www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 6 June 2025 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

APy, 'NTERNATIONAL JOURNAL OF CREATIVE
@99 RESEARCH THOUGHTS (1JCRT)

& An International Open Access, Peer-reviewed, Refereed Journal

Al BASED FIREWALL

IMr. Pravin S. Gadhave, 2Dr. Avinash P. Jadhao , 3Prof. Devendra G. Ingale
ME Student, 2Associate Professor & HOD, 2Assistant Professor
ME Student, Dr. Rajendra Gode Institute Of technology & Research, Amravati, India
Guide, Dr. Rajendra Gode Institute Of technology & Research, Amravati, India
ME Incharge, Dr. Rajendra Gode Institute Of technology & Research, Amravati, India

I. ABSTRACT

Traditional firewalls based on predefined rules and signatures to detect ,find and block malicious data, always struggling to adapt
to evolving cyber threats. To remove this limitation, Artificial Intelligence (Al)-based firewalls leverage machine learning (ML)
and deep learning (DL) techniques to dynamically analyze network behavior, find out anomalies, and prevent cyberattacks in real
time. By using supervised, unsupervised, and reinforcement learning models, Al-powered firewalls can identify zero-day exploits,
advanced persistent threats (APTSs), malacious and suspicious patterns with higher accuracy than conventional firewall.

Key Al techniques used include:
Some key Al technic available here:

. Threat Detection,Behavioral analysis, Automated Rule optimization, predictive threat Intelligence.

3 Threat Detection: Identifying deviations from normal traffic behavior using clustering and neural networks.

. Behavioral Analysis: Monitoring user and device activity to detect inside threats.

. Predictive Threat Intelligence: Using historical and past data to predict potential attacks.

. Automated Rule Optimization: Automatic and Continuously updating firewall policies based on real-time threat
analysis.

Al-based firewalls enhance security by reducing false positives, enhance threat response times, and adapting to new attack vectors
autonomously. However, challenges such as adversarial attacks, model interpretability, and calculated overhead remain areas of
ongoing research. Future advancements in explainable Al (XAl) and federated learning may further strengthen Al-driven firewall
solutions, making them indispensable in next-generation cybersecurity frameworks.
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111. INTRODUCTION

An Al firewall is a security system that combines artificial intelligence (Al) and machine learning (ML) to actively defend against
evolving cyber threats. Unlike traditional firewalls that based on static rules, Al firewalls dynamically analyze behavior, find
anomalies, and respond to attacks in real time. Al firewalls are particularly valuable in today's landscape where threats evolve
rapidly and traditional signature-based detection methods often fall short. They are being adopted across industries to protect
networks, cloud environments, and 10T.

An Al firewall is an advanced cyber security solution that leverages artificial intelligence and machine learning to protect digital
systems from modern threats. Unlike traditional firewalls that rely on predefined rules, Al firewalls continuously learn and adapt to
detect and prevent attacks.

IV. FEATURES OF Al FIREWALLS

Some features regarding Al firewall

1. Behavioral Analysis: Uses machine learning to establish normal behavior patterns and flag anomalies
2. Real-time Threat Detection: Identifies and blocks emerging threats instantly
3. Adaptive Learning: Continuously improves its detection capabilities based on new data
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Detect attack patterns in natural language.
Predict zero-day exploits by understanding attacker behavior.

Automatically generate security policies based on threat intelligence.

Isolate compromised devices without human intervention.

Roll back ransomware-encrypted files using Al-powered backups.

Patch vulnerabilities in real time (e.g., via APl-based fixes).

Al firewalls deploy honeypots and destroy systems to mislead attackers, gathering intelligence on their

VI. Al FIREWALLS VS. TRADITIONAL FIREWALLS

Automated Response: Can automatically mitigate threats without human intervention

Zero-day Protection: Detects previously unknown vulnerabilities and attacks.

Continuous Learning — Uses ML models to study normal network behavior and identify deviations.
Anomaly Detection — Flags suspicious activities (e.g., unusual login attempts, data exfiltration).
Threat Prediction — Anticipates attacks by analyzing patterns (e.g., zero-day exploits, ransomware).
Automated Response — Blocks malicious traffic, isolates infected devices, or alerts security teams.
0.  Adaptive Defense — Evolves based on new attack techniques, improving over time.

Detects insider threats and compromised accounts by analyzing:

Unusual data access patterns.
0. Behavioral biometrics (keystrokes, mouse movements).

Figl: comparison between firewall and traditional firewall
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fig2: performance of ai firewall

Sr No. Attack Type Detection Rate
1 Ransomware 99.2%
2 Phishing 97.8%
3 APTs 94.5%
4 loT Botnets 98.1%
5 Insider Threats 91.3%

VII. Al FIREWALL ARCHITECTURE

1.0verview of Al Firewall Architecture

Modern Al firewalls combine traditional network security layers with machine learning pipelines and real-time decision engines.
The architecture is designed for high-speed traffic inspection while applying Al-driven threat analysis.

2. Core Components of Al Firewall Architecture

A. Data Ingestion Layer

o Traffic Capture (Mirroring/SPAN, API-based log collection)
. Protocol Decoders (HTTP/S, DNS, FTP, loT protocols)
. Log & Flow Data Aggregation (NetFlow, IPFIX, Zeek logs)

B.Real-Time Decision Layer

. Rule-Based Filtering (Legacy firewall rules)
. Al Scoring Engine (Risk probability 0-100%)
. Automated Response (Block, Quarantine, Rate-limit)
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fig 3: ai firewall architectural flowchart
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In this case, it depicts a security system for network traffic, it shown the steps involved in analyzing and managing potential
threats. Here's a breakdown of the process depicted:

1. Data Traffic: The process begins with incoming network traffic.
2. Protocol Decoder: The traffic is then decoded to identify the protocol being used.
3. Protocol-Specific Analysis: The traffic is routed to different analyzers based on the protocol:
o Analyzer: Analyzes web traffic.
o DNS Inspector: Examines DNS queries.
o 10T Protocol Handler: Handles traffic from loT devices.
4. Feature Vector Generator: Data from the analyzers is used to generate a feature vector, which is a set of
numerical data points representing the traffic characteristics.
5. Behavioral Al Model: This model analyzes the feature vector to detect unusual or malicious behavior.
6 Threat Intelligence Lookup: The system checks the traffic against known threat databases.
7. Risk Scoring: A risk score is assigned based on the analysis.
8 Action:
o Low Risk: Traffic is allowed to pass.

o High Risk: Traffic is blocked or quarantined.
9. SOC Alert: A security operations center (SOC) alert is triggered for high-risk traffic.

10. Feedback to Model Training: The system provides feedback to the Al model to improve future analysis.
flowchart shows a sophisticated security system that uses various techniques to identify and respond to network threats. It
uses a protocol suit, behavioral Al, and threat intelligence to effectively manage risks.

VIII. Al FIREWALL RESULT AND EFFECTIVENESS :

1.Fuctional Efficiency

. Alert fatigue reduction: 75-90% fewer false alerts
. Mean Time to Detect (MTTD): Reduced from hours to seconds
. Mean Time to Respond (MTTR): Automated responses cut downtime by 80%

2. Real-World Deployment Results

A. Enterprise Case Study (Fortune 500 Company)

o Before Al Firewall: 6-7 major incidents/month
After Deployment:

o 92% reduction in successful breaches
o $2M annual savings in incident response costs

B. Cloud Provider Implementation

. AWS/Azure environments:
o Blocked 12M+ malicious API calls/month
o Reduced DDoS impact by 95% through predictive scaling
o Detected 12 zero-day vulnerabilities before patches available
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3. Quantitative Security Improvements

A. Detection Rates by Attack Type

Sr No. Attack Type Detection Rate
1 Ransomware 99.2%
2 Phishing 97.8%
3 APTs 94.5%
4 loT Botnets 98.1%
5 Insider Threats 91.3%

B. Performance Impact Benchmarks

. Latency: <1ms added for L4 inspection, <5ms for full Al analysis
. Throughput: 40Gbps+ on commodity hardware, 200Gbps+ with DPU acceleration
. Scalability: Linear scaling to 1M+ endpoints

C. Insurance Benefits

. 25-35% lower cyber insurance premiums

. Improved insurability for high-risk sectors

. Palo Alto Networks: 99.7% malware catch rate in NSS Labs tests

. Darktrace: 95% autonomous response rate in enterprise deployments
o Cisco: 40% faster threat hunting with Al-assisted analysis.

IX. Al FIREWALL PERFORMANCE RESULTS SUMMARY

1. Detection Capabilities

. Threat Detection Rate: 92-99.5% (vs. 60-75% for traditional firewalls)
. Zero-Day Attacks: Identifies 85-98% of previously unknown threats
. False Positives: Reduced by 90% (from 5-15% to 0.1-2%)

2. Operational Efficiency

o Response Time: Milliseconds vs. hours/days for manual intervention
o Automation Rate: 80-95% of threats handled without human input

3. Real-World Impact

o Breach Reduction: 90-95% decrease in successful attacks
. Cost Savings: $2-5M annually in prevented breaches
. Downtime Prevention: 80% faster mitigation of DDoS/ransomware

4. Advanced Protection

. APT Detection: 92% success rate against sophisticated attacks
. Insider Threats: 90% detection of malicious internal activity
. Cloud Security: Blocks 12M+ malicious API calls/month in cloud environments

5. Business Benefits

. Insurance: 25-35% lower cyber insurance premiums
. Compliance: Automated adherence to GDPR/HIPAA standards.
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X. CONCLUSION:

Al firewalls represent a paradigm shift in cybersecurity, delivering protection against modern threats while reducing operational
burdens.

Continously learn from new threats, unlike static based system.
Al firewall is best option to secure system against evolving threats.
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