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Delay Bound of Inference-Based Decentralized Diagnosis
in Discrete Event Systems

Shigemasa Takai and Ratnesh Kumar

Abstract— We previously introduced an inference-based de- considered a single-level of such inferencing [7], a general-
centralized diagnosis framework for discrete event systems, jzed framework to allow arbitrary-levels of inferencing was
where inferencing over the ambiguities of the self and the proposed in [2] for the disjunctive scheme. Recently, we have

others is used to issue local decisions, and a global decision. . . .
is taken to be the one with the least ambiguity level. In this introduced a framework for inference-based decentralized di-

setting, we introduced the notion of N-inference diagnosability @gnosis that not only supports multi-levels of inferencing, but
to characterize the detection of any failure within a bounded also supports both the disjunctive and conjunctive schemes
delay, using at mostN-levels of inferencing, and subsuming of decision-making [6].

both disjunctive and conjunctive ways of decision fusions. In For a diagnosable system, the delay bound is defined as

this paper, we compute the delay bound within which the . o . :
occurrence of any failure can be detected for anV-inference the minimum number of steps within which the detection

diagnosable system. Computing the delay bound is important Of any failure is guaranteed. Knowing the delay bound is
to execute mitigation actions in a timely manner, and is a figure important to execute mitigation actions in a timely manner,

of merit of a diagnosis scheme. and is a figure of merit of a diagnosis scheme. Algorithms
for computing the delay bound are reported in the literature
l. INTRODUCTION for various schemes: disjunctive [3], conjunctive [8], and

There exists a long history of research on fault diagnosfPnditional disjunctive [9]. The contribution of this paper is
of discrete event systems (DESs) (see for example [4], [10}P prov!de the computation of the delay bound of c_ilggnoas
For large complex, physically distributed systems, the tadR the inference-based framework of [6], generalizing the
of fault detection may need to be performed by a set §Xisting schemes. It is expegte_d that the delay bound will be
local diagnosers that rely on their own subsets of accessibig'aller compared to the existing decidable schemes, all of
sensors to observe the system behaviors. There are ma#yich are subsumed by our framework.
prior papers dealing with decentralized diagnosis, including T
[1-3], [7]. A decentralized diagnosis scheme was introduced , ,
in [3], where a fault is detectable if and only if it can be Anautomatonis a five-tuple' = (Q, %, 9, go, @), where
detected by one of the local diagnosers within a uniforml{? IS the set of states; is the finite set of events,: @x % —
bounded delay, and the notion of codiagnosability was intrd? IS the partial transition functiory, € @ is the initial state,
duced to capture this property. This scheme, where at led}d®@n S @ is the set of marked states. Lt be the set of
one diagnoser issues the failure decision, is “disjunctive” i@ finite traces of elements dt, including the empty trace
nature, and it turns out that a dual “conjunctive” scheme, gs The functiond can be generalized 6 : @ x ¥* — @Q
proposed later in [7], also exists where a fault is detectd the usual manner. The generated languagé odenoted
when none of the diagnosers issue a nonfailure decisiofy L(G). is defined asd(G) = {s € ¥~ | 6(qo, s)!}, where
These two dual schemes are incomparable in general [7]_5(%75)! denotes thab(qo, s) is defined. .

A later development in decentralized diagnosis of DESs Fét & & %7 be a language. The set of all prefixes of
is the introduction of the framework for inferencing inr@ces iNK is denoted byyr(K). If K = pr(K), then K

decentralized decision-making. In this setting, each diagnosrSaid to be (prefix-)closed. A closed langudges said to

uses not only its own knowledge of the system behaviord® deadlock-freef for any s € K, {s}% 1 K # 0. For each

but also the inference about the possible knowledge of othBfces € X, |s| denotes its length. For any. € N, where
diagnosers to arrive at its own local decision. A “winning” denotes the set of aII<nonnegat|ve integers, et :=
local decision (namely, the one needing the least levalf € X" | [s| = m} andE=" = {s € X | |s| < m}.
of inferencing) is used to issue a global decision. While L8t I = {1,2,...,n} denote the index set of local
the initial work on inference-based decentralized diagnosfd@gnosers that perform the task of diagnosis. We assume
that the limited sensing capabilities of tith local diagnoser
This work was supported in part by the National Science Foundatiod); (i € I) can be represented by the local observation mask,

‘é&d&Nﬂfgﬁaﬂ'\t‘?\Eggg11?5(103;39&03“0' NSFECCS-1509420 and by JSR$, . 3 — A; U{e}, whereA, is the set of locally observed
S. Takai is with the Division of Electrical, Electronic and Information SymbOIS- The local observation mask; is extended to

Engineering, Osaka University, Suita, Osaka 565-0871, Japan, e-malf; : ¥* — AY in the usual manner. For any languages
t akai @ei . eng. osaka- u. ac. j p. L Cy*andL C A, My(L) C A and M[l(L’) C ¥

R. Kumar is with the Department of Electrical and Computer En- . N
gineering, lowa State University, Ames, IA 50011-3060 USA, e-mail:2€ defined asM;(L) = {Mi(s) € A} | s € L} and

rkumar @ ast at e. edu. ML) = {se " | M(s) € L'}, respectively.
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Let L # () be a closed language that represents the Let N € N be a given nonnegative integer. A decentralized
generated language of a plant (system to be diagnosatiagnoser{D;};c;: L — C is said to beN-inferring [6] if
modeled as an automatdd, and X' C L be a nonempty the following two conditions hold:
closed language that represents a nonfailure specification.1) Either
Traces inL. — K are considered as failure traces and the
task of diagnosis is to determine the execution of any trace Vs€ L— K :{Diticr(s) =1=n(s) <N, (1)
in L — K within an additional bounded number of system

executions. Without loss of generality, the plant language or

can be taken to be deadlock-free [2]. Vs € K :{D;}icr(s) #1 = n(s) < N. (2)
In what follows, we letG = (Q,%,6,q,Q) be .

the finite plant model withL(G) = L and Gx = 2) There existsn € N such that

(Qk, %, 0K, qK,0, Q) be afinite generator of the nonfailure Vs e (LN (L—K)S2")UK :

specification language, i.eL(Gx) = K. We augment < N

the generatorGx by adding a dump state ¢ Q. n(s) <N = {Ditiei(s) # ¢- 3)

Formally, the augmented generator is definedGas = Given a plant languagd., a nonfailure specification

(Qk.%,0k,qx,0,Qk), WhereQx = Qk U {d}, and the languagekX C L, and a nonnegative integen € N,

state transition functiody : Qx x ¥ — Qg is defined as  we inductively define a monotonically decreasing sequence
~ . ~ Fr.(m), H.(m of language pairs as follows [6]:

S, o) = 0k (Gx,0), if §x € Qr Nk (G, 0)! { ké ) ];( _>)}k20 guage p o]

A otherwise. + base step.

- , Fo(m):= LN (L—K)X2™, Hy(m) := K.

Then we haveL(Gk) = ¥*. The refinement of the plant

with respect to the specification is obtained by taking the syn- « Induction step:

chronous producty || Gk = (@ x Qk, %, €, (qo, ax.0), @ X

Qr). Then we havel(G||Gx) = L(G) N L(Gx) = LN Fepa(m) = Fe(m)n | (M, M(H(m)) |,
¥*=1L.Foreachs e L, s € L — K if and only if G||Gx

icl

reaches a state whose second element is the dumpidbgte

the execution of. Hir1(m) = Hi(m)N <ﬂ MilMi(Fk(m))> .
icl

I1l. I NFERENCEBASED DIAGNOSIS FRAMEWORK Then we have the following definition oiV-inference

A. Existence Condition aV-Inferring Diagnosers diagnosability.
. ) . Definition 1: [6] The pair(L, K) of languages is said to
hLet O = {0,1,¢} be thfe _lset %If Q|qgnqi|s decisions e y.inference diagnosabli there existsm € N such that
where ‘0" represents a nonfailure decisioni™represents . (;)'— () or Hy 1 (m) 0.

a failu_re decision, and ¢” reprgsents an unsure decision. e following theorem shows thaV-inference diagnos-
Each inference-based local diagnosey is defined as a apjlity is a necessary and sufficient condition for the ex-

map D; : M;(L) — C x N [2], where for eachs € L, jstance of anN-inferring decentralized diagnoser with no

Di(Mi(s)) = (ci(Mi(s)), ni(Mi(s))). Hereci(Mi(s)) € € missed and incorrect detections.

denotes the diagnosis decision Bf; following an obser-  tpheqrem 1: [6] There exists anV-inferring decentralized

vation M;(s) € M;(L), andn;(M;(s)) € N denotes the diagnoser{ D;};c; : L — C that satisfies

ambiguity level of the diagnosis decision &;. Let n(s)

be the minimum ambiguity level of local decisions [2], i.e., Im € N,Vs € LN (L — K)X2™ : {D;}icr(s) =1,  (4)

n(s) := minjes ni(Mi(s)). Vs € K : {D;}ici(s) #1 (5)
The decentralized diagnosgD; } ;< that consists of local

diagnosersD; (i € I) issues global diagnosis decisions.if and only if the pair(L, K) of languages isV-inference

Formally, {D;};c; is defined as a mapD;}ic; : L — C. diagnosable.

For eachs € L, the diagnosis decisiofiD; };c;(s) is given ~ Assume that the paifL, K') of languages isV-inference
as follows [2]: diagnosable so that there existse N such thatFy1(m) =
() or Hy41(m) = (0. Then a local diagnoser can compute its
1, if Vi€ I:ni(M;i(s)) =n(s) diagnosis decision and associate a level of ambiguity with it
= ci(Mi(s)) =1 as follows. LetFy1(m) = 0 or Hy41(m) = () for some
{Ditier(s) =4 0, if Vi€ I:ni(Mi(s)) =n(s) m e N. For eachs € L, theith local diagnoseD; computes
= Ci(Mi(S)) =0
¢, otherwise. nf(Mi(s)) = min{k € N| M;(s) ¢ M;(H(m))}(6)
"M(M;i(s)) = min{k € N| M;(s) & M;(Fp(m))}.(7)

n.
The global diagnosis decision is taken to be the same as *
a local diagnosis decision possessing the minimum level of For a local diagnoseD; : M;(L) — C x N, its diag-

ambiguity. nosis decision and ambiguity level following an observation



Ml(s) S MZ(L), Ie,DZ(MZ(S)) = (cz(Ml(s)),nl(Mz(s))), Vi € I,Vi/ S {0, 1,.. .,N}:

is determined as follows [2]: Fy(m), if i’ is an even number
1, if nf (Mi(s)) < n?(M;(s)) Siir € { Ho(m): if 7/ is an odd number
¢, if n (Mi(s)) = nl(M;(s)), e Vi'e{0,1,...,N —1}:
nl(Ml(S)) = mln{n{(Ml(s)%n?(Ml(s))} (9) Mg(sli/) = M2(51(i’+1))7

if 4/ is an even number
My (s1ir) = Mi(s13ir41)),
if </ is an odd number

Vil € {0,1,...,N — 1}:
M (s2ir) = Mi(s23ir+1)),

It was shown in [6] that the decentralized diagnoser
{D;}icr : L — C for which the local diagnosers are given
by (6)-(9) is N-inferring and satisfies

Vs € LN (L — K)X2™ : {D;}ier(s) =1  (10)

and (5). l.e., any failure can be detected by the decentralized if ' is an even number
diagnoser{ D; };c; : L — C within m steps. My (s2ir) = Ma(593ir41)),

_ _ __ if 4" is an odd number
B. TestingNV-Inference Diagnosability Employing Proposition 1, we first provide a construc-

Here we present our construction of testing automafion to test the nonemptiness dfy., for any m < N.
reported in [5] that were used for checkimg-inference We define, respectively, the index sét of (2N + 3)
diagnosability. The same automata, with additional countind{ac€8s0, 510, 811, - - - ; 51N, 20, 21, - - - , S2v € L of Propo-
introduced in the next section, will be used for the delayition 1 and/ry of among those that are failure traces
bound Computation_ 80,511,513, -+ -, 511, 521,523,...,992] € L - K, where

Violation of N-inference diagnosability afZ, K') requires N —1, if N is an even number
that for anym € N, Fiy11(m) # 0 and Hy1(m) # 0. For = { N if N is an odd number
simplicity of presentation, we consider the case of two local )
diagnosers, i.eJ = {1,2}. The results continue to hold for as follows:
an arbitrary number of local diagnosers. As shown in the Iy = {0,10,11,...,1N,20,21,...,2N},
following proposition, the nonemptiness @ty (m) and

)

. : _ I = {0,11,13,...,11,21,23,...,2}.
Hy1(m) can be characterized as the existence of certain N { }
(2N + 3) traces inL. Using the notation for these two index sets, we build a gen-
Proposition 1: [5, Proposition 1] Consider the pair erator of all traces, sio, Si1,- - -, 51N, 520, 521, - - -, SaN €
L, K) of languages and any: € N. L that satisfy the last three of the five conditions of
) guag ny.
1) Fy41(m) # 0 if and only if there exis{2N +3) traces the first part of Proposition 1. We defindry =
8055105 S11y -+ S1N, S20, 521, .-, S2N € L such that (RFNaEFN,QFN,TFN,O,RFN,m) as follows [5] _
e s0€ Fo(m) « The state seRRpy is defined asRpny = (Q X Q) X
e Viel,Vi'e{0,1,...,N}: Q10X Q11X+ X Q1N X Q20 X Qa1 X - - - X Qa2n, Where
o
Ho(m), if i’ is an even number Qi = { @, v IS aneven number
Siir € Fo(m), if # is an odd number Q x Qg, ifi is an odd number
for anyi € I and anyi’ € {0,1,...,N}.
. ViEISMi(So):Mi(Sio), The initi . i
« The initial stater € Rpy is given as
e Vil € {0,1,...,N 1} FN.0 € RPN 1S G
Mo(s1) = Ma(s ) reno = ((90,9K.,0), 910,05 911,05 - - > 1N 05
2(81ir) = M2(S1(3i741) )»
if i’ is an even number 420,05 4210, - -, 42N.0)
Mi(s1i7) = Mai(s1(ir41)), where
AN
if " is an odd number | axpo, if 7/ is an even number
e Vi'e{0,1,...,N —1}: D0 =\ (g0, qx.0), if i is an odd number
My (s20) = My (sair41))s for anyi € I and anyi’ € {0,1,...,N}.
if #/ is an even number o The setRry ,, of marked states is defined &, =
My(s2ir) = Ma(s23ir+1)), {rrn € Rpn | Viey € Ipn iren(irn) € @ % {d}},
if 4/ is an odd number where, for each
2) Hyy1(m) # 0 if and only if there exist{N +3) traces reN = ((4,4K), @10: 115 -+ Q1N+ G20, G215 - - -5 G2N)
50,510, S11, - - -y SIN, 820, 821, - - -, S2N € L such that in RFN: we IetTFN(O) = (Q7qK) andTFN(’L’L/) = Qi3

e 50 € Ho(m), for eachi € I and each’ € {0,1,..., N}.



o The event seEry is defined as

(XU {e}) x (BUfe}) x---x (XU {e})
(2N + 3) times

YXFN =

—{(e,&,...,¢)}.
o For eachrry = ((¢,9x),q10,-- -, 01N, G20, - -, @2N)
and eachaFN = (0',0'10,...,0'1N,0'20,...,O'2N),

arpn(rrn,orn)! if the following five conditions are
satisfied:

U#Eég((anK%a')!’
vie I,Vi'’ € {0,1,...,N}: 04 #£e =

{ Ok (Giir, 0iir ),
&(qiir, 0iir)!,
Viel: M;(o) = M;(oip),
— i €{0,1,...,N —1}:
My (01ir) = Ma(013ir41)),
if ¢/ is an even number

Mi(o1r) = Mi(o13ir41)),
if 4/ is an odd number,

vi' €{0,1,...,N —1}:

My (02ir) = Mi(023ir+1)),
if ' is an even number

My(o2ir) = Ma (0237 41)),
if 4/ is an odd number.

if ¢/ is an even number
if ¢/ is an odd number,

If OKFN(TFN,UFN)L then

arn(reN,0FN)

= ((q/,(J}()yfﬁomﬁla cee aquaqgoaqgla cee ’q/2N)>
where
(q/ q/ ): 5((Q7qK)7U)7 i G#E
I (q,q9K), otherwise

5K(Qu‘/ ) Cfu‘/);

if 0; #¢e A[i’ is an even numbgr
o _ ) &g, o),
Q50 if o #¢e A[i’ is an odd numbér

qii’

otherwise

For anyopy = (0,010,011,...,01N,020,021,--.,02N)
in Xpn, we letopn(0) = 0 andopy (ii') = o4 for each
1 €1 and each’ € {0,1,...,N}.

To accept traces satisfying all five of the conditions in

the first part of Proposition 1 for some € N, we build a

nondeterministic acyclic automaton over the set of maximal

strongly connected components (max-SCCs)Tefy [5]:
Trn = (Ven, XFnN, BN, VEN,0, VENm), Where

e The state setVpy is defined as Vpy =

{Veno, VEN 1, - VEN [Ven|-1},  Where, for any

k e {0,1,...,|Ven| — 1}, Venk is @ max-SCC

of Try. Without loss of generality, we assume that

ren,o € VEN,O-

o The setVry ,,, Of marked states is defined &gy, =
{Venk € Ven | VEn ke N Renm # 0}

o The nondeterministic state transition functigiry :
Ven X Spy — 2VFN is defined as

BrN(VENK, OFN)
= {VFN,k’ S VFN | k 75 4
ANFren € VEn g, Iren € VEN i
arn(rPN,0FN) = TpN]}

for eachVpn , € Vpy and eactvpy € Xy .
A labeling function Jry : Vey — 2777 is defined as

Jrn(Ven k)
= {ir~v € Irn | [Frry € VEng
ren(ipn) € Q x {d}]
A3Fren,Ten € VENE, JOFN € XFN ¢
arN(rEN,0FN) = Tpy ANopN(iFN) # €]}

for eachVrn 1, € Vrn. Then, by the constructionigzy €
Jrn (Ve ) means that;,, can be extended to an arbi-
trarily long failure trace in a max-SCUry .. Therefore, we
can test whetheF'n1(m) # () for anym € N as shown in
the following proposition.

Proposition 2: [5, Proposition 3] Consider the pair
(L, K) of regular languages. Therfx1(m) # ( for
any m € N if and only if there exists a patVpyo =

(ko) U(kl) (kp—1)
VENky ——— VEN g —— o ——
in the acyclic automatoffizx such that

U

ke{ko,kl,...,kh,}
Dually to check the nonemptiness éfy.1(m) for any

m € N, we constructl'yy and7gzy dual toTry and7ry,
respectively. Among thé2N + 3) traces of the second part
of Proposition 1510, 812, -, 811,820,822, ..., € L— K
are failure traces, where
- { N, if N is an even number
1 N-1, if Nisan odd number

and their index set is denoted by
Igy = {10,12,...,11,20,22,...,2l}.

Employing this index set, we define a generator of all

(2N + 3) traces satisfying the last three of the five con-

ditions of the second part of Proposition Tyzy =

(RHN7 EHN, QOHN,THN,0, RHN,m)u as follows [5]

o The state seRy y is defined asRyy = Qx X Q10 X
Q11 X -+ X Q1N X Q20 X Q21 X -+ X Q2n, Where

Qii’:{ QXQKa

VEN ki, € VEN,m

Jen(Vengk) = Irn. (11)

if ¢/ is an even number
Qxk, if ¢/ is an odd number

for anyi € I and anyi’ € {0,1,...,N}.
o The initial statergyo € Ry is given asrgyo =

(QK,Oa 410,0, 411,05 - - -, 41N,0, 420,0, 921,05 - - - ,Q2N,0),
where

qii’,0 = {

if ¢/ is an even number
if ¢/ is an odd number

((107 QK,O)a
4dK,0,



for anyi € I and anyi’ € {0,1,...,N}.

o The setRyn ., Of marked states is defined &s;x,, =
{run € Run | Viun € Ian : ran(ian) € Q X
{d}}, where, for eachryny € Ryn, ran(in) (in €

« The nondeterministic state transition functioh; v :
Vun X 2y — 2V~ is defined as

Bun(VEN &, OHN)

= {VHN,k’ S VHN | k 75 k’/
/\[HTHN S VHN,k,HT/HN S VHN,k' :

Iy) are defined in the same way asy(in), Where
rFN € RFN-

e The event seE gy is defined aygy = Xrn.

« For each THN = (qK,ql(),...,qlN,qQO,...,qQN)
and eaChO'HN = (O’, 010,-+--,01N,020,- - - ,O'QN),
agn(ran,onn)! if the following five conditions are
satisfied:

-0 75 g = 6}{((][{,0)!,
ViEI,ViIE {0,1,...,N}20'“‘/ 7é<€:>

{ 5(%‘2"701’2”)!7

agn(run,onn) = ryyl}
for eachVyn i, € Vany and eaclvyy € Zgn.
A labeling functionJy y : Vgn — 2757 is defined as
Jun(Van k)
={ign € Iyn | [3run € Vani :
run(inn) € Q x {d}]
A3ran,"yn € Vank, Ioan € Sun -

agn(ran,oun) =ryy ANoan(inn) # €]}

if ¢/ is an even number
Sr (i, 04)!, if i’ is an odd number,

—VYiel: M(o)= M),

Vi’ € {0,1,...,N —1}:

My (01ir) = Ma(013ir41)),
if ¢/ is an even number

Mi(o1ir) = Mi(o13r41)),
if 4/ is an odd number,

vi' €{0,1,...,N —1}:

My (02ir) = Mi(023ir+1)),
if ¢/ is an even number

My (02ir) = Ma(023ir+1)),
if 2/ is an odd number.

for eachVyn i € Van.
Similar to Proposition 2, we have the following result.
Proposition 3: [5, Proposition 5] Consider the pair
(L, K) of regular languages. Theriy1(m) # 0 for

any m € N if and only if there exists a patfVzno =

ok0) kD) (kp—1)
HN HN HN
Vank, —— VeN Vank, €

Vi n,m in the acyclic automatoffx such that

U

ke{ko,k1,...kn }
IV. COMPUTATION OF DELAY BOUND
The delay bound is defined as the minimum number of
steps within which the detection of any failure is guaranteed.
In this section, we show how to compute the delay bound in
the inference-based diagnosis framework. We assume that the

JunVang) = Iun. (12)

If aHN(THN, O'HN)!, then

aHN(rHNaUHN)

_ / / / / / / /
= (@i, q10: @11 -+ Q1 G20, G215 - -+ G ) pair (L, K) of languages isV-inference diagnosable. Then
where there existsn € N such thatF'y,1(m) = 0 or Hyy1(m) =
Si(qic,0), if o4 0. Let m%, be such a minimum integern, i.e.,
! ] I
I = { 4K, otherwise my =min{m € N| Fy;1(m) =0V Hy11(m) = 0}.
and For anym > m}, the decentralized diagnoséD;}icr :
E(qivr, oir ), L — C for which the local diagnosers are given by (6)—(9)
if oy #e AJi’ is an even numbegr can detect any failure withimn steps. Hencem}, can be
. Sk (qivr, oiar ), considered as the delay bound.
Qi = if 0;7 # e A i’ is an odd numbér Let Nrpy and Ngn be the sets of delays under which

(L, K) is “N-inference disjunctive and conjunctive diagnos-
able”, respectively, i.eNpx = {m € N | Fx41(m) = 0}
andNgy = {m € N| Hy11(m) = 0}. Then we can define
the minimum delays for the disjunctive and conjunctive cases

qii’
otherwise

For eachoyy € Xun, oun(in) (in € In) is defined in
the same way aspy (in), Whereopy € Zpn.

as
Using Ty n, We construct a nondeterministic acyclic au- . .

N minNgy, if N )
tomaton 7Tgny = (Vun,XwunN,Bun, Vano, VEn,m) over MmpN = { undefiﬂgd othel?\]lvvije
the set of max-SCCs dfy x as follows [5]: N N 0

« The state setVyy is defined as Vyy = myy = { Slrirdlefiﬁgéi L)the?\jvvisi

{Vano,Van, - Van, van|-1}, Where, for any
k e {0,1,...,|Vuan| — 1}, Vani is @ max-SCC _ o
of Tyy. Without loss of generality, we assume that©€SPectively, and the overall minimum delay as

min{m},miy}, if Nex ZOANgy #0
m}}N, if NFN7£®/\NHN:®
M N if Ney =0 ANgy # 0.

ran, € Van,o.
o The setVyn ., of marked states is defined &gy ., =

{Vuni € Van | Vank N Runm # 0}.

my =



To computem},;, we develop methods for computing},,,  SincePry is finite, wpy is effectively computable.
andmj;y whenNpy # 0 andNyy # 0, respectively. Theorem 2:Assume thalNgy # (0. Then,mj.y = wpn.
Note thatm}., is the minimum number of post-fault Dually we can us&/yy to computemy; y whenNgyy #
events the system must execute for a fault to be diagk Simply replace the subscriptt*N” by “HN" in the
nosed. We use the acyclic automat@py for computing computation ofin},,; given earlier (such as in the definitions
mipy When Npy # . Under this condition, we have of the various post-fault event counts). Then similar to

Fnt1(mfy) = 0. Then from the inverse of Proposi- Theorem 2, we have the following result.

tion 2, it holds for any path, in the sePpy of all Theorem 3:Assume thaNyny # 0. Then,m}, y = wan.

paths from the initial state to final states of the form Remark 1:To compute the delay bound?}; using Theo-
o) o) suh=t  rems 2 and 3, we first need to construct the finite automata

Veno = Veng, —— Veng —— @ ———

Trn and Tyy. By the definitions of T’y and Ty, the
}/FN,khThe VfFNﬂm that Uke{ég,kl,.._.,kél},JFN(VFJ\}k) 7 complexity of constructing those is exponential with respect
FN- en for a corresponding INA€X-y € IrN = 45 N andn. Next, we construct the acyclic automalay

Uke{lgécé---ykh} ‘.]{DN(VFN”“)' ithholds th?t or;]ly the ir.1t.er- and 7y by identifying all max-SCCs off ry and Ty .
max- transitions Ty (that are also the transitions . complexity isO((| R | + |Rax|) x [S[2N+3). Then,

of Trn) Wiftr?ess a post-fault event, whereas the intra-r_naxT-n*N can be obtained by exploring all pathsTifx and Ty v

SCC tranS|F|0ns il'r N _(_max-SCCs o_fTFN are states in that end with marked states.

Trn) are simplye-transitions (otherwise that index would

already be included i'uke{ko,kl,...,kh} Jrn(Ven,i) by the V. CONCLUSION

definition of /). Then for each such index, each transition |n [6], we presented a framework for inference-based

along a pathprn € Prpy may contribute to a post-fault decentralized diagnosis, supporting multi-level inferencing

event count depending on whether or not that transitiofor disjunctive as well as conjunctive decision making, and

is a none-transition for that index. Accordingly, for each introduced the notion oN-inference diagnosability to char-

path pry :© Veno = Vi ﬂ) VEN & ﬁ) acterize the class of diagnosab!e. systems. This paper sup-
(op—1) plements the work of [6] by providing a method to compute
ikl Venk, € Venm in Ppy and each index the delay bound of diagnosis fav-inference diagnosable

irN € IpN — Ureqrg ir, iy JPN (VPN i), We define an  systems. It is expected that this delay bound will be smaller

index-specific post-fault event count of each transition of theompared to the one achieved under any other framework

path as follows: For each e {1,2,...,h}, subsumed by theV-inference diagnosability (such as dis-
(kj—1) junctive and/or conjunctive diagnosability, with or without
WFN.irn (VEN k1,0 VENE)) conditional decisions).

1, if [0 (irw) # €]
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