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Abstract. Causality plays an important role in daily processes, human
reasoning, and artificial intelligence. There has however not been much
research on causality in multi-agent strategic settings. In this work, we
introduce a systematic way to build a multi-agent system model, rep-
resented as a concurrent game structure, for a given structural causal
model. In the obtained so-called causal concurrent game structure, tran-
sitions correspond to interventions on agent variables of the given causal
model. The Halpern and Pearl framework of causality is used to deter-
mine the effects of a certain value for an agent variable on other variables.
The causal concurrent game structure allows us to analyse and reason
about causal effects of agents’ strategic decisions. We formally investigate
the relation between causal concurrent game structures and the original
structural causal models.
This is an extended abstract of our paper Causes and Strategies in Mul-
tiagent Systems, published at AAMAS 2025 [13].
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1 Introduction

Causality plays an important role in Artificial Intelligence [15, 12]. A specific type
of causality, called ‘actual causality’, concerns causal relations between concrete
events (e.g. throwing a specific rock shatters a specific bottle) [12]. There are
multiple definitions of actual causality (see e.g. [12, 11, 9] and [6]), but most
approaches (like [9] and [6]) use Pearl’s [15] structural model framework. In this
structural model framework, the world is modelled through variables, which are
divided in exogenous and endogenous variables. The former are variables whose
values are determined by causes outside of the model and the latter are variables
whose values are determined by the variables inside the model (both exogenous
and endogenous). The functional dependencies between variables are formalised
through structural equations.
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While causal models can in principle depict multi-agent systems by making
a distinction between agent and environment events, they are less appropri-
ate for reasoning about the abilities and strategies of agents. Concurrent game
structures (CGS) have been proposed to reason about agent interactions and
strategies [2]. These structures are graphs where nodes correspond to states of
the world and edges, labelled with agents’ actions, correspond to state transi-
tions [4, 10]. In deterministic settings, an agent strategy specifies the actions to
take by the agent.

Let us introduce an example of a causal model. Consider a semi-autonomous
vehicle controlled jointly by a human driver and an automatic driving assistance
system. This driving assistance system is in turn supported by an obstacle detec-
tion system that signals to the driving assistant whether there is an obstacle in
front of the vehicle. Both the human driver and the driving assistant control the
forward movement of the vehicle, though the human driver can always take full
control. In a scenario where there is an obstacle in front of the car, the obstacle
causes the obstacle detection system to send a signal to the driving assistant. If
the human driver is in a distracted state, this signal causes the driving assistant
to avoid an accident. This scenario can be described as a causal system, but can
also be viewed as a multi-agent system where the obstacle detection system, the
driving assistant and the human driver are all seen as agents that make decisions
based on their state observations.

The fundamental relationship between structural causal models (SCMs) and
multi-agent system models manifests itself in modelling phenomena such as re-
sponsibility for realising a certain outcome by a group of agents. In the literature
of multi-agent systems, both structural causal models and CGS are used to define
the responsibility of a group of agents for an outcome [7, 16]. Agents in a struc-
tural causal model are seen as responsible for an outcome if they have caused it
[7]. On the other hand, in a CGS a coalition of agents is deemed responsible for
an outcome if they had a strategy to prevent it [16]. By establishing the relation-
ship between structural causal models and CGS, different modeling approaches
to multi-agent phenomena (e.g., responsibility) can be compared and unified.

2 Causal Concurrent Game Structure

In our paper Causes and Strategies in Multiagent Systems [13], we aimed to
establish a formal relationship between structural causal models and concurrent
game structures by constructing a CGS for a given structural causal model such
that a group of agents is an actual cause for an outcome in the causal model,
if and only if this group had a strategy in the constructed CGS to prevent the
outcome, provided the other agents act as prescribed by the causal model. The
CGS is built by distinguishing between agent and environment variables. We
consider the values of an agent variable as the possible actions of the agent
and interventions as the agents’ decisions, agents take their actions at a point
corresponding to their position in the structural causal model. The causal CGS
is defined in such a way that the leaf-states correspond to interventions on the
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original SCM. In [13], we work out an example for how this works for the semi-
autonomous vehicle example we discussed in the introduction.

3 Discussion

In [13], we have only looked at deterministic and recursive causal models to
define the causal CGS. However, causal relations are often probabilistic and
cyclic in many practical use cases. Modelling such cases requires probabilistic and
non-recursive causal models to, for example, capture the mutual dependencies
between agents. In order to deal with probabilities, we will have to either employ
probabilistic CGS, or use another type of model (e.g. Markov games). Moreover,
allowing cyclic dependencies would make the evaluation of the states difficult,
as the variable values would depend on each other. We think that this could
possibly be dealt with by adding a temporal component to the model, but this
needs more research.

Another direction of future work would be to use this framework to compare
different approaches to defining responsibility in multi-agent settings. Some ex-
isting works define responsibility based on causal relations between agents and
an outcome (like [1, 7, 8] and [5]), while other work is based on whether agents
had a strategy to avoid the outcome (like [3] and [16]). The definition of causal
CGS might help to combine both directions of research. Moreover, we can also
look at how our approach compares to rule-based approaches to causality. Since
Lorini’s [14] work shows a correspondence between his rule-based framework for
causal reasoning and the structural equations framework, it seems possible that
his framework can also be shown to have a connection to our causal CGS.

We believe that our framework will be beneficial for supporting causal infer-
ence in multi-agent systems, for example, for reasoning and attributing respon-
sibility for certain outcomes to groups of agents.

This research could be used in multi-agent systems with a clear causal struc-
ture. Examples of this are traffic control environments, like planes that cannot
land when another is departing, trains that cannot travel over the same track
at the same time, or traffic lights on a junction that cannot all turn to green
at the same time. Other applications could be in the analysis of multi-player
games, after all, players could cause other players to make a certain move, or
energy management systems, where supply and demand of electricity influence
each other. This research could help making decisions in these situations, or after
something has gone wrong, it can help with the attribution of responsibility.
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