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This report will be looking at the principles of using the web services SOAP, REST and GraphQL. The principles of each of these will be looked at as well as reviewing the benefits of each of them and comparing those advantages and disadvantages with each of the web services. 
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There are many definitions to what a web service is. It is defined as programme interfaces that available as applications uses the world wide web to communicate by the World Wide Web Consortium. There number of applications communicating over the web are increasing mean there is more need for web services to help these applications communicate. 
Web services would incorporate software application and cloud technology that allows web protocols such as HTTPS or HTTP to work in conjunction, communicate and exchange data through the internet.  Web services should allow applications to communicate and exchange data with other applications despite being written in different languages using the web service between the clients and the server. A request through XML will be sent by the client to use a web service which will then respond with an XML response. 
A web service must have some key functions. For example, a web service will need to be available to use via on intranet networks or the internet. They should have a standardized XML messaging system too as week as being self-describing through the language of XML. They must also be able to be discovered with simple location methods. Web services will have independence from single operating systems and programming languages.
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This webservice is a standardized protocol which is used to send messages with the use of various protocols like SMTP and HTTP. 
SOAP stood for Simple Object Access Protocol but since objects was not used directly, it was changed to SOAP. This protocol is XML-based, and it is used to access the web services over HTTP. It was developed by Microsoft to replace the technology that did not work as hoped like the Distributed Component Object Model or the Common Object Request Broker Architecture. The reason for the fault of DCOM and COBRA is because both rely on binary messaging whereas SOAP works via the internet. This protocol is used to help web services communicate with one another or the client applications that they have been called upon by. 
There is a higher demand for SOAP as there are more websites being developed in various programming languages such as java or php.  The fact that SOAP uses XML and HTTP means it is better to use for new systems as opposed to the legacy systems. Soap also uses WSDL (Web Services Description Language) and UDDI (Universal Description, Discovery and Integration). This provides a definition of what services will be provided by the web service and the availability of the services which enhances SOAPS ability of service. When the client request has a problem, SOAP will provide an appropriate error message with the appropriate information which clients can then use to debug.
There are strict rules SOAP follows since it is an official protocol. It also has advanced security features. An example of one of the security features would be its build in ACID compliance and authorization. This feature is complex, and it will require additional resources and bandwidth and that might result in slower load times for the pages.

Advantages of SOAP.
There are many advantages to using the SOAP web service. One of these advantages is that SOAP can the web services communicate with the client applications.
XML language is a lightweight data interchange language. XML is what SOAP is based on so this means that SOAP is also a lightweight protocol that applications use to exchange data between other applications.
Another advantage of SOAP is that it is platform independent as well as being operating system independent. Any programming language-based applications that are on Linux or Windows can work with SOAP.
SOAP is also very extensible via the use of other protocols and technology as SOAP supports various webservice standards such as WS-security, WS-ReliableMessaging, WS-Coordination and WS-Addressing. 
One major advantage is that the HTTP protocol works with SOAP. HTTP is the default protocol that all web applications use. This means web services that are built on the SOAP protocol do not need to be customized so they can work on the World Wide Web. 
Another advantage of SOAP is that it is a flexible. If utilized correctly, the efficiency of it can increase as well as the architecture and system being more successful.
SOAP has a built-in error handling feature which is a big benefit of using it. The user will receive error information if there are any issues with the request that the user sent. The user will then be able to use the error message to fix the issue that they found. This takes time away from the user finding out why there was an error. 

Disadvantage of SOAP.
One of the disadvantages of SOAP is that it can be a lot slower than other services since it uses an XML format. It also uses a lot more resources compared to REST and GraphQL which will also slow down the load time of the pages. Users will have to look at the performance limitations before they decide to use SOAP to build an application.
SOAP also relies on XML for its performance. SOAP also does not support other message formats such as JSON or HTML. The XML format also makes it slower since the simple string messages do have a large payload.  
Another disadvantage found with SOAP is that it takes of more bandwidth when it is used. This is because SOAP messages have a lot of information inside and it transfers a lot of dater when transferred.
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REST is short for Representational State Transfer.  Standards between computers on the web are supported by REST which uses an architectural style to provide the standards. This improves the communication of the systems. An applications API will be exposed by this web service. And it will be done so in a manner that is secure, stateless and uniform to the client requesting its use. The client can then use the REST services to carry out any the operations they need. 
The client and the server can be implemented and not know about existence of each other which allows the client-side code to be edited without it affecting the operations being executed by the server. The server-side code can also be edited at any time without it affecting the clients.
If a system follows the REST paradigm then it will be stateless. This means that the client or the server does not need to know what state each other are in as long as the side can identify what the messages format should be when the messages are being sent to each other. 
The client and the server communicate by the client sending requests to fetch resources or sending requests to alter resources. The Clients requests would receive a reply from the servers in the form of a response to that request. The requests sent by the client will have to have a HTTP verb so the type of operation that will be performed can be defined. There will also need to be a header so the information on the request can be passed on. The resources path will also be in the request. The 4 HTTP verbs that are used to interact with the REST systems resources are GET, POST, PUT and DELETE. GET is used to collect the resource by its ID or it might get a group of resources. POST would be used so a new resource will be created. PUT is going to be used update resources while DELETE is going to be used to delete resources.
Additional software will have to be installed so SOAP web services can be tested. An example of one of the software used to test SOAP would be Soap UI.
It can be harder to learn SOAP than other web services as users would have to learn about various other things such as WSDL generation or client stubs creation etc.


Advantages
One of the advantages of REST is its scalability. Because the client and the server are separated, and the server end is stateless. This means that anything taken from the requests will not need to be stored and the servers do not need to have as much communication which also makes it more scalable.
Because the development of the client and the server is kept separate. Any code updated by the client can be done without the server being affected by it as well as the server code being updated without the risk of the server being affected if the changes made was done in a way that is backwards compatible.
Another advantage REST is that when using an API via the internet, the user will not have to install any extra software for the application. The data can be accessed from any applications as long as application and API are connected to the same network.
REST is good for when there is a need to cache several requests as it can allow the same resource to be requested by client’s numerous times which will in turn increase the requests that the server will receive. The trips taken to the web server will decrease with caching.
Any data type will be supported by REST web services. For example, XML or JSON will be supported by REST.
Testing REST is quite simple as testing REST can be done via browsers, the CURL command and extensions. An example of one of these extensions would be Chrome Postman.
REST webservices are also easier when it comes to maintaining webservices than SOAP is since the client side would not need to be changed whenever existing resources are added.
An advantage REST could have over web services is that it is easier to learn as it works with simple HTTP methods. The POJO classes could also be easily generated.
REST services do not require as much resources as other web services such as SOAP which can result in it loading faster than SOAP.


Disadvantage
One of rests disadvantages is its lack of security as it uses a lot of public URLS. This web service would not be very suitable for distributed environments.
Another disadvantage that REST might have would be its lack of state. Stateful mechanisms are required by most web applications. 
The service and the client will have to communicate using different methods since there is not any contract between the client and the service. This can be done through different means like sending emails or documentation.
Another disadvantage of REST is that there will not be asynchronous calls as it works in HTTP. HTTP is the only transfer protocol supported by REST. 
REST also might have a disadvantage when it comes to over fetching or under fetching data. When only 3-4 values are needed, about 15-20 can be received which means there will be a large amount of data that is not being used getting transferred which will increase the response time which could result in the client having to wait longer to get the data required.
The data that is received from REST services are not always typed strongly. Particular data isn’t given which means there could be issues while the API is being documented as the data that the client should be expecting will have to be specified when the endpoint is called.
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A query language that is used by APIs is GraphQL. This is also used as a server side run time to execute queries and it does this with the use of a type system that is defined for the data. This web service is backed into existing code and data which means that it storage engines or certain databases won’t be tied to GraphQL.
Types are defined as well as the fields on those types to create a GraphSQL service. Each of the fields will then be given will then be provided with functions. GraphQL can have queries sent so they can be validated and executed when the GraphQL service is running. The query wthill be checked when it is received to make sure that it refers to the types and defined the fields. It will then run the functions that were provided, and a result will be produced. A JSON result could be produced from queries.

Advantages
One of the advantages of GraphQL is it only needs one request to get the necessary data. An endpoint will be revealed and exposed with GraphQL and a relevant query can be passed on by the client and the relevant data would be retrieved.
The schema that dominates GraphQL is strongly typed. The types here could be primitive or it could be derived. Which means the API can be self-documented which allows the client to see what the response will be when a certain query is queued.
Another advantage of this web service is that it is driven by the client as the client can specify the fields that are needed since a declarative syntax is provided by this web service. This reduces the chances of under fetching data or over fetching data which is an issue you might find with REST web services since the client will be stating the requirements of the data to on the schema.
GraphQL is has an advantage when it comes to the transport layer agnostic. Any protocols such as HTTP, TCP, WebSocket’s or HTTPS will be able to be used by the API server so information can be exchanged since GraphQL does not bother as much with how information between the client and the server is exchanged as much as the other web services.
The evolution of the API gives GraphQL another advantage as everything is schema driven in GraphQL which allows it to be extended without the existing fields being affected by the new field. The need for versioning the API is al taken away as fields will be able to be deprecated using the @deprecated annotation that was introduced by GraphQL.


Disadvantages

One of the drawbacks of GraphQL is that browser and mobile caching are not supported as it would be with REST services. This means that there will have to be an increase in the development efforts so the caching can be achieved.
The monitoring and error reporting can be quite difficult to handle with GraphQL as a 200 OK response is always what the services of GraphQL would return after an error whereas REST services might use the HTTP status codes for various errors that can be experienced which will help the developer find monitoring the API easier.  An example of a GraphQL error message would be:
{
    errors: [
        { 
            message: ‘there was an error'
        }
    ]
}

Exposed schema and resource attacks are also a disadvantage of GraphQL. The services of GraphQL would order client to know of the data scheme so it can query. The internal data structure would be exposed to a third party if It is exposed to an API.  There is a risk of DOS attacks on the server so a lot of attention would be given to make sure there are not any expensive join queries that are created by the server.
Security is also a liability with GraphQL when it comes to Authentication and Authorization. The community of GraphQL does not have the best idea on how to manage the security aspect of GraphQL servers. The integration of the authentication and authorization of GraphQL still does not have a native solution. 
GraphQL is a lot younger than other web services such as SOAP or REST. This would result in more issues and changes will need to be made.
Another disadvantage of GraphQL is that it has a dynamic resolving nature which does mean it might be difficult to get a query so it can be further optimized. There could be N + 1 query issues due to the field resolvers as well as expensive join operations.
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These three web services all have their own uses and reasons to use one over another. Which ever webservice is being used would depend on the needs of the client. For example, if security is what is wanted then it might be best to use SOAP as it does seem to have the best security of the three. However, REST does seem to be the most flexible as it does support the most formats.



Appendix

[1] 	A. Hughes, “What Are Web Services? Easy-to-Learn Concepts with Examples,” Cleo, [Online]. Available: https://www.cleo.com/blog/knowledge-base-web-services. [Accessed 23 December 2020].
[2] 	A. Monus, “SOAP vs REST vs JSON - a 2020 comparison,” Raygun, 13 February 2020. [Online]. Available: https://raygun.com/blog/soap-vs-rest-vs-json/. [Accessed 23 December 2020].
[3] 	GraphQL, “Introduction to GraphQL,” GraphQL, [Online]. Available: https://graphql.org/learn/. [Accessed 2020 December 22].
[4] 	Adarsh, “GraphQL or REST? What should I use?Adarsh,” Dev, 11 January 2018. [Online]. Available: https://dev.to/sadarshannaiynar/graphql-or-rest-what-should-i-use-38mj. [Accessed 22 December 2020].
[5] 	Pankaj, “Web Services Interview Questions – SOAP, RESTful,” JournalDev, [Online]. Available: https://www.journaldev.com/9193/web-services-interview-questions-soap-restful#rest-advantages. [Accessed 20 December 2020].
[6] 	RapidAPI, “ API vs Web Service: What’s the Difference?,” RapidAPI, 29 July 2020. [Online]. Available: https://rapidapi.com/blog/api-vs-web-service/. [Accessed 19 December 2020].
[7] 	Guru9, “RESTful Web Services Tutorial with REST API Example,” Guru99, [Online]. Available: https://www.guru99.com/restful-web-services.html. [Accessed 1 December 2020].
[8] 	Codecadamy, “What is REST?,” Codecadamy, [Online]. Available: https://www.codecademy.com/articles/what-is-rest. [Accessed 19 December 2020].
[9] 	R. T. Dr. K S Wagh, “A Comparative study of SOAP vs REST web services provisioning techniques for mobile host,” Journal of Information Engineering and Applications , vol. 2, no. 5, pp. 12-16, 2012. 
[10] 	Techtutorialz, “ADVANTAGES AND DISADVANTAGES OF SOAP,” Techtutorialz, 21 October 2018. [Online]. Available: https://techtutorialz.com/advantages-and-disadvantages-of-soap/. [Accessed 19 December 2020].
[11] 	A. M. Z. Abdul Wahab Mohamed, “Web services SOAP optimization techniques,” in IEEE International Conference on Engineering Technologies and Applied Sciences (ICETAS), Salmabad, 2017. 
[12] 	Guru99, “SOAP Vs. REST: Difference between Web API Services,” Guru99, [Online]. Available: https://www.guru99.com/comparison-between-web-services.html. [Accessed 19 December 2020].



Index.html
<!DOCTYPE html>
<html lang="en" dir="ltr">
  <head>
    <meta charset="utf-8">
    <title>whJones</title>
  </head>
  <body>
    <div class="container">
      <div id="title" class="center">
        <h1 id="header" class="text-center mt-5">whJones</h1>
        <div class="row">
          <div id="input" class="input-group mx-auto col-lg-6 col-md-8 col-sm-12">
            <input id="search-box" type="text" class="form-control" placeholder="Search Books!...">
            <button id="search" class="btn btn-primary" onclick="">Search</button>
        </div>
        </div>
      </div>
      <div class="book-list" ></div>
      <br> 
        <h2 class="text-center">Results</h2>
        <div id="list-output" class="">
          <div class="row">
          </div>
        </div>
      </div>
    </div>
    <br>
    <link rel="stylesheet" href="bootstrap.css">
    <link rel="stylesheet" href="templatemo-style.css">
    <script src="https://code.jquery.com/jquery-3.1.0.js"></script>
    <script src="book.js"></script>
  </body>
</html> 

book.js
$(document).ready(function() {
    var item, tile, author, publisher, bookLink, bookImg;
    var outputList = document.getElementById("list-output");
    var bookUrl = "https://www.googleapis.com/books/v1/volumes?q=";
    var apiKey = "key=AIzaSyDtXC7kb6a7xKJdm_Le6_BYoY5biz6s8Lw";
    var noimage = '<img src="https://thumbs.dreamstime.com/b/no-image-available-icon-vector-illustration-flat-design-140476186.jpg">';
    var dataSearch;
    $("#search").click(function() {
      outputList.innerHTML = ""; 
      document.body.style.backgroundImage = "url('')";
      dataSearch = $("#search-box").val();  
       if(dataSearch === "" || dataSearch === null) {
         displayError();
       }
      else {
         $.ajax({
            url: bookUrl + dataSearch,
            dataType: "json",
            success: function(response) {
              console.log(response)
              if (response.totalItems === 0) {
                alert("nothing here. hmm.... try again")
              }
              else {
                $("#title").animate({'margin-top': '10px'}, 1000); 
                $(".book-list").css("visibility", "visible");
                displayResults(response);
              }
            },
            error: function () {
              alert("this isn't right..... "<br>+"Try again!");
            }
          });
        }
        $("#search-box").val("");
     });
     function displayResults(response) {
        for (var i = 0; i < response.items.length; i+=2) {
          item = response.items[i];
          title1 = item.volumeInfo.title;
          author1 = item.volumeInfo.authors;
          publisher1 = item.volumeInfo.publisher;
          bookLink1 = item.volumeInfo.previewLink;
          bookIsbn = item.volumeInfo.industryIdentifiers[1].identifier
          bookImg1 = (item.volumeInfo.imageLinks) ? item.volumeInfo.imageLinks.thumbnail : noimage ;
          item2 = response.items[i+1];
          title2 = item2.volumeInfo.title;
          author2 = item2.volumeInfo.authors;
          publisher2 = item2.volumeInfo.publisher;
          bookLink2 = item2.volumeInfo.previewLink;
          bookIsbn2 = item2.volumeInfo.industryIdentifiers[1].identifier
          bookImg2 = (item2.volumeInfo.imageLinks) ? item2.volumeInfo.imageLinks.thumbnail : noimage ;
          outputList.innerHTML += '<div class="row mt-4">' +
                                  formatOutput(bookImg1, title1, author1, publisher1,  bookIsbn) +
                                  formatOutput(bookImg2, title2, author2, publisher2,  bookIsbn2) +
                                  '</div>';
  
          console.log(outputList);
        }
     }
     function formatOutput(bookImg, title, author, publisher, bookIsbn) {
       var viewUrl = 'book.html?isbn='+bookIsbn;
       var htmlCard = `<div class="col-lg-6">
         <div class="card" style="">
           <div class="row no-gutters">
             <div class="col-md-4">
               <img src="${bookImg}" class="card-img" alt="...">
             </div>
             <div class="col-md-8">
               <div class="card-body">
                 <h5 class="card-title">${title}</h5>
                 <p class="card-text">Author: ${author}</p>
                 <p class="card-text">Publisher: ${publisher}</p>
                 <br>
               </div>
             </div>
           </div>
         </div>
       </div>`
       return htmlCard;
     }
     function displayError() {
       alert("you must enter a search term")
     }
  });
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