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[bookmark: _Toc119683970]1. Introduction
The purpose of this report is to compare & contrast three different web services (SOAP, REST & GraphQL), with the aim of discussing their respective benefits and limitations, as well as a providing a deeper comparison between the three services.

[bookmark: _Toc119683971]2. Web Services
[bookmark: _Toc119683972]2.1 SOAP
SOAP (Simple Object Access Protocol) is an XML-based messaging protocol which enables distributed elements of an application to communicate. SOAP can be carried over several standards of protocols, including HTML. Developed as an intermediate language for application with different programming languages, it is a lightweight protocol used to create web APIs, supporting a wide range of communication protocols across the internet, HTTP, SMTP and TCP, [1]. Due to being written entirely in XML, it is a unique platform which is language-independent, [2].
There are many advantages to using SOAP. It can be used with a variety of protocols, allowing communication between applications using different programming languages on both Windows & Linux devices, as well as running on HTTP as standard on all web applications. SOAP can be transmitted through different network & security devices, enabling applications to easily bypass most firewalls, whereas other protocols may require special privileges, [1].
Due to being an XML-based lightweight protocol, it is simple to write code for, and can be developed in any language, bypassing the need for special training in a language to use as well as being able to be implemented in any language and executed by any platform. Due to its use of HTTP for transport, it is easily scalable depending on the project it is being used to create, [3].
Despite its advantages, there are downsides for choosing SOAP over other APIs. Due to having no provision for passing data by reference, there can be synchronization issues if multiple copies of the same object are passed simultaneously. It is also slower to use and compile due to having larger message sizes compared to other APIs such as COBRA & RPC, and unlike REST, is not as flexible as other methods due to newer architecture using multiple different parsers, [1]. SOAP is dependent on the Web Services Description Language (WSDL), [3], and does not have any standardized mechanism for dynamic discovery of services, [4].


[bookmark: _Toc119683973]2.2 REST
REST (Representational State Transfer) is a set of architectural restraints rather than a protocol or standard, and can be implemented with numerous methods. When the client request is made via RESTful API, it transfers a representation of the state of the course to the endpoint, delivered in various formats such as JSON, HTML, PHP and plain text; JSON is the most commonly used as the most popular format due to being language-independent & readable by machines and humans, [5].
As with other APIs, there are advantages to using a RESTful API, including scalability due to the separation of the client and the server, the portability/easy migration of the API due to having an indispensable requirement of properly sending data from requests, [6], having a smaller message format resulting in better performance & cost efficiency over time, having a reduced learning curve to create services, light bandwidth usage due to passing messages with JSON, and the use of multiple different data formats allowing for ease of use without prior knowledge of a  specific language, [7].
There are disadvantages to REST, such as not being suitable for large amounts of data such as through use of GET commands, doesn’t cover all varieties of web service standards such as security & transactions, and general unreliability, [7]. Due to these security flaws, REST is more appropriate for public URLs than a client-server relationship which handles confidential data, [8].


[bookmark: _Toc119683974]2.3 GraphQL
GraphQL is a query language for APIs which isn’t tied to a specific database or storage engine. Instead, it is backed by existing code and data. The service is created by defining field types & providing functions for each field & type, [9]. 
There are various advantages to GraphQL, such as being faster than other communication APIs because it facilitates the user to reduce request queries through choosing only specific fields, being best useful for complex systems & microservices, being strongly-typed due to the specificity of query requests, and following a hierarchal structure where objects are defined through a graphical structure, [10]. A main benefit to GraphQL is giving clients the ability to dictate exactly what they require from the server and being able to receive the data in a predictable way, [11].
A large disadvantage to using GraphQL is the handling of errors; as all queries return a 200 HTTP status code whether the query was successful or not, there is considerable difficulty when handling & correcting errors. There is also no built-in cache support, so the client must set up their own through use of a different library. The system is also complex to use, especially for businesses with constantly changing data, [11].
Other disadvantages include the complexity of queries when using the language, and having a rate-limit in place, restricting the amount of requests than can be made in one day, and due to this it can become difficult to make larger statements for individual GraphQL operations & result in a cheap or expensive operation, [10] [12].

[bookmark: _Toc119683975]3. Comparison
All APIs share some form of similar advantages, such as high speeds for query & data transfer, and ease of scalability to create larger databases & requests. Overall, SOAP is the easiest API to use as it is compatible with any language and all messages are displayed in the simple to understand XML, however lacks the complexity of GraphQL. REST is also faster than Soap and GraphQL, and is the simplest to grasp and understand. GraphQL works best for complex systems due to the more analytical nature of the API and query/request system.
There are drawbacks to each system as well, such as SOAP having possibly synchronicity issues with multiples of the same request, REST not being suitable for larger, complex systems due to the limitations of the GET command & not covering all HTML standards such as security, and GraphQL requiring understanding of complex queries & the rate-limit on requests & queries.
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