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Test Bed Development
for Inter-organizational Process Simulation
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Abstract

Advanced system architectures or frameworks proposed by researchers are usually
verified by implementing their prototype systems, but it is very difficult to integrate them
with operating legacy systems to show their applicability. Thus, a test bed approach is
widely adopted to provide a system environment that imitates the operations of real legacy
systems and their interactions. In this paper, we introduce our experiences to implement a
test bed as a system environment on which we have implemented a prototype system to
verify our studies for process information sharing. The test bed simulates simultaneously

operating workflow systems and their interactions.

We also show the result of the

prototype system that was implemented on the test bed.

1. Introduction

Usually, it is very difficult to implement a

prototype system interacting with operating legacy
systems only for the purpose of research. Two main
reasons for the difficulty are the influence on the
legacy systems and the absence of real system
environment adequate to the prototype system.

To overcome these problems, a test bed approach
that imitates the operations of real-world systems is
widely used to verify the feasibility and applicability
of academic system frameworks [Law, 1991, David,
1989].

In this paper, we describe our experiences to
develop a test bed to verify an academic system
framework that is to facilitate process information

sharing in an inter-organizational workflow. The test
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bed was implemented using Visual Basic on the
Windows NT operating system [Microsoft, 2000].
This paper is organized as follows: In section 2,
we present the overall architecture of the test bed
and the prototype system. Section 3 discusses the
prototype that

implement the test bed. Section 4

assumptions of the system was
considered to
describes the implementation details of the test bed
and section 5 shows the result of the prototype
system that was implemented on the test bed. In

section 6, we present the conclusions of this paper.

2. Overall Architecture

In Figure 1, we illustrate the overall architecture of
the prototype system that has been developed based
on the federated process framework [Huh, 2000]. The
federated process framework aims to facilitate process
information  sharing

among interacting workflows

systems in a virtual enterprise using intelligent agents
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Figure 70. Example of Inter-organizational Process in a Food Industry.
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Figure 69. Overall Architecture of Test Bed
and Prototype System.
3. Assumptions

In developing the prototype system of the federated
process framework, we used an inter-organizational
process of product lifecycle management to develop
new products in a food industry, Figure 2 illustrates
an example of the inter-organizational process in a
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virtual enterprise including a food company Pl, a
laboratory P2, a factory P3, and a design company
P4. The
contains

local workflow of each participant Pi
that

independent pieces of work and we define Pi's j-th

activities comprise  logical and
activity as Al,j. In expressing various work sequences
with work transition, the AND operator is
distinguished from the OR operator [WIMC, 1996]
by providing the black dot in Figure 2. For example,
when Al,3 terminates, it is followed by only one
among Al,4 and Al5 (OR-SPLIT). On the other
hand, when AL,5 terminates, it is followed by both
of Al,6 and Al,7 (AND-SPLIT). To develop a test
bed this

significantly, we should first specify the assumptions

imitating inter-organizational  process

of the federated process framework and show that

they are valid in the real-world workflow systems.

The assumptions of the federated process framework

is specified as follows:

- Every process instance at the run time in
workflow systems proceeds according to the local
pre-defined work sequences such as AND-JOIN,
AND-SPLIT, OR-JOIN, and OR-SPLIT [WIMC,
1996].

- Every running activity in workflow systems should

ﬂ to_lpagent_queue

ﬂ to_fcpagent_queue

between the workflow systems.

- Each workflow system locally supports the
subscribe-and-publish mechanism [Fenner 2000] to
notify the status of process instances to external
applications.

The first three assumptions are followed by most
software  venders and  standard  organizations

2000; WIMC, 1998] as a

concept of workflow systems. The final one is an

[Leymann, common

optional functionality provided by several advanced
workflow systems [IBM, 2000; Microsoft, 2001]. If a
workflow system does not support the
satisfy

fourth assumption by implementing a server process

subscribe-and-publish mechanism, we can

that periodically investigates the status of process
instances from a workflow system and notifies it to
external applications.

4. Test Bed Implementation

Figure 3 illustrates the test bed implementation in
detail. The test bed
simulators representing the

includes four workflow

four local workflow
systems in Figure 2, respectively, and ten system

queues used for providing communication interfaces
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Figure 71. Test Bed Implementation.
be one state among STARTING, RUNNING, between separate software processes. To provide a
COMPLETED. test bed satisfying the assumptions presented in the

- The interactions between workflow systems affect

the execution of the workflow systems in a
synchronous manner (e.g., Pl and P2 in Figure 2)
or in an asynchronous manner (e.g., P1 and P3 in

Figure 2) according to a collaborative relationship

previous section, we first implemented four distinct
that
to pre-defined work

workflow  simulators operate  independently

corresponding sequences in
Figure 2. Using the system queues, they interact with

one another at their execution time and also provide
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system interfaces that are geared to notifying system
messages (change notification messages) to external
status of
workflows is changed. To implement system queues,
we used the Microsoft Message Queue (MSMQ)
[Microsoft, 2001] and Table 1 shows the description
of ten queues in Figure 3.

software processes when the internal

Description

messages from Al5 to A2l
messages from A25 to AlbS
messages from Al6 to A3,
messages from A3,7 to AlH
messages from Al,7 to A4l
messages from A49 to Al7
messages to Pl’s agent
messages to P2's agent
to_fpagent_queue |messages to P3’s agent
to_dcpagent_queue jmessages to P4’s agent

Queue Identifier

wf_fc_l_queue

wi_l_fc_queue

wi_fc_f queue

wf_f_fc_queue

wf_fc_dc_queue

wif_dc_fc_queue

to_fcpagent_queue

to_lpagent_queue

Table 1. Ten System Queues in Figure 3.

5. Result of Prototype System

Implemented on Test Bed
The test bed produces partially ordered change
notification messages corresponding to the work
and the

systems in Figure 2. In Fiture 4(a), we present the

sequences interactions among workflow
partial order of activities' starting times (ie., when
a STARTING and the

implemented test bed produces change notification

activities become state)
messages according to this order. The arrows of
Figure 4(a) indicate the order of the starting time,
for example, Al,2 always precedes Al,3 and A2;3
but A3,1 and A4,1 do not start in any specific order.
As shown in Figure 1, the intelligent agents of the
prototype system based on the federated process
framework receive change notification messages from
the test bed. Using the

integrated  process

received messages, the

monitoring tool provides a
real-time process monitoring facility (see Figure 4(b))
with which can tracks the
inter-organizational process. Thus, by
the prototype system on the test bed, we can show
the feasibility and the applicability of the federated

process framework.

end users state of

implementing

ol W3] 2001 AL RN =8 2001512 MDA

AI.J
ATATAT AT Ay AT A RATAA
/ T
16
A].l_. Al.z—’Au—’Au Ay
\ AI.7 AJ‘
A Maraza ATATA
a1 A2 AN AT Aar Aug Ag
A4.6
(a) Partial Order of Activities’ Starting Times

o Soniew-
Tricking of New Prodiuct Development Precess =)

wFooa Comparny
4 0E%gn Company

2N W XD wawe) -

CLUB At wenr g B GM- G B8
1B 400 [ boo://1310 232 b ava/oetegae/Deiequieagert bt

[Renr-time Workhow Mantoring

1offhe prodict

; Wresmne spree fﬂ-}pt‘w 3 copmgh f?em Iopreve
H e
H L ey i

Do me st
et shues

Rporoval. P eature. Booith
Gompany ~ Bas Code 310008691
orerasie Nems Tesw OfBnack _ Chenteme KFood Compeny  Reguesi Purpose. Costand Pro” Design Team Approvsl: Aogroved
civiasie Opinion o0 Sugary,  Analvsis Wetmod Bwenglh Teat, | Kaauesi Dol 2061-815 Unit o
P ackaguag Deaign Emoloves | Request Pupase Testfor Haw  Reauest Conentn CrackerBro Prodisct Code: kit i71
Foretagh Memod. 240 Skudents  Riquest Daw 001-5-25 Tust Toom Aoprovat. Approved  Mamuschurer K 000 Company £

Young . Avatysis rage AD

4 et
@1 eal-me Weddiow Meols B X-s]
(b) Integrated Process Monitoring Tool of Prototype System

Figure 72. Result of Test Bed and Prototype
System.

6. Conclusions

In this paper, we introduce our experiences that
we have obtained during development of a test bed
imitating collaborating workflow systems in the real
world. As assumptions considered in developing the
test bed, we specify work sequences, activity states,
and the
subscribe-and-publish mechanism. These assumptions

interactions among workflow systems,
can be accepted in the current common concepts and
technologies of workflow systems. According to the
real inter-organizational process, the implemented test
bed

representing

simulators
The
workflow simulators interact with one another at their

simultaneously executes workflow

independent workflow systems.

execution time and sends change notification
messages to the prototype system of the federated
process framework. From the messages, the prototype
system provides a real-time process monitoring
facility to end users. Consequently, using the test bed
the feasibility and the
applicability of the framework
though the prototype hardly be

implemented on the operating legacy systems in the

approach, we can show
federated process

system  can
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real world.

In future research, we are planning to extend the
test bed to reflect the real delaying and running time
of activities in executing workflow simulators and
producing change notification messages. Then, we
will be able to perform empirical tests of the
federated process framework in terms of dynamic
production scheduling and logistics planning in an

inter-enterprise process.
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