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Abstract—Business process models mostly exist without a corre-
sponding reference ontology of the business and its domain, or
without semantic specifications of their basic tasks to be executed
through software. This work shows our ‘big picture’ of integrated
support for modeling business processes in BPMN 2.0 (Business
Process Model and Notation). It illustrates representing semantic
information of such business processes and its links. So, this paper
presents our comprehensive integration of executable business
process models represented in BPMN 2.0 with semantic concept
and service task specifications. Our integration can be used for
model verification and generation, as well as model execution
with assigned (software) services (or objects).
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I. INTRODUCTION

Executable business process models should facilitate both
the business itself and the development of software supporting
it, which was a major motivation for the development of
BPMN (Business Process Model and Notation) 2.0 [1] for
representing the business process models. It has a standardized
specification of business processes with the possibility to
directly execute them, based on the defined BPMN 2.0 meta-
model and assigned (Web) services, although we found a
pitfall in this regard [2]. Instead of hand-crafting both the
process models and the related software, we have a vision
that integrated semantic concept and task specifications may
improve on that by their possible use for automated generation
and formal verification [3] as well as general support for
related software development in various usage scenarios.

The remainder of this paper is organized in the following
manner. First, we discuss related work on previous approaches
to partial integration. Then we present our ‘big picture’ of
integrated support for modeling business processes in BPMN
2.0. Based on that, we sketch potential use of this integration.
Finally, we draw tentative conclusions and propose future
work.

II. RELATED WORK

Earlier work on the interplay of business process models,
service/task ontologies, and domain ontologies was carried
out in the project SUPER (Semantics Utilised for Process
Management within and between Enterprises) [4], where a tool

named “Maestro for BPMN” was developed. Born et al. [5]
describe how user-friendly semantic annotation of process
artifacts with tags/markups can be achieved in business process
models via Maestro. These annotations refer to semantics in
domain ontologies, and based on them, this tool allows one
to automatically compose activities within business processes
[6]. Maestro also supports certain consistency checks of the
control flow against semantic annotations of such annotated
processes [6]. Born et al. [7] describe how “adequate” services
can be identified for specific tasks through match-making
by use of the semantic annotations. Maestro was based on
a previous BPMN version, which is not suitable for direct
execution of business processes. This is different to our work,
which specifically focuses on executable business process
models in BPMN 2.0. Our work also envisages a more com-
prehensive integration of such models with semantic concept
and task specifications, and especially on even more ambitious
scenarios of use of the integration also with executable models.
In addition, we also focus on validation and formal verification
of business processes [3].

Burkhart et al. [8] define in more recent work a structural
description of business models. Their synthesis of eight exist-
ing ontologies is extended with state-of-the-art understanding
and research progress on business models. This work proposes
transformation of such structural descriptions to business pro-
cess models, which is a different but possibly complementary
approach to ours.

The automatic execution of business process has been
studied for quite some time, primarily with Business Process
Execution Language for Web Services (BPEL4WS). Aslam
et al. [9] describe how BPEL4WS can be enhanced with
semantic information via the Web Ontology Language for Web
Services (OWL-S). They present a mapping strategy as well
as tool support for that. BPEL4WS was primarily designed
for orchestration of Web services in the sense of automatic
execution of business process models using these services. Our
work builds on the more recent BPMN 2.0 for this purpose,
since it additionally facilitates a graphical representation of
business process models, which is better understandable also
by business process managers. In this way, BPMN 2.0 intends
to narrow the gap between the business and the software
worlds.

Marzullo et al. [10] proposed another integration effort, with
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Figure 1: Conceptual View of Integration

the purpose of supporting domain-driven software develop-
ment. So, it centers around a shared domain specification to
be used as a reference point for software applications. The
central domain repository allows exchanging information in
a standardized way between different projects or companies.
So, the focus is clearly on efficient software development,
even though Marzullo et al. [11] describe possibilities to
include business process modeling as well. In contrast to our
approach, the domain specification is not based on a formal
specification language or ontology. Saiyd et al. [12] describe a
similar approach to Marzullo et al., but propose an ontological
foundation for domain-driven design. However, their work is
more focused on the specification of the ontological concepts
than their actual use. So, neither of these approaches has such
a comprehensive integration and the scenarios of its use in
mind that we propose in our work.

While BPMN 2.0 has, in contrast to the previous version
BPMN 1.0, a defined meta-model, it is not based on a logic
foundation. Therefore, Natschlaeger et al. [13] propose an
OWL-based (Web Ontology Language) upper ontology for
BPMN 2.0 to allow a formalized specification of BPMN 2.0
processes. Using it in our integration approach would certainly
be possible and interesting, since it would make it completely
based on ontologies. As it stands, however, our early feasibility
prototypes indicate that using the meta-model of BPMN 2.0
should be sufficient for our currently envisaged scenarios of
use.

Cabral et al. [14] show in their work how business process
modeling can benefit from semantic information. They de-
scribe the ontology BPMO (Business Process Modeling Ontol-
ogy), which includes semantic knowledge about organizational
context, workflow activities and other business process parts.
Using this ontology, it is possible to refer to semantically
annotated data and services for working in a coherent way.
In contrast, our approach uses BPMN 2.0 as modeling and
orchestration language. In addition, we focus on combining
BPMN with OWL semantics rather than representing business
processes in an ontology.

Semantic Business Process Management (SBPM) helps han-
dling the life cycle of business process management through
ontologies and Web services, as proposed by Filipowska et
al. [15]. They illustrate with various scenarios how SBPM can
be used in the business process management area. Hepp et
al. [16] describe a set of ontologies for SBPM, which target
the spheres of enterprise structures and operations. This work is
based on Web Service Modeling Ontology (WSMO) [17] and its

closely related representation language Web Service Modeling
Language (WSML) [18] for combining semantic Web services
with business process management [19]. In contrast, we use
OWL-S for semantic specification of services, and BPMN 2.0
for execution of business processes, but we do not strive for
representing business processes in an ontology.

III. BIG PICTURE OF INTEGRATION

We propose here a comprehensive integration of business
processes with semantic concept and service task specifica-
tions. Figure 1 shows the conceptual view of our big picture
of this integration. The Business Domain Ontology represents
the concepts/objects of the business domain, and the Business
Service/Task Ontology represents the services/tasks. Services
operate on objects and manipulate their states. They may even
be coupled with a specific object and define the operations
that are possible or allowed on this object. In an artifact-centric
approach, they enable the life-cycle defined for the object. The
Business Process Model specifies how services/tasks are com-
posed and on which objects they operate on. Taken together,
this proposed integration specifies the essence of the business.

Several technologies exist for realizing each of the parts
shown in Figure 1. Figure 2 shows the big picture of integration
with concrete technologies chosen by us for this realization. In
our approach, we chose technologies based upon their wide-
spread availability and use, and how well they support our
integration. Semantic repositories are often specified via on-
tologies represented in Web Ontology Language (OWL) [20],
a knowledge representation language. We decided to use OWL
as well, since it is widely used for representing ontologies and
has a wide range of applications. The semantic specification
of services is provided through an OWL-S (an ontology
built upon OWL for semantic descriptions of Web services)
repository, since it allows direct reference to existing OWL
ontologies [21]. Furthermore, it allows additional specifications
(pre- and post-conditions) for services, which expand on the
typical input-/output-specification of services per se as given in
WSDL (Web Service Description Language) descriptions [22].

Especially for the Business Process Model, several lan-
guages and technologies could be used as many companies
even use their own approach to specify business processes. We
chose BPMN 2.0 as it is the current version of a standardized
and open specification language for business processes [1].
It also allows the automatic execution of business processes
when software is available for so-called service tasks (in the
form of Web services or Java objects). BPMN 2.0 is currently
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Figure 2: Big Picture of Integration and Use with Concrete Technologies

supported by a wide range of execution frameworks for that
purpose.

However, BPMN 2.0 does not specify any direct relationship
to OWL-S services, and only WSDL services are described
in the standard. Therefore, a wrapper is needed that allows
the transformation of OWL references to existing services or
objects in the overall software framework. The wrapper has to
be built around an existing BPMN 2.0 execution framework.
Figure 3 shows how the wrapper operates and how it is
integrated into the framework. Technically, the wrapper sits on
top of an BPMN 2.0 execution engine and deals specifically
with OWL references. To accomplish this, the OWL references
have to be translated to their corresponding implementations,
i.e., to Web Services specified through WSDL. The resulting
address of the corresponding WSDL is then used to directly
call its Web Service, and by doing so, executing the BPMN
2.0 process. In our approach, we focus on Web Services
described by WSDL, but other approaches such as a mapping
to implemented methods or objects are also possible.

Figure 3: Wrapper for Execution Engine

IV. POTENTIAL USE OF THE INTEGRATION

This comprehensive integration can (potentially) be used
for the following approaches, once it is implemented in an
integrated tool environment:
• domain-driven development of business software with

(fragments of) a business process model as its target;
• top-down development based on business process mod-

els linked to ontologies;
• automated generation of (certain kinds of) business

process models through plan generation;
• formal verification of (certain kinds of) business process

models through a logic-based approach [3];
• automated generation of (parts of) user interfaces for

business software based on a domain ontology, and
• execution of business process models as business soft-

ware [2].
While most of these approaches can be done in isolation,

our proposed integration offers certain added value at least for
some of them as indicated below.

Development of business software based on domain artifacts
can, of course, be done based on any kind of domain model.
However, ontologies may serve this approach better due to
their formally defined concepts and services. In addition to
bottom-up development, we envisage a certain top-down ori-
entation by having at least fragments of a business process
model as a target. We also envisage that the business software
developed in this way would not just implicitly encode a
business process, but also an explicit business process model
should result. In an integrated environment, it would be linked
with the ontologies. Possibly, the whole software could be
centered around the business process model in such a way,
that an engine interpreting it is integrated and drives it.

Starting development top-down from a business process
model is also possible, also without our proposed integration.
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It involves adding software parts (possibly in the form of Web
services) to tasks in the model. In the proposed integrated
environment, this should be facilitated especially through the
semantic information in the ontologies, which can, e.g., help
finding relevant artifacts through semantic matching.

Based upon the OWL-S specification of services, approaches
for automatic planning algorithms have already been proposed,
which try to automatically generate composite services out
of atomic services (see, e.g., Klusch et al. [23] and Ziaka
et al. [24]). Figure 2 indicates this through the Planning
box. The line with the arrow pointing towards the OWL-S box
indicates that OWL-S is the conceptual basis for planning.
Logic-based technologies, such as the Fluent Calculus [25] and
its supporting tool FLUX [26], seem to be even preferable for
this purpose because of their well-defined semantics. Still, a
transformation from OWL-S to FLUX is necessary, such as
the one given in [27]. Note, however, that only certain kinds
of business process models can be generated automatically
by these planning algorithms. Overall, this planning approach
using FLUX can handle everything that FLUX can. Our pro-
posed integration would make the generated business processes
directly available in BPMN 2.0.

When using FLUX, a formal verification of a business pro-
cess model against the specification of the services composed
in it can be performed automatically [3]. Figure 2 indicates this
through the Verification box. Analogously to generation
of process models, only certain kinds of business process
models can be automatically verified using this approach. Our
proposed integration would directly take them from a BPMN
2.0 representation as linked to OWL-S.

Integrating these technologies can also lead to a more flexi-
ble software application with an adaptable user interface based
on the ontologies. Since the domain ontology already specifies
what kind of attributes are related to a concept, a simple
user interface can be generated based on this specification.
Changes in the domain ontology would be directly reflected
in the resulting user interface. In combination with additional
descriptions of the user tasks, an individual user interface for
each process can be automatically generated.

Execution of process models represented in BPMN 2.0 is,
in principle, possible with properly attached Web services
or Java objects (while there are certain intricacies, see [2]).
Our proposed integration still allows it (as indicated through
the Execution box in Figure 2), although this integration
actually makes it more difficult. In fact, BPMN 2.0 normally
links to WSDL directly, so that our integration needs the ad-
ditional wrapper sketched above, around the execution engine
for BPMN 2.0 models.

The real added value of our proposed integration, however,
comes from the combined use of (some of) these approaches.
Let us sketch a few envisaged scenarios of such combined use.

Scenario 1:
Create a business process model in BPMN 2.0 using the
available and specified building blocks in the ontologies and
corresponding service implementation.
Verify it against the semantic specifications of its parts.
Execute it with the service implementations.

The added value of this scenario is convenient modeling and
verification in an integrated tool environment, where potential
errors through model translations can be avoided.

Scenario 2:
Automatically generate a business process model for a given
goal.
Execute it with the service implementations.

The added value of this scenario is similar to the one of
Scenario 1, but the process is even automatically generated,
and verified by its very construction.

Scenario 3:
Create a business process model from scratch or take a given
one.
Create semantic specifications of services not yet available.
Verify the model against the semantic specifications of its
services.
Implement missing services according to their specifications.
Execute the business process model with the service imple-
mentations, both old and new.

The added value of this scenario is that our integration
enables software developers and business process experts to
work together in a consistent business domain without poten-
tial mismatches between their respective domains. In addition,
the semantic specifications of Web services can be verified
against their composition or a goal specification, even before
they will be implemented.

V. CONCLUSION AND FUTURE WORK

This is work in progress and presents a vision. Since
it is primarily based yet on previous work, a conceptual
view supported by a few feasibility prototypes and work on
verification as well as execution in this context, only tentative
conclusions can be drawn. Still, we have already sketched new
scenarios of potential use of our comprehensive integration for
developing business software in ways not yet envisioned in
previous work (to our best knowledge). Viewed from another
perspective, this approach should lead to new ways of software
reuse and reusability.

Future work will, of course, have to face the challenges
involved in creating (or reusing) corresponding ontologies,
in building and testing several parts of this comprehensive
integration, and finally to evaluate.
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