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ABSTRACT

Computer simulation is a well-established decision support tool in manufacturing
industry. However, factors such as wrong conceptualisation, inefficient input data
modelling, inadequate verification and validation, poorly planned experimentation and
lengthy model documentation inhibit the rapid development and deployment of
simulation models. A serious limitation among the above factors is inefficient data
modelling. Typically, more than one third of project time is spent on identification,
collection, validation and analysis of input data.

This study investigated potential problems which influence inefficient data modelling.
On the basis of a detailed analysis of data modelling problems, the study recommends a
methodology to address many of these difficulties. The proposed methodology,
discussed in this thesis, is called MMOD (Methodology for Modelling Of input Data).
An activity module library and a reference data model, both developed usmg the IDEF
family of constructs, are the core elements of the methodology.

The methodology provides guidance on the best way of implementation and provide a
tool kit to accelerate the data modelling exercise. It assists the modeller to generate a
customised data model (entity model), according to the knowledge gained from the
conceptualisation phase of the simulation project. The resulting customised data model
can then be converted into a relational database which shows how the entities and
relationships will be transformed into an actual database implementation. The
application of the MMOD through simulation life cycle also enables the modeller to
deal with important phases in the simulation project, such as system investigation,
problems and objective definitions and the level of detail definitions. A sample
production cell with different level of detail has been used to illustrate the use of the
methodology.

In addition, a number of useful methods of data collection and the benefits of using a
MMOD approach to support these methods and data rationalisation which accelerates
the data collection exercise are also covered. The aim of data rationalisation is to reduce
the volume of input data needed by simulation models. This work develops two useful
data rationalisation methods which accelerate the data collection exercise and reduce the
model complexity.

This work produced a novel approach to support input data modelling in simulation of
manufacturing system. This method is particularly useful when the complex systems are
modelled.
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CHAPTER 1

INTRODUCTION

1.1 Simulation

Simulation is one of the most powerful analytical tools that can significantly facilitate
the problem solving and decision making process. The definition of simulation is given
by Pegden et al (1990) as “the process of designing a model of a real system and
conducting experiments with this model for the purpose of understanding the behaviour
of the system and/or evaluating various strategies for the operation of the system”.
Computer simulation, because of its inherent capability to observe the system without
the necessity of experiments with actual system has found widespread use as a decision
support tool in the manufacturing industry, business systems, computer systems,
chemical industry, communication networks, construction, transportation services and

systems, health care systems services and military sectors.

1.1.1 Discrete-event simulation

Discrete event simulation is concerned with the modelling of a system by a
representation in which the state variables change at sudden distinct events. A customer
arriving at a bank and parts arriving and leaving at a workstation are examples of a
discrete event. Most manufacturing systems are discrete-event systems. In this study we
concentrate on only the discrete event simulation.. There are several other types of

1



simulation (Law & Kelton, 1991), and the main types of simulation can be distinguished
on the basis of changing the state of the system over the time. In this thesis, the term

“simulation” is used to refer to discrete-event simulation.
1.1.2 Simulation in Manufacturing

Manufacturing system simulation is one of the largest application areas in the
simulation. Traditionally, simulation was mainly used in capital intensive projects such
as the design of new factory layouts. Computer simulation is now seen as an integral
tool in the design, planning, operation and restructuring of manufacturing systems (Wu
1996, Law and McComas 1997, Williams and Narayanaswamy 1997). Simulation
software has improved greatly over the past few years and is becoming more common in
manufacturing environments. Nowadays, most modern simulation software provides
greater modelling flexibility, interactive animation and advanced integration facilities,
making it easier for engineers and managérs to use as a valuable tool for analysing

manufacturing systems.

1.2 Problems Associated with Simulation

Simulation is an ever growing area of interest for many industries. It is obvious that the
availability of affordable and user-friendly software tools have improved the usability of
computer simulation and it is frequently used to address a wide variety of operational
problems. Thus, the ability to construct simulation models quickly and effectively is far

more important than ever before. However, the construction of a simulation model is



just one part of the overall simulation project effort. It can normally be split into the
following steps :-

¢ Conceptualisation

e Data collection and analysis

e Model construction

e Verification and validation

o Experimentation and analysis of results

e Implementation and documentation

The main problems facing the effective use of the simulation are poor conceptualisation,
inefficient input data modelling, insufficient model verification and validation, poorly
planned experimentation and poor implementation and documentation. These factors
can be considered as direct causes for excessive modelling time, unrepresentative

models and inaccurate results.
1.2.1 Poor Conceptualisation

The conceptual model produces a complete specification of the model to build. The
conceptual model phase is also known as model formulation. During the
conceptualisation phase, the vital aspect is to determine the objective(s) of the
simulation model. At this stage, the modeller also decides what system elements should
be included in the model and what level of detail should be represented. The most
difficult aspect of conceptual modelling is often considered to be the problem of
choosing the appropriate level of detail. Poor conceptualisation misleads the computer

model since the conceptual model is translated into a computer model.



1.2.2 Inefficient input data modelling

Input data modelling is a major activity in simulation projects. This activity
encompasses the identification of required data, gathering of data, analysing and
organising data and validation. Typically, these tasks are tedious and time consuming,
specifically, when a large amount of data is involved in a model, which would be
extremely difficult to handle. Unfortunately, there are no systematic methods for
identifying, collecting and maintaining data. It has been observed that even in similar
simulation projects, different practitioners adopt different approaches to identify, gather,

analyse and organise necessary data.

1.2.3 Insufficient model verification and validation

Law and Kelton (1991) argue that one of the most difficult problems in simulation is to
determine whether a simulation model is an accurate representation of the actual system
being studied. Verification is the process of testing whether or not the computer
program of the simulation model and its implementation is correct. Validation involves
the process of comparing whether the conceptual model is an accurate representation of
thé system under study. However, model verification and validation are critical in the
development of a simulation model. Sargent (1996) argues that unfortunately, there are
no systematic tests that can easily be applied to determine the “correctness” of the

model.



1.2.4 Poorly planned experimentation

Experimentation in simulation can be defined as the actual running of expeﬁments and
analysis of the results. The proper experimentation analysis is one of the most important
aspects of any simulation study. It deals with issues such as (Robinson and Bhatia 1995,
Shannon, 1998)
e determination of running times (length of the simulation run), .
e determination of number of simulation runs ( number of replications) to
achieve a given confidence level,
¢ determination of the starting conditions ( warm-up period),
e selecting the actual experiment that needed to be performed with alternative
parameters, and

e determination of statistical test.

Prior to experimentation design, sufficient care should be given on these issues to
ensure the accuracy of output data. Poorly planned experimentation may lead to the

inaccuracy of the output result.

1.2.5 Poor implementation and documentation

The final two elements of any simulation project are implementation and
documentation. In order to effectively depict the simulation results it is important to
implement the output result in an effective manner. In particular, the capability to
compare data from different simulation runs. During the documentation, all components

of the model such as parameters, inputs, and outputs are well documented as well as the



model itself. It makes the function of the model clearer to all who are considering it for
reuse. It also provides insight as to where modifications might be needed to better fit the

model into current application.

A serious limitation among the above factors is inefficient data modelling. Most of the
simulation practitioners argue that in a typical model building exercise, data
identification, gathering, analysis and validation can take more than one third of the
project time. In fact, it seems that the effort required to model data has not significantly

changed over the last decade.

In the 1980’s limitations of simulation software led to complex features being
frequently ignored from the modelling process; consequently, projects required less
data. However, data had to be collected by manual means. Advances in simulation
software have enabled the modellers to build more complex models in the 1990’s,
requiring large volumes and variety of data. As a result, the effort required to collate and

analyse data remain somewhat the same.

1.3 Types of input data

The data required for a manufacturing system modelling application can be broadly
varied according to the system under investigation and the types of project objectives.
The manufacturing systems consist of a variety of part types and process routes,
resources storage and material handling devices. These objects often require a variety of

data types for simulation modelling as briefly described in table 1.1.



Objects Data Items

Parts part identification details, production quantities,
assembly planning details, Due dates, arrival rates

to the system, routing, etc.

Resources resources identification details, capacity resource
(Machine or People) reliability data such as pattern of breakdowns of

machines, time to repair machine, etc.

Material Handling material handling devices identification details,
Devices capacity, speed, acceleration, declaration,
Process process identification, process description and

times, set-up details, rejection rates and rework

details, machine loading/unloading details, etc.

Transportation path identification details, distances, travel times,
etc.

Storage facilities storage identification details, capacity, etc.

Fixtures/Pallets identification details, size, etc.

Scheduling resources and material handling scheduling data

(available & unavailable times), shift patterns, etc.

Table 1.1. Types of input data

1.4 Process of Modelling Input Data

In a simulation project, the process of input data modelling commences at the beginning
of the study and it mainly encompasses the identification, collection, analysing and

organisation and validation of data (see figure 1.1).
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Data Identification
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Data Collection
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Data Analysis &
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l

Input data to the model

Figure 1.1 Steps in input data modelling

Step 1. Identification of input data

First, it is necessary to identify what types of data should be collected. This task is
dependent on what types of system elements have been included in the model and what

level of detail has been represented.



Step 2. Collection of input data

Once the data has been identified, it is necessary to collect it by reading available data
sources, interviewing experts, directly observing the systems and making intelligent

guesses.

Step 3. Validation of input data

During the data modelling, sufficient care must be taken to determine the accuracy of

the data that is being used.

Step 4. Organisation and analysis of input data

The collated data must be recorded and it can be seen that often the collated data is
stored in propriety formats. When the core data is altered, it may be necessary to analyse

and organise the data for simulation models according to the user requirements.

Step 5 Input data to simulation model

The final stage of data modelling is inputting data to the simulation model. The required
data for the simulator can be entered in manually through data-entry windows, from

spreadsheets or databases.

1.5 Focus of the research

Much research has focused on various areas of simulation modelling but no attempt has
been paid to the development of systematic approaches for input data modelling. Any
reduction in the time taken for input data modelling will enable the practitioners to build

simulation models quickly. The aim of this research is to reduce the amount of time



needed for the stages of input data modelling in the simulation of batch manufacturing

systems.

To accomplish this objective, it is necessary to :-

e understand and recognise potential problems associated with input data
modelling exercise. How they impact on the inefficient data modelling and

how to address them.

e investigate and develop a coherent methodology to support the steps in input
data modelling and guidelines to demonstrate how the methodology can be

applied to address the problems.

1.6 Outline of the Thesis

The literature covering the research background is reviewed in chapter 2. An analysis of
data modelling problems, together with proposed research methodology, is discussed in
chapter 3. It established background for research methodology is presented in this thesis.
The proposed Methodology for Modelling of Data (MMOD) is presented in chapter 4,
and it contains an activity model library (phase 1), a comprehensive reference data
model (phase 2) and mapping tables (phase 3) to integrate both activity and data models.
- The method of generating customised data models for a given simulation project, i.e. the
application of MMOD through a simulation life cycle is described in chapter 5. The data

collection methodology for MMOD and some useful data rationalisation techniques to

10



accelerate data collection is discussed in chapter 6. Finally, chapter 7 presents

contributions of this thesis and further research areas.

11



CHAPTER 2

LITERATURE SURVEY

2.1 Introduction

Chapter 1 outlined the stages involved in the modelling of input data and concluded that
further work is required to develop a methodology for systematic collection, analysis

and representation of input data.

Prior to the programme of research is established it is necessary to review the work

carried out in simulation and related area.

The key objectives of the review are to :-
e Assess different authors’ views regarding inefficient data modelling
o Identify typical pitfalls which influence longer data modelling time

e Review current research works on input data modelling in the simulation

12



2.2 Different viewpoints of authors regarding the input data

modelling

It is obvious that the development of simulation models is delayed when the correct data
is not available in the right format at the right time. In the most real industrial
applications reported in the literature, the model builders have raised a variety of issues
surrounding the input data collection. On the basis of a number of industrial
applications, Trybula (1994 & 1995) suggests that in a typical model building exercise,

each phase may consume the following proportions of the project time.

Problem definition ~10%
Problem analysis ~10%

Model development 10% to 40%
Data gathering and validation 10% to 40%

Model verification and validation  ~10%
Model experiments 10% to 20%
Analysis of results ~10%

Conclusion and recommendations  ~5%

As outlined in Table 2.1, a number of other authors also argue that the time spent on

data modelling can be excessively long.

13



Year

Author

Views

1981

Markowitz

Data collection and analysis take a long time. In many studies
it takes longer time to gather and analysis data rather than

designing and programming.

1990

Hatami

Collection and compilation of data for simulation may appear

to be tedious or time consuming,.

1992

Dietz

(X3

Simulation model can be only as good as its input data :
garbage in, garbage out’’. However, collecting data is time
consuming and expensive. This expenses can be minimised

by up-front planning and by collecting data intelligently.

1994

Trybula

Development of simulation models is delayed when required
data are unavailable. Lack of data has turned many simple,

short simulation projects in to ones of extraordinary duration.

1995

Lung

The duration for developing the simulation model can much
depend on the amount of quality of data that has been
collated from the client. If client data is not collated
effectively it can be a major hindrance in trying to establish

an accurate model.

1995

Robins&
Bhatia

Data collection and analysis may take some time and
therefore it is often performed in parallel with the other

modelling activities.

1997

Les
Oakshott

The collection of data for a simulation model is probably the
most important part of a simulation project. If insufficient
care is taken over this process the whole project can be a

failure.

1998

Matt Rohrer
&
Jerry Banks

Simulation analyst spends less than 50 percent of the time
actually building the model. The other time is spent
collecting and structuring input data, writing specification
and reports, experimenting with the model, and presenting
results. Collecting and managing data can be a tremendous

process.

Table 2.1 View points on data collection in simulation

14




2.3 Problems in input data modelling

Despite recent advances in simulation software, Trybula (1994) argues that the time to
required to create a simulation model has remained virtually unchanged. According to
his experience in the 1980°s, when the first of the newer type of simulation language
appeared, the time needed to create a model ranged from 6 weeks to 6 months or even a
year. One possible reason may be the development of more complex models and the
explosion of data required. In the early days, simulation systems could model only a
limited range of features, hence, data requirements were minimal. Even then, data
modelling was time consuming due to poor data organisation and paper based systems.
As simulation software vendors introduced new modelling capabilities, the model
builders began to model more complex simulation models. Although data is now more
organised and computerised data management systems are available, the effort required
to model data may remain more or less the same due to an increase in the required data
types, volumes and other external factors. Consequently, it is necessary to look at other
external factors which can influence the inefficient input data modelling through the

different view points of the entire project.

A range of publications have been surveyed in order to investigate the issues related to

the input data modelling problems and categorise these under the key stages of a

simulation life cycle.
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2.3.1 Initial Phase of the Simulation Project

Robinsion & Bhatia (1995) suggested that the initial phase of a simulation project is
problem definition. This involves the understanding of a problem to be solved and the
gathering of all necessary information. Once the problems have been formulated, the
next stage is to set the objectives. Law (1990) explained that the level of model detail
should depend on project objectives. Novels (1992) pointed out that many projects start
without proper objectives. This aspect will have an enormous impact on the scope of the
model, the level of detail to be incorporated and therefore the data that needs to be
collected. Hatami (1990) explained that the level of detail required for a model can
determine data requirements for the model. Furthermore, Robinsion & Bhatia (1995)
have stated that data requirements can quickly be identified from the elements in the
conceptual model and the level of detail explain exactly what data is required for the
elements. According to the above discussion, it is evident that even at the initial stage of
the simulation project, problem formulation, objective definition and determination of
the level of detail influence each other and can have a significant impact on the input

data modelling.

2.3.2 System Investigation

To build a valid simulation model, the modeller must have a good understanding of the

system to be modelled. At this stage, it is important to determine the elements of the

system which should be included in the model. However, identifying the system

elements is not an easy task when the system is complex. Evans et al (1994) defined

16



factors for the complexities associated with the modelling of advanced manufacturing
systems (AMS). He argues that advanced manufacturing systems are complex because:-
e awide variety of parts are produced by the system, and
e a number of different resources interact with each other in a complex

manner.

According to this definition, a wide variety of parts increases the many different routes
and this may lead to model decisions regarding the sequencing and scheduling of parts.
He also mentioned that the types of resources associated with an AMS include pallets,
fixtures, tools, robots, machines, conveyors, AGVs, operators, automated
storage/retrieval systems and inspection, etc. John Carsion, Jerry Fox/Stephen
Halladinn, Kenneth Musselman and Onur Ulgen [at panel discussion with Law A.M
- (Law, 1993)] pointed out some issues like a complex model needs more data, it is
difficult to decide the level of detail for large complex models. According to the above
discussion, it is clear that data modelling exercises may be difficult when the system is

too complex.

2.3.3 Data Collection

Data collection is a complex issue throughout the entire project life cycle with many
obstacles as described in the previous sections. In some cases, required data types

having been identified , a significant amount of time is invested in collecting data.

There may be in some situations, if data is not available (Oakshott 1997, Robinsion

1994). This may typically happen when the simulation is for new systems. However,

17



even an existing system can face the same problem due to poor data availability,

missing data and impossibility of data collection.

Dietz (1992) has identified the most important steps of the simulation project and
amongst his explanation, one key step is the “identification of input data sources”. John
Carson explained at a panel discussion which was conducted by A. M. Law (Law,
1993), that Obtaining accurate data is more problematic. They listed commonly
frequently used cited data sources: computer databases, automatic data collection
devices, maintenance records, production records, interviews and equipment
specifications. Pegden et al (1990) state that four potential sources of information.

e Documentation

e Interviews

e Observation and Measurement

e Participation

However, he suggests that these potential sources may not provide 100% accurate
information. The findings above provide evidence that inaccuracies can occur when data

is collected from the sources.

2.3.4 Model Construction

According to Hlupic’s (1993) simulation software evaluation, it is obvious that input
data handling capabilities such as data storage, organisation, retrieval and manipulation
facilities of currently available simulation software is not very high. However, Bank and

Gibson (1997) suggest that many software vendors have included a facility to integrate

18



with third party software such as modern databases and spreadsheets packages to

provide this capabilities.

It can be seen from the above study that no attempts have been made to identify and
properly document the spectrum of data modelling problems. It can be seen that only
some underlying factors have direct impact on input data modelling exercise. However,
these factors can influence the inefficient data modelling in hidden form. Therefore, in
chapter 3, we will document the input data modelling problems in detail which are
synthesised from above study. An analysis of results obtained from the questionnaire
survey conducted at the 1997 Winter Simulation Conference (WSC) will also be

presented to validate the identified data modelling problems.

2.4 Data Modelling Research in Simulation

There are very few researches that have been done in the area of data modelling in
simulation. It appears that a lot of research based on the sub heading, “Input modelling”
has focused on statistical data analysis techniques (Ex. Law et al, 1994, Wilson, 1997,
Cheng 1993, Vincent & Law 1993 and Leemis 1996). The main objectives of these
papers were to give guidelines on how to represent an appropriate probability
distribution, select a distribution when data is unavailable and the analysis of inter

arrivals, etc.

Joint Data Base Element (JDBE) research is one of the major researches in the area of
input data modelling. It was developed to support modelling and simulation projects,

especially for combat development at U. S. Army Electronic Proving Ground (Cole &
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Valentine, 1993, McDonald and McDonnell, 1995). JDBE is a project for the sharing of
modelling and simulation data by mapping existing databases into a standardised
information model. Using the IDEF1X data modelling language as a basis, JDBE used
reverse engineering principles that focus on information that is already supporting
modelling and simulation applications. By standardising the information that is being
used, JDBE directly enhances the potential for exchange of systems or restructuring of

databases.

The JDBE project was carried out to capture the logical data structure for the existing
multiple databases (e.g. training or analytical simulators, weapon systems, system
testing, and decision support systems) which are independent of each other and non-
standard. This may provide data that is eventually needed in various user information
systems that already supported the modelling and simulation. They used reverse
engineering methodology to describe existing databases. Because of this reverse
engineering focus inb the data, the JDBE project requires very little process modelling.
Then, by grouping data according to the subject area and applying a data integration
methodology, these logical data models are derived in the graphical IDEF1X data
modelling language for existing multiple databases and merge into an integrated data
model. The data also provides the meta data (data about data) needed in the US Army.
The JDBE integrated data model has been created with the aid of ERwin CASE
software tool and this software automatically generates the Structured Query Language
(SQL) for database implementations. The JDBE team suggest that their methodology
can assist organisations to integrate diverse data sources into the shared use of common
databases to supply data for multiple applications. However, the JDBE approach does

not cover all aspects of input data modelling in simulation.
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Lung (1995) has developed a consistent approach to improve simulation project lead
time. He argues that activities such as primary feasibility study, problem analysis, data
collection, model design, model building and validation and finally implementation are
normally carried out by individual consultants and different consultants have different
methods of tackling the same simulation task. This may cause difficulties in future
modifications, team integration and unreliable estimated project time. Therefore, he
suggested the requirement of a more consistent approach and methodology to monitor
the entire simulation process. During his research he has developed a common
methodology supporting the process of building a simulation model. Techniques such as
IDEF0, SSADM and flow charts have been applied to develop a methodology and it
covers areas including overall project procedures, data collection form, project
management guides, model building and result analysis methodology. However, this
paper specially focuses on the overall simulation project management rather than input
data modelling. It doesn’t explain any logical data structure and data integration scheme

for a database management system model.

Baum and Glassey(1992) adopted a structured data modelling approach which is used to
maintain and support to simulation projects at NCR micro electronics product, USA.
They have developed relational database management systems (RDBMS) to link their
simulation tools and this RDBMS to store the information needed to define wafer
fabrication operations at a level of detail required by the simulation application. The
database consists of base tables, application specific tables, and tables for results. The
base table contains the core data describing the manufacturing facility and process,

application specific tables contain information which are particularly for the simulation
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and results tables to organise output data. This approach is only developed only for a

specific industry; it does not cover all aspects of input data modelling.

It appears that most of the research undertaken to date has focused upon statistical data
analysis techniques and less attention has been paid to developing methods to accelerate
the modelling of input data needed in the simulation model. Due to the lack of literature
in the area of data modelling, it has been necessary to look at data modelling
methodology used in the other fields, such as Business Process Reengineering (BPR)
and Enterprises Modelling (EM). However, it is not necessary to review the complete
features of EM and BPR and it would be sufficient to concentrate on used

methodologies and their applications which are relevant to the our study.

2.5 Data modelling in other areas

This section evaluates the data modelling approach in other areas such as business
process reengineering (BPR) and enterprises modelling(EM). The reasons behind the
selection of these specific areas, are that they have been applied very successfully and
they are very popular fields today. Section 2.5.1 and 2.5.2 describe briefly how the data
modelling methodologies are used in business process reengineering and enterprises

modelling.

2.5.1 Business Process Reengineering (BPR)

Business Process Reengineering has become one of the most popular topics in
organisational management creating new ways of doing business (Tunay, 1995). The
definition of the BPR was given by Hammer and Champy (1993) as “the fundamental
rethinking and radical redesign of business process to achieve dramatic improvements in

critical contemporary measures of performance, such as cost, quality, service and
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speed”. However, we will not review whole features of BPR and only will evaluate

methodology which is mainly used for activity and data modelling.

Literature from the area of BPR projects found that one of the main project objectives is
the development of a framework to capture business process changes and their process
knowledge for redesign steps. It can be seen that most of the BPR projects have
followed common methodology which is used to develop their BPR frameworks. More
formally, a framework consists of two methods. One method has been used to capture
or document the process of an organisation, Le. to capture knowledge of how things
work (AS-IS) or will work (TO-BE) in an organisation. This is called an “activity
modelling”. The other method has been used to capture what information is currently
managed (AS-IS) or will be managed (TO-BE) in the organisation. This is called “data
modelling” [Mayer et al (1995), Lejk and Deeks (1998), Kettinger et al (1995),
Appleton, D S (1995), Huckvale and Ould Martyn (1995), Roberts (1997)].

Activity modelling. This is an important analysis part of almost every BPR project.
Activity modelling is a technique which is used to understand how the business process
really works. Activity modelling illustrates how things are happening in the system
(called AS-IS modelling), and also how things need to be changed according to the

redesign criteria (called TO-BE modelling).

Data modelling. Data modelling is used to describe how the information is shared by
the different activities in terms of data relationships. Data models describe a current data
structure for an “AS-IS” system as well as a new data structure for a “TO-BE” system.
The hand book for business process improvement ( prepared by the Federal Aviation
Administration’s Office of Information technology, 1995) highlights the definition of
data modelling for the BPR.
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“What is Data Modelling?

A data model is a fully-attributed business rule model, the purpose of which is
to design or document a physical database. Data modelling is used to
document the information requirements of the functional activities, to identify
reuse requirements and opportunities, to assist in identification of redundant

processes, and to guide consistent data administration.”

Kettinger et al (1995) have mentioned many documentation techniques and tools that
may be supported to document the process of business, namely, Data Flow
Diagramming (DFD), Block Diagramming, Process Flow Charts and IDEF
methodology. Hlupic (1998) has mentioned that a variety of software tools for BPR are

available in the market and many of these tools provide graphical representations.

2.5.2 Enterprise Modelling (EM)

A definition of Enterprise modelling is given by Moynihan (1997) as “Enterprise
modelling is the process which is to develop a repository regarding organisational

elements and functions that maps information objectives with business functions”.

Enterprises modelling provide a conceptual framework in terms of business function or
activity, organisational information or data requirements which provides an integrated
picture of the enterprise (Presley 1993, Moynihan 1997). A literature survey was
conducted to find out existing enterprise modelling architectures. Most of the enterprise
modelling architecture provide a framework for developing a functional view of an
enterprise and function-information-dynamic representation of the existing operations of
an enterprise with possible integration [(Jayaraman, (1990), Srinivasan & Jayaraman,
(1997), Malhotra and Jayaraman, (1992), Cheng and Lu, (1996), Whiteman et al (1997),
Moynihan (1997) and Vernadat (1993)]. Literature has established that function,

information and dynamic model of an enterprises have been developed separately and
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later they have been integrated by using possible mapping techniques. A variety of
methodologies have been developed to support this approach. However, several

attempts have been made to integrate these three models.

Jayaraman has proposed a set of concepts for the selection of a methodology for

modelling an enterprise (Jayaraman 1990). The methodology should;

1. Be able to express the various manufacturing operations of an enterprise in a
natural language and in a straightforward way.

2. Permit a hierarchical decomposition, i.e., construct and view the desired
level of detail of the system being modelled.

3. Be orientated towards well graphical representation.

4. Allow a wide range of users to communicate.

5. Be flexible and éasy to use.

6. Be available in the public domain

It can be seen that most of the data or information models of Enterprise Modelling and
Business Process modelling, described in the literature, have been developed to identify
each and every item of an information and how information is shared by different
functional areas. i.e. Design of an integrated information system for an organisation
requires a complete understanding of the various functional activities involved in the
system. The data or information model is concerned with “what” data or information
should be involved in the system. The functional model is concerned with “what” is
happening in the system or with explaining a system. Hence, it is necessary to review
the some data modelling and the functional modelling techniques before developing our
Reference Data model to identify and collect input data in the simulation of

manufacturing system.
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The literature survey established that, so far, there is no one methodology to describe the
functional activities, dynamic behaviour and information characteristics of a system in
one model. i.e. functional, dynamic and information modelling methodologies are
separate and independent of each other [Singh et al (1996), Chen et al (1996), Wood et
al (1986) and Wyatt et al (1990)]. One must integrate some different models together in
order to analyse the system. Furthermore, the application of most currently available
system designs and modelling techniques are primarily confined to the conceptual
design phase, with a few of them able to extend support for the implementation phase.
However, there are many separate and independent techniques available for functional
modelling, dynamic modelling and data or information modelling of manufacturing

systems. Two such systems are

e IDEF Methodology (Mayer and Painter, 1991)
e SSADM Methodology (Ashworth and Goodland, 1990)

The IDEF and SSADM methodologies were selected and will be reviewed in section 2.6
and 2.7 respectively. The IDEF and SSADM methods will also be evaluated in chapter

3 to select a suitable one for developing the proposed research methodology.
2.6 IDEF Methodology

The integrated Computer Aided Manufacturing (ICAM) project of the U.S. Air Force
has developed the ICAM DEFinition (JIDEF) methods to address the particular
characteristics of manufacturing. IDEF methodology which may be applied to any
manufacturing system that can be expressed as a characteristic of the system
graphically. It can be used as support to answer the following threé basic questions in
order to understand the particular characteristics of a manufacturing system( Maji,

1988).
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These are :-
e What functions are being performed ?
e What information and data is needed to support these functions ?

e What changes to the functions and information occur over a period of time?

IDEF methodology is comprised of three divisions which graphically characterise
different aspects of the manufacturing system (Mayer, 1992). They can answer the

above questions. The three divisions of IDEF methodologies are;

1. IDEFO is used to produce a functional model ,
2. IDEF 1 is used to produce a information model and IDEF1X is used to
produce a data model (IDEF1 Extended), and

3. IDEF2 is used to produce a dynamic model.

The IDEF family has now been extended from IDEFO to IDEFG, including IDEF1X.,
namely, IDEF3- Process Flow and Object State Description Capture Method , IDEF4-
Object-Oriented Design Method, and IDEFS- Ontology Description Capture Method,
IDEF6-Design Rationale Capture Method. These techniques may be used
independently. In 1993, the Computer System Laboratory of the US National Institute
of Standards and Technology (NIST) released IDEFO as a standard for Functional
Modelling and IDEF1X as a standard for Data Modelling (Laamanen 1994)

2.6.1 IDEFO0 Function Modelling Method

IDEFO is a structured functional analysis technique for manufacturing. The IDEF0
model consists of a series of related diagrams organised in a hierarchical manner
[Mayer, 1992(a)]. IDEFO makes use of the hierarchical cell modelling graphical
techniques to describe the functions at the desired level of detail. In a IDEFO model, the
central box represents the activity, described by an activity name beginning with a verb.
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As shown in figure 2.1, arrows enter and exit the box. The arrows from the left represent
input (I) to a activity and arrows coming out from the right represent the outputs (O)
that the activity produces by transforming or consuming its inputs. The arrows coming
from the top are controls (C) which constrain or control when or how the activity is
accomplished. The mechanisms (M), the resources used to execute activity, enter from

the bottom. The arrows in the activity model are known collectively as “ICOMs”.

Control (C)

Input ) ——*  Function \—— oytput (0)

Mechanism (M)

Figure 2.1 The ICOMs

Normally, the IDEFO model starts from a general representation of the system. This
representation is called AO diagram. The decomposition process can be performed
further, braking down the AO diagram into sub-diagrams to describe as required the

level of details as shown in figure 2.2.
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/

More detailed

This diagram is the
"parent" of this
diagram

A32

Figure 2.2. The decomposition of IDEF0 diagram
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2.6.2 IDEF1X Data Modelling Method

IDEF1X is a method for designing relational databases with syntax designed to support
the semantic constructs necessary in developing a conceptual implementation (Mayer
1992b). IDEF1X, especially addresses the logical structure of shared data, defining this
structure in terms of entities, attributes of entities and relationships between entities.
IDEF1X guides user terms throughout the development of data models, which lead to
precise, normalised, graphical statements of meanings and structures. These data

models represent the business rules of an organisation or system (Maji 1988).
2.6.3 IDEF 2 Dynamic Modelling Method

IDEF2 Dynamic Modelling Methodology is a tool for representing the time-varying
behaviour of the functioning of a manufacturing system or environment (Mayer 1992a).
To describe a system in IDEF2, the system should be divided into four sub models

(Maji 1988 and Ralph et al 1985).

They are:

e Facility sub models: The facility sub models describe the resources which are used
by the system to produce its output,

o Entity sub models: The entity sub-models graphically describes the flow of products
and information through the facility,

e Resource disposition sub-model. The resource disposition model is used to describe
the disposition of resources when they become available, and

e System control sub-model: The syétem control sub-model describes the occurrence
of activities which control but do not prescribe the flow of entities. The situation
handled by this sub-model includes the breakdown and repair of resources, the

arrival of entities and the job priorities, etc.
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IDEF2 was intended to be used as a dynamic modelling method for simulation. It is no
longer referred to as IDEF2 because the market has accepted it as simulation (Whiteman
et al , 1997). The SLAM simulation language is the commercialisation of the original

IDEF2 and is based on the graphical notations of the IDEF2.

2.7 SSADM methodology

SSADM has been developed by Learmouth & Burchett Management Systems and the
Central Computer and Telecommunication agency, UK. It has been used mainly in the
field of designing commercial and administrative information systems since 1983.

The SSADM provides three divisions of diagrammatic techniques. They are

1. Data Flow Diagrams (DFD)
2. Logical Data Structure (LDS)
3. Entity Life History (ELH)

2.7.1 Data Flow Diagrams (DFD)

The data flow diagrams show the overall data flow through a system. Data flow
diagrams are one of the most powerful and useful techniques available to the system
analyst (Lejk and Deeks, 1998). Data flow diagrams show data stores and also external
sources and the destination of data. They also show processes and the flow of data

among those processes As in IDEFO, each process can be decomposed into lower levels.

2.7.2 Logical Data Structure (LDS)

Logical data structure is a technique used to model entities and their relationships in

order to achieve a representation of the structure of data. LDS are concerned with
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modelling data. The ultimate purpose of logical data structuring is to create the basis for

database design.

2.7.3 Entity Life Histories (ELH)

The entity life cycle is a technique used to diagrammatically represent how the system
information changes over a period of its life time and the sequence of events which

make the information change (Pandya et al , 1997 and Maji 1988).

2.8 Summary

The literature concluded that the modelling of input data for the simulation is one of the
most important parts of the project and this task is usually most frustrating and time
consuming. It proved that the data modelling is still an uncovered area in the simulation;
specifically less attention has been paid to identify the problems that influence the input
data modelling and development of guidelines to show how this task should be carried

out.

The literature survey of this research attempted to find out causes of inefficient data
modelling in simulation, but it can be seen that no attempt has been made to identify
and properly document the spectrum of data modelling problems. It can be seen that
only some issues regarding underlying factors which have direct impact on input data
modelling exercise. However, these factors can influence the inefficient data modelling
in hidden form, therefore, the details analysis of data modelling problems will be
discussed in chapter 3. Some of these questions need to be answered to accelerate input

data modelling exercise. Therefore, part of the literature survey was carried out to find
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current data modelling research in simulation. It appears that most of the research
undertaken to date has focused upon statistical data analysis techniques and no or little
work has been carried out to develop a method to accelerate data modelling exercises.
Due to the lack of literature in the area of data modelling in simulation, the final part of
the literature survey was carried out to find data modelling in other areas such as
business process reengineering and enterprises modelling to select suitable data
modelling techniques and methodologies to apply this research to develop a systematic

approach to accelerate the input data modelling exercise.
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CHAPTER 3

ANALYSIS OF INPUT DATA MODELLING PROBLEMS

3.1 Introduction

Prior to the development of a methodology for rapid input data modelling, it is
necessary to identify the major problems which affect the modelling of input data. The
literature survey concluded only the underlying factors of the problems relating to input
data modelling, but no attempt has been made to identify a coherent view of the
problems. Therefore, this chapter presents specific problems that have been synthesised
on the basis of the underlying factors and the impact of such problems on the inefficient
input data modelling in simulation. The chapter also describes the solution to the above
problems together with the methodology that has been adopted to achieve the research

objective.

The comprehensive evaluation of the IDEF and SSADM methodologies on the basis of

their modelling features is also presented in this chapter in order to select a suitable one

for developing the proposed research methodology.
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3.2 Identification of Input Data Modelling Problems

The summarised literature is vague in describing the underlying factors in the problems
relating to input data modelling in section 2.3. Having analysed these factors, all the
potential problems associated with input data modelling have been listed under the key

stages of a simulation life cycle as shown in table 3.1.

Key Stages Problems

Conceptualisation e Wrong problem definitions
e Lack of clear objectives
e System complexity

e High level model details

Data Collection e Poor data availability
e Difficult in identifying available

data sources

Model Construction |e Limited facilities in simulation
software to store, organise and

manipulate input data

Table 3.1 Potential problems associated with input data modelling

3.2.1 Wrong problem definitions

The first stage of any simulation project is the definition or formulation of a problem.
Some situations in a manufacturing systems simulation project may involve poor or
wrong definitions of problems. Shannon (1975) argues that in some simulation

exercises, many millions of dollars are spent developing exotic solutions for the wrong
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problem. Simulation projects initiated with a poor understanding of problems have a
higher risk of failure due to excessive time being invested in modelling inappropriate

data (Tye and Perera, 1997).

Leung & Lai (1997) state that the correct problems can be identified through interviews,
questionnaires and existing documents. Furthermore, they argue that in many cases the
people who are responsible for problems in the domain area may not even be able to
identify their actual problems. Leung & Lai (1997) also suggest that to identify and
correct a valid problem, it is always beneficial to facilitate communication and problem

identification through graphical tools.

3.2.2 Lack of clear objectives

One of the most important, but often neglected, parts of a simulation study is the
definition of clear project objectives (Law 1990 and Robinsion 1994). All projects needs
objectives. Yet, many projects start without clear objectives. This reason will have an
enormous impact on the scope of the niodel, the level of details to be incorporated and
hence, the data that needs to be collected (Novels, 1992). It is impossible to decide an
appropriate level of model details and required data for the system without clear
objectives‘and also needed to identify the modelling outputs to justify these objectives.
This may cause the modeller to identify wrong, unnecessary model data which is not
required for the model. Moreover, a significant amount of project time is spent on these
model data. Well defined objectives are vital in determining what elements of the
system need to be modelled and also what input data needs to be collected. Therefore, in

simulation projects, the first step must always be to determine the clear objectives. The
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objective should contain more details to avoid using valuable time modelling

unnecessary and incorrect data.

3.2.3 Complexity of the system under investigation

The variety and volume of data to be collected is very much dependant upon the
complexity of the system under investigation. As the collation of data progresses, it is
often necessary to cross-check data for its completeness and integrity. Where this on-
going data validation and verification is not possible, several iterations are required
before the appropriate and accurate database is established. Interviews with simulation
practitioners revealed that data is often collected in ad-hoc fashion, particularly in the

case of large and complex systems.

It has been noticed that even in very similar projects, different practitioners adopt
different approaches to gather and analyse data. Even in a physically small
manufacturing facility, depending upon the level of manufacturing activities, it may be
necessary to gather a large variety of data. This reason will lead to reduced data
handling capability. For example, the assembly planning activities data is very difficult
to collect due to the increase of information about parts and their assembly attributes.
Grewal et al (1995), have mentioned that in assembly operation, the number of tasks are
always more than the number of parts, and the amount of information to be processed is

dependent upon the number of tasks rather than the number of parts.
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3.2.4 High level of model detail

The level of detail has clear implications on data modelling. However, one of the
questions is how to determine the level of detail. The level of detail should depend on
project objectives, data availability, creditability concerns, computer constraints and the
opinion of system “experts” (Law, 1990). If the appropriate level of model detail is not
determined at the outset, the gathering of required data becomes difficult. However, the
maximum detail level and scope of the model must not lead to the higher accuracy and

understandibility (Figure 3.1) but lead to longer data collection time (Figure 3.2).

For example, as shown in figure 3.3, a typical system component may have many
attributes, out of which some can be core attributes and on which, every company may
maintain records. Collection of this type of data would be less time consuming and
would not require much effort. On the other hand, there can be some additional
attributes that can be identified with an object but can not be measured directly or
quantitatively. For instance, data items related to the machine such as set-up, breakdown
data, efficiency and labour allocation require more effort and time to collect
comparative to machine time. Table 3.2 shows the effort required to collect data related
to the parts/materials, resources and rules based on the ranking system according to the
results obtained from the analysis of a questionnaire survey conducted at 1997 Winter
Simulation Conference (See Appendix B for the detail analysis of the questionnaire

survey results).
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A Level Of Model Detail vs. Accuracy and Understandability

Accuracy

Understandability

]
Level Of Model Detail

Figure 3.1- Level of model detail Vs Accuracy and Understandability
(Robinsion, 1994)

Scope and level of detail

.
»

Data collection time

Figure 3.2 Data collection time Vs Scope and Level of model detail
(Robinsion, 1994)
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Schedule data
BOM data
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Break down data
Efficiency
Labour allocation
Set-up time
Machine time
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Priority
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Table 3.2 Effort required to collect

The basic rule is to model the minimum amount of detail required to achieve the project

objectives (Robinsion, 1994).

3.2.5 Poor data availability.

Two factors have been identified for poor data availability during the literature survey.
When model details are increased, it may be difficult to find quality data for new
attributes (Hatami 1990, Robinson 1994). The required data may simply not be
available. Simulation models are also built for the systems which do not currently exist.
In such cases, the modeller may not be able to collect the required data due to the
unavailability of past operation data and no opportunity to collect them (Pegden et al

1990, Law et al 1994, Robinson and Bahatia 1995).
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3.2.6 Difficulty in identifying available data sources

A simulation project is only as good as its data preparation. A sufficient amount of the
accurate input data must be available in a required quantity and form within the
company data sources. The simulation model needs substantial data from numerous data
sources in the manufacturing company. Figure 3.4 summarises the main sources of data
available from different sources. These data sources can vary from simple manual
systems to sophisticated computer based systems. These systems can often provide the
required data. Model builders, however, find it difficult to identify reliable source data

due to;

e The existence of multiple data sources for the same data type. For example,
processing time of parts may be found in both MRP II and process planning
systems. Due to a lack of integration, these two sources may provide different values
for similar types of data. This uncertainty in data may force the model builder to

seek a third party opinion to identify a more accurate source of data.

e Indirect existence data. For instance, the data required to model machine
breakdowns (mean time between failures and mean time for repairs) may not be
directly available. The maintenance department or maintenance contractors may
have required data in very crude form. Hence a considerable time is needed to

collect and analyse this data.
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Figure 3.4 Data sources in manufacturing companies
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3.2.7 Limited facilities in simulation software to organise and manipulate

input data.

Many simulation software packages have been developed for the modelling of a
manufacturing system but they have limited facilities to input data organisation and
manipulation. They do not have proper database management systems facilities for
collecting and documenting data. Frequently, the collated data is stored in propriety
formats. When the core data is altered, it may be necessary to regenerate the data for
simulation models. In large scale projects, this can be very time consuming. At preseﬁt,
the quality of input data handling of the simulation software is not high. Data can be
entered into the model via a menu driven interface or can be read directly from the files.
But it can be seen that at the moment, few simulators enable integration with
spreadsheet packages and modemn databases and it is not possible to integrate most of

the packages with spreadsheets and databases.

Table 3.3 provides a comparison of a few manufacturing simulators with their input data
handling capabilities (Hlupic 1993). The comparison is not considered in order to
discover which is ‘the best’ simulator for input data handling because the main reason
for this is a constant updating of existing software. At the moment, the quality of input
data handling of software is not very high. However, it can be seen that all evaluated
simulators enable integration with spreadsheet packages. ARENA ProModel and

SIMFACTORY IL.5 can be linked with databases and statistical packages respectively.
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SIMULATOR ARENA ProModel SIMFACTORY II.5 WITNESS | XCELL+

Quality of data storage,

retrieval and manipulation Low Low Low Low Low
facilities

Model and data separation v v v v X
Input data reading from v v v v v
files

Rejection of illegal inputs v X v v

Integration with spreadsheet

packages v v v v v
Integration with statistical

packages v v v X X
Integration with CAD

software v X X X X
Integration with DBMS v X v X X
Integration with MRP

Software X X X X X
Integration with scheduling X X X X X
software

Table 3.3 Data handling capabilities of the simulation software (Adapted

from Hlupic 1993) - (Key :- v/ = Possible and X= Not Possible)

3.2.8 Impact of seven input data modelling problems

An analysis of all the problems can be considered as direct causes for excessive data
modelling time, unrepresentative models and inaccurate results. The participants of the
1997 Winter Simulation Conference were asked to rank the impact of these problems on
input data collection (see tableé 3.4). Poor data availability was considered a major
reason for long data modelling time. (See Appendix B for the detail analysis of the

questionnaire survey results).
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Major reasons Rank
Poor data availability 1
High level model details 2
Difficult in Identifying available data 3
sources.
Complexity of the system under 4
investigation.
Lack of clear objectives 5
Limited facilities in simulation software to 6
organise and manipulate input data
Wrong problem definitions 7

Key: (1=most impact factor ,7= of minor impact factor)
Table 3.4 Impact of seven problems

Having analysed the input data modelling problems, an evaluation of the IDEF and
SSADM methodologies on the basis of their modelling features will be discussed in
section 3.3 in order to select a suitable one for developing the proposed research

methodology and to address some of the data modelling problems.

3.3 Evaluation of IDEF and SSADM Methodologies

The literature survey investigated suitable graphical modelling methods used in the area
of data modelling research. The, IDEF and SSADM methods are selected to evaluate the
features to select the best one for our research. The features of these two methods will
be evaluated in section 3.3.1. A comparison and conclusion of the comparison will be

discussed in section 3.3.2 and 3.3.3 respectively.
3.3.1 Strengths and Weaknesses of IDEF and SSADM

Strengths of IDEF
1. IDEFO activities can be described by their inputs, outputs, control and mechanisms

(ICOM).
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10.

11.

Complex systems can be decomposed to whatever level of detail as desired, i.e.,
hierarchical approach.

The decomposition into lower level ensures the manageability of the model and
more understandability of the complex system without losing the overall context.
IDEFO diagrams illustrate the system that allows the human mind to deal with
specific elements whilst retaining overall relationships.

IDEF0 models contain only few symbols; just arrows and boxes, therefore it is so
easy to understand how the system works if the end user is a expert to the system or
has only participated in the model development.

It has the potential to be used as an industry standard for manufacturing system
design. (Wu, 1996)

IDEF1X can be easily translated into a relational database.

IDEF1X models are able to represent both dependent and independent entities
separately.

IDEF1X allows categorisation of relationships to express entities within the system
as mutually exclusive or inclusive.

Attributes can migrate automatically into an entity-in-model across relationships.
This facility exists in some commercially available software.

Some commercially available software for IDEF1X can automatically generate SQL
codes, or import SQL to reverse to reengineering existing databases into

representative models.

On the other hand, IDEF is not without weakness. Below, we summaries .some

weaknesses of IDEF methodology.

Weaknesses of IDEF:

1.
2.

IDEFO provides only a static representation of the process.
IDEFO does not provide proper symbols for representing data stores and data

SOurces.
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The commercially available software packages for IDEFO modelling are nothing
more than a computer-aided drafting system. They have very little or no intelligence
(Ang et al, 1997).

IDEFO model does not denote the temporal relationships between the functions.
Representation of temporal relations is essential for modelling and simulation of a
manufacturing system.

The diagram does not make any distinction between data and material flow.

IDEF1X is only suitable for the relational database system.

Strengths of SSADM:

1.

Possibility of defining what is happening in the “real world” of the day to day
business.

DFD’s are decomposed into desired levels of detail by separating each process into
sub-process. i.e. hierarchical approach.

DFD’s are a useful diagramming technique to illustrate the process , data store,
external entity and data flow direction.

DFD are also a simple graphic technique, therefore, are easily understood by the end
user and can be quickly modified.

LDS is a diagramming technique representing the entity or things in a system about

which information is held and relationships or association between those entities.

Weaknesses of SSADM

1.

When the amount of data to be handled becomes large, DFDs are difficult to create
due to the existence of symbols such as data stores and external entity.

The use of a set of symbols (boxes, one-side open boxes, thin and arrows, ovals),
contributes to distinguish the different entities, but can make the model messy,
especially, as it has been pointed out, as soon as the complexity of the system

increases a little (Pandya et al, 1997).
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3. The commercially available software packages for SSADM are also nothing more
than a computer-aided drafting system. They have very little or no intelligence.

4. As in IDEF methodology, a major short coming of SSADM is the lack of cohesion
between the DFDs, LDS and ELH, i.e., integration of function, information and

dynamic models into a single cohesive representation of the system.

3.3.2 Comparison of the IDEF and SSADM

This section is used to compare the features of two methodologies and the following

categories are used to rank the methods .

e Diagram Characteristics

Functional/Process Modelling

This includes the ease of use of the diagrams and its syntax, flexibility of modelling
features, representation of material & information flow and representation of data

sources, external entities.

Data Modelling

The key features here are the implementation features of the relational database,

flexibility of entity, attributes and relationship modelling capability.

e Commercially available software and technical features

This includes a range of commercially available software to support these methods

and technical features.
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Features IDEF SSADM
IDEFO0 DFD

Diagram characterisation
Ease of use 5 3
Input, Control, Output and Mechanism (ICOMs) representation | 5 0
Hierarchical approach/functional decomposition 5 4
Interactive graphical capability 5 3
Static modelling features 4 4
Dynamic modelling features 0 0
Temporal relationships representation 0 0
Material flow 4 3
Information flow 2 5
Data & External sources representation 0 5
Commercial and technical features
Range of commercially available packages 5 3
Integration between functional and information views 0 0

~ i L By | DEFIX |LDS
Diagram characterisation
Relational database implementation 5 4
Separation of dependent & independent entities 5 0
Catergerization relationships 5 0
Commercial and technical features
Capability of automatic migration of attributes 5 0
Generation SQL code 4 0

key (5= good, 3- average , 1=weak, 0-not provided)

Table 3.5 Comparison Table

3.3.3 Conclusion of Comparison
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The basic idea of IDEF0 and DFD are very similar. From the above comparison (table
3.5), it can be proved that both the IDEF and SSADM methodologies are suitable for
manufacturing system design and analysis. However, no methods are available to
provide an integration approach between functional, dynamic and information model.
Similarly, both IDEF and SSADM families provide separate and independent models
for function , information and dynamic and there is no way to integrate models into a
single cohesive system. Most of the authors argue that IDEF is a more appropriate
methodology for the manufacturing environment (Ang et al, 1997 and Wu, 1996) and
that SSADM came from system engineering. They also argue that IDEF was specially
developed for manufacturing. Pandya (1994) and Wu (1994) have mentioned that of all




the currently available graphical modelling tools for system description, none can be
said to be the best for all purposes. This is an accurate statement. When choosing the
tool for a particular modelling environment, there are a mixture of advantages as well as

disadvantages.

However, the authors’ personal opinion is that DFDs are suited for functional modelling
when the sources/destinations of data are needed to be considered. Otherwise, IDEFO is
well suited for functional modelling and IDEF1X is a most powerful technique for data

modelling.

3.4 Proposed Research Methodology

Based on the outcomes of the literature survey, presented in chapter 2, and an analysis
of input data collection problems, presented in section 3.2, the author identified seven

major problems which lead to longer data modelling time.

After analysing data modelling problems in section 3.2, it is necessary to address some
of the major identified questions to accelerate the input data modelling exercises. It is
obvious that a more methodical approach is required to identify and collate required
data. Hence, there is a need to investigate a suitable methodical approach to tackle these
questions and give guidelines to overcome these problems as much as we can. This
section describes the initial background to tackle these problems and select the research
methodology to model the development of this study. Figure 3.5 summarises the process

of selection of research methodology to tackle some of these questions.
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Literature Survey

identify

Underlying factors which
can influence the input
data modelling

Questionnaire
Survey

\ 4

Information Modelling
Methods

validate—»|

Filter and analysis of
Input data modelling
Problems

Y

Selection of appropriate
information modelling
method to research

Need for Research

Methodology

Figure 3.5 Selection of Proposed Research Methodology
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Simulation modelling requires large amounts of data about the system being modelled.
There is a need for the development of a generic reference data model to describe input
data requirement for batch manufacturing projects. This can be used as a source of
reference for rapid identification and the collection of data required for a large complex
model according to the various level of detail and complexity. Such a fully-attributed
reference data model can identify data entity (data classes), their attributes (data

elements) and also capture entity relationships and cardinality.

Automated data modelling is a key component of the modern Computer-Aided
Software/System Engineering (CASE) tool (Douglas,1997). These automated data
models generate the entire database structure, along with its implied rules and
relationships. Therefore, the development of a database management system (DBMS)
can provide proper data handling capabilities for the simulation environment and also

some kind of sequence of collecting data in a hierarchical manner.

According to the above discussion, it is obvious that such a methodical approach can
contribute to tackle these problems :-
e Limited data handling capability in simulation software by handling data
more effectively and efficiency within the DBMS.
e High model complexify by collecting data in a pre-defined sequence through

a series of tasks to ensure complete and efficient data collection.

However, it is obvious that such a complex generic reference data model describes
almost all data requirements for the simulation of a generic batch manufacturing system,

but all the content data may not be needed for a given particular simulation project.
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Furthermore, specific data may be unique to a particular manufacturing domain to
achieve project objectives. There is a need to build a customised data model (entity
model) for given systems under investigation. The development of such a customised
data model for a given batch manufacturing system requires a complete understanding
of the various phases of a simulation project such as system investigation, problem &
objective definitions and the level of model details definition. It is clear that to cope
with system investigation, problem formulation, objective definition and definition of
the level of detail, we need to understand “how things work” in terms of a simulation
point of view, i.e. the system should be described in detail (how the system operates).
Therefore, it is necessary to map the process needed to construct simulation model and
data needed to perform activities of those process (A process is thus a sequence of
activities ). Hence, the development of a customised data model (entity model) for a
given system requires a complete understanding of the various activities of a system
which are often used in simulation. It is obvious that activity models are considered as a
static model and they are unable to capture the dynamic behaviour of the system
(simulation is dynamic modelling). However, static models attempt to provide a static
representation of dynamic systems (whitman et al, 1997). Static models generally
explain the flow path of an object through a system. This information is helpful in

determining what elements are involved in the activities performed by the system.

It is evident from the above discussion that an integrated approach is required to identify
and collect data for a given system. Perhaps, the way is to develop activity and data
models into a single integrated framework since activity and data are closely inter-
related to each other. However, the literature survey has established that there is no

method to describe activities and data within a single system. Due to the lack of
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cohesion between activity and data models, our research sought to design and develop a
integrated Methodology for Modelling of Data (MMOD) in terms of activity and data

views of a system for a real batch manufacturing simulation environment.

The activity diagrams used in the MMOD approach shows the decomposition of the
generic manufacturing activities needed to construct simulation models. The static
aspect of these activities describe their involving inputs, outputs, control and resources
or mechanism. The data needed to perform these activities are described by the matched
data reference model. The proposed methodology assists the modeller to generate the
required data model (entity models) for a given batch manufacturing system under
investigation and the development of a proposed methodology and use of the

methodology describe in chapters 4 and 5 respectively.

The proposed methodology can also tackle other identified problems. The activity
models describes the structure and behaviour of a system in terms of input, output,
controls and mechanisms, Hence, the activity models help in structuring ideas about the
problems and objectives to be tackled. On the basis of the level of details, the proposed
methodology intends to identify data requirements. Table 3.6 briefly explains, how to

use this methodology to tackle these problems in terms of information modelling.
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Problem

Suggestions

Wrong problem definitions

Lack of clear objectives

By developing activity modelling diagrams in
simulation point of view, can support the problem
formulation and objective definition phases

Identify key problems to discuss and data
collection.

Enforce step-by-step approach.
Understanding of the “AS-IS” and “TO-BE”
environment.

Encourage the modeller to think.

System complexity

By developing activity and data models

Help to understand large, complex systems
Both models can provide a method for
capturing, organising and documenting the
information about a complex system.
Combining both activity and data models, it is
possible for modeller to identify data
requirements according to the level of detail.
Identify & collect data in sequence manner.
Development of a proper database
management system (DBMS) to organise and
manipulate the large volume of data.

High level of model detail

By developing activity and data models

Activity models can be decomposed in
hierarchical nature and modeller can easily
start with a higher-level view to lower-level
view by increasing level of details he or she
desires.

Combining both activity and data models, it is
possible for modeller to identify data
requirements according to the level of detail.
By screening core data and optional data
within the DBMS

Poor data availability

There is no easy solution to this question

Difficult in identifying
available
data sources

By developing a data source matched data model

Link data sources with reference data model

Limited data handling
facilities in simulation
software

By developing data model & DBMS

Development of a Reference data model and
then translation to proper DBMS to store
collected data.

DBMS is used to maintain the input data
separate form simulation software, and then
directly linked in to simulation models

Table 3.6 Suggestions to tackle the problems
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CHAPTER 4

DESIGN AND DEVELOPMENT OF A METHODOLOGY

FOR MODELLING OF DATA (MMOD)

4.1 Introduction

Literature on input data modelling in simulation concluded that a more methodical
approach is required to identify, collect, organise and validate input data. Perhaps, the
best way is to develop a guided system which could lead model builders through a series
of tasks to ensure complete and efficient data identification, collection, organisation,

manipulation and validation through the simulation life cycle.

The essential requirements of such a guided system were discussed in chapter 3. It
explained that there is a need for the development of a generic framework in terms of
batch manufacturing activities, which are often modelled in simulation, and data needed
to support these activities. Hence, the architecture for such a generic framework should
be consisted of an activity model and a data model. However, the development of IDEF
activity and data models provide two distinct and separate views within a single
framework; they do not provide an integration between models. Therefore, as a part of a
framework, the mapping tables were developed to maintain the integration between

models. This objective is achieved by linking all the activity components to appropriate
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data groups in the reference data model via mapping tables. The design and
development of a generic framework is called MMOD (Methodology for Modelling of

Data) and is described in this chapter.

4.2 Architecture of MMOD

The development of a MMOD approach for a generic batch manufacturing simulation

project consists of three integrated phases as shown in figure 4.1.

Mapping Tables

Reference Data
Model

Activity Modules h

Library

AR . edhi g
Logical Model

Figure 4.1 The architecture of MMOD

e Phase 1: Activity module (IDEFO0) library

The activity model is a representation of the various processes, with their chronological
sequence of activities in manufacturing systems as are often used in simulation. Having
analysed the features of batch manufacturing systems, a series of activity models are
documented in the library. The library contains the generic diagrams concerning
machine operation, inspection, material handling and storage operations. The proposed

activity modules library for the MMOD will be discussed in section 4.3.
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¢ Phase 2: Reference data (IDEF1X) model

The purpose of a reference data model is to describe data integration between various
components, such as parts, resources and system logic of a manufacturing system, into a
single cohesive system and to describe conceptual database implementation. The
reference data model specifically describes the structure of the data that is needed to
perform activities which are often needed to build simulation models. These activities
have been documented in the activity module library. The resulting data model (entity
model) can be converted into a physical database (i.e. practical application of a data
model), which shows exactly how the entities and relationships will be transformed into
an actual database implementation. The development of a comprehensive reference data

model will be described in section 4.4.

¢ Phase 3: Mapping tables

The purpose of mapping tables are to integrate both activity modelling diagrams and
appropriate reference model data groups within a single framework so that the modeller
can identify system activities, corresponding information and data quickly, to generate
customise data models using pre-build IDEF models. The mapping tables also map the
activities that the reference model data, with corresponding ARENA simulation
software program constructs. The mapping tables used to integrate both activity and

data modes are presented in section 4.5.

The key idea underlying MMOD is to generate a customised data model (entity model)
for a given simulation project as explained in section 3.4 The steps for the development
of a customised entity model, through the simulation project life cycle, will be discussed

in chapter 5.
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4.3 PHASE 1: ACTIVITY MODEL LIBRARY

4.3.1 Overview

The main purpose of activity modelling diagrams is to show clearly, the basic structural
behaviour of system resources (machine, people, transporters etc.) and their
relationships with entities (parts, material, etc.) from a simulation point of view. Harrel
and Field (1996) argue that the concept of integrating process mapping with simulation
technology is not new. Several attempts have been made to integrate process with a
commercially available simulation product. However, he points out that no method has
successfully been applied to integrate process mapping with simulation technology, due
to the lack of process modelling capability to describe simulation complexity. In
general, process models as considered as static models and therefore, unable to capture
the whole dynamic behaviour of a simulation model. On the other hand, static models
attempt to provide a static representation of a dynamic system and identify the vast
majority of information needed to construct a simulation model (Whitman et al, 1997).
It is evident that these diagrams can also provide an environment for the simulation
modeller to develop conceptual modelling diagrams at various stages of the model

design phase.

There are many methodologies available for activity modelling including IDEF activity
modelling methodology, as described in section 2.5. After an evaluation in section 3.3,
the IDEFO activity modelling methodology was selected to develop an activity modules

library for the MMOD.
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4.3.2 IDEFO activity modelling

IDEF0 models are extremely useful for the static modelling of manufacturing systems.
They have enabled the description of manufacturing activities in terms of their input,
outputs, controls and the mechanism or resources (ICOMs). This arrangement facilitates
the definition of parts, resources and control rules which are used in simulation. This
information is therefore very useful in determining what elements are involved in the
activities performed by the system. Some of the other strengths of IDEFO such as;
simplicity and ease of understanding, hierarchical modelling capability, etc., make
IDEFO a suitable methodology for activity modelling. The strengths of IDEFO

methodology for activity modelling were discussed in chapter 3.

4.3.3 Identifying batch manufacturing activities

For an activity model library, the activities of the system being modelled need to be
described and properly documented. Before the development of activity modelling
diagrams for a library, it is necessary to understand and document how batch
manufacturing activities operate and how it relates to other manufacturing activities in
terms of a simulation point view. However, it is very difficult to analysis activities for a
generic batch manufacturing system without the use of an actual model. The main
reason is that many batch manufacturing systems are too complex . The interactions
between the various system components in system may be very difficult to predict,
especially in a generic manufacturing system. The complexity of the activity structure of
generic batch manufacturing systems tends to confuse human comprehension.

Therefore, to understand this complexity, it is necessary to structure and document batch

61



manufacturing activities in general terms. Section 4.3.4 attempts to classify the generic
batch manufacturing system components and activities; they will greatly aid the activity

model library development stage.

4.3.4 Generic batch manufacturing system components and activities

This part of the research specifically focuses on the need for an analysis of generic
manufacturing activities. This section will therefore explain a number of reasons and
assumptions which are used to understand the basic structure of activities in the
manufacturing system. However, the activities of manufacturing systems are much too
complex to be represented and illustrated in the modelling diagrams. This is because of
their vast amount of system components and shop floor activities. To reduce this
extreme complexity, there are many views and ways of looking at the overall system. To
do this, we can categorise system components and their activities. This enables us to

describe the overall behaviour of a system.

Clark (1995) explains that manufacturing system components can be people, machines,
tools, material handling devices, and materials. Meanwhile, Engelike et al (1985) have
mentioned that, in general, shop floor activities can be divided into four classes, viz.,
MAKE, VERIFY, MOVE, REST. He explained these four activities as follows. MAKE
is the manufacturing of parts, and for a specific industry, manufacturing parts includes
the combination of several processes like milling, drilling, grinding, etc. The activity
MAKE also includes assembly and disassembly activities. VERIFY is any kind of
manufacturing activity in terms of inspection or testing. Generally, it can be any

inspection. MOVE is a change of position or location. Basically, it can be transport ,
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handling of parts or any supporting activity for the change of location such as loading,
unloading. REST is planned storing (storage) or unplanned waiting (queue) before or

after the MOVE, MAKE or VERIFY activities (see fig. 4.3).

—>| REST >
\ 4

MAKE [
I e

Figure 4.3 Basic Batch manufacturing operations

There are many classification schemes for manufacturing systems. However, some of
them are not useful for our research. According to Clark (1995), Engelike et al (1985)
and Ang et at (1997), with regard to the more generic manufacturing system, system
components can be people, machines, tools , material handling devices, parts and
storage facilities. More generic shop floor activities can be make, move, verify and rest
(wait or store). For the purposes of this research, it is not necessary to consider tooling
data. Therefore, tools are neglected just for this research. Unplanned waiting means
queue. This relates to the simulation output result for queue data and is not considered
in this research. Thus system components are used for generic manufacturing systems
such as people, machines, material handling devices, parts and storage facilities (see
figure 4.4) and genetic shop floor activities such as process (for assembly and non-

assembly), inspection, handling and storage (see figure 4.5).
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Generic
Manufacturing
System Components

Parts Peoples Machines MH Devices Storages

Figure 4.4 System components in batch manufacturing system

Generic
Shopfloor
Functional Activities

Process Inspection Handling Storage

Figure 4.5 Generic slopfloor activities

According to the above classification for an activity modelling diagram library, there are

main four generic activities (Process, Inspection, Handling and Storage operations).

They will have been modelled with their associate hierarchies with necessary ICOMs.
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For the activity model, the source activity represents one of the shop floor activities (i.e.

Process, Inspection, Handling and Storage). Input (I) for the activity represents the parts.

Mechanism (M) represents the machine, people or material handling devices. Finally

control (C) represent all selection rules, priority data and scheduling (see table 4.1).

Shopfloor Activities | Input (I) | Mechanism (M) | Control (C) | Output (O)
Process for assembly | Parts People Instructions | Processed
and non-assembly Machines Scheduling | parts
Inspection Parts People Instructions | Inspected

Inspect Machines | Scheduling | Parts
Handling Parts People Instructions | Parts
MH Devices Scheduling | Movement
Storage Operation Parts Storage facility Capacity Stored
Parts

Table 4.1. Mapping between system components/ shop floor activities Vs ICOMs

The first step in developing activity diagrams is to characterise the major four shopfloor

activities in terms of their necessary inputs, controls, mechanisms, and outputs, with

associate decomposition diagrams which are expanded to the required level of detail.

The highest-level activity block describes the main purpose of the activity and the

lower-level activity blocks describes the supporting sub-systems which exist to serve the

upper levels.
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For a simulation project, activities (process, inspection, handling and storage operation)
are modelled by any combination of three types of influences, viz. input, mechanism
and controls. Inputs represent the flow of entity (single part or material and parts to be
assembled) required by the activity. Control represents the instruction and schedule for
the activity to perform. Mechanism represents the resources (machine, operators, MH

devices, etc.) required by the activity.
4.3.5 Activity Modelling Diagrams Library

This section describes activity models and assists us in understanding manufacturing
activities and how they operate in terms of a simulation point of view. This information
will assist to identify and define entities, attributes and relationships which are used to

develop a reference data model.

There are many user friendly computer aided software (computer aided system
engineering)-(CASE) tools are commercially available to support IDEFO structured
activity modelling. An AI0 WIN (KBSI, 1993) activity ;nodelling tool is used in this
research to produce a activity modelling library which documents manufacturing
activities, their relationships, and their associated inputs, controls, outputs, and

mechanisms.
We have developed four standard IDEFO activity modules for generic shop floor

activities. These are identified in section 4.3.5. The modules are described as four major

shop floor activities with associated decomposition.
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Module 1: Machine Process for
=> Non-assembly
=> Assembly
Module 2: Inspection
Module 3: Material Handling

Module 4: Storage Operation
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Module 1

Machine Process (None-assembly and Assembly)

Machine activities concerning parts are common in almost every
manufacturing simulation project. This diagram describes required
machine activities concerning part processing. The initial diagram of
part processing is general and indicates the activity “Machine
Operation”. This general diagramlis said to be the parent of the details
machine activity diagram. In the machine activity diagram, AO
diagram (context diagram) is decomposed into four sub activities as

shown in diagram.
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Module 2

Inspection

Activity inspection is similar to normal machine process except that
the inspection indicates the fraction of part that passes or fails
inspection, and allows for the rerouting to different destinations and

the scrapping of parts.
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Module 3

Material Handling

An important part of the manufacturing system is the movement of
materials from one point to another (i.e. material handling systems).
This diagram describes the required activities concerning material
handling. The initial diagram (AO-Part transportation) is decomposed

into three sub activities as shown in diagram.
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Module 4

Storage operation

Storage is commonly used to hold (or store) parts. There are two types
of storage operation. One operation is that parts.add to the storage.
The other one is parts remove from the storage (unstore). The basic
assumptions in storage operation activity are; the parts are
automatically added to the storage and automatically removed from

the storage.
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4.4 PHASE 2: REFERENCE DATA MODEL (RDM)

4.4.1 Overview

In section 4.3 (Part 1), we examined and documented the generic activities of batch
manufacturing sysfems, which are often used in simulation modelling. This section will
review the reference data model for a MMOD approach. The reference data model
defines the structure of data that is needed to support activities of a batch manufacturing
system in a graphical form. The objective of a reference data model is to describe
integration between various input data requirements for components, such as part,
resources and system logic of a manufacturing system, into a single cohesive system, to
describe a database implementation. This view of data is called the ‘“conceptual

schema”.

Date (1990) explains that an architecture for a database management system is devised
into three schemas known as the internal, external and conceptual schemas as illustrated
in figure 4.6. An internal schema is defined in terms of file structures for storage and
retrieval. An internal schema is often referred to as a storage view. A definition of the
external schema is the representation of the data structure in a form appropriate (reports
and screen design) to a user of the data. An external schema is often referred to as a user
view. A conceptual schema is considered as an integrated data definition that is
independent of any physical storage or external presentation format. The conceptual
schema approach is required when the data is defined for the whole system, and not for

a specific application inside it.
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Figure 4.6. Three Schema Concept

In database design, the first step is the conceptual design of a database system. This is a
fundamental description of the information that may be stored in the database. The
primary objective of the conceptual schema is to provide a consistent definition of the
meaning and interrelationship of data that can be used to integrate, share, and manage
the integrity of data. A conceptual schema must have three important characteristics

(Mayer 1992b):-

1. It must be consistence with the infrastructure of the business and be true
across all application areas.

2. It must be extendible, such that , new data can be defined without altering
previously defined data.

3. It must be transformable to both the required user views and to a variety of

data storage and access structures.
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4.4.2 IDEF1X Data Modelling

There are many methodologies available for data modelling, including the IDEF data
modelling methodology as described in section 2.5. Having evaluated it in section 3.3,
the IDEF1X data modelling methodology was selected to develop a reference data
model. IDEF1X has been widely accepted by industry to model an information view of
a manufacturing system. The main reasons for the use of IDEF1X in this research are
the following characteristics;
e IDEF1X is a good graphical data modelling technique, used to represent the
structﬁre and semantics of data within the manufacturing system.
e IDEF1X model can represent a board range of details, therefore, they are
suitable for supporting the full process of developing information systems.
e IDEF1X can support the development of the conceptual schema because its
grammar can assure the semantic structure required by conceptual schema
development, and a fully developed IDEF1X model may process the

expected data consistency, extensibility and transformability.

Some other strengths of the IDEF1X methodology for data modelling were discussed in

chapter 3.

There are many user friendly CASE tools available to support the IDEF1X data
modelling approach based on its Entity-Relationship (E-R) diagrams. Most of the
available CASE tools for IDEF1X data modelling are capable of automatic conversion
from E-R diagrams to relational database schema through the use of their advanced

software technology; This facility gives users greater flexibility in designing relational
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databases. For this research, SMARTER (KBSI, 1993), the intelligent information analysis
and database design tool software, was used to develop the IDEF1X reference data
model. SmartER automatically generates SQL code for database implementation and

imports SQL for reverse engineering of databases into representative data models.

The reference data model shows the major entities (data groups) with their attributes and
relationships. It currently contains 24 entities and over 75 attributes. This model can

then be translated into a normalised relational database.

4.4.3 Model Syntax and Semantics

The reference data model depicts the data structure in a graphical form in terms of
entities, their relationships and characteristics of entities (attributes). The various
IDEF1X definitions are represented in this reference data model. This section presents a
definition of the basic building blocks of an IDEF1X model (entity, attributes, and
relationships). It then extends that discussion to different types of entities (independent
and dependent), attributes (many key attributes and non-key attributes) and relationships
(identifying, non-identifying and categorisation).By understanding syntax and semantics

of IDEF1X, it assists the user to read a reference data model.

4.4.3.1 Entities

The entity is the most fundamental building block of IDEF1X data modelling. An entity
is represented as a set of real things, such as a person, object, place, event, thing, etc.

which have common attributes or characteristics. More precisely, an entity is a set or
collection of like things called “instances” (a single occurrence of an entity). For

example, a reference model contains an entity such as a Part, Assembly-Structure,
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Machine, Material Handling Devices, Operation, etc. IDEF1X represents entities by
rectangular boxes. An entity’s name is recorded above its box. Entity names must be
nouns or noun phrases. The entity may be assigned a reference tag number, which

appears after the entity name and separated from it by a slash (Mayer, 1992b ).

4.4.3.2 ldentifier-Independent Entities & ldentifier-Dependent Entities

In and IDEF1X model, entities are either identifier-independent (or simply
“independent”) or identifier-dependent (or simply “dependent”) (Bruce 1992). Instances
of identifier-independent entities can exist without any other entity instance, while
instances of identifier-dependent entities are meaningless (by definition) without
another associated entity instance. An IDEF1X represents independent entities by
rectangular boxes and dependent entities by corner rounded boxes. For example, the
rectangular box represents entity “customer” and the corner rounded box represents an

entity “contact” (see figure 4.7).

CUSTOMER/1 CONTRACT/3
Customer-ID Customer-ID (FK)
Product-ID (FK)

Customer- Name -
Customer Address &ntrct Details J

Figure 4.7 Symbols for dependent and independent entity

4.4.3.3 Attributes

The characteristic or properties of entity are called attributes. Attributes are shown
inside the associated entity box. The primary key uniquely identifies an instance of an
entity. For instance, each customer is uniquely identified by its primary key, consisting
of the attribute of the “customer-ID”. Attributes listed below the line are called non-key

attributes. When a relationship exists between two entities (see definition of
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relationships), the primary key of the parent entity is inherited by the child as a foreign
key. A foreign key is denoted by FK. For example, as shown in figure 4.8, the attribute,
customer ID (primary key of the entity “customer”) is inherited by the entity “contact”

as a foreign key.

CUSTOMER/1 PRODUCT/1
Customer-ID Product-ID
Customer- Name Product- Name
Customer Address

CONTRACT/3

Customer-ID (FK)
Product-ID (FK)

L Contrct Details

Figure 4.8 Entity representing an attribute Domain

4.4.3.4 Relationships

Relationships between entities are represented by lines between related entity boxes.
Each line is liable with the relationship’s name, which is a verb or verb phrase. The
IDEF1X model represents two types of main relationships, namely, connection and

generalisation relationships (Bruce, 1992 & Mayer, 1992b).

4.4.3.5 Connection Relationship

A connection relationship is an association between two entity instances. A connection
1s represented by a line terminated with a dot. This line is used to indicate the direction
and cardinality. Each connection relationship has an associated cardinality. The

cardinality specifies how many child entity instances may exist for each parent instance.
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A connection relationship connects a line drawn between the parent entity and the child
entity with a dot at the child end of the line. The default child cardinality is zero, one, or
manyl A “P” (for positive) is placed beside the dot to indicate a cardinality of one or
more. A “Z” is placed beside the dot to indicate a cardinality of zero or one. If the
cardinality is an exact number, a positive number is placed beside the dot (<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>