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Abstract: A modular approach for efficiently dealing with multiple tasks and multiple
specifications in the supervisory control of composite discrete-event systems (DES) is
presented. Colored marking generators are used to distinguish classes of tasks in
supervisory control of DES, which allows the synthesis of optimal supervisors that are
nonblocking with respect to multiple control objectives. A local modular approach,
combined with supervisor reduction and conflict resolution techniques, affords better
efficiency to the synthesis and readability to the solution by avoiding composition of
subsystems in the computation of supervisors. An example of flexible manufacturing
system illustrates the proposed methodology. Copyright © 2005 IFAC
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1. INTRODUCTION

In supervisory control theory (SCT) initiated by
Ramadge and Wonham (1987), the open-loop
behavior of discrete-event systems (DES) is modeled
by a generator, whose marked states represent the
completion of some control objective (task). The
restrictions imposed on the plant can be expressed in
terms of a language representing the admissible
behavior. The SCT provides computational
algorithms for the synthesis of a minimally restrictive
supervisor that constrains the behavior of the plant by
disabling controllable events in such a way that it
respects the admissible language and ensures
nonblocking with respect to the set of marked states.
While the admissible language can be viewed as a
safety specification (ensuring that nothing “bad”
happens), nonblocking can be understood as a
liveness specification, which ensures that the
supervisor will not prevent the completion of a task
(something good can happen). Situations where the
liveness of multiple tasks is desired are common. In

particular, interesting DES problems comprising
multiple tasks arise in  manufacturing and
communication systems. Thistle and Malhamé (1997)
and Fabian and Kumar (1997) have approached these
problems by modeling the liveness specification as a
set of disjunctive specifications which can be met by
supervisors under given conditions (named
noninterference or mutually nonblocking). In a recent
paper, Queiroz et al. (2004) propose the use of
colored marking generators — a kind of Moore
automata, whose outputs identify achieved tasks — as
a natural extension of SCT for the synthesis of a
minimally restrictive supervisor that respects the
admissible behavior and ensures the liveness of
multiple tasks. In problems represented by multiple
safety specifications over multiple subsystems the
size of the global model grows exponentially with the
composition of subsystems and thus the synthesis of
supervisors for real DES may easily become
unfeasible. In this paper, the modular structure of the
specifications and of the plant in composite DES is
exploited according to the local modular approach



proposed by Queiroz and Cury (2000). By this
approach, one modular supervisor can be synthesized
locally for each restriction, what reduces the
complexity of synthesis and affords greater flexibility
to the control system. Nonetheless, even if each local
modular supervisor separately ensures the liveness of
all classes of tasks, the composition of supervisors
could render some classes of task unreachable. This
work presents conditions under which this kind of
situation, named conflict, is avoided. The results in
this paper are illustrated by an example of flexible
manufacturing system, which is introduced in Section
2. The next section outlines the approach for
modeling DES with multiple tasks as proposed by
Queiroz et al. (2004). The following section is a
summary of the framework for multitasking
supervisory control. Section 5 presents the main
results of this paper, which extend the multitasking
control to efficiently deal with multiple restrictions in
composite  DES by local modular approach.
Mathematical proofs can be found in the thesis of
Queiroz (2004).

2. AMOTIVATING EXAMPLE

The hypothetical Flexible Manufacturing System
(FMS) presented in Fig. 1 generates two types of
products from raw blocks and raw pegs: a block with
a conical pin on top (Product A) and a block with a
cylindrical painted pin (Product B). The FMS
consists of eight devices: three conveyors Cy, C, and
Cs, a Mill, a Lathe, a Robot, a Painting Device (PD)
and an Assembly Machine (AM). The devices are
connected through buffers B;, i = 1,...,8, with capacity
for one part. The arrows in Fig. 1 indicate the flow of
unfinished parts through the FMS. Raw blocks enter
C1 and reach B;. Raw pegs enter C2 and arrive in B,.
The Robot picks raw block from B, and places it into
B; or moves raw pegs from B, to B,. The Mill starts
processing a block from Bz and returns a
geometrically shaped part with a hole on top. The
Lathe can make two types of pin with the peg from
B,: a conical pin or a cylindrical pin. Then the Robot
moves a finished block from B; to Bs, moves a
conical pin from B, to B or moves a cylindrical pin
from B, to B;. Conveyor 3 transports the pin from B,
to Bg, where it is painted, and takes it back to B-.
Finally the AM creates one Product A, by assembling
a block from Bs and a conical pin from Bg, or the AM
puts a finished cylindrical pin from B; on the top of
the block, returning one Product B.

The control logic to be synthesized must give the
maximal degree of freedom to the FMS while
avoiding overflow or underflow of parts in the
buffers and ensuring that the system always allows
the manufacture of products A and B. In addition, the
supervisor should not prevent the Lathe and the Mill
from operating simultaneously. As further liveness
specifications, the control logic should always allow
the buffers B;, i=1,...,6 to become empty and the
buffers B; and Bg to become simultaneously empty.

In order to efficiently solve this problem, two aspects
must be taken into account. First, the condition of
nonblocking (and the synthesis of supervisors) must
be redefined to deal with the existence of multiple
control  objectives that don’t need to be
simultaneously accomplished. Secondly, the system
can be considered as a set of eight asynchronous
subsystems that must be synchronized by the action
of the control system in order to obey the overall
specification. The specification itself can be broken
into eight restrictions over the buffers, which
individually affect only the respective neighboring
subsystems. This fact suggests that the control system
can be conceived in a modular and local fashion in
spite of the monolithic synthesis, which implies the
computationally problematic composition of all
subsystems and specifications. Naturally, care must
be taken to guarantee that the joint action of local
modular supervisors preserves nonblocking of the
given tasks.

Fig. 1. Flexible manufacturing system (FMS)

3. MULTI-TASKING DES

A DES completes a task when it executes some
sequence of events that accomplishes an objective of
the control problem. Two tasks belong to the same
class when they are related to objectives that are
equivalent, i.e., that have the same meaning in the
control problem. When a DES model incorporates
multiple classes of tasks it is called multitasking
discrete-event system (MTDES).

To distinguish multiple classes of tasks in an
MTDES, a color (label) is associated to each class of
task. Let X be the set of all events that can occur in
the system and C be the set of all colors. Let * be
the set of all finite strings of elements in X, including
the empty string €. A language L is a subset of X*.
L represents the prefix closure of L.
Each color ce C is assigned to a language
L. € Pwr(Z") (power set of X") that represents the set
of all sequences of events in X that can complete a
task of the respective class. Thus, the colored
behavior of an MTDES can be modeled by the set
Ac € Pwr(Pwr(Z")xC) given by Ac :={(Ls, c), ceC}.



For a colored behavior A, the language marked by
¢ € Cis defined by L¢(Ac) :=L such that (L, ¢) € Ac.
The language marked by Bc C is defined by
La(Ac) = Upcelo(Ac). For Mg; < Pwr(Pwr(Z;)xBy)
and Ng> PWr(PWr(ZZ*)XBz), Mg1 < Npg» if B, < B,
and Vb € By, Ly(Mg;) < Ly(Ngy). The synchronous
composition of Mg; and Ng, is given by
Me; || Ng2 = {(Lo(Mg1) || Lo(Ng2), b),Vb € By n B2}
U {(Lo(Ms1) || Le2(Ns2), b), Vb € By — By}
U {(Le1(Mg1) || Le(Ne2), b),Vb € B, — B4}

For convenience, an MTDES can be modeled by a
Moore automaton, whose outputs, represented by
subsets of colors, define the classes of tasks that are
completed after the corresponding sequences of
events. Such a state machine, named colored marking
generator (CMG), is formally defined by a 6-tuple
G:=(Q, X, C, 3,1y, qo), where: Q is a set of states; =
is a set of events; C is a set of colors; 8: Q x X — Q
is a state transition function; x: Q — Pwr(C) is a
marking function; qo is the initial state. For a CMG
G, the eligible event function T:Q — Pwr(X)
associates each state q € Q to a subset of X with all
events that can occur in g. The generated language of
G, denoted by L(G), is the set of all finite event
strings that can be reached from the initial state qp.
The marked language of an usual generator is the set
of all strings that complete a task. Since a CMG
usually comprises multiple classes of tasks, a marked
language is defined for each class of task. Hence, the
language marked by c € C, is formally defined by
L.(G) :={s € L(G) | ¢ € x(5(qo, ))}. The concept of
language marked by a color is extended to a
nonempty set of colors as the set of event strings that
complete any of the respective tasks. Then, for the
color set B, @ — B < C,the language marked by B is
defined by Lg(G) :={s € L(G)| B m ¢ (8(qo, S)) = J}.
The colored behavior of a CMG G is given by
Ac(G) =={(L(G), ¢), c € C}.

Proposition 1: Let Ac = {(L., c), ¢ € C} be a colored
behavior. If Ac is regular (L. is regular for all ¢ € C),
there exists a finite state colored marking generator G
such that Ac(G) = Ac and L(G) = UecLe.

The  synchronous  composition of CMG

G1=(Q1,21,C1,61,%1,001) and G=(Q2,Z7,C2,82,%2,002),
with respective eligible event functions I'y and Ty, is
defined by the CMG

G1 || G2 == Ac(Q1xQy, U35, C1UCy, 8, %, (Go1,do2)),
where:

(01(01,6),82(02,0)), if cel1(q)NT2(d2)
(01(01,6),02), if ceT1(d2)\2,
(01,02(02,0)), if ceT>(d2)\2s

undefined otherwise;

%((91,02)) = [x1(91)V(C2 = C1)]N[x2(d2)(C1 — C))].

The operation Ac(G) eliminates all unreachable states
of G. The eligible event function I" associated to
G || G, is given by:

'((d2,02)) = [T1(q0) V(22 — Zo) N[ 2(02) (21 - Z2)].

3((91,92),0) =

The open loop behavior of the FMS of Section 2 is
modeled by the set of eight asynchronous CMG in
Fig. 2. The manufacture of one Product A and of one
Product B is respectively indicated by the tasks a and
b in the model for the AM. The task o represents the
simultaneous operation of the Lathe and the Mill. The
synchronous composition of the eight CMG leads to a
CMG G=(Q,%,C,3,y, qo) with 3456 states and
color set C={a, b, o}.

Fig. 2. Composite plant for the FMS

Given a nonempty subset of colors B, a CMG G is
strongly nonblocking w.rt. B if VbeB,
L(G) = Ly(G), that is, if any generated sequence of
events can be completed (not necessarily in the same
way) to a task of all the classes represented by colors
of B. A colored behavior Ac € Pwr(Pwr(2") x C) is
strongly nonblocking w.rt. B C when Vb e B,
Lo(Ac) = Le(Ac):

Proposition 2: There’s a CMG strongly nonblocking
w.r.t. C that models a colored behavior Ac if and only
if Ac is strongly nonblocking w.r.t. C.

4. MULTI-TASKING SUPERVISORY CONTROL

Let the open loop behavior (plant) of a DES be
modeled by a colored marking generator
G=(Q, %, C, 3, y, qo), with eligible event function I,
whose alphabet is partitioned into controllable events
ceX. (events that can be disabled) and
uncontrollable events ¢ € 2, Let D be a set of
important tasks for which liveness (strong
nonblocking) is required. Let the specification be
given by a colored behavior Ap € Pwr(Pwr(2") x D)
such that vd e DN C, & cLy(Ap) < Ly(G), and
vd e E, @ cLy(Ap) cL(G). In this way, the
specification can define new classes of tasks
E =D - C. The objective of supervisory control is to
generate an entity (designated supervisor) which, by
disabling controllable events, prevents the controlled
system from violating the languages of the
specification. The supervisor should also guarantee
that the controlled system is always capable of
completing tasks of D.

In the example of FMS, the controllable events are
labeled with odd numbers. Each restriction can be



modularly expressed by a generic specification,
which is a colored behavior defined on a particular
subset of events from the global alphabet of the
composite plant. The generic specifications Mgen;,
i=1,...,8, for avoiding overflow and underflow in the
buffers B;, i=1,...,8, respectively, are generated by
the CMG in Fig. 3. The tasks ei, i = 1,...,6, defined in
the specifications Mg, indicate when the respective
buffers are empty. The task e, indicating that buffers
B, and Bg are simultaneously empty, is defined by
Mgen,7 and Mgeng. The synchronous composition M of
all  generic  specifications has color set
E ={el, e2, e3, e4, €5, €6, e}. The global
specification is then obtained from Ap =M || Ac(G).
Therefore, in order to respect all the specifications
defined in Section 2, the controlled system must
respect Ap and be strongly nonblocking with respect
to the color set D = {a, b, 0, el, e2, 3, e4, €5, €6, e}.

gen 1

Mgen 5. .

@0
o0

Fig. 3. CMG for the generic specifications Mgen,
respective to buffers B;,i=1,...,8

When the specifications include classes of tasks that
are not explicit in the plant (E # ), the role of
marking the new colors in the controlled system is
assigned to the supervisor. A coloring supervisor is
then defined as a mapping that associates to each
sequence of events of the plant a set of enabled
events and a set of new colors (of E) representing
completed tasks. Thus, a coloring supervisor S
consists of a function S: L(G) — Pwr(Z) x Pwr(E).

Let S(s)=(y,n), and write R(S(s))=y and
3(S(s)) =p. The events that can occur after the
occurrence of a string of events s € L(G) are given
by R(S(s)) » I'(5(qo, S)). A coloring supervisor S is
admissible if it doesn’t require disabling
uncontrollable events, that is, if Vs e L(G),
2, N I(8(ge, 8)) < R(S(s)). The language generated
by the controlled system S/G is defined by:

1. ¢ € L(S/G);

2.56 € L(S/G) < (s € L(S/G)) A

(so € L(G)) A (o € R(S(s))).

The languages marked by S/G are given by:
Ve € C, Lo(S/G) := L(S/G) N L(G);
Ve € E, L(S/G) :={s € L(S/G) | e € 3(5(s))}

A supervisor S is strongly nonblocking w.r.t D if
vd e D, Ly(S/G) = L(S/G).

Theorem 1: (Queiroz et al., 2004) Necessary and
sufficient conditions for the existence of an
admissible  coloring  supervisor S strongly
nonblocking w.r.t. D such that Ap(S/G)=Ap and
L(S/G) = Lp(Ap) are:
1. controllability of Ap w.r.t. G:
Lo(Ap)Zy N L(G) < Lo(Ap);
2. D—closedness of Ap w.r.t. G:
vd e (D N C), Ly(Ap) = La(Ap) N Ly(G);
3. strong nonblocking of Ap w.r.t. D.

Next theorem (Queiroz et al., 2004) proves the
existence of a supremal controllable and strongly
nonblocking colored behavior contained in Ap.

Theorem 2: Let the set of behaviors strongly
nonblocking w.r.t. D contained in Ap be defined by
SNB(Ap, D):={Mp < Ap| VdeD, Ly(Mp)= Lp(Mp) }-
C(Ap, G)={Mp c Ap| (Lo(Mp)Zy " L(G) < Lo(Mp) }
is the set of controllable behaviors contained in Ap.
The set CSNB(Ap, G, D) := C(Ap, G) N SNB(Ap, D)
has a supremal element SupCSNB(Ap, G, D) .

It can be shown that, for a regular Ap and a finite-
state G, SUpCSNB(Ap, G, D) can be computed from a
CMG modeling Ap by the iterative elimination of
states failing to be controllable or strongly
nonblocking w.r.t. D. By Theorem 1, this behavior, if
nonempty, can be generated by a minimally
restrictive strongly nonblocking supervisor. In the
example of FMS, the optimal colored behavior
SUpCSNB(Ap, G, D), computed with the help of
CTCT (Wonham, 2003), can be guaranteed by a
monolithic supervisor with 45504 states.

5. LOCAL MODULAR CONTROL OF MTDES

As pointed out by Queiroz and Cury (2000), it can be
reasonably assumed that the plant of large-scale DES
is modeled by the composition of multiple
asynchronous subsystems (product system) and the
global specification is given by a set of local
specifications, which synchronizes subsets of
subsystems. For composite DES, a monolithic control
architecture implies the synthesis of supervisors from
the global model of the plant, which grows
exponentially with the numbers of subsystems.
Therefore, it can be advantageous to design each
modular supervisor on a local version of the plant,
which is obtained from the composition of the
subsystems affected by the respective specification.
The architecture for the conjunction of local modular
supervisors for multitasking composite discrete event
systems, which follows the modular approach of
Wonham and Ramadge (1988) and its extention for
composite systems (Queiroz and Cury, 2000), is
defined in the following.



Let the open-loop behavior of an MTDES be
modeled by the composition of subsystems
{Gi = (Qi, Zi, Ci, Si, Lis qu), i= l,2,...,n}, with
ZinXj=, for i #j. The global alphabet is given by
set of generic admissible behaviors
{Myenj < PWr(PWr(Zgen;) * Cgenj), j = 1,2,....m}, with
ZgnjcZ. For j=1..m, the local plant
GIoc,j = (QlOC,jv 2Ioc,jy ClOC,jv 8Ioc,j: Aloc,js qOIoc,j): with
eligible event function T, iS computed by the
(asynchronous) composition of all subsystems that
are affected by Mg, i.e., that share events with
Mgenj. The global plant G =(Q, £, C, 3, %, Qo), with
eligible event function T, is given by
G=lj-12.mGicj; For j=1..m, the local
specification  Miocj < PWr(PWr(Ziocj ) X Dioej) IS
defined by Miqcj :=Mgen;j || Aciocj(Giocj)- Let the color
set Eloc,j = Dloc,j - CIoc,j-

Without loss of generality, assume that m=2. Let
Sioc1: L(Gioc,1) = PWr(Zioc,1) x PWr(Ejoc,1) and
Stoc.2: L(Gioc2) = PWI(Zioc2) x PWI(Ejoc 2) be
admissible coloring supervisors for Gioc1 and Gigc 2,
respectively. For i=1,2, define the natural
projections Pjocii ° — Zjci - FOr a string s € L(G) -
what implies that Pii(S) € L(Gioe)) -, With
Sioc,1(Pioc,1(8)) = (v1, 1) and  Sioc 2(Pioc2(S)) = (v2, H2),
the control action of the supervisor representing the
conjunction of Sioc.1 and Sioc2:
Sioc1 A Sioe2: L(G) = Pwr(E) x Pwr(E), where
E = Ejoc1 U Ejoc 2, IS given by
SIoc,l N SIoc,Z(S) =
((Yl U (Zloc,z - z:Ioc,l))m('YZ o (zloc,l - 2|OC,2))!
(v (Eloc,z - Eloc,l))m(MZ o (Eloc,l - Eloc,Z)))-

The conjunction of two local modular coloring
supervisors is described in Fig. 4. The control action
of local supervisors is extended to the global plant by
enabling all events of X that are not in their own
alphabet and marking all new colors of E that are not
in their own color set. Thus, a shared controllable
event will be enabled in the plant if and only if it is
enabled by the global action of both supervisors for
the strings corresponding to the sequence of events
occurred in the respective local plants. In other
words, it suffices for one supervisor to disable an
event for it to be disabled in the plant. In the same
way, the new colors that are common to the color set
of both supervisors will be marked in the closed loop
behavior if and only if they are marked by both
supervisors. It can be shown that the closed-loop
behavior under modular control is given by:

In order to deduce the properties of the controlled
system in the multitasking local modular architecture
from the properties of the local supervisors, the
conditions under which the properties of
controllability and strong nonblocking are preserved
by synchronous composition are investigated. The
key condition is the property of strong nonconflict,
which is defined for colored behaviors with different

local alphabets and color sets in the following. Mg 1
and M, are strongly nonconflicting w.rt. B D
whenever

Vb € B, Lo(Mioe1 || Mioe.2) = Lo(Migca || Mioc,2)-
Sioc1 A Sloc,Z/G = (Sloc,llGloc,l) [ (Sloc,ZIGIOC,Z)-

)
colors

new colors
g?é U(Eioc.2~Eioc.1) Local event
enabled events i
O O Supervisor 1
new colors
—fU(EIOC‘l_EIDC,Z) Local event
enabled events i
UEi001—21002) Supervisor 2

Fig. 4. Local modular control architecture

Strong nonconflict of M. 1 and Myee2 W.r.t. B means
that any synchronous prefix can complete any global
task represented by a color of B. The following
proposition indicates the relationship between strong
nonconflict of colored behaviors and strong
nonblocking of colored marking generators with
distinct alphabets and color sets.

Proposition 3: Let Hge: and Hic, be strongly
nonblocking (w.r.t. Dioc1 and Do) colored marking
generators for Mpe: and Myo, respectively.
Hioc1 || Hioe2 i Strongly nonblocking w.r.t. B if and
only if My,; and M., are strongly nonconflicting
w.r.t. D.

The main results of this paper are presented below.
They show that strong nonblocking and optimality of
local modular control architecture can be ensured for
MTDES under the condition of strong nonconflict.

Theorem 3: For a composite system defined as
above, let Syoc; and Syc» be strongly nonblocking
(W.rt. Diocs and D) admissible supervisors for
Giocr and Giocp, respectively. If Api(Sioc1/Gioc1) and
Ap2(Sioc 2/Gioc2) are strongly nonconflicting w.r.t. D,
Sioct A Siocz 1S an admissible supervisor for G
strongly nonblocking w.r.t. D.

Proposition 4: If SUpCSNB(Miqc 1, Gioc.1, Dioc,1) and
SUPCSNB(Miqc 2,Gioc.2,Dioc 2) are strongly
nonconflicting w.r.t. D, then
SupCSNB(Mloc,IHMloc,Z:GnD) = SUpCSNB(MIoc,leloc,lvDloc,l)
” SupCSNB(MIoc,Z:Gloc,ZvDloc,z)-

The results above can be generalized for multiple
specifications by using the following extension of the
definition of strong nonconflict. A set of colored
behaviors {M; c Pwr(Pwr(%;) x Dy), i=1,...m} is
strongly nonconflicting w.r.t. B < D whenever

..........

The results in this section are applied to the FMS as
follow. For every generic specification Mg,



i=1,.,8, its local plant Gjo; is obtained from the
composition of all affected subsystems. The colored
behaviors for the local specifications are computed
by Mo = Mgen,i ” ACIoc,i(GIoc,i)- For i=1,..8, local
modular supervisors Hio; (with less than 128 states)
such that ADIoc,i(HIoc,i) = SupCSNB(MIoc,ia GIoc,i: Dloc,i)
are computed. Using the algorithm of Su and
Wonham (2004), the sizes of all local modular
supervisors were reduced to less then 5 states. The set
of reduced local modular supervisors Ry, i =1,...,8,
is illustrated in Fig. 5, where the dashed arrows
indicate the events to be disabled.

Fig. 5. Reducéamlocal supervisors Rygei, i = 1,...,8

In order to check if the local modular supervisors are
strongly nonconflicting w.rt. D, the CMG
verifying that H fails to be strongly trim, it can be
concluded that the modular supervision is strongly
conflicting w.r.t. D. However, the synthesis can
proceed by computing a coordinator that solve the
global conflict. For that purpose, the blocking CMG
H, representing the naive conjunction of local
modular supervisors over the original plant, is taken
as the new plant. The generator HS (with 45504
states) for the maximal behavior contained in H that
is controllable w.rt. H and strongly nonblocking
w.rt. D could be taken as a strongly nonblocking
coordinator for H. In order to avoid the complexity of
the reduction of coordinator HS, the conflict is solved
in a smaller section of the FMS. By reasoning about
the problem, it can be observed that the conflict that
blocks the generation of Product B is related to the
flow of pins. Therefore a blocking generator H2, with
1912 states, is computed by the composition of all
supervisors related to the flow of pins:
H2 =Hioca || Hioes || Hioe,7 || Hiocg:  Then a  strongly
nonblocking coordinator H2S, with 1256 states, is
obtained from H2. By supervisor reduction, the
strongly nonblocking coordinator CS with only 2
states in Fig. 6 was obtained from H2S. It can be
checked that CS || H is equivalent to HS and thus the
joint action of the set of reduced local modular
supervisors with the coordinator CS is minimally
restrictive and strongly nonblocking w.r.t. D.

3 ¥

Fig. 6. Strongly nonblocking coordinator CS

6. CONCLUSION

A local modular approach has been extended to the
multitasking framework to deal with state space
explosion in the synthesis of supervisors for
composite MTDES by exploiting modularity of plant
and of specifications. The condition for optimality of
the proposed architecture is strong nonconflict of
locally defined colored behaviors. The simplicity of
the solution for the FMS indicates that the use of
multitasking local modular control combined with
supervisor reduction and conflict resolution is a
natural and feasible way of dealing with multiple
tasks and multiple specifications in composite DES.

AKNOWLEDGEMENTS

The authors thank the financial support provided by
CNPq and CAPES.

REFERENCES

Fabian, M. and R. Kumar (1997). Mutually
Nonblocking Supervisory Control of DES,
CDC’97, San Diego, CA, USA.

Queiroz, M.H. de and J.E.R. Cury (2000). Modular
Supervisory Control of Large Scale DES. In:
DES: Analysis and Control, pp. 103-110,
Kluwer. (Proc. WODES 2000, Ghent, Belgium)

Queiroz, M.H. de, J.E.R. Cury and W.M. Wonham
(2004). Multitasking supervisory control of DES.
WODESO04, Reims, France.

Queiroz, M.H. de (2004). Controle Supervisorio
Modular e Multitarefa de Sistemas Compostos.
Doctor Thesis, UFSC , Florianépolis, Brazil.

Ramadge, P.J. and W.M. Wonham (1987).
Supervisory control of a class of discrete event
process. SIAM Journal of Control and
Optimization, 25, 206-230.

Su, R. and W.M. Wonham (2004). Supervisor
Reduction for Discrete-Event Systems. Discrete
Event Dynamic Systems, 14, 31-53.

Thistle, J.G.R. and P. Malhamé (1997). Multiple
Marked Languages and Noninterference in
Modular Supervisory Control. Proc. of the 35th
Annual Allerton Conference. pp. 523-532.

Wonham, W.M. (2003). Notes on Control of DES.
Dept. of Elec. & Comp. Eng., Univ. of Toronto.
http://www.control.utoronto.ca/DES

Wonham, W.M. and P.J. Ramadge (1988). Modular
supervisory control of discrete event systems.
Math. of Control, Signals & Systems, 1, 13-30.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




