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Abstract

In this short paper, we outline the workflow manage-
ment systems research in the Information Systems divi-
sion at the University of Twente. We discuss the two
main themes in this research: architecture design and
advanced transaction management. Attention is paid to
the coverage of these themes in the context of the com-
pleted Mercurius and WIDE projects and in the new
CrossFlow project. In the latter project, contracts are
introduced as a new theme to support electronic com-
merce aspects in workflow management.

1 Introduction
Research at the University of Twente into workflow
management systems focuses on system architectures
and transaction management mechanisms in these ar-
chitectures. In this research, attention is paid to the
development of conceptual frameworks, the design of
systems, and the realization of prototypes.
In the research, a close cooperation with industry is
central. This cooperation provides a complementary
research context in which cross-fertilization between
academic and industrial developments is easily
achieved. Main projects are:

Mercurius: a national initiative into the design of a
reference architecture for WFMSs performed in
’95-’96 [Gr98a].

WIDE: an ESPRIT project into extended database
support for workflow environments performed in
’95-’99 [WIDE, Gr99a].

CrossFlow: an ESPRIT project into cross-
organizational workflow support for virtual enter-
prises started in ’98 and planned to run until the fall
of ’00 [CrFlw, Gr99b].

In this paper, we present our view on WFMS architec-
tures and transactional workflows in Sections 2 re-
spectively 3, and outline our current and future re-
search activities in this direction in Section 4.

2 WFM Architectures
We perceive a great need for the design and specification
of architectures of workflow management environments,
i.e., of WFMSs and of the information system contexts
they are embedded in. This need is caused by a growing
complexity of workflow systems because of increasing
functionality, required interoperability between hetero-
geneous WFMSs, required interoperability with applica-
tion systems, and integration with various information
technologies such as database systems and middleware.
Our research is focused on the development of reference
architectures, advanced support architectures, and appli-
cation-oriented architectures. We discuss each briefly
below.

2.1 Reference architectures

In the context of the Workflow Management Coalition, a
reference architecture has been defined. This architecture
is of a high-level of abstraction, however, leaving out
many relevant details. Most other work in this area has
been devoted to describing system-specific architectures.
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Figure 1: Global Mercurius architecture



In the Mercurius initiative [Gr98a], a reference archi-
tecture for workflow management systems has been
designed from scratch. This reference architecture de-
fines the functional components of a workflow man-
agement system at a number of abstraction levels while
addressing issues like portability, flexibility, and
interoperability. The top level of the Mercurius archi-
tecture is shown in Figure 1. Two more levels have
been elaborated.

2.2 Advanced support architectures

Advanced workflow support architectures are required
to effectively and efficiently support complex
workflow management applications. As discussed by
many authors, current commercial workflow manage-
ment systems do not yet provide adequate support in
this respect.
The focus of the WIDE ESPRIT project [Gr99a] has
been on defining and realizing extended database sys-
tem support for process-centered environments. The
developed concepts and technology have been applied
in the FORO workflow management system developed
by Sema Group.
To provide both flexibility and portability, orthogonal-
ity has been a major factor in the design of the archi-
tecture. Orthogonality has been aimed at both between
levels in the architecture and between modules at the
same level [Cer97, Gr98c]. The use of CORBA-based
middleware allows easy distribution of the architecture.
Figure 2 shows the global WIDE architecture.
In the CrossFlow project, a dynamic architecture is
defined for cross-organizational workflow support in
virtual enterprise contexts. We address this further in
Section 4.

2.3 Application architecture

Design of workflow-based architectures for specific ap-
plication environments is important to deal with re-
quirements as found in these environments.
In this context, attention at UT has been paid to a layered
combination of workflow systems and federated database
systems in telecommunication settings [Nije97]. In this
OSCA-based architecture, a clear separation is made
between process support and data support layers.

3 Transactional Workflows
As indicated by many authors, transactional workflows
are required to provide reliable process semantics in
complex workflow scenarios. Current commercial
workflow management systems provide little functional-
ity in this direction. Most research efforts either aim at a
limited solution or are not yet applied in full-blown sys-
tems.

3.1 Transaction models

In the WIDE project, a two-level approach has been de-
veloped to deal with the complexity of transactional re-
quirements of workflows [Gre97, Gr99a]. This has re-
sulted in an orthogonal two-level transaction model
based on modified versions of existing transaction mod-
els. The combination of two relatively simple models
avoids the definition of one very complex model to deal
with all requirements.
The top level of the model defines global transactions to
support long-running processes with relaxed transac-
tional properties [Gr98d]. It is based on the saga model,
but extended to handle cyclical processes and partial
rollbacks. To provide clear semantics of the transaction
model, a formal specification of the operational charac-
teristics has been elaborated.
The bottom level of the model defines local transactions
to support relatively short-running processes with stricter
transactional properties [Boe98]. This level is based on
the nested transaction model, in which we have placed
the notion of critical and non-critical subtransactions.
The experience with the WIDE global transaction model
is used in the CrossFlow project to handle distributed
transactions. This is further discussed in Section 4.

3.2 Transaction support

The orthogonal two-level WIDE transaction model has
been reflected in two independent subsystems for trans-
action management. Figure 3 depicts the architecture of
the transaction management system: the left-hand side
support global transactions, the right-hand side local
transactions. The global transaction support uses mid-
dleware technology to provide a flexible coupling of
transaction managers to workflow engines. The local
transaction support uses the functionality of a commer-
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cial database management system (Oracle in the WIDE
context) via its client/server interface.

4 Current Research Orientation
In current WFMS research at UT, architectures and
transactions remain focal points. In the context of the
CrossFlow ESPRIT project, we have added contracts
as a third focal point to address electronic commerce
aspects in workflow management.
The CrossFlow project aims at the development of
support for cross-organizational workflow management
in heterogeneous virtual enterprise environments
[CrFlw, Gr99b]. The CrossFlow architecture is based
on dynamic, contract-based linking of workflow sys-
tems in two organizations, as depicted in Figure 4.
At UT, CrossFlow is the successor of the WIDE proj-
ect, which focuses on workflow support in homogene-
ous environments within one organization. Main tasks
at UT in the CrossFlow context are the development of
a contract framework and high-level transaction sup-
port. We describe these research efforts below.
Next to the CrossFlow project, we have an ongoing
research effort in architecture design, discussed at the
end of this section.
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Figure 4: Simplified CrossFlow architecture

4.1 Contract model

The first main task of the University of Twente in the
CrossFlow project is the development of a contract
model to specify cross-organizational function out-
sourcing via a trader in a virtual enterprise workflow
context (see Figure 4).
The contract model is closely related to the design of the
dynamic CrossFlow architecture, as the run-time con-
struction of dynamic modules to support outsourcing is
parameterized by attributes of the contract specifying the
outsourcing. Apart from attributes specifying the func-
tion to be outsourced, the contract contains quality of
service (QoS), level of control (LoC), and flexible
change control (FCC) attributes. LoC attributes specify
the required transactional behavior of outsourced
workflows, supported by the LoC CSS module as de-
scribed below.

4.2 Transaction support

The second main task of the University of Twente in the
CrossFlow project is the development of a transaction
management and process control mechanism for
workflows distributed over organization boundaries. This
mechanism will be used in one of the CrossFlow coop-
eration support service (CSS) modules, as depicted in
Figure 4.
Transactional requirements are specified using the LoC
attributes in a contract, as described above. These re-
quirements are mapped to a transaction management
cooperation support service module that is dynamically
constructed for a specific situation.
The transaction model is based on an extension of the
global transaction model developed in the WIDE project.
Extensions include distribution in the transaction man-
agement mechanism [Von99] and advanced rollback
modes to cater for cross-organizational transactional
workflows.
Further, the transaction mechanism is coupled to a
mechanism providing cross-organizational process con-
trol primitives.

4.3 Architecture design

As mentioned above, architecture design research is an
ongoing effort at UT. Aim of this research is the devel-
opment of design approaches for complex information
system architectures. One of the application areas ad-
dressed is that of workflow management systems.
Workflow architectures developed in the projects de-
scribed in this paper serve as case studies in our archi-
tecture research. From the design of these architectures,
we aim at extracting guidelines for the architectural de-
sign of complex general-purpose information systems
[Gr98b, Gr98e]. These guidelines are then placed in the
context of general architecture design approaches.
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5 Conclusions
In this short paper, we have outlined the focal points of
workflow management systems research at the Univer-
sity of Twente: WFMS architectures and workflow
transactions. Clearly, these two issues are closely inter-
related: the inclusion of transaction support influences
architecture design, and architecture design influences
the possibilities for transaction support. Both issues
will require ample attention in future, as many prob-
lems are to be solved – both from an academic and
from an industrial point of view.
The new topic of workflow contracts is related to both
focal points: contracts are the basis for dynamic archi-
tecture construction and describe transactional re-
quirements of outsourced workflows. Workflow con-
tracts form the link between workflow management
and electronic commerce: basically, workflow services
are being traded electronically through contracts. As
such, this topic is a ‘bridge’ between two relevant re-
search issues.
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