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3.0 The Marketing Engineer

When a customer requires an off-the-shelf-item, there is little need for an
expert system. Most sophisticated FORTRAN and COBOL based systems will
already check stock levels and calculate a delivery schedule. Due to unique
orders the world of manufacturing becomes a roller coaster ride. Expert

systems can help level-off the grades in the manufacturing process.

The primary difficulty with unique orders is the amount of time it takes to
bring a new product to market. If the customer needs a unique configuration
of compbnents, XCON has demonstrated the contributions of expert systems
[1]. The challenge lies in the most common request: a design modification to

an existing product.

In the Cognitive Information Management model (figure 1), Engiheering,
CAD, CAE/CAM and Strategic Business Planning all link with close
proximity. They are inextricably attached because the direction of the
corporation is dependent on the customer. It is the product that makes the

market and the market that makes the product.

With the Marketing Engineer and an expert system, these unique products can
be expedited less painfully. Imagine a phone call from a customer. The
requirement is a computer disk drive with a new connector. As the Marketing
Engineer talks to the customer, he is interactively developing specifications
with an expert system. The system can recall the closest fitting item from the
configuration management files (Granville [2]), suggest an engineering

schedule including time and tasks, extrapolate costs based on current designs,
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develop project estimates, write preliminary specifications and build advance
material requirements. From these components the Marketing Engineer will
dispatch a confirmation package to the customer (perhaps electronically with a
proposed drawing of the new end-item with a new connector shown) and the
system will dispatch the new requirement to the appropriate project engineer

based on work load and specialty (Goering [31).

An expert system of this complexity would require a great deal of development
time, but the justification can be found in reduced meetings, missed windows
of opportunity and hundreds of other moments lost through the entropy of
bureaucracy. Olin Hunt's Printed Wiring Board Laboratory is already
benefiting from expert systems. They have developed a system to help handle
service calls from field offices. This system answers most questions arising
from their alkaline etchant bath systems and frees laboratory technicians to

work on research rather than routine service calls (Klavan [4]).

The customer becomes attached to the development process. There is direct
interaction between existing products and new products. Most of today's CAD
systems have libraries of components and some are equipped with primitive
design optimizers, but the interactive intelligence order desk of tomorrow will
provide weeks of data from simple phone conversations or through more
lengthy teleconferences when the requirement is more than a simple connector

change (figure 2).

It is the direct, accurate and timely interaction that will make these expert

systems mission critical. Responsiveness to customer requirements will not be
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measured in weeks or months. These systems will respond within hours or

minutes.

Beyond the order desk, the design will be refined in the engineering
department. Expert systems will help guide engineers to appropriate
materials, stay within budget, use approved vendors and help determine when
the part moves beyond the current capabilities of manufacturing (Baer [5]).
The Marketing Engineer will develop and nurture an intelligent interaction

between customer and product.

4.0 The Shop Floor Foundation

At some point new products require manufacturing expertise, and expert
systems will play a major role in seeing that schedules are met and quality

expectations are adhered to.

After engineering has developed the specification and tested the functionality of
the design (CAE), the Computer Aided Manufacturing (CAM) expert system
will be signaled that manufacturing information is required. This module will
be responsible for generating manual or numeric control assembly
instructions (Davies [6]), shop floor routings (Emrich [7]), labor costs and
coordinating with other systems to develop machine instruction for robots or

other automated equipment.

The shop floor itself will look little different from a modern CIM operation. The
evolution of the shop floor will take pléce in monitoring systems and in its

ability to react to change.
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By integrating the shop floor as an implementaﬁon arm of Master Planning,
the factory becomes a symphony of well-timed performances of the business
plan. Fully automated shops have already been seen in Japan. The ability to
manufacture chips without human intervention is now being explored at the
University of California's Center for Robotic Systems in Santa Barbara
(BusinessWeek Staff [10]). Although manufacturing may be the leader in
automation, the Computer Integrated Manufacturing of today will only become

a piece of the overall business technology.

5.0 Vendor Relations

In the past, technology has been an internal manifestation. In the feeling
factory, knowledge will not be confined to disks spinning in the computer
center. It will extend beyond the walls of the corporation via T-3
communication lines and broad-band fiber-optic networks that link a
manufacturing company to two of its most difficult resources: vendors and

customers.

The relationship between vendors and a corporation's purchasing department
is a vestigial cord composed of missed telephone calls, periodic meetings and
product announcements. The feeling factory will remedy many of these
situations by keeping in communication with a vendor's systems. By
monitoring major changes in vendor production, the system can recommend
internal actions. These communications and monitoring links will require
that a company use its CAD skills to hone product compatibility. The push in
the last five year to reduce the vendor base was only a beginning. The ascent of

expert systems will accelerate the need to limit variety in the vendor base.
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As vendor capacity becomes an essential part of the materials equation, it will
also be the primary control point for inventory flow. Inventory will be brought
into the shop as it is required and distributed to conveyors or work stations via
Automatic Guided Vehicles (AGVs). The use of these devices in NCR's
Wichita, Kansas plant is currently lowering costs by reducing space
requirements and shortening transit time for material between work stations

(Vester [111).

The competitive advantage to real-time relations between vendor and customer
is already being seen in the Texas Instruments vendor program. The data
elements maintained in this interchange can be modified to include order
status and future design considerations. The static ASCII files we transmit
today will evolve into real-time data base pointers. This interaction of
requirement and vendor will also bring a new level of quality to products.
Because of close ties to design centers, the vendor can see actual documentation
on a secured line and produce components from complete specifications rather
than the piecemeal communications that plague many intercompany
associations today. Our relations with vendors will not be limited by available

data, but by the questions we choose to ask.

6.0 Paying The Bills

When you are burdened by the day-to-day compilation and calculation of
numeric data, the incentive to optimize becomes lost in the monotony. When a
factory is fully integrated one of the benefits includes the ability to plan more

extensively.
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Tied to the flow of inventory will be real-time positions for accounts payable.
But that is already a component of some integrated manufacturing systems.
Expert systems will play a role in balancing accounts receivable and accounts
payable. The system would constantly monitor receivables being transferred to
the bank, interest rate fluctuations and other economic variables to maximize

the benefit of cash.

But many of the management decisions encountered in a cash flow meeting
can be met through even minimal expert systems that bring harmony to the

dispirit factors that make up a company's financial position.

Beside the philosophical propositions of cash position and disbursement, the
feeling factory will implement the myriad of transactions that controls
inventory movement across the general ledger. Transaction intensive activities
like receiving returned material and debit memo processing can be
implemented by rudimentary production rule systems. The level of
sophistication is not important. We must ;"emain affixed to appropriate

technology, not state-of-the-art for state-of-the-art's sake.

Early accounting systems removed the drudgery from payroll preparation and
other clerical tasks. The feeling factory will remove the necessity for time
consuming consolidation. It will make judgements on what is superfluous
and what is important. It will maximize the creative time of a company's

financial managers.
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7.0 Simulating for Strategy

The revelations of the simulation product will produce questions and answers.
These will remain the objective of management review. Structured
simulations will expose inefficiencies in the factory. The impact of new
machines or technologies can be assessed through systems like Palladian
Software's Operations Advisor (Major [12]). Strategic moves can be played

across global intersections like galloping rooks.

With the multitude of variables that impact an international company, only the
interaction of AI technology will be able to efficiently sort and analyze the
accessible data (Manufacturing Systems Staff [13]). The systems will be
delicately tuned to business needs and external opportunities. The program
trading that accelerates stock market trends will also compress product life

cycles. Simulation will become reality.

Strategic initiatives will continue to be the venue of top management. The
perception of a company in the market place will be a new combination of
salesmanship and systems. Most markets will become a dynamic convolution

of Al driven requirements electronically seeking Al driven designs.

Modeling tools like High Performance System's STELLA, will gain increased
intelligence. The algebraic representations of the world will be replaced by
real-time cause and effect. The simulation of a business will become more of
an expedited implementation than a sterile manipulation of algebraic

assumptions.
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8.0 Taking The First Steps

Creating the feeling factory will require the brave exploration of new
technologies and the adaptation of old management techniques. Centralized
control will give way to distributed authority. Managers must begin to ease
control of current technologies and allow adept planners, schedulers, analysts
and engineers to experiment and learn new concepts and applications. The
United States continues to suffer from a trade deficit—innovation will be one of
the attributes of our recovery (Drucker [14]). The success of small businesses
already demonstrates the need for flexibility and responsiveness (Naisbitt and
Aburdene [15]). Large manufacturing has a tremendous appetite for
information on the economy, vendor opportunities and internal operations.
Only intelligent technology interacting with intelligent technology will be
capable of filtering this information out of this massive influx of data elements.
Ford Motor Company has discovered (Seymor [16]) the complexities and the
inability of old technologies, like repair manuals, to service new requirements.
Today, Ford demands that its automation vendors develop expert systems to
assist technicians in tl;le repair of failed hardware. Thousand-page manuals
have given way to expert systems that go beyond the printed manual in the

quality and quantity of information available (Stone [17]).

These small steps will lead to a realization that data is not information. And
this will force a change in thinking—a perspective shift from systems that
collect data to systems that disseminate information. Through expert systems
and other AI techniques we will be able to summarize existing data. The
systems developers of the 1970s and -80s have done an excellent job of capturing

data specifications. Knowledge analysts will spend most of the 1990s building
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systems that can intelligently manipulate and examine the relationships

within those elements (Bruns and McFarlan [18]).

The factory will experience a transition. Like Computer Integrated
Manufacturing, Cognitive Information Management will need a detailed
model of the business. The implementation will be a series of slow steps of

identifications, realizations and developments (figure 3).

Design Steps For Implementing the Feeling Factory

. Examine business systems and their inter-relation.
. Eliminate data redundancy and integrate existing systems.
. Link key business activities with business systems.
. Deﬁnitions of AI functions and their relationship to

existing business systems.

. Write a time phased plan for Al integration.

. Justify, procure and install hardware.

. Develop, prototypes and test Phase I Al systems.

. Assess external telecommunications and network needs.

. Negotiate external interface agreements with primary vendors

(assuming an ANSI or international interchange standard).

. Develop prototypes and test Phase IT Al systems.
. Maintain knowledge bases through interactive learning.
Figure 3

These steps form an overview of the thinking necessary for serious
consideration of Al integration into a manufacturing business. Cognitive
Information Management, like its predecessor, Computer Integrated

Manufacturing, is not a product (Dicasali [19]), but a series of integration
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decisions, management initiatives and well defined system specifications.
Stand alone systems will continue to proliferate, but only by closing the loop can

the full benefit of Al technology be realized.

9.0 Closing The Loop

Manufacturing will be one of the first beneficiaries of expert systems
technology. But expert systems will not be enough. The advantages to
manufacturing can only be encountered when true artificial intelligence is
realized. The feeling factory will be an entity intimately familiar with its
surroundings. It will not be a single large system watching over the shop with
a tyrant's eyes, but a network of distributed systems that control, monitor and
react to specific types of environments and circumstances. The feeling factory
will be what Marvin Minsky might call a society. Cells of automation will feed
information into scheduling programs and scheduling programs will link to
vendors with order information. Warranted products will be issued Return
Material Authorizations from by an RMA system hooked into a bank of 800
numbers. The known material that will be returning can then be scheduled by
the rewoi"k operation to maximize the testing of like PC boards or assemblies.
Actual repair work may be performed in automated cells or manned by
engineers using expert systems for product specific trouble-shooting and repair
steps (Benassi [20]). In the microcosm of the customer service center, the
factory will appear to function through rote tasks and memorized sequences.
But management will see the business as an intelligently organized totality.
The finely tuned interfaces will pass information as intelligent programs sense
priorities, implement company policy and carry out operations. The individual
cells of automation will collectively transform the business into a working

society.
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The feeling factory is a speculation built on concrete occurrences. Nothing
here is science fiction. The technology exists to implement even the most
fanciful of these predictions. The feeling factory will be an individual
judgement made by individual companies. It will be an expensive proposition
and a time consuming venture. The judgement of business leaders will
determine to what extent it becomes a reality. Artificial Intelligence will be
drilled and tested like a new employee. As a practitioner of production and

inventory control, I await the outcome of the interview.
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