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Introduction (1)
In this report, we will look at how a student created a web application that allows for real-time weather information from any location around the World. Additionally, we will look at what the students thought process was like while in the development of this project and why they chose some aspects of the project and why they thought it would be best suited for this project. Overall, we will look at how the final project turned out and find what they would have done otherwise if they could re-do the project over again.
Secondly, we will delve into software development testing and the differences between the methodologies of testing, more specifically, black and white box testing. Testing products is necessary for software development, as you cannot allow end-users to use your product without trial, as this could lead to security flaws that have not been thought about, and could potentially in this modern-day cause a corporation to shut down with hefty fines being issued towards them for this lack of testing.
Thirdly we will look over the benefits of Behavioural Driver Development (BDD), How teams can benefit from this type of development and how it allows for better collaboration between developers, which in turn could lead to better production of products being created.
Finally, we will look over the main characteristics of a Test Framework and how testing changes the way a development team will code so that it can become testable. We will be shown examples of how a testing framework functions and show some cases in action.

Black Box Testing (2)
Black box testing is a methodology in which is used to examine software functionality without having to know what the internal structure of code will be a good example of this is explained by Mark Down “The advantage of black box testing an application is that you can do it quickly and possibly have results almost immediately.”[5]. It can be applied to all types of software testing levels but is mostly used for developed high-level acceptant and systems.
To elaborate, black-box testing, which would be used by a professional, will only know the functional input and output of the application but will not know about the application's internal code, which helps the app reach the desired output. The professional will only use testing with valid inputs and outputs and will not use invalid scenarios, which allows the professional to determine expected results without having any depth of the internal application structure.

Black Box Techniques (2.1)
Test cases built for black-box are methods built around project specifications and the requirements of the project as you don’t have any knowledge of the internal system and only know what the inputs and outputs will be.

Boundary Value Analysis (2.2)
The most common black-box testing technique, BVA or Boundary Value Analysis, is mostly used to find errors in input values by using boundaries around those values they can either not go lower or higher than a specific amount.

Equivalence Class Partitioning (2.3)
This method is used to reduce the possibilities of inputs to a small but useful data, This is commonly used to test an application extensively and avoid redundancy of data being used, it is done by diving inputs into multiple classes and getting values from each individual class.

Error Guessing (2.4)
The experience of the tester is the sole dependent on how successful this method can be. There are no techniques or tools, but one can write the tests dependent on the requirements and specifications of the project and mostly guessing what those inputs and outputs would possibly be.

Advantages of Black Box Testing (2.5)
· Test cases can be created immediately after the requirements and specifications have been created.
· The tester is free of any knowledge of a specific programming language to test the functionality and reliability of a particular application or software.
· All tests are performed from the user’s point of view and not the designers.
· Tests performed are unbiased because the tester and designer work independently from each other.

Disadvantages of Black Box Testing (2.6)
· Tests cannot be used for complex structures of code.
· Results can and usually will be overestimated at times
· Testing every stream of the possibility of inputs is impossible because it can become time-consuming, which in turn would lead to many developer’s segments of code being untested.
· Test cases are tough to define unless the specification and requirements are clear and concise and will not change on a usual basis.


White Box Testing (3)
White box testing, which is also known as structural testing and code-based testing, is a method that validates application mechanisms, objects and components, and internal framework. This kind of testing not only verifies specifications according to the code-base but also uncovers application vulnerabilities that might have gone un-noticed until release. This is known as a transparent box and visualizes the software engineering team and the internal mechanisms of the software being built. [6]
With the white box testing phase, code is run with pre-determined input values created by the designer of the test, which in turn should validate the pre-selected output values. If a mismatch is to happen, it means the code that is being run may be incorrect or could possibly have a bug. This process does mean that writing code stubs and drivers are essential.

White Box Techniques (3.1)
The techniques used in white box testing are the most important as they allow for broad and comprehensive coverage of code analysis which allows a software engineering team to find the area of code that could be creating problems or outputting incorrect results, which allows for the smoother and faster transition of product updates and creation. [6]

Statement Coverage (3.2)
Statement coverage is a technique that involves the execution of all code statements at least once in the codebase. This is used to calculate and measure the number of statements that have been executed in the source code.

Decision Coverage (3.3)
Decision coverage or also commonly known as branch coverage, is a testing method that aims to ensure each possible branch from each decision in the source code is executed to ensure that the system is performing correctly if there is too be an error but also to guarantee that all reachable code is executed. [6]

Condition Coverage (3.4)
Condition coverage is a method that checks that all branching statements cover both TRUE and FALSE Statements. This is to make sure that if that value is considered incorrect that the software can handle that correction by throwing a log or letting a system administrator know that the code has failed. This is essential in large codebases because having to find a bug in millions of lines of code without any primary TRUE or FALSE statements can be easily overlooked and could end up causing severe bugs in the future.

Advantages of White Box Testing (3.5)
· It allows developers to optimize their code as it shows bugs and errors in the system.
· Test cases can easily be made to be automated without having to keep changing them.
· Covers the whole codebase for flaws and can notify developers on the area that the code is failing.

Disadvantages of White Box Testing (3.6)
· It can become complicated and expensive, which can require a lot more time than other testing methodologies.
· [bookmark: _GoBack]Some conditions might become untested because it’s unrealistic to test every single case.
· Must update the testing on a regular basis if the codebase is changed frequently or is in substantial development.
· Testing can become exhaustive if the application is extensive.

Behaviour Driven Development (4)
Behavior-driven development (BDD) is a methodology for developing applications and a process in the software development line. It allows continual example-based communication between an extensive range of teams from developers, quality assurance teams, and business analysts.
Behavior-driven development is used across many companies to this day, and it is implausible that this methodology will cease to exist in the near future, as said by John Ferguson “Today BDD is successfully practiced in a large number of organizations of all sizes around the world, in a variety of different ways.”.[3]
BDD is an extension of test-driven-development; these types of tests are simple and domain-specific languages. At the heart of BDD is rethinking the way unit-testing is completed in order to avoid issues that naturally occur within the software development cycle. It suggests for unit test cases to use whole natural sentence names and should be written towards business order of value.
The primary purpose of BDD is that the communication levels are taken to the next level and allows a lot more teams to be involved and have a voice in their opinions or suggestions. This allows for better productivity in the whole business but can also create a more social and enjoyable environment within work, and out of it, this is also explained by John Feguson “BDD is a highly collaborative practice, both between users and the development team, and within the team itself. Business analysts, developers, and testers work together with the end users to define and specify features”. [4]
BDD also encourages working in small and rapid development cycles to increase feedback and the flow of value towards a product being worked on. The principles of BDD are as follows the developer creating the test must define a test set for the unit of tests first, then make the tests fail. This allows the developer to understand that the test can fail and will fail if the output is incorrect. 
Once they have completed the previous steps, they will design and implement the unit tests that have been created into the source code and then finally verify that the implementation of the unit tests can succeed. When all steps have been completed, they have successfully implemented the full capability of unit-testing of BDD.

Jasmine Test Framework (5)
Jasmine is a test framework built for JavaScript that allows applications to create and run unit tests on applications large or small and allows developers to automate the testing with expected inputs and outputs and will inform developers if a unit-test succeeded or failed.

Principal Components (5.1)
Jasmine is fast and has no external dependencies. This means that while it’s running will only effect results slightly or if done correctly and with experience could not affect performance at all. No external dependencies will allow it to be loosely coupled, and it can be exported without the need to download extra necessities for the application to be tested.
It’s a battery included library in the context which allows and offers everything from running on top of testable code and making it easy and straightforward to integrate into source code no matter the size. 
Jasmine integration provides for smooth transitions no matter what framework or libraries you are currently using, making it ideal for applications that have many libraries that are required for the app or software to run. This could be extremely useful for applications that have more complexed internals that libraries upon libraries to run.
Behavior-driven development is the core of Jasmine as it has the tools to collaborate with a large number of people. This is mainly because all the code syntax in Jasmine is both clean and easily identifiable when needed. Jasmine has a great file structure as well because, rather than having the unit tests directly built into the source code, it is separated from the source via its in-built file structure.







Example Testing Jasmine (6)
In this section of the report, a demonstration will be shown of jasmine in action. In the image below, we have created a pure class with a bunch of calculation functions that will output the results depending on the inputs being sent in.
[image: ]
We have created these functions to demonstrate how jasmine works, as you can expect from mathematical functions. You would need these results to be precisely right; otherwise, this could have dramatic effects if the results were incorrect.
The unit tests for the mathematical functions shown above have been created in the image below. This will allow us to test if Jasmine is fully functional and how it works with unit testing.
[image: ]
With jasmine, you must create files called Specs that represent a file of test cases, within these files, you must have what the functions being called expect their results with the inputs being imported. This will give us an indication of the service that it is working correctly, and it will output an error if incorrect.
When everything is compiled and setup, jasmine will show a results sheet once complete and will show you if functions are functional and if there were failures shown in the image below.
[image: ]



Developing Node.js Web Application using Ajax (7)
The student looked at creating all types of web applications and what would be best to create with AJAX as a leading contributor to the project. In the end, they decided to choose to create a live weather application that can tell users their current weather around them or the world. This could possibly allow users to find out the current temperature, humidity, and current weather situation.
The web application will be able to show the current weather in a location that can be searched, or the user can get their current location and get the latest weather of their area. 
The target market for this web application is focused on children, as it is simple and easy to use with not much complex interaction and allows children to gain great insight into the weather around the World.

Web Application Requirements (8)
Node.js (8.1)
Node.js was chosen as the central web server architecture, as this was one of the main requirements for the task given to them. Node.js is lightweight and easily interactable, with many libraries supported. Many libraries can be found via the Node Package Manager, which is a large and great community of libraries built by individuals and teams.

Express.js (8.2)
Express is a web server framework that is both fast and minimalistic and takes all the complexed parts of a web server, e.g., web communication, data transmission, file types, and much more this allows developers to skip all the boring parts and instantly start developing without wasting time and increasing productivity.

Typescript (8.3)
Node.js is usually built with the language JavaScript but can also be made with many languages. Typescript is known as a superset language that is built upon JavaScript that allows developers to use typed variables in whilst creating the web server architecture this stop developers from making mistakes in the future by assigning variables with incorrect types, which leads overall to fewer bugs and more consistency within the source code.

Ajax (8.4)
Ajax is a library of web development techniques using many web technologies, all combined into one. It allows for asynchronous communication with web servers on the client, allowing for page updates without the server or client rendering an entirely new page.

Embedded JavaScript Templating (8.5)
Embedded JavaScript Templating (EJS) is used for creating templated web pages this permits developers from creating duplicate web pages for each individual change because the webserver will send details back to the user of what information will be displayed to the user and the client will render that information on the web page this is called dynamic templating and is hugely used within the industry.

Mapbox API (8.6)
Mapbox allows clients to collect information on locations based on a location name. This API will be beneficial for converting location names to geographical coordinates that would be used for weather information in a specific area.

Darksky API (8.7)
Darksky is a weather API that allows developers to collect the latest, future, and past weather information based on a geographical location using coordinates.

Implementation (9)
Ajax (9.1)
Ajax was used to interact with the web services provided by the webserver to allow clients to request weather data of a location and quickly see the weather changes without having to load or reload the web page. This allowed the developer to create instant updates of weather information every 60 seconds. Still, the user could also search for the weather of other locations, and it would update the page accordingly.

Http Service Module (9.2)
The HTTP service module is primarily used to interact with both API’s that have been mentioned this allows the server to send direct requests to the required web services and will enable us to gain insightful info into both location details and the latest weather from that location.
[image: ]

Geocoding Service Module (9.3)
The geocoding module interacts with the Mapbox API and allows for location names to be forward geocoded into latitude and longitude coordinates allowing us to use this to find weather information in the future. The module also has reverse geocoding, which allows the webserver to accept a latitude and longitude and request Mapbox to give us the location name and details of the coordinates if they are valid.
[image: ]


DarkskyData Service Module (9.4)
This module is inherited from the HttpService and requests specific data from the Darksky API allowing the webserver to collect the latest weather details in a particular location required from the client using latitude and longitude positional coordinates.
[image: ]

Weather Service Module (9.5)
The weather service module is the main component of all the connections between the API’s and data. This module is the central controller that allows data to be sent out from the webserver and be collected, ready to be parsed back to the client with the weather updates. It combines both the Darksky Module and Mapbox Module so that they can both wait for each other before proceeding with the next step in functionality.
[image: ]


Final Look (9.6)
[image: ]
The overall look of the web app was effortless to both read and interacted with, and the information displayed was accurate and could quickly identify what the weather was like in the current location being searched.

Conclusion (10)
In conclusion, we looked at testing methodologies, specifically white and black box testing, and the advantages and disadvantages of both and what the potential differences are and how they affect the software development process.
Secondly, we delved into Behavioural Driven Development, and how it affects both the development cycle and work environment, we also looked at the productivity changes that would have to take place for this method to be introduced and what the developer must do to implement this method of development.
Thirdly, we looked at Jasmine, a test framework that is widely used in businesses and how unit tests are both created and integrated with source code. The main components of the test framework were looked at and why a company or developer might choose to take on the context as their principal tool for unit testing in their product.
Finally, we got shown what the student had developed for their task and looked at the requirements that would be needed for the job to be developed and deployed. Overall, it seems that the student in question learned a lot during this development process as they had to deal with a large number of web services and integrate them so they can work efficiently without any knock-on effects.
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MathUtils = function() {};
Mathutils.prototype.sum = function(number1, number2) {

return numberd + number2;

Mathutils.prototype.substract = function(number1, number2) {
return numberd - number:

Mathutils.prototype.multiply = function(number1, number2) {
return numberl * number2;

MathUtils.prototype.divide = function(numberl, number2)
E return numberl / number:

Mathutils.prototype.average = function(number1, number2) {
return (number1 + number2) / 2;

Mathutils.prototype.factorial = function(number) {
if (number < @) {
‘throw new Error(“There is no factorial for negative numbers™);
} else if (number == 1 || number == @) {
return 1;
} else {
return number * this.factorial(number - 1);
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describe("Mathutils”, function() {

)

var calc;

//This will be called before running each spec
beforeEach(function() {

calc = new Mathutils();
bH

describe("when calc is used to peform basic math operations”, function(){

1/Spec for sum operation

t("should be able to calculate sum of 3 and 57, function() {
expect(calc.sun(3,5)) . toEqual (8) ;

s

//Spec for multiply operation

it("should be able to multiply 10 and 40", function() {
expect(calc.multiply(1e, 46)).toEqual(4ee);

s

1/Spec for factorial operation for positive number

it("should be able to calculate factorial of 9", function() {
expect(calc.factorial (9)) . toEqual (362880) ;

s

1/Spec for factorial operation for negative number
it("should be able to throw error in factorial operation when the number is negative”, function() {
expect(function() {
calc. factorial (-7)
})-toThrouError(Error) ;
s

s
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Mathutils

when calc is used to peforn basic math operations
Should be able to calculate sum of 3 and 5
Should be able to multiply 10 and 40
should be able to calculate factorial of 9
should be able to throw error in factorial operation when the number is negative
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import * as https from ‘https’®

export class Httpservice {
//Create a secure (HTTPS) request to the specified AP
public CreateSecureRequest(url: string, callback: (error: boolean, data: object) => void)
{
let dataToReturn: object = {};
https.get(url, (response) => {
//check if the reponse responded with 200 (OK)

if(response. statusCode != 200)
{
console.log("The APT request has responded with a status code: " + response.statusCode?.tostring());
callback(true, {});
b
else
{
let buffer: string = ™;
//Print out the data we need
response.on(data’, (data) => {
buffer += data.tostring();
P-on("end”, () => {
callback(false, JSON.parse(buffer));
b
b3

//TF an error occured on the HTTPS Request
}).on("error’, (e) i

console. log(e);

callback(true, {});

s
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import { HttpService } from ./HttpService
import { MapboxData } from °../Models/MapboxData’;

export class GeocodingService extends Httpservice {
mapBoxToken: string = "pk.eyJ11joiY3Jve3NSMTKSOCTSINE 017 jazgzeXI0eGWeGAIMIBYAZVb3J0aHFhING . FZNrO00bTteBSHOVDGFiKA”

//Function for asking mapbox API to forward a location name to coordinates
public forwardGeocode(location: string, callback: (err: boolean, data: MapboxData ) => void)

{
if(location == ")
location = "Swansea”
console. log(" https: //api.mapbox. com/geocoding/vs/mapbox. places/${location} . json?access_token=§{this.mapBoxToken}");
‘this. CreateSecureRequest (" https://api.mapbox.con/geocoding/vs/mapbox. places/${location} . json?access_token=3{this.mapBoxToken}", (err, data)
let mapboxData: MapboxData - data as MapboxData;
if(err)
{
console. log("Geocodingservice ERROR: reponse was null”);
callback(true, mapboxData);
b
if(mapboxData. features.length <= @)
callback(true, mapboxData);
callback(false, mapboxData);
s
¥

//Function for changing coordinates to a location name
public decodeGeocode(latitude: number, longitude: number, callback: (err: boolean, data: MapboxData) => void)
{
console. log(" https://api.mapbox. com/geocoding/vs/mapbox. places/${longitude} ,${1atitude} . json?access_token=${this.mapBoxToken}");
‘this. CreateSecureRequest (" https://api.mapbox.con/geocoding/vs/mapbox. places/${longitude}, ${1atitude} . json?access_token=${this.mapBoxToken}", (err, data) => {
let mapboxData: MapboxData - data as MapboxData;

if(err)

{
console. log("Geocodingservice ERROR: reponse was null”);
callback(true, mapboxData);

b

if(mapboxData. features . length
callback(true, mapboxData);
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import { HttpService } from "./HttpService";
import { DarkskyData } from "../Models/DarkskyData”

export class DarkskyDataService extends HttpService
darkskyAPIKey: string = "28b2709273b@3fdf005Cd642F74a6151";

public Getlatestueather(latitude: number, longitude: number, callback: (err: boolean, data: DarkskyData) => void)
{
let darkskyLink: string = “https://api.darksky.net/forecast/${this.darkskyAPIKey}/${1atitude},5{longitude)>exclude=Flagsgunit:
‘this.CreateSecureRequest(darkskyLink, (err, res) - {
let darkskyData = res as DarkskyData;
if(err)
{

console. log("LATEST WEATHER ERROR: A problem has occured!™);
callback(true, darkskybata);
b

callback(false, darkskyata);
s
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import { DarkskyData } from "../Models/DarkskyData™
import { MapboxData } from "../Models/MapboxData”;

import { GeocodingService } from "./GeocodingService”;

import { DarkskyDataservice } from "../Controllers/DarkskyDataservice™;

class weatherservice {
//service for forwarding a location name to coordinates
_geocodingService: Geocodingservice;
//service for getting the latest weather based on
_darkskyservice: DarkskyDataservice;

constructor()

this._geocodingService = new GeocodingService()s|
this. _darkskyService = new DarkskyDataservice();

//This functions is used to convert a location name to the latest weather information
public GetlocationLatestWeather(location: string, callback: (err: boolean, data: object) => void)
{
this._geocodingService. forwardGeocode(location, (err: boolean, mapboxData: MapboxData) => {
if(err)
{
console. log("Geocodingservice: Response Value was null
callback(false, {err: "Gecoding response was invalid”, darkskyData: {}, mapboxData: {}});

let long = mapboxData.features[6] .geometry. coordinates[e] ;.
let lat - mapboxbata.features[6].geometry. coordinates[1];

‘this._darkskyService.GetLatestWeather(lat, long, (err: boolean, darkskyData: DarkskyData)
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Llanelli, Sir Gaerfyrddin, Wales, United Kingdom

Latitude Longitude
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Temperature Humidity Preciptation
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Live update in: 6 seconds
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