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ABSTRACT

The concept of manufacturing and the need or desire to create artefacts or products is
very, very old, yet it is still an essential component of all modern economies. Indeed,
manufacturing is one of the few ways that wealth is created. The creation or
identification of good quality, sustainable product designs is fundamental to the
success of any manufacturing enterprise. Increasingly, there is also a requirement for
the manufacturing system which will be used to manufacture the product, to be
designed (or redesigned) in parallel with the product design. Many different types of
manufacturing knowledge and information will contribute to these designs. A key
question therefore for manufacturing companies to address is how to make the very

best use of their existing, valuable, knowledge resources.

Reuse is not a new strategy, reusing an existing design in a new application is an
obvious way of reducing effort and risk - not just in the design activity itself, but also
in downstream functions. When changes must be made within the manufacturing
system, the application of an existing design or parts of an existing successful design
may help to reduce the resources needed in the initial design and analysis stages.
Reuse of designs, or parts of designs, can also help to avoid the errors and uncertainty
that accompany all human activities and design or development in particular. In
addition, reuse helps to maximise the familiarity of production staff with the selected
design and helps clients to maintain consistent ways of using and maintaining the
result. However, many companies are not achieving their full potential for reuse,
some have had disappointing results from their reuse efforts, and many others are still

avoiding reuse altogether.

The research reported in this thesis examines ways of reusing existing manufacturing
knowledge of many types, particularly in the area of manufacturing systems design.
The successes and failures of reported reuse programmes are examined, and lessons
learnt from their experiences. This research is therefore focused on identifying
solutions that address both technical and non-technical requirements simultaneously,
to determine ways to facilitate and increase the reuse of manufacturing knowledge in

manufacturing system design.



The solution proposed by this research, is a new design for a Reuse-Driven
Manufacturing System Design Process, which adopts a combined approach of a reuse
value net and reuse process patterns. To explore and test the proposed solution, a
prototype support too! and environment, which includes a specialist application called
the Reuse Agent, has been designed, implemented and tested. The prototype tool that
has been developed can help the organisation to identify the problems or obstacles
that currently exist in their reuse implementation process and the tool can also
propose possible solutions to overcome the identified problems. The proposed Reuse-
Driven Manufacturing System Design Process and prototype support tool are
demonstrated through a case study example and conclusions and recommendations for

future work are presented.

Key words: Manufacturing system design, Reuse, The value net, Process patterns.
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Chapter 1
INTRODUCTION

1. 1 Introduction

Today, manufacturing enterprises are under continuous competitive pressure in the
market place. They must shorten delivery times whilst trying to increase product
quality; they must reduce order through-put times whilst providing wider ranges of
products; they must offer competitive product prices whilst accommodating the
introduction of new technologies and continuously strive for improved quality and
after sales services. Manufacturing enterprises must therefore aim to make the best
possible use of all their available resources, and it is therefore essential that they reuse

and exploit their existing knowledge and expertise as fully and effectively as possible.

Manufacturing systems for producing goods are very complex discrete event dynamic
systems (DEDS) making their design and control a challenge for many companies.
Manufacturing system design or redesign generally includes some elements of
modelling and simulation, so that the current systems and processes can be better
understood. Models and simulations also enable substitute or new systems and
processes, to be evaluated before expensive modifications are implemented (Harding
& Popplewell, 1998) (Harding et al, 1999). Building models of all types is an
expensive process as it takes considerable time and effort to fully analyse and
understand the systems and processes that form an essential part of the operation of an
enterprise. Yet, this knowledge must be gained before appropriate enterprise or
simulation models may be built. Models must also be appropriate to meet the
objectives of the project and tasks that they have been built to support. It can
therefore be difficult to reuse existing models for other projects, particularly if
different personnel are working on the projects. Unfortunately, a large (and
expensive) amount of time is generally needed to re-examine all the possible existing
models, and modify them as required, hence models are often used for one project and
then rejected (and wasted) as new models are built for the next project. This is a waste
of information and resources, as some elements of the existing models may well be

appropriate for future use. When changes must be made within the manufacturing
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system, the application of an existing design or parts of an existing successful design

may help to reduce the resources needed in the initial design and analysis stages.
Reuse of designs, or parts of designs, can also help to avoid the errors and uncertainty
that accompany all human activities and design or development in particular. In
addition, reuse helps to maximise the familiarity of production staff with the selected
design and helps clients to maintain consistent ways of using and maintaining the
result (Busby, 1999).

“The aim of this research is therefore to determine ways to facilitate
and increase the reuse of manufacturing knowledge in manufacturing

system design.”

One of the main objectives of this research is therefore the design of an efficient reuse
driven manufacturing design process. The research reported in this thesis therefore
examines ways of reusing existing manufacturing knowledge and this may exist in
many forms, for example as information, models or software. As this is a fairly new
area of research, the longer established area of software reuse was initially studied to
identify similarities and lessons, which might be beneficial to the design of an

efficient reuse driven manufacturing system design process.

Existing case study reports of reuse programs have been analysed to build the theory,
which forms a basis for the proposed solutions, that include a value net driven
manufacturing knowledge reuse process and associated support tool. The proposed
process and tool are main contributions of this research, and this thesis shows that
they address the problem areas and failure factors that have been identified in earlier

reuse programs.

In the past, reuse programs have commonly assumed that technical solutions would
overcome barriers to effective reuse. Reuse is often approached as an independent
collection of tools and techniques, and the technical and non-technical aspects are
commonly examined separately. However, recent retrospectives of reuse programs
show that organisational factors can greatly affect the implementation of a reuse

program. Various factors and players are involved in the reuse process. A variety of
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technical, managerial, social, and legal factors must be recognised and addressed in

order to achieve an efficient reuse process.

The identification of these factors and players is not sufficient in itself to arrive at a
decision about the requirements of an efficient reuse process. To make such a
decision, the factors need to be depicted in a fashion, which makes it easier to analyse
the reuse process. This research proposes that all the factors affecting reuse are
interdependent and therefore should be studied simultaneously and documented in a
structured, clear manner. The concept of value nets, based on game theory has been
used to capture the different factors involved in the reuse driven system design

process.

The proposed reuse value net is a map of the various factors and players identified in
the reuse process, and the interactions occurring between the players. This thesis will
show that the proposed reuse value net is a valuable tool for understanding the
interdependencies and points of leverage that can be used to influence the players and
advance or improve the reuse process. The reuse value net therefore enables the
current status of reuse within an organisation to be established, and areas of

improvement to be identified.

A strength of the proposed knowledge reuse process and associated support tool is
that the reuse value net is applied in combination with a process pattern approach. In
brief, once the areas of improvement have been identified, the tool provides practical
assistance to managers and reuse workers, so that they can expand and improve their
application of reuse. This is achieved through the identification and use of process
patterns that are appropriate for both their existing business processes, and the level of
reuse that currently exists within the organisation. The combined application of value
nets and process patterns is described and discussed in the Theory Building section of

this thesis and then demonstrated in the Implementation section (See fig. 1.1).
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1.2 Structure of thesis

The thesis is arranged into eight chapters including this introduction. An overview of

each chapter is listed as follows:

Chapter 2 states the scope of the research. It identifies the research objectives and
places these in the context of the research problem being addressed. A description of

the research approach is also discussed.

Chapter 3 provides an extensive literature review of areas related to this research
work. The main topics covered are manufacturing system design tools and techniques,

information and knowledge reuse and intelligent systems.

Chapter 4 explains the theory building stage of the research. Discussion and analysis
of the secondary data collected from the literature for this purpose is also provided.
The experimental set up is introduced in this chapter, but it is then discussed and

explained in more detail in the chapter 5.

Chapter 5 describes the prototype implementation environment used to evaluate the

proposed solution.
Chapter 6 is a case study example.
Finally, key issues of the research work are concluded in Chapter 7. The

achievements of the study are addressed, and limitations of the work are also

discussed. Recommendations for possible further research are also presented.




Ch opter 1: Introduction

* 3 '?\.",,c:':gii‘*,:.::‘""; r'-?:':-. -\? « 'H ' 4 s- v A v g,\v.' } ’“'“- 1:?:1'{!:"' :+"w:’;..'i,':u
e f‘ q ,’!i-.h‘- r‘_; ,'.' '.:_, N &‘ 1. ‘ ) INTRODUCTION ’ ‘; -..]\q,"* k. \ f
' ‘”"! 4 at — -u--.x l n
PRl (Research Abstract and. Identlﬁcatlon Sf theiResearch Gap) ;.‘f P el
S aeky -,:-' ..\. ‘.'y m‘ Y"':n" ‘h
T CHAPTER I O CHAPTER 2 o
'+¥| INTRODUCTION |i. 7, %| SCOPE OF RESEARCH 4%
) -'f" Yy f‘ ; .‘. ‘; ) {‘i‘;—-" -:"
Lty Sie Sl 4;:.. Iy
!‘-‘. N "" ’ l;'.".'f-'.'-.‘ R St R Y H'f‘,g'-'.' VARART TR e 0T, O e T At “\ - ':"':;"'
* r-‘::‘:', ;.';\"’i."a'g ﬁ I R TR X | ') ‘{’ ? l..-,f“. 1 "",‘ .
AL i THEORY BUILDING S AR Ly
,l’ ) At "5”

< O
44 " (Justlﬁcatlon and Proposed Solutlon),»f-rf ‘Ko .f‘:mrz\“.{ ;g»,},,, %

& FEN

S CHAPTER 3 CHAPTER 4 Uy
“+>| LITERATURE REVIEW THEORY BUILDING |24
S 5 Mo oA
R P T G R AP S A IV TR e R L A R

R O TR e SR £ ENT JEuF "‘%:—* L
SR Rt SR AS .e,g.-,-, ;-,.aIMPLEMENTA_TI@N f' o 4 17t

; Pt '; -
AR - KIS ot oy Fa RO e ke - Sl ad
B e e T (Embodlment,,of Proposed Solutlon ,;u;.‘.-‘ m’. "‘-‘ i,j-..,ﬂ,\‘f 5
=i ?“:". .-\\' ""f 3 ‘L'.lJ T $ s
RECIN CHAPTER $ SRR CHAPTER 6 B
} e v - . .

N CASE STUDY PRI
EXAMPLE A

”' R T N L S W s TR S S Al g

¥ ¢"" IMPLEMENTATION i

T R AT
¥ f‘,“ S "E\ L,,.--'-"l'-; .t', ?“'?"ﬁ"
. AR STl YT etur, MO x.’vgé"""v‘n‘ﬁ
J'_ " r ! i t 1% :‘.» ":
ey :,". CHAPTER 7 S
L S PRI Ay
SRINY DISCUSSION, CONCLUSION AND FURTHER WORK H e
S ’ Wty
PR fr i
- ;'-r l“n R T T I L L T T T T R e T L s L N T S TR "ﬁ'{;‘t- .g:'"'lt;‘&

Figure 1.1 - Structure of the thesis




Chapter 2
SCOPE OF RESEARCH

2.1 Introduction

This chapter provides the research background and explains the identification of the
research problem. It also lists the aims and objectives of the research and briefly

explains the adopted approach.

2.2 Research problem

The research reported in this thesis examines ways of facilitating and increasing the
reuse of manufacturing knowledge that may exist as information, models or software

and which can be utilised during manufacturing system design.

2.2.1 Background

An enterprise generates wealth by operating a business, which produces products or
services for a market (Yu et al, 2000). In today's business context the imperatives of
cost efficiency and customer responsiveness have driven firms to aggressively pursue
two common business strategies - globalisation (i.e. the worldwide distribution of
production and associated facilities) and time-based competition. Both these strategies
have dramatically transformed the way in which business activities are organized and
carried out. Globalisation is motivated by pressures like cost-effectiveness, access to
new markets and economies of scale (Bhatnagar & Viswanathan, 2000). It has led to
the emergence of borderless organizations with globally distributed suppliers,

production and related facilities.

Manufacturing is one of the few ways that wealth is created. The concept of
manufacturing and the need or desire to create artefacts or products is very, very old,
yet it is still an essential component of all modern economies. A manufacturing
system is a set of machines, transportation elements, computers, storage buffers, and
other items that are used together to produce products. People are also part of the

system. Manufacturing system design is the choice and arrangement of machines,
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buffers, transport system, computer and communication system, operators, repair
personnel, and so forth, Increasingly manufacturing process and systems need to also
be designed and installed in parallel with product design and implementation. Because
of the complexity of many manufacturing systems, the amount of information
required to make good decisions is immense. A great deal of effort therefore needs to
be expended to develop an information infrastructure that will provide the appropriate

data as it is required.

The provision of a common source of information, through data models, is one of the
fundamental areas where software systems can support design processes (McKay et
al., 1996). A manufacturing model is used to describe available manufacturing
processes, resources and strategies (Molina, 1995a). By acting as a single source of
information on available manufacturing capabilities and status it helps to promote a
common understanding of the manufacturing enterprise without placing undue
restrictions on the autonomy and heterogeneity of anyone who wishes to use this
information. Sometimes the information required to develop a new system partially
exists in the design of a previous product in some form. The designing process can
thus be accelerated if new designs can use part or all of the information from previous
designs. For manufacturing system design potentially reusable knowledge may exist
in the form of complete systems or complete process, complete models or parts of
models, one or more sub-processes forming part of more complex model, models of
resources, models of controls (e.g. kanban), information about requirements,
specifications, codes, documentation etc. From now on, any of these potentially
reusable pieces of knowledge will be referred to as “reusable components”.
Identifying reusable components can help the developer to design the new system in a

shorter time, hence reducing the product development time.

2.2.2 Research gap

Reuse is not a new strategy, reusing an existing design in a new application is an
obvious way of reducing effort and risk - not just in the design activity itself, but also
in downstream functions. The potential of reuse has been identified by many
researchers and research groups with differing motivations (Sivaloganathan & Shahin,

1999). Many companies trying to implement reuse, are not achieving their full
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potential for reuse, some have had disappointing results from their reuse efforts, but
many others are still avoiding reuse altogether (McCLure, 1997). However, the
problem is not the lack of technologies to support reuse. The problem arises when
organizations approach reuse as an independent collection of tools and techniques, or
when an organization focuses purely on the technical issues of reuse without
adequately addressing the non-technical issues (Fafchamps, 1994). Too often in the
past, organizations have treated reuse solely as a technical problem and neglected the
welter of other critical factors, including organisational factors. More recently, many
of these issues have been discussed in the literature and at several workshops and

conferences (Frakes and Isoda, 1994).

This research is therefore focused on identifying solutions that address both technical

and non-technical requirements simultaneously.

In order to achieve high levels of reuse and so gain the anticipated benefits,
persuasion processes, organization, and management changes are required. Funding is
needed to pay for the ongoing maintenance of components and people need to be
trained. Experience in the realm of software reuse shows that reuse of code alone is
not sufficient to produce large impact. Since the cost of the coding phase of a project
is typically less than 40 percent of the whole, ways to effectively reuse other software
work products (such as designs, tests, or documents) are needed to fully exploit the
reuse opportunity (Griss, 1993). This point is also relevant for reusable components in
manufacturing systems. Each reuse organization will encounter varying opportunities

and issues peculiar to its situation. For a reuse program to be effective, the specific

inhibitors likely to affect its takes up and success must be identified and overcome in
a timely way.

There are many inhibitors to starting and running an effective reuse program. A study
of reuse practices in different industries identified in current literature has made it
strikingly clear that the impediments to improving reuse are predominantly non-
technical and socioeconomic. These include many cultural, organizational, business,
or process factors, which can be overcome only through a combination of
management, education, process, policy, and incentive initiatives. The different

factors involved in a reuse process have been identified and studied separately by
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different research groups. However, the identification of the factors is not sufficient in

itself to arrive at a decision about the requirements of an efficient reuse process. All

the factors involved in the reuse process play different roles, but they are related and

are all interdependent and hence should be studied simultaneously to achieve an

efficient reuse process. Study of their interdependencies provides knowledge of how a

particular factor affects the reuse process and what possible solutions may exist to

overcome the problem identified.

2.2.3 Research questions

The research reported in this thesis attempts to answer the following questions:

¢ How can reuse be implemented effectively in a manufacturing system design
process?

o  What are the factors involved in implementing and operating a reuse process
for manufacturing system design?

» What is the role of each factor, and how are the interdependencies between
different factors involved?

¢ Can the reuse process be made more efficient if the value of one or more
factors is modified?

¢ How can a reuse process be made more efficient in order to achieve the

maximum potential benefits from reuse?

2.3 Aims and objectives of the research

The main aim of this research (as stated in section 1.1) is “to determine ways to
facilitate and increase the reuse of manufacturing knowledge in manufacturing system

design”. To satisfy this aim, work has been done to fulfill the following objectives:

1. Explore the current practices of information reuse in organizations.
2. Identify similarities and lessons that can be learnt from the longer established

area of software reuse.
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3. Identify the different factors involved in the reuse process and study the
positive or negative impact of these factors on the reuse process.

4. Design an efficient reuse driven manufacturing design process (exploiting the
results of objectives 2 and 3).

5. Design an experimental software environment (to support objective 4).

6. Test and validate the research done using case study example in the

experimental environment.
2.4 Research approach
A research methodology has been designed to fulfil the objectives of the research. The
methodology has two phases.
1. A Theory Building Stage

2. An Experimentation Stage

2.4.1 Theory Building Stage- Initially, current practices and requirements of

reuse projects are examined. The theory building stage then leads to the
identification of a conceptual framework for an efficient reuse process. The
concepts presented in the following references have strongly influenced this
research and have therefore been used to design the conceptual framework.
i. Case study material from reuse projects — (see Section 4.2)
il. Factors Affecting Reuse and existing reuse techniques - identified
By McClure Carma in her book “Software reuse techniques”
(1997)
iii. The Value Net - identified by Nalebuff and Brandenburg in their
book Co-opetition (1996)
iv. Process Patterns- identified by Scott Ambler (1998)

The following activities were undertaken during the theory building stage:

a. Examination of reuse processes, and factors associated with reuse.
b. Examination of existing tools and techniques to support reuse.
c. Identification of Factors and Players and their influence on the

reuse process.
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d. Identification of Points of Leverage to improve Reuse.

€. Examination of Relationships between promoters and inhibitors of

reuse,

2.4.2 Experimentation Stage- the second phase of the research methodology was

the experimental prototyping. During this stage, the research theories were tested
through a case study example. The design, implementation and testing of a
prototype reuse support tool was considered to be the most appropriate method of

demonstrating this research. One of the reasons for using this tvpe of experiments

is that it is valuable for testing theories that relate not to immediate practical

concerns, but rather to the accrual of knowledge that will be of long-term benefit

to the field. (Benbasat, 1989)
According to Kerlinger (1986), laboratory experiments serve the following
purposes:

¢ they allow for the testing of predictions derived from theory or inferences
drawn from other studies by providing a means for studying relationships
under controlled, unconfounded conditions; and

¢ they can be used to build theoretical systems.
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Chapter 3
LITERATURE REVIEW

3.1 Introduction

This chapter has two purposes, firstly to review relevant and up to date literature
related to manufacturing systems, the information and knowledge used in modern day
manufacturing systems and the associated information technology (IT) systems for
manufacturing. Its second purpose is to review the use of knowledge based systems
and the application of artificial intelligence (AI) tools and techniques in
manufacturing systems, to provide a background for the proposed reuse support tool.
Since the aim of this research is to facilitate and potentially accelerate manufacturing
system design, through the reuse of manufacturing information, knowledge and
software, it is important to consider existing approaches to manufacturing system
design as these will inevitably influence the types of reusable components that may
exist, or which are required. Hence, section 3.2 examines several aspects of
manufacturing systems, and provides an overview of manufacturing technology
development, manufacturing system design, common support tools and techniques
used in their design. Al applications inherently capture and exploit knowledge from
the application domain or of the expertise demonstrated by practitioners within the
particular domain. Such knowledge may be potentially reusable. Therefore,
intelligent systems, knowledge based systems and agent based systems have all been
considered and are also discussed in this section, along with examples of the

application of different Al techniques to different areas of manufacturing.

If information and knowledge are to be reused, they must be available in forms that
can be shared between users. Section 3.3 therefore considers different types of
information models, which have been used in manufacturing contexts. The
concurrent engineering approach is also considered, as this has a substantial
requirement for information sharing. Information and knowledge modelling are
important to this research, both in the context of system design and the structuring of
information and knowledge for reuse. Examples of different types of modelling and
methodologies for system design and modelling are therefore also reviewed in this

section.
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Section 3.4 examines enterprise integration. This is an important subject area as an
aim of enterprise integration is to ensure that each unit has access to relevant and
necessary information. Hence in integrated environments, information needs to be

accessible, able to be shared, and therefore reusable to at least some extent.

Reuse is a relatively new topic in manufacturing. However, literature has been
identified in the areas of engineering design information reuse, and more general
design reuse, and these are reviewed in sections 3.5. Finally, the need for systematic
reuse in manufacturing and potential reusable components in manufacturing system

design is discussed in section 3.6.

3.2 Manufacturing System Engineering

The terms systems, systems thinking and systems approach are being used with
increasing frequency, whilst the concepts they describe are becoming central to the
thinking and approach adopted by many different disciplines (Mason-Jones et. al.,
1998). Systems thinking involve being systemic or thinking of entities, situations,
problems as a complex of interacting parts, which can be divided up into specific
systems and sub-systems (Mason-Jones et. al., 1998). The identification of systems is
followed by an examination of the relationships between systems/subsystems, flows
of influence, materials, energy etc., that occur both within and between systems (Open

Systems Group, 1987).

Systems concepts can be readily applied to business organisations and manufacturing
companies in particular. A manufacturing company can be considered as a system that
converts inputs flows (such as, materials, money, manpower, energy) into output
flows (such as, finished goods, profits, waste) (Parnaby, 1979). Such a simple model
can be further refined. The focal point of the system is a value-adding process that

converts materials into products.

Lucas plc have been strong advocates of a manufacturing systems perspective and
systems approach to the redesign of business organisations (Mason-Jones et. al.,
1998).
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Central to the Lucas philosophy is

* amanufacturing systems model based on organisational processes;
* a manufacturing systems redesign methodology based on the application of a

systems engineering approach.

From the Lucas perspective the ideal manufacturing system is designed around two

core processes, manufacturing operations and product introduction processes with

PRODUCT INTRODUCTION PROCESS

MARKET P CUSTOMERS

/ A
SUPPORT '
PROCESSES

SUPPLIERS v s - CUSTOMERS

OPERATIONS PROCESS
support processes, as shown in figure 3.1.

Figure. 3.1 Lucas Model of organisational design (Mason-Johns, et. al., 1998)

In order to redesign manufacturing systems for world-class performance, it is
imperative that a systems approach to redesign is adopted, as pioneered by Toyota and
emulated by world class companies ever since (Mason-Jones et. al., 1998). All
manufacturing systems should be an integrated whole (Burbidge, 1996). Every sub-
system of the whole is required to process certain inputs and produce certain outputs.
To obtain desired outputs the correct inputs must be available. When all sub-systems
are placed together, the input-output interactions must be compatible (Parnaby, 1979).
Even if the new design is installed as a sequence of sub-systems over a number of
years each piece will match the final system at its interfaces and the final design will

interface with the multi-variable needs of the business environment (Parnaby, 1991).

Business unit redesign is undertaken using a systems engineering approach to

implement sets of best practice methodologies for the achievement and maintenance
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of competitiveness and customer satisfaction (Parnaby, 1994). In Lucas terminology

systems engineering is described as the:

science of designing complex systems, by the efficient use of resources in the
Jorm of men, materials, machines and money, so that individual sub-systems
making up the overall system can be designed, fitted together, checked and
operated so as to achieve the overall objective of the system in the most

efficient way (Anon, 1989).

More information about the Lucas approach to redesign can be found in Anon, 1989,
Pamaby, 1991; Parnaby, 1994.

The above systems perspective of a manufacturing system can be traced back to over
40 years when Burbidge (1984, 1996) postulated his Law of Gestalt for
manufacturing systems: "The whole is not the sum of its parts" and that "a set of sub-

optimum solutions can never produce a true optimum solution”.

3.2.1 An Overview of Manufacturing Developments

Recent advances in manufacturing and information technologies present promising
new strategic alternatives for designing a new manufacturing information system (Tan
and Uijttenbrock, 1997; Coates, 2000). The growing complexity of industrial
manufacturing and the need for higher efficiency, greater flexibility, better product
quality, and lower costs have changed the face of manufacturing practice. The quest
for lower operating costs and improved manufacturing efficiency during the 1990s
forced a large number of manufacturing firms to embark on advanced manufacturing
technologies (AMTSs) projects of various types (Udo, & Ehie, 1996). The dramatic
devclopments in AMT at various organizational levels can be attributed to numerous
benefits that improve the competitive position of the adopting companies. AMT
impact not just manufacturing, but on all the business operations, giving new
challenges to a firm's ability to manage both manufacturing and information

technologies.
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Modemm manufacturing technology is interdisciplinary in nature and allows the
application of different knowledge from other scientific fields such as manufacturing,
computer science, management, marketing and control systems. By successfully
extending the integrated system concepts beyond the ordinary manufacturing
functions, manufacturing firms are able to achieve an optimal balance of product
standardization and manufacturing flexibility. Information technology is a key
ingredient in this emerging recipe for achieving competitive advantage through
manufacturing (Coates, 2000; King and Teo, 1997; Lederer and Sethi, 1996;
Sambamurthy et al., 1993). The computer-era has changed the way that products are
manufactured, enabling the implementation of progressively more advanced
manufacturing techniques. Rao et al defined the first four stages of industrial
automation in 1993 and these are listed in Table 3.1. Since Rao’s categorisation,
more recent developments have included ever increasing use of intelligent systems

and Al in manufacturing.

Stage Feature Automation Design Manufacture
1 Labour-intensive None Individual Manual

2 Equipment-intensive Instruments Group NC, CNC

3 Information-intensive Information CAD FMS

4 Knowledge-intensive Decision ICAD CIMS

Table 3.1 Development of industrial automation (Rao et. al., 1993)

In the first stage of development of manufacturing industry described by Rao, the
quality of the product was dependent on the skills and experience of the human
operator, but in the second stage, the introduction of automatic equipment played a
dominant role. The result was improved quality with more productivity. The common
example used to demonstrate this is the introduction of numerical control (NC)
machines. In the third stage, automation was realized at the level of data processing
for groups of automatic machines (Rao. et. al., 1993). Manufacturing industry was
moving towards the intelligent systems. Computers assist human experts for
numerical analysis, synthesis, simulation and graphics and also provide information
for them to make decisions. Fault Diagnosis and equipment maintenance depends not
only on the information from sensors but also on human experts' experience.

CAD/CAM technology is an example of this stage. With the rapid growth of
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complexity of manufacturing processes and demand for higher efficiency, better
product quality, and lower costs, industrial practice approached a more advanced level
of automation (Rao, et. al.,1993). Al started to appear in Rao’s fourth stage, and
computers helped human experts not only for decision-making as well as for data

processing.

Throughout the 1990s, and into the new millennium, intelligent systems have become
increasingly intelligent, and an increasing emphasis has been laid on Al in
manufacturing. Since its emergence in the 1950s, Al has provided several techniques
with applications in manufacturing. The application of Al in manufacturing has been
the subject of extensive research in the last two decades. This surge in the application
of Al in manufacturing is mainly due to the availability of powerful computers. In the
early years, knowledge-based systems (KBS) attracted great attention. Recently
neural networks (NN), case-based reasoning (CBR), genetic algorithms (GAs) and
fuzzy logic have attracted more attention and have been successfully employed in
manufacturing (Meziane, et. al., 2000). Agent based systems have also increasingly
been used in particular areas of manufacturing. This progressive adoption of Al in
manufacturing can be seen by the examples of the application of KBS through to
agent based systems which will be described in more detail in sections 3.2.1.2 and

3.2.1.3.

The World Wide Web represents one of the most important challenges in the
emerging information society. Many organisations and companies have turned to the
Web to sell and promote their product. The Web is seen as the future window
shopping for businesses. This new approach to business is commonly known as e-

commerce. The www is also promising for distributed manufacturing.

Virtual Manufacturing (VM) is another new approach to manufacturing. It requires a
robust information infrastructure that comprises rich information models for products,
processes and production systems (Meziane, et. al., 2000). The decreasing costs of
hardware have made virtual environments increasingly popular and they are used in
many fields. Virtual Reality (VR) can be applied for most components of the
manufacturing process. In design VR can support detailed and accurate design

activities and provide sophisticated means of manipulating shape and form
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represented by the virtual models. Nakayasu et al. (1999) used VR for design and
production of metal sheet. VM is expected to support the assessment of the
manufacturability of a candidate design and to provide accurate estimates for
processing times, cycle times and costs as well as product quality. Lin et al argue that
VM will be able to model both the processes employed for the product's manufacture
and the production process (Lin ef al, 1995a). VM may play a significant role in
distributed manufacturing and it is expected to support distributed design. VM can
provide details and information about process, production and shop floor control to be

shared over networks.

The performance of computer hardware also keeps improving and this will result in
more powerful applications and automations in manufacturing. In addition to
providing improved knowledge and decision making support to human operators, the
increased performance and lower-cost hardware will enable computers to carry out
progressively more tasks that were previously carried out by humans. Hence, robots
will be needed and Kopacek argues that the research in robotics will be dominated by
two directions (Kopacek, 1999). Additional features such as combined force and
position control, external sensors based on micro-systems, flexible and lightweight
structures need to be added to robots used in classical applications. Another type of
robot that need to be developed for the next generation are service robots. Service
robots are characterised by the following facilities: mobility, portability, operating
case, sensing, learning, judging function and adaptability (Kopacek, 1999). In an
invited paper, Burdea (1999), reviewed how robotics and VR can be integrated. VR-
enhanced CAD design, robot programming and plant layout simulation were

considered.

The total manufacturing information system (TMIS) is also a powerful alternative
which blends recent developments in manufacturing and information technology to
achieve competitive advantage (Lee, 2003). TMIS implies movement toward total
integration of manufacturing technologies and business strategies into an information
system. It includes all the business functions today's manufacturers should have, from
market analysis to quality control and management with business decision support
capabilities. TMIS enables manufacturing firms to respond quickly to market changes,

achieve flexibility of products and process, and manage the complexity of today's
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manufacturing environment. It supports and shapes an organization's competitive
strategies, and provides competitive advantages to a firm. TMIS becomes more
powerful as they cope with changes in technology, resources, demands and

responsibilities.

The following section presents the application of different intelligent Al techniques
such as Neural Networks, GA, Fuzzy Logic, etc in different areas of manufacturing.
This is relevant to the current research, to demonstrate the more recent developments
in industrial automation and also to show the types of manufacturing information and

knowledge required and used by such systems.
3.2.1.1 Intelligent Systems in Manufacturing

The earliest substantial work in the field of Artificial Intelligence (AI) was done by
the British logician and computer pioneer Alan Mathison Turing (Copeland, 2000). In
1935, at Cambridge University, Turing conceived an abstract computing machine.
Turing's computing machine of 1935 is now known simply as the universal Turing

machine, and all modern computers are in essence universal Turing machines.

Intelligence refers to the ability to capture and apply application domain-specific
knowledge and processing to solve problems (Bigus, Bigus, 2001). Intelligence is the
property, which enables the system to operate effectively when available information
is inadequate (Rzeveski, 1997). The intelligence in the intelligent systems can range
from hard-coded procedural or object-oriented logic to sophisticated reasoning and
learning capabilities (Bigus, Bigus, 2001). Therefore, intelligent systems should have
the capabilities to acquire and interpret information about that part of their
environment where changes are likely to occur, From the information acquired, the
intelligent system should be able to cope with the uncertainty that arises due to

changes in its environment.

Typical characteristics exhibited by an intelligent system Rzevski, (1997) are:
adaptability, self-maintenance, communication, autonomy, learning, self-
improvement, anticipation, goal-seeking, creativity, reproduction. The intelligent
system is capable of exchanging information with other systems and is capable of

changing its behaviour to accommodate unpredictable changes in its environment,

19



Chapter 3: Literature Review

The development process of intelligent systems is divided into five stages-

identification, conceptualisation, formulation, implementation and evaluation.

1. Atthe first stage, i.e. identification, the issues related to the problem, participants,
resources, and goals are considered.

2. At the conceptualisation stage, the problem is decomposed into sub-problems,
knowledge acquisitions are performed, and input/output relationships are
analysed.

3. The formulation process involves mapping the key concepts, sub-problems and
information flow characteristics that were isolated in the conceptualisation stage
into the formal representation. Knowledge is analysed, and the user-interface is
designed.

4. The fourth stage, implementation, transfers the formalized knowledge into the
representation framework associated with the development tools chosen for this
problem.

5. The final stage, evaluation, involves testing and modifying the prototype
intelligent system and the form of its representation that has been used to

implement the system.

Components of an intelligent manufacturing system

Tatelliae Intelligent Intelligent
nll)c 1gent Process Quality
esign Planning Management

[ntelligentfmanufacturing]

Inielligent Intelligent
Control Scheduling

Fig. 3.2 Intelligent Manufacturing (Meziane et. al, 2000)

intelligent
Maintenance
and diagnosis
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Rao et al. (1993) decomposed intelligent manufacturing systems into the following
components: intelligent design, intelligent operation, intelligent control, intelligent
planning and intelligent maintenance. Meziane et. al.(2000) modify this
decomposition slightly to reflect the current trends in the literature on intelligent
manufacturing systems as shown in Figure 3.2. They give a brief description of each

phase as follows, and look at how Al techniques are used within each component.
Intelligent design

The importance of product design is undeniable. A firm's products or services are
typically the primary source and focus of contact with its customers, and the
development of new designs plays a key role in establishing and maintaining a
competitive position for most firms. There are many problems in design
manufacturing systems. A review of the problems encountered in manufacturing

systems can be found in Kouvelis (1992).

Neural Networks (NN) have been used for the flat rolling process (Gunasekera et al.,
1998), Rao and Gu, (1995) used a multi-layered NN to configure and alternate cell
designs by considering multiple constraints and objectives, Kusiak and Lee (1996)
constructed a three layer NN for designing a cellular manufacturing system that
integrates several manufacturing functions. A fuzzy basis material removal
optimisation approach is suggested by Ip (1998) to compensate the variation of
cutting speed due to the change of gradient on the sculptured surface in machining
process. Babuska ef al. (1999) used fuzzy modelling used for the penicillin-G
conversion process. Gao ef al. (1998) used Cased-Based-Reasoning (CBR) for
mechanical plan systems design. Design plans are stored as the actual cases in the
CBR system. CBR is used for the design of bar linkages (Bose et al, 1997) and
fixture design (Sun and Chen, 1995). Zeid et al. (1997) have proposed a CBR
approach to solve design for disassembly (DFD) problem. Chen et al. (1998) have
developed an integrated expert system that consists of a knowledge base, a database,
pattern-recognition, artificial NN and GA modules for complicated chemical reaction
systems used to prepare industrial materials. The system has been used in many
applications including the production of alloy steel, synthetic rubber, ceramic
materials production and materials design of composite materials, high temperature

superconductors, and ceramic semiconductors. A material design system has been

21



Chapter 3: Literature Review

developed, by Shivathaya and Fang (1999), utilising mathematical modelling and
knowledge-based approaches.

Intelligent process planning

Intelligent process planning is a dynamic and complex activity. Process planning
provides a detailed description of manufacturing capabilities and requirements for
transforming a stock of raw material into a completed product (Requicha and
Vandenbrande, 1988). Intelligent process planning includes CAPP and facility and
location layout. Process planning is the interface between computer-aided design
(CAD) and computer-aided manufacturing (CAM). CAPP is vital to achieving the
ultimate goal of complete integrated factories of the future. A CAPP system contains
a large amount of knowledge that includes rules about arranging machine operations
and facts about the machine shop. Inventory management is also considered under
this section because successful inventory management is essential for successful
manufacturing and requires sophisticated methods to cope with the continuously
changing environment. Literature is rich with papers about theoretical independent
demand inventory modelling but practice lags behind these developments. Al can play
an important role in aiding practitioners to implement such models and also to

overcome the problems associated with managing large-scale inventories.

The application of perceptron-type NNs to tool-state classification during a metal-
turning operation is reported by Dimla (1999). GAs have been successfully used in
layout design (Suresh e al. 1995; Gupta e al. 1996; Rao ef al. 1999), and have been
shown to outperform human and KBS designs (Hamamoto ef al., 1999). Parallel GAs
were also used to solve the layout problem with geometric constraints (Tam and
Chan, 1998). Hamamoto et al. {1999) integrates GAs with an embedded simulation
model to tackle the facility layout problem for pharmaceutical factories. Bhaskara et
al, (1999} demonstrates the application of GAs as a global search technique for a
quick identification of optimal or near optimal operation sequences in a dynamic
planning environment. Fuzzy set theory effectively models facility layout and location
by incorporating subjectivity in the parameters used by the models (Guiffrida and
Nagi 1998). Fuzzy set theory has also been applied in inventory production and
process plan selection. Inventory management requires demand forecasts as well as

parameters for inventory-related costs such as carrying, replenishment, shortages and
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backorders (Guiffrida and Nagi, 1998). Precise estimations of these parameters are
difficult. Ben-Arieh and Chopra (1997) describe a process planning system that
utilises CBR. The system, CBPlan, uses a feature-based part representation as a key to
the case library. Champati et al. (1996) also used a CBR approach for the automated
sequencing in intelligent process planning. Malakooti et al. (1995) developed a
monitoring and supervising system for machining operations using in-process
regression for monitoring and adaptive feed forward artificial NNs for supervising.
Ming et al. (1999) has combined expert systems and NNs to develop a CAPP system.
Other attempts have been made to use Al in managing dependent demand inventories.
Notably several applications have been published in the area of JIT including the
work of Fielder er al. (1993), Rixen et al. (1995) and Ettl and Schwehm (1995). A

wider discussion can be found in the review of Proudlove ef al. (1998).
Intelligent quality management

Quality management has evolved from a focus on inspection through quality control
techniques such as statistical process control and through quality assurance to current
total quality management (Proudlove ef al., 1998). More organisations are involving
customers in the early stages of design to assure quality and a market for their
products. Zhang and Huang (1995) stated that there are two approaches to quality
assurance: reactive quality assurance and proactive quality assurance. Reactive tools
include sampling plans, lot acceptance determination, scrap or rework analysis etc.
Proactive strategy requires an emphasis on physical cause-effect knowledge, risk

analysis, experience and judgement.

Chinnan and Kolarik (1997) proposed the use of NNs for optimising the controllable
variables of a process to achieve real-time quality control. Gill and Bector (1997) used
a fuzzy linguistic approach to quantify part feature information for the part family
formation problem. In early research, fuzzy logic was mainly used in acceptance
sampling and statistical process control (Chakraborty, 1992; Chakraborty, 1994;
Kanagawa et al. 1993; Wang and Chen, 1995). In more recent research, fuzzy logic is
used in quality topics such as quality improvement and quality function deployment
{QFD) (Gutierez and Carmona, 1995; Khoo and Ho, 1996; Yongting, 1996, Wang,
1999; Chan et al., 1999). Khoo and Ho (1996) presented a framework for a fuzzy

QFD system in which the customer requirements can be expressed as both linguistic
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and crisp variables. Malek et al. (1998) developed an operator support system to help
and guide the operator in decision making during the control of the plastic injection

moulding process.
Intelligent maintenance and diagnosis

The goal of fault diagnosis is to detect the faults and their causes early enough, so that
failure of the overall system can be avoided. From the fault-detection point, faults are
divided into three categories, actuator faults, component faults and sensor faults. The
basic task of fault diagnosis is to detect the faults that occur, and to provide
information about their size and source (Frank and Koppen-Seliger, 1997). Three
steps need to be taken in fault diagnosis: signal generation, fault classification and
evaluation, and fault analysis. See Frank and Koppen-Seliger (1997) for a survey on

the use of Al techniques in fault diagnosis.

NNs have been used for matching stereoscopic pictures and correcting three-
dimensional measurement error (Tien and Chang, 1999) extending earlier work by Su
et al. (1995) and identifying product defects (e.g. Kim and Kumara, 1997, Wang and
Huang, 1997). A feed forward NN has been used for manufacturing diagnosis by
Ransing and Lewis (1997). Xia and Rao (1999) developed a dynamic CBR system
that can represent system dynamics and fault-propagation. Jeon (2000) developed a
hybrid intelligent maintenance optimisation system (HIMOS) for decision support
which aims at overcoming the problems of IMOS. Labib er al. (1997) used fuzzy
logic combined with a rule base to develop an "Intelligent maintenance model" which
is applied to a manufacturing company to identify the most critical machines and

determine appropriate maintenance action.

Intelligent scheduling

Scheduling is a resource allocation problem subject to allocation and sequencing
constraints. It is an optimisation problem. The objective in optimisation is to allocate

a limited amount of resources to a set of tasks such that cost functions are optimised.

Candido et al. (1998) used a GA to solve job scheduling problems with many
constraints such as jobs with several sub-assembly levels, alternative processing plans

for parts and alternative resources for operations, requirements of multiple resources
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to process an operation, resource calendar, batch overlap and sequence dependent set-
ups. Webster et al. (1998) used a GA for scheduling jobs about an unrestricted
common due date on a single machine. Lam et al. (1999) used GAs for a scheduling
problem encountered in a semi-conductor manufacturing company where the time for
designing products needs to be minimised. Min and Cheng (1999) have used GAs for
the identical parallel machine scheduling problem for minimising the make span.
Shipley et al. (1996) incorporates fuzzy logic, belief functions, extension principles
and fuzzy probability distributions to develop a fuzzy PERT algorithm. Yu et al.
(1999) proposed an approach to FMS scheduling with multi-criteria based on fuzzy
inference. Coello and DosSantos (1999) used CBR and heuristic search for a real-time
scheduling system. Szelke and Markus (1997) combined machine learning techniques
and CBR to solve the shop floor scheduling problems. Kim ef al. (1998) used an
integrated approach of inductive learning and competitive NNs for developing multi-
objective FMS schedulers. Lee et al. (1998) combined GAs and machine learning to

develop a job shop scheduling system.
Intelligent control

The basic objective of control is to provide the appropriate input signal to a given
physical process to yield the desired response. It is a complex process that continues

to require human intelligence to ensure proper operation.

Hao ef al. (1995) used an NN approach in real-time control of FMSs. Sung and
Choung (1999) used a multilayer perceptron NN for a batch process in a wafer
fabrication. Ong and Khoo (1999) used a GA for optimising the sequence of
component placements onto a printed circuit board and the arrangement of component
types onto feeders simultaneously. Caprihan et al. (1997) used a fuzzy system for the
control of flexible machines operating under information delays. Suresh et al. (1999)
proposed a pattern recognition approach based on a fuzzy ART NN for rapid scanning
of families of parts having a similar sequence of operations. Filipic et al. (1999)
combined machine learning and evolutionary optimisation in learning to control a
physical device. Vishnupad (1996) used NNs and fuzzy logic for the control of
manufacturing systems. Ortega and Giron-Sierra (1998) propose the use of a fuzzy

logic and GAs to develop a control system for provision of spacecraft servicing to a

25



Chapter 3: Literature Review

space station which comprises the tasks of assembly, re-supply, repair and

maintenance of manufactured space parts in-orbit.

3.2.1.2 Knowledge Based Systems (KBs)

The roots of knowledge-based programming lie in the field of Artificial Intelligence
{Al), whichmay be said to be the science that tries to replicate intelligent
human behavior on computers (Dym, et al., 1991). The first attempt to be widely used
to equip manufacturing systems with some degree of intelligence was the use of KBS
(Schreiber er al., 1993). They seek to incorporate human knowledge about an
application area, usually elicited from experts in the particular domain, so that the
system can automatically replicate aspects of best practice. The human knowledge is
represented using the I[F-THEN production systems or more structured formats such
as frames and semantic nets. A good system can match the performance of a human
specialist. Rao et al (1993) identified expert system or KBS technology as one of the
most active branches in Al research. More recently, Copeland (2000) described a
KBS as a computer program dedicated to solving problems and giving advice within a
specialised area of knowledge. An important feature of KBSs is that they are able to
work cooperatively with their human users, enabling a degree of human-computer
symbiosis (Copeland, 2000).

Several different definitions of knowledge can be found in literature (Baker, et al.
1997, Bender and Fish, 2000, Collin’s paperback dictionary, 1995). For example,
Sanchez et al. (1996) have defined knowledge as an ability to sustain co-
coordinated deployment of assets and capabilities in a way that promises to help the
firm to achieve its goals. Nonaka and Takeuchi, (1995) defined it as the meaningful

structured accumulation of information.

A knowledge-based (expert) system (KBES) is a computer program that performs a
task normally done by an expert or consultant and which, in so doing, uses captured,
heuristic knowledge (Dym, et al., 1991). It is a computer program that acquires the
knowledge of human experts and applies it to make inferences for users with less

training or experience in solving various problems (Rao, er al., 1993).
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There are three primary knowledge processes, which are common across knowledge-
based organisations: (1)Adding value to information, (2)Generating, capturing and
sharing knowledge, (3)Applying knowledge (Knowledge management approach in
NGM).

The basic components of an expert system are a "knowledge base" or KB and an
"inference engine"(Copeland, 2000). The information in the KB is obtained by
interviewing people who are expert in the area in question. The interviewer, or
"knowledge engineer", organises the information elicited from the experts into a
collection of rules, typically of "if-then" structure. Rules of this type are called
"production rules". The inference engine enables the expert system to draw
deductions from the rules in the KB. For example, if the KB contains production rules
"if x then y" and "if y then 2", the inference engine is able to deduce "if x then z". The
expert system might then query its user "is x true in the situation that we are

considering?" and if the answer is affirmative, the system will proceed to infer z.

The basic structure of a knowledge-based system as shown in Figure 3.5.

Inference
engine

( I/O Facility w Specific data
Advice and

User
| Working Memory
explanations I

Expert ] Knowledge Base
Knowledge Domain rules,

acquisition facility J facts

Figure 3.3 The components of a basic knowledge-based (expert) system (after
(Dym 1985; Feigenbaum 1983]).

The components include Input/output facilities that allow the user to communicate
with the system and to create and use a database for the specific case at hand; a
working memory that contains the specific problem data and intermediate to final
results produced by the system; an inference engine that incorporates reasoning
methods, which in turn act upon the input data and the knowledge in the knowledge

base to solve the stated problem and produce an explanation for the solution. A
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knowledge base that contains the basic knowledge of the domain, including facts,
beliefs, and heuristics unique to the expert. In addition, the system may include a
knowledge acquisition facility that allows the KBES to acquire further knowledge

about the problem domain from experts or automatically, from libraries or databases.

Applications of Knowledge Based Systems in Manufacturing

KB Design - KBS were extensively used in early intelligent manufacturing systems
and many of them were used in the design phase. Chon et al. (1993) reported the use
of a KBS for centrifugal fan blade design. A number of KBS were used in the
electronic engineering field. A survey of the applications developed before 1993 can
be found in Rowland and Jain (1993). In the same period, KBS were also used for the
design of boilers circulating fluidised beds for (Mitra ef al., 1993) and for designing
computer network topologies (Pierre, 1993). Basu ef al. (1995) used an expert system
for the design of manufacturing cells. The trend of using KBS for manufacturing
design has continued throughout the 1990s. Recently, KBS were used for concurrent
engineering in metallurgy component design, materials selection, powder packing and

compaction (Smith and Midha, 1999).

KB Process Planning- By 1993, a large number of expert system had been developed
to assist process planning. An early survey on the use of expert systems in process
planning was carried out by Alting and Zhang (1989) while a more recent survey was
carried out by Kiritsis (1995). The maturity of the use of expert systems in process
planning has pushed some researchers to look at the development of tools to build
expert system for process planning (Eskiciogoelu, 1992). Wong and Siu (1995) used an
expert system for automatic process selection and sequencing. Pande and Desai
(1995) used an expert system (EXTURN) for the process planning of rotationally

symmetric components manufactured on single spindle automats.

KB Quality Management — A good review of expert systems used in quality control
up to 1992 can be found in Kuo and Mital (1993). Deslandres and Pierreval {1995)
developed SYSMIQ, a knowledge-based advisory system for quality control to assist
decision-makers in selecting the best quality tools and techniques and correctly apply

them on the shop floor.
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KB Maintenance and diagnosis — A number of KBS were used for maintenance and
fault diagnosis. A survey on the use of KBS for failure diagnosis before 1993 can be
found in Rowland and Jain (1993). Arslan er al. (1993) reported the use of an expert
system for failure diagnosis for printed circuit boards. The KBS exploits functional
test data, which is output from automatic test equipment which is used to test every
board subsequent to manufacture. Fujikawa and Ishii (1995) use a KBS to identify the

causes of various manufacturing defects in hot forging and suggest remedies.

For maintenance, several systems have been developed to tackle specific industrial
applications. For example Clark et al. (1992) developed a KBS to optimise the
building management maintenance and Batanov et al. (1993) developed EXPERT-
MM: a KBS for maintenance management for a large manufacturing company. A
more general approach based on knowledge-based reasoning was adopted by Kobaccy
et al. (1995) and Zhang and Jardine (1997). Kobbacy et al. (1995) developed IMOS, a
prototype intelligent maintenance optimisation system aimed at developing and
enhancement of preventive maintenance routines for large and complex industrial
systems. IMOS has a rule base for selecting an appropriate model for application
based on identification of maintenance data pattern. Zhang and Jardine (1997)
proposed a similar smart system for data-analysis models and optimising replacement

age.

3.2.1.3 Agent based systems in manufacturing

Techniques from Al have been used in Intelligent Manufacturing for more than
twenty years. In the past ten years, researchers have been applying agent technology
to manufacturing enterprise integration and supply chain management, manufacturing
planning, scheduling and execution control, materials handling and inventory
management, and developing new types of manufacturing systems such as holonic

manufacturing systems.

In the mid eighties, Minsky introduced the concept of the Society of Mind, as a

“scheme in which each mind is made of smaller processes. These we’ll call

agents. Each mental agent by itself can only do some simple things that need
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no mind or thought at all. Yet, when we join these agents in societies-in

certain ways-this leads to true intelligence” (Minsky, 19835).

An agent is a software object that is capable of communicating with other agents
(Rzevski, 1997). “An agent is a computer system situated in some environment, and
that is capable of autonomous action in this environment in order to meet its design
objectives” (Jennings and Wooldridge, 1998). According to Bigus and Bigus,(2002)
agents can be categorised by placing them in three-dimensional space, where an axes
are agency, the amount of autonomy an agent has; intelligence, the knowledge,
reasoning, and learning capabilities of the agent; and mobility, the ability to move
between systems in a network. A review of agent theories, architectures and

languages can be found in {Wooldridge and Jennings, 1995).
In distributed intelligent manufacturing systems, agents can be used to

« encapsulate existing software systems so as to resolve legacy problems and
integrate manufacturing enterprises’ activities such as design, planning,
scheduling, simulation, execution, and product distribution, with those of their
suppliers, customers and partners into an open, distributed intelligent
environment via networks (Fox et al, 1993)(Barbuceanu and Fox, 1997)(Peng
et al, 1998) (Shen et al, 1998a);

« represent manufacturing resources such as workers, cells, machines, tools,
fixtures, AGVs, as well as products, parts and operations (Butler and Ohtsubo,
1992)(Parunak et al, 1998)(Shen and Norrie, 1998) to facilitate manufacturing

resource planning, scheduling and execution control;
« model special services in manufacturing systems, such as:

o Agent Name Server in CIIMPLEX (Peng et al, 1998) and Enterprise
Mediator in MetaMorph (Maturana and Norrie, 1996)(Shen et al,

1998a) for providing registration and administration services;

o Facilitator agents (also called Facilitators) in PACT (Cutkosky et al,
1993) and CIIMPLEX (Peng et al, 1998) and Mediator Agents (also
called Mediators) in MetaMorph for facilitating communication,

cooperation and coordination among other agents;
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o Database Agents (Lin and Solberg, 1992} and

o Information Agents (Fox et al, 1993)(McEleney et al, 1998) for

providing information management;

¢ incorporate a whole scheduler or planner into manufacturing planning and

scheduling systems (Fox et al, 1993)(McEleney et al, 1998).

« perform dynamic scheduling in a flexible manufacturing system (Ouelhadj et
al, 1999 and 2000).

In holonic manufacturing systems, agents are used to model holons which are
software and hardware entities (Deen, 1994)(Christensen et al, 1994)(Hasegawa et al,
1994)(Biswas et al, 1995). Schedule manufacturing orders based on an holonic
manufacturing system (Sousa et al, 2003). A good discussion on agent technology for

holonic manufacturing systems can be found in (Bussmann, 1998).

Key issues related to agent-based cooperative systems, such as representation,
ontology management, agent structure, system architecture, communications, system
dynamics, overall system control, conflict resolution, legacy problems and external
interfaces, have been discussed in (Shen and Barthés 1996b). Most of these issues are

also applicable in agent-based manufacturing systems. (Drakos, 1996).

3.2.2 Support Tools for Manufacturing Systems Analysis and Design

3.2.2.1 Manufacturing Systems Analysis and Design (MSAD)

Manufacturing system design is a complex process involving the integration of
multiple systems designed by several designers each optimising sub-systems. The
life-cycle of manufacturing system design is also problematic because the size of the
manufacturing system can make it incomprehensible and unmanageable by a single
person. The system design should therefore be interdisciplinary in approach,
asynchronous in operation, and constantly evolving (Koonce et al.,1996). This scope
also leads to long development times with requirements that are not well understood

in the beginning and that change during design/build cycle.
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A design methodology of manufacturing systems can be defined as a set of
procedures that analyses and segregates a complex manufacturing system design task
into simpler manageable sub-design tasks while still maintaining their links and
interdependencies(Rao & Gu, 1997). This process of segregation, analysis and
generation of solutions should lead to the development of a design methodology. The
methodology assumes the availability of the product designs and broadly includes the

following steps which has been taken from Rao & Gu (1997):
Step 1:Requirements of manufacturing system design

Identification of requirements for manufacturing design starts with an analysis phase
which includes the examination of the various factors that determine the needs of the
manufacturing system. The needs of the system arise out of market analysis to
determine the variation in product demand, product analysis to determine the
complexity of the products; and manufacturing operations analysis to determine the

operations needed to manufacture the products.
Step 2:Determination of manufacturing operations

Once product design, production volumes and forecasts are known, the next step deals
with examination of the processes that should be used to manufacture the products.

This is an important step as it governs the design of the entire manufacturing system.

The output from this step includes manufacturing operations, critical tooling
requirements, accuracy and other technical constraints, which are essential for

selection of machines.

Step 3:Selection and design of machines

Machine requirement design involves the determination of the operational
requirements and machine capabilities for the system that needs to be designed.
Output of this stage is a list of machines to be purchased or designed, or which

already exist.
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Fig. 3.4 Manufacturing System Design Methodology (Rao & Gu, 1997)

Step 4:Design of manufacturing system configurations

After machines are determined, the next logical step is to arrange the machines into a
system, i.e. layout design. When determining a layout, in addition to the machine
selection, production strategies (make to order or make to stock) and types of
manufacturing systems (flexible manufacturing systems, cellular manufacturing
systems or job-shop systems) and other factors are also considered. The selection of
the proper type of system has a significant impact on the productivity, cost of the

systems, and the flexibility for accommodating the future changes.
Step 5:Design evaluation

The layout must be evaluated and necessary changes suggested to meet the business
objectives and constraints. Modelling and simulation tools are needed here to give

comprehensive evaluations.
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Based on the results, redesign of machines, configuration layout or material handling

systems can be carried out. Essentially, the last three steps are iterative.
Step 6:Implementation

In order to establish models for design of manufacturing systems during previous
design stages, some assumptions are normally made and some details have to be left
out when developing models. Once the design is evaluated, good design candidates
can be selected for implementation. In this stage, further analyses might be needed
with more detailed information and practical constraints which cannot be considered
in the previous stages. In the implementation, these details can be reviewed so that the

implementation can achieve the balanced optimum results.
Step 7:System reconfiguration

This stage identifies the changes a designed system needs to undergo to accommodate
the variation in the previously defined goals and objectives. It also determines certain
aspects of system reconfiguration such as system life and intricate changes at the
system, sub-system and machine level. It should be remembered that system design

was carried out based on forecasts for a specified time period.

3.2.2.2 MSAD Methodologies

Design methodologies form an important part of manufacturing system design.
Several system analysis and design methods have been used in the last two decades
for analysing and designing different aspects of manufacturing systems (Al-Ahmari
and Ridgway, 1998). Law and Tam, (2000), state that there are three types of
approaches to system analysis and design: natural language approach, process-

oriented approach and object-oriented approach.

e The use of natural language in system description is common. The
disadvantage of this method is that it explains the system in a natural but

informal language. A benefit of this approach is that it is accessible i.e. easy to
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understand but it has a lack of formality that leaves it open to
misunderstanding.

The process-oriented or functional approach is process and data oriented,
emphasizing the processes that occur within a system and the data that flows
as output from one process to become the input of the next process (Dori,
1996). The system is modelled as a network of interacting processes, with an
established specification of how these processes can be performed (Law and
Tam, 2000). Function/data methodologies can be represented by the methods
like the data flow diagram method, which emphasizes process as the major
theme of the analysis. At a high-level, the whole DFD can be described in a
single Production’ bubble in what is known as a 'content diagram' or 'zero-
level diagram'. The internal details of the process can be exposed by
'explosion' 1.e. recursively displaying lower-level DFD's of a particular
process. Block diagrams, mathematical analysis, data flow diagrams (DFD),
IDEF(integrated computer aided manufacturing definition) and Petri nets are
some of the process-oriented approaches.

In contrast to the process-oriented approach is the object-oriented (OO)
approach, which puts the object at the centre of the analysis (Dori,1996).
object-oriented analysis (OOA) is based on the principle that everything can
be represented as an object (Booch, 1994). This includes tangible and abstract
objects, activities, operations, and events. Objects have attributes and interact
with each other by passing messages which invoke services or methods. The
object paradigm combines behaviour and data and regards them as integrated
objects. OOA encourages an analyst to concentrate on 'what' rather than 'how'
and the information is organised around objects. It focuses first on identifying
objects from the application domain, then on fitting procedures around them.
During OOA and design there is an emphasis on finding and describing the
objects - or concepts in the problem domain and defining logical objects that
will ultimately be implemented in an OO programming language (Larman,
1997). One of the advantages of OO modelling identified in this process is that
the subclasses can be hidden and represented by their super classes, using
inheritance. The analysis can be focused on the organization of the super

classes in order to design the general structure of the system. OOA and
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modelling also facilitate the division of planning knowledge into logical
groups and its organisation in a hierarchical way. By doing so, a better
understanding of the domain problem and knowledge can be obtained.
Another advantage is that when new resources are added to the manufacturing
system, a new object can easily be created in the planning system without
redefining its structure. The analysis and modelling of a process planning
system using OO approaches also greatly improves the system reusability and
portability. This approach supports the continuous reusability of partial
modules of new models and the development of corresponding model libraries

{Mertins et. al., 1997).

Common OOA and design techniques include: Rumbaugh's object modeling
technique (OMT), Shlaer and Mellor's object-oriented system analysis, Coad and
Yorden's OOA, and Booch's, Jacobsen's and UML approaches (Bahrami, 1999).

Law and Tam (2000) state that the use of QOA to create a CAPP system as the
resultant object-oriented model can be used as a direct mapping during
implementation. The implementation of the CAPP system is found to be nearly a one-
to-one mapping from object-oriented model. In CAPP systems, computer systems are
employed to code human knowledge and information in specific manufacturing

domain.

The analysis and designing of the manufacturing system is a complex task , and work
related to this topic has been discussed by many researchers such as Blanchard and
Fabrycky (1981), Yeomans ef al. (1985), Engelke et al. (1985), Talavage and Hannam
(1988), Madison and Wu (1987), Lu and Subramanyam (1988), Nevins and Whitney
(1989), Kusiak and Park (1990), West et al. (1989), Askin and Stanridge (1993) and
Doumeingts et al. (1992). These methodologies aim to provide a generalized
framework for the design of manufacturing systems. However many of the
methodologies are specifically tailored for the design of cellular manufacturing
systems, (Ferreira and Pradin, 1993; Ballarkur and Steudel, 1987; Gupta et al., 1995;
Shtub, 1989), flexible manufacturing systems (Borenstein et. al., 1999; Mak & Lu,
2000). '

-
/
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It is difficult to model a complete manufacturing system using a single method.
Various attempts have been made to model manufacturing systems using combination

of the functional and OOA approaches and the different methods available.

Doumeingts et. al. (1987) present a methodology for the design of advanced
manufacturing systems. They make a complete survey of the conceptual models used
in such methods, the various tools, and methods for each sub-system which includes

decisional, informational and physical methods.

Spano et al. (1991) present a survey of the techniques for the design of FMSs. They
point out that the design of FMSs is carried out by the independent examination of the
different design phases and suggest the need for the development of tools and

techniques for the integrated development of FMSs.

Law and Tam (2000) state that OOA can be used to create a Computer Aided Process
Planning (CAPP) system as the resultant object-oriented model can be used as a direct
mapping during implementation. The implementation of the CAPP system is found to

be nearly a one-to-one mapping from the OO model.

A variety of issues related to the design of manufacturing systems can be found in
many publications. For example, Noble and Tanchoco (1993) discuss in length issues
related to the economic design of manufacturing systems. They also provide a
comprehensive review of literature related to design methodologies and system design
tools. Tompkins and Reed (1976) outline 25 requirements which are essential
manufacturing system strategies that a manufacturer should address to be successful
in a global marketplace. Tactical design issues have been addressed by Suh (1984)
and Shingo (1988) and operational and implementation issues are discussed by
Thacker (1989), Suri (1988), Wu (1992), Wysk er al. (1994), and Lardner (1988).

3.2.2.3 MSAD Tools

With the advances in manufacturing systems, improved analysis and design became
crucial to cope with increasing levels of complexity. Computer Aided Engineering

(CAE) tools appeared and offered support across a wide range of areas. According to
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Molina et. al. (1995b), to realise the true value of concurrent engineering, modern
CAE tools must operate in an environment which

(a) allows them to operate in parallel, and as early as possible in the design process,
(b) allows them to operate on a common source of information and

(c) provides a means by which conflicts which arise from competitive views of the

evolving design can be identified.

CAE also provides computing tools for design for manufacture (DFM) (Boothroyd
and Dewhurst, 1994). When a preliminary design has been computerised by means
of computer aided design (CAD) software, this geometric design becomes the input
for the next step in the 'product design process' namely analysis and evaluation, using
further CAE tools.

For example, analytical packages, such as finite element analysis can be utilised to
analyse the design mechanically. Simultaneously, computer aided manufacture

(CAM) software, might be used to evaluate the component design, for manufacture.

Currently, there are CAM simulation systems designed for casting, sheet metal
forming and injection moulding and CNC machining to name but a few. This software
is beneficial for determining tooling requirements, time estimates, manufacturing
bugs and programming (Howz;lrd, Lewis, 2003). Similarly, DFMA software might
be used to evaluate the design as a whole and aid the designer in assembly

and alternative manufacturing methods (Boothroyd and Dewhurst, 1994).

There are also CAE packages available for specific mechanical engineering design
fields such as shaft design, bearing selection, as well as in-house customisable

packages developed for company specific problems (Howard, Lewis, 2003).

A 3D design package being developed in at Department of Manufacturing and
Operations Engineering, University of Limerick, Limerick, Ireland (Howard, Lewis,
2003), will expose the designer to a broader area of knowledge by reviewing a 3D
component design for basic design faults and compares alternate methods of

manufacture for producing the design.
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GI-SIM (GRAV/IDEF-Simulation) is an example of an integrated system developed
for supporting system analysis and design (Al-Ahrami, Ridgway, 1999). The method
is based upon a reference model, formalism and structured approach. GIM uses three
modelling methods: GRAI (to model decisional systems), MERISE (to model
information systems) and IDEFO0 (to model physical system). It presents a global view
of the organisation in its grid, and describes different activity centres using the IDEFQ
modelling technique. In this method, the lowest level of IDEF0 models can be
translated into simulation tools. These features make the GI-SIM method powerful
tool for analysing, designing and simulating manufacturing systems. GI-SIM 1is
flexible and combines three important modelling concepts (conceptual, functional and
simulation) to describe the manufacturing system from its global domain to its

detailed specifications and includes the dynamic aspect of the system being modelled.

IMDE (Integrated Manufacturing Design Environment) was proposed as an integrated
design methodology for manufacturing systems(Roa et al., 1993). IMDE enables the
systematic integration of new design domains, methodologies, and technology. The
IMDE architecture uses an integrating approach similar to a distributed database. Data
resides locally with creating tools and a management system, which is responsible for
linking entities. The IMDE is based on a practical, workable philosophy of using
existing software-based design support tools and integrating new tools when

necessary.

The computing tools mentioned above aid the design and prototyping of
manufacturing systems. Again, these tools operate at different stages of the life cycle.
Since they all create and or exploit design information and knowledge, potentially
they all may make use of reusable components. Some of these tools provide data
transformation or translation code to share or exchange data with other specific tools
to design environment. Koonce et. al. (1996) suggest that an integration methodology
be developed which takes advantage of the existing methods and models, so that they
share essential information. According to Koonce et. al.,, in order to integrate the
various design models into a unified model of the system, an architecture must allow

designers to use the tools and methods best suited to their models.

39



Chapter 3: Literature Review

Once the designing process 1s completed the behaviour of the manufacturing system
can be exposed and investigated by using modelling techniques. Models provide very
valuable abstractions of the manufacturing system, and may be built in many different
ways, and refined to different levels of details, focusing the design on particular
aspects of the required system. The structure of a model can be tailored to suit
particular task; hence the information content of the model is dependent on the
modelling approach adopted. The concept of information modelling is explored in the

following section.

3.3 Applications of Information Modelling in Manufacturing

Information is the life-blood of any enterprise and without timely access to it the
enterprise and its component parts cannot function effectively (Murgatroyd, et al
1994). Information can be defined as knowledge of ideas, facts and processes while
data are the symbols or functions which represent information for processing

purposes, based on implicit or explicit interpretation rules (Doradore, Young, 1999).

An Information Model, is a formal description of types of ideas, facts and processes
which together form a model of a portion of interest of the real world and which
provides an explicit set of interpretation rules. The purpose of information modelling
1s to provide a representation of the information system of an enterprise at various
modelling levels (Yu et. al., 1999).

Information models are a way of achieving common and structured sources of
information. They provide an information repository, which is used to capture the
information related to the life cycle of an artefact. To represent this information, well-
defined information structures, or information data models, are required (McKay, et
al. 1996). This element can be used to store a wide range of company information
(Figure 3.5).

Software applications are responsible for supporting the life cycle functional
activities involved in product development, such as design and manufacturing.
Software applications share information stored in the information models, and hence

it should be created based on the first element, i.e. information data model. For this
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reasons such software applications are also named data model driven applications
(Young, et al. 1998) (Figure 3-5).
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Figure 3.5 - The general information system concept (Young, ef al. 1998)

Information modelling builds the information model, which usually consists of two
main components, the structure model and the process model (Flynn, Diaz, 1996).
The structure model describes the organisational and environmental elements about
which information is to be recorded, commonly using the concepts of entity, attributes
and relationship and showing these on an entity-relationship diagram. Whereas, the
process model describes the elements concerned with processing the information,
using concepts such as process, event and data flow and expressing these in terms of

structure model elements.

In order to define the structure of the information models, there are basically two
approaches that can be followed (Dorador & Young, 2000). The first is a top-down
approach, which starts with the analysis of the enterprise level in order to obtain
information about the processes, operations and objects that are involved in the
process. The following steps are the definition of the information and computational
levels. The other methodology is a bottom-up approach, in which the process starts
with the definition of the functionality of the software, and from that point the

information and enterprise levels are analysed.

In order to capture the requirements that must be contained in information models,

several approaches have been proposed based on reference architectures (Dorador &
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Young, 2000). Some of them have become standards, like CIM-OSA (Computer-
Integrated-Manufacturing Open System Architecture) (Jorysz & Vernadat, 1990) and
RM-ODP (Reference Model for Open Distributed Processing) (Toh, 1999). Other
important methods are the Grai Integrated Methodology (Doumeingts, 1998) and the
Prudue Enterprise Reference Architecture (PERA) (William, 1998).

Data models are formal representation of the structure of data for computer
applications further, information models formally describe data so that it can be
processes by computer (Schenck and Wilson, 1994). The provision of a common
source of information, through data models, is one of the fundamental areas where a
software system can support the design process (McKay, et. al.,1996). The necessary
information to support designers can be classified into product information and
manufacturing information, which can be represented in their respective product, and

manufacturing models.

3.3.1 Product Modelling

In the course of its life a product is conceived, designed, manufactured, maintained
and updated and eventually becomes obsolete. Throughout its life cycle, data
concerning product is both generated and used as the product evolves. The design
process can be defined as a series of activities by which the information about the
designed object is changed from one information state to another, and hence need to
solve a design problem (Dixon, 1995). Therefore, a clear and unambiguous definition
and representation of the information involved in the whole product development
process, is important to support design and other life-cycle applications. The concept
of product modelling has been advocated by many authors. A product model is a
representation of a product in a computer, and contains adequate information about
the product to satisfy the product information needs of all the applications within a
CAE system (Harding et al., 1999). A product model is a readable representation of
all product related information (Kimura,1992, Krause, et. al.,1993, Anderl, 1997). A
product model is a computer representation of product data that contains detailed
information about a product or a family of products, so it can support the applications

that are interacting in the product’s life cycle ( Dorador & Young, 2000).
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A Product Model can be considered to be a computer representation of a product,
which should hold a complete depiction of the information concerning a product. The
product model therefore becomes a source of repository for information for all
applications and allows information to be shared between the users and software

components of a CAE system (Bugatai, 2002).

A product model was developed in the MOSES project. The aim of the research on
the MOSES product model was to develop life cycle information relating to discrete
products. The first STEP release was still a draft at the time the research was initiated
even though some of its definition were used. However, the main structure of the
product model proposed by the MOSES researchers at Leeds University used a
different approach from that suggested by STEP, linking the product information to
the elements of the product structure. One of the main contributions of the research
undertaken was the framework of the data model that was used for multiple purposes
(McKay et. al., 1996).

Product model structures

Product modelling is accepted as an important part of data exchange (STEP) and data
sharing in integrated environments. A product model can be considered to be a
computer representation of a product which should hold a complete depiction of the

information concerning a product.

An example structure of product information is shown in Fig 3.6. The figure shows a
product specification and product definition which are to be stored in the product
model. The specification describes the requirement which the product must achieve.
The product definition describes the ways in which the specification may be achieved
and includes the product geometry, dimension and material and also captures the
manufacturing plans, machine tool and set-up, defining operation and fixturing

information.
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Fig. 3.6 Product data structure. (Bugtai & Young, 1998 )

CAD, CAM, CAE and CIM systems with their ability to quickly generate and change
product data have strained the conventional systems used to manage data (Kumar and
Midha, 2001). Commercial CAD/CAM systems at different price levels are easily
available for different users (Chao & Wang, 2002). Most of them have been
developed for many years and have proven to be excellent tools for design and
manufacturing engineers. The proliferation of CAD/CAM systems led to the need to
provide an effective means by which product information can be shared and
exchanged between applications and enterprises (Goh et. al.,, 1996). This need was
recognised two decades ago (1980°s) and as a result, a number of standards emerged
(Vergeest, 1991). In a CAD/CAM context, there are several existing standards for
data exchange, such as Initial Graphics Exchange Specification (IGES), SET, VDA-
FS, EDIF, etc. (Bloor & Owen, 1991), IGES was designed as a neural format for the
exchange of CAD data and has been used as the standard for geometric information
by many CAD/CAM systems. IGES does not fulfil the complete requirements of
representing product data. STEP, the standard for the exchange of product data, more
formally known as ISO 10303, is an international standard directed at communicating
the meaning of the data associated with a product. STEP defines a neutral data format

for the representation and exchange of product data. The goal of this standard is to
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complete a system independent representation of all product related data during the
product life cycle (Krause et al., 1993, Ash worth et al. 1996). It integrates geometric
representation and adds additional information, such as the process models, for
different stages of the product development. As such, it addresses a large portion of
the information managed by many different systems. But STEP also offers a
framework and supporting methods that can further aid the integration of multiple

systems.

STEP includes a data definition language EXPRESS, that is also a part of the
standard. All information models in STEP are defined using EXPRESS language
constructs. EXPRESS is an object-like information modelling language whose
purpose is to describe the characteristics of data about product that could exist in a
database. It is defined. to be independent of any application that might operate on the
data.

In many organizations, data are treated as the by-product of the business process. Data
are stored in people's minds, filing cabinets and desktops, never to be re-utilized, only
to be wastefully re-created elsewhere. As a result, the time spent by an engineer in
looking for the right information far exceeds the time spent on the actual design work.
There is a need to collate these data into a single source, providing complete and
consistent information, This will free people to make decisions and will also improve

data integrity within the organization (Obank et. al.,1995).

A product data management system is a tool that helps engineers and others manage
both data and the product development process, and hence support a concurrent

engineering framework in a company.

A product data management (PDM) system is a software framework that enables
manufacturers to manage and control engineering information, specifically, data
surrounding new product designs and engineering processes (Gascoigne, 1995). From
the product perspective, it can help to organize design revisions, track versions of an
evolving design concept, retrieve archived data and other product-specific
information. From a process perspective, a PDM system can orchestrate procedural
events such as design reviews, approvals, product releases and so on(Gascoigne,
1995).
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A product data management (PDM) system is an enterprise solution that enables
employees across the firm to quickly access product information (Wolfe, 1996;
Kumar and Midha, 2001; Lee, 2003). PDM systems offer a wide range of functions,
including engineering information management, engineering change management,
and product structure management. (Gascoigne, 1995). PDM systems range from
simple, off-the-shelf packages to complex, tailorable systems that can be further
developed to fit a company's requirement exactly. PDM systems provide a centralized
data repository that enables authorised users throughout a firm to access and update

current product information, while ensuring that they follow specific procedures.

Manufacturers are able to optimise design, procurement, and manufacturing
simultaneously by tightly integrating a PDM system with a component and supplier
management (CSM) system or enterprise resource planning (ERP) system. Sharing
information between PDM and ERP is essential for optimising design and
manufacturing processes. PDM systems help in maintaining almost the entire product
related information in an easily accessible form. (Kumar and Midha, 2001). PDM and
ERP are the heart and soul of managing the overall product definition and production
life cycles (Fulcher, 1998; Kempfer, 1998; Miller, 2000).

The application of knowledge in design automation has grown over recent years as
vendors have begun to offer ‘high-end computer aided design (CAD)’ tools that can
use knowledge linked with product geometry and data management, such as
Parametric Technology’s behavioural modelling, Unigraphics’s UG/Wave,
IBM/Ctia’s Knowledgeware, and Knowledge Technologies International’s
ICAD(Duffy, et. al., 1998).

Moving beyond its heritage in computer aided design (CAD) and product data
management (PDM) systems, PLM is evolving into a better understood, recognized,
and appreciated enterprise business solution/process whose impact and influence
extends across the entire enterprise out to suppliers and customers. Essentially, PLLM
is a business strategy that employs collaborative software solutions to create a
product-centric data record for any product over its entire lifecycle, from concept to
retirement. PLM encourages and coordinates interactions between a product
information repository and all stakeholders, both internal and external to the

enterprise, and this can provide the mechanisms for manufacturers to not only bring
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new and innovative products to market much faster and at a lower cost, but also

effectively and efficiently support the product and customer.

IBM's PLM Express solutions consist of CATIA Version 5 the leading collaborative
product design software and SMARTEAM for product data management developed
by Dassault Systemes. Parametric Technology Corp.’s (PTC) Windchill is another
example of PLM.

A new study by the ARC Advisory Group "PLM Software & Services Worldwide
Outlook", highlights the massive commitment being undertaken by industry. It
predicts that the PLM market, which totalled more than $5.6 billion in 2002, will
more than double and top $14 billion by the end of 2007. This is a rise at a cumulative
annual growth rate (CAGR) of 20 percent over this forecast period, a growth rate far

in excess of any other major enterprise software market.

In 1995, Ford initiated the C3P program to create an integrated global CAD, CAE,
CAM, PLM strategy. The C3P program demonstrated considerable success in
capturing the collective intellect, i.e. the accumulated knowledge and specialized
information of in-house engineering and external multi-tier supplier-based enterprise
(Schnitger, 2003). He explained that a major source of a company's value is in the
knowledge and expertise of the people in its extended enterprise. The C3P initiative
now allows Ford to leverage that collective intellect for a competitive advantage in
developing innovative products, shortening cycle times, reducing costs and improving

quality.

A second model, representing manufacturing information, is also a fundamental
requirement (Molina, et. al., 1995b) (Young and Bell, 1998). This manufacturing
model is comprised of entities that are relevant and important for any type of
manufacturing firm, namely: resources, processes and strategies. These manufacturing
entities can be organised in functional levels to achieve a generic representation which

can be tailored to suit different enterprises.
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3.3.2 Manufacturing Modelling

A Manufacturing Model describes and captures the information about the
manufacturing situation of a company in terms of its manufacturing facility and
capabilities at different levels of abstraction (Molina, 1995) (Molina and Bell, 1999).
A manufacturing model acts as a single source of information on available
manufacturing capabilities and status and therefore helps to promote a common

understanding of the manufacturing enterprise.

Manufacturing Modelling has at the centre of its philosophy the need to provide
designers and manufacturing engineers with high quality manufacturing information,

which can be easily accessed and shared (Molina, et. al. 1995b).

Three entities have been defined for manufacturing environments i.e. resource,
processes and strategies, as these are relevant and important for any type of
manufacturing firm. Being able to model all these three related dimensions in the
Manufacturing Model allows a suitable description of the manufacturing facility in
terms of its structure organisation, and capabilities, (Bugtai, 2002). The relations and

interactions among them define the manufacturing environment of a company.

A de-facto standard has already emerged, by the petition of various standardisation
bodies such as ISO and NBS (National Bureau of Standards), together with various
European projects within ESPRIT (BSI PD 6526:1990). This de-facto standard had
partitioned the factory into five hierarchical levels: Facility (Factory), Shop, Cell,
Workstation and Equipment (Molina, 1995a). This hierarchical model has been used

as a reference to structure the Manufacturing Model with the following four levels:

1. Factory Level
2. Shop Level
3. Cell Level
4. Station Level

where the fifth level (Equipment) is enclosed at the Station Level.

The manufacturing model describes and captures information regarding the

manufacturing facility of a particular enterprise in terms of its organisation,
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composition and process capabilities (Bugtai, 2002). It represents the necessary
information required to provide reliable manufacturing capability information for the
support of life cycle activities, such as process planning, machine planning, pre-

processing proving and scheduling (Molina, 1995).

Manufacturing model structures

According to Molina and Bell (1999), three entities can be regarded to be basic
elements in the definition of any manufacturing environment, and these are resources,
processes and strategies, (see figure 3.7). Manufacturing resources are all the physical
elements within a facility that enable product manufacture, e.g. production machinery,
production tools, etc. A description of the resources based on their physical properties
and functional composition allows the capture of their capabilities. Being able to
represent resource capability enables the support of design decisions, e.g. design for
manufacture and manufacturing functions, process planning. Manufacturing processes
are those processes carried out in a facility in order to produce a product. Strategies
are decisions made on the use and the organisation of resources and processes. The
“Manufacturing Model” as shown in figure 3.7 was structured into four levels based
on a de-facto standard (i.e. factory, shop, cell, station), modelled in Booch Object-
Oriented Methodology (Booch, 1994), and implemented in an object-oriented

database.

Modelling of manufacturing systems, can also be achieved using simulation.
Recently, Simulation has begun to be accepted as a very powerful tool for the

planning, design, and control of complex production systems (Kunnathur et. al.,
2004).

Discrete event simulation is one way of building up models to observe the time based
(or dynamic) behaviour of a system(Ball, 1996, 2001) . During the experimental
phase the models are executed (run over time) in order to generate results. The results

can then be used to provide insight into a system and a basis to make decisions on,
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Simulation models can be build either by using a high level programming language or

a data driven software system in which the model is specified using user-defined and

default data items (e.g. machine scrap rate of 5% with default efficiency of 100%).

Ball (1996, 2001) mentions that these two basic approaches can be categorised as —
Languages and Simulators. SLAM, ECSL, SIMAN are examples of high level

programming languages which aliow rapid development compared with C++, Pascal,
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FORTRAN. It is a relatively slow approach to building models but extremely
versatile. Witness, ProModel, , Taylorll are examples of data driven systems with
little or no programming required. This approach is fast, easy but more limited in
application. Some simulators are now incorporating virtual reality {(VR) technology
into their software. Witness now has a VR plug-in whilst Deneb market a package
called Quest. A third approach can be derived from these two called Hybrid systems.
Arena is an example of a hybrid system. It combines the flexibility of a simulation

language (SIMAN) with the user-friendliness of a data driven system.
System modelling methodologies are discussed in more detail in the section 3.3.3.

The MANDATE (MANufacturing management DATa Exchange), ISO 15531,
Industrial automation systems and integration- manufacturing management data
exchange (MANDATE) includes the representation of data relating to the
management of the production process and the exchange and sharing of management
data within or between companies. MANDATE, in association with STEP, PLIB and
other SC 4 (or non SC 4) standards, may be used in any software application that
addresses manufacturing management related information such as resources
management data, flow management data. The standard facilitates information
exchanges between software applications such as E.R.P., manufacturing management

software, maintenance management software, quotation software, etc.
MANDATE address the modelling of manufacturing management data such as:

» Resources management data (Resource model);
» Time related features (Time model);

« Flow management data in manufacturing (Flow management model).

MANDATE has been written in EXPRESS. During the development phases of the
MANDATE standard, the compatibility of the standard with the ISO 10303 (STEP)
standard has been the subject of a thorough analysis. (ref:

http://www.iso.ch/iso/en/CatalogueDetailPage.CatalogueDetail 7CSNUMBER=2814 )

Three main categories of data relating to the management of manufacturing can be

identified as the information related to:
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1. external exchanges, e.g. with suppliers
2. the management of the resources used during the manufacturing processes

3. the management of the manufacturing flows within the plant and among the

process stages.

ISO 15531 does not standardize the model of the manufacturing process. The aim of
the standard is to provide standardized data models for the three types of data, above,
which are usually complex, strongly time-dependent and with close relationships
among them. The objective is to facilitate the integration between numerous industrial
applications by means of a common, standardized tool able to represent these three
sets of data that are shared and exchanged during the whole production life cycle and

are in the core of the manufacturing process.

Ontologies are also increasingly being used in manufacturing. The PSL (PSL) project
at the National Institute of Standards and Technology (NIST) is creating a neutral,
standard language for process specification to serve as an interlingua to integrate
multiple process-related applications throughout the manufacturing life cycle. This
project is working/has worked closely with other efforts, such as A Language for
Process Specification (ALPS) Project (Cator & Ray, 1991), the PIF (PIF) Project (Lee
et. al., 1998), the Toronto Virtual Enterprise (TOVE) Project (Fox et. al , 1996), and
the Enterprise ontology Project (Uschold et. al., 1998). ALPS was a research project
at NIST which identified information models to facilitate process specification and to
transfer this information to process control. The Process Specification Language
(PSL) (Schlenoff et. al., 2003) targets process related environments such as
manufacturing, construction and service industries. PSL also provides highly detailed
concept definitions, but so far offers limited tool support. PSL was intended from

inception to be a neutral format for the exchange (sharing) of process information.

PIF is an interchange format based upon formally defined semantic concepts, like
PSL. However, unlike PSL, PIF is focused on modelling business processes and

offers a single syntactical presentation, the BNF (Backus-Naur Format) specification
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of the Ontolingua Frame syntax. The TOVE project provides a generic, reusable data
model that provides a shared terminology for the enterprise that each agent can jointly
understand and use. The Enterprise Ontology project's goal is to provide "a collection
of terms and definitions relevant to business enterprises to enable coping with a fast
changing environment through improved business planning, greater flexibility, more
effective communication and integration” (Uschold et. al., 1998). While both TOVE
and the Enterprise Ontology focus on business processes, there are common semantic

concepts in both these projects and the manufacturing process-focused PSL.

Ontologies in the context of system modelling are reviewed further in section 3.3.3.

3.3.3 System Modelling Methodologies

The concept of a manufacturing system was discussed in section 3.2 and now it is
necessary to identify methodologies which can be used to design a manufacturing
system in a systematic way. Some of the common approaches suitable for system
modelling are System Analysis and Design Technique (SADT), the IDEF methods,
SA/RT, the GRAI/GIM methodology, the IEM approach, the information system

approaches, the object-oriented approach, Petri nets, ontologtes.

SSADM (Structure System Analysis and Design Method).
(Dennis and Wixom, 2000, Kendall and Kendall, 1998 )

This methodology consists of three stages: feasibility study, system analysis and
system design. These are then sub-divided into problem identification, project
identification, analysis of system operation and its problem, specification of
requirements, selection of technical options, logical data design, logical process
design and physical design. It is a comprehensive methodology for the development
of data-processing and data-storage type of systems. However, it does not address the
organization or resource views adequately. SSADM addresses the function view
through Data Flow Diagrams (DFDs).
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SADT methodology (Structured System Analysis and Design Technique)

SADT was originally developed at SofTech INC and supports the structured analysis
of physical and information systems. SADT was developed as a method for detailed
requirements definition, not as a CIM method or a system design method. Later on,
SADT has become a full-scale methodology for problem analysis, requirements
definition and functional specification applicable to many application domains. The
major strength of SADT is that it is based on a structured methodology for
decomposing complex system into functions, sub-functions, sub-subfunctions and so
on. It is based on dual hierarchical structures, which are associated with a graphical

representation, i.e. the so-called activity structure and data structure.

SADT consists of two main parts:
e abox-and-arrow diagramming language for structured analysis, and

¢ an analysis and design technique.

The diagramming language is based on a simple graphical notation, called the
structured analysis box. This construct has a dual nature: one is called actigram (in
the case of transformation) and is used to represent activities, the other one is called
datagram and is used to represent data (in the case of information or document

analysis).

The approach defined by SADT is divided into several phases — analysis, design,
implementation, integration, testing, installation and operation. It is mainly used in the
system analysis and design phases. SADT addresses both activity modelling and data

modelling and is one of most applied methodologies in system design. (Wu, 1989).

IDEF

IDEF is a set of modelling methods each of which is designed for different purpose.
IDEF is an acronym for ICAM Definition, (ICAM- Integrated Computer Aided
Manufacturing ) an initiative conducted by the U.S. Air Force in the 1970s. The aim

of this project was to develop a methodology to analyse the data and activities in an
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enterprise, capturing the “as-is” process model and for modelling activities in an
enterprise (the “as-is” state describes the actual state of the enterpnise). The enterprise
can develop a basis for process improvement planning and enable it to define
information requirements to achieve the “to-be” state (the “to-be” state describes the

desired, more integrated state targeted by the enterprise).

IDEFQ was developed based upon the SADT methodology and is a graphical
modelling method. It facilitates the building of a functional model and provides a
description of a system (typically a manufacturing system) in terms of an hierarchical
presentation. The rectangle denotes a function (or activity) and arrows denote flow of
data between activities. Input data to the left of the box is transformed and results are
output from the right of the box. Control arrows to the top of the box denotes the
constraints that affect performance of he activity. Mechanism arrows to the bottom of
the box represent the resources that carry out the activities. To overcome the lack of
information modelling, IDEF1 has been designed. It is developed for the design of
integrated databases. However, its lack of any inherent means of describing inter-
functional entities (Bravoco and Yadav, 1985b) led to the development of IDEF1X.
IDEF1X is a graphical semantic information modelling technique which defines the
logical structure of shared data in terms of entities, attributes of entities and
relationships between entities (SofTech Inc., 1979)(Mackulak, 1983) (Hicks et al.,
1986). The limitation of IDEF1X on dynamic modelling initiates the creation of
IDEF2. IDEF2 is focused on improving the productivity of simulation modellers
(Bravoco and Yadav, 1985c¢)(Sarkis and Li, 1994).

EXPRESS Language

The need to have a common representation of product data on which to link design
and manufacture applications is now generally accepted and the International
Standards Organisation have been working towards defining Standards for the
Exchange of Product data through STEP committee for some years now. (Young,
1998). As part of this standard they have defined a language which enables the
definition of data structure called Express (Young, 1998). More information about
STEP can be found in Gu, Chan (1995).
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Object-Oriented approach

The object-oriented approach is a very powerful and universal modelling tool,
although based on only one modelling construct: the object. The main characteristics
of the object-oriented modelling approach is encapsulation combining function
modelling and information modelling into one unified paradigm. Objects are uniquely
identified, have a state(i.e. a data structure) and possibly have a behaviour (i.e. a set of
callable operations called methods and representing their functionality). They depict
abstract or concrete things of the enterprise. The whole model is defined as a set of
communicating objects. The object-oriented approach supports the continuous
reusability of partial modules of new models and the development of corresponding

model libraries (Mertins et. al. 1997).

UML

UML is an emerging industrial standard for object-oriented modelling. UML stands
for Unified modelling language. It started as an effort by Grady Booch and Jim
Rumbaugh in 1994 to combine their two popular methods, i.e. the Booch and OMT
(Object Modelling Technique) methods. Later they were joined by Ivar Jacobson, the
creator of the OOSE (Object-Oriented Software Engineering) method. In response to
an OMG (Object Management Group, an industry standards body) request to define a
standard modelling language and notation, the UML was submitted in 1997 as a

candidate.

The UML is a language and notation for modelling, but it is internally not a method
(Oestereich, 1999). A method needs to consider the specific framework and
conditions of the application domain, the organizational environment, and much
more. UML can serve as a basis for different methods, as it provides a well defined

set of modelling constructs with uniform notation and semantics.

IEM (Integrated Enterprise Modeling) is largely based on object-oriented approach
(Vernadat, 1996). IEM uses the object-oriented modelling technique for modelling

business processes, related organisational structures and the required information
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systems (Mertins et. al., 1997). It provides a model for planning and optimising the

processes and organisational structure within the enterprise.

The generic classes 'Product, 'Resource and 'Order' are the basis of IEM for
developing models from a user's point of view. Product class represents the principle
result of the entire enterprise process - the products. Resource class represents all
means, including organisational units, which are necessary to carry out any activity in

the enterprise. Order classes represent planning and control information.

Ontology

In recent years the development of ontologies, which are explicit formal
specifications of the terms in the domain and relations among them (Gruber 1993),
has been moving from the realm of Al laboratories to the desktops of domain experts.
An ontology defines a commeon vocabulary to share information in a domain (Noy &
McGuiness, 2000). An ontology consists of formal descriptions of entities and their

properties, relationships, constraints and behaviour (Fox, et. al., 1996).

The ontologies on the Web range from large taxonomies categorizing Web sites (such
as on Yahoo!) to categorizations of products for sale and their features (Noy &
McGuinness, 2000). The WWW Consortium (W3C) is developing the Resource
Description Framework (RDF) (Brickley and Guha 1999), a language for encoding
knowledge on Web pages to make it understandable to electronic agents searching for
information. The Defense Advanced Research Projects Agency (DARPA), in
conjunction with the W3C, is developing DARPA Agent Markup Language (DAML)
by extending RDF with more expressive constructs aimed at facilitating agent

interaction on the Web (Hendler and McGuinness 2000).

The IDEF5 method provides a theoretically and empirically well-grounded method
specifically designed to assist in creating, modifying, and maintaining ontologies.
Standardized procedures, the ability to represent ontology information in an intuitive
and natural form, and higher quality results enabled through IDEF5 application also

serve to reduce the cost of these activities (http://www.idef.com/idef5.html).
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In addition to the above well-known methodologies, a schematic modelling concept
has been introduced to offer an advanced simulation methodology for system design.
The appeal of this schematic modelling concept is its simplicity and flexibility, since
many conditions can be defined in any desired way, i.e. interactions of functions

performed by objects within a system (Chaharbaghi, 1991).

It is often useful to study a dynamic real-world system to learn something about
its behaviour. However, it is generally necessary to use a model to study the
performance of the system, since experimentation with the manufacturing system
itself would be disruptive, not cost-effective or simply impossible. An appropriate
model should shed some light on this question by allowing the operation of the plant
to be studied as it currently exists and as it would be if the plant were expanded. A
model, which is composed of entities and the relationships between the entities, can
be constructed using mathematical methods, if the relationship is simple

enough. Otherwise simulation can be used if the relationships are complex.

3.4 Enterprise Integration

Enterprise integration (EI) is very important topic in industrial engineering nowadays
because of the growing need to improve existing industrial systems and to organise
such complex systems faster, better, and in a more systematic way (Ortiz et. al.,
1999). For manufacturing firms, the concept of integration is hardly novel. The Total
Quality, JIT, and supply chain management movements all required improved internal
and external coordination (Braganza, 2002). While these movements centred on the
manufacturing function, research suggests that integration of several functions at
different organisational levels can achieve above average financial and performance
results. However, studies show that there are many problems associated with
enterprise integration. A root problem is the fundamental assumption that all
enterprise integration initiatives are equally important. Braganza (2002) challenges
this assumption and argues that enterprise initiatives differ by their purpose; and he
also proposes a framework for typifying enterprise integration initiatives that is based

on the capabilities developed for the organisation.
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EI means that each unit of the organization will have access to information relevant to
its task and will understand how its actions will impact other parts of the organization
thereby enabling it to choose alternatives that optimize the organization's goals.
(Drakos, 1996).

Kosanke (1997) claims that the evolution in this field has gone through several
phases, the initial objectives aimed at building the physical level integration; then the
focus was moved to the integration of applications. The third stage of evolution was
the integration of the business level and in the final stage the full enterprise operations

were addressed, as shown in figure 3.9.

T Integration
Enterprise Integration

Business Integration

“” Application Integration

e ——
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d Physical Integration
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Fig. 3.9 Enterprise Integration evolution (Kosanke, 1997),

El facilitates the material, information, decision and control flows throughout the
organisation, linking functions with information, resources, applications and people.
Its aim is to improve communication, cooperation and coordination in the enterprise,
in order to manage the enterprise to behave as a whole and operate according to the

strategy of the enterprise (Ortiz et. al., 1999).
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Three key attributes emerge from the subset of the literature that focuses on EI. The
first is the characteristics that define EI. The second is the scope of EI. The third
theme is the range of organisational elements that would need to be co-ordinated, and
hence changed in some way, as an integral part of an organisation's integration plans.

Detailed explanation of these attributes can be found in Braganza, (2002).

The current need for enterprise-wide integration of business organisation can be
explained by several reasons. Some of the most relevant ones are as follow (Ortiz et.
al., 1999):

- The need to keep business operations aligned with strategy.

- The need to share enterprise information, (data used for decision making).

- The need to interoperate, i.e., the need for the different systems that exist in the
enterprise to be able to work with each other, even across organisation boundaries

(extended and virtual enterprises).

- The need to generate models and tools which let the users estimate the impact of
the decisions taken in view of the globalisation of markets and the need for fast

and effective response of enterprises

Various approaches have been proposed for EI (William, 1997; Esprit Consortium
AMIC, 1993; Doumeingts, 1984; Jochem et. al., 1992; Bernus et. al. 1996). There are
a number of reference architectures which have been developed to support enterprise
integration e.g. CIMOSA (Kosanke,1995), GRAI-GIM, PERA, ARIS and ODP.

However they all share some common characteristics which are (Young, Bell, 1998):

1. Structure: based on readily available and acceptable terminology,

methodologies or standards.

2. Flexibility: able to be applied to a wide range of systems within its domain of

applicability.
3. Generic: independent of any existing implementation.

4, Modular: open-ended in its ability to be extended in order to incorporate new

concepts and technologies.
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Several studies in which the different existing EI approaches are analysed can be
found in Vemnadat, (1997), Kosanke, (1997). Another very interesting survey is the
one carried out by the IFAC/IFIP Task Force on architectures for EI (Bemus et. al.,
1996). In this work, a complete study of the main EI architectures (Open System
Architecture for Computer Integrated Manufacturing—CIMOSA, GRAI, Purdue
Enterprise Reference Architecture—PERA) was carried out, and brought important
information about the advantages, drawbacks and pending areas in order to progress

towards EI.

As a result of this work, the GERAM proposal emerged (IFIP-IFAC Task Force,
1997). GERAM has evolved from a comparison grid to become a complete
framework for comparing and checking the completeness of proposals and advances
in the EI research field. Therefore, GERAM is not a proposal which can be directly

applied (it has no constructs and no methodology of its own) in an enterprise.

PERA (William, 1992, 1994) is based on a detailed and pragmatic methodology
covering the whole life cycle of an industrial project from inception to operation and

even system disposal.

CIMOSA (Esprit Consortium AMIC, 1993) is an Open Systems Architecture for EI
which includes a powerful language for enterprise modelling and is aimed at model-
based integration (Vernadat, 1993; Zelm et. al., 1995). It provides a life cycle, but it
does not cover the complete life cycle of a business entity as it starts with the
Requirements Definition phase and ends with the phase of Implementation
Description. The CIMOSA cube provides a consistent and adequately structured
modelling framework, which is extended in GERAM into one which covers the full

life cycle of enterprise entities.
3.4.1. Tools and IT for Enterprise Systems

Integrated information systems are often achieved using Enterprise Resource Planning
(EPR) software. ERP systems are intended to provide standard application
programmes that support the execution of activities throughout the organisation
(Kennerley & Neely, 2001). In theory they enable the integration of operations,

through common data processing and communications protocols. In addition to these
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theoretically appealing advantages, practical and immediate concerns of the late
1990s, such as the Y2K bug and the introduction of the Euro, further stimulated the
market for ERP solutions. Integration is best achieved through a combination of
technical and organisational process innovations (Sonde et. al., 2001). On a technical
level, integration relies on the use of industry-standard common databases and
common communication protocols. On the organisational process level, integration
requires the simplification and streamlining of organisational processes using

techniques such as business process reengineering and workflow redesign.

The last five years have seen an explosion in the implementation of enterprise
resource planning (ERP) systems, such as those offered by SAP, Baan and PeopleSoft
(Kennerley & Neely, 2001). Recent research indicates that the market for ERP
applications will grow by 32 per cent over the next five years and that the total market
will reach $66.6 billion by 2003 (AMR Research, 1999a), representing 43 per cent of
the applications budgets of organisations (AMR Research, 1999b).

The origins of ERP systems can be traced back to the development of standard
systems for the planning and control of manufacturing. Early systems were purely
manual, relating to ordering material, hiring and firing people, following up and
chasing work (expediting), until reorder point and economic order quantity (EOQ)
techniques were added for the ordering of parts (Plossl, 1985). The development of
materials requirements planning (MRP) in the 1960s and 1970s made it possible to
plan material requirements based on future product requirements, rather than
reordering based on past usage (Orlicky, 1975). The master production schedule was
developed to drive MRP, relating material plans to products and options demanded by
the customer (Vollmann et al., 1997). The addition of shop floor control, capacity
requirements planning and purchasing added a "closed loop™ element to the planning
system. The development of manufacturing resource planning (MRP 1) further
extended the planning and control activities to include production planning, business
planning, financial and distribution systems within one computer system (Wallace,
1990).

ERP systems further developed the scope of standard software systems providing
systems to support all business functions. Many organisations have implemented ERP

systems in order to take advantage of the standardisation and integration of business
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systems supporting transaction execution and decision making. ERP systems have a
very broad scope and their impact on the businesses in which they are implemented is
potentially vast. However this scope also brings with it considerable complexity and
the implementation process will often be lengthy, cumbersome and costly. According
to Wortmann (1998), there has been a lack of academic attention paid to ERP

systems.

Many organisations have invested significant sums of money into ERP systems,
which are off-the-shelf packages that can be configured to match the needs of
organisations (Markus et al., 2000). At the heart of ERP packages is a database that
enables organisations to structure data so that these can be shared across several
applications. The database and its accompanying modelling and mining tools provide
the opportunity for information to flow through the organisation (Oliver, 1999).
However, the difficulties associated with implementing ERP, including the financial
and time costs, can become unmanageable (Van Everdingen et al., 2000). There is
widespread agreement that for ERP implementation to succeed, organisations need to
be integrated (Willcocks and Sykes, 2000).

SAP R/3 is an ERP system that is comprised of a collection of modules including
financial accounting, cost controlling, materials management, production planning
and human resources (Little & Best, 2003). Of these modules, only the financial
accounting (FI) module is required for R/3 to function. The other modules provide
further capabilities for the system and are integrated with FI. According to Professor
Dr Henning Kagermann, SAP AG executive board member, “The SAP solution
promotes integration of business processes across the entire enterprise, rather than
relying on separate systems for each department or functional area, which may or may

not interface with each other”.

Some ERP vendors and third-party providers are beginning to bundle software with
hardware. Examples are solutions by Pandesic (a now defunct joint venture of SAP
and Intel), and DataWorks, which bundles the desired enterprise system (SAP, Oracle
applications, or PeopleSoft) with the Microsoft platform (Horner, 1998). SAP has a
product called RRR (Ready to Run R/3) preloaded and reconfigured on different
hardware platform such as HP, Dell, and Sun. it is targeted for smaller business and is

designed to get companies up and running more quickly.
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Most hardware vendors have partnered with the major ERP providers to have
specification programs and infrastructure specification that work with the ERP
product. So once an organisation selects an ERP vendor, the hardware company can
specify (and sell) the needed hardware to run the chosen software. HP, IBM, Dell, and
Sun all have implementation services surrounding the infrastructure component

selection processes.

Many benefits have been predicted if PDM and ERP systems are tightly integrated.
The ability of companies to link effectively those two technologies will dictate the
success of manufacturing organizations {Coates, 2000; Davenport, 2000; Sofranec,
2001).

Figure 3.10 illustrates how an information system can integrate advanced
manufacturing technologies and other supporting functions, making possible a new
approach to designing an ultimate manufacturing information system. It provides a
shared database, a database management capability, and a communications network to
link marketing, product development, design and engineering, procurement,
manufacturing, and quality control functions, etc. This integration provides enhanced
business capabilities which cannot be fully attained by the individual system’s
objectives (King and Teo, 1997; Tirpak, 2000).

Total Manufacturing Information Systems (TMIS) helps firms to build a strategic tool
which functions at every stage of manufacturing operations, from gathering and
analysing information for new products to developing business strategies through a
totally integrated information system (Lee, 2003). An engineering manufacturing data
system (EMDS) is a set of computer-based integrated applications which provide a
firm with a common framework and a single access and control mechanism for all
items of information, both hardware and software (Lee, 2003). It enables a firm to
manage the costs incurred by the identified hidden factory. Changes to product
design, inefficient purchasing and incident reports are now quantified and the
implications effectively cross-referenced. This provides invaluable information,

which is fed back into the process.
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Fig. 3.10 Integration of manufacturing technologies and supporting functions

(Lee, 2003)

As firms move toward TMIS, manufacturing components will be linked by both
information flows and physical flows (Lee, 2003). TMIS provides a shared database,
a database management capability, and a communications network to link

engineering, flexible manufacturing and business decision support systems (BDSS).

In a typical TMIS, just-in-time (JIT) and manufacturing resource planning (MRP II)
are two most popular tools for production planning and control that can be combined
in a complementary manner (Lee, 2003). JIT can be used for short-term scheduling
according to precisely timed customer delivery requirements. In contrast, MRP Il is
useful for longer term planning of labour availability, material procurement and
capacity requirements. An integrated system, which utilizes the best attributes of JIT
and MRPII can best address the changing needs of industry (Lee et al., 1999; Coates,
2000). This is the reason why TMIS uses a hybrid system combination of JIT and
MRP Il for production planning and control.

All manufacturers must ensure that manufacturing uses only approved parts. Without
PDM, workers could violate product configurations by calling out obsolete or
unapproved parts for use in manufacturing. Manufacturers need a way to update
automatically an MRP system's product configurations in near real time. PDM

systems serve this purpose by transferring approved configuration data to the MRP
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system. Manufacturers are certain with PDM that they are using the right parts
(Fulcher, 1998).

3.4.2 Enterprise Modelling

An enterprise model is one representation of a perception of an enterprise. It can be
made of several sub-models including (but not limited to) process models, data
models, resource models and organisation model (Lim, et. al., 1997). The content of
an enterprise model is whatever the enterprise considers important for its operation.
The process of building these models of an enterprise is called enterprise modelling.
In other words, enterprise modelling is the process of building models of the whole
or part of an enterprise from knowledge about the enterprise, previous models, and/or
reference models as well as domain ontologies and model representation languages
(Vernadat, 1996). Enterprise modelling and modelling tools can play a major role in
the process of requirements definition, where the information structures, flows and
transitions have to be accurately and reliably understood and documented (Toh,
1999). Enterprise models have to be able to cope with the modelling requircments
brought about by rapid changes within and outside manufacturing, in order to capture
the responsiveness required, for example, by new paradigms of sustainable production

and development.

Enterprise models provide a data-driven and model-driven enterprise with several
capabilities (Kosanke & Nell, 1999). Whether or not the integrated enterprise operates
in a hierarchical, deterministic mode or in a distributed, chaotic mode, the enterprise
model will provide the operator or executive, human or machine, with a map of the
enterprise and some knowledge of what functions the enterprise comprises, in what
state they are, and what capabilities exist at any moment to accomplish an output. If
the models conform to some established framework, enterprises can seek, evaluate,
set up, and go more easily toward inter-enterprise as well as intra-enterprise

commerce.
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An enterprise model allows more consistent modularisation so that enterprises can
interchange pieces. Simulation can be used to allow evaluation of inter-operation with
inter-enterprise entities and evaluation of systems with differing granularity.
Enterprise models should be scalable so that a high-level model is essentially the

same as a lower-level model—that is, use the same modelling constructs for all levels.
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Fig. 3.11 A conceptual framework for enterprise modelling and analysis. (Dalen
& Benjamin, 2003)

Innovators will continue to design enterprises by seeking optimum solutions (Kosanke
& Nell, 1999), and this means that enterprise models will be continually updated and
reorganised to improve processes and infrastructure. Increasing complexity of
enterprise systems has stimulated the development of sophisticated methods and tools
for enterprise modelling and analysis. Information systems that integrate these tools
and techniques are commonly called Decision Support Systems (DSS), Enterprise
Information Systems (EIS), and more recently, Business Intelligence Systems (BIS)
(Turban & Aronson, 2002). Many industries have increasingly accepted enterprise
modelling and analysis methods such as optimisation, simulation, Petri nets and cost
analysis. Two key factors, have accelerated the use of such methods: (1} advances in
information technology (increased efficiency in the collection and storage of
information); and (2) significant progress in analytical and computational techniques.
However, according to Lim et al, in 1997, enterprise modelling and analysis methods
remain largely un-harnessed, and advances in modelling and analysis theories have

yet to filter into the mainstream of managerial decision-making.
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The idea behind developing enterprise modelling and integration frameworks is that a
large part of the business process reengineering projects, as required by the integrated
or the extended enterprise, are in fact similar and common to every type of business
(Vernadat, 1996). Thus, they could be captured, standardised, and re-used instead of
developing them again from scratch each time. Once standardised, the generally
accepted frameworks can be supported by models, methodologies, and a range of

compatible products, thus making the entire endeavour efficient in time and cost.

Another way in which enterprise modelling positively impacts analysis efforts is
reuse. Because enterprise models are not committed to a low-level representation
language (such as a particular simulation language), they provide the foundation from
which a variety of analysis models can be built to satisfy various goals (Delen, 2001).
Enterprise models created by a domain expert can be reused by a number of analysis

method specialists to build a variety of analysis models.

Enterprise modelling has to be supported by enterprise engineering tools which
implement methodologies and languages. The semantics of the modelling languages
may be defined by ontologies, meta models and glossaries which are collectively
called generic enterprise modelling concepts. The modelling process is enhanced by
using partial models, which are reusable models of human roles, processes and

technologies.

The new paradigm of enterprise organisation—extended and virtual enterprises—calls
for easy collaboration between partners to exploit market opportunities with varying
opportunity windows {Kosanke & Nell, 1999). Such collaborations can only be
achieved if the partner contributions can be easily evaluated by means of process
models which represent the relevant parts of the partner operations. However, these
models have to be linked to represent the total enterprise of the new partnership and to
allow performance evaluation by simulation. To provide the required model inter-
operability, the models have to adhere to a common representation for both model
enactment and human understandability. International standardisation is a means to

provide the necessary model commonality.
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An integrated approach to enterprise modelling and analysis has been proposed by
Dalen & Benjamin (2003), that supports the following elements: capture of the entire
enterprise model set within a single application, model integration, and extensions to
the information types managed by the various model types. In order to implement this
approach a commercial software application is under development called -Mode!
Mosaic (Dalen & Benjamin, 2003),. The goal of the Model Mosaic is therefore to
provide an integrated suite of enterprise modelling tools and an environment that can

be easily be extended to provide an ideal setting for performing enterprise analysis.

Different enterprise modelling approaches are commonly cited in the literature as
enterprise engineering, enterprise modelling, and enterprise integration modelling
(Lim, et al., 1997; Gokhale et. al., 2002; Frank, 2002). Some of these research efforts
have resulted in well-known enterprise modelling frameworks such as CIMOSA
(Kosanke et. al., 1999), PERA (William, 1994), and ARIS (Scheer, 1999). Most of
these modelling frameworks and reference architectures are developed for Computer
Integrated Manufacturing (CIM) enterprises in supporting their enterprise integration
efforts. In this context, enterprise modelling is defined as the process of creating
abstractions of business functions and processes in order to conduct what-if scenarios
for the purpose of validating various enterprise integration strategies (Ortize et. al.,
1999). A key function of a reference architecture for enterprise creation, operation,
and analysis is to determine, in specific and generic ways, what characteristics of an
enterprise are necessary to analyse to help achieve an improved degree of enterprise
integration. Once the key elements of these characteristics are logically arranged into
a reference architecture, there would exist an excellent reference architecture for an
enterprise model. Therefore, one could view an enterprise-reference architecture as a
high-level enterprise model or a meta-model for a set of enterprise models. The
elements of the reference architecture would be a framework that would indicate the
key things in the enterprise that one should consider when creating, analysing, or

using an enterprise model (Bernus et. al., 1995;Kosanke & Nell, 1997).

With well-designed standards about enterprise-representation models in place to
provide a known environment to the developer, the risks of investing in an island of
integration will be significantly reduced (Kosanke & Nell, 1999). One area where

standards are important to help with the enterprise engineering and integration work is
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in enterprise-process representation. The ISO standards group to develop standards in
this domain is TC184 SC5 WG], Industrial-automation systems and integration,
Architecture, communications, and integration frameworks, Modelling and
architecture. WG1 is planning a family of standards that will help manufacturers,
implementers, software developers, and other standards makers to create consistent

environments in which the integration process can progress.

To engineer and improve the integration level of an enterprise WG1 can envision
standards in four key areas: process representation, integrating infrastructure, a

semantics-resolving utility, and representation of human involvement.

The first standard produced by WG1 is ISO 14258, Concepts and rules for enterprise
models (ISO 14258, 1996). This is a high-level standard defining the nature of
enterprise models with the vision that compliant models could be used to design,
analyse, and eventually, operate enterprises. The rules for models are based on classic
systems theory, with the assumption that an enterprise or groups of processes is
basically a system and that it can be designed and analysed as such. ISO 14258 is the

most general standard of the planned series from WGI.

A second standard has been developed: ISO 15704, Requirements for enterprise-
reference architectures and methodologies (ISO 15704, 1998) (Bernus et. al., 1995).
ISO 15704 defines the requirements that enterprise-reference architectures and
methodologies must have to be considered complete. This standard attempts to place
the concepts used in methodologies and reference architectures such as ARIS,
CIMOSA, GRAI/GIM, IEM, PERA and ENV 40003 within an encompassing
conceptual framework that allows the coverage and completeness of any such
approach to be assessed. It draws heavily on the work of the IFAC/IFIP Task Force on
Enterprise Integration and previous work from Purdue University (Specification and
requirements for GERAM) (http://www.cimosa.de/Standards/IS15704.html).
Potentially, all proposed reference architectures and methodologies could be
characterised in GERAM so that developers of particular architectures could gain
from being able to commonly refer to the capabilities of their architectures, without
having to rewrite their documents to comply with GERAM. This will be useful to
those trying to improve an enterprise infrastructure or its processes, and who will

create an enterprise architecture of their own that is specific to a company, industry,
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or purpose. This standard will help guide that creation process. Previous work in CEN
had developed ENV 40003 (1990) Framework for Enterprise Modelling, which is a

partial implementation of these requirements.

The GERAM framework identifies a set of components that are essential for
enterprise engineering and integration. The enterprise reference architecture identifies
the basic concepts to be used in enterprise engineering and integration (e.g., enterprise
entities, life-cycles and life histories of enterprise entities). GERAM distinguishes
between the methodologies for enterprise engineering and the modelling languages
that are used by the methodologies to describe and model the structure, content and
behaviour of the enterprise entities in question. These languages will enable the
modelling of business processes and their supporting technologies as well as the roles
of the human in the enterprise operation. The resulting enterprise models represent all
or part of the enterprise operations, including its manufacturing or service tasks, its
organisation and management, and its control and information systems. These models
can be used to guide the implementation of the operational system of the enterprise as
well as to improve the ability of the enterprise to evaluate operational or
organisational alternatives (for example, by simulation), and thereby enhance its

current and future performance.

3.4.3 Enterprise Application Integration

Today, most organisations are using packaged software for their key business
processes. Enterprise resource planning, supply chain management, customer
relationship management and electronic commerce systems enable organisations to
improve their focus of using information systems to support their operational and
financial goals. The continued development and progression of computing and IS
has led many organisations and indeed economies, to transform themselves. The
usage and implementation of information technology (IT) has allowed many
organisations to also institute information systems (IS) that encode and embody the

business strategy completely (Davenport, 1998; Doukidis et al., 1998).

The need for integration is not new but it has increased since applications moved from

central processors to distributed environments and networks. In the past, many
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companies used electronic data interchange (EDI) technology and value added
networks (VAN) to exchange their business documents in an integrated way, and
piece together their supply chains (Emmelhainz, 1993). Although EDI achieves data
integration, it is not adequate for enterprise and cross enterprise incorporation as it has
a number of drawbacks (Choudhury, 1997; Kim and Umanath, 1999). According to
Nissen (2000) EDI is a complex and invasive technology that does not achieve
process integration. EDI is unable to provide the flexibility and maintainability
demanded by global business with comprehensive IT infrastructures that differentiate

them from their competitors.

In recent years, organisations have seen the introduction of enterprise resource
planning systems (ERP) as a solution to their integration problems. Although ERP
systems consist of a set of internally integrated modules that automate generic
business processes, they were not designed to collaborate with other autonomous
applications (Kalakota and Robinson, 2001). Enterprise systems present many
limitations in integrating business and cross enterprise business processes, with

Themistocleous et al. (2001, 2002) critically exploring these limitations.

The increasing deployment of enterprise applications alongside legacy systems has
meant that companies are being compelled to adopt IS infrastructures that connect
applications, data and information together. The approach that provides a solution to
this is enterprise application integration (EAI). Recently, enterprise application
integration (EAI) has been introduced to piece together applications to overcome the
limitations of existing integration technologies and practices (e.g. EDI and ERP). EAI
combines a variety of integration technologies such as message brokers, adapters and
application servers, to build a centralised integration infrastructure. Such an evolution
has dramatically reduced the time for integration, as developers prefer EAI packages
to individual integration technologies. However, in the majority of cases, integrators
need to combine integration technologies with EAI packages to develop an integrated
infrastructure. The reason for this is that there is no single EAI package that provides
all the functionality needed by organisations. There is therefore a need to support

organisations in their attempt to select appropriate EAI technologies and packages.
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Enterprise integration is considered to be of great strategic significance in the support
of organisations to achieve a competitive advantage (Thermistocleous, 2004). As
previously stated, traditional approaches of EDI and ERP address some, but not all of
the challenges of integration. There has been a great demand by organisations to
overcome integration problems and become more competitive. In this respect,
enterprise application integration (EAI) has emerged to address intra and inter-
organisational integration in a more flexible and maintainable way. Literature remains
limited on this emerging area and there is consequently a need for further research and

contribution in identifying influential factors for EAI adoption.

EAl is considered by Irani ef al., (2003) to be an innovation, as it is a new technology
that can significantly change the way of doing business and extend the IS lifecycles.
Puschmann &Alt (2004), believe that today's available EAI systems address different
integration levels and support organisations in different problem areas. Therefore
organisations need to have a clear understanding of their future IS architecture and

balance their integration approach among different solutions.

Existing work in IS planning and evaluation had already shown the need to address
any IS project in its wider organisational context (e.g. Coakes and Elliman, 1999;
Clarke et al., 2000). Thus, IS integration within the enterprise should also encompass
more than just the technological aspects. Not only should EAI and enterprise IS
include concepts of information integration in terms of integration across data,
information and processes, but it should also be considered that integration across

many levels of the IS organisation itself, needs to be achieved.

EAI is also a broad concept covering a wide range of EAI software products,
processes and methods, and research is needed to classify the business problems and
contexts that are appropriate for each of these offerings. Not only does it include the
concepts of information integration in terms of integration across data, information,
and processes, but it also considers integration across many levels of IS organisation .
The organisational processes and the data elements need to be integrated on four
levels : Data level, Application interface level, Method level and User interface level
(Linthicum 2000).
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Data Level EAI Data level EAI is the process, techniques and technology of moving
data between data stores. This can be described as extracting information from one
database, perhaps processing that information as needed, and updating it in another
database. While this sounds direct and straightforward, in updating it in a typical
enterprise, it might mean drawing hundred databases and several thousands of tables.
It may also include the transformation and application of business logic to the data

that is being extracted.

The advantage of data-level EAI is that it is relatively inexpensive compared to the

other EAI levels and their application technology.

Application Interfuce Level: Application level EAI refers to the leaving of interfaces
exposed by custom or packaged applications. These interfaces enable many
applications to be bundled together, allowing them to share business logic and
information. The only limitations that developers face are the specific features and

functions of the application interfaces.

This type of EAI is most applicable to packaged applications such as SAP,
PeopleSoft, and Baan, which all expose interfaces into their processes and data, but do

so in very different ways.

Method Level EAI : Method level EAI is the sharing of the business logic that may
exist within the enterprise. For example, the method for updating a customer record
may be accessed from any number of applications, and applications may access each
other’s methods without having to rewrite each method within the respective

application.

The mechanisms to share methods among applications are numerous, including
distributed objects, application servers, TP (transaction processing) monitors,
frameworks, and simple applications that’s the combination of two or more

applications.

User Interface Level FAI : User interface level EAI is more primitive, but

nonetheless necessary, approach. Using this scenarto, architects and developers are
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able to bundle applications by using their user interfaces as a common point of

integration (also known as screen scraping).

Systems that enable companies to implement inter-process communication are
traditionally known as middieware. Middleware is primarily concerned with data
level integration, which means that these systems do not provide any functionality
that enables higher levels of integration, such as object or process integration
(Bernstein, 1996; Linthicum, 2001). In contrast to this, EAI systems encompass the
technologies as well as the process definition to enable custom-built and/or packaged
business applications to exchange semantic level information in formats and contexts
that each system understands (Linthicum, 2000). This means that these products not
only integrate applications on a technical layer, but also provide a communication
framework that underpins the integration of information systems on a semantic and
pragmatic level. EAI systems offer several types of services in addition to classical
middleware - but just like middleware, none of these services alone is new (Bernstein,
1996; Linthicum, 2000; 2001; Ruh ef al., 2000).

L CompanyA | 7 companyBt o L]
Pragmatcs . Process leved integration . Progmatics
(Workfiows. ofc.)
Semantics o Obioct kevod intogralion . Somantics
(EAN, D3B otc)
Synlax + Cexta beved imtogration . ’ Syntax
{(EDIFACT, ANS1 eic.)
Communication Commuxnicalion
So " Communicason Standaxds " So
(SOOSHIYCrs 4:7)

Source: Kubicek {1992}

Fig. 3.12 Integration levels (Kubicek, 1992)

Application integration has been going on for years, using a broad range of
connection technology (Linthicum, 2000). In the past this has been low-level play

with developers working at the network protocol layer or just above, then moving to
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true middleware solutions such as RPC’s, MOM, and transactional middleware. The
next generation of middleware is here with new categories such as message brokers,
application servers, distributed objects, and intelligent agents. However, expect more
middleware and middleware categories to emerge as more people become interested
in EAL

The benefits that EAI provides are important as they reduce the cost of integration and
the redundancy of data and functionality. Organisations that have implemented EAI
solutions have reported significant benefits that support the IT/IS evaluation process
(Irani and Love, 2002). Themistocleous and Irani (2001a) analysed and explained
further the benefits that derive from the use of EAI technology and classified them

into:

« organisational (e.g. results in more organised business processes);
« managerial (e.g. achieves return on investment);

« strategic (e.g. increases collaboration among partners);

» technical (e.g. achieves data, objects and process integration); and

+ operational {(e.g. reduces cost).

Evidences from case studies published by Edwards and Newing (2000} highlight that
the anticipated benefits derived from EAI may be a factor influencing the adoption of
EAIL

Ring and Ward-Dutton (1999) among others, support that no integration technology
solves all types of integration problems, as each technology was designed to address a
broad category of integration issues. It has been suggested that there is a correlation
between appropriate technologies and specific integration problems. Themistocleous
(2002) has gone some way to proposing and empirically validating an evaluation
framework for assessing integration technologies. The framework clarifies the
differences among EAI technologies and helps integrators to select an appropriate

combination of integration technologies that fit their integration problem.
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Published case studies on application integration such as Edwards and Newing
(2000), European Committee for Standardization (2001), Puschmann and Alt {2001)
and Themistocleous and Irani (2001a, b; 2002) support idea that organisations
evaluate all types of benefits (e.g. managerial, technical) that EAI offers before
proceeding to the introduction of this new technology. This is perhaps not surprising
as IT/IS evaluation remains an important part of organisational decision making (Irani
and Love, 2002).

Barriers to the introduction of EAI are similar to the barriers that exist when

introducing ERP, namely it:

¢ promises to integrate IT infrastructures;

« introduces changes to organisations, their structure and the way of doing

business;
+ influences the employees tasks as well as inter-organisational relationships;
» costs a lot of money; and

e is more likely to be adopted by large organisations as an integrated

technology.

Since there is a lot of failure of ERP adoption (Markus and Tanis, 1999; Markus et
al., 2000), organisations tend to estimate the possible impact of the adoption of
application integration before proceeding to its adoption (Themistocleous, 2002).
Barriers are also reported by Chwelos ef al. (2001) and Ling (2001) as a factor that
influences the adoption of EDI technology.

The advent of resource and schedule planning systems, such as enterprise resource
planning (ERP), has meant that the sharing of common data and information across
the enterprise is now an inherent necessity for many organisations (Eck and
Marchetti, 2000). As such, it can be said that although EAI is not necessarily a novel
approach to integrating IS components, it is a tool which has proved to be useful when

the integration of many disparate systems needs to be carried out (Linthicum, 1999).
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An analysis of current research approaches can be found in Puschmann & Alt, (2004).
According to Puschmann and Alt (2004) these approaches lack in two dimensions.
First, most of them have an intra-organisational integration scope. Only a few
approaches consider inter-organisational integration as their focus. Second, nearly all
approaches encompass only one or two integration objects concerning data, object and
process integration. Most of the approaches show very technical standards for data or

object integration.

3.5 Design Reuse

3.5.1 Design Reuse Concepts

Sivaloganathan and Shahin (1999) state that design reuse is aimed at maximising
the use of engineering creativity and expertise in design, by reuse of successful
past experience in part or in whole for new designs. The authors discuss the
current research carried out in design reuse based on a classification of different
categories: focused innovation, cognitive studies on design reuse, computational
perspective of design reuse, use of standard components, design reuse tools and

methods, design reuse systems, and issues in design reuse.

Fothergill, Arana et al. (1996) define design reuse as "the design of a
specific article to satisfy a customer specification in the context of an existing history
of designs of similar articles forming a product family. The assumption is that the
overall functional requirements in the product family remain the same, and that re-
design does not involve the synthesis of new ways of solving design problems. It does
involve re-use and adaptations of existing solutions and parts, and, possibly, new

combinations of sub-solutions".

In spite of all attractions offered by reuse, (Ormerod, Mariani et al. 1997;
Busby 1999) explain that some problems can be identified in design practice, such
as problems with encoding reuse information, problems in situating reuse within

the design process, and problems in retrieving reuse information. Finger (1998)
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considers that functions, behaviour, form or even context can be used to retrieve a

prior design, however there is no formal representation available for these attributes.

Shahin, Andrews et al. (1999) state that some relevant pieces of information,
defined by the authors as data models to support design reuse are: a list of prioritised
requirements, function list, annotated function and means, parts tree and feature-based
model of parts and assemblies. These data models are based on the structure of the

DFD (design function deployment).

However, when aiming for the computational application of design reuse into
CE environments, other issues must also be considered such as the
computational approach that can be applied to the retrieval process, representation of

the design process and representation of the more appropriate information structures.

3.5.2 Redesign
Three main categories of design problem have been identified within the literature, on
the availability of the information and knowledge during the design

process (Al Hamando and Kumura 1994; Evbuomwan, Sivaloganathan et al. 1996):

i) Original / Non-Routine design: is characterised by ill-defined goals,
development of new concepts and lack of knowledge. This kind of design
can be further divided in to innovative and creative;

i1) Redesign: expands the boundaries of the existing design principles to
adapt functions and make other changes for the new product, this includes
knowledge about decompositions that may be available. However
modifications may make the acquisition of new knowledge necessary. This
type of redesign can be divided in adaptive and variant design;

iii) Routine design: is when sufficient knowledge exists about function and
goal structures. Compiled plans are available for goals and sub goals, and

modifications are restricted to some features;

Among the categories presented above, redesign has become the most practiced
and popular kind of design, allowing the reusability of the knowledge and

information from past experience and previous products. Additionally, this approach
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allows companies to have a maximum payback for each new development through
the production of different products (variation) based on the same design
concept. (Fowler 1996) defines variant design as "a technique supporting retrieval of
an existing design specification for the purpose of adapting that design
specification for use in the design of a new, but similar artefact”". (Evbuomwan,
Sivaloganathan et al. 1996) states that variant design is a kind of redesign this utilizes
a proven design as a basis for generating further geometrically similar designs of

differing capacities.

Fowler (1996) also states that during the redesign process designers
¢ Can seek inspiration for a solution from existing design solutions;
¢ May have a conceptual solution in mind but seek for design solutions that
are conceptually similar, or
¢ Can have an overall idea of the structure and organisation of an appropriate

satisfying artefact but can finish faster given a previously designed solution.

The above activities raise issues related to storing, manipulation and
retrieving of information and past experiences to support design, and indicate that
computational tools can be applied quite successfully. (Finger 1998) identifies these
issues as representing, capturing, organising and retrieving the design knowledge, and
addresses the issue that there is a need for knowledge and information representation
of an artefact, in order to develop computational environments to support design
reuse. CAD systems provide extensive support in the detailed phases of design,
through features-based modelling and parametric design, however actual redesign is
not supported since no reuse of information is performed (Fowler 1996; Finger
1998). Therefore, applications of computational tools to support design reuse of
information have gained significant attention by industry and the research community

in recent years.
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3.5.3 Computational Approaches to Design Reuse

The application of computer based systems to support design reuse has
increased in recent years, as can be seen in the Proceedings of the Engineering

Design conference'98 Sivaloganathan and Shahin (1998).

Duffy, Smith et al. (1998) identified research work in computer based
systems focused on supporting design reuse and classified them within three
main computational approaches, namely: (1) indexing and information retrieval,
(2) knowledge utilisation, which is further divided in case based reasoning, model
based reasoning, plan reuse and customised viewpoints, and (3) exploration and
adaptation. They also presented and discussed a comprehensive comparison of the

reviewed systems against an existing design reuse model process.

3.5.4 Computational Support to Design Reuse

The development of a product involves several activities and steps in order
to conceive, design and commercialise it. Ulrich and Eppinger (2003) present these
steps as Concept Development, System-Level Design, Detail Design, Testing
and Refinement and Production Ramp-up phases, where the design phases have

been recognised as one of the most important activities during a product cycle life.

Dixon (1995) defines the design process as a series of activities by which
the information about a designed object is changed from one information state to
another, and hence a design process is needed to solve a design problem. Such a
process requires different types of knowledge. This opinion is also shared by (Court,
Culley et al. 1995).

Evbuomwan, Sivaloganathan et al. (1996) present a comprehensive review
about design,  discussing  aspects such as  definitions, theory and
methodology, classifications, philosophies, models, methods and systems. The
authors describe three main kinds of design models, namely: prescriptive, descriptive
and computational. While prescriptive models tend to look at the design process from

a global perspective, covering the procedural steps, e.g. (Pahl and Beitz
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1996), descriptive models are concerned with designers” actions and activities during
the design process, e.g. Suh’s Axiomatic Approach (Suh 1995). Computational
models are related to the application of computational technologies to support design
(Al Hamando and Kumura 1994). The research presented in this thesis is mainly
concerned with computational support for design reuse, more specifically focused on
an information based approach, and therefore particular attention has been given to

literature covering this area.

To provide computational support for design activities, models that represents
such activities, i.e. information and process models, should be understood and
built (Krause, Kimura et al. 1993; Al-Salka, Cartmell et al. 1998). Many example of
different design models and design process models have been identified and
considered during this research, because of their possible relevance in generating
reusable components. A few of them are briefly listed here, Grabowski, Lossack et
al. (1996) address two main approaches used in design systems, namely process
oriented (strategies for solving design problems) and information oriented (modelling
information needed for design). Gorti, Gupta et al. (1998) address the importance of
modelling the design process together with the modelling of design products, i.e.
artefacts, for automating the design process and representing design history. Works
dealing with models to capture the design process or design rationale, in either general
cases or more specifically focused on specific design phases, can be found also in
(Dowlatshahi 1994; Dowlatshahi(l) 1994;Lahti,Mantyla et. Al 1.997;Gao,Zeid et al.
1998).

3.5.5 Types of Reuse

Kovacs et. al. (1999) state that four basic types of software reuse can be distinguished:
vertical, horizontal, diagonal and point reuse as shown in figure 3.13. In horizontal
reuse the (software) components are used across different domains. In diagonal,
vertical and point reuse the components are used in the area within a specific domain.
In diagonal reuse the components are utilised in the same domain but in different
projects. In vertical reuse the reusable elements are applied in the same projects, but
in different version of software. Point reuse means that components are employed in

the same version of software, where they were extracted from.
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Point reuse

Fig. 3.13 Reuse directions. (Kovacs et. al., 1999)

The reuse types based on the reusable components found in each phase of software

system design are as follows {Ambler, 1997):

>

Domain Component Reuse — Domain component reuse refers to the
identification and development of large-scale, reusable business components.
Domain components provide the greatest potential for reuse because they
represent large-scale, cohesive bundles of business behaviours that are commeon to

many applications.

Pattern Reuse — Pattern reuse refers to the use of publicly documented
approaches to solve common problems. Pattern reuse provides a high level of
reuse that you can implement across multiple languages and platforms. The
disadvantage of pattern reuse is that patterns do not provide an immediate solution

since code must still be written to implement the pattern.

Artefact Reuse — Artefact reuse refers to the use of previously created
development artefacts, e.g. use cases, standards documents, domain-specific
models, procedures and guidelines, and other applications that can kick start a new
project. Artefact reuse promotes consistency between projects and reduces the

project management burden for each new one.

Framework reuse — Framework reuse refers to the use of collections of classes
that implement the basic functionality of a common technical or business domain.

0O frameworks provide an important enabling technology for reusing both the
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architecture and the functionality of software components. The disadvantage of
framework reuse is the complexity of frameworks makes them difficult to master,
requiring a lengthy learning process on the part of developers.

» Component reuse — Component reuse refers to the use of pre-built, fully
encapsulated components in the development of an application. Component reuse
offers a greater scope of reusability than either code or inheritance reuse. The
main disadvantage of component reuse is that because components are small and
encapsulate only one concept, a large library is required.

» Template reuse — Template reuse is typically a form of documentation reuse. The
main advantage of documentation templates is that they increase the consistency
and quality of development artefacts. The main disadvantage is that developers
have a tendency to modify templates for their own use and not share their changes

with co-workers.

» Inheritance Reuse — Inheritance reuse refers to using inheritance in an
application to take advantage of behaviour implemented in existing classes. The
advantage of inheritance reuse is that as the behaviour of the class has already
been developed, it decreases both the development time and cost of the
application. Unfortunately, the misuse of inheritance will often result in
developers missing an opportunity to reuse components, which would have
offered a much higher level of reuse. Secondly, novice developers will often
skimp on inheritance regression testing (the running of super class test cases on a
subclass), resulting in a fragile class hierarchy that is difficult to maintain and

enhance.

» Code reuse — The main advantage of code reuse is that it reduces the amount of
actual source code needed, potentially decreasing both development and
maintenance costs. The disadvantages are that its scope of effect is limited to

programming and it often increases the coupling within an application.

The following computer based systems support design reuse (Costa, 2000):
¢ DEKLARE (Design Knowledge Acquisition and Re-Design Environment),
where a framework for supporting adaptive/variant design of mechanical
artefacts is defined. Functional, physical and process design models are used

through constraint management (Fothergill, Forster et al. 1995; Fothergill,
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Arana et al. 1996). However, DEKLARE can be characterised as a process
based approach that is driven by a mapping of constraint definitions, and is
applied to more simple and defined product structure;

RODEO (Reuse of Design Objects), where suitable redesigned objects are
retrieved from a design database to fulfill a given requirement
specification. Thus the current design problem is solved by instantiation or by
(small) adaptations. A feature-based model describes design objects and
requirement specifications by their properties (Altmeyer, Schuermann et al.
1994; Altmeyer, Schuermann et al. 1994) However, the reuse of designed
objects is focused on a CAD framework;

DESPERATO (DESign Process Encoding & Retrieval by Agent
Designated Operations), where reuse in highly innovative and creative design
tasks is investigated through the use of a computer-based indexing system,
Intelligent agents that conduct encoding and retrieval operations on the user’s
behalf, have an interface with an object oriented database (Ormerod, Mariani
et al. 1997);

DEDAL, where an intelligent guide for browsing multimedia design
documents supports reuse of engineering experience. A model for retrieval
and indexing of multimedia design information is used (Baya, Gevins et al.
1992). However, the reuse in DEDAL is applied to management aspects of the
design documents rather than to the product design itself;

NODES (Numerical and object based modelling system for
conceptual engineering DESign), where knowledge of design solution objects
and their numerical relations are modelled. NODES is an interactive
modelling system, which supports building, manipulation and analysis of a
model of the design artefact and provides information feedback on the model.
The knowledge is obtained by accumulating solutions of problems defined
within that domain (Duffy, Persidis et al. 1996).

Conventional manufacturing systems are considered to be too rigid. Sensors and

artificial intelligence enable development of flexible systems capable of making

decisions under conditions of uncertainty. The applications of more powerful

computers have allowed the implementation of more advanced manufacturing
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concepts. The systematic knowledge of industrial manufacturing has created an
environment that facilitates the introduction of artificial intelligence. New
developments include the knowledge-based factory, holonic manufacturing (Toh, et
al, 1999) and the society of agents (Rzeveski, 1997).

3.6 Potentially Reusable Information and Knowledge in Manufacturing

Information and knowledge are becoming strategic resources that are as important as
more traditional resources such as raw material, energy and food (Kalpic, Bernus,
2002). Therefore, information and communication technologies can be considered
today as strategic technologies, and knowledge is considered as the key capital of
enterprises (Kalpic, Bernus, 2002). It is therefore very important that good use is
made of these valuable strategic resources and that efforts are made to reuse

information and knowledge wherever possible.

3.6.1 Need for Systematic Reuse in Manufacturing Systems

Continuous improvement in manufacturing companies often produces large amounts
of information. Many of the previous sections described IT tools that enable
information and knowledge to be shared either because they made use of models,
which can be viewed by different people, or because the software actually actively
encourages people to work together on projects, for example workflow systems.
However sharing is only one simple form of reuse, and many other different types and

levels of reuse exist.

System designers often meet the problem of creating new components of an
application that someone probably previously has already produced. Without having
effective reuse tools, usually it is more natural to create new components from scratch

than to seek for useful elements in other programs and/or systems,

Working with reuse generally means that previously designed and/or implemented
elements are used again (and again) in later projects with or without changes (Kovacs

et. al.,, 1999). The effectiveness of reuse is increased when during the design and
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implementation phase of new (software) components it is kept in mind that these
elements may be reused later on. Creating reusable components for a repository is an
activity for reuse while the exploitation of elements from the repository is called

analysis, design, making code with reuse.

Reuse is not a new strategy; however, the current emphasis on systematizing reuse
and focusing such efforts toward narrow, well-defined application areas, or product
lines is novel. This restricted focus enables reuse of large-scale components, such as
software architectures and entire subsystems, that best leverage the knowledge,
expertise and resources within an organization, thereby enabling greater future payoff

after initial investment in software reuse.

Several studies by the European Software Institute have proven the positive effects of
software reuse for software making enterprises. The quality of the software increased
together with the decrease of software making costs, i.e., the productivity becomes
higher and the time-to-market is shorter. At the same time flexibility increases when
reuse is applied. Naturally there is an initial investment which has to pay off within a
rather short period of time. As initial investment the new style of producing new
software modules, i.e., the ‘design for reuse’, and the utilisation of reusable software,
the ‘design with reuse' have to be introduced on one hand, and an appropriate reuse
repository has to be purchased or developed on the other hand. Initially software
making costs will increase but as soon as the results can be harvested a real cost
decrease and quality increase will be achieved. According to the European Software
Institute, (1995a, 1995b) the additional cost of producing reusable software is about
20%, while the cost reduction by reuse is about 40% on average. The same study

states that 2—5 uses (reuses) result in a payback of the investment.

The most effective reuse programs concentrate on the identification and development
of a small, high-quality set of needed and usefu! components. In fact, as the amount of
a new product made from existing components increases, improvements in costs,
time, and quality will be achieved. Rine (2000), suggests that the experiences,
processes, and workproducts should always be recorded for learning, and the

workproducts should be designed to facilitate reuse [STARS 95].
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3.6.2 Reusable Components in manufacturing systems

The potential for reuse is enormous since the majority of each new application could
be assembled from reusable components if the appropriate components could be
predetermined and built prior to system development. At all levels of development
from requirements specifications to code, there are components that by the nature of
implementing tasks and representing information on a computer must appear over and
over again in an applications. Some of these similarities can be predefined and built
into software tools; others can be created as reusable components which are stored in

reuse libraries.

Reuse of software elements is becoming more and more important in the life-cycle of
software products. However, it does not necessarily mean that only the code of a
software product can be reused. One view is that reuse efforts should focus on code
(Frakes & Gandel, 1990) another opinion is that all the results and resources used in a
project, including human expertise, should be reused {Basili & Caldierra, 1988).
There are several elements defined during the analysis, design and implementation of
a simulation model, as ideas, concepts, object classes, and lines of source code
created, etc., that should be reused in new applications (Kovas et. al., 1999). All the
documents created during the life-cycle of a product, as ideas, methodologies,
requirement specifications, design results, documentation, etc., could be reused in
later projects. Application of reuse methodology and practice will reduce the effort in

development of new systems.

The basic components of different FMS and FMC (Flexible Manufacturing Cell) are
the same type of machine tools, robots, transfer equipment, etc. In most relevant
aspects they usually only differ from each other in their quantity and working

parameters. This fact itself breeds the idea of reuse of FMS and FMC elements.

The reuse of FMS components for new modelling applications has been
demonstrated using the Systematic Asset Library Management System (SALMS) tool
that has been demonstrated by Kovas et. al.(1999). SALMS is a central library whose

retrieval facilities provide support in finding matches for all kinds of reusable assets
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stored in the company's software repository (Reusable Software Asset Library,
RSAL), and all kinds of technical documents available in the company (Technical
Library, TL).

A reusable enterprise model called the factory data model (FDM), has been developed
by Yu et. al. (2000) as a part of Factory Design Process (FDP) Research Project
funded by EPSRC under grant GR/L09301 (Harding et al., 1999). This model
supports a multi-view approach to enterprise design. The Product Range Model
(PRM) is another example of successful implementation of software reuse in

manufacturing (Young, Costa).

Feature modelling has been found to be an effective method for identifying and
modelling reusable objects. The feature-oriented reuse method, FORM, is extended
by Lee et. al. (2000) for improving the object-oriented engineering of applications for
reuse. FORM concentrates on analysing and modelling commonalities and differences
in the applications of a given domain in terms of capability, operating environment,

domain technology, and implementation technique features.

The analysis and design of a multifunctional virtual model of FMS has been done by
Kovas et al (1999) using extended Booch methodology. It contains a generic
manufacturing component library consisting of templates of manufacturing elements
to serve for interactive and flexible FMS model design and configuration. The generic
representation of an FMS is given in the form of a class hierarchy with top classes
presenting abstract levels of manufacturing elements and with bottom classes
presenting concrete manufacturing components. This representation of an FMS was
developed reusing the representation of FMSs from previous projects. The reused
elements contain the basic FMS concepts and the task sharing among different
functional parts of the FMS model. The user of the system can build up new FMS
models creating instances from the library of the ready-to-use classes by cloning them
and filling out their attributes. It is also possible to create new elements by refining

classes from higher abstraction levels.

According to Kovacs et. al. (1999), it is advantageous to abstract common FMS

concepts and to create their representation in an abstract way. For instance, instead of

89



Chapter 3: Literature Review

designing milling, drilling, turning, and other manufacturing operations one by one, it

is time-and labour-saving to design the manufacturing operation as such.
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Chapter 4
THEORY BUILDING

4.1 Introduction

Chapter 3 of the thesis examined literature covering manufacturing system modelling
and design and various general aspects of knowledge management and reuse. Chapter
4 continues the literature review and explores the background to the research problem
in more detail. The identified research gap (from section 2.2.2) is explored with the
help of previous work done in the area of information and software reuse, and
particular attention is paid to practical examples and reported case studies. Analysis of
the secondary data contained within the reported case study examples shows that
similarities exist in the reported factors that influence the successful introduction of
reuse projects and increase the ongoing levels of successful reuse. In addition, there
are also identifiable similarities in factors that are detrimental to the success of reuse

programs. These are termed inhibitors and they are also considered in this chapter.

Identification of these critical success factors and inhibitors leads directly to the value
net driven solution proposed by this research. This is explained fully in section 4.3
(the Theory Building Stage). The proposed Reuse Value Net enables understanding
of both the current status of reuse within an enterprise and ways in which it can be
improved and increased. However, understanding what exists is only part of the
requirement of a good reuse programme; an understanding of hew to advance and
improve reuse is also required. This research therefore proposes that process patterns
be used in combination with the Reuse Value Net, to satisfy this second requirement.
Hence this chapter also provides a review and discussion of process patterns in

section 4.4,
4.2 Secondary data analysis
The purpose of this section is to establish a background for the present research and to

show the need and value of this research. This section concentrates on the experiences

that can be gained from reported examples and case studies of reuse programmes.
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4.2.1 Literature review

The information reported in this section largely relates to reuse of software and
software components. This is because systematic and intentional reuse of components
in software design has a longer history and consequently far greater publication than
manufacturing knowledge reuse. This research has therefore actively sought to learn
from software reuse experiences wherever possible. Systematic reuse will not just
“happen”, it needs to be managed and become an intrinsic part of the software
processes that an organization follows (Griss, 1993). The idea of systematic reuse, i.e.
planned development and widespread use of software components was first proposed
in 1968 by Doug Mcllroy. Since then, many attempts have been made to improve the
software process by reusing software components, and these have achieved varying

degrees of success.

At first glance, it might appear that all an organization has to do to implement a reuse
process, is to collect well-tested software components in a library, and encourage
software developers to use these components, rather than to write entirely new ones
(Griss, 1993). Many companies are developing proprietary software libraries, but
software reuse is not yet a major force in their corporate software development.
Nevertheless, it appears that product development costs, factoring in the cost of
producing, supporting, and integrating reusable software components, can decrease by
a sustainable 10 to 12 percent. Quality can also improve as defect rates in delivered
products can drop drastically to 10 percent of their former levels; and long-term
maintenance costs can drop to 20 to 50 percent of their former values when several
products share the same, high-quality components (Griss, 1993). In fact, as the
amount of new product made from existing components (the “reuse level”) increases,
corresponding improvements in costs, time, and quality have been observed. At reuse
levels of 80 percent or more, these improvements are dramatic. But, it takes more than

the existence of a parts library alone to achieve these results (Griss, 1993).

As explained in section 2.2.2 (Research gap) simply announcing the existence of a

library will not achieve the necessary paradigm and behaviour changes. Persuasion,
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training, incentives and many other management and organisational changes may be
required. When confronted with their first reuse failure, and suddenly realizing the
magnitude of the changes needed to make reuse succeed, organizations need to pursue
an incremental improvement process, rather than to abandon the effort. Each reuse
organization will encounter varying opportunities and issues peculiar to its situation.
For a reuse program to be effective, the specific inhibitors likely to affect it must be

identified and overcome in a timely way.

Several good books, tutorials, and review articles summarize the status of reuse
practice and research. Each includes some discussion of the technical, managerial, and
organisational implications, as well as important case studies (Poulin, 1997, McClure,
1997, Frakes et. al, 1991, Joos, 1994).

4.2.2 Case study data analysis

The reuse experiences described below illustrate the need to keep several factors in
perspective simultaneously. Focus has typically been on technical factors, leaving
aside organizational, domain, economic, and cultural issues. However, the
experiences of the reported case studies show that the key to success is the integration

of all these factors into well-defined reuse programs.

4.2.2.1 Reuse Success Stories

Case 1. Raytheon (Prieto-Diaz, 1991b)

A successful reuse story that has often been quoted is Raytheon's Missile Systems
Division, Information Processing Systems Organization. They observed that 60% of
all business application designs and code were redundant and could be standardized
and reused. A reuse program was established to analyze their existing software and to
exploit reuse. Over 5000 production COBOL source programs were examined and
classified. Three major module classes were identified: edit, update, and report. They
also discovered that most business applications fall into one of three logic
structures or design templates. These logic structures were standardized and a library
was createdto make all classified components available for reuse. Several

modules were also redesigned to fit the standard logic structures. New applications
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are slight variations of the standard logic structures and are built by
assembling modules from the library. Programmers are trained to use the library and
in the new method of recognizing when a logic structure can be reused to build a
new application. Reuse is compulsory. This program has been in operation for over
six years. They reported an average of 60% reused code in their new systems and a

net 50% increase in productivity.

Case 2. Fujitsu, (Prieto-Diaz, 1991b)

Fujitsu's Software Development for Electronic Switching Systems (SDESS) Program
has taken a simpler and more pragmatic approach to reuse. They analyzed previous
Electronic Switching Systems (ESSs), catalogued and documented each in their
Information Support Center (ISC). The ISC is a regular library staffed with
systems analysts, software engineers, reuse experts, and ESS domain experts. Library
staff roles include reference desk, cross reference support (between software and its
original designers), software archives, and commercial catalogues. It s
compulsory for all software projects to formally include the ISC in their development
cycle. This is accomplished by including ISC staff members in all design and software
reviews. Fujitsu reports a significant improvement in software development measured
in percent of current projects being on time. Before the SDEES program only 20% of
300 projects were on schedule. With SDEES that number increased to 70%.

Case 3. GTE Data Services (GTEDS). (Prieto-Diaz, 1991b)

GTE Data Services' Asset Management Program (AMP) is a corporate wide program
created to “develop a reuse culture" in the organization (Prieto-Diaz, 1991b). Their
approach to reuse is a mix of the previous approaches with some novel
features. GTEDS began analysing their existing systems to identify and
select reusable assets. Assets are any software work product (designs, documents,
code) that can be partially or totally reused in a new application. The collection
was classified and cataloged into an automated library system. Five specialized
teams were then created to maintain the library, promote reuse, and support reusers.
Instead of making reuse a compulsory practice, GTEDS established a program of
incentives and rewards. Programmers were paid $50 to $100 cash for each component
accepted into the library and royalties were paid to program authorseach time

their components were reused in new projects. A “reuser of the month" award was
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established for those who reused the most, and the managers of projects that
achieved a certain reuse level were given bonuses of budget extensions. GTEDS
reported 14% reuse in the first year of the AMP. Considering GTEDS software
production volume (about 700 programmers) this translates into $1.5 million in
savings. Their projected figures for 1995 were 50% reuse, with an estimated $10

million in savings.

Case 4. Motorola. (Joos, 1994)

Reuse was initiated when the technical advisors requested the CEO to include
software reuse in the company’s goals. A Reuse Task Force was formed. The force
members were experts from different departments. The reuse task force considered
the need and requirements for reuse organisational issues, education and motivation,
methods, technology, and implementation. The reuse task force recommended two
reuse approaches: design recovery or opportunistic reuse and designing reusable
components or systematic reuse. The reuse task force proposed a reuse working group
to provide the development and subsequent communication of reuse guidelines and
standards to software engineers and their management. A Reuse Working Group was
formed with 15 engineers. The reuse working group and the CEQ recommended that
Motorola should implement reuse at the software-engineering level, and this was
subsequently done. The reuse working group and the reuse task force determined that
education was the most important activity. The working group arranged seminars to
introduce basics of reuse, workshops to teach development and use of reusable
components and held reuse conferences. Senior management accepted the
responsibility for initiating reuse. With the help of the internal and external software
experts, the senior executive program committee drafted a list of action items to be
addressed by Motorola. The top management encouraged reuse throughout the

organisation by a cash-reward incentive program.

Case 5: HP corporate reuse program. (Griss, 1993)

Hewlett-Packard (HP) has been engaged in software reuse since the early 1980s.
Early work involved the development of instrument libraries in BASIC, the
construction and use of databases to store and distribute software components, and
more recently the use of Objective-C or C+ + to develop class libraries. Several of

these libraries have been widely distributed within the company, and some were even
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distributed outside the company. Today there are many active reuse projects in HP
divisions and in HP laboratories. Several HP divisions have developed and reported
on more ambitious reuse programs involving common architectures, components, and
libraries for families of related products in a variety of application domains. These
sometimes spanned several divisions, and have included the following product areas:
embedded software for instruments and peripherals; network management; and

analytical, medical, and manufacturing systems.

Following an extensive survey in 1989 and 1990 of these ongoing division-sponsored
reuse programs and a study of reuse at other companies, a corporate reuse program
was created, aimed at making software reuse a more significant and systematic part of
the software process at HP. In establishing this program, it was felt that a fairly broad,
well coordinated software reuse program involving management, process, and

technology was needed to make significant progress.

The program’s goal was to develop, qualify, and promulgate the best practices that
could be effective within HP. The program involved a core team of software reuse
experts, with additional people being assigned as required on several divisional pilot
projects. The core team worked on developing the following: reuse process, domain
analysis, reuse assessments, economic models, coding guidelines, a reuse handbook,
reuse education, and consulted on divisional reuse projects. The pilot projects
combined the evaluation and refinement of proposed best practices for reuse, and the

incremental introduction of new methods into divisional reuse efforts.

Case 6: Unknown SME (Biggs, 2004)

Biggs (2004) has reported software reuse efforts at a small computer manufacturer,
who have a single product in public access and security domain. Their system keeps
information on all the people that are currently present at a particular location and can

issue and check security badges.

A software reuse program was started with the help of Durham university, in order to

make the software processes more structured.
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In the first step, management support was gained by giving a presentation on reuse,
explaining how it could help in their company and how to best utilise it. Suggestions
were then made on how to set up a reuse program in the company, along with the
costs that would be associated with the setting up of this program, and a consideration

of the risks involved.

Working knowledge of the company and its current working practices was gathered.
The company’s development process, and the viewpoint of the staff were investigated
by conducting informal interviews of certain members of staff. Based on the results of
the interviews, a strategy for adopting software reuse technique was suggested. An
incremental approach to implementation of the reuse strategy was stressed as an
incremental approach can be tried and proved on a small scale before introducing

major changes in the company.

A pilot project was selected. One of the problems faced was that, in case of the tight
deadlines, the development of the new system would accelerate with less regard for
the reuse recommendations made. With less pressure the recommendations were
reviewed, and the code written was reconsidered in order to see if it could be made
more reusable. However, it was seen that the emphasis on reuse was giving the
developers motivation to spend more time planning their code in advance and also go
back to the code once written and restructure it in order to make it more object
oriented and reusable. Following the pilot project a similar system was developed.

The results showed a total reuse factor of 70% for the whole project.

4.2.3 Analysis of Reuse Literature and Case Studies

The Case Study data discussed in the previous section reports the only substantial
reuse case studies that have been identified in a through literature review. As
Christensen & Ron (2000) comment, studies of reuse from a practical point of view
are scarce. However, the reported results and example reuse projects discussed above
exhibit learning similarities in both problem areas and critical success factors within

reuse projects.
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4.2.3.1 The reuse inhibitors

Problems encountered in the case studies included factors that reduced or even
prevented reuse from taking place. These factors are termed “inhibitors” and there are
many inhibitors to starting and running an effective reuse program (Griss, 1993). The
potential for reusability to improve the software development process is immense, yet
a variety of factors affect its impact (Lewis, et al., 1992). These influential factors are
both technical and non-technical in nature. Technical factors include development
paradigm issues and tools for searching and classifying reusable components. The
majority of work-performed in the area of software reuse has focussed on technical
factors while non-technical issues, particularity human factors, are often ignored or

dismissed.

In many reported cases, developers and users of potentially reusable components have
been unnecessarily hampered because they lacked specific knowledge concerning the

factors, which influence software reusability.

4.2.3.2 Factors that affected reuse

The reported examples confirm the following points:

» Many practitioners initially believed that reuse required large libraries. They
therefore started their reuse programs by creating classification structures for
software components, and collecting as much software (good or bad) as they
could. Incentives were offered to contributors. Complex library systems were
built to store, manage, and find the components. Researchers have studied
alternative classification schemes, prototyped powerful browsers, and

automated access systems.

« Libraries of randomly collected code generally have not been designed
together, and usually only address a small number of a typical developer’s
needs. Components may work individually, but not work well together.
Developers are reluctant to go looking for components and prefer to write their

own, usually claiming (without even checking) that the available parts are
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wrong, inefficient, or have many defects. Incentives need to be focused on the
desired goal. For example, a common incentive is to offer a “reward” for
contributing to a library but not for using the library, which can easily increase
library size without increasing reuse (or the library’s usefulness). This creates
a major information problem. People need to know what exists and how to use
it (Griss, 1993).

The software reuse at GTE has shown that without strong management, the
initiatives cannot be sustained on a broader level. Issues of process and
management of reuse must be defined, and questions answered such as: How
can the entire cross-project software life cycle be defined whilst also trying to

meet a given set of reuse goals? (Griffin, 1995).

In almost every case of sustained reuse acceptance, a management champion,
or “corporate angel,” believed in the strategic importance of systematic reuse
and fought for long-term commitment and investment. Individual champions
and management support in general is an enabler, convincing participants to
take risks, try new approaches, and trust software written by others.
Management commitment to reuse can overcome many obstacles, both

technical and non-technical.

In particular, the three most crucial elements leading to a successful reuse
programme are management leadership and support, organisational change,
and the creation of a reuse mindset. These, plus a small, high-quality library,

are the things to invest in.

Reuse programs change the software development process. Programmers have
to check what can be reused before coding and designers have to check
previous designs. It is also strongly suggested that customers should identify
their requirements to take advantage of existing designs. (This clearly may

have implications for reuse of any type of manufacturing design knowledge).

In the experiences of the different organisations it is clear that in order to

achieve an efficient reuse process, many organizational, management and
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technical issues had to be addressed. Some of these factors were anticipated,

whilst many others were discovered along the way.

The lessons learnt by the organizations in the reuse program highlight not only
the success factors but the inhibitors as well. It is important to identify these
risks early, and plan to handle them systematically. Once the domain
inhibitors have been identified, solutions can be proposed and tried. It is
therefore important to have knowledge of all the factors in the reuse process

from an- early stage of the reuse process.

4.2.4 Conclusion from the literature review

From the above discussion the following conclusions can be drawn:

1.

For the reuse process to be successful the technical as well as non-technical
problems should be addressed. It is therefore important to identify and study

all the factors involved in the reuse process simultaneously.

It is important to identify risks early, to plan to handle them systematically,
and to propose and try solutions, It is therefore important to have knowledge
of all the factors in the reuse process from an early stage. This can be achieved
by studying the relationships and interdependencies between different reuse

factors.

From reuse experiences such as those discussed in this chapter, it is apparent
that implementing a reuse discipline entails more than creating and using reuse
libraries. People need to know what exists and how to use it (Griss, 93). The
practice of reuse should be formalised by including support for reuse in
software development methods, tools, training, incentives, and measurements.
Unless reuse is made explicit and formalized, an organization will not be able
to repeatedly exploit reuse opportunities in multiple projects. Without a reuse-
driven development process to guide them, system developers will not achieve

sufficient sharing and reuse.
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4.2.5 The Reuse Factors

The following are examples of obstacles and possible resolutions that have been

found in the case studies and reuse examples.

Management. Management commitment is essential because reuse programs demand
changes in the way software is developed. Management must provide the necessary
company resources required to start, evolve, and operate a reuse program and also
make available necessary key information for assessing the reuse potential of the
organization. Without the long-term support of senior management and their
willingness to make up-front investments, most reuse programs cannot succeed. Such
commitment allows projects to work together and balances the short-term needs of

individual projects with the longer-term needs of the product portfolio.

The solution may be to pick a suite of projects that already have a supportive senior
manager. Other members of management that are affected by the programme, must be
persuaded of its importance, and of appropriate time frame expectations, and of the
need for commitment to the programme. This might be achieved by providing them
with case studies, cost-benefit analysis, or return-on-investment calculations. Contacts
with senior managers who have applied successful reuse programs in their own

organizations may also influence the general management.

Culture. People may not know how to make use of reuse effectively, or may be
biased against it through a lack of trust, a “not-invented-here,” syndrome, or fear of

loss of creativity and independence.

The solution may be to introduce incentives, training, and management backing.
Publicize success stories. Try several alternative methods of eradicating the “not-

invented-here” syndrome. Build confidence in libraries and support teams.

Organization. Various kinds of institutional barriers make it hard to change financial
policies, contracting models, and other legal policies. Evaluation policies such as

rewarding individual work and productivity more highly than group work, or complex
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rules for exchanging and cross-charging for software between divisions or groups can

be significant impediments.

The solution may be to create and empower a corporate-wide body (or several, linked,
sector- or group-wide bodies) to advocate reuse and make it succeed by changing the
reward and funding mechanisms. Establish groups to define and support reusable

work products.

Economics. The funding profile for reuse projects is quite different from conventional
software projects. Typically, several years of up-front investment are needed before
payoff is realized. Managers are reluctant to make this long-term investment without

some guarantee of success.

The solution may be to develop return-on-investment (ROI) models. Describe success
stories. Treat reusable work products as assets, requiring appropriate design,

maintenance, and enhancement.

Legal issues. In some situations, incorrect contracting mechanisms actively
discourage reuse. The lack of contracting mechanisms makes it hard to create
agreements that can be trusted or enforced. Increasing the use of third-party software

increases the importance of this issue.

The solution may be to develop (new) contracts, maintenance agreements, and royalty

systems. Negotiate for rights to contracted components.

Technical aspects. Arbitrary software work products are typically not very reusable

and are often hard to find.

The solution may be to provide guidelines and standards for building, testing, and
documenting reusable work products, together with an enforcement mechanism.
Sometimes a library with a classification structure, retrieval mechanisms, and
certification procedures may be required. Architectural guidelines, documented
frameworks, and reuse reviews can help ensure that components are designed to fit.

Introduce reuse-oriented inspections to ensure quality and correct component usage.
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4.3 The theory building stage

In today's business context enterprises are under continuous competitive pressure in
the market place. However, all businesses cannot be considered to be competitors,
there are businesses that complement too. There are also products or services, which
provide complementary rather than competing products and services. The
Complementors are those who cooperate to capture market share (Nalebuff,
Brandenburger, 1996).  There are four entities affecting a business that should be
considered when developing a business strategy i.e., the suppliers, customers,
competitors and the complementors. Nalebuff and Brandenburger introduced a
schematic map of a business called ‘The Value Net’, to examine the relationships

between these four entities.
4.3.1 The Value Net

The concept of a value net is based on Game Theory, where business is considered as
a game. The Value Net is a map of the game of business. The Value Net describes all
the players and analyses the elements of competition and co-operation between them.
In other words, the value net locates all the various players relative to one another and
identifies the interdependencies between them. The concept of the value net is
applied here to the reuse process, to support the simultaneous consideration of the

multiple factors that either promote or inhibit reuse.

In its simplest state, a value net is visually represented by a diamond, with a company
in the centre. The value net can be graphically portrayed as the interactions between
four players, i.e. customers, suppliers, competitors and complementors and the
company. In the Value Net, along the vertical dimension are the company’s
customers and suppliers. Resources such as raw materials and labour flow from the
suppliers to the company, and products and services flow from the company to its
customers. Along the horizontal dimension of the Value Net are the company’s
competitors and complementors. Complementors are third parties who can lend added
value to a firm by supplementing its products and services. For example, a computer
manufacturer views a software company as a complementor, because customers place

greater value on a computer with an operating system installed than on either the
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computer or the software alone. The Value Net is a high level view of the key
relationships that drive any company’s ability to succeed sustainably (Rabbino, 98).
Fig. 4.1 shows a schematic map of the whole game or The Value Net, as presented by
Nalebuff and Brandenburger, (1996).

ST/PPLIERS

Fig. 4.1 The Value Net (adopted from Nalebuff, Brandenburger, 1996)

4.3.2 Applying value net theory to the reuse driven design process

The value net above is initially drawn from the company’s point of view. But the
concept extends beyond this single viewpoint, as there are customers’ customers,
suppliers’ suppliers, and so on. The value net can either be extended to represent
these extended values or separate value nets can be drawn for suppliers, customers,
etc. In the context of the present research different reuse factors must be grouped
because of their important interdependencies. The roles of the players, customers,
suppliers, complementors and competitors will now be examined, to form a reuse

value net,
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4.3.2.1 The suppliers and customers

In the Value Net suppliers and the customers appear on the vertical dimension, as the
customers play symmetric roles with the suppliers. They are equal partners in
creating value. Experts and Designers fulfil these roles in the Reuse Value Net. Reuse
is about the production and consumption of reuse (Fafchamps, 1994). A producer is a
creator of reusable work products, and the consumer is someone who uses them to
create other software (Lim, 1994). In the Reuse Value Net, system experts are the
‘suppliers’ who ‘supply’ or provide their expert knowledge for reuse. Management
also plays a role as a supplier as it provides the funding, resources and additional
support environments that are required to enable the reuse process. Designers have 2
roles, both as a ‘supplier’ and as a ‘customer’. The designers may design a
component, which is subsequently available for reuse. Therefore, in this context, a
designer is an expert, who uses his skills to produce a reusable product (hence
designers are suppliers). A designer may also reuse a component designed by another
designer or take advantage of expert knowledge on reuse (hence designers are also
customers). The Organisation is a customer as it wishes to gain the financial and

operational benefits that can result from efficient reuse.

The value net shown in figure 4.2 summarises this range of customers and suppliers.

System
Designler Organlisation

REUSE-DRIVEN
MANUFACTURING
SYSTEM DESIGN .

1 |

1
COMPLEMENTORS

System
Expert Management

!
STUPPLIERS

Fig. 4.2 The suppliers and customers in the Reuse Value Net
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4.3.2.2 The competitors and complementors

On the horizontal dimension of the value net, there is another symmetry, i.e. the
competitors and the complementors. 4 competitor provides the competition to a
product and to meet and overcome this competition the quality of the product must be
constantly improved (Nalebuff, Brandenburger, 1996). The traditional design
methods, which do not promote reuse, are the competitors to the reuse-driven process.
One of the reasons for the designers using design processes, which do not involve
reuse, is the Not-Invented-Here (NIH) Syndrome (Ambler, 1998). These designers
prefer the traditional design methods, which do not promote reuse, and hence are the
competitors to the reuse-driven process. Hence, NIH competes against reuse. On the
other hand, the members of the organization will be better motivated to practice reuse
when there are reuse libraries/catalogues where they can easily find the reusable
components. Hence the reuse libraries are the complementors in the Reuse Value Net.
However, it is not sufficient to have something to reuse, since designers will not reuse
existing components if they feel it is quicker or easier to “design from scratch”, than
to determine whether an existing component is appropriate for their application. The
reuse libraries should therefore be complemented by the knowledge of how to reuse
the available components, and by techniques to simplify the reuse of these

components, see figure 4.3.

Designer  Design
NIH from

Syndrome seratch
J ']

REUSE-DRIVEN Reuse Knowledge
MANUFACTURING Techniques base
SYSTEM DESIGN

S1IPPLIERS

Fig. 4.3 The complementors and competitors in the Reuse Value Net
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4.3.2.3 The Reuse Value Net

The previous discussions and figures show that the factors affecting reuse can be
mapped using a Reuse Value Net that is based on the concept of a value net as
described in section 4.3.1. The completed Value Net for Reuse-Driven

Manufacturing System Design can be drawn as shown in figure 4.4.

Designer Organisation
| |

I
CIUSTOMERS

Designers

Design
NIH |

from
scratch

REUSE-DRIVEN
MANUFACTURING
SYSTEM DESIGN

Syndrome

|
COMPLEMENTORS

}
COMPETITORS

ST/PPLIFRS

Fig. 4.4 Reuse Value Net

The Reuse Value Net in figure 4.4 shows that experts, designers and management are
the suppliers of knowledge and funding to the reuse process. Similarly, the designers
and organization are the customers as the designers are reusing the expert knowledge
and the organization is getting benefit from savings that are made as a result of the
reuse process. The competitors to the reuse process are alternative design methods,
such as design from scratch, and preconceptions or existing prejudices of personnel
involved in the process, such as NIH syndrome as this thinking restricts the designer,
preventing him from taking advantage of reusable elements. Finally, the reuse
library, knowledge bases, and various reuse tools and techniques are complementors

as the reuse library provides the reusable components. The knowledge bases give the
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knowledge of what to reuse and the reuse techniques provide the knowledge of how to
both reuse existing components and extend the library as existing components are

adapted or new components are created.

The above explanation, describes the relationships between the four players
participating in the reuse process. However, these players should not only be
examined individually, as they are related, e.g., the designers (potential customers)
may be adversely influenced by Not-Invented-Syndrome (competitor). To win this
customer from the competitor and convert him over to reuse, training (which is a
complementor) can be given to the designers about the advantages of the reuse
process; for example, the designers can be educated about how to reuse the reusable
components.  Designers will also be better motivated if a reuse library
(complementor) is well organised, and the components are easy to find and reuse, and
if it is straightforward to determine which reusable components meet the requirements
of a particular specification. Furthermore, management can create competition among
the designers, or motivate the designers initially by rewarding their efforts, both in
making use of reusable components and in making new components easier to reuse.
The relationships of each player with other players in the value net need to be studied
in detail. This information can then be used to find the points of leverage. The points
of leverage may be different for different companies. The reuse value net provides all
the necessary information of the relevant players and their inter-relationships to

implement a reuse process, and hence can be used as a good analysis tool.

4.4 Introduction of the process patterns.

Implementing reuse entails more than creating and using libraries of reusable assets. It
requires formalizing the practice of reuse by integrating reuse processes and related
reuse deliverables into system life cycle processes (McClure, 1997). The reuse value
net explained above identifies the “what”, i.e. what should be done to achieve
efficient reuse and the “who”, i.e. the factors and actors involved in the reuse process.
However, to achieve efficient reuse, the “when” and “how” of practicing reuse must
also be known. In the current research, process patterns have been identified as a
means to answer these questions. The process patterns are used to guide the designer

about how the reuse process works. Process patterns identified by Scott Ambler
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(1998) provide a valuable insight into the reuse process. The guidelines suggested by
McClure Carma for incorporating reuse in the software development process have
been used to identify the different factors believed to be involved in the reuse process

generally, so that they may be applied to manufacturing knowledge reuse.

Defining patterns is difficult, because they are not bound by prescriptive formal
definitions. Rather, process patterns are validated when and if there is consensus

about the existence of particular patterns in a range of existing software.

James Coplien (1996} put it this way:

I could tell you how to make a dress by specifying the route of a scissors through a
piece of cloth in terms of angles and lengths of cut. Or, I could give you a pattern.
Reading the specification, you would have no idea what was being built or if you
had built the right thing when you were finished. The pattern foreshadows the
product: it is the rule for making the thing, but it is also, in many respects, the thing
itself.

An alternative way of describing a process pattern is:- “A pattern is both a process
and a thing; both a description of a thing which is alive, and a description of the
process which will generate that thing” (Alexander, 1979). In other words, a pattern
does more than just showcase a good system’s characteristics; it teaches us how to
build such systems (Winn, Calder, 2002).

A process is defined as a series of actions in which one or more inputs are used to
produce one or more outputs. Defining a pattern is a little more difficult. Alexander
(1979) hints at the definition of a pattern by pointing out that the same broad features
keep recurring over and over again, although in their detailed appearance these broad
features are never the same. Alexander shows that although every building is unique,
each may be created by following a collection of general patterns. In other words, a
pattern is a general solution to a common problem or issue, one from which a specific

solution may be derived.
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Process Patterns history

Patterns provide a mechanism for rendering design advice in a reference format
{Fowler, 2003). According to Fowler, there are two vital components: the how and
the when. The how part is obvious— how do you implement the pattern? The when
part often gets lost.

“One of the most useful things I do when trying to understanding a pattern, one I'm
either writing or reading, is ask, “When would I not use this pattern?” Design is all
about choices and tradeoffs; consequently, there usually isn’t one design approach
that's always the right one to use. Any pattern should discuss alternatives and when

to use them rather than the pattern you 're considering. “(Fowler, 2003).

According to Fowler (2003) patterns are half-baked. This means that they always
have to be personalised or specialised to adapt them for use in a particular
environment. Indeed, the experience of implementing a pattern for a particular
purpose is one of the best ways to learn about it. Process patterns are also useful for
training purposes, since, an expert in a team can use written patterns to help educate

other team members (Fowler, 2003).

Coplien {1995), in his paper “A Generative Development-Process Pattern Language,”
hints at a definition for the term “process pattern” in his statement that “the patterns of

activity within an organization (and hence within its project) are called a process.”

A process pattern is a pattern which describes a proven, successful approach and/or
series of actions for developing software. An important feature of a process pattern is
that it describes what you should do but not the exact details of how you should do it
(Ambler, 1998). The scope of a single process pattern may range from a high-level
view of how applications are developed to a more-detailed view of a specific portion
of the software process. Ambler (1998), defined process patterns and classified them

in three types, as follow:-

Process pattern. A process pattern is the patterns of activity within an

organization (and hence within its project) are called a process.
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Task process patterns. This type of process pattern depicts the detailed steps

to perform a specific task.

Stage process patterns. This type of process pattern depicts the steps, which
are often performed iteratively, of a single project stage. A project stage is a
higher-level form of process pattern, one that is often composed of several

task process patterns.

Phase process patterns. This type of process pattern depicts the interactions
between the stage process patterns for a single project phase, such as the
Initiate and Delivery phases. Phase process patterns are performed in serial

order, made up of stage process patterns which are performed iteratively.

Process patterns can also be considered as templates, and according to Mahemoff and

Johnston (1998), the key attributes of a pattern are:-

Name: A name to identify the pattern.
Context: The situation(s) where the pattern is relevant.

Forces: Any existing forces that may constrain or suggest alternative solutions.
When these forces are in tension with one another, the problem is harder to

solve and a compromise may be necessary.

Solution: A solution which resolves, as far as possible, the various forces. The
solution is really what the pattern is, yet the problem is a vital part of the

context.

The patterns concept suggests itself as a logical way of looking at tasks, as well as

imparting information about how they may be supported (Mahemoff and Johnston,

1998).

Based on the above definitions and characteristics, process patterns are considered to

be a useful method for planning and directing the necessary steps for advancing a

reuse process that has been specialised to be appropriate to the needs of a particular

enterprise.  Process patterns, have thercfore been chosen as the method for
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communicating requirements and activities that could be recommended by the reuse

support tool, based on the results of the reuse value net analysis.

4.5 Summary.

Through the range of reviewed case studies and examples of reuse, a set of critical
success factors and inhibitors to reuse have been identified. This chapter has also
shown that a combination of value net and process pattern approaches can provide the
necessary range of functionality to initiate, plan, implement and promote reuse

processes. A Reuse Value Net has also been presented and described.
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DESIGN AND IMPLEMENTATION

5.1 Introduction

This chapter describes the experiment conducted to explore the requirements and
design of the prototype support tool and environment. The proposed reuse support

tool includes a specialist application called the Reuse Agent, which can,

1. acquire knowledge of the current level of reuse practised in the company;

!

2. analyse the current status of reuse and generate a relevant Reuse Value Net,

personalised for the company;

3. recommend methods of increasing and promoting the implementation of reuse

within the company, through the use of appropriate process patterns.

The representation of the Reuse Agent and the extent to which it can provide support
to reuse-driven manufacturing system design processes are also considered. Section
5.2 presents the aims and objectives of the experimental software environment, and
section 5.3 presents an overview of the experimental set-up. A detailed design has
been made of the experimental environment, and this has been documented using
Unified Modelling Language (UML) diagrams. UML is one of the popular object
oriented analysis and design methods which were reviewed in section 3.2.2. The

UML based design of the experimental environment is presented in section 5.4.
5.2 Aims of the implementation work

The implementation has the following aims:

1. To demonstrate that the reuse value net can be generated for a particular
organisation and that it can identify the problem areas for reuse
implementation and possible solutions. The following activities were carried
out to achieve this aim:-

i to design a questionnaire to find out the current state of the reuse
thinking in the organisation.

ii to design a data collector for collecting the questionnaire results.
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il
v to generate an experimental reuse agent knowledge base to analyse

the data collected through the questionnaire.

2. To show that the process patterns can guide the designers through the process
of reuse implementation. The following activities were carried out to achieve
this aim:-

i to design a process pattern catalogue

i to design a process pattern library

5.3 The Experimental Set Up

A prototype implementation of a reuse support too! has been produced as part of this
research, in order to test the proposed concepts and solutions. The experimental set

up is shown in figure 5.1.

Knowledge
Base

Questionnaire
for Management

Reuse Agent

Response
Data

v?

Reuse Value Net
showing
interdependencies
between reuse
|_factors

Questionnaire
for Developers

1

Design
Engineers and

The process
patterns of the

—p steps suggested by
the reuse value net

Developers

Reuse
Process
Patterns

Fig. 5.1 Experimental set up
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The Reuse Agent performs the following important tasks:

Sends questionnaires to the members of management and designers and
collects data. The Reuse Agent is used to determine appropriate activities
during the Reuse Project. Questionnaires are sent to members of management
and design / modelling teams, to establish whether any reuse activities
currently exist in the company. The completed questionnaires are collected
and the response data stored in the database. The questionnaires are designed
to also identify whether individual design engineers are reusing components
informally; this may be by using elements of models they have previously
built, or even working informally with colleagues and sharing components.
Analyses response data and generates a Reuse Value Net for the particular
company. The Reuse Agent processes the response data, and determines the
problem areas that initially need to be addressed. As explained, the Reuse
Agent initially uses its knowledge, which is stored in the
ReuseKnowledgeBase, to analyse the questionnaire response data and produce
a Reuse Value Net.

Search for appropriate Reuse Process Pattern in the Reuse Process Pattern
Catalogue and Library. To support its recommendations, the Reuse Agent
then consults the Reuse Process Patterns database (shown in figure 5.1) and
suggests activities that need to be undertaken to progress the reuse project.
Once again the Reuse Agent can guide users through the activities necessary
to provide solutions to these identified problems by indicating useful steps for
developing necessary resources. The process pattern steps suggested by the
Reuse Agent are generic, and need specialising to suit the needs of the

particular company.

5.4 The Implementation Environment

5.4.1 The experimental software development environment

The prototype software tool has been developed using JBuilder5 and JDataStore

database. Rational Rose 98 has been used to design the experimental environment.

Rational Rose supports object oriented analysis and design methods and enables users

115



Chapter 5:Design and Implementation

to model their software in several different modelling languages, including UML.
Figure 5.2 shows the logical view of the packages in the software application. The
global package Jbuilder is used in all the packages whereas the Database package is
linked to the Peoplelnfo, ReuseSupport and OrgArtifacts packages to store
information. Figure 5.3 shows the class structure of the Reuse Agent, and the

operations in the class show all the tasks performed by the Reuse Agent.

JB uilder Imerface
glotal
I
|
— — v
QgrArtifacts ReusesSupport People Info
Lo e >
™~ “ | -
~ | P
S \'4 P
T e

Catabase

Fig. 5.2 Experimental Set up ~-UML Class Diagram (Logical View)

<<Contro|>>
Reuse Agent

®getDesignerinfo}

@getManagementinfo()
YenterDesignersEmail()
®enterManagersEmail()
$sendQuestionnaireToDesigner()
%sendQuestionnaireToExpertDesigner()
%sendQuestionnaireToManagers()
QgetRegponseData()

$analyseResposaData()
YearchReuseKnowledgeBasa()
SfomulateOngReuseValueNet()
AdisplayOrgReusaValueNet()
®getPossibleSolutions()
®soarchReuseKnowledgeBaseForReuseProcessPattemsi)
@getReuseProcessPatternsFromCatalogue()
&displayReuseProcessPattemTable(}
YgetSelectedReuseProcessPattemFromLibrary()
displayReuseProcessPattemy()

Fig. 5.3 The ReuseAgent UML Class Structure
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5.4.2 Identification of Current Reuse Status

In order to acquire knowledge of the current level of reuse practised with a company,
the Reuse Agents sends out questionnaires to the system designers, experts and
managers who are members of the reuse project team, and collects their response data
in a database. This interaction of the Reuse Agent with the other actors is shown by
the Fig. 5.4 Send Questionnaire UML collaboration diagram. Figure 5.5 shows the
UML class diagram of Interface package.
1: getDesignerinfo(name, experience, emait}
2: enterEmail{ emailld, qid)

5: getManagerinfo(name, email}
6: enterEmail{emailld, qid)

SystemDesigner :
3: sendQuestionnaireToDesigner{) SystemD esigner
e

4: sendQuestionnaireToExpertDesigner()

Send questionnaire b syste

m designers : Reuse Agent

|
7: Send Questionnaire (Questionnaire for Management)

System Expert :

System Expert
\
Manager :

Managem ent

Fig. 5.4 Send Questionnaire collaboration diagram
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<<Boundary>> <<Boundary>
ManagementQuestionnaire DesignerQuestionnaire

sends sends

1 1

<<Control>>

Reuse Agent

<<Conkob> (from ReuseSupport)

UserVerification

EpuseName : type = initval
Ehpassword : type = initval

%sendQues fonnaire ToDesigner()
invokes %analyseResposeData()

*omulateOrgReuseValueNet()
$geiReuseProcessPatterns FromCatalogue()

YvalidateUser()

¥getSelectedReus eProcessPattemFromLibrary()

Fig. 5.5 Interface package -Class Diagram( Logical View)

<<Entity>>
OmgEmployee

&emailld : type = initval
& name : type = initval

1

<<Entity>> <<Entity>>
SystemDesigner Management

xperience ; fype = initval
& %sendQuestionnaireToManagement()

%sendQuestionnaire() ®completeQuestionnaire()
®completeQuestionnaire()

<<Entity>>
SystemExpert

®sendQuestionnaire()
®completeQuestionnaire()

Fig. 5.6 Peoplelnfo package -Class Diagram( Logical View)
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Figure 5.6 shows UML class diagram of the package Peoplelnfo. Class OrgEmployee
has two attributes, name and emailld of the employees. The child classes Management
and System designers classes are the child classes of class OrgEmployee. The
attributes are name of the employee and the email address. The questionnaire sent by
the ReuseAgent to the SystemDesigners and the Management class are completed and

sent back. This operation is performed by the completeQuestionnaire() operation.

5.4.2.1 Questionnaire design

The questionnaire design is an important step in the development of the Reuse Agent
as the solutions suggested by the reuse agent are based on the data collected through
the questionnaire. The questionnaire design was influenced by the questionnaires in
the literature reviewed (McClure, 1997).

The questionnaire uses closed questions, to collect important information about the
system development process in the company. The questionnaire tries to look at the
reuse thinking in the organisation, designer’s and management’s knowledge about
reuse etc. The information is collected individually from the management and from
the designers as their perspectives and knowledge of current reuse practises within the
organisation may well differ. Hence, as figure 5.10 shows, the questionnaire has been
split into two sections:-
¢ Questionnaire for management and

* Questionnaire for designers.
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Questionnaire
&question : type = initval
&options : type = initval
&answer: tye = initval

$getinswer()

L

<<Boundary>> <<Boundary>>
DesignerQuestionnaire ManagementQuestonnaire

Fig. 5.7 Reuse Agent Class Diagram/Interface Attributes and Operations

Each of the two questionnaires is organised in different sections. The common

sections of the questionnaires are as follow:

Management and funding. This section addressed the issues of management
support and funding. Literature and past experiences shows that the
management support is one of the most important factors for reuse
implementation. It is therefore important to know if the management is ready
to fully support the reuse implementation. The other factor, which is as
important as the management commitment, is the funding needed to
implement reuse program.

Organisational culture. This section addresses the current practices in the
organisation, mainly related to reuse. It addresses issues such as, the reuse

resources (such as supporting tools, reuse repository etc.), motivation etc.

Apart from the two sections mentioned above the questionnaire for designers

includes:

System design information. The aim of this section is to find out about the
system development practice in the organisation. It questions whether
designers are practicing reuse on an individual level, and whether any
(possibly informal) knowledge or component sharing already exists amongst
the designers. This section of the questionnaire tries to address issues such as

Not-Invented-Syndrome.
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5.4.2.2 The Response Data

The answers from the Management and Designers questionnaires are stored in the
Response Data database. This is shown in Fig. 5.8 Collect Response Data — UML

collaboration diagram. Fig 5.9 shows the structure of the ResponseData class

1: completeQuestionnaire( ) 5: complete Questionnaire()

) A

0_21&?13 : Management

2 submitCompletedQuestionnaire{)

3: completeQuestionnaire( ) \\"3‘ 6: submitCompletedQuestionnaire( )

= ™~ l
m N
4: submitCompletedQuestionnaire( }
- Swtem — ~Response
Expert Datb

Fig. 5.8 Collect Response Data UML collaboration diagram

<<Entity>> -
ResponseData
Ebquesld : type =initval
&ans : type = initval

*sendCompletedQuestionnaireToReuseAgent()

Fig. 5.9 Structure of the ResponseData Class

5.4.3 Analyses response data and generates Reuse Value Net for the

particular company.

The Response Data is then accessed and processed by the Reuse Agent to identify the
current status of reuse and any conflicts in the company in order to formulate the

Reuse Value Net. Fig 5.10 shows this interaction.
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2: analyse
5: displayOrgReuseValueNet{Customer, Supplier,
—

1:process 3: searchKnowledg
:Response = > :Reuse
Data KnowledgeBase

Display Omanisation's Reus
eValue Net: Reuse Agent

4; formulateOrgReus eValueNet{Customer, Supplier,

Vv

: OrgReuse
ValueNet

Fig.5.10 Analyse Response Data UML collaboration diagram

5.4.3.1 Reuse Knowledge Base

After the data has been collected, in order to analyse the data, the reuse agent needs
knowledge to apply as the basis for analysing the data and arriving at a conclusion
about the reuse problem(s) identified in the organisation. The knowledge required
includes understanding which factors are complementors and which are competitors
to reuse, their relationships and inter-relationships, and how each factor is likely to
inhibit or promote reuse. In the prototype version of the Reuse Agent, the required
knowledge has been acquired from the secondary case studies that were reviewed in
chapter 4. The structure and content of the Reuse Knowledge Base are shown in the
UML object classes presented in figure 5.11.

<<Control>>
ReusKnowledgeBase
quesld : lype = initval
nswer : type = initval
roblemArea : type = initval
onflict : type = initval
EppossibleSolution : type = initval
&preuseProcessPattem : type = initval

®searchKnowledgeBase()

Fig. 5. 11 Structure of the ReuseKnowledgeBase Class
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The ReuseKnowledgeBase class has the following attributes:

quesld: This field contains the question id for each question in the

questionnaire.

answer: This field contains a list of different options for a particular question
in the Questionnaire. The option selected is the Primary Key as each answer is

unique,

problemArea: This field contains a list of category of the player from the
reuse value net that is resisting reuse implementation. It identified a broad area

where the problem lies.

conflict: This field contains a list of actual problem identified from the answer

opted by the designer/member of management team.

possibleSolution: This field contains a list of the possible solutions for the

problem identified through the questionnaire analysis.

reuseProcessPattern: This field contains a list of process patterns related to

the possible solution identified through the questionnaire analysis.

5.4.3.2 Organisations Reuse Value Net

The response data collected by the Reuse Agent through the questionnaires are

analysed. From the analysis of the data the Reuse Agent identifies problems for reuse

implementation in the company and the possible solutions. All this information is then

stored in the OrgReuseValueNet class along with the reuse players that exist in the

company. The formulateOrgReuseValueNet() method draws the Organisation’s or

company’s Reuse Value Net.
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<<Boundary>>
OrgReuseValueNet

&customer : type = initval
&supplier : ype = initval
&pcompetitor : type = initval
&pcom plementor : type = initval
&conflict: ype = initval
&possibleSolutions : type = initval

SformulateOrgReuseValueNet()

Fig. 5. 12 Structure of the OrgReuseValueNet Class

5.4.4 Search Reuse Process Pattern in the Reuse Process Pattern Catalogue and

Library.

Using the organisation’s reuse value net, the reuse agent identifies the problems in the
current reuse implementation. The possible solutions to these problems are given in
the form of reuse process patterns. The reuse agent searches for appropriate process
patterns in the process pattern library and catalogue and then displays them. This

interaction is shown in fig. 5.13.

4: displaysReuseProcess
6: displayReuseProcess Pattern(Name,InitialContext, Process, Resulting Context,

>

1: getPossibleSolutions

m% 5: getSelectedReuseProcessPattern

- OrgReuse e, . Reuse Process
ValueNet Pattem Library
:Reuse &%
3: getReuseProcessPattemsFrom
2: searchKnowledgeBasefor \
/ N
&
: Reuse -
KnowledgeBase _Reuse Procass
Pattern Catalogque

Fig. 5. 13 Find Reuse Process Pattern collaboration diagram
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5.4.4.1 The reuse process pattern catalogue

The reuse process pattern catalogue is used to store the information about the reuse
process pattern and not the actual reuse process pattern. The purpose of this catalogue
is to provide the purpose of different reuse process patterns at a glance, in order to

simplify searching for the appropriate patterns.

<<Ertity>>
Reuse Process Pattem Catalogue
Q;name : type =initval
&pumpose : type =initval
&lype: type = initval

@ wachReusProcegPattemdnPattmsCatal ogue()
SdawProcesPattemTable()

Fig. 5. 14 Structure of the ReuseProcessPatternCatalogue Class

The main attributes in the catalogue are:
¢ mname : This field contains the name of the process pattern. This is the
primary key in the table i.e., the name of the pattern is unique.
» purpose : This field contains the purpose of the pattern.

¢ type: This field tells whether a pattern is Phase, Stage or Task process pattern.

The searchReuseProcessPatternCatalogue() method searches the catalogue when a
pattern name or purpose is entered. The second method drawProcessPatternTable()

method draws a table to display the results of the search.

5.4.4.2 The Reuse Process Pattern Library

The Reuse Process Pattern Library is where the actual Reuse Process Patterns are
stored. Figure 5.15 shows the structure of the ReuseProcessPatternLibrary. The
searchReuseProcessPatternLibrary() method searches the catalogue when a pattern
name or purpose is entered. The second method drawProcessPatternTemplate()

method draws a template to display the results of the search.
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<< Entity>>
Reuse Process Pattem Library

ame : lype = initval
initialContext : type = initval
rocess : type = initval
esultingContext : type = initval

Q;.related Patterns : type = initval

WscarchReuseProcessPatterninReusePPLibrary()
WdrawP mcessPatirnTe mplate ()

Y

| 1

Phase Pattern Stage Pattern

Task Pattern

il

Fig. 5. 15 Structure of the ReuseProcessPatternLibrary

5.5 Summary

A summary of the tasks performed by the Reuse Agent (as described in sections 5.4.2
and 5.4.3) is provided by figures 5.16 and 5.17.

This chapter has explained the design and implementation of the experimental

environment. The next chapter explores the implementation in detail through a case

study example.

<<Boundary>>

(from Interface)

DesignerQuestionnaire

<<Boundary>>

ManagementQuesticnnaire

(from Interf ace)

&quesid : type = initval
Q}Sns: type = initval

#sendCompletedQuesgtionnaire T oReuseAgent()

<<Control>>
Reuse Agent
1.* sends 1 {from ReuseSupport)
¥getResponseData() <<Boundary>>
%analyseResposeData() generates OrgReuse
“formulate OrgReuseValueNet() \\_ &customer : type = initval
1 &supplier : type = initval
o &pcompelitor : type = initval
. @oomplementor : type = initval
sends analvses nflict : type = initval
b4 GbpossibleSolutions : type = initval
\ 4formulateOrgReuseValueNet()
1.0 .
<<Entity>>
ResponseData

Fig. 5.16 OrgArtifacts package -Class Diagram( Logical View)
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<<Control>>
ReuseKnowedgeBase

uesld : ty pe = initv al
nswer : ty pe = initv al

roblamAsea : ty pa = initv al

«<<Control>>
Reuse Agent

ont lict : ty pe = initv al
ossiblaSclution ! {y pe = initv al

Weusel’rocoss?a!lam ; ty pa = initval

®soarchKnowledgeBase()
_-//-/
//-_/
<<Entity >>
PatternSearch
1 PR
1..*
<<Entity >>

Reuse Process Pattarn Catalogua

| Epname : ty pe = initv al

urpose : ty pe = initval
y pe © iy pe = initval

- @sendQuastionnalreToD ssignan}
1 SsendQuestionnaireToManagers()
“ansly seResposeData()

W ormulateCrgReusevatushet()

P ¢)

=<Entity »>
Display Pattern

<<Entity >>
Reuse Process Paitern Library
‘&name : ty pe = Initval
ShiritlaiC ontext : type = Initval
rocess : ty pe = initval

WanarchReuseProcessPatternsinPattmsC stalogue()
SdrawProcsssPattemTable()

sultingContext : ty pe = initval

=
-

@scarchReuseProcessPatteminR eusaPPLIbrary ()
SdrawProcess PattrnTemplate()

FPrase FPattem

43 Lo

Stage Fattem

Fig. 5.17 ReuseSupport package -Class Diagram( Logical View)
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Chapter 6
CASE STUDY EXAMPLE

6.1. Introduction

This chapter reports on an industrial case study example to demonstrate the use of the
combined value net and process pattern approach and to examine the prototype
software. The example used in this section is based on case study material. Due to the
nature of the business and issues of confidentiality, the exact case study material is not
available. However, great care has been take to ensure that the following example
provides an accurate representation and demonstration of the reuse support system in
an industrial context. The company is introduced briefly first. The application of the
reuse support system is then demonstrated and problems and research results are
illustrated. At the end of the chapter some conclusions restricted to the case study are

also reported.
6.2 Description of the company

The Company is part of an international group and they manufacture many types of
specialist fuses. The group has different manufacturing sites located globally, and
various components are manufactured at different sites and then brought for assembly

to a facility managed by the Company.
6.2.1 Products and Production Line

The Company currently manufactures a range of products, which will be referred to
here as P. Different varieties of this product are also planned, and individual types
will be referred to as P1, P2, P3 .... Pn in this study. A current product, P1, is
manufactured from two types of component, 1¥ component (C1) and 2™ component
(C2), and P1 contains 2 x C1, and 1 x C2.

There are 4 main processes in the line: Component Preparation, Crimping, Assembly

and Inspection. The components are transported from process to process in a
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container, and each container carries a batch of the components to manufacture 12

products at a time.

Within the main Component Preparation process, there are some very slow sub-
processes, which are highly dependent on a critical manufacturing resource, which is
a type of furnace. This critical resource needs to be kept working almost
continuously. The efficient utilisation of this critical resource, and its performance in

these processes is crucial to the design and development of the whole production line.

The second process is Crimping and here the line splits into two identical stations
which each perform this process, i.e. Crimpingl and Crimping2, each (containing one
sub-process) hence there are two parallel lines at this stage. The lines remain split for
the third process, Assembly which again is implemented as two identical cells, on
parallel production lines, i.e. Assemblyl and Assembly2, each containing 7 sub-
processes. Finally, both lines join before entering the fourth and final process,

Inspection.

A clearer insight into the production line processes is provided by Fig.6.1, which
shows each of the main processes and lines of flow of product along the production

line. Each of the four main processes will now be described in turn, in further detail.

Crimpingl P Assemblyl >

Component
Preparation

Inspection

—
—|  Crimping2 W Assembly2 —>

Fig. 6.1 Full Production Line

6.2.1.1 THE FIRST PROCESS, COMPONENT PREPARATION

The Component Preparation stage begins the production activity. Product P1 are
manufactured in batches of 12 at a time. Therefore, initially the two types of
components, C1 and C2 are collected in a container, in a proportion of 24:12 items,
and they are then released and transported to the next manufacturing stage, the

Crimping process.
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Fig. 6.2 shows a rough picture of the Component Preparation process.

102 > 1c7
Compaonent Degassing * Matching .
3 [ s pl
Arrivals 2cls ir by piet Quene E_>
» Bake ’ I: .

Fig. 6.2. Component Preparation.

6.2.1.2 THE SECOND PROCESS, CRIMPING

At the second process, Crimping, the line splits into two separate but identical lines,
each of them performing the same process, named Crimpingl and Crimping2
respectively. A Crimping process only contains one sub-process and all the delivery
containers are split equally so that equal quantities are transported through each of the

two lines.

A human operator is required for the Crimping process, and the human resources, will
be referred to as HR3 (for Crimpingl) and as HR6 (for Crimping2). A
manufacturing resource is also required, and these machines will be referred to as

Crimperl or Crimper2, depending on where the machine is located.

6.2.1.3 THE THIRD PROCESS: ASSEMBLY

The third process, Assembly, is also performed by two different and identical cells,
named Assemblyl and Assembly?2. Each assembly process contains seven sub-
processes. Each of the assembly lines work independently from each other and have
completely different (but identical) sets of machinery and operators, and each

undertake identical sets of tasks.

Products are chosen randomly to enter either Assemblyl or Assembly2, and will then
have to flow through the seven sub-processes before finally being unloaded from

Assemblyl or Assembly2.
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Entry
Queue

:

First Fillingl

{Kanban)

Heat Heat

Preparation [— Treatment]l |——j| Revolvingl 4, (Kanban) [— Aligning {——pp Treatment2
{Kanban)

|

v

Exit-
gatel

Load/
Unlead

Human resources HR1 and HR2.

Fig. 6.3 Example Assembly process (Assemblyl)

6.2.1.4 THE FOURTH PROCESS, INSPECTION
Before this fourth process, both separated lines rejoin, and the combined throughput
from the parallel lines must be processed by the single process Inspection, which is

the last process.

Inspection has just one operator working, HR8. Once the containers have gone
through the entire process, they are ready to leave this production line. The product

manufacture has been completed.

6.3 The Case Study Example
The objective of this case study example is to test the methodology established during

this research with realistic industrial data.

When the Company designs a new product they use manufacturing models which
capture information about manufacturing resources and knowledge and processes in
databases and they also using simulation models to predict and test the performance of
new manufacturing lines. It is a time consuming and expensive task to build and
evaluate new models. They therefore wish to introduce a Reuse Project to improve
their reuse of existing information and knowledge from the simulation and

manufacturing models.
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The proposed solution works in two stages:

1.

The Reuse Value Net determines the current status within the organisation and
targets any identified reuse problem areas for improvement.
The Process Patterns are used to explain the actions that are required to

overcome the identified problems.

6.4 The First Step: Formation of the Reuse Value Net

The figure below shows the steps that were performed in the first stage of the

solution.

1. Send reuse
questionnaire to the
members of management
and design team.

h 4

2. Collect the response
data.

L 4
3. Analyse data collected.

v

4. Check the reuse
knowledge base to
identify the problem areas
and possible solutions.

L 4
5. Display the company
reuse value net displaying
the problem areas and
possible solutions.

Fig. 6.4 Formation of the Reuse Value Net

6.4.1 Send the reuse questionnaire to the members of management and

design team. The Company wants to implement reuse practices and it was
therefore important to determine the current design practices in the
organisation as well as establishing the current status of reuse thinking by
management and designers. Questionnaires were therefore given to members
of management, designers and users of the simulation models, to establish
whether any reuse activities currently exist in the company. The Company has

never formally practised reuse in the past, however, the questionnaires are
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designed to also identify whether individual design engineers are reusing
components informally; this may be by using elements of models they have

previously built, or even working informally with colleagues and sharing

components.

6.4.2 Collect response data. The completed questionnaires were collected and

the response data was fed into the questionnaires of the experimental software-

the Reuse Agent.

6.4.3 Analyse data collected. The data collected was analysed by the Reuse
Agent. The Reuse Knowledge base of the Reuse Agent was used for this
purpose. The Reuse Knowledge base is populated on the basis of the
relationships identified by the Reuse Value Net. More details of this can be
found in Section 5.8. An example screen showing parts of the Reuse

Knowledge Base used in the prototype system is shown in figure 6.5.

6.4.4 Check the reuse knowledge base to identify the problem areas and

possible solutions.

W JDataStore Explorer - . s :[..]EIE
Fhe. £dil View -TiMenagar Jools Hep = - . - e e m m mmee e - . 7, B
@ JDataStore Fies v\.w'l ructure] R
B- ﬁj\:ru;:;a\ﬂcun&unnum‘nuud: “ T 2w PRSI AN S P T I ____i o mE T S SiEea T
M reore R
— -1. PROCESSPATTERNCATALG L Wil bl
Dats
g - E :f::m:ﬁ‘;‘:mn CONFLICT SOLUTION |  PROBLEM AREA ravER |Reuse Process paT.|
G wants ¥ the required Reuse Library, Reus£BUlid 4 reuse libredy, Prov|
- E Incixts tP Cusiomer wanis to' Provide Inceniive to the desig Customer-Competriar Reuse iools, Reuse [[Creats a reuss incentivs pr
REVEEKNOWLEDGEBASE |4 Designers do notk designars through HC ¢ Qraining | Creste 3 tevee vaknlng pro
RN“PM'“P“'M'.H Experts are rendy HEducate designers through NH Sndrome, Desig Create & reusy incantve pt
Expars 0o hol ki Give training 1 the spers -Compk L) Creain companer;
Exparts do not knodGive training to e sxperts at Buppher-C C: ariors  |Wentity redsable compane
Exparts nol rendy KEstablish & reuss Incentve & Suppler-C Experts Creste a reuss Incontive pr
Fearofioss of theough AC = 2 [ Conguet reuts sami [
Lack of the required Suppker-Ci et Bulkd reuse lbrary, Provody
Lack of tunding  |Cost benefit analysis. Retum Suppher:Ci e 2 [QUEE ERONSHI|
Lack of 8 Qesighers Throu| & ftors 1Dy Condutt inars &
Lack of aboutiBupplisr-Complementors Management Qain commil}
Lack O tryst about |Sanaandige he Ieuse comp C C tors (0 Dosigntr copmy
piFind oulthe compol Bupplie el Domain snalysis, Belactrs
M Op & Mt Q- st &..-L—. Cermplsmeniors ard Reuss Sn&NHi
Nething to reuse | Bultd reuss Bbrary 8: Reute Library Build & reuse {ibrary
Noming to reuss, |Crastd & reusd cititogus | Suppher-Customar Reuse Library Build & réuse Jlorary
Nokirvertad-Here | E: arause 5.C C WIH Bynidrome Cragts & reusa fraing prots
|
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Fig. 6.5 Reuse Knowledge Base
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The Reuse Agent processed the response data, and in this case, the analysis of the
questionnaires identified that :
The Management wants to implement reuse in the organisation.

b. Very few designers have practiced reuse individually, but some do
occasionally reuse parts of their own codes or programmes. Most
designers are not currently practising reuse, they are designing systems
from scratch. When they work on a new project, they generally do not
try to reuse code or models from previous projects.

c. Most of the designers have never tried to reuse code or models created
by other designers.

d. There are no formal incentive programs or mechanisms to motivate
reuse either in place or planned.

e. No reuse library or reuse catalogue currently exists in the organisation.

f. The only sharing across business units that currently exists is of

software applications.

6.4.5 Display. the company reuse value net displaying the problem areas and

possible solutions.

Pel pousc Acent e R PRI = 1§

Fis Rmma Bugpot  Process Petsms Heip

30 aanrsatnes Resse Walan Hrt

Conflict
-|| Nothing to reuse

Lack of knowledge

Solution

idermidy reusable components, build
a reuse library and cedalogue. i
Educete designers thiough seminars and,
in house Corferences '
Rouse procsss pattem

Heuse taoly and tach,, Build areuse kbrary

Kuowledge Raszes, Buiki a reusa brary and catalogus.

Reasn Lihrary,
education(traning)

s} s oFa w8

Fig. 6.6 Company Specific Reuse Value Net
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The Reuse Agent analyses these results and determines that the following problem

areas needs to be addressed initially:

The possible solutions in order to overcome the problems identified by the Reuse
Agent (from the Reuse Knowledge Base):
a. Create a Reuse Catalogue and Reuse Library (Complementor-reuse
library)
b. Educate the management and designers (Complementor- Education)
The company specific Reuse Value Net generated by the prototype support too! is
shown in fig. 6.6.

6.5 The Second Step: Reuse Process Pattern Guidelines

The figure 6.7 shows the steps involved in the second stage of the solution.

1. Search for the process
patterns of the possible
solution, in the process
pattern library.

v

2. Display the process
pattern catalogue.

If the user selects
process pattern
name?

v

4. Display the process
pattern template.

Fig. 6.7 Reuse Process Pattern Guidelines

6.5.1 Search for the process patterns of the possible solutions in the process
pattern catalogue and library. The possible solutions suggested by the
Reuse Agent in the Reuse Value Net formation are stored in the form of

patterns in the Reuse Process Pattern Library. The general information of these
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patterns is provided through the Reuse Process Pattern Catalogue. The Reuse
Agent does a search of the related reuse process patterns suggested as

solutions.

6.5.2 Display the related process patterns from the catalogue. The results of
the search by the Reuse Agent for the reuse process patterns are displayed in
the form of a table containing the information about the available reuse
process patterns. The user can access the reuse process patterns that are stored

in the reuse process pattern library by selecting the required reuse process

patterns from those displayed from the patterns catalogue. This is shown in
fig. 6.8.
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Fig. 6.8 Process Pattern Catalogue

6.5.3 Display the process pattern template. The reuse process pattern template
of the selected reuse process pattern is displayed from the library. Each
template contains the name, intent, process, resulting context, and related
patterns information about a particular pattern. The reuse process pattern

template contains the guidelines for performing a particular process, and this
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can be made specific for a particular organisation. an example of this is shown in
fig. 6.9.

[&3 Reuse Agent
Flle Rsuse Suppon Process Pittems Help

g P . &k

| K"}m neess Pattern Femplate
MNanpzz : Define the plan for growing the Reuse Library.
Inidal context: crgamsations often find 1t 1s the brest to evolve their reuse program over tie. They begin small scale cxperimenting wath reuse of

a Yimited number of types of reusable components. With this appreach it is necessary to create a plan for expanding the types of components to be
stored 10 the reuse hbraries

FProcess: Thus technique presents reuse guidelines for creating plans for growng reuse Lbrary. It v more usefil with the incremental reuse
program where the reuse program evolves with time When this approach 12 chesen, 1t 18 necessary to create a plan for expanding the types of
components to be stored in reuse library, in the future as the organisation gaing experience with software reuse and migrates to new technologies
| such as object models, and a5 new reusable components and reuse libraries become available 1o the marketplace.

Rasuling conteoxt: The plan for expanding the Reuse Library

Related patterns: Create a Reusable Component, Selecting a Reusable component.

Define the types of reusable Check forthe Define guidelines for

componeats to be stored in technologies which checking the availability of
the Reuse Library in [} can not be used at [P the commerssally available
future (which are not present but can be reusable components and
included at present) . usad 1 future. reuse libranes.

Esar]|@ s @BADE  ~GEYE.. [Bishin. [@bui. [ re... . NN BL 1 ANDBGIR 17:30 |

Fig. 6.9 Process Pattern Template

The application of the two-stage solution explained above is summarised in the Fig.
6.10. The experimental set up is shown in the top left of the figure 6.10. As
explained above, the Reuse Agent initially uses its knowledge to analyse the
questionnaire response data and produce a Reuse Value Net. The bold dotted arrow
marked ‘Stage 1”7 in fig. 6.10 shows the Reuse Value Net that has been produced for
the Company in this example. The elements highlighted in bold show aspects
requiring immediate attention. Typically two different types of problems are identified
through the Reuse Value Net for the Company, and these have been marked ‘*1° and
‘*2’ in fig. 6.10. Problems in the area marked ‘*1’ are competitors, and therefore must
be tackled by either decreasing their influence or by increasing the influence of reuse

{(to make reuse a more competitive option).
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Possible solutions recommended by the Reuse Agent are also shown in fig. 6.10 to the
right of the Reuse Value Net. This is indicated by the bold dotted arrow marked
‘Stage 2°. In this example, the recommended solution to problem ‘*1° is to promote
reuse by providing incentives. As indicated by the arrows in the experimental set-up
figure, the Reuse Agent would also provide a process pattern showing steps that can
be taken to achieve this. This is indicated by the bold dotted arrow marked ‘Stage 3°.
Detailed process pattern steps are not given in fig. 6.10 for problem 1, due to space
limitations. However, these steps would include, for example, activities such as
setting up a bonus scheme to reward productivity increases through reuse of
components and introduction of staff performance measures to assess whether reuse is
being used effectively and whether staff are making it easy for others to reuse their
components. The process steps suggested by the Reuse Agent are generic in form and
need to be specialized by engineers within the Company to suit the requirements and
environment of that individual company. The Reuse Agent can guide users through
the important steps of specialization, such as the identification of suitable metrics for
measurement of productivity, determination of periods of measurement, establishment
of types and levels of incentives, etc. However, the actual details have to be decided
By the management and users within the company, as successful applications of reuse

will inevitably be different and specific to individual companies.

Problems identified in the Reuse Value net in the area marked ‘*2’ on figure 6.10
relate to complementors, and typically any problems in this area indicate the absence
of some key elements that are necessary to enable or facilitate reuse, They therefore
must commonly be tackled by the provision of additional resources of some kind. In
the example of this Company, there are three important activities that should be
undertaken:

o Building a Reuse Library.

¢ Retrospective creation of reusable components from existing sources.

¢ Ongoing creation of reusable components from current and new projects (this

must continue as an ongoing activity).

In figure 6.10, these three solutions are shown as 2.a, 2.b and 2.c.
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Figure 6.11 shows the different Building Reuse Library process pattern at the Phase,
Stage and Task levels. In order to complete the Building Reuse Library Phase the
different stages of Building Reuse Library, Select a Reusable Component and Create a
Reusable Components are required, and each of these in turn involve one or more

tasks.
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Build a Reuse Library

Building a Reuse Library Phase

Building a Reuse Library- Stages

Build a Reuse
Library

Create a Reusable
Component

Select a Reusable
Component

Building a Reuse Library -Tasks
performed during different stages

Build a Reuse Library

Define Components to be placed in the RL

Define...........

Create a Reusable
Component

Select a Reusable
Component
Define the types of RC

Prepare a component for possible reuse

Determine............

Fig. 6.11 Building Reuse Library Process Patter at Phase, Stage, and Task levels
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Name : Build Reuse Library.

Initial context: A prerequisite of practicing rewse is having something to reuse, that is, reusable components such as code, clss librarks,
termplates, design modeks, and so on A Reuse Library is an important element of formalising the practice of reuse in a corporation. It provides
the mechanism to properly manage reusable components and make them available to software system developers across a corporation.

Process: Thi technique presents reuse guidelines for defining the types of reusable components to be stored in the reuse library, physically and
logically organise them, define a classification scheme for the rewse library, set up a reuse catabogue and to select the took to support a Rewse
Library and Reuse Catalogue.

Resulting context: The Reuse Library and Catalogue.

Related patterns: Create a Reuszble Component, Selecting a Reusable component.

Define Select Define guidelines Creae Design the
Define the t f ;
m;u sab:;pes 0 plan for componerts for creating or documentation for physical storage
componerts 1o be * gowing [ ] tobe included [ ®]  preparinga [ ] reusable component 1)  for the Reuse
stored in the Rewse | | (€ Reuse in the Reuse component for Ph““}‘“ﬂ;‘;“ Rewse Lbrary.
Library Library. Library. reuse. .
Design the Define the Select Rewse Define Reuse
bgical classification scheme| support tools Setup a Library
slt]r‘m;ure of ™M fornlr: I:izusﬂ;Lbr:ry-' forthe Rewse [ Reuse > personrel
cuse and chissify eac . Canlogie. t
Library, Reusable Component Library Suppor

Fig. 6.12 Build Reuse Library-phase process pattern template

Name : Define the types ofreusable components to be stored in the Reuse Library.

Initial confext: An essential element of practicing reuse is to define and plan what to reuse. The types of components that are to be reused must
be decided early in the Reuse Program. They must be known to define the requirements for the Rewse Library, and how the software process
model must be changed to accommodate both the creationand use of these types of components,

Process: This technigue presents reuse guidelines for defining types of camponents to be placed in the Reuse Library. Begin by building a list of
types of components that are to be stored in the Reuse Library, When deciding upon the components it is important to note that often there are
larger payoffs and grater benefits associated with larger reusable components and the components that are used in the early phases of system
design For each type of reusable componert, determine if it can be created or acquired such as by extraction from exsting legacy applications, by
acquisition from outside sources such as vendors, or creation from scratch

Resulting context: List oftypes ofcomponerts to be placed in the Reuse Library.

Related patterns: Create a Rewsable Componert, Selecting a Reusable component.

— Check for Check for For reusabk codes, the Foreachreusable
Bou;i:]gzt r:l;gptgs | subsystems, entire reusable code components should componert,
reuse system architectwes [P specificatiors, [®| be packaged withthe Ll determine if they can
’ or frameworks that and designs. requirement specification] be created or
can be reused. and test casss. acquired.

Fig. 6.13 Define the types of reusable components to be stored in the Reuse
Library- task process pattern template

142




Chapter 6: Case Study Example

Figure 6.12 shows the Build Reuse Library process pattern template. The several
requirements to be completed for this process are as shown at the bottom of the

template, and are each described in the following numbered list.

1. Defining the types of reusable components to be stored in the Reuse Library.

At this stage the Company needs to decide what kind of reusable components should
be stored in the reuse library. Potentially many different types of reusable
components could be stored ranging from entire simulation models of production line
designs for particular product varieties, e.g. P1, to partial models or simulation models
of particular cells. Any types of Knowledge that needs to commonly be applied could
also be turned into reusable components. These might include descriptions of
particular manufacturing resources (including their capabilities, e.g. product types
used on, constraints for use, ¢.g. dimensional constraints, cost constraints, batch size
constraints, etc., average throughput rates, layout footprint, etc.). Smaller pieces of
knowledge may also make relevant reusable components, for example, simple sets of
rules for the selection of resources for particular process types, or knowledge relating
to quality or safety checks which need to be carried out with particular product types

Or process types.

In the current example, potentially reusable components can be identified in section
6.2. Tt is unlikely that the complete simulation models for particular products (such as
P1) would make a useful reusable component as details within particular processes
will vary between product types. The batch sizes (i.e. 12 in the case of P1), will also
vary and affect the descriptions of some resources (such as the transporting
container). However some processes, such as Crimping, are very similar across
product varieties, as are some of the sub-processes within Assembly and Inspection,
and therefore small models of these processes could be valuable reusable components.
Similarly, in the current example, descriptions of particular manufacturing resources,
such as furnaces or crimpers, or descriptions of training required for human resources
or knowledge of successful task allocation sequences, may also be developed as
reusable components. Figure 6.13 shows the process pattern template for the task

Define the types of reusable components to be stored in the Reuse Library.
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2. Define a Plan for growing the Reuse Library.

The Reuse Library is not a static entity. It should be dynamic and grow and mature as
reuse becomes more universally accepted within the Company, and as more useful
reusable components are progressively identified. However, it is not cost effective to
allow the Reuse Library to grow without purpose or reason. For example, if several
different types of a particular machine may be used, it may be more appropriate to
generate one ‘general purpose’ reusable component to store the manufacturing
resource descriptions or simulation models for these. The generic parts may be fully
described, and instructions provided on how to specialise the remaining parts
depending on which type of the machine is required for a particular application. Also,
there must be a growing case for defining reusable components that are partial
simulation models of single processes or cells, rather than larger-scale models, as the
technologies for distributed simulation mature and become easier to apply. (This last
point is particularly relevant for the second activity in this process pattern template,
i.e. Check for the technologies which cannot be used at present but can be used in the

future.)

Name : Define the pln for growing the Reuse Library.

Initial context: organisations often find it is the best to evolve their reuse program over time, They begin small scale experimenting with rewse of
a limited number of types of reusable comporents, With this approach it is necessary to create a plan for expanding the types of components to be
stored in the reuse libraries.

Process: This technique presents rewse guidelines for creating plans for growing reuse library. It i more useful with the incremertal rewse
program where the reuse program evolves with time. When this approach is chosen, it is necessary to create a plan for expanding the types of
comporents to be stored in reuse library, in the future as the organisation gains experience with software reuse and migrates to new technologies
such as object models, and as new reusable components and rewse libraries become available in the marketplace.

Resulting context: The plan for expanding the Rewse Library.

Related patterns: Create a Rewsable Component, Selecting a Rewsable component.

Define the types of rewsable Check for the Define guidelines for

conponents to be stored in technologies whic checking the availability of
the Reuse Library in P! can not be wsed at [ ) the commercially available
future(which are not present but canbe reusable components and
included at present). wsed in future, reuse libraries,

Fig. 6.14 Define the plan for growing Reuse Library- task process pattern

template
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3. Select components to be included in the Reuse Library.

The next requirement is to assist the Company in selecting the reusable components to
be included in the reuse library, and the Select Reusable Component process pattern
can be used to guide the developer at this stage. Fig. 6.15 shows the Select Reusable
Component process pattern template. The first task shown in this template is to
determine the types of reusable components to search for. In this case the types of
reusable component to search for are the same as those defined in the task process
pattern Define the types of reusable components to be stored in the Reuse library, in

the Build Reuse Library stage process pattern, i.e. those discussed in step 1 above.

The second task in this requirement, is to look for existing systems that could be
reused to create this (new) system. So, for example, if the company is considering the
introduction of a new product, P2, that has some similarities with the existing product
P1. Some parts of the P1 models ore knowledge used in their creation, could be used
to generate appropriate reusable elements for P2, The next task in the Select Reusable
Component stage is to determine the sources of the reusable components to search for.
In the current case, the Company could identify potential sources within existing
manufacturing models and simulation models (for example those for P1), and those
existing from previous or earlier projects. Therefore existing legacy systems and the
other concurrent projects in the organisation may be determined as the sources of the
reusable components which may be searched. Figure 6.16 shows the Determine the

Sources of Reusable Components — task process pattern.

The fifth task in the Select Reusable Component process pattern is to search for the
reusable components in the Reuse Library and Catalogue. At present there is no Reuse
Library or Catalogue for the present Company example. Hence, it is necessary to
move on to the following stage, which is to search for the reusable components. As
the existing system for product P1, and existing legacy systems and other concurrent
projects in the organisation were determined as the potential sources of reusable
components, this is the point when these sources should be searched for the reusable
components. Figure 6.17 shows the process pattern for Look for existing systems that

can be reused to create a new system,
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Name : Sekct reusable comporent.

Initial context: To implement reuse strategy it is important to find and sekect appropriate reusable components that can be wed to develop the
various system projects deliverables.

Process: This phase pattern consits of stage process patterns determining the types of rewsable components, sources of rewsable components,
availability of appropriate resources, search for different reusable components, and recording information about the reusable components,

Resulting context: A list of and information about reusable components selected for reuse in current project.

Related patterns: Building a Rewse Library, Creating 2 Reisable component.

Determine the types Determine the . Record
of rewsable sources of reusable g:a[?l;?;ﬁfytz Search for information
comporenisto  [—® componenisto  1—p reusable —» reusable L —» about
search for. search for, eSOUTCeS. COmponcts. comporents
selected.
l 'Y
Look for existing Search the Rewse
systems that could be Libraryand
reused to create this Catalogue for
system reusable componen

Fig. 6.15 Select Reusable Components process pattern template

Name : Determine the source of reusable compornents,

Initial contexe::

Forces: To determine the possible sources where the the reusable components to be used in the cwrrent project canbe searched,
Process: Check all the possibilities where reusable components can be found.

Resulting context: One or more sources to search for the reusable components.

Related patterns: Building a Rewse Library, Creating a Reusable component

Reuse Library or Reuse Catalogue

P Existing legacy systems.

Components available on internet ad Corporate
intranet

ther concutrent projects in the organisation

Strategic System Plan, Enterprise Models, Vendors selfing Ind ustry-Specific models,

Architectures > application temphates, packages
Check the possble Decide the possible
sources reusable sources reusable
comporents to | P COMpONENts 1o
search for. search for.

Fig. 6.16 Determine the Source of Reusable Component — process pattern

template
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Name : Look for existing system that can be reused to create the new system

Initial context: This system might be a redesign or replacement of an existing system.in such cases as much as 60% of the functionality from the
existing system will be duplicated in the new system.

Process: This pattern guides to search for an existing system and to determine whether or not (o use the existing system in whole o1 in part in the
development of the new system To asses the quality of the existing system check : Is it properly modularised, well documented, thoroughly
tested, and standards compliant? What is its wsage history, reliability record, and change history? In order to consider the maintenance
consequences check, will reuse of the existing system result in two sets of system parts that mustbe maintained? Or will the existing system parts
be used to create new generic parts that will then be replace the existing parts and be used in both the new and existing systems?

Resuiting context: Anexisting system in whole or in parts that can be wsed in the new system design

Related patterns: Reuse Cost/Benefit Analysis, Building a Reuse Library, Creating a Reusable comporent.

Compare the Identify any Determine if Consider the )
overlap in existing complex o the architecture Asses the maintenance Estimate
inputfoutput, critical logic, of the existing quality and consequences reuse cost
requirements, and algorithms, or ruks system coukd portability of of reusing an ar_ld

functions of the that must e be reused to the existing existing system savmngs
existing system preserved and to Create new

and the new included in the new crms;‘e s::emnw system system,

system system,

Fig. 6.17 Look for existing systems that can be reused to create the new system

In order to apply reuse in the design of product P2, the Company needs to identify
particular similarities and differences between the two products, P1 and P2. Close
examination of the requirements of the two products confirms that they have many
similarities and therefore the architectures for the design information and simulations
should be very similar, and the architecture of the existing system (P1) can be reused
to create the new system. Models for some sub-processes of P1, e.g. Crimping, can
also be reused. In addition, safety check and quality check and documentation
templates can also be reused from existing legacy systems. However, the following
points identify some differences that the designers have identified as needing to be
considered in the new work on P2:
¢ P2 is a ‘Safety Critical’ fuse, which neceds additional quality checks to be
introduced. Hence additional processes must be defined and modelled as
required, or perhaps additional reusable components may be obtained from
previous safety critical projects within the legacy systems.
o The locations of the three new quality checks are determined to be:- 1 after

crimping, 2-after assembly and 3- after degassing.
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* The component size is different, and therefore the number of components in
each container will need to be different. Hence a new specification and model
are required for the new container transporter. This will also affect how many
components can go through the degassing process at one single time and the
matching queues process.

» Size also affects batch quantities that can be processed through Heat treatment
1 and Heat treatment 2.

¢ Basic Kanban models would be kept the same as P1 for initial performance
simulation checks, but these may be modified if required performance on the

new line is not achieved.

The last task in Selecting a Reusable Component is to make a Selected Reusable

Component Report and the process pattern template for this is shown in fig. 6.18.

Name : Selected reusable component report.
Initial context: This process pattern provides a template to record the information about the selected reusable component

Process: Use the Selected Remable Component template to record the information about the each component selected for reuse in the current
project.

Resulting context:. A Sekcted Reusable Component Report for each component that & selected for reuse in the new system/project.

Related patterns: Building a Reuse Library, Creating a Reusable component.

Input the Component name,
Chssification, description
Use the Selected and keywords, Sowce,
Reusable Contact for Component
Component Support, Instructions for
Template M using component, usage
history.

Fig. 6.18 Selected Reusable Component Report process pattern template

4. Define guidelines for creating and preparing a component for reuse.
This is the fourth requirement in the Build Reuse Library process pattern template and

the process pattern template for this is shown below.
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Name : Define guidelines for creating and preparing a component for reuse.

Initial context:For cach type of component, it is necessary to define guidelines for creating or preparing the component for reuse. This & because
reusable components by nature are more generic and standardised than components thar have been designed for one time use. Alse, more ¢ ffort is
needed to guarantee high quality and high confidence in the components and to develop additional documentation needed for the reuser.

Process: This technique presents reuse guidelines that are used to introduce and/or determine the presence of these characteristics in a component
intended for reuse. in peneral theve are five bask: characteristics that make a component reusable: Generic, Standardised, Awomated, Documerted,
and Certified.

Resulting context: Reusable Component.

Related pavterns: Creating a Reusable Component, Sekcting a Reusable component.

Generalise a sc‘:l:;pagf;ﬁ t:: Automate the anTt;%?:le Create reuse
component to |, . component (o documentation
make it "“‘k;l‘: make it componert (o for the
reusable. make i

) ble. i,
reusable reusal reusable. compone.
Look for existing
systems that could be
* /' reused 1o create this
systemn
(Prepare Components for,

possible Reuse)

Fig. 6.19 Define guidelines for creating and preparing a component for reuse-

process pattern template

3. Creﬁte documentation for reusable components placed in the Reuse Library.
Once suitable reusable components have been identified, it is essential that suitable
documentation is created so that it can be retrieved quickly and efficiently from the
library. The following process pattern template, shown in Fig 6.20, lists the necessary
activities to achieve appropriate documentation for successful future searching, As
usual, these activities should be specialised to meet the requirements of the particular
company.

For completeness, the process patterns for steps 6 to 11 of the Build Reuse Library
pattern have also been included, in the following numbered sections. These activities
are clearly very important in the introduction and implementation of the Reuse
programme within a company, however, they could not be undertaken in detail in this
case study example. The main reasons for this is that these activities need to be
specialised to particularly satisfy the existing computing requirements and
environments of the individual company. In addition, the necessary activities are
very labour intensive and require substantially greater resources than are available in a

single PhD research project.
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Name : Create documentation for reusable components placed in the Reuse Library.

Inifial context: A reusable component is not placed as a stand alone entity in the library. 1n addition, it is documented to enable a reuser to casily
and quickly identify it, understand it, and use it as a building block in a new system.

Process: This technique presents reuse guidelines for documenting information about a reusable component to be placed in the reuse library. The
minimal documentation that should be associated with a reusable compornent is : Component name, short description, Classification of component
based on the classification scheme, Domain for which the component was created, Instruction about using the component, including physical
environment required, performance constraints, and legal restrictions, Test suit including test plan, test data, and expected test results,
Component itself or a pointer to its actual location, Quality of component such as error rate, documentation quality, and standard compliance,
Recommendations for improving the component, and History of component’s reuse.

Resulting contexs: Reusable Component Documentation,

Related patterns: Create a Reusable Component, Selecting a Reusable component.

Use the Create Input the Component Input Input Do main for which the
Reusable mame, short Classification of component was created e.g, as broad
Componcnt | description, based on [ component based [P as for general use in all applications
Template. catalogue description. on classification of more narow, such as particular
scheme. business area or architecture.

y

Input instructions about using Input information Add Input Input
the component, including about Test suit component Recommendati History of
physical environment ™ including testplans, [ ®|itself or pointer [* ons for  [®|component’s
requirement, performance test data and to its actual improving the reuse.
constraints, and legal expected test results. location, component.
restrictions.

Fig. 6.20 Create documentation for reusable component placed in the reuse
library- process pattern template

Design the physical storage for the Reuse Library.

Name : Design the physical storage for the Reuse Library.

Initial context: The Reuse Library can be designed as a physically centralised library that can be accessed by system builders across the
enterprise or as several local, distributed libraries that support different software development organisations or different domains..

Process: This technique presents reuse guidelines for designing the physical stored in for the Reuse Library. The three types of physical storage
can be considered, Centralised library, Distributed, local reuse libraries, or Centralised and distributed reuse library.

Centrally organised libraries are offen formally defined in the sense that they fllow corporate standards such as naming conventions and
certification criteria. They are usually supported by an official librarian to support population, access, administration and maintenance. The
problem with a centralised reuse library is that it can become very larpe, (since it contains reusable components for the entire organisation}
increasing the difficulty and cost of maintenance.

A Reuse Library can be organised as severzl local distributed libraries that individually support these reuse needs of a particular development
group or domain, the size problem can be avoided. The problem with kcal distributed libraries is that there may be duplication of similar
companents across various local libraries, or there may be components in one local library that would be very useful to other groups and should
be included in their local libraries.

The third type of storage combines the local and centralised structures, the reusable components are first placed in a local library and later
promoted to the central library by the Corporate Reuse Administration Group if the component seems to be useful for multiple groups. When both
central and local reuse libraries are created, each devekopment group has access to both a shared central library and to its own local library.

Resulting context: The Reuse Library and Catalogue.

Related patterns: Create a Reusable Component, Selecting a Reusable component.

Consider & Consider a Consider a Study the Design the Reuse
Centralised Distributed, Centralised and advantagesand | | Library according to
Library. [ LocalRewse [  Disrbuted [~ problem associated the organisational

Libeary. Reuse Library. with each approach. needs.

Fig. 6.21 Design physical storage for reuse library-process pattern template
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7. Design the logical structure of the Reuse Library

Name : Design the logical structure of the Rewse Library.

Initial comtext: Reuse libraries are o fien organised into logical layers where each byer represents a higher kvel of certification. In this manner
the libraries can be created more quickly and cheaply since components do not have w be fully prepared or certified for reuse. The reuser knows
for certain what to expect from the component, since its position in the library defines the quality and reuse certification

Process: This technique presents reuse guidelines for designing the Jogical structure of the reuse fibrary. O e possible way of organising the reuse
library logically is in four layers, where components at the top are designed or reengineered for reuse and are fully certified. At the bottom layer,
components are placed into the library without any preparation for reuse. Components that are frequently used ¢an be promoted to higher levels in
the library.

Resulting context: Logical structure of the reuse library.

Related patterns: Create a Rewable Compornent, Selecting a Rewsable comporent,

Layer 1.(Bottom Layer) Layer 2, Layer 3. Layer 4.(Top Layer)
. . Components have Components have been
Commnm arelplaced o) Components not designed fml' |y beencreaked or _y| created or prepared for
reuse library as is, and no reuse (), but have been used in at prepared for reuse reuse and are fully
certification s reguired. least one application-tested and but are not certified. certified.
meet corporate documentation
and quality standards.

Fig. 6.22 Design logical structure of the reuse library.

8.  Define the classification scheme for the Reuse Library and classify each

Reusable Component.

Name : Define the classification scheme for the Reuse Library and classify cach Reusable Comporent.

Initial context: Classifying the reusable components into meaningful structured allows the library to be easily searched by providing a way for
reusers to match their current needs to revsable components contained in the library.

Process: This technique presents reuse guidelines for defining the classification scheme for the reuse library. most rewse clssification schemes are
based on either uncontrolled: fee text; or controlled: enumerated, faceted, or aftribute-value methods.

Resulting context: Reuse library chssification scheme, chssified reusable compones.

Related patterns: Create a Reusable Component, Selecting a Revsabk component,

Consider controlled Confrolled Controfled Controlled
and uncontrolled Enumerated- the Faceted- the Attribute-valve- the
methods to define componentsare [P chssifications [ ®] chsification wses
chssification organised into a defined in terms of a the attribute-value
scheme, chss hierarchy. set of ordered facets. pais.
u im“ w ]l Tl
T O .
Free-xt- Choose 2 Clssify
componentsare | . o chssification - rc;":hbh
described by scheme.
keywords or pirases, cotmponent.

Fig. 6.23 Define Classification scheme
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9. Select Reuse support tools for the Reuse Library.

Name : Select reuse support tools for the Rewse Library.

Inidal context: Reuse support tools are useful as they make search of a reusable component quick and easy.

Process: This technique presents the different support tools those can be considered to support the rewse library. The repository too0] enhances
communication and sharing of information across tools, lifecycle activities, teams, and applicatiors. Configuration mamagerent tool kelps to
manage and keep track of each reusable component in terms of its versions, changes made to the component and rewsers of the componerts.
Browser tooks are very important reuse support tools because they help the reuser locate desired compenernts. Rewse catalogue tols can be used to
automatically scana library or file of existing comporents and extract some descriptive information about the rewsable components.

Resulting context: List of reuse support tools.

Related patterns: Create 2 Reusable Component, Selecting a Reusable component.

Corsider and select| | Consider and select Consider and Caonsider and
repository tool to configuration sekect a browser support reuse
provide automated [®] maragement toolto [ ] toolto support [#] catlogue tool
support for a rewse support the reuse the reuse library
library. library.

Fig. 6.24 Select reuse support tools
10. Set up a Reuse Catalogue.

Name : Set up a Reuse Catalogue,

Initial cortext: At the early stages of introducing system reuse, a corporation may choose to set up a Reuse Catalogue before building a Reuse
library in order to karn about the different types of reusable components and which one in particular would be most beneficial to redesign or
create for rewse in place in a Reuse Library. .

Process: This technique presents reuse guidelines to set up a Reuse Catalogue. A catalogue & used to assist the identification and retrieval of
candidate reusabk components and does not require the creation of Reuse Library. It is much faster and cheaper 1o create than Rewse Library.
Many cataloguing took are availabk in commercially. A Reuse Catalogue requires someone to be responsible for setting up and maintaining the
catalogue, which includes creating componernts descriptions, entering them into the catalogue, maintaining the descriptions, and controlling
access to the catalogue.

Resulting context: The Reuse Library and Catalogue.

Related patterns: Create a Reusable Componert, Selecting a Reusabke component,

Define the Rewse P
. Create and ente
Determine the catalogue Catabogue personnel ﬂ::‘c 0:' p;l:mr Ma“ul'l:am C:cl;tgsl :{};e
tooks to be wsed for - 7 support for seting p{ | gescriptioninto | | camlogue s
setting up a Reuse and maintaining the the catalogue e
! t ata| }
Catabopue. catalogue. description catalogue

Fig. 6.25 Set up Reuse Catalogue
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11. Define Reuse Library personnel support.

Name : Define Reuse Library personnel support
Initial context: Library staff is needed to establish, manage, and support the Reuse Library.

Process: This technique presents reuse guidelines for defining the types of rewsable components to be stored in the reuse library, physically and
logically organise them, define & classification scheme for the rewse library, set up a reuse catalogue and to select the took o support a Rewse
Library and Rewse Catalogue.

Resulting context: The Reuse Library and Catalogue.

Related patterns: Create a Reusable Component, Selecting a Reusable component.

: . Define
Select library staff, with o
some experience of Ly r;:pomibl]l{::s of
software development, e remcﬂn mry
and library administrator. sta
Establish Establish access to Decide which Notify
reuse libeary. library contents COMpOTENts 10 Marnage the reusers of
include in librry changes
reuse library

Fig. 6.26 Define Reuse Library Personnel Support
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Chapter 7

DISCUSSION, CONCLUSION AND FURTHER WORK

7.1 Introduction

Chapter 6 demonstrated some of the major results and features of this research work
through the case study example. This chapter summarises the achievements of this
research, and also identifies its limitations, whilst providing recommendations about
the requirements for further developments and the potential directions for future
research in this area. Hence, this chapter aims to critically appraise the research that

is exhibited in this thesis.

The main research contributions are related to the combined use of the value net
concept with the process pattern approach, as this has enabled a new reuse
implementation process to be designed. The combined approach has been
demonstrated through the design and implementation of a prototype support system,
and the usefulness and limitations of this support system are also considered here.
The prototype support system could be developed further to provide a useful
consultancy tool for use in consultancy on implementation and extension of reuse
programs in manufacturing environment. Recommendations are also given for further
work, which could be carried out to improve the support system design and
implementation based on the achievements of this research. Suggestions are also
provided for the design of a new system, which could handle dynamic events, and
dynamically handle changes in requirements for reusable knowledge components and

changing status within the organisation.

7.2 Original Contribution

The originality of this work is the design of the Reuse-Driven Manufacturing System
Design Process using a combined approach of a reuse value net and reuse process
patterns. The value net concept originates from game theory, and a novel aspect of
this research is its application to the reuse process. The value net provides a high level

view of the key relationships that drive any company’s ability to succeed sustainably.
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It has also been shown, through examination of past case studies of software reuse
projects, that knowledge of all the key factors and their relationships before starting
the reuse process can enable more accurate predictions to be made of whether the
process will be successful or not. Further, this research has also shown that if the
reuse process includes a study of the relationships and interdependencies between
different reuse factors, then the problem area(s) for reuse implementation and possible
solutions can be identified more clearly. A further contribution of this research is that
it has demonstrated that explaining the possible solutions as reuse process patterns,
helps the requirements of the possible solutions to be understood more clearly and
therefore the tasks required to implement the reuse process be accomplished more

easily.

7.3 Summary of research results

The objectives set in section 2.3, have been achieved and the detailed contributions of
the research are:

e The research has been tested and proven through the case study example.

¢ The research has designed a support tool for incorporating reuse in the
manufacturing system design process. The prototype tool that has been
developed can help the organisation to identify the problems or obstacles that
currently exist in their reuse implementation process and the tool can also
propose possible solutions to overcome the identified problems. This is
achieved by using a reuse knowledge base, by the creation of a Reuse Value
Net focussed on the particular needs of the company.

o In this research different reuse factors were identified from the existing
literature on reuse. A reuse value net was created to study the relationships
between these factors and their interdependencies. The identified relationships
and interdependencies were stored and used to build the prototype reuse
knowledge base.

¢« Examples of a reuse process pattern catalogue and a reuse process pattern
library have been created during this research. The reuse process patterns have

been designed to enable an organisation to put into practice the solutions
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suggested by the reuse agent, to overcome the problems identified for reuse
implementation.

e The example process patterns can be specialised to suit the requirements and
existing processes of a particular organisation. The content of the specialised
patterns, particularly for those relating to reuse libra1;y production and
representation will largely depend on the IT tools and models currently in use
with the manufacturing enterprise. For example, reusable elements may be
identified from any of the potentially reusable knowledge and information
sources discussed in chapter 3.

e A strength of the research reported in this thesis is that it provides a generic
process for the analysis and development of reuse programs, and therefore
generic process pattern have been provided up to the level that company
specific information is required. Company specific information would include
details of IT and manufacturing system support tools currently in use, e.g.,
ERP, PLM, simulation systems etc. as details of potentially reusable
components that they hold, and how the components may be accessed, would
need to be included in order to tailor a reuse iarocess that meets the specific

needs of the organization.
7.4 Limitations of the research

The limitations of the research are as follows:
¢ The problems identified by the reuse agent are based on the data collected
through a questionnaire. Therefore, the problems identified and the
recommended solutions are dependant on the accurady of the information
given by the designers and the members of the management. It is therefore
necessary to investigate other or additional ways of collecting the information

or of verifying the accuracy of the information.

The construction of the reuse value net and the population of the reuse knowledge
base is based on the current reuse factors that have been identified in the literature. In
future more reuse factors could be identified, and some factors may only be relevant

to particular situations or environments. Therefore, the reuse agent should be able to
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identify what kind of player it is and its relation or dependency with the existing reuse
factors. Ideally it should also be able to “learn” from experiences as further reuse

projects are undertaken.

7.5 Further work

In this research the reuse agent works as an independent program. The reuse agent
does not have any access to the different models of the organisation e.g., product and
manufacturing models. The reuse agent could be made more efficient by integrating it
with other parts of the organisation’s software system, and IT tools. The reuse agent
could also be fed the objectives of the different designers. By accessing different
models such as product and manufacturing models the reuse agent could then find the
reusable components from the existing reuse library, and inform the relevant
designers. This would then facilitate adoption and uptake of reuse within the

organisation. A Reuse Predictor could then be conceived.

This research has designed a support tool that guides an organisation in the
implementation of a reuse driven manufacturing system design process. The two main
aspects of the tool are:
¢ The process designed for identifying obstacles for the reuse process, through
the application of the reuse value net.
o The reuse process patterns for guiding the organisation through the different

processes involved in implementing reuse.

A prototype tool has been developed in this research, and a number of issues were

identified, which are now recognised as further work.

o The data in the reuse knowledge base has been populated based on published
experiences and case studies. An analysis of more diverse case studies need to
be undertaken in a range of manufacturing industrial settings, in order to
enhance the knowledge base and make it more robust. Improved advice could

be provided with this enhanced knowledge.
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e The support system designed in this research acts independently. It has been
observed that the support tool helps the organisation in implementing reuse in
the manufacturing system design process. The reuse process patterns also
suggest several techniques to encourage the designers and experts to practice
reuse. The support tool can be incorporated in the system development process
software. The intelligent support tool can then be educated with the
requirements of the designers and knowledge of the tasks to be performed by
them. The intelligent tool could then find the possible reusable components
from the reuse library, and automatically offer them to the designers at the
appropriate stages of the design.

¢ As mentioned earlier the prototype support system could be developed further
to provide a useful consultancy tool for use in consultancy on implementation
and extension of reuse programs in manufacturing environment. Additional
knowledge about the best practices for reuse implementation can be included
in the reuse knowledge base. in addition, the support tool should be educated
with the project objectives, since more appropriate and specific advice can be
given if it is based on the project objectives, current status of the company and

the best practices for reuse implementation.
7.6 Conclusion

This study offers a new approach to the implementation of reuse in the manufacturing
system design process. In the past, all the factors affecting reuse have been studied
separately. This research work contributes to the solution of those difficulties, by
enabling all the reuse factors to be studied simultaneously. The reuse factors
identified were mapped as reuse value net to study the relationship between them and
their interdependencies. This knowledge was then used to design a support tool to
help organisations to identify the obstacles for the reuse implementation. Reuse
process patterns are then used to guide the organisation through the‘ necessary steps

for the implementation of an effective reuse process.
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The Value Net

The game of business is all about creating and capturing value (Brandenburger,
Nalebuf, 1995). The Value Net is a schematic map designed to represent all the
players in the game and the interdependencies among them. Interactions take place
along two dimensions. Along the vertical dimension are the company’s customers and
suppliers. Along the horizontal dimensions are the players with whom the company
interacts but does not transact. They are its competitors and complementors.

CUSTOMERS

COMPETITORS @ COMPANY ————p COMPLEMENTORS

SUPPLIERS

Identifying the Competitors and the Complementors in reference to Customers:
e A player is a Complementor when customers value your product more when it
is enhanced with the complementor’s product than with your product alone.
e A player is a Competitor when customers value your product less when they
have the competitor’s product than when they have your product alone.

Identifying the Competitors and the Complementors in reference to Suppliers:
e A player is a Complementor when it’s more attractive for a supplier to provide
resources to you and the other player than when it only supplies you alone.
e A player is a Competitor if it is less attractive for a supplier to provide
resources to you and the other player than when it’s supplying you alone.

Two fundamental symmetries:
e Customers and suppliers play symmetric roles and both are equal partners in
creating value.
¢ Competitors and Complementors play mirror-image roles.

The Value Net describes the various roles of the players. It is possible for the same
player to occupy more than one role simultaneously. Drawing the Value Net for your
business is the first step toward changing the game.

The second step is identifying all the elements of the game. According to game
theory, there are five: players, added values, rules, tactics and scope or PARTS. These
five elements fully describe all interactions and to change the game you have to
change one or more of these elements.
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The PARTS Strategy

PLAYERS

...V.

Heisenberg Principle:

You can’t interact with a system without changing it.

In business, it is the way you change a game by joining it.

To become a player, you have to pay to play.

Bringing in Complementors, and in some cases, even bringing in competitors can
be beneficial.

If you have a low added value, identify who stands to gain by your entry into the
game.

Those players may be willing to pay you to play.

ADDED VALUES

V'V..

V.

The added value of a monopoly can severely limit the added value of competitors.
You can have higher quality or lower costs, but accomplishing both is rare.

Make intelligent trade-offs.

Create a relationship with your customers.

Create loyalty by rewarding it.

Imitation:

With Proven Strategies: everyone can do it, everyone can make money at it, and
everyone can continue making money at it.

Increase your added value and limit the other players’ added value while
preventing them from limiting yours.

RULES

vv®e

You, your customers, and your suppliers are partners in creating value.
Contracts with customers and suppliers can positively or negatively affect your
transactions with them,

Contracts with customers

When customers press you for price concessions, that is competition, not
cooperation.

The overall game is co-opetition.

Contracts with suppliers
When suppliers try to raise prices, that is competition.
Create co-opetition.

Mass-Market rules
When sellers don’t negotiate, buyers can’t negotiate.
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Government rules
Government can make rules of the game through laws that govern transactions
among all the players in the economy.

Changing the rules

Both the significance of rules and the opportunities to change them are often
under appreciated.

Do not blindly follow rules

You can change the rules, but remember: other people can change the rules, too;
do not assume your rules will rule.

TACTICS

Vv e

V.

* @ ¢ PN o o6 e —VWe

V= e ve

e

Perceptions
Fundamental element of any game
Play a central role in negotiations.

Tactics

Actions that players take to shape the perceptions of other players.
Convince people that you have the goods

The Credibility Test

If you have the goods, put your money where your mouth is.
Accept a pay-for-performance contract

Offer a guarantee

Give free trials

Advertise

What you don’t do sends a signal, too.

Ask other people to demonstrate their credibility to you:
Propose a pay-for-performance contract

Ask for a guarantee

Request a free trial

Maintain a good perception

Hiding information

Having made a favourable impression, people try to preserve it by:
Burying projects they have turned down

Following the herd

Creating reasons to fail.

Negotiating in a Fog

Mistakes:

. Revealing the minimum you need. You risk getting exactly that, and no more,

Posturing is no solution; that risks deadlock.

Making threats explicit. Even is a threat is already implicit, making it explicit
changes perceptions. There’s no going back.

Trying to resolve differences of opinion between you and the other party. This is
hard to do, and possibly counterproductive.

Solutions:
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1. Establish a settlement escrow to promote good faith negotiating by both parties.

2. Bring in a mediator to help the other party understand the consequences of non
agreement.

3. Recognize what you and the other party do—and don’t—have to agree on. Use
differences of opinion to structure win-win deals.

e “Ifyou can’t convince’em, confuse’em.” - Harry Truman

SCOPE

» Every game is linked to other games — there are no real boundaries.

e There is really one “big” game, which extends across space, over time, down
generations.

> Any two games, even if conceived of as games in their own right, are really only
components of the big game.

¢ Create a dilemma for the incumbent.

¢ Lengths of contracts can control scope.

¢ Links through tactics

» Threats and promises are the classic examples of creating a perceptual linkage.

¢ Designed to persuade other people to do something — or not do something — based
on how you say you will respond.

» Set a precedent

¢ Take action in a game today to convince other people of what you can and will do

tomorrow.
There is always a larger game in which all other games take place within its
context.

A useful checklist of questions that a business should ask itself, following the
'PARTS' framework outlined in Co-opetition is as follows:

Players Questions

¢ Have you written out the Value Net for your organization,
taking care to make the list of players as complete as possible?

s What are the opportunities for cooperation and competition in
your relationships with customers and suppliers, competitors
and complementors?

e Would you like to change the cast of players? In particular,
what new players would you like to bring into the game?

e  Who stands to gain if you become a player in a game? Who
stands to lose?

Added Values Questions

e What is your added value?
How can you increase your added value? In particular, can you
create loyal customers and suppliers?

¢ What are the added values of the other players in the game?
Is it in your interest to limit their added values?
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Rules Questions

e  Which rules are helping you? Which are hurting you?

e What new rules would you like to have? In particular, what
contracts do you want to write with your customers and
suppliers?

¢ Do you have the power to make these rules? Does someone
else have the power to overturn them?

Tactics Questions

e How do other players perceive the game? How do these
perceptions affect the play of the game?

e Which perceptions would you like to preserve? Which
perceptions would you like to change?

» Do you want the game to be transparent or opaque?

Scope Questions

¢ What is the current scope of the game? Do you want to change it?
e Do you want to link the game to other games?
e Do you want to de-link the game from other games?" (p.257. 258)

Being Ready for Change

e The unexamined game is not worth playing

By viewing from a game theory perspective, you will stop taking many features of
your business for granted.

You do not have to accept the game you find yourself in.

Changing the game is an ongoing process.

There is no end to the game of changing the game.

Game theory allows players to avoid missing win-win opportunities.

No game is an island. Games are linked across space and over time. You can expand
or shrink the scope of a game. You can expand it by creating linkages to other games,
or you can shrink it by severing linkages. Either approach may work to your benefit.

Changing the game is hard, since there are many potential traps. The Value Net,
PARTS and coopetition are designed to help managers recognise and avoid these
traps.

The first trap is think you have to accept the game your in. It’s more rewarding to be a
game maker than a game taker. The next trap is to think that changing the game must
come at the expense of others. The coopetition mind-set of looking for both win-win
and win-lose strategies is more rewarding. Another trap is to think that you have to
find something to do that others can’t. Being unique is not a prerequisite for success.

References:
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Managing reuse in manufacturing system
modelling and design: a value net approach

SHILPA S. DANI and JENNY A. HARDING

Absiract In the past, reuwse progrmms have assumed thut
techmical sahirions would overcome: barriers to effective reuse,
However, recent retrospectives of reise programs show that
oganizational factors can greatly affect the implonentation
of 3 reuse program. Reuse is ofien approxched 25 an
independent collection of tools and 1echnigues, and the
technical and nondechnicl aspects are commeonly examined
separaicly. This research proposes than all the factors alfecting
reuse arc interdependent and therefore should be studied
simullancowsly. b is therefore very important that all dements
and rlaionships are identificd and documented in 2
struciured, clear manner, The concept of value nets, based
on game theory has been idemtificd as a means of cipturing
the dilferent factors invelwed in the reuse driven software
process. The value net is 3 iscful moded for viewing muliple
ineractions from variows perspedives, The value net of the
teusedriven software development process is a map of the
variows factors and plivers identified in the reuse process, and
the interactions ocewrring bemween the plavers. Henee the
reusc value net helps in identifying the imporunt factors that
can provide the points of leverage to make the muse process
more clfident.

1. Introduction

Manubcturing system design or redesign generally
inclides some elements of modelling and simulaion,
so that the current gstem and processes can be better
undeisiood, and the changes, or new gstem and
processes, can be evaliated hefore expensive modifica-
tions are implemented (Harding and Popplewell 1998,
Handing e al 1999). Building models of all types is an
expensive process a8 it takes considerable time and
effort fully w analyse and understand the gstems and
processes that form an essential part of the operation of
an enterprise, but this kaowledge must be gained

Angors & S Dami and [ A Haxding, Wolfan School of Meckanicd and

Manufacturing Engnerring, Loughborough Univenit), Loughbaoagh, Les
cestenhive, LEN ITU, UK. Eanadl: ] A Hay ding @omaculk

before approprinte enterprise or simulation models
may be buil. Models must ako he appropriate 10 ineet
the objectives of the project and tasks that they have
been huilt to support. It can therefore be difficult o
reuse existing models for other projeas, particularly if
different personnel are working on the projects,
Unfortunately, a large {and expensive} amount of time
is generally needed 1o reexamine all the possible
exising modek, and modify them as required, hence
modeks are ofien used for a project and then rejected
(and wasted) as new modek are built for the next
project. This is a waste of information and resources, as
some elements of the existing models may well be
appropriate lor fumre use. When changes must be
made within the manufacturing system, the application
of an existing design or parts of an existing successfiul
design nay help to reduce the resources needed for
origina design and analysis. It will also help to avoid the
error and uncerainty that accompany all human
activities, and design or development in particubar. It
ako helps naximize the familiarity of production stafl
with the selected design and hefps clients to maintain
cansistent ways of using and maintaining the result
{Bushy 1954

The research reported in this paper examines ways
of reusing existing information, mudek and software in
manufacturing system design. As this is a fairly new area
of research, the longer esmblished area of software
rewse was initially sidied w identify simitarities and
lessons, which may benefit the curvent work. Software
reuse==broadly defined as the use of engineering
knowledge or artefacts from existing systems 10 build
new ones—i a technology for improving software
quality and productivity (Frakes and Lsoda 15994).
Saftware Reuse is the process of creating software
systems from predefined software components
{McClure 1997). Reuse is not a new strategy, reusing
an existing design in a new application is an obvious way
of reducing eflort and risk—not just in the design
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activity iself, but ako in downsiream funciions. The
potential of reuse has been identified by many
researchers and research groups with differing motiva-
tions (Sivaloganathan and Shahin 1999). In the past,
the differemt factors involved in a reuse process have
been ilentified and studied separately by different
research groups, However, the identification of the
factors is not suffident in iself to arrive at a decision
about the requirements of an effident reuse process.
All the factors invobed in the reuse process ply
different roles in the reuse process. The anthors believe
that all the reuse faciors are interdependent and hence
should be studied dmul@nevtsly to achieve an efficient
retse process, A study of the interdependencies
between the factors provides knowledge of how a
pariicdar factor i affecing the reuse process, To
achieve this, the factors have (o be depicted in a fashion
that makes it easier (o analyse the reuse process. In this
research, the concept of 2 value net has been identified
as a means of studying the reuse factors. The valie net
of the reuse driven manufacturing system software
development process is a map of the various factors and
phlyers identified in the reuse process, and the
interactions cccurring between the players.

Many companies are not achieving their full
potential for reuse, some have had disappointing results
from their reuse efforts, but nany others are still
avoiding reuse aliogether. However, the problem is not
the lack of technologies w suppurt reuse. The problem
arises when organizations approach reuse as an
independent collection of wols and techniques, or
when an organization focuses purely on the technical
issues of reuse without adequately addressing the non-
technical issnes {Rine and Nada 2000}, Too often in the
past, organizations have treated reuse solely as a
technical problem and neglected the welter of other
eritical factors. Recent retrospectives of reuse programs
show that organizationa) Bictors can greatly affect the
implementation of a reuse program. More recenty,
many of these issues have been discussed in the
literature and at several worksheps and conferences.
The role of each factor in the reuse process needs to be
studied in parallel with the velationship between these
factors, This paper presents a novel approach of using
Value Neis in ovder to design an eflicient software rense
process.

2. The value net

An enterprise generaes wealth by operating a
business, which produces products or services for a
market {Yu ef al 2000}. In uulay’s business context the
imperatives of cost efficiency and customer responsive-

ness have driven fims to pursue two common business
strategies aggressively—globalization {ie. the worldwide
disuribution of production and associated facilides) and
time-based competition. Both these surategies have
dramatically transformed the way in which business
activities are organized and carried out. Globatization is
muotvated by presures like costeffectiveness, access to
new markets and economies of scale (Bhatnagar and
Viswanathan 2000). [t has led 1o the emergence of
borderless organizations with globally disributed sup-
pliers, production and related fadilities. Enterprises are
under continuois competitive pressure in the market
place. However, all businesses cannot be considered 1o
be competitors, there are businesses that complement
100, There are alio products or services, which provide
complementary rather than competng prochicts and
services. The Complementaes are those who cooperate
to capture market share (NalebwfT and Brandenburger
1996}, There are four entities affecting a business thar
should be considered when developing a business
srategy, ie. the suppliers, customers, competiors and
complementors. Nalebulf and Brandenburger intro-
duced a schematic map of a business alled "The Valie
Net" The concept of a value net i based on Game
Theory, where business i considered a8 a game. The
Value Net is a map of the game of business. The Value
Net describes all the players and analyses the elemenis
of competition and cooperation between them. In
other wards, the value net locates all the various players
relative 10 one another and identifies the interdepen-
dencies between them. The research reported here
applies the concept of the value net 1o the reuse
process,

In its simplest state, a value net can be visually
represented by a diamond, with a company in the
centre. The vahie net can be graphically portrayed as
the imeractions between four players, ie. custamers,
suppliers, competitors and complementors and the
company. In the Value Net, along the vertical dimen-
son are the company's cusiomers and suppliers Re-
sources such as raw materials and labour flow from the
suppliers to the company, and products and services
flow from the company to its customers, Along the
horizontal dimension of the Value Net are the
company’s competilors and complemeniors. Complemen-
tors are third parties who can lend added value to a
firn by supplementing its produas and sewvices. For
example, a computer manufacuirer views a software
company as a complementor, because customers place
greater value on a compuler with an operating system
installed (han on either the computer or the sofiware
alone. The Value Net i a high level view of the key
relationships that drive any company’s ability 1o succeed
sustainably (Rabbino). Figure 1 shows a schematic map
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Figure 1. The Value Net (adopted from Nalebuff and
Brandenburger 1996).

of the whote game or The Value Net, as presented by
Nalebufl and Brandenburger (1996).

3. Applying value aet theory 1o the reuse driven
software process

The value net above is iniially drawn from the
company's point of view. Bul the concept extends
beyond this single viewpoint, as there are custnners’
customers, suppliers” suppliers, and so on. The value
net can either be extended to represent these extended
values, or separale value neis can be drawn for
suppliers, customers, ete. In the context of the present
research, dilferent rewse factors must be grouped
because of their important interdependencies. We
therefore now examine the roles of the players,
customers, suppliers, complementors and competitors
in forming a reuse value nel.

3.1, The suppliers and customers

In the Value Nei, suppliers and the customers
appear on the vertical dimension, as the customers play
spmmetric roles with e suppliers. They are equal
partners in creating value. Experts and Designers fulfil
these roles in the Reuse Value Net. Reuse & about the
production and consumption of reuse (Fafchamps
1991). A producer is a creator of reusable work
products, and the consumer is sumeone who uses them
to create other softwaie (Lim 1994). In the Reuse Vahie
Net, sstem experts are the ‘suppliers’ who “supply’ or
provide their expert knowledge for reuse. Management
also plays 2 rule as a supplier as &t provides the funding,
resources and additional support emvironments that are

required © enable the reuse proces. Designers have
two roles, both as a supplier” and as a "customer’, The
designers may design a component that is subsequemly
available for reuse. Therefore, in this context, a
designer is an expert, who uses his skills to produce a
rensable product (hence designers are suppliers). A
designer may also reuse a component designed by
andther designer or take advaniage of expen knowk
edge on reuse (hence designers are ako cusiomens).
The Organization i 2 customer as it wishes 1o gain the
financial and operational benefis that can result from
elfident rense,

The valie net shown in figure 2 summarizes this
range of custemers and suppliers.

3.2, The compeiitons and complementors

On the horizonial dimension of the value net, there
is another symmetry, i.e. the competitors and the
complementors (figwe 3). A competitor provides the
compelition fo a product and I meed and overcone this
competition the qualily of the prodwet must be constantly
improved (Nalebul and Brandenburger 1996). The
traciGonal design methods, which do not promote
reuse, are the competitors to the reuse-driven process,
One of the reasons for the designers using design
processes, which do not involve reuse, is the Not-
lnvented-Here {NIH) Syndrome {(Ambler 1998). The
designers prefer the wadivonal design methods, which
do not promote reuse, and hence are the competitors
1o the reusedriven process. Hence, NIH compeles
against reuse. On the other hand, the members of the
organizntion will be better motivated to practice reuse
when there are reuse lihraries/ caalogues where they
can easily find the reusable componens. Hence the
reuse libvavies are the complementors in the Reuse
Value Net. However, it & not sufficent 10 have
sanething o reuse, since designers will not reuse
existing components if they feel it is quicker or easier to
"design from scratch’, than © detemine whether an
exising component is appropriate for their application.
The reuse libraries should therefore be complemented
by the knowledge of how 10 reuse the available
components, and by techniques ©w simplify the rense
of these components,

3.9, The Heuse Valur Net

The previous discussions and figures show that the
factors affecting rewse can be mapped uwsing a Reuse
Value Net that is based on the concept of a value net as
described in section 2. The completed Value Net for
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Figure 3. The complementors and competitors in the Reuse
Value Nt

Reuse-Driven Software Process can be drawn as shown
in figure 4.

The Reuse Value Net in figure 4 shows that experts,
desgners and management are the suppliny of knowk
edge and funding 1o the reuse process. Similarly, the
designers and organizvion are the ewslomens 23 the
designers are rensing the expernt knowledge and the
vrganization is getting benefit fom swings tha are
made as a result of the reuse process, The compeltitors
1 the reuse process are alternative design methods,
such as design fram serawch, and preconceptions or
existing prejudices of persunnel invalved in the process,
such as the NIH syndrome, s this thinking restricts the
designer, preventing him or ber from aking advantage
of reusable elements, Finally, the reuse library, knowk
edge bases, and various reuse 1ook and techniques are
complementors as the reuse library provides the
reusable components. The knowledge bases give the
knowledge of what 10 reuse and the reuse techniques
prwvide the knowledge of how both 10 reuse existing

Figure 4. Rettse Value Net

components and extend the library as existing compo-
nents are adapied or new components are created.
The above explanation describes the relationships
within the reuse process between the four players.
However, these players shauld not only be examined
individually, as they are related, eg. the designers
{potential customers) may be adversely influenced by
NotloventedSyndrome (competitor). To win this
customer from the competitor and convert him oy
her over 1o reuse, training (which is a complementor)
can be given o the designers about the advantages of
the reuse process; for example, the designers can be
educated about how 1 reuse the reusable componens,
Designers wilt ako be better motivated ifa rewuse library
{complementor) is well ciganized, and 1he componens
are easy to find and reuse, and if it is straightforward to
determine which reusable components meet the
requiremenis of a panicular specificagon. Further.
more, management can creale compelition among
the designers, or motivate the designers initially by
rewarding their efforts, both in making use of reusable
components and in making new components easier to
reuse. The relationships of each actor with other actors
in the value net need © be studied in detail. This
infornmtion can then be used 1o find the points of
leverage. The paints of leverage may be different lor
different companies The reuse value net provides all
the necessary information to implement a reuse
process, and hence can be used as a good analysis 1oal,

4. Rescarch methodology

To atempt reuse suecessfully, an organization must
sysiematically address a wide range of both technical
and narriechnical problems. There & no guaranteed
recipe for successful reuse, each organizadon must
analyse its own needs, implement reuse measurements,
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define the key benefis it expeais, and manage risk
(Frakes and Isoda 1994). It is, however, worth the
ciforts, as companics that make a better job of
understanding their domains and implementing sy
tematic reuse will gain a powerful competitive advan-
tage. Institting rcuse may requirc an organwaton to
change the ways in which it conducts its business, and
such changes may bring many previously hidden
manageral, cultural, social and economical issues o
the susface (Davis 1994). Without a reuse-driven sofi-
ware development process o guide them, system
developers will not achicve many of the benefits of
sharing and reuse. One of the main objectives of this
rescarch is w design an efficient rease process. To
achicve these objectives a Rense agent; an intefligent
software program (tool) has been designed.

Figure 5 shows the experimental emironment. The
experimental enviranment consists of a knowledge
base, which is populated by knawledge about different
scemirics in reuse implementation and solutions
avercome the difficulties that can arbe during impke
mentation, Before designing a reuse process for an
onganisation the Reuse Agent needs to collect informi
tion abowt the design and development environment
that currently exists in the organization, and identify
how developers (design engineers) and management
currently view and practise rouse within this emviron
ment. To collect this information the Reuse Agent uses
two questionnaires, onc questionnaire secks informa
tion about management support for rewse in the
organization, and the sccond questionnaire sceks
information about the present reuse scenario nd the
designer viewpaints about reuse. Each questionnaire is
designed to collect information rehting to the present
training faciliies regarding reuse and the wols ©
encourige oF support reuse that may currently be

Figure 5. Experimental setup.

wvailable. The questionnaire response infonmation
from management and developers is collected in 2
datbase (labelled Rrspronse Data in figure 5) and is then
fed o the Reuse Agent. The Reuse Agent then
processcs the infornmtion wsing its knowledge base
and uses it to formulate a Reuse Value Net for the
ofganization.

The reuse value net helps to identife relationships
between different rense Eactors and any factors tha are
inhibidng the reuse implementation process. Knowl-
edge of the interdependencies between the reuse
factors, coupled with information from the knowledge
basc and example reuse processes help the Reuse Agent
o formulate a reuse process patern for the onganiza-
tion,

The reuse value net identifies the 'what', i.e. what
should be done o achieve dficient reuse and the 'who',
i.c. the factors and actors involved in the reuse process
Hawever, w achieve ctficient reuse, the ‘when’ and
*how” of practising revse must also be known, [n the
current rescarch, patterns huve been dentified as a
means to answer these questions. Patierns capture
knowledge that experts apply in sobing reourring
problems (Rising 2002). Onc common definition is
that a pattem is a solution to a problem in a context.
Hence, in the context of the current rescarch, the
expertise of an experienced designer is being reused
when a pattern & applied. Two pattern approaches have
been cambined, i.e. process pattern and design pattern
approaches The combined use of process and design
patems in this approach o reuse is described in
greater detail in Dani and Harding (2008). The proces
patierns are used 1o guide the designer about how the
reuse process works, and a daign patiern provides a
scheme for refining the subsystems or components of a
software system, or the relationships between them., The
design pattemn describes the commonly tecurring
structure of communicating components that solve a
general dosign problem within a pardasdar context,
The design patems are used to store the reusable
maodels for fiure reuse.

A process pattern is a collection of general
techniques, actions, and/or tasks (activities) for devel
oping revsablke desigms, models or sofoware compo-
nonts. A process is defined as a series of actions in
which ane or more inputs are used to produce one or
more outputs. A pattem is a gencra sdution o a
common problem or ssue, onc from which a speditic
solution may be derived. In other words, a process
pattern & a pattern that describes a proven, successful
approach and/or series of actions for developing
reusable companents. An importnt feature of a
process pattem is that it describes what you should
do but not the exact details of how you should do it
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When applied together in an organised manner,
process patterns can be wsed o construct a software
or infarmation rewse process for a particutar organiz-
tion,

Figure 5 also illustrates the use of Process Paterns
along with the Reuse Value Net. The Reuse Process
Patterns are stored in the reuse librury. The comple-
mentors are the reusable tools, which in this case are
the design pattern and process paitern catalogues.
These can then be invoked in order o find the relevant
reusable modeks for the particular reuse project. The
Reuse Value Net can also be used 1o identily the points
of leverage. The use of the: Reuse Value Net and process
patterns © guide developers in the reuse process is
explined through an example in the next section.

5. An example to {llustrate the experimental software

Company X isa global nanufactirer of witlgets
from several product Bmilies. When a new
product is designed the company uses simula-
tion mudels 1o design suitable manufachiring
cells w0 produce the product, and meet its
throughput, cost and delivery ohjectives. It & a
time consuming and expensive task to build and
evaluate new simultion models. The company
therefore wishes to introduce a Reuse Project o
improve its reuse of existing information and
simuhation models.

The Reuse Agent is used to detennine appropeiate
activities during the Reuse Project. Quesdonnaires are
sent to members of nanagement and design/maodek
ling teams, to establish whether any reuse activities
curtently exist in the company. The completed ques
tionnaires are callected and the response data stored in
the database. Company X has never fomally pracied
reuse in the past. However, the questionnaires are
designed also w idemily whether indhidual design
engineers are reusing camponents informally; this may
he by using elements of models they have previously
built, or even working informally with colleagues and
sharing components,

The Reuse Agent processes the respanse data, and
in this case, the analysis of the questionnaires identifies
that

(1} The designers are not curvently pradising
reuse, they are designing systems from scratch.

{2} When they work on a new project, they
generally do ool iry to reuse code or models
from previous projects.

(3) Most of the designers have never ried to reuse
code or models created by other designers.

{1) There are no formal incentive programs or
mechanisims 1o motivate revse eitherin phce or
planned.

{3) No reuse brary or reuse catalogue currently
exists in the organization,

{6) The only sharing across business units that
currently exisis i of software applications.

The Reuse Agent anahyses these results and deter
mines that the following problem areas need to be
addressed initially:

(i) The designers are using traditional design
methods. (These act as an obstacle w reuse.)

(it) Even if the designers want to praciise reuse
there i nothing to reuse.

(i) Training in reuse techniques should be pro-
vided,

These are highlighted in higure 6, which shows the
value net that the Reuse Agent forms for the organiza-
tion.

In the analysis fur the reuse value net it was found
that the design engineers in the company wse tradi-
tional design methods, This i an obstacle to reuse since
the engineers are likely 1o feel that, as what they are
already doing produces satisfactory results, why should
they change their appiach? The adaption of any new
techniques or took inevimbly causes a certain amount
of pain throngh the learning period, before benefits are
veally fell. Hence, Company X will need o provide
some motivation and incentives 10 promote the
different ways of working required 10 make reuse
effective. Reuse & not currenty actively used in
Company X. Answers from (he questionnaires sug
gesied that when individual designers begin a new
smulation model, they may sometimes study previous
models they have worked on for ideas. However, a
major obstacle  reuse was identified 25 there are no
easily available, convenient components that can be
reused. To sohe the identified problems, the Reuse
Agent recominends the creation of a Reuse Libraryand
Catalogue to store the reusable components, and the
adopion of different rewse techniques 1o encourage
the design engineers in the company to reuse these
components. To support its recommendations, the
Reuse Agent then consults the Reuse Process Patterns
database {shown in figure 5) and suggests activities that
need 1o be undertaken to progress the rewse project.

The role and behaviour of the Reuse Agent in this
example are summarized in figure 7. The experimental
setup {from figure 5) & shown in the top left of figure
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7. As exphined, the Reuse Agent initially uses its
knowledge to analyse the questionnaire response data

and produce 3 Reuse Value Net. The bold dotted arrow
marked “Stage 1" in figure 7 shows the Reuse Value Net
that & produced for Company X in this example. The
elements highlighted in bald show aspects requiring
immediate attention. Typically wo different types of
problem may be idemified through the Reuse Value
Net, and these have been narked **1"and '*2" in figure
7. Problems in the area warked '*1° are campetitors,
and therefore must be tackled by either decreasing
their influence or by increasing the influence of reuse
{10 make reuse a more conpetitive option).

Possible solutions recommended by the Reuse
Agent are also shown in figure 7 to the right of the
Reuse Vatne Net. This is indicated by the bold dotted
arrow marked 'Stage 2’ In this example, the recom-
mended solution to problem **1° & 1o pranote reuse
by providing incentives, As indicated by the arrows in

Figurc 7. Example application of reuse agent,
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the experimental set-up figure, the Reuse Agent woukd
also provide a process pattern showing steps that can
be taken 1o achieve this. This is indicated by the bokd
dotted arrow marked ‘Stage 3. Deuiled process
paitern steps are not given in figure 7 for problem
1, due to space limitations, However, these steps would
include, for example, activities such as setting up a
bonus scheme to reward productivity increases
through rewse of components and introduction of
staff performance measures W assess whether rense is
being used eflectively and whether stall’ are making it
exy for athers to reuse their components. The process
steps suggested by the Reuse Agent are generic in
form and need to be specialized by engineers within
Company X o suit the requirements and environment
of that individual company, The Reuse Agent can
guide users through the important steps of specializa-
tion, such as the identilication of suitable metrics for
measurement of prod uctivity, determination of periods
of measurement, establishment of types and leveks of
incentives, etc. However, the acmal dewails have 1o be
decided by the management and users within the
company, as successful applications of rense will
inevitably be different and specific o individual
companies,

Probletns identified in the Reuse Value net in the
area marked **2° on ligure 7 relate to complemeniors,
and typically any problems in this area indicate the
absence of sume key elements that are necessary to
emable or Bwititate reuse. They therefore must com-
monly be wekled by the provision of additional
vesources of some kind. In the example of Company
X, there are three important activities that should be
undertaken:

¢ Building a Reuse Library.

¢ Retrospeciive creation of reusahle components
from existing sources,

o Ongoing creation of reusable components from
current and new projects (this must continue as
an ongoing activity}.

In figure 7, these three solutions are shown as 2a,
2.hand 2.

Once againthe Reuse Agent can guide users through
the activities necessary to provide solutions to (hese
identified problems by indicating useful steps to devel
uping these pecessary resources. Again, the process
pattern steps suggested by the Reuse Agent are generic,
and need specializing o suit the needs of the particutar
company. In figure 7, some example stepsare provided
for the solution 2b {and these will be specialized to
enable the selection of reusable camponents fram
Company X's existing simulation modek and informa-

tion modek). These steps consist of different Stage and
Task Process Pauwterns, ard this & demonstrated in
further detail in the Task Process Patterns and the Stage
Process Pazems shown in figure 8

The first task shown in figure 8 is w0 Determine the
bpes and sorees of muable componemis. This & the first
step in the Selrting Reusable Components Process Paltemn,
If users request guidance on how 10 proceed with this
task, the Reuse Agent can provide asistance through
further process patterns. Hence the Domain Analysis
Process Pattern {figure B) would guide the user through
an anahsis of the domain, so that Campany X would
be encouraged o determine any detailed require-
menis it has for simulation modelling, and the
resources and facilities that are needed to satisfy these
requirements. Company X must also consider the
ypes of simulmion models that are likely 10 be
required. This wounld inchide the key elements,
resources and types ol processes and structures that
are used within the model and the information
sotrces that are used 1o populate denils of capabil-
ities, requirements etc within the models. Having
completed the domain anahsis, figre 8 shows that
Company X would then be guided 0 examine ix
existing systems, to identify which of the key elements
already exist and then w look for similarities. If the
same {or very similar) resource(s), proceses or sub-
processes commonly occur in models, these will be
prime candidates for classification as ‘reusable compo-
nents’. If similar elements exist, the dilferences
between them need to be examined te detennine
whether the differences are essential for the require-
ments of the individual cell that i being simulated, or
are some of the differences purely due to individual
designer preferences. Company X can be guided
through these sorts of activities and decisions by the
Reuse Agent, using the Crating a Reusable Componeni
Process Patiem {28 shown in figure 8).

The Reuse Agent can ako guide design engineers
and management through the necessary activities for
achieving solutions 2a and 2.¢ in a similar manner.
The domain analysis carried out for solution 2b
ako an impontant requirement for both 2a and Zc,
Hence, knowledge acquired during this stage will
provide valuable background knowledge for the
building of the Reuse Library with good catalogues
and determining which elements of current projects
showld also be stored in the Reuse Library as
reusable components, Chsification and cataloguing
of the reusable components in ways that make it
quick and emy for design engineers 10 determine
whether a panticular component meess their require-
ments is an important incentive for encouraging
rense.
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Figure 8. Process pattems approach for Reuse Value Nt solutions,

6. Conclusions

An appropriate and elTident rense process must be

designed before it can be applied 10 the field of

manubicturing system design. Reuse often fails because
it is generally approached as an independent collecion
of tools and echniques, and the technical and non-
technical aspects are commonly examined sepaately,
This research proposes that all the factors affeding
reuse are interdependent and therefore should be
studied dnularessly. By undesianding the interde
pendencies between various factors invobed in the
reuse process, an efficient rewse process can be
designed. The concept of a reuse value net is proposed
in this paper. and this enables the roles of the various
factors affecting reuse 1w be swudied. The value net
theory has been applied © the reuse prucess and the
various [2ctors aflTecting reuse are mapped to formulate
a reuse value net. Further work is required in order 1o
study the interdependencies hetween the various
factors in detail. The authors have identified a number
of case studies and thorough experimentation is
urderway to demonsirate and evaluate the application
of the reuse value net in achieving efflicient manubic
uring system design,
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Glossary of Terms

GLOSSARY OF TERMS

The definitions of important words and phrases used in this thesis are listed here, with
the section number where the main or initial usage can be found.

Agent is a combination of human and software expertise, interacting with the CAE
system.

Best practices are those practices that have been shown to produce superior results;
selected by a systematic process; and judged as exemplary, good, or successfully
demonstrated.

Data relates simply to words or numbers the meaning of which may vary and is
dependent upon the context in which the data is used.

Expert is a system designer with a high degree of skill in or knowledge as the result
of experience or training.

Expert system any computer program which demonstrates expert performance in a
given domain.

Information is data which is structured or titled in some way so that it has a
particular meaning.

Information model is a formal description of types of ideas, facts and processes
which together form a model of a portion of interest of the real world and which
provides an explicit set of interpretation rules.

Knowledge is information with added detail relating to how it may be used or
applied.

Knowledge base is a collection of knowledge related to a specific problem domain,
A knowledge engineering translate an expert’s knowledge into a computer knowledge
representation.

Manufacturing system is a set of machines, transportation elements, computers,
storage buffers, and other items that are used together for manufacturing. People are
also part of the system.

Manufacturing system design is choice of machines, buffers, transport systems,
computers and communication system, operators, repaire personnel, and so forth.

Not-Invented-Here Syndrome
Object-Oriented Software Process (OOSP) is a collection of process patterns that
together describe a complete process for developing, maintaining, and supporting

software.

Organizational culture ° The pattern of basic assumption that the given group has
invented, discovered or developed in leaming to cope with its problem of external
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adaptation and internal integration and that have worked well enough to be considered
valid and therefore to be taught to new members as the correct way to perceive, think
and feel in relation to those problems.’

Pattern The description of a general solution to a common problem or issue from
which a detailed solution to a specific problem may be determined. Software
development patterns come in many flavors, including but not limited to analysis
patterns, design patterns, and process patterns.

Phase process pattern a process pattern that depicts the interactions between the
stage process patterns for a single project phase.

Process is a series of actions in which one or more inputs are used to produce one or
more outputs.

Process pattern is a pattern which describes a proven, successful approach and/or
series of actions for developing software.

Reuse- is simply the use of an ‘asset’ in different
setting/context/environment/application etc. An asset could be a Business Process,
design, specification, implementation, verification, documentation,

etc.(hettp://www.cse.dmu.ac.uk/~nmsampat/research/subject/reuse/reuse-defn.html)

Stage process pattern — A process pattern which depicts the steps, often performed
iteratively, of a single project stage. :

System design- is a process of defining the hardware and software architecture,
components, modules, interfaces, and data for a system to satisfy specified
requirements.

Software reuse- is the practice of developing a new application/s from existing
software,

Task process pattern — A process pattern that depicts the detailed steps to perform a
specific task, such as detailed modeling or performing a technical review.

The Value Net- is a schematic map designed to represent all the players in the game
and the interdependencies among them.
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Source code

[Created]withYBuilder

package reuseagentl;

import javax.swing.UIManager;
import java.awt.*;

/**

* Title: Reuse Agent

* Description:

* Copyright: Copyright {c} 2004

* Company: Loughborough University
* fauthor S.Dani

* @version 1.0

*

/

public class ReuseAgentlpp {
boolean packFrame = false;

/**Construct the application*/
public ReuseAgentdpp() {
ReuseAgentlMainMenu frame = new ReuseBgentlMainMenu();
//Validate frames that have preset sizes
//Pack frames that have useful preferred size info, e.g. from
their layout
if (packFrame) {
frame.pack():
1
else |
frame.validate();
!
//Center the window
Dimension screenSize =
Toolkit.getDefaultToolkit () .getScreenSize();
Dimension frameSize = frame.getSize();
if {(frameSize.height > screenSize.height) {
frameSize.height = screenSize.height;
}
if {(frameSize.width > screenSize.width)} {
frameSize.width = screenSize.width;
}
frame.setLocation((screenSize.width - frameSize.width) / 2,
{screenSize.height - frameSize.height) / 2);
frame.setVisible{true);
}
/**Main method*/
public static void main(String[] args) {

try {

UIManager.setLookAndFeel (UIManager.getSystemLookAndFeelClassName()};
}

catch(Exception e} {
e.printStackTrace():
}
new ReuseBAgentAppl();:
}
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Rseent1 -

-

[B
1

= -

(Createdwithl Buildergiisie

pPackage reuseagentl;

impert java.awt.*;
impert java.awt.event.*;
import javax.swing.*;

/‘k*

* Title: Reuse Agent

* Description:

* Copyright: Copyright (c} 2004

* Company: Loughborough University
* @author S.Dani

* @version 1.0

*/

public class ReuseAgentlMainMenu extends JFrame |{
JPanel contentPane;
JMenuBar jMenuBarl = new JMenuBar();
JMenu jMenuFile = new JMenu();
JMenultem jMenuFileExit = new JMenultem();
JMenu jMenuHelp = new JMenu();
JMenulItem jMenuHelpAbout = new JMenultem():;
JLabel statusBar = new JLabel();
BorderLayout borderLayoutl = new BeorderLayout(}:;
JMenu jMenul = new JMenu(};
JMenultem jMenulteml = new JMenultem();
JMenultem jMenultemZ = new JMenultem();
JMenu jMenu2 = new JMenu();
JMenulitem jMenultem3 = new JMenultem():
JMenuItem jMenultemd = new JMenultem();

/**Construct the frame*/
public ReuseAgentlMainMenu() {
enableEvents (AWTEvent .WINDOW EVENT MASK});
try {
dbInit () ;
1
catch (Exception e) {
e.printStackTrace ()} ;
1
}
/**Component initialization*/
private void jbInit () throws Exception ({

//setIconImage (Toolkit.getDefaultToolkit (). .createImage (ReuseldgentlMai
nMenu.class.getResource (" [Your Icon]™})};
contentPane = {JPanel) this.getContentPane():
contentPane.setLayout (borderLayoutl);
this.setSize (new Dimension (400, 300}};
this.setTitle {"Reuse Agent"};
statusBar.setText (" ");
jMenuFile.setText {("File"});
JjMenuFileExit.setText {"Exit");
jMenuFileExit.addActionlistener (new ActionlListener{) |
public void actionPerformed(ActionEvent e) {
jMenuFileExit_actionPerformed(e);

206



Source Code

/f

Re

}
1)
jMenuHelp.setText ("Help"};
jMenuHelpAbout .setText {"About");
jMenuHelpAbout.addActionListener (new Actionlistener() ({
public void actionPerformed (ActionEvent e} {
jMenuHelpAbout actionPerformed(e);
}
by
jMenul.setText ("Reuse Support");
jMenulteml.setText {"Formulate Reuse Value Net"):;
jMenuIteml.addActionListener (new java.awt.event.,ActionListener ()

public void actionPerformed{ActionEvent e) {
jMenulteml acticnPerformed{e);
}
i
jMenultem2,setText ("Reuse Questicnnaire™);
jMenultem?,addActionlistener (new java.awt.event.ActionListener ()

public void acticnPerformed(ActicnEvent e) |
jMenultemZ actionPerformed(e};
}
bii
jMenu2.setText ("Process Pattern");
iMenultem3.setText ("Search Pattern");
iMenuItem3.addActionListener (new java.awt.event.ActionListener ()

public void actionPerformed (ActionEvent e) {
jMenultem3 actionPerformed{e);
}
b):
jJMenultemd.setText ("Display Pattern Template");
jMenultemd .addActionListener {new java.awt.event.Actionlistener ()

public void actionPerformed(ActionEvent e) {
jMenultemd4 actionPerformed(e);
H
)i
jMenuFile.add (jMenuFileExit);
jMenuHelp. add (jMenuHelpabout) ;
jMenuBarl.add{jMenuFile);
jMenuBarl.add{jMenul};
jMenuBarl.add{jMenuZl};
jMenuBarl.add{jMenuHelp) ;
jMenuBarl.add {jMenuZ) ;
this,setJMenuBar {jMenuBarl) ;
contentPane.add {statusBar, BorderLayout.SOUTH);
jMenul.add(jMenulteml) ;
jMenul.add (jMenultem?2) ;
jMenuZ.add({jMenultem3) ;
jMenuZ.add{jMenultemd};
}
/**File | Exit action performed*/
public void jMenuFileExit actionPerformed(ActionEvent e) {
System.exit (0} ;
}
/**Help | About action performed*/
public veid jMenuHelpAbout actionPerformed{ActionEvent e} !
ReuseAgentlMainMenu AboutBox dlg = new
useAgentlMainMenu AboutBox(this);
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Dimension dlgSize = dlg.getPreferredSize();
Dimension frmSize = getSize();
Point loc = getLocation{(};
dlg.setlocation({frmSize.width ~ dlgSize.width) / 2 + loc.x,
{frmSize.height - dlgSize.height) / 2 + loc.y);
dlg.setModal (true);
dlg.show();
}
/**0Overridden so we can exit when window is closed*/
protected veoid processWindowEvent {WindowEvent e} {
super.processWindowEvent (e) ;
if (e.getID() == WindowEvent.WINDOW CLOSING) {
jMenuFileExit actionPerformed(null);
}
}

void jMenulteml actionPerformed{ActionEvent e} {
JInternalFrame frame = new JInternalFrame ("Organisation's Reuse
Value Net", true, true, true, true)};

Container container = frame.getContentPane();

FormulateReuseValueNet reusevaluenet = new
FormulateReuseValueNet ()

container.add(reusevaluenet, BorderLayout.CENTER);

frame.pack();

contentPane.add (frame);

frame.setVisible (true);

}

veoid jMenultem2_actionPerformed(ActionEvent e) {
JinternalFrame frame = new JInternalFrame{"Reuse
Questionnaire", true, true, true, true);

Container container = frame.getContentPane(};
ReuseQuestionnairel reuseq = new ReuseQuestionnairel ();
container.add (reuseq, BorderLayout.CENTER);
frame.pack():;

contentPane.add(frame);

frame.setVisible{true);

}

void jMenulItem3 actionPerformed{ActionEvent e} {
JInternalFrame frame = new JInternalFrame("Search Pattern",
true, true, true, true);

Container container = frame.getContentPane();
SearchPattern searchpattern = new SearchPattern();
container.add(searchpattern, BorderLayout.CENTER};
frame.pack{);

contentPane.add(frame);

frame.setVisible (true);

}

void jMenultemd4_actionPerformed{ActionEvent e) {
JInternalFrame frame = new JInternalFrame ("Display Pattern
Template", true, true, true, true);

Container container = frame.getContentPane(};
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DisplayPattern displaypattern = new DisplayPattern();
container.add{displaypattern, BorderLayout.CENTER]);
frame.pack();

contentPane.add(frame);

frame.setVisible (true);

! N »

fcieatedlwitrlicuiicor gl

package reuseagentl;

import javax.swing.*;

impert com.borland.dx.sgl.dataset.*;
import java.awt.event.*;

import com.borland.jbcl.layout. *;
import com.borland.dbswing.*;

import java.awt.*;

import com.borland.dx.dataset.*;

/'ﬂr*

* Title: Reuse Agent

* Description:

* Copyright: Copyright {(c)} 2004

* Company: Loughborough University
* gautheor

* @version 1.0

"r/

public class ReuseQuestionnairel extends JPanel{
// DataMod MasterDetail datmodMD = new DataMod_MasterDetail(};
DataMod MasterDetail datmodMD =

DataMod MasterDetail.getDataModule():
JPanel jPanell = new JPanel();

JTabbedPane jTabbedPanel = new JTabbedPane({);
JPanel jPanel2 new JPanel{);
JPanel jPanel3 = new JPanel{);

JPanel jPanelb = new JPanel();
JPanel jPanel6é = new JPanel(};
JPanel jPanel7 = new JPanel();
JPanel jPanel8 = new JPanel();
JPanel jPanel® = new JPanel():
JPanel 3Panell0 = new JPanel();
JPanel jPanelll new JPanel();
JPanel jPanell?Z new JPanel (};
JPanel jPanell3 new JPanel();
JPanel jPanelld new JPanel();
JPanel jPanell) new JPanel ();
JPanel jPanellé = new JPanel();

JButton jButtonl = new JButton();
JButton jButton2 = new JButton();
JLabel jLabel2 = new JLabel{);
JLabel jLabel3 new JLabel({):
JLabel jLabeld new JLabkel();
JLabel jLabelb new JLabel ();

I
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JLabel jLabe
JLabel jlLabke
JLabel jLabe
JLabel jLabe
JLabel jlabe
JLabkel jLabe
JLabel jLabe
JLabel jLabe
JLabel jlLabe
JLabel jlabe
JLabel jLabe
JLabel. jLabe
JLabel jLabe
JLabel jLabe

QueryDataSet queryDataSetl = new QueryDataSet();
VerticalFlowLayout verticalFlowLayout2

le

17

18

19

110
111
112
114
115
116
117
118
119
120

4

It

new
naw
new
new
naw
new
new
new
new
new
new
new
new
new

Database databasel =

JPanel jPane

BorderLayout borderLayoutl = new BorderLayout{}:
JdbNavToolBar jdbNavToolBarl = new JdbNavTocolBar(};
JdbStatusLabel jdbStatusLabell = new JdbStatusLabel():;

14

new

JLabel () ;

JLabel () ;

JLabel () ;

JLabel () ;

JLabel () ;
JLabel(};
JLabel(};
JLabel (};
JLabel () ;
JLabel{};
JLabel({};
JLabel {};
JLabel{);
JLabel();

new Database({};
JPanel () ;

new VerticalFlowLayout ()

TableScrollPane tableScrollPanel = new TableScrollPane();
JButton jButton3
JdbTable jdbTablel =

ButtonGroup

ButtonGroup
ButtonGroup
ButtonGroup
ButtonGroup
ButtonGroup
ButtonGroup
ButtonGroup
ButtonGroup
ButtonGroup
ButtonGroup
ButtonGroup
ButtonGroup
ButtonGroup
ButtonGroup
ButtonGroup
ButtonGroup
ButtonGroup
ButtonGroup
ButtonGroup
ButtonGroup

JRadioButton
JRadioButton
JRadioButton
JRadioButton
JRadioButton
JRadioButton
JRadioButton
JRadioButton
JRadioButton
JRadioButton
JRadioButton
JRadioButton

buttonGroupl = new ButtonGroup{):

= ne

w JButton();
new JdbTable(};

D13 = new ButtonGroup(}:
D12 = new ButtonGroup({};
D11 = new ButtonGroup{}:
D10 = new ButtonGroup(}:
D1 = new ButtonGroup():
D2 = new ButtonGroup{):
D3 = new ButtonGroup();
D4 = new ButtonGroup{):;
D5 = new ButtonGroup();
D6 = new ButtonGroup():
D7 = new ButtonGroup();
D8 = new ButtonGroupl():;
D9 = new ButtonGroup();
Ml = new ButtonGroup();
M2 = new ButtonGroupl():
M3 = new ButtonGroup();
M4 = new ButtonGroup();
M5 = new ButtonGroup();
M6 = new ButtonGroup(};
M7 = new ButtonGroup():;
jRadioButtond40 = new
jRadicButton39 = new
jRadioButton3B = new
jRadicButton37 = new
jRadicButton36 = new
jRadicButton35 = new
jRadioButton34 = new
jRadioButton33 = new
jRadicButton32 = new
jRadioButton3l = new
jRadioButton30 = new
jRadioButtonZ29% = new

JRadioButton{):
JRadioButton () ;
JRadioButton{);
JRadioButton() ;
JRadioButten();
JRadioButteon{):
JRadioButten ()
JRadioButton();
JRadioButton() :
JRadioButton();
JRadioButton () ;
JRadioButton() ;
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JRadioButton
JRadioButton
JRadioButton
JRadioButton
JRadioButton
JRadioButten
JRadioButtoeon
JRadioButton
JRadiocButteon
JRadioButton
JRadicButton
JRadicButton
JRadioButton
JRadicButton
JRadicButton
JRadioButton
JRadioButton
JRadioButton
JRadioButton
JRadioButton
JRadioButton
JRadioButton
JRadioButton
JRadioButton
JRadioButton
JRadioButton

JRadioButton
JRadicButton

JPanel jPanell? =
VerticalFlowLaycut verticalFlowLlayout3 =
FlowLayout flowLayoutZ =
Jiabel jLabell =

QueryDataSet

Column columnl =
DBDisposeMonitor dBDisposeMonitorl =

jRadioButton28
jRadioButton2?
jRadioButton2é
jRadicoButton25
jRadicButton24
jRadioButton23
jRadioButton2?2
jRadioButton2l
jRadioButton20

jRadioButton?
jRadioButton8
jRadioButton?
jRadioButtoné
jRadioButtonb
jRadioButtond
jRadioButton3

jRadioButtonl®
jRadicButtonls
jRadicButtonl?
jRadiocButtenlé
jRadiocButtonls
jRadicButtonlé
jRadiocButtonl3
jRadioButtonl?2
jRadioButtonll
jRadioButtonl0
FlowLayout flowLayoutl =
VerticalFlowLayout verticalFlowLayoutl =
JLabel jLabell3 =

jRadioButton?2
jRadioButtonl

gueryDataSet?2

public ReuseQuestionnairel()

try |
3bInit{);

}

catch (Exception e) {
e.printStackTrace();

}

il

It

new
new
new
new
new
new
new
new
new
new
naw
new
new
new
new
new

= new

public void paint (Graphics g)

{

super.paint (g);

}

private veoid

ibInit ()

jButtonl.setText {"OK");
jButtonl.addActionlistener (new java.awt.event.ActionListener() ({
public void actionPerformed(ActiconEvent e} {

new
naw
new
new
new
new
new
new
new

new JLabel ();

new
new

new JPanel (}:

JRadiocButton{);
JRadioButton(};
JRadioButton({};
JRadioButton();
JRadioButton(}:
JRadioButton(};
JRadioButton{);
JRadioButton();
JRadioButton{():
JRadicButton();
JRadicButton () ;
JRadiocButton{) ;
JRadioButton{) ;
JRadioButton{);
JRadioButton ()}
JRadicButton(};
JRadicButton():
JRadicButton () :
JRadiocButten () ;
JRadicButton():;
JRadicButton():
JRadiocButton{);
JRadioButton () ;
JRadioButton():
JRadioButton{);
JRadioButton():;

new FlowLayout (};

JRadicButton ()
JRadioButton(};

new QueryDataSet();

new Column{};

{

throws Exception {

jTabbedPanel.setBackground (new Color (147,
jTabbedPanel.setFont (new java.awt.Font{"Dialog”,
jTabbedPanel.setPreferredSize (new Dimension (950,

143, 255)):

new VerticalFlowLayout ();

new VerticalFlowLayout{);
new FlowLayout ():
new JLabel();

new DBDisposeMonitor{);

13)):
1200));
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jButtonl_a
}
b

jRadioButt

jRadicButtonlO.
jRadioButtonll.
jRadicoButtonll,
jRadieButtonl2.
.setBackground (new Color (151,
jRadioButtonl3.
jRadieoButtonl3.
JRadicButtonld.
jRadioButtonld,
JjRadioButtonl5.
JRadioButtonl5.
jRadioButtonlé.
.setBackground {new Color (151,

jRadicButtonl?2

jRadioButtonlé
jRadioButtonl?
jRadioButtonl’
jRadioButtonl8
jRadiocButtonlB

java.awt.event.Act

cticnPerformed{e):

onl0.setText ("No.");
setText ("Yes.");
setText ("No."};
setText ("No."};
setText ("Yes.");
setText ("Yes."),;
setText {"No.");

.setText ("Yes."};

.setBackground{new Color (151,

.setText ("No."};

.setBackground (new Color {151,
jRadioButteonl?.

addActionListener {new
ionListener() {

setBackground(new Color {151,

setBackground(new Color (151,

setBackground (new Color (151,
setBackground{new Color (151,

setBackground{new Color (151,

235,
235,
235,
235,
235,
235,
235,
235,

235,

public void actionPerformed (ActionEvent e) |

jRadioButt
}
)
jRadioButtonld

jRadioButtonl9.setBackground(new Color(151,

jRadicButton3.
java.awt.event.Act

onl% acticnPerformed(e);

.setText ("Yes.");

addActionListener (new
ionListener{) {

235,

public void acticonPerformed (ActionEvent e) {

jRadicButt

}

Pyq
jRadioButton3.
jRadioButton3.
jRadioButtond.
jRadioButtond.
jRadioButton5.
jRadioButtonb.
jRadioButtonb.
jRadioButtoné.
jRadioButton?
java.awt.event.Act

on3 actionPerformed(e);

setText ("Yes.");
setBackground(new Color {151,
setText {("No.");
setBackground(new Color {151,
setText ("Yes."):
setBackground(new Color {151,
setText ("No."};
setBackground{new Color {151,

.addActionlistener (new

ionListener() {

235,
235,
235,

235,

public void actionPerformed({ActionEvent e} ({

jRadioButt

}

b
jRadioButton?
jRadioButton7
jRadioButtonB.
jRadicButtons
jRadioButteon?.
jRadioButten9.

jRadioButton20.
jRadioButten20.

jRadioButton2l

jRadioButton2l.

jRadioButton22

on7_actionPerformed(e);

.setText ("Yes."};
.setBackground{new Color (151,

setText ("No."):

.setBackground (new Ceclor (151,

setText ("Yes.");
setBackground{new Color (151,
setText ("No.") ;

.setText ("Yes."};

.setText ("No.");

setBackground (new Color (151,

setBackground{new Color{l51,

235,

235,

235,
235,

235,

255));
255)});
2355));
255});
255} ) ;
255));
255));
255)):

255}));

253)):

255)});
255) )
255));

255)):

255));
255)):
255));
255} )i

255) )

212



Source Code

jRadioButton22
jRadioButton23

jRadioButton24
jRadioButton25

jRadioButton25b

jRadioButton2é6
jRadioButton27
jRadioButton27
jRadioButton28
jRadioButton2sg

jRadioButtonz?
jRadioButton30

jRadioButton3l

jRadicButton3l
jRadioButton32

jRadioButten33
jRadioButton34

jRadioButton35

.setBackground (new
.setText ("Yes.");

jRadioButton23.
jRadioButton24.

setBackground (new
setText {"No.");

.setBackground (new
.setText ("Yes.");
jRadioButton25.

setBackground (new

setText {"No."});

. setBackground (new
.setText ("Yes.");
.setBackground {new
.setText ("No.");
.setBackground (new
jRadioButton29.

setText ("No.");

.setBackground (new
.setText ("Yes.");
jRadioButton30.

setBackground (new

.setText ("Yes.");
.setBackground (new
.setText ("No."};
jRadiocButton32.
jRadioButton33.

setBackground (new
setText ("Yes."};

.setBackground {(new
.setText ("No."):
JRadioButton3i.

setBackground (new

java.awt.event.ActionListener () {

public void actionPerformed (ActionEvent e)

Color{l51,
Color ({151,
Color {151,

Color (151,

Color (151,
Color (122,
Color(lzz,
Colori{lze,
Color (122,
Color(lz2z,
Color(l22,
Color (122,

Color(l22,

.addActionlistener (new

jRadioButton35_actionPerformed{e):

}
i
jRadioButton35

JjRadioButton3?
jRadioButton3sg

.setText ("Yes. "),
jRadioButton3b.
jRadioButton36.
jRadioButton36.
jRadioButton3?.

setBackground (new
setText ("No.");
setBackground (new
setText ("No.");

.setBackground (new
.addActionListener {new

java.awt.event.ActionListener () {

public void actionPerformed{ActionEvent e)

Color(122,
Color(i2z,

Color{l22,

jRadioButton38 actionPerformed(e};

}
by

jRadioButton38.

setText ("Yes. ")

jRadioButton38.setBackground(new Color{l22,
jRadioButton39%.addActionlListener (new
java.awt.event.ActionListener () {

public void actionPerformed (ActionEvent e}

JjRadioButton39 actionPerformed(e);:

1
P i

235,
235,
235,

235,

.setMinimumSize {new Dimension (10,
jRadioButton25.
jRadioButton26.

235,
150,
150,
150,
150,
150,
150,
150,

150,

{

150,
150,

150,

{

150,

{

255));
255)) ;
259)};

235)):

25)):
setPreferredSize (new Dimension (50,

23));
255));
255));
255)};
255));
255));
253} );
255));
233}));

255} )

255));
255)1);

255));

255)) ¢

jRadioButton39.addItemlListener (new java.awt.event.ItemListener ()

public void itemStateChanged({ItemEvent e}
jRadicButton39 itemStateChanged(e);

}
Yy

jRadicButton39.

setText ("Yes."}:

jRadioButton39.setBackground{new Color (122,

{

150,

255)});
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jRadioButtond0.setText {"No.");
jRadioButtond0.setBackground (new Color {122, 150, 255));

jButton2.setText {"Reset");
jPanel2.setBackground{Color.cyan) ;
jPanell.setPreferredSize (new Dimension (600, 400));
jPanel?.setlayout (verticalFlowLayout3);
jPanel3.setBackground(new Color {122, 150, 255));
jPanel3.setPreferredSize (new Dimensicn (400, 250));
jPanel3.setlLayout (verticalFlowLayout2);
jPanell.setPreferredSize (new Dimension (800, 500)});
jPanell.setToolTipText ("");
jLabel2.setFont (new java.awt.Font ("Dialog", 1, 12});:
jLabel2.setText ("DZ2. Have you ever tried to reuse codes or models
designed by other " +
"designers?
"o
" (1] ) '.
iLabel3.setFont {(new java.awt.Font("bPialog", 1, 12)):
jLabel3.setText {"D3. Do the designers in your organisation
commonly reuse codes or " +
"models?
n +
" II) ;
jlLabeld.setBackground(Color.blue);
jlLabeld.setFont (new java.awt.Font ("Dialog™, 1, 12}};
jLabeld.setText ("D4. Have you ever tried to reuse models from
your previour project " +
"or models from your designed by other designers?");
jLabel5.setFont (new java.awt.Font("Dialog"”, 1, 12})};
jLabel5.setText ("D5. Do you refer to the software components that
can be used in the " +
"particular project that are available for reuse? ")
jLabelé.setFont (new java.awt.Font ("Dialog", 1, 12));
jLabel6,.setText ("D&é. Do the designers lock for reusable
components that are used in " +
"the early phases of the life-cycle?
")
jLabel7.setFont (new java.awt.Font("Dialog", 1, 12));:
jLabel7.setText ("D7. Do you share/exchange reusable components
with other team members? " +
" +
L1 ll) ;
jLabel8.setFont (new java.awt.Font ("Dialog", 1, 12});
jLabelB.setText ("D8. Do the designers identify new candidate
reusable components? " +
" +
" '") ',
jLabel9.setFont{new java.awt.Font("Dialeg", 1, 12)};:
jLabel9.setText ("D9. Are the candidate reusable components
documented by the designers " +
"for future reuse?
n +
n I'l') ;

jLabellQ.setFont (new java.awt.Font{("Dialog", 1, 12));
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jLabell0.setText ("D10. Have you ever tried to reuse codes or
models designed or documented " +
"for reuse?
" +
" ll) '.
jLabelll.setFont (new java.awt.Font ("Dialog", 1, 12));
jLabelll.setText ("D11l. Are there any reuse guidelines used in
your organisation? v+
n +
n I‘l) ',
jLabell2.setFont (new java.awt.Font("Dialog", 1, 12));
jLabell2.setText ("D12. Does your organisation have reuse
catalogue? "o+
n +
L1 ") ’.
jLabell4.setFont (new java.awt.Font("Dialog", 1, 12));
jLabell4d.setText ("M7. ");
jLabellS.setFont {new java.awt.Font("Dialog™, 1, 12));
jLabellS.setText ("M6. Are there any mechanism in your
organisation that encourage sharing " +
"and reuse?");
jLabellé.setFont (new java.awt.Font("Dialog"™, 1, 12});
jLabellé6.setText ("M5., Is there a reuse sponsor in your
crganisation?");
jLabell?.setFont (new java.awt.Font("Dialog”, 1, 12});:
jLabell7.setText ("M4. Is management ready to provide funding? "};
jLabell8.setFont (new java.awt.Font{"Dialog", 1, 12}));
jLabell8.setText ("M3. Is there a formal incentive program in
place or planned?");
jLabell9.setFont {new java.awt.Font{"Dialog", 1, 12)}};
jLabelll.setText ("M2. Does your organisation have resocurces
commited to supporting " +
"a reuse progam?");
jLabel20.setFont (new java.awt.Font{"Dialog", 1, 12}):
jLabel20.setText ("M1. Is reuse accepted by upper management?");

databasel.setConnection (new
com.borland.dx.sqgl.dataset.ConnectionDescriptor ("jdbc:borland:dslocal
:C:\\shilpa\\ReuseSupportTool.jds", "ensd", "", falsae,
"com.borland.datastore.jdbc.DataStoreDriver")};
guerybataSetl.setQuery (new
com.borland.dx.sqgl.dataset.QueryDescriptor (databasel, "select
RESPONSEDATA.QUES ID, RESPONSEDATA.ANSWER,
REUSEKNOWLEDGEBASE. ANSWERAN" +
"from RESPONSEDATA, REUSEKNOWLEDGEBASE\nwhere
RESPONSEDATA.QUES__ID "ot
"= REUSEKNOWLEDGEBASE.QUES_ID\n", null, true, Load.AS NEEDED));
jPaneld.setLayout (borderLayoutl};
jdbStatuslabell.setText ("jdbStatusLabell"};
jdbStatusLabell.setlataSet {queryDataSetl);
jButton3.setMinimumSize (new Dimension (30, 27));
jButton3.setPreferredSize (new Dimension (150, 27)});
jButton3.setText {("Save Changes"};
jButton3.addActionlistener(new java.awt.event.ActionListener () ({
public void actionPerformed{ActionEvent e) {
jButton3 actionPerformed(e);
}
)i
jdbTablel.setDataSet (queryDataSetl);
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jdbNavToclBarl.setDataSet {queryDataSetl);

jLabell3.setFont (new java.awt.Font("Dialog", 1, 12)});
jLabell3.setText ("D13. Does your organisation have a reuse
library? "ot
" +
[1] l'l') ;
jRadiocButton2.setText {"No."};
jRadioButton?.setBackground (new Color {151, 235, 255}));
jRadioButtoenl.addActionListener (new
java.awt.event.ActionListener(} {
public void actionPerformed{ActionEvent e) {
jRadioButtonl_actionPerformed(e);
}
by:
jRadioButtonl.setText ("Yes.™);
jRadicButtonl.setBackground{new Color {151, 235, 255));:
jPanelé6.setBackground(Color.cyan};
jPanel7.setBackground (Color.cyan);
jPanel8.setBackground (Color.cyan);
jPanel9.setBackground(Color.cyan);
jPanell0.setBackground({Color.cyan};
jPanelll.setBackground(Color.cyan);
jPanell2.setBackground(Color.cyan);
jPanell3.setBackground(Color.cyan);
jPanel5.setBackground(Color.cyan);
jPanelS5.setlayout (flowLayout?2};
jPanell?7.setBackground(Color.cyan);
jPanell6.setBackground(Color.cyan);
jPanell5.setBackground(Color.cyan);
jPanelld.setBackground{Color.cyan);
jlLabell.setFont {new java.awt.Font("Dialog", 1, 12));
jLabell.setText ("Di. Do the designers in your organisation Xnow
about reusable components? " +
L]
" +
n ") ;
queryDataSetZ2.setResolveQrder{new String[] {"RESPONSEDATA",
"REUSEXNOWLEDGEBASE"}) ;
queryDataSet2.setQuery (new
com.borland.dx.sqgl.dataset.QueryDescriptor (databasel, "select
REUSEKNOWLEDGEBASE.QUES_ID, REUSEKNCOWLEDGEBASE .ANSWER \nfrom " +
"REUSEKNOWLEDGEBRASE, RESPONSEDATA\nwhere
REUSEKNOWLEDGEBASE.QUES__ID " or
"= RESPONSEDATA.QUES_ID", null, true, Load.AS NEEDED)};
dBDisposeMonitorl.setDataAwareComponentContainer (this};
jTabbedPanel.add(jPaneld, "RESPONSE DATA")};
jPanel4.add{jdbNavToolBarl, BorderLayout.NORTH);
jPaneld.add{jdbStatusLabell, BorderLayout.SQUTH};
jPaneld.add{tableScrollPanel, BorderLayout.CENTER);
tableScrollPanel .getViewport{) .add{jdbTablel, null);
jPanel4.add{jButton3, BorderLayout.EAST};
jTabbedPanel.add(jPanel3, "MANAGEMENT QUESTIONNAIRE");
jPanel3.add{jLabel20, null);
jPanel3.add{jLabell9, null);
jPanel3.add(jLabell8, null);
jPanel3.add{jLabell?, null);
jPanel3.add(jLabells, null);
jPanel3.add{jLabell5, null);
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//jPanel3.add(jLabelld, null);
jTabbkedPanel.add{jPanel2, "DESIGNER QUESTIONNAIRE");
jPanell.add{jTabbedPanel, null);
jPanell.add{jButtonl, null);

jPanell.add{(jButton2, null);

jPanel3.add{jLabel20, null);
jPanel3.add{jRadioButton3%, null);
jPanel3.add(jRadioButtond40, null};
jPanel3.add{jLabell9, null);
jPanel3.add(jRadicButteon38, null);
jPanel3.add{jRadioButton37, null};
jPanel3.add(jLabell8, null);
jPanel3.add(jRadioButton35, null);
jPanel3.add(jRadioButton36, null);
jPanel3.add(jLabell?, null};
jPanel3.add(jRadicButton33, null);
jPanel3.add (jRadicButton34, null);
jPanel3.add(jLabell6, null};
jPanel3.add(jRadicButton3l, null);
jPanel3.add(jRadioButton32, null};
jPanel3.add(jLabell5, null);
jPanel3.add{jRadioButton30, null};
jPanel3.add(jRadioButton29, null});

jPanel5.add(jLabell, null};
jPanel5.add{jRadioButten25, null);
jPanel5.add(jRadiocButton26, null};

jPanelé.add(jLabel2, null};
jPanelé.add(jRadiocButton23, null);
jPanelé.add(iRadioButton24, null);

jPanel?.add(jLabkel3, null);
jPanel?.add(jRadioButton2l, null);
jPanel?.add(jRadioButton22, null);

jPanelB.add{jLabel4, null);
jPanelB.add{jRadioButtonl9, null);
jPanelB.add{jRadioButton20, null);

jPanel9.add(jLabel’, null);
jPanel9.add{jRadicButtonl?, null};
jPanel9.add(jRadioButtenl8, null);

jPanell0.add{jLabelf6, null};
jPaneli0.add{jRadioButtonl5, null);
jPanell0.add({jRadioButtonié, null);

jPanelll.add(jLabel7, null);
jPanelll.,add{jRadioButtenld4, null);
jPanelll.add(jRadioButtonl3, null);

jPanell2.add{jLabel8, null);
jPanell2.add{jRadicButtonll, null);
jPanell2.add(jRadioButteonl2, null);

jPanell3.add (jLabel%, null);
jPanell3.add{jRadicButton®, null);
jPanell3.add (jRadioButtonl0, null};
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jPanelld.add{jLabell0, null);
jPanelld.add(jRadioButton7, null};
jPanelld.add(jRadioButton8, null};

jPanell5.add(jLabelll, null);
jPanell5.add (jRadicButton5, null};
jPanells5.add(jRadioButtoné, null);

jPanell6.add(jLabell2, null);
jPanellé6.add{jRadioButton3, null});
jPanell6.add{jRadioButton4, null);

jPanell7.add(jLabell3, null);
jPanell?7.add(jRadiocButtonl, null};
jPanell?.add(jRadioButton2, null);

jPanel2.add(jPanel5, null);
jPanel2.add(jPanel6, null);
jPanel2.add{jPanel?, null);
jPanel2.add(jPanel8, null);
jPanel2,add({jPanel9, null);
jPanel?2.add(jPanell0, null);
jPanel2.add (jPanelll, null);
jPanel2.add(jPanell2, null);
jPanel2.add{jPanell3, null);:
jPanel2.add(jPanell4, null);
jPanel2.add{jPanell5, null);
jPanel2.add{jPanellé, null);
jPanel2.add{jPanell?7, null);

this.add({jTabbedPanel, null);
this.add (jButtonl, null};
this.add(jButton2, null);
D12.add(jRadioButton3);
D12 .add(jRadioButtond);
D11.add(jRadioButtonb);
D11l.add{jRadioButtoné);
D10.add{jRadioButton?) ;
B10.add (jRadioButton8) ;
D9.add (jRadioButtonl0);
D9.add (jRadioButton9};
D8.add (jRadioButtonl2};
DB8.add (jRadioButtonll};
D7.add (jRadioButtonl3);
D7.add(jRadioButtonld};
D6.add (jRadioButtonl6);
D6.add (jRadioButtonls);
D1.add{jRadioButton25);
Dl.add(jRadioButton26);
D2.add {jRadioButton23);
D2.add(jRadioButton24);
D3.add(jRadioButton22);
D3.add{jRadioButton2l);
D4 .add(jRadioButtonl9);
D4.add{jRadiocButton20);
D5.add(jRadioButtonl?);
D5.add{jRadioButtonl8);
M1.add{jRadicButton39);
M1.add (jRadioButtond0) ;
M2.add{jRadioButton38);
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M2.add{jRadioButton37};
M3.add (jRadioButton3s};
M3.add {jRadioButton3é};
M4 .add (jRadioButten33};
M4 .add {(jRadioButton34d};
M5.add (jRadioButton3i);
M5.add (jRadioButton32);
M&.add (jRadioButton30);
M6&.add (jRadioButton29);
M7.add(jRadicButton27);
M7.add(jRadioButton28};
queryDataSet2.setMasterLink (new
cem.borland.dx.dataset .MasterLinkDescriptor (queryDataSetl, new

String[] ("QUES_ID", "ANSWER"}, new String[] {"QUES_ID", "ANSWER"),

false, true, false});

void jButtonl_actionPerformed{ActionEvent e} {
}

void jButton3 actionPerformed{ActionEvent e) {
try{
databasel.saveChanges (gqueryDataSetl};
databasel.saveChanges (querybDataSet2);
System.out.println{"Save changes succeeded");

}

catch (Exception ex){
DBExceptionHandler.handleException{ex):
}

void jRadiocButten39 actionPerformed({ActionEvent e) {

void jRadioButton39 itemStateChanged(IltemEvent e}

void jRadioButton38_actionPerformed{ActionEvent e} {

void jRadioButton35 actionPerformed (ActionEvent e} {

void jRadioButten7 actionPerformed{ActionEvent e} ({

void jRadioButton3_actionPerformed(ActionEvent e} |

void jRadioButtonl® actionPerformed{ActionEvent e) {

void jRadioButtonl0_actionPerformed(ActionEvent e} |

void jRadicButtonl actionPerformed(ActionEvent e) {
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import
import
import
import
import
import
import

javax.swing.*;
javax.swing.JPanel;
java.awt.event.*;

java.awt.*;

com.borland. jbecl.layout. *;
com.borland.dbswing.*;
com.borland.dx.sqgl.dataset.*;

//import com.borland.jbcl.layout.*;

/*i-

* Title: Reuse Agent Demonstration

* Description: The purpose of this application is to demonstrate
the functionality of the reuse agent.

* Copyright: Copyright (c) 2004

* Ceompany: Loughborough University

* @author

* @version 1.0

>/

public class FormulateReuseValueNet extends JPanel(
DataModulel datamod = DataModulel.getDataModule():

JSplitPane jSplitPanel =
JPanel jPanell = new JPanel ();
JPanel jPanel2 = new JPanel();
BorderLayout borderlLayoutl = new BorderLayout():;

new JSplitPane(};

JLabel jLabell = new JLabell();
JLabel jLabel2 = new JLabel{):;
JLabel jLabel3? = new JLabel(};
JLabel jLabeld4d = new JLabel();
JLabel jLabelb = new JLabel(};
JLabel jLabel6 = new JLabel ();
JLabel jLabel7 = new JLabel();
JLabel jlabel8 = new JLabel();
JLabel jLabelS = new JLabel();
JLabel jlabell) = new JLabel ();
JLabel jLabelll = new JLabel();

Borderlayout borderlayout2 = new BorderLayout (};
JdbNavToolBar jdbNavToolBarl = new JdbNavToclBar();
JdbStatusLabel jdbStatuslabell = new JdbStatusLabel();
TableScrollPane tableScrollPanel = new TableScrollPane();

JdbLabel jdblabel3 = new Jdblabel ();
JdbLabel jdbLabel4 = new JdbLabel ();
JdbLabel jdbLabel$ = new JdbLabel():
JdbLabel jdblLabelé = new JdbLabel ();
JdbLabel jdbLabel? = new JdbLabel():
JdbLabel jdbLabel8 = new JdbLabel();
JdbLabel jdbLabeld = new JdbLabel();
JdbLabel jdbLabell0 = new JdblLabel ();
JdbLabel jdbLabelll = new Jdblabel():

JPanel jPanel3 =
JLabel jLabell2 =

new JPanel (};
new JLabel!);
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JdbTextArea jdbTextAreal = new JdbTextArea();
Database databasel = new Database(};
QueryDataSet queryDataSetl = new QueryDataSet():

public FormulateReuseValueNet () {
try {
ibInit () ;
}
catch (Exception e}
e.printStackTrace();
}

}

private void jbInit () throws Exception |
jSplitPanel.setOrientation(JSplitPane.HORIZONTAL SPLIT);
jSplitPanel.setOneTouchExpandable {true); N
jSplitPanel.setDividerLocation (600);

jPanell.setBackground{new Color (151, 190, 255));
jPanell.setPreferredSize {new Dimension {500, 60Q))};
jPanell.setLayout {borderLayoutl);
jPanel2.setPreferredSize {new Dimension {500, 500));
jPanel2.setLayout {borderLayout2);

jdbStatusLabell.setText ("jdbStatusLabell");
jdbStatusLabell.setDataSet (queryDataSetl};
jdbNavToolBarl.setDataSet (queryDataSetl);

jdbLabell.setFont (new java.awt.Font("Dialog", 1, 12}};
jdbLabel3.setText ("Prokblem Area :");
jdbLabel3.setBounds (new Rectangle (38, 90, 95, 17)):
jdbLabeld.setFont (new java.awt.Font("Dialog", 1, 12)});
jdbLabeld.setText {("Conflict :");
jdbLabeld.setBounds (new Rectangle {40, 196, 53, 17));
jdblLabelS5.setFont (new java.awt.Font("Dialog", 1, 12)};
jdblLabel5.setText ("Player :");

jdbLabelb.setBounds {new Rectangle {40, 145, 50, 17)};
jdbLabelé.setFont {new java.awt.Font("Dialeg", 1, 12));
jdbLabelé6.setText ("Reuse Process Pattern :");
jdblabel6.setBounds {new Rectangle (35, 377, 155, 17));
jdblLabel7.setFont (new java.awt.Font({"Dialog", 1, 12)};
jdbLabel7.setText {"Solution :");
jdbLabel7.setBounds (new Rectangle {40, 254, 55, 17));

jdbLabel8.setText ("jdbLabelB");
jdbLabel8.setColumnName ("PROBLEM AREA"};
jdbLabel8.setDataSet (queryDataSetl};
jdbLabel8.setBounds (new Rectangle (59, 119, 149, 17}}:
jdbLabel9.setText ("jdbLabel8");
jdbLabel9.setColumnName {("PLAYER");
jdbLabel9.setDataSet {queryDataSetl);
jdbLabel9.setBounds (new Rectangle (62, 171, 154, 17));
jdbLabelll.setText ("jdbLabell0");
jdbLabell0.setColumnName ("CONFLICT");
jdbLabell{.setDataSet (queryDataSetl};
jdbLabelll.setBounds (new Rectangle(%9, 223, 291, 17)};
jdbLabelll.setText {"jdbLabelll"};
jdbLabelll.setColumnName ("REUSE_PROCESS PATTERN");
jdbLabelll.setDataSet (queryDataSetl);
jdbLabelll.setBounds (new Rectangle (59, 411, 277, 17));
jPanel3.setLayout (null);

221



Source Code

jLabell2.setFont (new java.awt.Font("Dialog", 1, 12)});
jLabell?.setText ("POSSIBLE SOLUTIONS™);
jLabell?.setBounds (new Rectangle (196, ¢, 158, 17));
jdbTextAreal.setBackground (new Color{144, 152, 160));
jdbTextAreal.setPreferredSize (new Dimension {20, 35));
jdbTextAreal.setText {"idbTextAreal);
jdbTextAreal.setRows (5);

jdbTextAreal.setColumnName ("SOLUTION") ;
jdbTextAreal.setDataSet (querybataSetl);
jdbTextAreal.setBounds {(new Rectangle (56, 277, 312, 92));

jPanel3.setPreferredSize (new Dimension {400, 300)});

databasel.setConnection(new
com.borland.dx.sql.dataset.ConnecticnDescriptor ("jdbc:borland:dslocal
:C:\\shilpa\\ReuseSupportTeol.jds"™, "ensd", "", false,
"com.borland.datastore. jdbc.DataStoreDriver")};
queryDataSetl.setQuery(new
com.borland.dx.sqgl.dataset.QueryDescriptor (databasel, "select
REUSEKNCWLEDGEBASE .CONFLICT, REUSEKNOWLEDGEBASE.PLAYER,
REUSEKNOWLEDGEBASE . PROBLEM AREA, " +
"REUSEKNOWLEDGEBASE .REUSE PROCESS PATTERN,
REUSEKNOWLEDGEBASE.SOLUTION " +
"from REUSEKNOWLEDGEBASE, RESPONSEDATA\nwhere
REUSEKNOWLEDGEBASE.QUES ID " +
"= RESPONSEDATA.QUES ID and RESPONSEDATA.ANSWER = \'NC\'",
null, true, Load.ALL)};
this.add(3SplitPanel, null);

JInternalFrame frame = new JInternalFrame ("Reuse Value Net",
true, true, true, true);

Container container = frame.getContentPane();

container.setBackground (new Color (110, 140, 253));

ReuseValueNet rvn = new ReuseValueNet ():;

rvn.setBackground (new Color (151,190,255));

container.add{rvn, BorderLayout.CENTER);

frame.pack{};

frame.setS5ize(400,400);
frame.setVisible {true);

jSplitPanel.add{jPanel2, JSplitPane.BOTTOM);
jPanel?.add(jdbNavToolBarl, BorderLayout.NORTH};
jPanel2.add(jdbStatusLabell, BorderLayout.S0UTH};
jPanel?.add(tableScrellPanel, BorderLayout.WEST};
jPanel?2.add{jPanel3, Borderlayout.CENTER);
jPanel3.add(jdbLabel3, null);
jPanel3.add(jdbLabel5, null});
jPanel3.add({jdbLabel9, null);
jPanel3.add(jdbLabel8, null);
jPanel3.add{jdbLabeld4, null};
jPanel3.add{jLabell2, null)};
jPanel3.add{jdbLabell0, null);
jPanel3.add(jdbLabel7, null);
jPanel3.add(jdbTextAreal, null);
jPanell.add({jdbLabelll, null);
jPanel3.add({jdbLabelé, null);

jSplitPanel.add{jPanell, JSplitPane.TOP};
jPanell.add(frame, BorderLayout.CENTER);
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}
}// end class FormulateReuseValueNet?

class ReuseValueNet extends JPanel(
DataModulel datamcd = DataModulel.getDataModule();
JdbLabel jdbLabel Player = new JdbLabel();

public ReuseValueNet (}
{
}

// display Strings in different fonts and colors
public void paint({ Graphics g )
{
// call superclass's paint method
super.paint{ g };

g.setColor{Color.black);
// set current font to Ser

//if (Times), bold, 12pt
// and draw a string

g.setFont{ new Font{ "Serif", Font.BOLD, 16 ) );
g.drawString( " Customers", 220, 100 };
g.setColor (Color.red);

g.setFont{ new Font{ "Serif", Font.BOLD, 16 ) };
g.drawString( "System Designers, ", 160, 120 };
g.setColor (Color.black):

g.setFont{ new Font{ "Serif", Font.PLAIN, 16 } };
g.drawString( " Organisation", 285, 120 );
g.setFont{ new Font( "Serif”, Font.BOLD, 16 ) );

g.drawString( " Competitors", 5, 220 };

g.setFont{ new Font( "Serif”, Font.PLAIN, 16 } };
g.drawString( ™ Design from scratch, ", 5, 240 );

g.setFont{ new Font{ "Serif", Font.PLAIN, 16 )} };
g.drawString( " NIH-Syndrome, ", 5, 260 };

g.setFont{ new Font( "Serif", Font.PLAIN, 16 } );

g.drawString( ™ other Designers", 5, 280 };
g.setFont ( new Font( "Serif", Font.BOLD, 16 ) };
g.drawString{ " Complementors", 430, 220 };
g.setColor (Color.blue};

g.setFont( new Font( "Serif", Font.BOLD, 16 } };
g.drawString{ " education(training) *, 425, 300 );
g.setColor(Celor.black);

.setFont( new Font( "Serif", Font.BOLD, 16 } };
.drawString{ " Suppliers", 220, 400 );

(ol e]
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g.setFont{ new Font{ "Serif", Font.PLAIN, 16 ) };
g.drawString( " System Experts, ", 170, 420 };:

g.setFont{ new Font{ "Serif", Font.PLAIN, 16 } };
g.drawString( " Management™, 280, 420 );

g.setFont{ new Font{ "Serif'", Font.BOLD, 16 )} );
g.drawString( " Reuse-Driven MSD", 205, 250 );:

.drawLine (260, 270, 260, 380):
.drawlLine (260, 140, 260, 230);
.drawLine (100, 245, 195, 245);
.drawLine (345, 245, 420, 24%);

ToJytegyts Jte;

.drawline (110, 265, 205, 380);
.drawLine (340, 140, 420, 210);
.drawLine {110, 215, 180, 140);
.drawLine (345, 380, 420, 270);

Yo RyTe Vo fyla]

.setFont{ new Font{ "Serif", Font.PLAIN, 16 ) );
.drawString{ " Reuse tools and tech., ", 425, 240 };

Q Q

g.setColor{Color.blue};
g.setFont( new Font( "Serif", Font.BOLD, 16 ) ):
g.drawString{ " Knowledge Bases, ", 425, 260 );

g.setFont{ new Font{ "Serif", Font.BQOLD, 16 ) );
g.drawString{ " Reuse Library, ", 425, 280 ):

g.setColor (Color.black);

m | Builder, ]

packége reuéeageﬁtl}

import javax.swing.*;

import java.awt.*;

import com.borland.dbswing.*;

import com.borland.dx.sgl.dataset.*;
import com.borland.dx.dataset.*;
import java.awt.event.*;

A
* Title: Reuse Agent

* Description:

* Copyright: Copyright (c) 2004

* Company: Loughborough University
* @author

* @Pversion 1.0

*/
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public c¢lass SearchPattern extends JPanel/{
Database databasel = new Database();
QuerybataSet queryDataSetl = new QueryDataSet():
BorderLayout borderlayoutl = new BorderLayout();
JdbNavToolBar jdbNavToolBarl = new JdbNavToolBar(};
JdbStatusLlabel jdbStatusLabell = new JdbStatusLabell();
JPanel jPanell = new JPanel(};
JdblLabel jdbLabell new JdbLabel () ;
JdbLabel jdbLabel? = new JdbLabel();
JdblLabel jdbLabel3 new JdbLabel (};
JdbLabel jdbLabeld new JdbLabel {}:
JdbLabel jdbLabel5 new JdbLabel (};
JdbTextArea jdbTextAreal = new JdbTextArea();
JdbLabel jdbLabelé = new JdbLabel{};
ParameterRow parameterRowl = new ParameterRow{};
JLabel 3jlabell = new JLabel();
JList jListZ2 = new JList{);
JdbList jdbListl = naw JdbList(};
JdbComboBox jdbComboBoxl = new JdbComboBox () ;
JButton jButtonl = new JButton{);
JTextField jTextFieldl = new JTextField();
Column columnl = new Column{};
JdbComboBeox jdbComboBoxZ = new JdbComboBox({};

t

public SearchPattern{() {
try {
jbInit {);
}
catch{Exception e) {
e.printStackTrace();
1
}
private void jbInit () throws Exception {
this.setLayout {(borderLayoutl);
queryDataSetl.setQuery (new -
com.borland.dx.sqgl.dataset.QueryDescriptor (databasel, "select * from
PROCESSPATTERNCATALOGUE\nwhere PATTERN NAME = :pattern_name\n" +
" ", parameterRowl, true, Load.AS_NEEDED));:
databasel.setConnection (new
com.borland.dx.sqgl.dataset.ConnectionDescriptor("jdbc:borland:dslocal
:C:\\shilpa\\ReuseSupportTool.jds", "ensd", "", false,
"com.borland.datastore.idbc.DataStoreDriver"});
jdbStatusLabell.setText ("jdbStatusiLabell”);
jdbStatusLabell.setDataSet (queryDataSetl});
jdbNavToolBarl.setDataSet (querybDataSetl);
jPanell.setLayout (null);
jdbLabell.setFont (new java.awt.Font("Dialog”, 1, 15}});
jdbLabell.setText ("Pattern Name :");
jdbLabell.setBounds (new Rectangle (18, 107, 111, 17));
jdbLabel?.setFont (new java.awt.Font("Dialog", 1, 15});
jdbLabel2.setText ("Pattern Type :");
jdbLabelZ2.setBounds (new Rectangle (24, 143, 108, 17)):
jdbLabel3.setFont (new java.awt.Font("Dialog", 1, 15}};
jdbLabel3.setText ("Purpose :"});
jdbLabel3.setBounds (new Rectangle (58, 178, 76, 17)}:
jdbLabeld.setFont (new java.awt.Font("Dialog", 0, 14}};
jdbLabeld.setText ("jdbLabeld");
jdbLabel4.setColumnName (" PATTERN NAME");
jdbLabel4.setDataSet (queryDataSetl);
jdbLabeld4.setBounds (new Rectangle (145, 110, 344, 17)};
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jdbLabel5.setFont {new java.awt.Font{"Dialog", 0, 14)};:
jdblabel5.setText ("jdbLabel5");

jdbLabel5.setColumnName ("PATTERN_TYPE") ;
jdbLabel5.setDataSet (queryDataSetl);
jdbLabel5.setBounds {new Rectangle (145, 144, 180, 17));
jdbTextAreal.setBackground({new Color (144, 152, 160}}:
jdbTextAreal.setFont (new java.awt.Font({"Dialog", 0, 14});
jdbTextAreal .setPreferredSize (new Dimension (40, 17));
jdbTextAreal .setText ("]dbTextAreal");
jdbTextAreal.setColumnName (" PURPOSE") ;
jdbTextAreal.setDataSet (queryDataSetl);
jdbTextAreal.setBounds (new Rectangle {141, 182, 229, 74})):
jdbLabelé.setFont {new java.awt.Font ("Dialog”, 1, 16}};
jdblLabel6.setText ("SEARCH RESULT");
jdblLabelé6.setBounds (new Rectangle (85, 66, 165, 17));
jLabell.setFont (new java.awt.Font("Dialoeg™, 1, 14));
jLabell.setText ("Select Pattern :");
jLabell.setBounds (new Rectangle (31, 26, 1lle6, 17)};

jdbComboBoxl.setItems (new String[] {"Build a reuse library",
"Create reusable component”, "Select reusable component”}};

jdbComboBoxl.setBounds (new Rectangle (173, 22, 195, 21});

jButtonl.setFont (new java.awt.Font("Dialog”, 1, 12)});

jButtonl.setText {"Search");

jButtonl.setBounds (new Rectangle(340, 23, 79, 27)):

jButtonl.addActionListener (new java.awt.event.ActionlListener () {

public void actionPerformed(ActionEvent e} {
jButtonl_actionPerformed(e):;
}

P)i

jTextFieldl.setText {"jTextFieldl");

jTextFieldl.setBounds {new Rectangle(l6l, 25, 123, 21));

colunnl.setColumnName ("pattern_name™);

columnl.setDataType {com.borland.dx.dataset.Variant.,.STRING) ;

columnl.setServerColumnName {"NewColumnl®) ;

columnl.setSqlType (0} ;

parameterRowl.setColumns (new Column(] {columnl}};

jdbComboBox2.setToolTipText ("");

jdbComboBox2 . setltems (new String[] {"Select reusable components",
"Create reusable component”, "Determine the types of components to
search for",

"Determine the source of reusable components”, "Look for
existing reusable systems", "Determine the availability of
resources'”,

"Search reuse library and catalogue", "Search for reusable
components", "Selected reusable component report",

"Generalise component”, "Standardise component”, "Automate
component"”, "Certify component”", "Prepare compocnent”,

"Build reuse library", "Create reuse documentation for the
component"”, "Define the types of components to be stored”,

"Plan for growing reuse library", "Select components”,

"Create reusable component documentation™”™, "Design physical storage
for the library",
"Design logical structure of the 1library”, "Define the

classification scheme", "Select reuse support tool",
"Set up a reuse catalogue", "Define reuse library personnel
support™});
jdbComboBox2.setBounds (new Rectangle (147, 24, 177, 21}));
this.add(jdbNavToolBarl, BorderLayout.NORTH};
this.add(jdbStatusLabell, BorderLayout.SOUTH);
this.add (jPanell, BorderLaycut.CENTER);
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jPanell.add(jdbLabel3, null):;
jPanell.add(jdblabel2, null);
jPanell.add(jdbLabell, null};
jPanell.add(jdbLabelf, null);
jPanell.add(jLabell, null};
jPanell.add(jList2, null);
jPanell.add(jdbListl, null};
jPanell.add(jdbTextAreal, null});
jPanell.add(jdbLabel5, null):;
jPanell,add(jdbLabeld4, null);
jPanell.add{jdbComboBox2, null);
jPanell.add(jButtonl, null);

}

void jButtonl_ actionPerformed(ActionEvent e) {

try {

parameterRowl.setString("pattern_name”,
(String} (jdbComboBox2.getSelectedItem())):

gueryDataSetl.refresh{(};

}

catch (Exception ex) {

ex.printStackTrace () ;

import java.awt.*;

import java.awt.event.*;

impert javax.swing.*;

import javax.swing.JOptionPane;

/**

~ Title: Reuse Agent

* Description:

* Copyright: Copyright (<) 2004

* Company: Loughborough University
* RGauthor

* Bversion 1.0

A-/

class DisplayPattern extends JPanel {

private ImageIcon imagelcon;

String patternName;

// load image

public DisplayPattern(}

{

patternName = JOptionPane.showInputDialog("Enter Pattern

Name") ;

imageIcon = new Imagelcon{ "e:/Reuse Process Pattern
Library/"+patternName+".png" );
}

// display imagelcon on panel
public void paintComponent({ Graphics g )
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// call superclass paintComponent method
super.paintComponent ( g };

// display icon
imageIcon.paintIcon({ this, g, 0, 0 };
1

// return image dimensions
public Dimension getPreferredSize()
{
return new Dimension( imagelcon.getIconWidth(},
imageIlcon.getIconHeight () };

i

} // end class MyJPanel

fcreatedwith BB uilder
package reuseagentl;

import java.awt.*;

import java.awt.event.*;

import com.borland.dx.dataset.*;
import com.borland.dx.sqgl.dataset.*;
import com.borland.dbswing.*;

/*Jr
* Title: Reuse Agent
* Description:
* Copyright: Copyright (c}) 2004
* Company: Loughborough University
* @fauthor &.Dani
* @version 1.0

/

public class DataModulel implements DataModule {

private static DataModulel myDM;
Database databasel = new Database({);
QueryDataSet reuseknowledgebase = new QueryDataSet():
JdbStatusLabel jdbStatuslabell = new JdbStatusLabel();
public static DataModulel getDataModule{} ({

if {(myDM == null) {

myDM = new DataModulel();

}

return myDM;
}

public DataModulel () {
try {
jbInit () ;
}
catch (Exception e) {
e.printStackTrace();
}
}

private void jbInit ()} throws Exception {
jdbStatusLabell,setText ("jdbStatusLabell”);
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jdbStatusLabell.setDataSet {reuseknowledgebase) ;

reuseknowledgebase. setQuery (new
com.borland.dx.sqgl.dataset.QueryDescriptor (databasel, ™SELECT
REUSEKNOWLEDGEBASE.ANSWER,REUSEKNOWLEDGEBASE.PROBLEM_AREA,REUSEKNOWLE
DGEBASE.PLAYER, REUSEKNOWL" +

"EDGEBASE.CONFLICT, REUSEKNOWLEDGEBASE . REUSE_PROCESS PATTERN, REUSEKNOW
LEDGEBASE.SOLUTION " +
"FROM REUSEKNOWLEDGEBASE WHERE REUSEKNOWLEDGEBASE.ANSWER=\'NO\'
GROUE " +
"BY REUSEKNOWLEDGEBASE.CONFLICT ORDER BY
REUSEKNOWLEDGEBASE . PLAYER", null, true, Load.ALL)):
databasel.setConnection (new
com.borland.dx.sql.dataset.ConnectionDescriptor("jdbc:borland:dslocal
:CiN\shilpa\\ReuseSupportTool. jds", "ensd", "", false,
"com.borland.datastore.jdbc.DataStoreDriver"});
}
public Database getDatabasel () {
return databasel;
}
public QueryDataSet getReuseknowledgebase() {
return reuseknowledgebase;

}

package reuseagentl;

import java.awt.*;

import java.awt.event.*;

import com.borland.dx.dataset.*;
import com.borland.dx.sqgl.dataset.*;

/**

* Title: Reuse Agent

* Description:

* Copyright: Copyright {(c} 2004

* Company: Loughborough University
* Bauthor

* @version 1.0

>/

public class DataMod MasterDetail implements DataModule {

private static DataMod MasterDetail myDM;
Database databasel = new Database();
QueryDataSet responsedata = new QueryDataSet()};:
Database database?2 = new Database():;
QueryDataSet queryDataSetl = new QueryDataSet();
ParameterRow parameterRowl = new ParameterRow();
Column celumnl = new Column{};
public static DataMod MasterDetail getDataModule{) {

if (myDM == null) {

myDM = new DataMod MasterDetail();
}
return myDM;

}

public DataMod MasterDetail{) ({
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try |
jbInit();
}
catch (Exception e) {
e.printStackTrace();
}
)
private void jblInit() throws Exception {

columnl. setColumnName {"ANSWER"} ;

columnl.setDataType (com.borland.dx.dataset.Variant.STRING);

columnl.setServerColumnName ("NewColumnl™) ;

columnl.setSqlType (0):

gqueryDataSetl.setQuery(new
com.borland.dx.sgl.dataset.QueryDescriptor (database2, "select * from
REUSEKNOWLEDGEBASE where REUSEKNOWLEDGEBASE.ANSWER " +

"\nwhere REUSEKNOWLEDGEBASE.ANSWER = :ANSWER", responsedata, true,
Load.AS_NEEDED));

database2.setConnection (new
com.borland.dx.sgl.dataset.ConnectionDescriptor{"jdbc:borland:dslocal
:C:\\shilpa\\ReuseSupportTool.jds", "ensd", "", false,
"com.borland.datastore. jdbc.DataStoreDriver"));

databasel.setConnection (new
com.borland.dx.sqgl.dataset.ConnectionDescriptor ("jdbc:borland:dslocal
:C:\\shilpa\\ReuseSupportTool.jds", "ensd", "", false,
"com.borland.datastore. jdbec.DataStoreDriver™)};

queryDataSetl.setMasterLink (new
com.borland.dx.dataset.MasterLinkDescriptor{responsedata, new
String[] {"ANSWER"}, new String[) ("ANSWER"}, true, false, false));

parameterRowl.setColumns (new Column|[} {columnl}};

}

public Database getDatabasel() {
return databasel;

}

public QueryDataSet getResponsedata() {
return responsedata;
}

public com.borland.dx.sql.dataset.Database getDatabase2 () {
raeturn databasel2;
}

public com.borland.dx.sqgl.dataset.QueryDataSet getQueryDataSetl() {
return queryDataSetl;

}

public com.borland.dx.dataset.ParameterRow getParameterRowl () {
return parameterRowl;

}

230








