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Abstract

A software system is  well structured if its  constituting components have a high cohesion and 
a low coupling [Yourdon and Constantibe, 1975]. Inevitably those parameters tend to vary 
during the software lifespan: environment changes lead to software changes, and if software 
does  not evolve over time, then its  quality decreases [Leheman, 1980]. The ability of software 
to evolve in a cost effective way is known as evolvability [Cook et al., 2000].
Nowadays the evolvability has been recognized as a critical success factor in system design, 
thus there is  an overall increasing interest in this topic, and numerous  studies proposing 
solutions to deal with it. These solutions can be categorized in two main categories: the 
approaches based on change history information, and the approaches based on software 
metrics. This  thesis  describes a third approach to deal with the software evolvability: it is  an 
hybrid of the first two approaches  and It has been named EVO, from the first three letters of 
“Evolvability”. The aims  of EVO is to facilitate the analysis of change history information by 
reducing the scope of investigation. This reduction is  achieved by using software metrics that 
point to “bad smells”.
During this  project, EVO has been validated on one industrial case study. The product under 
examination has a lifespan of a decade, and during that time it has  been exposed to several 
changes and patches that have negatively affected its  architecture. As  consequence, today 
the product presents  clear difficulties  to evolve, and the engineers need an efficient support in 
refactoring the system in order to deal with its evolvability problems.
The results of this  validation cannot be generalized because they are obtained from a single 
case study and not from a number of cases  statistically significant. However, these results are 
interesting, at least within this research, since they shows that EVO could be a good tradeoff 
between the two kind of approaches considered. It is  faster then the approaches based on 
history information, because it reduces  the couplings to inspect, and it is  more accurate then 
the approaches based on software metrics, because it searches for “anti-patterns” only 
among the candidate unwanted couplings. This implies  that the “anti-patterns” identified via 
metrics point not only to “bad development practices”, but also to problems that really hinder 
software evolvability. 
Concerning the design of a refactory strategy, it was  possible to propose only improvements 
at method level due to the lack of “in-house knowledge” of the system. However, these kinds 
of local improvements  represent a necessary initial step to make the code more readable and 
understandable before to operate at architectural level to concretely remove the evolutionary 
threats.  
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1.Introduction

"If it ain’t broke, fix it anyway. You must invest at least 20% of your maintenance budget in refreshing 
your architecture to prevent good software from becoming spaghetti-code." 
-- Larry Bernstein

1.1. Institutional Context

The three logos on the front page symbolize the three institutions that surround this thesis project: 
1. the Mälardalens University located in Västerås (Sweden),
2. the Vrije University located in Amsterdam (The Netherlands),
3. and WoodWing Software located in Zaandam (The Netherlands).

The two mentioned universities are promoters of the Global Software Engineering European Master 
(GSEEM). The aim of this study program is to combine technical engineering expertise with socio-
cultural competencies (http://www.gseem.eu/). This thesis  document represents for the author the 
final work to achieve the cited double degree master.

WoodWing (WW) takes part in this context hosting the research side of the thesis. This company was 
founded in 2000 and has regional sales offices in Europe, the USA, Latin America and Asia Pacific. 
Its customers are spread out in more than 75 countries and Adobe is the main technology partner. 
WoodWing is a worldwide renowned business in the editorial industry thanks to its software solutions 
in the publishing process (http://woodwing.com/).

1.2. Software Evolvabil ity

There is not a unique definition of software evolvability, it can be interpreted as a multifaceted 
quality attribute that includes analyzability, integrity, changeability, portability, extensibility and testability 
[Rowe and Leaney, 1998]. 
Despite this, evolvability could be generally defined as 
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“the ability of a system to accommodate changes  [...] throughout the system’s lifespan with 
the least possible cost while maintaining architectural integrity” [Breivold, Crnkovic and 
Eriksson, 2008].

During the last decades, the IT industry has developed a growing worry concerning the effort required 
to keep the existing software systems operational. Indeed, the continuous work of maintenance -- 
either corrective, adaptive, perfective or preventive [Lientz 1980] -- is  becoming more expensive and 
barely manageable as the system complexity increases due to day-to-day maintenance. 

In the 1970s, Belady and Lehman studied about 20 releases of the OS/360 operating system. They 
observed that software systems undergo continuous changes, that their complexity and size tend to 
increase, and that their quality declines unless they are maintained and adapted to the changing 
environment. During the years, conducting other research in this field, they have formalized those 
principles in the eight laws of the software evolution, that are:

1. Continuing Change (1974),
2. Increasing Complexity (1974),
3. Self Regulation (1974),
4. Conservation of Organizational Stability (1978),
5. Conservation of Familiarity (1978),
6. Continuing Growth (1991),
7. Declining Quality (1996),
8. Feedback System (1996).

These laws have been largely verified in many software systems and the evolution of a software 
product has been recognized as a vital phase through which a system passes during its life.
  
Bennett and Vaclav [2000] have defined a staged model of software lifecycle where after the initial 
development follows the evolution stage (Figure 1)

Figure 1 - Staged model of a system lifecycle.
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According to this  model, the evolution is characterized by a full range of maintenance tasks to keep 
up with changes. When it is no longer possible to perform substantial modifications due to the 
advanced level of degradation of the software, then the system enters the servicing stage, where only 
small patching is viable. At a certain point, the software is no longer maintained although it is still 
operational; this is the phase out stage. Finally, the last phase is the close down of the project with the 
retirement of the product itself.

As is intuitively understandable from this model, the maintenance represents the longest and the most 
expensive activity of the system lifecycle [Nguyen, 2011], and its affordability determines the success 
of a software product. Due to those considerations, system architects  and managers  need to plan the 
long-term evolution of a software system rather than simply manage the day-to-day maintenance. 

The traditional engineering processes have tried to control the changes in the requirements because 
of the high cost of making modifications in the advanced steps of the system lifecycle. But, taking into 
account large information systems and the fact that their missions and technologies are likely to vary, 
those systems must be evolvable in order to embrace the changes in a cost effective way. To achieve 
the mentioned evolvability, it is required to have a certain control on the architecture of a software 
product, as Isaac et al. [1994] declare.

Several other researchers from the field of architectural pattern mining emphasize the important role of 
a system architecture and of its design patterns.

For example, Paakki et al. [2000] propose a method to predict and analyze the quality of a software 
based on its architectural patterns. They define the software architecture “as  one of the cornerstones 
of software quality, documentation and reuse”, and therefore an important base to enable and support 
the evolvability process. As for the definition of software evolvability, there is not a unique definition of 
software architecture, but, although this is a somewhat immature area, it is generally agreed upon 
that 

“the software architecture is  an abstract structural description of its  main components  and the 
relationships among them” [Bass, 1998].

Ratzinger et al. [2005] also state that architectural patterns offer a practical way of analyzing the 
quality of a system’s architecture from the point of view of its evolution: while instances of “good 
patterns” indicate robustness and discipline in design, “bad patterns” indicate architecture poorly 
designed and sources of quality problems in the long run. Therefore these “bad patterns”, also named 
“anti-patterns”, represent the starting point of many approaches that aim to improve software 
evolvability and that are discussed later in this thesis.

From the reflections done so far, follows the importance of having an architecture that grants the 
possibility to manage the changes efficiently and effectively. This kind of architecture has been named 
as “enduring architecture” by Steiner [1998] as opposed to “single-use architecture”. While an 
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“enduring architecture”, with its set of design constraints, ensures the consistency of some key 
characteristics during the software’s evolution, a “single-use architecture” instead supports only the 
development phase of the product. When changes in the requirements occur, the “single-use 
architecture” is not able to accommodate them and therefore it becomes useless and outdated.

1.3. Problem Statement  

It is difficult to make a software evolve when any kind of change is risky and expensive.
A change can become risky when the consequences of the modification are not correctly predicted. 
The more the parts involved in the change, the more difficult it is  to find out the ripple effects that the 
change has on the whole system. For example, what could happen is  that a change on a functionality 
may corrupt another functionality that was otherwise correctly working. 
A change can be also expensive when for example it involves different code units that are “logically 
distant” from each other. Logically distant means that those code units may be located in different 
modules of the system. This situation implies that the developers responsible for those modules need 
to collaborate to perform the changes, even if they are geographically far apart from each other. 
Obviously, this makes the changes time-consuming and consequently more expensive.
The cause of those problem is  generally identifiable in a high level of coupling among the system 
constituent modules and in a low cohesion  of each of these modules. Indeed, while a high level of 
coupling points to the interdependencies between the modules, a low cohesion index indicates that 
the responsibilities of a single module do not form a meaningful and complete unit. This means that 
those responsibilities can be extracted from that module to form a different module or to be integrated 
into an existing one. So a low cohesion index is also a sign of a weak system decomposition.
 
When it is  complicated to make any change on the system, not only its maintainability is  hardly 
affordable in the servicing stage (Figure 1, page 2), but consequently also its evolution towards newer 
versions will get slower or even impossible. This means that the life of a product is destined to end 
shortly unless any refactory action is taken to remove the evolutionary problems. 
This phenomenon is also known among the experts as “technical debt”, referring to the metaphor 
devised by Ward Cunningham. Similar to a financial debt, the technical debt shows up as extra 
development effort (interests) in future as consequence of quick patches and dirty designs made 
today. This happens quite often to take advantage of market opportunities or to meet deadlines. Only 
via code refactoring it is possible to solve or reduce the debt, but if this refactoring is never performed 
properly, then the debt just continues to increase until the failure of the product (bankrupt).

Although the research in software maintenance has produced a huge collection of patterns aimed to 
redesign existing code [Demeyer, 2002], there isn’t yet any approach that always helps in judging the 
code that represents a true evolutionary threat from the code that is just bad development practice. It 
is like if there is a solution for the problem but not a way to find where the problem is located. 
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1.4. Research Questions

This thesis wants to contribute to the research by proposing an approach to improve software 
evolvability that consists in an improvement of the analysis of the change history information. This is 
obtained reducing the list of couplings to investigate to the ones that also “smell bad” according to 
software metrics.
So this thesis deals with the problems of spotting the most severe evolutionary threats and choosing 
an appropriate refactory strategy that solves those specific threats. To do this, I operate under the 
premise that the software product under research clearly shows the symptoms of the evolutionary 
problem described in section §1.3: low cohesion, high coupling, deteriorated architecture, high 
maintenance costs and risks.
From those intentions, the main research question (MRQ) of the thesis is:

MRQ: What is an approach to redesign a “spaghetti-like product” in order to increase its 
evolvability and control the risk of it further deteriorating?

As defined in section §1.2, the term evolvability refers to the ability of a software product to be 
maintained and enhanced in a cost-effective way. The level of evolvability is determined by the level of 
independence among the development units that compose a software product: the more the 
composite elements evolve independently from each other, the higher the evolvability capacity of the 
product. It is obvious that the software architects would like to have a software decomposition that 
facilitates the evolvability because this also implies an easier and cheaper way to achieve the 
development tasks among different teams of developers.
To answer to the main research question it is  first necessary to have a vision of the internal structure 
of the system, so a minor research question (RQ) follows:

RQ-1: How to determine the current decomposition of the system under examination?

Next, It is needed to understand the issues that inhibit the evolvability of the system.
An unwanted relationship of dependence between two decomposition units of the software is 
generally defined as an unwanted coupling. “Unwanted” because this kind of coupling has not been 
planned in the design phase, but it has been created during maintenance as quick patch. The 
unwanted couplings are the main reason why the decomposition units cannot evolve independently 
from each other. So a second minor research question follows:

RQ-2: How to identify the unwanted couplings among the units of decomposition that 
inhibit the evolvability of the system?

After having spotted those unwanted couplings, the architects can choose which issues solve before  
others developing an appropriate refactory strategy. This strategy, other than addressing the problem, 
should also be risk-limiting, which means that the changes operated by this strategy should be such 
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that the risk to break working functionalities of the system is limited to the minimum or at least is 
known. So a third minor question is:

RQ-3: How to define and assess the feasibility of a refactoring strategy that addresses 
specific unwanted couplings?

Finally, by answering those three minor research questions (RQ-1, RQ-2, RQ-3) with the description of 
the approach experienced in WW, it will be possible to answer also to the main research question 
(MRQ). Of course the experience conducted in WW is just one example of the capabilities of the 
approach proposed, and although its results lead to the belief that it could work in other 
environments, it still requires to experiment EVO on a significant number of case studies to 
understand to which extent those results could be generalized. 

1.5. Research Methods and EVO

In literature many methods have been proposed with the aim to solve evolutionary problems. Those 
methods can be categorized in traditional approaches and novel approaches. 

The traditional approaches  are the ones that are based on the measurement of some specific 
properties of the system, like size, complexity, level of cohesion or coupling.
The idea behind those approaches is that thanks to metrics measurement it is possible to spot the 
code that “smells bad”: god classes, long methods, complex execution paths and so on. 
The limit of those approaches is that it is difficult to define and measure software qualities due to the 
complexity of the development processes and to the variance of software products. In addition, it is 
difficult to determine which metrics could be more effective than others in spotting evolutionary 
threats. Indeed those metrics may points to code that is just bad-written and that doesn’t necessarily 
represent an evolutionary threat (further details in §2.1).

On the other side, the novel approaches  are based on the analysis of the software’s history, more 
precisely they focus on the code entities that have been involved in changes more often in the recent 
past. 
The idea is that those co-changing entities represent logical couplings, and that among the couplings 
that cross the modules boundaries it is possible to spot unwanted couplings. 
Instead, the limits  of those approaches are in the difficulty of understanding the decomposition of the 
system, in finding an approximation of the couplings and then in filtering out the unwanted couplings 
(more details in §2.2).

It is  not clear if one of those approaches is more suitable for a specific context than the others. It is 
also not proved yet if one approach produces better results than the others. Indeed, not any 
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significant research that studies the differences between the traditional and novel approaches has 
been found during this project. Therefore, I have dedicated quite some effort to develop an approach 
that benefits from the ideas behind both the traditional and novel approaches, and that in the same 
time reduces their limits. This suggested approach has been named EVO, from the first three letters of 
Evolvability, and it has been tested on a WW product that has evident difficulties to evolve, as showed 
later in section 3.1. 

1.6. Outl ine of the Thesis

The thesis has been organized in the following way:

‣ The first chapter, “Introduction”, presents the concept of software evolvability and its 
related problems, the research questions of this project, and an introduction of the 
approaches commonly used to tackle the evolvability problem.

‣ The second chapter, “Improving Software Evolvability”, discusses more deeply all three 
mentioned approaches -- traditional (based on software metrics), novel (based on change 
history) and EVO (developed in this project)  -- describing in what they consist and what their 
strengths and weakness are.

‣ The third chapter, “Method Validation at WoodWing”, shows an application of EVO on the 
industrial case study of WoodWing. The purpose of this  application is to test the validity of 
the approach proposed. The validation process is  split up in two parts: the first one focuses 
on the identification of evolutionary threats, the second one focuses on studying a refactory 
strategy to address those threats.

‣ The fourth chapter, “Conclusion”, is the final chapter and it summarizes the results 
accomplished by this research, the contributions given and the lesson learned.

‣ Three appendixes, “Project Plan”, “Populating the Database” and “Example of Refactoring 
on SmartConnection”, end the thesis with an in-depth examination on how the work at 
WoodWing has been carried out, in term of plans, data collected, and examples of concrete 
refactoring on the code. 
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2. Improving Software Evolvabil ity

2.1. Methods Based on Software Metrics

The value of the software complexity metrics has been largely discussed in the research field of  
software maintainability [Kafura, 1987; Coleman 1994, Lehman, 1997; Paakki, 2000, Simon, 2011].  
Coleman et al. [1994] describe how automated software analysis can be used to guide the 
maintainability decisions with a comparison of five methods based on complexity metrics. Simon et al. 
[2011] show that it is possible to use static structure analysis and metrics to identify “special 
anomalies for certain re-factoring strategies”. 

The objective of the methods based on software metrics is to provide numerical evidence of some 
software properties that may point to evolutionary threats. 

The followings are some examples.

A big module that embodies many functionalities compared to other modules of the system, is 
very likely difficult to understand, to test, and therefore to maintain. In a sense, it hinders the 
evolvability of the system. The software metrics that could highlight this threat are the lines of 
code, the number of declared functions in a module or the cohesion index.

A long function characterized by many execution paths is difficult to understand and to 
maintain as well. In this case the cyclomatic complexity index could help in find out those 
kinds of methods.

Pieces of code duplicated over the system could cause ripple effects on changes because it 
could be complicated to locate all of them to globally propagate the modification. Therefore, 
duplicated code anti-pattern also hinders the evolvability of a system and several tools are 
available to detect them.

These are all examples that fall under the so-called category of “bad smell” or “anti-pattern”, and it is 
possible to find many others like this, but it is difficult to say which of them refers to a true evolutionary 
threat or to a potential evolutionary threats. The difference among these types lays on the fact that a 
true evolutionary threat causes problems in the daily maintenance, instead a potential evolutionary 
threat does not causes any “harm” because it is almost never touched in the daily maintenance.
To make this more clear, let’s think to the “duplicated code anti-pattern”. If this duplicated code is 
related to parts of the system very stable and is not object of the maintenance process, then it does 
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not represent a true evolutionary threat, although it is a manifestation of code badly written. On the 
other way around, if this duplicated code is often under maintenance, then it makes the whole 
process of maintenance more difficult and risky: it is  necessary to locate all the duplicated code and 
then propagate the changes everywhere.
These are just some of the limits of the methods based on software metrics. Indeed, measuring 
software metrics is not an easy task: it requires to define precisely what quality of the system is being 
measured, how to measure it and what the measurement means. Moreover, it is also difficult to asses 
which metrics  really matter for the specific case study because other factors as development 
processes and objectives should be considered. 

Furthermore it seems that many software practitioners think that those measurements are not only 
often imprecise, but also unproductive. The developers could be negatively influenced by those 
metrics because of the stress of being judged according to some number not always understood 
[Kaner and Bond, 2004]. In spite of that, the approaches based on software metrics are largely used 
by government agency, IT consultants company and in development estimation techniques.

2.2. Methods Based on Software History

Numerous researchers have proved that versioning information not only can be used to anticipate 
future evolutionary courses of a system [Mens, 2001; Rysselberghe, 2004], but also to provide 
starting points for refactoring activities [Gırba, 2004; Vanya 2012]. Moreover, Zimmermann et al. 
[2004] have experimented that some logical relationships among software entities are found out only 
by analyzing the historical data, and not by software metrics analysis.

The methods based on the analysis of the software history are also named in the literature “change 
couplings  driven refactoring”. The idea behind those methods is that, if two software entities are 
affected by modification several times together, then they represent a logical coupling and may 
expose the system to complex modifications. This is what happen for the so called “external 
couplings” [Ratzinger et al. 2005], that are the ones affecting software entities across the 
decomposition units of a system. 

The objective of the methods based on software history is to identify, among all logical couplings, the 
ones not defined at design time and whose frequency of changes tended to increase during the time 
(unwanted couplings). The increasing frequency is relevant because of the Yesterday’s  Weather 
assumption of Gibra et al [2004]: the entities that changed together in the recent past, probably will 
change together also in the near future. 

The limits of those methods mainly depend on two factors that are strictly related to each other, the 
kind of repository used and the kind of check-ins performed by the developers. 
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‣ If the repositories do not support the notion of “change transaction” as a timely coherent 
sequence of check-ins, then the developers do not have the possibility to submit 
changelists, sets of source files changed together due to a unique development task. The 
importance of having change transactions is to be able to directly identify those changelists. 
Indeed, in the worst situations it is necessary to infer the co-changing information using the 
relative timestamps and reconstruct the development tasks from the bug-tracking system 
[Fischer and Gall, 2006].

‣ Instead, If the repositories support the submission of change lists, but the developer are 
used to commit changes frequently, than more than one changelist is associated to each 
development task. As consequence, also in this case it is  necessary to do extra work to 
approximate the change sets, using for example different time windows [D’Ambros, 2009].

Filtering out the unwanted coupling from all the couplings could be a complex operation when there is 
considerable noise in the results or when the change sets are roughly approximated. To facilitate the 
examination of the couplings, several prototypes tools have been proposed to visualize their history of 
evolution in “storyboards”, like Evolution Radar [D’Ambros, 2009], EvoLens [Ratzinger et al., 2005] or 
iVIS [Vanya, 2012]. Those tools could be very handy, but their limitation lay on the fact that they are all 
experimental, and therefore a company should first build its own visualization tool if it wants to benefit 
of these techniques.

2.1. EVO

EVO is the name given to the approach developed during this project and validated on the WW case 
study (described later in §3.1). Its goal is to provide to the software architects a refactoring approach 
to improve the evolvability of a classical spaghetti-like product. 

The key of EVO is the combination of the ideas used in the change history and software metrics 
based approaches. It removes from them all the expensive and experimental steps that require time 
and expertise, such as building prototype tools or evaluating complex formulas. Indeed, those are 
also the same steps that discourage the software architects of a company to adopt a “formal” 
approach to deal with the maintainability issues of their products. 

The goal of EVO is to makes faster and easier the analysis of the change history: it analyzes the 
logical couplings by way of simple software metrics. This means that, from one side the logical 
couplings are filtered according to software qualities and not only by their relevance in the software 
history, as it is done with the history-based approaches; and from the other side, the software metrics 
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are used to spot “anti-patterns” only among the code entities involved in those couplings and not on 
the entire system. 

The main hypotheses on which EVO is based are:

‣ the most changing parts  of a software are very likely the ones containing the most defects: 
80% of the software defects are in 5% of the code [Demeyer et al. 2002];

‣ the software entities who changed in the recent past will probably change again in the near 
future [Yesterday’s Weather, Gibra et al. 2004];

‣ the changes that involve entities across different modules of the system may point to 
structural weakness [Ratzinger et al. 2005];

‣ the changes that involve numerous entities are also the most expensive one to perform 
[Sommerville 2011];

‣ improving the design of the system reduces maintenance costs and risks [Isaac et al. 1994]. 

EVO consists in two fundamental stages, the first one focuses on the identification of the most 
severe evolutionary threats, and the second one on designing a refactory strategy to address those 
threats. The following sections will describe more in details each stage.

2.1.1. EVO - Stage 1

The first stage is constituted by a feedback loop that at every cycle increases the understanding of 
the system and reduces the area where to locate candidate threats. At each cycle it is associated:

‣ a grade of understanding of the system, 

‣ the area where evolutionary threats could be located, 

‣ and a set of methods to further increase the knowledge of the system and the localization of 
the threats.

Here are described the cycles that compose stage 1 and a summary of them is depicted in Figure 2.
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Figure 2 - EVO, Stage 1 

Stage 1 - Cycle 1
At the beginning of the research, the system is  a black box and the area of possible threats is spread 
all over the system. The first cycle consists in finding all the possible information on the system 
architecture, and the methods used in this research are:
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‣ play with the software and try some use cases to understand at least the basic 
functionalities;

‣ skim through the documentation available on the system, focus on the design specification, 
and on the user guide;

‣ reverse engineer the code with automatic tools to generate UML diagrams about the system 
structure;

‣ interview the system architects to have a confirmation of the information collected to clarify 
doubts or to get further information on parts not documented;

‣ define a decomposition of the system starting from the paths of the source files [Anquetil,  
1999].

This cycle ends when the basic functionalities of the system are understood and the decomposition of 
the system is defined and confirmed by the software architects. It is  not otherwise possible to 
proceed with the analysis of the cross-boundaries couplings. 

The duration and the difficulty of this cycle depends mainly upon the design documentation available: 
in case the architecture of the system is already well documented, then it is not necessary to reverse 
engineer the code to retrieve it, or use the Anquetil’s method based on source names.

Stage 1 - Cycle 2
At the start of the second cycle the knowledge about the system includes at least its basic 
functionalities and its decomposition into logical units, which could be modules, components or 
subsystem.
The area where evolutionary threats could be found is still the whole system.
The methods to apply in this cycle aim to gather the change history information and are the same as 
the ones used in the history based approaches cited in §1.2. I extracted the commonalities from 
those approaches and consolidated them in the following steps.

➡ Step 1: retrieve from the versioning system the list of changes.

The methods to perform this step depend from the versioning system in usage. Some of them 
may provide GUI functionalities to directly output a file containing the list of changes, while 
others can be queried via terminal by specific commands. Those commands can be 
organized in a scripts to collect the change information and then format them in a customized 
way in files.
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➡ Step 2: define a level of granularity to analyzes  the relationships  among the software entities 
(subsystems, modules, components, folders, files, classes, functions).

The choice of the granularity level depends on the system under consideration. Interviews with 
the development team and with the system architects can provide good suggestions to 
choose the option that fits the best the specific system. 
The objective is to target the level of abstraction where the unwanted relationships could be 
more evident. For example, in the case of a system that is clearly decomposable into modules 
with different responsibilities, the relationships that cross the module boundaries are the ones 
that could inhibit its evolvability. In the case of a system where the modules are too big, it may 
not be possible to find interesting relationships outside the boundary of the modules because 
all the relationships are inside the modules. So in this  case the relationships are visible only 
with a level of granularity finer than the module, and these relationships may also give 
indication on how to group the files into sub-modules to improve the internal structure of the 
module itself. 

➡ Step 3: group the code entities  involved in the changes  according to the same development task. 
Those groups are also named change sets. 

Depending on the company, the developers can be used to commit into the versioning system 
with different frequencies: someone commits at each small change of the code, others only at 
the end of the development task. The first category of commits could increase the complexity 
of the current step. Indeed, it is necessary to analyze the bug tracking system to group all the 
entities that have been affected for the same development task. Moreover, different 
approximations of the change sets can be made [Vanya, 2012]. Instead the second category 
of commits provides the change sets in a more direct way, because they match with the set of 
files committed together (as it happened for this project).

 
➡ Step 4: define the size of the time windows  and the starting date of the first time window according 

to which analyze the tendency of the relationships. 

Also this step depends on the system under consideration and it is possible that the right 
choice could be taken only after trying different options. This means that it is possible to look 
at the frequency of the relationships in different time windows and with different starting points 
of the same time window. If for example in four months the frequency of the relationships is 
very low or quite uniform along the system, then it is better to choose a bigger interval of time, 
such as semester or year. In these other intervals the differences of frequency among the 
relationships should be more evident because cumulate the occurrences over a longer time. 
The possible methods to apply here depend on the quantity of information gathered in the 
previous steps. A convenient way for large amount of data is to insert all the relationships 
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among the entities of the system in a database. Then, with few simple queries, count their 
occurrence according to different options of time and level of abstraction. 

➡ Step 5: mark the relationships that could point to evolutionary threats.

There are many methods to select candidate threats. One consists of showing the most 
frequent relationships to the experts  of the system and see their reactions. If they do not seem 
to be surprised, then it could mean that you may have found well-known problems or 
“wanted” relationships. Otherwise, if they seem surprised, then you could have found 
relationships that need further investigation: they could be either good candidates of 
unwanted relationships, or false positives generated by wrong approximation of the change 
sets. 
It could be difficult to go through all the relationships due to the huge quantity of the data. In 
those cases it is possible to filter the results with other queries or just represent them in a 
different way. For example, the “database tables” could be exported in some kind of 
spreadsheet format in order to generate automatically charts where the frequency of changes 
on the y axis varies according to the time on the x axis. However, the number of couplings 
visualized could be still to big, so what EVO proposes is to reduce the couplings. This 
reduction could be done both by removing the files with a change history not relevant, and by 
focusing only on the couplings that present “anti-pattern”. The research of “anti-pattern” is 
performed via estimation of software metrics.

Stage 1 - Cycle 3
Thanks to the results of the previous cycle, this cycle starts with a good knowledge of the system 
organization and of its past evolution. Moreover the area where to spot evolutionary threats is 
identified in the candidate lists outcome of the cycle 2.
Those lists could be very long in case of big system with an significant maintenance history, so it is 
required to filter out from the candidate list all the relationships that do not really hamper software 
evolvability, or in the other way around, to filter out the most interesting relationships for the software 
evolvability problem. This is the goal of the current cycle.
The way to proceed consists in investigating the source code of the entities involved in the 
relationships to find signs of “bad smell”. To conduct this  investigation it is possible to use one or 
more of the traditional methods based on software metrics. However, before choosing any of those 
methods it is better to have some feedback from the experts of the system in order to have a first 
validation of the data. This validation could indeed save plenty of time because the expert could steer 
the focus in the right direction; they have an embedded knowledge of the history background of the 
system and they usually already know some of the code relationships. These feedback could be 
gathered either by interviews or by questionnaires. 
Unlike traditional methods, in EVO have been avoided heavy computations and only the most intuitive 
metrics that can pinpoint “anti-patterns” have been considered. Line of codes per classes and 
methods can help in identifying god classes and long methods. Duplicated code can point to entities 
that can cause ripple effects. Complexity metrics can indicate code fragments hardly manageable. 
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Many other examples of anti-patterns are discussed in the literature [Gamma, 1995; Alpert, 1998; 
Fowler, 1999; Demeyer, 2002].
At the end of this cycle some of the candidate evolutionary threats identified in the cycle 2 are 
confirmed to be real threats. 

Stage 1 - Cycle “n”
If the results of the previous cycle are not satisfactory, for example because it is  still not possible to 
establish which potential issues are real issues, then it is possible to execute again cycle 2 and 3  until 
the results become more clear. In these repetitions, to increase the chance of having better results, it 
is possible to vary some parameters like the level of granularity and the time windows. To vary those 
parameter it is just required to change the respective values in the query to perform on the database 
of the couplings. For example it is possible to pass from the subsystem abstraction to the folder 
abstraction or from time windows long one year to time windows long one semester. It does not exist 
an indication in the literature on how to vary those parameters because each system it’s a different 
story, and what could work with one system could not work with an other one. So a good approach is 
to experiment different approximations, compare the results and choose the best one.  

2.1.2. EVO - Stage 2

The second stage of EVO consists in finding a refactory proposal to address the spotted evolutionary 
threats. This means using one of the solutions proposed to solve the classical “anti-
patterns” [Gamma, 1995; Alpert, 1998; Fowler, 1999; Demeyer, 2002] or defining a new one that 
could fit better the specific context. Choosing among the alternatives, it is important to study the 
tradeoff for each of them, and in particular focus on the one that not only solves the current problem 
but that could also accommodate possible future changes.
EVO suggests to address the issues from attribute level until system level, passing via function, class, 
file, module and subsystem level (depending by the system decomposition). This operation is divided 
into the following two parts.

Stage 2 - Part 1
The first part focuses on the lowest levels, which has an impact on attributes and functions. It 
consists mainly in code cleanup from unused code fragments and simplification of functions. The goal 
here is to improve the readability and the logic behind the code because its understandability directly 
influences the correctness and quality of the refactoring at a higher level ( performed in Stage 2 - Part 
2). 

At this point, typical refactoring for attributes are:
‣ add variable to class,
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‣ rename variable,
‣ push variable down,
‣ pull variable up,
‣ create accessories,
‣ abstract variable.

Typical refactoring for functions are:
‣ add function to class,
‣ rename function,
‣ push function down,
‣ push function up,
‣ add parameter to function,
‣ move function to another class/component,
‣ extract code in new function.

Stage 2 - Part 2
In this second part the work of refactory has a wider scope because it moves from class level until 
system level. This means that the refactory extends its impact beyond the module boundaries with the 
aim to concretely remove the unwanted couplings identified in the first stage as true evolutionary 
threats. The final output of this stage is a system situation where to manipulate code is safer, to 
understand the existing code is easier, and to make the software evolve is more affordable.

The most common change at this point is  “movement of classes/components” from one module to 
another. The modules affected are the ones involved in the unwanted couplings, and the “parts” 
moved are the ones whose changes have an impact on each other. The idea is that if those “parts” 
are placed in the same module, then each module will be able to evolve more easily and 
independently from each other and its cohesion has been increased.

Defining a refactory strategy at this level of abstraction could be the most complicated operation to 
perform because it highly depends on the “in-house/embedded knowledge” of the system.
Moving “code” means to know exactly which part is moveable, where and how. This imply an analysis 
of feasibility and of the risks involved, which could be done for example studying the call-graph of the 
code under examination. 

Moreover, it is also suggested to go through the most common design patterns to check if a solution 
for the same problem already exists and if it is also suitable for the system under study. Design 
patterns indeed are meant to speed up the development process by providing domain-specific 
solution to common problems. Nevertheless, some researchers believe that in situations like this, of 
refactoring and not of initial development, it is more suitable to use specific “refactoring patterns” as 
the ones suggested by M. Fowlers et al. [1999], instead of general “design patterns”. For example, 
just to cite some of the most interesting one at the class level:
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‣ moving features between objects:
- extract classes, 
- inline classes,
- hide delegate, 
- remove middle man
- ...;

‣ organizing data:
- self-encapsulate field, 
- replace data value with object,
- replace array with object
- ...;

‣ dealing with generalization:
- collapse hierarchy,
- extract subclass, 
- extract superclass, 
- extract interface
- ...;

‣ big refactoring:
- convert procedural design to object, 
- separate domain from presentation, 
- extract hierarchy.
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3.Method Validation at WoodWing

3.1. The Case Study: SmartConnection

This project thesis focuses only on one branch of the WoodWing products: the “Productivity Plugins”. 
These plugins enhance the Adobe InDesign and InCopy capabilities for the production of prints and 
online multichannel publications. In particular, the SmartConnection plugin represents the bridge 
between InDesign, InCopy and the Enterprise Database Server, the latter also a WoodWing product 
(Figure 3). To be more specific, SmartConnection allows the designers and the editors to work 
simultaneously on the layout and on the content of the same publication. 

Figure 3 - SmartConnection

During the years, the WoodWing architects and engineers have noticed an increasing gap between 
the initial software architecture and the actual software product. This gap is  due mainly to the fact that  
less and less time has been dedicated to the design phase along the releases. Furthermore, also the 
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verification of compliance of the current design with the original one has been disregarded. The result 
is a messed up architecture typical of “spaghetti-like systems”, that is neither useful in supporting the 
maintenance of the current product, nor convenient in facilitating future additions.

The original development methodology of WoodWing has been a sort of the classical waterfall model 
for 10 years, with iterations approximately every year for new releases. In the last two years, they have 
switched to a more agile approach which is a result of Scrum and eXtreme programming practices 
very customized to their needs (on the line of “Scrum and XP from the Trenches” by Henrik Kniberg). 
By now, this switch has improved the development process making the “development cycles” shorter 
and reducing the scope of the work, but they still have not faced the improvement of the software 
architecture. 

What is clear is that the original design is seriously deteriorated and that the current product needs to 
be refactored to make any future development task more affordable either from a practical perspective 
or from the financial point of view. Conversely, what is not clear is  the current internal situation of the 
software and the strategy of refactoring it in a risk-limiting way.

3.2. Looking for Evolutionary Threats

3.2.1. EVO: Stage 1 - Cycle 1

With the purpose to answer to RQ-1 ( “How to determine the current decomposition of the system 
under examination?”), the first action is to get a view about the system decomposition. Assuming the 
most typical scenario in which there is not any useful documentation available for this purpose, as in 
WoodWing, the main methods proposed by EVO are: 

‣ interview all the stakeholders involved in the production of the software, 
‣ automatically reverse engineering the code, 
‣ analyze the source names [Anquetil, 1999].

With the interview methodology it has been possible to produce a first view of the system, which is 
a UML deployment diagram (Figure 4). It does not differ that much conceptually from the preliminary 
diagram drawn on the system overview (Figure 3), but it is useful to understand where the 
SmartConnection system is placed and how it interacts with the surrounding environment.
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Within this environment, SmartConnection is logically located in the domain of the PublisherCompany 
and physically installed on a PC together with Adobe InDesign and/or Adobe InCopy. Those devices 
have to be connected to the node on which the Enterprise Server is deployed as required by 
SmartConnection. So, SmartConnection and Enterprise interact according to the client-server model, 
where the client could be also an other WW product as ContentStation.

Figure 4 - Deployment diagram

After this step, MagicDraw UML has been used to reverse engineer the code, but this 
methodology did not work well in this context. Indeed, too many difficulties came out during the 
process of reverse engineering, such as: 

1. the huge number of classes to represent in a readable way in a diagram, even splitting the 
system into components;
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2. the huge number of classes not parsed correctly by the magic draw tool and therefore placed 
in a default folder;

3. the large number of (base) classes located in the Adobe SDK, which is not really in the scope 
of SmartConnection.

As consequence, even trying to deal with the size problem, the resulting diagrams were not useful at 
all for any kind of analysis. Moreover, to configure properly the magic draw parser for this context 
could have taken too much time, without any clue if good results would have been obtained.

So it has been decided to use also, the analysis of the source names [Anquetil, 1999]. According 
to Anquetil, from the analysis of the path of the file names it is possible to outline the decomposition of 
a system. In the case of SmartConnection, the component diagram in Figure 5 is the result of the 
application of this method, and it seems to be quite satisfactory to the WW system architect.

Figure 5 - Component diagram
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The most interesting thing to note about the three subsystems that mainly compose SmartConnection 
(Enterprise, Core and Pro), is  that they currently do not represent any kind of layered or hierarchical 
structure. Instead, they just encompass a set of functionalities grouped together according to the 
marketing strategy operated by the company in the past years.
Indeed, originally the Pro and the Enterprise Subsystems were sold separately because they offered 
different services: the first one was interacting with the FileSystem for the management of the data, 
the second one, introduced later in time, was interacting with the Enterprise Server (an other 
WoodWing product). When the FileSystem approach for the data management was considered not 
really effective, only the second approach, based on the Enterprise server, survived. Despite that, 
most of the functionalities of the Pro version of the system were reused and this is why in the current 
system it is still possible to define a logical decomposition in Enterprise, Pro and Core, although this 
architecture is not in practice anymore. That is the most interesting part of the past evolution of 
SmartConnection because, to operate those changes, a huge activity of modifications negatively 
affected the overall architecture. 

To summarize the validation of the first cycle of EVO, the interviews  with all the people involved in the 
production of SmartConnection resulted to be the most powerful method: in a situation lacking of 
design documentation it produced an overview of the system structure in a very short time and 
without a significant effort. Also the analysis  of the source names  resulted to be quite effective in 
catching the main structural features  and in preparing a good starting point for the interview with the 
developers. Instead, the reverse engineering method was  time consuming and not even completely 
applicable for the product under consideration. 

3.2.2. EVO: Stage 1 - Cycle 2

The cycles 2 and 3  are meant to answer to the RQ2: “How to identify the unwanted couplings 
among the units of decomposition that inhibit the evolvability of the system?”.
In particular, the second cycle of EVO is dedicated to the analysis of the history of the changes 
and is articulated in five steps, as described in §2.1.1. What follows is a summary of the work done 
on SmartConnection for each of those steps.

➡ Step 1: retrieve the list of changes from the versioning system.

The versioning system used in WoodWing is Perforce, that is  one of the most modern because 
it allows the submission of changelists, that are lists of files changed together. This feature 
resulted to be quite powerful in step 3  of EVO. For now, what is important to cite is that 
Perforce provides client terminal commands to retrieve those changelists information. To 
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automate the process of gathering the history logs of the source files, I have enclosed the 
Perforce commands in bash scripts that as output produced files importable in a relational 
database. From this point, to analyze the data and compute the coupling information, it was 
required to write some MySQL queries. Detailed information about this  operation are presented 
in “Appendix 2: Populating the Database”. 

This strategy of managing the data resulted to be quite effective during the whole project: once 
the historical information were imported in the database, instead of writing and testing a script 
every time that it was required to parse and present the data in a different way, it just required to 
write few SQL lines to have a new query and a new result. 

➡ Step 2: define a level of granularity to analyze the relationships  among the software entities 
(subsystems, modules, components, folders, files, classes or functions).

In the description of EVO (§2.3), it has been discussed the importance of choosing appropriate 
values for two parameters that will directly affect the “quality” of the couplings: the level of 
granularity of the code entities involved in the couplings, and the time windows. Here is 
explained the choice concerning the level of granularity, the time windows are covered in step 4. 

Files and plugins are the two levels of granularity chosen, because at the time of the “script 
strategy” experimented in the step 1, the folder granularity already resulted in being a wrong 
abstraction. The reason was that just few folders (generally called Source and Header) for each 
plugin contained most of the files. As consequence, also most of the couplings were among 
those few folders. Clearly this situation does not provide any interesting information to help in 
the identification of unwanted couplings.
Instead the plugin level of abstraction resulted to be more appropriate than the folder one: from 
the research conducted in the first cycle of EVO, it came out that the plugins are the 
fundamental “components” on which is based SmartConnection. Besides this, also the file level 
has been taken into account because to analyze in a successive step the entities involved in the 
cross-plugin couplings, it is required to move to a lower level of abstraction, and after the folder 
level, the most significant one is the file level.

➡ Step 3: group the code entities  involved in the changes  according to the same development task. 
Those groups are also named change sets.

In the case study under consideration, it was not required to perform any approximation work to 
define the change sets. Indeed, the version management system used within WW supports the 
notion of change set, allowing the developers to commit together the files affected by the same 
logical modification. Along with this, the development process adopted by the team, includes 
specific rules for the check-ins that basically make them timely consistent with the development 
tasks performed. As it is  easily understandable, those conditions made the analysis of the 
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change history much easier compared to the other research works previously analyzed [§2.2, 
Fischer and Gall, 2006; D’Ambros, 2009; Vanya, 2012].

➡ Step 4: define the size of the time windows  and the starting date of the first time window according 
to which analyze the tendency of the relationships.

Once collected the data in the database, it was also easy to try different options for the time 
windows. In particular, in this project I have tried time windows lasting one year, one semester, 
four months, and one version (the time between two successive versions of the system).
At the end, a duration of one year was selected because in all the other time frames the 
occurrence of changes was almost uniform and close to zero for most of the couplings. Only in 
the yearly intervals was indeed possible to spot couplings that were occurring more often in the 
recent past.
About the starting date of the first time windows, the first choice corresponding to the first 
“commit” in Perforce became also the final choice. After having analyzed the results for different 
intervals of the time windows, I have not found any important reason or significant improvement 
in trying to change it. 

➡ Step 5: mark the relationships that could point to evolutionary threats.

Generally the parts of the software which contain most of the defects are also the most 
changing one, and because 80% of those defects are usually located in about 5% of the code 
[Demeyer et al. 2002], it means that a lot of source files (the ones that represent about 95% of 
the code) are not relevant in the analysis of the couplings. Therefore, it is convenient to take into 
account those considerations in case where a lot of couplings have to be investigated: indeed it 
is also statistically easier to find files belonging to the 95% sector then the ones belonging to the 
5%. Of course it will not be possible to identify all the files to exclude, but very likely in many 
system there are files quite stable that could easily be found.

I have applied those assumptions in the analysis of the couplings of SmartConnection. Thanks  
to the analysis of the frequency of changes and to four crosschecking sessions with the experts 
of the system, it was possible to spot 864 files (out of about 2000) not relevant in the 
maintenance process. At the end, the exclusion of those files resulted in a reduction of the total 
amount of couplings from 5 million to 2.3  million. It is still a big number, but at least the 
computation time of the successive analysis on SmartConnection (queries on the database, 
metrics calculation, ...) are reduced to more then 50%, which is an interesting result.

To summarize the validation of this  second cycle, the results  obtained show that, at least for this 
specific system, removing first the files  not relevant will simplify of a big factor the successive analysis 
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of the couplings. It will be interesting to verify in future works  what are the result of this  step for other 
systems.  
So “Stage 1 - Cycle 2” concludes  with a database of 2.3 million of logical couplings  for more than 10 
years  of the SmartConnection lifetime. Those couplings  are collected into the database in both the 
level of granularity chosen, file and plugin, and these are all potential evolutionary threats. The next 
cycles   are necessary to select a subset of real threats  among those potential couplings. How this 
further step is accomplished will clarify how EVO differs from the other approaches.

3.2.3. EVO: Stage 1 - Cycle 3

This stage consists mainly in reducing the potential couplings previously identified, to a subset that 
contains real unwanted couplings. In EVO this subset is obtained by finding “bad smells” within the 
files involved in couplings with increasing tendency of changes (just identified in the previous cycle). 
So the aim of this cycle is to refines the current list of couplings.
The principal software metrics that I have taken into account for SmartConnection are size and 
complexity. The reason is that by focusing on the size of the classes it is possible to spot possible god 
classes. Then by looking at the size and the complexity of the methods, it is  possible to point to 
fragments of code that are hardly maintainable and that with high probability need to be refactored. 
The tool used in this project to estimate the basic software metrics is “Understand”, and thanks to its 
ease of usage, it took just few hours to have several useful measurements. Table 1 lists and explains 
some of those metrics taken into account related to the size.

METRIC DESCRIPTION

CountLineComment Number of  lines containing comment. This can overlap with other code 
counting metrics. For instance int j = 1; // comment has a comment, is a 
source line, is an executable source line, and a declarative source line.

CountLineInactive Is the number of  lines that are inactive from the view of  the preprocessor. In 
other words, they are on the FALSE side of  a #if  or #ifdef  preprocessor 
directive

RatioCommentToCode Ratio of  number of  comment lines to number of  code lines. Note that because 
some lines are both code and comment, this could easily yield percentages 
higher than 100

CountDeclFile Number of  files, not included the file imported with “includes” for example

CountStmtDecl Number of  declarative statements.

CountDeclFunction Number of  functions.

CountLine Number of  physical lines

CountStmtExe Number of  executable statements. Note that there can be overlap with 
declarative statements (int i = 0; )

CountLineCode The number of  lines that contain source code. Note that a line can contain 
source and a comment and thus count towards multiple metrics. For Classes 
this is the sum of  the CountLineCode for the member functions of  the class.

CountDeclClass Number of  classes.

Table 1 - Glossary of the metrics.

28 Antonio Cappiello - GSEEM Thesis - 2012



The above metrics have been measured for all the plugins that compose SmartConnection and Table 
2 contains the result of this measurement. I have highlighted in bold the entry of top 6  plugins per 
number of line of code (CountLine) and of the top 3 per number of inactive line (CountLineInactive)

Plugin name Header 
Files

Code Files CountLineC
omment

CountLin
eInactive

RatioComm
entToCode

CountDeclF
ile

CountSt
mtDecl

CountDeclFunct
ion

CountLine CountStmtE
xe

CountLin
eCode

Count
DeclCl

ass

Enterprise 60 250 30,045 1,922 0.35 310 23,759 3,481 145,507 38,235 84,960 287

EnterpriseUI 13 89 6,716 205 0.29 102 7,433 801 37,290 9,595 23,300 85

SCCoreContent 9 90 7,064 233 0.35 99 6,615 881 34,469 7,854 20,178 95

SCCoreDataLink 5 35 2,071 71 0.40 40 1,793 284 9,584 2,128 5,184 30

SCCoreDataLinkUI 3 15 404 3 0.33 18 354 47 2,117 511 1,213 11

SCCoreGeometry 3 25 2,081 37 0.32 28 1,570 206 11,002 3,042 6,552 17

SCCoreInCopy 5 53 4,981 267 0.40 58 3,635 397 22,518 4,972 12,306 50

SCCoreInCopyOverset 4 24 1,430 29 0.44 28 925 167 6,078 1,416 3,268 26

SCCoreInCopyUI 1 22 819 57 0.62 23 495 55 2,929 483 1,329 13

SCCoreInDesign 4 34 3,199 9 0.46 38 2,149 255 12,898 2,763 7,022 26

SCCoreTemplate 6 16 1,637 14 0.38 22 1,157 139 7,660 2,000 4,353 16

SCEntAccessUI 9 16 1,137 1,137 0.63 25 452 85 3,766 876 1,808 13

SCEntDigitalMagazine 4 13 557 0 0.31 17 424 53 3,138 852 1,791 6

SCEntDigitalMagazineUI 13 29 3,768 18 0.49 42 1,897 299 14,815 3,640 7,631 34

SCEntEditioning 5 39 1,014 18 0.23 44 1,348 232 7,012 1,789 4,409 34

SCEntEditioningUI 7 17 355 11 0.37 24 321 66 1,889 358 960 11

SCEntFields 3 20 1,209 0 0.61 23 555 116 4,234 769 1,988 15

SCEntFieldsUI 3 10 452 0 0.61 13 411 17 1,678 184 744 5

SCEntScripting 14 40 3,807 4 0.55 54 2,360 279 14,001 2,619 6,916 42

SCEntTest 4 11 67 8 0.34 15 58 11 488 67 195 3

SCEntWidgets 16 70 4,219 914 0.32 86 4,194 743 22,698 5,791 13,380 76

SCProElementsPanel 19 69 6,042 297 0.39 88 4,704 764 28,234 7,219 15,436 66

SCProFramesInCopy 3 16 172 7 0.26 19 215 48 1,253 247 666 9

SCProFramesInCopyUI 4 15 203 0 0.31 19 195 31 1,425 247 656 8

SCProFramesInDesign 2 8 97 7 0.41 10 65 15 563 90 237 2

SCProPanel 8 67 4,549 62 0.41 75 3,497 564 20,726 4,329 11,151 58

SCProUI 7 57 1,854 57 0.34 64 1,813 321 9,852 1,954 5,452 44

SDK folder (not a plugin) 413 44 9,389 1,154 0.54 457 12,585 932 39,029 2,847 17,460 472

SmartImage 4 28 1,029 0 0.25 32 1,352 219 6,835 1,845 4,160 23

SmartImageUI 4 16 463 0 0.33 20 484 73 2,565 699 1,418 11

SmartJump 5 59 5,008 16 0.57 64 2,269 485 17,765 3,884 8,753 52

SmartJumpUI 4 30 1,039 8 0.51 34 836 100 4,296 749 2,040 24

StickyNoteModel 1 16 934 26 0.62 17 450 95 3,064 603 1,516 12

StickyNoteUI 4 31 2,861 188 0.54 35 1,583 285 10,263 1,963 5,322 27

SUM 669 1374 110,672 6,779 2043 91953 12546 511,641 116,620 283,754 1703

AVG 19.7 40.4 3,255.1 199.4 0.4 60.1 2,704.5 369 15,048.3 3,430 8,345.7 50.1

MAX 413 250 30,045 1,922 0.63 457 23759 3481 145,507 38235 84,960 472

MIN 1 8 67 0 0.23 10 58 11 488 67 195 2

Table 2 - Metrics.
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Furthermore, to have a better overview of those data, the percentage of each value compared to the 
total (sum row) of the system has been calculated. The results are shown in Table 3, where the plugins 
with the most relevant numbers for a “bad smell” analysis have been highlighted in green.

Plugin name Header 
Files

Code 
Files

CountLine
Comment

CountLineIn
active

RatioCom
mentToC

ode

CountDec
lFile

CountStm
tDecl

CountDecl
Function

CountLi
ne

CountStm
tExe

CountLine
Code

CountDecl
Class

Enterprise 8.97% 18.20% 27.15% 28.35% 0.35 15.17% 25.84% 27.75% 28.44% 32.79% 29.94% 16.85%

EnterpriseUI 1.94% 6.48% 6.07% 3.02% 0.29 4.99% 8.08% 6.38% 7.29% 8.23% 8.21% 4.99%

SCCoreContent 1.35% 6.55% 6.38% 3.44% 0.35 4.85% 7.19% 7.02% 6.74% 6.73% 7.11% 5.58%

SCCoreDataLink 0.75% 2.55% 1.87% 1.05% 0.40 1.96% 1.95% 2.26% 1.87% 1.82% 1.83% 1.76%

SCCoreDataLinkUI 0.45% 1.09% 0.37% 0.04% 0.33 0.88% 0.38% 0.37% 0.41% 0.44% 0.43% 0.65%

SCCoreGeometry 0.45% 1.82% 1.88% 0.55% 0.32 1.37% 1.71% 1.64% 2.15% 2.61% 2.31% 1.00%

SCCoreInCopy 0.75% 3.86% 4.50% 3.94% 0.40 2.84% 3.95% 3.16% 4.40% 4.26% 4.34% 2.94%

SCCoreInCopyOverset 0.60% 1.75% 1.29% 0.43% 0.44 1.37% 1.01% 1.33% 1.19% 1.21% 1.15% 1.53%

SCCoreInCopyUI 0.15% 1.60% 0.74% 0.84% 0.62 1.13% 0.54% 0.44% 0.57% 0.41% 0.47% 0.76%

SCCoreInDesign 0.60% 2.47% 2.89% 0.13% 0.46 1.86% 2.34% 2.03% 2.52% 2.37% 2.47% 1.53%

SCCoreTemplate 0.90% 1.16% 1.48% 0.21% 0.38 1.08% 1.26% 1.11% 1.50% 1.71% 1.53% 0.94%

SCEntAccessUI 1.35% 1.16% 1.03% 16.77% 0.63 1.22% 0.49% 0.68% 0.74% 0.75% 0.64% 0.76%

SCEntDigitalMagazine 0.60% 0.95% 0.50% 0.00% 0.31 0.83% 0.46% 0.42% 0.61% 0.73% 0.63% 0.35%

SCEntDigitalMagazineUI 1.94% 2.11% 3.40% 0.27% 0.49 2.06% 2.06% 2.38% 2.90% 3.12% 2.69% 2.00%

SCEntEditioning 0.75% 2.84% 0.92% 0.27% 0.23 2.15% 1.47% 1.85% 1.37% 1.53% 1.55% 2.00%

SCEntEditioningUI 1.05% 1.24% 0.32% 0.16% 0.37 1.17% 0.35% 0.53% 0.37% 0.31% 0.34% 0.65%

SCEntFields 0.45% 1.46% 1.09% 0.00% 0.61 1.13% 0.60% 0.92% 0.83% 0.66% 0.70% 0.88%

SCEntFieldsUI 0.45% 0.73% 0.41% 0.00% 0.61 0.64% 0.45% 0.14% 0.33% 0.16% 0.26% 0.29%

SCEntScripting 2.09% 2.91% 3.44% 0.06% 0.55 2.64% 2.57% 2.22% 2.74% 2.25% 2.44% 2.47%

SCEntTest 0.60% 0.80% 0.06% 0.12% 0.34 0.73% 0.06% 0.09% 0.10% 0.06% 0.07% 0.18%

SCEntWidgets 2.39% 5.09% 3.81% 13.48% 0.32 4.21% 4.56% 5.92% 4.44% 4.97% 4.72% 4.46%

SCProElementsPanel 2.84% 5.02% 5.46% 4.38% 0.39 4.31% 5.12% 6.09% 5.52% 6.19% 5.44% 3.88%

SCProFramesInCopy 0.45% 1.16% 0.16% 0.10% 0.26 0.93% 0.23% 0.38% 0.24% 0.21% 0.23% 0.53%

SCProFramesInCopyUI 0.60% 1.09% 0.18% 0.00% 0.31 0.93% 0.21% 0.25% 0.28% 0.21% 0.23% 0.47%

SCProFramesInDesign 0.30% 0.58% 0.09% 0.10% 0.41 0.49% 0.07% 0.12% 0.11% 0.08% 0.08% 0.12%

SCProPanel 1.20% 4.88% 4.11% 0.91% 0.41 3.67% 3.80% 4.50% 4.05% 3.71% 3.93% 3.41%

SCProUI 1.05% 4.15% 1.68% 0.84% 0.34 3.13% 1.97% 2.56% 1.93% 1.68% 1.92% 2.58%

SDK 61.73% 3.20% 8.48% 17.02% 0.54 22.37% 13.69% 7.43% 7.63% 2.44% 6.15% 27.72%

SmartImage 0.60% 2.04% 0.93% 0.00% 0.25 1.57% 1.47% 1.75% 1.34% 1.58% 1.47% 1.35%

SmartImageUI 0.60% 1.16% 0.42% 0.00% 0.33 0.98% 0.53% 0.58% 0.50% 0.60% 0.50% 0.65%

SmartJump 0.75% 4.29% 4.53% 0.24% 0.57 3.13% 2.47% 3.87% 3.47% 3.33% 3.08% 3.05%

SmartJumpUI 0.60% 2.18% 0.94% 0.12% 0.51 1.66% 0.91% 0.80% 0.84% 0.64% 0.72% 1.41%

StickyNoteModel 0.15% 1.16% 0.84% 0.38% 0.62 0.83% 0.49% 0.76% 0.60% 0.52% 0.53% 0.70%

StickyNoteUI 0.60% 2.26% 2.59% 2.77% 0.54 1.71% 1.72% 2.27% 2.01% 1.68% 1.88% 1.59%

SUM 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

AVG 0 0 0 0 0.4 0 0 0 0 0 0 0

MAX 61.73% 18.20% 27.15% 28.35% 0.63 22.37% 25.84% 27.75% 28.44% 32.79% 29.94% 27.72%

MIN 0.15% 0.58% 0.06% 0.00% 0.23 0.49% 0.06% 0.09% 0.10% 0.06% 0.07% 0.12%

Table 3 - Metrics in percentage.
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What stand out in Table 3  is that Enterprise is the largest plugin of the system because it contains 
29.94% of the total lines of code! Follow EnterpriseUI and SCCoreContent, respectively with 8.21% 
and 7.11% of the total lines of code of the system. Taking into account the relative low figures for the 
other plugins it is evident that the distribution of code among the plugin is not properly balanced: big 
module very likely contains too many responsibilities.
Considering the number of declared functions, in addition to the three previous identified plugins, also 
SCEntWidgets and SCProElementsPanel are noticeable compared to the remaining plugins.

Finally, the code complexity metric has been taken into account. Generally the Cyclomatic 
Complexity could be defined as the measure of the number of linearly independent paths through a 
program module, and so it is strictly related to the number of possible ways to traverse a piece of 
code [McCabe, 1976]. Given this definition, there are different metrics related to it, and the one that 
have been used in this  project are CountPath, SumCyclomatic and SumEssential. They have been 
measured once again by Understand, and according to this tool (www.scitools.com) those metrics 
are described as follow:

‣ The CountPath metric counts the number of unique paths through a body of code,

‣ SumCyclomatic is the sum of cyclomatic complexity of all nested functions or methods. 
Understand counts the keywords for decision points (FOR, WHILE, etc) and then adds 1. For 
a switch statement, each 'case' is  counted as 1 and the 'switch' itself adds one to the final 
Cyclomatic Complexity count.

‣ Essential Complexity is the Cyclomatic complexity after iteratively replacing all well structured 
control structures with a single statement. Structures such as if-then-else and while loops are 
considered well structured. Understand calculates the essential complexity by removing all 
the structured subgraphs from the control graph and then calculating the complexity. A 
graph that has only the regular single entry/single exit loops or branches will be reducible to 
a graph with complexity one. Any branches into or out of a loop or decision will make the 
graph non-reducible and will have essential complexity > 2. (You never get 2 since a graph 
with complexity 2 is always reducible to a graph with complexity 1.)

Figure 6  shows the values of those metrics for all the plugins of SmartConnection. Noteworthy is the 
fact that for almost all the plugins the values of those metrics are very low and therefore not 
discernible from the x axe. On the contrary, the few plugins recognizable, Enterprise, SCCoreContent, 
SCCoreInCopy, EnterpriseUI, and SCProPanel have significantly big values of complexity.
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Figure 6 - Plugins complexity.

Using the numerical evidence of this  third cycle of EVO, the total set of couplings  has  been reduced to 
only few plugins, the ones  that are mentioned both in the first set of metrics  related to the size and in 
the second set of metrics  related to the complexity: Enterprise, SCCoreContent and EnterpriseUI. This 
further refinement of the couplings  does  not exclude the fact that outside the selected set there aren’t 
other unwanted couplings. However, the way on which this  subset has  been pointed out 
( identification of bad smells  within the files  involved in the couplings  with increasing frequency), at 
least provides a good chance to spot unwanted couplings. 
Considering the time available for this  project and the size of the selected plugins, there are still too 
many couplings  to analyze in order to provide a concrete example of refactoring at the end of the 
project. Therefore it has been decided to further reduce this set with the next cycle of EVO.

3.2.1. EVO: Stage 1 - Cycle 4

With the data collected up to this point, it is already possible to start working on a refactory strategy, 
but for the purpose of this  project and to provide evidences of what could be the benefit of a further 
cycle of investigation, it has been decided to perform another loop of research. As usual, the results 
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obtained from this cycle refer only to the system under examination and therefore could be different 
for other system. This time the goal was to have a confirmation of the results obtained until now and 
possible reduce the scope of the problem, with the “embedded knowledge” of the developers. To 
extract this “embedded knowledge” the experts have been interviewed several times and a written 
questionnaire have also been submitted to them. 

To summarize the results of this investigation:

‣ the plugins highlighted in the previous cycles have been marked not only as the most difficult 
to maintain (in term of cost, risk and complexity), but also as the one that require to be 
redesigned the most;

‣ Enterprise is  the plugin with highest priority to reengineering because it is almost always 
involved in the daily maintenance and because it delivers critical functionalities of the system;

‣ most of the maintenance effort is  dedicated to the correction of errors (63%) and almost 
nothing is done to improve the future maintainability (2%), thing that could be either the 
cause either the consequence of the current situation of SmartConnection;

‣ long methods and classes are the biggest problems which the developer have to deal with, 
because they have expressed in the interviews troubles in having a global view of those 
entities and consequently a difficulty in operate on them;

‣ other problems that make the maintenance complicated are data structures and code 
inherited from the original design and not yet completely replaced, methods that handle 
object outside the responsibility of the class itself, and actions scattered across many plug-
ins.

Successively the research has continued to a low level of abstraction, from the plugin granularity to 
the file granularity. As already said, the goal of this further investigation was to find god classes, long 
methods and duplicated code.

Table 4 shows an example of candidate files that contain god classes and long methods.

Sum
Cyclomatic

AvgLine 
per 
method

CountLine Count
DeclClass

Count
DeclFunction

Enterprise/Commands/SaveDocumentCmd.cpp 83 86 850 1 8

Enterprise/DigitalMagazine/General/DigitalMagazineUtils.cpp 43 47 3167 1 52

Enterprise/SOAPWorkspaceProvider/SCSession.cpp 222 66 1789 2 23

Enterprise/SOAPWorkspaceProvider/Workspacehelper.cpp 1185 85 9825 2 100

Enterprise/SOAPWorkspaceProvider/WWWorkspaceUtils.cpp 723 59 6514 0 89
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Sum
Cyclomatic

AvgLine 
per 
method

CountLine Count
DeclClass

Count
DeclFunction

Enterprise/Source/GetRequest.cpp 205 126 1766 0 13

Enterprise/Source/LoginRequest.cpp 198 63 1983 0 25

Enterprise/Source/SaveRequest.cpp 464 105 3562 1 32

Enterprise/Source/WWSoapHelper.cpp 282 53 2035 0 34

Enterprise/Utils/DBObjectUtils.cpp 410 33 4602 1 100

Enterprise/Utils/MetaDataPropertyUtils.cpp 210 47 1350 1 24

Enterprise/Utils/WWSCEntMultipleCheckOutArticleUtils.cpp 207 47 1621 1 27

EnterpriseUI/Source/ExtraObserver.cpp 445 86 3707 1 39

EnterpriseUI/Source/MessageTakerIdleTask.cpp 434 62 3322 0 45

EnterpriseUI/Source/WorkspaceDialogs.cpp 252 164 2164 1 12

EnterpriseUI/Utils/DialogPropertyUtils.cpp 53 31 436 1 51

SCCoreContent/Export/WWInCopyExportXMLUtils.cpp 360 82 3896 1 39

SCCoreContent/Import/WWInCopyImportXMLUtils.cpp 339 34 3327 3 73

SCCoreContent/MutipleStories/WWStoryCacheUtils.cpp 443 46 3868 1 63

SCCoreInCopy/FileActions/InCopyDocUtils.cpp 508 50 4942 2 70

SCCoreInCopyUI/ActionComponentBoss/ActionComponent.cpp 94 76 674 1 88

SCCoreInCopyUI/DocumentTitle/InCopyDocObserver.cpp 24 26 199 1 27

SCCoreInDesign/kSessionBoss/WWSCInDesignWorkflowUtils.cpp 25 20 223 1 38

SCCoreInDesign/Source/ImportCmdInterceptor.cpp 373 49 2842 2 45

SCCoreInDesign/Utils/SCInDesignArticleWorkflowFacade.cpp 327 35 3403 1 77

SCEntDigitalMagazine/Source/DigMagScriptProvider.cpp 244 72 2212 1 26

SCEntDigitalMagazineUI/Source/HotspotPanelSelectionObserver.cpp 158 53 1493 1 20

SCEntDigitalMagazineUI/Source/
ScrollableAreaPanelSelectionObserver.cpp

112 39 1036 1 19

SCProPanel/WPSPanelBoss/WWSCPanelUtils.cpp 234 68 1818 1 23

SDK/Private/IWorkspaceHelper.h 2 6 185 2 30

Table 4 - Potential god classes and long methods.

Considering the data collected, the focus has been moved mostly on the Enterprise plugin. There was 
also an attempt to identify instances of the duplicated code anti-pattern in this plugin, and Figure 7 
presents the results. This picture has been produced with a trial version of SolidSDD, which allows 
users to inspect each instance of duplication. Unfortunately on the printed version of this thesis the 
picture will not be readable due to the amount of information that it contains, but in the digital version 
it is possible to zoom into the picture until to read the name of the files in the circle. A bigger version of 
this picture is also proposed at the end of the thesis (Figure 13).
The picture shows that there are many files containing blocks of the same code; these files are 
connected by red arrows. However, finding duplicated code did not produce insights useful to find 
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evolutionary threats for this specific system. Indeed the mach of these data with the coupling 
information showed that the duplicated code is located in files that are barely modified, therefore this 
code duplication does not hamper the evolvability of the system. In other words, the duplicated code 
in object is not a real evolutionary threat, but just a potential one.

Figure 7 - Duplicated code in the Enterprise plugin

In conclusion, the last two cycles  of stage 1, have shown how much effective has  been refining the 
results  of the methods  based on the software history, with the methods  based on software metrics, 
on this  specific system. The software metrics  estimation has  enormously reduced the number of 
candidate unwanted couplings. This  is  one of the most distinctive idea of EVO and it could be reused 
also in other researches  based on software history to verify how much the analysis  of the coupling 
could be simplified. Moreover, also the questionnaire submitted to the developers  of SmartConnection 
resulted to be useful in having a further confirmation of the results  obtained. At this  point everything is 
ready to start the second stage of EVO with the code investigation and refactoring.
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3.3. Designing a Refactory Strategy

This section answer to the research question RQ-3: “How to define and assess  the feasibility of a 
refactoring strategy that addresses specific unwanted couplings?”.

Here, starting from the work conducted on SmartConnection, it is also discussed why a refactory 
strategy and its feasibility highly depends on the architecture of the system under examination and on 
the evolutionary threats addressed. This discussion follows the articulation outlined in EVO §2.1.2, 
that mainly consists in an initial low level code cleanup, and in a successive refactoring at the 
architectural level.

3.3.1. EVO: Stage 2 - Part 1

The first part of the stage 2 aims at making the code related to the unwanted couplings more 
understandable and maintainable through operations of “cleanup”.
Due to time constraints  I have restricted the scope of the work to the couples of files that changed 
together the most and not by coincidence most of those couplings involve helpers and utilities files.

Enterprise/SOAPWorkspaceProvider/Workspacehelper.cpp Enterprise/Commands/SaveDocumentCmd.cpp

Enterprise/SOAPWorkspaceProvider/Workspacehelper.cpp Enterprise/SOAPWorkspaceProvider/WWWorkspaceUtils.cpp

Enterprise/SOAPWorkspaceProvider/Workspacehelper.cpp Enterprise/Utils/DBObjectUtils.cpp

Enterprise/SOAPWorkspaceProvider/Workspacehelper.cpp EnterpriseUI/Source/WorkspaceDialogs.cpp

Enterprise/SOAPWorkspaceProvider/WWWorkspaceUtils.cpp Enterprise/Utils/DBObjectUtils.cpp

Enterprise/Source/SaveRequest.cpp Enterprise/Commands/SaveDocumentCmd.cpp

Enterprise/Source/SaveRequest.cpp Enterprise/SOAPWorkspaceProvider/Workspacehelper.cpp

SCCoreContent/Import/WWInCopyImportXMLUtils.cpp SCCoreContent/Export/WWInCopyExportXMLUtils.cpp

SCCoreInCopy/FileActions/InCopyDocUtils.cpp Enterprise/SOAPWorkspaceProvider/WWWorkspaceUtils.cpp

Table 5 - Some of the files involved in the unwanted couplings.

Then I have selected the methods of those files according to:

‣ how many times they have been affected by changes,

‣ number of files involved for the same change,

‣ and cyclomatic complexity.

This step ensured that I was focusing only on the methods that tend to change often and that could 
be difficult to maintain due to a high cyclomatic complexity. 
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So I ended up restricting the code investigation to WWWorkspaceUtils.cpp:GetPathToOpenDoc(...) 
and Workspacehelper.cpp:ExportStory(...). As it is possible to see in the respective call graphs (Figure 
8  and Figure 9), those methods are coupled with many of the plugins and files identified during this 
research, which confirms the fact they are part of the reason behind the unwanted couplings. Those 
call graphs have been drawn by hand to reconstruct the call paths that could trigger the methods 
under examination. Moreover, in each graph the classes involved into the calls have been placed on 
different vertical “layer” in order to understand what are the top level functions from the lower level 
functions. What comes out from this analysis is that it is not possible to identify any layer in this kind of 
system because there is not any order/structure into the sequence of calls: any class can call a 
method of a lower class and then, this lower class,to deliver is function may calls an other method of 
the first class! In few words there are cycle among classes and Figure 10 shows an example.

The architect and the software engineers of SmartConnection also confirmed the critical role that 
those methods plays in delivering several functionalities of the system. Although it is possible to 
improve them in numerous parts, the changes that I have proposed to the engineers mainly aim to 
enhance the understandability of the code itself, like:

- removing unreachable code, 
- reducing the size of the methods via function extraction, 
- simplifying if/else sequences, 
- simplifying the logic of the test conditions. 

If the code becomes more clear, then it becomes also easier to maintain, which is a precondition to 
evolvability. Detailed examples of these changes are reported in the “Appendix 3: Examples  of 
Refactoring on SmartConnection”.

The software engineers agreed on the possibility to improve the readability and the logic of the code 
at this stage of EVO, but they have not applied all the changes that I have proposed to them. In 
particular they have not adopted the changes that go against their practices of structuring and 
coding. The reason is that those “practices” became “standards” within the company during the 
years, so adopting a new one may bring them into a possible confusion. That is certainly true, and it 
also true that the changes that I have proposed are not absolutely necessary because they consist 
just in simplifying the code. However to start improving the system, I believe that also these changes 
are required because the more the code is understandable, the easier reengineering it will be. 
In spite of how much the readability of the code is improved, it is always possible to continue with the 
second part of the refactoring stage of EVO and start working on the unwanted couplings (§3.2.2).
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Figure 8 - GetPathToOpenDoc() call graph.
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     Figure 9 - ExportStory() call graph.
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Figure 10 - Example of a cycle in the ExportStory() call graph.
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3.3.2. EVO: Stage 2 - Part 2

The changes that I propose in Stage 2 - Part 1 do not solve the evolutionary threats! They are just 
meant to show that with the research process adopted in this thesis it was possible to identify real 
evolutionary threats and that the bad smells of those threats could be easily removed without having a 
deep knowledge of the system. Instead, to remove the relationships among the files involved in the 
unwanted couplings, it is necessary to work to a higher level of abstraction because it involves moving 
methods and classes among the modules/plugins. 
To this regards, in this work was not possible for me to suggest any concrete solution: I realized, 
together with the engineers, that it is required too much “in-house knowledge” about the system that I 
currently do not have. As already explained at the beginning of the work on SmartConnection, this 
system does not have any documentation of the design decisions behind its architecture, and all this 
knowledge is like “embedded from everyone and in the same time from no one!”, as it is used to say.
The prototype tools used in the research based on software histories (§2.2) propose “visual” ways to 
look at this problem: for example the tool developed in the Darwin project at Philips Healthcare MRI 
[Vanya, 2012] allows the user to interact with the couplings moving the involved source entities from 
one module to an other. Visual techniques like this one seem a good way to propose refactoring 
strategies at architectural level, but one of the main difficulties common to all of them is processing 
considerable amount of information. Here is where EVO wants to contribute at the research by 
suggesting a way to reduce the couplings before using any visualization techniques or whatsoever 
analysis.

Despite the result obtained in this  second stage of EVO on SmartConnection, I have found a very 
interesting problem from an “evolutionary perspective”. In one of the files on which I have worked on, 
there was a big block of instructions belonging to an if/else sequence that was never executed. By 
the analysis of the history of that file, it resulted that the cause was an incorrect change in the relative 
if-condition operated back in 2008. That change aimed to improve the performance of the method 
under consideration by substituting a function call with a variable previously initialized and used in 
several other parts of the same method. During that substitution, the logic of the test condition has 
been unintentionally altered and finally resulted to be identical to the test condition at the begin of the 
same sequence of if/else. This operation caused the exlusion of an entire block of instructions meant 
to open files in specific conditions of the system. 
Up to know, it is still not clear if this change has caused other problems in the system, if the effects of 
those problems have been “masked” in other ways, or if the problems are still in place. But what is 
noteworthy from an “evolutionary perspective”, is that pointing out the problem leads the engineers to 
design a better solution for the method in question. 
As a matter of fact, they understood that the problem was not only localized in that blind fragment, 
but in the entire method. So it has been devised a solution in which the method in question get the 
proper importance in a new base class specifically dedicated for it, and that from this class, other 
three subclasses are derived to manage the different situations that previously where in charge of the 
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if/else sequence. It also was observed that a similar refactoring was operated in the past to improve 
the maintainability of another class.

At the end of this brief refactory activity it was clear one important lesson: to produce a proper 
solution for an unwanted coupling, a person with “in-house knowledge” of the system is probably the 
most appropriate one, at least for this specific case study.
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4.Conclusion

4.1. Summary and Contributions

In this thesis  I have addressed the software evolvability problem and performed an analysis of its main 
causes and consequences. Then I have discussed the state of art around this topic, and the most 
common approaches adopted to deal with it: the approaches based on software metrics, and the 
approaches based on change history. Of each of these approaches, I have studied its strengths and 
weakness in order to benefit of its funding ideas in EVO. Afterwards, I have described in details the 
objectives of EVO, its hypothesis and its constituting stages. Finally, for validation purpose, I have 
applied it on an industrial case study taken from WoodWing. The product examined clearly presented 
all the signs of a deteriorated system with evolvability problems. 

The result of this validation shows that EVO was quite effective in localizing the evolutionary threats 
without having knowledge of the system, but in performing large scope refactoring, it is necessary the 
help of the system architects, at least for the specific product under examination. 

Indeed, in the evolutionary threats highlighted by EVO, it is easy to find code fragments that can be 
simplified by just performing a code investigation based on the identification of “bad-smells”. It is 
however difficult to remove the unwanted couplings when a deeper knowledge of the system is 
necessary; there is no design documentation, there are too many dependencies and it is  difficult to 
understand which of them could be removed without having the “domain/in-house knowledge”.

At the beginning of this project, three concrete research questions have been defined (§1.4) and all of 
them have been addressed in the previous chapters. Here a summary of the answers to those 
questions follows.

RQ-1: How to determine the current decomposition of the system under examination?

Answer:  In section §2.1.1 it has been described a set of possible methods to tackle this problem. 
Those methods constitute the first cycle of EVO performed in stage 1. Among them, the reverse 
engineering technique, the stakeholder interview, and the source name analysis of Anquetil, have 
been applied also to the case study in section §3.2. The result for this specific context was that the 
interview methodology and the Anquetil’s analysis were the quickest and most effective methods, 
while the reverse engineering encountered several “domain-specific” problems that made it ineffective.
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RQ-2: How to identify the unwanted couplings  among the units  of decomposition that inhibit the 
evolvability of the system?

Answer:  The cycles of EVO from ‘2’ to ‘n’ in stage 1 (§2.1.1), have been designed to identify and 
mark the most severe evolutionary threats. Those threats are first identified with the historical co-
changing information, and then refined with software metrics aimed to spot “bad smells”. This 
technique has been executed on the case study and described in Sections §3.2.2, §3.2.3 and §3.2.4.

RQ-3: How to define and assess  the feasibility of a refactoring strategy that addresses  specific 
unwanted couplings?

Answer:  The second stage of EVO is exclusively dedicated to design a refactory strategy (§2.2.2). It 
mainly consists of two “parts”: the first one operates on a lower level (attribute, functions) to make the 
code more understandable and maintainable; the second one operates on a higher level (classes, 
files, modules) to remove the unwanted couplings. Applying this approach on the case study (§3.3) 
produced interesting results: the most severe evolutionary threats have been correctly identified, and 
problems to the low level were also easy to spot, but it was extremely difficult to propose a concrete 
refactoring strategy to the architectural level. The causes of this  situation have been identified mainly 
on the lack of “in-house knowledge” by my side (§3.3.2).

To summarize the contributions of this work:

‣ combing change history and software metrics analysis  can be useful to restrict the area of 
research with numerical evidence,

‣ the code investigation based on the identification of “bad smells” can help in reducing the 
code complexity at local level (functions),

‣ this complexity reduction can be considered a starting point for the modifications that should 
be done at the architectural level to remove the unwanted couplings.

4.2. Lessons Learned and Crit ical Success Factors

This section reports the lessons learned while designing EVO and supporting architects and engineers 
at WoodWing in the 6-months of this project. During this analysis I also describe what have been or 
could be in future the success factors of a research like this one.
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Continual interactions with the experts of the system.
During this project I realized that the more I talked with the experts of the system, the better was for 
my research. When I worked for several days without giving them any result or report on the work that 
I was doing, then I was not always pursuing the best path. Sharing with them any doubt or difficulty in 
analyzing the system resulted to be very productive. Indeed they often had a solution for my problem 
or a suggestion to improve the results because they knew the background of the system, and this 
resulted to be a crucial factor many times.
It happened for example that I spent quite some effort in analyzing the couplings to the folder level 
while the expert could have imagined that that level of abstraction could not have worked for 
SmartConnection: they knew that the organization of the files into folders was not correct and reliable. 
Or another time, it happened that I devised a refactoring strategy to improve the maintainability of a 
function, but that was not the most suitable for the system, and some developers recalled and 
suggested a strategy that was already implemented to solve a similar problem for another function of 
the system.
Like these, I can provide several other examples, but the lesson learned in this case is that working 
very close with the experts is very productive. The only difficulty in doing it is to find the right balance 
between the work of the team and the research, trying to not interfere too much with their activities.

System knowledge plays a fundamental role during the refactoring stage.
To be able to device a proper refactoring strategy it is fundamental to be very familiar with the system 
under examination because it is necessary to know what could be changed and how it could be done 
in the perspective of the entire system and its working environment. A good documentation would 
have surely contributed to increase the knowledge about the system, but in the end it is  important to 
extract from the expert also the “in-house/embedded knowledge” of the system, because they always 
know something that is not formally reported anywhere. 
The interactions with the experts described above surely will contribute to the general knowledge 
required to propose refactory solutions.

Find sources of knowledge and expertise in the field in which you are researching.
Along with the domain knowledge that one should try to capture from the experts of the system, in a 
research project like this, it is  also fundamental to examine the state of art and having someone expert 
in the field giving you feedback. In my case, the thesis supervisor, Hans van Vliet, represented a 
fundamental source of constructive feedback.

Know the development process.
To understand how the historical information are produced by the developers and how to interpret 
them, it is very important to know the working methodologies. At least for this project, this knowledge 
helped in tracing a good part of the system’s history and in analyzing the data in the correct way. 
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Recover the raw data and then operate on them are labor-intensive activities.
One of the most long activity of this research was related to the management of the raw data, where 
raw data refers to all the information stored in the versioning system and bug-tracking system. This  is 
a labor-intensive activity because it requires “automation” support to process huge amount of data, 
and even before to develop any “automation tool or procedure” it is necessary to really understand 
the data. In this work for example, I have used two strategies to manage the data, one more 
rudimental, based exclusively on scripts and text files, one more sophisticated based on database 
and MySQL queries. After the initial experiments with the first strategy, it resulted more convenient to 
process the data with queries on a database. However, before reaching this awareness, it required 
quite some effort and attempts to understand correctly how to retrieve, store and present the data. 

Filter the data as early as possible.
As just described, being able to manage the data efficiently is a crucial success factor. Directly related 
to this, it is crucial also being able to filter the data to reduce the amount of information to examine. 
This was proved to be true for this  project: first the cross-checking sessions with the experts, then the 
questionnaire submitted to them, helped significantly to steer the focus only on the most interesting 
couplings. Among the methods experimented during this project, the ones that involved the experts, 
talks, interviews, formal meetings, questionnaires, and so on, have always produced a positive effect 
on the research: every indications, directly provided or indirectly deduced from the experts’ words, 
was helpful to filter the data. At the end, what stands out from these “filtering activities” is  that the 
sooner the data to examine are reduced, the easier the analysis on the remaining data will be.

Doing research is a continuous problem solving activity.
Day after day I got more aware that the most important lesson that I could derive from this  entire 
experience is  that the research is  a continuos  problem solving activity. For every new path of research 
that you follow to deal with a problem, there is  always  unpredictability on the results  and many new 
problems  to resolve. This  is  a continuos  loop based on the feedback of the previous  cycles, and even 
when a method does  not work as  you have expected it is  never a failure, but it is  always  a new piece 
of knowledge and a progress for the research.

4.3. Future Work

The major areas of the envisioned future work are presented in this section.
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Because all the investigation of this work have been carried on a single industrial case, it is not clear 
whether the results  are generalizable or not. Well, as in every research, it is necessary to experiment  a 
method on other case studies, and in this case EVO: it could help to understand about its validity and 
about how to generalize the results.

Experimenting EVO means to understand whether the reduction of the couplings via metrics could be 
generally fruitful, and whether the experience on SmartConnection is a single and accidental case or 
not. This could be done for example using the prototype tools proposed in other research on the 
subset of couplings identified by EVO, and see how the precision of the results varies  or how easier or 
harder the visual analysis could be executed.

An other proposal of future work concerns the domain knowledge of the system. Because in this 
research it resulted vital during the refactoring stage, it will be interesting to investigate how this 
knowledge could be retrieved in extreme situations like the case study examined, where there wasn’t 
any documentation available and it is mostly embedded by the developers. The founding idea of this 
last work is to verify if it could be possible to propose a refactoring strategy on the base of the 
couplings identified by EVO and with a good understanding of the system design. Indeed, if this could 
be possible and cheaper than building prototype tools, then we have an improvement in the way of 
dealing with software evolvability.
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Appendix 1: Project Plan

The research problem chosen for this project cover several fields of the software engineering world: 
reverse engineering, mining software repositories, development processes, software architectures, 
design strategies, and so on. From one side, each of these fields per se is  clearly a huge research 
sector, and that the problem under examination could require great effort to be solved. However from 
the other side, this project has been considered feasible after the author spent one month in the 
company to examine and assess the resources available to carry on the work (e.g products, 
repositories and sources of information).
It has been decided that the time constraint of six months available for the thesis would have only 
resized the scope of each step of the project plan, for example in term of granularity of the research or 
unwanted couplings addressed. So the following project plan is the result of the first month of work 
(Figure 11). 

Figure 11 - Project Plan

 Antonio Cappiello - GSEEM Thesis - 2012 49



The purpose of this section is just to provide an overview of what each stage of the project consists. 
The details about the strategies, the methodologies and the tools used in each phase are provided in 
the main chapters of the thesis.

The timeline of the project starts form January 23rd and ends on July 23rd, equals to 25 weeks of 
work. The timeline has been dived in five blocks and before the end of each of those time blocks a 
follow-up meeting has been planned with the supervisors and auditors of the project. The purpose of 
those meetings is to show the current results, gather useful feedback and discuss the future work. 
Besides those meetings, discussion and feedback sessions have been planned each week with the 
stakeholders within the company, as system architects, software engineers and developers.

Follow the description of the five main stages of the project (Figure 11).

Stage 1: Project Preparation

This phase has already been carried out at the time of the project plan definition. It consisted 
mainly of a full immersion period in the WoodWing environment to understand the dynamic of 
the company, the development process and the resources available for this project. Besides 
this, a preliminary study on the literature that could be useful for the scope of the project has 
been examined (see Bibliography).
The outcome of this phase is the current Project Plan.

Stage 2: Gather Info

This phase consists of collecting as much information as possible on the software product 
under examination, SmartConnection. 
The ways proposed are:

• try to reverse engineer the software,
• run some metrics analysis tool on the source code,
• and in particular retrieve historical information on the software evolution from the 

version management system, Perforce, and from the bugs tracking system, 
BugZero (both used in the company).

Stage 3: Analyze Data

Taken as input the information gathered in the previous phase, the current phase consists of 
identifying the groups of software entities that changed together for the same development 
task (e.g. bug fixing or feature enhancement). Within these groups it is possible to see all the 
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couplings, including the unwanted couplings that need to be further analyzed and selected as 
targets for refactoring.

Stage 4: Design a refactory strategy

This phase consists of 
• selecting one or more unwanted couplings from the list of candidates identified in 

the previous phase, 
• and designing a software solution to remove the addressed couplings.

The criteria of selection could be based on the severity of the couplings or on the difficulty to 
design a refactory strategy. Mostly of the work during this period is  carried on studying a risk-
limiting approach to remove the unwanted coupling, changing for example the software 
decomposition. To support this step, a lot of literature on the topic is also examined.

Stage 5: Apply and validate results

In this phase, the design strategy previously developed is further assessed to check whether it 
is feasible or not to implement it. The main purpose of this phase is to suggest to the software 
architects of the company a “feasible solution” to improve the evolvability of SmartConnection.

To conclude the planning section, in the following it is explained the meaning of the azure arrows 
depicted in Figure 11. 

The forward arrows show the sequence of the main phases according to the flow of the time, 
whereas the two arrows going backward represent the possibility to cycle across the phases in a 
feedback loop. Despite that, those cycles are time bounded; that means that the total time spent in all 
the possible loops executed should not be longer than the time slot allocated on the timeline. This 
implies that the phases are not really executed as a fixed sequence of steps, but are more interwoven 
in order to have a better control on the project. 

The above means for example that during the gathering of the information, those information are also 
preliminarily validated and analyzed to have a good starting point for the successive phase explicitly 
dedicated to the analysis. 
On the other way around, whenever it is required to collect further information during the analysis 
phase, the plan is enough flexible to allow a step backward to do it. 
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The same logic is valid across the phase of designing a refactory strategy and validation of its result. 
Indeed, if from the validation of the results  it comes out that the strategy is not feasible or needs 
further improvement, it is possible to go backward to do that work.
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Appendix 2: Populating the Database  

After having tried the “scripts” strategy and having transitioned to the database strategy quite some 
effort has been dedicated to populate the database.

This was a complex operation as it is possible to see in the rest of this section, but the improvement 
in the management of the data via simple query instead of long and complicated scripts was 
impressive.

The only information inserted into the database, directly taken from the Perforce history information, 
are the three blue tables of the Figure 12:

1. files, contains the essential information about all the source files of the system,
2. fcl_all, contains for each file the change list id in which it is involved,
3. cl_all, contains for each change list id its timestamp of submission.

Figure 12 - Populating the database.

This initial design of the database has been carefully thought to make possible to get in the most 
efficient way the coupling information required. 
The whole process of populating the database is summarized by the sequence of arrows of the Figure 
12. It basically consisted of an initial step of filtering via cross-checking sessions with the experts. This 
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produced first the table of files_filtered, and then, combined with fcl_ALL, produced a reduction also 
of them, with a separation per-files (fcl_filtered) and per-plugins (pcl_filtered). 
Files and plugins are indeed the two level of granularity chosen to analyze the couplings because at 
the time of the “script strategy” the folder granularity resulted to be a wrong abstraction of the 
development units. The reason was that just a few folders (source and resource) for each plugin 
contained most of the files Therefore most of the couplings resulted to be among those folders that 
gave no interesting information to spot unwanted couplings. 

Another filtering process was affecting the list of changes (cl_ALL) by splitting them into different time 
intervals, thirds, semesters, years and releases (indicated with a “ * ” in the name of the tables). 

At this point, after combining all the list of files (fcl_filtered) and plugin (pcl_filtered) with the change 
lists divided in different time intervals (cl_*), it was possible to have also the files  and plugin lists 
divided in the same intervals of time. Those last two tables (fcl_* and pcl_*) combined with themselves 
(thanks to a self join on the same “path”) produced all the couplings tables relative to a specific time 
interval (couplings_*).

The last step to have a global vision on the time tendency of the couplings was to merge all the tables 
of couplings relative to the same time interval in 8  final tables. Those table are of the kind TOT_* (file 
granularity) and TOT_plugins_* (plugin granularity), where the “*” refers to the 4 time interval 
considered (thirds, semesters, years and releases). Those 8  tables are the representation of all the 
work done during the current phase of data collecting and the base for any kind of coupling analysis 
in the next stage of the project.

To give an idea of the size of this work, the final database, including all the temporary tables created 
to split the execution of the queries into steps, is composed of 328  tables and 143,913,482 records, 
for a total of 23.9 GB of memory occupied.
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Appendix 3: Examples of Refactoring on 
SmartConnection  

In WWWorkspaceUtils.cpp, GetPathToOpenDoc(...), the following code fragment

if( icApp )
{
! if( fileType == kInDesignType )
! {
!//InterfacePtr<IWWSCMetaData> objInfo 
( WWSCEntHelper::GetWWSCMetaDataItemRef( ::GetUIDRef( srcFileInfo.GetExtraInfo() ) ), UseDefaultIID() );
! //if ( objInfo )
! !{
! ! // Ok, this doesn't look to be a design update, go on with regular open check:
! ! // We also open ID files read-only inside IC (for placed articles), so only cancel checkout 
actions
! ! ! if( bCheckOut )
! ! ! ! return "";
! !}
! }
}
else
{! // InDesign
! if( fileType != kInDesignType && fileType != kLibraryType && fileType != kTemplateType && fileType != 
kBookType && fileType != kLayoutModuleType && fileType != kLayoutModuleTemplateType )
! ! ! return "";! ! !
}

can easily be simplified grouping the test conditions of three nested if-statements, leaving the logic 
unaltered:

if( icApp && fileType == kInDesignType && bCheckOut )
! return "";
else if( fileType != kInDesignType && fileType != kLibraryType && fileType != kTemplateType && fileType != 
kBookType && fileType != kLayoutModuleType && fileType != kLayoutModuleTemplateType )
! return "";

In the successive code fragments I have removed for readability all the lines of code between the if/
else instructions and I have commented in red the line that could be changed.

The following is an example of death code:

if ( !isReadOnly && bIsFileOffline ) 
! if ( Utils<ISCSession>()->HasSession() )
! // not logged on; opening offline document.
! ... 
! else
!...
else if ( isReadOnly && bIsFileOffline ) 
!...
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else if ( !isReadOnly && bIsFileOffline ) //The next block of instruction is NEVER EXECUTED because this line 
is like the first "if-statement"!!!
! // We have a local document that is not locked for offline. If not logged in, open it.
! // This is dangerous, since when is opened next time when logged on, it will be overwritten by the 
database document.
! ...
! if ( !Utils<ISCSession>()->HasSession() )
! // Logged on and file is local but not locked for offline. This typically happens in case of failed 
recovery.
! ...
! else
! ...
...

Follow other simplifications of the code structure and test conditions:

try
{
! try //this inner try/catch block can be removed leaving the relative catch to the external try, because 
both the try/catch blocks have the same scope
! {
! !...
! ! if ( bOk )
! !...
! !{
! ! ! if ( !icApp )
! ! !...
! ! ! ! if( icApp && bDoCheckout && bOk ) //”bOK” can be removed because previously 
tested and not changed in the meanwhile, it makes the code just more complex to be understood. Moreover the 
“if” could be substituted with "else if (bDoCheckout)" 

! ! ! ! if( icApp && (fileType == kTemplateType || fileType == kInCopyTemplateType || 
fileType == kInCopyINXTemplateType) && req1.GetFormat().IsEqual("text/wwea", kFalse) ) // also here “if” could 
be substituted with an “else if” and “IcApp” can be removed to simplify the test condition and to make more 
structured the relation with the previous if-statements
! ! ! ...
! ! }
! ! else
! ! ! ...!
! ! if ( !bOk )  // Get failed //could be included in the previous else!!!
! ! ! ...!
! }
! catch(const XMLException& e)
! catch (const DOMException& e)
}
catch( CWWException& e )
catch (...)  

As in the previous fragment, also in Workspacehelper.cpp, ExportStory(...)  there is  an other try/
catch block that could be removed because it has the same scope of an external try/catch. 

A more interesting improvement is related to the possibility to substitute the following lines of code 
with a function because they are related to the same “concern” of building of a temporary file path. 
This kind of change aims to make the ExportStory method shorter and more clear.

// Build a temp filepath to store into our exported article 
//could be substituted in a function: PMString filePath buildTempFilepath(bCreate, bExportAsTemplate, name, 
&bArticleExtensionWasChanged)
! ! ! !
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WWString strObjID = kNullString;
PMString filePath;
if( bCreate || bExportAsTemplate ) 
{
!WWString basepath = "temp";
!Utils<ISCEntFileUtils>()->RemoveExtension( name );
! if( bExportAsTemplate )
! {
! ! filePath = Utils<ISCEntFileUtils>()->GetFilePathFor( basepath, name, SC::Types::kArticleTemplate, 
WWInCopyExportHelper::GetFormat(bExportAsTemplate) );
! }
! // BZ #3109. Override template export if the objInfo says it's a template. 4.1.2 fix, CBO
! else if (GetWWMetaDataValue<WWWWStringMetaData>( docMetaDataInfo->Get( kS_MetaData_SCE_Type) ) == 
SC::Types::kArticleTemplate)
! ! filePath = Utils<ISCEntFileUtils>()->GetFilePathFor( basepath, name, SC::Types::kArticleTemplate, 
"" );
! else
! ! filePath = Utils<ISCEntFileUtils>()->GetFilePathFor( basepath, name, SC::Types::kArticle, 
kNullString );

}
else
{
!UIDRef resRef;
!Utils<ISCResourceUtils>()->GetArticleResourceFromItem(storyList.GetRef( 0), resRef);
! if (resRef.GetUID() != kInvalidUID)
! {
! !strObjID = Utils<ISCResourceUtils>()->GetObjectID( resRef );
! !filePath = Utils<IWWWorkspaceUtils>()->GetFilePathFor( resRef );

! ! // We need to update the full path fileName to wcml format so the export will be done there.
! ! // The format should not be changed at this stage cause unplaced CS4 stories are in the cache
! ! // in INX tradionnal and during export we export from layout and not the cache for these stories.
! ! // In the mean time is article name was changed we will do it here. So we store in bool 
! ! // bArticleExtensionWasChanged that extension and may be the name was also changed.
! !WWString resType = Utils<ISCResourceUtils>()->GetResourceType( resRef );
! !WWString resFormat = Utils<ISCResourceUtils>()->GetResourceFormat( resRef );
! ! W W S t r i n g e x p e c t e d F o r m a t = 
WWInCopyExportHelper::GetFormat( resType.IsEqual( SC::Types::kArticleTemplate ) );
! ! if( !expectedFormat.IsEqual( resFormat ) )
! !{
! ! ! // Get the full path file name with wcml extension.
! ! ! WWString filePathNew = Utils<ISCEntFileUtils>()->GetFilePathFor( strObjID, name, resType, 
expectedFormat );
! ! ! // Get only the file name + extension (eg. "blabla.wcml")
! ! !PMString fileName;
! ! !FileUtils::GetFileName( filePathNew, fileName );

! ! ! // Get the full path name with wwcx extension
! ! !IDFile sFileTemp = FileUtils::PMStringToSysFile( filePath );
! ! ! if( FileUtils::DoesFileExist( sFileTemp ) && !fileName.IsEmpty() )
! ! !{
! ! ! ! // Do rename.
! ! ! !CoreFileUtils::RenameFile( sFileTemp, fileName.GrabWString() );
! ! ! !filePath = filePathNew;
! ! ! ! // Mark it at this stage to update URI later
! ! ! !bArticleExtensionWasChanged = kTrue;
! ! !}
! !}
! }
}
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A software system is  well structured if its  constituting components  have a high cohesion and a low 
coupling [Yourdon and Constantibe, 1975]. Inevitably those parameters  tend to vary during the 
software lifespan: environment changes  lead to software changes, and if software does  not evolve 
over time, then its  quality decreases  [Leheman, 1980]. The ability of software to evolve in a cost 
effective way is known as evolvability [Cook et al., 2000].
Nowadays  the evolvability has  been recognized as  a critical success  factor in system design, thus 
there is  an overall increasing interest in this  topic, and numerous  studies  proposing solutions  to deal 
with it. These solutions  can be categorized in two main categories: the approaches  based on change 
history information, and the approaches  based on software metrics. This  thesis  describes  a third 
approach to deal with the software evolvability: it is  an hybrid of the first two approaches  and It has 
been named EVO, from the first three letters  of “Evolvability”. The aims  of EVO is  to facilitate the 
analysis  of change history information by reducing the scope of investigation. This  reduction is 
achieved by using software metrics that point to “bad smells”.
During this  project, EVO has  been validated on one industrial case study. The product under 
examination has  a lifespan of a decade, and during that time it has  been exposed to several changes 
and patches  that have negatively affected its  architecture. As  consequence, today the product 
presents  clear difficulties  to evolve, and the engineers  need an efficient support in refactoring the 
system in order to deal with its evolvability problems.
The results  of this  validation cannot be generalized because they are obtained from a single case 
study and not from a number of cases  statistically significant. However, these results  are interesting, 
at least within this  research, since they shows  that EVO could be a good tradeoff between the two 
kind of approaches  considered. It is  faster then the approaches  based on history information, 
because it reduces  the couplings  to inspect, and it is  more accurate then the approaches  based on 
software metrics, because it searches  for “anti-patterns” only among the candidate unwanted 
couplings. This  implies  that the “anti-patterns” identified via metrics  point not only to “bad 
development practices”, but also to problems that really hinder software evolvability. 
Concerning the design of a refactory strategy, it was  possible to propose only improvements  at 
method level due to the lack of “in-house knowledge” of the system. However, these kinds  of local 
improvements  represent a necessary initial step to make the code more readable and understandable 
before to operate at architectural level to concretely remove the evolutionary threats. 
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