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Abstract. The objective of this thesis was to investigate business process agility and
develop modeling approaches that ensure agility in business process design and execution.
Business process agility is part of a broader agility issue, i.e. enterprise agility. The latter is
a polymorphous concept that concerns all the aspect of an enterprise. Towards a
comprehensive and systematic analysis of enterprise agility, a viewpoint-oriented
architecture was developed and based on this, a two-phase approach was proposed. In the
first phase, each viewpoint is examined separately in terms of agility, while in the second
phase agility is investigated through the combination of viewpoints. Business processes
correspond to an enterprise viewpoint. As such, the two-phase approach was applied in
business process viewpoint for the exploration of business process agility requirements.
The outcome was the specification of important requirements that led in the development
of an event-driven business process modeling approach that promotes agility in business
process execution. This approach was applied in the design of medical processes. The
medical case study aided in the evaluation of the proposed event-driven approach in respect
to the identified requirements. Based on the evaluation, a more mature version of the eventdriven approach was shaped, named “Notify and Register”. “Notify and Register” is an
event-driven modeling approach that ensures agility in dynamic, human-intensive business
processes. “Notify and Register” was validated through a case study from the medical
domain again. More specifically, patient treatment was chosen, which is a typical example
of dynamic human-intensive processes.
Keywords: agility, event, event-driven modeling, dynamic human-intensive processes, agility
requirements, enterprise architecture

1 Introduction
Modern enterprises, in an effort to increase efficiency, have automated a significant number of
their business processes. As a result, today many business processes are executed automatically
with the support of process-aware information systems that are build around BPMS (Business
Process Management Systems) technology [1]. Although enterprises enjoy the advantages of
business process automation, they face however its basic shortcoming: the lack of agility. This
shortcoming arose from the fact that modern enterprises operate in highly turbulent
environments, influenced by factors such as the rapid evolution of technology and globalization
[2], [3]. This instability in business environment requires that the business processes of an
organization can be efficiently, in terms of money and time, modified or even redesigned from
scratch if necessary. Most of the current technologies however do not provide the required
agility for business process modifications. Thus, it is the need for efficiently performing such
modifications that has rendered business process agility a hot research topic for numerous
researchers ([4], [5], [6]).
Agility of business processes is intimately related to the approach used for the development
of their representation model. Business process models are created for three basic reasons ([7],
[8]): 1) for descriptive purposes so that the processes can be communicated to the people that
are responsible to study and design them (designers, managers, etc.) 2) for analytical purposes
so that useful conclusions can be drawn regarding process performance which can be taken into
consideration for process improvement and 3) for automated process execution. This thesis
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focuses on the third case, which means that the research conducted in the context of this thesis
concerns executable models.
Model development constitutes a current trend as also revealed by other fields such as
software development [9] and information systems design [10]. The reason is that models can
play effectively the role of the interface between humans and machines, ensuring on one hand
an easy-to-understand representation for humans and, on the other, providing a formalism,
which, through the appropriate rules, can be automatically transformed into a machine-readable
language. It follows that the agility characterizing a business process is reflected onto the
process model. Therefore, the adoption of a business process modeling approach which
produces agile models is critical.
The exploration of business process agility, with ultimate target the development of a
business process modeling approach that ensures agility in the design and execution of business
processes, constitutes the subject of the present thesis. While business process agility concerns a
plethora of researchers, there is no however in the literature a systematic way for its thorough
analysis. Therefore, to systematically explore business process agility, an initial target of this
thesis was the development of a broader framework that the concept of business process agility
falls into. As deduced from the literature, business process agility is a constituent of enterprise
agility, which denotes the ability of an enterprise to efficiently respond to new conditions. To
analyze enterprise agility, a viewpoint-oriented enterprise architecture was developed. Based on
this architecture, a two-phase approach was proposed for a holistic analysis of enterprise agility.
The viewpoint-oriented enterprise architecture and the two-phase approach are presented in
section 2. The way this approach was applied for the investigation of business process agility
and the requirements that were identified regarding the attainment of business process agility are
briefly discussed in section 3. Based on these requirements, an event-driven modeling approach
was developed aiming at the creation of agile business process models. The first version of this
approach is discussed in section 4, while in section 5 the more mature version of this approach,
called “Notify and Register”, is presented. Conclusions lie in section 6.
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A Structured Approach for the Exploration of Enterprise Agility

To explore the concept of enterprise agility taking into consideration all necessary aspects, an
approach was proposed that is based on a viewpoint-oriented Enterprise Architecture, which
treats all organizational perspectives as of equal importance [11]. According to Schekkerman
[12] “Enterprise architecture is about understanding all of the different elements that go to
make up the enterprise and how these elements interrelate”. IEEE‟s Recommendation Practice
for Architectural Description of Software-Intensive Systems [13] proposes that an architecture
is a collection of viewpoints, i.e. architectural descriptions that concern each individual
stakeholder. Each viewpoint is associated with a specific view. A view is a representation of a
whole system from the perspective of a related set of concerns. This approach has been adopted
by various initiatives ([10], [14]). In a similar manner, the central principles that define the
IEEE recommendation can be applied in order to specify a viewpoint-oriented Enterprise
Architecture. Such an architecture may portray in an holistic manner all aspects of an
organization that should be considered in respect to agility. Various classifications of
organizational domains described through an Enterprise Architecture can be found in the
literature ([12], [15], [16]). Arguably, the key design elements can be depicted through the
following five viewpoints: Human Resources, Operational, Administrative, Data Assets and
Information Technology (Figure 1). These viewpoints are the structural constituents of an
enterprise and collectively they support strategy and mission related to the behavioural
hypostasis of the enterprise; hence strategy and mission are not considered as discrete
viewpoints in the proposed Enterprise Architecture which is focused on the structural
organizational aspects.
Human resources viewpoint focuses on aspects related to knowledge, competences and skills
exhibited by people working in an enterprise, plus the culture they have. People play an
important role in contributing towards the achievement of enterprise agility. They are

„stakeholders‟ in the sense that they have a stake in the organization whose welfare affect and
which in turn affects them. The „agile stakeholder‟ is a new breed of sophisticated user or
employee that is needed – someone who is technologically competent and with a culture that is
alien to the “I have always done it this way!” mentality. The agile stakeholders operate within
the limits defined by the organizational structure of an enterprise, addressed by the
Administrative viewpoint. An enterprise, in order to be deemed agile, should be always willing
to adjust its organizational structure, if environmental demands prove its function inefficient.
Agility of organizational structure though, is often hindered due to conflicts arising from the
established relationships in the existing hierarchy. It should be realized however that the way an
enterprise is organised, affects the efficiency of decision making, as well as of activity
coordination and execution which directly determine the overall agility exhibited by the
enterprise. Data Assets viewpoint focuses on the management of organizational data which
constitute the most valuable asset of a modern enterprise. Effective data management may
ensure high quality of information as well as its efficient diffusion among the stakeholders.
Information is mainly critical for sensing agility [17] as it is intimately related to knowledge
acquired through its effective exploitation. Operational viewpoint concentrates on the
organization and management of business processes. The ability to respond rapidly to changing
marketing opportunities by utilizing agile business processes is considered a key attribute of an
agile enterprise [18]. Information Technology (IT) viewpoint concentrates on the underlying IT
infrastructure as well as the provided software applications. As nowadays enterprise operation is
extensively based on IT, IT agility is a critical factor for the success of corporation during
periods of intense change, especially if agility in IT infrastructure acts as a foundation for
overall IT flexibility [19].
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Figure 1. A viewpoint-oriented Enterprise Architecture
The identification of different viewpoints facilitates the procedure of agility analysis, as it is
easier through the „separation of concerns‟ to focus on certain issues associated with a specific
viewpoint. However, as these viewpoints are interrelated, analyzing enterprise agility by merely
considering each viewpoint in isolation does not suffice. What is additionally required is the
examination of view interrelations, resulting in the „integration of concerns‟. As such, the
proposed approach for analyzing enterprise agility includes two phases:
- separation of concerns: enterprise agility is examined from each different viewpoint.
- integration of concerns: enterprise agility is examined through the interrelation between the
corresponding views.
Numerous researchers have attempted to analyze agility and identify desirable or necessary
properties. However, although these previous attempts provide valuable insights, they fell short
of projecting a comprehensive framework to guide systematically the interested party through a
path that will lead to an understanding of this polymorphous and complex concept. To this end,
based on the suggested viewpoint-oriented Enterprise Architecture, a structured way is provided
for the identification of agility issues which may be followed by the extrapolation of
corresponding agility requirements. The two phase approach enables the systematic discovery of
issues [11] so that the latter are not missed and consequently ignored in the development of a

comprehensive solution for the attainment of enterprise agility.
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Applying the Two-Phase Approach for the Investigation of Business
Process Agility Requirements

From the issues that can be derived through the two-phase approach [11], this thesis focuses on
those corresponding to the Operational Viewpoint (separation of concerns), which refers to the
business processes of the enterprise, since business process agility is the subject of the research
conducted in this thesis. However, as this thesis focuses on executable models, the integration of
concerns, regarding Operational and Information Technology viewpoints was also examined. As
such the issues explored are α) is there a modeling approach that can ensure the efficient
adjustment of a business process model (separation of concerns) and b) how can IT
infrastructure effectively support modifications in running business process instances
(integration of concerns)?
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Figure 2. The integrated picture regarding business process agility requirements
The exploration of these issues through the two-phase approach unearthed two basic
requirements for the attainment of business process agility:
a) the modeling approach should be in harmonization with the nature of the business process
to be modeled
b) the modeling approach should support the development of modular models, so that agility
during execution can be ensured.
After the identification of these two requirements, the next step in the present thesis was to
investigate whether it is possible to develop a modeling approach that can describe a business
process in a modular way, so that modifications during run time can be facilitated and at the
same time ensure the harmonization with the business process nature, satisfying thus both
requirements (Figure 2).
In an effort to find such a modeling approach, the characteristics of the existing modeling
paradigms were explored. The objective of this exploration was to shape a thorough and clear
picture regarding these paradigms, which would facilitate the selection of the appropriate
paradigm for the development of the modeling approach in research. The basic modeling
paradigms and the characteristics that ensued are summarized in Table 1.
Table 1. Modeling paradigms and their features
Modeling Paradigms

Features

Action-driven






emphasis is laid on how
the target of modeling is the process flow
modeling begins with the identification of actions
mainly suitable for well-structured processes

Data-driven






emphasis is laid on what
the target of modeling is data management
modeling begins with the identification of data entities
mainly suitable for processes of vague structure

Event-driven

 emphasis is laid on when
 the target of modeling is event handling
 modeling begins with the identification of meaningful
events
 mainly suitable for processes that are affected by
unpredicted contingencies

Role-driven






emphasis is laid on who
focus is on interaction between roles
modeling begins with the identification of roles
mainly suitable for communication-based processes

In order to develop modular models, the modeling approach should not aim at creating an
integral sequence of activities. Alternatively, it could depict each activity that takes place in the
organizational environment in an autonomous manner. The latter would require also the
description of the conditions that would lead to the initiation of each activity. According to the
examination of the modeling paradigms that took place in the present thesis, the appropriate
paradigm for the description of the conditions that initiate an activity is the event-driven one.
Through the use of events, independent and autonomous activity modeling can be facilitated.
Each activity can be considered to be invoked by specific events and also it can be assumed that
the accomplishment of each activity may cause new events. The interdependencies among
activities may be expressed through event correlations. As a result, the sequence of activities
may evolve dynamically during execution time based on the event occurrences, without having
a specific activity sequence predefined at the design phase. A set of autonomous activities may

be specified instead, during the design phase, facilitating thus modularity. Therefore, in order to
satisfy the identified requirements for the attainment of business process agility, an event-driven
modeling approach was proposed in this thesis.
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Discussing the Developed Event-Driven Modeling Approach

The proposed event-driven modeling approach ([20], [21]) used the concept of event in order to
support the development of modular models. The first version of the proposed event-driven
modeling approach was applied in two medical processes, patient admission and patient
treatment, under a case study that was conducted in a Greek hospital. The case study aided in
the evaluation of the proposed modeling approach. The evaluation revealed that though the
proposed approach facilitates the modifications of business process instances during execution
time thanks to the modular models created (the second business process agility requirement), it
is characterized however by high complexity in the design and readjustment of the model
hindering thus agility to a significant extent. This shortcoming stemmed from the fact that the
identified requirement dictating the harmonization of the modeling approach with the nature of
the process being modeled was not adequately focused. As a result, adopting the event-driven
paradigm for the description of patient admission, which is a well structured process and thus
could naturally be described through a sequence of activities in a typical activity diagram, led to
higher complexity. Furthermore, it was realized that it was the predetermined implied sequence
of activities that indicated the way the events should be combined, so, in practice, the modeling
approach was not driven by the events but rather by the activities. Regarding patient treatment,
the employment of events seemed to better align with its nature, as this process comprises
multiple reverses to the same prior activity, discontinuities and unexpected situations, reducing
considerably the feasibility of constructing a predefined, well-structured sequence of activities.
Nevertheless, the complexity in defining the relation between the events still remained, since it
was again unavoidable to refer to the defined activities in order to ensure that the events
representing the conditions for an activity initiation had been correctly interrelated. For this
reason, it was decided to further examine the nature of the medical treatment process.
The closer examination of this process emphasized its dynamic nature as well as that it is
human-intensive. The latter means that a large number of activities are executed based on
human decision. For the development of an executable model for such a process, it should be
clarified which activities are meaningful to automate through a Business Process Management
System (BPMS) and hence depict in the model. The rest activities that are executed by humans
should be depicted in a different way in the model so that the agility required by the humans
performing their everyday activities is promoted and not hindered. In the proposed modeling
approach, as well as in other approaches found in the literature, which focus on the design of
medical processes [22], there are activities for which it is not clear whether they are
automatically executed by a BPMS. Thus, the investigation of the nature of the patient treatment
process and the fact that the requirement dictating the harmonization of the modeling approach
with the nature of the process being modeled was adequately focused led to an important
conclusion: for dynamic, human-intensive business processes, the role of an executable model
should be to handle events, which are proactively generated by actors, by registering
information related to these events and/or performing the required notifications to the actors
that need to be involved in the process. This conclusion, in turn, endorsed the evolution of the
proposed event-driven approach in a more mature version called “Notify and Register” or N&R.
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The ‘Notify & Register’ Modeling Approach

N&R is a business process modeling approach [23] eligible for the design of dynamic, humanintensive processes. The objective of N&R is to depict the events that occur in the real world
specifying thus when registration and notification actions should be performed. Thus, the central
concept of N&R approach is that of event. More specifically, events are used in N&R approach

to represent traces of real world activities performed by humans that are of significance to the
business process model. In dynamic human-intensive processes, activities do not take place in a
strict predetermined order. While there may be cases of activities carried out in a regular
fashion, most often, they are performed whenever required, following human decision. Clinical
examinations, for example, are performed every morning as well as whenever an unexpected
symptom occurs. Therefore, N&R does not focus on the order of activities performed by
humans. Instead it depicts, using events, „stamps‟ of activities that have been accomplished,
which signify the need for registering relevant information and/or notifying specific actors that
need to be involved in the process. How an activity will be carried out is left to the actor and
thus does not fall within the scope of a N&R model. This makes sense in human-intensive
processes, as in these processes most tasks cannot be automated. Consequently, stamp events, as
they are named, imply activities performed by humans either regularly or in an ad hoc manner.
The latter case indicates that dynamic behavior is inherently accommodated in a N&R model.
A stamp event is generated by the actor category responsible to indicate that the
corresponding non-automated activity has been accomplished. Usually, the generator of a stamp
event coincides with the performer of the corresponding activity. However, this is not always
necessary. As such, a stamp event in a N&R model, is always associated with a role that denotes
the actor category responsible for its generation. A stamp event, as described above, denotes that
an activity has been accomplished. However, apart from confirmation, a stamp event may imply
a request or a reply. The former case holds when an activity accomplishment causes the need for
someone else to do something. The latter gives notice that the requested activity has been
performed through a reply stamp event. Apart from stamp events, N&R supports also time
events. Time events can serve the need for sending reminders to the relative actors, in case they
have not performed an activity that was meant to be performed.
The generation of a stamp event leads to registrations and/or notifications. These activities
should be automated by a BPMS. The rest, i.e. the human-intensive activities, are made known
to the BMPS through the respective stamp events. Apparently, if a stamp event is a request or a
reply, it definitely causes a notification action, while it may also cause a registration.
Every N&R model comprises a data folder composed of a unit hierarchy. Atomic units, i.e.
units at the lowest level of the hierarchy, comprise data fields that specify the actual data. The
data for each atomic unit are provided by the role that generates the stamp event and are
registered to this unit by the BPMS. Registration is always associated with a specific atomic
unit. Notification is related to roles indicating that respective actors playing these roles should
be involved in the process when the corresponding event occurs. Notification informs the
notified actors that a specific event has occurred and indicates him/her the data folder in
concern.
Personal Details
Specialist

Physician

Medical
History

Physician

Clinical Findings
Clinical Examination
Performed

Patient
Admitted

Physician

Physician

Laboratory
Examination
Decided

Laboratory
Examinations

Admission
Office

Microbiologist

Laboratory
Findings
Nurse

Laboratory
Findings Ready

Microbiologist
Physician

Figure 3. Modeling the medical treatment process using the „Notify & Register” approach
N&R supports also virtual events and timing guard relations. The latter impose that the
occurrence of an event will follow the occurrence of another event within a specific time
interval. It should be noted that every event defined in a N&R model is either directly or
indirectly (through a virtual event) associated with registration or notification. If for example
events A and B cause the event C, all of them are stamps of actions (i.e. no virtual) and only
event C leads to registration or notification then the causality relation (A and B) → C is not
defined in a N&R model, as events A and B are meaningless for the model. Meaningful events
are only those causing registrations and/or notifications.
In order to test the N&R approach, a case study was conducted in the same hospital. Based on
this information collected by the personnel of the hospital, a N&R model was developed for the
description of the medical treatment process. An excerpt of this model is illustrated in Figure 3.
The circles represent events. In particular, the double-lined circle stands for a confirmation
event. The circle with an arrow inside pointing up indicates a request event while in case the
arrow points down, a reply event is implied. Each event may cause a registration, shown using
an arrow with filled end, pointing the respective data unit, and/or a notification shown through
an arrow with hallow end, pointing the actor that should be notified. The actors connected to
events through a dash line represent the event generators.
As revealed by the medical case study, there is no process flow defined. Instead, for each
event identified, the actors that should be notified and/or the data that need to be registered are
defined through a notify or register action respectively. This is done for each event
independently. In addition, as confirmed by the treatment process, stamp events denoting both
regular as well as ad hoc activities are modeled in a unified fashion. Thus N&R inherently
supports dynamic behaviour. Event “Evaluation by Specialist Decided” for example may be
generated by a physician that needs consultation in the interpretation of a symptom, while
another physician capable of interpreting the symptom on his own may not need a specialist’s
consultation. It depends, thus, on human decision whether the event “Evaluation by Specialist
Decided” will be generated or not. It follows that N&R aligns with the nature of the medical
treatment process and also supports the creation of modular models, hence satisfying both of the
business process agility requirements identified through the two-phase approach.

6

Conclusions – Future Work

The most important conclusion drawn from the research conducted in this thesis is that the
development of a modeling approach that ensures agility in all kind of business processes is not
feasible. A modeling approach can be regarded agile only relative to a specific category of
business processes. This is because the two identified agility requirements cannot be both
satisfied for every process category, as agility in business process design is ensured if the
modeling approach harmonizes with the process being modeled (first requirement). If a process
is a typical well-structured one, a modular model might hinder agility at design phase. It follows
that an enterprise, since it includes many different process categories, it should support multiple
business process modeling approaches in order to be deemed agile. Another conclusion is that
for a thorough realization of business process agility, efficiency in designing and readjusting the
model during the design phase should also be emphasized, as opposed to most researchers who
mainly focus on the execution phase.
Supporting multiple business process modeling approaches within an enterprise generates an
interoperability issue between the created process models as enterprise processes usually
interact with each other. This issue is to be further explored in the future. Also, there are process
whose nature does not align with modular models. However, according to the second agility
requirement, the modeling approach should support the development of modular models. Then
how both agility requirements could be supported in such a case? One possible solution would

be to transform the model produced at the design phase in a modular model that will be used for
process execution. However, it must be explored whether this transformation ultimately ensures
agility and, in terms of agility, is more advantageous than if the process was executed using the
same model employed for its design. This constitutes another future research direction. In
general, model transformation using MDA (Model Driven Architecture) [9] concepts will be
further studied in the future, with the objective to ultimately specify the ideal IT infrastructure
for the attainment of business process agility.
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