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[bookmark: _Toc37770579]Introduction 
Angular is a popular framework written in TypeScript used for developing dynamic and reactive front end web development projects. It’s popularity stems from it being able to create single-page web applications and it using typescript which makes it easier to be integrated with JavaScript being that is essentially what it is. Furthermore, using a framework such as Angular can greatly reduce the heavy lifting of interacting with the document object model (DOM). 
Angular applications created with the CLI will install all the required packages and generate a bunch of files and directories that can be quite intimidating for a first time user. 
[image: ]
[bookmark: _Toc37761621]Figure 1: Angular File Structure
The main folders on the set up of the new programme built with the CLI include e2e, node_modules and src. 
Firstly, the e2e folder is used for end-to-end testing used as a high level testing of the application to ensure that features and functionality of the application perform as should be and the components that make up the web page are able to communicate to share information, which is essential to make Angular applications work. 
Secondly, the node_modules folder is use for storing all the libraries and dependencies required downloaded from the node package manager. These libraries can then be included into the project.
Lastly, the app folder is what holds the data concerning different parts of the application, also known as components. Angular was developed so that it is broken down the allow for separation of concerns meaning that the view, styling and logic for certain parts of the application are kept contained to it’s own component allowing for easy maintainability, testing and helps ensure the code is loosely coupled meaning it isn’t reliant on other code to function properly.
Furthermore, the package.json file is also an import file to mention as this file is used to configure  
1.1 [bookmark: _Toc37770580]Typescript
TypeScript is a superset of JavaScript meaning it has all of the features of vanilla JavaScript but with extra features, the main of which being the introduction of types. This means that existing projects using JavaScript can very quickly become TypeScript. Also, explicitly using types means that only appropriate data can be given and stored in variables. This is important because variables are usually made with the intention of assigning a certain type of value to it, however, in JavaScript there was no way to ensure this stays consistent throughout the code resulting in variables being overwritten with different types, causing errors. 
Secondly, as TypeScript is superset of JavaScript it means that is conforms under the ECMAScript (ES) which is a JavaScript specification and standardisation. Therefore, using Angular modern code can be developed and compiled down to ES5 which is available in all browsers.
2. [bookmark: _Toc37770581]Point of Sales System (POS) Using Angular
Please use Test@test.com with the password test111 to access the application for a regular user and testManager@test.com with the password test111 to access the application as a manager to be able to access the dashboard. Please note that the dashboard has been created specifically to show the ability to introduce roles into the application, therefore when accessing the page the default set up page will be shown.
2.1 [bookmark: _Toc37770582]Introduction
Angular has many features that help create dynamic and reactive web applications which make it easy to use the features to create a point of sales system for a company to use. These features allow for creation of a single page applications which include templating, data binding and easy routing between pages. Also, easily maintainable code, asynchronicity, testability. 
2.2 [bookmark: _Toc37770583]File Structure
The application has been developed using the MVC approach meaning the application has been broken up to invoke separation of concerns between the input, business and UI logic. The POS system has implemented this pattern but adapted it to be more fitting with Angular. 
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[bookmark: _Toc37761622]Figure 2: MVC Structure
2.2.1 [bookmark: _Toc37770584]Models
Models are used to describe the representation of an object which is an essential aspect of the POS system. The application created made use of two models to help shape how a product and checkout should look, pictured in figures 1 and 2.
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[bookmark: _Toc37761623]Figure 3: Product Model
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[bookmark: _Toc37761624]Figure 4: Checkout Model

Using these blueprints of the objects, they can now be used in other parts of the application for creating objects of its type in which we can use to obtain data from a database and display it to a user.
2.2.2 [bookmark: _Toc37770585]Components
Angular applications are split into many different components, as seen in figure 3, where boxes have been used to display the different components on the page. Each of these boxed comes from a component that has a template which is a snippet of code used to display to the end user.
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[bookmark: _Toc37761625]Figure 5: Components

2.2.3 [bookmark: _Toc37770586]Services
Services are in replacement for Components in the MVC model and are responsible for dealing with business logic of the application. This brings life to the application so that when the front end of the application (component) is being used services deals with the interaction by execution of code in the background. 
2.3 [bookmark: _Toc37770587]Firebase
The application took use of firebase which is a cloud based backend-as-a-service (Baas) platform. Using this comes with a couple of benefits, the main one of which is it’s a central place to read and write data to. Secondly, firebase’s authentication is quick and easy to use and allows for extend features to be seamlessly added. An example of this can be seen in figures 6 and 7.
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[bookmark: _Toc37761626]Figure 6: Authentication
Authentication of the application means only those authorised can access the system which is good. However, in most cases, a point of sales system should give the user clear statistics. These statistics are usually available to only higher ranking member of staff e.g. managers. 
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[bookmark: _Toc37761627]Figure 7: Introducing Roles
Figure 7 shows the integration of roles into application, this means that only certain staff will be able to access certain pages of the application. 
Lastly, Angular has support for Firebase because they are both maintained by Google therefore integration is extremely quick and efficient.

3. [bookmark: _Toc37770588]Black & White Box Testing
Testing is an important part of any development cycle and is used to ensure the programme is fit for purpose and performs the functionality required by a client/ end users. Two common techniques used to test software are black and white box testing which are techniques used to test different aspects of the software and require different levels of knowledge of the system to be performed. 
3.1 [bookmark: _Toc37770589]Black Box Testing
Black box testing is the approach of testing the functionality of a system in the end users perspective by testing the front end of the application. Therefore, the tester of the application does not need any knowhow of the inner workings of the programme, only how the application should behave. This is beneficial because it means that the tests can be performed by any one both internal and external to the development team such as the actual end user of the program. Due to the nature of the testing, black box testing can be seen as high level testing and therefore is often used in acceptance testing which is the process of testing software to ensure that it matches business requirements and gauges whether the software is at an acceptable level to be delivered to a client.
3.2 [bookmark: _Toc37770590]White Box Testing
White box testing delves into the intricacies of the programme by having a tester delve into the code therefore, the tester should have a strong knowledge of programming and also the tester should be familiar with the internals of the program. White box testing usually involves performing a series of unit tests to which allow for a large code coverage.
4. [bookmark: _Toc37770591]Behavioural Driven Development (BDD)
Behavioural driven development is a software development methodology used to invoke a better understanding of the businesses needs by involving all stakeholders and ensuring everyone has a clear understanding of the features that will be implemented before development starts. Taking this approach means that there should be no ambiguity of what features will be implemented and what will not. 
Behavioural driven development uses lists of requirements written in plain English using Gherkin format and are called “scenarios”. The list of scenarios can then be seen as a specification list describing to the client all the features the application should uphold. Once these scenarios have been completed, and pass testing, then application is ready to be released.
Scenarios can be broken down into three core sections and can then be used to give a clear explanation of how a feature should act in a given state. 

	Sections
	Explanation

	Context
	The context stage is the initial stage of the scenario.

	Event
	The event is what happens to alter the state (what the user wants to happen).

	Outcome
	The outcome is what the user should be expecting after the state has been changed.


[bookmark: _Toc37701711]Table 1: Scenario

4.1 [bookmark: _Toc37770592]Behavioural Driven Development in the POS System

	ID
	Context
	Event
	Outcome

	1.
	Given that I’m not logged in
And I have entered my email
And I have entered my password
And the details I provide are correct
	When I submit my details
	Then I should be redirected to the main content page.

	2.
	Given that I am logged in 
And I am on the POS page
	When I click on plus icon on an item
	Then it should appear in the checkout component of the page.

	3.
	Given that I am logged in
And I am on the POS page 
And there is at least one item in the checkout component
	When I press the pay button
	Then I should be informed that the order has been created
And the order should be removed from the checkout component
And the order should be entered into the database.

	4.
	Give that I am logged in
And I am on the POS page
And there are no items in the checkout component
	When I attempt to process a order
	The pay button should be disabled.

	5.
	Given that I am not logged in
	When I enter the URL for the POS page
	Then I should be redirected to the log in page.

	6.
	Given that I am logged into a manager account
	When I click the dashboard tab
	Then I should be redirected to the appropriate page.

	7.
	Given that I am not logged into a manager account
	When I click the dashboard tab
	Then I should be redirected back to the POS page.

	8.
	Given that I am logged in
And I am on the POS page 
And there are items in the checkout component
	When I click the remove button
	Then the item should be removed from the checkout component 
And the total payable should be reduced to reflect the cost of the item.

	9.
	Given that I am logged in 
And I am on the POS page
And there is one item in the checkout component
	When I click the remove button
	Then the item should be removed and the pay button becomes disabled.


[bookmark: _Toc37701712]Table 2: BDD in the POS System
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4.2 [bookmark: _Toc37770593]Benefits of BDD
There are many huge advantages of using behaviour driven development as a software development methodology which can potentially reduce development time and issues of ambiguity.
Firstly, as BDD is an Agile software development process which means that it requires a high level of communication between the development team and all other internal stakeholders of the application. With this approach the system requirements can be collaboratively by all stakeholders which could be beneficial to a business and the development of a project because it allows input from all perspectives of the application meaning there’s a much greater emphasis on why a feature is being built with a lot less regard to it technical details.
Secondly, as all parties are involved in developing the requirements of the program, details must be written in a language in which all members can contribute in and understand easily, this means developing a series of scenarios in plain English as seen in table 2. These 
Furthermore, behaviour driven development is a popular choice as a software development methodology because it derived from test-driven development. This means that the project is built on the principles of writing code to pass predefined tests and then refining the code afterwards. To further extend on this, using the behaviour driven development means tests can be easily automated. 
5. [bookmark: _Toc37770594]Characteristics & Use of Testing Frameworks
Testing frameworks are a set of rules and guidelines that can be implemented into a software development project to help reduce testing time and enhance quality of product. Business are using frameworks to develop test cases in which is used to verify the functionality of features are working as intended. Test cases are used because they are extremely specific which means that it can test a much wider code coverage as apposed to scenario testing which can be quite vague.
With test automation, tests can be performed at a much quicker pace with wider coverage than manual testing. There are characteristics that are expected when using test automation frameworks, these include:
· Efficient – Test automation should be used to replace manual automation because it can be done in a quicker, more efficient way. Without this characteristic, it would be quite redundant.
· Code coverage – This is used to give an indication to how much of the code is being tested  this is important because it give an accurate figure which allows developers to adjust so that a wider amount of code will be tested.
· Consistent – Consistency means that as features are implemented, there will not need a rework to fit 
6. [bookmark: _Toc37770595]Conclusion
Angular is a popular typescript framework that has many features that help support quick development of single page applications and easy testability with integration of Jasmine which is a behaviour driven testing framework used for performing unit tests on JavaScript web applications. 
Testing is an important aspect of developing software because it brings reliability and trust that the end product will perform as expected. Testing is often done using testing automation frameworks because this allows for a wide spread of code to be tested in a much more efficient and cost effective manner.  
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