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1. [bookmark: _Toc70670453]Design Statement
1.1 [bookmark: _Toc70670454]What the project is
The project that will be built is a chat application with several different rooms. The user will be able to communicate with another user on the application, sending messages in real time. When a user has connected to the chat, the other person will get a notification after they have signed in saying they have joined the chat application.
This project will be for a football team, so everyone can stay in contact with each other. The application will have different rooms for the managers, team selection, training, first team, second team and fixtures. These rooms will have concurrent users. The reason why this project has been chosen is due to the current pandemic, the coaches and team can stay in contact with each other, so the coaches can see who is doing training even when the matches are not playable.
1.2 [bookmark: _Toc70670455]Personas
Below are the personas of the people who will use the application.
Persona 1
	Demographics
	
	Education
	
	
	Traits
	
	Hobbies

	Name:
	Alister Wheeler
	School:
	Llangatwg
	Optimistic
	Football

	Age:
	29
	College:
	NPTC
	Determined
	Walking

	Gender:
	Male
	Degree:
	N/A
	
	Socialising

	Job Title:
	Head Green Keeper
	
	
	
	

	
	
	
	
	
	



Persona 2
	Demographics
	
	Education
	
	Traits
	Hobbies

	Name:
	John Jones
	School:
	Llangatwg
	Pessimistic
	Football

	Age:
	42
	College:
	NPTC
	Confident
	Golf

	Gender:
	Male
	Degree:
	Swansea University
	
	Gym

	Job Title:
	Council 
	
	
	
	

	
	
	
	
	
	






Persona 3
	Demographics
	
	Education
	
	Traits
	Hobbies

	Name:
	Melissa Myles
	School:
	Dwr-y-felin
	Determined
	Rugby

	Age:
	25
	College:
	NPTC
	Grit
	Football

	Gender:
	Female
	Degree:
	Cardiff university
	
	

	Job Title:
	Physiotherapist
	
	
	
	

	
	
	
	
	
	



1.3 [bookmark: _Toc70670456]Scenarios
This chat application has been made so the different coaches can speak to the players without being in contact with them. They can speak to a number of players and coaches at once, in different chat rooms. They can discuss what is happening in training, the team selection for game day, and any fixture changes and/or queries players have. 
1.4 [bookmark: _Toc70670457]Usability/accessibility
The chat application will be designed for all users as the layout will be kept the same throughout, with the same fonts and colours. The user will not have to look where the buttons are and will not have to remember different actions. The buttons will be big and a different colour from the main chat, as this will differentiate them so people with sight issues such as colour blindness, can use the application. The application will be aimed to a younger audience of a football team, so ages 16 – 35.

2. [bookmark: _Toc70670458]Technologies and Frameworks
2.1 [bookmark: _Toc70670459]Research into possible technologies
In this section, research into the possible technologies is conducted.
2.1.1 [bookmark: _Toc70670460]Node.js
Node.js is an open sourced and runtime environment platform for executing JavaScript code outside of a browser. Node.js website says that “Node.js is a JavaScript runtime built on Chrome's V8 JavaScript engine. As an asynchronous event-driven JavaScript runtime, Node.js is designed to build scalable network applications” (1). This suggests that node.js uses JavaScript code to be run outside of a web browser and is used to build network applications. Node.js is used to build back-end services such as API’s, which are the services that provide the client applications such as a web app running inside a web browser or a mobile app running on a mobile. 
Node will be used as “The development is less time-consuming and as a result, you get fast and reliable software. Developers trained in frontend JavaScript can start programming the server side with minimum effort” (2). Node will be considered as the application will be used with JavaScript, so node will have many libraries to use.
Node is used to build high scalable real-time back-end applications. There are a number of different frameworks that can be used instead such as ASP.net and rails. Node.js will be considered over ASP.net as the primary language is JavaScript, and the primary language of ASP.net is C#. The other reason is that it is more popular and suited to the project.

2.1.2 [bookmark: _Toc70670461]Socket.io
The next framework that will be used is socket.io. Socket.IO is a JavaScript library for real time web applications. “Socket.IO is a library that enables real-time, bidirectional, and event-based communication between the browser and the server. It consists of a Node.js server and a JavaScript client library for the browser (which can be also run from Node.js)” (3). This suggests that socket.io is a JavaScript library that works with Node.js server. It works by “The client will try to establish a WebSocket connection if possible and will fall back on HTTP long polling if not” (4). It provides the event-based communication between the browser and server. The advantages are it allows to send messages by specifying an event name, and this can reach all clients, which is needed for a chat application. The disadvantages are it is not a web socket, so you will not be able to use the built in WebSocket class in the browser, instead the socket.io library will need to be used instead.

The other framework that was considered was web sockets. WebSocket’s is “the communication Protocol that provides bidirectional communication between the Client and the Server over a TCP connection” (5). This suggests that a WebSocket helps in real-time communication between the client and the webserver using a TCP connection. An advantage is that it stands over an HTTP connection that it provides full communication. This was considered as WebSocket’s help transform cross-platform applications between the client and the server in real time. The disadvantage is that it does not support broadcasting and it does not have a fall-back option like socket.io.

2.1.3 [bookmark: _Toc70670462]JavaScript
JavaScript is going to be used to write the application. “JavaScript is a text-based programming language used both on the client-side and server-side that allows you to make web pages interactive” (6). This suggests that it is a programming language for the web. This has been chosen as brackets will be used to write the program, and JavaScript can be run on, as well as being linked with node.js and socket.io. “There are many ways to use JavaScript through Node.js servers” (7). The advantages are that it is popular and simple compared to other languages like C#. The disadvantages are that it less secures on the client side, as bugs can be exploited for malicious purposes.
The other language considered was C#. “C# is a modern, object-oriented, and type-safe programming language. C# enables developers to build many types of secure and robust applications that run in the .NET ecosystem” (8). The advantages are that it is cross platform, so can be tailored to many different things. It is also safer than using JavaScript. Also, it is easy to develop as it has a rich class library. The disadvantages are it can be less flexible as it has to be run on the .NET framework. 

2.1.4 [bookmark: _Toc70670463]Synchronous vs Asynchronous
When considering concurrency, this means queues. There are two types of queues, serial and concurrent.
Serial queues are tasks that are run one by one, meaning when that task is complete, only then can you move on to the next task. In a concurrent queue, tasks are run one by one, but each task can be completed on a separate thread, so the queue does not wait for the previous tasks to run the next one. 
[image: ]The image below shows the difference between serial and concurrent.















(9).
There is two ways that a task can be added to a queue, synchronous and asynchronous.
Synchronous – “When adding a task via the method sync, the current thread gets blocked until the task is finished — no matter whether the queue is serial or concurrent” (10).
Asynchronous – “the current thread conversely proceeds execution immediately after adding the task” (11). 
The image below shows the threads of sync and async.
[image: ](12).

There are a number of concurrency issues such as race conditions, priority inversion and deadlocks.
Asynchronous will be considered and used as it is a chat application, and there are multiple tasks that it will need to handle, through multiple chat rooms in real time. As the build will use Node.js, node is asynchronous, and event driven.

2.1.5 [bookmark: _Toc70670464]Mutexes
Mutexes will be considered when developing the application. Mutexes are used to prevent race conditions. A race condition “occurs when a software program depends on the timing of one or more processes to function correctly. If a thread runs or finishes at an unexpected time, it may cause unpredictable behaviour, such as incorrect output or a program deadlock” (13). This suggests that a race condition will happen if a program relies on threads that run in an unpredictable sequence, a race condition may occur.
If a race condition happens, a mutex will try to prevent it. A mutex is “is an operating system data structure that is going to be used by tasks to make sure that you have exclusive access to a shared resource” (14). This suggests that each mutex will be used to protect one resource. The developer will figure out where a mutex is needed. The RTOS will provide the messages to wait (wait until it is safe to use the mutex, so no other task is doing anything with the shared resource) and leave (RTOS will let the tasks know when it is safe to manipulate that resource). Once the task has been complete, the mutex will go back to the OS so it can be used for another task.

2.1.6 [bookmark: _Toc70670465]Semaphores 
Semaphores will be considered when designing the app. “A semaphore is a generalized mutex. Semaphores limit the maximum number of concurrent threads accessing a resource. This means that multiple buffers can be created to avoid a race condition. It acts as a queuing system where one task that is currently being carried out can be interrupted by another task” (15). This suggests that it is a way to limit users for a specific resource. There are 3 types of semaphores. Counting, Binary and mutual exclusive (mutex). An advantage is that they allow only one process into the critical section.

2.1.7 [bookmark: _Toc70670466]Multithreading
Multithreading will be used even though JavaScript is single threaded, socket.io allows for multithreading via JavaScript. “Multithreading is a process of executing multiple threads simultaneously in a single process” (16). This suggests that each process can be run at the same time, this process is known as multithreading. Multithreading will be used as it makes the chat app more responsive, as it allows the app to run even if part of it is blocked using multithreading.


3. [bookmark: _Toc70670467]Application logic planning
3.1 [bookmark: _Toc70670468][image: ]Client and Server processes


3.2 [bookmark: _Toc70670469][image: ]Logic Flow diagram

This logic flow starts by entering a username, and selecting a room, and then enters a room. If the details match, then they will go into the room, if not a validation message occurs. If there is a new user in the room, the server notifies everyone in the room. The user then types their message, if it contains text it will be posted from the client to the server and back to the clients, if not a validation message will occur. If the user leaves the room, they will get another validation message and then if they confirm leaving, the room will be notified that the user has left, and the process ends.
4. [bookmark: _Toc70670470]Data requirements analysis and design
The information that the application requires is all inputted by the user. It requires a username inputted via a text box and a room name selected from the drop-down menu. This data will then be stored in the different variables in the code. After a room has been selected, the user can then send a message in the chat. The client sends the message by inputting it into the text box, then gets sent to the server, this then gets returned to all the clients in the chat room.
5. [bookmark: _Toc70670471]Application flow and page/screen layout design
5.1 [bookmark: _Toc70670472]Wireframes
Main menu Page
[image: ]
Above shows the wireframe for the main menu of the chat application. It has a text box for the username, a drop-down menu to show the room names and an enter button to enter the room selected.
Chat Room Wireframe
[image: ]
Above shows the chat room wireframe. This has two buttons, one to send a message in the bottom right corner and a button to leave the room. On the left in the panel, it shows the room name along with all the users in the room. The chat goes in the centre of the screen, and the message area is at the bottom of the app.
5.2 [bookmark: _Toc70670473]Screen flow diagrams 
[image: ]
This shows the screen flow for the app. Main menu has a decision of what room to enter.

5.3 [bookmark: _Toc70670474]Evidence of layout design, feature placement, usability
[image: ]Main Menu

This shows the layout and placements of the features for the home page. This has a text box for the input of the username and then a drop down for the selection of the different rooms. The enter button is clearly displayed and is a different colour to differentiate it so the user knows where it is. Everything is centred for ease of use, and the user will not miss the criteria needed to use the application.
Room Layout
Leave Room

This shows the layout and feature placements for the selected room. This has two buttons, one for sending the messages that is placed next to the text box to input a message and one at the top of the page to leave the room. These are different colours to for efficiency of use. It has two scroll bars as if there are many users, they can see who is in the chat and when there is a number of messages, they can scroll up and down to see them.

5.4 [bookmark: _Toc70670475][image: ]Evidence of user feedback (message boxes, alerts, etc)
This shows the alert that the user has not entered a name but has tried to join a room.
Below shows the alerts for joining the chat and for someone leaving the chat. It shows the welcome message from the app and it shows where to enter your message.
Leave Room













Leave Room












This shows the message box for leaving the chat room.
2

6.4 [bookmark: _Toc70670476]Test Plan
6.1 [bookmark: _Toc70670477]Functional Testing
	Test No.
	Name
	Test Description
	Expected results
	Actual results
	Action

	1
	Username validation
	Try to connect to a room without entering a username
	Validation message, no connection established.
	As expected
	

	2
	Room validation
	Connecting to a room without selecting a room
	Validation message, no connection established
	As expected
	

	3
	Username and room selected
	Try to connect to a room
	Connection is established
	As expected
	

	4
	Welcome message
	Once connected, welcome message appears
	Welcome message appears
	As expected
	

	5
	Send button
	Send a blank message into the chat
	No message is sent
	As expected
	

	6
	Send a message
	Actual data in message will be sent
	Message is sent
	As expected
	

	7
	Join message
	Message saying “Bob has entered the chat”
	Feedback message
	As expected
	

	8
	Leave button
	Leave the chat
	Leave the chat
	As expected
	

	9
	Leave button validation
	Validation message appears
	Validation message appears
	User left without validation
	Code was implemented to leave the chat:

document.getElementById('leave-btn').addEventListener('click', () => {
  const leaveRoom = confirm('Are you sure you want to leave the chatroom?');
  if (leaveRoom) {
    window.location = '../index.html';
  } else {
  }

	10
	Stress tests
	10 people join a chat room at once
	10 people can chat
	As expected
	

	11
	User list
	Users in chat appear on the list
	List of usernames under ‘user’
	As expected
	

	12
	Disconnect
	Notify users about disconnects
	Notifies users about disconnects
	No message was sent
	Code implemented to leave chat:

  socket.on('disconnect', () => {
    const user = userLeave(socket.id);

    if (user) {
      io.to(user.room).emit(
        'message',
        formatMessage(chatName, `${user.username} has left the chat`)
      );



7 [bookmark: _Toc70670478]User acceptance testing
To conduct acceptance testing, the app will be handed to a number of users to use the app. These users will then be given a questionnaire to gather data on the effectiveness, usability and any bug fixes that are needed. This will be conducted as it gives a different outlook on the application, thus providing feedback on the user experience. The questionnaire will have acceptance questions such as “Will you continue to use the application?”. If the users answer yes, then the application will be accepted. Another way of conducting acceptance testing is by checking the functionality against the scenarios in the above section.

[image: ]The app was handed to 5 users and their responses were as followed:





[image: ]Out of the 5 participants, 100% of them suggested that the application set out to meet the purpose. 3 of the participants scored navigation a 5 out of 5. 2 of the participants scored it as a 4. This shows the navigation was successful.
[image: ]
Only one participant suggested that they had a problem. They suggested that the leave button needed to be displayed better, the send button needed to be bigger and if a user enters a number after their username, it can conflict with the time in the chat. These were only minor issues as no one else commented on this, and 100% of the participants would recommend the app and continue to use it.
The other four participants said that no issues were found.


[image: ]
[image: ]100% of the participants said that they would recommend the app, meaning that the users accepted the app successfully.
100% of the participants said that they would continue using the app. This shows that acceptance testing was successful.
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9 [bookmark: _Toc70670480]Appendix
A. Questionnaire 
1. Does the app meet the purpose of a chat application?
2. Rate the navigation out of 5. 5 being the best, 0 being the worst.
3. Did you encounter any problems? If so, what?
4. Would you recommend the app?
5. Would you continue using the app? 
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