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Foreword

Logic is an ancient discipline that, ever since its inception some 2,500
years ago, has been concerned with the analysis of patterns of valid rea-
soning. The beginnings of such a study can be traced back to Aristotle,
who first developed the theory of the syllogism (an argument form in-
volving predicates and quantifiers). The field was further developed by
the Stoics, who singled out valid patterns of propositional argumenta-
tion (involving sentential connectives), and indeed flourished in ancient
times and during the Middle Ages, when logic was regarded, together
with grammar and rhetoric (the other two disciplines of the trivium), as
the foundation of humanistic education. However, the modern concep-
tion of logic is only approximately 150 years old, having been initiated in
England and Germany in the latter part of the nineteenth century with
the work of George Boole (An Investigation of the Laws of Thought,
1854), Gottlob Frege (Begriffsschrift, 1879), and Richard Dedekind (Was
sind und was sollen die Zahlen?, 1888). Thus modern symbolic logic is a
relatively young discipline, at least compared with other formal or natural
sciences that have a long tradition.

Throughout its long history, logic has always had a prescriptive as well
as a descriptive component. As a descriptive discipline, logic aims to cap-
ture the arguments accepted as valid in everyday linguistic practice. But
this aspect, although present throughout the history of the field, has taken
up a position more in the background since the inception of the modern
conception of logic, to the point that it has been argued that the descrip-
tive component is no longer part of logic proper, but belongs to other
disciplines (such as linguistics or psychology). Nowadays logic is, first
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and foremost, a prescriptive discipline, concerned with the identification,
analysis, and justification of valid inference forms.

The articulation of logic as a prescriptive discipline is, ideally, a two-
fold task. The articulation first requires the identification of a class of valid
arguments. The class thus identified must have certain features: not just
any class of arguments will do. For instance, it is reasonable to require
that the logical validity of an argument depends on only its logical form.
This amounts to requiring that the class of valid argument be closed under
the relation “having the same logical form as,” in that, if an argument is
classified as valid, then so is any other argument of the same logical form.
If this is the case, then such an identification clearly presupposes, and rests
on, a notion of logical form.

The question of what constitutes a good theory of logical form lies
oustide the scope of this book, and hence it is not pursued any further.
We shall limit ourselves to the observation that one can achieve the de-
sired closure conditions by requiring that the class of valid arguments be
generated in some uniform way from some restricted set of principles. For
instance, Aristotle’s theory of the syllogism accomplishes this in a char-
acteristically elegant fashion. It classifies: subject—predicate propositions
on the basis of their forms into a small number of classes, and one then
generates syllogisms by allowing the two premises and the conclusion to
take all possible forms.

The second part of the task, however, is much harder. Once a class of
arguments is identified, one naturally wants to know what it is that makes
these arguments valid. In other words, to accomplish this second task,
one needs a general theory of logical consequence, a theory that was not
only unavailable to the ancients, but that would not be available until the
appearance of modern symbolic logic — when an effort was undertaken to
formalize and represent mathematical reasoning — and that would not be
completely developed until the middle of the twentieth century. It is only
with the development of the first general accounts of the notion of logical
consequence through the work of Alfred Tarski (Der Wahrheitsbegriff in
den formalisierten Sprachen, 1935) that modern symbolic logic reaches
maturity.

One of the salient features of such an account is a property known
as monotony, according to which the set of conclusions logically follow-
ing from a given body of knowledge grows proportionally to the body
of knowledge itself. In other words, once a given conclusion has been
reached, it cannot be “undone” by the addition of any amount of further
information. This is a desirable trait if the relation of logical consequence
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is to capture the essential features of rigorous mathematical reasoning, in
which conclusions follow from premises with a special kind of necessity
that cannot be voided by augmenting the facts from which they are de-
rived. Mathematical conclusions follow deductively from the premises —
they are, in a sense, already contained in the premises — and they must be
true whenever the premises are.

There is, however, another kind of reasoning, more common in every-
day life, in which conclusions are reached tentatively, only possibly to be
retracted when new facts are learned. This kind of reasoning is nonmono-
tonic, or, as we also say, defeasible. In everyday reasoning, people jump
to conclusions on the basis of partial information, reserving the right to
preempt those conclusions when more complete information becomes
available.

It turns out that this kind of reasoning is quite difficult to capture for-
mally in a precise way, and efforts in this direction are relatively new, when
compared with the long and successful history of the efforts aimed at for-
malizing deductive reasoning. The main impetus for the formalization of
defeasible reasoning comes from the artificial intelligence community, in
which people realized very early on that everyday commonsense infer-
ences cannot quite be represented in the golden standard of modern de-
ductive logic, the first-order predicate calculus. Over the past two or three
decades, a number of formalisms have been proposed to capture precisely
this kind of reasoning, in an effort that has surpassed the boundaries of
artificial intelligence proper, to become a new field of formal inquiry —
nonmonotonic logic.

This book aims to contribute to this development by proposing an
approach to defeasible reasoning that is in part inspired by parallel de-
velopments in philosophical logic, and in particular in the formal theory
of truth. The point of view adopted here is the one just mentioned, that the
formal study of defeasible reasoning — nonmonotonic logic — has come
into its own as a separate field. Accordingly, the emphasis is more on
conceptual, foundational issues and less on issues of implementation and
computational complexity. (This is not to underestimate the salience of
these topics, in fact they are mentioned whenever relevant — they just
happen to fall outside the purvue of the book.)

The book is organized as follows. Chapter 1 starts focusing on the de-
velopment of modern symbolic logic from the point of view of the abstract
notion of logical consequence; in particular, we consider those features
of logical consequence that aim to capture patterns of defeasible reason-
ing in which conclusions are drawn tentatively, subject to being retracted
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in the light of additional evidence. A number of useful nonmonotonic
formalisms are briefly presented, with special emphasis on the question
of obtaining well-behaved consequence relations for them. Further, a
number of issues that arise in defeasible reasoning are treated, includ-
ing skeptical versus creduluous reasoning, the special nature of so-called
floating conclusions, and the conceptual distinction between an approach
to the nature of conflict and the concrete question of how conflicts should
be handled.

Chapter 2 deals with the problem of developing a direct approach
to nonmonotonic inheritance over cyclic networks. This affords us the
opportunity to develop the main ideas behind the present approach in the
somewhat simpler setting of defeasible networks. The main thrust of the
chapter is toward developing a notion of general extension for defeasible
networks that not only applies to cyclic as well as acyclic networks, but
also gives a directly skeptical approach to nonmonotonic inheritance.

Finally, Chaps. 3 and 4 further develop the approach by extending it
to the much richer formalism of default logic. Here, the framework of
general extensions is applied to Reiter’s default logic, resulting in a well-
behaved relation of defeasible consequence that vindicates the intuitions
of the directly skeptical approach.
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