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1 Abstract 

This document describes industrial case studies of mining and software evolution. 
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2 Introduction 

The purpose of this document is to present industrial case studies developed within the scope of the 
SERIOUS project. These case studies describe experiences on the adoption of software mining and 
evolution tools and techniques. 
 
Software project managers need to take decisions. These decisions affect directly the life-cycle of the 
software products in a project. Therefore a wrong decision could mean loosing money and/or time. In 
order to be able to take the most adequate decisions project managers need to obtain as much 
information as they can on the current state of the project and also on the past versions of a certain 
software product; however it is often difficult to obtain this kind of information. Data mining techniques 
may provide a means to obtain this kind of information. 
 
On the other hand, software evolution is becoming a special concern among software companies. 
Software products often evolve during their life-cycle and grow to implement new functionalities 
demanded by the market. The problem becomes specially challenging when legacy products/code are 
involved. Software evolution techniques and tools simplify the evolution processes of software products, 
enhancing their quality, saving money in development costs and reducing the time-to-market.  
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3 ESI Case Study: Adopting a Software Product Line solution 
in a PLC application development process 

This case study is focused on the adoption of software product line (SPL) practices within an organisation 
that is devoted to building SCADA (Supervisory Control And Data Acquisition) [4] systems for plant 
automation. The objective of the case study is to analyze the evolution of the generic platform upon the 
products that are based on it. 

3.1 Problem Statement 

3.1.1 Domain 

The domain for this case study is related to the development of SCADA systems for monitoring and 
supervision of manufacturing plants.  SCADA systems provide communication with field devices (sensors 
and actuators) and information through human-machine-interfaces with regard to all the events and 
alarms that might arise on the process being supervised. 
The information provided by the SCADA system is presented to the different users according to their roles 
and activities within the organisation: quality control, maintenance, supervision, etc.  
 
The architecture for the SCADA system is composed by: 
 

o Server, which handles all the information provided by the field devices and manages the 
presentation layer. This presentation layer gives the possibility to send commands to the 
different machines that are controlled by the SCADA. It also communicates with PLCs 
(Programmable Logic Controllers) through special buses or LAN (Local Area Network) networks. 

 
o One or more PLCs, these are devices with real time capabilities that handle the signals from the 

various sensors and actuators, process them and provide information to the server with regard to 
values, events and alarms. They also receive information and commands from the server for 
managing actuators for example. Often these PLCs also control actuators and take decisions 
based on the situation. 

 
o Sensors, which provide information from the industrial processes. These devices are connected 

to the PLCs through a high speed real-time network, which is often a bus (e.g. CAN bus, 
PROFIBus, etc.). 

 
o Actuators, which are devices for interacting with a physical mechanism or system. These 

devices are also connected to the PLCs through high speed real-time networks. 
 
The latter architecture is depicted in the following figure: 
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Figure 3.1: A SCADA system architecture 

 
The scope of this case study is to introduce software product line practices and tools for the development 
of the software that controls the PLCs described above. A generic platform is built in order to ease the 
customization of generic components for specific projects according to customer requirements. The 
industrial processes being supervised by these PLCs are related to metal processing lines. 
 

3.1.2 Current Situation 

 
PLC based applications are written in an assembler like programming language and it is often difficult to 
create modular software pieces. However, there are many parts regarding PLC applications that can be 
reused with little effort. This is the case of communications and signal management. 
 
On the current situation there exist no generic platform templates that enable a rational code reutilization. 
Basically, the reuse strategy is ad-hoc and it often consists on an uncontrolled copy and paste from 
previous projects based on the engineerôs experience. Thus, variability among the different projects is not 
managed in a planned way. 
 
On the other hand, taking into account that PLCs are programmed in an assembler-like programming 
language, the uncontrolled copy and paste process leads to high error proneness and a great number of 
bugs in the final applications. 
 
Moreover, PLCs as many other industrial devices, are strongly related to the device provider, and it is 
common that the programming language used by PLCs varies slightly from a manufacturer to another. 
 
A software product line approach can handle these small variations on the source code through the 
resolution of small decisions. Tool support is necessary to handle all these decisions, resolutions and the 
flexible software components that will morph according to the decisions taken. 
 

3.1.3 Goals and Expected benefits 

 
The main goal of this case study is to introduce software product line practices and tools on the 
organisation. The main benefits that motivate this work are: 
 

o Reduction of development costs. The main reason for introducing product line engineering is 
the reduction of costs. Artefacts from the platform are reused in several projects; this implies a 
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cost reduction for each of them. Before these artefacts can be reused investments are 
necessary for creating them. This means that the company has to make an up-front investment 
to create the SPL platform before it can reduce the costs per product by reusing platform 
artefacts. 

 
o Enhancement of quality. Artefacts in the platform are reviewed and tested separately, and then 

used in many products. They have to prove that they are working correctly in more than one kind 
of application. This extensive quality assurance implies a higher chance of detecting faults and 
correcting them, thereby increasing the quality of all products. 

 
o Reduction of Time to Market. The product line engineering approach shortens the mean 

development cycle of a family of software products. This means that the time to market is 
reduced.  

 
o Reduction of maintenance effort. Whenever an artefact from the platform is changed, e.g. for 

the purpose of error correction of for the introduction of any kind of enhancement, the changes 
can be easily propagated to every product in which the artefact is being used. Moreover, as the 
software artefacts used are self-contained, it is easier to detect the erratic code and correct it. 

 
o Cope with complexity. The usage of a common platform for building many products reduces 

the complexity as the platform provides a structure that determines which components can be 
reused at what places by defining variability at different locations. This reuse of common parts 
also reduces the error proneness and increases the optimization as the source code has to be 
developed and maintained only once. 

 
 

3.2 Solution 

3.2.1 Approach 

 
The following sub-sections describe the approach adopted by ESI for the introduction of a SPL solution in 
a PLC applications development chain. First the adoption process will be described. Then the tools used 
in the SPL implementation will be presented together with the metrics that will be collected for validating 
the proposed approach. Finally, results and success indicators that show the benefits of the experience 
are provided. 
 

3.2.1.1 Adoption process 

 
The adoption of the software product line methodology involves several phases: 
 

o Training on the software product lines topics and in the usage of our tool for variability 
management, V-Manage. 

 
o Domain analysis. The term domain here refers to the context where the methodology and the 

tool are going to be applied. The domain in this case will be a set of products or subsystems 
developed by the organisation. The analysis will consist of defining the common parts, shared on 
many products, and the variable parts. The result of this activity is the decision model, which is a 
representation of the variability within the PLC product family and an input for the tool. 

 
o Flexible components development. The flexible components are built taking as input the original 

software components or any other artefact where this reuse technique wants to be applied (e.g. 
design documents, manuals, etc.). The flexible components are pieces of the original code that 
have been refactored in order to manage the variability defined on the domain analysis phase. 

 
Note: For the domain analysis and the flexible components development phases the refactoring 
patterns related to the development and integration of reusable components detailed on the 
refactoring handbook are used. 
 

o Application development. This activity will generate the final product taking as input the flexible 
component and the application model, a concept from V-Manage that refers to the resolution of 
the variability defined in the decision model for a specific product. 
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This approach for software product development has well known advantages such as increase of the 
productivity by means of an efficient reuse of existent assets, increased quality of the products and 
reduced maintenance costs.  
 
This flowchart describes the process followed in the experience.  

 

 
Figure 3.2: A V-Manage productôs life-cycle  

 
As stated on the chart, metrics are available from the first phase of the product line development allowing 
the project managers to take decisions. After a release is obtained and the metrics are approved the 
product enters the quality/maintenance phase. During this step new requirements may be added to the 
product and/or bugs have to be fixed. Bugs and changes may affect to any of the different parts of the 
product line: decision model, flexible components or the unique part of the products. 
 

3.2.1.2 Tool support 

 
The tool used for this experience is called V-Manage and it has been developed by ESI for managing 
variability on software product lines. It is heavily based on XML technologies. This tool is used on the 
different phases that involve the adoption of the software product line methodology described previously: 
 

o The result of the domain analysis is translated into the tool by means of the decision model 
(DM). This is a representation of the decisions that must be taken in order to construct a product. 
It is represented as a decision tree whose leafs are decisions or groups of decisions. Decisions 
are described by a type, default value, possible values, etc. The decision model also includes 
the dependencies that exist between the different decisions. Physically, a decision model is a 
XML file that includes all the information detailed above. 

 
o The tool also helps on developing the flexible components (FC). It allows developers to drag 

and drop the different decisions to the source code and to introduce formatting commands. From 
a physical point of view, a flexible component is a plain text file that intertwines original source 
code with V-Manage decision handling code.  

 
o The derivation of a specific product from the product line involves the creation of an application 

model (AM). This model is basically a form generated from the decision model where the 
developer will set correct value for each decision (resolution of the variability). Once these 
values have been set the flexible components are executed and the final product (code) is 
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obtained. Again an application model is a XML file that contains the decisions of the decision 
model resolved for a specific product. 

 
o Lastly, V-Manage uses flexible component callers (FCC), which are XML files that execute the 

flexible components and insert the needed variable code depending on the decisions taken in 
the application model. 

 

 
Figure 3.3: V-Manage user interface 

 
V-Manage does not include any metrics tool embedded within it, these metrics are obtained by the SPL 
Analyzer. 

3.2.1.3 SPL collected Metrics  

 
In order to measure quantitatively the benefit of the introduction of the SPL approach in the organisation a 
cost model, mainly based on the amount of reuse, is applied on the case study. It determines the general 
cost for establishing a software product line of n products pi according to the following formula [5]: 
 

))()((
1

n

i

ireuseiuniquecaborg pCpCCCC  

 
According to this, the cost is divided in four different factors that are detailed below. 
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Figure 3.4: Cost factors of the SPL adoption process 

 
o Corg: This concept is related to the cost of adopting the SPL engineering practices within the 

organisation. There are several factors that influence this term, among them: 
 

o Reorganisation: domain engineers vs. application engineers 
o Process improvement 
o Training 
o Other organisational actions if necessary 

 
o Ccab: The costs of the development of the core asset base for the SPL. Factors: 

 
o Creation of the product portfolio 
o Commonality / Variability analysis 
o Build reference architecture 
o Develop the component platform and supporting designs, documentation and test 

infrastructure 
 

o Cunique(Pi): The cost of developing the unique pieces of software that are not based on the 
platform and that are related to a certain product. These costs are related to the parts of the 
applications that have to be built individually in the application engineering process. 

 
o Creuse(Pi):  The cost of reusing core assets related to a certain product. This is the cost of 

tailoring the existing assets for the particular application. 
 
However, the latter formulas do not include any costs related to the defects and errors that are introduced 
in the different phases of a software product life-cycle. In order to add the costs derived from the 
estimated defects introduced in the different products, it is easier to adopt a per product cost approach. In 
this case the formula can be rewritten as: 
 

))()()(()(
1

N

i

ireuseiuniqueiuniquecabcaborg pCpCDpCCDCCNC

 
In the latter formula the following parameters add the costs derived from the maintenance and bug-fixing 
processes to the product line costs: 
 

o CDcab: The total cost estimated for the defects introduced in the core asset base of the software 
product line. 

o CDunique(pi): The cost estimated for the defects introduced in the unique code developed for the 
i
th

 product of the product family. 
 
In order to evaluate these estimated defect costs the COQUALMO [1] model has been used. 
 
Metrics often enable project managers to take the correct decisions during the life-cycle of the software 
products. A software product line by itself represents a whole family of products and, therefore, decisions 
taken for any of the software pieces that compose the software product line are very important and may 

    

            

Corg Ccab 

Cunique(Pi) Creuse(Pi)) 
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have great impact. Thus it is really important to provide good metrics that allow taking correct decisions. 
The following metrics have been detected as important: 
 
In order to evaluate the implementation of the software product line solution at the PLC application 
development chain the following success indicators will be used: 

 
o Efficiency. A good efficiency value will denote a great reuse of the PLC code. It can be 

measured as the number of lines of code that are generated per variable line of code that is 
defined in the flexible components of V-Manage. The exact formula is the following: 

 

VLoC

FLoCGLoC
Efficiency [Lines of code] 

 
Where GLoC (Generated Lines of Code) represents the total number of lines of code generated 
by the SPL, FLoC (Fixed Lines of Code) represents the total number of lines of code that are 
copied to the output file independently of any decisions, and VLoC (Variable Lines of Code) 
represents the number of lines of code that may change when they are written to the output files 
due to the values taken by the decisions. 
 
An efficient product line is likely to reuse great amounts of code and, therefore, it will often 
provide greater savings for the company. 

 
o Variability. The variability of a software product family may provide information of the 

convenience of the SPL approach. The variability ratio of a certain software product in a SPL can 
be measured as the total amount of variable lines of code. In order to measure the variability 
ratio of a V-Manage SPL the following formula will be applied: 

 

100·
VLoCFLoC

VLoC
yVariabilit [%] 

 
The variability parameter provides estimation on how adequate a SPL solution is for a certain 
product family. A very low variability ratio may mean that our product family is formed by very 
similar products and, therefore, a SPL approach may be too complex. On the other hand, if the 
variability ratio is too high, it may mean that the product family has little common parts and, 
therefore, the SPL solution may provide little savings. 

 
o Complexity. The complexity can be an indicator of the error proneness of a SPL solution; 

however a very simple SPL will often achieve very low efficiency levels. In order to measure the 
complexity in a V-Manage SPL, it will be necessary to distinguish the decision model complexity 
and the flexible component complexity. To obtain a final complexity value for the whole SPL a 
mean value between the latter two will be used. 
 
Complexity in decision models is very hard to define. Different users feel differently the 
complexity of the different elements of the decision models. In order to be able to obtain an 
objective complexity value (CV) a survey has been performed among a series of V-Manage 
users. The results of the survey have been used to generate a table with the relative complexity 
values of each model element: 
 

Model element CV 

Clone 100 

Select Choice Value 76 

Default Select Choice Value 75 

Validity 74 

Min Max Values 72 

Default Value 67 

Value 62 

Name 62 

Trigger 62 

Group clonable 57 

Choice clonable 47 

Min Max clonable 45 

Simple clonable 39 

Group 17 

Choice 12 
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Min Max 10 

Simple 0 

 
Therefore the decision model complexity can be measured, for an N element model, as: 
 

100
max

1

CVN

CV

tyDMComplexi

N

i

i

[%] 

 
On the other hand, regarding the fact that flexible components are basically source files tagged 
with V-Manage instructions that manage the code generation flow (if, while and case 
statements); this elements are known as variation points (VP). Variable points in V-Manage can 
be nested, augmenting the complexity of the flexible components. The simplest flexible 
component is the one whose variation points are all at the first nesting level. Therefore the 
complexity of the flexible components is defined regarding the nesting level of the variation 
points that compose it. The concrete formula used to evaluate the complexity of the flexible 
components is: 
 

100)1( tyFCSimplicityFCComplexi [%] where 

N

VL

NtyFCSimplici
N

i

i

1

1
)(

 

 
In the latter formula VLi represents nesting level of the i

th
 variation point defined in the flexible 

component. 
 
As stated before, low complexity SPLs tend to be neither efficient nor variable enough. This is 
generally caused by too small decision models or not very variable flexible components. On the 
other hand, a very complex SPL tends to be more error-prone yet much more efficient. 
 

3.2.2 Major Results 

 
The implementation of a software product line with V-Manage in the PLC applications development chain 
resulted in the development of the following artefacts: 
 

o A decision model of the PLC application. 
o 6 flexible components for the PLC code generation. 
o 9 flexible components for the generation of the PLC application design in UML. 
o 6 flexible components for the generation of the documentation of the PLC application. 
o 3 flexible component callers (executers) to generate the code, design and documentation 

respectively. 
 
In order to obtain the success indicators that have been described in section 3.2.1.3, a SPL analyzer tool 
for V-Manage has been developed. This tool collects metrics from the artefacts used by V-Manage 
(decision models and flexible components), analyzes them and produces full reports that include both 
data and graphical charts. For the report generation the Eclipse BIRT reporting engine has been 
employed [9] and report templates have been developed. Reports provided allow tracing the evolution of 
the different metrics and validating the benefits of the SPL solution. 
 

3.2.3 Success Indicators 

 
This subsection describes the metrics obtained from the SCADA system case study. All the figures have 
been obtained using the SPL Analyzer tool for V-Manage, developed at ESI, and the Eclipse BIRT report 
engine. 
 
Figure 3.5 shows the metrics obtained from the current version of the decision model and flexible 
components of the software product line. The metrics provided in this report are: 
 



 
 

Adrián Noguero Public 04/07/2008 
 

SERIOUS  

ITEA 04032  

WP1 Deliverable 1.5 

Page 15 of 34 

o Names of the flexible components and decision models files analysed. The files containing 
the decision model and the flexible components that compose this SPL. 

 
o SPL efficiency. The mean number of lines of code that are generated from each variable line of 

code. A variable line of code is defined as any line of code that may generate different results 
according to the different decisions taken in the application models. This metric is highly coupled 
with the development costs reduction objective addressed in section 3.1.3. 

 
o SPL variability ratio. The percentage of variable lines of code among all the lines of code in a 

flexible component. This metric is important to evaluate complexity coping and quality 
enhancement objective addressed in section 3.1.3. 

 
o Decision model element count. The total number of elements (decisions and actions) that form 

the decision model. 
 

o SPL complexity. The percentage of complexity of a product line solution relative to the most 
complex and the simplest solutions available in V-Manage. Normally a high complexity value 
leads to a high efficiency; however it increases the error proneness of the SPL. This metric is 
important to evaluate complexity coping and quality enhancement as well as it has importance in 
order to measure the expected maintenance effort. All these objectives were addressed in 
section 3.1.3. 

 
o Estimated costs and savings. The tool evaluates the COQUALMO model to obtain an 

estimation of the costs of the defects of a series of products within a software product family. 
The estimation is made for both SPL and non-SPL approaches, and the savings (Return On 
Investment, ROI) are calculated. Lower costs also mean shorter times to market. 

 

 
Figure 3.5: Current status report 
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The final numbers obtained in this case study show that the SPL adoption has been successful. In figure 
3.5 only the results related to the source code have been presented; however the results obtained for the 
design model and documentation files are very similar to source code results. 
 
The SPL solution adopted for SCADA systems has proven to be very adequate. Both variability and 
complexity of the SPL have obtained medium values, providing an optimal environment for the adoption 
of SPL approaches as has been discussed earlier in section 3.2.1.3 Moreover the efficiency value 
obtained from the SPL shows a great degree of reuse. Regarding the development and defect costs, the 
estimations show that the company will be achieving a savings of over 50% after the fourth product is 
derived from the SPL. 
 
The reporting tool also provides information of the evolution of the decision model and flexible 
components. This information has been evaluated as very valuable by the SCADA system project 
managers. 
 
Figure 3.6 shows the information related to the evolution of the flexible component files. 
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Figure 3.6: Evolutionary view of a flexible component 
 
The latter figure shows the evolution of the efficiency, variability and complexity values of a concrete 
flexible component in the different versions. Moreover the report shows the size of the flexible component 
in terms of lines of code. The SPL analyzer also provides an evolutionary view of the decision model, its 
size and complexity. This report is shown in figure 3.7. 
 

 
Figure 3.7: Evolutionary view of a decision model 

 

3.3 Conclusion 

3.3.1 Summary 

 
This experience has consisted in the introduction of a methodology and associated tools for implementing 
the Software Product Line approach into a company devoted to SCADA and automation systems 
development. The reported case study has provided great feedback because it has allowed ESI to 
validate the proposed method and tool in an industrial case.  
 
The introduction of the tool V-Manage in the PLC application development process has proven to be a 
success, as the SPL approach has been used to obtain documentation, design models and code for PLC 
based industrial applications. On the other hand, the tool has proven not to be as user-friendly as 
expected for the development of decision models, flexible components and flexible component callers. 
Despite this fact, V-Manage tool has proven to add little overhead to the product line development phase. 
 
The SPL analyzer tool has worked properly throughout the life-cycle of this case study, however the 
integration between these two tools has proven to be weak and therefore it needs improvement. 
 

3.3.2 Lessons Learned 

 
One of the most important missing aspects in V-Manage is its integration capability within a development 
framework. The source code that it generates has to be exported to the correct development tool to 
compile it and obtain the final product. As V-Manage is a stand-alone tool, its integration within other 
environments cannot be automated. Moreover, despite the fact that the tool provides a SPL approach by 
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itself, it is sometimes too cryptic to be used fluently. Furthermore, the SPL analyzer has proven not to be 
user friendly, and its integration with V-Manage files too complex. 
 
On the other hand, V-Manage tool has proven to provide great savings in the development of products of 
the same family by following the SPL development paradigm. Moreover, V-Manage has demonstrated to 
be flexible enough as it has allowed to obtain from a single decision model different kinds of output files, 
namely: documentation files, UML design models and source code. 
 
In order to cope with all the weaknesses detected during this case study, ESI has started the 
development of a new version of V-Manage introducing many new features in the visual aspects and 
integrating it as an Eclipse plug-in [2]. Moreover, the developed SPL analyzer will be included as a main 
feature of the SPL tool in the next version of V-Manage. 
 
Lastly, the metrics provided have been evaluated as very useful by PLC software project managers. Even 
though SPL metrics cannot be strictly coupled with business metrics as most of them are based on 
estimations, they can be very useful for managers to early detect deviations in the SPL adoption 
processes and therefore prevent the apparition of problems. This is very important as every SPL adoption 
implies the investment of money. 
 

3.3.3 Final Recommendations 

 
The product line development approach may save implementing companies a lot of money in product 
development. In order for a product line solution to be profitable the family of products has to meet a 
series of requirements: 
 

o Modular. The products and functions of a product family should be separable into independent 
reusable modules. 

 
o Variable. The products of a product family should have a medium variability ratio in order to 

maximize the profit obtained from a product line. 
 
Moreover, the availability of relevant metrics is very important to encourage a company to adopt a 
software product line approach. Not only these metrics should be available during the development of the 
product line, but also during the first steps some kind of estimations would be interesting for the software 
project managers. In order to make these estimations the COCOMO II [3] model provides a useful tool to 
perform an early estimation of the development costs. 
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4 UA Case Study: Mining software repositories to study co-
evolution of production & test code 

4.1 Problem Statement 

4.1.1 Domain 

 
A software system must evolve, or it becomes progressively less useful. To develop and evolve high-
quality systems, a number of artefacts are needed, e.g. specifications, constraints, documentation, tests, 
etc. In this scientific work we focus on how developer tests evolve with regard to the related source code. 
Knowing the necessity of a software system's evolution, the importance of having a test suite available 
and the cost implications of building (and maintaining) a test suite, we wonder how test and production 
code co-evolve during a software project's lifetime, knowing that newly added functionality should be 
tested as soon as possible in the development process. Secondly, when changes such as refactorings 
are applied, the preservation of behaviour needs to be checked. 
 

4.1.2 Current Situation 

 
These observations enforce the claim that production and test code need to co-evolve. This leads to the 
almost paradoxical situation whereby tests are quasi essential for the success of the software (and its 
evolution), while also being a serious burden during maintenance. It is exactly this paradox that has lead 
us to study the co-evolution of production and test code. 
 

4.1.3 Goals and Expected benefits 

 
The main goal is to gain a deeper insight into developer testing practices using a solid, scalable analysis 
technique. Such a technique would allow: 
 

1. Software engineers to quickly assess the testing process in the light of future maintenance 
operations, e.g. during first-contact situations. 

2. Quality assurance to monitor the testing process, to identify trends and to compare the observed 
process against the intended process. 

 

4.2 Solution 

4.2.1 Approach 

 
We introduced three views (visualizations) composed based upon version control information and the 
running test suite: 
 

o The change history view, wherein we visualize the commit-behavior of the developers.  
o The growth history view that shows the relative growth of production code and test code over 

time.  
o The test quality evolution view, where we plot the test coverage of a system against the fraction 

of test code at discrete times. 
 
The tool chain to generate these views is currently built around the Subversion VCS. With the help of the 
cvs2svn script [10], we can also address CVS repositories. Using the SVNKit library [11], we query 
Subversion directly from our Java-based tool chain that automatically generates the change history and 
growth history view. For the coverage history view, we used the Emma code coverage tool [12]. 
Integrating coverage measurements in the build system of historical case study releases proved to be 
difficult, as build systems change over time, requiring a customized, manual approach.   
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From the change history view, developers can study when tests are modified compared to corresponding 
production classes. Synchronous co-evolution can be deduced from blue (change in production class) 
and yellow dots (change in test case) dotted on top of each other. Green clouds represent periods where 
many test cases are being introduced, while green clouds signify periods of heavy testing and thus a 
phased testing approach. 
 
The growth history view is meant to confirm and complement the observations in the change history view. 
It adds size information to production and test artifacts, thereby reinforcing claims about when 
synchronous co-evolution happens, and when developers take a loan, by means of periods of pure 
development that are testing afterwards in a period of pure testing. We can moreover distinguish 
continuous testing (e.g. in case of eXtreme Programming and continuous integration) from a phased 
approach (stepwise testing curves). 
 
In the test quality evolution view, we plot a notion of long term test quality of a test suite, in terms of the 
obtained coverage versus the ratio of test code in the source code at release time. Fluctuations in this 
ratio means a testing process where test coverage and test maintenance are not under control, or at least 
not considered important. Smaller, directed changes (e.g. more coverage, barely more test code) means 
a dedicated effort to deliver a high-quality test suite. 

 

4.2.2 Major Results 

 
To evaluate the value of the three test co-evolution views we proposed, we apply the approach to two 
open source software projects. Demonstrating these views on two case studies distinguishes more 
synchronous co-evolution (Checkstyle) from a more phased testing approach (ArgoUML). Moreover, over 
a project's history we can identify the introduction of tests, pinpoint time intervals of pure testing and pure 
development, test reinforcement as well as coverage increases. We did not observe testing phases right 
before a release. Evidence of test-driven development was found, as numerous unit tests were introduced 
alongside their corresponding production code in Checkstyle. We noticed a variation in the fraction of test 
code needed to reach a certain level of test coverage between Checkstyle and ArgoUML. 
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4.2.3 Success Indicators 

 
We evaluated our findings internally, by means of log messages that were written during development, 
and externally, by presenting our findings to the original developers and recording their remarks and 
suggestions. 
 
Regarding the synchronicity of development and test writing effort, one Checkstyle developer confirms 
that code and regression tests are typically committed at the same time. Even more, both developers 
indicate that they try to write a test that fails first before fixing the bug, making the test pass. Currently, the 
code base is considered mature and stable. As a result, changes are smaller yet self-contained, i.e. 
contain all code, tests and documentation. 
 
The ArgoUML developers acknowledge the limited early testing as well as the phased testing approach, 
which they identify as periods where the focus of different developers was periodically moving between 
testing and code. However, these testing efforts were not coordinated. Addressing the lower coverage 
compared to the other projects, the project leader adds that ArgoUML being a desktop GUI application 
implies that most of the code is meant to control graphical components. To write, maintain and deploy test 
code for such systems is a larger effort than for batch-oriented applications. 

4.3 Conclusion 

4.3.1 Summary 

 
In this case study we studied the co-evolution between production code and test code. In this context, we 
made the following contributions: 1. We introduced three views: (i) the change history; (ii) the growth 
history; and (iii) the test quality evolution view. We combined them to study how test code co-evolves over 
time. 2. We demonstrated the use of these views on two case studies and distinguished more 
synchronous co-evolution (Checkstyle) from a more phased testing approach (ArgoUML). Moreover, over 
a project's history we can identify the introduction of tests, pinpoint time intervals of pure testing and pure 
development, test reinforcement as well as coverage increases. 

 

4.3.2 Lessons Learned 

 
We found regular indications that changes in production code resulted in a non-compilable test suite, 
effectively removing the safety net that a test suite is able to provide. Even if the test suite remains 
compilable after changing production code, the structure of the test suite is likely to degrade over time. 
 

4.3.3 Final Recommendations 

 
We also plan to package our tool chain as a monitoring tool, so that the quality of the testing process can 
be continually monitored. Another step we want to take is getting a deeper insight into the factors that 
influence the relationship between the fraction of test code and the level of test coverage. 
 
 




