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Abstract Although there have been standardization efforts for more
than 10 years, heterogeneity of business process modelling (BPM) schemas
is still a big problem for business process management. This paper illus-
trates the integration problems by discussing the example of BPEL and
PNML. It highlights different control flow representations as a major
challenge in this area. Using classical schema integration and the upward
inheritance principle yields an integrated schema that still can be further
simplified. Basically, further research is needed in three areas. Firstly, the
schema integration process has to be adapted or an integration process
has to be defined building on a behavior-specific common data model.
Secondly, the role of such an integration methodology for standardiza-
tion processes needs to be analyzed. Further engineering steps might be
required to simplify the integrated schemas. Thirdly, the suitability of
an integrated BPM schema developed using the integration methodology
should be proven by a prototypical implementation.

1 Introduction

Heterogeneity of Business Process Modelling (BPM) schemas is a notorious prob-
lem for business process management. Although standardization has been dis-
cussed for more than ten years, the lack of a commonly accepted interchange
format is still the main encumbrance to business process management (see e.g.
[1]). A commonly accepted interchange format is needed to move business process
models between tools and applications of different vendors. Furthermore, such
an interchange format implies the availability of a schema for the definition of
business process models that defines the interchange format.

The problem of a missing de facto standard for BPM is addressed by vari-
ous standardization efforts. Currently, there are at least 15 specifications avail-
able or in progress of development, for an overview see e.g. [2]. Different BPM
schemas are proposed by the Object Management Group (OMG), the Business
Process Management Initiative (BPMI), the Workflow Management Coalition
(WfMC), the Organisation for the Advancement of Structured Information Stan-
dards (OASIS), the United Nations Centre for Trade Facilitation and Electronic
Business (UN/CEFACT), the World Wide Web Consortium (W3C), and acad-
emic initiatives – some of them addressing only partial aspects of BPM. Recently,
various new specifications for Web Service based BPM and Web Service com-
position including respective XML schemas have been proposed. At least in the



short run, they contribute to a further increase of heterogeneity of schemas for
business process modelling.

The variety of these standardization efforts raises several questions. Firstly,
the interrelation of these various schemas is too little understood. The mere
number of specifications does not allow any conclusion on the heterogeneity of
concepts included. Research on the comparison of BPM standards like e.g. [3]
gives some evidence to this question with a narrow focus. Yet, such comparisons
do not discuss whether bijective mappings between different schemas exist. Sec-
ondly, it is not clear in how far standardization bodies can reach consensus on
integrated schemas. In [4] the diverging strategies in standardization processes
are illustrated. Moreover, with respect to the upcoming Business Process Def-
inition Metamodel standard it has to be kept in mind that major parts of the
specification are inspired by IBM products and that this standard needs to be
UML2-compliant. Furthermore, the case of XPDL suggests that standardization
may rather lead to specification of the minimal consensual set of concepts than
to a consolidation of concepts [5]. In contrast to that, a schema is needed that
reflects the superset of concepts available in various BPM specifications and
related software components. This paper discusses issues in the context of iden-
tifying a suitablte methodology for deriving an integrated BPM schema from
various input schemas, and in the context of its actual application for the devel-
opment of an integrated BPM schema. This integrated schema would provide a
rigorous solution to the relevant problem of heterogeneity in the area of busi-
ness process modelling. Furthermore, it would offer a valuable framework for
the comparison of business process and workflow management systems. In this
aspect it complements work on workflow patterns [6].

2 Problem Statement

We will illustrate some integration problems of BPM schemas by using the
Business Process Execution Language for Web Services (BPEL) and Petri Net
Markup Language (PNML) as an example. For details on BPEL see [7], for
details on PNML refer to [8].

The example of Figure 1 illustrates a major problem when integrating hetero-
geneous BPM schemas; i.e. heterogeneous representation of behavioral aspects
(also referred to as control flow). There are different formalisms available to rep-
resent control flow (see e.g. [9]). Some BPM formalisms are quite different from
a syntactical perspective, although they represent similar semantics. Figure 1
gives an example of an AND split with one flow of control branching into two
parallel threads of execution. The first grey column provides the XML code for
this process in Petri Net Markup Language (PNML), which uses a graph-based
representation with places and transitions as special nodes linked via control
flow arcs. The second grey column shows the AND split represented in BPEL
using a block-oriented algebraic syntax. The so-called flow structured activity
is used to specify parallel execution of all its child activities.
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<pnml>
<place id="1">
     </initialMarking>
</place>
<arc source="1" 
     target="2"/>
<transition id="2">    
     <name>a</name> 
</transition> 
<arc source="2" 
     target="3"/> 
<place id="3"/>
...
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<process>
<sequence>
   <invoke a/>
   <flow>
      <sequence>
         <invoke b/>
         ...
      </sequence>
      <sequence>
         <invoke c/>
         ...
      </sequence>
   </flow>
</sequence>... ...

Petri Net Markup Language BPELPetri Net Process Model BPEL Process Model

sequence

flow

invoke a

sequence sequence

invoke b invoke c

Figure 1. A sample process model with its PNML and BPEL representation

Figure 2 illustrates the PNML and BPEL schemas represented as UML mod-
els. Classical schema integration builds on identifying semantic relationships be-
tween the intentional domains of schema constructs, i.e. the real world entities
identified by the constructs. In [10] equivalence, subsumption, intersection, and
disjointness are defined as such intentional semantic relationships. Such relation-
ships need to be considered when merging two schemas. On the right hand side
of Figure 2 semantic relationships between the schemas are given:

1. The intention of an invoke activity in the BPEL schema can be subsumed
to the intention of a transition in the PNML schema.

2. The intention of a PNML object intersects with that of a BPEL activity,
because the intention of a structured activity is beyond the intention of a
PNML object, and because there is nothing like a PNML place in BPEL.

3. The intention of a PNML PetriNet intersects with that of a BPEL process.
In PNML arbitrary cycles of places and transitions are allowed, BPEL offers
only structured cycles in terms of a while activity. Yet, BPEL offers the OR
join that Petri nets cannot express directly.

4. The intention of the BPEL sequence can be subsumed as a special kind of
Petri net. There is always a set of places, transitions, and arcs that can
capture the behavior of a sequence modelled in BPEL. This holds also for
other BPEL structured activities except the flow.

5. The intention of a BPEL activity intersects with a Petri net for the same
reason as mentioned in 3.

Figure 3 shows a schema that is constructed according to the intentional
semantic relationships given. Relationship 1 has resulted in an a merged “transi-
tion/basic activity” construct that inherits from BPEL activity and PNML node.
This relationship implies already relationship 2. The third relationship results in
the creation of a “general process” construct following the upward inheritance
principle [11]. This construct also generalizes the BPEL structured activity as
given in relationship 5. Finally, relationship 4 motivates the introduction of the
structured activity construct, too.

The integrated schema in Figure 3 still has some deficiencies. First, further
simplifications are possible. Some structured activities can be mapped to Petri
nets; e.g. a BPEL sequence can always be expressed as a Petri net. Therefore,
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intentional semantic assertions :

(1) bpel .invoke ⊂ pnml .transition
(2) pnml .object ∩ bpel .activity
(3) pnml .PetriNet ∩ bpel .process
(4) bpel .sequence ⊂ pnml .PetriNet 
(5) pnml .PetriNet ∩ bpel .activity 

Figure 2. UML metamodels for PNML and BPEL and intentional semantic assertions
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Figure 3. Integrated schema for PNML and BPEL

the sequence is somehow redundant in the integrated schema. The problem is
that this kind of redundancy cannot be expressed in terms of binary intentional
relationship, because a sequence has to be mapped to several nodes and arcs in
a Petri net. In order to eliminate these kind of redundancies, both Petri nets
and BPEL processes could be mapped to a language with more expressive mod-
elling primitives like e.g. YAWL [12]. Another option could be a mapping to a
more basic representation like state charts. Although this representational het-
erogeneity of behavioral aspects is typical for BPM languages, it seems that it is
not inherent to behavior modelling only. Think of two car component schemas:
one might use an unordered list of arcs and nodes (analogue to Petri nets) to
model subcomponent relationships. The other uses a block-oriented representa-
tion by nesting components (analogue to BPEL). The latter allows to model a
tree while the first accepts also general graphs. Intentional semantic relationships
about mappings between these two different representations could help to sim-



plify the integrated schema. Secondly, as intentional semantic relationships have
been used, there is a problem with the extensional description of the constructs.
A transition in PNML is described by quite different attributes than a basic ac-
tivity in BPEL. Accordingly, instances stored with the integrated schema would
include several NULL attributes, e.g. in the transition/basic activity construct.

3 Research Questions

The first research question in context of deriving an integrated schema for busi-
ness process modelling deals with a suitable methodology. Figure 4 shows a
schema architecture as defined in [13]. Schema integration includes transforma-
tions from local schemas (bottom) via intermediate steps to external schemas
(top). The first transformation yields the local schemas (that may be represented
in heterogeneous data models) in a common data model representation. This
common data model can be low-level or high-level. Low-level models include
e.g. the generic integration model (GIM) [14] or the hypergraph data model
(HDM) [15]. For a discussion on common data models see e.g. [14]. Transfor-
mations to the export schemas homogenize the component schemas by resolving
schema conflicts. The categories of potential conflicts depend on the common
data model. The export schemas are then subject to a merge operation build-
ing on the semantic relationships between the schemas. This yields the federated
schema which is still expressed in the common data model. For presentation pur-
poses it needs to be transformed to external schemas in data models that the user
can easily understand. The question is whether schema integration as proposed
for static concepts can be applied for deriving an integrated BPM schema. If so,
then what kind of modifications are needed to reflect heterogeneity of control
flow representation? If not, then a dedicated methodology would be needed for
the integration of behavioral aspects. There is some work available in this area,
e.g. [16] which is an approach specific to a Petri net derivative. In [14] further
research into integration of behavioral aspects is encouraged. The questions in
this context can be summarized as follows:

– What kind of modifications to the schema integration process for static con-
cepts are needed to capture behavior in BPM schemas?

– Is a pre-processing of BPM schemas sufficient or is a behavior-specific com-
mon representation needed?

– What concept of equivalence is needed in order to grant completeness and
correctness of the transformations?

– What kind of heterogeneity conflicts are to be expected in the common
behavior representation?

– What kind of semantic assertions are needed in the context of behavior?
– How can external BPM schemas be derived from a common data model?

The second research question deals with standardization of BPM schemas.
Standardization is subject to strategies of the participants of the standardiza-
tion process (see e.g. [4]) and, in the context of BPM, at least some standards
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Figure 4. Schema architecture and integration.

capture only the minimal consensual set of concepts (see e.g [5]). On the other
hand, it would be desirable to include a complete set of concepts in a standard.
For standard schemas general design criteria including simplicity, completeness,
generality, unambiguity, and extensibility have been identified as important (see
e.g. [2]). Apart from extensibility these criteria match the schema integration
criteria of completeness, minimality, and understandability as reported in [17].
Yet, there is doubt whether schema integration is suitable as a methodology for
standardization. In [18] schema integration as a bottom-up methodology is con-
trasted with top-down domain modelling. Schema integration is said to produce
schemas that are too much influenced by the local schemas and therefore rather
difficult to understand, while domain modelling yields much clearer schemas.
The question in this context is how can aspects of domain modelling be included
in the integration process to come up with an integrated BPM schema that is
clear and straight-forward to understand for a domain expert.

The third question addresses the suitability of the integrated BPM model
for business process modelling. This question has to be answered rather by a
prove-of-concept prototype implementation than formal proof. Subject of such
an implementation can be a dedicated workflow engine that is able to executed
processes given as instances of the integrated BPM schema. Another option
might be taking the integrated schema as an intermediary schema to transform
between heterogeneous BPM schemas.

4 Comparison and Transformation of BPM Schemas

In the context of heterogeneous BPM schemas, a lot of research is dedicated
to semi-formal comparisons of BPM schemas. Examples include comparisons of
BPEL and BPML [3]; DAML-S (predecessor of OWL-S) and BPEL [19]; and
XPDL, BPEL, and BPML [20]. Furthermore, a list of 13 high-level concepts of



BPM languages has been reported in [2]. This list represents the superset of
metamodel concepts extracted from 15 currently available XML-based specifi-
cations for business process modelling. Another approach is taken by [6] who
identify workflow patterns for control flow semantics. These patterns have been
applied as a framework for comparing various BPM languages. Furthermore, that
research inspired the specification of a new workflow language called YAWL that
is able to capture all pattern (excluding implicit termination). Beyond that, there
has been some work on transformations between BPM standards. In [21] a trans-
formation from UML to BPEL4WS is given. Moreover, the BPMN specification
includes also a mapping to BPEL4WS. Yet, as both these transformations are
one way, it is not clear whether a retour transformation is feasible. A general
framework for the integration of various BPM schemas is missing.

5 Contributions

In this paper we outlined integration problems in the context of heterogeneous
BPM schemas. The example of BPEL and PNML was given to highlight differ-
ent control flow representations as a major challenge in this area. Using classical
schema integration and the upward inheritance principle yields an integrated
schema that can be further simplified when both BPEL and PNML are mapped
to a common representation of control flow. Basically, further research is needed
in three areas. Firstly, the specifics of behavioral aspects have to be clearly iden-
tified in order to either adapt the schema integration process for static aspects as
e.g. given in [14], or to come up with an integration process for behavioral aspects
building on a specific common data model. Secondly, the role of such an integra-
tion methodology for standardization processes needs to be analyzed. Further
engineering steps might be required in order to further simplify the integrated
schemas which is output of the integration process. Thirdly, the suitability of an
integrated BPM schema developed using the integration methodology should be
proven by a prototypical implementation.
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