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[bookmark: _Toc59648973]Introduction
In this report, the topic of online web services will be discussed and outlined. It is the aim of this task to display accurate information on web services, as well as dive deeper into the different types of web services available. These would-be SOAP, REST and GraphQL. By the end of the report, it is expected that the benefits and drawbacks of each service will be known and apparent to the reader and author. Once these traits are established, what is deemed the most effective service will be distinguished inside of a conclusive paragraph.
[bookmark: _Toc59648974]Web Services
Web Services are basically any form of cloud technology, software or application that uses and accessed the standard web protocols found when accessing or using the internet. They are often used to communicate data exchanges between websites on the internet. In other words, they are kind of like a post office for data to send from one application to another. Some of the processes they may perform are programs and objects. They allow programs and applications written and coded in different languages to communicate whilst exchanging data between the programs. This is done by using different web services or via using a server. It works as simply as sending a request to a web service, then receiving a response to that request given. Web Services often complies with various applications that use HTML, SOAP, WSDL etc. They are extremely helpful to anyone in the IT/Web industry as they help establish connections without over complicating development. [1] [2] [3]
[Figure 1] [1]
[image: Web Service]
[bookmark: _Toc59648975]APIs 
API stands for Application Programming Interface. Web services and APIs often get confused and muddled up with the similarities they have, however, they are fairly different. Like web services, APIs allow multiple programs or applications to communicate with each other. An API is a set of functions, protocols, and instruments for building software application. Essentially an API defines how software elements should interact. They can be used with various languages. The better an API is, the easier it is to create a program using the data an API provides. They are used in common day more than you might think as every time you access social media sites such as Facebook, or even check the weather, you are using an API. [5] [6] [7]

[bookmark: _Toc59648976]Differences between Web Services & APIs
As you can probably imagine, when there are two things that are so similar that they often get confused, there are subtle differences, and benefits to each one. A very important fact to remember is that any Web Service you find and have access to can be an API, however this does not reverse as not every API can be a Web Service. Web Services can only be hosted within an Internet Information Services (IIS), however APIs can be hosted in both an IIS and an application. To be able to use a Web Service, they need what is called a SOAP protocol to be able to exchange data over networks. What this means is that Web Services do not have what is considered a light-weight architecture, where APIs do. Where Web Services support the XML language, APIs are able to format their data into any required format. [8] [4] [5]
[bookmark: _Toc59648977]SOAP
[bookmark: _Toc59648978]Background
SOAP is a form of web service and stands for Simple Object Access Protocol. SOAP is a standard protocol that makes use of XML to design and develop other Web Services. As SOAP uses the XML language it means that its language and platform independent, which means that a server can use one language and a client could use a different language for instance, and they would still be able to communicate with each other. SOAP was developed in the late 2000’s for Microsoft but has been managed by the W3C group for the last 20 years. Its design purpose was to make sure difference programs using different languages could securely exchange data. SOAP documents are required to have an <Envelope> element as it is the first element inside an XML document. SOAP operates with the two most simple functions, which are POST and GET, and these functions are used to get data from a server, while POST adds to the server or modifies. [9] [4]
[bookmark: _Toc59648979]Advantages
· Communication: When a developer creates is in the midst of creating a Web Services, a language that can be used to communicate to applications is key to the process. With this in mind, SOAP is a great tool that can be used to achieve this. 
· Standards: SOAP works with the default protocol used by all web application, the Hyper Text Transfer Protocol (HTTP). This is great because it means no editing or customization is needed to run Web Services built with the use of SOAP.
· Light-weight: SOAP is indeed a light-weight protocol. Make sure to take note of the word ‘light’. This is because SOAP uses the XML language, which with it being light itself helps SOAP fall into the same category. The reason being a light-weight protocol is good, is because it means the written code runs faster than a regular protocol. They are also smaller in size and leave out less important data.
· Less Coding for Complexity: Web Services that require complex operations, context, and content to be maintained, using SOAP is beneficial to use as it requires less coding in the sections for security, transactions, and other elements.
· Independent: SOAP was specifically created to be platform and operating system independent. This means that SOAP can work with all programming language apps.
[bookmark: _Toc59648980]Disadvantages
· Limited: Since SOAP only uses the XML language, it means other lightweight formats such as JSON cannot be used, limiting the developer considerably.
· Slow: SOAP also holds itself back by using the XML language for another reason. Due to the fact that XML is too big for a simple string message, it causes the Web Services to be slow.
· Size: SOAP is quite large compared to other Web Services, which increases load times and takes more bandwidth to load.
· Difficulty: When it comes to learning about a Web Service to use, SOAP is generally considered one of the more difficult to learn and have a larger learning curve compared to the likes of REST.
· Cost: Put simply, SOAP can cost more to use that other rival due to some of the tools and software needed to be able to use it.
[bookmark: _Toc59648981]REST
[bookmark: _Toc59648982]Background
REST is another form of Web Service like SOAP and stands for Representational State Transfer. REST is another service that can used and manipulated to create and develop applications that can be accessed over networks. REST unlike SOAP is stateless client-server architecture. This is because where SOAP makes requests to the client and/or server, REST only uses a simple URL. Sometimes, more information maybe required, but most Web Services using rest will work just by providing a URL. Although SOAP was a standard for most Web Services for a while, in in recent years REST has well and truly taken over with now more than 70% of public APIs using REST according to a report done with Stormpath [10]. REST also has access to four different forms of HTTP request, being GET, POST, PUT and DELETE. REST is able to get responses to its requests in any form needed as the point of REST is to be able to parse in any information you retrieve. 
 [11] [10] [12] 
[bookmark: _Toc59648983]Advantages
· Difficulty: Compared to SOAP, RESTs learning curve is much simpler, and many people prefer it to SOAP for this reason. Being able to get into the nitty and gritty with basic understanding is a key factor to being able to create a service faster.
· Light-weight: REST is also a light-weight protocol like SOAP. As previously discussed, this is good because it means written code loads faster and includes more important information.
· Speed: REST in itself used rather less bandwidth that SOAP and is overall faster.
· Integration: REST is easier to integrate with websites, meaning that no major changes to a websites structure is needed to be able to use REST.
· Coupling: When partnered with a language like JSON, REST is overall and generally considered easier to work with due to the fact JSON works better with data and offers quicker parsing.
· Efficiency: Due to the fact that REST does not specifically stick to XML like SOAP, it means REST can use smaller message formats.
· Requests: REST has access to more forms of requests, being GET, PUT, DELETE and POST. This means that REST can be used to manipulate and change the data retrieved more effectively.
[bookmark: _Toc59648984]Disadvantages
· Service & Client communication: As there is no contract between the client and service, communication has to be done through other methods such as emails or documentation.
· Firewalls: As REST does not use a standard HTTP protocol, it can often be harder to operate across firewalls without making modifications to the REST protocol.
· Complexity: Despite being a light-weight architecture, REST is not as suited to handle complex environments compared to SOAP, which handles complex environments very well.
· Data Restrictions: Although REST has access to more requests than SOAP, some of them are not as well equipped. For example, a REST GET request is not suitable for large amounts of data.
· Security: Unlike SOAP, REST does not enforce security. This is why REST is great for public URLs, however, would be advised against for anything more confidential between a server and client.
· Stateless: A lot of web applications use what is called a stateful mechanism, however, REST is stateless. This means it falls on the client to send the data to the server so that the data can be saved, so it can then process the clients’ request. This makes the client application difficult to maintain. 
[bookmark: _Toc59648985]GraphQL
[bookmark: _Toc59648986]Background
GraphQL is what is referred to as a query language, it is what the QL means in the name. GraphQLs main function is to create and build APIs as well as query them. When using GraphQL, it is used to send data to a client from a server. GraphQL allows a user/client to specify what data is needed, meaning if you are searching through an API for Star Wars characters, you could query the word ‘Jedi’ and ‘first name’ for example and it would return something along the lines of ‘Class: Jedi’, ‘First Name: Luke’. It is able to perform these requests in a single call, compared to a REST service which would have to do multiple calls to provide the same data. GraphQL is specifically server-side and is designed to be developer friendly and quick. GraphQL also gives maintainers of APIs the ability to deprecate/add fields without effecting queries that already exist. [13] [14] [15]
[bookmark: _Toc59648987]Advantages 
· Single Calls: Unlike other Web Services, GraphQL is able to perform a clients’ request and fetch the data they requested in one single call without over fetching data, where other Web Services would require multiple calls to retrieve the same data. [16] [15]
· Evolution: GraphQL is able to allow the APIs it uses to update and change. This is great because it means an API can go through many different iterations without existing queries being affected. [14]
· Co-operation: As GraphQL does not use a specific application structure, it is able to work alongside a REST API. It can be implemented on top of the existing REST API and work with the tools at hand.
· Data Shape: When making GraphQL queries, you will notice or at least begin to notice that the responses retrieved from a query, actually mirror the query made. This allows a client to easily predict what kind of shape the data retrieved is going to be returned from the query.
· Ease of use: GraphQL has an easy learning curve and is overall easy to use. 
· Relationships: GraphQL is hierarchical by nature. This allows GraphQL to follow the relationships created between objects, where perhaps a RESTful service required multiple trips and calls. [15] [16]
[bookmark: _Toc59648988]Disadvantages
· Data shift: As GraphQL puts a lot of the of the work of the query on the server-side, it makes it harder for server developers. GraphQL is not a replacement for server-side databases. The server gives a query database access when a request is made, so it provides issues when multiple fields are nested within each other. [16]
· Rate Limiting: When using or creating a RESTful service it is common to come across a ‘call limit’ which specifies how many times an API can be used to make a request in a certain time frame, however with GraphQL this is difficult to implement.
· Overkill: GraphQL is great for multiple services and more complex applications, however if building more of a simple application, then it is more advised to use REST.
· No File Uploading: GraphQL simply does not understand files. So as implied, while using GraphQL there is no file upload in its specification. To be able to do so requires more headwork and programming, which can be made redundant just by using REST. [13]
· Complex Caching: With GraphQL, caching is more difficult to implement that simply using REST. Caching is easier with REST because resources are accessed with URLs, where with GraphQL it is more complex as each query can be different even though they operate on the same entity. [16]
[bookmark: _Toc59648989]Conclusion
Through research and usage of own knowledge, in this report we have managed to study various Web Services, and even identified the subtle differences between Web Services and APIs. Using the research gained above, we can come to a conclusion on when it is beneficial to use each Web Service that has been discussed. 
If using the SOAP Web Service, it is best to be used for enterprise level projects and solutions. SOAP should also be used for when an application requires conversational state management and contextual information, and if the application needs a good level of security. [9] [10]
If using REST, it is best to be used for stateless operations, so if a client needs CRUD (Create, Read, Update, Delete), aka RESTs requests of POST, GET, PUT and DELETE, then REST is certainly the way to go. Also, if the client wants the application to be accessible to users who do not have the best internet, REST is also useful because of the limited bandwidth it uses. [10] [11]
For the penultimate point, GraphQL is best used for applications that are going to be designed and built for smaller screen devices. Also, if the client needs data retrieved that is nested (for example, a YouTube video information with nested YouTube comments) then GraphQL is best suited to this thanks to its single calls and specific queries. [15] [16]
Lastly, overall, it is up to the developer to decide what is best for them to use as each do have their own good qualities and pitfalls, and neither really have a standout better feature or function that is going to make is 100% better than the others as for example, you might want to use REST but then require a feature not found in REST, but in SOAP, so it is important to think carefully about what services to use. Each service is unique, so pick the service that is going to suit your project the best.
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Appendix
Index.html
<!DOCTYPE html>
<html lang="en">

<head>
    <meta charset="utf-8" />
    <title>Cloud Based Web Services Assignment 1</title>
</head>

<body>
    <ul>
        <li><a href="index copy.html">Football API</a></li>
        <li><a href="placeholder.html">Placeholder API</a></li>
    </ul>
    <form id="readdata-form">
        <h2>See Fixtures</h2>
        <input id="getallfixtures-button" type="button" value="Get All Fixtures" /></br>
        <label id="specificteam-label">See fixtures for a specific team:</label></br>
        <select id="specificteam-dropdown">
            <option value="Default"></option>
            <option value="Arsenal">Arsenal</option>
            <option value="AstonVilla">Aston Villa</option>
            <option value="Brighton">Brighton</option>
            <option value="Burnley">Burnley</option>
            <option value="Chelsea">Chelsea</option>
            <option value="CrystalPalace">Crystal Palace</option>
            <option value="Everton">Everton</option>
            <option value="Fulham">Fulham</option>
            <option value="Leeds">Leeds</option>
            <option value="Leicester">Leicester</option>
            <option value="Liverpool">Liverpool</option>
            <option value="ManchesterCity">Manchester City</option>
            <option value="ManchesterUtd">Manchester United</option>
            <option value="NewcastleUtd">Newcastle</option>
            <option value="SheffieldUtd">Sheffield Utd</option>
            <option value="Southampton">Southampton</option>
            <option value="Spurs">Tottenham</option>
            <option value="WestBromAlbion">West Brom</option>
            <option value="WestHam Utd">West Ham</option>
            <option value="Wolves">Wolves</option>
        </select>
        <input id="getfixturesbyteam-button" type="button" value="Submit" /></br>
        <input id="gettopscorers-button" type="button" value="Get Top Scorers" /></br>
        </br>
        <div id="changetext">Pending on interaction...</div>
        <div id="changetext2">Pending on interaction...</div>
    </form>

    <script src="https://code.jquery.com/jquery-3.3.1.js" integrity="sha256-2Kok7MbOyxpgUVvAk/HJ2jigOSYS2auK4Pfzbm7uH60=" crossorigin="anonymous"></script>
    <script src="ajaxwebsrvcopy.js"></script>
</body>

</html>

Placeholder.html
<!DOCTYPE html>
<html lang="en">

<head>
    <meta charset="utf-8" />
    <title>Cloud Based Web Services Assignment 1</title>
</head>

<body>
    <ul>
        <li><a href="index copy.html">Football API</a></li>
        <li><a href="placeholder.html">Placeholder API</a></li>
    </ul>
    <form id="postdata-form">
        <h2>Add new post</h2>
        <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="ajaxpost-button" type="button" value="Add Post" />
        <div id="postresults">Waiting...</div>
    </form>
    <form id="getdatabyid-form">
        <h2>Delete existing post</h2>
        <label for="id-text">Post Id:</label>
        <input id="id-text" type="text" /><br/>
        <input id="ajaxdelete-button" type="button" value="Delete Post" />
        <div id="deleteresults">Waiting...</div>
    </form>

    <script src="https://code.jquery.com/jquery-3.3.1.js" integrity="sha256-2Kok7MbOyxpgUVvAk/HJ2jigOSYS2auK4Pfzbm7uH60=" crossorigin="anonymous"></script>
    <script src="ajaxwebsrvcopy.js"></script>
</body>

</html>

Ajaxwebsrvcopy.js
$(function() {

    $.ajaxSetup({ cache: false });

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

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

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

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

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

});

function GetFixtures() {

    $.ajax({
        cache: true,
        async: true,
        crossDomain: true,
        type: "GET",
        url: `https://api-football-v1.p.rapidapi.com/v2/fixtures/league/2790`,
        headers: {
            "x-rapidapi-key": "a8cedaafcemsh7a85fd67ebad8b1p16c1fajsn63db016fe1a4",
            "x-rapidapi-host": "api-football-v1.p.rapidapi.com"
        },
        data: '',
        contentType: "application/json; charset=utf-8",
        dataType: "json",
        success: GotAllFixtures,
        error: (req, status, error) => window.alert("AJAX error")

    });

}

function GotAllFixtures(json, status, req) {
    var html = "";
    var num = 0;

    console.log(json);

    for (var i = 0; i < json.api.fixtures.length; i++) {

        html += json.api.fixtures[i].event_date + "<img src='" + json.api.fixtures[i].homeTeam.logo + "'style='width: 25px; height: 25px;'/>" + " " +
            json.api.fixtures[i].homeTeam.team_name + " " + IsPostponed(json.api.fixtures[i].goalsHomeTeam) + " - " + " " + IsPostponed(json.api.fixtures[i].goalsAwayTeam) + " " +
            json.api.fixtures[i].awayTeam.team_name +
            "<img src='" + json.api.fixtures[i].awayTeam.logo + "'style='width: 25px; height: 25px;'/> </br>";

    }
    $("#changetext").html(html);
}

function IsPostponed(res) {
    var post = "";
    if (res == null) {
        post = "TBD";
        return post;
    } else {
        post = res;
        return post;
    }
}

function GetFixturesByTeam() {
    var team = ($("#specificteam-dropdown").val());

    $.ajax({
        cache: true,
        async: true,
        crossDomain: true,
        type: "GET",
        url: `https://api-football-v1.p.rapidapi.com/v2/fixtures/league/2790`,
        headers: {
            "x-rapidapi-key": "a8cedaafcemsh7a85fd67ebad8b1p16c1fajsn63db016fe1a4",
            "x-rapidapi-host": "api-football-v1.p.rapidapi.com"
        },
        data: '',
        contentType: "application/json; charset=utf-8",
        dataType: "json",
        success: GotAllFixturesByTeam,
        error: (req, status, error) => window.alert("AJAX error")

    });
}

function GotAllFixturesByTeam(json, status, req) {
    var html = "";
    var team = $("#specificteam-dropdown").val();
    console.log(json);
    console.log(team);

    for (var i = 0; i < json.api.fixtures.length; i++) {
        if (json.api.fixtures[i].homeTeam.team_name == team || json.api.fixtures[i].awayTeam.team_name == team) {
            html += json.api.fixtures[i].event_date + "<img src='" + json.api.fixtures[i].homeTeam.logo + "'style='width: 25px; height: 25px;'/>" + " " +
                json.api.fixtures[i].homeTeam.team_name + " " + IsPostponed(json.api.fixtures[i].goalsHomeTeam) + " - " + " " + IsPostponed(json.api.fixtures[i].goalsAwayTeam) + " " +
                json.api.fixtures[i].awayTeam.team_name +
                "<img src='" + json.api.fixtures[i].awayTeam.logo + "'style='width: 25px; height: 25px;'/> </br>";
        };
    }
    $("#changetext").html(html);
}

function GetTopScorers() {

    $.ajax({
        cache: true,
        async: true,
        crossDomain: true,
        type: "GET",
        url: `https://api-football-v1.p.rapidapi.com/v2/topscorers/2790`,
        headers: {
            "x-rapidapi-key": "a8cedaafcemsh7a85fd67ebad8b1p16c1fajsn63db016fe1a4",
            "x-rapidapi-host": "api-football-v1.p.rapidapi.com"
        },
        data: '',
        contentType: "application/json; charset=utf-8",
        dataType: "json",
        success: GotTopScorers,
        error: (req, status, error) => window.alert("AJAX error")

    });

}

function GotTopScorers(json, status, req) {
    var html = "";

    console.log(json);

    for (var i = 0; i < json.api.topscorers.length; i++) {

        html += i + 1 + ": " + json.api.topscorers[i].player_name + " Goals: " + json.api.topscorers[i].goals.total +
            "</br>";

    }
    $("#changetext2").html(html);
}

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

    // Important: resource will not be really 
    // updated on the server but it will be faked as if.
    $.ajax({
        cache: false,
        type: "POST",
        url: "https://jsonplaceholder.typicode.com/posts",
        data: JSON.stringify(data),
        contentType: "application/json; charset=utf-8", // <-- may need to remove charset=utf-8 for IE
        dataType: "json",
        success: GotPostResult,
        error: (req, status, error) => window.alert("AJAX error")
    });
}

function GotPostResult(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);
}

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", // <-- may need to remove charset=utf-8 for IE
        dataType: "json",
        success: (json, status, req) => $("#deleteresults").html("<p>Post successfully deleted!</p>"),
        error: (req, status, error) => window.alert("AJAX error")
    });
}
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