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Throughout the recent year, the demand for network scalability, flexibility as well as agility had determined to be increased exponentially, with the rapid evolvement of technical landscape, which would be beneficial for driving automation and efficiency in the network management. The following essay would be focused on exploring various dimensions of network programmability and would also discuss about its significance with context to the current automated world [3]. Furthermore, the following essay would further be throwing its light on the availability resource at the developers. cisco while identifying other relevant resources that had been determined to be related with Sandbox, Code Exchange and Ecosystem Exchange. 
One of the fundamental dimensions of Network Programmability, which had been found to revolutionize the network management task is Network Automation. This dimension had been involved with the process of automating different objectives processes, like that of device provisioning, monitoring as well as configuration management. The process of Automated device provision generally enables the rapid development of network devices which also eliminated the extreme need for manual configuration so as to ensure with a consistency across the network [4]. The configuration management automation is also determined to allow various administrators for centrally manage as well as enforce configuration changes so as to minimize all misconfiguration. 
The Network APIs were further is determined to play an important role in network programmability, as it enables several external applications to successively interact with the network interface. A Network APIs generally exposes a limited set of interfaces as well as protocol, which had been subjected to allow the developers to automate their network operation, while being integrated with the third-party tools for create an innovative application that could leverage network capabilities [1]. With the utilization of the network APIs, the interacting administrators as well as developers could even control the network devices, programmatically, while retrieving various kinds of data from real-time network, while could further configure their crucial elements, simultaneously. 
While speaking about their significance, the Network Programmability tends to enable the dynamic scaling of the network resources for meeting the frequent changing demands of the users. While automating the process or resource provisioning and deprovisioning, the network could must quickly adapt to the frequently changing workloads, which would further make sure of optimal resource utilization, so as to further minimize their operational costs. Certain Automated Scaling Mechanism, which happens to be based on the predefined policies and triggers, helps in enabling any targeted network to expand exponentially, while successively aligning witj the resource allocation followed by the actual requirements. This scalability is further beneficial for ensuing that the network capacity could meet the demands of rapidly growing businesses and changes in user’s need. 
The Network programmability further helps to provide their respective organization with the agility and flexibility for sufficiently respond to the frequent changes that had been occurring with their business needs, so as to deploy new services, simultaneously. With the automated provisioning and configuration procedures, certain manual bottleneck and extreme time-to-market for deployment is reduced, significantly. Thus, with the implementation of programmable networks, each organization could define their service requirements and could even configure various network elements on-demands, which would further enable them to rapidly deliver their services so as to enhance their competitive edge [5]. 
The Network Programmability further fosters the collaboration among the network and software development teams, which had been subjected to promote the principles of DevOps. While considering a network like a code, any organization could align their network changes with the deployment of any sophisticated application, which would further be beneficial for ensuring a consistent network configuration and faster troubleshooting. With the collaboration with DevOps, different aspects of network engineers gain an advantage of collaborating with each other, which further allows them to work together in a seamlessly and iterative working environment. 
There had been several kinds of automation frameworks and tools available that happens to play with a crucial role in the network programmability, which had been associated with providing with all kinds of necessary infrastructure and capabilities, that had been associated with implementing various kinds of automation practices, effectively. Based on the analysis being conducted here, some of the popular automation framework as well as tools to be used in network programmability had been summarized below:
· Ansible: Ansible had been determined to be as an Open-source, automation platform that had been determined beneficial for simplifying the provisioning, orchestration and configuration of a network devices. This had been determined to utilize a declarative statement and requires no external agent’s architecture, which helps it in automating an extremely complex network task.  This further used module for defining their desire states and also tends to perform the tasks based on those defines statements [2]. 
· Cisco DNS Center: The Cisco DNA Center is identified as an automation platform, which generally is designed for Cisco network infrastructure. This further tends to provide a centralized management console and APIs for automating the overall network provisioning. This tool had been considered crucial for simplifying any network operation, thus enhancing their security aspects and optimizing the performance of network, based on policy automation. 
· Puppet: Puppet is a very reliable platform in the process of providing configuration capabilities in the automated network, it offers a very flexible and efficient approach to processing the task. It helps organizations to ensure that they will be equipped with a consistent setup and it also applies the desired configuration all across the network infrastructure of the organization [10]. It allows the network administrator of the organization to establish a central configuration model for their organization and this configuration can get very easily applied to various devices within the organization. 
· Chef: Chef is another automation framework, it is a very strong automation framework that aids its user by providing capabilities like creating recipes and cookbooks that are reusable in nature, which plays a very big role in the management of resources within the network. If a developer uses the Chef framework, then will have the ability to create both repeatable as well as standardized automation processes, which will further contribute to providing consistent provisioning and configurational abilities to the network infrastructure. Chef can play a very vital role for the organization by equipping them with enhanced control over their network capabilities and will promote scalability and agility within the network infrastructure [13]. 
Now, coming on the discussion of API standards and architecture, these are very important components of a network. It helps to create seamless interaction between the different platforms and systems which are comprised within the network. They are also valuable guidelines that are very essential in designing of any APIs. And with the advancement in IT technology has given rise to some prominent standards and architectures in this process such as Representational State Transfer (REST), GraphQL, Open API Specification (OAS), and WebSocket. Where to begin with REST, it is helpful in providing design and approach that contribute in the creation of new network APIs, which are very simple and capable of making adaptations while taken in use. REST uses the protocols provided by HTTP, which helps it to the establishment of operations like POST, GET, DELETE, and PUT in order to make interactions and exchange of resources [7]. The most appreciable feature of APIs which are built on the standards of REST is, they are very easy to use, are also capable of handling large-scale application, it has no compatibility issues with different types of programming languages or frameworks. 
Second, it comes to OAS which is also known as Swagger. OAS is counted among one of the most famous standards that has proven its quality in the process of documenting and API designing. Where it works on providing a format for its design which is also readable for machines. This format provides valuable insight on the endpoints of APIs, from where the data is getting received or being sent, methods of authentication, and other necessary information. It helps to create a bridge between the one have created the API and the one who are using it [8]. Going to the third API standard is GraphQL, it is a kind of question or query language and system, where developers use this language to extract the necessary information which they require from an API, and it works on almost every API. It allows users to give commands to specify what data they want to extract from the API and helps to avoid the problem of getting too much or too little data like in RESTful APIs. GraphQl is very help in retrieving data from any single-page and mobile applications [6]. 
Last but not least is WebSocket. It is a type of communication protocol which makes it possible for both the client as well as the server to send and receive data in the same time over a strong and single connection. Its working principle is very different from the HTTP protocols, where it is very efficient in the creation of real-time communication which comes with very less delay in communication [9]. This feature of WebSocket is very useful for applications those need to make collaborations or updates in very less time. 
It is very true that if automation gets implemented within a network infrastructure, then it will surely going to deliver greater advantages to an organization. But, along with the advantage, it is very important for organizations to also give priority to strong security measures within the network to maintain the security of the automated network. To achieve this there are various of measures that can be implemented by the organization [11]. In this process, the organization has to first check whether their network standards are complying with Security policies. The rules and policies which are listed within this play a crucial role in providing proper protection to network infrastructure. Organizations can make it possible by automating their security policies, this can help organizations to apply a security measure within a network in a consistent manner [14]. where it will help in automating tasks like the management of patches, which will contribute in applying the necessary updates to process and fixation of any present bugs and will help in to protect the network against any vulnerability. 
API Security is one of the most important aspects to stay protected against unauthorized access along with data breaches. Secure coding practices are to be practiced along with an attempt of employing measures that clarify the integrity and confidentiality of data and this has to be maintained throughout the development phase. Below discussed are some of the common aspects relating to API security: 
· Secure Coding Practices: Writing codes in such a way that it eliminates vulnerability along with preventing common security flaws is a simple definition of secure coding 15]. The total procedure of secure coding involves establishing validation to prevent injection attacks, output encoding to be done for preventing cross-site scripting, and proactive handling of errors for ensuring the safeguarding of information and eliminating information disclosure. 
· Robust Authentication Mechanism: The process of verifying the user identity by following certain protocols is commonly known as authentication at the time of accessing an API. Practicing robust authentication measures ensures that API can be accessed by the authorized user only. This can be ensured by the implementation of multi-factor authentication procedures, that provide an extra layer of security in the attempt of accessing the API as it prefers to send personalized code on mobile for verification ultimately reducing the chances of unauthorized access [20]. Therefore, the implementation of proactive approaches reduces the risk associated with API security. 
 Maintaining the privacy of the user data has to be a topmost priority while using APIs. And to be successful in reducing the associated risk by establishing techniques that enhance the privacy of data such as, ensuring secure transmission and storage of data and ensuring that the process involve should comply with the data protection and regulations. Maintaining the privacy of customer data enhances the customer trust and belief in the organization and by enhancing the concern regarding the privacy of customer data allows the organization to be reliable and faithful and comply with the privacy standards [16].
DevNet is one of the most reliable platforms in terms of programmability, automation and even in attempt of exploring the resources. A range of resources tailored is presented by DevNet for developers who are interested in network programmability. It performs the role of a hub for accessing various tools and features that provide the exploration and implementation of Cisco APIs and technologies. One such important resource provided by DevNet is the Sandbox environment that enables developers to practice and experiment with Cisco APIs and technologies in a secure and isolated environment along with ensuring that the production unit does not get any kind of impact due to the experiment and providing the developers to go in depth of coding and explore all functionalities for gaining experience [19]. Utilization of a sandbox ensures the improvement of the skills of developers and enhances the performance of developers, checking the developed product before deploying on any server without causing any disruption to others.
Code Exchange is one more effective aspect of DevNet, through the proper utilization of this platform developers can gain ideas about knowledge sharing inside the developer community along with fostering collaboration and developers have share to access code repositories. By discussing the code and solution developers can come up with proper ideas of innovation and efficiency in the programming network. Integration with their-party applications is to be performed by the help of the DevNet Ecosystem Exchange. The platforms perform the role of a marketplace where a developer can choose from a range of available third-party offerings. Developers can use this for developing their expertise and enhance their creativity by producing tailored solutions. The platform outlines standards that enhance collaboration and with certain approaches, developers can provide an impressive network solution.  Along with developer.cisco.com that allows suffering from a range of product there are certain kind of similar platforms available that generates high functionalities relating to network programming, Similar to the discussed one developers can also use these platforms for exploring more and gaining more ideas in the relatable field. Juniper Network DevZone, for instance, is a development site for Juniper. It provides tools for investigating Juniper’s network programmability, including sandboxes, code repositories, and development environments. Developers have access to the tools they need through DevZone to create and alter solutions utilizing Juniper networking technology [18].
Another platform Arista network also provide similar EOS+ development platform which provides APIs, SDKs, and documentation to make its network operating system EOS more efficient and programmable. developers can produce a tailored solution as per the requirement through the proper utilization of the proposed platforms and its functionalities. Similarly, ONF open networking platform promotes open source and open standards-based network solutions, additionally, it is a non-profit platform. it allows developers to go through a major range of resources, such as open-source project reference design, and APIs [17]. Through the proper utilization of the resources provided by the platform developers can gain insight and they can access the tools required for the usage of open-source technologies and standards to promote network programmability. 
With time the demand for the development of network programmability has also increased in the recent era.  Specially relating to the characteristics of network programmability in terms of automation and APIs. Organizations can surely utilize the available automation frameworks for along with utilizing the network programmability complying the standards and architecture of the APIs, by allocating strong security measures. With the speed of development and modification of the steps involved the developers can also use the modern-day tools that are made available to them by bodies like developer.cisco.com and many others to be in the race of technological atmosphere. The tools can be utilized by the developer for increasing their in-depth knowledge along with it also promote innovation, streamline business processes and help in creating robust secure network solution. 
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