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Abstract - Tools and best practices for deploying, administering, and debugging network devices are often referred to as networking programmability. This report gets intended to explore what is network programmability, and how this can impact this new era of computing. Here, it covers aspect as APIs standard, architectures, and securities measures. This report sings up the importance of network programmability, and what this means for the big companies, how through these improvements, the companies allow optimization and fast work, to offer the best quality services in their commercial operations. In addition, this report analyses the measures to improve the API technology, including security, authentication, authorization, transport layer security, security testing, and privacy considerations. All these measures, prevent unauthorized access, to the integrity and availability of the service's network. Using Cisco, the developers may explore, learn, and use Cisco technologies through DevNet, the developer community and resource platform provided by Cisco at developer.cisco.com.
Keywords – network programmability, APIs, authentication, authorization, DevNet.


[bookmark: _Toc141408161]Introduction

Writing programs or processes that can communicate with other programs or processes across a network is known as network programming. Programmers carry out their work using a variety of programming languages, code libraries, and protocols [1]. More specifically, network programmability is the process of directing networks to do certain activities using code, ideas derived from the software development lifecycle, and other tools. Businesses may streamline operations, increase agility, and swiftly adjust to changing business requirements thanks to the network infrastructure's automation, flexibility, and scalability. Software-defined networking (SDN), network virtualization, and other automation frameworks can be used by organizations to dynamically create, manage, and control network infrastructure [2]. Network programmability has many advantages, with it, manual tasks became in automating, which allows a decrease the human error rates and, improves operational efficiency. With all these features, organizations can optimize their network resources, increasing scalability, and boosting network performance. These include network orchestration systems, programmable network devices, and automation frameworks like Infrastructure-as-Code (IaC) that provide open APIs (Application Programming Interfaces) for setup and control. These APIs offer a standardized method for software programs to communicate with network hardware, enabling the automation and programmability of network operations.



[bookmark: _Toc141408162]Literature Review

I. [bookmark: _Toc141408163]Dimensions of Network Programmability
a) [bookmark: _Toc141408164]Software -Defined Networking (SDN)
Using software-based controllers or application programming interfaces (APIs) to connect with the network's underlying hardware architecture and regulate traffic is known as software-defined networking (SDN). This architecture is distinct from conventional networks, which manage network traffic using specialized hardware (such as switches and routers). Through software, SDN can build and manage virtual networks or manage conventional hardware [3]. Software-Defined Networking (SDN) can do:
· Simplify operations. Automation may be made extremely safe and scalable while reducing complexity by separating the control and data planes.
· Achieve faster time to market. By using open APIs, you can deploy apps and services more quickly. Simple integration of external goods.
· Build programmable networks. Make manual configuration obsolete. Data centers, campuses, and wide-area networks are provided and managed.
· Lay the foundation for intent. Centralize cloud automation, service delivery, management, control, and monitoring [4].
b) [bookmark: _Toc141408165]Network Configuration Automation
The process of automating the configuration, management, testing, deployment, and operation of physical and virtual devices inside a network is known as network automation. The availability of network services increases when routine network operations and functions are automated and repetitive processes are regulated and handled automatically [5].
Network automation may be used with any kind of network. Network automation can be implemented by data centers, service providers, and businesses to increase productivity, decrease human error, and save operational costs [5].
How the network can be automated? 
The rising cost of IT for network operations is one of the greatest problems facing network administrators. Manual procedures are all but impossible when data and device growth begin to overtake IT capabilities. However, up to 95% of network modifications are carried out manually, leading to operating expenses that are two to three times greater than the network's purchase price [5].
c) [bookmark: _Toc141408166]Network Virtualization
The term "organize virtualization" (NV) alludes to the deliberation of organize assets from equipment and into computer program. One physical arrange may be part into various free virtual systems by NV, or different physical systems may be combined into a single virtual, software-based arrange.
By robotizing and streamlining a few operations included in keeping up an information centre organize and controlling organizing and security within the cloud, arrange virtualization helps endeavours in accomplishing noteworthy changes in speed, dexterity, and security.
· Decrease the duration of network setup from weeks to minutes.
· Automate manual operations to increase operational efficiency.
· Workloads may be moved and placed regardless of the physical topology.
· Enhance data center network security [6].
d) [bookmark: _Toc141408167]Network Orchestration
The setting up of devices, applications, and services in the network to meet goals is referred to as network orchestration. Like how an orchestra conductor guides different performers while they play a piece of music together [7]. Network orchestration delivers the following benefits:
· The network controller is its brain. The controller converts organizational needs into network requirements, configures the network to meet those requirements, and keeps track of it to assist verify that organizational needs are being satisfied.
· It sees the network rather than as its component pieces.
· It synchronizes all network components to aid in achieving goals [7].
e) [bookmark: _Toc141408168]Intent-Based Networking (IBN)
An emerging technological idea called intent-based networking (IBN) intends to use a higher degree of intelligence and intended state to replace manual methods for setting up networks and responding to network problems. Instead, using artificial intelligence and machine learning, network managers declare a result or business objective “the intent” and the network's software works out how to accomplish that aim [8].
How does it work?
By utilising a network controller that serves as the main control point for network activities, IBN expands upon software-defined networking (SDN). These controllers are essential for network abstraction, which enables IT to manage the network as a single, cohesive unit. All controller-led networks, including those in the access, WAN, data centre, and cloud domains, function together, spread their advantages across the organisation, and support the realisation of digital transformation [9].
The following functional building pieces are used by the closed-loop IBN system to produce the desired business or IT outcomes for your organisation.
· Translation. The gathering and conversion of intent into network-actionable policies.
· Activation. Utilising network-wide automation, these policies are installed throughout the real and virtual network infrastructure.
· Assurance. Continually checking the network to ensure that the intended purpose has been implemented and the desired business objectives have been achieved using analytics and machine learning.
II. [bookmark: _Toc141408169]Automation Frameworks and Tools
a) [bookmark: _Toc141408170]Infrastructure-as-Code (IaC)
IT infrastructure provisioning is automated with Infrastructure as Code (IaC), which use a high-level descriptive coding language. When creating, testing, or deploying a software application, developers no longer need to manually setup and maintain servers, operating systems, database connections, storage, and other infrastructure components. IaC is a crucial DevOps practise that is vital to the fast-paced lifecycle of software delivery. 
By executing a script, Infrastructure as Code (IaC) allows developers to essentially "order up" fully documented, versioned infrastructure. The IaC has the following benefits:
· Faster time to production/market. IaC automation greatly accelerates the provisioning of infrastructure for development, testing, and production (as well as for scaling up or down production infrastructure as necessary).
· Improved consistency. Ad hoc configuration updates and modifications can cause mismatched conditions for development, testing, and deployment, which is known as configuration drift.
· Faster, more efficient development: IaC can confidently quicken each stage of the software delivery lifecycle by streamlining provisioning and guaranteeing infrastructure consistency.
· Protection against churn. In organisations without IaC, provisioning is often assigned to a small number of qualified engineers or IT workers to maximise productivity.
· Lower costs and improved ROI. In addition to allowing businesses to fully benefit from the consumption-based pricing structure of cloud computing, IaC significantly reduces the time, effort, and specialised expertise needed to provide and grow infrastructure [10].
b) [bookmark: _Toc141408171]Network Function Virtualization (NFV)
The notion of Network Functions Virtualization, or NFV, is not difficult to understand. It means transferring operations that are typically delivered as hardware and delivering them as software instead. With NFV, it is now feasible to configure a monolithic piece of hardware that may have cost tens or hundreds of thousands of dollars into N pieces of software, or virtual appliances, using hundreds or thousands of lines of instructions. 
The form factor for NFV-enabled devices in the situation before is virtual appliances. This is only an illustration. There are several ways to deploy network operations as software, such as an application running on top of an x86 server, as a container, or integrated in a hypervisor [11].
c) [bookmark: _Toc141408172]Network Automation Frameworks
Network automation, which is frequently used in connection with network virtualization, is the practise of utilising software to automate network and security provisioning, setup, and administration in order to continually maximise network efficiency and functionality. The following tools are thought to be the best network automation tools available right now.
· Red Hat acquired the open-source automation software Ansible in October 2015.
· Another free and open-source network automation tool, Puppet, is mostly employed for server administration automation. 
· While there is a master server and agents placed on managed nodes, Chef and Puppet differ in how they are actually deployed. A workstation is needed for a Chef system in addition to a master server to control the master.
· Another open-source automation solution that has been mostly utilised for server automation is Saltstack or Salt.
III. [bookmark: _Toc141408173]API Standards (APIs)
a) [bookmark: _Toc141408174]Representational State Transfer (REST)
Representational State Transfer, or REST, is a design and development framework for networked applications. Therefore, RESTful systems are those that implement and follow a REST-based architecture. 
Although from a networking perspective the phrases REST and RESTful APIs are new, you already interact with numerous RESTful systems every day when you use a web browser to access the internet. We said that the REST development model is utilised to create networked apps. That design is based on a stateless client-server architecture, in which the client manages the session, and the server doesn't save any client state or context [13].
b) [bookmark: _Toc141408175]OpenAI
OpenAI is a specification that enables RESTful APIs to be documented, making it easy to discover, interact with, and integrate with programmable network services. Provides standards for API definitions, promoting consistency and collaboration among developers. Of the best-known APIs, for example we have: ChatGPT.
c) [bookmark: _Toc141408176]Network Configuration Protocol (NETCONF) and YANG
The NETCONF protocol specifies a straightforward framework for managing network devices, retrieving configuration data information, and manipulating and uploading new configuration data.  The application programming interface (API) may be fully formalised and exposed by the device thanks to the protocol.  Applications can transmit and receive whole and partial configuration data sets using this simple API. The NETCONF protocol uses a remote procedure call (RPC) paradigm [14].
How does it work? 
A client uses a secure, connection-oriented session to communicate an RPC encoded in XML to a server.  The server replies with an XML-encoded response.  Both the request and the response's contents are completely documented in XML DTDs, XML schemas, or both, enabling both parties to understand the exchange's syntactic restrictions [14].
Its own SSH subsystem, NETCONF is frequently built utilising SSH as the transport. Although NETCONF is potentially implementable via SOAP, TLS, or any other protocol that satisfies NETCONF's criteria, all of our examples employ NETCONF over SSH [15].
IV. [bookmark: _Toc141408177]Existing Measures in Improving API Security and Privacy
a) [bookmark: _Toc141408178]Authentication and Authorization
Our everyday lives have been drastically changed by the internet's fast expansion, and web-based services now require secure user identification and authorisation more than ever before. The widely adopted JSON Web Tokens (JWT) standard for user authentication and permission is based on RFC 7519 [16].
Authentication. This is the process of confirming that a user, process, or entity is who they say they are. It guarantees the sincerity of the communicating party [16]. During the authentication procedure, the user must submit the credentials needed to access the online service. Traditional authentication techniques fall into the following categories:
· Something we are aware of (passwords, PIN).
· Smart cards, digital certificates, etc. are things we already have.
· (Biometric, fingerprint, face, etc.) Something that you are.
Authorization. This is a security method for figuring out if a person has the rights or qualifications to carry out particular operations on a system. Following identity and authentication, authorization completes the process of providing access [16]. The significance of permission comes from the user-imposed usability restrictions that have the following results:
· Ensures that users are unable to access accounts that are not their own.
· Restricts access to secure locations for visitors and staff.
· Ensures that no functionality is accessible to free users.
· Ensures that internal accounts are only given access to the data they need.
b) [bookmark: _Toc141408179]Transport Layer Security (TLS)
The encryption mechanism known as Transport Layer Security (TLS) guards’ data as it travels between computers. When two computers exchange data, they consent to encrypt it in a method that both systems can decipher. Depending on the restrictions in place, one or both computers may refuse to connect if they cannot agree on an appropriate encryption technique.
TLS is supported by every email service today. TLS 1.2 is supported by the majority of email providers. TLS 1.3 has recently been approved as the industry standard, and once widely used email services support it, it should be used [17].
c) [bookmark: _Toc141408180]API Rate Limiting and Throttling
Web APIs are currently the main means through which software systems communicate with one another. It's almost probably handled through an API when you click on a link in a web browser and another programme responds to the request and delivers the result. The API throttler would be a component of the API server in the most basic version of API throttling, and it would track the amount of API calls made per second and minute, per user, or by IP address depending on user authentication. APIs can be subjected to an API throttler at any point in the software development lifecycle.
On the other side, rate limitation is the practise of restricting the total number of requests that may be sent to an API in a certain amount of time. It's a defensive measure to stop denial-of-service assaults and bulk-use commercial users from negatively harming the service. Rate limitation is most frequently used on APIs in the backend layer of a hybrid architecture.
A strategy called rate limitation can be used to prevent one user from overtaxing a system by sending out too many requests too fast [18].
d) [bookmark: _Toc141408181]API Monitoring and Logging
Application Programming Interfaces are monitored in order to get visibility into their performance, availability, and functional accuracy. This practise is known as API monitoring. You may analyse the performance of your apps and enhance underperforming APIs with the aid of solutions for API monitoring. They give metrics of how much time is spent processing a transaction, how frequently it is called, from where it is called, and how long it takes to complete a procedure [19].
API logging describes log messages produced by the Java APIs for the Content Engine and Process Engine. Contrary to the server, logging is not enabled by default in the APIs; instead, it must be manually enabled using levels. For this reason, levels are arranged in a hierarchy, with each level including the levels below it in the earlier table. For instance, selecting summary tracing also enables informative, error, and warning reporting [20].
e) [bookmark: _Toc141408182]API Security and Testing
The software that runs the Internet, including mobile apps, single-page apps (SPAs), and cloud infrastructure, is becoming more and more dependent on APIs. While standard web apps and APIs share many of the same security measures and software security concerns, they differ sufficiently to distinguish between 'regular' AppSec solutions and those that were created with APIs in mind. Tools that support APIs natively and by design are included on this page [21].
API Security Posture: Inventories APIs, methods that are exposed, and categorises the data that is accessed by each method. Goal: To give insight into the security standing of a group of APIs.
An API's security status is evaluated dynamically using API security testing. Goal: Use dynamic API interaction (DAST-like behaviour) to assess the security of an active API.
f) [bookmark: _Toc141408183]Privacy Considerations
When using APIs to handle sensitive data, organisations must follow privacy laws and industry standards. User privacy is protected by putting into practise techniques like data encryption, anonymization, and safe data storage.
V. [bookmark: _Toc141408184]DevNet Resources: Available Resources at developers.cisco.com
a) [bookmark: _Toc141408185]Documentation
For a variety of Cisco products, platforms, and APIs, documentation is available on the Cisco Developer website. This documentation consists of data model documentation, SDK documentation, and API reference pages [22].
b) [bookmark: _Toc141408186]Learning Lab
To assist developers, learn about Cisco technologies and APIs, Cisco DevNet Learning Labs include interactive courses that can be completed at your own speed and practical exercises. These laboratories address a wide range of subjects, such as cloud computing, network programmability, security, and teamwork. Through interactive activities, developers may follow the suggested learning routes and pick up useful knowledge [23].
c) [bookmark: _Toc141408187]Sandbox
A variety of sandboxes are available through Cisco DevNet, which are pre-configured environments that let programmers’ experiment with, test out, and create applications utilising Cisco technology. These sandboxes give developers access to Cisco products, APIs, SDKs, and development platforms so they can test their ideas out in real-world settings. Developers are given access to pre-built Cisco platforms in this environment, allowing them to begin creating apps and integrations without having to build up their own infrastructure [24].
d) [bookmark: _Toc141408188]Code Exchange
The developer community has donated code samples, libraries, and projects to the Code Exchange platform on developer.cisco.com. It provides a variety of reusable code resources and components that developers may utilise to quicken their development processes and gain knowledge from practical use cases. You may use this code to get started creating apps and integrating Cisco's products [25].
e) [bookmark: _Toc141408189]Ecosystem Exchange
Developers may explore and work with Cisco's partner ecosystem on a platform called the Ecosystem Exchange. It offers details about third-party apps, solutions, and integrations that enhance Cisco products. In order to improve their own solutions, developers may learn about, interact with, and use these ecosystem partners.
f) [bookmark: _Toc141408190]Certification
Cisco provides a range of DevNet certifications that attest to one's proficiency with the company's products and technology. These credentials might aid in showcasing the developer's abilities to potential clients and companies [26].
g) [bookmark: _Toc141408191]Community
A thriving community of developers and IT specialists who are enthusiastic about Cisco's products and solutions can be found on the Cisco Developer website. Users may find chances for cooperation, support, and guidance within this community [27].
VI. [bookmark: _Toc141408192]Resources Relevant to Sandbox, Code Exchange etc
Here are a few instances of comparable websites that provide tools like Sandbox, Code Exchange, and Ecosystem Exchange accessible at developer.cisco.com:
a) [bookmark: _Toc141408193]AWS (Amazon Web Services)
The AWS Free Tier is a sandbox environment where users may explore and test out different AWS services. AWS offers a number of resources for developers. Developers may exchange and find code samples, apps, and integration through AWS Code Exchange [28].
b) [bookmark: _Toc141408194]IMB Developer
For developers to test out IBM technologies, IBM Developer provides sandboxes and virtualized environments. In their Code Exchange area, they offer code patterns, instructions, and samples. Developers and IBM partners may collaborate and integrate thanks to the IBM PartnerWorld network [29].
c) [bookmark: _Toc141408195]Google Cloud Platform 
For developers to test out Google Cloud services, Google Cloud Platform offers a Cloud Shell, a web-based sandbox environment with pre-installed tools and resources. For sharing and working together on code projects, Google Cloud Source Repositories provide as a platform for code exchange. Developers may connect with partners through the Google Cloud Partner network for expanded products and integrations [30].
d) [bookmark: _Toc141408196]Microsoft Azure
Developers may test apps in a sandbox environment provided by Microsoft Azure called Azure Sandbox. Developers may share and access code samples, starting kits, and documentation on Azure Code Samples' platform for code sharing. Opportunities for ecosystem interchange and partner engagement are provided through the Azure Marketplace and the Azure Partner Network [31].
e) [bookmark: _Toc141408197]Salesforce AppExchange
Developers may publish and share apps and components created on the Salesforce platform through the Salesforce AppExchange. It offers a catalogue of pre-built connectors and extensions and enables developers to publish and market their code and solutions [32].
f) [bookmark: _Toc141408198]GitHub
A popular tool for collaboration and code sharing is GitHub. It provides access to several repositories that house projects, libraries, and code samples for many different platforms and technologies. Developers may interact with one another, find, and participate in open-source projects, and trade code samples [33].


[bookmark: _Toc141408199]Conclusion

At present, the use of networks by companies has accelerated the optimization of networks and has boosted their use. The ability to program the network offers many features, most of which are beneficial for businesses, these features help achieve optimization and agility in business processes, as well as scalability. Thanks to network programmability, companies can take advantage of all the potential and benefits that it offers, at the same time that they establish protocols for the protection of the infrastructure and security of their networks and data through automation tools and frameworks, and all this, following the compliance with the standards and designs of its APIs. This is accomplished through the use of robust security measures. With the high competitiveness that exists in the technological world, making the most of this new type of technology can be crucial for the future of an organization, since with it can optimize its benefits through greater efficiency in its commercial activity.
In this new era, people who want to be developers can find tools, environments, and countless links at developer.cisco.com that will help you in a practical and didactic way to grow as a developer. In addition, this platform also has others with which it collaborates and make your experience a more complete process, since you can interact and join others through them. Here, developers can take full advantage of these services thanks to the availability of shared code and ecosystem collaboration. This platform offers stays up to date allowing developers to stay abreast of the latest technologies. And all this on the same platform where you can get certifications that will help you in your future work.
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