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a b s t r a c t

Context: The quality of business process models (i.e., software artifacts that capture the relations
between the organizational units of a business) is essential for enhancing the management of business
processes. However, such modeling is typically carried out manually. This is already challenging and time
consuming when (1) input uncertainty exists, (2) activities are related, and (3) resource allocation has to
be considered. When including optimization requirements regarding flexibility and robustness it
becomes even more complicated potentially resulting into non-optimized models, errors, and lack of
flexibility.
Objective: To facilitate the human work and to improve the resulting models in scenarios subject to
uncertainty, we propose a software-supported approach for automatically creating configurable business
process models from declarative specifications considering all the aforementioned requirements.
Method: First, the scenario is modeled through a declarative language which allows the analysts to spec-
ify its variability and uncertainty. Thereafter, a set of optimized enactment plans (each one representing a
potential execution alternative) are generated from such a model considering the input uncertainty.
Finally, to deal with this uncertainty during run-time, a flexible configurable business process model is
created from these plans.
Results: To validate the proposed approach, we conduct a case study based on a real business which is
subject to uncertainty. Results indicate that our approach improves the actual performance of the busi-
ness and that the generated models support most of the uncertainty inherent to the business.
Conclusions: The proposed approach automatically selects the best part of the variability of a declarative
specification. Unlike existing approaches, our approach considers input uncertainty, the optimization of
multiple objective functions, as well as the resource and the control-flow perspectives. However, our
approach also presents a few limitations: (1) it is focused on the control-flow and the data perspective
is only partially addressed and (2) model attributes need to be estimated.

� 2014 Elsevier B.V. All rights reserved.

1. Introduction

A Business Process (BP) can be defined as a set of activities
which are performed in coordination in an organization to achieve
a business goal [93]. These activities can be manual activities, other
BPs, or even pieces of software. Nowadays, in order to support BPs,
BP Management (BPM) embraces methods, techniques, and soft-
ware to design, enact, control, and analyze operational processes
involving humans, organizations, applications, and other sources

of information [90]. Such management generally follows a strict
methodology to ensure the quality of the information systems
which are created. Typically, the traditional BPM life cycle [93]
includes four phases, i.e., process design & analysis (i.e., a design
of the BP is created following the requirements), system configura-
tion (i.e., the software defined in the BP design is implemented),
process enactment (i.e., the software is executed following the BP
design) and evaluation (i.e., monitoring information or logs are
analyzed to look for design improvements) [93].

The quality of a BP design has a great influence on all the phases
of the BPM life cycle and it is essential for BP improvement, which
has been ranked as the number one priority for top management
by the 2010 Gartner survey [36].
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1.1. Problem statement

In the process design & analysis phase the BP models are typi-
cally specified by hand using imperative languages like EPC or
BPMN [12]. This way, a precise activity sequence which establishes
how a given set of activities has to be performed is defined. Such a
sequence typically includes temporal relations between activities
or even dependencies with input data. Typically, such activities
are related to a set of attributes (e.g., duration and cost) which
need to be estimated. Furthermore, in many real scenarios such
estimates might be subject to input uncertainty (e.g., non-punctual
clients imply uncertainty in their arrival times) [84]. In addition,
the BP performance can be greatly influenced by how the different
resources are assigned to each activity that has to be performed
[45,81]. Therefore, regarding such scenarios and motivated by the
case study described in the paper, when designing a BP model, ana-
lysts have to face certain design requirements (cf. Fig. 1 (1)), such
as:

1. Dealing with activity attributes and their estimated values.
2. Managing the input uncertainty which exists in many real sce-

narios [84] in which providing a range of possible values for a
BP property is most reliable that providing an exact value which
may be difficult to know. For example, the arrival time of clients
can be considered uncertain due to unpunctual clients.

3. Dealing with relations between the activities, i.e., control-flow
as well as temporal and data constraints of the BP.1

4. Considering resource allocation.

Since uncertain scenarios are considered, managing such input
uncertainty becomes necessary. For this, flexibility and robustness
are proposed since we consider this is the best way to properly
address the considered uncertainty. The situation is further com-
plicated if the aforementioned design requirements have to be
addressed along with optimizing some (potentially) conflicting
objective functions (e.g., time and cost). Such optimization require-
ments (cf. Fig. 1 (2)) can be summarized as follows:

1. Flexibility, i.e., the capability to adapt to input uncertainty
[34,66,78]. For this, designed models should consider different
execution alternatives to support such uncertain scenarios [93].

2. Robustness, i.e., the capability to withstand the uncertainty to
some extent [18,20,27]. For his, BP models should be designed
to avoid making unnecessary adaptations which typically are
costly.

3. Other objective functions are commonly considered since
the BP design usually involves a trade-off between different

quality dimensions which may be in conflict or be opposed
[67].

This task of creating a BP design can form a very complex prob-
lem and be very time consuming (cf. Fig. 1 (3)). For this, methods
and tools for supporting analysts during the BP design are becom-
ing more and more important. Moreover, the resulting models may
be non-optimized, potentially contain errors, and might be too
strict [29,58,94] (cf. Fig. 1 (4)).

In such context, there exist some proposals for generating BP
models or that could be extended in such direction (cf.
[29,40,47,53,60,63,64,75,94]). These proposals are based on gener-
ating a single execution plan which fulfills all the BP constraints
starting with a constraint-based specification. This plan could be,
in turn, used for the generation of an imperative model. As a major
drawback of existing proposals, considering only one single execu-
tion plan unnecessarily restricts the flexibility of the resulting
imperative model. Thus, to the best of our knowledge, the existing
proposals are not sufficient to address all the previously mentioned
requirements, e.g., dealing with the flexibility needs of existing BPs
[66].

1.2. Contribution

In order to facilitate the human work which is involved in the
process design & analysis phase and to improve the resulting
imperative BP models we propose a method for automatically cre-
ating configurable BP models (i.e, a modeling artifact that captures
a family of process models in an integrated manner) [22] from
declarative specifications [29] (cf. Fig. 2). The proposed approach
considers all the aforementioned requirements which have to be
considered when creating a suitable BP model, i.e., activity attri-
butes, resource allocation, input uncertainty, relation between
activities, optimization of several objective functions, as well as
flexibility and robustness issues, and is detailed in the following.

Declarative models are typically easier to specify and less time-
consuming than imperative models in scenarios where high vari-
ability is required [29]. Therefore, we propose to use a declarative
specification as starting point of the proposed approach. For this,
the Declare language2 [63] is used as basis, since it allows the spec-
ification of BP activities together with the constraints which must be
satisfied for correct BP enactment and for the goal to be achieved.
We extend Declare in order to widen its design flexibility by consid-
ering stochastic values for modeling the uncertainty of the scenario
(as required in the considered problems, cf. Section 1.1), resulting in
the SDeclare language. To be more precise, with the proposed exten-
sion, some properties of a BP (such as activity attributes, data and
temporal constraints, and resource availability) can be expressed
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Fig. 1. Motivation overview.

1 Note that the considered scenarios are focused on the control-flow and the
resource perspectives of the BPs and the data perspective is only partially considered.

2 Declare is one of the most referenced and used declarative BP languages in the
context of BPM.
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