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[bookmark: _Toc38131501]Introduction
In this assignment the author has been tasked with creating a Node.js application that gathers and stores information on the server. As well as this an analysis on white and black box testing will be conducted, an analysis on Behavioural Driven Development (BDD) and finally an investigation on Frameworks.
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[bookmark: _Toc37182878]Figure 1 - html page on load
The html page when loaded gives the user a few options. The user can enter a form to add a video game to the database. Once they’ve entered the game, they can use the “Read All Products” button which displays all the games previously entered in the form. Delete product will delete the item with the selected identifications and edit product will edit a previously entered product however specified. Users can enter certain details about each game such as the name of the game, developer, price and age rating. There is also a button to show only games under £20. This sorts games by price showing only games that have a price under the value 20.
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[bookmark: _Toc37182880]Figure 3 - productmanagement - Part 2
Unfortunately, due to an issue with the server.ts file much of the program is untestable. Even when running “npm run start” in the console terminal box the server doesn’t seem to activate. This is an issue as it makes the code untestable, however in the rest of this section the author will show their code and how that logic should perform. The two images above are the form present in the html page. Each button is assigned a unique identifier which relates to a function in the productmanagement.ts file. There’s an import for a class called VideoGameChallenge which should show challenges for games that users could want to participate in, this isn’t showing up on the html page possibly due to the issues with the server.ts file or an issue with how it is being called.
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[bookmark: _Toc37182881]Figure 4 - productmanagement.ts - Part 1
In the above image event handlers are given to each of the buttons made in the html file. These work by assigning events/functions to each button once the buttons are clicked.
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[bookmark: _Toc37182882]Figure 5 - productmanagement.ts - Part 2
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[bookmark: _Toc37182883]Figure 6 - productmanagement.ts - Part 3
The read all products button is one of the simpler buttons, an object called product is created and assigned the values of the form on the html page. Those values are then posted on screen until every product is shown.
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To work out which products are under £20 the author has put in place a loop to look through products and display the products where price is less than 20.
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[bookmark: _Toc37182885]Figure 8 - productmanagement.ts - Part 5
Adding products is similar to reading them, but instead of just showing what is in the array the fields are declared as specific data types and stored to the server.
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[bookmark: _Toc37182886]Figure 9 - productmanagement.ts - Part 6
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[bookmark: _Toc37182887]Figure 10 - productmanagement.ts - Part 7
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[bookmark: _Toc37182888]Figure 11 - productmanagement.ts - Part 8
Above the code demonstrates a similar method as presented when saving the data to the server, instead using the product Id it replaces the data stored associated with that id.
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[bookmark: _Toc37182889]Figure 12 - productmanagement.ts - Part 9
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[bookmark: _Toc37182890]Figure 13 - productmanagement.ts - Part 10
[image: ]
[bookmark: _Toc37182891]Figure 14 - productmanagement.ts - Part 11
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[bookmark: _Toc37182892]Figure 15 - productmanagement.ts - Part 12
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[bookmark: _Toc37182893]Figure 16 - productmanagement.ts - Part 14
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[bookmark: _Toc37182894]Figure 17 - polymorphismgame.ts - Part 1
In this typescript page the author has set challenges users can participate in. A class has been created called VideoGameChallenge using a method called “ChallengeText” which is defined by the child classes. The image above is a child class with a constructer to declare the name and  the method to show the challenge text. 
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[bookmark: _Toc37182895]Figure 18 - polymorphismgame.ts - Part 2
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[bookmark: _Toc37182896]Figure 19 - polymorphismgame.ts - Part 3
Finally we have a function that shows the name of each game and the challenge, it then outputs the game name and challenge text.
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[bookmark: _Toc37182897]Figure 20 - Server.ts
The server.ts file is what controls the server once it’s running. However, the above error was present in the author’s code. Unfortunately, no fix was found for this issue and thus the server would not work, meaning the code was untestable.
[bookmark: _Toc38131507]Black and White box testing
[bookmark: _Toc38131508]Black box Testing
Black box testing is a method of testing a piece of software where the tester has no knowledge of how the program is meant to operate or what mechanics go into making the system work. This type of testing tests the performance of software from an outsider or an end user’s perspective. [1]
Black box testing is considered a good quality testing method as it allows the tester to test the four software testing levels, these being Unit, Integration, system and acceptance testing.
Unit testing refers to ensuring that every feature, big or small is tested to ensure it works as intended with no faults. Such as a calculator tool being tested for each possible mathematic function.
Integration Testing refers to testing how features communicate when used together, for example ensuring in a calculator tool that using two different functions will still have the correct result and that the two functions don’t clash incorrectly.
System Testing refers to testing if a system matches the aims and intentions of what a user expects to complete and matches the system requirements set out by the creators, even in black box testing a tester could still understand the system requirements without knowledge of how the code works.
Acceptance testing refers to whether a system is fit for purpose, in other words if the system could be considered a minimum viable product so that it could be potentially be acceptable to release. This is decided by whether it matches the business requirements of the product. [2]

[bookmark: _Toc38131509]Benefits of Black Box Testing
There are a few reasons why black box testing is incredibly useful to testing in a development process, one of these reasons is the simplicity of testing in this manner. One tester can test every aspect of any given software and report their experiences testing different inputs and combinations of any features in order to find faults. Black box testing also helps resources in a business as a tester can test just about anything without any programming knowledge and so no programmers have to test these features themselves wasting time where they could be developing systems. Testers can use test cases which are quick tests that can be performed on different features such as inputs where different input types are entered. [3]
[bookmark: _Toc38131510]Examples of Black Box Testing
A few different types of Black Box testing are cause and effect testing, Boundary value testing, requirement based testing and compatibility.
Cause and effect testing is the type of testing discussed earlier in this report about how many features can interact with other features and so many causes have different effects on many different features, these can be tested with black box testing methods to ensure each cause has the expected effect. 
Boundary testing is the act of testing if any input or similar features allow only what is expected of them to allow. For example, if a textbox expecting an integer value between 0 and 11 exists then the tester should text a valid number as well as entries such as 20 and -5 which shouldn’t be passed into the system. As well as this the tester should enter string values to see if that throws an error message as it should.
Requirement based testing refers to testing that a system does as the system requirements document expects the system to perform. For example, if a retail store holds information on customers a system requirement would likely be that the system should store that information and have it be displayed when requested, in which case the tester can test to make sure this requirement is met.
Compatibility testing refers to what devices and other factors will affect the system. In the case of a web application the tester would likely test different operating systems to run the website as well as different devices from mobiles, tablets and desktops as well as different operating systems. This is to ensure that the website is compatible with as many options as possible. [3]

[bookmark: _Toc38131511]White Box Testing
White box testing is a type of testing that can be performed where the tester is aware of the programming components and code of the system. The purpose of this form of testing is to ensure that the program goes through each step of the code as intended and follows the flow and order intended by the programmer. For example, if a developer created a loop with an end condition to escape the loop, they could test that the loop follows all the steps when running and all the steps when ending. This is to test that the structure of the program is correct and not to test the overall user experience of using the feature. White box testers will make sure to look out for potential security risks of misusing the program, paths in the code that do not make sense and whether loops work as intended. White box testing adheres to the Unit Testing, Integration Testing and System testing levels of software design. [4]
[bookmark: _Toc38131512]Benefits of White Box Testing
This type of testing can be conducted during development by the developers to test their code, they can test these as they create them over the course of development to ensure that their systems are good before implementing them fully. The tests conducted by these developers can be done very easily and cover more ground than is possible in black box testing. For example, if a form is in potential risk of SQL injection then a black box tester may very well not know how to do that, a programmer would be aware of that and test to see if it’s possible on their code. The knowledge of the code in this case is vital for ensuring that risks associated with programming that most people would be unaware of are not present in the program. [5]
[bookmark: _Toc38131513]Examples of White Box Testing
There are two main methods for White Box Testing, these being statement coverage and branch coverage.
Statement Coverage is a method of white box testing where the tester will create a flow chart of how their system works, and in the test they will plan to test every feature is tested, and so they travel through each path at least once, this might involve going through the program multiple times to test that each line of code works as intended. This will help the programmer test that the logic of the code is correct.
Branch Coverage is a similar method however it is more thorough than statement coverage. In statement coverage each path is tested once, meanwhile in branch coverage each path is tested from every entry point. For example, if more than one button calls the same function then in statement coverage the tester would test one button and assume the other path works as it is the same function. Meanwhile in Branch coverage all buttons that lead to that function will be tested just in case there is an anomaly in the code where the function doesn’t work.  [6]

[bookmark: _Toc38131514]Behaviour Driven Development
In this section the author will describe Behaviour Driven Development, discussing what it is and what benefits it has for programmers.
[bookmark: _Toc38131515]What is behaviour Driven Development
Behaviour Driven development is an agile system of development that helps connect the programmers to the rest of the business and stakeholders. Similarly to how User Stories work, however not a direct replacement for User Stories is Behaviour Driven Development, this system basically attempts to allow all staff regardless of technical experience to build a shared understanding of how the systems should work and what potential issues there are to overcome, as well as this a major part of behaviour driven development is regular documentation of the systems that can be checked internally to bring the team closer to their goals. Constant collaboration with the teams by creating many useful examples of how a system would be used and how the employees plan to develop from those examples are used to create a shared vision of a system. This is so that the developers don’t neglect essential features from the system requirements.
Behaviour Driven Development works using three main steps to achieve the goals of the company. 
Discovery – This step happens at the beginning of the day where all the changes to a project are presented to the employees, they can then begin to formulate a plan of new features and decide what needs to be completed next.
Formulation – Once they have decided what needs to be done, the documentation step can come next. The employees will document a method for how they plan to achieve these goals and document intended behaviours of the system. 
Automation – Finally, the employees must use the documentation they’ve collected and implement it into something testable. Even just a small test can help the employees understand how the system should work so that they can develop it.
Unlike how User Stories are created to make an overall idea of how the system should perform, Behaviour Driven Development is a daily task that defines the day’s activities of what needs to be achieved. Used together, these two systems work well to achieve a shared understanding of goals and aims and consistent levels of work to be done. [7] [8] [9]

[bookmark: _Toc38131516]Benefits and Drawbacks of Behaviour Driven Development
There are many benefits to Behaviour Driven Development for businesses, one of these benefits being that the aim and objectives of the business can constantly be assessed to ensure that current development matches the expectations of the project. Clients and Stakeholders will be more convinced about products as they will better understand them before production and will be more convinced as time goes on as better documentation is made. As communication between the developers and non-developers is made more understandable everyone has a clear insight of what is expected of them and better the morale of staff. Businesses are taking less risks with behavioural driven development as less misunderstandings and mistakes are likely to occur given that most staff should have a similar understanding of the product before production. [10]


[bookmark: _Toc38131517]Investigation of frameworks
In this section the author will discuss what is meant by a framework, discuss what a framework is and what types of frameworks exist.
[bookmark: _Toc38131518]What are frameworks?
Traditionally speaking, a framework is a word used by builders and architects to refer to the steel beams that make up the base of a building, this base acts as a tool that builders can use to build the rest of the building, implementing the parts necessary to make a complete and usable building. In computing it’s a very similar definition. Frameworks in computing are very similar they are a base of which a developer can start from, in the sense that they give the necessary tools that allow the developer to create their project, the developer should stick within the confines of their framework as the general idea of the framework is to stick within its boundaries as it contains classes and functions that are usable for the developer. The point of these frameworks is that developers shouldn’t have to keep recreating the same thing repeatedly and instead many useful functions and classes can be readily made available for programmers from the moment they boot up their programming environment of choice. Frameworks can be helpful to all types of programmers as they save a lot of development time, for example a framework could make adding text to a console application simpler using a function of pre written code, instead of rewriting the code the developer can import the framework it’s contained within to use it again in a new project. [11] [12] [13]
[bookmark: _Toc38131519]Types of Frameworks
There are a few things frameworks can have contained within them such as libraries, APIs and in the case of JavaScript frameworks, AJAX.
Libraries are reusable pieces of code that can be used as shortcuts within the programming side of the development.
APIs are used with databases so that the program can communicate with the database systems.
AJAX is a tool used for creating interactive web applications, these tools are often used for making dynamic web applications such as one page applications where the content of the page is hidden until the user clicks the navigation buttons where the correct hidden content appears on the page and the old content gets hidden. This can also be seen in pages where users’ actions lead to different designs such as a button that activates a colour-blind assist. [14]
As for types of frameworks there are many different available choices, Netflix, PayPal and YouTube for example use Angular, a typescript framework with tools to help development of web and mobile applications. There’s also Node.JS and React.JS, Node.JS is a tool for using a server application with a website. React.JS is a framework which helps in creating a user interface for the user to use, there is also an extension called React Native which is used for mobile applications. [15] [16]
[bookmark: _Toc38131520]Evaluation
The author believes that this assignment has been completed to a good standard, especially when referring to the written section of the assignment. There were many issues with implementation section and unfortunately that issue meant that code was untestable and given that the code couldn’t be tested the author cannot guarantee that the code would work if the server were to work.
However the author believes that the code that is there has logic that makes sense, such as the button that shows products under £20; though it was not testable, using a loop to filter out products above £20 makes logical sense and displaying only the ones that are under that value does too.
As for the written section, the author believes that the research conducted was good and backed up by relevant sources and the analysis and investigation of these advanced web development topics and concepts were done to a great standard.
[bookmark: _Toc38131521]Conclusion
To conclude this report, the author has created a web application which shows potential if it were to be taken further and had a working server to help with the development process. Black and White box testing, both the different types of testing are valuable testing types used by businesses to guarantee a quality product. Behavioural Driven Development has many uses for businesses especially ones with large teams who may not be as knowledgeable in programming terms and ideas and so it can help ease every employee nicely into a task. Finally, frameworks are essential for programmers, they save time, money and resources in development and help to create substantial progress quickly and efficiently. 
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<!doctype html>
<html>
<script>
import { VideoGameChallenge } from './polymorphismgame.ts';
</script>
<body>


<form>
<p>
<div id="display-product-div">
Games displayed here
</div>
</p>
<input id="readall-product-button" type="button" 
value="Read All Products" /><br/>
<input id="delete-product-button" type="button" 
value="Delete Product" /> <br/>
<input id="edit-product-button" type="button" 
value="Edit Product" /> <br/><br/>
<input id="productid-text-box" type="text" value="0" /><br/><br/> 
Game Name:<input id="product-name-text-box" type="text" /><br/><br/>
Developer:<input id="product-developer-text-box" type="text" /><br/><br/>
Description:<input id="product-description-text-box" type="text" /><br/><br/>
Price:<input id="product-price-text-box" type="text" /><br/><br/>
Age Rating:<input id="product-age-text-box" type="text" /><br/><br/>


<input id="add-product-button" type="button" value="Add Product" /><br/> 
<span id="product-opstatus-span">Waiting....</span>


<br/><br/>


<input id="search-product-button" type="button" 
value="Search games under £20" /> <br/><br/>
</form>


<script>
ActivateChallenge();
</script>
<script src="https://code.jquery.com/jquery-3.4.1.min.js"
integrity="sha256-CSXorXvZcTkaix6Yvo6HppcZGetbYMGWSFlBw8HfCJo="
crossorigin="anonymous"></script>
<script src="../dist/productmanagementpage.js"></script>
</body>
</html>
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class ProductManagementPage
{
// Attributes
// Constructor
constructor()
{
$.ajaxSetup({cache:false}); // May need to turn of browser cache
}
// Properties
// Methods
PageLoad(): void
{
// Add event handlers to buttons, etc.
$("#readall-product-button").click(this.LoadAllProductClick);
$("#add-product-button").click(this.AddProductClick);
$("#delete-product-button").click(this.DeleteProductClick); 
$("#edit-product-button").click(this.EditProductClick); 
$("#search-product-button").click(this.SearchProductClick); 
} 
private LoadAllProductClick = (e: JQuery.Event): boolean => 
{
$.ajax({
cache: false,
type: "GET",
url: "http://localhost:1339/products/read",
data: '{}',
contentType: "application/json",
dataType: "json",
success: this.ProductReadAll,
error: this.AjaxError
}); 


e.preventDefault();
return false;
};
private SearchProductClick = (e: JQuery.Event): boolean => 
{
$.ajax({
cache: false,
type: "GET",
url: "http://localhost:1339/products/read",
data: '{}',
contentType: "application/json",
dataType: "json",
success: this.ProductReadUnder20,
error: this.AjaxError
}); 


e.preventDefault();
return false;
};


private ProductReadAll = (products: {name:string, developer:string, description:string, price:number, age:number}[], status: string, req: JQueryXHR): void =>
{
let rows: string = "";
for(let i in products)
{
let product: {name:string, developer:string, description:string, price:number, age:number} = products[i];
rows += `<tr><td>Name</td><td>${product.name}</td></tr>
<tr><td>Developer</td><td>${product.developer}</td></tr>
<tr><td>Description</td><td>${product.description}</td></tr>
<tr><td>Price</td><td>${product.price}</td></tr>
<tr><td>Age Rating</td><td>${product.age}</td></tr>`;
}
$("#display-product-div").html(`<table>${rows}</table>`); 
}; 


private ProductReadUnder20 = (products: {name:string, developer:string, description:string, price:number, age:number}[], status: string, req: JQueryXHR): void =>
{


function search(price, product){
for (var i=0; i < product.length; i++) {
if (product[i].price < 20) {


let product: {name:string, developer:string, description:string, price:number, age:number} = products[i];
`<tr><td>Name</td><td>${product.name}</td></tr>
<tr><td>Developer</td><td>${product.developer}</td></tr>
<tr><td>Description</td><td>${product.description}</td></tr>
<tr><td>Price</td><td>${product.price}</td></tr>
<tr><td>Age Rating</td><td>${product.age}</td></tr>`;
}
}
}


search;


};


private AddProductClick = (e: JQuery.Event): boolean => 
{
let product: {name:string, developer:string, description:string, price:number, age:number};
product = {
name: $("#product-name-text-box").val() as string,
developer: $("#product-developer-text-box").val() as string,
description: $("#product-description-text-box").val() as string,
price: parseFloat($("#product-price-text-box").val() as string,),
age: parseFloat($("#product-age-text-box").val() as string,)
};


$.ajax({
cache: false,
type: "POST",
url: "http://localhost:1339/products/add",
data: JSON.stringify(product),
contentType: "application/json",
dataType: "json",
success: this.ProductAdded,
error: this.AjaxError
});


e.preventDefault();
return false;
}; 
private ProductAdded = (json: any, status: string, req: JQueryXHR): void =>
{
if(json.done === true)
{
$("#product-opstatus-span").html("Product added at index "+json.productid);
} 
};


private LoadProductClick = (e: JQuery.Event): boolean => 
{
let productid: number = parseInt($("#productid-text-box").val() as string, 10);
$.ajax({
cache: false,
type: "GET",
url: "http://localhost:1339/products/read/"+productid,
data: '{}',
contentType: "application/json",
dataType: "json",
success: this.ProductRead,
error: this.AjaxError
});


e.preventDefault();
return false;
}; 
private ProductRead = (json: {done:boolean, product:{name:string, developer:string, description:string, price:number, age:number}}, status: string, req: JQueryXHR): void =>
{
if(json.done == true)
{
$("#display-product-div").html(`<table>
<tr><td>Name</td><td>${json.product.name}</td></tr>
<tr><td>Developer</td><td>${json.product.developer}</td></tr>
<tr><td>Description</td><td>${json.product.description}</td></tr>
<tr><td>Price</td><td>${json.product.price}</td></tr>
<tr><td>Age Rating</td><td>${json.product.age}</td></tr>
</table>`); 
} 
else
{
$("#display-product-div").html(`<p>No matching product</p>`)
} 
}; 
private EditProductClick = (e: JQuery.Event): boolean => 
{
let product: {name:string, developer:string, description:string, price:number, age:number};
let productid: number;
product = {
name: $("#product-name-text-box").val() as string,
developer: $("#product-developer-text-box").val() as string,
description: $("#product-description-text-box").val() as string,
price: parseFloat($("#product-price-text-box").val() as string),
age: parseFloat($("#product-age-text-box").val() as string)
};
productid = parseInt($("#productid-text-box").val() as string);


$.ajax({
cache: false,
type: "PUT",
url: "http://localhost:1339/products/put/"+productid,
data: JSON.stringify(product),
contentType: "application/json",
dataType: "json",
success: this.ProductEditPut,
error: this.AjaxError
});


e.preventDefault();
return false;
}; 
private ProductEditPut = (json: any, status: string, req: JQueryXHR): void =>
{
if(json.done === true)
{
$("#product-opstatus-span").html("Product edited (put) at index "+json.productid);
} 
}; 
private DeleteProductClick = (e: JQuery.Event): boolean => 
{
let productid: number;
productid = parseInt($("#productid-text-box").val() as string);


$.ajax({
cache: false,
type: "DELETE",
url: "http://localhost:1339/products/delete/"+productid,
data: '{}',
contentType: "application/json",
dataType: "json",
success: this.ProductDelete,
error: this.AjaxError
});


e.preventDefault();
return false;
}; 
private ProductDelete = (json: any, status: string, req: JQueryXHR): void =>
{
if(json.done === true)
{
$("#product-opstatus-span").html("Product deleted at index "+json.productid);
} 
}; 
private AjaxError = (req: JQueryXHR, status: string, error: string): void =>
{
window.alert("Ajax Error --"+"\n"+
"status: "+status+"\n"+
"RdyStatus: "+req.readyState+"\n"+
"Message: "+req.statusText);
};


} 


// Self-invoking function
$(function() {
let page: ProductManagementPage = new ProductManagementPage();
page.PageLoad();
});







[bookmark: _Toc38131526]Polymorphismgame.ts
abstract class VideoGameChallenge
{
// Attributes
private _name: string;


// Constructor
constructor(name: string)
{
this._name = name;
}


// Properties
get Name(): string
{
return this._name;
}
// Methods
abstract ChallengeText(): string;
} 


class LuigisMansion extends VideoGameChallenge
{
// Attributes


// Constructor
constructor(name: string)
{
super(name);
}


// Properties


// Methods
ChallengeText(): string
{
return "So you want to challenge yourself in Luigi's Mansion ay? Luigi's Mansion is known for it's speedrunning community. Many players have managed a time less than 3 hours. Why don't you try to finish the game in 5 hours?";
}
}


class OutRun extends VideoGameChallenge
{
// Attributes


// Constructor
constructor(name: string)
{
super(name);
}


// Properties


// Methods
ChallengeText(): string
{
return "So you want to challenge yourself in SEGA OutRun ay? Well, how about this for a challenge. Get 5,000,000 point in one run!";
}
}



$(function ActivateChallenge()
{
var output: string = "";


function DisplayLine(text: string): void
{
output = output + text + "<br/>";
}


// polymorphism
var gamechallenge: VideoGameChallenge[] = [];


gamechallenge.push(new OutRun("OutRun"));
gamechallenge.push(new LuigisMansion("Luigi's Mansion"));
for (var i in gamechallenge)
{
DisplayLine(gamechallenge[i].Name + " Has issued you this quest: " + gamechallenge[i].ChallengeText());
}


document.body.innerHTML = output;
}); 
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