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Abstract

In this paper, we study decentralized supervisory con-
trol of discrete event systems where local disabling ac-
tions are fused by the OR rule. We generalize an on-
line procedure for synthesizing decentralized supervi-
sors proposed by Prosser.

1 Introduction

In this paper, we study on-line decentralized control
of discrete event systems (DESs) in the framework of
supervisory control proposed by Ramadge and Won-
ham [3]. Kozák and Wonham have proposed an on-line
decentralized supervisor, called the fully decentralized
supervisor [1]. Since the fully decentralized supervisor
is synthesized without using the past control actions, it
is somewhat restrictive. By taking account of the past
control actions, Prosser have proposed an on-line proce-
dure for synthesizing a decentralized supervisor where,
for each controllable event, local disabling actions are
fused by the OR, AND or majority rules [2]. In this
paper, we generalize the Prosser’s procedure when all
events are controlled under the OR rule.

2 Preliminaries

We consider a DES modeled by an automaton G =
(Q,Σ, δ, q0), where Q is the set of states, Σ is the finite
set of events, a partial function δ : Σ × Q → Q is
the transition function, and q0 ∈ Q is the initial state.
Let Σ∗ be the set of all finite strings of elements of
Σ, including the empty string ε. The function δ can
be generalized to δ : Σ∗ × Q → Q in the natural way.
The language generated by G is denoted by L(G). This
paper assumes that a control specification is given by
a (prefix-)closed sublanguage K ⊆ L(G).

The event set Σ is decomposed into two subsets Σc

and Σu of controllable and uncontrollable events, re-
spectively [3]. A (centralized) supervisor is defined by
a map γ : L(G)→ 2Σc . For each string s ∈ L(G), γ(s)
is the set of controllable events which are disabled by
the supervisor γ after s has occurred. The language
generated under the control actions of γ [3] is denoted
by L(G, γ). Without loss of generality, we assume that
a supervisor γ satisfies, for any s ∈ L(G),

γ(s) =




{σ ∈ Σc| sσ ∈ L(G) − L(G, γ)}
if s ∈ L(G, γ),

∅
otherwise.

Let K↑ be the supremal closed and controllable sublan-
guage of K. Throughout this paper, we assume that
K↑ 
= ∅. Let γ↑ : L(G) → 2Σc be the supervisor such
that L(G, γ) = K↑.

In this paper, we study decentralized supervisory con-
trol where n local supervisors jointly control the system
G. We assume that Σc is decomposed into n subsets Σic

(i ∈ I = {1, 2, · · · , n}), which are not necessarily pair-
wise disjoint. The set Σic consists of controllable events
for an ith local supervisor. Let Mi : Σ → Λi ∪ {ε} be
the local observation mask from the event set Σ to the
locally observable event set Λi. The mask Mi is gen-
eralized to Mi : Σ∗ → Λ∗

i in the natural way. Let
Σλi

i = {σ ∈ Σ| Mi(σ) = λi} for each λi ∈ Λi and
Σε

i = {σ ∈ Σ| Mi(σ) = ε}. An ith local supervisor
γi is formally defined by γi : Mi(L(G)) → 2Σic. Each
γi disables events in γi(Mi(s)) after a string s ∈ L(G)
has occurred. A set {γi}i∈I of n local supervisors is
called a decentralized supervisor. An event σ ∈ Σc is
disabled in the closed-loop system if at least one local
supervisor γi disables it. The language generated by
the closed-loop system [5] is denoted by L(G, {γi}i∈I).

We consider the problem to synthesize an on-line decen-
tralized supervisor {γi}i∈I such that L(G, {γi}i∈I) ⊆
K for the closed language specification K ⊆ L(G).



3 On-Line Decentralized Control

We assume that K↑ is regular, which implies that there
exists a finite automaton S = (X,Σ, ξ, x0) such that
L(S) = K↑. The transition function ξ is generalized to
ξ : 2Σ

∗ × 2X → 2X as follows:

ξ(L, X′) = {x ∈ X| ∃s ∈ L, x′ ∈ X′; ξ(s, x′) = x}.
Without loss of generality, we assume that S is a subau-
tomaton of G. Then, the supervisor γ↑ : L(G) → 2Σc

is equivalently defined as γ↑ : X → 2Σc with

γ↑(x) := γ↑(s),

where x = δ(s, x0). For any subset X′ ⊆ X, let
γ↑(X′) :=

⋃
x∈X′ γ↑(x).

Let {γi}i∈I be any decentralized supervisor. Each local
supervisor γi estimates the current state of S based on a
locally observable event string in Mi(L(G)) in order to
compute the control action. For all i ∈ I, let ξ̂γi (ε) :=
{x0} and
ξ̂γi (liλi) := ξ(Σλi

i −γi(li), ξ̂+
γi
(li)) (∀liλi ∈ Mi(L(G))),

where ξ̂+
γi
(li) = ξ([Σε

i − γi(li)]∗, ξ̂γi(li)). Each γi esti-
mates that the current state of S is in ξ̂γi(li) just after
it observes li ∈ Mi(L(G)).

Recall that an event is disabled in the closed-loop sys-
tem if at least one local supervisor disables it. So we
define a subset Σ̃ic ⊆ Σic for all i ∈ I such that⋃

i∈I

Σ̃ic = Σc

and
Σ̃ic ∩ Σ̃jc = ∅ (i 
= j).

Intuitively, Σ̃ic is the set of controllable events such
that the ith local supervisor has to control them. For
each i ∈ I, we define a map M̃i : Σ∗ → 2Σ

∗
as follows

[4]:

M̃i(s) =




{ε}
if s = ε,

{t′σ ∈ Σ∗| Mi(t′) = Mi(s′)}
if s = s′σ (σ ∈ Σ).

Theorem 1 Let Σ̃ic ⊆ Σ′
ic ⊆ Σic (∀i ∈ I). For each

li ∈ Mi(L(G, {γi}i∈I)) (∀i ∈ I), let Γli
i ⊆ Σ′

ic,

Γ̄li
i = Γ

li
i ∩ γ↑(ξ([Σε

i − Γli
i ]

∗, ξ̂γi(li))),

and

γi(li) = Σ′
ic ∩ γ↑(ξ([Σε

i − Γ̄li
i ]

∗, ξ̂γi(li))).

Then, Klow ⊆ L(G, {γi}i∈I) ⊆ K holds, where

Klow := K↑ −
{⋃

i∈I

M̃i((L(G)− K↑) ∩K↑Σ′
ic)

}
Σ∗.

See [6] for a proof of the theorem. Note that the
Prosser’s procedure [2] is a special case of Theorem
1 where Σ′

ic = Σic. By choosing the sets Σ̃ic, Σ′
ic and

Γli
i for each li ∈ Mi(L(G, {γi}i∈I)) (∀i ∈ I), we ob-
tain a decentralized supervisor {γi}i∈I . For each i ∈ I,
Σ′

ic is the set of controllable events such that γi con-
trols them. The condition Σ̃ic ⊆ Σ′

ic ensures that each
controllable event is controlled by at least one local su-
pervisor. The set Γli

i is a parameter introduced for a
technical reason.

Remark 1 The lower bound Klow, which does not ap-
pear in [2], is larger than the generated language under
fully decentralized supervision [1].

The decentralized supervisor given in Theorem 1 can be
computed on-line. Each local supervisor independently
computes the next control action when it observes a lo-
cally observable event. The computational complexity
of computing the next control action is O(|Σ||X |) [2].

4 Concluding Remarks

We have generalized the on-line procedure for synthe-
sizing decentralized supervisors proposed by Prosser
[2]. By using the generalized procedure, we can achieve
a sublanguage of a specification which is not achieved
by a class of decentralized supervisors synthesized by
the Prosser’s procedure [6].
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