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SPT, Software Process Technology

Software Process Modelling Languages Based on UML

Pere Botella i Lopez, Xavier Franch-Gutiérrez, and Josep M. Ribo-Balust

A Software Process Model (SPM) is a description of the structural and behavioural aspects of a process in
the field of software development using some Process Modelling Language (PML) as description formalism.
In the last 15 years, process modelling and, particularly, software process modelling, has gained a growing
importance as a mechanism which allows, on the one hand, a better understanding of the process, which
facilitates its assessment and improvement,; and, on the other hand, the ability to automate to a certain extent
its enactment, as it is usual in other engineering fields. A fundamental challenge concerning SPMs is how to
Jfind a standard PML to describe them. For this reason, in the last few years, an important research effort has
been made in order to adapt UML (Unified Modelling Language) to the specific requirements of SPMs and,
as a result, some UML profiles and metamodels (like SPEM or PROMENADE), which propose software
process modelling formalisms based on UML, have emerged. In this article we outline the state of the art in
the subject of software process modelling, we present its challenges and we focus specially in the use of UML

as PML.

Keywords: Process Modelling Language, Software Process
Model, UML, UML Extension.

Introduction: The Issue of Standardization in SPM

Software Process Technology has emerged in the late
eighties, but in two fronts. One of them, starting from the
seminal work of Leo Osterweil (Software processes are soft-
ware too) [7] has been named Software Process Modelling
(SPM), and has been very active from the research point of
view, with a lot of contributions in general or specialised
conferences and magazines, but with a relative small impact in
the industrial world. The main goal of SPM has been the design
of Process Modelling Languages (PML) able to describe
software processes in a formal way. The other front refers to
Software Process Assessment (SPA) and Software Process
Improvement (SPI). It comes from the pioneering works by
Watts Humphrey [4] developed at the SEI (Software Engineer-
ing Institute) and which has led to the definition of the CMM
(Capability Maturity Model).

With a strong impact in the industry, this front has evolved
with new models, as the CMMi (Capability Maturity Model
integration) family, the ISO standard SPICE and other models.
It has become an established industrial practice. Theoretically
speaking, SPM is a good basis for SPA and SPI, since a formal-
ly described process will be easier to assess and, then, to
improve. But in real life, all the SPA&SPI models do not need
a formal description as a starting point. This fact, together with
the proliferation of languages and notations that have emerged
to describe software processes [2][1], are probably the reasons
for the low impact of the SPM research. Probably, the first step
to be taken so that the software industry may benefit from the
SPM research is to standardize PMLs.
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One of the main requirements for a PML regarding standard-
ization is that it should rely on a notation and semantics which
are standard in the software industry, so that the chosen PML
can be used without the burden of having to learn yet another
notation and another software tool and also with the possibility
to make it easily understandable to other software engineers.

UML (Unified Modeling Language) seems to be a natural
candidate for such a standard process modelling formalism
since it has become a standard de facto in the modelling of
object-oriented systems and an important trend among the
researchers of the field is to consider a software process itself
as a piece of software [7].

The question that arises at this point is whether UML is able
to deal with the specific requirements of SPM. The research on
this topic began in the late nineties, in which several research
groups tested the capabilities of UML as a modelling formal-
ism in the related fields of software and workflow processes. A
preliminary result of this research is that, although UML seems
to be powerful enough to address the structural aspects of a
process, it lacks some degree of expressiveness and flexibility
in order to model its behavioural part (specially in the case of
software processes in which the flexibility requirements are
usually more important).

Therefore, UML should be adapted somehow in order to
model software processes: not only should we add new
constructs to deal with some behavioural issues but we should
also introduce in the language the vocabulary of the field
(activities, artifacts, agents, tools, roles, etc.) and its specific
features. This language adaptation is usually referred to as
UML extension.

In this article we introduce which mechanisms are provided
by UML in order to extend the language and how an extended
UML may be used in order to model the structural and behav-
ioural aspects of a software process. Finally, we will outline
some examples of proposals for using UML as a PML for soft-
ware processes.

2 UML Extension Mechanisms
We have already introduced the necessity to extend the
UML language in order to model software processes. There are
two different ways in which we may do this:

2.1 By Means of An Explicit Extension of The UML Meta-
model (Heavyweight Extension)

The UML metamodel [11] contains the definition of the
elements that are used in a UML model (e.g., class, associa-
tion, dependency, generalization, etc.). For instance, Figure 1
shows two UML classes (Company and Employee) and an
association (works-for) between them. The precise definition of
what a class and an association are is stated in the UML meta-
model. In particular, the definition of the concept of class is
given by means of the element of the UML metamodel called
Class, whereas the notion of association is described by means
of the element Association of the metamodel. The elements of
the metamodel are called metaelements (e.g., metaclasses and
metaassociations). Any UML model is an instance of the UML
metamodel, which means that any element that comes up in a

© Novatica
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Figure 1: A Simple UML Model.

UML model is an instance of some metalement (e.g., Company
is an instance of Class and works-for is an instance of Associa-
tion).

The ability of UML to model software processes may be
enhanced by adding to the UML metamodel new metaclasses
and metaassociations between them. For instance, if we need
the concept of Activity in order to model specific tasks to be
carried out during software development, we may add to the
UML metamodel a metaclass for that purpose. In the same way,
we may add other metaclasses to model the notions of Role (a
specific responsibility within the process, e.g., test engineer)
and Document (a product which is developed in an activity and
which may be used in other ones) and some metaassociations
to describe the relationships between these metaclasses (e.g.,
an activity generates a document; a role is responsible for an
activity and also for a document). Figure 2 shows a fragment of
this UML metamodel extension.

As a result, a software process model may be created with
elements which are instances of the metaclasses Document,
Activity and Role.

The main advantage of this alternative is that it constitutes a
very elegant and powerful extension approach. A SPM built in
this way is a proper instance of a well-formed UML extended
metamodel. However, this approach does not result in UML-
compliant models (i.e., they are not instances of the UML
metamodel, but of an extended metamodel). This issue chal-
lenges standardization. For instance, how do we represent in a
SPM instances of the new metaclasses in a UML-compliant
way? How do we represent in the model the new features intro-
duced by the metamodel (e.g., the role which is responsible for
a specific activity)?

2.2 By Means of UML Profiles (Lightweight Extension)

A UML profile is an adaptation of the existing UML meta-
classes by means of the built-in extension mechanism of UML
so that they can fit in a specific domain (such as SPM). It is
important to notice that UML profiles do not provide a first-
class extension mechanism in the sense that they do not modify

Class (UML)

B
[ | |

Document [€generates| pctivity |dresponsible-for| Role
1

| 1

| « responsible-for

Figure 2: A Fragment of An Extension of The UML Metamodel.
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Document

«metaclass» /

«role»
SpecEngineer

Class +responsible:Role

«stereotype»
Role

Figure 3: Stereotype Definition.

the UML metamodel. This specific extension mechanism
provided by UML is based on the notion of stereotype. A ster-
eotype defines how an existing metaclass may be adapted/
extended. This extension may involve some of the following: a
new name for that extended metaclass, new properties for that
metaclass and/or new constraints.

UML supplies a notation to depict the extension provided by
stereotypes in a model. For instance, Figure 3 shows the defini-
tion of the stereotypes Document and Role which extend the
metaclass Class (the notation introduced by UML 2.0 has been
used). The stereotype Document adds the property responsible
of kind Role. As a result, it is possible to define in a specific
SPM a class SpecDoc, with stereotype Document (which
means that SpecDocument is a kind of Document) which has
SpecEngineer as value of the property responsible (which
means that the role class that is responsible for the documents
of class SpecDocument is SpecEngineer). Figure 4 shows how
this situation can be represented in a UML class diagram.

Since UML profiles do not modify the UML metamodel and
follow the UML built-in extension mechanisms, they provide a
full UML compliance. However, stereotypes do not have the
same semantics as actual metaclasses and their expressiveness
is poorer. Finally, this approach does not supply a representa-
tion for the extension at the metamodel level, which
impairs the comprehensibility of the resulting model
and of the profile itself. The notation introduced by
UML 2.0 to define profiles contributes to reduce this
comprehension problem but it does not eliminate it.

As suggested in the UML 2.0 infrastructure docu-
ment, it is an ongoing matter of discussion whether to
use the heavyweight or the lightweight approaches in
order to extend the UML metamodel to fit it in a
specific domain.

Modelling The Structural Part of A SPM

responsible=SpecEninee

«document»
SpecDoc |~~~ ---{ «document» ‘j
r

Figure 4: A UML Model That Uses Stereotypes.

Software process elements may be defined as stereotyped
classes. A different stereotype may be defined for each kind of
software process element (documents, activities, roles, etc.). If
necessary, some constraints and class properties may also be
added to the stereotypes. Indeed, a complete UML profile can
be defined. Figures 3 and 4 above show examples of the defini-
tion of some stereotypes that could take part in a profile intend-
ed to model software processes and also the use of one of those
stereotypes in order to define a couple of classes of a specific
SPM.

UML associations, generalizations and dependencies may be
used to model the required relationships among classes. For the
sake of an example, we mention here one specific structural re-
quirement of software processes: composition of documents
and activities.

Activities (also documents) may be atomic or composite.
Composite activities are constituted of smaller (less complex)
subactivities. In order to complete a composite activity, its sub-
activities should be carried out in a specific manner (which is
stated in the behavioural description of the process; see Section
4). In their turn, these subactivities may be further decomposed
in even smaller ones. This decomposition process can take
place as many times as necessary. This can be modelled in
UML by means of (possibly stereotyped) composite aggrega-

«Activity»
BuildSoftwComponent

'

UML is a language intended to model object-
oriented systems. The expressiveness of the object-

ImplementSoftwComp

I |
«Activity» «Activity»
SpecifySoftwComp TestSoftwComp
«Activity» «Activity»

GenerateTestPlans

oriented paradigm has proven appropriate to model

the structural aspects of software processes [5,

RF99]. Hence, the constructs offered by UML to

model structural aspects of systems are globally
suitable for this purpose. In particular, UML class

«Activity»

FSpecifyComp

«Activity» «Activity»

NFSpecifyComp ValidateSpec

diagrams may be used for modelling both software

process elements and also relationships of different
kinds among them.
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Figure 5: Activity Composition.
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tions. Figure 5 shows how to model the process in which an
activity class BuildSoftwComponent may be decomposed into
the subtasks of ImplementSoftwComp, SpecifySoftwComp,
GenerateTestPlans and TestSoftwComp. In its turn, Specify-
SoftwComp is further decomposed.

Another interesting relationship between documents or activ-
ities is refinement, which can be modelled in UML through
inheritance. Other relationships between software process
classes may be modelled by stereotyping the general-purpose
dependency UML relationship.

4 Modelling The Behavioural Part of A SPM
A SPM should describe, in addition to the software proc-
ess structural aspects, the behaviour of such a process. This
behaviour may be described using two different paradigms,
namely proactive control and reactive control. Proactive
control states the enactment of process activities according to a
pre-established plan. Reactive control, in its turn, is based on
describing the enactment of some actions as a response to
events due to the occurrence of some condition.
PMLs should be expressive enough to offer both types of
behaviour description. Let us show how UML may deal with
both controls.

4.1 Proactive Control

There exist different approaches that a PML may follow in
order to support proactive control. Probably, the most popular
one consists in providing imperative descriptions of which
activity is to be enacted after the end of a specific one. This
approach can be modelled in UML by means of activity dia-
grams, in which a fransition from activity a to activity b is
triggered whenever activity a finishes its enactment. This
transition grants the permission to start b.

Although this approach is possible, it often leads to a control
flow description in terms of a set of activities which are enacted
either following a strict sequence (possibly with conditions and
loops, which have been incorporated to UML 2.0) or in a
concurrent way (no other policy in between is allowed).

Usually, modelling software processes requires more flexible
and expressive constructs: software developers tend to perform
several activities at the same time and move from one to anoth-
er depending on their interactions with the rest of the team or
on some specific requirements (for instance, a deadline).

This reflection leads to other approaches to model the proac-
tive behaviour of a software process. A popular one is the
representation of different forms of precedence requirements
between activities [8, 9]. For instance, instead of modelling
something of the sort: the implementation of a component will
start once its specification has finished, it seems better to over-
lap both activities to a certain extent: the implementation of a
component should begin some time after the starting point of its
specification and should finish after the end of its specification.

The second form of modelling uses precedence relation-
ships, instead of pure transitions in order to describe behaviour-
al relationships between tasks. A precedence relationship is
stated between a set of source activities and another set of
target ones and establishes in a declarative way which require-

© Novatica

«Activity»

«end-start» «Activity»
TestSoftwComp

L - ’, - — = ImplementSoftwComp

TestSoftwComp depends on
ImplementSoftwComp.

The former may start only if

the latter has finished previously

Figure 6: A Precedence As A Dependency.

ments concerning the state of the source activities are needed
in order to start/finish the enactment of the target ones. Usually,
the second modelling approach (using precedence relation-
ships) provides not only a higher degree of freedom when
enacting it, but also a more expressive, realistic, and less strict
model.

The problem with precedence relationships is that UML does
not support them in a direct way. Hence, a UML extension is
necessary if such relationships are to be incorporated into the
PML. A precedence relationship may be modelled in UML as
a special kind of dependency between activities (see Figure 6).

4.2 Reactive Control

An expressive model for a software process should describe,
not only the proactive plan that the process is supposed to
follow during its enactment, but also its reaction to certain
events that may occur during such enactment (e.g., a notifica-
tion is received from the supervisor to abort the process or to
start at once a specific activity).

The reactive control of a PML is responsible for expressing
the behaviour of activities as a response to events. UML offers
several powerful reactive elements that may be used for this
purpose (i.e., state machines, events, signals, actions, etc.).
However, it is quite usual that current PMLs in the field of soft-
ware processes use some elements to model reactive control
which are not explicitly defined in UML. This is the case of
Event-condition-action (ECA) rules, which have become very
popular in the context of PMLs in order to model reactive
behaviour [2]. These rules establish the execution of an action
as a response to an event in the case that a certain condition
holds. ECA rules may be associated to model entities (e.g.,
activities). The introduction of ECA rules in a UML-based
PML, or other reactive elements, may lead to an extension of

BehaviouralFeature (UML)

b | b
ECARule

Transition (UML)

Figure 7: Definition of ECA-rules in PROMENADE
(Fragment).
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the UML metamodel. For instance, a UML-based PML called
PROMENADE (see Section 5 for an outline of it) provides a
definition of ECA rule both as a (UML) behavioural feature (so
that it can be associated to an entity as one of its features) and
as a (UML) transition (hence, it inherits the reactive behaviour
modelled by transitions); see Figure 7.

5 Some Proposals To Model Software Processes with
UML

Although most of the PMLs in the field of SPM that can be
found in the literature are not based on UML, in the late nine-
ties some approaches investigated the use of UML as a model-
ling formalism in the related fields of software and workflow
processes. These approaches did not made an entire proposal of
a PML but just focused on some of its elements. They shown
some drawbacks of activity diagrams and proposed some alter-
natives to describe process behaviour. Some of them were quite
unnatural (e.g., by means of class diagrams with stereotyped
associations for showing the control and data flow [5]).

The next step was to propose an extension of UML to
describe software processes. As we have seen, this can be
achieved either by defining a UML profile or by means of a
heavyweight extension.

The approach of defining a UML profile has been followed
in the own UML definition (in versions prior to 2.0 [11]), which
define a profile for software development processes. However,
this profile is quite basic, since it only defines some stereo-
types, no properties and almost no additional constraints. On
the other hand, the defined stereotypes do not seem to be suffi-
cient to deal with the terminology introduced by SPMs. Even
more, no behavioural aspects are mentioned in this definition.

In the last few years, two new UML-based proposals (name-
ly, SPEM [10] and PROMENADE [8, FR03]) have come up
sharing virtually the same innovative definition approach: they
are defined as heavyweight extensions of the UML metamodel
but they overcome the limitations suffered by these kinds of
extensions (namely, not full UML-compliance and, thus, no
standard languages) by offering a transformation of the extend-
ed metamodel into a UML profile. This seems to be a good
solution to keep the best of both worlds: while the heavyweight
extension ensures a proper language definition at the metamod-
el level, its transformation to UML profile guarantees conform-
ance with UML. Apart from this coincidence in the metamod-
elling approach, both proposals turn out to be quite different.

SPEM is an adopted specification of the OMG done by
several companies with the purpose of modelling a family of
software development processes (namely, RUP, SI Method,
OPEN, etc.). A process in SPEM is defined by means of itera-
tions, phases, activities and steps. Activities are not normally
decomposed beyond steps, which are atomic (therefore, only
two-levels of activity-subactivity decomposition are normally
considered). Control-flow in SPEM is based on dependencies
between activities (however, only finish-start and finish-finish
dependencies have been defined). SPEM does not define reac-
tive control-flow constructs. As a consequence of these
features, SPEM does not seem to be designed to describe
detailed processes.
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Figure 8: Use of Activity Diagrams in SPEM.

When the extended metamodel is transformed into an UML
profile, some stereotypes like Step, Guidance, Activity, etc. do
come up. Each of these stereotypes are given a suggested nota-
tion and may be used within usual UML diagrams in order to
model the various aspects of a process. For example, Figure 8
shows an activity diagram to describe the behaviour of a proc-
ess fragment.

PROMENADE is a PML which has been defined with the
objectives of improving expressiveness, flexibility, standardi-
zation and modularity in SPM construction. Remarkably, it
allows the modelling of complex and/or detailed software
processes in an expressive way by providing both proactive and
reactive ways to express model behaviour. Proactive control
relies on the notion of precedence relationship, which has been
defined in the framework of UML as a special kind of depend-
ency. Different families of such precedence relationships have
been defined. Furthermore, the modeller may define his/her
own new kinds of precedence relationships. In its turn, reactive
control is based on ECA rules. Figure 6, above, shows a very
simple example of a UML-compliant representation of a
PROMENADE precedence relationship between two activi-
ties.

Conclusion

One important challenge for the software process model-
ling research community is the development of standard nota-
tions to describe software processes. In all probability, such
standardization will contribute both to disseminate the research
results in software process technology all over the software
engineering community (including, software industry) and to
incorporate the formalization of software processes into the
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SPA&SPI initiatives. UML seems a good choice for such a
standard notation since it has become a standard de facto in the
modelling of object-oriented systems. While UML offers
enough expressiveness to model structural aspects of software
processes, some authors argue that more constructs should be
added to the language in order to model behavioural ones (e.g.,
proactive and reactive aspects). For this reason (and also to
define properly the specific concepts of software processes in
this language) UML-based PMLs should extend UML. Two
possibilities do exist to do that: the lightweight and the heavy-
weight extensions. The former defines a UML profile and the
latter, performs an explicit extension of the UML metamodel.

Several proposals have been defined in the last three or four
years in this sense: from quite basic UML profiles to more
sophisticated approaches like SPEM or PROMENADE.

It is worth mentioning that the use of UML as the basis to
construct PMLs will lead to standardization in the sense that
the defined PML will rely on a well-known syntax and seman-
tics, and it will be possible to use widespread UML-based tools
in order to model software processes. However, it is also true
that different PMLs may use UML in different ways (e.g., they
may use different constructs or the same constructs to model
different aspects). In any case, the use of UML will constitute
a qualitative improvement regarding SPM standardization.
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