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Abstract: Considering the increasing popularity of MAAI solutions for providing a promising alternative to
automating the process of security operations in complex network environments. The paper presents a scalable multi-
agent solution that involves autonomous intelligent agents working together to discover threats, recognize security
gaps, take decisions, and respond to security attacks. Unlike other solutions, which involve conventional and
centralized security frameworks [9-13], our multi-agent-based approach makes use of several agents, providing more
flexibility due to the possibility of running tasks in parallel, adapting quickly by learning agents from experience, and
making the whole system less vulnerable to advanced cyberattacks. Our multi-agent system uses agents with unique
features and works using the communication layer, in which agents exchange information about detected threats and
optimize their actions to achieve the best results in always-on protection. The experimental prototype is tested for its
efficiency in detecting DDoS attack, phishing or malware intrusions. The research results revealed high levels of
efficiency demonstrated through high detection rates, low response latency, and fewer false positives. As far as MAAI
systems go, this work proves a considerable potential for automation and scalability.
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1. INTRODUCTION

The development of digital infrastructure, whose components involve inter-connected systems from both the private
and public sector, has contributed significantly towards the increase in the sophistication and occurrence of cyber-
attacks [1]. Most traditional cybersecurity applications depend on centralization and human involvement. The use of
such methods poses difficulties in detecting advanced threats in the ever-changing threat environment. In turn, the
adoption of Al technology helps solve these problems, and its application has been wide-ranging in threat detection and
response.

In all the Al methods, Multi-agent Al systems may be considered a solution [2]. Intelligence can be shared across
real-time agents, who interact through collaboration and act in concert with each other. The agents have distinct roles.
They include monitoring and analysis, decision-making using the collected data, and executing actions. This method is
beneficial since the system will remain adaptive, scalable, and resilient to the ever-growing attack types. Multi-agent
systems serve as a reliable paradigm for automating security operations in dynamic networks due to their continuous
learning capability and cooperation among the agents.

2. LITERATURE REVIEW

2.1. Overview of Existing Research

One emerging trend implies that the security industry will begin implementing Al in their models as a strategy to
improve intrusion detection and offer automation in reacting. Machine learning and deep learning models are extensively
applied in anomaly detection within network traffic [3].

2.2. Al-Driven Security Models

Al driven Intrusion Detection Systems utilize supervised and unsupervised learning techniques to detect both known
and unknown threats [4]. The current systems operate under a centralized model limiting scalability and immediate
reaction to the attacks.

2.3. Contributions of Multi-Agent Systems

Multi-agent systems incorporate intelligent distribution where the agents collaborate to identify and mitigate
threats [5]. While the approach improves fault tolerance and reduces latency, coordination remains a challenge in these
systems.

© 1JARCCE This work is licensed under a Creative Commons Attribution 4.0 International License 1


https://ijarcce.com/

IJARCCE ISSN (O) 2278-1021, ISSN (P) 2319-5940

International Journal of Advanced Research in Computer and Communication Engineering

Impact Factor 8.471 :: Peer-reviewed & Refereed journal :2 Vol. 15, Issue 6, June 2026
DOI: 10.17148/IJARCCE.2026.15601

2.4. ldentified Gaps in Literature

The studies reviewed indicate that there are challenges in efficient communications among agents or even the
failure to coordinate them in real-time. This highlights the need for a coordinated multi-agent system approach [6].

Table 1: Literature Review Summary

Study Approach Contribution Limitation
Al-based IDS Machine Learning | Accurate detection Centralized

Deep Learning 50C Neural Networks |Automation High latency
Agent-based Models:Distributed Agents;Scalability Poor coordination
Proposed Work Multi-Agent AI  {Collaborative automationiPrototype stage

3. PROBLEM AND MOTIVATION

3.1. Problem Statement

Current centralized architectures used by these cybersecurity systems have created several disruptions for them [7].
Such systems get stuck while dealing with huge amounts of network traffic, which delays the process of detecting and
responding to any potential threat. Moreover, the static and rule-based nature of such systems is not sufficient enough to
handle dynamic and unknown cyber-attacks.

3.2. Motivation

As cyber threats have started becoming complex, adopting intelligent autonomous and distributed cybersecurity
systems becomes essential [8]. With multiple agent-based systems, decisions can be made in a decentralized manner,
which allows various agents to detect and respond to any threats collectively.

Table 2: Key Challenges

Challenge Impact

Centralized Processing :Performance bottleneck

Manual Response Slow mitigation
Limited Scalabdlity Inefficient for large networks
Static Fules Poor adaptability

[—— ——

Figure 1: Conceptual Problem Flow of Centralized Security System
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4. RELATED WORK

The last few years saw the development of many studies on cyber security through the application of Al algorithms
for better detection and management of attacks. In addition, supervised learning models have become very efficient for
detecting known threats through the application of Machine Learning-based IDS systems. Latest trends incorporate the
use of Convolutional Neural Network models and recurrent networks that model complicated behaviours in the
network [9].

At the same time, SOAR platforms have come up to automate the incident response procedures and take off human
labor in SOC centers [10]. They are typically centralized in nature and may have problems in scalability or real-time
processing capabilities in large scale environments.

Multi-agent systems have been proposed as a decentralized approach, in which independent agents cooperate to
identify and mitigate threat. Accessible and promising, existing implementations only provide weak coordination
mechanisms, limited adaptive learning. This needs a fully integrated multi-agent Al framework for security automation
[11].

5. METHODOLOGY / PROPOSED FRAMEWORK

5.1. System Architecture

This new framework is based on a distributed multi-agent architecture in which independent agents work together to
fulfil security tasks [12]. Real time communication between agents occurs at the coordination layer, with shared memory
to pass information about threats across agents— which work separately for maximum throughput [13].

5.2. Agent Roles and Responsibilities

Monitoring Agent: Continuously collects network traffic data [14].

Detection Agent: Applies Al models to identify anomalies and attacks.

Decision Agent: Assesses threat severity and selects response strategies.

Response Agent: Executes automated mitigation actions.

Coordinator Agent: Manages communication and synchronization among agents [15].

5.3. Workflow Process

The data is collected and processed in an ordered manner: collect — detect — decide — act (or automate) — learn
[16].

5.4. Key Features

Decentralized intelligence
Real-time collaboration
Adaptive learning capability
Autonomous response execution

Figure 2: Proposed Multi-Agent Al Framework for Security Automation
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6. EXPERIMENT/CASE STUDY / SIMULATION

6.1. Experimental Setup

In order to test the proposed multi-agent Al framework, a simulated network environment was generated. As part of
the setup, normal users and malicious traffic scenarios, including Distributed Denial-of-Service (DDoS), phishing and
malware attacks are included [17]. This framework is implemented over a Python based simulation tool that runs
multiple agents in concert.

6.2. Case Study Scenario

The detection was set up to model an attack in real-time where any abnormal traffic will be detected by the
Monitoring Agent and analysed by the Detection Agent [18]. The Decision Agent segments the level of threat caused,
while the Response Agent blocks IPs or isolates nodes.

Table 3: Performance Evaluation

Metric Traditional System (Proposed System
Detection Accuracy;25% 94%

Fesponse Time 3 zec 1.8 zec

Falze Positives Moderate Low

Scalability Limiteh High

Figure 3: Simulation Workflow of Multi-Agent Al Security System

7. CONCLUSION

In this paper, we proposed a new MAAI framework to improve security automation on the modern networked
environment. The proposed system is a distributed intelligence framework and technology deployed across multiple
autonomous agents, which alleviates the limitations of traditional centralized cybersecurity methods such as high
latency, limited scalability, and dependency on human intervention. This architecture facilitates effective cooperation
between monitoring, detection, decision, and response agents; leading to accelerated and more accurate identification
and resolution of threats.

Through the experimental evaluation, we proved considerable enhancement on detection accuracy, response time and
false-positive rates as opposed to traditional systems. Also, the system provided good adaptation to dynamic and large-
scale attack scenarios. Feedback is integrated to enable continuous learning and better safety.
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Outlook Towards real-world deployment including scalability with the distributed nature of the technique. The
reinforcement learning and federated learning models can be integrated for better data accuracy Better communication
between agents to enhance coordination and resilience.
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