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The purpose of this report is to develop a complete understanding and demonstrate the key components involved when developing a web application in relation to the tasks at hand. This report will evaluate technologies and techniques associated with web applications and offer a detailed explanation into there operations.  
[bookmark: _Toc38047420]Typescript Application
The application was created using typescript within Visual Studio Code. The application uses different frameworks as well as the use of node.js consistently throughout. The application focuses around vehicles, the interface allows the user to upload their vehicles to a garage where the vehicle will be stored onto the database. Express, EJS and PostgreSQL are used in the server side of the application and concurrently control the database. There are frameworks implemented to control the frontend of the application. These frameworks utilized are Vue and Materialize. 
The frameworks and dependencies such as typescript and node.js were install by using the ‘npm’ command. To initialize the application npm install must be entered into the command line. When installed npm run start or npm run dev begins the application. 
Express is used to serve the web application and was installed to run on the application. The interface the user initially begins to use was implemented through a Materialize stylesheet. Materialize implements CSS framework used from Google. EJS is embedded JavaScript templates and is used hand in hand with express. The user’s interaction with the application is far better suited when these frameworks have been implemented. 
‘Shelljs’ was used to transfer files to the directory whilst ‘Rimraf’ was used to remove the folders in question. The development of the project proved to be tricky and so there was constant changes to the files. ‘Nodemon’ was recommended as a method and framework to use to watch files and restart when changes had affectively been made. ‘Dotenv’ was installed as a way of configurating the application. 
Docker was used to download PostgreSQL where the database would naturally be run. The database would be initialized by using docker run -d –name vehicles-db -p 54321:54321 -e ‘POSTGRES_PASSWORD=password123’ postgres. This would initialize the database the whole application is dedicated to. There were instances were docker would run the database on a certain device but was limited due to hardware and software on others. The database was needed to be redistributed every time when testing. 
‘Vue’ was installed to render the interface and what the user can interact with whilst ‘Axios’ was used for the API. Parcel was implemented to transpile the typescript and the dependencies. These frameworks and dependencies were utilized to offer the user a far better experience and more efficient functioning application to use. 
When running the application, the user is able to perform and upload their own vehicles to the garage. The interface is shown below and is what the user is able to interact with. The frameworks allow for the buttons and text boxes to link to the database as they have been implemented with Materialize and selected to function with the developed code. 
[image: ]
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The ever-increasing methods in developing software has resulted in multiple forms of software testing being made mandatory. Software testing enables a developer to meet the requirements set by garnering a comprehensive report on the software developed and the potential flaws, errors, quality, satisfaction and design of the system. Black and White Box testing have become two common approaches when developers test their software. 
The strategy known as black box testing focuses on the requirements and specifications with no integral knowledge of paths, structures or implementation being tested in the software [1]. Black box testing tests the input and output of the system without delving into the program. In contrast, white box testing requires the internal knowledge as it takes into account the mechanism of the system in question [2]. Its key component is to understand the flow of the application.  
White box testing in theory tests the software code in development for the following [3]:
· Security internally 
· Paths that have been created dissatisfactory or inapplicable
· The workflow of certain inputs
· What the software is expected to output
· Loops in particular conditional loops
· The statement, object and functions
On the other hand, black box tests for the following [4]:
· Begins to inspect the requirements and specifications
· Tests valid and invalid inputs
· Determines testing tasks to be created for expected outputs and to choose selected inputs
· Compares actual outputs from what was expected
· Defects any fixed data and retries
White box testers create their own set of test cases in order to execute on the software in question. White box testers must understand the source code of the software in order to fully test the system adequately. White box testing techniques optimize the written code from an early stage in the development to test all code written and can also be reused later in the creation stage. Some technique predominantly used within white box testing are as followed [5]:
Code Coverage Analysis
This technique disperses the gaps by identifying the section of the program unable to be tested by test cases. The ability to create new test cases for sections of the software yet to be tested also enhances the quality of the software. 
Statement Coverage
This technique examines the statements within the code during every test cycle.
Branch Coverage
Each path in the code is tested to know the full extent of loops. 
White Box Pseudocode:
Consider this simple pseudocode in demonstration with white box testing.
INPUT A & B
C = A + B
IF C>100
PRINT “ITS DONE”
The example demonstrates the figure reaching the number of greater than 100. If A represents 50 and B 60 then the code will execute. However, if the C totaled to a number less than 100 an issue arises. If A is 30 and B 40 then an error will occur. Testing should occur multiple times as once is not sufficient enough. The negative output must also be considered when testing that is why branch coverage is used. 

Consider this to be the new pseudocode.
INPUT A + B
C = A + B
IF C>100
PRINT “ITS DONE”
ELSE
PRINTT “ITS PENDING”
Two test cases are required to test and when the code is executed with no errors it is complete. Below is a figure of a flowchart simplifying the pseudocode discussed [6].
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Figure 1: Flowchart simplifying the pseudocode.
Black box testers needn’t not know the source code of a software rather than the solely on input and output. Black box testing can provide efficiency as knowledge is not necessarily required when testing the system. It also benefits larger code as it focuses on the input and output. Some beneficial techniques used with black box testing are as followed [5]:
Equivalent Class Testing 
This technique reduces the amount of possible test cases.
Boundary Value Testing
This determines if the range of the values are accepted by the software. This in turn also reduces the amount of test cases.

Decision Table Testing
A decision table implements conditions and the potential outcomes within a matrix. 
Overall black and white box testing are very contrasting and are distinctive in their own way. Below is a table constructed to demonstrate the overall differences between them:

	Black Box Testing
	White Box Testing

	To test the functionality/behavior of the system
	To test the infrastructure of the application

	Can be completed by anyone (little to no level of coding knowledge)
	Tester is required to have adequate knowledge on code

	Test can be performed with the GUI (Graphical User Interface)
	Testing can be conducted at any stage throughout the development life cycle (importantly done earlier on)

	Not all inputs are tested
	All paths can be tested

	Beneficial test techniques such as: Equivalent Class Testing 
Boundary Value Testing
Decision Table Testing

	Beneficial test techniques such as: 
Code Coverage Analysis
Statement Coverage
Branch Coverage



	Test cases are written in relation to the Requirement Spec
	Test cases are written in relation to Design Document

	Software Testers perform the tests
	Software Developers assess these

	Less time consuming 
	More time consuming

	Focuses on how the software works
	Focuses on how the software builds

	Errors are not detected, and defect occur when the basic code is developed
	Hidden errors can be detected, and early defect is possible



Table 1: Difference between Black and White Box Testing [6].
Software testing is mandatory and must be completed with efficiency if successful software is to be achieve. Black and White Box testing incorporates the integrity of software testing by fully scrutinizes the software and tests to its maximum capacity. 
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Behavioral Driven Development is a type of methodology used in the development of software. BDD aims to improve communication between members involved with the software. 
Developed in 2007 by Dan North and Dave Astels, the objective was to create BDD in order to Build the correct software, reduce risks and evolve designs. BDD helps to ensure that all the correct features are built and delivered as the target audience are updated on the features. The risk is reduced in the sense that there is no room for the developers to get distracted. The stakeholders have issued what they require and that is abundantly paramount in the development of the system. BDD also helps the creation and design of the system as the behavior of the system is highlighted rather than its counterpart test-driven design/development (TDD) [7]. 
The communication between all members involved in the system can be shrouded in complication and engineers can be misunderstood with what the business team requires. The same can imply for the business team and a misunderstanding with the software team is a possibility. Behavior-driven development incorporates two vital tests in which testing should be small and test one certain thing as well as tests should be summed into sentences [8]. This minimizes the uncertainty and helps display a better communication in what is being achieved between all parties involved with the system. In essence it uses a specific language to describe the built systems behavior with the exception of explain the means of its implementation [9]. 
SMART is used within business in order to deliver a specific, measurable, attainable, relevant and time-bound goal. The goal of a business is to accommodate its target audience needs, a developer or engineer for a business must understand what the system needs to achieve. This is what the business goal becomes and in turn the driving factor. 
An example of a business setting their goals to their employees negatively would be, “Make more money by selling more products”. A positive way to set the goal can be, “The business is planning on receiving 15% more sales monthly from online sources in the next 4 months”. The scenario in place demonstrates the role the business imposes, the feature, the benefit, context and when it is to occur [9].
The benefits of using Behavior Driven Development are as followed [10].
· The developed worked can be traced to the original business objectives implemented.
· The software developed complies with the target audience/users’ needs. The business benefits from this as the high satisfaction the user receives attributes to the business credibility.
· Priority over what needs to be achieved and when is delivered quickly and efficiently. 
· All members involved with the project share an understanding and comply with one another regularly. 
· All members regardless of their computing knowledge or business stance know the projects progression. 
· It supports upcoming business needs.
· Effective coding reduces the cost of maintenance and further enhances the project by reducing the risk it has.
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As discussed throughout this report, test cases are incredibly important in the occupation of software/system development and testing. Test framework is a set of guidelines that create and design test cases [12]. Frameworks are a selection of tools combined to offer the best possible practice, assumptions and libraries across the development of the project at hand. Frameworks are extremely popular in the creation of projects as the developer can simply install various frameworks suiting their specific needs as most are available as open-source options. These open source frameworks are often better suited than building one uniquely as the framework enables the test automation to become reusable meaning it can be used multiple times throughout the project, maintainable so it is easy to maintain and stable meaning no costly errors can occur. 
There are multiple test frameworks available to utilize, many with their own specific advantages and disadvantages. 
A framework for automated testing automatically increases the team’s efficiency as the speed enhances the project, it improves accuracy and reduces the testing maintenance costs as there are lower risks to the development. Some automated frameworks with their advantages and disadvantages can be seen below.
Linear Automation Framework
Testing on a linear automation framework means testers do not require to compose any code in order to create functions as the steps are written sequentially. The tester uses this framework by completing tasks in a step by step scenario such as navigate and then plays a script automatically conducting the test. Below is a table of advantages and disadvantages of linear framework.
	Advantages
	Disadvantages

	No required expertise required
	Scripts developed in linear framework are not reusable. The test can not be re-run as data is hardcoded onto the test scripts

	Minimal time in recording means it is incredibly fast to generate test case/scripts 
	Changes to the application requires extensive rework thus maintenance is considered a hassle

	As it is sequentially written the workflow is easier to interpret
	


Table 2: Advantages and Disadvantages of Linear Framework [12].

Modular Based Testing Framework
Modular framework interprets a unique stance on testing as the application in question is divided into units, functions or sections in which they will be individually tested in seclusion. When the divide has occurred a test script is created for each respected section and then combined later to bring larger testing. Table 3 below contains advantages and disadvantages of modular framework.
	Advantages
	Disadvantages

	The modules associated with the testing are only required to be changed if the application has been altered
	Due to the tests being executed separately, the data must be hard coded into the test scripts which unable the tester to use multiple data sets

	Test cases require minimal effort as they are able to be reused
	The framework is required to be set up which requires programming knowledge 

	
	


Table 3: Advantages and Disadvantages of Modular Framework [12].
The abstraction layer is used to separate the modules, below is a figure demonstrating the framework in use:
[image: Test Automation Frameworks 2]
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Figure 2: Modular Framework Diagram [13].
Library Architecture Testing Framework
Based from its predecessor modular framework with the added benefits of so much more, library architecture framework enables automated testing. The application is broken down into common objectives however it does not divide the application itself. The functions are stored within a library that can be accessed when called upon whenever necessary. Table 4 below contains the advantages and disadvantages of Library Architecture Framework.
	Advantages
	Disadvantages

	Test maintenance is more convenient and cheaper as this architecture utilizes in the form of modular framework with the additional benefits
	Any alterations to the data will require changes being made to the scripts as data is hard coded

	This framework enables reusability as the library contains common functions useable in multiple test scripts
	Technical knowledge is required to conducted and analyze the functions 

	
	The test scripts require more time to develop


Table 4: Advantages and Disadvantages of Library Architecture Test Framework [12].
An example of Library Architecture Testing Framework can be the login can combine into a function and ultimately stored onto a library. The tests scripts can call the function instead of writing the code repetitively. Below is a demonstration:
 [image: Test Automation Frameworks 4]
Figure 3: Library Architecture Framework diagram [13].
Data Driven Framework
The test data is separated from the script logic allowing testers to store data externally. It is essential that when testers require to test the same feature or function multiple times with different data that the data is not hard coded into the script (as seen with the three previous frameworks). Data Driven test frameworks allow testers to store and pass inputs and outputs from external sources like SQL tables, Excel spreadsheets etc. Below are advantages and disadvantages of data driven test frameworks.
	Advantages
	Disadvantages

	Test are able to be executed with many data sets available 
	The ability to format external data sources and create functions to connect them requires high end knowledge of multiple programming languages

	Multiple scenarios are able to be tested more efficiently by varying the data and in doing so reducing the test scripts
	Data driven framework requires a significant amount of time to set up 

	Hard coding data can be avoided
	


Table 5: Advantages and Disadvantages of Data Driven Test Framework [12].
The diagram below demonstrates data driven framework:
[image: Test Automation Frameworks 5]
Figure 4: Data Driven Framework diagram [13].
Keyword Driven Framework
Extending on from data driven framework, this framework applies each function under test into a table with instructions informing of what needs to be run. This approach also stores keywords in an external table, this makes them independent from the automated testing used. The framework requires to test the GUI and keywords enable the actions being performed. An example of keywords stored within a table can be found below.
[image: Test Automation Frameworks 8]
Figure 5: Keyword Table [13].
The keywords used and simply written as ‘click’, ‘login’ and ‘verify link’ are defined within the code. The keywords have the capability of being used multiple times. The locator/data column contains the value the function holds. Below table 6 discusses the advantages and disadvantages of Keyword driven framework.
	Advantages
	Disadvantages

	Scripting knowledge is minimal
	It is time consuming, very costly and complex to set up

	A given keyword can be used across many test scripts meaning the code is reusable
	Keywords need to be defined and libraries need to be setup 

	Test scripts can be built independently
	The repository needs to be continually updated with keywords and tables


Table 6: Advantages and Disadvantages of Keyword Driven Frameworks [12].
The diagram below demonstrates Keyword Driven Framework:
[image: Test Automation Frameworks 7]
Figure 6: Keyword Driven Framework diagram [13].
Hybrid Test Automation Framework
The Hybrid test automation framework consists of a combination of all previously mentioned frameworks with their benefits and limitations also combined. This option can result in leveraging the benefits of all previously associated frameworks and potentially mitigate the weaknesses discussed above. Hybrid frameworks can adapt to the application in order to get the best results. The diagram below demonstrates hybrid testing framework:
[image: Test Automation Frameworks 9]
Figure 7: Hybrid Testing Framework diagram [13].
Test scripts used within hybrid testing frameworks would contain the keywords and the data. An example of this can be found below:
[image: Test Automation Frameworks 10]
Figure 8: Hybrid Testing Framework Test Scripts [13].
In conclusion, the characteristics involved in a good test framework consist of [14]:
	Good Characteristics
	What they deliver

	Fast
	The automation requires to be faster than what a human is capable of executing

	Modular
	Any changes made the framework must adapt and respond to withstand 

	Reusable
	Helps reduce duplication it is efficient as it can be used more than once

	Integrated
	The framework should easily integrate with internal functions, this helps mapping the results etc.

	Broad
	Must accommodate multiple test cases

	Extensible
	Additional alterations to the project must withstand any difficulties

	Repeatable
	The test frameworks must execute more than once

	Compatible
	Test frameworks should span across multiple devices, browsers, OS and servers

	Consistent
	The tests performed must be consistent throughout

	Traceable
	Testers must easily locate the data and results 

	Error Detection 
	The framework must detect errors, it is beneficial if it is done early on in the project development


Table 7: Evaluation of Test Frameworks [14].
[bookmark: _Toc38047424]Conclusion
In conclusion, the report highlights the importance of testing and the many forms of relevant testing available for the developer. The report also goes on to discuss the methods involved with software and the methodologies used within. Frameworks are an integral design technique that can benefit a project as well as enhance its capabilities. The importance of understanding software testing and the methodologies involved is key within any development of a software project as the developers are able to fully test their application. Methodologies help attribute to discussing with everyone involved with the project the position it is in within detail. Frameworks is a key concept discussed in detail within this report as it was briefly used in the development of the application as well as formatively discussed at the end of the report. The report highlights the characteristics as well as evaluates the usage of frameworks with a detail description and relative diagrams involved. Software testing and the usage of frameworks are an ever-increasing topic and is being transformed into everyday workplace environment. Are more companies delivering into delivering their software applications with the usage of frameworks and how do they impose on testing? In future more and more business will involve their employees with the knowledge of each topic discussed within this report.
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