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Abstract. Software processes are dynamic entities that are often
changed and evolved by skillful knowledge workers such as software de-
velopment team members. Consequently, flexibility is one of the most
important features within software process representations and related
tools. However, in the everyday practice, team members do not wish for
total flexibility. They rather prefer to learn about and follow previously
defined advices on which, where and how they can change/adapt process
representations. In this paper we present FlexSPMF: a framework for
modelling controlled flexibility in software processes. It comprises three
main contributions: 1) identifying a core set of flexibility concepts; 2)
extending a Process Modelling Language (PML)’s metamodel with these
concepts; and 3) providing modelling resources to this extended PML.
This enables process engineers to define and publish software process
models with additional (textual/graphical) flexibility information. Other
team members can then visualise and learn about this information, and
change processes accordingly.

1 Introduction

Software process modelling involves eliciting and capturing informal process de-
scriptions, and converting them into process models. A process model is ex-
pressed by using a suitable Process Modelling Language (PML). A type of
Process-Aware Information Systems (PAISs) called Process-centred Software
Engineering Environments (PSEEs) supports the modelling, instantiation, ex-
ecution, monitoring and management of software process models and instances.

Software processes are commonly held as dynamic entities that must evolve
in order to cope with changes occurred in: the real-world software project (due
to changing requirements or unforeseen project-specific circumstances); the soft-
ware development organization; the market; and in the methodologies used to
produce software [I]. Therefore, it should be possible to quickly implement new
processes, to enable on-the-fly adaptations of running ones, to defer decisions re-
garding the exact process logic to runtime, and to evolve implemented processes
over time.
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Consequently, process flexibility has been identified as one of the most impor-
tant features that both PMLs and PSEEs should support [2].

However, allowing for total process flexibility questions the usefulness of mod-
els themselves as guidance to a software development team work plan. Unlimited
and unclassified flexibility hampers seriously the learning and reuse of informa-
tion on changes made in past processes that can be useful in the future. Moreover,
in the everyday business practice, most people do not want to have much flexi-
bility, but would like to follow very simple rules to complete their tasks, making
as little decisions as possible [3)4].

To corroborate this, case studies on flexibility in software processes (see, e.g.,
[5]) make evidence on the need of having (senior) process participants expressing
and controlling the amount of changes that other process participants are allowed
to make in the software process. This controlled flexibility can be defined as the
ability to express, by means of a PML, which, where and how certain parts of
a software process should change, while keeping other parts stable [4]. This faces
strong requirements on PML comprehensibility, both because some users initially
lack experience with modelling, and because evolution and learning will cause
more frequent updates to the models.

We present in this paper the Flexibility Software Process Modelling Frame-
work (FlexSPMF). It comprises the three following contributions:

1. Identification - consists in defining and systematising concepts that will be
used to express this controlled flexibility in software processes;

2. Metamodelling - maps those concepts onto an existing PML’s metamodel.
Here, we adopt the Software & Systems Process Engineering Metamodel
(SPEM) [6], and extend it by adding a flexibility sub-metamodel,

3. Modelling - concerns to the PML representation and PSEE tool support
for modelling controlled flexibility. From our new metamodel structure, we
derived a UML profile called FlexUML, which enhances UML Activity Di-
agrams (ADs) as the PML with a set of flexibility-related stereotypes and
tagged values.

FlexSPMF provides process engineers the power of modelling controlled flexibil-
ity as guidance to software development team changes within software processes.

The rest of the paper is organised as follows: the next section provides an
overview of FlexSPMF. Then, sections Bl @ and [B describe the details of each of
the aforementioned contributions. Section [@ refers most prominent related work
and section [ concludes the paper.

2 Framework Overview

FlexSPMF fits our identification, metamodelling and modelling contributions
within the software process model lifecycle, as depicted in Fig. [Il Here we can
observe two main (human) roles: the process engineer and the software devel-
opment team. The former contributes to both identification and metamodelling
activities of the lifecycle, and is responsible for modelling software processes with
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Fig. 1. FlexSPMF in the context of the software process model evolution lifecycle

controlled flexibility. Then, the software development team can browse and learn
those models, including flexibility information on their process elements. Hence,
they can also change those elements by following advice on previously configured
flexibility options.

To better illustrate the framework’s purpose, let us consider the example of
an organisation that has a process engineer who is responsible for the general
modelling and management of software processes and associated models. For
a particular process model, s/he requires as mandatory the production of test
cases associated with a Test solution activity.

On the other hand, s/he also wishes to allow the software testing team to
perform a detailed modelling of this activity, which is not completely specified
until process model instantiation (e.g., when starting up a software project).
S/he does this on the assumption that the testing team members have better
skills for the task, and that there is often the need for model adaptation to
certain project management constraints (like time, cost or human resources).

Therefore, s/he requires PML resources to express within the process model
which, where and how the Test solution activity can or cannot be changed.
To accomplish this, s/he firstly needs to identify and systematise a delimited
set of process controlled flexibility concepts which all other team members will
understand and share in the language. Figure[Il's first solution (number 1) refers
to a Concept Map (Cmap) [7]. Cmaps are used as an informal ontology-based
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approach to clarify and improve learning about concepts and relationships of a
certain knowledge domain (see, e.g., [8]). In this case, the domain is the modelling
of controlled flexibility within software process representations.

Solution number 2 refers to metamodelling, i.e., the mapping of the concepts
onto a MetaObject Facility (MOF)-compliant metamodel. Here, we adopted
SPEM, which serves as a reference metamodel for many Model-Driven Develop-
ment (MDD) software processes, such as the Rational Unified Process (RUP),
Open Unified Process (OpenUP), eXtreme Programming (XP) and Scrum. We
extended it by adding our sub-metamodel, which comprises a set of class ele-
ments that addresses particularly the flexibility concern.

Solution number 3 refers to modelling, more precisely to the FlexUML profile.
It introduces UML stereotypes to enhance SPEM ADs as a flexibility-aware
PML. It also comprises its implementation in the FlexEPFC PSEE: a customised
version of the original IBM’s Eclipse Process Framework Composer (EPFCI). We
added the possibility for a process engineer to express, in a first modelling step,
controlled flexibility within a process model. After this, the process engineer
can use FlexEPFC to publish the process model to an automatically generated
web application. Besides providing an efficient way for the software development
team to learn and browse process models, it also includes a web process editor.
This allows the team to change the published models, according to the controlled
flexibility previously modelled by the process engineer.

The next sections describe in more detail each FlexSPMF contribution.

3 Identification

Figure 2l illustrates the main Cmap for the process controlled flexibility domain,
picturing its core concepts and relationships (please consult [9] for more detailed
information on these). Briefly, it states that a software process is a combination
of elements represented by a process model.

Software process modelling elements include: 1) functional elements (e.g.
phases, activities and steps); 2) behavioural elements (e.g. control flow nodes
such as fork, join, decision and merge nodes, as also iterative/parallel region
elements); 3) organisational elements; and 4) informational elements (e.g. data,
artifact, work product (intermediate and end) and object elements).

A process model depends on its metamodel, which establishes the structure
of concepts, relationships and constraints that can be used in defining a process
model. The metamodel usually defines a Process Modelling Language (PML),
where all process modelling elements are specified. The Software & Systems
Process Engineering Metamodel (SPEM) [6] is an example of a software process
metamodel which defines UML ADs as the core PML.

Process models are then created as instances of the metamodel. They rep-
resent an arrangement of process elements in more or less specified sequences
of activities, resources and resulting work products that will provide guidance
for specific project workplans. Process models are templates which represent

! http://www.eclipse.org/epf
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Fig. 2. Core Concept Map for sharing knowledge on process controlled flexibility

reusable process knowledge. Examples of software process models include the
process structures comprised by well known software methods like the Unified
Process [10].

Applying a process model for a specific software project is called process
instantiation. An instance follows the model and provides 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 in-
stances, 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 up-
date process running instances.

Metamodel, model, instance and real-world are distinct but correlated ab-
straction levels of process element representations. These representations are
subjected to changes, which in turn have effects that can affect their states.

A change is characterised by properties and 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 in a process running instance. Actually, change
operations are the actions that will change the state of the process elements.
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Properties of change are not dependent on a process element’s type, but char-
acterise multiple and general dimensions of a change. Possible implementations
of properties of change commonly referred in literature include [I1U12]: 1) extent
(incremental or revolutionary); 2) duration (temporary or permanent); 3) swift-
ness (immediate or deferred propagation between models and running instances)
and; 4) anticipation (planned or ad-hoc changes). Both operations and proper-
ties are supported by corresponding mechanisms. 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 or compliance rules associated with that operation.

Changes are instigated (put into action) by agents of change. Agents of change
need to have the ability to set a mechanism of change into motion. In the software
process context, the agent of change is responsible for triggering mechanisms of
change that will result in an effect of change endured by one or more process
element representations. Agents of change may be software components that au-
tomatically change process element representations under some criteria, or hu-
mans such as software process engineers, project managers, analysts, designers,
programmers and testers, that need to change/adjust software processes.

A change can be controlled by constraints, which are also represented by mod-
els. These contain advice on operations, properties, mechanisms and/or agents
that should be considered when changing a certain process element represen-
tation. Advice on a change can be a value- or text-based attribute (e.g., 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 change may impose that a Test solution ac-
tivity instance representation cannot be skipped. The modelling of this constraint
can be made using a three component tuple of the form (abstraction level, oper-
ation, advice), with the values (instance, skip, denied).

4 Metamodelling

We use a UML class metamodel structure that reflects the above concepts, and
that can be used to extend the existing metamodel of a PML. Here, we pro-
vide a concrete example by using SPEM and UML ADs as the metamodel and
corresponding PML to be extended. Figure [3 pictures our derived FlexSPMF
metamodel.

The structure is based on the decorator design pattern from Gamma et al.
[13]. This is the leftmost and gray-shaded structure which inherits from a com-
mon abstract SPEMProcessModellingElement. The decorator pattern allows the
attachment of additional responsibilities to an object dynamically. In our con-
text, when designing a process model, a process engineer can pick any process
element (such as an Activity) and decorate it with one or more change deco-
rators, represented by ChangeDecorator’s specialised classes. These derive from
the aforementioned concepts of change operation, property, mechanism, advice
and abstraction level.
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When applied to a process element, a decorator represents one of the compo-
nents that form a constraint of change. Taking from our former example, the tuple
(abstraction level, operation, advice) maps to a combination of three decorators,
namely: AbstractionLevel (instance), Operation (skip) and TextBasedAdvice
(denied), which are applied to instances of the Test solution activity.

Mechanisms can be associated with any decorator, providing implementation
details according to a process element’s type.

The next section describes the way a process engineer can use the extended
SPEM ADs and FlexEPFC to model controlled flexibility in software processes.

5 Modelling

For the modelling contribution we developed FlexUML: a UML profile for ADs
(see [14] for further details). Each ChangeDecorator concrete specialisation class
of Fig. BI's metamodel corresponds to a FlexUML stereotype with its own tagged
values. Figure Ml presents two applications of FlexUML, noted by the names
of the stereotypes between «guillemets» above the process elements’ graphical
notations and callouts with their respective tagged values (according to [I5]).
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The profile applications are made to an activity (Test solution) and to a
join node. The former includes the «AbsLevel,Operation,TBAdvice» stereo-
types, which values advise to not skip the activity’s instances. The latter has the
«ExtentP,TBAdvicey stereotypes that advise as recommended an incremental
change.

Once a process engineer finishes applying the flexibility stereotypes, s/he can
use FlexEEPFC to generate a web-based published version of the process model.
The original auto-generation from EPFC does not allow any changes to this
published version. To fulfil our requirement of also enabling the team to change
the models, we embedded the process editor also in the web-based application.
This way, besides browsing, the team can also learn about the advised flexibility,
and perform changes accordingly.

Figure [ is a snapshot of this customised web-based process editor which
we called WebFlexEPFC (see [16] for more details). The snapshot shows the
editing/changing of an OpenUP Elaboration phase join node, but according to
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the previously modelled constraint of change (noted by the «ExtentP, TBAdvice»
stereotype applications).

6 Related Work

Recent process-aware flexibility taxonomies include the one by Regev et al. in
[11]. We use some of the concepts referred here, including abstraction level, sub-
ject and property of change. These and other change concepts are also present
in the taxonomy proposed by Schonenberg et al. in [12], under a four type-based
flexibility classification: design, deviation, underspecification and change. Con-
straints of change in process models are analysed by Worzberger et al. in [17].
They propose modelling tool artifacts to support correctness, compliance and
consistency constraint modelling and checking.

Although there is no shared classification of concepts among these works,
they have the same intent of FlexSPMF identification contribution. However, our
concept map focuses mainly on the definition of a core set of concepts, delegating
on the decorator-based metamodel structure the possibility of combining them
interchangeably, to form adjustable categories on controlled flexibility.

In [5], Cass and Osterweil advocate that, in spite of software design requiring a
lot of creativity and insight, some process rigidity seems necessary. They conclude
that combining flexibility rules with process guidance helps designers to produce
better software designs, and to produce them faster.

A framework approach on flexibility-aware PAIS is also proposed by Reichert
et al. in [2]. The ADEPT2 flexible PAIS is able to adapt process instances to
changes occurred in real-world processes, on a quest to support most of the
workflow patterns, including the exception ones.

None of these works approach the challenge of modelling controlled flexibility,
i.e., expressing in process models how much flexibility is allowed, in order to
restrain changes on declarative (starting as 100% flexible) software processes.

7 Conclusions

The main objective of FlexSPMF is to provide process engineers with means to
control the flexibility that team members can enjoy when guided by a software
process. Our contributions include a controlled flexibility concept map, meta-
model and modelling language based on SPEM UML ADs.

The metamodel provides a way to associate constraints of change by decorat-
ing process elements with interchangeable advices on operations and properties
of change. It is also a non-intrusive metamodel extension, since it does not modify
the structure of the original one.

Being UML a standard de facto nowadays, the use of a PML other than
UML ADs would increase the software development team’s learning curve about
the semantics of controlled flexibility expressed within software process models.
Software teams already use UML ADs and stereotypes on a daily basis to develop
software. They also recognise them as the PML used for modelling well known
SPEM-based processes like RUP, XP, OpenUP and Scrum.
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