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ABSTRACT 

 

In the software development life cycle, there are a few, well-known, major phases and their sub-

phases. Those are, namely, requirement engineering, feasibility study, design, development, 

testing, deployment and maintenance. Within those, the most likely sub-phase to be overlooked is 

the unit testing, in the testing phase. One of the main reasons for such negligence is that the cost 

it takes for unit testing. This cost is in the aspect of the effort, the amount of human resources to 

be put for unit testing. Most of the time, the project managers and the other responsible personnel, 

trade-off between carrying out unit testing and the cost it would take, and, either, neglect unit 

testing or carry out unit testing lightly. 

In the case where carrying out unit testing lightly, it could be either writing trivial unit test code, 

or carrying out unit testing by debugging the code for various cases for functional units. In these 

cases, the code could not be tested enough at all. Or, there would not be any valid evidence to 

prove that a comprehensive unit testing has been carried out. 

It is important to have a very good balance between carrying out comprehensive unit testing, 

keeping solid evidence of unit testing and saving the cost it would incur for unit testing. 

Considering all the aspects mentioned above, this research suggests a spreadsheet format as a unit 

test specification and offers a unit test code generator tool to generate unit test code based on the 

said unit testing specification. This research has considered using Microsoft Excel as the 

spreadsheet software to create the unit test specification, as it is widely used and popular. The unit 

test code is generated for the C++ programming language, which does not have that much of good 

unit testing frameworks. And, the unit test code is for the emerging unit test framework, Google 

Test. 

The outcome of this research has been applied to five different industrial software system projects 

and six target functions of each of those projects, which ultimately sums up to 36 target functions. 

The results have been presented to an expert software architect and his judgement of the generated 

unit test code has been obtained.  



 

 iii 

ACKNOWLEDGEMENTS 

 

I would like to express my gratitude to my advisor, Dr. Indika Perera, who guided me 

from the initial stages from this work to complete it successfully, providing the much-

needed advice, material, and the knowledge. 

Then, my sincere thanks go to my mother, brother, and my wife, not only being patient 

with my academic work committing my family time but by supporting me and 

encouraging me to continue this work till it succeeded. 

At last but not the least, I would like to thank my colleagues, both in my MSc batch and 

in my office, Metatechno Lanka Company (Pvt.) Ltd., who helped me in various ways for 

making this work a success. Thank you all. 

  



 

 iv 

TABLE OF CONTENTS 

 

DECLARATION ................................................................................................................ i 

ABSTRACT ....................................................................................................................... ii 

ACKNOWLEDGEMENTS .............................................................................................. iii 

TABLE OF CONTENTS .................................................................................................. iv 

LIST OF FIGURES .......................................................................................................... ix 

LIST OF TABLES ............................................................................................................ xi 

LIST OF ABBREVIATIONS .......................................................................................... xii 

1 INTRODUCTION ..................................................................................................... 1 

1.1 Unit testing .......................................................................................................... 1 

1.1.1 What unit testing is ...................................................................................... 1 

1.1.2 Merits of unit testing .................................................................................... 2 

1.1.3 Negligence of unit testing ............................................................................ 4 

1.1.4 Problems in unit testing ............................................................................... 5 

1.1.5 Problems in unit testing frameworks ........................................................... 6 

1.1.6 Unit testing tool creation .............................................................................. 6 

1.2 Google Test [16] .................................................................................................. 9 

1.2.1 Introduction .................................................................................................. 9 

1.2.2 Features ........................................................................................................ 9 

1.3 Unit testing with mock objects [13] [14] [15] ................................................... 11 

1.3.1 Introduction ................................................................................................ 11 

1.3.2 Advantages ................................................................................................. 11 

1.3.3 Limitations ................................................................................................. 13 



 

 v 

1.3.4 Google Mock [17] ...................................................................................... 14 

1.4 Problem statement ............................................................................................. 14 

1.5 Research objectives ........................................................................................... 15 

1.6 Motivation ......................................................................................................... 16 

2 LITERATURE REVIEW ........................................................................................ 17 

2.1 Agitator software [3] ......................................................................................... 17 

2.1.1 What software agitation is ......................................................................... 17 

2.1.2 What is achieved ........................................................................................ 18 

2.1.3 What is missing .......................................................................................... 21 

2.2 A complete automation of unit testing for Java programs [1] ........................... 22 

2.2.1 What is achieved ........................................................................................ 24 

2.2.2 What is missing .......................................................................................... 25 

2.3 Combining unit-level Symbolic Execution and system-level Concrete Execution 

for testing NASA (National Aeronautics and Space Administration) software [26] ... 26 

2.3.1 What is achieved ........................................................................................ 28 

2.3.2 What is missing .......................................................................................... 29 

2.4 Comparison of unit testing tools ....................................................................... 30 

3 METHODOLOGY .................................................................................................. 32 

3.1 Unit test specification ........................................................................................ 32 

3.1.1 Format ........................................................................................................ 32 

3.1.2 Color codes ................................................................................................ 38 

3.2 Unit test code generator tool ............................................................................. 38 

3.2.1 Architecture ................................................................................................ 39 

3.3 Unit test code ..................................................................................................... 44 



 

 vi 

3.3.1 Format ........................................................................................................ 44 

3.4 Schema definition .............................................................................................. 48 

3.5 Unit testing procedure ....................................................................................... 49 

4 IMPLEMENTATION .............................................................................................. 51 

4.1 Unit test specification ........................................................................................ 51 

4.1.1 Cover sheet ................................................................................................. 51 

4.1.2 UpdateHistory sheet ................................................................................... 52 

4.1.3 FunctionList sheet ...................................................................................... 53 

4.1.4 UnitTestResults sheet ................................................................................. 54 

4.1.5 CoverageResults sheet ............................................................................... 56 

4.1.6 BugList sheet ............................................................................................. 57 

4.1.7 No.x sheet .................................................................................................. 57 

4.1.8 Check for boundary values ........................................................................ 58 

4.2 Google Test Unit Test Code Generator tool ...................................................... 59 

4.2.1 frmMain class ............................................................................................. 60 

4.2.2 UnitTestSpecReader class .......................................................................... 62 

4.2.3 UnitTestSpecWriter class ........................................................................... 64 

4.2.4 Utility class ................................................................................................ 66 

4.2.5 Other classes .............................................................................................. 66 

4.3 Google Test unit test project ............................................................................. 67 

5 EVALUATION ........................................................................................................ 68 

5.1 Project 1 – LNBTI Door Access Control .......................................................... 68 

5.1.1 Description ................................................................................................. 68 

5.1.2 Target function ........................................................................................... 69 



 

 vii 

5.1.3 Unit test specification ................................................................................ 70 

5.1.4 Unit test code ............................................................................................. 70 

5.1.5 Target functions and expert judgement ...................................................... 71 

5.2 Project 2 – NHRM NFC Base ........................................................................... 72 

5.2.1 Description ................................................................................................. 72 

5.2.2 Target function ........................................................................................... 72 

5.2.3 Unit test specification ................................................................................ 74 

5.2.4 Unit test code ............................................................................................. 74 

5.2.5 Target functions and expert judgement ...................................................... 75 

5.3 Project 3 – MPOS (Mobile Point of Sales) SWB .............................................. 76 

5.3.1 Description ................................................................................................. 76 

5.3.2 Target function ........................................................................................... 76 

5.3.3 Unit test specification ................................................................................ 77 

5.3.4 Unit test code ............................................................................................. 78 

5.3.5 Target functions and expert judgement ...................................................... 79 

5.4 Project 4 – SCADA DAM ................................................................................. 80 

5.4.1 Description ................................................................................................. 80 

5.4.2 Target function ........................................................................................... 80 

5.4.3 Unit test specification ................................................................................ 81 

5.4.4 Unit test code ............................................................................................. 82 

5.4.5 Target functions and expert judgement ...................................................... 83 

5.5 Project 5 – Sony FeliCa NFC ............................................................................ 84 

5.5.1 Description ................................................................................................. 84 

5.5.2 Target function ........................................................................................... 84 



 

 viii 

5.5.3 Unit test specification ................................................................................ 85 

5.5.4 Unit test code ............................................................................................. 86 

5.5.5 Target functions and expert judgement ...................................................... 87 

5.6 Feedback ............................................................................................................ 88 

5.6.1 Positives ..................................................................................................... 88 

5.6.2 Negatives .................................................................................................... 90 

5.6.3 Expert judgement for completion .............................................................. 92 

6 CONCLUSION ........................................................................................................ 94 

6.1 Comparison with other tools ............................................................................. 94 

6.2 Benefits .............................................................................................................. 95 

6.3 Limitations ........................................................................................................ 96 

6.4 Future work ....................................................................................................... 96 

REFERENCES ................................................................................................................ 98 

 

  



 

 ix 

LIST OF FIGURES 

 

Figure 2-1    Software agitation workflow overview ....................................................... 17 

Figure 2-2    Unit test automation using Genetic Algorithms, JUnit and JML ................ 23 

Figure 2-3    High-level structure of JPF ......................................................................... 27 

Figure 3-1    Main class structure of Google Test Unit Test Code Generator tool .......... 39 

Figure 3-2    Sequence diagram - Read the sheet list ....................................................... 42 

Figure 3-3    Sequence diagram - Generate unit test code ............................................... 43 

Figure 3-4    Unit test code format ................................................................................... 45 

Figure 3-5    Unit testing procedure ................................................................................. 50 

Figure 4-1    'Cover' sheet of unit test specification ......................................................... 52 

Figure 4-2    'UpdateHistory' sheet of unit test specification ........................................... 52 

Figure 4-3    'UpdateHistory' sheet - Last date & last version ......................................... 53 

Figure 4-4    'FunctionList' sheet of unit test specification .............................................. 54 

Figure 4-5    'UnitTestResults' sheet of unit test specification ......................................... 54 

Figure 4-6    Microsoft Excel - Include additional one cell to the range ......................... 55 

Figure 4-7    'Observation' table - 'CoverResults' sheet of unit test specification ............ 56 

Figure 4-8    'Summary' table - 'CoverResults' sheet of unit test specification ................ 56 

Figure 4-9    'BugList' sheet of unit test specification ...................................................... 57 

Figure 4-10    ‘Conditional Formatting’ in 'BugList' sheet .............................................. 57 

Figure 4-11    'No.x' sheet of unit test specification ......................................................... 58 

Figure 4-12    Unit test cases for boundary value checks ................................................ 59 

Figure 4-13    UI of GoogleTestUnitTestCodeGenerator tool ......................................... 60 

Figure 4-14    frmMain class ............................................................................................ 60 

Figure 4-15    UnitTestSpecReader class ......................................................................... 62 

Figure 4-16    'ReadSheetList' function in 'UnitTestSpecReader' class ........................... 63 

Figure 4-17    Obtain Microsoft Excel sheet's used range ............................................... 63 

Figure 4-18    Iteration used in 'AnalyzeUnitTestCases' function ................................... 64 

Figure 4-19    UnitTestSpecWriter class .......................................................................... 64 



 

 x 

Figure 4-20    Mocking function calls in code ................................................................. 65 

Figure 4-21    Mock classes sample output ...................................................................... 65 

Figure 4-22    Utility class ................................................................................................ 66 

Figure 4-23    'GetExcelColumnByIndex' function logic................................................. 66 

Figure 5-1    Project 1 - LNBTI Door Access Control - Target function ........................ 69 

Figure 5-2    Project 1 - LNBTI Door Access Control - Unit test specification .............. 70 

Figure 5-3    Project 1 - LNBTI Door Access Control - Unit test code ........................... 71 

Figure 5-4    Project 2 - NHRM NFC Base - Target function.......................................... 73 

Figure 5-5    Project 2 - NHRM NFC Base - Unit test specification ............................... 74 

Figure 5-6    Project 2 - NHRM NFC Base - Unit test code ............................................ 75 

Figure 5-7    Project 3 - MPOS SWB - Target function .................................................. 77 

Figure 5-8    Project 3 - MPOS SWB - Unit test specification ........................................ 78 

Figure 5-9    Project 3 - MPOS SWB - Unit test code ..................................................... 79 

Figure 5-10    Project 4 - SCADA DAM - Target function ............................................. 81 

Figure 5-11    Project 4 - SCADA DAM - Unit test specification ................................... 82 

Figure 5-12    Project 4 - SCADA DAM - Unit test code ................................................ 83 

Figure 5-13    Project 5 - Sony FeliCa NFC - Target function ........................................ 85 

Figure 5-14    Project 5 - Sony FeliCa NFC - Unit test specification .............................. 86 

Figure 5-15    Project 5 - Sony FeliCa NFC - Unit test code ........................................... 87 

Figure 5-16    Column grouping in Microsoft Excel........................................................ 91 

Figure 5-17    Freeze panes in Microsoft Excel ............................................................... 92 

 

  



 

 xi 

LIST OF TABLES 

Table 2-1    Comparison of unit testing tools ................................................................... 30 

Table 3-1    BugList table row color changes based on status selection .......................... 36 

Table 3-2    Unit test specification color codes ................................................................ 38 

Table 3-3    Classes for operational purpose .................................................................... 40 

Table 3-4    Classes for data holding purpose .................................................................. 41 

Table 4-1    Cover sheet cell formatting .......................................................................... 52 

Table 4-2    UnitTestResult sheet cell formatting ............................................................ 55 

Table 5-1    Project 1 - LNBTI Door Access Control - Unit test code completeness ...... 71 

Table 5-2    Project 2 - NHRM NFC Base - Unit test code completeness ....................... 75 

Table 5-3    Project 3 - MPOS SWB - Unit test code completeness ................................ 79 

Table 5-4    Project 4 - SCADA DAM - Unit test code completeness ............................ 83 

Table 5-5    Project 5 - Sony FeliCa NFC - Unit test code completeness ........................ 87 

Table 5-6    Project-wise average completeness .............................................................. 93 

Table 6-1    Comparison with other tools ........................................................................ 94 

  



 

 xii 

LIST OF ABBREVIATIONS 

 

Abbreviation Description 

API Application Programming Interface 

CPU Central Processing Unit 

DB Database 

GUI Graphical User Interface 

ID Identification 

IDE Integrated Development Environment 

JML Java Modelling Language 

JPF Java PathFinder 

MPOS Mobile Point of Sales 

NASA National Aeronautics and Space Administration 

NFC Near Field Communication 

OOP Object Oriented Programming 

POC Proof of Concept 

OS Operating System 

QA Quality Assurance 

RFID Radio Frequency Identification 

SAM Secure Access Module 

SQL Structured Query Language 

UI User Interface 

VM Virtual Machine 

XML Extensible Markup Language 

  

  

  

  


