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Executive Summary
Networks are highly interconnected systems that encompass everything from user applications like video streaming to cloud operations, core and metro transport, and mobile connection. Due to the specialised and highly developed operational tools, any updates, upgrades, or service deployments on these networks generally take days to weeks to take effect. Today's environment demands network programmability since it allows companies to use network APIs, automate network administration tasks, and increase operational efficiency. This report describes network automation, network APIs, automation frameworks, and tools, alongside API standards and architectures. 
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1. [bookmark: _Toc138414598]Introduction
Network programmability is the ability to set up, regulate, and troubleshoot network elements using software. A programmable network is driven by a smart software stack that can react to client requests or network events. Principal advantages of network programmability include the greater effectiveness administrators who can deploy changes more quickly and without any mistakes thanks to network programmability as opposed to manual setup methods. Because of the shortened implementing period for production changes, overall operational effectiveness is increased [1]. The next is increased Scalability that can be enhanced with network programmability, managers may make changes to their networks quickly and effectively without having to manually configure every device. As a result, they can economically and effectively scale their networks. This is followed by the security boost in which network programmability lessens the possibility of a security breach by enabling managers to swiftly identify and respond to potential network threats.
To properly understand network programmability and its great significance in the present automated world, this research will carefully examine its many intricate aspects. By undertaking a detailed examination of these themes, the research intends to shed light on the crucial role and extensive influence of network automation, network APIs, and other pertinent aspects. Additionally, it tries to critically evaluate the complex fields of security and compliance policy automation, as well as the crucial area of API security and privacy measures.
[bookmark: _Toc138414599]2. Discussions
The automation and control of networks are greatly aided by the many aspects of network programmability. Network automation, which involves the use of software-defined methods to simplify and automate network configuration, provisioning, and administration processes, is one important aspect. Through automation, manual errors are decreased, operational efficiency is increased, and quicker network changes may be responded to. Intent-based networking, in which network regulations are predefined in abstract terms and automatically translated into network settings, is another technology that may be implemented with the help of network automation. Network APIs represent another programmability aspect of the network. Applications and systems can communicate with network hardware and services via APIs (Application Programming Interfaces), which offer a standardised interface. The broader ecosystem of developers, infrastructure, apps, and operations that exists now just wasn't there when well-intentioned academics called for operators and vendors to open up their networks. In some situations, this had the opposite effect, as the business community rallied around closed standards and closed operations. Open programmable networks were regarded as a threat to income and the enabling ecosystem of the lucrative proprietary product sector. Switching to a new technology and process was a costly and hazardous undertaking. It took many years, if not decades, and a confluence of factors for the industry to significantly change how people view it. These factors included the rise and eventual supremacy of Internet technologies and their autonomous model of operation, the dominance of computerization technology in data centres, the thriving startup sector of the 1990s, the emergence of the API economy and application auction sites, and a more friendly regulatory environment [2].
The most popular architectural protocol for web-based applications is Representational State Transfer (REST), which Roy Fielding devised for the deployment of large-scale distributed systems based on client-server. According to REST, deployment on each side can be finished independently. Due to its widespread use and adaptability for third-party developers to create web-based applications, REST has emerged as a feasible alternative. Each call in the stateless REST protocol provides all the information required for execution and is independent of previous calls' data. By providing a set of mechanisms for client-based applications to communicate and share data, APIs utilising web technologies like JavaScript, REST, and SOAP simplify the transmission of structured information, including energy statistics. REST APIs are currently essential for dynamically obtaining data from numerous databases in response to certain user inputs, as opposed to providing static data to all users. REST services are frequently used because of their straightforward and effective architecture, which reduces bandwidth consumption during service connections. REST is still used alongside alternative web service protocols by some businesses [3].
As a web-based service protocol, SOAP is more complicated than REST. On the other hand, REST web services are simpler since they do not require message transport header and body encoding and decoding. Due to this simplicity, web services may be deployed quickly by consumers and developers both locally and remotely. As a result, REST facilitates quick application integration over the Internet and makes setting up APIs simpler. 
[bookmark: _Toc138414600]2.1 Network Automation
By applying software-based solutions to streamline and automate various activities, network automation revolutionises network management. This covers previously manual and error-prone tasks such as provisioning, monitoring, and troubleshooting. Network automation enables managers to specify desired configurations and policies that can subsequently be automatically distributed and enforced throughout the network infrastructure by using programmable interfaces and sophisticated algorithms. As a result, operational effectiveness is increased, and errors are decreased because repeated operations no longer require human participation. Configuration management, provisioning, and monitoring with analytics are some of the fundamental ideas behind network automation. Automated processing of network device configurations, including initial setup, continuing updates, and consistency maintenance, is known as configuration management. To fulfill the demands of dynamic workloads, provisioning focuses on automatically allocating network resources including virtual machines, virtual networks, and network services. Network performance, traffic patterns, and security events are automatically tracked as part of monitoring and analytics, allowing for data analysis and the creation of useful insights [4].
Network automation has several advantages. Automating manual tasks improves efficiency and frees administrators to focus on strategic objectives. It improves agility by enabling quick network resource allocation and reconfiguration, allowing organisations to react quickly to shifting business needs.
Automation ensures that network configurations and policies are applied consistently across devices, boosting network resilience and decreasing configuration errors, which improves consistency. Additionally, by automating configuration deployment and change management, network automation lowers downtime while minimising service interruptions brought on by human mistakes. Additionally, it offers scalability by enabling the administration of huge and intricate networks without correspondingly increasing the amount of administrative work [6].
The usefulness of network automation is highlighted by several use scenarios. Switches, routers, firewalls, and load balancers can all deliver configurations consistently thanks to the automation of the configuration deployment process. Automation of network provisioning makes it possible to deploy applications and services quickly by enabling the provisioning of virtual networks, network services, and security rules. Automated network monitoring and problem-solving enable proactive network management and quick problem-solving by automating processes including traffic analysis, security event detection, and performance monitoring. Network automation also assists with network compliance and policy enforcement by automating the application of network security policies, access controls, and compliance requirements across the network architecture [5]. 
[bookmark: _Toc138414601]2.2 Network APIs
By offering a standardised method for applications and systems to interface with network resources like devices, services, and data, network APIs play a significant part in network programmability. By making network functionality and configuration features available to programmers, administrators, and automated systems, APIs promote programmability. Network APIs provide network device configuration, network service administration, and the retrieval of network status and information. They give a way to connect the network infrastructure with orchestrators, network management systems, and outside applications.
Network APIs are significant because they make automation, orchestration, and integration possible across multi-vendor and multi-domain network infrastructures. Companies can expand the functionality of their network infrastructure, interface with external systems, and develop specialised network management procedures thanks to APIs [8].
[bookmark: _Toc138414602]2.3 RESTful APIs and Standards
Representational State Transfer Application Programming Interface is the official name of the REST API, which is more frequently referred to as the REST API web service. This means that when a RESTful API is used, the server will communicate to the client system a representation of the requested resource's status. The technique of connection between the SOAP and REST protocols differs. Particularly, REST and SOAP have weak couplings compared to tight couplings in SOAP. Since SOAP uses a tight coupling, any modifications to one module may have an impact on the functioning of other modules. Modules are independent when there is weak coupling, which prevents changes in one module from having an impact on the performance of the others. To add, substitute, or modify modules, offers flexibility and reusability. Tight coupling, on the other hand, results in modules that are more likely to depend on one another. So, changes to one module could affect the entire system [7].
NULL style: The set of restrictions is empty. REST can be described from this point on.
Client: According to the REST principle, the client and server should be kept separate and permitted to grow independently of one another. By simplifying server components in a way that separates user interface problems from data storage concerns, you can boost scalability and improve manageability across a variety of platforms.
Stateless transmission is required between clients and servers. The client will not be able to save any requests. Client requests are not recorded in sessions or histories. It is not necessary to manage resources. Scalability, visibility, and reliability are the effects of this limitation.
Cache: To increase network efficiency, client and server communication is paired with cache restraint. This constraint stipulates that a reply must explicitly (or implicitly) specify whether it is cacheable or not. The client must reuse the response in a cacheable response. Caching advances server-side scalability while enhancing client-side performance [9].
API serves as a conduit for information exchange between two computer programs. Web services (REST or SOAP) utilise the HTTP protocol to facilitate communication between several programs. API interaction essentially consists of client and server request and response types. REST APIs are web service-building APIs that adhere to REST standards or rules. REST is not described as a protocol that evolves over HTTP, but it adheres to limitations when creating APIs. To specify the desired action for request and response, REST leverages HTTP.
[bookmark: _Toc138414603]2.4 Intent-Based Networking (IBN)
A potential strategy for automated and policy-aware network management has been put forth: intent-based networking (IBN). IBN can expand the programmable capabilities included in software-defined networking (SDN) by enabling practitioners to declare the policies they want their networks to apply rather than the underlying mechanisms that will carry out such policies. This declarative method, which is defined by network intents, enables the abstraction and simplification of complex network administration. First, network intentions are made to make it possible for several different implementation strategies to be used in practice. A practitioner will want to know which strategy was used and the rationale behind any alternative strategies that weren't. Second, because the required resources might not be readily available, it might not be possible to deploy network intentions right away [10].
[bookmark: _Toc138414604]2.5 Edge Computing and IoT
[bookmark: _Toc138414605]Edge computing is growing in popularity, which has moved processing away from centralised data centres and towards the network's edge. Edge computing attempts to solve these problems by creating an open platform that can combine crucial components like networking, compute, storage, and applications. It has enabled close-by intelligent services to fulfil crucial requirements including flexible connection, analytics of data through edge nodes, highly responsive cloud-based services, and a privacy-policy method. Edge computing is being introduced in manufacturing based on IoT. The limited storage, cache, and processing power of an IoT-embedded device is extended via edge computing to the edge near the terminal infrastructure.
2.6 Reflection on Available Resources at developer.cisco.com
To help developers and IT professionals build apps and integrations utilising Cisco products, platforms, and APIs, Cisco has created a specialised developer programme called Cisco DevNet. It covers a wide range of Cisco products and services, such as software-defined networking, security, cloud computing, data centre technologies, Internet of Things, collaboration tools, and open-source software development [11].
A wide range of materials specifically designed for developers and network engineers interested in network programmability is available on the DevNet platform, which is accessed through developer.cisco.com. It provides accessibility to an abundance of educational resources, sandboxes, APIs, code samples, and a welcoming community. With learning laboratories, thorough documentation, and video tutorials, DevNet offers a wide range of educational tools. These pages discuss API integration, network automation, software-defined networking (SDN), and intent-based networking (IBN). They provide developers with the abilities and information required to use network programmability in their applications in an efficient manner [12].
Sandboxes, virtual environments that let developers explore, test, and create apps without depending on actual network infrastructure, are one standout feature of DevNet. People can investigate ideas and technology related to network programmability in a safe and private environment via sandboxes. Developers can share code samples, work together on projects, and exchange knowledge on the collaborative network called the Code Exchange, which is run by DevNet. In the area of network programmability, the Code Exchange facilitates the exchange of best practises, quickens the pace of development, and encourages innovation. DevNet additionally offers access to a wide variety of APIs, including Cisco's RESTful APIs for network devices and services [15].
Investigation of Related Resources
In the context of network programmability, there are various platforms and resources accessible in addition to DevNet that are pertinent to sandbox environments, code exchange, and ecosystem interaction. These platforms offer resources and tools for network programmability, much like DevNet does. Sandboxes for testing, code exchange for teamwork and knowledge sharing, and APIs for creating network automation and programmability-aware apps are all things they provide. To progress their projects and talents in the area of network programmability, developers can use these platforms to access a wider variety of materials, gain insight from many viewpoints, and work with a larger community [13].
[bookmark: _Toc138414606]2.7 Security of API gateways 
The essential component of the infrastructure that oversees and handles API security is the API gateway. Enforcing security through the API gateway, in contrast to typical security processes, is a relatively recent concept that benefits API security. Since API security management manages access tokens, grants authorization parameters, and analyses messages, the API gateway first verifies user authorization before analysing the parameters and content of messages. Furthermore, it guarantees that client data is not written when usage logs are maintained. In order to ensure that only approved users are granted access to APIs, the API gateway acts as a traffic cop. Along with monitoring and controlling API usage, it also encrypts or redacts sensitive data [14].
[bookmark: _Toc138414607]3. Conclusion
Network programmability is essential in today's automated environment because it enables businesses to automate network administration chores, use network APIs, and improve operational effectiveness. This in-depth study examined the different facets of network programmability, including network automation and network APIs, emphasising the enormous significance of these developments in modern trends. An in-depth analysis of automation frameworks and tools was done in the report, which clarified how crucial they are to enable network programmability. It also carried out a thorough analysis of API standards and designs, highlighting the critical role of RESTful APIs and their wide range of applications. 
The research also provided a critical assessment of the automation of security and compliance rules as well as the adoption of strong API security and privacy safeguards. Network programmability, as a result, enables organisations to maximise operational effectiveness and hasten innovation by enabling seamless adaption to the changing demands of modern networks. Businesses may fully utilise the limitless potential of network programmability in today's automated world by utilising cutting-edge automation frameworks, adhering to widely recognised API standards, and proactively addressing security and privacy concerns.
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