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One problemof interest in systemdiagnosis consists MB, ev
of self-diagnosable systems. A reasonable measure ommmrm
given by the number of arcs in the diagnostic model. Such
be related to the number m<m of units and to the value of
either one-step or sequential. Classes of optimal diagnos

(that is, diagnosable systems of minimal complexity) have

aluating the complexity

complexity is

measure needs Lo

diagnosability,

able systems

been determined

in the model of Barsi, Grandoni and Maestrini for all values of mﬂm and

§

for any permissible value of diagnosability, both one step and sequential

Mbwm the same problem has been solved in the model of Preparata lMetze and

Chien limited to the case of one~step diagnosis wa, The problem of

determining optimal sequentially diagnosable systems in the model of Pre-
parata, Metze and Chien is still unsolved, although optimal diagnosable

m A m when t =t . Mmumﬁmwmlw Mc@ %Qﬁ

An upper bound to the complexity of optimal sequentially
ww_, A tighter

P

systems have been found for anyn=
r T max 2 )
diagnosable systems is also known for any permissible ﬁﬂm
bound will be established in this paper, by analysing a class of
sequentially.diagnosable systems whose diagnostic graph is a rosace Mwwa
Additional interest resides in evaluating the complexity of syddrome
decoding, that is the computational effort required to identify the faulty

units, or at least one of them, when the syndrome is given. It has been

proved Mww that syndrome decoding belongs to the class of NP-complete

problems, both in one-step and sequential diagnosis, although there may
exist classes of diagnosatle systems (e.g. the simple circuit in the
case of sequential diagnosis) for which the syndrome decoding is computa—
tionally efficient. It will be shown that the class of sequentially diagno-
ssble systems introduced in this paper is easily diagnosable, since the
complexity of syndrome decoding is QAN<MV. The relevance of this result
resides in the fact that the class under consideration contains sequential
ly diagnosable systems with arbitrary values of t,. and the complexity of

the system itself reaches the best known upper bound to optimality "in

most cases.

(1 ﬂxg denotes the smallest integer not less that x; similarly W%%

is the greatest integer not greater than x.
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For example, consider a diagnostic graph G=(V,A) consisting of a
simple circuit of n vertices (Fig. 1) and, for any syndrome s, the unique
ﬁ.ww partition of the set V into sequences A<w~w<wwu,..u<wﬁvQ

> - . . = 7 y e £ “ 1 i
k=22, such that mA<FAW1va<rWV 1 and mmewﬁﬁsvazwmv 0 for I<g<k. Assuming

that syndrome s partitionsV into v sequences and A he the number of

wu.u'rmw. M M_awm. N

vertices in a longest sequence, let Ve be the last vertex in a sequence
of length A. It is easily seen that mMA<mv =y + A =2 and NMA<mvu,<. The
integer mm uﬁw<m.w;u » Obtained by minimizing xwﬁ<mvuamxﬁmwﬁ<va
mwm<mvfo over the set of permissible pairs (v,%) (that is, over the
set 5 of syndromes),is a lower bound to sequential diagnosability of the
simple circuit of n vertices. However, since ﬂw\ma =3 is the upper bound
to sequential diagnosability of the simple circuit MH@M R ﬁm actually

coincides with the sequential diagnosability (.

3. A class of sequentially diagnosable systems

Consider a rosace consisting of k circuits, where cach circuit has
3 vertices (Fig. 2). In order to determine the sequential diagnosability
of this graph, the indices moA<ov and g1 (vg) will be evaluated. For each

circuit Ci» I€1<k in the rosace consider the set of all possible arc
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The preceding result shows that the connection assignment of n nodes
corresponding to the rosace of Fig. 2 yields sequentially diagnosable

systems whose diagnosability t_ reaches the upper bound of WmHW@ . while

r 2

the number of arcs, equal to a=3 ,mmm.x %Mw -3, is slightly above

the lower bound of wMMQ ~5 established by Ciompi and Simoncini @ w for
sequentially diagnosable systems with Ly ﬁ % The class of sequentially
diagnosable systems to be analyzed in the following is a generalization
of the graph shown in Fig. 2, and consists of rosaces formed by k circuits
of 3 vertices and one circuit of m vertices {(m=3).

Given a rosace in this class (Fig. 3), consider a non-trivial
syndrome s resulting in arc labelings of type o, B, v, 8§ in the circuits
of length 3 and define x as above. Further, assume that the circuit of
length m has v sequences and A is the maximum length of such sequences.
Using the same techniques described in the preceding mxmawwmmw the

indices moA<Ov and mwm<ov are evaluated as follows:

1) Vo is the last vertex in a sequence of length A: mwﬁ<ovmww+x+<+yiw

mwA<ov"nrxx+c

2) Vo is the last vertex in a sequence of length 2 < X: NMA<©VN‘W+x+<+y!m!
—-(X=2); Lw :ov”nrlx+(

3) v Vo is not the last vertex in a sequence: moA<ov k+x+v; g m<©uv‘r XV,

where the inequality in expressions for mmA<v results from neglecting 8.
Let nmAmv be an estimate of the maximum number of faults under which the
state of at least one unit can be diagnosed when syndrome s occurs., If
mwm<ovvvnmAwVAmMA<ovHVﬁqmmvw. unit vy is diagnosed as faulty {fault-free}
in the hypothesis of t° Amv or less faults, the case where g A<ovuvw (s)
and - mwA<CVUVﬁ (s) nonmmmGOSQFSW to the occurrence of more than ﬁwmmV
faults. If moﬁ<ovm mﬂAva g A<ovAnﬁ (s) the state of unit vy cannot be
diagnosed; however denoting by Ve ﬁ:m last unit in a sequence of length A
it is mmmHH% seen that in this hypothesis momdmv NW+N<1ﬁdmmv+yzm incase 1
and 3 and g A< Y=k+2v-t Aﬁv+y ~24+0=22k+2v-t A J+A=2 in case 2,vhere the last i
quality &mﬁw<mm from mLNN ﬁ ww . In order vg to be diagnosed as faulty
in the assumption of mnAmv or less faults, must be mmA vAanm<nv|u and

n (s) is determined from the preceding expressions as t Amv k+v+ y;uw
lower bound w to sequential diagnosability is thus mmnoﬁawﬂmm by mini-
mizing mHAmv over the set of permissible pairs (v,A), resulting from
consideration of all syandromes, as stated by the following theorem whose

proof is omitted for the sake of brevity.
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of Fig. 1 Mmfw - A similar result holds for the k-rosace shown in Fig. 3,
since it is clear that the following decoding algorithm, which derives
from the preceding analysis of the diagnostic properties of the k-rosace,
is oAm<mv in time. With the notations defined above, the decoding

algorithm is as follows:

A1) If any one of the circuits of length 3 has the arc labeling of type £
and arc A<w@wcwwv is labeled with 1, vertex Vi 1s recognized to be
faulty. Else:

A2) Determine if Vo is the last element of a sequence in the circuit of
length m and if such sequence has length A, and compute NMA<©vW
NMA<QV using the corresponding formulae. If mwﬁ<©vuvﬁmﬁ<® is recognized
to be faulty in the hypothesis of at most mm faultsy if mwm<©vuvwmw

Vg is diagnosed as fault-free in the same hypothesis. Else:

A3) Denoting by Ve the last vertex in a sequence of length A in the circuit
of length m, Ve is recognized to be faulty in the hypothesis of at

most mm faults,
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