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ABSTRACT

This paper presents an approach for integrating sim-
ulation modeling and analysis capabilities within the
Workflow Management System (WFMS) being de-
veloped in the Large Scale Distributed Information
Systems (LSDIS) Lab at the University of Georgia.
Simulation modeling can be used for studying the effi-
ciency of workflow designs as well as studying the gen-
eral performance and reliability of WFMSs. We also
discuss the importance of using sophisticated mon-
itoring and animation capabilities, and the use of
workflow management technology to advance simu-
lation technology itself. Finally, we demonstrate a
sample simulation where tasks and task managers are
simulated.

1 INTRODUCTION

Competition and economic pressures force modern

business corporations to look for new information tech-

nologies to support their business process manage-
ment. Since workflow technology provides a model
for business processes, and “a foundation on which to
build solutions supporting the execution and manage-
ment of business processes” (Hsu and Kleissner 1995)
it has been receiving much attention in the past few
years. A workflow is simply a set of tasks that co-
operate to implement a business process. Workflow
also provides a way to integrate legacy systems and
make good use of past investments in an enterprise in
a way that matches the demands of today’s rapidly
evolving and unpredictably fluctuating enterprises.
In this paper, we focus on the use of simulation
modeling and analysis within workflow technology.
A workflow model can be used to design automated
or semi-automated solutions for certain business pro-
cesses within an enterprise. Workflow models tend
to be more computer-oriented than traditional busi-
ness process models. Consequently, they better fa-
cilitate automatic generation of substantial portions
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of actual solutions (i.e., executable workflows). Just
as the ability to produce simulations from business
process models has been found to be useful, we be-
lieve that this ability is more important for workflow
models. In particular, if a spectrum of simulation ap-
proaches are provided, one could perform simulations
analogous to those done using business process mod-
els today as well as perform a variety of ever more
detailed simulations leading all the way up to an ac-
tual workflow implementation. Once a workflow is in
place, simulation will remain useful for reengineering
the workflow and for exploring what-if questions. In
addition, the associated monitoring/animation facili-
ties can assist in debugging and tuning workflows as
well as understanding and administering workflows.
This paper states the case and illustrates through
simple examples how this could be done.

The history of workflow technology dates back to
office automation and batch processing in the late
70’s (Kappel, Schott, and Retschitzegger 1995). In
recent years, workflow technology has gained in pop-
ularity due to the trend of business process reengi-
neering and many emerging related technologies such
as middleware and object-oriented technology, which
make the development of a realistic workflow man-
agement system possible. An overview of workflow
management system is provided in (Georgakopoulos,
Hornick, and Sheth 1995) (see Sheth’s tutorial on
http://optimus.cs.uga.edu/). After several years of
development, many workflow products are now avail-
able (e.g., FlowMark/IBM, ObjectFlow/DEC,
Staffware/Staffware Corp., FloWare/Recognition Int.,
Action Workflow/Action Tech., and MultiTrac/Post
Industrial Computing Systems.

A workflow is composed of multiple tasks. There
are two types of tasks — simple tasks which repre-
sent individual indivisible activities, and compound
tasks which represent some activities which can be
divided into sub-activities (simple tasks or even other
compound tasks). An entire workflow can be re-
garded as a large compound task. A simple task
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may be a program which can run on processing enti-
ties, which include application systems, servers sup-
ported by client-server systems or Transaction Pro-
cessing Monitors (TP-Monitors), DataBase Manage-
ment Systems (DBMSs), etc. Tasks are operations
or a sequence of operations that are submitted for
execution at the processing entities using their in-
terfaces. A Workflow Management System (WFMS)
provides “the ability to specify, execute, report on,
and dynamically control workflows involving multi-
ple humans and HAD (Heterogeneous, Autonomous,
and Distributed) systems” (Krishnakumar and Sheth
1995). For workflow execution, a workflow scheduler
is necessary to enforce inter-task dependencies, and
therefore, to coordinate the execution of tasks in the
workflow. Also, task managers are designed to start
tasks and to perform a supervisory role in forward
recovery.

To build a workflow management system that sup-
ports the integration and interoperability of hetero-
geneous, autonomous, and distributed systems, uti-
lization a communication mechanism operating at a
higher-level than Sockets or Remote Procedure Calls
(RPC) would be beneficial. Distributed Object Man-
agement (DOM) is intended to support this kind of
integration and interoperability. OMG (Object Man-
agement Group)’s CORBA (Common Object Request
Broker Architecture) (Object Management Group
1993) 1s a rapidly maturing standard for DOM. The
CORBA specification defines the architecture of an
Object Request Broker (ORB), whose job is to enable
and regulate interoperability between objects and ap-
plications. The CORBA 1.0 specification was re-
leased in October 1991. It was followed by CORBA
1.1released in March 1992 and CORBA 1.2 in Decem-
ber 1993. CORBA 2.0 was announced in the end of
1994 (Object Management Group 1993) (Betz 1995).
There are already almost a dozen commercial ORBs
or CORBA-like products available in the market (e.g.,
DOE/Sun Microsystems, ORBeline/PostModern
Computing Technologies, Orbix/IONA Technologies,
ObjectBroker/DEC, (D)SOM/IBM, HyperDesk/Hy-
perDesk Corp., ORBplus/HP, and XShell/Expertsoft
Corp.

In Section 2, we address the interplay between
simulation and workflow technology. An overview of
the architecture of our two prototype workflow man-
agement systems is given in Section 3, while task
structures and task models are presented in Section
4. Section 5 details several different types of workflow
simulations, and includes a discussion of related mon-
itoring issues. Finally, an example simulation study
comparing the two architectures is given in Section 6.

2 SIMULATION AND WORKFLOW

We now consider the interplay between simulation
and workflow technology. First, workflow technol-
ogy and concepts may be used in the development of
simulation environments. Second, simulation model-
ing and analysis capabilities may be integrated with
workflow technology.

Workflow technology can benefit simulation in a
very important way. A recent trend in simulation en-
vironments is to make the components more indepen-
dent (Standridge and Centeno 1994). The environ-
ment would consist of modular loosely-coupled com-
ponents that are brought together for the purpose of
dealing with some simulation analysis problem. Com-
ponents may include GUI designers, simulation en-
gines, animation packages, graphics packages, spread-
sheets, editors, database management systems, forms
packages, query tools, mathematical packages, and
statistical packages. Instead of a single vendor pro-
viding a fixed monolithic environment, a workflow
system would allow components to be selected and
plugged into the workflow system as needed, and re-
placed when desired. Furthermore, if simulation ven-
dors could agree on standard interfaces, users would
be free to mix and match from multiple vendors. At
the 1994 Winter Simulation Conference there was vig-
orous debate about the need for a complete IEEE
sponsored standard for simulation environments. Ven-
dors felt that this might limit innovation and handi-
cap their ability to make autonomous decisions. The
workflow approach would only require that the ven-
dors agree on the form of narrow interfaces between
different types of components. In addition, this stan-
dardization effort could be minimized by incorporat-
ing some of the standardization work already done by
the Object Management Group (OMG) on CORBA
(Object Management Group 1993) and by the Work-
flow Management Coalition (WfMC) (The Workflow
Management Coalition 1994).

The main focus of this paper, however, is on how
simulation can be useful for workflow. There are two
principal ways in which simulation can be used in
a workflow system: (1) Simulation can be used to
design WFMS architectures and tune WFMS imple-
mentations. The performance and reliability of im-
plementations based on different architectures can be
tested. Later in this paper, we give a simple example
of a performance study that is used for just this pur-
pose. It compares the efliciency of two architectures,
for which we have prototype implementations, under
varying workloads and assumptions about the rela-
tive amount of work performed by tasks versus task
managers. (2) Simulation can be used to study and
refine workflow specifications. Because the workflow


















