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Abstract

We present new results on decentralized supervisory
control of discrete-event systems. We generalize the
control architecture by allowing combinations of \fu-
sion by intersection" and \fusion by union" for the
control actions issued by the individual (local) super-
visors. The algebraic properties of co-observability in
the context of this general architecture are presented.
We show that appropriate combinations of fusion rules
with corresponding decoupled local decision rules guar-
antee the safety of the closed-loop behavior with respect
to a given speci�cation that is not co-observable. We
characterize an \optimal" combination of fusion rules
among those combinations guaranteeing the safety of
the closed-loop behavior. In addition, a simple super-
visor synthesis technique generating the in�mal pre�x-
closed controllable and co-observable superlanguage is
presented.

1 Introduction

In the conventional \conjunctive" decentralized con-
trol architecture for discrete-event systems (conjunc-
tive architecture for the sake of brevity), the control
actions of a set of individual supervisors are combined
(or \fused") using the intersection of locally enabled
events. Most of the results on decentralized supervi-
sory control are based on the conjunctive architecture.1

An exception is the work in [5], where decentralized su-
pervision with a �xed local decision rule under various
decision fusions is considered. In [8], we present a gen-
eralized form of the conjunctive architecture where the
control actions of a set of supervisors can be fused using
both union and intersection of enabled events. Under
this general architecture, the local supervisors decide a
priori that some controllable events will be processed
by \fusion by union" of enabled events and that other
controllable events will be handled by \fusion by inter-
section" of enabled events. The most salient feature of
this general architecture is that a larger class of lan-

1For references on decentralized supervisory control with the
conjunctive architecture, we refer the reader to [7].

guages can be achieved than before since a relaxed ver-
sion of the notion of co-observability of [6] appears in
the necessary and su�cient conditions for the existence
of supervisors.

The objective of this paper is to investigate how to
deal with the situation where the relaxed version of
co-observability of [8] (called simply \co-observability"
hereafter) fails to hold. The contributions of this paper
are:
� The algebraic properties of co-observability are pre-
sented in Section 3. These properties show that the
supremal and in�mal co-observable elements of a class
of languages need not exist, in general.
� A simple decentralized supervisor synthesis technique
decoupling the synthesis of local supervisors is devel-
oped under the general architecture. Because of the in-
tentional separation of the design of the local decision
rules, this technique circumvents the di�culties caused
by the dependency of local decision rules in the design
of decentralized supervisors.
� Equipped with the above synthesis technique, we
present in Section 4.2 a rule for partitioning the set
of controllable events (between \fusion by union" and
\fusion by intersection") that guarantees the safety of
the closed-loop behavior with respect to a given speci-
�cation that is not co-observable. We also characterize
an \optimal" partitioning rule of the set of controllable
events among the partitions guaranteeing the safety of
the closed-loop behavior.
� Several properties of the closed-loop behavior gener-
ated by the above synthesis technique are presented in
Section 4.3.
� We also present a simple synthesis procedure of the
supervisor that results in the in�mal pre�x-closed con-
trollable and co-observable (in the sense of [6]) super-
language in Section 4.3. The local supervisors are sep-
arately synthesized in a direct manner that avoids the
explicit computation of the in�mal pre�x-closed con-
trollable and co-observable superlanguage.

General knowledge of supervisory control and its most
common notations are assumed. For introductory ma-
terials the reader is directed to [1]. Due to space limita-
tions, the proofs of some results have been omitted from



this paper; detailed discussions and proofs are available
in [7].

2 Review of the General Architecture

We start by recalling some key de�nitions and results
of [8] that are needed before we can present our new
results (Sections 3 and 4).

2.1 The General Architecture

The problem of decentralized supervision can be de-
scribed as follows. Each local supervisor i, i 2
f1; : : : ; ng; has its own sensors (observable event set
�o;i) and control authorities (controllable event set
�c;i). Collectively, the supervisors observe �o = �o;1 [
: : : [ �o;n and control �c = �c;1 [ : : : [ �c;n. We de-
note by �uo = � n �o and �uc = � n �c, the unob-
servable and uncontrollable event sets, respectively. A
priori information available to each local site includes
the uncontrolled system behavior, the desired system
behavior, the sets �c;i and �o;i, i 2 f1; : : : ; ng; and the
decision fusion rule employed to form a global control
action on the system. The \conventional" decentral-
ized architecture employs the conjunctive fusion rule
for enabled events, thus requiring unanimous enabling
of local decisions for global enablement; we call this rule
\fusion by intersection" (of enabled events). Formally,
a local decision rule is a function SPi

: Pi(�
�) ! � :=

f
 2 2� : �uc � 
g; where Pi is the \natural pro-
jection": Pi : � ! �o;i (see, e.g., [1]). The conjunc-
tive supervisor, denoted by ^iSPi

, is de�ned as follows:
^iSPi

(s) := \ni=1SPi
(Pi(s)):

Consider an architecture where \fusion by union"
(of enabled events) is employed; let us call the re-
sulting (global) supervisor a disjunctive supervisor.
The disjunctive supervisor _iSPi

is de�ned as follows:
_iSPi

(s) := [ni=1SPi
(Pi(s)): For the conjunctive archi-

tecture, the default policy for controllable events at
the local supervisor is enablement and local supervi-
sors directly disable the locally controllable events; this
is called the \pass the buck" policy in [6]. Clearly, the
disablement default should be employed by local super-
visors for controllable events in the context of the dis-
junctive architecture, as local supervisors directly en-
able the locally controllable events.

A general architecture that combines \fusion by union"
and \fusion by intersection" is introduced in [8]. The
set of controllable events, �c, is partitioned into �c;e

and �c;d: �c = �c;e _[ �c;d: �c;e is the set of control-
lable events for which the default setting is enablement
while �c;d is the set of controllable events for which the
default setting is disablement. The local decisions over
�c;e are processed by the conjunctive fusion rule while
the local decisions over �c;d are processed by the dis-
junctive fusion rule. Figure 1 is a conceptual diagram
of the general architecture. Let us de�ne a generalized
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Figure 1: The general architecture

decentralized supervisor (generalized supervisor for the
sake of brevity) with such a combined fusion rule, de-
noted by Sgdec, as

Sgdec(s) := P�c;e
[^iSPi

(s)] [ P�c;d
[_iSPi

(s)] [�uc;

where P�c;e
and P�c;d

are natural projection mappings:
P�c;e

: � ! �c;e and P�c;d
: � ! �c;d. The pre�x-

closed and marked languages generated by the general
architecture can be de�ned in the usual manner [7].

2.2 Existence Result and Comparison Between

the Architectures

As was mentioned above, in prior work on the con-
junctive architecture, the default control action for a
supervisor under insu�cient information is to \enable"
an event. We will refer to this default policy as the
permissive local decision rule [8].

In the conjunctive architecture, co-observability is a
key property for the existence of a set of local su-
pervisors that achieve a given desired language. This
property was introduced in [6]. We use an equiva-
lent de�nition that is presented in [1]. Since we shall
present a relaxed version of \co-observability" later on,
we rename the conventional notion of co-observability
as C&P co-observability. C refers to the \conjunc-
tive" fusion rule for controllable events, while P refers
to the \permissive" local decision rule: A language
K � M = M is said to be C&P co-observable w.r.t.
M , �o;1, �c;1, �o;2, �c;2,: : :, �o;n, �c;n, if 8s 2 K and
8� 2 �c = [ni=1�c;i s.t. s� 2 M nK, 9i 2 f1; : : : ; ng
s.t. [P�1

i Pi(s)� \K = ;] ^ [� 2 �c;i].

Next, we recall the de�nition of D&A co-observability
for the disjunctive architecture, the analogue of C&P
co-observability for the conjunctive architecture, that
was introduced in [8]. The term \D&A" stands for dis-
junctive and antipermissive. The reason for this term
is that this property is for the disjunctive architecture
and the antipermissive decision strategy should be ap-
plied at local supervisors. We say that the decision
strategy at a local supervisor is \antipermissive" if the
default control action for controllable events is disable-
ment. The intuitive meaning of the antipermissive rule
is to permit the occurrence of a controllable continu-
ation only if the local supervisor has su�cient infor-



mation to determine with certainty that enabling the
controllable event will not cause any violation of legal-
ity, namely, will not cause the closed-loop behavior to
exceed the desired behavior.

De�nition 1 A language K � M = M is said to be
D&A co-observable w.r.t. M , �o;1, �c;1,: : :, �o;n, �c;n,
if 8s 2 K and 8� 2 �c = [ni=1�c;i s.t. s� 2 K, 9i 2
f1; : : : ng s.t. [(P�1

i Pi(s) \K)� \M � K] ^ [� 2 �c;i].

Assume that we are given a partition of the set of con-
trollable events �c = �c;e _[ �c;d: Let us de�ne the
following sets of events: For i 2 f1; : : : ng, �c;e;i :=
�c;i \ �c;e and �c;d;i := �c;i \ �c;d: �c;e;i is the set of
locally controllable events whose default setting is en-
ablement while �c;d;i is the set of locally controllable
events whose default setting is disablement. We gen-
eralize C&P and D&A co-observability to embrace this
partitioning of �c; for the sake of simplicity, we call this
generalized notion \co-observability".

De�nition 2 A language K � M = M is said to be
co-observable w.r.t. M , �o;1, �c;d;1, �c;e;1, �o;2, �c;d;2,
�c;e;2,: : :, �o;n, �c;d;n, �c;e;n, if
1: K is C&P co-observable w.r.t. M; �o;1; �c;e;1; : : : ;
�o;n; �c;e;n:

2: K is D&A co-observable w.r.t. M; �o;1; �c;d;1; : : : ;
�o;n; �c;d;n:

With this generalized notion of co-observability, the ex-
istence result of a decentralized supervisor achieving
exactly a given desired behavior in the context of the
general architecture, presented in [8], is as follows:

Theorem 1 Consider a language K � Lm(G) where
K 6= ; and consider a �xed partition of �c such that
�c = �c;d _[ �c;e. There exists a nonblocking general-
ized supervisor Sgdec such that Lm(Sgdec=G) = K and
L(Sgdec=G) = K i� the three following conditions hold:
1: K is controllable w.r.t. L(G) and �uc:
2: K is co-observable w.r.t. L(G);�o;1;�c;d;1;�c;e;1; : : : ;
�o;n;�c;d;n;�c;e;n:

3: K is Lm(G)-closed:

For a language satisfying the conditions in Theorem
1, the following local decision rules should be applied:
For s 2 ��, let us de�ne Ei(s) = P�1

i Pi(s) \ K, i 2
f1; : : : ; ng. The local decision rules are:

SPi
(Pi(s)) =

f� 2 �c;d;i : Ei(s)� \ L(G) � Kg [
f� 2 �c;e;i : Ei(s)� \K 6= ;g [
�c;e n�c;e;i [ �uc:

(1)

A detailed explanation of the intuitive meaning of this
decision rule can be found in [7].

Let us de�ne the following classes of languages where
M is assumed to be pre�x-closed and K �M :

Lcen(K) = fL � K : L is observable w.r.t. M;�o;�cg,
LDA(K) = fL � K : L is D&A co-observable w.r.t.

M;�o;1;�c;1;�o;2;�c;2g,
LCP (K) = fL � K : L is C&P co-observable w.r.t.

M;�o;1;�c;1;�o;2;�c;2g,
Lgdec(K) = fL � K : 9�c;d and �c;e s.t. �c;d _[ �c;e =

�c and L is co-observable w.r.t. M;�o;1;
�c;d;1;�c;e;1;�o;2;�c;d;2;�c;e;2g.

Since controllability of the desired language is a re-
quired condition for the existence of supervisors among
all architectures, the classes of languages de�ned above
determine the performance (i.e., the class of achievable
languages) of the architectures. The relations between
these classes of languages are summarized in Fig. 2. Ex-
amples that justify the Venn diagram in Fig. 2 can be
found in [7].

Lgdec(K)

LDA(K) LCP (K)

Lcen(K)

Figure 2: Performance comparison between the architec-

tures

2.3 Test for Co-observability

Assume that H and G are trim �nite-state automata
generating the desired and uncontrolled languages K
and L(G), respectively. In [6], the �nite-state automa-
ton M is constructed to test the C&P co-observability
of Lm(H) in polynomial time. In [8], the �nite-state
automaton Md, which is similar to M , is built to ver-
ify the D&A co-observability of Lm(H) in polynomial
time. For further arguments, we de�ne the set of ter-
minal events:

�ter(K) := f� : s� 2 Kg:

�ter(K) collects the events terminating the traces in
K. The following theorem presented in [8] provides an
algorithm to search for a partition of �c satisfying co-
observability in polynomial time.

Theorem 2 There exist �c;e and �c;d, a partition of
�c, such that Lm(H) is co-observable w.r.t. L(G), �o;1,
�c;d;1, �c;e;1, �o;2, �c;d;2, �c;e;2, i� �ter(Lm(M)) \
�ter(Lm(Md)) = ;:

3 Algebraic Properties of Co-observability

Supremal sublanguages (with respect to a given prop-
erty) play a key role in supervisory control problems,



since they provide the least restrictive solutions when
the desired languages are not achievable under control
(because they do not possess the property under con-
sideration). In�mal superlanguages are also important
(see, e.g., the range problem in [4], [6]). The existence
of supremal and in�mal languages can be veri�ed by
checking the closure under algebraic operations (union
and intersection) of classes of languages. We present
two algebraic properties of co-observability that are rel-
evant in this regard.

Property 1 D&A co-observability and co-
observability are not preserved under union of
languages.

It is shown in [6] that C&P co-observability is pre-
served under intersection when pre�x-closed languages
are considered. However, the following property shows
that this is not true for D&A co-observability.

Property 2 D&A co-observability and co-
observability are not preserved under intersection
of languages.

Properties 1 and 2 are disappointing in the sense that
the notion of co-observability, which is key to the gen-
eralized architecture of Fig. 1, does not enjoy any of the
algebraic properties that would be useful to address su-
pervisor synthesis problems for desired behaviors that
are not co-observable. For this reason, a di�erent ap-
proach is necessary to tackle such problems. The next
section presents new results in this regard.

4 Synthesis Results

4.1 Implementation of Generalized Supervisors

Let us recall the local decision rule (1). One can see
that the local decision rules are decoupled from each
other even though they work together in the context of
the generalized architecture of Fig. 1. In addition to the
decoupling of the local decision rules, the information
state (Ei(s) := P�1

i Pi(s) \ K) used in (1) is also in-
dependent of the decision rule (1). These observations
lead us to propose the following approach to supervisor
synthesis. Assume that the automaton describing the
desired language is a strict subautomaton of the au-
tomaton generating the uncontrolled language. When
the desired language is achievable (namely, it satis�es
the conditions in Theorem 1), it is possible to design
the estimator and control actions sequentially. That is,
we can:

1. Build the local observers (estimators) of the automa-
ton corresponding to the desired language.
2. Find the local control action for each local observer
state according to the decision rule (1).

Moreover, supervision can be conducted in an on-line
manner, if so desired. The next local observer state

of the desired language can be found on-line upon the
occurrence of a locally observable event and the local
decision for this local observer state can be calculated
once the local observer state is known. Note that the
computation of the new observer state only requires the
previous observer state and the current control action
can be computed based on the current observer state
only.

4.2 Design of Safe Generalized Supervisors

When the desired language is not achievable, one may
want to synthesize a safe supervisor that guarantees
that the closed-loop behavior stays within the desired
language. We call this the inclusion problem and de�ne
it as follows:

(Inclusion Problem) Given uncontrolled system G
over the set of events � and legal language K, �nd a
nontrivial supervisor S such that L(S=G) � K:

For the perfect observation case (� = �o), the supre-
mal controllable sublanguage of the desired languageK,
(K)"(C), is computable and provides the least restric-
tive solution to the inclusion problem. Due to the lack
of existence of supremal observable sublanguages, sev-
eral approaches have been developed for control under
imperfect observation. For centralized architectures,
the property of normality has been suggested in order
to compute a \suboptimal" solution to the inclusion
problem. To improve upon this solution, other safe su-
pervisor synthesis techniques were developed. Most of
the e�orts [2], [3] were devoted to the centralized archi-
tecture. There are very few results on the synthesis of
safe supervisors in the context of decentralized architec-
tures. One of the obstacles to the design of safe decen-
tralized supervisors may be the mutual dependency of
local decisions. To circumvent the dependency of local
decisions, an intentional \decoupling" of the design of
the local decision rules was suggested in [5]. The idea is
to design local supervisors separately by following the
antipermissive rule and fuse them through various fu-
sion rules. Even though the performance of the super-
visor may be degraded due to the separation of local
supervisor design, the simplicity of this approach cir-
cumvents the mutual dependency of local decision rules.
However, a drawback of the approach in [5] is that lo-
cal supervisors do not exploit the structure of the fusion
rule that is a priori known to each local supervisor. In
the approach that we propose, we also decouple the de-
sign of local supervisors. However, the fusion rule and
the local decision rules are accounted for in this design
in order to enrich the closed-loop behavior.

Assume that the desired language K is controllable.2

Let us denote by Sgdec the supervisor obtained following
the decision rule in (1) with a given partition �c;e and

2This assumption is not restrictive since it is always possible
to �nd the supremal element, (K)"(C). Moreover, it is not possi-
ble to �nd any closed-loop language which is in between K and
(K)"(C) due to the supremality of (K)"(C).



�c;d. In some sense, this means that Sgdec pretends
that K is controllable and co-observable. We also build
the automaton M and determine �ter(Lm(M)). Since
the controllable events in �ter(Lm(M)) may cause a
violation of safety (illegal continuation) if we follow the
permissive rule for �ter(Lm(M)), we should use the
antipermissive rule for these events.

The nature of the permissive rule is to enable when
there is insu�cient information. This rule can cause a
violation of safety unless other local supervisors disable
the events that would lead to illegal behavior. In con-
trast, the antipermissive rule disables when there is in-
su�cient information. This conservative approach pre-
vents the closed-loop behavior from being illegal. We
have the following theorem providing a procedure for
the synthesis of a safe supervisor under the general ar-
chitecture.

Theorem 3 If �ter(Lm(M)) � �c;d, then synthesizing
Sgdec according to (1) leads to L(Sgdec=G) � K.

That is, every partition of the set of controllable events
satisfying �ter(Lm(M)) � �c;d, together with the cor-
responding local decision rules given in (1), guarantees
a safe closed-loop behavior when Sgdec controls G, even
if K is not co-observable.

In view of Theorem 3, one may wish to compare the
closed-loop behaviors corresponding to di�erent parti-
tions. Let �1

c;d, �
2
c;d, �

1
c;e, �

2
c;e 2 2�c . Suppose that

�ter(Lm(M)) � �1
c;d;�

2
c;d and the following partition

conditions hold: �1
c;d

_[ �1
c;e = �c; �2

c;d
_[ �2

c;e = �c:
Let us denote the generalized supervisors following the
supervision rule (1) with the above two partitions by
S1gdec and S2gdec, respectively. Then we have the fol-
lowing theorem demonstrating the monotonicity of the
closed-loop behaviors w.r.t. partitions.

Theorem 4 If �ter(Lm(M)) � �2
c;d � �1

c;d, then

L(S1gdec=G) � L(S2gdec=G):

Combining Theorems 3 and 4 leads to the following
result.

Corollary 1 If �ter(Lm(M)) � �2
c;d � �1

c;d,

L(S1gdec=G) � L(S2gdec=G) � K:

One may be tempted to infer that the condition
�ter(Lm(M)) � �c;d is necessary for safety. However,
the following result demonstrates that it is not the case.

Proposition 1 L(Sgdec=G) � K does not imply
�ter(Lm(M)) � �c;d.

However, the condition �ter(Lm(M)) � �c;d is critical
to guarantee the safety of the closed-loop behavior.

Proposition 2 If �ter(Lm(M)) 6� �c;d, then the
safety of the closed-loop behavior cannot be guaranteed.

In view of the above results, we conclude that
�ter(Lm(M)) = �c;d is the \optimal" partition, in the
sense that it generates the largest safe closed-loop be-
havior among all the partitions guaranteeing the safety
of the closed-loop behavior. Roughly speaking, the
intuition behind Theorem 4 is that as the local de-
cisions become \aggressive" (even though their fusion
rule is conservative),3 the closed-loop behavior becomes
larger. Corollary 1 and Proposition 2 set a limit on
\how aggressive" local decisions can be in order to guar-
antee the safety of the closed-loop behavior.

4.3 Properties of the Synthesized Language

Consider Sgdec de�ned in Section 4.2 with a partition of
�c guaranteeing the safety of the closed-loop behavior.
Since the local decision rules are decoupled intention-
ally, it is natural to expect that the closed-loop behavior
may not be maximally permissive when Sgdec is used.
We have the following result.

Property 3 (Non-maximality) In general, L(Sgdec=G)
with the optimal partitioning is not a maximal control-
lable and co-observable sublanguage of K.

Since the local decision rule (1) does not consider mark-
ing, the following can be demonstrated as well.

Property 4 (Blocking) In general, Lm(Sgdec=G) 6=
L(Sgdec=G).

In the remainder of this section, we consider the prop-
erties of two versions of Sgdec where the local decision
rules are either always antipermissive or always permis-
sive.

A language K is called strongly decomposable if

[P�1
1 P1(K)[P�1

2 P2(K)[ : : :[P�1
n Pn(K)]\L(G) = K:

This property has been considered as a decentralized
version of normality in the sense that it is preserved
under union and is a stronger condition than C&P co-
observability [6]. Since controllability is also preserved
under union, the supremal controllable and strongly de-
composable sublanguage, denoted by K"(CSD), exists.
Let us denote byK"(CNi) the supremal controllable and
normal sublanguage of K, where controllability is w.r.t.
L(G) and �uc and normality is w.r.t. L(G) and �o;i

(hence the superscript \i" in K"(CNi)). We have the
following result.

Property 5 For all i, K"(CSD) � K"(CNi).

Let us set �c = �c;d and denote the supervisor following
the decision rule (1) with this partition as Sapgdec. This is

3Note that \aggressive" (permissive) local decision rules are
matched with intersection (conservative fusion) and that \con-
servative" (antipermissive) local decision rules are matched with
union (aggressive fusion).



the most conservative partition according to Corollary
1 and every local decision is based on the antipermissive
local decision rule (hence the superscript \ap" in Sapgdec).
We have the following inclusion.

Property 6 For all i, (K)"(CNi) � L(Sapgdec=G).

In [5], the inclusions (K)"(CSD) � L(Sapgdec=G) � K

were proved. Note that (K)"(CNi) is a suboptimal so-
lution where all control authorities are given to the
i-th local supervisor.4 From Properties 5 and 6, we
see that (K)"(CNi) provides a tighter lower bound
than (K)"(CSD). Moreover, Corollary 1 states that
L(Sapgdec=G) is the most conservative language guaran-
teed to be safe given that the decoupled local control
actions following the decision rule (1) are applied.

We conclude this section with one last result when
the local decision rule is always permissive. A for-
mula for the in�mal pre�x-closed controllable and C&P
co-observable superlanguage is known [6]. One of the
purposes of the computation of this in�mal superlan-
guage, denoted by (K)#(CC&P ), is to implement a su-
pervisor generating this language. We present a simple
algorithm synthesizing directly the decoupled local su-
pervisors that result in this language without having
to explicitly compute the in�mal pre�x-closed control-
lable and C&P co-observable superlanguage. We set
�c;e = �c and denote the supervisor following the deci-
sion rule (1) with this partition as Spgdec. This implies
the architecture is the conjunctive one and every deci-
sion is based on the permissive decision rule. Then we
have the following theorem. Note that the controllabil-
ity assumption on K is not needed for this theorem.

Theorem 5 L(Spgdec=G) = (K)#(CC&P ).

Theorem 5 can be interpreted as another characteriza-
tion of (K)#(CC&P ), namely, as the closed-loop behav-
ior that results from Spgdec. The discussion in Section
4.1 is directly applicable for the implementation of the
local supervisors. By adding self-loops for enabled un-
observable events at each estimator state, the automata
representing the local supervisors can be realized. The
automaton generating (K)#(CC&P ) can be constructed
by forming the product of these automata with the sys-
tem model.

5 Conclusion

We have presented new results on supervisor synthesis
in the context of the general decentralized control ar-
chitecture for discrete-event systems shown in Fig. 1.

4Note that the control authorities are distributed through-
out the local supervisors under decentralization. The purpose
of Property 6 is to illustrate the properties of the language
L(Sapgdec=G).

Building on the results in [8], we have presented simple
\decoupled" control policies for the local supervisors
and studied their properties. The design of these lo-
cal supervisors is carried out as if the local supervisors
were capable of achieving the desired behavior, namely,
as if the desired language were co-observable. Under
this technique, we found the \optimal" partition of the
set of controllable events guaranteeing the safety of the
closed-loop behavior. This simple supervisor synthesis
technique can also be applied to synthesize local super-
visors generating the in�mal pre�x-closed controllable
and C&P co-observable superlanguage.
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