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Abstract

Business process models are an important source of information for the de-
velopment of information systems. However, changes in the environment can
affect the way business processes are performed. In order to obtain models
that reflect the changes it is necessary to continuously check between model
and reality.

Good business processes need to be up-to-date and automated to repre-
sent the organizational environment. Thus, it is of paramount importance
to represent adequately variability in Business Process Models. Represent-
ing and configuring business processes variability for a specific organization
allows the proper execution of processes. In addition, dynamic environment
calls for flexible configuration processes that can meet stakeholders’ goals.
However, selecting a configuration for business process is a challenging activ-
ity. Even though current approaches allow the representation of variability of
business process models, the selection of business variants in a given context
remains a challenging issue.

In this proposal, we advocate the use of Non-Functional Requirements
(NFR) and context-awareness information to drive the configuration of pro-
cess models at run-time. We propose a model-driven business process con-
figuration approach called Business process Variability Configuration with
Contexts and NFRs (BVCCoN), approach that keeps the variability rep-
resentation, configuration knowledge and contextual information separated
from the business process models. We illustrate the BVCCoN model and
process through examples. The evaluation of our proposal is based on a
simulation assessment.

Keywords: Business Process Modeling, Requirements Engineering, Busi-
ness Process Model Configuration, Model Transformation
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Resumo

Modelos de processos de negócios são uma importante fonte de informação
para o desenvolvimento de sistemas de informação. No entanto, as mudanças
no ambiente podem afetar a forma como os processos de negócios são real-
izados. A fim de obter modelos que refletem as mudanças é necessário o
alinhamento entre o modelo e a realidade.

Processos de negócios bons precisam ser atualizados e automatizados para
representar o ambiente organizacional. Assim, é de suma importância repre-
sentar adequadamente a variabilidade em Modelos de Processo de Negócio.
Representar e configurar a variabilidade em processos de negócio de uma
organização espećıfica permite a execução adequada dos processos. Além
disso, o ambiente dinâmico exige processos de configuração flex́ıveis que pos-
sam atender os objetivos das partes interessadas. No entanto, selecionando
uma configuração para o processo de negócio é uma atividade desafiadora.
Mesmo que as abordagens atuais permitam a representação da variabilidade
dos modelos de processos de negócios, a seleção de variantes de negócios em
um determinado contexto continua a ser uma questão a ser explorada.

Nesta proposta, defendemos o uso de Requisitos Não Funcionais (RNF) e
informações de contexto para conduzir a configuração de modelos de proces-
sos em tempo de execução. Propomos uma abordagem orientada a modelos
para a configuração de processos de negócios chamada BVCCoN, a abor-
dagem mantém a representação variabilidade, conhecimentos de configuração
e informação contextual separados dos modelos de processos de negócios. A
avaliação da proposta baseia-se numa análise de simulação, assim como uma
comparação com algumas outras obras relevantes.

Palavras-chave: Modelagem de Processo de Negócio, Engenharia de Req-
uisitos, Configuração de Processo de Negócio, Transformação de Model.
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Chapter 1

Introduction

1.1 Problem Area

The development of flexible systems that are understandable, reusable and
maintainable has become imperative. In the last few years a class of systems
called Socio-Technical System (STS) (Maté & Silva 2005) has grown in im-
portance. The STSs are characterized by the presence of human actors as
component of the system, that is, the system is composed by software, hard-
ware and human components. These systems are governed by organizational
rules and policies. Since human components follow processes in their work,
the business processes are part of a system as well.

A process is a group of activities in a particular sequence that produces
goods or provides services. It can be seen as an activity or set of activities
where there is an entry, processing, and output (White & Miers 2008). The
input of a process can be either a tangible asset or an informational resource.
The processes are important for organizations, since it is through them that
enterprises and companies perform their functions. Hence, all important
activities performed in companies are part of some process.

Process models can be applied in several points in an organization (van
Der Aalst 2011): to obtain insights about the process; to discuss and doc-
ument the process; to verify if the process has been performed correctly; to
analyze performance and simulate the participation of people; last but not
least, to specify and configure information systems.

The importance of considering the business process in an organization
has long been recognized as critical by many software developers. Hence,
the software must fit the organization expectation and needs (Chang 2006).
As a consequence, the use of business process models as the source for soft-
ware development has grown and several process-based languages have been

1



proposed (Montero et al. 2008a). Business processes have become an essen-
tial element in the development of Information Systems (IS). An information
system designed to automate the activities of a business process can better
suit the needs of an organization (Dumas et al. 2005).

Business Process Management (BPM) is a set of techniques, metrics,
management best practices and software tools that help organizations mo-
del, execute, monitor and optimize their work activities (Suleiman et al.
2009). The business process acts as main point to the BPM allowing the in-
tegration of processes in the organization rather than simply integrate data
and applications. The Business Process Modeling Notation (BPMN) (OMG
2010a) is an example of a language that has become popular among the
business analysts. This notation is based on the representation of working
process in term of the activities executed and the flow of action and data in
the process. The activities and task of a process can be executed by persons
or automatically by software.

A dynamic environment consists of changing surroundings in which the
agent reside (Wooldridge 2002). So unlike the static case, the agent must
adapt to new situations and overcome possibly obstacles (problems). In busi-
ness process area, the dynamic environments are characterized by constant
changes that may affect the way the processes are performed (Rosemann
et al. 2008). This is the case for instance in domains such as transporta-
tion and logistics, air companies, insurance companies, and so on. In these
environments static processes would become obsolete as the process may be
impacted by weather changes, competitors’ strategy change, or seasonal de-
mand changes. Thus, circumstances that are predictable may be ignored
during execution of process due to this limitation.

Hence, in dynamic environments actions should be applied to adapt the
organization processes. This calls for flexibility in their definition (Bentellis &
Boufäıda 2008). Process improvements and re-engineering are often required
(Chang 2006). Moreover, business processes that run in dynamic environ-
ments need immediate response to environment changes. In order to prevent
process from terminating without meeting their objectives the changes to the
process must be performed timely. If the changes are not performed in due
time, the business itself may be hurt. As an example, consider a schedule
based processes such as transportation and logistics where a simple delay can
create larger impacts due to the chain effects.

When considering dynamic environments a class of system may draw at-
tention: the critical systems (Fowler 2004). The critical systems are related
with situation where fail in the system may cause disastrous effects. A safety-
critical system is a system that poses a physical hazard to human life (e.g.,
medical instruments, aircrafts, and control systems in chemical plants). An-
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other type of critical system is a mission-critical system, which is one where
a hazard can degrade or prevent the successful completion of an intended
operation (e.g., military systems, satellites, electrical infrastructure). More-
over, there are the business critical systems, where fails may result in high
economic losses (e.g., supply chains, banking account). In these kind of sys-
tems the flexibility in business processes may be useful since potential losses
compensates the investment in deploy the flexibility mechanisms.

In order to deal with process flexibility there are three main aspects to be
considered (Aleixo et al. 2012, Bentellis & Boufäıda 2008): selection, adap-
tation, and modularity. The flexibility by selection is based on formalisms of
modeling that take into account the environmental changes without changing
the definition of the BP (Bentellis & Boufäıda 2008). It ensures the existence
of a number of alternatives of execution in the BP description at design time.
The adaptation refers to the definition of the BP without anticipating the
capacity of change of the process at its design time. According to Aleixo
et al. (2012), an adequate modularization allows isolating the implementa-
tion of a specific feature and reducing the overall complexity of the code.
They rely on the representation of variability in business process models.
Once the variability is represented it becomes possible to select at design
time the best alternative that fits the stakeholders need. It is also possible
to adapt the changes in the environment at runtime to take in consideration
the opportunities that better fit in the new settings.

The Requirement Engineering (RE) field has incorporated business pro-
cess models as tools for derive software requirements (De La Vara et al.
2010a). For instance, Process-Aware Information System (PAIS) is a soft-
ware system that manages and executes operational processes involving peo-
ple, applications, and/or information sources on the basis of process models
(Dumas et al. 2005). Current business process management suites such as
jBPM 1 and Activiti 2 have integrated the process definition and execution
with the development of information systems that support the process.

The adoption of business processes in connection with software develop-
ment involves some challenges. Since business processes may vary from one
organization to another, and even inside the same organization, the creation
of business process models requires special attention. Moreover, the domain
where the software will run may be so complex that the business processes
as well as the software, which automates some activities of process, change
often (Yu et al. 2008).

Some areas such as Software Product Lines (SPL) (Bachmann & Clements

1http://www.jboss.org/jbpm
2http://www.activiti.org/
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2005) and Autonomic Computing (Cetina et al. 2009) have employed vari-
ability analysis to deal with the change in the environment and software.
SPL proposes to separate the common parts from the variable ones in or-
der to systematically reuse them to compose solutions that better fit the
environment.

On the other hand, the Autonomic Computing proposes the use of self-
adaptation and self-configuration strategies to deal with variable behaviors
both at design and at run-time. Hence, the representation of their variability
(Montero et al. 2008b, Schnieders & Puhlmann 2006) is of utter importance.

Moreover, in more dynamic environments, when using business process
models as basis for the development of IS, it should also be taken into account
the ability to adapt the business processes to changes in the organizational
environment (Reichert & Weber 2012).

1.2 Problem Statement

The need for business process flexibility leads to the need for variability
description (Schnieders & Puhlmann 2006). As result, several solutions have
been proposed by the industry and academy, like Hallerbach et al. (2009), La
Rosa (2009), Montero et al. (2008b), Schnieders & Puhlmann (2006). These
proposals describe how to structure or modularize variability and how to
obtain customized processes by producing new instances or by configuring
process models (Gottschalk et al. 2008). The research has evolved in the last
years with the development of technology that support decision such as the
business process simulation (Wernick & Hall 2007). However, the problem of
choosing the most suitable alternative – the so-called process configuration
– is not solved yet. During configuration, analysts shall be able to select
and perform actions to obtain the fittest process for a given criteria. Among
the problems that should be addressed in the configuration there are: the
criteria set that will drive the configuration; how the configuration will be
performed; and when configuration actions will be applied.

Some approaches (Montero et al. 2008a, Schnieders & Puhlmann 2006)
have applied variability analysis to business process models in order to drive
the evolution of the business process. However, these approaches have prob-
lems to explain how and why a specific process variant is selected. They
do not offer the necessary guidance for the business analyst to configure the
process. Despite their benefits, the current approaches have presented few
advances towards the configuration of business processes models with high
level criteria for run-time adaptation.

During the development of this research the following issues in existing
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approaches were identified:

1. Lack of guidance to process configuration. Most approaches rely
on the user expertise to select the configuration of process models such
as Montero et al. (2008b), Schnieders & Puhlmann (2006). The user’s
expertise is important to obtain reliable business process that will cre-
ate value to the organization. However, without guidance to the user
the selection of variants may become a challenging task. Some ap-
proaches do not guide the user to obtain a suitable configuration for a
given environment. As consequence the users cannot predict the impact
of the decisions and the results.

2. Lack of multi-criteria to configure process models. Even ap-
proaches that use adaptation strategies to provide process configura-
tion require a clear criteria to configure the process. Some approaches
use process metrics such as performance and cost to guide the process
design (Hallerbach et al. 2009). However, in situations where impor-
tant attributes such as security and reliability are priority, the use of
cost and performance as unique criteria reduces the value of process. In
dynamic environments, the process must follow the changes to stay up-
dated. Consequently, a limited set of criteria reduces the utility of the
process in dynamic environments. What is required in many situations
is a set of multi-criteria to adequately configure the process models.

3. Strong user’s intervention. In general when the flexibility is achieved
through selection there is a need for user’s intervention. The strong
need for user’s intervention requires that the person responsible for
carrying out the configuration also to be an expert in both domain and
configuration mechanisms. In some circumstances when the changes
are required the user may not be present or may not have the necessary
expertise to carry out the configuration. Therefore, the user’s interven-
tion should be discouraged in the case of process flexibility based on
adaptation. Because in the adaptation strategy, processes change at
run-time what make the timing important.

A perspective that has emerged is the use of context-awareness to deal
with changes in business process models (Bessai et al. 2008, De La Vara
et al. 2010b, Ploesser, Peleg, Soffer, Rosemann & Recker 2009, Rosemann
et al. 2008). A context can be defined as a state of the world that is relevant
to an actor goal (Ali et al. 2010) or as a stimulus for change (Rosemann et al.
2008). It allows the identification of variables that impact the structure of
business processes. In our work, information about the context can be used to
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eliminate invalid solutions. Among the possible solutions described in models
there are some alternatives that just make sense in specific contexts. Using
models that describe all possible solutions (e.g., all variants in a variability
model) lead to incorrectness. In order to keep all variants in a process model,
it is necessary to include decisions that access variables that are out of process
scope. This practice is recognized as a misuse variability (Rosemann et al.
2008). On the other hand, contexts allow describing the conditions that
constraint a model avoiding invalid models.

Non-Functional Requirement (NFR), sometimes called quality require-
ments, define constraints that the process must comply to. We advocate
the use of Non-Functional Requirements (NFRs) as suitable criteria to guide
the process configuration. NFRs represent the high-level characteristics from
which processes are usually evaluated e.g. cost, performance, accuracy, and
the like. Besides, NFRs has been extensively studied (Chung et al. 2000)
and the current body of knowledge provides plenty of techniques that can be
borrowed and used in this new business process domain. In fact, some re-
cent works (Cardoso et al. 2009, Pavlovski & Zou 2008, Soffer & Wand 2005,
Xavier et al. 2010) are already exploring the possibilities of integrating NFR
and business process models at design-time. However, they do not apply the
NFRs in an adaptation strategy.

Hence, in this thesis we address the following research question: “How to
configure dynamic business process models?”.

In this thesis we assume the following hypothesis: “The use of NFRs and
contextual information improves the configuration of process models”.

1.3 Objectives and Approach

We identified the shortcomings of lack of guidance, lack of multi-criteria to
configure process models, and strong user’s intervention. In order to face
these shortcomings the core objective of this research is to provide guidance
to the configuration of business process models, to offer a mechanism that
take into account multi-criteria during configuration, as well as a way to
reduce user’s intervention during the configuration.

Therefore, we propose the Business process Variability Configuration with
Contexts and NFRs (BVCCoN) approach. The BVCCoN is a business pro-
cess configuration approach that aims to provide support to configuration of
business process based on NFRs and contextual information. Our approach
covers three perspectives in the business process configuration: the variability
description, the Non-Functional Requirements, and the context awareness.
The first perspective is concerned with describing the variability of business
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process models and the mechanisms necessary to deal with it. In the second
perspective we use NFRs to represent qualities of business processes models;
it is concerned with the preferences and interference of quality attributes
in the process models. The context-awareness perspective incorporates the
influences of the environment in the process models. With the association
of monitorable information to business process models, we can provide the
capability to adapt them to possible environment changes.

The BVCCoN is composed by two parts the BVCCoN model and the
BVCCoN process. The model describes the information necessary to perform
the configuration including the variability description, the NFR model and
the contextual information. The BVCCoN process identifies variation points
and variants in a business process model. Moreover, a selection mechanism is
used to create new business process models (configurations) with the variants
that better suit the system’s context and its NFRs. An essential step in this
approach is the identification and linking of business process variants with
NFRs and contextual variables, which will guide the configuration of the
business process.

1.4 Assumptions

Our proposal uses the contextual information to support the evaluation of
variants validity. Hence, according to McKinley et al. (2004) our approach
may be classified as a parameter adaptation approach since the contexts de-
scribe a pre-defined number of solutions. On one hand, by being a parameter
adaptation approach, we can guarantee that the adaptation will be performed
timely. With that the combination may be tested at design time before be
process executed. On the other hand, our approach inherits the limitations
of this kind of method such as the limited evolution after the monitoring
starts. In order to add a new variant in the approach it is necessary to start
the BVCCoN process again.

In this thesis we consider the following assumptions:

• The proposed approach assumes that the process models are running in
a Business Process Management System (BPMS) that supports tasks
and resources monitoring

• The context monitoring is supported by tools able to collect information
of several sources (e.g., sensors, user profiles, BPMS resources)

• We assume that the user of our approach (i.e., the business analyst) has
enough knowledge about the business process that is target of analysis
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• The analyst has access to information resources enough to elicit and
validate the NFRs and contextual information

• We also assume that the conditions captured during context analysis
are sufficient to allow adaptation, thus, it is not able to react to unpre-
dictable events

1.5 Methodology

In order to identify the problem area and state the research question we per-
formed an ad hoc literature review with results present in Chapter 2. The
literature review presented in this thesis does not follow a rigorous literature
review report as a systematic literature review (Kitchenham et al. 2007).
Instead we performed an ad hoc literature review of the main topics. How-
ever, a systematic literature review study (Pereira et al. 2013) performed
by independent researchers showed that this thesis was still original in their
proposal by the time of its defense. Based on the shortcomings identified in
the literature review we designed the BVCCoN approach. As part of the ap-
proach definition, we demonstrated the technical feasibility of the proposed
approach by implementing parts of them as proof of concepts.

The assessment of our approach was based on a simulation exercise. It
was designed using a controlled environment. The use of simulation study
allows obtaining a quantitative evaluation of our approach pointing out its
benefits and limitations.

1.6 Outline

The rest of the thesis is organized as follows:

• Chapter 2 - Background and Related Work We present a sum-
mary of the most relevant works related to business process modeling,
variability analysis for business process modeling and NFR for business
process modeling. In order to investigate the relationship between the
areas of Business Process Modeling and RE we also present a litera-
ture review of relevant works that have been developed in these areas.
Moreover, we introduce the NFR basic concepts, the Business Process
Modeling Languages, and the concepts about context awareness.

• Chapter 3 - Model and Metamodel for Business Process Mo-
dels Configuration with NFR and Contexts Presents the BVC-
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CoN Model to support our approach. This chapter details the integra-
tion of models based on metamodels and describe abstract and concrete
syntax for BVCCoN models.

• Chapter 4 - Configuring Business Process Models with NFR
and Contexts Outlines our new approach with a running example.
In this chapter we detail the BVCCoN process step by step describing
how to build-up the BVCCoN model and how to derive new BPMN
models.

• Chapter 5 - Simulation Based Assessment This chapter presents
an assessment using simulation methods. In the assessment we use Air-
port check-in and boarding process as a basis to compare our approach
against a reference process.

• Chapter 6 - Conclusion We present the conclusions and discuss
future works of this thesis.

• Appendix A - Metamodel with OCL This appendix presents the
metamodel described in Chapter 3 with OCL contraints.

• Appendix B - Model Transformation from BVCCoN to BPMN
Presents the full model transformation presented in Chapter 4.

• Appendix C - Airport Simulation Scenario - BPMN Models
This appendix contains all BPMN models used in the simulation study
presented in Chapter 5.

• Appendix D - Airport Simulation Scenario - Contexts and
NFRs Models Last but not least, this appendix presents the tables
used to describe the simulation scenarios in Chapter 5.
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Chapter 2

Background and Related Work

In this chapter we present relevant background information as well as the
results of a literature review on Business Process Modeling languages, Non-
Functional Requirements and Context-awareness. Moreover, we discuss the
management of variability and variability configuration.

2.1 Business Process Modeling and Manage-

ment

Business Process Management (BPM) is a systematic and structured ap-
proach to analyze, improve, control and manage processes with the aim of
improving the quality of products and services (Chang 2006). BPM has as
goal to improve product and services through a structured approach that
centers on systematic design and management of the companies processes
(Suleiman et al. 2009).

According to Chang (2006), BPM is based on the following principles:

• Business processes are organizational assets that are central for creating
value for customers,

• By measuring, monitoring, controlling, and analyzing business pro-
cesses a company can deliver consistent value to customers and has
basis for process improvement,

• Business processes should be continuously improved. Both incremental
(e.g., Six-sigma) and more radical (e.g., Business Process Reengineer-
ing) methodologies have been proposed to support process improve-
ment,
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• Information technology is an essential enabler for BPM.

Since modeling business process modeling has become a common practice
in the organizational environment, a considerable number of modeling lan-
guages have been proposed. This section outlines some of the most important
modeling languages used to model business process as well as Process-Aware
Information System (PAIS) and some workflow patterns.

2.1.1 Business Process Modeling Notation

The Business Process Modeling Notation (BPMN) (OMG 2010a) is an effort
of modeling tools vendors to standardize the process Modeling notations.
BPMN is a workflow-based notation that is derived from other workflow
notations such as the UML Activity Diagrams (UML ADs). The BPMN is
based on the flow of activities and artifacts in the process.

Figure 2.1 shows the core set of BPMN elements used to represent a
business process model. Basically, this core set is composed of the following
elements:

Figure 2.1: BPMN core elements

Event Elements represent the events that start, interrupt, and end a pro-
cess. The event elements can include several modifiers to indicate spe-
cial conditions or states of execution;
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Activities represent the activities performed in a process. The activities can
be high-level activities represented as sub-processes or atomic activities
represented as tasks;

Decision elements are the points where the workflow can be split or merged.
They are called Gateways and can represent inclusive and exclusive
split as well as merge in the process flow. They contain modifiers that
indicate the type of gateway.

Connectors link process elements. The sequence flow connectors link ele-
ments of flow such as activities, events and gateways. They indicate the
sequence of process execution. The message flow connectors represent
the message exchange between participants of process; both pools and
activities can send and receive messages. The association connectors
are used to associate the artifacts with flow elements;

Partition elements are the elements that structure BPMN diagrams. They
are called swim-lanes and represent the participants of process. There
are two types of swim-lanes: the pools that represented high-level par-
ticipants of process (e.g., organizations, clients, suppliers), and the
lanes that represent the roles or structure of the organization (e.g.,
Employee, Manager, Sales);

Artifacts are external elements that complement the representation of pro-
cess. The most important artifacts are the data objects that represent
the resources consumed and produced in the process. Other artifacts
such as text annotations and groups can be used to give additional
information without modifying how the process is performed.

The current version of BPMN includes four Diagrams (OMG 2010a):
process diagram, collaboration diagram, choreography diagram, and conver-
sation diagram. They describe the process in several views: the process itself
(process diagram), the interaction between participants of process (collabo-
ration diagram), the low-level communication between participants (chore-
ography diagram) and the high-level communication between participants
(conversation diagram).

2.1.2 Web Services Business Process Execution Lan-
guage

The Web Services Business Process Execution Language (WS-BPEL) is a
business process modeling language that allows the construction of executable
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business processes (Jordan & Evdemon 2007). WS-BPEL represents a con-
vergence between Web services and business process technology. WS-BPEL
essentially extends imperative programming languages (e.g. C) with con-
structs for the implementation of Web Services.

A WS-BPEL process is a hierarchical structure of basic activities cor-
responding to atomic actions for sending, receiving and creating/processing
messages. The language allows the representation of an executable business
process with activities, events and resources. It is layered on the top of
the WSDL specification since a BPEL process is exposed as a Web Service
through Web Services Description Language (WSDL) interfaces.

Figure 2.2 shows an example of WS-BPEL language, the process has a
signature (line 1) that indicates association with other elements. In the WS-
BPEL process a client, who triggers the process, and the software systems
are seen as Web Services. The software systems, also known as partners
(line 2) are the concrete realization of the process. The process is executed
in a compliant engine that supports the infrastructure of communication
between client and its partners. The information produced and consumed
is represented by input and output variables (lines 6-8). The process flow
is contained in the sequence tag (lines 9-12). In this place several types of
steps may appear in the sequence tag, for example, the receive step (line 10)
is responsible by receive input from a client.
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1 <bpel:process name=" Fireexample" targetNamespace ="Fire"

suppressJoinFailure ="yes" xmlns:tns="Fire" xmlns:bpel="

http :// docs.oasis -open.org/wsbpel /2.0/ process/abstract">

2 <bpel:partnerLinks >

3 <bpel:partnerLink name=" client" partnerLinkType ="tns:

Fireexample" myRole =" FireexampleProvider"

partnerRole =" FireexampleRequester" />

4 </bpel:partnerLinks >

5 <bpel:variables >

6 <bpel:variable name=" input" messageType ="tns:

FireexampleRequestMessage "/>

7 <bpel:variable name=" output" messageType ="tns:

FireexampleResponseMessage "/>

8 </bpel:variables >

9 <bpel:sequence name="main">

10 <bpel:receive name=" receiveInput" partnerLink =" client"

portType ="tns:Fireexample" operation =" initiate"

variable ="input" createInstance ="yes"/>

11 <bpel:invoke name=" callbackClient" partnerLink ="

client" portType ="tns:FireexampleCallback"

operation =" onResult" inputVariable =" output"/>

12 </bpel:sequence >

13 </bpel:process >

Figure 2.2: Example of WS-BPEL file.
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2.1.3 Unified Modeling Language

The Unified Modeling Language (UML) is a standardized set of modeling
languages that offer support for the field of software engineering. Among 14
types of diagrams there is the UML ADs (OMG 2009). The UML ADs are
graphical representations of workflows of activities and actions. Primarily
designed to model software systems, they also may represent organizational
processes such as business process models. They support a variety of activ-
ity constructors such as choice, iteration and concurrency. In UML ADs a
business process can be described by an activity consisting of a coordinated
sequencing of nodes, based on control-flow and object-flow (Russell et al.
2006).

A worthwhile feature of UML is the possibility to extend its vocabulary by
defining profiles (La Rosa 2009), which are sets of stereotypes. Stereotypes
define new elements from existing ones (e.g. an activity), by adding new
properties that are suitable for a specific context.

2.1.4 Process-Aware Information System - PAIS

A Process-Aware Information System (PAIS) has been broadly defined as a
software system that manages and executes operational processes involving
people, applications, and/or information sources on the basis of process mo-
dels (Dumas et al. 2005). PAIS is based on the explicit representations of
process models. They are the basis for describing the logical and temporal
order in which organizational tasks have to be performed (Becker et al. 2003).
Moreover, they provide a means of communication between members of or-
ganization which are responsible to define business process (e.g., managers,
business analysts) and implement the technical infrastructure (e.g., software
developers).

According to Dumas et al. (2005) the project of PAIS is organized in
three stages:

• The process design where high-level business processes are modeled
for scoping the project and capturing and discussing business require-
ments and process improvement initiatives with domain experts, such
as business representatives (La Rosa 2009).

• In the second stage takes place the implementation of process models.
The process models that need to be automated are selected and refined
into operational (i.e. machine-readable) process specifications, linking
the various process tasks to concrete applications and organizational
entities (La Rosa 2009).
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• The third stage (execution) regards the enactment of executable pro-
cess specifications. Once a process specification has been deployed to
a management system, instances can be triggered by the occurrence of
a given event (e.g. the arrival of a purchase order). As a result, one
or several tasks belonging to the process instance are enabled and dis-
patched to relevant people/applications that may perform them, until
the whole instance is completed. Finally, in the last stage (diagnosis),
operational processes are analyzed to identify problems and to find
aspects that can be improved (La Rosa 2009).

2.1.5 Workflow Patterns

The business process modeling languages serve different purposes such as be
descriptive for learning, for process development and design, for process exe-
cution as well as for Information Technology support (Aguilar-Savén 2004).
The modeling languages that are based on workflow, su67ch as BPMN,
present a well-defined set of patterns that may be used to structure the
model (van Der Aalst et al. 2003, Wohed et al. 2005). These patterns de-
scribe how the elements of language can be grouped according to expected
behaviors.

Basic patterns such as sequence, parallel split, synchronization, exclu-
sive choice, and Simple merge, cover the elementary aspects of process con-
trol. Associated with advanced branching and synchronization patterns it is
possible to model logical operations such as AND (sequence, parallel split),
XOR (exclusive choice), and OR (Multiple choice, discriminator). Thus, the
workflow patterns allow describing mandatory and optional behavior using
elements of process language. Figure 2.3 presents the basic workflow pat-
terns according to Wohed et al. (2005). The lines represent the workflow
patterns: parallel split, synchronization, exclusive choice, and merge. The
columns represent the way how workflow patterns may be represented in
BPMN. Observe the same patterns may have several representations.
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Figure 2.3: Workflow patterns for BPMN from Wohed et al. (2005)
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2.2 Variability Management

This Section presents topics related to variability management and some
approaches that apply it to the Business Process Modeling activity.

We begin reviewing some key concepts present in software product lines
paradigm and one of its basic modeling artifacts the so called feature dia-
gram. When then briefly introduce software configuration management. We
also discuss an approach that defines mechanisms for process models, namely
the Process Family Engineering (PFE). We then review another work that
extends PFE to capture business process variability. In the sequel we com-
ment on approach (La Rosa 2009) that relies on configurable models to keep
information about variability. Last but not least we analyze some approaches
that rely on goal models to represent variability.

2.2.1 Software Product Lines

In this thesis we share the definition proposed by Bachmann & Clements
(2005), which characterizes a Software Product Line a set of software-intensive
systems sharing a common, managed set of features satisfying the specific
needs of a particular market segment or mission and that are developed from
a common set of core assets (a core asset is an artifact used in the production
of more than one product in a SPL) in a prescribed way.

At its essence, a product line involves core asset development (also known
as Domain Engineering) and product development (also known as Applica-
tion Engineering) using the core assets, both under the supervision of tech-
nical and organizational management. Core asset development and product
development from the core assets can occur in either order: new products are
built from core assets, or core assets are extracted from existing products.
Often, products and core assets are built in synergy with each other. Figure
2.4 illustrates this triad of essential activities (Bachmann & Clements 2005).

Each rotating circle represents one of the essential activities. All three are
linked together and in perpetual motion, showing that all three are essential,
are inextricably linked. They can occur in any order and are highly iterative.
The rotating arrows indicate not only that core assets are used to develop
products, but also that revisions of existing core assets or even new core
assets might, and most often do, evolve out of product development. The
diagram in Figure 2.4 is neutral with regards to which part of the effort
is launched first. In some contexts, already existing products are mined
for generic assets (perhaps a requirements specification, an architecture, or
software components) which are then migrated into the core asset base of the
product line. In other cases, the core assets may be developed or procured
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Figure 2.4: Three essential activities for SPL by Northrop (2002)

for later use in the products development.

2.2.2 Feature Diagrams

A feature model is a model that defines features and their dependencies,
typically in the form of a feature diagram and left-over (a.k.a. cross-tree)
constraints. But it could also be describe as a table of possible combinations.
A feature model consists of a tree with the root features, and leafs that
decomposes the root features in sub-features. The sub-features decomposed
can be: Mandatory, when they are required by the root one; Optional, when
they are not required but can be present; Alternative, when just one of the
features can be selected; as well as Or, when one or more features can be
selected. Other decompositions and mechanisms also are allowed in feature
models such as the cardinality of features and the exclusion of features.

Feature Diagram (FD) are a family of techniques for describing software
product lines in terms of their features. A number of feature modeling lan-
guages have been proposed, e.g. Batory & Geraci (1997), Czarnecki & Eise-
necker (2000), Czarnecki et al. (2005), Mannion (2002). Note that FDs were
first introduced as part of the FODA (Feature Oriented Domain Analysis)
method (Kang et al. 1990). A feature model consists of one or more feature
diagrams which are generally represented as tree-structures with high-level
features being decomposed into sub-features. A feature represents a system
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property that is relevant to a stakeholder and is used to capture commonal-
ities or to discriminate among systems in a family (Czarnecki & Eisenecker
2000).

Constraints can be expressed as plain text (Batory & Geraci 1997) or as
arbitrary propositional logic expressions over the values of features (Batory
2005), specified by means of a proper grammar (e.g. a limit in the number
of sub-features a feature can have). Constraints among the sub-features of
a same feature can be graphically represented to model restrictions in the
number of sub-features a feature can have. These relations can be: AND
(all the sub-features must be selected), XOR (only one sub-feature can be
selected) and OR (one or more can be selected). OR relationships can be
further specified with an n:m cardinality (Czarnecki et al. 2005), where n
indicates the minimum and m indicates the maximum number of allowed
sub-features.

2.2.3 Software Configuration Management

The Software Configuration Management (SCM) is a discipline of software
development that comprises factors such as configuration identification, con-
figuration control, status accounting, review, building management, process
management and team working (Berczuk & Appleton 2002). It works by cap-
turing how a set of available options impacts upon the way a software/hard-
ware system is built from a set of components (Krikhaar et al. 2009).

As a consequence of the growth of software complexity the SCM develo-
ped methodologies and environments to support the control of versions and
software lifecycle to ensure consistent creation of a baseline software pro-
duct. These environments keep the information about the variability using
version control systems. They apply techniques of branching and merging
to generate products from it variants, that is, maintain the commonalities
as the stable version and evolve the variants in the unstable versions during
development.

2.2.4 Process Family Engineering

The Process Family Engineering (PFE) (Bayer et al. 2005, Schnieders &
Puhlmann 2006) is the result of the project PESOA that defined variability
mechanisms to process based models including the state chart diagrams, ac-
tivity diagrams and BPMN models. They investigated the existing variability
mechanisms and adapted some of them to be used with the process-based lan-
guages. Furthermore, the PFE also defines a method to introduce variability
in process-based models.
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The PFE process includes the activities of domain scoping, domain anal-
ysis, application analysis, domain design, application design, domain imple-
mentation, and application implementation. The domain scoping has the
purpose to determine the appropriate bounds of process family. The domain
analysis defines the features related with the domain to produce a feature
model that represents the domain. The application analysis activity uses the
feature model previously defined to determine what the products that will be
built are. In parallel, the domain design activity produces a variability-rich
process that can be configured to result in specific processes. The application
design and domain implementation activities use the variability-rich process
to configure the implementation and then produces software that meets the
specified process.

The PFE approach adopts the feature models to analyze variability and
commonalities in the process. The variability identified are represented in
a process through a set of variability mechanisms (Puhlmann et al. 2005).
They are extensions of the process language that allows to represent differ-
ent mechanisms such as Encapsulation, Parameterization, Inheritance, and
Extension Points (Bayer et al. 2005).

2.2.5 Business Family Engineering

The Business Family Engineering (BFE) approach proposed by Montero
(2009) describes a methodology that derives systems from business process
models applying variability mechanism to obtain reusable process models.
The Business Family Engineering starts with the Business Family Domain
Engineering where the Business Process is designed to be part of the groups:
the core processes that are common in this family domain; and the variable
processes that can vary in the family domain. The next activity is Business
Family Application Engineering that uses composition mechanisms to assem-
ble a new process based on core and variable parts. However, the Business
Family Application Engineering is not detailed in Montero (2009).

The BFE (Montero 2009, Montero et al. 2007, 2008a,b) describes vari-
ability mechanisms to represent variability in BPMN models by extending
the mechanisms presented in the PFE (Bayer et al. 2005). The Domain
Engineering phase is parted in three activities: the Domain Requirements
Engineering, the Domain Design and the Domain Implementation. The for-
mer uses several requirement engineering techniques to identify and represent
domain requirements. The Domain Design explores the domain variability
and provides a summary of variability and a core architecture to the system.
Finally, the Domain Implementation is focused on defining the implemen-
tation and test details in the architectural core structure. However, this
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activity is not detailed in the studies.

2.2.6 Configurable Process models

The flexibility of business process models can also be handled using config-
urable models (Gottschalk et al. 2008). These type of model are extensions
of business process modeling languages that keep information about the vari-
ability in the same models that are been modeled.

La Rosa et al. (2009) use a questionnaire-based approach to deal with
variability and to drive the configuration of business process models. They
model variability in questionnaires and create intermediary models to link
them to process models. In their approach, answers to questionnaires offer
ways to select among configurations of a process, described in configurable
models, i.e., C-EPC or C-YAWL (La Rosa 2009). After the configuration,
the business process model can be individualized to obtain a single model
without configuration marks.

2.2.7 Goal-Oriented Variability Approaches

Lapouchnian et al. (2007) describe an approach used to design business pro-
cess using high-variability goal models. It consists in building a goal tree
that represents a business process. The goal tree is enriched to support
the constructions of business processes that are not supported by the goal
notation such as an exclusive OR, conditional events, and sequential AND-
decomposition. As result the goal tree can be mapped to the WS-BPEL.

In order to obtain the process, a high-variability model is created, with
the most relevant alternatives to run the process. The non-functional requi-
rements are represented by softgoals. They receive contribution of the goals
that are variations in the goal tree. These softgoals are the selection criteria
to choose an configuration. For instance, if a goal contributes positively to
cost but negatively to performance it can be present in a configuration that
prioritize cost instead of performance.

Liaskos et al. (2006) presents a goal-oriented method to variability anal-
ysis. This method uses linguistic frames to identify and analyze variability
and commonalities in goal models. The goals are modeled through the con-
struction of hierarchies of AND/OR decompositions of high level stakeholder
goals into sub-goals and then, into low-level sub-goals and tasks that lead
to requirements of the system-to-be. In the process of analysis the goals
are argued in order to identify possible variations in the behavior of the
goal. The linguistic frames that make part of the goals decomposition can
be the agentive (Who does the action?), the dative (Who is affected by the
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action?), the temporal (When the action occurs?), the process (How the ac-
tion is performed?), and others. Based on this analysis a tree of goals is
constructed where each frame can corresponds to a set of possible goal vari-
ations of the original one. The idea is to combine the resulting goals into
a possible solution. They also propose the reasoning about goals to deal
with the selection criteria and the explosive number of solutions. The goals
are analyzed in terms of contribution to each other, and then bottom-up or
top-down strategies are used to prune the goal tree and reduce the number
of possible solutions.

Yu et al. (2008) propose a process that generates a high variability soft-
ware design from a goal model. This process is supported by heuristic
rules that guide the design. The goal models are represented as a goal tree
with AND/OR decomposition, the variation points are located in the OR-
Decomposition. Moreover, the authors demonstrate that the constructions
of a goal tree can be semantically equivalent to the Feature model ones, be-
cause for each Feature model construction (e.g. Mandatory, Optional, Or,
Alternative) an equivalent goal decomposition can be mapped without loss
of information. The goal models can be mapped to three traditional views
the feature models (configuration view), the state-chart model (behavioral
view), and the architectural component-connector model (structural view).
They also present a discussion about mapping the goal model to Business
process models.

In González-Baixauli et al. (2007) an extension is presented to deal with
the complexity of variability models using an aspect-oriented strategy. The
approach supports goal-oriented elements such as goals, softgoal and task,
and their decomposition. They allow the goal analysis, by defining corre-
lation and contribution relationships. The goals are related with softgoals
and tasks, the alternative way to achieve a goal are represented by task
and the selection criteria to choose through analysis of softgoals. During
the analysis the authors employ the concepts of separation of concern and
crosscutting concerns to separating them in different models. These concepts
were borrowed from aspect oriented software development terminology and
are applied to join tasks and softgoals that are related to the same concern in
the same model. They also argues the using this mechanisms the can better
deal with the increasing complexity of the models.

2.3 Non-Functional Requirements

This section describes the Non-Functional Requirement - NFR, their termi-
nology and classification. We also present approaches to handle NFR, and
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discuss how NFR, conflicts could be handled. We conclude reviewing some
work that related NFRs with business process models.

2.3.1 Definitions and terminology

The Non-Functional Requirement (NFR) are usually associated to qual-
ity attributes (Boehm et al. 1978), extra-functional requirements and non-
behavioral requirements. On the other hand, the Functional requirements
describe the functions of a system, i.e., what the system must do. These
requirements will be implemented in software and become available for the
users. For this reason, they will have a localized and specific effect. The com-
plexity of a software system is partially determined by functionalities (func-
tional requirements) that represent what the system must do, and by the
qualities and constraints associated to the software system (Non-Functional
Requirements).

NFR in general are related to quality patterns such as reliability, perfor-
mance, etc. These requirements are important, because they define if a soft-
ware will be or not efficient for the task that it is designed to do. According
to Kirner & Davis (1996), the NFRs represent additional requirements that
defined as global qualities or quality attributes of the system-to-be. More-
over, the NFRs do not express functions to be expressed by the software,
but the behaviors and restrictions that the software must achieve (Cysneiros
& Leite 1998). Accessibility, security, performance, portability, consistency,
maintainability, efficacy, are some examples of NFRs.

The NFRs play a critical role during the development of software sys-
tems. They can be the criteria to select among alternatives in design and
implementation (Chung et al. 2000). It is well known that errors and omis-
sions in the NFRs can lead to a negative impact over the quality of the final
product. The correction of NFRs problems in systems can increase the costs
of even make the software unviable. Thus, errors due to missing or incor-
rect elicitation make then expensive and hard to correct once the system
had been implemented (Davis 1993). Conflicts can happen among NFRs or
among NFRs and functional requirements (Cysneiros & Leite 1998). As con-
sequence, the lack of attention paid to NFRs can lead to conflicts during the
software implementation.

As stated by Chung et al. (2000), there is no formal definition neither a
complete list of NFRs. NFRs may vary according to the needs of stakehold-
ers or their perception about the software. For instance, the NFR may be:
loosely detailed; technically or economically unviable; interrelated; conflict-
ing; and, confused with functional requirements. In addition there are few
methods that deal with non-functional requirements effectively. The main
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reason for this is because they are different, domain dependent, and difficult
to be specified.

Moreover, there is no unique and universal classification schema that
covers all needs of different domain application. As a result, each application
domain requires its own classification. For instance, the standard IEEEStd-
830 (1998) proposed a list with thirteen (13) NFRs. Other classification of
NFRs can be found in Sommerville & Sawyer (1997), which classify the NFR
as:

• Process NFR specify constraints for the software development process.
Process-oriented approaches integrate the effort to describe and answer
NFR during the development process;

• Product NFR specify qualities that the product (i.e., the software)
must achieve. Product-oriented approaches assess the degree to which
the final product meets certain NFRs;

• External NFRs are derived from the environment where the system will
run. They include legal, economic and interoperability restrictions.

In a product-oriented approach the system is measured by the extent that
it meets determined NFR through a quality control process capable of doing
such checks. Product-oriented approaches are usually employed when the
requirements are well defined and can be specified in terms of features and
measurable qualitative factors (metrics).

The process-oriented approaches are generally recommended to deal with
the NFR in the early stages of requirements analysis.

It is claimed that techniques based on goals are more suitable to represent
NFR (Chung et al. 2000). Because they allow to examine the utility of
requirements, use a vertical view from strategic level to fine grain level, as well
as, use logical operators And/Or, which helps the decision making. The NFR
Framework proposed by Chung and colleagues is a widely known approach
that could be used for all types of NFR, since the early stages of software
development (Chung et al. 2000).

A literature review of NFR from different views was presented in Mairiza
et al. (2010). Their research is based on three dimensions: definition and
terminology; types; and application domain. The definition and terminology
describe how the literature defines NFR and what are the terms used to do
so. The type dimension classifies the NFR in categories and identifies the
most cited NFR. The third dimension identifies the most important NFR
according to the type of system and the application domain.
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Following the classification of Mairiza et al. (2010) in next section we
present a description of the most cited NFR: Performance, Reliability, Secu-
rity and Maintainability.

2.3.2 NFR Framework

The NFR Framework (Chung et al. 2000) is a goal-oriented approach de-
signed to be intuitive. It was based on AND-OR trees used in problems solv-
ing. However, goals which represent non-functional requirements can rarely
be regarded as fully satisfied. Hence the NFRs are treated as softgoals to be
achieved, that is they are goals which need to be clarified, disambiguated,
prioritized, elaborated upon, etc. Different design decisions contribute pos-
itively or negatively towards a particular goal. These goals can be assessed
to determine whether a set of non-functional requirements is being achieved
by a specific project.

This framework provides a structure to represent and record the design
and reasoning processes on graphs, called Softgoal Interdependency Graph
(SIG). In addition, it also offers a catalogue of knowledge, including technical
development. The NFR-Framework can be used to define non-functional
requirements such as performance, reliability, security and maintainability
(see Figure 2.5).

Once defined the important NFR for this domain we begin to decompose
them. Decomposition can be driven by type, by topic or a specific method
(Chung et al. 2000). We use decomposition by type based on the general
and specific literature (Chung et al. 2000, Gregoriades et al. 2003, Le 2009).
First we produce catalogues with the type decomposition for the NFR. In
Figures 2.5 we present catalogues for type decomposition of Maintainability
(Fig. 2.5(a)), Performance (Fig. 2.5(b)), Security (Fig. 2.5(c)) and Reliabil-
ity (Fig. 2.5(d)). The Maintainability is decomposed in the NFRs that are
part of its concept according Chung et al. (2000). It is composed by the Un-
derstandability, Testability, Modifiability, Changeability and Stability NFRs
(Fig. 2.5(a)). Performance (Fig. 2.5(b)) is decomposed in Space Perfor-
mance and Time Performance, they are two typical aspects of Performance
that may be evaluated. Security (Fig. 2.5(c)) is decomposed in Availabil-
ity, Access Control, Integrity and Confidentiality. They are NFRs that can
be further decomposed. Observe that in addition to Fault Tolerance, Con-
sistency and Recoverability, the decomposition of Reliability (Fig. 2.5(d))
reuses the Availability and Integrity NFRs from the Security decomposition.
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According to Chung et al. (2000), there are several steps in this design
process that will be described below.

Acquiring Knowledge The analyst must acquire knowledge about the area
(or domain) of the system in question. It includes the functional re-
quirements of the system and specific types of requirements associated
with functional and technical development;

Identifying NFR for a specific domain Using the knowledge previously
acquired, the analyst shall identify what are the important require-
ments for the domain, and document it in a Softgoal Interdependency
Graph (SIG);

NFR decomposition The decomposition of non-functional requirements is
divided into type and topic. The topic decomposition deals with the
structural decomposition of the problem, while the type decomposition
breakdown a non-functional requirement in it sub-types;

Identifying Operationalization Then the analyst should develop alterna-
tives to meet the non-functional requirements the system in question;

Ambiguity, prioritization and interdependency The SIG may grow and
become large and complex. Therefore it is necessary to deal with am-
biguities, priorities, and interdependence of operationalization;

Support rationale The Claim-Softgoal is a type of softgoal used to argu-
ment about the choices and rationalizes tradeoff;

Selecting among alternatives The decomposition process is performed
until the analyst considers those operationalizations are enough to de-
scribe the alternatives for the problem. Then the operationalizations
can be marked as accepted or denied;

Evaluating the impact of decisions Using bottom-up and top-down anal-
ysis is possible to evaluate the impact of the choices, and identify if the
operationalizations will be able to achieve to softgoals that are associ-
ated to them.

2.3.3 Using NFR-Framework in a Socio-Technical Sys-
tem

In this section we will present the use of NFR Framework in a specific domain
of an emergency response to a fire where a Socio-Technical System (STS) may
be deployed.
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The first step is to acquire knowledge about a fire response system. Socio-
Technical System (STS) are characterized by the interplay between social
and technical components. In STS, the human actors are components of the
system along with the software and hardware. Due to the presence of human
actors, the STSs present specific properties such as dynamic organizational
objectives and non-determinism.

The scenario of crisis management introduced by Dalpiaz et al. (2008)
illustrates these properties for Ambient Intelligence (AmI) socio-technical
system. When a disaster (e.g., fires, floods, etc.) occurs several responses
can be triggered by an AmI. The response to disaster may vary in many points
according the type and severity of disaster. In this scenario the processes to
deal with the crises also varies since they need to be suitable to a specific
situation. Thus, context-awareness and adaptability of processes are essential
to this type of process. In this thesis, we will use this scenario as a running
example to explain the steps of our approach.

The AmI consists of a monitoring system that will alert if a possible
crisis situation arises. It may also identify alternative measures to mitigate
or respond to the crisis. Both human and automatic component are involved
in the process of identification and response. For example, in the case of
fires, the system’s smoke detection mechanisms will identify if it is a real
menace of fire and activate the alert system (e.g., alarms or call firefighters)
accordingly.

The humans may act according to a well-defined process specially defined
to response to this type of crisis. The AmI will have to change the process
according to the context.

The second step consists of identifying the NFR related with the domain
of our problem. According to Mairiza et al. (2010), the NFR most cited in
literature for this domain are Performance, Reliability, Security and Main-
tainability. Other NFR could be identified, but we will focus initially on
these ones. The description and relationship of them with STS is provided
below:

Security Issues that concern about preventing unauthorized access to the
system. The security of the STS (its ability to resist attack) is a com-
plex property that cannot be easily measured. Attacks may be devised
that were not anticipated by the system designers and so may defeat
built-in safeguards.

Reliability Requirements that specify the capability of software product to
operates without failure and maintains a specific level of performance
when used under specified normal conditions. In STS, the System re-
liability depends on component reliability but unexpected interactions
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can cause new types of failures and therefore affect the reliability of the
system;

Maintainability It describes the capability of the system to be modified
that may include correcting a defect or making an improvement or
change. This property reflects how easy on hand it is to fix a problem
with the system once it has been discovered. It depends on being able
to diagnose the problem, access the components that are faulty, and
modify or replace these components;

Performance Requirements that specify the capability of software product
to provide appropriate performance relative to the amount of resources
needed to perform full functionality under stated conditions. The per-
formance of a STS depends not just of the software and hardware per-
formance but also of the operator performance.

Another way to decompose a NFR is using the topic decomposition.
Hence, a concept hierarchy is used to decompose the NFR in sub-NFR. Each
element of the hierarchy is evaluated for a fixed NFR type. In the Figure 2.6
we present a hierarchy for the concept Call Method, where there are three
possible methods to call security services: via internet (automatic alarm), by
mobile phone and by land phone line.

Call Method

Via Internet PhoneMobile Phone

OR OR OR

Reliability 

[Call Method]

Reliability 

[Via Internet]

Reliability 

[Phone]

Reliability 

[Mobile Phone]

Concept HierarchyTopic Decomposition

Figure 2.6: Reliability decomposition of Call Method

Once the NFR were decomposed the operationalizations can be linked
to the NFR. For example in Figure 2.7, the Response Time[Door opening]
NFR can be operationalized by a manual opening or automatic opening.
Considering that the doors are locked and that it is necessary to unlock
them to leave the building the response time in this situation is essential. If
the door just can be opened manually, it requires that the person that has
the ability (or authorization) to open the door to be present. Thus, a manual
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opening contributes negatively to the response time. On the other hand, if
the door can be opened automatically once the fire event is detected it can
contribute positively to the response time.
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Figure 2.7: Operationalization of NFR

After describing the decomposition of the NFR we start to relate the
NFR from different SIGs to obtain the relationships among them. The op-
erationalization identified can be related through correlation to NFR of a
different tree. In doing so, it allows to identify conflicts, priorities and so on.
For instance, the mechanism to automatically open the doors can be useful
to improve the response time but can impact negatively the access control
(during the event some doors can be accessed without permission). In order
to simplify the visualization the SIG and the contributions and correlations
can be translated to tables such as the correlation catalogues (Chung et al.
2000).

The analyst can select the operationalizations that seem to be interesting
for the solution and then evaluate the impact of them to the NFR. Using the
information of contributions and correlation it is possible to verify whether
or not a high level NFR will be achieved. The evaluation algorithms can
identify also the presence of conflict in the SIG (Chung et al. 2000).

In the example of STS for a fire event scenario the operationalizations
open doors automatically, trigger alarm automatically and call firefighter
automatically could be selected to achieve the performance NFR, but the
correlations could be evaluated to verify if other NFR are achieved in the
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same way. For instance, with the same selection of operationalization Secu-
rity and Reliability can only be partially satisfied.

2.3.4 Conflicts in NFR

The NFRs may present conflict among them. Sometimes they are implicit
such as the conflict among security and performance. To deal with possible
conflicts the NFR based approaches present some strategies at design time.
The NFR Framework (Chung et al. 2000) uses a propagation algorithm to
identify conflicts, thus allowing dealing with this problems at design time.
Another available mechanism present in the NFR Framework is the use of
prioritization to analyze critical requirements.

The i* framework (Yu 1995) also deals with NFRs, which are represented
as softgoals. Interactive algorithms were proposed to identify the satisfiability
of the Softgoals in i* models (Horkoff & Yu 2010). These algorithms allow the
selection of solutions based on qualitative analysis, they rely on the analyst
expertise to solve possible conflicts that emerges.

AHP as a conflict solver

Another way to deal with conflicts in the selection of alternatives is the use of
Multi-Criteria Decision Analysis (MCDA). These kind of method allow the
selection among alternatives based in more than one criteria (Figueira et al.
2005). The MDCA methods deal with multiple and potentially conflicting
options. Some methods can deal with qualitative or intangible criteria such
as the fuzzy logic or the Analytic Hierarchy Process (AHP) (Saaty 2008). If
we consider the NFR as selection criteria, we could apply these methods to
deal with conflicts during the selection of alternative options. For instance,
the AHP method use pair wise comparisons along prioritization to deal with
measurement of multiple qualitative attributes.

As presented in Liaskos et al. (2012) the AHP method may be used to
express stakeholders’ preferences over NFRs. The AHP calculates the global
preference over a criteria by comparing the pair of alternatives. Each pair
will provide the preference over a criteria. After compute all alternatives
for all criteria the result will be a set of matrices that may be computed
for a decision. In the case of NFR Framework, the hierarchical structure
of SIG graphs allow the integration with the hierarchical structure of AHP.
The use of AHP also allows transforming the qualitative reasoning of NFR
Framework into a computable set of values. Moreover, the AHP may be used
in several domains as demonstrated by Saaty (2005).
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Among the limitations of AHP method we highlight the number of criteria
and the explanation of results. The former is the caused by the effect of
cumulative calculation of matrices. When all pair comparison matrices are
defined they need to be computed in an unique value, during this process
some error may stack-up. In order to avoid this problem the author suggest
limiting the number of matrices to seven, thus, the quality of solution will not
degenerate. The latter limitation of AHP is the lake of results explanation.
The result of using AHP is a vector with the order of preference over the
alternatives. However, the interpretation of the result is not obvious. Since
the results depend on the assessment of all criteria and priority, establish
the direct link between the preferences (input) and the ranking (output) is
almost impossible. Even so, some experiments (Liaskos et al. 2012) verified
that participants generally recognize the result of their preference input and
preferred choice.

2.3.5 NFR and Business process models

The importance of NFR for business process models has been acknowledged
in the last years. They are applied in the design of business process mo-
dels through extensions of business process modeling languages, allowing for
richer analysis of the process model.

For instance, Xavier et al. (2010) and Pavlovski & Zou (2008) include
the NFR into the business process modeling activity. The former by using
NFR catalogues during the design and the latter by extending the business
process models to incorporate NFR. Neither considers the variability in their
solutions.

Xavier et al. (2010) propose an extension to BPMN in order to include
non-functional requirements, it is called Business Process Modeling with
Non-Functional Requirements (BPMNFR). The BPMNFR adopts the con-
cepts of NFR from the NFR Framework (Chung et al. 2000) to improve the
business process models by including the operationalizations of NFR in the
model. The BPMNFR approach is composed by the following steps:

1. Create up a Business Process Diagram (BPD),

2. Insert labels in the activities of BPD that represent NFR related with
the activities,

3. To use, to extend, or create NFR catalogues,

4. Insert the operationalizations of NFR in the BPD, grouped by the label.
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Hence, the BPMNFR allows the creation and refinement a business pro-
cess model to support the non-functional requirements. However, the BPM-
NFR needs to maintain the BPD and the NFR models in parallel. Based
on the analysis of the BPD, non-functional requirements that are potentially
relevant are selected to be detailed (e.g., usability). A NFR catalogue is used
(or created) to identify how the activities of the BPD can be modified to sup-
port the NFR selected before. The operationalizations of NFR are inserted
in the BPD as task or sub-process after being selected.

Pavlovski & Zou (2008) propose an extension to BPMN language to rep-
resent non-functional requirements through two new artifacts: operating con-
dition and control case. They extend the BPMN to allow the representation
of concerns and non-functional requirements that are related with the busi-
ness. The aim of their approach is to identify the non-functional require-
ments from the business restrictions of a business process model. In their
process the business process is modeled and the non-functional requirements
are included in the models. Their proposal complements the model without
changing the semantic flow and syntactic notation. The identification of re-
quirements is done in a high abstraction level and there is no refinement of
requirements. However, their approach does not support the identification
of the requirements, neither describes how to detail them. The operating
condition artifact represents the grouping of constraints that are potential
non-functional requirements to be identified. Thus, the operating condition
is used to declare additional semantic constraints to the process activity.
The control case artifact uses graphical notation and textual descriptions to
represent additional properties of the business constraint the controls to be
applied. The control case is associated with the operating condition that
capture the business risk associated with the operating condition.

Soffer & Wand (2005) also advocate the importance of NFR (expressed
by Softgoals) for the business process design. They provide a conceptual
framework to clarify the notion of Softgoal and use it to represent quality in
business process models.

Lapouchnian et al. (2007) also describe how to use goal models and an-
notation mechanisms to derive business process models. They use NFR,
represented by Softgoals, to drive the configuration of process. They start
their approach with the goal model and then derive the business process
model.
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2.4 Context-Awareness

The need for systems that dynamically adapt themselves is dramatically
increasing. Contextualization can be used as a way to allow adaptation to
changes both at design time and at run-time (Rosemann et al. 2008).

The context-awareness has emerged from the demand of applications ca-
pable of operating in high dynamic environments such as the pervasive and
ubiquitous systems. The context-aware applications aim to meet require-
ment by taking in consideration the context of use including location, time
and activities of the user (Henricksen & Indulska 2004).

In order to perform context-based adaptation, two mechanisms are nec-
essary: monitoring and actuation. The former identifies what should be
changed, while the latter performs the changes themselves. These mecha-
nisms are the basis for self-adaptive and autonomic systems (Cetina et al.
2009). The monitoring mechanism requires the definition of attributes to be
monitored. This set of attributes is part of the context which can be modeled
using contextual analysis.

In this section we describe the basic concepts in context-awareness and
the application of context in business process modeling.

2.4.1 Basic Concepts

A context can be defined as a state of the world that is relevant to an actor
goal (Ali et al. 2010), or as a stimulus for change (Rosemann et al. 2008).
A context can also be defined as the current state of an actor in relation
with word objects (Bai et al. 2008). In this thesis we will use the definition
proposed by Ali et al. (2010).

The contextualization of models consists in including useful information
about the contexts that can affect the model. In the last years the need for
systems that are able to dynamically adapt themselves has become a hot
research topic. Systems and the design methods must be flexible enough to
support changes. In order to do so, contextualization is used as a way to
allow adaptation to changes both at design time and run-time.

There are several approaches to model context information (Henricksen &
Indulska 2004). In general the context information associated with sensors is
stored in repositories. They can be expressed as graphical models or through
well-formed expression using relational languages or logic (Bai et al. 2008,
Henricksen & Indulska 2004).

The contextual information can be derived from several sources Bettini
et al. (2010), including:
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Sensorial information Sensors respond to stimulus of the environment
generating data. This type of information can be obtained from several
sensorial equipment such as GPS, smoke detectors, and so on.

Profiled information In some situation profiles can be used to store con-
textual information. They can be filled by user (e.g., personal infor-
mation in webmail accounts) or collected in databases (e.g., number of
visited pages in a research engine).

User inputs When users interact with a context-aware system the user in-
puts can trigger changes.

Context Representation Languages

Several ways to represent the Contextual information have emerged. In the
sequel, we present the taxonomy proposed by Bettini et al. (2010) to classify
the context representation languages.

Fact-based modeling approaches. They were originated from attempts
to create sufficiently formal models of context to support query processing
and reasoning, as well as to provide modeling constructs suitable for use in
software engineering tasks such as analysis and design (Bettini et al. 2010).
Early context modeling approaches, such as attribute-value pairs, could not
satisfy these requirements, particularly as the types of context information
used by applications became more sophisticated.

Contextual analysis is based on context annotations. Annotations are
attached to elements of a model in order to indicate what the relevant context
information that can affect that part of the model is. Hence, contextual
parts of that model can be enabled or disabled. During the analysis, the
contexts can be associated to facts and statements. On one hand facts may
be directly assessed, on the other hand statements must be decomposed as
facts (Ali et al. 2010). Contexts are linked to sets of facts that can be
assessed to identify the validity of the context. In Figure 2.8 we show the
context modeling of our running example, i.e. the fire response STS.
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Figure 2.8: Context Information for the Fire Response example

37



The context representation proposed by Ali et al. (2010) requires the defi-
nition of context as formulas that will be evaluated. In Figure 2.8 the context
C1 and C2 are respectively implied by the statements S1, Backup services
work properly, and S2, Firefighters be called. Each statement is supported
by a decomposition that ends in facts. The facts such as Fire Alarm is active
may be evaluated as true or false and the statements supported by this facts
may validated.

Spatial modeling approaches Space is an important context in many
context-aware applications (Bettini et al. 2010). It is related to locational
information what includes describing where the events occur, and what are
the resources nearby. In general the spatial context modeling approaches
are based in geometric coordinates or symbolic coordinates. Geometric co-
ordinates can be used to specify ranges by their geometric extensions, thus
allowing range queries (Bettini et al. 2010). In contrast, symbolic coordi-
nates are represented by identifier, such as a room number or ID. There is
no spatial relation offered by symbolic coordinates. In order to allow spatial
reasoning about ranges and distances explicit information about the spatial
relations need to be provided.

Conceptual (ontology-based) The ontology-based context modeling ap-
proaches rely in the symbolic knowledge representation of the contextual
information (Nunes et al. 2009). The benefits of using ontologies are the
following (Bettini et al. 2010, Nunes et al. 2009): the expressiveness of the
language can describe complex context data that cannot be represented by
other languages; by providing formal semantics to context data, it becomes
possible to share and/or integrate context among different sources; the avail-
able reasoning tools can check for consistency of the set of relationships
describing a context scenario.

Since ontologies are essentially descriptions of concepts and their relation-
ships, they can be a suitable formalism to represent contextual information.
However, ontology-based approaches require more effort during the develop-
ment of context-aware applications. They also require the design of specific
architectures to support processing and manage the ontology. Moreover,
several layers of analysis should be applied to design, validate and update
the ontology itself, what becomes a drawback when compared with other
notations.
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2.4.2 Contextual Information in Business Process

The business process modeling area has advanced towards the contextual-
ization. Some initial works have presented the basis for the development of
business process management applications that are context-aware. In order
to show how contexts impact business processes, this section we describe the
classification proposed by Rosemann et al. (2008), which considers contex-
tual information in several layers such as immediate, internal, external and
environmental layers.

Immediate Context According to Rosemann et al. (2008) the immediate
context of a business process includes elements present in the process itself.
They go beyond the constructs that constitute the control flows, and are
already well considered in the current business process modeling techniques.
These elements are essential to the understanding and execution of business
process. The immediate context includes (Rosemann et al. 2008): (input,
output) data, participants of process (e.g., organizational unit, position, and
person) and IT resources (e.g., application system, database, and logistical
resources).

Internal Context The next level of context information covers the in-
formation on the internal environment of an organization that impacts the
process. The internal context includes the corporate strategy and related
process objectives. A change in internal strategies will have impact on busi-
ness processes (e.g., cost-cutting strategies). Other important enabling or
constraining factors for the capability to change are also cited by Rosemann
et al. (2008), which include the stakeholders and their risk perceptions, com-
munication and logistical infrastructures, and financial and other resources.

External Context The external contexts are located beyond the control
sphere of an organization but still reside in the business network of the or-
ganization (Rosemann et al. 2008). The elements of external context are not
present in the daily process operations but they still pose impact on the way
the organization designs and executes its business processes. For instance,
external stakeholders such as suppliers, customers, financial and logistical
providers are part of the external context. They can affect the process with
their strategies, demands, resources, and failures. Other factors also are part
of the external context such as industry-specific practices like supply chain
management practices. Since this layer is the boundary between the orga-
nization and its partners, the external context will demand compliance of
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internal business process and provide a set of constraints that have to be
considered.

Environmental Context According to the classification of Rosemann
et al. (2008) the outermost layer in the business process context is the envi-
ronmental context layer. It resides beyond the business network in with the
organization operates. The environmental contexts affect the business pro-
cess with contingency effect. Several factors are part of the environmental
context such as weather (e.g., increasing call volume during storms), time
(e.g., different sales volume during holidays like Christmas) and workforce
related (e.g., worker shortage or strike). Some of these factors can change reg-
ularly and impact the business processes (e.g., weather conditions), whereas
some may have a long life span (e.g., availability of natural resources, cur-
rency).

The business process contexts as classified by Rosemann et al. (2008)
shows how deep the contexts can affect the business processes. From data
of the process itself to events outside of the organization boundary several
levels contexts may to require adaptation of the process to a new set.

2.4.3 Context in Business Process Modeling

De La Vara et al. (2010a), describes an approach to include contextualiza-
tion in business process models. In many ways their work is the most similar
to our approach. Since it uses contextualization analysis, as proposed by
Ali et al. (2010), their approach incorporates the concepts of context, fact
and statements to represent the contextual information. De La Vara et al.
(2010b) describe a process to introduce contextualization into business pro-
cess models through context analysis. Since they describe the variability
embedded into the contextual description, the variants and variation point
are not explicitly declared. Thus, evaluating the inclusion of new variants
as well as updating the variability model are challenging tasks. De La Vara
et al. (2010a) is focused in the description of contextual information. Even
though they describe the process variability in some level during description
of contexts, the variability is not explicitly described. In order to provide
more flexibility, in this thesis we separate all configuration information from
the model itself. The separation between variability and context analysis
helps the analysis process and maintainability of our approach. In BVCCoN
we apply the NFRs as driven mechanisms to select a configuration, De La
Vara et al. are not concerned in this matter. Moreover, the identification
variants and the linking with NFR are performed in different steps of the
process analysis. In our approach, we deal with the variants and variation
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points since the beginning. Since during this step the analyst just need to
focus in to analyze the variability, the separation simplifies this analysis.

Bessai et al. (2008) proposed a context-aware business process approach
that evaluates and enhances business process models for a context using work-
flow patterns. They are focused in the redesign of process models through
patterns. During the design the use of contexts help analysts to select a
specific pattern. Our approach is similar in a way to their work due the use
of patterns. However, we have focused on the use of NFR as mechanism to
configure the model. In doing so, the reasoning about the decisions is not
kept during configuration. In order to do so, our approach requires qualita-
tive analysis to identify the contributions to NFR. What give us information
that may be used to optimize and adapt the process. Bessai et al. (2008)
select process re-engineering patterns based on contextual information. They
are focused on the evaluation of design time selection of patterns, where a
business analyst will select how change the processes how they will be cre-
ated as new. We are also interested in the evaluation of context and patterns
during selection as part of a selection mechanism. However, we have a dis-
tinct point of view, the use of context as trigger mechanism for adaptation
and adopt patterns to structure the change in process models. The main
difference is that we are interested in reduce or eliminated the need for hu-
man intervention during the process changes. Moreover, the use of NFRs
as driven mechanism for configuration is an unique selling point in our ap-
proach. Observe that Bessai et al. do not mention cases where the NFRs
can actually be relevant in solving conflicts among variants.

Greenwood & Rimassa (2007) developed a suite to monitor and adapt
business process models and integrated software applications. Their ap-
proach is a goal-oriented business process management system that supports
autonomic features. They have proposed their own language and rely on
planning algorithms to support the self-configuration features. In contrast,
our proposal has been developed over a standard model (BPMN), which
allows its integration with case tools that support this standard.

Hallerbach et al. (2008) also propose a methodology to configure process
variants based on context information. They model contextual information
using context rules that associated variables with changes in the process
model. The process models and variants are represented using the Propov
method that provides both the process language and the variant representa-
tion in the same notation. A reference process is associated with the change
actions and possible variants, when the context rules are active the process is
changed into a new process. The main differences between our proposal and
Hallerbach et al. (2008) are the representation of variability and the focus on
multicriteria decision based on NFRs. While BVCCoN separates the variabil-
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ity description and business process modeling in different perspectives, the
Provop approach (Hallerbach et al. 2008) mixes them into an extended busi-
ness process modeling language. This integration trades the maintainability
for expressiveness of business process modeling language. On the other hand,
we can use a standard language and improve the keep the variability descrip-
tion in separate models. If necessary, we can update the BVCCoN model or
change variants without large impact in the business process models. More-
over, our approach focus in use of NFRs as configuration criteria. NFRs allow
representation of conflicts among NFRs and interference among preferences
of stakeholders. With the use of an algorithm that support NFRs analysis
the BVCCoN approach decision making takes in account more elements what
creates more perspectives for optimization.

2.5 Comparison to Related Work

In recent years the development of information systems that support busi-
ness processes has grown and become part of the practices of organizations.
One of the aspects that has been reported in the literature is the need of
some business processes to adapt to the environment. In order to achieve
flexibility several factors must be considered. Indeed, processes should be
documented through models. Process models allow an abstraction that facil-
itates the representation and analysis of practices at work. Then there must
be mechanisms to describe how the models can adapt to the environment.
Finally, a set of criteria must be available to guide the adaptation to the
surrounding environment.

In this section we present a comparison that assess the differences among
BVCCoN approach and other proposal that have been described in literature.
We designed the comparison based on a set of criteria that evaluates specific
issues. Following we present the results.

We are comparing configuration approaches of business process models
in dynamic environments described in the literature. The BVCCoN ap-
proach covers three main points: the variability representation, the context-
awareness, and the preferences representation using NFRs. Since there are
several proposals addressing at least one of these points, we selected business
process models configuration approaches that are related to two or more of
these issues.

We are interested in identifying how approaches described the in literature
deal with the configuration of business process models and contrast them with
BVCCoN approach. Our approach was designed to help in the configuration
of business process models in dynamics environments. These environments

42



are characterized by interferences of external sources in the business process.
Thus, using contexts to describe environment changes, and NFRs to represent
preferences we intent to improve the process configuration. In doing so,
the comparison will show the difference of using the BVCCoN approach in
contrast to approaches that cover similar aspects but were not designed for
the same scenario.

2.5.1 Methodology

It represents situations where configuration of process is required. Based
on this scenario the participants will evaluate three approaches by reviewing
the documentation produced. Three participants agreed on participate of
the study.

• Ability to express the process models. In this criteria the approaches
are evaluated according to their capacity to represent business process
models. The approaches may refer to Business Process Modeling Lan-
guages that already exist or create new languages.

• Ability to model variability of process models. Several types of ap-
proach may be used to represent variability in business processes (Ben-
tellis & Boufäıda 2008). In this criteria the approach will be evaluated
according their capacity to represent variability in business process.

• Presence of mechanisms to support change or configuration of process
models. The approaches should also provide mechanisms to perform
changes in the processes. This criteria assess the presence and impact
of these mechanisms.

• Guidance to support changes in the models. One of the essential point
in the configuration is how the approach supports and guides the con-
figuration.

• Level of user interference during configuration. This criteria evaluates
the way approaches users will interact, and what the importance of the
users during the configuration.

The comparison takes in account works that have been proposed to sup-
port business process change/configuration. The following publications are
the target of the study:

• M. La Rosa, W. van der Aalst, M. Dumas, A. ter Hofstede, Questionnaire-
based variability modeling for system configuration, Software and Sys-
tems Modeling. 8 (2009) 251-274.
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• A. Lapouchnian, Y. Yu, J. Mylopoulos, Requirements-Driven Design
and Configuration Management of Business Processes, in: Proceedings
of the 5th International Conference on Business Process Management,
BPM 2007, 2007, p. 246-261.

• JL De La Vara, R. Here, F. Dalpiaz, J. Sanchez, P. Giorgini, COMPRO:
A Methodological Approach for Business Process Contextualisation,
in: Proceedings of the 18th International Conference on Cooperative
Information Systems, 2010.

• E. Santos, J. Pimentel, D. Dermeval, J. Castro, O. Pastor, Using NFR
and Context to Deal with Adaptability in Business Process Models, in:
Proceedings of the 2nd International Workshop on Run Time Require-
ments @ 2011, Trento, Italy, 2011.

The scenario designed was the Airport check-in and boarding processes
presented in Chapter 5. In this scenario it is easy to identify circumstances
where the process configuration would be useful.

2.5.2 Summary of target works

La Rosa (2009)

La Rosa (2009) proposed an approach to capture system variability based on
questionnaire models. They support the configuration with a process and a
questionnaire model. Since the choices are interdependent, the questionnaire
model consists of a graph which defines the questions to be answered. Ques-
tions are answered in sequence, leading to the identification of actions that
are performed by the configuration. The dependency chain is dealt with the
design to avoid cycles and deadlocks during the execution.

The process models are represented by configurable process models writ-
ten in the Configurable Yet Another Workflow Language (C-YAWL) (Gottschalk
et al. 2008). This language is an extension that has marks to describe the
process variation points within the process model. The process models with
variability information are aligned with the questionnaire model. The config-
uration process is performed by the user answering the questions and which
leads to new process models.

Lapouchnian et al. (2007)

Lapouchnian et al. (2007) present an approach that aligns business processes
with goal models. Goal models are used to describe business goals and user
preferences. Through decomposition of the goal models they obtain a goal
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structure of the business process. The goal model follows a tree structure
where a goal is decomposed in subgoals. This is then annotated with behav-
ioral information. A workflow language is used to describe the behavior.

The description of variability information is added to the structure of
goal model. Hence, the process information is mixed with annotations. The
annotations that describe variability are based on IF-THEN-ELSE, rules
as well as logical operators (e.g., AND, OR). The NFRs are described as
softgoals and the contributions to softgoals represent user preferences about
the possible choices. The variation points are places where there is an OR
decomposition. In order to obtain a workflow process model they describe
steps of configuration starting with the analysis of softgoal and selection of
variants. After the selection, a transformation generates workflow process
models in BPEL.

De La Vara et al. (2010a)

De La Vara et al. (2010a) propose a methodology to add contextualization to
business process models. In their approach the purpose is to obtain business
process models that are context-aware. Their methodology describe several
steps and include contextual annotations that is based on the approach of Ali
et al. (2010), which supports contextual analysis. The contexts consists of
trees with facts and statements that are evaluated to identify when a context
is active.

The contextual information is required to trigger changes in the process
flow. In order to include the context, they extended BPMN to have contexts
embedded in the sequence flows that link the activities. The variability
description is added to the process model, where alternative path in the
workflow represents the variants.

2.5.3 Comparison

Process models and variability

The first two criteria analyzed in the comparison are the ability to express
process models and to model variability of process models.

The ability to model business process and their variability is an impor-
tant pre-requisite for the successful configuration approach. A proposal with
limitations at this points would offer little help when later it needs to deal
with the adaptability in dynamic environments. Having considered how the
several approaches represent the process model and variability information
we can present in Table 2.1 presents a summary of the several languages used.
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It is worth noting that the participants of comparison concluded that all ap-
proaches met the two initial criteria, i.e., they are able to express process
models and represent variability.

La Rosa (2009) uses a specific modeling language to represent the process
models (the C-YAWL). This language is an extension of YAWL that supports
gates to represent alternatives. As a result part of the variability description
is encoded within the process description. The variability representation is
complemented by the design of questionnaires that hide the configuration
knowledge and the process information from the user. Since all information
are mixed, there is no separation between the variability representation and
process modeling.

Lapouchnian et al. (2007) have a different view on the process models
when compared to other approaches. The process models tasks are depicted
as goals in a goal model. Although at the end of process they propose the
derivation of BPEL models from the goal model. Their strategy requires
a complex analysis of the goal model. Furthermore, the concepts are quite
different since tasks in a workflow model are not in the same abstraction
level as the goals described in the goal model. Recall that a goal may require
several tasks or even entire routines to be achieved (Yu 1995). Their ap-
proach simplifies the variability description due the flexibility of goal models
to represent alternatives. However, even simple elements, such as sequence
flows, requires annotations in the model what makes the model overloaded.
See in Figure 2.9 an example of process model expressed as a goal model with
annotations. The goal model has a main goal (i.e., Supply Customer) that
is decomposed in sub-goals. In order to represent alternatives observe that
the Get Order goal has a X mark when decomposed into Get Order Standard
and Get Order Standard & Web goals.

De La Vara et al. (2010a) extend BPMN to support context-awareness,
that is, tasks and sequence flows are extended to support context informa-
tion. As a result that the process models are no longer represented in the
standard BPMN, but in some kind of BPMN extension. Similar to La Rosa
(2009) that rely on C-YAWL, they encoded the variability within the process
model elements. For example, alternative choices are represented by BPMN
gateways and receive context annotations to allow decision among to selected
path.

It is worth noticing that in our BVCCoN approach the process model are
represented using standard BPMN language. Since we do not use extensions
all of our process models, as well as inputs and outputs of the BVCCoN
approach are described in the same language. Hence, BVCCoN model make
uses of standard BPMN language, i.e., without change its’ concepts. Note
that the information required to configure the process is stored in separate
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Table 2.1: Process model and Variability
Approach Process Model Variability
La Rosa (2009) C-YAWL/YAWL Questionnaire and C-YAWL
Lapouchnian et al.
(2007)

Goal model/BPEL Annotations in the goal model

De La Vara et al.
(2010a)

Extended BPMN Annotations in the BPMN mo-
del

BVCCoN BPMN BVCCoN Model

Figure 2.9: Process representation with goal models by Lapouchnian et al.
(2007)

models. For example, the variability model covers the basic representation
of variability. It links the reference model and relies on process fragments to
represent variants.

Considering the way how the process models are represented, the BVC-
CoN approach, La Rosa (2009), and De La Vara et al. (2010a) require a
previous process model to be used as reference model during variability anal-
ysis. All these approaches start from a simple process that will be analyzed
to obtain and represent variability. Hence, these approaches may require
the design of the reference process, which is performed in a separate step.
Since Lapouchnian et al. (2007) do not represent the business process us-
ing a workflow language, their approach must start with elicitation of a new
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process.
De La Vara et al. (2010a) do not propose the derivation of standard and

clean models at the end of process. Their approach produces extended BPMN
models that holds the annotations at the end of configuration. On the other
hand, BVCCoN produces standard BPMN models, as output. The trans-
formation creates BPMN models based on the reference model and includes
selected BPMN fragments. Note that La Rosa (2009) require an additional
step to remove configuration annotations and derive a process free of anno-
tations. For example, they propose transformation over C-YAWL to derive
YAWL. Likewise, Lapouchnian et al. (2007) also require a step to trans-
form from goal model to BPEL language. Thus, both La Rosa (2009) and
Lapouchnian et al. (2007) uses two languages to represent the process, i.e.,
one for the input process and another for output process.

Configuration of process model

The next set of criteria is related to the way the approaches deal with changes,
i.e. how they configure process models. Moreover, if the user has clear
guidance on how to perform the changes in models. Table 2.2 presents a
summary of the approaches according to these two criteria.

In the sequel we analyze the configuration mechanism, how they are used
to configure the process models and if some guidance is provided to the user
to perform changes in the models. The most basic mechanism is the manual
selection, it is simple and common in several scenarios but does not support
the user with guidance. The idea to help the user during configuration is to
reduce problems with the consistency of solutions and improve performance
of the configuration process.

La Rosa (2009) use actions over C-YAWL models to configure the pro-
cess models. The actions are applied to C-YAWL gates selecting the paths
in process that will be part of the final solution. The actions are selected by
rules. The input arguments of these rules are the facts present in the answers
of the questionnaires. The fact that corresponds to answers are chained to
select the sequence of questions that will be answered. Thus, La Rosa (2009)
offer a guidance to the configuration by hiding the process information with
questions that encode the variants and actions to drive the configuration.
The approach prevent the user from selecting the action manually, this im-
proves the intuitiveness of the approach. Figure 2.10 shows an example of the
questions and facts used by La Rosa (2009). Note that the questions are as-
sociated with facts that are the answer to the question. For instance, the q3:
Which Logistics sub-phases have to be implemented? question is associated
with the answers: f8: Freight Tender, f9: Carrier Appointment, f10: Freight
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Figure 2.10: Questionnaire factual relationship proposed by La Rosa (2009)

in Transit, and f11: Freight Delivered. The f9 fact depends on the facts in
other questions (i.e., q6 and q7 questions) creating a dependence chain.

Lapouchnian et al. (2007) use transformation to perform changes. The
transformations are applied after the configuration of process models that
is encoded in goal models. The alternative branches in the goal model con-
tribute to softgoals. After the selection of softgoals, the variants in the
alternative branches are selected to be part of the solution. The transfor-
mation converts the goal models in a process model that contains just the
selected variants. The guidance in this approach is performed by describing
preferences of variants using softgoals. This approach hides the complexity
of configuration from the user. (S)He just needs to state the preferences over
softgoals to obtain a configuration.

In De La Vara et al. (2010a) the mechanism to select a configuration is
the validation of contexts. In their approach all possible paths of process
that represent variants are described in the process. With the activation of
contexts some paths are allowed or blocked, producing a mutable process.
Only the valid paths will be part of the solution. The guidance to select
configuration is the same provided by the configuration mechanism, i.e. the
context activation. The advantage of this mechanism is that only acceptable
paths in the process may be selected. However, it is limited in the sense that
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Table 2.2: Configuration Mechanisms and Guidance
Approach Configuration

mechanism
Guidance

La Rosa (2009) Nodes selection Questionnaire chains
Lapouchnian et al.
(2007)

Model transforma-
tion

Selection quality attributes

De La Vara et al.
(2010a)

Context validation Context validation

BVCCoN Model transforma-
tion

Context validation and selec-
tion of quality attributes

the user is not guided to a solution because valid variants may remain in the
main process.

In BVCCoN the configurations is performed by selection algorithms and
model transformations. During the monitoring stage, the monitored context
will validate the presence of variants in the solution. By using NFRs to rep-
resent preferences of stakeholders, the selection algorithm chooses variants
that will be part of the process. The derivation of the models is driven by a
combination of NFRs and context validation. The users describe preferences
over alternatives using contribution to NFRs. Moreover, the contextual in-
formation allows the adaptation of process. The combination of NFRs and
context together with the guidance mechanism free the user from that time
consuming task of manually selecting the variants that will be part of derived
process.

The results of the comparison for these two criteria is described as follows.
Considering the mechanisms to support change or configuration of process
models, all approaches cover them in majority of cases. However, when
considering the guidance to configuration, some approaches present divergent
results. In general, the answers points to the support in majority cases for
La Rosa (2009) and Lapouchnian et al. (2007), with one indication each
that they could not help the configuration in all possible cases. Observe
that a participant states that De La Vara et al. (2010a) would not help in
majority of the cases. Compared with other approaches, BVCCoN clearly
provides guidance to configuration. The other approaches do not provide a
clear guidance to support the configuration of business process.

User intervention

The use of process configuration in dynamic environments implies that imme-
diate responses are required to allow continuous process execution. Thus, the

50



lesser is the user interference during configuration, the better the approach.
Note that the expert that designed the solution may no longer be present
and available to take the appropriate action. Table 2.3 shows a summary of
the approaches according to this criteria.

La Rosa (2009) proposal is not designed to reduce the intervention of user
during configuration. It focuses on the simplification the of configuration
by abstracting the complexity of variants’ manual selection. During the
configuration the user must answer a set of questions to select the variants.
Thus, this approach requires an intensive interaction with the user. The
user should be an expert in the domain to be able to answer the questions
with confidence. This point is a drawback to this approach. In dynamic
scenarios, the dependence of human intervention reduces the efficiency in
giving an immediate response to changes.

Lapouchnian et al. (2007) proposes the configuration based on the selec-
tion of quality attributes. It requires the users to describe their preferences
and set the configuration mechanism to obtain a result. The approach may
reduce the need for experts in the domain since they are required just to
state their preferences over quality attributes. However, their approach was
designed to receive these information during configuration, hence it still re-
quires a person to set preferences before the derivation of the process.

De La Vara et al. (2010a) include contextual information in the pro-
cess, which makes the process independent from user during configuration.
Since the configuration is performed by setting the paths that are allowed or
blocked, may be the need for the user is not relevant during configuration.
Figure 2.11 shows a process with annotations on the flow sequences. These
annotations will enable or disable the flow of process. For instance, the Find
potential buyer sub-process has a gateway where all flows are annotated with
contexts formula (e.g., Fm1 : ¬(F1 OR F2) AND F6).

The BVCCoN approach supports user intervention to select different pri-
orities for NFRs. However, this information is obtained at design time, i.e.
it is not required during configuration. Hence, the user must state their pref-
erences before the monitoring step starts. The contextual change will trigger
the configuration based on the priorities of NFRs. Therefore, our approach
obtains the configuration for the process without a direct interference of the
user during the process.

In all approaches there is a clear difference between the preparation steps
and how the configuration is performed. When considering the user inter-
vention all approaches require a domain expert user during the design of the
configurable models. In some cases, the same domain expert is also required
to perform the configuration as well.

Comparing BVCCoN to La Rosa (2009) it is possible to identify a dif-
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Table 2.3: User Intervention
Approach During configuration
La Rosa (2009) Required to answer questions
Lapouchnian et al. (2007) Required to select attributes
De La Vara et al. (2010a) Not required
BVCCoN Not required

Figure 2.11: Contextualized process models proposed by De La Vara et al.
(2010a)

ference in how the user interacts to obtain the configuration. In La Rosa
(2009) the domain expert that designed the configurable process do not need
to be the same that will configure the model. By adding an abstraction layer
with questionnaires, other users may perform the configuration. However,
the presence of a skilled user is still required. In contrast, the BVCCoN was
designed to perform the configuration using the information stored in the
models. Thus, it reduces or even suppress the need for intervention during
the configuration step, which is essential for dynamic adaptive environments.

BVCCoN and Lapouchnian et al. (2007) shares the idea that a config-
uration can benefit from preferences defined over quality attribute. Thus,
the user interference is supported by both approaches. The difference lies on
the need for an intervention during configuration, Lapouchnian et al. (2007)
requires the users to set their preferences each time they want a new process,
while BVCCoN does not require user intervention.

We can see that BVCCoN does not require the user intervention to obtain
a configured process. Even using a similar mechanism to trigger changes in
the model, De La Vara et al. (2010a) do not state how the user should interact
during the configuration. Thus, we cannot have a clear comparison between
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these two approaches at this point.
According with the results the perception was that the proposals of La

Rosa (2009) and De La Vara et al. (2010a) do not reduce user interference.
This may be explained by the fact that La Rosa (2009) requires user inter-
vention to perform the configuration as presented in this section. De La Vara
et al. (2010a), on the other hand, do not state the need for user to perform
configuration. We believe that it is motivated by the lack of details in the
document presented as a target of the study. The BVCCoN approach and
Lapouchnian et al. (2007) are able to reduce user interference in the ma-
jority of cases. The BVCCoN and Lapouchnian et al. (2007) state the user
activities. With the user intervention been necessary in some degree by the
latter.

2.5.4 Discussion of Comparison

Comparing BVCCoN with the approaches we can see that all are time con-
suming, which make them not free of effort. The difference in this point is
the complexity of their concepts and the way they are used in the business
process configuration. Our BVCCoN approach integrates metamodels of the
analysis preformed during the BVCCoN process steps, with focus in a clear
separation of the concepts. Observe that De La Vara et al. (2010a) uses
context variability to define process variability, while BVCCoN does it using
a variability model for business process. In BVCCoN, when the context are
applied the variation point and variants are already defined. It reduces the
context analysis to just relevant contexts avoiding problems with the cover-
age of the process model and reducing analysis of contexts that will not be
used.

When compared with the approach proposed by Lapouchnian et al. (2007)
we can see that the integration of metamodels also is an advantage. Observe
that in BVCCoN the NFR analysis is performed independently of the vari-
ability analysis. During construction of the BVCCoN model the contribution
analysis establish links between the variants and NFRs. Hence, the analysis
of preferences can be redone if a variant is added or removed. In contrast,
the approach proposed by Lapouchnian et al. (2007) mixes the process infor-
mation with variability description and softgoals. When a variant is added
or removed all the model must be reviewed. Different from the other two ap-
proaches the La Rosa (2009)’s proposal share less in common with BVCCoN.
They use different strategies to deal with variability and configuration. For
this reason, while La Rosa (2009) focus in reducing the burden from the user
that will perform the configuration, the BVCCoN approach tries to reduce
the need for the user interaction during configuration step.
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BVCCoN is time consuming but this was a limitation also identified in
the other approaches. Some approaches trade the number of analysis steps
for logical and mathematical formalism, but we identified by the response of
participants, that this is still a serious limitation. Moreover, when dealing
with variability even intuitive solutions may become complex as their size
grows.

A point that was raised during comparison was the need for tool sup-
port. Since some approaches present poor tool support, the benefits of these
approaches may be limited. The BVCCoN version used in the study was
described in the paper Santos et al. (2011) and is not yet supported by a
tool to model. This is a limitation that was partially mitigated with the
implementation presented in Chapter 3. However, a complete implementa-
tion is not present. The other approaches that do not present tool support
also showed limitations. Even so, the comparison was based on document
evaluation, thus, the tool support were not evaluated.

In summary, even sharing some common characteristics with the concur-
rent approaches, the BVCCoN shows more advantages than drawbacks when
considering the scenario of dynamic process configuration.

2.6 Summary

In this chapter, we presented the background necessary to understand this
thesis. We reviewed Business Process Modeling, Non-Functional Require-
ments and Contextualization, giving an explanation of the basic concepts
and notations of these areas.

The growing integration among business process management and in-
formation technology has motivated the study of new technologies for this
area. In this way, the Business Process modeling techniques have become im-
portant for the development of software applications including the Process-
Aware Information Systems (Dumas et al. 2005) and the use of process mo-
dels as source to obtain software requirements (De La Vara et al. 2010a).

As presented in this Chapters we investigated several business process
modeling languages (Aguilar-Savén 2004) and selected the BPMN (OMG
2010a) to represent the business process models. The BPMN (OMG 2010a)
is a standard business process modeling language proposed to represent pro-
cess information in several levels, which includes workflows and choreogra-
phies. We select this language due to its wide acceptance by business analysts
(Aguilar-Savén 2004). Moreover, BPMN offers resources such as modeling
tools and metamodels that are useful for our purposes. Hence, we can reuse
tools and analysis methods that are compatible with this modeling language.
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According to the literature, approaches that deal with variability for Busi-
ness Process Modeling are quite advanced and present several mechanisms
required representing and manipulating variability. Variability is represented
in several ways: Configurable models (La Rosa 2009), Feature Models (Mon-
tero et al. 2008a), languages extensions (Bayer et al. 2005) and Annotations
(Lapouchnian et al. 2007). Other representations of variability found in liter-
ature are just variations of these ones. We decide by derive our own solution
to represent variability based on the variability description proposed by Pohl
et al. (2005). Hence, we improve control over the analysis process and im-
prove modularity of our approach. With that we can obtain a model that
consistently fits the analysis process. In next Chapter we detail how we
derived a metamodel that is based on this proposal.

When studying the relationship among business process modeling and
Non-Functional Requirements, we can see that there are some initial propos-
als. They cover both the inclusion of NFRs in Business Processes (Pavlovski
& Zou 2008) and the use of NFRs as analysis tool to detail the process mo-
dels (Xavier et al. 2010). NFRs were not well explored as a mechanism to
deal with variability, as discussed before, few proposals tried to address this
issue (Lapouchnian et al. 2007). However, they were quite initial and still
need to be further improved before they are used to online adaptation.

Another important aspect covered in this chapter was the contextualiza-
tion of business process models. We described the basic definitions of con-
textualization and how they have been applied to business process modeling.
Some approaches have included the context to business process during design
with that aim to improve adaptation (De La Vara et al. 2010a). Since the
contextualization can affects the business processes in several levels, we also
described a classification of contexts for business process models proposed
by Rosemann et al. (2008). In general these approaches covers the contex-
tualization but still fail to describe quality issues Hallerbach et al. (2008).
Although some current approaches can describe quality attributes (in a high
level) they still do not consider the interaction among quality attributes and
their interference in the representation of stakeholders’ preferences.
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Chapter 3

Model and Metamodel for
Business Process Models
Configuration with NFR and
contexts

The modeling languages cover several aspects of business process including
data, activities and events (Aguilar-Savén 2004). They allow the business
analysts to represent the process of an organization, the interaction with
external stakeholders, and how to aggregate value with their business. In
controlled conditions the business process models describe the exact way
the organization should behave. With documentation, understanding and
repetition of the processes, the organization tries to achieve effectiveness and
productivity (Chang 2006).

When the environment that surrounds the organization changes and im-
pacts the business process, the business analyst must be able to respond to
the changes (Bentellis & Boufäıda 2008). Therefore business processes must
become flexible. In this thesis we advocate that BPM should incorporate
variability information in order to become adaptable to the new contexts
and environments. Furthermore, some guidance to support the business pro-
cess configuration must also be provided.

The goal of this chapter is to provide a variability model which can be
applicable to business process models expressed in BPMN language, and
integrate Non-Functional Requirements and Contextual information with the
variability model, in order to guide the configuration of business process
models.

We developed a process called BVCCoN which supports dynamic con-
figuration of business process models. It relies on NFRs and contextual
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information. Hence, we also needed to align concepts of different modeling
techniques to obtain the configurable models.

In this chapter we present an integrated metamodel that describes the
syntax in two levels: abstract and concrete. The abstract syntax provides
a representation of concepts and well-formedness rules associated with these
concepts, while the concrete syntax describes the diagrammatic represen-
tations of the language (Akehurst & Kent 2002). In order to simplify the
explanation and avoid the complexity of presenting all metamodel at once,
first we present the abstract syntax. After that we present a concrete syntax
for a diagrammatic representation of the model, and a concrete syntax using
EMF reflexive editor. The concrete syntax will be the basis for a tool support
for the modeling technique.

Our approach covers three perspectives in the business process configura-
tion: the variability description, the Non-Functional Requirements, and the
context awareness. The first perspective is concerned with describing the
variability of business process models and the mechanisms necessary to deal
with it. In the second perspective we use NFRs to represent qualities of busi-
ness processes models; it is concerned with the preferences and interference of
quality attributes in the process models. The context-awareness perspective
incorporates the influences of the environment in the process models. With
the association of monitorable information to business process models, we
can provide the capability to adapt them to possible environment changes.
These three dimensions are detailed in this chapter. We describe each per-
spective and their concepts through a metamodel, which provides a structure
that allows creating models to support our approach.

3.1 Abstract Syntax

In this section we define the concepts and relationships of the BVCCoN
model. The definitions are grouped in four parts: business process workflow
model, non-functional requirements model, variability description model, and
context model. Some of these perspectives have metamodels defined in the
literature such as BPMN and NFR. Our contribution in these cases will
be the integration of these metamodels into BVCCoN with the necessary
adjustments.

In order to allow the operational use of our approach we need to cre-
ate models that describe the necessary perspectives. Hence, we designed a
metamodel to represent these concepts, their relationships and constraints.
The metamodel is described using a metamodeling language that is part of
the Eclipse Modeling Framework (Eclipse.org 2012). This language complies
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with the OMG’s standard MetaObject Facility (MOF). An additional benefit
of using metamodeling technology to formalize our approach is the access to
the BPMN metamodel. Ecore metamodeling language may be presented in
graphical (e.g., class diagrams) or textual (e.g., OCLInEcore) notations. In
this chapter we present both graphical and textual representations of Ecore
metamodel.

3.1.1 BPMN model

As previous presented in Chapter 2, the BPMN (OMG 2010a) is a standard
business process modeling language proposed to represent process informa-
tion in several levels, which includes workflows and choreographies. We select
this language due to its wide acceptance by business analysts (Aguilar-Savén
2004). Moreover, BPMN offers resources such as modeling tools and meta-
models that are useful for our purposes.

BPMN modeling tools based on the Eclipse platform use a common meta-
model that describes the concepts of BPMN. The metamodel is accessible
to any developer. Thus, we use an already validated metamodel used for
tool support. Hereafter, when we refer to BPMN metamodel we mean the
Eclipse BPMN 2.0 metamodel designed by the Eclipse group (Eclipse.org
2011). Figure 3.1 shows an excerpt of its abstract syntax.

Business process models could involve several types of models, such as
workflow models, choreography models and so on. Since our approach is
focused on workflow models, when we refer to business process models what
is meant is the business process workflow model. In this thesis we assume that
the process models will be well defined according with the syntax described
by the BPMN specification. The following definition of business process
model was borrowed from La Rosa (2009):

Definition 1. A business process workflow model is a description of work-
flow elements of a business. The business process models are described in a
language that relate elements through relationships. More formally, a busi-
ness process workflow model describes a tuple BP =< W,T,A,D >, where
W is a set of workflow elements including activities, events and decisions. D
is a set of data elements. T is a set of transitions that link workflow elements
W or data elements D. A is a set of actors own elements in T , and produce
or consume data elements in D.

Business process models are expressed with the flow of activities, events,
decisions, and data that compose the business. These information are in-
ternal to an organization. The elements present in this metamodel cover
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the basic workflow diagrams, but the BPMN has also elements for other dia-
grams such as the collaboration and choreography that are not described here.
Figure 3.1 shows the hierarchical decomposition of FlowElement in BPMN
2.0 metamodel. Due to the size the BPMN metamodel, we suppressed the
associations to simplify the presentation. The main element is the FlowEle-
ment, which is the parent element for Event, Activity, and Gateway. When
the other perspectives need reference elements of BPMN they point to the
FlowElement and use OCL rules to evaluate their sub-types. An Activity
may be specialized by two types an atomic activity represented by a Task
and a composed activity represented by the SubProcess. Moreover, a Task
may be specialized in subtype such as SendTask, ReceiveTask, ManualTask
and ServiceTask. Data is represented by DataObject and has its own link
(not present in this excerpt). FlowNode are linked by SequenceFlow which
represent transitions. The Event may also start (StartEvent), interrupt (In-
termediaryThrowEvent and IntermediaryCatchEvent) and end (EndEvent)
a workflow. The purpose of Figure 3.1 is to show that all elements used in
our approach are derived from the main element in this Figure. Thus, here-
after in this chapter the metamodels will refer to the FlowElement instead
to specific BPMN elements.
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3.1.2 Variability

The variability modeling in business processes models represents alternative
ways to perform its activities, who will be responsible for performing them,
which resources are required by and consumed by (La Rosa 2009). We rely
on variants and variation points to describe the desired variability. Variation
points are the subjects of change, while variants are the objects of change
(Pohl et al. 2005). Since we are concerned with explicitly representation of
variability we adopted the variant and variation points concepts. They are
well defined in SPL literature and may be translated to several artifacts (Pohl
et al. 2005)(e.g., documents, models, program code). Hence, we believe they
are suitable to represent business process variability as well. In the case of
business process models, the variability can be expressed according with the
way the process is described. Since we are dealing with business process
workflow models, the variability represents the alternative or variable ways
that the activities in the workflow may be performing. It may also include the
variability in events and data representation that are present in the business
process model.

Before defining our own view of variability we revisit the well-known
variability description of Pohl et al. (2005) and evaluate its concepts. The
variability concepts proposed by them are described in the metamodel of Fig-
ure 3.2. According with this metamodel, the variability model must cover
variants, variation points and relationships such as the constraint depen-
dency among variants, constraint dependency among variation points, and
constraint dependency between variants and variation points. Those authors
employ the terms Requires and Excludes in all the constraints relationships.
The Requires relationship assumes that in order for an element of variability
to be part of the solution it will also need the presence of the required ele-
ment, but the inverse does not hold. On the other hand, when the Excludes
relationship is used, both variability elements are mutually exclusive, that is,
if one is selected the other cannot also be present.

Aside from the constraints relationships there are also some other variabil-
ity dependency relationships: Mandatory, Optional, and Alternative Choice.
The Mandatory relationship means that all of variants should be part of the
solution, while the variants in the Optional relationship may be part (or not)
of the solution. On the other hand the Alternative Choice requires that one
and just one of the variant to be part of the solution.

Below, we describe how our metamodel covers these concepts and con-
straints. The two main concepts that must be represented in the variability
perspective of the metamodel are the VariationPoint and Variant. The for-
mer indicates the point of the business process model that can change, and
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Figure 3.2: Variability Metamodel adapted from Pohl et al. (2005)

the latter are parts of process that can take place in the VariationPoint. Be-
cause in this thesis we are dealing with process models, then both Variants
and VariationPoints are represented in terms of business process elements
(see Figure 3.3).

The description of a VariationPoint includes an unique identifier (the id
attribute) and a name. They are used to refer to VariationPoints during the
modeling process. The first feature that relates our variability metamodel
with the BPMN metamodel is the reference points begins and ends. A Vari-
ationPoint indicates the place of the BPMN model where the Variants may
be placed. Both are of the type FlowElement, already present in the BPMN
metamodel.

In the same way as the VariationPoints, the Variants also have an unique
identifier and name. The Variants can be associated to one or more Vari-
ationPoints. To represent the variability dependency relationships we use
the operator attribute. The relationships Optional, Mandatory and Alter-
native Choices are represented, respectively, by the operators OR, AND,
and XOR. Associated with these operators we employ the use of patterns.
workflow patterns described in the literature (see Section 2.1.5) are useful
to describe how the process variants can be inserted in the variation points.
TheWorkflowPatterns may represent sequence, parallelism, optional behav-
ior, and so on. Indeed, some authors argue that the use of patterns may help
to preserve the correctness of a process (Wohed et al. 2005).
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Figure 3.3: Variability perspective of BVCCoN

The Variant is linked to VariationPoints through Patterns. The Vari-
ants are represented by fragments of process model in the BPMN language,
the BusinessProcessPart. The analyst that is responsible for the variability
description must describe the consistent fragments of process model that can
be placed in a VariationPoint. The idea to use fragments of process model
instead of using atomic elements such as activities or events was to improve
the flexibility of our representation. First, the process models represent con-
trol and information flows that are more difficult to represent using tree-like
data structures common in representation of variability (e.g., Feature Mo-
dels). Hence, we avoid complex variability controls such as the use of an-
notations to represent sequences and decisions as presented by Lapouchnian
et al. (2007). The consistency check is performed by the analyst that at design
time will have the opportunity to identify possible semantic problems among
variants. Note that the granularity of the process in the BusinessProcess-
Part is controlled by the analyst in charge of describing the business process.
Each BusinessProcessPart refers to FlowElements of BPMN metamodel and
must match with the begins and ends points present in the description of the
VariationPoint.

Another aspect of the Variant that is important to be represented is the
relationship among Variants in different VariationPoints. According to the
variability metamodel of Figure 3.2, a Variant can have two types of con-
straints one that requires or excludes Variants and another that requires or
excludes VariationPoints. The former is partially addressed when a Variant
of a VariationPoint requires the presence of a Variant of other Variation-
Point. This will force the existence of VariationPoints that are required
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by Variants. However, the Excludes behavior is not addressed in our solu-
tion. The latter is achieved through the VariantRelationships Requires and
Excludes.

3.1.3 Context-Awareness

Context is the current state of the user or system to the objects in their
surrounding environment (Bai et al. 2008). In order to define the abstract
syntax of BVCCoN contextualization perspective, we evaluated the proposal
of Ali et al. (2010), and translated it into a metamodel which was integrated
with our approach. We adopted Ali et al. (2010) approach due to its support
for the logical evaluation of context expressions. By using this approach as
reference we benefit from the reasoning mechanisms proposed by Ali et al.
(2010). These mechanisms allow verifying the consistency of variability mo-
del according the validity of contexts, what could help the business analysts
during design of BVCCoN models. Moreover, their proposal has been applied
in business process modeling (De La Vara et al. 2010a), thus, it is suitable
for our scenario.

The context representation language proposed by Ali et al. (2010) is a
fact-based language. As discussed in Section 2.4, it is based in the decom-
position of context into a formula of facts and statements. A statement is a
predicate of world that cannot be verified by an actor in the context. The
statement may be decomposed in other statements or in facts. On the other
hand, facts can be verified and associated to variables. Hence, after complet-
ing the context analysis we obtain logical expressions that may be assessed
as valid.

Based on the elements of the information from Ali et al. (2010) we defined
the metamodel of Figure 3.4. Our main contribution in this section was the
derivation of a metamodel from the formula presented in Ali et al. (2010).
In doing so we could integrate their concept of context to the variability
model presented in Figure 3.3. The first concept is BVCCoNContext that
represents the contextual information of BVCCoN. The context is implied by
a ContextExpression that is composed by a formula of Predicates. A Predicate
may be a Statement, a Fact, or a PredicateDecomposition. A Statement
describes an expression that cannot be validated alone. Hence, it is supported
by another Predicate. When necessary a Predicate may be decomposed using
AND, OR and NOT operators. Since a NOT decomposition is unary, we
constrained it using an OCL expression as presented in Figure 3.5 at lines
4-5.

According with the proposal of Ali et al. (2010) a Fact may be assessed
and validated. Thus, the values evaluated by the formula of predicates are
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Figure 3.4: Context decomposition metamodel based on Ali et al. (2010)

1 c l a s s PredicateDecompos i t ion extends Pred i cate {
2 property p r e d i c a t e s : Pred i cate [ ∗ ] { composes } ;
3 a t t r i b u t e type : DecompositionType ;
4 i n v a r i a n t NotDecomposition :
5 type = DecompositionType : :NOT implies pred i ca t e s−>s i z e ( )

= 1 ;
6 }

Figure 3.5: PredicateDecomposition with OCL

expressed by a Variable that is linked with a Fact. When an expression is
composed, they may be evaluated to identify the validity of the context.

The context representation proposed by Ali et al. (2010) requires the defi-
nition of context as formulas that will be evaluated. In Figure 2.8 the C1 and
C2 contexts are respectively implied by the statements: S1, Backup services
work properly, and S2, Firefighters be called. Each statement is supported
by a decomposition that ends in facts. The facts such as Fire Alarm is active
may be evaluated as true or false and the statements supported by this facts
may validated.

3.1.4 Non-Functional Requirements

Another perspective that is covered by our approach is the use of Non-
Functional Requirement (NFR) as a way to represent preferences. In this
thesis, we adopted the NFR Framework (Chung et al. 2000) to model cata-
logs and the relationships among NFRs. The NFR Framework is a well know
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approach to model and analyze NFRs. We adopted this framework due to its
features to model and analyze NFRs. In fact, the idea to represent different
levels of satisfaction using contributions to NFRs matches our conception of
preference representation. In this section, we will present the basic concepts
of NFR Framework and show how we adapted their approach to BVCCoN.

In order to integrate NFR Framework we first designed a metamodel in
Ecore language based on the OME 3 Telos metamodel (Mylopoulos et al.
1992). However, the NFR metamodel in Telos did not separate the descrip-
tion of abstract and concrete syntax. Thus, our translation became quite
simple due to the elimination of diagrammatic information related with the
tool support (i.e., OME 3). The result is presented in Figure 3.6.
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The main concepts are NFRElement and NFRLink that represents re-
spectively the elements and their relationships. The NFRElement is special-
ized in NFRSoftgoal, NFRClaim, and NFROperationalization. The relation-
ships are NFRSoftgoalContribution and NFRSoftgoalCorrelation. Note that
they also are specialized in several other types of links as will be explained
ahead. In order to support the analysis process some other concepts were
defined such as: the NFRContributionLabel that indicates the degree of satis-
fiability of a NFR; the NFRSoftgoalPriority that helps with the prioritization
during analysis; and NFRSoftgoalLabel that serve as description of the NFR.

After the analysis of the NFR Framework metamodel, we identified the
elements that are important for our approach and the ones that are not
applicable. Thus, during the integration with the BVCCoN metamodel we
removed some concepts and adapted other while trying to preserve the main
structural concepts. The main concepts are the NFRSoftgoal and NFRSoft-
goalContribution, they compose the main structure of the graph used in NFR
Framework. In BVCCoN model, we used them to describe the NFR catalogs,
which structure the NFR decompositions, and to represent the contribution
from Variants to NFRs. Figure 3.7 shows the BVCCoN NFR perspective
with a simplified version of NFR and their relationship with other BVCCoN
concepts.

Figure 3.7: NFR perspective of BVCCoN

The representation of preferences involves two elements. On one hand
the NFRs that are represented by NFRSoftgoals and on the other hand of
this relationship are the Variants. The NFR Framework has a very similar
idea to link a NFR to a functional/concrete element called NFROperational-
ization. What the Variant does is to take advantage of this idea, but instead
of assuming the operationalization of the NFR we use the contributions to
provide the preference’s notion.

The contribution relationship represented by NFRSoftgoalContribution
has several subtypes. Some represent a range of intensity such as Break-
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Contribution, HurtContribution, EqualContribution, HelpContribution, and
MakeContribution, which vary respectively from the most negative impact
to the most positive impact. Other contribution were designed to provide
structural capability to the NFR graph such as OrContribution, and AndCon-
tribution. Likewise, there are also the one provided to represent uncertainty
such as UnknownContribution, SomePositiveContribution, and SomeNega-
tiveContribution. These last ones were not included in BVCCoN metamodel
because, so far we are not doing analysis that needs them. The others were
incorporated.

The AndContribution and OrContribution were used to decompose the
NFRs during the definition of catalogs. In order to avoid problems with
elements related to meaning of the contribution they were constrained us-
ing OCL rules to be used just among NFRSoftgoals. The other contributions
(e.g., MakeContribution) were constrained to just be applied between a NFR-
Softgoal as target and a Variant as source. Figure 3.8 present the constraints
over NFRSoftgoalContribution. Observe that the only target allowed is the
NFRSoftgoal (lines 2-3), the sources of contribution can be NFRSoftgoal
when it is AndDecomposition and OrDecomposition (lines 4-6), or a Variant
in other cases (line 7).

1 c l a s s NFRSoftgoalContribution {
2 i n v a r i a n t targetNFR :
3 t a r g e t . oc l I sKindOf ( NFRSoftgoal ) ;
4 i n v a r i a n t andOrDecomposition :
5 i f s e l f . oc l I sKindOf ( AndContribution ) or s e l f .

oc l I sKindOf ( OrContribution ) then
6 source . oc l I sKindOf ( NFRSoftgoal )
7 else source . oc l I sKindOf ( Variant )
8 endif ;
9 i n v a r i a n t notTheSameTargetAndSource : source <> t a r g e t ;

10 }

Figure 3.8: NFRSoftgoalContribution with OCL

During the configuration process it will be necessary to select the priority
of a NFR to perform the selection of variants. Since the NFR Framework
already provides this feature, through the NFRSoftgoalPriority, we just made
some changes in the way it is used. In Chung et al. (2000) the priority is
designed to help the analyst to select what is the next branch of a NFR graph
to be analyzed. In contrast the BVCCoN presents the priority as a transient
attribute of NFRs that may change during execution.

Note that some analysis that are supported by the NFR Framework were
not necessary in the BVCCoN approach. To keep a coherent set of con-
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cepts in BVCCoN metamodel we pruned the NFR Framework metamodel
during the integration and removed these concepts. Even though we work
with a very close idea, the BVCCoN does not make analysis of satisfiabil-
ity, so concepts such as NFRContributionLabel and its subtypes, NFRClaim,
and NFRCorrelation and its subtypes were not included in the BVCCoN
metamodel.

3.2 Concrete Syntax

In the previous section we described an abstract syntax for our approach
models. In this section we will describe the concrete syntax for the variability,
NFR and context perspectives. The business process model already has a
concrete syntax described in the BPMN 2.0 metamodel, so it is not necessary
for us to describe the BPMN concrete syntax.

In BVCCoN model, the concrete syntax involves two proposals of syntax
a standard diagrammatic one and alternative structure to be used in an
EMF reflexive editor. The diagrammatic concrete syntax is a proposal of a
graphical representation of BVCCoN models, how they should look, and their
relationship with the metamodel. Moreover, we present the EMF reflexive
editor syntax that shows tree-like structure that is equivalent to the model
itself.

In order to define the diagrammatic elements of the concrete syntax we
employed the OMG Diagram Interchange facility (OMG 2006), described in
Ecore. The definition of these elements is default to UML description, and
helps with the definition of basic graphical elements. We associated an ex-
tension to every element of our abstract syntax with a root element called
BaseElement. Hence, the elements of diagrams such as shapes, links and so
on reference the elements of the abstract syntax metamodel by means of the
BaseElement. Figure 3.9 presents the elements of Diagram Interchange for
BVCCoN and their association with the other parts of metamodel. Note that
all graphical elements are associated with the BaseElement from the meta-
model and all basic elements such as Variant, VariationPoint, BVCCoNCon-
text, NFRLink, and NFRElement, inherit from BaseElement. The elements
of diagram such as BCCoNDiagram, BVCCoNPlane, BVCCoNShape, BVC-
CoNEdge, and BVCCoNLabel, inherent from the Diagram Interchange meta-
model correspondent elements such as Diagram, Plane, Shape, Edge and
Label. This strategy simplifies the definition of the concrete syntax because
we just need to describe how the visual element will look (e.g., diagram, link
or shape).

Following, we describe the look and feel of the visual elements for BVC-

70



Figure 3.9: BVCCoN Diagram Interchange metamodel

CoN model as well as how they look in the EMF reflexive editor concrete
syntax.

3.2.1 Variability perspective

The main variability concepts detailed in the abstract syntax are the Variant
and VariationPoint. In this section we detail the proposal of concrete syntax
for both and their associated concepts (see Figure 3.10).

The VariationPoint is associated with BPMN flow elements. In the ab-
stract syntax the VariationPoint refers to elements in a business process
model to identify the elements that are part of a VariationPoint and the
elements that indicate where the VariationPoint begins and ends. In the
concrete syntax we defined that the VariationPoint will have a graphical
representation that will store the information associated to a VariationPoint
such as name, and operator (i.e., AND, OR, XOR). The mark to describe
BPMN elements is expressed as a container that will encapsulate these ele-
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ments. In order to identify the start and finish of a VariationPoint one or
more elements of this set will be connected by links with the label begins and
ends.

The association between a VariationPoint and a Variant is expressed by a
link. Hence, the source of a link is a Variant and the end is a VariationPoint,
but it is also navigable in the opposite direction.

In order to express how the Variant will be placed in the new process it is
necessary to describe the WorkflowPattern. Instead of a link the Workflow-
Pattern is represented by a property of Variant. The most critical Workflow-
Pattern is the relationship among Sequence and Parallel workflow pattern,
both have the meaning of AND. However, the way they are composed is
different, when the WorkflowPattern parallel is present in all Variants of a
VariationPoint it will be placed using this pattern. We hide the graphical
representation of a WorkflowPattern that will be part of the properties of
Variant in both concrete syntax. Thus, during the association of a Variant
and the BusinessProcessPart the WorkflowPattern must be set.

Another characteristic of the Variant is the link to business process ele-
ments. A Variant is associated to a BusinessProcessPart. Each BusinessPro-
cessPart is modeled by a BPMN modeling tool, the association of their ele-
ments is done by links that indicate the elements of where the Variant begins
and ends, and a container that indicates the intermediary elements that are
part of variant. The Variants may interact with each other through the links
of requires and excludes labels that corresponds to Requires and Excludes
concepts.

The alternative concrete syntax represented in the EMF reflexive editor
is generated by model transformation from the Ecore metamodel. It looks
like a tree with the elements decomposed in each level of the tree. Multiple
association such as the Variants present in a VariationPoint will look like a
list.

Figure 3.10 shows the relationship among elements of the abstract syntax
(a), the graphical concrete syntax (b) and the EMF reflexive editor (c) for a
VariationPoint. According to our running example of a fire event (see Section
2.3.3), observe that the VariationPoint (1) is connected to FlowElements (2)
represented by Look for Fire or Smoke Task, and is associated with Variants
(3) such as Look for fire or smoke automatically and Look for fire or smoke
in person.
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Figure 3.10: Concrete Syntax for VariationPoint
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The Variant concept shows a complex set of relationships such as the link
with business process elements, contexts, and patterns. Figure 3.11 shows
two Variants associated to a VariationPoint. Observe that the Sound Fire
Alarm Automatically Variant (1) is connected to the XOR VariationPoint
(2), and is associated to a BusinessProcessPart (3) that is represented by the
Sound Fire Alarm Automatically Task.

It is important to highlight that the use of triangle and box shapes do
not have relationship with other parts of modeling language. The BPMN
modeling elements are dealt in different metamodel, as well as the context
decomposition model may present similar shapes but with different meaning.
During the modeling both context decomposition and BPMN are modeled
in different modeling environment, thus, even with similar shapes no inter-
section will happen during variability modeling.
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Figure 3.11: Concrete Syntax for Variant
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3.2.2 NFR perspective

In the NFR perspective, we address the problem of adapting the concrete
syntax of BVCCoN to the representation provided by Chung et al. (2000). In
the NFR Framework the concrete syntax is described in a Softgoal Integrated
Graph (SIG). A SIG is a diagram where the NFRSofgoals are nodes of graph,
represented as clouds, that are associated by the NFRSoftgoalContribution
and NFRSoftgoalCorrelation links. We maintain the visual representation of
a cloud in the graphical representation of a NFRSoftgoal.

When NFRSoftgoalContribution connects two NFRSoftgoals we use the
AndContribution and OrContribution. Both are represented by links with
AND and OR label respectively. On the other hand, when they are as-
sociating NFROperationalizations and NFRSoftgoals the contributions are
MakeContribution, HelpContribution, HurtContribution, BreakContribution,
and EqualContribution. We also propose the graphical representation of a
link with the ++, + , −, −−, and = labels instead of the correspondent
textual labels. This change was required to allow a simpler association by
the analyst with the idea of preference, since labels such as Make or Break,
could cause misconception in this point.

The representation of a NFROperationalization is the same as the Variant
representation, since the Variant class inherits from NFROperationalization
class. The SIG representation of a NFROperationalization is a cloud just
as the of NFRSoftgoal with a stronger board line. By using the Variant
representation we help to distinguish among a NFRSoftgoal and a NFROp-
erationalization.

Figure 3.12 describes the elements of the abstract syntax (a), the graph-
ical concrete syntax (b), and the EMF reflexive editor (c). A NFRSoftgoal
(1) is represented by a cloud with the Reliability label, it is receiving a Make-
Contribution (2) from the Look for Fire or Smoke Variant (3). Observe that
the representation of a contribution in the EMF reflexive editor (c) has the
properties source and target (3) that correspond to where the link anchored.
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Figure 3.12: Concrete Syntax for NFR
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3.2.3 Context perspective

The context description in the concrete syntax is performed in two repre-
sentations, the analysis of contexts and the association with Variants. We
begin describing the analysis of a ContextModel. A ContextModel is formed
by BVCCoNContexts that are the root nodes for the analysis. Each BVC-
CoNContext is implied by a ContextExpression. In the graphical representa-
tion the BVCCoNContext and ContextExpression are presented in the same
visual, but in the EMF reflexive editor their representation are separated.

A ContextExpression is composed by a formula of predicates. A Predicate
does not appear as a visual object. In this case, the graphical representation
is done by the classes that inherits from it that includes Statement, Fact,
and PredicateDecomposition. The shape of a Statement may be linked to a
ContextExpression to indicate that it is the root of the analysis. The shape
of a Statement contains the identifier and a text to describe the element.
The Statement may receive the links from Facts or PredicateDecomposition.
The Fact is represented in a similar way as a Statement, it has a shape with
the identifier and description, but with a different format. Fact may be
connected to a ContextExpression, Statement or PredicateDecomposition by
a link, where the Fact always is the target. In the context diagrams Facts
just appear in the end of decompositions.

The Facts are associated to Variables that describe the monitorable data
that may be observed during the process configuration. The Variable class
does not have a graphical representation. In both concrete syntaxes the
Variables are represented as properties of Variant.

When it is necessary to decompose the expression it is done by the Pred-
icateDecomposition. Hence, it has an attribute that indicates the type of de-
composition (AndDecomposition, OrDecomposition, and NotDecomposition).
The PredicateDecomposition may have several links arriving but only one
leaving the shape. The decomposed element is the target of the link that
departures from PredicateDecomposition.

Figure 3.13 describes the context model presenting the abstract syntax
(a), the graphical concrete syntax (b), and the EMF reflexive editor concrete
syntax (c). The numbers highlights the BVCCoNContext (1), the Statement
(2) represented by the S1: Backup services work properly shape, a Predi-
cateDecomposition (3) with an operator AND, and the Facts (4) with the
description F1: Fire Alarm is Working. The decomposition of the context
expression takes ad of the EMF reflexive editor presentation. Observe that
the decomposition of the graphical concrete syntax (b) is equivalent to the
tree-like structure of EMF reflexive editor concrete syntax (c).

In order to associate the BVCCoNContext to a Variant we propose to
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Figure 3.13: Concrete Syntax for Context

hide the context analysis and link the Variant just with the higher level
BVCCoNContext. The representation is done by connecting a Variant to a
shape with the identifier of the BVCCoNContext, and the context shape is
connected to a VariationPoint. If several BVCCoNContexts affect a Variant
in that VariationPoint, then several connection between Variant and the
VariationPoint are placed with the context shape in the middle.
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3.3 Summary

In this chapter we presented the model and metamodel to support our ap-
proach. The metamodels describe both the abstract syntax and concrete
syntax of the model required by our approach. The abstract syntax repre-
sents the necessary concepts and how they are related with each other. The
metamodel also describes the constraint in OCL that helps to formalize the
well-formedness rules. In the concrete syntax we present the diagrammatic
elements necessary to create a model based on the abstract syntax definitions.

In several points of the definition we mention the BPMN language and
link it to our metamodel. We employed an already validate metamodel that
has well define its own abstract and concrete syntax. In Section 3.1.1 we
present an excerpt of this metamodel, however, we will not detail it.

Both NFR and Context awareness metamodels were based on techniques
presented in the literature: Chung et al. (2000) and Ali et al. (2010). We
mapped the information about these models to a metamodeling language in
order to allow the integration with our approach.

In the case of NFR there is a metamodel written in Telos (Mylopoulos
et al. 1992), used for example in the OME 3 modeling tool. We based our
representation of NFR in this metamodel, and performed the adaptations
necessary to address our needs.

On the other hand, the contextualization technique presented by Ali et al.
(2010) did not have a metamodel that could be translated, in this case we
evaluated the literature available and designed a metamodel for their con-
cepts.
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Chapter 4

Configuring Business Process
Models with NFR and
Contexts

Dynamic environments require business processes to help achieving flexibil-
ity. This means that the process behavior must be able to change when it
is necessary. In general, business processes create value to the organization
by supporting the business. However, they may become invalid when ex-
ternal influences require a new process. Current BPM techniques are able
to support changes such as process improvement and process re-engineering.
However, an interruption of the process must be followed by a deep analysis
of what could be changed. If the processes are flexible the problem with in-
terruption may be reduced, since the business process may be designed from
the beginning to change. The flexibility may be achieved by describing the
process variability and configuring it.

Hence, the configuration of variability is an important step to achieve flex-
ibility. By describing variability in the process we provide a means to obtain
consistent processes that will keep track of the changes. After the description
of the variability, the next problem is how to choose the best configuration
for the situation. Since the stakeholders that know the business domain
may have preferences, it would be interesting to model this preferences as
well. Expressing this knowledge, in terms of quality attributes, would help
to make the selection of process variants closer to the stakeholders’ choices,
even when they are not in charge of the configuration itself. We claim that
Non-Functional Requirement (NFR) may be used to describe the quality
attributes in a structured and flexible way. Thus, guiding the Business Pro-
cess configuration using NFR may contribute to have a better fit of business
process to the stakeholders’ preferences driven by quality attributes.
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Using stakeholders’ preferences as guiding parameters for process changes
results in business process closer to their expectations. However, the informa-
tion that triggers the changes still must be explicitly described. When we are
able to model and monitor the external influencing factors (i.e., contextual
information), they could also be used to select valid variations (instances)
for a specific setting. The inclusion of NFRs and contextual information
as guiding forces of business process models configuration is our solution to
achieve flexibility in business process models for dynamic environments.

In this chapter we present a configuration process called BVCCoN, which
process describes activities that range from variability elicitation to the con-
figuration of new business processes. We use a running example to illustrate
each part of the approach. We start presenting the general process and then
detail each step. We also present current implementation issues and conclude
the chapter with a summary.

4.1 BVCCoN Process

The BVCCoN process is a description of tasks and resources that are part of
our configuration process. The process presented in Figure 4.1 is composed of
the following steps: Elicit Variability, Describe Variability, Analyze Context,
Links NFR & Variants and Perform Configuration. The first four steps are
performed at design time, while the last one, Perform Configuration step, at
run-time.

The process starts with two sources of information: the initial business
process models that will be the basis for the Elicit Variability step and the
catalogs with NFR used in the Links NFR & Variants step. The other ar-
tifacts presented in Figure 4.1 will be produced by our approach. In the
following sections we describe what will be used (input) and produced (out-
put) for each step.
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Figure 4.1: BVCCoN process overview
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4.2 Variability Elicitation

Figure 4.2: Variability Elicitation

The starting point of our approach is the variability acquisition of busi-
ness process models, which requires information about process models and
the business information where the process is performed. In this step we
employ a requirement elicitation technique to obtain information about busi-
ness process (see Figure 4.2). In the Requirement Engineering area there are
several techniques to elicit the information necessary to describe variability
(Kotonya & Sommerville 1998) such as interviews, documentation analysis,
ethnography, etc. The elicitation of variability is the activity of identifying
and discovering possible variations in a model. The objective is to identify
different ways to carry out a process, the effects of the inclusion, change or
exclusion of elements of the model. In this section we use a running example,
the Fire disaster, to illustrate the steps.

Since several techniques can be used to elicit variability the condition to
select a method is the ability of the method to extract useful information from
the process model perspective. Take for example the information analysis
framework proposed by Liaskos et al. (2006) that explores different facets of
the information to obtain new data about it. According Liaskos et al. (2006)
several information may be related to a goal. Based on a linguistic theory
they describe facets that may drive the elicitation such as Agentive (Who
will do), Dative (Who will be affected by), Objective (What is affected by),
Factive (What are the results of), Process (How it will be done), Location
(Where it will be done), Temporal (When it will be done), Conditional (What
are the conditions to) and Extent (What are the degrees of). We adapted this
framework for tasks of business process models providing a set of questions
to drive the elicitation. Note that this is an initial set of questions, they need
to be refined, excluded or complemented if necessary.

The facets that can be identified, with the respective questions, are:

• Agentive (Who will perform the task?)
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• Dative (Who will be affected by the task?)

• Objective (What are the objects consumed or produced by the task?)

• Extent (To what degree the task will be performed?)

• Process (How will the action be executed?)

• Conditional (In what conditions will the task be performed?)

• Locational (Where will the task be performed?)

• Temporal (When will the task be performed?)

In the context of BPMN models we will use this framework to inquire
about the tasks, activities and sub-processes of model and identify new in-
formation about them. The use of this framework is very simple as it is
based on questions such as Who? How? When?, which are common place in
requirements engineering elicitation techniques.

For example, in the context of a fire disaster the Look for Smoke or
Fire task can result in the following answers for the questions. The agent
responsible for performing the task could be a Person or a Sensor that will
detect the smoke or fire. Some questions may not be applicable or have just
one answer according to the context, e.g., the location where it happens.

• Who will perform the task?

– Person

– Sensor

• Who will be affected by the task?

– Person

– Ambient Intelligence System

• How will the action be executed?

– Visual confirmation

– Signal from a sensor

• Where will the task be performed?

– In the building
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The information will be structured according the information facet that
originated the response. Thus, we can separate the agents of a task from the
one that will be affected by it. The separation of these concerns contributes
to a clearer identification of variability. For instance, if we were not able
to identify a different place where the task Look for smoke or fire could be
performed, it could indicate that there is no variation in this case. Indeed,
it does not make sense identify fire in other building far from the one that
the process was designed for.

Even with the support of a method to drive the elicitation there is an
essential point in the elicitation process that must be carefully studied: the
information source. We consider essential to obtain information from reli-
able sources such as experts in the business area, regulations, policies and
documentation of the area. In the example of a Fire event we relied on docu-
mentation of procedures for fire events to acquire the information about the
process (Raines 2011). This enabled us to identify the vocabulary of this
domain and answer the questions about this process.

In order to obtain richer variability information it is recommended the use
of several methods. They may be combined to obtain information and then
structure the information to be usable in the next step of BVCCoN process.
In fact, the questions that we derived from Liaskos et al. (2006) method could
be combined with other acquisition methods such as classical interviews. A
structured interview could be driven by these questions to obtain responses
according to the facets of our structured approach. We also could do the
same with a documentation analysis technique and drive it with a question
set. The set itself could be generic enough to be reused in several business
domains. Hence, our approach is different from other questionnaire methods
(La Rosa et al. 2009) that must be reevaluated for every business domain.

The resulting information obtained may reveal concerns related with con-
texts where the tasks are performed. More specifically, the locational, tempo-
ral, and conditional facets may show information about the environment that
surrounds the process. In further steps these information may be relevant
for the codification of contexts during contextual analysis.

Once the Elicitation starts it may be repeated until the analyst believes
that there is enough information to start the next step of BVCCoN process.
However, this step may also show extreme cases where there is no variability.
If the elicitation does not show any kind of variability two reasons could be
highlighted: (i) the process runs in a very static environment so it does not
requires to be configured; or (ii) the variability elicitation was not enough
to find variability. Since our approach is focused on the configuration of
variability, in the former case we recommend to stop the BVCCoN process
and look for other solutions in literature. For the latter case, it could be
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helpful to obtain more material to be analyzed from other sources.
The information elicited from the Elicit Variability step will be the input

for the next step where they are analyzed and organized in the variability
description.

4.3 Variability Description

The elicitation of variability results in information that must be analyzed
to identify what may be modeled as variation points and variants. Among
the information collected with the elicitation step there are clear cases of
variability, as well as other cases that require further analysis. In this section
we start to define a BVCCoN model (see Chapter 3). It will be constructed
incrementally through the next sections. Hence, at the end of the chapter we
will have illustrated the process using the Fire emergency running example.

Figure 4.3 outlines the description the variability in terms of variants and
variation points. In this sub-process the first step is to identify where in the
reference process there are variation points.

Then, the variation points and variants need to be linked. Observe that
in order to promote the reuse in this step we also suggest the use of workflow
patterns which may be associated to variation points. It is also important to
carefully analyze the dependencies among variants.

During the elicitation information about task and its variations may be
identified indicating the need to have variation points it may also be the case
that a variation point may contain more than one task. As defined previ-
ously, the Variation Points are subject of changes represented by points in
the business process work-flow model that may present alternative or vari-
able ways to perform activities in the process. The first step in Figure 4.3,
namely Define Variation Points, receives as input the reference business pro-
cess model and elicited information. Based on this input the analyst defines
the points to be marked as Variation Point and the tasks that will be part
of it.

Since a business process work-flow needs to preserve the sequence of tasks,
the analyst also must define where the Variation Point starts (begins) and
finishes (ends). This information is required to perform changes during the
configuration. The output of this step is the reference process model marked
with variation points, which is part of Variability Description (see Figure
4.3).

Figure 4.4 which describes a possible reference model considered for Fire
emergency running example. We identify four variation points: VP1 associ-
ated to Look for Smoke or Fire task; VP2 related to Sound Fire Alarm task;
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Figure 4.3: Variability description step
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Figure 4.4: Example of reference model with variation points

VP3 corresponds to Call Public Safety Services task; and VP4 is linked to
Open Emergency Exit task. Note that the first variation point encloses more
than one task while the other are linked to just one task. After defining the
variation points and selecting where they begin and end the next step is to
define the elements that become part of the variants.

The information acquired during elicitation and the previously defined
variation points are the inputs for Define Variants step (see Figure 4.3).
The variants are objects of change representing alternative or variable ways
as the process activities may be performed. Thus, they are associated with
BPMN fragments that will express the way a process may be modified to
adapt to new environment settings.

Similarly to the variation points, the variants are defined by the analyst.
Hence, the expert will be responsible for the definition of BPMN fragments
that correspond to the variation point. It is expected that the information
collected during elicitation is sufficient to identify variants. In general, if
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the elicitation indicates more than one behavior for the same task they may
become variants.

In the Fire emergency event example we identified variants that are as-
sociated to the type of agent that will perform some tasks. This is the case
with Look for Fire and Smoke task, which may be performed by a person or
a sensor. In this case, two variants were described a manual task to represent
a person doing the action, as well as a service task for the case a sensor is
used. Variation also happens when we associate variants and variation points
as will be described in next section.

The variability description may also affect the way the tasks behave. The
work-flow patterns (Wohed et al. 2005) describes behaviors of activities when
associated to a variation point. In BVCCoN model, the application of work-
flow patterns describes how to combine the variants and variation points in
a controlled way. In the variability description step (see Figure 4.3) the last
activity is the Associate Variation Points and Variants task.

The variation points include operators to link them to the variants. Note
that many variability models use the (Pohl et al. 2005) mandatory, optional,
and alternative terms to indicate how the elements may be associated. In our
case we use AND, OR, and XOR terms, which corresponds respectively to the
standard interpretation of literature. When the AND operator is associated
to the variants it means that all variants must be part of the solution. The
OR operator allows the representation of options where one or more variant
may be part of the solution. Last but not least the XOR operator represents
the alternative behaviors, when just one of the variants for that variation
point will be part of the process models.

The variation points’ operators influence the workflow patterns that are
associated to variants. Consider for instance the AND operator, allow two
patterns may include in the solution, the sequence pattern and the parallel
split/synchronization pattern. Note that in both cases all variants associated
with an AND variation point should be part of the solution. Hence, the
work-flow patterns define if they will be in sequence or in parallel. On the
other hand, XOR and OR operators may be associated to two patterns, the
Exclusive Choice and Multiple Choice respectively.

Figure 4.5 represents the variants associated with the variation points
for the Look for Smoke or Fire task with a manual and an automatic alter-
natives. Other variants also are associated with the manual and automatic
choices. For example, in the VP2 variation point allows the Sound alarm
manually and Sound alarm automatically variants. The VP3 variation point
that points to the Call Public Safety Services task assumes three alternatives:
automatically, manually by phone line, or manually by a mobile phone. Ob-
serve that these three ways to call safety services (e.g., firefighters) are mutu-
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Figure 4.5: Example of Variants and Variation points

ally exclusive. On the other hand, the VP4 variation point may accept both
Open Emergency Exits Manually and Open Emergency Exits Automatically
variants at once.

As a result of the variability description an extended model rich with
variability information is produced (see Figure 4.3). This model is the input
for the next steps and will be linked to other models to support the config-
uration mechanism. Having concluded the variability description the next
step is to focus on contextual information.

4.4 Context Analysis

Figure 4.6: Context Analysis

A context can be defined as a state of the world that is relevant to an actor
goal (Ali et al. 2010). In this step the business process model is analyzed
to identify the contexts that could affect the model. Note that contexts can
be identified by examining the domain and the relationship of the actors
and domain concepts (Bai et al. 2008). The user or system states in the
environment are described as contexts. The context can describe What is
going on?, Where are they located?, What are the resources available for
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use?, and so on. The context is composed of expressions/variables that need
to be evaluated to check if the context holds.

The context analysis reviews information obtained during elicitation of
variability in order to check whether they may lead to changes in the way
that the process performs. The contexts can be analyzed using a decomposi-
tion of facts and statements that are connect to them (Ali et al. 2010). The
decomposition ends when it is possible to describe all variables that allow
the verification if the context holds. Hence, the goal is to obtain a formula
of facts with all facts supported by monitorable variables. Once defined, we
can identify the relationship among contexts, variants and variation points.
The output of the context analysis is a contextualized variability descrip-
tion. Figure 4.6 represent the context analysis step. In order to describe the
contexts the following steps are required:

1. Select a variant of the variability model to be evaluated;

2. Identify factors that affect the execution of the business process frag-
ment of the given variant;

3. Decompose facts and statements that support the context;

4. Associate monitorable variables to the facts;

5. Validate the interference with other context;

6. Repeat the steps for other variants.

At the end of these steps the analyst will have a set of contexts associated
with the variants. Note that context may interfere with other contexts.
Hence, it is necessary to evaluate the interference among all the contexts
(see Figure 4.6). The result of this evaluation may reduce the number of
contexts and how they interact with the variants.

In the following we use the Fire emergency example to demonstrate con-
text analysis step. Recall that this running example is a classic case of
a socio-technical system where both human and software should perform
safely. This system has a critical task that keeps the environment monitored
and alerts when necessary. Thus, in several points of the process there are
interferences of the environment in the way how the process may be executed.

After a careful analysis we identified some situations when the system
required performing some action in the scenario and becomes vulnerable
to fail. For example, the sensors and the infrastructure that support the
software system should allow safe execution of tasks. Otherwise, the human
intervention could be necessary to correct failures of the software system.
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Recall that in our proposal we associate the contexts to variants instead
of specific process elements (De La Vara et al. 2010a). The reason is that
a context may affect several tasks at once. However, in order to avoid the
description of a variation point without valid variants, the analyst has to
identify at least one valid variant in every situation. Hence, a logical eval-
uation of contexts is required in order to find a situation where at least a
context is true. Otherwise, a pragmatic solution would have the variant with-
out a context annotation. The latter allows a default solution in the case of
all contexts became invalid. For example, the Sound Fire Alarm Manually
would be a default solution in the case an automatic alarm is not working.

In our running example we identified that Call Public Safety Services task
and its variants may be affected by contexts. First, the context about the
methods to call safety services must be valid. Initially the software system
that monitor and automatically alerts the safety services must be working
properly. If it is not, the alternative is to use manual methods such make
a call using a phone line or a mobile phone to alert public safety service
(e.g. Fire department). However, both are only applicable in the context it
is favorable, i.e. the phone lines are working and the risk to stay inside the
building is not high.

Figure 4.7 shows a decomposition of the context as explained above. The
Fire Fighters Called Automatically context is supported by three facts: Fire
alarms are active, Fire was confirmed, and Network is working. When the
variables associated with this context formula match the specified values, the
context holds and the variant Call Public Safety Services Automatically may
be part of the process.

Observe that in the case of change in the context values all pairs of varia-
tion points and variant must be re-evaluated to determine the most preferred
solution. For example, if the Fire Fighters Called Automatically context
becomes invalid, the Call Public Safety Services task cannot be performed
automatically anymore and an alternative task shall be considered.

As a result of this step the contextualized variability information is pro-
duced. The addition of contextual information enriches the BVCCoN model
with the information necessary to trigger the changes during configuration.
Hence, only valid variants will be evaluated during the selection of a new
process. However, the selection of suitable process fragment is also depen-
dent on some Non-Functional Information, that is, quality attributes may be
helpful and need to be linked to variants.
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Figure 4.7: Example of context decomposition

4.5 Link variants & NFR

In this section, we explain the use of NFR in BVCCoN approach. During
the business process configuration it is important that the process reflects the
stakeholders’ needs. In general, the stakeholders state their preferences dur-
ing the configuration of process (La Rosa 2009). This practice has a limited
effect because the stakeholders that helped the analyst during the design of
the process may be unavailable during the configuration. Moreover, dynamic
configuration requires fast responses, which may not be possible if human in-
tervention is required. In our approach we propose to store stakeholders’
preferences using NFRs, recall that NFRs are defined as requirements that
describe the properties, characteristics or constraints, as well as quality at-
tributes that a system must have (Mairiza et al. 2010). In doing so during
configuration the selection of variants may be performed without the presence
of stakeholders.

In this step we identify the NFRs that are important for the process and
define the impact of each variant on the NFR. The NFRs are linked to the
business process variants earlier identified. Figure 4.8 shows an overview of
this step with the associated tasks and resources.

We begin identifying which NFRs will be taken into consideration. The
output of this step is a description of the NFRs and Variants. This NFR
elicitation may be performed using any suitable technique. For example,
interviewing people involved in the business process (Aburub et al. 2007),
using requirements catalogs (Cardoso et al. 2009) or relying on a mix of
elicitation techniques.

We now can associate NFRs with variants to represent preferences of
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Figure 4.8: NFR analysis

stakeholders over the possible variant selection. NFRs will represent quality
attributes that the stakeholders expect to be met by the system.

It is important to remember that we are considering system as being
composed by software, persons, and processes (Maté & Silva 2005). Thus,
quality attributes of software, i.e. NFRs, may affect the process as well. The
analyst that is modeling the stakeholders’ preferences has the freedom to
include or remove NFRs from the list NFR to be evaluated. Indeed, there
are cases where the domain requires some specific quality attributes that may
not be captured in the available catalogs. Once the NFRs are identified, we
perform the linkage between the process variants and the requirements.

Let us consider the qualitative scale of the NFR Framework proposed
by Chung et al. (2000). In their framework, the most positive impact on a
non-functional requirement is called Make, a partial positive impact is named
Help, a partial negative impact is assigned Hurt and the most negative impact
is denominated Break. These values can be mapped, respectively, to ++, +,
− and −−, in our scale. In order to make it more user friendly, this scale
can be replaced by any other suitable scale. Figure 4.9 shows a partial view
of BVCCoN model for the running example. Observe that the NFRs are
related to variants through the contribution links.

In our running example, we selected two NFRs for consideration: Perfor-
mance that indicates how well the variants will contribute to an immediate
response; and Reliability that captures how reliable the variants are for this
situation. Every solution that automatically performs a task or increases the
parallelism will contribute positively to Performance quality attribute, since
less time will be spent in these tasks. However, the automated activities
rely on an infrastructure that can be affected by the disaster and become
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Figure 4.9: Use of a NFR Catalogue to select variants

unavailable, which can reduce the Reliability of the process as a whole.
The best example to illustrate the various possibility is consider the Call

Public Safety Services activity (e.g., Firefighters). In Table 4.1 we present
the contribution for the Reliability and Performance NFRs from the possible
variants of the Call Public Safety Service task. If performed automatically
by an Ambient Intelligence System it will have a fast response. However, it
depends on the network infrastructure that can be disabled in a more critical
disaster. On the other hand, using a phone line could delay the response but
it is more reliable since there are fixed phones (and mobile phones) replicated
in several places which can be less affected by some disasters.

Table 4.1: Variants and their relationships with Non-functional requirements
ID Variants NFRs

Reliability Performance
var1 Look for Fire or Smoke in Person ++ −
var2 Look for Fire or Smoke Automatically ++
var3 Sounds fire alarm manually + +
var4 Sounds fire alarm Automatically ++
var5 Public Safety called automatically −− ++
var6 Public Safety called from Phone Line −
var7 Public Safety called by Mobile phone + +
var8 Open Emergency Exits Manually ++
var9 Open Emergency Exits Automatically ++
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The NFR can be used to prioritize the variants thus helping with the
selection of the best configuration. Since many alternatives can emerge dur-
ing the elicitation process, the contribution analysis can be time consuming.
By including contexts the complexity of the configuration of business pro-
cess can become quite difficult, since it is now necessary to consider the
interaction between contexts and variants. However, using NFRs as criteria
can contribute to reduce the variability space, i.e., it can help to drive the
modification process.

In this step we identify the NFRs that are important for the process,
then we define the impact of each Variant to the NFR by means of the
contribution link. This information can be gathered interviewing people
involved in the business process, using requirements catalogues or any mix of
elicitation techniques. Note that the NFR analysis can indicate that several
non-functional requirements have to be met simultaneously.

4.6 Perform the configuration

The previous step generated an extended model to be used during configu-
ration. Recall that the initial model was based on evaluation of a reference
model, which as gradually enhanced to include a description of possible vari-
ability and contextual information. As well as, the representation of quality
attributes which captures stakeholders’ preferences. In this last step of BVC-
CoN approach a configuration is performed generating a new business process
model as output.

In this step we consider the Variation Points and the Variants of the busi-
ness process, and how they impact the non-functional requirements. This
information can be used to support the configuration itself. It can be per-
formed based on Variants selection or the most critical NFRs.

Figure 4.10 details the activities of this Perform Configuration sub-process.
The first step is to define the NFRs priorities. In this thesis we focus on the
process configuration based on prioritization. Note that some solutions can
rely solely on expert judgment and NFRs to resolve conflict at design time
(Chung et al. 2000, Horkoff & Yu 2010). However, since we are dealing with
runtime adaptability, it may not be possible to rely on experts (e.g., they
could not be available). Thus, the definition of priority allows solve poten-
tial conflicts at runtime. Moreover, we require the NFR prioritization to be
conducted before entering in the Context Monitoring loop (see Figure 4.10).
The prioritization is performed by an analyst, who gives weight to each NFR.
In our proposal NFRs with higher priority have higher weights.

After the NFR prioritization the next step is the Context Monitoring loop
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Figure 4.10: Perform Configuration sub-process

(see Figure 4.10). The contexts defined in our model will be monitored to
identify changes in the context variables. These variables are associated to
sensors, user inputs and other information sources that may trigger contex-
tual changes. Once the variable values change the contexts are evaluated and
new configuration must be defined.

In our proposal we identify two ways to exit the Context Monitoring loop,
namely, changes in the contexts values or changes in NFRs priorities. In the
former, we apply the typical context evaluation to trigger the definition of
new a configuration. Recall that the NFRs priorities are defined by an analyst
but are not part of the context model. In order to deal with changes in the
NFRs priorities we include another prioritization step in the process (see
Figure 4.10). Although our approach aims to reduce the human intervention
during the configuration, this step is an exception to give to the analyst the
chance to update priorities over NFRs.

Finally, the Define new configuration task is performed once the priorities
are set and changes in context values are identified. The rest of this section
will describe the algorithms used and present how a new configuration is
produced.

One way to compute the variants priorities is to make a weighted average
over NFRs (Ali et al. 2010). In this case, contributions can be counted and
weighted according to the NFRs preferences. This method has limitations to
deal with NFRs since it hide information about the contributions strength.
For example, using weighted average the number of negative contribution
could null the effect of the positive ones.

In order to obtain a global ranking that takes into account the local inter-
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actions, we adopted a multi-criteria decision making method. We chose the
Analytic Hierarchy Process (AHP) (Saaty 2008) method which generates a
global preference measure based on the choice among alternatives. The AHP
was selected because it fits well with the structures used in our approach (see
Figure 4.9). For example, the AHP’s hierarchical criteria may be represented
by the NFR decomposition. The preferences among alternatives and criteria
is represented by the contributions of Variants to NFRs. Moreover, the use
of priorities over NFR is also easily taken in account by the AHP.

The selection algorithm is described in Figure 4.11. Let us consider N as
the set of NFR, V ar as the set of Variants, V P as the set of Variation Points,
C as the set of Contexts, and contrib(v, n): the value of the contribution link
from the variant v to the NFR n. The contribution function varies in the
range: 1 ≥ contrib ≥ −1. The NFR have weights ( w ) associated to them
to express their different priorities.

1: for all c ∈ C do
2: validate(c)
3: end for
4: for all vp ∈ V P do
5: for all vi ∈ V ar, where vi is part of vp do
6: if isValid(vi) then
7: validVar[i]← vi
8: for all nj ∈ N do
9: contribMatrix[i][j]← contrib(vi, nj)

10: end for
11: end if
12: end for
13: end for
14: ranking[]← AHP(contribMatrix[][], validVar[], w)
15: solve(V P , ranking[])

Figure 4.11: Select new configuration algorithm.

First, the algorithm computes the valid contexts (lines 1-3). Considering
our Fire emergency running example, if the FireAlarmOn context expression
is computed as true then the FireAlarmOn context is valid.

After that, the Variation Points are evaluated to identify the valid Vari-
ants (lines 4-6). There are two ways to be valid: being associated to a valid
context, or having no context associated to it (default situation). The valid
Variants are included in a specific set (line 7), and their contributions to the
NFR are computed (lines 8-10). Since, we do not deal with manual selection
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the user is not able to interfere in the selection of variants. The set of valid
Variants and their contributions to NFR are the input for the AHP method
(line 14) that will compute a global ranking of preference among Variants. In
its turn, this ranking is the input to a solver that will derive a valid solution
considering the relationships (i.e., exclude and include) among the Variants.

At this point we know the Variation Points and the Variants of the busi-
ness process, and how they impact the Non-Functional Requirements. Now
we will use this information to support the configuration itself. There are
various possible ways for analyzing the impact of each configuration on the
NFR: for example, top-down analysis or bottom-up analysis. In the top-down
analysis we select which non-functional requirement has the maximum prior-
ity, and then derive a process configuration that maximizes the selected NFR.
Alternatively, in the bottom-up analysis we define a process configuration,
by selecting a subset of variants, and then observe how this configuration af-
fects the non-functional requirements. As previously presented, in this thesis
we adopted the top-down analysis leaving the bottom-up analysis as future
work.

Once the set of Variants are selected they are grouped in a new instance
of the business process model. Each Variant has its pattern evaluated (see
Sections 2.1.5 and 3.1.2) and the appropriated action is selected. Figure
4.12 presents a solution process for prioritization of the Performance NFR.
Observe that the selected variants were the ones that include the automatic
execution of the activity, represented by a gear on the top of the task. It was
selected by analyzing the NFRs contributions. Since we are using contexts
the process can dynamically change and be reconfigured at run-time to adapt
to the situation.

Recall that in order to support our approach we designed several meta-
models in Chapter 3 and the configuration algorithm in this section.

In the last step, Perform Configuration, the approach uses model trans-
formations in order to generate a new process model. It could be argued
that since the process transformations are performed with a known number
of variants, the performance could be improved by executing the transfor-
mations before the last step. Indeed, it make sense in small examples as the
presented in this Chapter. However, the exponential growth of the number
of solutions generated may impact the storage of process. For instance, if the
model has three variation points with three variants each, the potential the
number of resulting process models are not nine but 27 variants. In the same
way, a model with larger number of variants could require several times more
space for storage. We believe that the approach as-is trades the performance,
in the last step, for maintainability, since the number of possible solutions is
controlled by the transformations mechanism. On the other hand, the use of
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Figure 4.12: Example of process instance, the AmI System performing some
tasks.

pre-compiled models could be further researched in future works.
In next section, we discuss about the implementation of this algorithm

and the use of the meta-model to support model transformations that will
generate the business process model.

4.7 Implementation Issues

The BVCCoN approach was designed in two parts with a description of con-
cepts through a meta-model and the use of these concepts during the configu-
ration process. In this section we describe how we implemented the algorithm
of Figure 4.11. We also detail how the NFR structure is transformed into an
AHP analysis table. Moreover, we describe the model transformations used
to create new process. At the moment, the implementation is not completely
supported by a tool. Hence, in the sequel we outline the implementation as
proof of concept. In doing so we hope to demonstrate the technical viability
of BVCCoN approach.

4.7.1 Configuration Algorithm

In Chapter 3 we described a meta-model of BVCCoN approach that uses as
base the Eclipse EMF (Eclipse.org 2012) framework. Among the capabilities
of the Eclipse modeling tools there is the possibility to generate editors for the
models designed in EMF. These editors may be generated by using several
techniques such as models transformation (e.g., GMF) or graphical design of
models elements (e.g., Graphitti Framework).

The use of a meta-model based editor allows the validation the models
using OCL language (OMG 2010b). This will enable the syntactic validation
of the model. As presented in Chapter 3, the support for OCL allows validate
models before using it other processing mechanisms such as the configuration
algorithm or the model transformations. Thus, fails related to syntactic
consistence are reduced during execution of other steps of our approach.

We designed a simple editor using model transformation of EMF frame-
work. It will produce an EMF tree-like reflexive editor instead of a full
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graphical editor as specified in Chapter 3. However, the model produced by
this editor will follow the well-formedness rules stated in the meta-model.

We analyzed the configuration algorithm (outlined in Figure 4.11) using
the Big O asymptotic notation. Let’s consider c the number of contexts, n the
number of NFRs, v the number of variants, and m the number of variation
points. According with these values the only value that will vary is the
number of variants, because some of them will become invalid due contextual
change. So we have f(v) = |c+v(1+n)+nv2+(n)2+v log v| = O(v2), where
the terms are c for evaluation of context, v(1+n) validation of variants, nv2+
n2 the AHP analysis, and v log v the solving method. Hence, the algorithm
has a complexity O(v2) order. A heuristic search can be used to solve it.
Another alternative, is to use a SAT Solver. In this case the asymptotic
complexity is as good as the SAT Solver that provides the solution.

4.7.2 AHP implementation

The stakeholders’ preferences are expressed in terms of contributions from
variants to NFRs. During configuration the algorithm uses that information
to select the most preferred solution. In order to do so, it is necessary to
transform the contribution graph into a matrix that allows the AHP method
to work.

For each NFR a matrix is created that compare all values of contribution.
The ++ to −− range is evaluated according to the importance in achieving
the NFR. A matrix n × n (with n as the number of variants) will associate
the variants according to their contribution. The scale used (Saaty 2008)
varies from 1 (when they have the same importance) to 9 (when there is a
big difference among the variants). In Table 1 we present the mapping used
to convert from the NFRs contribution to the scale used in AHP. Note that
in the first row ++ sign has a growing importance from 1 (when compared
to ++) to 9 (when compared to −−). On the other hand, in the last row
the −− sign has an inverse importance varying from 1/9 (when compared to
++) to 1 (when compared to −−).

For instance, in our running example the Look for Fire or Smoke in Per-
son variant contributes with ++ to the Reliability and the Look for Fire or
Smoke in Automatically variant does not influence the value (i.e., the same
as = sign in our notation). Since ++ contribution is more important than
a = to the Reliability it receives the 5 value. The Table 4.3 shows the com-
parison of all variants for this NFR (see table 4.1). The identifier var1 to
var9 refer to the following variants: Look for Fire or Smoke in Person (var1);
Look for Fire or Smoke Automatically (var2); Sounds fire alarm manually
(var3); Sounds fire alarm Automatically (var4); Public Safety called auto-
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Table 4.2: Mapping from NFRs Contributions to AHP values
→ ++ + = − −−
++ 1 3 5 7 9
+ 1/3 1 3 5 7
= 1/5 1/3 1 3 5
− 1/7 1/5 1/3 1 3
−− 1/9 1/7 1/5 1/3 1

matically (var5); Public Safety called from Phone Line (var6); Public Safety
called by Mobile phone (var7); Open Emergency Exits Manually (var8); and
Open Emergency Exits Automatically (var9).

After summing and normalizing all values of a line, we obtain the total
dominance of a variant values over a NFR. All this values are grouped in a
new matrix. Hence, using the NFRs priorities we compute the global priority
of each variant as a ranking. In this ranking each position indicates the global
priority of an element over the next one.

4.7.3 Model transformation

The business process configuration involves the creation of new BPMN mo-
dels. In the last step of BVCCoN process the configuration will produce the
new process models. In order to implement the generation of new process
models we used the model transformation techniques. The model transfor-
mations require the meta-models presented in Chapter 3. Hence, using the
BVCCoN model as source we derive a BPMN model that corresponds to the
selected variants.

Both the BVCCoN model and reference models are read and queried
by the model transformation engine that select the transformation required
to generate a new process model. Thus, the output will be a new BPMN
model. The transformation select for each variation point will correspond
to a transformation that matches the workflow pattern associated by the
variation point operator. It is also necessary to query the BVCCoN model
to confirm existence of alternative variants and default solutions.

Figure 4.13 shows a model transformation in QVTO (Query/Verifica-
tion/Transformation Operational) language to apply a workflow pattern for
the variants in a variation point. This is an excerpt of the transformation
script that receives a BVCCoN model and BPMN models to produce a new
BPMN model. In this excerpt we present the mapping for the Multiple
Choice work-flow pattern. This transformation take as input a Variation
Point and output a Process (line 1). The first part of transformation makes
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Table 4.3: AHP Matrix for reliability



var1 var2 var3 var4 var5 var6 var7 var8 var9

var1 1 5 3 5 9 7 3 1 5
var2 1/5 1 1/3 1 5 3 1/3 1/5 1
var3 1/3 3 1 3 7 5 1 1/3 3
var4 1/5 1 1/3 1 5 3 1/3 1/5 1
var5 1/9 1/5 1/7 1/5 1 1/3 1/7 1/9 1/5
var6 1/7 1/3 1/5 1/3 3 1 1/5 1/7 1/3
var7 1/3 3 1 3 7 5 1 1/3 3
var8 1 5 3 5 9 7 3 1 5
var9 1/5 1 1/3 1 5 3 1/3 1/5 1



some assessments about the type of VariationPoint and the workflow pat-
tern that will be applied (lines 3-5). In this case the assessment test if the
VariationPoint operator is the OR type, as well as, if the workflow pattern
is the MultipleChoice type. There is also a test to verify if the begins/ends
of the variation point are equals. When these assessments are valid the
script starts by initializing the variables to be used(lines 7-9). After that
the begins and ends points of a VariationPoint are stored in variables (lines
11-13). All elements (i.e., FlowElements) from the reference process marked
by a VariationPoint are then removed (line 15). In the sequel, new gate-
ways (InclusiveGateway) are initialized to represent the split and join from
a multiple choice pattern (lines 19-22). Recall that the Variants are linked
to business process fragments, in order to include them in the process model
the Variants must be evaluated (line 24). Hence, the business process frag-
ments of each Variant is linked to the split (lines 26-28) and join (line 29-31)
gateways using SequenceFlows (lines 25 and 28).

The process model is accessed by the result variable (lines 8, 21-22, 25,
28). Note that the process model that will be produced is declared in the sig-
nature of the mapping (i.e., Process - line 1). After all the mapping actions
are applied the model resulting will be compatible with BPMN 2.0 meta-
model used by our proposal as presented in Chapter 3. Other mappings are
available for each workflow patterns present in the BVCCoN approach (i.e.,
sequence, parallel, and exclusive choice). Moreover, the model transforma-
tion script also evaluates the BVCCoN model to select default solutions when
necessary.

Consider the Fire emergency running example, after the application of the
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1 mapping VariationPoint :: applyMultiChoicePattern (): Process

2 when {

3 (self.operator = VariationPointOperator ::OR) and

4 (self.variants.pattern.wfPattern ->includes(WorkflowPattern ::

MULTIPLE_CHOICE)) and

5 (self.begins <> self.ends) }{

6
7 init {

8 result := processOld;

9 }

10
11 var t : Set(FlowElement);

12 t += begins;

13 t += ends;

14
15 var be: Set(FlowElement) := processOld.flowElements - (t->

intersection(processOld.flowElements));

16
17 if (begins.oclIsUndefined () = false)

18 then {

19 var split = new InclusiveGateway ();

20 var join = new InclusiveGateway ();

21 result.flowElements += split;

22 result.flowElements += join;

23
24 variants ->forEach(v){

25 var splitVarBeginSeq = new SequenceFlow ();

26 splitVarBeginSeq.sourceRef := split.oclAsType(FlowNode);

27 splitVarBeginSeq.targetRef := v.part.begins.oclAsType(

FlowNode);

28 result.flowElements += splitVarBeginSeq;

29 var varEndJoinSeq = new SequenceFlow ();

30 varEndJoinSeq.sourceRef := v.part.ends.oclAsType(

FlowNode);

31 varEndJoinSeq.targetRef := join.oclAsType(FlowNode);

32 result.flowElements += varEndJoinSeq;

33 }

34 }

35 endif;

36 }

Figure 4.13: Model transformation with QVTO.

multiple choice workflow pattern presented in Figure 4.13, the Sound Fire
Alarm variation point in Figure 4.14 (A) is transformed into a new process.
Figure 4.14 (B) presents an excerpt of the process model derived, where the
elements marked by the variation point are replaced the Sound Fire Alarm
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Automatically and Sound Fire Alarm Manually variants.

Figure 4.14: Example of Variation Point and Process

Even though we do not provide an integrated environment for monitoring
and configuration. The process generated will be aligned with the NFRs’
priorities as well as the contextual information. With that we demonstrate
the technical viability of our approach. Next, we discuss the contribution
presented in this chapter.
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4.8 Summary

As part of our approach to achieve flexibility in business process models
we presented in this chapter a process that supports the activities of the
configuration. Our proposal covers from the elicitation of process variability
to the generation of process variants adapted to specific settings.

The elicitation enforces the importance of the variability acquisition for
our approach. In the example we applied a method of variability acquisition
(Liaskos et al. 2006) that allows identify several aspects of the information
that could become variants in the process. Even though this method is
specific for variability, it is not unique and can be replaced by other methods
such as interviews or documentation analysis. The condition to use other
methods is the ability to separate what is variation from what is common.
If the method allows this separation it could be used with our approach.

After the elicitation of variability the main problem is to structure the
information as variants and variation points. Since we are dealing with pro-
cess information, both are expressed as business process elements. It has
impact over the way how the selection will be conducted. For instance, if the
granularity of variants were controlled (i.e., just a task by variant) the logical
description of the process variability could become very complex. As we can
see in Montero et al. (2008a) using simple tasks as variant units requires
complex structures of Feature Models and a sophisticated control algorithm.
We avoid these problems but the counterpart is that the business analyst
should pay attention to the coherence of their descriptions. If the business
analyst fails in providing coherent description of process fragments our ap-
proach does not ensure the quality of the results. However, we believe that
it is the same for any other variability description approach.

When considering the relationship among NFRs and contextual informa-
tion in our approach we identify that it is not possible to express the impact
of contextual information in the NFRs. In some specific case the context
(e.g., security alert) may force changes in the NFRs priorities independent of
the way how stakeholders stated during the link among NFRs and variants.
This alignment may be done manually if necessary by changing the priority
description. However, it would be more practical if we could do it automat-
ically. Even so, we still believe that with some improvements our approach
could overcome this limitation.

In next chapter we describe the assessment of our approach using con-
trolled study based on simulations. With that assessment we expect to
demonstrate that our approach works and show in what situations it is useful.
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Chapter 5

Simulation Based Assessment

In this Chapter we present an investigation showing the design, prepara-
tion and results of the simulation of business processes models generated by
BVCCoN approach. Business process models may describe several views of
an organization processes (Aguilar-Savén 2004). They may cover from data
description to behavioral models such as the activities flows from BPMN.
Several tools may be used to evaluate these models, in special metrics and
simulations.

It is worth noting that the deployment of a process without previous
knowledge of its capabilities may expose the organizations to situations that
increase risk and costs (Wernick & Hall 2007). Thus, using simulations it is
possible to manage these problems in a controlled way and investigate the
impact of a business process model.

In order to evaluate the proposal presented previously in Chapter 4 we
designed a quantitative simulation based investigation. The objective of this
Chapter is to assess the use BVCCoN approach in circumstances that it would
be useful. Thus, we compare the use of business process models generated by
our approach to a standard process that was not designed to be adaptable.
We hope to demonstrate the importance of using contexts and NFRs to the
process model configuration when compared to a static process model.

Several factors including resources availability, human interference and
other aspects may change during the execution of process models (Rosemann
et al. 2008). These factors may be modeled into process model or using
external representation, when they are out the organization control zone.

In dynamic environments the information required by the process may
change fast thus the processes must be able adapt accordingly. In our ap-
proach we rely on NFRs and Contextual representation to cope with the
changes and keep the process adapted to the environment.

The scope of this study is to assess the process configuration, more specif-
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ically the models generated by the BVCCoN approach. As object of study we
selected the airport processes, a dynamic domain where changes in environ-
ment may impact the business processes’ performance. The airport process
domain is a well-known process that is already described in literature. Based
on information from airport control agencies (de Wandeler 2008), as well as
some projects that describe airports (Chatel et al. 2011, Ploesser, Peleg, Sof-
fer, Rosemann & Recker 2009) we collected the data necessary to compose
the simulation scenarios and the business process models. Describing sim-
ulation scenarios based on real data helps to obtain results closer to what
would be expected in real situation.

The BVCCoN approach was designed to be used at run-time. It would be
expected that the simulation assessment also consider this aspect. However,
the simulations were performed with the definition of models and simula-
tion scripts at design time. Figure 5.1 shows a schematic representation of
simulation design. Observer that all models were designed before starting
the simulation, including the BVCCoN models. That means, the changes in
BVCCoN process were not performed during the simulation itself, but the
simulation scripts were designed to mimic these changes. The definition at
design time was necessary due to methodological issues and limitations in
the simulation engine we could not design a dynamic simulation. First, the
simulation design required the separation of the simulation script in order to
support the parameters control. Moreover, the simulation engine could not
support integration with BVCCoN to allow dynamic simulation. It was a
decisive point that motivated the design of static simulation models.

Analyst

Process Models

Reference Process

Scenario

Simulation Script

Simulation Engine Simulation Data

Statistical Analysis
Report

Design Time Execution time Result

Figure 5.1: Schematic View of Simulation
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In following sections we present the necessary background to understand
this chapter as well as the design of the assessment and result analysis.

5.1 Background

In this section we present the template used to structure the assessment
definition and report. This template organizes the assessment report avoid
repetitions. The data description and explanations are located in specific
sections. Moreover, we present background information about the statistical
method used to answer the research questions.

5.1.1 Assessment template

Even though a simulation based study cannot be called an experiment in the
strict sense of the term (Wernick & Hall 2007), the template to structure
and report an experiment can also be used to a simulation study. Hence, we
adopted a template proposed by Wohlin et al. (2000). In the sequel we detail
the part of the template and how they are documented in this chapter.

Assessment Definition In the definition phase, the assessment founda-
tion was defined. The purpose of this phase is to define the assessment goals.
We used the structured framework (Wohlin et al. 2000) based on GQM which
includes the object of study, purpose, quality focus, perspective and context.

Assessment Planning During the planning we defined the design of the
assessment what includes definition of hypothesis and variables. The Context
Selection section justifies the trade-off of using simulation as empirical tool.
After that we detail the Hypothesis Formulation and Variables sections. The
former state the hypothesis to be tested, and the latter, the variables that
assessed to answer research questions. Last but not least, the Assessment
Design section that describes the how we structure the assessment.

Assessment Operation The operation of the assessment requires several
steps. The Preparation describes the steps performed before execute the
assessment. It includes the definition of simulation scripts, as well as the
settings of BVCCoN required to produce the process models such as the
NFRs’ priorities and the context values. In section Simulation Models, the
process models are produced by BVCCoN following the assessment design.
Then the simulations are performed in Execution section and the data is
collected and packed in Data Validation section.
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Results and Analysis In order to answer the research questions the data
collected is analyzed and the hypothesis are tested. The Descriptive Analysis
section describes and graphically presents interesting aspects of the data set.
After that we can select a test to perform the Hypothesis testing.

Discussion Finally, we discuss the findings showed by the Results and
Analysis section. In particular, we present in the Validity of study section
we discuss threat to validity of the study and how we address them.

5.1.2 Mann-Whitney test

The Mann-Whitney test is a non-parametric alternative to the t-test (Wohlin
et al. 2000). The parametric methods use the value of a parameter to compare
the samples (e.g., execution time). In Mann-Whitney test, a non-parametric
test, the comparison is made by the evaluation of rankings. In a same distri-
bution sample, two populations (or classes) are ordered and compared. The
position of the sample in the ranking as well as number of times a sample
wins against the samples of other population are computed to calculate the
U statistic. This statistic takes in account the ordinal position of a sample
instead of the real parameter.

In parametric tests the statistical relevance is tested by the two-tailed p
test. In order to test if a difference of U is statistically relevant it is necessary
calculate a normal approximation called z. Thus, using U it is possible to
calculate z that allows to test the null hypothesis.

In the next section we present the airport processes domain selected as
case for the simulation description.

5.2 Airport Application Domain

As a motivating example, let us consider check-in related processes in the
airport domain. Check-in is usually the first procedure for a passenger when
arriving at an airport, as airline regulations require passengers to check-in by
a certain time prior to the departure of a flight. This duration usually spans
from 30 min to 4 h depending on the destination and the airline company.
However, the airline check-in’s main function is to accept luggage that is to
go in the aircraft’s cargo hold.

Several activities related to the airport check-in process are relevant and
useful for the proper definition of business process models. For instance,
passenger check-in policies and procedures regarding security, luggage han-
dling, passenger handling and document validation. Check-in options and
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procedures may vary according to the airline company, as some of them have
certain restrictions that other carriers do not have in place. Occasionally
the same company, at two separate airports, may have different check-in
procedures.

This type of process takes place in a dynamic environment, which may
be affected by several factors such as load of passengers, security policies,
weather, and so on. In the above scenarios, it could be helpful to configure
the process according to context changes, taking in consideration the quality
preferences associated with the check-in process.

Note that we selected this domain, to assess our approach because it
is dynamic. Thus it can be benefited from process configuration. Several
airport’s processes were already described in the literature (Chatel et al.
2011, de Wandeler 2008, Leggat et al. 2009, Maiden et al. 2004, Ploesser,
Janiesch, Recker & Rosemann 2009, Ploesser, Peleg, Soffer, Rosemann &
Recker 2009, Rosemann et al. 2008). Hence, we had plenty of material to
research, which helped to identify variability. Moreover, some information
used to configure the simulation environment is also available in reports from
airport controlling agencies.

In the following sections we present a base check-in process model, and
then proceed to present its variation points and variants. Next, we define
which contexts are linked to the process variants. Last but not least, we
present how these variants may impact the overall quality attributes of the
process.

5.2.1 Reference Process

First we model a basic version of the check-in and boarding process that will
be the basis for the approach. This process will be the reference model and
should describe a valid business process. In Figure 5.2 there is a description of
the check-in and boarding process. It does not contain detailed information
such as exception handling and extra deviation in the main flow. Since the
process model was used in a simulation engine, we also avoided the use of
lanes and sub-processes, even though our approach is able to deal with this
kind of details.

The check-in process starts when the passenger arrives at the airport
and goes to the company counter. The airline staff starts by identifying the
passenger and the flight. After that, the check-in is performed and a boarding
card/pass is printed. If there is baggage to be sent to the aircraft cargo hold
it is dropped here. Then the passenger can go to the security checkpoint
where the security staff will check the passenger details. In this step the
passenger may be asked to identify himself again, but we omitted this part
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because the simulation engine we are using does not support sub-processes.
Finally, the passenger is conducted to board at the gate.

Figure 5.2: Figure Reference Process

5.2.2 Variability elicitation

The variability elicitation starts by analyzing the reference model. Based on
the method proposed by (Liaskos et al. 2006) we derived a set of questions to
help the identification of process variants (see Section 4.2). By applying these
questions and examining the model elements we can identify some variations
in the way the process is performed. For example, the Perform Check-in
activity described in the reference process may hide details that could be
important, such as who is responsible for performing the task (e.g., the Staff
or Passenger), or the conditions associated with the task (e.g., the need to
drop-off baggage) see Table 5.1.

This raw data will be analyzed and then represented as variants, variation
point or as contextual information. It is up to the analyst to decide which
data is actually relevant to the process in question. Based on the business
analyst knowledge, the information is described as process fragments using
BPMN. The process fragments are associated to variants and grouped in
variation points, as it will be described in the following section.

5.2.3 Variability Description

The Variation Points indicate where the process can vary, we use begins and
ends points to indicate where the variation point start and ends. In these
points the idea is to indicate how the main flow can change. In the case of
complex points with several in-coming and out-coming flows, it is possible
to use a combination of variation points and dependencies (e.g., requires or
excludes) to express them. The variation points may have a property (called
operator: AND, OR, and XOR) that indicates how the variants are grouped.
The AND operator is special role because in this case the business process
fragments can be ordered as a sequence or in a parallel setting.

Figure 5.3 shows the graphical representation of the variation points in
the reference process model. For example, the VP1 variation point begins in

112



Table 5.1: Question and answers for Perform Check-in task
Task Question Answer 1 Answer 2
Perform
Check-in

Who will perform
the task?

Check-in Staff Passenger

Who will be af-
fected by the task?

Passenger Passenger

What are the ob-
jects consumed or
produced by the
task?

Paper Ticket E-Ticket

To what the de-
gree the task will
be performed?
How the action will
be executed?

Check-in Staff
confirm the
check in

Passenger Per-
form on-line
check in

In what conditions
the task will be
performed?

When on-line
check-in is not
available OR
the baggage
needs to be
checked

When on-
line check-in
is available
AND There
is no need
to drop-off
baggage

Where the task will
be performed?

Check-in
Counter

internet

When the task will
be performed?

When the
check-in for
the flight is
open

the Verify Flight Information task and ends in the Emit Boarding Pass task,
so everything between these tasks (including themselves) can be changed by
the variants. There is also the case where just one task is a variation point
– in this case the begins/ends points are linked to the same task – as we can
see in VP2 and VP3.

The variants are associated to business process fragments. The use of
process fragments allows the business analyst to describe coherent processes
that will still be valid after the process change. However, this requires that it
is necessary to assure that the granularity of the process parts are equivalent
to the variation point, and that the begins/ends of both match.
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Figure 5.3: Variation Points in the reference process

Figure 5.4 shows the association of variants and business process frag-
ments. See that the variants can be a single task - such as the Board using
Staircase task (var4) - or be a set of process elements as the Delay boarding
variant (var5). In some cases a variant may require the presence of other
variants. For example, the Perform Extra Security Check variant (var8) re-
quires the execution of the Perform Security Check variant (var7). In this
case the opposite does not hold, since it is not necessary an extra security
check when perform a simple one (standard).

Figure 5.4: Variation Points and variants with business process parts
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5.2.4 Contextual Analysis

After the description of variability, the next step is to associate contexts to
process variants. The contexts describe states of the world that can affect
the process. In some cases the process may be affected by several factors that
can be originated inside the organization or in some other circumstances out
of its control, such as the availability of resources or changes in weather
conditions.

We represent the context information through logical expressions that
can be evaluated through data monitoring. For example, the context data
may be obtained by sensors, by consulting information services, by analyzing
profiles or by users’ inputs.

In the check-in example we identified the following relevant contexts:

Good Weather conditions The weather condition may affect the board-
ing process - if the weather is not favorable using a staircase to board
may be not viable, and sometimes even the boarding itself could be
delayed.

Internet and check-in kiosks are working some airline companies allow
check-in through the Internet or by providing kiosks to the passenger.
However, these resources must be available in order to be a valid alter-
native.

Jet Bridge is available Some large airports have jet bridges (Air Bridge,
or just bridge) to allow the passengers to board at the gate without the
need to go the aircraft from the runaways. They allow a faster boarding
but are not available in all airports, as some small surface airports just
allow boarding using staircases.

High alert security The airport controller or government agencies may is-
sue a security alert that impacts the security checkpoints in airports.
If this alert is in place the airport must change the way they check
passengers before the flight.

On Line Check-In is Available In some exceptional cases the check-in
system may become unavailable. The airline staff may switch to use
manual check-in. Even though they are related, this is a different case
from the Internet and check-in kiosks context. If the Internet services
and kiosk are not working the passenger still will be able to perform
check-in at airline counter, however if the check-in system fails neither
will be valid.
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5.2.5 NFR analysis

The last modeling step is the association of variants with quality attributes.
We propose using NFRs to describe the quality attributes that may be rele-
vant for the analysts. Catalogues may be built or reused to do this analysis.
In our approach we use the qualitative analysis, where the analyst expresses
the way he believes a variant may affect the process configuration in a con-
trolled range: from more positive (++) to more negative (−−). Based on
this analysis and using prioritization it is possible to select a configuration
of business process that is closer to the analyst expectations.

Figure 5.5 shows the contribution analysis for Security, Performance and
Reliability NFRs. For instance, the Perform Security Check variant con-
tributes positively to Access Control by reducing the access of people that
should not enter to boarding area. However, this security check has a neg-
ative impact to Performance, as it reduces the speed of the process. The
NFR graph may become complex and hard to read. Hence, we rewrote the
contributions of Figure 5.5 into Table 5.2. The contributions create a sparse
matrix where the white spaces will be substituted by Equals (=) labels for
further computation effects.
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Note that the result of this analysis is dependent on the analyst. However,
it allows the evaluation of several quality attributes at once. Moreover, if the
analysts believe that some NFRs that make sense for software systems do not
make for a business process (such as recoverable) they can rebuild the NFRs
catalogues and change them to fit their domain. Since quality attributes may
exist in every knowledge area it is not hard to find information to update the
catalogues.

Having illustrated our proposal, we now would like to be able to compare
it against a standard process. In particular we would like to demonstrate
that our approach generates more adaptable processes. Hence, in the next
session we describe an empirical evaluation of it.

5.3 Assessment Definition

In this section we present a quantitative investigation performed in order to
evaluate some characteristics of BVCCoN approach. Our goal is to evaluate
the models produced by our approach in particular we would like to show
that they are more adaptable to the environment, in terms of performance,
than the standard process. Bellow we describe a structured description of
the assessment objective:

Object of study. The object of study is the business process configurations
generated using our automatic configuration approach. These models are
going to be compared with respect to a basic process using the same scenarios.

Purpose. The purpose is to evaluate the business process configurations
generated with our approach, verifying if they actually improve the process
in different context settings.

Perspective. The perspective is the researcher’s point of view.

Quality Focus. The focus is on the performance of a given process config-
uration running in a simulated environment. Two dimensions of performance
are considered: the time required executing a process; and the resources re-
quired to execute a process.

Context. The context selected was the airport check-in and boarding pro-
cess. In this context there are situations that may require changes in the
business process to adapt to new scenarios.
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5.4 Assessment Planning

In this section we detail the simulation study planning and describe the
hypothesis and variables used during the study.

5.4.1 Context Selection

The context of the study is the execution of processes in an airport. It is
conducted by a graduate student with focus on the processes dealing with
check-in and boarding. The simulation of process is an empirical tool the
provides several benefits (Wernick & Hall 2007):

• Accelerate generation of interesting new empirical evidence about effi-
ciency and effectiveness of techniques and tools;

• Standardized representation and packaging of empirical evidence about
local effectiveness and efficiency of techniques and tools in varying con-
texts, facilitating the systematic exploration of the impact on (global)
performance at low cost;

• Improved knowledge transfer, education, and training through visual-
ization of the impact of local effects on global performance.

Moreover, the simulation also allows combining several contexts and sce-
narios with low cost and risk when compared to an actual experimentation.
We deal with events that may be out of our control (weather changes, de-
mand peaks, etc.) during a real situation, using simulations they may repro-
duced in a controlled environment. Some activities that are required during
a quantitative study such as control the variables interference and collect the
resulting data are benefited by the use of simulation.

5.4.2 Hypothesis Formulation

In this quantitative study we focus on the evaluation of BVCCoN approach
considering the models generated.

In some cases the models produced by BVCCoN must support the changes
and maintain the basic level of performance.

In the sequel we state research questions and define the respective sets of
null and alternative hypotheses:

RQ1: Considering the use of NFRs, do the models produced by our ap-
proach consume less resources and require less time to execute in comparison
with a standard business process configuration?
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RQ2: Considering the adaptation to a context change, do the models pro-
duced by our approach consume less resources and require less time to execute
in comparison with a standard business process configuration?

From these research questions, we generated the following hypothesis:

Null Hypothesis H01.1: The business process models produced by BVC-
CoN approach, when considering the use of NFRs to configure the models,
do not require less time when compared the standard process;

Null Hypothesis H01.2: The business process models produced by BVC-
CoN approach, when considering the use of NFRs to configure the models,
do not require less resources when compared the standard process;

Null Hypothesis H02.1: The business process models produced by BVC-
CoN approach, when considering the adaptation to context changes, do not
require less time when compared the standard process;

Null Hypothesis H02.2: The business process models produced by BVC-
CoN approach, when considering the adaptation to context changes, do not
require less resources when compared the standard process.

If the null hypothesis can be rejected with relatively high confidence, it
is then possible to formulate alternative hypotheses:

Alternative Hypothesis Ha1.1: The business process models produced
by BVCCoN approach, when considering the use of NFRs to configure the
models, consume less time when compared the standard process;

Alternative Hypothesis Ha1.2: The business process models produced
by BVCCoN approach, when considering the use of NFRs to configure the
models, consume less resources when compared the standard process;

Alternative Hypothesis Ha2.1: The business process models produced
by BVCCoN approach, when considering the adaptation to context changes,
consume less time when compared the standard process.

Alternative Hypothesis Ha2.2: The business process models produced
by BVCCoN approach, when considering the adaptation to context changes,
consume less resources when compared the standard process.

Having defined the hypothesis we need to identify dependent and inde-
pendent variables.

120



5.4.3 Variables

Independent Variables. The independent variable of this study is the
modeling method it can assume two possible values: Standard or Adapt-
able. Standard means a traditional BPMN model, without variability, while
Adaptable is a process model generated with our approach, including vari-
ability, contextual and non-functional information.

Dependent Variable. The dependent variable is the performance mea-
sured using the execution time (in hours) and resources consumption (in
cost). Resources consumption includes personnel costs, equipment costs,
fares, and so on. Both dependent variables were calculated by the simula-
tion engine, considering estimated time and resources required to perform
each activity of the process. Note that the dependent variables are inversely
proportional to the performance, i.e. the lower the value of execution time
and of resources consumption, the better the performance. The measure
variables were the average execution time spent in hours and the average
resources cost expressed in dollars. Hence, the following dependent variables
have been defined:

Execution Time The execution time is the average number of hours that
a process instance needs to execute. It is calculated by the simulation
engine considering the time required to execute the tasks of a process.
The value is derived from: the execution time that describes the usual
case, the estimated time that describe how much the execution may
vary, and the maximum estimated time, which defines the maximum
acceptable variation for the execution time. For instance, a Perform
On line Checking task may be executed in 5 minutes with a variation
of 5% in the estimated time and 20% in the maximum time. Hence,
during the simulation the task may be executed from a minimum of
4.75 minutes to maximum of 6 minutes.

Resources Cost Another variable that may be evaluated is the cost of re-
sources consumed during the process execution. The resource cost is
the average value of a resource consumed during the process. It is cal-
culated by the simulation engine considering the number of resources
available and consumed as well as the cost of use. The cost of use may
take in consideration the number of times a resource is used as well as
its cost per unit of time, etc. Once the variables are defined we can
move on to design the quantitative assessment.
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5.4.4 Assessment Design

A basic requirement of an simulation based study is the ability to control
the object of study and its parameters. Since our approach allows the mod-
ification of several parameters first we need to control the parameters that
will be modified. In our case, we designed the simulation based study to as-
sess the impact of NFRs’ priority change as well as the impact of contextual
changes. Hereafter, when changes in NFRs are mentioned we mean changes
in the NFRs’ priority. Likewise, the contextual changes means changes in
the values of the context variables.

We combined the principles of blocking and balancing in the design of our
study. The blocking is a design principle that is required in the definition of
assessment. It is applied when we have a factor that probably has an effect
on the response, but we are not interested in that effect (Wohlin et al. 2000).
When the effect is known and controllable the blocking technique may be
used. Blocking is used to systematically eliminate the undesired effect in the
comparison among treatments.

The balancing technique is used to assure that each treatment to be
studied have the same number of subjects. Balancing is desirable because it
both simplifies and strengthens the statistical analysis of the data.

The two scenarios are considered:

S0. Vary NFRs’ priority to identify their impact on the new processes gen-
erated by the BVCCoN approach.

S1. Vary contexts to identify their impact on the new processes generated
by the BVCCoN approach.

Our design setting blocks the variation of NFRs and contexts in order to
isolate the interference among them during configuration.

In S0 we vary the NFRs’ priorities and fix the contexts. This generates
the processes that reflect just the changes in NFRs. On the other hand, in
scenario S1, we vary the contexts to generate new processes while the NFRs’
priorities are fixed. Thus, all processes generated in S1 have the same NFRs’
priorities. With that we can compare the results of changes without the
interference of other factors in the simulation.

Another important aspect of the quantitative study is the way that we
plan to balance the simulations. In order to obtain a balanced simulation, we
repeat each simulation for each configuration of contexts and NFR for both
standard and adaptable processes. When a context is set as active some
variables of simulation change such as the availability of a resource. The
simulation setting to reflect this change is then used during the simulation
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of the standard process and an adaptable process generated for that con-
text change. Note that the number of simulations in the study is balanced
according the situation.

The S0 and S1 scenarios were proposed to address the research ques-
tions RQ1 and RQ2 respectively. This separation among NFRs and contexts
changes in different scenarios simplifies the design and execution of our as-
sessment. First, the conditions present in the simulation may be repeated
within each scenario which assures that the process simulation will be exe-
cuted in equal bases. A context change may affects the presence of a resource
in scenario S1, that in its turn may affects tasks that were prioritized by a
NFR. However, it is not a desirable interference because we cannot predict
if the change was caused by a NFRs’ priority change or a context change.

A standard check-in and boarding process described in the literature
(Ploesser, Peleg, Soffer, Rosemann & Recker 2009) was considered as the
standard business process model (see Figure 5.2). We select this process be-
cause it was already described in literature and validated against in a real
situation. Afterwards, we used our approach to design a new business pro-
cess models based on the change in the S1 scenario. For each, scenario we
simulated the case with and without contextual change. For instance, the
Perform on-line check-in and Use jet-bridges to board variants can improve
the performance of the process by reducing the waiting time. However, this
type of alternative can increase the costs or may be unavailable at the mo-
ment when the process needs to be executed.

The BVCCoN approach was designed to be used at run-time. It would be
expected that the simulation assessment also consider this aspect. However,
the simulations were performed with the definition of models and simulation
scripts at design time. All models were designed before starting the simula-
tion, including the BVCCoN models. That means, the changes in BVCCoN
process were not performed during the simulation itself, but the simulation
scripts were designed to mimic these changes. The definition at design time
was necessary due to methodological issues and limitations in the simula-
tion engine we could not design a dynamic simulation. First, the simulation
design required the separation of the simulation script in order to support
the parameters control. Moreover, the simulation engine could not support
integration with BVCCoN to allow dynamic simulation. It was a decisive
point that motivated the design of static simulation models.

In order to describe the impact of the context in the process we based our
estimate in the data related to the air traffic delay recently experienced in
European airports (de Wandeler 2008). The simulation data requires the es-
timate of the tasks duration, the resources costs, and the number of involved
personal. For example, the collected information could help to estimate how
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much time is necessary to perform the Board at Gate task. As consequence
of being based in real information the simulation scenarios are closer to the
real situation.

In S0 we described a simulation setting with fixed resources and execution
conditions when used the BVCCoN approach to generate several process
instances. The adaptable processes were simulated using the same simulation
setting as the standard process. It was repeated until we obtained the same
number of executions for each type of process (i.e., adaptable and standard).
After that a comparison was performed using the results.

The S1 scenario received a different treatment, since the context changes
necessarily modify the simulation conditions. Several conditions were defined
and executed for the standard process and for an adapted process designed
for that conditions.

In summary, for S0 we have different processes for the same simulation
settings, and in S1 we have a process for each different simulation settings.

For S0 we may use the t-test and Mann-Whitney test (Wohlin et al.
2000) to verify if there is difference between the standard and adaptable
processes. The S1 scenario may be evaluated using the same tests since we
are comparing the standard and adaptable process variables. The selection
of statistical test depends on the resulting data since t-test requires a normal
distribution of data.

Once the assessment was designed, the next step is performing it. The
following section presents the preparation and models used in these study.

5.5 Assessment Operation

5.5.1 Preparation

The quantitative study was performed using the simulation feature of the
Bonita Open Solution 5.6 business process platform1. This environment al-
lows the representation of the process data, simulation of the environment
resources available for the execution of the activities as well as the config-
uration of time taken. Hence, we were able to control the variables of the
assessment, allowing the reproduction of the study by independent teams.

Using the BVCCoN approach we designed several processes for S0 and S1
scenarios. In S0 scenario the variation of NFRs was performed using the for
Performance, Security and Reliability priorities of BVCCoN model from table
5.2. The priorities of these top level NFRs were derived from priorities given
to leaf NFRs such as Throughput or Availability. After computation using

1www.bonitasoft.com
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the selection algorithms (i.e., the AHP) we obtained the variants preferences
shown in table 5.3. The values are used to select the most preferred values,
that means the higher the better.

Table 5.3: Computation of NFRs’ priority over Variants
Task Performance

process
Reliability
process

Security pro-
cess

Perform Check-in 0.16850276 0.1561380421 0.1056760263
Perform Check-in Manu-
ally

0.1059536981 0.1209307344 0.0923948759

Perform Online Check-in 0.2677317084 0.2699253717 0.1684273085
Boarding Using Staircase 0.1320638366 0.1288088495 0.0941969976
Delay boarding 0.0486993775 0.0530210609 0.0517413584
Boarding using Jet bridge 0.1364798598 0.1234999692 0.0880050471
Perform Security Check 0.1405687596 0.1476759723 0.1525170352
Perform Extra Security
Check

0.00109758 0.00107586 0.2470413511

Note that columns represent the process derived for a given NFR priority
while the lines capture the variants and their preference for each NFR prior-
ity. These values are numerical indicators of preference, the higher they are
the more important (priority) they become. Observe that the computation
of the contribution and priorities results in general preference of variants.
Hence, we defined four processes to be simulated in scenario S0, three ad-
dressing the NFRs listed in table 5.3 plus the standard process.

Since, in the S1 scenario changes the NFRs’ priority are not allowed, the
value of priority was not used in the definition of new processes. Instead, we
defined the following settings for changes in contexts:

Without Internet The tasks that requires Internet resource to be per-
formed such as Perform Check-in and Verify Flight information are
affected by the lack of this resource. The simulation of this context
was designed using the configuration capability of the simulation en-
gine that allows the definition of when and how much of the resource is
available. In this case the amount of time the Internet is not available
during simulation.

Without Online Checking This context change was designed supposing
that only the check-in at the airline counter was available during a
period in the simulation.
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Small Airport This context change means that some resources (such as
Jet bridges) that are commonly available in larger airports are not
available. The simulation of this case is performed removing the Jet
bridge resource from the simulation engine. This results in processes
where the variants that depends on Jet bridge resource are not able to
run during some time.

Security issue In this case a security alert was announced, the simulation
of this context change was designed using the conditional execution
capability of the simulation engine. Rules with the description of con-
ditions activate resources or generate delays during the simulation to
reproduce the execution of this task. For instance, when the security
alert is issued the processes that are not prepared to perform an extra
security check will receive a delay according the data from de Wandeler
(2008) for each process executing.

Given these contexts we designed a process for each of them using the
BVCCoN approach as well as a standard process.

5.5.2 Simulation Models

The simulation scenarios are based on how the resources available are de-
scribed for the simulations. The variables selected are related to resources
and to the estimation of each activity execution. Based on the information
of de Wandeler (2008), Leggat et al. (2009) we estimate the values of time
in execution of the tasks for each process. Table 5.5 describes the execution
time, estimated time, and maximum time. The execution time is the dura-
tion of the task during the simulation. The estimated time and maximum
time are the margins of the simulation execution uncertainty. They are ex-
pressed in terms of the percentage of variation a task is expected to produce
and the maximum acceptable. Other resources used during the definition
of simulation scripts are available in the appendices, including the process
models (see Appendix C) and the relationships among contexts, tasks and
NFRs (see Appendix D).

Another simulation aspect designed was the resources available during
the simulation. Recall that the resources may be consumable or renewable.
The consumable resources exhaust after consumption and may be not used
again and they have a fixed cost per use. On the other hand, the renewable
resources may be used again and again and has a cost by time of use. The
cost of resources was defined according with review of reference material. The
cost of a staff personnel, such as check-in staff and security staff, was defined
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Table 5.4: Simulated time of tasks
Task Execution

time (min-
utes)

Estimated
time (%)

Maximum
Time (%)

Perform Check-in 5 15 30
Perform Check-in Manu-
ally

5 15 40

Perform Online Check-in 3 10 20
Boarding Using Staircase 15 30 100
Delay boarding 60 25 50
Boarding using Jet bridge 10 15 50
Perform Security Check 5 30 75
Perform Extra Security
Check

10 50 100

Verify Flight information 3 10 20
Request Visa/Documents 5 50 100
Verify Documents 5 50 100
Baggage Drop-off 5 50 100
Emit boarding pass 2 15 50
Emit boarding pass Manu-
ally

5 30 50

Verify Flight information
On line

1 10 20

Fill check-in form 5 30 50

based on average annual salary of these employees. The cost of physical
resources such as the x-ray and Internet service was defined based on the
average operational cost.

5.5.3 Execution

The execution was performed using the Bonita Software business process
simulation engine. During the execution two separated approaches were nec-
essary. In the S0 scenario, where the process were adapted to reflect NFRs
prioritization, the four processes were simulated using the same simulation
settings (resources and time tables). The three processes that were adaptable
dependent variable were simulated 30 times each. The process that uses the
standard variable was simulated 90 times. Hence, we hope to have a balanced
set of results. Since the simulation based studies may test exhaustively all
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Table 5.5: Simulated cost of resources
Resource Maximum Availability Cost ($)
Jet bridge 2 by instance 1.00
Internet service 1 constant 0
Security Staff 2 by instance 15 per hour
X-Ray 1 constant 80000 per

year
Check-in staff 2 by instance 10 per hour
metal detector 1 constant 5 per hour
Boarding Staff 5 by instance 10 per hour
StairCase 2 by instance 0.70

scenarios, we use 30 times as the default number of runs for each simula-
tion. This is necessary in order to reduce sampling bias allowing balanced
comparison among simulations.

In the S1 scenario, the simulation setting varies according to the context
configuration. Thus, to obtain a balanced set of results considering these
variations we executed the simulation in a paired arrange. The simulation
setting was prepared for the execution and an adapted process and a standard
process were executed for this configuration. Then a new simulation setting
is prepared for another pair. After the execution we obtain 120 results for
the adaptable processes and 120 for the standard process.

The Bonita Software Simulation engine produces simulation reports in
PDF files, each simulation corresponds to a report file. The simulation re-
ports were manually transcribed into spreadsheets to further analysis.

In general, the design, execution of the simulation as well as the data
collection required almost four months of work. We estimate in 550 man-
hours spent in these activities.

5.5.4 Data Validation

Data was collected from the simulation reports and tabled to allow analysis.
The simulations that crashed were replicated to fill the missing data as well
to maintain a balanced number of results.

In some cases the simulation presented extreme variations in the results.
During seminar with senior researchers we were reminded that these variation
are also important and need to be evaluated during the analysis of results
step. All data was considered during analysis reported in this chapter.
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5.6 Results and Analysis

5.6.1 Descriptive Analysis

As a first step in analyzing data, we use descriptive statistics to visualize the
data collected. We employ a statistical tool to help to analyze and test of
hypothesis - the SOFA Statistics 2. This tool tests the data for normality
and applies statistical test to answer the research questions.

Figure 5.6 presents the histograms of collected data from both simulation
scenarios considering the adaptable and standard processes. First, in Figure
5.6(a) and 5.6(b) we see the distribution of the execution time for the scenario
S0 considering the standard and adaptable processes. The graphics do not
present a clear normal distribution of the results of both variables of this
scenario. Indeed, none of the data set passed the test of normality using
the SOFA Statistics tool. However, it does not mean that they cannot be
analyzed, since real world data may also fail the normality test (Wohlin et al.
2000). Likewise, the data in the chart of Figures 5.6(c) and 5.6(d) also do
not present a normal distribution.

When considering the resource cost, it is possible to identify that the
results are very behaved in some conditions. Observe in Figure 5.6(c) that
about 30 samples are in the same group of values between 4.4 and 4.5. While
there are about 60 samples range between 4.5 and 4.6.

When considering the results of resource cost for adaptable process in
Figure 5.6(d), the same pattern is detected, there are two ranges of values:
between 3.5 and 4, and between 4 and 5. However, the rest of samples does
not follow this pattern.

Figure 5.7 presents the data distribution for the S1 scenario where the
context triggers changes in environment variables. According to the data
distribution shown in the histograms, it is possible to observe that the data
does not pass the normality test. On the other hand, if we consider the
execution time of the adaptable processes (see Figure 5.7(b)), it is possible
to identify a distribution that is close to the normal curve. In order to
improve the presentation, we divided the distribution in dependent variables
like in Figure 5.7. However, during the execution of statistical evaluation all
the data shall be considered. Hence, we conclude that the data do not pass
in normality test.

After evaluating the data we identified that it is not possible to apply
statistical hypothesis tests that require normality as a pre-requisite, such as
t-test. Thus, we selected the Mann-Whitney U test (Wohlin et al. 2000)

2http://www.sofastatistics.com
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(a) Histogram of execution time, stan-
dard process

(b) Histogram of execution time, adapt-
able processes

(c) Histogram of resource cost, standard
process

(d) Histogram of resource cost, adapt-
able processes

Figure 5.6: Data distribution for S0 scenario with variation of NFR priority

to evaluate the hypothesis, which is an alternative if the assumptions made
by the t-test seem uncertain (i.e., normality). In next section we present
the hypothesis testing to answer the research questions of this quantitative
study.
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(a) Histogram of execution time, stan-
dard process

(b) Histogram of execution time, adapt-
able processes

(c) Histogram of resource cost, standard
process

(d) Histogram of resource cost, adapt-
able processes

Figure 5.7: Data distribution for S1 scenario with variation of contextual
information
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5.6.2 Hypothesis Testing

The Mann-Whitney U test is a non-parametric statistical hypothesis test for
assessing whether one of two samples of independent observations tends to
have larger values than the other (Wohlin et al. 2000). The test consists in
comparing values in scales that present order such as numerical or ordinal
sets. During the test the values are substituted, ordered and ranked. The
evaluation of the rankings results in a statistics that indicates how many
times a specific class has larger values the other. The test also provides
significance indicators that allows the analysis if the difference was significant
or not.

As mentioned before, we used the SOFA Statistical tool to perform the
hypothesis testing. The tool reported results of test presenting the p value,
U statistic and the statistics of the data presented in a table. The p value
indicates if the test was statistically significant. Values bellow 0.01 are a
good indicator of statistical significance. When the p value is below 0.001
the report does not present the actual value, just the declaration that the
difference is relevant. In general the U statistics uses a table with critical
values to identify if it is statistically relevant. However, when the number
of samples is higher than 20 the test uses an approximation called z that
allows calculate the p value. Thus, the U statistics may help to understand
the degree of significance.

S0 scenario - Variation of NFRs

We compare the standard process against the processes generated by the
BVCCoN approach considering the variation of NFRs. We have two null
hypothesis H01.1 and H01.2. They refer to execution time and resource cost
respectively.

In order to test the first hypothesis we applied the Mann-Whitney U test
to the data sample generated based on the S0 scenario. The sample classes
were divided in two groups of 90 items each. U is based on the results of
matches between the Adaptable and Standard groups. In each match, the
winner is the one with the highest Execution time (in a draw, each group
gets half a point which is why U can sometimes end in .5). The resulting
U value was U = 0.0, which means that all elements of Adaptable class has
a smaller value than elements of Standard class. The further the number is
away from an even result, that is, half the number of possible matches (i.e.
half of 90 x 90 = 4050.0) the more unlikely the difference is by chance alone
and the more statistically significant it is.

After calculating the U value the test derived z = 11.595 value. We also
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performed a p-test resulting in Two-tailed p value is less than 0.001. If p is
small, e.g. less than 0.01, we can assume the result is statistically significant,
i.e. there is a difference. With this result we can reject the Null hy-
pothesis H01.1 with high degree of confidence and assume the alternative
hypothesis Ha1.1 is true: The business process models produced by BVC-
CoN approach, when considering the use of NFRs to configure the models,
consume less time when compared the standard process.

Table 5.6: Statistics of execution time variable
Group N Median Avg Rank Min Max
Adaptable 90 1.268 45.5 1.074 1.436
Standard 90 1.587 135.5 1.512 1.6

The table 5.6 presents the statistics produced by the test. Analyzing
the minimum and maximum values for execution time we can see that the
minimum value of standard process is larger than the maximum value of the
adaptable class. There were no intersection among the values of the two
classes. It explains why the U test scored too small value (U = 0.0), and the
z value was too high (z = 11.595).

In the hypothesis testing of H01.2 the result was U = 2.700.00. Recall
that in each match, the winner is the one with the highest Resource cost (in
a draw, each group gets half a point which is why U can sometimes end in
.5). The further the number is away from an even result i.e. half the number
of possible matches (i.e. half of 90 x 90 i.e. 4050.0) the more unlikely the
difference is by chance alone and the more statistically significant it is.

Based on the U value z = 3.877 was derived and obtained a Two-tailed p
value is less than 0.001. Hence, it is possible to reject the Null hypothesis
H01.1 with high degree of confidence. Therefore, the alternative hypothesis
Ha1.2 is true: The business process models produced by BVCCoN approach,
when considering the use of NFRs to configure the models, consume less
resource when compared the standard process.

Table 5.7: Statistics of resource cost variable
Group N Median Avg Rank Min Max
Adaptable 90 4.242 75.5 3.928 7.158
Standard 90 4.516 105.5 4.494 4.544

The data in table 5.7 presents a different behavior when compared with
the execution time. The values of the standard process were within the range
of the adaptable processes, which present a lower and higher value for cost.
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However, the median shows that the distribution of values of the adaptable
process was closer to the minimum value. This makes the adaptable class
gain more matches against the standard process resulting in a statistically
significant result.

In summary, considering the variation of NFRs’ priorities the process
produced by BVCCoN approach reduced the execution time and resources
cost when compared against the standard process.

S1 scenario - Variation of Contexts

In S1 scenario we compare the standard process against the process gener-
ated by BVCCoN approach considering the variation of contexts. In this
scenario 120 samples of each class were used in the comparison. Again, we
employ the Mann-Whitney U test to compare the values of execution time
and cost for both classes.

Considering the null hypothesis H02.1 (we evaluated the execution time
variable), we obtained U = 3165.0. Recall that the further the number is
away from an even result (half the number of possible matches i.e. half of
120 x 120, or 7200.0) the more unlikely the difference is by chance alone and
the more statistically significant it is. Based on this value, the z = 7.505 was
derived and we obtained Two-tailed p value is less than 0.001. With that
value it is possible to reject the null hypothesis and assume the alternative
hypothesis Ha2.1. In other words the business process models produced by
BVCCoN approach, when considering the adaptation to context changes,
consume less time when compared the standard process.

Table 5.8: Statistics of execution time variable
Group N Median Avg Rank Min Max
Adaptable 120 1.535 86.875 1.366 1.711
Standard 120 5.611 154.125 1.512 24.738

After evaluating the data from 5.8, it is clear that the values of execu-
tion time for the adaptable group are within a closer range. The standard
processes, on the other hand, has a greater range. Indeed, the median value
shows execution time for standard process is far from maximum value for
adaptable process. This means that at least half of the samples of standard
process present a higher execution time the adaptable processes.

The last hypothesis test is the null hypothesis H02.2. This hypothesis
states that the business process models produced by BVCCoN approach,
when considering the adaptation to context changes, do not require less
resources when compared to the standard process.
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When we apply the Mann-Whitney U Test, to compare the Resource
cost for Adaptable vs Standard, we conclude that there is a difference with
U = 4379.0 and z = 5.248. The two-tailed p value is less than 0.001, which
indicates that the difference is also statistically relevant. However, in this
case the difference is in favor of the standard process. As a result we cannot
reject the null hypothesis H02.2.

In table 5.9 we can observe that there is an intersection between the
values of the adaptable and standard processes. However, the adaptable
process present a higher maximum value and median what means that in
general the values for the adaptable process are higher. In other words, the
adaptable process produced by BVCCoN approach consume more resources
than a standard process.

Table 5.9: Statistics of resource cost variable
Group N Median Avg Rank Min Max
Adaptable 120 5.002 144.008 4.490 8.469
Standard 120 4.516 96.992 3.625 6.9145

5.7 Discussion

We began this chapter illustrating how our approach could be used in a real
setting namely to describe check-in related process in the airport domain.

We relied on simulation, an empirical tool to present a preliminary assess-
ment of our approach. We came to a conclusion that there is a relationship
between how the process model behaves to adapt to the changes in the NFRs
and Contextual information, to its execution time and resources cost.

According with the hypothesis test we were able to answer affirmatively
that if: considering the use of NFRs, the models produced by our approach
consumes less resources and require less time to execute in comparison with
a standard business process configuration (RQ1). The hypothesis testing
showed that our approach when considering the NFR changes indeed pro-
duced processes that consumed less resources and required less execution
time to be performed.

Recall that the BVCCoN configuration process considers the preferences
of stakeholders over variants. We showed that when the NFRs had been
considered our approach generated appropriate variants that required less
resources. Thus, a process configured by BVCCoN process selected variants
that could reduce the resources consumption. In our example, the Perfor-
mance NFR was used for the selection of variants. Even if the Performance
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NFR was not defined as a priority NFR, the contribution for Performance
still are taken in account during the selection. It happens due to the multi-
criteria decision algorithm, which always consider all NFRs in some degree.

However, if we consider the results of hypothesis testing we are not able
to provide a conclusive positive answer to the research question RQ2. This
is because we have distinct answers to the execution time and cost analysis.
When we consider the execution time the answer could be yes. However,
when we consider the resource cost the BVCCoN approach does not produce
a process that consumes less.

Evaluating the data we identify the following relevant points:

• Some simulations did not finished within the time limit of scenario S1.
This happened during the execution of the simulations for the standard
process, which is not able to adapt to some situations. The result is that
in some simulations it did not consume all the resources as expected.
The process was halted;

• The adaptation may require the addition of new tasks in the process
as well as can increment the resource consumption. For example, when
a security alert context is active the tasks referent to an extra security
check may require more resources (e.g., security staff, x-ray or metal
detectors).

Note that in the real world, when a check-in/boarding process is delayed
beyond a certain limit (Leggat et al. 2009), the air line should cancel the flight
and penalties are incurred. This aspect is not reflected in the simulation since
it is external to the process. However, if we consider that even with a higher
cost, the BVCCoN approach could produce processes that are able to finish
in time, reducing the chances to get penalties. Moreover, small gains can add
up to enormous benefits since this is a process need to execute by thousands
of passengers that need to check-in.

As presented in Section 2.3.4, the use of AHP has a limitation about
how to explain the results obtained by the method. Even though that the
results are intuitively close to the preference (Liaskos et al. 2012), the AHP
method still is a black box. This limitation is shared with data mining
methods (Cortez & Embrechts 2011) that used numerical computations such
as artificial neural networks or support vector machines. When we use the
matrices calculations to compute the results, the direct link between the input
(a possible preference setting) and the output (the selected configuration)
is lost. Hence, we believe that the statistical evaluation presented in this
chapter shows that our approach may be useful in some circumstances, even
if we are not able to explain the results in details.
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Changing the simulation time in order to wait all simulations to finish
is not a viable strategy. First, we cannot ensure that all simulations will
end. If the event that interrupted the flow is not reversible, the simulation
may run forever. Moreover, in order to implement this strategy we should
redo all simulation, which is not in question due time limitation to finish this
thesis work. Thus, we believe that using a fixed simulation time was a valid
strategy to obtain results for the assessment.

5.7.1 Validity of study

Among the threats to the validity of our study we identified the following
items: the use of simulation as empirical tool simplifies some possible threats
related with human subjects such as rivalry, motivation of teams, interaction
among participants, and so on. Moreover, some threats may be present in the
study. For example, the reliability of measures. Our measures were compiled
from the simulation reports generated by the simulator.

There are also the design threats, such as the interaction among treat-
ments and the mono-method bias. The former is caused if the subject is
involved in more than one study, treatments from different studies may in-
teract. The latter happens when using a single type of measures or observa-
tions involves a risk that if the measure or observation gives a measurement
bias, then the study will be misleading. In order to reduce these threats we
combine the treatment with different settings including the use of different
NFRs such as Performance, Reliability, and Security as parameters for the
process configuration, and repeated the simulation with and without con-
textual changes. The separation in two scenarios with different treatments,
helped us to reduce this threat. Blocking the interaction among NFRs and
context changes allowed us to draw conclusions about the influence of this
factor in the final result.

Among the conclusion validity threats we identified that the low statistical
power could be a problem, since non-parametric hypothesis testing had less
valid statistics to be evaluated. The choice of a non-parametric test was
driven by the need to adapt to the data distribution. Recall that during
the descriptive statistical analysis we were not able to verify the normality
assumption in the data sets. The non-parametric tests are less sensible to
distributions that do not pass the normality test. Thus, we avoided the
threat to violate the assumptions of a statistical test.

Other conclusion validity threat to fishing for a result, i.e. where the
researchers induce the result to prove their hypothesis. Note that we evaluate
the data and drew conclusions based on the results, considering even negative
results as valid results. Even the hypothesis that was not rejected showed
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relevant information to our study.

5.8 Summary

In this chapter we presented a quantitative study to evaluate the BVCCoN.
It was based on the use of simulations, because being an empirical tool it
allows the comparison among several scenarios of execution, related to lower
risks and costs. With simulations we can test several context changes without
wait for it to happen. The controlled environment also avoid risks in critical
situations that may lead to disasters or economical loss.

The airport processes example was selected due to its characteristics. It is
a domain where the processes are sensible to environmental changes. More-
over, it has been extensively studied in the literature (Ploesser, Janiesch,
Recker & Rosemann 2009). It also has resources that allow the proper col-
lection of process indicators (Chatel et al. 2011, Leggat et al. 2009). Hence,
we can reproduce situations that are closer to real world.

Even though simulation based studies allow evaluation of results without
hypothesis testing (Wernick & Hall 2007), we prefer use hypothesis testing
to answer our research questions with more confidence. Confronting the data
to demonstrate that there is statistical relevance in the results strengthens
the conclusions.

Finally, the answer to our research questions indicated that our approach
is relevant and may contribute to a better use of business processes. Even the
negative results did not invalidate our approach, a careful analysis indicate
that there are side benefits that may be highlighted in these situations.
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Chapter 6

Conclusions

This thesis has investigated the dynamic configuration of process models as
well as proposed an approach to configure process models based on Non-
Functional Requirements and Contextual information. Business Process mo-
dels allow the representation of the activities and resources of an organization,
being essential part of the Business Process Management. When employed in
dynamic environment it requires flexibility in process (Bentellis & Boufäıda
2008). Approaches with a priori implementation for process flexibility, that
use the selection as main procedure, have limitations when applied during
run-time. Among the limitations that we addressed there is the lack of high
level criteria to configure business process and associated information that
drive the configuration of the process model.

In Chapter 5 we presented a simulation based assessment to evaluate our
approach in a controlled environment. The results indicated that our ap-
proach may improve the execution of process in terms of execution time and
resource consumption. This was due to the use of NFRs as configuration
criteria and context models as triggers to perform changes in models. Re-
turning to the hypothesis/question posed at the beginning of this study, it
is now possible to state that the use of NFRs and contexts indeed helps the
configuration of business process.

6.1 Contributions

Following we highlight the main contributions of this thesis:

• The definition of an integrated metamodel to support configuration
of business process models. The metamodel, Chapter 3, combines
the concepts of Business Process model, context-awareness, and Non-
Functional Requirements in the same metamodel. With that we pro-

139



vide a new form to represent these concepts, as well as use these new
tools for process configuration.

• The definition of an algorithm for configuration of business process mo-
dels that takes in account the preferences of stakeholders and contex-
tual information. The algorithm is presented in Figure 4.11, Chapter
4. This algorithm integrates the selection of variants with the AHP
method offering support for multi-criteria analysis of variants.

We now discuss some aspects of our approach presented in this thesis.

6.2 Discussion of Decisions and Findings

In BVCCoN approach, we chose to separate variability modeling from the
business process model. It is less intuitive and requires more effort to describe
variants, variation points and keep consistency with other models. However,
several advantages may be identified such as no need to extend the business
process modeling language and modeling tools. Hence, the input and output
models may be exchanged and manipulated by several available modeling
tools the only constraint is that they should also be based on the same
metamodel used by our approach. The separation of variability description
from the business process model also simplifies the maintainability of the
model (i.e., inclusion, exclusion and modification) and the linking with other
models (e.g., context analysis, and NFRs). Hence, the other analysis steps
that require the manipulation of variability can be performed because they
do not interfere with the variability model. Another interesting advantage is
the scalability of the approach. If the variability information is embedded in
the business process model, it would make the process model unusable if the
number of variants grew too much.

Another critical decision related to the variability representation is the
way to represent variation point and variants. We opted to have our own
description of variability instead of using the common Feature Model (Czar-
necki et al. 2005). However, this decision may impact the acceptance of
BVCCoN because of the resistance of SPL community to use models other
than those based on FD. We took this decision in order to avoid conceptual
conflicts with other models. Observe that is a common practice in feature
models to represent quality attributes as features (e.g., a security feature)
grouping all variants that impacts them in the same node. Since we are inter-
ested in representing NFRs as configuration criteria, it was necessary avoid
conceptual conflicts and represent the quality attributes in another single
place (model). With the NFRs model we can represent quality attributes
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that are transversal to all variants instead of being represented by just a
group.

The separation of variability description also impacts the way we repre-
sent configuration knowledge. We selected NFRs as representation of pref-
erences over variants, and contextual information to trigger changes in the
model. Combined they will represent part of configuration knowledge neces-
sary to create new process models. Of course this is less intuitive than using
the representations of configuration knowledge present in SPLs (Bachmann
& Clements 2005). However, BVCCoN compensates it by providing a rich
representation of configuration criteria which allows the use of multi-criteria
analysis algorithms.

The adoption of NFRs as configuration criteria is one of the key points in
the solution proposed by BVCCoN. With some few exception (e.g., Lapouch-
nian et al. (2007)) the use of NFRs has been focused on the design phase
(Xavier et al. 2010). NFRs describe preferences of stakeholders over variants
allowing the selection of the preferred variants in the situation. However,
some drawbacks emerge such as the extra design effort that will be required.
Moreover, the contribution analysis requires a large computational effort to
analyze the preferences, as the model grows the number of matches is multi-
plied. It is worth mentioning that in BVCCoN we are not dealing with the
standard satisfaction notion of NFRs, as proposed by Chung et al. (2000),
and also used to some extent by Lapouchnian et al. (2007). Since we are
dealing with a mutable set of variants, the analysis of NFR satisfaction may
not give proper results. For instance, let’s consider that a variant (essential
to satisfy a NFR) is not valid at a moment due to a context change; in the
notion proposed by Chung et al. (2000) the NFR would not be satisfied. In
order to address this limitation we applied the AHP (Saaty 2008) as part of
the selection mechanism. Since AHP is a robust multi-criteria decision analy-
sis method, it can deal with the inconsistencies and still produce a reasonable
result.

Another relevant drawback is that the NFRs contribution analysis is ba-
sically a qualitative method that encodes preference in terms of satisfaction
degrees. It reduces the possibility to use metrics as parameter to the con-
figuration. Even though measures such as the Key Performance Indicators
(KPI) are a common way to represent the critical success factors in business
processes (Liaskos et al. 2007). Our approach does not address their use. Al-
though, the adoption of NFRs has these drawbacks the advantages more than
compensates the shortcomings. The adoption of NFRs places an abstraction
layer for the choices and keeps the rationale about the configuration. Since
there are preferences modeled, the output process will be generated taking
these preferences into account. Thus, during selection of the variants the use

141



of NFRs also helps to reduce the variability space. Selection algorithms may
rely on the information about preferences to evaluate and select the preferred
variants instead of having to evaluate all variants.

The second main decision during in BVCCoN design was the use of con-
textual information to trigger changes in the process models. Of course
the inclusion of the contextual information implied on the need of another
analysis step, which increase the design time of our approach. Moreover, the
context approach integrated in BVCCoN does not have a support to describe
how to identify contexts. The shortcoming is the lack of a context elicitation
method. However, the user of our approach may minimize this problem us-
ing different sources of information. During the preparation of the simulation
study we identified that structured reports (e.g., de Wandeler (2008)) may
provide valuable source for context identification. As a main advantage of
the use of context in BVCCoN we highlight that it enables adaptability for
business process models and helps to identify how to change the model at
run-time.

6.3 Limitations

Some points are recognized limitations of our approach. In this section we
discuss the most important ones.

Evolution We did not address how to deal with evolutionary issues. In the
BVCCoN process described in Chapter 4 we outline a process that is
mainly a top-down approach. However, the model and process associ-
ated were designed in such way that it should not be too difficult to
maintain (i.e., deal with their modification). We hope that the sep-
aration among the model concepts and BVCCoN process steps will
facilitate their evolution. However, this issue was not the scope of this
thesis.

Complexity The several analysis steps of our approach are clearly time
consuming. However, as observed during literature review (see Chapter
2) and during the comparison with concurrent work (see Section 2.5)
this is a common problem for almost all approaches that deal with
variability. The complexity handling is certainly an open issue that
deserves further work.

The relationship between Context and NFRs In some cases the NFRs
may be closely related to context. However, in our approach we do not
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provide ways to represent it. An example was identified during prepara-
tion of the simulation model (see Chapter 5). The security NFR could
be related with the context of security issue in the airport scenario.
Unfortunately, the BVCCoN model still does not support this kind of
relationship. Further investigation is welcome.

Limited manual selection The manual selection, typically used in SPL
based approaches was not encouraged by BVCCoN. However, it still
may be achieved if the designer considers the user intervention as a
context change and models it as a context expression. So we leave to
the designer of solution the burden of deciding how to deal with manual
selection.

6.4 Future Work

Based on the identified limitations we can define some future work, presented
as follow.

We may also investigate the use of metrics as contextual information
as proposed by Oliveira et al. (2012). For example, the use of Quality of
Service (QoS) metrics may be interesting for domains where process models
are associated to Service oriented solutions (Oliveira et al. 2012). Some study
is still necessary to see how to adapt our approach to the use of metrics. One
possible solution is to try to include this information during the selection of
variants, since the AHP (Saaty 2008) supports numerical values. Another
solution may be to investigate if it is possible to the represent metrics as
context information.

The components of our approach are focused on BPMN but other lan-
guages may also be investigated as alternatives. The BVCCoN approach
could be extended to support other modeling languages such as UML Ac-
tivity Diagrams (UML ADs) or Software & Systems Process Engineering
Meta-Model (SPEM) (OMG 2008).

Another direction for future work consists on replicating the assessments
with other domain examples. This would enable us to check its adequacy.
With more assessments we can investigate in which domains the BVCCoN
could be relevant and find new opportunities of improvement. As presented
in Chapter 5 the application of BVCCoN in a real industrial process should
take more time, which made this type of evaluation impossible given our
time constraints. However, with the other methodological tools it may be
possible in the future, to assess its use in situations closer to real settings.
For example, De La Vara et al. (2010a) use action research to evaluate the
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opinion of stakeholders about their proposal without actually putting it in
practice.

In the Chapters 3 and 4 we presented some initial implementations that
supported the construction of a basic model using EMF-based editor, con-
figuration algorithms, and model transformations. These prototypes were
designed as proof of concept to show that the concepts and algorithms used
in our approach may work properly. However, the development of an inte-
grated environment tool support is out of the scope of this thesis. Recognizing
the current limitation of tool support we believe that the development of an
integrated environment for analysis and execution of the BVCCoN approach
is important. We believe that given the proper tool support our approach
could be much more useful.

Further research might explore the use of pre-compiled models stored
before the last step of process configuration. As presented in Section 4.6,
the storage of pre-compiled process models is a possible alternative to the
execution of model transformation in the last step of BVCCoN approach. It
is an interesting point that may be investigated in details in the future.

More research is needed to better understand the relationship among
contextual information and NFRs. As previously presented, the contextual
information and NFRs may be related in some situations. For example,
the activation of a context may trigger change in NFR priorities. On the
other hand, the use of NFRs may create new contexts where the process
may be affected, for example, increasing maintainability leads to a context
of interruption in the process.

6.5 Published Material

This research led to the following publications:

• In Santos, Castro, Sánchez & Pastor (2010) we present the seminal
proposal using goal models to represent variability and NFRs as mech-
anism of configuration for BPMN.

• In Santos, Pimentel, Castro, Sánchez & Pastor (2010) we review our
approach to substitute the goal model as variability representation. In
particular we introduce variants and variation points as mechanisms to
represent variability, while kept the NFRs as representation of prefer-
ences.

• In order to support process configuration we identified the need to
include contextual information in Santos et al. (2011). This publication
introduces the notion of dynamic configuration in our approach.
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• In Santos et al. (2012) we present the formalization of BVCCoN model,
and the corresponding metamodel and model transformations. We also
described in more detail the process configuration algorithms and a
simulation-based assessment.
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Appendix A

Metamodel with OCL

Listing A.1: Variability perspective metamodel
1 import bpmn2 : ’BPMN20.ecore#/’;

2 import bvcconcontext : ’bvccon -context.ecore#/’;

3 import bvcconnfr : ’bvccon -nfr.ecore#/’;

4
5 package bvccon : bvccon = ’http :// portal.cin.ufpe.br/ler/

Projects/BVCCoN.aspx ’

6 {

7 annotation Ecore

8 (

9 validationDelegates = ’org.eclipse.ocl.ecore.

OCL ’

10 );

11 class Variant extends bvcconnfr ::

NFROperationalization

12 {

13 property varPoints#variants : VariationPoint

[+] { ordered };

14 property contexts : bvcconcontext ::

BVCCoNContext [*] { ordered };

15 property pattern#variantSource :

WorkflowPattern [+] { ordered };

16 property part : BusinessProcessPart { ordered

};

17 attribute isDefault : Boolean { ordered };

18 property relationships : VariantsRelationship

[*] { ordered };

19 invariant notTheSameTarget:

20 relationships ->size() > 0 implies

relationships ->forAll(rel :

VariantsRelationship | rel.

relationshipSource <> rel.
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relationshipTarget);

21 invariant mustHaveName: not name.

oclIsUndefined ();

22 }

23 class VariationPoint

24 {

25 property variants#varPoints : Variant [+] {

ordered };

26 attribute operator : VariationPointOperator {

ordered };

27 property begins : bpmn2 :: FlowElement {

ordered };

28 property ends : bpmn2 :: FlowElement { ordered

};

29 property flowElements : bpmn2 :: FlowElement [+]

{ ordered };

30 attribute id : String { ordered id };

31 attribute name : String { ordered };

32 }

33 enum VariationPointOperator { serializable }

34 {

35 literal AND;

36 literal OR = 1;

37 literal XOR = 2;

38 }

39 class BusinessProcessPart

40 {

41 attribute id : String { ordered id };

42 property begins : bpmn2 :: FlowElement {

ordered };

43 property ends : bpmn2 :: FlowElement { ordered

};

44 property flowElements : bpmn2 :: FlowElement [+]

{ ordered };

45 }

46 class WorkflowPattern

47 {

48 attribute wfPattern : WorkflowPatternType [?]

= ’WorkflowPattern.SEQUENCE ’ { ordered };

49 attribute id : String { ordered id };

50 property processPart : BusinessProcessPart {

ordered };

51 property variantSource#pattern : Variant {

ordered };

52 }

53 enum WorkflowPatternType { serializable }

54 {

55 literal SEQUENCE;

56 literal PARALLEL_SPLIT = 1;
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57 literal SYNCHRONISATION = 2;

58 literal EXCLUSIVE_CHOICE = 3;

59 literal SIMPLE_MERGE = 4;

60 literal MULTIPLE_CHOICE = 5;

61 }

62 class Model

63 {

64 attribute id : String { ordered id };

65 property variant : Variant [+] { ordered

composes };

66 property variationPoints : VariationPoint [+]

{ ordered composes };

67 property nfrs : bvcconnfr :: NFRModel { ordered

composes };

68 property contexts : bvcconcontext ::

ContextModel { ordered composes };

69 property businessProcessPart :

BusinessProcessPart [+] { ordered composes

};

70 property pattern : WorkflowPattern [+] {

ordered composes };

71 property variantRelationships :

VariantsRelationship [*] { ordered composes

};

72 property contributions : bvcconnfr ::

NFRSoftgoalContribution [*] { ordered

composes };

73 }

74 class VariantsRelationship

75 {

76 property relationshipSource : Variant {

ordered };

77 property relationshipTarget : Variant {

ordered };

78 attribute id : String { ordered id };

79 }

80 class Requires extends VariantsRelationship;

81 class Excludes extends VariantsRelationship;

82 }

Listing A.2: Contexts perspective metamodel
1 package bvcconcontext : bvcconcontext = ’http :// portal.cin.

ufpe.br/ler/Projects/BVCCoN/BVCCoN -Context.aspx ’

2 {

3 class ContextModel

4 {

5 attribute id : String { ordered id };
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6 property contexts : BVCCoNContext [+] {

ordered composes };

7 property contextExpressions :

ContextExpression [+] { ordered composes };

8 property statements : Statement [*] { ordered

composes };

9 property facts : Fact [*] { ordered composes

};

10 property predicateDecomposition :

PredicateDecomposition [*] { ordered

composes };

11 property variables : Variable [*] { ordered

composes };

12 property decompositionTypes :

DecompositionType [*] { ordered composes };

13 }

14 class BVCCoNContext

15 {

16 property impliedBy : ContextExpression;

17 attribute name : String { ordered };

18 attribute id : String { ordered id };

19 invariant validName: not self.name.

oclIsUndefined ();

20 }

21 class ContextExpression

22 {

23 property composedBy : Predicate [+] { composes

};

24 attribute name : String;

25 attribute id : String { ordered id };

26 }

27 abstract class Predicate;

28 class Statement extends Predicate

29 {

30 property supportedBy : Predicate;

31 attribute id : String { ordered id };

32 attribute description : String { ordered };

33 invariant NotOtherStatement:

34 supportedBy ->forAll(x : Predicate | x.

oclIsKindOf(Fact) or x.oclIsKindOf(

PredicateDecomposition));

35 }

36 class Fact extends Predicate

37 {

38 attribute valid : Boolean;

39 attribute description : String { ordered };

40 attribute name : String { ordered id };

41 property variables : Variable [*];

42 }

149



43 class Variable

44 {

45 attribute name : String;

46 attribute type : String;

47 attribute value : String;

48 }

49 class PredicateDecomposition extends Predicate

50 {

51 property predicates : Predicate [*] { composes

};

52 property type : DecompositionType;

53 attribute name : String { ordered id };

54 invariant NotDecomposition: type.oclIsKindOf(

NotDecomposition) implies predicates ->size

() = 1;

55 }

56 abstract class DecompositionType;

57 class OrDecomposition extends DecompositionType;

58 class AndDecomposition extends DecompositionType;

59 class NotDecomposition extends DecompositionType;

60 }

Listing A.3: NFR perspective metamodel
1 package bvcconnfr : bvcconnfr = ’http :// portal.cin.ufpe.br/

ler/Projects/BVCCoN/BVCCoN -NFR.aspx ’

2 {

3 class NFRModel

4 {

5 attribute id : String { ordered id };

6 property nfrs : NFRSoftgoal [+] { ordered

composes };

7 property contributions :

NFRSoftgoalContribution [+] { ordered

composes };

8 }

9 class NFRSoftgoalPriority

10 {

11 attribute value : Integer = ’1’;

12 }

13 class NFRElement

14 {

15 attribute name : String;

16 attribute id : String { ordered id };

17 }

18 class NFRLink;

19 class NFRSoftgoal extends NFRElement

20 {
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21 property priority : NFRSoftgoalPriority {

composes };

22 }

23 class NFROperationalization extends NFRElement;

24 class NFRSoftgoalContribution extends NFRLink

25 {

26 property source : NFRElement;

27 property target : NFRElement;

28 attribute label : String;

29 invariant targetNFR: target.oclIsKindOf(

NFRSoftgoal);

30 invariant andOrDecomposition:

31 if self.oclIsKindOf(AndContribution) or self.

oclIsKindOf(OrContribution) then source.

oclIsKindOf(NFRSoftgoal) else source.

oclIsKindOf(NFROperationalization) endif;

32 invariant notTheSameTargetAndSource: source

<> target;

33 }

34 class BreakContribution extends

NFRSoftgoalContribution;

35 class MakeContribution extends

NFRSoftgoalContribution;

36 class OrContribution extends NFRSoftgoalContribution;

37 class AndContribution extends NFRSoftgoalContribution

;

38 class EqualContribution extends

NFRSoftgoalContribution;

39 class HurtContribution extends

NFRSoftgoalContribution;

40 class HelpContribution extends

NFRSoftgoalContribution;

41 }
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Appendix B

Model Transformation from
BVCCoN to BPMN

Listing B.1: Model Transformation with Operational QVT
1 modeltype BPMN uses bpmn2(’http ://www.omg.org/spec/BPMN

/20100524/ MODEL -XMI ’);

2 modeltype BVCCoN uses bvccon(’http :// portal.cin.ufpe.br/ler/

Projects/BVCCoN.aspx ’);

3
4 transformation WFPattern(in vp:BVCCoN , in initial:BPMN , out

final:BPMN);

5
6 property referenceProcess:Process = initial.objectsOfType(

Process)->asOrderedSet ()->first();

7
8 main() {

9 vp.rootObjects ()![ Model]->map ProcessToDefinitions ();

10 }

11
12
13 mapping Model:: ProcessToDefinitions (): DocumentRoot@final

14 {

15
16 self.variationPoints ->forEach(vpi){

17 referenceProcess := (vpi ->map VPtoBPMN ())->

asOrderedSet ()->first();

18 };

19
20
21 result.definitions := object Definitions{

22 rootElements += referenceProcess;

23 };
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24 result.process += referenceProcess;

25
26 }

27
28 mapping VariationPoint :: VPtoBPMN ():Process

29 disjuncts VariationPoint :: applyParallelPattern ,

30 VariationPoint :: applySequencePattern ,

31 VariationPoint :: applyMultiChoicePattern ,

32 VariationPoint :: applyExclusiveChoicePattern ,

33 VariationPoint :: applySequenceDefaultPattern {

34 }

35
36 mapping VariationPoint :: applySequenceDefaultPattern ():

Process

37 when {

38 (self.variants.pattern.wfPattern ->includes(

WorkflowPattern :: PARALLE_SPLIT)or

39 self.variants.pattern.wfPattern ->includes(

WorkflowPattern :: EXCLUSIVE_CHOICE) or

40 self.variants.pattern.wfPattern ->includes(

WorkflowPattern :: MULTIPLE_CHOICE)) and

41 (self.variants ->size() = 1) and

42 (self.begins <> self.ends)

43 }

44 {

45 init {

46 result := referenceProcess;

47 }

48 var begins := self.begins;

49 var ends := self.ends;

50
51 var variant := self.variants ->first();

52
53
54
55 if (begins.oclIsUndefined () = false)

56 then {

57 var seq = new SequenceFlow ();

58 seq.sourceRef := begins.oclAsType(FlowNode);

59 seq.targetRef := variant.oclAsType(FlowNode)

;

60 result.flowElements += seq;

61 var seq2 = new SequenceFlow ();

62 seq2.sourceRef := variant.oclAsType(FlowNode

);

63 seq2.targetRef := ends.oclAsType(FlowNode);

64 result.flowElements += seq2;

65 }

66 endif;
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67
68 }

69
70 mapping VariationPoint :: applyParallelPattern (): Process

71 when{

72 (self.operator = VariationPointOperator ::AND) and

73 (self.variants.pattern.wfPattern ->includes(

WorkflowPattern :: PARALLE_SPLIT)) and

74 (self.variants.pattern.wfPattern ->count(

WorkflowPattern :: PARALLE_SPLIT) >=2)

75 and (self.begins <> self.ends)

76
77 }

78 {

79 init {

80 result := referenceProcess;

81 }

82 var begins := self.begins;

83 var ends := self.ends;

84
85 var variants := self.variants;

86 if (begins.oclIsUndefined () = false)

87 then {

88 var split = new ParallelGateway ();

89 var join = new ParallelGateway ();

90
91 result.flowElements += split;

92 result.flowElements += join;

93
94 var beginSplitSeq = new SequenceFlow ();

95 beginSplitSeq.sourceRef := begins.oclAsType(

FlowNode);

96 beginSplitSeq.targetRef := split.oclAsType(

FlowNode);

97
98 result.flowElements += beginSplitSeq;

99
100 var joinEndSeq = new SequenceFlow ();

101 joinEndSeq.sourceRef := join.oclAsType(

FlowNode);

102 joinEndSeq.targetRef := ends.oclAsType(

FlowNode);

103
104 result.flowElements += joinEndSeq;

105 variants ->forEach(v){

106 var splitVarBeginSeq = new

SequenceFlow ();

107 splitVarBeginSeq.sourceRef := split.

oclAsType(FlowNode);
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108 splitVarBeginSeq.targetRef := v.part

.begins.oclAsType(FlowNode);

109 result.flowElements +=

splitVarBeginSeq;

110 var varEndJoinSeq = new SequenceFlow

();

111 varEndJoinSeq.sourceRef := v.part.

ends.oclAsType(FlowNode);

112 varEndJoinSeq.targetRef := join.

oclAsType(FlowNode);

113 result.flowElements += varEndJoinSeq;

114 }

115 }

116 endif;

117 }

118
119 mapping VariationPoint :: applySequencePattern (): Process

120 when {

121 (self.operator = VariationPointOperator ::AND) and

122 (self.variants.pattern.wfPattern ->includes(

WorkflowPattern :: SEQUENCE)) and

123 (self.begins <> self.ends)

124 }

125 {

126 init {

127 result := referenceProcess;

128 }

129 var begins := self.begins;

130 var ends := self.ends;

131 var variants := self.variants;

132
133 var head := begins;

134 var tail := ends;

135
136 variants ->forEach (v){

137 if (begins.oclIsUndefined () = false)

138 then {

139 tail := v.part.begins;

140
141 var seq = new SequenceFlow ();

142 seq.sourceRef := head.oclAsType(

FlowNode);

143 seq.targetRef := tail.oclAsType(

FlowNode);

144
145 head := v.part.ends;

146 result.flowElements += seq;

147
148 }
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149 endif;

150 };

151
152
153 var seq = new SequenceFlow ();

154 seq.sourceRef := head.oclAsType(FlowNode);

155 seq.targetRef := ends.oclAsType(FlowNode);

156 result.flowElements += seq;

157
158
159 }

160
161 mapping VariationPoint :: applyMultiChoicePattern (): Process

162 when {

163 (self.operator = VariationPointOperator ::OR) and

164 (self.variants.pattern.wfPattern ->includes(

WorkflowPattern :: MULTIPLE_CHOICE)) and

165 (self.begins <> self.ends)

166 }

167 {

168 init {

169 result := referenceProcess;

170 }

171 var begins := self.begins;

172 var ends := self.ends;

173 var variants := self.variants;

174
175
176 var t : Set(FlowElement);

177 t += begins;

178 t += ends;

179
180 var be: Set(FlowElement) := referenceProcess.

flowElements - (t->intersection(referenceProcess.

flowElements));

181
182
183 if (begins.oclIsUndefined () = false)

184 then {

185 var split = new InclusiveGateway ();

186 var join = new InclusiveGateway ();

187 result.flowElements += split;

188 result.flowElements += join;

189
190 var beginSplitSeq = new SequenceFlow ();

191 beginSplitSeq.sourceRef := begins.oclAsType(

FlowNode);

192 beginSplitSeq.targetRef := split.oclAsType(

FlowNode);

156



193 result.flowElements += beginSplitSeq;

194
195 var joinEndSeq = new SequenceFlow ();

196 joinEndSeq.sourceRef := join.oclAsType(

FlowNode);

197 joinEndSeq.targetRef := ends.oclAsType(

FlowNode);

198 result.flowElements += joinEndSeq;

199
200 variants ->forEach(v){

201 var splitVarBeginSeq = new

SequenceFlow ();

202 splitVarBeginSeq.sourceRef := split.

oclAsType(FlowNode);

203 splitVarBeginSeq.targetRef := v.part

.begins.oclAsType(FlowNode);

204 result.flowElements +=

splitVarBeginSeq;

205 var varEndJoinSeq = new SequenceFlow

();

206 varEndJoinSeq.sourceRef := v.part.

ends.oclAsType(FlowNode);

207 varEndJoinSeq.targetRef := join.

oclAsType(FlowNode);

208 result.flowElements += varEndJoinSeq;

209 }

210 }

211 endif;

212 }

213
214 mapping VariationPoint :: applyExclusiveChoicePattern ():

Process

215 when {

216 (self.operator = VariationPointOperator ::XOR) and

217 (self.variants.pattern.wfPattern ->includes(

WorkflowPattern :: EXCLUSIVE_CHOICE)) and

218 (self.begins <> self.ends)

219 }

220 {

221 init {

222 result := referenceProcess;

223 }

224 var begins := self.begins;

225 var ends := self.ends;

226 var variants := self.variants;

227
228 if (begins.oclIsTypeOf(FlowElement))

229 then {

230 var split = new ExclusiveGateway ();
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231 var join = new ExclusiveGateway ();

232
233 result.flowElements += split;

234 result.flowElements += join;

235
236 var beginSplitSeq = new SequenceFlow ();

237 beginSplitSeq.sourceRef := begins.oclAsType(

FlowNode);

238 beginSplitSeq.targetRef := split.oclAsType(

FlowNode);

239 result.flowElements += beginSplitSeq;

240
241 var joinEndSeq = new SequenceFlow ();

242 joinEndSeq.sourceRef := join.oclAsType(

FlowNode);

243 joinEndSeq.targetRef := ends.oclAsType(

FlowNode);

244 result.flowElements += joinEndSeq;

245
246 variants ->forEach(v){

247 var splitVarBeginSeq = new

SequenceFlow ();

248 splitVarBeginSeq.sourceRef := split.

oclAsType(FlowNode);

249 splitVarBeginSeq.targetRef := v.part

.begins.oclAsType(FlowNode);

250 result.flowElements +=

splitVarBeginSeq;

251 var varEndJoinSeq = new SequenceFlow

();

252 varEndJoinSeq.sourceRef := v.part.

ends.oclAsType(FlowNode);

253 varEndJoinSeq.targetRef := join.

oclAsType(FlowNode);

254 result.flowElements += varEndJoinSeq;

255 }

256 }

257 endif;

258 }
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Appendix C

Airport Simulation Scenario -
BPMN Models

This Appendix contains the BPMN models used in the simulation described
in Chapter 5.

159



F
ig

u
re

C
.1

:
R

ef
er

en
ce

m
o
d
el

F
ig

u
re

C
.2

:
B

P
M

N
P

ro
ce

ss
w

it
h

p
ri

or
it

y
fo

r
P

er
fo

rm
an

ce
N

F
R

F
ig

u
re

C
.3

:
B

P
M

N
P

ro
ce

ss
w

it
h

p
ri

or
it

y
fo

r
R

el
ia

b
il
it

y
N

F
R

160



F
ig

u
re

C
.4

:
B

P
M

N
P

ro
ce

ss
w

it
h

p
ri

or
it

y
fo

r
S
ec

u
ri

ty
N

F
R

F
ig

u
re

C
.5

:
B

P
M

N
P

ro
ce

ss
fo

r
W

it
h
ou

t
In

te
rn

et
C

on
te

x
t

F
ig

u
re

C
.6

:
B

P
M

N
P

ro
ce

ss
fo

r
W

it
h
ou

t
O

n
li
n
e

C
h
ec

k
-i

n
C

on
te

x
t

161



F
ig

u
re

C
.7

:
B

P
M

N
P

ro
ce

ss
fo

r
S
ec

u
ri

ty
Is

su
e

C
on

te
x
t

F
ig

u
re

C
.8

:
B

P
M

N
P

ro
ce

ss
fo

r
S
m

al
l

A
ir

p
or

t
C

on
te

x
t

162



Appendix D

Airport Simulation Scenario -
Contexts and NFRs Models

This Appendix contains the information used to design the simulation sce-
narios from Chapter 5.

Table D.1: Relationship between Tasks and Resources
Resources

Tasks J
et

b
ri

d
ge

In
te

rn
et

se
rv

ic
e

S
ec

u
ri

ty
S
ta

ff

X
-R

ay

C
h
ec

k
-i

n
st

aff

M
et

al
d
et

ec
to

r

B
oa

rd
in

g
S
ta

ff

S
ta

ir
ca

se

Perform Check-in 1 1
Perform Check-in Manually 1

Perform Online Check-in 1
Boarding Using Staircase 5 1

Delay boarding 1
Boarding using Jetbridge 1 3

Perform Security Check 1 1 1
Perform Extra Security Check 2 1 1

Verify Flight information 1
Request Visa/Documents 1

Verify Documents 1
Baggage Drop-off 1

Emit boarding pass 1
Verify Flight information On line 1
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Table D.2: Relationship between Tasks and Active Contexts
Active Context

Valid Tasks W
it

h
ou

t
on
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n
e
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k
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n
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h
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t
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rn
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se
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e

S
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u
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ty
A

le
rt

S
m

al
l

A
ir

p
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t

Perform Check-in invalid
Perform Check-in Manually
Perform Online Check-in invalid invalid
Boarding Using Staircase
Delay boarding invalid
Boarding using Jetbridge invalid
Perform Security Check
Perform Extra Security
Check

invalid invalid invalid

Verify Flight information
Request Visa/Documents
Verify Documents
Baggage Drop-off
Emit boarding pass invalid
Verify Flight information
On line

invalid invalid
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