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Abstract. The aim of this project to extend Pauly’s Coalition Logic with nominals
and modalities from hybrid modal logic in order to significantly increase its expressive
power, and to study the resulting Hybrid Coalition Logic. Coalition Logic is one of the
main frameworks for formalizing reasoning about coalitional strategic ability in artificial
intelligence and computational social choice. While several researchers have extended the
expressive power of basic Coalition Logic, I am not aware of any works on “hybridizing”
Coalition Logic, which is surprising since “hybridization” is one of the most successful
approaches to extend the expressive power of normal modal logics.

1 Introduction

Logical formalization of reasoning forms one of the foundations of artificial intelli-
gence (Al) and computer science, providing the basics for knowledge representation
and reasoning and for formal specification and verification. Most modern approaches
are based on modal logic. Of considerable interest in AT and multi-agent system (MAS)
in recent years have been logics formalizing reasoning about strategic ability. The main
frameworks are Alternating-time Temporal Logic (ATL) [6] and Coalition Logic [1].

Coalition Logic is a modal logic for reasoning about what groups of agents can
bring about strategically by collective action. In other words, Coalition Logic is reason-
ing about so-called a-effectivity in strategic game structures and the modality ([C])¢
means the coalition C is effective for ¢ —C has a strategy to ensure that ¢ will be
true no matter what other agents do. In this logic, there are five important properties:
Liveness, Safety, N-maximality, Outcome-monotonicity, Superadditivity. In [1], Pauly
proved that the five properties can characterize a-effectivity functions, that is, £ = E
and its completeness. Unfortunately, in [5], Goranko, Jamroga and Turrini proved that
the five properties can not characterize a-effectivity functions, because in any strategic
game form, empty coalition can force the sets that contain all possible outcomes in the
game. However, the result can not affect the completeness of Coalition Logic. From the
viewpoint of semantics, Coalition Logic uses neighborhood structures to describe the
outcomes which groups of agents can force in game-like situation. Coalition Logic pro-
vides a link between computer science, artificial intelligence and the social sciences [7],
in particular in computational social choice and algorithmic game theory [8]. ATL can
be seen as a an extension of Coalition Logic with temporal modalities [9]. Considerable
work in the AT and MAS communities in recent years has focussed on extending the ex-
pressive power of these logics, e.g. in order to reason about knowledge and belief [10-12]
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or adding quantifiers [13, 14] and analyzing the logical and computational properties
of the resulting logics. Of particular interest has been axiomatic completeness and the
trade-offs between expressive power and computational complexity.

In normal modal logics [4], a well-known and very powerful way to extend the ex-
pressive power is to add nominals and other hybrid operators — leading us into the
field of hybrid modal logics. Hybrid Logic was built based on basic normal modal logic
by adding nominals, which are propositional symbols of a new sort interpreted in a
restricted way that enables reference to individual points in a Kripke model. The his-
tory of Hybrid Logic goes back to the philosopher Arthur Prior’s work in the 1960s. In
fact, Hybrid Logic has different sorts, like H, H(@), H(E) and H(Q, | ). However, so far
almost all research on hybrid modal logics, with a few exceptions [2, 3], have been on
normal modal logics. Coalition Logic, on the other hand, is not a normal modal logic
— the completeness result mentioned above is with respect to neighborhood frames and
not with respect to Kripke frames used in normal modal logics. The goal of this paper is
to combine Coalition Logic with hybrid logic and study the logical and computational
properties of the resulting Hybrid Coalition Logic, in order to significantly increase the
expressive power and thus its usefulness for knowledge representation and reasoning
and automated verification. This is nontrivial, as hybridlizations of non-normal modal
logics is not well understood.

2 Background
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