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[bookmark: _Toc60942531]Introduction
The following report will outline what a web service is and the role it plays in modern web development along with a comparison into the different types of web services available which are REST, SOAP and Graph-QL. Further discussing the advantages and disadvantages of the web services and how each differ to one another. 
[bookmark: _Toc60942532]Web Services & API’s
[bookmark: _Toc60942533]Web Services
A web service in its simplest form is an application that provides a web API. Web services reflect a modern type of XML based middleware. XML helps solve the problems associated with the conventional incorporation of application-to-application communication. Web services are used for exchanging data between applications acting as the middleman in the transaction of data. Web services are a much cheaper and viable option for companies to implement compared to other middleware and are scalable in the size they serve being used in small applications to large applications. Web services are built using open standards such as TCP/IP, HTTP, Java and previously mentioned XML along with HTML and does not support data transfer over HTTPS. The data transferred is returned from a web service is in the XML format. [1] [2] [3].

[bookmark: _Toc60942534]API’s
An Application Programming Interface (API) allows communication with external sources, such as microservices, giving them specific access to data through a series of functions and routines to accomplish specific tasks such as getting users from a database. API’s support the HTTPS protocol and allow for GET, PUT, POST and DELETE functionality in which the data response is usually JSON (JavaScript Object Notation) data [4] [5] [6]. 
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[bookmark: _Toc60942537]What is REST?
REST standing for representational state transfer is an architectural style for creating web services. Developing using REST provides a fast, scalable, lightweight web service that runs independently on client and server meaning changes can be made client side without it affecting the server side and vice-versa this is due to REST being a stateless architecture giving either side no reason to know about the state of one another. REST runs over the HTTP protocol when making requests to the server which are made via a header path to a resource. REST supports GET, to retrieve data. POST, to create data. PUT, to update data usually by ID and DELETE, to delete data usually by ID. REST also supports multiple data formats when returning data more popularly JSON data [7] [8] [9].

[bookmark: _Toc60942538]Advantages to REST
· RESTful API’s are incredibly efficient and great performers when dealing with large quantities of data and the caching of responses.
· REST supports many different formats when returning data such as HTML, XML, Plain-Text, JSON etc.
· Uses simple notation to retrieve (GET), update (PUT), create (POST) and delete making it very easy for users to understand and use.
· REST uses OAuth protocols to verify requests [10].

[bookmark: _Toc60942539]Disadvantages to REST 
· Client does not know the structure of the response until data is retrieved. A lot of coding errors may occur when working with the response and makes development slows by reading the structure tree [11].
· REST being a stateless architecture meaning that using REST for components is a difficult and heavy task to maintain for example a shopping cart with the number of items within it.
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[bookmark: _Toc60942541]What is SOAP?
SOAP standing for “Simple Object Access Protocol” is a protocol used in web services to communicate with other applications. Applications are written in many different languages, such as Java, PHP, DOT-Net which may need to communicate with each other SOAP allows for communication between the heterogeneous applications. SOAP is a light-weight protocol due to data being transferred in the XML language which can be understood by all programming languages. SOAP uses the HTTP protocol to transfer data and has built in error handling. SOAP follows the remote procedure call (RPC) meaning that the procedures do not need to perform locally but rather remotely. SOAP can be both stateless and stateful meaning that data can be stored about the client over a series of request it is a matter of design [12] [13] [14].

[bookmark: _Toc60942542]Advantages to SOAP
· SOAP is universal due to the XML language making it very accessible it enables the formatted data to be read by all programming languages.
· SOAP can be both stateful and stateless which allows it to be somewhat dynamic in its functionality.
· SOAP allows communication between applications that utilize different languages.
· SOAP has built in error handling making it easier for developers when debugging. 
· SOAP uses two request types, RPC and document request. Of which RPC is asynchronous and invoked by the client. Document style is passing of an XML document instead of parameters.

[bookmark: _Toc60942543]Disadvantages to SOAP
· By using XML, the packet sizes are increased causing performance issues.
· Server side and client side do not work independently of each other. If server side is updated client-side classes needs to be generated again due to being tightly coupled [15].
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[bookmark: _Toc60942545]What is Graph-QL?
Graph-QL, open sourced in 2016, was created in 2012 and is managed by Facebook and is query language for API’s running queries at runtime server side. Graph-QL developed around the philosophy of querying precise data using schema’s queries and resolvers. Graph-QL has only one end point in which it uses to fetch the data. Graph-QL uses HTTP and HTTPS to transfer the data requested [16] [17] [18].

[bookmark: _Toc60942546]Advantages to Graph-QL
· Only exposes one end point as to which the client passes the query through the fetch the specific data.
· Graph-QL’s strongly typed schemas of which are primitive or derived allow API’s to be self-documented so the client can be aware of the response for a certain query [19].
· Graph-QL allows API evolution without causing any issues with existing fields due to being schema driven.
· Graph-QL can transfer data over any protocol such as HTTP, HTTPS and WebSocket’s.
· Performance is high due to specific querying.
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· Graph-QL does not support browser caching unlike its competitors without an effort to developing this service.
· Graph-QL does not Monitor or Error report. Always returns status 200 which makes it more difficult to debug the problem.
· Graph-QL exposes schemas as the client must be able to see the data schemas to create and execute queries. This opens the API to DOS attacks as the internal structure is exposed [11].
· 

[bookmark: _Toc60942548]Comparison of Web Services 
REST, SOAP and Graph-QL all have many similarities but also many differences when being compared to each other. Not to mention that REST and Graph-QL are architectural style compared to SOAP, which is a protocol, as mentioned in the name. 
The performance of each other the web services differ mainly down to the way in which data is handled. Graph-QL is the fastest due to its ability to query specific items of information and retrieve the specific data that was requested. This removes unwanted data returned which both REST and SOAP do. REST API’s are fast, not as fast as graph-QL, however due to the way in which data is requested it is possible to ping an endpoint which returns more data that the user initially wanted therefore returning a dataset that is much larger than originally intended which in turn makes the transfer of data slow also makes some of the data redundant. REST does use HTTP caching storing the returned data locally meaning data will not be polled again unless it is updated. SOAP being the slowest is due to the transfer of XML data. SOAP is limited to transferring data in XML which although gives it the most compatible of all the web services also makes it the slowest.
	SOAP does have an inbuilt error handling system which allows for developers to debug errors returned when developing this is very useful and saves time compared to Graph-QL which will also return a 200 status regardless of the outcome due to its lack of error monitoring or handling which can make it quite frustrating for users to develop on. REST on the other hand uses a series of numbers (1xx Informational, 2xx Success, 3xx Redirection, 4xx Client Error, 5xx Server error) this is very beneficial to the developer [20].
	Both REST and Graph-QL are stateless architectures meaning that the server does not require any prior knowledge of the client however SOAP can be either stateless or stateful SOAP can be more dynamic however depends on the design of the webservice at hand. 
	REST uses a path styled endpoint (/pets/images) meaning there are as many endpoints needed for the design of the application however Graph-QL uses a single endpoint which is the query request. SOAP on the other hand like REST but is a full URL to the endpoint.

Summary
Closing this section, each web service has its faults but also has pro’s. Graph-QL is an incredibly fast querying languages which can be used to poll data at fast speeds and is ideal for projects that need precise data with redundancy, such as Facebook and GIT. REST is equally as good and is well supported in the JavaScript language making it very popular amongst node developers. REST specialises in process large quantities of data in a short period of time and is ideal for projects that require large datasets such a football result for a current matchday. Finally, SOAP which is the oldest of all the web services and is also a protocol compared to the two which are architectural modals and can be used in enterprise due to its security advantage. The web service used is highly dependant on the project at hand and which will suit it better.
	


[bookmark: _Toc60942549]Conclusion
In conclusion, the research carried out on the different webservices was effective. Providing an explanation and understanding of each different web services to then draw advantages and disadvantages from the research findings to summarise in a compare and contrast section was beneficial for understanding how API’s work. Following on from the report a website was built around the premise of including REST API and the code can be found in the appendix. 
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[bookmark: _Toc60942552]Code:
// TO see PUT and DELETE please click one of the links from the table and you will see add/delete player. THE code can be found on request.js file.

[bookmark: _Toc60942553]Index.JS: Ajax code that runs on the main website page.
// api key eb05be77fddc4503a4f7214f0250bbcc

//google api key AIzaSyBorbbA-E5Q0WSBO9RWW3FPnQU2o8wHE4M

// prem = 2790  
// Bunds = 2755    
// La Liga = 2833          
// Ligue Un=  2664
// Serie A = 2857

var TableVar = new Array(2790,2755,2833,2664,2857);

$(document).ready(function () {
    var i = 0;
    var league = TableVar[i];    
    GetLeagueStanding(league); 
    // GetFixture(`https://api-football-v1.p.rapidapi.com/v2/fixtures/league/${league}/last/${MatchDay}`)

    $("#league-back").click(function(){       
        if(i == 0){
            i = 4
        }else{
            i = i - 1;
        }
        league = TableVar[i];
    
        GetLeagueStanding(league);
        });
     
        $("#league-next").click(function(){       
            if(i == 4){
                i = 0
            }else{
                i = i + 1;
            }
            league = TableVar[i];
        
            GetLeagueStanding(league);
            });
    
    $("#prev-fixt").click(function(){
        var temp = $('#matchDay').attr('name');
        MatchDay = parseInt(temp);
        GetFixture(`https://api-football-v1.p.rapidapi.com/v2/fixtures/league/${league}/last/${MatchDay}`)
    });

    $("#next-fixt").click(function(){
        var temp = $('#matchDay').attr('name');
        MatchDay = parseInt(temp);
        GetFixture(`https://api-football-v1.p.rapidapi.com/v2/fixtures/league/${league}/next/${MatchDay}`)
    });
});

function GetLeagueStanding(leagueVal){
    $.ajax({
        cache: false,
        async: true,
        crossDomain: true,
        type: "GET",
        url: `https://api-football-v1.p.rapidapi.com/v2/leagueTable/${leagueVal}`,
        headers: {
            "x-rapidapi-key": "94c1701bebmsh57b16460924f1b9p1a3969jsnc9971a607e9a",
            "x-rapidapi-host": "api-football-v1.p.rapidapi.com"
        },
        data: '',
        contentType: "application/json; charset=utf-8",
        dataType: "json",
        success: (json) => {DisplayLeague(json, leagueVal);},
        error: (req, status, error) => window.alert("AJAX error")

    });
}

function DisplayLeague(json, leagueNo, status, req){
var html = "";
console.log(json);
for(let i = 0; i < json.api.standings[0].length; i++){
    html += "<div class='visually-hidden' id='matchDay' name='" + json.api.standings[0][0].all.matchsPlayed + "'></div><tr> <th scope='row'>" + json.api.standings[0][i].rank + 
    "</th>" + "<td><img class='img-fluid' style='margin-right: 2%;' width='30px' src='" + json.api.standings[0][i].logo + "'/><a href='/details.html?id=" + json.api.standings[0][i].team_id + "'>" +
    json.api.standings[0][i].teamName + "</a></td>" + "<td>" + json.api.standings[0][i].all.matchsPlayed + "</td>" + "<td>" + json.api.standings[0][i].all.win + "</td>" +
    "<td>" + json.api.standings[0][i].all.draw + "</td>" + "<td>" + json.api.standings[0][i].all.lose + "</td>" + "<td>" + json.api.standings[0][i].points + "</td>"
}
   
    $("#league-name").html(json.api.standings[0][0].group);
    $("#league-table").html(html);
    
    GetFixture(`https://api-football-v1.p.rapidapi.com/v2/fixtures/league/${leagueNo}/last/${json.api.standings[0][0].all.matchsPlayed}`)

};

function GetFixture(url){
    $.ajax({
        cache: true,
        async: true,
        crossDomain: true,
        type: "GET",
        url: `${url}`,
        headers: {
            "x-rapidapi-key": "94c1701bebmsh57b16460924f1b9p1a3969jsnc9971a607e9a",
            "x-rapidapi-host": "api-football-v1.p.rapidapi.com"
        },
        data: '',
        contentType: "application/json; charset=utf-8",
        dataType: "json",
        success: DisplayFixture,
        error: (req, status, error) => window.alert("AJAX error")

    });
}

function DisplayFixture(json, status, req)
{
    var html = "";
    for(let i = 0; i < json.api.fixtures.length; i++){
        html += "<div class='card col-xl-12 col-lg-6 col-md-12 col-sm-12 col-xs-12'><div class='row'><div class='col-lg-4 col-md-12'><div><img src='"
        + json.api.fixtures[i].homeTeam.logo +"' class='img-fluid mx-auto mt-2' width='30px'/><h5>"+ json.api.fixtures[i].homeTeam.team_name +"</h5></div> </div><div class='col-lg-4 col-md-12'><div><label style='font-size:smaller;'>Kickoff: " 
        + json.api.fixtures[i].event_date + "</label><h4>" + json.api.fixtures[i].goalsHomeTeam + "-" + json.api.fixtures[i].goalsAwayTeam + "</h4></div> </div><div class='col-lg-4 col-md-12'><div><img src='"
        + json.api.fixtures[i].awayTeam.logo +"' class='img-fluid mx-auto mt-2' width='30px'/><h5>"+ json.api.fixtures[i].awayTeam.team_name +"</h5></div></div></div></div></div>"           
    }
    $("#league-fixtures").html(html);
}

// function test(){
//     var temp = $('#matchDay').attr('name');
//     console.log(temp)
//     MatchDay = parseInt(temp);
//     console.log(MatchDay);
// }




[bookmark: _Toc60942554]Details.js: ajax code for Individual details for the team clicked on.
$(document).ready(function () { 
    let searchParams = new URLSearchParams(window.location.search)
    searchParams.has('id')
    var team_id = searchParams.get('id');
    console.log(team_id);

    GetBannerInfo(team_id);   

});

function GetBannerInfo(id){
    $.ajax({
        cache: true,
        async: true,
        crossDomain: true,
        type: "GET",
        url: `https://api-football-v1.p.rapidapi.com/v2/teams/team/${id}`,
        headers: {
            "x-rapidapi-key": "94c1701bebmsh57b16460924f1b9p1a3969jsnc9971a607e9a",
            "x-rapidapi-host": "api-football-v1.p.rapidapi.com"
        },
        data: '',
        contentType: "application/json; charset=utf-8",
        dataType: "json",
        success: (json) => {DisplayBanner(json, id);},
        error: (req, status, error) => window.alert("AJAX error")

    });
}

function DisplayBanner(json, id, status, req){
    var html = ""

    html +=
    '<div class="row pt-2 pb-2 text-light">'+
        '<div class="col-2">'+
            '<img id="club-badge" src="' + json.api.teams[0].logo +'" alt="" srcset="" class="club-badge"/>'+
        '</div>'+
        '<div class="col-10">'+
            '<h2 class="p-0 m-0" id="club-name">' + json.api.teams[0].name + '</h2>'+                            
            '<small id="club-founded">Founded: ' + json.api.teams[0].founded +'</small><br>'+
           ' <small id="club-stadium">Stadium: '+ json.api.teams[0].venue_name +'</small><br>'+
            '<small id="club-capacity">Capacity: '+ json.api.teams[0].venue_capacity +'</small> '  +
        '</div> '+
    '</div>'  

    $("#club-banner").html(html);
    GetSquad(id, json.api.teams[0].logo);
    GetStadium(json.api.teams[0].venue_name);
}

function GetStadium(stad_name){
    $.ajax({
        cache: true,
        async: true,
        crossDomain: true,
        type: "GET",
        url: `https://bing-image-search1.p.rapidapi.com/images/search?q=${stad_name}&width=2000`,
        headers: {
            "x-rapidapi-key": "94c1701bebmsh57b16460924f1b9p1a3969jsnc9971a607e9a",
            "x-rapidapi-host": "bing-image-search1.p.rapidapi.com"
        },
        data: '',
        contentType: "application/json; charset=utf-8",
        dataType: "json",
        success: (json) => {DisplayStadium(json);},
        error: (req, status, error) => window.alert("AJAX error")

    });
}

function DisplayStadium(json){
    var html = "";
    console.log(json.value[2].contentUrl);    
    
    html += '<img src="' + json.value[1].contentUrl + '" class="stadium-img img-fluid"  alt="" srcset="">';
    

    $("#stadium-img").html(html);
}

function GetSquad(id, logo){
    $.ajax({
        cache: true,
        async: true,
        crossDomain: true,
        type: "GET",
        url: `https://api-football-v1.p.rapidapi.com/v2/players/squad/${id}/2020-2021`,
        headers: {
            "x-rapidapi-key": "94c1701bebmsh57b16460924f1b9p1a3969jsnc9971a607e9a",
            "x-rapidapi-host": "api-football-v1.p.rapidapi.com"
        },
        data: '',
        contentType: "application/json; charset=utf-8",
        dataType: "json",
        success: (json) => {DisplaySquad(json, logo);},
        error: (req, status, error) => window.alert("AJAX error")

    });
}

function DisplaySquad(json, logo, status, req){
    console.log(json);
    var html = "";

    for(let i = 0; i < json.api.players.length; i++){
        html +=         
        '<div class="card col-xl-3 col-lg-3 col-md-4 col-sm-4 col-xs-6 text-center p-0 mx-auto mt-3">'+               
            '<div class="card-body">'+
                '<img class="card-img" src="' + logo + '" width="100px"/>'+
                '<ul class="list-group list-group-flush">'+
                    '<li class="list-group-item"><strong>' + json.api.players[i].firstname + " " + json.api.players[i].lastname  +  '</strong></li>'+
                    '<li class="list-group-item"><small>Age: ' + json.api.players[i].age + " (" + json.api.players[i].birth_date + ')</small> </li>'+
                    '<li class="list-group-item"><small>Nationality: ' + json.api.players[i].nationality + '</small></li>'+
                    '<li class="list-group-item"><small>Height: ' + Check(json.api.players[i].height) + ' <br> Weight: ' + Check(json.api.players[i].weight) + '</small></li>'+
                '</ul>'+
            '</div>'+     
        '</div>'    
    }
    $("#team-sheet").html(html);
}

function Check(arg){
    if(arg == 'null'){
        return "Unassigned";
    }else{
        return arg;
    }
}
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$(function ()
{
    $.ajaxSetup({cache : false});

    $("#add-player").click(function(e)
    {
        // console.log("hello");
        AddPlayer();
        e.preventDefault();
        return false;
    });

    $("#delete-player").click(function(e)
    {
        // console.log("hello");
        DeletePlayer();
        e.preventDefault();
        return false;
    });

});

function AddPlayer()
{
    var data = {
        fName : $("#PlayerFName").val(),
        lName : $("#PlayerLName").val(),
        pAge : $("#PlayerAge").val(),
        pNationality : $("#PlayerNationality").val(),
        pWeightHeight : $("#PlayerWeightHeight").val()
    };

    $.ajax({
        cache : false,
        type : "POST",
        url : "https://jsonplaceholder.typicode.com/users",
        data : JSON.stringify(data),
        contentType : "application/json; charset=utf-8",
        dataType : "json",
        success: (json) => {console.log(json); DisplayPlayer(json);},
        error : (req, status, error) => window.alert("Error adding new player")
    })
}

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

    html += "ID: " + json.id + "<br/>"
         + "Name: " + json.fName + " " + json.lName + "<br/>"         
         + "Age: " + json.pAge + "<br/>"
         + "Nationality: " + json.pNationality + "<br/>"
         + "Height & Weight: " + json.pWeightHeight;

    $("#display-player").html(html);
}

function DeletePlayer() {
    var id = parseInt($("#PlayerID").val());

    $.ajax({
        cache: false,
        type: "DELETE",
        url: `https://jsonplaceholder.typicode.com/photos/${id}`,
        data: "",
        contentType: "application/json; chartset=utf-8",
        dataType: "json",
        success: DeleteSuccess,
        error: (req, status, error) => window.alert("Error in deleting image"),
    });
}

function DeleteSuccess(){
    var html = "";

    html += "<div class='alert alert-success' role='alert'> Player Successfully Deleted! </div>"
    
    $("#delete-success").html(html);
}
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