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Business process modeling plays an important role in the management of business
processes. As valuable design artifacts, business process models are subject to qual-
ity considerations. The absence of formal errors such as deadlocks is of paramount
importance for the subsequent implementation of the process. This book develops a
framework for the detection of formal errors in business process models and for the
prediction of error probability based on quality attributes of these models (metrics).
We focus on Event-driven Process Chains (EPCs), a widely used business process
modeling language due to its extensive tool support. The advantage of this focus is
firstly that the results of this book can be directly translated into process modeling
practice. Secondly, there is a large empirical basis of models. By utilizing this large
stock of EPC model collections, we aim to bring forth general insights into the con-
nection between process model metrics and error probability. In order to validate
such a connection, we first need to establish an understanding of which model at-
tributes are likely connected with error probability. Furthermore, we must formally
define an appropriate notion of correctness that answers the question of whether or
not a model has a formal error. As a prerequisite to answering this question, we must
define the operational semantics of the process modeling language formally.

Contributions

This book presents a precise description of EPCs, their control-flow semantics and a
suitable correctness criterion called EPC soundness. Furthermore, we identify theo-
retical arguments on why structural metrics should be connected with error probabil-
ity and provide an empirical validation of this connection. To be more concise, this
book provides the following technical contributions.

Formalization of the OR-join: The semantics of the OR-join have been debated for
more than a decade. Existing formalizations suffer from either a restriction of
the EPC syntax (see [78, 247, 238, 4, 101]) or from non-intuitive behavior (see
[325, 218, 11, 465]). In Chap. 2, we formalize the EPC semantics concept as
proposed elsewhere [267]. In comparison to other approaches this novel formal-
ization has the advantage of not being restricted to a subset of EPCs. Moreover,
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it provides intuitive semantics for blocks of matching OR-splits and joins since
they cannot deadlock. As a proof of concept, we implemented a plug-in for ProM
that calculates the reachability graph. In this way, this novel semantics definition
contributes to research on the specification of business process modeling lan-
guages.

Verification of process models with OR-joins and multiple start and end events:

Verification techniques for process models with OR-joins and multiple start and
end events suffer from one of two problems: Firstly, they build on an approxi-
mation of the actual behavior, e.g., by considering a relaxed notion of soundness
[101], by involving user decisions [109] or by approximating relaxed sound-
ness with invariants [440]. Therefore, they do not provide a precise answer to
the verification problem. Secondly, some verification approaches for semantics
definitions (see [88, 464]) suffer from the previously mentioned non-intuitive
behavior. While this is not the result of the verification problem itself, none of
these approaches has been tailored to cope with multiple start and end events.
In Chap. 3, we specify a dedicated soundness criterion for EPC business pro-
cess models with OR-joins and multiple start and end events. We also define
two verification approaches for EPC soundness: one as an explicit analysis of
the reachability graph and a second based on reduction rules to provide a bet-
ter verification performance. Both approaches were implemented as a proof of
concept. In this way, we contribute to the verification of process models with
OR-joins and multiple start and end events. Importantly, we also extend the set
of reduction rules for business process models.

Metrics for business process models: Metrics play an important role in the opera-

tionalization of various quality-related aspects in software engineering, network
analysis, and business process modeling. Several authors use metrics to cap-
ture different aspects of business process models that are presumably related to
quality (see [244, 320, 308, 348, 72, 37, 67, 74, 241, 356, 275, 276]). Unfortu-
nately, business process-specific concepts such as sequentiality, decision points,
concurrency, and repetition are hardly considered while simple count metrics
are often defined. There also appears to be little awareness of related research,
possibly owing to the fact that process model measurement is conducted in sep-
arate disciplines such as software process management, network analysis, Petri
nets theory, and conceptual modeling. In Chap. 4, we provide an extensive list
of metrics for business process models and provide links to previously isolated
research. Beyond that, we provide a detailed discussion of the rationale and lim-
itations of each metric to serve as a predictor for error probability. We formulate
a hypothesis for each metric based on whether it is positively or negatively cor-
related with error probability.

Validation of metrics as error predictors: Until now, there has been little empirical

evidence for the validity of business process model metrics as predictors for er-
ror probability. Some empirical work has been conducted; however, it has always
maintained a different focus: Lee and Yoon investigate the empirical relationship
between parameters of Petri nets and their state space [243, 244]. Canfora et al.
empirically evaluate the suitability of metrics to serve as predictors for main-
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tainability of the process model [67]. Cardoso analyzes the correlation between
the control flow complexity metric with the perceived complexity of process
models [73]. Of most significance to this book is an analysis of the SAP Refer-
ence Model in which Mendling et al. test a set of simple count metrics as error
predictors [275, 276]. In Chap. 5 we use logistic regression for the test, which
is similar to the analysis of the SAP Reference Model. We consider both the
broader set of metrics from Chap. 4, a precise notion of EPC soundness as de-
fined in Chap. 3, and a much broader sample of EPC models from practice. The
results show not only that certain metrics are indeed a good predictor for error
probability, but also that simple count metrics fail to capture important aspects
of a process model.

So little research on information systems and conceptual modeling combines design
science and behavioral science research paradigms that there is clearly a need for
more empirical insight [306]. Since the previously listed contributions cover both
design and behavioral aspects, we consider the main contribution of this book to be
the innovative and holistic combination of both these research paradigms in an effort
to deliver a deeper understanding of errors in business process modeling.

Structure

This book is organized in six chapters. Beginning with a general overview of busi-
ness process management, we continue with semantics of EPCs and the verification
of soundness before discussing metrics for business process models which are sub-
sequently validated for their capability to predict error probability.

Chapter 1 — Business Process Management: In this chapter, we discuss the back-
grounds of business process management and define important related terms. We
also sketch the importance of business process modeling and the role of errors
in the business process management lifecycle.

Chapter 2 — Event-driven Process Chains (EPC): This chapter gathers state-of-the-
art work on EPCs. Building on the foundations of prior work, we establish a
novel syntax definition and a novel semantics definition for EPCs. Our seman-
tics are based on transition relations that define both state changes and context
changes. We then present an algorithm to calculate the reachability graph of an
EPC based on the transition relations and a respective implementation as a plug-
in for ProM. The major motivations for these novel semantics are semantic gaps
and non-intuitive behavior of existing formalizations.

Chapter 3 — Verification of EPC Soundness: This chapter presents an EPC-specific
version of soundness as a criterion of correctness for EPCs. We propose two dif-
ferent approaches for the verification of soundness: one based on the reachability
graph and another based on reduction rules. While the first approach explicitly
considers all states and transitions that are represented by an EPC, there is a
problem with state explosion due to the maximum number of states growing
exponentially with the number of arcs. In order to avoid a performance prob-
lem we introduce a set of reduction rules. This set extends prior work with new
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reductions for start and end components, delta components, prism components
and homogeneous EPCs. This approach is tested by reducing the SAP Reference
Model and shows that the reduction is fast, provides a precise result for almost
all models, and finds three times as many errors as other approaches based on
relaxed soundness.

Chapter 4 — Metrics for Business Process Models: This chapter discusses the suit-
ability of business process model metrics predicting error probability from a
theoretical point of view. Revisiting related research in the area of network anal-
ysis, software measurement, and metrics for business process models, we find
that several aspects of process models have not yet been combined in an overall
measurement framework. Based on theoretical considerations we present a set
of 15 metrics related to size and 13 metrics that capture various aspects of the
structure and the state space of the process model. For each of the metrics we dis-
cuss their presumable connection with error probability and formulate respective
hypotheses.

Chapter 5 — Validation of Metrics as Error Predictors: In this chapter, we conduct
several statistical analyzes related to the connection of metrics and error prob-
ability. The results of the correlation analysis and the logistic regression model
strongly confirm the hypothetical impact direction of the metrics. We then de-
rive a logistic regression function, based on a sample of approximately 2000 real
EPC business process models, that correctly classifies 90% of the models from
a second independent sample.

Chapter 6 — Implications for Business Process Modeling: Here we present a sum-
mary of the findings and offer an outlook on future research. A major result
is a set of seven guidelines of process modeling. Beyond that, we discuss the
implications for the business process modeling process, respective tool support,
EPCs as a business process modeling language, and teaching of business process
modeling.
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