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Towards Understanding Software Process Variability 
from Contextual Evidence of Change 

Tomás Martínez-Ruiz, Francisco Ruiz, and Mario Piattini 
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University of Castilla-La Mancha 

Paseo de la Universidad, 4, 13071 Ciudad Real, Spain 
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Abstract. Software development enterprises need to tailor their own processes 
before enact them in order to ensure that they fit both the organization and the 
project. This necessity has, to date, been solved by providing these processes 
with variability support. Tailoring proposals have traditionally been focused on 
solving the problem of managing the variability of processes in order to 
facilitate their adaptation. Process tailoring has not, however, been considered 
as a solution to a wider problem consisting of the organization, project, laws 
and some other influencing factors that change according to each project, a 
problem that software processes must confront if they are to be successful. In 
this paper we enhance a tailoring framework in order to tackle changes in the 
context level of the process, and this variability is considered to drive the 
tailoring of the supporting processes. As a part of the enhanced framework, this 
paper analyzes the OMG’s Business Motivation Model (BMM) in order to 
apply it to the characterization of the organizational units as a part of the 
context variation factors, and to link them with subsequent process variations. 
The proposal is illustrated by means of an application example, which is based 
on a real industrial case and which has served as a proof of concept. The 
resulting conclusion is that since software process tailoring depends on the 
process context, so understanding and managing changes in the latter’s drive 
variability in software processes. 

Keywords: context change, evidence in software process, Variant-Rich 
Processes, tailoring management, process institutionalization, project 
management.  

1 Introduction 

The importance of process tailoring is no longer called in question. Software 
development organizations know that if they wish their projects to be successful, then 
they must use processes that meet the reality in which they are involved [1]. Tailoring 
is currently addressed by means of process variability techniques, which are in most 
cases applied from software products to software processes [2, 3]. Literature provides 
proof of this, and therefore includes several approaches, such as those proposed by 
Simidchieva et al [4] or Martínez-Ruiz et al [5].  
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Tailoring has traditionally been treated as a problem that can be solved by means 
of variability support and other approaches, such as method engineering [6]. 
Following this line, in previous works we have presented both the Variant Rich 
Process paradigm [7] and the SPRINTT environment [8]. These are focused on 
providing process variability support, which is used in process institutionalization 
(embedding processes inside the organization through its tailoring from the self set of 
standard processes). They have been tested by using case studies and experiments, 
and although the results are positive, variability has been focused on the processes 
themselves, and the reflection of the similarities and differences to the organizations 
and projects in which these processes are systematically put into operation has been 
not considered. 

In this paper, the process tailoring problem is placed in the context of a wider and 
more profound problem: organizations, work teams, projects and even laws, which 
constitute the software process enactment context, change. Since these have an impact 
on the software development, the processes must be tailored in order to engrain them 
and to include these changes. From an overall organizational viewpoint, alignment 
and traceability between the elements of which the process contexts and the processes 
themselves are composed must therefore be clearly determined, as must how the 
evidence of changes in the former affect the latter. 

The proposed approach aims to embed the process variability and tailoring 
mechanisms, even the institutionalization ones, into a large environment, which also 
has the capability of meshing these mechanisms with the context changes. The 
proposal, called SPICCE (Software Process Institutionalization based on Context 
Change Evidence), considers that process variations may and must be developed from 
variations in the context, which clearly ensures their alignment and traceability with 
organizational strategies and project necessities. It is consequently promoted in order 
to apply the tailoring philosophy, i.e., to avoid creating a new process for each 
enactment to the process tailoring itself, by avoiding the need to adapt entire 
processes from scratch, and is instead driven by the changes in the context, which 
determine how to modify the adaptation itself from a process to another, to take into 
account the specific context requirements of the new one. 

The research presented herein characterizes the distinct elements that a context is 
composed of: an organization’s features, its motivation and rules, the projects and the 
external laws. As first step, it focuses on analyze the organization features, and 
proposes the elicitation of the changes in business by using feature models, which 
have been aligned with the OMG’s Business Motivation Model (BMM) [9]. It also 
shows how to trace these high abstraction changes in concrete variations, which we 
propose to automate in future works. It opens the door to homogenize BMM with 
other business norms and standards, as well as the regulations that influence process 
enactment, and which change in between these processes. 

In addition to this introduction, this article includes an overview of the state-of-the-
art in Section 2, which reviews the process tailoring initiatives found in literature, 
along with a description of the elements included at organizational levels. The third 
Section presents the SPICCE proposal and the elements of which it is composed, and 
also includes an analysis of how BMM could be enhanced in order to make the 
changes in software organizations explicit. Finally, our conclusions and future work 
are described in Section 4. 
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2 State of the Art 

Literature includes several initiatives concerning process tailoring, which are in most 
cases supported by means of modifications in process structures [10, 11]. Rombach 
then developed the “process lines” approach [2], while Sutton developed the links 
between aspects and processes [3]. The systematic literature review Martínez Ruiz et 
al. [12] presented describes how processes are modified in order for them to fit the 
project’s needs; it also states the set of requirements a process variability notation 
must include to support tailoring as real organizations actually need it. It therefore 
guides the definition of new process variability support mechanisms. 

Some other new work has also appeared since the aforementioned systematic 
review. Simidchieva et al. [4] present an explicit differentiation between problem and 
solution spaces, and identify three types of approaches: generation, navigation and 
reasoning. Araujo et al. [13] propose the management of process variability by 
identifying the common and different features of a process model. They propose a 
tool with which to apply MDE transformations to process tailoring [13]. Hurtado 
Alegría et al. [14] also propose tailoring software processes by using MDE and ATL 
transformations. Simmonds et al. [15] propose the creation of Basic Feature Models 
to represent features of the tailored process in the vSPEM notation, which constitutes 
our previous contribution (see section 3.1), paying special attention to orthogonal 
variations. These “new” approaches do not meet at all the requirements that industries 
require, as has been pointed out in the aforementioned SLR [12]. 

Of those initiatives which apply variability to software processes in order to align 
the processes themselves with the projects found, we should highlight the work of 
Martins and Silva [16, 17],  a proposal based on three fundamental steps: i) defining 
the process, ii) adapting and monitoring the process execution, and iii) measuring the 
process. Killisperger et al. [18] suggest an environment with which to automatically 
apply variations to processes through the use of variation operations. Silva Barreto et 
al. [19, 20] propose another environment in which to carry out variations in software 
processes, with the aim of facilitating process reuse, based on the definition of 
variations in process components. These proposals include some aspects that seek 
process institutionalization, but none of them really align it with process tailoring.  

With regard to tailoring and variability in the description of the organization, there 
are several works concerning variability in business processes, which also apply 
Product Lines or Aspects. Some of these works are those of Lu and Sadiq [21-23], or 
the AO4BPEL project of Mezini et al. [24-26], and they are even considered as 
families [27]. However, these works are not focused on discovering how the 
variations in the business processes affect their organization’s software processes.  

On the contrary, there are a few works about how the context influences business 
processes, but they show it is a relevant topic in the case of business processes. 
Ploesser et al. [28] presents the necessity of tailoring business processes in 
accordance with the context and identifies the techniques addressing it. Rosemann et 
al. [29] propose an onion layer system in which classify environmental, external, 
internal, and immediate influencers. In case of Product Lines, relationships between 
the context and the technical support have been addressed by using feature models to 
represent changes even in the context, as Hartman et al. proposes [30].  
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composed of the changes that these contexts’ elements undergo1. The context is 
broken down into elements that categorize all the influencers of software processes, 
but it is open to include whatever ones its put into practice elicits. 

• Projects are the most commonly-changed elements. However, they are not 
and cannot be considered as isolated entities. Organizations must follow 
some kind of working lines and their projects may therefore have a lot of 
similarities. 

• Software organizations do not usually change, or at least not in case of 
traditional software development. However, Global Software 
Development projects, which involve different organizations, will differ 
from each other. But since they are all involved in the same project, it 
may be assumed that they will have some similarities, and that the 
changes or differences between them may be delimited. 

The last point regarding organizations is simply that of their scope. The 
organizational unit developing software is sometimes not the software 
organization itself, but one of its specific departments, or the union of 
several departments. They are therefore termed as “organizational units”. 

• Laws do not change frequently, and when they evolve there are still some 
similarities between them. In the case of global projects, affected by 
different countries’ regulations, similarities between the laws also appear.   

Tailoring requirements are defined from these changes, and they remain in process 
variations. Moreover, the latter are used to manage processes according to their 
similarities and differences and, what is most important, to take advantage of them. 
Herein, it would appear to be feasible to manage contexts through their similarities 
and differences, and considering contexts as change-rich (which is similar to Variant 
Rich Processes), by means of the changes between them. 

Contexts’ elements (project, organizational unit, and laws) are still part of the 
problem (processes must fit them). But now the solution is built after these changes 
have taken place, or even better after the more profound change evidence that the 
management of context offers. Mechanisms are therefore needed to control changes in 
the context, and to make them evident, the sooner (more abstracted) the better. 

This updated perspective signifies that SPRINTT must be embedded in a wider 
framework that can manage changes in contexts and drive the process variations through 
the use of the Variant Rich Process paradigm. The Software Process Institutionalization 
based on Context Change Evidence (SPICCE) has therefore been created. SPICCE seeks 
the promotion of process tailoring on the basis of the changes (and the evidence of these 
changes) that appear around the process context (project, organizational units and 
laws), rather than according to these elements as isolated entities. Fig. 3 presents an 
overview of SPICCE, and the elements of which it is composed. 

The contribution of SPICCE is to propose the use of tailoring mechanisms not by 
means of considering the actual organization, project or laws (crossed arrows in  
Fig. 3), but by considering how these elements have changed from the last time that 

                                                           
1 As regards this research, changes are considered to occur in contexts and variations in 

processes. 
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3.4 SPICCE: Eliciting and Representing Changes in Contexts 

Changes in process context are not focused on seeking an implementation for them, as 
occurred with variations. Moreover, context requirements are written in natural 
language which is informal. More formal representations must therefore be provided 
to represent context and its changes. In this research, the BMM metamodel and 
feature models (and FODA –Feature Oriented Domain Analysis [47]) have been 
considered to represent contexts, break them down and make their changes evident. 
Feature models present the organization the processes must fit, and the changes that 
force process tailoring. The following subsections illustrate the approach by 
considering an application example based on an industrial experience.  

Eliciting Changes in the Organizational Units. Organizational units inherit all their 
characteristics from organizations, and are characterized as them. The Business 
Motivation Model (BMM) [9] is an OMG proposal whose objective is to structure the 
development, communicating and managing of business plans in an organized 
manner. It identifies the elements of business plans, the factors affecting them, and 
how these are related to each other.  

The structure of BMM is depicted in Fig. 5. These sets of elements allow the means 
and end to be highlighted, since they describe what the organization is like, or at least, 
what they wish it to be like; the other important parts are influencers and assessment. 
The latter mainly describes how different factors, from inside or outside the 
organization, affect it. This is particularly important in the case of external influencers 
which may sometimes be laws. These will be part of a more in-depth analysis of laws 
and regulations. Assessment depends on each organization, but has no direct effects 
on the processes or their tailoring.  

 

 

Fig. 5. Structure of BMM 

Ends specify how the organizational unit wishes to be at a higher abstraction level, 
while Means include the ways in which to achieve this. Both define the organizational 
units, and evidence of change may appear in this description. They are decomposed 
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into several children, as Figs. 6 and 7 present. Finally, some relationships have been 
defined between the ends and means, and their break down structures. As an example, 
the mission implements the vision, while objectives are related to practices. These 
relationships make it possible to relate abstract elements (in the ends) to the concrete 
practices that support them. 

 

Fig. 6. Hierarchy of ends [9] 

 

Fig. 7. Hierarchy of means [9] 

The application study is presented to illustrate how the organization’s motivation 
and its changes affect the process tailoring. This arose after analyzing the results of a 
previous case study which was conducted to validate VRP in industry.  

The application study was executed in the Spanish Alpha software organization2. 
this organization is focused on providing various services, software development, 
software factories and security, to different clients, banks, public administration, 
telecommunications, commerce etc. They are experts in several architectures, such as 
SOA, Client-Server, embedded, business intelligence and so on. Their work is divided 
into three different departments, A, B, C. Each of them has its own version of the 
same process, as a base process. 

They asked us to fuse all their development processes into a single variant-rich 
process, which would have the ability to be tailored according to different 
circumstances, and this resulted in the creation of the Alpha variant rich process. It 
also included three crosscutting variations. Each of these tailors the common process 
according to each of the three departments in the organization: 

                                                           
2 Real name omitted for reasons of confidentiality. 
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• Highly complex 
• Medium complex 
• Medium simple 

Some other on-point (specific) variations were also identified. 
The variations obtained after executing the case study have been aligned with the 

organization’s motivation, according to the BMM (Table 1). The results shown have 
been simplified in order to provide a more clear illustration of the proposed approach.  

The results in Table 1 were used to align the strategy (in bold type) with the kind 
of developed projects, and resulted in the kind of tailoring that appears in the Alpha 
variant rich process. The strategy was modeled by using feature models (Fig. 8). 

Table 1. Motivation of the organization 

 Element Value 

Ends  

Vision To be the leading Spanish software development 
organization in their market segment.  

Goal To provide high quality products and services 
Objective To improve people’s qualifications 

Means 

Mission To provide software services in Spain 
Strategy Efficient and Efficacious management of software 

development in the 
• Highly complex projects (dep. A) 
• Medium complex projects (dep. B) 
• Medium simple projects (dep. C) 

Tactic Contracting highly qualified people who will, 
by the end of the year, be given a bonus. 

 

 

Fig. 8. Feature model of the strategy 

It is now easier to see that the organization’s motivation is divided into three different 
sub-points, which are related to the variations needed when tailoring a process. 

Tailoring is now simplified to determine how the context has changed, in order to 
make the correct variations. Fig. 9 shows a graphic depiction of these 
correspondences. The slashed arrows signify the correspondence between each 
context change and the variations. They generate the final tailored process.  

In order to create a tailored process that fits a “medium complex” project, it is only 
necessary to choose that change in the context, and the variations supporting it are set 
automatically. The process is then tailored automatically.   
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earlier than when they are needed. These earlier variations provide both the 
variations requirements and the variability support needed. 

This article has presented a proposal that is focused on integrating process 
variations with the actual changes in the context that motivate them. SPICCE provides 
a set of techniques with which to analyze and decompose each context into projects, 
organizations – denominated as organizational units-, and laws, and manage them 
according to their similarities and differences. Bearing in mind that these must later 
be represented or included in the (tailored) processes, making context changes evident 
and extending them to the process will deal with the process variations that configure 
the tailored process. 

Implementing SPICCE involves knowing how the context is modeled, how it 
includes changes, and defining how to turn them into actual variations. Moreover, 
since this task is difficult owing to the high number of standards that are currently 
used to describe projects, organizational units and laws, the first step has been focused 
on analyzing the Business Motivation Model. The study has illustrated the potential 
usefulness of the proposal with an application example based on a real industrial case. 
It highlights that context changes that are barely evident sooner or later become 
process variations, and shows how it is possible to tailor the process from the context 
by managing these changes. 

Our future work lies in complementary directions. First, it would be interesting to 
execute some extra case studies with which to validate the existing SPRINTT 
variability mechanisms in different domains, which might additionally provide 
feedback as regards changes evidence. The second direction is focused on completing 
SPICCE with the analysis of the standards and international regulations, as stated 
previously. We also plan to homogenize different regulations, such as the BMM and 
ISO 21500, as they are different viewpoints that represent the same context, and after 
that, to create an ontology to engrain projects, organizations and laws. 
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