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Abstract

To monitor criminal activities such as theft, data alteration, and system interference on one or multiple computers,
we create a framework for intrusion detection. Traditional Intrusion Detection Systems (IDS) often struggle to
identify the dynamic and sophisticated nature of digital attacks. However, by employing effective techniques,
including different forms of artificial intelligence, we can enhance detection rates, minimize false positives, and offer
cost-effective solutions. In particular, data mining enables ongoing pattern examination, classification, aggregation,
and real-time data processing. This research study presents a focused literature review on advanced intrusion
detection methods utilizing data mining and artificial intelligence. We identify relevant publications based on citation
frequency or emerging trends to deliver an analysis, synthesis, and concise summary of their contents. Additionally,

we highlight the critical importance of data in the realms of data mining and artificial intelligence.
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1| Introduction

Organizations are experiencing an increase in the frequency of cyberattacks, which calls for increased cyber
resilience strategies that consider both material and nonmaterial repercussions. In this context, firms must
anticipate disruptions, unexpected needs, and possibilities. Foresight entails assembling important players and
knowledge sources to create strategic visions and anticipatory intelligence. Resilience engineering requires this
capability to be established and managed. Analysts typically manage foresight efforts in businesses or
government organizations by quickly discovering, assessing, mitigating, and documenting vulnerabilities and
cyberattacks [1]. Although there are diverse views on predicting, a recent study by Schatz and Bashroush
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demonstrates that secutity experts' forecasts have consistently been right. Scaling up forecasting is difficult
because cyber dangers are growing quickly, and information is moving faster than analysts can process. We'll
explore relevant work in foresight, introduce the Horizon Scanner tool as a proof of concept, give a qualitative
analysis of the findings, and offer some conclusions in our article [2]. A forward-thinking technique called
foresight brings together powerful change agents and knowledge sources to produce strategic visions and
anticipatory insights. It extends beyond keeping tabs on existing patterns and giving decision-makers useful
information about upcoming developments. Given the field's constant evolution, understanding future risks
and vulnerabilities is essential for developing sustainable strategies in many industries, including cybersecurity
[3]. The need for real-time network anomaly detection methods has increased due to the prevalence of
unwanted network activity.

The putpose of Intrusion Detection Systems (IDS) is to identify intruders, detect attacks, collect evidence
from unauthorized activity, and react immediately to anomalous circumstances that recognize departures
from the predefined typical characteristics as potential assaults. The data source treatment further divides
intrusion detection approaches into host-based and network-based IDS, which examine audit data gathered
by operating systems and track online network flow, respectively [4]. Knowledge discovery is obtaining
important, formerly undiscovered information from data. Low polynomial complexity in space and time is
required for effective algorithms for this use. The knowledge that is culled from the data should provide
original insights. There are two basic strategies: the first focuses on user-guided data exploration, and the
second involves machine learning and statistical analysis for pattern finding. EXPLORA, KDW, and Spotlight
are notable systems in the first category. Systems like Nielsen Opportunity Explorer and IMACS are common
in the second group [5].

2| Ease of Use

Related work of data mining for cyber security

To create strategic visions and anticipatory intelligence, foresight is a method that looks forward while
integrating information sources and change agents. It is essential in quickly developing domains like
cybersecurity since it identifies current trends and informs policymakers about upcoming developments.
Traditional foresight depends on qualitative expert-driven methods, which analyze literature and involve
expert consultation through workshops, interviews, and surveys. Its use includes horizon scanning, Future-
oriented Technology Analysis (FT'A), and science and technology road mapping. Using the Delphi process,
stakeholders can agree. Commercial technologies for predicting the future include the gartner hype cycle,
trend watching, and technology radar, with Intrada digitizing expert input. Although frequently time-
consuming and reliant on expetts' opinions, foresight encourages collaboration and perspective modification.
Emerging methods for improving foresight by studying enormous amounts of data include data mining and
information retrieval. Information is gathered from various websites through online applications like Google
Trends, Alltop, Trending Reddit, and Bozsum [6]. Europe media monitor and TIM are examples of tools
created by the european commission's competence centre on text mining and analysis. Future words are
visualized using the ITONICS tool Scout utilizing various data sources. With the help of the Horizon Scanner
tool, you can use crawling, scraping, indexing, trend analysis, and visualizations in search. It permits searching
for particular phrases, unlike many other programs [6]. Our ICT infrastructure is seriously threatened by
ransomware, steadily becoming a preferred technique for thieves. Even while leveraging encryption in Denial
of Service (DoS) assaults has been around for a while, the emergence of currencies like Bitcoin has given
attackers new options to demand ransom payments in exchange for access to user data.

Ransomware attacks have also been successfully avoided by technical countermeasures such as limiting end-
user capabilities and confirming program trustworthiness when accessing crypto libraries. Many ransomware
detection programs use registry and disk events to spot malicious activity. Most 1,359 ransomware instances
studied used equivalent APIs and produced comparable filesystem activity logs. Accurate ransomware
detection was accomplished with Bayesian Network models using filesystem and registry events as
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characteristics. With great accuracy, the ransomware classification system UNVEIL separated ransomware
from other malware. A cloud-based detection technology called Cloud RPS identified ransomware based on
unusual behaviors, including quick file transcoding. FldeRan, which emphasizes the value of prompt
detection, used links between OS events to find ransomware within seconds of execution. Recognizing a

family of ransomware threats [5].

Anomaly detection: data mining algorithms carefully monitor network traffic, system records, and user
behavior to find unusual patterns or behaviors. These anomalies could be signs of unauthorized access or

security lapses.

Data mining is essential for detecting intrusion attempts through continuous system log monitoring and
identifying questionable activity. It excels at differentiating between safe and harmful network traffic, which

lowers false alarms.

Pattern recognition: data mining tools are very effective in identifying hackers' tactics and patterns. By
identifying these trends and noting them, organizations can take proactive steps to guard against well-known

attack vectors.

Behavioral analysis: constructing user behavior profiles through data mining is possible. The occurrence of

deviations from these predetermined profiles sets up alerts, which demand additional study.

Predictive analysis: data mining can foresee potential security threats or vulnerabilities by utilizing previous

data and trend analysis, allowing companies to take proactive preventive measures.

Vulnerability assessment: data mining helps firms prioritize and address important security problems by
methodically evaluating and scanning software and system vulnerabilities.

Phishing detection: data mining techniques can recognize Phishing emails and websites. To do this, suspicious
trends are found by carefully examining email content, URLs, and user interactions.

Malware detection: data mining's contribution to the discovery of malware signatures and behaviors makes
the early detection and elimination of harmful software easier.

The term User and Entity Behavior Analytics (UEBA) refers to data mining tools that examine user and entity
activity within a network to identify insider threats or compromised accounts.

Forensic analysis: post-security incidents, data mining plays a pivotal role in forensic analysis by reconstructing

events, pinpointing attack vectors, and tracing the source of the breach.

Security information and event management: data mining seamlessly integrates with SIEM solutions,
aggregating, correlating, and analyzing security event data from diverse sources to offer a comprehensive view

of an organization's security posture.

Fraud detection: beyond traditional cybersecurity, data mining techniques are extensively used in financial
institutions to spot fraudulent transactions and activities, enhancing security in the financial sector.

Data mining techniques significantly enhance organizations' capabilities to identify, respond to, and prevent
cybersecurity threats and incidents, solidifying their role as indispensable tools in the ever-evolving landscape

of cybersecurity.
Horizon scanner tool

The horizon scanner tool is designed to assist analysts in recognizing new developments and technology
trends in cyber operations, covering both defensive and offensive aspects from a military perspective. These
themes cover issues relevant to companies regarding weaknesses, advancements, and potential threats. Several
essential features of the Horizon Scanner tool were discovered during the initial requirements-gathering
session, which involved about 20 cyber professionals [8]. First and foremost, experts underlined the need to
recognize new technical advancements and trends over time. Topics or trends with a noticeable increase in
mentions or publications are particularly intriguing. While focusing only on the total number of publications
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clarifies well-known issues, it falls short of revealing new ones. Time graphs showing the most prominent

phrases are used [7].

The main objective of the tool is to offer perceptions and situational awareness about what is occurring or
anticipated to occur in a specific field. A Hotizon Scanner Tool's primaty attributes and capabilities often
include:

Overview of the horizon scanner tool architecture

The Horizon Scanner tool and its modules' inputs and outputs are shown in the figure. It shows the data
collection procedure on the right side. Through the user interface, users can submit documents, and everyday
internet sources are used. The information is automatically gathered (crawled) and processed (scraped). Entity
extraction finds pertinent single, double, or triple word pairings. After that, semantic models (word2vec),
which are involved in query expansion, are trained using the cleaned-up data. Additionally, this information
is indexed in a text database. Section [specified section| thoroughly overviews the crawling, scraping, and

indexing procedure [6].
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Fig. 1. Overview of the horizon scanner tool.

Using trend analysis, one can better understand how technologies and ideas develop within a certain domain

by examining data trends and patterns over time.

Tracking mentions and publications: this feature tracks mentions and publications pertaining to particular

subjects or trends, enabling the discovery of new themes and their significance.

Growth analysis: the tool evaluates the growth in mentions or publications concerning particular topics.
Rapidly growing trends indicate emerging technologies or areas of interest.

Entity graphs: some tools visually represent relationships between knowledge areas, innovations, and trends.
This aids in connecting various topics and comprehending their interconnections.

Customizable alerts: users can configure alerts for specific keywords, topics, or trends. When significant

developments occur in accordance with the chosen criteria, the tool promptly notifies users.

Data sources: horizon scanner tools draws data from diverse sources, including websites, research papers
bl 5 5
patents, news articles, and social media. This diversity enhances the tool's data coverage.

Visualization: these tools often incorporate visualization capabilities, making it easier for analysts to interpret
data trends and relationships through user-friendly displays.

Customization: users can tailor the tool to meet their needs and interests, selecting which topics or trends to

track and receive insights on.

Cross-domain analysis: certain hotizon scanner tools enable the analysis of trends and innovations across
different domains or sectors, offering a broader perspective.
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Time series data: including time series data allows users to observe the evolution of specific trends over time.

The horizon scanner tool proves valuable for various purposes, including strategic planning, research and
development, and cybersecurity. In cybersecurity, for example, this tool assists analysts in staying informed
about emerging threats, vulnerabilities, and defensive technologies within the cyber operations domain,
facilitating proactive planning and threat mitigation .

Entity graphs: some tools visually represent relationships between knowledge areas, innovations, and trends.
This aids in connecting various topics and comprehending their interconnections.

Customizable alerts: users can configure alerts for specific keywords, topics, or trends. When significant
developments occur in accordance with the chosen criteria, the tool promptly notifies users.

Data sources: horizon scanner tools draws data from diverse sources, including websites, research papers,
patents, news articles, and social media. This diversity enhances the tool's data coverage.

Visualization: these tools often incorporate visualization capabilities, making it easier for analysts to interpret
data trends and relationships through user-friendly displays.

Customization: users can tailor the tool to meet their needs and interests, selecting which topics or trends to
track and receive insights on.

Cross-domain analysis: certain horizon scanner tools enable the analysis of trends and innovations across
different domains or sectors, offering a broader perspective.

Time series data: including time series data allows users to observe the evolution of specific trends over time.

The horizon scanner tool proves valuable for various purposes, including strategic planning, research and
development, and cybersecurity. In cybersecurity, for example, this tool assists analysts in staying informed
about emerging threats, vulnerabilities, and defensive technologies within the cyber operations domain,
facilitating proactive planning and threat mitigation.
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Fig. 2. Conceptual model of a horizon scanning system.

The architecture of the horizon scanner tool is designed to facilitate the identification and analysis of emerging
trends and technological developments within a specific domain.

User interface: the tool starts with a user interface that allows users to interact with and configure the tool
according to their specific needs. Data collection: the tool collects data from various sources, including two
main data collection methods. Document upload: users can upload documents or data sources relevant to the
domain of interest. These documents may include reports, research papers, patents, and more. Internet access:
the tool can also access and retrieve data from internet sources. It can crawl websites and access news articles,
research publications, and other online content [9].
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Data processing: crawling and scraping: data collected from internet sources undergoes crawling and scraping
processes. Crawling involves visiting websites and collecting data while scraping extracts specific information

from web pages.

Entity extraction: relevant entities, which can be one-, two-, or three-word combinations, are extracted from
the processed data. These entities could be keywords, topics, or specific terms related to the domain.

Semantic models (Word2Vec): the tool uses semantic models like Word2Vec to train on the extracted entities.
These models help us understand the data's relationships and associations between different terms and
concepts.

Indexing: the processed and enriched data is stored in a text database or index. This index makes it easier to

search and retrieve information during analysis.

Query expansion: the semantic models trained eatlier are utilized in query expansion. This means that when
users search for specific terms or trends, the tool can provide expanded and related search results based on
the semantic understanding of the data.

Table 1. Types of objectives in foresight projects.
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3| Conclusion

This article proposes the Horizon Scanner tool, which helps analysts search the web for new cybersecurity
threats and vulnerabilities. The program collects data from web sources and PDFs using text mining and
information retrieval algorithms, then stores, searches for, and displays this data using an entity graph, trend
visualization, and key term summary. We evaluated the tool's ability to help analysts find hot issues in
cybersecurity through an initial requirements session and user evaluation. It's important to note that the proof
of concept was not speed-optimized, and the tool's data volume and performance are inferior to those of
commercial search engines. However, it was discovered to help extract essential phrases over particular time
frames, detecting subtle threat signals.
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