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Abstract: This paper studies the synthesis of maximally permissive data-driven supervisory
control for structure-unknown discrete-event systems with forcible events. Consider data as:
1) a subset of possible event sequences generated by the structure-unknown plant, and 2)
a subset of impossible behaviors of the system identified from pre-established knowledge.
With an event-forcing mechanism, forcible-controllability ensures the existence of model-based
forcing supervisory control. In our data-driven setting, forcible-informativity is a criterion
for determining the forcible-controllability of a specification using only data, while forcible-
informatizability assesses whether the data can identify the forcible-controllability of a smaller,
non-empty specification. In this work, we first show that whenever forcible-informatizability
is satisfied, there exists a unique non-empty supremal forcibly-informative sublanguage of
the specification for maximally permissive data-driven supervisory control. To compute this
supremal sublanguage and synthesize maximally permissive data-driven forcing supervisory
control, we introduce the notion of a non-forcibly informative state. Finally, we propose an
algorithm based on the model-based maximally permissive forcing supervisory control strategy
to synthesize the maximally permissive data-driven forcing supervisory control.
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1. INTRODUCTION

Data-driven methods (Wardi et al., 2018; Farooqui et al.,
2021; Cai, 2022) offer a promising alternative when
discrete-event system (DES) models are partially un-
known, where conventional model-based approaches (Cas-
sandras and Lafortune, 2021; Wonham and Cai, 2019)
fall short. Inspired by the concept of data informativity
(Van Waarde et al., 2020) for data-driven analysis of
continuous-time systems, the authors in (Ohtsuka et al.,
2023) extend this idea to DES. They introduce a data-
driven method to verify the controllability of a specifica-
tion for structure-unknown DES, given two data sets: 1)D,
a subset of possible behaviors of the plant; 2) D−, a subset
of impossible behaviors (either due to prior knowledge
or violation of physical principles). The concept of data
informativity is used to evaluate whether D and D− are
sufficient for verifying controllability.

However, the provided data may not always be informative
enough for the given specification. To address this, the
concept of data informatizability is introduced in (Ohtsuka
et al., 2026) as a key property of the data D and D−

for determining the controllability of a smaller, non-empty
specification. Yet, data informativity often imposes strin-
gent requirements on the quality of the data, especially
for systems with many uncontrollable events. If neither
informativity nor informatizability is satisfied, it becomes

impossible to design a valid data-driven supervisor with
conventional control actions, with only enabling and dis-
abling of controllable events.

The event-forcing mechanism has been well studied in
model-based supervisory control (Brandin and Wonham,
1994; Miura and Takai, 2018; Rashidinejad et al., 2023;
Wonham and Cai, 2019), where forcible events are intro-
duced to preempt time elapsing. That is, the supervisor
has the ability to enforce a forcible event ahead of an un-
controllable one that is otherwise enabled. In the untimed
setting, a recent work (Reniers and Cai, 2024) introduces
the concept of forcible-controllability, which characterizes
the existence of a valid supervisor to enforce an imposed
specification, extending the traditional controllability.

In (Gu et al., 2024, 2025), the conventional supervisor is
extended with event-forcing actions (in addition to en-
abling/disabling), exploring new properties of data sets
that allow the design of a valid data-driven supervisor.
This shift brings forcible-controllability to the data-driven
(structure-unknown) supervisory control setting, leading
to new properties and methods for data-driven control
using the event-forcing mechanism. In particular, a prop-
erty of forcible-informativity is introduced that provides
a criterion of data quality for determining the forcible-
controllability of the specification, thus enabling data-
driven forcing supervisory control. If forcible-informativity
fails, the notion of forcible-informatizability is introduced



to describe the ability to determine forcible-controllability
for some non-empty sublanguage of the specification.

If forcible-informatizability holds, there generally exist
multiple non-empty sublanguages of the specification that
are forcibly-controllable. This raises the following ques-
tion: Among all non-empty, forcibly-controllable sublan-
guages, is there a supremal one that imposes the least
restrictive conditions for data-driven forcing supervisory
control? If so, how can it be designed? In this paper,
we explore the maximally permissive (least restrictive)
data-driven forcing supervisory control to identify (if it
exists) the largest forcibly-informative sublanguage of the
specification. The contributions are twofold, as outlined
below.

• First, we prove the existence of a unique supremal
forcibly-informative sublanguage of the specification
and introduce non-forcibly informative states based on
a data-driven automaton for its computation.

• Second, we propose an algorithm for synthesizing the
maximally permissive data-driven supervisor by lever-
aging a model-based forcing supervisory control strat-
egy (Reniers and Cai, 2024), which is generally more
permissive than (Ohtsuka et al., 2026).

The structure of this paper is organized as follows. Sec-
tion 2 introduces the preliminaries. Section 3 reviews the
data-driven setting of DES, as well as the concepts of
forcible-informativity and forcible-informatizability. Sec-
tion 4 shows the existence of maximally permissive data-
driven supervisory control for DES with forcible events,
and introduces the concept of non-forcibly-informative
states. The main contribution, which involves synthesizing
the maximally permissive data-driven forcing supervisory
control, is presented in Section 5. Conclusions are drawn
in Section 7.

2. PRELIMINARIES

A finite-state automaton is a four-tuple G = (Q,Σ, δ, q0),
where Q is the finite state set, Σ is the finite event set,
δ : Q × Σ → Q is the partial state transition function,
and q0 ∈ Q is the initial state. A string s on Σ is a
finite sequence of events from Σ. Let ϵ be the empty
string and Σ∗ be the set of all strings on Σ along with
ϵ. Extend the transition function as δ : Q × Σ∗ → Q and
write δ(q, s)! to mean that s ∈ Σ∗ is defined at q ∈ Q.
L(G) = {s ∈ Σ∗ | δ(q0, s)!} is defined as the language
generated by G. For G = (Q,Σ, δ, q0), a subautomaton
G′ is defined as a four-tuple G′ = (Q′,Σ′, δ′, q′0), where
Q′ ⊆ Q,Σ′ ⊆ Σ, δ′ = δ|Q′×Σ′ , and q′0 ∈ Q′. Subautomaton
is denoted by G′ ⊑ G. Given two languages L1, L2 ⊆ Σ∗,
the language concatenation of L1 and L2, is denoted and
defined as L1 ·L2 = {s ∈ Σ∗ | s = s1 ·s2, s1 ∈ L1, s2 ∈ L2}.
String s′ is a prefix of string s, written s′ ∈ s, if there
exists s′′ ∈ Σ∗ such that s′s′′ = s. The prefix closure of
a language L is denoted and defined as L = {s ∈ Σ∗ |
(∃s′ ∈ Σ∗)ss′ ∈ L}. The length |s| of a string s ∈ Σ∗ is
defined according to |ϵ| = 0; |s| = k, if s = σ1 · · ·σk. Define
max len(L) = {|s| | s ∈ L ∧ [(∄s′ ∈ L)|s′| > |s|]} as the
maximal length of strings in L.

For control, the event set Σ of G is partitioned as Σ =
Σc∪̇Σu, where Σc and Σu are the sets of controllable and
uncontrollable events, respectively. A supervisor (i.e., a
control agent) can enable/disable only controllable events
in Σc. A supervisor V : L(G) → Γ, where Γ = {γ | Σu ⊆
γ ⊆ Σ}, disables controllable events outside V (s) at each s.
The closed-loop language L(V/G) ⊆ L(G) is defined in the

standard way (Wonham and Cai, 2019), which includes all
strings in L(G) that are not disabled under supervisory
control V . A control specification K ⊆ L(G) is a language
(normally non-empty) that we intend to impose on G
in order to achieve a specific control goal. Let G be a
plant and K ⊆ L(G) be a specification language. K is
controllable if KΣuc ∩ L(G) ⊆ K, i.e., (∀s ∈ Σ∗)(∀σ ∈
Σ)s ∈ K,σ ∈ Σu, sσ ∈ L(G) ⇒ sσ ∈ K. Controllability
(Wonham and Cai, 2019) relates to the existence of a
supervisory control enforcing the specification.

Given a set of forcible events Σfor ⊆ Σ, a forcible event
f ∈ Σfor, if it occurs at a state, preempts the occurrence
of all non-forcible events at that state. The concept of
forcible-controllability is introduced in (Reniers and Cai,
2024), which generalizes conventional controllability by
allowing using forcible events to preempt uncontrollable
ones.
Definition 1. Consider a plant G with Σ = Σc∪̇Σu and
Σfor ⊆ Σ. A control specification K ⊆ L(G) is forcibly-
controllable with respect to G if:

(∀s ∈ K, ∀σ ∈ Σu) sσ ∈ L(G) ⇒ [sσ ∈ K]∨
[((∃f ∈ Σfor)sf ∈ K) ∧ ((∀σ′ ∈ Σ \ Σfor)sσ

′ /∈ K)].

Controllability implies forcible-controllability but not vice
versa. Specifically, controllability involves only the abil-
ity to disable events, whereas forcible-controllability in-
cludes both disabling and forcing. In other words, forcible-
controllability allows potential violations of controllability
to be preempted by the use of appropriate forcible events.

(Reniers and Cai, 2024, Theorem 1) shows that the
forcible-controllability of K ensures the existence of a
supervisory control with event-forcing to enforce K. In
particular, if controllability is already satisfied, no event-
forcing is necessary. However, if controllability is violated,
certain forcible events are used to preempt events that vio-
late controllability. Further, the set of forcibly-controllable
sublanguages for the specification K is denoted as F(K) =
{K ′ ⊆ K | K ′ is forcibly-controllable with respect to G}.
Forcible-controllability is proved to be closed under union
and thus the set F(K) contains a unique supremal element
supF(K) =

⋃
K′∈F(K) K

′. If supF(K) ̸= ∅, there exists

a non-empty maximally permissive supervisor to enforce
supF(K), which can be synthesized as detailed in (Reniers
and Cai, 2024, Algorithm 1).

3. FORCIBLE-INFORMATIVITY AND
FORCIBLE-INFORMATIZABILITY

This section reviews two key concepts related to data-
driven supervisory control of DESs with forcible events:
forcible-informativity and forcible-informatizability (Gu
et al., 2024, 2025). First, the data-driven setting is pre-
sented in Assumption 1 (Gu et al., 2025).
Assumption 1. Consider a plant G = (Q,Σ, δ, q0) whose
state set Q, transition function δ, and initial state q0 are
unknown. We assume that the following are known: (i)
Event set Σ, the controllable event set Σc ⊆ Σ, and the
forcible event set Σfor ⊆ Σ; (ii) A specification (regular)
language E ⊆ Σ∗; (iii) A subset of G’s behavior is known,
which is denoted as a finite data set D ⊆ L(G); (iv)
Another (possibly infinite and regular) subset D− ⊆ Σ∗

is also known, consisting of strings that can never happen
in G, i.e., D− ⊆ Σ∗ \ L(G).

The data set D can be collected by logging or observing
the unknown plant, while D− can be derived in practical



scenarios from prior knowledge, such as sequences that
violate physical laws or specified requirements 1 . Both
data sets are assumed to be fixed. Note that from D ⊆
L(G) and D− ⊆ Σ∗\L(G), we have that D∩D− = ∅. The
data sets D,D− may correspond to multiple plant models
that can generate the behaviors in D and no behavior in
D−. A plant G is said to be consistent with the data pair
(D,D−) if D ⊆ L(G) and D− ∩ L(G) = ∅. Besides, the
specification with regard to the data is denoted as

DE = D ∩ E. (1)

By Assumption 1 (for finite D−), a key property called in-
formativity is introduced in (Ohtsuka et al., 2023): a finite
data pair (D,D−) is informative for a specification E if
DE in (1) is non-empty and controllable with respect to all
plants consistent with (D,D−). This enables data-driven
supervisory control for enforcing DE across all plants
consistent with (D,D−), including the true plant. How-
ever, ensuring informativity by only disabling/enabling
controllable events can place stringent requirements on the
quality of the data (Gu et al., 2025). To alleviate these data
requirements, the additional control mechanism, event-
forcing, is integrated, leading to the introduction of the
concept of forcible-informativity (Gu et al., 2024, 2025),
as defined below.
Definition 2. Consider Σ = Σc∪̇Σu with Σfor ⊆ Σ and a
specification E ⊆ Σ∗. Given D,D− ⊆ Σ∗, (D,D−) is said
to be forcibly-informative for E if the non-empty specifi-
cation DE is forcibly-controllable for all plants consistent
with (D,D−), i.e., there exists a supervisory control for
all data consistent plants to enforce DE.

More general than informativity in (Ohtsuka et al., 2023),
forcible-informativity indicates that a supervisory control
can be synthesized using an event-forcing mechanism to
enforce the non-empty specification DE for any plant
consistent with (D,D−), relying only on the available
data. A necessary and sufficient condition for verifying
forcible-informativity is provided in Proposition 1 (Gu
et al., 2024, 2025).
Proposition 1. Consider an event set Σ = Σc∪̇Σu with
Σfor ⊆ Σ and a specification E ⊆ Σ∗. Given D,D− ⊆ Σ∗

with DE = D∩E, the pair (D,D−) is forcibly-informative
for specification E if and only if the following holds:

(∀s ∈ DE ,∀σ ∈ Σu)[sσ ∈ DE ∪D−]∨
[((∃f ∈ Σfor)sf ∈ DE) ∧ ((∀σ′ ∈ Σ \ Σfor)sσ

′ /∈ DE)].

Proposition 1 suggests that forcible-informativity can be
verified by examining all strings in the specification DE
and all uncontrollable events in Σu.

To verify forcible-informativity algorithmically, the con-
cept of a data-driven automaton is introduced in (Gu
et al., 2025) (see Definition 3 below), which is based on
a finite-state automaton representing D− ⊆ Σ∗, denoted
as GD− = (Q−,Σ, δ−, q−0 ) (Gu et al., 2025). This is
always possible since, by Assumption 1, D− is a regular
language. Note that L(GD−) = D−. Meanwhile, we define
QD− = {δ−(q−0 , s) | s ∈ D−} ⊆ Q−, denoting all states
corresponding to strings in D−.
Definition 3. Consider an event set Σ, a specification
E ⊆ Σ∗, and data D,D− ⊆ Σ∗ with an automaton GD−

and set QD− representing D−. A data-driven automaton

1 This paper is based on the assumption that D and D− are given
and correct. A systematic study of the practical acquisition of D and
D− in real-world scenarios, and even partially incorrect (e.g., noisy
data) D and D−, will be explored in the future.

is defined as Ĝ(Σ, E,D,D−) = (Q̂,Σ, δ̂, q̂0), where Q̂ =
Q− ∪ {q̂s | s ∈ D} is the state set where q̂ϵ = q−0 ,

δ̂ = δ− ∪ {(q̂s, σ) → q̂sσ | (σ ∈ Σ) ∧ (s, sσ ∈ D)} is the
state transition function, and q̂0 = q−0 is the initial state.

A data-driven automaton is a finite-state automaton where
L(Ĝ(Σ, E,D,D−)) = D ∪D− with D− ⊆ L(Ĝ(Σ, E,D,

D−)) corresponding to the subset QD− ⊆ Q− ⊆ Q̂. The

set Q̂DE
= {q̂ ∈ Q̂ | (s ∈ DE) ∧ (q̂0, s) → q̂} is defined as

the subset of states in Q̂ that correspond to strings in DE .
Using the data-driven automaton, (Gu et al., 2025, Algo-
rithm 1) is introduced to verify forcible-informativity. The
construction of a data-driven automaton has a complexity
O(|D| ·max len(D) + |Q−|). If D− is finite, this simplifies
to O(|D ∪D−| ·max len(D ∪D−)).

Under the condition tha the data pair (D,D−) is forcibly-
informative for the specification E, by (Gu et al., 2025),
for any plant G consistent with (D,D−), a data-driven
supervisory control VD,for : D → 2Σ can be designed such

that L(VD,for/G) = DE , according to

VD,for(s) :=


Σu∪̇{t ∈ Σc | st ∈ DE},
if [s ∈ DE ] ∧ [(∀σ ∈ Σu) sσ ∈ DE ∪D−];
{f ∈ Σfor | sf ∈ DE},
if [s ∈ DE ] ∧ [(∃σ′ ∈ Σu) sσ

′ /∈ DE ∪D−];
Σ, if s ∈ D \DE .

When the data pair (D,D−) is not forcibly-informative
for the specification E (as defined in Definition 2), syn-
thesizing a data-driven supervisor to enforce the non-
empty specification DE becomes impossible. To explore
the possibility of enforcing a smaller non-empty specifica-
tion, the concept of forcible-informatizability is introduced
and defined below (Gu et al., 2025).
Definition 4. Consider Σ = Σc∪̇Σu with Σfor ⊆ Σ.
Given a pair (D,D−) and a specification language E ⊆ Σ∗

with DE = D ∩E, the pair (D,D−) is said to be forcibly-
informatizable for E if there exists a non-empty language
K ⊆ DE such that K is forcibly-controllable with respect
to every plant G consistent with (D,D−), i.e., there exists
a supervisory control for G to enforce K.

The concept of forcible-informatizability shows that even
if the data pair (D,D−) is not forcibly-informative for E,
a data-driven forcing supervisor can still be designed to
enforce a smaller non-empty sublanguage K ⊆ DE . A
necessary and sufficient condition for verifying forcible-
informatizability is proposed in (Gu et al., 2025, Theo-
rem 1), along with a data-driven automaton-based algo-
rithm for its implementation. Corollary 1 illustrates the re-
lationship between forcible-informatizability and forcible-
informativity with respect to the specification sublanguage
K ⊆ DE .

Corollary 1. A data pair (D,D−) is forcibly-informatizable
for a specification E if and only if there exists a non-
empty specification language K ⊆ DE such that (D,D−)
is forcibly-informative for K.
Example 1. Consider a robot exploring an unknown envi-
ronment and collecting data. Σ = {u1, u2, f1, f2, f3, f4, f5,
f6, f7, f8} denotes the set of events representing different
robot movements. The set Σu = {u1, u2} contains un-
controllable movements (e.g., motions caused by distur-
bances), while Σc = Σfor = {f1, f2, f3, f4, f5, f6, f7, f8}
represents controllable movements (e.g., intended actions)



Fig. 1. A data-driven automaton Ĝ(Σ, E,D,D−) with

states in Q̂DE
in blue and QD− in red.

that can also preempt non-forcible ones by being executed
faster. The specification E = {u1, f1u2, f1f2u1f3u1, f1f2f8,
f1f2u2f5f6f7} defines five target navigation routes of the
robot. Given an observed data log D = {u1, f1f2u2f5f6f7,
f1u2, f1f2u1u2, f1f2u1f3u1, f1f2f8, f1f2u2f5u2}, collected
via robot movement observations, and a set of impossible
behaviors D− = {f1u1, f1u2u1, f1u2u2, f1f2u1f3u2, f1f2f8u1,
f1f2f8u2, f1f2u1f3u1u2}, constructed based on prior knowl-
edge or robot operation documentation.

We verify the lack of forcible-informativity of (D,D−) for
E by Proposition 1. Consider a string u1 ∈ DE and an
uncontrollable event u1 ∈ Σu. Since u1u1 /∈ DE ∪D− and
there does not exist any forcible event f ∈ Σfor such that

u1f ∈ DE, we conclude that the data pair (D,D−) is not
forcibly-informative for E. Note that this can be verified
via (Gu et al., 2025, Algorithm 1) based on a data-driven

automaton Ĝ(Σ, E,D,D−) = (Q̂,Σ, δ̂, q̂0) in Fig. 1, with

state set Q̂DE
= {q̂0, . . . , q̂12} (color-coded in blue) and

QD− (not numbered for simplicity, color-coded in red).

Additionally, the forcible-informatizability of (D,D−) can
be verified using the data-driven automaton through (Gu
et al., 2025, Algorithm 2). For example, consider a non-
empty language K = {f1u2} ⊆ DE. Since (D,D−) can
be verified as forcibly-informative for K, it follows from
Corollary 1 that (D,D−) is forcibly-informatizable for E.

4. EXISTENCE OF MAXIMALLY PERMISSIVE
DATA-DRIVEN SUPERVISORY CONTROL WITH

FORCIBLE EVENTS

If forcible-informatizability holds, it is reasonable to iden-
tify a sublanguage K ⊆ DE such that (D,D−) is forcibly-
informative for K, while imposing minimal restrictions on
the structure-unknown plant. Specifically, the goal is to
determine a sublanguage of DE that maximizes behavioral
permissiveness when implementing data-driven forcing su-
pervisory control.

This section establishes the existence of an maximally
permissive data-driven forcing supervisory control in the
sense that minimal restriction is imposed on the unknown
plant. Using the data-driven automaton, a set of states
called non-forcibly-informative states is introduced, along
with an algorithm for their computation. These states cor-
respond to strings in the specificationDE that violate both
controllability and forcible-controllability, which are key to
the design of data-driven forcing supervisory control. First,
an illustrative example is provided below.

Example 2. Revisit the example in Example 1. The data
pair (D,D−) has been verified to be forcibly-informatizable
for the specification E. Consider another sublanguage
K ′ = {f1u2, f1f2f8} ⊆ DE. By Proposition 1, we can
verify that (D,D−) is also forcibly-informative for K ′.
Comparing K = {f1u2} and K ′ = {f1u2, f1f2f8}, it is
clear that K ′ imposes fewer restrictions on the specification
DE than K does. When enforcing K ′, strings f1f2, f1f2f8
will not be discarded during data-driven forcing supervisory
control.
Definition 5. For the given data (D,D−) and the spec-
ification E, we define a class of sublanguages Ifor(D,E) =

{K ⊆ DE | K ̸= ∅∧(D,D−) is forcibly-informative for K}.
From Definition 5, the set Ifor(D,E) contains a non-
empty element if (D,D−) is forcibly-informatizable (by
Corollary 1). Moreover, Ifor(D,E) is finite because the
data set D is finite, as stated in Assumption 1. Proposi-
tion 2 below shows Ifor(D,E) is closed under set unions.
Proposition 2. If K1,K2 ∈ Ifor(D,E), then K1 ∪K2 ∈
Ifor(D,E).

Proof. Consider a string s ∈ K1 ∪K2 and an uncontrol-
lable event σ ∈ Σu. Since (D,D−) is forcibly-informative
for K1 ∪K2, we prove that

[sσ ∈ K1 ∪K2 ∪D−]∨
[((∃f ∈ Σfor) sf ∈ K1 ∪K2)∧ (2)

((∀σ′ ∈ Σ \ Σfor)sσ
′ /∈ K1 ∪K2].

Since s ∈ K1 ∪K2 = K1 ∪ K2, either s ∈ K1 or s ∈ K2

holds. Assume that s ∈ K1 (analogously for s ∈ K2

hereinafter). Since (D,D−) is forcibly-informative for K1,
either sσ ∈ K1 ∪D− ⊆ K1 ∪K2 ∪D− = K1 ∪K2 ∪D−,
or

(∃f ∈ Σfor) sf ∈ K1 ⊆ K1 ∪K2 = K1 ∪K2 (3)

and

(∀σ′ ∈Σ \ Σfor)sσ
′ /∈ K1. (4)

Following (4), there are two sub-cases: either (i) (∀σ′′ ∈ Σ\
Σfor)sσ

′ /∈ K2, or (ii) (∃σ′′ ∈ Σ \Σfor) sσ
′′ ∈ K2. For the

former, we have sσ′ /∈ K1 ∪K2 = K1 ∪K2. For the latter,
since s ∈ K2, s ∈ K1 ∩ K2 holds. We analyze the latter
case in detail below.

Since (D,D−) is forcibly-informative for K2, for s ∈ K2

and any u ∈ Σu, either su ∈ K2 ∪ D− ⊆ K1 ∪ K2 ∪
D− = K1 ∪K2 ∪D−, or

(∃f ′ ∈ Σfor) sf
′ ∈ K2 ⊆ K1 ∪K2 = K1 ∪K2 (5)

and

(∀t ∈Σ \ Σfor)st /∈ K2. (6)

Note that (6) contradicts the previous subcase (ii). There-
fore, for subcase (ii), only su ∈ K1 ∪K2∪D− holds, which
satisfies (2) and concludes the proof.

By Proposition 2, for a data pair (D,D−) with a spec-
ification E, the set Ifor(D,E) has a unique supremal
element (if it is not empty), namely the supremal forcibly-
informative sublanguage of DE , denoted as:

K↑I :=
⋃

K∈Ifor(D,E)

K.



Furthermore, it follows that K↑I = DE if (D,D−) is
forcibly-informative. By Definition 2, K↑I is forcibly-
controllable with respect to any plant G consistent with
(D,D−). In other words, there exists a supervisory control
VK↑I for G such that L(VK↑I/G) = K↑I . This supervisory
control, VK↑I , is the maximally permissive data-driven
forcing supervisory control because it imposes the minimal
restrictions on any G consistent with (D,D−).

In the next section we will show how to synthesize the max-
imally permissive data-driven forcing supervisory VK↑I .
To achieve this, we introduce the concept of non-forcibly-
informative states with respect to a data-driven automa-
ton. This concept serves as the foundation for the synthesis
process.
Definition 6. Consider Σ = Σc∪̇Σu,Σfor ⊆ Σ, the
specification E ⊆ Σ∗, and a data pair (D,D−). For a data-

driven automaton Ĝ(Σ, E,D,D−) = (Q̂,Σ, δ̂, q̂0) with

Q̂DE
and QD− , the set of non-forcibly-informative states

is defined as Q̂nf = {q ∈ Q̂DE
| (∃σ ∈ Σu)[δ̂(q, σ) /∈ Q̂DE

∪
QD− ] ∧ [(∄f ∈ Σfor)δ̂(q, f) ∈ Q̂DE

]}.

According to Definition 6, Q̂nf ⊆ Q̂DE
holds. Addition-

ally, the strings in DE corresponding to the non-forcibly-
informative states in Q̂nf do not satisfy part of the cri-
teria for forcible-informativity outlined in Proposition 1.
Therefore, (D,D−) is not forcibly-informative if Q̂nf ̸= ∅
holds. In other words, Q̂nf = ∅ if the data pair (D,D−)
is forcibly-informative for the specification E. An example
illustrating this is provided below.
Example 3. Revisit the example in Example 1. The data-

driven automaton Ĝ(Σ, E,D,D−) = (Q̂,Σ, δ̂, q̂0), with the

state set Q̂DE
is illustrated in Fig. 1. Consider a state q̂1 ∈

Q̂DE
and an event u1 ∈ Σu. Since δ̂(q̂1, σ) /∈ Q̂DE

∪QD−

and there does not exist any forcible event f ∈ Σfor such

that δ̂(q̂1, f) ∈ Q̂DE
, we conclude that q̂1 ∈ Q̂nf . Similarly,

it can be determined that Q̂nf = {q̂1, q̂7, q̂11}. Additionally,
the data pair (D,D−) is not forcibly-informative for E

because Q̂nf ̸= ∅.

Algorithmically, the set Q̂nf can be obtained by using

the data-driven automaton Ĝ(Σ, E,D,D−) = (Q̂,Σ, δ̂, q̂0)

with Q̂DE
and QD− , directly following Definition 6. Specif-

ically, a state q ∈ Q̂DE
also belongs to Q̂nf if the following

holds (corresponding to the condition in Definition 6):

[(∃σu ∈ Σu)(δ̂(q, σu) /∈ Q̂DE
∪QD−) ∨ (¬δ̂(q, σu)!)]

∧ [(∄f ∈ Σfor)δ̂(q, f) ∈ Q̂DE
]

The computational complexity of the above acquisition
of Q̂nf primarily depends on the construction of the data-
driven automaton, as discussed earlier in Section 3. We
will demonstrate in the next section how non-forcibly-
informative states can be used to achieve maximally per-
missive data-driven forcing supervisory control.

5. SYNTHESIS OF MAXIMALLY PERMISSIVE
DATA-DRIVEN SUPERVISORY CONTROL WITH

FORCIBLE EVENTS

This section shows how to obtain the maximally permis-
sive data-driven forcing supervisor. Specifically, by com-
puting the non-forcibly-informative states and leveraging
the model-based supervisory control with event-forcing

(Reniers and Cai, 2024), an algorithm is proposed for
synthesizing a supervisor that enforces the unique supre-
mal forcibly-informative sublanguage of DE , i.e., K

↑I ∈
Ifor(D,E), for a given data pair (D,D−) with a spec-
ification E. Algorithm 1 below presents the process for
obtaining a supervisor VK↑I such that L(VK↑I ) = K↑I . A
detailed explanation of the steps is given below.

Initialization (lines 1 and 2): First, a data-driven au-

tomaton Ĝ(Σ, E,D,D−) is constructed and the non-

forcibly-informative state set Q̂nf is computed;

Introducing a virtual uncontrollable event (line 3):
A new virtual uncontrollable event, σ+

u , is introduced. The
set of uncontrollable events is then updated to Σ+

u = Σu ∪
{σ+

u }. The event set is expanded to Σ+ = Σ ∪ {σ+
u }

to prepare for updating the data-driven automaton. The

transition function is reinitialized as δ̂+ = δ̂, and the state
set is redefined as Q̂+ = Q̂. The reason that we bring in σ+

u
is, although our setting is data-driven and the plant struc-
ture is unknown, the subsequent synthesis leverages the
model-based event-forcing framework of (Reniers and Cai,
2024). The additional event σ+

u ensures that the model-
based results can be correctly applied. Further details are
provided in the proof of correctness of Algorithm 1, i.e.,
Theorem 1;

Updating the data-driven automaton (lines 4−10):

For any state q in Q̂DE
that is not non-forcibly infor-

mative, if at least one forcible event f ∈ Σfor is needed
to preempt the occurrence of an uncontrollable event σu
(because the informativity of (D,D−) fails due to σu),

Algorithm 1 Synthesis of the maximally permissive data-
driven forcing supervisor VK↑I

Require: Σ = Σc∪̇Σu,Σfor ⊆ Σ, the specification E ⊆
Σ∗, D ⊆ Σ∗ and D− ⊆ Σ∗

Ensure: The supervisor VK↑I where L(VK↑I ) = K↑I

1: Construct a data-driven automaton Ĝ(Σ, E,D,D−) =

(Q̂,Σ, δ̂, q̂0) with Q̂DE
⊆ Q̂ and QD− ⊆ Q̂

2: Compute the set of non-forcibly-informative states
Q̂nf based on Ĝ(Σ, E,D,D−)

3: Σ+ := Σ ∪ {σ+
u } with Σ+

u := Σu ∪ {σ+
u }; δ̂+ := δ̂;

Q̂+ := Q̂
4: for all q ∈ Q̂DE

\ Q̂nf do

5: if [(∃σu ∈ Σu)(δ̂(q, σu) /∈ Q̂DE
∪ QD−) ∨

(¬δ̂(q, σu)!)] ∧ [(∃f ∈ Σfor)δ̂(q, f) ∈ Q̂DE
] then

6: δ̂+ := δ̂+ ∪ {(q, σ+
u ) → q+}

7: Q̂+ := Q̂+ ∪ {q+}
8: end if
9: end for

10: Ĝ+ := (Q̂+,Σ+, δ̂+, q̂0)

11: Construct the subautomaton Ĝplant =

(Q̂′,Σ+, δ̂′, q̂0) ⊑ Ĝ+ where Q̂′ = Q̂DE
∪

{q+ ∈ Q̂+ | (∃q ∈ Q̂DE
,∃σ+

u ∈ Σ+
u )δ̂(q, σ

+
u ) = q+}

12: Construct the subautomaton Ĝspec =

(Q̂′′,Σ+, δ̂′′, q̂0) ⊑ Ĝplant where Q̂′′ = Q̂DE
\ Q̂nf

13: Compute the maximally permissive, forcibly-
controllable supervisor VK↑I by (Reniers and Cai,

2024, Algorithm 1) with Σ+
u ⊆ Σ+,Σfor ⊆ Σ, Ĝplant

as the plant, and Ĝspec as the specification
14: return VK↑I



an additional state q+ is added to the automaton. A
corresponding transition (q, σ+

u ) → q+ is also included.
Following this process, in line 10, an updated automaton,

denoted as Ĝ+ = (Q̂+,Σ+, δ̂+, q̂0), is constructed based
on the modified data-driven automaton The augmented
states q+ derived from q ∈ Q̂DE

serve as “flag states” that
assist in trimming potentially undesirable states q which
may be omitted by the subsequently adopted model-based
forcing supervisory control algorithm without q+, since the
structure of the true plant G is unknown;

Synthesis of the maximally permissive data-driven
forcing supervisor (lines 11−14): A plant model Ĝplant

(a subautomaton of Ĝ+) and a specification Ĝspec (also

a subautomaton of Ĝ+) are constructed. The maximally
permissive data-driven forcing supervisor, which is both
maximally permissive and forcibly-controllable, is then
synthesized using the model-based maximally permissive
forcing supervisory control approach presented in (Reniers
and Cai, 2024).

Note that the virtual uncontrollable event σ+
u is not part

of the event set Σ for the structure-unknown plant G
in our Assumption 1. However, by introducing σ+

u , we
will demonstrate that the task of obtaining an maximally
permissive data-driven forcing supervisor VK↑I where
L(VK↑I ) = K↑I can be reformulated as a model-based
maximally permissive forcing supervisory control problem
demonstrated in (Reniers and Cai, 2024). The correctness
of Algorithm 1 is established in Theorem 1, which is the
main result of our paper.
Theorem 1. For a data pair (D,D−) with a specification
E, the supervisor VK↑I returned by Algorithm 1 satisfies
L(VK↑I ) = K↑I .

We analyze the complexity of Algorithm 1. First, lines 1−2
depend on the construction of a data-driven automaton,
which has the complexity of O(|D| ·max len(D) + |Q−|).
If D− is finite, this simplifies to O(|D∪D−| ·max len(D∪
D−)). From lines 3−10, within the new automaton Ĝ+,

at most |Q̂+| = 2 · |Q̂| holds. The constructions of Ĝplant

and Ĝspec on lines 11 and 12 have the same complexity

of automaton Ĝ+. According to (Reniers and Cai, 2024,
Theorem 5), the supervisory control stage at line 13 has

a complexity of O((2 · |Q̂|)2|Σ|). In summary, Algorithm 1
has a complexity of O((|D| ·max len(D)+ |Q−|)2|Σ|+ |D| ·
max len(D) + |Q−|), which can be simplified to O(|D ∪
D−|2(max len(D∪D−)2|Σ|+ |D∪D−| ·max len(D∪D−))
if D− is finite. An example of synthesizing the maximally
permissive data-driven forcing supervisor is shown below.
Example 4. [Example 3 ext.] Consider the data-driven

automaton in Fig. 1 with Q̂nf = {q̂1, q̂7, q̂11} ⊆ Q̂DE
. We

will compute the maximally permissive data-driven forc-
ing supervisor VK↑I with L(VK↑I ) = K↑I based on Algo-
rithm 1. First, by line 3, the uncontrollable event set is up-
dated to Σ+

u = Σu∪{σ+
u } as well as the event set Σ+ = Σ∪

{σ+
u }. Then, at line 10, the automaton Ĝ+ is built in Fig. 2

based on the data-driven automaton Ĝ(Σ, E,D,D−), with

states q̂1, q̂7, q̂11 in Q̂nf ⊆ Q̂ (marked with a dashed bor-
der) and additional states q+0 , q

+
5 , q

+
8 , q

+
9 , q

+
10 (marked in

green) from states q̂0, q̂5, q̂8, q̂9, q̂10, respectively. The sub-

automata Ĝplant and Ĝspec are illustrated in Figs. 3 and
4. From (Reniers and Cai, 2024, Algorithm 1) with Σ+

u ⊆
Σ+,Σfor ⊆ Σ, Ĝplant as the plant, and Ĝspec as the spec-

ification, the maximally permissive, forcibly-controllable
supervisor VK↑I can be built, depicted in Fig. 5, where
L(VK↑I ) = K↑I = {ϵ, f1, f1u2, f1f2, f1f2f8}.
By checking informatizability via (Ohtsuka et al., 2026,
Algorithm 2), we find that (D,D−) is not informatizable
for E—that is, no non-empty sublanguage K ⊆ DE is
controllable wrt. all data-consistent plants. In contrast, our
framework yields a non-empty supervisor VK↑I by exploit-
ing the event-forcing mechanism, demonstrating that our
approach is generally more permissive than that of Ohtsuka
et al. (2026).

Based on the above results, the verification of forcible-
informatizability can be straightforwardly derived, as
stated in the following corollary.
Corollary 2. The pair (D,D−) is forcibly-informatizable
for E if and only if VK↑I ̸= ∅ returned by Algorithm 1.

Fig. 2. The automaton Ĝ+ = (Q̂+,Σ+, δ̂+, q̂0) with states

in Q̂DE
in blue, Q̂nf ⊆ Q̂DE

with dashed border, QD−

in red, and additional states (derived via the virtual
uncontrollable event σ+

u ) in green.

Fig. 3. The subautomaton Ĝplant ⊑ Ĝ+ with only states

in Q̂DE
and additional states (derived via the virtual

uncontrollable event σ+
u ).

Fig. 4. The subautomaton Ĝspec ⊑ Ĝplant, with only

states in Q̂DE
\ Q̂nf .



Fig. 5. The maximally permissive, forcibly-controllable
supervisor VK↑I where L(VK↑I ) = K↑I .

Corollary 2 provides a method for determining forcible-
informatizability for a given pair (D,D−) and specifica-
tion E, alternative to the approach in (Gu et al., 2025,
Algorithm 2). For example, based on the results in Exam-
ple 4, since the maximally permissive data-driven forcing
supervisor VK↑I ̸= ∅, the data pair (D,D−) is forcibly-
informatizable for E.

Proof [Proof of Theorem 1]

From Section 2 (results in (Reniers and Cai, 2024)), for

the plant Ĝplant and the language L(Ĝspec), the set of
forcibly-controllable sublanguages can be denoted as

F
(
L(Ĝspec)

)
=

{
F ⊆ L(Ĝspec)

∣∣∣ F is forcibly-controllable

with respect to Ĝplant

}
Further, since forcible-controllability is closed under union
(Reniers and Cai, 2024), the set F(L(Ĝspec)) contains a
unique supremal element

supF(L(Ĝspec)) =
⋃

F∈F(L(Ĝspec))

F.

Therefore, by line 13 in Algorithm 1, we have L(VK↑I ) =

supF(L(Ĝspec)). Since K↑I is the supremal element of
Ifor(D,E), to prove L(VK↑I ) = K↑I , it suffices to prove:

F(L(Ĝspec)) = Ifor(D,E).

(⊆) We first prove F(L(Ĝspec)) ⊆ Ifor(D,E). Con-

sider a language F ∈ F(L(Ĝspec)). Thus, we have F ⊆
L(Ĝspec) ⊆ L(Ĝplant). By Definition 1, the following
holds:

(∀s ∈ F ,∀σ ∈ Σ+
u ) sσ ∈ L(Ĝplant) ⇒ [sσ ∈ F ]∨

[((∃f ∈ Σfor)sf ∈ F ) ∧ ((∀σ′ ∈ Σ+ \ Σfor)sσ
′ /∈ F )].

(7)

From line 12, we have Ĝspec = (Q̂′′,Σ+, δ̂′′, q̂0) ⊑ Ĝplant

where Q̂′′ = Q̂DE
\ Q̂nf . Thus, F ⊆ DE \Lnf holds, where

Lnf = {t ∈ DE | (∃σu ∈ Σu)[tσu /∈ DE ∪D−]∧
[(∄f ′ ∈ Σfor)tf

′ ∈ DE ]},
comprises of strings corresponding to states in the non-
forcibly-informative state set Q̂nf . To prove F ∈ Ifor(D,E),
we need to prove that the data pair (F,D−) is forcibly-
informative for E.

Consider a string s ∈ F and an uncontrollable event
σ ∈ Σ+

u . First, assume that sσ ∈ L(Ĝplant). By (7), the
following can be derived:

[sσ ∈ F ]∨
[((∃f ∈ Σfor)sf ∈F ) ∧ ((∀σ′ ∈ Σ+ \ Σfor)sσ

′ /∈ F )]. (8)

Then, consider sσ /∈ L(Ĝplant). There are three scenarios:

(i) sσ ∈ D \DE ; (ii) ¬δ̂+(qs, σ)! in Ĝ+; (iii) sσ ∈ D−.

For scenario (i), since D ⊆ Σ∗, it follows that σ ∈ Σu.
Moreover, as sσ /∈ F and sσ /∈ D−, informativity fails.
According to Algorithm 1 (lines 5−7), there exists σ+

u ∈
Σ+

u such that a corresponding state q+s will be added in Ĝ+

with the transition (qs, σ
+
u ) → q+s . Then, by Algorithm 1

(line 11), state q+s ∈ Q̂′ also appears in Ĝplant, implying

that sσ+
u ∈ L(Ĝplant); hence (8) follows.

Scenario (ii) is analogous to (i), since it also leads to
sσ /∈ F and sσ /∈ D−. For scenario (iii), sσ ∈ D−

holds directly. Finally, by combining all three scenarios,
we obtain

[sσ ∈ F ∪D−] ∨ [((∃f ∈ Σfor)sf ∈ F )∧
((∀σ′ ∈ Σ+ \ Σfor)sσ

′ /∈ F )].

Given that Σ+ = Σ ∪ {σ+
u } and sσ+

u /∈ F ⊆ L(Ĝspec), we
deduce

[sσ ∈ F ∪D−] ∨ [((∃f ∈ Σfor)sf ∈ F )∧
((∀σ′ ∈ Σ \ Σfor)sσ

′ /∈ F )],

indicating the forcible-informativity of (F,D−) for E.

(⊇) We prove that F(L(Ĝspec)) ⊇ Ifor(D,E). Consider

a sublanguage K ∈ Ifor(D,E) with K ⊆ DE . We then

prove that K ∈ F(L(Ĝspec)) where F(L(Ĝspec)) = {F ⊆
L(Ĝspec) | F is forcibly-controllable with respect to

Ĝplant}. First, since Ĝplant = (Q̂′,Σ+, δ̂′, q̂0) where Q̂′ =

Q̂DE
∪ {q+ ∈ Q̂+ | (∃q ∈ Q̂DE

,∃σ+
u ∈ Σ+

u )δ̂(q, σ
+
u ) = q+},

D′ ⊆ L(Ĝplant) holds.

Consider a string s ∈ K. Since (K,D−) is forcibly-
informative for K, s ∈ DE \ Lnf , where

Lnf = {t ∈ DE | (∃σu ∈ Σu)[tσu /∈ DE ∪D−]∧
[(∄f ′ ∈ Σfor)tf

′ ∈ DE ]}.
This implies K ⊆ L(Ĝspec). Also, by Proposition 1, for
any σ ∈ Σu, the following holds:

[sσ ∈ K ∪D−] ∨ [((∃f ∈ Σfor)sf ∈ K)∧
((∀σ′ ∈ Σ \ Σfor)sσ

′ /∈ K)].

Suppose sσ ∈ L(Ĝplant), then either sσ ∈ K holds or
there exists f ∈ Σfor such that

[sf ∈ K] ∧ [(∀σ′ ∈ Σ \ Σfor)sσ
′ /∈ K)].

For the uncontrollable event σ+
u ∈ Σ+

u , under the condition

that sσ+
u ∈ L(Ĝplant), the following can be indicated

based on lines 4−9 in Algorithm 1:

(∃f ′ ∈ Σfor)sf
′ ∈ DE .

Since (K,D−) is forcibly-informative forK and sσ+
u /∈ K∪

D−, we conclude

[sf ′ ∈ K] ∧ [(∀σ′ ∈ Σ \ Σfor)sσ
′ /∈ K)].

In summary, K ⊆ L(Ĝspec) is forcibly-controllable with

respect to Ĝplant, which concludes the proof.

6. DISCUSSION

We clarify a structural property of the proposed frame-
work in this paper. Since D is finite, the synthesized



supervisor VK↑I enforces a finite sublanguage K↑I ⊆ DE .
This corresponds to specification termination rather than
state deadlock. That is to say, by construction, at every
non-terminal s ∈ K↑I , forcible-informativity of (D,D−)
guarantees an admissible continuation (Proposition 1),
and the termination at the boundary of K↑I realizes the
specification’s finite scope. The finite-horizon nature is
a consequence of Assumption 1, which enables decidable
verification of forcible-informativity and a supervisor that
is maximally permissive wrt. the information contained in
D. Extending beyond D requires either additional prior
knowledge on the true plant G and/or further data, mo-
tivating future work on dynamic data-driven supervisory
control, where D is updated dynamically and K↑I may
also update accordingly.

7. CONCLUSION

In this paper, we explored maximally permissive data-
driven supervisory control for DESs using the event-
forcing mechanism. Building on the concepts of forcible-
informativity and forcible-informatizability, we investi-
gated maximally permissive data-driven forcing supervi-
sory control to enforce a smaller specification with min-
imal restrictions on permissiveness. The concept of non-
forcibly-informative states was introduced, along with an
algorithm for its computation. Based on this, we proposed
an algorithm to derive the maximally permissive data-
driven forcing supervisor by leveraging a model-based forc-
ing supervisory control strategy. Future work includes in-
vestigating data-driven supervisory control of DESs under
partial observation, with and without forcible events.
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