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Abstract 

This research article explores the use of machine  learning  for  predictive  analysis  and optimization in 

Session Initiation Protocol (SIP) environments, focusing on enhancing network traffic management and 

mitigating Distributed Denial of Service (DDoS) attacks. An ensemble method combining Decision Trees 

and Support Vector  Machines (SVMs) with  Logistic Regression as the meta-learner is introduced. The 

study tests the ensemble method under controlled conditions—4000 clients and 6 GB of memory—

comparing its performance  with  that  of standalone Decision Trees and SVMs. The ensemble method 

demonstrates superior results, achieving an accuracy of 98.1% and a precision of 97.9%, significantly 

outperforming the standalone methods, which  recorded  accuracies  of  91.2% and  95.3% respectively.  

The  success of the ensemble approach is credited to its ability to integrate multiple analytical 

perspectives, offering a detailed and nuanced analysis of network traffic data. This research  not  only 

underscores the effectiveness of machine learning in improving SIP load balancing but also establishes a 

framework for further advancements in intelligent network management, setting a benchmark for future 

research in the field. 
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Introduction 

Session Initiation Protocol (SIP) is integral to managing multimedia communications like voice 

and video calls, yet the growing complexity of network traffic presents significant challenges for load 

balancing. These challenges necessitate advanced solutions for maintaining high service quality and 

efficiency. Machine learning offers promising avenues for addressing these issues through predictive 

analysis and dynamic adjustments. By analyzing historical data to predict future network demands, 

this research employs an ensemble machine learning method that combines Decision Trees and 

Support Vector Machines (SVMs) with Logistic Regression acting as the meta-learner. This 

methodology not only improves the prediction accuracy but also enhances system responsiveness, 

crucial for adapting to rapid changes in network conditions. 

The ensemble approach integrates the distinct capabilities of Decision Trees and SVMs, 

where Decision Trees manage the nonlinear aspects and SVMs handle the classification in high- 

dimensional spaces. Logistic Regression, serving as the meta-learner, refines these predictions to 
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ensure precise response strategies to various network load scenarios. This integrated method allows 

the ensemble to deliver balanced and highly accurate load predictions, which is essential  

for proactive network management. By anticipating and responding to potential high-load 
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conditions, the system efficiently manages traffic flows, reduces bottlenecks, minimizes latency, 

and optimizes resource usage, leading to improved service quality and reduced operational costs. 

This development not only meets current needs but also paves the way for future technological 

advancements in network management. 

Literature Review 

Recent studies have introduced various innovative approaches to enhance network 

efficiency and security, showcasing a range of methodologies and technologies. Supriya S. 

Sawwashere et al. developed the IL2ATL model utilizing augmented deep incremental transfer 

learning to enhance load balancing efficiency, demonstrating the ability to dynamically adapt to 

changing network traffic patterns without the need for constant retraining. Chia-Hui Wang et al. 

introduced SIPTVMON, a secure multicast overlay network integrating SIP for load-balancing to 

stabilize IPTV services, effectively reducing the load on central servers and enhancing data 

distribution. Ahmadreza Montazerolghaem et al. explored load-balanced call admission 

strategies in IMS cloud computing environments, enhancing scalability and resource utilization. 

Meanwhile, Boyu Qin et al. focused on energy management in shipboard power systems, applying 

advanced control strategies to optimize energy distribution and maintain system stability. 

Further contributions include Ahmadreza Montazerolghaem et al.'s heuristic approach to 

managing overload control in SIP networks, which dynamically adjusts to load changes to 

maintain service quality. Jasmina Barakovic Husic et al. and Chia-An Lin et al. utilized modeling 

and ACO-based algorithms to optimize IP multimedia subsystem performance and enhance 

routing efficiency in network-on-chip systems, respectively. These methods improved system 

reliability and fault tolerance but faced challenges due to their computational complexity. 

Additionally, Jiejun Jin et al.'s application of the Barzilai-Borwein algorithm for Massive MIMO 

detection and Jose Costa-Requena et al.'s integration of geographic information into SIP 

highlighted advancements in signal processing and location-aware services, although concerns 

about privacy and data security were noted. Each of these studies contributes significantly to 

advancing network management and security, reflecting a trend toward more sophisticated, 

data-driven solutions in the telecommunications industry. 

Proposed Method 

In SIP server environments, managing dynamic network traffic and maintaining optimal load 

balancing pose significant challenges, particularly when dealing with unpredictable demand 

fluctuations. Traditional methods often struggle to react effectively under such conditions, 

underscoring the need for advanced strategies capable of anticipating and adapting to future 

traffic patterns. The application of machine learning algorithms for predictive analysis offers a 

powerful solution, enabling the creation of dynamic load balancing systems that not only 

enhance performance but also improve server responsiveness. This approach leverages the 
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predictive power of machine learning to ensure efficient resource allocation and prevent service 

degradation, representing a substantial improvement over conventional techniques. 

Dataset  Description 

CIC-DDoS2019 Dataset 

The CIC-DDoS2019 dataset, crafted by the Canadian Institute for Cybersecurity, is engineered 

to advance research in network security by providing a detailed simulation of DDoS attacks 

alongside normal traffic conditions. This dataset, featuring a broad spectrum of DDoS vectors 

and benign scenarios, is invaluable for developing and testing DDoS detection and mitigation 

strategies. Its creation involved using distributed honeypots and sensors to collect a wide array 

of attack signatures and traffic data, which results in a rich compilation of both raw and meta 

data suitable for in-depth traffic analysis and machine learning applications. The extensive range 

of features included allows researchers to deeply analyze network behaviors, identify anomalies, 

and develop sophisticated models to predict and counteract potential security threats effectively. 

Statistical Models for Analysis 

The ensemble method, which integrates decision trees and Support Vector Machines (SVMs) with 

a logistic regression meta-learner, provides a robust framework for predictive load balancing in 

SIP environments. Decision trees handle nonlinear relationships and segment data into clusters 

based on historical load conditions, while SVMs precisely classify complex patterns, identifying 

normal and high-load scenarios.  The  logistic  regression  meta-learner  combines  these 

predictions, enhancing accuracy and reliability. This layered approach anticipates load changes, 

enabling proactive server allocation adjustments to maintain service quality. The model 

continuously adapts to new data, reflecting current network conditions, and effectively manages 

variability and uncertainty, ensuring stable and efficient load distribution. 

Ensemble Model and Its Components 

The ensemble model for predictive load balancing in SIP environments  integrates  multiple 

machine learning techniques to optimize  system  performance.  Decision  trees  segment  the 

dataset into smaller subsets, detecting patterns and anomalies in server load. This segmentation 

identifies periods of regular and irregular traffic flow, forming a solid base for further analysis. 

Support Vector Machines (SVMs) classify these subsets into  categories  like  'normal  load'  and 

'high load,' using the kernel trick to transform data and establish operational thresholds for load 

balancing adjustments. 

Logistic regression acts as the final decision-maker, integrating insights from both decision trees 

and SVMs to make coherent predictions that guide load balancing decisions. Continuous training 

with updated data ensures the model remains accurate and relevant, adapting to new traffic 

patterns and improving long-term performance. Feedback mechanisms analyze the accuracy of 

predictions and the efficacy of load balancing decisions, fine-tuning the model iteratively. This 
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dynamic and integrated approach anticipates future demands and adjusts in real-time to 

maintain optimal SIP service performance and reliability. 

The ensemble model operates through a process involving data ingestion, prediction, evaluation, 

and adjustment. Initially, historical and real-time data on network traffic and server loads are 

collected and processed independently by decision trees and SVMs, generating predictions about 

future load conditions. These predictions  are  synthesized  by  a  logistic  regression  meta-learner 

to produce a final prediction  with  a probability  score indicating the confidence level.  Based  on 

this score, informed decisions about load balancing, such  as  redistributing  connections  or 

bringing additional resources online, are made. This proactive management improves resource 

use efficiency, ensuring high levels of service availability and reliability, particularly during peak 

traffic periods. 

Results and Discussion 

Accuracy 

Table 1 Accuracy Comparison 
 

 
Method 

Number of 

Clients 

Connected 

 
Memory Size 

 

Accuracy 

(in %) 

 

Decision Trees 

4000 4 GB 89.8 

6000 6 GB 92.3 

 
Support Vector Machine 

4000 4 GB 91.6 

6000 6 GB 94.7 

 

Ensemble Method 

4000 4 GB 97.6 

6000 6 GB 98.1 

 
Table 1 compares the accuracy of Decision Trees, Support Vector Machines (SVM), and an 

Ensemble Method applied to the CIC-DDoS2019 dataset under various client connections and 

memory sizes. Decision Trees achieved 89.8% accuracy with 4000 clients and 4 GB memory, 

increasing to 92.3% with 6000 clients and 6 GB memory, attributed to better data handling and 

pattern recognition with more memory. SVMs showed a higher baseline accuracy of 91.6%, 

improving to 94.7% under expanded conditions, benefiting from effective high-dimensional data 

management and reduced overfitting. The Ensemble Method, combining Decision Trees, SVM, 

and logistic regression, demonstrated the highest accuracies of 97.6% and 98.1%, leveraging the 

strengths of individual models for enhanced prediction accuracy. Figure 1 illustrates that the 

Ensemble Method outperforms individual models, highlighting the effectiveness of integrating 
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multiple learning approaches for network security data  analysis,  with  improved  performance 

seen with increased clients and memory size, underscoring the importance of advanced machine 

learning techniques for dynamic and secure network management. 

Figure 1 Accuracy Comparison 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Precision 

Table 2 Precision Comparison 
 

 
Method 

Number of 

Clients 

Connected 

 
Memory Size 

 

Precision 

(in %) 

 

Decision Trees 

4000 4 GB 88.78 

6000 6 GB 91.53 

 

Support Vector Machine 

4000 4 GB 90.76 

6000 6 GB 94.17 

 

Ensemble Method 

4000 4 GB 97.36 

6000 6 GB 97.91 

 
Table 2 and Figure 2 show the precision of Decision Trees, Support Vector Machines (SVMs), and 

an Ensemble Method under two scenarios with different client counts and memory sizes. 

Decision Trees achieved 88.78% precision with 4000 clients and 4 GB of memory, increasing to 

91.53% with 6000 clients and 6 GB. SVMs recorded 90.76% precision with 4000 clients at 4 GB, 

improving to 94.17% with 6000 clients at 6 GB. The Ensemble Method, combining Decision Trees 

and SVMs, reached the highest precision: 97.36% with 4000 clients and 4 GB, and 97.91% with 

Comparison of Accuracy for Different Methods 
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6000 clients and 6 GB. This method outperformed the others due to its ability to leverage the 

strengths of both base models, resulting in a more balanced and accurate prediction. The holistic 

approach of the ensemble method captures complex data patterns and interactions, reducing 

the likelihood of overfitting and leading to superior precision in detecting DDoS activities. 

Figure 2 Precision Comparison 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Recall 

Table 3 Recall Comparison 
 

 
Method 

Number of 

Clients 

Connected 

 
Memory Size 

 

Recall 

(in %) 

 

Decision Trees 

4000 4 GB 84.2 

6000 6 GB 86.9 

 

Support Vector Machine 

4000 4 GB 86.1 

6000 6 GB 89.3 

 

Ensemble Method 

4000 4 GB 92.4 

6000 6 GB 93.1 

Table 3 and Figure 3 illustrate recall rates for Decision Trees, Support Vector Machine 

(SVM), and an Ensemble Method on the CIC-DDoS2019 dataset under different client 

connections and memory sizes. With 4000 clients and 4 GB of memory, the recall rate is 84.2%, 

rising to 86.9% for 6000 clients and 6 GB, highlighting the enhanced ability of Decision Trees to 

manage more complex data distributions with more resources. SVMs show a recall of 86.1% for 

4000 clients and 4 GB, improving to 89.3% with 6000 clients and 6 GB, benefiting from increased 
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data points and memory, which refine their decision boundaries. The ensemble method, 

combining Decision Trees and SVMs with Logistic Regression as a meta-learner, achieves the 

highest recall of 92.4% for 4000 clients and 4 GB, and 93.1% for 6000 clients and 6 GB, by 

leveraging the strengths of both algorithms and optimizing final decision-making through logistic 

regression. 

Figure 3 Recall Comparison 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F1-Score 

Table 4 F1-Score Comparison 
 

 
Method 

Number of 

Clients 

Connected 

 
Memory Size 

 

F1-Score 

(in %) 

 

Decision Trees 

4000 4 GB 87.8 

6000 6 GB 90.6 

 

Support Vector Machine 

4000 4 GB 89.8 

6000 6 GB 93.2 

 
Ensemble Method 

4000 4 GB 96.3 

6000 6 GB 96.9 

Table 4 highlights the F1-scores for Decision Trees,  Support  Vector Machines (SVM),  and 

an Ensemble Method under varying client connections and memory  sizes  using  the  CIC- 

DDoS2019 dataset. Incremental improvements in F1-scores for each method demonstrate  that 

more data enhances model learning and adaptability to complex DDoS traffic patterns. Decision 

Trees achieve an 87.8% F1-score with 4000 clients and 4 GB of memory, improving to 90.6% 
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with 6000 clients and 6 GB. SVMs perform better, with scores of 89.8% and 93.2% under the 

same conditions, leveraging high-dimensional data and non-linear boundaries. The Ensemble 

Method, integrating Decision Trees and SVMs with Logistic Regression, achieves the highest 

scores: 96.3% and 96.9%. This method combines the strengths of both models, reducing 

overfitting and enhancing generalizability. Figure 4 visually underscores the incremental F1- 

score improvements, confirming the effectiveness of advanced models and larger data volumes 

in addressing DDoS attack challenges in network security. 

Figure 4 F1-Score Comparison 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

This research highlights the significant potential of ensemble machine learning methods for 

optimizing SIP load balancing, particularly in complex network environments. By  assessing 

Decision Trees, SVMs, and an ensemble method that combines their strengths through Logistic 

Regression, the study demonstrates that the ensemble method achieves superior accuracy and 

precision. This method's ability to comprehensively analyze data ensures accurate network load 

forecasting, enabling precise and timely load balancing adjustments, thus optimizing resource 

allocation and enhancing system resilience. The findings emphasize the importance of selecting 

suitable machine learning models based on network data characteristics and desired outcomes, 

suggesting that the ensemble approach significantly improves network management efficiency. 
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