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How to coordinate without prior agreement?

How to coordinate without explicit communication, negotiation or fixed protocol
behavior?
Required: representation of the mental state of other agents. E.g.:

® What's their goal?

e Which actions do they believe will lead to the goal (level of rationality).

® What do they believe about you and your contributions?
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Epistemic states: (Multipointed) S5 Kripke models
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Epistemic states: Multi-pointed epistemic models of multi-agent S5. Nodes are worlds, edges

are indistinguishability relations.
Designated worlds: O (those considered possible by planning agent).

Agent b: "Which letter does the middle block have?"



Dynamic epistemic logic (DEL) by example: Product update
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a1:open is an event model (representing an action). In these, nodes are events, and
each event has a precondition (epistemic formula) and postconditions for all atoms

(also epistemic formulas).



Planning based on DEL: Epistemic planning tasks

Definition. An (epistemic) planning task T = (sp, A, ¢z) consists of
® A multipointed Kripke model sp called the initial state.
e A finite set of multipointed event models A called actions.
® A goal formula ¢, of epistemic logic.

Definition. A (sequential) plan for a planning task T = (sp, A, ) is a sequence of
actions oy, o, ..., a, from A such that for all 1 < < n, «; is applicable in
So®a1 ®---®aj_1 and

HRVAI XWX a, F @g.
Defining ()¢ := (a) T A [a]ep, this can be reformulated as

so = (@1))(@2)) - - (an)) e

Definition. A plan i1:a1, ... ip:a, (using notation i:« for agent i performing action «)
is implicitly coordinated if it furthermore holds that :

so F Kiy(i1:01))Kiy (i2:02)) - - - Ki, (in:cvn)) g



But there’s a problem...
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The blue agent didn’t learn anything. Why not? Well, since the simple notion of
implicit coordination only assumes rationality in the future, not rationality in the past.
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Rationality via standard backward induction

©;: The lever is in position i (i =1,...,5
from left to right)

Ga(p): The goal of agent a is ¢.
Assumptions: Turn-based, b is altruistic.

n: (Objective) cost to goal.
+: Cost to goal is higher than height of
node (world).
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Adding goal uncertainty
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When forward induction becomes necessary
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Coordination via forward induction

How can an action carry more information than is encoded in its (observed)
consequences?

It only can if certain actions are expected and not others.

These expectations then need to be encoded: a Theory of Mind of the agent's
expected behavior (agent type).

Forward induction (game theory): Assume that the other agents’ past actions have
been rational.

Bad news: Standard forward induction solution concepts in (epistemic) game
theory [Battigalli, 1997] involve quantifying over all policies = exponential in size of
the game tree!

We (Victoria Nifiez Romero and me, in preparation) develop a simpler multipass
algorithm: slightly weaker solution concept, but exponential speedup.



Algorithm for simple forward induction
Algorithm (simplified):

1. Back up objective costs, c,.

2. Cut links between + and non-+ worlds.

3. Repeat:

3.1 Back up subjective costs, c;.
3.2 Prune.
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Algorithm (simplified):

1. Back up objective costs, c,.

2. Cut links between + and non-+ worlds.
3. Repeat:

3.1 Back up subjective

Note that without th

Solution from a state doesn't on

the problem WO

e initial option O go right,
uldn't be solvable.

Algorithm for simple forward induction

ly depend on the subtree of that state.
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Box off, box on: Our algorithm on the initial blocks world example
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Box off, box
, on: O i
ur algorithm on the initial blocks world
example
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Note that without the right branch,
the problem wouldn't have been solved.

The right branch provides crucial information
to be able to solve the left branch.
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Results on forward induction

Go(@)] T8 T71Ga(01 v @) TP 7| 6a(@s)

With the original approach to implicit coordination [Bolander et al., 2018], implicit
coordination didn't guarantee successful executions! With forward induction, they do:

Theorem (Bolander and Romero, in preparation)

Implicit coordination with forward induction guarantees succesful
coordination/executions. (Individual policies are coordinated: induced
(non-deterministic) joint policy is guaranteed to always terminate in a goal state.)

Theorem
Standard goal recognition by filtering is subsumed by forward induction.
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Where do the candidate goals come from to begin with?

Some options:

® Assume a set of candidate goals given as in standard goal recognition.

® Use observed behavior to create candidate goals. E.g. candidate goals via MLLMs.

Adding candidate goals can be done via DEL event models. For candidate goals

Ga = {g17 .
pre:
post:  Gi(g) =T

__h___

pre:

post:

Ga(gg) =T

,&n} of an actor agent a, a helper agent h can apply the event model:

pre:

post:  Gy(g,):=T
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From knowledge to beliefs—and proactivity

KD45 properties not preserved under product update. We can use plausibility
models [Baltag and Smets, 2008] instead.

Multi-agent planning planning on plausibility models:
[Pieper et al., 2025, Bolander and Grosinger, 2026]

Some definitions and results from [Bolander and Grosinger, 2026] (where E; is a new
expectation modality):

® Definition. Let U be an undesirability formula for an agent /i, and ai,...,a, an
applicable action sequence in a state s. A formula ¢ is a relevant announcement
(wrt. i, U, a1,...,apn, and s) if the following holds:
sE-U A a - san (UNESU) AN [N )81+ 5 a0 (U — EiU)
N—— —— ——
—U is falsely expected soft announce ¢ false expectation removed

® Theorem. Let U be a propositional undesirability formula for an agent i, and
ai,...,a, an applicable action sequence in a state s. Deciding whether relevant
announcements exist, and computing them when they do, can both be done in
time polynomial in [s® a1 ® - - - ® ap| + |U].
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