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Abstract. S-IMITATOR supports model checking and synthesis of mem-
oryless imperfect information strategies for STCTL, interpreted over
networks of parametric timed automata with asynchronous execution.
While extending the verifier IMITATOR, S-IMITATOR is the first tool
for strategy synthesis in this setting. Our experimental results show a
substantial speedup over previous approaches.

1 Introduction

A multi-agent system models a computing system as the result of interactions
between rational agents acting independently or cooperatively to achieve a goal.
[21]. Studying multi-agent systems therefore means examining the strategic abil-
ities of a group of agents [I6/9]. In order to formally verify whether the executions
produced by their interactions behave as expected, strategic logics were intro-
duced, augmenting temporal logics with strategy operators [2I0T057]. They
express that a group of agents has a strategy to enforce a given temporal prop-
erty, regardless of the actions executed by the agents outside the group. Formal
verification using strategic logics addresses two main problems [§], given a model
of the system and a strategic formula, :

1. Model checking: determine whether the formula holds in the initial state
of the model.

2. Strategy synthesis: explicitly construct a strategy that ensures the tem-
poral property is satisfied.

A solution to the latter naturally yields a solution to the former.

Strategic Timed Computation Tree Logic (STCTL) [5] is a powerful logic
designed to describe the behaviour of systems whose executions are subject to
explicit time constraints. It offers a natural framework for capturing scenarios
in which the timing of actions is essential for meeting the specification. In this
paper, we focus on the synthesis of memoryless strategies for agents having
imperfect information about the system. This assumption is essential: in many
real-world scenarios, agents do not have full visibility of the global state, and
their decisions must rely solely on their observation of the system. Working
under imperfect information therefore captures a more realistic view of strategic
reasoning [7].



Application Domains. Strategy synthesis is particularly valuable in safety-
critical and time-sensitive multi-agent applications, such as industrial automa-
tion, avionics, and distributed control systems, where correctness and timely
execution are paramount [I7T920]. Attack-defence trees [I4] representing rele-
vant security scenarios can be easily translated to the multi-agent setting of our
tool [6], and studied in a new, strategic context of opposing coalitions [4JI3].
Socio-technical interactions, e.g. e-voting [I5] emerge as a use case.

2 Theoretical Background

In this section, we introduce the relevant theoretical background.

Multi-agent systems. A continuous-time asynchronous multi-agent system
(CAMAS) [5] models agents as components of a timed automata network. Clock
constraints are enforced in transition guards and state invariants [I]. Agents
interleave private actions independently, but must synchronise on shared ones.
Their product (or CAMAS model) captures the system’s global behaviour.

Strategic ability. Conditional plans defining choices to be made by agents are
called joint strategies, and classified by state information (perfect I vs. imperfect
i) and memory (perfect recall R vs. memoryless r) available to agents [18]. We
focus on ir-strategies, i.e. decisions based solely on the current local state.

Logic. Strategic Timed CTL (STCTL) [5] extends CTL by adding time con-
straints and strategic operators. It is defined by the syntax:

pu=ploeleAe | (A)y, vu=e |y [ YAY VYUY | IyUry | VyRry [ IvR1y
where p is an atomic proposition, A is a subset of agents, ((A)~ expresses that
coalition A has a strategy to enforce the property v, and intervals I C Rgy
denote time constraints on the evaluation of temporal operators. The remaining
CTL path quantifiers (V,3), temporal operators (U, R, with F 7, G derived),
and Boolean connectives (-, A) are standard (see [5] for their formal semantics).

3 Architecture, Technology, and usage for synthesis

The implementation of S-IMITATOR builds on the OCaml model checker IM-
ITATOR [3], which supports TCTL properties over networks of Parametric
Timed Automata with asynchronous execution. Parameters with unknown val-
ues can appear in transition guards and state invariants. Global states are tuples
of automata locations and constraints on parameters and clocks. In the strategic
setting, automata are viewed as autonomous agents with individual behaviours
that synchronise on shared actions. Transitions are labelled by actions chosen as
part of a strategy. For STCTL model checking and strategy synthesis, global
states include the current strategy. A successor is added only if its strategy
matches the source state’s strategy, or if none exists, updating the target state’s
strategy. The constructed state space only contains the executions consistent
with the strategy. The TCTL property inside the strategic operator is checked
on-the-fly, and the tool displays the valid strategies and associated parametersﬂ

This process might not terminate but the results obtained are sound.
4 Timing parameters synthesis is obtained here for free by extending IMITATOR.



4 Experimental Evaluation

We compare the efficiency of S-IMITATOR with the previous approach involving
IMITATOR [5], on a benchmark of the voting example [5], though we addition-
ally scale the size of the coalition. The formula ((V;))3F [o,g)voted; ; specifies that
voter V; has a strategy to vote for the first candidate within 8 time units. In
the experiments, we synthesise all strategies (by inputting the property with the
#synth keyword). The results in Table[l]exhibit huge gains (up to 35x) compared
to the initial approach of [5], where parameters were used to encode the strate-
gies within the model. The improvements stem from three structural effects:
(i) merging of equivalent execution prefixes, (ii) early pruning of incompatible
strategic branches, and (iii) termination upon detection of a suitable strategy.
These mechanisms substantially reduce the explored symbolic state space.

IMITATOR S-IMITATOR
—A—|v|c=1|c=2|c=3| c=4 |c=1|c=2|c=3|c=4
1 |1/0.01]/0.01]0.02| 0.03 {0.01{0.01{0.01{0.01
1 2]0.06]0.14|0.38] 0.70 |0.02{0.03|0.04(0.05
1 310.67|2.15(6.49| 16.5 |0.10(0.21|0.44|0.81
1 14/6.03]|26.4|78.0|timeout|0.76|2.74|7.95(21.3
1 1[5/454 timeout 9.51|90.8| timeout
2 12/0.09/0.25]0.62| 1.38 [0.02|0.03]0.04|0.05
2 13|0.92|3.55(10.0| 27.5 ]0.12|0.27]0.53|1.02
2  |4]10.4/53.9| timeout |1.01|3.75/12.0(34.0

2 15(98.1 timeout 15.5 timeout
3 |3|1.21}5.16 17,2\ 47.2 10.12(0.29(0.65(1.33
3  |4]14.4/67.3| timeout |1.18|4.72|16.4|53.7

3 |5 timeout 20.3 timeout

Table 1. Synthesising all strategies in the voting benchmark with v voters, ¢ candi-
dates, and agent coalition of size |A].

Additionally, two examples include extra features: the treasure hunters [I3] sup-
port both timing parameter synthesis and strategy computation, while a variant
of the conference scenario [I1] demonstrates a joint strategy for multiple agents.

5 Conclusions and Future Work

S-IMITATOR, provides an integrated environment for synthesis of memoryless
strategies with imperfect information, as a push-button procedure. The only
input needed from the user are the model and the property. Compared to other
approaches, it does not require additional expertise. This tool constitutes a major
step forward in strategy synthesis for real-time multi-agent systems.

An important direction for further extending S-IMITATOR is adding support
for other strategy semantics, e.g. counting [12], timed, or an intermediate “partial
view” between imperfect and perfect information, with strategic choices based
on the local states of a subset of agents (not necessarily from the coalition).
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