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Unit Testing Guide


Unit Testing Guide:  A Guide for Project Managers and Developers
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I.  What is Unit Testing?

Definition:
Testing of individual hardware or software units or groups of related units [IEEE 90]. 

Explanation: 
In unit testing, individual components are tested in isolation, before the component is integrated with other components.  Individual components consist of a single element, such as an individual subroutine, class, or method.  The goal is to ensure the component is free from defects and meets the appropriate functional specification defining the unit.

The objectives of unit testing include: 

· finding unit defects at the earliest possible point

· verifying a unit’s functional requirements

· verifying the desired functionality of a unit

· verifying the unit’s technical design 

· improving the quality of developed code

Test the work unit for all of the following:  
·   all conditional and compound conditional variations 

·   test loop limits 

·   error handling 

·   file and data interaction including empty and multiple record files 

· all user interaction including, but not limited to, screen layout and navigation, numeric and alpha numeric fields, list boxes, drop downs, scrolls, etc.
II. Why Unit Test?  
Unit testing should be performed because:

· Unit testing is required by the GIS PMP process.
· Unit testing is a “best practice” for software development.
· Unit testing ensures validity of modified or new application components.

· Unit testing delivers a higher quality product.

· Unit testing Makes your job easier and consequently, makes you more productive.

III.  When is Unit Testing Performed?

Development of unit test plans either prior to or in conjunction with code development.  This is referred to as “Test Driven Design” or “Test Driven Development”.  Writing tests before producing code can improve the design and implementation of the end products.  Alternatively unit test plans can be written in conjunction with code development.

Execution of unit test plans as part of the “Develop and Test” GIS PMP life cycle Phase, prior to Functional and User Acceptance Tests.
IV. Performing Unit Testing:
Performing unit testing consists of the following:
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Unit test cases must be defined for the all the following attributes.  In addition, expected results for each of these cases must be defined.  The tools and techniques below discuss these attributes in detail.
· All lines of codes

· All physical branches

· Loops

· Legal paths

· Illegal paths

· Error conditions

· Inputs

· File handing

· User Interfaces

· Performance traits

· Printing

TOOLS & TECHNIQUES:
· White box testing

· Please see Appendix A for a complete description of this technique.

· Boundary value analysis

· Please see Appendix B for a complete description of this technique.
V. Example of Unit Testing:
Consider the following requirement:

Write a program that determines if three edges of a triangle (edges a, b, c) form either an equilateral or isosceles triangle.

Recall that an isosceles triangle has at least 2 sides of equal length, and an equilateral triangle is a special case of an isosceles triangle where all three sides are of equal length.  Thus, if you have a triangle with sides named A, B, and C, if the length of side A is equal to the length of sides B and C, the triangle would be an equilateral triangle.  If all three sides are not of the same length, but two of the sides are of the same length, then the triangle would be an isosceles triangle.
A unit of coding that would check for this condition could look something like:


public String testTriangle (int a, int b, int c) {




if (A = B & B=C) {

return (“equilateral triangle”); 



} else if (A=B | (B=C) | (C=A)) {

return (“isosceles triangle, but not equilateral”);




} else {





return (“not an isosceles or equilateral triangle”);




}



}

A developer might come up with the following test cases:
	Length Side A
	Length Side B
	Length Side C
	Output

	4
	2
	5
	not an isosceles or equilateral triangle

	3
	3
	3
	equilateral triangle

	4
	5
	5
	isosceles triangle, but not equilateral


At first pass, it appears the code will work as designed; the inputs seem to deliver the correct results.  But consider the following test cases:

	Length Side A
	Length Side B
	Length Side C
	Output

	-1
	-1
	5
	isosceles triangle, but not equilateral

	0
	0
	0
	equilateral triangle

	2
	2
	5
	isosceles triangle, but not equilateral


All of the above example triangles are invalid.  In the test case where the length sides A and B are -1, our example program outputs the value “isosceles triangle, but not equilateral.”  Obviously, this is not true.  This shows that for the example code, the developer needs to be aware of illegal conditions and test for them.  Testing for illegal conditions is part of boundary testing, which is discussed in Appendix B.
To test illegal conditions, our example should look something like:

public String testTriangle (int a, int b, int c) {
//Test for invalid values



if ((A<=0) || (B<= 0)  || (C<=0)) {




return (“illegal value”);



}

//Test for a real triangle, where the sum of the length of every two



//sides must be greater that the length of the third side 





if ((A+B <= C) || (B+C <= A) || (A+C <= D)) {




return (“not a triangle”);



} 


//Passes the test for a triangle, test for isosceles or equilateral


if (A = B & B=C) {

return (“equilateral triangle”); 



} else if (A=B | | (B=C) || (C=A)) {

return (“isosceles triangle, but not equilateral”);



} else {




return (“not an isosceles or equilateral triangle”);



}

}

A more complete test case would then look like:

	Length Side A
	Length Side B
	Length Side C
	Output

	4
	2
	5
	not an isosceles or equilateral triangle

	3
	3
	3
	equilateral triangle

	4
	5
	5
	isosceles triangle, but not equilateral

	-1
	-1
	5
	illegal value

	0
	0
	0
	illegal value

	2
	2
	5
	not a triangle


Appendix A – White Box Testing

White box testing is testing based on knowledge of the internal logic of an application's code. Tests are based on coverage of such things as code statements, branches, paths, and conditions. White box testing allows one to peek inside the "box", focusing specifically on using internal knowledge of the software to guide the selection of test data. 

White box testing is concerned with testing the internals of the software product itself and can discover faults of commission indicating that part of the implementation is faulty. 

White box testing has traditionally been divided into static and dynamic analysis techniques:
Static analysis techniques The most important characteristic of static analysis techniques is that the testing as such does not necessitate the execution of the program. This includes software inspections and walkthroughs:
Software inspections - The method of software inspections originally goes back to M.E. Fagan who saw the necessity to implement procedures to improve software quality at several stages during the software life cycle. A software inspection is a group review process that is used to detect and correct defects in a software work product. It is a formal, technical activity that is performed by the work product author and a small peer group on a limited amount of material. It produces a formal, quantified report on the resources expended and the results achieved. (See reference "UK Partnership Technology Group Inspection Guide")
Walkthroughs - Walkthroughs are similar peer review processes that involve the author of the program, the reviewers, a recorder, and a facilitator. The participants of a walkthrough create a small number of test cases by "simulating" the computer. Its objective is to question the logic and basic assumptions behind the source code, particularly of program interfaces. (See Conduct Conformance Reviews under Exercise Project Control in Manage.)

Dynamic analysis techniques  While static analysis techniques do not necessitate the execution of the software, dynamic analysis is what is generally considered as "testing", i.e. it involves running the system. In dynamic testing the software is executed, supported by test plans, test cases, and test data. Among the most important dynamic analysis techniques are path testing and branch testing. 
Path testing - Path testing involves the execution of the program during which as many as possible logical paths of a program are exercised. The major quality attribute measured by path testing is program complexity. Program complexity can be measured using McCabe's complexity number. Start with one (1) for the straight path through the routine. Add one (1) for each of the following keywords or their equivalents: "if", "while", "repeat", "for", "and", "or". Add one (1) for each case in a "case" statement. The resulting number can be used to determine the minimum number of paths that should be tested.
Branch testing - Branch testing requires that tests be constructed in a way that every branch in a program is traversed at least once. Problems when running the branches are an indication of the probability of later program defects.
Developers perform unit testing while the testers assist by reviewing unit test plans and unit test cases.

Advantages of white box testing:

- It can be directed toward specific segments of code, which may be very complex (and therefore more error prone).
- It can reveal errors in "hidden" code.
- A by-product is run time improvement.
- It forces the tester to carefully think through the logic and implementation.


Disadvantages of white box testing:

- Testing is not conducted from a user's point of view.
- It will miss cases that are not included in the code. If the developer did not implement the full specification, then that part of the functionality will not be tested.
- It does not test whether the specification has been met from a business point of view.
- It only tests the assumptions the programmer makes of the user requirements.

Appendix B – Boundary Value Analysis

Boundary value analysis is a technique used to select values around boundaries or "edges" of the data. These values are used to create test cases to see if defects exist in the code that handles boundary situations. Choices often include maximum, minimum, and trivial values or parameters.

This technique applies not only to input data, but also to things like loop execution, file, database, and table processing.

Guidelines for using boundary value analysis to create test cases are as follows:

- Create test cases that represent the lowest and highest valid values within the range

· Create test cases that represent the first and last elements in the set (for example, a sequential input file)

· Create test cases that will cause output values to be generated for the highest and lowest value in the output range

· Create test cases that ensure that the first and last output elements will be processed (for example, ensure that the first and last detail lines in an output report are printed)

· Create test cases that insure that the following conditions are tested:

1. Minimum normal configurations (including immediately below the minimum normal configuration -- also known as "minimum normal configuration minus one")

2. Maximum normal configuration (including immediately above the maximum normal configuration -- also known as "maximum normal configuration plus one")

3. Too little data

4. Too much data

5. The wrong size of data

6. Uninitialized data

· It is a good practice to test just inside the boundary, just outside the boundary, and just on the boundary.

· A more subtle kind of boundary condition occurs when the boundary involves a combination of variables. For example, if two variables are multiplied together, what happens when both are large positive numbers or large negative numbers? What if the strings passed to a routine are uncommonly large? Be sure to test these conditions also.

Develop or update unit test plan for an individual component





Execute unit test plan proving the individual component





Walkthrough unit test results as part of the code review
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