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INTRODUCTION:
It was asked to create dynamic web application that uses AJAX and REST API to exchange data with webservices. The data that comes from the API should be displayed in a single and multiple records and allowing the users to interact with the website.  The web application should have features like filtering and searching data and polling for data. It was also asked to write a report that compares SOAP, REST and GraphQL web services and then debate the advantages and disadvantages of each technology.

SOAP:
Before diving into SOAP advantages and disadvantages, we need to understand what it does and how it works. 
SOAP it is stands for simple object access protocol, this application it used for communication protocol and the SOAP format is used for sending and receiving messages. SOAP is an application that is independent and is also based on XML and according [1] to a website called w3schools, it stated that W3C is recommending to people to use SOAP.
SOAP is very useful for web applications because it allows applications to communicate over the internet. According to w3schools [1], the best way to communicate between web applications is over HTTP, because all the internet browsers and servers supports HTTP, and this was the reason that SOAP was created. SOAP is very important because it provides a way that communicate between applications running on different operating systems and it also works with other technologies and programming languages. 
A SOAP uses XML document containing the following elements:
· The first element is envelope, this element identifies the XML document as a SOAP message.
· The second element is the header that contains header information.
· The third element is the body that element contains call and response information.
· The fourth element is fault element which contains errors and status information.
SOAP has syntax rules here are some of the useful ones:
· The first one is that SOAP message must be encoded by using XML
· The second one is that SOAP message must use the SOAP envelope namespace according to w3schools.
· The third one is that SOAP message doesn’t contain a DTD reference.
· The fourth one is that SOAP message doesn’t contain XML processing Instructions.



Advantages of SOAP:
This technology has many features that is useful such as providing contact and technical details of the web services for client application without showing the implementation technologies.
The advantage of SOAP is that it was designed to be platform that is independent, and SOAP works with any programming language and it also works on any operating system such as Windows and Linux.
The advantage of SOAP is that it works on HTTP protocol, and HTTP protocol is used by all web applications.
We all know that security is the most important part of web application and SOAP has built-in security features that protect messages from being corrupted.

Disadvantages of SOAP:
We all know that SOAP has many advantages but it also has disadvantages and according to a website called medium the first one is that it lacks flexibility which means it can be only be used XML, JSON (JavaScript Object Notation) and all the other lightweight formats are not supported [2].
According a website called techtutorialz, it stated that SOAP is a lot slower than other types of middleware because SOAP uses a detailed XML format.
SOAP is usually limited when it comes to pooling and not to the event notification when HTTP is been used for transport [3]. 

REST:
So, what is REST, according to a website called medium and it is stated that RESTful is a web application that exposes data about itself in form of information about its resources. This technology allows clients to take actions on these resources for example creating a new user or editing a post created by a user. To create your own API, you must follow a set of constraints when you are creating them.
Rest stands for representational state transfer which means whenever RESTful API is called, the server will then transfer to the client a representation of the state of the requested resource. 
For example, if a software developer creates a software that calls Instagram API to fetch a specific user, the API will return all data of the user, such as the name, number of posts that user posted on Instagram. The data that the API returns can be in a JSON format, and it can also be in the format of XML. 
According to the author the way that REST works is that when you the client, make a call on API it depends on two things that you need to provide to the server. 
The first thing that you need is an identifier for the resource you are interested in. This is the URL for resource, its known as the endpoint and URL stands for Uniform Resource Locator.
The second thing you need is operation that you want the server to perform on that resource, in the form of an HTTP method. The common HTTP method that is very popular are GET, POST, PUT, and DELETE [4].

The good thing about REST is the implementation of the client side and implementation of the server side can be done independently without them knowing each other. Which means the code on the client side can be modified at any time it will not effect the operation of the server, and a developer changes the code on the server side it will not affect the operation of the client [5].  

Advantages of REST:
· The good thing about REST is very flexible which means the REST can handle a lot of calls, return different data formats and this allows developers to write API that is very useful and meets the needs of the customers [6].
· One of the key Advantages that REST has is that is easy to understand and learn.
· When using REST, it gives the ability to organise complicated application and developers can easily use the resources.
· According to the article, when using REST, it can manage when there is high load using HTTP proxy server and cache.
· REST API can’t work without codes, it also can synchronise data with a website without any difficulties.
· REST can format data in XML or JSON format.
Disadvantages of REST:
· We all know that REST has many advantages, but it also has disadvantages and the first one is that most of web application require stateful mechanisms. for example, if you are making purchase on a website that has a mechanism to have a shopping cart. It is required to know the number of items in that shopping cart before the customer actual make the purchase. This could be a problem to maintaining the state lies on the client side, which then makes the client application heavy and difficult to maintain.

· REST doesn’t enforce security. This could be useful when you are creating a public URLs, but it is not good for confidential data passage between client and server [7].

GraphQL:
According to the graphql website, stated that GraphQL is a query language which is used for API and it also used for the server-side runtime for executing queries by using a type system you define for a data. GraphQL doesn’t need to any specific database, is instead works on existing code and data [8].
This technology is usually used in the frontend because it allows developers to request data in an easier way than ever before. This technology was introduced by Facebook, the main objective of this technology is to formulate the client applications formed on instinctive and the format can be modified.
The problem that GraphQL has is the failure of the client to request a personalised data set. It also has problem when running and controlling multiple endpoints and that is another problem as clients are mostly needed to request data from differentiated endpoints.
When creating GraphQL server, is very important to have a single URL for whole data procurement and alteration. So then, the users can make a request to a dataset from a server by transferring a query string, stating what they need [9].

According to the author [10], Facebook has come up with a solution and the solution is very simple, so instead of have many different endpoints, have one smart endpoint that can take in complex queries and then message the data output into what every shape the client requires.
The author stated that GraphQL is like having a personal assistant. For example, if you have three addresses, you can simply ask for what you want and then wait for them to return the data.
GraphQL has building blocks just like any other programming languages, but GraphQL is organised around three main building blocks [10]. 

According to tutorialspoint, GraphQL query can be used to read or fetch data while a mutation is used to write or post values. The two case are simply an operation which means they are simple string that a GraphQL server can parse and return with the data in specific format and the format data can be JSON because it can be used for mobile application and web application [11].
This technology also uses schema to describe the shape of the data and the way that it describes is by defining a hierarchy of the types with fields that are more populated from the backend data stores. The way the schema also works is by specifying exactly which queries and mutations are available for the client to execute [12].
The third building block is resolver and is basically a collection to function that can generate response for GraphQL query. In another way resolver acts as a GraphQL query handler [13].

Advantages of GraphQL:
· This technology has many advantages and will be going through few of them, according to author GraphQL can retrieve many resources in a single request.

· Another advantage of GraphQL is that it is strongly typed which means it allows developers to know exactly what data that is available [14].

· The advantage of using GraphQL is that it gives the ability to use multiple queries and share them at a higher component level for reuse and this feature will allow you to get different data while keeping the same schema field.

· When there is an error and you trying to determine what went wrong, the backend will allow you to see a detailed error message including all the resolvers and it will also show you the exact query that has the error.

· This technology has a new operation such as subscriptions which allows consumers to receive real-time data from the backend. GraphQL subscriptions can be used in different ways such as notifying a user when they get a new message [15].

Disadvantages of GraphQL:
While this technology has a lot advantages but just like any other technology it also has several key disadvantages as well.
· The first disadvantage that was found is that when you make queries it always returns HTTP status code of 200, and it returns that status code weather the query was successful or not [14]. 

· One of the disadvantages is also performance issues with complex queries. For example, if a client asks for too many nested fields at once this could encounter performance issues.

· The main disadvantages of GraphQL is that it doesn’t understand files, and we all know that file uploading is very important and GraphQL doesn’t have file uploading feature. 

· This technology is not very easy to understand and it takes a while for someone to understand [15].



Comparison:
We like to work or want work with the web application, and if you want to send and receive data you might want choose the best technology that is useful and using API that is very useful in web development can be hard. But after doing a lot research on three main API protocol (REST, SOAP, GraphQL), I found out that each one of them have advantages and disadvantages. The last couple years there were different API architectural styles have been released and each one of them has its own feature or it own patterns of standardising data exchange.
SOAP vs REST:
First let’s compare SAOP to REST, so the difference between SOAP and REST protocols lies in the way that they handle the app payload. We know that SOAP uses XML for data format when request and response. If the amount of data transferred within SOAP structure is huge, then it will be requiring more resources and slowing down the communication.
Now days we use very advance mobile application, SOAP has quickly become inefficient, because of the performance.  REST is not as slow as SOAP and that is why it turned into the protocol of choice among software developers. 
A REST request is a lot more efficient because of its structure is plainer and more obvious and the good thing about REST is that it contains all the properties of the requested resource and doesn’t care whether the user needs it or not.
A REST is a lot more useful then SOAP because SOAP is only supported by a single format XML where REST can process XML, HTML, and JSON.
GraphQL vs REST:
We now know that REST or SOAP, if you make a request it returns all the properties related with it, even the data that user don’t need. For example, if a user makes a request a list of products and their prices, the user will also get the product description and images, if that data is available. 
The reason that GraphQL was created is to take care of this problem which means when a user makes a data query in GraphQL, you must specify exactly what you want to receive. In the other hand REST, data is defined on the server side which means the server defines what data is to be returned to the user.
One feature that REST doesn’t have but GraphQL has is the ability to request data from different databases by a single query. When a user makes request on REST API it uses HTTP catching mechanism that allows the client to see if their request was successful. GraphQL doesn’t have catching and it needs additional mechanisms on the client side.



GraphQL vs SOAP:
Now if we compare GraphQL to SOAP, we know that both use a single endpoint URLs to fetch or modify a data. What so good about GraphQL is that is a lot more lightweight, and because of its lightweight it reduces the network payload.
These two technologies they have one thing common and that is strong data typing. Which means they both must declare data types clearly and this is good thing because there will be better communication between application. 
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