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" Abstract

The study of knowledge representation and reasoning (KRR) is one of various ap-
proaches to exploring human intelligence. The traditional logic-based KRR is mainly de-
pendent on classical logic. Classical logic is not designed for the reasoning with natural
languages but is tailor-made for the reasoning with semi-artificial mathematical lan-
guage. However, most human knowledge is expressed by natural languages rather than
by mathematical language, which limits the application of the traditional KRR since it
can not provide support for human intelligence in a real sense. In order to broaden the
application of KRR and improve its support to artificial intelligence, KRR must be
based on logics of natural languages.

Based on non-classical logics (including philosophical logics and logics of langua-
ges) and aiming at the application of KRR, this book constructs several logical systems of
natural languages to cope with the intentionality , fuzziness,'interactivity, morphologies
and diversity. Such systems include contextual intentional logic, logic of fuzzy quantifi-
ers, public announcement logic with group knowledge, logic of tenses, logic of flexible
word orders and causative sentences in Chinese, which mend, expand and improve the
existing logical theories such as hyper-intentional logic, natural logic, dynamic epistemic
logic, multiple modal categorical logic and Lambek calculus and indicate the new direc-
tion for the research on logic of natural languages. Major contents are as follows:

Chapter one discusses the relations among logic, natural language and KRR,
points out the challenge posed by the intentionality, fuzziness, interactivity, morpholo-
gies and diversity of natural languages for KRR, and indicates the approaches and pros-
pects for KRR research based on such characteristics.

Chapter two introduces ‘the mostly used tools in the book, i. e. : type logic and
Lambek calculus, and discusses the algebraic models, properties of proof theory and
structural rules of Lambek calculus.

Chapter three discusses the basic ideas of classical intentional logic and its hyper-
intentional problem. By summarizing various approaches to this problem and indicating
the persisting contextual intentional problem of hyper-intentional logic, it proposes the

idea of local identity of intentions arguing that intentional identity is always relative to
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some context, and constructs several contextual intentional logics and formal semantics
under this idea according to different understandings of context, based on possible
worlds semantics, neighborhood semantics, algebraic semantics, game theoretical se-
mantics and updating local models semantics, which overcome the paradox of analysis
perplexing hyper-intentional logic all along.

Chapter four gives a new categorization of fuzzy quantifiers from the logical proper-
ties of Chinese fuzzy quantifiers so as to overcome the disadvantages of previous catego-
rizations of fuzzy quantifiers. To address the limitations in processing corresponding
quantifiers with the generalized quantifier theory, it introduces fuzzy set theory to char-
acterize the semantics of fuzzy quantifiers, which makes a breakthrough to the previous
two-valued frame of either true or false and gives a more intuitive and powerful seman-
tics. It also generalizes the properties of fuzzy quantifiers, gives the valid patterns of
reasoning of fuzzy quantifiers, constructs a natural logic for fuzzy quantifiers, generali-
zes the natural logic to the processing of fuzzy quantitative thesis and designs a test algo-
rithm for the ordered calculus of the logic.

Chapter five proposes the logic methodology of integrating functionalism in linguis-
tics and conducts logic study of natural languages in terms of the interactivity of natural
languages with this methodology. Meanwhile, it investigates the group knowledge, such
as common knowledge, public knowledge, and distributed knowledge. It focuses on dis-
tributed knowledge and distinguishes its two intuitive meanings; united knowledge and
implicit group knowledge. After considering relative common knowledge, it generalizes
group knowledge and constructs two axiomatic systems with relative common knowledge
and implicit group knowledge, gives demonstration on completeness as well as a number
of applications, and expands the existing public announcement logic, which deepens the
understanding of the relations among logic, language and knowledge.

To address the problems of tense syntax in English language, Chapter six analyzes
various solutions for tense type calculus. It modifies Lambek calculus, and constructs
the concurrent Lambek calculus of tenses and the modal Lambek calculus of tenses,
thus giving a relative satisfying solution to the tense syntax problem of English language.
It also deeply discusses the properties of proof theory of these systems.

With the research tool of categorical type logic of formal semantics, Chapter seven
constructs a multiple modal categorical logic for Chinese sentences of flexible word order
and a categorical type logic for Chinese causative semantics, giving a satisfying solution
to some problems of Chinese formal syntax and semantics.

Appendixes 1 —3 introduce the generalized quantifier theory, fuzzy set theory and

fuzzy logic, type theory, and lambda calculus.
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