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ABSTRACT
We present PSTV, a new, probabilistic branch of our tool suite STV
(STrategic Verifier). PSTV supports formal verification of strategic
ability in multi-systems with imperfect information and probabilis-
tic behavior. All of that is available through a web interface, with
no need to install or configure the software by the user.
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1 INTRODUCTION
Model checking of multi-agent systems allows for formal verifi-
cation of their relevant properties. An important group of such
properties concerns the ability of agents to achieve (or prevent)
a given state of affairs [2, 7, 16, 23, 24], especially in the realistic
case of systems with partial observability [5, 19, 25], and stochastic
environments of action [4, 9, 15]. For example, one can address
the ability of a voter 𝑣 to ensure with at least 95% probability that
her vote is eventually registered correctly for candidate 𝑗 (proba-
bilistic voter-verifiability), or to guarantee that a coercer 𝑐 does not
learn the vote value with probability exceeding 0.5 (probabilistic
vote privacy). These requirements can be specified in probabilis-
tic alternating-time temporal logic PATL. The former can be ex-
pressed by the formula ⟨⟨𝑣⟩⟩≥0.95 (F votev,j). The latter is captured
by ⟨⟨𝑣⟩⟩≤0.5 (F learnsc). Here, we propose a new extension of our
experimental tool STV [20, 21], enabling the verification of such
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PATL specifications for asynchronous multi-agent systems with
imperfect information and imperfect recall.
Related work. Model checkers for agent logics has been an ac-
tive research area since late 1990s [1, 6, 12, 20, 22]. Among those,
tools for stochastic MAS are much scarcer, and include Storm [14],
PRISM [13] (both for probabilistic temporal properties), and PRISM
Games [8] (for probabilistic strategic properties in perfect infor-
mation games). To our best knowledge, no existing tool supports
model checking for PATL with imperfect information. Our new
proposal, PSTV, fills the gap. As the first step, we focus on the least
complex case of memoryless deterministic strategies with imperfect
information (which is ∆P

2-complete [3], as opposed to probabilistic
and perfect recall strategies, which make the verification respec-
tively PSPACE-hard [4] and undecidable [15]).
Application domain. PSTV provides a user-friendly environment
for formal verification of MAS [11]. It enables the analysis of critical
requirements like functionality, anonymity, and privacy through a
graphical interface and a flexible modeling language. The tool also
serves a strong pedagogical purpose, offering an intuitive introduc-
tion to probabilistic strategic reasoning and model checking.

2 FORMAL BACKGROUND

Modules. The main part of the input is given by a set of asyn-
chronous modules [18, 21], where local states are labelled with
valuations of state variables. Transitions are transformations of
local states, possibly shared with other modules. The global model
of the MAS is defined by the asynchronous product of its modules.
Strategies. A strategy is a conditional plan that specifies what
the agent(s) are going to do in every possible situation [2, 25].
Here, we consider the case of imperfect information memoryless
strategies, represented by functions from the agent’s local states to
its available actions. The outcome of a strategy from state 𝑞 consists
of all possible probability spaces over infinite paths starting from 𝑞

and consistent with the strategy.
Logic.Given amodel𝑀 and state𝑞, theATL formula ⟨⟨𝐴⟩⟩𝜑 holds in
𝑀,𝑞 iff there is a strategy 𝑠𝐴 for𝐴 that makes 𝜑 true on all the paths
starting from any state indistinguishable from 𝑞 and consistent with
𝑠𝐴 [2, 25]. Moreover, the PATL formula ⟨⟨𝐴⟩⟩≥𝛼𝜑 holds in 𝑀,𝑞 iff
there is a strategy for 𝐴 such that, for every indistinguishable state
and probability space in the resulting outcome, the probability of
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Figure 1: Simple voting model with 1 voter and 2 candidates.
𝜑 is at least 𝛼 , and analogously for ⟨⟨𝐴⟩⟩≤𝛼 [4]. We also consider
the uncertainty operators 𝐻 ≤𝛼

𝑎 (𝜑, . . . , 𝜑𝑘 ) stating that 𝑎’s Shannon
entropy about the values of 𝜑, . . . , 𝜑𝑘 is at most 𝛼 [26].
Example scenario. As a working example, we use a modified
version of Asynchronous Simple Voting [17]. The ASV model con-
sisting of 1 voter and a single coercer is shown in Figure 1. There
are several propositional variables in the model: vote𝑖, 𝑗 : whether
the voter 𝑖 has voted for the candidate 𝑗 ; pun𝑖 : whether the voter 𝑖
was punished or not; finish𝑖 : whether the voter 𝑖 has finished the
voting process. The voter first casts her vote. With probability 0.3
she casts her vote for the first candidate, and with probability 0.7
for the second candidate. Then she decides whether to share its
value with the coercer. Finally, she waits for the coercer’s decision
to punish her or to refrain from punishment. This decision is also
probabilistic: with probability 0.3 the coercer punishes the voter,
and with probability 0.7 he does not punish her. The coercer has
two available actions per voter: to punish (or not) the voter.

3 TECHNOLOGY AND USAGE
PSTV does explicit-state model checking. That is, the global states
and transitions of the model are represented explicitly in the mem-
ory of the verification process. The user can load and parse the
input specification from a text file that defines the modules, i.e.,
local automata representing the agents. The generated models and
the verification results are visualised in an intuitive web-based
graphical interface.

The tool is available at stv.cs-htiew.com. Example specifications
can be found at stv-docs.cs-htiew.com. The video demonstration of
the tool is available at jmp.sh/share/9s8RrRQuxaXKViesRlQr. PSTV
allows to: generate and display the product of a set of modules;
verify anATL or PATL formula with non-nested strategic operators,
possibly augmented with knowledge and/or uncertainty; display
the verification result including the relevant truth values.

#V States model
gen. time

𝜙1 (ATL) 𝜙1𝑝 (PATL)
v. time v. result v. time v. result

1 15 <0.01 <0.01 FALSE 0.01 TRUE
2 133 <0.01 0.02 FALSE 0.05 TRUE
3 1071 0.05 0.32 FALSE 1.20 TRUE
4 8461 0.82 4.90 FALSE 84.12 TRUE
5 66855 3.12 81.52 FALSE 527.63 TRUE
6 - timeout - - - -
Table 1: Results for Simple Voting with 2 candidates

#V States model
gen. time

𝜙2 (ATLH) 𝜙2𝑝 (PATLH)
v. time v. result v. time v. result

1 887 0.05 0.04 FALSE 0.16 TRUE
2 39028 1.58 1.05 FALSE 192.35 TRUE
3 1717232 102.75 80.49 FALSE timeout -

Table 2: Results for vVote
4 EXPERIMENTAL EVALUATION
We evaluate the performance of the new operators on two bench-
marks: ASV (see Section 2), and the much more sophisticated family
of models for the voting protocol vVote [10] with added probabilistic
components for preference-based voting model, optional verifica-
tion compliance and WBB retrieval errors. All times are given in
seconds with timeout set to 3ℎ. The test platform was a server with
ninety-six 2.40 GHz Intel Xeon Platinum 8260 CPUs, 991 GB RAM,
and 64-bit Linux.
ASV. We used the following formulas of ATL (𝜙1) and PATL (𝜙1𝑝 ):

𝜙1 ≡ ⟨⟨𝑣1⟩⟩G(finish1 → (vote1,2 ∧ npun1))
𝜙1𝑝 ≡ ⟨⟨𝑣1⟩⟩≥0.4G(finish1 → (vote1,2 ∧ npun1))

Formula 𝜙1 says that voter v1 can ensure that if she finishes the
vote, then she has voted for candidate 2 and was not punished.
Formula 𝜙1𝑝 expresses that voter v1 can ensure the same with at
least 40% probability. The experimental results are shown in Table 1.
vVote. For vVote, we used the following formulas of ATL (𝜙2) and
PATL (𝜙2𝑝 ) augmented with Shannon uncertainty operator 𝐻 :

𝜙2 ≡ ⟨⟨𝑣1⟩⟩G(endv1 ∧ voted1v1 =⇒
𝐻 ≤1
𝑣1 (wbb_voted1v1,wbb_voted2v1,wbb_voted3v1))

𝜙2𝑝 ≡ ⟨⟨𝑣1⟩⟩≥0.9G(endv1 ∧ voted1v1 =⇒
𝐻 ≤1
𝑣1 (wbb_voted1v1,wbb_voted2v1,wbb_voted3v1))

Formula 𝜙2 says that voter v1 can ensure that, if she completes the
voting and votes for candidate 1, then her uncertainty about how
her vote has been recorded (as per the announcement on the Web
Bulletin Board) is never more than 1 bit. Formula 𝜙2𝑝 captures that
voter v1 can ensure the same with at least 90% probability. The
experimental results are shown in Table 2.

Notice that probabilistic requirements take more time to ver-
ify, but they are more likely to be satisfied than “all-or-nothing”
properties that can only be expressed in ATL.

5 CONCLUSIONS
We presentPSTV, a substantial extension of the STVmodel checker
for the verification of PATL with imperfect information. While veri-
fying probabilistic strategic properties incurs higher computational
cost than non-probabilistic strategic model checking, PSTV makes
it feasible, which is a significant step forward for practical verifica-
tion of multi-agent scenarios.
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