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Front, and following page: Two fragments of the series Star Trek. The New Generation actor is requesting
two ‘Calamaanse sherry’ from the ship's computer, to have them manufactured and available immediately.
The ability to move along the manufacturing process at such pace, is the real-world goal of mass
customising agile manufacturers.

People, calling this Star Trek utopia total nonsense, especially when also agreeing the statements below,

should definetely read this report carefully!

Mass-produced clothing will always be cheaper than clothing produced on an individual basis.
{Johnson [g]).

New technology is not developed for each project. More often it is a matier of cleverly combining
existing elements, Real custom work is far to ¢ It’s like saying "I need a car with such and such
specifications, and 1 will have it made to order. at 1s out of the gquestion. (H. Keizer, director of
Philips Sales Organisation, supplying complete systems for furnishing buildings {Mastenbroek [44])).
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Abstract

Customer requirements become tougher and tougher in today’s mature buyers’ markets. In order to still be
able to distinguish from competitors, it will even be necessary to manufacture products to the specific
needs of each individual customer. This demands a dramatic increase in overall flexibility of mass
producing companies, like many parts of Philips, active in these dynamic markets. It will be discussed and
explained that extremely flexible systems, capable of even mass customising products, can outperform
Mass Production systems in these dynamic markets. The report indicates which course should be taken by
Philips in becoming such a flexible mass customiser.
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Summary

Radios, televisions, textiles, shoes, automobiles and a host of other goods have entered the mature stage
of its life cycle. Its production processes are for purchase by all comers. Therefore, competition could
increase dramatically. But as products get more mature, more and more features have to be accounted for,
in order to attain the same level of perceived quality. Markets are segmented by these mass producers, in
order to try to meet different customer wants and needs better.

But traditional mass producers concentrate to much on technical quality of products. The definitions used
by these mass producers, do not account for individual differences in customer wants and needs. In
today’s highly dynamic markets, their products will not satisfy all potential customers (to the same
extent). Not even when segmenting markets to a high degree. Quality as perceived by the end-user, also
implies the extent to what a product satisfies a customer, exactly the kind of product or service each
customer wants, in the right amount, at the right time, and for the right price. Quality is only then
perceived to be perfect, if products are tailored to the individual requirements of end-users.

Customers will only accept products deviating from being qualitatively perfect (as perceived by them), if
there’s no alternative. When one manufacturer is producing customised products, products of mass
producing rivals will be perceived as qualitatively poor. Their technical perfect products, not capable of
fulfilling individual customer desires, should actually be considered as waste! In calculating cost prices,
technical waste, as well as such ‘out-of-spec’ products should be taken along. Defining quality and costs
like this, is something every mass producer should do. By applying these definitions, the actual efficiency
of manufacturing systems becomes manifest. Inflexible processes can result into products having the
wrong specifications. In products being waste. So much more flexibility is needed, to prevent that.
Current innovations enable products to be economically customised today. By eliminating out-of-spec
products this way, such Mass Customisation systems will actually be less costly in dynamic markets, than
traditional mass producers.

Mass Customisation is the by end-users’ demand activated mass manufacturing of individually
customised products. Being capable of mass customising products, requires a dramatic increase in overall
flexibility of mass producing companies, active in these dynamic markets.

Services are tailored to meet the needs of individual customers. The customer is often even actually
involved in the production process. The identical characteristic that demand activated customised
products (DAMA products) have. The one that differentiates the manufacturers of these customised
goods, chiefly, from their mass producing colleagues. This ability to involve the end-user is precisely the
characteristic that makes physical DAMA products ‘service-like’. Mass Customisation is not just mass
producing products to segments sized one. To manufacture DAMA products properly, both mass
producing competencies, as well as service competencies will be needed. To understand this mix of
competencies better, a metaphor, the customising pizzeria, was very helpful. It has resulted into a number
of findings, with regard to (the quality of) the Mass Customisation of products.

DAMA organisations have to differ from traditional mass producing organisations, in order to be capable
of mass producing such ‘service-like’, customised products. To move away from Mass Production, some
structural innovations are needed at the production organisation, discussed in this report. A move that will
take place almost defacto, if the proper definitions of quality and costs are applied.

After having explicated these characteristics and processes, it would be recommendable to check these in
practice. To this, an actual demand activated manufacturer, Tulip in s’-Hertogenbosch, has been visited.
Because of resemblance’s between Tulip and Philips, the attained insights in visiting Tulip were expected




to be very useful, and valuable for comparing these to Philips. And indeed, the comparison shows a
remarkable resemblance between the findings of the report, and those of Tulip. Also, I found that the
discussed process characteristics of mass customisers, are actually, and clearly, present at Tulip.
Therefore, the attained insights appear to be reasonably correct. Although, further testing would have
been recommendable, yet impossible.

The findings are used in comparing them to flexibility improvement projects at Philips. To improve their
logistic performances, Philips Sound & Vision has raised the FIL Supply Chain Management project.
With the execution of this FIL project, a new value chain model will be constituted. FIL aims at ensuring
satisfied customers, by bringing S&V to World Class Performance. In achieving the desired goal of
becoming World Class in the dynamic markets of S&V in 2005, DAMA should definitely be present in
the future FIL models. But it was not clear how the FIL changes proposed should accomplish this. Philips
should incorporate DAMA, in order to really achieve World Class Performance.

A difficult bottleneck in becoming such a mass customiser, will be the capability of translating ranges of
customer requirements into product design. This requires a platform design. And also the capability of
producing the customised product within one or few days. Requiring product architectures to be ‘DAMA-
enabling’. For instance modularity permits the leveraging of a great number of product variations by
mixing and matching different combinations of functional components. Economies of scale can still be
obtained through the modules rather than the products. The modular components can be used over and
over in different products. Without these capabilities, it is impossible to offer customised products timely,
and less costly. Yet, only by applying the broadened definitions of costs, and quality, it will be clear that
for instance modularity will result into lower overall costs. Tulip has conﬁrmed that they consider this
issue to be the most important enabler for Mass Customisation.

But having ‘DAMA-enabling’ architectures, will not guarantee customer desires to be fulfilled better. The
risk of being out-of-spec, of producing waste, is still there. It is essential to have a real customer
orientation also. Customer requirements should trigger short cyclic assembly processes, as well as long
cyclic development processes. The quality in determining customer requirements properly, determines the
product quality. The extent to what the product will actually satisfy the end-user. And for instance
feedback of Lead-Users, is essential in managing the scope of platform designs properly. Without these
long cyclic processes being penetrated by customers also, designs will probably provide the wrong scope
of customisation.

Next important in starting the move to DAMA, is having responsive, slendered processes. Without, it is
absolutely impossible to fulfil fast changing customer desires timely. Applying principles like Lean
Thinking, Optimised Production Technology, Time-based Competition, Agile Manufacturing, Virtual
Prototyping, and Virtual Manufacturing, is essential in being capable of coping with an increased
competition, increased seasonality, fashion, and other demand variation. By taking more and more time
out of the value chain, less and less (floating) stock will be needed. Also, customer requirements can
reach the plant almost instantly, by electronically integrating the value chain.

If having platform designs, ‘DAMA-enabling’ architectures, a customer orientation, and slender
processes, the techniques for attaining both economies of scale and scope simultaneously are needed. For
instance Electronic Data Interchange, Computer Integrated Manufacturing, Computer Aided Design,
Flexible Manufacturing Systems, etc. Yet, attaining these does not appear to be a severe bottleneck. They
can be bought almost everywhere, pretty ‘simple’, if absent. Implementing these techniques could
possibly bring up (severe?) cultural and organisational problems. Yet investigating this went beyond the
scope of my assignment.




At Philips, practising the principle of Mass Customisation, could expose completely unexpected
problems. Therefore, it’s recommendable to start practising DAMA as fast as possible, in order to put
Philips on the learning curve. But start implementing DAMA at the FIL entities, as discussed in the
report, will probably take much time. In order to get onto the learning curve already now, Philips could
start less complex DAMA projects. This could be done together with a partner. A service company,
having those other competencies needed when mass customising products, besides the mass producing
ones. Precisely for this, the Telepost services of the Dutch PTT have been discussed. A service turning
electronic mail into physical mail. A real DAMA example, executed by a service company. The theories
discussed in this report have been released to this PTT case, in accomplishing an actual, new DAMA
proposal. This by extending these Telepost services currently offered by PTT Post. Executing this
proposal in partnership with the Dutch PTT, can not only be very rewarding itself, yet could also be very
valuable, and informative, in learning how to mass customise products in the future.
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Introduction

1 Introduction

1.1 Introduction

This report is a result of my graduate assignment of the Faculty of Technology Management at the
Eindhoven University of Technology. Paragraph 1.2 describes the department of Philips where this
assignment has been carried out. Radical changes in the market, to be discussed in paragraph 1.3, have
given cause for the execution of this assignment. The increased power of customers, demanding more and
more variety, forces companies to increase flexibility enormously, paragraph 1.4. Finally, paragraph 1.5
describes the structure of this report.

1.2 Company

Philips Electronics is a holding which consisted of nine Product Divisions. Philips Sound & Vision was
such a Product Division, subdivided into several Business Groups. Business Groups like Audio, Video
and Television. Now, these Product Divisions and Business Groups are transitioning into approximately
100 Business Units.

This graduation project has been carried out at the Business Development department of the Advanced
Systems Applications (ASA) Lab, part of the Business Group Television. The Business Development
department is not in particular engaged into the creation of really new business opportunities. Foremost,
it’s engaged into the establishing of new activities, and the improvement of existing ones, for the support
of current businesses.

1.3 Changing markets

As we transition into the twenty-first century there are radical changes taking place that are reshaping the
industrial landscape of western economies. The marketplace has become truly global. There’s an
increasing fragmentation of almost all markets. So companies like Philips have to cope with an increased
competition, increased seasonality, fashion and other types of demand variation. Customers require more
customised products, because they want to be treated individually. Delivering on short lead times and in
quantities to suit customer needs, not manufacturing efficiency.

Companies like Philips gained its dominance through the system of Mass Production, further in this report
abbreviated as MP. The frontier in business competition for most the twentieth century. Those companies
are losing that dominance in large measure because MP could not handle the changes described above.
Henry Ford got a huge organisation at River Rouge to take in iron ore and coal at one end and to turn out
sheet metal on a fully assembled automobile at the other end in less than four days. But he limited his
customers to one product; “You can have it any colour, as long as it’s black”.

Yet, radios, televisions, textiles, shoes, automobiles and a host of other goods have entered the mature
stage of its life cycle. Its production processes are for purchase by all comers. Therefore, competition
could increase dramatically. Really adding value will be done in those mass customising companies,




Flexibility at the production company

according to Maskell [h]. Only the companies able to distinguish, by producing exactly what the
consumers really want, will survive in these highly dynamic markets.

And the call for variety can not simply be disregarded anymore, as Henry Ford did with the colour of his
cars. He could, because he was the only, or one of few, mass producers of cars in the world at that time.
Such a sellers market was characterised by high demand and a relative shortage of supply. In today’s
buyers’ markets, companies can’t afford NOT to listen to its consumers anymore. A company that does
neglect the wishes of the final consumer, or even still neglects to listen at all, will lose the battle with its
competitors. Because at least one of many competitors will listen.

So the increased competition in today’s buyers’ market has enlarged the assortment of alternatives for the
consumers enormously. This has given the consumers an enormous power. A costly example of
overlooking this power, where Philips was involved, has recently been given with the failure of Sport 7.

Figure 1.1: Cartoon showing the neglected power of the consumer by Sport 7. (Collignon [12]).

1.4 The need for delivering quality, for getting flexible

So, customer requirements get more and more varied. Moreover, this call for more variety can not be
ignored. To understand the problem faced with properly, let’s first (re-)define (overall) quality of
products. Quality, of a product or a service, is more than conformance to product specifications. It also
means meeting customer expectations. In (mass) production environments, often the product-based
approach of quality is only used. This definition does not account for differences in customers wants and
needs. It sees quality as a precise and measurable variable. Differences in quality reflect differences in the
amount of some ingredient or attribute possessed by the product (Lovelock [40]). The traditional MP
systems act technology push. Their products will not satisfy all potential customers, nor will they satisfy
all customers to the same extent in today’s buyers’ markets.
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A classic example is the remark made by a former Ford employee about his product: “This is a fantastic
truck, there simply must be a market for it!” The Ford Transcontinental was indeed a first class vehicle,
but it was too heavy and too expensive for the European market. So production had to be stopped
(Mastenbroek [44]). So, despite being technically a highly qualitative product, this Ford didn’t fulfil the
desires of their European customers. Such worthless products should be called qualitatively poor!
Therefore, quality should also imply the extent to what a product satisfies a customer, exactly the kind of
product or service each consumer wants, in the right amount, at the right time, and for the right price. This
is what Lovelock [40] calls the user-based definition of quality. It recognises that quality is only partly
objective, yet also a subjective thing. Even for a mass produced good, the quality will be perceived
differently by each customer.

The aspect of time is deliberately also incorporated in this definition of quality, although not common to
do so. Yet, time is as important in satisfying customers, as the amount of some ingredient, or features of
the product. After all, what good is the deliverance of an extremely tasty ice-cream or hot pizza, if the
client is only able to eat it after an hour. Or a taxi arriving, for bringing you to the airport, if your plane
has already left. (Overall) Quality, could therefore be considered as, ‘simply’ meeting the customers’
requirements, according to Oakland [48].

Moreover, in overall quality, Rommel [56] draws a distinction between design and process quality. He
defines design quality as: “a company’s ability to develop products that meet the demands of the customer
as closely as possible and to manufacture these products with the lowest possible defect rates.“ And
process quality as: “a company’s ability to manufacture and deliver a product to the specifications agreed
with the customer.” Both these definitions contain elements of the product-based, and the user-based
approach of quality.

From these definitions, it can be derived that the call for variety, for better fulfilment of customer
requirements, can be considered as being a call to deliver better quality. In this report the capability of
delivering quality will be defined as being flexible! Then, overall flexibility is the company’s capability to
deliver design quality, and process quality, both product-based as well as user-based. The capability of
meeting fast changing, individual customer requirements. And, all should be achieved at a cost that does
not push the price too high in proportion to the by the customer perceived value of the product.

This definition of overall flexibility covers the flexibility of the current company and its systems. The
flexibility, gained by incorporating a certain bandwidth into the systems. Chosen to be capable of
delivering an expected, by the consumers desired, scope of products and features. Now, and in the (not to
far away) future. Yet, it also covers the extent to what the company is able to react to opportunities,
falling outside this fixed bandwidth. The flexibility in changing these systems, partial or entirely, if
needed.

But, quality depends on what the competition is offering. When Henry Ford was offering his black Ford’s,
nobody was complaining. The alternative was buying a horse and a wagon. But this ‘wagon’ was driving
all by itself! Therefore, the perceived quality was very high, obviously. Although, black was the only
colour. But, imagine walking into a car dealership. You step into a new car, and guess what, there’s no
heating, the chairs can not be adjusted, no safety belts, the only colour is black, etc. You would be
astonished, and asking where the hidden camera stands. Finally, after realising it is no joke, you will sneer
to this dealer that its products are real trash. But, this car could, technically, be the best there is!
Nevertheless the perceived quality will be lower than low. Why? Because it doesn’t contain (standard)
features, incorporated by all competitors. As products get more mature, more and more features have to
be accounted for, in order to attain the same level of perceived quality. Now, for instance, an airbag has
already turned into a common property! Yet, Henry had no need for adding colours. The fulfilment would
not have been much higher, by adding colours, features. Only in a mature market it will. Relatively new
products distinguish enough already, by its new technologies, or concepts.
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Concluding, customer requirements become tougher and tougher in today’s mature buyer’s markets. In
order to still be able to distinguish from competitors, it will even be necessary to manufacture products to
the specific needs of each individual customer. This demand for high quality, highly customised products,
asks for a dramatic increase in overall flexibility of mass producing companies, active in dynamic
markets. More flexibility is needed, and this need can not be ignored, depicted in figure 1.1. So, the
question to be answered in this report is HOW can Philips, partly such a production company, obtain this
flexibility asked for in these dynamic, mature markets.

As for the impact of robotics and other technologies on the factory floor, they've been overstated.

Companies invested heavily in such technologics only to realise that they'd gone too far, In terms of
{lexibility, nothing is as flexible as a person. (Thomas {o]).

Yet, according to Warnick [66] and Thomas above, traditional views of flexibility have centred to much
on manufacturing, the process itself and the machinery used. Important though this may be, full flexibility
only comes with changes in culture, attitudes and organisational structure. From product concept to goods
dispatch, every policy and procedure, system and process must have the objective of improving the
flexibility and responsiveness of the whole company.

Mikio Kitano, Toyota’s director of production engineering, has also long been a proponent of automation
during his career. Yet, in 1990, Kitano argued for paring automation in Toyota plants. It wasn’t paying for
itself to a sufficient degree. He believed, that it was because robots were being used in too many places.
Human beings could do the job just as well, and for less cost. (Miller [45]). Obviously, nothing is as
flexible as a person!

Unfortunately, most productivity immprovements are concentrated at the shop floor level. And in spite
of substantial gams in this arca, @ number of Western countries lose the batde due to rising overhead
cast. Improvement in the manageriol and social infrastructure and the burcaucratic superstructure is

bound to be very rewarding, (Dr. P.P. Naraayanan, President of the International Corporation of Free
Trade Unions, at a symposium in Seoul, South Korea),

Therefore, the flexibility of the production plant is NOT the main topic of this report. Flexibility must be
present in all significant activities; recognition of the situation, determination of strategy, product
development, production (assembly) and marketing. Only limited rationalisations and improvements in
efficiency and flexibility can be obtained if production, assembly is considered in isolation.

In highly dynamic markets, the entire production company has to move away from MP systems like
Ford’s, to new, more flexible ways of organising production. Systems enabling the use of flexible

4
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technologies that do exist. Enabling the creation of new, more responsive processes and management
methods. Exploiting flexibility to more quickly develop and produce new products and services that
(more) closely match individual tastes. These extremely flexible systems, capable of even mass
customising products, form the main topic of this report. It will be discussed and explained that those
systems can outperform Mass Production systems in dynamic markets. The underlying principles,
enablers of those systems will be discussed also. It will be shown how many companies are successful, by
obtaining flexibility through implementing the different principles to be discussed. The report will
indicate which course should be taken by Philips in becoming such a flexible mass customiser. The most
essential steps, in attaining the capability of surviving in these highly dynamic markets, will be
denounced. Also, an actual mass customisation proposal will be given.

1.5 Structure report

Summarising, in order to gain money, customers should be satisfied properly. But customer requirements
become tougher and tougher in today’s mature buyer’s markets. In order to still be able to distinguish
from competitors, companies should be capable of producing high quality, highly customised products.
Being capable of mass customising products, requires a dramatic increase in overall flexibility of mass
producing companies, active in these dynamic markets. This has been depicted in the upper part of figure
1.2, showing the structure of this report.

To make this essential move to Mass Customisation, further abbreviated as MC, the first step should be
the achievement of faster, more responsive processes. These slendered processes will be better capable of
coping with an increased competition, increased seasonality, fashion and other types of demand variation.
Without first achieving such fundamental improvements, any flexible technology tools will only give
minimal benefits. Four principles, for achieving these fundamental improvements, will be discussed in
chapter 2. Lean Thinking, Optimised Production Technology, Time-based Competition, and Agile
Manufacturing.

Survival increasingly depends on the ability to adapt to fast-changing conditions. Big bureaucrats and
clumsy mainframes can’t do that. To become a really flexible organisation, the discussed process
improvements should be implemented into completely new organisational forms. The virtual company, to
be discussed in chapter 3, could well be this organisational model of the years ahead. It consists of a
temporary network of independent business partners: customers, suppliers, even former rivals. This leads
to a flexible, and very dynamic corporate structure. Chapter 3 will also discuss how virtuality can make
the office, and the design process faster, more flexible. Essential in fulfilling customer desires better.

The agile, virtual organisations, are so fast and responsive, enabling to make the next move. The
fulfilment of the exact desires of each individual customer! They are capable of incorporating the
principle of MC. The Mass Production of individually customised goods and services, to be discussed in
chapter 4. Mass customisers produce exactly the product asked for, becoming demand activated this way.
These highly flexible systems enable consumers to activate their power, discussed above. This in contrast
with Mass Production systems.

In order to really become a demand activated mass customiser, it will also be necessary to look at
products differently as used to. In Demand Activated Manufacturing Architectures (DAMA), the
customer deals directly with a salesperson, in determining its exact desires. This interaction with a
potential client is completely new to mass producers of physical goods. Producing what the customer
desires, is something what these manufacturers are not, but service organisations are familiar with.
Therefore, chapter 5 will look at physical goods as if it were actually intangible services. In order to help
understand how to customise physical products properly, a pizzeria metaphor will be used.

After having explicated these characteristics and processes of mass customising products, it would be
recommendable to check these in practice. To this, a real DAMA example, will be discussed in chapter 6.
It will indicate the practical value of the findings of chapter 5. After having looked at this real mass
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customiser, a fairly good image of the flexible organisation should have been obtained by then. An image
that will be compared to the current value chain improvement project of Philips, FIL. Also, the theories
discussed in this report will be released to a PTT case. This to actually accomplish a new DAMA
proposal. Finally, in chapter 7, the resulting conclusions and recommendations will be given. As
mentioned, the discussed structure of the report has been depicted in figure 1.2 below.

e

Ch. 1

e= - Flexibility
Mass Customisation

Ch. 6
Cases of MC

Ch. 4
Principle of MC

Figure 1.2: Structure of report.

At the introduction of each paragraph, the structure of figure 1.2 will be showed again, to indicate once
more the place of the concerning chapters in this report.

Many examples of companies, are given in lightly shaded boxes in this report, as shown below. These are
facts, and have been accomplished already! Thus, it should be recognised when reading, that these
companies could even be much further now!




Introduction

Statements, made by concerning specialists, are given in dark shaded boxes, see below. These statements
are not always in accordance with the beliefs of the author, as will then appear from the concerning
comments made.

Example of a dark shaded box, white letters.

In this report, several cartoons are also depicted. These, mainly American, cartoons show that the
problems mentioned are definitely not specific to Philips. They form part of many Western companies,
manufacturing or selling mass products.
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2 Flexibility by increasing organisational responsiveness &
effectiveness

2.1 Introduction

As discussed in chapter 1, the entire production organisation has to move
away from MP, to new, more flexible ways of organising production. The
first step should be the achievement of faster, simplified, and responsive
processes. Those slender processes will be better capable of coping with
an increased competition, increased seasonality, fashion and other types
of demand variation. Without first achieving such fundamental
improvements, any flexible technology tools will only give minimal
benefits. Four principles, for achieving these fundamental improvements,
will be discussed in this chapter. They have all in common the aim for
increasing speed, increasing flexibility as discussed in paragraph 1.3.

At first paragraph 2.2 will deal with the principle of Lean Thinking. Lean Thinking provides a way to
specify value, and to line up value-creating actions in the best sequence. To conduct these activities
without interruption whenever someone requests them, and perform them more and more effectively.
Resulting in less human effort, less equipment, less time, and less space, while coming closer to providing
customers with exactly what they want.

Optimised Production Technology (OPT) is a philosophy and software product to be discussed in
paragraph 2.3. It focuses around the constraints (bottlenecks) or weak points of the system which
fundamentally affect the whole process. OPT identifies these key constraints to the achievement of
business objectives, and exploits these constraints to optimise overall company performance.

Greatly reducing time throughout a firm’s value chain has become known as Time-based Competition, to
be described in paragraph 2.4. Time-based competitors are offering greater varieties of products and
services, in less time and at lower costs than their slower competitors. As will be seen, companies are
obtaining remarkable results by focusing their organisation on responsiveness.

Lean manufacturers and time-based competitors are very good at doing the things they can control. Agile
manufacturers deal with the things they can NOT control. Agility is the ability to do well in an
environment of constant and unpredictable change. Agile manufacturers achieve their rapidity by co-
operation with their former rivals. This principle will be discussed in paragraph 2.5. Finally, paragraph
2.6 will give a summarisation.

2.2 World Class Manufacturing and Lean Thinking

World-Class means being the best in your field in the world. According to Todd [63], best can be in terms
of:

B Quality and reliability.

B [east manufacturing cost.

B The ability to keep introducing innovative designs more quickly than your competitors.

B Shorter lead times and more reliable delivery performance.

B Customer service performance.
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Mass producers in the USA and Europe led the world in industrial efficiency. In those days, Japanese
productivity levels lagged behind. Generally, their products had a poor reputation for quality. That started
to change in the 1950s. A number of Japanese companies, led by Toyota, decided to bring their
performance up to the standards set by the Western world. Production experts such as Shigeo Shingo in
Japan and quality gurus Juran and Deming from the USA, developed new ways of improving
manufacturing performance. It enabled them to make a step change in both quality and productivity.

This change enabled them to even overtake their competitors in the West. They became widely recognised
as the most efficient volume car manufacturer in the world. And they continued to draw ahead of the rest
of the world thanks to faster rate of their ongoing continuous improvement activities. World Class
Manufacturing or Lean Manufacturing is therefore also often called the Toyota Production System (TPS).

2.2.1 Lean Thinking

The principle techniques of World-Class Manufacturing are:
B Total Quality Management (TQM).

B Just-in-Time (JIT).

B [ ean Manufacturing.

B Teamwork (total employee involvement).

B Continuous improvement.

There is considerable overlap between these different approaches. They are all placing particular
emphasis on eliminating waste, called muda in Japan. Waste is any human activity which absorbs
resources but creates no value. Some examples are:

B Mistakes which require rectification.

B Production of items no one wants so that inventories and remaindered goods pile up.

B Processing steps which aren’t actually needed.

B Movement of employees and transport of goods from one place to another without any purpose.

B People in downstream activities, waiting because upstream activities have not delivered on time.

B Goods and services which don’t meet the needs of the customer.

B Time spent in changing set-ups between batches.

According to Womack [35], there is a powerful antidote to muda: Lean Thinking. A way to specify value,
and to line up value-creating actions in the best sequence. To conduct these activities without interruption
whenever someone requests them, and perform them more and more effectively. Lean Thinking is lean
because it provides a way to do more with less and less. Less human effort, less equipment, less time, and
less space, yet coming closer to providing customers with exactly what they want.

Womack [35]described the five principles of Lean Thinking. The critical starting point is value. Lean
Thinking must start with defining value in terms of specific products with specific capabilities offered at
specific prices through a dialogue with specific customers. This by ignoring existing technologies and
assets, and to rethink firms on a product-line basis with strong, dedicated product teams. This requires
redefining the role for a firm’s technical experts and rethinking just where in the world to create value.

Creating value has traditionally been described as a model called the value chain. It is a series of value-
adding activities that connect a company’s supply-side with its demand-side, see figure 2.1. Identifying
the entire value chain for each product (-family) is the next step in Lean Thinking. A step which firms
have rarely attempted but which almost always exposes enormous amounts of muda, according to
Womack [35].

10
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supplier producer wholesaler retailer consumer
value chain value chain value chain value chain value chain

Figure 2.1: The value chain.

Once value has been precisely specified, the value chain for a specific product is fully mapped, and
obviously wasteful steps are eliminated, it’s time for the next step in Lean Thinking. Make the remaining,
value-creating steps flow, without interruptions. Tasks can almost always be accomplished much more
efficiently and accurately when the product is worked on continuously, from raw material to finished
good. Things work better when you focus on the product and its needs, rather than the organisation or the
equipment. This needs the conversion from departments and batches to product teams and flow.

The first visible effect is that the time required to go from concept to launch, sale to delivery, and raw
material to the customer falls dramatically. When flow is introduced, products requiring years to develop
are developed in months. Orders taking days to process are completed in hours. And the weeks or months
of throughput time for conventional physical production are reduced to minutes or days. This way shifting
demand can be accommodated immediately. The real revolution is the ability to design, schedule, and
make exactly what the customer wants, when the customer wants it. This demand activated manufacturing
will be discussed in chapter 4.

The four initial principles, discussed above, interact with each other in a virtuous circle. This process is
the fifth and final principle of Lean Thinking, perfection. Getting value to flow faster always exposes
hidden waste in the value chain. And the harder you pull, the more the obstacles for a continuous flow
become visible, so that they can be removed. Almost the same as with the river of inventory of JIT. There,
the lower the water level, the more the inventory obstacles become visible.

2.3 Optimised Production Technology

Optimised Production Technology (OPT) is a philosophy, and software product, that aims at starting a
process of ongoing improvement into a business. It is focused around the constraints (bottlenecks) or
weak points of the system which fundamentally affect the whole process. The OPT techniques are also
discussed in the literature under the terminology of Constraint Management or Theory of Constraints.

Traditionally, OPT seeks to balance the flow of materials through a plant by finding the constraints
present in the manufacturing process. But OPT has evolved from a scheduling tool into a methodology,
capable of coping with all kinds of logistic problems. OPT can be used for the whole supply chain, where
even greater benefits can be gained.

OPT identifies the key constraints to the achievement of business objectives, and exploits these
constraints to optimise overall company performance. Then it focuses management actions onto those
areas that will provide the best return for improvement effort. OPT accurately models the critical
variables in business, such as demand, product mix, capacity, manpower, material availability and
logistics. This way, OPT can help achieve the best balance of customer service, expense and throughput.
OPT can be employed as a detailed shop floor scheduler, a high level planning simulator or a supply chain
manager.

11
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There are some fundamental rules, traditionally driving businesses (Fox [18]):
B Balance capacity, then try to maintain flow.
B Level of utilisation of any worker is determined by its own potential.
B Utilisation and activation of workers are the same.
B An hour lost at a constraint is just an hour lost at that resource.
B Constraints temporarily limit throughput but have little impact on inventories.
B Splitting and overlapping of batches should be discouraged.
B Schedules should be determined sequentially:

Predetermining the batch size;

Calculating lead time;

Assigning priorities, setting schedules according to lead time;

Adjusting the schedules according to apparent capacity constraints by repeating the above three steps.
B The process batch should be constant both in time and along its route.

Conventional Motto: The only way to reach a global optimum is by insuring local optimums.

Contrarily, in the OPT approach (Fox [18]):

B Balance flow not capacity.

B The level of utilisation of a non-constraint is not determined by its own potential but by some other
constraint in the system.

B Utilisation and activation of a resource are not synonymous.

B An hour lost at a constraint is an hour lost for the total system.

B An hour saved at a non-constraint is just a mirage.

B Constraints govern both throughput and inventories.

B The transfer batch may not, and many times should not, be equal to the process batch.

B Schedules should be established by looking at all of the constraints simultaneously. Lead times are the
result of a schedule and cannot be predetermined.

B The process batch should be variable not fixed.

OPT Motto: The sum of the local optimums is not equal to the global optimum.

The essential message of the OPT philosophy, as can be deduced from the statements above, is that
management efforts should be focused on the constraints (bottlenecks) and its predecessors. These are the
critical activities. Every hour saved in this part of the value chain, will increase responsiveness by one
hour. Yet, focusing on non-critical activities and its successors will only give minor advances.

By removing a bottleneck, the bottleneck will shift to another part of the value chain. By focusing again
on this new bottleneck, a process of continuous improvement is started. An excellent way of speeding up
a value chain, specified by the Lean Thinking method of the preceding paragraph.

The OPT approach to manufacturing is unique and is used by many thousands of companies. OPT applied
manually, can already result into substantial benefits. However for really dramatic improvement, the
power and speed of software is the only real solution [n].

12
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2.4 Time-based Competition

Greatly reducing time throughout a firm’s value chain has become known as Time-based Competition.
Time-based competitors are changing their measures of performance from competitive costs and quality
to competitive costs, quality, and responsiveness. According to Hout & Stalk [30], each point along the
flow must drastically alter itself, reducing cycle times and increasing variety, to provide whatever
customers want when they want it. To this, the discussed Lean Thinking method, and OPT philosophy,
can be of great help in taking time out of the value chain.

Time-based competitors are offering greater varieties of products and services, in less time and at lower
costs than their slower competitors. Companies are obtaining remarkable results by focusing their
organisation on responsiveness. Each of the U.S. companies discussed here, uses its response advantage
to grow at least three times faster in the U.S. than other companies in the industry and with profitability’s
that are more than twice the U.S. industry average [30].

it we all better focus on is selling customers what they want to buy; not what we manufacture, not
what we want to promote, not what we bought on forward buys, but selling customers what they want
to buy, when they want to buy it, as efficiently as possible. My view of the distribution system in the
'90's and where it's headed is that every body becomes a partner together. We simplify it to the point
where there's no mystery, no suspicion, no guessing games and everyone knows exactly how 1t
works. (The Wal-Mart CEO David Glass {f]).

All agree that Quick Response (QR) cannot be done alone. QR requires the involved parties to establish
partnerships. By working closely together to better understand each other's businesses and needs, QR
creates faster turn-arounds and lower inventory levels.

Atlas Door can reliably respond in three to four weeks because it has structured its order entry,
engineering factories, and logistics, to move information and product quickly and reliably.

13
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First, Atlas built just-in-time factories. Extra tooling and machinery substantially reduces changeover
times. The fabrication process is organised by product. It schedules so that most all of the parts needed to
fulfil an order for a door can be started and completed at about the same time.

Second, Atlas automated its entire order entry, engineering, pricing, and scheduling processes. Today 80
percent of all incoming orders can be priced and scheduled while the caller is still on the phone. Special
orders can be engineered quickly because the amount of re-engineering has been substantially reduced.
This by preserving the design and production data of all previous special orders.

Third, Atlas developed a system to track the parts in production and the purchased parts for each order.
This to ensure that all parts arrive at the shipping dock in time and at the customer site at the same time.
Applying the principles of Time-based Competition, Atlas Door was able to increase its flexibility
enormously. And as a result, its price realisation was not only high, but its streamlined and effective
processes were even lower cost!

The time advantage is enabling time-based competitors to upset traditional leaders of their industries. A
time-based competitor with turnaround times three to four times faster than its competitors, will almost
always grow three times faster than the average for all competitors. Moreover, these estimates are floors,
according to Hout & Stalk [30]. Many time-based competitors grow faster and earn even higher profits
relative to their competitors. The example of a former Philips unit above, suggests that Philips, in
principle, should also be able to accomplish such results itself.

2.4.1 Time-based Competition in the apparel industry

The apparel industry in the United States is moving to provide QR to customers through the multi-
company value chain of retailers, apparel manufacturers, textile mills, and fibre producers. In 1985, The
Crafted with Pride, proposed tying all the various operations together. Their vision is to have “the right
product at the right place at the right time at the right price”. Before, new styles took from fifty-six to
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sixty-six weeks to reach retail customers. Led by The Limited and Levi Strauss at the retail and apparel
manufacturing levels, and Milliken and Du Pont at the textile and fibre manufacturing levels, firms
throughout the industry are re-engineering their processes. By all linking together, the entire chain knows
what is selling at the retail level, and therefore what to produce and distribute at each preceding level in
the chain. (Pine [52]). .

Major progress has already been accomplished in the replenishment cycle: reordering, producing,
distributing, and restocking of existing styles. The industry has reduced the time from twenty-five weeks
towards six weeks in 1993, with a stated “ideal” of two weeks. At six weeks, and especially at two,
retailers can order much smaller amounts of many more styles, then reorder what customers really want
most.

According to Pine [52], the following tactics have proven useful to a variety of organisations in

implementing a strategy of providing Quick Response throughout the value chain:

B Companies can start by simply working faster, and with fewer people.

B In redesigning processes from scratch, use available tools and techniques (redesign, not reinvent).

B Provide those closest to the customers, with all information and authority necessary to make decisions.

B Eliminate the succession of approvals, up and down the layers of management, slowing organisations.

B Create within and outside the organisation, partnerships for fulfilling requirements of end-users.

B Measure time: development cycle time, production cycle time, distribution cycle time, percentage of
time spent in value-added activities, customer response time, percentage of sales from products and
services less than a year old, etc.

2 1996 Ted Goff

Figure 2.2: Using time properly, can be a very complex, yet rewarding issue! [c].

Fast replenishment at Benetton leads to better fulfilment of customers’ desires. Retailers need to stock
fewer items of each type, thus can stock more variety in the same shelf space. Beyond the replenishment
cycle, gains are also being made in the cycle from design to initial delivery. The competitive advantage of
providing new designs that satisfy customers’ wants and needs is far greater than that of replenishing
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existing stock. Increasing variety becomes easier, more effective, and even cheaper than in the old ways
of MP. Fast development, manufacturing, and distribution cycles allow companies like Benetton and The
Limited to refresh their styles constantly to match their consumers’ wants at any given time. (Pine [52]).

The faster and faster replenishment of apparel will decrease the amount of items to be stocked more and
more. Also decreasing the amount of lost opportunities of additional sales, because of selling out. Yet,
only by producing what the customer really wants, by letting this customer activate manufacturing, will
eliminate these amounts completely. Optimising the fulfilment of the customers’ desires. This is the
principle of MC. With the exception of mass-customised T-shirts, few companies are able to do this
today. Two companies that can are Custom Cut Technologies, and Custom Vétement Associates.

According to Pine [52], providing QR throughout the value chain is a great way to begin the shift to MC.
Time-based Competition focuses an organisation on meeting needs of customers as quickly as possible.
This allows more variety to be produced at lower costs. It can begin anywhere in the value chain, pulling
or pushing the rest of the chain along with it.
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The principles of MC, and examples of other practitioners of MC outside the apparel industry, will be
discussed in chapter 4 elaborately. The Peerless Saw Company provides a good example of time-based
strategy starting in manufacturing and development, spreading to its marketing and distribution processes.
The end result, mass customised saws.

2.5 Agile Manufacturing

As depicted in front of this report, In the TV series Star Trek [39], actors are often shown requesting
things from the ship's computer, to have them manufactured and available immediately. The ability to
move along the manufacturing process at such pace, is the real-world goal of Agile Manufacturing (Port
[54D.

Agile Manufacturing research is being executed by the National Science Foundation and the Pentagon's
Advanced Research Project's Agency. In November 1991, the Iacocca Institute at Lehigh University also
began a national initiative to create Agile Manufacturing enterprises. Their goal is to link customers,
suppliers, and manufacturers into a kind of super efficient confederation, increasing manufacturing pace.

Where MP achieved low unit costs by producing large quantities of uniform products, the new system
achieves agility. Capable of producing far smaller quantities of high quality, highly customised products
at low unit costs. In an agile enterprise, what a factory produces today will be driven by yesterday's retail
sales, or an order received moments ago from an on-line partner. Manufacturing machinery can be
reprogrammed quickly to produce new products, in many variations.

Lean or World Class Manufacturing is very good at doing the things you can control. Agile
Manufacturing deals with the things we can NOT control. Agility is the ability to do well in an
environment of constant and unpredictable change. With MP, even with the enhancements of Just-in-
Time and Lean Manufacturing, corporations attempted to do everything themselves. Competition
favoured large scale, comprehensive, operations. The Agile Manufacturing system favours smaller scale,
modular production facilities, and co-operation between enterprises.

Some of the principles of Agile Manufacturing [54]:

H Everything is changing very fast and unpredictable.

B The market requires low volume, high quality, custom & specific products.

B Products have very short life-cycles, very short development and production lead times are required.
B MP is outdated. Customers want to be treated individually.

B Perfect quality and very high levels of service are expected and required.

B Products and services become information-rich.

An agile approach to manufacturing faces the reality that customers must be served with small quantities
of custom designed parts with perfect quality, 100% on-time delivery, and at very low cost. To approach
Agile Manufacturing requires that the company already be World Class and using Lean Manufacturing
methods. This is a starting point. You can only build agility on a firm foundation. (Maskell [h]).

The need for agility is most apparent in highly dynamic, mature markets, see also chapter 1. New products
are coming very fast there. According to Maskell, only the innovative and agile companies will survive
the changes in those mature markets.
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In Australia, the supermarkets for instance, have been adding 500 sku's (stock-keeping units) every year
with very few elimination’s. Every product comes in an enormous variety of sizes, packs, and variations
(diet, low sodium, decaffeinated, kids size, etc.). These trends lead away from the old ideas of large
factories making huge quantities of relatively few standard products. Already the pharmaceutical industry,
the metals industries, garments industries, supplies, and many others are seeing the start of this
customisation trends. According to Maskell [h], other industries will follow in only a few years.

The agile enterprises are really fast, and responsive. They are flexible manufacturing enterprises, capable
of even manufacturing customised products, activated by the demand of an individual end-user. These
demand activated manufacturers, mass customisers, will be discussed thoroughly in chapter 4.

You do what you're good at, keeping your core competencies in-house and then outsource whatever
you need to. A key aspect of agility is co-operation. That's the way it's going in the future and it’s

opened a lot of doors for us. Now, instead of having 400 competitors, we have 400 potential
customers, (Ed Kinsella, sules and marketing manager for IM Mold, a nunulicturer of die case and
plastic injection molds [36]).

One of the most powerful competitive weapons of Agile Manufacturing will be, according to Pine [xx],
the ability to form virtual companies routinely. In the USA, the Iacocca Institute at Lehigh University
proposed a national industrial network, the Factory America Net (FAN). FAN build a comprehensive
industrial database with services, allowed to be accessed by groups of companies. Its operation assumes
the removal of legal barriers to multi-enterprise collaborations. And the creation of standard consortium
formation models that make forming a virtual company as straightforward as making a will or forming a
corporation.

In the vision of FAN, companies should be able to search the network for the right knowledge, skills,
experiences, and technologies they need to apply to a project. To create and sign agreements with selected
partners, and file the necessary documents for the creation of a virtual enterprise. And finally, exchange
all of the information for the running of that enterprise, including market opportunity documents,
engineering drawings, prototype specifications, manufacturing or service process standards, customer
databases, etc. Personal meetings and telephone or videoconferencing will of course still be desirable if
not necessary for the effective running of a virtual enterprise. But the network will provide the primary
mechanism for integrating its value chain. These virtual enterprises, and its virtuality tools, will be
discussed in the next chapter.
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2.6 Summary

In becoming a flexible organisation, it is very important to get insight in how value is created along the
value chain. In applying the principle of Lean Thinking, it will then be possible to make a value chain as
effective as possible, by eliminating all human activity which absorbs resources but creates no value.

A philosophy that can be of great help in setting priorities for determining on what waste to focus, is the
OPT philosophy. Its essential message is that management efforts should be focused on the constraints
and its predecessors, the critical activities. Because every hour saved in this part of the value chain, will
increase responsiveness by one hour. Focusing on non-critical activities, will only give minor advances.
Lean Thinking, OPT enable companies to take time out of the firm’s value chain. This has become known
as Time-based Competition. Time-based competitors are capable of offering greater varieties of products
and services, in less time and at lower costs than their slower competitors. It allows them to exploit their
slendered, flexible processes, so that they can fulfil customer desires much better than their rivals.

Quick Response is a great way to begin the shift to Mass Customisation. This capability, of
manufacturing, and delivering customers exactly the desired product, is the real-world goal of Agile
Manufacturing. Mass Customisation will be discussed extensively in chapter 4.

Mass Customisation

S

Figure 2.3: Structure of chapter 2.

Once more, figure 2.3 above, depicts that each paragraph, principle discussed in this chapter, provides a
step forwards to the principle of MC. But as mentioned in chapter 1, attaining slender flexible processes
for speeding the value chain, reflects only one of many aspects in becoming a mass customiser. The next
chapter will discuss another aspect in obtaining a flexible, mass customising company, namely virtuality.
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3 Flexibility by virtuality

3.1 Introduction

As discussed in chapter 1, survival increasingly depends on the ability to
adapt to fast-changing conditions. Big bureaucrats and clumsy
mainframes cannot do that. They are the wrong models for the 1990s and
beyond. To become a really flexible organisation, the discussed process
improvements of chapter 2, should best be implemented into completely
new organisational forms. The virtual company, to be discussed in
paragraph 3.2, could well be this organisational model of the years ahead.
A temporary network of independent business partners: customers,
suppliers, even former rivals. Leading to a flexible, very dynamic
corporate structure.

Instead of supplying each employee with an office and a desk, many (virtual) companies will find it
cheaper and more flexible to equip workers with computers, faxes, and communications gear and allow
them to make their own working arrangements. These flexible virtual offices will be discussed in
paragraph 3.3.

Obviously, in order to become flexible in all partitions of the organisation, the design process will have to
change dramatically also. Increasing attention has to be given to speed up part development, taking into
account all the considerations related to the product directly at the early design stage. Great advances
gained in networking technology, groupware graphical user interfaces, multimedia, and the decrease of
computing costs, enable such new Rapid Prototyping, and Virtual Manufacturing approaches.
Approaches, reducing cycle times and costs in product development. This, by performing design tasks in
parallel, using virtuality tools. On the other hand, today’s dynamic, turbulent markets, together with the
call for more variety, even customisation, ‘demand’ an enormous speed and effort of the design
department. All put together, this imposes the exploitation of these approaches. These approaches, will be
discussed in paragraph 3.4. Finally, paragraph 3.5 will give a summarisation.

3.2 The virtual organisation

In a business world of fast-moving global markets and fierce competition, the windows of opportunity are
often small. Then, according to Chorafas & Steinman [10], survival increasingly depends on the ability to
adapt to the fast-changing conditions. Entrepreneurs who act aggressively and are right in the majority of
cases, but not in all. Something the large centralised corporation is ill-prepared to do. Today’s clumsy
corporate tyrannosaurs struggle and fail, as the stories of IBM, GM, Sears, Philips, and so many others
tell. Such big bureaucrats and clumsy mainframes are the wrong models for the 1990s and beyond [10].

It 1s better to have 80 percent right decisions il you make them fast and implement them agressively,

than think you can be 95 pereent right and ke g year in deluys (Pereey Barnevik. chiel executive
olficer of Asea Brown Boveri [h]).
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The concept of corporate downsizing of the past decade, and its implementation, failed to break the
vertical chains of command typical in most giant companies. Massive layoffs of middle managers have
led to fewer layers of management. However, essentially the same hierarchical organisational structures
were left. Really new organisational forms are needed [10].

2 1996 Ted Goff

"We've looked under the hood, but we'll need
to have a few committee meetings before we
can decide what to do."”

Figure 3.1: Vertical chains of command. [c].

According to Chorafas & Steinman [10], the virtual company could well be the organisational model of
the years ahead. It consists of a temporary network of independent partners: customers, suppliers, even
former rivals. These are linked by information technologies, enabling them to share R&D expertise,
manufacturing capacity, management skills, markets, and costs. This leads to a flexible, very dynamic
corporate structure.

Geursen [20] defined the virtual company as: “a company not physical present at a building, yet only
existing in the minds and the computers of these companies, as an indication of a (temporarily)
collaboration of people”. Johanson [33] as: “the ability to create a partnership across companies
throughout the entire supply chain. Companies band together synergistically so that they can dominate the
market”.

No company can have all the required skills and knowledge. In high-tech areas very often strong, small
organisations develop and harness the latest advances. There may be additional services, information, or
logistics required to meet the need, according to Maskell [h]. To achieve these diverse and ever changing
needs requires great co-operation. This co-operation is needed within the firm. Often traditional
companies have very little flexibility and co-operation from one department to another. This must be
solved and the various departments or areas of the company must work together for the enrichment of the
customers, irrespective of the department's short term benefit.

In some cases the company will need to create a virtual corporation from several parties to focus on
meeting the needs of a customer. Virtual corporations are opportunistic alliances of core competencies
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across several firms. This to provide focused services and products to meet the customers’ needs. The best
manufacturer will manufacture the product, the company with the most advanced R&D will design it and
they might hire the best marketing company in the country (or world) to market the product [h].

You must understand your customers use of your products more thoroughly than they know
themselves, To address the customers' real needs you must sell solutions and not products. Selling
solutions requires a detailed and thorough understanding of the costomers” needs, and requires
bringing together a package of products and services to fulfil those needs. Your product alone may

not be enough. You may need to add extra services or technical sapport or special terms. You may
need to add complementary produets supplied by other companies, perhaps by your competitors, to
truly satisty the customers needs. (Maskell [h]).

The virtual company has no permanent hierarchy which spreads ten layers down the line. It has no vertical
integration in terms of raw materials, semi-manufactured goods, and finished products. This way a new
fluid and flexible corporate model is created. The solution is based on a group of collaborators who
quickly unite to exploit a specific opportunity and then disband once that opportunity has been seized.

Usually there is no complex legal structure. Co-operative arrangements are quickly made, and then put
into practice. Virtual corporations require trust, respect, and openness. New technologies, Internet, video
conferencing, and multi-lingual systems provide the level of personal contact required to work together
effectively, and in a timely manner. They allow groups of people to work together effectively, even if
geographically separated. Enabling the creation of virtual corporations. (Maskell [h]).

According to Maskell [h], the local people in those organisations must have complete authority, within the
vision and principles of the company, to address the customers’ needs. For local decision-making to be
effective, a company must have highly educated employees. People who know and understand the
company's vision and principles. People who know and understand the customers' requirements. And
people who know and understand the company's products and services.

Paragraph 4.5.1 will revert to these virtual organisations. It will be discussed that a firm’s decisions about
the kinds of product designs it creates may largely determine the organisation structure it must adopt to
develop, produce, and service those products. According to Sanchez [xx], applying modular product
architectures, enables the formation of these virtual organisations.

3.3 The virtual office

Instead of supplying each employee with an office and a desk, many (virtual) companies will find it
cheaper and more flexible to equip workers with computers, faxes, and communications gear and allow
them to make their own working arrangements. When these employees need to work at the company
office they will use non-territorial or virtual offices or videoconference facilities. This significantly
reduces time lost in commuting to the company’s office, and produces less stress and fatigue.
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In the United States, a number of companies, including Digital Equipment, IBM, Anderson Consulting,
and Emst & Young, have already introduced virtual-office solutions. General Electric aims at reducing its
office space in America 40 to 50 percent. It calls its program the office of now, rather than the office of
the future!

Management needs to have the right feeling for these new ventures before starting. Putting managers from
an old culture in charge of a new one rarely works. Business and industry have to recognise and accept
the fact that entrepreneurs cannot thrive in rusty and crumbling structures. Neither can innovations be run
in the same way as the old. You can not, like Exxon late 70s early 80s (and Philips?!), put old senior
managers, near retirement and deeply embedded in the company’s control attitude, in charge of new
entrepreneurial cells, whose business is completely foreign to them. (Chorafas & Steinman [10]).

Once the old managers are given carte blanche to kit a project, the entrepencurs will quickly leave to
do their mnovative job somewhere else. and the new venture will sour. A major innovation can’t

succeed with o bunch of old boys who know nothing about virtual offices, virtual companies, or
virtuad reahity, snd who do not see what they stund for in the first place. (Chorafas & Steinman {10]).

3.4 The flexible design process

Organisations have to become flexible in all partitions to become really flexible. Decisions made during
the design stage can have significant effects on product cost, quality and lead time. So increasing attention
has to be given to speed up part development, taking into account all the considerations related to the
product directly at the early design stage. Therefore, the design process will have to change dramatically
also.

Great advances gained in networking technology, groupware graphical user interfaces, multimedia, and
the decrease of computing costs, enable new development approaches. Paragraph 3.4.1 will deal with
Rapid Prototyping (RP), or Virtual Product Development (VPD). A new approach to reduce cycle times
in product development. This by employing virtual as well as physical prototyping technologies.

Virtual Manufacturing (VM), is the use of a desk-top virtual reality system for the Computer-Aided
Design of components and processes for manufacture. It allows a much earlier manufacturing
involvement in the product development, by providing the capability to ‘manufacture in the computer’.
VM will be discussed in paragraph 3.4.2.
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Today’s dynamic, turbulent markets, together with the call for more variety, even customisation,
‘demand’ an enormous speed and effort of the design department. This imposes the exploitation of these
approaches. Approaches, creating a responsive and flexible product creation process. Particularly
interesting, since this graduate assignment has been carried out at the Philips ASA (TV) Lab.

3.4.1 Rapid Prototyping with virtual reality tools

As already stated, Rapid Prototyping (RP), or Virtual Product Development (VPD) is a new approach to
reduce cycle times in product development. The key issue of RP is the tight organisational and
informational integration of the development team. This, in order to shorten development iteration cycles,
despite spatial separation. To decrease development costs, by employing virtual as well as physical
prototyping technologies.

So far, RP with virtual reality has been very limited, because computers and software haven’t been
powerful enough. Yet, great advances gained in networking technology, groupware graphical user
interfaces, multimedia, and the decrease of computing cost enable the advanced use of RP tools today.
The tools give the possibility to create a virtual environment in which all the experts involved can perform
all the necessary analysis in parallel, even among geographically dispersed groups.

Similarly as with the discussed virtual enterprises that span the world with their customers and suppliers,
designing (prototyping) becomes a truly distributed activity. In the highest stage of RP, all aspects of the
product creation process are performed collaboratively and concurrently across departments, sites,
divisions, alliances, suppliers, and geography’s. Moving product development into the marketspace
allows the participation of managerial and design talent from around the world in the development
process. It eliminates the limitations of time and space that characterise development processes in the
physical world, creating the ability to share data 24 hours a day! Technologies like video conferencing
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enable immediately returning suggestions of part modifications that can be simultaneously evaluated by
the different members of the team and then accepted, refused or negotiated. This intensified co-operation
of development teams by means of advanced information technologies, combined with the utilisation of
fast prototype manufacturing technologies, is how the rapidity of RP is achieved.

Figure 3.2: Sym image (Handy [25]).

Virtual Prototyping software enables an engineering team to build a virtual model of anything with
moving parts, and then simulate full-motion behaviour. The design can be optimised long before building
the first physical prototype. With today's emphasis on Total Quality Management, component-level
optimisation as traditionally with Computer-Aided Design (CAD), isn't enough. Today, engineers demand
the ability to view their designs at the system level, showing the interrelated effects of motion on the
complete product.
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We bave o take virtual testing tools and integrate them into every part of the business. 1 see . .. three
shifts of people working eight hours a day on that equipment, to really make us faster to the market
We think it is only limited to your imagination. (John Ivanko, € M manager for General
Motors Corporation's North American Operations manufacturing prototype shops fmi).

Virtual Prototyping lets you look at the systent in a visual way, with a strong analvtical foundation, so
you think at the system level, not the component level. As o manulacturer, you're not interested m
selling a box of components. You're selling a complete product that must function as @ system, &
highly integrated system. (Dr. David Cole, Director of the Office for the Study of Automotive
Transportation, University of Miel

Haug & Kubhl [27] defined virtual prototypes as: “computer based simulations of a prototype system or
subsystem with a degree of functional realism that is comparable to that of physical prototypes”.

The fact that today the degree of realism of virtual prototypes can be compared with that of physical ones,
is induced by the tremendous advances in modelling and simulation technologies. Figure 3.2, left page,
gives an indication of the degree of realism and sophistication available currently. Above, a frame from
the original Star Wars movie is depicted. But the current advances mentioned, enabled this movie to be
embellished considerably. Middle, shows a trial run with a model for a new digital creature a ‘Ronto’.
Bottom, the special, renewed version. The ‘Ronto’ and some other creatures have been added, and the
background is built up. The movie shows that synthetic images are not distinguishable anymore from
actual physical persons, models, or film-sets. The by scanning and copying qualitatively affected picture,
gives only some indication of that, unfortunately.

The advantages of developing virtual prototypes and the integration of these in the product creation

process:

B Reduction of time: Time-to-Market is a key marketing issue related to competitors. It may be lost sales
due to delayed product releases. The added labour costs resulting from multiple “build-and-break” cycles
using physical prototypes. Whatever, time delays in development can result into tremendous added costs.
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In today’s extremely fast markets, companies don’t even have the time to build and test multiple
physical prototypes, as in the past. Virtual prototyping allows testing new designs in just a couple of
days, giving the freedom to try things companies never had the time or money to do with physical

prototypes.

B Saving cost: virtual prototypes will reduce the number of physical prototypes, reducing development
time, but also the manpower, as well as the tools and material. Also, early prototyping results can
feedback to the design stage timely, before production costs are already fixed. The example below shows
how virtual reality technology indeed lowers costs. And because digital assets are not used up in their
consumption, companies creating value with them, can reuse them through a potentially infinite number
of times.

According to Dr. Ormr, technology consultant and futurist, the cost of correcting a product design flaw
increases exponentially as a manufacturer gets deeper and deeper into the development cycle. Therefore,
an engineering team really has only one good choice, and that is to make its design mistakes early,
preferably before building physical prototypes [j]. If there is a failure during traditional testing of
physical prototypes, the cause of failure is often not obvious. One result is that engineers will over-
design components since they are unsure that all operational conditions will be adequately tested. Virtual
Prototyping will eliminate this need for over-designing, saving time and costs.

The cheapest and least traumatic place to crash your plane, to sink your ship, to drop your cargo, to

Jam your mechanism, is on the computer, with virtual prototyping. (Orr [j]).

B Increase of quality: the evaluation of different alternatives of the design can be realised in the virtual
environment much faster and cheaper. This allows for a better evaluation of the appropriate solution to
serve the given requirements best, because of more (virtual) prototypes. Improving quality will also
decrease, or perhaps even eliminate, costly, and harmful recalls.
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Audi shows how the achieved increase in quality by using Virtual Prototyping can be effectively
demonstrated to their potential clients by using the same prototyping tools!

But, is the information you collect from Virtual Prototyping as reliable as the results you get with physical
prototypes in the test lab, in test flights, or on the test track? This is often the chief concern of engineers
and managers when they first consider the use of Virtual Prototyping. After all, what good is saving time
and cutting costs if test results fail to reflect the mechanism's actual performance in real-world
conditions? According to the users of Virtual Prototyping tools at Ford Motor Company, these
simulations are highly accurate. In validating results, they haven't needed to change anything. Their
simulations have been entirely consistent with actual vehicle performance. ([j]). Pellerin Milnor
Corporation, an industrial laundry equipment manufacturer, uses Virtual Prototyping in developing
washer, extractor machines. This to reduce the transmission of motion to the floor. Test results on the
physical prototype matched the virtual model at a level of about 95%. ([i]).

Annex 1 describes the use of Virtual Prototyping by Caterpillar, the world-wide manufacturer of tractors,
loaders, and other off-highway equipment. Annex 2 describes how Imax Corporation, known from their
theatres, projecting films onto a screen up to eight stories high, uses Virtual Prototyping to help design
and test the film-transport mechanism for a new 210mm camera. Tolerances are very tight, with
accuracy’s of ten millionths of an inch in certain areas!

3.4.2 Virtual Manufacturing

Virtual Manufacturing (VM) is the use of a desk-top virtual reality system for the Computer-Aided
Design of components and processes for manufacture. It allows a much earlier manufacturing
involvement in the product (process) development, by providing the capability to ‘manufacture in the
computer’. Creating and viewing three-dimensional engineering models, later to be passed to
Numerically-Controlled machines for real manufacturing. Ultimately, VM will provide a modelling and
simulation environment so powerful that the fabrication (assembly) of any product, including the
associated manufacturing processes, can be simulated in the computer.
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On July 1994, the VM User Workshop was held in Dayton, where three paradigms emerged [p]:

B Design-Centred VM: adds manufacturing information to the product creation process with the intent of
allowing simulation of many manufacturing alternatives and the creation of many ‘soft’ prototypes by
‘manufacturing in the computer.’

B Production-Centred VM: adds simulation capability to manufacturing process models with the purpose
of allowing inexpensive, fast evaluation of many processing alternatives.

B Control-Centred VM: is the addition of simulation to control models and actual processes, allowing for
seamless simulation for optimisation during the actual production cycle.

In summary, Design-Centred VM provides manufacturing information to the designer during the design
phase. Production-Centred VM uses simulation during production planning to optimise lines and / or
factories, including the evaluation of processing alternatives. Control-Centred VM uses machine control
models in simulations, the goal of which is process optimisation during actual production.

VM will, according to the participants of the VM User Workshop [p], contribute to realising the

following benefits:

B Affordability: reliable cost and process capability information that can impact management decisions,
and key design, and support system performance with manufacturing cost, schedule and risk. Because, as
already mentioned, digital assets are cheap, and not used up in their consumption.

B Quality: more producible designs moving to the shop floor and higher quality work instructions to
support production.

B Producibility: first article production that is trouble-free, high quality, involves no reworks, and meets
requirements. Optimise the design of the manufacturing system in co-ordination with the product design.

B Flexibility: the ability to execute product changeovers rapidly, to mix production of different products,
and to return to producing previously shelved products.

B Shorter cycle times: increased effectiveness of the product creation process and the ability to go
directly into production without false starts.

B Responsiveness: the ability to respond to customer ‘what-ifs’ about the impact of various funding
profiles and delivery schedule with improved accuracy (credibility) and timeliness.

B Customer relations: improved relations through the increased participation of the customer in the
product creation process, lower costs, better schedule performance, improved quality, and greater
responsiveness.

Annex 3 describes a case of RP, and VM, at Benetton Formula Ltd. The need for effective
communication is accentuated here by the exceptional time constraints under which the racing engineers
have to operate. Grand Prix races are only two weeks apart, and they have realised that every hour counts
if they want to be able to use most of their time to carry out modifications and improvements. With their
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people often spread over several different sites or in transit between race track and factory, they need to
implement the most collaborative communication technology available.

3.5 Summary

As depicted in figure 1.2, the slender flexible processes provide the capability of becoming an Agile
Manufacturer. Manufacturers capable of mass customising products. These companies are able to exploit
business opportunities very fast. But large centralised organisations are ill-prepared to do so. Thus, the
discussed process improvements of chapter 2, should best be implemented into completely new, flexible
organisational forms. Such virtual companies, can adapt to fast-changing conditions.

Within these virtual organisations, virtuality can be of great help in making these organisations even
faster. Instead of supplying each employee with an office and a desk, workers will be equipped with
computers, faxes, videoconferencing facilities, etc. They will work at home, or at the company using non-
territorial or virtual offices.

Virtuality can also be applied in creating a responsive and flexible product creation process. Rapid
Prototyping, or Virtual Product Development, and Virtual Manufacturing approaches, reduce cycle times
and costs, and increase quality in product development, using virtuality tools.

As in chapter 2, a figure, depicts the coherence of the paragraphs of this chapter, as discussed above.

\\\\\\\\\\§ -

Mass Customisation

Figure 3.3: Structure of chapter 3.

Thus virtuality can help agile manufacturers in mass customising products. At last, the next chapter will
discuss this principle of Mass Customisation, referred to already so many times. Chapter 4 will also
discuss the other enablers of MC depicted already in figure 1.2, besides the ones already discussed
extensively in chapter 2, and 3.
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4 Flexibility by mass customising products and services

4.1 Introduction

According to Pine [xx], becoming a quick and responsive organisation is
a great way to begin the shift to Mass Customisation (MC). The synthesis
of the two long-competing systems of management, Mass Production
(MP), and Craft Production. Thus it’s the mass production of individually
customised goods and services. In contrast with MP, these systems enable
the consumers to activate their today’s power, because the production
organisation becomes demand activated. The principle of MC will be
introduced in paragraph 4.2

MC will, overall, be cheaper in dynamic markets, according to the
discussion in paragraph 4.2. But, in very steady markets, MP can still be
more efficient. Markets where competition is small, and everything produced can be sold, like Philips
with its light bulbs. So, the discussion demands an indicator, in comparing the efficiency of MP and MC
systems. This, performance indicator will be introduced, and discussed in paragraph 4.3. There are
different ways of customising products and services. Gilmore & Pine [21] have identified four distinct
approaches, to be discussed in paragraph 4.4.

As promised, this chapter will deal with the remaining enablers, achieving both mass and customisation
together. Without these innovations, Mass Customisation would not be, economical, possible. Paragraph
4.5 discusses: Modular product architectures, Demand Activated Manufacturing Architectures (DAMA),
innovations in information technology, the Virtual Value Chain (VVC), Flexible Manufacturing Systems,
and new ways of management. Paragraph 4.6 will discuss the issue that the product and process life
cycles will become decoupled in MC. Concluding, a summarisation will be given, in paragraph 4.7.

4.2 The new paradigm

A way of incorporating variety, producing individual customised goods and services, could be simply
going back to Craft Production. But where the variety and flexibility of Craft Production are required, its
costs are to high. What’s wanted is a production system with the low costs of MP, combined with the
flexibility of Craft Production. A synthesis of these two long-competing systems of management,
resulting into the Mass Production of individually customised goods and services. That’s the principle of
Mass Customisation (MC). At its core is a tremendous increase in variety and customisation without a
corresponding increase in costs. This by creating variety and customisation through flexibility and Quick
Responsiveness. It is the Mass Production of individually customised goods and services.

Manufacturing is fast entering a new age of industrial excellence: Mass Customisation. Not only

clothes, but a huge variety of goods, from awtos to computers, will be manufactured to match each

customer's taste, specifications, and budget. MC will mark the culmination and synthesis of Agile
Manufacturing, virtual companies, and Total Quality Management. (Port [54]).
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Mass customisers have thrown away the old paradigm of MP, whose focus was efficiency through
stability and control. Their world is no longer stable, cannot be controlled, and therefore their operations
cannot be kept efficient in the old way. Through the application of technology and new management
methods, they have found their way to the new paradigm of MC.

Sa!es Mass'.Producticn
per  MABKET

product

Mass Customisation

SELLERS
MARKET

Craft Production

> Number of products on sale

Figure 4.1: From Craft Production to Mass Customisation (Womack [35]).

In figure 4.1 above, Craft Production is succeeded by MP, in which a small set of products has to be made
in large volumes. MC returns to Craft Production in the sense that a large set of products is made in small
volumes, but now with the economy of scale of MP. The logic of MP is, that lower prices result in greater
sales, greater sales in higher volumes, higher volumes in lower costs, and lower costs loop back around to
allow even lower prices, etc. Here, low costs are achieved primarily through economies of scale.

Pine [52] described the new logic of MC. A company that better satisfies its customers’ individual wants
and needs will have greater sales, higher profits, and a better understanding of customer requirements.
The company can provide even more variety and customisation, which further fragments the market.
Because it is outdistancing its competitors in variety and customisation, market fragmentation allows it
once again to better satisfy its customers’ individual wants and needs, and so on.

So, in MC, low costs are achieved primarily through economies of scope. A single process can produce a
greater variety of products or services more cheaply and more quickly. Mass customisers can often
achieve both. Economies of scale on standard components or modules, that can be combined in a myriad
of ways to create end-product variety with economies of scope. Referring to the definition of flexibility in
paragraph 1.3, these mass customisers can be depicted as extremely flexible. Because of the capability of
delivering both, design-quality, and process-quality, highly and simultaneously.

While the practitioners of MP share the common goal of developing, producing, marketing, and delivering
goods and services at prices low enough that nearly everyone can afford them, practitioners of MC share
the goal of developing, producing, marketing, and delivering affordable goods and services with enough
variety and customisation that nearly everyone finds exactly what they want. (Pine [52]).
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Figure 4.2: Customer differentiation matrix.

MC is fundamentally different from the product differentiation approach from mass producers. There
clever marketeers try to differentiate products, in order to approach different groups of customers with
different variants of products. In MC the customer is the point of departure, not the product. This one-to-
one marketing approach of MC, addresses oneself to the individual customer, not to customers grouped
by postcode or age. See figure 4.2 above. Because, as Goldhar & Schlie [23] stated: “It is not enough to
be differentiated; one has to be differentiated in ways the customer values.” The latter is guaranteed by
the MC approach, for the products manufactured are actually demanded by the end-user! The
manufacturing process is only activated after identifying the exact demand of that specific customer, see
paragraph 4.5.2.

Yet, Goldhar & Schlie also stated that: “it is not enough to be differentiated in ways that the customer
values. The differentiation has to be achieved at a cost that does not push the price so high that the value
to the customer is perceived to be less than that of a less differentiated, lower-priced alternative.”

“A firm that can achieve and sustain differentiation will be an above-average performer in its industry if
its price premium exceeds the extra costs incurred in being unique. A differentiator, therefore, must
always seek ways of differentiating that lead to a price premium greater than the cost of differentiating”
(Porter [55]).

Muss-produced clothing will always be cheaper than clothing produced on an individual basis.

(Johnson [g]).

It used to be axiomatic that achieving higher levels of quality meant higher costs. But we know now that
building quality into processes lowers costs. The same is true of customisation. Building it into processes
can indeed lower costs. Remember that in this report, flexibility was defined as the capability to deliver
quality. It may be assumed to be a matter of common knowledge, in which ways incorporating quality
lowers costs. So the capability of delivering quality, flexibility, is an ability to lower costs.

But, in what ways will incorporating flexibility, specifically by becoming a demand activated mass
customiser, lower costs? In the foregoing paragraphs and chapters, many of the following explanations
were already brought up. Here a summarisation:

B In Demand Activated Manufacturing Architectures, nothing is produced until the desires of the
customer are actually known. Therefore, everything what’s produced, will be sold. The customer is
already known. There’s no necessity of marking down unwanted, already produced products, as in MP,
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With the risk of annoying the people who bought that same product recently for the full amount. That
will effect their perceived quality of the product, possibly effecting potential re-buys.

B Because the customer tells you precisely what to manufacture, the desires of the customers can be
fulfilled optimally. With MC, only and exactly what each customer requires will be done, eliminating
wasted features for example. And, mass customisers gain competitive advantage by better satisfying
customers’ individual wants and needs, allowing them to ask even higher prices. Perhaps, the entire
brand of such a company will prosper by their boosted esteem, by customising only part of the
company’s offerings! Resulting into market growth of their mass produced products also.

B With MP, you’re having lost opportunities of additional sales. If some product turns hot unpredictably,
you can adapt to such hot items with MC. Eliminating lost opportunities of additional sales.

B In mass-producing firms, changeover times occupy a significant portion of production time and
therefore dictate long production runs. To determine the exact length of these runs, the concept of
“Economic Order Quantity” (EOQ) is used.
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A: Handling and storage costs.
B: Setup and run cost per unit.
C: Total cost per unit.

Figure 4.3: The principle of the EOQ in case of drastically reduced changeover costs. (Abegglen & Stalk [01]).

When changeover costs are drastically reduced, the EOQ in figure 4.3 moves down the curve to a run
size of one, resulting in much greater variety at much lower costs. Particularly when customer desires are
changing rapidly or demand is uncertain, the cost savings of eliminating changeover can be tremendous.
(Pine [52]). Mass customisers are specialising on changeover, thereby achieving some sort of economies
of scale on changeover. They are capable of producing customised products at the same (or lower) costs
as their equal-sized mass producing rivals. Yet, by better satisfying customers, they will be able to sell
even more products, reducing the cost per unit sold (further).

CIM results in a factory with a theoretical tand some firms an actualy lot size or EOQ of one. kt
chunges significantly the usual volume-variety cost relationships in manulacturing, This is the

“economy of seope’ factory that can produce o comtinuous strewun of different product designs at the
samie (or lower) costs as an equal-sized stream of identical products in the tradivonal technology
factory with economics of seale. (Goldhar & Jelinek {22]).
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It will probably appear to be implausible to a current mass producer, that increasing its diversity offered
dramatically, can be accompanied by the decrease or even elimination of total changeover time, at the
same volume produced. Nevertheless, this is really possible, as the discussions, and examples later on
will indicate. A metaphor will perhaps help demystify this apparently contradiction:

The typewriter was invented a very long time ago. A fantastic invention, yet with one huge limitation.
Typing bolds, italics, or other fonts, was not possible. The typewriter did not allow for changeover, the
solid characters could not be changed. But then, many, many years later, the daisywheel writer was
invented, which did allow for changeover. It had a printing mechanism with solid raised characters
embossed on the ends of arms, arranged like the spokes of a wheel or the petals of a daisy. If other fonts
were needed, the wheel could be changed by another type. Taking some time, just as with changeover in
production environments. Pronouncing at that time, that future ‘typewriters’ would be capable of typing
all fonts, in all manners, even by nearly eliminating changeover, would have been nominated as being
science fiction. Just as with pronouncing, a few years ago, the existence of a ‘mass producing system’,
capable of producing an enormous, almost infinite diversity, without losing time due to changeover. Yet,
both are reality now! The first, by the emergence of the personal computer, ink-jet, or laser printers, and
wordprocessors. Paragraph 4.5 will come back to the innovations, enabling the emergence of both the
‘computer typewriter’ and the Mass Customisation systems.

B Because manufacturing is demand activated, stocks of end-products will disappear completely. And
these stocks will only shift to a limited degree to higher aggregation levels. For today’s fast delivery
companies, like Federal Express, are capable of providing companies with “inventory-less” direct
deliveries of parts and products to and from factories (Anderson & Pine [02]). The total of stocks, and
the associating costs, will decrease this way dramatically. Interest costs, insurance costs, handling costs,
costs of floor space, etc. The economic inventory, can even be negative! When the customer pays in
advance when ordering, and even when paid directly when the product is obtained. The latter, when the
period of supplier credit (for instance two months) exceeds the period of manufacturing and delivering
the customised product (mostly less than a week!).

B A quite different advantage of the absence of stocks is the ability to make quicker transitions to new
technologies. Because, there are no older technology products waiting in inventory to be sold first.
Enabling to pick up trends faster also.

We were probably the first vendor o transition into the new Pentium FPU processor, stimply because

we didn’t have a hundred and a some days of inventory out in distribution that we had to move first.
(Rosendo G. Parra, group vice president of Dell Computer Corporation [02]).

(Dell Computer Corporation offers more than 14,000 different configurations of PCs. Production is
triggered only after a customer’s specific order is received (Yovovich [68])).

B Links, previously fulfilling a search function for the various customers in the value chain, become
superfluous. Because the customer is already known to the manufacturer. Leaping over these links
enables manufacturers to pass the co-ordination savings onto the customer. A result of the emergence of
the virtual value chain, see paragraph 4.5.3, according to Benjamin & Wigand [06].

B Retailers will be able to put more variety in their shelves. In the system of MP, order cycle times are
much larger. Forcing the retailers to keep large buffer stocks, at the expense of offering more variety.
With MC, this ability will increase sales of the retailer, and the producer.

Further, an indication of the huge opportunities of the principle of Mass Customisation, may also be
offered by the amount of companies, where many examples are given of during this report, practising this
principle. Renowned companies like Toyota, known for their world-famous process innovations. As with
JIT, and the Lean Thinking principle. Perhaps not a very scientific confirmation, yet not less valuable.
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4.3 Performance indicator manufacturing systems

MC will, overall, be cheaper in dynamic markets, according to the discussion in the foregoing paragraph.
But, in very steady markets, MP can still be more efficient. Markets where competition is small, and
everything produced can be sold, like Philips with its light bulbs. So, the discussion demands an indicator,
in comparing the efficiency of MP systems and MC systems. For this, in this paragraph a by A. J. de Ron
[57] developed performance indicator will be introduced. The Transformation Factor;

(41) TFE=E"*p.

This Transformation Factor (TF), is the ratio between the average quantity of qualified products obtained
during the considered period T, and the maximum quantity of qualified products that could be produced in
an ideal situation during the same period (Ron, de [57]).

(4.2) E=Fm,q/Fm,gm.

E, the effectiveness of the production system, is the ratio of the average real output flow of qualified
products (=Fm,q), and the average maximum output flow of qualified products (=Fm,qm) (Ron, de [57]).

(4.3) p=Te/T.

p, the effective production period, is the ratio between the average effective production period (=Te), and
the considered period (=T) (Ron, de [57]).
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Figure 4.4: Values of the Transformation Factor for mass producing, and mass customising systems, in stable markets.

In this definitions, it is essential to consider quality as defined in paragraph 1.4. Namely, quality is the
extent to what a product satisfies each customer. Delivering exactly the kind of product or service each
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consumer wants, conforming to product specifications, in the right amount, at the right time, and for the
right price.

Let’s compare the two systems. Traditionally, in stable markets, only the product-based approach of
quality is being considered by mass producers. p will then be high in these mass producing systems,
because the effective production period is almost equal to the available period. This, because there will be
almost no losses due to changeover. E is also assumed to be high, because almost all products will be,
technically, perfect. Technically, there is almost no waste. This will result into TF being very high, see
‘A’ in figure 4.4, left page.

In this, traditional vision, increasing the offered variety dramatically in reasonably stable markets, will
result into a very low p. This, because of enormous losses due to changeover. E will be a bit lower than in
the case of specialising, optimising the production of just one product. Technical quality must be less
when changeovers are made so often, according to this view. Resulting in more waste. Therefore, TF will
be much lower, indicating a much lower efficiency, see ‘B’ in figure 4.4.

YA: Mass Production,
some products,
low quality.

B: Mass Production,
high diversity,
high quality =
Mass Customisation.
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Figure 4.5: Values of the Transformation Factor for mass producing, and mass customising systems, in dynamic markets.

But as discussed, the reality is different. Quality should be considered as stated above. In that case, when
competition is extremely high, not all mass products produced, can be sold. Quality of many of these
products is actually perceived to be low, as with the Ford Continental. Therefore, the output of qualified
products in these markets, is by far not as high as assumed. Resulting into a much lower value of E!
Waste is produced, not technically, yet perceived by the customers. In practice, the output of these to a
great extent unwanted products, will be turned down. But these systems are not capable of quickly
adjusting production, in order to produce the products asked for. Therefore, Te, and p accordingly, will
not be as high as assumed also. Resulting into a much lower TF as assumed, see ‘A’ in figure 4.5 above.

MC on the other hand, shows a much more positive picture as expressed. Flexible Production Systems
reduce changeover to a minimum, see also paragraph 4.5. Clever product architectures, modularity, CIM
technology, etc., make Te, and p accordingly, being much higher as assumed. Almost as high, or in some
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cases even higher [22], as that of mass producers! Technical quality will also be as perfect as that of mass
producing systems. And, if quality considered as stated, all these customised products are especially
perceived as qualitatively high. Because products are not only technically perfect, but also wanted, and
sold! Resulting into E reaching the value of 1. TF will thereby be extremely high for mass customisers in
these dynamic markets, see ‘B’ in figure 4.5.

This performance indicator helps understanding the competitiveness of MC in dynamic markets. It shows
that MC can be extremely efficient in dynamic markets. Where MC mostly, at least presently still!, loses
some time by changeover, MP appears to lose time by being out of spec! The system is running, yet
producing the wrong, unwanted products. The perceived quality is equal to zero! Waste is produced,
actually. Only if competition is low, and everything produced will be sold, real dedicated mass producing
systems, as with the light bulbs, will still be more efficient.

(4.4) Cost price product = value of all inputs / # products produced.

(4.5) Cost price product = value of all inputs / # products shipped = .
value of all inputs / (# products produced - # technical waste)

(4.6) Cost pnce product = value of all inputs / # products sold =
value of all inputs / (# products produced - # technical waste - # products not sold).

From this discussion, it can be concluded also, that by only calculating the costs of a product related to its
BOM (Bill of Materials), as in (4.4), the product’s cost price is underrated considerably. Quality related
costs should be calculated and taken along also, as in (4.5). But by only considering technical poor
products as being waste, the cost price will still be underrated. Out-of-spec products should be considered
as being waste as well, as in (4.6). Also, the inputs of formula 4.6 should include the after sales costs. The
costs of satisfying the customer within the period of guarantee offered. Only then, the actual cost price,
and efficiency of manufacturing systems becomes manifest.

4.4 Approaches to Mass Customisation

The preceding discussion does not imply that the principle of customisation can not be applied to mature,

yet steady markets, as with the light bulbs. Customisation can still be a great, profitable differentiator.

After all, any firm that can achieve and sustain differentiation will be an above-average performer in its

industry, if its price premium exceeds the extra costs incurred in being unique, according to Porter [55].

Yet, this is not the same as MC. To demystify the different ways of customisation, four distinct

approaches to customisation, identified by Gilmore & Pine [21], will be discussed next:

B Collaborative: These customisers conduct a dialogue with individual customers to help them articulate
their needs. To identify the precise offering that fulfils those needs. And to make customised products
for them. This approach is most often associated with the term MC. The approach dealt with in this
report mainly. Collaborative customisers are capable of achieving the gains discussed in paragraph 4.2.
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These customised products can also instantly be provided, by producing it right there, at the point of sale
and delivery. Or at least by performing the final, customising production step right there, right then.
Then, it’s known as Point-of-Delivery Customisation. Men’s suits, for example, have long been
purchased off the rack and then tailored to the individual within a few days. T-shirts are standard,
untailored products, but you can go into almost any shopping mall and purchase one that can be instantly
customised with a choice of hundreds (if not thousands) of heat-applied transfer designs.

This is most appropriate for products and services that have one inherently individual characteristic on
an otherwise relatively standard commodity. Then, the standard portion can be produced centrally and
the customised characteristic can be produced at the point of delivery.

B Adaptive: These customisers offer one standard, but customisable, product that is designed so that
users can alter it themselves. This approach is appropriate for businesses whose customers want the
product to perform in different ways on different occasions. Lutron’s Grafik Eye System, for example,
connects different lights in a room and allows the user to program different effects for, lively parties,
romantic moments, or quiet evenings of reading. The desired effect can be achieved quickly by punching
in the programmed settings, rather than repeatedly having to adjust separate light switches.

The new generation of computer programs, particularly games (Nintendo), contain a piece of software
called the parser. It adapts the program to the kind and amount of user response. As a result, the same
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game can be completely different for different users with different interests. And Word 7.0 for example,
will show a hint for using a short-key combination, after using that specific option ‘too’ regular.

The standard, as well as the customisable parts of these washing machines, motorcycles, and
wordprocessors are still manufactured by mass producing systems. By making use of mass producing
competencies, these companies are capable of fulfilling customer desires much better. But, as Goldhar &
Schlie [23] stated: “It is not enough to be differentiated; one has to be differentiated in ways the
customer values.” The latter is not guaranteed by the Adaptive Customisation approach, for the products
manufactured are not actually demanded by the end-user. The manufacturing process is only activated
before identifying the exact demand of that specific customer. And because of the latter, the gains
discussed in paragraph 4.2, will not be achieved by this approach.

B Cosmetic: Rather than being customised or customisable, a standard product is presented differently for

each customer. This approach should be adopted when the standard product satisfies almost every
customer and only the product form needs to be customised. For example, the product is displayed
differently, the customer’s name is placed on each item, etc.

As with Adaptive Customisation, by differentiating products using this cosmetic approach, considerable
gains can be achieved because of (much) better satisfying customers. Yet not the most interesting ones,
discussed in paragraph 4.2. Because by making services differentiate products, these products are still
not produced after identifying the exact demand of the end-user.

B Transparent: These customisers provide individual customers with unique goods or services. Only,
without letting them know explicitly that those products and services have been customised for them.
This approach is appropriate when customers’ specific needs are predictable or can easily be deduced.
And especially when customers do not want to state their needs repeatedly.
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Transparent Customisation has many resemblance’s with Collaborate Customisation. Even though the
customisation is not really triggered by the consumer, the gains of Demand Activated Manufacturing
Architectures can be attained this way, at least partly.

In practice, these distinctions turn out to be not always as clear as explicated above. The approaches can
also be mixed along each other. But most important is the fact that the gains of the different approaches
mentioned, are not all equally far-reaching. If dealing with demand activated manufactured products in
this report, the most far-reaching Collaborative Customisation approach is referred to. Yet other
approaches could possibly have been mixed with it. This distinction should be noticed when reading.
Paragraph 5.2 will come back to the issue of different customisation approaches.

4.5 Innovations achieving Mass Customisation

The development of Just-in-Time delivery, Lean Production, Time-based Competition, and a host of other

advances has increased flexibility and responsiveness. And, therefore the ability to increase variety and

customisation without parallel increases in costs. Incorporated within these new ways of organising

production are some basic innovations that together achieve both Mass and Customisation. The virtual

organisation, virtual office, and the flexible design process, have been discussed already extensively. The

following five will be discussed next in this paragraph:

B [everaging of a great number of product variations by mixing and matching different combinations of
functional components. (Modular product architectures).

B Producing upon receipt, instead of a forecast. (Demand Activated Manufacturing Architectures).

B Information technology, EDI, Virtual Value Chain (electronic markets).

B Reducing set-up and changeover times, lowering run sizes and the cost of variety. (Computer Integrated
Manufacturing, Flexible Manufacturing Systems).

B Applying a new way of management.

4.5.1 Modularity

MC is a synthesis of MP and Craft production. In MP low costs are achieved primarily through economies
of scale. Lower unit costs of a single product or service through greater output and faster throughput of
the production process. According to Pine [52], the best method for achieving MC, minimising costs
while maximising individual customisation, is by creating modular components. Creating modular
product architectures can permit the leveraging of a great number of product variations by mixing and
matching different combinations of functional components. Economies of scale are gained through the
components rather than the products. Economies of scope are gained by using the modular components
over and over in different products. A single process produces a greater variety of products or services
more cheaply and more quickly. Customisation is gained by the myriad of products that can be
configured. A modular product architecture that works this way is the familiar desktop computer.

In paragraph 4.2, the typewriter metaphor has been described. The current ‘typewriters’, wordprocessors,
are capable of typing all fonts, in all manners. Just by clicking a button. This enormous increase of
potentials, along with almost eliminating the need of changeover, is among other things due to the
application of the principle of modularity. The solid characters of the typewriter have been replaced by
modular ones. Such a modular character is constituted by tiny dots. So just one module, a dot, is capable
of constituting an almost infinite amount of font types and styles. It has even enabled to do completely
new things, like ‘typing’ pictures!
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However, the performance of a product can always be optimised and its manufacturing costs lowered by
reducing or eliminating modularity. Yet, this is true only for a single product. MC through modularity,
with its dual focus on low costs and variety / customisation, will yield better performance and lower costs
whenever the task is to create a number of similar but clearly differential products or services. The greater
the number of products, and particularly as that number approaches the number of individual customers,
the greater the cost and performance advantage of modularity, according to Pine [52].

Modularity reduces design costs in several ways. High commonality reduces the cost of designing product
variations. The resulting economies of scale in manufacturing, or greater buyer power in purchasing,
results in lower component (production) costs. It also leads to greater experience in producing and using
those common components. This may both lower costs of production (learning curve), and improve the
reliability. Reducing service and claim costs, and contributing to increased customer satisfaction [52].

To begin a conventional optimising design process, requires a clear definition of both the desired
attributes for a new product and the target cost or cost constraint for the product. In dynamic product
markets, in which preferences are subject to change, this is likely to be impossible. A product optimised
to a specific guess about future market preferences may prove to be inappropriate and a costly mistake,
resulting into waste, paragraph 4.3. But modular product designs are capable of meeting a range of
product attributes, performance levels, and costs. So modular design requires only a statement of the
range of market preferences that may need to be served in the future. Defining a range of market
preferences, in stead of a single value, will be reverted to in paragraph 5.4.

With modularity, upgraded products can be introduced rapidly, as soon as improved components become
available. Yet, reusing the other components. Fast-followers and imitators may be denied opportunities to
profit from introducing “copy-cat” products. This when a modular design firm can continue to introduce
improved models before imitators can bring their copies of current-generation products to market.

Bally Engineered Structures provides one of the best examples of modular product architectures. They
can create an almost infinite variety. Walk-in coolers, refrigerated warehouses, environmental rooms, etc.
But the company produces only one basic modular component, the pre-engineered panel.

There are many ways to take advantage of modularised components that can be mixed and matched into
customisable end products. Pine has taken the work of Karl Ulrich, professor of management at MIT, as
the basis for describing a typology for providing suggestions for mass-customising products and services.
Figure 4.6 provides illustrations of each of the six different kinds of modularity, to be discussed next.

44



Flexibility by mass customising products and services

TLRGLY

Component-Sharing Modularity Component-Swapping Modularity Cut-to-Fit Modularity

. @>
| 17 (111

Mix Modularity Bus Modularity Sectional Modularity

Figure 4.6: Six types of modularity for the Mass Customisation of products and services. (Pine [52]).

B Component-Sharing Modularity: Here, the same component is used across multiple products, to
provide economies of scope at the end-product level, with economies of scale on the component level
simultaneously. This form is most important in putting the “mass” into a product line whose costs are
rising as fast as, if not faster than, the number of products. This kind of modularity never results in true
individual customisation (Collaborative Customisation), except in combination with other modularity
types. It’s best used to reduce the number of parts and thereby the costs of an existing product line that
already has high variety.

Following this philosophy, a medium sized Belgian textile machinery producer was able to accommodate
seventeen different models on a single production line. This not only aided productivity, but materials
and components purchasing and parts distribution as well. It also made servicing easier for the user and
enabled him to cannibalise older vintages to maintain recent models. (Gardiner & Rothwell [19]).
General Electric drastically reduced costs and Time-to-Market by reducing its circuit breaker boxes to
replace 28.000 unique parts with 1.275 components shared across 40.000 different box designs.
(Dumaine [15]). Sony leveraged more than 160 Walkman models for the US market in the 1980s from
only five modular platform designs. (Sanderson & Uzumeri [61]).

B Component-Swapping Modularity: This method is the complement. Here different components are
paired with the same basic product, creating as many products as there are components to swap. MCA
Inc., a subsidiary of Matsushita, is investigating mass-customising movies by allowing patrons to
individualise the experience in specially built virtual reality theatres. Customising services around
standardised products or services can also be thought of as Component-Swapping Modularity.

When there are an infinite number of components to be swapped, or at least as many as there are people
to buy that product or service, true individual customisation comes.
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B Cut-to-Fit Modularity: Custom Cut Technologies’ process for mass-customising suits clearly cuts to fit
each of its components (jacket body, sleeves, lapels, etc.). Peerless Saw can easily laser-cut to vary the
dimensions of any saw. At self-service salad bars, customers can choose the portion they desire of each
ingredient. Cut-to-Fit Modularity is most useful for products whose customer value rest greatly on a
component that can be continually varied to match individual wants and needs.

When the system was introduced in 1988 there were 11.655 total variations to choose from. In 1990 the
range was already over 11 million. Such achievements depend on a very high degree of manufacturing
competence. In 1992 they sold only 15.000 customised bicycles, but at an average cost only 15% above
their best mass produced bicycle. Most important, National Panasonic Bicycle has proved that MC can
be a reality, not just a utopia! When they exposed their plan to industry experts just a few years ago, they
were politely assured that MC was impossible. Now Matsushita has developed the competence necessary
to support MC, and not only at the NPB. The question is when the pilot plant will be scaled up, providing
truly mass customised bicycles at even lower costs. This will give NPB an unbeatable offering to an even
larger market. And, which of these electronic giant’s plants will follow?

When Matsushita began providing individually customised bicycles in just a few days, many customers
reacted negatively. Delivery was just to quick for them to believe the product was really custom made.
To completely satisfy its customers, the company had to delay the delivery of its bicycles to two weeks!

B Mix Modularity: This type of modularity can use any of the above types, with the clear distinction that
the components are so mixed together, that they themselves become something different. When
particular colours of paint are mixed together, for example, those components are no longer visible in the
end product. Mexican restaurants create an incredible variety of meals by mixing relatively few
components: tortillas, beans, various meats, and various sauces. The key factor in determining if you can
take advantage of mix modularity is recipe. Anything with a recipe can be varied for different markets,
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different locales, and indeed for different individuals. To reach perfect customisation, requires moving
from processing recipes according to a predetermined plan to a Process-to-Order operation. And then
economically reducing the batch size to one (EOQ=1).

B Bus Modularity: This type of modularity uses a standard structure that can attach a number of different

kinds of components. It allows variation in the type, number, and location of modules that can plug into
it. The key to using Bus Modularity is of course the existence of a bus, as with computers. If a product or
service has a definite standard but changeable structure, break it up. This by first, defining the product
architecture or service infrastructure that is really required for each customer. Second, modularising
everything else into the components that can be plugged into that standard structure.
The automobile could take advantage of bus modularity. The basic platform chassis and wiring harness
that connects all of the electronics can provide the bus structure, where everything else can plug into.
GM’s Pontiac Fiero, with a modularised body and other components, has come closest to this concept in
actual production. And Chrysler has proposed a production concept consisting of twenty-eight modules.

Reducing the time and cost of new model development and start-up is the number one priority of the
Japanese auto industry heading the 1990s. Many assembly ideas have been considered. All of the most
promising ones assume final assembly of cars from large modules with each module being subassembled
on a short line. Cars would have to be designed with structural modules that can be subassembled in
different locations. Then brought together for final assembly of the structure, followed by attachment of
the body panels. The external shape of the completed body is thereby partly independent of the form of
the structural framework. If the design could ingeniously allow for dimensional variations, final
assembly might even be done at the dealership.

New echnology is not developed for cach project. More often it 1s o matter of cleverly combining
cxisting clements. Real custom work is far to costly, IUs like saying “I need a car with such and such
specifications, and I will have it made to order.” That is out of the question, (H. Keizer, director of
Philips Sules Organisation, supplying complete systems for furnishing buildings (Mastenbrock {44])).

The examples of Nissan and Toyota prove the contrary. Indeed, customisation can not be achieved just
by combining existing elements. Nor, affordably, by designing all new elements for each individual car.
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The usual car architectures do not account for far-reaching customisation. For this, completely new
modular architectures should be designed. A basic platform chassis and wiring harness, where everything
else can plug into, can, for example, provide such a modular bus structure for cars. Commonality should
be achieved at a modular level. New, very fast, production technologies, will affordably produce, among
other things, the customised body work. Besides, when Keizer’s statement was made in 1991, the
Manufacturing 21 project was already started. The reports of Toyota offering their customised cars,
already stems from 1991 also, therefore engaged in MC for already many years! It seems just a matter of
time, how long it will take before cars are offered apparently, completely customised. This by applying
the different modularity types, as well as possibly technical innovations, new materials, presently
unknown or even still not imaginable.

B Sectional Modularity: This type of modularity provides the greatest degree of variety and
customisation. Sectional Modularity allows the configuration of any number of different types of
components in arbitrary ways, as long as each component is connected to another at standard interfaces.
The classic example is LEGO building blocks with their locking-cylinder interfaces. The number of
objects that can be built with LEGO is limited only by the imagination.

The quotation above (1991), is already out-dated. At this moment, object-oriented programming has
already become a standard in developing software. For instance Windows 95, and all of its applications,
are all object-oriented.

Drawbacks of modularity; while the opportunities for using all six types of modularity are tremendous,
there are potential drawbacks that may cause particular problems in some organisations:

W Customers may perceive some sets of modularised products as being overly similar. In the 1970s,
General Motors was heavily criticised for sharing too many components among models, making them
look too much alike. So it is important that design take into account what customers find most personal
about a product or service, like body styling in a car, and ensure that those areas retain the most
variability, preferably obtaining individual customisation [52].

B Competitors can reverse-engineer modular designs more easily than unique designs. So copied Tyco
Toys the Lego’s design, and made Lego-compatible building blocks.

The same properties that make a design easy to reuse by the original manufacturer make the design

easy to copy by competitors. (Ulrich {64}).
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According to Sanchez [60], adopting modular product architectures for mass customising products, will
have a strategically significant impact on the design of the organisation. Because the interface
specifications that define how developed components must work together will be developed first.
Therefore, decoupling component designs in modular product architectures also decouples processes for
developing those components. This allows those processes to be carried out concurrently, autonomously,
and distributively by various developers, enabling the formation of virtual organisations. And virtual
enterprises, discussed in paragraph 3.2 enable modular product architectures.

So according to Sanchez [60], modular product architectures make possible new product development
processes. Processes, requiring fewer management resources, improve development speed, encourage
greater innovation at the component level, and allow access to an enlarged network of component
development resources.

B Reduced management resources: The specified component interfaces in a modular product architecture
create an information structure that defines the required output of each component development process.
Rather than trying to directly manage processes during component development, the interface
specifications will be managed. Then there is little or no need for allocation of managerial resources by
the product-designing firm to supervise component development processes. Reductions in the
management and technical staff required to develop modular products increase the flexibility of a firm to
respond to a larger number of product development opportunities.

B Improved speed of development: Development of components consumes the major time required for
overall product development. So concurrent development of components for a modular product design
can significantly shorten total development times. A faster development cycle improves the flexibility of
a firm to respond quickly to new market opportunities. This can have considerable economic value,
especially when the opportunity costs of being late to market are high.

B Improved ability to innovate in component development: Autonomous component development
processes may also lead to greater involvement of customers and new suppliers in component
development. Decisions affecting component design do not involve other component development
groups. Those decisions can be made with reference only to that component’s specifications. A
complicated decision-making process is avoided. Improving flexibility in gathering and incorporating
new market information and new component technologies in creating new products.

B Distributed product development: Fully specifying component interfaces improves the ability to
distribute component development tasks to groups within its own internal network of resources. Or to the
most capable component development firms, wherever those firms may be located. This way the firm can
draw on more, and more diverse, component development expertise. The ability to make use of an
enlarged pool of development firms may reduce the time and cost of product development projects.

4.5.2 Demand Activated Manufacturing Architectures

In the system of MP, customers are at the end of the value chain. They are sold whatever the production
function produces. Black Fords for instance. In the system of MC, customers are also at the beginning of
the value chain, which exists to produce what customers want and value more highly than the money they
are asked to give in exchange. In effect, the chain really bends around to become a loop, with customers
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an integral part of it, creating what futurist Alvin Toffler has labelled the rebirth of the prosumer. A
producer and consumer in concert defining and producing the product.

Today, for example, the vast majority of cash withdrawals take place by means of Automatic Teller
Machines (ATMs). IKEA promises customers to deliver well-designed products at substantially lower
prices, if they take on certain key tasks traditionally done by manufacturers and retailers (the assembly of
products and their delivery to customers’ homes). IKEA wants its customers to understand that their role
is not to consume value but to create it. Customers are also suppliers (of time, labour, information, and
transportation). Customers become prosumers (Normann and Ramirez [47]).

Other examples are the self-service gas stations, or the self-service salad bars, where customers can
choose the portion they desire of each ingredient. It’s not the producer who activates the production
system here, refuelling or ‘producing’ a salad, but the consumer (prosumer). This way the production
organisation becomes demand activated. It encourages more customer interaction and information, faster
cycle times, and greater variety and customisation.

The definitely most profound revolution in MC is the ability to design, schedule, and make exactly what
the customer wants, when the customer wants it. These Demand Activated Manufacturing Architectures
(DAMA), mean you can throw away the sales forecast and simply make what customers actually tell you
they need. Rather than pushing unwanted products, like black Fords, onto the customer. The advantages
of DAMA have been discussed already in paragraph 4.2.

DAMA is different from the Assemble-to-Order, and Produce-to-Order systems, known and applied for
already a long time. The orders in such order driven systems contain many products of the same type,
requested within a certain length of time. The demand in DAMA, is the instant request for one specific
product by one specific end-customer.

"SuPP"er . Factory _ Warehouse Dealer / OEM _ End-user

Demand

Figure 4.7: Demand Activated Manufacturing versus Manufacturing-to-Stock and -to-Order.

Figure 4.7 shows the difference between order driven and demand driven manufacturing. The latter is
really a lot more demanding of an production organisation, than the conventional Manufacturing-to-Stock
and even Manufacturing-to-Order systems.

In the USA, there’s a recent example of an enormous ungoing project, applying DAMA in the entire
apparel industry. This DAMA project was created under the umbrella of the American Textile Partnership
(AMTEX). DAMA has to facilitate fundamental improvements in the competitiveness of the U.S.
Integrated Industrial Complex (ITC). Currently, over 30 of the US’s leading companies have committed to
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