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Preface

Sen-ri no michi mo ippo kara.
Even the journey of 1000 miles begins with the first step.
Japanese Proverb

Why did we write this book?

We felt we had something useful to say about making some powerful
technologies really work in business. These technologies have been motivated
by a variety of underlying reference disciplines such as biology, neurology, psy-
chology, statistics, and computer science. The field of Artificial Intelligence (AI)
provided a sort of glue in integrating the ideas from these underlying disci-
plines by comparing them in terms of their power for solving various types of
problems.

One motivation for writing the book was for business people who often
asked us to explain to them in simple terms how these technologies could be
used profitably in business. Technical books on Al, decision theory, and statis-
tics are much too technical or abstract for business people, while others are too
superficial to give them a good solid understanding of the technology. Clearly,
we needed to bring the technology down to earth without losing its essence.
This is one need we’ve tried to fulfill. We’ve also provided detailed case studies
showing how some organizations have utilized these technologies to improve
key business processes.

We also were motivated by technologists who understood the technol-
ogy well enough, but were unclear on how they could apply it to business
problems. How could they explain the techniques in a clear and simple way to
business people? Is there a methodology they could use to compare tech-
niques from a business standpoint? Are there classes of business problems
that map onto these techniques? These are the questions we’ve addressed for
the technologists.

In short, we’ve tried to reduce the sophisticated models to their essence,
and at the same time adopt a pragmatic business orientation in describing when
and how to use them.

The modeling techniques on which we focus in this book have emerged
over the last few decades: the symbolic approach (rules, case-based reasoning,

Hviim



B viii Preface

and fuzzy logic), the connectionist approach (neural nets), the evolutionary ap-
proach (genetic algorithms), and the inductive approach (machine learning). At
the same time database technology, “data warehousing”, and online analytical
processing (OLAP) are making it easier to get at organizational data. This is
significant because the difficulty in fluid access to corporate data has been a big
barrier to data intensive decision support. Collectively, the tools that we de-
scribe in this book allow organizations to access, view, understand and manipu-
late their data more easily to make decisions. They are essentially a set of
“search engines” that can leverage organizational data.

These techniques derive their power only when more fundamental tech-
nologies are in place: telecommunications networks, database systems and desk-
tops. The figure below shows how these fundamental enablers have matured
over the last few years. With these enablers in place, organizations have an un-
precedented opportunity to harness the power of intelligent search engines.

The figure also highlights one reason that previous attempts at exploiting
intelligent techniques were not altogether successful. The information infra-
structure was simply not mature enough. Computing power was expensive; net-
works were neither reliable nor did they provide adequate bandwidth.
Database technology was immature. Consequently, access to corporate data
was slow and limited. Finally, desktop technology was still in its infancy. Com-
puters were only available to those who had access to special terminals and
knew the right commands. It doesn’t make sense to build a skyscraper starting
with bricks. You’ve got to be able to construct larger subassemblies in order to
build useful systems quickly and easily.

Maturity

Networks_ .- ===~-

™ -

1970 1980 1990 1996
FIGURE PREFACE.1 Technological Maturity
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But the primitive state of the infrastructure was only part of the problem.
As the figure shows, Al/search technology was also highly inadequate a decade
ago. People misperceived which types of problems computers could solve well
and which types they couldn’t. Early successes with expert rule-based systems
that could do pattern recognition, solve calculus equations, or play chess led re-
searchers to predict that machines with full human reasoning power were only
a decade away. Unfortunately, it turns out that solving equations and playing
chess, although very difficult for humans, happen to be activities that lend
themselves to clear algorithmic descriptions and thus are tasks that software
systems can be programmed to do quite well, as long as adequate computing
power is available. On the other hand, recognizing faces and understanding
simple sentences turns out to be very difficult for computers, even though most
human children do these things with no problem. Early AI programs had
tremendous difficulties in situations where there were subtle distinctions or
ambiguous conditions.

And what about business applications of AI during the early days? Al-
though rule-based expert systems were the focus of most AI development,
businesses were unable to take advantage of this technology to as high a degree
as they had hoped. Why?

While most businesses have lots of data, most have only limited amounts
of the valuable expertise required to feed a rule-based system. Rule-based ex-
pert systems need human business experts to teach them about business. It can
be very expensive to have a highly paid expert spend months helping to de-
velop an expert system. Ironically, rule-based systems couldn’t capitalize on the
transaction data that businesses had in plenty. Instead, they required high-
priced expertise that businesses had in short supply.

A decade ago, other technologies such as neural nets were still largely ges-
tational, having been prematurely stifled in their development because of harsh
critiques by some Al gurus. Genetic algorithms were a fringe phenomenon. Most
people hadn’t even heard of fuzzy logic. Machine learning was in its infancy.
Case-based reasoning hadn’t even been envisioned. All of these technologies
began to come into their own during the eighties and nineties.

We now have a much richer bag of tricks at our disposal, whose effective-
ness can be realized using mature networking, database, and desktop tech-
nologies. Each one models a different aspect of human reasoning and decision
making. Each technique has a different objective and different character. Col-
lectively, these techniques offer the business community a broad set of tools
capable of addressing problems that are much harder or virtually impossible
to solve using the more traditional techniques from statistics and operations
research.

In what way are the different characters of the techniques useful?

Some of the techniques, like rule-based expert systems and fuzzy systems,
are based on “top-down” representations of knowledge where a model devel-
oper gives a computer explicit expert knowledge about how to solve a problem.
For such models, problem solving involves designing systems that follow an en-
coded reasoning process. One can also use these as pattern recognition systems
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that sit on top of databases and monitor their data content, triggering alarms or
other kinds of processing whenever the patterns are matched by the data in the
database. Such systems can be extremely useful in attention focusing.

Other approaches like neural networks take a “bottom-up” approach.
These models are given no knowledge about how to solve a problem. Instead,
neural networks themselves learn through trial and error how to build models.
Similarly, other machine learning algorithms take as input large amounts of
data and discover rules or relationships that exist in the data. Given the explo-
sion of raw data in this electronic age, such techniques are highly useful to busi-
ness organizations.

Another approach comes from the “evolutionary” natural selection
paradigm. Techniques that have emerged from this area, most notably genetic
algorithms, work by allowing various potential solutions to compete simultane-
ously for the chance to solve a problem. Survival of the fittest then determines
which solutions ultimately “bubble up” to the top. This approach has applica-
tions ranging from pattern discovery to combinatorial optimization.

Yet another problem solving approach based on “analogical reasoning,”
that is, using “similar” past situations and answers to solve problems. Models
developed with techniques such as case-based reasoning find solutions to prob-
lems by looking for similar problems that have been solved in the past and then
modifying the past solutions to these problems to account for differences be-
tween the past and present situations. This approach has a highly flexible feel to
it, allowing new knowledge to be added incrementally to a system with addi-
tional experience. This approach is highly useful to organizations that deal re-
peatedly with variations of a problem, such as customer services.

But technologies are useless unless they are accompanied by a framework
that makes it easy to compare or combine them. In order to demonstrate the
practical usefulness of the technology, we have provided a business oriented
methodology for helping a decision maker systematically map techniques onto
problems. It involves a consideration of the organizational and technical issues
that are important in developing knowledge based systems. We have found the
methodology useful in our own work. In retrospect, whenever we used it, we
had greater success than when we did not.

In describing our approach, we have also tried to demystify the technol-
ogy. We explain the techniques in such a way as to give a thorough introduction
to their workings and application, while rooting this discussion in the reality of
the business world. Our treatment is highly “visual”: All key concepts and ex-
amples are presented using highly descriptive graphics. The visual presentation
is also intended to make it easier for technologists to communicate these ideas
with business people.

While our treatment is “demystified,” it is nonetheless a thorough investi-
gation of the technology, designed to give the reader a working foundation for
understanding the techniques. Our goal is to put the reader in a position to un-
derstand how a technique can be applied, why it works, and what concerns
might arise as a result of its use. People seeking technical depth shouldn’t be
disappointed.











































































































































































































































































































































































































































































































































































































































































































































































