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ABSTRACT
Process reference models play an important role for the
alignment and configuration of commercial off-the-shelf En-
terprise Systems to requirements of an organization. Re-
cently, Configurable Event-driven Process Chains (C-EPCs)
have been proposed as a language to support the model-
driven configuration of such Enterprise Systems. While some
problems of generating correct EPCs from a configured C-
EPC have been discussed, up to now there is no implementa-
tion of an algorithm available to automate the configuration
task. This paper presents a configuration algorithm that is
guided by a minimality criterion. It details and extends a
previous algorithm that has only been sketched so far. As a
proof-of-concept the algorithm has been implemented.

Categories and Subject Descriptors
H.4 [Information Systems Applications]: Miscellaneous;
D.2.9 [Software Engineering]: Management—Software
configuration management

Keywords
Business Process Modeling, Reference Modeling, Process
Configuration

1. INTRODUCTION
Model-facilitated systems development is gaining consid-

erable momentum in the Software Engineering discipline, cf.
OMG’s Model-driven Architecture (MDA) [7]. In particu-
lar, model-driven Enterprise Systems implementation and
adaptation is a frequently discussed topic in both academia
and practice, see for instance [16, 19]. The idea of model-
driven systems configuration is to streamline the adaptation
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of commercial off-the-shelf software packages as to specific
organizational requirements by using reference models that
depict the system functionality on different levels of concep-
tual abstraction. Such model-driven systems configuration
comprises three main research issues: (1) the specification
of configuration points within a model, (2) the configura-
tion of a configurable model, and (3) the transformation of
a configured model to a syntactically correct model.

Regarding the first, so far traditional modeling techniques
fail to provide adequate conceptual expressiveness for the
task of configuration [16, 19]. In order to overcome this fal-
lacy, a new configurable modeling approach has been de-
veloped, called Configurable Event-driven Process Chains
(C-EPCs). C-EPCs denote a conceptual extension to the
popular Event-Driven Process Chains (EPC) modeling lan-
guage [5], which is widespread in the area of business process
modeling [18] and reference modeling [3]. C-EPCs provide
an adequate notation that is able to represent configuration
points in a model. Regarding the second, C-EPCs allow for
the representation of configurable reference process models
in two states, namely configurable and configured reference
models. In order to distinguish and separate these different
states of a model, we have developed an XML-based repre-
sentation of C-EPCs based on the established EPC Markup
Language (EPML) format [10, 11]. Regarding the third, this
paper addresses the issue of model transformation; specifi-
cally the derivation of correct EPC models from configured
C-EPC models.1 At this stage, configured reference mod-
els highlight desired process variants that are to be imple-
mented in an organization. However, these configured mod-
els cannot yet serve as an organization-individual template
for process execution (so-called build-time models) as they
do not yet present regular process models. As indicated in
[14], there are syntactic and semantic problems with gen-
erating correct EPCs from configured C-EPCs, mainly due
to the ambiguous semantics of regular EPCs [6, 20]. A pre-
liminary algorithm for the automatic generation of regular
process models from configurable reference models has been
presented in [16], but there is no proof-of-concept implemen-
tation yet.

Forthcoming from this preliminary work on an algorithm
[16], taking findings on the semantic and syntactic prob-
lems of model transformation into account [14] and using

1In this paper the term “correctness” refers to syntactical
correctness of an EPC only. Semantical correctness is not
considered.



the EPML representation of C-EPCs [11], the aim of our
paper is to formally specify a transformation algorithm for
mapping Configurable EPCs to correct regular EPCs. More
concisely, we will (a) report on the development of the for-
mal algorithm specification, and (b) implement the trans-
formation algorithm in a proof-of-concept prototype. The
remainder of the paper is structured as follows. In Section 2
we briefly recapitulate the notion of C-EPCs and introduce
their EPML-based specification, which will be used to facil-
itate automatic model configuration. Next we will discuss
the problems of C-EPC model transformation in Section 3
by giving some examples showing the non-triviality of the
problem. In Section 4 we introduce our transformation algo-
rithm that overcomes the problems outlined before by spec-
ifying derivation rules for configurable process model nodes.
After discussing related research in Section 5 we conclude
in Section 6 with a summary and a presentation of future
research directions.

2. C-EPCS AND EPML REPRESENTATION
In this section we will briefly recapitulate the notion of

Configurable EPCs as presented in [16] and their represen-
tation in the EPML format as presented in [11, 14]. The
definition of a C-EPC is based on the EPC specification [5,
18]. In essence, an EPC is defined as a set of functions,
events, connectors, and control flow arcs that link these el-
ements. Functions represent activities of a business process
while events capture respective pre- and post-conditions. As
a rule functions and events have to alternate. There are
three types of connectors: AND, OR, and XOR that allow
to define complex control flow like concurrency, synchroniza-
tion, and decisions. For a comprehensive overview of EPCs
and EPML refer to [10].

C-EPCs extend regular EPCs to allow for the specification
of variation points, configuration constraints and configura-
tion guidance in a reference model. In a C-EPC functions
and connectors can be configured. Configurable functions
may be included (ON), conditionally skipped (OPT), or ex-
cluded (OFF). To be more specific, for configurable func-
tions, a decision has to be made whether to perform this
function in every process instance during run time, whether
to exclude this function permanently, i.e. it will not be ex-
ecuted in any process instance, or whether to defer this de-
cision to run time, i.e. for each process instance it has to
be decided whether to execute the function or not. Con-
figurable connectors subsume possible build-time connector
types that are less or equally expressive. Hence, a config-
urable connector can only be configured to a connector type
that restricts its behavior. A configurable OR-connector
may be mapped to a regular OR-, XOR-, or AND-connector.
Or, the OR-connector may be mapped to a single sequence
of events and functions (indicated by SEQn for some process
path starting with node n). A configurable AND-connector
may only be mapped to a regular AND-connector. A config-
urable XOR-connector may be mapped to a regular XOR-
connector or to a single sequence SEQn . Interdependencies
between configurable EPC nodes can be specified via con-
figuration requirements. By this means, inter-related con-
figuration nodes may be constrained. Such configuration
requirements are best defined via logical expressions in the
form of If-Then-statements. Configuration guidelines for-
malize recommendations and proposed best practices (also
in the form of logical expressions) in order to support the

configuration process semantically. Summarizing, require-
ments and guidelines represent hard (must) respectively soft
(should) constraints. To illustrate the concept, the left part
of Figure 1 depicts a Configurable EPC. Configurable el-
ements are highlighted with bold lines. The right part of
Figure 1 shows a possible configuration of the same C-EPC,
in which configurable C-EPC nodes have been set to a de-
sired setting (for instance, excluded functions are shaded
out).
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Figure 1: An example of a C-EPC (configurable and
configured)

Figure 2 illustrates the EPML representation of the C-
EPC given in Figure 1. Configuration Requirements (as well
as Configuration Guidelines) are defined as child elements
of an EPC. The constraint has to be specified as a condi-
tion (if) and an implication (then) via XPath statements.
Configurable functions and connectors have dedicated child
elements to indicate configurability: configurableFunction
and configurableConnector, respectively. If they are con-
figured, the configuration element holds the configuration
value in the value attribute. For a more elaborate introduc-
tion of the EPML representation of C-EPCs refer to [11].

3. CORRECTNESS & CONFIGURATION
As indicated in Section 1, C-EPCs and their EPML rep-

resentation may depict two statuses of a reference model:
(a) as a model depicting configuration alternatives, i.e. vi-
sualizing decision points as to the configuration of the de-
picted business process (see left part of Figure 1), and (b)
as a model depicting configuration selections, i.e. specifying
the desired variant of the business process that is then to
be implemented and executed (see right part of Figure 1).
Yet, an issue that has been neglected so far in the context
of C-EPCs is the syntactical correctness of the configured
model. Although the problem has been mentioned in earlier
work [16], it has not been addressed in a systematic way
and tool support is completely missing. Consider the ex-
ample given in Figure 1: if the configurable function A in
between the two events 1 and 2 that has been turned off
would simply be deleted from the model, the resulting EPC
will be syntactically incorrect because functions and events
have to alternate. Accordingly, configuration has to reflect



<epml>
...
<epc epcId ='1' name='example'>
  <configurationRequirement idRefs='7 9'>
    <if xpath='function[name='A'][//@value='off']'/ >
    <then xpath='or[@id='9'][//@value='and']'/>
  </configurationRequirement>
  ...
  <function id ='7' name='A'>
    <configurableFunction>
      <configuration value='off'/>
    </configurableFunction>
  </function>
  ...
  <or id ='9'>
    <configurableConnector>
      <configuration value='and'/>
    </configurableConnector>
  </or>
  ...
</epc>
...
</epml>

Figure 2: EPML code for the C-EPC in Figure 1

the need for (re-)establishing syntactical correctness of the
resulting process model. We discussed the syntactic and se-
mantic problems related to the establishment of syntactical
correctness of configured reference models in [14]. Hence,
we here merely illustrate the non-triviality of the problem
by giving an example.
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Figure 3: Potential transformation alternatives for
configuring a function

Consider a (lawful) C-EPC sequence of Event-Configurable
Function-Event like 1-A-2 in Figure 1. Figure 3 depicts
configuration alternatives for the configured function in this
context. Switching configurable functions on or off is rather
simple, according to the definitions given in [16]. However,
the configuration decision of switching the function A to
optional is more involved. The resulting process model must
cater for a run time decision to either bypass the function
or execute it. Due to informal EPC semantics, it is not nec-
essarily obvious whether the succeeding event ES denotes a
triggering state for a subsequent business function (precon-
dition) or simply a resulting state for A (postcondition). In
the former case, a bypass of A does not need to include ES

(variant 1). In the latter case, EP needs not to be bypassed
(variant 2). Yet, some authors consider XOR-splits after
events in EPCs to be forbidden, see e.g. [5, 10]. Maybe both
states surrounding A may be bypassed, thereby passing a

new state EP/S (variant 3). Another option would be to in-
troduce a ’dummy’ function skipA which merely propagates
a process folder from EP to ES without any transforma-
tion (variant 4). Again, this option includes an undesirable
XOR-split after an event. The same holds for variant 5,
where not only a ’dummy’ function skipA bypasses A but
also a ’dummy’ event Eskip is used to bypass the postcon-
dition event ES . Or, a new decision function Z and an
additional event Ex may be introduced to explicitly capture
the configuration decision of switching A to optional (vari-
ant 6). This case, obviously, requires knowledge external to
the model in order to specify the decision function Z. The
different variants illustrate that there are cases of configu-
ration that require a design criterion to guide the choice for
one of the alternatives. In the following, we identify a com-
prehensive list of configurations and specify derivation rules
building on the minimality criterion. Based on that, a con-
figuration algorithm and its implementation are presented.

4. DERIVING EPCS FROM C-EPCS
The calculation of a correct build-time EPC from a con-

figured C-EPC involves three kinds of tasks: (a) derivation
of a partial EPC model for a configured function, (b) deriva-
tion of a partial EPC model for a configured connector, and
(c) recalculation of the complete EPC process graph by ex-
cluding unnecessary paths. The calculation of the build-
time EPC will be governed by the minimality criterion: if
elements have to be added by configuration, add as few ele-
ments as possible; if elements have to be removed by config-
uration, remove as many as possible and optimize the graph
so as to include no unnecessary paths.

4.1 Deriving Configured Functions
In Section 3 we identified some syntactical problems of

configuring functions in a sequence. Generally spoken, there
are four constellations in which a configured functions may
appear in a C-EPC [14]: (a) between two events, (b) be-
tween a connector and an event, (c) between an event and
a connector, and (d) between two connectors. Figure 4 il-
lustrates the derivation rules for these four cases.2 In case
(a) a configurable function mapped to optional generates
two additional XOR-connectors. We propose this mapping
in accordance to the minimality criterion as it introduces a
minimal set of additional elements. In case (b) the config-
urable function mapped to optional generates an additional
function and two XOR-connectors. This additional func-
tion allows for the XOR-split decision, otherwise there would
have been a split connector subsequent to a join connector,
which is not lawful. Case (c) is similar to case (a) - instead
of the succeeding event a successor split connector (any) is
given. In Case (d) the configurable function mapped to off
may not simply be excluded. As the any join may happen
to be the last connector in a chain of several connectors, the
exclusion of the configurable function may not be possible
in every case.3 The optional function follows a similar idea

2Connectors labeled with any indicate that any connector
type is allowed to make the rule applicable.
3If the connector chain is composed of join connectors only,
events preceding the connector chain can be eliminated to-
gether with the function. If the connector chain also in-
cludes split connectors, there are further functions at the
end of the chain that require the events in order to comply
with the EPC alternation rule.



as applied in case (b). All of these derivation rules preserve
the correctness of the model.
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Figure 4: Derivation Rules for Configured Function

4.2 Deriving Configured Connectors
Configured connectors can mostly be derived in a straight-

forward manner. If a configurable connector is not config-
ured to a sequence, only its label has to be adopted. No
considerations have to be taken concerning the correct alter-
nation of functions and events. If a connector is configured
to a sequence SEQn , those succeeding paths that are not to
be included in the build-time model have to be eliminated.
This means that all subsequent elements are to be excluded
from the model until a join connector is reached. If there are
no more paths to be eliminated, it must further be checked
whether there are join connectors in the model that do not
link to any incoming arc. Paths starting with these joins
have to be eliminated, too, and the check must be repeated.
This procedure is iterated until there are no more connectors
without incoming arcs. Figure 5 illustrates this procedure
by presenting the case of a join connector whose incoming
paths are eliminated. Following our argumentation this con-
nector and its successor path must be eliminated until a join
connector is reached. These derivation rules preserve the
correctness of the model.

4.3 Recalculating the Process Graph
After deriving configured functions and connectors, the

resulting EPC may still include unnecessary process graph
structures. Functions that are switched off and connec-
tors that are configured to a sequence SEQn may lead to
empty paths or connectors with only one incoming and one
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Figure 5: Connector Configured to Sequence

outgoing arc (for instance see the XOR connector in the re-
sulting model shown in Figure 5). In order to comply with
the minimality criterion, certain graph reduction rules have
to be applied. Figure 6 gives five reduction rules that are
sufficient to derive EPCs that comply with the minimality
criterion. Rule (a) eliminates arcs a from an AND-split to
an AND-join iff there is a path from the split to the join
that does not pass a. Rule (b) deletes a path of concurrency
iff that path only includes an event and no function. Rule
(c) eliminates connectors that only have one incoming and
one outgoing arc. Rule (d) deletes an arc between an OR
or an XOR split and a join connector iff there is another
arc between them. Rule (e) merges two events if they both
are successors of an OR or an XOR split and predecessor of
the same join connector. These reduction rules preserve a
minimal process graph structure that represents the control
flow of the configured process flow variant.
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4.4 Derivation Algorithm and Implementation
In this section we summarize the previous derivation rules

and define a respective derivation algorithm. The algorithm
includes the steps 1-4 for connector configuration, 5-6 for
graph reduction, 7 for function configuration, and 8-9 for
again graph reduction. We start with the configuration
of connectors as sequence configurations might reduce the
model; in particular, it may lead to the exclusion of con-
figurable functions. Furthermore, connector configuration
may result in unnecessary connectors. The graph is reduced
in steps 5-6, because the removal of unnecessary connectors
before configurable functions allows to a apply the deriva-
tion rules (a) and (b) of Figure 4 which result in a smaller
graph than rules (b) and (d). Still, function configuration
may also result in unnecessary connectors that have to be
removed in steps 8-9.

1. Change the connector type of configured connectors to
their configuration value (Cf. Subsection 4.2).

2. If the configuration value is SEQn eliminate paths (in-
cluding all nodes) i 6= n, with n being specified in the
goto attribute, until a join connector or an end node
is reached.

3. Check whether there is a connector c without any in-
coming arcs. If yes, goto 4. If no, goto 5.

4. Eliminate all paths starting with connector c until a
join connector or an end node is reached. Goto 3.

5. Check whether one of the reduction rules of subsection
4.3 is applicable. If yes, goto 6. If no, goto 7.

6. Apply one reduction rule and goto 5.

7. Configure functions according to the rules given in sub-
section 4.1.

8. Check whether one of the reduction rules of subsection
4.3 is applicable. If yes, goto 8. If no, end.

9. Apply one reduction rule and goto 7.

As a proof for the validity and suitability of our approach
we now consider the correctness and the termination of the
algorithm: Concerning correctness of the algorithm, steps
1 to 9 ensure that all configurable nodes in a C-EPC are
either deleted from the model or mapped to regular EPC
counterparts. Hence, we must only ensure that the result-
ing EPC nodes comply with the alternation rule of func-
tions and events. Hereto note that all derivation and re-
duction rules preserve the correct alternation of functions
and events. Steps 2, 4, 6, and 9 can lead to connectors that
have one incoming and one outgoing arc. These unnecessary
connectors are finally eliminated by reduction rule (c) (see
Figure 6). At this stage, we can ensure that the resulting
process graph does neither contain semantically ambiguous
process paths nor unnecessary ones. What we cannot ensure
is a formal semantics of the resulting EPC [6, 20]. Yet, our
approach of extending EPCs to C-EPCs respectively reduc-
ing configured C-EPCs to EPCs allows for the application
of any of the existing formalization approaches mentioned in
[6, 8, 20] as a semantic foundation for (derived) EPCs and
we may stop the discussion of correctness here.

Concerning termination of the algorithm, this can logi-
cally be proven: First, the elimination of paths in step 2
decreases the number of nodes in a strictly monotonic way.
This means there cannot be an infinite loop. Second, step 7
reduces the number of nodes strictly monotonic. These two
monotonic laws grant the termination of the algorithm. Our

algorithm has been implemented using the object-oriented
scripting language XOTcl [12]. Due to space limitations we
will not discuss the code here. The prototype program is
available from the EPML website.4

5. RELATED RESEARCH
In general, research related to reference modeling for En-

terprise Systems implementation is discussed in [16]. Re-
search related to our initiative can be differentiated in work
on configurable modeling approaches in general and work
on calculating process model transformations in particular.
Regarding the former, Becker et al. [1] propose an approach
to configure process models based on specific perspectives,
introducing configuration mechanisms such as object type
selection or term-based object selection. Their approach
is focused on generic concepts to define views upon (ref-
erence) models while our work addresses the technical im-
plementation of model configuration, in particular an ap-
proach for deriving models from configured ones. In the
context of model-driven engineering Haugen et al. present
an approach how to leverage configurable models for system
family engineering [4]. They utilize mechanisms of UML
2.0 composite structures and UML association multiplicities
to handle model variability. Their approach focusses more
on the derivation of individual software systems from sys-
tem families rather than the derivation of build-time models
from reference models. In order to capture model variability,
Clauß [2] proposes an extension to UML diagrams. He intro-
duces feature diagrams, an extension for the explicit repre-
sentation of variation points, and optional elements provided
for situations where variation points can not be used or are
not applicable. While his approach addresses the expres-
siveness of modeling languages to allow for the specification
of model configuration information, it does not address the
transformation a configurable model into certain model vari-
ants. A further approach based on a reuse-by-specialization
principle is reported in [15]. A good collection of further
related work can be found in [13]. Regarding process model
transformations, [10] provides an overview on transforma-
tions involving EPCs and [9] on transformations between
graph-based and block-oriented process languages. Graph
reduction techniques as defined in section 4.3 have been ap-
plied in the context of process modeling e.g. by [17, 21].

6. SUMMARY AND FUTURE WORK
In this paper, we showed how to derive correct EPCs

from configurable EPCs. We discussed configuration prob-
lems and outlined derivation rules to overcome these prob-
lems based on the minimality criterion. The respective al-
gorithm preserves correctness of EPCs and has been im-
plemented as a proof-of-concept prototype. This work ex-
tends our previous research on specifying and configuring
configurable reference models by contributing an approach
for the automatic transformation of configurable reference
models to correct build-time models. These build-time pro-
cess models may then serve as a template for executable
workflow specifications in an Enterprise System. While so
far we have developed proof-of-concept prototypes, future
work will focus the development of comprehensive tool sup-
port also for the interactive specification and configuration
of configurable business process models. Second, we have

4http://wi.wu-wien.ac.at/˜mendling/EPML



not yet approached the task of executing EPCs derived from
C-EPCs. However, there is ongoing work on the trans-
formation of EPCs available as EPML files to executable
process specifications such as BPEL4WS, see for instance
[22]. These upcoming tools will ultimately lead to a holistic
approach to model-driven systems configuration and imple-
mentation, ranging from the design of configurable reference
models down to workflow deployment.
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