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Praise for Commonsense
Reasoning

A comprehensive exposition of reasoning about actions and change using the
circumscription-based Event Calculus. The book has an excellent up-to-date bibliography
on actions and change.

Chitta Baral, Arizona State University

Central to the idea of Artificial Intelligence is getting computers to understand simple
facts about people and everyday life-what we call Common Sense. Amid the technical
discussions about inference algorithms and knowledge representation, a larger question
arises: What have we actually learned in the past 30 years about how to put Commonsense
knowledge in computers? Look no further than Erik Mueller’'s Commonsense Reasoning
for a deep and insightful survey of the state of the art in this topic. Some say that
Commonsense defies logic; here Mueller shows that logic, at least, can put up a good
fight.

Henry Lieberman, MIT Media Lahoratory

Erik Mueller has given the most thorough treatment of commonsense knowledge and
reasoning yet to appear.
John McCarthy, Stanford University

The strength of this book is that it uses a uniform representation formalism, the event
calculus, to solve a variety of commonsense reasoning problems. Researchers will find the
book an inspiring tool which provides many ideas for applications of action formalisms.
Thanks to both the exemplary presentation style and numerous examples, the book is also
well-suited for teachers and students alike.

Michael Thielscher, Dresden University of Technology

Developing systems that can perform actions and deal with change is a major challenge
in intelligent system design, because it requires the construction of sophisticated models
for knowledge representation and reasoning. This book provides important ideas and
methods which can be used to model commonsense reasoning about events in complex
and dynamic environments. The content is well thought out, and difficult topics are
presented in highly accessible ways. The author tells a compelling story that highlights
the utility of event calculus for applications that require commonsense models of action
and change.

Mary-Anne Williams, University of Technology, Sydney, and Knowledge Representation
and Reasoning Inc.
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Foreword to the First Edition

An eminent professor of logic once said to me, “Why do you bother devising all those
little predicate calculus theories? We already know that first-order predicate calculus
is capable of expressing almost anything, so what is the point?” This question typifies
the attitude of a certain breed of logician, for whom the quintessence of intellectual
endeavour is the study of the metalevel properties of various formalisms—their
expressive power, their computational limitations, and the relationships between one
formalism and another. Without doubt such work is, from an academic point of view,
noble and worthwhile. So I did wonder, for several minutes, whether the eminent
logician was perhaps right. But then it occurred to me that no one ever says, “Why
do you bother giving your undergraduates all those little programming exercises?
We already know that Turing machines can compute almost anything, so what is the
point?”

The point, of course, is that the gap between believing something to be possible
and knowing how to achieve it is very wide indeed. There is an art to programming,
and learning how to do it well takes many years. If the eminent logician had not retired
to his office before allowing me a return blow, I would have replied that what goes
for programming also goes for logic: There is an art to the use of logic for knowledge
representation, and learning it requires much practise. So it is surprising that more
books aimed at teaching this art do not exist. Fortunately, we can now add to this
small corpus the admirable volume by Erik Mueller that you are hopefully about to
read. But this book is more than just a guide to building complex representations
of knowledge in logic because its target is an area that might be thought of as the
nemesis of artificial intelligence, namely common sense.

One of the starkest lessons of Al research in the twentieth century was that it is
those aspects of human behavior that we most take for granted that are the hardest to
emulate on a computer. A two-year-old child who finds a chocolate bar hidden in his
mother’s bag is performing a feat of common sense that our most sophisticated Al
systems would be utterly incapable of matching. It is true that we now have programs
that can defeat chess grandmasters—but only at chess. To a cognitive scientist, the
most remarkable thing about a chess grandmaster is that, having played a great game
of chess, she can then go and make a cup of tea. The very same biological apparatus
that has mastered chess had long beforehand mastered the everyday physical world
of solids, liquids, gravity, surfaces, and shapes, not to mention the everyday social
world of interaction with her peers.

What is the right way to approach the daunting problem of endowing computers
and robots with common sense? There’s no shortage of opinions on this question
among Al researchers and cognitive scientists. Perhaps we should be inspired by
biology. Perhaps we should imitate evolution. Perhaps we should eschew nature
and instead embrace mathematical formalisms such as logic. If we were empirical
scientists, there would be a right and a wrong answer, whether or not we yet knew

Xix
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Foreword to the First Edition

which was which. But insofar as we are engineers, there can be many right answers.
With a mere half century of thinking behind us—a very short time in the history
of ideas—we still do not know how far the symbolic approach exemplified by this
book can take us towards human-level artificial intelligence. But we do know that the
symbolic approach makes for elegant designs with provable properties in a wide range
of application areas where systems with a little extra intelligence have the edge. So
Erik Mueller’s book is necessary and timely, and I hope it gains the wide readership
it deserves.

Murray Shanahan
Imperial College London
July 2005



Preface

Commonsense reasoning is the sort of reasoning we all perform about the everyday
world. We can predict that, if a person enters a kitchen, then afterward the person
will be in the kitchen. Or that, if someone who is holding a newspaper walks into
a kitchen, then the newspaper will be in the kitchen. Because we make inferences
such as these so easily, we might get the impression that commonsense reasoning is
a simple thing. But it is very complex.

Reasoning about the world requires a large amount of knowledge about the world
and the ability to use that knowledge. We know that a person cannot be in two places
at once, that a person can move from one location to another by walking, and that
an object moves along with a person holding it. We have knowledge about objects,
events, space, time, and mental states and can use that knowledge to make predictions,
explain what we observe, and plan what to do.

This book addresses the following question: How do we automate commonsense
reasoning? In the last few decades, much progress has been made on this question
by artificial intelligence researchers. This book provides a detailed account of this
progress and a guide to automating commonsense reasoning using logic. We concen-
trate on one formalism, the event calculus, that incorporates many of the discoveries
of the field. Although the event calculus is defined by a handful of classical predicate
logic axioms, it enables reasoning about a wide range of commonsense phenomena.

WHY COMMONSENSE REASONING?

Why study commonsense reasoning? The first reason for studying commonsense
reasoning is practical. Automated commonsense reasoning has many applications
ranging from intelligent user interfaces and natural language processing to robotics
and vision. Commonsense reasoning can be used to make computers more human-
aware, easier to use, and more flexible.

The second reason for studying commonsense reasoning is scientific. Common-
sense reasoning is a core capability of intelligence that supports many other high-
level capabilities. The ability to understand what is happening in a story, for example,
crucially involves commonsense reasoning. By studying commonsense reasoning we
can gain a greater understanding of what intelligence is.

APPROACH

The approach to commonsense reasoning taken in this book is not shared by all
researchers. My approach can be characterized by the following assumptions.
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[ assume, along with most cognitive scientists, that commonsense reasoning
involves the use of representations and computational processes that operate on
those representations.

I assume, along with researchers in symbolic artificial intelligence, that these
representations are symbolic.

I assume, along with researchers in logic-based artificial intelligence, that
commonsense knowledge is best represented declaratively rather than
procedurally.

I use the declarative language of classical many-sorted predicate logic with
equality.

I do not claim that the methods for commonsense reasoning presented in this book
are the methods used by humans. This book presents one way of automating com-
monsense reasoning. How humans perform commonsense reasoning is an interesting
topic, but it is not the topic of this book. There is evidence both for and against the
use of logic in human reasoning.

INTENDED AUDIENCE

This book is intended for use by researchers and students in the areas of computer
science, artificial intelligence, mathematics, and philosophy. It is also intended for
use by software designers wishing to incorporate commonsense reasoning into
their applications. The book can be used as a graduate-level textbook for courses
on commonsense reasoning and reasoning about action and change, as well as a
reference work for researchers working in these areas. It will be of interest to those
using logic as their primary technique, as well as those using other techniques. This
book can also be used as a supplementary graduate-level or advanced undergraduate
textbook for courses on knowledge representation and artificial intelligence. I assume
the reader has some familiarity with predicate logic, although reviews of predicate
logic are provided in Chapter 2 and Appendix A.

ROADMAP

This book consists of 20 chapters and six appendices. The chapters are organized into
eight parts.

Part I describes the foundations of the event calculus.

Part II deals with various commonsense phenomena. Chapter 3 discusses the
effects of events. Chapter 4 discusses the triggering of events by conditions.

Chapter 5 discusses the commonsense law of inertia. Chapter 6 discusses the
indirect effects of events. Chapter 7 discusses continuous change. Chapter 8

discusses concurrent events. Chapter 9 discusses nondeterministic effects of
events.
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Part III deals with important commonsense domains. Chapter 10 presents
axiomatizations of relational and metric space, and discusses reasoning about
“object identity, space, and time. Chapter 11 presents axiomatizations of the
mental states of agents, including beliefs, goals, plans, and emotions.

Part IV discusses default reasoning.

Part V deals with programs and applications. Chapter 13 discusses the Discrete
Event Calculus Reasoner program used to solve event calculus reasoning
problems, Chapter 14 discusses several real-world applications, and Chapter 15
discusses the use of answer set programming for commonsense reasoning.

Part VI reviews logical and nonlogical methods for commonsense reasoning and
discusses their relationship to the event calculus. Chapter 16 reviews logical
methods, Chapter 17 reviews nonlogical methods, and Chapter 18 discusses the
use of unstructured information for commonsense reasoning.

Part VII discusses the acquisition of commonsense knowledge.

Part VIII presents my conclusions.

MATERIAL COVERED

The skills that make up human commonsense reasoning are complex, and the body of
research related to it is large. Because no book can realistically cover every aspect of
commonsense reasoning, a choice had to be made about what this book would cover.
The coverage of this book was determined by the following considerations.

Most instances of commonsense reasoning involve action and change because
action and change are pervasive aspects of the world. It is crucial for any method for
commonsense reasoning to deal with action and change. Therefore, a large part of
this book is devoted to this topic. In addition to reasoning about action and change, or
the domain of time, this book covers two other significant domains of commonsense
reasoning: space and mental states, including emotions, goals, plans, and beliefs. This
book also covers default reasoning and reasoning about object identity.

Over the last few decades, researchers have developed a number of logics for
commonsense reasoning. It would take much time and space to cover all of these
in detail. Hence, this book concentrates on one logic, the event calculus, which
incorporates many of the features of the other logics. The reader who understands
the event calculus will be well equipped to understand the other logics. They are
closely related to the event calculus, and some are provably equivalent to the event
calculus—see Appendices D and E. Chapter 16 compares the event calculus with
other logics, and detailed Bibliographic notes throughout the book discuss research
performed using other logics.

Several types of commonsense reasoning are not covered by this book. Common-
sense reasoning using probability theory is not covered because this is not a well-
developed area. But this book does cover nondeterminism, and some work on the
use of probability theory for commonsense reasoning is reviewed (in Section 17.3).
Although this book covers most features of the event calculus, it does not cover
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continuous change described using differential equations; this book does, however,
cover continuous change described by closed-form expressions.

SUPPLEMENTAL MATERIALS
WEB SITE AND REASONING PROGRAMS

The book web site at decreasoner.sourceforge.net contains additional material
related to this book. This includes links to tools that can be downloaded, such as the
Discrete Event Calculus Reasoner program discussed in Chapter 13 and answer set
programming tools discussed in Chapter 15.

EXERCISES AND SOLUTIONS

Exercises are provided at the end of Chapters 2 through 19. Solutions to selected exer-
cises are provided in Appendix F. Solutions to further exercises are available online to
instructors who have adopted this text. Register at www. textbooks.elsevier.com
for access.
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