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Abstract— This paper presents an on-line algorithm for states. Methods based on grouping states that are equivalen
fault diagnosis of Time Petri Net (TPN) models. The plant ynder a certain equivalence relation into so calktdte
observ_atlon is given by a su_bset of transitions whose occur- classeswere proposed in [2], where it was shown that
rence is always reported while the faults are represented by T -
unobservable transitions. The model-based diagnosis uses the (e State class graph of a TPN is finite iff the TPN is
TPN model to derive the legal traces that obey the received bounded. Thus the potentially infinite state space of a TPN
observation and then checks whether fault events occurred can be finitely represented and the analysis of TPN models
or not. To avoid the consideration of all the interleavings of s computable.
the unobservable concurrent transitions, the plant analysis is Since the reachability analysis of TPNs based on state-
based on partial orders (unfoldings). The legal plant behavior is - . .
obtained as a set of configurations. The set of legal traces in the Cl25S€s becomes computationally infeasible for models of
TPN is obtained solving a system ofmax +)-linear inequalites ~ reasonable size (because of the state space explosion due
called the characteristic system of a configuration. We present to the interleaving of the unobservable concurrent events)
two methods to derive the entire set of solutions of a character- methods based on partial orders were proposed in [1],[3].
istic system, one based on Extended Linear Complementarity e gn-line diagnosis algorithm that we propose considers
Problem and the second one based on constraint propagation . . . . .
that exploits the partial order relation between the events in 1€ Plant analysis based on time configurations (time pro-
the configuration. cesses [1]). A time configuration is an untimed configuration

(a configuration in the net-unfolding of the untimed PN
|. INTRODUCTION support of the TPN model) with a valuation of the execution

This paper deals with the diagnosis of Discrete Everfime for its events. A time configuration is legal if there is
Systems (DES) where the time is considered as a quantifialsidime trace in the original TPN that can be obtained from
and continuous parameter. Petri Nets (PNs) are consideredaalinearization of the events of the configuration where the
model of a DES, and Time Petri Nets model a timed-DESoccurrence times of the transitions in the trace are idahtic

In a TPN a transition can be fired after a delay within avith the valuation of their images in the time configuration.
given time interval. The execution takes no time to completéd linearization of the events in a configuration is a trace
A trace in the plant comprises the transitions that arthat comprises all the events of the configuration executed
executed in the TPN model as well as the time of theignly once s.t. the partial order between the events in the
occurrence. configuration is preserved in the order in which they appear

The plant observation is given by a subset of transition# the trace.
whose occurrence is always reported and it includes alsoTo derive the entire set of all legal time configurations
the time when an observed transition is executed and thigquires to solve gmax +)-linear system of inequalities
is measured with accuracy according to a global clock. Thealled the characteristic system of the configuration.
unobservable events are silent, i.e. the execution of an un-We present two methods to derive the entire solution set
observable transition is not acknowledged by the monitprinof the characteristic system of a configuration that avoe th
system. The faults are modeled by a subset of unobservale¥plicit consideration of all the cases for each max-term
transitions. in the characteristic system dfnax +)-linear inequalities

Model-based diagnosis comprises two stages. First the €gptice that the enumeration of all possible max-elements
of traces that are legal from the initial marking and obey thwould imply to interleave concurrent events which is exactl
received observation is derived and then the diagnosisdtreswhat we wanted to avoid by using partial orders).
of the plant is obtained checking whether some or all of the The first method uses the Extended Linear Complementar-
legal traces include fault transitions. ity Problem (ELCP) [9] for deriving the set of all solutionk o

Since a transition in a TPN can fire at any time in soméhe characteristic system of the configuration. The satutio
interval, TPN models have in general infinite state spacegt can be represented as a union of faces of a polyhedron

because a state may have an infinite number of succes#dat satisfy a cross-complementarity condition.
The second method is based on constraint propagation
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the configuration. A time interval configuration is legal ifagb if 3ty,t> s.t.t1f1to andt; < a andt, < b. The indepen-
for every event and for every execution time of the everdlence relation| C (U Z) x (U .7) is defined as
within its execution time interval there exists a legal timeé/(a,b) € (ZU.9) x (U T ):a|b = —(ath) A (a4 b) A
configuration that considers the event executed at that timg £ a).

We derive for each untimed configuration a set of hyper- Definition 3: Given two PNs4# = (42,7 ,F) and 4" =
boxes of dimension equal with the number of events within?’, 7',F’), ¢ is a homomorphism from#” to 4", denoted
the configuration such that the union of all the subsets @ : .4~ — 4" where:i) ¢(£) C &, i) (7) C .7, and
solutions that are circumscribed by the hyperboxes is arcovidi ) Vt € .7, the restriction ofp to °t is a bijection between

of the solution set.

°t and °*@(t) and vt € .7, the restriction ofg to t*® is a

The paper is organized as follows. In Section Il webijection betweert® and ¢(t)°.

introduce the definitions and the notation used in the paper.
Section Il the diagnosis of TPNs is formally described whil

Definition 4: An occurrence net is a né = (B,E, <)
s.t..i) Yae BUE : =(a=<a) (acyclic), ii) Yae BUE : |

Section IV presents the analysis of TPN based on partigb:a=b} |< « (well-formed), andii) Yboe B : [*b|<1
orders. The ELCP is presented in Section V and in Sectidimo backward conflict). In the followin® is referred as the
VI we present the method based on constraint propagatioset of conditions whileE is the set of events.

Section VII concludes the paper with final remarks and Definition 5: A configurationC = (Bc,Ec, =) in the oc-

further work.

currence neD is defined as follows:

The reader is assumed to be familiar with net unfoldings i) C is a proper sub-net d (C C O)

[7] and the analysis of TPN based on state classes [2].

Il.
A. Petri nets

A Petri Net is a structuret” = (£,7,F) where &
denotes the set df%7 | places,.7 denotes the set df.7 |
transitions, andF = PreuU Post is the incidence function
wherePre(p,t): ¥ x 7 — {0,1} andPostt,p): 7 x & —
{0,1} are thepre- and post-incidence functiothat specify
the arcs.

We use the standard notations;, *p for the set of input,
respectively output transitions of a place; similatly and
t* denote the set of input places tpand the set of output
places oft respectively. Amarking Mof a PN is represented
by a| & |-vector,M : &2 — N, that assigns to each place of
A4 a non-negative number of tokens.

The set.Z (Mo) of all legal traces of a PN{.#",Mo),
with initial markingMg is defined as follows. A transitionis
enabledat the markingM if M > Pre(-,t). Firing, an enabled
transitiont consumesPre(p,t) tokens in the input places
p € *t and producesos((t, p) tokens in the output places
p € t*. The next marking isV' = M + Post(t, -) — Pre(-,t).
A trace T is defined ast = Mo -5 My 2 ... % M, where
fori=1,....k Mi_1 > Pre(.,t;). Mg — My denotes that the
sequenca may fire atMgp yielding M.

A PN (" Mo) is 1-safeif for every placep € &7 we have
that M(p) < 1 for any reachable markini.

N OTATION AND DEFINITIONS

— ..

B. Occurrence nets

Definition 1: Given a PNA" = (£, .7 ,F) the immediate
dependence relatior1C (£ x T)U (T x &) is defined
as:

V(ab) e (Zx 7)U(T x ) :a=x1bif F(ab)#0
Define < as the transitive closure of; (X==3).

Definition 2: Given a PN 4 = (£2,.7,F) the im-
mediate conflict relationy € 7 x .7 is defined as:
Vty,t) € I x T tafaty if *tiN *ty £ 0. Definef C
(PUT)x (PUT) asV(ab) e (PUT)x (PUIT):

i) C is conflict free, i.e.
va,be (Bc UEc) x (Bc UEC) = —(ath)

iiiy C is causally upward-closed, i.e.

VbeBcUE: : ac BUE anda=<1b = aeBcUE:

iV) min<(C) =min<(O).

For a configurationC € ¥ denote by(Ec)< the set of
strings that are linearizations dfEc,=<) where a string
O =e1&...6 is a linearization of Ec, <) if v =| Ec | and
Ve ,e, € Ec we have thati) e =e, = 1 =A andii) for
1 £A, if g 2e, theni <A.

Definition 6: Consider a PN(.4#,Mp) s.t. Vpe & :
Mo(p) € {0,1}. A branching proces8 of a PN (.4, Mo)
is a pairB = (O, @) whereO is an occurrence net ang is
a homomorphisnp: O — A4 s.t.

1) the restriction ofp to min<(O) is a bijection between

min<(O) and My (the set of initially marked places)

2) (B)C Z and@(E) C T

3) Va,beE : (*a= *b) A (p(a) = @(b)) = a=h.

For a configuratiorC in O denote byCUT(C) the set of
all the conditions inC that have no successors@

CUT(C) = ((J e)Uminz(0)\(|J *e)
ecEc ecEc

Definition 7: Given a PN (.#",Mp) and two branching
processes?, &' of PN (', Mp) then %’ C 4 if there exists
an injective homomorphisnp : &' — 2 s.t. ¢ (min(#')) =
min(%) andgo ¢ = ¢.

There exists (up to an isomorphism) a unique maximum
branching process (w.rf.) that is the unfolding of 4", Mg)
and is denoted” » (Mo) [7]. Denote by% the set of all the
configurationsC in %y (Mp).

C. Time Petri Nets

A Time Petri Net (TPN)#® = (22,.7,F,19), consists of
an (untimed) Petri Nety" = (£2,.7,F) (called the untimed
support of.#?) and the static time interval functidé: .7 —
F(Q1), 15(t) = [L§, U8, L§,US € QT, representing the set of
all possible time delays associated to transitian.7 .

In a TPN (9 M§) we say that a transitioh becomes
enabled at the tim@F" then the clock attached tds started

€



and the transitioh can and must fire at some tinfec [65"+ Denote 6 = (0bs, Bopg, ), - - -, (00S,, Bops,) the observa-

L?, 65"+ U¢], providedt did not become disabled because otion of n events executed in the plant, wheres;, ..., obs, €

the firing of another transition. Notice thats forced to fire Qg are the labels that are received &gy < bobs, - - - < Bops,

if it is still enabled at the timet"+ U?. are the times at which the corresponding events occur.
Definition 8: A state at the timeé (according to a global fie(Mg,ﬁﬁ) is the set of all time traces that are feasible

clock) of a TPN(.#® M§) is a pairSy = (M,F1) whereM in (_.#® ME) up to the time of the last observati®gps, and

is a marking and| is a firing interval function associated that obey the received observaticif.

to each enabled transition M (FI : 7 — .#(Q")). We say that a time trace’ obeys the observatiofi? if :
If t is executed at the timé € Q" we write (M, FI) AELIN 1) the last transition irr® is executed at the tim&gps,
(M,FI') or simply S L&) g. 2) lo(T) = O, (the untimed support of the legal trace

7% obeys the untimed observation support traGg

3) and fork=1,...,n, Btg = Bopg With Io(t?) = obsg and
n the number of observed eventsd@yf (the execution
time 6 of each observable transitiaf in 7 is equal
with the time Bopg that was reported).

The plant diagnosis? ,+(0¢) based on the received
b) else6S"= 6 andFI(t") = [65"+ LS, 65"+ US). observa_ltlop Oy comprises the untimed strings optalneq
t.8.) 0.8} by projecting the untimed support .t.races contained in
A time tracet? = —-S;... /2L 5, is legal in 2 ,6(M§,6F) on the set of fault transitiong:
a TPN if it satisfies the conditiorvt =0,...,0 —1, 36

(t1,6, ) . .
st. S e S 1. In the following for a time trace®

we use the notatio to denote its untimed séupport. For - The plant diagnosis indicates that a fault for sure happened
the initial stateS, we use also the notatioMy. Denote it i the traces contain fault events (i.€.,¢(¢F) does not
7%9(';"0);“6 setof all Ieegal tlrge traces that can be executeghntain the empty string). If 2 ,¢(0¢) contains only the

in (4%, Mg). We call £% 4(Mg) the time language of the empty stringe then the plant is in a normal state. Otherwise

1) M>Pre(-,t) A & >6"+L) A (W e T st M >
Pre(-,t') = & < 65"+Up)
2) M’ =M —Pre(-,t) + Postt, -)
3) vt” € 7 s.t. M’ > Pre(-,t”) we have:
a) ift” £t andM > Pre(-,t") then

FI(t") = [max(65"+LS,, 6), 65"+ US|

1+1

7,008 = {1 |1 =1((m) AT € 25, (M, 0)} (1)

TPN (49, M§). the diagnosisZ ,¢(¢?) indicates that a fault could have
‘zye(mg) is the wuntimed support language ofhappened but did not necessarily happen. These correspond

the time language .,Zf/%(Mg) ie. g/e(mg) = with the diagnoser statefault, normal and respectively

{r | 316 € -i”j/e('\/'g)}- uncertain[8].

IV. THE ANALYSIS BASED ON PARTIAL ORDERS
IIl. DIAGNOSIS OFTPNSs

) ] o The partial order reduction technigues developed for un-
We consider the following plant description: timed PN [7] are shown in [1],[3] to be applicable for TPN.
1) the TPN model.#® Mf) is untimed 1-safe Consider a configuratio€ in the unfolding% , (Mo) of the
2) T = 95U J0, Where, is the set of observable eventsuntimed PN support of a TPN. Then consider a valuation
and .7, is the set of unobservable (silent) events  © of the execution times at which the evemis Ec in the
3) lo is the observation labeling functidg: .7 — Q.U  configurationC are executed, that is for eaeke Ec consider
{e} where Q, is a set of labels and is the empty a time valueGe € T (T the time axis) at whicle occurs and
label.lo(t) = € if t € o andlo(t) € Qo if t € T O is an| Ec |-tuple comprising all the values at which all the
4) when an observable transitith € .7, is executed in eventse € Ec are executed.
the plant the labelo(t°) is emitted together with the ~ An untimed configuratioi€ with a valuation® e T/&! of
global time 6 ) when this execution df° took place the execution time for its events is called a time configorati
5) the observation is always correct and the executioftime process in [1]) of the TPN model.
time of an observed event is measured with perfect A time configuration is legal if there is a legal trat@ e
accuracy according to a global clock, and received”? ,(M@) in the TPN(.#"%,M§) whose untimed support is

without delay a linearization of the partial order relation of the eventthie
6) the execution of an unobservable event does not entibnfiguration while the execution tim@ of every transition
anything (is silent) t considered in the trace’ is identical with the valuation of

7) the faults are modeled by a subset of unobservabthe evente € E¢ s.t. gp(e) =t.
events, 7t C o, 1t : Tuo — Qi U{e} is the fault Consider an untimed configurati@he ¢. The TPNC? is
labeling function Q; is a set of labels and is the obtained from the untimed configurati@attaching to each
empty label);l1(t) =€ if te Fo\ Jr andlt(t) € Qo  event the static interval® that corresponds in the original
if te 7% TPN to transitiort s.t. g(e) =t.

8) the faults are unpredictable, it e 7%, It' € 7\ 5% 0 .
s.t.i) *t' C *t andii) L3 <US. C” = (B, Ec, X, min< (%), 1°)
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- B¢ is the set of place$ is the set of transitions, and
< is the incidence function
- min< (%) is the initial marking (the tokens "arrive”

in these places at the time when the process starts)

- I5:Ec— A (Ty), 13(e) = I5(t) with t = @(e).
Denote bykvce the following system of inequalities:

|

where in (2)**e= 0 implies maycee(By) = 0.

Proposition 1: V18 € £9 ;,(M§) we have that ifT =
@(0) and o € (Ec)<, then® is a solution ofK.s, where
0= (9[1,...,6[%‘) = (991,...,69‘%‘) with @(g) =t for i =
1,...,|Ecl.

Proof: The proof is straightforward. O
Denote by Sol(Kze) the set of all solutions ofKgs.
The | Ec |-hyperbox| that circumscribesSol(Kee) is eas-
ily obtained as:ve € Ec, I(e) = [L(e),U(e)] with L(e) =
MaXyeee(L(€)) + Lo and U(e) = maxycese(U(€)) + Ug
wherevVe € Ec s.t. **e=0, L(e) = L3 andU (e) = U3.

Let the first observation be&’? = (obs;, Bgpg ). Consider
the set of configurationg’(69) s.t.C € €(69) if:

1) Ec contains only one evere® s.t. ¢(€°) € %

2) @(e°) =1°, £(t°) = obs and Bupg € | (€°)

3) Ve *CUT(C) = L(€) < Boby

4) Yec ENABLEDC) = U(€) > Bopg

max(6y)

+Lg < 0 < max(y) +Us
geote gecoe

for ec Ec

because for a general TPN the enabling of a transition does
not guarantee that it eventually fires because some condicti
transition may be forced to fire before.

Consider the TPN displayed in Fig. 1. Static intervals are
attached to each transition. The observable transitiomg ar
t; andtyp and they emit the same label. Transitidgsand
ty model faults. In Fig. 2 a part of the unfolding , (Mo)
is displayed where attached to each eweatE the interval
I(e) =[L(e),U(e)] is displayed.

Denote byEc the set of conflicting events of a con-
figuration C € 4. Ec comprises the events that could
have been executed but are not included Bg: Ec =
{e€E\Ec| *€C Bc}.

The characteristic systeriK;e of configuration cl e
Cﬁ(ﬁf) is obtained adding tdzca inequalities regarding
the conflicting events as well as equalities and inequalitie
imposed by the received observation (e.g. the observedsven
are executed at the time given by the received observation
and the enabled events have their earliest execution time
bigger than the time of the last observation):

max(6y) +Ls < B < max(6y) +US e€ Ec
ec*e eec*e
min(6y) < max () +US gcE

Keo = e,ﬁlé( ) < Mmax (Be) +Ug Ec @)

B = Bgpg, for @(e°) =t° and((t°) = obs,
Be > Bong, for all & € ENABLED(C)

The extension to a sequence of observed eveifts=
(0bsi, Bops ) - - -, (0bS, Bobs,) is straightforward.

Proposition 2: Given the observation generated by the
plant 6¢ we have thatr® € 29 ,(6F) iff:

1) 1=¢(0), 0 € (Ec)< andC e €(6f)

2) O is a solution ofKze (0F)

3) Vee Ec\ {3} = 6 < Bops,-
Proof: The proof can be found in

[6].
O

Thus the plant diagnosis is obtained deriving the set of
solutions of the characteristic systelgo(¢¢) for each
configurationC € %(¢f). A naive approach to derive the
entire set of solutions dfe (6?) is to simply enumerate all
cases for each max term, i.e. for nié, 6, ) to consider a
case wherfg < Gej and the second camj < B and then
to simply solve each system of linear inequalities. By doing
this we interleave concurrent events which is exactly what
we wanted to avoid by using partial orders.

Next we present two methods to derive the solution set of
the characteristic system of a configuration in a more efficie
way. The first method is based on the ELCP while the second
method is based on propagating constraints of the execution
time intervals of the events in a configuration.

V. THE METHOD BASED ONELCP

where ENABLEDOC) denotes the set of events that corre-

spond viag to transitions that are enabled frapiCUT(C)).
We cannot claim yet that fo€ € € (09) there exists
at least a legal time configuration that corresponds With

The ELCP is defined as follows [9]:

GivenAc R"? Bc R cc R%Y, dc RY and
m index setsis, ..., PUm C {1,...,w}, find x e R*



such that Given a hyperboxl, C | denote by|L,(e),Uy(e)] the
execution time interval for the evert Then for an conflict-
AH:(Z ¢, Bx=d ) ing evente denote byl (€) = maxycea(Lv(€))+Ug and
(AXx—C)j =0 . (5) Uy (€) = maxyce-g(Uy (¢)) +Ug the earliest respectively the
J:lile_ulj latest time where is forced to fire. We have that.

. , . Proposition 3: Gl,) is a legal time interval configuration
Condition (5) can be interpreted as follows. Sinke>c, the following conditions hold true:

z:l the ter:\ws in (51 are:c nonn_egatwe. Hence,(5) is (la((jquntalen 1, C T such thatLy (€) < maxyceee(Ly(€)) +US and

Micy,(Ax—c)i =0 for j=1,....m So we could say U (€) > m we(Uy(€)) + LS
that each sety; corresponds to a group of inequalities in M gerelLvl®)) T Le

. . - 2) Vée€ Ec, Jec Ec s.t.ef1€ and

Ax> ¢, and that in each group at least one inequality should Lu(€) < Lo (&) andUy(e) < Uy (&)
hold with equality. In [9] we have developed an algorithm VA =Y v = T

! . . ; ; ) Bobs, = B for € € Ec, @(e°) =I(obs)
to find all solutions of an ELCP. This algorithm yields a .

- . . 4) Yee *CUT(C) = Uy(e) < Bopg,

description of the complete solution set of an ELCP by finite

; . : 5) Yee ENABLEDOC) =
points, generators for extreme rays, and a basis for tharline ma (Ly(€))+US > 6
subspace associated with the maximal affine subspace of the Proo)%GT.;\ee pvroof i Ie; gﬁhyogs?wl 4 is omitted -

soll_utlton set of thel ELiP' i f the f In the following we present an algorithm that derives
et us now explain howmax +) equations of the form a set of | E¢ |-hyperboxes,{l, |ve ¥} (¥ the set of

max8)+L < 6 <max8)+U (6) indexes) s.t. for each Ec |-hyperboxly,, C(ly) is a legal
i€/ ies time interval configuration and the union of the subsets
can be recast as an ELCP. First of all we introduce &S0k (Kce)|v € 7'} that are circumscribed bly, is a cover
dummy variabley = max. , 6. Then (6) reduces to the Of the entire solution seSol(Kco), i.€. Uyey SOk (Keo) =
linear inequality Sol(Kee ), whereSol, (Keo) = Sol(Keo) N1y
The idea behind developing the algorithm that we pro-
y+L<O6<y+U , (7)  pose is as follows. First we calculate the hyperhothat
which already fits the ELCP format. Let us now look at theClrcumS.C”be.SSOI(KCe)' Then we S.h.OU|d IMpose the t.'f“'”g
equationy = max. , 8. This can be recast as constraints |mposed_by the COﬂdItIO_I’lS—E in Proposition
s 3. We have three kinds of constraints. Denote Mf/n1,
y>6 foralie 7 , (8) Hgue and gl the set of constraints imposed by the set
of conflicting events (conditiori2)), the equality constraint

where for at least one indéxc _# equality should hold, i.e., yequired by the observation of the lathgls, (condition (3)),

I—l (y—8)=0. Q) a_md resp_ective!y the set of constraints that require that th
ic v time configuration is complete w.r.t. the tinfg,g (none of
) ) the concurrent parts of the process are left behind in time).
Clearly, equations (7)—(9) constitute an ELCP. Consider a constrainke on the time intervall(e) =

ThusKce (68) can be treated as an ELCP. First we deriv?[(e)ﬂ(e)] of an evente ¢ Ec where:
the polyhedron that provides the set of solutions for thg o {I’(e): L'(e),U’(e)] | L'(e) > L(e) or U'(e) <U(e)}
system of linear (in)equalities given by (4). The solutiet s The set of so/lutions ofks that satisfy ke, denoted
of the ELCP is obtained as a union of faces of a polyhedron fKeo e

that satisfy the cross-complementarity condition [9]. S0l(Keo A Ke), is obtained propagating the constraikd
forward to its successors and backwards to its predecessors

VI. THE METHOD BASED ON CONSTRAINT PROPAGATION - forward propagation:for all g, € e**:
Before formally presenting the second algorithm we intro- L'(ey) = max(L(e) +Lg,,L(ey)) and
duce first the definition of the time interval configuration. U'(ey) =min(U(e) +Ug,,U(ey))
A time interval configuratioi€(1) is an untimed configura- - backward propagation: B B
tion C € ¥ endowed with time intervals for the execution of i) for all e, € **e: U’(ey) =min(U(e) — L3, U(ey))
the events within the configuratiohis a vector of dimension i) for eache, € **es.t.L(e)—US>U(ey)
| Ec | that comprises for each eveat Ec the time interval consider a different case e ¥
I(e) in which the evene is assumed that was executed. ii.1) L, (ey)=L(e)—US
Definition 9: Given the observationo? and a configu- i.2) foralle c*e e #e, :L,(e)=L(e).

ration C € Cg(ﬁf) we have that the time interval Config- The backward propagation of a Constrajnatmay require
uration C(I) is legal if for any evente (Ve € Ec) and  to split an| Ec |-hyperbox considering different cases. Notice
for any execution timef of the evente (V8 € 1(&)) that the number of cases is not bigger than the number of
there exists execution times for all the other events Withi@oncurrent predecessor events of the evwwitd whom the

the configuration {6, € I(gj) for all ) € Ec\{e}) s.t. constraintke is applied. For each hyperbol,, v/ € ¥’
©=(6ey,---, 6, Bep ) is a solution of the characteristic the set of constraints is updated since in general it may
systemKCe(ﬁf) (© € Sol(Kes)). be that new constraints appear while some of the previous



Qrr o Qo b7 Poro [1,4) or Ia(es) = [1,5] and Iz(es) = [2,4]. ke, = {UL =7}

[z,zﬁsz bsgpﬁ,s] T (B T B does not produce new constraints. We obtain two hyperboxes
O\Z A and if we consider the case whegt& we obtain in a similar
b b # @ # =% # M # éo
[11’1%] ! T o e < 3\ b[n'l 4 way another two hyperboxes.

) L ! )b’

i b3y % bs b 10 e VII. FINAL REMARK AND PERSPECTIVES
ek C{ (5.17] Both algorithms that we presented are NP-hard problems.
bby b4 b7 P10 Beside the number of events, the number of conflicting

Fig. 3. events in a configuration, and the maximum number of

predecessors resp. successors of a node in a configuraton, t
computational complexity of both methods strongly depends
constraints are satisfied. If a constraint cannot be imptieed on the structure of the system.
case is aborted while if the set of constraints is empty the However there are a few reasons that allow us to claim
algorithm returns an hyperbox that circumscribes a sulfset that the two methods are computationally more efficient than
solutions ofKge. the ones ([1], [5]) presented in the literature. Compaririigy w
The constraint propagation algorithm works as follows: the method based on the state class graph computation [5]
1) first step is to impose the constraints of ki, and our methods have the advantage that not all the interleav-
“bs (required by the received observation) ing of the concurrent events are considered. Moreover the
2) the second step is to impose for eadf |-hyperbox computational complexity depends in our case on the size
that results after step 1, the set of constrairtgns.  Of the largest subnet that contains unobservable transitio
E.g. for |, consider thatd & € E¢ s.t. condition 2 in whereas the computation complexity in [5] depends on the
Proposition 3 is not satisfied. Then for eaeke Ec  size of the entire net. The algorithm proposed in [1] solves
s.t. ef1€ we consider a case and try to impose @ system ofimax +)-inequalities enumerating all the cases
constrainke := {L!,(e) =L,/ (&) } if L,/(8 <L(e) or for each max-term. This combinatorial approach is known
a constrainks:= {U/,(8) =Uy(e) } if U,/ (&) <U,/(e). in the literature to be computational less efficient than the
3) an arbitrary constrainke or ks is selected and then ELCP.
it is imposed backwards. If new constrains appear on Finally notice that for the above example the ELCP
the time intervals of the predecessor eventseafr would provide 8 subsets. The reason is that each face of a
é then one of these constraints is selected and it olyhedron that satisfies a cross-complementarity canditi
imposed further backwards until a decision is achievedrovides a legal time interval configuration but the coneers
Then constrains are propagated forward for the |- is not true. The subset of solutions that is circumscribed
hyperboxes that are not aborted. The maximum numbéy the hyperbox of a time interval configuration may be
of different cases that result propagating recursivelpbtained as a union of faces of a polyhedron that satisfy
a constraint backwards is smaller than the size af cross-complementarity condition. This lesser number of
maximum set of concurrent events in the configuratiosubsets provides an advantage in a distributed settingewher
4) a decision is achieved for each case in finite time sindecal agents exchange information for achieving the global
the corner points of eachEc |-hyperbox are rational consistency of their local diagnosis [6]. The idea is that fo
numbers and each constraint that is applied eith@ach legal time interval configuratid®(l,) the left bottom
reduces one edge of theEc |-hyperbox or returns corner respectively the right top corner of tg: |-hyperbox
success/abort. I, are solutions of the characteristic system the configuratio
Example 1:Consider for the configuratiod displayed in and the constraint propagation algorithm uses only thedowe
Fig. 3 that the first observation is received at the time 13 ar@Nd the upper limits of the execution time intervals as well a
consider the case whes is the event that was observed.the static firing intervals for the events within a configioat
Let ki, = {6, = 13}. K} is propagated backwards and a Hoyvever the set of hyp_erboxes obtgined running the
new constraintKég appears Where<g3 = {le, = [5,9]}. K'/ea algorithm based on co_ns_tralnt propagation does not allow
is propagated backwards but no new constraints appeaf§€ to calculate the minimum and maximum time separa-
Then eyo is required to be executed afték, = 13, i.e. tion between the execution of two events unless a further

ki, = {60 € [13,17}. K is propagated backwards andrefinement of the calculations is performed.

a constraintce, appears wheres, = {lo, = [4,8]}. K/ is We plan to extend the methodology for a distributed setting
propagated backwards and no new constraint appears. where the strong assumptions considered in [6] to be relaxed
Thenvthe tifning con_str_aints requ_ired b_y the conflic_ting REFERENCES
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