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Abstract—In many discrete event dynamic systems, there one output dataz(. Its behavior is given by the following
exist tasks that can start performing before every input data expression:
is available. A common device exhibiting such a feature is
the multiplexer: its output can be produced as soon as data
is available in the selected channel without waiting for data The availability of information is determined by the pres-
in the other channels. The Petri net formalism can be easily ence of tokens, e.g., a tokenjip means that the value of
extended to model this behavior by allowing a transition have is available. A simple strategy to compute the value: 6§

several guards. Under this extension, a transition can fire as t it f b de to b ilabl thei |
soon as the guard selected for the next firing is satisfied, what 0 Walt1ora, b, andc {0 b€ available, consume their values

usually enhances the system performance with respect to the and apply (1). Although this strategy is correct, it turng ou
conventional “mono-guarded” system. This paper explores how to be too conservative when aiming at improving the system

some fundamental qualitative properties are preserved or lost performance. Let us assume that at a given instaatd b
when a conventional system is transformed to a system with 5.0 gyailable (see Fig. 1), and that the value:d§ false
several guards. The main properties studied are reachability, o . ..
boundedness, and liveness. Then, the result = b can be produced without waiting for
a to be available. Analogously, if is true there is no need
. INTRODUCTION to wait for b to yield the result.

if cthen z=a else z=1b Q)

Many formalisms for discrete event dynamic systems rely ta b
on the AND-causality paradigm, which is often associated
with rendez-vousynchronizations. A well-known formalism
based on AND-causality is the Petri net [6], [9] formalism. Da Do
For many modeling purposes the AND-causality paradigm p te
is appropriate. However, it can be excessivalyid when f.c\ H

trying to model operations that can produce results when tm
some input data are not available.

This paper deals with a class of Petri nets that associates D
several guards to every transition. This feature naturally
models the fact that some operations can start performimgy 1. A Petri net modeling a multiplexer with two input datadame
even if some input data are not available. input control signal.

Unfortunately, fundamental system properties as liveness The strategy of performing operations as soon as possible,
may be lost when several guards are considered. The maifich is commonly known asarly evaluation has already
goal of this work is to study how some basic qualitative propbeen applied to asynchronous design [1], [7], and can be used
erties change when a conventional Petri net is transformegl enhance the system performance [5]. The synchronization
to a Petri net with several guards. Namely, the paper focusgsechanism of conventional Petri nets does not allow to
on reachability, boundedness, and specially on liveness. model early evaluation in an easy way. This paper con-
siders a class of Petri nets that models early evaluation by
allowing a transition have several guards. The introductio

In some discrete event dynamic systems an event canradt transitions with several guards enriches the formalism
occur until all input data are available. Consider, foramste, and allows one to describe many different behaviors, e.g.,
a machine that assembles four legs and one board to makeltiplexers, logic gates, conditional constructs, ofiers
a table: The machine cannot produce a table until four leggith OR-causality [13], etc.
and one board are made available to the machine. In contrasi guard of a given transition is a set of input places that,
to this strict precondition, there exist tasks that can producdepending on the system variables, represents a sufficient
a result even if some input data are not available. A typicalondition to fire the transition. For instance, early evara
component in digital circuits that exhibits this behavier i of transitiont,, in Fig. 1 can be modeled by considering two
the multiplexer. guards fort,,, {pa,p.} and{ps, p.}. For each firing of,,,

The Petri net in Fig. 1 models a simple multiplexer withthe value ofc determines which guard must be satisfied to
two input data ¢ and b), one input control signalcf and fire t,,, e.g., ifc is true the guard{p,, p.} must be satisfied,

i.e., the availability ofa and ¢ suffices to firet,,.
c ~1 ﬂI;rllvzz ig V;'.t: mevgggg?“eﬂt gf gg&wa;eﬁi:m\éerlisﬁsiﬂlj“c% r?: ,  Once the guard for a given firing instance is selected, it
b);a ?he ySp’anigh ll\llinistry of E(.:iufati.on anij Science (Juan depiFi)avﬁ: must be satisfied, i.e., there must be enoth t(_)lfens in the
fellowship) and project TIN2007-66523. places contained in the guard, to enable the firing of the

A. Early Evaluation



transition. The data in the rest of input places is not nesgss  Assumption: The guard for a given firing instance of
and must be discarded, or equivalently consumed, in order i® selected among the elementsGtit). Such a selection is
avoid the use of “out-of-date” data by subsequent firings. hon-deterministic.
will be shown that a natural way to discard unnecessary dataNotice that the potential behaviors that a system can
is to allow places be negatively marked. Thus, in additioexhibit under this assumption include the potential bebravi
to transitions with several guards, the class of Petri netmder any policy for the selection of guards, e.g., determin
considered here allows places have negative tokens tardiscastic, probabilistic, etc. This way, if a given propertyge.
unnecessary data. In order to cover every potential ewmluti liveness, is satisfied under the assumed non-deterministic
of the system, neither a time interpretation nor a policy foguard selection, it will be also satisfied under any other
the selection of guards will be established. selection policy. The state of a MPN system is composed
The rest of the paper is organized as follows: Section bf a marking together with the guards selected for the next
defines multi-guarded Petri nets. Section Il shows that thfirings of the transitions:
reachability set is enlarged when several guards are consid Definition 3 (State):A stateof a MPN system is a tuple
ered. In Section IV the boundedness property is discussed, g) where M : P — Z is the marking of the state, and
Section V is devoted to deadlock-freeness and liveness. The: T — 2 are the guards selected for the next firings
main results are summarized in Section VI. of the transitions. The following condition must be fulfdle

Il. MULTI-GUARDED PETRI NETS g(t) € G(t) for everyt € T. .
A. Basic Definitions The initial state of a MPN system is denoted as

In the following it is assumed that the reader is familiarif’ t;rgﬁ%ﬁoié Sﬁ?;;(e)gge'Z;leelglg?laseilfggg?ag i??ﬁé?:.are
with Petri nets (PN s) (see [6], [9] for instance). 9

L ’ y . enough tokens in the set of input places selected as guard.
is zigmlg?\? E (<I\£le1\l )]'D'je '\;I;j)ll C;C?)a\r/(\/jr?gr el?etn Net(MPN) Definition 4 (Enabling condition):Transitiont is enabled
PP N f7P7 | ' ’ ' at state(M, g) if M(p) > Pre(p,t) for everyp € g(t).
o iI:Z :stt 8f||T|| t?%cseitsions In contrast to conventional transitions, a multi-guarded
¢ transitiont can be enabled even jf € °t exists such that
e Pre: PxT — NU{0} andPost: PxT — NU{0} ! it e

h d post- incid funct that .. M(p) < Pre(p,t). Hence, the enabling condition of MPNs
are thepre- and post-incidence functions tha spemfy. can be seen as a relaxation with respect to the enabling

the arc weights. The incidence matrix of the net 'Tondition of conventional PNs. Once transitibis enabled,

C = Post — Pre. The presetand postsetof a node it can fire yielding a new marking

ge I;U T;\Qrg denoted. an(: x.f B0 1 Definition 5 (Firing rule): Let transitiont be enabled at
* L assigns a set ot guar () to every state(M, g). The firing oft yields a new marking//’ such

transitiont. The following conditions must be fulfilled: that M’ — M + C(P,t) whereC(P,1) is the column ofC

— for every g.uardh € G(t) itholdsh C °t that corresponds to transitian
- heg(t)h ="t Thus, the firing of a multi-guarded transitianchanges

the system marking in the same way a transition in a con-
. ~ il b lodt ventional PN doesPre(p, t) tokens are removed/consumed
G(t) = {{°t}}. Such transitions will be calledonven- . every) e *¢ (even ifp ¢ ¢(1)), and Post(p, t) tokens

tional transitiqns; the rest of Fransitions 'vinI be (;alledJIti— are put/produced in eveny e t*. After the firing oft a new
guardedtransmons. Conventional transitions W|II bg repre-guardy(t) is selected for the next firing af the guards for
sented graphically as empty rectangles, etg.in Fig 1,

) " ) the rest of transitions are kept.
multi-guarded transitions will be represented as rece®gl  pjike conventional transitions, the firing of a multi-
with oblique lines inside, e.gt,,.

; guarded transition may produce negative markings (this is

_For ~a gven MPN .N:,, (P, T, Pre, Post,G),  aqujivalent to antitokens in [10]). More precisely, eversqa
its corresponding “conventional” PN is defln.ed as, ¢ *¢ such thatM (p) < Pre(p,t) will become negatively
Ne=(P.T, Pre, Post,Gc) where Ge(t) = {{*t}} narked after the firing of. If M (p) < 0 we say that place
for everyt € T. That '.S'NC is a conventional PN, i.e., only has|M (p)| negative tokens. Negative tokens will be depicted
one guard per transition, with the same structuré\as as white circles, see Fig. 2(b).

Def|n|_t|on 2 (MPN system)A Multl-Ggarded Petri Net The described firing rule models satisfactorily the kind of
Systemis a tuple <N2 Mo) w_he_r_e N IS a MPN, and behaviors we want to model. Consider the MPN system in
M, : P — NU{0} assigns an initial marking to each place,

o . _ Fig. 2(a) withG(t3) = {{ps,p5}, {p4,p5}}. Let us assume
p. The initial marking of place is denoted as\/y(p). that ps (p4, ps, pe) CONtains a token iff a given variable

B. Enabling Condition and Firing Rule (b, ¢, z) is available, then the MPN system can be seen as a
Each guard of a multi-guarded transitibis a set of places graphical representation of the following pseudocode:

from which tokens may be required to fire a given instance | oop

of ¢. In a real system, the guard for a given firing instance conpute a; conpute b; conpute c;

may depend on the particular values of the system variables, if ¢ then z=a else z=0b end.if;

e.g., the guard of,,, in Fig. 1 is {p,,p.} if ¢ is true, and del i ver _out put z;

{pw,pc} If c is false In order to cope with every potential end_l oop

system behavior, the following assumption is made: where operations are allowed to happen simultaneously.

In a MPN, a transitiont can also satisfy the condition



ty

@ (b) (©

Fig. 2. (a) A MPN system wittG(t3) = {{ps,ps5}, {pa,ps}}. If the initial guard forts is g(t3) = {ps,ps}, t3 can fire (b). The negative token in
p3 cancels the positive token produced by the firingt pf(c).

Assume that the initial state {§1 0011 00), ({p3,p5})) (X > 0, C- X = 0) represent P-semiflows, also called
(for clarity, only the guard of the multi-guarded transitiy, ~ conservative components (T-semiflows, also called canrtist
is specified). At the initial state only is enabled, its firing components). A semiflow” will be said to beminimalwhen
drives the system to the stafé0 0 1 1 1 0 0), ({p3,ps}) its support,|V|%, is not a proper superset of the support of
at which ¢z is enabled. The firing of; yields the marking any other, and the greatest common divisor of its elements
M =(0000010) at which a new guard fot; must be is one. A MPNN is conservative (consistent) if there exists
selected, i.e., the new state will be eitH@d, ({ps,ps})) or Y > 0 such thatY’ - C =0 (X > 0 such thatC - X = 0).

(M, ({pa,ps}))- Given that a transitiont is enabled at(M,g) iff

Let us now assume that the initial state isM(p) > Pre(p,t) for everyp € g(t), the firing oft does not
(100110 0),({ps,ps})). At such a state botht; produce negative markings in the places contained(i.
andts; are enabled. Assume thatfires first what yields the In other words, for every reachable marking, there exists
marking(1 0 —1 00 1 0), and produces a negative token inat least one placg € P such thatM/ (p) > 0.
p3, see Fig. 2(b). It; fires from marking(10 —100 1 0) Proposition 1: Let (N, M,) be a MPN system. If
the incoming positive token will be cancelled by thejys ¢ RS(N, M) then there exists € (N U {0})I”! such
negative token irpz leading to marking(0 0 0 0 0 1 0), thatM = M, + C- ¢ andp € P exists such thad/(p) > 0.
see Fig. 2(c). Thus, the negative token gets rid of the input The following proposition states that the reachability set

data not contained in the selected guard. Such data is in fagta MPN system contains the reachability set of its corre-
“out-of-date” data that must not be consumedyin the  sponding conventional PN system.

next firing instance: Imagine that no negative token exists Proposition 2:Let N be a MPN and A,

in Fig. 2(b), then if{ps, ps} is the guard for the next firing, o s corresponding  conventional PN.  Then,
t3 will consume data produced by for the previous firing RS(N., My) € RS(N, My) for every My > 0.

instance ok. Proof: Let M € RS(N. M), then a firing sequence
Oseq = taly...t; exists such thatMyte M, ... ti,
(given that every transition has only one guard, it is notnec
The fact that a transition of a given MPN is enabled at essary to specify them in the sequence). Sikges a con-
states = (M, g) and fires leading to stat€ = (M’,¢') is  ventional PN, ift, is enabled aflf, thenMy(p) > Pre(p,t)
denoted bys—',s’. A firing sequence frons is a sequence for everyp € °t. Hence,t, can also fire in the MPNV

Oseq = talp...t; € T* such thatste.s, s, ... tis,,  from sg = (Mo, go), Whatevergo(t) is, leading to the same

I1l. REACHABILITY

this is denoted by 7*s,. marking M, . This reasoning can now be applied to the rest
Definition 6 (Reachability set)The reachability set of Of transitions inoc,. O

the MPN system(N, M,) is defined asRS(N, My) = Given that MPN systems can reach negative mark-

{M| there exists a firing sequence,., such that ings and conventional PN systems cannot, in general

(Mo, go)Z24(M, g)}. RSN, My) € RS(N., My). The enlargement of the reach-

Since the firing of a multi-guarded transitiagnchanges ability set in .a MPN system with respect to the con-
the marking in the same way a transition in a conventionaentional PN system has a direct impact on bounded-
PN does, the state equatiol = M, + C - o provides Nness, deadlock-freeness and liveness, e.g., the setediffer
a necessary condition for the reachability bf, whereo RS, Mo)\RS(Ne, Mo) might be infinite, and might con-
is the firing count vector of the transitions (notice that@in markings that kill a given transition or make it live.
the marking of a MPN system can have negative values).

Hence, as in conventional PNs, vectdfs> 0,Y -C =0 1The support, or set of non-null entries, Bf is denoted by||V||.



IV. BOUNDEDNESS

If the described addition of places to lower-bound the

A MPN system is said to be bounded if the number ofPut places of multi-guarded transitions is applied to a
positive and negative tokens in each place does not excegnservative MPN system, the system becomes bounded:

a finite numberk for any marking reachable from.
Definition 7 (Boundedness):

Fig.
on p3 and ps of Fig. 2(a) (there is no need to lower-

3 shows the net resulting of applying this approach

« A MPN system (N, M) is bounded if there exists Poundps because it is contained in every guard). The new

k € N such that for everyM € RS(N, M) it holds
that —k < M(p) < k for everyp € P.

guards oft; are G(ts) = {{ps, s, p5, P4}, {P1, p5, P, P } }-
Given, that every place is now lower-bounded and the net

« A MPN \ is structurally bounded (str. bounded) ifiS conservative, every place is also upper-bounded, he., t
for any initial markingM, € (N U {0})I7], the system System is bounded.

(N, My) is bounded.

Given thatRS (N, My) € RS(N, My) (Proposition 2),
boundedness i\, M) is a sufficient condition for bound-
edness ofN., My).

Proposition 3: Let ' be a MPN andN. be its cor-

V. DEADLOCK-FREENESS AND LIVENESS
A. Definitions and Preliminary Results

A natural way to define deadlock-freeness and liveness is
to adapt the existing definitions [9] for conventional PNs to

responding conventional PN. K\, M,) is bounded then the enabling condition in MPNs.

(Ne, My) is bounded.
The converse of Proposition 3 is not true given that e
RS((N, My)) can be an infinite set an®S((N., My))
finite: The system in Fig. 2(a) is bounded if all transi-
tions are conventional. However, #f is multi-guarded with .
G(t3) = {{ps,ps}, {p4,ps}}, thenps (andp,) is not lower-
bounded, i.e., there does not exis€ N such that for every
M € RS(N, My) it holds that—k < M(p3). This can be
easily checked by selecting repeatedly the gyardps } and .
firing indefinitely the sequencgtstotatststats . ... Thus, in J
contrast to conventional PNs, a conservative MPN (like the
one in Fig. 2(a)) is not necessarily structurally bounded.

Definition 8 (Deadlock-freeness and Liveness):

A MPN system(\/, M,) is deadlock-free if for every
M € RS(N,M,) and for any selection of guards
there exists € T such thatt is enabled at}, g).
Transition ¢ is live in (N, M) if for every
M € RS(N, My) and for any selection of guardg
there existsM’ € RS(N, M) such thatt is enabled
at (M’ g).

A MPN system(N, M) is live if everyt € T is live.
A MPN N is structurally live (str. live) if an initial
marking M, € (NU {0})I”] exists such that\/, M)
is live.

Deadlock-freeness of a MPN system is a sufficient condi-
tion for deadlock-freeness of its corresponding PN system.
Proposition 4: Let ' be a MPN andV, be its corre-
sponding conventional PN. [f\/, M) is deadlock-free then

(N., My) is deadlock-free.

Proof: Assume thaf\l € RS(N,, My) exists such that no
transition is enabled at/, i.e., for everyt € T there exists
p € °t such thatM(p) < Pre(p,t). By Proposition 2, it

holds thatM € RS(N, My). By definition . Lé( )h = °¢,
eG(t
hence, a selection of guard®xists such that for everyc T’

there existg € ¢(t) such thatM (p) < Pre(p,t), i.e., no
transition is enabled &M/, g). O
The fact thatRS(N,., My) € RS(N,M;,) can pro-
duce two different phenomena related to liveness: a) The
set RS(N,, My) does not contain deadlock markings, but
RS(N, My) does (thus, the converse of Proposition 4 does
not hold); b) A given transition is not live iRS (N, My) but
is live in RS(N, My). In other words, liveness af\, M)
is neither necessary nor sufficient for liveness(.&f., Mp).
Similarly to conventional PNs, an easy way to Fig. 4(a) illustrates case a). The system is live (and
lower-boundthe input places of a multi-guarded transitiondeadlock-free) if considered as a conventional PN. Assume
is by adding some places. Assume that a plaée desired now thatt¢; is multi-guarded withG(t3) = {{pa},{ps}},
to store at mosk negative tokens in any reachable markingand that the guards selected for its first and second firings
This can be achieved by adding a plageto the net such are {p,} and {ps}. Then the firing sequencg, ts, t; is
that Pre(p’,T) = Pre(p,T), Post(p/,T) = Post(p,T), feasible leading to markin@® 0 21 — 1 1 0) at which no
My(p') = My(p)+k and includingy’ in every guard of every transition is enabled. The MPN system is not live (and not
output transition ofp. Given thatp’ is contained in every deadlock-free).
guard of its output transitions\/ (p’) > 0 for any reachable  Case b) is illustrated in Fig. 4(b). Transitions and ¢4
M. Moreover, the addition gf’ entails the existence of the are not live if all transitions are conventional. If traisit ¢5
invariant M (p') = M(p) + k that holds for any reachable is multi-guarded withG(t3) = {{p1}, {p2}} every transition
M. Then,M(p’) > 0 implies M (p) > —k. becomes live.

Fig. 3. Bounded version of the system in Fig. 2(a) withts) =

{{P3. D5, Py, P, }: {1, s, P, P!, } . For every reachable marking! it
hOldSM(p3) > —k3 andM(p4) > —k4.



Definition 9 (EC MPN):A MPN is Equal Conflict (EC
MPN) if for every t,t € T such that*t N *t’ # ) it holds
(t,t') € ECR.

From a structural perspective, the class of EC nets
subsumes several classes of ordinary Petri nets: Marked
Graphs [3] ¥ p |*p| = |p®*| = 1), Choice Free nets [11]
(V p [p*| = 1), and Free Choice nets [4Y ¢, 1/, if *tN*t’ # ()
then®t = °*t').

In an ECS of conventional transitions, all transitions be-
come simultaneously enabled when there are enough tokens
in their input places, if there are not enough tokens then no
transition in the ECS is enabled. Interestingly, an ECS of
multi-guarded transitions can behave in the same way if the
guards are selected appropriately: U&i- be an ECS, and
Fig. 4. (a) Live as conventional PN system, not live as MPNesyst(b) letp; .TEC, t,)e the, last place that receives enough tokens to
Not live as PN system, live as MPN system. enable transitions, i.eM (p;) > Pre(p;,t) for anyt € Trc

implies thatM (p) > Pre(p,t) for everyp € *Tgc and any
t € Tge. If every transitiont € Tgc selects a guard that
B. Liveness and Boundedness containsp;, then all transitions in the ECS become enabled

Live and bounded systems are often calveell-behaved simultaneously. Such g.uard selection is feasible given tha
systems. It is well-known that a str. bounded and str. [iv8Y definition hed) h = *t for everyt € T. Notice thatp,
conventional PN is conservative and consistent [9]. Sunh fumay differ along the system execution, hence, the guards for
damental necessary conditions also hold for MPN systemeach firing instance must be updated to contain the pew

Lemma 5:Let N be a MPN. IfA/ is str. bounded and str. A strongly connected and bounded EC PN system is live
live, then N is consistent. iff it is deadlock-free [12]. We establish a similar statethe
Proof: The proof is similar to the proof for conventionalfor strongly connected and conservative (not necessarily
PNs [8]. If (N, My) is bounded and live, the set of reachabléounded, see Fig. 2(a)) EC MPN systems.
markings is finite and any strongly connected component of Proposition 8: A conservative and strongly connected EC
the reachability graph contains all transitions. Thenmfro MPN system is live iff it is deadlock-free.
any markingM in a given strongly connected componentProof: Only the direction 'deadlock-freeness liveness’
all transitions can be fired reaching agdii. Then, there must be proved. Assume a conservative and strongly con-

exists a T-semiflow that contains all transitions. O nected EC MPN system{N, M) exists such that it is
Lemma 6:Let AV be a MPN. If NV is str. bounded and deadlock-free and not live. Then, there exists a reachable
consistent, thed\ it is conservative. marking M at which every transition in a non-empty set

Proof: If N is str. bounded, then its corresponding coni,; C T is dead, i.e., the transitions ifi; are not enabled
ventional PN, is also str. bounded (Propostion 3). Itat any marking reachable frod/. Let us select the guards
is well-known that any str. bounded and consistéit is for transitions inT \ Ty in such a way that they behave
conservative [8]. Since the incidence matrices\éfand A/, as conventional transitions. Hence,tifand ¢’ are in ECR

are identical V' is also conservative. O thent € T, iff ¢ € Ty. Thus, the input places of dead
From Lemma 5 and Lemma 6 the following propositiontransitions keep every incoming token. Given that the syste
immediately follows: is conservative the input transitions of such places cannot
Proposition 7: Let N be a MPN. If\ is str. bounded and fire indefinitely producing an ever increasing number of
str. live, then\ is consistent and conservative. tokens and will eventually deadlock. Since the net is stiyong
connected every transition will finally deadlock. O

C. Equal Conflict Nets In order to prove the liveness equivalence between a
As shown in Subsection V-A, liveness of a MPN systentonservative and strongly connected EC MPN system and
(N, My) is, in general, neither necessary nor sufficienits corresponding conventional EC PN system, a technical
for liveness of the corresponding conventional PN systetemma will be used. Such a lemma states that, if the EC PN
(N, My). There is, however, an important net subclassystem is live, then for any marking/ that is solution of
namely conservative and strongly connected Equal Conflithe state equation, a markiny’ exists such thaf\/’ can
(EC) nets [12], for which liveness ofN, M,) is neces- be reached froml/ by the EC MPN system, and from/,
sary and sufficient for liveness df\V., My). This liveness by the EC PN system. A similar lemma is proved in [12]
preservation allows us to directly apply the existing liess for non-negative solutions of the state equation. Here, the
conditions for conventional EC PNs [12], [2] to EC MPNs.scope is extended to handle the negative markings that a
Two transitions,t andt’, are in Equal Conflict Relation MPN system can reach.
(denoted by(t,t') € ECR) iff ¢t = t' or Pre(P,t) = Lemma 9:Let NV be an EC MPN, and\, be its
Pre(P,t') # 0. This is an equivalence relation on the set otorresponding conventional PN. KN, M;) is live and
transitions. Each equivalence class is called Equal Conflid/ = M, + C - o for a giveno € (N U {0})!T], then M’
Set (ECS). exists such thatt’ € RS(N, M) N RSN, My).



Proof: LetM = My + C - o for a giveno € (NU {0})I”l.  (Proposition 8) and in EC PN systems [12]; b) deadlock-
It will be shown that)M’ exists such that it is reachable byfreeness of V', M) implies deadlock-freeness @V, M)
(N, M) and by (N, Mp). (Proposition 4).

Let us decompose the firing count vectoaso = o+o!, (<) Assume that{\., M) is live. We will prove that every
where the firing count vectar, > 0 can be fired from\{y in  transitiont is live in (A, My). Let M be a marking reached
N. leading toM, ; at which no transition ifjc! || is enabled by the MPN system fron\/y, then there exists > 0 such
(such a decomposition can be obtained by starting with a natiat M = My + C - 0. By Lemma 9, a marking/’ exists
0% ando! = ¢, and then, iteratively firing transitions in the such thatV’ € RS(N, M) NRS(N.., My). Since(N,, M)
successivélo! || until no transition inl|o!|| is enabled). Then, is live, so is(\;, M’). Then, if the selected guards make the
MYy = My+C-0% M = M2y +C-o! and no transition MPN system behave as a conventional one, any transition of
in ||o!]| is enabled at\/2 . the MPN system can eventually fire frofd’. O

Since(N,, My) is live, so is(N,, M2 ). Hencet € T ex-
ists such that is enabled a2, i.e., M2 (p) > Pre(p,t) VI. ConcLusions

for everyp € *t. Given that the net is equal conflict, there Multi-guarded transitions represent a natural approach to
is no transition in|o!|| that is in ECR witht (otherwise model early evaluation of operations. We have investigated

such transition irj|o|| would be enabled at/%,). In other how some qualitative properties change when a conventional

words, there is no transition ifi!|| that takes tokens from PN system, (N, My), is transformed to a MPN system,

input places of, and thereforel! (p) > Pre(p,t) for every

(N, Myp). The following table summarizes the main results.

p € °t. Thus,t is also enabled ab/ in the MPN system,

whatever the guard far is.
Let us firet from MY, in the PN system leading to

marking M}, andt from M in the MPN system leading to
marking M}, pn- Then, M}, py = Mpy + C- ol ie., the

firing of ¢ in both systems makes them advance in parallel
The procedure described faf, and M can now be repeated

RSN, My) 2 RSN, My)
(N, My) bounded = (N, M,) bounded
(N, M) deadlock-free = (N, M) deadlock-free
N, Mp) live i (N, M) live
"N str. bounded & str. live = A consistent & conservative

for ML, and M3,y If there exists a transition ifjo? ||
that is enabled ad/} , it is fired in the PN system leading

N is conservative and strongly connected EC:

(N, My) live & (N, My) live

to a marking that approache¥;,,,; If no transition in
ot is enabled ai\/}, ;, then a transitiort € 7" exists such
thatt is enabled at\/}, in the PN system, and at/;,»

ACKNOWLEDGMENTS

The author is very grateful for suggestions made by Jordi

N . . L.
in the MPN system, the firing of in both systems leads to Cortadella of the Universitat Pdditnica de Catalunya.

new markingsM 2, and M3, from which the procedure
is repeated.

Given that(\., M) is live, the firing count vectos! can [1]
be eventually fired. Since the procedure makes the PN and]
MPN systems either approach or advance in parallel, when
o' is fired, a common successdf’ is reached. A graphical 3]
sketch of the proof is shown in Figure 5. | "

RS(Ne, My)

(5]

(6]
(7]

8]

[0]
[10]
ALY

Fig. 5. Graphical sketch of the proof of Lemma 9. A common suceess
is reached by making the systems advance in parallel and agpngaheir
markings when possible.
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Proposition 10:Let N' be a conservative and strongly[
connected EC MPN, and/. be its corresponding conven-
tional PN. (N, My) is live iff (N, Mo) is live.
Proof: &) It follows from these facts: a) liveness and
deadlock-freeness are equivalent in EC MPN systems

[13]
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