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Many multi-agent planning tasks are undecidable or com-
putationally hard (assuming perfect-recall and partial-
observability): For instance:

1. Finding winning strategies in games with reachability
objectives is undecidable for multi-player games [18]
and ExpTime-complete with two players [21].

2. Synthesising reactive modules for LTL objectives is un-
decidable for distributed systems [20] and 2ExpTime-
complete for a single module [19].

3. Model checking ATL with perfect recall is PTime-
complete assuming perfect-information and undecidable
assuming partial-observability [1; 7].

4. Deciding the existence of a Nash equilibrium in a
game with LTL objectives is 2ExpTime-complete as-
suming perfect-information [16] and undecidable as-
suming partial-observability [10].

There are a number of ways to lower the complexity.
These include:

1. limit the recall of the agents, e.g., to imperfect-recall [1],

2. limit the observations of the agents, e.g., to form a hier-
archy of some kind [20; 5; 8; 22; 20; 14].

3. limit the actions of the agents, e.g., via broadcasting en-
vironments [15].

I will talk about a new class of multi-agent systems, called
PA-MAS (public-action multi-agent systems), in which
agents have perfect-recall, no restrictions on their ob-
servations, but all their actions are observable to all the
agents. Such a class, similarly to broadcasting environ-
ments [15], can provide more-or-less accurate models of
many scenarios relevant to AI:

1. In community-card games such as Texas hold’em, each
player is privately dealt some cards, which are com-
bined with “community cards” that are dealt face up on
the table. Moreover, all bidding is also public. Single
rounds, or a bounded number of rounds, of such games
can be modeled as PA-MAS. Such single rounds appear,
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for instance, as endgames and other simplified forms of
Poker [17; 13; 9; 23]. The main limitation of our frame-
work for giving a useful model of Poker is that we don’t
model probabilities which are central for optimal play in
games like Poker.

2. There are epistemic puzzles in which all communication
is public, e.g., the muddy children puzzle, the Russian
cards puzzle, the consecutive numbers puzzle, and the
sum-and-products puzzle [24].

3. In distributed systems one of the basic communication
primitives is to broadcast a message to all other compo-
nents. Rational distributed computing is a refinement of
distributed computing in which agents have preferences
rather than simple objectives [11]. For instance, in the
classic m-out-of-n secret-sharing problem, there are n
agents and initially each agent i ∈ Ag privately holds a
“share” fi of a secret f0, and any of them “good” agents
can collaborate to learn the secret in spite of the remain-
ing n − m “bad” agents. In a rational version of this
scenario the preference of each agent is to learn the se-
cret, i.e., she prefers to learn the secret rather than not to
learn it, and a secondary preference is that the least num-
ber of other agents learn the secret. We can model such a
secret-sharing scenario with broadcasting components.

I will talk about a new logic called SLi for reasoning about
MAS. The logic SLi extends strategy logic (SL), which can
already talk about complex notions like Nash equilibria and
Pareto optimality since it has first-order variables x that vary
over strategies. The extension is in two directions.

First, strategies in SLi are required to be uniform for the
agents that use them (cf. [6]) and we use the subjective in-
terpretation of strategic quantifiers (cf. [12]). That is, ∃xϕ is
satisfied in a history h roughly means that there is a strategy
σ, for every agent i that uses strategy x in the subformula ϕ,
we have that (i) if h′ is indistinguishable to h by agent i then
σ(h) = σ(h′) (this is the uniformity condition) and (2) if h′
is indistinguishable to h by agent i then ϕ is satisfied in the
history h′ (this is the subjective interpretation).

Second, SLi includes a symbol for equality between vari-
ables. Thus the formula x = y tests if the strategies x and
y are equal. This distinction is inspired by the distinction
between first-order logic with equality and without equality.



Moreover, it allows us to express complex properties such as
the existence of an evolutionary stable strategy and unique-
ness of Nash equilibria (a different extension of SL was in-
troduced for reasoning about uniqueness of equilibria in [2]).

Although model-checking MAS against SLi specifications
is undecidable, we have the following:

Theorem 1. Model-checking PA-MAS in which all actions
are public against SLi specifications is decidable.

This theorem illustrates that reasoning about MAS be-
comes easier under the not unreasonable assumption that all
actions of all agents are public.
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