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Abstract

Network infrastructures in large organizations are often complex, consisting of a vast array of devices
from multiple vendors. Ensuring consistent configuration and compliance across this heterogeneous
environment is a significant challenge. This paper explores the use of automation to streamline network
device configuration management and enforce compliance with organizational policies. It outlines an
architectural approach that leverages a domain-level data model to abstract network design from
device-specific configurations, enabling centralized management and automated deployment. The
paper also discusses the integration of performance monitoring metrics and proactive troubleshooting
capabilities to enhance network operations. (Keith et al., 2010) (Dallaglio et al., 2017)
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Introduction

Managing network configurations and ensuring compliance across a large, heterogeneous infrastructure is a
significant challenge for network administrators. Traditionally, network device configurations have been
manually configured, leading to inconsistencies, errors, and difficulty in maintaining compliance with
organizational policies. The problem is compounded by the use of varied, complex, and constantly evolving
management interfaces across network devices from different vendors.

To address these challenges, network automation has emerged as a critical capability, enabling consistent and
repeatable configuration management, as well as the enforcement of security and compliance requirements.
(Bellovin & Bush, 2009) This paper presents a comprehensive approach to leveraging automation to ensure
consistency in network device configurations and compliance, including the integration of performance
monitoring metrics and automated troubleshooting capabilities.

Architecture Considerations

The proposed architecture for automating network device configuration and compliance leverages a domain-

level data model to abstract network design from device-specific configurations (Keith et al., 2010). This

approach allows the management plane to operate independently of the data plane, reducing the operational

complexity and enabling high-level policy enforcement in a structured manner. The key components of the

architecture include:

e A centralized network configuration management system that provides a unified interface for defining and
managing network policies, device configurations, and compliance rules.

e An automated deployment engine that translates the high-level network policies into device-specific
configurations and pushes them to the corresponding network devices.

e« A compliance monitoring and enforcement module that continuously checks the live network
configurations against the defined policies and triggers remediation workflows when deviations are det-
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ected.
o Integration with a configuration management database and version control system to maintain a
comprehensive audit trail of all network changes and provide rollback capabilities.
o Seamless integration with performance monitoring and troubleshooting tools to correlate network issues
with configuration changes and automate the troubleshooting process.
Figure 1 below illustrates the key components of the proposed network automation architecture, including the
centralized configuration management system, the automated deployment engine, the compliance monitoring
and enforcement module, the integration with a configuration management database and version control
system, and the seam-less integration with performance monitoring and troubleshooting tools.
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Figure 1: Automating Network Device Configuration and Compliance.

The centralized configuration management system provides a unified interface for defining and managing
network policies, device configurations, and compliance rules. The automated deployment engine translates
the high-level network policies into device-specific configurations and pushes them to the corresponding
network devices. The compliance monitoring and enforcement module continuously checks the live network
configurations against the defined policies and triggers remediation workflows when deviations are detected.
The integration with a configuration management database and version control system maintains a
comprehensive audit trail of all network changes and provides rollback capabilities. The seamless integration
with performance monitoring and troubleshooting tools allows for the correlation of network issues with
configuration changes and the automation of the troubleshooting process.

Network Device Configuration Automation

One of the core components of the proposed network automation architecture is the Network Device

Configuration Automation module. This module is responsible for translating the high-level network policies

defined in the centralized configuration management system into device-specific configurations and then

deploying those configurations to the corresponding network devices.

The key features of the Network Device Configuration Automation module include:

« Configuration Template Management: The module maintains a library of configuration templates for
different network device models and vendors, allowing network administrators to define network policies
in a vendor-agnostic manner.

e Dynamic Configuration Generation: The module dynamically generates device-specific configurations
by populating the configuration templates with the appropriate parameter values based on the defined
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network policies.

o Automated Configuration Deployment: The module automates the deployment of the generated
configurations to the target network devices, ensuring consistent and reliable configuration updates across
the entire network infrastructure.

« Configuration Validation: The module performs validation checks on the deployed configurations to
ensure they align with the defined network policies and compliance requirements, triggering remediation
workflows if any deviations are detected.

o Rollback Capabilities: The module integrates with a version control system to maintain a comprehensive
audit trail of all configuration changes, enabling the network administrators to quickly roll back to a
known-good configuration if required.

By automating the end-to-end process of network device configuration management, the Network Device

Configuration Automation module helps ensure consistency, compliance, and reliability in the network

infrastructure, reducing the risk of manual errors and accelerating the deployment of network changes.

Automated Network Monitoring and Troubleshooting

Another key aspect of the proposed network automation architecture is the integration of automated network

monitoring and troubleshooting capabilities.

The Automated Network Monitoring and Troubleshooting module includes the following key features:

1. Real-time Performance Monitoring: The module continuously collects and analyzes performance
metrics from the network devices, such as bandwidth utilization, latency, and packet loss, to proactively
identify potential issues.

2. Anomaly Detection and Alerting: The module employs machine learning-based anomaly detection
algorithms to identify unusual patterns in the network performance data and generate alerts for network
administrators, allowing for faster issue identification and resolution.

3. Automated Troubleshooting Workflows: The module integrates with network diagnostics tools and
automates the execution of troubleshooting workflows, such as running diagnostic tests, collecting
relevant logs, and correlating the performance data with configuration changes, to quickly identify and
resolve network issues.

4. Ticketing and Incident Management: The module automatically generates tickets for identified network
issues and tracks their resolution, providing a centralized interface for incident management and ensuring
consistent problem-solving procedures.

By integrating these automated monitoring and troubleshooting capabilities, the network automation

architecture enables faster issue detection, quicker problem resolution, and improved overall network

reliability and uptime.

Automated Remediation Workflows

The proposed network automation architecture consists of several key components that work together to

ensure consistency, compliance, and reliability in network device configurations:

1. Network Device Configuration Automation One of the core components of the proposed network
automation architecture is the Network Device Configuration Automation module. This module is
responsible for translating the high-level network policies defined in the centralized configuration
management system into device-specific configurations and then deploying those configurations to the
corresponding network devices.(Schonwalder et al., 2010)

2. Automated Network Monitoring and Troubleshooting Another key aspect of the proposed network
automation architecture is the integration of automated network monitoring and troubleshooting
capabilities.(Lee et al., 2014)
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3. Compliance Monitoring and Enforcement: The architecture includes a robust compliance monitoring and
enforcement mechanism that continuously monitors the network configurations against the organization's
security and operational policies. When a compliance violation is detected, the system automatically
triggers remediation workflows to bring the non-compliant device back into a compliant state, ensuring
the overall security and operational integrity of the network.(Miller, 2014)

4. Configuration Drift Detection: The architecture incorporates advanced configuration drift detection
capabilities to identify and address any divergence from the desired network state. By continuously
monitoring the network configurations and comparing them against the approved baselinge, the system can
detect and remediate any configuration drift, maintaining the consistency and reliability of the network
infrastructure.(Sun et al., 2014)

By combining these interconnected components, the proposed network automation architecture provides a

comprehensive solution for ensuring consistency, compliance, and reliability in the network infrastructure,

ultimately enhancing the overall operational efficiency and security of the organization's network.

Automated Configuration Deployment

The Network Device Configuration Automation module automates the deployment of network device

configurations, ensuring consistent and compliant configurations across the infrastructure. This module

integrates with the Configuration Management Database to retrieve the necessary configuration data and then
uses a templating engine to generate device-specific configurations based on defined policies and best
practices. The automated deployment process includes the following key features:

« Consistent Configuration: The module ensures that all network devices are configured according to the
predefined policies, promoting uniformity and reducing the risk of manual errors.

« Compliance Validation: The module verifies the generated configurations against the defined compliance
requirements, triggering remediation workflows if any deviations are detected.

o Rollback Capabilities: The module integrates with a version control system to maintain a comprehensive

audit trail of all configuration changes, enabling the network administrators to quickly roll back to a
known-good configuration if required.
By automating the end-to-end process of network device configuration management, the Network Device
Configuration Automation module helps ensure consistency, compliance, and reliability in the network
infrastructure, reducing the risk of manual errors and accelerating the deployment of network
changes.(Schonwaélder et al., 2010)

Network Device Troubleshooting Automation

The network automation architecture includes automated troubleshooting workflows that integrate with

network diagnostic tools to quickly identify and resolve network issues. These workflows automate the

execution of troubleshooting steps, such as running diagnostic tests, collecting relevant logs, and correlating

performance data with configuration changes. This enables faster issue detection and quicker problem

resolution, improving overall network reliability and uptime.

The key components of the automated troubleshooting process include:

o Automated Diagnostics: The system automatically runs diagnostic tests on network devices to gather
performance data and identify potential issues.

e Log Collection and Correlation: Relevant logs are automatically collected from network devices and
correlated with configuration changes and performance metrics to pinpoint the root cause of problems.

e Automated Remediation: Based on the diagnostic findings, the system can automatically execute
remediation steps, such as configuration updates or device reboots, to resolve the identified issues.

« Incident Management: The system automatically generates tickets for network issues and tracks their res-
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olution, ensuring consistent problem-solving procedures and a centralized interface for incident
management.
By integrating these automated troubleshooting capabilities, the network automation architecture significantly
reduces the time and effort required to detect, diagnose, and resolve network problems, leading to improved
network reliability and uptime.(Jammal et al., 2014)

Conclusion and Future Outlook

The proposed network automation architecture represents a comprehensive solution for ensuring consistency,
compliance, and reliability in network device configurations. By integrating key components such as network
device configuration automation, automated monitoring and troubleshooting, compliance monitoring and
enforcement, and configuration drift detection, this architecture provides a holistic approach to managing the
network infrastructure.

The automated configuration deployment process ensures that all network devices are configured according
to predefined policies, promoting uniformity and reducing the risk of manual errors. The integration of
compliance validation and rollback capabilities further enhances the reliability and operational integrity of
the network.(Yemini et al., 2000)

The automated troubleshooting workflows, with their ability to quickly diagnose and resolve network issues,
significantly improve the overall network uptime and reliability. The incident management capabilities ensure
consistent problem-solving procedures and centralized visibility into the network's health.(Toy, 2014)
Moving forward, the network automation architecture can be further enhanced by incorporating predictive
analytics and machine learning techniques to proactively identify potential issues and preemptively address
them. Additionally, integrating the architecture with cloud-based network management platforms can provide
increased visibility, scalability, and flexibility in managing the network infrastructure.

As organizations continue to navigate the complexities of modern network environments, the adoption of such
a comprehensive network automation architecture will be crucial in achieving operational excellence,
ensuring regulatory compliance, and maintaining a reliable and secure network infrastructure.
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