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Abstract: A diagnosis points at a set of components whoserafal behavior could explain
why a system does not function as intended, and a set of diagipwints at different such sets
of components. It would be an advantage for repair techmscifait, as a complement to the
diagnoses, was possible to exactly state which comporattsdrtainly are faulty, which that
are only suspected to be faulty, and which that are nornealtd.state the components’ fault
statuses. There would also be an advantage if the techsic@uld get an indication when
a component’s fault status cannot be changed by evaluatidigi@nal diagnostic tests, and
the fault status is in that case said to be ready. The keyibatitins in the present paper are
conditions that can be used to decide a component’s fatuisstad the fault status’ readiness.
Conditions are stated for both centralized and distribsjetiemsCopyright©2006IFAC.
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1. INTRODUCTION Due to higher demands on diagnosis, such as reduced
In Al, the dominant methodology for fault isolation has emission levels [5], the industry has mtro_duced diag
; . ; ; nostic tests that check the correct behavior of several
been so called consistency based diagnosis, which has . .
. . : . . _components at the same time, denatedti-component
strong relationships with the methods for fault isolation

used inFoi [1], [2], [3]. A consistency based diag- or plausibility tests. These multi-component tests are

nosis points at a set of components whose abnorm f?r example based oanalytical redundancy relations
b P E(‘ARR) [1]. These more general tests come into conflict

behavior could explain why a system does not function

as intended, and a set of diagnoses points at differerwIth the diagnostic fram(_awork based on S|_ngle compo-
nent tests that has previously been used in automotive

such Sets of components. .It wogI(_JI be an advantage\/ehicles. A gquestion that has to be answered is: When
especially for repair technicians, if it as a complement

to the diagnoses was possible to exactly state whicf'%lnd how should @Tc be set when multi-component
9 b y tests are used? We propose thatra should be set for

components that certainly are faulty, which that are onlya component when the component's status is faulty or

suspected to be faulty, and which that are normal. This ;
is here denoted a componerfeailt statusor in short a Suspected, and that the tufite s, r), described above,

) ; : . should be included in theTc.
component’'sstatus In diagnostic systems designed as

sets of precomputed diagnostic tests there would alsg If a component's status is_not ready then it WOUI.d
be an advantage if the technicians could get an indica2€ &N advantage to know which tests whose evaluation

tion when a component's status cannot be changed b\QlouId lead the status to ready. This is especially true

evaluating additional diagnostic tests, and the status i¥hen not all tests can be evaluated directly due to for
in that case said to bready; example limited processing power. A contribution of

The kev contributions of this paper are conditionsthis paper is conditions that can be used to calculate
y ) pap , which tests that are meaningful to evaluate.

that can be used to decide a component’s status and : X . . .

the status’ readiness. The conditions are used to state, €nd in most automotive vehicles is the inclu-

for each component, a tupl, s, ) wherec is the sion of multiple electronic control unit§ecus), gen-

component,s is the status, i.e. faulty, suspected, or €rally denoteagentd6], that communicate over a net-
normal, and- is ready or not-ready. work [7], [8]. There might in these distributed systems
’ exist diagnostic tests in one agent that checks compo-

Our work has been motivated by the diagnostic sys- L
. . : nents that belong to another agent. This is for example
tems used in automotive vehicles [4]. These system

typically store adiagnostic trouble codénTc) when a the result when there is exchange of information such

component s found to be faulty. In the first generationsas sensor values_, actuator values, or calculated values. A
. : 2 : contribution of this paper is that a component’s status of

of diagnostic systems, each diagnostic test checked e)I‘élulty suspected, and normal and the status’ readiness

actly one component for faulty behavior. Thercs is exténded o dis,tributed Svstems

could therefore be used to state exactly which compo- Y '

nents that where faulty and which that where normal.



2. CONSISTENCY BASED DIAGNOSIS Definition 2. Let D be the set of minimal diagnoses.
The status of componeants suspectedf and only if
A system consists of a set of componegtswhich

should be supervised by the diagnostic system imple- dD1, D2 € D:(c € D1 Ac g D2).

mented in a set of agents. A component is somethingefinition 3. Let D be the set of minimal diagnoses.
that can be diagnosed. This not only includes compoThe status of componeatis normalif and only if
nents directly connected to the agents, such as sensors

and actuators, but it also includes components shared vDeD:c¢D.

between the agents, e.g. cables and pipes. The possible status for a component is exhaustive, i.e. a

To reduce the complexity of the diagnostic system, itcomponent is either faulty, normal, or suspected. From
is sometimes preferable to only consider the abnormahe definitions follow that when only single-component
AB and the not abnormatAB mode, where thé\B  diagnostic tests are used, it is only possible for a com-
mode does not have a model. This means that the mirponent’s status to be faulty or normal. However, when
imal diagnosis hypothesis is fulfilled [9], and therefore general diagnostic tests are introduced then a compo-
the notation in for exampleDE will be employed [10].  nent’s status might also be suspected.

It will here be studied how the components status an% le 1.Consid ¢ isti t th ¢
the status’ readiness will be defined and their propertie xample 1.Lonsider a systeém consisting ot the se
of componentsA, B, C, D, and E. Let there exist

analyzed under the minimal diagnosis hypothesis. ) . . .
A di - t of BCe h that diagnostic tests such that the set of possible conflicts
lagnosiss a set of components £ €, suchthat - ;¢ {A}, {B, C}, {C}, and{B, D}. If the present set of

the compon,ents abnorma_l behaviors, the remaining. , flicts is{A}, and{B, C} then the corresponding set
components’ normal behaviors, the system description

: ; . L quinimal diagnoses for these conflicts is the set
and the observations are consistent. Since the minima
diagnosis hypothesis is fulfilled afalis a diagnosis, all D ={{A,B},{A, C}.
supersets oD are also diagnoses. Further, a diagnosis]_
D’ is a minimal diagnosis if there is no proper subsetB
D c D’ whereD is a diagnosis [9].
An evaluation of a diagnostic test results in a con-

flict if some components, checked by the test, have _
been found to behave abnormal.canflictis a set of 3.1.1. Component Status Related to ConflictsThe

componentst C €, such that the components’ normal status of faulty, suspected, and normal where defined in
behaviors, the_system description, and the observatior?ﬁcuon 3.1 with respect to the set of minimal diagnoses.

are inconsistent. A sd@ C € is a diagnosis if and only is requires that the set of minimal diagnoses has been
if it has a nonempty intersection with every conflictin a computed from the set of conflicts. To reduce the need

set of conflicts. A consequence of this is that the set of°, COMpute the minimal diagnoses, there would be an

minimal diagnoses is exactly determined by the set 01advantage if it instead was possible to d_ecide the status
minimal conflicts [9] of a component based on the set of conflicts themselves.

A sinale-component diagnostic test generates a co The following three propositions give such relations
A sing np lag : 9 "between the conflicts and the status of faulty, suspected,
flict 7 = {c} if it detects that component behaves

; .~and normal.
abnormal. A more general multi-component test will
generate a conflictt C @ if it detects that any com- Proposition 1.Let D be a set of minimal diagnoses
ponent int behaves abnormal. If no abnormal behaviordetermined by the set of minimal conflidis The status
is detected then a test does not generate any conflict. of component is faulty if and only if

he status of componerit is faulty, and the status of
and C are suspected. The rest of the components’
statuses, i.eD andE, are normal. o

Jrell:m={ch

3. MULTI-COMPONENT TESTS, COMPONENT

STATUS, AND STATUS' READINESS Proposition 2.Let D be a set of minimal diagnoses

determined by the set of minimal conflidis The status

This section will focus on centralized diagnostic sys-Of component is suspected and only if
tems,_whilt_a Sectiqn 5 will focus on distributed systems, (FreT:m={c) A BreTl:ccn).
described in Section 4. Here, the status of a component

will first be explored in Section 3.1, and this will then

be used when readiness is discussed in Section 3.2. Proposition 3.Let D be a set of minimal diagnoses
determined by the set of minimal conflidis The status

of component is normalif and only if

3.1 Component Status: Faulty, Suspected, and Normal vrell:c¢m

The following definitions states when a component's The proofs follow directly from the definitions in
status is faulty, suspected, and when it is normal. Section 3.1.

Definition 1. Let D be the set of minimal diagnoses. In summary: Definition 1, 2, and 3, alternatively the
The status of componeants faulty if and only if conditions in Proposition 1, 2, and 3 can be used to

decide if a component’s status is faulty, suspected, or
VDeD:ceD. normal.



3.2 The Status’ Readiness C are suspected. For the future confli€t and for the

If only single-component diagnostic tests, i.e. conﬂictspresent conflicts, C}

with only one component, are used, then a component’s B ¢ {C}N\{C} C{B,C} — True

status is ready if the diagnostic test that checks th%md it follows from Proposition 5 that the statusBfs

component has been evaluated. In the general Cadtot ready. The status @ is also not ready since there
where multi-component tests are used, there does nqgt

exist such a simple relationship between when a test igmst afuture conflictr = {Cj. ¢
finished and when the status is ready.

When discussing readiness, the getis the set of ~Proposition 6. Let IT be a set of present minimal con-
minimal diagnoses consistent with the present minimaflicts, and letlT" be the set of all possible future con-
conflictsTT. The set of non-finished tests could in the flicts. Let the status of componenbe normal, then the
future give the set of conflicts". LetTT C TI* be asetof ~Status igeadyif and only if
cqnflicts, and let the séb _be the set of possibly futur_e @ Infenivnel:(cen Angn).
minimal diagnoses consistent with the set of conflicts
MuUTI. Proof. The status o€ is normal for all future diagnoses
if and only if c ¢ =¥ for each minimal conflictt® € TT*,
The status is therefore normal if and only iz i or if
eachrt’, wherec € ', is non-minimal considering the
setlT, equivalent with (2). The status is therefore always
normal and it is therefore ready. O

Definition 4. The status of componentis readyif and
only if the status ofc is faulty, normal, or suspected,
considering the present diagnogesand for all future
diagnosesD the status ot is still faulty, normal, or
suspected, respectively.

The readiness of a component is defined with respeclf'xample 3.Consider once again Example 1. the status
of D andE are normal. The status @ is not ready

to the diagnoses, and in a similar manner as in Sec-

tion 3.1.1, it is possible to instead calculate the readiSince for the future conflicB, D} and for the present

ness from the conflicts. For faulty, the following simple conflicts,
relation holds. D € {B,D}A{A} ¢ {B,D} — True
Proposition 4. Let the status of componeatbe faulty, D € {B,D}A\{B,C} £ {B,D} — True

then the status af is ready. and the readiness follows from Proposition 6. The status

Proof. There exists a conflict = {c} since the status Of E onthe other hand is ready since there does not exist

of ¢ is faulty, Proposition 1, and since is always a any future conflictt wheret € 7. °
minimal conflict, the status is always faulty, and the
status ofc is therefore ready. a In summary: The conditions in Proposition 4, 5, and 6

The proposition shows that the definition of readinesgan be used to decide if a component’s status is ready.
follows the intuitive meaning of faulty, i.e. if a status is
faulty, then it cannot in the future be not faulty. . . .
' . : . 3.3 Diagnostic Tests that Results in Ready Status
There are not such a direct relationship between status g y
for normal and suspected and readiness, as shown by ti@ne of the objectives for a diagnostic system is to
following two propositions. achieve readiness for a component’s status and the prob-

Proposition 5. Let IT be the set of present minimal con- 16m of which diagnostic tests to evaluate to achieve
flicts, letTT* be the set of all possible future conflicts, "€@diness will here be studied locally for one compo-
and letTT C TI'. Let the status of componentbe nent. A first goal is to find which tests that are meaning-

suspected, then the statuscd readyif and only if ful to evaluate, i.e. that can change the status, and which
that are not meaningful. Within the set of meaningful
(1a) Frf et nf ={ch) A tests, it is then interesting to find in which order that
(1b) (B, mel,(Vrel:cen):(céaARC ) these tests should be evaluated such that readiness is
’ ' ' ' " reached as fast as possible.
Proof. The status ot is ready if and only if its status

is neither normal nor faulty for alll. The status is not 3 3 1. Meaningful Diagnostic Tests The propositions
faulty exactly when (1a), Proposition 1. From Proposi-in gection 3.1.1 can be used to decide which of the
tion 3 and considering minimal conflicts it follows that gn-finished tests that should be evaluated such that
status cannot be normal and not faulty for all future ) ] ] ]
diagnoses it is suspected, and the status is readyd  Definition 5(Meaningful diagnostic tests A set of di-
Even though it might at first seem difficult, due to ?gno‘;’tt'ﬁ tests |mean|n§1_fufor cc;p?otnetl?]t |fthte ?dd" ¢
the inclusion of the existential quantification, to use lon ot their corresponding contlicts to the Set of presen

the proposition above, it is in fact straightforward to conflicts would result in a change in the component’s
construct an algorithm that test an equation such as (Zitatus.

More about this in Section 3.4. From the definition follows that a component’s status
is ready if and only if no set of meaningful tests exists.
Depending on if the status of a component is faulty, nor-
mal, or suspected, different sets of tests are meaningful
to evaluate.

Example 2.Consider Example 1 where the set of con-
flicts is{{A},{B, C}}, and the set of possible future con-
flicts is {{C},{B, D}}. the status of componenB and



Proposition 7. Let the status of componeatbe faulty,  Aigorithm 1 Fault status and status’ readiness
then there exist no sets of meaningful tests. Input: The set of present minimal conflicis and the

Proof. Follows directly from Proposition 4. O set of possible future conflicts’.

Proposition 8. Let the status of componentbe sus- Oﬁtgu_t:' {'Ic'his:etg t:ipele% [Faulty]

pected. The sets of meaningful tests for compomrent f2: S '__ U .el'[T[\IF, [Suspecteﬁj
. S =Ugx .

are the sets of tests which corresponds to the sets of,, N .= (FUS)C [Normal]

conflicts 4: Sy ={c:nf e’ nf ={c}}
(3a) {rf):nf el wf ={c}} U 5 Sy:=1{c e_ﬁe]j:
= = _ = MCI, (Vvmell:cemn),c¢gmnnC
(3b) {T:TCT,meT, 6 Ni={cenfcTlf:¥nelce nf,fgz mif}
(Vrell:cemn):(cgnARCm). © R:=FU(S\S1\S2) U(N\N) [Ready}
Proof. Proposition 5 gives both some tests that are 8 T = {{¢,s,1) : ¢ € €5 = faultyifc € Fs =
meaningful in themselves, and sets of conflicts that suspegted it € S,s = nor-mal Ich € Nyv =
only are meaningful if all tests in the set are evaluated.  '€@dy ifc € R,r = not-ready ifc € R™}
Equation (1a) corresponds to (3a) and (1b) to (3b}J
A conflictin a set in (3a) changes the suspected statu
to faulty, while a set of conflicts in (3b) changes the
suspected status to normal.

~

Proof. The correctness of, S, and N follows from
Proposition 1, 2, and 3, respectively. The sBfs S,
andN corresponds (1a), (1b), and (2), respectively, in
Proposition 5 and & is therefore the set of components
Proposition 9. Let the status of componenbe normal, whose statuses are ready. The outpuis therefore
then the sets aheaningfultests are the sets that corre- correct. O
sponds to sets of conflicts

@ {7 :nfent, (Inel: (cen Amncah))).

Proof. Proposition 3 gives (4).

4. DISTRIBUTED SYSTEMS

First, distributed systems will be exemplified and a

. . framework for distributed systems presented, then the
3.3.2. Ordering Among Meaningful Tests After the a5 of faulty, normal, and suspected, and the status

collection of sets of meaningful tests has been found, it o5 qiness. are extended to distributed systems
would be interesting to know in which order the sets of ' '

tests should be evaluated such that readiness is achieved

as fast as possible. If the diagnostic system is interestegl1 An Example of a Distributed System

in a component for which it exists a test with a conflict

7t = {c}, then this test should probably be evaluated firstFigure 1 shows a configuration of the distributed sys-

since this leads to faulty status and status’ readiness. tem used in the current Scania heavy-duty vehicles. It
If the status for component is suspected, then the includes three separatn (controller area network)

ordering depends on if it is most important to find buses, which are connected to the coordinatou.
that the status is faulty or if it is most important to Each of theecus is further connected to sensors and

return the status to normal. If faulty is prioritized, then @ctuators, and both sensor values and control signals can
evaluate those tests that fastest leads to faulty, i.es tespe shared with the othecus over the network. There
corresponding to the conflicts in the set (3a). If the@re between 20 and 3fcus in the system, depending
normal status is prioritized, then evaluate tests thaPn the type of the truck, and between 4 and 110 compo-
correspond to the conflicts in (3b). nents are connected to eaebu.

3.4 Calculation of the Tuples for all Components 4.2 Framework for Distributed Diagnosis

In the introduction it was stated that, for each com-A system consists of a set of componegtswhich
ponent, a tuple was wanted that included the status afhould be supervised by the diagnostic systems imple-
the component and if the status is ready or not. Usingnented in a set of agent. A local diagnosis is deter-
Algorithm 1, which is designed by straightforward ap- mined by the conflicts in a single agent, while a global
plication of the propositions, Theorem 1 gives such adiagnosis is determined by all agents’ conflicts.

tuple for each component. In the algorithXf, denotes [ Diagnostc bus
the complement set of with respect to the set, R is s “ reoo
the set of components whose status is ready,Farsd | *®> | Swem
and N, are the sets of components whose statuses argss

Crash safety

faulty, suspected, and normal, respectively. system

SMD
Suspension
management dol

Suspension
management dolly

Red bus

GMS
Gear box manag|
ment system

EMS
Engine managemef
system

ACC

Theorem 1.Let T be the set of present minimal con- | Asmaecima

control

AWD | '
All wheel drive [ |

system

flicts andTTf the set of possible future conflicts. Let
the result from Algorithm 1 bél, then for each tu-
ple {(c,s,r) € T the status for component is

s € {faulty, suspectechorma} and the status is € _ o _ _ _
{ready not-ready. Figure 1. The distributed system in Scania vehicles.

snq usal9
Yellow bus




Example 4.Figure 2 shows a typical layout of agents Proposition 11. The Gs of component is suspectedf
and components. The system consists of two agents,and only if

network, and four sensor components,$.eto S4. The . )

sensorsS; and S, are physically connected to agent>@) (A € A: (theLs of cis faulty in A)) A

A1, while the sensor§; andS4 are connected td,. (5b)  (3A € A: ((theLs of ¢ is suspected i) A

The diagnostic tests check the consistent behavior of A LR - A -
the sensors, which are connected with dashed Iiné%‘.:) (Frel™ VA e A VR (cenATL ﬂ))))-

The diagnostic test in agerit; collects the value of Proof. The Gs of component is suspected if and only
sensorS; over the network, and use this to check theif there exist a minimal conflict such thatc € 7 and
consistency of the sensds, Sz, andSs. o theLs of ¢ is not faulty for any agent, i.e. (5a). For
an agente where theLs of c is suspected, i.e. (5b),
- there exists a minimal confliet, considering the set of

A

. A
Networky input output conflictsUacaTT?, such that € 7t exactly when (5c).
Agent A Agent Ay From this follows that thess of ¢ is suspected. O
Diagn Diagn An implication of Proposition 11 is that thes of
Test . — Test c is suspected if thes is suspected for all agents
and only if theLs is suspected for some agent. The
@S é relation betweerss normal and the s is shown by the

following proposition.
Figure 2. A typical agent, network, component, andProposition 12. The Gs of componentc is normal if

diagnostic test layout. and only if
(6a) VA € A : ((theLs of c is normalin A V
5. STATUS AND STATUS’ READINESS (6b) ((theLs of c is suspected in AA

EXTENDED TO DISTRIBUTED SYSTEMS A s . A _
(6¢) (A e M VA € ANA VR € TIN : (c e n AT ¢ m)))).
A component’s status and the status’ readiness, whic

were defined and characterized in Section 3, will hereBroo_f. The_GS of cor_nponen'rc. i? normal i,f and only.
be extended to distributed systems. If ¢ is not included in any minimal conflict, Proposi-

tion 3. TheLs is therefore normal, i.e. (6a), or sus-
pected, i.e. (6b), for all agents. In an agéntwhere
5.1 Locally and Globally Fault Status the Ls is suspected, the conflicts includirgwill be

LetTT? bet the set of minimal conflicts detected in agentnorH.T"nlmal considering the comple_te set_of minimal
conflicts exactly when (6c). Therefoeds not included

A € A, and letD” be the set of local minimal diagnoses . e AN L
determined by the set of minimal conflidig*. Further, ih any m'F"ma' conflict n the complete set of minimal
let D the set of minimal global diagnoses determined byconfllc_:ts, |_.e. t_hEGSOf cIs norrnal. ) =
the set of conflicts/a c 4TI*. A component's status can, AN implication of Proposition 12 is that thes of
in a distributed system, be divided into two different coOmponent is normal if thes is normal for all agents.
levels, the global and the local. Example 5.A system consists of two agenfs; and
Definition 6. The global status(cs) of componentc A2 Which have calculated the sets of minimal conflicts
is faulty, suspected, or normal if it is faulty, normal, 1! = {{A,B}} andTT*2 = {{A}, {C, D}}. The sets of
or suspected, respectively, with respect to the globainimal local diagnoses determined by the sets of con-
minimal diagnose®. flicts areD*' = {{A}, {B}}andD*' = {{A, C},{A, D}.
The Ls of componentsA andB is suspected in agent
Definition 7. The local status(Ls) of component is A1, while theLs of componenfA is faulty and theLs
faulty, normal, or suspected, for agehtif it is faulty, of C andD is suspected i ;.
normal,_ or sus_pected, r(/a\spectively with respect to the Proposition 10 gives that thes of A is faulty since
local minimal diagnose®”*. there exist as whereA is faulty. Thecsof B is normal
The s and theLs of component is either normal, since theLs of B is normalinA;, i.e. (6a), and it is both
suspected, or faulty, i.e. exhaustive. Tehas a simple  suspected im, i.e. (6b), and there exist no conflict
relation to theLs in some agent where thesis faulty. 7 € T such thaf{A} ¢ m, i.e. (6¢). Thess of C and
D is suspected since they are suspectedirand the
conflict{A, B} ¢ {C, D}. The set of global diagnoses is
D ={{A, C},{A, D}}, which verifies the statuses. ¢

Proposition 10.TheGs of component is faulty if and
only if theLs is faulty for some agent.

Proof. The Gs of componentc is faulty if and only
if there exist a conflictt = {c}, and such a conflict  In summary: The conditions in Propositions 10, 11,
exists if and only if the_s of c is faulty for some agent, and 12 can be used to decide if a componesgss
Proposition 1. O faulty, suspected, or normal.

The proposition shows that the definition of globally
faulty follows the intuitive meaning of faulty. If thes
of a component is faulty, then itss must also be faulty.
The relation betweens suspected and the local status The definition of readiness in Section 3 is here extended
is not so simple. to global and local readiness.

5.2 Global and Local Readiness



Definition 8. The status of component is globally  Proposition 11, which is equivalent with (8). Therefore
readyif it is ready with respect to the set of present andc is globally ready if and only if (8) is fulfilled. O
future global minimal diagnoses. In summary: The conditions in Propositions 13, 14,
and 15 can be used to decide if a componesgds

Definition 9. The status of componeais locally ready ady.

for agentA if it is ready with respect to the set of present
and future local minimal diagnos&s*.

Since components might be shared between agents2a3 Test to Achieve Readiness

component might be I_ocaIIy ready even th_ough itis NOtrhe set of meaningful tests can be calculated by follow-
globally ready, and vice versa. The relations betweeri1ng the same procedure as was done in Section 3.3.
globally ready and locally ready are shown by the three

propositions below.
The strong relationship between the faulty status and

status’ readiness shown in Proposition 4 also holds for L ) ) _
global readiness, as shown by the following proposition.MOt'VatEd by applications used in automotive vehicles,

6. CONCLUSIONS

Proposition 13.Let the Gs of component be faulty,
then it is globally ready.

Proof. If the s of c is faulty, then the.s of c is faulty
for some agent and it is therefore locally ready for som
agent, Proposition 4. Since it is locally ready, the

is faulty for all future diagnoses and therefore the

is also faulty for all future diagnoses, i.e. it is globally
ready. O

The relationship between global readiness andsthe

is not as simple when thes is suspected or normal as
is shown by the following two propositions.

Proposition 14.Let the Gs of componentc be sus-
pectedthen it is globally ready if and only if

(7a) (In' €TTI",3A € A: (Lsof cis faulty inA)) A
(7b) (ﬂﬁ CTI: (VA € {A: (Lsof cis susp. inA)},
VﬂeﬂA,Eﬁeﬁ:(CEﬂ/\ﬁCn))).

Proof. The Gs of component is suspected and glob-
ally ready if and only if theGs is neither faulty nor
normal for any future conflicts. It is not faulty exactly
when (7a), Proposition 10. Thes is normal exactly
when (7b), Proposition 12. Therefarés globally ready
if and only if (7) is fulfilled. O

Proposition 15.Let TTF be the set of possible future
conflicts. Let theGs of component be normal then
it is globally ready if and only if

@) #nfen: ((HA € A:(Lsofcis faulty) V
(FA € A, VA € A, Vi e TTH
((Ls of ¢ is suspected iR ) A7t ¢ nf))).

Proof. TheGgsof component is normal if and only if it
does not exist a conflict such that the becomes faulty
or suspected. This is equivalent to

7 e 1" : (3A : Lsof cis faulty forA),
Proposition 10, and that
tnf et ((ﬁA . (Ls of cis faulty inA)) A
(3A: ((Ls of ¢ is suspected il) A
(VA,Vi: (c e Aft ¢ nf))))),

a component’s status has been defined as faulty, sus-
pected, or normal. Also defined is the status’ readiness,
i.e. when the evaluating of additional diagnostic tests
could not change the status. Conditions useful for cal-

gulating the set of diagnostic tests that has to be eval-

uated to reach readiness of a component’s status was
stated exactly. Necessary and sufficient conditions to
determine the status and the status’ readiness have been
derived. A result of the analysis is that a component’s
status can be faulty if and only if there exist a diagnostic
test that only detects a fault in that specific component.
A consequence of this is that the status of a component
that only is included in multi-component tests, based
on for examplearR’s, can never become faulty, only
suspected. From the derived conditions, it was straight-
forward to construct an algorithm that computes the
status and the status’ readiness for all components. The
output of the algorithm is a set of tuples, where a tuple
(c, s, ) states the statusand the status’ readinessor

a component. The results for centralized systems were
extended to distributed systems.
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