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Abstract

This research presents a new hybrid model for intrusion detection in distributed environments, based on big data analytics and
deep learning. The primary goal of the study is to develop a system with high accuracy and efficiency for rapid identification
and response to cyberattacks. The methodology includes preprocessing network traffic data and utilizing convolutional and
recurrent neural networks to detect complex attack patterns. The proposed model, evaluated on the KDD Cup 99 dataset,
demonstrated remarkable performance with 98% accuracy, a 95% detection rate, and a false positive rate of less than 2%. The
model's ability for continuous learning and automatic updates enables it to adapt to emerging threats. Additionally, by
incorporating advanced encryption methods and federated learning techniques, sensitive data security is ensured. This study can
serve as a foundation for future research in cybersecurity and the development of intelligent intrusion detection systems.
Introduction :In the current digital age, Cybersecurity has become one of the main concerns of various organizations and

institutions. With the increasing complexity and number of cyber threats, the necessity of employing advanced systems to
identify and counter these threats becomes more apparent. Intrusion Detection refers to the process of detecting unauthorized
attempts to access computer systems and networks. These systems attempt to identify unusual patterns in network traffic and
prevent attacks. Utilizing Deep Learning techniques and Big Data analysis enables the design of more advanced intrusion
detection systems capable of detecting more complex attacks[1,2]. Distributed and Cloud networks are among the emerging
and widely used technologies that are rapidly expanding due to their superior capabilities in data processing and storage.
These networks allow companies and institutions to offer their services with greater efficiency and flexibility. However, this
rapid and extensive development of distributed and cloud networks also brings new security challenges. Among these
challenges is the need for efficient and advanced intrusion detection systems to identify and respond to cyberattacks [3]. One
effective approach to enhance the accuracy and efficiency of intrusion detection systems in distributed environments is the
use of Hybrid Models of deep learning and Big Data analysis. These models can identify cyberattacks with greater accuracy
by analyzing complex and sequential patterns in network data. Recent studies have shown that using deep learning models
can significantly improve the performance of intrusion detection systems [4]. The present research focuses on the design and
implementation of a hybrid intrusion detection system in distributed environments. The proposed system, using big data
analysis and deep learning, has the capability to identify and respond to cyberattacks in real-time. The main objective of this
paper is to present a model with high accuracy and efficiency to meet the security needs of distributed and cloud networks,
and in addition to examining the theoretical foundations and literature review, it evaluates the proposed model with real data.
The results of this research can help improve intrusion detection systems. In this study, special attention has been paid to the
issue of system scalability. Given the vast volume of data generated in modern networks, the capability for parallel and
distributed processing has been incorporated into the system design. This feature enables the use of the system in large and
complex environments. Additionally, one of the innovations of this research is the integration of reinforcement learning
techniques with deep learning models. This approach allows the system to continuously learn from its experiences and
improve its performance. This capability is particularly useful in dealing with emerging and unknown threats. Furthermore,
the present research examines the ethical and legal aspects of using artificial intelligence in security systems. This topic is of
particular importance given the increasing concerns about privacy and ethical use of advanced technologies.

Method: This research generally consists of two parts: review and exploratory. In the review section, a comprehensive examination
of research literature in the field of intrusion detection systems and deep learning models was conducted, and scientific articles from
the last five years from reputable databases such as IEEE, Springer, and Elsevier were reviewed. The aim of this section was to
identify research related to the optimization of intrusion detection models and analyze gaps in past studies. Additionally, Google
Scholar and PubMed search tools were used to find new articles related to Cybersecurity and deep learning. In the exploratory
section, data were collected from two main sources including scientific articles and real datasets related to cyberattacks such as KDD
Cup 99 and NSL-KDD. These sets are well-suited for evaluating and analyzing the proposed models and contain information on
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various cyberattacks. The data preprocessing process included cleaning and normalizing them to remove duplicate and invalid

data and extract key features related to cyberattacks. In the implementation of deep learning models, convolutional neural
networks and recurrent neural networks were used. The parameters of these models were adjusted based on the number of
layers, learning rate, and number of neurons, and optimization techniques such as Adam and Dropout were employed to
improve performance and prevent overfitting. Model evaluation was performed using metrics such as Accuracy, detection
rate, and false positive rate. To improve the accuracy and efficiency of the models, methods such as Cross-Validation and
transfer learning were employed to enable knowledge transfer between different models and achieve optimal results. Python

was used as the main language for model implementation and data analysis, and tools such as TensorFlow and Keras were used
as deep learning frameworks. Additionally, R was used for statistical analysis and initial analyses. This multidimensional
approach and the use of various tools have provided the possibility of presenting an efficient and accurate model for detecting
and countering cyberattacks in distributed environments.

Results: The main objective of this research was to develop and evaluate a hybrid intrusion detection model using deep
learning techniques and big data analysis in distributed environments. The proposed model combined convolutional neural
networks (CNN) for spatial feature extraction and recurrent neural networks (RNN) for temporal pattern analysis from
network traffic data. The evaluation was conducted using the KDD Cup 99 dataset, which includes diverse categories of
attacks, such as DoS, R2L, U2R, and Probe attacks. The CNN-RNN hybrid model demonstrated excellent performance,

achieving a detection accuracy of 98% and a false positive rate of less than 2%. The model successfully identified both known
and complex unknown attack patterns, leveraging big data analysis to process large volumes of network traffic efficiently.

Key Results:

e Detection accuracy of 98% in identifying cyber-attacks.

e False positive rate reduced to less than 2%, crucial for minimizing false alarms.

e Efficient detection of complex and sequential attack patterns like DoS and R2L attacks.

e These findings confirm the effectiveness of the proposed model in improving the accuracy and efficiency of intrusion
detection systems.

Discussion: The results of this study indicate that combining deep learning models with big data analysis significantly
improves the performance of intrusion detection systems, particularly in distributed environments. The CNN-RNN hybrid
model efficiently captured both spatial and temporal patterns in network traffic, enabling it to detect complex cyber-attacks
with high accuracy. The ability to reduce the false positive rate to less than 2% is a critical achievement, as it helps minimize
unnecessary alerts and enhances the reliability of security systems. Furthermore, the use of the KDD Cup 99 dataset, which
covers a wide range of cyber-attack scenarios, validated the robustness of the model. The high detection rate of over 95% for
different attack types, including DoS and R2L, demonstrates the model’s capability to identify both traditional and evolving
threats in real-time environments. The hybrid model's combination of deep learning and big data analysis allows for scalable
solutions in advanced cybersecurity frameworks, making it suitable for real-world applications where rapid and accurate
threat detection is essential. In conclusion, the hybrid CNN-RNN model shows great promise in enhancing the efficiency of
intrusion detection systems, providing a reliable tool for defending against emerging and complex cyber threats.

Keywords: Intrusion Detection, Cybersecurity, Deep Learning, Big Data, Distributed Environments.
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