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Abstract: Software processes and corresponding models are dynamic entities that must evolve to cope with
changes occurred in the enacting process, the software development organisation, the market and the
methodologies used to produce software. However, in the everyday practice, software team members do not
want total flexibility. They rather prefer to learn about and follow previously defined controlled flexibility, that
is, advices on which, where, how and by whom process models and related instances can change/adapt.
Process engineers can express these advices within a process model with a domain-specific language (DSL),
which complements the core process modelling language with additional controlled flexibility information.
Then, software team members can browse and learn on this information in process models and instances,
and be guided when performing changes. In this study, the authors propose the use of the semantic web and
associated ontology-based technologies to develop and evolve their controlled flexibility DSL for software
processes. They use an ontology-based format to define the controlled flexibility-related concepts, descriptions
and axioms that specify the formal semantics of their DSL. In addition, the authors provide concrete mappings
between these ontology concepts and a unified modelling language class-based DSL metamodel and describe
how it supports changes made in the ontology.

However, software team members like to be guided by
process models when performing their work [3, 4]. This

1 Introduction

Software process modelling involves eliciting and capturing
informal descriptions of a process used to develop software,
and then converting them into a model [1]. A process
model is expressed by using a suitable process modelling
language (PML). Owing to the changeability essence of
software, these process models are dynamic entities that
process participants, such as process engineers and software
development team members, often change and evolve. To
enable these changes, flexibility has become one of the most
important features within PML and supporting tools [2].

includes advice on a process’s controlled flexibility, that is,
information on which, where, how and by whom process
models and related instances can be changed [5]. Therefore
process engineers should be able to construct process
models with this additional information, by using a
domain-specific language (DSL), which complements the
core PML.

Then, software team members can access this controlled
flexibility information by browsing it in process models and
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instances, and be guided when performing changes.
Nevertheless, in the software process model lifecycle, these
DSLs are constantly evolving because of the rapid changing
nature of software processes and the intuitive knowledge
work involved. Therefore these DSLs are always best
developed in conjunction with the people who participate
in or are affected by the processes they define [6]. It is
important for both process engineers (DSL designers) and
software team members (DSL users) to be familiar with the
concepts behind the DSL language constructs.

In this paper, we propose the use of the semantic web
(SW) and associated ontology-based technologies to
develop and evolve our controlled flexibility DSL for
software processes. The advantages of using this ontology-
based DSL development include easier identification and
negotiation of DSL’s domain concepts, more precise
specification and comprehension of the semantics of these
concepts, guidance through the development of DSLs, and
consistency checking of the developed DSL.

We use concept maps (Cmaps) along with the web
ontology language (OWL) to define a controlled flexibility
ontology, which includes the concepts, descriptions and
axioms that define the formal semantics of our controlled
flexibility-aware DSL. We also define concrete mappings
between these ontology concepts and a unified modelling
language (UML) class-based DSL metamodel.

In the context of our controlled flexibility for software
processes (ConFlex4SP) framework (see e.g. [7]), this
metamodel is to be adapted onto a core PML and
implemented within a software process management tool.
This way, process engineers and software team members
are able to apply the DSL language constructs with
controlled flexibility information to the design and use of
software process models. Furthermore, and working
together with process engineers, team members can help in
evolving the DSL by suggesting new concepts or changing
existing ones through ontology-based technologies and tools.

This paper is organised as follows: the next section refers
most prominent works on the use of the SW jointly with
DSL metamodelling and specification. Section 3 provides
an overview of our approach by describing the ConFlex4SP
framework. Section 4 addresses the ontology-based formats
and technologies we use to define our DSL’s conceptual
base. In Section 5, we define the controlled flexibility
ontology, and in Section 6, we explain the mappings
between the ontology concepts and a meta-object facility
(MOF)-based DSL metamodel. Finally, Section 7
concludes the paper and addresses future work.

2 Related work

The term ‘ontology’ originates from philosophy, denoting the
study of existence. In computer science, the most common

definition has been provided by Gruber [8]: ‘An ontology
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is an explicit specification of a conceptualisation’. Here,
ontologies are typically used as a formal and explicit way of
specifying the concepts and relationships in a domain of
discourse [9]. This is particularly important in the context
of the SW. SW, commonly regarded as the next generation
of the web, extends the current web by giving to its content
a well-defined meaning, enabling computers and people to
work in cooperation. It represents an emerging vision for a
new kind of web with enhanced functionality, which will
require semantic-based representation and processing of
web information [10]. This paradigm has recently advanced
across many domains for the assignment of metadata to
Internet content, in order to define it with explicit,
machine-readable meaning [11]. A good example of that is
SEMO, which is a framework for customer social networks
analysis based on semantics [12].

Since the elements of software development teams, such as
programmers and analysts, constitute a critical group of
knowledge workers in modern organisations [13] and they
are generally professionals with a heterogeneous training,
background and expertise [14], SW is becoming an
important tool in the context of knowledge sharing and
alignment between these professionals.

To realise the SW vision, many techniques and
technologies have been proposed. The OWL and the
emerging new version OWL2 are important ontology
languages that the World wide web consortium has been
proposing. They have an increasing expressiveness, making
it well suited to formally define DSL metamodels [15].
The OWL language facilitates a greater machine
understandability of web resources than the one supported
by resource description framework schema, by providing
additional constructors for building class and property
descriptions (vocabulary) and new axioms (constraints),
along with a formal semantics. The capability to describe
classes in many different ways and to handle incomplete
knowledge distinguishes OWL from class-based modelling
languages like UML class diagrams [15].

We can find in the literature, several recent works in this
new field. For instance, Happel and Seedorf [16] identify
potential uses of ontologies in software engineering and
provide a framework for categorising them. Walter ez al.
[15] present an ontology-based framework for DSLs that
allows the definition of DSLs enriched by formal class
descriptions, integrating existing metamodels, concrete
syntax and a query language. Tairas ef al [17] apply
ontologies in the early stages of domain analysis to identify
domain concepts.

Model-driven software development (MDSD) advocates
the use of domain specific modelling languages (DSLs) for
describing software systems [18]. DSLs are commonly used
to model and develop systems of application domains [15].
Each DSL focuses on different problem domains and, as
far as possible, on automatic code generation [19].
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In recent years, the importance of DSLs for describing
software systems has increased and a convergence with
MDSD can be witnessed. On one hand, when compared
with large general purpose modelling languages, such as the
UML, DSLs only offer a limited set of constructs [18],
increasing the productivity and facilitating a precise
definition of concerns within a particular domain [20]. On
the other hand, modelling complex systems usually requires
that several different DSLs and fragments of their models
are used to develop them [15]. The result is the
development of several domain-specific models, each
describing one aspect of an application (e.g. data structures)
[18].

DSLs are usually specified using metamodelling [20]. In
multi-DSL development scenarios, this does not suffice to
ensure the consistency and wvalidity of all models
constituting a complex system description, because the
semantic relationships between constructs from different
languages remain unspecified [18]. DSLs are high-level
and should provide abstractions and notations for better
understanding and easier modelling of applications of a
special domain [15].

To address the insufficiencies of current approaches, a
number of recent proposals argue in favour of ontologies as
a means to specify language semantics and integrate
multiple DSLs [21]. Parreiras ez al. [22] propose agogo:
a model-driven approach to automatically generate OWL
APIs on demand. Briuer and Lochmann [18], following

[23], propose the use of ontologies to describe the semantic

relationships and interdependencies between different
DSLs, aiming to establish semantic links between
different domain-specific models using an ontology

knowledge base. They define a hierarchy of ontologies,

namely

e upper ontologies — define concepts that are applicable in
most if not all domains;

e core ontologies — define concepts shared by a number of
similar domains;

e domain ontologies — define concepts specific to a
particular area of interest;

e application ontologies — specialise the concepts from an
upper, core or domain ontology with application-specific
variants.

In this case, the main motivation for starting with an upper
ontology is to provide a number of well-defined, theoretically
principled and sufficiently axiomatised concepts as a base for
concepts in more specialised ontologies. As argued in [23],
the resulting core and domain ontologies usually have a
higher quality than those developed bottom-up from a
selection of sample languages [18].

Summing up, several works advocate the use of SW,
ontologies and related languages as a preferred way of
defining the concepts behind a DSL. However, most
languages for defining ontologies (e.g. OWL and RDF)
tend to be machine centred and of complex
understandability for humans. None of the works referred
foresees the challenge of having a more human-centred
ontology format for defining the concepts that will be
mapped onto language constructs in a DSL.

We advocate the use of this human-centred ontology
format as a media for understanding, knowledge
acquisition, sharing and negotiation (changes/updates) of
DSL concepts prior to metamodelling, between both DSL
designers (process engineers) and users (software team
members). In our case, the concepts of this ontology
format reflect a DSL for modelling controlled flexibility in
software processes. The human-centred ontology format
can easily be exported to a more machine-centred standard
format (e.g. OWL2) and therefore take advantage on
consistency checks and validations regarding the ontology.

Unlike several approaches referred above, which provide
automatic mappings between ontologies and DSLs defined
through MOF-based (UML class) metamodels, we adopt a
more customised metamodelling strategy. It is based on a
flexible metamodel structure, which is able to handle
changes negotiated at the ontology level, in the context of
our DSL. This strategy is part of the ConFlex4SP
framework, which we describe in the next section.

3 ConFlex4SP framework

In this section, we provide an overview the ConFlex4SP
framework. It illustrates our approach to control flexibility
in software processes, which includes metamodelling a
DSL that adds language constructs to a core PML. We
called this DSL the controlled flexibility language (CFL),
and with it process engineers are able to express controlled
flexibility information within software process models.
Then, software team members can browse, learn and
change those process models and related instances,
according to the previously modelled controlled flexibility
information.

3.1 Overview

Fig. 1 fits this approach that we name the controlled
flexibility for software processes (ConFlex4SP) framework.
The black-lined part of the lifecycle denotes the areas of

intervention conveyed by the framework.

Firstly, we have identified a set of concepts and
relationships, and we have organised them onto the DSL
metamodel. This is enforced by performing metamodelling,
to which process engineers contribute. Our approach does
not aim at including a throughout definition of a software
process family metamodel and PML (such as the software
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Figure 1 Scope of the ConFlex4SP framework, regarding the software process model lifecycle

process engineering metamodel (SPEM) in [24]). Instead,
we perform metamodelling in order to achieve a common
use for metamodels: a language to express additional
semantics of existing information. Therefore this
contribution  focuses on metamodelling  controlled
flexibility-related additional semantics and extending an
existing core PML with these semantics.

We design the metamodel structure of our DSL (the CFL
language) with the object management group (OMG)’s
UML standard (solution number 2 in Fig. 1). This
metamodel also includes well-formedness rules, which we
define using another OMG’s standard, the object
constraint language. Still part of the metamodelling activity
is the use of UML profiles as the preferred mechanism to
extend a chosen core PML. We define the FlexUML
(Fig. 1s solution number 3) which includes UML
stereotypes and tag definitions that a process engineer can
use to express controlled flexibility in software process
models. Earlier versions regarding the CFL language
metamodel and the FlexUML profile can be found in
[25, 26].

The modelling activity-related solutions in Fig. 1 refers to
the implementation of the extended core PML within a
customised software tool. In Fig. 1, this is referred as
solution number 4, in which lies the FlexEPFC software

tool. It includes code artifacts that implement the
FlextUML profile (and the underlying CFL language
constructs), as well as the necessary presentation logic and
user interface widgets that a process engineer needs to
apply FlexUML stereotypes to software process models.
We have also enhanced the web-based electronic process
guide, generated by FlexEPFC. It is called WebFlexEPFC,
and includes a new interactive process editor, based on the
graphical notations defined in the extended core PML.
Software team members can now browse and learn about
the controlled flexibility information defined in the
published process models. They can also perform changes
to these models accordingly. These modelling contributions
have already been published in [7, 27].

3.2 Evolving ConFlex4SP

We have been refining and evolving this framework over the
past three years, and its versions can be found in previously
published work. Earlier in [27], we began by eliciting the
distinction between the metamodelling and the modelling
activities that are performed by process engineers and
software team members, respectively.

In [7], we separated the construction of our DSL from the
core PML, its extension mechanisms and the tools to be
adopted for its implementation. We also introduced the use

IET Softw., 2010, Vol. 4, Iss. 6, pp. 396—406
doi: 10.1049/iet-sen.2010.0045

© The Institution of Engineering and Technology 2010




www.ietdl.org

and more human-centred

the controlled flexibility

of Cmaps as an easier
representation for eliciting
concepts to include in our DSL.

Still, we did not accommodate the possibility of having
software team members to actively contribute in adding or
updating these concepts (shown by a ‘contributes’
highlighted arrow in Fig. 1). This is a long time
recommended practice when designing PMLs [6].

Therefore we need to improve the use of Cmaps and its
ontology-based formats and functions to enhance software
team members participation in refining and evolving our
DSL. The next section emphasises on the use of Cmaps and
related tools to collaborate on the definition of an ontology
as the starting point to the metamodelling of our DSL.

Also, we need to clearly identify the mappings between the
concepts and relationships expressed in Cmaps and our DSL
metamodel structure (the highlighted ‘maps’ arrow in Fig. 1).
We address these mappings in Section 6.

4 Ontology formats and
technologies

In this section, we justify the ontology-based formats and
technologies we choose to define our DSL’s conceptual base.
The use of ontologies pursuit a standard way of specifying
content-specific agreements for the sharing and reuse of
knowledge [28]. A body of formally represented knowledge
is based on a conceptualisation: the objects, concepts and
other entities that are assumed to exist in some area of
interest and the relationships that hold among them [29].

An ontology is an explicit specification of a
conceptualisation [28]. This specification can assume more
or less formal representations, according to the purpose of
the ontology, and to whom/what will be the sharing target
ofthe knowledge it defines. If it is to be shared among
humans, it can assume a less formal and human-centred
representation. If the reasoner is automated (e.g. a software
component), then a more formal and machine-centred
language applies, such as RDF and OWL [30] web
standards associated with the SW.

Regarding our context, the ideal solution should include
both these kinds of representation formats. This means
that, on one hand, we need a less formal format and
supporting tools to enable process engineers and software
team members to:

e casily change concepts and relationships — by searching
and editing concepts’ metadata, classes, properties and

individuals;

e perform collaborative work — by adding notifications and
comments, versioning ontologies and registering changes

(who and what), and providing an ontology and related
concepts quality indicator, according to participants’
opinions (e.g. pool voting).

On the other hand, a more formal OWL-based ontology
format and tools can provide:

e consistent integration and validation between our DSL
language constructs and the extended core PML (UML, in
this case);

e abstractions and notations for better understanding and
easier modelling of software process models with controlled
flexibility information.

To address all these issues, we use Cmaps and CmapTools
[31] as a less formal but proven method and tool for
explaining and communicating the knowledge of a certain
domain [32]. CmapTools have been developed over the
previous decade as an intuitive, human-centred computer
interface for creating and managing Cmaps. We use it to
create and manage the relationships between our proposed
concepts. It also includes export and import features for
ontologies represented in formal OWL-derived languages
[OWL (an OWL format of our ConFlex4SP ontology can
be found at http://www.knoodl.com/ui/groups/software_
process_controlled_flexibility/vocab/ConFlex4SP(2.0)) and
RDF].

According to Novak and Caias [31], a Cmap is a graphical
tool for organising and representing knowledge. It includes
concepts that are graphically represented by a box or circle
drawing shape, and relationships represented by a
connecting line linking two concepts. Lines have also a text
associated, referred to as linking words or linking phrases,
which specify the relationship between the two concepts.

These are the basics on Cmaps that we apply in the next
section to capture the knowledge domain of modelling
controlled flexibility within software processes.

5 Cmaps for building our DSL
ontology

In our approach, we use Cmaps and CmapTools to enhance
the learning and sharing of process-controlled flexibility-
related concepts among process engineers and software
team members. To achieve our purpose, we begin by
providing, in the next section, the focus question which our
Cmaps must be able to answer. Next, we present Cmaps
diagrams and define their concepts and relationships.

5.1 Focus question

Recent studies advocate that, when a Cmap is constructed
with a particular purpose and for a certain audience, its
objective is better achieved by providing a focus question,

to which the Cmap will be designed to answer [31].
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Moreover, and to prompt dynamic thinking and dynamic
relationships between concepts, the question should be of
type ‘How does the concept X work?, rather than ‘what is
concept X?" [33].

In the context of this work, we propose in the next section
Cmaps to provide answers for the following focus question:
‘How can software processes be subjected to changes in a
controlled way?’

5.2 Diagrams

In a Cmap, concepts are drawn and associated in a diagram.
The structure of this diagram is usually hierarchical for
Cmaps that abound on static relationships. However, for
dynamic ones, there are other structures such as cyclic
Cmaps [34] that are more adequate. In our diagrams, we
use a mix between hierarchies to represent belongingness,
composition and categorisation, and semantically layered
concepts to represent dynamic relationships. The diagrams
of Figs. 2 and 3 represent our running example on the use

of an SW approach to define an ontology for a DSL.

Fig. 2 illustrates the main Cmap that captures our
knowledge domain, whereas Fig. 3 provides a Cmap that
composition or belongingness
relationships pertaining some concepts of Fig. 2.

show generalisation,

In Fig. 3 some concepts are filled with four question
marks. This means that the general top (class) concept can
have more or different specialised (individual) concepts
beyond the samples provided, since they can depend on
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Figure 2 Core Cmap for capturing knowledge involved in
modelling controlled flexibility in software processes
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factors such as the modelling language, application domain,
tool support and/or organisational context.

In the next section, we define the concepts and
relationships presented in these figures.

5.3 Concepts and relationships

In the following, we define the concepts and relationships
presented in both Figs. 2 and 3. The diagram of Fig. 2
shows that a SoftwareProcess is a combination of
ProcessElements represented by a model. These elements
can be used to express correlated process perspectives, such
as the functional, behavioural, organisational and
informational ones defined in [1]. A process elements
model depends on its metamodel, which establishes its
structure of concepts, relationships and constraints. An
overall process metamodel usually defines a PML, where all
process modelling elements are specified. SPEM is an
example of a software process metamodel that defines
UML activity diagrams as the core PML. Process models
are then created as instances of the metamodel and
included as more or less specified arrangements of process
element model representations such as activities, resources
and resulting work products. Examples of software process
models include the (textual and graphical/diagrammatic)
process representations comprising well known software
methods such as the unified process [35].

Applying a process model for a specific software project is
called process instantiation. An instance follows the model
and needs to be provided with specific data for each
distinct project, such as activities' duration, (human)
resource assignments, cost estimations and monitoring/
control data updates. Multiple process instances may share
the same process model. On the contrary, real-world
processes have a 1:1 multiplicity to process instances, as
they reflect the activities, resources and products that are
actually performed, used and produced by humans or tools.
It describes what is really happening, and process
participants may retrieve feedback, which is used to update
process running instances.

Metamodel, model, instance and real-world are individuals
of the process element representation class, defined at distinct
but correlated AbstractionLevels of modelling. These
representations are subjected to changes, which in turn
have effects that can affect their states.

A change is characterised by property elements and
enforced by operations. Performing change operations
includes creating, updating and deleting process elements,
as well as moving them or realising element- and
representation-specific operations such as undo, skip or
redo an activity process element in a process running
instance. Actually, change operations are the actions that
will change the state of process element representations.
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Properties of change are not dependent on a process
element’s type, but characterise multiple and general
dimensions of a change. Concrete properties of change
commonly referred in literature include extent, duration,
swiftness and anticipation of change [36, 37].

Operations use mechanisms in order to be enforced. For
example, executing an add operation on a process model
implies the use of a software tool that, besides supporting
process editing features, also provides verification of
conformance, consistency and compliance rules associated
with that operation. All these resources can be considered
as mechanisms of change [38]. These mechanisms can
depend on the properties that are desired for a change to
have. For example, if the former add operation was to be
valid during two weeks (duration property of change), the
mechanism(s) used to support it would have also to
comprise this property.

Changes are instigated (put into action) by agents of
change. In the software process context, the agent of
change is responsible for setting into motion operations
that will result in an effect of change endured by one or
more process element representations. Agents of change
may be software components that automatically change
process element representations under some criteria, or
humans such as software process engineers, project
managers, analysts, designers, programmers and testers,
that need to change/adjust software process representations.

of

also  have

A change can be controlled by set
ConstraintOfChange elements, which are
representations. These constraints define AdviceOfChange,
which refer to one or more DimensionsOfChange, such as
abstraction levels, operations, properties, mechanisms and/
or agents that should be considered when changing a
certain process element representation. Advice on a change
can be expressed by a value- or text-based attribute (for
instance, 60% or recommended), or any other combination
of values that best fit the process element representation to
which the advice is associated. For example, a constraint of

a

change may impose that, for a certain test solution activity
process element, ‘skipping instance executions is denied’.
The modelling of this constraint can be made by
composing a tuple with three semicolon separated
components of the form

(tbAdvice: TextBasedAdvice = denied,
absLevel:AbstractionLevel = instance;

operation:Operation = skip)

The concepts above are described and supported by the
aforementioned prominent research works, which in turn
have foundations mostly on empirical knowledge on
software engineering. A more detailed version of these
concepts and related discussions can be found in [39].
Nevertheless, the Cmaps and/or other possibly derived
ontology formats are shared in a centralised repository,
which process engineers and software team members can
access. Therefore they can learn, share, redefine, discuss
and/or change them, according to their needs. The next
section presents the mappings of the concepts above onto a
MOF-based metamodel for our DSL.

6 Mapping an ontology to a DSL
metamodel

Considering the diagrams and concept descriptions of the
previous section, process engineers should be able to define
controlled flexibility through the use of constraints of
change. These can have distinct degrees of detail, and the
set of constraints of a process element can perceive different
levels of complexity.

In addition, process engineers should be able to define
constraints of change for every type of process element,
such as activities, control flow nodes (join, fork, decision
and merge nodes), roles, role assignments, artefacts, artefact
flows (input and output parameters from activities) and
resource allocations. Constraints of change may be applied
to any type of process element using the same tuple
components.
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However, the final extended PML metamodel should keep
intact the possibility for process engineers to continue
designing software process models with no controlled
flexibility, that is, models with none of our DSL-based
constraints of change associated.

To address these requirements, we propose, in the next
subsection, the CFL metamodel (our DSL).

6.1 Metamodel structures
Fig. 4 illustrates the CFL metamodel as a UML class

diagram-based metamodel that defines the logic involved
with constraints of change and controlled flexibility-enabled
process elements.

It comprises three related substructures, denoted by the
following differently grey-shaded classes and their

corresponding associations:
1. ConFlexElement and COfChange;

2. CFLExpression, CFLPart, CFLNamelLiteral,
CFLTypeLiteral and CFLValue;

3. CFLExpression and the corresponding hierarchy of
expressions, including the shared association between
ExpressionDecorator and CFLExpression.

The first substructure illustrates a composite association
between  ConFlexElement and  COfChange. The

+ecsOfChange 1

ConFlexElement on the right defines an abstract superclass
for all possible process elements for which the process
engineer can define controlled flexibility. A controlled
flexibility-enabled element is a process element which has, at
least, one COfChange associated. The composite association
also denotes that a constraint of change only exists within the
context of a ConFlexElement. In turn, a COfChange has a
one-to-one association with CFLExpression, defining that
constraints of change must have exactly one expression.

The second substructure includes the definition and
associations of the CFLExpression class. It represents a
literal expression (string) which will contain all the
semantic information of a COfChange. For example, we
can consider a CFLExpression with a body attribute
containing the following string

{tbAdvice:TBAdvice = recommended,
absLevel:AbsLevel = model}

The expression informs a software team member that it is
recommended to change the model representation of the
constrained ConFlexElement. We can observe that
the expression follows a tuple-like format, and results from
the composition of a variable number of CFLPart elements
(two for the example above). Each CFLPart has a name
literal (CFLNameLiteral), a type literal (CFLTypeLiteral)
and a value (CFLValue).Considering the example above,
the first CFLPart instance is defined by a tbAdvice name
literal, a TBAdvice type literal and recommended value. A
CFLExpression must have, at least, one CFLPart, and

COfChange

L%

+expression

ConFlexFElement

+constrained Element

SwiftnessExpression

AnticipationExpression

Figure 4 Structure of the CFL metamodel
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aCFLPart belongs only to one CFLExpression at a time.
The CFLTypeLiteral of a part is optional (association with
multiplicity of 0..1 to 1), and therefore the expression above
can also be written in its simplest form

{tbAdvice = recommended, absLevel = model}

The third substructure of the CFL constructs is composed by
CFLExpression and the corresponding hierarchy of
expressions, along with the shared association between
ExpressionDecorator and CFLExpression. The structure
applies the decorator structural software pattern of [40]. As
we have already stated, a constraint of change must be able
to assume different degrees of detail in its definition. It can
vary from having a single AdviceExpression to a
combination of CFLExpression elements, composing a
constraint of change with more detail.

Our expression example is itself a combination of a
TBAdviceExpression with an AbsLevelExpression. One
alternative to this decorator-based structure is defining a
metamodel comprising all possible combinations of
expressions, which can be achieved through an extensive
static subclassing approach. In this case, we would have to
consider a hierarchy of CFLExpression elements to address
each possible combination. For instance, we would
have a  metamodel with  elements
AdviceAbstractionLevelExpression, AdviceOperation
Expression, AdvicePropertyExpression, AdviceAgen
tExpression, AdviceAbstractionLevelOperation Expression,
AdviceAbstractionLevelPropertyExpression etc., until we
reach the number of possible combinations between these
expressions. This approach would give rise to a metamodel
with many classes, some of them hard to implement,
because of the amount of responsibilities that larger
expressions would have to address.

such as

Also, at some point, it is hard to keep track of all
implemented combinations of expressions. In addition, for
each new type of expression that a software organisation felt
the need to have in their constraints, the programming effort
would have to include additional implementations for all
possible combinations between the new expression and the
existing ones. Finally, by implementing combinations in
advance, the tool that will support the modelling of these
expressions cannot provide the process engineer the
possibility of freely attach and detach expressions at runtime.
Every combination must be statically defined prior to its use.
The decorator pattern from [40] avoids these
disadvantages of static subclassing. It enables a process
engineer to combine several CFLExpressions of different
types into a global one. This means that a mandatory
AdviceExpression (leaf expression) can be decorated with
other (non-leaf) expressions at runtime by the process
engineer. The result is still a single CFLExpression object,
which begins by being a single AdviceExpression, to which
is later added responsibilities through the CFLExpression

decorators, such as the AbsLevelExpression one. Regarding
the expression example referred above, its concrete
implementation comprises a leaf TBAdviceExpression and
a AbsLevelExpression decorator.

This sums up the process of analysing and deriving a MOF-
based DSL metamodel having an SW-based ontology and
supporting tools as the starting point. The next subsection
exemplifies how adding or changing a concept in the
Cmaps-based ontology is reflected in the CFL metamodel.

6.2 Applied example

In this section, we provide an example of adding a new concept
to the Cmaps-based ontology, and how this is reflected in our
CFL metamodel. As referred in Section 5, both Cmaps
illustrated in Figs. 2 and 3 contain concepts filled with four
question marks. An example is the one in Fig. 2, associated
with the DimensionOfChange concept. It means that these
dimensions are not limited to the examples provided in the
figure, through the relationship ‘s .

Our example reports to a software practitioner that, after
using our CFL, proposed a new dimension of change that
reflected the maximum size of the software team (number
of members) for which changes to software process
representations are supposed to be advised. For example, a
process engineer would like to enforce the following
constraint of change: ‘skipping the Write documentation
activity instance is allowed for teams up to 4 members’. For
this, s/he added a new concept to Fig. 2’s Cmap called
TeamSize and the corresponding relationship of type ‘is a’
towards the DimensionOfChange.

Mapping this new ontology concept onto the CFL
metamodel implies adding one more CFLExpression type,
in order to be able to have a constraint expression like

{tbAdvice = allowed, absLevel=instance,

operation = skip, maxTeamSize = 4}

Owing to our flexible and decorator-based metamodel
structure, this can be achieved quite straightforwardly. The
new TeamSize concept can be reflected in a new
TeamSizeExpression element, which in turn is a
specialisation of the abstract ExpressionDecorator one.

This means that mandatory AdviceExpressions can now
be decorated with an additional expression that indicates
the maximum team size to which a change should be
advised. The decorator structure also assures that the new
expression type can be combined with other distinct
expressions seamlessly.

7 Conclusions and future work

In this paper, we illustrate how ontologies and the SW-related
technologies can be used to form a solid conceptual framework
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tor a DSL. Our DSL’s purpose is to define language constructs
to help process engineers and software team members to
control flexibility in software process representations.

By using Cmaps and CmapTools, we were able to address
three correlated challenges: (i) providing a less formal and
easier ontology format in order to motivate process
engineers and software team members in the participation
of an ontology definition; (ii) using import and export
feature of CmapTools to integrate or derive formal OWL-
based ontology formats. These can be easily kept in a
repository, shared and queried by software reasoners, and
used to validate the DSL concepts against their integration
with an existing core PML; and (iii) mapping (new or
changed) concepts from an ontology onto a DSL metamodel.

We are working on the automation of mappings between
these formal ontology formats and our design pattern-
oriented DSL metamodel. We will start by automating
mappings between ContraintOfChange and the decorator-
based expressions illustrated in the metamodel. This will
allow process engineers and software team members to
almost instantly manage (add, change, delete) the
controlled flexibility-aware language constructs regarding
constraints of change expressions and containing
components. This way, we provide a systematised way of
supporting our DSL’s evolution through the use of a
human-centred and user-friendly ontology-based approach
such as Cmaps and CmapTools and mapping its concepts
directly to our DSL metamodel structure.

For instance, upon the need for expressing a new
dimension of change through our DSL, process engineers
and software team members can define and agree upon it
using Cmaps. Then, an OWL-based exported format can
be used to consider that dimension of changeas an
additional constraint expression, with new component
elements also derived from Cmaps.
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