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Introduction
STIT (acronym for sees to it that) is a modal logic widely studied by philosophers
and multi-agent systems researchers. STIT formal language describes agency via sen-
tences of the form “agent i sees to it that φ holds”, where “agent i sees to it that” is
treated as a modality [i]. The main advantage of the logic is its expressive power: un-
like other modal logics of agency, STIT can deal with both actions and abilities. This
is useful in case with counterfactual statements of the form “agent i could have done
φ , but did ψ”. The crucial feature of the way multi-agent interactions are presented
in STIT is independence of agents: everyone is free to do anything they can no matter
what other agents choose to do.

A richer version of STIT logic, which contains not only modalities for individu-
als, but for groups as well, was introduced by John Horty [5]. Unfortunately, group
STIT logic suffers from both technical and philosophical disadvantages. From the
mathematical side, STIT with groups is neither decidable nor finitely axiomatizable
[8]. From the philosophical side, STIT treats groups as simple as all sets of agents.
This view on group agency is criticized, since it is common to argue that agents form
a group only if they share some mental attitudes such as beliefs, desires or intentions,
and that is why not any set of agents is a group [3,9].

Strikingly, mathematical and conceptual problems are linked: given n-many
agents, there are 2n-many group modalities, all of which are tightly connected with
each other. It is precisely the reason why group STIT is undecidable and finitely un-
axiomatizable in case with at least 3 agents. As it was shown in [1,8], by restricting
which sets of agents form groups we may get finitely axiomatizable and decidable
fragments. Nevertheless, these fragments lack any explanation why we treat some
sets as groups and why other sets are not granted this status. Moreover, the fragments
state what groups are in the rigid manner: the group status of the set is safe on the
whole class of frames, while in fact it may be contingent even in the model. The lat-
ter case correspond to the natural language expressions as “agents a,b,c can act as a
group, but they do not”.

This paper presents a decidable and finitely axiomatizable version of group STIT
logic that escapes these drawbacks. The main idea is to treat a set of agents as an
active group iff 1) there is some joint intention among agents and 2) actions of group
members do not contradict that joint intention. By joint intention we mean members’
commitment to a certain course of their actions, which they have collectively adopted
via agreement, bargaining, public declaration or any other way.

In order to express this view, we will relax independence of agents constraint on
the group level: a certain degree of dependence between group members will allow
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us to implicitly illustrate their joint intentions. If some set of agents has no joint
intentions, we will not consider them as a group.

Group STIT and its problems
For a given countable set of propositional variables Φ = {p1, p2, . . .} and a finite set
of agents Ags = {1, . . . ,n}, we recursively define the language of group STIT logic
ST ITG:

φ := p |¬φ |φ ∨φ |2φ | [G]φ

where p ∈ Φ,G ⊆ Ags.

Definition 0.1 STITG Kripke frames
A class of group STIT frames STITG consists of structures of the form: F =

(W,R2,{Ri}i∈Ags), where:

(i) W ̸= /0

(ii) R2 ⊆W 2 is an equivalence relation

(iii) For every i ∈ Ags, Ri ⊆W 2 is an equivalence relation, such that:
(a) Ri ⊆ R2
(b) Independence of agents: if Card(Ags) = n, then for any sequence of R2-

connected worlds (w1, . . . ,wn),
⋂

i∈Ags
Ri(wi) ̸= /0

(iv) Group actions: for any G ⊆ Ags, for arbitrary w ∈W , RG(w) =
⋂

i∈G
Ri(w)

Valuation function and satisfiability definitions for the formulas are standard for
normal modal logic. It was demonstrated [1] that from the fact that every Ri is an
equivalence relation and iii it follows that for every 1,2 ∈ Ags:

|= [1][2]φ ↔ [2][1]φ

|= ⟨1⟩[2]φ → ⟨2⟩[1]φ

So as soon as we have a fragment with individual agents and no groups, the logic is
nothing else than a fusion of S5×S5. The logic L (STITG) itself is neither decidable
nor finitely axiomatizable if Card(Ags) ≥ 3, since L (STITG) is reducible to S5n,
where n =Card(Ags) [1].

1 STIT with plan-restricted groups
The rest of the paper presents plan-restrcited group STIT logic. It is a version of group
STIT, where groups are active in worlds compatible with the group’s joint intention.
Consequently, if some set of agents have no joint intention, they are not active as a
group.

It results in the relaxation of the independence of agents principle on the group
level: not every combination of group members’ actions will constitute a group action.
Group members while acting as members are not free to do anything they can. If some
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of the group members are acting against their joint intention, it breaks the group action
as such: there will be no group G anymore, only members of G acting by their own. In
group STIT formal language, it will be expressed as follows: if the set G is not active
as a group at w, then w |= [G]⊥. Consequently, if some set of agents does not constitute
a group at all, such “group” will not be active in the whole model: M |= [G]⊥.

We end up with the next definition of the class of plan-restricted group STIT
frames STITp

G:

Definition 1.1 A Kripke frame F = (W,R2,{Ri}i∈Ags,{RG}G⊆Ags) is a plan-
restricted group STIT frame iff (i for any i ∈ Ags, G for any G ⊆ Ags):

(i) W ̸= /0

(ii) Every Ri and R2 are equivalence relations on W

(iii) Ri ⊆ R2

(iv) Idividual independence of agents: if Card(Ags) = n, then for any sequence of
R2-connected worlds (w1, . . . ,wn),

⋂
i∈Ags

Ri(wi) ̸= /0

(v) Group actions: RG ⊆
⋂

i∈G
Ri, such that RG is a transitive and symmetric relation,

which satisfies ∀w ∈ W (RG(w) = /0∨RG(w) =
⋂

i∈G
Ri) and for which R{i} = Ri

holds. Informally, if RG(w) = /0, then G is not active as a group. We pressupose
that groups are closed under subsets: if RG(w) ̸= /0, then RG′(w) ̸= /0 for every
G′ ⊆ G. Independence of agents fails for groups.

(PL) All tautologies of classical propositional logic
(S5) S5 for every [i] and 2
(Nec) 2φ → [i]φ
(Ind) 3[1]φ1 ∧ . . .∧3[n]φn →3([1]φ1 ∧ . . .∧ [n]φn)
(KB4) KB4 for every [G]
(i-G) [i]φ ↔ [{i}]φ
(Inter) [G1 ∩G2]φ ↔ [G1][G2]φ
(SubG) 3⟨G⟩⊤→3⟨G′⟩⊤ for every G′ ⊆ G

Table 1
Plan-restricted group STIT logic

The completeness and decidability proof-sketch. We decompose every STITp
G

frame in two parts: 1) individual frame (W,{Ri}i∈Ags), where we have no group re-
lations; 2) and for every G ⊆ Ags there is a pre-frame (W,{RJ}J⊆G), where we have
nothing but a group and its subgroups relations.

For the individual part axiom system is already known [4]. For the pre-frames,
we need to divide each of them once again. Fix a group G. Take two subframes:
(UG,{RJ}J⊆G), where UG = {w∈W |RG(w) ̸= /0}; and DummyG = (W \UG,RG). The
first part is a subframe where relation RG is non-empty, while the second is exactly a
subframe where it is empty.

Group STIT frames are transformable to S5n frames. Moreover, we know that the
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logic of (not necessarily generated) subframes of S5n is finitely axioamatizable and
nothing else but a fusion of S5 [6]. UG is exactly a subframe of group STIT frame,
where Ags = G. It is straightforward how to transform every UG into a subframe of
some S5Card(G) frame, so that every UG is axiomatized by the fusion of S5 logics (for
every [J] modality). Nevertheless, we need to “glue” them with their “dummy”frames,
where every RJ relation is empty. Luckily, we know from [7] that it will result in KB4
for every [J]. The unification of all the dismembered frame’s parts may be done via
fibring procedure, and we know it will not result in additional validities [2].

On top of axioms for individual frames and fusion of KB4 we need to add three
additional axioms (see Table 1): (i-G), reflecting on the fact that R{i} = Ri; (SubG),
showing that groups are closed under subsets; and (Inter), reflecting upon the transla-
tion from S5n to STITp

G (see [1] for details).
It is not hard to see that the logic coincides with a fusion of individual STIT and

KB4 logic with intersection modality (from (Inter), S5 for every [i] and (i-G) we get
[G]φ → [G′]φ for every G ⊆ G′). For the individual STIT, decidability is proved by
standard filtration argument, while the proof for KB4 with intersection modality may
be obtained via eliminating Hintikka sets by analogy with S5 with intersection modal-
ity [12,11]. Another way to show that satisfiability problem is decidable is by reducing
it to SAT problem of LFD logic without dependency atoms, where admissible assign-
ments are treated as worlds where the group is active [10].
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