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Abstract: This paper proposes a new control synthesis method for a dass of discrete event
systems modeled by controlled ordinary Petri nets with linear marking constraint. Monitor is
constructed to track the system state resulted from the uncontrollable firing sequences. The
maximally permissve feedback contral palicy then can be ohtained based on the making o the
monitor. No non-convex constraint transformation is introduced in the design procedure. The
method is capable of synthesizing a dassof net that cannot be treated using previous methods
due to some necessary restrictions.  Copyright © 20021FAC
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1. INTRODUCTION

Petri net (PN) is an important tod to synthesize
discrete event systems (DES) due to its advantages
swch as graphical, distributed representation of the
system state and the computationa efficiencies.
From the ntrol standpoint, the ntroller or
supervisor of DES can be distinguished between
mappng one, whose control law is a function
computed after each new event generated by the
system, and compiled one, whose @ntrol law is
presented as a DES dructure (Giua, 1996). A
mapping controller has been designed by Holl oway
and Krogh (1990, 1991) to solve the forbidden state
problem of safe cyclic marked graphs. Bod et al
(1995 have obtained the mapping controller to
address the same probem in the setting o date
machines. For the antrol of vedor DES, Li and
Wonham (1994 presented an integer linea
proggamming method to compute the mapping
controller. Giua e al (1992 and Moody and
Antsaklis (2000 used P-invariant method to
construct a wmpiled controller to enforce linea
marking constraint, whil ethe @ntroller enforcing the
same mnstraint was obtained by Chen (2000 based
on the oncept of Sdeaease. When design a
compiled controller to enforce the given constraint,
the @nstraint usually has to be transformed into

another one in order to acoount for uncontrollable
transitions. Moody and Antsaklis (2000 and Cho
and Kwon (198) have proposed some
transformation methods.

The ordinary PN model of DES considered here is
able to modd both of the resource conflict and
process synchronization. The restrictions against
PRC (precadence path condition) and PRC
(precadence path input condition) (Holloway and
Krogh, 1990, 1991; Bod et al, 1995 are relaxed in
this paper. In addition, the method presented here
does not neal any non-convex constraint
transformation in order to deal with the firing of the
uncontroll able transtions. The @ntroller designed in
this paper is a mapping ane, but it exploits the
advantage of compil ed contrall er.

The remainder of this paper is organized as foll ows.
Sedion 2 introduces ©me foundations of the
controlled ardinary Petri nets and control constraint.
The @nstruction method of monitor is given in
sedion 3. Sedion 4 presents the control synthesis
policy to satisfy the control constraint. In the last
sedion, the onclusion is given.

2. FOUNDATION OF CTLPN AND CONTROL
CONSTRAINT



A controlled ardinary PN is defined as a six-tuple G
=@ T, €, C B, m), where P is a finite set of
state places, Tisafinite set of transitions, PN T=¢,
E L@ x NHO(T x P) is a st of direded arcs
conneding state places and transitions, C isthe finite
set of control places, BLI(C x T) is the set of
direded arcs aswciating control  places  with
trangitions, and m: # — Z is the marking of the
places (£ is the set of nonnegative integers). Places
and trangitions are cdled nodes in generdly. The
marking m and the sets P, Tand € congtitute a
ordinary PN G, ie, G, =P, T, €., m). The
controlled ordinary PN is sometimes referred to as
controlled PN (CtIPN) and state places to as places.
It is assumed in this paper that one transition has at
most one mnneded control place axd one @ntrol
place has exactly conneded by one transition. The
transitions conneded by control place ae
controllable ad the ntrollable trandtion set is
denoted by T., otherwise uncontrollable and the
uncontroll able transition set isrepresented as T,. The
places, trangtions, control places and marking are
graphically represented by circles, bars, squares and
dots, as siown in Fig. 1.

For a transition tLI T, t is cdled to be an input
transition to p if the ac (t, p)0J € . The input
transition set of p is denoted by ©p. Similarly, the
input place set of transtion t, denoted by ®t, and
output sets p?, t* can be defined. The notation c
represents the only transition associated to the
control placec, and ©t denotes the only control place
asciated tot.

Fig. 1. A controlled PN

A control u: C — (0, 1) assgns a binary token
count to each contral place The set of al controlsis
denoted as U. For two controls u; and uy, Uy = U,
holds if u; () = uy(c) for al cC, and u; > u,
holds if uy(c) = u,(c) and uy(c) > ux(c) for at least
one cdC. A control u, is more permissve than
another control u, if u; > u,. The @ntrol Uge,
Uone(C)=1 for al cJC, is the most permissve, and
the @Ntrol Uyge, Uyeo(C)=0 for al cJC, is the least
permissve.

A trandgition tLJ T is sid to be state enabled under
marking m if al its inpu places are marked i.e.,
m(p) =1 for al p0®t. A transition tO T, is sid to

be control enabled (disabled) if its input control
place is (not) assgned a token, i.e, m(©t)=1 (0).
Conventionally, all the transitions in T, are assumed
to ke control enabled. A state enabled and control
enabled trandtion t[17 is said to ke enabled. The
firing o an enabled transition t under marking m will
result in anew marking m according to the foll owing
equation:
m(p) = m(p)—|pY N {B}|+]“p N {t}]
where| - | denotesthe ardinality of a set.

The @ntrol constraint enforced in this paper is a
linead marking constraint, which has the following
form

> lim(p) <b @

where efficient |, is a non-negative integer,
m(p,) is the marking of place p, b is a positive
integer constant and n is the number of the places in
the net. For convenience the notation Mc(m) is
sometimes used to denote the value of |eft side of (1)
under marking m. Let R_ (Mc(m)) be the set of
possble value of Mc(m) under any reachable
marking m' from m, and max[Mc(m)] be the maximal
intheset R, (Mc(m)).

The main purpose in this paper is to seek a contral
policy U J U to make the mngraint (1) be always
satisfied. A marking m is sid to be admissble if
max[Mc(m)] is not bigger than b under u,e, and the
st of admissble marking is denoted as Q. The
contral policy U is a state feedback policy that maps
every mL] Q to a st of controls U(m). For two
contral policies U; and U,, U, is said to be more
permissve than U, denoted as U;>U,, if
Uy(m) D Ux(m) for dl mO Q@ and Uy(m) O Uy(m)
for somem[J Q.

The following definitions are about the places
involved in the congtraint (1) and their associated
transitions.

Definition 1: The placein the constraint inequality (1)
is named as congtrained place. The entire
constrained places congtitute constrained place set,
denoted by C,,, that is,

n
Cp ={p=p | Z_llim(pi)sb for li #0} (2
Definition 2: The set of input transitions for the

entire onstrained place set C, is said to be inpu
constrained transition set, denoted by  C , , that i,

Oc,={t | tOY% for p00Cy} ()
Definition 3; The sat of output transtions for the

entire onstrained place set C, is said tot ke output
constrained transition set, denoted by Cé) , that is,

CS) ={t | tOp" for pOCy} (4)

Definition 4 The set of transitions denoted by CC, is
said to ke comnon constrained transition st if its
entry t satisfies

td®C, n C{ (5)
Definition 5 Given the input constrained transition
%t OC,, theset “C ., =“C -CC, issadto

be pure inpu constrained transition set.
Definition 6: Given thg output constrained transition
st CV, theset C{). = C’-CC, is sdd to

pure-t —



be pure output constrained transiti on set.

According to the oontrollability of transitions,

OC e is divided into two subsets VC__ e
t t —(t

and ()Cu—pure—t » Where ()Cc—pure—t _()Cpure—t N TC

and OC,_ et = VCpuer N Ty, respectively.

Example 1: Consider the Petri net ill ustrated in Fig.1.
Asame the net satisfy bdow constraint in its
evolution:

2m(p,) +m(p,) +m(p,) <3 6)

then, its corresponding sets are: C, ={ P,, P, P71 };
(t)Cp {t2 s, L, tao}, Cg) ={ts, t, tg}; VC

(Fe . OC, ouret {13},
and CV

pure-t —
example.

pure-t —

u pure-t — {tz, t4; th}
CS). Note that CC, =¢ holdsin this

3. CONSTRUCTION OF MONITOR

This sedion describes how to construct a monitor to
track the state of the nstrained places. At firg,
influence path is constructed to account for the firing
of uncontroll able transitions.

3.1 Influence Path

The mncept of influence path in this paper is
different with the ones in (Holloway and Krogh,
1990 Bod et al, 1995. The influence path (I1P),
which is not existent in the plant, cen be regarded a
copy of precadence path (PP in the sense of
congtruction. A path 77 =(typstops:-th1pnaty) defined
in this paper isa string o nodes guch that bath of the
beginning and end nodes ae transtions and
pOt™ n P, for 1<i<n-1. The expresson
xD(or L) 71’ means that x is (or is not) anode in
7T. A sub-path of 7T is denoted by 7T (X, X),
wherexisanodeand 1<i<j<n.

Definition 7: Given an uncontrollable inpu
congtrained transition t{1C, e, @ precedence path
7T, isapath such that:

1) 1=t

2) t; isuncontrollablefor 1<i<n-1;

3) t, iscontrollable.

A PP 11, for t has only one wntrollable transition t,,
and t, is cdled to be the (unique) controllable
transition of 7T, . The case that t, is uncontroll able is
not considered here since this case will lead to the
uncontroll ability of the plant (Boel et al, 19%) or
has no influence on the dedsion of control policy.

For a given transition t[]C, yes, it may have more
than one PP. These paths are joined at some places or
transitions, and these places or transitions are called
to bejoining nodes. The set of precalence paths for t
is denoted as [],. Let T, ={t, | t,[0 I, for
1, U [];, t. is controllable} be the wntrollable
transition set with resped to t. Let [, (S) be the
subset of [, in which each transition is sate
enabled, ie, I, (9=f{t, | t,O T, , t, is date
enabled}. x[(or 0) [], if xU(or ), for

11, L[], - Thenotation 77, (t,) is used to represent
the PP whose mntrollable transition is t,,. Note that
there are no redtrictions against the PRC and the
PRC in the definitions of PP and PP set. For a PP
11, , when [pU 17, , pLJC,, the PPviolates PRC.

Example 1 (continued): In Fig.1, there ae three PP
[N = () } |_|t4 _{ T, () |

7Tt4 )Y ao ={ o (t,) , Tyo(ts) 3, Where
TT, (t 3 =(tapaty), 7’&4%t =(tapstapatzpaty),
Ty t13 =(tapstapotiz), Ty t12) =(tiop1otsz) and

M,0(ty) =(tiopsts). Note that the constrained
place P, [ [];, and the cntrollable transitions t;3
and ty, are in conflict, so this example does not
satisfy PRC and PHRC.

The following definition makes it posshle to
evaluate the influence of firing o transtionsin I,
on the state of constrained places without analyzing
the uncontroll able reachable marking problem.

Definition 8: Given an uncontrollable input
congtrained transition t{]1“C,, yyes, the influence path
set is constructed as foll ows:

1) Draw a copy of the transtion t and the joining
transitions t, (denoted astj, and t;,_, for t and
t, U 1T, respedively) in the paths of [],, and
the mpied transitions are aranged in the same
order as the originas. The transitions t and t,
ae clled to be the origina of t, and t;,_,,
respedively.

2) Draw a place between the two adjacent copied
transitions. Note that the originals of the two
transitions should be in the same PP A place
should adso be drawn between the controllable
transition and its neighbaring copied transitions.

3) Conned the adjacent nodes ohtained above by
arcs from the controllable transitions to t, in the
same diredion of the rresponding PP,

The transitions t, and t, in |P are associated to the
so-called ‘dways occurring’ events (denoted as €)
(David and Allg, 1994). These transitions arefired as
soon asit is enabled, and can be regarded as a kind
of uncontroll able transiti on.

Fig. 2. The net of Fig. 1 with a monitor

The set of influence paths for t, (corresponding to t)
is denoted as [ and the notation 7T, (1)



represents the IP with controllable transition .
Similarly to the ase of PP set, x[1 [, indicates
that x lies in the IP set. Trangtion t;, is called to ke
influence transition and the set of influencetransition
is denoted as T,

Example 1 (continued): Fig.2 illustrates the IP sets
O ={ T4 (ts) . Tha(t) } and Dus={ 6 (t;)
1,5 (t;5) }, which correspond to [, and [],4,
respedively, where T, (ty)  =(tipuate),
7Tt14€t123 =(t14P15t12), 7Tt15{ t) =(tispet) and
T,5(t3) =(tispustiz). The IP set corresponding
|_L2 is omitted since it is a subset of Uus. Note
that p,g and t,4 are joining nodes. The ac, place
and transition in IP set is diginguished from those in
PP set by dashed line, dashed circle and redangle as
shown in Fig.2, respedively.

Influence transition and influence path play an
important role in the synthesis procedure of CtIPN
with uncontrollable transitions. The firing o
influence trangtions represents the maximally
influence of the uncontrollable transitions on the
control constraint. Following lemma indicaes this
fact.

Lemma 1 For t0YC,_ ., andits corresponding
influence transition t;p, if there ae no conflicts and
no initial tokens in [],, t and t, have the same
firing timesin the evolution of the system.

Prodf: By the definitions of PP and IP, bath of the
markings of pU [], and p, U Ui can be
influenced only by the same contrallable transition
T 0 T't. Onceone or severa trandtionsin I, fire,
the same amount of tokens will enter [], and Uty
and reach Pt and P, respedively. For any joining
transition 7, LJ[], and its corresPondmg joining
transition T, U [y, PT, | = [PT, | ie, the
number of FPPJomed a 1, isequa to that of IP
joined at Tip—i - Suppose that the uncontrollable
trangitions |n the PP set is also assciated to the
‘always occurring’ event e, which has no difference
to the original case in the sense of evaluating the
firin% times of t, then m(p)=m( Pip ) a any time for
pO®T1, and ng"’)Tl " ItisaSotruefor t and t,.
Thus the lemmais proved

3.2 Monitor

Definition 9 Given any PP set [],, and a PP

1 (t,) O[], thesetis sid to satisfy the transition

confl|ct condition (TCC) if the following statements

aretrue:

1)For any two transitions t, O 77(t,) and
t,U[], such that t, and t, are in ‘conflict,
and any joining transition t, ﬁl‘[ (t, t,), there
are no trangtions in any subpath T (L5, t,)
that are in conflict with t; [ |_|t, where
t, O{r,—t.}.

2) For any confllct if not all the trandtions involved
in it is controllable, there is at most one trangtion
in some PP,

The TCC ensures that the firing of any transition
TO[],, 0pY for pd ], will result in the
reduction of same firing times of t. Note that a
conflict in which al the involved transitions are

controllable does not violate the TCC. The PP set
considered in this paper is assumed to satisfy the
TCC.

Algorithm for construction d the monitor

Sep 1: For each t[] C“&,(_H , draw an arc from the
monitor place p, tot. l%’hewelghtfunctionwof the
arc satisfies:

n
sz__llI )
where | isthe coefficient of p, O®, p OC,

Step 2 For each t0OC,

DIfFtO9C et draw an arc from t to [y, else
if t0YC,,_pye » the beginning o the ac is the
copy of t, i. e t;, - The weight of the added arc

aso satisfies (7), out where | is the coefficient
of p, 0t®, p OC,

2) If there exists some transitions T [J [], such
thatT and 1,1 [], arein conflict, draw an arc
with weight ofwfrom p,toT.

Sep 3 For each tL] CC,, draw an arc between p,

and t, the weight function w of the arc satisfies:

W= W] ©)

W=y =3, ©
where |i and |j are the coefficient of p, 0®t
and p Ot?, respedively, p,, pOC, and |w|
denotes the absolute value of . If w<0 (w>0),
let p, betheoutput (inpu) placeof t, andif =0
thereisno arc between p,, andtat all.

Sep 4 Calculate theinitial marking of monitor.
1) The monitor place pﬂ

My (pa) =Y L lime(p:) (10

2) The subnet constituted by IP sets. For any place

Pj, in the subnet, itsinitial marking is calculated
acoordl ng to the foll owing equation

Mo (Pip) =) My(p) (11)
where pDT[(t t;), t and t, are ay
or|g|nals in the pIant of T 0 pIp and
tp-; 0@ p,, . respedively.

and

The above algorithm does not consider the ase
when PP violates PRC except for the case that the
constrained places are mnneded by the transtionsin
CC. Inthe @se of PRC, thereis adight modification
for the algorithm. For smplicity, only the case that
the trangdtions in a PP have eactly one output
constramed place is considered. Suppose T [ 71T,
071 ® is a constrained place The following
remark 1 represents the arresponding algorithm.

Remark 1: In this case, the weight w of the ac from
t;, tothemonitor placesatisfies:

w:max{ |1 | } (12)
where |j _and |, ae the coefficients of p 1T ®
and p, Ot®, respectlvely, B, P UG, Theeis

no arc between the monitor place end Ti, ( Ti,
exists when T is a joining transmon) If I,>Ik,
thereis an arc from p, to p® with the weight of
li —1,, elsethe acisomitted. If T iscontrollable,
the ac from T to p, isaso amitted since it has
aready been treated asone dement in [,. The arc
from p, to p, ¥ is designed in the same way as
Step L



Remark 2: When the plant is a state machine, the
calculation of w can be simplified. For example, wis
just |, in (7).

Remark 3: In Step 3, when t is an uncontrollable
trangition, it is asuumed that w>0. If <O, this
case should be treded like the norma case of
violating PRC mentioned in Remark 1 above. This
asumption ensures that there ae no uncontrollable
input transitionsto P,

The basic idea behind above agorithm is that the
monitor is constructed in such a way that it will get
or lose the same tokens asthe mnstrained paces will
do when the related transitions fire. Step 21 ensures
that the monitor can track the set of marking for
which the ontrol constraint (1) can be violated duwe
to uncontrollable firing sequences. To compensate
for the excesgve firing o the influence transition
caused by the @nflict, Step 2.2 also conneds an arc
from the monitor to the cnflicted transtionsthat are
not in the PP

Example 1 (cortinued): By the nstruction
algorithm, the monitor shown in Fig.2 is constructed
to track the state of given constraint (6). Note that the
arcs between [, and tis and t; are designed
acoording to remark 1 and the weight of arc (15, )
is2.

From the algorithm, below lemma that claims the
relation between the states of the monitor and the
constrained places can be ohtained.

Lemma 2 For any making m, max[Mc(m)] =

m(Py) -

This lemma gtates that the number of tokens resided
in the monitor place is the maximum that the
constrained places can reach under the @ntrol of Ugpe.
Note that the token number in the monitor
constructed by Giua et al (1992) represents the
further token number that the constrained places can
get before the violation of the wnstraint. From
lemma 2, the following corollary can be deduced
diredly.

Corollary 21 For any making m [ Q ,
max{Mc(m)] <b if and only if m(p,,) <b.

The following lemma states that the monitor has no
influence on its output transitions.

Lemma 3 The monitor is incapable of disabling any
aready enabled transition in the plant.

Proof: Suppose t is an already enabled output
transition of the monitor place p, and
p 0%t C, then tdC{) ., or tOCC,. By the
agorithm, the weight function of the ac from p,
totisw. Obviousy, m,(p,,) =w. For the case of

m(p,,), P; must be marked since t is enabled,
X n
and p, obtains Zi=1|i tokens when the

transitions in ® p, or the w@rresponding influence
transitions fire, where |, is the ooefficient

of p, 0™t N C, Note that zin=1|i = w when

th Cg[gre—t or zinzlli >w when t[J CC.[ The

additional tokens suffice to make the inequality
mM(p,,) =w be held. Thus, the monitor place will
not disable the aready enabled trandtions in the
plant.

Remark 4: If the transition T 0® p, is dso an
output of [, (it is a case of PRC), the firing o
input transition to 7 should be mnsidered. The
firing o input transition to ® T till ensures that the
monitor place has enough tokens to make t and T
enable simultaneousdly.

4. CONTROL SYNTHESIS METHOD

This sedion describes how to determine the @ntrol
policy based on the state of the monitor to enforce
congtraint (1). At first, the definition of the
maximally permissvenessis presented.

Definition @ A control policy U is maximaly

permissveif the foll owing statements are true:

1) For anymlJ Q, R, (m( ), U)YNMe( P,)=@.

2) For any palicy U' more permissve than U, for
someml] Q, R, (M(P,),U)NMe(P,) Z @.

The above notation R, (m( B,), U) denotes the
reachable marking set of [3,, from merking m under
control policy U, and Me( p,)={m(p,) | m( p,)>b}.
From corallary 2.1, the first statement claims that the
congtraint (1) is satisfied. The secnd statement
states that U is more permissve than any other
contral policiesin U.

Similarly to R, (M( B,), U), Mc(m, U), R, (Mc(m),
U) and max[Mc(m), U] represent Mc(m), R, (Mc(m))
and max[Mc(m)] under the control policy U,
respedively.

Theorem 1: For any marking me Q, max{Mc(m),
Ul<bifandonlyif R, (m( p,). U)NMe( P,)=9.

Proof: From Corollary 2.1, the prodf istrivial.

Theorem 1 implies that if a control policy U such
that m(p,)<b Uml Q can be found, then the
congtraint (1) is satisfied.

Definition 10: For a transition tL] 75, if t will be
enabled and fires k times after firing al the
transitions in [, (9), then t is sid to be k-enabled
and k is called to be enabling factor.

An influence trangition t is defined as O-enabled if it
cannot be eiabled though al the state enabled
controllable transitions in [, ae fired A
contrallable transition is conventionally defined as
l-enabled if it is date enabled, otherwise, O-enabled.
A k-enabled influence transition t means that t cen
fire k times a most. It is dways posshle to reduce
the firing time of a k-enabled transition through
contral disabling some state enabled transitions.

The basic idea of control is that seach a candidate
st W(m) of the input transitionsto [, such that
P, will get b=b— n(p,) tokens when the
trensitions in Y(m) ae pemitted to fire



simultaneously under current marking m. Usually,
the andidate set W (m) isnot unique.

Algorithm for control

Step 1: Seach acendidate set W (m) . The k-enabled
(k% 0) transitions in W(m) is sleded from 9,

such that ZKW(t, p)=b Otdwm) where

Kk, denotes the enabling factor of t. When some
controllable transitions in wm) o [, (9
(t w(m)) arein conflict, their common input place
should have enough tokens to ensure that they are
simultaneoudly fireable if control enabled. Otherwise,
some @ntrallable transitions should not be sdeded.
If w(m) cannot be searched in this way, reduce
some eabling factors that are bigger than 1. A
reduced factor is denoted as K, , which is
corresponded to K, . If the seach ill fails, subtract
1 from b' and re-seach until b'=0. If b'=0,
Y(m=9.

Sep 2 Determine U(m).

1) For tLJ w(m): If t is an influence transition with
enabling factor Kk, , let u(®t)=1 for each
transition t,L1 [, (), eseif t is controllable, let
u(©)=1.

2) For tLl w(m): If t is an influence transition, the
number of trandtion t,UJ ', (s) tha should be
control disabled is determined in such a way that
if enable avy already disabled t,,, t will be enabled.
For other transitionsin T, (9), let ug‘c)tn):l. If tis
controll able and state enabled, let u(‘“t)=0.

Remark 5: When some mntrollable transitions in
WY(m) or I, (s L wm)) arein conflict, it isa
case of PAC.

Remark 6: In Step 2.1 o above antrol algorithm, if
K, has been reduced to K, , not al the transitions
in I, (5 is control enabled. The number of
trangitions that should be disabled is determined in
such away that after enabling any already disabled t,,,
t will be enabled and firemorethan K, times.

From the detail ed steps of the ntral algorithm, it is
easy to prove the foll owing theorem.

Theorem 2: The olbtained control
maximally permissve

policy U is

Example 1 (continued): In Fig.2, the control policy U
under current marking m (m( p, )=1 for i=9, 12, 13
and m( P, )=0 for others) is determined as foll owing.
By the control agorithm, W(m)={tis, t14}, both of
Kys and Kk, ael K, isareduced enabling
factor (K5 is 2). Let u(C) = 1 for i=1, 3 and
u(C,)=0. u(c,) has no influence on the wntrol at
current marking sincety is not state enabled.

5. CONCLUSION

This paper has addressed the @ntrol synthesis
problem for a class of DES modeled by a more
general CtIPN whose ntrol spedfication is
described as a place marking inequality. The net can
model resource ®nflict as wel as process
synchronization. The uncontrollable marking from

which the ntrol constrain may be violated is
tracked by a monitor. The monitor is constructed
based on the wncepts of precalence path and
influence path. A maximaly permissve ntrol
policy has been ohtained based on the monitor state.
Some restrictions 2uch as PRC (PRAC) neaded by
previous work are relaxed in this paper. So the
control agorithm described above is capable of
dealing with PAC in some ases. Though the method
has a characteristic of compiled contraller in
acquiring system sate, it does not involve a
non-convex constraint transformation that is usualy
unavoidable in the cwmpiled controller when there
are some uncontrollable transitions in the net. In the
future, it is necessry to extend the method to a
non-ordinary PN.
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