
Feature Modeling to deal with Variability in
Business Process Perspectives�

Clara Ayora, Victoria Torres, and Vicente Pelechano

Centro de Investigación en Métodos de Producción de Software
Universitat Politècnica de València
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Abstract. The construction of Business Process (BP) models entails
big challenges, especially when BPs contain many variations. In addi-
tion, BPs can be seen from different perspectives, i.e., the behavioral
(i.e., control-flow), the organizational (i.e., resources distribution), or the
informational (data-flow) perspectives among others. Depending on the
context where the BP is taken place, we may found variability in any
of these perspectives. Different approaches to model variability in BP
perspectives have already been proposed. However, these approaches are
highly tight to the modeling language. In addition, they focus mainly on
the behavioral perspective. To deal with variability in other BP perspec-
tives in a more flexible manner, this work proposes an approach based on
feature models. These models do not only allow enhancing expressiveness
regarding BP variability, but also the maintenance and understanding of
the resulting process model.

Keywords: Business Process Modeling, Business Process Variability,
Feature Models

1 Introduction

It is common to find Business Processes (BPs) that are shared by many organi-
zations, e.g., buying and selling, merchandise delivery, quality control, packaging
BPs. However, such BPs usually need to be adapted depending on the context
where they are applied, e.g., a merchandise delivery process strongly depends
on the goods being delivered as well as on the country where the process takes
place. As a result, we can find many variations of the same BP according to the
specific needs of the application context.

Furthermore, BPs can be seen from a number of different perspectives [14].
Among others, we can talk about the behavioral perspective (i.e., control-flow
definition), the organizational perspective (i.e., resources that perform the ac-
tivities), or the informational perspective (i.e., data objects produced or manip-
ulated by the process) [8]. In that sense, variations not only may occur in one
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of these perspectives, but in all of them and at the same time. For example,
in the merchandise delivery process, depending on the people in charge and on
the goods being delivered, the process may be different. Thus, enterprises should
properly manage variations in every perspective in order to copy with market
conditions in an effective manner [20].

However, BP variability management is not a trivial task, specially regard-
ing BP variability modeling [13]. When the modeling task involves representing
variations, the complexity of the modeling process increases, turning models into
artifacts that are error-prone and complex to build, manage and understand [6].

Coping with such variability modeling issues constitutes one of the challenges
currently faced by the BP community [3]. Good examples of such interest are the
approaches developed by Puhlmann et al. [17], Hallerbach et al. [7], Rosemann et
al. [18], and Kumar et al. [11]. These approaches constitute a solid base to face
the modeling challenges that arise when dealing with BP variability. However,
they are highly tight to the Business Process Modeling Language (BPML) they
were developed to, reducing their flexibility to be used with other BPMLs. In
addition, most of the approaches only focus on specific perspectives (usually the
behavioral one), neglecting the representation of variations in the rest of them.

In this context, we present a modeling approach to capture the variability
that may appear in BP perspectives. Concretely, we focus on BP perspectives
beyond the behavioral one. For such purpose, we rely on feature models from
the Software Product Line (SPL). Feature models are expressive models de-
signed to represent variations in software systems. They have been proved to be
the best mechanism to promote model maintenance and understanding regard-
ing variability [9]. Concretely, we propose to define the variations that refer to
BP perspectives as features in the feature model. An important aspect of our
approach is that its flexibility since it is language independent, which allows ap-
plying it to any BPML. However, for explanatory purposes we have taken the
Business Process Modeling Notation (BPMN) since it is the standard language
for BP definition.

The remainder of the paper is organized as follows. In Section 2, we use
a scenario to illustrate the motivation of our approach. Section 3 presents the
different BP perspectives that are commonly found. Section 4 first introduces
feature modeling and then explains how this technique is used to deal with BP
variability modeling. Section 5 presents the compilation of the related work.
Finally, Section 6 concludes the paper and outlines the future work.

2 Case Study

To motivate the challenges being faced in this work, we present the check-in
process usually offered by airlines. The process represents the procedure that
every passenger has to go through when traveling by plane. Even though this
process is similar irrespective of the airport the passenger departs from and the
airline he/she is flying with, many variations are possible depending on different
factors.
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The process starts by identifying the passenger who is going to travel. This
activity may start 23 or 3 hours before departure depending on the method used
by the passenger to do the check-in (i.e. web application, self-servicing machines
or airport counter). In addition, this also determines the responsible for doing
this activity. For instance, if the check-in is performed online (i.e., through a web
application), the identification is done by the passenger him/herself. Otherwise,
it is done by the airline personnel. Afterwards, the assignment of the seat starts.
If the checking is done at the counter, the seat assignment is done by the airline
personnel. On the contrary, the assignment is done automatically by the web ap-
plication (i.e., online check-in) or the self-servicing machine. As an extra service,
some airlines offer the possibility of changing the seat assignment if the passenger
has bought a business ticket and he/she does not agree with the first assignation.
Again, this activity depends on the type of check-in. In this case, the passenger
him/herself can change his/her seat when doing online or self-servicing check-in,
while at the counter the change is performed by the airline personnel. The next
activity to carry out regards the addition of special information. For instance,
when passengers travel to USA, they have to provide specific contact information
about the address where he/she will stay the first night. Once all the required
information has been provided, the passenger obtains the boarding card, either
in an electronic format (i.e., online check-in) or paper format (i.e., check-in at
the counter check-in or the self-servicing machine). Finally, the process ends at
the airport with the luggage drop off by the airline personnel. Figure 1 shows a
simplified version of this process. It includes several process variants (variants
for short) of this process.

As it is shown, despite it is a simple process there might be dozens to up to
hundreds of possibles variants depending on, for instance, the type of check-in
(i.e., online, counter or self-servicing machine) or the type of ticket (i.e., business
or economy class). Figure 2 shows one variant of this process regarding the online
check-in of a business ticket. In this variant, the process is mainly performed by
the passenger him/herself.

3 Business Process Perspectives

According to [21], a BP is defined as“a set of activities performed in coordination
in an organizational and technical environment. These activities jointly realize a
business goal.”. Considering this definition, a BP defines what (activities) should
be done, how (coordination), and by whom (organizational and technical envi-
ronment). In this context, business process models arise as the main artifacts for
representing BPs. However, other elements are also used to build a BP model.
The complete set of these elements is gathered in the meta-model presented in
Figure 3.

Each one of these elements, when considered separately, represents a different
perspectives of a BP [4, 14, 10]. Therefore, depending on the object we focus on
a distinction can be made between the functional, behavioral, organizational,
informational, temporal, and operational perspective:
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Fig. 1. Check-in process

– Functional perspective (specifies the decomposition of processes): It rep-
resents the activities to be performed in the context of a BP [4]. This perspec-
tive is represented by the elements Activity, Atomic Activity, and Complex
Activity from the meta-model (see Figure 3).
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Fig. 2. Variant of the Check-in process regarding the online check-in of a business
ticket
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Fig. 3. Business Process Meta-model

– Behavioral perspective (defines control-flow): It describes the sequencing
of activities and comprises information regarding other constraints for their
execution (e.g., sequences, conditional branching, parallel branches, or loop
structures). The behavior perspective is represented by the Control Connec-
tor and Control Edges elements from the meta-model.

– Organizational perspective (deals with the assignment of resources): It
represents by whom in the organization the activities of a process are per-
formed. This perspective is represented by the Resource element from the
meta-model.

– Informational perspective (concerns data and data-flow): It represents
the informational entities produced, manipulated or consumed by a process;
these entities include data, artifacts, products (i.e., intermediate and end
products), and objects; this perspective covers both the structure of infor-
mational entities and their relationships. It is represented by the Data Object
element from the meta-model.

– Temporal perspective (deals with time issues and temporal constraints):
It represents the occurrence of an event during the course of a process, which
affects the scheduling of activities from this process. This perspective is rep-
resented by the Event element from the meta-model.

– Operational perspective (concerns the implementation of process activ-
ities): It covers the implementation of the process activities, i.e., the appli-
cation services to be performed or the forms to be filled in when executing
these activities. This perspective is represented by the Operation element
from the meta-model.
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There are still other perspectives associated with a BP model which are not
directly related to the BP meta-model elements. These refer to more abstract
concepts such as the intended use of the representation [2], or the structural
characteristics of BP representations and their capabilities for analysis and op-
timization [19]. However, these perspectives are out of the scope of this work.

All the perspectives listed above are connected by means of the relationships
defined between the elements from the meta-model. In particular, the Activity
element (that belongs to the functional perspective) articulates the informa-
tional, operational, and organizational perspectives. These relationships affect
the way variability can be represented regarding these perspectives. For exam-
ple, an Activity that can be performed by more than two different roles (as
Identify passenger, Assign seat, Change seat, and Print boarding card activities
in the check-in process; see Figure 1) has to be represented graphically as many
times as different roles can take the responsibility for such Activity. Another ex-
ample is the different types of products (i.e., Data Objects) that can be produced
by the same Activity depending on the role (i.e., Resource) taking the responsi-
bility of the activity (e.g., electronic and paper boarding cards produced by the
Print boarding card activity in the check-in process; see Figure 1). In these two
examples, variability occurs in different perspectives (organizational and infor-
mational) but related always to an Activity element (Identify passenger, Assign
seat, Change seat assignment, and Print boarding card). This relationship leads
to the construction of diagrams as the one presented in Figure 1, where different
elements need to be duplicated in order to represent all different variations (see
colored activities). However, this solution cannot be applied in practice since it
leads to model redundancy, which hinders process model understanding, evo-
lution, and reusability [6]. To solve this situation, in next section we present
feature modeling as a mechanism to properly represent variability in all these
connected perspectives.

4 Representing Variability in Business Process
Perspectives

As it is explained in Section 3, three elements are the cornerstone of BP per-
spectives: Control Connector (for the behavioral perspective), Event (for the
temporal perspective), and Activity (for the functional, organizational, informa-
tional, and operational perspectives). Traditionally, variability in the functional
and behavioral perspective is easily represented using the primitives provided
by traditional BPMLs1 (e.g., regarding the check-in process, the possible perfor-
mance of the activity Change seat assignment can be simply represented with
an XOR gateway; see Figure 1). However, handling variability in the remaining
BP perspectives requires a more powerful and flexible technique [12]. This is due
to dependency relationships between elements from these perspectives. For ex-
ample, the check-in process can only be started 23 hours before departure when

1 It results more intuitive for modelers since only variations in control-flow distribution
are involved [18]
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the role initiating this process is the passenger him/herself. However, traditional
BPMLs do not allow representing such dependency relationships declaratively
but implicitly in the model, which brings understanding, evolution, and reusabil-
ity problems [6].

In this context, feature modeling appears as a good solution to address these
problems. The following subsections present first some preliminaries about fea-
ture modeling and second our approach based on this technique to model vari-
ability in BP perspectives. Concretely, it regards the organizational, informa-
tional, temporal, and operational perspectives.

4.1 Feature Modeling: Preliminaries

Feature modeling is a technique developed in the context of the SPL for capturing
and describing variability in software systems [9]. Features are variations that
are used to differentiate the characteristics of each system. A feature model is
represented as a tree-like set of features that are hierarchically arranged with a
composed-by relationship between a parent feature and its child features. Figure
4 shows a generic example of a feature model.

Fig. 4. Generic example of a feature model

In addition there are cross-tree constrains that describe the most typical
relationships between features [5]:

1. Mandatory and Optional. A mandatory feature must be always included
in a system meanwhile an optional feature may or may not be included (see
Figure 4).

2. Multiple choice groups. It defines a non-empty subset of features that
can be included in a system (i.e., OR decisions;).

3. Single choice. It indicates from a set of alternative features exactly one
feature must be included (i.e., XOR decisions).
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4. Cardinality. It defines the lower and upper bound values of features that
can be included in a system.

5. Require and Exclude. A require relationship forces the selection of a fea-
ture when another feature has been selected. On the contrary, an exclude
relationship prevents the selection of a feature when another feature has been
selected.

6. Default feature. It represents the feature that is selected in a system by
default.

An interesting characteristic of these models is that no structural restrictions
among the hierarchical structure are defined. Therefore, the structure of a fea-
ture model can be defined as needed depending on the domain being modeled.
For example, branches of features can be enlarged or reduced to properly fit
system specifications. Thus, a flexible representation of features (i.e., variations)
is provided. For these reasons, we propose to exploit this technique to represent
variations in BP perspectives.

4.2 Applying Feature Modeling for Business Process Perspectives

Given the flexibility provided by feature models, we propose to organize its tree-
like structure in five different levels associated with specific semantics. Thus, a
better understanding and management of variability in the different perspectives
is provided.

Concretely, the tree-like structure is hierarchically organized based on model
elements presenting variability. Then, this variability is also organized according
to the perspectives it belongs to. Figure 5 depicts graphically how the feature
model has been designed to represent variability in the different perspectives of
the check-in example. The different levels and their semantics are explained in
the following by using this figure.

Fig. 5. Feature model associated to the check-in process
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Tree-like Structure Organization

The first level defines the root feature that is used to derive all variations
related to Activities and Events2. As it is shown in Figure 5, the first level
includes one feature (i.e., Check-in) from which all the tree-like structure is
going to derive.

The second level defines one feature for each Activity (either Atomic or Com-
plex ) or Event element from the BP model that presents variability. As it is
shown in Figure 5, the second level includes five features that correspond either
to an Activity (i.e., Identify passenger, Assign seat, Change seat assignment, and
Print boarding card) or an Event (i.e., Start event) from the check-in process.

The third level is used to categorize in perspectives the variability defined by
each Activity or Event defined in the previous level. It includes features for all
BP perspectives that present variability in the current process. These features
are grouped in the way they can be articulated from the upper level feature. As
it is shown in Figure 5, the third level defines for example Temporal perspective
associated to the Start event feature defined in level two. Categorizing features
in perspectives facilitates the identification and management of all features.

The fourth level defines the semantics of the associated feature defined in the
next level. This semantics allows a better understanding of the rationale behind
each feature. As it is shown in Figure 5, two different ways to implement the
Assign seat activity are considered, one by means of an Web Application and
another one by means of a Self-servicing machine.

The fifth level defines all the different alternatives for the categories defined in
the previous level. These alternatives can be selected (i.e., configured) to derive a
process variant. In addition, at this level different relationship between features
of the same level can be defined. For example, the 23 hours feature related to
the Start event defines a relationship with the Passenger feature defined for the
Identify passenger activity. This relationship is establishing a constraint of use
between these two features, indicating that the selection of the former enforces
the selection of the latter.

Tree Configuration

The complete feature model defined in Figure 5 represents the alternatives
of the possible variants that can be derived from the check-in process. In turn,
a concrete variant (e.g., variant of the online check-in presented in Figure 2)
may be declaratively specified by selecting the desired features according to
variant requirements (e.g. check-in online starts 23 hours before departure). Such
decisions must respect the cross-tree constraints imposed by the feature model
(e.g., the choice of exactly one feature from a group of single choice features).
The result of this selection is a configuration of the feature model, which includes

2 Notice that with these two elements we are covering the variability that can occur in
all the BP perspectives, e.g., variability regarding the organizational, informational,
temporal, and operational perspectives.
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the alternatives conforming the concrete variant to be derived. Figure 6 presents
the configuration of the feature model associated to the online check-in. By this
configuration, variant depicted in Figure 2 is easily derived.

Fig. 6. Feature model configuration associated to the online check-in

5 Related Work

This section describes a short review of approaches from the BP management
field dealing with BP variability modeling. These approaches are PESOA [17],
Provop [7], C-EPC [18], Rules representation [11], Collaborative activities [16],
and Feature models to business processes (FM2BP). They were developed due to
the limitation of the original BPML to properly deal with variability in BP mod-
eling. Table 1 summarizes the support each approach provides for the different
BP perspectives.

PESOA Provop C-EPC Rule Collaborative act. FM2BP

Functional + + + + - +

Behavioral + + + + - +

Organizational - - + + + -

Informational - - + + - -

Temporal - - - - - -

Operational - - - - - -

Table 1. Summary of the approaches support for the BP perspectives

PESOA [17] provides an approach for the development and customization of
families of process-oriented software. PESOA allows describing variation points
by attaching annotations to those places (i.e., activities) where variability may
occur. For this, strategies like encapsulation, inheritance, design patterns, and
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extension points are used. These strategies only refer to the behavioral and func-
tional perspectives. However, alternatives regarding other modeling elements,
such as resources or data, cannot be explicitly represented.

Provop [7] describes an operational approach to support BP variability mod-
eling through a set of high-level change operations. Thus, process variants are
obtained by applying different change operations to a common base model. How-
ever, similarly to PESOA, alternatives can only be defined when talking about
control flow options (i.e., behavioral perspective), neglecting variations in other
perspectives.

Configurable EPC (C-EPC) [18] is an extension of EPC (Event-driven Pro-
cess Chain) that includes additional constructs to model variability in refer-
ence process models. The configurable functions and connectors allow identifying
which model parts are subject to variations. The approach also support variations
in other perspectives such as the organizational and informational perspectives
[12]. However, C-EPC is highly tight to EPC which reduces its flexibility to be
applied with other BPMLs.

Rule representation and processing [11] is an approach for process configu-
ration based on the idea of configuring variants through a set of business rules.
These rules are applied to a generic template, which contains a very basic gen-
eral process schema. This template constitutes a default configuration that is
modified according to context changes. Alternatives are described through a set
of business rules, whose application leads to the execution of a set of change op-
erations (e.g., insert or delete activity). These change operations, when applied
to the generic process template, lead to a specific process variant. In addition
to control-flow, alternatives may also refer to the organizational and informa-
tional perspectives. However, alternatives are not explicitly defined for any of
those perspectives since the information is scattered among the different rules.
In addition, the definition of the alternatives implies to learn specific semantic
knowledge.

Collaborative activities [16] is an approach that proposes representing BP
collaboration between multiple resources by using colors for each resource instead
of the traditional BPMN lanes. The idea is associating roles with colors and using
these colors in activities to represent the assignment to a specific role. As a result,
when an activity is performed by just one role, the activity will be colored with
the corresponding color. On the contrary when the activity can be performed
by more than one role, the activity is represented either as many times as roles
are involved in the activity (each one with the corresponding color) or as an
activity with vertical stripes including the colors that represent the involved
roles. Despite this approach was not developed for representing variability in
BP perspectives, it allows modeling different alternatives for the organizational
perspective. However, the approach neglects variations in other perspectives such
as the informational or the temporal perspectives.

Finally, feature models have already been used when dealing with BP vari-
ability. For instance, in [15] proposes the use of a feature model (containing the
variability) for automatically building a BP. For such construction, a mapping
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relationship between the feature model and the control-flow of the BP is defined.
Thus, variability specification included in the feature model is transferred to the
BP structure (i.e., functional and behavioral perspectives). Apparently, a com-
bination between this approach and our approach allow modeling BP variability
in all BP perspective.

6 Conclusions and Further Work

In this paper, we address the lack of support for modeling variability in BP per-
spectives beyond the behavioral perspective. For such purpose, we have proposed
a feature-oriented approach to modeling and managing variations in business
processes perspectives beyond the behavioral perspective. These models allows
defining variations in a more expressive and flexible way. Feature models al-
low defining not only the variations in the perspectives, but also relationships
between them. In addition, the proposed feature model is hierarchically struc-
tured, which allows a semantical organization of the features. Consequently, our
approach is able to represent alternatives within BP perspectives gaining in
model understanding and maintenance. Moreover, feature models are language
independent so that they can be applicable to any concrete BPML.

While the approach has been exemplified by the conduction of a case study,
further validation is required. This includes applying the approach in other do-
mains, but also designing tool support for configuration and conducting usability
testing. For such reason, we are currently developing a prototype tool to assist
in the definitions of the feature model. This prototype is been developed in the
context of Eclipse Framework [22], specifically, it is based on the MOSKitt tool
[23]. In particular, we are implementing a graphical editor as an Eclipse plugin
in order to integrate it with existing BPMN modeling editors [24]. Thus, scala-
bility and complexity analysis can be rigorously conducted. Specifically, we want
to quantify the overhead produced by modeling large feature models. Typically,
the manageable size (i.e., number of features) of feature models scales up to 100
features [1]. However, modeling certain features in separate diagrams and/or
at different levels of abstractions allow dealing with models over 300 features
[1]. Thus, a set of standard benchmarks would be desirable to show how these
scalability-issues are managed in practice with our prototype. In addition, we will
investigate techniques for preventing inconsistencies and assuring model correct-
ness. Furthermore, this work has been developed as part of a bigger project
aimed at supporting variability during the entire BP lifecycle. Thus, we are now
defining mechanisms to deal with variability at each phase of the BP lifecycle
(i.e, analysis-design, configuration, enactment, diagnosis, and evaluation).
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Abstract. A key aspect in any process-oriented organisation is the eval-
uation of process performance for the achievement of its strategic and
operational goals. Process Performance Indicators (PPIs) are a key asset
to carry out this evaluation, and, therefore, having an appropriate def-
inition of these PPIs is crucial. After a careful review of the literature
related and a study of the current picture in different real organisations,
we conclude that there not exists any proposal that allows to define PPIs
in a way that is unambiguous and highly expressive, understandable by
technical and non-technical users and traceable with the business pro-
cess (BP). Furthermore, it is also increasingly important to provide these
PPI definitions with support to automated analysis allowing to extract
implicit information from them and their relationships with the BP. In
this work we present PPINOT, a tool that allows the graphical definition
of PPIs together with their corresponding business processes, and their
subsequent automated analysis.

1 Introduction

It is increasingly important to evaluate the performance of business processes
(BPs), since it helps organisation to define and measure progress towards their
goals. Performance requirements on BPs can be specified by means of Process
Performance Indicators (PPIs).

According to Franceschini et al. [1] and based on the conclusions drawn in
our previous works [2, 3], four critical elements for indicators can be identified:
(1) their definition, that should be unambiguous and complete; (2) understand-
ability, PPIs should be understood and accepted by process managers and em-
ployees; (3) traceability with the BP, enabling to maintain coherence between
both assets, BP models and PPIs; and (4) possibility to be automatically anal-
ysed, allowing thus not only to gather the information required to calculate PPI
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