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Key Points

A new competitive environment for industrial products and
services is emerging and is forcing a change in
manufacturing,

Competitive advantage in the new system will belong to
agile manufacturing enterprises, capable of responding
rapidly to demand for high quality, highly customized,
products.

Agility requires integrating flexible technologies of
production with the skill base of a knowledgeable work
force, and with flexible management structures that
stimulate cooperative initiatives within and between firms.

The Department of Defense has a vital role to play and
has a large stake in the success of industry in making the
transition to the agile manufacturing,

The standard of living Americans enjoy today is at risk
unless a coordinated effort is made to enable U.S. industry
to lcad the transition 1o the new manufacturing system.

Volume 2
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Fnr the past six months, a dedicated team has devoted the
majority of their energics to bringing this project o a
conclusion. The report, in two volumes, represents the
completion of the first stage in making America once again
a leader in manufacturing. What happens now is in the hands
of the great number of industry, government, and academe
leaders who must take action to change the thinking, in and
about, American manufacturing.

To make this project possible in the short time allotted
was a feat that involved many dedicated individuals working
as a team. Starting with the concept by Chuck Kimzey,
Office of the Secretary of Defense MANTECH Program
Office, and the dircct guidance of Steve Linder and Leo
Plonsky of the Navy MANTECH office, this project took
root.

The report, with its hundreds of individual inputs, was
organized primarily by Professor Steven Goldman and
Professor Kenneth Preiss, for Volume 1 and Volume 2
respectively.  Without the immense skill, intellect, and
patience of these scholars, the report would not have the
insight, nor the support, of the many individuals who made
direct contributions.

Next we would like to comment on the stellar effort of the
Inner Core team. These men and women worked double-time
in fulfilling their "home office" commitments while attending
over twenty working sessions in Bethlehem, Pennsylvania,
The companies they repr , Air Products, AT&T,
Boeing Helicopter, Chrysler, FMC, General Electric, General
Motors, IBM, Kingsbury, Motorola, Texas Instruments, TRW,
and Westinghouse, made a major contribution of both their
executive’s lime away from their corporate business ard the
actual dollar cost of the travel and expenses.

Closer to home, the guidance of Lehigh University's
President Peter Likins, Provost Alan Pense, Vice President
Michael Bolton, and the Jacocca Institute’s Executive
Director, Laurence Hecht, was invaluable. They provided
input and direction for the Inner Core team selection and
objective development, as well as constructive comment of
the final report.

Finally, as with all major projects, nothing could have
been produced without the "behind the scenes" staff. Our
research engineers, Orapong Thien-Ngern, Kumar Panicker,
and Jorge Leon, teamed to provide endless literature research
and technical support. The administrative staff led by
Richard Neulight, Bill Jahn, and Joyce Barker oversaw the
logistics, drafl reports, project tracking and dissemination of
information,  Finally, the report itself reflected the full
meanings of the Inner Core and the authors by the patient
typing and formatting by all the project secretaries Robin
Lapadula, Lee Hartranft, Veronica Turbedsky and Kathleen
Dillon. The style of the finished product was enhanced by
editor Len Estrin, illustrator Gene Mater, and designers John
Saraceno and Carole Smith.

The total effort of the entire team reflects their attitude
toward the project and the goal of providing a vision and the
mechanisms to help make America once again a leader in
global manufacturing. To all of them, a sincere thank you for
the fine effort.

R. N. Nagel & R. Dove
Co-principal Investigators
Tacocca Institute

Lehigh University
Bethlehem, Pennsylvania

This is Volume 2 of a two-volume report on the global
competitive environment U.S. manufacturing will face, and
the infrastructure it will require in order to compete as we
transition over the next 15 years into the 21st century, The
developments described in the report present a unique
opportunity to capitalize on distinctive U.S. strengths; failure
to seize this opportunity will put the standard of living of the
American people at profound risk.

The report presents the thinking of leading representatives
of industry, government and academe. It represents over 7500
man-hours of work and incorporates ideas culled from many
excellent recent reports on U.S. industry. The distinctive
value of this particular document lies in its presentation of a
comprehensive picture of a new system of manufacturing
-agile manufacturing- that has begun to emerge in the
industrially advanced nations. Qur objective in presenting this
picture was to assist in defining a strategy and an action
agenda that would enable U.S. industry to make the transition
to this new system in a timely and competitively effective
manner. Volume 1 of the report begins with a description of
the opportunity for regaining global competitiveness that the
transition 1o agile manufacturing offers American industry. It
continues with a non-technical vision of agile manufacturing
as a system in which technologies, management structures,
and social values are synthesized into a powerful competitive
weapon.

The Opportunity and the Vision chapters of Volume 1
together provide the backdrop for four industrial scenarios,
Each is writlen from the perspective of a successful agile
manufacturing enterprise in the year 2006, Together, the
scenarios identify the technological, managerial, and social
infrastructures that will have to be put in place if such enter-
prises are to come into being. This volume of the report
amplifies the technical details implicit in the creation of these
infrastructures.

The ultimate objective of this report is 1o provoke the
actions that need to be taken now in order to restore the
United States to world leadership in manufacturing. The fact
that all of the world’s leading manufacturers have to build
a new infrastructure to make the transition from mass
production to agile facturing provides « unigue
opportunity for U.S. industry to regain the leadership it lost
in the 19705 and "80s. Only a concerted effort, ccordinated
by industry, supported by the public, and with the cooperation
of governmental and academic institutions can make this
happen.

The vision presented here of the infrastructure required for
creating agile manufacturing enterprises in the U S, is, we
believe, 80 to 90% correct. The key to making the vision
come true, however, is not to make the vision 100% correct,
but to immediately take steps to implement it. Refinement of
the vision is best accomplished through the experience of
working to make it a reality.

If the U.S. is to retum to leadership in facturing,
industry must take the lead in effecting that return. No single
corporation, however, not even the manufacturing sector as a
whole, can accomplish that task: it is simply too big a job.
Only through inter-firm cooperation, and through cooperative,
coordinated, efforts among industry, government and academe
can that task be accomplished.

The key finding of this report is that there is a common
infrastructure requirement for all agile manufacturing enter-
prises, regardless of their industrial sector. This common
infrastructure, described in this volume, will be used in
different ways by different industries and different firms
within the same industry. Consequently, companies and
industries can work together to build the infrastructure, even
while competing in the products and services it enables them
1o provide. The infrastructure will be used to tie production
processes together and to integrate those production processes
with other parts of the company, and with parts of different
companies, into a single system. When the system functions
efficiently, it allows companies 1o easily and quickly meet the
needs of a rapidly changing competitive environment. In
effect, the infrastructure will enable the formation of agile
manufacturing enterprises; capable of responding to the fast-
changing market needs and manufacturing demands of a
global economy. We believe that competition in the 21st
century will be dominated by agile enterpriscs. Those
nations that focus now on speeding the transition to agile
manufacturing will become the strongest competitors in the
global marketplace.

We have called our report a "21st Century Manufacturing
Strategy". Accordingly, the Recommendations section of this
volume lays oul steps that need to be taken: by industry; by
the DoD, which has a vital stake in the success of industry;
by Congress and the Executive Branch, which must act to
protect the U.S. standard of living; and by academe, which
must assume a more active role as an economic development
agent.

Because of our concem that this not be just another report,
we strongly recommend forming an Agile Manufacturing
Forum. The objectives of this forum will be: 1o facilitate
action; 1o maintain and build on the momentum generated by
this project; and to provide a means for ongoing discussion
and coordination between all those involved in carrying out
the action agendas needed to develop the infrastructure,

After examining the two volumes of this report, we invite
you 10 join us in tuming the 21st Century Manufacturing
Strategy into reality. The cconomic well-being and strength

of America depends on it
’f‘fgy“/ &ym
For the Inner Core Team
Roger N. Nagel & Rick Dove
Facilitators
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Introduction

This volume should be read together with Volume 1 of
the report, in order to be understood in the comrect context,
Volume 1 includes the following:

1 The Opportunity

2 Crossing The Threshold: The Vision of the Agile
Manufacturing Environment

]

Scenarios From 2006
UltraComm - Competing Through A Virtual
Company Environment
U.S. Chemicals - Simultancous Cooperation &
Competition
USASICS - An Open Information Environment
U.S. Motors - Responds with Agility to Customer
Requirements

4 Infrastructure for the Vision

5 Cooperation Mechanisms

6 Summary and Action Agendas

7 Task Description

This Volume 2 describes the infrastructure which will
support agile manufacturing in the world of 2006, together
with other supporting details for the material of Volume 1.

Reading Volume 2 before reading Volume 1 will give
the wrong impression, since Volume 1 sets the context.

This study led both 1o a vision of what the world of
manufacturing will be 15 years from now, and also to an
analysis of the infrastructure needed to support that vision.
The word infrastructure as used here refers 1o the sysrem-wide
infrastructure, not to the technology of individual
manufacturing processes, Future developments of individual
manufacturing processes are of course important, but were
not part of this study. This is explained further in Chapter 2.

This Volume 2, Infrastructure, is aimed at the executive
responsible  for planning future developments for his
manufacturing company, or for the public official responsible
for support of developments in manufacturing.  The
information here is too detailed for a non-technical, high-level
executive; and an experl in any one of the infrastructure
fields will know more than is expressed here. The aim is 10
explain and list all the infrastructure to the vision, with
enough information so that each subject, and the extent of its
current development, is understood, together with detailed
recommendations as to what should be done to bring it about,
and by whom, industry, DoD, other government agencies,
Congress or academe,



Infrastructure
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Soing O FELD M AGILE
MANUFACTURING TEAMY

Imluslry is moving into a world of highly fragmented, 1o interact between its members when it is distributed over a
changing and unpredictable markets and economic factors,  large geographical region, or 1o enable distributed teams to
Industry in order to survive will deal with constant change as  interact. The functioning of individuals in manufacturing
a way of life. This drives many changes in the company.  companies will be moving from the world of individual
The major move under way now is to reorganize workersinto  specialists to a world of "renaissance teams", Manufacturing
teams where individuals in the teams are empowered to make  will respond 1o challenges by emphasizing the qualities of
decisions in order to get a job done quickly. The tools those
employees have will include very powerful computer

icati tems to enabl ch a te; .agﬂi"v
communication systems to enable such a team ~quality
Pervasiveness changes system characteristics
Compare > With
doing business in a world where fax doing business in a world where fax
machincs were the exception some years ago machines are the FUJ@ as it is now
doing business in the Stock exchange doing business in the STOCK exchange
when use of COMPULers and communications was the when use of COMPULErs and
exception 15 years ago communications is the FUI@ as at is now
the military impact of today's capability where mpjd[y the military impact 121’ industrial capability
developed and produced in 2006 when rapidly developed and
devices are the @XCeption produced devices will be the rule
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The technologies and techniques employed lo achicve that
are known today; as their use becomes pervasive, they change
the whole system,

Every one of the characteristics that can be foreseen for
manufacturing in the year 2006 exist today in various
companies. The difference is that what is the exception
today will become the rule tomorrow. Wnat is
unusual today will become pervasive

fomorrow. That does not sound like a major change, but
in fact it is. The pervasiveness of the application of those
technologics generates qualitative changes in our way of life
and our way of doing business. Similarly, the pervasive use
of computer technology, when tied together with the
empowerment of individual employees will lead to a
fundamental change in the way industry is managed.
Elsewhere in this report can be found descriptions of how
rapid work generated lechnical solutions in a very short time,
useful in the Gulf War, such as the anti-fratricide
identification device. From a systematic point of view those
projects, although dramatic, could never have taken place on
a large scale. The reason is that those technical solutions
were not integrated into logistics and the regular planning
procedures in the military, The military could deal with a
few exceptional developments which made a major difference
but many developmenis made quickly could not have been
integrated into the organization of industry and military
logistics, Many simultancous rapid developments would
likely have led to more chaos than order. However, 15 years
from now rapid product realization and rapid product
introduction and rapid reconfiguration and upgrade of
products, which will be widely adopted in industry, will
create a situation where rapid developments can in fact be
integrated into industrial and military systems. We have
today the ability to quickly create technical solutions and to
dispatch them to the customer, We are not yet capable of
using that capability very well. Fifteen years from now that
capability will be pervasive and people in all kinds or
organizations through industry, retailing and the military will
understand and will know how to make best use of rapid
product realization and product introduction, and will
integrate such rapidity into work systems.

The capability to rapidly realize a product and to deliver
a specially-configured product rapidly to a customer, will be
by 2006 much more widespread than in the 1990s. That does
not imply that every product will be produced and delivered
rapidly. The capability will be in place to use that rapid
response, and management then will have the freedom to
decide on the timing of processes, on inventory levels, and on
marketing decisions, with manufacturing capable of managing
any timetable, The quick reaction capability enables
management 10 decide dynamically on manufacturing rates

The capability to rapidly realize a product and to
deliver a specially-configured product rapidly to a
customer, will be by 2006 much more widespread
than in the 1990s. The manufacturing system will
be able to respond as agilely as needed.

based on whatever considerations they like so levels can
fluctuate as desired. Marketing can decide on a price and
delivery time for various products. There can then be quick-
reaction and slow-reaction variations of the same products,
for different markets and prices, Not every product will be
produced at top speed, but different products will be made at
different speeds, as the market requires. The manufacturing
system will be able 1o respond as agilely as needed.

Agility will be in place, to be nsed as needed, and to
allow management the freedom to "drive" products faster or
slower as the market wanis. By being introduced
incrementally, with modular components, as part of industry’s
move 10 network-based manufacturing, agility will not incur
special cost. There is no need to be concerned now in 1991
with how much manufacturing will be quick response agile
work and how much will be slower. That is irrelevant. What
is important is to put the quick response system in place, 1o
free the moneymaking levels of management from the
shackles of slow, old paradigm mass production concepts.

All manufacturing will change, not only quick-response
manufacturing. Manufacturing dealing with large runs of
commaodity items will also be radically changed. By 2006
quality will be an implicit requirement of all manufacturing
in the affluent socicties. By 2006 industry will deal well with
energy, pollution and waste, because of individual attitudes
and societal pressure as well as govemment regulation.
These requirements also will change industry considerably.

These changes will change concepts. For instance, today
one can reasonably say "I want a weapons system (helicopter,
airplane, tank, missile, etc.) cheaper and quicker". That is a
sentence caught in the old mind-set. ‘'Why? Because we are
used to thinking of a weapons system as basically constant,
with some life span, with a certain number of preplanned
product improvements for midlife retrofit or update. The new
mindset will see a weapons system as always subject 1o
constant change. The tank, airplane, helicopter, missile, jeep
or whatever will be designed to accommodate, as much as
feasible, change. At any point in time, a given percent of
inventory will be back in the factory being updated with new
and improved electronics, or engines, or transmissions, or
driver or pilot spaces, or whatever. Under these
circumstances, design of the technical manufacturing system
will be as important as the design of the weapon itself. The

manufacturing system will need 1o exist to continuously
reconfigure the product and will be needed to keep the
product alive. Industry and DoD procedures, individual
skills, and organization will be built to deal with continuous
change.

The manufacturing system will be able to deal with
change as agilely as wanted. Change of a weapons system
will not be a major decision, seldom taken. Defense
decisions will not be whether to change a system, but how
fast 1o do it. Based on analysis of threats and available
budget, a commander will be able to decide, any year '20%
of this system will get reconfiguration a, 10% will get
reconfiguration b, and 50% of that system will also get
reconfiguration a."

The manufacturing system will respond as fast as needed;
speed of response of manufacturing will not constrain military
decisions. This speed would involve no specially high
investment of money, if it is developed and installed
incrementally as a part of the regular annual national
investment in the infrastructure for industry, rather than as a
sudden rencwal of large enterprises.

The new paradigm thinking will change many perceptions
including the perception of a production machine. In
tomorrow’s world every manufacturing process will receive
and send large quantities of data, and the systems-wide and
local impact of this information should be as much a part of
process development as is the physics and chemistry of the
process. This embedding of a process machine into a system
is similar to past developments in another system, that of the
military. Whereas forty years ago the design of a manned
weapon such as a tank or airplane concentrated almost all the
weapon itself, with the connection to command and control
being secondary in the design process, today the connection
to command and control is a significant upfront design
consideration. The connection of process machines to the
total manufacturing system will follow a similar path.

OVERVIEW

The picture of agile manufacturing described in these
scenarios emerged over many hours of discussion with the
inner core team, The team mel two days a week, for six
weeks, studying reports and listening to presentations on
future directions for manufacturing. Ideas from advisory core
experts were investigated, detailed and talked through to
consensus. Subsequently, the inner core divided into groups
in order fto identify agile manufacturing enterprise
characteristics, system elements and enabling subsystems for
each of the scenarios in this report: the automobile industry
sector, the semi-conductor sector, the conlinuous process
sector, and a multi-corporation communication product.
Members rotated between groups from time to time for cross-

fenilization of ideas and to share responses from colleagues
back in the member’s "home" corporation.

During this long, intensive, series of meetings, each of the
four scenarios was analyzed, dissected and debated in depth,
At the start of that detailed and intensive work, it was not at
all clear that the scenarios would have similar characteristics,
nor was it clear what the manufacturing systems clements
would be for each of them. As the work progressed,
convergence o a common set of characteristics, systems
elements and enabling subsystems manifested itself, From
the many proposed items, a core sel emerged as ceniral to all
the scenario sectors analyzed. This core set extends over all
manufacturing and is presented in Figures 1 to 3. These
figures show the same data, from different points of view.
Figure 1 shows in one page the competitive foundation, the
enterprise characteristics which will be required, the elements
of the manufacturing enterprise and the implied enabling
subsystems which will enable these manufacturing enterprise
elements. The advantage of this p ion is its
conciseness, in one page: the disadvantage is that
categorization is not shown. Figure 2 shows the data of
Figure 1, but with the major subsystems of each clement
shown. This Figure shows the categorization but can give
rise to a misunderstanding. All subsystems will affect each
enterprise element, Figure 2 shows the major subsystems for
each element, without implying that the other subsystems
have no effect. Figure 3 shows a matrix of enterprise
elements against enabling subsystems, divided into technical
and non-technical subsystems. The relationship is indicated
as being a critical enabling subsystem for an enterprise
characteristic, an important subsystem, or a minor subsystem.

This material was presented during the course of the
project to the outer core, over 100 senior industrial
professionals who deal with manufacturing, in groups of
about 20 at a time. Their responses broadened the consensus
that there is indeed a common pattern of agile manufacturing
systems characteristics. There is also a wide consensus that
the material presented in this report is representative of the
core of the infrastructure for the new manufacturing system.

Agile manufacturing will require a new and novel
infrastructure, As discussed here, the infrastructure does not
include individual processes such as semiconductor
fabrication details, metal removal processes and the like,
important as they are, The infrastructure discussed here is
that needed to support the nation-wide and corporation-wide
levels of agile manufacturing systems. It can be compared 10
the national network of roads and highways that enables the
use of automobiles and trucks. Today, many groups are
occupied with designing new high performance production
technologies, the cars and trucks of the manufacturing system,
but little attention is being paid to the system infrastructure.
The accompanying diagram presents the essence of that
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COMPETITIVE LEADER 2006 - THE AGILE ENTERPRISE

B Rapid Response

m Evolving Quality Journey
m Environmental Responsibility

(J ENTERPRISE CHARACTERISTICS

\

Concurrency
Continuous Education
Customer Responsive
Dynamic Multi-Venturing
Employees Valued
Empowered Individuals in Teams
Environmentally Benign
Flexible (Re-) Configuration
Information Accessible & Used
Knowledgeable Employees
Open Architecture

Optimum First-Time Design
Quality Over Product Life
Short Cycle Time

Technology Leadership
Technology Sensitive

Total Enterprise Integration
Vision-Based Management

& Information

Cooperation &
Teaming Factors

Enterprise
Flexibility

Communication I

Enterprise-Wide
Concurrency

Environmental
Enhancement

Human Elemengl

Subcontractor &
Supplier Support

Technology
Deployment

Systems

B Distributed Databases ®

COMPETITIVE MANUFACTURING IMPLIED
FOUNDATION & ENTERPRISE ENABLING
CHARACTERISTICS ELEMENTS SUB-SYSTEMS
O COMPETITIVE FOUNDATION Eﬁﬁfémiﬁznt m Continuous m Modular Reconfigurable
: Education Process Hardware
W Contifuus Change m Customer Interactive m Organizational

Practices

Performance Metrics
& Benchmarks

m Empowered Individuals -
& Teams [ ] rF_"na-Qu‘_a\lafuad
B Energy Conservation rnrtr‘.enng
. ; m Rapid Cooperation
m Enterprise Integration Mechanisms
W Evolving Stan'dards m Representation Methods
W Factory AmericaNet g gimjjation & Modeling
m Global Broadband ;
B Software Prototyping
hotwork. _ & Productivity
m Global Multi-Venturing m Streamlined Legal Role
B Groupwen m Supportive
B Human-Technology Accounting Metrics
Interface B Technology Adaption
W Integration & Transfer
Methodology B Waste Management &
B |[ntelligent Control Elimination
® |ntelligent Sensors B Zero-Accident
B Knowledge-Based Meatnodology
Systems
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CRITICAL ENABLING IMPLIED SUBSYSTEMS FOR EACH
MANUFACTURING ENTERPRISE ELEMENT

(Subsystems which support each element, but are not critical for
the element, are not listed here)

.
.

Business Environment Elements
* Enterprise Integration Subsystems .
* Global Multi-Venturing Subsystems .
*  Orpanizational Practices
* Performance Metrics and Benchmarks
Subsystems

Pre-Qualified Partner Subsystems
* Rapid Cooperation Incentive Subsystems
+  Supportive Accounting Metrics Subsystems
+ Streamlined Legal Subsystems

+ Communication & Information Elements ¢
« Distributed Database Subsystems
+ Enterprise Integration Subsystems L1

+ Evolving Standards Subsystems
* Factory America Net Subsystems

* Global Broadband Public Network .
Subsystems
« Cooperation Elements .

+  Empowered Individual and Team Subsystems
« Enterprise Integration Subsystems

+ Factory America Net Subsystems .
+  Global Multi-Venturing Subsystems .
«  Groupware Subsystems

+ Rapid Cooperation Mechanisms .

Enterprise Flexibility Elements
* Human-Technology Interface Subsystems
+ Integration Methodology Subsystems

.

Te

+ Intelligent Control Subsystems :
+ Intelligent Sensor Subsystems *
+ Modular Reconfigurable Process Hardware .

+  Software Prototyping & Productivity Subsystems

Figure 2

lIacocca Institute

Enterprise-Wide Concurrency Elements

All Cooperation Element Subsystems

All Technology Deployment Element
Subsystems

Enterprise Integration Subsystems

Factory America Net Subsystems

Representation Subsystems

Simulation and Modeling Subsystems

Envir tal Maint e El 1

Energy Conservation Subsystems

Waste Management and Elimination
Subsystems

Zero-Accident Methodology Subsystems

Human Elements

Continuous Education and Training
Subsystems

Customer Interactive Subsystems

Empowered Individual and Team Subsystems

Subcontractor & Supplier Support Elements

All Cooperation Element Subsystems

All Technology Deployment Element
Subsystems

Evolving Standards Subsystems

chnology Deployment Elements

Continuous Education and Training
Subsystems

Human-Technology Interface Subsystems

Knowledge-Based Software Subsystems

Technology Adaption and Transfer
Subsysiems

Lehigh University
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supportive management methods, and a technological
communication infrastructure, of scope and intensity far
beyond anything known today. Tools will be necded to
evaluate options, send and receive data, analyze technical
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Concurrency solutions and marketing opportunitics, and to rapidly move to
£ production. The small oases of such capability today will
] The agile company, responding quickly to the oppartunity become a vast network of concurrent capability.
Y Ppe I
8- al to succeed with a quality product, will require that all the
E = parts of the enterprise work simultancously to scize an Continuous Education
z opportunity.  This includes all the functions, not only
o) engineering and manufacturing, bul marketing, [linance, The employees and their skills will be perceived as the
PRy hurnan resource management and all other departments, major asset of a corporation (see "Employees Valued" later).
£ = . Employ
? 3 E w3 This implies that some groups will be needing 1o make This asset will be constantly improved and skills added to it,
_F.'E progress before getting complete data from other groups, and  for the good of the company. This will require constant
8 will leam to succeed notwithstanding insufficient information  enterprise-wide evaluation of the skills in the corporation, and
1 T Tpo!
as they work. This also implies that people and teams all  the standard of those skills, Human resource management
EE across a single corporation, and across multi-corporation  will plan the annual training and education for each
,g g projects, will need 1o be in constant communication, updating employee. It is foreseen that on the average, employees will
H g others on their work, and being updated. spend several weeks a year in tolal in training and education.
b This will require individual skills and adaptability, This will include not only training to use a particular

system or machine, but training for improvement of all a
person’s skills, People will rotate in and out of teams, and
will be capable of succeeding in several functions. In the
successful corporation there will be many global ventures and
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cooperative projects, and so understanding the culture, history
and language of foreign countries will be important,

In order to be efficient, continuous education planning will
be an important senior function. Technological tools and
novel educational methods will expand to fulfill this need
with the least cost.

Customer Responsive Pull Organization

The whole enterprise, not only the technical functions, will
support quick response leam reactions to customer demands.
Teams in the organization will proactively search out
customers with special demands, and will promise them quick
delivery. Every person, team and function in the organization
will respond to support ecach opportunity quickly and
correctly.

The whole company, and manufacturing a part of that, will
orchestrate its activities according to customer input. The
annual plan for a company will not be a list of production
targets based on sales forecasts, but a plan of processes to
develop and produce products rapidly as the opportunity
arises.

This competitive demand will generate new skill
requirements from employees, new organization and
relationships between functions, new teaming amrangements,
and a much augmented infrastructure of communications,
computer simulation, evaluation and decision support
processes, and manufacturing machines, to achieve this.

Dynamic Multi-Venturing

Business opportunities will be created at an ever-
increasing rate. No corporation, however large, will have
within it all the skills and capabilities to quickly put a team
together to take advantage of cach opportunity. They
therefore will move into joint ventures. Compared to joint
venturing as it is today, in the competitive company, there
will be many, more often. Joint venturing will be common.
Lower-level managers will be authorized to commit to them.
Standard procedures quickly implemented will be available 1o
put them in place. The venturing will include people from all
functions of an enterprise.

A kaleidoscope of many ventures will be seen in a
corporation as ventures are formed and ended, pervasively
and intensely. This will require empowerment of lower level
individuals in teams, a legal, accounting and administration
procedure to facilitate this, and evaluation and motivation of
individuals to promote multi-venturing. Also, the technical
systems in a company will have to be "plug compatible" so
that as ventures are staried, the teams in each company can
get to work on their common goal quickly and seamlessly.

Employees Valued

For a manufacturing organization to compete in the world
of ever-increasing change, speedier product cycles, and
customer pull, each employee will have to sec himself as
proactively part of the total enterprise effort, using hig'her
skills and motivations to bring victory to his/her team and
success to the corporation. Employees are then not perceived
as an expense to be trimmed as much as possible, firing when
one can and hiring only when one can’t avoid it. The
knowledge and motivation of the employee will be a major
company asset, constantly evaluated, nurtured and improved.

This new and different approach will lead 1o a complete
refocus and reconstruction of the successful corporation, with
the systems and infrastructure in place to deal well with the
valued asset -- the employee,

Empowered Individuals in Teams

The knowledge and capability required to find and take
advantage of opportunities in the rapidly changing business
environment of the future will require that people work in
mission-oriented teams.  The team will be able to
independently make many decisions without prior approval,
so as to complete its mission well and quickly. This is
empowerment of the people in the team to make the decisions
as they see fit.

For this to succeed needs reorientation of management
approaches, reducing hierarchies, new employee evaluation
systems, and management which tolerates risk and error, and
also requires a technical infrastructure which enables a team
to communicate with other teams and company functions so
as to cormectly evaluate allematives, to inform and be
informed. The enterprise infegration systems, factory
America net, and other subsystems enable such rapid and
reliable communication and computing,

Environmentally Benign

The last quarter of the twentieth century witnessed the
genesis  of environmental sensitivity with respect 1o
manufacturing processes. Government regulations, recycling
consciousncss, wastewater treatment,  political  action
cnvironmental groups and other factors led to the insistence
that manufacturers lake cver more care with regard to
environmental issues. For the next generation environmental
sensitivity will become an implicit part of our society and
culure, integrated into the manufacturing process. Both the
product and the production process that enabled it will be
environmentally benign - or will be disallowed. Neither the
Government nor the individuals who collectively create

society will tolerate environmentally insensitive products or
production processes.

Flexible Reconfiguration

The competitive enterprise of 2006 will be able v create
opportunity for rapidly seizing business initiatives, for rapidly
realizing and producing a product, and will enable the
customer 1o make a decision then respond to that rapidly.
That will require the company to rapidly put iogether
mission-oriented task forces, and to rapidly reconfigure as
needed, marketing, manufacturing and administrative
functions in the enterprise.

This is similar 1o the practice in the military of putting
together a task force or battle group with a mix of units, their
skills and equipment, tailored 10 a specific mission. When
the military is faced with a task for which the regular organic
structure seems unsuitable, they can within a very short time
reconfigure a specially tailored force, with suitable command
and control and weapon systems, for the mission at hand.
Industry will deal in an analogous way, flexibly reconfiguring
a group of people and processes 1o deal with a mission,

The people in the successful enterprise will have the skills
and motivation to adapt, as needed. The technical subsystems
of communication, information, engineering, manufacturing
will be built from modules such that they can be easily and
rapidly reconfigured so as to seize business opportunities.

Information Accessible and Used

The competitive company will gain its success from the
skills of its employees. Mission-oriented, empowered teams
will be working with customers to produce products and
profits agily and with quality. These teams to succeed will
need rapid access to much information of all kinds in the
enferprise.

The highly intense joint venturing will succeed only if the
members of an inter-corporation team have rapid access to
information, and that means giving employees of other
corporations access 1o information. That happens today.
There are companies linked together in various kinds of
ventures and stakeholder relationships in which information
is very open -- even as companics cooperale and compele
simultancously, For the successful corporation of 2006, there
will be so much more teaming and multi-venturing than
today, that much, much more information will be available
and used than today. The financial benefit of teaming and
multi-venturing will outweigh the benefit of secrecy and
limited information flow.

This will require great extension of networks, information
and enterprise integration subsystems, of standardization, and
of skill training by workers.

Knowledgeable Adaptable Employees

The competitive enterprise of 2006 will rely upon the
knowledge and adaptability of its workers, in mission-oriented
teams and all through the company, to create business
opportunities and to react speedily to challenges.

The product and the production processes are not just
machines, They include implicitly the experience and know-
how of the people designing and dealing with them. The
company that best hamesses that knowledge into its products
and processes and whose workers are more knowledgeable
and adaptable, will establish a strategic advantage.

To succeed in that, a company will put in place
subsystems for education and skill and motivation
improvement of the employees, together with management
and technical systems which will allow the knowledge and
adaptability of the employees to be used to maximal
advantage.

Open Architectures

The competitive enterprise of 2006 will be constantly
forming teams and joint ventures. For these to function
efficiently, quickly and effectively, the work systems and,
most importantly, the communication and information
systems, will be able to rapidly connect together and be
functional.

This requires that the sysiems will be built on open
architectures, so that companies can prepare themselves for
quick teaming and joint venturing.

This in turn implies that all the subsystems of networking,
information, and communication, be buill around open
architectural principles. The corporation which does not
subscribe to this will, in effect, cut itself off from the
prospect of dynamic venturing and agile, multi-divisional and
multi-corporational teaming.

Optimum First-Time Product Design

Given the rapidity of response required by the successful
2006 corporation, products will be designed much more
speedily than in the past and in many organizations the
products will be designed optimally the first time. The
product of the future must arrive in the marketplace quality
matured, reliable, and on time.

In current methoxds, a product is developed by a process of
design, analysis, prototype, test, improve the design, and so
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on in a cycle. By 2006, design analysis and simulation lools
will have improved considerably, as will production process
simulation and analysis tools. Those tools will enable a tleam
to design a product whose first prototype will test
successfully and be produced, with a much higher rae of
success than today.

Quality Over Product Life

The meaning of the word "quality" is changing to go
beyond "zero defect”. As the goal of effectively no defects
in a product is reached by more and more companies, the
leaders are redefining the word 1o mean zero defects together
with customer gratification. Products are being engincered
not only for no defects, but for customer delight with cvery
detail. That concept is being extended even further, and by
2006 the successful corporation will have established
customer satisfaction with the product over the life of the
product.

For example, as sensors develop, we can expect many
products 1o include diagnostic systems which may
communicate directly with the service center. There will be
cars with such systems, and the owner will be called to notify
when and how maintenance will be done. There will be
household machines with such systems, and repair and
maintenance will be done as needed, part of the service,
without the owner needing to order it.

Quality, in the meaning of zero defects, will be implicit
and will not be even mentioned.

Embedding of the new quality in a product requires
developments in the supporting subsystems of sensors,
control, information regarding the product and the production
process, in analysis and simulation, as well as other
subsystems.

Short Cycle Time

How fast does a 100 yards champion need to mn! A
fraction faster than the competition. How fast does product
cycle time need to be? A fraction faster than the
competition.

The enterprise as a whole will constantly be examining its
own structure, and the structure and performance of all of its
units, to find ways 1o cut time from all its processes. Not
only from technical manufacturing processes, but from all the
administrative and other processes in the enterprise. Cutting
down product realization time, product production time, and
total customer response time, while improving product
quality, will place a never-ending pressure on a company 1o
improve.

14

To achieve this will require motivated and skillful people,
structured in teams who can respond quickly, incisefully and
successfully, They will be equipped with the best technology
and will be constantly striving to get even more out of the
technical systems, in order to be fast to market, and to be the
quickest supplier.

Technology Leadership

The competitive manufacturing company of 2006 will have
the people and the technology to agily produce quality
products. To be able to compete successfully, and to be a
senior partner in a multi-venture, the company will exhibit
leadership in some technologies. A technology leader will be
a sought-afler partner, not just another company,

The leadership is not only in the manufacturing processes
of the company, but even more, in the skills of its employees.

Creating and maintaining technology leadership will
require  imaginative  vision-based management, and
empowerment of individuals. Technology leadership derives
not from edict in a hierarchic management structure, but from
motivation and skill of employees, and a supportive
management. It also requires giving the employees in the
technology leadership role the best in information systems,
education and equipment, so as 1o constantly be in the
technology leadership role.

Technology Sensitive

The successful competitor of 2006 will have a motivated
and skillful work force, using extensive communication,
information and other technical aids, to create and profit from
business  opportunities, They will be in intense
communication with customers, will be performing rapid and
delailed analyses of proposed products and production lines,
and will be in intense communication with suppliers and with
other parts of the enterprise. This is a technology-intensive
activity.

The successful competitor will not be able to allow its
technology to lag far behind the competition, particularly in
the key enabling subsystems supporting the manufacturing
enlerprise.

Total Enterprise Integration

Empowered individuals in mission-oriented teams will be
the leading edge task forces of the successful manufacturing
enlerprise in 2006. Teams and individuals are part of an
organization. Empowerment of teams and low-level functions
to make decisions require that the decisions be coordinated
across the company, otherwise unmanageable chaos and

disaster ensue. This coordination needs to be rapid, with
much data passing to many people, and requires a high
degree of analysis of implications, and decision support. This
is achieved by total enterprise integration.

This can not be limited to integration of the technical
systems only, bul requires integration of work methods and
procedures also.

Total enterprise integration requires a number of enabling
subsystems in order to be achieved, including networks,
distributed databases, open information systems, education
and training systems, and more,

Vision-Based Leadership

Vision-led leadership establishes a clearly definable goal
for people, achievable and exciting, establishes parameters
which govern what is allowed and forbidden on the way 1o
the goal, and shows the general direction. Vision-led
leadership shows the goal and the direction to it, and
motivates the work force to solve all the problems on the way
1o the goal.

As management hierarchies are reduced, and individuals
and teams are empowered to make decisions and succeed in
their mission, there will be no room for a manager 1o instruct
exactly how a task is 10 be done.

The successful manufacturing enterprise of 2006 will be
led by vision-based leaders who show the way and cnthuse
others to get involved and bring the enterprise 10 success.
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Manufacturing Enterprise Elements

The following section provides descriptions for each of the enterprise elements, listed below.

B Business Environment

® Communication & Information

®  Cooperation and Teaming Factors
®  Enterprise Flexibility

®  Enterprse-Wide Concurrency

®  Environmental Enhancement

® Human Elements

B Subconrractor & Supplier Support

® Technology Deployment

BUSINESS ENVIRONMENT

DESCRIPTION

metrics and procedures will bring agile manufacturing in
ahead of the competition; inhibitory metrics will bring agile

Manufacturing takes place in a b environment; the
characteristics of the manufacturing process are governed by
the b The b environment 1§ the
major factor which impedes or facilitates development of new
paradigm manufacturing systems,  Supportive business

envi

facturing in behind the competition, if the corporation
survives.
The environment will be under constant evolution due to
the pace of change and the internationalization of
competition, While some business environment elements are

not predictable or controllable, several key elements can be
directed so as to provide strategic advantage.

Accounting and legal systems are important components
of the business environment. Some elemerts of the
accounting system are govemed by company decision, for
instance, cost accounting efforts.  Other elements of
accounting and legal systems are govemed by standard
practice which itself is changed by professional organizations
in which companies are members and have some influence;
while yet other practices are governed by government
regulation and law.

The governmental infrastructure is clearly a major factor
in facilitating or impeding development of business
environment elements.

In addition to the govermnment and other requirements
external to a business, every business generates ils own
system of incentives, organizational regulations, and social
attitudes of the workers. These factors are within the control
of company management and play a major role in the
efficient functioning of the enterprise.

WHY IT IS IMPORTANT

Very many books and reports have been published over
the last decade giving examples of how different cormpanies
succeed in different ways because of the company culture.
The business environment and the infrastructure support will
have a marked effect on the behavior of the enterprise.

The compelitive environment is now requiring that an
enterprise be capable of quick reaction, and that it provide
total quality. Further, many market opportunities can not be
taken advantage of by a company working independently and
there is a growing need for companies to be able 10 work
together to take advantage of such opportunities. In the days
of mass production when a product was static for a long time
and when a production process was static for a long time, the
business environment emphasized cost reduction and
reliability of planning. Today's competitive environment
requires that a business be capable of agily taking advantage
of opportunitics and this requires a business environment
different than in the past. In the future, the pace of change
and the demand for flexibility to compete in the marketplace
will be even more than before. Business practices suited to
the static world of long life cycle products, statis production
and systems will hinder a company in the new competition,

CRITICAL COMPONENTS

Diversified Global Business Subsystems
The agile manufacturing of tomorrow will take place in a
global environment. The agile enterprise will take advantage

of market situations by creating many kinds of partnership
and cooperative ventures in a diverse manner in many
countries across the globe.

Enterprise Integration

The business metrics and practices in the agile enterprise
will require rapid digestion of much information from across
the enterprise and all of the partnerships that the enterprise is
involved in, This will require enterprise-wide integration of
the computer and information systems in order to gather that
information rapidly and use it to analyze the business metrics
required.

Performance Benchmarks and Metrics

People, teams and departments in companies behave
according to the performance metrics by which they are
Jjudged. These current performance metrics do not emphasize
characteristics needed for agile manufacturing and in fact are
often counter-productive to that. In addition, performance
metrics need 1o be benchmarked and compared across
companics and in comparison with other countries.

Pre-Qualified Partnering Subsystems

In the world of agile 1 facturing, oppor will
occur quickly and will require resources which a single
corporation will not rapidly be able to put to work. Under
such circumstances it will be necessary to quickly form
cooperative mechanisms of many kinds of other companies.
For that to happen, it will be necessary that companics be
pre-qualified as to their suitability to partner in such
enterprises.

< 1
alr

d Legal Subsy

In order for an agile manufacturing enterprise to react
quickly and take advantage of market opportunities for
competitive advantage, every component of the organization
has to support that agile response. This clearly includes
streamlining the legal procedures by which a company
operates. There is a clear perception on the part of most
professionals involved in manufacturing that legal subsystems,
important as they are, inhibit agile response of the
corporation,

Supportive Accounting Metrics

‘The accounting metrics on which a company operates are
clearly major drivers in determining the behavior of the
company. Accounting metrics currently are adapted to static
mass production systems and do not facilitate the move to the
agile manufacturing era.
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Supportive Management and Organizational Practices

The move to agile manufacturing and the change in the
business environment eclements which give rise to agile
manufacturing  will clearly require great changes in
management and organization in a company. These
management and organizational subsystems should be
supportive of the entreprencurship and quick decisions nceded
1o succeed in agile manufacturing.

COMMUNICATION AND INFORMATION

DESCRIPTION

This is the communication and information infrastructure
which permits people and teams to interact rapidly across a
large distributed company and between companies.

WHY IT IS IMPORTANT

Next generation manufacturing will be agile, or else will
not be able to compete. Agility is gained by reducing
hierarchic managerial control, setting up workers in leams
and empowering them lo make decisions. In a large
organization or in a project of cooperaling organizations these
teams will need access to rapid and reliable communication
and information systems to communicate and do their work.
The communication and information infrastructure elements
are the technical elements which are bringing into being the
next industrial revolution. As such they are a critical and
fundamental part of the change in the manufacturing system.

This is well illustrated by the changed method of
operation of the Union Pacific Railroad over the past few
years [266] (Complete reference notations for numbered
references may be found in Appendix E). Until several years
ago the railroad had many levels of management. Someone
low down in the system who in fact had contact with a
customer, and wanted to change the configuration of the train
to be responsive to the customer had to send the request up
through layers of management locally, regionally and
nationally. By the time a reply came back with the
authorization the customer was lost. This method of working
was feasible in the old days of mass production when
planning was donc a long time ahead, where products were
unchanging and where production runs were long, In teday’s
world of constant change the agility required for an
organization is simply not possible with many levels of
hierarchy. The solution undertaken by the Union Pacific
organization was to empower low-level employees, those
personally in contact with the customers, to rapidly make

decisions so as 1o be responsive 1o a customer’s requirements,
The Union Pacific Railroad is spread out geographically and
has several hundred thousand cars in its system.
Empowerment of low-level employees to make decisions as
to configuration of trains and the use of railroad cars would
have made the whole system impossible to manage if it were
not coordinated in some way. The solution to that
coordination problem is an enterprise integration control
system. Making use of compulers and communications the
employee in contact with a customer gets into direct contact
with a control center which manages the disposition of all the
railroad cars everywhere. This is done by rapid computer
communication and by voice communication, The integrated
compuler communication system enables the person
interacting with the customer to coordinate rapidly with the
central control organization, ensuring that the distributed
decision making does not lead 1o a disorganized system.

CRITICAL COMPONENTS

Global Broadband Public Network

A Global Broadband Public Network is a high bandwidth
network with wide access all around the U.S. capable of
transmitting large amounts of data in a short time, reliably.
This infrastructure is being put in place for considerations
beyond manufacturing.  Utilization of the network by
manufacturing will be a fundamental part of the next
generation  manufacturing  system.  This is discussed
separately.

Factory America Net

Factory America Net, described later, is an information
system, intended to use the global broadband public network
system and will enable people working in different companics
lo interact with each other and with information specific to
their manufacturing needs, rapidly and efficiently.

Distributed Databases

Distributed  databases are an integral part of the
technology of the communication and information system as
it works across many sites within one large corporation and
between companies. This is discussed in detail later,

Evolving Standards
Efficient use of the communication and information
infrastructure for manufacturing clearly depends on standard

Enterprise Integration Subsystems

Enterprise integration is the tying together of people in
one and more organizations in order to rapidly make use of
information so as to get work done quickly. This is
discussed in detail elsewhere.

COOPERATION AND TEAMING
FACTORS

DESCRIPTION

Cooperation elements are mechanisms which enable
cooperation within and between companies and with other
organizations such as, govemment, research institutes and
universities.  The organizations cooperate for mutual
advantage. The mechanisms include technological tools such
as computer networks which, if designed correctly, simplify
interaction between individuals and teams, and organizational
factors which facilitate or impede cooperation,

Each of the individual tools or factors is in itself subject
to continuous improvement. The cooperation elements are
therefore not a static set of factors but should be designed so
as to be continuously improvable.

WHY IT IS IMPORTANT

No corporation has within all the resources available at
short notice, 1o react to opportunities in a fast changing
world, Cooperation is a critical key to the competitive
advantage of an enterprise into the next century. The
weakness of the United States in cooperation can be pointed
out by the statistics given in the World Comperitiveness
Repori for 1991, The U.S. ranks around 4 in the world in the
number of patents per 100,000 people, in the total
expenditure on R&D as a percent of the GDP and in the
percent of R&D personnel in industry. The U.S. ranks 1 in
the access business has to university R&D programs. U.S,
ranks only 10 in the amount of cooperation between
enlerprises in R&D. This is a significant weakness in
industrial cooperation relative 1o other nations,

Cooperation is important to deal with and the budget
required 1o enhance this item relative to other R&D activities
is minor. In particular, work is needed to deal with

being available so that various systems from different
companies can casily interact and exchange data one with
another, Standards work is described in detail elsewhere.

organizational and cultural impediments as well as to cxpand
and improve technological tools using networks and
computers for cooperation,

In the absence of significant tool building and
enhancement and amelioration of the acc ying cultural

cooperation between individuals and groups, will dampen
entrepreneurial energy and will diminish the fruits that
entrepreneurship and cooperation could otherwise give.

The tools required are as much cultural and organizational
as technological. There is no one silver bullet 10 solve this
problem.

CRITICAL COMPONENTS

Empowered Industrial and Team Subsystems

Mission-oriented teams are organized not only to do
what’s instructed, but to use their initiative and group
resources to define missions and solve problems.

Enterprise Integration Subsystems

Enlerprise integration subsystems, using computers on a
network to distribute and coordinate information all through
an enterprise and a project, are a key technical mechanism for
cooperation and teaming.

Factory America Net

The factory America net value-added industrial network
will enable people in companies all around the country 1o
post and read data regarding services and products, and to
communicate regarding all manner of technical questions,
problems and coordination.

Global Multi-Venturing Subsystems

Global multi-venturing, important today, will be much
more important and pervasive in the age of agile
manufacturing. Teaming and cooperation will be world-wide,
cutting across national boundaries.

Groupware

Groupware is software which enables people to interact
across a computer network and will be a key technology in
facilitating cooperation and leaming.

Rapid Cooperation Subsystems

In the future, setting up a cooperative venture between
companies, or setling up an inter-company team, will be
rapidly advanced using standard techniques, rather than being
a drawn-out, cumbersome process as it is tocday.

ENTERPRISE FLEXIBILITY

DESCRIPTION

and organizational impediments, setting up cooperation will
continue to be slow and cumbersome. This would inhibit

Rapid realization and response in a continuous change
environment will require an unprecedented flexibility in the
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composition and architecture of large systems of integrated
hardware, software, and humans. The enterprise will be
making continuous improvements on a daily basis, as well as
major reconfigurations on a somewhat less frequent but
equally sanguine basis, as product production requircments
change and as new process technology and methodology
become available.

This degree of flexibility is far beyond that which simply
anticipates a range of expectations at the time the original
system is designed and impl d. Inh in this new
flexibility is the capacity for rapid reconfiguration to
accommodate the unanticipated, as well as the ability to make
continuous inc | changes to operating production
environments without incurring risk.

Changing a software system in today’s enterprise is
rarely allowed once it becomes part of the daily operating
environment. Conventional wisdom knows that even simple
changes can be expected to have unanticipated side effects
that will put a production environment or information system
out of commission for an indeterminate amount of time. This
problem is so prevalent that people generally live with and
work around bugs and problems in a software system rather
then get them fixed. They'd rather live with the devil they
know than the devil they don’L

Today's approaches to software systems and integration
structures are a major impediment to the rapid response needs
of the emerging enterprise. The successful enterprise must
have the flexibility to alter its software systems on an as-
needed when-needed basis without incurring any risk
whatsoever.

This new degree of flexibility can be described as
"agility', To accomplish this will require a completely
different approach to the design and operation of integrated
disributed  software controlled systems and modular
machinery, as well as a mew approach to personal and
organizational management.

Agility, however, requires more than just plasticity; it
will also need localized decision making capacity. Agile
systems must be able to make and implement quick decisions
at the point of information. This links organization of the
company with new technology available. The technology can
no longer be dealt with independent of the people and
organizational structure.

Currently, industrial organization in many companies is
moving towards flexibility and reduction of management
levels, but this change is only starting, with a long way to go.

WHY IT IS IMPORTANT

Enterprise flexibility elements are, in a nutshell, the
elements which differentiate agile manufacturing from the old
mass production system. The production system must be
capable of constant change, to produce an unpredictable
changing mix of product configurations as easily as a
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constant stream of product. That necessary condition is not
enough. In order to take full competitive advantage of the
production system, the whole enterprise should deal quickly
with market opportunities, seeking markets, interacting with
customers to define product configurations for the market,
then realizing, producing, delivering and if necessary
installing them quickly. A flexible production system within
a slow-moving organization will give no advantage [148].
The whole enterprise must be flexible 50 as to take advantage
of production flexibility to conquer markets.

Production hardware, even if flexible, is usually
implemented as expensive installations, not as modularly
constructed machinery. Technology and know-how to build
the hardware modularly exist or are being developed.
Implementation of this capability depends primarily on
markets demanding the capability.

As fexibility increases inlo the realm of agile systems,
most of the other identified infrastructural elements are
affected. Specifically:

Concurrency Elements

Cooperation Elements

Communication and Information Elements
Human Elements

Subcontractor/Supplier Support Elements
Technology Deployment Elements

Each of these elements will gain a greater degree of
freedom and expression as flexibility takes on agile qualities.
This means that flexibility will be a pacing item for all of
them.

CRITICAL COMPONENTS

Integration and Coordination Methodology Subsystems

As systems integration moves from an era of "interfacing
things together'' to a time of systems engincering, where
architectures are planned for continuous change, we must
develop an “Integration Technology". The objective is the
construction and evolution of systems that are FIRM: flexible,
improvable, robust, and maintainable, in a rapid change
environment, Autonomous module concepts that are scalable
from the "intelligent sensor” level to the workstation, the cell,
the area, and even the plant, deal with issues such as
localized scheduling, cooperation with other units toward
shared higher goals, error detection and correction, robust
alternative response 1o unsatisfied expections, human
interaction, and more.

Intelligent Sensor Subsystems

‘The need for sensors increases in the agile manufacturing
system as errors and decision-point conditions must be
detected and responded to in real time without the need for

Infrastructure

human interaction. Many real time requirements are so short
that the sensor must have “on-board" signal analysis and
filtering capability so a critical condition is identified at the
sensor level, In such cases we are asking the sensor to detect
the existence of a problem rather than just send a continuous
stream of measurements to a processor that is shared among
many control functions.

Modular/Reconfigurable Process Hardware Subsystems

Modular hardware opens the door to affordable
continuous upgrade and customization of processing and other
production-related hardware. For instance, modular concepts
are being investigated in the Air Force MMST project, for
semiconductor processing equipment that allows  self-
contained stations within a multi-station machine to be
configured, replaced, or reconfigured as appropriate.
Changing such configurations may be done to accommodate
a specific processing requirement, to utilize newer
technology, or simply to fix a malfunctioning device
instantly.

Software Prototyping/Productivity Subsystems

Designing, implementing, and testing complex software
systems is a major unpredictable variable in the realization of
a production facility. How long this will take, how much it
will cost, and what it will be able to deliver in the cnd are
unknowns until the effort is finished. Tools and methods are
needed that facilitate software prototyping so that system
design engineers can quickly reduce design concepts to
operational models that can be validated and exiended.
Currently these designs are done on paper in the form of a
systems specification writien in a textual form. Design flaws
are not uncovered until a considerable amount of recources
have been expended in the implementation phase. Design
flaws are the most expensive to correct and are often in the
systems architecture itself which frequently precludes the
attainment of the original system goals. Prototyping tools
will execute design representations and expose flaws at an
carly stage when both the design and design effort are still
plastic.

ENTERPRISE-WIDE CONCURRENCY

DESCRIPTION

A current focus today in most discreet-par
manufacturing companies is to integrate the daily activities of
product engineering and production-process engineering. The
aim is to overlap these two activities so they are conducted
in parallel at the same time, rather then in sequence one after
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the other. The object is to reduce the total time required to
bring a new product to the market. But another important
gain is also realized: a higher-quality, more producible
product is designed because the product and process
engincers share their knowledge as they work together. Today
this team-work activity is referred to in some companies as
simultancous engineering and in others as concurrent
engineering.

This concurrent activity concept can be broadened to
encompass almost all aspects of the manufacturing enterprise.
Though one might observe that traditional marketing, as well
as even some sales activities, already occur concurrently with
product design, the concurrency concept here refers to more
than simply simultancous occurrence: effective concurrency
includes a tight interaction among cross-discipline work
teams.

Third-party system integrators such as EDS, aerospace
contractors such as Martin Marietta, and project engincering
firms such as Bechtel, already employ some concurrency
among their marketing, sales, finance, “'product engineering"
and "process engineering" functions in the course of bidding
on competitive procurements. Though these may be called
"service" firms today, how they (ideally) operate is very
similar to ftomorrow's agile manufacturing enterprise
responding to a single-unit or short-run custom product
Tequirement.

WHY IT IS IMPORTANT

In a rapid and continuous change competitive
environment, agile manufacturing enterpriscs capable of
taking custom orders, capitalizing quickly on new market
opportunities, and countering competitors’ strategies will
necessarily practice broad-based concurrency.

In [73] it is observed that small companies and
entreprencurial companies exhibit the ability to move much
faster than larger companies. It is suggested that this is
because people in those companies responsible for marketing,
sales, product engineering, production, and finance generally
work within a few feet of each other. In effect, these
companies practice a very real form of enterprise-wide
concurrency.

Looking at the technology maturation cycle, there is
much to be gained by broadening the concurrency concept
beyond the product design and production areas, The process
that moves technology from its laboratory feasibility
demonstration to full commercialization includes time-
consuming sequential steps in technology transfer, product
conceptualization, market research, business planning, venture
capitalization and prototype development.

With the gains of concurrent engineering already evident,
it takes little imagination to see similar gains from broadening
this concurrency concepl to embrace all the enterprise,
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Infrastructure

CRITICAL SUCCESS FACTORS

Enterprise Integration

Enterprise Integration, as a broader application of the
Computer Integrated Manufacturing (CIM) concept, promises
to provide the coordinated functional structure and electronic
communications infrastructure required for concurrency
support. More importantly, it promises to “integratc’ the
enterprise; i.e., develop and enforce a unified information
base and work methods throughout the enterprise that enables
and promotes interactive activities between coordinated work
functions.

Like CIM, Enterprise Integration is a large concept with
many definitions and approaches. Unlike CIM, it is still a
new concept, and comes at a time when the community is
placing greater value on early standards.

Enterprise Integration will be largely a manifestation of
software technologies - and especially  integration
methodology, applied to new ways of doing cooperative
work. Most companies have seen the dependencies that large
Management Information Systems (MIS) and even early CIM
systems impose on the corporation. The agile enterprise of
the future cannot exist with enterprise integration built upon
existing software integration approaches. The enterprise
integration enabling software in the agile manufacturing
enterprise will be capable of safe, incremental, daily change;
able 1o be radically reconfigured with out shutting down the
company; and accommodating to entrenched legacy systems
and subsequent migration strategies.

Factory America Net

Factory America Net (FAN) is a name used in this
document to capture a concepl. The concept begins as a
value-added open computer network that provides electronic
linkage among companies engaged in concurrenl engineering
activities. Thus, product engineers at a motor company might
some day use FAN in order to interact with a machine tool
supplier, a tool and die maker, and a custom controls
company. Engineers in all four companies would form an on-
line, interactive, multi-discipline design working together on
a combination product-and-process design.

As concurrency broadens to encompass all enterprise
activities, so does the nature of the network community and
services. Resources from anywhere can participate without
impeding the flow of information by physical travel. Network
services go far beyond simple point-to-point connectivity with
special databases cataloging the capabilities of companies
participating in the network, training programs for small
companies getting started on the network, information
interchange standards, real-time interaction soflware, and
more.
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Representation Subsystems

Concurrency across multiple disciplines, and even
multiple corporations, faces a formidable hurdle in the form
of non-standard data and knowledge representations. IGES,
PDES, and STEP are current standards activities aimed at
providing common languages for describing the nature of
manufactured parts. CALS is an initiative incorporating
certain aspects of Electronic Data Interchange (EDI), and is
concerned with standards for all manner of inter-corporate
transaction exchange.

As pioneering attempts, these and other programs like
them have shown by example the promise that a coherent
data representation system could provide. But also as
pioneers, these initial attempts have been focused narrowly
and built upon early understandings. "Feature-based analysis'"
is paining in popularity as a new way o describe par
characteristics. Multiple varietics of data interchange are
being forced upon small suppliers serving large
manufacturers. For instance, in Detroit, each of the "Big
Three" car companies has a different computer-aided-design
(CAD) standard that it wants all of its suppliers to conform
to - and many serve all three. This is inefficient.

Simulation and Modeling

Concurrency in its fastest form wants to know the effect
of potential decisions and d before the ¢ i is
made for actual implementation. Cross-discipline teams are
composed of specialists from a variety of areas who pool
their individual talents in search of results beyond any single
individual’s knowledge. Computer simulation in each of the
separate disciplines is important in order for an individual
team member to ascertain the affect of a proposed course of
action quickly - before other team members invest 100 much
time and cffort exploring paths that may be incompatible or
have costly side effects,

Ideally, simulations specific to each of the enterprise
functions would draw upon a common data representation of
the enterprise operating characteristics. Simple as this sounds,
herein lies one of the major hurdles to overcome, This
difficulty comes to the forefront with attempts to model the
enterprise. One would like the model to accept changes made
in one discipline and reflect the consequences in all the
others, Some of the difficulty lies in the area of data
representations and the lack of standards. Less easily
understood, however, are the bridges that span two seemingly
unrelated representations - such as the static structural
modeling captured by IDEF diagramming and the actual
dynamic behaviors describable in state-transition diagrams.

All Cooperation Subsystems

Concurrent activities by their very nature require strong
cooperative mechanisms and motivations. With concurrency
meaning tightly coupled interaction across disciplines,
concurrent activities by their very nature require strong

cooperation enablers and motivators, For a detailed exposition
on Cooperation Subsystems the reader is referred to the
section in this document devoted to the Cooperation Element.
Among other subsystems, the Cooperation Element calls
for groupware, empowered individuals and teams, and rapid
cooperation mechanisms. Groupware is computer-assistance
technology that facilitates i tive and simul group
work using a communications network to connect people in
different locations and working at different times - as such,
it is a powerful part of the enabling infrastructure.
Empowerment is necessary to the quick response required for
a successful give-and-take interaction among cross-discipline
teams. Rapid cooperation mechanisms remove bureaucratic
and systemic impediments that preclude or slow down the
process of cross-discipline and inter-corporate interacrion,

All Technology Deployment Subsystems

Concurrent engineering today is often impeded by a
mismatch of technical understanding and technology
deployment between engineering and manufacturing entities -
whether these entities are departments or divisions of the
same company or in fact two different companies in a
procurement/supplier  relationship.  Broadening  the
concurrency arena will bring parties with even areater
differences to the same table. Propagating technology through
these cross-discipline teams will be a challenge that impedes
success until solved. The reader is referred to the Technology
Deployment Element section for a detailed discussion of the
subsysiems.

ENVIRONMENTAL ENHANCEMENT

DESCRIPTION

Environmental standards are today usually perceived as
being imposed by government, usually viewed as a burden on
manufacturing. Environmental issues have become a critical
factor for operating an enterprise. As society becomes more
environment conscious, society and each citizen will not
tolerate  wasteful consumption of natural resources or
environment contamination.  Energy and environmental
conservation and enhancement will be a natural, accepted part
of good citizenship.

WHY IT IS IMPORTANT

Manufacturing processes developed today must bear in
mind that a decade hence, lack of consideration of the
environment will not be tolerated. The manufacturing sector
will conform with the demand of the society to meel the
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needs of the present without compromising the ability of
future generations to meel their own needs. Organizational
structures, process, systems and equipment are being adapted
to transform companies to “environmentally safe"
organizations.

The fact that relatively few words are used on this page
for this subject is not an indication that this is not important;
it is an indication that this is already today accepted as
obviously true.

CRITICAL SUCCESS FACTORS

Key subsystems required
enhancement include:

1o support environment

« Energy Conservation
* Waste Management and Elimination
= Zero-Accident Methodology

Each is explained in some detail elsewhere in the report.

HUMAN ELEMENTS

DESCRIPTION

In a company based around a mass-production line where
the product is unchanged over a long period of time, the
worker can have no influence over the product or the
production method. A salesman cannot change a product to
suit a customer; he can only sell more of a fixed product. A
production line worker cannot change any part of the mass
production ling; all be can do is not fall behind in doing his
tasks,

The world of agile manufacturing is diametrically opposite
the world of mass production. An enterprising salesman can
offer a customer a special configuration of a product; an
enterprising  production worker can figuwre out ways to
improve the production; anyone in the whole enterprise can
figure out ways to save lime and be otherwise responsive to
customers’ desires. There is, therefore, a growing realization
that the people who work for an enterprise and the skills and
motivation they collectively bring to it are its most important
asset. As such they are 1o be nurtured, not seen as simply an
operaling expense.

Employees work well when they understand the
measurement system applied to their performance, and when
they understand their task and how it contributes to the
success of the company. Performance measures and
standards and continually informing employees of the goals
of an organization will improve accordingly.
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Infrastructure

People will more and more work in multifunctional teams.
Within the bounds of their each team will
be self-managed and regulated. An employee will operate
both as an individual and as a member of a team: any one
employee may be a member of several teams simultancously.
The enterprise will give individuals and teams of individuals
the power to make various entrepreneurial decisions about
their projects, within the context of a company policy which
encourages entrepreneurship.

WHY IT IS IMPORTANT

The components of flexible and modular production
systems will in most cases be inexpensive enough thal most
companies will be able to install them. Competition on the
basis of the installed production process components will
have no relative advantage. Competitive advantage will be
obtained by people finding markets and opportunitics for
product sales and
by people finding novel and beneficial ways to use the
flexible modular production systems. Competitive advantage
will therefore be obtained by the ability of the people in the
enterprise much more than by the machines in the enterprise.

It should also be noted that, more and more, a major
component of a product is knowledge, not material For
instance, in a semiconductor 3% of the cost is material -the
rest is knowledge. Almost all the knowledge in the product
is from the heads of the marketeers, designers and producers
of that product. This human asset needs constant nuriuring.

In the world of agile manufacturing, cooperation will be
a part of daily business. The emerging need for cooperation
in corporations, and for partnerships and stategic
relationships is becoming clear. This places a premium on
trust and honesty in business relationships, which in turn
depends directly on that of its employees.

CRITICAL CO NEN
Continuous Education and Training

This will not only deal with use of new machines and
systems in the enterprise, but will constantly broaden the
horizons of all workers, Rapid inter-company and world-
wide venturing will become common; as a result, general
education of workers so as to easily relate to workers from
other companies and countries will be important. Also,
general scientific and technical education enable workers to
deal better with unforseen problems and new technologies,
and will also be part of the continuous educational process.

Customer Interactive Systems

Customers, dealers and stores will more and more be
dealing with computer interactive systems to configure and
order items. These systems need obviously be designed for
easy use, and to present uniform interfaces to customers,

24

Empowered Individual and Team Subsystems

In the agile enterprise, individuals operate in mission-
oriented teams, empowered and motivated to show initiative
in pursuing advantage for their company. This requires an
infrastructural subsystem to encourage such operation.

All the subsystems of the agile enterprise will create an
organization exhibiting a people-nurturing culture and
environment; measurement and reward systems which are
easy
to understand and reward both individual and team
achievements; compensation which is intellectual and
emotional as well as financial; a business environment which
engenders trust and motivates employees to work for the
success of the company over the long term; and technological
tools to facilitate cooperation and initiative by the employees.,

SUBCONTRACTOR/SUPPLIER
SUPPORT ELEMENTS

DESCRIPTION

The 360,000 manufacturing firms in the U.S. with less
than 500 workers, account for 46% of the national industrial
production. For these companies, 80% of their output is fed
into other companies. This considerable resource is a kingpin
of national manufacturing.

Next generation manufacturing will be agile, of high
quality. It will be networked-based manufacturing, where the
speed of response will often be dictated by the accessibility
of the correct information at the correct place at the correct
time. This new world of manufacturing will require not only
suitable technological systems, but also individual skills and
organizational structures to respond as needed.

The subcontractor and supplier community abounds with
entrepreneurial, capable, technically smart people. However,
businesses of small and medium size do not have the
financial resources to hire and set aside people to deal with
the many technical problems of networks, computer systems,
distributed data bases, global dictionaries and the like, as well
as work force training, total quality maintenance systems, and
planning evolving restructure of the company.

WHY IT IS IMPORTANT

Experience has proven that instability inberent in small
companies can be dealt with by cooperation among them.
The result is an efficient and flexible enterprise constituting
a collection of small companies. A well-known example is
the networking of small companies in the Silicon Valley; they

showed outstanding growth (40-50%)
organizations were having problems [305].

The current support structure to help small business over
these hurdles is insufficient.

The existing programs and technology transfer centers are
far too few for the quantity of companies involved.
Commercial consulting on these issues, is usually too
expensive for small businesses. There is a great need for
learning and technology transfer of all kinds, for
subcontractor/supplier  support. Books, video tapes,
multimedia classes, lecturers and teachers with material for
the trainers are all greatly needed.

Introduction of network-based technology is not simply a
process of installing new systems within a given framework.
It requires a change in individual skills and in functional
structure, This, in tumn, requires a high level of education
and advice. A very approximate estimate can be made for
the effort required assuming that technology and training
tools exist. If we assume a low figure of one person-month
of effort per company, to have small and medium
manufacturing businesses inlegrate into the world of network-
based manufacturing, the effort needed will be 30,000 person
years. If spread over the next decade, this will be a
considerable effort of 3000 man-years per year.

when  large

CRITICAL COMPONENTS

Empowered Individual and Team Subsystems

Suppliers will more and more be brought into their
customers” leams for various projects. They will more and
more require decision-making ability and initiative on the part
of their workers, so as to be a constructive team member and
a valued supplier.

Enterprise Integration Subsystems

As large enlerprises establish enterprise integration
systems, a supplier not part of that system will be cut off
from customers. This may be a difficult problem o the
extent that different customers establish different enterprise
integration systems, requiring the supplier to install different
systems for cach, with attendant training and operational
problems.

Factory America Net

The Factory America Net will have information about
goods and services available and wanted, around the country,
and will provide a means for companies to provide
cooperative offers. It will be important for a supplier to be
part of this network.

Global Multi-Venturing Subsystems

As more and more global multi-venturing opportunities
open up, a supplier should want to be a recognized
component of that global multi-venturing community,

Groupware Systems

Groupware is software enabling cooperative interactive
work on a computer network. This will be one of the tools
used by a supplier as he interacts with customers and
partnering companies,

Rapid Cooperation Mechanisms

Cooperative ventures will rapidly be set up and
dismantled, and the supplier will sce 1o it that he is capable,
of being a part of such venturing.

Continvous Education and Training

The workers in the supplier company will continuously be
educated so as to make them effective contributors 1o
competitive opportunities for the company.

Human-Technology Interface Subsystems

As supplicrs become part of an electronically networked
frastructure, the human-machine interfaces will clearly
become part of their daily working life. These interfaces will
need to be designed not only for big industrial corporations,
but for suppliers of all sizes.

Knowledge-Based Software Systems

Knowledge-based software systems give the possibility of
encoding various kinds of knowledge in a format and process
which is easy to use, and which can train and educate
individuals in the new itechnologics, methods and
organizational structures needed.

Technology Adaptation and Transfer Subsystems

As the rate of technology transfer increases it will be
important that a supplier not drop behind its competitors and
the needs of its customers. Technology transfer to supplier
companies will need to be facilitated.

Evolving Standards Subsystems

Standards will continuously be evolving, and since
supplicrs will be part of the networked industrial system,
these will impact them. This is nol a straightforward
situation, since suppliers will not usually have sufficient
manpower resource to devote to leamming, and integrating up-
to-date standards,
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Infrastructure

TECHNOLOGY DEPLOYMENT
ELEMENTS

DESCRIPTION

The rate at which new technology and methods becomes
available continues to accelerate, far outstripping adoption
and utilization rates. Technology transfer activities have been
the focus of much attention in the last few years bul none
appear to be overly successful in speeding up the process of
adoption.

Until technology deployment is mastered as well as
technology development, the U.S. will remain many steps
behind its potential for cost reduced products and fast
Tesponse enlerprises.

Numeric controlled machine 1ools are a good
manufacturing example. Capability was demonstrated first in
1958, and the concept was relatively mature in 1965. Yet in
1990 enly 20% of the appropriate machines in the U.S. make
use of this technology. In contrast, the Europeans were
estimated at 30%-35% and the Japanese at 65%. This contrast
may have nothing to do with adoption processes rooted in
cultural or ethnic differences, and may simply be a function
of the rebuilding after WWII that went on in Europe and
Japan. But no one really knows.

WHY IT IS IMPORTANT

This is where larpe cost-reduction opportunities exist in
two key areas: eliminating the large hidden costs associated
with the inefficient deployment processes that currently exist,
and in hastening the utilization of lower cost manufacturing
processes and methods as they are developed.

Hidden costs associated with failed or slow adoption and
evaluation processes generally appear in the overhead
category. Here are costs of protracted investigation, testing,
justifying and selling, as well as costs associated with all of
those exercises that never became deployed.

It may be that the more important costs are associated
with lost opportunity rather then cost reduction, Cost
reduction assumes an ongoing enterprise. However, in an
unforgiving climate of global competition and rapid
technological change, failure to adopt certain key
technologies in a timely manner results in irrevocably lost
markets - which for many enterprises can result in lack of
business viability.

As the technological pace quickens, a company’s ability
to evaluate and deploy appropriate technology will be a
critical factor in its ability to survive.
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CRITICAL SUCCESS FACTORS

Technology Adoption and Transfer Subsystems

The impediments and processes of technology adoption
must be understood at the point where it counts the most: the
human being; and at the time it counts the most: that first
decision to deal honestly with something new. One cannot
hope to accelerate these processes until their underlying
details are understood. Adoption and transfer attained today
comes with little systematic effort.

Al one time man fed himself by hunting and gathering
foods that he managed to stumble vpon. Eventually he
learned how to cultivate and nurture the growing of edible
plants and animals. "Successes" in technology adoption today
are, for the most part, stumbled upon. It's time to leamm how
to cultivate and nuriure.

Human/Technology Interface Subsystems

One of the largest impediments Lo technology adoption is
the lack of standard human/technology interfaces. Two
examples we are all familiar with include the many different
approaches to home VCR programming and the multiple
approaches 1o setting digital clocks and waiches.

In a rapid change environment where new, improved, and
alternate technologies are conti ly offering benefits over
the ones already in place, the necessity to learn a new
interface erects both human-emotional and corporate-cost
barriers.

A body of solution approaches already exists on the
conceptual level. Though little has been started toward
standardizing  human/technology  interfacing, strong
developments are underway in the area of standard
technology/lechnology interfaces. For instance, the "common
API" (application program interface) known as POSIX will
allow an application program, such as a factory scheduling
program, to work on top of a variety of operating systems,
such as VMS, UNIX, and OS/2. The POSIX implementation
for each operating system then translates the common
interface into the idiosyncrasies of each operating systems.
Thus, as new operating systems or betler implementations of
these operating systems become available, the application
program can take advantage of them without change.

An analog in the human/technology area is the approach
1o the VCR programming problem recently introduced in the
form of a hand-held universal remote programmer. This
clever device provides a single uniform interface to the vser,
and leamns the individual idiosyncrasies of each device it is to
control.

Continuous Education Subsystems

Competitive pressure in a rapid change environment will
require that companies introduce new methods and
technologies on a continuous basis. Companies that fall oo
far behind best-practice potential will quickly be competing

with others that have decisive advantages. The enterprise that
takes advantage of the continuous change environment will
have people who are capable of utilizing advantageous
methods and technologies as soon as they become appropriate
- whether to simply maintain competitive parity or to
favorably change the competitive balance.

Aside from making a timely decision and commitling the
necessary funds, deploying technology effectively is wholly
dependant upon learning activities, leamning activities that
don’t begin until a willingness and desire to learn is present
in the people who will be involved. The master keys to
opening these doors of "willingness" and "desire” have not
yet been found.

Two specific areas of technology are important enough to
warrant mention here:

+ [Intelligent Human-Leaming Interface Technology

Antificial intelligence has an important role to play in the
education process. Technology that interfaces teaching
software to the leamner and understands when to speed up,
when to skip over, and when to go deep in the teaching
process will make a difference in learning speed and quality,
Technology that can answer questions rather then present a
programmed sequence of material will let people leam in
their own idiosyncratic styles the things they want 1o learn
when they are ready to leamn them. Technology that comes to
understand what the learner knows already will present new
material in a more acceptable and efficient way.

= Personal Simulation Workstation Technology
Teaching-workstation technology can go far to speed up
the leaming process and make learning an enjoyable and
natural activity, Video is a useful but passive teaching aid,
Interactive video is more useful but still remote and artificial
to the user. Real experience is recognized as the best ieacher.
Simulation as a way to replace real experience is used in
many of our other business activities, and in fact has some
history in teaching and learning. War games are one example.

Viral Reality is the name given to a new form of
simulation. Unlike the simulations we are familiar with today,
where inf about simulated results are presented to us
as tabular data or on-screen animated graphics, virtua! reality
puts the user into the simulation as a participant, and erases
the sense of simulation completely.  Virtual reality
technologies include such clumsy things today as video
goggles, sensor-wired body-suits, and super-computers that
control a total visual environment changing in perspective as
the person moves in that artificial space. If suitably
programmed, a very real-seeming ride might be taken on a
semi conductor wafer as it goes through its entire fabrication
sequence, or an exploratory walk may be taken with impunity
through a hazardous processing environment.
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Knowledge-Based Intelligence Subsystems

Knowledge-based subsystems are extremely important in
the capture, reduction, packaging, cxpression, and
dissemination of the knowledge utilized in operating a
manufacturing enterprise, Capturing, reducing, and packaging
the widely dispersed knowledge that is responsible for the
activities currently performed in successful manufacturing
enterprises is sometimes referred to as "'systematization",

A great deal of effort must be expended in this
systematization effort before we can begin the process of
transferring  this knowledge 1o others. In addition to
transferring knowledge that has been systematized, we would
like to package this knowledge in "knowledge-based"
artificial intelligence modules that can assist a human in
decision and operation activities.

Some knowledge-based artificial intelligence modules
referred o as autonomous agents are capable of expressing
this captured knowledge while independently carrying out a
set of activities. For example, an appropriate "personal agent"!
might be directed to interface a person to information and
equipment, and cven act on that person’s behalfl according to
instructions. It would present a common and familiar face to
the person regardless of what it is responsible for accessing
and directing on the other side. It can be instructed to notify
the person when certain conditions exist or certain events
have occurred. It can be asked to present graphical
information that is gleaned from databases or
activities-in-process, without the person having to understand
where any of the information comes from or how the
information is obtained and transformed into the presented
form, It is a general purpose, constant, interface to all manner
of changing technologies on the other side.
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Implied Enabling Sub-Systems

The following section describes each of the ilems listed in the table below.

Continuous Education and Training
Customer Interactive Systems
Distributed Databases
Empowered Individuals & Teams
Energy Conservation

Enterprise Integration

Evolving Standards

Factory America Net

Global Broadband Networks
Global Dynamic Multi-Venturing
Groupware

Human-Technology Interface
Integration Methodology
Intelligent Control

Intelligent Sensors

Knowledge-Based Artificial Intelligence
Systems

Modular Reconfigurable Process Hardware
Organizational Practices

Performance Metrics and Benchmarks
Pre-Qualified Parinering

Rapid Cooperation Mechanisms
Representation Methods

Simulation & Modeling

Software Prototyping & Productivity
Streamlined Legal Systems

Supportive Accounting Metrics
Technology Adaption & Transfer
‘Waste Management & Elimination
Zero-Accident Methodology

CONTINUOUS EDUCATION AND
TRAINING

DESCRIPTION

Few corporate activities will be as important 1o the
financial well-being of the entity in terms of its ability 1o
compete, A high priority will be placed upon the ability to
enhance the range of products the company can creaie and
deliver. This agile manufacturing environment will demand
an agile work force, capable of shifting job descriptions and
skills as the situation warrants, Not only will the worker be
familiar with his company’s product line, but in the
partnering atmosphere of tomorrow’s corporations, he or she
may be called upon to provide expertise in skills that vary
substantially from those to which he has been accustomed.

Only training and education can provide the impetus for a
company to move in versatile directions, Competitive
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advantage will accrue to the company that is able to adapt
rapidly to new technologies, to the speed with which
information is assimilated, and to the call for flexibility in
manufacturing skills. Only education and training will
elevate the skill and knowledge levels of the current labor
pool, and this labor pool includes all categories from the
typical blue collar "ouch" laborer through engineers and
senior management. All will nced to be attuned to the non-
static character of their work environment. Additionally the
range of markets within which an enterprise can compete will
be broadencd and enhanced by its work force acquiring
knowledge and training in critical arcas. These may be
foreign (non-North American) markets, or they may be
products foreign to the particular factory floor, as in the
example of an armored personnel carrier manufacturer
entering the truck market.

Education and training are the only reliable means of
coping with the culture shock of transforming our current
relatively fixed production mechanisms into the agile systems
the future requires.

Infrastructure

The problem of educating a difficult to train, usually
aging, work force does not currently have a solution, This
large body of people needs to be brought in to the education
and training environment. Solutions to this are not yet clear.

Continuous education and training is today a large activity.
In 1988, U.S. business spent around $30 billion to provide
17.6 million formal development and training courses.

WHY IT IS IMPORTANT

In a very real sense, education and training of the work
force are today so important, because for so long they have
been considered unimportant. In the classic manufacturing
assembly line scenario, specialization was the key factor in
employee utility. The work force was attuned to the
importance of performing one job expertly. Once the job was
learned and the product component or assembly line service
accommodated, expertise had been achieved and learning was
no longer as important.

The key to employee utility is versatility and willingness
to adapt to rapid change in products; in job description; in
skill required; in knowledge to facilitate change; and ability
to cope temperamentally with an agile environment. While
the skill level of an employee will not necessarily degrade,
the skill level required of the future employee will increase.
There will be no comfort level achieved by the predictability
of performing the same job one did the day before. Quite the
opposite, the discomfort which accompanics constant change,
unchecked by additional training, will lead to performance
degradation and employee turnover. One of the key
components that leading companies are embracing loday is
that of addressing functional illiteracy in their work force.
Instead of assuming that all people with a high school
education are at the same level and all that they need is some
additional training, companies are spending time on non-
punitive testing and providing education to make their people
functionally literate first. This is critical if additional training
is 10 be fully utilized and the fear of change is to be
overcome.

It becomes apparent then that education and training are
the factors counterbalancing the potential frustration and
anxiety of a constantly shifting environment. And for an
enterprise to make significant improvements in its competitive
capabilities, comprehensive education and training programs
will be essential.  Enhanced performance at the job
notwithstanding, historically training and education were
considered benefits to the employee, tools to serve his
welfare, opportunities for him to better his future. Whatever
the consideration, they were not viewed as critical
components of the enterprise’s ability to compete. Hence,
training and education was haphazard, the budget spare, the
attention slight, and the priority low.

In a larger sense, contemporaneous education and training
in the future will be orders of magnitude more significant
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than they are now. In addition, the rapidity of technological
innovation will force more education and more training just
to stay abreast of improvement in design and methodology.
Whereas today, one company's present poorly trained work
force will impact the fortunes of only that company,
tomorrow’s untrained employees will negatively impact
another company’s product in ubiquitous joint ventures - an
extension of the domino effect.

The cost of developing curricula, skill profiles for various
jobs, developing media based education, organizing and
executing education and training is potentially enormous. For
this reason alone, training and education are in the category
of peneric non-competitive endeavors which have common
sources, common manifestations and common cures; thus
they represent significant opportunities for cooperative burden
sharing.

CRITICAL COMPONENTS

That education and training is critical to future *
manufacturing is not at issue. However, defining and
developing an effective agenda that will address the needs of
competitiveness in a flexible environment is a trickier
question, as is leveraging the resources available between and
among parinering entities. For instance how would the
Department of Defense interact with a private company with
respect to paying for education and training for anticipated
projects.  And how would these factors impact “quick
reaction."

Constraints in the collective longaining process are today
all too often an inhibitor to extending education and training;
these need to be overcome.

This would call for a full understanding of how to take
advantage of cooperative efforts and achieve competitive
advantages for each parinering enterprise. This means that
education and training are viewed as critical components of
competitive advantage, just as is adaptability, shortened
product development time, and quick response to customer
demands, In fact the comerstone of preparation will be the
knowledgeable work force.

There will be a call for "'special" educators to handle the
cultural problems of new versatility requirements of the
manufacturing company. The key to achieving this is the
organization of a well delineated program which partners
educational and corporate persennel in an integrated solution,
and leverages the investment equitably.

Technology will be more and more prominent in the
continuous education process, using multi-media, video
displays, and the like. Employee incentive and reward
systems which encourage education and training, are
important components, required to motivate workers 1o the
cffort required.



21st Century Manufacturing Strategy

Infrastructure

CUSTOMER INTERACTIVE SYSTEMS

DESCRIPTION

In a truly integrated customer-pull business environment,
the customer, or his representative, who may be a dealer, or
a store assistant, engineer or purchasing agent must be able
to directly specify requirements without the intervention of
intermediary entities such as a sales-person or sales engineer.,
The level of interaction could be from specifying from a
standard catalog up o the level of new design specifications.

Such systems are currently very uncommon.

WHY IT IS IMPORTANT

Currently, it is estimated that 20% 1o 30% increass in
profit margins can be achieved by involving customers in a
product’s design [267]. Some companies have already started
to move in that direction -- Augat Inc., a manufacturer of
connectors for integrated circuits, has developed a system that
allows customers (linked via modem) to download CAD
drawings together with text describing what they want, and
choose their connectors interactively. It is also importan! for
the satisfaction of "prosumers', that is, consumers that not
only consider what is offered 1o them but also specily a
product configuration according to their own desires. The
systems may be operated by the end consumer, or by a dealer
or information broker who represents her/him. The system
will be similar in any event.

RITICAL CO NENTS

Related Subsystems

Enterprise Integration
Factory America Net

Global Broadband Networks
Groupware
Human-Technology Interface
*  Knowledge-Based Systems

*  Representation Methods

+  Simulators & Modeling

*  Total Enterprise Integration

All the above will lead to networked-based industry and
commerce, within which customer interactive systems will
find a natural place.
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DISTRIBUTED DATABASES

DESCRIPTION

Distributed database systems (DDBS) may be defined as
integrated database systems composed of heterogeneous
autonomous local databases geographically distributed and
interconnected by a computer network.

The distributed architecture allows the following:

+ Increased flexibility of the system resulting from its
modular and open structure which allows growth and
smoother change of functions and capacity;

+ Increased data security due 1o better protection in case of
hardware and software failures or attempts to destroy data
[62];

*+ Belter system performance as a consequence of increased
level of parallc] processing, also obtained by bringing the
system resources closer to data sources and users; and,

« Holding data on different computers at different sites, with
critical data replicated or frequently backed up, is less
susceptible 1o catastrophic failure of an entire system, than
keeping data on one large mainframe computer,

WHY IT IS IMPORTANT

Distributed computer systems are the "lifeblood" of the
cooperating modern enterprise.  Different parts of one or
more organizations have different databases which must begin
1o work together.

The evolution of compuler technology has lowered the
relative cost of computing versus communications and has
provided high speed local arca networks. Even for one
organization it is often worth constructing a distributed
system in which computers interchange computation results
between them via communication links instead of installing
one large mainframe in which data is pathered via
communication links. In distributed systems individual
processes can be dedicated to particular functions of the
system leading 1o the elimination of very complex
multiprogramming software usvally associated with large
mainframes. On the other hand, coordination of data on the
network is much more complex than for a centralized
mainframe database.

In manufacturing, a major U.S. plant reported a reduction
of design time from 52 to 26 weeks, a reduction in direct
labor cost by 70% and improved time-to-market by 35%
using distributed databases for design and manufacturing.
This allowed the design data to be available to all parts of the
company faster. However, the spokesman for the company
revealed that convincing management of the need for DDBS

look three years. The cultural problems were indeed

prominent [87],

CRITICAL COMPONENTS

Architectural Models

The current, undistributed database technology is based on
theoretical models of database architecture. This scicntific
basis is fundamental to the success of databases. Generally
accepted  scientific based standard meta-models for a
federation of heterogeneous distributed databases do not yet
exist, but if developed will be of critical importance.

Global Catalog

This data dictionary tells which database fragments are
found on which physical nodes and where the nodes are
located. The catalog also stores information on how the
database is partitioned and defines parameters like syntax,
fields, records, tables and the relationships between them.
The cultural and human issues involved in getling people o
agrec on altribute names and meanings are extremely
difficult. This needs strong high-level pressure and ongoing
commitment and determination from management [62],
together with software tools for integration and coordination
of databases.

User Interface

The DDBS is managed by a distnbuted database
management system whose main task is to give users a
transparent view of the distributed structure of the database,
i.e. the illusion of having a monolithic and centralized
database at their disposal, The interface should be the same
all over the system,

Coherency Control

This deals with ensuring that similar or related data, held
in different places in a heterogenous federation of databases,
is cohberent and consistent. An obvious additional
requirement is 1o minimize overhead and transaction response
time, and to maximize DDBS throughput.

Communications

Technological advances in communication systems aided
the DDBS. High data bandwidth necessary for the
performance of distributed database systems can be aitained
by FDDI (the Fiber Distributed Data Interface). The low cost
buses, token rings, ethemet and FDDI networks enabled
reliable physical interconnections.

Distributed Data Strategy
The most important element in distributing data is 10 have
a distributed data strategy. This will help to ensure overall
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data accessibility, optimize response time and productivity,
minimize network costs, and facilitate system and data
administration. Other important considerations include the
near- and long-term requirements for data and the need to
understand the key relationship among key variables such as
data availability, sccurity, reliability, performance, processor
usage, data storage media, and communications/network use
and cost.

Current capability is characterized by a number of
shoricomings and difficulties.
« Currently, the software embedded in higher layers of the
intemnational 1SO OSI  communication model limit the
communication  capabilities in  distributed  database
applications. For example, significant data rate performance
losses occur in the OS] communications models, A
throughput of less than 1 Mbit/s is obtained at the database
level, in FDDI communications of hundreds of Mbit's
intrinsic rate, due to such software losses [303].
« In the future, increasing number of geographically
dispersed private and public organizations will be service
providers. Future data in distributed environments will be not
limited to text only but image, motion video, graphic and
audio, The size of databases 1o store this information will be
massive. For example, 5 sec high resolution motion video at
30 frames/sec. requires 3800 Mbit/sec. compared B.5x11
ASCIT page which is 0.011 Mbit/sec. Current data
compression technology allows only 3:1 compression without
loss. Greater compression ratio of 12:1 can be achieved only
with loss of information that can lead to image degradation.
The sizes indicate that there is a need for massive data
storage and high bandwidth communication with respect to
distributed database technology. Presently, there is little
knowledge of how to share such diverse types of data in
large-scale distributed system [303].
« As distributed systems prow, they tend to be more
heterogenous. Problems of heterogeneity are difficult because
of the presence of multiple computational environments, each
with its own notations of file naming and functionality, which
will be a chronic problem. The problems such as salability,
security and availability will continue to be important as
distributed file systems grow in size [303].
« A survey of 100 information system sites in Fortune 1000
financial services and insurance companies finds reports that
the number of distributed databases in the LS, is expected
to grow from 25 in 1983 to 1800 by 1993, The distributed
database software market will be worth billions by 1993. The
revenue from distributed database software grew from $150
million in 1988 1o over $1.2 billion by 1993 [308].
« Currently, there are many central databases. As distributed
database become technology of the future, the existing
databases should have distributed access capabilitics. The
problem of data translation can arise. Even though
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connectivity can be attained wsing gateways, the data
restructuring methodologies should be easy and fast. This is
an enormous problem. One industry expert predicts that the
distributed databases won't be commonplace until about 2050
[133].

» Fully distributed databases will be facilitated in the future
since microcomputers are fast enough and big enough to do
the work. In a recent experiment the fastest 486 PC did 29.9
transactions/sec, comparable to a workstation which did 25.8
transactions/sec. Using an optical disk, a PC can store up fo
5000 Mb data [133].

» Today's user interfaces to databases have very limited
capabilities, especially in dealing with multimedia
applications [197].

« With respect to Query languages, there is a necd for
standardization. The SQL Access Group is firying to
accelerate standards for retricval and update of information
from heterogenous databases. Proprietary solutions exist for
these functions, but the number of databases these solutions
can talk to is limited. The Remote Data Access (RDA)
protocol committee of ANSI is in the process of developing
standards for client applications to remote data servers. RDA
will be implemented as an OSI application layer protocol
[198].

EMPOWERED INDIVIDUALS AND
TEAMS

DESCRIPTION

A team is a relatively small, sclf-managed and empowered,
group of people with a defined team goal. Its members may
be from different parts of the organization such that the team
can deal with all aspects of a project. Teams are usually
small o reduce communication problems and exclude
members whose areas of responsibility are peripheral (o the
team task. They are self-managing and empowered o act
such that delays caused by referring decisions back up the
line are minimized. Finally, teams should be multi-functional
to be most effective because the knowledge of every member
is leveraged by the knowledge of the others resulting in a
comprehensive solution to problems, from the beginning, in
a parallel fashion.

A dramatic shift in both structure and business philosophy
is required to reshape a traditional hierarchical structure of 7-
8 levels to a fatter structure with less levels. This transition
is aided by minimizing the requirements for specialists in all
functions, and moving to more generalists who are capable of
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performing multi-disciplines. The organization’s information
and communication techniques become common throughout

CRITICAL COMPONENTS

the organization and transportable between other b

M Style

events.  Organizational barriers and the constant desire to
form special commitices decreases as the new environment
depicts less internal boundaries, thereby promoting a more
responsive, cobesive unit to address pressing concerns and
issues, The new environmenl removes traditional labeled and
pigeonholed specialists who tend to become stagnant and
complacent; it encourages multi-discipline ability leading to
increased flexibility 1o react to challenges and opportunities.

Concurrent with this new environment is a notable
improvement in employee utilization. This occurs because of
the infrastructure established between companies which
focuses on optimizing the applications of each employee’s
skills. This sharing of skills and work force helps reduce
overhead labor, enabling companies to be more responsive to
dramatic peaks and valleys in demand with limited resources.

As the technology enables more highly automated methods
of designing, p ing for and building products, the role of
a broader range of employees consists of "change" oriented
activity (new designs, new processes).

A recent survey of books on the subject [180] states that
no more than 10% of the American work force is organized
as teams, but a survey shows that executives expect that by
1996 50% of jobs will have a team format.

An inferesting example of the dramatic impact of
empowerment is the Toyota organization. In 1951 workers
made 0.1 suggestions for improvement per worker, of which
23% were implemented. In 1986 they made 47.7 suggestions
per worker of which 96% were implemented. Each
suggestion evokes some response within 24 hours.

WHY IT IS IMPORTANT

Empowering individuals and teams is important because it
reduces the company’s new product development time,
response time to a customer, and improves product quality.
It also enables effective concurrent engineering. From the
performance  evaluation standpoint, the team approach
substitutes collaboration for auditing. The success of
companies that implement the team approach in process
improvement and quality projects can be illustrated by the
experience at Miliken, now a Baldrige Award winner.
Thousands of projects were completed by teams at Miliken
[172]. A multibillion dollar aerospace company was able to
reduce its development time for major products from 36 to 24
months. The responsible team constituted members from
engineering, manufacturing, quality assurance, and product
support [30].

To enable the empowering of the teams, senior managers
concentrate on improving the system and delegating routine
operating decisions to others. Business responsibility is
placed as far down the organization as possible, As reported
by Bower and Hout [46], a bank reduced the time to process
a loan from several days to 30 minutes; formerly the
applications needed the approval of a series of supervisors;
today the loan application comes 1o a single team formed by
a credit analyst, an experienced collateral appraiser, and bank
procedures expert, such that the approval can be made almost
at once.

Performance Measures

They should reflect the fact that putting together a
successful team often means broadening the scope of
individual jobs and organizing the team around market-
oriented purposes rather than departmentally defined tasks.
The experience of one company in this study showed a
dramatic improvement in team performance, for all metrics
used, regardless of how a team was organized.

Continuous Education and Training

Team members leam more about the work process through
communication and close working relations with pecrs with
different expertise.  However, they also learn about
customers, compelitors, and the company’s operation;
traditionally, the latter issues were considered by top
managers only. Therefore, rapid feedback loops become
standard practice. An example is Benetton, which collects
data daily at the refail level such that teams know what is
selling and what is not [46]. At Du Pont, production workers
visit customers just as sales people and product engineers do
to learn their needs firsthand. Finally, members must keep up
to date on the leading edge of knowledge and technology.
Milliken, for example, spent $1,900 per employee for iraining
during 1989 [172).

Resources, Communication and Structure

This people development process which enables complex
tasks to be executed by a small number of well rounded
generalists, also brings together the necessary resources and
makes the required decisions to bring about the new product
or process. If the core team grows too large, the project
becomes unmanageable.

Technology exists to allow instantancous and complete
communication of all critical product and business daia to all
parties. (See Enterprise Integration in this volume.)
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Flexible and reconfigurable organizational structures,
defined and supported by enlightened functional management,
contribute to the success of empowered teams.

ENERGY CONSERVATION

DESCRIPTION

Industrial processes consume approximately two fifths of
the developed world's energy [294). Energy is a critical
public-policy issue, It is vital to America’s future standard of
living and industrial competitiveness. Population expansion
with ever better standards of living cause higher global
consumption of energy and raises concems over energy
conservation [206]. In the U.S., the average per capita energy
consumption in 1989 was approximately 325,000 B with
estimated decline of 7% from 1979 [226].

According to the World Competitive Report [392], the
U.S. ranked 16 among 23 industrialized countries in terms of
being most likely to be vulnerable to shortages in critical
imported resources. Domestic oil demand, which had fallen
10 15.7 million barrels a day in 1985, climbed to 17 million
in 1990. Meanwhile, domestic production has been declining;
aging U.S. oil fields produced only 7.2 million barrels a day
in 1990, down from 8.9 million in 1985. As a result, the
U.S., the world's largest energy consumer, now imports more
than 50% of its crude-oil and petroleum products. Fully one
third comes from the politically volatile Middle East. It is
estimated that on its present course, the U.S. will need to
import two-thirds of its oil by the year 2000 [226].

WHY IT IS IMPORTANT

Aw of energy requi and awareness of the
environmental effects of emergy use are high in the
consciousness of informed citizens. Industry, as a user of
two-fifths of this energy, is a key component of this major
public concern.

CRITICAL SUCCESS FACTORS

Efficient Use of Energy

The U.S. has made progress in energy efficiency. From
1979 to 1989, the amount of energy consumption per Gross
National Product (GNP) declined 20% - from 25,000 to
20,000 Btu. Energy consumption per capita meanwhile fell
nearly 7% - from 349,000 10 325,000 Buu. Industry has led
the way, trimming its energy demand 17% (from 23 trillion
Btu 10 19 trillion Btu) during the same period [226].
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Efficient use of energy in industry was made possible by
four factors. They are:
- Substitution of capital for energy -

Capital investment on equipment focusing on energy
conservation, such as thicker insulation, large heat
exchangers, and other cnergy-saving devices, reduced
incfficient use of energy [294].

Improvement of existing processes -

The technical improvements reduce the total costs of an
industrial process by 1 to 2% a year on average An
example improvement of existing processes was an
extensive use of quality controls which, among other
benefits, resulted in saving energy that otherwise would
have been used to produce defective products [294].
Efficient light bulbs and other devices can be a significant
saver of energy.

Scientific and technological developments -

This can enable relatively rapid and profound
reductions in industrial energy requirements. In the long
run, technological improvements are the most dramatic
factor in cutting back industrial energy consumption.
Refinements of existing industrial processes would have
run into their natural limits long ago were it not for radical
innovations. Examples of scientific and technological
breakthroughs are the development and use of sensor and
computer controls in the process industry [294).

Scientific and technological breakthroughs in material
and product design also play an important role in
efficiency use of energy. For example, it is estimated that
an improvement of 1% in engine efficiency would save
U.S. airlines $100 million in fuel costs cach year [11].

» Demand-side management -

Efficient use of energy can also be accomplished by
controlling the users’ demand. For example, in the
electrical utility industry, the Demand-Side Management
has been widely used to improve the efficiency and timing
of customer electricity use [153],

= Cogeneration -

Cogeneration systems make use of otherwise wanted
thermal energy, produced by electric or other gencration
plants. Under the appropriate operating conditions an
efficient cogenerating plant can yicld 85% efficiency
compared with 35% typical for fossil fuel gencrators.

Environmental Awareness

Rising concemn about global warming and acid rain
resulting from the burning of fossil fuels is prompting public
and government to pay close attention to environmental
impacts from energy consumption.
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Altention is focused especially on the transportation sector
which accounts for 10 million barrels of the U.S.'s daily
energy consumption of 17 million barrels of oil. Most of that
oil is burned by automobiles [226].

Trade-offs between energy exploration and nature
conservation are major items of public debate today.

Government Regulations and Incentives

Govemnment plays an important role in energy
conservation. It can control usage of energy directly by
putting limits on consumption rate by means of regulations -
such as the Congressionally imposed corporate average fuel
economy (CAFE) standard for cars; or indirectly by providing
incentives 1o encourage economically efficient energy
conservation. The legislation tries to balance energy needs
with the environment and the economy 1o encourage
“least-cost" energy options with the lowest total economic,
environmental, and societal cost [226].

Alternate Energy

Alternate energy includes a host of "renewable" forms of
energy - solar thermal, photovoltaic, wind, biomass and
geothermal, for example [226,383].

Renewables now supply 8% to 10% of America's energy,
most of it hydroelectric. The Department of Energy estimated
that renewables could provide more than 28% of U.S. energy
by 2030 if they get more funding and their cost drops relative
to oil [383].

International Cooperation

Energy efficiency appears to be in the process of
transformation into a significant global force, supported by
people and governments in industrialized countries.

Infrastructure

Improvements muslt rest on a strong  educational
foundation, Environmental awareness should take root in
elementary and junior high schools. Emphasis should also be
placed on science teaching which is fundamental to the future
supply of scientists and engineers - and to the understanding
of their contribution by nonscientists [294].

Plant operators, equipment suppliers, engineering fimms and
government regulatory bodies as well as financial community
must all have long time horizans [294].

Future Research and Development

The research and development effort extends not only to
rencwables, but also to those based on fossil fuels such as
synfuels [226]. The research is not only to increase domestic
energy resources to replace oil imports, but also to reduce
pollution created by energy consumption [226).

ENTERPRISE INTEGRATION

DESCRIPTION

Integration is the act or the process of cost effectively
harmoniously integrating or uniting all parts of the whole to
1) reduce voids and redundancies, 2) cost effectively balance
people versus systems versus technology needs, 3) provide
understanding of all processes and functions, white collar as
well as blue collar, through all phases of product/service life
cycle for all organization levels (planning, control, execution).

This leads to the following characteristics for the
enterprise integration system, to facilitate flow of information
and coordinated decisions and actions,

Enterprise Integration Architecture

Necessary to form a framework to communicate
information for all domains (input, output, control) for
people/hardware to cost effectively manage a process. One
needs to balance the resources and controls (data, software
systems and hardware) for all processes. These processes
should be logically integrated but physically distributed across
heterogenceous systems and hardware, transparent to the user.
Data should be entered only once to be used many times,
Standards, common business roles and an architecture
(covering business and technology systems) are necessary to
accomplish integration,

Information Access

It should be easy to access the wealth of information
respurces and services available through corporate networks.
Too often, those that need information do not know where to
look or what commands to use. In general, data will have to
be integrated from many sources to create customized
information presentations for each individual.

Monitoring and Automation

Even if one knows where and how to get information there
is simply 100 much to keep track of. People and sofiware
need to be notified of decisions or events that affect them, so
that they can take appropriate action.

Cooperative Work

People and computers need to work effectively as teams
across time (e.g., through various stages of a product life
cycle) and space (e.g., design and production engineers
working concurrently to resolve a problem), Team members
need 1o share knowledge and information, and be alerted 1o
potentially conflicting decisions.
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System Integration

Independently developed software packages must be easily
integrated into the framework so that they interoperate
seamlessly and are easily used and maintained.

Additionally, the framework must provide an incremental
path for migrating the enterprise from a purely "people-
based" operation toward an environment in which people and
computers work cooperatively. This evolution must occur
without interrupting on-going operations,

Enterprise integration is the industrial analogy of military
command and control. It bases the operation of an industry
on computerized data; hence it requires the integration of all
data in an enterprise on linked computer networks, together
with storage of processes to use that data, and of knowledge
about the processes and the data, on the network.

Enterprise integration will be as common in 2006 as is the
fax machine today. Any company not able to communicate
and interact rapidly with other companies will lose its
competitive position. The development and coordination
needed to establish this is enormous, but the effect will be
profound and this effort absolutely necessary.

Enterprise integration includes not only the technical
capability of making computer-based data, processes and
knowledge available widely, but also the individual skill
training and the functional organization needed 10 generate
the computer-based items in a controlled way, and to use
them quickly and effectively.

WHY IT IS IMPORTANT

Enterprise integration, like any other process design,
should assure that all parts fit, work together, and perform
their individual functions to efficiently and reliably
accomplish the overall enterprisc purpose. White collar
service oriented processes are no different than blue collar
manufacturing processes, except being more people dependent
and requiring even greater need for enterprise integration to
manage voids and redundancies.

The benefits of enterprise integration are to optimize the
whole, not parts, of the enterprise to be more responsive,
achieve higher quality and lower cost and be more flexible to
market demand. The result should be able to "do the right
things, right the first time, just in time, all the time".
Enterprise integration is one key component of a Total
Quality Strategy to achieve continuous product/process
improvement by cost effectively balancing people, systems
and technology needs.

Agile manufacturing requires much reduced product
realization cycle times, and reduced reaction time to a
customer’s order. Many analyses from many industries show
conclusively that the time taken to find data, and lack of
information at a decision maker when a decision is made, is
by far the overwhelmingly important barrier to overcome, to
cut down cycle time and response time,
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The impact of enterprise integration is seen for instance in
the highly competitive and time-critical domain of retailing.
Retail outlets, factories and distribution centers arc tied
together through communication channels linking point-of-
sale data directly to factory scheduling and inventory control
systems, enabling just in time restocking of fast selling items.
A Walmart store in Peoria, for example, running low on
particular sizes of a popular dress can be restocked directly
from a factory in Spain, with no intermediate warchousing, in
about 36 hours, compared to an industry average of six weeks
[355].

Ford restructured their North American accounts payable
process, reducing staff size from 400 to 100. They did this
by eliminating the traditional 3-way reconciliation process
(order, receipt and invoice), in favor of a system that paid
directly on receipt of authorized goods. A new compuler
system enabled the receiving department to accepl only
incoming goods for which a valid purchase order was
outstanding. Accounts payable then made payment directly
from shipping’s receipt advice [355].

Singapore's TradeNet reduced the time for goods to clear
the world's busiest port from 4 days to 10 minutes. They did
this by creating a trade-facilitation EDI network that linked
the information systems of shippers, freight forwarders,
banks, and customs officials; statutory regulations were
changed to allow electronic clearing [355].

Organizations today are often large and distributed, with
different stages of computerization and different kinds of
computer software, This uneven developmeni and
heterogeneity are major impediments to cycle time reduction
across all processes within and between enterprises.

CRITICAL COMPONENTS

Standard Enterprise Integration Architectures

An architecture of networked software is the agreed
protocols and other arrangements which enable software
processes to communicate, send and receive data, maintain
currency, avoid contradictory data, and be understandable to
human users. Such agreed architecture does not exist.

Evolving Standards for Product Representations

One needs to be able to represent all the data of a product
in a way usable by any process needing that data. This data
is not only the geometry, shape, surface finish, electronic,
thermal and other technical properties of a product, but also
business data such as price, availability and so on,

These standards will never be fixed and static. They will
be continuously evolving as new requirements are better
understood.

The primary thrust in this area is the PDES-STEP effort.
It will be several years until this becomes available and then
several years more until systems based on this become
available.
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A representation includes not only the data defining a
product, but also a specification of what process could
operate in that data, or possibly the process itself, and also
representation of knowledge about the product and production
process.

Standardization efforts in the U.S. are fragmented and
slow. This is discussed in more detail in the section related
lo standards. This stands in marked contrast to the efforts in
Europe, of many people and organizations, working in a more
coordinated way than in the U.S. on standards related to
manufacturing.

There are numerous, sometimes overlapping and
competing standardization efforts dealing with the exchange
of data or the interoperability of distributed systems: PDES,
EDIFACT, X12, X.n, OLE, APS, IGES, ODA, SMGL, SNA,
NAS, OCE, CGM, EIA, ANSI, CCITT, IEEE, IS0, NIST,
OMG, CFl, OSF, Uniforum, Unix Intemational, User
Alliance, COS, 1SO, IWG, and many more. In addition to
these  information-industry  standards  and  standard
organizations, there are organizations in every major industry
developing often idiosyncratic architectures, protocols and
data formats for their industries: Sematech, Automobile
Industry Action Group, Petrochemical Open Software
Corporation, Society of Manufacturing Engineers, CAM-I,
EPRI, Acrospace Industries Corporation, and so on, This
fragmentation must be rectified.

Heterogeneous Distributed Databases

Heterogeneous distributed database technology based on
open systems is a critical component of the enterprise
integration systems. This is discussed separately in the
section on distributed databases.

Evolving Standard User Interfaces

Currently different computer systems use different user
interfaces to interact with them. This creates great difficulties
when people are required to change from one using system to
another. It is desirable therefore that standard user interfaces
be developed for interacting with the data, processes, and the
knowledge bases in the enterprise integration information
system. This will facilitate people being able to use many
different systems within the integrated enterprise. This
subject needs much more inter-industry attention and more
fayorable standard-setting than is the case now,

Unified Training

Enterprise integration requires that people be able to easily
work one with another making use of networks extending
across the enterprise. In order for this to be achievable,
people must understand what the function of the enterprise is,
what the functions of the different people in the enterprise are
and the functioning of the different systems in the enterprise.
It is necessary therefore to generate coordinated training
systems for the people in the integrated enterprisc. These

training systems will require a curriculum of what to teach,
to different people in the enterprise, and should generale tools
for that education.

Future generations will grow up in a world of computer
networks and information, and will instinctively understand
what they are, what they do, how to use them, and how to get
the most out of them. For the rest of us, training will be
needed not only on how to use the computer interface, but
also on how to understand a network, what it can do, and
how to best use it.

In order that training should be made available 1o many
people in as short a time as possible, it is necessary to
develop tools, including video, multimedia, pamphlets and
books, and other materials aimed at making the teaching
efficient.

The training system will need a system of teaching the
teachers, which will be different than teaching the regular
work force.

Information Services

In the integrated enterprise, much information will be
available to people, but in order to usc that information they
will need to know where it is, who they can wrmn 10 get
different things done, and how resources can be used.
Information services will be necessary in the integrated
enterprise in order that people should quickly find other
people and resources they need to do their job.

Computers and Networks

Computers and networks will not be developed spec:fically
for enterprise integration. Enterprise integration will make
use of the capability of computers and networks in general.

Encryption, Security, Reliability, Integrity

Use of information in the integrated enterprise will require
that information be encrypted for security reasons and 1hat the
system will be kept secure from people or processes who
should not have access to that, In addition, the system will
have to be protected against software damage as from viruses,
and from physical damage as from fires, Prolection of
software from software is a technology still in its infancy,
due for a tremendous expansion. Processes, procedures and
people will need to be in place to protect the integrity of the
data and the backup storage. Alternative routings should be
available and automatically used when needed, and the
network and data should be protected from failures, for
instance, flooding of the network by broadcast erroneous
error message. These items are not developed especially for
enterprise integration but they will be a critical component.
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EVOLVING STANDARDS

DESCRIPTION

The interconnection of communication devices in a
distributed network or of mechanical madules in a system is
impossible without standards. However, more than one
standard are used. As a result, incompatibility of plug in
units, ¢ ication protocols, ge media or software
can lock computer users into choices of equipment, services,
and supplies that are a burden in the long run. This situation
will not be quickly improved because standards work in the
U.S. is too fragmented and slow. In 1989 the Board of
Telecommunications and Computer Applications of the U.S.
National Research Council workshop on standards stated that
the U.S. standard setting process is excessively slow and
cumbersome for the era of intemational competition in high
technology industries. In addition, the board suggested that
those interested in global trade should contribute to and
participate in the standard development process, understand
intemational developments, and support globally accepted
directions, Also, they warned that the in-country protectionist
standard should be opposed, to facilitate efficient and free
market place [391].

Since there are many standards, various commitiees are
trying figure out how to make standards work together, a
process they call "harmonization", For example, standards
involved in computer readable CAD schematic of a printed
wiring board are: EDIF (Electronic Design Interchange
Format), IGES (Interim Graphics Exchange Specification),
IPC (Interconnecting and Packaging Electronic Circuits), and
VHDL (Very High Speed IC Hardware Description
Language).

Standards efforts are caught in the constant tension of an
unsolvable problem. Freeze a standard now, and better future
solutions may be locked out, Wait for the better solution and
the continuation of current chaos leads to inefficiency.
Strong leadership based on strong technical expertise is
needed to steer these decisions,

Developing an intemational standard is al least a three
year process and usually much more. First it is introduced as
a draft proposal [74]. The committee reviews the draft and if
it passes it becomes a proposal. After circulating to a wider
audience, it becomes a draft international standard. The time
from draft to adoption of a standard is very high,
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WHY IT IS IMPORTANT

Increasingly, industries, service providers, rescarchers and
organizations depend on the availability of data in electronic
formats. Data created once in electronic format, is transferred
from system to system and used many times. If one sees the
comparative life cycle of hardware, software and data in
manufacturing, data has the longest life cycle of all three
components. When new businesses are formed or older
businesses seek new opportunities, standards reduce the risks
and expense associated with the development of new
information technology-based products and services [237].

In manufacturing organizations, data currently resides in
stand-alone systems in many formats. If there are no standard
interfaces between these stand-alone sysiems, the organization
will have data handling constraints. For example, a critical
clement in the design process is to ensure thal a cormon
standard for data is used to help with the exchange of
electronic  product information. Work on product data
standards is focusing on defining information standards which
can be used by all design and manufacturing engincering
areas. These standards must include not only geometry, but
material information, functionality and other data.

Standards  both expand markets and facilitate
competitiveness, International standards are one of the best
paths to true global competitiveness.

For concepts like concurrent engineering, simultaneous
engineering, reduction of product development time, ctc. to
be truly effective, common standards for information handling
are essential [237]. Overall, industry executives should
support the development and application of standards, because
they will be a critical factor in reducing the information
constraint and staying competitive.

There is a consensus among government and industry
commitied 1o CALS and enterprise integration that the
unifying technology necessary is PDES. The method that the
U.S. bas chosen to attain this technology is through an
intemnational standard, under the jurisdiction of 150, called
STEP, Standard for the Exchange of Product Model Data.
The STEP standard is being developed by 170 experts from
25 countries; 18 of these countries are classificd as
participating, and 7 as observers. There are 8 organizations
participating in a liaison status. Because of disinterest on the
U.S. delegations in the past, some decisions were taken
unchallenged, by better organized foreign delegations that
were nol in the best interests of U.S. industry and
government, Recently the development community in the
U.S. has realized that betler representation is required at these
international mectings.  U.S. representation has greatly
improved and some key issues were decided that allow
content in STEP that more suits the U.S. needs: e.g., the re-
instatemnent of the electrical models into STEP after they had
been removed by foreign delegations a year before.

Many vendors and users are promoting standards for open
systems. These standards are intended to allow computers
manufactured by different vendors 1o communicate easily.
Software based on standard languages and standard interfaces
to operating systems, using standard utilities, should be able
to run on different vendors’ equipment. Users trained on
systems supporting these standards should be able to readily
use other systems built on the same conventions.

One of the major areas that lack standards is in user
interface to software applications. For example, there is no
standard key for functions such as save, exil, help, efc.
Standards would considerably reduce the leaming curve
associated with using various software applications and will
provide ease to users. It was estimated that 20% to 50% of
software development is devoted to interface development, A
survey showed that by reusing 100,000 lines of user interface
software out of 500,000 total lines of code, 2,500 staff hours
per service application would be saved with a standard
Human Network Interface. Overall, by having standards,
software development effort, training effort and mai e
effort can be reduced significantly, OSF/Molif is trying 1o set
standards associated with graphic user interfaces [333].

CRITICAL COMPONENTS

Recognition of the Need

The goal of manufacturing systems is to increase
compelitive strength. One of the factors vital for a successful
manufacturing systems is the integration of process, material
and information flow, and communication and control
systems. Enabling technologics such as Computer-Aided
Design (CAD), Computer-Aided Manufacturing (CAM),
Computer-Aided Engineering (CAE), Computer-Aided
Testing (CAT), Computer-Aided Process Planning (CAPP),
Computer-Aided  Quality (CAQ), Computer-Integrated
Manufacturing (CIM), Computer-Aided Software Engineering
(CASE), etc., are modular in nature and share data in an
integrated environment. Data can be in different formats,
sizes, etc.

It is the goal of this interconnection to dircct the right
information to the right place at the right time and with
complete accuracy, IT there are standards, the system will be
open, 50 it can be expanded 1o both customers and suppliers.
The concept of "open" is only achievable by having standards
that in wm lead to potential markets. An example of
standards affecting an industry is American facsimile. In the
beginning, American facsimile companies did not agree on a
communication standard. Ten years later, the Japanese
conquered the facsimile market,

Standards are required to provide the understanding and
representation of products and processes for use by
computerized tools, activities and systems. Development and
application of standards depends on the ability to define a
conceptual schema of product knowledge and data, process
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knowledge and data, life cycle knowledge and data and
enterprise management data.

Standard Setting Organizations

Many organizations are responsible for standard setting,
both domestic and international. 1SO (International Standards
Organization), headquartered in Geneva is the specialized
intemational agency for standardization. National standard
organizations of 89 countries form the membership of 1SO.
ANSI is the U.S. representative, also responsible for setting
domestic standards. During December 1983, 1SO furmed a
new ftechnical committee, ISO TC 184, "Industrial
Automation Systems". The scope of this organization can be
defined as "Standardization in the field of industrial
automation systems encompassing the application of multiple
technologies, i.e, information systems, machines and

for an estimated 7199 man-years of project effort in five key
areas of enabling technology, to be expended over 5 years
[124]. This is a considerable effort, in the following areas:

* Advanced Microelectronics - 1,670 man years

« Software Technology - 1,440

* Advanced Information Processing 1,695

* Office Systems - 1,450

* Computer-Integrated Manufacturing (CIM) - 944

The CIM category consisted of two sub-categories:
Communications Networks for Manufacturing Applications
(CNMA); and Open Systems Architecture (OSA). Due to the
large number of projects in CIM, the six work plan areas
under CIM are:

equipment, and telecommunications"”, Two of the dard
development efforts under ISO TC 184 which are in
particular interest are the STEP (Standard for Transfer and
Exchange of Product Model Data) and international
standardization of the MAP (Manufacturing Automation
Protocol) and TOP (Technical and Office Protocol) [124].

GATT (General Agreement on Tariff and Trade) has
exceptional importance and relevance for all companies and
organizations conducting business on a multi-national basis.
The 150 9000 standards for quality will become prominent in
international trade. Today, with national, regional and
international voluntary standard development organizations,
participants are aggressively developing standards in the areas
such as computer communications, database managzement,
computer graphics, programming languages, and operating
systems. These standards promise o reduce cost and increase
productivity, while maintaining an open international market
for software and services. The multiplicity of groups
promising standards is cause for concern.

There are numerous, sometimes overlapping  and
competing standardization efforts dealing with the exchange
of data or the interoperability of distributed systems: PDES,
EDIFACT, X12, X.n, OLE, APS, IGES, ODA, SMGL, SNA,
NAS, OCE, CGM, EIA, ANSI, CCITT, IEEE, ISO, NIST,
OMG, CFl, OSF, Uniforum, Unix Intemational, User
Alliance, ISO, IWG, and many more. In addition 10 these
information-industry standards and standard organizations,
there are organizations in every major industry developing
often idiosyncratic architectures, protocols and data formats
for their industrics: Sematech, Automobile Industry Action
Group, Petrochemical Open Software Corporation, Society of
Manufacturing  Engineers, CAM-I, EPRIL.  Acrospace
Industries Corporation, and so on.

ESPRIT (European Strategic Program for Rescarch and
Development in Information Technology) is a multi-year
R&D effort through the commission of European
Communities, for the enhancement of European Comununities
in Information Technology. The 1984 plan gave a projection

1 Integrated Systems Architecture
2 CADI/CAE

3 Computer-Aided Manufacturing
4 Flexible Manufacturing Systems
5 Subsystems and Components

6 CIM System Applications

Testing and Diffusion Capabilities

The objectives of testing are:
= To validate standards against user requirements;
= To evaluate the effectiveness of standards which includes
identification of need for improvements and prototyping
conformance/acceptance tests; and
« Evaluate new technology - identify requirements for new
standards and identify usefulness of technologies.

Testing of standards include activitics such as defining
goals and scope, project planning, administrative tasks and
technical tasks. In the process of international standards
lesting many organizations need to cooperate. Studies show
that 20% of total annual development expenditure is for the
validation of standards. Before publishing the standard. the
testing and validation process should both be economically
feasible. Today evolving standards should aim toward a single
set of internationally acceptable tests.

FACTORY AMERICA NET

DESCRIPTION

Two of the unique strengths of the United States are its
leadership position in information science and technology and
ils massive diversified supplier base. Combining these two
strengths provides an extremely powerful and unique asset.
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Factory America Net is a value-added network that will tic
together a large percentage of American manufacturers and
suppliers into a cohesive on-line community.

Factory America Net will service the manufacturing
enterprise community, much as the Internet, which developed
from the Arpanet, ties together universities and rescarch
organizations in 47 countries. In approximately twenty years
the Internet community has grown to the point where 444,000
nodes in the United States and another 125,000 nodes in the
international community service millions of individuals in
thousands of organizations. Arpanet became functional
twenty years ago through the active development and
introduction of DoD's DARPA arm. Virtually any university
or rescarch organization can now become a member of the
Internet community by setting up the appropriate network
node configuration consisting of a computer capability and
specialized software. The node is connected 10 other nodes
throughout the entire Internet system and provides access for
a community of users over all organizations in the network.
These users then have access 10 the entire Internet community
and services provided specifically to facilitate the interchange
of research information and promote interactive rescarch
activities.

Factory America Net is envisioned as a utility tha will
enable inter-enterprise integration and the virtual corporation.
Just as enterprise integration within a given organization will
streamline its abilities for concurrent activities and
information exchange, inter-enterprise integration will tic a
corporation into ils entire supply base and its customers,
Where the Factory America Net is employed to forge a joint
venture among a number of corporations, it will tie together
those relevant pieces in each company in pursuit of a specific
market opportunity; we then have what we call the "Virtual
Corporation". The concept of the virtnal corporation is
described elsewhere.

Principal early uses and motivators for the development of
the Factory America Network are the currently active pursuits
of electronic data interchange and concurrent engincering
among companies and their suppliers. Both EDI and
concurrent engineering activities currently being explored
place an extremely large burden on the small supplier
involved because the technology is not yet mature and
standards are lacking. A key function of the Factory America
Network will be the adoption of defacto standards for all
forms of electronic commerce and engineering beiween
companies using the network,

Aside from basic network services, Factory America Net
will accommodate third party services and data bases
appropriate for the manufacturing enterprise community.
Thus, we would expect to find brokering services that help
match companies with resources of all kinds including the
identification of potential partners for specific opportunities
and requirements. Requests for quotations and calls for
participation and other such opportunily nofices that are
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published today in a variety of places would be on-line and
available to everyone on the network. The supply base
nationwide would have full and complete access to all of the
opportunitics nationwide as they become available. The
major manufacturers in need of capabilities and resources
would have instant access to the entire nation’s supply base.

WHY IT IS IMPORTANT

The act of concurrent engineering requires that process
design activities occur simultaneously with product design
activities. In most cases, machines and systems are designed
by firms that specialize in these areas and must work
concurrently with firms whose function is to produce
products.  These activities require a vast amount of
information interchange on a constant basis, much of it in the
form of engineering drawings. Factory America Net will
provide suitable data interchange services and standards so
that a relationship between a supplier and a manufacturer is
easy to establish and easy to maintain regardless of previous
activity histories and distance between locations.

Factory America Nel is also the marketplace for finding a
manufacturing facility that can make a small run of required
spare parts, a special one-off quick-response part, a source of
inventoried materials, a place that can accommodate an
immediate tooling requirement, or even a group experienced
in certain technologies.

In the age of rapid realization an organization will often be
faced with a requirement or an opportunity that must be
executed swiflly beyond its intemal capabilities. It can
easily access The Factory America Nel and find the required
capabilities, partners, and subcontractors, with a team
validated and in place. Factory America Network facilitates
the interchange of active project activities and information
throughout the entire course of the project. Used in this
fashion the participants form a virtual corporation with a
period of time that they are engaged jointly in the required
activities. This virtual corporation may be composed of units
involved in some research, units involved in technology
developments, units involved in manufacturing subsystems,
units involved in assembly operations, units involved in
distribution, units involved in servicing, and units involved in
financial accounting and administration of the virtual
corporation.

CRITICAL COMPONENTS

In order to tic the diversified supply base of the United
States together in the Factory America Network it will be
important that the acquisition entry level costs for obtaining
a node and training people to use the network capabilities is
affordable by small enterprise. Nodes may come in various
sizes to accommodate the needs of larger organizations

differently than those of smaller organizations. First and
foremost, however, the requirement to satisfy the small
supplier is crucial to the activities of the major manufacturing
enterprises. If the target for nominal network membership is
10 include the companies whose revenues are $3 million per
year, it will be necessary to have total acquisition and training
costs well under $50,000.

Migration methodologies will also need to be available to
help the small firm make use of its network access without
revamping its internal operations. These methodologics need
1o recognize that, with time, a company can become more
and more involved in the network community and make more
investment as it receives incremental payoffs along the way.
Thus, it will be important to identify certain basic capabilities
that can easily be accommodated in a large majority of the
supply base without requiring major or even moderate
changes in their internal operations.

Interchange standards for the network must be established
1o accommodate various kinds of information that must flow.
Regardless of the standards that are established for network
traffic, translators and filters thal can take the information
represenlations common and typical amongst the small
supplier base community and transform them to and from the
standards for the network will be needed.

On-line concurrent engineering technologies must also be
developed. The Factory America Network should
accommodate much more than the simple interchange of
drawings and information it should facilitate the interactive
participation of teams involved in the act of concurrent
engineering.

Just as we need to develop methods and technologies that
support concurrent engineering in an on-line environment, so
must we deal with the on-line concurrent enterprise.
Concurrent engineering is today's focus. Tomorrow’s focus
will be concurrency on a much broader scale across all of the
activities involved in the manufacturing enterprise. Methods
and technologies that facilitate the interaction of diversified
groups and teams involved in the many different aspocts of
business must be addressed.

Groupware is a technology in a very early stige of
development currently that must be extended into the realm
of the Factory America Network. This groupware must deal
with concurrent team activities and widely disbursed locations
interacting in real time and perhaps including pecple of
different nationalities and language capabilitics.
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GLOBAL BROADBAND NETWORKS

DESCRIPTION

By 2006, the economic health of a country will be
strongly determined by the size and effectiveness of its
broadband communications network. The clements that are
necessary to construct a future broadband network are already
becoming available. The fundamental element is high
capacity (bandwidth) fiber optic cable for use in both the
trunk network and subscriber loops. In most instances these
elements are being introduced for reasons other than to
provide broadband services. To some extent, therefore, the
implementation of an integrated broadband network is
inevitable. Consequently it is instructive to investigate the
applications to be supported and services to be provided by
such a network,

Broadband is defined as the provision of subscriber access
at bit rates in excess of 2 Mbit/s (or 1.5 Mbit/s in the United
States)[130]. For comparison, the telephone network uses
rates of 00001 to 0.3 Mbit's, and television operates in the
range 3 Mbit/s to 3000 Mbivs. Broadband operates up to
approximately 3000 Mbit/s. In 1990, the fastest working link
of its kind anywhere in the world is a 100-kilometer link
transmitting at 20,000 Mbivs [326].

Broadband services are the facilities (switched or non
swilched) that a network operator provides to support
broadband applications via an integrated subscriber access;
that is, a single network port which provides access to all
services.  Although some broadband services are today
provided by independent networks (e.g. videoconferencing
networks), integrated access will be an essential feature of the
future broadband network.

Broadband applications arc any end uses of the broadband
network capabilities. Typical applications include LAN (local
area network) interconnection, videotelephoning, and
videoconferencing. In particular, a network capability may be
used by many applications.

WHY IT IS IMPORTANT

Broadband networking on fiber optics is inexorably
becoming the networking method of the future. The question
for manufacturing industry is not whether to take advantage
of that move, but who will be ahead of the others, and how
broadband will be incorporated into manufacturing.

In the future fiber optic broadband networks will lead to
better network conditions at a lower cost [372]. Currently,
the cost of fiber maintenance is between 10% and 20% higher
than copper wire and is expected to fall 10% a year as fiber
is deployed. Full benefit of fiber will not be completely
measurable until total copper wire has been replaced -- maybe
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in 20 years, Fiber optic cables are more reliable and have a
longer and useful life [247]. The trend is that underground
copper cables are becoming more a liability than an asset.
Copper and associated labor costs, continue to rise.

CRITICAL COMPONENTS

Widely Developed Infrastructure

The telephone system, 1o be effective, must connect all the
telephones with whom one wants to talk. Simularly,
broadband communications, to be effective, will need to
connect o every location requiring that service. Regular
commercial and regulatory practice will dictate the pace and
distribution of infrastructure installation. Because of the
importance of broadband communications for manufacturing,
the point of view and requirements of manufacturing should
influence the development of the infrastructure.

The FCC (Federal Communications Commission) compiled
vital statistics on fiber optic cable deployment in the U.S.
[187]. The telecommunications networks of the United States
have three major pathway elements.

+ Subscriber loop between a customer’s home or office and
the serving local central office;

+ Interexchange trunking within a Local Access and
Transport Area (LATA) that interconnects various local
central offices; and,

 Intertoll trunking network between Points of Presence
(POP’s) of a given LATA to a POP in a different LATA.

The three major intertoll carriers (AT&T, MCI, Sprint)
have deployed 86% of the total intertoll carrier fiber network,
an investment of $5.7 billion. This investment has connected
most local networks to cach other. This is a considerable
achievement, but leaves two requirements to complele the
data network,
= The switches on the fiber network are of a speed suited to
telephone and need to be replaced by fast switches for data.
= The local network needs to be linked to the factory, office,
or home. The total investment for this is $200 billion, and
cannot be accomplished in less than 15 years. However,
priorities in the completion of the network could be specified,
Note the analogy with the Rural Electrification Act, Market
forces will gravitate to placing the subscriber connections in
populated wealthier regions, locking out other regions from
the era of agile manufacturing, and exacerbating economic
problems.

The fiber boom is taking place all over the world. World
demand rose from 1.5 million kilometers in 1985 to 5 million
in 1990, of which 50% was accounted for N. Americe [15].
By the end of this decade, 10 countries in The Asia-Facific
region will be using at least 1.3 billion fiber-optic circuits
[88]. Japan is well ahead in the fiber game. In 1990-91
many ambitious projects such as U.S./Japan link, Hong
Kong/Japan/South Korea link, U.S./Canada/Japan link, etc.,
are taking shape [14]. In the period 1982-1996 investment in
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undersea fiber cabling by region is 51.33% for the pacific,
37.23% for the Atlantic, 5.68% for Mediterranean, 4.97% for
the Caribbean and 0.49% for Persian Gulf,

Developed Broadband Service Capability

Use of the infrastructure depends upon having service and
advice available to make it useful for a particular application,
until at a time some years hence it will become a mature and
stable, fully developed, technology.

The shape of the future broadband Integrated Services
Digital Network (ISDN) will be determined largely by the
services and applications that it provides. There is an almost
unlimited range of possibilities, and the final choice will
depend on the users. Existing demand for services such as
high speed interconnection between local area networks is
pointing the way to the most viable services during the initial
introduction phases.

Neglect of the important developing infrastructure by the
manufacturing community can lead to investments which do
not deal sufficicntly and suitably with needs for
manufacturing. Other applications will then take relative
priority.

Standards

In order to be effective, a broadband network has of
course 1o be built around standards.

Standards are dealt with in "levels". The "lower" levels
deal with questions of getting the digital information from
one node to another reliably, quickly, and as error-free as
possible. Above that are levels which deal with reliable
optimum transmission of whole "messages", packets, files or
other chunks of messages.

Above that are standards which deal with applications
using the network, such as electronic mail, file, transfer,
video picture transmission and so on. The quantity of
standards and the technical questions dealt with are many and
myriad, and will go forward whether or not the
manufacturing sector is specially represented. It should
however be realized that standards will be constantly evolving
over many years, until broadband becomes mature. There is
criticism that standards efforts are both fragmented and slow
(see section on standards).

Software and Computers

Fast computing and large-scale software systems are
fundamental to broadband communications. Development of
these capabilities will be critical to technology in general, and
will contribute also to broadband communication.

User Terminal Devices

Advances in user terminal devices will facilitate access to
broadband communications in general. Development of these
devices will be pant of the broadband effort in general,
Needs for manufacturing environments should be brought to

influence dircctions of development. In particular, the user
interface should be standard across each industry sector and
as far as possible, across all industry,

Consider the example of word processors. There are many
word processor packages, each with a different user interface.
The time and trouble involved in leaming a new word
processor inhibits even computer-literate people from leaming
a new and different package.  Similarly, people have
difficulty operating as simple a machine as a VCR, and even
some oddly-designed lelevision sets cause difficulty.
Broadband enables many different voice, touch, and visual
devices to interact with it. Lack of one unique standard leads
to different dissimilar terminal devices. This will scverely
slow down the penetration of broadband techniques to
manufacturing. Currently, no organization is dealing with
this question from a national manufacturing perspective. As
broadband communication expands, much inefficiency will
ensuc from lack of standards for user terminal devices. There
is need for an organization which can engender wide
acceptance for a standard to step forward.

GLOBAL DYNAMIC
MULTI-VENTURING

DESCRIPTION

Global multi-venturing refers to business alliances aimed
atcreating competitive collaboration 10 strengthen companies’
competitiveness in  foreign markets. Currently, most
collaboration is focused on strategic alliances in the form of
joint ventures, outsourcing agreements, product licensing,
cooperative research, etc. The participants normally are
competitors who share common products and/or markets.
Examples are collaboration in the automobile industry
between Chrysler and Mitsubishi, or in the semiconductor
industry between IBM and Siemens.

As the world market expands, companies will be more
responsive (0 opportunities in overscas markets. No company
has within itself all the resources available to take advantage
of the opportunitics at short notice. Therefore, it will be
necessary 1o form alliances not only at the strategic level but
also at the tactical and operational levels which will be more
focused on capacity and resource sharing. There will also be
many more new forms of collaboration to facilitate rapid
cooperation between dynamic multi-venturing companies.

Global multi-venturing becomes a lower cost route for new
competitors to gain technology and market access, It reduces
capital investment and associated risks. For example,
Motorola and Toshiba have entered into a collaboration
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agreement. The agreement calls for Motorola to release its
microprocessor technology incrementally as Toshiba delivers
on its promise to increase Motorola’s penetration in the
Japanese semiconductor markeét. The greater Motorola's
market share, the greater Toshiba's access to Motorola's
technology [143].

Global multi-venturing also allows companies to leverage
their investment. For example, NEC is the only company in
the world with a leading position in all the fields of
telecommunications, computers, and semiconductors while
investing less in R&D (as a percentage of revenues) than
competitors like Texas Instruments, Northern Telecom, and
L.M. Ericsson. Its string of partnerships, most notably with
Honeywell, allowed NEC 1o leverage its in-house R&D over
the last two decades [143]. -

Companies can increase production capacity through global
multi-venturing, mostly in the form of outsourcing
arrangements. General Motors buys cars and components
from Korea's Daewoo. Siemens buys computers from Fujitsu.
Apple buys laser printer engines from Canon [143].

WHY IT IS IMPORTANT

It is today so obvious as to be almost unnecessary lo state
explicitly, that the world is a global market in a global
economy. To survive in that world, dynamic multi-venturing
and cooperation will be not only across the nation, but
worldwide.

CRITICAL COMPONENTS

Protection of Intellectual Properties and Proprietary Skills

Global multi-venturing offers opportunities for companies
to enhance their internal skills and technologics by learning
from their partners. However, partners in a competitive
collaboration can also become competitors. Collaboration can
increase the chances of success in future head-to-head battles.

In the short run, the quality and performance of a
company’s products determine its competitiveness. Over the
longer term, however, what counts is the ability to build and
enhance core competencies - distinctive skills that spawn new
generations of products. Therefore, companies must guard
against transferring competitive advantages to polential
competitors. Failing to do so may result in being displaced
from value-added activities or being driven out of the market
[143].

Rapid Cross-Culture Cooperation Mechanisms

In the rapid changing world, time is a critical factor for
success. Companies have to be more responsive to
opportunities which may require resources which no one
company will have entirely within itself. It is important to
have a mechanism that allows rapid cooperation between
companies while overcoming the cultural and language
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barriers. Such mechanisms will require cooperation between
governments and legal communities.

In today’s corporate legal environment, a wide varicty of
routine legal actions can be rapidly taken by following
prepared models for accepted practice; for instance, standard
procedures for registering a corporation, sale of property, etc.
There should be similar "instant formulas" which can be
casily tailored to meet the specific nceds of a global multi-
venluring company.

Cooperation mechanisms should also address the issues of
national securities and competitiveness, The objective of the
mechanism should be not only to run the business smoothly,
but also to ensure that a company emerges from an alliance
more competitive than when it entered [143).

For more details on cooperation, sece "Cooperation
Elements".

Education and Training

Managing of cross-culture cooperations in global multi-
venturing will require human resources with different skills
[112]. The focus will be on managing diversity which
requires awareness and understanding of different cultures,
languages, and legal systems. Such skills cannot be casily
taught in a short period of time. Therefore, they should be
included in the national and industrial education systems.

Flexible Enterprise

Global multi-venturing will require companies o be more
responsive 1o a continuous change environment. 1t will
demand an unprecedented  flexibility in  designs,
product/process technologies, and applications technologies
[112]. There will be more emphasis in reconfigurations of
hardware, software, and processes.

A good example is a label printing process using ink-jet
printing at the Campbell Soup Company. This technology has
allowed labels that are customized on a short-run basis to be
produced for food products tuned to regional taste
requirements. Ink-jet printing avoids the necessity of and time
involved in changing printing plates, which had traditionally
been the barrier to short-run labeling. Ink-jet printing allows
the company to not only produce its twenty varieties of a
soup - flavored to regional taste - but to label them
differently, stressing different points of regional marketing
appeal [112].

Sec "Agile Enterprise Flexibility Elements" for more
details.

4

GROUPWARE

DESCRIPTION

Groupware systems are computer-based systems which
support two or more users working in a tightly coupled
fashion on a common lask. They pertain to the class of
systems thal encourage organizational collaboration and
coordination. An example of this kind of systems are outline
editors specifically designed for use by a group of people
working simultancously on the same idea [107]. Computer
supporied cooperative work deals with the stwudy and
development of systems that encourage organizational
collaboration. Today’s groupware products fall under that
category. Projects can be classified into three categories
[110].

1. Tools for augmentative collaboration and problem
solving within a group geographically co-located in real
time.

2. Real-time tools for collaboration among people who are
geographically distributed.

3. Tools for a synchronous collaboration among teams
distributed geographically.

This technology is still in the embryonic stage. Simple
capabilities exist on several well-known operaling systems,
such as the talk, chat and write facilities which permit simple
interaction on UNIX, VM and VMS systems. Capabilities as
discussed above are under development among a few
specialist groups.

Many computer technologies paved the way for groupware
concepts. Today's database technology allows multi-user
access 1o data but does not distinguish wvsers beyond the
security check or password access [385]. Groupware
applications might monitor changes in such a database and
alert different people to specific changes relevant to their job.

Artificial Intelligence techniques can be used in groupware
software design [80]. Intelligent groupware can provide
intelligence in functionality and user interfaces.

WHY IT IS IMPORTANT

In the next stage of manufacturing, people working in
groups with a common task will be a day-lo-day practice.
Organizations will be integrated into large complex systems.
Dynamic networked enterprises will be formed for specific
business opportunities, The existence of groupware products
will be necessary in this environment in which coordination
and encouragement of collaboration are essential for success
[328]. Multi-party interactions are becoming an increasingly
important abstraction for the design of systems that are
distributed, flexible, integrated, and automated.

CRITICAL COMPONENTS

Coordination Theory, Technology, and Software Tools

Coordination theory deals with the problem of
implementing a synchronous activity between two or more
processes in a distributed environment. An important
enabling element in groupware systems is concurrency control
methodology, in addition to the technology required for multi-
user  systems. Currently, there are already several
commercially available PC-based groupware software for
applications in the areas of workgroup communication
(computer conferencing), document editing, and team
development [254].

Coordinated Set of User-Interface Principles

There should be a common set of principles over the many
application areas [110]. Groupware systems that are currently
under development are time consuming 10 build and 10
maintain, and difficult to introduce into organizations. As an
example, within the Apple Macintosh or DOS windows
environment, users of different applications have a common
method of interacting with each application; similarly, a
coordinated set of user-interface principles will facilitate the
implementation of groupware applications.

Successful Systems Should Have

+ A coordinated set of user-interface principles over many
application areas.

« Grades for user proficiency - user with little knowledge of
the system will be able to access and use easily since they are
part of the community.

» Ease of communication among, and addition of work
domains. It should be easy to move and communicate
between domains and possible to install new tools.

= User programming capability - users must be able. easily
to interface new tools and extend the language 1o meet these
needs.

= People support services should offer many services such
as database design and administration training, cataloging and
retrieval of information.

* Recognition of standards for information exchange and
ranges of hardware.

= Careful development of methodologies - people-supported
services need careful attention in developing procedures and
methodologies.

+ Co-evolution of roles and organizational structures and
tlechnologies.

a5

HUMAN - TECHNOLOGY INTERFACE

DESCRIPTION

Standard accepted interfaces for people to interact with
technology systems are necessary. Currently, interfaces are
not standard and this leads to great inefficiencies in the work
environment.

This can be illustrated by several examples. Consider
automatic gears in automobiles. In every make and model of
car these are arranged in the same order from P for park all
the way through 1. A driver in any car with automatic
transmission can in a very shorl time understand how fto
operate the gear lever and can drive off. Now consider
another example, Word processors in computers have
different user interfaces, As a result when a person gets used
to one word processor he or she is very reluctant to move to
another even if the other word processor provides better
functionality, because of the difficulty of leaming the new
user interface. Or, a third example, Voice mail systems use
the # key as pan of the control to give instructions to the
voice mail system 1o read messages and so on. In many pay
telephones the # key is used by the credit card system in
order to indicate that another call is to be made on the same
credit card. 1t therefore is not possible to read one's voice
mail from such a coin telephone. If standard interfaces had
been defined for these systems such problems would have
been avoided.

WHY IT IS IMPORTANT

Employees in the manufacturing enterprise will more and
more be interacting with technology systems in order to do
their work, in particular with computer-based systems.
Everyone throughout the whole system [rom the back office
through design, sales and markeling to manufacturing will be
using such systems. As the matter currently stands the
interface to each system will be different for different
systems. This leads to tremendous inefficiencies and loss of
time for training when employees move from using one
system to another, and is a serious inhibitor to the
introduction of new and better systems in some organizations.
Furthermore, there are serious safety implications for the
interfaces to the computer and technology systems in the
production process.

The entire manufacturing infrastructure would be much
more efficient if standard interfaces were available to all the
technology systems which people in the entire organization
had to use.
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CRITICAL FACTORS

Adoption of Standards Based on Ergonomics

There is insufficient standardization in this field with a
result that there are many different user interfaces. This
places a tremendous burden on each individual worker, a
tremendous burden on the education and training system and
leads to great inefficiency in the manufacturing production
process.

In the initial stages of development it is counterproductive
1o force standardization because the older methodologics are
standardized and the newer techniques are not incorporated.
On the other hand, although technology improves all the time
there comes a stage when standardization must be mandated
and forced. There are current input/output devices which
have been used for a number of years for which all the
technology exists to standardize. For instance; the keyboard,
the computer screen, and various other systems which have
been in use for a number of years, are in need of
standardization,

Statement of Need by Large Customers or Groups

Manufacturers of the technology systems usually do not
see an advantage to themselves in providing standardized
interfaces.  Very often they provide their proprietary
interfaces in the belief that they do indeed have a better
interface than the competition. Although it may be truc that
the interface for a particular system is better than for
competitors” systems, the fact of having many different
interfaces may be inhibiting the growth of the market in
general. It is not clear that using different proprictary
interfaces is indeed conducive to market share and the long
term health of each manufacturer. However, there will not be
standardization of user interfaces until large organizations
such as the DoD, the automobile industry or other large
groupings of industries insist on such standards.

Development of New Technology

As time goes by new technologies will be developed, such
as very capable speech understanding systems, 3-D terminals,
handheld devices for virtual reality, collaborative work
environments, user interface development systems and so on.
As matters stand currently each developer of such pew
technologies will develop his own interface. There should be
a clear delineation in the develog of new technologies
whether the technology is at a stage before the standard
human interface has been decided and standardized or
whether after that time. Lack of standardization leads to
discoordination between various systems and leads to
inefficiencies which new technology however good will not
overcome,

INTEGRATION METHODOLOGY

DESCRIPTION

As production systems become larger and larger with
tighter coupling between the different components, it is
becoming apparent that a methodology is needed to deal with
the system as a whole. Current practice is to regard each
item independently and to tie them together with inadequate
approaches for dealing with the system as a whole. As a
result, the design implementation and integration have large
software control systems which becomes highly unpredictable
in resource consumption and in time response. Once these
systems are built and accepted, they are rarely changed
because seemingly simple improvements can cause
unpredictable  side effects and loss of production,
Furthenmore, the systems are constructed such that it is
extremely difficult to incorporate updated technologies and
improvements.  Current design and approaches for the
construction of such large systems deal with integration as a
one-time affair rather than a continuous ongoing process.
Methods are needed for which parts of the total system will
function independently and can be changed and updated
independently without affecting the operation of other parts
of the system. This requires a systems design such that each
of the components can be upgraded and the whole system
controlled by a method independent of the properties of each
component. Each module needs to be protected from the
effects of each other module and yet the system as a whole
has to be coordinated. Such methodologies are called
autonomous module methodologies, or holonics
methodologies, or subsumption architectures, or agents and
actors, and are being investigated today by a number of
researchers [51,257,258,127).

Standardization is needed in order to enable messaging
among autonomous modules created by different designers.
This needs a definition of an "open" standard and possibly
the development of a  neutral generally  accepted
manufacturing language. Such an architectural language
would take into account generic unit operations of production
and a range of generic responses that the units would have
for acknowledgement, request and so on. This
standardization would standardize interaction and coordination
dialogue between independent units in the system, both
computer modules and human operators, Such
standardization would be necessary in order to attain
widespread use of these newer and highly promising
technologies in manufacturing.

The subject is still in the research stage with approaches
being made to beta-site testing in industrial settings. There
is still a considerable amount of work needed in order to

define the best systems and to have them implemented
adequately.

WHY IT IS IMPORTANT

Current design of manufacturing production processes
concentrates on the design of each component of the process,
each machine or software module. These are integrated into
a whole without standard methodologies for the design of the
interaction of the whole system being in place. This
approach is reaching the limits of its capabilities and is
leading to systems with unpredictable side effects and which
cannot be upgraded piece by piece.

INTELLIGENT CONTROL

DESCRIPTION

An intelligent control system has the ability to make
decisions in real time based on process and environment
mdels and sensor data. Artificial intelligence techniques,
embedded in the intelligent controller, enable it to reason
about dynamic environments, make adaptive corrections and
predict future behavior of the system. Communication among
intelligent controllers will enable the change of downstream
parameters to improve product quality and reduce down time
in production lines. Current trends and methodologies of
intelligent controllers are given below.

In 1987, a number of observers predicted that U.S.
manufacturers will increasingly switch from AC power to DC
power for control system application. Controllers and sensors
will then be faster since there is no limil in frequency
compared to AC power which has only 60 cycles per second
frequency. Europeans already use DC controllers that are
faster, smaller and less expensive [188].

Many experts predict that the role of electronics and
control systems will increase in almost all industrial sectors.
For example, by the end of this decade the average
automobile  will contain  electronic-sensor-controller
components costing $2,000 [2].

Major changes are taking place in the controller industry.

In the temperature control sector, prices are decreasing, and
new control strategies are being implemented to solve tuning
response time problems.  Experts predict that to make
controllers any smaller at this point would increase their price
and decrease the features [63]. In addition, there is 1 trend
to developing more and more sophisticated algorithms for

47

better performance - at least in auto-uning and adaptive
control,

Fuzzy logic is becoming a part in intelligent control
system design. Today the trend is 1o develop fuzzy logic
processors [384]. Companies have already started to market
fuzzy processors with resident knowledge base memory
(KBM). The KBM can be EPROM, RAM or ROM with
maximum size of 64,000 16-bit words and input and output
with 8-bit precision words. The KBM can handle up to 800
rules and can perform up to 100,000 rule evaluations/sec.
Also, fuzzy logic technology can be significant for control
systems. For example, a recently developed fuzzy logic
controller was able to produce a mold in 35 minutes instead
of 51 minutes [174].

An area of significant potential to intelligent controllers is
artificial neural networks [379]. Such networks have been
applied 1o the problem of learming about unknown system
parameters. Intel has produced a neural net chip which is
reported to be more effective throughput for neural net
calculations than a Cray computer [380].

An intelligent controller has been applied in an automated
assembly [324]. The objective is to provide an intelligent
environment for a robust rapid product development. The
system consists of two hierarchic levels. The higher level
deals with supervision of assembly execution and error
recovery. The lower level deals with machine control and
compensation for environmental uncertainties.

Today's programmable controllers can accept up to 12,000
inputs and outputs and work on the widely acceptable
VMEbus standard so that multi-vendor equipment can be
attached to them, using open architecture [174). Additional
features such as parallel processing are becoming common in
these programmable controllers.

One of the limitations of current control system technology
is the lack of a universal standard. However, the market
trend is towards open standards but the customers are still
looking for quality products with proprietary standards
provided by mature vendors [140].

WHY IT IS IMPORTANT

Control systems play a vital role in enhancing product
quality and flexibility of automatic production lines.
Intelligent controllers provide new capabilities beyond those
of conventional controls. The ability to handle uncertain
systems, which may involve fuzzy representation, combined
with adaptive performance and decision making capability,
make these controllers more effective in controlling
production systems,

Current diagnostic systems can identify a malfunction and
its location. The intelligent controller, however, enables
prediction of a fault condition. Therefore, the availability of
intelligent controllers will increase up-time (mean time
between failures) and reduce down time (mean time to



21st Century Manufacturing Strategy

Infrastructure

repair). Altogether, the reliability of an automated svstem
can be improved using intelligent controllers. By using
intelligent sensors connected to intelligent controllers and
computer-controlled data collection and analysis systems,
plant diagnostics and predictive maintenance strategy can be
achieved [2). In manufacturing systems, failurcs or
breakdowns are very cost consuming. For example, a
breakdown in a coal-fired electric generation plant will cost
about $500,000 in energy replacement per day [2].

Lot sizes are getting smaller and customers are looking for
more variation in sizes, shapes, colors and features for the
products. This leads to more flexible sysiems. These flexible
systems will be equipped with multi-tasking machines,
automated material handling systems and supervisory control
system. These multi-tasking machines are operated with
intelligent control technology [339]. Also, machines or
systems equipped with intelligent control technology will be
easier 1o use, maintain and operate.

Intelligent controllers can support management functions
such as on-line real-time status of parts, analysis of the
production process, etc. The real-time data is vital for
operational decision making.

Intelligent controllers can enhance productivity without
adding more supervisory staff to the factory floor by
monitoring the production system and pin-pointing the causes
of down time, and automatically rerouting the production. In
one case a spokesman for a manufacturer stated thit the
overall production level was improved by at least 15% by
having intelligent controllers [12].

CRITICAL COMPONENTS

Hardware

The intelligent controller consists of a computer, sensors
and many components such as programmable controllers,
servoamplifiers, sensors, actuators, etc. The capability of
controllers may be classified in terms of number of inputs
and outputs. Downward migration of computer technology
added sophisticated functions 10 the control system such as
distributed control so that a computer can control both local
and remote controllers, On the hardware side, experts predict
that "users should plan for today’s large system Lo function
as a part of the much larger system that is likely to exist in
the year 2000" [98].

Communications

Communication links allow intelligent devices to exchange
data. The system allows coordination of efforts belween
devices, leading to faster and better problem solving and early
detection of potential problems. The technical limitations of
standard serial ports paved the way for many proprietary
communication links. In controllers, the communication link
is critical for achieving real-time control. Manufacturing

Automation Protocol (MAP) is a recognized standard
approach.

Software

Development of intelligent controls requires integration of
control theory and artificial intelligence. Methods that are
frequently utilized in intelligent control includes pattern
classification, search techniques, adaptive control, predictive
control, fuzzy logic, neural networks, and leaming techniques
enabling the controller to improve its performance over time,
Expent system shells are widely used in controller technology
especially in localized decision making, diagnostics, etc,
Today's intelligent control system software provides an easy
graphical user interface to the operator and helps to pin-point
problems fast by providing detailed recommendations for
corrective action,

INTELLIGENT SENSORS

DESCRIPTION

In today's integrated systems environments, intelligent
sensors are a vital part of instrumentation and control
technologies. The emergence of manufacturing antomation
techniques has increased the demand for cost-effective
sensors which monitor processes. An intelligent sensor is
defined as one or more transducers plus the circuitry to
provide at least the first level of signal processing, and
capability to respond in a variety of different ways to
commands received from a host computer. These responses
might include initiating self-lest routines or adjusting
compensation coefficients [388), and even converting a
physical change into a decision controlling a process [228].
The main functions of these sensors include:

- Sensing changes in environmental conditions such as
dimension, pressure, temperature, cracking, failure, color,
smell, etc. and compensate for these changes,

- Interfacing with other systems such as actvators or
controllers in an understandable and acceptable format
through two-way communications.

- Ability 10 detect or diagnose its own operating problem
or failure and report the details to the system.

- Ability to make decisions and/or actuate control elements
by having embedded logic,

Intelligent sensors are an integral part of developing
intelligent machines or processes and are critical to validate
the performance of the machine or process.

By using an intelligent sensor directly connected to the
actuator, some of the controller’s burden of making the
process changes can be off loaded to the smart sensors,

improving system efficiency. In addition, a intelligent sensor
can track and analyze raw data before sending to the
controller. For example, in statistical process control (SPC),
the intelligent sensor can find the number of inspections,
calculate maximum, minimum, average, mean, etc. This will
allow the controller to access data as and when required to
meel customer specifications.

A study in 1986 showed that the world market for
industrial sensors and transducers will grow al the rate of
6.9% per year [314], The market for solid-state sensors
grows at the rate of 15% per year. The market for fiber optic
sensing is expected to grow to S380M by 1994 [149]. Fiber
optic sensing is immune to electro-magnetic interference,
which is important in many circumstances.

Solid-state sensors can be produced with high yicld and
can be merged with integrated electronics, For some type of
solid-state sensors, accuracy is approaching 16 bits, and VLSI
interface circuits are being defined to allow features such as
self-testing and digital compensation to be used [387].

Smart sensors are now becoming extremely popular in
instrumentation and control applications, Another popular
technology is sensors equipped with transmitters. However,
this method is not popular as yet due to high cost of using
the technology. The advantages of this radio frequency
sensor is that it can be placed in difficult to reach places, or
inside rotating spindles or tools (e.g.. a force sensor in a
milling cutter). Another trend in sensor technology is that the
size of the sensors is becoming smaller, and they are built
using solid-state techniques.

Fusion of information from multiple sensors, by computing
the implications of the data taken together, is becoming
important.  This can use the fechniques of artificial
intelligence or neural networks.  This capability will
increasingly be found on clectronic 'chips" together with the
sensor [314].

Intelligent sensors that are available for industrial
interfacing/integration can be classified as follows [228]:

Presence/absence

Optical inspection sensors that include a camera are used
in a great deal for presence/absence detection. The categories
that are available include object recognition sensors. linear
array sensors and color sensors.

Positioning

These sensors are used to detect the position of an object
include a combination of limit switches, photoclectric and
proximity technologies, Today, opto-clectronic technology is
able to provide sensors that detect the position of edges and
widths, thus achieving distance and thickness sensing.

Distance and Thickness
Infrared and laser beams along with triangulation
techniques or ultrasonic sensors are used for this appl cation,
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Another example is a linear array sensor with structured light
source.

Pressure Sensors

Piczoresistive pressure solid-state sensors and capacitive
pressure solid-state sensors, that can be computer calibrated,
are available [388].

Identification

Optical sensors are widely used in identification. The
object-recognition sensors look for a particular feature or
mark on the object. Bar codes and laser scanners are widely
used in identification.

Inspection

Inspection sensors play crucial role in quality control
techniques. They can perform part dimension measurements
and surface finish inspection. Many technigues such as
vision, linear arrays and lasers can be used for this sensing.

WHY IT IS IMPORTANT

The ability to monitor products and production process
equipment, to feed the data to a computer network and to
take action rapidly based on that data is fundamental to agile
manufacturing.

CRITICAL COMPONENTS

Tangible vs. Intangible Variables

Examples of tangible variables are temperature, pressure,
weight, etc. These variables are not only used in controlling
the process itself, but also to record the history of the
processes [228]. The sensors used for measuring tangible
variables include electro-mechanical limit switches, photo-
electric controls, ultrasonic sensors, optical sensors, proximity
sensors, etc. The intangibles include variables such as taste,
smell, color, texture, composition, etc., where there are no
specific unit of measurement to measure the variable [103],
The direct measurement of these intangible variables is
difficult. Low cost microprocessor technology coupled with
Al and fuzzy logic technigques significantly advanced the state
of the art in measuring intangible parameters. For example,
color sensing technology is one of the latest inventions in this
measurement field.

Al Techniques

The intelligent sensors are used to sensc  process
parameters in real time, on-line in order to consistently
maintain product quality without human intervention. Al is
extensively used 1o aid sensor technology in order to
delermine appropriate process characteristics such as physical
state or chemical parameters, This breakthrough allows
human knowledge of the state or parameters 1o be added 10
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the sensor’s memory especially dealing with a combination of
tangible and intangible variables. This will enable the sensor
io anticipate what is likely to happen based on the
i and circ € The steps involved in
creating a sensor network will include data collection and
sensor selection, training the model, and testing and
validation [359]:

+ Data collection and sensor selection is the most time
consuming phase. For example in food processing,
measuring of taste involves many product samples that can
contain many tangible variables. The subjective
judgement of human testers is to be captured within the
boundary conditions.

« Training the model determines the required output
based on inputs. This learning allows to determine the
inputs that are affecting the output and eliminating the
rest.

« For testing and validation, the model is tested and if
necessary the steps above are repeated.

Communications

Sensors communicate with other devices such as actuators
and controllers. With intelligence built into the sensors, the
need for communication will be on a need by basis. This
will the reduce the frequency and time involved in
communication. This characteristic which is available today
will greatly enhance high-speed processes and reduce the load
on the controllers. Yesterday's "continuously sending data"
type sensors may become obsolete.

KNOWLEDGE-BASED ARTIFICIAL
INTELLIGENCE SYSTEMS

DESCRIPTION

Knowledge-based systems are computer programs which
use a mechanism for reasoning about facts, The rules to be
used and the facts are input by the person preparing the
system for use. There are many methods with which the
program uses the rules, with the aim of reaching the best
solution as quickly as possible. In a knowledge systein, the
databases are replaced by collections of data and rules,
together called knowledge bases.

A knowledge-based system captures valuable expertise
about solving a problem and makes it available to all who
need it. The computer stores, organizes and delivers the
knowledge. An expert system program contains information
on a particular subject, known as knowledge base, that is
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most frequently represented as a series of "if-then" rules,
although in some systems the knowledge is represented as
frames, objects, or semantic networks. Probability weights
may be assigned by the knowledge engineer to the rules in
expert system knowledge base. The largest and most complex
systems have thousands of mles and may take two years to
develop. Development of such systems take so long because,
for the system to be usable, the expertise to be captured must
be clearly defined, and all the steps a human expert would
take to draw a conclusion must be spelled out in detail. As
the number of rules goes up, the time needed to solve a
problem goes up rapidly. The challenge for the field is to
develop new techniques which will enable a program to solve
reasonably rapidly problems with much longer and more
sophisticated knowledge bases.

New methods are being developed which in the future are
likely to generate higher levels of capability in this ficld. An
important such technique is the subject of ncural nets which
allow a network to learn patterns of various kinds.

WHY IT IS IMPORTANT

Expert systems allow companies to preserve and document
part of their knowledge before an expert leaves or retires
from the organization. Knowledge-based systems allow
expertise to be shared at several sites, thus enhancing
distribution of the knowledge of experts. Knowledge-based
systems can be vsed as a training vehicle, or a diagnostic
system, or can be used to do routine work of an expert,

Expert systems using knowledge bases can significantly
enhance productivity in industry. For example, five years ago,
an clectronic circuit may have contained 2,000 10 4,000 gates.
Today there may be 50,000 to 100,000 gates in a circuit
board. The best engineer can design an average of 200
gates/week. As a result, the circuit design process is lengthy,
error pronc and more expensive than ever before. Circuit
designers spend more time correcting designs than developing
new designs. Using knowledge-based systems, Application
Specific Integrated Circuit (ASIC) design time and associated
costs can be reduced by reducing design lead time from
weeks to hours.

Artificial Intelligence (Al) is found in many technologies
such as robotics, vision, natural language processing, neural
networks, etc. Research is thriving to create machines with
rudimentary ability to move, see and communicate. Currently,
for example, in one such system a worker can teach the
robot’s "eyes" to recognize a mew part in less than 10
minutes. Knowledge systems can understand  simple
instructions with a limited vocabulary, and so natural
languages can be used as input to systems. Al techniques are
making computers more user-friendly.

The rudimentary Al technique, expert systems, plays an
important role in manufacturing including product design
scheduling, process planning, selecting machine parameters,

group technology coding, etc. [278]. In process planning,
expert systems are used for generating the process plan and
CNC programs [274]. During manufacturing expert systems
can be used for scheduling, material handling and simulation.
In addition, expert systems are used in trouble-shooting
precision machines, setting up screen printers, etc. In general,
in any process with many changing variables, expert systems
can play an important role.

The benefits of expert systems are well documented. Texas
Instrument’s capital proposal package develops capital
proposals 20 times faster than the previous system [332]. The
new system reduces cost overruns and preparation expenses
by an average of $2 million a year. American Express’
Authorizer’s assistant expert system increases efficiency of its
credit authorization by 45% to 67%. Du Pont has a return on
investment in expert systems of 1,500% and an aggregate
savings of $10 million. DEC believes it is saving $70 million
a year from its 10 expert systems [393].

Expert system installations grew in the U.S. from 50
installations in 1986 to 1,500 now [332]. About 20% of the
U.S.” largest companies are using expert systems and 60% are
considering employing them [75]. The U.S. market for
expert systems grew from $4 million in 1981 to $400 million
in 1988, and may have increased to $800 million n 1990
[196]).

A survey in 1988 stated that the maximum number of
rules used in an expert system in Japan was 1130, by Nippon
Steel for diagnostics of furnace operations, and around 100
companies were using expert sysiems. The total U.S.
insiallation of Al sysiems then outnumbered the Japanese by
10 to 1 [84].

CRITICAL COMPONENTS

Software

The main ingredient of a knowledge-based system is
software, The introduction of expert systems was facilitated
by the emergence of shells and software tool kits 10 build
them., These provide flexibility and graphic capabilities.
Rules such as backward chaining and forward chaining are
embedded in the software, Chaining is a method used by
expert systems 1o proceed logically from rule to rule 10 reach
a solution,

Human Experts and Knowledge Bases

The major asset of the firm is human capital and an
estimate in 1985 notes that the value exceeds $30 trillion
[30]. The asset of firms is in the knowledge of employees,
which consists of expertise in various technologies. etc. If
human expertise is a scarce resource needed to service many
customers, the service time will go up, since few customers
can use the expert concurrently. If experts are scarce, firms
would like to make them more accessible. Hiring and training
may be less efficient and costly. Expert systems can be used
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for routine expert tasks, leaving the human expent to deal
with specially difficult problems. One of the factors which
contributes toward expert system success is the speed and
ability to serve many customers concurrently.

Parallel Computing Hardware

Hardware is a key component for the expert system. As
the number of rules increases, the application will require
larger and faster computers. Computers need to sort through
large amounts of data. Pr ing the computational load in
parallel can attain greater speed and cost reduction compared
to mainframes and serial super-compuiers.

Knowledge Engineers

They are similar to system analysts, and direct the
construction of an expert system. They model the expert’s
knowledge using various representation techniques. The
knowledge engineers first lay out user requirements, then
accumulate knowledge by interviews and data collection from
various experts. They convert the accumulated knowledge
into the knowledge base.

MODULAR RECONFIGURABLE
PROCESS HARDWARE

DESCRIPTION

Process equipment, even if it can operate flexibly, is often
very expensive. Examples are semiconductor fabrication
processes, or multi-axis machining centers. A number of
people in industry propose that a move be made to construct
such machines from modular components. These modular
components could be reused to upgrade systems and to
reconfigure machines, 1o take care of changing production
requirements. For instance, in a machining center or milling
machine each of the machine’s subassemblies would be a
standard module. The table, the motor, the controller, the
tool changer, and so on, would all be modular plug-
compatible components.

If such components were developed in accordance with an
overall generic system framework, then introduction of new
process machinery would in many cases, instead of requiring
a large investment for a whole machine, be accomplished
with much less money by acquiring only a few modules and
reconfiguring an existing machine. The present Air Force
MMST project is a development in this direction for semi-
conductor fabrication.
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The modular reconfigurable approach to modules of
process systems is not widely accepted and such modules are
generally not available at present.

WHY IT IS IMPORTANT

Process machinery is becoming more and more expensive
and decisions to make such investments are therefore more
and more difficult. Development of modular plug-compatible
hardware technology would enable processes to be installed
and upgraded much more cheaply than at present.

CRITICAL COMPONENTS

Encouragement of the Requirement

There currently is not much encouragement lo move in
this direction and process machine manufacturers do not
psually provide systems made uvp entirely of modular
components. In order for them to do that, encouragement is
required on the part of potential customers such as large
industry, the DoD, and so on. Nevertheless, to reduce cost
machine tool suppliers need to take a consortial approach to
an industry-wide standard framework.

Gradual Investment

A move to production machines based on modular
reconfigurable components cannot be made suddenly, This
will require a gradual investment in this technology. The
modular reconfigurable machines would have to blend into
production processes with non-modular machines during a
transition period which would last for a number of years.

Availability of Modular Reconfigurable Hardware
Components

A move into modular reconfigurable hardware, which
would lead to clear benefits nationwide, is a chicken and an
egg problem, Manufacturers of process machinery will not
provide such modular components until there is a demand and
it is difficult to generate the demand while the production
processes are based on non-modular machinery. This chicken
and egg situation needs to be broken by large industrial
organizations and the DoD generating firm orders predicted
a long time ahead so as to encourage process hardware
manufacturers to move in this direction,

Standards

If each process hardware manufacturer were to make
modules based on specific standards for his company only,
then this development will not be effective. In order to be
effective common standards should be accepted by every
process equipment manufacturer. This implies that large
customers which are industry and the DoD would set
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standards and specifications for the modules and would
demand that such modules be made available.

ORGANIZATIONAL PRACTICES

DESCRIPTION

Global competitive pressure is forcing companies to be
more responsive to customers’ demands for ever-higher levels
of quality and diversity. Customers are also demanding more
involvement and control over their suppliers. All of these
pressures have caused changes in industry as signified by a
high level of automation. This includes computer-aided design
(CAD), computer-aided engineering (CAM), robotics, flexible
manufacturing systems (FMS), ete.

Failing to understand and prepare for the revolutionary
capabilities of these systems will inhibit companies from
achieving the full potential of the systems. This may result
in more expense or loss of their competitive ability.

WHY IT IS IMPORTANT

Organizational practices grew up in a slowly changing,
almost static world of a long life of an unchanging product
and a long-lived unchanged production system, Production
was the slowest long-lead item in an enterprise. Today, the
technical work of physical manufacturing has been
modernized, and as described in this report, will not be the
slow, limiting process in the system. However, the entemprise
as a whole will not react agily unless the old slow
organizational practices are changed to be faster reacting.

CRITICAL SUCCESS FACTORS

Team Culture

The knowledge and capability required to take advantage
of opportunities in the rapidly changing business environment
of the future will require that people with different
capabilities team together, We previously had the concept of
the "renaissance man". We now look forward to the period of
the renaissance team which manages as a team from one or
more companies o reach multi-functional achievements
which move a company forward,

Organizational barricrs and the constant desire to form
special committees will cease to exist as the new environment
will not have hermetic internal boundaries, thereby promoting
a more responsive, cohesive unit to address pressing concerns
and issues. The new environment will remove traditional
labeled and pigeonholed specialists who tend to become
stagnant and complacent, by encouraging multi-discipline

ability which will lead to increased flexibility in addition to
unlimited challenges and opportunities created in a dynamic
world.

Concurrent with this new environment will be a notable
improvement in employee utilization. This will occur because
of the infrastructure established with and between companies
which will focus on optimizing the applications of each
employee’s skills.

This network will make required skills easily transferable
based on changing demands. This sharing of skills and work
force will help reduce overhead labor rates by minimizing the
need for a constant level of employment, enabling companies
fo be more responsive to dramatic peaks and valleys in
demand, with limited resources.

As the technology enables more highly automaied methods
of designing, planning for and building products, the role of
more and more employees will consist of “change"-oriented
activity (new designs, new processes).

A necessary ingredient for success in this environment is
the management and organizational discipline which enables
cross-functional  learning of all critical functions.
Characteristics of this environment are:

* Technology to allow instantancous and complete
communication of all critical product and business data to
all parties,

+ Flexible and reconfigurable organizational structures
will be defined by and supported by enlightened functional
management,

+ Reward and review mechanisms will be defined to
properly recognize team-oriented behavior and successes.
A people development process which enables complex
tasks 1o be executed by a small number of well rounded
generalists also can bring together the necessary resources
and make the required decisions 1o bring about the new
product or process. If the core team grows too large, the
project becomes unmanageable.

Flatter Organizational Structure

As a company becomes more automated, the veed for
labor will become less. The move toward a paperless factory
will change the way companies operate, from labor intensive
to information intensive. There will be significant reductions
in the number of indirect workers and staff. Most of the work
force will be highly educated as required to operate complex
systems,

A dramatic shift in both structure and business philosophy
will be required to reshape a traditional hierarchical structure
of many levels to a flatter structured with less levels. This
transition will be driven by minimizing the requirements for
specialists in all functions, and moving 1o more generalists
who are capable of performing in many disciplines. The
current organization will have to give up diversified
communication and information techniques as well as remove
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traditional barriers driven by functional specificity. The
organization’s information and communication techniques will
become common throughout the organization and be
transportable between other business entities [148].

Human Resource Management

The work force will be more diversified because of the
mismatch between demand and supply of the human
resources between industrialized and developing countries.
While much of the world’s human resources are being
produced in the developing countries, most of the well-paid
jobs are being generated in the industrialized countries.

The globalization of labor will demand a new kind of
human resource management with more emphasis on work
force diversification and empowered individuals and teams.

For more details, see "Empowered Individuals and
Teams",

Performance Metrics and Decision Making

Traditional managerial "top-down" decision making,
piecemeal changes, and a "bottom-line" oriented accounting
are incompatible with the requirements and unique
capabilities of agile manufacturing systems. There are needs
for changes in performance measurement procedures, cost
accounting, human resource management, and capital
budgeting. A company’s ultimate success depends on how
effectively it can shift from measuring and controlling costs
1o initiating and managing projects by using new performance
measures which enhance its organizational agility [148].

For more details, see "Performance Metrics
Benchmarks" and "Supportive Accounting Metrics".

and

PERFORMANCE METRICS AND
BENCHMARKS

DESCRIPTION

Generally a performance measurement system exists to
provide a means of control within an organization. The use
of performance measures is predicated on the notion that the
item required is measurable, and that to form an opinion for
future comparison, one needs a present accurate value,
utilizing a formula which is verifiable and repeatable. In the
changing manufacturing environment, decisions will be made
on new factors and appropriate new measures must be
defined. An appropriate sct of metrics for various important
enterprise criteria must be developed which will measure the
new phenomena of such important manufacturing issues as:
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(1) the reaction time of an enterprise, (2) the adaptability
skills of enterprise employees, and (3) the flexibility of the
production facilities. While each of these examples seem to
suggest a reasonable enterprise metric, none of them are well
defined - thus they are not metrics.

How does one measure in time, efficiency and dollars, the
reaction time of a company with respect to bringing out a
new product variant, a new product family, a new product
area, etc.? How does onc measure skills in time, efficiency
and dollars? According to some skill metric? According 1o
ability to perform a known task? Individually? In the
aggregate? How docs one measure flexibility in terms of
dimensions of products now produced, or which could be
produced, or when preparation and logistic setups are needed,
or volume flexibility, or material flexibility, or
reconfigurability? How does one measure cultural changes
that allow constant change to take place? These are today
not usually measured.

Once measures are defined and implemented, they are used
to perf ¢ of the organi This is done by
comparing with the history of the organization, or with other
organizations. The choice of benchmark can be critical to
understanding where the organization stands. More and more
companies are moving from benchmarking against their own
history to benchmarking against the best practice worldwide.

WHY IT IS IMPORTANT

Corporate planning, expediting of orders, and both tactical
and strategic decisions are made in accordance with
quantification of production values. The metrics that define
those values are subject to a set of reasonable assumptions
which in the past has seen its share of fatal flaws. For
example, one of the assumptions that used to be made was
that in order for manufacturing to be done profitably, the
most important factor to measure was efficiency at the factory
floor. One of the ways efficiency was measured was by
noting machine utilization. Therefore, if machines were
running constantly, throughputting product, that was desirable
and the factory was "efficient." The fact that the factory may
have been piling up inventory that was costly and unnezded
was ignored, or entered as completed goods - an asset on the
ledger.  Such cost accounting methods actually militated
against both efficiency and profit. In light of this example
and others that utilized flawed assumptions, it should be
obvious that the ability to define and measure meaningful
metrics is critical 1o decision making at all stages ol the
enlerprise.

Likewise, the ability to bench mark against the best in the
world, regardless of similarity to application, has yielded a
measurement against which we inculcate the willingness to
strive for and achieve continuous improvement. The current
"quality revolution" is a prime example of this phenomenon.
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Quantative non-financial and qualitive performance
measures are in many instances more important than
quantative financial measures. Key guantative non-financial
measures are cycle time, quality yield, schedule performance,
Key qualitative measures are fit to company strategic plan,
research and development needs to stay competitive, etc.

CRITICAL COMPONENTS

It is essential that before new assumptions in metrics
relieve the old, industry recognize that prior metrics
frequently were flawed, that those that were accurate for mass
production may no longer apply in agile manufacturing, and
that those defective old metrics will influence decisions in a
negative and non-competitive direction with respect to new
compelilive dimensions. Perhaps one of the most important
lessons to derive from prior experiences in cost accounting is
the acceptance that new metrics must be constantly
challenged. A new metric established does not vouchsafe its
suitability for another twenty years. If anything is obvious,
it is that in the manufacturing state of constant fux,
measurements must keep pace with the changes. The
efficacy and accuracy of accounting devices used to measure
and quantify the values of the new manufacturing must be
subject to constant scrutiny if they are to serve U. S,
industrial competitiveness.

Because of the unprecedented complexily of future
partnerships, it is most important that legal and accounting
madels of such partnerships include inter-company metrics
and assist in a common evaluation measurement that will aid
both cooperation and competition. Recognition of the ability
to share the burden of developing metrics, methods of
measuring them, and the resultant bench marks will be the
task of cooperating companies. Investment in this area, again
through leveraging, provides the ability to increase
profitability and make continuous improvements in the
performance of the enterprise.

PRE-QUALIFIED PARTNERING

DESCRIPTION

In an environment of cooperation and ease of consortia
formation it is important to know about potential partners in
advance of the decision to cooperate.

Pre-qualified partners would be a service which provides
key business information about potential partners,

Information included here which would be unique to this
service deals with:

* The firm's track record as a cooperating partner.

» Skill base and categories of expertise of employess, and
the annual plan to upgrade those skills.

» The response time of the company in making sirategic
decisions, and in responding to market opportunities.

= A description of special expertise that the company may
bring to a partnership.

This is a typical service which could be provided on the
Factory America Network (see elsewhere in this report).

WHY IT IS IMPORTANT

The existence of the service and database will allow
enterprises to rapidly find parners with the required
capabilities. This quick response capability is important in the
environment of quick and quality responses to customer need.
One usage of the service would be to find firms to partner
with in meeting customer requests.

Beyond the need for quick reaction and qualification of
partners is the need for the qualification information 1o make
informed decisions. Thus, the availability of partnership
information and metrics is in itsell a key enabling factor.

CRITICAL COMPONENTS

» A definition of the type of information and metrics 10 be
included.

+ Assurance that the data is up to date and reliable.

« Completeness of the database.

« General acceptance of the need to supply data to the data
service.

« A mechanism so that experience which adds to or
contradicts data entries can be included.

= The ability for a firm to see and updale or correct entries
referring to itself,

RAPID COOPERATION
MECHANISMS

DESCRIPTION

The business challenges of agile manufacturing will
require resources which no one company will have cotirely
within itself. The competitive health of an enterprise will
depend on the agility with which cooperative arrangements
can be formed.

In today's corporate legal environment a wide variety of
routine legal actions can be rapidly taken by following
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prepared models for accepted practice; for instance, standard
procedures for divorce, sale of property, registering a
corporation, etc. Thus we suggest a model for venture
formation to allow for almost instant consortium formation,

Such models generally allow for the enterprise to
customize the model within prescribed limits to meet their
needs. Thus we expect to allow flexibility and maintain the
quick reaction capability.

WHY IT IS IMPORTANT

The investment needed to maintain compelitiveness is now
larger than even large organizations such as IBM, General
Motors, and even the Department of Defence (DoD) can
afford. If a company cannot easily leverage its investment
dollars through quick formation of consortia and other
cooperative mechanisms, it will not be able 1o compete with
companies from other nations such as Japan and Germany
where cooperation is more prevalent than in the U.S.

The time and effort now required to form a cooperative
arrangement is itself an impediment to the use of new
consortia where they might otherwise be the first choice of
cooperation mechanism,

The generic pre-competitive component of building the
infrastructure for the new competitive era is very large and
evolving. The ability to quickly form consortia or other
cooperative arrangements to allow for leveraged infrastructure
development will have a major positive impact on the amount
of resources available for sirategic competitive activities of
most enterprises and agencies.

CRITICAL COMPONENTS

The model for instant consortia formation should have a
menu of categories and options within categories to be used
in the rapid formation of a consortia. Based on the type and
purpose of a consortia the founders would select components
from the list for use in a specific instance of the model. The
items which should be on the menu are listed below.

1. Charter and Aim of the Organization

2. Anti-Trust Considerations

3. Size of Companies and Membership

4.  Membership Responsibilities/Details

5. Intellectual Property Rights

6. Financial (and other) Resources

7. Tiering Relationships between Participants
8.  Government Role

9. Definition of Output - Deliverables Expected

10. Benefit and Equity Allocation

11. Term and Break-up Details

12, Operating Principles/Mechanisms and Resource
Decisions

13.  Suffing



21st Century Manufacturing Strategy

Infrastructure

CURRENT PRACTICE

Consortia are hard and cumbersome to develop. The
process is getting easier as various consoriia share their stari-
up knowledge with those that follow.

Many consortia, such as Microelectronics and Computer
Technology Corporation (MCC), National Center for
Manufacturing  Sciences (NCMS), Computer-Aided
Manufacturing International (CAM-I) are not focused
narrowly on a well-defined problem. Rather, they act as a
forum to mount joint action in special interest areas as they
develop, through priority seiting and selection mechanisms
which their members carry out.

Some feel that the significant duplication of effort,
difficulty in defining specific projects and other difficultics
are due to a lack of special focus and purpose on the part of
existing consortia.

The main reason for not having focused, specific consortia
is the start-up cost in time and legal resources. Thus, general
purpose consortia try to fill both needs. "Instant consortium
formation" would allow the special purpose consortium to
form and meet these needs. It would also remove the
reluctance 1o let them die when the purpose has been served.

REPRESENTATION METHODS

DESCRIPTION

These are methods for representing a product or a
manufacturing process in the computer. At the simplest level
this would be a method for representing the data of a product
or a process; for instance, the sizes and elecirical
characteristics of electronic components or the dimensions of
mechanical components. More advanced methods would
enable storing in the computer not only the data for each of
the components but storing also the data for collections of
components made up into subassemblies with the properties
of the subassembly, and for processes operating on that data
in the context of a systematic model. The properties of the
subassembly cannot be simply derived from the propertics of
each of the components of that assembly but must be
separately represented. An advance beyond that is 1o
represent not only the data but also the processes which may
operate on that data and the influence these processes may
have on the configuration and design of components. This is
technology which currently is being developed in the field of
object-oriented programming. The Production Data Exchange
Specification Under the Intemational Standard of Product
Exchange Specification/Standard for the Exchange of Product
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Data (PDES/STEP) is an example of a standard based on
work on representation methods. This standard will change
with time as results of research in representation methods
become available, and because of requirements generated by
the needs of increased concurrency.

WHY IT IS IMPORTANT

Errors in design often result from the inability to furnish
all of the pertinent information to the designer before he/she
commits to an approach. 1In reality most products do not
have onc single designer, they have several. A suitable
representation scheme will allow all parties with input
relevant to a design, to unambiguously communicate one with
another.

There are many alternatives 1o representing the properties
and attributes of products and production processes.
Eventually standards must establish how this representation
is to be made in a way common and suitable for different
application programs and different users. However, in order
to derive standards it is necessary to investigate many
alternative representation schemes 1o understand the
advantages and disadvantages of each and the wadeoffs
involved before selecting particular representation methods as
standard methods.

CRITICAL COMPONENTS

Connection With the Past

The representation method should connect easily with
accepted representation methods from the past, in order that
data already existing in various computer-aided engineering,
design, manufacturing and process planning systems should
be easily read into the new representation. This is not easy
to achieve but if achieved saves a tremendous amount of
effort and expense, and minimizes error in integrating old
data into new systems.

Extensibility to the Future

Whatever representation method is selected it will be
neeessary in the future to add new data items to it and to
extend the properties of existing data items. This should be
achievable without having to redesign the entire
representation method. The representation method should be
designed so that additions and extensions can casily be added
on.

Groups of Entities

It should be easy 1o represent the data or the properties of
subassemblies or groups of elements and assemblies of the
subassemblies. The technical properties of the subassembly
cannot be derived from the properties of each component
even though they are related. For instance, consider an
automobile engine, which is an assembly. An automobile

engine has properties such as torque, horsepower, rpm, heat
output and so on, which are properties of the enginc itself,
In the absence of a computational model one cannot derive
these properties in a simple way from knowing the properties
of the components of the engine, and yet they are related.
For instance, if the cylinder diameter were to be changed, the
properties of the engine would change. Since the properties
of the whole engine are not straight forwardly derivable from
the property of any of its components, the properties of the
engine must be represented and stored separately. Future
developments in systems science will presumably angment
this capability,

Representations should include all required attributes of
products and processes in a way which can allow automated
consistency checking of attributes, For instance, it currently
is not yet accepted practice to represent tolerances of parts in
an assembly so that the combined effect of many tolerances
of many parts can be evaluated [8].

Wide Acceptance

A representation method once proposed should have wide
acceptance. This is not easy to achieve. There is currently
much research going on regarding representation methods for
various mechanical, electronic and physical products, and for
representation methods for the machines in a production
process, and the production process itself with all of its
properties.  Refer to the section on standards for more detail,
Work on representation currently is fragmented and
standardization is not pulled together strongly enough.
However, work on representation methods and systems
models, which eventually influence the standards, should be
augmented.

SIMULATION AND MODELING

DESCRIPTION

Simulation software programs exist today, but the
capabilities are limited to parts of the total process,
considered individually, and with limited capability for those
parts dealt with. Simulation and modeling capabilities, with
trade-off analyses, are needed for a much wider range of
problems.

For the product, programs are needed to accurately
simulate every component and every subassembly of a
product, and for the product as a whole. The behavior of the
product should be simulated from every point of view,
including strength and dynamics, heat and fluid flow
clectromagnetic interference, control, and so on. Coupled
interactions between the phenomena should be simulated,
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Today, such analyses are done for each domain such as logic
design, strength, heat flow, control, and so on separately.
Coupled analyses are rarely done.

An important part of today’s simulation system is the
visualization or animation of the analyzed results. The goal
of visualization is to understand computed results visually.
For example, in computational fluid dynamics, the fluid
motion represented in nonlinear partial differential equations
can be solved using supercomputers with little approximation,
then shown as a color picture.

WHY IT IS IMPORTANT

The key to competitive survival is rapid realization of a
product, and rapid response to a customer’s order for a
specific product configuration. To achieve that, every part of
the product realization and production process has to be right,
first time. There will be no time for doing something,
evaluating, improving it and so on, as is the case today.
Simulation and modeling will provide that capability,

CRITICAL COMPONENTS
Applications can be classified as follows:

* Product design to testing: Modeling, Simulations and
Visualization

+ Marketing - Sales: Forecasting, Investment Decisions,
Growth

+ Production: Scheduling, Design, Material Handling,
Control, Integration, Capacity, Storage, Justification

» Shipping: Traffic, Optimization
* Labor: Allocation, Productivity, Planning

Product Simulation and Modeling

The capability of the simulation and modeling software
should be such that many analyses can be made quickly
enough 1o evaluate trade offs between different
configurations, The simulations must be sufficiently reliable
and close to reality that very little real prototype testing will
be needed.

Process Simulation and Modeling

Simulation will be needed also for the production process.
Computer programs are needed which go beyond simulating
average or overall behavior of a production line. Programs
are needed which simulate the exact and specific behavior of
a production system producing any dynamically changing mix
of products, under situations of randomly occurring real
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problems, such as machines malfunctioning, people making
errors, material not being delivered, etc.

Computer programs for simulation of production should go
beyond a simple production facility, to deal with interacting
production facilities, where the output of one is sent on
d d, by "pull scheduling" to another facility as necded.

Manufacturing involves the conversion of material, energy
and information into a product. The scheduling and planning
of information flows has become as important as for material
flows, Simulation programs are needed to model the Now of
information in large systems of interconnected networks. This
simulation should be able to track the progress of a uait of
data from source to destination, as it progresses and competes
for resources with other data in the networks. The simulation
should deal with random failures in the system which require
rerouting, with sudden floods of error messages in the system,
and with other realistic non-nominal events. Flows ol data
and of material in linked production systems can be coupled,
affecting each other. A data message can result in disparch of
material, or can provoke a production process. The production
process can provoke sending of data regarding problems or
completion of some work, and so on. The simulation should
allow modeling of such interactions so that the flow of
information and material can be modelled not only for the
nominal correctly operating state, but also for all kinds of
non-nominal conditions. The simulation should enable
tracking of specific data and material, not only avcraged
behavior for many items.

When manufacturing a dynamically varying mix of
products with short reaction times and high reliability, control
of the whole process needs to be considered. There are many
different processes, and many different control strategies. For
instance, in continuous flow processes, il at a given station
the material properties depart from nominal, one may want to
look ahead to change some parameters of a downstream
process, These situations require simulation capability to
model them, evaluate trade offs and optimize the total process
even while local parts of the process fluctuate, For discrete
manufacturing processes, various control techniques are
available, each with different characteristics, These can vary
from pure hierarchic control, control with interaction between
each station but no hierarchy, with all situations between;
some hierarchy and some peer-to-peer and peer-10-other
generation interaction. These control strategies should be
simulated so that the best strategy can be found for a given
production process. The problems found in continuous fow
and discrete manufacturing are not mutually exclusive. They
often coexist; simulation programs should deal with such
mixed situations,

Increasing Size of Problem

The size of problems which can be dealt with today
depends on the hardware capabilities. In manufacturing
process simulation, PC-based simulation has very limited
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modeling capabilities specific to the size. For example, it is
difficult to simulate a 700,000 sq. ft. electronic manufacturing
facility in detail in a PC-based simulation package. Complex
simulations use supercomputers, In traffic network simulation,
until recently mainframes allowed only 150 links and 100
nodes. A city like Austin, Texas requires 300 nodes and 100
links. Using today’s discrete event simulation packages and
supercomputers, 1650 links and 700 nodes traffic network can
be simulated. The proliferation of archilectures and
technology permits 1 billion instructions/sec today. It is
possible that this will increase by a factor of 10 to 1000 in
the next decade due to parallel processing, and other
hardware improvements.

System Integration

All the simulation programs for a product, or process,
should be operated as a single system, with easy-to-use user
interfaces, as uniform as possible. Data files should be
according to universally-agreed specifications so that the data
generated by a program should be readable by other
programs, It should be unnecessary to key data in to a
program by hand, if that data had alrcady been created by
some program. That uniform capability is missing today. This
requirement for interpretability will be especially important as
production becomes linked and networked between different
remole sites, An operator or engineer should be able to easily
pick up data from a remote site and automatically feed it into
a simulation at his or her site.

Knowledge-Based and Artificial Intelligence Components

The trend in today’s process as well as product simulation
and modeling systems is 10 use knowledge-based and Al-
based technologies. Also, animation of simulated results in
three dimensions is becoming common. Most of the
commercially available packages offer post-processed
animation capability. Simulation systems are becoming more
and more user friendly. The process of simulation involves
many steps especially when designing a future manufacturing
system. The trend is to reduce the time involved in the
simulation process - providing interactive graphic interfaces,
Today the logic depicted in a process simulation model can
be directly used to design the control system logic which can
be ultimately converted into integration software modules.
However, today's process simulation systems cannot exactly
replicate real situations - the challenge in the future is to
achieve this more and more closely.

Incremental Simulation

Responsiveness of large simulations can be improved if
one can partially isolate the effects of minor changes and
rapidly recompute the simulation. Examples today include
incremental compilers, incremental planners and analysis
programs that perform incremental remeshing. Typically,
extra state and dependency information must be maintained.

Due to the scaling issues associated with complex projects,
even the fastest computers will be unable to provide
interactive responses to "what it" questions unless incremental
methods are employed.

Program User Interface

‘While numerous simulation and analysis programs exist,
they are generally written by specialists, for specialists. This
makes it difficult to use them for providing on-line "services"
that would field requests from anywhere (e.g., design,
manufacturing) within an integrated enterprise,

Improvements in Hardware

Simulation capability is closely tied to progress in
computer hardware and systems. It is expected that for
scientific visualization, work stations with 16-32 mbyte of
data will be connected in a high speed network, with the
ability to transform millions of polygons per second. In the
future, simulation with animation will be one of the key
technologies that support total manufacturing enterprise.

SOFTWARE PROTOTYPING &
PRODUCTIVITY

DESCRIPTION

Software development is the process by which user needs
are translated into software requirements, requirements are
transformed into design, designs are implemented in code,
and code is tested, documented, and certified for use [195].
Software engineering is then defined as the systematic
approach to the development, operation, maintenance and
retirement of software [195].

Software productivity deals directly with the issue of
reducing development time and costs, and is affected by both
methods and tools, The class of tools referred 1o here are
typically called CASE, or Computer-Aided Software
Engineering.

CASE prototyping tools arc a form of modeling and
simulation technology that allow a system engineer to create
an executable representation of a proposed interacting
collection of software modules. As the design and
development of software systems progresses from early
conceptual ideas to specification, from there on to program
coding, then 1o testing and debugging, and eventuzlly to
operation and maintenance, comprehensive prototyping tools
assist software engineers throughout the entire cycle.
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WHY IT 1S IMPORTANT

The emerging agile manufacturing environment relies
heavily on software control systems that are distributed across
many different programmable devices in the factory.

Today, designing, implementing and testing distributed
software control systems is a major unpredictable variable in
the realization of a production facility. How long this will
take, how much it will cost and what it will be able to deliver
in the end are unknowns until the effort is finished. Today's
systems efforts are generally finished when a compromise
over original goals is reached in order to have something that
is operational. The agile manufacturing enterprise cannot exist
until this impediment is overcome,

Tools and methods are needed that facilitate software
prototyping so that the system design engineers can quickly
reduce design concepls to operational models that can be
validated and extended. Currently these designs are done on
paper in the form of a systems specification written in a
textual form. Design flaws are not uncovered until a
considerable amount of resources have been expended in the
implementation phase. Design flaws are the most expensive
to correct and are often in the systems archilecture itself
which frequently precludes the attainment of the original
system goals.

It is shown in [211] that 56% of the errors in systems and
82% of the error correction costs are due to faulty system
designs a1 the specification stage. Prototyping tools that
execule design representations and expose flaws at an early
stage when both the design and design effort are still plastic
should virtually eliminate this significant area of cost and
boost productivity by the time saved.

More importantly, they will ¢liminate the even more
significant wasted time and cost associated with rework and
redesign caused by implementing specifications that are
typically incomplete and architecturally flawed.

System design prototyping tools capable of exccuting
design representations should also be able to generate the
code that can operate the actual system. Thus, one
representation can serve as both an off-line model and an
on-line system, opening the door to safe, incremental-change
testing,  Altering the off-line prototype when incremental
improvements are suggested will test and validate these
changes without jeopardizing the operational environment.
Some carly work in these areas is starting to appear but a lot
remains to be done to further develop these concepts into
usable prototyping tools,

Though software is now recognized as a critical enabling
technology, development methodology has evolved little
beyond an art form or craft, and lags behind other computer
technologies.  According to [195], the factors contributing
towards the lag include:



21st Century Manufacturing Strategy

Infrastructure

« Poor understanding of the development process.

= Lack of tools for reducing time to market.

« Growing costs associated with development.

» Rising number and size of applications.

« Complexity and user expectations.

+ Need for greater portability across platforms.

« Complex transaction-based distributed computing,
+ More customization required.

The biggest and most costly problem in software design is
programmer productivity. Programmer productivity is
showing almost no improvement over the years compared to
the 35% per year gains shown by integrated hardware
designers [27]. Reusable software is one of the most
promising areas for software productivity and quality
improvement, and a principal byproduct of CASE
technologies.

According to [366] "the most innovative and successful
development will be done by two types of organizations:
those capable of producing specialized tools and building
blocks; and others who use those 1ools and building blocks to
create effective applications. Only by specializing in one of
these areas will companies be in a position to compete”,

CRITICAL COMPONENTS

Virtual Factory Modeling Tools

"Virtual Factory" research is a promising arca of systems
simulation and modeling that attempts to develop a complete
and accurate representation of an operating factory, whether
discreet-part or continuous-process oriented. For many
applications these models need to run in "real lime" so that
downstream processing can be adjusted on the fly when
upstream modeling suggests the need for corrective action
[258].

Application Program Interfaces (APIs) and Graphical
User Interfaces (GUIs)

Hardware and software computing capability is provided
by a multiplicity of vendors in a variety of lorms.
Manufacturing has emerged as one of the principal melting
pots for this multi-vendor community.

To eliminate the problems arising from using computing
equipment from different vendors within the same networked
system, a movement has begun toward "open computing" --
the idea that software should function without change on a
reasonable sclection of platforms from different vendors.

Software known as an Operaling System can be viewed as
the first layer on a hardware computing platform. Today's
popular operating systems include such names as UnixSystem
V and Unix OSF/1, DOS with Microsoft Windows, IBM’s
0872, and DEC's VMS. Both OS/2 and VMS are considered
proprietary to a specific manufacturer, whereas Unix, and to
some extent Windows, are considered in the "open" category

as they run on equipment from many vendors and are not
subject to control by a hardware vendor’s business strategy.

Though open operating systems have the beneficial
potential of presenting a "'common interface to an application
program (the program that actually does something useful for
the manufacturer), and thereby allow portability from one
computing platform to another, in reality there are still too
many variations among these so-called open operating
systems. This has led to the call for and definition of
common APIs (Application Program Interfaces) for these
operating systems. One such API still in its incubation phase
is POSIX. With the emergence and industry-wide acceplance
of a standardized API a great deal of time, effort and cost
will be saved in programmer training, software development,
and software porting,

Another arca of current focus is the Graphical User
Interface (GUI), which is a combination of the displayed
image and the user interaction with this image presented by
the application program. GUIs are a new concept currently
that has resulted in a variety of approaches; though most are
relatively similar in nature. As the industry moves toward
standardization here, additional productivity gains will be
realized not only by software engineers, who will no longer
have to create user interfaces for each application, but also
for users, who will find a common interface among a variety
of different applications.

Object Oriented Programming Languages

Object oriented programming (OOP) languages, such as
SmallTalk and C++, bring a very different approach to the
design  of software systems then the classical
sequential-programming  paradigm that characterizes the
history of modem computing. OOP languages allow people
who understand a process 1o express this process in ways that
are understandable to computers, potentially allowing people
not thought of as programmers the capability to harness
computing. OOP approaches also promise great gains in
there-usable software category, in the enablement of
continuous evolution of functional systems (safe ongoing
improvement), and in breaking the barriers that impede the
implementation of complex systems,

Computer-Aided Software Engineering (CASE)

The earlicst use of the CASE acronym dates to 1984
[335]. Like any other engincering disciplines, software
sciences began by [following a variety of different
methodologies. The software engineering field is still young
enough that first generation sequential-programming
approaches are just now being challenged. CASE tools are
introducing  structured programming and object-oriented
approaches, as well as disciplines that promise to change an
art-form into an engineering activity. Early CASE tools have
tended to bring discipline to classical approaches. More recent

activity is exploring newer object-oricnted  and

distributed-processing architectures [101].

STREAMLINED LEGAL ROLE

DESCRIPTION

Legal systems evolve as public and general opinion move
toward the recognition of manufacturing enterprises as a key
comp of the i of living. Movement is taking
place in the laws of the country as enacted as well as the
interpretation of the legal actions taken or not taken by the
government with respect to the manufacturing community.

Examples of legal system interpretations and laws and
their implications for manufacturing enterprises, as pul
together by the inner core team for this project, follow.

Relaxing the definition of "Anti-Trust" activity
Would facilitate the move towards cooperation for
enterprises in consortia, joint ventures, etc.

The new and correct assumption that the government can
fund and incentivize "Pre-competitive generic research”,
such as in the Advanced Technology Program.

Is attracting teams of enterprises who are working together
in formal and informal arrangements toward common generic
needs. This has caused a noticeable increase in the numiber of
activities considered generic, pre-competitive.

Reform product liability laws and practices

Product liability laws and practices can place so large a
burden on manufacturers as to inhibit development or
marketing of products which could be beneficial. A better
balance needs to be struck so that reasonable consumer
prolection will not inhibit development of useful new
products,

Expanding the definition of acceptable expenditures and
categories of expenditures for Intermal Research &
Develop (IR&D) in calculation of overhead rates, ete.

Would allow management to set priorities in response to
needs of the enterprise without artificial constraints. For
example, this could remove the disincentive to develop
manufacturing processes.

Policies which guide the distribution and transfer of
federally funded technology, in government laboratories,
on government sponsored or partially sponsored projects,
etc.
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Can impact positively the development and transfer of
manufacturing processes and systems technology. A positive
step would be to redefine the government position on
intellectual property rights, when the government is a partner
and not the sole funder of a task or project.

Import/export  policies
technologies
These have a marked effect on export possibilities.

and protection of various

Tax laws

Tax laws do not usually assume that products are rapidly
changing, constantly upgraded. As a resull, their provisions
often disincentivise investment in production processes and
upgrades.

Trade agreements and enterprise zone definitions

Trade agreements and enterprise zone definitions will be
potentially very important factors in the worldwide
competitive scene through the 1990's. Careful attention and
legal implications from the creation of the EEC, Pacific Rim
and Latin American economic zones must be undertaken by
the government, A small example can be seen in the role the
Depariment of Commerce is now playing in the Intelligent
Manufacturing System tri-lateral discussions initiated by
Japan.

Foreign tax credits and treatment of foreign versus U.S.
corporations

Foreign tax credits and treatment of foreign versus U.S,
corporations must be investigated to ensure that U.S.
corporations are not disadvantaged by our own laws.

Training and Education

The ability to put appropriate training and education
expenses in capital investment categories, under certain
circumstances, could be an important potential advantage to
an enterprise.

To the extent that the laws consider training and education
expenses 1o be a benefit to employees of the company, they
provide a disincentive to training.

There are too many opportunities for legal actions than can
be enumerated here. Our purpose in selecting the above was
to show the breadth of impact and action which can be taken.

CRITICAL SUCCESS FACTORS

These factors include:

+ Recognition of the fact that "Manufacturing Matters" as
described in Cohen and Ziesman [66].

* An atmosphere of trust and partnership between
government and industry evolving from the past adversarial

l
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postures. This requires a shift in thinking and behavior
within both parties, government and industry.

= Public perception of the linkage between standard of living
and the health of the manufacturing industry, and the desire
to have government act as a positive factor in the health of
the manufacturing industry.

+ There are no direct technological keys to making this
possible. Indirect contributions may come from more
compreheasive and reliable information systems which can
unimpeachably provide accurate data to regulatory bodies to
avoid abuse, fraud, etc. Such may then lessen arbitrary
regulations put in place when such data was not reliably
available.

+ On the non-technological front, important keys to making
this possible are significant increased understanding between
legislative and industrial leaders on the true nature and impact
of laws and the interpretation of regulations.

SUPPORTIVE ACCOUNTING
METRICS

DESCRIPTION

Accounting, in addition to allowing historical audi of a
company, provides information to support planning and
controlling of operations. Unfortunately, the current cost
accounting system has failed to adapt to such changes in the
environment as computer-aided automation, the declining
importance of direct labor, shorter product life cycles,
globalized markets, and so forth. Most businesses do not have
information systems that are designed to help them cope with
such changes in the environment. According to Johnson
[167], the solution will not be found by modifying existing
management accounting systems. Those systems have their
uses (e.g., to cost inventory for financial reporting purposes)
but providing information to control operations is not one of
them. Instead, he suggested that the solution to management
accounting’s lost relevance is to scrap the belie! that
businesses can both plan and control their affairs with
accounting information that is compiled for financial
reporting purposes.

Current accounting practices developed in the world of a
static product and static mass production line. In many
respects they are unsuiled to the needs of agile manufacturing
[175).

WHY IT IS IMPORTANT

Accounting provides information to support evaluation of
companies, The financial community uses this information (o
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evaluate attractiveness of the company's financial
performance for investment. To the extent that accounting
methods do not support measurement of relevant factors,
agile manufacturing evaluations based on current conventional
accounting practices will be wrong.

Accounting metrics and methods are a critical factor
affTecting the behavior of a company. Modemizing these are
a most important requirement for the infrastructure of agile
manufacturing.

CURRENT CAPABILITY

Activity-Based Manufacturing Cost Systems

According to Cooper [77], an Activity-Based Cost (ABC)
system can be defined as a system that identifies and then
classifies the major activities of a facility’s production
process into one of the following four categories: unit-level,
batch-level, product-level, and facility-level activities, Costs
in the first three calegories are assigned to products using key
cost drivers that capture the underlying behavior of the costs
that are being assigned. The costs of facility-level activities,
however, are treated as period costs or allocated to products
in some arbitrary manner. Current cost accounting allocates
all costs 1o direct labor which is rapidly diminishing and no
longer a viable basis for relevant cost allocation.

ABC systems have emerged in companies where managers
believe that the costs of the additional measurements required
by the ABC systems are more than offset by the benefits the
new systems can provide. Typically, there are three major
benefits of categorizing activities in an ABC system [77]:

* Improve decision making duc to more accurale product
costs;

« Improve insights into managing the activities that lead to
traditional fixed costs; and

+ Easier access 1o relevanl costs for a wider range of
decisions,

New accounting methods such as activity-based accounting
are slowly penetrating companies, but as additional methods,
not as replacements to classical accounting procedures. A
major watershed in modemizing accounting measures lies
ahead, The sooner this is dealt with by all levels of society
and the economy, the better. The longer action is delayed,
the more problems will be caused by the lack of compatibility
of accounting practices with the reality of agile
manufacturing.

Environmental Accountability

Dealing with environmental problems is becoming a
greater financial responsibility than before. These factors
need to be included in the financial system in an equitable
way [310](77).

The need for new economic measures is widely agreed.
For example, there is general agreement that some global
accounting system of greenhouse gas emissions is needed as
part of the overall process of managing the environmental
problems [392]. This is not yet an accepted practice.

TECHNOLOGY ADAPTION AND
TRANSFER

DESCRIPTION

Technology adaptation and transfer methods based on an
understanding of those mechanisms is needed. Technology
transfer from research and development to nse in production
systems currently is slow and haphazard. Common methods
and procedures are needed in order to facilitate and speed up
that technology diffusion.

WHY IT IS IMPORTANT

Technology diffusion currently is far too slow for the
rapidly changing world in which manufacturing is operating.
The long time taken from research and development to
implementation and routine use of new systems is a serious
impediment to the manufacturing process.

CRITICAL COMPONENTS

Easy Communications

An MIT study of 102 firms in 3 countries [99] revealed
that technology transfer always takes place through informal
channels, with very little through formal channels and
institutions. This implies that ourturing opportunities for
people in different organizations to meet is important. This
includes open meetings, conferences, forums, ete. Companies
should see such opportunities as beneficial to the company,
nol as prizes to the worker.

Work Force Skills

In order to understand, adapt, improve, and use new
technology the level of work force skill has to be high. The
skill required to operate a static machine on a long run
production line is far lower than that needed to work in the
manufacturing process as machines are constantly being
upgraded and improved, new processes are being brought in,
and the worker in production expected fo suggest
improvements to the new machines and technologies which
arc brought in.
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Empowered Individuals in Teams

Empowerment of individuals and motivation of an
individual through being part of a "tiger team" generates a
large amount of healthy motivation which often is lost in a
strong hierarchic organization. Empowering individuals in
teams will serve 1o facilitate the introduction of new
technologies, as the team does everything it can to achieve its
goal as quickly and as cfficiently as possible.

Understanding of Technology Adaptation and Transfer
Mechanisms

Exceptional entreprencurs show that they have an
understanding of technology adaptation and transfer
mechanisms since they succeed in fact in doing that. The
success of the exceptional entrepreneur is not sufficient.
What is needed is that an average person in industry should
be able to deal with technology adaptation and transfer in a
rapid and efficient way. This requires knowledge and
understanding of the factors which govern technology
adaptation and transfer. These factors include individual
factors, social dynamic factors, technology factors,
organizational factors, and environmental inhibitors and
facilitators such as accounting practices, product liability
practices and so on. There cumently is insufficient
understanding of these factors,

Removal of Barriers to Technology Transfer
A survey [99] of 79 technology transfer facilitators showed
the following serious barriers to lechnology transfer.

« Developed technology must be acceptable.

« Government regulation recruits and inducts technology
transfer.

« Technology commercialization is not used enough as a
performance criteria for development work.,

* Capital requirements are often an inhibitor and cost of
investment.

* The individual reward system in many companies leads to
the "not invented here'" syndrome because to admit that there
is work clsewhere better than one’s own is perceived as
weakness; whereas knowledge of the whole field with the
technical know how to identify, appreciate, and ability to
integrate the work of others is often not rewarded.
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WASTE MANAGEMENT AND
ELIMINATION

DESCRIPTION

Two factors drive this. One is a growing public pressure
against waste and pollution and for environmental
preservation. This pressure grows as young people become
older, changing societal perceptions and paradigms. The
other is the growing experience of companies that recycling
waste can in fact be profitable.

There is a move to place waste recycling plants at the
exhaust stream of a manufacturing process, so that whit was
previously waste becomes a saleable product.

The long-term goal is 1o have zero emissions when all the
waste becomes product.

WHY IT 1S IMPORTANT

The fact of managing and eliminating waste may by itself
be irrelevant to the agility of manufacturing. However, as
populations increase and pressures are felt on all natural
resources, individuals and society will not tolerate
environmental damage. Environmental considerations are
becoming part of the implicit value system in society, and
lack of environmental concern will not be tolerated.

CRITICAL SUCCESS FACTORS

Proactive Environmental Management

Proactive environmental management is a concept ‘which,
according to Scher [307], can be defined as follows: doing
what is prudent from a business standpoint to reduce
environmental liabilities - regardless of whether these ections
are required by regulatory agencies. The concept focuses on
identifying and managing potential environmental risks before
they occur or at the early stage. Itis in sharp contrast (o most
environmental policies, which focus upon being in
compliance with environmental regulations.

Proactive environmental management can be applied
directly to overall waste management particularly in the areas
of high potential risks such as soil and groundwater
contamination, asbestos contamination and catasirophic
releases of loxic materials [307).

Improvement of Manufacturing Processes

There are five distinct approaches that industry can take to
reduce hazardous waste: change the raw materials of
production; change production technology and equipment;
improve production operations and procedures; recycle waste
within the plant; and, redesign or reformulate end-products.

Among the opportunities that exist for common processes and
wasles are: using mechanical techniques rather than toxic
organic solvents to clean metal surfaces; using water-based
raw materials instead of materials based on organic solvents;
and changing plant practices to generate less hazardous
wastewater [157].

It is estimated [238] that American companies produce
five times the waste per dollar of goods sold compared with
the Japanese and more than twice that of the Germans.
Waste and emission treatment currently costs about $75
billion per year [238]. A number of U.S. companies have
found that by improving the whole manufacturing process to
reduce waste, rather than 1o treat the waste as it is in an
existing plant, leads to significant overall cost savings [238].
However, existing environmental legislation and existing
methods of quality certification of suppliers by customers,
create disincentives 10 change and improvement [238],

New Economic Measures for Environment

Environment and economic growth are not mutually
exclusive. The new measures should aim at making
environment a key competitive factor as is superior
marketing, R&D, or anything clse. The measures should
influence value of a company’s shares which, in tum, will
force the company to be more responsive lo environmental
problems [310].

The need for new economic measures is widely agreed.
For example, there is general agreement that some global
accounting system of greenhouse-gas emissions is needed as
part of the overall process of managing the environmental
problems [392].

Recycling of Resources

According to the World Competitiveness Report 1991, the
U.S. ranked 7 among 23 industrialized countries in terms of
extent of recycling of resources by companies.

The top five are all European countrics (Switzerland,
Germany, Denmark, Sweden and Netherlands). The Japanese
ranked twellth [392].

Companies usually recycle almost all the scrap generated
during the manufacturing process, but once an item has
passed through consumers” hands the rates drop sharply. Only
about 40% of the inputs to steel making consist of material
recycled from sources outside the mill. Similarly, only about
a quarter of the fiber inputs to paper mills are recycled
material [294].

According to Schmidheiny [310], companics should
engage in an “integrated life-cycle analysis" that takes into
account the total environmental impact of the product from
the production of the materials for its assembly through its
useful life to the process of "demanufacturing” that breaks it
down for recycling. In this manner, the waste of today can be
converted into the raw materials of tomorrow.

In Germany, the antomobile industry is moving toward this
concept. For example, a pilot plant of Volkswagen AG is
experimenting with a new system of recycling autos. Instead
of using the current methods of crushing old cars into i cube
containing much unwanted remnants such as plastic and
rubber that must be refined out at great cost in energy to
recover the desired steel, Volkswagen is dismantling worn-out
autos piece by piece. By this method, even parts of the
battery can be re-used. Brake fluid and lubricating oil, which
are spilled on the carth in the current wrecking methods, are
drained for refining and re-use. In fact, Volkswagen engineers
estimate that in the future as much as 90% of the steel, lead,
zinc, copper and aluminum in a car body can be recovered.
The percentage of plastic being recycled is also rising
dramatically [310].

Environmental Laws and Regulations

Regulatory agencies can change the ground rules for a
company or an entire industry [307]. However, to be truly
effective, there must be intemational cooperation supporied
by people and governments everywhere,

Collaboration between Manufacturing System and Waste
System Designers

The waste problem can be greatly ameliorated if designers
of manufacturing systems and designers of wasle systems
collaborate from the first stages of a project, rather than have
the waste system designers deal with the problems created by
the 1 facturing system designers, This will require among
other things proactive efforts by professional socielies in
these fields.

ZERO-ACCIDENT METHODOLOGIES

DEFINITION

The goal of process safety is to protect people, property
and the environment from some kind of destructive relcase of
energy. Zero-accident methodologies make plants and
processes inherently safe; that is, safety is built into a
process from the beginning, in the conceptual design level.
This is as opposed to having to add safety features
extrinsically later.

WHY IT IS IMPORTANT

During 1987, due to accidents, nearly 75 million workdays
were lost at a cost of $42 billion [396]. Companies realize
that it is harder and more expensive to add after-the-fact
safety features to processes once they are already in
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operation. The cost is generally not only economical, but
also, environmental, and unfortunately many times may
involve societal calamities, Member companies of the
Chemical Manufactures Association, for example, are putting
finishing touches on a six-point performance improvement
initiative, the Responsible Care Program, in which the
underlying philosophy is that of safety considerations
throughout the entire life cycle of the chemical process [146].
Another important factor is the increasingly stringent state,
federal and international regulation, such as the Emergency
Planning and Community Right-to-Know Act (1986), the
California’s Acutely Hazardous Materials Risk Management
(1988), or the New Jersey's Toxic Catastrophe Prevention
Act (1988).

CRITICAL COMPONENTS

Simulation & Modeling

This allows exhaustive detailed modeling of the physical
processes. Currently simulations are standard in the nuclear
industry, where they are required by the U.S. Nuclear
Regulatory Commissions; simulation is also used routinely
in other process industries: utilities, chemical, petroleum and
others.  With the advent of affordable and easy-to-use
supercompulers, pre-production  simulation of possible
accidents and safety devices should be a standard step in the
design of all industrial systems.

Proactive Committed Management

This means that managers go one step further than just
compliance. For instance, safe processes must also consider
ergonomics. The better the work station is designed
ergonomically, the less accidents due to human error can be
expected.  For instance. Rohm and Haas Company,
manufacturer of specialty chemicals, has created a corporate
ergonomic program which safety and health officials see as
encompassing more than just complying with future OSHA
regulations [230]. Air Products’ nent has
a policy that makes all employees, whether in design,
construction, or operations, responsible for conducting their
jobs with utmost concern for safety.

hliched

Design Safety Elements to Require Minimal Human
Intervention

Close to 60% of process accidents are due in some
measure to operator mistakes or miscalculations. Design of
safety can be accomplished, for example, by reducing system
temperatures and pressures, possibly by the use of catalysts;
substituting less hazardous raw material for more hazardous;
and designing elements that allow the system to survive
routine upsets without need for direct operator intervention,
Al the Olin Corporation plant in Charleston, Tennessee, for
example, the highest air pressure is 225 pounds per square
inch and the highest temperature is 320°F compared to some
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petroleum  refineries that work with highly volatile
hydrocarbon feedstocks at 1800 pounds per square inch and
temperatures up to 1600°F [48].

Ongoing Employee Training and Involvement

Training is necessary to keep the work force's knowledge
about the system up to date with the latest modifications and
improvements of the processes. Involving employees in the
safety process has well proven results in reducing the number
of accidents, A gas producing and packaging facility in New
Jersey, for example, improved from 15 critical accidents in 3
months, to working 3 years without a lost-time accident
[201]. Through safety programs that involved employee
members, Air Product’s R&D division has had 10 years and
20 million hours without a lost-time accident [296].

Shared Databases
Statistical data on the reliability of systems, and safety
techniques are sharcd among companies.

GETTING 1T ALL TOGETHER!

VLL LEAD THE WAY-
BUT EACH OF YOU

Gcncra] recommendations  addressed 1o Congress,
Industry, the DoD, the Executive Branch excluding the DoD,
and Academia were presented in Volume 1 of this report.
The recommendations given there are repeated here, but in
more  detail. The following pages give Cdetailed
recommendations on steps needed to put the infrastructure in
place, presented in tabular form, by the five groups to whom
they are addressed, and by the nine elements of the agile
manufacturing enlerprise.

An enormous effort is needed to put in place the
infrastructure, with both technical and non-technical

components, for agile manufacturing. This will require
coordinated efforts of many organizations in many sectors.
The study anticipates a need for coordination of these many
efforts, and a need for monitoring how specifics of the vision
as predicted, are seen to change as time progresses. This
should accompany an overall view of how the national effort
for agile manufacturing progresses relative to  the
continuonsly updated vision goal. The Agile Manufacturing
Forum is the mechanism recommended for these functions.
Many of the action items recommended in the following
tables can be aided by taking advantage of the Forum.

ACTION AGENDA FOR

u DoD

= Congress

® Executive (Non-DoD)
m Industry

= Academia
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THE LONE RANGER
19 YESTERDAY'S STORY..,

... COOFPERATION ENHANCES
COMFPETITIWVE CAPABILITY/

During the course of this work it became clear to the

participants in the study that evolution into agile
manufacturing will require cooperation between teams within
and across corporations, in unprecedented scale and intensity.
This is an especially important point in the U.S., where
cooperation between companies is less developed than other
countries. As shown in Appendix C, the U.S. ranks only
tenth in the world for cooperation between companies in
R&D. This insular characteristic must, and will, be changed.

Entreprencurship, competition and rapidly developing
opportunities will create situations where any one company,
however large, will not be able to marshal the resources
needed in time to take a wave of opportunity. Competition
will require cooperation.

In the era of agile manufacturing, many mission-oriented
teams in a corporation will be at work. Every day teams will
be created and teams will be disbanded. The methods and
mechanisms of teaming will be many and varied.

The participants in this study, from a cross section of
industries, with ample experience in the subject, were of the
opinion that too few cooperation mechanisms are known, and
that the serious barriers 1o cooperation that currently exist, but
which should be broken down, should be aired. Accordingly,
they identified cooperation mechanisms which need to be
nurtured and developed. and identified barriers to cooperation

and methods which facilitate cooperation. These are detailed
in the following sections:

+ Examples of Known Cooperation Mechanisms

+ Factors which Facilitate Successful Cooperation

+ Barriers to Cooperation

¢ Comparison of Old and New Practices in Handling
Manufacturing Business Relationships

SOME EXAMPLES OF KNOWN
COOPERATION MECHANISMS

The study brought forward the fact that there are many
more types of cooperation mechanisms used than is generally
realized, with new mechanisms constantly developing. These
mechanisms identified by the study are given below. Other
mechanisms exist and are constantly being developed, Note
that although unusual today, cooperation will be pervasive
tomorrow, and the mechanisms listed here will find much
more use than at present.

CENTERS OF EXCELLENCE
Organizations which have been established to excel in a
particular technical arca. They can be established and funded
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(in whole or part) by government entities or may be totally
private.

Over time, certain locations within a company have
worked on a particular problem, or in a specific technical
field, long enough that they have become experts on this
item. They have become known as the place to contact when
a problem arises that the normal skilled individuals at other
locations cannot resolve. These centers make their skill and
knowledge available for others to draw upon.

CONSORTIUM

A group of companies that have organized 1o pursue a
common purpose, and in doing so have formed a third
separate organization as a performing body,

It usually involves pooling of resources for the mutual
benefit of the participants. As compared with other forms of
combination, such as joint venture or partnership, a
consortium is more likely to have multiple participants and
the tasks are more likely to be ancillary to the main business
of the participants; e.g., @a consortium of compuler
manufacturers to buy silicon in bulk and thereby spreading
the cost savings amongst the participants.

Effective only when a member is actively involved.
Contributes agenda items, does required outside preparation,
attends meetings regularly, etc. Passive participation yiclds
little, if any, benefit.

JOINT VENTURE

A union of two (rarely more than three) companies that
pursues a common purpose, usually for profit. The joint
venture can be managed by any member company or may be
a third organization that was purchased or established fo that
purpose. The investment can vary between company
members, as can voting rights and profits.

Joint ventures tend to be broader in scope and duration
then teaming agr Joint v may be
implemented through contractual arrangements or by forming
entirely new companies.

Permits more effective control of work agenda bul also
requires a greater commitment of company resources. Partner
selection should be done carefully so as to avoid conflicting
interests as much as possible. Difficult to achieve a muiually
productive relationship,

LEADER - FOLLOWER

The concept of a leader-follower contract involves a
situation where the government desires 10 establish a second
source. Where contractor "A" is immersed in a program, the
government will designate "A" as a mentor to contractor "B",
When contractor "B" is brought up to speed wilh the
contractor "A", the govemment will have both contractors in
direct competition with anticipation of recovering the
povernment’s investment with lower costs in the long run.

NETWORKING OF INDIVIDUALS FROM
COMPANIES

An informal grouping of individuals who have formed a
communication vehicle to share or transfer information. The
communication modes can be memos, conference calls,
meetings or computer linkages. The investment required is
minimal, or none. The effectiveness is largely determined by
the compatibility and professional respect among the
individual members. It can result from contacts initially
made through various professional societies.

As today's information systems grow at a rapid pace, it
is becoming possible for individuals within a company to
communicate very rapidly over vast geographic distances.
Satellite systems and fiber optics allow for almost instant data
exchange. Computer terminals installed at the home of the
employee provide 24hr/day, 7 day/week access. This has
provided for some corporations a means for employees with
common interests and problems to form loosely coupled
"networks" for data exchange by use of the information
system.

PARTNERSHIP

This term is used broadly to describe any joint activity for
the mutual benefit of the parties. It is used more to describe
an attitude than any specific arrangements, ie., we are
partners with our vendors, customers, etc. Almost all forms
of combinations from mere information exchange to joint
ventures fall under the partnership category. This word also
has a legal meaning, which involves an agency relationship
and profit sharing, but which is more narrow than its
common usage in the company.

A new development is the concept of individual
companies, each with certified performance quality, linked by
a computer network for transmission of technical and
business data. These companies jointly take contracts of a
scope more than any one could manage separately. To the
customer they appear as one functional company, but each
retains its identity.

TEAMING AGREEMENT OR ASSOCIATES

Two or more companies with complementary resources
combining together to address a particular contract
requirement or proposal. Usually limited to a particular
proposal as opposed 10 a broader business area addressed by
joint ventures. Once the business is won, the business is
usually divided according to prime contract/subcontract
arrangement.

These agreements are characterized by detailed, formal
documents that spell out in elaborate details the
responsibilities of each party. Each party retains its own
corporate entity and funds its particular portion internally,
with the ultimate payback coming from profits from the sale
of the hardware.

.

TRADE AND INDUSTRY ASSOCIATIONS

Organizations formed to specifically advance and
safeguard the best interests of its members, who are all pre-
qualified to you by virtue of their common business purpose.
The association is a separate corporate entity, usually non-
profit, that is funded and operated by member companies.

Cover the full range of activities. Some productively
advance the profession and positively contribute to it; others
are little more than lobbying agencics.

VIRTUAL COMPANY

A virual company is a legally incorporated entity, from
that point of view it is a regular company. However, there
are almost no employees or inventoried resources in the
company. The work needed, marketing, sales, design,
production, and 50 on, are done by shareholder companies,
contractors or partners. The small headquarters staff deals
with few general subjects, such as planning strategic
directions and new affiliations, or monitoring contributions in
kind by members and the attendant payment. An example is
the Visa company which has a very small headquarters staff.
Although the cardholder imagines one big corporation behind
the name, the work is done by many banks, clearinghouses,
collection and other organizations, all using common
standards to enable a seamless operation whick looks
monolithic to the cardholder.

In the future, we may expect virtual companies to be
formed and disbanded rapidly. This will require:
* a prequalification method, analogous to ratings given now
10 companies;
+ standard agreed business and operating methods to
facilitate quick plugging together of teams from constituent
companies;
+ a definition of the business opportunity to be jointly
pursued;
+ sufficient depth of resources among partners 1o be able 1o
assign valuable people and resources to the virtual company;
* Factory America Net industrial value-added computer
network.

VOLUNTARY INFORMATION EXCHANGE FORUM

Similar to networking of individuals from companies, but
the word "forum" implies that a meeting or convocation is the
communication mechanism.

These forums can be ongoing via the electronic
information networks, or meet at specific locations on
specific dates, or a public "bulletin board" on the elcctronic
network where data ilems and questions are listed and
responded to, Papers can be presented and discussion follow
on various topics in the latter case,
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FACTORS WHICH CAN FACILITATE
SUCCESSFUL COOPERATION

The participants identified a number of factors which can
facilitate successful cooperation between companies. These
are listed below.

CHANGE PARADIGM SO COOPERATION IS THE
DEFAULT, NOT GOING IT ALONE

For cooperation among companies 10 occur, someone in
each company must be committed to seeing to it that it
happens and is sustained. The rewards for cooperation, i.c.,
no legal hassles, increased market share, technology
leadership, world class capability, will make this cooperation
occur naturally with no forcing function if the fear of legal
problems and loss of proprictary data is removed.

DEALING WITH INERTIA AND PERPETUATION OF
MYTHS IN THE FACE OF CHANGING REALITY

Look at things as they actually are, not as you wish they
were. Too many top managers live in a world as they wish
it were and don’t acknowledge the problems that must be
solved.

DYNAMIC RELATIONSHIPS SHOULD BE FREE OF
TRADITIONAL LEGAL ENCUMBRANCES

In order to bring a joint venture or consortium together, a
few days is needed to decide on how to do the arrangement,
but usually three to six months is needed to work out the
contracting vehicle. This is due to fear of prosecution and/or
loss of trade secrets or proprietary data. Take away the legal
hassles and new relationships will be formed in days. This
can be vital in being able to respond 10 a new opportunity
quickly enough,

The basis of a relationship must be mutual trust, not a
lengthy detailed contractual agreement, Agreement should
cover basic clements only and should attempt to avoid
restrictions on every conceivable "what if"',

EMPHASIZE LONG-TERM BUSINESS VIEW

Requires a reorientation of most top management,
Pressure to achieve near-term profits is counterproductive to
this, It is desirable that business practice decrease the
emphasis solely on quarterly reports, and give weight to long-
term programs. This will encourage high-level executives to
think in longer time frames.

EMPHASIZE NEED FOR SPEED
The requirement for speedy reaction to a window of
opportunity is a prime driver 10 cooperation.
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EVOLVE A STEP AT A TIME

The drivers and influences on the manufacturing enterprise
will move companies to pervasive cooperation. To the
skeptic, this appears overwhelming, but it will develop a step
at a time,

FLEXIBLE BUSINESS ARRANGEMENTS TO BE
ACCEPTED AND COMMONPLACE

While teaming arrang joint , efc., are
becoming more commonplace, they need 1o be an accepted
way of doing business. Both industry and government need
to accept the fact that no one company can, necessarily, have
all the resources or be the best in all areas to enable them to
be world class in an industry. Often it will require unigque
cooperative  business  arrangements 1o bring on  new
technologies and products, and these arrangements need (o be
accepted rather than suspected. This will be very important
in the defense electronics and semiconductor industry as the
costs of introducing new technologies continue to spiral.
Being allowed to protect proprictary data while sharing the
bulk of technological resources free from government anti-
trust threats will be key in the future.

Suppliers must demonstrate their trustworthiness for this
type of mechanism to work. While it eliminates placement
options, early commitments can provide major advantages in
product development.

GOVERNMENT REQUEST FOR PROPOSAL TO
GENERATE ACTION

A request for proposal by government, with a declaration
that joint industry proposals will obtain tangible financial
incentives, encourages cooperation.

INDUSTRY ASSOCIATION REQUEST FOR
PROPOSALS TO GENERATE ACTION

Industry associations can encourage cooperation by
requesting appropriate proposals and making financial awards
to the winning proposals.

Experience shows that even when a bidder is unsuccessful,
it has been able to make successful unsolicited proposals to
other parties and capitalize on the efforts of bidding on a
request for proposals.

INTELLECTUAL PROPERTY SHOULD BE MUCH
MORE SHARED THAN IN THE PAST

Intellectual property will be shared more readily when
companies are compensated for that sharing, and the rewards,
such as increased market share, new markets and reciprocal
intellectual sharing make it a poor business decision not to
share. The system now discourages intellectual property
sharing because the losses can be enommous with litle
opportunity or assurance for long term financial reward or
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pay back. When the rewards are greater than the penalties,
then sharing will occur.

VIEW SHOULD BE COUNTRY-WIDE, VALUE-ADDED

There are two issues involved here. One is the concept
that all critical technology components of any program need
to be U.S. based, and the second is that in addition to being
the world’s best inventor, we need to capture the
manufacturing base or production base for that idea.
Manufacturing is key to our long term survival as a nation
and must be nurtured like any natural resource. IR&D
money must be directed, not only at invenling pew
technologies, but pushing them into production as well
Everything from patient capital to a favorable environment
for consortia must be brought to bear to insure that we can
produce what we conceive and that we maintain a production
base in this country.

BARRIERS TO OVERCOME FOR
COOPERATION

The participants identified a number of barriers which
must be overcome, in order to achieve cooperation.

CULTURE GENERATES NIH ("NOT INVENTED
HERE") RESISTANCE

Encourage adopting other people’s initiative and building
and adding value to other people’s ideas. In many
organizations one’s personal advancement is still perceived to
be achieved by doing exactly the opposite of the above.

GEOGRAPHIC SIZE OF U. 8. AND HENCE TRAVEL
INHIBITIONS

Communication improvements are steadily making this a
less significant impediment.  Continued improvement in
communication will enhance cooperation.

LACK OF KNOWLEDGE OF OTHERS

This is an organizational intelligence problem and
communication problem. A systematic and serious effort
should be put in place to know what other groups in one's
own company, and in other companies are doing, with a view
1o using cooperation as a method of first resort in a project.

LACK OF TRUST
Building trust requires:

+ Top Management Involvement

* Mandatory Multi-Level Communication and an Open
Agenda

+ Common Training

+ Common Expectation of Improvement

« Common Recognition of Achievement

Trust must be eamed.

LACK OF UNDERSTANDING OF WHAT
CONSTITUTES COMPANY PROPRIETARY OR
PROFOUND KNOWLEDGE ("FAMILY JEWELS")
Management ofien does not appreciate the value of
extemal capabilities to its operation, Often, management
regards knowledge of some process or material as important
proprictary knowledge; in fact, a case can often be made for
sharing the cost of developing a particular process, and using
the resources made available to deal with other problems,
with a view to making the whole system more efficicnt,

LEGAL IMPEDIMENTS

The time and cost of the legal process is often a factor
which nips cooperation in the bud. Technical managers often
tend to frame an action plan agreement within a few days,
and imply trust between them. The lawyers assume lack of
trust, and can take months to come 10 an agreement.

ORGANIZATIONAL
COMPARTMENTALIZATION

To encourage more expansive thinking within the
organization, reward and promote those who best
communicate and deal with the big picture in order to
identify opportunitics for collaboration.

PATENT SYSTEM

The time, expense and disclosure methods currently in
practice inhibit cooperation. Making the patent process more
efficient would facilitate cooperation,

REWARDS DON'T RECOGNIZE GROUP,
EMPHASIS IS INDIVIDUAL

Group rewards should supplement individual rewards
regularly o encourage leam efforts. You don’t have to lessen
individual initiative -- you just want to encourage cooperation
and sharing.

TRADITIONAL BUDGETING INHIBITS
FLEXIBILITY/QUICK REACTION

Flexibility is the key to success in this area. Give a
manager responsibility and a budget total that he must live
with, but let him exercise judgement as to how it's best spent.
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Need for flexible budgets exist. Budgel should be an
objective, not a mandate that encourages dysfunctional
behavior.

TRADITIONAL RETURN ON INVESTMENT
COMPUTATIONS

Traditional return on investment decisions gave no credit
for building up long-term  strategic strengths  and
competencies. This often inhibits cooperative projects.

COMPARISON OF OLD AND NEW
PRACTICES IN HANDLING
MANUFACTURING BUSINESS
RELATIONSHIPS

The procurement systems of many large public
organizations have been buill up over many years, with much
accumulated experience.  The systems are by now well-
populated with regulations which ensure fairness to many
bidders, prevention of possible fraud or malpractice,
conformance with all of many government regulations, and
ensure that these practices are known, and can be easily
reviewed and proved to have been followed. These
procurement practices developed under the influence of the
concepts of mass production, when rapid response,
customized production, and cooperation withcompetitors was
not routine. For the world of agile manufacturing, they are
impossibly slow, and inhibit, even prohibit, cooperation,
customized production, flexibility and quick response.
Existing procurement systems often deal with quality in out-
of-date concepts, by specifying the manufacturing process in
a way which forbids flexibility. The following pages
compare a world class modern supplier or customer, with an
old-style burcaucratic customer, and are presented in order to
point out how important it is to deal with business systems,
so that they not inhibit the move to agile manufacturing.
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WORLD-CLASS CUSTOMER

OLD-STYLE BUREAUCRATIC PRACTICE

PROCUREMENT PRACTICES COMPARISON

+ Control own policies
+ Can change to meet current business conditions

= Rules
+ Best commercial practice
= Comply with laws, i.c. Environment, OSHA,
EEC, Sherman Anti-Trust
+ Prudent, ethical, efficient

« Compete when it makes sense
+ Reduction in defects
= Reduction in delinquencies

= Procurement Sensitivities
« Customer value
= Highest quality
+ Lowest cost
+ Market leadership
+ Highest market share
« Return on assets

« Buys to flexible company specifications &
standards or commercial specifications & standards

» Long term agreements/relationships
+  Vendors/Suppliers

+ Pricing
+ Standard accounting techniques from cost
analysis and audit to price analysis

+ Complete vendor involvement
= Cradle to grave
+ Commodity teams
= Sole source suppliers
= Audits of quality, management

« Full funding of programs

» Termination for cause
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Rigidly regulated

Rules dependent on product
« R&D

+ Production

+ Spares

« Services

» Construction

Full and open competition
+ Maximum extent possible
+ Every procurement

Procurement sensitivities

+ Focused on prime contractor
+ Socioeconomic goals

= Price versus quality

= Protectionism considerations
* Annual budgets

Fraud and defective pricing

Buys to government specifications & standards

Annual contracts
+ Primes/Subs

Pricing
= Compliance with rigid cost accounting standards

Micromanagement

= Audits

» Investigations

+ Redundant testing

» Reports and data training and cost

Annual funding of programs

Termination for convenience

WORLD-CLASS CUSTOMER

OLD-STYLE BUREAUCRATIC PRACTICE

GENERAL ENVIRONMENT

Serving these customers is viewed as highly
desirable by suppliers and their employees.
Companies seek entry.

Business dealings are direct and focused on end
results.  Environment is positive and congruent
with a productive, personally rewarding work
ethic.

Free flow of information between buyer and seller
- barring competitive pricing information.

Relies on natural forces of competition to permit a
simple system.

Focuses attention almost exclusively on the present
and future,

Requirements are tuned to the prevalent, non-
adversarial and non-fraudulent case. Willing to
take a low risk.

+ Companies withdrawing or secking divestiture,
Subtier suppliers dropping out,  Increasingly
viewed as less desirable customers by companies
and employees,

Business dealings focus on complex processes.
Environment is adversarial and bureaucratic.

Information flow generally more restricted.

+ Allows both increasing competition and complex
regulation,

* Substantial resources devoted to past actions (e.g.,
after the fact audits and reviews).

» Regulations seck to achieve a risk-free, but
unattainable system. Regulatory presumption of
wrongdoing imposes a "tax" on all procurement
actions.

RELATIONSHIPS/PERSONNEL

Relationships are founded on trust, long-ierm
relationships and faith in the industrial systen:.

Relies on integrity of the average American.

Managed by seasoned professionals. Pav is
commensurate,
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+ Relationships project a lack trust and a philosophy
that industry is lacking in capability to manage
itsell.  Sanctions are emphasized. Long-term
relationships viewed as collusive and undesirable.

* Relies on regulations and processes written to
climinate / punish tr

£l

* Tendency (mitigated by recent legislation) to short
tenure  assignment  of non-procurement
professionals. Pay is often inadequate.
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WORLD-CLASS CUSTOMER

OLD-STYLE BUREAUCRATIC PRACTICE

PRODUCT DEFINITION

= Requirements are clearly expressed and basec on
performance needs.

« Requirements tailored to individual program need.
Suppliers” own systems are used to satisfy
requirements,

+ Requirements definitions are overly complex and
often state not only performance needs but
mandate procedures and processes.

+ Many detailed requirements (how-to) apply to all
procurements by policy rather than need. customer
mandates the systems fo be used.

CONTRACTING PROCESS

= Contracts are in plain language and simple; ie.,
based on UCC.

« A deal is a deal. Agreements are final. Most
audits are done in advance.

+ System viewed as flexible, responsive.
+ Contract award system based on informed,
"empowered" individuals.

+ Award decisions tend not be questioned. When
questioned, awarded work continues.
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+ Contracts are complex and voluminous 1o the point
of irrationality.

= Contracts are susceptible to repricing by audits as
much as ten years after award,

= System viewed as byzantine, rigid and non-
responsive.

= Award system based on detailed proposal paper
promises and regulations.

= Bid protests abound. To taking on trappings of
court proceedings. "Stay" provisions apply to
awarded work.

WORLD-CLASS CUSTOMER

OLD-STYLE BUREAUCRATIC PRACTICE

VALUE CONCEPTS

» Prospective contractors eam the privilege of
competing,

+ Acts as an informed purchaser of overall best
value. Past performance is evaluated.

Individuals are empowered to make award
judgments. The system seeks to award to a
supplier who will perform reliably.

* Contract awards tend to be made to companics
with continuous quality improvement.

= Contractors feel entitled 10 compete for funds year
after year,

= Purchases tend to be on the basis of lowest price.
Quality and past performance not often rated.

» Decision-making authority of managers is diffused.
The system sceks to award on low price promises
despite doubts as to qualifications of a bidder or
soundness of the price,

« Existence of a quality improvement program is not
even a consideration,

SANCTIONS

+ Transgressions result in punishment of individuals,
+ Transgressions by individuals are penalized
without adding additional burdens on the system.

« Legal status of private sector procurement people
is the same as other citizens.

* Transgressions by individuals often result in
punishment of entire organization,

= Transgressions often causc permanent burdens to
be added to the system.

= Employees engaged in federal procurement are
subject to more stringent legal sanctions than other
cilizens.



Appendix A

APPENDIX A

NEWS ITEMS FROM 1991

This section shows some press releases describing quick response industrial activities which exist today. Most were chosen
because they illustrate how quick industrial response aided the war effort in the Gulf, illustrating the potential for the DoD.
Note that in most cases quick response was obtained while coordinating work between several organizations, not just in one
organization,

Shortened versions of seme of the stories were used as boxed excerpts in Volume 1. They are repeated here in full, as
originally published elsewhere, because the [ull publication contains many details of interest lo people who work in
manufacturing.

These stories show that quick response is technically possible today; however, it is not integrated into regular industrial or
military organizations, and to succeed has to short cut the system. Today quick response is possible, but is the exception. In
2006 it will be the rule. Today it can be done, but logistic organizations are not set up to handle quick response in a routine
way. In 2006 quick response will be pervasive and will be handled by daily routine.
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ANTIFRATRICIDE IDENTIFICATION DEVICE (AFID)

As preparations for the land war in Kuwait and Iraq began
to heat up, a critical need surfaced for ways to identify
friendly forces. At the request of the Director of the Joint
Staff, Air Force L. Gen. M. P, C. Carns, DARPA undertook
the job of sorting through the alternatives and recommending
quick solutions that could help to avoid Allied casualties from
friendly fire.

After exactly seven days of intensive brainstorming, design
evaluation, rapid prototyping, three nights of ground testing,
and three nights of flight tests involving Air Force aircraft
and Army helicopters and ground vehicles, DARPA retumed
to General Carns with a series of recommendations,

One of the recommendations was to quickly finalize the
design and begin production of a friendly forces identification
beacon proposed by Test Systems Inc, of Hudson, New
Hampshire. The design showed promise of being suitable for
use on armored vehicles, relatively inexpensive, available
quickly, and very effective.

At noon on Wednesday, February 13, General Cams
directed DARPA to go ahead with the program. The
following chain of events began immediately:

5:30 PM Wednesday
Test Systems was given authorization to proceed by
DARPA

10:00 PM Friday
After seven prototyping cycles, the final electrical design
was established and the mechanical configuration stabilized.

Midnight Saturday

A successful flight test was completed using a private
aircraft and a breadboard version of the beacon located on top
of an Army truck. The test was flown out of Moore Army
Airfield at FL. Devens, MA, and the ground site was set up in
the nearby parachute drop zone.

1:25 PM Sunday
The mechanical design was finalized and fabrication of 10
production configured prototypes was begun,
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8:00 PM Monday

Three prototypes were delivered to the Federal Express
office at Manchester, NH. Serial Number 2 was headed for
Riyadh, Saudi Arabia, and the other two (Serial Numbers 1
and 7) were on their way to Yuma, AZ, to be evaluated in an
operational test run by Marine Air Test Squadron One, at
MCAS Yuma.

By noon on Tuesday, six days 10 the minute from giving
the go ahead, General Cams had a working prototype sitting
on his desk, and a similar unit was on its way to Saudi
Arabia by C-5 out of Charleston AFB, SC.

On Wednesday, Yuma testing concluded that a small
change was required to make the beacon more acceptable to
both the Army and the Air Force. TSI made the appropriate
component changes in the electronics and  production
preparations continued.

Three days later, the Yuma tests concluded that the
modified TSI beacon design was a preferred solution to the
fratricide problem, and the first 40 production units were
shipped by chartered airplane from Nashua, NH, to Dover
AFB, DE, where they were transferred to a military aircraft
for their Might to Saudi Arabia.

A total of 194 units were delivered before the war came
to an end, 1800 were ready for assembly, and almost all of
the parts for the full 10,000 were complete.

To accomplish this program, it was absolutely essential to
use pre-existing industrial capacity and commercial parts -
there was no time to develop a military-only capability. The
aluminum was off-the-shelf 6061-T6; the printed wiring board
was produced by a company that produces boards for both
commercial and military projects, but this board had no Mil-
Specs associated with it (the board design was completed on
Sunday afternoon at about 4:00 PM and the first 1100 boards
were back in Hudson, NH, on Tuesday, ready for component
insertion and wave soldering). The critical components (the
high power light emitting diodes) were commercial parts for
which there is no cquivalent military part - and il was in a
plastic case (the government generally does not like to use
plastic parts).  The batteries were off-the-shelf Eveready
Energizer alkaline C-cells made up into special 7-cell packs
by a commercial batlery supplier; the top window was cut
from off-the-shelf Lexan sheet, and the base was machined
from available stocks of Du Pont Delrin.  Almost all of the
electrical components were commercial parts. When you are
in a huwrry, you must use what is available, and the
availability of commercial capability to meet an immediate
need can be key to delivery of a useful military capability.

Genesis of a Bomb
TI's Role Critical In Quick Development of Weapon
by Gregg Jones

Stafl Writer of The Dallas Morning News
©1991, The Dallas Moming News

For days, U.S. warplanes had pounded the Iraqi military
bunker complex at Al Taji Air Base north of Baghdad
without success. Even huge 2,000-pound bombs designed to
slice through 6-foot-thick bunker walls could not breach the
command lair, encased in concrete and buried 100 feet deep.

On the evening of Feb. 27, four days into the ground
offensive against Iraq, a U.S. Air Force F-111F fighter-
bomber streaked north across the Saudi desert on a course for
Al Taji. A long, cylindrical device fell from the plane and
guided by a laser, hurtled toward the bunkers. A small puff
of smoke suddenly shot from an entrance to Taji Bunker No,
1. About seven seconds later, a huge explosion ripped
through the command post, reducing the bunker to a jumble
of broken steel and concrete, according 1o Air Force officials.

The mission marked the spectacular battlefield debut of the
GBU-28, a bunker-killing bomb developed and rushed into
combat with unprecedented speed by the Air Force, Texas
Instruments, Inc., and Lockheed Missiles and Space Co.
during the Persian Gulf war,

The GBU-28's psychological effect on Iraqi President
Saddam Hussein and his military commanders - and the
destruction of what Iraqi officials had thought to be an
impregnable bunker complex - may never be known,

Coincidentally or not, a few hours after the destruction of
the Al Taji command post, Iraqi officials indicated their
readiness for a cease-fire,

"We'd like to take credit for ending the war, but in all
honesty we don’t know what role the GBU-28 played in
Saddam Hussein's seeking a cease-fire,"” said Maj. Richard
Wright, the GBU-28 program manager. ""What I can tell you
is the bunker facility had been hit by us previously and was
still operating. 1 would suspect that (the GBU-28) got
somebody’s attention and that we had some effect on
someone’s ability to sleep at night,"

The story of how the GBU-28 came into being, as pieced
together from interviews with Air Force officers and Texas
Instruments officials, offers a rarc behind-1he-scenes look at
hew home-front technology contributed to a overwhelmingly
successful military campaign.

The bomb was the product of an extraordinary, seat-of-the-
pants arrangement: No contract was signed; no writlen
agreements were exchanged. Maj. Wright would later say
that the Air Force in effect held out a credit card to TI and
said, "Trust us."
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Worst fears realized

The story begins last autumn, only weeks after the Aug. 2
invasion of Kuwait by Iraqi forces, when U.S. intelligence
reports first raised concerns that existing bombs might be able
to destroy heavily fortified enemy bunkers. Quietly, the Air
Force launched design studies for a bomb that could penetrate
the Iragi underground fortifications.

When the air bombardment of Iraq began Jan. 17, the
worst fears of U.S. military commanders were realized.

Air Force reconnaissance photographs showed that a
number of Iraqi bunker complexes had withstood direct hits
by bombs that could destroy typical concrete bunkers. The
Iraqi command posts were either too deep or too well-
protected by reinforced concrete.

Around Jan. 21, Air Force officials contacted aerospace
companies across the country, asking for ideas on how to
destroy the deep, hardened targets. One call went out to the
Texas Instruments Defense Systems and Electronics Group in
Dallas. The TI group had engineered laser-guided bombs
capable of delivering with nearly pinpoint accuracy a 2,000-
pound bomb that could punch through six feet of concrete,

In the meantime, Al Weimorts, an engineer at the Air-to-
Surface Guided Weapons Systems Program Office at Eglin
Air Force Base in Florida, began sketching designs for a
longer, heavier bomb.

The plan quickly hit a snag. A key element to Mr,
Weimonts® idea was o use off-the-shelf Air Force materials
to construct the bomb, Otherwise, it would take months to
develop and manufacture new bomb parts. The problem was
finding a steel tube long and strong enough for the bomb
body.

By luck or genius, the first of many strokes of fortune
blessed the project.

A retired Army veteran at the Lockheed Missiles and
Space Co. plant in Sunnyvale, Calif, - the company tapped by
the Air Force to make the GBU-28 warhead - recalled that
the Ammy stockpiled old gun barrels. The barrels happened
o0 be made from the same hardened steel necded for the
bomb body. The gun barrels were traced to the Letterkenney
Arsenal in eastern Pennsylvania.

Without waiting for Pentagon approval, the Eglin weapons
lab asked the arsenal to ship several 8-inch howitzer barrels
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10 the Walervliet Army Arsenal in wpstate New York. On
Feb. 1, Army machinists staried shaping the first bomb bodies
from the gun barrels.

"We would have never been able to make it otherwise. If
we had gone out to have somebody make them for us, it
would have taken months," said Maj. Wright.

With one problem solved, a bigger obstacle loomed: The
Air Force needed a guidance system that could deliver the
high, unwicldy bomb to its target with pinpoint accuracy.
The Air Force turned to Texas Instruments.

TI was asked to reassemble an engineering team that had
helped design and build the Paveway laser-guided weapons,
including penetrating bombs. On Feb. 12, Bob Peterson, the
TI engineering manager for a previous penetrating-bomb
project, flew to the Florida panhandle to meet with Air Force
officials at Eglin Air Force Base.

Air Force engineers were still debating the merits of
various bomb designs. TI was asked to stand by.

At this stage, it was clear that they wanted to do
something in a hurry," said Dave Walp, a vice president in
the TI Defense Systems and Electronics Group weapons
systems unit. "We wanted very much to do what we could
do to participate."

Playing a hbhunch, TI officials made preliminary
arrangements with LTV Acrospace and Defense Co. to book
time at the company’s Dallas wind tnnel, critical to
determining how to control a bomb, The only available time
that met their narrow window of opportunity was the
approaching weekend of Feb. 16-17.

Formidable challenges

On Feb. 14, just hours before the deadline to arrange the
wind tunnel tests, an Air Force official gave the word: TI
was 1o press full speed ahead to develop the sophisticated
guidance kit for the new bomb.

Time was critical. TI engineers were being asked to
deliver a stunningly complex guidance system with fine-tuned
software in less than two weeks - work that under normal
conditions would take many months.

The attitude was, let’s cut through all the red tape and cut
to the chase. Let’s not sit around waiting for a contract to be
signed. We'll figure out later how to get paid and when to
get paid," said TI spokesman Tony Gelshauser.

TI engineers began furious preparations for the crucial
wind tunnel tests. A detailed, one-fourth scale aluminum
maodel of the bomb was crafted. From it, TI engineers had to
learn everything about the bomb’s acrodynamic characteristics
to design software that could guide the bomb.

The length and weight of the bomb posed formidable
challenges. For starters, the new bomb - at 4,700 pounds,
twice the weight of existing penetrator bombs - would be far
maore difficult to control.

War demands necessitated that the TI team condense
wind-tunnel and simulation tests - normally an 18-month 1o
two-year process - into barely a week. At the same time,
engineers were trying to calculate how different speeds and
altitudes would affect the bomb. The odds of getting
everything right in a matter of days were prohibitive, TI
officials say.

"There was no margin for error at any place during this
period," said Mr. Welp.

At the TI Dallas headquarters and the company's
Lewisville defense plant, a team of up to 18 engineers
wrestled with the numbing challenges, laboring under
absolute secrecy. Workdays stretched into coffee-driven, 20-
hour marathons.

On Saturday afternoon, Feb. 16, the wind-tunnel testing
began under the scrutiny of five engineers - thre¢ from TI
and a pair from the Air Force. The process was
excruciatingly tedious. The bomb would be positioned and
a rush of air would flow through the tunnel for 45 seconds.
It would take 25 to 30 minutes to ready the wind tunnel for
another 45-second blast of air,

From the results of these tests, the engineers had to
determine the size and configuration of the bomb fins.
Demands for precision were extraordinary - the slightest
miscalculation could cause the bomb to tumble out of control
the instant it was released from the aircraft. Typically, the
engineers would have two months to fine-tune their
calculations. Now, lime was running out.

A few hours before the wind tunnel tests began, a New
York Air National Guard C-130 transport had left
Schenectady, N.Y., for Eglin Air Force Base with the first
bomb body fashioned from a gun barrel.

In Dallas, the wind tests dragged on until after dawn on
Sunday, Feb. 17. A few hours later, the engineers were back
al it priming the wind tunnel, unleashing the blast of air for
45 seconds, scribbling calculations into their notebooks, then
starting the process all over again.

When the tests ended early Monday moming, another set
of TI engineers was waiting to plug the figures into a
computer simulator. Throughout the week, the team tried one
set of numbers after another. Gradually, they pinpointed the
correct software parameters needed to guide the bomb.

On Feh. 19, the Air Force asked TI to prepare two bomb
guidance units - the critical front and back portions of the
bomb - as quickly as possible. TI officials warned the Air
Force that the controlling software might need further
adjustments. The Air Force wanted it regardless.

"We said, "If you're willing to take the risk, we're willing
to send them to you." They said, "Send it anyway,™ recalled
Mr. Peterson.

Two days later, a TI Lear jet whizzed down the ranway at
Love Field with a pair of the bomb guidance units, bound for
Eglin.

Meanwhile, TI engineers plowed ahead with final tests,
With the ground war only hours away, the Air Force
suddenly asked TI to rush two more guidance kits to Nellis
Air Force Base in Nevada.

The TI team worked throughout the night Friday, Feb. 22,
checking for softwarc bugs. By 7 a.m. Saturday, the
engincers were as satisficd as they were going to be; they had
uncovered no bugs that would prevent the bomb from flying.
After long days of frenetic work, the TI team began to feel
cautiously optimistic.

Two more guidance kits were rushed to Love Field, and
once again the TI Lear jet roared off with its precious cargo.

The next moming, an F-111 fighter-bomber dropped an
inert GBU-28 onto the Tonopah Test Range; the bomb
plowed more than 100 feet into the ground, exceeding even
the most hopeful expectations of the project planners,

"We were thrilled,” says Maj. Wright, who was anxiously
awaiting the test results at Eglin,

‘Euphoric exhaustion’

The secrecy surrounding the project prevented Air Force
officials from formally notifying Texas Instruments of the test
outcome. But company officials knew that the 9:30 am.
Sunday call from the Air Force asking TI engineers to
immediately prepare four additional bomb guidance kits for
shipment could mean only one thing: The GBU-28 had
worked.

The ground war was underway in Iraq when the four TI
guidance kits and bomb tail sections arrived at Eglin on
Monday, Feb. 25. The work of the TI team was over for the
moment. "Euphoric exhaustion'" swept through the ranks,
recalled Mr, Peterson, the TT engineering manager.

For the TI crew, there was nothing to do but sit back and
nervously await the bomb’s debut.

On Tuesday, Feb, 26, the GBU-28 demonstrated its
awesome destructive power in a test at Holloman Air Force
Base in New Mexico. There, the bomb - 18 feet, 9 inches
long - sliced through 10 huge slabs of concrete, together 22
feet thick. The Air Force reported that after passing through
the concrete "like butter," the GBU-28 "skipped once on the
ground and continued for about another half mile before it hit
again."

The bomb had passed its tests. "But there was a lot of
nervousness about whether it would work the next time," said
Mr. Welp, the TI vice president. "We didn’t know if it
would work again when it really counted."

Hours before, an Eglin Air Force Base team had already
poured more than 600 pounds of molten explosives into each
of two GBU-28s. Filled with explosives, the bombs weighed
4,700 pounds each. They were still warm to the touch when
Eglin personnel autographed the weapons and loaded them
abeard a C-141 airlifter bound for Saudi Arabia.
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Rumors were already circulating among U.S. airmen about
the impending arrival of a huge new bomb. A curious crowd
gathered as the two GBU-28s were fitted to the undersides of
a pair of F-111s, only hours after arriving in Saudi Arabia on
Feb. 27. Loading was delayed while airmen covered the
bombs with defiant graffiti.

Within five hours, the F-111s were en route to Al Taji Air
Base - and a successful strike on the Iragi bunker, according
to Air Force officials.

A few hours later, the war was over.

Days passed before the TI engineers who played a key
role in bringing the bomb to fruition learned that the GBU-28
had worked to perfection.

"When the war ended, we didn’t know if it was all for
naught," said Mr, Welp,

""The Air force did an excellent job of keeping the program
moving," said Mr. Peterson. "There was never any doubt as
to what we were supposed to be doing."

The Air Force is pressing ahead with plans to develop
rock-propelled bombs that will even more effectively destroy
bunkers and other heavily fortified command structures.
Those involved say the work is made easier by memories of
the wartime triumph.

"This was a once-in-a-lifetime deal. No days off, but
everyone that was a part of the program was absolutely
ecstatic about it," said Maj. Wright, "We accomplished in a
month what normally takes 2-/2 years to do. We had a
tremendous team of both government and contracting experts,
and we were able to do this job without having anyone
breathing down our necks, We're just now sorting out
payments (1o Texas Instruments and Lockheed) and things
like that,

He laughs at the audacity of it all.

"Everyone had a common goal: 1o build the biggest, best
bomb we could build, It was great."

(Reprinted with Permission of The Dallas Morning News)
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Rapid Design and Production of a Fan Shroud
For the CH47D Chinook Helicopter

During the Gulf crisis Boeing Helicopters were notified of
a problem on the CH-47D Chinook helicopter on October 1,
1990. A new shroud was designed and approved by October
11 and delivery of new sets of shroud commenced on
October 29, 1990,

This highly responsive effort by Boeing solved a problem
experienced by CH-47D Chinook helicopters in Saudi Arabia
and enabled those aircraft to provide support for Desert
Shield. Intense ambient temperatures caused the existing
forward transmission cooling fan shroud to collapse and score
the forward sync shaft.

The first wamning of this condition to Boeing Helicopters
was on October 1, 1990. Subsequent testing at Boeing
Helicopters was conducted on the existing shroud to
investigate the failure mode. The problem was caused by the
material used to form the segmented shells of the shroud, and
a recommendation was made on October 4 to replace the
thermoplastic material with fiberglass. The fiberglass
material was chosen because of the application and the
availability at Boeing Helicopters.

The Boeing Helicopters Operations Developmental Support
organization was assigned to produce 110 shipsets of spares
kits for replacement on aircraft fielded in Saudi Arabia. This
responsibility included tool design and fabrication, sheetmetal
and composite fabrication, and assembly, This effort took
place in one building and was made possible by intense use
of computers in the process. The graphite tooling was
designed without a back-up structure, a step which reduced
tool fabrication flow time. In addition, more flow time was
climinated by curing the tools in an oven for 12 hours as
opposed to a normal room temperature cure of three days.
Initial tooling was ready on October 8 and the first shroud
assembly was completed on October 10, A trial installation
was performed on October 11 for representatives of the Army
Aviation Systems Command, With immediate approval of
the redesigned shroud, rate tooling was fabricated which
allowed a production rate of 20 shipsets per week to be
reached by the following week.

The volume of shrouds produced was out of norm for a
facility that specializes in prototype work. The skills and
equipment located in one building were keys to successfully
meeting an  immediate requirement.  An  enthusiastic,
motivated workforce performed in a concerted manner to
keep the troops supplied. This team effort, which one line
supervisor described as  patriotism, enabled Bocing
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Helicopters to deliver 75 percent of the shipsets by December
7 and all of the shipsets by December 21, All shroud retrofit
kits were built and delivered at company risk prior to contract
award.

The Motorola Pager

Motorola has employed a radical new manufacturing
approach involving robots, the first step towards a grand plan
for all its operations.

From the outside it looks like an ordinary factory. But
tucked inside along one wall of this Motorola, Inc. plant in
southern Florida is a glimpse of the future of manufacturing.

Dubbed Operation Bandit because it borrows innovations
from dozens of other manufacturers, the minifactory can build
a sophisticated pocket pager only two hours after receiving
the order. In the surrounding factory, where Motorola uses
conventional methods to build similar pagers, it would take
nearly a month to collect all the necessary components to fill
the same order.

Here in the Boynton Beach facility, robots vastly out
number humans. These steel-collar workers get their
production orders electronically from Motorola headquarters
in Schaumburg, Nlinois. Then they perform all the assembly,
adjusting, and checking without human intervention. And they
do it in one hundredth of the time and with half as many
defects as ordinary manufacturing methods.

Only a dozen attendants are needed to monitor the Bandit
system and load it with enough parts o run automatically for
eight hours at a time. The project, says Christopher Galvin,
Motorola’s senior vice-president and chief corporate officer,
is "'an experiment to let people rewrite the rules".

Motorola's Paging Division launched the $US9 million
operation in mid-1986 as a survival tactic. The company still
dominates the U.S. market and boasts 7 million pagers in
service and a 20 percent annual growth in sales. But Japanese
producers have forced out half a dozen other domestic makers
in the last decade, mainly by cutting manufacturing costs cach
year. To stay competitive, Molorola decided it needed a
radical new approach.

The new factory certainly fills the bill. It is set up to
produce only one type of pager, the popular "Bravo" model
Motorola introduced in 1987, The pager retails for about
$US220 and is marketed under several brands. Since each of
the receivers, no larger than a box of matches, works on a
unique combination of access code and radio frequency, the
facility can build a staggering 29 million variations.

By 1990 it is expected to handle about 40 percent of
Motorola’s total output of the Bravo pager,

The process starts with field orders sent to Schaumburg by
sales staffers armed with Macintosh computers. Those orders
are entered in mainframe computers and routed to Boynton
Beach, where 27 small robots -- some performing up to six
tasks -- build the beepers, adjust their electronics, and affix

93

proper labels and serial numbers, Local computers control the
movements of each robot.

When Bandit receives an order, it assigns each unit to be
built to a small, coded steel pallet. The pallet carries a circuit
board upon which robots assemble about 130 electronic
elements -- some as tiny as one and a half square millimeters.
Later, the completed innards are transferred to a larger pallet
for final assembly with the beeper case and control buttons.
Mechanical vision systems check the robots’ work at several
stages, and key components are 100 percent pre-tested along
the way.

It could take a company years to plot such a radically new
approach: Motorola’s Paging Division pave itself just 18
months. Motorola also decided that virtually all the system
design, right down to specifying which "fingers" the robots
use in assembly, should be handled by a two-member team
of the company’s own designer-engineers.

The group, armed with an inch-thick "contract book" of
performance goals, soon realized it had no chance of
developing all the necessary technology in time. But it didn’t
have to. Motorola had already surveyed several industries to
establish world-class performance benchmarks; the car
industry for material handling, for example, and the pocket
calculator industry for speedy product development. The team
simply copied those approaches when possible. Thus it could
concentrate its development efforts only where new
technology was truly needed.

"We had no choice," says Scott Shamlin, director of
manufacturing operations for the paging division.

The Bandit tcam redesigned the insides of the Bravo pager
to make robot assembly and adjustment easier. It also set up
a new cost-accounting method that tracks overheads mainly
as a function of production-cycle times and the marketing
group’s ability to fill the factory with orders. "You can
streamline the traditional system to get maybe a 20 percent
improvement,”" says Motorola’s Galvin, "but to get orders of
magnitude of change you have to rethink the whole system."

How is Bandit working owt? Tightlipped Motorola
officials say il is too early to tell, since the line began
operaling only last February. But Merle Gilmore, vice-
president and general manager of the Paging Division, boasts
that costs are already comparable to much less sophisticated
methods and are falling. Galvin predicts it could take three
years just to learn how to run the automation at peak
efficiency, though he says that the company expects 1o recoup
its investment within two years.
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PROGRESS OF TECHNOLOGY

CHANGE IN THE METAL FABRICATION INDUSTRY

R. Jaikumar, ["From Filing and Fitting to Flexible Manufacturing: A Study in the Evolution of Process Control",
Harvard Business School, 1988] traced the history of manufacturing epochs in the metal fabrication industry, in
particular, the small arms manufacturing industry.

The evolution he traces is applicable to a wide range of manufacturing industry. The table provides useful data,
showing how manufacturing is developing by natural evolution into the age of the agile enterprise.

Jaikumar's table is reproduced here with a column added for the agile manufacturing era.
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APPENDIX C

RANKING OF U.S. IN RELEVANT SCIENCE AND TECHNOLOGY
CATEGORIES

From "World Competitiveness Report 1991",

The World Economic Forum,
Geneva, Switzerland

Note: The U.S. ranks around 4 in most items, but is 10 in cooperation between companies in R&D,

Figures are for 1989

(8) indicates data based on survey of opinions, not statistical data

% of total R&D by business

Real growth in business R&D expenditure

% of government R&D allocated to non-defense
research

% of R&D personnel in industry

Switzerland
Belgium/Lux.
Germany
USA

USA

USA

Switzerland
Germany
Sweden

United Kingdom
Austria

USA

ranked 1
ranked 2
ranked 3
ranked 4

ranked 16

ranked 21

ranked 1

ranked 6
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% universily graduate scientists and engineers in
industry

Patents per million inhabitants

Annual compound % change between patents secured
overseas and domestic patents granted to non-
residents

(s) Effectiveness of intellectual property legislation

(s) Ability of companies to seck oul and exploit new
technology and processes worldwide

(s) Level of cooperation between enterprises

(s) Effectiveness of basic research in meeting long
term needs of economy

(s) Access business has to university R&D programs

USA ranked 1
Switzerand ranked 1
Canada

Belginm/Lux.

Netherlands

USA ranked 5

USA ranked 17 (patent balance very negative)

Japan ranked 1
Switzerland

Germany

USA ranked 4

Japan ranked 1
Switzerland

‘West Germany

USA ranked 4

Japan ranked 1
Germany

Switzerland

Sweden

Netherlands

France

Finland

Belgium/Lux.

Denmark

UsA ranked 10

Germany ranked 1
Japan
Switzerland

USA ranked 4

USA ranked 1

APPENDIX D

Task Description

T'hie defense authorization bill for 1991 directed the
Secretary of Defense to submit to Congress a National
Defense Manufacturing  Plan.  Accordingly,
Undersecretary of Defense Donald J. Yockey appointed
a broad-based government agency task force to prepare
such a plan. In addition, the lacocca Institute at Lehigh
University was asked by the Office of the Secretary of
Defense (0SD) MANTECH program office to organize
an industry-led resy to the Congressional directive.

The focus of the project was the direction in which
advanced manufacturing was moving today and the
opportunity this presented for U.S. industry if a
concerted effort were made to exploit that opportunity.
The parameters of the project, were:

+ That the vision drawn of manufacturing in fiftcen
years be drawn from the many excellent reports
recently published and reflect a consensus of a
broad spectrum of experts, not the predictions of
the project members;

» That the vision address the infrastructure of
mannfacturing in 2006, as well as the subsystems
required to support the infrastructure, but not the
underlying manufacturing process technologies.

The 21st Century Manufacturing Enterprise Strategy
project was led by industry in coordination with the
Department of Defense. The expenses of the industry
participants, including salaries and all travel and living
expenses over a period of three months, were paid by
industry, This represents a major commitment on the
part of 13 corporations who contributed manufacturing
executives to the project’s inner core. In addition,
exccutives  from over 100 additional companies
participated, at company expense, in two rounds of
interaction with the ongoing work of the inner core. The
responses of these participants materially influenced the
outcome of the project.
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The Tacocca Institute's approach to this project was
to create a three-tiered executive vehicle. The first tier
was an inner core team of high-level manufacturing
executives, together with Department of Defense
representatives, who over a period of five and one-half
months would meet in intense sessions at Lehigh
University and who were supported by university
faculty, staff and researchers.

The second tier was an advisory core, a group of
experts in various fields of manufacturing technology,
vision creation, and cooperation mechanisms among
industry partners, who would address these and other
critical issues.

Lastly there would be an outer core of high-level
industry executives with whom the preliminary draft of
the inner and advisory core’s sessions would be shared
for review and feedback in an executive briefing/mini-
workshop format. Following these workshops, the
preliminary draft would then be revised and edited, and
once again presented to the outer core for further
Teview.

The Approach;

« The lacocca Institute of Lehigh University would
facilitate pursuit of the vision, provide leadership,
and coordinate the activities of various core
members, as well as provide research capability and
staff support.

+ The inner core team, listed below, would consist of

manufacturing executives whose task it would be to

formulate a structured vision and enterprise strategy
and 1o recommend a continuation mechanism to
implement that strategy.

The project strategy was 1o start with existing visions

and other documents to gain the benefit of prior

work, and in order to reach rapid consensus among
inner core team members on the vision advanced.
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Hundreds of reports and source documents were
screened by the research staff o provide the inner
core with the most current and insightful reading
material. Twelve examples are listed under "Selected
resources studied by the Inner Core on the following
pages.

The inner core would use an advisory core, again
listed, of selected executives as subject matter
experts for briefings as required.

The inner core team would share its preliminary
plans with industry executives and involve this
broader outer core of execcutives, listed by
organization, in exccutive briefings/mini-workshops
to provide critical review and feedback during the
task.

The inner core team would then adopt where
appropriate, or reply to, the ouler core critique in
order to provide both the sense and the fact of
participation and ownership of the vision 1o outer
core members,

Acting in concert with inner core team members as
well as other participants in the project, project team
members  would then work 10 obtain CEO
endorsement of the vision and framework, as well as
commitment, to maintain the momentum,

Differences from prior approaches:

Project led by industry.

The vision and other activities were centered around
searching out the best reports and forming a
convergent view, rather than "starting over."

This project is action oriented. A primary focus is on
securing a corporate buy-in at the highest levels of
industry to the vision and to the concept of
cooperation in carrying out the recommendations,
A continuation mechanism is defined: see the Agile
Manufacturing Forum described in the previous
chapter.

Advisory Core subject matter experts:

Steven V. Balint, Assistant Deputy Chief of Staff
for Weapons Systems Production Management, U.
S. Army

Steve Bomba, Vice President, Technology, Johnson
Controls

David W. Cheney, Senior Associate, Council on
Competitiveness

Philip Francis, Vice President, Corporate
Technology Center, Square D

Robert W. Hall, Editor-in-Chief, Target
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Richard H. F. Jackson, Deputy Director,
Manufacturing Engineering Laboratory, National
Institute of Standards and Technology

Ben Kaminski, President, CAM - [

Michacl J. Kelly, Director, Defense Manufacturing
Office, Defense Advanced Rescarch Projects
Agency

Charles Kimzey, Assistant for Manufacturing
Technology, Office of the Secretary of Defense
George Kuper, President, Industrial Technology
Institute

David Lando, Vice President, AT&T

Mark S. Lang, Executive Director, Ben Franklin
Advanced Technology Center

Peter W, Likins, President, Lehigh University
Steven M. Linder, Director of Production
Assessment Division, Office of the Assistant
Secretary of the Navy

James Ling, President, Ling Technologies, Inc.
Thomas Mahoney, Acting Executive Director,
Manufacturing Studies Board

Lt. Col. Erik Mettala, Program Manager, Defense
Advanced Research Projects Agency

William S, Safier, Director, Naval Industrial
Resources Support Activity, United States Navy
Charles L. Strecker, Manufacturing Technology
Directorate, Electronics Division, Wright
Laboratory, United States Air Force

Barry Whalen, Vice President, MCC

Representative resources studied by the Inner
Core:

+ "Can Small Business Help Countries Compete?"

.

(Howard) Harvard Business Review Nov/Dec '90
Department of Defense Critical Technologies Plan,
1991,

"Does Corporate Nationality Matter" (Reich) Issues
in Science and Technology Winter "90-'91
"Future Factory System Formulated in Japan
(2)"(Suda) Techno Japan, Vol. 22(10), October
1989.

Gaining New Ground: Technology Priorities
for America’s Future, Council on
Competitiveness, 1991

Integrating Commercial and Military
Technologies for National Strength: An Apenda
for Change (Van Opstal) Report of the CSIS
Steering Committee On Security and Technology.
Manufacturing 21 Report - the Future of
Japanese Manufacturing, Association for
Manufacturing Excellence, 1991.

Report of the National Critical Technologi
Panel, National Critical Technologies Panel, 1991

"Strategic Intent" (Hamel & Prahalad) Harvard
Business Review May/June "89

U.S. Defense Industry - Key Issues for the 1990s
"Who Is Them" (Reich) Harvard Business
Review Mar/Apr "90

"Who Is Us" (Reich) Harvard Business Review
Jan/Feb "90

Selected Advisory Core Topics:

-

Adr Force Microelectronics Manufacturing Science
and Technology (MMST)

ATP Program as Mechanism

Business of Paradigms, The: Discovering the
Future (video tape)

Council on Competitiveness Report, Gaining New
Ground: Technology Priorities for America’s
Future:

Defense Advanced Research Projects Agency:
Manufacturing and Design Engineering in Ultra
Reliable Systems Acquisition for Devices on
Demand; and "Micro Tech 2000",

Department of Defense MANTECH Program
IMS as a Possible Framework Model

ITI Experience with Mechanisms

LINC as a Concept for a Mechanism
Manufacturing Studies Board Reports
Manufacturing 21 Report

MCC as a Mechanism

NCMS as a Mechanism

Power of Vision, The: Discovering the Future
(video tape)

U. S. Memories as a Case Study

White House Office of Scientific and Technology
Programs Critical Technologics Report

Outer Core organizations who hosted workshop
briefings:

.

Acrospace Industries Association

Computer Aided Manufacturing-International
(CAM-I)

Council on Competitiveness

Defense Science Board Summer Program
Electronics Industries Association

Industrial Research Institute, Inc.

IC? - Innovation, Creativity, Capital
Microelectronics and Computer Technology
Corporation

1 Machi Ruild.

B Tool Association
National Academy of Engineering

National Center for Manufacturing Science
National Institute of Standards and Technology
National Security Industrial Association

Outer Core organizations represented at workshops:

.

.

.
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Allen-Bradley

Allied Signal Aerospace

Aluminum Company of America
Applied Materials

Babcock & Wilcox

Bethlehem Steel

Bodine Corporation

Boeing Computer Services

Bridgeport Machines Inc.

Brown & Sharpe Manufacturing Company
Burdeshaw Associates, Lt

CAM-1, Inc.

Carnahan & Associates

Camegie Mellon University

Camegie Institute of Technology
Carpenter Technology Cerporation
Cincinnati Milacron

Citibank

CompuAdd

Council For Equal Business Opportunity, Inc.
David Taylor Research Center

David Samoff Research Center
Digital Equipment Corporation
Englehard Corporation

Enterprise Integration Technologies
Extrude Hone

Factorial Systems, Inc.

Ford Motor Company

General Motors Technical Center
General Electric

General Dynamics

Georgia Institute of Technology
Giddings & Lewis, Inc,

Grumman Aircraft Systems/Product Operations
Hewlett Packard Company

Honeywell Corp.

Howmet Corporation

Hughes

Hughes Aircraft

Institute for Applied Composites Technology
Johnson & Johnson

Lanxide Corp.

Litton-Airtron

Lockheed Missiles & Space Company, Inc.
Lockheed Corporation

Loctite Corporation

LTV Aircraft Products Group

Martin Marietta Corporation

Martin Marietta Energy Systems, Inc.
Masco Machine, Incorporated
Meridian Corporation
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Mechanical Technology Inc,
Microclectronics &  Computer Technology
Corporation

Moore Special Tool Co., Inc.

National Steel & Shipbuilding Co.
Pennsylvania State University

Protein Technologies International
Purdue University

5.E. Huffman, Corp.

Sandia National Laboratories

Sematech

Sherwin-Williams Company

Society of Manufacturing Engincers
SofTech, Inc.

South Carolina Research Authority
Strategic Insight

Sverdrop Technology

Teledyne Brown Engineering

Ten X Technology, Inc.

Texas Instruments

Textron Lycoming

Timken Company

United Technologies

University of Miami/Department of Industrial
Engineering

Vindicator

Xerox Corporation

Xerox Advanced Information Technology

104

APPENDIX E

Bibliography and References

ACM Transactions on Office Information Systems (1988): Special Issue on the Language Action Perspective, April,
vol. 6(2), Association for Computing Machinery, New York, NY,

Abelson, P.H. (1990): "Sensors, Computers and Actuators". Science, July 6, vol. 249(4964), p. 9.

Academy Industry Program; National Academy of Sciences; National Academy of Engineering; Institute of Medicine
(1989): “Supercomputers: Directions in Technology and Applications". National Academy Press, Washington, D.C.
102 p.

Adam, J.A. (1990): '"Federal Laboratories Meet the Marketplace". IEEE Spectrum, October, vol. 27(10), pp. 39-44,
Adam, J.A; Esch, K (1991): "Aerospace/Military". TEEE Spectrum, January, vol. 28(1), pp. 72-75.

Ainsworth, S.J.; Ehrle, C. (1988): "Kids Get a Vote of Confidence from the CPI". Chemical Week, June 15, vol.
142(24), pp. 29-30.

Altany, D. (1991): "Share and Share Alike", Industry Week, July 15, vol. 240(14), pp. 12-17.
American Society of Mechanical Enginecrs (1988): ASME - NSF Mechanical Tolerancing Workshop. Orlando, Florida.

Ammer, C.; Ammer, D. (1977): "Dictionary of Business and Economics". The Free Press, A Division of Collier
Macmillan Publishers, London, 461 p.

Anderson, D.C.; Chang, T.C. (1990): "Geometric Reasoning in Feature-Bascd Design and Process Planning",
Computers & Graphics, vol. 14(2), pp. 225-235.

Anderson, L. (1988): "American Space Scientists Keep Jet/Program in the Family". New Scientist, July 21, vol.
119(1622), p. 39.

Anonymous (1988): "Computerized Monitoring System Boosts Production", Automation, April, vol. 35(4), pp. 58-60.

Anonymous (1990): "Artificial Intelligence: Or Maybe Not", Economist, Science & Technology Section, January 27,
vol. 314(7639), p. BY9.

Anonymous (1990): "World Special Report On Undersea Lightwave Transmission". Lightwave, July, pp. 19-25.
Anonymous (1991): "Europe - Optical Fibers to Link East and West", Electronics, February, vol, 64(2), p. 34.

Anonymous (1991): "Growth Rate of 32% for RBOC Fiber Deployment in 1990", Telephone News, vol, 12(14),

105



21st Century Manufacturing Strategy

Appendix E

20.

21,

22.

23,

24.

26.

2.

28.

29.

30.

31.

32

33:

34,

3.

36.

Anonymous (1991); "Sensors and the Intelligent Engines". Automotive Engineering, vol. 99(4), April, pp. 33-36.
Ashley, S. (1991): "Rapid Prototyping Systems". Mechanical Engineering, April, vol. 113(4), pp. 34-43.

Ausubel, I.H.: Sladovich H.E. (1989): "Technology and Environment'. National Academy of Sciences, National
Academy Press, Washington, D.C., 221 pages.

Avishai, B. (1989): "A CEO's Common Scnse of CIM: An Interview with 1. Tracy O'Rourke". Harvard Business
Review, January-February, vol. 67(1), pp. 110-117.

Ayres, R.U. (1990): '"Technological Transformations and Long Waves - Part 11", Technological Forecasting and Social
Change, April, vol. 37(2), pp. 111-137.

Baer, T. (1990): "It's Not CIM Without the Customer", Managing Automation, July, vol. 5(7), pp. 30-32.

Baer, T. (1990): "Process Control Market Consolidates, Goes Global'', Managing Automation, December, vol. 5(12),
pp. 44-45.

Bamford, V. (1991): "Accident Prevention a Business Asset". Business [nsurance, January 14, vol. 25(2), pp. 28, 30.

Barber, W.C. (1989): "Suggestions for Improving the Effectivencss of Environmental Laws and Regulations™.
Environmental Progress, May, vol. 8(2), pp. m2-m4,

Bamard, R.; Olivetti, G. (1988): "Limiting Environmental Impact by Waste Management'. Resources, Conservation
and Recycling, vol, 4(1,2), pp. 51- 62.

Bamncs, B.H.; Bollinger, T.B. (1991): "Making Reuse Cost-Effective. IEEE Software, January, vol. 8(1), pp. 13-24.
Barone, M. (1990): "Industrial-Policy Politics". U.S. News and World Report, April 16, vol. 108(15), p. 28.

Bartone, C.R. (1990); "Economic and Policy Issues in Resource Recovery from Municipal Solid Wastes", Resources,
Conservation and Recycling, vol. 4(1-2), pp. 7-23.

Bauer, R.J.: Griffins, M.D. (1988); "Evaluating Expert System Investment: An Introduction to the Economies of
Knowledge". Joumnal of Business Research, September, vol. 17(2), pp. 223-233.

Beck, W.B.; McCampbell, R.B. (1989): "Waste Minimization in a World Class Ethylene Plant". Environmental
Progress, November, vol, 8(4), pp. n10-n11.

Beer, M.; Einstat, R.A.; Spector, B. (1990): "Why Change Programs Don't Produce Change". Harvard Business
Review, November-December, vol. 68(6), pp. 158-166.

Begley, S.; Hager, M. (1990): "Alternative Energy: Time to Get Serious", Newsweek, August 20, vol. 116(8), p. 40.
Benassi, F. (1990); "IMTS: Less Metal, More Flexibility". Managing Automation, December, vol. 5(12), pp. 35-37.

Benassi, F. (1991); "Small Manufacturers’ Health Won't Last Without CIM". Managing Automation, April, vol. 6(4),
pp. 19-21.

Bennet, G.F. (1990); "Let’s Really Support Recycling". Environmental Progress, February, vol. 9(1), p. F3.

38.

39.

41,

a2

43,

45,

47.

49,

50.

51,

52,

33.

Berardinis, L.A.; Dibble, M.A.; Dvorak, P.1; Mraz, S.J.; Rouse, N.E. (1991); "Engincers Tak iver’
. A \ + , P AN B , N.E. B ¢ the Drive "
Machine Design, May 23, vol. 63(10), p. 47, : o s

Berardinis, L.A.; Dibble, M.A.; Dvorak, P.J.; Mraz, S.J.; Rouse, N.E. (1991): "Platforms Lift CA
. . e, . y P 7, 8. se, N.E. i D/CAM to N
Heights". Machine Design, May 23, vol. 63(10), pp. 72-78. iy §

Bemhard, H.; Ingols, C.A. (1988): "Six Lessons for the Corporate Classroom". Harvard Busi i
September-October, vol. 66(5), pp, 40-45. " ' Baaalass

Bice, K.; Lewis, C. (Ed.) (1989): CHI "89 "Wings For The Mind" Confercnce Proceedings, Computer-Human
April 30 - May 4, Austin, Texas, 397 p. s B

Hilanin.‘A.J.; Tgske. M.E. (1990): "Modeling Flow Through Spring-Loaded Safety Valves.". American Society of
Mechanical Engincers, Pressure Valves Piping Division (Publication), vol. 190, pp. 29-36.

Bloch, E. (1991): "Toward a_U.S. Technology Strategy: Enhancing Manufacturing Competitiveness", Discussion Paper
Number 1, The Manufacturing Forum, National Academy of Engineering, National Academy of Sciences. National
Academy Press, Washington, D.C., February, 24 p.

Bommer, M.R.W,; Janaro, R.E.; Luper, D.C. (1991): "A Manufacturing Strategy Model for International Technology
Transfer", Technological Forecasting and Social Change, July, vol. 39(4), pp. 377-390.

Borrus, M. (1990): "Chips of State". Issues In Science and Technology, Fall, vol. 7(1), pp. 40-48.

Boumne, P.E.; Hendrickson, W.A. (1990): "CPU Benchmark for Protein Crystallographic Refine b i
C B A it C
Biology and Medicine, vol. 20(4), pp. 219-230. = - e

Bower, J.L.; Hout, T.M. (1988): "Fast-Cycle Capability for Competitive Power". Harvard Busi i
November-December, vol, 66(6), pp. 110-115. P ' e

?_;a:gt. E. (1990): "From Bedford Park, Illinois, to Paris, France". Chemical Engineering, October, vol. 97(10), pp.

Brandt, E. (1991): "Harris R. Greenberg : Making Safety Part of the Process”. Mechanical Engineeri
T30, n ddt 4 nical Engineering, March, vol.

Brinson, J.; Berliner, C. (1987): "Cost Management for Today's Advanced Manufacturing: CAM-I C ign"
Harvard Business School Press, Boston, 251 p. e e S

Brooks, R.A. (1991): "Intelligence Without Reason". Proceedings - i i ifici
" gs - International Joint Conference on Artificial
Conference, AAAI MIT Antificial Intelligence Lab, Cambridge, MA, 27 p. -

Brooks, R.A. (1991): "Intelligence Without Representation”. Artificial Intelligence, vol. 47(1-3), pp. 139-159,

Brooks, R:.t;\.; Flynn, A.M., (1989): "Fast, Cheap and Out of Control: A Robot Invasion of the Solar System", Journal
of The British Interplanetary Society, vol. 42, pp. 478-485,

Bros;g:).'.lﬁ.l (1991): "Research that Reinvents the Corporation", Harvard Business Review, January-February, vol. 69(1),
pp. 102-111. o ‘

'References noted with an asterisk were reviewed and discussed by the Inner Core Team in plenary session.

107



21st Century Manufacturing Strategy

Appendix E

34,

33,

56.

57

58.

59,

61.

62,

63.

64.

65.

67.%

69.*

70.

T1.*

Burger, N.A. (1990): "Burroughs Wellcome's Interactive Voice Response System Proves Itsell™. Personnel Journal,
July, vol. 69(7), pp. 26-29.

Bum, D.H. (1989); "Water-Quality Management Through Combined Simulation- Optimization Approach”. Journal of
Environmental Engineering, October, vol. 115(5), pp. 1011-1024.

Bush, W.R. (1990): "Telecommuting". Technological Forccasting and Social Change, May, vol. 37(1), pp. 235-250.
CALS Industry Steering Group (1989): Proceedings of the CALS Expo 1989. December 5-7, Orlando, Florida.
CALS Industry Steering Group (1990): Proceedings of the CALS Expo 1990. December 4-6, Dallas, Texas.
CALS Industry Steering Group (1991): Proceedings of the CALS Expo 1991. November 12-14, Phoenix, Arizona.

Camp, R.C. (1989): "Benchmarking: The Search for Industry Best Practices That Lead to Superior Performance'.
ASQC Quality Press and Quality Research, 320 p.

Carey, J. (1990): "United States: The Myth that America Can’t Compete; The R&D Elite". Business Week, Special
Issue, June 15, iss. 3164, pp. 42-48,68.69.

Cellary, W.; Gelenbe, G.; Morzy, T. (1988): "Concurrency Control in Distributed Database Systems'. North Holland,
349 pages.

Chafin, E. (1991); "Temperature Controllers Are Getting Smaller and Better", 1&CS, June, vol. 64(6), pp. 27-29.
Chen, K. (1991): "Transportation”, IEEE Spectrum, January, vol. 28(1), pp. 69-71.

Chung, J.C.H.; Patel, D.R.; Cook, R.L.; Simmons, M.K. (1990): "Feature-Based Modeling for Mechanical Design".
Computers & Graphics, vol. 14(2), pp. 189-199.

Cohen, S.S.; Zysman, J. (1987): "Why Manufacturing Matters: the Myth of the Post-Industrial Economy". California
Management Review, Spring, vol. 29(3), pp. 9-26.

Committec for the Study of the Causes and Consequences of the Internationalization of U.S. Manufacturing;
Manufacturing Studies Board; Commission on Enginecring and Technical Systems; National Research Council (Eds.)
(1990): "The Internationalization of U.S. Manufacturing: Causes and Consequences”. 1st ed. National Academy Press,
Washington D.C., 65 p.

Committee on Engineering Design Theory and Methodology; Manufacturing Studies Board; Commission on
Engincering and Technical Systems; National Research Council (1991): "Improving Engineering Design: Designing
for Competitive Advantage". 1st ed. National Academy Press, Washington D.C., 107 p.

Committee on Industrial Mobilization; Manufacturing Studics Board; Commission on Engineering and Technical
Systems; National Research Council (1990): "Industrial Preparedness, National Resource and Deterrent to War", A
Report to the Department of the Army and the Nation, National Academy Press, Washington, D.C., 68 p.

Committee On Science, Space, and Technology U.S. House of Representatives (1990): "The Federal Research Policy
for Semiconductors", March, 113 p.

Committee on the Role of the Manufacturing Technology Program in the Defense Industrial Base; Manufacturing
Studies Board; Commission on the Engineering and Technical Systems; National Research Council (1986): '"The Role

108

TL

3.

74.

%

76.

i

78.

79.*

80.

81,

82,

83,

84,

85,

86.

87.

88.

89.

of the Department of Defense in Supporting Manufacturing Technology Development”, National Academy Press,
Washington, D.C., 54 p.

Committee on the Role of the Manufacturing Technology Program in the Defense Industrial Base; Manufacturing
Studies Board; Commission on the Engineering and Technical Systems (1987): "Manufacturing Technology:
Cornerstone of a Renewed Defense Industrial Base'". National Academy Press, Washington, D.C,, 36 p.

Computer Sciences and Telecommunications Board (1989): "Keeping the US Computer Industry Competitive and
Defining the Agenda". National Academy Press, Washington, D.C., pp. 50-63.

Computer Technology Research Corp. (1989): "International Standards For the Computer Industry". New York, 130
p-

Cook, B.M. (1991): "Al: Industry’s New Brain Child", Indostry Week, April 1, vol. 240(7), pp. 54-58.
Cook, B.M. (1991): "Bluecollar Blues: Different Set of Lyrics". Industry Week, May 6, vol. 240(9), pp. 14,16.

Cooper, R. (1990): "Cost Classification in Unit-Based and Activity-Based Manufacturing Cost Systems'. Journal of
Cost Management for the Manufacturing Industry, Fall, vol. 4(3), pp. 4-14,

Costea, 1. (1990): "The Struggle for Integration". Information Strategy: The Executive Journal, Summer, vol. 6(4),
pp. 38-42.

Council on Competitiveness (1991): "Gaining New Ground: Technology Priorities for America's Future", Washington,
D.C, 77 p.

Crowston, K.; Malone, T.W. (1988): "Intelligent Software Agents". BYTE, December, vol, 13(13), pp. 267- 271.
Cox, B.J. (1990): "Planning the Software Industrial Revelution”, IEEE Software, November, vol. 7(6), pp. 25-33.

Cypher, J.M. (1987): "Military Spending, Technical Change, and Economic Growth: a Disguised Form of Industrial
Policy?". Joumal of Economic Issues, March, vol. 21(1), pp. 33-59.

D'Abadie, C.A.; Funk, M.W.; Nelsen, D.E. (1991): '"The Fast Decision Process: Enhancing Communication in Product
Design". Quality Progress, June, vol. 24(6), pp. 65-68.

Dambrot, S,M. (1988): "Is the Sun Rising on Japanese AI". Managing Automation, February, vol. 3(2), pp. 38-40.

Davidson, C. (1990). "Why MIPS Aren't The Poinl". Digest of Papers - Thirty-Fifth IEEE Computer Society,
International Conference COMPCON 89, pp. 208-210.

Davis, F. (1991): "Convex One-Ups Cray with Gallium Arsenide Supercomputer”, PC WEEK, May 13, vol. 8(19),
p. 150.

Davis, L. (1990): "The Promise of Network Databases". Datamation, August 15, vol. 36(16), pp. 63-68.
Dawson, F. (1991). "Telcos Devise Fiber and Video Plans for "90s". Multichannel News, March 4, p. 28,

De Meyer, A.; Ferdows, K. (1990): "Removing the Barriers In Manufacturing: The 1990 European Manufacturing
Futures Survey'. European Management Journal, March, vol. 9(1), pp. 22-29.



21st Century Manufacturing Strategy

Appendix E

91.

92,

93.

94.

95

96.

97.

98.

100.

101.

102.

103.

104,

105.

106.

107.

108.

Dean, J.W.; Susman, G.I. (1989): "Organizing for Manufacturable Design". Harvard Business Review,
January-February, vol, 67(1), pp. 28-36.

Dearing, B. (1990): '"The Strategic Benefits of EDI". The Journal of Business Strategy, January-February, vol. 11(1),
pp. 4-6.

Department of Defense (1990): "Report to Congress On the Defense Industrial Base: Critical Industries Planning",
Assistant Secretary of Defense (Production and Logistics), Office of Industrial Base Assessment, Falls Church,
Virginia, October.

Dertouzos, M.L. (1989): "Made in America: Regaining the Productive Edge". MIT Press, Cambridge, MA, 344 p.
Dertouzos, M.L. (1991): "Building the Information Marketplace". Technology Review, January, vol. 94(1), pp. 28-40.
Dewdney, A.K. (1991): "Insectoids Invade a Ficld of Robots", Scientific American, July, vol. 265(1), pp, 118-121.

Dinar, A.;; Marom, D. (1991): "Rates and Patterns of Computer Adoption and Use in Agricultural Extension".
Technological Forecasting and Social Change, May, vol. 39(3), pp. 309-318.

Donovan, J. (1988): "Beyond Chief Information Officer to Network Manager". Harvard Business Review,
September-October, vol. 66(5), pp. 134-140,

Donovan, J. (1988): "Progress in Programmable Controllers". Plant Engineering, April 14, vol. 42(5), pp. 36-40.

Dorf, R.C.; Worthington, K.K.F. (1990): 'Technology Transfer from Universities and Research Laboratories".
Technological Forecasting and Social Change, May, vol. 37(3), pp. 251-266.

Doty, C.B.; Travis, C.C. (1990): "Is EPA’s National Priorities List Correct?", Environmental Science and Technology,
December, vol, 24(12), pp. 1778-1780,

Dove, R.K, (1990): "Systems Engineering and Factory CASE: Critical Enabling Technology". Proceedings of the
International Conference on Manufacturing Systems and Environment - Looking Toward the 21st Century, Japan
Society of Mechanical Engineers, Tokyo,

Doyle, F.P. (1990): "People-Power: The Global Human Resource Challenge for the "90s". Columbia Journal of World
Business, Spring-Summer, vol. 25(1,2), pp. 36-45.

Dunbar, R.D.; Mitchell, B. (1991): "Putting Sensors to Work in Food Processing'. 1&CS, February, vol. 64(2), pp.
23-26.

Dumaine, B, (1991): "The Bureaucracy Busters". Fortune, June 17, vol. 123(13), pp. 36-50.
Editorial (1991): 'Too Much Energy Conservation?'. Oil & Gas Journal, April 8, vol. 89(4), p. 19.
Eisenstadt, M. (1990): "A Knowledge Engineering Tool Kit"". BYTE, October, vol. 15(10), p. 268,

Ellis, C.; Gibbs, S.; Rein, G. (1988): "Design and Use of a Group Editor", MCC/STP Technical Report, STP-263-88,
September 14, 43 p.

Ellis, C.; Malmgquist, J. (1991): '"Team and Automata Teamsheets". MCC/STP Technical Report, STP-131-90, January
1,18 p.

110

110,

111,

112,

113.*

114,

116.
117.

118.

119,

120.

121.

122

123,

124,

125,
126.

127.

128,

Endrijonas, J. (1991): "Data Entry Jungle: Finding and Linking The Right Solution". Managing Automation, April, vol.
6(4), pp. 50-52.

Englebart, D.; Lehtman H. (1988): "Working Together". BYTE, December, vol. 13(13), pp. 245-252.

The Environmental Protection Agency's Science Advisory Board (1991): Hearing before the Commitiee on
Environment and Public Works United States Senate, 102nd Congress, January 25.

Erickson, T.J. (1991): "Competing With Technology in the World Arena". The Journal of Business Strategy,
March-April, vol. 12(2), pp. 11-16.

Emst & Young (1989): "The US Defense Industry - Key Issues for the 1990s". E&Y No. AS8051, 79 p.

Ewing, R.E. (1990): "A Posterior Error Estimation". Computer Methods in Applied Mechanics and Engincering,
September, vol. 82(1-3), pp. 59-72.

Fallows, I. (1991): "Military Efficiency". The Atlantic, August, vol. 268(2), pp. 18,20,21.
Faltermayer, E. (1991): "The Thaw in Washington", Fortune, Spring-Summer, vol. 123(12), pp. 46-51.
Fitzgerald, K. (1991): "Test and Measurement". IEEE Spectrum, January, vol. 28(1), pp. 56-58.

Flavin, C. (1990): "Beyond the Gulf Crisis: An Energy Strategy for the "90s". Challenge, November-December, vol.
33(6), pp. 4-10.

Florida, R.; Kenney, M. (1990): "Silicon Valley and Route 128 Won't Save Us". California Management Review, Fall,
vol. 33(1), pp. 68-88.

Fried, L.I. (1989); "Industry Consortiums: Leveraging R&D Dollars for Profit and Leadership". Management Review,
February, vol. 78(2), pp. 22-27.

Galea, E. (1988); "Supercomputers and the Need for Speed". New Scientist, November 12, vol. 120(1638), pp. 50-55,

Gemar, C. (1991). "New Storm Water Regulations Impact Industry”. Environmental Progress, May, vol. 10(2), pp.
154-157.

Geber, B. (1990): "Benchmarking: Measuring Yourself Against the Best". Training, November, vol. 27(11), pp. 36(6).

Gibbsons, A.J. (1990). "Information About Standards Development for Support of Information Management, Data
Sharing, and Data Exchange", Westinghouse Electric Corporation, Pittsburgh, June, 29 p.

Giesen, L. (1988): "FMC Sceking Al System to Run FMS", Metalworking News, October 24, vol. 15(706), p. 10.
Gilmer, M. (1988): "A Cooperative Effort Between Education and Industry". CIM Review, Spring, vol. 4(3), pp. 37-40.

Glicksman, J.; Hitson, B.L.; Pann, J.Y.C.; Tenenbaum, J.M. (1991): "MKS: A Conceptually Centralized Knowledge
Service for Distributed CIM Environments", Journal of Intelligent Manufacturing, pp. 27-42.

Golovkin, B.A. (1990): "Relationships Between Performance Measures and Performance Valuvation Methods for
Supercomputers”. Automation and Remote Control, May 20, vol. 50(12), pp. 1727-1736.

11



21st Century Manufacturing Strategy

Appendix E

129,

130.

131.
132

133,

134,

135.

136.

137.

138.

139.

141.*

142,

143,

145,

147.

Gomory, R.E. (1989): ""From the "Ladder of Science’ to the Product Development Cycle". Harvard Business Review,
November-December, vol. 67(6), pp. 99-105.

Goode, C.W.B. (1990): "Broad Band Scrvices and Applications". Electrical Communication, Vol. 64273), pp. 124-131.

Goyal, R.K.; Al-Jurashi, N.M. (1990): "Gas Dispersion Models". Professional Safety, May, vol. 35(5), pp. 23-33.
Grantham, T. (1990): "Playing a New Tune". Canadian Datasystems, November, vol. 22(11), pp. 31-36.

Green, C. (1990): "Distributed is Miles Away, But the Joummey Has Begun". Computerworld, March 5, vol. 24(10),
pp. 78-79.

Greene, K.B. (1991): "Large Technology-Based Systems and the Need for Paradigm Shift". Technological Forecasting
and Social Change, July, vol. 39(4), pp. 349-362.

Greif, 1. (1988): "Computer-Supported Cooperative Work", Morgan Kaufmann Publishing House, 783 p.

Grove, A.S. (1990): "The Future of the Computer Industry”, California Management Review, Fall, vol. 33(1), pp.
148-160.

Grudin, J. (1988): "Perils and Pitfalls", BYTE, December, vol, 13(13), pp. 261-264,

Gupta, A.K.; Wilemon, D.L. (1990): "Accelerating the Development of Technology- Based New Products'’, Califomia
Management Review, Winter, vol. 32(2), pp. 24-44.

Hapgard, R.L.; Alford, C.O. (1989): "A Survey of Parallel Computer Architectures for the Solutions of the
Navier-Stokes Equations". Computers and Electrical Engineering, vol. 15(2), pp. 75-88.

Hall, 1. (1989): '"Distributed Control, Smaller Systems Offer More For Less". 1&CS, October, vol. 62(10), pp. 63-67.
Hall, R.; Tonkin, L. (Ed.) (1991): "Manufacturing 21 Report - The Future of Japanese Manufacturing". AME Research
Report, Translated from the articles in Communications of the Operations Research Socicty of Japan (vol. 12(34)),
Association for Manufacturing Excellence, Wheeling, [llinois, 28 p.

Hamel, G.; Prahalad, C.K. (1989): "Strategic Intent"'. Harvard Business Review, May-June, vol. 67(3), pp. 63-76.

Hamel, G.; Doz, Y.L.; Prahalad, C.K. (1989): "Collaborate with Your Competitors - and Win". Harvard Business
Review, January-February, vol. 67(1), pp. 133-139.

Hammond, A.L.; Rodenburg, E.; Moomaw, W.R. (1991): "Calculating National Accountability for Climate Change".
Environment, January-February, vol. 33(1), pp. 10-15.

Hao, C.C.; Chung, J.N. (1990): "Spectral Numerical Simulation of Flow Structures and Heat Transfer in Perturbed
Mixed-Convection Channel Flow", Mixed Convection and Environmental Flows ASME Heat Transfer Division,
American Society of Mechanical Engineers, vol. 152, pp. 23-35.

Harris, P. (1991): "Chemical Industry Lauds ‘Responsible Care” Goals". Environment Today, April, vol. 2(3), pp.
334,38,

Haughey, J. (1991): "Manufacturing 1o Bounce Back". Modern Materials Handling, June, vol. 46(7), p. 45.

112

149,

150.

152,

153.

154,

155.

156.

157.

158,

159,

161.

162.

163,

164,

165.

Hayes, R.H.; Jaikumar, R. (1988): "Manufacturing’s Crisis: New Technologies, Obsolete Organizations", Harvard
Business Review, September-October, vol. 66(5), pp. 77-85.

Hayner, A.; Martin, R.L.; Mishne, P.P.; Schrelber R.R.; Stauffer, R.N. (1988): "Vision/Sensors Technical Update",
Manufacturing Engineering, November, vol. 101(5), p. 44,

Helander, M. (1989): "Handbook of Human-Computer Interaction”. North Holland, Amsterdam, 1167 p.

Henry, D.L. (1991): "Measuring the Economy: Where Do We Go From Here?", Business Facilities, April, vol. 24(4),
pp. 27-75.

Herzfeld, C.H. (1991): "Department of Defense Statement on the DOD Critical Technologies Plan", Subc ittee On
Defense Industry and Technology of the Committee on Armed Services, United States Senate 102nd Congress. First
Session, May 7.

Hirst, E. (1990): "Demand-Side Management". Environment, January-February, vol. 32(1), pp. 4-9,27-31.

Hoppe, H.U.; King, R.T.; Schiele, F.; Tissen, A. (1989): "Cognitive User Interface Laboratory, GMD-IPSI". CHI'89
Proceedings, April 30 - May 4, Austin, Texas, pp. 307-308.

Horn, D, (1989): "Machine Vision: the Guiding Light'". Mechanical Engincering, June, vol. 111(6), pp. 40-43,

Horning, R.J.; Forsyth, M.; Yetter, J.; Thayer, L.J. (1991} "How ICs Impact Workstations". [EEE Spectrum, April,
vol. 28(4), pp. 58-64,68.

Horowitz, E. (1986): "Serious Reduction of Hazardous Waste". Office of Technology Assessment, Congress of USA.

House of Representatives (1990): "National Defense Authorization Act for Fiscal Year 1991". Conference report to
accompany H.R. 4739, Chapter 149 - Manufacturing Technology.

Howard, R. (1990): "Can Small Business Help Countries Compete?", Harvard Business Review, November-December,
vol. 68(6), pp. 88-103.

Hughes, D. (1990): "Defense Department Must Exploit Commercial Technology"., Aviation Week and Space
Technology, December 24, vol. 133(26), pp. 23-25.

Hull, C.W. (1990): "Engineering in a Global Economy: A United States Perspective". Technology in Society, vol.
12(2), pp. 107-120.

Hunt, R.M. (1989): "Search Technology, Inc.". CHI'89 Proceedings, April 30 - May 4, Austin, Texas, pp. 311-312.

Ichikawa, T.; Hirakawa, M. (1990): "Iconic Programming: Where To Go ?". IEEE Software, November, vol. 7(6), pp.
63-68.

INSEAD (1990): "Factories For The Future. Executive Summary of the 1990 International Manufacturing Futures
Survey, Boston University, Boston USA, INSEAD, Fontainebleau France, Waseda University, Tokyo Japan,

Izuchukwu, 1.1 (1991): "Intelligent Foundation For Product Design Reduces Costs, Time-To-Market: Part 1", Industrial
Engineering, July, vol. 23(7), pp. 29-34.

Johnson, P.T. (1988): "Why 1 Race Against Phantom Competitors", Harvard Business Review, September-October,
vol. 88(5), pp. 106-112.

113



21st Century Manufacturing Strategy

Appendix E

167.

169.

170.

171.

172.
173.
174,

175,

176.

177.

178.

179.
180.
181.

182,

183,

184,

185.

's Conv | Wisdom'", Journal

Johnson, H.T. (1990): "Beyond Product Costing: A Chall to Cost M.
of Cost Management for the Manufacturing Industry, Fall, vol. 4(3), pp. 15-21.

Johnston, W.B. (1991): "Global Work Force 2000: The New World Labor Market", Harvard Business Review,
March-April, vol. 69(2), pp. 115-127.

Jones, S.E. (1991): "The Key Issues of Safety and Health". Occupational Hazards, May, vol. 53(5), pp. 87-90.

Jaikumar, R. (1988): "From Filing and Fitting to Flexible Manufacturing: A Study in the Evolution of Process
Control", Working Paper. Harvard Business School, Division of Research, February, 91 p.

Jamieson, D.; O'Mara, J. (1991): "Managing Workforce 2000: Gaining the Diversity Advantage". Jossey-Bass, 295
p.

Juran, J.M. (1991): "Strategies for World-Class Quality". Quality Progress, March, vol. 24(3), pp. 81-85.
Jurgen, R. (1991); "The Challenges of Digital HDTV". IEEE Spectrum, April, vol. 28(4), pp. 29-31,71,73.
Kaplan, G. (1991): "Industrial Electronics", IEEE Spectrum, January, vol. 28(1), pp. 59-60.

Kaplan, R.S. (1990); "Measures for Manufacturing Excellence: A Summary", Journal of Cost Management for the
Manufacturing Industry, Fall, vol. 4(3), pp. 22-29.

Karami, M. (1991): "3-D Simulation: A New Industry Standard". Industrial Engineering, July, vol. 23(7), pp. 36-38.

Kendzierski, N. (1989): "Human-Computer Interaction Department, Hewlett-Packard Laboratories". CHI'89
Proceedings, April 30 - May 4, Austin, Texas, pp. 305-306.

Kiesche, E.S.; Morris, G.; Flam, F. (1990): "Keeping an Eye on Upkeep: Contract Labor and Other Disputes".
Chemical Week, August 15, vol, 147(6), pp. 22-24.

Kinlaw, D.C, (1990): "Developing Superior Work Teams: Building Quality & The Competitive Edge". Free Press, 192
p-

Kinni, T. (1991): "Superior Employee Management". Industry Wecek, September 16, vol. 240(18), pp. 11-13.
Kirkpatrick, D. (1991); "Who's Winning The Computer Race". Fortune, June 17, vol. 123(13), pp. 58-68.

Kline, S.J.; Rosenberg, N. (1986): "An Overview of Innovation in the Positive Sum Strategy: Hamessing Technology
for Economic Growth", National Academy of Sciences Press, Washington, D.C.

Knuth, E.; Rodd, M.G. (1990): "Distributed Databases in Real Time Control", IFAC Workshop Series, International
Federation of Automatic Control, Pergamon Press, New York, 89 p.

Koco, L. (1989); "NY Bank Sells Annuities, Term Life via Kiosk". National Underwriter, October 16, vol. 93(42),
pp. 24,

Koska, D.K.; Romano, J.D. (1988): "Countdown to the Future: The Manufacturing Engineer in the 21st Century”, A

research study conducted by A.T. Keamey, Inc., commissioned by the Society of Manufacturing Engineers, Fall, 19
p.

114

186,

187,

188,

189.

191.

192.%

193.

194,

195,

196.

197.

198.

200.

201.

202.

203.

204,

Kovalick, W.W.; Town, J.P.; Deardorff, M.B. (1990): "Assessment of Needs For Technical Information in EPA’s
Hazardous and Solid Waste Programs". Joumnal of the Air & Waste Manapgement Association, November, vol 40(11),
pp. 1478-1485.

Kraushaar, J.M. (1991): "'Fiber Deployment Update - End of Year 1990", Industry Analysis Division, Common Carrier
Burean, Federal Communications Commission, Washington, D.C., March, 53 p.

Krepchin, LP. (1987); "Sensors - The Front Line for MH Equipment Control". Modern Materials Handling, July, vol,
42(8), pp. 91-94,

Kuttner, R. (1991): "How National Security Hurts National Competitiveness". Harvard Business Review,
January-February, vol. 69(1), pp. 140-149.

Labrenz, D. (1990): "The Process Industries Are Taking on CIM", Managing Automation, April, vol. 5(4), pp. 54-55.

Law, A.M. (1990): "Simulation Software for Manufacturing Application: The Next Few Years", Industrial Engineering,
June, vol. 22(6), pp. 14-15.

Lee, T.H.: Reid, P.P, (1991): "National Interests in an Age of Global Technology". National Academy of Engineering,
Committee on Engineering as an Intemational Enterprise, National Academy Press, Washington, D.C., 159 p.

Lehn, L. (1989): "How ManTech makes its impact". Manufacturing Engincering, August, vol. 103(2), pp. 65-67.

Lessner (1989): "Performance Measurement in a Just-in-Time Environment: Can Traditional Performance Measurement
Still Be Used?". Journal of Cost M. for the Manufacturing Industry, Fall, vol. 3(3), pp. 22-28.

Lewis, T.G.: Oman, P.W. (1990): "The Challenges of Software Development”, IEEE Software, November, vol. 7(6),
pp. 9.10,12.

Liebowitz, J. (1990): "An Expert System Forecast'. Journal of Information Systems Management, Spring, vol. 7(2),
pp. 69-72.

Little, T.D.C.; Ghafoor, A. (1990): "Network Considerations for Distributed Multimedia Object Composition". [EEE
Network, November, vol. 4(6), pp. 32-49,

Livingston, D. (1991): "Divide and Conquer Your Database". Systems Integration, May, vol. 24(5), pp. 43-45.

Loden, M.; Rosener, B, (1990): "Workforce America! Managing Employee Diversity As A Vital Resource", Business
One Irwin.

Loehr, R.C. (1991): "Assessing and Managing Environmental Risk". Environmental Progress, May, vol. 10(2), pp. M2.
Loring, D.E. (1991); "Working at Safety: A Case Study", Professional Safety, vol. 36(3), March, pp. 36-39,
Luplow, W.C. (1991): ""Digital High-Definition Television Takes Of", IEEE Spectrum, January, vol. 28(1), pp. 65-68.

MacVicar, M.L.A. (1990): "Biting the Bullet on Science Education". Issues In Science and Technology, Fall, vol. 7(1),
pp. 36-39.

Magaziner, 1.; Patinkin, M. (1989): "Fast Heat: How Korca Won the Microwave War", Harvard Business Review,
January-February, vol. 67(1), pp. 83-92.

115



21st Century Manufacturing Strategy

Appendix E

205.

206.

207.

208.*

209.

210.

211

212,

213,

214.

215,

216.

217,

218,

219,

220.

221,
272,

223,

Mahmassani, H.S.; Jayakrishnan, R.; Herman, R. (1990): "Microscopic Simulation of Traffic in Networks.
Supercomputer Experience'’. Journal of Computing in Civil Engincering, January, vol. 4(1), pp. 1-19.

Malpas, R. (1990): "Moving Toward Greater Energy Efficiency". Scientific American, September, vol. 263(3), pp. 184.

Mansficld, E. (1988): "The Speed and Cost of Industrial Innovation in Japan and the United States; External vs.
Internal Technology". Management Science, October, vol. 34(10), pp. 1157-1168.

Manufacturing Studies Board; Commission on Engineering and Technical Systems; National Research Council (1986):
"Toward a New Era in U.S. Manufacturing, The Need for a National Vision", National Academy Press, Washington,
D.C., 174 p.

Marazita, C.F. (1991): "Technology Transfer in the United States: Industrial Research at the Engineering Research
Centers versus the Technological Needs of U.S. Industry". Technological Forecasting and Social Change, July, vol.
39(4), pp. 397-410.

Markides, C.C.; Berg, N. (1988): "Manufacturing Offshore is Bad Business'. Harvard Business Review,
September-October, vol. 66(5), pp. 113-120.

Martin, J. (1984): "An Information Systems Manifesto". Prentice-Hall, New Jersey.

Martin, J. (1989): "Full Automation Will Create Jobs, Not Unemployment". PC WEEK, March 6, p. 54.

Martino, R. (1991); "A Look Ahead at Showtime", Modern Plastics, May, vol. 68(5), pp. 56-102.

Maruta, R.; Hascgawa, S., Higo, Y. (1990). "SONET Based Network Architecture and Its Applications".
SUPERCOMM ICC '90 Conference Record, Intemational Conference on Communications, vol. 3, IEEE Service

Center, Piscataway, NJ, pp. 904-908.

Mascon, C.F.; Gordon, H.S.; Vagi, D.L. (1988): "CPI Safety: High Marks, but...". Chemical Engineering, October 10,
vol. 95(14), pp. 74-86.

Mayo, 1.5, (1987): "New Developments in Computer and Communications Technologies - Integrated Services Digital
Network", Vital Speeches, June 1, vol. 53(16), pp. 499-503.

McCartan, B. (1989): "America’s Best Defense is a Strong Economy", Business and Society Review, Fall, iss. 71, pp.
54-59,

McClenahen, 1.S. (1991): '"People - (Still) The Competitive Advantage". Industry Week, May 6, vol. 240(9), pp. 54-57.

Mclnnis (1990): "Industry Group Formed to Exploit Technology Developed by Military". The New York Times,
January 1, vol. 139(48,102), p. 36L.

Mclntyre, R. (1989): "Economic Rethoric and Industrial Decline”, Joumal of Economic Issues, June, vol. 23(2), pp.
483-491.

McLeod, J. (1989): "CAE Giant Mentor Graphics Bites the VHDL Bullet", Electronics, February, vol. 62(2), pp. 77-79.
McLeod, J. (1989): "A Giant Leap For Simulation". Electronics, February, vol. 62(2), pp. 73-76.
Meshkati, N. (1990): "Preventing Accidents at Oil and Chemical Plants". Professional Safety, November, vol. 35(11),

pp. 15-18,

116

224,

225,

226.

227,

228.

229.

230.

232,

233.

234,

235.

236.

237.

238.

239.

240.

241,

242,

Meyer, G. (1990): "HRIS: Hard-Working Micros Aid Managers". HR Magazine, August, vol. 35(8), pp. 54-60.
Miller, W.H. (1991): "A New Perspective for Tomorrow's Workforce", Industry Week, May 6, vol. 240(9), pp. 7-11.

Miller, W.H. (1991): "Balance Sought: Energy, Environment, Economy". Industry Week, April 1, vol. 240(7), pp.
62-70.

Mirabile, R.J. (1991): "Tdentifying the Employee of the Future", The Journal of Business Strategy, May-June, vol,
1243), pp. 32-36.

Mitchell, B. (1990): "Smart Sensors Meet Today’s More Demanding Control Needs". 1&CS, August, vol. 63(8), pp.
45-48.

Montreuil, B. (1990): "Requirements for Representation of Domain Knowledge in Intelligent Environments for Layout
Design". Computer Aided Design, March, vol. 22(2), pp. 97-108.

Moretz, S. (1990): "Shaping a Safer Workplace". Occupational Hazards, October, vol. 52(10), pp. 101-104.

Moretz, S. (1988): "Process Safety: Controlling Hazardous Chemicals'. Occupational Hazards, May, vol. 50(5), pp.
69-72.

Moriarty, R.; Swartz, G.S. (1989): "Automation to Boost Sales and Marketing". Harvard Business Review,
January-February, vol. 67(1), pp. 100-108.

Mowery, D.C.; Rosenberg, N. (1989): "New Developments In U.S. Technology Policy: Implications for
Competitiveness and International Trade Policy". California Management Review, Fall, vol. 32(1), pp. 107-124.

Muraski, S.J, (1991): "Acceptance of Parallel Supercomputing Grows', Machine Design, May 23, vol, 63(10), pp.
12-13.

Murphy, E.E. (1990): "Reconciling Conflicting Design-Automation Standards". [EEE Spectrum, March 3, vol. 27(3),
pp. 44-45,

Musich, P. (1989): "$1 Billion Market Seen For Distributed Databases". PC WEEK, December, vol. 6, p. 57.

Nagel, R.N. (1990): "Shortening Product Development Times". Essay Sponsored by GE Automotive, Lehigh
University, Bethlehem, PA, 1 p.

Naj, A.K. (1990): "Industrial Switch: Some Companies Cut Pollution by Altering Production Methods". The Wall
Street Journal, December 24, vol. CCXVI(123), pp. 1(E).

Nakane, J; Hall, RW (1991): "Holonic Manufacturing: Flexibility - The Competitive Battle In the 1990s". Production
Planning & Control, vol. 2(1), pp.2-13.

Nanni, A.J.; Dixon, J.R.; Vollman, T.E. (1990): "Strategic Control and Performance Measurement'. Joumnal of Cost
Management for the Manufacturing Industry, Summer, vol, 4(2), pp. 33-42.

National Advisory Committee On Semiconductors (1989): "A Strategic Industry At Risk", A Report to the President
and the Congress, November, 31 p.

National Advisory Committce On Semiconductors (1990): "Preserving the Vital Base: America’s Semiconductor
Materials and Equipment Industry". A Working Paper, July, 26 p.

117



21st Century Manufacturing Strategy

Appendix E

243,

244,

245

246,

247,
248,

249.

250.

251,

252,

253.

254,

255.

256.

257.

258.

260.

National Advisory Committee On Semiconductors (1991); "Toward A National Semiconductor Strategy”. Second
Annual Report, February, vol. 1, 35 p.

National Advisory Committee On Semiconductors (1991): "Toward A National Semiconductor Strategy: Regaining
Markets in High-Volume Electronics", Second Annual Report, February, vol. 2, 9 p.

National Critical Technologies Panel (1991): "Report of the National Critical Technologies Panel", Government
Printing Office, Washington, DC, March, 126 p.

Neches, R.; Fikes, R.; Finin, T.; Gruber, T.; Patil, R.; Senator, T.; Swartout, W.R. (1991): "Enabling Technology for
Knowledge Sharing". Al Magazine, Fall, vol. 12(3), pp. 36-56.

Nelson, C, (1990): "What Cost Local Loop Fiber", Telephony, October 29, vol. 219(19), pp. 38-42.
Newquist, H. (1988): "Al Adapts to Use of the Vernacular". Computer World, October 17, vol. 22(42), pp. 82-83.

Nezkod, H.G. (1990). "World Encrgy Scenarios for the Year 2010". Strategic Planning for Energy and the
Environment, vol. 9(4).

Nickerson, R.S.; Pew, R.W. (1990): "Toward More Compatible Human-Computer Interfaces'". IEEE Spectrum, July,
vol. 27(7), pp. 40-43.

Norcio, A.F. (1989). "The Software Engincering of Adaptive Human-Computer Interfaces". Proceedings IEEE
Conference on Systems, Man, and Cybernetics, Boston.

Ohmae, K. (1989): "Companyism and Do More Better". Harvard Business Review, January-February, vol. 67(1), pp.
125-132.

Onoe, M. (1990): "Micromachining and Office Automation". Robots Proceedings - IEEE Micro Electro Mechanical
Systems, 1IEEE Service Center, Piscataway, NJ, pp. 42-43,

Opper, S. (1988): "A Groupware Toolbox". BYTE, December, vol. 13(13), pp. 275-282.

Ormsby, R.W.; Santay, A.J. (1982): "Process Hazards Analysis Seminar", Process Training Course. Air Products and
Chemicals, Inc., Allentown, PA

Pai, M.A.; Kulkarni, A.; Sauer, P.W. (1990): "Paralle] Dynamic Simulation of Power Systems.", Proceedings - IEEE
International Symposium On Circuits & Systems, vol. 2, pp. 1264-1267.

Pan, 1.Y.C., Tenenbaum, J.M. (1991): "An Intelligent Agent Framework for Enterprise Integration", IEEE Transactions
of Systems, Man, and Cybemetics, Special Issue on Distributed Artificial Intelligence, September.

Pan, J.Y.C.; Tenebaum, J.M.; Glicksman, J. (1989): "A Framework for Knowledge-Based Computer-Integrated
Manufacturing". IEEE Transactions on Semiconductor Manufacturing, May, vol. 2(2), pp. 33-46.

Panel on technical barriers to computer integration of manufacturing; Manufacturing Studies Board; Cross-disciplinary
engineering research committee; Commission on Engineering and technical systems; National Research Council (Eds.)
(1988): "A Research Agenda for CIM: Information Technology". National Academy Press, Washington D.C., 29 p.

Patterson, A. (1990): "Debt for Nature Swaps and the Need for Alternatives", Environment, December, vol, 32(10),
pp. 4-13,31-34,

118

261,

262,
263,
264,
265.
266,
267.

268.
269,
270.

271,

272,

273.

275,
) 276.
7.
278.

279.

Peklenik, J. (1990): "Report on the 21st CIRP International Seminar on Manufacturing Systems". Journal of
Manufacturing Systems, vol. 9(3), pp. 253-265.

Pelacz, E. (1990): "Parallelism and the Crisis of von Newman Computing". Technology in Society, vol. 12, pp. 65-77.
Perry, NI, (1991): "Mare Spinoffs from Defense'. Fortune, Spring/Summer, vol. 123(12), pp. 60-67.

Perry, NLJ. (1991): "The Workers of the Future". Fortune, Spring/Summer, vol. 123(12), pp. 68-72.

Perry, T.5. (1991): "Asiapower 2000: What's Next"', IEEE Spectrum, June, vol. 28(6), pp. 63-65.

Peters, T. (1991): "Speed is Life". Public Television, Friday, July 26.

Pike, H. (1989): "Intcgrating the Buyer: Close to the Customer'. Computerworld, Oct 2, vol. 23(40), pp. 42-45.

Pollack, A. (1990): "Coming Soon: Data You Can Look Under and Walk Through". New York Times, October 14,
vol, CXL(48,388), sect. 3, p. F9.

Popovics, S.; Rose, J.L.; Popovics, 1.5, (1990). "Behavior of Ultrasonic Pulses in Concrete”, Cement and Concrete
Research, March, vol. 20(2), pp. 259-270.

Potts, G.W. (1988): "Exploit Your Products's Service Life Cycle". Harvard Business Review, September-October, vol.
66(5), pp. 32-36.

Predicast (1991): "Predicasts’ Basebook". Predicasts Inc., Cleveland, Ohio, 916 p.

Preiss, K. (1990): "Quality Evaluation of NC Modules for Automatic Mill Pocketing". SME Autofact 90 Conference,
November 12-15, Detroit, Michigan, 19 p.

Preiss, K. (1986): "Antificial Intelligence in Manufacturing Systems", Contribution to the round-table discussion, 36th
CIRP General Assembly, Jerusalem.

Preiss, K.; Kaplansky, E. (1984): "Automated CNC Milling by Antificial Intelligence Techniques",
Manufacturing Engineers, Autofact 84 Conference, Anaheim, California.

Society of
Preiss, K.; Kaplansky, E. (1983): “Solving CAD/CAM Problems by Heuristic Programming"'. Computers in Mechanical
Engineering, September, pp. 56-60.

Preiss, K.; Nagel, R.N.; Krenz, K. (1991): "Design and Manufacturing in an Information-Limited Environment",
Journal of Design and Engineering, vol.1{1).

Preiss, K.; Shai, O. (1991): "Optimal Solutions for Deep and Shallow Engineering Expert Systems". AIENG 6,
Oxford, England.

Preiss, K.; Shai, O. (1989): "Process Planning by Logic Programming”, Robotics and Computer Integrated
Manufacturing, Vol, 5(1), pp. 1-10.

Preiss, K.; Shai, O. (1986): "Planning Communicating Parallel and Synchronized Serial Processes in Logic
Programming”. 18th Annual CIRP Scminar on Manufacturing Systems, Stutgart, Germany,

119



21st Century Manufacturing Strategy

Appendix E

280.¢

282,

283.

284,

285.%

286.%

287.

288.

289,

290,

292,

293,

294,

295.

296.

298.

299.

Press, F. (1990): "Scientific and Technological Relations Between the United States and Japan: lIssues and
Recommendations”. A Report Prepared  for the Commission on US-Japan Relations for the Twenty First Century,
National Academy of Sciences, Washington, DC, November, 33 p.

Proceedings of the 1EEE (1987): "Special Issue on Distributed Database Systems". May, vol. 75(5), pp. 529-736.

Rehder, R.R. (1989): "Japanese Transplants: In Search of a Balanced and Broader Perspective', Columbia Journal of
World Business, Winter, vol. 24(4), pp. 17-28.

Reich, R.B. (1991): "Does Corporate Nationality Matter?". Issucs In Science and Technology, Winter 1990-91,
January 18, vol. 7(2), pp. 40-44.

Reich, R.B. (1989): "The Quiet Path to Technological Preeminence". Scientific American, October, vol. 261(4), pp.
41-47.

Reich, R.B. (1990): "Who Is Us?". Harvard Business Review, January-February, vol, 68(1), pp. 53-64.

Reich, R.B. (1991): "Who Is Them?", Harvard Business Review, March-April, vol. 69(2), pp. 77-88.

Rheingold, H. (1991): "Virtual Reality". Summit Books, Simon & Schuster, New York, 415 p.

Rice, S.C. (1990): "Waste Management as a Component of Industrial Organizations® Long-term Strategic Plans",
Polymeric Materials Science and Engineering, Proceedings of the ACS, Division of Polymeric Materials Science and
Engineering, Washington, D.C., vol. 63, pp. 624-628.

Robinson, C.J. (1991): "Quality of Life Takes the Spotlight. [EEE Spectrum, January, vol. 28(1), pp. 76-78.

Rodgers, T.J. (1990): "Debating George Gilder's Microcosm: T.J. Rodgers vs, Robert Noyce", Harvard Business
Review, January-February, vol. 68(1), pp. 24-30.

Rochrkasse, R.; Huges, G. (1990): "Crisis Analysis: Operation Desert Shield". OR/MS Today, December, vol. 17(6),
pp. 23-27.

Rosenblatt, A. (1991): "PCs and Workstations", IEEE Spectrum, January, vol. 28(1), pp. 32-35.

Rosenblatt, A. (1991): "Who's Ahead In Hi-Tech?". IEEE Spectrum, April, vol. 28(4), pp. 22-27.

Ross, M.H.; Steinmeyer, D. (1990): "Energy for Industry". Scientific American, September, vol. 263(3), pp. 88(8).
Rottenbach, J. (1990): "Industrial Computers Connect to the Future'. Managing Automation, July, vol. 5(7), pp. 52-53.
Roy, J.L. (1991): "Baker Presents Safety Award". Technology Today, pp. 12.

Rubinstein, 5.P. (1991): ""The Evolution of U.S. Quality Systems". Quality Progress, May, vol. 46(5), pp. 46-49.
Rushbrook, P.E.; Krol, A. (1990): "Structure and Progress of a Joint International Energy Agency: Information and
Rescarch Between Canada, Sweden, and the United Kingdom", Resources, Conservation and Recycling, vol. 4(1,2),
pp. 25-31.

Saffo, P. (1990): "Virtual Reality Is Almost Real". Personal Computing, June 29, vol. 14(6), pp. 99-101.

Sage, L.; Fox, B. (1990): "Human-Integrated Manufacturing", CIM Review, Spring, vol. 6(3), pp. 41-44,

120

302.

303.

305.

306.

307,

308,

309.

310.

311,

312

313,

314,

315.

316.

317.

318.

319,

320.

Saghafi, M.M.; Davidson, C. (1989): "The New Age of Global Competition in the Semiconductor Industry: Enter the
Dragon", Columbia Journal of World Business, Winter, vol, 24(4), pp. 60-70.

Salvendy, G. (1987): "Handbook of Human-Factors", John Wiley & Sons, New York, 1874 p.

Satyanarayanan, M. (1990): "Scalable, Secure, and Highly Available Distributed File Access”. IEEE Computer, May,
vol. 23(5), pp. 9-21.

Savage, C.M. (1988): "The Challenge of CIM is 80% organizational"’, CIM Review, Spring, vol. 4(3), pp. 54-60.

Saxenian, A.L. (1990): "Regional Networks and the Resurgence of the Silicon Valley". California Management Review,
Fall, vol. 33(1), pp. 88-112.

Schelling T.C. (1990): "Global Environmental Forces'. Technological Forecasting and Social Change, November, vol.
38(3), pp. 257-264.

Scher, C.A. (1991): "Proactive Environmental Management”. Environmental Progress, February, vol. 10(1), pp. F2-F3.

Scheuerman, P. (1990): "Report on the Workshop on Heterogencous Database Systems". Sigmod Rocords, December,
vol. 19(4),

Schlie, T.W. (1988): "A Clash of Cultures". CIM Review, Spring, vol. 4(3), pp. 18-22.

Schmidheiny, S. (1991): “Needed: New Measures of Compelitivencss”, The World Competitiveness Report 1991, The
World Economic Forum, June, pp. 177-179.

Schmidtberg, R. (1990): "Better FEA Features Improve Product Development, Machine Design, October 11, vol.
62(20), p. 110.

Schour, J.A. (1989): "In the Mind’s Eye". CIM Review, Fall, vol. 6(1), pp. 3-5.

Schour, LA. (1990): "Reviving Global Consumers® Regard for Made in USA", CIM Review, Winter, vol. 6(2), Pp.
3-4,

Schrelber, R.R. (1988): "Whither Sensors". Manufacturing Engineering, February, vol. 100(2), pp. 54-56.

Scientific American (1991). "Special Issue: Communications, Computers, and Networks". September, Scientific
American Inc., New York, NY, 190 p.

Scotto, R.L.; Builich, J.; Greenlaw, P.; Vaughan, W.M.; Ennis, R. (1989): "Remote Sensing Data Quality Objectives
and Quality Assurance for a Preremedial Hazardous Waste Site Program". Proceedings A&WMA Annual Meeting,
vol. 7, Air & Waste Management Assocication, Pitisburgh, PA, 16 p.

Shah, P;; Armstrong, G. (1991): "Programmable Memory for Automotive Electronics”, Automotive Engineering,
March, vol. 99(3), pp. 27-30.

Shapira, P. (1990): "Helping Small Manufacturers Modernize"". Issues in Science and Technology, Fall, vol. 71), pp.
49-54,

Shell, A. (1990): "Reaching Out to the TV Generation". Public Relations Journal, November, vol. 46(11), pp. 28-32,

Sheridan, J. (1991): "A Scarcity of Engineers?"'. Industry Week, May 6, vol. 240(9), pp. 11-14.

121



21st Century Manufacturing Strategy

Appendix E

321,

322,

323.

324.

325.

326.

327.

328,

329.

330.

331

332,

333,

334,

335,

336.

337.

338.*

339.

Shirley, G.; Jaikumar, R. (1988): 'Turing Machines and Gutenberg Technologies: The Postindustrial Marriage'.
Manufacturing Review, March, vol. 1(1), pp. 36-43.

Shneiderman, B. (1987): "Designing the User Interface: Strategies for Effective Human-Computer Interaction".
Addison-Wesley Publishing Co., Reading, MA, 448 p.

Shneiderman, B. (1989): "Human-Computer Interaction Laboratory, University of Maryland, Center for Automation
Research", CHI'89 Proceedings, April 30 - May 4, Austin, Texas, pp. 309-310.

Shoureshi, R. (1989): "Vision-Based Intelligent Control for Automated Assembly". Journal of Intelligent Control and
Robotic Systems, vol. 2, pp. 153-170.

Sibbald, G.W. (1988): "Roadblocks to CIM Success". CIM Review, Spring, vol. 4(3), pp. 25-36.
Simpson, A. (1990); "The State of the Optical Art". Telephony, August 27, vol. 219(10), pp. 40-43.

Singh, B. (1991): "Coordination Theory & Technology Project, Software Technology Program'. Microelectronics and
Computer Technology Corporation, Austin, Texas, February 4, 22 p.

Singh, B.; Hashim, S. (1991): "A Methodology for Defining the Roles Needed in a Coordination Project". MCC
Technical Report Number STP-CT-084-91(Q), Coordination Technology Project, March 21, 12 p.

Skinner, J.H. (1989); "Environmental Science and Technology to Meet the Challenges of the 21st Century".
Environmental Progress, November, vol. 8(4), pp. N2-N3.

Smith, L. (1991): "High-Level Support". Fortune, vol. 123(12), p. 52.

Smith, P.; Fletcher, E.J. (1990): "Use of Decision Support Systems in Manufacturing Management''. IEEE Conference
Publication n. 322, pp. 33-35.

Sneller, J.A. (1988): "Computers That Reason Become Affordable Processing Tools". Modern Plastics, October, vol.
65(10), pp. 70-72,76,79,80.

Sonnenwald, D.H. (1990): "An Architecture for Human-Network Interfaces”. IEEE Network, November, vol. 4(6), pp.
61-69.

Spectrum Staff (1991): 'Poised for Technological Leadership", IEEE Spectrum, June, vol. 28(6), pp. 30-48.
Spectrum Staff (1991): "Software", IEEE Spectrum, January, vol. 28(1), pp. 36-39.

Sperling, D. (1990): "Toward Alternative Transportation Fuels". Issues in Science and Technology, Fall, vol. 7(1), pp.
30-33.

Sriram, D.; Logcher, R.; Fukuda, S. (1991): "Computer-Aided Cooperative Product Development". Proceedings of the
MIT-JSME Workshop, MIT, Cambridge, MA, 630 p.

Steering Group for Management of engineering and Technology; Commission on Engineering and Technical Systems;
National Research Council (1991): "Research on the Management of Technology: Unleashing the Hidden Competitive
Advantage". 1st ed. National Academy Press, Washington D.C., 40 p.

Stemer, B. (1989): "Control-Sensor Ties Enhance Flexibility"'. Metalworking News, November 13, vol. 16, pp. 17-19.

122

340.

341,

342,

343,

344.

345,

346,

347,

348.

349,

350.

351.

352.

353.

355.

356.

357.

358.

359.

360,

Stertz, B.A. (1991): "In a U-Tum From Past Policy, Big Three OF Detroit Speed Into Era of Cooperation". The Wall
Street Journal, Friday, June 28, vol. CCXXVII(126), p. B1.

Stewart, T.A. (1991): "The New American Century - Where We Stand". Fortune, Spring-Summer, vol. 123(12), pp.
1223,

Stokes, C.R.; Lawrimore, K.W, (1989); "Selling a New Cost Accounting System". Journal of Cost Management for
the Manufacturing Industry, Fall, vol. 3(3), pp. 29-34.

Stone, N. (1991): "Does Business Have Any Business in Education", Harvard Business Review, March-April, vol.
69(2), pp. 46-62.

Stonebraker, M. (1990): "The Distributed Database Decade", Datamation, September, vol. 35(18), pp. 38-39.
Stratton, B. (1991): "Going Beyond Pollution Control", Quality Progress, April, vol, 24(4), pp. 18-20.

Stratton, B. (1991): "The Value of Implementing Quality". Quality Progress, July, vol. 24(7), pp. 70-71.

Suda, H. (1989): "Future Factory System Formulated in Japan". Techno Japan, October, vol. 22(10), pp. 15-25.
Suda, H. (1990): "Future Factory System Formulated in Japan (2)". Techno Japan, March, vol. 23(3), pp. 51-61.
Swift, P. (1991), “Friend Not Foe: Making Equipment Usable". British Telecom World, March, pp. 68-69.
Taguchi, G.; Clausing, D. (1990): "Robust Quality". Harvard Business Review, January-February, vol. 68(1), pp. 65-75.

Takahashi, K.; Fujii, H. (1990): "New Concept For Batchwise Specialty Chemicals Production Plant". Instrumentation
and Control Engineering, September-October, pp. 19-22,

Takeyama, H.; Iwata, K., (1990): "Survey of Japanese Universitics and Institutes Performing Teaching and Research
in Manufacturing". Work in Progress, Journal of Manufacturing Systems, vol. 9(3), pp. 266-276.

Tapadia, R.K.; Henderson, M.R. (1990): "Using a Feature-Based Model for Automatic Determination of Assembly
Handling Codes". Computers & Graphics, vol. 14(2), pp. 251-262.

Tazclaar, J. (1988): "Groupware'', BYTE, December, vol. 15(13), pp. 245-282.

Tenenbaum, J.M.; Smith, R.: Schiffman, A.M.; Cavalli, A.; Fox, M. (1991): "The MCC Enterprise Integration Program:

A Prospectus”. A Preliminary Report, June 4, Micro Electronics and Computer Technology Corporation, Austin,
Texas.

Teresko, 1. (1991): "Moving from CIM to HIM", Industry Week, May 6, vol. 240(9), pp. 57-59.

Tesar, D.; Butler M.S. (1989): "'A Generalized Modular Architecture for Robot Structures, Manufacturing Review,
June, vol. 2(2), pp. 91-118.

Thorp, J.A. (1987): "The New Technology of Large Scale Simulator Networking: Implications for Mastering the Art
of Warfighting". Ninth Interservice Industry Training Systems Conference.,

Thronton, R.D. (1991): "Instrumantation for Nonscientists". IEEE Spectrum, January, vol. 28(1), pp. 56-57.

Toyo Engineering Corporation (1990): "MILOX Pipeless Plant System". TEC Information, vol. 14(2), pp. 1-2.

123



21st Century Manufacturing Strategy

Appendix E

361.

362,

363.*

364.

365.

366.

367.

368,

369.

370.

371

372

373.

374.

375.

376.

377.

378.

379.

380.

Tsipis, K.; Abbetts, J. (1990): "Time for rebirth of civilian R&D", Bulletin of the Atomic Scientists, vol. 46(9), pp.
11-12.

Valliere, D.; Lee, J.M. (1988): "Artificial Intelligence in Manufacturing". Automation, May, vol. 35(5), pp. 40-44.

Van Opstal, D.: "Integrating Commercial and Military Technologies for National Strength - An Agenda For Change".
Report of the CSIS Steering Committce On Sccurity and Technology, Washington, D.C., 101 p.

Van Santen, R.A. (1990): "Computational Advances in Catalyst Modelling". Chemical Engineering Science, vol. 45(8),
pp. 2001-2011.

Van Viugt, F.F.; Van Delft, D.A.; Bakker, A.F.; Van Der Meer, T.H. (1990): "Implementation of a 3D Navier-Stokes
Algorithm on an Algorithm Oriented Processor', Parallel Computing, September, vol. 15(1-3), pp. 47-60.

Wagner, E. (1991): "Open Computing". IEEE Spectrum, January, vol. 28(1), pp. 36-37.
Waldrop, M.M. (1990): "'Fast, Cheap, and Out of Control". Science, May 25, vol. 248(4958), pp. 959-961.
‘Walkin, L. (1990): "Shopping for a Mainframe Accounting Solution", CMA Magazine, June, vol. 64(5), pp. 16-20.

‘Walsh, S. (1989): "Perspectives on the Age of the Smart Machine". Managing Automation, December, vol, 4(12), pp.
46-48.

Walsh, S. (1990): "Managers of People, Technology Agree On Goals", Managing Automation, July, vol. 5(7), pp.
13-14.

Walsh, 5. (1990): "Reading, Writing, Arithmetic, and Industrial Training", Managing Automation, April, vol. 5(4), pp.
58-61.

Warr, M. (1990): "Fiber Could Keep the Loop in Shape for Less". Telephony, December 3, vol. 219(24), pp. 21-22.
Wash, D.P. (1989); "Antificial Intelligence". Occupational Outlook Quarterly, Summer, vol. 33(2), pp. 2-7.

Webre, P. (1990): "Using R&D Consortia for Commercial Innovation: SEMATECH, X-ray Lithography, and
High-Resolution Systems", Congressional Budget Office, Washington, D.C., 120 p.

Wegner, A.E. (1990): '"The Manufacturing Supply Chain", P&IM Review With APICS News, June, vol. 10(6), p. 18.

Wellins, R. (1991): "Empowered Teams: Creating Self-Directed Work Groups That Improve Quality, Productivity, and
Participation", Jossey-Bass, 315 p.

Welter, T. (1989): "Simulation - The Step Before". Industry Week, March, vol. 238(5), pp. 40-43.

Wentz, C.A.; Galloway, T.R. (1989): "Public Impact on Technical Research: The Dissimilar Fates of Two Waste
Gasification Projects', Environmental Progress, August, vol. 8(3), pp. 186-189.

Werbos, P.J. (1989): "Neural Networks for Control and System I[dentification".
Conference on Decision and Control, December.

Proceedings of the 28th IEEE

Werbos, P. (1990): "Neural Networks for Control: An Overview'. Proceedings of the American Control Conference,
June, 983 p.

124

381,

383,

384,

385.

386.

387.

388,

389,

390.

391.

392

393,

394.

395.

396.
39,
398.

399.

Wexler, J.M. (1991): "USPS Automates to Lick Increase in Stamp Prices". Computerworld, March 25, vol, 25(12),
pp. 51.

Wheeler, D.L. (1990): "U.S. Urged to Increase Energy Conservation Research to Help Avert Global Warming", The
Chronicle of Higher Education, September 12, vol. 37(2), P. A6

Whiteaker, J.J. (1991): "Conservation: A Hot Topic". Public Utilities Formightly, April 1, vol. 127(7), pp. 36-38.

Williams, T. (1991): "Fuzzy Logic Simplifies Complex Control Problems", Computer Design, March 1, vol. 30(5),
pp. 90-102.

Winograd, T, (1988): "Where the Action Is'. BYTE, December, vol. 13(13), pp. 256A, 256B, 256D-256F,

Winograd, T.; Flores, C.F. (1986): "Understanding Computer & Cognition: A New Foundation for Design". Ablex
Publishing, New Jersey, 207 p.

Wise, K. (1991): "Micromechanical Sensors, Actuators, and Systems". Invited Paper, ASME Winter Annual Meeting,
Atlanta, December 1991.

Wise, K.; Najafi, N. (1991): "The Coming Opportunities in Microsensor Systems'. Invited Paper, IEEE Intcrnational
Conference on Solid-State Sensors and Actuators.

Wriston, W.B. (1990): "The State of American Management", Harvard Business Review, January-February, vol. 68(1),
pp. 78-83.

Womack, J.P.; Jones, D.T.; Roos, D. (1990): " The Machine That Changed The World". Rawson Associates, Macmillan
Publishing Company, New York, NY, 323 p.

Wood, H.M. (1990): "Why We Should Care About Standards". IEEE Computer, November, vol. 23(11), pp. 6-7.
The World Economic Forum (1991): "The World Competitive Report 1991".
Yablonsky, D. (1989): "Solving Problems with AI". Automation, July, vol. 36(7), pp. 42-43,

Yoshikawa, T.; Innes, J.; Mitchell, F. (1990): “Cost Tables: A Foundation of Japanese Cost Management". Journal of
Cost Management for the Manufacturing Industry, Fall, vol. 4(3), pp. 30-36.

Young, J.A. (1990): "CIM and Beyond: Global Challenges for US Manufacturers”, CIM Review, Spring, vol. 6(3),
pp. 5-9.

Young, K. (1989): "Why Can’t You Afford to Overlook Safety". Business & Health, February, vol. 7(2), pp. 41-43.
Zorpette, G. (1991): "Loosening the Bonds of Oil". TEEE Spectrum, March, vol, 28(3), pp. 34-38,

Zorpette, G. (1991): "Minis and Mainframes". IEEE Spectrum, January, vol. 28(1), pp. 40-43.

Zorpette, G. (1991): "Power and Energy". IEEE Spectrum, January, vol. 28(1), pp. 61-64.

Zuboff, S. (1988): "In the Age of the Smart Machine: The Future of Work and Power", Basic Books, New York, 428
p.

125



21st Century Manufacturing Strategy

Cuts in Greenhouse Gas Emissions'. Chemical & Engineering, April 15, vol. 69(15)

401. Zurer, P. (1991): "NAS L
p. 5.

Additional copies of Volume 2 may be obtained by contacting the 21st Century Manufacturing Strategy Project office at the

lacocca Instit Mohler Lab 200, Bethlehem, Pennsylvania 18015, Telephone (215) 758-4086. Fax (215) 694-0542

Volume 1 describes a non-technical vision of agile manufacturing as a system in which technologies, management structures,

and social values are synthesized into a powerful competitive weapon

126






