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This report aims to compare and contrast three web services: SOAP. REST and GraphQL, outlining the benefits and drawbacks of each.
SOAP, REST and GraphQL are all examples of different approaches to communication between applications on the internet. Before exploring their similarities and differences, we need to clarify the following concepts:
Service is software or hardware that supports or automates a business function [1], while web services are those in which the business function is translated into a tool or an application and made available or accessible via the web [2]. The service-oriented structure (SOA) is the overall approach to designing, implementing and combining services, now predominantly web services [3].
Resource in the web services context is generally understood as any bit of information that could be exchanged as part of a web service [3] – this could be an image, a list in an online shopping basket, user password, etc.
API stands for application programming interface, and these are the connections between different services, most often web services [1], it allows for different applications to communicate with each other. In this sense, SOAP, REST and GraphQL can be also thought of as APIs for web services, or web APIs. The term has grown to be used almost predominantly within the context of a web service interface, i.e. web API, however, not all APIs provide the interface for applications to communicate over the web [4].
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The Simple Object Access Protocol (SOAP) is a protocol (an agreement of communication) that allows structured data to be exchanged in a distributed environment [1]. It is the oldest of the three communication methods discussed – it was designed for Microsoft in 1998 [5]. It is a lightweight (simple) protocol for exchanging messages between applications (hence it sits at the application layer of the OSI model [6]) that uses Extensible Markup Language (XML) format and tunnels through the HTTP protocol.  SOAP messages are wrapped in a XML envelope identifying it as a SOAP message, a header holding a metadata about the structure of the message, a body, and an optional fault [3]. It was built to be platform-independent, can deal with failed communication, and supports some security features, which makes it a good choice for applications that require transactional reliability [7]. SOAP, however, tends to be server-centric as it requires storing data about the client in order to keep track of stateful operations, it limits the access to HTTP headers, and uses non-cacheable responses [8]. SOAP messages also tend to be bigger in size due to the XML format used and its associated overheads and require that the client has access to a Web Service Description Language (WSDL) file to construct a message, which adds complexity. Despite some of its shortcomings, SOAP is a standardised protocol, which makes it easier to work with firewalls and proxies; it can be used independently of language or platform; can offer better security with the use of identity verification and third-party encryption; has added transaction reliability features [9].
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REST stands for Representational State Transfer and is a set of architectural constraints that were first introduced by Roy T Fielding in 2000 [10]. It was introduced as a way of building disciplined web applications and avoid the creation of large and unmanageable systems that lack any rules. It is popular among developers as it is easier to learn and simpler to use than SOAP, it is more succinct [1]. REST follows the server-client architecture, however, the front-end, the back-end and the storage side of the application are kept separate (loosely coupled)– this way the interface is handled by the client, and multiple instances of it can exist, while the server controls the business logic and secures the database.  Another REST constraint is that the messages the application uses are stateless, i.e. all the data needed for the request to be executed are contained within the message and the server does not need to keep track of the session state, as this is done by the client. Cacheability is a big factor for RESTful applications fast response – this constraint lets the client know if the received data is cacheable and allows similar requests to be processed faster. REST applications require uniform interface for consistency, operability and simplicity. Finally, the system must be layered to allow a hierarchical architecture and to constrain the behaviour of components [11].
REST works with resources (information) and their universal resource identifier (URI): a hyperlink, or a web address with endpoints that uniquely identify them [1]. RESTful applications also uses the HTTP methods of GET, POST, PUT and DELETE that allow CRUD operations (create, read, update and delete). Java Script Object Notation (JSON) is the most popular data serialisation format in RESTful applications, but XML and others are also used. When the server responds to a client’s request with a response, this is usually a representation of the resource in the form of a binary stream together with its metadata to describe how the client should deserialize this data [11].
Some of the limitations of the REST APIs is that it can result in overfetching or underfetching where more or less data than necessary [12]. In overfetching, more data than necessary is returned, and an additional step is required to cleaning it up before presenting it to the end user. In underfetching a single API call is not enough to display all the data needed, and multiple round-trip server calls are required.  
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This is the most recently developed communication method out of those reviewed in this report. It was purposefully built by Facebook in the period of 3 years as a method to provide a news-feed-style communication exchange on the mobile implementation of their application[13].  It was made public in 2015 and released as an open-source public API. GraphQL is described as a communication protocol in the form of a string query to the server and a JSON response to the client [13]. The query is built around the required data and defines a hierarchical data structure of types and fields to be used alongside a graph-structured data store and a hierarchical user-interface. GraphQL’s key points are that it defines a data shape: the query and the response have the same structure; it is hierarchical: it follows relationships between objects, which makes it considerably fast compared to RESTful or SOAP communication; it is strongly-typed: each query corresponds to a particular type, and each type describes a set of available fields, which allows for descriptive error messages, pre-query execution issues to be highlighted by the editor and only possible/existing resources to be returned as a result; it is a protocol linking data from different parts of the application in a field-function pairs; its introspective – the server can be queried for the types it supports; it is vision free – the shape of the returned data is determined by the client’s query, so servers become simpler and easy to generalise[13]. Finally, GraphQL offers one uniform API for the entire application, allowing one request to return all the desired data instead of having to load multiple URLs, it is not limited to a specific storage engine, or a specific language. All of the above is conducive for fast performance and ease of use. 
In retrospect, it is evident that the three communication methods discussed above were developed over time to solve specific problems in web application services. The most recently developed GraphQL seems to offer faster implementation of remote service queries, it is faster to learn, easier and convenient to use [1]. The same study concluded that although REST is the faster performing with higher volume requests, GraphQL is seen as the better choice where REST applications underfetch data. SOAP is more economical when executing simple algorithms with small input, while REST is better for remote execution. When the three protocols were compared based on data fetching, GraphQL was the worst, while SOAP has the largest packet size, with REST being the best performing one. Ultimately, the choice for a particular communication method should be made based on the needs and requirements for data exchange within a specific application, and should not be generalised.
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