
Optimisation Process for Maintaining Evolvability during Software Evolution

Robert Brcina, Stephan Bode, Matthias Riebisch
Technical University of Ilmenau, Germany

robert.brcina|stephan.bode|matthias.riebisch@tu-ilmenau.de

Abstract

Software systems have to be changed continuously and
evolutionarily throughout the whole time of their develop-
ment and usage. Meanwhile, the software systems have
to remain flexible in order to retain the ability to be ex-
tended by additional new features or to be changed. To
maintain this ability, known as evolvability, the architec-
ture of such software systems and its evolution must be
continuously controlled and, if necessary improved. Ex-
isting design methodologies do not provide sufficient sup-
port for controlling the evolvability. One reason for this is,
that in comparison with software maintainability, evolvabil-
ity characteristics are hardly defined. This paper discusses
evolvability, and introduces a quality model for it. Further-
more, a meta-model-based process for controlling and opti-
mising the evolvability characteristics of software baselines
is presented. The feasibility of this approach is shown by a
case study based on the results from its implementation in
large industrial projects.

1. Introduction

The frequent changes during the development and usage
of large software systems often lead to a loss of architec-
tural quality, which hampers the implementation of further
extensions, and thus the systems’ evolution. For larger sys-
tems such as software product lines and IT infrastructures,
the maintainability and the evolvability is essential through-
out the whole life cycle. Unlike maintainability, evolvabil-
ity focuses on coarse-grained and long-term changes [8].

The developers’ comprehension of the design and the in-
ternal structure is essential for the evolution of the systems.
Thus, evolvability depends on the skills for grasping, keep-
ing and sharing knowledge, especially due to staff fluctua-
tion and project transitions. In addition to these interfering
factors, time pressure and technical challenges often lead to
ill-conceived changes, which reduce the systems’ evolvabil-
ity. A control strategy is necessary to avoid negative effects
on evolvability early. Otherwise they will become appar-

ent too late, when the architectural decay prevents further
extensions of the systems. To maintain the evolvability of
such software systems, their architecture has to fulfil partic-
ular quality criteria, such as the criterion of the separation
of concerns [24], but also the development process itself
should be improvable in relation to quality characteristics
[19]. Quality models like [2, 31] and standards [1] provide
a basis for quality control, but do not consider tangible char-
acteristics of evolvability. Furthermore, it is important to
provide an approach for optimising software systems’ base-
lines in relation to predefined quality attributes. A software
baseline means freezing a set of development artefacts for
evaluation or delivery.

In this paper, we carry on the work of [8] on a reasonable
set of subcharacteristics for evolvability. We provide a qual-
ity model for evolvability, and integrate our traceability- and
indicator-based approach described in [27], [6], to an opti-
misation process of software design. In order to cope with
the demands for evolvability, we provide an iterative opti-
misation process focusing on effects that hamper or threaten
quality attributes for evolvability. The application of the op-
timisation process and its feasibility is shown by an indus-
trial case study. An existing software baseline from a large
industrial software project is evaluated regarding its qual-
ity attributes for evolvability; and its architectural design is
continuously improved, accordingly. As a result, we show
the developed metrics and their related resolution actions
on design level, and we suggest refactorings on implemen-
tation level.

2. Differentiation of Evolvability

In general, software evolves due to various reasons, such
as changing requirements, new features, bug fixing or non-
functional issues. During these engagements the architec-
ture should remain evolvable, as this is the only way to
avoid the system turning into a legacy system [23], which is
often called architectural drift or decay. Unlike evolvabil-
ity, the term maintainability is closely associated with the
term legacy system [9]. Hence, it is important to differen-
tiate carefully between maintainability and evolvability [8].



From the perspective of long-term development, evolvabil-
ity aims at introducing new features rather than removing
errors. In this sense a distinction is possible by life cycle
activities. Activities that are typically related to evolvabil-
ity and not to maintainability are, for example, the cyclic
implementation or architectural evaluation of new features,
as well as the improvement of software systems in order to
keep the changeability of the systems vital. Another differ-
ence is that the phase of maintenance starts with the delivery
of the software, whereas evolvability usually relates to the
whole life cycle of the software system. For a more detailed
discussion see [8].

3. Evolvability Characteristics

There are several works dealing with the challenge of
defining quality attributes for evolvability, which we dis-
cuss as related work in section 6. Figure 1 shows the re-
sult of our investigations as an extension of the works in
[8, 20, 12]. For quantification and evaluation purposes in
our optimisation process we present a more fine-grained
view on the characteristics of evolvability. Based on the
evolvability characteristics we will later develop means of
measuring (the GQM approach [3] is used to relate metrics
to defined measuring attributes) and controlling (by design
reconstruction and refactoring). In the following we briefly
explain our stated evolvability characteristics in comparison
with the ones defined in [20] and [12]. For brevity’s sake,
we cannot focus on all dependencies. However, the sug-
gested quality model considers different types of properties
of evolvability characteristics and their positive or negative
influence on each other.

Analysability. There are several types of artefacts that
should be analysable during the development, namely doc-
umentation, models or code. They should be proved to be
correct (should exist with only a small number of found er-
rors), complete, and understandable. In addition to these
points, standards should be used as a basis. More important
is the evaluation of interdependencies between documenta-
tion, models, and code to discover inconsistencies, for ex-
ample, between feature or architectural models and the ref-
erenced code. The metrics of section 4, designed for the
discovery of insulated artefacts suit for this purpose.

Architectural Integrity. Integrity is very important but is
often ignored during evolution [8]. One important property
of a system is variability, which must be considered dur-
ing the evolution: the set of optional or mandatory features
such as configurable system variants must be maintained.
Architectural documentation must be proved over time to
be correct, complete, and understandable. We suggest reg-
ular checks of the software baseline by predefined metrics
and reviews. The frequency and number of these, vary de-
pending on the project’s size and risks.

Changeability and Extensibility. Changes bear the risk
of unintentional side effects on other related functionalities.
The reasons are effects like scattering and tangling of fea-
tures [29, 32], or cross-cutting concerns [32]. They influ-
ence the structure and cause complex dependencies, hin-
dering further changes and reducing the system’s evolution.
Especially for extensions of systems, dependencies through
different levels of abstraction must be considered. Trace-
ability gaps, like missing features in the implementation,
reduce the changeability and extensibility of components.
As shown in Figure 1 we correlate the metrics Feature Tan-
gling and Feature Scattering (described in section 4.3) with
the attributes modularity, complexity, and separation of con-
cerns. Further, these attributes influence evolvability char-
acteristics (the application is described in section 4.3).

Traceability. Several characteristics like analysability or
extensibility depend on the traceability of artefacts for im-
pact analysis or program comprehension. Additionally, pa-
tency is introduced and means the ability to relate artefacts
from the analysis phase like a feature specification to lower
level artefacts such as classes. Patency is seen as a subset of
traceability and is necessary for feature localisation. Fea-
ture localisation, meaning the localisation of artefacts that
are related to features by traceability, provides better pro-
gram comprehension and improves the efficiency of the im-
plementation of features. The evolvability of software de-
pends on the ability to retain basic information about the ex-
isting feature-related implementation, enabling a concrete
quality evaluation by reviews or metrics.

Testability. Another important characteristic for evolv-
ability is the testability of new features as a prerequisite for
regression tests. We introduce patency as an important sub-
characteristic in order to be able to calculate the necessity of
functional tests. For functional components, counterpieces
like unit tests for classes, or component or integration tests
for architectural components and interfaces should exist. If
patency is given a question such as “... which features are
located and tested in this work-cycle?” is answered by fol-
lowing the created traceability links.

Portability. One important characteristic of the portabil-
ity of software components is typification [28, 2], because
it values the ability of reuse by other components. This re-
quires a clear definition of the interface, the provided fea-
tures, and test cases. Over time, functionality and the vari-
ability of a system increase, which influences the configu-
ration possibilities of the system’s features.

Domain-specific Characteristics. Next to the above-
mentioned characteristics additional domain-specific ones
can be elaborated. Deprez et al. [14] describe the eval-
uation of evolvability regarding open source software and
recognised for example the characteristics Project Maturity
and Community Quality that influence the evolution of such
sort of software projects.
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Figure 1. Quality Model Regarding Evolvability

In the next chapter we will show which classes and rela-
tions are essential in a development process with the aim
of measuring and then optimising a software product by
an optimisation process considering the evolvability qual-
ity model.

4. Optimisation Process Considering Evolution
and Design Decisions

In the following we will first describe the meta-model
of the artefacts for the optimisation process. Based on this
model we will describe the essential activities of our opti-
misation process, which enables quality control of an evo-
lutionary development and the reproducibility of design de-
cisions related to concrete software baselines. After that,
the application of the optimisation process to a part of an
industrial system is described.

Description of the industrial case study. We have applied
the approach in a large industrial software project which
is here used partly as a case study and for illustration pur-
poses. The project at a large German company develops and
maintains a software system called Administration System
(ADS), which is used by customers for the system admin-
istration of products of a global infrastructure. The domain
of the project is IT infrastructure. The evaluation and the
maintenance of evolvability are the most important goals in
this project. A special risk in the project consists in incom-
plete traceability data. During the last five years the size of
the project has reduced, currently it consists of about fifty

persons. In the following we will focus on a concrete soft-
ware baseline named V32, which is written in JAVA and
built by this project. Unfortunately, we have to withhold
further project details due to the competitive situation in the
market.

4.1. Artefact Meta-Model

The meta-model shown in Figure 2 is the basis for the
repository used for traceability during the optimisation pro-
cess. In our experience it covers all necessary artefacts and
relations for the evaluation and improvement of software
baselines with regard to evolvability. Further, it provides
the basic structure for storing information about design de-
cisions related to a software baseline. The model combines
and extends the work of [6, 20, 27]. Hence, the instantiation
of the suggested meta-model provides a traceability basis
for the development team during the optimisation activities.

In this model the development process is separated into
evolution steps. In the case of a feature-driven software de-
velopment, an evolution step traces a set of implemented
features. Usually, different roles are involved during the
implementation of such a feature: features are specified by
the requirements engineer together with the system archi-
tect, and will be implemented by the developer. These fea-
tures have to be developed for a concrete product release,
which should fulfil several quality criteria. The relation be-
tween a product baseline and an evolution step is that the
evolution step is an abstraction of the baseline by traceabil-



ity links. Such an abstraction enables the analysis of quality
attributes.

Thus, a traceability model defines traceability links be-
tween artefacts, such as features and architectural compo-
nents, and traceability link types, such as “implementedBy”
or “use” (e.g. shown by Figure 3), that should be traced dur-
ing the development of the software baseline. Further, they
are taken as a basis in order to be able to provide our met-
rics based approach on top, enabling the evaluation of the
architecture, design, and implementation of a specific state
of development; see the approach in [27, 6]. The artefacts
of one software baseline of the case study consist of fea-
tures, shown in Figure 3 by a feature model, and consist of
architectural components shown by an architectural model.

The introduced traceability links, which correlate differ-
ent artefacts, are shown in Figure 3. Among other points
they support the analysis of a software baseline: for exam-
ple, in the case of an extension of the system, by revealing
in which architectural component a feature is already im-
plemented. Otherwise it can be difficult to recognise first, if
there already exists a more general feature implementation,
second, which kind of dependencies between existing im-
plementations and the new feature exist, and third, if there
are relations to existing feature implementations at all. It
is important to state that for the first case the feature model
may not be extended by a new feature, but rather only a
change of an existing feature implementation is necessary.
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Figure 3. Artefacts and traceability links

The traceability approach enables the creation of an ab-
stract view of such a software baseline, which we introduce
as an evolution state. Evolution states enable an evalua-
tion of the systems properties and dependencies with time
(during the optimisation process) in relation to defined qual-
ity characteristics. The effort required in analysing the data
can be reduced by tool support. We use an ontology based
repository for this (see section 5).

From the point of view of a quality manager, an evolu-
tion step consists of several evolution states containing all
related traceability links of the created artefacts, such as re-
quirements, features, architectural components etc. In prin-
ciple a baseline can consist of different types of artefacts,
like documents, system models, implementation views or
requirements specifications.

The main quality characteristic for the optimisation pro-
cess is evolvability, which is divided into several subcharac-
teristics, building a quality characteristics model (as shown
in Figure 1). However, the main goal is to divide the char-
acteristics top down until we obtain measurable attributes,
such as separation of concerns or complexity. To be able to
fulfil the quality criteria for evolvability, attributes should
be considered during development with regard to evolvabil-
ity. With this approach they are evaluated by metrics and
reviews. The GQM approach [3] is used to relate metrics
to the defined attributes. A subset of our investigation is
shown in Figure 1. The quality engineer defines the quality
goals and the related attributes for a software baseline and
respectively for the evolution step.

Metrics and reviews enable an evaluation based on a
quantification of the evolution state. The results are an
important factor for further decisions, such as design de-
cisions. A decision consists of a documented solution and
possible alternatives. The architect, developer, and quality
engineer study the results of the metrics and reviews. On the
basis of this information they are able to value the evolution
steps and indirectly the related software baseline. By using
this approach the development team is able to preserve the
history of decision-making, which is essential for quality
assurance [26].

4.2. Process Activities

The goal-oriented optimisation process for evolvability
provides several basic activities and is used during different
phases. Figure 4 shows the sequence of the process activi-
ties. We will describe each process activity in the following.
In the early phases of development, the architect focuses
on the creation of an architectural vision using modelling
languages. He focuses on customer-related non-functional
and functional requirements, but he also has to consider (to-
gether with the project manager) general quality attributes
related to the evolvability of the system and the develop-
ment process used. As shown in the meta-model (see Fig-
ure 2) such quality attributes have to be continuously refined
from common quality characteristics.

The process includes so-called resolution actions on dif-
ferent levels of abstraction in order to gain design optimi-
sation with regard to evolvability. The type of resolution
actions depends on the discovered problems. They are pro-
ceeded top-down, from higher level resolution actions to
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Figure 2. Meta-Model of Artefacts for the Optimisation Process

lower level resolution actions. As shown in Figure 2 res-
olution actions belong to design decisions and are justified
by metrics and reviews. We differentiate between the fol-
lowing types:

(a) Reverse engineering, for maintaining evolvability, as,
for example, the re-documentation of features. (b) Design
recovery, for discovering dependencies between artefacts,
such as features and architectural models. (c) Design recon-
struction, for improving architectural structure in relation to
requirements or features. (d) Architectural refactoring, for
improving the design with and without relation to the imple-
mentation. (e) Code refactoring, for improving the imple-
mentation, triggered by architectural refactoring and vice
versa. Finally, (f) Test refactoring, for adapting test cases,
there should be bigger refactorings because the external be-
haviour has changed.

As the goal of the optimisation process is design opti-
misation, we use a metric and traceability model based ap-
proach described in [27, 6], which is able to evaluate the
evolution step based on a current software baseline. On
the basis of the traceability model, the activity tracing is
used for the creation of traceability data. The basis of the
traceability approach is the introduction of different types
of traceability links between specified artefacts providing
valuable semantics for the evaluation. For example, the link
type implementedBy, shown in Figure 3, is used by the met-
ric FTANG (see [7] for detailed information).

In theory, the creation and evolution of traceability links
is divided into three activities [26], the definition, the pro-
duction, and the extraction of traceability links. In prac-
tise, tool support is necessary in order to reduce the effort
as much as possible (see section 5).

The activity quality evaluation is used to evaluate an evo-
lution state with regard to already pre-defined quality goals.
Therefore, based on the quality model, attributes have to

be related to concrete metrics and reviews. We use qual-
ity characteristics from the evolvability quality model de-
scribed in section 3. The software metrics shown in the
quality model (see Figure 1) are described in [27, 6] and
used for the optimisation.

The termination of the optimisation process depends on
the reached goals. But often there are several goals which
have to be considered, and which conflict with each other.
As the main aim of the process is to evaluate the software
system with regard to the predefined quality attributes, the
quality engineer is able to evaluate the quality of an evo-
lution state by the results of the metrics and reviews, and
thus to stop the optimisation process. To get a more auto-
matic abort criterion, an alternative is to define weights for
each goal-related attribute: for example, the attribute sepa-
ration of concerns could be weighted higher than coupling
between architectural components for the goals reuseability
and understandability.

Initial
Traceability

Model

Quality
Evaluation

Goals
Reached?

Resolution
Actions

Selection

Tracing

Defining
Quality Goals

Figure 4. Optimisation Process Activities

If the quality is evaluated as unsatisfactory by the qual-
ity engineer because the stated goals cannot be reached, the
next step is to analyse the reasons for failure and to discuss
these points with the architect or developer. It is possible



to skip the current evolution state, and go back and select a
previous evolution state and software baseline, respectively.
This can happen if done resolution actions lead to a reduc-
tion of other quality aspects. In this case a decision must be
stated, documenting the details, pros, cons, and valid alter-
natives. Afterwards, the developer or architect is responsi-
ble for appropriate resolution actions.

The problem of metrics is to correctly interpret the cal-
culated values and deduce valuable design decisions. The
metric-based approach of the optimisation process is able
to guide the developer by related resolution actions and
to quantify, if an improvement of evolvability is achieved
by the new reconstructed baseline (Figure 6). In this way,
we determine which evolution states are more evolvable in
comparison with the one before. From the point of view
of evolution, the optimum is reached at the beginning of
the project and with the first software baseline. Usually, a
project manager accepts a reduction of quality over time un-
til there is a concrete percentage rate, or in the worst case,
until impacts are visible and reconstructions are unavoid-
able.

This reasoning also suits agile development, which fo-
cuses first on a fast implementation of the costumers’ re-
quirements and on an early delivery of a baseline. The re-
sult of the first implementation is a prototype rather than a
high-quality software baseline (for the first time a “badly
evolvable” software baseline is accepted). In the next step
the optimisation of the baseline is necessary. However, it is
difficult to state an improvement of quality without specific
control mechanisms. Our approach enables (see the case
study in chapter 4.3) the quantification of software baselines
and provides an optimisation process for this purpose.

In practise, quality attributes are not the only factors. As-
pects like budget or effort are of consequence as well. Thus,
it often happens that not the most “evolvable” solution is
chosen, but the cheapest one. In this case it is important to
keep all information about the decision and measurements
for later improvements. If negative consequences increase
the already documented solution alternative must still be ac-
cessible in order to gain an efficient solution.

4.3. Interpretation of the Quality Evalua-
tion Results

From the findings of this project, we can deduce both,
several value interpretations of the suggested metrics and
refactoring decisions. In this section we will describe them
in relation to the established evolution states, which are
based on the software baselines of the software system.
Since the space limitations inhibit the description of all de-
tails, we will highlight the most important interpretations
and the concrete resolution actions which relate to refactor-
ing decisions. We illustrate the application and the benefits

of the approach: the goal-oriented optimisation process for
evolvability, the quantification as well as the comparabil-
ity of optimisation activities, and a top-down approach for
resolution actions guided by appropriate metrics.

In this case study (described in section 4) we focus on
the optimisation of an architectural component, which was
already developed over several years. The software baseline
with the version V 32 was evaluated by this case study. A
part of a software baseline is shown in Figure 3. Unlike the
software baseline shown in Figure 3, which relates to the
evolution state V 326, at the beginning of the optimisation
process with the evolution state V 321, only the architectural
component named “administrations” existed.

Especially the subcharacteristics analysability, change-
ability, extensibility, and traceability should be improved in
order to increase the efficiency of the persons. The improve-
ment should be measurable. Special risks in the industrial
project are, that both feature specifications and traceabil-
ity data hardly exist. The case study uses the metrics- and
traceability-based approach described in [27] and [6]. As
shown in the quality model (see Figure 1) the following
metrics are related to the defined quality goals for this case
study:

(1) Number of Features (NOF ) counts the existing doc-
umented features.

(2) Number of Architectural Components (NOA) counts
the number of existing architectural components.

(3) Insulated artefacts [27] count features (IF ), archi-
tectural components (IA), and classes (IC) that exist in
isolation, so connections to them are missing. For example
a feature or component is developed without the request of
the customer, often known as “Bells and Whistles”.

(4) Feature scattering and tangling can exist on different
levels of abstraction, in (FSCA(A)) and (FTANG(A))
the focus is on the relations between features (F ) and ar-
chitectural components (A), see [27] and [6].

The evaluation results of the extracted evaluation states
during the optimisation process are listed in Figure 5. Each
evolution state is named by the version and the number out
of the logical sequence. The evaluation of the first software
baseline leads to the evolution state named V 321.

Refactoring Decisions in the evaluation states V 321 to
V 324: As shown in Figure 5 the metrics IF , IA, IC > 0
indicate the necessity of resolution actions of the type re-
verse engineering activities in order to improve the com-
pleteness, correctness, and consistency of the feature related
documentation. For example, the question “How many fea-
tures are documented and which features exist by imple-
mentation but are not documented?” are related to the met-
rics. Three features are documented (NOF = 3) but are
not related to the implementation by traceability links, as
insulated artefacts exist (IF = 3, IA = 1, IC = 131).
Thus this evaluation state does not fulfil the stated goals.
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Figure 5. Metrics Results During Evolution

The figures stem from the mentioned project; they serve as
examples here.

In the next steps, code and design reviews are used to
improve the software baseline, and the related traceability
links are set in the repository. This results in several evolu-
tion states, which are briefly mentioned in the following. As
shown by the results for evolution state V 322, feature speci-
fications are reverse engineered, resulting in 28 already im-
plemented features for this software baseline, whereas 25
were not specified (NOF = 28).

Afterwards, the insulated artefacts on architectural level
are resolved by design recovery: first, feature models are
created to analyse the dependencies between features, sec-
ond, the component diagrams are created, and finally, the
relations (traceability links) between these models are es-
tablished (see V 323 and IF = 0, IA = 0). The in-
tended goals, completeness and correctness on an architec-
tural level, are evaluated as satisfying.

The consistency between features, components, and
classes is uncertain and the patency of traceability is not
reached as insulated artefacts still exist (see V 323 and IC >
0). Note that now resolution actions of the type design re-
construction and architectural refactoring are necessary in
order to improve the analysability of the system. This is
possible as the precondition IF �= 0 and IA �= 0 is ful-
filled, the metrics FTANG(A) and FSCA(A) are calcu-
lable. Both are used to quantify the attributes separation
of concerns and modularity [25], which are essential for
the analysability, changeability and extensibility of the ar-
chitectural component (the correlation between metrics and
quality goals is shown in the quality model in Figure 1).

As already expected by the developers, the value of fea-
ture tangling is very high with FTANG(A) = 0.964 (note
that one is the worst case, as described in [27]). This indi-
cates the necessity for decomposition of the system, which
should be done by including information of lower levels of
abstraction, which are in this case the classes of the system.
We suggest by our approach a decomposition by consider-
ing feature to class traceability [27]. By static code analysis
and code reviews with experts, these relations are reverse

engineered by tool support, leading to the resolution of all
insulated artefacts (see V 324 as IC = 0).

Refactoring Decisions in the evaluation states V 325 to
V 328: The feature to class traceability provides the abil-
ity to decompose the architectural component by grouping
classes related to the same or similar feature and splitting
them into a separate architectural component. Three points
should at least be considered: (a) to start with a group that
includes the highest number of classes, (b) to consider non-
functional requirements of the system like performance and
(c) to consider architectural patterns avoiding design viola-
tions. In step V 325 a set with the number of 53 classes was
split into a new architectural component (NOA = 2) used
for the feature ”data store access” (the architectural compo-
nent is shown in Figure 3). After that, refactorings named
move class, extract and create interface, and rename class
are applied [18].

There can be a mismatch between a decision on the ar-
chitectural level and the transformation of the reconstruc-
tion on the implementation level. During the review some
classes were mapped to two features by the developer (lead-
ing to feature to class tangling) as a clear separation at re-
view time was not possible. In the end a separation was pos-
sible by moving the affected classes to the initial component
avoiding vicious circles on class level. The tangling on class
level can only be reduced by adapting the affected classes
by refactoring on method level. This type of refactoring was
not yet considered for this case study. With the described
resolution actions it was possible to reduce feature tangling
from FTANG(A) = 0.964 to FTANG(A) = 0.464.
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Figure 6. Metrics During Optimisation

As feature tangling still exists, the decision was to pro-
ceed with the optimisation process. The following optimi-
sation iterations lead to the evolution states V 326, V 327

and V 328. Figure 3 shows a part of the software baseline
related to evolution state V 326 shown by appropriate mod-
els. Three artefacts of the type architectural components
(NOA = 3) and several traceability links are established
by resolution actions.

The same strategy was applied to all of these evolution
states, in the end resulting in five architectural components



as documented by the evolution state V 328 (NOA = 5).
The focus was on the decomposition of classes which re-
late to reusable features, which dealt with global exception
handling, diagnosis services, and global utilities. Again, it
was not possible to strictly separate the implementation as
indicated by the FSCA(A) > 0 because features like di-
agnostic services and global utilities are hardly separable
without bigger refactorings on the implementation level.

As shown in Figure 6 the optimisation process makes
it possible to reduce feature tangling in software baselines.
The analysability, extensibility and traceability of the sys-
tem could be improved. It is now possible to locate feature
implementations in the code with the help of traceability
links, which improves the program comprehension needed
for software extensions. The separation of features has been
improved, as shown in Figure 6 during the optimisation
process from 0.964 to 0.171 and thus the extensibility and
changeability of features. However, the number of required
architectural components increased, which increased use re-
lations between architectural components as well. Addi-
tionally, new interface classes must be introduced and doc-
umented to provide clear information about the pre- and
postconditions, invariants, and exceptions. From the point
of view of the test team, the new traceability information
enables feature and component-oriented test cases, which
improves the testability of the system.

5. Tool Support

The global goals of managing complex tasks with a low
overhead effort can only be solved with efficient support
from tools. The more traceability links have to be con-
sidered manually, the higher the effort for its maintenance.
Thus, the support from tools is necessary in order to be able
to disburden the development team as much as possible.

The development of a framework based on the knowl-
edge base using the ontology framework Protégé, for the
support of these activities and for the evaluation of our ap-
proach was already started by the work of [33]. The ba-
sic idea is to use the elements of OWL Classes, Properties
and their Instances, provided by the framework, to form the
basic traceability model and its instances. Meanwhile it is
used and extended by an evaluation tool during case studies.
The work on an Eclipse plug-in for the seamless integration
of the approach in an Eclipse IDE was started [4].

Since software engineering environments often consist
of tools from different providers, and many of the rele-
vant design tools are available for the Eclipse platform,
we decided in favour of this platform. This enables us to
track the necessary traceability data, to calculate the met-
rics and evaluate each work cycle. For the JAVA language
the Eclipse IDE provides the support of refactoring on the
implementation level like extract interface or move class.

The goal is to provide one tool which serves different re-
quirements of the optimisation process. Another goal is to
integrate the evaluations provided by the described method
into the design flow. Again, the Eclipse platform is in the
focus of our work.

6. Related Work

Since no property can be controlled that cannot be mea-
sured, the measurement of evolvability constitutes an im-
portant issue. Besides measurement approaches, reviews
are an important instrument for quality assurance. Addi-
tionally, our work relates to quality model approaches and
we use techniques for reverse engineering and refactoring.

Metric-based approaches. Metrics constitute quantita-
tive indicators of properties and lead to clear results if the
syntax and semantics of the subject are defined formally.
Existing metrics for maintainability like complexity or co-
hesion are easy to apply, but do not consider the architec-
tural aspects, or that a proper component structure affects
the impact of changes more strongly. Furthermore, they can
be used much later in the development process and only on
code level. From the early software engineering on, there
have been works in this area, starting from the criteria for
modularisation by Parnas [25] through the criteria for good
object-oriented design [5]. These criteria can be proved by
a broad variety of design metrics, and supported by tools
like SDMetrics. However, there is only a limited guidance
for using and interpreting these metrics.

The metric framework [17] for the maintenance of
aspect-oriented software systems is related to our approach,
but is based on the implementation level of aspect-oriented
development. Nevertheless, some metrics are used in a non-
aspect-oriented approach. We use in our approach the met-
ric Number of Features (NOF). Another interesting metric
is Concern Diffusion over Components (CDC), which is the
number of components that implement a concern. But more
information should be given for how to obtain the related
information in order to be able to use and interpret these
metrics. The metrics related to our approach address the
scattering and tangling of features from the point of view
of traceability related to [32]. Unlike [32, 16] it values the
degree of dependency by considering the ideal case of a 1:1
traceability relation between two objects, such as features
and architectural components. In addition to [16] we con-
sider feature tangling, as in the case of feature-driven de-
velopment it is essential to measure the degree of feature
tangling indicating the need for design reconstruction.

Reviews and inspections. Reviews and inspections con-
stitute another important way of assessing software quality
properties. Experts inspect a piece of software regarding
a checklist. They analyse the solutions and record all de-
fects, deficiencies, and faults. This way of assessing soft-



ware quality is very effective, because necessary actions
are directly determined. Unfortunately, this positive effect
depends on the human experts and their comprehension,
which limits the usage of tools and the applicability to sys-
tems. Example methods for a scenario-based assessment
are the Achitecture Level Modifyability Analysis (ALMA),
the Architecture Tradeoff Analysis Method (ATAM) or the
Software Architecture Analysis Method (SAAM). A good
survey of these methods can be found in [15]. Our approach
using metrics, however, is also includable in reviews, espe-
cially as it proposes actions to solve indicated problems and
deficiencies integrated into design steps.

Quality Model related approaches. In contrast to main-
tainability only a few works deal with defining quality at-
tributes for evolvability. Ciraci and van den Broek [11] dis-
tinguish between evolvability, maintainability, and modifi-
ability, whereby modifiability is seen in a more extensive
way including the others. Cook et al. [12] argue that evolu-
tion in comparison to maintenance is the more general one
from the point of view of understanding software systems
and their behaviour. Especially modifications of the system
lead to evolving systems. They suggest several subcharac-
teristics for evolvability, which we included in our evolv-
ability model.

Breivold et al. [8] give a detailed discussion of evolvabil-
ity characteristics in relation to their importance for soft-
ware developing organisations, but also in relation to evolv-
ing software in a cost-effective way. In [20] the subchar-
acteristics are related to attributes of the software system.
However, for quantification purposes some of the proposed
measuring attributes are too coarse and differ in their cate-
gorisation, which is why we refined the findings. Addition-
ally, traceability must be considered, as it is an important
quality factor for the evolutionary development [13].

For the determination of the relevant influence factors of
quality attributes other than evolvability, there are also ap-
proaches that can be applied. These are for example the
Goal Question Metric method GQM [3] or the Factor Cri-
teria Metrics FCM [22]. Chung et al. [10] in their NFR
framework deal with quality in the form of so-called soft-
goals, which are arranged in a Softgoal Interdependency
Graph (SIG). They refine the softgoals into subgoals and re-
late them to solutions. In [30] the NFR framework is used to
divide the evolvability into subcharacteristics. The subchar-
acteristics are evaluated by metrics, however, architectural
attributes are not considered to the extent we do.

Reverse engineering and refactoring. At the beginning
of an optimisation process, reverse engineering is impor-
tant. It is done bottom up, but not only implementation
code is used for the analysis of existing artefacts in or-
der to reconstruct products of the system development. In
our approach reverse engineering and design reconstruc-
tion include the analysis of existing artefacts for discover-

ing traceability links. The reverse engineering of analysis
documentation is often a prerequisite for design reconstruc-
tion. Based on this information, further design improve-
ment is possible on the lower level of abstraction. Archi-
tecture refactoring, for example, based on patterns [21] is
used to improve the quality of the system. The implementa-
tion together with design artefacts like architectural models
are used as a basis. On the lowest level of abstraction, code
refactoring [18] is well established. The aim is to reimprove
the architectural quality by a sequence of simple changes
without affecting the overall behaviour of a system. Our
optimisation process provides a framework which enables
us to use the different resolution actions in a predefined or-
der and related to an overall strategy. For example, in the
case of insulated artefacts, first reverse engineering and de-
sign recovery is necessary before design reconstruction is
useful.

7. Conclusions and Future Work

This work is carried out in the context of a feature-
oriented development. In the presented case study our ap-
proach was applied to a software system, which is used in
an industrial company to build a software product providing
the basis for an IT infrastructure. From our experience of
this project evolvability is an important quality attribute for
long-term development of such software systems. To main-
tain the evolvability, design evolution must be controlled
regularly. Therefore we recommend a meta-model-based
optimisation process. For this purpose, the establishment of
traceability information and its use for evaluation are nec-
essary. We suggest relating measurable attributes to the de-
scribed subcharacteristics and the use of the described trace-
ability approach as a basis for the quantification and com-
parison of evolvability properties.

Our quality model provides the basis for this. The arte-
facts and relations relevant for the subcharacteristics of
evolvability are suggested and discussed. Unlike many
other works in that area, this paper especially emphasises
the issues of the optimisation of evolvability characteristics
by establishing an abstract view of a software baseline us-
ing traceability links within an optimisation process. The
effort required in analysing the data can be reduced by tool
support. We use an ontology-based repository for this.

The contribution of this paper consists of the introduc-
tion of a goal-oriented optimisation process for evolvability,
the quantification of optimisation activities, and a top-down
approach for resolution actions guided by value interpreta-
tion of the suggested metrics. We have deduced the value
interpretation of the metrics from industrial experience. Ad-
ditionally, the approach enables an early feedback during
architectural decision-making and reengineering.

As future work we would like to further extend the tool



support for the imperceptible integration of the approach
during the development. Further, we work on a framework
of interpretation rules for maintaining evolvability. Finally,
we focus on the application of the approach in decision as-
sistance tools to reduce the overhead effort and the error-
proneness of architectural decisions.
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