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This report has been produced to provide an overview of various testing types such as black box and white box testing, with relevant examples of how some tests are carried out. How behaviour driven development works along with advantages and disadvantages, and a brief outline of the characteristics of testing frameworks, showing similarities between multiple frameworks and examples of tests that are written.

[bookmark: _Toc38197533]Testing
Software testing is a major activity required throughout the lifetime of software development and maintenance. As software development can potentially be prone to errors, which is sometimes not helped by software complexity, the quality assurance and validation of the software being developed needs to be of a considerably high standard to ensure the system being tested is built to the specifications and expectations of the customers [1], [2]. Software testing comprises of three categories: Unit testing, Integration testing and System testing [3]. This report will be concentrating on the sub-categories of unit testing of which are black box and white box testing. 

[bookmark: _Toc38197534]Black Box Testing
In general, black box testing, also known as closed-box, data driven or functional testing [4], means that the software tester has no information about the internal structure and architecture of the software system being tested [5]. Black box testing is split into three categories; functional testing (testing the functional requirements of a software system), non-functional testing (testing non-functional requirements – performance, response time and usability [6, p. 47]), and regression testing (ensuring code updates have not affected the pre-existing, or legacy code [6, p. 246]). The behaviour of the system must be observed entirely by input and output only without the tester knowing what is happening within the system [2], [6, p. 254], [7].
	Black box testing is efficient for testing larger code segments, and the test cases can also be developed quicker. However on the contrary, without clear specification guidelines, it can sometimes prove difficult for the test cases to be designed effectively [8].
	Some examples of box testing techniques are [8], [9]:
· Equivalence class partitioning,
· Boundary value analysis,
· Fuzzing,
· Decision tables,
· State transition testing,
· Orthogonal array testing,
· All pair testing

[bookmark: _Toc38197535]Equivalence Class Partitioning
Equivalence Class Partitioning (ECP) is a black box testing technique that divides the input data into separate partitions of data (which are expected to exhibit similar behaviours) from this, a finite number of classes are then produced to test the input or output domains [8], [9]. ECP can help eradicate the need for exhaustive testing, and it can help cover a large amount of both input and output domains. A basic example would be similar to checking the value the user enters for their age as shown in Figure 2-1. There are only three test classes required; less than or equal to 17, between 18-28, or greater than or equal to 26.
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[bookmark: _Toc38199794]Figure 2‑1 ECP age example

The pseudocode for such a test would be as outlined in Figure 2-2. (Please note this is not optimal and merely poses as an example.)
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[bookmark: _Toc38199795]Figure 2‑2 Pseudocode for example

Two invalid test classes will be if the input is equal to 17, or if the input is greater than or equal to 26. As a result of this, the output displayed could just be a prompt to the user to re-check or an “invalid” message be shown.
A valid class would be if the input is between 18 and 25. This then could be further developed to include alpha or special characters as additional test classes, depending on the input validation.

[bookmark: _Toc38197536]White Box Testing
White box testing, also known as structural or glass box testing [9], provides access to data, such as how methods are written, how data is laid out, method return types, etc… [6, p. 253] and permission to capture or inject some data [7]. With the provided data and information, test cases can be derived and specific code paths can be targeted to achieve the required level of code coverage [5].
	An advantage of white box testing is that it achieves maximum coverage during test scenario writing, however it can be very time consuming or resource consuming as a skilled tester will be required to perform it. There is unfortunately the chance of some code areas being overlooked as it can sometimes be difficult to test every small detail in a software system [8], however it is hoped that potential bugs may be found by the quality assurance testers, user acceptance, or further down the line if necessary.
	Some examples of white box testing techniques are [8], [9]:
· Code coverage,
· Statement coverage,
· Branch testing,
· Basis path testing,
· Loop testing,
· Data flow testing

Statement Coverage
Statement coverage is a white box testing technique used that is aimed at traversing every node, or statement (condition), at least once, which should result in every line of code being tested [9]. For example, as per Figure 2-3, there are three statements to check; A, B and E.  Pseudocode provided in Figure 2-4 would be run with different input values, and this would test each statement.
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[bookmark: _Toc38199796]Figure 2‑3 Example flowchart
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[bookmark: _Toc38199797]Figure 2‑4 Pseudocode for example flowchart

As outlined in the flowcharts provided in Figure 2-5 and Figure 2-6, each statement is traversed at least once, which then allows for each statement to be tested.
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[bookmark: _Toc38199798]Figure 2‑5 Flowchart path 1 – A, D, G
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[bookmark: _Toc38199799]Figure 2‑6 Flowchart path 2 – A, B, C, E, F, G


[bookmark: _Toc38197538]Behaviour Driven Development
Behaviour Driven Development (BDD) is a methodology originally developed by North [10], that has been derived from Test Driven Development (TDD) (and generally regarded as the evolution of TDD and ATDD) and follows the TDD methodology of a “test-first approach” by the creation of test cases (or scenarios) before coding [11, p. 46], [12]. BDD testing methods concern themselves with testing the behavioural aspects of the implemented code, rather than the implementation of the code itself and follows a process of discovery (collaboration effort on product requirements), formulation (scenarios), and automation (utilising tools to run the relevant tests), until a working software is developed from a user story as shown in Figure 3-1 [13]. 

[image: ]
[bookmark: _Toc38199800]Figure 3‑1 BDD cycle [14]

[bookmark: _Toc38197539]Scenarios
Correct scenarios should be relevant to the product, repeatable (it should always offer the same result if there has not been a change in the source code), fast, for quick feedback, and the scenarios should be isolated; a test should only fail on the condition that the feature being tested has a defect [15, pp. 23–24]. 
BDD tools often use a syntax called “Gherkin”, which follows the pattern of “Given, When, Then” (GWT) as key words, then the rest is common language [11, p. 389], [16], [17]:
· Given – initial context of the system,
· When – an event or action occurs,
· Then – expected outcome or result,
· And – additional parameters to continue the meaning of the previous sentence
The pre-defined syntax allows development of concrete examples for a scenario, and an example of which would be as shown in Table 1.

[bookmark: _Toc38199804]Table 1 – Example Scenario
	Feature
	Show my account page

	Scenario
	Get account page

	Given
	I am logged in

	When
	I send a ‘GET’ request to ‘{base}/myacct’

	Then
	I should receive a HTML response code of 200

	And
	I should receive the relevant HTML response header corresponding with the requested page



[bookmark: _Toc38197540]Tools and Frameworks
There exist several different tools and test frameworks available, some of which are named Behave [18], Cucumber [19], Jasmine [20] and Mocha [21], each of which support either single or multiple languages as shown in table 2 (tools may support more languages than those shown), and have a varied level of popularity amongst development teams [12]. Tools such as Cucumber and the like have been purposely written to ensure scenarios can be easily read and written by anyone on the team, which can encourage interaction from stakeholders and the like, not just developers input [22, p. 5].




[bookmark: _Toc38199805]Table 2 – BDD tools and supported languages
	Tool
	Programming Language(s) Supported

	Behave
	Python

	JBehave
	Java

	Cucumber
	Ruby, Java, JavaScript, …

	Jasmine
	JavaScript

	Mocha
	JavaScript



[bookmark: _Toc38197541]Advantages and Disadvantages
Some advantages of BDD are the ease of organising test functions, it proves precise and effective for providing up-to-date documentation, no changes need to be implemented for test functions, and it can be easier to detect potential conflicting user stories [11, p. 386], [12], [13]. These advantages can translate into [23, pp. 28–29]:
· Reduced waste and costs by not wasting effort producing features which aren’t aligned with business goals and by having the requirements communicated effectively, allows defects to be discovered early into development.
· Easier and safer changes as the documentation is generated from the specifications using language and terms that stakeholders and customers alike will be able to understand.
· Faster release cycles as automated acceptance tests can be used instead of manual testing sessions.
However, on the opposite side there are also challenges faced when utilising the BDD framework. It can be difficult to manage and maintain scenarios once they grow beyond a small amount of features or once multiple development teams all collaborate on said features [16], and along with this there is also the potential for a slower overall feature run [22, p. 103]. 


[bookmark: _Toc38197542]Test Frameworks
A test framework is a tool that assists the BDD process by improving test automation. As previously described in section 3.2, they follow the GWT syntax 
and there are multiple frameworks available which all share common characteristics such as assertions, test doubles and mocks either built into them or available via 3rd party libraries or plugins. This section will describe the shared features and functionality.

[bookmark: _Toc38197543]Shared Methods
There are several shared methods amongst frameworks such as hooks, which are executed before a scenario, or after a scenario [15, p. 174], [22, p. 147], [23, p. 137], [24]–[27]. Some of these main hook methods are:
· beforeAll – called once before all of the specs (code block that contains the expectations within a describe),
· afterAll – called after the specs have completed,
· beforeEach – similar to above but is called before each spec,
· afterEach – called after each spec is completed,

The main code blocks and methods (which develop the test suites) are as shown in Figure 4-1 and are comprised of the following:
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[bookmark: _Toc38199801]Figure 4‑1 Example describe, it and expect [27]

· describe - also known as a spec suite, or container, is a function that houses the spec and it code blocks. These take two parameters; a string, for the suite title, and a function that implements the block of code.
· it - this contains the code block that defines a spec. Similar to the describe, it takes a string and a function as a parameter. An it function is independent of others, so everything within it is self-contained. It is within this code block that the state is set up, the function is executed, the return value is checked, and all expectations are ensured to have been met. If these expectations are not met, then the test will have failed.
· expect - expectations, or assertions, are statements within test methods which desired specifications are checked against actual program behaviour, particularly checking whether a Boolean predicate is true at a certain point, and are the core of all test methods [11, p. 46], [28], [29]. An assertion would look similar to the given code in Figure 4-2, albeit the syntax for the expectation is slightly different between the two framework examples (Jasmine and Mocha). If the first function to add two numbers produces something other than 11, then the add method of the calculator would need to be investigated, and the same for the multiply method if the expectation was incorrect.

There is no built-in assertion framework for Mocha, so there is the requirement of a 3rd party library such as Chai [30], should.js [31] or expect.js [32].

[image: ]
[bookmark: _Toc38199802]Figure 4‑2 Example code comparison of two functions in Jasmine and Mocha

[bookmark: _Toc38197544]Test Doubles
Test doubles, which can also be known as spies, are shared functions between frameworks and essentially are copies of objects with their functions “stubbed” that allow the object to “hook” into certain functions and check things such as whether they were called, how many times they were called, what arguments they were called with, etc... [33, p. 113]. A spy only exists in the “describe” or “it” block where it is instantiated.
	For example, as show in Figure 4-3, a new Student object is created and a spyOn function is called with the relevant object (student1) and method (getName). The expectation is then for the getName method of the Student object to have been called.
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[bookmark: _Toc38199803]Figure 4‑3 Pseudocode of the Jasmine spyOn() function

[bookmark: _Toc38197545]Advantages and Disadvantages
Some key advantages of testing frameworks are that a testing framework can provide the developer with an easy method to perform their individual tests (typically it can be defined which tests are run) and to see their results [11, p. 45]. As the tests have their own “describe” and “it” blocks, everything within these is self-contained, such as the student1 variable in the above Figure 4-3, and allows the tests to run without interfering with each other.
	Test frameworks can help increase test efficiency and lower maintenance costs as if test cases are developed first, the code to come after will be designed around the test cases. However on that point with software systems that have been developed with a large amount of classes and methods with multiple interdependencies, it can be difficult to write test harnesses for them as some dependencies may be 3rd party libraries and it would also depend on the quality of code produced by the developer(s) and whether it adheres to testability requirements [11, p. 413].


[bookmark: _Toc38197546]Conclusion
Testing is an important part of development throughout the software development life cycle. There are an abundance of tools and frameworks available to assist developers with their test cases and test suites, each offering similar functionality but best suited to different languages. BDD, though with some slight drawbacks, has many advantages that would prove beneficial within a development team working on smaller scale projects, and can perhaps be manageable with larger scale projects depending on the requirement and feature management.
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it("contains spec with an expectation", function()
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// Jasmine
describe ('calculator add()', function() {
it('adds two numbers', function() {
expect (calculator.add(S, 6)).toEqual(1l);
b
b

// Mocha (using chai)
describe ('calculator multiply()', function() {
it('multiplies two numbers', function() {
expect (calculator.multiply(5, 3)).to.equal(15);
n:
N
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// Jasmine
describe ("Student toString() Test", function() {
it("calls the getName() function", function() {

b7
b7

var studentl = new Student();

spyon (studentl, "getName");
studentl.toString();

expect (studentl.getName) . toHaveBeenCalled () ;





