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Annomayus

B ocHoBe paboThl 3yeKTposu3epa JISKHUT MPOIMYCKAHUE AJICKTPUYECKOrO TOKAa 4Yepe3 BOJHBIA PacTBOD,
coep Kamuii HOHHBIE (hOPMBI METaJUIOB. DTOT CIIOKHBIN MPOIIecC MPUBOIUT K OKHCIICHUIO aTOMOB MeTajljia
Ha aHOJIC ¥ OJJHOBPEMECHHOMY BOCCTAHOBJICHHIO aTOMOB TOTO K€ METajlla Ha Karoje. DTO KOHTPOIUPYEeMOe
ANIEKTPOXUMHUYECKOE B3aUMOJICHCTBUEC MPUBOAMUT K Paclagy KOMIIOHCHTOB PacTBOpA HA WX 3JIEMCHTapHbBIC
cocrapistomue. [loTeHIManbpHbIe BO3MOXKHOCTH TMOJyYSHHUS] METAVIOB B BOJHBIX PAacTBOpax C MOMOIIbIO
3JICKTPOIU3EPOB PACIIPOCTPAHAIOTCS Ha IPOHU3BOJICTBO METAUIMUECKHX MAaTEPHANIOB, aKKyMYJISTOPOB,
COJIHEUHBIX Oarapeld M JPYrHe TEXHOJOTHHU. OJICKTPOIM3EPhl SBISIOTCS TEPCICKTUBHONW OO0JIACTHIO
WCCIICIOBAHUN JIJISl TIOJIYYCHHUSI METaUIOB B BOJHBIX pacTBopax, mpeiaiaras 3G(eKTUBHOE HCIOIb30BaHHE
BO300HOBIISIEMBIX UCTOYHHKOB DHEPTUM W yYMEHBIIICHWE BO3JICHCTBUS Ha OKPYKAIOUIylo cpeny. B maHHOM
CTaThe PaCCMATPHBACTCS MHOYKECTBO CYIICCTBYIOIIMX TEXHOJOTHHA 3JIEKTPOJIM3EPOB, MTPEIHA3HAYCHHBIX IS
MOJIyYCHUSI META/UIOB B PacTBOpPEe, W MX KJIIOYEBas POJb B COBPEMEHHOM JaHIIIAa(Te MPOU3BOJICTBA
METAINTMYECKAX MaTepuasioB. B cTaThe mpeacTaBieH 0030p TEKYMIEro COCTOSHHUS W OyIyIIHUX TMEepCHeKTHB
aeKTpopadMHAPOBaHUS CBHHIIA B KuTae ¢ akIeHTOM Ha MEMOpaHHBIE W OWITOISAPHBIC TEXHOJOTHH.
TeopeTrueckoe MOACIUPOBAHUE, HIMUTAIUS TIPOIECCOB U SKOHOMUYECKHM aHann3 CTaTUCTHYSCKUHN aHAIN3,
aHaJIM3 3aTPaT U BeIro]] M3yueHure xo/1a UCCIIeIOBaHUI U TIOTSHIIMAJIa TPUMEHEHUS TEXHOJIOTHUH JICKTPOJIN3a,
BKJTIOYas SHEeProdhHeKTUBHOCTh W BO3ACHCTBHE HAa OKpPYXKAIOIIyIo cpeny. Kpome Toro, ncciemoBaTeaIbCKue
yCWIHMS HampaBieHbl Ha pPa3paboTKy J(PQEKTHBHBIX, SKOJOTHYECKH YHCTBIX CHUCTEM JIIEKTPOJIN3a,
WCIIOJIB3YIONIMX BO30OHOBIISICMBIC WCTOYHHMKH JHEPIUH, TAaKUE KaK COJIHEYHAs WM BETPOBas SHEPTUS.
[loTeHumanpHBIE BO3MOXXHOCTH ~TMPHUMEHEHHUS TIIONyYeHHS METaUIOB C IIOMOIIBIO  DJIEKTPOJIH3a
pactpoCTpaHsIOTCS Ha MPOU3BOACTBO METAUTMIECKIX MaTePHaIoB, aKKyMYJISITOPOB, COTHEYHBIX OaTaped u
JIPYTUX TEXHOJIOTHH. DTO HUCCIIEOBaHUE IMPOJIMBACT CBET Ha moreHIimanr BPM s Oosiee yCTOHYHMBOIO
Oymymiero.
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Abstract

With the rapid growth in the use of computer networks and the significant expansion of related applications,
cybersecurity issues are becoming increasingly relevant. This paper will provide an overview of solutions to
growing network security problems, followed by developing a tool for detecting and preventing cyber threats
by analyzing network traffic data from the Security Information and Event Management System (SIEM). Using
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various machine learning algorithms, including SVM, KNN, Decision Tree, Random Forest, Gaussian Naive
Bayes, XGBoost, and neural networks, the study provides accurate traffic classification and identifies potential
threats. The neural network increases the accuracy of detecting complex threat models. The study uniquely
combines a targeted application in the field of cybersecurity, a comprehensive comparison of models, and
practical implementation to obtain accurate data. The results demonstrated using histograms and tables show
the effectiveness of Random Forest and PCA Random Forest, emphasizing their accurate traffic classification.
Finally, the efficacy of diverse experiments conducted on cyber-security data sets featuring multiple cyber-
attack categories will be assessed. Additionally, the effectiveness of performance metrics such as precision,
recall, and accuracy will be evaluated. Applying a multi-level approach aligned with the latest trends in
machine learning in cybersecurity facilitates swift and precise threat analysis and response, consequently
elevating the system's overall effectiveness.

Keywords: cybersecurity; machine learning; machine learning algorithms; intrusion detection;
artificial intelligence; cyber-attack prediction.

Introduction

The escalating utilization of computer networks and the substantial proliferation of associated
applications have led to rapid growth, making network security concerns progressively pertinent.
Many systems have security weaknesses, which can lead to increased attacks with negative impact.
Thus, the exact vulnerabilities discovered this way first become an essential factor. This research will
be based on a developed and trained model using an SVM classifier to determine the correspondence
in a network packet.

The work is aimed at reviewing the classifiers of cyber threats and then creating a tool for detecting
and preventing cyber threats by analyzing network traffic based on data obtained from SIEM. The
study employs machine learning algorithms to categorize network traffic and effectively discern
potential attacks. The neural network improves the accuracy and reliability of detecting complex
threat models. Research helps to enhance cybersecurity by providing fast and accurate threat analysis
and response tools.

The uniqueness of the study is as follows:
Targeted application in the field of cybersecurity.

The survey focuses on cybersecurity and is related to intrusion detection on the SIEM database,
anomaly detection, or similar areas. This emphasis is significant in the digital era, given the rising
importance of network security.

Comprehensive model comparison.

It utilizes machine learning models such as logistic regression, K-nearest neighbors, the naive
Bayesian method, decision trees, random forest, and XGBoost and meticulously compares their
performance. Such a broad comparison is only sometimes standard in many projects focusing on more
than one or two models.

Detailed performance analysis.

A detailed assessment of the model's performance using indicators such as accuracy, precision, recall,
ROC-AUC, and the importance of functions provides a deep understanding of the strengths and
weaknesses of each model.

Custom visualization methods.

Custom graphs and visualizations for comparing model performance indicators are informative and
improve the interpretability of the results, which is crucial for stakeholders who may need to become
more familiar with the intricacies of machine learning.

Data preprocessing and function development.
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The work includes specific data preprocessing steps and developing crucial functions in machine
learning pipelines. How these steps are performed can significantly affect the model's performance.

Potential integration of best practices.

The paper includes advanced techniques such as ensemble methods, hyperparameter tuning, or new
feature selection methods, further contributing to its uniqueness.

Practical implementation for accurate data.

The paper is designed to work with accurate, dynamic cybersecurity data. Such practical applicability
adds significant value, especially in an area where data is constantly evolving.

Literature review

In cybersecurity, much literature has surfaced, highlighting the increasing importance of integrating
machine learning algorithms into security models. Yavanoglu O. (2017) underscores the significance
of utilizing real datasets in «Review on Cyber Security Datasets for Machine Learning Algorithmss.
This review emphasizes the pivotal role that authentic datasets play in enhancing the efficacy of
security models.

Algahtani H. (2020) delves into the escalating challenges posed by cyber threats in an interconnected
world in the study titled «Cyber Intrusion Detection Using Machine Learning Classification». The
author employs various machine learning classification algorithms to address the complex landscape
of intrusion detection, providing insights into combating evolving cybersecurity issues. Handa A.
(2019) contributes to the discourse with their work, «Machine Learning in Cybersecurity: A
Comprehensive Review». Acknowledging the critical role of machine learning and deep learning
methodologies, they categorize and elaborate on different algorithms to facilitate a better
understanding and application of these techniques in cybersecurity. Dasgupta D. (2022) offers a
comprehensive survey in their work titled «Comprehensive Survey of Machine Learning in
Cybersecurity». Covering the basics of cyber attacks, defenses, commonly used ML algorithms, and
proposed ML and data mining schemes, their overview provides a holistic understanding of the
evolving landscape of cybersecurity. Buczak A. L. (2015) explicitly focuses on applying machine
learning and data mining techniques in cyber analytics in the work «Survey of ML and DM Methods
for Cyber Analytics». The survey explores utilizing these techniques to fortify intrusion detection
capabilities, contributing insights into the evolving field of cyber analytics. Natarajan J. (2020) work,
«Cyber-Secure Man-in-the-Middle Attack Intrusion Detection», hones in on network communication
security. The chapter addresses concerns related to cybersecurity network attacks, with a specific
emphasis on countering man-in-the-middle attacks using machine learning algorithms, contributing
to the ongoing efforts to secure network communications effectively.

Methodology

A. Intrusion Detection System. An intrusion detection system (IDS) is designed. It accomplishes this
by actively monitoring and analyzing the daily activities of computer systems, aiming to detect
security issues and threats, including denial-of-service (DoS) attacks [Saker I.H., 2020]. The
capability to identify various types of cyber-attacks and abnormalities in network behavior is
imperative for enhancing overall system security. Therefore, developing an efficient Intrusion
Detection System (IDS) is paramount in today's network security landscape.

Upon detecting suspicious behavior, an intrusion detection system (IDS) is activated to scrutinize
network traffic at the specific location and subsequently issue an alert. This application has recently
breached security policies or brought competitive activity to the network or system. The administrator
is notified of priority actions or violations, or a centralized security and event management (SIEM)
system will visit the site. In order to separate activity from false positives, the SIEM system gathers
data from various sources and applies filtering procedures.
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- Host-Based IDS (HIDS): Designed to defend an endpoint against both internal and external threats,
a host-based IDS is installed on a specific endpoint. Such an IDS can watch active processes, examine
system logs, and monitor network traffic to and from the device. Although the host machine is the
only context in which a host-based intrusion detection system (IDS) can be seen, it nevertheless has
extensive internal visibility into the host computer.

- Network-Based Intrusion Detection System (NIDS): A network-based IDS solution can observe an
entire protected network. It can see every bit of data going over the network and decides what to do
by looking at the contents and metadata of each packet. Though these systems lack internal visibility
into the endpoints they defend, their broader perspective gives additional context and the capacity to
detect widespread threats.

Detection Method of IDS:

- Signature-based Method: This particular intrusion detection system (IDS) discerns attacks by
scrutinizing distinctive patterns within network traffic, including characteristics such as the volume
of bytes, occurrences of 1s, or occurrences of 0s. Furthermore, it performs detection by analyzing the
known malicious instruction sequences of malware. Signatures representing identified patterns are
integral to intrusion detection systems (IDS). Signature-based IDSs promptly detect attacks with pre-
identified patterns (signatures). However, they face challenges recognizing novel malware attacks, as
their patterns (signatures) still need to be identified [Saranya T., 2020].

- Anomaly-based Method: Since new malware is created quickly, anomaly-based intrusion detection
systems (IDS) were developed to detect unknown malware attacks [Saranya T., 2020]. A trustworthy
activity model is created using machine learning in anomaly-based intrusion detection systems. Any
new information is compared to this model and deemed suspicious if it does not match it. Machine
learning-based techniques offer a universal feature set rather than signature-based IDS because their
models can be tailored to specific hardware and application configurations.

B. Dataset. The data set taken from the SIEM (Security Information and Event Management) system
contains 43 columns and 125971 rows. These results are intended to serve as a basis for future
research in cybersecurity. Table 1 demonstrates the features of the dataset.

The complete data set, including attack type labels and difficulty level, is presented in text (.txt)
format. The dataset possesses several advantages when compared to the original SIEM dataset:

The training set lacks redundant entries, preventing classifiers from exhibiting bias towards more
commonly appearing records. The proposed test sets are accessible from duplicates, ensuring that the
efficacy of learning algorithms remains unaffected by improved methods for identifying frequently
occurring records. Records are chosen from each difficulty level group in inverse proportion to their
representation in the original SIEM dataset percentage. This approach introduces a broader spectrum
of the classification efficacy of different machine learning methods. This approach enhances the
efficiency of evaluating different learning methods. The size of records in both the training and test
sets is judiciously determined, enabling experiments to be conducted on the entire data set without
resorting to random sampling of a smaller subset. This methodology ensures that the evaluation
results across different research papers remain consistent and comparable.

Table 1
Features of dataset

Ne Column Non-Null Dtype Ne Column Non-Null Dtype
Count Count

1 duration 125972 int64 23 | count 125972 int64
non-null non-null

2 protocol_type 125972 object | 24 | srv_count 125972 int64
non-null non-null

3 service 125972 object | 25 | serror_rate 125972 float64
non-null non-null
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4 flag 125972 object | 26 | srv_serror_rate 125972 float64
non-null non-null

5 src_bytes 125972 int64 27 | rerror_rate 125972 float64
non-null non-null

6 dst_bytes 125972 int64 28 | srv_rerror_rate 125972 float64
non-null non-null

7 land 125972 int64 29 | same_srv_rate 125972 float64
non-null non-null

8 wrong_fragment 125972 int64 30 | diff_srv_rate 125972 float64
non-null non-null

9 urgent 125972 int64 31 | srv_diff_host_rate 125972 float64
non-null non-null

10 | hot 125972 int64 32 | dst_host_count 125972 int64
non-null non-null

11 | num_failed_logins 125972 int64 33 | dst_host_srv_count 125972 int64
non-null non-null

12 | logged_in 125972 int64 34 | dst_host_same_srv_rate 125972 float64
non-null non-null

13 | num_compromised 125972 int64 35 | dst_host_diff_srv_rate 125972 float64
non-null non-null

14 | root_shell 125972 int64 36 | dst_host_same_src_port_rate 125972 float64
non-null non-null

15 | su_attempted 125972 int64 37 | dst_host_srv_diff_host_rate 125972 float64
non-null non-null

16 | num_root 125972 int64 38 | dst_host_serror_rate 125972 float64
non-null non-null

17 | num_file_creations 125972 int64 39 | dst_host_srv_serror_rate 125972 float64
non-null non-null

18 | num_shells 125972 int64 40 | dst_host_rerror_rate 125972 float64
non-null non-null

19 | num_access_files 125972 int64 41 | dst_host_srv_rerror_rate 125972 float64
non-null non-null

20 | num_outbound_cmds 125972 int64 42 | outcome 125972 object
non-null non-null

21 | is_host_login 125972 int64 43 | level 125972 int64
non-null non-null

22 | is_guest_login 125972 int64
non-null

dtypes: float64(15), int64(24), object (4)
memory usage: 41.3+ MB

C. Preprocessing the data. Data preprocessing involves transforming a specific dataset's values to
optimize the information acquisition and process. Typically, a significant disparity exists between the
maximum and minimum values within the dataset. Normalizing the data reduces the algorithmic
complexity associated with its processing [Larriva-Novo X., 2021]. Data preprocessing is a
fundamental step in the data analysis and machine learning process, wherein raw data is readied for
subsequent utilization. This stage includes various activities to clean, transform, and standardize data
to improve subsequent analysis or model training quality and efficiency.

D. Principal component analysis. Principal Component Analysis (PCA) is a statistical technique that
identifies the most impactful features for extracting maximal information from a dataset, facilitating
the transformation of high-dimensional data into a lower-dimensional representation [Sanober S.,
2022]. The features are chosen based on how much variance they produce in the result. The first
principal component is the feature that contributes the most variance. The second principal
component is the characteristic that accounts for the second-highest variance, and so on. It is
significant to note that there is no correlation between the principal components.

The use of PCA for dimensionality reduction has primary benefit:
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With fewer features, the algorithms' training times drop off dramatically. High-dimensional data
analysis is only sometimes feasible. For example, let us say a dataset contains 100 features. To
visualize the data, 100(100-1)2 = 4950 scatter plots would be needed. It is impossible to analyze data
in this manner.

E. Machine Learning Algorithms for Traffic Classification. The modeling process involves training
a machine learning algorithm to predict labels from features, refining it to meet business
requirements, and validating it using holdout data. The outcome of the modeling process is a trained
model suitable for inference and predicting outcomes for new data points. A machine learning model
is a trained file designed to identify and recognize specific patterns.

Training a model encompasses providing an algorithm to reason over and learn from a dataset.
Subsequently, the trained model can be utilized to reason over unfamiliar data and make predictions.
For instance, consider the scenario where there is a desire to develop an application capable of
discerning a user's emotions based on facial expressions. The model can be trained by supplying
images of faces, each associated with a particular emotion. Once trained, the model can be employed
in an application to recognize the emotions of any user.

Logistic Regression

This statistical model, the logit model, is frequently employed for classification and predictive
analytics. Logistic regression serves as a method for forecasting the outcomes of binary trials, where
events have two possible results [Das A., 2021]. The model calculates the probability of a particular
event, such as voting or not voting, by leveraging a dataset of independent variables. As the predicted
outcome is a probability, the dependent variable is constrained from 0 to 1. Logistic regression
involves applying a logit transformation to the odds, representing the probability of success divided
by the probability of failure. This transformation is called the log odds or the natural logarithm of
odds. The logistic function, represented by the following formulas (1), encapsulates this
transformation.

- e 1
ho(z) = g(07x) = FRpa

B 1
Cl4e* (1)

In the logistic regression equation, 'h' represents the dependent or response variable, and 'x' denotes
the independent variable. Within this model, the beta parameter, known as the coefficient, is typically
estimated using maximum likelihood estimation (MLE). This method involves testing various beta
values through multiple iterations to optimize the fit of log odds. These iterations generate the log-
likelihood function, and logistic regression aims to maximize this function to determine the most
accurate parameter estimate.

9(2)

Once the optimal coefficient (or coefficients, in the case of multiple independent variables) is
identified, the model can calculate conditional probabilities for each observation. These probabilities
are then logged and aggregated to generate a predicted probability. In binary classification, a
probability less than 0.5 predicts 0, whereas a probability greater than O predicts 1. Following the
computation of the model, it is advisable to assess its predictive performance regarding the dependent
variable, a process known as goodness of fit.

Binary logistic regression:

In this methodology, the dependent variable is binary, indicating it possesses solely two potential
outcomes (for instance, 0 or 1). Prominent instances of its application involve forecasting whether an
email falls into the category of spam or determining the malignancy status of a tumor. This specific
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approach is widely utilized within logistic regression and, more broadly, stands out as one of the
prevailing classifiers for binary classification tasks.

Multinomial logistic regression:

In this variant of the logistic regression model, the dependent variable exhibits three or more potential
outcomes, yet these values lack a predetermined order. Consider, for instance, the scenario where movie
studios aim to anticipate the probable film genre a moviegoer might choose, enhancing their marketing
effectiveness. Employing a multinomial logistic regression model enables the studio to assess the impact of
factors like age, gender, and relationship status on individuals' film preferences. Consequently, the studio can
tailor advertising campaigns for specific movies to target groups that are more likely to show interest.

K-nearest neighbors

The k-nearest neighbors algorithm is a non-parametric, supervised learning classifier, alternatively
recognized as KNN or k-NN. It relies on proximity to formulate classifications or predictions of
categorizing a singular data point. Despite its applicability to regression or classification problems, it
is more commonly employed as a classification algorithm, grounded in the notion that comparable
data points tend to cluster nearby.

In order to ascertain the proximity of given query points to a designated query point, it becomes
imperative to calculate the distances between the query mentioned above point and the remaining
data points [Boateng E. Y., 2020]. Distance metrics are pivotal in delineating decision boundaries
and segregating query points into distinct regions. The visualization of decision boundaries is
frequently realized through the representation of VVoronoi diagrams.

Euclidean distance

The KNN algorithm uses Euclidean distance metrics to locate the nearest neighbor [Boateng E. Y.,
2020]. The Euclidean distance is calculated using equation (2).

n

d= Z(xi_yf)z

i=1

)
Manhattan distance
The Manhattan distance is calculated using equation (3).
d= Z(xi - Yi)
. ®3)

Naive Bayes

Naive Bayes classifiers encompass a set of classification algorithms grounded in Bayes' Theorem.
Rather than a singular algorithm, it constitutes a family of algorithms unified by a common principle.
The fundamental assumption underlying Naive Bayes is the independence of every pair of classified
features, a condition only sometimes met in real-world scenarios. Despite the inherent inaccuracy of
the independence assumption, it frequently yields effective results in practical applications.
Consequently, Naive Bayes is a foundational probabilistic technique that assesses the probability of
classifying or predicting the cyber-attack class within a provided dataset [Algahtani H., 2020].

Bayes’ Theorem

Bayes' Theorem is a mathematical principle employed to ascertain the probability of an event
transpiring, considering the probability associated with the occurrence of another previously
occurring event. Bayes' Theorem is expressed as the following equation (4):
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P(B|A) = P(A)
e @

Bayes' Theorem computes the probability of an event (A) occurring based on the probability of
another event (B) where P(B) # 0. In this context, A and B are events, with P(B) representing the
probability of event B, which serves as evidence. The objective is to determine the probability of
event A, given that event B is accurate. P(A) denotes the prior probability of A, r presenting the
likelihood of an event before evidence is observed. P(A|B) is A's posterior probability, indicating an
event's probability after considering evidence (event B).

P(A|B) =

Support Vector Machines

The Support Vector Machine (SVM) is a relatively simple supervised machine learning algorithm
utilized for classification and, to some extent, regression tasks. Although it is primarily applied in
classification, there are instances where it also proves beneficial for regression. SVM identifies a
hyperplane that acts as a boundary between different data types, typically appearing as a line in two-
dimensional space. In SVM, each data point in the dataset is represented in an N-dimensional space,
where N corresponds to the number of features or tributes in the data. The goal is to ascertain the
optimal hyperplane that separates the data [Cervantes J., 2020].

It is crucial to emphasize that SVM is inherently geared towards binary classification, indicating its
capability to make decisions between two classes. Nevertheless, when confronted with multi-class
problems, diverse strategies can be applied. In the SVM framework for multi-class see areas, the
strategy entails establishing a binary classifier for each class. The outcomes of each classifier yield
one of two possibilities:

- The data point belongs to that class OR;

- The data point does not belong to that class.

To illustrate, in a class of fruits, we can establish a binary classifier for each specific fruit, enabling
multi-class classification. For instance, a binary classifier dedicated to the 'mango’ class is designed
to predict whether a given instance is a mango. The cla sifier with the highest score among all binary
classifiers is then selected as the output of the SVM for the multi-class classification. Regarding SVM
for complex (non-linearly separable) data, SVM naturally performs well without any adjustments for
linearly separable data. Linearly separable data refers to any dataset that can be graphically
represented and divided into classes using a straight line.

Kernelized SVM is employed for handling non-linearly separable data. When the data exhibits
nonlinear separability in one dimension, a transformation is applied to elevate it to two dimensions,
rendering it linearly separable in the transformed space. This transformation involves mapping each
one-dimensional data point to a corresponding two-dimensional ordered pair. Consequently, for any
non-linearly separable data in any dimension, it is feasible to map it to a higher dimension, thus
achieving near separability. This transformation is both compelling and universally applicable.

In the realm of Kernelized SVM, a kernel serves as a measure of similarity between data points. The
kernel function within a kernelized SVM offers insights into the likeness of two data points in the
original feature space, considering their relationship in the newly transformed feature space [Guo Y .,
2021]. Various kernel functions are available, but two have gained prominence:

- Radial Basis Function Kernel (RBF): This kernel computes the similarity between two locations in
the converted feature space using an exponentially fading function of the distance between the vectors
in the original input space. The RBF kernel is commonly used as the default kernel in SVM.

- Polynomial Kernel: The Polynomial kernel introduces an additional parameter, 'degree,” which
governs the model's complexity and the computational cost of the transformation.

Decision Tree

The Decision Tree is a widely used and effective tool for classifying and predicting data [Charbuty
31



Eurasian Scientific and Methodological Journal “East-West” (2025) Ne 1(1) March

B., 2021]. It is structured like a flowchart, with internal nodes representing attribute tests, branches
indicating test outcomes, and leaf nodes holding class labels.

Building a decision tree involves splitting the source set into subsets based on the test of attribute
values. This splitting occurs recursively on each derived subset, a method known as recursive
partitioning. The recursion continues until the subset at a node possesses the same target variable
value or further splitting ceases to enhance predictive value.

Decision trees categorize instances by traveling them down from the root to a specified leaf node
containing the instance's classification. The classification procedure begins at the root node, checking
the attribute supplied by that node before progressing along the tree branch corresponding to the
attribute's value. This step is repeated for the subtree rooted at the new node. In the provided figure,
the decision tree classifies a particular morning based on its suitability for playing tennis and returns
the classification associated with the specific leaf (in this case, Yes or No).

Random forest

The Random Forest is a supervised learning method, especially a classifier composed of decision
trees that act as an ensemble in the context of ensemble learning [Breiman L., 2001]. The "forest "
constructed by Random Forest is essentially an ensemble of decision trees, typically trained using the
"bagging"” method. The core concept behind bagging is that combining multiple learning models
enhances overall performance. A noteworthy advantage of the random forest is its applicability to
classification and regression problems, which are prevalent in contemporary machine learning
systems. Additionally, it effectively mitigates overfitting issues often encountered in individual
decision trees.

XGBOOST Regressor

XGBoost (Extreme Gradient Boosting) Regressor is a machine learning algorithm to predict threat
level and regression tasks. It is an extension of the original XGBoost algorithm for classification
problems. XGBoost Regressor is particularly powerful and effective for predicting continuous
numerical values, making it well-suited for regression problems.

Artificial Neural Networks

Acrtificial Neural Networks (ANNSs) constitute a category of machine learning methodologies that
form the foundation of deep learning paradigms. ANNs function as models for information
processing, drawing inspiration from the operational principles of biological nervous systems
observed in the human brain [Abiodun O. 1., 2018]. Consisting of layers of nodes, artificial neural
networks comprise an input layer, one or more hidden layers, and an output layer. Each node,
representing an artificial neuron, is interconnected with other nodes, allocated distinctive weights,
and governed by a predetermined threshold.

Activation of a node occurs if the output exceeds the specified threshold value, leading to the
transmission of data to the subsequent layer in the network. Conversely, no data is forwarded to the
next network layer if the output falls below the threshold.

Neural networks employ training datasets to acquire knowledge and enhance precision through
iterative refinement processes. Once these learning algorithms are refined for accuracy, they become
potent tools in computer science and artificial intelligence, enabling swift classification and clustering
of data. Tasks such as speech or image recognition can be accomplished within minutes, a notable
improvement compared to the hours required for manual identification by human experts. Google's
search algorithm is one of the most renowned examples of a neural network.

Results and discussion

The section demonstrates the effectiveness of machine learning classification techniques for detecting
intrusions on both Train and Test data. Various popular classification techniques are analyzed,
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including Logistic Regression, K-nearest neighbors, Naive Bayes, Support Vector Machines,
Decision Tree, Random Forest, and Artificial Neural Networks, with a comparison of the
effectiveness of these popular classification techniques. Accuracy, precision, and recall are calculated
as defined above to assess the potentiality of models.

1. Accuracy: This is a general indicator of how often the model correctly classifies data. Values close
to 1, or 100%, indicate that the model accurately determines whether network traffic is normal or
abnormal (an attack).

2. Precision: This indicator reflects how accurately the model predicts positive classes. For example,
when the model predicts an attack, the accuracy shows how likely it is that it is indeed an attack.

3. Recall: This measures the model's ability to detect all real-world attacks. A high completeness
score indicates that the model can detect and not miss attacks.

The resulting graph (figure 1) is a histogram that visually compares each machine-learning model's
training and testing accuracy. This comparison is crucial for evaluating the performance and
generalization ability of models. A model that works well with training and testing data is generally
considered to have a good balance between bias and variance, indicating effective learning and
generalization.

Accuracy Comparison by Model

— . - 99.99% 99.87% 99.99% 99.88% 95.99% 99.83%
100 | EEER Training Accuracy - 92:03% 98.94% 97.00% -96:89%

[ Test Accuracy 91.80% 91.61%
88.11% 87.81%

80

60

Accuracy (%)

40 -

Figure 1. Accuracy Comparison by Model

The resulting histogram (figure 2) visually represents how accurately each model correctly classifies
the res Its. Accuracy is an essential classification indicator, especially in cases where false positive
results are expensive. The location of each model next to each other makes it easy to compare the
difference in accuracy of each model during the training and testing stages. This can help identify
models that are potentially overfitting (high learning accuracy but significantly lower testing
accuracy) or those that maintain a consistent level of accuracy in both training and testing datasets.

The resulting histogram (figure 3) visually compares each machine-learning model's recall in training
and testing scenarios. This is the most critical indicator in classification tasks, especially when
skipping a positive instance (false negative) is expensive. This diagram helps assess models' ability
to identify positive examples correctly. The arrangement of the strips of each model next to each other
makes it easy to compare their performance during training and testing, which can help identify
models that may be overfitted or insufficiently adapted.

33



Eurasian Scientific and Methodological Journal “East-West” (2025) Ne 1(1) March

Precision Comparison by Model
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Figure 2. Precision Comparison by Model

Recall Comparison by Model
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Figure 3. Recall Comparison by Model

The provided table (table 2) illustrates the model's effectiveness based on both Train and Test data
across Accuracy, Precision, and Recall metrics.

Table 2
Summary of the performance
Train Test Train Test Train Test
Accuracy | Accuracy | Precision | Precision | Recall Recall

Logistic Regression

0.881104 | 0.878111 | 0.837803 | 0.835406 | 0.922727 | 0.921501

K neighbors classifier

0.990524 | 0.989363 | 0.992251 | 0.990564 | 0.987313 | 0.986705

GaussianNB

0.918027 | 0.916055 | 0.926266 | 0.925325 | 0.894791 | 0.892963

Linear SVC (L Based Impl)

0.963117 | 0.961103 | 0.952792 | 0.950270 | 0.968604 | 0.967652

Decision Tree Class

0.999940 | 0.998770 | 1.000000 | 0.998561 | 0.999872 | 0.998814

Random Forest Classifier

0.999940 | 0.998730 | 0.999872 | 0.999322 | 1.000000 | 0.997968

PCA Random Forest

0.999940 | 0.998254 | 0.999915 | 0.999151 | 0.999957 | 0.997121

Optimized Random Forest

0.992607 | 0.992181 | 0.999350 | 0.998883 | 0.984729 | 0.984419
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Based on the study's findings, the following may be concluded.

Random Forest and PCA Random Forest have proven very effective on all three metrics: training,
test data, and test data. This means that they classify traffic very accurately and reliably.

The Decision Tree model also showed promising results, indicating the model's reasonable ability to
distinguish between regular traffic and attacks.

Logistic regression, KNN classifier, Gaussian, and Linear SVC performed well, but their performance
is slightly lower than that of ensemble models (such as random forest).

Conclusion

As a result of the survey, an Intrusion Detection System was developed for detecting and preventing
cyber threats based on network traffic using data obtained from a Security Information and Event
Management (SIEM) system.

Various machine learning algorithms were employed for accurate traffic classification and the
identification of potential attacks:

1. Support Vector Machine (SVM): Chosen for effectively separating data into classes, especially in
complex multidimensional spaces. SVM is well-suited for classification and aids in threat detection.

2. K-Nearest Neighbors (KNN): Used for classification based on proximity to neighboring data
points. This allows the detection of anomalies in network traffic.

3. Decision Trees and Random Forest: Help identify critical factors and patterns in data leading to
threats. Random Forest enhances stability and prediction accuracy.

4. Gaussian Naive Bay s: Applied for classification using probability principles, practical n
uncertainty, and data variability cases.

5. XGBoost: Particularly useful for processing large volumes of data with good performance and
accuracy.

A neural network is applied to improve the accuracy and reliability in detecting complex threat
patterns. It is trained on data to identify intricate patterns and dependencies that may not be apparent
with traditional machine learning methods. Neural networks excel in handling large and complex
datasets, where they can uncover nonlinear relationships.

The work enhances cybersecurity by providing a fast and accurate means of analyzing and responding
to threats. In conclusion, the neural network and traditional mac ine learning models work together,
offering a multi-layered approach to data analysis and classification in cybersecurity.
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HNHTerpnpoBanHasi cucTeMa 0€30I1aCHOCTH KOMIIBIOTEPHBIX ceTeii: 00Hapy»keHHe BTOP/KeHUI Ha
ocHoBe SVM U NPOrHo3upoBaHMe YIPo3 € HCNOJIb30BAHHEM AJIrOPUTMOB MAILIMHHOIO 00y4YeHMsI

*M.C. Vmapb6aesa, *M.A.Myxanosa
'Hazapbaes Humennekmyanvnas wkona Xumuxo-ouonozuvecko2o nanpaenenus (Aimamol, Kazaxcman)

Annomayus

B cBs3u ¢ OBICTPBIM POCTOM HCIIOJBb30BaHUSI KOMITBIOTEPHBIX CETe M 3HAYUTEIBHBIM PACIIUPECHHUEM
CBSI3aHHBIX C HUIMU IPHJIOKEHHH BOIPOCH KHOEpOE30IacCHOCTH CTAaHOBSITCS BCe OoJiee akTyaabHBIMU. B aTOM
JOKyMEHTe OyAeT mpeAcTaBlieH 0030p PeUIeHUH pacTylIuMX MpoOJieM CeTeBOW 0e30MacHOCTH, 38 KOTOPBIM
nocjenyeT pa3padoTKka MHCTpPYMEHTa Uil OOHApYKEHUS M MPEAOTBpAIICHUS KHOEpyrpo3 IMyTeM aHalu3a
TAHHBIX CETEBOTO TpaduKa U3 CHCTEMBI YIIpaBlieHUs nHpopMarueit o 6e3omacHocTH U coObITHsiME (SIEM).
Hcmonb3ys pasiandHble aaropuTMBI MammuHHOro o0yuenus, Bkarouas SVM, KNN, Decision Tree, Random
Forest, Gaussian Naive Bayes, XGBoost u He#poHHBIC CETH, HCCIIEAOBaHHE OOCCIEYNBACT TOUYHYIO
kinaccuukanuio Tpaduka ¥ HACHTHOUIMPYET NOTEHIHMANbHBIE Yrpo3sl. HeHpoHHas ceTh MOBBIIIACT
TOYHOCTh OOHApYXEHUsI CIOKHBIX Mojeneil yrpo3. MccienoBanne yHHMKaIBHO codeTaeT B cebe IeseBoe
NpUMEHeHHe B o0JacTh KuOepOe30macHOCTH, BCECTOPOHHEE CpaBHEHHE MOJEICH M TMPaKTHYECKYIO
peain3alvio Ijid MOJYYCHUA TOYHBIX JaHHBIX. Pe3yJII)TaTBI, MMPpOACMOHCTPHUPOBAHHBIC C HCIIOJIb30BAHUEM
rucrorpaMm M Tabmuin, aemoHcTpupylT 3ddextuBHOCTF Random Forest m PCA Random Forest,
MMoAYCepKHUBAs MX TOUHYIO Kiaccudukamuio Tpaduka. B 3akimrodeHne, mpoBeneHa oleHKa 3P QGEeKTHBHOCTH
Pa3NUYHBIX JKCIIEPUMEHTOB Ha Habope MJaHHBIX MO KHOEpOE30MacHOCTH, BKIIOYAIOUIETO HECKOJIBKO
KaTeropuit kubeparak, a Taxke oreHka 3(H(HEeKTHBHOCTH METPHUK MPOU3BOIUTENFHOCTH, TaKHX Kak Accuracy,
Precision u Recall. MHOroypoBHeBbII TOIXOM, OCHOBAHHBIA Ha IIOCIENHHX TEHIEHIUSAX MAIIMHHOTO
oOyueHus B 00macTu KnbepOe30macHOCTH, 00ecrieunBacT OBICTPBIN M TOYHBIN aHATU3 YIPO3 H pearnpoBaHue
Ha HUX, TEM CaMbIM IMOBbINIAA UX YPOBCHD.

Kntouegvie cnosa: xnbep0e30MacHOCTh; MAalIMHHOE OOyUYeHHE, alTOPUTMbl MAIIMHHOTO OOYYeHHS;
oOHapyXeHHe BTOPKCHUH; KOMIBIOTEpHAs 0€30MacHOCTh; MPOTHO3MPOBaHUE KHOEpaTak.

KomnbloTepJik :kenijiepain MHTerpanMsIaHFaH Kayincisaik :xkyiteci: SVM Herisingeri
HHTPY3USIAP/AbI AHBIKTAY jKOHEe MAIINHAJBIK OKBITY AJITOPUTM/IEPiH KOJIJaHY apKbLIbI
Kayinrepai 6oskay

*M.C. Ymap6aesa, *M.A.Myxanoea
YXumus-6uonocusnvix 6azoimmazer Hazapbaes 3usmrepnix mexme6i (Anmamol, Kazaxcmarn,)

Anoamna

KomnbroTepiik sxeminepai nainaiaHyablH T€3 6CyiHe ®KoHE OHBIMEH OaiJIaHBICTBHI KOCBIMINIATIAPABIH €I9Yip
KCHEI01HEe OalIaHbICThl KUOEPKAYINCi3aiKk Macenesaepi e3ekTi 0oja Tycyae. byl KykaT ecin Kele KaTKaH
KENITIK Kayilci3Mik MoceNeNepiHiH IIeNiMIepiHe IOy JKacailbl, COMaH KeWiH Kayilci3miK IKoHe
okuFanapasl O0ackapy xyiecinen (SIEM) sxenminmik Tpaduk IepeKkTepiH Tanaay apKbUibl KHOepKayinTepai
AHBIKTAY JKOHE aNJIBIH ally KYpallblH 93ipieli. MallHaNbIK OKBITYIBIH OPTYpPJi alrOpUTMIEPiH, COHBIH
imiage Random Forest, Gaussian Naive Bayes, XGBoost %oHe HEHpOHBIK JKeliiepAi naiaanana OThIPHII,
3epTTey TpadUKTiH HAKTHI XKIKTEIYiH KAMTaMachl3 eTeli )KoHE bIKTUMAJl KayinTep/li aHbIKTaiab1. HelpoH bk
KeNl Kypleni Kayill YiATUIepiH aHBIKTay IONJITiH apTThIpalibl. 3epTTey KHOEpKAyiNCi3MiKTI MaKCaTThI
KOJIJJAHY JIbI, MOJICITBIEP/l )KaH-)KAKThI CAIBICTBIPY/Ibl JKOHE HAKTHI JIEPEKTEP/Ii aly YIIiH MPAKTUKAIBIK iCKe
aceIpynsl Oipereit Typae Oipiktipeni. ['mcTorpamManap KongaHy apKbeUIbl KepceTinreH HoTmwxkenep Random
Forest men PCA Random Forest Tnimaisnirin kepceteni, onapAblH TpapUKTiH HAKTHI XiKTelyiHe Oaca Hazap
aynapanel. CoHpiHa, OipHenie kubepmalybul caHaTTapsl O0ap KHOEPKAyinci3aiK JepeKTep KUBIHTHIFBIMEH
OpTYPJIi 3KCIIEPUMEHTTEPAIH THIMAILIIT )KOHE OHIMIUTIK, TNIIIK, €CKe TYCipy jKoHE ASJIIK KepCeTKIITEepiHiH
THiMaTiria Oaranay. KuOepkayirncizaik camachlHAAaFbl MallWHAIBIK OKBITYABIH COHFBI TCHJICHIUIAPhIHA
HETI3JIENITeH KON JICHrell Tocl KayilTep/i >KbUIIaM JKOHE 9N Tallfiay/bl JKOHE OJapra jayarn Oepyi
KaMTaMachl3 €Tejll, OChUIAMIIA OJIAPIbIH JCHICHIH apTThIPaIbl.
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Tytiin co30ep: KnOEpKayilCi3AiK, MallMHAIBIK OKBITY; MAlIMHAIBIK OKBITY aJrOpUTMIEpi; MHTPY3USHBI
aHBIKTAy; KOMITBPIOTEPITIK KAYITCI3iK; KnOepadysuiiapasr 0omkay.
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BACTAYbBIII CBIHBITTIKA SCRATCH BAFJIAPJIAMACBIH YUPETY
*1H.A.CAHCBI3BAUD, *U.0.CAUDYPOBA
onxeu Mapaynan ameinoaegel Ilasnooap nedazo2ukanvix yHusepcumemi

(Ilasnooap, Kazaxcman)
*nuraisansyzbai26@gmail.com, saifurova indira@teachers.ppu.edu.kz

Anoamna

Scratch GarmapmaMachIHBIH HETI3Ti MaKCaThl alTOPUTIMACYAlI KbI3BIKTHIpHIT Oepy. Kazipri Tagma mudpisik
cayaTTBUIBIK ©6T€ MaHBI3/IbI )KOHE KYH CailblH JAaMblll Keneldi. byl e3 TapanbsiHaH alrOpuTMACY i, KOATAaYAbI,
JKaNIBl 0a3allbIK TYPFBIAA Ka3ipri 3aMaHFa cail MUQPIBIK cayaTTBUIBIKTHI epTe OyblHaH yHpeTin Oepyre
MYMKiHZiIKTep Oepeni. barmapnmaHbl urepy apKbUTbl, OKYIIBIFA ajina OJaH Jla KWBIH OaFmapiaMaiapibl
urepyre *akchl cepmin Oepeni. byn makamana Scratch OarmapiiaMachIHBIH JIaFIbLIAPbI, apTHIKIIBLIBIKTAPHI
KOepCEeTLIreH, OaraapiaMaHblH 0acThl €pPEKINENTire OHbIH JKapKbIH HHTEPQEICci MEH KOJDKETIM/II IIpoTrpaMmaray
T OONFaHABIKTaH, OHBIMEH Kajlail JKYMBIC jKacay >Kalnbl aiitburrad. byn Oarnmaprmamansl He ceOenTeH
OacTaypllll CHIHBIITAH OKBITY JKOHE YHMPETilyl Kaiiabl aWTBUIBIN KeTKeH. barmapiamaHblH —OKYyIIbLIapra
OepeTiH naFapLIapbl JKOHE OJapiblH Wrepe anuajiblH Iiedepiikrepi kepcerinreH. OKyIIbUIapAbIH Oy
OarmapiaMara KbI3BIFYIIBUIBIK TAHBITY YIIIH 9ICTEp MEH MBICATIAp KOPCETUITEH.

Tytiin coe30ep: WHTEPAKTUBTI; BHU3yanu3alMs; LUQPIBIK CayaTTbUIBIK, aHUMaLus; aiaroputM; Scratch
Oarapiamacsl.

Kipicne
Scratch - Oy Gacraybli MEKTeNn OKYyNIbLIAPBIHA *Hi TAHBIC OONIATHIH BIHFAiIbI Oargapmama. O
Ma3MyHJbl OKy TOKIpUOECIH KamTamachl3 €Tell, OMTKEeH1 OJl TOKIpUOENiK >KOHE 3epTTeYIILTIK

OKBITyFa IIAKBIPATHIH KOHE XKaHa OWBIHAAPIBI )Kacall, OlfHayFa epKiHIIK OepeTiH ONBIH OpTachiH
KaMTaMachl3 eTeIl.

Scratch kemeriMeH OKBITY MHpoLecTepl JOTHKAIBIK OilayJbl JaMbITyFa, YJIKEH Macelenepai
KIIIripiM Macesenepre 0y apKbUIbl IIENIyre, aJllbl MOCEIENepAlH JKalmbl MIeIIMIAEpPIH
aHbIKTayFa KoHE MaiilananyFa >koHe bIHTBIMAKTaCThIKKa MYMKIH/IIK Oepei.

Kana MeMJIeKeTTIK JKaJIblFa MIHJETTI CTaHAAPTTapAbIH €HII3UTyIMeH jkaHa OuTiM Oepy >KyHeciHIH
MaHbBI3[bl KypaMmaac OeJiiri akmapaTThIK-OuUTiM Oepy opTachkl OOJNbINT TAaObUIAIbI, OHBIH HETI3iHAE
OPTYPJII aKNapaTThIK pecypcTapra €pKiH KOJ JKETKi3y/ll KaMTaMachl3 €TETIH 3aMaHayHu aKmapaTThIK
TexHoJyorusuiap xartblp. Kasipri yakpITTa aKnapaTThIK-011iM Oepy OpTachlH KypMaii )KyMbIC XkKacay,
MYMKIH eMeC aKIapaTThIK CayaTThUIBIKTHI KAIBINITACTHIPY CAlaChlH/Ia FBUIBIMHU 3€pPTTEYJIep KYPTizy
epeK1Ie ©3eKT1 O0JIBIN TaObLIA b, OJIAP/IbIH OPBIHIATYHI MIE1arOrMKaIBIK MaKcaTTapFa KOJl JKeTKi3yre
kenugik Oepyre okeneni. KyppuiraH akmaparThIK-OuUTiM Oepy opTachl OacTaybllll ChHIHBINTApAa
"aKMmapaTThIK CcayaTThUIBIK'" MOHIH OKYJa, BJIEKTPOHMABI pecypcTap — (haKylIbTaTUBTIK cabaKTap/bl
OTKI3y e, 9/liCTEMENIK d3ipiieMesiep — MEKTeNTe Oarapiamaay TUIIH OKbITy1a, Oajanapabl JaMbITy
YIIH KOJJaHBUIATBIH OOJaabl. aKmapaTTHIK-OUTIM Oepy opTachkl OUTIM alyIIBIHBIH KEeKe OachIH
JaMBITY MPOIIECIH/IE OKYFa JeTeH bIHTAChIH apTThIpaabl. OKylIbUIapFa akmapaTThl OesIceH Il 13/1eyre
KOHE JKYMBICTBI ©3 OeTiHIIE OpbIHJayFa KOMEKTeceldl, >KeKe TYJIFaHbl TaMbBITYIbIH JpTYpIi
Ke3eHJIepiHIe OKYyFa JeTeH bIHbaChIHH apTThIpabl [Cabsipxanosa JIII. xone T.0., 2023].
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