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Abstract

Business process management is fast becoming one of the most important approaches for designing contemporary
organizations and information systems. A critical component of business process management is business process
modelling. It is widely accepted that modelling of business processes from scratch is a complex, time-consuming and error-
prone task. However the efforts made to model these processes are seldom reused beyond their original purpose. Reuse
of business process models has the potential to overcome the challenges of modelling business processes from scratch.
Process model repositories, properly populated, are certainly a step toward supporting reuse of process models.

This thesis starts with the observation that the existing process model repositories for supporting process model reuse
suffer from several shortcomings that affect their usability in practice. Firstly, most of the existing repositories are
proprietary, therefore they can only be enhanced or extended with new models by the owners of the repositories. Secondly,
it is difficult to locate and retrieve relevant process models from a large collection. Thirdly, process models are not goal
related, thereby making it difficult to gain an understanding of the business goals that are realized by a certain model. Finally,
process model repositories lack a clear mechanism to identify and define the relationship between business processes and
as a result it is difficult to identify related processes.

Following a design science research paradigm, this thesis proposes an open and language-independent process model
repository with an efficient retrieval system to support process model reuse. The proposed repository is grounded on
four original and interrelated contributions: (1) a set of requirements that a process model repository should possess to
increase the probability of process model reuse; (2) a context-based process semantic annotation model for semantically
annotating process models to facilitate effective retrieval of process models; (3) a business process relationship meta-model
for identifying and defining the relationship of process models in the repository; and (4) architecture of a process model
repository for process model reuse.

The models and architecture produced in this thesis were evaluated to test their utility, quality and efficacy. The semantic
annotation model was evaluated through two empirical studies using controlled experiments. The conclusion drawn from
the two studies is that the annotation model improves searching, navigation and understanding of process models. The
process relationship meta-model was evaluated using an informed argument to determine the extent to which it meets the
established requirements. The results of the analysis revealed that the meta-model meets the established requirements. Also
the analysis of the architecture against the requirements indicates that the architecture meets the established requirements.
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Abstract

Business process management is fast becoming one of the most important
approaches for designing contemporary organizations and information
systems. A critical component of business process management is business
process modelling. It is widely accepted that modelling of business processes
from scratch is a complex, time-consuming and error-prone task. However the
efforts made to model these processes are seldom reused beyond their original
purpose. Reuse of business process models has the potential to overcome the
challenges of modelling business processes from scratch. Process model
repositories, properly populated, are certainly a step toward supporting reuse
of process models.

This thesis starts with the observation that the existing process model
repositories for supporting process model reuse suffer from several
shortcomings that affect their usability in practice. Firstly, most of the existing
repositories are proprietary, therefore they can only be enhanced or extended
with new models by the owners of the repositories. Secondly, it is difficult to
locate and retrieve relevant process models from a large collection. Thirdly,
process models are not goal related, thereby making it difficult to gain an
understanding of the business goals that are realized by a certain model.
Finally, process model repositories lack a clear mechanism to identify and
define the relationship between business processes and as a result it is difficult
to identify related processes.

Following a design science research paradigm, this thesis proposes an open
and language-independent process model repository with an efficient retrieval
system to support process model reuse. The proposed repository is grounded
on four original and interrelated contributions: (1) a set of requirements that a
process model repository should possess to increase the probability of process
model reuse; (2) a context-based process semantic annotation model for
semantically annotating process models to facilitate effective retrieval of
process models; (3) a business process relationship meta-model for
identifying and defining the relationship of process models in the repository;
and (4) architecture of a process model repository for process model reuse.

The models and architecture produced in this thesis were evaluated to test
their utility, quality and efficacy. The semantic annotation model was
evaluated through two empirical studies using controlled experiments. The
conclusion drawn from the two studies is that the annotation model improves
searching, navigation and understanding of process models. The process
relationship meta-model was evaluated using an informed argument to
determine the extent to which it meets the established requirements. The
results of the analysis revealed that the meta-model meets the established
requirements. Also the analysis of the architecture against the requirements
indicates that the architecture meets the established requirements.






Abstrakt

Processhantering, ockséa kallat arendehantering, har blivit en av de viktigaste
ansatserna for att utforma dagens organisationer och informationssystem. En
central komponent i processhantering ar processmodellering. Det &r allmént
ként att modellering av processer kan vara en komplex, tidskrdvande och
felbendgen uppgift. Och de insatser som gors for att modellera processer kan
sallan anvéndas bortom processernas ursprungliga syfte. Ateranvandning av
processmodeller skulle kunna Gvervinna ménga av de utmaningar som finns
med att modellera processer. En katalog 6ver processmodeller &r ett steg mot
att stodja ateranvindning av processmodeller.

Denna avhandling bérjar med observationen att befintliga
processmodellkataloger for att stodja dteranvandning av processmodeller lider
av flera brister som paverkar deras anvandbarhet i praktiken. For det forsta ar
de flesta processmodellkatalogerna proprietdra, och dérfér kan endast
katalogégarna forbattra eller utdka dem med nya modeller. For det andra ar
det svart att finna och hamta relevanta processmodeller fran en stor katalog.
For det tredje ar processmodeller inte malrelaterade, vilket gor det svart att fa
en forstaelse for de affarsmal som realiseras av en viss modell. Slutligen sa
saknar processmodellkataloger ofta en tydlig mekanism for att identifiera och
definiera forhallandet mellan processer, och darfor ar det svart att identifiera
relaterade processer.

Utifran ett designvetenskapligt forskningsparadigm s foreslar denna
avhandling en Oppen och sprakoberoende processmodellkatalog med ett
effektivt soksystem for att stodja ateranvandning av processmodeller. Den
foreslagna katalogen bygger pé fyra originella och inbérdes relaterade bidrag:
(1) en uppséttning krav som en processmodellkatalog bejover uppfylla for att
oka mojligheterna till ateranvandning av processmodeller; (2) en
kontextbaserad semantisk processannoteringsmodell f6r semantisk annotering
av processmodeller for att underlatta effektivt atervinnande av
processmodeller; (3) en metamodell for processrelationer for att identifiera
och definiera forhallandet mellan processmodeller i katalogen; och (4) en
arkitektur av en processmodellkatalog for dteranvandning av processmodeller.
De modeller och den arkitektur som tagits fram i denna avhandling har
utvarderats for att testa deras anvandbarhet, kvalitet och effektivitet. Den
semantiska annotationsmodellen utvarderades genom tva empiriska studier
med kontrollerade experiment. Slutsatsen av de tva studierna ar att modellen
forbattrar - sokning, navigering och forstdelse for processmodeller.
Metamodellen for processrelationer utvérderades med hjélp av ett informerat
argument for att avgora i vilken utstrackning den uppfyllde de stéllda kraven.
Resultaten av analysen visade att metamodellen uppfyllde dessa krav. Aven
analysen av arkitekturen indikerade att denna uppfyllde de faststéllda kraven.
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1 Introduction

Business process management (BPM) is increasingly being adopted as an
approach for designing contemporary organizations and information systems
(Aldin & de Cesare, 2011). Business process modelling is a primary
requirement and one of the critical components for successful BPM
implementation. While the modelling of business processes remains a
complex, costly and time-consuming task (Rodrigues et al, 2006; Markovic
& Pereira, 2008b; Hornung et al, 2009), efforts made to model business
processes are seldom reused beyond their original purpose. An attractive
approach to modelling business processes from scratch is deriving them by
redesigning existing models. Process model repositories, properly populated,
are certainly a step towards process model reuse.

This thesis addresses the design of a process model repository as an
infrastructure for storing, managing and sharing of process models for future
reuse. In this chapter, we motivate the research topic and explain the
research problem. Furthermore, a research goal is specified together with the
contributions of the research.

1.1 Motivation

Over the last decade, due to the rapid development of Internet technologies,
enterprises have extended their functions to customers, business partners and
financial institutions (Zdravkovic, 2006). As a result, enterprises are relying
on more complex systems than ever. This requires enterprises to continually
streamline and align their business processes with partner processes. Also,
the information technology activities and infrastructures need to be centred
around the business processes in order to attain a better business
performance — maximum efficiency, short lead times, etc. Therefore, the
interest in workflow systems and business process management (BPM) has
been steadily increasing.

In BPM, the management of business activities is based on a framework
of operational processes. A business process is a chain of activities
performed in an organization that ultimately add value for its customers
(Weske, 2007). Business process modelling is an approach to explicitly
represent the way organizations conduct their business operations (Indulska
et al, 2009). As pointed out by Indulska et al (2009), business process
modelling is a primary requirement for organizations desiring to adopt BPM.
A process model, typically given in graphical form, describes the activities,
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events and control flow logic that constitute a business process (Recker et al,

2009). The models may include additional information such as business

goals, business performance metrics etc. In addition, process models are the

basis for the analysis and design of Process-Aware Information Systems

(PAISs). A PAIS is a “software system that manages and executes

operational processes involving people, applications, and/or information

sources on the basis of process models” (Dumas et al, 2005).

Abstracting and making the process logically explicit through process
models offers several benefits, including (Dumas et al, 2005; van Der Aalst
& Van Hee, 2004; Indulska et al, 2009):

e Maintained focus on business needs. During information systems
analysis and design, the focus is kept on the business processes and not
their technical realizations. This focus promotes clear communication
with business users and facilitates the alignment of information systems
to business requirements.

o Automated enactment. The explicit representation of the business
processes through process models enables their automated enactment in
software, which leads to improved business performance by
rationalizing the use of the available resources.

e Easy change management. When a business process changes, reflecting
these changes in the model will trigger the alignment of the underlying
systems.

e Process improvement. Process models provide organizations with a
greater ability to understand and improve their business processes.

e Management support. Process models enable management support at the
design and control levels through simulation, monitoring and process
mining facilities.

While the modelling of business processes provides enormous benefits, it is
a complex, time-consuming and error-prone task (La Rosa et al, 2011a;
Rodrigues et al, 2006; Markovic & Pereira, 2008b). The reasons for this may
include: (a) the high intrinsic complexity of many business processes and (b)
the difficulty of reaching agreement on how the processes will be run
between multiple stakeholders, with differing interests and goals, involved in
the design. While it may be difficult to address the second issue, we believe
that there are effective solutions for managing the complexity of business
processes. One possible solution is to collect and share process models
through the use of a process model repository. Such a repository may contain
process models and their associated process knowledge, each of which may
describe a specific business process. The main benefits of such a repository
include process model reuse and knowledge exchange.



1.2 Problem Statement

Process model reuse via repositories is not a new concept. There has been
several efforts to build such repositories. Some of the widely known
repositories include the MIT process handbook (MIT process handbook
project, 2001), SAP’s Business Map (SAP AG, 2007) and the IBM process
repository (IBM Corporation, 2004). Despite their benefits, the existing
process model repositories suffer from several shortcomings that affect their
usability in practice. During the initial phase of this research we carried out a
survey (see Appendix A.l) to identify some of the main challenges that
limited existing process model repositories from supporting process model
reuse. The results of the survey indicate that lack of an effective retrieval
system is common to all repositories. Also, some of the recent studies (Yan
et al, 2010; Yan, 2012) have indicated that the lack of an efficient retrieval
system is one of the main problems affecting existing repositories. In
addition, the survey has indicated that most of the existing repositories are
proprietary — they are not publicly open. This means they do not allow users
to add new models or modify existing ones without any prior legal
permission, which leads to a limitation that only the owners of the
repositories can extend or enhance them with new process models.
Consequently we lack a critical mass of process models that are available for
reuse. Furthermore, we lack transparency between different repositories,
which could allow shared use as a standard resource.

We envision that the above-mentioned limitations can be overcome
through an open and language-independent repository with an efficient
retrieval system — a repository that is publicly open to any potential user,
independently of modelling language, and can comprise process models
from existing process repositories. Therefore the overall problem this thesis
addresses is how to design an open and language-independent process
model repository with an efficient retrieval system to support reuse of
process models.

1.3 Research Goals and Approach

The main goal of this research is “to design an open and language-
independent process model repository with an efficient retrieval system to
support reuse of process models”. More specifically, the main goal is
decomposed into the following four goals.

e Goal 1. To establish the requirements of a process model repository for
process model reuse

e Goal 2. To develop and evaluate a process semantic annotation model
for semantically annotating process models in the repository



e Goal 3. To develop and evaluate a model for identifying and defining
relationships between process models in the repository

e Goal 4. To design the architecture of a publicly open and language-
independent process model repository

To achieve the above research goals, we have followed a design science
research paradigm (Hevner et al, 2004). This is because the goal of design
science is to create information technology artefacts to solve organizational
problems (Hevner et al, 2004). This is in line with our research goals, which
aimed at developing three artefacts to address some of the challenges
affecting in existing repositories. The created artefacts includes a semantic
annotation model for semantically annotating process models in the
repository to facilitate efficient retrieval of process models; a business
process relationship meta-model for identifying and defining relationships
between process models; and the architecture of the process model
repository.

The construction of an artefact does not directly provide any empirical
data, however the knowledge that is required in the design process comes
from empirical and theoretical sources. Therefore, several complementary
research strategies and methods have been employed to prepare and evaluate
the design process and to collect the necessary data. In addition, during
problem identification additional research strategies and methods were
needed to gain a sufficient empirical basis. The complementary research
strategies employed in this thesis include survey, case study and laboratory
experiments (Hevner et al, 2004; Peffers et al, 2012), whereas the research
methods employed include interview, questionnaire and document analysis.

1.4 Summary of the Contributions

Following the deployed research paradigm, strategies and methods, this
research has resulted in the following major contributions:

1. A set of requirements that must be fulfilled by process model
repositories in order to increase the probability of process model reuse.

One of the contributions of this thesis is a set of requirements that must be
fulfilled by process model repositories in order to increase the probability of
process model reuse. The purpose of these requirements is to guide the
design and development of the process model repository. In addition, the
established requirements for a process model repository provides a better
understanding of the problems that affect existing process model repositories
in supporting reuse. The requirements were elicited from stakeholders and
the literature through a systematic review approach. While some definitions
of requirements for process model repositories existed, the elicitation of such
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requirements from a group of stakeholders is new. In addition, since process
repositories can be designed for several different purposes, requirements for
the repository to support reuse of process models are new. Therefore the set
of requirements definitions provided in this thesis serves as an extension and
validation of existing definitions of the requirements. It should be noted that
the presented requirements could be extended and adapted based on the
primary purpose of the repository.

2. A context-based process semantic annotation model (CPSAM) for
annotating process models in the repository.

As the main contribution of this research, the semantic annotation model is
developed to semantically annotate process models in the repository. The
purpose of the annotation model is to facilitate searching for process models,
navigating the repository and enhancing user understanding of process
models. These semantic annotations are used as a basis for designing
adequate search and navigation structures. In addition, the annotations will
be used as the basis for analysis and comparison of process models in the
repository. The annotation model is based on well-established business
frameworks, existing process classification schemes, organizational theories
and other perspectives of a business process. The novelty of the annotation
model can be found in the conceptualization of the business framework
(REA (Geerts & McCarthy, 2000; Dunn et al, 2005)), the conceptualization
of existing process classification schemes (Porter’s Value Chain (Porter,
2008), the Open-EDI framework (UN/CEFACT, 2003)) and the
conceptualization of enterprise modelling concepts (Huat Lim et al, 1997;
Fox et al, 1996).

3. A business process relationship meta-model for identifying and defining
the relationship between process models in the repository.

As the main contribution of this research, the business process relationship
meta-model is developed for identifying and defining the relationship of
models in the repository. The purpose of the meta-model is to enable users to
identify and define the relationship between process models in the
repository, which serves as the navigation mechanism. Process relationships
serve as a vehicle for depicting the link between process models and thus a
means for helping users to navigate the repository. These relationship
definitions are used as a main contributing element for designing navigation
structures between related processes. The meta-model is based on existing
and well-established process relationships and process-assets and asset-
processes archetypes we have developed as a method to find all processes
that exist in an enterprise. The novelty of the process relationship meta-
model can be found in the conceptualization of the components of an
enterprise (assets, sensor and processes) (Bider et al, 2011), and the

5



conceptualization of the process-assets and asset-processes archetypes (Bider
et al, 2012).

4. An architecture of an open and language-independent process model
repository with an efficient retrieval system to process model reuse.

Another contribution of this thesis is the architecture of a process model
repository. Architecture provides the foundation on which systems are built.
From the system design perspective, by designing the architecture, we have
structured the solution to solve the problems of existing repositories. The
purpose of designing the architecture of the process model repository is to
bridge the existing gap by providing the basis for developing a repository
system that will increase the probability of process model reuse. The
architectural design includes descriptions of different components of the
system and how they address the existing challenges. The main goal is not to
suggest the best possible architecture, but to show that a good enough
architecture can be designed based on the known architectural principles and
knowledge sources. The principles and the knowledge sources were chosen
based on their fitness for the task at hand, the main requirement being that
they can be integrated in a reasonable whole that can be used for developing
a repository.

1.5 Publications

This thesis builds on the papers that have been accepted and published in the
proceedings of various international conferences and journals. These
publications are listed below. The next section describes the structure of the
thesis showing how the chapters and the papers are organized and presented.

Paper |

Elias, M. & Johannesson, P. (2012b) A survey of process model reuse
repositories. In: Dua, S., Gangopadhyay, A., Thulasiraman, P., Straccia, U.,
Shepherd, M., & Stein, B. (eds.) Information Systems, Technology and
Management. Grenoble, France, Springer Berlin Heidelberg, pp. 64-76.

This paper presents a survey of existing process model repositories. The
main goal of this paper is to identify the main challenges that limit existing
process model repositories from supporting the reuse of process models.

In this paper Mturi Elias is the main author and contributed to all the
sections of the paper. He made the main contribution in establishing a survey
protocol, identifying existing repositories through searching based on the
survey protocol, and then reviewing and analysing the repositories based on
the established requirements. Mturi’s contribution to the paper corresponds
to about 80 percent.
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Paper Il

Shahzad, K., Elias, M. & Johannesson, P. (2010) Requirements for a
business process model repository: A stakeholders’ perspective. In:
Abramowicz, W. & Tolksdorf, R. (eds.) Business Information Systems.
Berlin Heidelberg, Springer, pp. 158-170.

This paper presents a set of stakeholder requirements for a process model
repository. The main goal of this paper was to establish, from key
stakeholders (practitioners and researchers), a set of requirements that a
repository must possess to increase the probability of process model reuse.

In this paper Mturi Elias is the second author and contributed to all the
sections of the paper. He made the main contribution in conducting the
exploratory study, transcribing and analysing the results of the study and
defining the requirement propositions, which were the basis for the validated
requirements. Mturi’s contribution to the paper corresponds to more than 40
percent.

Paper 11

Elias, M. & Johannesson, P. (2013) A context-based process semantic
annotation model for a process model repository. Business Process
Management Journal, 19, 404-430.

This paper presents a context-based process semantic annotation model
(CPSAM) for annotating process models in the repository. The main goal of
this paper was to develop a semantic annotation model that can be used to
annotate process models with information that can facilitate searching,
navigation and understanding of process models.

In this paper Mturi Elias is the first author and contributed to all the sections
of the paper. He made the main contribution in reviewing existing literature
to identify the potential annotation elements that formed the basis for
constructing the model, conducted a confirmatory study to validate the
elements and then constructed the annotation model. Mturi’s contribution to
the paper corresponds to about 80 percent.

Paper IV

Elias, M., Shahzad, K. & Johannesson, P. (2010) A business process
metadata model for a process model repository. In: Bider, I., Halpin, T.,
Krogstie, J., Nurcan, S., Proper, E., Schmidt, R., & Ukor, R. (eds.)
Enterprise, Business-Process and Information Systems Modeling. Berlin
Heidelberg, Springer, pp. 287-300.

This paper presents a business process metadata model for annotating
process models in the repository. The aim of this paper was to develop and
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evaluate a metadata model that can be used to annotate process models with
information that can facilitate searching, navigation and understanding of
process models.

In this paper Mturi Elias is the first author and contributed to all the sections
of the paper. He made the main contribution in reviewing existing literature
to identify the metadata elements that formed the basis for constructing the
model, conducted a confirmatory study to validate the elements and then
constructed the metadata model. Mturi also designed and conducted a
controlled experiment to evaluate the model. Mturi’s contribution to the
paper corresponds to about 70 percent.

Paper V

Elias, M. & Johannesson, P. (2012a) An empirical assessment of the effect
of context-based semantic annotation on process model discovery. In: Bajec,
M. & Eder, J. (eds.) Advanced Information Systems Engineering Workshops.
Berlin Heidelberg, Springer, pp. 366—382.

This paper presents an empirical assessment of the effect of the context-
based process semantic annotation model (CPSAM) on process model
discovery. The main goal of this paper is to test whether process annotation
based on the CPSAM can improve searching, navigation and understanding
of process models stored in a repository.

In this paper Mturi Elias is the main author and contributed to all the
sections of the paper. He made the main contribution in designing and
conducting the experiment as well as analysing the results of the
experiments. Mturi’s contribution to the paper corresponds to about 80
percent.

Paper VI

Bider, 1., Perjons, E. & Elias, M. (2012) Untangling the dynamic structure of
an enterprise by applying a fractal approach to business processes. In:
Sandkuhl, K., Seigerroth, U. & Stirna, J. (eds.) The Practice of Enterprise
Modeling. Berlin Heidelberg, Springer, pp. 61-75.

This paper presents a fractal approach to business processes as a method to
untangling the dynamic structure of an enterprise. The main goal of this
paper is to develop a procedure for identifying all processes that exist in an
enterprise as well as their interconnections.

In this paper Mturi Elias is the third author and contributed to all the sections
of the paper. He made the main contribution in designing and conducting the
interviews, transcribing and analysis of the interview. Mturi’s contribution
to the paper corresponds to more than 30 percent.



Paper VII

Elias, M., Bider, I. & Johannesson, P. (2014) Using fractal process-asset
model to design the process architecture of an enterprise: Experience report.
In: Bider, I., Gaaloul, K., Krogstie, J.,Nurcan, S., Proper, H., Schmidt, R., &
Soffer, P. (eds.) Enterprise, Business-Process and Information Systems
Modeling. Berlin Heidelberg, Springer, pp. 287-301.

This paper presents a report on a project of applying the process-assets and
asset-processes for designing process architecture of an enterprise. The main
goal of this paper was to validate the archetypes in a real-world case study
from a higher education institution.

In this paper Mturi Elias is the main author and contributed to all the
sections of this paper. He made the main contribution in designing and
conducting the case study as well as analysing the results. Mturi’s
contribution to the paper corresponds to about 90 percent.

Other Publications

Below is the list of publications related to the theme of the thesis but not
used in the thesis.

Paper VIII

Shahzad, K., Elias, M. & Johannesson, P. (2009) Towards Cross Language
Process Model Reuse — A Language Independent Representation of Process
Models. In: Persson, A. & Stirna, J. (eds) The Practice of Enterprise
Modeling. Springer Berlin Heidelberg, pp. 176-190.

Paper IX

Elias, M. & Shahzad, K. (2010) Using multi-criteria decision making to
choose process representation format for a process repository. In:
Abramowicz, W., Tolksdorf, R. & Wecel, K. (eds.) Business Information
Systems Workshops. Berlin Heidelberg, Springer, pp. 19-24.

Paper X

Elias, M. (2010) Towards a Universal Business Process Model Repository
for Process Model Reuse. Department of Computer and Systems Sciences,
Stockholm University.

1.6 Structure of the Thesis

This thesis is organized into ten chapters and its structure is shown in Figure
1. The chapters build on the papers listed in the previous section. In this
introduction chapter, we have explained the motivation of the work,
described the problems, listed the research goals, and presented our major
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contributions and publications. The rest of the thesis is organized as follows.
Chapter 2 provides a background, context and relevant work survey for this
research. Chapter 3 provides the research design. Chapter 4 presents the
requirements for the process model repository. Chapter 5 presents a semantic
annotation model for annotating process models, while Chapter 6 describes a
prototype implementation of the repository that implements a semantic
annotation model. Chapter 7 evaluates the annotation model. Chapter 8
presents a meta-model for identifying and defining the relationship between
process models in the repository. Chapter 9 presents the architecture of the
repository that fulfils the defined requirements. Finally, conclusions and
further work are discussed in Chapter 10. The appendices are not shown in
the structure shown in Figure 1, and nor is Paper I, which is related to
Appendix A.1.

Chapter 1

Introduction

Chapter 2

Theoretical

Bacﬁ;mund

Chapter 3

Research Design

Goal 1 Goal 2 Goal 3 Goal 4
Chapter 4 Chapter 5 Chapter 8 Chapter 9
Requirements for Semantic Relationship Architecture for
the Repository Annotation Model Meta-model the Repository
Paper Il Paper llI Paper VI & VII

Chapter 6 Chapter 7
Prototype Model Evaluation
Paper IV &V
Chapter 10

Discussion and Conclusion

Figure 1: Structure of the thesis.
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Chapter 2 — Theoretical and Technical Foundations establishes basic
concepts, theoretical and technical background and the context relevant to all
areas that influence our research. The chapter has five subsections. First, an
overview of the chapter is given. Second, an overview of business process
management (BPM) and business process modelling as the core component
of BPM is discussed. Third, the definition and design considerations of the
business process repository are provided. Fourth, the software and system
architecture concepts are described. Fifth, the conceptual framework of the
thesis is presented. Sixth, the summary and discussions of this chapter are
presented.

Chapter 3 — Research Design introduces the methodological foundation and
the research process of this thesis. The chapter has two subsections. First, an
overview of the research paradigm we have followed in this thesis is given.
Second, the research process for each research goal is described.

Chapter 4 — Requirements for a Process Model Repository introduces the
requirements that a repository must fulfil in order to increase the probability
of process model reuse. Therefore, it mainly addresses research goal 1. The
chapter has six subsections. First, an overview of the chapter is given.
Second, the requirements elicitation from stakeholders is described. Third,
the requirements elicitation from the literature is described. Fourth, the
requirements specifications and justifications are given. Fifth, some of the
related works are discussed. Sixth, the summary and discussions of this
chapter are presented.

Chapter 5 — A Context-based Process Semantic Annotation Model presents
the semantic annotation model for semantically annotating process models in
the repository to facilitate searching of process models, navigating the
repository and understanding of process models. Therefore, it mainly
addresses research goal 2. The chapter has seven subsections. First, an
overview of the chapter is given. Second, the requirements for the annotation
model are defined. Third, the annotation development process is described.
Fourth, a context-based process semantic annotation model is described.
Fifth, a demonstration of how the annotation model is applied is presented.
Sixth, some of the related works are discussed. Seventh, the summary and
discussions of this chapter are presented.

Chapter 6 — Prototype implementation presents a prototype of the Semantic
Annotation Tool. The chapter has three subsections. First, an overview of the
chapter is given. Second, the prototype system is described. Third, the
summary and discussions of this chapter are presented.

Chapter 7 — Evaluation of the Semantic Annotation Model presents the
evaluation we have performed to test the correctness, consistency,
performance and user’s perception of the annotation model. The chapter has
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five subsections. First, an overview of the chapter is given. Second, the
evaluation framework is described. Third, the evaluation of correctness and
consistency is presented. Fourth, the evaluation of user performance and
perception is presented. Fifth, the summary and discussions of this chapter
are presented.

Chapter 8 — Business Process Relationship: The Meta-model presents a
model for identifying and defining the relationship between business
processes in the repository to improve the usage of process models.
Therefore, it mainly addresses research goal 3. The chapter has eight
subsections. First, an overview of the chapter is given. Second, the
requirements for the relationship meta-model are defined. Third, the meta-
model development process is described. Fourth, the process-assets and
asset-processes archetypes, which form the basis for the meta-model, are
described. Fifth, the validation of the archetypes through a case study is
presented. Sixth, the meta-model is presented. Seventh, the evaluation of the
meta-model is discussed. Eighth, the summary and discussions of this
chapter are presented.

Chapter 9 — Architecture for the Process Model Repository presents the
architecture of the repository design to meet the requirements presented in
Chapter 4. Therefore, it mainly addresses research goal 4. The chapter has
seven subsections. First, an overview of the chapter is given. Second, the
architecture design and development process are described. Third, the
architecture specification is given. Fifth, the evaluation of the architecture is
presented. Sixth, some of the related works are discussed. Seventh, the
summary and discussions of this chapter are presented.

Chapter 10 — Conclusion and Future Work summarizes the work, and
outlines future work to point out the possible improvements and the
interesting directions of further research on process model repositories in
business process management. The chapter has four subsections. First, a
review of the research goals and findings of the thesis are given. Second, a
summary of the contributions is presented. Third, the limitations of this
research are discussed. Fourth, future research directions are presented.

1.7 Conceptual Framework Used in the Thesis

A conceptual framework used in this thesis is presented in this section. The
framework, shown in Figure 2, provides the conceptual foundation for the
work presented in this thesis. Below we define the key concepts and their
relationships.
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Figure 2: A conceptual framework of the key concepts used and their relationships.

Annotation: Annotation is metadata attached to process models. It is used to
enrich a process model’s information and can be in the form of text
descriptions. (Wikipedia Contributors, 2014a; Liao et al, 2011).

Annotation element: Annotation element is a unit of data that describes a
specific property or characteristic of a business process.

Architectural description (AD): AD is a collection of products to
document architecture (ISO/IEC/(IEEE), 2011).

Architecture: Architecture is the basic organization of a system embodied
in its components and the relationships between them as well as the
environment, and the principles guiding its design and evolution (IEEE,
2007).
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Architecture view: A view is a depiction of one or more structural aspects
of an architecture that show how the architecture addresses one or more
concerns of its stakeholders (IEEE, 2007; ISO/IEC/(IEEE), 2011).

Architecture viewpoint: A viewpoint is a collection of patterns, templates
and conventions for constructing one type of view (IEEE, 2007,
ISO/IEC/(IEEE), 2011).

Business process: A business process is a chain of activities, structured or
unstructured, performed to produce a specific service or product for a
particular customer or customers (Davenport, 1993; Hammer & Champy,
1993; Wikipedia Contributors, 2014b).

Business process management (BPM): BPM is a management approach
that focuses on improving organization performance by managing and
optimizing its business processes (Panagacos, 2012; Dumas et al, 2013;
Weske, 2012).

Business process model: A process model is an abstract description of
process that represents process elements that can be enacted by a human or
machine (Curtis et al, 1992).

Business process modelling: Process modelling is an activity in which the
processes of an enterprise are represented using process models. It involves
depicting, capturing and understanding the organization’s operations and its
information architecture (Danesh & Kock, 2005).

Process annotation model: A process annotation model is a conceptual
model that constitutes a set of elements for describing or annotating a
business process or process model (Lin, 2008).

Repository: A repository is a specialized, extensible database application
that adds value to a database system by being customized to a particular
domain (Bernstein & Dayal, 1994; Embley & Goldstein, 1997).

Requirements: A requirement, in systems and software engineering, is a
statement that identifies a necessary capability, attribute, characteristic or
quality of a system for it to have value and utility to its stakeholders. A
requirement specification is an explicit set of requirements to be satisfied
by a design, product or service.

Semantic annotation: A semantic annotation is a semantic description
assigned to an entity, such as a process model (Liao et al, 2011).
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Service-Oriented Architecture (SOA): SOA is an architectural style for
designing information systems where the goal is to achieve loose coupling
among interacting system components (Erl, 2005).

Stakeholder: A stakeholder is an individual with an interest or concern in a
system.
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2 Theoretical and Technical Foundations

2.1 Overview

This chapter positions the research in this thesis by establishing basic
concepts, theoretical and technical background and the context relevant to all
areas that influence our research. Since the problem we are addressing is
multifaceted, our literature review spans different fields. The discussion
ranges from business process management, business process modelling and
enterprise modelling to software and systems engineering. The chapter
begins by providing an overview of business process management (BPM),
where a detailed discussion of what a business process is, with examples, is
provided. The overview includes discussion of the foundation of BPM and
outlines the BPM life cycle. The chapter provides an overview of business
process modelling and the concepts and relevant issues about business
process modelling. We explain how process modelling influences most
activities of the BPM life cycle. We also discuss different perspectives for
comprehensively representing a process model, and various process
modelling approaches. The challenges of modelling business process from
scratch are highlighted along with the need for reusing process models. The
chapter discusses the research target — a business process repository — as an
approach to supporting process model reuse by enabling storing and sharing
of process models. The repository design considerations are discussed and
related to our research goals. The chapter concludes with some key remarks
in relation to the research targets.

2.2 Business Process Management

2.2.1 Business Processes

Every organization performs a chain of events, activities and decisions that
ultimately add value to the organization and its customers. These chains of
events, activities and decisions are called “business processes” (Dumas et al,
2013).

As defined by Davenport (1993), a business process is “a structured,
measured set of activities designed to produce a specific output for a
particular customer or market”. The emphasis is on “how” work is done as
opposed to a product focus’s emphasis on “what”. Consequently, a process is
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a specific ordering of activities across time, with a start and an end, and
clearly defined inputs and outputs (Davenport, 1993). Fundamentally,
processes are the structures used by an organization to perform what is
needed to produce value for its customers.

The same “value” in relation to process outcome is promoted by Hammer
and Champy (1993) as they define a business process as “a collection of
activities that takes one or more kinds of input and creates an output that is
of value to the customer”. This definition can be seen as a subset of
Davenport. Another key characteristic of a business process is that of the
transformation of input into output. Johannson et al (1993) define a business
process as “a set of linked activities that take an input and transform it to
create an output”. Ideally, the transformation that occurs should add value to
the input and create a valuable and effective output to the recipient.

Technically, a business process is a structured set of activities that takes
an input and transforms it into a more valuable and effective service or
product (serve a particular goal), as an output, for a particular customer or

Table 1: Business process definitions drawn from the literature

Definitions Characteristics
A business process is a structured, measured set of e Activities ordered
activities designed to produce a specific output for a across time and
particular customer or market. It implies a strong space
emphasis on how work is done within an organization, e Input and output
in contrast to a product focus’s emphasis on what. A ¢ Has a customer
process is thus a specific ordering of work activities o Organization
across time and space, with a beginning and an end, and
clearly defined inputs and outputs: a structure for action
(Davenport, 1993).
A business process is a collection of activities that takes e Collection of
one or more kinds of input and creates an output that is activities
of value to the customer (Hammer & Champy, 1993). e Input and output

o Creates value

e Has a customer
A business process is a set of linked activities that take e A set of activities
an input and transform it to create an output (Johansson e Transformation

et al, 1993). ¢ Input and output
A business process is “a series of steps designed to e A series of steps
produce a product or service. Most processes are cross- e Produces a

functional, spanning the ‘white space’ between the product or service
boxes on the organization chart. Some processes result e Crosses functional
in a product or service that is received by an boundaries
organization's external customer. We call these primary o primary or support
processes. Other processes produce products that are process

invisible to the external customer but essential to the

effective management of the business. We call these

support processes” (Rummler & Brache, 1995).
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customers. In fact, a business process is not only a structured set of
activities; it is also characterized by having unstructured set of activities
(Swenson et al, 2012; Herrmann & Kurz, 2011). The activities of a business
process may be performed by people manually or with the support of
information systems and are completed either sequentially or in parallel
(Weske, 2007). Also, there are activities of a business process that can be
automatically enacted by information systems, without any human
participation (Weske, 2007). Table 1 summarizes several definitions drawn
from the literature and extracts the main characteristics of a process.
Thus, from the above definitions we can resolve that a business process

has the following characteristics:
e A Dbusiness process is comprised of a set of activities.
e Activities take an input and transform it to a valuable output, which is

either a product or a service.

The transformation is aimed at creating value for customers.
e A business process has its customers. The customers may be internal or

external to the organization.

Activities are performed by actors, which may be human or machines.

A business process realizes some business goals.
e A business process often involves more than one organizational unit,

which are responsible for a whole process.

Examples of business processes (Dumas et al, 2013), are:

e Quote-to-order. This type of process typically precedes an order-to-cash
process. It starts from the point when a supplier receives a “Request for
Quote” (RFQ) from a customer and ends when the customer in question
places a purchase order based on the received quote. The order-to-cash
process takes the relay from that point on. The combination of a quote-
to-order and the corresponding order-to-cash process is called a “quote-
to-cash process”.

e Application-to-approval. This type of process starts when someone
applies for a benefit or privilege and ends when the benefit or privilege
in question is either granted or denied. This type of process is common
in government agencies, for example when a citizen applies for a
building permit or when a businessman applies for a permit to open a
business (e.g. a restaurant). Another process that falls into this category
is the admissions process in a university, which starts when a student
applies for admission into a degree. Yet another example is the process
for approval of holiday or special leave requests in a company.

An organization’s success hinges to a large extent on how well its business
processes are designed and performed (Weske, 2007). Business process
management (BPM) is a management approach that focuses on improving
organization performance by managing and optimizing its business
processes (Panagacos, 2012; Dumas et al, 2013). It is a
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holistic management approach that fosters business effectiveness and
efficiency as it strives for innovation, flexibility and integration with
technology (Chavan & Lal, 2012). Compared to the functionally focused
management approach, the BPM approach enables organizations to be more
effective and efficient, and more capable of change (Ko, 2009; Weske,
2012).

The BPM discipline combines knowledge from business administration
and information technology and applies this to operational business
processes (Weske, 2007; Weske, 2012). Members of business administration
are interested in improving the company’s operational performance. The
important aspects of BPM from a business administration point of view are
increasing customer satisfaction, reducing the cost of doing business, and
establishing new products and services at low cost (Weske, 2007; Weske,
2012). On the other hand, the computer science community is interested in
investigating structural properties of business processes and providing robust
and scalable software systems (Weske, 2007; Weske, 2012).

2.2.2 BPM Foundation

Business process management (BPM) is rooted in both management science
and computer science (van der Aalst, 2013). As a result it is difficult to
pinpoint its starting point.

A good starting point for establishing the road to BPM is from a
management concept referred to as business process re-engineering (BPR)
(Hammer & Champy, 1993). In this concept a new way of organizing
companies on the basis of business processes was proposed. Following their
campaign for the radical redesign of business processes, many companies
initiated BPR projects to review and redesign their processes. However, in
the late 1990s, the interest in BPR deteriorated and many enterprises
terminated their BPR projects and stopped supporting further BPR initiatives
(Jeston & Nelis, 2014).

The emergence of BPM can be seen from two key renewed ideas behind
BPR (Dumas et al, 2013). The first is the revelations from the empirical
studies, which showed that process-oriented organizations did better than
non-process-oriented organizations (Dumas et al, 2013). As a result of the
confirmation of this picture by the follow-up studies, the credibility of the
process-oriented concept was renewed.

The second is the technological development. Following BPR in the late
1990s, enterprise resource planning (ERP) systems and workflow
management (WFM) systems gained organizational focus (Dumas et al,
2013). ERP is a business management software, usually a suite of integrated
applications, used for managing the business and automating the back office
functions related to services, technology and human resources (Sumner,
2004; Leon, 2012). It integrates all components of an operation, ranging
from product planning, development and manufacturing to marketing and
sales. On the other hand, WFM systems are systems that distribute work to
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various actors in a company on the basis of process models (Dumas et al,
2013).

BPM can be perceived as an extension of workflow management (WFM)
(van der Aalst, 2013). While the primary focus of WFM is to automate
business processes (van Der Aalst & Van Hee, 2004), the scope of BPM is
broader — ranging from process automation and analysis to organization of
work and operations management. On the one hand, BPM is aimed at
improving business processes, perhaps without the use of technologies
(Weske, 2012). For example, management may get ideas on how to reduce
costs by modelling and analysing a business process using simulation.

2.2.21 BPM Systems
BPM is often related to business process management systems (BPMS) — a
software that supports modelling, analysis and enactment of business
processes (van der Aalst et al, 2003b; Chang, 2005). In the BPM community,
it is widely agreed that the core of a BPM system is the functionality that has
been attributed traditionally to a WFM system (van der Aalst et al, 2003b).
From a workflow perspective, a BPM system is understood as mainly
responsible for the automatic work allocation to authorized and qualified
resources according to a predefined plan of the process (Jablonski & Bussler,
1996; Lawrence, 1997; van Der Aalst & Van Hee, 2004). This means that
before a WFM system can become effective, business processes within an
organization should be identified, analysed and mapped (Reijers, 2006). A
BPM system extends the capabilities of the WFM systems by providing
extra sophisticated build and run time diagnostic capabilities. The addition of
these capabilities has led to a significantly increased potential for BPM
systems to support change in organizational processes (Shaw et al., 2007).

2.2.2.2 Process-Aware Information Systems

BPM methods are not only limited to WFM and BPM systems, but extend to
any Process-Aware Information System (PAIS) (van der Aalst, 2013). PAIS
is a software system for managing and executing organizational processes
that involve people, applications and/or information sources on the basis of
process models (Dumas et al, 2005). According to this definition, a PAIS is
an information system for supporting business processes. It is mainly
configured by a business process model (Van der Aalst & Stahl, 2011).
PAISs include conventional WFM systems and contemporary BPM systems.
They also include systems for supporting specific processes or providing
more flexibility (Dumas et al, 2005; Ghani et al, 2008). Examples of such
systems are case-handling systems, ERP systems, customer relationship
management (CRM) systems, etc.

2.2.2.3 Adaptive Case Management

BPM systems are well-established tools that increase business productivity.
However, they have only been well suited to supporting structured business
processes where everything about the process can be defined in advance
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(Herrmann & Kurz, 2011; Swenson et al, 2012). Unlike structured processes,
in unstructured business processes, such as knowledge-intensive work, the
order of activities cannot be predetermined in advance (Swenson et al,
2012). An example of an unstructured business process is an insurance
claim, which relies on unstructured interactions among experts who assess
the claim in the field before moving to a more structured series of activities
for processing the claim within the insurance company.

Change and unpredictability management is an important part of doing
business. Organizations that have managed to control this flexibility in their
business processes see more value and become more competitive (Khanna,
2013). Adaptive Case Management (ACM) is a new BPM concept, aimed at
flexibly supporting these knowledge-intensive, less structured or
unstructured business processes, along with a corresponding software system
(Herrmann & Kurz, 2011).

A case is commonly an extended and collaborative process. The case
processing entails coordination of knowledge, content, correspondence and
human tasks (Khanna, 2013). In most of the processes, the case requires
adherence to business rules and policies as well as regulatory requirements.
It is called adaptive because the process execution path cannot be fully
predefined and may have to adapt to the specific requirements of every case
(Khanna, 2013). At various stages in the process, human judgment is
required to determine the next step in the processing of the case. During the
time of execution, external events and case types may alter the processing.

Adaptive case management provides them with a lot of flexibility while
ensuring the visibility and audit tracking of each case.

In this section we have provided the BPM foundation and showed how it
is related to WFM, ACM and PAIS in general. In the following section, we
provide an overview of the BPM life cycle that builds a stage for business
process modelling and business process models.

2.2.3 The BPM Life Cycle

There are many views of the BPM life cycle (van der Aalst et al, 2003b;
Havey, 2005; Netjes et al, 2006; Weske, 2007; Dumas et al, 2013). Some of
the BPM life cycle models such as the one proposed by van der Aalst et al
(2003b) are strongly associated with process automation using BPM
technologies, whereas in reality BPM can be implemented without adopting
any BPM technologies (Jeston & Nelis, 2014). In this thesis we have
adopted the one proposed by Dumas et al (2013) (see Figure 3) because it
covers both aspects of BPM. According to them, activities of business
process management (BPM) can be grouped into six phases: identification,
discovery, analysis, redesign, implementation, and monitoring and control
(Dumas et al, 2013).

The first phase is process identification. This phase includes activities
related to the identification of processes relevant to the business problem
being addressed. It also includes the delimitation of the scope of these
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processes as well as identification of the relationship between them. The
outcome of this phase is a process architecture that provides a holistic view
of the processes in an organization and how they are related.

Process
identification

Process architecture

Process
discovery

Conformance and
performance insights

As-is process
model

Process
analysis

Insights on
weaknesses and
their impact

Process
redesign

Figure 3: BPM life cycle, taken from (Dumas et al, 2013).
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The second phase is process discovery. Once the processes and the
performance measures are identified, the next step is to understand these
business processes in detail. This phase is called “process discovery”; it is
also referred to as “as-is process modelling”. In this phase, the current state
of each of the relevant processes is documented, usually in the form of one
or several as-is process models. The as-is process models are the reflection
of how the work is done in the organization.

The third phase is process analysis. This phase includes activities related
to identification and documentation of problems associated with the as-is
process. Accordingly, if possible the identified problems are quantified using
performance measures. The output of this phase is a structured collection of
problems.

The fourth phase is process redesign. This phase includes activities for
identification of changes to the process that would help to address the
problems identified during the analysis phase. Several change options are
examined and compared based on the chosen performance targets.
Ultimately, the best change options are combined, leading to a redesigned
process. The output of this phase is usually a set of to-be business process
models.

The fifth phase is process implementation. In this phase, the changes
needed to migrate from the as-is process to the to-be process are
implemented. The implementation ranges from organizational change
management to process automation. Organizational change management
includes activities required to change the way of working, whereas process
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automation refers to the development and deployment of IT systems that
support the to-be process.

The last phase is process monitoring and controlling. In this phase,
relevant data related to the implemented process are collected and analysed
to establish how well the process is performing. Bottlenecks, recurrent errors
or deviations with respect to the intended behaviour are identified and
corrective actions are undertaken. New issues may then arise, in the same or
in other processes, requiring the cycle to be repeated on a continuous basis.

With these BPM life cycle phases we are able to see how business process
models and business process modelling are fundamental components in the
implementation of BPM.

2.3 Business Process Modelling

A model is an abstract depiction of reality that eliminates much of the
infinite detail of the world (Curtis et al, 1992). The primary drive of a model
is to reduce the complexity of comprehending a phenomenon by removing
unnecessary details (Curtis et al, 1992). Therefore, a model uncovers what
its designer believes is essential in comprehending the phenomenon
modelled.

Curtis et al (1992) define a business process model as “an abstract
description of an actual or proposed process that represents selected process
elements that are considered important to the purpose of the model and can
be enacted by a human or machine”. A process element is any component of
a process such as an activity and data. A business process model is a
simplified, abstract representation of a business process.

The activity of representing processes of an enterprise using process
models is called “business process modelling”. It involves depicting,
capturing and understanding the organization’s operations and its
information architecture (Danesh & Kock, 2005). Process modelling is
widely considered to be a critical component in successful business process
management (BPM) (Dumas et al, 2013; Weske, 2007). Notably, process
modelling is essential within a BPM life cycle. It plays important roles in the
process discovery, analysis, design and implementation phases within BPM
(Dumas et al, 2013).

o Process discovery. During the process discovery phase, process
modelling is applied to map out current (or “as-is”) processes, Of an
organization, to create a baseline for process improvements.

e Process analysis. Process models produced during the process discovery
phase are used in the analysis phase as a torch in order to shed more
light on the process, expose the main causes of problems in the process
and discover possible problem solutions.

e Process design. In the design phase, process modelling is applied to
create future (or “to-be”) processes, which would address the issues
identified in the as-is process models. Process models are used in the
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design phase to help define the core processes of a business covering
activities and their dependencies, data flow, roles and the actors
involved, and established goals.

Process implementation. Process models are used in the implementation
phase, in which new business processes are put into actual use. The
implementation can be done through a special kind of process
automation, which uses IT systems such as business process
management systems (BPMSs) to help coordinate, control and
communicate process execution. BPMSs exploit process models to
coordinate business processes.
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Figure 4: An order fulfilment process model example.
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Figure 5: Ship and invoice subprocess of the order fulfilment process
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Besides the above three functions, process modelling can possess the
analysis capability to facilitate process monitoring and evaluation.

Process modelling often uses modelling language for representing
processes with flow chart-like diagrams that can be easily comprehended by
both IT and business personnel. Such a modelling language is often called
“graphical modelling language”. Some of the widely used graphical
modelling languages include Event-driven Process Chain (EPC) (Scheer,
2000), Business Process Model and Notation (BPMN) (Object Management
Group, 2006), Unified Modelling Language (UML) (Object Management
Group, 2004) and Petri net (Petri, 1962). A process modelling language can
also be a set of standardized textual keywords or markup language
accompanied by parameters, for instance Business Process Modelling
Language (BPML) (Arkin, 2002), Business Process Execution Language
(BPEL) (Andrews et al, 2003) and EPML (Mendling & Niittgens, 2006).
Graphical modelling languages usually facilitate readability of models whilst
textual modelling languages enable models to be machine-interpretable and
tool-interchangeable (Ottensooser et al, 2012).

Figure 4 illustrates an example of an order fulfilment process model using
BPMN.

2.3.1 Process Representation Perspectives

Describing a business process requires integration of many forms of
information. Some forms of information that people typically want to obtain
from a process model are what is going to be done, who is going to do it,
when and where will it be done, how and why will it be done, and who is
dependent on its being done (Curtis et al, 1992). Process modelling
languages vary in the level to which their constructs specify the information
that answers these different questions (Curtis et al, 1992). Usually modelling
languages present one or more different perspectives related to these
guestions. The most commonly represented perspectives are functional,
behavioural, organizational and informational as proposed by Curtis et al
(1992). Korherr (2008) suggests an additional perspective called the business
process context perspective.

2.3.1.1 Functional Perspective

The functional perspective focuses on what activities are performed in a
business process and how these transform resources from input to output.
The activities of a process can either be atomic or composite activities,
which are recursively refined by activities. The functional perspective of a
business process addresses the question “What is to be done?”
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As an example, consider the order fulfilment process model shown in
Figure 4. The functional perspective of this process includes description of
atomic activities such as ‘check stock availability’ and ‘check material
availability’. The model also consists of the composite activities, also
referred to as sub processes, purchase raw materials from supplier, and ship
and invoice shown in Figure 5.

2.3.1.2 Behavioural Perspective

The behavioural perspective of a business process focuses on the timing of
activities — when activities are to be performed — as well as the ordering and
flow of activities and data. A flow can be either a control flow or a data flow.
A control flow expresses when an activity is to be performed in relation to
others, whereas a data flow defines the flow of information resource among
activities and message exchanges among actors. Process specifications rely
on control flow patterns for specification of coordination rules among
activities. The control flow patterns include sequence flow, parallel
execution (AND-Split), conditional branching (OR-Split, XOR-Split) and
synchronization (AND-Join, OR-Join, XOR-Join, N-Out-of-M-Join). These
patterns make it possible to specify decisions made according to certain
business rules. The behavioural perspective addresses the question “When
and how will it be done?”

As an example, the order fulfilment process shown in Figure 4 includes
the sequence flow such as the arrow that connects and controls the
dependencies between “Retrieve product from warehouse” and “Confirm
order” so that the latter cannot start before the former is finished. It also
includes the conditional branching such as the XOR-Split that decides
whether a product is in the stock. If the product is in stock, the seller
proceeds to retrieve the product from the warehouse. If the product is not in
stock, the seller proceeds to acquire raw materials for product
manufacturing. Also, an example of the parallel split included is the AND-
Split when the order is confirmed in Figure 5. After concurrent execution the
two branches are joined by synchronization (AND-Join).

2.3.1.3 Informational Perspective

The informational perspective defines informational entities produced, used,
modified or exchanged during the execution of a business process (Curtis et
al, 1992). The informational entities can either be data, artefacts, products or
objects involved in a particular activity. Information entities make it possible
to describe data or messages that are the output of one activity and show
how they affect the execution of the following activity.

In the order fulfilment process shown in Figure 4, Supplier list, as a data
object, is an information entity. It is an output of the “Retrieve suppliers list”
activity and an input to a subprocess, “Purchase raw material from supplier”.
Also, purchase order and invoice are data objects whereas supplier database
is an artefact.
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2.3.1.4 Organizational Perspective

The organizational perspective defines the allocation of the responsibility
for performing activities of a business process. Mainly the focus is on the
notion of the actor — organizational unit, role or software — which executes
the activities of a business process. When the actor is an organizational unit,
its members execute activities. A role characterizes the responsibilities and
behaviour of actors. Software services as an actor can be used to
automatically execute activities. The use of the organizational perspective
enables dedication and control of responsibilities of the parties involved in a
business process. The organizational perspective addresses the question
“Where will it be done and who is going to do it?”

In the process model shown in Figure 4, the organization’s seller is the
main actor that performs the order fulfilment process. The seller receives a
purchase order from the customer (external actor) and checks it against the
stock. If the product is not in stock, the seller proceeds to check whether the
raw materials are available for the product to be manufactured. If there are
no raw materials, the seller issues the raw material request from the supplier
(another external actor).

2.3.1.5 Business Process Context Perspective

In addition to the four perspectives, List and Korherr (2006) introduced
another perspective, namely the business process context perspective. The
above perspectives cover the detailed sequence of a process; they do not
cover important process characteristics. Therefore this perspective defines
main characteristics of a business processes, such as business goals and their
measures.

2.3.2 Modelling and the Need for Reuse

According to Weske (2007), business process modelling is an integration of
multiple modelling subdomains — functional, data, organizational and IT
landscape modelling. The functional modelling investigates and represents
the units of work, in the form of activities or tasks, which are being executed
in a business process context. The data modelling investigates and represents
the data or information that is consumed or produced by different activities
of a business process. The organization modelling investigates and
represents individuals or organization units that perform different activities
of a business process. The IT landscape modelling investigates and
represents information systems that perform specific activities of a business

process. Additional subdomains can be added depending on their relevance.
The functional, data and organizational subdomains are related to
functional, informational and organizational process representation
perspectives. Thus process modelling defines the glue that connects the
process perspectives together. It relates activities (functional perspective) of
a business process with execution constraints in order to specify the ordering
and conditional execution of activities (behavioural perspective) (Weske,
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2007). It also includes the data or information aspects (informational
perspective) because some of the activities may depend on the data involved
in a particular business process (Weske, 2007). The actors (organizational
perspective) who perform the activities of the business process are also
covered. For example, the order fulfilment process model shown in Figure 4
ties together the activities (i.e. check available stock, check raw material
availability, etc.), and the constraints and order in which these are executed
are also specified, as well as the information consumed (i.e. supplier
database) and produced (i.e. supplier list) by certain activities, and the actors
(i.e. seller, suppliers, customers) involved in a process execution.

Modelling includes decomposition of a business process into
subprocesses and adding required process elements to the model. For
example, Figure 5 depicts a decomposition of the ship and invoice
subprocess of the order fulfilment process model.

Modelling of business processes requires intensive knowledge related to
both (Vulcu et al., 2011) (i) the business domain that is to be modelled and
(ii) the modelling language. In fact, the analysts have to define exactly what
activities should be captured, their execution logic and how to specify them
using a particular modelling language. Usually, the scope of modelling goes
past the boundary of one process by capturing all the related processes and
the business environment (Barjis, 2011). For modern enterprises, the
modelling activity includes both intra-organizational and inter-organizational
business processes (Weske, 2007; Barjis, 2011). Consequently, designing
process models from scratch is often a complex task. Such complexity
means that modelling business processes without sufficient expertise in a
broad set of disciplines can result in extended modelling cycles, higher
modelling costs and quality problems (Ma & Leymann, 2008; Markovic &
Pereira, 2008a; Aldin & de Cesare, 2011).

While business process models are initially created for specific needs
based on certain business requirements, there are some similarities between
business requirements across organizations and industries (Wu et al, 2009).
Furthermore, many processes share activities, subprocesses and
organizational entities. Thus, the modelling experts may encounter similar
modelling scenarios, within and across industries, many times, and such
experience would be of great value to the organizations if documented
(Havey, 2005; Aldin & de Cesare, 2011). This implies that new process
models could be created by modifying existing models rather than recreating
them from scratch (Lin, 2008; Aldin & de Cesare, 2011). Such reuse not
only simplifies the modelling but also increases the quality and the maturity
of the developed process models and reduces the cost of modelling (Awad et
al., 2011).

Capturing and storing process models is the initial step towards reuse of
process models. Process model repositories provide a central location to
support representation, capturing, sharing and reuse of process models
(Markovic & Pereira, 2008b; Hornung et al, 2009).
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2.4 Business Process Model Repository

According to Bernstein and Dayal (1994), a repository is a “shared database
of information about engineered artefacts produced and used by an
enterprise”. However, a repository is not necessarily internal to an enterprise,
but may also be open to public use. While the word “repository” has been
stereotyped to mean everything from a file that stores information, to disk
storage to a database of specific information, within the context of this
thesis, the term “repository” is not synonymous with a database system. A
repository is a specialized, extensible database application that adds value to
a database system by being tailored to a specific domain such as application
development (Embley & Goldstein, 1997).

A business process model repository provides a central location for
collecting and sharing process knowledge (business rules, relationships,
process elements, etc.) for different purposes: enabling stakeholders to
retrieve process models for understanding business operations; updating,
simulating and analysing process models; and reusing process models (Ma et
al, 2007; Ma & Leymann, 2008; La Rosa et al, 2011a). Thus there are
several instantiations of process model repositories that may in fact have
different needs and different architectures.

This thesis proposes an open and language-independent process model
repository — a repository that is publicly open to any potential users for
capturing, sharing and reuse of process models. Central to the functions of
this repository is supporting reuse of process models among different
stakeholders, across organizations and industries. As defined previously,
process model reuse is a systematic practice of designing new process
models from a stock of existing process models (Elias & Johannesson,
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Figure 6 offers a simplified view of the model reuse process and important
functions of the repository system. For process reuse to be attractive, the
overall effort to reuse must be less than the effort to create a new process
model. Process model reuse involves three steps: (1) finding and selecting
the process model, (2) understanding the model, and (3) adapting the model.

From the above steps of the reuse process a number of considerations
should to be kept in mind while designing the process model repository and
its functionality. They include: (1) process knowledge and adaptability, (2)
process model representation and understanding, and (3) repository
structuring and retrieval.

2.4.1 Process Knowledge and Adaptability

Model adaption depends on the differences between requirements and the
features offered by existing models and the skills of the user. Complete
process models are the primary reusable process artefacts that should be
stored and shared for designing new process models. However, several
reusable process artefacts have been proposed in the field of BPM to support
redesign of new process models. The decision of what process artefacts
should be stored for reuse may influence the design of the repository. This is
because different concepts may require different approaches to capture,
represent, store and retrieve them. Some of the widely used reusable process
artefacts include business process patterns (Aldin & de Cesare, 2011; Barros,
2007; Gschwind et al, 2008), process fragments (Markovic & Pereira, 2008a;
Schumm et al, 2011a; Schumm et al, 2011b) and business process ontologies
(Liao & Leung, 2007; Aldin & de Cesare, 2011; Markovic & Pereira,
2008a).

2.4.1.1 Business Process Patterns

According to Alexander et al (1977), “a pattern describes a problem which
occurs over and over again in our environment, and the core of the solution
to that problem, in such a way that you can use this solution several times
without ever doing it the same way twice”. While a pattern is used to solve
problems, these problems and their solutions are not unique but may be
found and adapted in various contexts and situations (Aldin & de Cesare,
2011).

According to Riehle and Zllighoven (1996), patterns have two distinct
application areas. They are used to create new models in forward
engineering, whereas in reverse engineering existing processes can be
analysed regarding the existence of the predefined patterns (Forster &
Engels, 2003; Becker & Klingner, 2014). Business process patterns in
forward engineering are a way of increasing the efficiency and effectiveness
of process modelling by reusing existing business functions (Thom et al,
2009; Becker & Klingner, 2014). Therefore reuse of existing process
patterns can simplify and speed up the construction of a new model (Aldin &
de Cesare, 2011). When a new process model needs to be designed, the user

30



may start by first identifying the patterns that best satisfy the requirements of
his or her context of use. If a process pattern is an excellent fit to a set of
requirements it can be used without change. Then the user follows the
pattern exactly to design a new process model. Even when a standard pattern
does not exactly match the user’s requirements, the user may consider
changing their requirements and adapt to the pattern.

For their reuse advantages, process patterns are increasingly attracting the
interest of both researchers and vendors (Aldin & de Cesare, 2011). Today
there exist several proposals for process patterns. One of these proposals is a
set of patterns for business process transactions by UN/CEFACT Modelling
Methodology (UMM) (UN/CEFACT, 2011). They include transaction and
collaboration patterns. Business transaction patterns are aimed at providing
an established semantics of recurrently occurring business interactions,
whereas business collaboration patterns defines the orchestrations of
activities between partners by defining a set of business transaction patterns
and/or more collaboration patterns (Jayaweera, 2004). Each pattern, in the
UMM, carries a set of default quality of service attributes, such as temporal
and security requirements (Wohed et al., 2007).

Workflow patterns are another form of business process patterns that are
widely used for modelling business processes (van der Aalst & ter Hofstede,
1999). The Workflow Patterns Initiatives introduces a number of patterns
with the aim of outlining the basic requirements that arise during business
process modelling on a recurring basis and describe them in an imperative
way (van der Aalst & ter Hofstede, 1999; van der Aalst, 2011). Workflow
patterns are the atomic process blocks for solving common control-flow data
or resource problems that can be used for implementing business
requirements in process models (van der Aalst et al, 2003a; Wohed et al.,
2007). The control-flow patterns capture aspects related to control-flow
dependencies between various activities of a business process (Vom Brocke
& Rosemann, 2010). The data patterns capture the various ways in which
data is represented and utilized in workflows (Natschldger & Geist, 2013).
Whereas the resource patterns capture the various ways in which resources
are represented and utilized in workflows (Natschlager & Geist, 2013).

In addition to the workflow patterns there is the Service Interaction
Patterns (Barros et al, 2005a; Barros et al, 2005b). While the focus of
workflow patterns is on intra-organizational processes, Service Interactions
Patterns models the basic service-based interaction blocks used in the design
of inter-organizational processes (Barros & Borger, 2005; Barros et al.,
2005b).

The outlined patterns can be used to support the design of process models
to achieve certain goals, such as temporal goals, risk mitigation goals and
others (Wohed et al., 2007). Therefore, business process patterns can serve
as the process knowledge that can be stored, as independent reusable objects
or together with process models, in the repository to support reuse of process
models. Supply Chain Operation Reference Model (SCOR) is good example
of a repository that provides standards process patterns for describing supply
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chains (Supply Chain Council, 2003). The process patterns provided by
SCOR are based the five basic processes: plan, source, make, deliver and
return (Glushko & McGrath, 2008). They are organized as conceptual
models whose two lower levels of detail refine the basic five processes to
describe supply chain models for different industries (Glushko & McGrath,
2008).

In fact, there exists several other business process patterns apart from the
ones we have mentioned above, but there is no single pattern that is
generally accepted for business process modelling. Since the process
patterns are different they require different approaches to define, capture,
store and represent them. Therefore the design of the repository to support
reuse of process models may vary based on patterns that are to be shared.

2.4.1.2 Process Model Fragments

Process model fragments are reusable process artefacts that are gaining
momentum in the field of BPM (Gschwind et al, 2008; Schumm et al,
2011b). There are several different definitions and interpretations of a
process fragment. Often, a process fragment is understood to be a group of
connected process elements that bear high potential reusability in modelling
new business processes (Ma & Leymann, 2008; Schumm et al, 2011a).
Process elements are the modelling notation constructs such as activities,
control flows, data flows, and routing gateways (Curtis et al, 1992; Ma &
Leymann, 2008; Schumm et al, 2011a). A process fragment must at least
consist one activity and there should be a way to complete it to a complete
process model (Schumm et al, 2011a). It may comprise several incoming and
outgoing control flows for integration, with other fragments or into a process
(Schumm et al, 2011a). The connectivity of process elements is an essential
attribute that simplifies the determination of its control flow included in the
resulting process fragment (Ma & Leymann, 2008).

No mismatches

Post invoice

Mismatches exist but
Check can be corrected Re- send
invoice for X>———— > invoice to Park invoice
mismatches customer

Mismatches exist but
cannot be corrected
P Block invoice

Figure 7: Process model fragment for invoice checking.

Figure 7 is an example process model fragment for invoice checking. First,
once an invoice is received it must be checked for mismatches. Three
options may result following this check: (i) there are mismatches in which
case the invoice is posted, (ii) there are mismatches but they can be
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corrected, in which case the invoice is resent to the customer, (iii) there are
mismatches but these cannot be corrected, in which case the invoice is
blocked. Another interested party can then reuse this fragment.

Process fragment concepts are very similar to workflow patterns, however
there is a significant difference between the two concepts. Workflow
patterns describe different modelling notation constructs of workflows on an
abstract level, whereas process fragment represents concrete functionality
(Schumm et al, 2011a).
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Figure 8: Process model fragment for reuse of process logic (Schumm et al, 2011a).

It has well been established that reuse of process model fragments in process
modelling improves the quality of models and increases the efficiency of
modelling (Markovic & Pereira, 2008a; Ma & Leymann, 2008). The process
fragments can be stored in the repository and used in modelling other
processes by retrieving a process fragment that realizes particular process
logic (Ma & Leymann, 2008; Schumm et al, 2011b). A good example of a
repository that provides process fragment for reuse is Fragemento as
proposed by Schumm et al (2011b). Fragemento manages BPEL process
fragments and other process-related artefacts. Apart from providing basic
repository  functionalities, Fragemento provides some advanced
functionalities such as process fragmentation techniques. As shown in Figure
8, in order to reuse process fragment, at first a process logic fragment needs
to be either extracted from a process model or designed from scratch
(Schumm et al, 2011a), before it is stored in the repository for reuse.
Therefore repository design must take into consideration how process logic
can be extracted from complete process models. Thus the decision of
providing process fragments as reusable process knowledge may influence
the repository design.

2.4.1.3 Business Process Ontologies

An ontology is an explicit specification of conceptualization (Gruber, 1993;
Noy & McGuinness, 2001; Bullinger, 2008). A specification of
conceptualization is defined as the objects, concepts, other entities and the
relationship between them, which are assumed to exist in some area of
interest (Gruber, 1995). Ontologies have widely been recognized as a means
to systematically design business processes (Lin & Strasunskas, 2005; Hepp
et al, 2005; Hepp & Roman, 2007). Most of the work on adopting ontology
to processes modelling focuses on creating process representations aimed at
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facilitating the automated processing of models (Aldin, 2010, Aldin & de
Cesare, 2011). These works are geared towards a particular modelling
language — they mainly deal with semantic annotation of process models
represented with the help of a particular modelling language (Aldin, 2010,
Aldin & de Cesare, 2011).

Several works on the application of ontologies in process modelling exist.
These works include the SUPER ontology by the Semantics Utilized for
Process Management within and between Enterprises (SUPER) project
(SUPER, 2004; Markov & Kowalkiewicz, 2008). In this work Semantic
Web standards have been used to develop business process management
(BPM) approaches (SUPER, 2004; SUPER, 2007). Focusing on bridging the
gap between business and IT using Semantic Web technologies, the project
enables semi-automation of the BPM life cycle (Nitzsche et al., 2007; Aldin
& de Cesare, 2011). The SUPER ontology provides an extensive
conceptualization of the BPM domain — covering from modelling of
business processes to defining business strategies (SUPER, 2007; Pedrinaci
et al, 2008). To achieve this, a set of constructs is provided to produce
semantic business process models by applying ontologies to business
processes (Aldin, 2010; Aldin & de Cesare, 2011). In order to formalize
process knowledge representation, several ontologies for different modelling
languages, such as BPMN, EPC, BPEL, and Petri Nets have been proposed.

Brockmans et al (2006) is another proposal for the application of
ontologies in business process modelling is that proposed. In their work they
propose a semantic alignment approach for process modelling using Petri
nets. A representation of Petri nets is provided in an ontology language such
as the Web Ontology Language as a way to semantically enrich the process
models (Aldin, 2010).

Another application of ontologies to business process modelling is that by
Thomas and Fellmann (2006), who propose annotating EPCs with semantics
(SEPC). In this proposal four instances of ontologies are included — business
ontology, business process concepts, the SEPC model and the underlying
EPC model (Lautenbacher & Bauer, 2007).

For the repository to support the use of ontologies as the foundation of
business process modelling it requires mechanisms and interfaces or plug-ins
to annotate process models with intended ontologies. Consequently the use
of business process ontologies may influence the design of the process
model repository.

2.4.2 Process Representation and Understanding

As shown in Figure 6, before a new model is composed from existing
models, users need to understand it and then modify or adapt the model for
the new business requirements. Process model understandability is defined
as the degree to which the reader of that model can easily understand
information contained in the process model (Mendling & Strembeck, 2008;
Reijers & Mendling, 2011; Mendling et al, 2012).
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Factors that influence the process model understandability can be
categorized as personal factors and model factors (Reijers & Mendling,
2011; Mendling et al, 2012). Personal factors relate to the reader of the
model, and include user experience and education as related to process
modelling, whereas model factors relate to the process model itself (Reijers
& Mendling, 2011). Process model factor that influence the comprehension
of the syntactical content include process model complexity (Mendling &
Strembeck, 2008; Lucrédio et al, 2008; Mendling et al., 2012), modelling
notation (Agarwal et al, 1999; Sarshar & Loos, 2005), visual representation
(Moher et al, 1993; Purchase, 1997; Reijers et al, 2011), model purpose
(Reijers & Mendling, 2011) and problem domain (Lakhotia, 1993).

Some of the above factors are related to the intended use of the process
model. In particular, the problem domain and the model purpose are
typically an intentional process design decision. Other factors such as user
experience and education cannot be addressed by the repository design. With
respect to process model complexity, several metrics have been proposed for
measuring the complexity of process models (La Rosa et al, 2011b; Ghani et
al, 2008; Cardoso et al, 2006). The metrics include the size of the model,
which simply counts the number of activities in a business process (Ghani et
al, 2008; Laue & Mendling, 2010). Another metric is the structure of the
model, which depends on the nesting depth contained in the model — a
higher nesting value indicates a more complex model (Cardoso et al, 2006).
While a considerable amount of literature is devoted to this topic, there is no
straightforward solution to addressing the complexity of process models (La
Rosa et al, 2011b). However, abstraction of process models has widely been
considered as a way to facilitate the user’s conception of the contents of the
complex process model (Smirnov et al, 2012; Polyvyanyy et al, 2010). This
requires the repository to provide a mechanism to abstract complex process
models to specific use cases that can easily be understood by the user.

Process representation, as it relates to modelling notation and visual
representation factors, is one of the main factors that must be addressed by
the repository to improve process model comprehension and reuse
(Mendling & Strembeck, 2008; Schrepfer et al, 2009). A representation is a
language (textual, graphical or other) used to describe a process model (Eid-
Sabbagh et al, 2012; Elias & Shahzad, 2010). As stated in Section 2.2, there
are several modelling notations, which are used to represent business
processes either in graphical or textual form. These modelling notations have
different elements and control structures (Lu & Sadiq, 2007), therefore the
specification of a business process varies from one notation to another
(Shahzad et al., 2010). Some repositories, such as SAP’s Business Map
(SAP AG, 2007), provide graphic-based descriptions, while others, such as
MIT’s Process Handbook (MIT process handbook project, 2001), describe
processes only in a textual form.

Process representation also influences the ease with which a process
model can be modified to meet user requirements. One of the primary
benefits of abstracting a business process using process models is that they
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allow automated enactment by using PAIS (Dumas et al, 2005; Indulska et
al, 2009). PAIS requires the process logic be expressed in terms of
executable process models (Dumas et al, 2005). This implies that process
models in the repository must be represented in a format that can easily be
transformed into executable solutions. Existing repositories describe process
models in textual or high-level forms, which cannot be directly executed by
using PAIS or be easily transformed into an executable form (Wohed et al.,
2007).

In order to increase process model reuse the representation of process
models in the repository should be addressed to facilitate comprehension and
easy transformation of process models. As previously mentioned, there are
several modelling notations in which a process model can be represented
(Elias & Shahzad, 2010). For designing a publicly open repository the issue
of representation of process models does not have simplistic solutions and
needs to be addressed separately. Possible process representation options for
such a repository include the use of one standard modelling notation,
multiple standard modelling notations and a compatible modelling notation
(Elias & Shahzad, 2010; La Rosa et al, 2011a).

2.4.2.1 One Standard Modelling Notation

In this option one standard modelling notation, such as BPMN, YAWL or
EPC, is selected and supported in the repository. This will simplify the
design of the repository, however it will affect the possibility of sharing
process models described using another representation. Companies and
researchers have already created a large number of process models using
different modelling notations. Therefore restricting the repository to one
modelling notation will limit contributors to sharing their existing models,
consequently affecting the goal of achieving a critical mass of process
models for reuse.

2.4.2.2 Multiple Standard Modelling Notations

In this option the repository supports multiple modelling notations. This will
allow process models to be stored and retrieved in their respective modelling
notations. This will avoid losing process models represented in another
format and hence achieving a critical mass of process models for reuse.
However, it will make the repository design and implementation more
difficult than supporting one standard notation. A possible solution is that
proposed by (Peters, 2007), which requires multiple modelling language
definitions (stencil sets) to be defined and maintained in the repository.

2.4.2.3 One Compatible Modelling Notation

In this option the repository supports one modelling notation, which is
compatible with other modelling notations. This requires the repository to
provide a mechanism to convert process models into a single format. The
conversion can be applied when models are populated in the repository. A
good example is the work by La Rosa et al. (2011a), which provides a
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canonical format — a format compatible with different modelling tools that
can be used to address the challenge of supporting multiple modelling
languages. The main disadvantage with this option is that it leads to
information loss during conversion from a specific notation to the common
format. This is because the semantics of the original model will not be
preserved during the model conversion. While such semantic loss may be
less challenging for a repository that is aimed at providing basic
understanding and fundamentals of process models for reuse, it may not be
acceptable for certain applications (Shahzad et al., 2009).

In general, the choice of how process models should be represented often
influences the design of the repository. The repository should be designed to
ensure that process models are represented in a format that is easy to
understand and adopt or modify for reuse. However, the choice should take
into consideration the need to achieve a critical mass of process models.

2.4.3 Repository Structuring and Retrieval

One of the main issues facing process model repositories is managing a large
collection of process models efficiently and allowing fast allocation and
retrieval (Elias & Johannesson, 2012b; Yan et al, 2010). A major goal of
reuse is, of course, to “find the artefacts faster than the time it takes to
develop them”. Therefore, providing a mechanism to enable faster retrieval
of the relevant process models is one of the main repository design
considerations. Repository structuring is a fundamental factor in achieving
good retrieval results. Despite the fact that some retrieval algorithms can
offer sufficient effectiveness with marginal structuring and indexing efforts,
a poorly structured repository with insufficiently indexed contents will not
have a good retrieval performance irrespective of the retrieval algorithm
(Shiva & Shala, 2008).

The structuring of the repository is commonly achieved through the use of
classification schemes (Ali & Du, 2004; Prieto-Diaz & Freeman, 1987).
Classification schemes have long been used to give structure to a large body
of information (Ali & Du, 2004; Prieto-Diaz & Freeman, 1987). A well-
established classification scheme can improve the understanding and
retrieval of the repository content, thus making the content more beneficial
(Ali & Du, 2004; Prieto-Diaz & Freeman, 1987). It provides a means by
which artefacts can efficiently and effectively be stored and retrieved.
Properties of classification schemes allow the representation of stored
artefacts and relationships to structures that reflect knowledge of the domain
being classified (Ali & Du, 2004).

In this thesis, the issue of structuring the repository to improve the
performance of the retrieval system is one of the main issues we have tried
to address. This is related to the second goal of the research, which is to
develop and evaluate a process semantic annotation model for semantically
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annotating process models in the repository. We have developed and
evaluated a context-based process semantic annotation model for
semantically annotating business processes in the repository (Elias &
Johannesson, 2013; Elias et al, 2010). The model is based on existing
process classification schemes and business frameworks. The annotation
model is discussed in Chapter 5. As a proof concept the annotation model
was implemented in a repository prototype, which was used for evaluation of
the model in the controlled experiments (Elias & Johannesson, 2012a). The
evaluation of the model is presented in Chapter 7.

As part of the repository structuring we have developed a business
process relationship meta-model for identifying and defining the relationship
between process models in the repository. This is related to the third goal of
our research, which is to develop and evaluate a model for identifying and
defining the relationship between process models in the repository. While
the semantic annotation model is aimed at facilitating both searching and
navigation, the meta-model relationship extends the navigation to processes
that are related. The meta-model is based on existing process relationships
(Kurniawan et al, 2012; Malone et al, 2003) and process-assets and asset-
processes archetypes we have developed as a way to find all business
processes in an enterprise (Bider et al, 2012; Elias et al, 2014). The process
relationship meta-model and the evaluation are described in Chapter 8.

2.5 Summary and Discussion

This chapter has sketched the context of this research work. We have

introduced the theoretical and technical settings relevant to our research

topic, such as business process management, business process modelling,
process model reuse and process model repository. The main points can be
summarized as follows.

e Business process management (BPM) is an important discipline that
focuses on improving corporate performance by managing and
optimizing a company’s business processes.

e Process modelling is a critical component for successful implementation
of BPM.

e Modelling business processes of modern enterprises is complex, time-
consuming and error-prone and as a result it requires extensive efforts to
produce quality models.

e An alternative for reducing the effort to modelling business processes
from scratch is redesigning process models from existing ones.

e A process model repository that is properly populated with a critical
mass of process models is a step towards supporting reuse of process
models.

e Providing a mechanism to enable faster retrieval of the relevant process
models is one of the main repository design considerations.
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e Restructuring of process model repositories is key to providing an
effective repository retrieval system.

e Process classification is an approach to structuring process model
repositories.

e A semantic annotation model that includes process classification and
meta information will facilitate searching, navigation and understanding
of process models.

Having established the key areas of our research in this thesis, we will
continue with the research design of the thesis. A discussion of related work
will be presented in the respective section of our contributions — the
requirements for the repository, the semantic annotation model, the process
relationship meta-model and the repository architecture.
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3 Research Design

Research design defines the scope and activities within a research project
(Morrow & Brown, 1994; Denscombe, 2010). It is a structured sequence of
steps within the research project that encompasses the discussion of the
initial research problem to the final conclusion.

This chapter presents the research design of this thesis. We begin by
providing the methodological foundation of the thesis followed by the
research process and the research methods used in this thesis.

3.1 Research Paradigm

The field of information systems deals with technological artefacts
(computerized systems) in non-technological settings (human organizations).
The two different sides normally call for different research methods. As a
result, research in the information system discipline is mainly characterized
by two paradigms — behavioural science and design science (Hevner et al,
2004). Advocates of the behavioural science paradigm view the information
systems discipline as a social science, while those from the design science
paradigm view it as engineering (Hevner & March, 2003).

The behavioural science paradigm is rooted in natural science research
methods. It looks for the development and verification of theories that
explain organizational and human phenomena around information systems’
life cycle. Therefore the goal of behavioural science is to produce knowledge
by answering a knowledge question (Hevner & March, 2003). The solutions
to such questions are propositions that are claimed to be true.

The design science paradigm is rooted in engineering and the sciences of
the artificial (Simon, 1981) and is basically a problem-solving paradigm.
According to Denning (1997), design science research looks for the creation
of innovations that define the ideas, practices, technical capabilities and
products necessary to accomplish the development and use of information
systems. Therefore the goal of design science is not only to create
knowledge, but also to solve practical problems.

Design science creates and evaluates information technology artefacts
aimed at solving identified organizational problems (Hevner et al, 2004).
While several attempts to define the IT artefact exists, a well-accepted
suggestion is that proposed by March and Smith (1995). They differentiate
between four types of IT artefact: constructs, models, methods and
instantiations.
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e Constructs are the conceptual vocabulary of a domain (Schon, 1984).
They provide a language that can be used to define and communicate
problems and solutions.

e Models are a set of statements or propositions used to express the
relationships between constructs. They represent a real-world situation —
the design problem and its solution space (Simon, 1981).

e Methods are sets of steps that can be used to solve the designated
problem. They provide guidance on how to solve problems — searching
the solution space.

e Instantiation is the operationalization of constructs, models and methods.

According to March and Smith (1995), and Joahannesson and Perjons
(2012), design science research must eventually lead to one of these
artefacts. Therefore design science research is responsible for methodically
guiding the development of an artefact.

The main problem that this research is addressing is how to design an
open and language-independent process model repository with an efficient
retrieval system to support reuse of process models. Since this is a practical
problem and the solution to this problem includes the development of several
artefacts, we have chosen to follow a design science research paradigm. The
artefacts that we intend to construct include a semantic annotation model for
semantically annotating process models in the repository to facilitate
efficient retrieval of process models, and a business process relationship
meta-model for identifying and defining relationships between process
models, and the architecture of the process model repository. In addition, the
research work may include the instantiation of the proposed architecture,
models and methods by implementing a working prototype of the repository.

The construction of an artefact does not directly provide any empirical
data, however the knowledge that is required in the design process comes
from empirical and theoretical sources. Therefore, while the primary
methodical approach that is applied in this thesis is design science research,
several complementary research strategies and methods have been employed
to prepare and evaluate the design process and to collect the necessary data.
In addition, during problem identification additional research strategies and
methods are needed to gain a sufficient empirical basis. The complementary
research strategies employed in this thesis include survey, case study and
laboratory experiments (Hevner et al, 2004; Peffers et al, 2012), whereas the
research methods employed include interview, questionnaire and document
analysis.

A detailed description of the research process undertaken in carrying out
this research is provided in Section 3.2. Below we describe the activities of a
typical design science research process that we have chosen as a template.
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3.1.1 Design Science

Activities of design science research projects naturally group into several
subprocesses or phases. Peffers et al (2007) divide these activities into six
subprocesses, described below and shown in Figure 9.

Firstly, the research problem that is sought be addressed is identified and
motivated. Secondly, the objective of the solution is inferred from the
problem specification. The third activity is the design and development,
which creates the actual artefact to address the problem. As the fourth
activity, the efficacy of the artefact is demonstrated to determine whether it
solves the problem. The fifth subprocess is when the produced artefact is
evaluated to measure the extent to which it meets the solution requirements
in solving the problem. Finally, as the sixth subprocess, the research results
are communicated to researchers and practitioners. The communicated
results should range from the problem and its importance to the artefact and
its utility and the rigour of its design.
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Figure 9: A design science research process (Peffers et al, 2007).

3.1.1.1 A Template of a Design Science Research Process (TDSRP)

In this section we present a template of a design science research process
(Joahannesson & Perjons, 2012) that we have adopted to describe the
research process of this thesis. The TDSRP is an amendment of the design
science research process proposed by Peffers et al (2007). Similarly the
TDSRP shown in Figure 10 decomposes the research process into six
activities, namely (Joahannesson & Perjons, 2012): explicate problem,
outline artefact and define requirements, design and develop artefact,
demonstrate artefact, evaluate artefact, and communicate artefact
knowledge. In this template a research process takes the initial problem to be
solved as the input, and produces the artefact and the artefact knowledge as
the outputs (Joahannesson & Perjons, 2012). In addition, the process is
administered by research methods as controls and uses knowledge
foundation as mechanisms. Below we describe the activities.

Explicate problem. This is the first activity of design science research
process. In this activity the initial problem is precisely formulated and
motivated, and its underlying clause is investigated. It answers the question
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“what is the problem experienced by some stakeholders and why is it
important?” (Joahannesson & Perjons, 2012). This activity takes as input the
initial problem that is unclear and produces an explicated problem that is
clearly defined, motivated and contextualized.

Outline artefact and define requirements. This is the second activity of
design science research process. In this activity, an artefact that can address
the explicated problem is identified and outlined, and its requirements are
defined. It answers the question “what artefact can be a solution to the
explicated problem and which requirements of this artefact are important to
the stakeholders?” (Joahannesson & Perjons, 2012). This activity takes the
explicated problem as input and produces an outline of the artefact and its
requirements as the output.
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Figure 10: A template of design science research process (Joahannesson & Perjons,
2012).

Design and develop artefact. This is the third activity of design science
research process. In this activity the artefact that fulfils the defined
requirements and addresses the explicated problem is developed. It takes as
the input the artefact outline and its requirements and produces the artefact
that fulfils the requirements and associated knowledge.

Demonstrate artefact. This is the fourth activity of design science
research process. In this activity the use of the artefact is shown in one or a
number of cases to prove its feasibility. It answers the question “how can the
developed artefact be used to address the explicated problem in one case?”
This activity takes artefact as input and produces the demonstrated artefact
with information on the working of the artefact in one case.

Evaluate the artefact. This is the final activity of design science research
process. In this activity the artefact is evaluated to determine how well it is
able to solve the explicated problem and the extent to which it meets the
requirements. It answers the question “how well does the artefact solve the
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explicated problem and fulfil the defined requirements?” (Joahannesson &
Perjons, 2012). This activity takes an artefact as input and produces an
evaluated artefact with information about how well the artefact works and
why.

3.2 The Research Process

The research process specifies the activities within a research project and
defines how they interact. It relates the research goals and the research
strategies and methods to particular phases of the project.

In this section, we describe the research processes behind this thesis. The
research processes are described below and their corresponding graphs
presented in Figures 11, 12 and 13.

3.2.1 The Research Process for the Overall Research Goal

The first research process is the process behind the overall research goal of
the thesis. It aimed: “to design an open and language-independent process
model repository with an efficient retrieval system to support reuse of
process models”. Below we describe the research process as depicted in
Figure 11.

Explicate the problem. The first activity of this research process was to
explicate the problem. In this research, the problem is drawn from a
literature review on process model reuse. Despite their benefits, the existing
process model repositories suffer from several shortcomings that affect their
usability in practice. Therefore this research process is addressing the
following explicated problem: “how to design an open and language-
independent process model repository with an efficient retrieval system to
support reuse of process models?”

Outline artefact and define requirements. The second activity of this
research process was to outline the artefact and define the requirements. The
artefact designed in this research process is the architecture of a process
model repository. To better understand and address issues and challenges
affecting existing repositories it is vital to investigate the requirements for
building such repositories. It is during this activity that the first goal of this
thesis was achieved, that is “to establish the requirements for the process
model repository”. The requirements have been elicited from two different
sources: stakeholders, and literature survey, i.e. documents and existing
systems.

Requirements elicitation from stakeholders. To understand the
requirements for a process model repository, we chose an exploratory
approach. This is because at this point the problem that limited reuse of
process models was not well understood. In addition, very little research on
process model repositories existed. The study was separated into two phases
of (1) generation of preliminary requirements and (2) a confirmatory study,
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which overall involved two categories of stakeholders, i.e. practitioners and
researchers. In the first phase we chose an interview since the method
focuses on information depth and enabled investigation of diverse
requirements (Denscombe, 2010). We used a one-to-one semi-structured
interviews based on a predefined interview instrument (Appendix A.2).
During the interview, audio data were recorded as audio, which were then
transcribed for analysis. The transcript data were analysed using a thematic
analysis technique (Ritchie & Spencer, 2002). The analysis of the five
responses from the interviews produced requirement propositions that
expressed suggestions for requirements for a process model repository (Elias
& Johannesson, 2012). In order to validate these propositions, we conducted
a confirmatory study with a larger set of 30 participants (researchers and
practitioners) who participated in the second Working Conference on the
Practice of Enterprise Modelling (POEM 2009) (Zdravkovic, 2009). A
questionnaire was used for validating the requirement propositions. The
guestionnaire included additional column to allow for more
comments/ideas/suggestions from the respondents (see Appendix A.3). The
analysis of the 25 responses produced requirements for a process model
repository.

Requirement elicitation from literature. The requirements from the
literature (documents, existing process model repositories, etc.) were elicited
through a systematic review approach (Kitchenham, 2004; Kitchenham &
Charters, 2007). The process consisted of three major steps: planning,
conduction and requirement establishment. In the planning step we defined
the research objectives and the review protocol. In the conduction step we
identified, selected and evaluated the primary studies according to the
inclusion and exclusion criteria established in the defined protocol. This was
based on publications in academic as well as trade journals and conferences.
To identify the primary studies we searched relevant journals by using
Google Scholar. For each selected study, data were extracted and
synthesized. Finally, in the requirements establishment step the requirements
were established through brainstorming in the discussion group.

Design and develop artefact. The third activity of this research process
was design and develop the architecture of the process model repository. It
was during this activity that the fourth goal of this thesis was achieved. The
method used to design the architecture was a synthesis-based architecture
design (SYNBAD) approach (Tekinerdogan & Aksit, 2002). SYNBAD was
chosen because the scoping of the architecture is not only based on the
stakeholders’ perspective, but also on a systematic problem-solving
perspective (Tekinerdogan & Aksit, 2002). The design of the architecture
consisted of four iterative subactivities: technical problem analysis, solution
domain analysis, create architecture and describe the architecture.

The first subactivity was technical problem analysis. In this subactivity,
the requirements specified in the previous activity were generalized and then
mapped to technical problems. Technical problems were then decomposed
into subproblems, which could be solved individually. Before moving to
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solve the subproblems, however, prioritization was carried out to determine
which subproblem needed to be solved first.

The second subactivity was solution domain analysis. In this subactivity,
we identified and prioritized the solution domains for every subproblem
defined in the technical problem analysis. This was done through discussion
and systematic literature search using Google Scholar. Then the knowledge
sources, for each solution domain, were defined and prioritized. After
studying and analysing the solution domain knowledge, the fundamental
architectural concepts were extracted. The concepts were then structured to
create the architecture flow chart using relations that are derived from the
solution domains.

Prior to creating the final architecture, in the next subactivity, two
conceptual models that represented architecture information models were
developed and evaluated. These were: (1) a semantic annotation model for
semantically annotating process models in the repository to facilitate
understanding, searching and navigating the repository, and (2) a business
process relationship meta-model for identifying and defining the relationship
between business processes in the repository to facilitate navigating the
repository. The construction of the two models marks the achievement of the
second and third research goals, which are the main contributions of this
research work. The detailed research processes for developing the two
models are presented in Sections 3.2.2 and 3.2.3. Below we describe the
research process for the design and development of the architecture.

The third subactivity was to create the architecture. The concepts
represented in a conceptual structure were then used to create the
architecture by instantiating the Service Oriented Architecture (SOA)
reference architecture as an architectural style (Erl, 2005). SOA was chosen
because it allows for increased scalability, flexibility and integration in
comparison to other architectural styles (Erl, 2005).

The fourth subactivity was to describe the architecture. The architecture
is described based on the ISO/IEC/IEEE 40120 standard (ISO/IEC/(IEEE),
2011), as it offers different viewpoints for describing the system
architectures.

Evaluate the artefact. The fourth activity of this research process was to
evaluate the architecture as the artefact. To evaluate the proposed
architecture, we used the informed argument (Hevner et al, 2004; Peffers et
al, 2012) evaluation method. This method was appropriate as it allowed the
use of requirements specification as the knowledge base from which the
utility of the proposed architecture was examined. We performed a
systematic analysis on how the architecture fulfils each of the established
requirements. In addition, a prototype that implemented some of the
components of the architecture serves as a proof of concept to show the
feasibility of the architecture implementation.

The theoretical foundations used in the research process were business
process management, requirements engineering, software and systems
engineering, reusable object repository theory, software component reuse
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knowledge, service oriented-architecture (SOA), and software architecture
evaluation methods.

3.2.2 The Research Process for Goal 2

The second research process is the process behind the second goal of the
thesis. It aimed: “to develop and evaluate a semantic annotation model for
semantically annotating process models in the repository”. Below we
describe the research process as depicted in Figure 12.

Explicate problem. The first activity of this research process was to
explicate the problem. In this research, the problem is drawn from a
literature review and a survey (Elias & Johannesson, 2012b) of existing
process model repositories, carried out to identify the challenges that limited
their use. One of the main findings is that the existing repositories lack
effective instruments for searching and navigating their content. In order to
ruse, users must be able to find process models with less effort (efficiently)
and that meet their business needs (effectively). Therefore this research
process is addressing the following explicated problem: what kind of
information is required for describing process models that should be
included in the repository structure to improve (1) searching for process
models; (2) navigation of a process model repository; and (3) the
understandability of process models?

Outline artefact and define requirements. The second activity of this
research process was to outline the artefact and define the requirements. The
artefact designed in this research process is a semantic annotation model for
semantically annotating process models stored in the repository to facilitate
searching, navigation and process model understanding. In accordance with
design science research (Peffers et al, 2007; Joahannesson & Perjons, 2012),
a set of requirements for the annotation model were established to guide the
design and development activity. The requirements were elicited through a
systematic literature search — the review of related work (Kitchenham &
Charters, 2007). In addition, the lesson learnt from the overall requirements
of the repository (in the first research process) and review of existing
repositories provided more input to the establishment of the annotation
model requirements.

Design and develop artefact. The third activity of this research process
was to design and develop the semantic annotation model. The specified
requirements were used as input to the development of the annotation model.
The design and development of the annotation model consisted of three
steps. In the first step we identified potential annotation elements through
literature search and document studies. In the second step, the identified
elements were validated in a “confirmatory study” using a questionnaire. To
accommodate new annotation elements from the respondents, the
guestionnaire was designed (see Appendix A.4) to allow them to provide
comments on each potential element or suggestions for additional potential
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annotation elements. Finally, the validated annotation elements and the
feedback from participants were used to construct the annotation model
through brainstorming in group discussions.

Demonstrate artefact. The fourth activity of this research process was to
demonstrate the artefact. The application of the annotation model was
demonstrated using a running example as a “case study”. A repository
prototype that implements the annotation model was used to annotate and
store process models in the repository. This was followed by a
demonstration of how the annotation-based search (ABS) mechanism is used
to find relevant process models, how to navigate the repository based on the
annotation and how the annotation helps a user to understand process
models. The implementation of the annotation model in the repository
prototype and running example served as a proof of concept showing that the
model could be used as intended.

Evaluate artefact. The last activity of this research process was to
evaluate the designed artefact. An ex post strategy was chosen, i.e. the
artefact was deployed for evaluation (Joahannesson & Perjons, 2012). We
adopted a method evaluation model (Moody, 2003) as a framework to
evaluate the annotation model. The annotation model has been evaluated in
two different studies using controlled “experiments” to test its performance
on model retrieval. The experiment was chosen since it is the most
appropriate evaluation strategy for evaluating the performance of models and
methods in design science research (Peffers et al, 2012). In both studies, user
perceptions of the annotation model are evaluated using post-task “survey
questionnaires”, which followed experimental tasks.

The theoretical foundations used in this research process were
information retrieval knowledge, business process management, semantic
annotation concepts, business frameworks (i.e. REA, BMM, Open-EDI,
Porter Value Chain), and the method evaluation model.

3.2.3 The Research Process for Goal 3

The third research process is the process behind the third goal of the thesis. It
aimed: “to develop and evaluate a model for identifying and defining the
relationship between business processes”. Below we describe the research
process as depicted in Figure 13.

Explicate problem. The first activity of this research process was to
explicate the problem. One of the issues in the design of the process model
repository is the need to identify and define the relationship between process
models in the repository. Therefore this research process is addressing the
following explicated problem: “what kind of relationships between business
processes should be defined to improve navigation and usage of process
models in the repository?”
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Outline artefact and define requirements. The second activity of this
research process was to outline the artefact and define the requirements. The
artefact designed in this research process is a business process relationship
meta-model for identifying and defining the relationship between business
processes in the repository. In accordance with design science research
(Peffers et al, 2007; Joahannesson & Perjons, 2012), a set of requirements
for the relationship meta-model were defined to guide the development of
the model. The requirements for the meta-model were elicited through a
systematic literature search — the review of related work.

Design and develop artefact. The third activity of the research process
was to design and develop the business process relationship meta-model.
The design of the relationship meta-model has been achieved through a
three-phase process.

Phase 1: In the first phase, we identified potential process relationship
concepts that can be used in the repository. Two sources were used for
identifying the relationships between business processes. The first source is
the existing literature on process model repositories. Here we performed a
literature analysis that resulted in a number of relationships. The second
source was our own research project that aimed at the development of a
procedure to find all processes in an enterprise. Two major types of
interconnection between the business processes were identified and defined
through group discussion and brainstorming (Bider et al, 2012). They are
process-assets and asset-processes archetypes. The process-assets archetypes
help to identify all the assets needed to successfully run a business process
and the asset-processes archetypes help to find all processes needed to
manage the asset. While process-assets and asset-processes archetypes
served as a method to find all processes in an enterprise, they also provided
relationship semantics that links the business processes of an enterprise.

Phase 2: In the second phase, we validated the process-assets and asset-
processes archetypes (Elias et al, 2014). A case study was chosen as a
research strategy to evaluate the suitability of the archetypes. This is because
our aim was to instantiate the archetypes in a real-world case, in this case the
department of computer and systems sciences (DSV) of Stockholm
University (SU). The validation consisted of several activities. (i) The first
step was an investigation of business processes in the department. The data
were collected through one-to-one semi-structured interviews with nine
business domain experts (including directors, heads of academic units and
operation staff). This allowed us to get an in-depth understanding of how the
higher education institution works (Denscombe, 2010). The interviews were
based on a predefined interview instrument (Appendix A.6). During the
interviews, data were recorded as audio from nine business domain experts,
which were then transcribed for analysis. In addition, as a complement to the
interviews data were also collected by analysing formal documents provided
during the interviews. The analysis of the responses from the interviews and
document analysis produced a set of business processes performed at the
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department. (ii) In the second step, using the results from the first step we
applied the archetypes to build the educational process architecture. This was
achieved through brainstorming in discussion groups. (iii) In the third step,
the produced process architecture was presented to the business domain
experts from the departments. This was followed by evaluation of the
process architecture by the business domain experts. A semi-structured
interview was chosen for the evaluation. The presentation and interview
were also conducted using a one-to-one approach. The analysis of the seven
responses from the interviews allowed us to evaluate the archetypes and
relationship semantics, which created the process architecture.

Phase 3: In the third phase, we constructed the meta-model. This was
done first by integrating existing process relationships used for defining and
maintaining process model relationships in the repository. Then the existing
concepts were integrated with the relationship semantics from process-assets
and assets-processes to define the meta-model. The data collected from the
case study were used as examples to describe the meta-model.

Evaluate artefact. The last activity of this research process was to
evaluate the meta-model. The meta-model was evaluated by analysing how it
meets the established requirements. This was achieved through an informed
argument (Hevner et al, 2004). The application of the meta-model in the
repository has not been tested because it has not been implemented in the
repository.

The theoretical foundations used in this research process were enterprise
modelling, business process management and the SEQUAL framework.
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4 Requirements for a Process Model
Repository

4.1 Overview

The chapter investigates requirements for a process model repository. The
investigation is intended to seize the most essential requirements that
repositories must fulfil in order to increase the probability of process model
reuse. We have elicited the requirements from two different sources:
stakeholders and existing literature. The chapter presents a step-by-step
process that describes how the requirements were elicited, analysed and
established from the two sources. We begin by describing the requirements
elicitation and analysis process from the stakeholders. This is building on
Paper Il as listed in section 1.5 of Chapter 1. We show how the requirements
were elicited through an exploratory study and then validated through a
confirmatory study. A detailed discussion of the analysis of the responses
between researchers and practitioners who participated in the confirmatory
study is presented. Requirement statements from stakeholders as the results
of the analysis are then presented. The chapter also describes the
requirement elicitation and analysis process from existing repositories and
associated documents from the literature. We show a step-by-step process
ranging from panning, conduction and establishment of the requirements
statements. A detailed discussion of the search criteria and strategy is
provided. We show and discuss how sources were identified and selected,
and how the requirements were extracted from the selected sources. We then
present the requirement statements from the literature as the results of the
analysis. The chapter then presents the specifications and justifications of
the requirement statements from both stakeholders and the literature. The
chapter also discusses some of the related work. Finally the chapter
concludes with some key remarks about the requirements.

4.2 Requirements Elicitation from Stakeholders

Requirements elicitation is the process of seeking, discovering, acquiring,
and expounding requirements for the software systems (Kotonya &
Sommerville, 1998; Zowghi & Coulin, 2005). Requirements may be
obtained from various sources in a variety of formats (Kotonya &
Sommerville, 1998; Zowghi & Coulin, 2005). The most obvious source of
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requirements for the system is the stakeholders — users and subject matter
experts who understand the problems and needs. Another source for eliciting
the requirements is the existing systems and processes. EXisting
documentation about the existing systems can provide useful information
about the requirements for the new system that need to be developed and
their supporting motivation and significance (Kotonya & Sommerville,
1998; Zowghi & Coulin, 2005). Therefore, in order to establish the
requirements for the process model repository we chose to elicit the
requirements from two different sources: stakeholders of the system, and
existing repositories and documentation about existing repositories.

In this section we present the elicitation and analysis of the requirements
for a process model repository from stakeholders. The elicitation and
analysis of the requirements from the existing repositories and
documentation are discussed in the next section. The process of gathering
requirements from stakeholders consisted of two phases as shown in Figure
14: an exploratory study and a confirmatory study.

The first phase was an exploratory study, which aimed at gathering
comments, ideas, suggestions, and opinions on requirements for process
model repositories from both researchers and practitioners. The study was
designed to collect as many suggestions and ideas as possible, encouraging
the participants not to restrict their responses. It is therefore, for this reason
the exploratory study consisted of an open-ended questionnaire that was
used in an oral interview. The collected responses were reformulated into
propositions that expressed requirements suggestions for a process model
repository. Since the purpose was to identify propositions we limited the
participants to a small number of experts.

The second phase was a confirmatory study, which aimed at validating
the identified propositions. A total of 30 participants participated in the
study while responses from 25 participants (16 researchers and 9
practitioners) were used for the study (see Table 2).

Phase 1: Phase 2:

Exploratory Study Confirmatory Study
Requi_r(_ame_nts Requirem_ents Requirements Requirements
Identification Comments, Analysis » Validation Validated Definition

Ideas, Requirements Requirements

Suggestions propositions , Comments

Figure 14: Stakeholders’ requirement elicitation process.

The purpose of this study was to validate the propositions by letting a
number of participants judge the validity of the propositions. It is therefore,
for this reason a larger number of experts were involved in the validation.
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Finally, based on the analysis of the data collected from the confirmatory
study, requirements for a process model repository are suggested.

Table 2: The study participants

Study type Method Total participants Participant type No. of
participants
Exploratory Interviews 5 Practitioners 2
Study Researchers 3
Validation Survey 25 Practitioners 9
Study Researchers 16

4.2.1 Exploratory Study

In this section we describe how the exploratory study was conducted.
Furthermore, the analysis of interviews is discussed in order to define a set
of propositions.

4.2.1.1 Selection of Participants

In order to include both industrial and academic perspectives the study
involved both practitioners and researchers. A total of five participants were
interviewed. Of the five interviewees, three were researchers and two were
practitioners. The researchers are academics who are doing research in
business process modelling and enterprise modelling in general. The
practitioners are experts who have worked for more than a decade in the
business process management industry and have worked on various projects
as business analysts or modelling experts.

4.2.1.2 Questionnaire Preparation
The questionnaire was prepared using information gathered from the
literature study, personal experiences and our previous research work. The
guestions were open-ended (see Appendix A.2) so that the interviewees
could discuss their experiences, important issues and problems faced when
modelling and reusing process models.

4.2.1.3 Conducting the Study

During the interview each respondent was given a copy of the questionnaire
to enhance his or her understanding of questions. Each interview lasted for
approximately one hour and all the interviews were recorded. Based on the
answers of the participants some follow-up questions were asked to pursue
interesting issues that came up during the conversation. The interviews were
recorded with the participants’ knowledge.

4.2.1.4  Analysis

A thematic analysis (Ritchie & Spencer, 2002) was used to code and
scrutinize the audio data from the interview to identify key concepts,
categories and themes.
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The analysis of the interviews indicates that modelling business processes
from scratch is difficult and time-consuming. This has also been affirmed in
existing studies (Markovic & Pereira, 2008b; Hornung et al, 2009;
Rodrigues et al, 2006). Another challenge indicated by the respondents is the
difficulties of getting information from the people working in a business
process. They agreed that reuse of process models may reduce these
challenges, which justifies the need for a process model repository.
However, practitioners pointed out that the reuse of process models heavily
depends on the quality of the content stored in the repository.

The detailed analysis of the collected data showed that the features and
characteristics most desirable for a process model repository to support reuse
of process models can be grouped into: business domain perspective,
modelling language support, business process representation, business
goals association, business process evolution and business environment.

Business domain perspective. Process model reuse implies taking a
process model from the repository and using it as a starting point for
modelling organization-specific processes. The response from interviews
indicates that a lot of effort may be required to redesign a process model that
is specific to a particular domain before it can be reused in a different
domain. Therefore, a repository that is not limited to domain-specific
process models may increase the flexibility of sharing, modifying and
therefore reusing process models.

Modelling language support. A number of process modelling languages
(e.g. BPMN, EPC and YAWL) are used for modelling business processes.
These languages have different constructs, therefore specifications of a
business process may vary from one language to another (List & Korherr,
2006). The interviews indicate that users of one modelling language may not
understand a process model written in another language. Therefore, a
repository that supports different modelling languages may increase the
chance of process model reuse.

Business process representation. The description of a business may exist
in two forms: textual representation and graphical representation. The
responses from the interviews show that while it is easier to store and share
processes in textual form, it is much easier for users to comprehend a
business process in a graphical representation. Therefore, providing
graphical representations of business processes will increase the likelihood
of comprehending and reusing them.

Business goals association. A goal is a condition or state of affairs that an
actor wants to hold (Edirisuriya, 2009). The purpose of a business process is
to achieve one or more goals. The respondents indicate that one of the most
important aspects users consider when searching for a business process is
whether it can achieve a certain goal or not. Therefore, relating process
models with goals in the repository can help users to understand and thereby
reuse process models.

Business process evolution. The dynamic and competitive nature of most
business environments requires organizations to often change and adapt their
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business processes to meet specific business demands (Zhao & Liu, 2007).
The respondents indicated that the original and adapted processes should be
maintained in the repository for future reuse. In addition to that, the
importance of representing a business process with different levels of detail
in a repository was discussed by respondents.

Business environment. The response of the interviews indicate that in
order to reuse process models it should be possible to easily locate the
required process, i.e. through navigating, searching, querying, etc. In
addition, it is important to know the environment in which a process can or
is intended to work. The respondents suggest that this environment consists
of the business context in which the business process can be applied, the
goals of the process and the actors of the process.

Table 3: The derived propositions

ID Propositions

P1 A domain expert can understand a process related to its domain written in
any process modelling language.

P2  Experts of a process modelling language with common knowledge of a
domain can understand any process model in that domain written in a
language of his/her expertise.

P3  Reuse of process models can simplify the work of modelling business
processes, improve modelling efficiency and reduce the cost of modelling
business processes.

P4 A process model written in one process modelling language is difficult to
reuse for users of another language.

P5 Domain-independent process models can be reused for modelling specific
business processes in an enterprise.

P6 A graphical representation of a business process is easier to understand than a
textual representation.

P7  Communication gaps between business experts and IT designers often cause
problems in understanding process models.

P8 A process model repository can help reduce the gap between business experts
and IT designers.

P9 A process model repository can play an important role in reusing process
models.

P10 A repository can support reuse even if only fundamental elements (activities,
agents, control flow) of process models are stored, i.e. composite tasks,
intermediate events etc. are omitted.

P11 Inarepository, it is useful to represent the same process using several
process models with different levels of detail.

P12 A repository should maintain multiple versions of all its process models.

4.2.15 Propositions

Propositions are the suggestions of the requirements for a process model
repository that are derived from the analysis of the interviews. The
interviews were carefully transcribed and all the issues discussed by the
interviewees were listed, i.e. we were exhaustive in our approach to include
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all the suggestions gathered from the experts. Following that, the conflicting
statements were omitted and similar statements were grouped and rephrased
in such a way that redundancy could be avoided. Table 3 provides the list of
propositions.

4.2.2 Confirmatory Study

Since only a small number of participants (five) were involved in the
exploratory study, a confirmatory study was conducted to affirm the
propositions. In this section, a brief overview of the criteria used for
selecting the participants and the study procedure is presented followed by
an analysis of the data collected through the empirical study.

4.2.2.1 Questionnaire Preparation

For validating the propositions elicited from the interviews a questionnaire
(see Appendix A.3) was prepared. Prior to conducting the study, a pilot
study was conducted to check the consistency of the questionnaire. In this
case the guestionnaire was sent to six participants and responses from four
participants (67%) were received. Based on the feedback of the pilot study,
the questionnaire was revised, i.e. the language of some questions was
improved and one question was removed from the questionnaire. In addition
to that, the questionnaire was divided into two sections, one related to the
content of the repository and another to the repository itself. The
guestionnaire had a set of propositions and an evaluation scale from 1 to 5.
A score of 1 is for strongly disagree, 2 is for disagree, 3 is for not sure, 4 is
for agree and 5 is for strongly agree. The design of the questionnaire
allowed participants to provide additional comments on each question.

4.2.2.2 Conducting the Study

The participants of the study consisted of researchers and practitioners who
attended the 2" IFIP WG 8.1 Working Conference on the Practice of
Enterprise Modelling (POEM”09), Stockholm, Sweden (Zdravkovic, 2009).
A total of 37 participants were given the questionnaire, from which 30
participants submitted their completed questionnaire, making the response
rate 81%.

During the study, participant information was kept partially anonymous,
i.e. personal information (name, email, etc.) about participants was not
collected. However, information about area of expertise was collected in
order to ensure that only data from process or enterprise modelling experts
was collected. Furthermore, role information (researcher/practitioner) was
collected in order to distinguish between the responses from researchers and
practitioners.

4.2.2.3 Selection of Participants

Only the responses from participants who met the following criteria were
included: a) area of expertise is business process and/or enterprise
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modelling; b) for researchers the minimum qualification is PhD student.
Furthermore, incomplete responses and participants who had not marked
their profession (researcher and/or practitioner) were omitted. Therefore, the
confirmatory study includes data from 25 participants (9 practitioners and 16
researchers), which is 83% of the response.

4.2.2.4 Analysis

In order to validate the propositions, the data collected from the
confirmatory study is analysed and discussed. Furthermore, the analysis of
the differences between responses from practitioners and researchers is
discussed.

Propositions Analysis

For analysing the propositions, a frequency distribution analysis has been
used in order to identify the distribution of responses over a scale of 1 to 5
(strongly disagree to strongly agree). Figure 15 shows the frequency
distribution of the propositions from P1 to P12. The y-axis represents the
propositions whereas the x-axis represents the percentage of the response.
The different colours of the bars represent different values (1 to 5) as shown
in the graph key. From the graph it is evident that a large number of
participants at least agree (either agree or strongly agree) with most of the
propositions. Table 4 presents detailed results of the frequency distribution
of each proposition and important results are discussed below.
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Figure 15: Frequency distributions of propositions (P1-P12).

From Figure 15 and Table 4 it can be seen that a large percentage (80%) of
participants at least agrees (either agree or strongly agree) with P2 (Experts
of a process modelling language with common knowledge of a domain can
understand any process model in that domain written in a language of his/her
expertise). The results indicate that the understanding of a business process
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depends upon the knowledge of the process modelling language rather than
the knowledge of the domain to which the process belongs.

A proportion of 88% of the participants at least agrees (either agree or
strongly agree) with P3 (reuse of process models can simplify the work of
modelling business processes, improve modelling efficiency and reduce the
cost of modelling business processes). These results are consistent with the
results obtained from the exploratory study (interviews). Furthermore, some
participants added that in their experience “once modelling time of processes
is reduced the saved time can be used for optimization of processes”.

Table 4: Propositions analysis (P1-P12)

Proposition Strongly  Disagree Not Agree Strongly
S Disagree % Sure % % Agree %
%

P1 12 36 32 20 0

P2 0 12 8 64 16

P3 0 0 12 40 48

P4 4 48 24 24 0

P5 0 4 16 64 16

P6 0 4 16 44 36

P7 0 4 4 44 48

P8 4 8 40 44 4

P9 0 0 24 40 36

P10 0 16 16 44 24

P11 0 0 8 63 29

P12 0 4 40 36 20

A proportion of 52% of the participants at least disagree (either disagree or
strongly disagree) with P4 (a process model written in one process
modelling language is difficult to reuse for users of another language),
whereas 24% are not sure about P4. This means that a process model written
in one language is not difficult to reuse for users of another language.
Therefore, a process model repository may support reuse for a large
percentage of users even if multiple process modelling languages are not
supported by the repository.

A large percentage (92%) of participants at least agree (either agree or
strongly agree) with P11 (In a repository, it is useful to represent the same
process using several process models with different levels of detail),
whereas the remaining 8% were not sure. Therefore, the repository should
support multiple views of a process (with different levels of detail). The
view management functionality for process repositories has also been
discussed in existing studies such as the work by Yan et al (2012).

Practitioners and researchers comparison

In this subsection we compare and contrast between the responses from
practitioners and researchers to determine any significant differences. This is
done by analysing the variance between the responses from practitioners and
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researchers by using an ANOVA test with the help of an online calculator
available at (Measuring Usability LLC, 2004). The ANOVA for unequal
sample size is used for the comparison because the number of practitioners
is not equal to the number of researchers. Table 5 presents the results of the
analysis, and the main findings are discussed below.

Table 5: Analysis of variance between practitioners and researchers

Propositions Mean StDev P-Value
P1 P=278,R=25 P=1.09,R=0.89 0.263
P3 P=4,R=456 P=0.87,R=051 0.0511
P5 P=411,R=381 P=033,R=0.83 0.1106
P7 P=433,R=438 P=1R=0.62 0.4555
P9 P=378,R=431 P=0.83,R=0.70 0.0631
P11 P=389,R=412 P=033,R=1.26 0.2442

where P is for practitioners and R is for researchers.
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Figure 16: Researchers and practitioners comparison on proposition P3.
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Figure 17: Researchers and practitioners comparison on proposition P5.
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Figure 16 shows that there is a significant difference between practitioners
and researchers in supporting P3 (reuse of process models can simplify the
work of modelling processes, improve efficiency and reduce modelling
cost). Furthermore, from Table 5 it can be seen that the deviation in response
between practitioners (StDev = 0.87) is less than that of researchers (StDev
= 0.51), which implies that researchers are more confident about P3.
Therefore, it is likely that the reuse of process models is more accepted by
the research community than among practitioners.

Figure 17, shows that there is a significant difference between
practitioners and researchers in the acceptability of P5 (domain-independent
process models can be reused for modelling specific processes).
Furthermore, from Table 5 it can be seen that the deviation in response
between practitioners (StDev = 0.33) is significantly less than that of
researchers (StDev = 0.83), which implies that practitioners are prepared to
adopt domain-independent process models more than researchers.

Table 6 summarizes the requirements identified from the validation of the
propositions. The second column refers to the propositions and the third
column refers to the key concepts related to the requirements.

Table 6: Requirements (from stakeholders)

RN | Requirement Propositions | Concepts

R1 | The repository should be able to store P4 Modelling
process models in at least one process language
modelling language. support

R2 | The repository should allow process P5 Domain
models to be stored regardless of their independence

domain — storing both domain-specific
and generic process models.

R3 | Process models in the repository P6 Representation
should be represented in both
graphical and textual form.

R4 | The repository should store both P7 Business model
business and process models. inclusion
R5 | In the repository, a business process P11 Granularity

should be represented by several
process models with different levels of

detail.

R6 | The repository should allow multiple P12 Versioning
versions of a process model to be
maintained.

R7 | A process model should be annotated Annotation

with information that can facilitate
searching, navigating and interpreting
of process models.

R8 | Process models in the repository Classification
should be categorized based on widely scheme
accepted classification schemes to
facilitate navigation.
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4.3 Requirements Elicitation from Literature Survey

The requirements elicitation was also based on the findings of the literature
survey. This method was appropriate, as the new solution would perform the
same sorts of tasks as the other repository solutions, except in the way that
they support the reuse of process models.

We have applied the three steps of systematic review (Kitchenham &
Charters, 2007) in order to obtain requirements for the process model
repository from the literature: planning, conduction and requirements
establishment. Next, these steps are discussed in more detail:

Phase 1:
Planning
Y

Phase 2:
Conduction

Phase 3:
Requirement
Establishment

List of

Protocol Requirements

Included II

Primary Studies

Figure 18: Requirement elicitation — a systematic
review process.

4.3.1 Planning

In the first step, a review protocol was prepared. The review protocol
comprised the research questions, search strategy, search sources, and
criteria for inclusion and exclusion. Suitable research questions are vital to
successfully establish the set of requirements. In this research, we were
interested in identifying: “requirements for the design of the process model
repository for process model reuse”. Therefore our main research question
was “which requirements have been considered during the design and
development of the process model repositories?”

With regard this research question, we identified the main keywords:
“process model repository” and “process model reuse”. Then we found
related terms for these keywords: “business process repository” and
“business process reuse”. The search source for our systematic review was
Google Scholar.

Another task was to define the inclusion criteria (IC) and exclusion
criteria (EC). These criteria enables the inclusion of primary studies that are
relevant to answer the research questions and exclude irrelevant studies.
Thus, the inclusion criteria are:

i. The title of the primary study explicitly includes or implicitly refers to
the area of interest: “business process model repository”.

ii. The primary study describes or proposes a repository of business
processes.

iii. The primary study describes or discusses reuse of business processes or
process models.

64



Thus, with regard to the review protocol, the conduction of the systematic
review followed in the next phase.

Table 7: Selected primary studies

SIN Authors Year | Brief Description

S1 Malone et al 2003 | Discusses MIT process handbook

S2 Shahzad et al 2009 | Requirements for a process model
repository

S3 Yan et al 2012 | A framework and survey of business
process repository

sS4 La Rosa et al 2011a | Discusses an advanced process model
repository

S5 Jinatal 2013 | Discusses a method for effecting

querying of large process model
repositories

S6 Kunze and Weske 2011 | Discusses an indexing approach that
saves comparison operations during
search

S7 Eid-Sabbagh et al 2012 | Discusses requirements, design and
implementation for a process library

S8 Qiao et al 2011 | Discusses an approach to cluster and
retrieve business processes

S9 Jung et al 2009 | Discusses methodology of business
process clustering based on process
similarity

S10 Decker et al 2008 | Discusses an online process modelling
platform

S11 Fantinato et al 2012 | A survey of reuse in the business
process management domain

S12 Aldin & de Cesare 2011 | A survey of existing literature on the
problem of BPM reusability

S13 Holschke et al 2009 | Discusses process granularity as a

factor in design tasks under reuse

4.3.2 Conduction

In the second step, we conducted a systematic literature search in accordance
with the review protocol. We conducted a search of primary studies by
observing all studies that matched the search string in the search sources. A
total of 67 primary studies were identified. This was followed by selection
of the primary studies, through reading of titles and abstracts and applying
the inclusion and exclusion criteria. A total of 25 primary studies were
considered for full reading as well as application of inclusion and exclusion
criteria. Only primary studies that contributed to obtaining requirements of
the process model repository were considered. Finally, 13 studies, as shown
in Table 7, were considered the most relevant to the requirement elicitation.
This table presents the authors, publication year and a brief description of

65



the primary studies. In the next step, the requirements of the process model
repository are extracted based on these primary studies.

Table 8: Requirements (from the literature)

RN | Requirement Source Concepts

R9 | The repository should provide a | S4,S5,S6 | Similarity
mechanism to enable analysis and search
comparison of similarities  between
process models for easy retrieval

R10 | In the repository the relationship between | S1, S2 Process
process models should be defined and Relationship
maintained to enable users to identify and
find process models that are related to a
candidate process model

R11 | It should be possible for users to create | S10 Process
new process models or edit existing ones modelling
online

R12 | It should be possible to integrate the | S3 Integration
repository with external modelling tools,
repositories to allow exchange of process
models and other process information

R13 | The repository should provide an access | S3, S7 Access control
control mechanism to enable sharing and
exchange of process models

R14 | The repository should accommodate future | S2 Extensibility
expansions of the repository content and
structure

R15 | The repository should provide tools and | S3 Configuration
mechanisms to manage changes to both management
repository  contents  structure  and
functionalities

R16 | The repository should provide a | S11,S13 | Granularity
mechanism to manage process model
granularities

R17 | Process models in the repository should be | S8, S9 Clustering
clustered to enable easy retrieval

R18 | The repository should store other | S4, S11, | Patterns,
information along with process models to | S12 fragments
enable redesign of process models from
higher-level process knowledge

R19 | The repository should provide a | S3,S11 Versioning
mechanism to manage process model
variants

4.3.3 Requirement Establishment

In order to establish the set of requirements of the process model repository
for process model reuse, we have again conducted a full reading of each
primary study (listed in Table 7). We have extracted the requirements and
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written down a set of requirements provided by each study. Subsequently,
we have examined each set of requirements and synthesized them in a
distinctive set of requirements. Finally, 11 requirements were identified. The
requirements are listed in Table 8. The second column refers to the
requirements and the third column is related to the sources that contributed
to establishing that requirement. For instance, requirement R9 (Similarity)
has three sources: primary studies S4, S5 and S6. Furthermore, in order to
support the design of the process model repository, the fourth column
presents the concept related to each requirement.

4.4 Requirements Specification and Justifications

Primarily based on the analysis of the stakeholder requirements and
requirements from literature search we define and justify the following
requirements for a process model repository. It is notable that the presented
requirements can be extended and adapted based on the primary purpose of
the repository.

Requirement 1. Standard process model notation support

The reuse of a process model depends on the ease with which a user can
comprehend, transform and adapt it for the specific business needs. The use
of standard process modelling notation makes it easier to comprehend,
transform and adopt process models for reuse. While there are several
standard modelling notations (e.g. BPMN, EPC, YAWL, etc.), the study has
shown that users of one modelling notation can understand and reuse
process models written in another notation; therefore a repository should
support at least one standard process modelling notation.

Requirement 2. Domain-independent process model support

The reuse of process models implies taking a process model from the
repository and using it as a starting point for modelling organization-specific
processes. Process models that are specific to a particular domain may
require a great amount of customization before they can be reused in a
different domain. A repository that is domain-independent (not restricted to
domain-specific process models) will increase the flexibility of sharing,
modifying and thus reusing process models. Therefore the repository should
allow process models to be stored regardless of their domain — both domain-
specific and generic process models.

Requirement 3. Process model representation

Graphical notation is considered easier to comprehend than textual notation
(Bauer & Johnson-Laird, 1993; Stenning & Oberlander, 1997). In contrast,
graphical notation is not as expressive as textual notation since some aspects
of business process characteristics cannot be specified completely using only
diagrams (Petre, 1995). The combination of graphical notation and textual
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notation in specifying a business process may build a synergy between the
two notations. Therefore, process models in the repository should be
represented in both graphical and textual form.

Requirement 4. Business model definition

A business model provides a high-level view of the business activities
performed by an enterprise, stating what is offered by whom to whom,
whereas a process model focuses on the operational and procedural aspects
of these activities — how a particular business case is carried out (Bergholtz
et al, 2003). Providing both business and process models in the repository
may enable users to identify clearly a process model that meets their
business requirements. Therefore, a repository should provide the definition
of both the business and process models.

Requirement 5. Process model granularity

The granularity of process models may vary depending on the need they
fulfil (Polyvyanyy et al, 2008; Holschke et al, 2009). Top management
require a rather large-grained process description, as they want to have a
general overview of the time and resources needed to accomplish the
process, whereas developers, users and analysts prefer a fine-grained process
model for the details of a business process. Thus, in the repository a
business process should be represented by several process models with
different levels of detail. In addition, it should be possible to view a coarse-
grained process model from detailed ones to meet their needs.

Requirement 6. Version management

Business processes may differ across business units within the same
organization, across organizations within the same industry or across
industries (La Rosa, 2009). Therefore, the same business process may be
represented by different process models. Furthermore, the dynamic and
competitive nature of most business environments requires organizations
continuously to adapt their business processes to new conditions (Bae et al,
2007; Zhao & Liu, 2007). Thus, the repository should provide multiple
versions of process models for the same business process. In addition, it
should be possible to find and view all process model versions of a business
process so that they can choose the relevant model.

Requirement 7. Advanced process model search

Providing efficient search instruments is fundamental to enabling users to
retrieve relevant process models as quickly as possible. When the size of the
repository is very large, it may be difficult for users to find relevant process
models. To narrow the area of the search, we need a way to annotate stored
process models (Andersson et al, 2005). Such annotation may also enhance
users’ understanding of process models in order to decide whether to reuse
them. Therefore, process models should be annotated with information that
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would allow users to narrow down the area of search so they can find
relevant process models more quickly.

Requirement 8. Repository navigation

Searching requires users to enter relevant keywords or annotation to locate
process models (Huang, 2003), whereas navigation (browsing) is a retrieval
process that requires users to navigate a repository by following links from
one item to another (Huang, 2003). To improve the efficiency of the
navigation system, users should be able to navigate the repository content by
process categories so that they can find relevant process models more
quickly. Therefore, process models in the repository should be categorized
based on well-established schemes to improve navigation efficiency.

Requirement 9. Analysis and comparison of process model similarities

For a large collection of process models, a retrieved sample of process
models may contain very similar components differing only in minor design
details. Users of the repository should be able to discriminate very similar
process models and select process models that require the least modification
effort (Shahzad et al, 2009). Therefore the retrieval system of the repository
should provide a mechanism to analyse and compare among similar process
models.

Requirement 10. Process model relationship
One of the recognized issues in designing the process model repository is the
need to define the relationship between business processes in the repository
(Malone et al, 1999; Malone et al, 2003; Shahzad et al, 2009). The purpose
of defining the relationship between process models in the repository is to
allow users to easily find process models that are related to a candidate
process in the repository. A typical scenario for using the process
relationship service in the repository is in user-initiated navigation tasks
where the user retrieves the complete set of relationships for a particular
process model, inspects the relationships, selects the targets and retrieves the
process model of this target possibly along with the relationships that the
target process model participates in.

In the repository the relationship between process models should be
defined to enable users to identify and find process models that are related
to a candidate process model.

Requirement 11. Process modelling

The ability to reuse existing process models includes activities related to
retrieval, adaptation and incorporation. The retrieval step retrieves a list of
process models and selects one that meets the business needs. The
adaptation step generates the target model, usually by modifying the selected
model. The new model is then used to address the specified need. In
addition, the incorporation step takes the newly created process model and
inserts it back into the repository. As new process models are created and
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added to the repository, they in turn can be reused. This requires users to be
able to create or modify process models, share them with collaborators or
make them available to the public (Decker et al, 2008). Therefore, the
repository should allow process models to be created or modified, without
requiring additional software installation for the client side.

Requirement 12. External repository access

There are several process model repositories. Sharing process models across
repositories will increase the probability of reaching a critical mass of
process models. Consequently reuse of process models will improve. With
the advancement of Web technologies, an increasing number of process
model repositories want to share process models over the Web. The most
important requirement to achieve this goal is to build a methodology for
homogeneous access of process models. Therefore, it should be possible to
access and share process models with external repositories.

Requirement 13. Security

The main goal of this research is to design an open and language-
independent process model repository. Publicly open means users must be
able to access and edit stored process models. Security is required to make
such interactions possible and to maintain the correctness and consistency of
the repository content. Therefore the repository should provide a security
mechanism to control access to the repository and operations on process
models to enable sharing and exchange of process models between
contributors.

Requirement 14. Repository capability and information structure
extensibility

For a publicly open repository, the functionalities and the information

structure are expected to grow. Therefore the repository should be designed

to allow and accept any significant extension without major changes to the

architecture and rewriting of code.

Requirement 15. Configuration management

Based on the requirements established so far such as extensibility and
openness, it is obvious that the proposed repository will keep evolving. In
order to ensure that the repository serves the mission of the users who utilize
it while accommodating new changes, it is necessary for the repository to
provide tools and mechanisms to manage expected changes. Therefore the
repository should provide tools and mechanisms to easily manage changes
in the repository.

Some of the requirements gathered from stakeholders (see Table 6) were
similar to or the same as the requirements extracted from the literature (see
Table 8). For example requirement R5 (from stakeholders), is the same as
R16 (from literature search). They are related to managing process model

70



granularity. Requirement R6 (stakeholders) is also the same as requirement
R19 (literature); it is related to version management. Another requirement is
R8 (stakeholders), which is the same as R17 (literature). It is related to
providing process classification to enable easy retrieval of process models
through navigation and searching.

Requirement R4 (stakeholders) is also very similar to R18 (literature); it
is related to storing additional process knowledge that can be reused to
design new models. While R4 identifies business models to be included,
R18 identifies process patterns. Therefore R4 is modified to include R18 in
the requirement specification.

There are also several generic requirements for any repository, for
example multi-user environment, consistency management, content
management, check-in and checkout, etc. In addition, some of the
requirements for the process model repository include those identified (La
Rosa et al, 2011a) for an advanced process model repository. They include
process model evaluation and design. However, in this study only the
specific requirements for a process model repository were addressed.

4.5 Related Work

There have been a few attempts to establish requirements for business
process model repositories. One of the early works is that of Shahzad et al
(2009), who suggest a set of requirements for a business process model
repository to support reuse of process models. This work is part of the
process model repository project, which this thesis is also part of. The
requirements were elicited from reviewing existing process model
repositories. While elicited requirements revealed an understanding of what
the repository system should provide, it is highly recommended to establish
the requirements from stakeholders as a primary source (Kotonya &
Sommerville, 1998). To get a better understanding of the need and the
problem, we elicited the requirements from stakeholders (Shahzad et al,
2010). In addition, we have elicited the requirements from the literature
using a systematic review approach.

Yan et al (2012) is another comprehensive work that defines a set of
requirements for business process repositories. In this work, the
requirements were elicited from existing repositories. The main focus of the
requirements defined in this work was to guide the design of the reference
architecture of a business process repository. Reference architectures are
more abstract, and therefore the defined requirements are also of a general
nature for building a general-purpose repository. Our requirements are
mainly focused on defining the requirements for designing a process model
repository for supporting reuse of process models. However, our work
benefits from this work; it is one of the main sources of our requirement
established through a systematic review of the literature.
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4.6 Summary and Discussion

In this chapter we have managed to establish requirements for a business
process model repository to support reuse of process models. The
requirements have been elicited from the stakeholders as well as from the
literature.

Requirements elicitation from stakeholders was done by collecting initial
results from an exploratory study (semi-structured interviews) and validating
the results through an empirical study (survey). In addition, the differences
and commonalities between practitioners and researchers were discussed.
Based on the analysis of the empirical and the exploratory study, a set of
requirements for process model repositories were suggested.

Requirements elicitation from the existing literature was done through a
systematic review approach. The approach consisted of three steps:
planning, which aimed at establishing the review protocol; conduction of the
review, which aimed at searching for and selecting the primary studies from
which requirements were extracted; and requirements establishment, which
included the extraction of requirements through analysis and synthesis of the
selected studies.

The requirements both from stakeholders and literature were then
specified and justified. In this research, our focus was on requirements that
must be possessed by a process model repository to increase the probability
of process model reuse. Therefore the presented requirements are not
necessarily complete and can be extended based on the aim of a repository.
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5 A Context-based Process Semantic
Annotation Model

5.1 Overview

This chapter presents a context-based process semantic annotation model
(CPSAM) for semantically annotating business process models stored in a
repository. The purpose of the model is to facilitate the searching of process
models, to support navigation of the process model repository and to
enhance the understandability of process models. This chapter builds on
Paper Il as listed in section 1.5 of Chapter 1. The chapter begins by
presenting the requirements that must be fulfilled by the annotation model in
order to address the retrieval problem. We discuss how the annotation model
was developed following a three-step process — identification of potential
annotation elements, validation of the elements and construction of the
model. We then presents a context-based process semantic annotation model
(CPSAM) with the description of each annotation element structured around
business process perspectives as discussed in Chapter 2. The chapter also
presents an example illustrating how the implemented annotation model can
be used to facilitate process model retrieval. The chapter discuses some of
the related work. Finally the chapter concludes with some key remarks about
the annotation elements that constitute the CPSAM.

5.2 Requirements for the Annotation Model

In accordance with the design science research process (Joahannesson &
Perjons, 2012), we have identified a number of requirements for the
annotation model. Only by fulfilling these requirements can the annotation
model reach its objectives of facilitating search, navigation and
understanding of process models in a process repository. The requirements
have been drawn from the literature and the overall repository requirements
established in Chapter 4. The requirements from the literature are drawn
from the principles of indexing and classification (Warner, 2000; Ezran et al,
2002), information retrieval (Ezran et al, 2002) and the conceptual model
quality framework (Lindland et al, 1994).
e High Annotation Consistency. The annotations produced by different
users should be consistent, i.e. two users annotating the same process
model should produce the same or similar annotations. This requirement
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is related to the pragmatic quality of the model (Lindland et al, 1994).
High annotation consistency indicates that there is a common
understanding of the annotation model among users, thereby ensuring
that annotations based on the annotation model will communicate the
same meaning to different people.

High Annotation Correctness. The annotations produced using the
annotation model should be correct. This relates to the semantic quality
of the model (Lindland et al, 1994). High annotation correctness
indicates that the annotation model elements are accurately understood,
thereby ensuring they can be used in a meaningful and correct way.

Ease of Annotation. Annotating process models should be perceived as
easy. High ease of annotation means that process models can be
annotated with minimal difficulty, thereby ensuring that large numbers
of process models can be efficiently annotated. This requirement is
related to requirement 7 and requirement 8, drawn from the interview
and confirmed in the confirmatory study.

Ease of Use. Searching and navigating process models should be
perceived as easy by users. High perceived ease of use means that
process models in a repository can be searched and navigated with
minimal perceived difficulty, thereby ensuring that repository users will
appreciate the experience of using the repository. This requirement is
related to requirement 7 and requirement 8, drawn from the interview
and confirmed in the confirmatory study.

High Usability. Searching and navigating a process model repository
should be more effective, efficient and satisfactory when using models
annotated by the annotation model. This requirement is related to
requirement 7 and requirement 8, drawn from the interview and
confirmed in the confirmatory study.

Enhanced Understandability. Annotating models using the annotation
model should help users to better understand process models. Better
understanding of process models means that users can readily identify
process models that meet their business needs. This requirement is
related to the principles of information retrieval (Ezran et al, 2002).

High Discriminatory Power. The annotation model should be able to
make clear and fine distinctions between process models, thereby
ensuring that processes with different qualities are not annotated in the
same way. This requirement is related to the principles of indexing and
classification (Warner, 2000).

Extensibility. It should be possible to extend and customize the
annotation model. High extensibility means that the model can be used
for many domains, thereby enhancing its general applicability. This
requirement is related to requirement 14, which requires extensibility of
the information structure and functionality of the repository.
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5.3 Annotation Model Development

The annotation model has been developed in three steps: identification of
potential annotation elements, validation of the identified elements and the
model construction, as shown in Figure 19 below. This is related to the
design and develop artefact activity of the research process shown in Figure
12.

Business 1) Potential Process 2) Validation of
frameworks annotation concepls potential

> | elements — | annotation
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Figure 19: Annotation model development process.

5.3.1 Identification of Potential Annotation Elements

An annotation element is a unit of data that describes one of the properties or
characteristics of a business process. In the first step, a set of potential
annotation elements was identified by surveying established business
frameworks, process classification schemes and business process
perspectives. The survey was based on publications in academic as well as
trade journals and conferences. In order to identify annotation elements, we
searched for relevant journal and conference publications by querying
Google Scholar (http://scholar.google.co.uk) using the three keyword
phrases “process classification scheme”, “business modelling” and “business
process modelling”. The results from these searches were narrowed
down to publications fulfilling the following criteria:

i. The title of the publication explicitly includes or implicitly refers to
the area of interest, i.e. business modelling, business process
modelling, and process classification schemes.

ii. The publication describes a characteristic or property of business
processes, or the publication describes or proposes a well-
established business process classification scheme

ili. The publication has a citation score of at least 5 in Google Scholar

Based on the above criteria, 16 publications were selected, and annotation
elements were identified. Studied process classification schemes were
included as annotation elements in this step. The identified elements include:
a) Process description (Malone et al, 2003; Guerin, 2005)
b) Business context as defined by (UN/CEFACT, 2001)
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c) Business goal from business process perspectives (Kueng &
Kawalek, 1997; Lin & Sglvberg, 2007)

d) Domain-specific classification scheme based on Supply Chain
Council (2003) and TM Forum (2009)

e) Generic classification scheme based on Porter’s Value Chain
(Porter, 2008), the Open-EDI framework (UN/CEFACT, 2003) and
the process classification framework (American Productivity and
Quality Center, 2001)

f) Process property (Armistead et al, 1995)

g) Resource from REA (Geerts & McCarthy, 2000; Dunn et al, 2005)
and the process design framework (Curtis et al, 1992)

h) Actor from REA (Geerts & McCarthy, 2000; Dunn et al, 2005) and
the process design framework (Curtis et al, 1992)

i) Process relationship (Malone et al, 2003; Guerin, 2005).

5.3.2 Validation of Potential Annotation Elements

In this second step, the identified annotation elements were validated
through a confirmatory study. The activities of the confirmatory study
included: preparation of the questionnaire, selection of participants,
conducting the study and analysing the results of the study.

Questionnaire preparation. For validating the identified potential
annotation elements a questionnaire (see Appendix A.4) was prepared. The
guestionnaire consisted of a list (from a to i) of the annotation elements as
shown above and an evaluation scale from 1 to 5. A score of 1 is for strongly
disagree, 2 is for disagree, 3 is for not sure, 4 is for agree and 5 is for
strongly agree. The design of the questionnaire allowed participants to
provide additional comments or possible annotation elements on each
guestion.

Participant selection. The participants included 25 volunteer researchers
and practitioners who participated in the 2nd Working Conference on the
Practice of Enterprise Modelling (PoEM’09). Initially 37 participants were
involved in the study, however only 30 responded to the questionnaire. From
the 30 responses, only 25 complete responses were considered for the
validation.

Conduction of the study. The participants were asked to assess whether
annotating business processes with the identified elements would facilitate
the searching, navigating and interpreting of process models in a repository.
During the study, participants were given enough time to provide their
comments regarding the annotation elements, and propose additional
annotation elements.

Analysis and results. To validate the annotation elements, the data
collected were analysed and discussed. The results of the study are displayed
in Figure 20. The y-axis represents the annotation elements from a to i,
while the x-axis represents the percentage of the response. Different colours
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of the bars represent different values (1 to 5) as shown in the graph key. The
graph reveals that a large number of participants agree (either agree or
strongly agree) with most of the elements.

From Figure 20 it can be seen that most of the participants were not sure of
whether generic classification schemes (e) would facilitate searching,
navigation and interpretation of process models. Open EDI phases and
Porter Value Chain are the examples of generic classification schemes. A
detailed analysis revealed that there is a significant difference between
researchers and practitioners in the ability of generic classification schemes
to facilitate the search, navigate and interpret process models. Researchers
support the use of generic classification schemes more strongly than
practitioners. However, in the literature the use of classification schemes for
categorizing business processes is advocated (Shahzad et al, 2009;
UN/CEFACT, 2005; Gao & Krogstie, 2009) as a means to facilitate search
and navigation. Therefore the generic classification schemes were
considered for the construction of the annotation model in the next step.
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Figure 20: Validation of Concepts.

5.3.3 Model Construction

In this step, based on the feedback from the second step, the semantics of
annotation elements and their relationships were defined to form the
annotation model.

Business context, goal, resource, actors and process relationship were
directly included as elements in the proposed context-based process
semantic annotation model (CPSAM). From the generic classification
scheme the following elements were defined: process area (based on
Porter’s Value Chain (Porter, 2008)) and process phase (based on Open-EDI
(UN/CEFACT, 2003)). In addition, we have introduced two further elements
that do not have direct relationships with those in step 2. Instead, these
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elements were derived from the participants’ feedback and their references
to different studies. These elements are process type (based on the REA
ontology (Geerts & McCarthy, 2000; Dunn et al, 2005) and process level
(based on organizational theory (Anthony et al, 1995)).

5.4 CPSAM — Context-Based Process Semantic
Annotation Model

In this section, a context-based process semantic annotation model
(CPSAM) is described (Elias & Johannesson, 2013). CPSAM consists of the
following annotation elements: “process type”, “process area”, “resource”,
“actor”, “organizational level”, “process phase”, “process relationship”,
“business context” and “business goal”, as shown in Figure 21. The
annotation model extends existing process classification schemes (Porter,
2008; UN/CEFACT, 2003) by incorporating elements from well-established
frameworks in accounting (Geerts & McCarthy, 2000; Dunn et al, 2005),
organizational theory (Anthony et al, 1995; Anthony, 1995) and enterprise
modelling (Huat Lim et al, 1997; Fox et al, 1996).

The annotation elements are structured around five perspectives of
business processes discussed in Chapter 2. The first four of these
perspectives are those introduced by Curtis et al (1992) to capture the many
facets that exist in business process environments, including humans,
information and technology. They are functional, behavioural,
organizational and informational:

e The functional perspective. This perspective focuses on which activities
are performed in a process and how these transform resources from
input to output. The functional perspective addresses the question “What
is to be done?”

e The behavioural perspective. This perspective focuses on the timing of
activities, i.e. when activities are to be performed, as well as the
ordering and control flow of activities. The behavioural perspective
addresses the question “When and how will it be done?”

e The organizational perspective. This perspective focuses on where and
by whom in an organization activities are to be carried out, in particular
which agents are responsible for certain activities. The organizational
perspective addresses the question “Where will it be done and who is
going to do it?”

e The informational perspective. This perspective focuses on information
artefacts produced, used, modified or exchanged in a process. These
artefacts may take the form of documents, electronic messages, database
records, etc.

The fifth perspective is the business process context perspective, introduced
by List and Korherr (2006), which captures other aspects (i.e. business
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goals) of a business process. In the following subsections, these five process
perspectives are used to group and describe the annotation elements of
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Figure 21: A context-based process semantic annotation model (CPSAM).

5.4.1 Functional Perspective

The functional perspective focuses on activities, resources and the ways in
which resources are affected. On a top level, a distinction can be made
between processes that aim at exchanging resources between actors and
processes that aim at transforming resources:

5.4.1.1 Process Type

The process type element is based on the REA (Resource-Event-Agent)
ontology (Geerts & McCarthy, 2000; Dunn et al, 2005). The core concepts
in the REA ontology are Resource, Event and Agent. One intuition behind
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the ontology is that every business transaction can be described as an event

where two agents exchange resources. The process type element classifies

business processes according to whether they aim to exchange or transform
resources. The possible values of the process type element are:

e Exchange: a process in which an enterprise receives resources from
another actor and provides resources to that actor in return. The aim of
an exchange process is to acquire and pay for resources needed by an
organization as well as to sell and deliver goods and services to
customers and collect payment. An example is “Sales Process”, which
involves exchange of products or services for cash.

e Conversion: a process in which an organization uses or consumes
resources in order to produce new or modify existing resources. The aim
of a conversion process is to convert acquired resources into goods and
services for customers. The inputs are transformed into finished goods
and services by such a process. An example is “Manufacturing Process”.

While the process type element offers a coarse classification of the function
of a business process, the process area element offers a more fine-grained
categorization by addressing the value chain of an organization:

5.4.1.2 Process Area

The process area element is based on Porter’s Value Chain (Porter, 2008;
Porter, 1985). In order to better understand and distinguish the activities
through which an organization creates value, business processes are grouped
into process areas. The process area element classifies business processes by
their function in the value chain or core competence. A process area can
either be primary or supporting. Primary processes consist of activities that
create customer value and provide organization distinctiveness in the
marketplace, while support processes facilitate accomplishing the primary
activities.

The primary process areas include:

e Inbound logistics: a process area that includes activities needed for
receiving, storing, inventory control, and transportation scheduling.

e Operations: a process area that includes activities needed for value
creation that transforms inputs into outputs. These include machining,
packaging, assembly, equipment maintenance, testing, and other value-
creating activities that transform inputs into final products.

e QOutbound logistics: a process area that includes activities required for
getting the finished product to the customers: warehousing, order
fulfilment, transportation, and distribution management.

e Marketing and sales: a process area that includes activities associated
with getting buyers to purchase products including channel selection,
advertising, promotion, selling, pricing, and retail management.
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e Service and maintenance: a process area that includes activities that
maintain and enhance the value of products, including customer support,
repair services, installation, training, spare parts management, and
upgrading.

The supporting process areas include:

e Procurement: a process area that includes activities needed for acquiring
raw materials, services, spare parts, buildings, machines, etc. These
include information gathering on resource needs and supplier offerings,
supplier contacts, background reviews on the quality of supplier
offerings, negotiation, fulfilment, and supplier performance evaluation.

o Technology development: a process area that includes activities that
support the value chain activities by developing new technology and
procedures, such as research and development, process automation,
design, and redesign.

e Human resource management: a process area that includes activities
associated with recruiting, development (education), retention, and
compensation of employees and managers.

e Firm infrastructure: a process area that includes activities related to
general management, planning management, legal issues, finance,
accounting, public affairs, quality management, etc.

The elements Process Type and Process Area focus on activities and the
ways in which these transform resources. However, from the functional
perspective, there is also a need to address the kinds of resources that are
exchanged or converted in value chains. For this purpose, the element
Resource is introduced:

5.4.1.3 Resource

A resource is an object that is valuable for some actors (Dunn et al, 2005).

This element is based on the REA ontology (Geerts & McCarthy, 2000) and

the process design framework (Curtis et al, 1992). Resources can be

classified in many different ways, therefore CPSAM does not propose one

single resource classification. Instead, CPSAM suggests a number of high-

level resource categories that can be specialized and complemented with

additional categories depending on the domain under consideration. The

following resource categories are based on (Dunn et al, 2005):

e Goods: physical or tangible resources, e.g. cars, refrigerators and
cellphones.

e Services: abstract resources offered by actors to increase the value of
some other resources, e.g. haircuts and eye treatments.

o Rights: privileges, claims or powers of an actor, usually of a legal
nature, e.g. ownership rights, usage rights and copyrights.

e Financial: funds or money, e.g. in the form of cash, cheque, voucher or
credit card.
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o Information: data in a certain context, e.g. blueprints, referrals and
customer data.

5.4.2 Organizational Perspective

The organizational perspective includes the actors and roles performing the
activities of business processes.

5.4.2.1 Actor

An actor is an entity such as a person or an organizational unit involved in

the realization of a business process (Dunn et al, 2005). This element is

inspired by REA (Geerts & McCarthy, 2000) and the process design

framework (Curtis et al, 1992). Similarly to resources, there is a large

number of different kinds of actors and roles. Therefore, CPSAM does not

propose one single classification of actors and roles but rather offers a small

number of high-level actor categories that can be expanded and specialized,

as needed, depending on the domain under consideration. The following

kinds of actors are suggested based on (Dunn et al, 2005):

e Customer: an individual, company or organization that buys goods or
Services.

e Supplier: an individual, company or organization that provides goods or
services to a recognizable customer.

e Employee: an individual who provides labour to an organization or
another person.

e Investor or creditor: a person, company or entity that puts money or
assets into an investment to yield returns.

e Organizational unit: a subdivision or department in an organization that
is involved in a business process.

In addition to actors, the organizational perspective also includes the
organizational level on which processes exist, which results in the element
Organizational Level:

5.4.2.2 Organizational Level

Levels are introduced in organizations in order to allow efficient

management and coordination. Most organizations can be seen as operating

at three levels: strategic, tactical and operational (Anthony et al, 1995;

Anthony, 1995). The Organizational level element describes the level in the

organization at which a business process is performed.

e Operational: A business process is said to be at the operational level if it
includes activities that are performed on a day-to-day basis. The aim of
such a process is to modify and exchange economic resources.

e Tactical: A business process is said to be at the tactical level if it
includes activities that are performed in a short-term plan. The aim of
such a process is to manage operational-level processes.
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e Strategic: A business process is said to be at the strategic level if it
includes activities that are performed in a long-term plan. The aim of
such a process is to define process types at the operational and tactical
levels as well as the resource types to be used and produced.

5.4.3 Informational Perspective

Any business process will produce various information artefacts, but
exchange processes in particular produce a large amount of complex
business documents and other information. The reason is that exchange
processes establish and depend on social and legal relationships between
actors that need to be carefully documented. One way to identify and
structure this information is by studying the phases of exchange processes:

5.4.3.1 Exchange Process Phase
The activities needed for exchanging resources will extend over several
phases from initial planning to follow-up activities after the actual exchange
has been completed. In order to classify these activities, the open-EDI
framework (UN/CEFACT, 2003) has suggested five process phases, which
constitute the basis for the element Exchange Process Phase. Each process
phase results in specific information artefacts representing relationships
between actors that are used to coordinate their work.

e Planning: The planning phase includes all activities needed to decide
what actions to take for acquiring or selling goods and services. Here
actors are concerned with the question of what goods or services to
acquire or sell. The phase will result in planning documents specifying
expected purchases and sales.

e Identification: The identification phase includes all activities needed to
identify, select and establish linkages with partners that can be involved
in business collaborations. The phase will result in the documentation of
potential collaboration partners.

e Negotiation: The negotiation phase includes all activities needed to
establish a contract and related commitments for the exchange of goods
and services. The phase, when successful, will result in contract
documents.

e Actualization: The actualization phase includes all activities needed to
prepare and perform the resource exchanges stipulated in the contract
established in the negotiation phase. The phase will result in
acknowledgements of receipts and other documents testifying to the
fulfilment of agreed commitments.

e Post-actualization: The post-actualization phase includes the follow-up
activities of resource exchanges performed in the actualization phase,
e.g. warranty coverage, complaint handling and after-sales service.

83



5.4.4 Business Process Context Perspective

In addition to the elements introduced above, there are three more elements,
one for expressing relationships among business processes, one for
representing their business context, and one for representing process goals.

5.4.4.1 Process Relationship

Business processes interact with each other throughout an enterprise, for
example, via outputs from one process forming the inputs for another
process (Elias & Bider, 2014). Each process is, therefore, part of a larger
whole, and the enterprise can be seen as complex networks of related
processes (Elias & Bider, 2014). Understanding how these business
processes relates to each other is very fundamental to supporting reuse. The
process relationship element describes how business processes are related.
The following process relationships have been identified (Malone et al,
2003; Guerin, 2005):

o A partof-includes relationship exists if one process is composed of one
or more processes (called subprocesses). The subprocess has the partof
role and the parent process has the includes role. An example is
“Manage order approval”, which includes “Handle rejected order”, and
the latter is a part of the former.

o A generalization-specialization relationship exists if one process (called
a specialization) is a kind of another process (called a generalization).
An example is “Manage returns”, which is a generalization of “Manage
returns with prior approval” and “Manage returns without prior
approval”.

¢ A manage/managed relationship exists if one process plans, controls,
monitors, evaluates and/or designs another process.

5.4.4.2 Business Context

In order to reuse a process model, users need to understand the business

environment in which it is intended to work. The business environment can

best be described by the concept of business context (Hofreiter & Huemer,

2006). A business context defines the circumstances in which a business

process may be used (UN/CEFACT, 2001). This element enables users to

identify business processes that may only apply to a specific business

environment. The context in which a business process takes place can be

specified by a set of categories and their associated values (UN/CEFACT,

2001). In CPSAM we define the following contextual categories:

e Industry: the industry in which the business process takes place.

e Communication channel: the channel through which involved actors
communicate.

e Geopolitical: provides aspects related to region, nationality or
geographically based cultural factors.

o Official constraints: aspects of the business situation that result from
legal or regulatory requirements.
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5.4.4.3 Business Goal

The purpose of a business process is the achievement of one or more goals.

A goal is statement about a condition or state of affairs that an actor would

like to achieve (Kueng & Kawalek, 1997). The main concern of business

analysts, when modelling business processes, is the achievement of new
business goals by the new design. Therefore in order to reuse a process
model, the analyst needs to understand the business goals that are achieved
by the existing process models. This element describes the business goals
that a process model is intended to achieve. According to (Lin & Sglvberg,

2007), there are two types of goals associated with a business process:

e Soft goals: These are strategic goals that an organization is striving to
achieve. For example, a soft goal for a “procurement process” could be
“minimize procurement costs”.

e Hard goals: These are operational goals that define the state to be
reached by a process (e.g. “complete an order”).

5.5 Demonstration of the CPSAM Application

In accordance with the design science research process (Joahannesson &
Perjons, 2012), the use of the artefact must be shown in one or a number of
cases to prove its feasibility. In this section we demonstrate the use of a
semantic annotation tool (see Chapter 6 for the details of the tool), that
implement the annotation model, for annotating and retrieving process
models. This is related to demonstrate artefact activity of the research
process shown in Figure 12. For the demonstration an order-to-cash business
process is used as a running example. Order-to-cash is a process where
goods are ordered, delivered and received, as well as invoiced and paid for.

All order-to-cash processes include activities related to invoicing,
delivery and payment, but they may have several differences. For example,
an order-to-cash process that involves the delivery of services, such as
training services, is different from the one for the delivery of goods, such as
computers. The use of CPSAM for classifying and describing these
processes captures their similarities and differences, thus enabling a
repository user who is searching for one of the two processes to find a
relevant process model.

An example scenario begins with a business analyst who uses the
annotation tool to annotate an order-to-cash process model, for the delivery
of goods, and stores it in the repository. The scenario is followed by another
user who performs a search in the repository to find an order-to-cash process
model for delivery of service.
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Task 1: Annotation of a Process Model

In this task we demonstrate how a user uses the CPSAM to annotate a
process model. Suppose the analyst has already designed the order-to-cash
process model shown in Figure 22 (a). Before storing the process model, the
analyst is required to annotate it:

The analyst is the owner of the process, so he provides the process name
and process description of a process model. The version number is assigned
automatically.

e The main activities of this process regard getting buyers to purchase
products, i.e. selling, therefore the ‘“Process Area” is “Marketing and
Sales”.

e This process includes day-to-day activities, therefore “Organization
Level” is “operational”.

e The process involves exchange of resources, therefore “Process Type” is
“Exchange”.

e The process includes activities for preparing and performing the
exchange, therefore “Exchange Process Phase” is “Actualization”.

e The actor involved in the exchange identified as “Principal Actor” is
“Supplier” whose role is a reseller, and “Other Actor” is “Customer”
whose role is a buyer.

e The reseller receives payment (i.e. cash or cheque) and ships products
(goods) to the buyer, therefore the resource being exchanged identified
as “Resource Received” is “Financial” and “Resource Provided” is
“Goods”.

e The goal of this process is to “Increase customer satisfaction and
retention”.

e This is a generic order-to-cash process, not restricted to any domain,
therefore it is not annotated with business context information.

The analyst will produce the annotation as shown in Figure 23. This figure is
a screen dump from a prototype (described in Chapter 6) built for evaluating
the annotation model.

Task 2: Searching a Process Model
In this task we demonstrate how a repository user uses the CPSAM-based
annotation to search for an order-to-cash process model (for delivery of
service) in the repository. Individuals who model processes, as well as those
who formulate the search queries, may use different a vocabulary to express
the same concepts. Therefore it is difficult for the user to find the relevant
process model by only using keywords.

Using an annotation-based search, the user looking for an order-to-cash
process model for consultancy service delivery can limit the search to
annotation elements. Starting with process area, organization level, process
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type, process phase, principal actor and other actor to form query 1 shown
in Figure 25, the result of query 1 consisted of three process models (shown
in Figure 22). Thereafter, a user can proceed with a stepwise strategy,
narrowing the query by using more annotation elements. Since the user is
looking for an order-to-cash process model for service delivery, this means
the resource provided in exchange is the “Service” and the resource
received is “Financial”. This way we decrease the search space. The process
model from Figure 22 (c) is retrieved as the relevant process following the
execution of search query 2, as shown in Figure 25. Also the figures are
screen dumps from a prototype (described in Chapter 6) built for evaluating
the annotation model.
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5.6 Related Work

The effort to address semantic annotation of process models in the research
literature is not new. Lin (2008) is one of the more comprehensive
approaches to address the issue of the semantic annotation of process
models. In this work she suggests a semantic annotation framework to
manage the semantic heterogeneity of process models. Her framework
incorporates three perspectives: the basic description of process models
(profile annotation), process modelling languages (meta-model annotation)
and process models (model annotation). The framework results in a process
semantic annotation model that provides a common semantic annotation
schema for annotating semi-structured IS solutions. In addition, the semantic
annotation model is extended by incorporating goal ontology to specify the
organizational objectives.

SUPER project (Wetzstein et al, 2007; SUPER, 2007) is another
approach to address the issue of semantic annotation of process models.
SUPER aimed to bridge the gap between business and IT, and enables the
semi-automation of the BPM life cycle. In this work three main groups of
ontologies are proposed for semantically annotating a business process:
process, organization-related and domain-specific ontologies (Filipowska et
al, 2009). Process ontologies provide a description of the structure of a
process such as control flow; organization-related ontologies provide a
description of artefacts that are consumed by or involved in the process such
as a description of actors, resources, systems, etc.; and domain ontologies
provide information specific to an organization from a given domain
(Filipowska et al, 2009).

Another approach to address the issue of the semantic annotation of
process models is that by Born et al (2007), who proposes an approach for
integrating semantics in modelling tools to support the graphical modelling
of business processes with information derived from domain ontologies. The
proposed semantic information includes objects relevant for each activity as
well as the states of these objects and preconditions and post-conditions for
the activities within a process model. In order to support users in modelling
semantically annotated process models, matchmaking functionalities are
defined by matching elements of the graphical business process model with
elements of domain ontologies.

Our work differs from those described above in the respect that we focus
on using annotated process models for the purpose of repository search and
navigation. In contrast, other approaches have a wider scope and also intend
to support the design of process models. As a consequence, these approaches
require that process models be annotated with specific domain ontologies,
typically tailored for the application and domain under consideration. For
example, in Lin (2008) individual process fragments and constructs are
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annotated with domain-specific annotation elements. Such an approach
requires a great deal of effort from both the annotator and the user, who have
to learn and apply a specific ontology. CPSAM offers a lightweight
approach, where well-known business and process frameworks are used as
the basis for the annotation, which provides ease of annotation as well as
ease of use. Nevertheless, the extensibility of CPSAM enables domain-
specific notions and elements to be included if desired.

5.7 Summary and Discussion

In this chapter we have proposed a process semantic annotation model,
which can be used to semantically annotate process models in the repository
for an effective and efficient retrieval system. This work builds on the
requirements we introduced in Chapter 4 for process model repositories to
support process model reuse, and the review and analysis of existing
repositories to identify the challenges that limit their use in practice. One of
the main challenges faced is that repositories often lack effective instruments
for searching and navigating their content. To address this challenge, a
context-based process semantic annotation model (CPSAM) has been
developed to facilitate searching and navigating models in a process model
repository. In addition, CPSAM intends to enhance the user’s understanding
of process models.

The semantic annotation model is made up of a several annotation
elements, where each element describes one aspect of the business process.
The annotation model defines a collection of terms or values for each
annotation elements. The model uses the predefined values or terms for each
annotation elements to describe and represent a process model in the
repository in the form of process annotations. The creation of the process
annotations is basically the selection of a several of terms or values from
each annotation element.

An exemplar application of the annotation model (CPSAM) has
demonstrated how the model facilitates improved process model retrieval. A
prototype of the semantic annotation tool that implements the annotation
model will be discussed in Chapter 6. An evaluation of the model to test its
performance and user perception will be discussed in Chapter 7.
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6 A Prototype of the Semantic Annotation
Tool

6.1 Overview

This chapter is devoted to the prototype implementation of the semantic
annotation model concepts discussed in the previous chapter. The purpose of
the prototype is twofold: first, to serve as a proof of concept for the
implementation and application of the proposed semantic annotation model
as the main artefact; second, to enable the evaluation of the semantic
annotation model to test whether the model improves the retrieval of process
models. The chapter is organized in three parts. It begins with a short
overview of the functionalities provided by the prototype system, which is
the semantic annotation tool. Then, the chapter presents the prototype
system by describing the architecture and the components of the systems.
Screenshots showing the core functionalities of the prototype are also
provided. A summary and discussion are presented to conclude this chapter.

6.2 Functionalities of the System

The main focus of this prototype is to implement the semantic annotation

tool. The semantic annotation tool is based on the semantic annotation

model discussed in Chapter 5. The following are the functionalities (use
cases) provided by the prototype system:

e The system provides a Web-based process-modelling tool to enable
users to model business processes using the browser.

e The system enables users to annotate process models before they are
saved in the repository. The annotation is based on the semantic
annotation model (CPSAM) discussed in Chapter 5.

e The system provides advanced search capability that is based on process
annotation.

e The system provides a navigation mechanism that is based on the
annotation model (CPSAM). It also includes an alphabetic-based
navigation mechanism.

e The system allows users to import process models, which are either in
XML format or an image file. The imported models are annotated before
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they are stored in the repository. In addition, the repository also allows
the export of process models.

e The system allows users with administrative roles to define, modify and
extend the annotation model.

6.3 Activiti

To provide the above functionalities we have implemented the semantic
annotation tool within the Activiti framework (Team, 2010; Rademakers,
2012). Activiti is a Web-based BPMS for designing, modelling, executing,
optimizing and monitoring business processes; it provides basic
functionalities provided by process model repositories. Such functionalities
include process modelling, process model storage, sharing, versioning and
retrieval. In addition, Activitiis an open source and therefore it can be
adapted and customized for specific purposes. It is due to these reasons that

Activiti was chosen as a framework for implementing the semantic

annotation tool to improve retrieval of process models. It is made up of

several different components: Activiti Engine, Activiti Modeler, Activiti

Designer, Activiti Explorer and Activiti REST.

e Activiti Engine is the core component of the Activiti framework that
performs the process engine functions. It provides the core capabilities
to execute Business Process Model and Notation (BPMN) 2.0 processes
and create new workflow tasks.

e Activiti Modeler is a Web-based process modelling tool. With Activiti
Modeler business analysts are capable of creating BPMN 2.0-compliant
business process models. Therefore business processes can easily be
shared — no client software is needed before you can start modelling.
Activiti Designer is an Eclipse-based plug-in, which enables a developer
to enhance the modelled business process into a BPMN 2.0 process that
can be executed in the Activiti process engine.

o Activiti Explorer is a Web application that can be used for a wide range
of functions in conjunction with the Activiti Engine. It enables a user to
get an overview of deployed processes and interact with the deployed
business processes.

e The Activiti REST component provides a Web application that starts the
Activiti process engine when the Web application is started.

6.4 The Prototype System

Figure 26 presents the architecture of the prototype system. To implement
the semantic annotation tool we have used and extended different
components of the Activiti stack. We have used activiti modeler to provide
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the Web-based process modelling functionality. Also the modeller is
extended to implement the annotation service for annotating process models
with semantic information based on the CPSAM. The retrieval component
of the tool is implemented by extending the activiti explorer. Also Activiti
Explorer provides a graphical user interface that exposes functionalities
provided by the prototype system. At the data layer of the Activiti is a
relational database, which stores business process definitions. We have
created a separate relational database to store annotations of process models.
While Activiti uses the model repository persistence within the activiti
engine as the persistence solution to access the process definition database,
we have introduced and created a separate process annotation persistence
solution to access the process annotation database.

% GuI
Activiti Explorer Activiti Modeler
Editor
(- -
| |
o 1 1
Eq[ User Manager $ Retrieval E:\$ Editor backend $ Annotator
! ! !
H ] ] ]
e lmmmmmmm—— 4 |
I e
o i
VARV !
ivi i
|

% Model repository persistence %Annotaﬂon REISISIERCE

Figure 26: Architecture of a prototype system.

In the following subsections we describe the main components of interest as
shown in Figure 26.

6.4.1 Process Modelling Environment

In this prototype, process modelling is provided by Activiti Modeler.
Activiti Modeler is a business process modelling framework bringing Web
2.0 technologies to analysts and designers (Rademakers, 2012; Team, 2010).
It allows business analysts to model a BPMN 2.0-compliant business
process in a Web browser. This implies no client software is needed before
one can start modelling. Created process files are stored by the server in a
database model repository where each process model is identified by a URL.
This means that process models can easily be shared by passing references.
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Activiti Modeler is structured into client and server components. The
editor, which realizes the process modelling functionality, is the client
component. It is a JavaScript application that runs in a Web browser. The
editor is based on the Ext-JS, a JavaScript application framework for
building Web applications. The backend is the RESTful Web application
based on Restlet — a lightweight, comprehensive, open-source API
framework for the Java platform (Louvel & Boileau, 2009). It includes a
model converter that performs process model conversion from JSON to
BPMN format and vice versa. It also provides APIs to Activiti Engine,
which includes a model persistence repository that enables access to the
process model database when models are created or are to be accessed. That
backend also defines and stores stencil sets of process modelling language,
in this case BPMN. A stencil set defines explicit typing of the model
elements, connection rules, and the visual appearance of elements (Decker et
al, 2008).

There are various ways in which Activiti Modeler can be extended.
BPMN elements are described with JSON and references to the SVG file.
This allows the addition of new BPMN elements or change attributes. Also
new modelling languages can be supported by adding stencil sets.
Furthermore, features extensions via plugins provided the Activiti Modeler
allow to add new functionality and the use of Ext-JS and Restlet make it
possible to be customized (Decker et al, 2008). Therefore new Web services
can be added.

2UAM
127772014

S mat

Figure 27: Screenshot for creating and storing a new process model.
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6.4.2 Semantic Annotation Service

The semantic annotation component is built as an extension of Activiti
Modeler. Like the modeller the annotation service is logically structured into
client-side and server-side components. The client-side component is a
JavaScript application based on the Ext-JS framework. The client side
renders the user interface of the annotation service through which a user
annotates a process model. The server-side components are three RESTful
Web services. One is the Web resource, which is invoked once the model is
saved and before the annotation interface is rendered. It extracts the meta
info of the process model from the Activiti database and presents the results
with the annotation form interface that is rendered to the user to complete
the task of annotating the process model. Another Web service resource
extracts the annotation of the process from the process annotation database.
It returns default annotation values for a new process model, and specific
annotation values for the existing process model. The third Web service
defines annotation elements and possible values of each element that makes
up the annotation model. It also provides an API that accesses the annotation
persistence that is the JPAcontainer.

A process model is created using the editor, a component of Activiti
Modeler, and then saved into the process model database. Before the model,
in JSON, is saved it is converted into BPMN format and stored in a
database. Once the model is saved, the annotation service is triggered. The
annotation service extracts basic process annotation including business
process name, process description and the ID, which point to the address
where the model is stored. It then renders the annotation interface (see
Figure 28) with the initial annotation of the process model. The interface
allows the user to complete the annotation of process and produces process
annotation, which is stored in the process annotation database.

6.4.3 Advanced Process Retrieval

The retrieval component, which consists of search and navigation services,
is built as an extension of the Activiti Explorer. The Activiti Explorer is a
Vaadin application that follows a three-layered architecture. It is organized
into a presentation layer, which provides the overall graphical user interface
(GUI), the domain model layer, which defines the data model, and the data
store layer. At the presentation layer of the Activiti Explorer we have
customized the graphical user interfaces by extending GUI components such
as the menu bar and view manager. We have also created search and
navigation interfaces, which renders a search interface for searching process
models and the search results. At the domain model there is a class that
defines the annotation elements and associated values as the data model. At
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the data store there is a process annotation database, which stores process
annotation of stored process models.

The retrieval component uses process annotation persistence, which is the
JPAContainer, to access the annotation database.

The search service is designed to be more efficient and effective. This is
achieved by allowing users to retrieve all process models that fully or
partially match the specifications of the requested process annotation.
Permitting the retrieval of partial matches would increase the recall — the
proportion of the number of relevant process models retrieved to the total
number of relevant process models in the repository (Ali & Du, 2004). Also
the navigation structure is implemented based on the annotation model
(CPSAM) (Elias & Johannesson, 2013). Therefore, the process models
stored in the repository are organized by elements of the annotation model.

Figure 29 presents the annotation-based search, which consists of two
parts. The first part is the search interface (the left part of the screen), which
allow users to establish a search query in the repository. The second part is
the search results interface (the right part of the screen), which displays a list
of process models returned from the established search. By limiting the
search to annotation elements a user can efficiently retrieve relevant process
models from the repository. For example, a user looking for an order-to-cash
process model, for delivery of products such as personal computers, may
start with process area, process type, process phase, organization level,
principal actor and other actor, resource received and resource provided to
form a query. The result of this query is a list of two process models (Figure
22 (a) and (b) shown in Section 5.5) as versions of an order-to-cash process.
Thereafter, a user may wish to proceed to view the process, by clicking the
process name “Order to cash”, which will display process annotation as
shown in Figure 30. Otherwise the user may wish to view a process model
by clicking “View process model” from the search results (Figure 29) or
from the displayed process annotation (Figure 30). The view process model
will retrieve the process model from the process model database and trigger
the Activiti Modeler through which the process model is displayed. The user
may proceed to export the process model, or edit and store it in the
repository.
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6.5 Summary and Discussion

The semantic annotation tool implements two main components based on
the semantic annotation model (CPSAM). The first component is a semantic
annotation service for annotating process models, as they are stored in the
repository. The second component is an advanced retrieval service for
efficient and effective retrieval of process models from the repository. The
annotation service provides a way to annotate process models with the
values or terms of annotation elements that make the context-based process
semantic annotation model (CPSAM).

The primary goal of the CPSAM maodel is to improve the efficiency and
effectiveness of the process retrieval from the repository. Therefore the
advanced retrieval service implements a process model retrieval system,
which allows users to direct their search and navigation by using elements of
the annotation model.

Process models are created using Activiti Modeler, a process modelling
tool, and are annotated, as they are stored in the process database. The
annotation service lets users annotate process models and stores the
annotation in the process annotation database. During process model
retrieval, the retrieval component of the prototype tool enables users to
retrieve all relevant process models that are fully or partially matched to the
requested process annotation specifications. This is how the semantic
annotation model improves the efficiency and effectiveness of model
retrieval.

An evaluation of the semantic annotation model to test whether it
improves the efficiency and effectiveness of the retrieval system is presented
in the next chapter.
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7 Evaluation of the Semantic Annotation
Model

7.1 Overview

This chapter presents and discusses the process and results of two studies we
carried out to empirically evaluate CPSAM. The purpose of the first study
was to evaluate CPSAM from the annotator’s point of view, meaning that
annotation consistency, annotation correctness and perceived ease of
annotation were investigated. The purpose of the second study was to
evaluate CPSAM from the user’s point of view, meaning that the perceived
ease of use, repository search and navigation, and understandability were
investigated. As part of the second experiment, we tested the discriminatory
power of CPSAM. This chapter builds on Paper IV and V as listed in section
1.5 of Chapter 1. The chapter begins by describing the evaluation framework
we have used to evaluate the annotation model. It goes on to separately
discuss the two studies carried out through controlled experiments. For each
study we describe experimental settings, studied variables, results and
discussions. As part of the experimental settings we discuss how participants
were selected, preparation of the experiments, which includes experimental
materials, and the conduction of the experiments. For the studied variables
we define and distinguish two types of variables: performance- and
perception-based variables in accordance with the evaluation framework.
For the results and discussion we present data collected from the
experiments, analysis and interpretation of the data. The chapter then present
a summary of the annotation model evaluation based on the two studies
according to the requirements as defined in Chapter 5. Finally the chapter
concludes with some key remarks about the annotation model evaluation.

7.2 The Evaluation Framework

Our evaluation framework follows the Method Evaluation Model (MEM)
(Moody, 2003), a method for evaluating IS design methods. The MEM is
based on two areas of theory: the Technology Acceptance Model (TAM)
(Davis et al, 1989), from the IS success literature, and Methodological
Pragmatism (Rescher, 1997), from the philosophy of science. The MEM is
chosen because it incorporates both aspects of evaluation, i.e. performance
and user perception. These are strong and quite desirable features of the
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MEM model. In addition, the MEM model includes aspects for measuring
the behaviour of the users by capturing the actual usage of the model. The
approach is quite relevant to evaluating the semantic annotation model since
one would be interested in measuring (i) the success of the annotating effort
in addition to measuring the behaviour of the annotators, and (ii) the success
of using the annotation model for searching, navigation and understanding
process models.

ACTUAL PERCEIVED

EFFICACY EFFICACY ADOPTION IN PRACTICE

Performance Perceptions Intentions Behaviour

Actual
Usage

Figure 31: The Method Evaluation Model (MEM) (Moody, 2003).
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Figure 31 shows the MEM indicating the primary constructs and causal
relationships between them. In the MEM model, actual efficiency measures
the extent to which the method is required to perform the act. Whereas
actual effectiveness measures the extent to which the method improves the
quality of the result. They both determine whether the model improves task
performance whereas perceived ease of use and perceived usefulness
represent the wuser’s perceptions about the model’s efficiency and
effectiveness. The first three central constructs in the MEM model
(performance, perceptions and intentions) represent internal and
psychological variables while the last construct represents behavioural
constructs that can be measured objectively.

7.2.1.1 Evaluation from Annotator’s Point of View
From the annotator’s point of view the construct of the MEM in the context
of applying CPSAM to annotate process models can be defined as follows:

Actual efficacy is the degree to which the use of CPSAM to annotate
process models achieves its objectives, which in this case are correctness
and consistency of the annotation produced.

Actual efficiency can be measured by investigating the extent to which the
annotation of process models using CPSAM is resource efficient (does not
require much time and effort). An annotator does not require much effort or
time to annotate a process model.
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Actual effectiveness can be measured by investigating the extent to which
annotating process models using CPSAM is error free. The produced
process annotation is error free (i.e. accuracy).

Perceived ease of use is the degree to which a person believes that
annotating process models using the CPSAM is free of effort.

7.2.1.2 Evaluation from User’s Point of View
From the user’s point of view the construct of the MEM in the context of
CPSAM can be defined as follows:

Actual efficacy is the degree to which the use of CPSAM-based
annotation achieves its objectives, which in this case are searching process
models, navigating the process model repository and understanding process
models.

Actual efficiency can be measured by investigating the extent to which the
use of CPSAM-based annotation reduces the time or effort required to
search and navigate the repository to find a relevant process model, as well
as the effort or time required to comprehend a process model.

Actual effectiveness can be measured by investigating the extent to which
the use of CPSAM-based annotation improves the quality (i.e. accuracy) of
the search, navigation and comprehension of process models.

Perceived ease of use is the degree to which a person believes that using
the CPSAM-based annotation in searching, navigating and comprehending
process models is free of effort.

Perceived usefulness is the degree to which a person believes that the use
of CPSAM-based annotation will be effective (i.e. accurate) in searching,
navigating and comprehending process models in the repository.

Intention to use is the extent to which a person intends to use CPSAM-
based annotation for searching, navigating and comprehending a process
model.

7.3 Study | — Validation of Annotation Correctness and
Consistency

In this section we describe the study (Elias et al, 2010) we have carried out
for empirically evaluating the CPSAM from the annotator’s point of view.
Specifically, the purpose of the study is to evaluate the consistency and
correctness of annotating business processes using CPSAM. Furthermore,
the user perception of the model is tested.

7.3.1 Experimental Settings

7.3.1.1 Selecting Participants

The participants involved in the experiment were a mix of master’s students

in Engineering and Management of Information Systems (EMIS) and PhD
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students in Information Systems at the Royal Institute of Technology
(KTH). By the time the experiment was done, all students had completed a
course on Enterprise Systems and Modelling, in which they learnt basic
concepts about business process modelling. The benefit of using student
participants is that they form a homogeneous group with respect to their
academic background and industrial experience. Furthermore, the
experimental tasks did not require a high level of industrial experience,
which justifies our selection of the participants.

7.3.1.2 Preparing the Experiment

For the experiment, the following materials were prepared:

e A document defining the CPSAM model and a description of each
element (as presented in chapter 5).

o A document describing (five) business processes. In order to increase
understanding, processes were presented in both textual and graphical
form. Annotating business processes is a time-consuming task, therefore
to keep the participants positive toward the experiment, we had to limit
the number of processes to five. The decision to limit the business
processes was also based on our experience from the pilot study
described below.

e A template for annotating business processes. This is a two-dimensional
table in which rows present elements of the CPSAM, and columns
present the processes to be annotated.

e A post-task survey questionnaire to measure user perception of the
model on a scale of 1 to 5 (Strongly Disagree, Disagree, Not Sure,
Agree and Strongly Agree).

As part of the preparation for the experiment, a pilot study was conducted
with three participants (PhD students). The purpose of the pilot study was to
evaluate how well the participants were able to perform the experiment. The
results and comments from this study were used to improve the CPSAM
element definitions, business process descriptions and the template for the
experiment.

7.3.1.3 Conducting the Experiment

In this study (Elias et al, 2010), 30 participants performed a controlled
experiment. Participants were given experimental materials, followed by an
explanation of the annotation model, how to use the model and a template
for annotating processes. Participants were then asked to annotate the
business processes without any time constraint. After annotating the
business processes, participants completed a post-task survey. Responses
were received from 20 participants, making the response rate 66.7%.
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7.3.2 Studied Variables

In order to evaluate the consistency and correctness of annotating business
processes using CPSAM, and the user perception of the model, the
following three variables were defined:

Variable 1. Annotation Consistency (AC): The degree to which process
annotation (using CPSAM) by different people is identical. AC is measured
by the percentage of participants with identical process annotation in
individual elements of CPSAM.

The steps taken for measuring AC are to let different participants annotate

a set of business processes and then we computed AC as follows:

1. Let Max., be the maximum number of participants with identical

annotations on element e for process p. e is an element of {Resource,
Actor, Process Level, Process Relationship, Process Area, Process
Phase, Process Type}.
For example, suppose a process (p=1) is annotated by 20 participants
and for an element (Process Level), out of the 20 participants 12
annotate it as ‘“operational”, 5 as “tactical” and 3 as “strategic”.
Therefore, MaXprocesstever, 1=12.

2. Annotation Consistency on element e for process p, AC., = (Maxe, *
100)/N, where N is the total number of participants. For the example
given above, ACprocessiever.1 = (12 * 100)/20 = 60.

3. The average AC for an element e, AC. = (3 ACcp) /nforp=1... n,
where n is the number of annotated processes.

The existence of similarities in process annotation means that there is a
common understanding of the CPSAM between different people. This
implies that the process annotations based on CPSAM will communicate the
same meaning to different people.

Variable 2. Annotation Correctness (AR): The degree to which process
annotation (using CPSAM) by different people is correct. AR is measured
by the percentage of participants who correctly annotated a process for an
element of CPSAM.

The majority of participants may have a common but incorrect
understanding of the CPSAM model. Therefore, in order to determine
whether the process annotation by participants is correct or not, the AR is
measured.

For measuring the AR, the process annotation from different participants
is compared with the process annotation from the inventors of CPSAM,
assuming that the inventors’ annotation is correct. AR is computed as
follows:

1. Let C.p, be the number of participants with correct (identical to
inventors’) annotation on element e for process p, where e is an element
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in {Resource, Actor, Process Level, Process Relationship, Process Area,
Process Phase, Process Type}.

For example, suppose a process (p=1) is annotated by 20 participants
and for an element (Process Level), out of 20 participants 12 annotate it
as “operational”, 5 as “tactical” and 3 as “strategic”, where the correct
(inventors’) annotation is “tactical”. Therefore, Cprocessiever, 1=5-

2. The Annotation Correctness on element e for process p ARgp = (Cep *
100)/N, where N is the total number of participants. For the example
given above ARprocessieverr = (5 * 100)/20 = 25. Similarly, if the correct
(inventors’) annotation is “operational” then ARprocessiever, 1 = 60.

3. The average AR for an element e, AR, = (JAR.p) / n for p = 1...n,
where n is the number of annotated processes.

The existence of similarities in process annotation (between participants and
inventors) means that the CPSAM model elements are correctly understood.
This implies that the process annotation produced will be free of errors.

Variable 3. Perceived Ease of Use (PEOU): The degree to which a person
believes that using CPSAM for annotating processes would be free of effort.
In order to investigate perceived ease of use we asked the participants to
assess two statements, shown in Table 9, on a scale of 1 to 5 (Strongly
Disagree to Strongly Agree).

Table 9: Items for measuring perception-based variables

Items Statements
PEOUL1 | The annotation definitions are clear and helpful for annotation

PEOU2 | It was easy to annotate the business processes

7.3.3 Results and Discussion

In this section, the data collected from the experiment are analysed and
discussed in order to evaluate the CPSAM element definitions. For the
analysis, the mean and the standard deviation of annotation consistency and
correctness for each element are computed. Table 10 and Table 11 and
Figure 32 show a summary of statistics of process annotation.

7.3.3.1 Annotation Consistency (AC)
The results (in Figure 32) show that more than 62% of participants have
identical process annotation for the following elements: Resource, Actor,
Process Level, Process Relationship and Process Type. This indicates that
there is a common understanding of these CPSAM elements between
different users. However, the Process Area and Process Phase elements
have less than 50% of participants with identical process annotation. This
indicates that the Process Area and Process Phase definitions are differently
understood by the participants.
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Table 10: Annotation consistency

Process Process Process Process Process
Resource  Actor Level Relationship  Area Phase Type

Mean 86.56 76.46 69.58 80.56 44.62 48.69 62.24
StDIV 12.40 12.24 21.19 9.62 3.23 14.16 14.60

Table 11: Annotation correctness

Process Process Process Process  Process
Resource  Actor Level Relationship  Area Phase Type
Mean 86.56 76.46 69.58 80.56 36.84 42.64 54.66
StDIV 12.40 12.24 21.19 9.62 9.21 17.86 20.06

7.3.3.2 Annotation Correctness (AR)

The results (in Figure 32) show that more than 54% of the participants have
correctly annotated business processes for the elements Resource, Actor,
Process Level, Process Relationship and Process Type. This indicates that
the CPSAM element definitions are well understood by different people,
implying that most process annotations generated by users based on the
model will be free of errors. However, less than 50% of participants have
correctly annotated the elements Process Area and Process Phase. The
detailed analysis shows that participants who correctly annotated Process
Area and Process Phase had more industrial experience than the others.
While the two elements are based on widely accepted frameworks
(McCarthy, 1982; Dunn et al., 2005), understanding and applying these
definitions to annotating business processes seems to require some basic
industrial experience, which some participants lacked.

B Consistsency|

Correctness

Figure 32: Annotation consistency and correctness.

Comparing the annotation consistency (AC) and correctness (AR), Figure 32
shows that AC is equal to AR for the elements Resource, Actor, Process
Level and Process Relationship. This means that, for these elements, the
majority of the participants who identically annotated the processes were
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correct. Therefore, the majority of the participants have a common and
correct understanding of CPSAM and its element definitions. However, the
definitions of Process Area, Process Phase and Process Type were not
correctly annotated, so we hypothesize that these definitions need to be
sharpened.

7.3.3.3 Perceived Ease of Annotation (PEOU)

Figure 33 shows the summary of statistics for user perception of the model.
More than 52% of the participants agree (agree and strongly agree) with
PEOUL (The annotation definitions are clear and helpful for annotation).
More than 58% of the participants agree (agree and strongly agree) with
PEOU2 (It was easy to annotate the business processes).

PEOU2

Disagree
Not Sure

B -

‘ M Strongly Agree

PEOU1

‘ ‘ O Strongly Disagree

0% 20% 40% 60% 80% 100%

Figure 33: Perceived ease of annotation.

7.4 Study Il — Validation of User Performance and
Perception

In this section we describe the study (Elias & Johannesson, 2012a) we have
carried out to empirically evaluate the CPSAM model from the user’s
perspective. Specifically, the purpose of this study is to test whether the
CPSAM meets its objectives — to facilitate searching of process models, to
support navigation of the repository and enhance understandability of
process models. In this research we have carried out a two-stage evaluation
test. In the first stage, we used a controlled experiment to test the
performance (actual efficacy). In the second stage, a post-task survey
questionnaire was used to test the user’s perception of the annotation model.

7.4.1 Experimental Settings

7.4.1.1 Hypothesis
For this purpose, we formulated the following hypotheses for measuring the
performance of the annotation model in searching, navigation and
understandability of process models.
H1: The annotation positively affects searching of process models in
the repository
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H2: The annotation positively affects navigation of the process
model repository
H3: The annotation positively affects process model
understandability

In the second stage, we used a survey (using a questionnaire) to test the
user’s perception of the effect of annotation. In the following subsections, a
detailed description of the experimental design is presented.

7.4.1.2 Experimental Materials and Tasks

The main instrumentation for the experiment was a repository prototype
demonstrated in Chapter 6. For the experiment, the repository was populated
with more than 100 business process models adopted from existing
repositories, i.e. MIT, IBM and SAP. The process models were redesigned
using BPMN, a standard process modelling notation, and stored in the
repository. In addition to that, the following materials were prepared for the
experiment:

e A document describing the CPSAM annotation model

e A document describing the prototype of the repository

e A post-task survey questionnaire to measure the user perception of the
effect of the annotation. The survey consisted of eight closed questions
assessed over a scale of 1 to 5 (Strongly Disagree, Disagree, Not Sure,
Agree and Strongly Agree)

e A document describing a set of questions for each experimental task.
The document included five questions for searching, five questions for
navigation and four questions for understanding, i.e. one question for
each process design perspective (functional, behavioural, organizational
and informational).

The questions related to the understanding task were accompanied by six
process models (P1 to P6), where half of the accompanied processes were
annotated and the others were not. During the experiment the participants
were divided into two groups. The first group of participants was given P1,
P3 and P5 as annotated process models, whereas the second group was given
P2, P4 and P6 as annotated process models.

The experiment consisted of four main tasks, which are as follows:

e Searching Task. In this task participants were asked to find process
models that are relevant to a given question. For each question,
participants were required to perform both a keyword-based and an
annotation-based search. From the questions, participants were supposed
to identify some keywords and annotations that they would use for
searching.

e Navigation Task. In this task participants were asked to navigate the
repository and locate process models that are relevant to a given
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guestion. For each question, participants were required to perform both
alphabetical-based and annotation-based navigation. From the questions,
participants were supposed to identify some alphabets of the keyword
and annotations that would guide them in navigating the repository.

o Understandability Task. In this task participants were required to study
process models and answer related questions. As discussed above, half
of the process models were annotated and the other half were
unannotated.

e Post-Task Survey. Upon completing the experiment participants were
asked to perform a post-task survey.

7.4.1.3 Participant Selection and Experimental Treatment

The participants involved in the experiment were a mix of master’s students
in Engineering and Management of Information Systems (EMIS) and PhD
students in Information Systems at KTH. By the time the experiment was
done, all students had completed a course on Enterprise Systems and
Modelling, in which they learnt basic concepts about business process
modelling. The benefit of using student participants is that they form a
homogeneous group with respect to their academic background and
industrial experience. Furthermore, the experimental tasks did not require
high levels of industrial experience, which justifies our selection of the
participants.

At the beginning of the experiment, the participants were given a short
list of written instructions describing the experiment. Experiment mentors
demonstrated how the prototype could be used to search and navigate the
repository. Furthermore, a case of understanding process model annotation
was demonstrated.

For the experiment, 20 randomly selected participants were given the
materials (described above). Responses from 15 participants were received
and all the collected data were considered for analysis. Due to the length of
the experiment each participant was asked to perform two tasks and a post-
task survey. For the analysis (in Section 7.4.3) of each task (searching,
navigation and understandability) results from 10 participants are included.

7.4.2 Studied Variables

In order to test the influence of the annotations (based on the CPSAM) on
searching, navigation and process model understandability, we distinguish
two types of variable: performance-based (objective) and perception-based
(subjective) measures.

7.4.2.1 Performance-Based Variables

Variable 1. Search Correctness (SC): The degree of accuracy with which a
user finds a relevant process model by searching the repository. It is
measured in terms of F-measure — the harmonic mean of precision and
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recall. Precision is the fraction of retrieved process models that are relevant,

whereas recall is the fraction of relevant process models retrieved. F-

measure is a standard measure for evaluating information retrieval results

(Kandefer & Shapiro, 2009).

The steps taken for measuring SC are to let different participants find a
process model(s) from the repository that is relevant to a given question and
then we compute SC as follows:

1. Let RR(g, i) be the total number of relevant processes retrieved on
guestion q by subject i, IR(q, i) be the number of irrelevant processes
retrieved on question g by subject i, and RN(qg, i) be the number of
relevant processes in the repository that have not been retrieved. The
precision PR(q, i) and recall RC(q, i) on question g by subject i are PR
(@, 1) =RR(q, i)/ [RR(q, ) + IR (q, )] and RC (q, i) = RR (q, i) / [RR(a,
i)+ RN (q, )]

2. The Search Correctness on question g by subject i, measured by F-
measure, F(q, i) = 2* PR(q, i) * RC(q, i) / [PR(q, i) + RC(q, 1)].

3. The average SC by subject i, F(i) = (3 F(q, i))/n for g = 1 to q = n, where
n is the number of process retrieval questions.

By comparing the results of SC for the keyword-based and annotation-based
search, we can determine whether the annotation positively affects the
searching or not.

Variable 2. Navigation Efficiency (NE): Is the proportion of the steps
(efforts) that are useful to find the relevant process models in the repository.
It is measured by the minimum path length (MPL) divided by the total user
path length (TUPL) (Huang, 2003; Mondary et al, 2007) used to locate the
process model. The path length is the number of steps (button clicks)
performed in order to find relevant process models by navigating the
repository. The total user path length is the total number of steps a user used
to locate a relevant process model by navigating the repository. The
minimum path length is the least number of steps needed to locate a relevant
process model.

The steps taken for measuring NE are to let participants locate a process
model relevant to a given question by navigating the repository and then we
compute NE as follows:

1. Let MPL(q) be the least number of steps needed to locate a process
model for question g by navigating the repository and TUPL(q, i) be the
total number of steps subject i used to locate relevant processes for
question g.

2. The Navigation Efficiency for locating a process for question q by
subject i is NE(q, i) = MPL(q) / TUPL (q, ).

3. The average NE by subject i, NE(i) = (3 NE(q, i))/nforq=1toq=n,
where n is the number of process retrieval questions.
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By comparing the results of NE for alphabetic-based and annotation-based
navigation, we can determine whether the annotation positively affects the
navigation or not.

Variable 3. Understandability (UL): This is the degree of correctness to

which a user understands a process model. It is measured as the fraction of

correct answers given by the subject to the different questions about the

process (Melcher et al, 2010).

The steps taken for measuring UL are to let subjects study a process
model and respond to questions related to the process model. We then
compute UL as follows:

1. Let CA(p, i) be the number of correct answers on process p by subject i
and EA(p) be the number of expected correct answers on process p. The
understandability on process p by subject i is given by UL (p, i) = CA(p,
i)/ EA(p).

2. The average understandability by subject i is UL(i) = (Y UL(p, i))/n for
p=1 to p=n, where n is the number of process models.

By comparing the results of UL for annotated and unannotated process
models, we can determine whether the annotation positively affects the
understandability or not.

Table 12: Items for measuring perception-based variables

Items Statements
PU1 I think the annotations have improved the process of locating and
searching process models in the repository
PU2 I found navigating the process model repository based on CPSAM
elements to have improved my work
PU3 I found the annotations to be helpful for understanding process
models

PEOUL | It was easy for me to locate/search the process models
PEOU2 | It was easy for me to navigate the repository

Ul If | have to search a process in the repository in the future I will use
annotation-based search

1U2 If | have to navigate the repository in the future I will use an
annotation-based approach

U3 If I am involved in building the repository for process models | will
recommend the CPSAM model

7.4.2.2 Perception-Based Variables

Variable 4. Perceived Usefulness (PU): Is the degree to which a person
believes that the annotations (based on CPSAM) improve searching,
navigation and understanding of process models.
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Variable 5. Perceived Ease of Use (PEOU): Is the degree to which a person
believes that the use of the CPSAM-based annotation is free of effort.
Variable 6. Intention to Use (IU): Is the extent to which a person intends to
use the CPSAM-based annotation for searching, navigating and
comprehending a process.

In order to investigate users’ perception of the model we asked the
participants to assess several statements on a scale of 1 to 5 (Strongly
Disagree, Disagree, Not Sure, Agree and Strongly Agree). The statements
(as shown in Table 12) are PU1, PU2 and PU3 for Perceived Usefulness,
PEOU1 and PEOU?2 for Perceived Ease of Use and U1, U2 and 1U3 for
Intention to Use.

7.4.3 Results and Discussion

In this section, the data collected from the study are analysed and discussed
in order to evaluate the CPSAM. The Wilcoxon matched-pairs test is chosen
for data analysis, as demonstrated by Zobel (1998); Wilcoxon’s signed-rank
test is a reliable way to evaluate statistical differences between two retrieval
systems. The following are the results and discussion for each studied
variable.

7.4.3.1 Effects of Annotation on Searching of Process Models

Figure 34 depicts box plots (a) and a graph (b) of the F-measure for
keyword-based search and annotation-based search. The plot and the results
in Table 13 show that Search Correctness for annotation-based search (ABS)
is better than keyword-based search (KBS) given that the median F-measure
value is higher for ABS than for KBS. This indicates that annotation
positively affects the searching of process models in the repository.

Using the data in Table 13 and the Wilcoxon signed-rank test and a 0.01
significance level, we test the claim that there is no difference between
keyword-based search (KBS) and annotation-based search (ABS). The sum
of the absolute values of the negative ranks T-= 52 and the sum of the

Table 13: Search correctness

Subjects F-KBS F-ABS Differences  Diff.Rank SignedRank
1 0.430000000 0.833333333 -0.403333333 7 -7
2 0.351052632 0.833333333 -0.482280702 10 -10
3 0.251052632 0.633333333 -0.382280702 6 -6
4 0.460769231 0.617142857 -0.156373626 2 -2
5 0.167719298 0.604617605 -0.436898306 8 -8
6 0.367719298 0.440000000 -0.072280702 1 -1
7 0.434385965 0.206349206  0.228036759 3 3
8 0.367719298 0.638961039 -0.271241741 4 -4
9 0.266666667 0.633333333  -0.366666667 5 -5
10 0.246000000 0.713333333 -0.467333333 9 -9
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Figure 34: Search correctness.

positive ranks T+=3. Because n=10, we have n<30, so we use a test statistic
of T=3. Therefore, Critical Value (0.01(2),10)=3.0 and Critical Value
(0.01(1),10)=5.0. Since T+ is less than or equal to the Critical Value we
reject the null hypothesis. Thus hypothesis H1 is accepted.

7.4.3.2 Effects of Annotation on Navigating the Process Model
Repository
Figure 35 depicts box plots (a) and a graph (b) of navigation efficiency for
alphabetic-based navigation (ALN) and annotation-based navigation (ANN).
The plot and the results in Table 14 show that Navigation Efficiency (NE)
for annotation-based navigation (ANN) is better than alphabetic-based
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Table 14: Navigation Efficiency

Subjects NE-ALB NE-ANB Differences Diff. Rank Signed Rank
1 0.733333333 | 0.933333333 | -0.200000000 3 -3
2 0.230000000 | 0.733333333 | -0.503333333 10 -10
3 0.351904762 | 0.833333333 | -0.481428571 9 -9
4 0.695238095 | 0.933333333 | -0.238095238 4 -4
5 0.533333333 | 0.866666667 | -0.333333333 5 -5
6 0.516666667 | 0.933333333 | -0.416666667 7 -7
7 0.306666667 | 0.733333333 | -0.426666667 8 -8
8 0.800000000 | 0.633333333 0.166666667 15 15
9 0.616666667 | 1.000000000 | -0.383333333 6 -6
10 0.700000000 | 0.533333333 0.166666667 1.5 1.5
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Figure 35: Navigation efficiency.
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navigation (ALN) given that the median value of NE is higher for ANN than
for ALN. This indicates that annotation positively affects the navigation
performance in the repository.

Using the data in Table 14 and the Wilcoxon signed-rank test and a 0.05
significance level, we test the claim that there is no difference between
alphabetic-based navigation (ALN) and annotation-based navigation (ANN).
The sum (T-) of the absolute values of the negative ranks is 52 and the sum
(T+) of the positive ranks is 3. Because n=10, we have n<30, so we use a
test statistic of T=3. Therefore, Critical Value (0.05(2), 10)=8.0 and Critical
Value (0.05(1),10)=10. Since T+ is less than or equal to the Critical Value
we reject the null hypothesis and accept hypothesis H2.

7.4.3.3 Effects of Annotation on Process Model Understandability
Figure 36 depicts box plots (a) and a graph (b) of understandability (UL) of
unannotated and annotated process models. The box plots and the graph
show that understandability of annotated process models is higher than
understandability of unannotated process models, given that the median of
understandability for annotated models is higher than the median of
understandability of unannotated models. This indicates that annotation
positively affects process model understandability.

Table 15: Process model understandability

Subjects Unannotated Annotated Differences Diff. Rank Signed Rank
1 0.666666667 0.833333333 -0.166666667 | 3 -3
2 0.416666667 0.833333333 -0.416666667 7 -7
3 0.750000000 0.750000000 0.000000000

4 0.666666667 0.916666667 -0.250000000 4 -4
5 0.833333333 0.750000000 0.083333333 15 15
6 0.750000000 0.833333333 -0.083333333 15 -15
7 0.916666667 0.583333333 0.333333333 55 -5.5
8 0.583333333 0.916666667 -0.333333333 55 -55
9 0.916666667 0.916666667 0.000000000

10 0.333333333 1.000000000 -0.666666667 | 8 -8

Using the collected data and the Wilcoxon signed-rank test and a 0.05
significance level, we test the claim that there is no difference between
understandability of unannotated models and annotated models. The sum of
the absolute values of the negative ranks T-= 29 and positive ranks T+=7.
Because n=8 (we omit two values with difference = 0), we have n<30, so we
use a test statistic of T=7. Therefore, Critical Value (0.05(2),8)=3.0 and
Critical Value (0.05(1),8)=5.0. Since neither T+ nor T- is less than or equal
to the Critical Value we fail to reject the null hypothesis.

119



Process Model Understandability

y
o
O

1
L

Understandabilit
o O
[62 o)
1 1
|—

Unannotated Annotated

(@)
Understandability

& Unannotated & Annotated

=
o
S

o

[ee]

o
|
|
|
|
|

e 2
>~ o
o ()
1 1
i

Ugderstandability
o
(=)

e

o

S
1

1 2 3 4 5 6 7 8 9 10
Subjects

(b)

Figure 36: Process model understandability.

7.4.3.4  User Perception of the Annotation
Figure 37 shows the summary of statistics for user perception of the
annotation model.

Perceived Usefulness (PU). The graph shows that more than 80% of
participants at least agree (i.e. agree and strongly agree) with PU2 and PU3,
whereas more than 60% at least agree on PUL. Therefore, it can be argued
that most users perceived the annotation to be useful.

Perceived Ease of Use (PEOU). The graph shows that more than 50% at
least agree on PEOUL, whereas more than 80% of participants at least agree
with PEOU2. Therefore, it can be argued that most users perceived the
annotation to be easy to use.
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Intention to Use (1U). The graph shows that less than 30% of participants
at least agree with IU1 (i.e. more than 60% of participants are not sure about
IUL), whereas more than 60% at least agree with 1U2 and IU3. This implies
that most users are not sure about their intention to use annotation-based
search. We hypothesize that the reasons for this are: a) that annotation-based
search requires some time and effort to think about different annotation
elements before searching, and b) people are used to keyword-based search
as their searching routine.

U3
u2
B Strongly disagree
V1 [ ) ke g
B Disagree
PEOU2
B Not Sure
PEOU1 B Agree

PU3
PU2 B4
PU1

B Strongly Agree

0% 20% 40% 60% 80% 100%
Percentage of Participants

Figure 37: User perception of the annotation model.

7.4.3.5 Annotation Discrimination

To analyse the level of process annotation discrimination, we have randomly
selected 100 annotated processes in the repository. Figure 38 depicts the
number of processes with the same annotation (vertical axis) in 25, 50, 75
and 100 per cent of the annotation elements (horizontal axis). The result
shows that 24, 10, 6 and 6 processes had the same annotation in 25, 50, 75
and 100 per cent of the annotation elements, respectively. The detailed
analysis shows that process annotations are well discriminated in all
elements, except in “Organization Level”, which has the following
annotation: 62 processes annotated as “Operational”, 18 as “Tactical” and 20
as “Strategic”. Thus the study indicates that the discriminatory power is
high, as only a small percentage of the process models are annotated in the
same way.
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Figure 38: Annotation discriminating power.
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7.5 The Evaluation

In this section we present an evaluation of CPSAM according to the
requirements of Section 5.2. The evaluation is based on the studies described
above as well as informed argument (Hevner et al, 2004; Peffers et al, 2012).

High Annotation Consistency. The results from study | above indicate
that the annotation consistency is high for the annotation elements
Resource, Actor, Process Level, Process Relationship and Process Type.
However, for two annotation elements, Process Area and Process
Phase, the annotation consistency in study | was low. Thus, there seems
to be a need for improved explanations of these elements and possibly
also instructions for their use.

High Annotation Correctness. The results from study | indicate that
annotation correctness is high for the annotation elements Resource,
Actor, Process Level, Process Relationship and Process Type. However,
similarly to the results for annotation consistency, the annotation
correctness is lower for Process Area and Process Phase. Furthermore,
study participants who correctly annotated Process Area and Process
Phase had extensive industrial experience. In summary, the elements
Process Area and Process Phase stand out as more challenging than the
others and will require further investigation.

High Perceived Ease of Annotation. The results from study | indicate
that most users perceive annotation as an easy task, as almost 60% of the
participants agree or strongly agree with the statement that it was easy to
annotate process models using CPSAM. We believe that this number
can be considerably increased by addressing the issues with the Process
Area and Process Phase elements.

High Perceived Ease of Use. The results from study Il indicate that users
perceive CPSAM as easy to use. Nevertheless, most users do not express
an intention to use annotation-based search in place of keyword-based
search, which is a challenge to be addressed.

High Usability. The results from study Il are ambiguous for this
requirement. On the one hand, study Il indicates that search correctness
and navigation efficiency benefit from an annotation-based approach,
while this is not the case for navigation effectiveness. One of the reasons
could be that most participants did not use a combination of annotation
elements due to the small number of process models currently in the
repository.

Enhanced Understandability. The results from study Il indicate that
annotated process models are easier to understand than unannotated
ones, though the difference is not dramatic. It is possible that there
would be bigger differences for more complex models than those used in
the study.

High Discriminatory Power. The results from study Il indicate that
process models are not annotated in the same way. However, these
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results are preliminary, as they are based on a small number of process
models.

e Extensibility. Several of the annotation elements can be tailored to the
domain under consideration. For example, additional categories can be
added to the Resource annotation element. The same possibility also
applies to the Actor and Business Context elements.

7.6 Summary and Discussion

CPSAM has been empirically evaluated in two different studies through
controlled experiments. In the first study, the model was evaluated to test the
consistency and correctness of process annotation. From the study, we have
learnt that both the annotation consistency and correctness are high for most
of the elements. This implies that the given definitions of CPSAM elements
are understandable.

In the second study, we have evaluated the effect of context-based
process semantic annotation through a controlled experiment to test whether
annotation can facilitate searching, navigating and understanding process
models stored in a repository. For the evaluation we used the Method
Evaluation Model (MEM), a widely accepted model for measuring the
performance and user perception of artefacts. In order to perform the
experiment we implemented a repository prototype that implements the
annotation model and populated it with more than 100 process models.

The results provide evidence that the annotation model positively affects
searching and navigating a process model repository. Furthermore, the
results indicate that the annotation model positively affects the
understandability of process models. However, the effect of the model on
understandability is not significant. One of the reasons could be that most
process models used for the experiment were not complex. Therefore, we
hypothesize that CPSAM-based annotation could improve the
understandability for very large and complex process models.

The results from the post-task survey suggest that most users perceived
the annotation as easy to use and useful for searching, navigation and
understanding of process models. Also, the results showed that users have
positive intention to use the annotation model for navigation and
understanding. However, most users are not sure about their intention to use
the annotation model for searching. Possible reasons may include: a)
annotation-based search requires some time and effort to think about
different annotation elements before searching, and b) people are used to
keyword-based search in their searching routine.

One of the limitations of the study is that a small number of participants
were used for the experiment. Future research should aim at a large-scale
evaluation of the annotation model and to improve the annotation model
based on the evaluation results.
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8 Business Process Relationship: The Meta-
model

8.1 Overview

This chapter presents a process relationship meta-model as a template or
blueprint for identifying and defining the relationship between process
models in the repository. The purpose of the meta-model is to improve
process model retrieval by enhancing the user’s initiated navigation tasks
where the user retrieves the complete set of relationships for a particular
process model, inspects the relationships, selects the targets and retrieves the
candidate process model. The meta-model is based on existing process
relationships in the literature and the process-assets and asset-processes
archetypes we have developed to help organizations find all business
processes that exist in an enterprise. The chapter builds on Papers VI and
VII as listed in section 1.5 of Chapter 1. The chapter begins by presenting
the requirements that must be fulfilled by the meta-model in order to address
the retrieval problem. We discuss how the relationship meta-model was
developed following a three-phase process — identification of process
relationship concepts, validation of the relationship concepts and
construction of the meta-model. We then discuss the process-assets and
asset-processes archetypes as the main concepts from which the meta-model
is based. The chapter then present the study carried out to validate the
archetype through a real world case study. The chapter describes the
business process relationship meta-model with a description of each element
and relationship types. The evaluation of the meta-model against established
requirements is also discussed. The chapter ends with a summary and
discussion about the meta-model.

8.2 Requirements for the Process Relationship Meta-
model

The business process relationship meta-model serves as a common template
or blueprint for identifying and defining the relationship between business
processes in the repository. As a consequence, the meta-model has to fulfil a
set of requirements. In accordance with the design science research process
(Joahannesson & Perjons, 2012), we have identified a set of requirements
for the process relationship meta-model. The requirements have been drawn
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from the literature related to conceptual models (Krogstie and Sglvberg,
2003), the conceptual model quality framework (Moody et al, 2003) and
object repository system (Bernstein, 1997).

Relationship semantics (Bernstein, 1997). Relationship semantics is the
meaning of the relationship. A relationship without meaning is simply a
connection that would be of no value. Process relationships are highly
semantic elements, which express knowledge about business process
interconnections. Therefore the relationship concepts that constitute the
meta-model should express meaningful and useful process
interconnections.

Comprehensibility (Moody et al, 2003; Krogstie & Sglvberg, 2003). The
comprehensibility of the relationship meta-model is the ability to be
comprehended by the users. The applicability and usefulness of the
meta-model depend on the extent to which users are able to interpret and
apply the relationship concepts in the repository. Therefore the
semantics of the relationship concepts that constitute the meta-model
should be understandable by non-modelling experts.

Domain independent (Shahzad et al, 2010). One of the requirements for
the proposed process repository is to store process models regardless of
their domain. This means that the meta-model should have the right
generality — general concepts used for identifying and defining
relationships of business processes must be recognizable by users from
any domain or discipline.

Completeness (Moody et al, 2003). The meta-model is complete if it
includes all the necessary relationships relevant for the repository use.
There are no important relationships that are correct and relevant but
missing from the meta-model. Therefore the meta-model should give a
complete representation of the business process relationships that are
relevant for the repository.

Tool support (Krogstie & Selvberg, 2003). It should be possible to
instantiate the meta-model using a tool to facilitate the identification and
definition of process relationships in the repository. Tool support could
be a way to achieving syntactic, semantic and pragmatic quality
(Krogstie, 2012). Therefore the meta-model should lend support to the
automated tool or assist in support for reasoning.

8.3 A Process Relationship Meta-model Development

The process relationship meta-model has been developed in a three-phase
process: (1) identification of potential relationship concepts, (2) validation of
the relationship concepts, and (3) construction of the meta-model. This is
related to the design and develop artefact activity of the research process
shown in Figure 13.
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Phase 1: Identification of process relationship concepts

In this phase, process relationship concepts were identified from two
sources. The first source is the existing literature on process model
repositories and the second source is our own research project (Bider et al,
2012), which initially aimed at developing a procedure to find all processes
in an enterprise.

Step 1: Analysis of existing literature on process model repositories

Here we performed a literature analysis by surveying some comparable
research efforts, particularly as related to process model relationships in the
repository. Malone et al (2003) are among those who can be noted for their
pioneering of the concept of defining the relationship between business
processes in the repository. They define two types of relationship between
business processes: (1) whole-part relationship, and (2) generalization-
specialization relationship. The whole-part relationship exists when one
process is composed of one or more processes (called subprocesses). An
example is “Manage order approval”, which includes “Handle rejected
order”, and the latter is a part of the former, whereas the generalization-
specialization relationship exists when one process (called a specialization)
specializes another process (called a generalization). An example is
“Manage returns”, which is a generalization of “Manage returns with prior
approval”.

Other work defining the relationship between business processes in the
repository includes the work of Kurniawan et al (2012). In their work they
identify three types of relationship between process models: (1) whole-part
relationship, (2) generalization-specialization relationship, and (3) inter-
operation relationship. The first two types of relationship are the same as
those defined by Malone et al. (2003). The inter-operation relationship exists
between two processes when there is at least one message exchanged
between them and there is no cumulative effect contradiction between tasks
involved in exchanging the messages.

The scope of the above relationships is limited to directly related
processes. They don’t consider interdependencies between indirectly related
processes in an organization. For example, if an academic institution wants
to run a specific research project process, there could be several other
processes that are related to it. To run such a process you need the workforce
(researchers), which needs to be acquired and maintained. Therefore a
process of hiring researchers is related to the research project process. Once
the researchers have been hired, some processes are needed to make sure
they are available for doing the work. These might include several processes
such as manage researcher performance and develop and train researchers.

Given that the approach of using process model repositories to support
reuse of process models is moving forward, significant effort in developing a
formal way to identify and define the relationship between process models
in the repository is critical. We believe a holistic approach to identifying and
defining process model relationships in the repository is needed. In our
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view, we find that the concepts that we have discussed above can best be
tied together through an understanding of how business processes are
interconnected in the overall process architecture of an enterprise. A process
architecture is a schematic that shows how the business processes of an
enterprise are grouped and interlinked (Frolov et al, 2010; Flores et al,
2012).

Step 2: Analysis of process-assets and asset-processes archetypes

In the second step, we analysed the process-assets and asset-processes
archetypes (Bider et al, 2012) we had developed as a procedure to identify
all business processes of an enterprise.

The archetypes were developed based on the enterprise model of Bider et
al (2011), which represents an enterprise as consisting of three types of
component: assets (e.g. people, infrastructure, equipment, etc.), sensors and
business process instances.

In answering the question of “how the business processes are
interconnected in an overall process architecture of an enterprise”, we
hypothesized that “business processes and their relationships can be
uncovered via a specially design recursive procedure”. The procedure starts
with identifying the visible part of the “processes iceberg”, a so-called main
process — a business process that produce value for which external
customers are ready to pay. Typical examples of main processes are product
manufacturing (e.g. computer manufacturing) and service delivery (e.g.
teaching and learning process at a university), whereas examples of the
external customers could be customers of a private enterprise, or a citizen
paying for services provided to the public. Once the main process is
identified, one proceeds by following up assets that are needed to run the
main process. In this case, an asset is anything tangible or intangible such as
materials, staff or other resources that are needed for successful running
process instances of a certain type (Bider et al, 2012; Bider et al, 2011; Elias
et al, 2014). Each assets type requires a set of supporting processes to have
the corresponding assets in “working order” waiting to be deployed in the
process instances of the main process. Typical examples of supporting
processes are human resources (HR) processes (e.g. recruitment of
employees) that ensure the enterprise has the right people engaged in its
main processes.

On converting the above description into a formalized procedure that
could be used in practice, two archetypes were introduced: (1) Process-
assets archetypes (patterns), which help to find out what assets are needed
for a particular process, and (2) Assets-processes archetypes (patterns),
which help to find supporting processes that are needed to have each type of
asset ready and available for deployment.

Since relationship concepts drawn from the literature have been well
accepted and used, only process-assets and asset-processes archetypes were
validated. Therefore, as the next step, the archetypes were validated by
domain experts in a case study.
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Phase 2: Validation of the archetypes

In the second phase, we validated the archetypes to test the appropriateness
of the archetypes for identifying and defining the relationship between
business processes (Elias et al, 2014). As proposed by (Poels et al, 2005),
the semantic quality must be evaluated before proceeding to the application
or implementation of the model or a method as an early quality indicator of
the system that implements the model. Semantic quality expresses the
degree of agreement between the information conveyed by the model (in this
case the archetypes) and the domain that is modelled. The validation was
done in a real-world case study from a higher education institution in order
to validate its applicability (Elias et al, 2014). For the validation, the
archetypes were applied to design the process architecture of major business
processes, in the department, related to teaching and learning. The produced
education process architecture was then evaluated by the business domain
experts. More specifically, the validation was aimed at testing the
appropriateness of the archetypes for identifying and defining the
relationship between business processes.

Phase 3: Meta-model construction

In the third phase, the meta-model was constructed. To construct the meta-
model we integrated the directly related process relationships as identified
from the analysis of existing process model repositories and the indirectly
related process relationships. The indirectly related process relationships are
based on the process-assets and asset-processes archetypes (Bider et al,
2012). From the analysis of existing relationships we adapted the
generalization-specialization and the whole-part (also referred to as part-
include) relationships. Following the analysis of the process-assets and
asset-processes archetypes, we identified two main types of relationship: the
support process relationship and manage-managed relationship.

In Section 8.4 below, we describe the archetypes and show how they can
be applied to unveil the dynamic process structure of an enterprise. In
Section 8.5, we present the validation of the archetype before describing the
meta-model in Section 8.6.

8.4 The Process-Assets and Asset-Processes
Archetypes

In this section we describe the process-assets and asset-processes archetypes
that form the bases of the proposed process relationship meta-model.

8.4.1 The Process-Assets Archetype for Main Processes

We consider an enterprise to be any organization whose operational
activities are financed by external stakeholders. For example, an enterprise
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could be a private company that gets money for its operational activities
from the customers, or a public institution that gets money from the
taxpayers. We also consider a main process to be any process that creates
value to the enterprise's external stakeholders, which they are willing to pay
for. Our definition of the term main process may not be the same as those of
others (Scheer, 2000; Hammer & Stanton, 1999). For example, we consider
as main processes neither sales and marketing processes, nor product
development processes in a product manufacturing company. However, our
definition of the main process does cover processes of producing and
delivering products and services for external stakeholders, which is in line
with other definitions of main processes (Hammer & Stanton, 1999; Scheer,

2000).

Main processes are the vehicles of generating money for operational
activities. To get a constant cash flow, an enterprise must ensure that new
business process instances (BPIs) of main processes are started with some
frequency. To ensure that each started BPI can be successfully finished, the
enterprise needs to have assets ready to be employed so that the new BPI
gets enough of them when started. We consider that any main process
requires the following six types of assets (Bider et al, 2012) (see also Figure
39 and Figure 40):

1. Paying Stakeholders. An actor who pays money to the organization for
the service or product offered in a business transaction. Whereas an
actor is an entity such as a person or an organization involved in the
realization of a business transaction (Dunn et al, 2005). Examples of the
paying stakeholders are, customers of a private enterprise, members of
an interest organization, local or central government paying for services
provided for the public.

2. Business Process Templates (BPTs). A description or definition of how
the work is performed in an organization. It can exist in explicit or
implicit form or both (Bider et al, 2012). The explicit form of the BPTs
could be a written document, process diagram, or computerized system.
Whereas the implicit form of the BPTs are in the head of people.
Examples of the BPTs are: For a software development company that
provides customer-built software, BPT includes a software methodology
(project template) according to which their systems development is
conducted; For a production process in a manufacturing company, BPT
includes product design and design of a technological line to produce the
product; For a service provider, BPT is a template for service delivery.

3. Workforce. A trained and qualified person who is employed by an
organization to run the main business process. Examples of the
workforce are workers at the conveyor belt, physicians in a hospital
setting and researchers in academic institution.

4. Partners. An external actor that has a collaborative agreement or
working relationship with the organization. Examples of the partner
asset are suppliers of parts in a manufacturing process, a lab that carries
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out medical tests on behalf of a hospital. Partners can be other
enterprises or individuals, e.g. retired workers that can be hired in case
there is a temporary lack of skilled workforce engaged in a particular
process instance.

5. Technical and Informational Infrastructure. The physical facilities,
equipment and information required by an organization to successfully
run the main process. Examples of this type of asset are production
lines, computers, communication lines, buildings, software systems etc.

6. Organizational Infrastructure. The organization and business structures,
procedures and policies necessary to run a business process. Examples
of this type of asset are the organization management, departments,
teams and policies regulating areas of responsibility and behaviour.

The type of process (main) together with types of assets required for running
it constitute a process-assets archetype for main processes. An arrow from
the asset to the process shows the needs to have these types of asset in order
to successfully run process instances of the given type. A label on an arrow
shows the type of assets. Figure 40 is an example of such instantiation for
teaching and learning processes.
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Y, / Organizational
Paying® Workfdrc e Infrastructure
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Figure 39: The process-assets archetype for main processes.
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Figure 40: An instantiation of process-assets archetype for teaching and learning as
the main process.
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8.4.2 The Asset-Processes Archetype

In the previous section, we introduced six types of asset that are needed to
ensure that business process instances (BPIs) of a main process run
smoothly and with the required frequency. Each assets type requires a
package of supporting processes to ensure that it is in a condition ready to be
employed in BPIs of the main process. We present this package as
consisting of three types of process connected to the life cycle of each
individual asset (see also an example in Figure 41):

1. Acquire. Processes used by an enterprise to acquire or get a new asset of
a given type. The essence of this process depends on the type of asset,
the type of main process and the type of enterprise. For a product-
oriented enterprise, acquiring new customers (paying stakeholders) is
done through marketing and sales processes. Acquiring a skilled
workforce is a task carried out inside a recruiting process. Acquiring a
new BPT for a product-oriented enterprise is a task of new product and
new technological process development. Creating a new BPT also
results in introducing a new process in the enterprise.

2. Maintain. Processes used by an enterprise to keep existing assets in the
right shape to be employable in the BPIs of a given type. For customers,
it could be customer relationship management (CRM) processes. For the
workforce, it could be training. For BPT, it could be product and process
improvement. For technical infrastructure, it could be service.

3. Retire. Processes used by an enterprise to phase out assets that can no
longer be used in the main process. For customers, it could be
discontinuing serving a customer that is no longer profitable. For BPTs,
it could be phasing out a product that no longer satisfies the customer
needs. For the workforce, it could be termination or actual retirement.

Acquire Maintain % :; Retire

Recruit and fhanage studenty | Student ! nclgla. SIUEd || Ahanage studenty |
| elect students, enrolment HE counseling cumzml;ﬂsl an i ! graduation |
i I pp : H .

Figure 41: An instantiation of the asset-processes archetypes for “student" asset.

The asset-processes archetype can be graphically presented as in Figure 41.
In the graph, the asset type is represented by a rectangle, and a process type
by an oval. An arrow from the process to an asset shows that this process is
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aimed at managing assets of the given type. The label on the arrow shows
the type of process — acquire, maintain or retire. Instantiation of the
archetype is done by inserting labels inside the rectangle and ovals.
Actually, Figure 41 is an example of such instantiation for the student asset
in a higher education institution.

8.4.3 Archetypes for Supporting Processes

Types of assets that are needed for a supporting process can be divided into
two categories: general asset types and specific ones. General types are the
same as for the main process, except that a supporting process does not need
paying stakeholders. The other five types of assets needed for a main
process — BPT, workforce, partners, technical and informational
infrastructure and organizational infrastructure — might be needed for a
supporting process as well.

Note also that some supporting processes, e.g. servicing a piece of
infrastructure, can be totally outsourced to a partner. In this case, only the
partner’s rectangle will be filled when instantiating the archetype for such a
process.

Additionally to the five types of assets listed above, other types of assets
can be added to a specific category of supporting processes. We have
identified two additional assets for supporting processes of acquiring an
asset that belongs to the category of stakeholders, e.g. paying stakeholders,
workforce and partners:

Value proposition, for example description of products and/or services
delivered to the customer, or salary and other benefits that an employee gets.

Reputation, for example of being a reliable vendor, or being a great place
of work.

Adding the above two asset types to the five already discussed gives us a
new process-assets archetype, i.e. the archetype for the acquiring
stakeholders. An example of instantiation of such an archetype is presented

in Figure 42.
(o] zati
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Figure 42: An instantiation of the process-assets archetype for acquiring
students.
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8.5 Validation of the Archetypes

In this section, we present an exploitation of the archetypes described in the
previous section in a real-world case study from a higher education
institution in order to validate its applicability (Elias et al, 2014).

For validation, the archetypes were applied to design a holistic view on
the major business processes in the department related to teaching and
learning and their interconnections. Then business domain experts evaluated
the produced education process architecture that provides the holistic view
of major processes. More specifically the validation was aimed at testing the
appropriateness of the archetypes for identifying and defining the
relationship between business processes. The following were investigated:

1. Whether the archetypes could be applied to build a process architecture
in practice in a resource-efficient way

2. Whether the archetypes can reveal or explicate important facts about the
business

3. Whether the archetypes could be understood and appreciated by domain
specialists.

In the next subsections, we present the details of the study, which include:
study settings, the validation process, the results and the analysis of the
results achieved and lessons learnt.

8.5.1 Study Settings

In this section, we present the specific context in which the study was
carried out.

The Organization. A case study to validate the archetypes was conducted
at the Department of Computer and Systems Sciences (DSV). DSV belongs
to the Faculty of Social Sciences at Stockholm University (SU) and carries
out all types of academic activities — undergraduate, postgraduate and
research with more than five thousand students. It runs several programmes
in the fields of Computer Science and Information Systems. They include
bachelor, master and doctoral programmes. DSV has more than two hundred
staff members including teachers and administrative personnel.

The Process View. The core business of DSV is teaching and learning,
research and consultancy. The focus of this study is on the teaching and
learning as a primary business process performed in the department.
Teaching and learning, as a main business process, involve all processes
related to delivering knowledge to students. They include teaching,
examining and graduation. We intended to investigate and map all business
processes that are vital to the successful execution of the teaching and
learning for knowledge delivery as the main business process.

The Team. The archetypes validation project involved senior staff from
both teaching and administrative units; this group will be referred to as the
business domain experts. The business domain experts included the director
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of studies, director of finance and administration, head of academic units, IT
director and coordinators of some specific academic programmes. The main
team is that of enterprise modelling experts, which comprised of one PhD
student and two teachers who had long industrial and academic experience
in the field of enterprise modelling.

8.5.2 Archetypes Validation Process

The archetypes validation was a three steps process, as shown in Figure 43:
(a) investigation of business processes, (b) designing the educational
processes architecture of the department, (c) evaluation of the results.

Methods: Semi- Methods: Methods:
structured Discussign and Discussign and
interview|and brainstorring questionrfaire
documen{ analysis modelling expert

group
Phase 1: Descriptions Phase 2- Educational Phase 3- Analysis of the

i i of processes . process ) evaluation
Ir(;\f/?gsu“s?ﬁgsgn Modelling the architecture | Evaluation of results

-5 process —» |the process

Archetypes
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Figure 43: Archetypes validation process.

Step 1. Investigation of business processes

In the first step, as modelling experts, we investigated business processes
performed in the department to enable the design of the educational process
architecture. Here, we aimed at finding out what business processes are
involved, and what is needed to successfully run the teaching and learning
process at the department. Two methods were employed to investigate the
business processes.

The first method was through semi-structured interviews (Denscombe,
2010). This enabled us to get an in-depth understanding of the business
processes involved based on the issues brought up during the interview with
the business domain experts (interviewees). We interviewed nine business
domain experts, starting with the director of studies, who is the main senior
person responsible for ensuring the successful execution of the teaching and
learning process. The list of interviewees was later extended to the
operational staff. Getting the input from the operational staff who perform
the actual activities in different business processes increased our
understanding of the details of various processes related to teaching and
learning.

The second method used to investigate the business processes was
document analysis (Denscombe, 2010). Document analysis focuses on
information from formal documents or records. In this project document
analysis was useful to complement the information obtained from the
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interviews. Therefore during the interviews we received supporting
documents, from which some of the business processes were identified.

The response of the interviews and documents were then analysed using a
thematic analysis technique. The results of the analysis were used to design
the educational process architecture described in the next section.

Step 2. Designing the process architecture
In the second step, we designed the educational process architecture by
applying the process-assets and asset-processes archetypes and the data
collected in the first step 1. It was during this step that the first goal of the
archetypes validation project was achieved. The design was done by
modelling experts using Insightmaker (Give Team, 2010) as a modelling
tool. The choice was based on our knowledge of using the tool. The design
process consisted of several iterations that can be presented as a sequence of
the following sub-steps:

e Sub-step 1: In the first sub-step, we applied the process-assets archetype
to identify the assets that are utilized by the department to ensure
successful execution of the teaching and learning process. The resulting
model is shown in Figure 40 and a detailed description of the model is
provided in the results section, 8.5.3.

e Sub-step 2: In the second sub-step, we applied the asset-processes
archetype to identify the processes involved for acquiring, maintaining
and retiring each asset identified in sub-step 1. Figure 41 depicts the
result of applying the asset-processes archetype for the asset student, the
leftmost node of Figure 40. Similar results were produced by applying
the asset-processes archetype to the remaining assets, i.e. lecturers,
programmes and instructional materials, facilities, IT infrastructure (i.e.
e-learning platforms) and external universities.

o Sub-step 3: Likewise, for each acquire, maintain and retire process
identified in sub-step 2, we identified the assets needed for its execution.
Again this was achieved by applying the process-assets archetype.
Figure 42 is the results produced by applying the process-assets
archetype to the marketing process, the leftmost node of Figure 41.
Similar models were produced by applying the process-assets archetype
to the remaining processes, i.e. recruit and select students, manage
student enrolment, student counselling and manage student graduation.

Sub-step 2 and sub-step 3 are repeated for each asset and process
respectively, until no more processes and assets could be identified.

Step 3. Evaluating the produced process architecture

In the third step, the educational process architecture, created in step 2, was
used to evaluate the archetypes to determine their suitability. The evaluation
was achieved through presentation and interview with seven business
domain experts.
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After completing the design of the process architecture, it was presented
to the business domain experts (both teachers and administrative staff)
individually. The presentation consisted of showing the process architecture.
This was done first by showing how to start identifying the assets needed by
the main process, in this case teaching and learning, and then going through
the steps of identifying acquire, maintain and retire processes for each asset.

On completion of the presentation to individual business domain experts,
the process architecture produced was validated through a semi-structured
interview (Denscombe, 2010). The interviews were guided by an open-
ended questionnaire. The results of validation are discussed in the next
section, 8.5.3.

8.5.3 Educational Process Architecture: Results

The results of the archetypes validation project include the educational
process architecture that shows all major business processes and their
interconnection, and detailed description of each process performed at the
department. Below we present and discuss a part of the educational process
architecture.

8.5.3.1 Applying process-assets archetype for the main process

Figure 40 depicts the results of applying the process-assets archetype (sub-
step 1 of Section 8.5.2) for the main process teaching and learning. From
the study, it was learnt that several assets need to be available to successfully
run the teaching and learning process at DSV. One of the primary assets that
must be available for the main process to run is a student. The student is the
benefiting stakeholder of the service being offered by the department. The
main process is run by lecturers, a workforce asset that delivers knowledge
to the student. The lecturers require programmes and instructional
materials, an asset that includes the descriptions of programmes and courses,
and instructional materials for each specific course.

Teaching and learning activities require infrastructure to make the process
of learning effective. This infrastructure includes the teaching facility
provided by the department, e.g. classrooms and offices, and the equipment
required for teaching and learning. IT Infrastructure is another type of
infrastructure utilized by the department to support teaching and learning.
The IT infrastructure asset refers to the hardware, network resources,
software applications, and services needed to support the teaching and
learning process. The software applications include e-learning platforms.

As part of its organizational infrastructure, the department collaborates
with other SU departments as well as external universities as partners
towards achieving its goals.

In the next section we extend the results presented in Figure 40, by
applying the asset-processes archetype to one of the assets, more exactly to
the student asset.
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8.5.3.2 Applying the asset-processes archetype for the student asset

Figure 41 depicts the results of applying the asset-processes archetype to the
leftmost node of Figure 40. From the study, we have identified several
business processes for acquiring, maintaining and retiring students.

Acquire Processes: Processes utilized by the department to acquire
students include marketing, recruit and select students, and manage
studenzs” enrolment. The marketing process aims at attracting more students.
It includes activities such as advertising education programmes in the
Stockholm University (SU) catalogue and on the Web, and various
marketing seminars. Recruit and select students aims at getting students for
a specific academic year for various programmes offered by the department.
It includes activities related to announcing, receiving applications,
evaluating student applications, selecting students and sending offers to
selected students. The students’ enrolment process is related to
administration of the accepted offers — once astudentaccepts the
department’s offer, the department has to manage their enrolment.

Maintain Processes: The processes for maintaining students include
student counselling, which is designed to provide students with knowledge
and awareness of options for selecting academic programmes or courses.
Another process in this group is manage student complaints and appeals.

Retire Processes: Manage student graduation is the retire process, which
includes activities related to application/petition for graduation, degree audit
and course waivers and substitutions. It also includes activities related to
notifying students of their graduation statuses, prepare graduation roster and
certificates.

The material discussed in this section is part of the results produced by
executing sub-step 2 from Section 8.5.2. Similar models were produced by
applying the asset-processes archetypes to the remaining assets, i.e.
lecturers, programmes and instructional materials, facilities, IT infrastructure
(i.e. e-learning platforms) and external universities.

In the next section we extend the results presented in Figure 41 by
applying the process-assets archetype to one of the processes, namely
marketing.

8.5.3.3 Applying the process-assets archetype for the marketing
process
Figure 42 depicts the results of applying the process-assets archetype to the
leftmost node of Figure 41. From the study, we have identified that the
marketing process at the department makes use of marketing materials, an
asset which include information about academic programmes offered as a
value proposition. The assets lecturers and e-learning platforms are used as
the reputation of the department to attract students and stakeholders. To
perform the marketing activities, the department requires marketing
personnel and the marketing process definition, which describes the
procedure of how the marketing process is to be performed. The assets
programmes and instructional materials, lecturers and e-learning platforms
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are general asset types because they are the same as for the main process
(teaching and learning).

Figure 42 is the results produced by executing sub-step 3 of Section 8.5.2
to the marketing process. A similar process map can be produced by
applying the process-assets archetype to the remaining processes, i.e. recruit
and select students, manage students’ enrolment, student counselling and
manage student graduation.

8.5.4 Analysis of the Results

In this section, we present an analysis of the results and the lessons learnt

from applying the archetypes. Specifically, the analysis aimed at

establishing the following:

(a) Whether the archetypes could be applied to build a process architecture
in practice in a resource-efficient way

(b) Whether the model can reveal or explicate important facts about the
business

(c) Whether the produced process architecture could be understood and
appreciated by domain specialists.

The analysis is based on the following:

e Authors’ own reflections on their experience from the project. This is
used to answer the first question (a).

o Authors’ own reflections, which were formulated as questions to
business domain experts and then confirmed by the latter during the
interviews after presentation of the process architecture to them. This
answers the second question (b).

e Interview with business domain experts. This is used to answer the third
guestion (c).

8.5.4.1 Efficiency of applying of the archetypes in practice

A detailed analysis of the results indicates that the archetypes can efficiently
be applied to design the process architecture of an enterprise. We arrived at
this conclusion by considering the following self-reflections.

Designing the educational process architecture consisted of two main
steps: investigation of business processes and the actual design of the
process architecture.

e Investigation of business processes was the difficult part. The
investigation was done through interviews and document analysis. We
interviewed nine business domain experts and the interview took
approximately one hour for each participant on different working days,
whereas the analysis of the interview took approximately 24 hours. The
analysis of documents took approximately 20 hours. The investigation
and modelling phases were iterative. During the design we also
conducted some follow-up interviews for further clarification, which
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took at least one hour. Therefore, interviews, analysis of the interviews
and document analysis took approximately 80 hours in a span of two
months.

o Designing the educational process architecture. Applying the
archetypes to design educational process architecture was relatively
easy. This took approximately 40 hours. The most important thing was
to be able to identify the assets by applying the process-assets
archetypes and apply the asset-processes archetype to identify processes
for acquiring, maintaining and retiring the respective assets. Applying
the modelling tool (Insightmaker (Give Team, 2010)) was also easy. In
Insightmaker, a ghost concept is used to avoid criss-crossing of links
and flows. Ghosting allows a reference to be made to a primitive in the
model, which is shown with a partially transparent graphical style. The
ghost primitive was quite convenient for identifying assets used in
several different processes.

Most of the major business processes related to the teaching and learning
process were well captured in the produced process architecture to a degree
sufficient to provide a holistic view on business processes in the department.
However, it was difficult to represent some of the processes and assets that
could be of importance. One of the processes that were difficult to model is
the process for acquiring the “alumni society”. Despite the fact that the
department makes use of the alumni society as an asset for marketing, it was
not clear how, by whom and when the asset is created and maintained at the
department. This requires further investigations with business domain
experts. Another process that was not captured is the process for acquiring
financing. Despite the fact that the department makes use of the financial
asset to acquire and maintain other assets such as lecturers, facilities and IT
infrastructure, it was difficult to represent it in the process architecture.
Finance as an asset is not directly needed to run the teaching and learning
process, however it is produced since the department gets finances from the
government by providing teaching and learning. Therefore, one possible
way is to represent the finance as an asset produced by the teaching and
learning process. With this, we propose using an arrow pointing from the
teaching and learning process to the finance as an asset.

From these discussions, it is evident that applying the archetypes to
design the process architecture of an enterprise does not require extensive
resources. However, an initial effort is required to understand how a
particular enterprise operates. Once one understands well the operation of an
enterprise in question, the actual application of the archetypes to create the
process architecture is relatively fast and easy.
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8.5.4.2 Important and useful business facts revealed by the archetypes

A detailed analysis of the results indicates that applying the archetypes to
design the process architecture of an enterprise can reveal important and
useful business facts. We arrived at this conclusion based on own reflections
and validation of results by business domain experts through the interview.

The produced educational process architecture revealed several important
and useful business facts. The following are some of the important facts
revealed from the process architecture shown in Figure 44 (a part of the
complete educational process architecture):

e Whereas the primary purpose of the lecturer recruitment process is to
provide the department with qualified teachers, the process architecture
reveals that the same process is intended to provide the marketing with
the competitive advantage of having highly qualified staff, e.g. full
professors, Nobel laureates, etc.

e Likewise, while the academic programme development is primarily
aimed at providing the department with quality academic programmes
and instruction materials for teaching and learning, the process
architecture reveals that it also provides marketing with the competitive
advantages of having attractive programmes and high-quality teaching
materials.

e This was also the case with the develop and deploy e-learning platforms
process. While the process aimed at providing teachers and students
with a platform for educational delivery and management, the process
architecture revealed that it also (1) provides teachers with tools for
instructional materials development, and (2) provides marketing with the
competitive advantage of having a high-quality educational delivery
platform.

The above facts were validated by business domain experts through semi-
structured interviews that followed the presentation of the process
architecture. In addition, several other business facts were revealed during
the interviews. For example, one of the experts revealed that the lecturer
recruitment process is also intended to provide the department with highly
qualified researchers for the research process. While the scope of the study
only focused on the teaching and learning process, this revelation shows
how the archetypes could be useful for providing a holistic view of all
processes in an enterprise.

8.5.4.3 User comprehension and acceptance of the archetypes-based
process architecture

A detailed analysis of the results indicates that process architecture
produced, by applying the archetypes, is easy to comprehend and valued by
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users. We arrived at this conclusion based on the responses from the

interview with business domain experts.

The results of the interview with our business domain experts, which
directly followed the presentation, show that the educational process
architecture is well understood and appreciated by domain specialists. More
specifically, the interviews were aimed at determining the following:

o Whether it is important to make explicit all purposes of all processes in
the department. The results show that 100% (56% agree and 44%
strongly agree) of the business domain experts agree that it is important
to make explicit all purposes of all processes in the department.

o Whether the archetypes are useful for explicating business processes and
their relationships. The results show that 100% agree that the archetypes
are useful for explicating processes and their associated relationships.

o Whether the visual diagram that shows how all processes in the
department are related is useful for business planning and development.
The results show that 89% (56% agree, 33% strongly agree) agree that
the visual diagram that shows how all processes in the department are
interconnected is useful for business planning and development and 11%
are not sure. When asked why he was not sure, an expert said he would
be sure after applying the diagram to practical business development.

e Whether the presented visual diagram could be useful. The results show
that 89% (56% agree, 33% strongly agree) agree that the presented
diagram of showing business process relationships is useful for business
planning and development and 11% are not sure. Similarly, when asked
why he was not sure, an expert said he would be sure after applying the
diagram in practice.

8.6 Business Process Relationship: Meta-model

In this section, we tie together all the concepts discussed thus far into a
process relationship meta-model. Oeil2 et al (1992) define a meta-model as a
“set of basic concepts which are related to each other, the so-called concept
structure and a set of constraints determining the set of possible application
models and the set of possible transitions between application models”. On
the other hand, Lucena et al (2008) define a meta-model as a specification of
elements of a language and the relationships among them. From these two
definitions the following can be recognized about a meta-model. A meta-
model provides: a set of concepts, a set of relationships and a set of
constraints.

The process relationship meta-model is presented in Figure 45 below.
The meta-model employs the concepts from process-assets and asset-
processes archetypes described above and the process relationships defined
in (Malone et al, 2003; Kurniawan et al, 2012). At the core of the
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relationship meta-model is a business process. A business process may
consist of other processes called subprocesses. A subprocess is a set of
activities that have a logical sequence that meet a clear purpose. It is a
process in itself, whose functionality is part of a larger business process. On
the other hand, a business process may be specialized to another process
called a “specialized process” that is an alteration of the former referred to
as a “generalized process”.

Customer BPT Workforce Tech. & Info. Infra Org. Infra Financial Partner

Main business process

1.

Asset
Meededby 0. U Neededby

Business process

Maragedby 1.7

1

Support business process

is partof is aspecializationof L
0. 0
Subprocess Specialized process

Needs

Acquire Process Maintain Process Retire Process

Figure 45: A business process relationship meta-model.

The business process is either a main process or a support process. A main
business process is a process that produces value for the enterprise’s external
stakeholders for which they are willing to pay, whereas a support business
process is a process that produces value for the enterprise’s internal
stakeholders. A main business process needs a set of assets for its successful
execution. The assets needed by a business process are managed (acquired,
maintained and retired) by support business processes. The support process
may be of the type acquire, maintain or retire. The support process, like any
other business process, may also need a set of assets for its successful
execution. The assets needed by the support process cannot be the same as
the assets it manages (acquire, maintain or retire).
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In the repository, a business process may be related to a subprocess, or a
specialized process. These are called “directly related processes”. On the
other hand, a business process may be related to another process through an
asset it requires for its successful execution. Therefore in the repository,
every process will be associated with a list of assets it requires and for every
asset defined in the repository a definition of the acquire, maintain and retire
processes will be provided.

Below we present the relationships that may exist between business
processes in the repository by referring to the meta-model.

Generalization-specialization relationship

A generalization-specialization relationship exists between two business
processes if one process (called a “specialized process™) is an alteration of
another process (called a “generalized process”). A specialized process is
more specific and is fully consistent with the generalized process. An
example is “recruit and select temporary lecturer”, a specialization of
“recruit and select lecturer”, which is a generalization of the former. From
our case study described in the next section, it was learnt that the department
(DSV) could employ a lecturer on either a temporary or permanent basis.
The normal (permanent lecturers) recruitment process is performed in
cooperation with Stockholm University, where the recruitment of temporary
lecturers is only carried out within the department.

Partof-include relationship

A partof-include relationship exists between two business processes if one
process (called “whole process”) is composed of one or more processes
(called subprocesses). A subprocess is a functionally complete and self-
sufficient artefact for business process design and execution (Schumm et al,
2011a), whereas a whole process is more than the composition of the
subprocesses. The subprocess has the partof role and the whole or parent
process has the include or compose role (Elias et al, 2010). An example is
“teaching and learning”, which includes “examination”, and the latter is a
part of the former.

Support relationship
A support relationship exists between two business processes if one process
(called a “support process”) manages an asset that is needed by another
business process (called a “main process”) for its successful execution. The
management of the asset by the support process may include acquiring,
maintaining or retiring it. Therefore a support process can be an acquire or
maintain or retire process type. An example is the relationship between
“recruit and select lecturer” (as a support process) and teaching and learning
process (main process).

A support relationship is transitive. If process P2 supports P1, and P1
supports P, then P2 supports P.
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VP2, P1, P((support(pz, p1) A support(ps, p)) — support(pz, p))

An example in a higher education institution is the “develop and deploy e-
learning platform process” supports the “instructional materials development
process”, which then supports the “teaching and learning process”.
Therefore the develop and deploy e-learning platform process supports the
teaching and learning process.

A support relationship is shareable. Several business processes can be
supported by the same process, i.e. two or more processes can share the
same asset. An example is the “teaching and learning process” and “research
project process” in a higher education institution. The two processes both
need a lecturer as an asset and are therefore supported by the “recruit and
select lecturer process”.

8.7 Evaluation of the Meta-model

The business process relationship meta-model has been developed for
identifying and defining the relationship between process models in the
repository. Such relationships facilitate navigation of the repository and
enable users to locate related process models. In this section, the meta-model
is evaluated against the requirements using an informed argument (Hevner et
al, 2004; Peffers et al, 2012). Below we describe the evaluation.

Relationship semantics

The meta-model identifies four major types of process relationship that have
specific meanings that are useful. The semantics of the part-include
relationships also referred to as the whole-part relationship and the
generalization-specialization relationship, have been well accepted. The new
relationships we have introduced are those related to the archetypes: the
support relationship and manage-managed relationship. The support
relationship indicates that one process (called main process) requires certain
assets, which are made available by a certain process, called the “support
process”. The managed-manage relationship considers a business process as
an asset, which needs to be managed by another process. From the case
study, semantics of the interconnections provided by the produced
educational process architecture were well accepted by the business domain
experts of the department of DSV.

Comprehensibility

The meta-model consists of only eight concepts and four types of
relationship, which are comprehensible to end-users. We identify two groups
of users: those who create and define process relationships when populating
the repository, and those who navigate the repository content based on the
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defined relationships. Applying the meta-model to define process
relationships is relatively simple as was learnt from the validation in the case
study. However, the domain knowledge of the process in question is needed
for the user who creates and defines the relationship during repository
population or any other application of the meta-model. On the other hand,
the lesson learnt from the case study, the process architecture produced, was
well understood by non-modelling experts; this implies the concepts used to
create the meta-model are comprehensible to all users. Therefore we argue
that all the semantics of the concepts and relationships of the meta-model are
straightforward to comprehend for both types of users.

Domain independency

The process relationship meta-model has been derived from the core
components of a generic enterprise. The concepts business process, asset and
asset type are common components in any enterprise. In addition, the meta-
model  incorporates  generalization-specialization and  whole-part
relationships that are commonly used relationship concepts and semantics in
the process repository as well as other application areas in different domains.
While the domain knowledge of the business processes to be populated in
guestion is important when applying the meta-model, the meta-model is not
domain specific. It can be applied in any domain.

Completeness

The meta-model has extended existing process relationships by introducing
two types of relationship based on commonly used concepts of a generic
enterprise. There could be other types of relationship between business
processes specific to particular domains, however our focus is on
relationships that are meaningful, generic and domain independent.

Tool appropriateness

Our future goal is to implement the meta-model in the repository, however
for the case study several tools were reviewed to define the educational
process architecture. Most of the tools used in the case study, including the
Insightmaker (Give Team, 2010), were found to be suitable for the work.
Another suitable tool that was tested is Web Protégé — a free open-source
collaborative ontology editor and knowledge acquisition tool for the Web
(Tudorache et al, 2011). Therefore we argue that the meta-model can be
instantiated by either applying an existing tool or by implementing it in the
repository.
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8.8 Summary and Discussion

In this chapter we have proposed a business process relationship meta-
model, which can be used to identify and define relationships between
business processes in the repository. This work builds on the requirements
we introduced in Chapter 4 for process model repositories to support process
model reuse and the review and analysis of existing repositories. One of the
design issues is how to identify related business processes in the repository.
To address this design issue, a business process relationship meta-model has
been developed to help users to easily find related process models. The
meta-model is intended to enhance the user’s initiated navigation tasks
where the user retrieves the complete set of relationships for a particular
process model, inspects the relationships, selects the targets and retrieves the
candidate process model.

The meta-model is made up of concepts taken from existing process
relationships proposed for repositories and new concepts derived from
process-assets and asset-processes archetypes we have developed to help
identify all business processes in an enterprise. As a formal result of the
proposed meta-model, the process relationship meta-model provides a
common language or blueprint for identifying and defining relationships
between business processes. The meta-model describes the relationship
between process models as a way of representing all business processes in
an enterprise and the interconnections between them.

The meta-model has been evaluated through an informed argument to test
the extent to which it meets the established requirements. The results
indicate that the meta-model meets well most of the established
requirements and therefore it will enhance users’ initiated navigation and
enable related processes to be found in the repository. However, a practical
evaluation of the model is required to test its performance in the repository.
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9 Architecture for the Process Model
Repository

9.1 Overview

This chapter presents the architecture of the process model repository that is
publicly open and language independent, designed to support process model
reuse. The main goal is not to suggest the best possible architecture, but to
show that a good enough architecture can be designed based on the known
architectural principles and knowledge sources. The principles and the
knowledge sources were chosen based on their fitness for the task at hand,
the main requirement being that they can be integrated in a reasonable whole
that can be used for developing a repository. The design of the architecture
is guided by the requirements discussed in Chapter 4 and the concepts
discussed in the previous chapters. The chapter begins by discussing the
design process of the repository architecture following a design science
approach. We show how the requirements are mapped into technical
problems, which are then decomposed into subproblems. The chapter
presents a solution domain analysis carried out to identify architectural
concepts to address each subproblem. We discuss how the identified
concepts are then used to create the overall repository architecture by
adopting service-oriented architecture. The specification of the repository
architecture is presented based on ISO/IEC/IEEE 42010 standard
architecture descriptions. We describe the architecture using the viewpoints
according to the standard. We choose three viewpoints to describe the
architecture: data and information, functional and standard viewpoints. The
chapter also presents an architecture evaluation based on the analysis of the
architecture against the requirements defined in Chapter 4. We discuss how
each requirement is met by the architecture. A discussion of related work is
also presented. The chapter concludes with some key remarks about the
architecture.

9.2 Architecture Design and Development

In this section we describe the repository architecture design as the design
and develop artefact activity of the research process shown in Figure 11. We
choose Synthesis-based Software Architecture Design (SYNBAD) as an
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approach for the design and development of the repository architecture
(Tekinerdogan & Aksit, 2002). This is because in SYNBAD the scope of the
architecture range from a systematic problem-solving perspective and not
only from a stakeholder’s perspective. In the SYNBAD, the stakeholder’s
perspective is abstracted to derive the technical problems. Technical
Problem represents a specification of the problem to be solved. The process
of deriving solution abstractions from solution domain knowledge is
referred to as “solution domain analysis”. It relates to the concepts solution
domain knowledge and solution abstraction, and the functions search and
extract in Figure 46. The solution control part of the synthesis model
represents the quantification, measurements, optimization and refinement of
the selected solution abstraction.

In the following sections we explain the repository architecture design
and development activity that consisted of four subactivities: technical
problem analysis, solution domain analysis, create architecture and describe
the architecture. The technical problem and solution domain analysis
subactivities help us to identify architectural components and establish
relationships between them. The create architecture subactivity applies the
identified concepts to create the overall architecture of the repository.
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Figure 46: The Architecture Synthesis Model (Tekinerdogan & Aksit, 2002).

9.2.1 Technical Problem Analysis

In this subactivity, the requirements specifications (described in Chapter 4)
are generalized and then mapped into technical problems. The technical
problems are then decomposed into subproblems, which are also specified.
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Before moving to solve the problems, however, prioritization is carried out
to determine which subproblem needs to be solved first. The steps for this
phase are described below.

Step 1. Generalizing and abstracting the requirements

System requirements are usually specific; as a result they provide only a

specific interpretation of a more general problem. To provide a wider view

and identify the problem, requirements specified in Chapter 4 were
abstracted and generalized. The abstraction and generalization were done by
using a thematic analysis technique (Ritchie & Spencer, 2002) to classify
and identify the relationship between them. Requirements were categorized

into six classes as shown in Table 16.

e Process model representation: The first category is process model
presentation, which includes requirements (R1, R3, R5 and R7) aimed at
providing users with better understanding of process models. While the
primary purpose of annotating and classifying process models (R7) is to
improve search and navigation of the repository, the annotation helps
process model comprehension during the retrieval process. Therefore it
is also included in this category.

e Process model retrieval: The second category is process model
retrieval, which includes requirements (R7, R8 and R12) aimed at
providing users with efficient retrieval mechanisms to enable them to
find process models they want in the repository.

e Process model management: The third category is process model
management, which describes the requirements (R6, R13, R14 and R15)
aimed at providing the management of the repository content (process
model) life cycle. These are fundamental requirements that are provided
by any type of repository system.

o Business process modelling: Another category is business process
modelling, which describes the requirement (R10) aimed at providing
users with the mechanism to create new process models or edit existing
process models within the repository environment.

o Repository integration: Repository integration is another category that
describes requirement (R13) aimed at enabling easier integration of the
proposed repository with external process modelling tools and external
process model repositories.

o Repository extensibility: The final category is repository extensibility.
This category describes requirement (R12) aimed at providing a
repository that can easily be extended in terms of both functionalities
and information model without requiring much effort.

Some of the requirements were not included in the technical problem

analysis because they are not architectural design related. They include
requirement R2 (the repository should allow process models to be stored
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regardless of their domain) and R4 (the repository should store both business
and process models).

Table 16: Generalized requirements (technical problems)

Requirements

Generalized
requirements

Subpraobl
ems

R1

The repository should support at least one
standard process modelling notation.

R3

Process models in the repository should be
represented in both graphical and textual form.

R5

In the repository a business process should be
represented by several process models with
different levels of detail.

R7

A process model should be annotated with
information that can facilitate searching,
navigating and interpreting process models.

Process model
representation

P1, P2

R7

A process model should be annotated with
information that can facilitate searching,
navigating and interpreting process models.

R8

Process models in the repository should be
categorized based on different classification
schemes to facilitate navigation.

R9

The retrieval system should enable users to
analyse and compare between process model
similarities.

R10

In the repository the relationship between
process models should be defined and
maintained to enable users to identify and find
process models that are related to a candidate
process model.

Process model
retrieval

P3, P4

R6

The repository should allow multiple variants of
a process model to be maintained.

R16

The repository should allow multiple users to
access and edit the same process model at the
same time.

R13

Therefore the repository should provide security
to control access to the repository and
operations on process models to enable sharing
and exchange of process models between
contributors.

R15

The repository should provide tools and
mechanisms to easily manage changes of the
repository’s functional components and contents
structure.

Process model
and repository
management

P5, P6,
and P7

R11

The repository should allow process models to
be created or modified, without requiring
additional software installation on the client

Business
process
modelling

Included
in P1
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side.

It should be possible to access and share process | Repository P8
R12 | models with external repositories. integration
R14 | It should be possible to extend the repository | Repository P9

information model or the repository capabilities. | extensibility

Step 2. Identifying the technical problems from the generalized
requirements.

In this step, we consider the generalized requirements to represent the
technical problems that are to be addressed. They are: to provide a better
representation of process models, to provide efficient process model
retrieval, to provide a mechanism to manage the process model life cycle in
the repository, to provide a process modelling mechanism, to provide easy
integration and an interposable repository, and to provide an extensible
repository design.

Step 3. Specifying subproblems by decomposing technical problems into
subproblems

In this step, we decompose the technical problems into subproblems. Some
of the technical problems (i.e. repository integration and repository
extensibility) were not decomposed and some technical problems were
integrated into other subproblems: for example, business process modelling
is integrated into subproblem P1. The third and fourth columns of Table 16
provide the technical problems and subproblems respectively. Below we
describes each subproblem:

P1. Provide a standard and graphical process modelling environment with
online support
e Goal: to improve user understandability by providing graphical
visualization of stored process models
e Goal: to enable users to create new process models or modify
existing ones over the Web without requiring them to install a
modelling tool in their computers
P2. Provide a mechanism to manage process model complexity
e Goal: to enable users to generate an abstract process view, from a
detailed and complex process model that focuses on relevant aspects
of a business process
P3. Provide a mechanism to annotate and classify process collection
e Goal: to facilitate advanced searching of process models, navigating
the process model repository, and understanding of process models
to complement the standard visual notation
P4. Provide an advanced retrieval and process similarity check mechanism
e Goal: to enable users to easily find relevant process models
P5. Provide a version management mechanism
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e Goal: to enable tracking of lineage of changes of a process model in
the repository by defining and managing process model variants and
their mutual relationships

P6. Provide a repository configuration mechanism

e Goal: to enable advanced users to easily make necessary

configuration changes in the repository
P7. Provide a security mechanism

e Goal: to ensure that only authorized users are allowed to access the

repository content
P8. Provide repository integration and interoperability mechanisms

e Goal: to enable sharing and exchange of process models with

external process model repositories and external modelling tools
P9. Provide extensible repository structure and design

e Goal: to provide an architectural design that makes it possible to
extend the information model and repository capabilities in the
future without having to redesign the whole system

Step 4. Prioritizing the subproblems

In this research project, our prioritization of the subproblems was based on
the same order in which the requirements and technical problems were
identified.

9.2.2 Solution Domain Analysis

In this subactivity, the model for extracting the architecture design solution
is provided. For every subproblem defined in the technical problem analysis
phase, we identify and prioritize the solution domains. Then the knowledge
sources for each solution domain are identified, studied and prioritized.
After studying and analysing the solution domain knowledge sources, the
fundamental concepts are extracted from them. The concepts are then
structured using relations that are derived from the solution domains. The
activities continue with refining the concepts. The steps for this phase are
described below.

Table 17: The solution domain for the subproblems

SubProblem Solution Domain (SD)
P1 Web-based process modelling SD1
P2 Business process model abstraction SD2
P3 Semantic process model annotation SD3
P4 Searching and navigation SD4
P5 Version management SD5
P6 Configuration management SD6
P7 Access control SD7
P8 Heterogeneous data exchange SD8
P9 Extensible system design SD9
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Step 1: Identification and prioritization of the solution domain knowledge
for each subproblem

In this step, for each subproblem we searched for the solution domain that
provides the solution abstractions. The search process included searching
through the Web using Google Search and Google Scholar. The searching of
the solution domains also included discussion with supervisors and the
research project team. Table 17 above provides a list of the solution domains
we have identified for each subproblem.

Step 2: Identification and prioritization of the knowledge sources for each
solution domain

In this step, for each of the solution domains, identified in step 1, we
identified and prioritized the knowledge sources according to their
objectivity and relevancy. The identified knowledge sources consisted of
project team members, literature and documentation on existing process
model repositories. The knowledge sources were chosen based on their
fitness for the task at hand, the main requirement being that they can be
integrated in a reasonable whole that can be used for developing a
repository.

Table 18: A selected set of the identified knowledge sources of the solution domain

Solution Knowledge Source (KS)
Domain
SD1 Oryx — An Open Modelling Platform for the BPM | KS1
Community (Decker et al, 2008)
SD2 Business process model abstraction: definition, catalogue | KS2
and survey (Smirnov et al, 2012)
SD3 Toward reuse of object-oriented software design models (Ali | KS3
& Du, 2004)
SD4 MIT Process Handbook (MIT process handbook project, | KS4
2001)
SD5 Repositories and Object-Oriented Databases (Bernstein, | KS5
1997)
SD6 Repositories and Object-Oriented Databases (Bernstein, | KS5
1997)
SD7 Repositories and Object-Oriented Databases (Bernstein, | KS5
1997)
SD8 Integrating Learning Object Repositories Using a Mediator | KS6
Architecture (Ké&rger et al.
, 2006)
SD9 Service-Oriented Architecture (SOA): Concepts, Technology | KS7
and Design (Erl, 2005)

Table 18 provides a selected set of knowledge sources for the overall
solution domain an “open, integrated and language-independent process
model repository”.
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The knowledge source for extensible system design was more difficult to
find, however the literature indicates that adopting Service-Oriented
Architecture as the architectural style enables extensibility and scalability
(Erl, 2005). The knowledge source for solution domains SD5, SD6 and SD7
is the same.

While in Table 18 we have shown only one knowledge source for each
solution domain, several knowledge sources were identified from which one
knowledge source was selected for the overall solution domain; for example,
Table 19 shows a selected set of knowledge sources for the solution domain
(SD2) business process model abstraction technique.

Table 19: A set of knowledge sources for solution domain business process model
abstraction technique (SD2)

Solution Knowledge Source Form
Domain
SD2 Business process model abstraction: definition, | Journal
catalogue and survey (Smirnov et al, 2012) paper
SD2 Flexab — Flexible Business Process Model | Conference
Abstraction (Weidlich et al, 2011) paper
SD2 Business process model abstraction (Polyvyanyy et al, | Book
2010) chapter

SD2 Business process model abstraction: Theory and | Book
practice (Smirnov, 2010)

SD2 A semantic approach for business process model | Conference

abstraction (Smirnov et al, 2011) paper
SD2 The Triconnected abstraction of process models | Book
(Polyvyanyy et al, 2009) section

Step 3: Extract solution domain concepts from solution domain knowledge

In this step, the identified knowledge sources were studied and analysed to

extract the fundamental concepts. After deliberating on commonalities and

variability of the extracted information from the knowledge sources we
could extract the following concepts:

e Process model editor and process modelling engine. KS1 is the
knowledge source for the Web-based process modelling as a solution
domain (SD1). KS1 describes a business process modelling platform
that enables users to create process models on the Web. From this
knowledge source we can extract two solution domain concepts: process
model editor and process modelling engine. The process modelling
engine is a system component that implements the mechanism that
provides process the modelling environment in the repository.

e Process model abstraction engine. KS2 is the knowledge source for the
business process model abstraction as a solution domain (SD2). KS2
describes process abstraction techniques and how business process
models can be abstracted from detailed complex models to less complex
process models based on different use cases. The core component of the
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process abstraction techniques is the abstraction engine. Therefore from
this knowledge source we can extract a process model abstraction
engine as solution domain concepts. It is a system component that
implements the mechanism for abstracting complex process models to
less complex process models.

Semantic annotation manager. KS3 is the knowledge source for the
semantic process model annotation as a solution domain (SD3). This
knowledge source is based on the researchers’ knowledge and
experience and review of how the annotation of software components is
applied to improve retrieval of reusable software objects. From this
knowledge source we propose a semantic annotation manager as a
solution domain concept. It is a subsystem for semantically annotating
process models to facilitate efficient retrieval of process models.

Process information mediator. KS6 is the knowledge source for
heterogeneous data exchange as a solution domain (SD8). It describes
how a repository of learning objects can be integrated with various
external repositories to enable access and sharing of learning objects
through the use of mediator components. From this knowledge source
we extract process information mediator, which serves as an
interoperability layer to enable integration and exchange of process
models between the proposed process model repository and external
process model repositories.

Repository engine. KS4 is the knowledge source for the solution domain
searching and navigation (SD4); and KS5 is the knowledge source for
the solution domain version management (SD5), configuration
management (SD6) and access control (SD7). KS4 describes the process
model repository, which provides the searching and navigation
mechanisms. KS5 describes the design and functionalities offered by the
object repositories. From this knowledge source we extract a repository
engine as the solution domain concept, which provides a mechanism for
overall repository management including advanced searching and
navigation components, version manager, access control manager and
configuration manager.

Web services and Enterprise Service Bus (ESB). KS6 is the knowledge
source for extensible design as the solution domain (SD9). It describes
how to design an extensible system by following a service-oriented
approach as architectural style. From this knowledge source we extract
SOA-based concepts such as Web services and enterprise service bus
(ESB) as solution domain concepts.

Step 4: Define conceptual structure

In this step, we make use of different structural relations to structure the
identified solution domain concepts. Figure 47 depicts a conceptual structure
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of the repository system flow chart. The conceptual structure of the system
outlines clearly the interactions between system components along with the
user activities. The rectangles depict functional components of the repository
and the round-edged boxes describe the actions taken by the user. The dotted
lines correspond to user actions, while the solid ones correspond to
repository system flows. Populating the repository is accessible only to
authorized users. Users need to be registered to exploit the search and
retrieval features of the repository along with a set of advanced
functionalities, including similarity check and model abstraction.
Unauthorized users can only perform simple search requests to find the
desired process model.
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Figure 47: Repository system flow chart.

9.2.3 Creating the Repository Architecture

The technical problem analysis and solution domain analysis formed the
basis of the overall repository architecture by identifying the architectural
components and the relationships that exist among them as shown in Figure
47. In this section the identified concepts are used to create the architecture
of the proposed process model repository.

Based on the understanding of the requirements and the relevant system
specifications, it is obvious that the proposed repository consists of
subsystems and heterogeneous components (i.e. existing repositories),
relying on different technologies and implementation techniques.
Furthermore, one of the major objectives of the proposed repository design
project is flexibility and scalability, so that future modifications can easily
add value.
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The above observations signify the need to adopt a distributed
architectural approach for the system. In this case, the best architecture style
would be SOA (Service-Oriented Architecture).

9.2.4 The Repository Architecture

The architecture of the proposed repository shown in Figure 48 is composed
of four layers: data, core, interoperability and presentation. The data layer
corresponds to the process knowledge base, which stores all the process
models, process annotation, process patterns, annotation model schema and
user data. It constitutes the data access and data source components. The
core layer corresponds to the process knowledge creation and reuse. It
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Figure 48: Architecture of the process model repository.

constitutes  repository foundation services and repository service
components, which implement the capabilities necessary for creating,
manipulating and reusing the process knowledge. The repository service
components include components for a repository engine, process modelling
engine, semantic annotation manager and business process abstraction
engine. The interoperability layer encompasses the services that implement
the mechanisms and an interface for external integration and accessing
multiple heterogeneous data sources of the process model repositories. The
presentation layer encompasses the applications that use the functionalities
provided by the repository through the Web service. The Web service
provides an API that maps to the repository APl and interfaces all the
functionalities of the repository. The use of the Web service as an interface
to the repository enables extensibility and integration. All the
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communications between services and service components in the business
logic are carried out through the enterprise service bus.

In the following section, we describe the architecture design shown in
Figure 48 by using data and information, functional and standard viewpoints
(ISO/IEC/(IEEE), 2011).

9.3 Architecture Specification

In this section the architecture is described as a subactivity of the design and
develop artefact activity of design science. The architecture is described
based on ISO/IEC/IEEE 42010 systems and software engineering —
architecture description (ISO/IEC/(IEEE), 2011).

Based on the repository requirements and architectural concept identified
in the previous section, three major viewpoints and their associated concerns
are described below. They are the data and information, functional and
standard viewpoints. In addition, UML activity diagrams have been applied
to describe the main workflows of the process model repository system.

9.3.1 Data and Information Viewpoint

9.3.1.1 Conceptual Model

Process models: The main data entity stored in the proposed process model
repository is the business process model. Mainly process models will be
described using a standard modelling notation. However, in order to achieve
a mass collection of process models, the repository will accept process
models in any format that a contributor can provide. Therefore process
models can be represented in different formats such as text documents and
bitmap pictures of process models.

Process annotation: In order to ensure effective retrieval for a very large
collection of process models with heterogeneity, process models will be
annotated with semantic information. The annotation information will
facilitate searching, navigating and understanding of process models.
Therefore, besides storing process models the repository stores process
annotation. The process annotations are based on the context-based process
semantic annotation model (CPSAM) (Elias & Johannesson, 2013) we have
developed. The process annotations are the instances of the CPSAM
associated with stored process models. A detailed discussion of the semantic
annotation model is given in Chapter 6 of this thesis.

Process patterns: In addition, the repository stores process patterns. These
patterns are used to build up process models. Process models can either be of
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a more general character like reference models or they can be specific
solutions.

9.3.1.2 Data Access Model

All access to repository data is implemented as capabilities via a data access
layer. Data access capabilities determine data access rights, based on user
access scenarios in the repository. There are three classes of data access
capability: create (adding process model), query and update. The data access
layer manages exchanges with other systems and handles the transformation
of relational data to XML where needed.

9.3.1.3 Data Storage Model

In the repository, process models can be stored as files or relationally,
whereas the process annotations are all stored relationally. Applications have
no direct access to data. All access is through the data access layer. The
layer takes care of storing data from the upper layers to the database and
retrieves it back, alongside updating and deleting it.

9.3.2 Functional Viewpoint

The proposed architecture consists of several components organized into
layers. Below we identify and describe the functionalities of major
components of the architecture.

9.3.2.1 Repository Engine

The repository engine is a repository component that provides fundamental
functions for storing and retrieving process models and maintaining the
relationships among them. In order to provide the storing and retrieval
functionalities the repository engine implements the following services:
Search Service. A major goal of reuse is, of course, to “find the artefacts
faster than the time it takes to develop them” (Krueger, 1992). Therefore, a
mechanism to enable faster retrieval of the relevant artefacts is one of the
main requirements for any reuse-based repository. The search module
implements the search mechanism and provides the interface for enabling
users to search and retrieve process models stored in the repository. The
proposed repository provides two possible ways to search for a process
model: (i) keyword-based search: a traditional searching method that allows
a user to submit keywords and the repository retrieves related process
models; (ii) annotation-based search: people who model processes as well
as those who formulate the search queries might use different keywords to
express the same concepts. Therefore it is difficult for the user to find the
relevant process model by using keywords. In order to enable retrieval of
relevant process models, the repository implements annotation-based search,
based on the semantic annotation model (CPSAM) (Elias & Johannesson,
2013). It allows users to direct their search by using elements of the
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annotation model. The repository retrieves all the process models that have
been annotated with instances of one or more of the selected elements.

Navigation Service. Navigation service implements the navigation
mechanism and provides the interface for enabling users to find a relevant
process model easily through navigating the repository. A crucial challenge
in designing navigation mechanisms is to create a navigation structure. A
navigation structure determines the possible sequences for accessing process
models, and imposes an organized layout on the repository’s content
(Huang, 2003). The navigation structure of the proposed repository is
implemented based on the annotation model (CPSAM) (Elias &
Johannesson, 2013). Therefore, the process models stored in the repository
are organized by elements of the annotation model. The main advantage of
navigation is that it allows users to evaluate a large number of process
models rapidly and determine which is useful (Huang, 2003). Therefore,
navigation is particularly useful when users don’t know exactly what they
need.

Versioning Service. The versioning service implements the mechanism
for managing process model variants and the change history of the process
models. Versioning is provided when a new process model is stored or an
existing process model is modified. To record the change history, created or
modified process model is stored as a new version in the repository. The
version management method adopted in this repository is based on semantic
annotation.

9.3.2.2 Process Modelling Environment

The proposed repository aims at providing a place where potential users can
share process knowledge for reuse. Therefore an environment where users
can create new or modify stored process models is necessary. In the
repository, the process modelling environment implements and provides a
process modelling editor through which process models can be created or
modified with standard modelling notation. In addition, it enables graphical
representation of business processes stored in the repository. The modelling
environment consists of two major components: the process model editor
and the process modelling engine (PME).

Process Model Editor: The process model editor, at the presentation
layer, is a Web-based model editor that enables users to author processes
graphically.

Process Modelling Engine: The process modelling engine (PME), at the
core layer, is the core component that implements a process modelling
subsystem. It constitutes a model converter and modelling language
definitions (stencil sets). At the presentation layer business processes are
represented in graphical form (called the “process model”) using standard
modelling notation. However, at the data layer process models are stored as
process description (i.e. XML format). Therefore a model converter is
responsible for converting process models into process description in XML
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format and vice versa. The process models in XML format can be stored in a
relational database or in a file system, such that they are easily accessible
and imported into any Java IDE.

The modelling language definition (stencil sets) is another component of
the PME. A process modeller can be built to support any selected standard
modelling notation such as BPMN, EPC, UML AD, etc. Therefore a process
modelling engine maintains process modelling definitions (stencil sets) for a
specific modelling notation. Multiple modelling notations can be supported
by creating and extending their definitions (stencil sets) (Decker et al, 2008)
in the process modelling engine.

9.3.2.3 Semantic Annotation Manager (SAM)

In order to facilitate searching, navigation and model comprehension, the
repository requires process models to be semantically annotated. Therefore,
a mechanism for annotating, indexing and storing process annotation is
required. The semantic annotation engine implements the mechanism to
annotate, submit and index new process models in the repository (Elias &
Johannesson, 2013).

There are two phases of process annotation: automatic annotation and
manual annotation.

When a user completes modelling a business process, the create model
service (save function) will store the model (in the process models database)
and invokes the annotation service. The annotation service, during the
automatic annotation phase, creates and indexes the basic annotations, which
include process name, process description and the address of the stored
model and stores them in the process annotation database. The annotate
service then, during the manual annotation phase, lets a user annotate the
process based on the CPSAM annotation model. The specific process
annotation is then indexed and stored in the process annotation. The
annotation service is also invoked whenever a process model is imported.

The CPSAM suggests a number of high-level instances or categories for
each element, i.e. for resource we have goods, services, etc. These categories
can be specialized and complemented with additional categories depending
on the domain under consideration. Therefore, in order to support
extensibility, the architecture includes an editor as part of the annotation
service that allows users to define additional instances or categories for the
included elements. The editor allows changes to be made only to the
CPSAM schema in the data layer. The repository enables automatic
updating of all repository services that are based on the annotation model. In
this way, the extension does not break existing repository services that are
oblivious to the extension, and also services that are aware of the extension
are able to exploit it.
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9.3.2.4 Model Abstraction Engine (MAE)

When modelling business processes, for each modelling goal, a specific
process model at a certain level of granularity can be created. Therefore
stored models may be complex for some use cases. Thus, a mechanism to
create and provide different process views from detailed process models is
necessary. The process model abstraction engine (MAE) provides and
implements a mechanism for abstracting detailed process models into more
coarse-grained models for specific use cases.

The MAE component consists of the abstraction service and the use case
catalogue. The abstractor defines abstraction algorithms for different use
cases, whereas the use case catalogue predefines use cases for which the
model is intended. For example, a user may need fast process
comprehension, a process model with relevant activities, or relevant process
instances, etc.

During the model retrieval process, the process model editor of the PME
presents the model to the user. If a user decides to generate different process
views that meet a desired need, the abstraction service is triggered that takes
the desired use case definition from the use case catalogue sent with the
initial process model to the abstractor. Given this input, the abstractor
performs the abstraction algorithm and produces an abstract model. The
resulting model can then be stored as a version of the initial process for
future reuse.

9.3.2.5 Process Information Mediator (PIM)

Our approach aims to enable access of process models from multiple
repositories. However, each repository uses a different metadata structure to
annotate process models and different technologies for storing them. This
makes it almost impractical to retrieve and reuse process models from
external repositories. The architecture introduces a process information
mediator (an interoperability layer) that implements the mechanisms and a
uniform interface for accessing multiple heterogeneous data sources. A
guery-rewriting mechanism based on metadata semantics enables the access
of process models from external repositories (Karger et al, 2006;
Wiederhold, 1992). The process information mediator consists of several
components, as shown in Figure 49.
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Figure 49: Process information mediator.
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Interface Component: all interactions with the mediator are received via
the interface API. It exposes an API that allows other services to make
service requests through the mediator. It defines and manages all incoming
guery requests. The query requests are then passed to the persistent
component for processing.

Persistence Component: the persistence component receives the query
request from the interface API and starts and manages the execution of that
request. It maintains the copy of each query received by the mediator and
maintains the persistence data store for the request data, response data and
the metadata for each query.

Query Processor: To allow users to query several process model
repositories, the mediator implements the query processor, which accepts
queries formulated in a uniform query language and returns the URIs, which
points to a process model that meets the query. The query processor
performs two services: query distribution and results integration. It receives
the user query (in the form of the CPSAM) and distributes the query to each
wrapper for translation. It then receives and integrates the query results from
the wrappers and forwards them to the service layer for the user.

Wrapper: a wrapper for each connected repository is provided. The
wrapper is responsible for transforming the query from the query processor
into a format understandable to the target repository. The query sent to the
wrapper will contain terms from the CPSAM (Elias & Johannesson, 2013).
The terms of the CPSAM in the queries have to be replaced with the
corresponding terms that a target repository uses to describe its process
models. In order to ensure correct substitutions, a mapping between the
terms of the metadata structure of the proposed repository and the terms of
the metadata structure of the corresponding repository is defined and
maintained in each wrapper. This is how the semantic interoperability is
achieved.

9.3.3 Standard Viewpoint

The proposed process model repository may involve many entities. The need

to integrate with external and existing repositories requires adherence to

standard architecture to facilitate interoperability. There are several levels in

which interoperability needs to be provided by the repository. Therefore to

achieve these interoperability requirements the repository includes the

following:

e Terminology services: The terminology services define a common
terminology.

e Web services: The repository achieves interoperability between
interfaces of different system components of the repository through the
use of Web service standards.
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o Wrappers: The repository achieve interoperability between the proposed
repository and the heterogeneous data sources from external repositories
through the use of wrappers, which translate the metadata semantics of
the proposed repository to the semantics used by respective repositories.

9.3.4 Workflow Activities

Below we make use of the UML activity diagram to describe some essential
activities of the system from the end-user perspective. They are “populating
the repository” and “search and retrieval of process models”. The search and
retrieval is described from two perspectives: accessing internal repository
and external repositories.

9.3.4.1 Populating the Repository

There are three possible ways in which the proposed repository could be
populated: (1) by importing process models; (2) by creating process models
using the process modelling tool provided by the repository process
modelling engine (PME); (3) also the repository could be populated
automatically whenever access is made to the external repositories.

Process Editor Maodel Conversion Service Model Annotation Servirce Data Access Component

Create process model
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Basic process annotation(autmatic)

Store process annotation

Manual process|annotation

@é_(ljefine and submit process annotation

User-defined process annotation

Figure 50: Populating the repository by creating a process model.
Figure 50 depicts the UML activity diagram for populating the repository by

creating a process model in the repository. To populate the repository by
creating a process model, a user uses the process editor accessed via the
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Web to design a process model. A user may decide to store the process
model or not. If the user decides to store the process model in the repository,
the “Model Conversion Service” and “Model Annotation Service” are
invoked. The Model Conversion Service, which is implemented by the
process modelling engine, converts the model into XML format and stores it
in the process model database. The Model Annotation Service, which is
implemented by the Semantic Annotation Manager (SAM), automatically
creates the basic process annotation and stores it in the process annotation
database. Also, the annotation service provides an interface that lets the user
perform manual process annotation based on the CPSAM annotation model,
which is then stored in the process annotation database through the data
access component.

9.3.4.2 Accessing Internal Repository

The search and retrieve process models are the most important tasks from
the end-user perspective. Figure 51 depicts a UML activity diagram for
searching a process model from the internal repository. The search is done
based on the submitted query. By accessing the internal repository, the
search service searches the process annotation database through the data
access component.

Process Editor Search Service Model Conversion Sevice Data Access Companent

( cneck f.suns)

@ Modify/Adapt the model

Figure 51: Search process model activity diagram.

It extracts a set of process models by using semantically based elements, and
sends them to the user via the repository API. The user analyses the results
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and selects the candidate process model from a list of displayed results.
Once the candidate model is selected, its process annotation is retrieved and
displayed to the user. The user may decide to quit or view the process
model. To view the process model, the data access component retrieves the
process model (in XML format) and triggers the Model Conversion Service,
implemented by the process modelling engine, which converts the model
into a graphical format in a respective modelling notation. The converted
model is then displayed using a process editor on the Web browser. Finally,
the user may modify and adapt the model for the specific use.

9.3.4.3 Accessing External Repositories

If there is no available or suitable process model in the internal repository,
the search service sends a request to the process information mediator
(PIM). To retrieve the process from external repositories the PMI performs a
number of operations, including the following: (1) it accepts queries and re-
writes them in a uniform query language, (2) it distributes and translates the
guery to queries with respective repository metadata elements, and (3) it
returns a list of processes with the URIs, which points to the process models
that meet the submitted query.

.................... Frocess INormafion MeGtor Extamal Repository

Figure 52: Accessing process models from external repositories.

During the search, when the results of the search are returned, the Model
Annotation Service is triggered, which extracts and stores basic annotation
of all the retrieved processes in the local repository; in this way the local
repository can grow with a new set of process models. However, the actual
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process models will not be stored locally unless the user decides to import
them into the internal repository. Stored semantic annotation contains the
URIs (Uniform Resource ldentifiers) from which they can be accessed
without querying through the mediator.

Once the search results are returned, the user analyses the results and
selects the candidate process model from a list of displayed results. After
selecting the candidate process, the user may decide to view the process
model in the respective repository by refereeing the URIs, or import the
process model into the repository from the external repository. The imported
model is then converted by the Model Conversion Service and then
presented to the user by the process model editor on the Web browser. At
this point the user may modify and adapt the process model accordingly.
The imported model is stored locally.

9.4 Architecture Evaluation

In this section we present the evaluation of the architecture as the evaluate
artefact activity of a design science process. The evaluation is based on the
analysis of the architecture against the requirements set out in Chapter 4.

One of the core requirements of the repository is to support standard
modelling language (requirement R1). This architecture accomplishes that
by provision of a process modelling environment that enables online creation
of process models, storage and graphical representation of the stored models
using standard notation. The process modelling environment includes three
major components in the architecture: process model editor, process
modelling engine and stencil set definitions. This also accomplishes the
requirement for providing graphical representation of process models
(requirement R3). The process modelling environment provides an online
process editor for users to create new process models or edit existing ones.
Therefore this also addresses the need to enable online modelling of process
models (requirement 11).

The proposed architecture provides an advanced retrieval function based
on semantic annotation. To accomplish that, the architecture provides a
semantic annotation manager for semantically annotating process models
before they are stored (requirements 7 and 8). Semantic annotations are
based on the semantic annotation model (CPSAM), which includes a
classification scheme and other meta information. The repository engine
implements advanced process model retrieval through a search and
navigation service. The use process annotation also enables a similarity
search and comparison between process models (requirement 9).

The process annotations provided by the semantic annotation manager
include definitions of process model relationships (requirement 10). During
annotation the relationship between process models is created and stored as
part of the process annotation.
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Another core requirement is integration with external repositories to
allow access to process models and growth of the repository (requirement
12). The architecture accomplishes this by introducing a process information
mediator that enables interoperability and interconnection through wrappers,
which transforms the query to respective repositories. The use of Web
services enables the integration between different services offered by
different system components of the repository.

To address the need for providing multiple process model granularities
(requirement 5), the architecture includes a process model abstraction
engine. The abstraction service component consists of the abstractor, which
defines an abstraction algorithm, and the use case catalogue, which
predefines use cases for which the model is intended. During model retrieval
users can generate different process views that meet a desired need, through
the abstraction service, which takes the desired use case definition from the
use case catalogue sent with the initial process model to the abstractor. The
abstractor generates a desired process model for the user.

Apart from providing a search and navigation service, the repository
engine provides all fundamental functionalities that are common to any
repository system such as version management (requirement 6) and
configuration management (requirement 15). Therefore repository engine
implements version manager and configuration manager.

To address the need for an access control mechanism (requirement 13),
the repository architecture includes a user manager component, which
provides authentication and authorization services. Users must be registered
to exploit the search and retrieval features of the system along with a set of
advanced functionalities, including a similarity check and model abstraction.
Unregistered users can only perform simple search requests to find the
desired process model.

The proposed repository is based on SOA, which enables extensibility
(requirement 14) and scalability. The repository architecture provides
extensibility by allowing existing repositories to integrate by just adding a
new wrapper with mapping specification. In addition, through the use of
Web services new functionalities can be added by simply advertising them
to the repository. The semantic annotation service includes annotation edit,
which allows new definition and annotation elements to be added. An object
relational mapping mechanism enables additional definitions to be added in
the process annotation schema.

Overall, the architecture fulfils the key requirements needed to implement
the process model repository for process model reuse.

9.5 Related Work

There have been several attempts to design the architecture of process model
repositories. One of the more recent and comprehensive works on the
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process model repositories is that by La Rosa et al (2011a), who suggest an
advanced process model repository (APROMORE).

APROMORE focuses on providing a place for advanced model-based
analysis, filtering and consolidation. In their work they propose architecture
for the process model repository, which consists of three layers: an
enterprise layer, an intermediary layer and a basic layer. The enterprise layer
is the front end of the repository, which hosts the repository manager. The
basic layer encapsulates the business logic and data of traditional software
architecture. The repository manager accesses both process models via the
(de)canonization service — an intermediary adapter equipped with format
conversion capabilities. Our architecture differs from their architecture in
three main aspects: (1) apart from normal standard three-layered
architecture, the architecture of the proposed repository introduces an
interoperability layer that implements a process information mediator to
enable exchange and sharing of process models between repositories; 2) to
improve the efficiency of process model retrieval, the repository introduces
a semantic annotation manager for semantically annotating process models
in the repository. The search and navigation mechanisms of the repository
are implemented based on the semantic annotation (3). In the proposed
repository, process models can reside either locally or remotely. The central
information stored in the repository is the process annotation, which
includes the address of the process model. In addition, the use of semantic
annotation enables process models to be stored and shared in any
representation format such as modelling notations, textual format and
images.

Yan et al (2012) is another work that proposes architecture of a process
model repository. In their work they propose reference architecture for a
business process model repository. Reference architectures are defined on a
high level of abstraction as compared with concrete architectures, in this
case the proposed repository architecture. In contrast, from concrete
architectures, in general, reference architectures have a general nature and
are designed to meet the attributes of all stakeholders. This makes it difficult
to implement when you have a specific problem that is to be addressed.

9.6 Summary and Discussion

In this chapter we have proposed the architecture for an open and language-
independent process model repository with an efficient retrieval system — a
repository that is publicly open for change and growth by any potential user
independently of the modelling language used and can comprise process
models from existing process repositories. The main goal was not to suggest
the best possible architecture, but to show that a good enough architecture
can be designed based on the known architectural principles and knowledge
sources. The principles and the knowledge sources were chosen based on
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their fitness for the task at hand, the main requirement being that they can be
integrated into a reasonable whole that can be used for developing a
repository.

The proposed architecture is based on the requirements we introduced in
Chapter 4. The architecture design is a work towards the development of an
integrated and publicly open process model repository. This project is driven
by the needs for an infrastructure to support reuse of process models.

The main contribution of this work is the architecture, which consists of
four layers: the data, core, interoperability and presentation layer. The data
layer stores all the process models, process annotation, process patterns,
annotation model schema and user data. The core layer constitutes
repository foundation services and repository service components, which
implement the capabilities necessary for creating, manipulating and reusing
the process knowledge. The interoperability layer encompasses the services
that implement the mechanisms and an interface for external integration and
accessing multiple heterogeneous data sources of the process model
repositories. This integration is important to the success of reaching a critical
mass of process models for reuse. It is one of the main features that are not
offered in existing repositories. Another feature that is not offered in the
existing repositories is that of structuring the process model repository
provided by the semantic annotation manager. The main purpose of the
semantic annotation manager is to semantically annotate process models in
the repository for efficient retrieval of process models.

The proposed architecture has been evaluated against the requirement
specification provided in Chapter 4. The results of the evaluation have
indicated that the proposed architecture meets the requirements of the
repository. Thus, we argue that the implementation of the proposed
architecture will increase the probability of process model reuse.
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10 Conclusion and Future Work

We conclude our work in this section with remarks on the accomplishments
of the research goals with respect to the research contribution and
limitations, and outline directions for future work.

10.1 Research Goals and Findings

In this research, we propose an open and language-independent process
model repository with an efficient retrieval system to support the reuse of
process models. The goals of this research included: (i) to elicit the
requirements for a process model repository; (ii) to develop a semantic
annotation model for annotating process models in the repository to facilitate
searching of process models, navigating the repository and enhancing
understanding of process models; (iii) to develop a business process
relationship meta-model for identifying and defining the relationship
between business processes in the repository; and (iv) to design the
architecture of a process models repository for process model reuse.

Goal 1: To elicit the requirements for a process model repository

In order to address the shortcomings of existing process model repositories,
in Chapter 4 we elicited a set of requirements for building such a repository
from stakeholders (researchers and practitioners) and the literature, which
formed the basis of the proposed process model repository. The
requirements, provided in Chapter 4, were elicited by collecting initial
results from an exploratory study (using semi-structured interviews) and
validating the results through a confirmatory study (using a questionnaire).
Based on the analysis of the exploratory study and the confirmatory study, a
set of requirements for process model repositories was suggested by the
stakeholders. Additional requirements were elicited from the literature
through a systematic review approach. Finally, a specification and
justification of each requirement was given. It should be noted that the
presented requirements could be extended and adapted based on the primary
purpose of the repository.
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Goal 2: To develop and evaluate a semantic annotation model for
semantically annotating process models to facilitate searching,
navigation and understanding of process models

The main issue this research dealt with was the problem of locating and
retrieving relevant process models. To address this problem, a context-based
process semantic annotation model (CPSAM) was developed for annotating
the process models — classifying and describing the process models in the
repository. The annotation model development process constituted: the
identification of potential annotation elements through a systematic literature
review, validation of the elements through a confirmatory study, and
construction of the model. The CPSAM, presented in Chapter 5, is based on
well-established business frameworks, existing process classification
schemes, organizational theories and other perspectives of a business
process. The purpose of the annotation model is to facilitate searching for
process models, navigating the repository and enhancing user understanding
of process models.

To test and improve the performance of the annotation model, two
empirical studies through controlled experiments were carried out. In the
first study, the model was evaluated to test the annotation consistency and
correctness. From the study, as discussed in Chapter 7, we learnt that the
annotations of most of the CPSAM elements by different people are
consistent (identical) and correct. In the second study, the model was
evaluated to test the influence of the CPSAM on the searching, navigation
and understanding of process models. From the study, as discussed in
Chapter 7, we learnt that the CPSAM improves searching, navigation and
understanding of process models.

Goal 3: To develop and evaluate a business process relationship meta-
model for identifying and defining the relationship between
business processes in the repository

The third issue addressed by this research is that related to identifying and

defining relationships between business processes in the repository. The

current definition of process model relationships is limited to directly related
relationships. Such a relationship includes that of a process and its
subprocesses, and the relationship of a process and a specialized process of
the former. However, it is difficult to capture how all business processes are
related in an enterprise. To address this problem, a business process
relationship meta-model was developed for defining the relationship
between business processes. The relationship meta-model development
process constituted: the identification of potential relationship concepts,
validation of the identified relationship concepts through a case study, and
construction of the meta-model. The meta-model, presented in Chapter 8, is
based on existing and well-established defined relationships and process-
assets and asset-processes archetypes we have developed as a method to find
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all processes that exist in an enterprise. The purpose of defining process
relationships in the repository is to enable users to find related process
models.

The meta-model was evaluated through an informed argument (Hevner et
al, 2004) to test the extent to which it meets the established requirements.
From the study, we learnt that the meta-model meets the established
requirements.

Goal 4: To design the architecture of an open and language-independent
process model repository with an efficient retrieval system to
support reuse of process models

Based on the requirements provided in Chapter 4 and the results of the

artefacts developed during the research project, the architecture of the

process model repository was designed in Chapter 9. A Synthesis-based

Software Architecture Design (SYNBAD) method was chosen for the design

of the architecture. First, from the requirement specifications, we identified

technical problems, which were then decomposed into subproblems.

Secondly, a solution domain analysis was performed for each subproblem to

identify architectural solutions. By adopting a Service-Oriented Architecture

(SOA) as an architectural style the proposed architecture was created. The

proposed architecture consists of five layers: the data layer, which stores all

process knowledge; the business logic layer, which implements the core
components of the repository; the service layer, which exposes the
functionalities provided by the repository to the user through Web services
and APIs; the presentation layer, which provides access of the repository

services to the user; and lastly an interoperability layer, which implements a

mechanism for repository integration with external or existing repositories.

The created architecture was then described based on the ISO/IEC/IEEE
standards. For this, several viewpoints were used to describe the
architecture. The data and information, functional and standard viewpoints
have been used to describe the architecture. Finally, an informed argument
was adopted to evaluate the proposed architecture against the specified
requirements. From the analysis of the architecture, we can learn that the
architecture fulfils the specified requirements.

In summary, the four research goals laid down have been achieved to a large
extent; however, some few improvements may be required in the future. For
the requirement elicitation, the study may need to consider other
stakeholders, i.e. process owners and process users.

10.2 Research Contributions

Both the novelty of the artefact and the process of producing it constitute the
contribution of a design science project (Hevner et al, 2004). The design
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artefacts produced in this research include the sematic annotation model
(CPSAM), process relationship meta-model and the architecture of the
repository. Though not an artefact, we have also established a set of
requirements for the process model repository as a contribution.

10.2.1 Contribution 1: Requirements for a business process
model repository

A set of requirements for a process model repository is one of the
contributions of this thesis. We have established a set of requirements that
must be fulfilled by process model repositories in order to increase the
probability of process model reuse. While some definitions of requirements
for process model repositories existed, the elicitation of such requirements
from a group of stakeholders is new. In addition, since process repositories
can be designed for several different purposes, requirements for the
repository to support reuse of process models are new. Therefore the set of
requirements definitions provided in this thesis serves as an extension and
validation of existing definitions of the requirements.

There have been a few attempts to establish requirements for business
process model repositories. One of the early works is that of Shahzad et al
(2009), who suggest a set of requirements for a business process model
repository to support reuse of process models. Yan et al (2012) is another
comprehensive work that defines a set of requirements for business process
repositories. In both of these studies the requirements were elicited from
reviewing existing process model repositories. To get a better understanding
of the need and the problem, we have elicited the requirements from both the
stakeholders and the literature including existing repositories. In addition the
main focus of the requirements defined by Yan et al (2012) was to guide the
design of the reference architecture of a business process repository.
Reference architectures are more abstract, and therefore the defined
requirements are also of a general nature for building a general-purpose
repository. Our requirements are mainly focused on defining the
requirements for designing a process model repository for supporting reuse
of process models.

10.2.2 Contribution 2: A context-based process semantic
annotation model

A context-based process annotation model is the core contribution of this
thesis. The purpose of the model is to semantically annotate process models
in the repository to facilitate retrieval of relevant process models (effective)
with less effort (efficient) in a large collection. The novelty of the context-
based process semantic annotation model (CPSAM) can be found in the
conceptualization of the business framework (REA (Geerts & McCarthy,
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2000; Dunn et al, 2005)), the conceptualization of existing process
classification schemes (Porter’s Value Chain (Porter, 2008), the Open-EDI
framework (UN/CEFACT, 2003)) and the conceptualization of enterprise
modelling concepts (Huat Lim et al, 1997; Fox et al, 1996). In Chapter 5, we
described how it was developed, especially with insights and opinions from
experts during the validation of annotation elements, which positively
affirmed the concepts used. In addition, evaluation of the model in Chapter 7
confirmed that it is a versatile and applicable approach to improving process
model retrieval. From a theoretical perspective, the annotation model
provides an improved classification schemes for business process models.
On the other hand, the practical impact of the semantic annotation model is
to foster implementation of effective process retrieval systems for large
collections of process models.

There have been several attempts to address semantic annotation of
process models in the research literature. One of the more comprehensive
approaches is that by Lin (2008), who suggests a semantic annotation
framework to manage the semantic heterogeneity of process models. Born et
al (2007) is another approach to address the issue of the semantic annotation
of process models. In this work they proposes an approach for integrating
semantics in modelling tools to support the graphical modelling of business
processes with information derived from domain ontologies. Another work
is that by the SUPER project (Wetzstein et al, 2007; SUPER, 2007), who
proposes three main groups of ontologies for semantically annotating a
business process: process, organization-related and domain-specific
ontologies (Filipowska et al, 2009). Our work differs from these works in
the respect that we focus on using annotated process models for the purpose
of repository search and navigation. In contrast, other approaches have a
wider scope and also intend to support the design of process models. As a
consequence, these approaches require that process models be annotated
with specific domain ontologies, typically tailored for the application and
domain under consideration. CPSAM offers a lightweight approach, where
well-known business and process frameworks are used as the basis for the
annotation, which provides ease of annotation as well as ease of use.
Nevertheless, the extensibility of CPSAM enables domain-specific notions
and elements to be included if desired.

10.2.3 Contribution 3: A business process relationship meta-
model

A Dbusiness process relationship meta-model is another contribution of this
thesis. The purpose of the meta-model is to enable users to identify and
define the relationship between process models in the repository, which
serves as the navigation mechanism. The novelty of the process relationship
meta-model can be found in the conceptualization of the components of an
enterprise (assets, sensor and processes) (Bider et al, 2011), and the
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conceptualization of how business processes of an enterprise can be found
(Bider et al, 2012). In Chapter 8, we described how it was developed,
especially with insights and opinions from domain experts during the
validation of the relationship concepts, which positively affirmed the
concepts used. From a theoretical perspective, the relationship meta-model
supports the understanding of relationships of business processes in the
repository by reviewing how relationships are generally understood and
supported in the repository. It also provides a holistic solution for
representing the relationships in a uniform way. On the other hand, the
practical impact of the relationship meta-model is to foster implementation
of the navigation mechanism for effective process retrieval systems for large
collections of process models.

There have been a few attempts to identifying and defining business
process relationship in the repository. Malone et al (2003) are among those
who can be noted for their pioneering of the concept of defining process
model relationships in the repository. They define two types of relationship
between business processes: (1) whole-part relationship, and (2)
generalization-specialization relationship. Kurniawan et al (2012) extends
the two types of relationship with (3) inter-operation relationship. The scope
of these relationships is limited to directly related processes. They don’t
consider interdependencies between indirectly related processes in an
organization. Given that the approach of using process model repositories to
support reuse of process models is moving forward, significant effort in
developing a holistic approach to identify and define the relationship
between process models in the repository is necessary. The proposed
relationship meta-model offers a holistic approach to identifying and
defining process model relationships in the repository. The meta-model ties
together the concepts from existing relationships and the process-assets and
asset-processes archetypes with an understanding of how business processes
are interconnected in the overall process architecture of an enterprise.

10.2.4 Contribution 4: Architecture for a business process model
repository

The architecture of a process model repository is another contribution of this
thesis. The purpose of designing the architecture of the process model
repository is to bridge the existing gap by providing the basis for developing
a repository system that will increase the probability of process model reuse.
The main goal is not to suggest the best possible architecture, but to show
that a good enough architecture can be designed based on the known
architectural principles and knowledge sources. While we have followed
some existing methods, the development, description and evaluation of the
architecture serve as a methodological contribution to the body of
knowledge. From a practical perspective, the architecture specified in this
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thesis serves as a foundation for developing the actual repository to address
the reuse problem.

There have been several attempts to design the architecture of process
model repositories. One of the more recent and comprehensive architecture
of a process model repository is that by La Rosa et al (2011a), which
consists of three layers: an enterprise layer, an intermediary layer and a basic
layer. Our architecture differs from their architecture in two main aspects:
(1) apart from normal standard three-layered architecture, the proposed
architecture introduces an interoperability layer that implements a process
information mediator to enable exchange and sharing of process models
between repositories; 2) In the proposed repository, process models can
reside either locally or remotely and be accessed through the mediator. Yan
et al (2012) is another work that proposes a reference architecture for a
business process model repository. Reference architectures are defined on a
high level of abstraction as compared with concrete architectures, in this
case the proposed repository architecture. In contrast, from concrete
architectures, in general, reference architectures have a general nature and
are designed to meet the attributes of all stakeholders. This makes it difficult
to implement when you have a specific problem that is to be addressed.

10.3 Limitations

This research set out to design an open and language-independent process
model repository with an efficient retrieval system to support reuse of
process models. Although we have succeeded in establishing the
requirements, developing two conceptual models to improve the retrieval
system and designing the architecture of such a repository, undeniable
limitations exist that should be taken into consideration. These include:

e The evaluation of the semantic annotation model. While the model has
been evaluated in two different studies, several limitations can be
identified. (i) The first is the small size of the repository contents. Better
results could be obtained if the evaluation was conducted with a large
collection of process models. This was due to challenges of populating
the repository with a large collection of process models. (ii) Secondly,
the number of participants; a large number of participants are needed to
generalize the findings. We had targeted a large number of participants
to conduct the experiments, however some were not able to finish the
required experimental tasks, as they required a considerable amount of
time.

e The evaluation of the process relationship meta-model. While we have
managed to perform a theoretical evaluation of the meta-model through
an informed argument, the lack of a tool support limited the practical
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and performance-based evaluation of the meta-model. The
implementation of the meta-model is part of our future research.

The evaluation of the repository architecture. While the proposed
architecture is based on known architectural principles and knowledge
sources, a practical evaluation of the architecture is necessary. This
requires a complete implementation of all core components of the
architecture, which is part of our future research.

10.4 Future Research Directions

In addition to continuing these aspects of the project there are several
important areas of research that will be addressed by future project
milestones. These include:

Large-scale evaluation and refinement of the CPSAM. We plan to
populate the repository with a large number of process models to enable
further evaluation with a larger number of users, as well as a refinement
of the semantic annotation model.

Goal annotation template. In addition to that plan, our future work will
also include the development of a formal template for goal formulation
to enhance the goal annotation process.

Implementation and practical evaluation of the process relationship
meta-model. We plan to implement the meta-model in the repository to
enable performance evaluation through experiments. This may involve
the refinement of the meta-model depending on the feedback of the
evaluation.

The design and implementation of the process information mediator and
integration with existing process model repositories. As part of the
implementation of the architecture, the main focus will be to design and
implement the mediator and integrate with some of the existing
repositories for sharing process models.
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Appendices

A.l. Survey of Existing Process Model Repositories

The survey reported in this appendix is a published work in Elias and
Johannesson (2012Db).

The survey of existing repositories is based on publications in academic
as well as trade journals and conferences. In order to identify process model
repositories, we searched for relevant journal and conference publications by
searching Google Scholar using the four keyword phrases “business process
model repository”, “process model repository”, “business proCess
repository” and “process repository”. The results from these searches were
narrowed down to publications fulfilling the following criteria: (i) the title of
the publication explicitly includes or implicitly refers to the area of interest,
i.e. business process model repositories, (ii) the publication describes or
proposes a business process model repository, and (iii) the publication has a
citation score of at least 5 in Google Scholar.

Based on the above criteria, 26 publications were selected, and ten
repositories of business process models were identified: (i) MIT Process
Handbook (MIT process handbook project, 2001; Malone et al, 2003), (ii)
Phios process repository for supply chain (SCOR) (Supply Chain Council,
2003), (iii) IBM Process Repository (IBM Corporation, 2004), (iv) IBM-
BPEL Repository (Jussi et al, 2006), (v) Semantic Business Process
Repository (Ma et al, 2007), (vi) Oryx (Decker et al, 2008; Oryx, 2008),
(vii) SAP Process Repository (SAP AG, 2007), (viii) Prosero Repository
(Elhadad et al, 2008), (ix) RepoX Repository (John, 2001), (x) Advanced
Process Model Repository (La Rosa et al, 2011a).

In this section, we briefly review the identified repositories. Aspects for
reviewing these repositories have been derived from the requirements
suggested in the previous section. The aspects include openness, standard
modelling language support (the repository should be able to store process
models in at least one standard process modelling language), representation
(process models in the repository should be represented in both graphical
and textual form), domain independence (the repository should allow
process models to be stored regardless of their domain — storing both
domain-specific and generic process models), business model inclusion (the
repository should store both business and process models), classification
scheme (process models in the repository should be categorized based on
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widely accepted classification schemes to facilitate navigation), goal
inclusion (a process model should be annotated with information that can
facilitate searching, navigating and interpreting process models) and
versioning (the repository should allow multiple versions of a process model
to be maintained). Openness and goal inclusion are the additional aspects.
Openness is the public availability of the repository to its potential users
without any proprietary constraints — the ability of users to add, update,
delete or retrieve process models without any prior legal permission. The
cost element has not been considered. Another additional aspect is goal
inclusion. The relationship between goal inclusion and requirement 7 can be
traced back from the exploratory study. An aspect related to process
granularity levels as a requirement is not included. This is because
granularity is an intentional process design, however at the repository level,
this is met if the repository supports multiple versions of the same process.

MIT Process Handbook

Openness. The MIT process handbook is a proprietary repository that
provides a knowledge base of process descriptions (MIT process handbook
project, 2001; Malone et al, 2003). Therefore, the repository can only be
extended and enhanced by its owners.

Standard modelling language. In the MIT repository, business processes
are described in natural language, and no standard modelling notation is
supported.

Representation. With respect to process representation form, the MIT
process handbook only describes business processes in textual form.

Domain independence. The repository is not restricted to any specific
domain.

Business model inclusion. The repository does not include business
models.

Classification scheme. The process classification scheme adopted by the
MIT process handbook is based on two dimensions: generalization-
specialization and composition-decomposition, where each process in the
repository can be viewed. While browsing of processes is based on the two
dimensions of the classification scheme, the repository only provides a
keyword-based search for finding processes.

Goal inclusion. Process models stored in the repository are not related to
goals.

Versioning. The repository does not manage multiple versions of process
models.

Phios Process Repository for Supply Chain (SCOR)

Openness. SCOR (Supply Chain Council, 2003) is another proprietary
repository similar to the MIT process handbook. It provides a knowledge
base of process descriptions related to supply chain management.
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Standard modelling language. Like the MIT process handbook, business
processes are described in natural language, and no other modelling notation
is supported.

Representation. Like the MIT repository, processes are represented in
textual form.

Domain independence. SCOR is restricted to supply chain management
processes.

Business model inclusion. The repository does not include business
models.

Classification scheme. Apart from the two dimension classification
scheme, adopted by the MIT process handbook, processes in SCOR are
further classified based on four verbs: create, destroy, modify and preserve.
In addition, processes are organized around five management root processes:
plan, source, make, deliver and return.

Goal inclusion. Process models stored in the repository are not related to
goals.

Versioning. The repository does not manage multiple versions of process
models.

IBM Process Repository (IBM PR)

Openness. The IBM process repository is proprietary to IBM (IBM
Corporation, 2004).

Standard modelling language. The notation used is not standard but
specific to the repository.

Representation. Process models are represented in both textual and
graphical form with the aim of providing an explicit control flow.

Domain independence. IBM PR is restricted only to e-commerce business
processes.

Business model inclusion. The repository does not include business
models.

Classification scheme. Processes are classified into five major groups:
B2B direct, consumer direct, demand chain, hosting and supply chain. In
each group, processes are further classified into three subgroups: direct
admin processes, direct starter stores and direct solution.

Goal inclusion. The repository includes the objectives of each process,
but not business goals. In contrast to an objective, a goal tends to be longer
term, general (rather than specific), qualitative (rather than quantitative) and
ongoing.

Versioning. The repository does not handle multiple versions of process
models.

IBM-BPEL Repository

Openness. The IBM-BPEL repository is a proprietary repository from
IBM for storing and retrieving process models expressed in the Business
Process Execution Language (BPEL) format (Jussi, 2004; Jussi et al, 2006).
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Standard modelling language. The repository only supports BPEL.

Representation. Processes are represented using a BPEL XML format and
stored internally as objects in an ECLIPSE repository.

Domain independence. The repository is not restricted to any specific
domain.

Business model inclusion. The repository does not include business
models.

Classification scheme. The repository does not include a process
classification scheme.

Goal inclusion. Process models stored in the repository are not related to
goals.

Versioning. The repository does not handle multiple versions of process
models.

Semantic Business Process Repository (SBPR)

Openness. SBPR (Ma et al, 2007) is a non-proprietary repository for
storing and managing semantic business process models in SBPM.

Standard modelling language. The repository supports Business Process
Modelling Ontology (BPMO), sBPEL, sBPMN and sEPC, which are the
ontological versions of BPEL, Business Process Modelling Notation
(BPMN) and Event-Driven Process Chains (EPCs) [25].

Representation. In SBPR, processes are described in graphical form.

Domain independence. The repository is not restricted to any specific
domain.

Business model inclusion. The repository does not include business
models.

Classification scheme. The repository does not include a process
classification scheme.

Goal inclusion. Process models stored in the repository are not related to
goals.

Versioning. The repository supports (manages) multiple versions of
process models.

Oryx

Openness. Oryx (Decker et al, 2008; Oryx, 2008) is a non-proprietary
repository that provides a Web-based process modelling tool to enable users
to create, store and update process models online.

Standard modelling language. Oryx supports several process modelling
notations, including BPMN, Petri nets and EPC.

Representation. Business processes are represented in graphical form.
Process models are stored in a database and externally represented in RDF
format.

Domain independence. The repository is not restricted to any specific
domain.
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Business model inclusion. The repository does not include business
models.

Classification scheme. The repository does not include a process
classification scheme.

Goal inclusion. Process models stored in the repository are not related to
goals.

Versioning. The repository does not manage multiple versions of process
models.

SAP Business Map

Openness. The SAP business map (SAP AG, 2007) is a proprietary
repository.

Standard modelling language. The notation used is not standard but
specific to the repository.

Representation. The repository provides process models in a graphical
form, which includes its purpose, prerequisites and activity flows.

Domain independence. The repository is limited to its application
products.

Business model inclusion. The repository does not include business
models.

Classification scheme. Processes in the SAP business map are classified
into eight major business scenarios: interaction centre for automation, make-
to-order production in supply chain management (SCM), order-to-delivery,
release processing, supplier-managed inventory, Radio Frequency
Identification (RFID)-enabled returnable transport items, Web-based
supplier Kanban and dealer business management.

Goal inclusion. The purpose of each process model is included but not
business goals.

Versioning. The repository does not handle multiple versions of process
models.

Prosero

Openness. Prosero is an SOA-based semantic repository of business
processes and Web services (Elhadad et al, 2008) meant to be used by an
enterprise and its customers.

Standard modelling language. The repository only supports the BPMN
notation. For execution, the repository provides a BPEL generator that
transforms process models from BPMN into BPEL.

Representation. Business processes are represented in graphical form.

Domain independence. The repository is not restricted to any specific
domain.

Business model inclusion. The repository does not include business
models.
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Classification scheme. The repository does not include a process
classification scheme.

Goal inclusion. Process models stored in the repository are not related to
goals.

Versioning. The repository does not handle multiple versions of process
models.

RepoX

Openness. RepoX (John, 2001), an XML repository management tool, is
a client-server model (not publicly open) repository developed in the
METEOR Workflow System environment for the purpose of managing
XML-based metadata.

Standard modelling language. Definitions of workflow processes are
stored as metadata in the form of XML documents.

Representation. Business processes are represented in graphical form.

Domain independence. The repository is not restricted to any specific
domain.

Business model inclusion. The repository does not include business
models.

Classification scheme. The repository does not include a process
classification scheme.

Goal inclusion. Process models are not related to business goals.

Versioning. RepoX supports and manages multiple versions of process
models.

Advanced Process Model Repository (APROMORE)

Openness. APROMORE (La Rosa et al, 2011a) is an SOA-based (non-
proprietary) repository that offers a rich set of features to maintain, analyse
and exploit the content of process models.

Standard modelling language. In APROMORE, business processes are
described in a common format (called “canonical format”).

Representation. In APROMORE, processes are represented in graphical
form.

Domain independence. The repository is not restricted to any specific
domain.

Business model inclusion. The repository does not include business
models.

Classification scheme. The repository does not include a process
classification scheme.

Goal inclusion. Process models stored in the repository are not related to
goals.

Versioning. The repository supports (manages) multiple versions of
process models.
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Analysis of Existing Process Model Repositories

Based on the above review and the summary shown in Table 20, we analyse
the surveyed repositories by identifying challenges to be addressed. The
main challenges are the following:

e Openness: Most of the repositories, except APROMORE, SBPR and
Oryx, are proprietary, i.e. they are the intellectual property of some
organizations. The repositories do not allow users outside these
organizations to add, update, delete or retrieve process models, without
prior legal permission. This lack of openness can impede the acceptance
and consequent use of the repositories, thereby making it more difficult to
achieve a critical mass of process models available for reuse.

e Standard modelling language: While it is not necessary to support
multiple languages in order to provide reusable process models (Shahzad
et al, 2010), the support of at least one standard modelling notation is
necessary. Process models in some of the repositories, such as MIT,
SCOR, IBM PR and SAP, are given in non-standard modelling notations,
which makes it difficult to transform them into executable models or to
users’ modelling notations of interest for reuse.

e Domain independence: Some of the repositories, such as IBM PR, SCOR
and SAP, have a restricted scope, as they are limited to certain domains.
IBM PR is restricted to e-commerce, SCOR is restricted to supply chain
management and SAP is restricted to application products. Restricting the
repository to certain domains affects the growth of the repository and the
reusability of models between business domains becomes restricted.

Table 20: Repositories review summary

4 T m o x I51!:-]

Repositories | =0 T | & & X % 2 80

Requirements =3 2 280 o 2 & %

—_ E T

o o

- <

Openness - - - -+ 4+ - - -+

Standard modelling | - | - - + + - + |+
language support

Domain independence - - - + |+ + - +] + [ +

Process representation T|T| G&T G G| G&T |G| G | G

Business model inclusion | - | - - - - - - - - -

Versioning - - - -+ - - S+ T+

Goal inclusion - - - - - - - -l - -

Classification scheme +| + + - - - + -] - -

In the table above T stands for textual representation and G for graphical
representation.

e Process representation: In most of the repositories, processes are
represented in either graphical or textual form and not both. Only IBM
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PR and SAP provide both graphical and textual representation of
process models, however they both use non-standard notation and their
textual format is not well structured to capture important aspects of a
business process. This affects understanding of process models by users,
which affects reusability.

e Business model inclusion: None of the surveyed repositories include
business models; therefore a high-level view of the business activities
performed by an enterprise is not given. This makes it difficult for users
to get a better understanding of process models that could meet their
business requirements.

e Versioning: Most of the repositories offer a single process model for
certain business process scenarios. The repositories, except for SBPR,
RepoX and APROMORE, do not provide support to manage multiple
versions of process models for the same business process. This lack of
multiple-version support may lead to a loss of process knowledge if new
ones replace existing models.

e Goal inclusion: In most of the repositories, the process models are not
related to goals. This makes it difficult for users to gain an
understanding of the business goals that are realized by a certain
process. As achieving business goals is the purpose of a process, the
lack of explicit goal representation also makes it more difficult to
understand the process models themselves.

o Classification scheme: Searching and navigating across repositories is
often a complex and time-consuming task, making it difficult for users
to find relevant process models. One reason for this is that most
repositories offer their own proprietary process classification schemes
instead of utilizing more standard and well-established schemes. As a
consequence, users need to understand and learn these proprietary
schemes, which makes searching and navigating more demanding.

Some of these challenges are related to the intended use of a repository. In
particular, a restriction to a specific domain is typically an intentional design
decision. Other challenges are due to economic and organizational factors,
such as the decision of whether to make a repository proprietary or open.
However, the challenge of facilitating search and navigation is common to
all repositories. This is because of the lack of standard and well-established
classification schemes. Another major challenge is the lack of an efficient
version management technique for business processes stored in the
repositories. In addition to classification schemes and versioning, another
challenge is the difficulty of identifying and understanding business
processes that meet users’ business needs. This is because stored process
models are not well described to help users identify process models that
might meet their needs.
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A.2. Requirements Elicitation Questionnaire

Goal: Collect requirements for a process repository by using an exploratory
study.

Personal data

1. Name:

2. Position:
3. Company:
Etc.

1. Do you build process models and if so, do you build them from scratch?
a. |Ifyes,
i. If you face any modelling problems, please explain them briefly.
ii. What are the specific reasons that you don’t reuse process
models?
iii. Do you want to reuse process models?
iv. Do you plan to reuse process models in the future?
b. If no,
i. How do you reuse process models? // if you don’t build them from
scratch, then you probably reuse.
ii. Are you using any repository for process models right now?
ili. How do you store and retrieve the process models to be reused?
iv. What are the benefits of reusing process models?
2. Have you used different languages for process modelling?
a. Ifyes,
i. Have you found process models (written in different languages)
easy to compare and relate?
1. If they are difficult to relate and compare, does it hinder
reuse?
2. Do you think a repository can bridge the gap between
process models written in different languages?
a. If yes, how?
b. If no,
i. Which language do you use for process modelling?
3. If you have used any process model repositories, please state their
names.
4. What are, in your opinion, the most important properties of a process
repository that support reuse of process models? //explain
5. Goal alignment means that the goals of a process are stated within the
process description. Will goal alignment affect process model reuse?
a. |Ifyes, how?
b. Are your process models aligned with business goals?
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6.

8.

9.

Customizability is the ability to make changes to process models stored
in a repository. Do you think customizability affects reuse of process
models?
a. Ifyes,
i. Inarepository, how can process models be customized?
ii. How can multiple users store and retrieve a process model that
they have customized?
In your company, are all the process models developed at the same level
of detail?
a. If the level of detail is different, do you find any problems in
relating, comparing and reusing them?
b. How should process models that differ in their level of detail be
stored in a process repository?
There are two main user groups: IT users and business users.
Communication gaps between business and IT users are often problems.
a. Do you experience communication gaps between business and IT
users in your organization?
i. Ifyes,
1. Can a repository play a role in reducing the gap between
the two user groups?
2. Should these users share a common repository of process
models or should they work on separate repositories?
b. If no, give an example that you know of a process model that is
understandable both by IT and business users.
A classification scheme provides bases for grouping process models.
Please suggest some classification schemes for a process repository that
can be used for enhancing searching, navigating and reusing process
models.

10. What role can a process model repository play? // we discussed one role

of a repository.

11. Any other requirements/suggestions for a process model repository?

Any other feedback.
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Ab.

CPSAM Evaluation Instruments

Experiment Tasks

Task 1: Process Understandability (Correct Answers & Time)
Question: For each of the process models provide the following:

1.
2.

3.
4.

Briefly explain the purpose of the process model

Identify the resource being consumed or received during process
execution

Identify the main actor and the role played by the actor

Identify activities that may not be executed at all

Task 2: Searching Process Models
Question: For each of the search requests perform both keyword-based
search and annotation-based search.

1.

2.

3.
4.
S.

Find an order-to-cash process model for the delivery of services
(e.g. consultancy services) to the customer

Find the process model for disbursing credit to the customer (loan
applicant) by the creditor (bank)

Find all process models related to procurement

Find all process models related to recruitment of employees

Locate a process model that allows strategic personnel (top
management) to carry out marketing analysis

Task 3: Navigating the Repository
Question: For each of the search requests perform both alphabetical-based
navigation and annotation-based navigation.

1.

2.

Find a process model for carrying out service and maintenance of an
asset after receiving the fault report

Find a procurement process model for selecting a supplier by
requesting and evaluating quotations from several suppliers

Find a process model for disbursing credit to the customer
(approved loan applicant) by the creditor (bank)

Find a human resource process model for getting a new employee

ready for work
Find a process model that allows the creditor to assess the credit risk
and provide assessment information
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A.6. Case Study Interview Guide
Case Study Interview Guide
Purpose: To investigate the business processes (and their relationship)

needed to support the education service delivery in a higher education
institution.

Position: Affiliation

Profession: Area of Expertise

Introduction

The primary business of most higher education institutions (HEIS) is
education service delivery, research and consultancy. The focus of this study
is on the education service delivery, which includes teaching, examination
and graduation processes. Our assumption is that these processes are well
known, visible and documented. Therefore we intend to investigate other
processes that are vital to the successful implementation of the education
service delivery as the main business process.

Education

1. Teaching and learning involve all processes linked to delivering
knowledge to students. They include curriculum development,
instructional design, teaching, examining and graduation. Are these
processes designed and documented?

2. The above processes require the HEI to utilize some resources to
ensure the effective delivery of knowledge. Do you agree that
human capital, educational materials, finances, infrastructure,
libraries and partners are the major resources that need to be in place
for the education service delivery?

3. What are the other resources that need to be available for the
education service delivery?

4, How are the educational materials (i.e. books, instructional
materials) managed?

What business processes does the institute utilize for:

a. Acquiring them,
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b. Maintaining and making them available at the right time and
point (i.e. the students)?

Do you agree that you need some plans, policies and strategies for
proper management of teaching and learning? If yes, what are these
plans, policies and strategies?

Who are your primary customers? How does your institute attract
and get new customers (i.e. students, companies)? What do you do
to keep your current customers?

Who are your business partners? How do you find new partners and
what process does the institute utilize to ensure your relationship is
well maintained?

Human Capital

8.

How is the human capital (lecturers, administrators, support staff,
etc.) for your institute managed? What business processes does the
institute utilize:

a. For getting (acquiring) lecturers, administrators and support
staff)?

i. What resources are needed for each of the mentioned
processes?

b. To ensure that the employed human resource is available in a
good working condition?

i. What resources are needed for each of the mentioned
processes?

c. For separation with the employed human resource,

i. What resources are needed for each of the mentioned
processes?

Do you agree that you need some plans, policies and strategies for
proper management of the human capital? If yes, what are these
plans, policies and strategies?

Financial Resources

10.
11.

What are the main sources of financial resources for the institute?
How is the finance for the institute managed?
What business processes does the institute utilize?

a. For getting (acquiring) finances,
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12.

i. What resources are needed for each of the mentioned
processes?

b. To ensure that the finances are properly managed,

i. What resources are needed for each of the mentioned
processes?

Do you agree that you need some plans, policies and strategies for
proper management of the financial resources? If yes, what are these
plans, policies and strategies?

Technical and Information Infrastructure

13.

14.

15.

What are the technical and information infrastructures the institute
possesses?

How are these infrastructures managed?
What business processes does the institute utilize for:
a. Acquiring the infrastructure?

b. Maintaining and making the infrastructure available at the right
time?

Do you agree that you need some plans, policies and strategies for
proper management of the infrastructure? If yes, what are these
plans, policies and strategies?

Comment (if any).

Thank you for your participation!

Mturi Elias, Ilia Bider, Paul Johannesson

Information Systems Laboratory (Syslab), Department of Computer and
System Sciences (DSV), Stockholm University (SU), Sweden.
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