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ABSTRACT.

Innovative approaches to infrastructure monitoring and notification using the ELK stack provide a high degree of flexibility and performance of
modern information systems. The ELK stack (Elasticsearch, Logstash, Kibana) allows you to efficiently collect, index and analyze large amounts of
data in real time. The use of these technologies significantly improves the ability of organizations to predict and troubleshoot problems, minimizing
risks and increasing infrastructure resilience. The combined use of Logstash for data aggregation, Elasticsearch for indexing and searching, and Kibana
for visualization allows you not only to monitor the status of systems, but also to set up alerts for rapid response to incidents. These tools are widely
used in cybersecurity, performance monitoring and business analytics, which makes them indispensable for maintaining high stability and performance
of information systems.
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Introduction

In today's world, digital technologies play a key role in ensuring the stability and efficiency of information systems. Given the growing volumes of data
and the complexity of infrastructure, organizations face the need to implement advanced approaches to monitoring and managing their systems. One of
the main challenges is the ability to detect failures in a timely manner, ensure their resolution, and predict potential issues that could affect system
performance. To address this challenge, monitoring and alerting tools play a crucial role by enabling rapid response to incidents.

One of the most effective solutions for infrastructure monitoring is the ELK stack (Elasticsearch, Logstash, Kibana), which offers comprehensive
capabilities for data collection, processing, storage, and visualization. In recent years, this stack has become one of the most in-demand tools for system
monitoring due to its flexibility and ability to adapt to various needs. The ELK stack automates the processing of large volumes of data and provides
user-friendly interfaces for analysis, making it an essential part of modern infrastructure management solutions.

The relevance of the topic is related to the increasing complexity of information systems and the growing need for more efficient and flexible
monitoring tools. In an era of rapid technological advancement and rising cyber threats, timely monitoring becomes critically important for ensuring the
stability and security of IT infrastructure. The ELK stack, with its functional capabilities, addresses the challenges of data collection, processing, and
visualization, contributing to more efficient system management and enhanced security.

The purpose of this work is to explore innovative approaches to infrastructure monitoring and alerting using the ELK stack, as well as to analyze its
advantages and potential for improving the performance and resilience of information systems.

1. The Role of the ELK Stack in Data Monitoring and Processing

Logstash is a log processing system that aggregates information from various sources such as applications, databases, and servers, performs its
transformation and filtering, and then directs the output to appropriate destinations, including Elasticsearch. In turn, Kibana provides visualization
capabilities, interacting with Elasticsearch to perform data analysis and display. Beats, a set of software components, is installed on hosts to collect
various types of information, which is then transmitted to the overall stack.

These elements often function together for monitoring, diagnosing problems, and enhancing security in IT environments. However, the ELK stack can
also be used for other tasks, including business analytics. Beats and Logstash handle data collection and preparation, Elasticsearch indexes and stores
the data, and Kibana allows interaction with the data through a visual interface [1].
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The primary area of application for the ELK stack is log monitoring and processing, enabling solutions in the fields of cybersecurity, performance
analysis, and system observability improvement. A key advantage of the stack is the ability to configure alerts and send notifications to existing
incident management systems, making it a critical element in the infrastructure of many organizations.

The core component of the stack is Elasticsearch, which provides fast and efficient data search. Its algorithms allow real-time query processing and can
correct results even when queries contain typographical errors. This makes Elasticsearch a powerful tool for data search and analysis.

Logstash performs the functions of extracting, transforming, and loading data. It collects information from various sources and sends it to Elasticsearch
for further processing and visualization via Kibana, which, in turn, provides reporting and graph-building capabilities based on the collected data.

The popularity of the ELK stack has significantly increased since its creation. The stack is widely used in countries such as the United States, Japan,
Russia, and others for data analysis and solving cybersecurity problems. The growing interest in this solution is also attributed to commercial offerings
from Elastic BV. Currently, the licensing of the ELK stack has undergone changes: since version 7.11, proprietary licenses have been introduced,
sparking discussions in the community. In response to this, Amazon Web Services (AWS) introduced alternative solutions—OpenSearch and
OpenSearch Dashboards, which filled the gap in the open-source segment.

To ensure data security, the ELK stack offers various tools such as encryption and role-based access control. The implementation of additional
configurations, such as reverse proxies, can enhance the level of security and access control to the system [2].

The following tables 1-4 will review the existing plugins.

Table 1. Elasticsearch plugins [2].

Plugin Description

Elasticsearch-HQ A user interface providing monitoring, management, and query capabilities for Elasticsearch clusters.

Search Guard
Offers comprehensive security features for Elasticsearch, including encryption, authentication,
authorization, and audit logging.

Dejavu A web interface for Elasticsearch, allowing users to view, search, and manage data.

Table 2. Logstash plugins [2].

Plugin Description

Logstash input plugins (e.g., file, syslog, beats, http, jdbc) These plugins allow Logstash to read data from various sources.

Logstash filter plugins (e.g., grok, mutate, date, geoip) Used to transform and enrich data before sending it to its destination.

Logstash output plugins (e.g., elasticsearch, email, file, http)
These plugins define how Logstash sends data to various outputs, such as
Elasticsearch, email, files, or via HTTP.

Table 3. Kibana plugins [2].

Plugin Description

Canvas Allows users to create custom dynamic infographics based on Elasticsearch data.

Timelion
A time series data visualizer that lets users combine fully expressive Elasticsearch-based queries with a simple
syntax.

Elastic Maps Enables users to visualize geospatial data in Kibana using maps.

Table 4. Elasticsearch community plugins [2].

Plugin Description

Elasticsearch-analysis-ik
An Elasticsearch plugin for analyzing Chinese text. It provides robust support for Chinese language
analysis.

Prometheus Exporter
Allows exporting Elasticsearch metrics to Prometheus, providing better integration with Prometheus-
based monitoring systems.
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ReadOnlyREST
An alternative to Search Guard and X-Pack security systems, offering access control and security
features for Elasticsearch.

Maintaining the quality and consistency of log data in Logstash presents numerous challenges. One of the key issues is the need for precise processing
and analysis of data based on specified filters and plugins. Configuring grok patterns for accurate parsing of log lines can be quite difficult, especially
when specific fields need to be extracted for further processing in Elasticsearch and Kibana. Debugging and configuring grok patterns can lead to errors,
which may cause data loss or distortion.

The increase in data volume and the connection of new applications significantly complicate the management of log configurations. Large log files
make the process of searching and visualization more difficult, requiring thorough version control and regular testing of all configurations. It is crucial
to focus on system testing before implementation in a production environment to ensure the correct operation of all settings and reduce the likelihood of
errors.

Logstash provides several mechanisms to improve the reliability of data processing. Among them are buffering, persistent queues, and dead letter
queues. Buffering using intermediary systems such as Kafka or Redis helps smooth out resource availability fluctuations and prevent data loss.
Persistent queues, in turn, store data on disk, ensuring recovery after system failures. Dead letter queues save events that could not be processed for
further analysis, which also helps minimize data loss.

A key issue when working with Logstash is managing configuration files. It is essential to minimize the complexity of these files by excluding
unnecessary plugins and filters. Testing configurations using the --config.test_and_exit option can help identify errors before deploying the system.

The KQL query language used in Kibana simplifies the data search process, providing users with an easy-to-use tool for creating queries that meet their
needs. At the same time, the option to use Lucene remains available for those familiar with the previous search method.

Kibana also offers several search types, such as free-text search, field search, logical operators, and proximity searches, allowing users to interact with
data flexibly and effectively while conducting in-depth analysis [3].

2. Innovative Approaches to Infrastructure Monitoring

In modern system deployments, numerous factors must be considered that affect their stability and performance. Infrastructure, whether local data
centers, cloud solutions, or hybrid systems, requires constant monitoring and optimization. At the core of management are orchestration tools such as
Kubernetes, which automate the processes of application deployment and scaling. These applications can operate in various environments, ranging
from containers to virtual machines and physical servers. During software development, there is an inevitable reliance on third-party systems such as
databases or external services, which also demand special attention. It is important not only to monitor the operation of internal components but also to
ensure proper interaction with end users.

To ensure applications run smoothly, all their components must be monitored. This includes logs, metrics, APM data, and availability indicators.
Comprehensive monitoring should cover the following aspects:

- Full coverage of all levels of infrastructure and applications, from servers to end users.

- Ease of integration with various data sources, whether virtual machines, containers, or cloud platforms.

- Effective management of both new, dynamic environments and traditional infrastructure.

- Interactive interfaces for data analysis, suitable for different user categories, from DevOps teams to business owners.

- Real-time failure alerts covering all levels of infrastructure.

- Long-term log and metric storage with the ability for historical analysis and compliance with regulatory requirements.

- Universal solutions that support all types of data—from logs to metrics and APM—eliminating the need for multiple tools to manage different data
types.

To effectively manage modern complex infrastructures, powerful and flexible solutions are required. Elastic Stack offers integrations for collecting logs
and metrics from various platforms and services. These integrations include ready-made dashboards and visualizations, enabling quick monitoring
setup. Using Metricbeat and Filebeat, data collection and delivery to Elastic Stack can be organized, where it is processed for further analysis.
Additionally, Elastic Agent and Fleet provide centralized management of agents for data collection.

Log and metric storage is a crucial aspect of monitoring. Elasticsearch, the core of Elastic Stack, has long been recognized as one of the most popular
solutions for time series data storage. Its underlying technologies ensure fast data access and aggregation. The ability to manage data lifecycle allows
for effective control over the data retention period, while data rollup features help reduce data granularity during long-term storage [4].

Another important direction is the implementation of the observability concept. Unlike traditional monitoring, observability involves in-depth analysis
of the system's internal state based on various signals: metrics, logs, and traces. This allows for a more detailed examination of processes occurring
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within the system and facilitates the rapid identification of root causes of issues, which is especially critical in complex distributed systems and cloud
infrastructures.

Automation of monitoring has also become a key element of innovation. Tools that use automatic scripts and process orchestration reduce the load on
IT departments and speed up the process of diagnosing and resolving issues. This is particularly useful in multi-cloud environments, where control over
numerous disparate systems is required [5].

Thus, innovative approaches to infrastructure monitoring significantly enhance the ability to ensure the stable operation of IT systems. The use of
artificial intelligence, the concept of observability, and process automation allows not only for rapid response to issues but also for their prevention,
leading to greater efficiency and reliability across the entire infrastructure.

3. Alerting and Incident Response Systems

Log files play a key role in cybersecurity management processes, allowing the identification and analysis of potential threats. ELK Stack (Elasticsearch,
Logstash, Kibana) is a powerful tool for processing and visualizing log data. This advanced lab will focus on configuring ELK Stack for log analysis in
the Linux operating system, creating visualizations, and organizing a notification system for effective threat response. First, it is necessary to install
Elasticsearch. Begin by downloading the signing key and adding the repository:

wget -qO - https://artifacts.elastic.co/GPG-KEY-elasticsearch | sudo apt-key add -

Next, add the APT repository and install Elasticsearch:

sudo sh -c 'echo "deb https://artifacts.elastic.co/packages/7.x/apt stable main" > /etc/apt/sources.list.d/elastic-7.x.list'
sudo apt update
sudo apt install elasticsearch

Then activate the Elasticsearch service:

sudo systemctl start elasticsearch
sudo systemctl enable elasticsearch

The next step is to install Logstash:

sudo apt install logstash

Activate and start Logstash in the same way:

sudo systemctl start logstash
sudo systemctl enable logstash

Next, create a configuration file for Logstash:

sudo nano /etc/logstash/conf.d/logstash.conf

Then, add parameters for processing system logs:

input {
file {
path => "/var/log/syslog"
start_position => "beginning"
}
}
filter {
grok {
match => { "message" =>

"%{SYSLOGTIMESTAMP:timestamp} %{SYSLOGHOST:hostname} %{DATA:program}(?:\\[%{POSINT:
pid}\\])?: %{GREEDYDATA:message}" }
}
date {
match => [ "timestamp", "MMM d HH:mm:ss", "MMM dd HH:mm:ss" ]
}
}
output {
elasticsearch {
hosts => ["localhost:9200"]
index => "syslog-%{+YYYY.MM.dd}"
}
}

Restart Logstash to apply the changes:
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sudo systemctl restart logstash

To enable timely incident response, alerts can be configured in Kibana. In the "Management" section, select "Watcher," create a new watch rule, and set
up triggers based on specific conditions (e.g., multiple login attempts). These skills will enable more effective incident management and minimize the
impact of modern cyber threats [6].

Conclusion

The implementation of the ELK Stack for monitoring and alerting serves as a powerful and flexible tool that significantly enhances infrastructure
management and data processing. Its ability to collect, index, and visualize data in real-time enables organizations to efficiently track system
performance, respond promptly to incidents, and predict potential issues. The adoption of these technologies improves the performance and stability of
information systems, minimizing the risk of failures and strengthening security.
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