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1. [bookmark: _Toc60859125]AJAX REST Application
A website was created for a fictitious company called Salesburys. The website contains an admin panel with two main sections; 
· The shop page – which displays the ecommerce website, which would be visible to the public and displays the Salesburys products and allows users to filter the products by category (men clothing, women clothing, electronics, and jewellery) and,
· The admin page – which allows an admin to add, remove and search for items that Salesburys sell. 
1.1. [bookmark: _Toc60859126]Shop Section
1.1.1. [bookmark: _Toc60859127]Home Page
The home page is a call-to-action page to advertise the products Salesburys sell. 
[image: ]
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Figure 1: Shop Section Home Page.
1.1.2. [bookmark: _Toc60859128]Products Page
[image: ]
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Figure 2: Shop Section Products Page.
The product page allows a user to filter the products by 4 categories, as shown in figure 5:
[image: ]
Figure 3: Filtering Products by Product Type on the Products Page.
Figure 4 shows the result of a user filtering by women’s clothing. A button allows the user to remove all filters if needed. 
[image: ]
Figure 4: Result of A User Filtering by Women's Clothing.
1.2. [bookmark: _Toc60859129]Admin Page
1.2.1. [bookmark: _Toc60859130]Adding a New Record
The admins can add a new product which directs them to another page allowing them to insert a new record into the database. 
[image: ]
Figure 5: Button for Adding a New Product.


1.2.2. [bookmark: _Toc60859131]Adding a new product
[image: ]
Figure 6: Adding a New Product Page.
[image: ]
Figure 7: Inserting Records into Each Field to Add a New Product.
[image: ]
Figure 8: Successfully Submitting A New Product.
1.2.3. [bookmark: _Toc60859132]Deleting from Database
[image: ][image: ]
Figure 9: Delete Existing Product by Entering the ID of the Product.



1.2.4. [bookmark: _Toc60859133]Searching for a record by ID
[image: ]
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Figure 10: Search for an Item by ID.

2. [bookmark: _Toc60859134]Introduction
In 2000, when almost every sector was maturing and expanding across the World Wide Web, two approaches to developing application programming interfaces (APIs) evolved – SOAP (Simple Object Access Protocol) and REST (Representational state transfer). SOAP APIs quickly gained momentum with developers, however due to the emergence of smartphone apps, REST APIs began to overtake them a decade later. Currently, both SOAP and REST are commonly used and are still popular amongst developers.     
However, a new data query language, GraphQL, was launched by Facebook in 2015 as an alternative to REST and SOAP. Normally the development of something new, means that what currently exists is not sufficient. By this logic, the advent of GraphQL in the API protocol sense indicates that REST is no longer up to the task and that GraphQL is better. But is this the case?
This report compares REST, SOAP and GraphQL and the best way of exchanging data between applications is investigated. 
SOAP, REST and GraphQL all have some major differences. GraphQL is a query language [1], REST is an architectural style [2], SOAP is a lightweight protocol [3]. 
SOAP has two main functions – GET and POST. GET is used to extract data from the server, and POST is used to add or edit data.
REST alters the state of the related source by submitting a request to the URI.
GraphQL leverages two types of requests – queries to access data from the server, and mutations to alter data. 
[image: API timeline][4]
Figure 11: API Timeline.



1.1. [bookmark: _Toc60859135]What is REST?
[image: What is REST API? | Zestard Technologies][5]
Figure 12: What is REST API? Diagram.
REST supplies a collection of design rules to build stateless services which are shown as resources and, in certain instances, as sources of specific information, like functionality and data. Each resource is identified by its unique Uniform Resource Identifier (URI). REST is defined by simple interfaces that use HTTP requests for accessing and using data without the use of an additional messaging layer, like SOAP. 
REST services can be accessed via URI using HTTP methods. After the user's request, the expectation is that what is returned is a representation of the resource requested. The representation of any resource is a document that represents the actual or expected status of the requested resource [6]. 
REST has six guiding constraints that must be followed if the interface is to be referred to as RESTful, as shown in figure 13. 
[image: REST Constraints – Csharp Star][7]
Figure 13: The Six REST Constraints.
Developers of APIs can implement REST in several ways. 
When a client request is made through a RESTful API, a representation of the resource's state is passed to the requester or the endpoint. This information is given in one of six different formats:
· HTTP: JSON, 
· HTML, 
· XLT, 
· Python, 
· PHP, or 
· plain text. 
JSON is the most common programming language to use since, unlike its name, it is both language-agnostic and understandable by both humans and machines.
An example of a REST POST request using JSON is shown in figure 14.
[image: POST to '/posts' returns all (100) posts instead of the newly POSTed post ·  Issue #52 · typicode/jsonplaceholder · GitHub][8]
Figure 14: REST POST Request in JSON.
1.2. [bookmark: _Toc60859136]What is GraphQL
GraphQL is an open-source query language developed by Facebook.   Facebook used GraphQL internally for its mobile applications since 2012 as an alternative to the REST architecture until it was launched in 2015. It allows specific data requests, allowing clients greater control about what information is being sent [9]s.
A GraphQL server gives a predefined schema to a user, which is a model of the data requested from the server. There are three principal characteristics of GraphQL:
· Enables the user to decide precisely what details they want.
· Makes the collection of data from different sources simpler.
· Involves a type system to define data.
When deciding how to access the data, the schema acts as a middle ground between the client and the server. The basic components of a GraphQL schema, types, are written down in Schema Definition Language (SDL) and define object types that can be queried on the server and the fields they have. The schema specifies what requests can be made, what data types can be obtained, and the relationships between these types. A GraphQL schema can be constructed with any programming language, and an interface can be developed around it [10].
A GraphQL service is generated by specifying the types and fields for those types, and then by having functions for each type of field. For instance, a GraphQL service that tells us who the user logging in is (me) as well as the name of that user may look as follows [11]:
[image: ]
Figure 15: GraphQL Service.
[image: ]
Figure 16: Functions to Get GraphQL Data.
Once a GraphQL server is operating (typically on a web service URL), GraphQL queries can be obtained for validation and execution. A received query is reviewed first to ensure that it only refers to the given types and fields, then runs the functions provided to generate a response.
[image: ]
Figure 17: JSON Result from a Query.
1.3. [bookmark: _Toc60859137]What is SOAP?
SOAP or Simple Objects Access Protocol is a network communication protocol developed for Microsoft in 1998. It is often used to show web services and transfer data through HTTP/HTTPS.  SOAP only supports the XML data format, closely following pre-set specifications such as the messaging structure, the set of encoding rules, and a convention to provide procedure requests and responses [12]. 
Since SOAP depends extensively on XML, along with the schemas, it defines a very highly typed messaging structure.
Each operation supported by the service is specifically defined, along with the XML structure of the request and the response for that operation.
Each input parameter is similarly defined and bound to a type: an integer, a string.
All of this is encoded in the WSDL – Web Service Description Language. WSDL is like a contract between the service provider and the customer. In programming words, the WSDL is like a method signature tool for the web service. 
An example SOAP API request is shown in figure __. 
[image: ]
[image: The History of REST APIs][13]
Figure 18: SOAP API Request.
1.4. [bookmark: _Toc60859138]API Protocol Comparison
On comparing the current API protocols, it can be seen that API architecture approaches, and concepts have developed over time and the problems that have been solved with each new protocol.
1.4.1. [bookmark: _Toc60859139]REST Vs SOAP
The main difference on comparing SOAP and REST protocols is in the way each handles app payload. SOAP messages are too verbose, since it relies on XML, both on the request side and on the response side. Within the SOAP structure, the volume of information transmitted is enormous, so it requires additional resources and thus it slows down communication. 
This method has increasingly become inefficient with the advancement of mobile apps, as it has influenced the performance. With its endpoint requests, REST has provided an immediate and extremely effective solution, so it has become API developer's protocol of choice.
An instance of a SOAP request and response as seen IN FIGURE__. Both messages are very detailed and contain a lot of information.
However, a REST request is more effective because the structure is simpler and more apparent. It includes all properties of the requested resource, no matter whether the user wants it or not.
Support for a single data file, XML, was another drawback of SOAP, while REST could process XML, HTML, and JSON.
REST allows various messaging formats, such as HTML, JSON, XML, and plain text, meanwhile SOAP only supports one single data format - XML.
1.4.2. [bookmark: _Toc60859140]REST vs GraphQL
Within the field of API-oriented architecture, although REST was seen as a technological revolution, developers were still left seeking more. Existing API protocols had issues with over-fetching or under fetching data from the server, so Facebook created GraphQL in order to look for a different method of fetching data from the server to attempt to resolve this issue.
The problem with REST and SOAP is they return all properties of the data including data the user may not need. For example, in REST, if a user requests a list of products and their prices, the product details and pictures will also be returned. In addition, the user would have the inconvenience of making an extra query to retrieve the price of the product if it is quoted in different source. 
GraphQL was developed to solve this problem. When you make a data query in GraphQL, you decide precisely what you want to get. The results are obtained by moving the data definition functions over to the client side, while the data is specified in REST on the server side. In other words, in the REST API architecture, the server decides which data is to be returned, while in the GraphQL API, the server only will declare the available data, and the client determines what is to be returned.
Facebook's GraphQL approach is very basic in concept: instead of providing many endpoints, it provides a single "smart" endpoint that can take complicated queries and then transform the data output into whatever format the user wants.
Between the client and one or more data points, the GraphQL layer resides, accepts client requests and, according to the instructions, fetches the required data. To use an analogy:
The old REST model is like visiting three separate stores on the internet, as shown in figure 19. On the other hand, GraphQL is like getting a personal assistant and waiting for them to return after they have been supplied with the addresses to all three locations, as shown in figure 19. 
[image: So what's this GraphQL thing I keep hearing about?]      [image: So what's this GraphQL thing I keep hearing about?][14]
REST		                          GraphQL
Figure 19: REST Vs GraphQL.
GraphQL operates by using a single query to fetch data from many databases.
Data caching is an important factor when choosing an API protocol. Caching removes the need to submit full requests and responses as data has been cached from previous requests. The REST API uses an HTTP caching framework that produces satisfactory performance. At the same time, GraphQL does not have intrinsic caching and requires external methods on the client side, such as Apollo Client.

1.4.3. [bookmark: _Toc60859141]SOAP vs GraphQL
GraphQL is the newest breakthrough in the history of API architecture, and it incorporates the efficient suites of both SOAP and REST. Both SOAP and GraphQL use only one endpoint URL to fetch or modify the data. Simultaneously, GraphQL reduces the network payload as it is much lighter.
GraphQL and SOAP both share strong data typing. Communication between applications is ensured since both protocols explicitly declare data types.  
However, neither SOAP or GraphQL have their own caching systems and so they need to rely on external resources.
https://da-14.com/blog/ultimate-guide-api-architecture-rest-soap-or-graphql 

1.4.4. [bookmark: _Toc60859142]Advantages of REST
Client and server decoupled – REST decouples the client and server as much as possible.  To help define and preserve its resources, a framework with abstraction levels can encapsulate its data. This makes it versatile enough for a REST API to develop over time while a stable system persists.
Discoverability – correspondence between the client and server explains everything so that no additional documentation is required to understand how to work with the REST API.
Cache-friendly – REST is the only style that enables data caching at the HTTP level by reusing a lot of HTTP resources. Caching implementation on any other API, on the other hand, would require configuring an extra cache module.
Support for various formats – REST is currently a prevalent option for building public APIs due to its ability to accept several formats for storing and sharing data.

1.4.5. [bookmark: _Toc60859143]Disadvantages of REST
No single REST design – there is no exact correct way to construct a REST API. How and which resources are modelled would differ depending on the situation. This makes REST in theory straightforward, but in reality, challenging.
Large payloads – REST returns a lot of rich metadata and the client only needs to see its responses to learn everything necessary about the condition of the program. It only works well on huge network pipes with lots of bandwidth space. This disadvantage is what inspired Facebook in 2012 to come up with the GraphQL style definition.
Problems of over- and under-fetching – REST responses usually generate the need for another request as they either contain too much data or not enough of it.

1.4.6. [bookmark: _Toc60859144]Advantages of GraphQL
Typed schema – GraphQL publishes what it will do in advance, which enhances its discoverability. Which queries are possible are found out by pointing a client to the GraphQL API.
Fits very well with graph-like data – data that goes deep beyond related relationships but is not ideal for flat data.
No versions – the safest versioning approach is not to version the API at all. While REST provides several versions of the API, GraphQL uses one single, developing version that provides new functionalities with continuous access, and helps towards smoother, more maintainable server code.
Detailed error messages – GraphQL offers descriptions of errors in a similar way to SOAP. The error message incorporates all the resolvers and points to the exact portion of the query at fault.
Flexible authorization – GraphQL makes it easy to reveal many features exclusively while maintaining private details. REST architecture, meanwhile, does not expose information in parts. REST provides all the data or nothing.

1.4.7. [bookmark: _Toc60859145]Disadvantages of GraphQL
Issues in performance – GraphQL priorities strength over complexity. Using too many nested fields for one request will lead to an overload of the system. Thus, REST remains a wiser choice for complicated queries.
The caching complexity – Since GraphQL does not reuse HTTP caching semantics, it involves a custom caching effort.
A lot of education is needed before developing – A lack of time to work out GraphQL niche operations and SDL, means a lot of developers opt to pursue the REST route.

1.4.8. [bookmark: _Toc60859146]Advantages of SOAP
Language- and platform-agnostic – SOAP includes a built-in functionality for building web-based services which enables SOAP to manage connections and render language-and platform-independent responses.
It is bound to several transport protocols – SOAP is flexible in terms of transmission protocols to handle various situations.
Build-in error handling – the SOAP API specification helps to extract the Retry XML error code message and its description.
There are a variety of security extensions – SOAP is integrated with WS-Security protocols, which means it meets a business transaction standard. SOAP Provides anonymity and integrity within transactions while enabling message-level encryption.

1.4.9. [bookmark: _Toc60859147]Disadvantages of SOAP
Nowadays, SOAP is extremely unpopular amongst developers for the following reasons:
Can only use XML – SOAP messages contain a lot of metadata and only support verbose XML templates for responses and requests.
It is heavyweight – due to large XML file sizes, SOAP services need a large bandwidth. 
Specialised knowledge needed – building SOAP API servers needs an in-depth knowledge of all the protocols involved and their extremely restricted rules.
Tiresome message updating – needing extra effort to add or remove message properties means a rigid SOAP schema slows down utilization.


[bookmark: _Toc60859148]5. Conclusion
On comparing REST, SOAP and GraphQL to find their benefits and drawbacks it appears to be the case that the choice of protocols depends on the situation. 
· REST and JSON continue to be the starting point for most modern APIs, since they are less bandwidth-heavy and more quickly understood by the developers who create or use them. As a result, REST remains the technological leader for most public APIs.
· SOAP tends to be used in some circumstances but is largely overlooked as being an outdated technology of the industry.
· GraphQL has solved a number of REST problems and has a variety of other useful features.
In the author’s opinion, it is not possible to directly compare REST, SOAP and GraphQL as they all have their own strengths and weaknesses. It all depends on the certain use in particular situations. 

https://medium.com/better-practices/rest-soap-graphql-gesundheit-6544053f65cf
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