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1. Introduction

Intensional Logic is an extension of classical logic that was introduced by R. Montague [9] in order to
capture the semantics of natural languages. Roughly speaking, intensional logic was proposed as a formal
system for understanding and reasoning about context-dependent properties of natural language expressions.
In its initial form, intensional logic was a higher-order one, equipped with modal and temporal operators.
Nowadays, however, the term “intensional logics” can also be used more loosely in order to describe a large
class of logics for reasoning about context-dependent phenomena. In this sense, temporal logics and modal
logics can be viewed as special cases of intensional logic.

Based on this broad interpretation of the term, M. Orgun and W.W. Wadge introduced in [13] the notion
of intensional logic programming, which includes as special cases many non-classical extensions of logic
programming (such as temporal logic programming, modal logic programming, and so on). As pointed out
in [13], numerous logic programming languages that have been proposed in the literature can be characterized
as “intensional” (such as Chronolog [13], Tempura [11], Molog [2], and so on). It was therefore natural to
wonder whether there exists a common semantic framework for handling all these systems in a uniform
way. As it was demonstrated in [13], if the intensional operators of the source intensional logic programming
language obey some simple semantic properties, then the programs of the language are guaranteed to possess
the minimum model property. However, all the intensional operators allowed in [13] are assumed to satisfy
the monotonicity property (see Section 2 for a formal definition of this notion), and this excludes many
interesting applications that involve non-monotonicity (which nowadays is a crucial concept involved in
knowledge representation and reasoning).

The purpose of this paper is to extend the framework of [13] to allow arbitrary (even non-monotonic)
intensional operators in the bodies of program clauses. To our knowledge, this is the first general semantic
framework for non-monotonic intensional logic programming. Our construction is based on game semantics
for logic programming, an approach which was initially proposed in [16] and has recently been revived and
extended in [1,4,15]. In the game-theoretic approach, the semantics of a program is defined using the outcome
of a two-person game. In contrast to the traditional semantics of logic programming, the game semantics
has the important advantage that (once the basic notions involved are understood) it has a simplicity in the
explanation and a quite intuitive flavor. In particular, as demonstrated in [4], the non-monotonic operator of
negation-as-failure can be handled in a very natural way (see [4] for details). This simplicity in the treatment
of negation motivated the present work, in which we consider a broader class of non-monotonic operators
under the context of intensional logic programming. The main contributions of the paper are the following:

o We construct a simple two-person game for the class of intensional logic programs considered in [13].
We demonstrate that for any given program, we can use the outcome of the game in order to define a
model of the program that is shown to coincide with the minimum model semantics obtained in [13]. In
this way we provide an equivalent formulation to the approach of Orgun and Wadge for facilitating the
further study of intensional logic programs.

o We extend the proposed game to handle intensional logic programs that even use non-monotonic op-
erators in the bodies of clauses. In this way we obtain the first (to our knowledge) general semantic
framework for non-monotonic intensional logic programming. It should be noted that intensional logic
programming, due to its variety of operators, allows a much broader framework for non-monotonicity
than the one we are familiar with from classical logic programming (where the main source of non-
monotonicity is the operator of negation-as-failure).

The rest of the paper is organized as follows: Section 2 contains preliminary material regarding intensional
logic programming and infinite games. Section 3 presents the proposed game for intensional logic programs
that use monotonic operators. Section 4 extends the game for non-monotonic intensional logic programming.
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