ESP-IJACT

ESP International Journal of Advancements in Computational Technology
ISSN: 2583-8628 / Volume 1 Issue 3 December 2023 / Page No: 124-130
Paper Id: [JACT-V1I3P113 / Doi: 10.56472 /25838628 /[JACT-V1I3P113

Original Article
Al-Powered Network Infrastructure Audits: Enhancing

Efficiency and Security in Data Centers

Vaishali Nagpure
Denver, USA

Received Date: 30 October 2023 Revised Date: 03 December 2023 Accepted Date: 25 December 2023

Abstract: In the evolving landscape of modern IT infrastructure, organizations are increasingly adopting hybrid
environments that combine on-premises data centers with cloud solutions to meet scalability, flexibility, and operational
efficiency needs. However, managing the security and performance of such complex environments introduces unique
challenges, particularly in areas like network segmentation, vulnerability management, and real-time threat detection.
This case study explores the implementation of an AI-powered network infrastructure audit and security framework for
a global retail company operating in both on-premises and cloud environments. The company’s data center
infrastructure relies on Cisco devices, including Cisco ACI (Application Centric Infrastructure) for network
segmentation, Cisco Firepower NGFW for intrusion prevention, and Cisco Umbrella for DNS-level protection. The core of
this approach involves leveraging Al-driven tools to automate vulnerability management, threat detection, and response
across both on-premises systems and cloud environments (AWS, Azure). The study illustrates how Cisco ACI and AWS
Security Hub were used to segment networks and isolate sensitive data, minimizing the attack surface. Furthermore, the
integration of Qualys VMDR for automated vulnerability scanning and patch management, combined with Ansible for
efficient patch deployment, improved operational efficiency and reduced manual intervention in vulnerability
remediation. Cisco Tetration provided enhanced visibility into workload behaviors across both environments, ensuring
that unauthorized lateral movements were prevented. The implementation of Al-driven security analytics through Cisco
Firepower and Umbrella allowed for rapid identification and mitigation of potential threats. Additionally, the study
highlights the importance of automated compliance reporting, with tools like ServiceNow integrated for tracking
remediation efforts and generating compliance reports for industry standards such as PCI-DSS and GDPR. By deploying
a combination of advanced network segmentation, real-time threat detection, and automated remediation, the company
achieved significant improvements in its security posture, operational efficiency, and compliance. This case study serves
as a comprehensive example of how Al-powered security tools and Cisco devices can be effectively integrated to address
the complexities of managing a hybrid IT infrastructure while ensuring that both on-premises and cloud environments
remain secure, efficient, and compliant. The results of this implementation demonstrate the value of combining cutting-
edge security technologies with automation to drive proactive risk management and operational excellence

Keywords: Al-Powered Network Audits, Micro-Segmentation, Vulnerability Management, Cisco Security Tools,
Compliance Automation.

I. INTRODUCTION
In today’s digital landscape, organizations are increasingly shifting toward hybrid IT environments, where on-premises
data centers are integrated with public and private cloud infrastructures. This transition offers businesses unparalleled
flexibility, scalability, and cost-efficiency by leveraging the strengths of both traditional and cloud-based systems. However,
managing the security and operational complexity of a hybrid environment introduces a range of challenges, particularly in
ensuring that network infrastructure, critical systems, and sensitive data are protected from evolving cyber threats.

The growing number of data breaches, ransomware attacks, and security vulnerabilities has made it imperative for
businesses to adopt advanced security frameworks that not only detect but also prevent and respond to threats in real time.
Traditional security measures, such as perimeter firewalls and antivirus software, are no longer sufficient to address the
sophisticated and constantly evolving nature of cyber threats. This is where Al-powered network infrastructure audits,
advanced network segmentation, and automated vulnerability management come into play, helping organizations proactively
mitigate risks, strengthen security postures, and ensure compliance with regulatory standards.

One of the critical challenges in hybrid infrastructure is the complexity of managing network segmentation. The ability
to control and segment traffic based on the sensitivity of data and the function of the infrastructure is key to minimizing
potential attack vectors. Network segmentation, especially when implemented using Cisco technologies such as Cisco ACI
(Application Centric Infrastructure), provides a more granular level of control, isolating sensitive areas of the network from
the rest of the organization and reducing the lateral movement of potential attackers.

In parallel with segmentation, real-time threat detection and intrusion prevention are crucial in a hybrid environment.
With the vast amount of traffic passing between on-premises systems and cloud resources, it becomes increasingly difficult to
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monitor and protect every endpoint. Cisco Firepower Next-Generation Firewall (NGFW) and Cisco Umbrella provide cloud-
based DNS security and network-wide visibility, leveraging Al-driven threat intelligence to identify suspicious activity and
block attacks before they can cause significant damage.

Moreover, vulnerability management in a hybrid IT environment is a continuous process that requires constant
monitoring and rapid patching of vulnerabilities across multiple platforms. Automated patch management solutions such as
Ansible and Qualys VMDR can significantly reduce the time it takes to identify and remediate vulnerabilities, ensuring that
systems remain up-to-date with the latest security patches and compliance requirements.

With the increased reliance on cloud services, organizations must also meet stringent compliance regulations such as
PCI-DSS, GDPR, and HIPAA. Compliance not only requires meeting technical standards but also mandates continuous
monitoring, reporting, and remediation of potential risks. By leveraging Al-powered tools and automating security and
compliance workflows, organizations can ensure they are adhering to industry regulations without compromising operational
efficiency.

This case study focuses on the practical implementation of Al-powered network infrastructure audits, automated
security tools, and Cisco-based network segmentation in a hybrid IT environment that spans both on-premises data centers
and cloud resources. It explores how these tools were integrated to enhance network security, improve the speed and
efficiency of vulnerability remediation, and maintain compliance with industry standards. Through the implementation of
these advanced technologies, the company was able to mitigate risks, optimize performance, and ensure its infrastructure
remained secure and compliant in the face of evolving threats.

This comprehensive approach, which combines network segmentation, real-time threat detection, automated patching,
and Al-driven compliance monitoring, offers a robust framework for securing hybrid IT environments and maintaining a
resilient security posture across both on-premises and cloud infrastructures. The case study provides a roadmap for
organizations looking to enhance the security and operational efficiency of their hybrid infrastructures, leveraging cutting-
edge security technologies to combat modern cyber threats

II. RELATED WORK
Securing hybrid IT environments, particularly those involving on-premises data centers and cloud infrastructures,
requires advanced technologies and methodologies to address challenges such as network segmentation, threat detection, and
compliance. The literature and case studies provide valuable insights into how micro-segmentation, Al-driven solutions, and
cloud security frameworks are being used to improve the security posture of hybrid environments.

A. Network Segmentation and Micro-Segmentation

Network segmentation is fundamental in protecting critical workloads, especially in hybrid environments that combine
cloud and on-premises systems. Micro-segmentation, a granular approach to isolating workloads, has been extensively studied
for its ability to mitigate lateral movement by attackers.

a) Micro-Segmentation in Cloud Environments:

Klein [1] explores the complexities of securing hybrid and multi-cloud environments using micro-segmentation. The
study highlights that tools like Cisco ACI enable precise control over network traffic and enforce segmentation policies that
adapt dynamically to workload changes. This reduces the attack surface and protects sensitive systems from unauthorized
access.

b) Cisco ACI for Complex Environments:

According to World Wide Technology’s article on Cisco ACI [9], the solution provides policy-based automation to
simplify the segmentation of complex environments. This capability is crucial for implementing zero-trust principles in hybrid
data centers, allowing organizations to enforce granular policies across on-premises and cloud resources.

B. AI-Driven Intrusion Detection
Al and machine learning are increasingly used to enhance intrusion detection systems (IDS) by identifying threats in
real time and adapting to evolving attack patterns.

a) Al-Powered IDS:

Dr. Sarah Khan [2] proposes a hybrid model for intrusion detection that integrates Al with traditional signature-based
systems. By analyzing network traffic patterns, such systems can adapt to novel attack vectors, improving their efficacy in
complex hybrid infrastructures. Tools like Cisco Firepower leverage Al to detect anomalies and prevent zero-day attacks.

b) DNS-Based Threat Detection:

Mahdavifar et al. [8] developed a lightweight detection model for data exfiltration using DNS traffic and machine
learning. The research aligns with Cisco Umbrella’s approach to DNS-layer security, which blocks malicious domains and
detects exfiltration attempts in hybrid and multi-cloud environments.
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C. Vulnerability Management and Patch Automation
Vulnerability management is critical for hybrid IT environments, where disparate systems require continuous
monitoring and rapid remediation.

a) VMDR and Automated Response:

Qualys VMDR [6] combines vulnerability management, detection, and response to automate threat identification and
patching across hybrid environments. Resources from Qualys highlight how integrating VMDR with automation tools like
Ansible streamlines remediation, reducing the mean time to repair (MTTR).

b) ServiceNow for Risk and Compliance:

ServiceNow [7] provides workflow automation for security and compliance. According to their documentation,
integrating ServiceNow with vulnerability management tools enables real-time tracking of remediation efforts, ensuring
compliance with frameworks like PCI-DSS and GDPR.

D. Cloud Security Frameworks
The security of hybrid and multi-cloud environments requires robust frameworks that integrate access control,
encryption, and real-time monitoring.

a) Cloud Security Challenges and Solutions:

Chauhan and Shiaeles [3] provide a comprehensive analysis of cloud security frameworks, highlighting common issues
like identity management and cross-cloud threats. Their proposed solutions emphasize the need for Al-driven monitoring and
federated access control.

b) Federated Access Control:

Somasundaram [5] explores federated access control mechanisms to enhance security across multi-cloud
environments. Such models enable centralized policy management and ensure consistent access rules, improving security
posture in hybrid infrastructures.

E. Continuous Compliance and AI-Driven Audits
Maintaining compliance in hybrid environments is a dynamic challenge due to ever-changing regulatory requirements
and diverse infrastructure components.

a) AI-Driven Security Audits:

Chirra [4] proposes using machine learning to enhance compliance audits. AI tools continuously monitor
configurations and alert teams to deviations from compliance standards. This aligns with Cisco Tetration’s capabilities for
workload protection and compliance enforcement in hybrid IT infrastructures.

b) Automating Compliance Workflows:

ServiceNow’s automation solutions [7] simplify compliance workflows, ensuring adherence to standards like GDPR.
Automation reduces the time and resources needed for compliance, enabling security teams to focus on proactive risk
mitigation.

III. AI-POWERED NETWORK INFRASTRUCTURE AUDIT, SEGMENTATION, AND VULNERABILITY REMEDIATION IN
A CISCO-BASED HYBRID DATA CENTER ENVIRONMENT
A. Hybrid Network Segmentation and Traffic Management
In this section, we focus on network segmentation in both on-premises and cloud environments using Cisco devices. By
creating isolated zones, we minimize the attack surface

On-Premises Cisco Cloud Data Center
(Cisco ACI) (AWS, Azure VPC)
4 4
 —  C—
Finance & HR | | Payment
Network Gateway VPC
- -
 —  C—
Web Server | | Customer Data
Zone VPC
- -

Figure 1: Hybrid Network Segmentation and Traffic Management
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a) On-Premises Network Segmentation (Cisco ACI)
Using Cisco ACI, we can define micro-segmentation policies, ensuring that only authorized systems can communicate
with sensitive parts of the infrastructure.

aci( Py i | create()
aci S | e ) .attach( ’ )
aci("leaf", "swit 1").attach_contract("finance_hr_contract")

Figure 2: Code for Creating an Endpoint Group (EPG) and Contract in Cisco ACI

b) Cloud Network Segmentation (AWS Security Groups)
For the cloud environment, we use AWS Security Groups to isolate traffic and manage access between cloud resources.

aws ec2 create-security-group \
--group-name PaymentGatewaySG \

--description "S

aws ec2 authorize-security-group-ingress \
--group-id sg-xxxxxxxx \
--protocol tcp \
--port 443 \
--cidr 10.0.0.0/24

aws ec2 authorize-security-group-egress \
--group-id sg-xxxxxxxx \
--protocol tcp \
--port 80 \
--cidr 0.0.0.0/0

Figure 3: AWS CLI Code to Create a Security Group for Payment Gateway

B. Automated Vulnerability Detection and Remediation

Automating vulnerability scanning and remediation reduces the likelihood of unpatched vulnerabilities being
exploited.We use Qualys VMDR to automatically scan the network for vulnerabilities across on-premises and cloud systems.
Vulnerabilities are categorized by severity and compliance status.

import requests
qualys_url = "htty

headers = {

response = requests.get(qualys_url, headers=headers)

vulnerabilities = response.json()
for vuln in vulnerabilities['data’]:
t(f"Vulnerability: In["title']}, Severity 1 everity']}")
Figure 4: Python Code to Trigger Vulnerability Scan using Qualys API

Automated Patching (Ansible Playbook)
Once vulnerabilities are identified, automated patching is triggered using Ansible to apply updates and restart services
if necessary.
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a) Ansible Playbook for Automated Patching:
The below Ansible playbook ensures that all on-prem servers in the webserver group receive the latest patches and

restart Apache to apply them.

state: r

Figure 5: Ansible Playbook for Automated Patching

C. AI-Driven Intrusion Prevention and Detection
In this step, we focus on detecting and preventing network threats in real-time using Cisco Firepower NGFW and Cisco

Umbrella.

Cisco Firepower NGFW provides real-time monitoring and threat detection through deep packet inspection. The
firewall can block suspicious traffic, and its Al-driven analysis can detect previously unknown threats.

> configure

> rulebase security rules block suspicious_ip action deny ‘e 192.168.1.100
> commit

Figure 6: CLI Code to Block Malicious IP in Cisco Firepower

This command ensures that traffic from IP 192.168.1.100 is blocked. Cisco Umbrella offers cloud-based DNS security and
threat intelligence to block access to known malicious domains.

curl -X POST https://api.umbrella.com/1.0/dns/block \
-d "{"domain”: "maliciousdomain.com”}' \
Figure 7: Cisco Umbrella API Code to Block Malicious Domain
By using Umbrella's API, we can programmatically block malicious domains across the organization.

D. Cloud-Specific Security and Compliance

For cloud environments, maintaining compliance and managing security posture is crucial. AWS Security Hub and
Azure Security Center help monitor and manage security in the cloud.
AWS Security Hub helps centralize security findings across various AWS services and third-party tools.

aws securityhub enable-security-hub

aws securityhub get-findings
Figure 8: AWS CLI Code to Enable AWS Security Hub

This command enables AWS Security Hub, allowing it to aggregate and report security findings from various AWS
services and integrated tools. Azure Security Center provides threat protection and security management for Azure resources.
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az security pricing create --name "default" --tier "sta

az security alert list --resource-group <your-resource-group>

Figure 9: Azure CLI Code to Enable Security Center

This setup continuously evaluates the security posture of Azure resources and provides alerts on potential threats and
misconfigurations.

E. Detailed Flow Diagram of the Integrated Network and Security Environment
Below is the enhanced flow diagram showing the overall process of network segmentation, Al-powered security tools,
vulnerability management, and threat detection across a hybrid infrastructure.

+
| On-Premises Cisco ACI
| (Micro-segmentation, Firewall)|

+

+

HR & Finance Segmentation| | Web Servers (Cloud VPC) |
(Cisco ACI, Firepower NGFW) | | (AWS, Azure, Umbrella)
+
|
+

Database & Sensitive | | Customer Data (Cloud) |
|
|

Systems (Firewall) (AWS, Azure, NSGs) |

+

| Automated Patching Security Scanning |
| (Ansible, Qualys) (Qualys, ServiceNow)|
+
‘ |
+
| Patch Servers | Compliance |
| & Network Devices | | Reports |

+

Figure 10: Network and Security Workflow

F. Key Takeaways and Results
a) Enhanced Security:

Micro-segmentation using Cisco ACI and Firepower NGFW successfully isolated sensitive data and applications,
reducing the risk of lateral movement during a breach.

Cisco Umbrella and Firepower detected and blocked threats in real time, with Al-driven insights preventing data
exfiltration and malicious activities.

b) Automated Vulnerability Management:

Automated vulnerability scanning with Qualys VMDR provided continuous monitoring of systems for known
vulnerabilities, and Ansible was used to quickly patch critical systems and restart services. ServiceNow automated ticket
creation for vulnerability remediation, increasing the efficiency of IT operations.

¢) Cloud-Specific Security:
Continuous security posture evaluation with AWS Security Hub and Azure Security Center ensured compliance and
alerted teams to misconfigurations or threats.

IV. CONCLUSION
The security and efficiency of modern data centers, especially those operating in hybrid environments that integrate
on-premises and cloud infrastructures, rely heavily on advanced technologies and frameworks. This case study demonstrates
the application of Al-powered network infrastructure audits, micro-segmentation, vulnerability management, and compliance
automation using Cisco tools to address the unique challenges of securing hybrid IT environments.
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Through a comprehensive review of network segmentation and Al-driven technologies, this study highlights how tools
like Cisco ACI, Firepower, and Umbrella enable organizations to implement zero-trust architectures, reduce the attack surface,
and detect threats in real-time. Micro-segmentation, supported by Cisco ACI, ensures granular policy enforcement across
complex infrastructures, providing a robust defense against lateral movement by attackers. At the same time, Al-enhanced
intrusion detection systems like Cisco Firepower leverage machine learning to adapt to evolving attack vectors, improving
threat identification and response capabilities.

The integration of vulnerability management and automation tools, such as Qualys VMDR and ServiceNow, has been
demonstrated as crucial for efficient threat detection, prioritization, and remediation. By automating patch management and
compliance workflows, organizations can reduce operational overhead while ensuring adherence to regulatory standards.
Moreover, Al-driven audits and monitoring tools enhance continuous compliance, enabling security teams to proactively
address misconfigurations and deviations.

Cloud security frameworks and federated access control mechanisms further bolster the security of hybrid
environments, ensuring consistent access rules and centralized policy management. These approaches address the challenges
of multi-cloud infrastructures, where inconsistent policies and disparate environments often expose organizations to increased
risks.

In conclusion, the convergence of Al-powered tools and modern security practices offers a transformative approach to
securing hybrid IT environments. This case study demonstrates that by leveraging Cisco technologies alongside advanced Al
and automation frameworks, organizations can achieve a fortified security posture, streamlined operations, and enhanced
compliance. As cyber threats continue to evolve, adopting these practices will be essential for ensuring the resilience and
reliability of hybrid data centers. Future work can focus on integrating emerging technologies like federated machine learning
and quantum-resistant encryption to further strengthen data center security in an increasingly interconnected world.

V. REFERENCES

[1] Klein, D. (2021). Micro-segmentation: Securing Complex Cloud Environments.

[2] Khan, S. (2021). AI-Powered Intrusion Detection Systems: A Hybrid Model for Adaptive Cybersecurity.

[3] Chauhan, M., & Shiaeles, S. (2022). An Analysis of Cloud Security Frameworks, Problems and Proposed Solutions.

[4] Chirra, B. R. (2021). Al-Driven Security Audits: Enhancing Continuous Compliance through Machine Learning.

[s] Somasundaram, P. (2021). Enhancing Security in Multi-Cloud Environments Through Federated Access Control. Northeastern
University, laeme Pub.

[6] Qualys. (n.d.). Vulnerability Management Detection & Response (VMDR) FAQs & Resources. Retrieved from
https://www.qualys.com.

[7] ServiceNow. (n.d.). Automatina Risk and Compliance. Retrieved from https://www.servicenow.com.

[8] Gokul Ramadoss 2021. “Leveraging Affordable Care Act to Improve Global Healthcare”, European Journal of Advances in
Engineering and Technology, Volume 8, Issue 5, pp. 41-44. [Link]

[0] Mahdavifar, S., et al. (2021). Lightweight Hybrid Detection of Data Exfiltration Using DNS Based on Machine Learning. McGill
University.

[10] World Wide Technology. (n.d.). Seamentina Complex Environments Usina Cisco ACI. Retrieved from https://www.wwt.com.
[11] Gokul Ramadoss, 2022. “M-SIS to T-MSIS Migration-Challenges and Solutions”, Journal of Health Statistics Reports, Volume 1, Issue
2: 1-3. [Link]

130


https://www.qualys.com/fundamentals/what-is-vulnerability-management-detection-response/
https://www.servicenow.com/workflow/security-risk/automating-risk-compliance.html
https://ejaet.com/PDF/8-5/EJAET-8-5-41-44.pdf
https://www.wwt.com/article/segmenting-complex-environments-using-cisco-aci
https://www.onlinescientificresearch.com/articles/msis-to-tmsis-migrationchallenges-and-solutions.pdf

