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Abstract

This paper proposes an input/output interpretation of super-
vision of discrete event systems. New concepts must be in-
troduced in order to describe the behavior of the closed-loop
system of plant and supervisor subject to communication de-
lays. This paper further characterizes the class of supervisors
allowed under delays for the general case and for additional
assumptions on the plant language.

1. Introduction

Discrete Event Processes (DEP) model a large variety of
practical systems, e.g. manufacturing systems and com-
puter networks. The behavior of these systems is naturally
described by records (called t¢races) of certain qualitative
changes (events) in the system.

Ramadge and Wonham [1] introduced a language-theoretical
approach on control of DEP by considering the possible
traces that can be executed by a system to be strings on
an alphabet of symbols representing the events. The set of
all such strings is called a language, and represents the pos-
sible behavior of the system. We denote the alphabet of
symbols by X. The symbol ©* stands for the set of all fi-
nite sequences (or strings) over ¥. For a language L C ¥*,
L denotes the set of prefixes of strings in L. We say a lan-
guage L is prefiz-closed if L = L. The string proj[X'](s) is
obtained by removing from s all symbols not in the alphabet
%', The expression proj[X](L) denotes the obvious exten-
sion to languages. Tts converse, for a given alphabet &/ C
and a language L' C (Z')* is proj [, ¥'|(L') = sup{ L C
T* | proj[E](L) = L'}. The notation “sup” indicates the
supremum with respect to set inclusion.

1.1. Process Model and Process Composition

A process is a triple P = (3, Lp, Mp) composed of two
languages Lp and Mp of finite strings over ¥; Lp is prefix-
closed and represents all partial traces of P while Mp C Lp,
is a set of distinguished traces, the marked language. Of-
ten Mp marks the set of successfully completed traces. An
important operator on processes is the synchronous compo-
sition. The synchronous composition Pi||P2 of two processes
P1 = (El, Lpl, A”[Pl) and P2 = (22, Lpz, A’fpz) is defined
by Pi||P> = (X, Lp,|p,, Mp,p,) where ¥ =%1 UX> and

Proj_l[Ea E1](L1)ﬂproj_1[2, E2]([’2)
proj ' [B, T1](M1) Nproj T[T, T2)(Ma).

In a synchronous composition, the processes must always ex-
ecute simultaneously a common event (in YN Eg), while the
other events can happen independently in each process. The
synchronous composition is commutative and associative.

Lp, || P2 =
PP =

1.2. Supervisory Control Theory

The basic problem of supervisory control introduced by Ra-
madge and Wonham consists in modifying the open-loop be-
havior of a plant by eliminating traces from the plant be-
havior. For a plant process P = (X, Lp, Mp), this is
achieved by full synchronization of P with another process
S = (%, Ls, Ms) called supervisor. In the synthesis pro-
cedure, we are free to choose the supervisor while the plant
process is given and cannot be altered. The composition of
P with S is then P||S = (X, L%, M7). L% is called the
closed-loop language, M7 the marked closed-loop language
and P||S the supervised plant process.

In this paper we assume an input/output nature of the plant
and the supervisor. The alphabet ¥ of the process plant P
is divided into two disjoint sets: ¥ g, the commands and X p,
the responses. The plant receives commands as inputs and
produces responses as outputs. Symmetrically, the supervi-
sor accepts responses as inputs and produces commands as
outputs. The synchronous composition of P and S can be
regarded as the closed-loop connection of two input/output
processes (see figure 1). The supervisor reads at the input
the responses produced by the plant, whereas the plant reads
at the input the commands produced by the supervisor.

SUPERVISOR

PLANT

Figure 1: Symmetric feedback loop of plant and supervisor

An important assumption is that the plant can arbitrarily
force the communication of responses (the events in Xp) to-
ward the input of the supervisor, and that the supervisor will
always be able to accept these responses. This is expressed
by the condition

PIIS = P|[(S, Ls.S5, Ms) (1)

that a supervisor has to satisfy for a particular plant P. We
say, the supervisor is complete for the plant.

The input/output nature of the connection of plant and su-
pervisor leads to the similar assumption that the plant cannot
prevent the occurrence of commands produced by the super-
visor and that any command from the supervisor must be
accepted by the plant. A supervisor satisfies this additional
assumption if the condition

(S, Lp.B%, Mp)|S = P||S (2)
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holds. Equation (2) can be seen as a dual to equation (1); the
plant is then said to be complete for the supervisor. The com-
position of a supervisor and a plant satisfying equations (1)
and (2) is called well-posed [2].

In addition, the class of supervisors is further restricted to
those also guaranteeing termination of a marked string. For
this, Ramadge and Wonham [3] introduced the concept of
non-blockingness. A process P is non-blocking if

Lp = M_p (3)

We are now ready to present the input/output supervisory
synthesis problem [2, 4].

Input/Output Supervisory Synthesis Problem:
Given a plant P and a specification language Lspec C X3 for
the closed-loop behavior, find a supervisor S such that

1. @ Cproj[Lp](Mp) C Lepec,
2. The connection of P and S is well-posed
3. S||P is non-blocking.

The reader could object that a more general specification
would be Mp C Lépec for some L;pec C X*. However, we
believe it is not a relevant restriction in an input/output se-
mantics. In fact, commands represent the request of some
desired change, and we impose no constraints on simple re-
quests. In order to model e.g. the limited availability of some
resource, additional responses can be embedded in the lan-
guage of the plant at modeling time. Moreover, the restric-
tion to this class of specifications will be of importance later
in dealing with communication delays.

Controllability: In order to characterize the supervi-
sors solving the input/output supervisory synthesis problem,
we use the concept of controllability introduced by Ramadge
and Wonham [1]. A language K C X* is called [Lp, Zp]-
controllable if the inclusion K.ZpN Lp - K holds. The class
C(L) of [Lp, X p]-controllable sublanguages of a language L
is closed under language union; therefore there exists a supre-
mal element of C(L), denoted by sup C(L). In [2] it is shown
that the input/output supervisory synthesis problem has a
solution if and only if for the language

Ms = sup C(Mp Nproj [T, Tp](Lspec))

proj[X¥p](Ms) is non-empty. If the problem has a solution,
the particular supervisor Ssup = (X, Ls, Ms) with Ls = Ms
is a solution. Moreover, it is the least restrictive supervisor
in the sense that it does not prevent any trace that is allowed
by any other supervisor solving the problem.

We note that technically speaking, the input/output super-
visory synthesis problem stated above without the complete-
ness condition on the plant corresponds to the supervisory
control problem introduced by Ramadge and Wonham [1].
The condition for existence of a solution is the same. More-
over, as shown in [4], any supervisor S solving the supervi-
sory control problem of Ramadge and Wonham and satisfy-
ing Ls € Mp (and therefore the additional condition (2))
is also a solution to the input/output supervisory synthesis
problem. Finally, if S solves the supervisory control problem
but Ls € Mp, the supervisor S’ = S||P is a solution to the
input/output supervisory synthesis problem.

2. Supervisor-Plant Connection with Delays

Until now we have assumed that an event message sent by
the plant instantaneously reaches the supervisor and vice-
versa. In general, however, the connection between the plant
and the supervisor is affected by delays. A message sent by
a process needs some time to reach the other process.

Xs

‘ l‘—’ SUPERVISOR —‘| ‘

E‘— PLANT <—/
P

Figure 2: Closed-loop connection of processes P and S with
communication delays.

In our model we introduce communication delays by consid-
ering the two processes as being connected by two commu-
nication channels, one from the output of the plant P to
the input of the supervisor S and one from the output of
the supervisor S to the input of the plant P (see figure 2).
The messages put by the process into the respective channel
appear at the exit with some delay. However, the relative or-
der of the transmitted messages is unaffected: they exit the
channel in the same order as they were put in. The channels
can therefore be seen as FIFO buffers with a given buffering
length.

2.1. Processes with Prefix-Closed Languages

We first restrict our attention to processes whose marked
languages are prefix-closed, and therefore to processes of the
form P = (X, Lp, Lp), respectively S = (X, Ls, Ls). We
also assume that the channels have infinite buffering length:
an infinite number of messages can be put into a channel
without any exit at the channel output.

In order to characterize the behavior of the two processes
in the closed-loop, we must first choose a suitable behavior
representation. One possibility is register all the messages
that go into and come from the communication channels. A
command ogs put into the channel connecting the supervisor
to the plant will eventually be registered exiting at the other
end of the channel. A set of sequences of the form

enter _enter _exit _enter _exit

1 - 0y . 01 . O3 e
therefore uniquely determines the behavior of the closed-loop
system. This set of sequences can be seen as the language of a
new process of the form X = (" UX™*"| Lx, Lx), where
all the events (X" and £, the set of event messages ex-
iting resp. entering the channels) represent only outputs (no
external input can be given to this new process). It would be
thus possible to formally introduce a “delayed composition”
of two processes S and P resulting in a new process X. We
abstain from that however, and we restrict our attention to
a simpler description.

The description we choose uses the view of two observers
registering locally the inputs and outputs of the plant and
of the supervisor respectively. This choice is suggested by
the fact that the supervisor has to influence the behavior of
the plant only with the knowledge of the events that it has
processed so far, and that it has to infer from that knowledge
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the possible behavior of the plant. We note that in opposition
to the case of delay-free communication, the behavior of the
plant and the behavior of the supervisor are not identical.
Then, we will have to define two local closed-loop languages,
L% for the plant and L% for the supervisor.

A key concept that we will use to describe the behavior of
the supervisor and of the plant in the closed-loop subject to
communication delays is the delay of a language.

Definition 1 (Delay of a Language)

The delay of a language I C T* with respect to the subal-
phabet &' C T, denoted by delay[Z'](L), is defined as the
smallest superlanguage of L such that for all s, t € ©* and
o' €X' and 0 € T\ the following conditions are satisfied

1. L Cdelay[Z')(L)
2. s.0'.0.t € delay[X']|(L) = s.0.0'.t € delay[Z')(L)

For an interpretation of the delay of a language, we con-
sider an observer sending inputs in £\X' to a process and at
the same time observing the responses ¥’ coming through a
channel at the output of the process (see figure 3).

o\% bl
PROCESS

—_— —

Figure 3: Process with communication channel at output.

We assume that if an input given to the process can not
be accepted, it is not registered, and no further input will
be possible. Clearly, the responses will be observed at the
channel exit with some delay due to the transmission in the
channel. The effect is to shift to the right the position of the
elements from ¥’ in the strings contained in the language of
the process.

Moreover, the delay operator allows us to characterize the
strings that the processes P and S in the closed-loop con-
nection subject to communication delays have processed at
a given time. Let us consider a particular instant: the plant
P has processed string sp, and the supervisor S has pro-
cessed string ss. Then, sp and ss must satisfy the following
relation.

ss € Lsndelay[¥$p](sp.E%)

—_— (4)
sp € Lpndelay[Zs](ss.X%).

The terms ©% and L% take into account the event messages
that are present at that particular instant in the channels.

2.2. Closed-Loop Languages
We define the closed-loop languages L% and L§ as the set of
all elements sp resp. ss of pairs (sp, ss) satisfying (4).

We are now interested in generalizing our concept of well-
posedness presented previously to include communication de-
lays. A connection of processes P and S with communication
delays is well-posed if the connection of the corresponding
processes P’ and S’ shown in figure 4 is well-posed.

The following theorem from [5] gives conditions on the open-
loop languages of the plant and the supervisor for the con-
nection to be well-posed.

Yp Ys

Figure 4: Equivalence of well-posedness of process connec-
tions with and without communication delays

Theorem 1: A composition of processes P and S subject to
communication delays is well-posed if and only if

Ls 2 Ls.Xpndelay[Sp](Lp.X5) (5)
Lp D Lp.Xsndelay[Zs](Ls.XZh). (6)

We remark that the condition on well-posedness given by
equations (5) and (6) is similar to the conditions (1) and (2)
characterizing well-posedness for a delay-free composition. In
fact, equations (1) and (2) can be reformulated as

LsDLs.XpnNLlp and Lp D Lp.YsNLs.

The closed-loop languages are given as the result of the two
implicit equations (4). The next theorem provides an explicit
expression for L% and L§.

Theorem 2: The closed-loop languages resulting from the
well-posed composition of two processes P and S subject to
communication delays are given by

Ly = Lpndelay[¥s](Ls) (M)
L% = Lsndelay[Sp](Lp). (8)

In the sequel we will only consider supervisors such that the
connection with the given plant is well-posed. Then, we are
interested in knowing if the union of the languages of two
such supervisors is the language of a supervisor that has a
well-posed connection with the given plant. This property
for supervisors would be very useful, as it allows to define an
optimal, i.e. a “largest” supervisor.

Proposition 1: The class of languages Ls of supervisors
S=(%, Ls, Ls) such that the delayed composition of S with
a plant P=(X, Lp, Lp) is well-posed ts closed under union.

The proposition implies directly that the class W[Lp,Xs](L)
of sublanguages of L for supervisors guaranteeing well-
posedness of the connection with a plant having language
Lp is also closed under union of languages. Therefore, there
exists a supremal element of W[Lp, Xs](L), which we denote
by supW [Lp,2s](L).

We are now ready to state the unmarked supervisor synthesis
problem with delays.

Unmarked Sup. Synthesis Problem with Delays:
Given a plant P = (X, Lp, Lp) and a prefiz-closed speci-

fication language Liyec = Liyec C X% for the plant behavior
in the closed-loop subject to communication delays. Find a
supervisor S = (X, Lg, Ls) such that
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1. Ls CLp
2. @ Cproj[Zp)(Lp) C Lipec,
8. the connection of S and P is well-posed.

Note that we have no condition for non-blockingness as the
languages of both plant and supervisor are prefix-closed.
Also note that we have the new constraint Ls C Lp. This as-
sumption is justified by the wish to have with the supervisor
the best possible image of the behavior of the plant.

While it is difficult to give conditions on the language of a su-
pervisor that enforces a global specification, this is very easy
if the specification is local, as stated in the next proposition.

Proposition 2: Consider a language Lipec € 5, a plant
P = (X, Lp, Lp) and a supervisor S = (X, Ls, Ls)
such that the connection of P and S is well-posed. If
pro[Sr)(Ls) C Lupec then proj[Se)(15) C Lapec.

Let us suppose that we have already a supervisor S =
(2, Ls, Ls) and that its connection with the plant P is
well-posed, but that a given local specification Lspec on the
closed-loop language of the plant L% is not satisfied.

From the previous proposition we know that a supervisor S’,
further restricting the possible commands in ¥ g sent to P un-
til proj[Xp](L%s) C Lspec holds, guarantees the enforcement
of the specification Lipec on the plant. As we restrict only the
commands, the language L% is [Ls, X s]-controllable. Then
we hope that this new supervisor S’ has also a well-posed
composition with P. The next proposition shows this.

Proposition 3: Consider P = (X, Lp, Lp) and S =
(X, Ls, Ls) such that their composition is well-posed. The
composition of P with a supervisor S' = (I, L, L) with
L's C Ls C Lp is well-posed if and only if the language L'
is [Ls, Xs]-controllable.

This proposition allows us to state the condition for existence
of a solution of the unmarked supervisor synthesis problem
with delays.

Theorem 3: The unmarked supervisor synthesis problem
with delays has a solution if and only if for the language

Ls = sup C(supW [Lr, Bs](Lp) Nproj ' [T, Tp)(Lipec))-

we have () C proj[Ep](Ls). If a solution exists, the super-
visor with language Ls is a solution.

We note, however, that the computation of the language
supW[Lp,Zs](Lp) is not easy, as the conditions for well-
posedness are expressed in terms of non-regular languages
also for a plant with regular language. We are therefore inter-
ested in special cases of plants for which the computation of
a supervisor can be performed using known algorithms. For
this we introduce the concept of self-well-posed languages.

2.3. Plants with Self-Well-Posed Languages

An important class of plants is that of plants of the form
P = (%, Lp, Lp) for which the composition with a super-
visor with the same language Lp is well-posed. We can see

this in figure 5 (note the slight abuse of notation: both the
supervisor and the plant are denoted by the symbol by P,
although the output sets are different). The languages of
plants in this class are called self-well-posed.

s
il

.

H :
_— P
Xp

Figure 5: The language of a plant having well-posed compo-
sition with a supervisor having the plant’s language is self-
well-posed.

Definition 2 (Self-Well-Posed Language)
A prefiz-closed language L is self-well-posed with respect to
the partition ¥ = L pUXs if the following inclusions hold:

L D

D L.X%Ndelay[Ss)(L.E%) (9)
L 2

L.X% ndelay[Zp](L.25). (10)

Suppose the language Lp of plant P = (X, Lp, Lp) is self-
well-posed. We have the following corollary to theorem 3.

Corollary 1: The unmarked supervisor synthesis problem
with delays for a plant with self-well-posed language Lp has
a solution if and only if for the language

Ls=supC(Lp Nproj ' [S, Sp](Llsee))-

we have ) C proj[Ep](Ls). If a solution exists, the super-
visor with language Ls is a solution.

The condition for the existence of a solution to the unmarked
supervisor synthesis problem with delays is therefore the
same as for the input/output supervisor synthesis problem
(where all languages are prefix-closed). We note that the
class of self-well-posed languages is not closed under union.
In order to see this, consider 0 € S\Xp, o' € Tp, [1 = {0}
L> ={0'}. Both L1 and L- are self-well-posed, but L1 U L»
is not, as the conditions stated in the definition of a self-well-
posed language require {o.0'} € L1 U Lo.

Closedness under union, however, is true for the particu-
lar class of sublanguages of a language L which are also

[Lp, Ys]-controllable.

Proposition 4: The class SC[Lp, Ys](L) of self-well-posed
and [Lp, Xs]-controllable sublanguages of L is closed un-
der language union. There exists a supremal element of this

class, denoted by sup SC[Lp, Xs](L)

Suppose that the plant has not a self-well-posed language.
While theorem 3 provided a necessary and sufficient condi-
tion for the existence of a solution of the unmarked super-
visor synthesis problem with delays, the above proposition
suggests an alternative sufficient characterization of the so-
lution. Compute sup SC[Lp, Ls](Lp) and use this as the
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language of a new fictitious plant. Then compute the su-
pervisor for the new plant. The [Lp, Y.g]-controllability of
the above language guarantees that the closed-loop behav-
ior is identical for the connection of the supervisor with both
the new and the original plant. Another method is the direct
computation of the supervisor for the original plant using the
class of self-well-posed and [Lp, Yg]-controllable languages.
We state the two solution methods in the next theorem.

Theorem 4: The unmarked supervisor synthesis problem
with delays has a solution if for the language

Ls = supC(supSC[Lp, Ts](Lp) Nproj '[Z, Tp](Llpec))
= supSC[Lp, Ts](Lp Nproj [, Tp](Lipec))

we have O C proj[Xp](Ls). If a solution is proven to exist,
the supervisor with language Ls is a solution.

Note that the language Ls described above does not yield in
general the “largest” supervisor as the inclusion

Ls CsupC(supW [Lp,Es](Lp) Nproji ' [Z, p)(Llpec))-

is strict in general. Moreover, if proj[Xp](Ls) is empty, a
solution to the synthesis problem may still exist.

2.4. Memoryless Languages

We have now characterized the solution to the unmarked
supervisor synthesis problem with delays by means of self-
well-posed languages. The general computation of self-well-
posed (and controllable) sublanguages of a given language is
almost as difficult as the computation of the optimal solution
given by theorem 3. However, if the language of the plant
satisfies a property called memorylessness, the computation
of the optimal solution can be efficiently performed using the
concept of self-well-posed languages.

Definition 3 (Memoryless Language)

A prefiz-closed language L is memoryless with respect to the
partition ¥ = YpUTg if for every s, s' € L such that s €
delay[Zp]({s'}) and an arbitrary string t € ©*

steLlestel (11)

N.B.: The definition is symmetric, i.e. the definition is
equivalent to the one using s € delay[Xs]({s'}) instead of
s € delay[Zp]({s'}).

Memorylessness implies that the permutation of commands
and responses does not affect the future evolution of the sys-
tem. This property is satisfied for most real-world systems,
as responses are in general the reaction to commands pre-
viously given. For a memoryless language we can state the
next proposition.

Proposition 5: A prefiz-closed memoryless language L is
self-well-posed if and only if fors € L, tp € ¥p andts € 1%

)

stp€ L, sits € L = (12
s.delay[Es]({ts.tp}) = s.delay[Zp]({tr.ts}) C L

From proposition 4 we know that if the language Lp is
memoryless we can find sup SC(Lp,Xs)(Lp) by finding the

largest sublanguage L of Lp satisfying L%.Xp N Lp C
> and equation (12). Therefore, the computation of

supSC(Lp,Xs)(Lp) can be performed with an algorithm of

polynomial complexity for a memoryless language Lp.

A very important property of a memoryless language Lp is
the fact that the language supW (Lp,Es)(Lp) is also self-
well-posed, i.e. the language supW (Lp, Xs)(Lp) is also the
supremal self-well-posed and [Lp,Xs]-controllable sublan-
guage of Lp. We state this in the next theorem.

Theorem 5: Given a memoryless language Lp,

supW (Lp,Zs)(Lp) =sup SC(Lp,Xs)(Lp).

With help of this theorem, we can state the condition for
existence of a solution of the unmarked supervisor synthesis
problem when the plant has a memoryless language.

Theorem 6: The unmarked supervisor synthesis problem
with delays for a plant P with memoryless language Lp has
a solution if and only if for the language

Ls = supC(sup SC[Lp, Ts](Lr)Nproj '[E, Tp](Lipec))

we have ) C proj[Ep](Ls). If a solution exists, the super-
visor with language Ls is a solution.

3. Processes with Marked Languages

We have previously defined the concept of non-blockingness
of a process. We now have to generalize this definition to
include non-blockingness of a process in a composition with
delays, where the process considered corresponds to the lo-
cal view that an observer has when looking at the plant
or at the supervisor only. A process is non-blocking in a
well-posed composition of two processes if any string in its
closed-loop language can always be completed to a string in
its marked language. We first note that the future evolu-
tion of a closed-loop language does not only depend on the
string processed so far by the process considered but also
by the string in the other process. Consider the example of

1 — ! "
two processes with languages Lp = {crp.as.as, op.0s.0%

and Ls = {op.0s.0%, os.0p.c’} where op € Zp and
0s, 05, 0« € Us. Then, after the string sp = op.0s and for
the pair (ap.crs, crp.as) we will have o' as continuation of
spin LS. However, if the the current pairis (6p.05, 65.0p),
the continuation of sp in L% will be 0%. For a process con-
nection with communication delays, the post-language of a
closed-loop language must be expressed with the help of the
current strings in both processes. We denote this by

Ls/(sp, 8s) and Ls/(sp, ss)

for the closed-loop languages of P and S respectively. We
are now ready to formally express non-blockingness in the
next definition.

Definition 4 (Non-blocking Process with Delay)

The composition of processes P = (X, Lp, Mp) and
S = (%, Ls, Mg) subject to communication delays is non-
blocking for S if every string in LS can be completed to a
string in Mg, i.e. if for all strings sp and ss of pairs (sp, ss)
satisfying equations (4)

55.(L%/(SP, SS))ﬂMs ;ﬁ @
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In particular, we can state the following proposition.

Proposition 6: A necessary condition for non-blockingness
of process S in a delayed composition is that

IcnMs = IS (13)

To show that equation (13) it is not sufficient, take os, o% €
Ys, 0p, 0 € Xp and Ms = Mp = {05.0p.0%, 0p.0s.0p}.
It is easy to show that condition (13) is satisfied as L =
IS = Ms = Mp. The pair (6s.0p, op.0g) satisfies re-
lation (4) but LS/(os.op, op.0s) = (@, in contrast with
the definition if non-blockingness. Notice that the condition
stated in the proposition, in the case without delays, was
necessary and sufficient for non-blockingness for the process
S. In order to see this, consider the delay operator to have no
effect. Then equation (13) becomes LsNLp = Ms N Lp. For
a plant P with prefix-closed marked language Mp = Mp =
Lp, the equation is also equivalent to Lpys = Mp) s, which
is the condition guaranteeing that a marking (in S, as P has
prefix-closed marked language) can always be reached from
any string in the closed-loop language.

Theorem 7: Consider the well-posed composition of pro-
cesses S = (X, Ms, Ms) and P = (X, Mp, Mp), with
Ms C Ms where Mp is a self-well-posed and memoryless
language. The process S is non-blocking in the closed-loop if

and only if equation (13) is satisfied.

We now present the marked supervisor synthesis problem
with delays.

Supervisor Synthesis Problem with Delays:
Given a plant P = (X, Mp, Mp) and a specification lan-
guage L;pec C Y% for the closed-loop behavior, find a super-
visor S = (3, E, Ms) with Ms C Mp such that

1. @ Cproj[Zp)(Lp) C Lipec,
2. The connection with delays of P and S is well-posed,
8. The closed-loop is non-blocking for S,

4. A marking in S will eventually be a marking in P and
in the specification proj ~*[3, Tp](Llpec)-

spec

For the characterization of the solution we need to extend of
the concept of memorylessness to marked languages.

Definition 5 (Memoryless Marked Language)

A marked language L is memoryless with respect to the par-
tition © = YpUTg if L is memoryless, and if for every
s, s' € T with s € delay[Zp]({s'})

steLes'tel (14)

Suppose that the language Mp of the supervisor is memo-
ryless, and moreover that s € Mp implies s.Xp N Mp = @
(this condition states that if a marking is reached, no addi-
tional response can occur without a next command). Then
we can state the condition for existence of a solution in the
next theorem.

Theorem 8: Consider a plant with memoryless language
Mp satisfying

seEMp = sXpnNMp=(Q (15)

The supervisor synthesis problem with delays has a solution
if and only if for the language
Ms = sup C(sup SC[Lp, Ts](Mp) Nproj ' [Z, p](Lipec))

spec

proj[Sp](Ms) is non-empty. S = (T, Ms, Ms) is the least
restrictive solution.

Here, the class sup SC[Lp, Ls](Mp) is trivially extended to
marked languages. It is therefore possible, given the assump-
tions of memorylessness and the additional assumption (15)
on plant languages, to compute with a polynomial algorithm
the solution of the supervisor synthesis problem with delays.

4. Conclusion

In this paper, an input/output perspective on supervisory
control has been presented. The plant generates responses
in reaction to commands and, symmetrically, the supervisor
accepts the responses of the plant as inputs and produces
commands for the plant. The notion of well-posedness of a
connection has been presented. The effect of communication
delays on the composition of a plant and a supervisor has
been addressed. The languages of supervisors that guaran-
tee well-posedness of the composition subject to delays have
been characterized and conditions for non-blockingness ex-
tended to connections with communication delays have been
presented. The restriction of plants to have memoryless lan-
guages allows to compute in polynomial time a supervisor
solving a supervisory synthesis problem with communication
delays. Future research consists in analyzing how strong is
the assumption of memorylessness for languages of real sys-
tems, and possibly in looking for alternative classes of lan-
guages relaxing this assumption.
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