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Abstract

Data is one of today’s most important currencies. Thus, maintaining an overview of its creation, usage,
and manipulation within an organization is of utmost importance. While this fact has been recognized
in the Business Process Management (BPM) community in general, its subfield of process modeling has
not attributed attention to that for a long time. Extensive research has been conducted on the logical
and temporal order of process steps, also called the control flow. While doing so, the impact of data, e.g.,
that certain tasks require specific information to be executed, has been largely neglected. Even with
the extension of some process modeling languages to incorporate data concepts, formal semantics of
these concepts, that enable automated analysis and enactment, are often not present or underspecified.
Therefore, this paper motivates the definition of a new, more holistic semantics for data concepts in
BPMN. This semantics is then to be used as a foundation to adapt existing and define novel verification,
compliance, and consistency checking methods regarding the data and data flow of processes.
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1. Introduction

For an organization to thrive in a fast-paced, competitive environment, it must constantly
monitor its business processes and the data required for and manipulated by their execution.
That requires a thorough documentation of these processes and the information involved in
them. A means to achieve that are process models describing the required tasks and their data
pre- and postconditions. However, due to the size and number of processes in place within
an organization, manually managing these process models and ensuring their consistency,
correctness, and compliance, especially when undergoing change, is very challenging and error-
prone. Hence, automation is desirable, but requires thorough formalization of the involved
concepts, i.e., the definition of a concise execution semantics. Looking at the Business Process
Modeling and Notation (BPMN) [1], the most widely adopted process modeling language [2],
multiple approaches exist defining a concise semantics for its control flow concepts. However,
there is currently no formalization that covers all of its data concepts, which prevents automated
analyses of process data flow. Therefore, this paper motivates the introduction of a new
execution semantics defined through the mapping of BPMN data concepts to Petri net constructs
that can serve as a basis for the automated analysis of the data flow of process models.
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In the remainder of this paper, BPMN data concepts are briefly introduced and related work
on formal semantics for BPMN is discussed before the new mapping and its potential application
areas are outlined.

2. Background and Related Work

Since version 2.0, the BPMN standard [1] includes a number
of semantically meaningful concepts regarding the data flow
in process models. A minimal example containing a subset Claim
of them is shown in Figure 1. Data objects (document shapes) | jeceved
are an abstract representation of the data used in a process. e
They can have data states (denoted in squared brackets) InscLlj;?rzce ———
assigned to them. Connections to activities indicate that the
respective data object is required as input or produced as

output. In- and outgoing data objects can be clustered in Esc%ﬁe
input and output sets (I/O sets, denoted using, e.g., I1 and favalable]
O1) representing sufficient data enablement or termination
conditions. For example, a Claim in state [received] alone
is sufficient to start Assess Insurance Claim. Input output ~ Figure 1: BPMN data concepts
specifications (I/O specs, denoted using the BPMN annotation element) define, which data may
be produced by an activity given it started with a certain input set. In the example, if an Insuree
Scam History data object exists (I2), the risk assessment always produces a Risk in state [high]
and a Second Assessment in state required (O2). Finally, the BPMN standard employs the rule
that only a single data object instance may exist per process instance, unless specified as being

11->01,02
12->02
~ Risk

[low]

Risk

[highl

Second
Assessment

[required]

multi-instance.

While the BPMN standard provides a textual description of the semantics of these concepts,
a thorough formalization is currently missing. In the past, research has been conducted on
defining such a formalization through translational semantics, i.e., creating a mapping of
BPMN concepts to those of another, well-formalized modeling language [3]. Target languages
comprise, inter alia, process algebras [4], WS-BPEL [5], Event-B [6], and, most prominently,
Petri nets [7, 8, 9, 10, 11, 12, 13]. However, most approaches solely consider the control flow
and disregard the data perspective. Even the ones considering the data perspective only define
semantics for subsets of the above-mentioned data concepts. Table 1 shows an overview of a
selection of works introducing a translational semantics of BPMN to (colored) Petri nets, and the
data-related BPMN concepts they cover. In addition to the concepts introduced in the standard,
the table includes Data Locking, which represents a mechanism to prevent concurrent write
access and inconsistent read access while the data may concurrently be modified as proposed
in [9]. The overview shows that, while all aspects are covered by at least one approach, no
mapping vet covers all aspects.

Next to the extension of an activity-centric process modeling language with data concepts,
related work proposed a variety of different approaches to the representation of data in business
processes. Two frameworks have been introduced to evaluate and compare approaches regard-
ing their incorporation of data in business processes [14, 15]. The covered spectrum ranges

22



Maximilian Koénig: Execution Semantics of Process Models with Data

from extensions to activity-centric approaches such as BPMN [9] through case management,
e.g., fragment-based Case Management [16], to artifact-centric, e.g., [17], and object-centric
approaches, e.g., [18]. However, most of these approaches require the learning of a new process
modeling language, which constitutes a major hurdle to their adoption. In contrast, BPMN
already is the de facto industry standard. Hence, providing the precision the BPMN standard
currently lacks regarding its data concepts may lower the threshold to incorporate the data
perspective in existing BPMN process models and will therefore be the focus of this work.

Table 1
Coverage of BPMN data concepts in related works mapping BPMN to Petri nets. Each aspect is either
covered (v'), partially covered ([v']), or not covered (-). S| abbreviates Single-Instance enforcement.

Publication Data Objects | Data States | 1/O Sets | 1/0O Spec | Data Locking | Sl
Meyer [9] v [v] - - v v
Awad et al. [10] v v - - - -
Stackelberg et al. [11] v - v - -
Ramadan et al. [13] v ] v - -
Dechsupa et al. [12] v - - - - -

3. Contribution

To close the gap of a missing holistic semantics for data concepts in BPMN, as outlined in the
preceding section, this paper proposes the introduction of a new translational semantics for
BPMN using Petri nets. The mapping should cover data objects, data states, input and output
sets, input and output specifications, multi-instance and single-instance behavior, a data locking
mechanism, and the combination of these concepts with tasks, subprocesses, and (boundary)
events adhering to the restrictions provided in the BPMN standard. To allow a focus on the data
flow, the mapping rules for BPMN control flow elements introduced by Dijkman et al. [7] will
be extended. The result should be a formal algorithm based on which properties of the derived
nets such as the enforcement of a single data object instance per process instance, data locking
as defined by Meyer [9], and the correct translation of BPMN concepts can be proven.

The Petri nets resulting from the algorithm’s application will then serve as a foundation for a
set of analyses. First, a notion of data flow soundness should be defined, ensuring the absence
of data deadlocks and proper termination of the processes. Next to that, different categories
of data anomalies have been defined in literature [11, 19, 20]. Their application as well as a
potential extension of them based on the introduced formalism would allow for a more thorough
analysis of processes’ data flow. For example, lost data (data objects being written multiple times
without being read in between), missing data (required data in a certain process state that is not
available), and redundant data (data that is written but never read) can thereby be detected. In
addition, a recent literature review revealed a lack of data compliance checking methods for
processes [21]. In that context, it would be interesting to see which of their constraint patterns
concerning data will be detectable in the derived Petri nets.
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4. Conclusion

This position paper motivates the need for a new translational semantics thoroughly covering
BPMN’s data concepts. The lack of such a semantics hinders the capitalization on process
models’ capability to provide and maintain an overview of the data flow within an organization.
The mapping of BPMN concepts to Petri nets should then serve as the foundation for automated
data flow analyses regarding correctness, consistency with other processes, and compliance to
the process environment’s regulations.
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