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Key Issues and New Challenges in Software Process Technology

Jean-Claude Derniame and Flavio Oquendo

In the last two decades we have seen a tremendous development in software process research. During that
time there has been considerable progress in developing the technological base for supporting software
engineering processes. However, the changing face of technology and methodology (in particular agile
methods), the ever increasing complexity of software systems, and the revolutionary development in the
Internet have led to many interesting challenges and opportunities for new developments in Software
Process Technology. This paper examines some of the important trends of software process in research and

practice, and speculates on the important emerging challenges.

Keywords: Process Enactment, Process Modelling, Research
Directions, Software Process Technology.

1 Introduction
The software process of developing and maintaining a
product or a service plays a crucial role in determining the qual-
ity level of the product or service but also the cost of develop-
ing, supporting and maintaining it.

Process has been recognized important for decades in manu-
facturing, but it became, more lately, a priority in software
production and high-tech service provisioning. In fact, soft-
ware producers and telecommunications service providers,
from small vendors to giants like Microsoft and AT&T, have
started to model, analyse, and re-engineer or improve the proc-
esses used to produce, support and maintain their products and
services. Process improvement has finally been identified as a
major area in the high-tech industry.

The main stream of effort in industry, standardization bodies
and institutions has been devoted to process analysis and
assessment, which is fundamental when exchanging products.
Main stream of effort in research has been on defining languag-
es and building process-centred software engineering environ-
ments. From 1990 up to now a lot of them has been prototyped,
[6] and some of them industrialized.

Software engineering researchers have studied the software
production process quite thoroughly for many years now [4].
They have set two research goals: (1) developing a process
modelling, analysis and improvement methodology and (2)
improving process support technology.

The first goal motivated the development of numerous proc-
ess life cycle models, such as the waterfall model and the spiral
model [2], and methodological approaches to structuring,
organizing, documenting and formally describing processes in
order to evaluating or improving them, such as the Capability
Maturity Model (CMM) [14], Bootstrap [9], and the SPICE
ISO/IEC 15504 Standard.

The second goal motivated the development of Process-
centred Software Engineering Environments (PSEE), which
are software systems that assist in the modelling and automa-
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tion through enactment of software development processes.
Results of this research and development work have been
presented in several major international conferences and work-
shops: EWSPT (European Workshop on Software Process
Technology) series published since 1992 as LNCS (Lecture
Notes in Computer Science) by Springer Verlag, ISPW (Inter-
national Software Process Workshop) published by IEEE, and
ICSP (International Conference on the Software Process)
series published by ICSA (The International Software Process
Association), ACM Press. Promising approaches, technologi-
cal advances, and experiences in applying the process technol-
ogy have been published in proceedings and journals. Some
books also propose synthesis of the domain [8][4][15].

Since 1984 there has been considerable progress in develop-
ing the technological base for supporting software processes,
including Process Modelling Languages (PML) and Environ-
ments (see [1] for a comparative review of the state of the art).
However, the changing face of technology and methodology
(in particular agile methods), the ever increasing complexity of
software systems, and the revolutionary development in the
Internet have led to many interesting challenges and opportuni-
ties for new developments in Software Process Technology.
This paper examines some of the important trends and chal-
lenges of software process in research and practice.

Process model domain

Process models

Process
manager

Process enactment domain (E)

Programmers

The remainder of this paper is organised as follows. Section
2 introduces a conceptual and terminological framework in
order to structure software process concerns. Section 3 intro-
duces the CMM levels of software process maturity. Section 4
summarizes where we are today in Software Process Technol-
ogy. Section 5 speculates on the important emerging challenges
of Software Process Technology. Finally, Section 6 concludes
the paper.

2 Process Framework

We will use a conceptual and terminological framework
[5] in order to present key issues and future directions in Soft-
ware Process Technology. This conceptual framework,
sketched in Figure 1, introduces three software process
domains:
¢ Process model domain,
¢ Process enactment domain,
¢ Process performance domain.

The process model domain contains characterizations of
processes or fragments of processes, expressed in some nota-
tion, i.e. a software process modelling language, in terms of
how they could or should be enacted/performed. A software
process model is a software process abstraction described with
a formal or semi-formal software process modelling language.

Process performance domain (P)

Customers

Project
< > manager

&

Quality auditor

Test team

Legend

E>P assistance and support for performance
P>E performance feedback

Figure 1: Software Process Domains.
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A meta-process model represents the set of (meta-)activities to
model, to analyse software processes and to support their
evolution.

The process enactment domain encompasses what takes
place in a process-sensitive software engineering environment
to support process performance governed by process models.
Enactment comprises customization and instantiation. A
customized process model is said to be instantiated when its
artefacts are linked with concrete products and project resourc-
es. A customized process model is the result of the refinement
and adaptation of a generic process model to a specific project.
A Process-centred Software Engineering Environment encom-
passes the set of mechanisms that provides a variety of support
(assistance, guidance, monitoring, automation, etc.) to soft-
ware process performers by enacting an explicit representation
(i.e. model) of this process.

The process performance domain encompasses the actual
tasks and activities that are performed by the process agents
(human or not) in the course of a software process. A software
process is defined by the set of technical and managerial activ-
ities carried out in the production and the maintenance of soft-
ware. It is a partially ordered set of activities each of them is
associated with its related artefacts, human and computerizes
resources, constraints, policies, etc. In the process performance
domain, one may discern between the performer who may be a
project manager, a programmer, a system analyst, a quality
auditor, a tester, or the end-user who is the user of the product
that is developed.

3 Process Maturity

Software process maturity is the extent to which a specif-
ic process is explicitly defined, managed, measured, controlled,
and effective. As stated in [13], maturity implies a potential for
growth in capability and indicates both the richness of an
organization’s software process and the consistency with which
it is applied in projects throughout the organization. The soft-
ware process is well-understood throughout a mature organiza-
tion, usually through documentation and training, and the proc-
ess is continually being monitored and improved by its users.

The capability of a mature software process is known. Software

process maturity implies that the productivity and quality re-

sulting from an organization’s software process can be im-

proved over time through consistent gains in the discipline

achieved by using its software process. Process maturity levels

proposed by CMM are sketched in Figure 2.

These five levels of software process maturity can be charac-
terized as follows:

1) Inmitial. The software process is characterized as ad hoc,
and occasionally even chaotic. Few processes are defined,
and success depends on individual effort.

2) Repeatable. Basic project management processes are
established to track cost, schedule, and functionality. The
necessary process discipline is in place to repeat earlier
successes on projects with similar applications.

3) Defined. The software process for both management and
engineering activities is documented, standardized, and
integrated into a standard software process for the organi-

© Novatica

Continuously Optimizing l
improving (5)
process
Predictable Managed l
process f (4)
Standard, Defined I
consistent (3)
process
Disciplined Repeatable l
process (2)

Initial

(1)

Figure 2: The Five Levels of Software Process Maturity.

zation. All projects use an approved, tailored version of the
organization’s standard software process for developing
and maintaining software.

4) Managed. Detailed measures of the software process and
product quality are collected. Both the software process
and products are quantitatively understood and controlled.

5) Optimizing. Continuous process improvement is enabled
by quantitative feedback from the process and from pilot-
ing innovative ideas and technologies.

Maturity levels 2 through 5 can be characterized through the
activities performed by the organization to establish or improve
the software process. But why Software Process Technology is
relevant to practitioners wanting to move to higher process
maturity levels? Because they cannot get to CMM levels 3, 4,
and 5 without Software Process Technology. Indeed, Software
Process Technology can provide support for definition, meas-
urement, analysis, monitoring, guidance, and automation.

4 Yesterday and Today

On the one hand, software process modelling and
improvement are key aspects to practitioners to move to higher
process maturity levels, thereby mastering the process of devel-
oping and maintaining software. On the other hand Software
Process Technology provides a fundamental support for getting
to higher process maturity levels. How much progress have we
made during these two decades?

Yesterday

In the distant past of twenty years ago, software process was
largely an ad hoc affair. Definitions relied on informal dia-
grams, which were rarely followed by software engineers in or-
ganizations. The notion of software process was ill-understood.
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Today

Much has changed in the past two decades. Although there is
wide variation in the state of the practice, generally speaking,
software process is much more visible as an important and
explicit support activity in software development. Job titles
now reflect the role of software process engineers and compa-
nies recognize the importance of software process maturity and
invest in order to reach higher process maturity levels.

In addition, the technological basis for software process has
improved dramatically. Important advancements have been the
development of process modelling languages and process-
centred software engineering environments as summarized
hereafter.

4.1 Process Modelling Languages

A lot of PML proposals has been done relying on different
paradigms such as logic-based, procedural, rule-based, multi-
agents, active-databases, Petri nets, object oriented languages.
Process-centred environments have been built for them. Very
few have transformed to become product but a lot of ideas have
been used in current products. The main objective for an indus-
trial company, using PML, is probably to capitalize on the
employees experience to enhance the products quality. Capital-
izing on experience means to be able to reuse some parts of
process models, to share them, to distribute them, to adapt
them, to assembly components, to make components working
together. All this is a plea to have modular PMLs and to stand-
ardise them. Standards exists, e.g. ISO/IEC 12207 and OMG’s
SPEM (Software Process Engineering Metamodel).

The proposed PMLs enable an unambiguous description of
the process (level 2). Most of them focus on performance sup-
port, and they permit, as well as standards, to reach the level 3
in CMM classification. Some of them address the process mod-
el improvement problem. An unambiguous representation of
the process may also provide to the project management team
the mean to monitor the project under development with
respect to the plan, the mean to react to the deviations and to
trace the ongoing process. Progress in this direction is obvious-
ly desirable to reach level 4 and 5.

Describing and modelling software processes can be done for
many different purposes from understanding, towards perform-
ance, passing through evaluation, performance, guidance,
improvement, etc. each purpose can be addressed with different
strategies. Hoping to make a unique PML largely adopted is
certainly utopian. As a consequence, we need several PMLs or,
preferably, several facets, issued from a common PML archi-
tecture, acting in the same environment, and supporting these
different purposes,

Maybe, these languages are not yet at the adequate level of
abstraction to reach this objective. Reaching the good level of
abstract should be based on a more experimental approach.

4.2 Process-centred Software Engineering Environments
This multi-purpose dimension is peculiarly important if the
PSEE must support process performance, which means provid-
ing a variety of supports (assistance, guidance, monitoring,
automation, etc) to software process performers. In this case,

14 UPGRADE vol. v, No. 5, October 2004

requirements concern at one and the same time PML and

PSEE. Between them, some address real challenges [1].

* The PSEE should support dynamic ordering of activities: If
ordering of activities can be dynamically built and modified,
the PSEE enactment engine will be able to continue to sup-
port and assist process performance. Humans interacting
with the PSEE, distributing and managing the “control”
between them is a key issue: with a balance to offer in terms
of discipline vs. initiative, modelling and controlling facts
vs. intentions, etc. The fundamental discussion about “Soft-
ware Processes are software too” raised by [12] and [10] is
obviously not finished. In order to progress towards level 4,
the PML, and the PSEE as PML support, should support
flexibility to be usable within the strategy adopted by a com-
pany, which can go from a strict disciplined “plan-driven”
process towards a fully free process where “deviation is a
standard”.

e The PSEE should support software process distribution,
which encompasses process modularity, heterogeneity,
interoperability, composability, process fragments federa-
tion. It implies also that the PSEE must be able to support
communication, coordination, cooperation and negotiation
between user performers with their different roles. The
PSEE process representation formalism must provide the
means of representing performers’ social interaction in the
process enactment state and to keep this state updated about
what happens in the performance domain. Performers’
communication and negotiation may result in unexpected
changes and decisions about the software process. In order
to maintain consistency between enactment and perform-
ance states, these changes and the social interaction that
leads to them needs to be represented in the enactment state.

e The PSEE should support software process evolution: off-
line evolution and on-line evolution. In this case, conse-
quences on on-going current processes and processes having
yet passed beyond the point of change in the model must be
considered. Most of the PSEEs proposed by researchers
explore solution for a shared evolution but not when
conflicts occur with process fragments already performed
being in conflict with the changed model. PSEEs must also
support private evolution: change will be local to the process
model instance that is currently enacted, without impacting
nor the enacted model, nor the model itself: process devia-
tions against the model must be supported, negotiable, and
their impact must be managed.

Tomorrow
What about the future? Although software process is on a
much more solid footing than two decades ago, it is not yet
established as a discipline that is taught and practised univer-
sally across the software industry. One reason for this is simply
that it takes time for new approaches and perceptions to propa-
gate. Another reason is that the technological basis for software
process is still immature. In both of these areas we can expect
that a natural evolution of the field will lead to steady advances.
However, the world of software engineering and the ways in
which software is being developed are changing in significant
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ways. These changes promise to have a major impact on how
software process is practised. In the remainder of this section
we consider three of the more prominent trends and their impli-
cations for the field of software process.

5.1 Agile Software Development

In the past few years there has been a rapidly growing interest
in agile (aka “lightweight”) software development methodolo-
gies. Similarly, plan-driven methodologies1 have been
described as rigorous, disciplined, bureaucratic, heavyweight,
and industrial-strength.

Several methodologies fit under this agile banner, including

[7]:

e XP (Extreme Programming): XP builds an evolutionary
design process that relies on refactoring a simple base
system with each iteration. All design is centred around the
current iteration with no design done for anticipated future
needs. The result is a design process that is disciplined, yet
startling, combining discipline with adaptivity in a way that
arguably makes it the most well developed of all the adap-
tive methodologies.

* Crystals: The Crystals share a human orientation with XP,
but this people-centredness is done in a different way. It
explores a least disciplined methodology that could still suc-
ceed, consciously trading off productivity for ease of execu-
tion. It also puts a lot of weight in end of iteration reviews,
thus encouraging the process to be self-improving. His
assertion is that iterative development is there to find prob-
lems early, and then to enable people to correct them. This
places more emphasis on people monitoring their process
and tuning it as they develop.

* ASD (Adaptive Software Development): At the heart of
ASD are three non-linear, overlapping phases: speculation,
collaboration, and learning. It views planning as a paradox
in an adaptive environment, since outcomes are naturally
unpredictable. In traditional planning, deviations from plans
are mistakes that should be corrected. In an adaptive envi-
ronment, however, deviations guide us towards the correct
solution.

e Scrum: Scrum focuses on the fact that defined and repeata-
ble processes only work for tackling defined and repeatable
problems with defined and repeatable people in defined and
repeatable environments. Scrum divides a project into itera-
tions (which they call sprints) of 30 days. Before you begin
a sprint you define the functionality required for that sprint
and then leave the team to deliver it. The point is to stabilize
the requirements during the sprint. However management
does not disengage during the sprint. Every day the team
holds a short (fifteen minute) meeting, called a scrum, where
the team runs through what it will do in the next day.

* FDD (Feature Driven Development): FDD like other adap-
tive methodologies focuses on short iterations that deliver
tangible functionality. In FDD’s case the iterations are two
weeks long. FDD has five processes. The first three are done

1. Plan-driven was coined by Barry Boehm [3] to characterize the
opposite end of the planning spectrum from agile methodologies.

© Novatica

at the beginning of the project: Develop an Overall Model,
Build a Features List, and Plan by Feature. The last two are
done within each iteration: Design by Feature and Build by
Feature. Each process is broken down into tasks and is given
verification criteria.

Agile methodologies imply disciplined processes, even if the
implementations differ in extreme ways from traditional soft-
ware engineering and management practices [13]. The chal-
lenge here for Software Process Technology is how to support
agile methodologies, even though agile methodologies appear
to be incompatible in principle with the discipline of “plan-
driven” software process modelling and enactment. In addition,
the implementation of those methodologies must be aligned
with the spirit of the agile philosophy and with the needs and
interests of the customer and other stakeholders. Perhaps the
biggest challenge in providing process languages and process-
centred environments for effectively addressing both agile and
plan-driven methodologies is dealing with extremists in terms
of process deviation.

5.2 Open Source Software Development

There is a definite way of doing things in the open source
community, and much of their approach is as applicable to
closed source projects as it is to open source. In particular their
process is geared to physically distributed teams, which is
important because most adaptive processes stress co-located
teams.

Open source software development is distributed by nature.
Most open source projects have one or more maintainers. A
maintainer is the only person who is allowed to commit a
change into the source code repository. Different projects
handle the maintainer role in different ways. Some have one
maintainer for the whole project, some divide into modules and
have a maintainer per module, some rotate the maintainer,
some have multiple maintainers on the same code, others have
a combination of these ideas. Even if the coordination process
is devised, the software process for open-source is not well
written up.

The challenge here for Software Process Technology is how
to support the freedom of Open Source Software Development
while enforcing personal and coordination processes.

5.3 Global Software Development

Global software development is increasingly becoming
common practice in the software industry, as the ability to
develop software at remote sites in projects such as develop-
ment outsourcing allows organizations to ignore the geograph-
ical distance and benefit from access to a qualified resource
pool and a reduction in development costs.

Indeed, the increased globalization of software development
creates software process challenges due to the impact of tem-
poral, geographical and cultural differences, and requires
development of models to address these issues. Besides
addressing these issues, the challenge here for Software Proc-
ess Technology is how to support distributed, heterogeneous,
dynamically created and managed software processes while
maintaining and improving the “global view”.
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6 Concluding Remarks

In this paper we have attempted to provide a high-level
overview of key issues and new challenges in software process
technology by presenting where we have come over the past
years and speculating about needs for the coming years.
Indeed, the field of software process is one that has experienced
considerable growth over the past two decades. As software
engineering matures into an engineering discipline, there are a
number of process-related challenges that will need to be ad-
dressed. Many of the solutions to these challenges are likely to
arise as a natural consequence of maturation of software proc-
ess practices and technology that we know about today. New
challenges arise because of the shifting landscape of software
engineering methods and the needs of process support for agile
and Internet-enabled software development. Other challenges
will come from new paradigms for engineering software such
as the product line approach to software development and
model-driven engineering.
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