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Abstract: This paper proposes the Flexible Output
Workflow Simuiation system{FOWS), which enables to
model and simulate a business process presented by the
workflow model and to freely output optional criteria data
evaluating the process with minimal setup effort. The main
features of FOWS are “the function of adding optional
properties to nodes or work ttems” and “the function of
linking FOWS with an extemal program out of FOWS™.
FOWS has been developed with Microsoft Visual C++. In
order to demonstrate how easy it is to obtain certain criteria
values with FOWS, a sample simulation with FOWS is
shown. The existing business process was applied to FOWS,
and the result of it shows the serviceability of FOWS.
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1. Introduction

At present, companies need drastic business
reorganization to make the business process
over plural departments or companies more
efficient to survive keen competition{1]. In
BPR(Business Process Reengineering), which is
one of the methodologies for drastically re-
composing and improving the business process,
the workflow management system attracts a
great deal of attention [2][3]{4]. The workflow
management systems perform  definition,
execution, and management of the business
processes.

In introducing a workflow system, a
quantitative analysis of the business process is
needed for the evaluation of the current business
process. The business process is evaluated
according to various criteria, for example
"working time", "jams of work items in each
work"”, and so on (the work item is the
representation of the work to be processed).
Until work items are processed in a business
process, these criteria values cannot be
calculated. Therefore, the criteria values are
mainly obtained by simulation.

In most of the workflow simulation systems, the
business process is defined visually with
GUI(Graphical User Interface) [5]. Though
there are some differences among systems, it is
of paramount importance to describe the flow of
activities, which means minimum working units
of process. However, the traditional workflow
simulation system prepares only fixed criteria,
so that it is almost impossible to calculate-
additional criteria values, for example “the
average working quantity of each worker”,
which users desire for the business process
investigation. On the other hand, although the



simuiation system generators such as GPSS can
freely  develop simulation systems  for
evaluating all kinds of criteria values. users
must learn the new language or tool commands.
Moreover, users must also program the module
of the workflow model definition. Therefore. a
great deal of users' labor is necessary.

To obtain criteria values freely and easily, this
paper proposes the Flexible Output Worktlow
Simulation system (FOWS), which enables
modeling and simulation of a business process
by the workflow model and to freely output
optional criteria data for evaluating the process
with minimai setup effort. The varnabie
definition function by the changeable property
list and the linkage function of the external
program for optional criteria values calculation
are realized.

Section 2 explains a workflow model used in
FOWS. The characteristic functions of FOWS
are described in Scction 3. In Scction 4, the
svstem composition of FOWS is explained in
order of usage. The exampie of simulation with
FOWS, which shows the serviceability of
FOWS, is demonstrated in Section 5.

2. The Workflow Simulation

In FOWS, the business processes, that means
the flows of works, are described in the
workflow model shown in Figure 1. The order
of work execution in a business process is
graphically expressed bv the workflow model.
Work items are (ransferred following the
defined model. A “work item” represents the
electronic document to be processed in the
business process. The workflow model has
seven sorts of nodes which are defined bv the
Workflow Management Coalition (WfMC)[6].

e Activily node

OR-join AND-split

This node represents a unit of work m a
business process. The activity node is described
bv a reclangle.

¢  Source node

This node is the start node of the business
process.

+ Sink node

When a work item comes to this node. the
business process which the work item represents
1S Over.

»  AND-split node

This is a node where a work item is split into
two or more items whose 1Ds are the same.

¢  OR-split node

This is a node where a work item is passed to
one of the two or more output points under the
predefined rule.

¢ AND-join node

This is a node of the workflow where two or
more parallel exccuting activities converge into
a single common thread of control.

s OR-join node

This is a node where two or more alternative
activity workflow passes arc merged into a
single common activity as the next step,

Each node has input and output points. The
input point is the point which is connected with
the previous node by an arc. The output point is
the point which is connected with the following
node. The six types of nodes, except “activity
node” are generally referred to as “the control
node”. The nodes of the workflow model have
some properties which are needed for
simulation.

In simulation, the work item is processed by the
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AND-join
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Source
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Figure 1. An Example of A Workflow Model
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program defined in each node and is transferred
in the context of the structured model. At each
node, the property values, which belong to the
node itself or to the work item, are updated. As
a simulation result, the log of work items
processing is stored, and the criterion values can
be calculated.”’

3. The Main Idea of FOWS

Figure 2 shows the difference between
traditional workflow simulation systems and
FOWS. In the traditional workflow simulation
systems, when the activity node receives a work
item, the execution of the program for the
criteria values calculation prepared in the
system starts. The executed program updates the
same property values (such as propertv A in
work item or property B in activity node in this
Figure) in the system. The updated criteria are
also fixed.

Traditional workllow
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external program reccives arguments values,
which consist of properties of a work item or a
node (such as property X in a work item or
property Y in an activity node in Figure 2).
These properties can be added optionally bv
users. The external program sends the return
values to FOWS, and FOWS updates the
property values. When the simulation is over.
the external program outputs the criteria values
to a text file. In this wav, users can get the
optional criteria values.

For realizing the flexible simulation system, the
following two functions are necessary. One is to
add properties to a node or a work item. These
properties arc used for calculating the optional
criteria values. The other function is to link
FOWS with an external program prepared by
users. These two functions are realized as
follows:

The function for adding optional properties
10 a node or a work item
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Figure 2. The Difference Between the Traditional Workflow Simulation System and FOWS

On the other hand. in FOWS, the program
prepared by the user for the criteria values
calculation can be added by the user. It is called
the “external program”. The external program
outputs the pre-prepared optional criteria values
and optional property values. Arguments are
variables transferred from FOWS to the external
program. Return values are variables transferred
from the external program to FOWS. When the
activity node receives a work item, FOWS calls
the external program referring the program
registration  table, which includes the
information about the external programs. The
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Nodes and work items can have changeable list
type data for optional criteria values. The list
tvpe data consist of the names, the type and the
value of the properties. The user can add the
optional properties to a work item or node by
inserting the data into this changeable list.

®

The function for linking FOWS with an
external program

FOWS which is equipped with the above
functions has been developed for Microsoft
Windows 95 with Microsoft Visual C++ In
order to actualize this function, FOWS uses the
function  “ShellExecute”,  supported by



Microsoft Visual C++ The “SheliExecute”
function is used for the “open the program”
from the application built with Microsoft Visual
C++. For using the “ShellExecute” function,
FOWS is equipped with the program
registration table. This table consists of all what
is needed for the “ShellExecute” function, for
example the external program name, the node
type, which calls the external program,
arguments, return values, and so on. FOWS is
also equipped with the setup window for this
information input.

4. The System Functional
Configuration

Figure 3 shows the whole system functional
configuration of FOWS and interim output files.
Each functional part is explained in usage order.

FOWS

A

The model
definition part

the meodel definition file

The simulation
injtial settin

the simulation initial
seiting file

The simulation

imonitoring parn

o

Figure 3. The System Functional Configuration

4.1 Model Definition

A business process, exiemal program
registration and optional properties are defined.
This part outputs “the model definition file”.

1. The business process definition

The definition window shown in Figure 4 is
used for editing the process model In the
“Element Selection” window shown in the
lower right corner of Figure 4. the inserted node
type is selected. The selected node is put in the
“Process Definition” window (a larger window).
When the user clicks the input and end point,
those two points are linked by an arc.

When the arranged node is double-clicked in the
business process definition window shown in
Figure 4. the node setup window shown in
Figure 5 is evoked. In this window, node name,
conditions for controlling the flow of work
items, and so on, are defined.

2. The external program registration

The window shown in Figure 6, which is
evoked by the menu in the business process
definition window, is used in order to get ready
for linking the external programs and for
transferring arguments to the external program.
The Element field is used for selecting one
node type from 7 node types, which should be
linked with the external program. As all the
program names in a provided folder are
displayed in the down menu of Program Name,
the user only selects one for use. On the right
side of this window, the Additional Property
field is prepared for setup of arguments and
return values, If the user wants to set the
arguments, first the user checks the radio
button, Argument. Then, the user selects the one
node type which the argument belongs 1o at
Entry in. When the user selects the node type or
the work item, names of properties which
belong to the selected node type or work item
appear in the Registered Properties field. When

Figure 4. The Business Process Definition Window
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the user pushes Addition, the selected property
is added to List of Argument, the bottom left-
hand of the window, Similarly, return values are
added. If the user prepares the text file
described information about the selected
program's arguments and return values, FOWS
can display it in information about program.

Figure 6. The External Program
Registration Window

3. Optional property addition

The optional property addition window shown
in Figure 7 is evoked by the menu in the
business process definition window or the
external program registration window. Nodes
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and work items can have lisi-tvpe data for the
calculation of optional criteria. The list data
consist of the name of the property and the type
of the property. Users can access this list-type
data through the window shown in Figure 7.7he
name of the property is entered through the
keyboard The tvpe of the property is selected
from three types: integer, decimal and character.
Finally, by pushing the add button in the
window, an optional property is added to the
sclected element. All properties registered in
the selected element are shown in Registered
property, Once a property is added to the node, all
of the same kind of nodes in the model have it.

A the execution b Intergar
cycle of working  Irterger
the working time  interger

e

Figure 7. The Optional Properties
Addition Window

4.2 Simulation Initial Setting

In this part, the initial setting for simulation is
defined, for example the number of simulated
work items, the probability distribution of the
work item generation intervals. the simulation
completion condition. the initial values of a
work item's properties, and so on. This part has
the main initialization window as in Figure 4.
The initial values of the node properties are also
defined with the values initial setting window
shown in Figure 8. When the node is double-
clicked in the main initialization window, the
values initial window shown is evoked. At first,
the user selects the target property in Properiies,
Then, the user inputs the value in Property
Value. Finally, by pushing the Decision button,
the initial property value is set. Moreover, the



branch incidence is also set in this window. This
part outpuis “the simulation initial setting file”™.

the result of ar..
the basic wor.
the average of .

Figure 10. These 7 activity nodes are described
in Table 1.

Figure 8. The Value Initial Window

4.3 Simulation Monitoring

In this part, simulation is carried out under the
designated workflow model and condition. The
user can monitor the state of simulation. as
shown in Figure 9. The state of processing and
the number of stagnant work items in cach node
are displayed. The number of generated work
items in the source node, and the number of
processed work items in the sink node are
displayed. The optional critenia values are
output as a text file by the external programs.

5. The Example of Simulation

5.1 The Objective Process

The workflow model of “the estimation for the
business information system” consists of 7
activity nodes and 7 control nodes as shown in

At the OR-split node in this process, the branch
condition 1s defined as follows,

e In casc a work item gets approval in both
“approval of estimates” and “approval of
specifications”, the work item is passed to
“drawing up specifications for the client”,
and the process is over. (This case is named
Case A)

o In case a work item does not get approval
in “approval of estimates”, the work item is
dismissed. (This case is named Case B.)

o In case a work item gets approval in
“approval of estimates”, but not in
“approval of specifications”. the work item
is sent back to “drawing up specifications”
for reconsideration, (This case is named
Case C.)

In this example, “the average working quantity
of each worker”, which is defined as ihe
average quantity of processing work item, is
required {o be evaluated by the simulation. “The
working quantity” for checking the load of

Figure 9. The Simulation Monitoring Window

10
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workers quantifies workers' labor for a work
item. It is valued according to the weight
belonging to work items, The working quantity
is decided according to the level of working,
which belongs to the work item, as follows.
Each activity node has the basic working
quanuty, which is the basis of the working
quantity decision.

deciding the working quantity. When a work
item is generated. one of them is decided
according to the incidence preestablished in the
simulation initial setting part by the user.

¢ Nodes

The properties shown in Table 3 are added to
nodes. using the window shown in Figure 7.
This window is called only once, because there

! the basic work
quantity x 0.8

‘the level of
working is 1.

quantity x 1.2

Worle Quantitv = the basic work | :the level of
quantity working is 2.
the basic work | the level of

working is 3.

Table 1. Contents of Activity Nodes

Name

Contents of working

Drawing up specifications

Specifications of information systems are drawn up.

Estimation of the cost

The cost for information system is estimated.

Approval of estimates

It is judged whether estimation of the cost is approved or not.

Decision of a responsible person

The responsible person for building the system is decided.

Approval of specifications

It is judged whether the specifications are approved or not.

Dismissal

The work item which is not approved is dismissed. The
dismissal is reporied to the client.

Drawing up specifications for
the client

Specifications for the client are drawn up.

5.2 Implementation of the Workflow Model

Added propertics are embedded into the model
definition part.

e The work item

The properties shown in Table 2 are added to
the work item. using the window shown in
Figure 7.

The level of working uses rhe program for

is one node of which properties are added to.

The basic working quantity is the basis of the
working quantity decision.

e  The external program

Further the external program is coded and
registered using the window shown in Figure 6.
Arguments and return values for the externai
program are input.

— the program for deciding the working
quantity;

approval of
estimates

i

L AND | esiimation
OR-join SPHUA of the cost
— drawing up
&) ™ specifications El\ R
aresponsible
person

approval of
specification

e

AND

OR
-split

MW

drawing up
specifications

for the client

Y

Figure 10. The Process of “the Estimation for the Business Information System”
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Table 2. Additional Properties to the Work

Ttem
property name type
the level of working integer
Table 3. Added Properties to the Nodes
objective property type
node name
activity node the basic integer
working
quantity
the average decimal
working
quantity

This program is linked with all the activity
nodes in this process. This program decides the
working quantity of each work item, and
calculates the average of these quantities in cach
node. It requires 6 arguments and 2 retum
values. It records the average of working
quantities on the text file.

5.3 Simulation Result

20 work items were simulated. The number of
simulation work items has been decided
according to the log data. As a result, the
average quantity of working in each activity
node could be obtained as shown in Table 4.

Table 4. The Result of Simulation

activity node name the basic the average

working working
quantity quantity

drawing up 10 9.8

specifications

estimation of the cost 15 14.8

approval of estimates 30 29.5

decision of a ' 5 49

responsible person

approval of 20 19.7

specifications

dismissal 3 2.9

drawing up 25 247

specifications for the

client

5.4 Considerations

In the model defimtion part, the labor for the
model definition was as much as with the
traditional ~ workflow  simulation system.

12

Considering optional property addition. the
oplional properties addition window shown in
Figure 7 was called only twice (once for the
work item, and the second time for nodes). As
to the extcrnal program setup, the external
program registration window shown in Figure 6
was called only once. The external program is
programmed in C language. and its steps are 90.
It is quite easy for this user to program it.

6. Conclusion

In this paper, we proposed the Flexible Cutput
Workflow Simulation system (FOWS) which
enables the modeling of a business process by
the workflow model and the output of optivnal
data with minimal setup. In this system, we
realized two functions, namely “the function of
adding opticnal properties 0 a node or work
item” and “the function of linking an external
program out of FOWS”, Because FOWS can
link a program developed in any programming
language, the external program could be
developed with a familiar program language.
Therefore, FOWS can save the users' labor in
the optional criteria output. FOWS's
serviceability in the output of optional criteria
values is shown through the result of a sample
simulation.
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