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Abstract 
Drastic changes in the conventional paradigm of mass production have ushered 

in the era of individualized masses. We at NEC are innovating our productive 
activities to achieve agile production as a solution to the needs of the era of 
individualized masses. NEC Y onezawa has achieved drastic cuts in notebook -type 
personal computer development leadtimes through its pursuit of concurrent 
engineering. At NEC Nagano and NEC Saitama, lean production has cut manpower 
requirements, narrowed leadtimes drastically, and greatly reduced materials in 
process. We are now committed to the goal of building information systems that takes 
full advantage of the IT (information technology) concept to achieve an optimal 
production system encompassing the entire flow of supply, from planning to 
scrappmg. 
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1. Introduction 
The paradigm of mass production has been changing drastically, holding major 

changes in immediate store for us. As our lives mature and we are more concerned 
with the betterment of individuality and self-support, the market has been shifting to 
an era of split masses keeping in pace with diversified market needs. In the world of 
mass production, standardized products, homogeneous markets, and long product life 
cycles and development leadtimes were taken for granted. But now, the market has 
been shifting to more diversified product characteristics and shorter product life 
cycles. These changes are slowly having an impact on the electronics industry as well. 
Firms that are unable to adapt to these market trends inevitably incur declining profits. 

Requirements for production systems have been changing accordingly. Now 
that the bubble economy boom is over, building a streamlined production systems 
with integrated engineering and production, utmost simplicity, and slim facility 
management is urgently sought to achieve so-called lean production in smaller lots 
and at lower costs. The need has been mounting for a production system that is 
capable of addressing changes, including product diversification. It is anticipated 
that there will come a time calling for exceptionally diversified products more closely 
tailored to the characteristics of individuals than in the era of split masses. This is the 
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era of individualized masses, or the era of mass customization. The production 
system that fits into this era will be an agile one capable of manufacturing greater 
assortments of products in short times. 

Masses 

Mass production 

·Large lot, for~ast ...... 
based production. Disclaime 

Groups 

Lean production 

·Low costs 
realized with small 
lots. 

Individuals 

Agile production 

:::! ·Single product 
production flow. 
·Advanced use of 
C&C technology. 

In order to realize agile production for the future age of individuals, 
the establishment of a lean posture to survive the current age of 
groups is necessary. 

Figure 1 The Shift in the Paradigm of Production 

2. Present Status of Product Development and Manufacturing 
First among the tasks of agile production from the viewpoints of product 

development and manufacturing, we have product planning that is precisely geared at 
diversified and true needs. The second task is a significantly shorter product 
development leadtime. Realizing these tasks urgently calls for the practice of 
concurrent engineering (CE), or the organization of parallel execution of increasingly 
sophisticated and complicated engineering activities through divisional cooperation. 
We need to standardize engineering activities in response to product diversification 
and to pursue a global policy of component sharing to achieve low-cost, high-quality 
designs. 

The task in manufacturing, in its narrowest sense, is to deliver diversified 
customer orders in the required quantities and at the required times. To this end, we 
need to eradicate inefficiencies from the manufacturing site and also keep ourselves 
ready to manufacture what has been sold out. In specific terms, efficient production 
is a scheme of production that minimizes leadtimes, manhours spent, equipment 
investment, quality defects, and inventories (work in process). As an example, 
machining time that increase value added accounts for only a small fraction of the 
total leadtime. Non-processing time in typical companies is said to be 10 thousand 
times longer than machining time. Japan's leading auto manufacturer has reduced 
this non-processing time down to three hundred times the machining time. Leadtimes 
can be cut to a sizable extent by shortening inefficient non-processing time. This 
concept of eliminating inefficiencies may be extended to the goals of cutting 
manhours spent, checking equipment investment, reducing quality defects, and 
running down inventories to build a scheme of efficient production. An information 
system would also have to be maintained to gain prompt insight into sales results to 
manufacture products in pace with their movement while holding down work in 
process to a minimum. 
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3. Production Innovation Activities 
NEC's production innovation activities aime at a complete overhaul of the 

production structure to meet the change in the pace of production from rapid growth 
to moderate growth. Rather technology-oriented so far, we at NEC have tended to 
build costly production systems line after line and maintained a complicated 
production management system. The production innovations that we are now 
pursuing are geared toward reviewing the production systems in their narrowest sense, 
such as engineering, manufacturing, and materials procurement, to rebuild an 
efficient, streamlined process flow. The activities involved in product development, 
manufacturing, and materials procurement processes may be summarized as follows: 

3.1 Product development process 
Concurrent engineering is promoted and developed in the product development 

process. While the present practice of engineering is characterized by the concepts of 
task execution and management, and emphasis on technology, it is necessary to 
renew the designers' ideas, defme the engineering processes, maintain an engineering 
infrastructure, and develop a drastic breakthrough in the attainment of higher 
engineering efficiency. We will be pursuing better processes through the 
development of tools for investigating, introducing, promoting, and developing 
engineering process innovations achieved both in house and outside. 

3.2 Manufacturing process 
A review and renewal of the flow of production by eliminating inefficiencies is 

sought in the manufacturing process. Other activities involved include planning and 
following up lean production promotion activities, streamlining manufacturing 
processes, downsizing equipment, and minimizing administrative needs. 

3.3 Materials procurement process 
How information is disseminated is of key importance to the materials 

procurement process. Various kinds of information flow into the materials 
purchasing department from suppliers and markets. What is important is to maintain 
such information in a database to ensure its ready availability to the production line 
for use. Equally important is the establishment of an optimal purchasing system, 
including global procurement of materials at low costs to meet the rising yen. 

Production Innovation 

Figure 2 Business Process Re-engineering 

To promote the implementation of these processes, three workshops will be 
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organized under the C&C Committee directed by the President. In addition, model 
shops will be appointed to impart the thorough improvements and process 
innovations accomplished at the model plants to the rest of the branches of the 
company. This goal will be approached in step with indexes set forth at the 
administrative or managerial, as well as field, levels. Innovations will be pursued on 
a process basis for the time being but will gradually be consolidated to break through 
the departmental barriers. 

4. Successful Practices of Product Development Innovations 
Concurrent engineering (CE) is the approach to integrated product development 

whereby product development capabilities are enhanced throughout the flow of 
product development work, from the preliminary development stage to materials 
procurement, manufacturing, sales, and maintenance. CE has come into positive 
action as a powerful means of improving and innovating engineering processes. 

The concept of CE is said to have been developed based on the concept of joint 
development which is itself derived from the Japanese notion ofwa, or harmony, and 
was formulated in the U.S. to bring about the recovery of its manufacturing industry. 
Successful implementations of the CE concept under powerful leadership have been 
reported in rapid succession by manufacturers, including Boeing in the aircraft indus
try, Chrysler and Ford in the automotive industry, and NCR, DEC, and IBM in the 
electronics industry. Support measures, such as development team organization, 
information system (CAD) utilization, global product development efforts by way of a 
network, have been pursued intensively to formulate the bits and pieces of product 
development techniques learned from Japan into a successful theory of concurrent 
engmeenng. 

4.1 Considerations for Promoting Concurrent Engineering 

4.1.1 Front loading 
A firm's total capabilities are directed at the initial stages of engineering to 

achieve high-quality yet low-cost designs that do not require retouches at a later time, 
together with representatives of the downstream processes, such as production 
engineering and purchasing. Action in the upstream processes can be of great benefit 
to the downstream processes. 

4 .1. 2 Parallel engineering 
Engineering activities are conducted in parallel, without wa1tmg for the 

preceding process to be completed, through inter-divisional sharing of information to 
shorten the development leadtime. 

4.1.3 Standardized engineering 
Faster deliveries and high-quality yet low-cost designs are achieved through 

standardized engineering. Positive standardization allows serial product designs to 
be developed as early as in the planning stage. 

4.1.4 Information system utilization 
Higher efficiencies are attained by making effective use of information systems 

that support the performance of the successive processes, such as CAD/CAM and 
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engineering databases. 

4.1.5 Management innovation 
Management innovation in the areas of development team organization, 

engineering progress management, quality appraisal, and product planning decision
making is also an important factor. 

It is important to review engineering activities from these viewpoints and to 
establish standardized engineering processes that are not dependent on individual 
designers for success by defining the input and output to and from each activity, 
prescribing work rules, and optimizing the timing of activity execution. Gaining an 
objective and clear insight into the status of product development contributes to 
considerable progress in engineering process innovation. 

4.2 Promotion of Concurrent Engineering at NEC Yonezawa 
NEC Yonezawa has long implemented the CE method in the development of 

the PC-9800 series of notebook-type personal computers, the 98 Note, with success. 
The personal computer field is characterized by rapid technological advances and very 
short product life cycles, dictating us to develop and manufacture new products 
matched to user needs using good timing. 

Under these circumstances, NEC Yonezawa has been pursuing the concept of 
concurrent engineering in a systematic manner by dividing it into three categories, 
systems, organization, and support technologies, and 14 elements. 

Some of the major measures put into action so far include: 

4.2.1 Interdepartmental project team 
Key men responsible for design, production engineering, production 

management, materials procurement and so on are organized under the leadership of 
project managers to develop processes allowing for the downstream processes from 
the initial stages of engineering. Project teams are classified into three classes, tiger, 
heavyweight, and lightweight, according to the priority and urgency of the products of 
interest and the authority of the project leaders, to meet the characteristics of the 
projects. 

4.2.2 Co-location 
The members of a project work in the same place or in places close to each 

other to promote better interdepartmental communication. Particularly, the members 
of a tiger team (highest-priority project) get together at the same place to concentrate 
on their tasks in a short time in one accord, thereby sharing a sense of achievement 
through enhanced communication. 

4.2.3 Utilization of information systems (CAD) 
CAD has demonstrated its exceptional usefulness by penetrating all circuit 

design and structural design fields, including ASIC design. Particularly, three
dimensional CAD using a high-speed engineering workstation has made for greater 
efficiency and better quality in complicated high-density physical designs. 
Prototyping using three-dimensional data (stereo lithography) has been used in 
development applications to enable development team members to share product 
images and check mechanical units. 

Implementation of these and other measures has cut the new product 
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development leadtime from six months to three and a half months. 

4.3 Development of a Concurrent Engineering Workbench 

17 

In addition to process innovations, such as standardization and parallel 
engineering activities, information system utilization, which is more advanced in the 
U.S., is being pursued. As an example, the CE Workbench (CEWB) has been 
proposed as an instruction system that provides a solution to engineering distributed 
across Japan as well as the world. Functions provided by the CE Workbench include: 
1 Application programs, such as CAD/CAM 
2 Groupware that implements virtual co-location by means of communication. 
3 Process management functions that make parallel and cooperative development 

possible by allowing one design process to monitor the performance of other 
processes. 

4 Product data management (PDM) functions that manage product data throughout 
the life cycles of the products. 

The system is beginning to be implemented at various development locations, 
in addition to NEC Y onezawa and NEC Niigata. 

Figure 3 Image of a Concurrent Engineering Workbench 

4.4 CE Promotion Guide and CE Diagnostics Method 
In parallel with the implementation of the information system mentioned above, 

a CE Promotion Guide has been prepared that identifies requirements for various 
product development measures, including their priorities, and defmes attainment 
steps. 

The guide classifies CE measures into five categories defming attainment steps: 
organization, consciousness, process management, information sharing, and tool 
technology. The tasks or problems that confront the development department are 
mapped into CE measures to allow the systematic attainment of CE. Product 
development stories are covered to illustrate ongoing in-house approaches to 
concurrent engineering as an aid to future product development. 

Further, a CE diagnostic method has been developed that measures the degree 
of concurrent engineering attainment within each development department by a 



18 Pan One Keynote Papers 

quantitative scale, discusses it from a qualitative viewpoint, and proposes innovation 
points in the engineering processes. The concurrent engineering diagnostic method 
has been put to use in the in-house development departments. This method clearly 
defmes four levels. The best practice selected from among those observed in house 
and outside is rated as level 3. An extension of that level is rated as the highest level, 
or level4. 

With this CE diagnostic method, all the workers in the department in question 
are invited to ask certain questions at each level. Their answers are compiled 
according to the respondents' tasks and ftmctions and assigned levels according to the 
aforementioned five categories of organization, consciousness, process management, 
information sharing, and tool technology. The resultant levels are expressed in a 
radar chart to represent the degree of CE attainment. When the problems involved in 
the attainment of concurrent engineering by the department in question are thus 
identified, a detailed hearing is conducted and improvements suggested are, which 
are put into action with the cooperation of responsible personnel in that department. 

This method provides an objective measure of the degree of concurrent 
engineering attainment by each department, along with mean values, thereby defming 
the improvement goals to approach. 

5. Manufacturing Process Innovations Achieved 
Lean production is a plan of continual activity aimed at streamlining successive 

manufacturing processes into a continuous flow by eliminating inefficient work steps. 
It thus drastically cuts manpower, space, equipment, time, and the overall cost thus 
expediting manufacturing. 

We set model plants at NEC Nagano and NEC Saitama to proceed with a 
three-step improvement program in their manufacturing and production management 
departments involving improved worker morale, removal of inefficiencies, and 
balanced production. 

5.1 Step 1: Improved Worker Morale 
Improved worker morale creates a background that supports the creation of a 

conceptual breakthrough in the traditional scheme of production. It stimulates the 
dismantling of established concepts, the location of inefficiencies in the 
manufachlring site, and their speedy removal. 

5.2 Step 2: Removing Inefficiencies from the Manufacturing Site 
Unnecessary shelves, fixture, and apparatus are removed from the 

manufacturing site first. This action alone should create a space of several thousands 
of square meters within the plant. Next, inventories and work in process stacked 
around are reduced to a minimum based on the view that all that is being moved or is 
stagnant as an inefficiency. 

Further, the physical space intervals between workers in a production line are 
compressed by reviewing their process workload to ensure an equal rate of workflow, 
taking into account their work capacity. Compression can cut a production line to 
1110 or even 1/40 of its original length, and also enables worker reductions. 

Next, parts that had been stored in an external rental warehouse are laid in 
space created above the production line to allow workers to see at a glance where 
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parts are stored, who manufactured them, and what these parts are. Tbis is called a 
"store." 

The workers in each production line each have a compact part storage yard, 
called "refrigerator, beside them, in which they keep a set of parts they use. The 
maximum quantity that can be placed in the refrigerator is fixed for each part. Tbis 
maximum is indicated on "Kanban". "Kanban" also indicates in which process and 
for which model each part is required, on which floor and in which corner they are 
stored, and what is the minimum stock level below which parts must be retrieved 
from the store. The store, refrigerator, and "Kanban" combine to establish TIT Gust in 
time) in the plant. 

5.3 Step 3: Balanced Production 
Suppose that you have three different products, A, B, and C. Their monthly 

production quantities are 4,800, 2,400, and 1,200 units respectively. Assume that 
each month has 21 working days. These products are manufactured in descending 
order of output. Product A is manufactured in the first 12 days of the month, product 
B in the next six days, and product C in the last three days. Tbis production plan may 
appear efficient because products A, B, and C require only one setup change each, but 
dealers who want all three products A, B, and C must wait for one month. The 
manufacturer, on the other hand, must keep finished units of product A in stock for 
one month at the longest. To remove these inefficiencies, we need to manufacture all 
of products A, B, and C in the same day. Tbis is the concept of balanced production. 

Since balanced production has the disadvantage of frequent setup changes, it is 
essential to take measures to cut the setup change time. The advantages offered by 
balanced production by far offset this demerit, however. They include being able to 
offer of products A, B, and C to dealers every day, cutting inventories of finished 
units, and saving storage space and administrative expenses. In step 2, "Kanban" is 
circulated to represent the flow of parts in the plant. Balanced production would also 
require TIT production involving the manufacturers of external parts and material. 

NEC Nagano and NEC Saitama have proceeded to this step and achieved a 
certain degree of success each. The total production line length at NEC Nagano has 
been cut from 1780 m to 440 m. Now a one-worker production line is in existence, in 
which one worker assembles and inspects more than one hundred parts alone. At 
NEC Saitama, on the other hand, the total production line length has been reduced 
from 200 m to 9 m. The line is shaped like a spider to accommodate frequent lot 
changes and to allow each worker to accomplish a complete job at his or her pace. 
Floor space has been cut by 12,400 m2 at NEC Nagano and by 3400 m2 at NEC 
Saitama. Added productivity has created 160 excess workers at NEC Nagano and 64 
at NEC Saitama. These excess workers have now been assigned to different jobs. 
Further, sizable cuts in both the leadtimes and work in process have been achieved. 

5.4 Single-Unit Production 
We are committed to developing the concept of balanced production in Step 3 

into small-lot balanced production, in which we are manufacturing products in 
smaller lots or in smaller quantities, ultimately in lots of one unit. In other words, the 
ultimate goal of TIT is to produce only the number of units that has been sold. In 
addition to the cooperation of the external parts and material manufacturers, balanced 



20 Part One Keynote Papers 

order taking is essential to achieving this goal. Innovations in the manufacturing 
processes inevitably demand innovations in the upstream sections (parts and material 
manufacturers, and even engineering and development departments) and the down
stream sections (product logistics, marketing, and sales departments) of the plant as 
well. 
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6. Conclusion 

These lmprove-
ments demand the devel
opment of manufacturing 
and testing facilities tai
lored to the concept of 
lean production. This 
goal involves defming 
the smallest unit of as
sembly work and de
veloping facilities made 
up of a combination of 
basic modules, as well as 
clearly distinguishing 
between single-purpose 
and multi-purpose facili
ties to cut equipment 
investment. 

The history of production began with craftsmanship, in which craftsmen 
manufactured only small quantities of products craftsmanship gave way to mass 
production, as examplified by Ford's production lines. Mass production enabled 
phenomenal leaps in industry. Later, new concepts of production that meets the needs 
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Figure 5 Evolution in the History of Production 

of multi-item low-vol
ume production, such as 
the Toyota production 
plan, came into existence. 

The scheme of 
production with which 
NEC is concerned calls 
for building information 
systems that take full 
advantage of IT (infor
mation technologies) to 
ensure optimal produc
tion throughout the flow 
of supply, from planning 
to scrapping, as a way to 
address the upcoming 
era of mass customiza-
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tion. Using IT allows the production system to handle and manage vast amounts of 
custom-specific information in the era of the so-called individualized masses. 

A concept advocated and promoted in and around the U.S., CALS (Continuous 
Acquisition and Life Cycle Support) will greatly aid in future system implementation. 
CALS assimilates the world's standards thoroughly to realize the exchange of 
information between firms, as well as within the departments of a single firm. These 
standards include SGML, which standardizes the practices of documentation 
management, STEP, which focuses on product data relating to CAD/CAM, and EDI, 
which computerizes commercial transactions. 

We will be realizing on-demand production in an optimal environment to 
provide a prompt solution to customer needs while accommodating these and other 
CALS-like approaches. 

1 lot 1 product 

CE(CEWB) 
·Coordinate Whole Development Processes 
·Virtual Manufacturing 

Autonomic Distributed 
Manufacturing System 

Diffusion Line 
Assembly Line 

Figure 6 System Image in Late '90 

Allience 
Design/Manuf. 

The scope of innovative activities we are proceeding with is shown here. We 
will be aiming at optimizing the manufacturing processes by expanding this scope of 
activities further to create a fully integrated system that covers the entire flow of 
supply. 
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