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Abstract: This paper gives an extended abstract of my doctoral thesis on detection
and prediction of errors in EPC business process models (see [Men07]).1 This research is motivated by the observation that business process models are valuable design
artifacts in the business process management life cycle, and therefore, they are subject
to quality considerations. In this context, the absence of formal errors, such as deadlocks, is of paramount importance for the subsequent implementation of the process.
This doctoral thesis provides a fourfold contribution to the understanding of such errors in business process models with a particular focus on Event-driven Process Chains
(EPCs), a business process modeling language that is frequently used in practice. Firstly, we formalize the operational semantics of EPCs in a novel way so that matching
OR-splits and OR-joins never deadlock. Secondly, and based on these semantics, we
introduce a soundness criterion for EPCs that offers a precise identification of those
models which have errors. For the verification of this soundness notion in practice, we
present two analysis tools, a ProM plug-in for a verification based on the reachability
graph, and a batch program called xoEPC for a verification based on reduction rules.
Thirdly, we define a set of business process model metrics that are supposed to serve
as predictors for error probability of an individual EPC. Fourthly, we use statistical
methods and a sample of about 2000 EPCs from practice to derive a regression function for the prediction of error probability. This function is validated against a holdout
set of 113 EPCs from textbooks showing that 90% of the EPCs could be classified
correctly as having errors or not. These results emphasize the importance of quality
issues in business process modeling and provides the foundations for innovations in
tool support.
1 A PDF of the thesis can be downloaded at
http://wi.wu-wien.ac.at/home/mendling/publications/Mendling%20Doctoral%20thesis.pdf

1 Introduction
It is a fundamental insight of software engineering that design errors should be detected as
early as possible (see e.g. [Boe81, Moo05]). The later errors are detected, the more rework
has to be done, and the more design effort has been at least partially useless. This also
holds for the consecutive steps of analysis, design, and implementation in the business
process management life cycle (cf. e.g. [Ros06]). In the design phase, process models
are typically created with semi-formal business process modeling languages while formal
executable models are needed for the implementation. This problem is often referred to
as the gap between business process design and implementation phase (see e.g. [MR04]).
Therefore, quality frameworks, such as the Guidelines of Process Modeling [BRU00],
stress correctness as the most important quality attribute of business process models.
In the following sections we briefly sketch the results of this doctoral thesis. In Section 2
we present the research contribution of the thesis. Section 3 discusses the findings and its
implications for business process modeling. Finally, Section 4 gives an outlook on future
research.

2 Research Contribution
The research objective of this doctoral thesis is the development of a framework for the
detection of formal errors in business process models, and the prediction of error probability based on quality attributes of these models. We will focus on Event-driven Process
Chains (EPCs), a business process modeling language that is heavily used in practice. The
advantage of this focus is, firstly, that the results of this thesis are likely to have an impact on current modeling practices. Secondly, there is a large empirical basis for analysis.
By tapping the extensive stock of EPC model collections, we aim to bring forth general
insights into the connection between process model attributes and error probability. In order to validate such a connection, we first need to establish an understanding of model
attributes that are likely connected with error probability. Furthermore, we must formally
define an appropriate notion of correctness, which gives an answer to the question whether
a model has a formal error or not. It is a prerequisite to answering this question that we
define the operational semantics of the process modeling language, i.e. EPCs, in a formal
way. Against the state of the art, this thesis provides the following technical contributions.
Formalization of the OR-join: The semantics of the OR-join have been debated for more than 10 years now. Existing formalizations suffer either from a restriction of the
EPC syntax (see e.g. [CS94, LA94, LSW98, Aal99, DR01]) or from non-intuitive
behavior (see e.g. [NR02, Kin06, AH05, WEAH05]). In Chapter 2 of this thesis
we formalize the EPC semantics concept as proposed in [MA06]. In comparison to
other approaches, this novel formalization has the advantage that it is not restricted
to a subset of EPCs, and that it provides intuitive semantics for blocks of matching
OR-splits and joins since they cannot deadlock. The calculation of the reachability
graph was implemented as a plug-in for ProM as a proof of concept. In this way,

this novel semantics definition contributes to research on the specification of business process modeling languages.
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 approximation of
the actual behavior and, therefore, do not provide a precise answer to the verification problem, e.g. by considering a relaxed notion of soundness [DR01], by involving user decisions [DAV05], or by approximating relaxed soundness with invariants [VA06]. Secondly, there are verification approaches for semantics definitions
(see [CFK05, WAHE06]) that suffer from the previously mentioned non-intuitive
behavior. While this is not a problem of the verification itself, all these approaches
are not tailored to cope with multiple start and end events. In Chapter 4 of this thesis,
we specify a dedicated soundness criterion for EPC business process models with
OR-joins and multiple start and end events. Furthermore, we 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 better 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, and in particular, we extend the set of reduction rules for business process
models.
Metrics for business process models: Metrics play an important role in the operationalization of various quality-related aspects in software engineering, network analysis, and business process modeling. Several authors use metrics to capture different aspects of business process models that are presumably related to quality
(see e.g. [LY92, Nis98, Mor99, RV04, Car05, BG05, CGP+ 05, CMNR06, LG06,
ARGP06, MMN+ 06a, MMN+ 06b]). A problem of these works is that business
process-specific concepts like sequentiality, decision points, concurrency, or repetition are hardly considered, and too often simple count metrics are defined. Furthermore, there appears to be little awareness of related research, maybe because
process model measurement is conducted in separate disciplines including software
process management, network analysis, Petri nets theory, and conceptual modeling.
In Chapter 5 of this thesis, we will provide an extensive list of metrics for business
process models and relate it to previously isolated research. Beyond that, we provide a detailed discussion of the rationale and the limitations of each metric, which
is meant to serve as a predictor for error probability. We formulate a hypothesis
for each metric based on whether it is positively or negatively correlated with error
probability.
Validation of metrics as error predictors: Up to now, there is little empirical evidence
for the validity of business process model metrics as predictors for error probability.
Some empirical work was conducted, but with a different focus. Lee and Yoon investigate the empirical relationship between parameters of Petri nets and their state
space [LY92]. Canfora et al. empirically evaluate the suitability of metrics to serve
as predictors for maintainability of the process model [CGP+ 05]. Cardoso analyzes the correlation between the control flow complexity metric with the perceived

complexity of process models [Car06]. Most related to this thesis is an analysis of
the SAP Reference Model where Mendling et al. test a set of simple count metrics
as error predictors [MMN+ 06a, MMN+ 06b]. In Chapter 6 of this thesis, we use
logistic regression for the test which is similar to the analysis of the SAP Reference
Model. Still, we consider both the broader set of metrics from Chapter 5, a precise
notion of EPC soundness as defined in Chapter 4, and a much broarder sample of
EPC models from practice. The results do not only show 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.
Little research in information systems tries to combine design science and behavioral
science research paradigms (see e.g. [BH05]). Since the previously listed contributions
cover both design and behavioral aspects, we consider the main contribution of this thesis
to be the innovative and holistic combination of both these research paradigms in order to
deliver a deeper understanding of errors in business process modeling.

3 Discussion
The results of this thesis have some more general implications for business process modeling. On the following pages we discuss the implications for 1) the importance of verification in practice, 2) for improvements of the business process modeling process, 3) for
future business process modeling tools, and 4) for teaching of business process modeling
languages.
1. Importance of Verification: The amount of errors in the different EPC model collections from practice that we used in this thesis emphasizes the importance of verification. We showed that an error ratio of about 10% is the average over the samples,
with 3.3% being the minimum. While verification has been discussed for some time, this thesis demonstrates that the different techniques have matured to handle
large sets of several thousand business process models on a common desktop computer. This observation relates to the gap between business analysis and information
systems engineering in business process modeling (see [STA05, p.141] or [HR07,
pp.424]), i.e. the refusal of engineers to reuse process documentations for systems
implementation. While this gap is frequently accepted as a natural breach, this thesis tells a different story: the considerable amount of formal errors in documentation models makes it hardly possible to directly reuse them in the implementation.
Therefore, the utilization of verification techniques in practice might be the key to
eventually close this gap in the future.
2. Business Process Modeling Process: In this thesis, we gathered substantial theoretical and statistical evidence that formal errors are connected with several characteristics of the process model. This finding provides the opportunity to use process model metrics for the management of the design process and of process model quality.
This is in particular the case if different design options have to be evaluated, and one

of multiple models might be considered to be superior regarding error-probability
based on some metric. Furthermore, the strong connection between size and errors
offers objective input for decisions regarding the question when a model should be
split up or when model parts should be put in a sub-process. There is clearly a need
for further research in this area. Nevertheless, our findings represent a major step
towards establishing business process modeling as an engineering discipline beyond
the intuition of the modeler.
3. Business Process Modeling Tools: Both items 1) and 2) call for respective tool support. While the verification techniques are apparently mature enough to deal with
large models from practice, there seems to be too little attention paid to this issue
by tool vendors. Indeed, tool vendors should have an interest in these topics since
the lack of respective features has a negative impact on the productivity of the business process modeling exercise: models cannot be reused for system development,
business users cannot interpret the models properly, and conclusions can hardly be
drawn from the models regarding process performance. Beyond verification support,
modeling tools could easily calculate process metrics to assist the modeler in the design task. Building on such features, the tool vendors could easily provide a greater
benefit to their customers and help to improve the process of designing business
process models.
4. Teaching Process Modeling: Apparently, there is a weakness in the way business
process modeling is taught, if practitioners introduce a formal error in every tenth
model (at least in our sample). Even worse, the four textbooks on business process
modeling that we used to build the holdout sample had an even higher error ratio.
While these rates might be partially attributed to missing verification support in the
tools, there seems to be a problem for many modelers to understand the behavioral
implications of their design. This has two consequences. Firstly, teaching of business
process modeling should pay less attention to teaching a specific business process
modeling language, but instead focus on conveying the general principles behind it,
i.e., concurrency, synchronization, repetition, and other aspects captured, as by the
workflow patterns. Secondly, formal errors seem to get too little attention. Concepts
like deadlocks should not only be taught as a technical property of a business process
model, but also an erroneous business rule that also leads to problems in real-world
business processes that are not supported by information systems. Furthermore, the
metrics are a good starting point for teaching patterns that are unlikely to result in
errors, such as a high degree of structuredness appears to be less prone to cause
errors. Such an approach might eventually deliver a better awareness and attention
of formal errors in business process modeling practice.

4 Future Research
There are several open questions that could not be addressed in detail in this thesis. In
particular, we focused on business process model metrics and their capability to predict

errors in business process models. We found strong evidence that our set of metrics can
indeed explain a great share of the variation in error probability. Still, there are other factors we did not investigate in detail including personal factors, modeling purpose, domain
knowledge, modeling language, or graphical layout that all might be connected with error probability. Furthermore, they might also be related to other important quality aspects
that we did not analyze, like maintainability or understandability. In particular, we strongly agree with Moody [Moo05] who calls for more empirical research in business process
modeling. This thesis and its findings gives an idea of the benefits we might gain from this
research, and therefore may be regarded as an encouragement to follow Moody’s call.
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