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Introduction

There is a need for modeling and performance evalua-
tion techniques and tools for a fast and reliable design
of workflow systems. The paper introduces a modeling
methodology based on colored stochastic Petri nets.

For describing a business process it is necessary to
consider different aspects. Essential are functional (In
what order?), organizational (By whom?) and informa-
tion related aspects (Which items/documents are pro-
cessed?).

Aspects related to time gain more importance ad-
ditionally. Business (re)engineering projects typically
try to reduce turnaround times and improve execution
durations in order to improve competitiveness and cus-
tomer contentedness. These questions can be answered
by an evaluation of the business process performance,
necessitating the exact description of all timing aspects
of the process.

There are only few approaches (e.g. (Erwin 1998;
Ellis, Keddara, & Wainer 1998; Ferscha 1994)) consider-
ing time, which offer analysis or simulation as a means
to evaluate the behavior of the workflow model. Of-
ten the notion of time is limited to the functional view.
Therefore these evaluation methods can only compute
performance measures assuming independence of the
workftow from the environment and other concurrent
processes.

Moreover it is limited to deterministic delays and
time constraints. Stochastically distributed durations
are often neglected. In the field of worldtow perfor-
mance modeling, a mixture of both stochastic and fixed
(deterministic) durations are necessary. Fixed times
are needed to model durations of automated processes,
deadlines, and routine activities with previously known
delay. Stochastic durations are necessary to model
human activities, stochastic events like employee ab-
sence due to sickness or holidays, and other events
with unknown duration. Consequently, deterministic
and stochastic durations should be integrated into the
model.
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Presenting the modeling approach
We introduce a methodology for the modeling and per-
formance evaluation of workflow processes, which tries
to overcome the above mentioned limitations. The ap-
proach is not limited to the functional aspects, but in-
cludes a resource description as well.

All aspects are described using the same modeling
technique, namely a dedicated class of colored stochas-
tic Petri nets (Zimmermann & Hommel 1999) (called
CSPNs in the following). The suitability of Petri nets
for the description of business processes has been ex-
amined and discussed extensively in the literature (van
der Aalst 1998; Oberweis 1996). Within CSPN’s, delays
can be expressed by assigning firing delay distributions
to transitions. We distinguish stochastic, deterministic,
or zero firing delays for transitions.

To avoid a complex description, where elements re-
lated to different views are mixed in one model, the
concept is based on independent models for the func-
tional aspects and the resources. The resource model
describes the abilities and workflow independent prop-
erties of the worldlow management system resources,
such as communication connections, staff, technical re-
sources etc. The workplans specify the actual business
processes that take place for every case, and describe
the workflow dependent features of the system. Each
workplan can be thought of as a path through the re-
source model.

Later on, the different model parts are automatically
merged resulting in a complete workflow model, which
then includes both the resource constraints of the sys-
tem and the synchronization of the workflow steps.

The use of the same description technique together
with an automatic compilation of the model parts pro-
vides evaluation facilities for the whole model. Time
aspects are considered in detail, facilitating a realistic
system specification. Deterministic and different types
of stochastic delays are allowed for the description of
durations of activities as well as times associated to re-
sources.

Example
The proposed methodology is demonstrated using an
example. The considered business process describes the
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handling of damages and losses in a transport company.
A claim handling starts when a customer message ar-
rives, informing about a new damage event, it passes
inspection and some kind of repair and ends up with
a closed file sent to the archive. The possible execu-
tions of a claim handling are described in the workplans.
During its work off it passes different offices. In detail
we describe three offices of the company, namely file
administration, check/decision and the main damage
event handling office.

As it is usual for Petri net models, transitions model
activities of the system, while places are passive ele-
ments and contain tokens that model moving and/or
state changing entities. Transitions with thick bars are
called substitution transitions, acting as place holders
for submodels describing their bchaviour in more de-
tall on a lower level of hierarchy. Places shown as dot-
ted circles connect the submodel with its environment.
Transitions depicted as a bar fire immediately without
delay. Transitions drawn as empty rectangles have an
exponentially distributed firing time, while transitions
with deterministic delay are depicted as filled rectan-
gles.

Two colour types are predefined in the model class:
Object tokens model files, orders, letters etc. inside the
workflow management system, and consist of a name
and the current state. Elementary tokens cannot be dis-
tinguished, and are thus equivalent to tokens from un-
colored Petri nets. They are used to model states of the
resources, for instance whether an employee is busy or
not. Places can contain only tokens of one type. There-
fore it is possible to graphically separate object places
and arcs (drawn thick) as opposed to thinly drawn el-
ements that correspond to elementary tokens. Textual
descriptions needed in colored Petri nets for the defini-
tion of variables and colour types can thus be omitted,
and the specification of the types of places and arcs are
implicitly given.

The resource model

The resource model contains all used resources, like em-
ployees, computers, data bases, etc. and abstract pos-
sible actions of the resources, even if they are not used
for the processing. Figure 1 shows the highest level of
the hierarchical colored resource model.

Its structure follows the layout of the modeled orga-
nization, which makes it easier to understand. Places
model possible locations of objects, like files, or-
ders, letters etc. All offices exchange documents via
distributor. The input and output places model in-
and outgoing matters of the corresponding offices.

Figure 2 shows the resource submodel of the file ad-
ministration office in more detail. The model has two
parts. The transitions and places connected by thin
arcs describe the behaviour and states of the employees
working in this office.

The places and transitions connected by thick arcs
describe the behaviour of objects like documents or
memos.

check/decision

file_adminisuaflon

handling_output

damase_event_handlin8

Figure i: Structure model of the damage event handling
system example

:

Figure 2: Structure submodel of the file administration
office

The places f ile_administrat ionAnput and
file_administration_output connect the submodel
with its environment.

The workflow models
In the resource model the structure of the system and
possible ways of communication is summarized. The
workflow model now describes the actual processes us-
ing the resources described in the resource model. Fig-
ure 3 shows the top level workflow model of the exam-
ple.

The wor]d]ow models describe paths through the re-
source model (see Figure 1). In the workflow model the
arcs are inscribed by the tokens which flow through the
arcs.
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Figure 3: Part of the top level workttow model of dam-
age event handling

Tool support
To support the proposed methodology, a software tool
is necessary. Throughout this paper the tool TimeNET
is used. A recent enhancement of this tool is a model-
ing and evaluation environment originally intended for
manufacturing systems (Zimmermann et al. 2000). We
found that due to the similarities to business processes
it is possible to adapt the tool for the modeling and
evaluation of workflows as well. This is especially the
case for strongly structured worldiows like production-
oriented and administrative workflow systems (van der
Aalst 1998).

Evaluation
Evaluation of the performance is facilitated by asso-
ciating stochastic, deterministic, or zero firing delays
with transitions. Basic quantitative measures like the
throughput, utilization, queue length, processing time,
and others can be computed either by direct numeri-
cal analysis or discrete event simulation. This can be
done using methods developed for extended determinis-
tic and stochastic Petri nets (eDPSNs) (German 1994),
because the stochastic process underlying both model
types belongs to the same class.

For the realistic description of times for the process
steps, exponentially distributed firing delays have been
associated with the normal office tasks, while transi-
tions modeling deadlines and in-house communication
fire after a fixed (deterministic) delay. Therefore the

structurM restriction of not more than one enabled
transition with non-exponentially distributed firing de-
lay (German 1994) is violated, forbidding the use 
the direct numerical analysis methods. The simula-
tion component of the tool TimeNET is thus used for
the performance evaluation of the application example.
The evaluation of the model can be used to answers
questions like

. How many documents can be processed per week with
the modeled organization?

. What is the mean time for a case to be finished?

¯ How big is the utilization of the resources?

¯ What are the bottlenecks?

¯ How much time does a document spend during pro-
cessing, waiting, or being transported?

¯ How will the above numbers change if the available
staff decreases e.g. due to holidays?
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