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ABSTRACT

The objective of this paper is to utilize the SIPOC, flow-
chart and IDEF0 modeling techniques combined to elabo-
rate the conceptual model of a simulation project. It is in-
tended to identify the contribution of these techniques in
the elaboration of the computational model. To illustrate
such application, a practical case of a high-end technology
enterprise is presented. The paper concludes that the pro-
posed approach eases the elaboration of the computational
model.

1 INTRODUCTION

In agreement with Brooks and Robinson (2001), concep-
tual model is “an independent software description of the
model that is to be constructed”.

According to Law and Kelton (2000), conceptual
model corresponds to one phase of the discrete events si-
mulation methodology. Chwif and Medina (2006) affirm
that the step of creation of the conceptual model is the most
important aspect in a simulation study, although many
books and analysts skip this step. For Wang and Brooks
(2007), of all tasks involved in a modeling project, concep-
tual modeling is probably the one that has received the
least attention and consequently is the least well unders-
tood. The verification, validation and output analysis phas-
es have a strong element of mathematics, statistics or logic.
However, the nature of conceptual modeling is quite dif-
ferent, so much that it is often described as being an art ra-
ther than a science.
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According to Wang and Brooks (2007) the most used
conceptual modeling technique is the flowchart (63%),
mainly justified by its simplicity. Among the eight most
common, techniques with less rigorous modeling rules are
found, such as component list, text description, visual dis-
play and list of assumptions and simplifications. In this list
of the eight most used modeling techniques, two have more
rigorous rules: activity cycle diagram (ACD) and unified
modeling language (UML).

Works such as Hernandez-Matias et al. (2008) point
out the increasing utilization of the IDEF0 technique in
analysis in manufacturing processes. Besides these authors,
a large number of researchers have shown that IDEF ap-
proach methods can be used in simulation support. Jeong
(2000) has used both IDEFO and IDEF3 in the develop-
ment of a simulation targeting the optimization of a sche-
duling system. On the other hand, Perera and Liyanage
(2000) used both IDEFO0 and IDEF1X to assist the collect-
ing of input data for the simulation of manufacturing
processes. Other researchers, such as van Rensburg and
Zwemstra (1995), Al-Ahmari and Ridgway (1999), have
shown the utilization of IDEFO0, IDEFX1 and IDEF3 to as-
sist the simulation of manufacturing processes.

In this paper, the Supplier, Input, Process, Output,
Customer (SIPOC), flowchart and Integration Definition
for Function Modeling (IDEFO0) techniques will be con-
jointly used and applied in a practical case. The objective
of this conjoint utilization is to apply each one of these
techniques in the elaboration of the conceptual model and
identify the contribution of these techniques in the elabora-
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tion of the computation model, by using the Process Simu-
lator®.

2 CONCEPTUAL MODELING

For Balci (2003), the conceptual model can be utilized as a
control tool of the modeling and simulation process’s re-
quirements in order to evaluate simulation concepts, effec-
tiveness and errors, as a basis for the modeling and simula-
tion project, besides assisting in the computational model’s
verification and validation process.

Some authors present a step sequence for simulation,
contradicting a false idea that simulation consists of the
computational programming of a model. Figure 1 presents
a proposal from Chwif and Medina (2006).
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Figure 1: Step sequence for the simulation project
Source: Adapted from Chwif e Medina (2006)

It becomes clear in the diagram proposed by Chwif
and Medina (2006) a first modeling to be carried out al-
ready in the conceptual phase. To the modeling the name
conceptual model is given. In the conception phase, the
model in the analyst’s mind (abstract model) must be
represented in accordance with a simulation model repre-
sentation technique, in order to turn it into a conceptual
model, so that other people can understand it.

Authors like Perera and Liyanage (2000) affirm that
the use of modeling techniques already in the conception
phase increases the simulation models’ quality and de-
creases the required time for the construction of these
computational models. This is the main reason for many
researchers to focus their works in obtaining a connection
between modeling tools and simulation processes.

According to Chung (2004), it is important to the
modeler to familiarize with the system to be modeled. In
the majority of the cases the modeler does not have a
knowledge of the system, when compared to the know-
ledge of the manager, process’s specialists and labor.

It is usual among simulation practitioners a certain confu-
sion regarding the concepts of conceptual and computa-
tional model. In his work, Sargent (2007) seeks to explain
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the difference between conceptual and computational mod-
el. According to this author, a conceptual model is the ma-
thematical, logical or verbal representation of a problem,
whereas computational model is the conceptual model im-
plemented in a computer. The conceptual model is devel-
oped through the analysis and modeling phases, and the
computational model is developed through computational
programming and an implementation phase.

Some researches have been presented with the objec-
tive of improving the conceptual modeling of simulation
projects. Montevechi et al. (2007) used the process map
during the phase of defining the system to be simulated. On
the other hand, Leal et al. (2007) proposes the conceptual
modeling highlighting the advantages of using IDEF0. The
importance of the conceptual model is also pointed out in
the work of Zhou, Zhang e Chen (2006). In this work, the
authors propose that automation can assist in the improve-
ment of the utilization of conceptual models in simulation.
It is understood by automation the use of software that as-
sist the development of the conceptual model, such as Mi-
crosoft Visio® and SmartDraw®.

3 CONCEPTUAL MODEL VALIDATION

Sargent (1992) points out the preoccupation regarding the
validation since the conceptual modeling phase. According
to the author, there are two kinds of conceptual model as-
sumptions: structural assumptions (regarding the real world
system’s operation) and data assumptions. The first kind
can be validated through observations of the real world
system and discussions with the personnel specialized in
the system. The author highlights that no one knows every-
thing about the system. Hence, many people must be con-
sulted in order to validate the conceptual model assump-
tions.

The literature presents some techniques for validation

of the conceptual model, such as:

e  Model duplication (Chwif and Medina 2006): ef-
ficient practice, but expensive, because it suppos-
es the existence of two independent team develop-
ing models of the same system. This way, if both
teams (operating independently) develop similar
models, this would be a good model’s validity in-
dicator;

e Comparison with previous models (Chwif and
Medina 2006): development of a model from
another previously validated one;

e Face-to-face validation (Chwif and Medina 2006;
Kleijnen 1995; Sargent 1992): discussion with
specialists with the objective of reaching with
these specialists the assurance to use the model
(applied in both conceptual and operational mod-
els).
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In the conceptual model, the validation follows a more
subjective path, through the perception of the specialists
and modelers. Chwif and Medina (2006) point out the veri-
fication and validation processes, clearly separating the
conceptual and computational models, as shown in Figure
1. Now, in the case of the computational model, the valida-
tion receives the name of operational, using statistical data
in order to compare results from the simulation with the
ones from the real world.

An important issue during the conceptual modeling
phase is the selection of the modeling technique, as it will
be seen next.

4 PROCESS CONCEPTUAL MODELING
TECHNIQUES

For Hernandez-Matias et al. (2008), there is not a concep-
tual modeling method that can alone completely model a
complex manufacturing process. As a result of the limita-
tions of these techniques, different integrated modeling
methods have been developed. During the 1990’s, the work
done by Kettinger, Teng and Guha (1997) listed more than
100 different conceptual modeling techniques, many times
called process mapping.

Aguilar-Savén (2004) confirms that the selection
process for the right process modeling technique is becom-
ing more and more complex, not only due to the large
number of available approaches, but also due to the lack of
a guide that explains and describes the concepts involved
in the many modeling techniques and tools.

In this work three conceptual modeling techniques
were utilized: SIPOC, flowchart and IDEF0. These will be
explained as follows.

41 SIPOC

The tool name prompts the team to consider the Suppliers
(the 'S' in SIPOC) of your process, the Inputs (the 'T') to the
process, the Process (the 'P') your team is improving, the
Outputs (the 'O") of the process, and the Customers (the 'C')
that receive the process outputs.

A SIPOC diagram is a high-level picture of the
process used as a tool by a team to identify all relevant
elements of a process improvement project before work
begins. It helps define a complex project that may not be
well scoped.

4.2  Flowchart

In a definition presented by Aguilar-Savén (2004), a flow-
chart can be defined as a formalized graphical representa-
tion of a programmed logical sequence, work, manufactur-
ing process, or general structure. According to the author,
there is not a specified date of its origin. The easiness of its
use is one the main advantages.
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Corréa and Corréa (2006) affirm that the flowchart is
one of the most important process analysis tools. It is used
as a visual representation of the production flow. It is also
useful to have an idea of the entire process, the job of every
part in the whole, of potential problems and improvement
and simplification opportunities.

A flowchart outlines the information, people, equip-
ment or material flows through the many process parts.
Flowcharts are drawn with boxes containing a brief process
description and lines and arrows showing the sequence of
activities. The rectangle is the usual choice for a flowchart
box, but different geometric shapes can differentiate kinds
of activities. Moreover, colors and shadows can be utilized
to draw attention to different kinds of activities, such as the
most important ones in the process. While many represen-
tations are accepted, there must be a standardization of the
used system, so that the flowchart can be easily unders-
tood.

A flowchart can be created for different levels within
the organization. For instance, in the strategic level, they
could show the core processes and their interactions. In this
case, the flowchart would not have many details; however,
they would provide an overview of the process. This iden-
tification of the process’s core is often useful for future
analysis.

Aguilar-Savén (2004) presents in her work a compari-
son of modeling techniques.  According to the author, the
flowchart presents the communication ability as strong
point for the user, while for the modeler the strong points
are the technique’s flexibility and its simplicity. On the
other hand, the technique’s weak point for the user is the
fact that it can assume a great extension in representing
processes. The main weak point for the modeler is the fact
that there are many different notations associated to this
technique. This excess of notations is also discussed by
Rosemann (2006), when affirming that flowcharts of all
sizes and shapes have been popularized within the organi-
zations.

43 IDEF0

According to Aguilar-Savén (2004), the IDEF family is
used according to different applications. The most impor-
tant versions are the IDEF0, IDEF1, IDEF1X, IDEF2,
IDEF3, IDEF4 and IDEF5. However, for business process
modeling the most useful versions are the IDEFO and
IDEF3. More details on the application of the IDEF can be
found on the website maintained by Knowledge Based
Systems, Inc. (www.idef.com).

The IDEF0 has graphic and text combined elements
that are presented in an organized and systematic way, in
order to obtain an understanding of the system, analysis
support, construction of the logic for potential changes, re-
quirements specification and visualization of the integra-
tion among the activities. An IDEF0 model is composed by
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an hierarchical series of diagrams that gradually exhibits
levels of details in the description of functions and their in-
terfaces with the system’s context.

The IDEFO0 works with the following elements that re-
late with the functions:

e Inputs: represented by arrows; they are data or ob-
jects that are transformed by the function into
outputs. The input arrows are linked by the left
side, entering the function box;

e Outputs: represented by arrows; they are data or
objects produced by the function. The output ar-
rows are linked by the right side, coming out of
the function box;

e  Mechanisms: represented by arrows; they are the
means through which the function is executed.
The arrows representing mechanisms are linked
by the bottom part with the function box;

e Control: represented by arrows; required condi-
tions to produce the right output. Data or modeled
objects as controls can be transformed by the
function creating outputs. The control arrows are
linked to the function box by the top part.

Hernandez-Matias et al. (2008) confirms that the me-
thod’s flexibility resides in the capability of allowing an
analysis of complex systems, where there is the need to
study multiple levels in detail. Analyzing the different
IDEF approaches, it is concluded that, according to the au-
thors, the IDEFO is the most widely version utilized in
analysis of manufacturing processes.

5 APPLICATION

Padtec S/A is Brazilian company of high-end technology
focused on the fabrication and development of equipments
for optical communications. Due to this business branch
own nature, some characteristics stand out, such as: the
multifunctionality of the employees, the absence of stan-
dard methods to activities execution (being the employee
responsible for choosing the method of executing the activ-
ity) and the dependence on the employee’s manual and
mental skills for assembling and configuring the product.
This way, the company’s manufacturing area is composed
of six production cells, being each cell responsible for as-
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sembling a group of equipments. The modeling was devel-
oped in the transponder assembly cell, once it represents
40% of the company’s revenues.

Figure 2 demonstrates the research’s main idea, being
the real system represented by three modeling techniques.
The computational model will be generated through the
flowchart’s structure, the information generated by the
SIPOC and IDEFO, the simulation software’s programming
logic and quantitative data acquired in the real system.

It is important to highlight that there are three concep-
tual models from a single real system. The reason of that is
to obtain information related to each modeling technique
used. This information will help to get a faster and precise
programmed model.

Real Conceptual Programmed
System Model Model
c Programming
s\PO //7f (Process Simulator)
Oy, S,
%
/o/7
Flowchart Structure ™
L
w““o“
X
IDEF0 \D/ o

Quantitative data
Figure 2: Proposed approach

A SIPOC diagram for the transponder cell was initially
built, as shown in Figure 3. With this diagram it is possible
to obtain a macro view of process inside the cell and the
existing relations with other cells or departments. It is a vi-
sion of how the cell relates inside the factory. This dia-
gram, in this initial moment, can generate important infor-
mation for the modeler, such as identify which will be the
inputs and outputs of the computational model. The box
that represents the process that occurs inside the cell (as-
semble transponder) will be expanded in the following
step, in order to identify which activities form the process
and also verify the sequence of these activities.
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Although the employee is able to choose the method to
execute the activity, the sequence of activities to manufac-
ture the same product does not change. This way, a flow-
chart was built in order to identify the activities that consti-
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tute the transponder’s manufacturing process and also to
represent the sequence of these activities, according to Fig-
ure 4.
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Once the sequence of the activities is defined through
a flowchart, the next step is the gathering of information on
these activities, such as: inputs, outputs, controls and re-

n,1~.1;||,'|1 Fonrcs

sources. This information can be obtained through a IDEF0
diagram, showed in Figure 5.
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Figure 5: IDEFO0 Diagram of the transponder cell

After the conceptual modeling, based on these three
techniques, SIPOC, flowchart and IDEFO (built on Micro-
soft Visio®), the following step is the creation of the com-
putational model. In this moment, it is pointed out how
practical this sequence of conceptual model is, once the
built flowchart will be upgraded with simulation properties
through the Process Simulator®, which executes the simu-
lation from the flowchart built. Figure 6 shows the screen
of the construction of the simulation’s properties on Micro-
soft Visio®, where it is possible to input the time spent by
the activity through a distribution of probabilities and se-
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lect which employee or equipment will be utilized in this
activity. It is also possible to built programming logics, not
to mention other resources of the software.

Figure 7 shows the execution screen of the flowchart’s
simulation, being possible to analyze its dynamic behavior,
to compare scenarios ¢ and to obtain variables of interest.

It is highlighted the easiness of utilizing software that
provides the execution of simulation of pre-built flow-
charts.
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Figure 7: Process Simulator® screen executing the simulation of the built flowchart

The construction through those techniques of a con-
ceptual model in a sequence of detail levels enabled the
quick and efficient elaboration of a computational model.

el for discrete event simulation.
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Table 1 summarizes the contribution of each process map-
ping technique to the construction of a computational mod-
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Montevechi, Costa, Leal, Pinho, Marins, Marins, and Jesus

computational model

Technique | Contribution to the Application
Computational model
Identifies the possible E:Iirsds’ :;)Iﬁopuor-
entities that should be ’ . ;
. . and rejected
input in the computa-
tional model- transponders by
SIPOC ’ quality control;
Boards with se-
Identifies the computa- | rious problems
tional model possible | and  manufac-
outputs; tured transpond-
ers;
Organize, update
Identifies the activities | D ect, do tests,
) fix boards, as-
that constitute the
rocess: semble,  confi-
p ’ gure, fix e final-
ize;
Flowchart A board may not
pass the tests and
Identifies the flows that | be sent to de-
an entity can follow bugging or pass
inside the cell; the tests and car-
ry on to be as-
sembled;
In the activity
Identifies the rules that ?ET:mils)l?o cotrlrls
will be built in the log- .
. . bine the compo-
ic of the computational .
model’s simulator; nents according
IDEFO ’ to the product’s
specifications;
Identifies the demand | The activity fix
of each activity for re- | requires one em-
sources such as equip- | ployee and one
ment and operators; metal welding;

6 CONCLUSIONS

The main contribution of this paper is the conjoint use of
three process modeling techniques. As observed, each one
of the modeling techniques (SIPOC, flowchart and IDEFO0)
individually has a particular approach. However, the con-
joint use of these techniques provides a better comprehen-
sion of the model to be simulated, as shown in Table 1.

Another advantage of the conjoint use of these three
techniques was providing a greater agility in the elabora-
tion of the computational model. This agility derives above
all from the fact that the computational model was built by
utilizing the conceptual model’s structure, once this struc-
ture has the flowchart as basis.

More the complexity of the real system analyzed more
the information needs to have a valid programmed model.
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So that, the procedures suggested in this research will
make easier the real system modeling. As a consequence
the conceptual models will become richer in information
Moreover, the elaboration of three conceptual model-
ings allowed the company to utilize this information in im-
provement projects, such as rationalization, a cost man-
agement system, training of new employees, among others.
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