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Preface
Rust for Network Programming and Automation is a pragmatic guide that trains you through the Rust to design networks and begin with automating network administration. The book introduces you to the powerful libraries and commands of Rust that are essential for designing, administering and automating networks. You will learn how to use Rust's networking libraries like tokio, mio and rust-async to create scalable and efficient network applications.
The book provides a wide range of practical examples and use-cases, which help to simplify complex coding concepts and ensure that you understand the material in-depth. You will discover how to establish network protocols like TCP and IP networks, run packet and network analysis, measure performance indicators and set up monitoring alerts and notifications. The book is an excellent resource for network engineers and administrators who want to gain a deep understanding of Rust programming for networking.
The author of "Rust for Network Programming and Automation" has a wealth of experience in network programming and automation with practical insights. The book is perfect for anyone who wants to master Rust programming for network automation and gain a competitive edge in the field. Whether you are a beginner or an experienced programmer, this book will provide you with the knowledge and skills you need to excel in network programming and automation using Rust.
In this book you will learn how to:
	Use Rust to automate network configuration, deployment, and maintenance tasks 

	Capture and inspect packets, decode protocols, and analyze network traffic 

	Set up monitoring alerts, notifications, and manage network infrastructure 

	Create scripts and applications that automate repetitive network tasks 

	Monitor network performance indicators like latency, throughput, and packet loss 

	Understand Rust's syntax, data types, control structures, and functions 

	Make use of Rust's networking libraries like Tokio, mio and rust-async to create networking programs 

	Establish network connections and handle data transmission between different devices 
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Prerequisites
This book assumes you are absolutely new to rust programming and believes in rust to make some of the great performing applications. If you know any other programming prior to this book, reading this book at speed can finish truly in a day.
Rust is a modern, safe and efficient systems programming language that is widely used in industry and is a good choice for developers who want to build high-performance, concurrent, and safe systems.
Codes Usage
Are you in need of some helpful code examples to assist you in your programming and documentation? Look no further! Our book offers a wealth of supplemental material, including code examples and exercises.
Not only is this book here to aid you in getting your job done, but you have our permission to use the example code in your programs and documentation. However, please note that if you are reproducing a significant portion of the code, we do require you to contact us for permission.
But don't worry, using several chunks of code from this book in your program or answering a question by citing our book and quoting example code does not require permission. But if you do choose to give credit, an attribution typically includes the title, author, publisher, and ISBN. For example, "Rust for Network Programming and Automation by Brian Anderson".
If you are unsure whether your intended use of the code examples falls under fair use or the permissions outlined above, please do not hesitate to reach out to us at kittenpub.kdp@gmail.com. 
We are happy to assist and clarify any concerns.
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Chapter 1: Basics of Network Automation
Need of Network Automation
Evolution of Network Management
Network automation refers to the use of software tools and technologies to simplify and automate the management, configuration, and operation of computer networks. It involves leveraging various technologies, including machine learning, artificial intelligence, and orchestration, to enable networks to operate more efficiently, accurately, and securely. Network automation has evolved significantly over the years, driven by the need to reduce complexity, improve reliability, and increase agility in network management.
In the early days of computer networking, network automation was limited to basic scripting and command-line interfaces. This was a time-consuming and error-prone process that required extensive manual intervention by network engineers. As networks grew in complexity, it became increasingly challenging to manage them using these traditional methods.
The introduction of network management systems (NMS) in the 1990s marked the beginning of the evolution of network automation. NMS software allowed network engineers to manage and monitor networks from a centralized location, reducing the need for manual intervention. NMS also made it possible to collect and analyze network data, providing insights into network performance, usage, and security.
In the 2000s, the rise of software-defined networking (SDN) and network functions virtualization (NFV) led to a significant shift in network automation. These technologies allowed networks to be virtualized, abstracting network resources from the underlying hardware. This made it possible to create and manage networks more flexibly, without the need for extensive manual intervention.
With the advent of cloud computing, network automation has become even more critical. Cloud networks are highly dynamic, with workloads moving between virtual machines and containers in real-time. This has led to the development of automation tools that can detect and respond to changes in the network automatically. These tools use machine learning and artificial intelligence algorithms to identify potential issues and recommend or take corrective actions.
Today, network automation is an integral part of modern network management. It enables organizations to create, configure, and manage networks more efficiently and accurately, reducing the risk of errors and downtime. Network automation also allows network engineers to focus on higher-level tasks, such as network design and optimization, rather than routine maintenance and configuration.
Overall, network automation has evolved significantly over the years, driven by the need to manage increasingly complex networks more efficiently and accurately. The introduction of network management systems, software-defined networking, and cloud computing has played a significant role in this evolution. Today, network automation is a critical component of modern network management, enabling organizations to improve network reliability, security, and agility.
Necessity and Rise of Network Automation
The demand and necessity for network automation by businesses are driven by several factors, including the increasing complexity of network infrastructures, the need for greater agility and efficiency, and the rising threat of cybersecurity attacks. Given below are some facts and statistics that highlight the demand and necessity of network automation by businesses:
Network Complexity: Today's networks are more complex than ever before, with multiple devices, applications, and services requiring configuration and management. According to a survey by Enterprise Management Associates, 82% of organizations reported that their networks have become more complex over the past five years.
Time and Cost Savings: Network automation can save businesses both time and money. A report by Juniper Networks found that network automation could reduce the time required for routine network configuration tasks by up to 90%. In addition, automation can reduce the risk of errors and downtime, which can be costly for businesses.
Greater Agility: Businesses need to be able to respond quickly to changes in the market, and network automation can help them do so. A study by Enterprise Management Associates found that businesses that adopted network automation were able to respond to changes in network infrastructure up to 10 times faster than those that did not.
Cybersecurity: The threat of cybersecurity attacks is a growing concern for businesses, and network automation can help to mitigate this risk. According to a study by the Ponemon Institute, 75% of businesses believe that automation can improve their cybersecurity posture.
Employee Productivity: Network automation can free up IT staff to focus on more strategic tasks, which can improve employee productivity. According to a survey by Network World, 75% of IT professionals believe that network automation can improve employee productivity.
Business Continuity: Downtime can be costly for businesses, and network automation can help to ensure business continuity. A report by Cisco found that businesses that use network automation experience 60% less downtime than those that do not.
Cloud Adoption: Cloud adoption is on the rise, and network automation can help businesses to manage their cloud infrastructures more efficiently. A survey by the Cloud Security Alliance found that 50% of businesses use network automation to manage their cloud networks.
To summarize, the demand and necessity for network automation by businesses are driven by a range of factors, including network complexity, time and cost savings, greater agility, cybersecurity, employee productivity, business continuity, and cloud adoption. With the increasing complexity of networks and the growing threat of cybersecurity attacks, businesses that adopt network automation are better positioned to improve their network performance, reduce downtime, and respond quickly to changes in the market.
Opportunities for Today and Future
As network automation continues to gain prominence in the IT industry, a wide range of career roles has emerged in this field. Given below are some of the key roles in network automation and the responsibilities that they typically take care of:
Network Automation Engineer: A network automation engineer is responsible for developing and implementing software tools and scripts to automate network management processes. They are responsible for designing and implementing automated network solutions, analyzing network performance data, and troubleshooting issues related to network automation. A network automation engineer should have a good understanding of network protocols, scripting languages, and automation tools such as Ansible and Python.
Network Automation Architect: A network automation architect is responsible for designing and implementing the overall network automation strategy for an organization. They are responsible for developing network automation policies, procedures, and standards, and for ensuring that network automation solutions align with business objectives. A network automation architect should have a deep understanding of network architecture, automation tools, and best practices for network automation.
Network Automation Developer: A network automation developer is responsible for developing software applications and tools to automate network management processes. They are responsible for writing code to automate network tasks, developing software modules, and integrating third-party software tools. A network automation developer should have expertise in software development, scripting languages, and automation tools such as Ansible and Python.
Network Automation Analyst: A network automation analyst is responsible for analyzing network performance data to identify opportunities for automation. They are responsible for monitoring network activity, identifying areas for improvement, and recommending automation solutions. A network automation analyst should have expertise in network analytics, automation tools, and data analysis.
Network Automation Manager: A network automation manager is responsible for overseeing the development and implementation of network automation solutions. They are responsible for managing a team of network automation engineers and developers, developing network automation policies and standards, and ensuring that network automation solutions align with business objectives. A network automation manager should have expertise in network architecture, automation tools, and project management.
Cloud Automation Engineer: A cloud automation engineer is responsible for developing and implementing software solutions to automate cloud infrastructure management processes. They are responsible for designing and implementing automated solutions for cloud platforms such as AWS, Azure, and Google Cloud, analyzing cloud performance data, and troubleshooting issues related to cloud automation. A cloud automation engineer should have a good understanding of cloud architecture, scripting languages, and cloud automation tools such as Terraform and Ansible.
Overall, network automation offers a wide range of career opportunities for individuals with a passion for technology and an interest in automating complex processes. Whether you are a software developer, network engineer, or data analyst, there is a role in network automation that can suit your skills and interests. With the growing demand for network automation solutions, the need for skilled professionals in this field is only set to increase.
Types of Network Automation
Network automation is the process of automating the configuration, management, and monitoring of network devices and services. There are several types of network automation, each with their own specific applications and benefits. Following are the four types of network automation and provides examples of each type of automation function.
Configuration Automation
Configuration automation is the process of automating the configuration of network devices such as switches, routers, and firewalls. This type of automation can save time and reduce errors that can occur during manual configuration. Configuration automation can be broken down into two subtypes: configuration management and configuration drift detection.
Configuration Management
Configuration management refers to the process of defining and managing configurations across multiple network devices. Configuration management tools such as Ansible, Puppet, and Chef can be used to automate the configuration of network devices in a data center. These tools provide a way to define configuration templates for specific devices and apply those configurations across multiple devices simultaneously. For example, an Ansible playbook can be defined to configure multiple routers with specific IP addresses, access control lists, and routing protocols.
Configuration Drift Detection
Configuration drift detection refers to the process of detecting and remedying any configuration changes that deviate from the baseline configuration. Configuration drift detection tools such as Rudder and NCM can be used to detect any unauthorized changes that may impact the security or performance of the network. These tools can also be used to automatically remediate any drift detected in the network configuration.
Network Monitoring Automation
Network monitoring automation is the process of automating the collection and analysis of network performance data. This type of automation can help network administrators identify issues and optimize network performance. Network monitoring automation can be broken down into two subtypes: active monitoring and passive monitoring.
Active Monitoring
Active monitoring refers to the process of proactively sending test packets across the network to identify and troubleshoot network performance issues. Active monitoring tools such as Pingdom and Nagios can be used to monitor network devices and their connectivity to other devices. These tools can also be used to monitor the availability of network services such as HTTP, FTP, and DNS.
Passive Monitoring
Passive monitoring refers to the process of monitoring network traffic in real-time to identify and troubleshoot network performance issues. Passive monitoring tools such as Wireshark and Tcpdump can be used to capture and analyze network traffic. These tools can help network administrators identify the root cause of network performance issues and take the necessary steps to resolve them.
Provisioning Automation
Provisioning automation is the process of automating the provisioning of new network devices and services. This type of automation can help reduce the time it takes to deploy new services and can reduce the likelihood of errors during the provisioning process. Provisioning automation can be broken down into two subtypes: infrastructure-as-code and service catalog.
Infrastructure-As-Code
Infrastructure-as-code refers to the process of defining network infrastructure through code that can be versioned and tested, just like software. Infrastructure-as-code tools such as Terraform and CloudFormation can be used to provision new virtual machines in a cloud environment. These tools allow network administrators to define an infrastructure-as-code template that specifies the resources required to deploy a new virtual machine, and then automatically provision those resources and configure the virtual machine with the desired software and settings.
Service Catalog
Service catalog refers to the process of defining and publishing standardized service offerings for network services. Service catalog tools such as OpenStack and Azure Resource Manager can be used to define and publish service offerings for network services. These tools allow network administrators to define a service catalog that includes preconfigured network services such as load balancing, virtual private networks, and firewalls. End users can then select the desired service from the service catalog, and the system will automatically provision the required resources and configure the service.
Security Automation
Security automation is the process of automating the detection, analysis, and response to security threats. This type of automation can help reduce the time it takes to identify and respond to security incidents, thereby reducing the risk of data breaches and network downtime. Security automation can be broken down into two subtypes: security policy automation and incident response automation.
Security Policy Automation
Security policy automation refers to the process of automating the creation, enforcement, and validation of security policies across the network. Security policy automation tools such as Tufin and AlgoSec can be used to automate the process of defining and enforcing security policies across the network. These tools allow network administrators to define security policies in a central location and then automatically push those policies out to all network devices.
Incident Response Automation
Incident response automation refers to the process of automating the detection and response to security incidents. Incident response automation tools such as Demisto and Phantom can be used to automate the process of identifying security incidents, analyzing them to determine the appropriate response, and then executing that response automatically. For example, if a security incident is detected, the tool can automatically isolate the affected device from the network, block the malicious traffic, and then notify the security team.
Software Defined Networks
Understanding SDN Architecture
Software Defined Networking (SDN) is an approach to network architecture that allows network administrators to manage and optimize network traffic flows using software applications rather than relying on traditional network devices such as switches and routers. SDN enables the centralization and programmability of network management, which allows for greater flexibility, efficiency, and agility in network operations.
At the core of SDN is the separation of the network control plane from the data plane. In traditional networking, the control plane is embedded in each network device, such as a switch or router, and is responsible for making routing and forwarding decisions. The data plane, on the other hand, is responsible for actually forwarding data packets through the network. In an SDN architecture, the control plane is separated from the data plane and is centralized in a software controller that communicates with the network devices using a standard protocol called OpenFlow. The data plane remains in the network devices and forwards data packets according to the decisions made by the controller.
The benefits of SDN are numerous. First, SDN enables the automation and orchestration of network functions, which allows for faster provisioning of network services, easier scalability, and more agile response to changing network demands. Second, SDN enables network administrators to create and enforce network policies in a centralized manner, which makes it easier to manage and control network traffic flows. Third, SDN can improve network performance by enabling traffic engineering, load balancing, and traffic shaping. Finally, SDN can reduce network operational costs by simplifying network management and allowing for more efficient use of network resources.
There are several components to an SDN architecture. The first component is the software controller, which is responsible for managing and programming the network devices. The controller communicates with the network devices using the OpenFlow protocol and makes forwarding decisions based on network policies and traffic conditions. The second component is the OpenFlow switch, which is a network device that is capable of being programmed by the controller. OpenFlow switches provide the data plane functionality in an SDN architecture. The third component is the SDN applications, which are software applications that run on top of the controller and can perform various network functions such as traffic engineering, load balancing, and security.
Types of SDN
There are three main types of Software Defined Networking (SDN), each with its unique features and use cases.
Centralized SDN
Centralized SDN is the most common type of SDN, where a single software controller manages the entire network. This architecture is best suited for large, complex networks where managing and coordinating network traffic flows across multiple devices can be challenging. Centralized SDN allows for a more efficient and agile network infrastructure since it provides a single point of control for the network. An example of a centralized SDN architecture is the Open Network Operating System (ONOS) project.
Distributed SDN
In distributed SDN, multiple controllers are used to manage different parts of the network. This architecture is particularly useful in networks that are geographically dispersed or have multiple tenants with different network policies. Distributed SDN enables more effective resource utilization and can also improve network reliability by providing redundancy. An example of a distributed SDN architecture is the Floodlight OpenFlow Controller.
Hybrid SDN
Hybrid SDN combines both centralized and distributed SDN architectures. This architecture is particularly useful in networks that have both centralized and distributed components, such as cloud-based networks. Hybrid SDN allows network administrators to take advantage of the benefits of both architectures and to create a network infrastructure that is tailored to their specific needs. An example of a hybrid SDN architecture is the OpenDaylight project.
In addition to the three main types of SDN, there are also several SDN technologies and platforms that provide various SDN functionalities. Some examples of these technologies and platforms include:
OpenFlow
OpenFlow is a protocol that allows for the centralized control of network traffic flows. It is used in many SDN architectures to provide a standard communication protocol between the controller and network devices.
Virtualization
Virtualization is a technology that allows network administrators to create virtual networks that run on top of a physical network. This enables greater network agility and allows for more efficient use of network resources.
Network Functions Virtualization (NFV)
NFV is a technology that allows network functions, such as firewalls and load balancers, to be virtualized and run on commodity hardware. This allows network administrators to create a more flexible and scalable network infrastructure.
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