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ABSTRACT
In this paper the most relevant works related to software process
are reviewed. Software process modelling tries to capture the
main characteristics of the set of activities performed to obtain a
software product, and a variety of models have been created for
this purpose. A process model can be used to define a
recommended software process. This paper deals with the
prescriptive software process modelling and the most relevant
results of this approach is presented.

2. SOFTWARE PROCESS BASICS
2.1. What is the Software Process?
Originally, the term life cycle was employed in every software
development project [19]. Even though the notion of software
process was present in these projects, the concept of software
process was not clearly identified [12][47]. As software and
software construction were further investigated, the software
process acquired an identity in its own right and has been the
subject of research and investigation in recent years [26][33].
The view taken of this concept is as follows [1].
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1. INTRODUCTION
The software process is a critical factor for delivering quality
software systems, as it aims to manage and transform the user
need into a software product that meets this need. In this
context, software process means the set of activities required to
produce a software system, executed by a group of people
organised according to a given organisational structure and
counting on the support of techno-conceptual tools. General
concepts about software process will be presented in this paper
and some specific approaches will be highlighted.
Software process modelling describes the creation of software
development process models. A software process model is an
abstract representation of the architecture, design or definition
of the software process [25]. Each representation describes, at
different detail levels, an organisation of the elements of a
finished, ongoing or proposed process and it provides a
definition of the process to be used for evaluation and
improvement. A process model can be analysed, validated and
simulated, if executable. The process models are used mainly
for software process control (evaluation and improvement) in an
organisation, but they can be also used for experimenting with
software process theory and to ease process automation.
This aspect of the software development process that are going
to be addressed in this paper (sections 3 and 4 deal with
software process modelling). Firstly, some basic concepts
related to this subject are presented in section 2.

Software process is a partially ordered set of activities
undertaken to manage, develop and maintain software systems,
that is, the software process centres on the construction process
rather than on the product(s) output. The definition of a
software process usually specifies the actors executing the
activities, their roles and the artefacts produced. An organisation
can define its own way to produce software. However, some
activities are common to all software processes. A software
process model is an abstract representation of the software
process. The two key international standards that prescribe
processes for developing and maintaining software are IEEE
1974-1991 [36] and ISO/IEC 12207 [37]. Both standards
determine a set of essential, albeit unordered activities, which
have to be completed to obtain a software product. They do not
prescribe a specific life cycle. Each organisation that uses the
standard must instantiate the prescribed process as a specific
process. ISO/IEC 12207 presents a process of adaptation that
defines the activities required to tailor the standard to an
individual software project. A variety of software process
models have been designed to structure, describe and prescribe
the software system construction process [38][10][50][36][42]
[20][48][41][6][26][37][28][9][1]. These models will be dealt
with in more detail in section 4, which addresses software
process definition.

2.2. Software Process Modelling
The modelling of the software process refers to the definition of
the processes as models, plus any optional automated support
available for modelling and for executing the models during the
software process. Finkelstein et al. [26] define a process model
as the description of a process expressed in a suitable process
modelling language. There are other possible uses of software
process models that will not be considered, such as the

introduction of a new process in an organisation and personnel
training/motivation.
Curtis et al. present some of the specific goals and benefits of
modelling the software process [18]:
1. Ease of understanding and communication: requiring a
process model containing enough information for its
representation. It formalises the process, thus providing a
basis for training.
2. Process management support and control: requiring a
project-specific software process and monitoring,
management and co-ordination.
3. Provision for automated orientations for process
performance: requiring an effective software development
environment, providing user orientations, instructions and
reference material.
4. Provision for automated execution support: requiring
automated process parts, co-operative work support, a
compilation of metrics and process integrity assurance.
5. Process improvement support: requiring the reuse of welldefined and effective software processes, the comparison of
alternative processes and process development support.
Different process models can define different points of view.
For example, one model may define the agents involved in each
activity, while another may centre on the relationship between
activities. There is a model that addresses the organisational
culture and focuses on the behavioural capabilities or duties of
the roles involved in the software process [2][3]. This means
that each model observes, focuses on or gives priority to
particular points of such a complex world as software
construction [22][25]. A model is always an abstraction of the
reality and, as such, represents a partial and simplified
description of the reality; that is, not all the parts or aspects of
the process are taken into account in the model. Generally, a
process model can be divided into several sub-models
expressing different viewpoints or perspectives. Additionally,
there is a variety of notations for defining the process models as
described in section 3.2.
The results achieved so far in software process research are
comprehensively reviewed in [4] and [21], and [30] presents an
overall critical evaluation and possible directions for future
research.

3. ELEMENTS AND APPROACHES OF
SOFTWARE PROCESS MODELLING
Firstly, we are going to deal with the basic process-related
elements, as well as their possible interrelationships. The
different approaches to modelling will then be presented from
the viewpoint of the information they can address.

3.1. Basic Process Modelling Elements
The software process basically consists of two interrelated
processes: the production process and the management process.
The first is related to the construction and maintenance of the
software product, whereas the second is responsible for
estimating, planning and controlling the necessary resources
(people, time, technological, ...) to be able to carry out and
control the production process. This control makes it possible to

generate information about the production process, which can
be used later on by the management process with a view to
improving the software process and increasing the quality of the
developed software. There are two main submodels in process
modelling: the management process model and the production
process model [21].
Different elements of a process, for example, activities,
products (artefacts), resources (personnel and tools) and roles,
can be modelled [34]. There are several classifications
concerning the main elements of a process model [44][25][16].
The elements most commonly modelled are presented below
[11][26][47][29]. Figure 1 shows these elements and their
interrelationships. Other possible elements like event,
project/organisation, workspace (repository), user viewpoint,
model of co-operation, versioning, transactions, quality, etc.
will not be considered.
- Agent or Actor: is an entity that executes a process. Actors can
be divided into two groups as regards their close relationship
with the computer: a) human actors, who are the people who
develop software or are involved in the software process and
are possibly organised as teams; b) system actors or system
tools, which are the computer software or hardware
components. An actor is characterised by the properties of its
role and its availabilities. An actor, person or system can play
several roles, which are composed of consistent sets of
activities. A role can be judged by several co-operative actors.
- Role: describes a set of agent or group responsibilities, rights
and skills required to perform a specific software process
activity. This is an association between agents and activities
in terms of a defined set of responsibilities executed by
agents.
- Activity: is the stage of a process that produces externally
visible changes of state in the software product. An activity
can have an input, an output and some intermediate results,
generically termed products (they can be software products,
requirements specification documents, database schemata,
etc.). The activity includes and implements procedures, rules,
policies and goals to generate and modify a set of given
artefacts. This activity can be performed by a human agent or
using a tool. The activities can be divided into more
elementary activities; that is, there are elementary or
compound activities. The activities can be organised in
networks with both horizontal (chained) and vertical
(decomposition) dimensions. The activities are associated
with roles, other activities and artefacts.
- Artefact or Product: is the (sub)product and the “raw
material” of a process. An artefact produced by a process can
be used later as raw material for the same or another process
to produce other artefacts. An artefact or software product is
developed and maintained in a process. An artefact can have a
long lifetime, and there may be different versions of each
artefact as the software process evolves. The (sub)products
can be created, accessed or modified during a process activity.
A set of software artefacts to be delivered to a user is named
software product. Therefore, a relationship “composed of” can
appear between the products.
The relationships between these elements, such as
activity/role/actor interaction, activity-activity interaction,
product-activity interaction, product-product interaction, are
described in [11].
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approaches, they all use textual representations. Secondly, most
of them are already at a programming language level of
abstraction. Thus, they make it difficult to model a problematic
situation directly, whereas they force the engineer or process
manager to take into account many technical aspects of the
modelling formalism [24].
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Figure 1. Basic process modelling components
Definitions of the process modelling concepts are found in
[15][44] and the main software process models that use these
concepts are described in [26].

3.2. Modelling Approaches
There are different types of process modelling. Processes can be
modelled at different levels of abstraction (for example, generic
models versus tailored models) and they can also be modelled
with different goals (descriptive models versus prescriptive
models). The distinguishing features of these models have been
described in [35][46][47][49]. The types of information in a
process model can be structured from different viewpoints.
Curtis presents the following list of information perspectives
commonly found in the literature [18]:
- Functional: represents which process elements are being
implemented and which information entity flows are
important for the above process elements.
- Behavioural: represents when (that is, sequentiality) and
under which conditions the process elements are
implemented.
- Organisational: represents where and by whom in the
organisation the process elements are implemented.
- Informative: represents the information entities output or
manipulated by a process, including their structure and
relationships.
The models are built according to the languages, abstractions or
formalisms created for representing the specific information
about these characteristics. None of these abstractions
(procedural programming language, systems analysis and
design, artificial intelligence languages and approaches, events
and triggers, control flow, state transition and Petri nets,
functional languages, formal languages, data modelling, object
modelling, etc.) covers all the classes of information. Therefore,
most of the models found in the literature present languages
based on more than one of these abstractions. These models
consider the need to integrate multiple representation paradigms
(that is, different process models), although this generally
makes the model more complex to define [57].
On the one hand, a wide variety of notations have been used to
model processes. A text that describes different notations for
modelling the process is [55]. There are no data on which of the
available notations are more useful or easier to use under given
conditions.
On the other hand, as mentioned above, a variety of multiparadigm approaches have been proposed for modelling
software processes. These approaches have two main
characteristics. Firstly, excepting mainly Petri net-based

4. OVERVIEW OF PRESCRIPTIVE
SOFTWARE PROCESS MODELS
The goal of prescriptive modelling is to define the required or
recommended means of executing the process [47]. The
software process models that go by the name of prescriptive
models answer the question, “how should the software be
developed?” [44]. McChesney [47] divides this group of models
into two categories (manual prescriptive models and automated
prescriptive models), depending on the goal of the prescriptions.
Manual prescriptive models can be standards, methodologies
and methods centred on management, development, evaluation
and software life cycle and organisational life cycle support
processes. The models belonging to this category include: a)
traditional structured methodologies; b) object-oriented
methodologies; c) knowledge engineering methodologies; d)
organisational design methodologies, which are considered as
some of the most representative in the field of socio-cultural
systems [27][51]; e) software life cycle development process
standards; and f) software process evaluation standard- or
model-based methods.
The automated prescriptive models perform activities related to
assistance, support, management and/or computer-assisted
software production techniques. The models belonging to this
category include: ALF [13]; IPSE 2.5 [58]; Marvel [39]; PMDB
[48]; SOCCA [24]; SPADE [7][8]; TRIAD [50]. These models
are computerised specifications of software process standards.
Their main aim is to act as a guide for the software modelling
process; that is, they are directed at aiding process agents by
mechanically interpreting software process models [45]. The
automated prescriptive models can be divided into two
categories, depending on the guiding criterion selected to
address software process modelling: a) activity-oriented models
and b) people-oriented models.
Activity-oriented models focus on the functions, activities of
and information about parts of the management, development
and software life-cycle support processes. These include
TRIAD, Marvel, IPSE 2.5 and SPADE, for example. Peopleoriented models focus on the specifications of the people
involved in the software process and their relationships. They
include SOCCA, ALF, PMDB. People are the least formalised
factor in existing software process models. Their importance,
however, is patent [54]: their behaviour is non-deterministic and
subjective and has a decisive impact on the results of software
production, which is a basically an intellectual and social
activity [31]. Additionally, the non-specification of human
resources means that the process does not reflect the actual
status of the software process of the modelled organisation,
having the added risk of processes not suited to the capability of
the organisation’s human resources being executed [52][59].
As mentioned above, a variety of multi-paradigm software
process modelling approaches have been proposed. Most focus
on one main paradigm, like rules (Marvel, for example),

In relation to the manual prescriptive models, the software life
cycle process standards are informal and consider only the
functional perspective of the information in the model, as shown
under the columns labelled Notation characteristics - From the
viewpoint of the information quality (informal) and Information
perspectives (functional).

imperative programs (TRIAD/CML, for example), activityoriented programs (IPSE 2.5) or Petri nets (SPADE, for
example). The integration of formalisms to describe both the
software process and the members of the process and their
relationships, which explicitly includes the human components
and any interaction in which they are involved, has been
proposed by approaches such as SOCCA, ALF and PMDB. The
complexity of the resulting software, which over-stretches both
the technical and organisational management, can be better
dealt with in this manner.

The table shows that the representations of prescriptive software
process models have focused on three elementary process
features: the activity, the artefact and the agent (human and
computerised) [47]. However, other characteristics, like human
and organisational roles, have been empirically proven to have a
big impact on the production process [32][17][14][56][23]
[53][40]. Most of the existing software process models deal
with roles partially [43][26], while the organisation is
considered as separate from the characteristics applied for
modelling the software process or it is ignored [24]. This is
because the organisation is the software process environment
and is not, therefore, explicitly modelled. Therefore, these
software process models are not integral and joint modelling
approaches to the technical and organisational characteristics of
the software process.

Each of these classes is addressed below from the viewpoint of
model criteria, representation criteria and methodological
criteria in order to identify the elements that represent the
software process and, therefore, model the process in question.
The prescriptive models considered are shown in Figure 2. Just
two process definition standards were considered for manual
models. The most important automated models were chosen
[5][45][47][30]. These prescriptive models are characterised
according to the above-mentioned criteria in Table 1. If they
meet a table characteristic, the respective table cell is marked
with X, otherwise the space is left blank.

According to Table 1, the most applicable model is SOCCA, as
the model formally addresses human resources and the software
process interactions in which they are involved and specifies a
procedure for building and adapting generic software process
models, as reflected under the columns labelled Modelling
procedure (developed) and Procedure definition (defined).
However, the proposed guides do not cover all the desired
concepts, objects, characteristics and software process
environments nor is there a fully comprehensive and formal
modelling process [45], as observed under the column
Procedure coverage(partial).
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Figure 2. Prescriptive models
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Owing to the complexity of and the requirements for modelling
the software process, the best thing appears to be for each lowlevel modelling or software process implementation to be
derived from a high-level specification step, where all the
information perspectives can be modelled: a) separately and b)
as integrated components of a full specification. Such a modular
specification reduces the complexity of the modelling activity
and increases the possibility of software process model change
and evolution. SOCCA, ALF and PMDB consider these aspects,
generally taken into account from the software engineering
viewpoint. These are the three most advanced and complete
models. They model the software project life cycle process and
investigate the use of a process model, in this case SOCCA,
ALF or PMDB, as a conceptual and user interaction model and
as a framework for integrating tools and/or agents and roles.
The approach is incremental, as the whole life cycle is long and
complex. Special emphasis is placed on process formalisation,
large project support, generalisation and extendibility.
Additionally, as mentioned above, SOCCA gives directions on
an aspect that is often neglected in software engineering: the
problem of the specification under development having to
describe not only the technical but also the human parts of the
software process, or better still, the human resources, the
software process and all classes of interaction between the
different non-human and human parts. However, SOCCA does
not deal with the cultural software process modelling questions,
absent as well in the other models analysed or considered
informally in the socio-cultural models [27][51], as observed
under the creative capability, social interaction and
environment flexibility columns of the Cultural environment of
the process addressed by the model. Table 1 shows that the
organisational, cultural and scientific/technological environments are not integrated in the models in question (as shown
under the columns of the same name).
Finally, Table 1 evidences one of the main limitations of
existing models: the lack of proposed guides for identifying and
defining all the essential organisational and software process
conceptual modelling process components. In other words, it
confirms that all the prescriptive models considered lack a
defined and fully comprehensive software process modelling
procedure. This procedure should provide a formally integrated
model of both the software processes and the organisational
environments [24][13][57].
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