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ABSTRACT

We propose an abstraction technique for model checking
multi-agent systems given as modular interpreted systems
(MIS) which allow for succinct representations of compo-
sitional systems. Specifications are given as arbitrary ATL
formulae, i.e., we can reason about strategic abilities of groups
of agents. Our technique is based on collapsing each agent’s
local state space with hand-crafted equivalence relations,
one per strategic modality. We develop a model checking
algorithm and prove its soundness. This makes it possible
to perform model checking on abstractions (which are much
smaller in size) rather than on the concrete system which is
usually too complex, thereby saving space and time.

Categories and Subject Descriptors

1.2.11 [Artificial Intelligence|: Distributed Artificial Intel-
ligence—Multiagent systems; D.2.4 [Software Engineer-
ing]: Software/Program Verification—Model checking; F.4.1
[Mathematical Logic and Formal Languages|: Math-
ematical Logic—Temporal logic

General Terms
Theory, Verification
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1. INTRODUCTION

While an important feature of a Multi-agent system (MAS)
is its modularity, only a few of the existing compact repre-
sentations are modular, computationally grounded [15] and
allow to represent knowledge and strategic ability. Among
these few approaches are Modular Interpreted Systems (MIS)
[11] which we use to apply our abstraction techniques. But
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certainly our techniques could be used with other formalisms
as well. MIS are inspired by interpreted systems [8| [7] but
achieve a modularity and compactness property much like
concurrent programs [13], i.e., they are modular, compact
and computationally grounded while allowing at the same
time to represent strategic abilities. Modelling side effects
of actions on states of other agents, however, is difficult to
model in the latter — that is why we use MIS.

A major obstacle to model checking real systems is the
state explosion problem. As algorithms require a search
through the state space of the system, the efficiency of any
algorithm highly depends on the size of this state space.
We therefore need to eliminate irrelevant states by using
appropriate abstraction techniques [2| which guarantee that
the property to be verified holds in the original system if
it holds in the abstract system. Hence, we reduce the local
state space of each agent in a MIS by using hand-crafted
equivalence relations. They are hand-crafted since any au-
tomatic abstraction generation or refinement (as in [9] for
two-player games) can only work in typical cases but not in
the worst case.

While abstraction of reactive systems for temporal prop-
erties is a lively research area |1} |4, 14], there are only a few
approaches when it comes to MAS and even fewer concern-
ing an abstraction technique for dealing with strategic abil-
ities (cf. |3} 5} |6, |10]). The technique in [10] is quite similar
to ours but still more restricted in an important way. They
assume that there are only two agents present and then use
a single abstraction to model check the whole formula. Our
approach allows for multiple agents and for many abstrac-
tions (one per strategic operator). Thus we allow for a much
finer control over what information is abstracted away but
still preserve soundness of our model checking algorithm.

2. MIS AND ATL

We model a MAS as MIS: Each agent is described by a
set of possible local states and a function that calculates the
available actions in a certain state. A local transition func-
tion specifies how an agent evolves from one local state to
another. States are labeled with a set of propositional sym-
bols by an associated labeling function. Finally, an agent is
equipped with a function that defines the possible influences
of an agent’s action on its environment, i.e., the other agents,
and a function for the influence of the environment on this
particular agent. We can now specify strategic properties
using this framework together with ATL.
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3. ABSTRACTION FOR MIS

In general, multi-agent systems have large associated state
spaces and even if they are symbolically represented it is
infeasible to verify properties by considering all reachable
states. Nevertheless, interesting properties often only refer
to parts of a system. Because of that we reduce the state
space by removing and/or combining irrelevant states. Due
to the modularity of MIS, we can firstly remove the obvi-
ously non-relevant parts of the global state space by remov-
ing irrelevant agents. Secondly, we reduce the state space of
each agent by abstraction. As in |2 [3] we do this by parti-
tioning the state space into equivalence classes. Each class
collects all concrete states that are equivalent and forms one
new abstract state. This new state is labeled by those propo-
sitions which are shared by all concrete states. We define the
local transition functions of the abstract system in such a
way that it behaves as the concrete one. The set of available
actions in an abstract state is decreased for some agents, and
increased for the rest, so that it contains exactly all actions
available in every one, respectively any, of the equivalent
concrete states.

4. THE MODEL CHECKING ALGORITHM

Our algorithm takes as input a MIS S, a set init of global
states of S (the initial states), an ATL formula ¢ and for
each strategic operator in ¢, i.e., each quantified subformula
1 of ¢, an abstraction relation =,. It either returns true or
it returns unknown but it will never return false. If it returns
true it is guaranteed that S,q = ¢ for all ¢ € init. But if
it returns unknown we do not know whether S satisfies ¢ or
not. The algorithm runs in time

o5, 5)
O (linat| + |S] - [p]) - 2 Vet
where |S| denotes the size of the MIS S in a compact repre-
sentation. The cardinality of the global state space of S may
then be upto 29051 And the above algorithm is sound, i.e.,
if it outputs true then S, ¢ = ¢ for all ¢ € init.

5. CONCLUSION

In this extended abstract we presented a technique to cope
with the state explosion problem. That opens the path to
reducing the state space of a MAS so that model checking
might become tractable. Clearly, there cannot be a generic
automatizable abstraction technique since model checking
ATL for MIS is EXPTIME-complete. Hence, there are in-
stances for which no abstraction technique at all is applica-
ble. Consequently we focused on hand-crafted abstraction
relations and proved that the presented model checking al-
gorithm is sound, i.e., if the algorithm claims that a property
holds then it really does. Of course, using hand-crafted ab-
straction always leads to losing completeness.

Defining different abstraction relations for each quantifier
allows to shrink the state space for each subformula. We
decided to take MIS as the modelling framework and ar-
gued that for any framework the modularity is important
not only because of the nature of MAS but also due to the
ability of reducing the state space by removing agents that
are not necessary when checking a certain property. We
therefore introduced a modified version of a MIS and de-
fined an abstraction over it. For a full description of our
approach see [12].
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