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Instituto Superior Técnico, University of Lisbon, Portugal
joao.p.colaco@tecnico.ulisboa.pt

Abstract. Business processes usually have a group of organizational
stakeholders with contrasting concerns regarding them. Considering the
multitude of concerns around a given process, different modeling teams
tend to obtain distinct diagrams when engaging in business process de-
sign. Since managing multiple diagrams of the same business process
poses challenges to organizations, we propose the use of an incremental
approach to consolidate diverse process diagrams into a single model.
This approach consists in using a repository, which contains a taxon-
omy and a set of dimensions, to support the proposed view integration
method. As an outcome of adopting our method, we expect a decrease
in the complexity of managing business processes, by providing the or-
ganizations with a systematic way for the stakeholders to represent and
consolidate their concerns.
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1 Introduction

Business processes are designed to achieve specific goals and the task of business
process modeling is expected to improve the understanding and communication
across the different stakeholder groups [1]. However, these goals are difficult to
achieve in most cases, where multiple and possibly conflicting diagrams are found
for the same process. We argue that these issues arise due to two main reasons
[2, 3, 4, 5, 6].

On the one hand, business processes often cross multiple organizational units
and also tend to cross inter-organizational boundaries. Therefore, processes are
often shared among different stakeholders, which have contrasting concerns and
focus on distinct perspectives of the same business process, such as performance,
auditing, information systems, people or compliance.

On the other hand, a business process model is a representation of the mod-
eler’s perspective regarding a given process. Thus, a business process model de-
pends on the team that designed it, and different teams will most likely achieve
different specifications for the same process.

The purpose of this research work was proposing a standardized way of ad-
dressing these issues, through the definition of a method for merging distinct
business process diagrams into a single model. The present work will focus on
applying view integration to business process modeling.
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The problem of view integration was previously addressed in the context of
database design [7, 8, 9, 10, 11]. Here, the goal of view integration is to produce
a global conceptual description of a proposed database. Analogously, the goal
of view integration in business process design is to produce a global model of a
given business process.

To our knowledge, solely the research work presented by Mendling and Simon
[12] provides a method to address the problem of view integration in the context
of business process design. Moreover, we argue that there is a gap in knowledge
regarding the application of view integration methods to models specified in
Business Process Model and Notation (BPMN) 2.0 [13].

Our approach uses a repository that takes business process views (i.e. differ-
ent process models of the same process) as input and guides the modeler in the
classification of the view elements into an organizational taxonomy. Afterwards,
this information can be used to generate a consolidated business process model.

In terms of contributions, we expect both to provide a method for the in-
tegration of different business process views specified in BPMN 2.0 and also to
support the stakeholders in the task of business process design, by proposing a
systematic way for representing their concerns.

This work is organized as follows: in Section 2 we contextualize the prob-
lem and present its key concepts and challenges. Section 3 presents the related
research works. In Section 4 we describe the architecture of our approach. In
Section 5 we apply this integration method to a use case. Section 6 concludes
the paper.

2 Problem Definition

2.1 Motivation

Organizations often have to manage multiple process diagrams that represent
the same business process, which can lead to several inconsistencies, such as
heterogeneous schemes for naming its activities and entities, usage of different
modeling styles and process hierarchies with arbitrary depth and level of detail
[14]. For instance, the processing of job applications can be captured from the
perspective of the human resources (HR) unit, where the process model guides
the work of HR employees and clarifies hand-overs; or from the perspective of the
IT department, where the purpose of the model is to emphasize the interactions
of HR employees with an IT-system [15].

A recent survey [16], shows significant research efforts in the past decade
regarding business process variability modeling. These research works address
the problem of managing families of process variants when it is clear that the
process variations exist in the “real world” (e.g. multiple sales processes for
different products or multiple bookkeeping processes for different countries).
However, variations and inconsistencies between process models are inherent to
the task of business process modeling, for the aforementioned reasons.
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We argue that the problem of managing multiple business process views,
should be given more importance in terms of research efforts. We also argue that
the task of business process modeling must cope with the multiple views and
goals of the different organizational stakeholders, while capturing the complex
relationships between information, people, goals and systems, as well as the
underlying control and data flows [14].

2.2 Problem Description

This section describes the research problem by presenting the illustrative ex-
ample of an auto repair company, with the purpose of facilitating the readers’
understanding of the problem.

Before proceeding to the example, we must clarify the scope of the business
process view integration problem. Business process view integration is the pro-
cess of combining multiple business process views into a single business process
model, which will be referred as consolidated model. A business process view
is a model expressing the architecture of a given organizational business process,
from the perspective of specific stakeholder concerns.

Fig. 1. Logistics and HR teams’ concerns regarding the car repair process.

The goal of this work is to define a method for the integration of business
process views. The proposed method will be applied to the following example:

– Considering an auto repair company, part of the process of repairing a car body
is performed by two participants: a painter and a mechanic. The repairing
process starts when the damaged car arrives at the mechanical workshop. At
this point, the mechanic is responsible for straightening the damaged car body
panels. Once the straightening is finished, the car body panels are spackled
by the painter and the car is moved to the paint shop for painting.

– The car repair process is modeled by two different organizational units: the HR
team and the logistics team. The main concern of the HR team is regarding
the different process participants - who dimension - in order to measure their
performance. The main concern of the logistics team is regarding the different
locations where the activities are performed - where dimension - in order to
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measure the time participants spend changing location, during the process
execution.

The concerns of both departments are illustrated in Fig. 1. Here, regarding
the logistics team scenario, the activity “Prepare car for Painting” contains the
tasks performed at the mechanical workshop (straighten car and spackle car) and
the “Paint car” activity contains the task performed at the paint shop (paint
car). Considering the HR team scenario, the “Prepare car for painting” activity
contains the task performed by the mechanic (straighten car) and the “Paint
car” activity contains the tasks performed by the painter (spackle car and paint
car).
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Fig. 2. Logistics team car repair process view.

The diagrams specified in BPMN 2.0 representing the views of the logistics
and the HR teams are illustrated in Figs. 2 and 3, respectively. In Figure 2,
since the where dimension is the main concern of the logistics department, it is
used as a split criterion of the activities. In Figure 3, since the who dimension
is the main concern of the HR department, it is used as a split criterion of the
activities.

In the scope of our problem, the question that now arises is: “How to inte-
grate the previous views into a single business process model?”. This integration
must be achieved knowing that the resulting model must address the concerns
of both teams. Therefore, to address the concerns of both stakeholders, the re-
sulting model must consider both splitting criteria, regarding performers (who
dimension) and locations (where dimension). Ideally and considering this exam-
ple, the goal of our method is to produce a consolidated model similar to the
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Fig. 3. HR team car repair process view.

Fig. 4. Consolidated model that meets the concerns of both teams.
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one presented in Fig. 4. For graphical representation and understanding rea-
sons, the semantics of the Lane element ([13]) is broadened for this solution to
be valid. We achieved this integration without any technique due to the simplic-
ity of this specific example. Figure 4 explicitly shows that the splitting criterion
of the process activities addresses the concerns of both stakeholders, since the
lanes contain formal information regarding the process participants and their
locations. Both who and where dimensions were merged and represented in each
lane to consolidate the concerns of both stakeholders.

3 Related Work

As mentioned in Section 1, the problem of view integration was firstly addressed
in the field of database design. The works of Navathe et al. [7, 8, 9] present
a conceptual framework for logical database design. Here, the authors [7] de-
scribe the main four phases of logical database design, where the first two are
“View Modeling” and “View Integration”. The “View Modeling” phase consists
of extracting and representing each user’s perspective of the real world (user
view), using requirement specifications as input. The “View Integration” phase
integrates the multiple and possibly conflicting user views into one data model
that represents a global view. These phases are analogously present in our ap-
proach to view integration in business process modeling. The same authors [8, 9]
contribute with a methodology for view integration in database design.

The authors Mendling and Simon [12], specify a method for business process
design by view integration. Their method consists of: first identifying seman-
tic relationships between activities of different business process models, namely
equivalence and sequence; second, defining a merge operator for Event-driven
Process Chains (EPCs) that also takes two business process views as input to
build an integrated model; third, defining a set of restructuring rules to remove
unnecessary structure from the integrated model. In our approach, our goal is
to propose a method for business process view integration using BPMN models,
contributing to the adoption of view integration in the field of business process
design.

4 The Approach

4.1 Core Concepts

The approach is based on a business process repository. This repository incre-
mentally receives as input a set of business process views, together with the
stakeholders’ classification of the process elements and generates a consolidated
business process model. As a starting point of our work, we present the defini-
tion of business process proposed by Pereira et al. [4, 5] and Caetano et al. [17],
which is illustrated in Fig. 5. Here, a business process is defined as follows:
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Fig. 5. Definition of business process used in our approach (from [4]).

– How. A business process is defined as a set of connected activities which
consumes (inputs) and produces (outputs) tangible or intangible information
entities, is performed by someone, contributes to achieve business goals, takes
place in a specific location and occurs during a given period of time. A business
process can be functionally decomposed in as many levels of detail as required.

– Who. An actor plays one or more roles. Actors may represent people, systems
and organizations, including departments. An actor may play multiple roles
and the same role may be played by different actors.

– What. An information entity represents the information about an artifact,
person, place, concept, or event that has meaning in the business context.

– Where. An organizational unit defines the organizational structure. It may
describe a logical unit (e.g. department) or a physical or geographical location.

– When. Corresponds to events that are relevant to an organization and its
business.

– Why. A business goal is an objective that may be decomposed and each one
can be associated with the business process that contributes to its achieve-
ment.

Given this definition, we consider that organizations and organizational units
can be classified, in the context of a specific business process, simultaneously in
the where and who dimensions. For instance, a pool representing an organiza-
tion which has two lanes representing actors, we consider valid to classify that
organization into the who dimension.

4.2 Meta-model

We present the meta-model of the repository that will support the process of
view integration represented in Fig. 6. Here, the ArchiMate [18] notation was
adapted to represent a class diagram. For instance, the “loose” aggregation and
composition connectors represent self-aggregation and self-composition. Each
instance of the classes represented in the meta-model has its own life cycle,
enabling a timeline of changes in the business process models. Here, we embed
the “time factor” into business process models since organizations suffer multiple
changes in time.
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Fig. 6. Repository meta-model.

The meta-model is valid for any business process modeling notation because
the element types are delegated into other classes. This conceptual design choice
increases flexibility and simplicity. Flexibility in extending the meta-model with
more types of the existing classes. Simplicity because if we chose inheritance,
the number of classes in the meta-model would increase, decreasing its legibility.
The Taxonomy class can aggregate an arbitrary number of dimensions and each
dimension is composed of taxonomy nodes, i.e. instances of the class taxonomy
that represent dimensions and process elements in the taxonomy tree. The Pro-
cess Element class represents all elements of a process and the Flow Element
class represents all notation elements which imply flow (e.g. data, sequence and
message). All the instances of the classes present in this meta-model have a
Model instance as a parent. The Model class allows us to differentiate between
input, consolidated and output models. The remaining classes and relationships
are self-explanatory.

The types of lanes considered in the repository meta-model are: System;
Actor; Role; Application; Organization; Organizational Unit; Location.
If a lane is classified as an organization or organizational unit, according to what
was mentioned before, it is classified in the dimensions taxonomy as belonging
to who and where simultaneously.
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4.3 View Integration Method

The proposed view integration method is represented in Fig. 7. Here, the lanes
Stakeholder A and Stakeholder B can represent any organizational unit, mod-
eling team or stakeholder. The lane Repository represents the business process
repository supporting our method. The view integration process starts with the
identification of a modeling need, followed by the activity of modeling a view of
a given process. The respective view is then uploaded into the repository. At this
point, the classification of the view elements is performed by the stakeholder, by
giving input information to the repository (detailed in the next section). These
activities are repeated in the context of another view of the same process, high-
lighting the incremental aspect of the proposed method. In this case, we assume
there are only two views to be integrated, but there could be more. The process
ends with the generation of the consolidated model by the repository, based on
the information introduced as input by the stakeholders. The details regarding
this activity will not be addressed in this work, since generating a model from a
populated taxonomy was already addressed in previous works [6, 17].
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Fig. 7. Diagram of the view integration process.

5 Proof of Concept

This section will describe the view integration method illustrated in Fig. 7, focus-
ing on the details of classifying the elements of each view. As it was previously
mentioned, the generation of the consolidated model will not be addressed in
this work. Considering that the repository is initially empty and that the logis-
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tics team view presented in Fig. 2 was already uploaded, the classification of its
elements in the repository taxonomy is performed as follows:

1. Lane: Auto Repair Company. The question “From the following list, how
do you classify this lane?” is answered by the stakeholder. The logic answer
is “Organization” and a new taxonomy node is created in both dimensions
who and where.

2. Lanes: Paint Shop & Mechanical Workshop. The same question is
now answered regarding both lanes. The answer is the same for both, but
in this case there are two valid answers: “Location” and “Organizational
Unit”. Here we considered “Location”, resulting in the assignment of both
lanes to the where dimension. If we chose the alternative answer, the final
consolidated model would be the same. As a result, two child nodes having
the Auto Repair Company as a parent are created in the where taxonomy.

3. Events: Paint Shop & Mechanical Workshop. In this case, the events
are automatically assigned as nodes of the when taxonomy.

4. Activities: Prepare for painting & Paint car. Here it is asked to the
stakeholder if he can drill down each activity in further detail. This is possible
in the case of the “Prepare for painting” activity. As a result, the more
detailed activity node “Straighten car” is selected and the activity “Spackle
car” is added as a child node of the “Prepare for painting” activity in the
how taxonomy.

The state of the repository after uploading and classifying the elements of the
logistics team view is presented in Fig. 8. At this point, the repository already has
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arrived
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Fig. 8. State of the repository after uploading and classifying the logistics team view.

information regarding the logistics team view. We will now describe the activity
responsible for the classification of the elements belonging to the HR team view.
The steps for classifying these elements in the taxonomy are the following:

1. Lane: Auto Repair Company. Now that the repository is not empty,
based on the name of the element, it is suggested to the stakeholder that
the lane “Auto Repair Company” already exists. Considering that the stake-
holder agrees with the classification of this lane as “Organization”, he selects
the already existing nodes for this lane in the who and where dimensions.
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2. Lanes: Painter & Mechanic. This step is analogous to the one described
for the classification of the logistics team view. The difference lies in the
classification given to the lanes, which in this case is “Actor”. The result of
this step is adding both lanes as child nodes of the “Auto Repair Company”
lane in the who dimension.

3. Events: Paint Shop & Mechanical Workshop. Now that the same
events are already present in the repository taxonomy, the stakeholder selects
them and the taxonomy remains unchanged.

4. Activities: Prepare for painting & Paint car. In this step, as previously
described, it is asked to the stakeholder if he can drill down each activity
in further detail. Regarding the “Prepare for painting” activity, it already
exists in the repository, therefore it is selected by the stakeholder. Regarding
the “Paint car” activity it is first selected in the taxonomy and then it is
possible to add more detail into it. As a result, the more detailed activities
“Straighten car” and “Spackle car”, including their sequence, are added as
child nodes of the “Prepare for painting” activity in the how taxonomy.

After uploading and classifying the elements of the HR team view, we reach
the final state of the repository presented in Fig. 9. This final result shows that
the repository contains the necessary information for the generation of the con-
solidated model. We state so because all the elements present in both views are
classified in the taxonomy and the meta-model (Fig. 6) evidences that the rela-
tionships between the elements are sufficient to produce the consolidated model
(Fig. 4). Moreover, by proposing a structured way of classifying and giving views
as input, we argue that the adoption of this approach can be beneficial to or-
ganizations. One of the expected benefits is providing a novel multi-dimensional
perspective, based on the Zachman Framework, towards the management, mod-
eling and perception of business processes in organizations. With the division of
business process elements into dimensions, organizations can adopt a standard
for the representation of distinct concerns, leading to an enhancement in the
understanding and communication among the different stakeholders.
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Fig. 9. State of the repository after uploading and classifying the HR team view.
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6 Conclusions and Future Work

This work served the purpose of exposing the problem of consistent modeling
by multiple stakeholders to the research community. Our contribution to this
problem is grounded on applying view integration to business process modeling.
The goal of the proposed view integration method is to define the process of
uploading and classifying multiple stakeholder views, with the support of a busi-
ness process repository, enabling the generation of a consolidated model. This
work followed the direction of previous works towards helping stakeholders and
organizations managing their approach towards business process management.
More specifically, by using an organizational taxonomy together with the pro-
posed dimensions, we expect to aid stakeholders and organizations expressing
their concerns when engaging in business process design.

As a work in progress, the main limitation of this proposal is the lack of
diversity in the examples and limited complexity of the use case. However, it
provides a first contribution towards applying view integration to the problem
of consistent modeling in BPMN 2.0. Furthermore, this method differentiates
itself from other proposals, as it consists of an incremental approach that can
adapt to the growth of organizations and their businesses, by embedding time
into the business process models. As future work, we intend to detail further the
generation of the consolidated model, based on the information of the repository.
We also aim to obtain tool support for our approach, in order to provide results
with a larger diversity of use cases in terms of complexity, structure and number
of elements.
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