



Table of Contents
1	Table of Contents	1
2	Table of figures	2
3	Introduction	3
4	Simple Object Access Protocol (SOAP)	4
4.1	Benefits & Drawbacks	5
5	Representational state transfer (REST)	6
5.1	Benefits and Drawbacks	7
6	GraphQL Web Services	8
6.1	Benefits and Drawbacks	9
7	Compare & Contrast	10
8	Conclusion	11
9	References	12




[bookmark: _Toc59538271]Table of figures
Figure 1 SOAP message structure example	4
Figure 2 Standardised GET, POST, DELETE, PUT protocols	6
Figure 3 GraphQL Example of request and its response	8
Figure 4 Example of REST round-trips	10




[bookmark: _Toc59538272]
Introduction
The report includes a dynamic webpage that uses AJAX, the website exchanges data from webservices using REST to GET, POST and DELETE data from a database. The website was designed with responsiveness in mind as it implements bootstrap to allow compatibility between devices. 
The written section of this report provides information on SOAP, REST and GraphQL and how each work within the context of web services. The information provided within this report includes the individual benefits of SOAP, REST and GraphQL, their drawbacks and how these drawbacks can impact their use when being used. 
The final section of the report highlights the individual benefits of SOAP, REST and GraphQL and finally compares each of them against one another to conclude if any are a better choice and when and why one may be favoured over another.




[bookmark: _Toc59538273]Simple Object Access Protocol (SOAP)
Within the “web services protocol stack” SOAP is an application communication protocol that was designed to be platform independent. It is a lightweight protocol that uses Extensible Mark-up Language (XML) and works over the ‘Hyper Text Transfer Protocol’ (HTTP). It was designed to work with any application using different operating systems such as Linux or Windows [1][2][3].
Its purpose is to allow web-services to communicate with client applications and other web-services, without the need to create complex code to exchange data between applications that are designed in different programming languages. SOAP messages are inherently simple by nature, they are made of an XML element containing a header element and a body element as seen within figure 1 [4][5][6]. 
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[7][bookmark: _Toc60498399]Figure 1 SOAP message structure example




[bookmark: _Toc59538274]Benefits & Drawbacks
The benefits of SOAP are the facts that it is both language and platform independent, this means that web-services can be written in PHP, .Net or Java and can still communicate with any platform [8].
SOAP has its own defined security known as WS Security, it dictates the security measures of SOAP, protecting it from external attacks through authentication, confidentiality, and integrity. It also has built in error handling that returns messages and explanations of the failure that has occurred. 
A drawback of SOAP is that it is slow and uses more resources and bandwidth, as it uses the XML format which has standards that must be deconstructed and followed. SOAP is ‘Web Service Definition Language’ (WSDL) dependent. WSDL is an interface description language that defines the functionality of the web service and provides information on how to connect to it, this makes it less flexible than REST and GraphQL to changes [9][10]. Due to SOAPs simplicity and human readability; it makes it less secure requiring more encryption if the data being transmitted is of a sensitive nature. 





[bookmark: _Toc59538275]Representational state transfer (REST)
An architecture style known as REST commonly uses HTTP, a stateless client server protocol, to design networked applications. REST is interoperable and can be used by different programming languages as it is platform independent [11][12][13].
REST unlike SOAP is not reliant on XML, it uses the uniform resource locator (URL) to decide how it will respond to requests that are made by a client. REST is lightweight and allows for scalability of web services as it retrieves its resources through servers using the defined and standardised protocols GET, POST, DELETE and PUT as seen within figure 2 This ensures that different clients that preform similar actions arrive at the same endpoint [14][15][16][17].
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							[14][bookmark: _Toc60498400]Figure 2 Standardised GET, POST, DELETE, PUT protocols




[bookmark: _Toc59538276]Benefits and Drawbacks 
REST is simple, standardised and used within industry. There are regular updates and features for the REST API (Application Programming Interface), it is also scalable allowing businesses to alter and update their web service to include more functionality if they wish to do so. REST also supports caching, which is information that has previously been requested from a server being stored onto a device. This improves the performance of a web server as repeated requests are not continually being sent from the client directly to the server, but from the client to their own cached data, overall lowering the traffic across the network [18][19][20][21].     
A drawback of REST is that it can be performance heavy and can take up a lot of computational time. This is due to the nature of a GET, returns all related data to the request whether it is relevant or not, this can impact a user who has a limited data plan on a mobile platform. REST also has multiple endpoints so if various resources are accessed at the same time it must perform multiple round-trips to retrieve all of the data, this can make working with the code of the REST API confusing and unwieldy to maintain [22][23].




[bookmark: _Toc59538277]GraphQL Web Services
Query languages (QL) are a programming language that works with a database, it does this by requesting data and retrieving data using queries. GraphQL is a query language that works with APIs as seen within figure 3 [24]. 









			[25][bookmark: _Toc60498401]Figure 3 GraphQL Example of request and its response 


GraphQL was created as REST was considered inflexible, and developers found it difficult to create an API that could ideally handle mobile-phones, due to their different front end application frame works. REST was not an ideal solution due to its inability to request specific data [26][27][28]. 
The main aspects of GraphQL are its schemas and resolve functions. The schema dictates the queries that clients can use and the type of data that can be requested. The resolve specifies the backend connections of the schema. It is these schemas that allow front-end teams to work independently of the back-end teams allowing development to continue freely [24].
[bookmark: _Toc59538278]

Benefits and Drawbacks 
A benefit of GraphQL is that it does not retrieve unnecessary data, but instead it allows clients to request the exact data that they want. This makes GraphQL predictable, efficient, and precise in the way requests are made and carried out, making it easier to develop an API as front-end developers can freely make changes when necessary [29].   
The queries of GraphQL can retrieve all the relevant data that a client requests through a single request, this means that GraphQL  carries out a single round trip to get the data that is requested, making it faster and able to function on slow network connections [30][27][31].
Another benefit of GraphQL are the detailed error messages that are provided before a query is executed enabling developers to quickly identify issues and resolve them.
 A drawback of GraphqQL is that it is harder to implement caching than in REST, GraphQL requires additional libraries to correctly implement a caching system. GraphQLs are also susceptible to Denial of service (DOS) attacks, developers must use a few techniques to protect their servers from attacks. These include limiting the complexity of queries and tracking the queries that are made by clients [32].




[bookmark: _Toc59538279]Compare & Contrast
When choosing SOAP, REST or GraphQL it is important to consider the requirements of the APIs and what the developer wishes to achieve from the system. If for example the API has a lot of domain objects and a lot of requests need to be made to retrieve those objects as they are connected in some way, the GraphQL would be best suited, due to its ability to retrieve different data from one request. By using GraphQL it is preventing under-fetching and over-fetching of data that REST can be susceptible to doing [19][33][34].
When the client requests data through REST API or SOAP it retrieves all data relating to a request. Another issue with SOAP is that it requires developers to use an XML file to carryout requests by clients, and XML files are notoriously large and requires more bandwidth. Due to the GraphQL’s ability to allow clients to be specific in the data that they want to retrieve from the database, it does not retrieve redundant data, making it faster and more efficient [35][36]. 
When requesting data with REST if the client wanted many resources, a new request would need to be made for each of the resources required as seen within figure 4 SOAP not only works similarly to REST in this instance, but it also requires a developer with a specialised knowledge on its protocols, this makes REST easier to work with. This has been improved by GraphQL due to the nature of it using a dynamic query, the client only needs to create one request for multiple resources to be retrieved [37][38][39]. 
[image: ][bookmark: _Toc60498402]Figure 4 Example of REST round-trips

[40]

A developer may choose REST over GraphQL as it is easier to acquire API analytics that are used by different teams working on the system, they include analytics such as performance and uptimes to customer and product metrics. All this information can provide indications on improvements that can be made to certain aspects of the system [41][42][43].   
Due to SOAP’s reliance on XML, REST is lightweight in comparison. REST can use XML, it can also use HTML, plain text and JSON. Another benefit of REST is that it is an architectural style, therefore it has the capability within web-services to implement SOAP as an underlying protocol. But Due to SOAP being a protocol it is unable to use REST in any meaningful way.
Another option that the developer can choose is to combine GraphQL and REST within a single project as they are capable of functioning alongside one another. This may not be an option if the developer is uncertain on how to implement GraphQL as it has a steep learning curve in comparison to REST [38][44].
To conclude there is no definitive choice on what tool is the best as they all have their own drawbacks and benefits it is up to the developer to consider and determine the way in which they want they system to work, based on the devices that will be used to access their servers [45][46]. 

[bookmark: _Toc59538280]Conclusion
In addition to the report is a solution that successfully includes the creation of a web application that uses the REST API. 
The report discussed and described in detail SOAP, REST and GraphQL APIs, their benefits and drawbacks and finally concluding with an in-depth analysis of all three while expressing their strengths and weaknesses in comparison with one another. 
Although SOAP is the oldest out of the three, API and GrqphQL is the most recent REST was discovered to be the most popular, even though GraphQL seems to be the superior of the three options, it remains that each alternative are advantages for a given need.
The conclusion of the report is that it is not as simple as choosing the most recent developments when designing an API as developers must identify what they wish their web application to achieve, before they can successfully identify if they will use REST or GraphQL, or both within the same project.
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Appendix 
Index.html
<!DOCTYPE html>
<html>
<head>
    <meta charset="utf-8" />
    <title>Web Services Assignemt - Sarann Strange</title>
   
    <link rel="stylesheet" href="https://stackpath.bootstrapcdn.com/bootstrap/4.5.2/css/bootstrap.min.css" integrity="sha384-JcKb8q3iqJ61gNV9KGb8thSsNjpSL0n8PARn9HuZOnIxN0hoP+VmmDGMN5t9UJ0Z" crossorigin="anonymous">


    <!-- Style.css -->
    <link href="../css/StyleSheet.css" rel="stylesheet" />


  

</head>
<body data-spy="scroll" data-target="#navbarResponsive">


    <!-- Start Home Section -->
    <div id="home">

        <!-- Navigation-->
        <nav class="navbar navbar-expand-md fixed-top navbar-dark bg-dark ">
            <a  class="navbar-brand" href="#">Sarann Strange Web Assignment</a>
            <button class="navbar-toggler" type="button" data-toggle="collapse" data-target="#navbarResponsive">
                <span class="custom-toggler-icon"><i class="fas fa-hamburger"></i></span>
            </button>
            <div class="collapse navbar-collapse" id="navbarResponsive">
                <ul class="navbar-nav ml-auto">
                    <li class="nav-item">
                        <a href="#home" class="nav-link">HOME</a>
                    </li>
                    <li class="nav-item">
                        <a href="#POST" class="nav-link">POST</a>
                    </li>
                    <li class="nav-item">
                        <a href="#DELETE" class="nav-link">DELETE</a>
                    </li>
                    <li class="nav-item">
                        <a href="#GETBYID" class="nav-link">GET BY ID</a>
                    </li>
                    <li class="nav-item">
                        <a href="#GETALL" class="nav-link">GET ALL</a>
                    </li>
                </ul>
            </div>

        </nav>
    </div>

    <!-- POST -->
    <div class="jumbotron text-center pt-20 mb-0">
        <div id="POST" class="container fixing-Gap">
            <form id="postdata-form">

                <h2 class="font-weight-bold text-uppercase">Add new post</h2>
                <div class="underline mx-auto my-4"></div>


                <label for="title-text">Title:</label>
                <input id="title-text" type="text" /><br />
                <label for="body-text">Body:</label>
                <input id="body-text" type="text" /><br />
                <label for="user-id-text">UserId:</label>
                <input id="user-id-text" type="text" /><br />
                <input id="post-button" type="button" value="Add Post" />
                <div id="postresults">Waiting...</div>
            </form>
        </div>
    </div>

    <!-- DELETE -->
    <div class="jumbotron text-center pt-20 mb-0">
        <div id="DELETE" class="container fixing-Gap">
            <form id="getdatabyid-form">
                <h2 class="font-weight-bold text-uppercase">Delete existing post</h2>
                <label for="id-text">Post Id:</label>
                <input id="id-text" type="text" /><br />
                <input id="delete-button" type="button" value="Delete Post" />
                <div id="deleteresults">Waiting...</div>
            </form>
        </div>
    </div>

    <!-- GET BY ID -->
    <div class="jumbotron text-center pt-20 mb-0">
        <div id="GETBYID" class="container fixing-Gap">
            <form id="readdata-form">
                <h2 class="font-weight-bold text-uppercase">Get a post By ID</h2>
                <label for="getid-text">Post Id:</label>
                <input id="getid-text" type="text" /><br />
                <input id="getbyid-button" type="button" value="Get Post" />
                <div id="getbyidresults">Waiting...</div>
            </form>
        </div>
    </div>


    <!-- GET ALL -->
    <div class="jumbotron text-center pt-20 mb-0">
        <div id="GETALL" class="container fixing-Gap">
            <form id="getdata-form">
                <h2 class="font-weight-bold text-uppercase">Get All post</h2>
                <input id="get-button" type="button" value="Get Posts" />
                <input id="get-p-button" type="button" value="Get Posts Using Promise" />
                <div id="loadtext">Waiting...</div>
            </form>
        </div>
    </div>


    <!-- Script Source Files -->
    <!-- jQuery https://code.jquery.com/ -->
    <script src="https://code.jquery.com/jquery-3.5.1.min.js" integrity="sha256-9/aliU8dGd2tb6OSsuzixeV4y/faTqgFtohetphbbj0=" crossorigin="anonymous"></script>

    <!-- AJAX -->
    <script src="https://ajax.googleapis.com/ajax/libs/jquery/3.5.1/jquery.min.js"></script>

    <!-- Bootstrap JS https://getbootstrap.com/docs/4.5/getting-started/introduction/ -->
    <script src="https://cdn.jsdelivr.net/npm/popper.js@1.16.1/dist/umd/popper.min.js" integrity="sha384-9/reFTGAW83EW2RDu2S0VKaIzap3H66lZH81PoYlFhbGU+6BZp6G7niu735Sk7lN" crossorigin="anonymous"></script>

    <script src="https://stackpath.bootstrapcdn.com/bootstrap/4.5.2/js/bootstrap.min.js" integrity="sha384-B4gt1jrGC7Jh4AgTPSdUtOBvfO8shuf57BaghqFfPlYxofvL8/KUEfYiJOMMV+rV" crossorigin="anonymous"></script>


    <!-- Font Awesome https://fontawesome.com/  https://use.fontawesome.com/releases/v5.14.0/js/all.js -->
    <script src="https://kit.fontawesome.com/87fcbf4a60.js" crossorigin="anonymous"></script>

    <!-- Plugins.js -->
    <script src="../js/plugins.js"></script>

    <!-- JavaScript.js-->
    <script src="../js/JavaScript.js"></script>


</body>
</html>


Plugins.js

//colapsed hamburger when click anywhere out side of menu
$(document).ready(function () { 
  $(document).click(function (event) { 
      var clickover = $(event.target);
      var _opened = $(".navbar-collapse").hasClass("show"); 
      if (_opened === true && !clickover.hasClass("navbar-toggler")) { 
          $(".navbar-toggler").click(); 
      }
  });
});



//this is the animated scroll when click on nav link
$(document).ready(function(){ 
  
  $("a").on('click', function(event) {
   
    if (this.hash !== "") { 
    
      event.preventDefault();
  
      var hash = this.hash;
    
      $('html, body').animate({ 
        scrollTop: $(hash).offset().top 
      }, 700, function(){
      });
    } 
  });
});





JavaScript.js

$(function () {
	$.ajaxSetup({ cache: false });

	$("#get-button").click(function (e) {
		GetPosts();
		e.preventDefault();
		return false;
	});

	$("#get-p-button").click(function (e) {
		GetPostsUsingPromise();
		e.preventDefault();
		return false;
	});

	$("#post-button").click(function (e) {
		SendPost();
		e.preventDefault();
		return false;
	});

	$("#delete-button").click(function (e) {
		DeletePost();
		e.preventDefault();
		return false;
	});

	$("#getbyid-button").click(function (e) {
		GetPost();
		e.preventDefault();
		return false;
	});
});

function GetPosts() {
	$.ajax({
		cache: false,
		type: "GET",
		url: "https://jsonplaceholder.typicode.com/posts",
		data: '',
		contentType: "application/json; charset=utf-8",     
		dataType: "json",
		success: (json, status, req) => {
			var html = "";
			console.log(json);
			for (i in json) {
				html += "Title:" + json[i].title + "<br/>"
					+ "Body:" + json[i].body + "<br/>";
			}

			$("#loadtext").html(html);
		},
		error: (req, status, error) => window.alert("AJAX error")
	});
}



function GetPostsUsingPromise() {
	
	$.ajax({
		cache: false,
		type: "GET",
		url: "https://jsonplaceholder.typicode.com/posts",
		data: '',
		contentType: "application/json; charset=utf-8",    
		dataType: "json"
	}).done((json, status, req) => {
		var html = "";
		console.log(json);
		for (i in json) {
			html += "Title:" + json[i].title + "<br/>"
				+ "Body:" + json[i].body + "<br/>";
		}
		$("#loadtext").html(html);
	}).fail((req, status, error) => {
		window.alert("AJAX error");
	});
}

function SendPost() {
	var data = {
		title: $("#title-text").val(),
		body: $("#body-text").val(),
		userId: parseInt($("#user-id-text").val())
	};


	$.ajax({
		cache: false,
		type: "POST",
		url: "https://jsonplaceholder.typicode.com/posts",
		data: JSON.stringify(data),
		contentType: "application/json; charset=utf-8",     
		dataType: "json",
		success: (json, status, req) => {
			var html = "";
			console.log(json);

			html += "Id:" + json.id + "<br/>"
				+ "Title:" + json.title + "<br/>"
				+ "Body:" + json.body + "<br/>"
				+ "UserId:" + json.userId + "<br/>";

			$("#postresults").html(html);
		},
		error: (req, status, error) => window.alert("AJAX error")
	});
}



function DeletePost() {
	var postId = parseInt($("#id-text").val());

	$.ajax({
		cache: false,
		type: "DELETE",
		url: `https://jsonplaceholder.typicode.com/posts/${postId}`,
		data: '',
		contentType: "application/json; charset=utf-8",     
		dataType: "json",
		success: (json, status, req) => $("#deleteresults").html("<p>Success</p>"),
		error: (req, status, error) => window.alert("AJAX error")
	});
}

function GetPost() {
	var postId = parseInt($("#getid-text").val());

	$.ajax({
		cache: false,
		type: "GET",
		url: `https://jsonplaceholder.typicode.com/posts/${postId}`,
		data: '',
		contentType: "application/json; charset=utf-8",     
		dataType: "json",
		success: (json, status, req) => {
			var html = "";

			html += "Id:" + json.id + "<br/>"
				+ "Title:" + json.title + "<br/>"
				+ "Body:" + json.body + "<br/>"
				+ "UserId:" + json.userId + "<br/>";

			$("#getbyidresults").html(html);
		},
		error: (req, status, error) => window.alert("AJAX error")
	});
}





StyleSheet.css
body {
    font-family:  sans-serif;
    color: #484f59;
}

.navbar{
    font-size: .8rem;
    letter-spacing: .2rem;
}

.navbar-nav li{
    padding-right: .9rem;
}


/* making it so it will jump between the headers properly*/
.fixing-Gap:before {
    content: "";
    height: 63px;
    margin-top: -63px;
    display: block;
}

Server.js
'use strict';
const express = require('express'); //including express library
const service = express();
const path = require('path');//including path library
const router = express.Router();
const port = process.env.PORT || 8000;


service.use(express.static(path.join(__dirname + '/public'))); //alowing server to use the public folder
router.get('/', (req, res) => {
    res.sendFile(path.join(__dirname+'/public/views/index.html'));
});

service.use('/', router);
service.listen(port, () => { console.log(`listening on port ${port}`); });
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