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Preface

BOOK PURPOSE

This is a book on knowledge engineering, the discipline concerned with the
development of intelligent agents that use knowledge and reasoning to
perform problem-solving and decision-making tasks. The book covers the
theory and practice of the main stages in the development of a knowledge-
based agent: understanding the application domain, modeling problem
solving in that domain, developing the ontology, learning the reasoning
rules, and testing the agent. However, it does this by focusing on a special
class of agents: cognitive assistants that learn complex problem-solving
expertise directly from human experts, support experts, and nonexperts in
problem solving and decision making and teach their problem-solving
expertise to students. These are learning agents that are taught by their
users in ways that are similar to how a student, an apprentice, or a new
collaborator is taught, through problem-solving examples and explanations
and by supervising and correcting their behavior. Because such agents
learn to replicate the problem-solving behavior of their users, we have
called them Disciple agents.

This book presents a significant advancement in the theory and practice
of knowledge engineering, where many tasks are performed by a typical
computer user and a learning agent, with only limited support from a
knowledge engineer. To simplify further the development of the cognitive
assistants by typical users, we have focused on the development of cogni-
tive assistants for evidence-based reasoning. Evidence-based reasoning is
at the core of many problem-solving and decision-making tasks in a wide
variety of domains, including intelligence analysis, cybersecurity, law,
forensics, medicine, physics, chemistry, history, archaeology, education,
and many others. Nevertheless, the last part of the book presents Disciple
agents for applications that did not involve evidence-based reasoning.

Because knowledge engineering is a practical activity, it is best learned
by doing. Therefore, this book presents the theory and methodology of
developing cognitive assistants in conjunction with a practical tool,
Disciple-EBR, a learning agent shell for evidence-based reasoning (EBR).
Consequently, each chapter typically contains a theoretical part presenting
general concepts and methods, a methodological part with guidelines on
the application of the methods, and a practical part on the actual employ-
ment of these methods with Disciple-EBR. It also includes project assign-
ments and review questions.

p.474

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9781107122567
www.cambridge.org

Cambridge University Press & Assessment
978-1-107-12256-7 — Knowledge Engineering
Gheorghe Tecuci , Dorin Marcu , Mihai Boicu , David A. Schum

Frontmatter

More Information

m Preface

This book addresses issues of interest to a large spectrum of readers
from academia, research, and industry. We have used drafts of this book in
our computer science courses on knowledge engineering, expert systems,
and knowledge-based agents, at both undergraduate and graduate levels,
because it covers the theory and practice of the main stages in the devel-
opment of knowledge-based agents. We have also used some parts of the
book in introductory courses on artificial intelligence, and other parts in the
courses on knowledge acquisition and machine learning. These are all
examples of courses where this book could be used.

Researchers in knowledge engineering will find in this book an inte-
grated approach that advances the theory and practice in the field. We
believe that further research and development of this approach will enable
typical computer users to develop their own cognitive assistants without
any knowledge engineering assistance. Thus, non-computer scientists will
no longer be only users of generic programs developed by others (such as
word processors or Internet browsers), as they are today, but also agent
developers themselves. They will be able to train their personal assistants to
help them with their increasingly complex tasks in the knowledge society,
which should have a significant beneficial impact on their work and life.

Practitioners that develop various types of knowledge-based systems
will find in this book a detailed, yet intuitive, presentation of an agent
development methodology and tool, as well as several case studies of
developing intelligent agents that illustrate different types of agents that
are relevant to a wide variety of application domains. In fact, a comple-
mentary book, Intelligence Analysis as Discovery of Evidence, Hypotheses,
and Arguments: Connecting the Dots (Tecuci et al., 2016), presents the
practical application of Disciple-CD, an agent developed with Disciple-EBR
for intelligence analysis problems.

BOOK CONTENTS

Here is a route or map we will follow in the learning venture you will have
with the assistance of Disciple-EBR. Chapter 1 is a general introduction to
the topics that form the basis of this book. It starts with the problem
of understanding the world through evidence-based reasoning. It then
presents abductive reasoning, five different conceptions of probability
(enumerative, subjective Bayesian, Belief Functions, Baconian, and Fuzzy),
and how deductive, abductive, and inductive (probabilistic) reasoning are
used in evidence-based reasoning. After that, it introduces artificial intelli-
gence and intelligent agents, and the challenges of developing such agents
through conventional knowledge engineering. Afterward, it introduces the
development of agents through teaching and learning, which is the
approach presented in this book.

Chapter 2 is an overview of evidence-based reasoning, which is a focus
of this book. It starts with a discussion of the elements that make evidence-
based reasoning an astonishingly complex task. It then introduces a sys-
tematic approach that integrates abduction, deduction, and induction to
solve a typical evidence-based reasoning task, using intelligence analysis as
an example. Finally, it shows the application of the same approach to other
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evidence-based reasoning tasks in cybersecurity, geospatial intelligence,
and critical thinking education.

Chapter 3 is an overview of the main methodologies and tools for the
design and development of knowledge-based agents. It first presents the
conventional approach of developing such agents by a knowledge engineer
working with a subject matter expert. It then introduces different types of
agent shells, which are the typical tools for building agents, and discusses the
use of foundational and utility ontologies. The more advanced of these tools,
the learning agent shells, are at the basis of a new and more powerful
approach to agent design and development, an overview of which is pre-
sented in the second part of Chapter 3. This learning-based approach is
illustrated with the development of a cognitive assistant for assessing a
potential PhD advisor for a student, an example that is used in the following
chapters to present in detail each of the main agent development stages.

Chapter 4 presents the modeling of the problem-solving process
through analysis and synthesis, which is the most challenging task in the
development of a knowledge-based agent. This chapter starts with a more
general version of this process for any type of problems, which is used in
the Disciple agents presented in Chapter 12. After that, the chapter presents
an easier, customized version for evidence-based hypothesis analysis,
which is used in the chapters that follow. Chapter 4 also introduces an
ontology of evidence and presents the modeling of the believability assess-
ment for different types of evidence.

Chapters 5 and 6 present the representation of knowledge through
ontologies, as well as their design and development. They discuss the
representation of the objects from the agent’s application domain and their
relationships. These chapters also discuss the basic reasoning operations of
transitivity, inheritance, and matching. They cover several approaches to
concept elicitation, as well as a systematic approach to modeling-based
ontology specification. The chapters also address the complexity of ontol-
ogy maintenance.

Chapter 7 presents the agent’s reasoning based on ontologies and rules,
in the context of a production system architecture. It starts with defining
the representation of complex ontology-based concepts and the use of
these concepts in the reasoning rules. It defines the reduction and synthe-
ses rules in general, and the special case of these rules for evidence-based
reasoning. It then presents the process of problem solving through analysis
and synthesis, which is accomplished through rule and ontology matching.
This chapter also introduces the representation of and reasoning with
partially learned concepts, features, hypotheses, and rules.

Chapter 8 starts with a general introduction to machine learning and to
several learning strategies that are most relevant for knowledge engineer-
ing. It continues with the definition of the generalization and specializa-
tions of concepts through the use of inductive rules. After that, the chapter
defines the basic operations of minimal and maximal generalizations and
specialization of concepts, which are at the basis of rule learning and
refinement discussed in Chapters 9 and 10. The chapter ends with the
presentation of a formal definition of generalization.

Chapter 9 presents the mixed-initiative rule learning method that
enables an agent to learn a general rule from a specific example of a
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reasoning step. It starts with an overview of the integration of modeling,
learning, and problem solving and an illustration of this process. The
chapter then introduces the rule learning problem and method. After that,
it presents in detail the phases of rule learning, such as the mixed-initiative
understanding of the example, and its analogy-based generalizations,
which result in a minimal and a maximal generalization forming the
plausible version space of the rule. This chapter also discusses the learning
of rules involving functions and relational operators.

The refinement of a partially learned rule is presented in Chapter 10.
After introducing the incremental rule refinement problem, this chapter
presents the refinement of the rule based on positive examples, and then
the refinement based on negative examples. This may result in a very
complex rule characterized by a main applicability condition and several
“except-when” conditions, which capture the reasoning of a subject matter
expert. There are various refinement strategies, depending on the position
of the examples with respect to the bounds of the rule’s conditions and also
on the possible explanations of these examples, but in all cases, they
involve simple interactions with the subject matter expert. Changes in the
ontology require the learned rules to be updated, the corresponding
method being presented and illustrated in the second part of this chapter.
The chapter ends with a characterization of rule learning and refinement,
which enable a non-computer scientist to teach an agent.

The chapters dedicated to the individual phases of agent development
end with Chapter 11, which discusses the abstractions of individual hypoth-
eses and of the reasoning tree to facilitate its browsing, understanding, and
further development by the end-user.

As previously indicated, this book focuses on the development of agents
for evidence-based reasoning tasks. However, the presented theory and
methodology are also applicable to other types of agents. These agents have
been developed with learning agent shells representing previous imple-
mentations of the Disciple theory and methodology. Four of these agents
are presented in Chapter 12. Disciple-WA is an agent that uses expert
knowledge from military engineering manuals to develop alternative plans
of actions that a military unit can use to work around (WA) damages to a
transportation infrastructure, such as a damaged, destroyed, or mined
bridge, road, or tunnel. The goal is to find the quickest way for the military
unit to bypass the encountered obstacle. There were several cases where
the Disciple-WA agent generated better solutions than those of the human
expert who evaluated the developed systems, as well as cases where the
agent generated new solutions that this expert did not consider.

Disciple-COA is an agent trained by a military expert to critique courses
of action (COA) with respect to the principles of war and the tenets of Army
operations. It receives as input the description of a course of action and
returns a list of strengths and weaknesses of various levels, together with
their justifications. A remarkable feature of this agent is that it was judged
to exceed the performance of the subject matter experts that defined the
problems for its evaluation.

Disciple-COG is an agent that was trained to identify and assess the
center of gravity (COG) candidates of the opposing forces in a military
scenario. Correctly identifying the centers of gravity of the opposing forces
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is of highest importance in any conflict, and Disciple-COG has been used
for many years in courses at the U.S. Army War College, as well as at other
military institutions, to teach students how to perform a strategic center-of-
gravity analysis of a scenario of interest.

The last agent described in Chapter 12 is Disciple-VPT (Virtual Planning
Team). Disciple-VPT consists of virtual planning experts that collaborate to
develop plans of actions requiring expertise from multiple domains. They
are assembled from an extensible library of such agents. The basic com-
ponent of Disciple-VPT is the Disciple-VE learning agent shell that can be
taught how to plan directly by a subject matter expert. Copies of the
Disciple-VE shells can be used by experts in different domains to rapidly
populate the library of virtual experts (VEs) of Disciple-VPT.

The learning-based approach to knowledge engineering presented in
this book illustrates the application of several design principles that are
useful in the development of cognitive assistants in general. Therefore, as a
conclusion, Chapter 13 summarizes these principles, which are illustrated
throughout this book.

The book also includes several appendices that summarize important
aspects from the chapters: the list of the knowledge-engineering guidelines
for each of the main stages of agent development, the list of operations of
Disciple-EBR, and the list of the hands-on exercises. Answers to selected
questions from each chapter are made available to the instructors.

BACKGROUND

The learning-based knowledge-engineering theory, methodology, and tools
presented in this book are the result of many years of research and experi-
mentation that produced increasingly more general and powerful versions.
During this evolution, one may identify four main stages. The first stage
corresponds to the PhD work of Gheorghe Tecuci presented in his thesis
“Disciple: A Theory, Methodology and System for Learning Expert Know-
ledge” (These de Docteur en Science, Université de Paris-Sud, July 1988).
The main emphasis of that work was on rule learning. The developed
methods are among the first multistrategy approaches to learning that later
grew into the subfield of multistrategy machine learning (Tecuci, 1993;
Michalski and Tecuci, 1994). They also are among the first attempts to
integrate machine learning and knowledge acquisition (Tecuci et al., 1994;
Tecuci and Kodratoff, 1995). This work benefited from the collaboration of
Yves Kodratoff and the support of Mihai Draganescu. It was done with the
support of the Romanian Research Institute for Informatics, the Romanian
Academy, and the French National Center for Scientific Research.

The second stage in the evolution of the Disciple approach is presented
in the book Building Intelligent Agents: An Apprenticeship Multistrategy
Learning Theory, Methodology, Tool and Case Studies, published by Aca-
demic Press in 1998. It includes an improvement of Disciple’s multistrategy
learning methods and their extension with guided knowledge-elicitation
methods. It also includes ontology development tools and illustrations of
the application of the Disciple rule-learning approach to a variety of
domains, such as teaching of higher-order thinking skills in history and

xix
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statistics, engineering design, and military simulation. This work benefited
from the collaboration of several of Tecuci’'s PhD students, particularly
Thomas Dybala, Michael Hieb, Harry Keeling, and Kathryn Wright, and it
was partially supported by George Mason University, the National Science
Foundation, and the Defense Advanced Research Projects Agency.

The third stage in the evolution of the Disciple approach is represented
by the Disciple agents described in Chapter 12 of this book. This represents
a significant extension of the Disciple approach, with methods for problem
solving through analysis and synthesis, modeling of the problem solving
process, ontology development, and scenario elicitation. At this stage,
Disciple has become a complete, end-to-end agent development method-
ology that has been applied to develop powerful agents, such as Disciple-
COG, used for a period of ten years in courses at the U.S. Army War College
and at other institutions. This work also benefited from the collaboration of
Tecuci’s students, first of all Mihai Boicu and Dorin Marcu, and also
Michael Bowman, Vu Le, Cristina Boicu, Bogdan Stanescu, and Marcel
Barbulescu. This work was partially supported by George Mason University,
the Air Force Office of Scientific Research, the Air Force Research Labora-
tory, the Defense Advanced Research Projects Agency, the National Science
Foundation, and others.

Finally, the latest stage in the evolution of the Disciple approach is
represented by the rest of this book. A main conceptual advancement over
the previous stage consists in its extension with a theory of evidence-based
reasoning, greatly facilitated by the collaboration of David A. Schum. This
resulted in a very powerful theory, methodology, and tool for the develop-
ment of agents for complex evidence-based reasoning applications, such as
intelligence analysis. Two of such agents are TIACRITIS (Teaching Intelli-
gence Analysts Critical Thinking Skills) and Disciple-CD (Disciple cognitive
assistant for Connecting the Dots). This work was partially supported by
George Mason University and by several agencies of the U.S. government,
including the Department of Defense.
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