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Abstract:
Conventional supervisory control synthesis techniques are not adequate anymore when a network
between the plant and the supervisor introduces communication delays. This paper presents a method
to synthesize a networked supervisor handling delays in both observation and control channels. To deal
with the problem of delayed observations, we propose an automaton modeling the behaviour of the plant
observed by a supervisor through a network, called observed plant. In this automaton, events observed
by a supervisor are delayed from those occurring in the plant. Moreover, since observation channels
are considered not to have the first in first out (FIFO) characteristic, events may not be necessarily
observed in the same order as they occurred within the plant. A safe, observable, controllable and
nonblocking supervisor is synthesized for the observed plant by means of an adapted synthesis algorithm
for timed discrete-event systems (TDES). By enabling the achieved supervisor to predict the effects of
control delays, it will be further transformed to a networked supervisor. The networked supervisor makes
decisions ahead of time to ensure that the commands will be applied on the right (plant) state.

Keywords: Discrete-event systems, safety, synthesis, networked supervisor, nonblockingness.

1. INTRODUCTION

A discrete-event system (DES) is a discrete-state, event-driven
system which means that state transitions depend entirely on
the current states and the occurrences of instantaneous events in
the system. Queueing, traffic, manufacturing systems, and com-
munication networks are some examples of DESs described in
(Cassandras and Lafortune, 2009).

Supervisory control theory is the main control approach devel-
oped for DESs (Ramadge and Wonham, 1987). In order to only
achieve desired behaviour, a supervisor determines which of the
next possible events in the plant must be disabled by observing
events executed in the plant. Supervisory control theory syn-
thesizes supremal nonblocking supervisors that ensure safety,
controllability, and nonblockingness for the plant and do not
unnecessarily restrict the behaviour of the plant (Cassandras
and Lafortune, 2009).

In conventional supervisory control theory as firstly presented
in (Ramadge and Wonham, 1987), a plant and its supervisor
are assumed to interact synchronously. In other words, the con-
trolled behaviour is obtained through the synchronous product
of the plant and its supervisor.

Furthermore, controlling systems over a network, generally re-
ferred to as networked control, provides many advantages. For
instance, the complexity and cost of a system can be effectively
� This research has received funding from the European Unions Horizon 2020
Framework Programme for Research and Innovation under grant agreement no
674875.

reduced by eliminating unnecessary wiring. Moreover, data can
be shared more effectively, and nodes can be easily added to or
removed from the system. However, occurrence of unavoidable
delays in networked communication channels makes networked
control of systems more challenging (Gupta and Chow, 2010).

Although the impact of communication delays has been widely
investigated for networked control of systems with time-driven
dynamics (Antsaklis and Baillieul, 2007; Gupta and Chow,
2010; Heemels et al., 2010), there is less effort for control of
DESs communicating with the supervisor via a network.

Supervisory control of DESs with asynchronous interactions
due to the presence of a network has been studied in recent
years. Based on the place where the network is present or
whether the supervisor is localized or not, there are three dif-
ferent categories of networked supervisory control systems ap-
peared in the literature. As illustrated in Figure 1, there is a
network between the plant and its supervisor in the centralized
approach investigated in (Balemi, 1992; Park and Cho, 2006;
Lin, 2014; Shu and Lin, 2015). In decentralized networked
supervisory control, there is a network between the plant and
the localized supervisors, while no communication is consid-
ered between the supervisors (Park and Cho, 2007; Liu and
Lin, 2013; Shu and Lin, 2014). In the distributed approach, a
network is present between the localized supervisors (Tripakis,
2004; Zgorzelski and Lunze, 2016; Zhang et al., 2016).

Moreover, no matter where the network is present, there have
been two main approaches to deal with the effects of commu-
nication delays in supervisory control of DESs. In the first ap-
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Fig. 1. Different categories of networked supervisory control
presented in the literature.

proach, the robustness of a delay-free supervisor under commu-
nication delays is achieved by imposing restrictive assumptions
either on the plant or on the specifications (Balemi, 1992; Park
and Cho, 2006; Liu and Lin, 2013). For instance, Balemi inves-
tigated robustness of conventional supervisors under commu-
nication delays with the restriction to plants with memoryless
languages (Balemi, 1992). More recently, (Park and Cho, 2006)
worked on the same idea by restricting the system behaviour in
terms of the occurrence of uncontrollable events within a delay
bound both for observation and control channels.

In the second methodology, communication delays are incor-
porated in the plant, and a supervisor is synthesized such
that it tolerates communication delays. Due to different ef-
fects, communication delays in observation and control chan-
nels are investigated separately where new observability and
controllability conditions are defined that need to be satisfied
in the supervised system (Tripakis, 2004; Lin, 2014; Zhang
et al., 2016). The first systematic approach in this category
was presented in (Lin, 2014). In this paper, delays and losses
in observation are modeled based on two mappings, and the
effects of control delays and losses are considered in network
controllability conditions. This method has been further mod-
ified by proposing a networked predictive supervisor in (Shu
and Lin, 2016) and (Komenda and Lin, 2016) for centralized
and decentralized networked supervisory control, respectively.
The networked predictive supervisor considers the effects of
delays and losses in determining control commands, and sends
commands in advance (Shu and Lin, 2017b). However, there is
no guarantee for nonblockingness.

In addition, in all aforementioned synthesis techniques, delays
are measured by the number of event occurrences (Ramadge
and Wonham, 1989). However, in practice, events do not occur
evenly over time, and thus this way of measuring time delays is
inappropriate (Shu and Lin, 2017a). This problem can be solved
by introducing time explicitly in the automaton model of the
plant.

Both discrete- and dense-time modeling have been proposed in
the literature. Although dense-time modeling (timed automata
(Alur and Dill, 1994)) is more realistic, state-space analysis is
computationally challenging. Moreover, to perform synthesis
on a timed automaton, it first needs to be abstracted into a finite-
state machine (Asarin et al., 1998).

(Zhao et al., 2017) assumed the plant to be a timed discrete-
event system (TDES) from (Brandin and Wonham, 1994),
and applied the non-predictive approach of (Lin, 2014) to
achieve a networked supervisor. However, nonblockingness is
not ensured.

Furthermore, a supervisory control approach has been proposed
for timed networked discrete-event systems (Alves et al., 2017).
The plant is supposed to be distributed such that it can commu-
nicate through different channels, delays are only considered
in observation channels, and an event cannot be sent through
two different observation channels. Although observability and
controllability conditions are formalized, there is no condition
for obtaining nonblockingness of the supervised plant.

It is worth considering that communication is supposed to be
FIFO in all the above-mentioned works. However, in reality,
many communication networks allow events to overtake each
other. This may happen because of using non-FIFO commu-
nication channels, or due to probable attacks as investigated
in (Su, 2016). As a consequence, events are not necessarily
observed in the same order as they took place in the plant.

This paper proposes a networked supervisory control synthesis
technique to provide safety with the following advantages:

• modeling communication delays based on time rather than
number of event occurrences,

• considering the effects of disordering in observations,
• considering the effects of control delays in determining

control commands,
• finding a possible solution even if a requirement becomes

partially observable under delays,
• ensuring nonblockingness in the networked supervised

plant,
• concepts, definitions and algorithms are defined on the

level of automata to allow for easier implementation.

In this paper, we consider control channels to be FIFO. Consid-
ering the control channels to be non-FIFO may need restrictive
assumptions on the plant or result in very limited controlled
behaviour as the supervisor has to deal with the worst case
scenarios imposed by the channels. Moreover, communication
channels are supposed to have infinite capacity.

The rest of the paper is organized as follows. The problem is
formalized in Section 2. In Section 3, a networked supervisor is
synthesized for a plant modeled as a TDES. For this purpose,
it is first explained and defined how a model for the observed
plant is obtained from the plant model, given an observation
delay. Afterwards, a supervisor is synthesized providing safety
and nonblockingness for the observed plant. The non-predictive
supervisor will be further transformed to a networked supervi-
sor by considering the effects of control delays in determining
control commands. Finally, Section 4 concludes the paper and
introduces future work.

2. PROBLEM STATEMENT

In this paper, the plant, the observed plant, as well as the
different types of supervisors that are obtained are assumed
to be modeled as timed discrete-event systems (TDES) from
(Brandin and Wonham, 1994). For such models, conventional
supervisory control synthesis has been proposed already by
(Brandin and Wonham, 1994). In this section, first the conven-
tional supervisory control of TDES is outlined. We further in-
vestigate the problem of achieving a supervisory controller un-
der time delays in communication channels between the plant
and supervisor, called external communication delays. Finally,
by providing a formal definition of asynchronous product, the
problem is formulated.
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and Cho, 2006; Liu and Lin, 2013). For instance, Balemi inves-
tigated robustness of conventional supervisors under commu-
nication delays with the restriction to plants with memoryless
languages (Balemi, 1992). More recently, (Park and Cho, 2006)
worked on the same idea by restricting the system behaviour in
terms of the occurrence of uncontrollable events within a delay
bound both for observation and control channels.

In the second methodology, communication delays are incor-
porated in the plant, and a supervisor is synthesized such
that it tolerates communication delays. Due to different ef-
fects, communication delays in observation and control chan-
nels are investigated separately where new observability and
controllability conditions are defined that need to be satisfied
in the supervised system (Tripakis, 2004; Lin, 2014; Zhang
et al., 2016). The first systematic approach in this category
was presented in (Lin, 2014). In this paper, delays and losses
in observation are modeled based on two mappings, and the
effects of control delays and losses are considered in network
controllability conditions. This method has been further mod-
ified by proposing a networked predictive supervisor in (Shu
and Lin, 2016) and (Komenda and Lin, 2016) for centralized
and decentralized networked supervisory control, respectively.
The networked predictive supervisor considers the effects of
delays and losses in determining control commands, and sends
commands in advance (Shu and Lin, 2017b). However, there is
no guarantee for nonblockingness.

In addition, in all aforementioned synthesis techniques, delays
are measured by the number of event occurrences (Ramadge
and Wonham, 1989). However, in practice, events do not occur
evenly over time, and thus this way of measuring time delays is
inappropriate (Shu and Lin, 2017a). This problem can be solved
by introducing time explicitly in the automaton model of the
plant.

Both discrete- and dense-time modeling have been proposed in
the literature. Although dense-time modeling (timed automata
(Alur and Dill, 1994)) is more realistic, state-space analysis is
computationally challenging. Moreover, to perform synthesis
on a timed automaton, it first needs to be abstracted into a finite-
state machine (Asarin et al., 1998).

(Zhao et al., 2017) assumed the plant to be a timed discrete-
event system (TDES) from (Brandin and Wonham, 1994),
and applied the non-predictive approach of (Lin, 2014) to
achieve a networked supervisor. However, nonblockingness is
not ensured.

Furthermore, a supervisory control approach has been proposed
for timed networked discrete-event systems (Alves et al., 2017).
The plant is supposed to be distributed such that it can commu-
nicate through different channels, delays are only considered
in observation channels, and an event cannot be sent through
two different observation channels. Although observability and
controllability conditions are formalized, there is no condition
for obtaining nonblockingness of the supervised plant.

It is worth considering that communication is supposed to be
FIFO in all the above-mentioned works. However, in reality,
many communication networks allow events to overtake each
other. This may happen because of using non-FIFO commu-
nication channels, or due to probable attacks as investigated
in (Su, 2016). As a consequence, events are not necessarily
observed in the same order as they took place in the plant.

This paper proposes a networked supervisory control synthesis
technique to provide safety with the following advantages:

• modeling communication delays based on time rather than
number of event occurrences,

• considering the effects of disordering in observations,
• considering the effects of control delays in determining

control commands,
• finding a possible solution even if a requirement becomes

partially observable under delays,
• ensuring nonblockingness in the networked supervised

plant,
• concepts, definitions and algorithms are defined on the

level of automata to allow for easier implementation.

In this paper, we consider control channels to be FIFO. Consid-
ering the control channels to be non-FIFO may need restrictive
assumptions on the plant or result in very limited controlled
behaviour as the supervisor has to deal with the worst case
scenarios imposed by the channels. Moreover, communication
channels are supposed to have infinite capacity.

The rest of the paper is organized as follows. The problem is
formalized in Section 2. In Section 3, a networked supervisor is
synthesized for a plant modeled as a TDES. For this purpose,
it is first explained and defined how a model for the observed
plant is obtained from the plant model, given an observation
delay. Afterwards, a supervisor is synthesized providing safety
and nonblockingness for the observed plant. The non-predictive
supervisor will be further transformed to a networked supervi-
sor by considering the effects of control delays in determining
control commands. Finally, Section 4 concludes the paper and
introduces future work.

2. PROBLEM STATEMENT

In this paper, the plant, the observed plant, as well as the
different types of supervisors that are obtained are assumed
to be modeled as timed discrete-event systems (TDES) from
(Brandin and Wonham, 1994). For such models, conventional
supervisory control synthesis has been proposed already by
(Brandin and Wonham, 1994). In this section, first the conven-
tional supervisory control of TDES is outlined. We further in-
vestigate the problem of achieving a supervisory controller un-
der time delays in communication channels between the plant
and supervisor, called external communication delays. Finally,
by providing a formal definition of asynchronous product, the
problem is formulated.
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2.1 Conventional supervisory control synthesis for TDES

A TDES P is formally represented as a quintuple
P = (A,ΣP,δP,a0,Am), (1)

where A,ΣP, δP : A×ΣP → A, a0 ∈ A, and Am ⊆ A stand for the
set of states, set of events, transition function, initial state, and
set of marked states, respectively. States from which it is not
possible to reach a marked state are called blocking. Moreover,
an automaton is nonblocking when every of its reachable states
is non-blocking. It is assumed that the set of states of any TDES
contains the event tick ∈ ΣP, which is used to represent the
passage of time. The set Σ = ΣP \ {tick} is called the set of
active events. The notation δP(a,σ)! denotes that δP is defined
for state a and event σ , i.e., there is a transition from state a
with label σ to some state.

As stated in (Brandin and Wonham, 1994), a subset of active
events can be forcible, Σ f or ⊆ Σ. A forcible event is an event
which can preempt a tick of the clock. When a forcible event
is enabled by a supervisor at a particular state, tick may be
preempted there in the supervised plant. In fact, disabling tick
does not mean stopping the clock in the system; however, it
means that the occurrence of an event is forced by timely
preemption.

Moreover, we assume all events in ΣP are observable; however,
a subset of active events of P, given in Equation (1), is un-
controllable, i.e., Σuc ⊆ Σ. Then, Σc = ΣP \ Σuc is the set of
controllable events. The event tick behaves as a controllable
or uncontrollable event depending on the presence of enabled
forcible events in the same state. This is captured in the defini-
tion of controllability of TDESs (Brandin and Wonham, 1994).
Also, note that forcible events can be either controllable or
uncontrollable. For instance, closing a valve to prevent overflow
of a tank and eventual landing of a plane are controllable and
uncontrollable forcible events, respectively (Wonham, 2015).

Now, assume A f ⊆ A is a set of forbidden states, i.e., states
which are defined to be illegal or not safe. By applying con-
ventional supervisory control synthesis on a plant as defined
in (Brandin and Wonham, 1994), we achieve a conventional
supervisor, which provides safety while the supervised plant is
controllable, nonblocking, and maximally permissive. In this
paper, a supervisor is called safe for a plant, if it avoids reach-
ing the forbidden states. Formal definitions of controllability,
nonblockingness and maximal permissiveness can be found in
(Brandin and Wonham, 1994).

2.2 Problems caused by external communication delays and
non-FIFO observations

In a conventional setting where there is no external commu-
nication delay, the plant and supervisor are supposed to work
synchronously such that enabling, executing, and observing
events all happen simultaneously. Hence, the event set of a
conventional supervisor is the same as the event set of the
plant. However, if the synchronization assumption fails due to
communication delays, then an executed event will be observed
by the supervisor later than it occurred. Similarly, the plant ‘re-
ceives’ an enabling event later than executed by the supervisor.

Consequently, it is important to recognize the differences be-
tween observed and enabling events with those executed in the
plant. In this regard a set of observed events Σo and a set of
enabling events Σe are introduced in Definition 1.

In addition, it is notable that uncontrollable events such as
disturbances or faults occur in a plant spontaneously. This
means that they are not enabled by a supervisor, and do not face
control delays because they just happen in the plant without
being transmitted through control channels. For this reason,
they are not included in the definition of Σe. However, since
they need to be observed through observation channels, they
are exposed to observation delays.
Definition 1. (Observed and Enabling Events) For a plant with
active event set Σ and set of controllable events Σc, the set of
observed events Σo is defined by Σo = {σo | σ ∈ Σ}, and the set
of enabling events Σe is given by Σe = {σe | σ ∈ Σc \{tick}}. �

Figure 2 illustrates enabling, executed, and observed events in a
networked supervisory control setting. Clearly, a conventional
supervisor does not fit in this setting because it is not well-
informed about delayed observations it receives, and it is not
able to send commands in advance that can be received on time.
Given a plant with an active event set Σ, the objective is to find
a supervisor in a networked control platform, called networked
supervisor,

NS = (V,ΣNS,δNS,v0,Vm), (2)
with an event set ΣNS given by ΣNS = Σe ∪Σo ∪{tick}.

Fig. 2. Plant, observation and control channels, and networked
supervisor.

In this setting, plant and networked supervisor interact asyn-
chronously due to the presence of observation and control de-
lays. Therefore, to be able to consider the (networked) super-
vised plant, a new operator is required, called asynchronous
product.

The amount of time that an event that occurred in the plant still
needs to spend in the observation channel is modelled by means
of a multiset (i.e., a set that can contain elements multiple times)
containing pairs of an active event and an amount of time from
[0,No].
Definition 2. (Observation Channel Behaviour) The set M is
defined as M = NΣ×[0,No]. Moreover, we define the following
operations for all m ∈ M, σ ,σ ′ ∈ Σ and n,n′ ∈ [0,No]:

• [] denotes the empty multiset, i.e, the function m with
m(σ ,n) = 0.

• m � [(σ ,n)] inserts (σ ,n) to m. Formally, it denotes
the function m′ for which m′(σ ,n) = m(σ ,n) + 1 and
m′(σ ′,n′) = m(σ ′,n′) otherwise.

• m \ [(σ ,n)] removes (σ ,n) from m. Formally, it denotes
the function m′ for which m′(σ ,n) = max(m(σ ,n)−1,0)
and m′(σ ′,n′) = m(σ ′,n′) otherwise.

• m− 1 decreases the natural number component of every
element by one (as long as it is positive). Formally, it
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denotes the function m′ for which m′(σ ,n) = m(σ ,n+1)
for all n �= No and m′(σ ,No) = 0.

• (σ ,n) ∈ m denotes that the pair (σ ,n) is present in m, it
holds if m(σ ,n)> 0. �

On the other hand, since control channels are assumed to be
FIFO, events enabled by the supervisor are supposed to be
stored in a list or sequence given in Definition 3 to be executed
later in the same order as they were enabled.
Definition 3. (Control Channel Behaviour) The set L is defined
as L = (Σ×N)∗. Moreover, we define the following operations
for all σ ∈ Σ, n ∈ [0,Nc] and l ∈ L:

• ε denotes the empty sequence.
• app(l,(σ ,n)) adds the element (σ ,n) to the end of l. Often

this operation is simply written using juxtaposition, i.e.,
l (σ ,n).

• head(l) gives the first element of l (for nonempty lists).
Formally, head((σ ,n) l) = (σ ,n) and head(ε) is unde-
fined.

• tail(l) denotes the list after removal of its leftmost ele-
ment. Formally, tail((σ ,n) l) = l and tail(ε) is undefined.

• l − 1 decreases the natural number component of every
element in the list by one (if possible). It is defined
inductively as follows ε − 1 = ε and ((σ ,n) l)− 1 =
(σ ,max(n−1,0)) (l −1).

• (σ ,n) ∈ l denotes head(l) = (σ ,n). �

A networked supervised plant can be achieved by applying the
asynchronous product operator presented in Definition 4.
Definition 4. (Networked Supervised Plant) Consider a plant,
P, given in Equation (1) controlled by a networked supervisor,
NS, given in Equation (2) through non-FIFO observation and
FIFO control channels introducing fixed delays No and Nc,
respectively. Then, the asynchronous product of P and NS,
denoted by NS|No,Nc|P, is given by the automaton

NSP = (Z,ΣNSP,δNSP,z0,Zm),

where
Z = A×V ×M×L,

ΣNSP = ΣNS ∪ΣP,

z0 = (a0,v0, [],ε),
Zm = Am ×Vm ×M×L.

Moreover, for a ∈ A, v ∈ V , m ∈ M, and l ∈ L, δNSP : Z ×
ΣNSP → Z is defined as follows:

(1) When an event σe ∈ Σe is enabled by NS, it will be stored
in the control channel l with remaining time Nc until being
received by P. If δNS(v,σe)!:
δNSP((a,v,m, l),σe) = (a,δNS(v,σe),m,app(l,(σ ,Nc))).

(2) An uncontrollable event σ ∈ Σuc can occur in NSP if it
just happens in P. In addition, the event will be put in the
observation channels to be received by NS after No ticks.
If δP(a,σ)!:

δNSP((a,v,m, l),σ) = (δP(a,σ),v,m� [(σ ,No)], l).
(3) A controllable event σ ∈ Σc \ {tick} can be executed in

NSP if the enabling event σe finished its journey through
the control channel. In addition, the event will be put in
the observation channel. If δP(a,σ)! and (σ ,0) ∈ l:
δNSP((a,v,m, l),σ) = (δP(a,σ),v,m� [(σ ,No)], tail(l)).

(4) Event tick, can be executed in NSP if both NS and P enable
it, while there is no event ready to be observed by NS

or ready to be received by P. Upon the execution of tick,
all the time counters in m and l are decreased by one. If
δP(a, tick)!, δNS(v, tick)!, (σ ,0) /∈ m and (σ ,0) /∈ l for all
σ ∈ Σ

δNSP((a,v,m, l), tick) =
(δP(a, tick),δNS(v, tick),m−1, l −1).

(5) When an event σ ∈ Σ finishes its journey through the
observation channel, then σo happens in NSP, and (σ ,0)
is removed from m. If δNS(v,σo)! and (σ ,0) ∈ m:
δNSP((a,v,m, l),σo) = (a,δNS(v,σo),m\ [(σ ,0)], l). �

In this paper, we frequently use natural projections (see (Cas-
sandras and Lafortune, 2009) for a definition). We write PΣ for
a natural projection P : Σ′∗ → Σ∗ with Σ ⊆ Σ′. It follows from
the definition above that PΣP(L(NSP)) ⊆ L(P) for any plant P,
networked supervisor NS, and delays No and Nc.

Given the previous definition, it is possible that the asyn-
chronous product has infinitely many states even in cases where
the plant and networked supervisor have finitely many states.
Later a condition on the plant (and hence the synthesized net-
worked supervisor) is proposed for which this problem does not
occur.

For the setting proposed in this paper, it is necessary to adapt
the definitions of controllability, safety, and observability.
Definition 5. (Controllability, Safety, Observability) Let NSP
be the asynchronous product of P and NS with delays No and
Nc.

• NSP is controllable for P if whenever a series of events,
w ∈ PΣP(L(NSP)), and wu ∈ L(P) for some

u ∈ Σuc ∪

{
∅ if ∃σ∈Σ f or wσ ∈ PΣP(L(NSP))
{tick} otherwise,

then wu ∈ PΣP(L(NSP)).
• NSP is safe for P (w.r.t. set of forbidden states A f ) if

δP(a0,w) /∈ A f for all w ∈ PΣP(L(NSP)).
• NSP is observable for P if whenever there exist w,w′ ∈

L(NSP) such that PΣo∪{tick}(w)=PΣo∪{tick}(w′), and wσe ∈
L(NSP) for some σe ∈ Σe, then w′σe ∈ L(NSP). �

2.3 Problem formulation

Given a plant P, as given in Equation (1), a set of forbidden
states A f ⊆ A, and observation and control channel delays No
and Nc, respectively. We are interested to find a networked
supervisor NS, as given in Equation (2), such that:

• NS|No,Nc|P is controllable, safe, and observable for P,
• NS|No,Nc|P is nonblocking.

3. SYNTHESIS OF A NETWORKED SUPERVISOR

In order to achieve a proper networked supervisor, the following
main contributions are presented, see Figure 3.

(1) To deal with observation delays and disorderings, an au-
tomaton is proposed which models the behaviour of the
observed plant, i.e., the plant together with the observation
channels in Section 3.1.

(2) On the basis of this observed plant, in Section 3.2, a su-
pervisor is synthesized that provides safety and nonblock-
ingness for the observed plant. Note that the obtained
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denotes the function m′ for which m′(σ ,n) = m(σ ,n+1)
for all n �= No and m′(σ ,No) = 0.

• (σ ,n) ∈ m denotes that the pair (σ ,n) is present in m, it
holds if m(σ ,n)> 0. �

On the other hand, since control channels are assumed to be
FIFO, events enabled by the supervisor are supposed to be
stored in a list or sequence given in Definition 3 to be executed
later in the same order as they were enabled.
Definition 3. (Control Channel Behaviour) The set L is defined
as L = (Σ×N)∗. Moreover, we define the following operations
for all σ ∈ Σ, n ∈ [0,Nc] and l ∈ L:

• ε denotes the empty sequence.
• app(l,(σ ,n)) adds the element (σ ,n) to the end of l. Often

this operation is simply written using juxtaposition, i.e.,
l (σ ,n).

• head(l) gives the first element of l (for nonempty lists).
Formally, head((σ ,n) l) = (σ ,n) and head(ε) is unde-
fined.

• tail(l) denotes the list after removal of its leftmost ele-
ment. Formally, tail((σ ,n) l) = l and tail(ε) is undefined.

• l − 1 decreases the natural number component of every
element in the list by one (if possible). It is defined
inductively as follows ε − 1 = ε and ((σ ,n) l)− 1 =
(σ ,max(n−1,0)) (l −1).

• (σ ,n) ∈ l denotes head(l) = (σ ,n). �

A networked supervised plant can be achieved by applying the
asynchronous product operator presented in Definition 4.
Definition 4. (Networked Supervised Plant) Consider a plant,
P, given in Equation (1) controlled by a networked supervisor,
NS, given in Equation (2) through non-FIFO observation and
FIFO control channels introducing fixed delays No and Nc,
respectively. Then, the asynchronous product of P and NS,
denoted by NS|No,Nc|P, is given by the automaton

NSP = (Z,ΣNSP,δNSP,z0,Zm),

where
Z = A×V ×M×L,

ΣNSP = ΣNS ∪ΣP,

z0 = (a0,v0, [],ε),
Zm = Am ×Vm ×M×L.

Moreover, for a ∈ A, v ∈ V , m ∈ M, and l ∈ L, δNSP : Z ×
ΣNSP → Z is defined as follows:

(1) When an event σe ∈ Σe is enabled by NS, it will be stored
in the control channel l with remaining time Nc until being
received by P. If δNS(v,σe)!:
δNSP((a,v,m, l),σe) = (a,δNS(v,σe),m,app(l,(σ ,Nc))).

(2) An uncontrollable event σ ∈ Σuc can occur in NSP if it
just happens in P. In addition, the event will be put in the
observation channels to be received by NS after No ticks.
If δP(a,σ)!:

δNSP((a,v,m, l),σ) = (δP(a,σ),v,m� [(σ ,No)], l).
(3) A controllable event σ ∈ Σc \ {tick} can be executed in

NSP if the enabling event σe finished its journey through
the control channel. In addition, the event will be put in
the observation channel. If δP(a,σ)! and (σ ,0) ∈ l:
δNSP((a,v,m, l),σ) = (δP(a,σ),v,m� [(σ ,No)], tail(l)).

(4) Event tick, can be executed in NSP if both NS and P enable
it, while there is no event ready to be observed by NS

or ready to be received by P. Upon the execution of tick,
all the time counters in m and l are decreased by one. If
δP(a, tick)!, δNS(v, tick)!, (σ ,0) /∈ m and (σ ,0) /∈ l for all
σ ∈ Σ

δNSP((a,v,m, l), tick) =
(δP(a, tick),δNS(v, tick),m−1, l −1).

(5) When an event σ ∈ Σ finishes its journey through the
observation channel, then σo happens in NSP, and (σ ,0)
is removed from m. If δNS(v,σo)! and (σ ,0) ∈ m:
δNSP((a,v,m, l),σo) = (a,δNS(v,σo),m\ [(σ ,0)], l). �

In this paper, we frequently use natural projections (see (Cas-
sandras and Lafortune, 2009) for a definition). We write PΣ for
a natural projection P : Σ′∗ → Σ∗ with Σ ⊆ Σ′. It follows from
the definition above that PΣP(L(NSP)) ⊆ L(P) for any plant P,
networked supervisor NS, and delays No and Nc.

Given the previous definition, it is possible that the asyn-
chronous product has infinitely many states even in cases where
the plant and networked supervisor have finitely many states.
Later a condition on the plant (and hence the synthesized net-
worked supervisor) is proposed for which this problem does not
occur.

For the setting proposed in this paper, it is necessary to adapt
the definitions of controllability, safety, and observability.
Definition 5. (Controllability, Safety, Observability) Let NSP
be the asynchronous product of P and NS with delays No and
Nc.

• NSP is controllable for P if whenever a series of events,
w ∈ PΣP(L(NSP)), and wu ∈ L(P) for some

u ∈ Σuc ∪

{
∅ if ∃σ∈Σ f or wσ ∈ PΣP(L(NSP))
{tick} otherwise,

then wu ∈ PΣP(L(NSP)).
• NSP is safe for P (w.r.t. set of forbidden states A f ) if

δP(a0,w) /∈ A f for all w ∈ PΣP(L(NSP)).
• NSP is observable for P if whenever there exist w,w′ ∈

L(NSP) such that PΣo∪{tick}(w)=PΣo∪{tick}(w′), and wσe ∈
L(NSP) for some σe ∈ Σe, then w′σe ∈ L(NSP). �

2.3 Problem formulation

Given a plant P, as given in Equation (1), a set of forbidden
states A f ⊆ A, and observation and control channel delays No
and Nc, respectively. We are interested to find a networked
supervisor NS, as given in Equation (2), such that:

• NS|No,Nc|P is controllable, safe, and observable for P,
• NS|No,Nc|P is nonblocking.

3. SYNTHESIS OF A NETWORKED SUPERVISOR

In order to achieve a proper networked supervisor, the following
main contributions are presented, see Figure 3.

(1) To deal with observation delays and disorderings, an au-
tomaton is proposed which models the behaviour of the
observed plant, i.e., the plant together with the observation
channels in Section 3.1.

(2) On the basis of this observed plant, in Section 3.2, a su-
pervisor is synthesized that provides safety and nonblock-
ingness for the observed plant. Note that the obtained
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supervisor, called non-predictive supervisor, is assumed to
interact synchronously with the observed plant.

(3) To deal with control delays, the networked supervisor
should enable events ahead of time. Hence, the non-
predictive supervisor achieved for the observed plant, is
transformed to a networked supervisor that enables the
events beforehand in Section 3.3.

A small example is used to illustrate the contributions.

Fig. 3. Problem statement and the proposed solution; 1) achiev-
ing the observed plant, and synthesizing a non-predictive
supervisor, 2) transforming the non-predictive supervisor
to a networked supervisor by looking ahead of time.

3.1 Observed Plant Behaviour

Every event executed in the plant is communicated through the
network and observed after the passage of No ticks. To model
the timing difference between an event occurrence in the plant
and its observation by a supervisor, an observed event set was
introduced in Definition 1. To model the observed plant, the
multiset introduced in Definition 2 is used in which one can
monitor the progress of events in the observation channels.

Based on the these definitions, given a plant P as in Equation
(1), an automaton OP, called observed plant, is presented in
the following. This automaton should satisfy the following
properties:

(1) Adding observation channels does not change the be-
haviour of the plant. Therefor, P and OP have the same
language when only events from the plant are considered.

(2) Events and their observed counterparts occur in pairs that
are separated by exactly No ticks.

(3) Due to the non-FIFO characteristic of the observation
channels, the observed plant covers all possible observa-
tion orderings: whenever plant events occur between two
consecutive ticks, their observed counterparts occur in all
orderings.

Definition 6. For the plant given in Equation (1) with observa-
tion delay No, OP is the automaton:

OP = (Q,ΣOP,δOP,q0,Qm),

where
Q = A×M,

ΣOP = ΣP ∪Σo,

q0 = (ao, []),

Qm = Am ×M.

The states of OP depend on the current states of the plant and
of the medium. Initially, no event has occurred yet, and thus the
medium is empty.

For a ∈ A, m ∈ M and σ ∈ Σ, the transition function δOP : Q×
ΣOP → Q is defined as follows:

(1) If δP(a,σ)!
δOP((a,m),σ) = (δP(a,σ),m� [(σ ,No)]).

(2) If δP(a, tick)!, and (σ ′,0) /∈ m for all σ ′ ∈ Σ
δOP((a,m), tick) = (δP(a, tick),m−1).

(3) If (σ ,0) ∈ m

δOP((a,m),σo) = (a,m\ [(σ ,0)]).
Note that when there are multiple events ready to be
observed, these can be observed in all possible orders. �

For the proposed OP in Definition 6, the previously mentioned
properties hold. Formalization of the properties and proofs that
these properties hold are not given here due to lack of space.

It should be noted that for a plant in which there can be
infinitely many active events between two ticks, the observed
plant may be infinite (due to flooding the observation channel
with events). If the plant is activity-loop-free as defined in
Definition 7 this situation will not occur.
Definition 7. (activity-loop-free (Wonham, 2015)). A TDES P
as given in Equation 1 is activity-loop-free if δP(a,w) �= a for
all a ∈ A and w ∈ Σ+.

The procedure of achieving the observed plant from a given
plant and a given observation delay is illustrated with the
following example.
Example 1. For the plant P depicted in Figure 4, all events
are observable and controllable. The events executed in P
are supposed to be transferred through observation channels
introducing a delay No = 1. Using Definition 6, the observed
plant OP as given in Figure 5 is obtained.

a0 a1 a2 a3 a4

a5 a6 a7

tick a tick b

b

tick a

a

tick

tick

Fig. 4. Plant P in Example 1.
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Fig. 5. Observed plant OP achieved for plant P in Example 1.
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3.2 Non-Predictive Supervisor

The forbidden states Q f of the observed plant OP (Definition
6) are all those states from Q = A×M for which the plant is in
a forbidden state:

Q f = A f ×M. (3)
Moreover, the transformation of the plant into the observed
plant has resulted in the introduction of observed events from
the set Σo. These events merely represent an observation of an
event that has already been executed in the plant. Therefore,
these events are uncontrollable. Thus the sets of unobservable
events Σ̂uo and uncontrollable events Σ̂uc of the observed plant
are given by

Σ̂uo = Σ, Σ̂uc = Σuc ∪Σo.

Given an observed plant with observed events Σo we aim to
achieve a supervisor S such that the supervised plant is control-
lable, observable, nonblocking and safe for OP. In this regard,
conventional synthesis for TDES from (Brandin and Wonham,
1994) can be applied; however, it needs to be modified regard-
ing the following issues:

(1) Since the events from Σ are assumed to be unobserv-
able, we should achieve a partially observable supervisor,
which makes the same decisions at all states reached by
the same observations.

(2) When removing states, it can be the case that a certain
event from the plant needs to be disabled, e.g., event a
from state a1 in the plant from the example. In such a case,
all incarnations of that event in the observed plant need to
be disabled as well.

In the notations defined below, we define sets of equivalent
states for these two issues (OBSS and E).

In Algorithm 1 the adapted synthesis algorithm is provided. In
this algorithm the following additional concepts are used, with
S = (Y,SOP,δS,y0,Ym) :

• Blocking(S) is the set of blocking states in S.
• UnconS(BS) is the smallest set of states such that

(1) BS ⊆ UnconS(BS);
(2) if δS(y,σ)∈UnconS(BS) for some y∈Y and σ ∈ Σ̂uc,

then y ∈ UnconS(BS);
(3) if δS(y, tick) ∈ UnconS(BS) for some y ∈ Y and

�σ f or∈Σ f or δS(y,σ f or)!, then y ∈ UnconS(BS).
Intuitively this set provides all the states from which a
state from BS can be reached in an uncontrollably way,
taking preemption of tick events into account.

• OBSS(y) = {y′ ∈Y | ∃w,w′∈Σ∗
OP

δS(y0,w) = q∧δS(y0,w′) =

q′ ∧ PΣo∪{tick}(w) = PΣo∪{tick}(w′)} is the set of states
observationally equivalently reachable as y.

• E(Y ′) = {y ∈ Y | ∃a,m,m′,yy = (a,m)∧ y′ = (a,m′)} is the
set of states that have the same location as a state in Y ′.

• BPre(S) = {y ∈ Y | �σ f or∈Σ f or δS(y,σ f or)!∧ ¬δS(y, tick)! ∧
δOP(y, tick)!} contains states (still in the automaton) from
which no forcible events and tick are enabled while there
was a tick event in the plant.

• Reach(S) restricts an automaton to those states that are
reachable from the initial state.

We believe that the provided algorithm provides a safe, control-
lable, observable, and nonblocking supervisor for the observed
plant. Formal proofs will be provided in the future.

Algorithm 1 Non-predictive supervisory control synthesis
Input: OP = (Q,ΣOP,δOP,q0,Qm), Q f , Σ̂uc, Σ f or, Σc
Output: S = (Y,ΣOP,δS,y0,Ym)

1: S ← OP
2: BS ← Q f ∪Blocking(S)
3: while BS �=∅ do
4: for y ∈ Y do O(y) := OBSS(y)
5: for y ∈ Y & σ ∈ Σc do
6: if δS(y,σ) ∈ UnconS(BS) then
7: for y′ ∈ E(O(y)) do δS(y′,σ)← undefined
8: S ← Reach(S)
9: BS ← BPre(S)∪Blocking(S)

Example 2. Assume that the set of forbidden states A f only
contains a4. The event a is controllable, b is uncontrollable,
and there is no forcible event. Applying the synthesis algorithm
from Algorithm 1 on the observed plant OP from Example 1,
the non-predictive supervisor S given in Figure 6 results. State
(a2, [(a,1)]) needs to be removed from OP in order to prevent
blocking. This is achieved by disabling the event a at state
(a2, [(a,1)]). Since state (a5, [(b,1)]) is reached with the same
observation as state (a2, [(a,1)]), the event a must be disabled
there as well.
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Fig. 6. Non-predictive supervisor S for the observed plant OP
from Example 1. The red state labels are introduced for
later use.

3.3 Networked supervisor

In the presence of control delays, controllable events enabled
by a non-predictive supervisor to be applied on some plant
state will reach the plant after the passage of Nc ticks. In the
meantime the plant may have changed to another state. As
a result, the control command is not necessarily applied on
the intended target state. This problem is solved by looking
ahead of time and predicting the effects of control delays. For
this purpose, in a non-predictive supervisor, controllable events
are replaced by their enabling versions from Σe as given in
Definition 1.

Assume that the non-predictive supervisor S is given by:
S = (Y,ΣOP,δS,y0,Ym). (4)

Before we can obtain a networked supervisor in the next sub-
section, first we need to determine the executions of predictive
control commands from Σe, based on the non-predictive ones
from Σ in S. For this purpose, it is needed to look-ahead to
events from the set Σ which are executed in S. To make this
possible, let us introduce S′ achieved from S by projection on
the original plant events (including tick)

S′ = PΣP(S) = (Y ′,ΣP,δS′ ,y
′
0,Y

′
m), (5)

where PΣP is a natural projection defined on automata (Ware
and Malik, 2008). In this case, first, all the events not from
ΣP are replaced by ε . Then, using a determinisation algorithm,
the achieved automaton becomes deterministic again (Hopcroft
et al., 2001).
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6) are all those states from Q = A×M for which the plant is in
a forbidden state:

Q f = A f ×M. (3)
Moreover, the transformation of the plant into the observed
plant has resulted in the introduction of observed events from
the set Σo. These events merely represent an observation of an
event that has already been executed in the plant. Therefore,
these events are uncontrollable. Thus the sets of unobservable
events Σ̂uo and uncontrollable events Σ̂uc of the observed plant
are given by

Σ̂uo = Σ, Σ̂uc = Σuc ∪Σo.

Given an observed plant with observed events Σo we aim to
achieve a supervisor S such that the supervised plant is control-
lable, observable, nonblocking and safe for OP. In this regard,
conventional synthesis for TDES from (Brandin and Wonham,
1994) can be applied; however, it needs to be modified regard-
ing the following issues:

(1) Since the events from Σ are assumed to be unobserv-
able, we should achieve a partially observable supervisor,
which makes the same decisions at all states reached by
the same observations.

(2) When removing states, it can be the case that a certain
event from the plant needs to be disabled, e.g., event a
from state a1 in the plant from the example. In such a case,
all incarnations of that event in the observed plant need to
be disabled as well.

In the notations defined below, we define sets of equivalent
states for these two issues (OBSS and E).

In Algorithm 1 the adapted synthesis algorithm is provided. In
this algorithm the following additional concepts are used, with
S = (Y,SOP,δS,y0,Ym) :

• Blocking(S) is the set of blocking states in S.
• UnconS(BS) is the smallest set of states such that

(1) BS ⊆ UnconS(BS);
(2) if δS(y,σ)∈UnconS(BS) for some y∈Y and σ ∈ Σ̂uc,

then y ∈ UnconS(BS);
(3) if δS(y, tick) ∈ UnconS(BS) for some y ∈ Y and

�σ f or∈Σ f or δS(y,σ f or)!, then y ∈ UnconS(BS).
Intuitively this set provides all the states from which a
state from BS can be reached in an uncontrollably way,
taking preemption of tick events into account.

• OBSS(y) = {y′ ∈Y | ∃w,w′∈Σ∗
OP

δS(y0,w) = q∧δS(y0,w′) =

q′ ∧ PΣo∪{tick}(w) = PΣo∪{tick}(w′)} is the set of states
observationally equivalently reachable as y.

• E(Y ′) = {y ∈ Y | ∃a,m,m′,yy = (a,m)∧ y′ = (a,m′)} is the
set of states that have the same location as a state in Y ′.

• BPre(S) = {y ∈ Y | �σ f or∈Σ f or δS(y,σ f or)!∧ ¬δS(y, tick)! ∧
δOP(y, tick)!} contains states (still in the automaton) from
which no forcible events and tick are enabled while there
was a tick event in the plant.

• Reach(S) restricts an automaton to those states that are
reachable from the initial state.

We believe that the provided algorithm provides a safe, control-
lable, observable, and nonblocking supervisor for the observed
plant. Formal proofs will be provided in the future.

Algorithm 1 Non-predictive supervisory control synthesis
Input: OP = (Q,ΣOP,δOP,q0,Qm), Q f , Σ̂uc, Σ f or, Σc
Output: S = (Y,ΣOP,δS,y0,Ym)

1: S ← OP
2: BS ← Q f ∪Blocking(S)
3: while BS �=∅ do
4: for y ∈ Y do O(y) := OBSS(y)
5: for y ∈ Y & σ ∈ Σc do
6: if δS(y,σ) ∈ UnconS(BS) then
7: for y′ ∈ E(O(y)) do δS(y′,σ)← undefined
8: S ← Reach(S)
9: BS ← BPre(S)∪Blocking(S)

Example 2. Assume that the set of forbidden states A f only
contains a4. The event a is controllable, b is uncontrollable,
and there is no forcible event. Applying the synthesis algorithm
from Algorithm 1 on the observed plant OP from Example 1,
the non-predictive supervisor S given in Figure 6 results. State
(a2, [(a,1)]) needs to be removed from OP in order to prevent
blocking. This is achieved by disabling the event a at state
(a2, [(a,1)]). Since state (a5, [(b,1)]) is reached with the same
observation as state (a2, [(a,1)]), the event a must be disabled
there as well.
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Fig. 6. Non-predictive supervisor S for the observed plant OP
from Example 1. The red state labels are introduced for
later use.

3.3 Networked supervisor

In the presence of control delays, controllable events enabled
by a non-predictive supervisor to be applied on some plant
state will reach the plant after the passage of Nc ticks. In the
meantime the plant may have changed to another state. As
a result, the control command is not necessarily applied on
the intended target state. This problem is solved by looking
ahead of time and predicting the effects of control delays. For
this purpose, in a non-predictive supervisor, controllable events
are replaced by their enabling versions from Σe as given in
Definition 1.

Assume that the non-predictive supervisor S is given by:
S = (Y,ΣOP,δS,y0,Ym). (4)

Before we can obtain a networked supervisor in the next sub-
section, first we need to determine the executions of predictive
control commands from Σe, based on the non-predictive ones
from Σ in S. For this purpose, it is needed to look-ahead to
events from the set Σ which are executed in S. To make this
possible, let us introduce S′ achieved from S by projection on
the original plant events (including tick)

S′ = PΣP(S) = (Y ′,ΣP,δS′ ,y
′
0,Y

′
m), (5)

where PΣP is a natural projection defined on automata (Ware
and Malik, 2008). In this case, first, all the events not from
ΣP are replaced by ε . Then, using a determinisation algorithm,
the achieved automaton becomes deterministic again (Hopcroft
et al., 2001).

IFAC WODES 2018
May 30 - June 1, 2018. Sorrento Coast, Italy

461



462 Aida Rashidinejad  et al. / IFAC PapersOnLine 51-7 (2018) 456–463

Example 3. In Figure 7 the look-ahead version of the non-
predictive supervisor from Example 2 is depicted.

y′0 y′1 y′2 y′3 y′4 y′5
tick b

tick
tick a tick

Fig. 7. Look-ahead version S′ of the non-predictive supervisor
S from Example 2.

The predictive behaviour is represented by PS as follows:
PS = (X ,ΣPS,δPS,x0,Xm), (6)

where
ΣPS = ΣOP ∪Σe,

X = Y ×Y ′ ×L,

x0 = (y0,δS′(y
′
0, t

Nc),ε),
Xm = Ym ×Y ′ ×L.

PS uses the state of the non-predictive supervisor to establish
when to execute observed events and events from the plant, and
it uses the prediction of the look-ahead instance of the non-
predictive supervisor (without the observed events) to enable
events in time.

According to the above explanation, the initial state of the
predictive supervisor is composed of the initial state of S, the
state reached after Nc ticks in S′, i.e., δS′(y′0, t

Nc), and an empty
sequence ε of already enabled events. Hence, in order to be able
to control the plant ahead of time it has to be assumed that all
events that need to be enabled are preceded by at least Nc ticks.

Marked states are determined by the marked states of the
observed plant (which were determined in turn by the marked
states of the plant).

Next, the transition function is defined. For y ∈ Y , y′ ∈ Y ′, and
l ∈ L, the transition function δPS : X ×ΣPS → X is defined as
follows:

(1) In case the look-ahead copy of the non-predictive super-
visor enables a controllable active event σ , this event
could be enabled by the predictive supervisor. As a con-
sequence the enabled event is stored in the memory. Note
that the state of the look-ahead copy of the non-predictive
supervisor is updated to reflect that this event has been
considered. If δS′(y′,σ)! and σ ∈ Σc \{tick}

δPS((y,y′, l),σe) = (y,δS′(y
′,σ),app(l,(σ ,Nc))).

As a consequence, events that are enabled by the non-
predictive supervisor will be enabled Nc ticks ahead of
time by the predictive supervisor.

(2) To maintain their time-lock step execution, in case both
supervisors may execute a tick, they do so simultane-
ously (or synchronously). If δS(y, tick)!, δS′(y′, tick)!, and
(σ ,0) /∈ l for all σ

δPS((y,y′, l), tick) = (δS(y, tick),δS′(y
′, tick), l −1).

(3) The non-predictive supervisor executes a controllable
event from the plant only if it was previously enabled (and
thus is first in the memory at the moment). If δS(y,σ)!,
head(l) = (σ ,0) and σ ∈ Σc \{tick}

δPS((y,y′, l),σ) = (δS(y,σ),y′, tail(l)).

(4) The non-predictive supervisor just executes the uncontrol-
lable events from the plant. If δS(y,σ)! and σ ∈ Σuc

δPS((y,y′, l),σ) = (δS(y,σ),y′, l).
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Fig. 8. Predictive supervisor PS obtained from non-predictive
supervisor S and its look-ahead version S′ given in Exam-
ple 3 for NC = 1.
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Fig. 9. Networked supervisor NS obtained from predictive
supervisor PS given in Example 4.

(5) Observations of events just happen. The only consequence
is the state change of the non-predictive supervisor. If
δS(y,σo)!

δPS((y,y′, l),σo) = (δS(y,σo),y′, l).
Example 4. Considering a control delay Nc = 1 for the plant
given in Example 1, the predictive supervisor PS obtained from
the non-predictive supervisor from Example 3 is illustrated in
Figure 8.

By applying a natural projection which removes all active
(plant) events from the predictive supervisor PS, the networked
supervisor NS is obtained:

NS = PΣPS\Σ(PS). (7)

The appropriateness of the networked supervisor given in Equa-
tion (7) is illustrated in the following example.
Example 5. In Figure 9 the networked supervisor for the plant
of Example 1 is given. It was obtained from the predictive
supervisor given in Example 4. Computation of NS|No,Nc|P
with the plant from Example 1 and the networked supervisor
of Example 5 results in an automaton with the same structure
as the predictive supervisor from Example 4.

As illustrated with an example, the proposed approach achieves
a networked supervisor which is controllable and observable
and provides nonblockingness and safety for the plant.

4. CONCLUSIONS AND FUTURE WORK

In this paper, we propose a new framework for centralized
networked supervisory control of TDESs. In such a system,
interactions between the plant and the supervisor are not syn-
chronous due to the presence of communication delays. By
defining an automaton that models the behaviour of the plant
plus the observation channels, a supervisor is synthesized using
a conventional synthesis method. The obtained supervisor pro-
vides safety, controllability, observability and nonblockingness
for the observed plant. However, events sent by the supervisor
are not received in time due to the presence of delays in control
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channels. To deal with this problem, the proposed supervisor
is converted to a predictive one which enables the events in
advance using the known amount of control delays.

In future research, the effects of losses in communication chan-
nels will be investigated. Moreover, the proposed approach will
be generalized by considering three cases; non-homogeneous
time delays for events, bounded time delays for both observa-
tion and control channels, and non-FIFO control channels.
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