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quality and source code quality is not yet well understood [12],
there is evidence to support such an assumption. For example,
product metrics have been found to reflect external aspects of
software quality, such as software defects [3, 27].
In fact, according to Baldwin and Clark [2], the value of an
artifact is determined by its functionality, and given that the
structure determines and constrains the ease of implementing the
artifact’s functionality, the value of an artifact depends strongly
on its structure. Several authors have proposed guidelines or
implementation advice to achieve a better structure in terms of the
traditional principles of software design; e.g., high cohesion, low
coupling, low complexity, etc. For instance, Parnas [22] claims
that hiding details insulating the change reduces its negative
effects. Meyer [18] proposes to minimize the size and number of
interfaces, and to only interact through them. Martin [17] suggests
that modules should depend on abstractions, and Gamma et al. [7]
identify typical good solutions for typical design scenarios.
Other authors aim to identify typical causes for failures e.g.
anti-patterns [4] , and typical opportunities for improving the
design structure e.g. bad smells [5]. Examples of anti-patterns
include blob classes, poltergeists, lava flows, spaghetti code, cut
& paste programming, functional decomposition, etc. Bad smells
include cloned code, long parameter lists, large classes, feature
envy, etc. For some authors [16, 19], these bad practices are
indicators of violations of design guidelines; therefore they call
them design defects or design flaws [16]. However, bad smells
were proposed as possible indicators of refactorings. Fowler and
Beck [5] remark the subjective nature of bad smells and that they
cannot be considered as direct causes of software defects. In fact,
there is not yet a conceptual framework to explain the difference
between design principles and guidelines, or the relationships
among design guidelines, or the relationships between design
defects and design guidelines, or the impact of those design
defects.
We propose to examine the relationship between
maintainability and source code quality by evaluating to what
extent bad smells affect the ease to maintain, adapt or extend
code. Given that between two artifacts that offer the same
functionality (i.e. the same value) users and designers prefer the
artifact with less costly structure [2], it is important to identify
which structural issues affect software cost, which is in part
related to maintainability. Besides, design principles are supposed
to help on distributing the responsibilities and on isolating the
dependencies among entities. Therefore, enforcing their use
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1. QUALITY AND STRUCTURE
In Software Engineering, quality assessment is based on the
assumption that a good design has impact on quality attributes,
such as maintainability. Traditionally, based on this assumption
software quality has been evaluated through structural and
process metrics. Although the relationship between software
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should reduce the application’s complexity and, by consequence,
the maintenance effort.

2.3 Design flaws as characteristics of antipatterns

2. COMPLIANCE WITH GOOD
PRACTICE

Moha and Guéhéneuc [20, 21] propose a framework oriented
to the identification of anti-patterns. Each anti-pattern is
decomposed at several layers of abstraction into design defects
(like bad smells), and each design defect is then divided into the
properties that characterize it. For instance, spaghetti code is a
structural intra-class anti-pattern characterized by the following
design defects: procedural names, long methods, methods without
parameters, global variables, no inheritance and no
polymorphism. The authors have presented the decomposition of
four anti-patterns into sixteen design defects, and the design
defects were characterized with values of fourteen properties.
They plan to use this model to detect and correct anti-patterns
with refactorings.

In this section we discuss how the automatic detection of bad
smells brought new research questions.
Designing is a process of continual evaluation of trade-offs
between the flexibility that a structure offers and the functionality
required [2]. However, the functionality that a structure can
support is restricted to the predictions made when it was defined
[23]. Therefore, given that long-lived applications require
constant change [13], their designs eventually need to change as
well [23]. According to Lehman's software evolution laws [13],
anti-regressive work is required in order to retard this aging
process. Naïve approaches attempt to solve this problem by
trying to define the most flexible architecture possible. However,
it is impossible to optimize an architecture for every possible kind
of change [23]. Given that correcting all design problems may
impossible due to conflicts with each other solution, it is
necessary to detect which design problems are the worse so that
the refactoring impact is maximized. This issue was first pointed
out by Trifu et al [26].
Several authors have proposed models to provide insights
about the causes of structural problems. These models cluster
smells (symptoms) into design principles (causes), thereby
showing to the programmer which ones to remove and how,
because the models indicate which design guidelines were
disregarded and which smells would probably disappear once the
underlying problem is solved.

2.4 Reflection on the models of design flaws
Models like the ones described are welcome, as they help to
obtain a conceptual framework that relates design principles to
design heuristics and design heuristics to design flaws. However,
they have three main issues: they are incomplete, subjective and
the concepts they provide may be insufficient to characterize realworld problems. Firstly, the approaches mentioned just cover a
small fraction of the design flaws and guidelines in the literature.
Secondly, the rationale to compose several design flaws is
debatable: different researchers have derived different models
from similar sets of design flaws. Finally, although concepts like
anti-patterns offer a higher level of abstraction, they may impose
restrictions on what can be modeled, neglecting alternative ways
in which real code problems are presented.
We think that the approaches presented above are valuable
contributions to the field, but that one could gain considerable
benefits from the analysis of evolution to complete and validate
the proposed models.
Nevertheless, evolution has not been completely disregarded
in the area. There are some authors that have taken advantage of
historical information to identify bad smells while others have
used it to evaluate their detection approach. Gall et al. [6] identify
logical dependencies among modules that are usually changed
together (change coupling). Besides, they find outliers in growth
and amount of change, and in the relation between internal and
external change coupling. This analysis allows for identification
of bad smells like god-classes. Girba et al. [8] use historical
information in order to detect bad smells naturally defined in the
evolution context, for instance shotgun surgery (when single
changes affect indiscriminately several entities of the application)
or parallel inheritance (when two inheritance trees are usually
changed in the same way). Their approach is based on monitoring
how metrics change at different granularity levels along several
versions. Ratiu et al. [24] use historical information to improve
the accuracy of detection strategies by ratifying only the design
flaws present in at least two versions of the application.
We believe that analysis of the evolution of bad smells can
go further than detection of bad smells or validation of the ones
detected. Given that design problems appear and evolve over
time, it is probable that a single bad smell cannot be considered a
threat by itself, but it may degenerate into a more harmful bad
smell or it may promote the appearance of more bad smells. It
would be useful to know when a bad smell becomes harmful, as
well as which bad smells may become harmful. Furthermore, if
any of these kinds of degrading evolution is found it could

2.1 Design flaws as maintainability issues
In his dissertation [16], Marinescu presents a method to
detect design flaws (bad smells and anti-patterns), but also defines
a mapping between several design flaws and software quality
attributes. Each design flaw is weighted to represent its impact on
the quality attributes it affects. The dissertation establishes the
relation of seventeen design flaws to the ISO maintainability
factors. Marinescu calls this relation the factor strategy model.
For instance, testability is reduced whenever there are any of the
following design flaws: god methods, data classes, god classes,
shotgun surgery or lack of the singleton pattern.

2.2 Design flaws as symptoms of design
illnesses
A similar approach is presented by Trifu and Marinescu [25],
using a medical metaphor to reason about source code quality.
While code that complies with design guidelines is considered
healthy, source code illnesses are types of design guideline
violations. There are three types of illnesses related with three
areas of the object oriented paradigm: definition of concepts,
distribution of intelligence among the concepts and inheritance
hierarchies. The symptoms of a source code illness are different
design defects (for instance, bad smells). Some design defects are
mandatory in order to consider that a source code entity has
violated a design guideline. For instance, one illness is abusive
conceptualization and occurs when the ‘one class=one
abstraction’ guideline is broken. However, to be considered as a
breaker of the guideline, the class must be identified as a god
class. The authors present the violation of three design heuristics
as composition of ten types of symptoms.
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they change over time. The variations can be detected using
existing approaches [8]. Another alternative is identifying the
values for the metrics that detect bad smells whenever bugs can
be related to them, and see if there is statistical correlation. For
evaluating the groups of bad smells we will look at their
frequency and other change and bug measurements.
And to tackle the third question we would like to look for
cases in which sets of related bad smells are eliminated within a
small time interval and for bursts of restructuring changes related
with bug elimination. The groups of bad smells that disappear
when a bug is fixed could be good candidates for symptoms of a
design problem. Moreover, if this analysis reveals several
sequences of refactorings useful for solving the same design
problem, a later analysis could help to identify the more frequent
restructuring solutions, which ones affect more bad smells, which
ones have a longer impact on the application, and if the order of
the refactorings affects the effectiveness of the restructurings.
The analysis of the harmfulness of individual and groups of
bad smells could help to prioritize their removal taking into
account their possible evolution path. Besides, these results could
help to achieve a better quality assessment model based on solid
grounds that explains the relation of several bad smells with
design guidelines. Such model, added to empirical evaluation of
bad smells, could help to identify the more important design
guidelines and if there should be priorities in the guidelines
enforcement. Without this knowledge, the models proposed
would be either incomplete or based on harmless indicators.
Given that source code repositories permit automatic analysis of
the evolution of an application, and that history has been
recognized to be a good maintenance predictor [9], analyzing the
evolution of bad smells seems an appropriate approach to
understand their harmfulness and give insights about their
relationships.
As an illustration of our position, we now summarize how
the analysis of evolution provided added value to the debate about
the harmfulness of a particular bad smell: duplicated code.

contribute to models that aggregate bad smells into design
problems, and to characterize the design problems themselves.

3. THE IMPACT OF DESIGN FLAWS
In this section we discuss why evolution adds value as
evaluator of the harmfulness of bad smells, but also as a way to
find patterns of degeneration and of co-existence of bad smells.
We propose to extract sets of bad smells that frequently
appear in close locations and try to relate the bad smells on each
set using diverse sources of information in the source code, such
as dependency relations or common vocabulary. This information
could be analyzed using techniques like clustering or concept
analysis in order to see if they predict the frequent sets. This sort
of analysis would tackle incompleteness and subjectivity issues in
the area by helping on achieving consensus in the composition of
bad smells into higher level concepts. Once the consensus is
achieved these groups could be confidently related to design
guideline violation and could improve the detection of bad smells.
As mentioned before, not even the authors that propose bad
smells [5] consider them as an accurate quality indicator. They
only recommend human intuition to assess the harmfulness of a
bad smell. It may be possible that the harmfulness of design flaws
follows some sort of Pareto rule, making it very important to
characterize which of them indeed affect the application's quality.
Given that most of the automatic detection techniques aim to
recommend actions to developers, it is preferable not to
recommend useless actions that will make maintenance even more
costly. In order to recognize which bad smells can be harmful we
propose to track their changes over time to see if, as they evolve,
they indeed contribute to the degradation of the application. Such
analysis would pursue three main questions.
(i) Can single bad smells be harmful? If so, which ones?
(ii) From when on should a bad smell or a set of bad smells be
considered harmful?
(iii) Do the sets of bad smells reflect a common underlying
problem?

3.1 Cloning evolution: a successful example of
the added value of evolution analysis

In order to tackle the first question, we plan to use change
and bug information as indicators of the effort required to
maintain a code entity. So far we have proposed 5 measurements
to evaluate if the evolution of code entities with bad smells is
more difficult than for those that do not have bad smells. These
measurements are: number and density [15], impact, likelihood
and similarity of changes [14]. We expect to apply similar
measurements for bug information. Bug information can help to
check if code entities with bad smells present more bugs or more
severe bugs (e.g. only blocker and critical bugs). Bug and change
measurements reinforce and complement each other to assess the
harmfulness of bad smells. We would also like to identify the
differences between harmful and harmless bad smells by
describing them and relating them to other information. For
instance, checking if harmful bad smells are linked only to certain
developers or to certain modules may help to explain the results
obtained with the measurements. In fact, we are currently
studying the relation between cloning patterns [10] and changes in
some medium open source projects. We are also trying to identify
which other bad smells are located in the same code entities as
clones or in the entities related by call dependencies.
To tackle the second question we would like to locate
variations in the metrics used to locate the bad smells and how

Clones are two or more identical or nearly identical
fragments of code. For a long time cloning has been considered
harmful because it might indicate lack of abstraction, it increases
the code size and adds hidden dependencies among the entities
with cloned fragments. However, recent empirical studies based
on evolution have found that the rationale for considering cloning
harmful is not always applicable.
Kim et al. [11] analyzed to what extent cloned fragments
changed in the same way. They found that most of the clones are
used as templates to implement new behavior in the system –
these volatile clones are described as beneficial. They also found
that less than 40% of related clones were changed simultaneously.
Given that these findings partially deny common knowledge
about cloning impact, they have motivated a new set of analysis
on source code and maintenance. A similar study [1] found that
clones that evolve in the same way change in a short time range,
and that in many cases when the clones do not change in the same
way there is an error due to an inconsistent change. We [15] have
found that when methods are cloned they tend to change more.
However, the number of co-changes in related clones is not higher
when such methods share a clone. This counterintuitive result
could mean that the increase of changes is not related with the
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fact of being cloned. We also analyzed the effect of cloning in the
impact, breadth and correlation of changes in four applications
[14]. However we have not found any common pattern to sustain
the harmfulness of clones.
There is still plenty of work to establish if cloning is
harmful. Based on current results, it seems that there are cases in
which cloning can be an appropriate design decision [10].
We intend to apply the analysis explained above to several
types of bad smells starting with those related to cloning, to
evaluate their harmfulness and to check if their relations evidence
underlying design problems.

4. CONCLUSION
Several coding practices have been avoided due to their lack
of compliance with design principles. However there is little
evidence for their assumed negative impact. This paper has
argued for analyzing the evolution of these so called design flaws.
We have suggested some ways by which this could be done.
Analyzing all design flaws that have been proposed in the
literature may reveal relations among bad smells not considered
previously. Furthermore, it allows for the validation of the sets of
bad smells as symptoms of the same design problem, tackling
incompleteness and subjectivity issues. Using historical data, one
can group bad smells according to their evolution, analyze
evolution measurements for single bad smells and for groups of
bad smells, relate flaws with later bugs and evaluate the benefits
of suitable restructurings to eliminate them.
Moreover the analysis of the evolution of bad smells could
bring new evidence about the relation between source code design
and quality. Therefore it could contribute to produce a cohesive
framework of design guidelines and typical violations. If such a
model is achieved we could assess which guidelines are more
important and give priority to the treatment of the corresponding
design problem.
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