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ABSTRACT
Software architecture erosion and architectural drift are well
known software evolution problems. While there exist a
number of approaches to address these problems, so far in
these approaches the understandability of the resulting architectural models (e.g., component models) is seldom studied. However, reduced understandability of the architectural
models might lead to problems similar to architecture erosion and architectural drift. To address this problem, we
propose to extend our existing DSL-based architecture abstraction approach with empirically evaluated understandability metrics. While the DSL-based architecture abstraction approach enables software architects to keep source code
and architecture consistent, the understandability metrics
extensions enables them, while working with the DSL, to
continuously judge the understandability of the architectural
component models they create with the DSL. We studied the
applicability of our approach in a case study of an existing
open source system.

Categories and Subject Descriptors
D.2.11 [Software Engineering]: Software Architectures;
D.2.2 [Software Engineering]: Design Tools and Techniques; D.2.8 [Software Engineering]: Metrics

General Terms
Experimentation, Measurement, Design

Keywords
DSL, Architectural Abstraction, Architectural Component
Views, Software Evolution, Understandability, Software
Metrics, Empirical Evaluation
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Software systems must evolve constantly or they will become obsolete [14]. During the evolution of software systems, software architectures tend to erode as requirements
change or new features are implemented [21] (also known
as architectural erosion). In addition, the intended, documented architecture and the implemented architecture of a
system often drift apart during the system’s evolution [12]
(also known as architectural drift).
To address these problems, many approaches have been
proposed [18, 19, 7]. For instance, in our previous work
[11] we proposed a semi-automatic approach for keeping
the architecture and source code consistent throughout the
software evolution. In this approach, we used a Domain
Speciﬁc Language (DSL) that allows architects to specify
architectural abstraction speciﬁcations. These architecture
abstraction speciﬁcations enable the architects to deﬁne architectural components based on the source code. Based
on the architecture abstraction speciﬁcations we then automatically generate an architectural component view of the
system and its current state. While this approach addresses
the consistency of architecture and source code, it does not
oﬀer any solutions for preventing the architectural designs in
the component models from degrading over time and become
less and less understandable. For instance, some architecture design models tend to grow in size over time, as new
features are added to the system, until they become at some
stage hard to understand.
Clements et al. [5] stated that it is essential that an architecture is documented well in order to communicate it.
Reduced understandability hampers the possibility to communicate the architecture well and thus probably leads to
further architectural erosion and drift. This is why we consider the understandability of an architecture as essential to
the future evolution of a software system.
In this paper we propose to integrate our DSL-based architecture evolution approach with empirically evaluated understandability metrics. We suggest to use understandability metrics for the architectural component view as a whole
as well as understandability metrics that focus on single architectural components. This way, while using our architecture abstraction DSL to create component model abstraction, the architect is automatically informed when the understandability of the architecture in the component models that are created through the DSL is reduced during the
evolution of the software system and can take measures to
improve the architecture’s understandability. The metrics
we use are empirically evaluated in our previous work with

regard to the understandability of either the whole component view or the individual components. A precondition for
the application of the metrics (i.e., for the accurate and successful metrics calculations) is an “up-to-date” component
view that reﬂects the source code of the examined system.
As this is provided by our previously mentioned architecture
abstraction approach, our approach with metrics depends on
the integration of both approaches. The main contributions
of this paper are the conceptual integration of the two approaches, the integration into our DSL-based tool support,
and the derivation of a set of metrics-based guidelines for
component model design from our previous empirical studies.
The remainder of this paper is organized as follows: In
Section 2 we give an overview of the Architecture Abstraction DSL in its original form. We give an overview of the
proposed integrated approach in Section 3. Section 4 describes the details of the given integrated approach. We
present a case study in which we have studied the applicability of our approach in Section 5. In Section 6 we discuss
relevant related works, and we conclude in Section 7.

2.

BACKGROUND: ARCHITECTURE ABSTRACTION DSL

Our previously deﬁned DSL-based approach supports
the semi-automated architectural abstraction of architectural component views throughout the software life-cycle.
The approach supports the software architect throughout
the evolution of a software system by allowing him/her
to compare the abstracted model with a previously deﬁned architectural model and to maintain that model in
correspondence with the source code over time.
We introduced a DSL that deﬁnes architectural abstractions from class models, which can be automatically extracted from the source code, into architectural component
views. Once an architectural abstraction speciﬁcation is deﬁned, it can automatically generate the architectural component view. The workﬂow of the generation process is shown
in Figure 1. First, the extraction of a class model from the
source code of the system is pursued. Further analysis uses
a class model which decouples the approach from a speciﬁc
source language. Second, a model transformation is used
to generate a UML component view. This model transformation uses the architectural abstraction speciﬁcation deﬁned in the DSL code (for more details see Section 4.2) and
the class model as inputs and generates a UML component
view. The model transformation also generates and stores
traceability information that links the class models and the
architectural component views.
During the software system evolution multiple architectural component views can be generated, one for each version of the system. All those component views can be compared to each other and to component views generated manually by the software architects during early software architecture design stages. This way the approach can help software architects to identify where the implementation diﬀers
from the original design or from previous versions.
Beside the already mentioned consistency checking between diﬀerent versions of software the approach does automatic consistency checking of the diﬀerent artifacts of the
same software version. These checks are based on the automatically generated traceability information that link the
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Figure 1: Overview of the architecture evolution approach proposed by Haitzer and Zdun [11]

DSL, the class model, and the component view of the system
and check, for instance, for source code classes that are not
covered by the architecture abstraction speciﬁcation or connectors that are deﬁned in the architecture speciﬁcation but
where no relation exists in the source code classes of these
components and vice versa: if the source code classes of two
components have relations with each other but no connector is deﬁned in the architecture abstraction. The approach
also allows architects to keep track of which parts of the
source code correspond to which architectural components
by utilizing the traceability links that are created and stored
during the transformation. The traceability links can then
be used for navigating from the architectural model to the
source code and vice versa.
In our previous work [11] we performed a number of case
studies on open source systems of diﬀerent sizes and application types that showed that in most of the cases it was
possible to create architectural abstractions that are stable during the implementation process and only need to be
changed when architectural changes occur (e.g., leading to
signiﬁcant restructuring of the architectural design).
Using this approach, architects can easily maintain an architecture documentation by providing an “up-to-date” architectural component view that reﬂects the source code.
However, the quality (in terms of understandability) of the
abstracted and then generated component views is not yet
addressed by the approach. For instance, there is no indicator whether the component model is for instance growing
too large too be understandable by humans or other similar
guidelines.

3.

INTEGRATED APPROACH OVERVIEW

The approach that we present in this paper represents
an extension of the previously explained approach for supporting semi-automated architectural abstractions of a software system from the source code using a DSL that we call
Architecture Abstraction DSL. The proposed extension of
the approach is related to the integration of software met-

rics that can support the understandability of architectural
component views generated using the previously explained
approach. The understandability related software metrics
are empirically evaluated in our previous work [24, 25] and
can further support the maintainability of the continuously
evolved architecture.
Namely, we did a series of studies where we tried to empirically evaluate and prove the usefulness of software metrics
in assessing the understandability of architectural component views. The goal was to produce a set of guidelines as
best practices for architectural component view design. The
metrics that we show are collected at the level of individual
components as well as at the level of the whole architecture.
They include three simple size metrics related to the number of components, the number of connectors and the total
number of elements (summing up the number of components and the number of connectors) in the architecture and
four metrics related to individual components the number of
classes in a component, the number of incoming dependencies of a component, the number of outgoing dependencies
of a component, and the number of internal dependencies of
a component.
Regarding the three architecture level size metrics, we
showed that middle values of those metrics signiﬁcantly increase the architectural understandability compared to high
or low values [24]. The indicated thresholds/guidelines for
using the metrics are roughly predicted and need to be investigated further (they are deﬁned below in Section 4).
More precisely we showed that the component diagrams (visual representations of the component views) with very high
numbers of elements usually suﬀer from mixing of several
concerns which might lead to ambiguity and less precision.
Very low numbers of components, links, and elements are
not suﬃcient to model all relevant concerns of the architecture [24]. The four metrics at the level of individual components are shown to be useful in predicting the eﬀort required
to understand an individual component, measured through
the time that participants spent on studying a component
[25]. They have shown either a statistically signiﬁcant correlation with the eﬀort required to understand a component
or can be used in the prediction models obtained using the
multivariate regression analysis, to predict the given eﬀort.
The integration of the given metrics in the workﬂow of
the previously explained approach is shown in Figure 2. In
order to more easily distinguish the part related to the integration of the given metrics we marked it red in the ﬁgure.
Firstly, the metrics calculations are extracted from both the
class model and the component view. The obtained metrics values then need to be evaluated with regard to different metrics constraints, i.e., it should be checked if the
metrics values satisfy required metrics constraints. Metrics
constraints represent a set of rules deﬁned on metrics values
that need to be satisﬁed. In our case they are deﬁned based
on our previous empirical evaluations and also take into account some additional reasonable considerations. Namely,
for the architectural level metrics the obtained middle values that increase the architectural understandability can be
realized as constraints (thresholds/guidelines are shown in
Section 4). For the metrics at the level of individual components we did not examine any speciﬁc values/thresholds that
can be speciﬁed as constraints but the information related
to the obtained prediction models and the statistically signiﬁcant correlations can be useful in providing the relative

values that might be used for identifying critical components
which require more eﬀort to be understood (see Section 4 for
more details). All given constraints and considerations can
be further reﬁned with regard to the architects’ and developers’ speciﬁc experience and more speciﬁc requirements in
the certain domain. In case that some metrics values do not
satisfy the corresponding constraints the architectural abstraction DSL or the source code can be improved in order
to resolve the inconsistencies that occurred.
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Figure 2: Integration of the understandability related metrics in the DSL-based architecture abstraction approach

4.

INTEGRATED APPROACH DETAILS

In this section, we explain the technical details of our approach. In Section 4.1 we discuss the metrics we use in our
approach and in Section 4.2 we present the details about
the DSL-based architecture abstraction approach and its integration with the given metrics.

4.1

Understandability Related Metrics

Regarding the empirical studies for supporting the understandability of architectural component views we report the
results from three studies 1 . The ﬁrst two studies examine
to which extent the software architecture could be conveyed
through architectural component views (16 diﬀerent component diagrams were studied) and they are base on the participants’ subjective ratings while the third one examines
the relationships between the eﬀort required to understand
an individual component, measured through the time that
participants spent on studying a component, and some com1

Some more studies were conducted in the meantime and
they are currently under review. The results from those
studies will be incorporated in our approach afterwards because we would need to explain them in the paper in details
and the space limitations do not allow us to do that. For
the published studies we can simply refer the reader to the
corresponding articles

ponent level metrics that describe component’s size, complexity and coupling.
The statistical evaluation of the results from the ﬁrst two
studies shows that metrics such as the number of components, number of connectors, number of elements, and number of symbols used in the diagrams can signiﬁcantly decrease architectural understandability when they are above
and below a certain, roughly predicted threshold. Also, our
results indicate that architectural understandability is linearly correlated with the perceived precision and general understandability of the diagrams (please refer to [24] for more
details about the terms precision, general understandability,
and architectural understandability). The conclusions form
these two studies are summarized below:
• Any measures that increase the general understandability and precision of architectural component views
directly help to improve the architectural understandability.
• Measures to increase the domain knowledge are helpful
to increase the understanding of architectural component views in general.
• From a certain size on (in terms of number of elements), architectural component views get hard to understand in general because of the high cognitive load
and human perception limits.
• Middle values of the number of components, links, elements, and symbols in the diagram signiﬁcantly increase the architectural understandability compared to
high or low values. The diagrams with very high numbers of elements usually suﬀer from mixing of several
concerns which might lead to ambiguity and less precision. Very low numbers of components, links, and elements are not suﬃcient to model all relevant concerns
of the architecture. These dependencies might also
deserve to be investigated further, especially it would
be interesting to indicate the thresholds of maximum
(minimum) numbers of components, links, elements,
and symbols that should be depicted in one diagram
more precisely. So far, we consider the thresholds we
found as rough indicators.
From these 2 studies we consider three metrics the number
of components, the number of connectors and the total number of elements (summing up the number of components and
the number of connectors) in the architecture. As it is mentioned above we observed that the middle values of those
metrics signiﬁcantly increase the architectural understandability. Therefore the corresponding metrics’ constraints can
be realized (based on the thresholds that are roughly indicated in our previous study [24]). Table 1 summarizes the
considered architecture level metrics together with the corresponding constraints. The number of symbols is not considered because it is related to the visual representation of
the component views that we do not support at the moment. Also we do not consider the ﬁrst two items in the
above mentioned conclusions because we did not examine
the appropriate measures for it. Those items are related to
the measures of the precision, the general understandability, and the domain knowledge contained in the component
views. Some aspects of these measures are automatically
taken into account when the architecture abstraction DSL

is speciﬁed like for example the names of the components.
Informative and coherent names can increase the precision
and convey the domain semantics of the system. However,
more studies are necessary to deﬁne and examine the appropriate measures and the corresponding constraints for these
aspects.
Regarding the third study four metrics related to individual components the number of classes in a component,
the number of incoming dependencies of a component, the
number of outgoing dependencies of a component, and the
number of internal dependencies of a component are considered. The results of the analysis show a statistically signiﬁcant correlation between three of the metrics, number
of classes, number of incoming dependencies, and number of
internal dependencies, on one side, and the eﬀort required to
understand a component, on the other side. In a multivariate regression analysis we obtained 3 reasonably well-ﬁtting
models that can be used to estimate the eﬀort required to
understand a component 2 .
For the metrics at the level of individual components we
did not examine any speciﬁc values/thresholds that can be
speciﬁed as constraints. The information related to the obtained correlations and prediction models can be used to
provide more relative values (rather than evaluating a design
by giving absolute values) that might be used for identifying
critical components which require more eﬀort to be understood. Those components can be further simpliﬁed and/or
reorganized together with other components in the system to
satisfy the given understandability requirements. For example, Bouwers et al. found that the components should be balanced in size in order to facilitate the system’s analyzability
(location of possible failures/bugs in the system) [4]. In our
case the similar reasoning can be applied. Balanced values
for the components’ understandability eﬀort can facilitate
the analyzability of the whole system in terms that all components require the same eﬀort to be understood which can
facilitate the location of possible bugs/failures in the system
(see Section 5 for an illustrative example). Furthermore for
the component level metrics the architects/developers can
adopt the speciﬁc ranges for them based on their concrete
experiences and requirements.
The component level metrics together with the prediction
models and the identiﬁed correlations to the measured understandability eﬀort are shown in Table 2. The Spearman’s
correlation coeﬃcients are shown. They are widely used for
measuring the degree of relationship between two variables
and take a value between -1 and +1. A positive correlation
is one in which the variables increase (or decrease) together.
A negative correlation is one in which one variable increases
as the other variable decreases. The coeﬃcient for the number of outgoing dependencies metric is not shown because it
is not statistically signiﬁcant.

4.2

Architecture Abstraction Approach and
Metrics Integration

As we mentioned above the given understandability metrics are integrated with the Architecture Abstraction DSL
that supports semi-automated architectural abstractions of
a software system from a source code. The Architecture Ab2
Please note that the given prediction models do not include the percentage of the correct answers variable which
is replaced with 100 % according to the discussion in our
previous work [24].

Metic
Description
Number of
Total number of components in the
architecture
Components
(NCOM)
Number of
Total number of connectors in the
Connectors
architecture (regardless whether the
(NCONN)
connector is one-way or two-ways)
Number of
Total number of elements in the
architecture (summing up the number of
Elements
(NELEM)
components and the number of connectors)

Metric’s constraint
5 < NCOM < 15
3 < NCONN ≤ 17
11 < NELEM ≤ 25

Table 1: Architecture level metrics
Metic

Description

Number of Classes
Total number of classes inside a component
(NC)
Number of Incoming Total number of dependencies between the classes
Dependencies (NID)
outside of a component and the classes inside a
component that are used by those outside classes
Number of Outgoing Total number of dependencies between the classes
Dependencies
inside a component and the classes outside of a
(NOD)
component that are used by those inside classes
Number of Internal Total number of dependencies between the classes
Dependencies
within a component
(NIntD)

Component Demo
consists of
{ // brackets for overriding operator precedence
/* Structure based: include
* everything inside this package*/
Package(org.example)
and not /* compositon - set difference*/{
/* Name-based: classes with
* name containing No*/
Class(".*No.*")
} or /* composition - union */ {
ChildOf(org.example2.AbstractSuperTypeClass)
}
} and/* composition - intersection */
InstanceOf(org.example.IExampleInterface)

Spearman’s
correlation
coefficient
r=0.74

r=0.26

Figure 3: Architecture Abstraction DSL example Demo component

-

r=0.66

Prediction Models
Model 1:~4.85+1.52*NC-0.53*NID
Model 2:~4.58+1.46*NC-0.52*NID+0.12*NOD
Model 3:~5.32+1.42*NC-0.58*NID

Table 2: Component level metrics and the obtained
prediction models
straction DSL is developed using Xtext2 that allows specifying architectural components and connectors and their
relations to source code using a number of diﬀerent rules.
Those rules can be grouped into 4 diﬀerent categories:
• Rules working on source code artefacts: These
rules allow relating diﬀerent source code artefacts
packages, classes, and interfaces to an architectural
component. One example for this category is the
Package rule shown in the example in Figure 3 which
selects everything inside a speciﬁc package.
• Rules utilizing relationships between source
code artefacts: These rules allow relating an
architectural component to the source code artefacts
that have speciﬁc relationships to the given source
code artefact (sub- and super-type relations for
classes and interfaces, interface realizations, and other
dependencies). Figure 3 shows the ChildOf rule as
an example for this category. This rule matches all
classes that extend the referenced class.
• Rules operating on the names of the source
code artefacts: These rules related an architectural components to source code artefacts based on
regular expressions of the names of those artefacts.
An example of the rule from this group is the rule
Class(”.*No.*”) (see Figure 3). This rule matches a
regular expression over all class names.
• Rules composition: More complex rules deﬁnitions
are supported through the implementation of the three
set operations union (or ), intersect (and ), and diﬀerence (and not) which are all used in Figure 3.
The given set of rules is incrementally reﬁned by studying
ﬁve open source projects (see [11] for more details). During

the incremental reﬁnement of our DSL design, we started
with scenarios from these projects and extended the set of
scenarios step-by-step to cover all changes observed in multiple versions of those ﬁve projects. First, we automatically
generated a UML class model from the source code using
our parser and tried to gain an initial understanding of the
program. In order to ease this task we imported the source
code in an Eclipse IDE. After an initial study of the source
code, we created a ﬁrst, incomplete architecture abstraction
speciﬁcation. The time that we needed to create this initial speciﬁcation heavily depended on the size and the previously existing architectural knowledge about the studied
cases. Then we utilized the consistency checks to further improve the abstraction speciﬁcation by removing the reported
inconsistencies step-by-step. The inconsistency at this point
usually were source code elements that had not been considered in the abstraction speciﬁcation. When we were satisﬁed
with the resulting architecture abstraction speciﬁcation, we
updated the source model to an existed newer version. After
that we checked the architecture speciﬁcation and the new
source model for inconsistencies. Any reported inconsistencies were ﬁxed before we continued with the next version of
the program.
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Figure 4: Understandability eﬀort for both component views
Our consistency checking algorithm mentioned in Section
2 supports the evolution of the software system in such a
way that it enables consistency checking between diﬀerent
versions of software and also between diﬀerent artefacts of
the same software version (for example between the com-

ponent view and the corresponding class view). The integrated empirically evaluated metrics provide an additional
consistency checking possibility. Namely, according to the
discussion above the integrated metrics can provide a valuable support in assessing the understandability of architectural component views which plays a key role in managing
and maintaining the overall system. Diﬀerent versions of
the software can be compared using the given metrics set
that can be used to argue about the understandability level
of both the architectures and the individual components
contained in them. Based on the obtained values critical
points can be recognized, for example the components that
have signiﬁcantly increased the eﬀort to be understood can
be identiﬁed. Also diﬀerent architecture abstractions can
be compared in order to generate the one with the reasonable understandability level. The integrated metrics beneﬁt
from the architecture abstraction tool in the way that the
later provides an “up-to-date” architectural component view
that reﬂects the source code (i.e. all source code classes
are mapped to their respective components) that is necessary for the metrics calculations. This way, the architects/developers can gradually improve the architecture by
making the changes in the source code or in the architecture
abstraction DSL and judge the understandability of the architecture created with the DSL. The metrics calculations
are integrated using the Xtext validation framework which
triggers their execution/recalculation whenever the source
code or the architecture component view is changed. The
corresponding warnings are reported whenever the metrics
values violate the respective set of metrics constraints.
StoreAssets (C4)
storeAssets

classes that the components contain. In both cases we calculate the understandability eﬀort required to understand
each component based on the provided prediction models.
In the ﬁrst case the understandability eﬀort is unevenly distributed over the components, i.e., some components require
very low while some others require very high eﬀort to be understood (see Figure 4). After studying the ﬁrst component
view the new component view is generated that better distributes the understandability eﬀort over the components.
Thanks to the architecture abstraction tool all source code
classes are mapped to their respective components which is
a precondition for the accurate and successful metrics calculations. Furthermore the second component view is easily
created from an architectural abstraction of the ﬁrst one by
simply relocating the classes in the DSL code from one component to the other. This step, of course, requires human
expertize and manual eﬀort. However, please note that the
migration to the new view can be done incrementally, by performing small changes in the DSL and observing the change
of the metrics with each change in the DSL. Please note also
that in general a large, inherently complex system will have
lower understandability because the identiﬁed metrics (i.e.
NCOM etc.) will be higher, than a small, simple system, regardless of the quality of the architecture abstractions used.
In that case the aim of the approach is to adapt the inherently high complexity to the extent that is acceptable using
the explained incremental changes.
Figure 5 shows the ﬁrst component view obtained by
studying the given software system. The visualization of
both component views is separately created in the form of
a UML component diagram. Figure 6 shows the second
component view created to support better distributed
understandability eﬀort between the components in order
to facilitate their analyzability (see Section 4 for more
details). The understandability eﬀorts are shown in Figure
4.
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5.

CASE STUDY

In this section we present a small case study that illustrates how the previously explained approach can be used
to localize possible undesirable eﬀects in the design, in this
case the observed ﬂuctuations in the understandability effort of architectural components. The studied system is the
Soomla Android store Version 2.0, an open source framework
for supporting virtual economy in mobile games 3 . Namely,
we show two architectural component views of the system
that diﬀer in the number of components and the number of
3

see: http://project.soom.la/

Figure 6: Soomla Android store component view 2
From Figure 4 we see that the Components C1 and C3 of
the ﬁrst component view require a pretty high eﬀort to be
understood while the Component C2 requires much less effort. In the second component view the components require
more or less balanced eﬀort to be understood, and it is lower
than the eﬀort required for the Components C1 and C3 in
the ﬁrst design. This small case illustrates how the given
metrics provide a useful feedback in the explained context.

6.

RELATED WORK

In this section we compare our approach to other approaches that focus on architecture evolution as well as to
other approaches that utilize metrics in a similar way.
Many diﬀerent software metrics for measuring the system’s architecture, components as its constituting parts, and
structures similar to architectural component views, such
as other higher-level software structures (packages, graphbased structures) have been proposed. Metrics related to
components and the corresponding architectures [13, 23, 22]
measure size, coupling, cohesion, and dependencies of individual components but also the complexity of the whole
architecture when all the components and their interactions
are taken into account. Diﬀerent authors have proposed
diﬀerent package level metrics that measure their size, coupling, stability, and cohesion [17, 10]. Graph-based metrics measure diﬀerent interactions between the nodes in the
graph [3, 15]. Some of the graph-based metrics have been
shown to be useful in measuring large scale software systems
in the sense that those systems share some properties that
are common for complex networks across many ﬁelds of science [15]. All the mentioned metrics can be applied or can be
more-less easily adapted to be applicable for the component
views. However, none of the metrics is empirical evaluated
regarding understandability of architectural components or
architectural component views so far. In the software architecture literature we ﬁnd only a very few studies that provide
empirical evidence regarding the architectural understandability or the measurement of architectural understandability (see e.g. [9, 8]). Our empirical studies explained before
try to provide more evidence in that context. Furthermore
the realization of the empirically collected evidence by developing the corresponding tools and the integration of those
tools with the existing tools has a great value and can improve the quality of the software systems to a great extent.
Our previously explained integrated approach provides one
step in that direction.
A number of approaches focuses on the automatic creation of source code abstractions using automatic clustering.
Diﬀerent clustering approaches and clustering measures are
reviewed and compared by Maqbool and Babri [16]. They
deﬁne a number of groups of clustering algorithms and compare the performance of the diﬀerent groups for diﬀerent
open source software projects. While Maqbool and Babri
conclude which approach works best for each of the applications, they do not draw any conclusions regarding the overall
eﬀort necessary to correct the automatic clustering. In contrast to all these approaches our approach is semi-automatic,
enables the checking of design constraints during the abstraction process, and provides traceability between source
code and models and focuses on the evolution of the architecture rather then the recovery of architecture.
Abreu et al. introduce a reengineering approach using
cluster analysis [1]. It uses six diﬀerent aﬃnity schemes
and seven clustering methods to produce a series of clustering proposals to verify which one produces the best results.
While this approach focuses on architecture recovery, in our
approach we focus mainly on architecture evolution and do
provide only semi-automatic support for architecture recovery by trying to make it very comfortable for the architect
to deﬁne architecture abstraction speciﬁcations .
Egyed [7] describes an approach for model abstraction by
using existing traceability information and abstraction rules.

However, the author identiﬁed 120 abstraction rules for the
example of UML class models, which need to be extended
with a probability value because the rules may not always be
valid. Our approach uses architectural abstraction speciﬁcations that are harder to reuse for other models but easier to
deﬁne and allow the deﬁnition of architectural abstraction
speciﬁcations on diﬀerent levels of abstraction.
Another approach for mapping source code models to
high-level models is introduced by Murphy et al. [20]. They
use software reﬂexion models which they compute from
a mapping between source model and high-level model.
However while their approach is similar, it requires a
substantial amount of eﬀort, since it requires to deﬁne
both: the high-level model and the mapping, while our
approach requires source code and architectural abstraction
speciﬁcation and the architecture abstraction is generated
automatically.
Mens et al. [18] propose intentional source code views that
allow grouping of source code by concerns. These views are
deﬁned in a logic programming language. Their approach
provides generic source views on a low abstraction level while
we focus on the architectural aspects and provide an easy
way to deﬁne our domain speciﬁc views.
An approach that focuses on architecture evolution is proposed by Barnes et al. [2]. Their approach is aimed at planing and reasoning about architecture evolution. They support the modeling of diﬀerent evolution paths and allow reasoning about these diﬀerent paths. Cuesta et al. [6] propose
an approach called AKdES that extends the approach by
Barnes et al. by considering evolution as an important aspect
of a systems architecture and thus propose the documentation of architecture evolution using architectural knowledge.
While these approaches are focused on planing and reasoning about an architecture evolution and they do not consider
how the architecture documentation and the source code
can be kept synchronized during evolution, our approach is
aimed at supporting the architect during the evolution process by supporting the architecture during the evolution in
order to evolve source code an architecture documentation
in a synchronized fashion.

7.

CONCLUSIONS AND FUTURE WORK

In this paper we presented an approach that uses empirically evaluated understandability metrics to support the
software architect during architecture documentation and
evolution. It is built on previous work on architectural component views that are generated from architecture abstraction speciﬁcations. We automatically calculate a number
of diﬀerent metrics whenever the architecture abstraction
speciﬁcation or the source code are updated. If the metrics
exceed deﬁned thresholds the prototype notiﬁes the software architect of the potential understandability problem
who should revise the architecture abstraction speciﬁcation
and the source code to improve the understandability of the
architectural component view. The improved understandability then eases the future evolution of the systems as it
reduces the risks of misunderstandings and thus the risk of
changes that aﬀect the quality of the architecture in a negative way. Our main contributions lie in the integration of the
two approaches and proposing a set of metrics-based guidelines for component model design that are derived from our
previous empirical studies. A limitation of our approach is
that we currently consider only understandability metrics

as a measure for quality. In our future work we plan to integrate other quality metrics that can be used to prevent
architecture erosion and drift.
[13]
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