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Preface

The very first model of concurrent and distributed systems was introduced by
C.A. Petri in his seminal Ph.D. thesis in 1964. Petri nets has remained a central
model for concurrent systems for 40 years, and they are often used as a yardstick
for other models of concurrency. As a matter of fact, many other models have
been developed since then, and this research area is flourishing today.

The goal of the 4th Advanced Course on Petri Nets held in Eichstatt, Germany
in September 2003 was to present applications and the theory of Petri Nets in
the context of a whole range of other models. We believe that in this way the
participants of the course received a broad and in-depth picture of research in
concurrent and distributed systems.

It is also the goal of this volume to convey this picture. The volume is based on
lectures given at the Advanced Course, but in order to provide a balanced pre-
sentation of the field, some of the lectures are not included, and some material
not presented in Eichstatt is covered here. In particular, a series of introductory
lectures was not included in this volume, as the material they covered is well es-
tablished by now, and well presented elsewhere (e.g., in W. Reisig and G. Rozen-
berg, eds., “Lectures on Petri Nets,” LNCS 1491, 1492, Springer-Verlag, 1997 —
these two volumes are based on the 3rd Advanced Course on Petri Nets).

We believe that this volume will be useful as both a reference and a study book
for the reader who is interested in obtaining an up-to-date overview of research
in concurrent and distributed systems. It will be also useful for the reader who
is specifically interested in Petri nets. Although the material presented in this
volume is based on the Eichstatt course, the papers included here were written
after the course, and therefore they have taken into account numerous comments
made by the participants and fellow lecturers during the course. Because of this,
and because, to start with, the lecturers were asked to present their material in
a tutorial fashion, this volume is very suitable as an auxiliary reading for courses
on concurrency and/or Petri nets, and especially useful as the underlying book
for a seminar covering this research area.

Acknowledgements
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Business Process Management Demystified:
A Tutorial on Models, Systems and Standards
for Workflow Management

Wil M.P. van der Aalst

Department of Technology Management
Eindhoven University of Technology
P.O.Box 513, NL-5600 MB Eindhoven, The Netherlands
w.m.p.v.d.aalst@tm. tue.nl

Abstract. Over the last decade there has been a shift from “data-aware” informa-
tion systems to “process-aware” information systems. To support business pro-
cesses an enterprise information system needs to be aware of these processes
and their organizational context. Business Process Management (BPM) includes
methods, techniques, and tools to support the design, enactment, management,
and analysis of such operational business processes. BPM can be considered as an
extension of classical Workflow Management (WFM) systems and approaches.
This tutorial introduces models, systems, and standards for the design, analysis,
and enactment of workflow processes. Petri nets are used for the modeling and
analysis of workflows. Using Petri nets as a formal basis, contemporary systems,
languages, and standards for BPM and WFM are discussed. Although it is clear
that Petri nets can serve as a solid foundation for BPM/WFM technology, in re-
ality systems, languages, and standards are developed in an ad-hoc fashion. To
illustrate this XPDL, the “Lingua Franca” proposed by the Workflow Manage-
ment Coalition (WfMC), is analyzed using a set of 20 basic workflow patterns.
This analysis exposes some of the typical semantic problems restricting the ap-
plication of BPM/WFM technology.

Keywords: Business process management, Workflow management, Workflow
management systems, Workflow patterns, XML Process Definition Language
(XPDL), Workflow verification.

1 Introduction

This section provides some context for the topics addressed in this tutorial. First, we
identify some trends and put them in a historical perspective. Then, we focus on the
BPM life-cycle and discuss the basic functionality of a WFM system. Finally, we out-
line the remainder of this tutorial.

1.1 Historical Perspective

To show the relevance of Business Process Management (BPM) systems, it is interest-
ing to put them in a historical perspective. Consider Figure 1, which shows some of the

J. Desel, W. Reisig, and G. Rozenberg (Eds.): ACPN 2003, LNCS 3098, pp. 1-65, 2004.
(© Springer-Verlag Berlin Heidelberg 2004



2 Wil M.P. van der Aalst

ongoing trends in information systems. This figure shows that today’s information sys-
tems consist of a number of layers. The center is formed by the operating system, i.e.,
the software that makes the hardware work. The second layer consists of generic ap-
plications that can be used in a wide range of enterprises. Moreover, these applications
are typically used within multiple departments within the same enterprise. Examples
of such generic applications are a database management system, a text editor, and a
spreadsheet program. The third layer consists of domain specific applications. These
applications are only used within specific types of enterprises and departments. Exam-
ples are decision support systems for vehicle routing, call center software, and human
resource management software. The fourth layer consists of tailor-made applications.
These applications are developed for specific organizations.

Trends in information systems: °Pe'ta“"9
1. From programming to assembling. gysiem

X - generic
2. From data orientation to process applications
orientation. domain specific

applications
tailor-made
applications

3. From design to redesign
and organic growth.

Fig. 1. Trends relevant for business process management.

In the sixties the second and third layer were missing. Information systems were
built on top of a small operating system with limited functionality. Since no generic nor
domain specific software was available, these systems mainly consisted of tailor-made
applications. Since then, the second and third layer have developed and the ongoing
trend is that the four circles are increasing in size, i.e., they are moving to the out-
side while absorbing new functionality. Today’s operating systems offer much more
functionality. Database management systems that reside in the second layer offer func-
tionality which used to be in tailor-made applications. As a result of this trend, the
emphasis shifted from programming to assembling of complex software systems. The
challenge no longer is the coding of individual modules but orchestrating and gluing
together pieces of software from each of the four layers.

Another trend is the shift from data to processes. The seventies and eighties were
dominated by data-driven approaches. The focus of information technology was on
storing and retrieving information and as a result data modeling was the starting point
for building an information system. The modeling of business processes was often ne-
glected and processes had to adapt to information technology. Management trends such
as business process reengineering illustrate the increased emphasis on processes. As a
result, system engineers are resorting to a more process driven approach.
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The last trend we would like to mention is the shift from carefully planned designs
to redesign and organic growth. Due to the omnipresence of the Internet and its stan-
dards, information systems change on-the-fly. As a result, fewer systems are built from
scratch. In many cases existing applications are partly used in the new system. Although
component-based software development still has it problems, the goal is clear and it is
easy to see that software development has become more dynamic.

The trends shown in Figure 1 provide a historical context for BPM. BPM systems
are either separate applications residing in the second layer or are integrated compo-
nents in the domain specific applications, i.e., the third layer. Notable examples of BPM
systems residing in the second layer are WorkFlow Management (WFM) systems [12,
38,48,55,57,58,61] such as Staffware, MQSeries, and COSA, and case handling sys-
tems such as FLOWer. Note that leading Enterprise Resource Planning (ERP) systems
populating the third layer also offer a WFM module. The workflow engines of SAP,
Baan, PeopleSoft, Oracle, and JD Edwards can be considered as integrated BPM sys-
tems. The idea to isolate the management of business processes in a separate compo-
nent is consistent with the three trends identified. BPM systems can be used to avoid
hard-coding the work processes into tailor-made applications and thus support the shift
from programming to assembling. Moreover, process orientation, redesign, and organic
growth are supported. For example, today’s WEFM systems can be used to integrate
existing applications and support process change by merely changing the workflow di-
agram. Given these observations, the practical relevance of BPM is evident. Although
BPM functionality is omnipresent and often hidden in larger enterprise information
systems, for clarity we will often restrict the discussion to clear cut “process-aware”
information systems such as WEM systems (cf. Section 1.3).

To put the topic of this tutorial in a historical perspective it is worthwhile to con-
sider the early work on office information systems. In the seventies, people like Skip
Ellis [32], Anatol Holt [45], and Michael Zisman [78] already worked on so-called
office information systems, which were driven by explicit process models. It is inter-
esting to see that the three pioneers in this area independently used Petri-net variants
to model office procedures. During the seventies and eighties there was great optimism
about the applicability of office information systems. Unfortunately, few applications
succeeded. As a result of these experiences, both the application of this technology and
research almost stopped for a decade. Consequently, hardly any advances were made in
the eighties. In the nineties, there again was a huge interest in these systems. The num-
ber of WFM systems developed in the past decade and the many papers on workflow
technology illustrate the revival of office information systems. Today WFM systems are
readily available [12, 38,48, 55,57, 58, 61]. However, their application is still limited to
specific industries such as banking and insurance. As was indicated by Skip Ellis it is
important to learn from these ups and downs [33]. The failures in the eighties can be
explained by both technical and conceptual problems. In the eighties, networks were
slow or not present at all, there were no suitable graphical interfaces, and proper devel-
opment software was missing. However, there were also more fundamental problems:
a unified way of modeling processes was missing and the systems were too rigid to be
used by people in the workplace. Most of the technical problems have been resolved
by now. However, the more conceptual problems remain. Good standards for business
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process modeling are still missing and even today’s WFM systems enforce unnecessary
constrains on the process logic (e.g., processes are made more sequential).

1.2 BPM Life-Cycle

As indicated before, Business Process Management (BPM) includes methods, tech-
niques, and tools to support the design, enactment, management, and analysis of oper-
ational business processes. It can be considered as an extension of classical Workflow
Management (WFM) systems and approaches. Before discussing the differences be-
tween WEM and BPM, let us consider the BPM life-cycle.

The BPM life-cycle has four phases:

— Process design
Any BPM effort requires the modeling of an existing (“as-is”) or desired (“to-be”)
process, i.e., a process design. During this phase process models including vari-
ous perspectives (control-flow, data-flow, organizational, sociotechnical, and oper-
ational aspects) are constructed. The only way to create a “process-aware” enter-
prise information system is to add knowledge about the operational processes at
hand.

— System configuration
Based on a process design, the process-aware enterprise information system is real-
ized. In the traditional setting the realization would require a time-consuming and
complex software development process. Using software from the second and third
layer shown in Figure 1, the traditional software development process is replaced
by a configuration or assembly process. Therefore, we use the term system config-
uration for the phase in-between process design and enactment.

— Process enactment
The process enactment phase is the phase where the process-aware enterprise in-
formation system realized in the system configuration phase is actually used.

— Diagnosis
Process-aware enterprise information system have to change over time to improve
performance, exploit new technologies, support new processes, and adapt to an
ever changing environment. Therefore, the diagnosis phase is linking the process
enactment phase to the a new design phase.

Like in software life-cycle models, the four phases are overlapping (cf. Waterfall model)
and the whole process is iterative (cf. Spiral model).

As is illustrated in Figure 2, the BPM life-cycle can be used to identify different
levels of maturity when it comes to developing process-aware enterprise information
systems. In the early nineties and before, most information systems only automated in-
dividual activities and where unaware of the underlying process. For the systems that
were process-aware, the process logic was hard-coded in the system and not supported
in a generic manner. Despite the early work on office automation, the first commercial
WEM systems became only practically relevant around 1993 (see Figure 2(a)). The fo-
cus of these systems was on “getting the system to work™ and support for enactment and
design was limited. In the mid-nineties this situation changed and by 1998 many WFM
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Fig. 2. The BPM life-cycle is used to indicate the maturity of BPM technology over time.

systems had become readily available (see Figure 2(b)). In these systems there was ba-
sic support for enactment and design. In the last five years these systems have been
further extended allowing for more support during the design and enactment phases
(see Figure 2(c)). For example, a case-handling system like FLOWer [22] allows for
much more flexibility during the enactment phase than the traditional WFM systems.
Today‘s systems provide hardly any support for the diagnosis phase. Although most
BPM software logs all kinds of events (e.g., WEM systems like Staffware log the com-
pletion of activities and ERP systems like SAP log transactions), this information is not
used to identify problems or opportunities for improvement. In the next five years this
situation will probably change when process mining [17, 19] techniques become readily
available (see Figure 2(d)).

The BPM life-cycle shown in Figure 2 can also be used to define the difference
between WFM and BPM. WEM focusses on the lower half of the BPM life-cycle (i.e.,
“getting the system to work”™) while BPM also includes to upper half of the life-cycle.
Therefore, BPM also focusses on diagnosis, flexibility, human-centric processes, goal-
driven process design, etc. Gartner expects that Business Process Analysis (BPA), i.e.,
software to support the diagnosis phase, will become increasingly important [39]. It
is expected that the BPA market will continue to grow. Note that BPA covers aspects
neglected by traditional WFM products (e.g., diagnosis, simulation, etc.). Business Ac-
tivity Monitoring (BAM) is one of the emerging areas in BPA. The goal of BAM tools
is to use data logged by the information system to diagnose the operational processes.
An example is the ARIS Process Performance Manager (PPM) of IDS Scheer [47].
ARIS PPM extracts information from audit trails (i.e., information logged during the
execution of cases) and displays this information in a graphical way (e.g., flow times,
bottlenecks, utilization, etc.). BAM also includes process mining, i.e., extracting pro-
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cess models from logs [17]. BAM creates a number of scientific and practical challenges
(e.g., which processes can be discovered and how much data is needed to provide useful

information).

1.3 Workflow Management (Systems)

The focus of this tutorial will be on WFM rather than BPM. The reason is that WFM
serves as a basis for BPM and in contrast to BPM it is a mature area with well-defined
concepts and widely used software products.

The Workflow Management Coalition (WfMC) defines workflow as: “The automa-
tion of a business process, in whole or part, during which documents, information or
tasks are passed from one participant to another for action, according to a set of proce-
dural rules.” [55]. A Workflow Management System (WFMS) is defined as: “A system
that defines, creates and manages the execution of workflows through the use of soft-
ware, running on one or more workflow engines, which is able to interpret the process
definition, interact with workflow participants and, where required, invoke the use of IT
tools and applications.” [55]. Note that both definitions emphasize the focus on enact-
ment, i.e., the use of software to support the execution of operational processes.

When considering these definitions in more detail it is evident that WFM is highly
relevant for any organization. However, at the same time few organizations use a “real”
WEM system. To explain this we identify four categories of WFM support:

— Pure WFM systems
At this point in time many WFM systems are available and used in practise. Ex-
amples of systems include Staffware Process Suite, FileNET BPM Suite, i-Flow,
FLOWer, WebSphere MQ Workflow (formerly known as MQSeries Workflow),
TIBCO InConcert, etc.

— WFM components embedded in other systems
Many software packages embed a generic workflow component whose function-
ality is comparable to the pure WFM systems. For example, most ERP systems
provide a workflow component. SAP WebFlow is the workflow component of SAP
offering all the functionality typically present in traditional stand-alone WEM prod-
ucts.

— Custom-made WFM solutions
Many organizations, e.g., banks and insurance companies, have chosen not to use a
commercially available WFM solution but build an organization-specific solution.
These solutions typically only support a subset of the functionality offered by the
first two categories. Nevertheless, these systems support the definition and execu-
tion of different workflows.

— Hard-coded WFM solutions
The last category refers to the situation were the processes are hard-coded in the
applications, i.e., there is no generic workflow support but applications are coupled
in such a way that a specific process is supported. The only way to change a process
is to change the applications themselves, i.e., unlike the first three categories there
is no component that is process-aware. Note that in these hard-coded system an
explicit orchestration layer is missing.
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At this point in time the majority of business processes are still supported by solutions
residing in the third and fourth category. However, the percentage of processes sup-
ported by the first two categories is increasing. Moreover, software developers building
solutions for the third and fourth category are using the concepts and insights pro-
vided by the first two categories. In this context it is interesting to refer to recent de-
velopments in the web services domain [68]. The functionality of web service com-
position languages (also referred to as “web service orchestration”) like BPEL4WS,
BPML, WSCI, WSWSFL, XLLANG, etc. is very similar to traditional workflow lan-
guages [6,77].

1.4 Outline and Intended Audience

The goal of this tutorial is to introduce the reader to the theoretical foundations of
BPM/WEFM using a Petri-net based approach. However, at the same time contemporary
systems and languages are presented to provide a balanced view on the application
domain.

Section 2 shows the application of Petri nets to workflow modeling. For this pur-
pose, the class of WorkFlow nets (WF-nets) is introduced, but also some “syntactical
sugaring” is given to facilitate the design of workflows. Section 3 discusses the analysis
of workflow models expressed in terms of Petri nets. The focus will be on the verifi-
cation of WF-nets using classical analysis techniques. Section 4 discusses the typical
architecture of a WFM system and discusses contemporary systems. The goal of this
section is to show that the step from design to enactment, i.e., the configuration phase
(cf. Figure 2), is far from trivial. In Section 5, 20 workflow patterns are used to evaluate
the XML Process Definition Language (XPDL), the standard proposed by the Work-
flow Management Coalition (WfMC). This evaluation illustrates the typical problems
workflow designers and implementers are faced with when applying contemporary lan-
guages and standards. Section 6 provides an overview of related work. Clearly, only
a small subset of the many books and papers on BPM/WFM can be presented, but
pointers are given to find relevant material. Finally, Section 7 concludes the tutorial by
discussing the role of Petri nets in the BPM/WFM domain.

Note that parts of this tutorial are based on earlier work (cf. [2-6, 12, 15]). For more
material the interested reader is referred to [12] and two WWW-sites: one presenting
course material (slides, animations, etc.) http://www.workflowcourse.com
and one on workflow patterns http: //www.workflowpatterns.com.

This tutorial is intended for people having a basic understanding of Petri nets and
interested in the application of Petri nets to problems in the BPM/WFM domain. Sec-
tions 2 and 3 are focusing more on the Petri-net side of things while sections 4 and 5
are focusing more on the application domain.

2 Workflow Modeling

In this section, we show how to model workflows in terms of Petri nets. First, we intro-
duce the basic workflow concepts and discuss the various perspectives. Then, we define
some basic Petri net notation followed by an introduction to a subclass of Petri nets
tailored towards workflow modeling. We conclude this section with an exercise.
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2.1 Workflow Concepts and Perspectives

Workflow processes are case-driven, i.e., tasks are executed for specific cases. Approv-
ing loans, processing insurance claims, billing, processing tax declarations, handling
traffic violations and mortgaging, are typical case-driven processes which are often
supported by a WFM system. These case-driven processes, also called workflows, are
marked by three dimensions: (1) the control-flow dimension, (2) the resource dimen-
sion, and (3) the case dimension (see Figure 3). The control-flow dimension is con-
cerned with the partial ordering of tasks, i.e., the workflow process. The tasks which
need to be executed are identified and the routing of cases along these tasks is de-
termined. Conditional, sequential, parallel and iterative routing are typical structures
specified in the control-flow dimension. Tasks are executed by resources. Resources are
human (e.g., employee) and/or non-human (e.g., device, software, hardware). In the re-
source dimension these resources are classified by identifying roles (resource classes
based on functional characteristics) and organizational units (groups, teams or depart-
ments). Both the control-flow dimension and the resource dimension are generic, i.e.,
they are not tailored towards a specific case. The third dimension of a workflow is con-
cerned with individual cases which are executed according to the process definition
(first dimension) by the proper resources (second dimension).

resource dimension

resource

-
-

%

P activity
~ task

P

control-flow dimension

<, .
o =~ work item

case dimension

Fig. 3. The three dimensions of workflow.

The primary task of a WFM system is to enact case-driven business processes by
joining several perspectives. The following perspectives are relevant for workflow mod-
eling and workflow execution: (1) control flow (or process) perspective, (2) resource (or
organization) perspective, (3) data (or information) perspective, (4) task (or function)
perspective, (5) operation (or application) perspective. These perspectives are similar to
the perspectives given in [48] and the control flow and resource perspectives correspond
to the first two dimensions shown in Figure 3. The third dimension reflects the fact that
workflows are case-driven and does not correspond to one of the five perspectives.

In the control-flow perspective, workflow process definitions (workflow schemas)
are defined to specify which tasks need to be executed and in what order (i.e., the rout-
ing or control flow). A task is an atomic piece of work. Workflow process definitions
are instantiated for specific cases (i.e., workflow instances). Since a case is an instantia-



