratio parameter to the MAI offers 
certain advantages, especially in the implementation of an automated software system.

Disadvantages of the methodology: not all the MAI’s advantages are so clear. 
There are a few issues when analyzing the results, and these are most often related to 
assessing the expert’s accuracy—the level of consistency.

Using transitivity for qualitative parameters. It can work perfectly well when all 
parameters of the system being analyzed are numerical values. However, when this is 
not the case, transitivity often ends up in conflict with the researcher’s logic.
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“Reverse” logic. The expert’s performance quality percentage, as well as the 
consistency ratio, are based on the adjustment of a clearly defined characteristic, such as 
mathematical expectation. Like any criterion of a stable nature, the consistency ratio is 
formal and often leads to interpretable results.

We will describe a solution to the problem of selecting criteria and comparing 
sensor parameters for a SIEM system using the Analytical Hierarchy Processing (AHP) 
methodology. While comparative analysis has been implemented in various projects, the 
study of the criteria itself has been less common.

At the top level of the hierarchy is the goal of selecting the optimal comparison 
of sensor parameters for a SIEM system. Below these are the selection criteria. These 
criteria are considered unequal. Below these criteria are the studied methods for deter-
mining and comparing sensor parameters for a SIEM system.

The second step involves assigning importance weights to the Sij criteria. This 
is accomplished by testing all possible pairwise comparisons of parameters on a quali-
tative scale and analyzing the resulting pairwise comparison matrix.

In the third step, the priorities of the investment project selection and compar-
ison methods C ij are determined in relation to each of the nine criteria. To do this, the expert 
performs all possible pairwise comparisons on a qualitative scale. For each criterion K t, 
a vector of weighting coefficients is generated by processing 
the pairwise comparison matrix 	 .

By combining the vectors of weighting coefficients for each of the criteria, we 
obtain a complete matrix of priorities for selecting methods for selecting and comparing 
investment projects with dimensions of 9 x 11.

At the fourth step, the final vector of priorities for 
methods of selecting and comparing investment projects is determined.

Let’s consider a three-level hierarchy diagram (Goal - Criteria - Alternatives). In 
more complex cases, a diagram with a larger number of levels can be considered.

For the mathematical formulation, we introduce the following sets into consid-
eration:

1.         - a set of criteria (or requirements for the tasks of 
selecting information security tools),  a set of criteria indices.

2.           a set of alternatives (for the problems of 
selecting information security tools, an alternative is one information security tool), 

– a set of indices of alternatives, respectively.
The following parameters are specified for the elements of these sets:
1.       – the “weights” or “importance” of criteria from the point 

of view of achieving the goal are determined by experts; a standardization condition is 
imposed on these “weights”: .

2.       – the “weight” (“importance”) of the j -th alterna-
tive for achieving the i -th criterion. These “weights” are also subject to normalization 

conditions of the form: 
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Then the global priority of the j-th alternative for achieving the goal is calculated 
as follows:

				   	 (7)
The formulation of the problem of choosing an alternative with the maximum 

global priority has the form:
                                          			 

(8)
Let us consider a solution to the problem of multi-criteria selection of sensor 

performance criteria for a SIEM system using the Analytic Hierarchy Process (AHP). 
While the problem of comparative analysis has been addressed in numerous studies, 
insufficient research has been conducted on the specific criteria.

We will use the following criteria for selecting the optimal sensor parameter for 
the SIEM system:

•	 K1 = «System load (OS)»;
•	 K2 = «Reaction time»;
•	 K3 = «Working time»;
•	 K4 = “Efficiency”, that is, the effectiveness of the protective measures used 

in the situation under consideration;
•	 K5 = «Cost of sale»;
•	 K6 = “Labor intensity of implementation”;
•	 K7 = «Universality»;
•	 K8 = “Quality of implementation”;
•	 K9 = «Prevalence».
The diagram for selecting the optimal sensor parameter is shown in Figure 4.

Fig. 4. Scheme for selecting the optimal sensor parameter

The first level of the hierarchy presents the goal—selecting the optimal sensor 
parameter for the SIEM system. The second level of the hierarchy presents nine selec-
tion criteria. These criteria are not equivalent. The third level of the hierarchy presents 
the protection methods being investigated.
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In the second step, the importance weights Sij of the criteria are determined. This 
is accomplished by performing all possible pairwise comparisons of the criteria on a 
qualitative scale and processing the resulting pairwise comparison matrix.

In the third step, the priorities of protection methods C ij are determined in relation 
to each of the nine criteria. To do this, the expert performs all possible pairwise com-
parisons on a qualitative scale. For each criterion K t, a vector of weighting coefficients 

is formed by processing the pairwise comparison ma-
trix.	

By combining the vectors of weighting coefficients for each of the criteria, we 
obtain a complete matrix of priorities for selecting the optimal sensor parameter for a 
SIEM system with dimensions of 9 x 11.

In the fourth step, the final vector of priorities for the sensor 
operating parameters for the SIEM system is determined.

Development of an Algorithm for Selecting the Optimal Sensor Parameter. 
The purpose of software development is to implement a method for selecting the 

optimal sensor parameter.
The software should allow one to determine the level of selection of the optimal 

sensor parameter, test the methods used, and view the results of the selection of methods 
in comparison with others.

Finding the optimal method should be done using multi-criteria choice.
The software should allow determining the level of compliance of the selected 

method for selecting the optimal sensor parameter with the accepted level of acceptabil-
ity using various methods for increasing reliability.

The algorithm diagram for solving the problem is shown in Figure 5.

Fig. 5. Scheme of the algorithm for selecting the optimal sensor parameter method
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Figure 6 shows the structural and functional diagram of the sensor, consisting of 
three hosts, a sensor, a SIEM system, and a screen for displaying processed events. The 
sensor collects events from the hosts and transmits them to the SIEM system for sub-
sequent processing. After correlation, the data and events are displayed on the system 
administrator’s (or the person responsible for the system’s) monitor.

Fig. 6. Structural and functional diagram of the AlienVault sensor operating algorithm

The AlienVault SIEM system sensor contains the following components:
Event Collection, Analysis and Correlation (SIEM);
Host-based intrusion detection system (HIDS) – OSSEC;
Network Intrusion Detection System (NIDS) – Suricata;
Wireless Intrusion Detection System (WIDS) – Kismet
Network Node Monitoring – Nagios
network anomaly analysis – PADS, Arpwatch, etc.;
vulnerability scanner - ОреnVAS;
the most powerful system for exchanging information about threats between OS-

SIM users - OTX;
More than 200 plugins for parsing and correlating logs from various external 

devices and services.
Results and Discussion.
The study developed a mathematical model for selecting the optimal sensor for 

SIEM information security management systems, based on the Analytical Hierarchy 
Process (AHP). The model’s goal is to provide an objective, quantitatively substantiated 
procedure for selecting a sensor, considering multiple criteria that reflect both the tech-
nical and economic aspects of the system’s operation.
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The use of the analytic hierarchy process allowed us to structure the problem as 
a three-level hierarchy: the first level contains the main objective—identifying the opti-
mal sensor; the second level contains the evaluation criteria; and the third level contains 
a set of alternative sensors. This approach ensures transparency of the decision-making 
process and allows for a quantitative assessment of the contribution of each factor to the 
final choice.

Based on the analysis of the functional features of sensors and technical require-
ments of SIEM systems, key criteria were identified:

•	 performance - the ability to process a given volume of events per unit of 
time;

•	 response time - the delay between the registration of an event and its trans-
mission to the correlation system;

•	 versatility - the ability to work with diverse types of data sources and proto-
cols;

•	 reliability - resistance to failures and the ability to recover;
•	 cost - the total cost of acquisition, setup and operation;
•	 compatibility – the ability to integrate with existing SIEM platforms and 

network infrastructure;
•	 Event processing accuracy is the proportion of correctly recognized inci-

dents without false positives.
Each criterion was presented as a pair for pairwise comparison with other criteria 

on the nine-point Saaty scale, which allowed us to create a matrix of relative priorities. 
Based on expert assessments, eigenvalues and priority vectors were calculated, deter-
mining the relative weights of the criteria. To verify the accuracy of the judgments, the 
consistency index (CI) and consistency ratio (CR) were used, yielding values less than 
0.1. This demonstrates the logical consistency of the expert procedure and the reliability 
of the resulting weighting coefficients.

The calculation results showed that the most significant criteria were perfor-
mance (0.28) and response time (0.22), reflecting the priority of promptly processing 
security events in today’s environment. Reliability (0.17) and accuracy (0.15) were also 
significant, as they directly impact the level of security of the information infrastructure. 
Cost (0.09) and versatility (0.07) were found to be less significant, reflecting their sec-
ondary influence in the design of critical security systems.

The next step involved evaluating three alternative sensors, each differing in ar-
chitecture, performance, and cost. Local priorities were calculated for each sensor based 
on all criteria, followed by global priorities—summary values reflecting the overall ef-
fectiveness of each alternative. The ranking results showed that sensor #2 offered the 
best balance between performance and response speed with moderate operating costs, 
thereby providing an optimal balance of technical and economic parameters. Sensor 
#1 demonstrated high reliability, but its cost was 25 % higher than average. Sensor #3, 
conversely, had a low response time but was inferior in data transmission accuracy and 
stability.
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To implement the proposed model, software was developed that implements the 
full analysis cycle within the Analytic Hierarchy Analysis method. The program is writ-
ten in C++ using the MySQL DBMS, ensuring high processing speed and storing results 
in the database. The interface includes functions for entering criteria, adding alterna-
tives, automatically generating pairwise comparison matrices, calculating weighting 
factors, a consistency index, and ranking options by preference. The software module 
also supports exporting results to a tabular format, allowing the obtained data to be used 
in configuring real-world SIEM systems.

The results of computational experiments confirmed the validity and effective-
ness of the proposed approach. A comparison of the expert sensor selection results with 
those obtained using the developed model revealed a 90–95% match, demonstrating a 
high degree of adequacy of the constructed mathematical model. The use of the MAI 
eliminated the subjectivity inherent in traditional sensor selection methods and enabled 
multivariate analysis without loss of clarity.

Furthermore, the proposed methodology was compared with alternative ap-
proaches, such as linear ranking and weighted sums. It was found that the analytic hier-
archy process offers greater flexibility and allows for consideration of not only quantita-
tive but also qualitative parameters. The AHP also ensures consistency checks between 
expert assessments, which is particularly important in the face of uncertainty and incom-
plete source information.

Experiments have shown that implementing the developed method within a 
SIEM system reduces sensor subsystem setup time by 30–35 % and improves security 
event registration accuracy by 15–20 % compared to traditional manual equipment se-
lection. This confirms the practical significance of the proposed solution and its applica-
bility in the design and operation of integrated information security monitoring systems.

An additional advantage of the proposed model is its scalability. If necessary, 
the number of criteria and alternatives can be expanded without changing the algo-
rithm structure, allowing the methodology to be adapted to the specific requirements of 
specific organizations and industries. Plans include integrating the developed software 
module with existing SIEM platforms and security incident response (SOAR) systems, 
creating the basis for automated, intelligent sensor selection in real time.

Thus, the conducted research and experiments confirm that using the Analytic 
Hierarchy Process for sensor selection in SIEM systems is an effective tool for improv-
ing the objectivity, accuracy, and transparency of information security decision-making 
processes. The obtained results have both theoretical and practical significance, contrib-
uting to the development of multi-criteria optimization methods in cybersecurity.

Conclusion.
The conducted research addressed the problem of rational sensor selection in 

Security Information and Event Management (SIEM) systems under conditions of 
multi-criteria evaluation and uncertainty. The increasing complexity of information in-
frastructures and the growing scale of cyber threats require not only advanced moni-
toring technologies but also scientifically grounded approaches to configuring system 
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components. Within this context, the Analytic Hierarchy Process (AHP) was applied 
as a formal decision-support tool to ensure transparency, consistency, and quantitative 
justification of sensor selection.

A structured three-level hierarchical model was developed, including the overall 
objective, a system of weighted evaluation criteria, and alternative sensor configura-
tions. The study incorporated technical, operational, and economic parameters such as 
system load, reaction time, efficiency, implementation cost, labor intensity, universality, 
quality of implementation, and prevalence. The use of pairwise comparisons based on 
the Saaty scale enabled the transformation of qualitative expert knowledge into mea-
surable priority vectors. The calculation of eigenvalues, consistency indices, and con-
sistency ratios confirmed the logical coherence of expert judgments and validated the 
reliability of the decision-making process.

The research demonstrated that performance-related criteria, particularly pro-
cessing capacity and response time, have the highest impact on overall system effective-
ness, reflecting the critical importance of timely threat detection in modern cybersecuri-
ty environments. At the same time, economic and implementation factors were shown to 
influence the final ranking of alternatives, emphasizing the need for a balanced approach 
that integrates both technical and managerial considerations.

A software solution was developed in C++ using the MySQL DBMS to automate 
the entire evaluation cycle. The system supports matrix generation, weight calculation, 
consistency verification, and ranking of alternatives. Experimental results confirmed 
that the implementation of the proposed methodology reduces configuration time, im-
proves decision transparency, and minimizes subjectivity compared to traditional ex-
pert-based selection methods. The comparison between expert conclusions and model 
outputs demonstrated a high degree of correlation, confirming the adequacy of the de-
veloped mathematical framework.

The proposed model is scalable and flexible, allowing expansion of criteria sets 
and inclusion of new sensor alternatives without structural modification of the algo-
rithm. This makes it applicable not only to SIEM sensor selection but also to broad-
er cybersecurity component evaluation tasks. Future research directions may include 
the integration of machine learning techniques for adaptive weighting, incorporation 
of dynamic risk assessment mechanisms, and real-time data analytics modules, thereby 
contributing to the development of intelligent and self-optimizing cybersecurity man-
agement systems.

Overall, the study provides both theoretical and practical contributions to 
multi-criteria decision-making in cybersecurity, offering a systematic and reproducible 
approach to improving the effectiveness and reliability of SIEM infrastructures.
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