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Abstract. Software process modeling is gaining acceptance because of
the evolving Software Process Engineering Metamodel (SPEM) language.
While carrying out empirical process research in software companies in
order to model reusable process components with SPEM, we have faced
issues that concern Software Process Improvement (SPI) more gener-
ally. To understand the general context we have structured these issues
into five important aspects of SPI. In this paper we present each as-
pect through its challenges and opportunities from the process modeling
point of view. Consequently, we claim that by overcoming the challenges,
process modeling will bring new concrete opportunities for SPI

1 Introduction

During the last year we have worked on modeling software process frameworks
into reusable process components using Software Process Engineering Meta-
model (SPEM) process modeling language [I]. The aim of this modeling task
has been to identify process content that can be encapsulated as process com-
ponents and to define guidelines for reusing and tailoring the components for
different process contexts. Although the modeling language has the needed ex-
pressive power, we constantly ran into situations where we faced many different
modeling alternatives, but could not find decisive arguments for choosing be-
tween them. This is evidently due to our narrow focus on the modeled process
framework as an isolated system; we lacked the software development context
where the modeled process framework would be used in. This inspired us to
conduct an empirical study on the process needs in different types of software
companies, aiming at defining the missing process modeling context. Especially,
we concentrated on the variation in processes within the software development
companies. We wanted to understand the extent of process variation, and how
the companies currently manage to provide process support for different types of
projects. It turned out that except for the largest companies, process variation
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had not been studied. Typically the companies had a single process that was
generic enough to fit any project.

Software process modeling has a long research history, but industrial adoption
has been slow [2]. The reason for this is twofold. First, SPI itself is complex
and evolving issue that still faces many improvement needs [3]. Second, process
modeling has a more comprehensive effect on SPI than is generally understood.
Process modeling does not simply enhance SPI by making process definition and
communication more efficient and increasing process presentation clarity, but it
also brings a qualitative change to SPI widening its role in the organization.

Based on our experience in process modeling and the empirical study, we have
identified areas that have an important role in realizing the potential of process
modeling. This paper is structured along these areas: (i) business, project and
process coherence, (ii) process frameworks, (iii) process definition, (iv) SPI cycle,
and (v) organization’s capability. For each area, we discuss the basic challenges
that must be overcome and present opportunities for process modeling technol-
ogy. The areas are illustrated in Figure [l
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Fig. 1. The areas of concern in realizing the potential of process modeling in a successful
SPI function

2 Business, Project and Process Coherence

The fundamental task of the SPI function is to constantly take care of the soft-
ware processes so that they match the needs of the company’s current business
objectives. The relevant business goals are company specific and typically in-
volve a mixture of issues of profitability, time-to-market, market share, product
strategy, sufficient product and operations quality, and cost efficiency of soft-
ware development. Also, issues like organizational learning, skills management,
core competence and outsourcing management relate to the software develop-
ment processes. In order to meet the business goals, SPI typically targets process
structure and work practices, tooling, quality assurance, compliance to various
quality standards or maturity frameworks, software reuse for accumulating long
term value, and risk management.
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While the fitness of specific processes or methodologies to a certain business
context is a common topic in SPI literature, we have found only few cases where
the discussion is brought down to practical level where business objectives, de-
scribed as business factors, are mapped to concrete software process properties.
The situation can be clarified by categorizing business factors with respect of
stability and volatility, as presented in Figure[2l Stable factors are those that re-
main unchanged across projects, e.g. organization structure, market situation or
product roadmap. Volatile factors vary from project to project including issues
like uncertainty of requirements, customer relationship, timeliness requirements,
and expected product life span. Traditionally, SPI focuses on stable business fac-
tors while volatile project dependent factors are summarized as typical project
factors of an average project. This is adequate with similar projects, but fails to
provide sufficient process support when the volatile factors vary substantially.

Business context
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Fig. 2. The stable and volatile business factors map differently to process properties
of a project

Coping with the volatile business factors requires empowering SPI with the
ability to customize processes for each project based on the project’s unique
needs. Many popular process frameworks include mechanism for this kind of
two-level process tailoring [45l6]. However, the frameworks do not explicitly
define any business factor taxonomies to guide process tailoring. The required
taxonomy consists of (i) business factors and process properties that are catego-
rized and (ii) a mapping from business factors to process properties.

Several business factors have been proposed as the basis for process selec-
tion and process customization. We present briefly the approaches of Cockburn
and Boehm& Turner. However, neither of these consider the stability of involved
factors, instead their work defines common project factor combinations.

Cockburn’s Crystal methodology family is adapted to a project in two steps
[7]. First a ‘methodology type’ is selected according to project size and criticality
of the developed system. Other factors are taken into account in the second
step as priorities that reflect the business objectives that the project faces, e.g.
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productivity, repeatability and correctness. The rationale for the first step is
that a larger crew needs a more formal methodology and that a more critical
system needs more publicly visible correctness in its construction. While this
kind of methodology family and selection framework can certainly support high
versatility of projects, it is fair to ask how much effort is needed to develop and
maintain possibly a few dozen separate processes. Also, the development team’s
capability to carry out this many methodologies is questionable. However, the
factors and priorities are expertly chosen and they certainly capture significant
causes of project specific process needs.

Boehm and Turner define two opposite home grounds; one where agile ap-
proach is likely to pay off, and another which favors plan-driven methods [§].
They present five critical factors that position a methodology or project with
respect to these two home grounds, and also a risk based tailorable method for
balancing between them. The positioning factors are system criticality, number
of project personnel, skills and capabilities, project dynamism, and organiza-
tion culture. These factors are used for analyzing the risks of employing agile or
plan-driven approach. The process is then tailored to mitigate the risks.

2.1 Challenges

It appears that there is no universal way of choosing which business factors to
use as the basis for process variation and the issue is organization and business
dependent. For example, the size of the project is generally an important factor,
but in some cases other factors like geographical distribution of the development
organization can dominate over mere project size.

Thus, the first challenge is to identify the stable and volatile business factors
by systematically analyzing the company’s business context and projects. Under-
standing which factors have high priority creates a basis for process design, and
is beneficial also for its own sake: The forces that are present can be balanced,
risks mitigated and long term business value secured.

The second challenge is supporting the relevant business factors with the soft-
ware process. This involves selection and adaptation of the process framework,
discussed in Section Bl and mapping the business factors to process properties to
provide the basis for process tailoring. Mapping the factors to software process
properties ties business factors together with development aspects so that they
can be resolved together.

2.2 Opportunities

The main opportunity lies in being able to take volatile project factors into ac-
count by creating a customized process for a particular project. This is clearly
the motivation behind the Crystal methodology family which aims at tailoring
a methodology for a project fast enough to get the benefits of customized pro-
cess before the project is over. Boehm and Turner propose that methods and
processes should be built-up, not tailored-down. This should be supported by
a repository of ‘plug-compatible’ process assets that could be quickly adopted,
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arranged, and used to support specific projects. We share these views and be-
lieve that process modeling will provide mechanisms (i) for defining core process
structure and content that capture the stable business factors and (ii) for encap-
sulating the volatile project factors into process components or other reusable
or tailorable process assets.

3 Process Frameworks

From the process modeling viewpoint, a process framework describes what must
be managed when organizing work, work products, and teams in a given context.
The context allows us to have constraints from which, for example, best practices,
standardization, and cost-efficiency arise. The most crucial constraints are called
dominant assumptions because they define the fundamental characteristics of the
process framework. For example, in IBM Rational Unified Process (RUP) it is
assumed that Elaboration phase establishes and stabilizes the architecture of a
system, and this property is relied on the succeeding Construction phase [5]. In
Extreme Programming (XP) process it is assumed that a customer with proper
skills and knowledge is constantly available [9]. This is imperative since most of
the work in XP relies on instant customer feedback.

Incorporating a new process framework to a company has initiation and man-
aging phases. The initiation of the framework begins with determining and
adapting it from the perspective of the company’s organization and business
context. After this, the process framework is institutionalized to ensure that
the organization is able to run it: The skill sets of the company’s personnel
are supplemented so that the process’s practices become organizational process
capabilities. This gives concrete means to manage the institutionalized process
framework issues, such as project wise tailoring and co-existing frameworks.
Figure Bl illustrates the situation where a company initiates projects with agile,
RUP, and Microsoft Solution Framework (MSF) [10] process frameworks.

3.1 Challenges

A process framework should be initiated in steps, as described in [I1]. In the
first step, the process framework is selected and in the second step this company
level process is institutionalized. These steps form the two principal challenges
of framework adoption.

The first challenge, selecting the framework to fit the company’s stable busi-
ness factors and context, requires understanding the dominant assumptions of
the framework under consideration. These assumptions set the limits for the
modification of the framework. For example, considering the modifiability, XP
is a more specific process than RUP. The applicability of XP is narrow with
specific demands, e.g. a single co-located team. Furthermore, the fundamental
rules and practices of XP are entwined so that they cannot be altered or re-
moved without in depth analysis of the consequences. On the other hand, the
standard RUP is more modifiable but can only be enacted with adaptation. The
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Fig. 3. Initiating process standard frameworks for projects. The projects can run in
sequence or in parallel.

goal should be the most specific process framework with respect to the dom-
inant assumptions and modifiability that does not cause foreseeable conflicts.
The second challenge in the initiation phase is to institutionalize the selected
process framework. This requires that SPI is able to model, manage and utilize
personnel skills and organizational capabilities.

A more serious challenge lies in project specific framework adaptation that
takes the volatile business factors into account. If the SPI cycle does not keep
up with the change rate of the main project factors, it is inevitable that either
the work in the project will not conform to the process or the process is used
to coerce the work to become inappropriate. This can be an indication of that
in terms of dominant assumptions and modifiability a more general or totally
different process framework should be used.

Adjusting, adapting, or tailoring an institutionalized process framework is
only rarely about including or excluding process elements. For example, it seems
unlikely that just removing artifacts, tasks, or roles from a complex framework
we get a simpler but still applicable process. If this kind of scalability is possible,
it should be defined as a feature in the framework itself. Thus, the SPI’s challenge
is to cope with the nontrivial management of the company’s process frameworks.

A company runs multiple projects in sequence or even in parallel. Because the
projects are highly cohesive but rather decoupled, this introduces the continuity
problem: How to handle process related know-how, learning, and innovation? It
is in the SPI’'s domain to clarify relationships between the projects that utilize
different process frameworks. Process modeling can be used for providing con-
cepts to express explicitly the strategic in-house requirements that affect every
process. Process modeling should make SPI more cross-cutting to projects.

All of the preceding challenges call for common conceptualization of the
process frameworks. In order to manage multiple institutionalized process
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frameworks at the same time there must be unifying vocabulary that can de-
scribe the processes’ similarities and differences. For example, see [12] for various
frameworks and [13] for framework attributes taxonomy.

3.2 Opportunities

In a complex problem domain the introduction of common understanding of
concepts, relationships, and terminology has often advanced both the research
and commercial use. We believe that process modeling will affect SPI similarly,
and it will benefit and widen the area where SPI operates successfully. The
following process modeling opportunities can contribute to more advanced SPI.

Process modeling separates the definition and use of the process. This means
that on one hand, process models can be structured from the perspective of
managing large process libraries with efficient tools and practices. On the other
hand, the defined processes can be presented in various formats and integrated
tightly to project work using tools that are independent of process management.

The opportunity of process management is to achieve specificity and gen-
erality at the same time. In practice, process definitions must be structured
according the stable and volatile factors using e.g. process components, compo-
sition and tailoring mechanisms. This opportunity is materializing rapidly with
the appearance of process authoring tools, e.g. Eclipse Process Framework [14]
that implements needed process management features.

The opportunity of process usage involves presentation media independence,
more interactive ways of presenting the processes, coupling process models to
project management for providing automated managerial instruments for plan-
ning, monitoring and control, and incorporating processes into integrated devel-
opment environments for offering a rich process support for the developers.

4 Process Definitions

In every organization a process exists that defines the daily work. In immature
or small organizations, the process can be implicitly defined by the culture,
tools, document templates and guidelines. This kind of process adapts to the
emerging problems in an ad hoc manner with unpredictable results. More mature
organizations have explicitly defined processes, forming the basis for continuous
process improvement. Process definitions offer a way to analyze the current state
of the processes and enable design and communication of process changes.

According to the Capability Maturity Model Integration (CMMI), defined
processes are tailored from the organization’s process assets [4]. These process as-
sets consist of process descriptions, process element descriptions, life-cycle model
descriptions, process tailoring guidelines, and process-related documentation and
data. The process elements can be further divided, for instance, into process
roles, work products, and applicable procedures. Every process definition should
include all of these elements.

There are various business process modeling languages available e.g. tradi-
tional flow chart notation, Business Process Modeling Notation (BPMN) [I5],
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Integrated Definition Methods (IDEF) [16], or Event-Process Chains (EPC) [17].
However, software processes have slightly different characteristics than business
processes. Where business process modeling is more activity based, the software
processes emphasizes the work product flow between the activities. Although
there is no de facto standard for software process modeling available, the Soft-
ware Process Engineering Metamodel (SPEM) [1] is gaining support in the soft-
ware industry and academic world. With the introduction of SPEM 2.0 in the
near future and the ongoing Eclipse Process Framework project [14], we expect
to see an accelerated adoption of process modeling.

4.1 Challenges

The SPEM provides a fairly extensive notation for modeling software processes.
However, it does not give actual guidelines on how the software processes should
be modeled. A challenge is to find out the appropriate accuracy and level of
detail of the process definitions. Of course, this is somewhat dependent on the
actual purpose of the process modeling. Becker et al. define possible uses for
process models, e.g. continuous process management, and identify the required
modeling characteristics correspondingly [17].

Second challenge with the process modeling is the creation of models that
are equivalent to the actual process. This is not only a question of modeling
notation but also about supporting the process implementation with the process
definition. It can be argued if too much effort is usually put to the process
definition. Better results could be achieved by implementing simple processes
and improving them based on the appropriate measurement feedback [I§].

Lack of the de facto standard of process modeling causes several challenges
to the process definition during the SPI: Tool development becomes slow and
expensive, and the absence of the “common language” between process model
users also makes maintaining and comparing the process definitions difficult.

All software development stakeholders should be taken into consideration dur-
ing all parts of the SPI cycle. Fulfilling the different needs of the stakeholders
poses a challenge to process definition practices and languages. This challenge
is further discussed in Section [Gl

4.2 Opportunities

A standard process modeling language that is widely adopted in the software
industry and in the research community would yield many benefits. The SPEM
could become this kind of de facto process modeling standard. With common
process definition notation and guidelines, software process participants could
focus on the process definition and modeling itself. In addition the models would
be more comparable and interoperable. Reuse of processes within an organization
and even between organizations would become possible.

The common modeling notation would be a well-founded start but not suf-
ficient by itself. Process definition conventions should be developed as well. As
an example we have proposed a method for increasing re-usability of process
definitions by dividing process models into reusable process components [19]. It
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should be noted that the underlying process framework defines the interfaces and
the feasible organization of the process components. Therefore, reuse of process
content seems to be restricted to a process framework — process content from
different process frameworks are not generally compatible.

5 SPI Cycle

There is a consensus on the basic steps and workflow of SPI cycle in the literature
[6, p.46] [20, p.2] [I7, p.239] [5, p.253]. The terminology can vary, but basically
the continuous software improvement loop always contains the same steps. First
the current processes have to be assessed, then the improving changes have to be
designed, followed by the implementation of the processes into the organization,
and finally the effects of the changes have to be analyzed. The loop is repeated
at an appropriate pace.

5.1 Challenges

There are no actual challenges in the general structure of SPI cycle. The con-
sensus on the topic is very firm. The content of the various steps varies greatly,
i.e. there are several different methods for assessment of the current processes,
designing the changes, implementation of new processes, and analyzing of the
results. However, process modeling will affect these SPI steps, as discussed
throughout this paper.

5.2 Opportunities

With a proper use of the software process modeling, the SPI cycle could be-
come faster and more efficient. Notably the feedback from process enactment is
enhanced. The ideal situation would be that the SPI cycle would not pose any
extra overhead to the organization, instead SPI activities would be integrated
to other process related activities and to the project management.

6 Organization’s Capability

The organizational structure, management practices, culture, responsibility def-
initions and employees’ skills are all constituent elements of SPI. Adopting pro-
cess modeling techniques raises challenges in all these organizational areas.

6.1 Challenges

The first challenge is to get SPI related responsibilities clear and ensure that
SPT’s role is understood as a supportive function to operational activities. Dif-
ferent process stakeholders have varying motivators and de-motivators for SPI,
reflecting their dissimilar process interests [2122]. To be successful, SPI should
take into account the needs of business management, offer the process as a tool
for the project management, and help the development teams to achieve and
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maintain the needed capabilities. If this is not understood, there is a danger
that SPI becomes too detached from the rest of the organization. The process
views of these key roles are illustrated in Figure @l The business management’s
role is to define the strategic goal of SPI, to provide for the necessary resources,
and show managerial commitment to achieve the SPI goals. Process engineers
take care of process definition, tailoring, monitoring and improvement. Project
management executes projects using the defined processes, and operates as a
two way channel between the development teams and the process engineers, re-
laying feedback and instruction. The development teams’ main responsibility is
to develop and maintain capabilities required to carry out the process tasks.

requirements for

Lo management of
process variation & S
process content libraries

Business SPI personel
context

tooling & enactment

business support specification & realization
needs of capabilities
l development capabilities l
} process enactment
Project Developers
management

Fig. 4. The roles and relationships of the process stakeholders in a company

The second challenge is to analyze which SPI tasks require special expertise
and thus should be allocated to dedicated SPI roles, and which tasks should be
carried out by other roles, i.e. project managers, developers or business man-
agers. This can be seen as balancing between centralized and distributed SPI
work. The challenge of centralized SPI is its integration to development, whereas
the challenge of distributed SPI is to keep SPI coherently working towards the
business goals.

Many of the benefits attainable by the use of process modeling are due to
speeding up the SPI cycle and defining SPI cycles at various levels, e.g. main
SPI cycle for maintaining organization level process libraries, and project level
cycles for taking care of project variations. Defined and efficient communication
channels both within a cycle and between cycles in different levels are needed.

6.2 Opportunities

Role specific process views can be generated from formally defined process mod-
els. This supports the process work of all key roles in the organization. Process
modeling technology can be used to explicitly express the balance between cen-
tralized and distributed SPI and thus facilitate responsibility allocation in the
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organization. For example, process components could be used to implement a
process variability point linked to a project specific variation. In this way the
volatile factors can be tailored locally in the project level without violating or-
ganizational level process requirements, such as quality goals. In addition, the
above organizational challenges must be considered in realizing any of the op-
portunities presented in this paper.

7 Discussion

Software process modeling technology is maturing; useful first generation mod-
eling language standard exists, first commercial tools based on the standard
language are available, as well as open source solutions. Process modeling is a
versatile technology that should not be taken only as a new tool for process
engineers. To release the full potential of process modeling, a comprehensive ap-
proach on software engineering is needed. In this paper we have discussed how
process modeling will affect five important areas of SPI.

The main findings can be summarized as follow. Process modeling enables
encapsulating fragments of process content and reusing it to efficiently create
customized processes. Identification of business and project factors and tax-
onomies of process properties are required in order to promote company’s busi-
ness goals with increased process capabilities. Process modeling, specifically a
standard modeling language, defines common concepts and terminology, and
therefore provides a unifying background for process frameworks. This makes it
possible to compare, select from and even deploy several process frameworks for
supporting projects with different dominant process assumptions.

The SPI cycle can be accelerated with the use of process modeling technology.
More importantly, SPI can be organized as several nested cycles, corresponding
to the different levels of process tailoring. Most of the attainable benefits of
process modeling require a decentralized SPI function. This requires a clear
definition of organizational roles and disseminated process responsibilities.

Both theoretical and applied research on process modeling is clearly needed.
As examples, further research should consider existing organizational issues,
structure of process libraries, and tooling for all stakeholders. Any research on
software process modeling should be tightly connected to practical software de-
velopment context to ensure pragmatic value. We believe that a comprehensive
approach is needed to make process modeling into a mainstream SPI practice in
software industry.
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