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Abstract

This paper investigates, several methods Tor coping
with inconsistency caused by multiple source
information bv introducing suitable consequence
relations capable of interring non treival conclusions
from an inconsistent stratified knowledge base Some
of these methods presuppose a revision step namely a
selection of one or several consistent subsets ot
formulas and then classical inference is used for
inferring from these subsets Two alternative methods
that do not require any revision step arc studied
inference based on arguments and | new approach
called saftly supported inference where inconsistency
is kept local These two last methods look suitable
when the inconsistency is due to the presence of
several sources of information The paper offers a
comparative study of the various inference modes
under inconsisiency

1 Introduction

Inconsistency can be encountered in different reasoning
tasks in particular
- when reasoning with exception-tolerant generic
knowledge where the knowledge base includes default rules
and insinuated facts and later a new information is received
that contradicts a plausible conclusion derived from the
previous knowledge base

in abduclive reasoning lor instance in model-based
diagnosis when observations conflict with the normal
functioning mode of the system and the hypothesis that the
components of the system are working well this leads to
diagnose what components) fail(s)
- when several consistent knowledge bases pertaining to the
same domain but coming from n different experts are
available For instance each expert is a reliable specialist in
some aspect of the concerned domain but less reliable on
other aspects A siraightlorward way of building a global
base <<is to concatenate the knowledge bases K4, provided by
each expert Even if Ky is consistent it is rather unlikely
that KirK2'-' uK, will be consistent also

This paper is primarily oriented towards the treatment of
inconsistency caused by the use of multiple sources of
information Knowledge bases considered in this paper are
all stratified, namely each formula in the knowledge base is
associated with its level of certainty corresponding to the
layer to which it belongs The use ol priorities among
formulas has been shown to be very important to
appropriately revise inconsistent knowledge bases (Fagin et
al, 1983) In particular, Gardenfors (1988) has proved that
any revision process that satisfies natural requirement is
implicitly based on priority ordering In the context ot

merging several knowledge bases the introduction of
priorities between pieces of information in X can be
explained by the two following scenarios

- Each consistent knowledge base K, issued from a source
of information is flat' (i e without any priority between
their elements) But we have a total pre-ordenng between the
sources ol information according to their reliability In this
case merging different sources of information lead to a
pnonti?ed knowledge base £ where the certainty level of
each lormula reflects the reliability of the source A
particular case is when each piece of information in £ is
supported by a different source

- All sources of intormation are equally reliable (and thus
have the same level of reliability), but inside each consistent
knowledge base K, there exists a preference relation between
pieces or information given by an expert who rank-orders
them according to their level of certainly Here again the
combination of the different sources of information gives an
uncertain knowledge base provided that the scales of
uncertainly used in each knowledge base K, are
commensurate

Tins paper investigates two classes of approaches to deal
with inconsistency in knowledge bases coherence theories
and foundation theories Somewhat departing from what is
usually considered we view this dichotomy in the following
way These two classes correspond to two alUtudes in front
of inconsistent knowledge One (the coherence theories)
insists on revising the knowledge base and restoring
consistency The other (the foundation theories) accepts
inconsistency and copes with it Coherence theories propose
to give up some formulas of knowledge base in order lo gel
one or several consistent subbases of Z and to apply
classical entailment on these consistent subbases lo deduce
plausible conclusions of the knowledge hase Foundation
theories proceed differently since lhey retain all available
information but each plausible conclusion inferred from the
knowledge base is justified by some strong reason for
believing in it Such reasons are based on the idea of
argument that goes hack lo Toulmin (1956), and is related to
previous proposals by Poole (1985) Pollock (1987) and
Siman and Lous (1992) which were however suggebled in
the framework of defeasible reasoning for handling
exceptions There also exist approaches lo reasoning with
inconsistent knowledge bases which for instance identify a
consistent part and an inconsistent part in the base as in
(Lin 1994), or which combine the consequences obtained
from each source of information as in (Dubois et al 1992b)
rather than combining the knowledge bases attached to each
source before the inference process takes place

Our dichotomy coherence versus foundation is somewhat
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different from the one used in the literature (Harman 1986),
(Gardenfors 1990) (Rao & Foo, 1989) (Doyle 1992),
(DclVal, 1994) In this paper, we do not assume any
particular structure on the beliefs in the knowledge base
(contrary for example to RMS defined in (Doyle, 1992))
Nor do we assume any (independence relations between
beliefs Moreover beliefs in a knowledge base are all "self-
justifying , namely all pieces of information are put in the
knowledge base as they are and as they come from their
sources of information and we do not add to the knowledge
base any derived beliefs

This paper extends previous results of Benferhat et al
(1993b) and discusses two foundation approaches in greater
details The following points are developed WE survey some
coherence theories to the inconsistency handling We recall
four consequence relations which consist in replacing the
inconsistent knowledge base by one or several of its
consistent subbases We then recall the so called
argumentation inference proposed in (Benferhat et al
1993a) We finally propose a new foundation theory It is
based on a so-called safetly supported consequence relation
which deals with inconsistency in a local way The
approach is local in the sense that each formula in the base
is also associated with a level of paraconsistency ' which
reflects the maximal strength of arguments in favour of the
opposite formula Section 5 is entirely devoted to a
comparison oi the different consequence relations considered
in the paper Three criteria are used to do this )
cautiousness, u) properties in) syntax-sensitivity

2 Background

In thus paper we only consider a finile propositional
language The symbol — represenis the classical
consequence relanon Greek letters a B b represent
formulas Let 2, be a muluset of propositonal formulas
possibly mconsistent bul nol deductively ciosed When the
knowledge base L 1s not deductively closed, we call 1t a
behefl base" following Nebel (1991) In presence of
inconsisiency lhe approdches developed i this paper must
be syntacuic in ndture since they exphcitly use formulas
thar appear i the knowledge base origrnally while two
inconsistent knowledge bases over the same language are
semantically equivalent (1n a (nvial way) This paper dcals
only with straufied knowledge bases which can be viewed as
layered knowledge bascs of the torm 2=8)u U8, such
that formulas n S, have the same level of prionty or
cerainty and are more rehabie than the ones in §) where 11
This straufication 1s moedelled in pessibilisuc logic (Dubois
et al 1994) by altaching a weight ae [0 1] W each formula
with the convention that (¢ a,)e S8, ¥ and
ay=l>ap> >a >0 From now on a stranfication 1s used to
represent priontized knowledge hases the lower 1s the rank |1
ol a stralum the higher 15 the level of certainty a; of the
formulas included 1n 11 The rank 1 can be viewed as s leve!
of defeastbiliny ot the formulas 10 S, The greater 1 the more
defeasible the formulas o S,

Throughout this paper we denote subbases by capital
letters ABC  and they are also represented 1n a siratified
way namely A=A|w Ay where Vi=1n A CS, and
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possibly A;=0 From now on, we denole by MC(Z) the set
of all maximally consistent subbases, and by Free(X) the sef
of all the formulae, called free formulas, which are not
involved 1n any inconsistency of the belief base X, namely

Free(T)={®/FACT s L o€ A and A s mimmal inconsistent)
Clearly Free(X) may be empty We [inish this section by
defining the notion of free-consequence

Def 1 A formula ¢ 1s said to be a free consequence of 3,
denoted by ¥ —Fee ¢ !fl @ 15 logically entailed from
Free(3) namely 3 e 1ff Free(3)- o

The free inference reduces Lo the classical inference when 2
ts consistent and 15 very conservative otherwise, since il
corresponds to a maximal revision of X deleung all
formulas involved in a confTict

3 Coherence-Based Approaches to
Inconsistency

Coherence approaches can be descnibed in two sieps 1) give
up some formulas of behief basc 1n order 10 resiore 1s
consistency the result of thiy operation is one or several
consisient subbases of T and n) apply classical entailment
on these consislent subbases to deduce plausible conclusions
from the behel base We invesuigate two classes of
cohercnce theories coherence theores based on the choice of
one consistent subbase (not mecessanly maximal) and
coherence theones based on the selecuon of several maximal
consistent subbases From a pragmauc pomt of view lhe
first class 1s very interesung (with computauonal
complexity close to ane of the classical logic) while
sclecung several maximal consistent subbases 15§
computauonally very difficult (see (Nebel 1994), (Cayrol &
Lagasquie-Schiex, 1994) for a discussion of complexity
results of inconsistency handling approaches) However
from the minimal change poim of view the sccond class
weems more satisfactory since 1t keeps as many formulas as
possible while (he first class sclecls one consislent subbase
which 1s often not maximal

31 Approaches Based on the Selection of One
Consistent Subbase

We starl with the possibihstic approach See (Dubois et al

1994) for a complete exposition of possibilisuc logic The
possibilistic treatmenl of inconsisiency 15 based on the
selection of only one consstent subbase of ¥ (in general not
maximal) denoted by a(X), induced by the levels of pnonty
and defined 0 this way m(3)=S;v w8, where ) =
max{) st Sju S, 1s consistent} If 5] 1s inconsistent
then m(T)=@ If X 15 consistent m(X)=% The basic
muuhion 1n the possihilistic approach 1s to only teke mto
account the first 1 consistent strata which are the most
imporiant ones 1n lerms of certainty The remaining subbase
T-w(X) 1s simply inhibited It 15 clear that the
computatnonal complexity of the possibilistic approach 1s
very atfractive since 11 needs at most Jog(n}) sansfiability
(SAT) tests However this approach 1s very drastic
(' liberal' ) and the amount of the formuilas given up may be
important Nebel(1994) elaboraung on a suggestion made
in (Dubois & Prade 1991) has proposed a [ess hiberal way
10 select ane consistent subbase The 1dea 15 Lo consider each



stratum as composed of one element ablaned by the
conjunction of the formulas nside thus stratum Such belief
bases are called "wnambiguous’ or ltnear ordered’ When
Inconsistency occurs we give up the whole stratum
concerned by the inconsistency bul we continue 1o add strala
with lower ceriainty levels if consistency 1s preserved More
formally the sclected subbase s denoled by 10{X) and 1s
computed i the following way 1o(X) =@

lo(2)

tor1 =1 ton do =lo(X)S, if consistent

=lo(X) otherwise
The inference relations for thesc two appraaches are
Def 2 A formula ¢ 1 said o be a possibilistic
consequence (resp a lo-consequence) of X denoted by

Ye—ut (resp T o), 1ff & 1s logically entasled by m(E)
(resp 1o(X)) namely 1ff m{T3—0 (resp lo(Xi—¢)

3 2 Approaches Based on a Selection of Maximal
Consistent Subbases

Probably one of Lhe best known approaches (o reasoning
with mnconsisiency 15 the one proposed by Rescher and
Manor (1970) and based on the unnersal consequence
relation first compute the sel of maximal consisicnl subsets
of the belief base then a formula 15 accepled as a
consequence when il can be classically inierred trom all the
mavimal consisient subscts of propositions However
universal consequence relation does nol take advantage of the
layered structure of the belief base and thercfore the
vardinality of MC(Z) which increases exponentially witk the
number of conflicts in the bave may be very high One may
think of selecung 4 non-emply subset of MC(3) called
preferred subbases of 2, which represents maximal
consistent subbases thal heep as many formulas of ¥ as
pussible There exist two crileris lo define such preferred
subbases of ¥ set-inclusion or carcinality (Benferhat el al
1993h)

Def 3 A consistent subbase A=Ajuw  WApQ s an
inclusion preferred subbase ol X (Incl lor sel mclusion) 1fi it
does nol exis! 4 subbase B=B|w By of Z such that

Jisn where A,cB, and for j<i we have Bj=A,

Def 4 A consislent subbasc A=AJw  WAp 152
cardinalin preferred subbase (or a lex preferred subbase) ol X
1tf 11 does not exist a subbase B=Byu  UBy such that
Ji1sn where IB,I>|A,l and tor <1 we have |B)l=lA)l where [Al
1s the cardinality of A

From now on we denote by Incl(Z) and Lex(X) the set of
mclusion-preferred subbascs and Lex-prefered subbases of 2
Inclusion preferred subbases have heen proposed by (Brewka
1989) under the name "preferred sub theories” and have also
been independently ntroduced by (Dubors et al 19924) 1n
the setting of possibilistic logic under the name of streagly
maximal consistent subbases Baral et al (1992) have alwo
used a similar approach to combine belel bases The
defimtion of Lex(X} has been proposed in another form in
{Dubois et al 19924) and also ndependently n (Lehmann,
1993) The xdea of selecting a subset of the set of maxmally
consislent subbases of Y. using a vardmalily crilemoen was
used independently in diagnosuc problems (De Kleer 1990

Lang 1994) It corresponds to the property of parstmony
edvocated in (Reggia etal 1985) Once Incl(2) and Lex(X)
are computed we define the nonmonotonic consequence
relation in the following way

Def § A formula ¢ 15 said 1o be a frcl-consequence
(resp Lex consequence)} of L denoted by L [qc1®
(resp L ex ®) 1f and only af 1t 15 entailed from each
clement of Incl(X) (resp Lex(L)) namely 1ff YA Inci(T)
(resp VAeLex(Z) A

4 Foundation Theories of Inconsistency
Handling

This section presents two foundation theories to deal with
mconsistency The first approach proposed in (Benferhat et
al 1993a}, 15 called argumentation inference and recalled n
a concise manner below The second approuch 1s 4 new one
which treats inconsisiency 1in a “local way' This latier
approach 1s presented and discussed 1n details in this seciion
Contrary (o the coherence theones loundatien theones do
not throw picces of informauon away (rom Lhe inconsisient
behel base in order to maintain the whole consistency of the
belief base In the case of muluple sources problems
restonng consisiency looks much more debatable since the
goal of retaining ail available informanon s then guie
legiumate However in foundation approaches each
plausible conclusion 1s supported by an argument which can
be seen as a reason (formed from explicit information of the
beliet buse) to believe 1n 1t

41 Argumentation Approach

Thu two foundation approdches are based on the idea of
drgument

Defl 6 A consistent subbase A of L 15 said 1o be an
argument lo a rank ! for a tormula ¢ if 1t satisfies the
following condititons (1) A—¢, (n) Yye A A—{w}F ¢ and
(uni=max [)/{¢ NeA)

Def 7 An argument A of rank 1 which supports § 15 a
best argumenl 1fT each argument which supports ¢ 18 of rank
121

An argument A for ¢ 15 a minimal consislent subbase of
which entails logically ¢ Its rank 118 411 the smaller as A
supperts the conclusion ¢ more strongly st rank
argumcnts being the best Note that this notion of argument
15 an exlension of Lhe one proposed by Siman and Low
¢1992) Elvang-Goransson et al (1994} have also pruposed a
formal framework for argumentation Cayrol (1995)
discusses links between nonmonolonic consequence relations
making usc of the 1dea of arguments and nonmonolonic
coherence-based enta:lmenl The first of Lthe two foundation
theones considered here called the argumeruation inference
suggests that a conclusion can be inferred from an
inconsistent belief base 1f the later contains an argument of
rank | that supporis thus conclusion bul there 15 no
argument of rank smaller than or equal 10 ) that supports its
negation More formally

Del 8 A formula ¢ 1s said 10 be an argued consequence of
Y denoted by ¥, g ¢ 1f and only if (1) there exists an
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argument of rank 1for ¢ 1n X, and (11) arguments for = (1f
any) are of rank j>1

See (Benferhat et al, 1993a) [or the properties of this
consequence relation

4 2 Safely Supported Inference

In the definiuon of argumentation mference there 1s no
constaint on beliefs used 1o build arguments in favor of
plausible conclusions of the heliet bare Namely one
argumenl may for instance contdain pieces of information
which are directly involved in the inconsisiency of the belief
base Levels of pnionty or of cenainty attached to formulas
have only been used (0 dwsunguish belween strong and less
strong arguments 1n f[avour ol a proposifion or of 1ls
contrary However 1t 1s possiblc Lo go one step further in the
use of the certainty or prionly levels by 1) altaching (o each
proposttion ¢ n the belief base the rank i of the besl
argument attached to @ n) the rank j autached Lo the best
argument 1n favour of ~¢ 1t any and by 1) infernng from
weighied premises such as (¢ 1)) by propagaling the ranks :
and ; It will cnable us to disiingwish between conseguences
obtained only from ' free” propositions 1n the belief base 3,
(1c propositions for which there 1s no argument 1n X 1n
favour of their negation) and consequences obtained using
also propositions which are not free {for which there also
exisls an argument 1n favour of Lhetr negation) For ¢€ X
we denole by Def(¢) the rank of best arguments for ¢ in X
{(including ¢ nself) Def(tr) reflects the defeasihility level of
¢ On the contrary Def(—¢) expresses our confident in the
belief €Y. since the hugher Del(¢) the less reasons for
doubtmg ¢

Def 9 Let d be a formula ot & Then ¢ 1s said to be
paracansistent iff there also cxists an argument for ¢ in 2
We dehine the consistency rank of ¢ denoted by Cons($), as
thc maximum of the ranks corresponding Lo the best
arguments 1n favour of ¢ and 1n favour of ¢ 1t $ 15 [ree
then by convenlion Cons(g)=eo

Nole that the higher the consisiency rank the less
paraconsistent 15 ¢ Moreover Cons(¢)=Cons{-~¢$) We now
Iniroduce the notion ol defeated formula

Def 10 Lel ¢ be a formula of 3 ¢ is smd to be defeated
1ff Def(=b)<Def{d)=Cons(d)

Cinssicaily and roughly speaking knowliedge about ¢ 15
paracensisicnl if there exisl reasons 1o state both ¢ and =
Il corresponds 10 the situalion where we have conflicung
intormation about ¢ It 15 why we speak here of
paraconsistent information although the approach presented
in the following departs from usual paraconsisient logics
(following Da Costa (1963)) More formally let
2,=8S)uw S, be the subbase of T. composed of the first 1
strata and Pree(l.)) denoles 1ts free part It 1s clear that
Free(X,) 1s different trom (Free(X)), and more preciscly we
have the following relation (Free(¥}),cFree(¥,)

Def 11 A formula ¢ 1s said (0 be a safely supported
consequence of T denoted by ¥ g5 & iff therc exists a
rank 1 such that ¥, + Free ¢

Denote agamn by Def(d) be the smallest rank : such that
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L Frec® for ¢ X Notice thai if for a given rank k>Def(3)

we have Z W peeed, then there 15 no longer a proof of ¢ in
2 made of free formulas only and that at least one of the
formulas say v, used in the free proof of & from Tpef(¢) ts
paraconsisient However this does not mean that there 15 an
argument for ¢ 1n Ly although there 1s an argument for ¢
m Yy obviously Indeed consider the following counter-
example Y=8|=[y,~y ~yv¢} Il s clear that there 1s an
argument for ¢ 10 the belief base Y and ¢ 15 not a free
consequence of X but there 1s no argument which supports
—~$

Proposiion 1 Lel y be a safely supported consequence
of X, then there exists an argument say A for ¥ 1n X such
that none of the forrnulas of A 15 defeated

See proof in (Benferhat et al 1995} The previous
proposituon means that the safely supporied inference 1s
based on undefeated arguments and therefore the conclusions
produced by 1his consequence relauon are safe The converse
of Proposition 1 15 nol true Indeed consider the following

counler-example E:{S]=[w} So={-y} S3= [-n.yvq;]}
where the formula y 15 attacked - 1s defeated and —yrv
free IL1s clear that ¢ 1s nol a safely supporied conclusion
even il 1n the behef base Y we have an argument for ¢
composed of the two undefeated formulas —ywvéd and v

Let us now evaluale our confidence 1n ¢, namely (o what
extent the conclusion ¢ 1s sate This safety depends on our
confidence 10 the formulas of the belief base which are
involved in infermng the conclusion ¢ The safety rank of an
argumenl A 1s denoted by Safe(A} and computed in the
following way Safe(A)=Min(Def(-wy)/ye A} 1t1s clear thal
the best argument for ¢ 1 Ipef(g) 15 the safest one 1€,

confidence($) = max [Safe(A} / ACY Def(d)}

The following proposition shows that 1f a formuta ¢ 15 2
sately supporied consequence of X 1f and only if 1ts defea-
sibihity 15 smictly Jower than the safely of its arguments

Proposition 2 Let ¢ be a safely supported consequence
of Y. Then there exists an argument, say A of rank 1 whach
supports ¢ and where 1<Safe(A) The converse 15 also true

See preof in (Benferhat et al 1995) We now give a
procedure to compute safely supported conclusions of &
belief base Algonihms for computng conclusions obtained
using coherence theones are largely described in the Literaire
(Baral el al 1992 Benferhat et al, 1993b) and a theorem
prover has been developed 1n (Cholvy 1993) A procedure
for computing argued consequences can be found n
(Benferhat et al  1993a) We use an ATMS for computing
safely supported inferences This tool can compute mimimal
inconsistent sets and therefore Free formulas Indeed, links
between munimal incensistent subbases and nogoods can be
established n the following way let X be a belief base, and
let Z' be a new behef base obtained from X by replacing
each formula ¢, in X by H,v¢$, where H, 1s a hypothesis
(all H, are differenl) Then the subbase A={p,/1=1,m} 15 a
mioimel inconsistent subbase of X 1ff Ha=(H,/H,v$,e ¥
€ A} 1s a nogood We denote by Incons(K) the set of all
formulas which belong Lo at least one minimal inconsistent
subbase of K



] Function S8_consequence (Input ¥ ¢) Boolean
2 Let 1=l Answer =false K={
! While 1<n and Answer=false do
4 Begin

5 K =KuS§, 1=21+1
[ Compute Incons{K) using ATMS

7 If K\ncons(K) = ¢ then Answer =true
B End [Begin)

9 Retorn(Answer)

10 End {Procedure)

Nonice that the complexity of the algorithm depends on the
step 6 However, this siep can be done once and [or all

5 Comparative Study

51 <Cauhtiousness

A consequence relation b 1 1< sard 1o be al leasl s cavtious
than b 92 1f and only 1f every conclusion of ¥ abtat ed using
b1 15 also a conclusion using F 2 The following hierarchy
summarizes the cautiousness rclaton between the different
consequence relations studied here the edges mean Lhe
nclusion-sel relation between the set of resulls generated by
cach consequence relation The top of the diagram thus
carresponds to the mosi conseryative infercnces

1 Comequence
—

In-C mnseqoence

Argued Conwequence l neh Converyme e )
—a b fnd

l Lex Consequence '

Proofs can be tound in (Benierhat ¢t al , 1994) Notice that
all the consequence relations descnibud above collapse with
the possibilistic entailment — 5 when ¥ 18 consistenl
Moreover when Lhe base 15 M1al then the salcly supported
inference 15 equivalent to the Iree consequence and Incl-
consequence relauon becomes more cauttous than the
argumentauon consequence Besides when a base X contains
exactly one formula per stratum lhen the consequence
relations —[ex —incl —S$ generate lhe same set of
conclusions Lastly observe Lhat if ¢ appears in X, and 1s
an argued consequence ¢ )5 also a safely supported
consequence But, they differ for other conclusions since the
safely supported inference propagates the effects of local
inconsistency From the above figure one may ask fwo
questions 1) what 15 the minimal set of conclusions that we
are ready to accepl, namely that any reasonable consequence
retation must contain? and n) 1o whal extent a consequence
relation shotild be adventurous”

The natural and reasonable answer 1o the first question 15
to consider the sel of possibilisuc conclusions since the
possibilistic entailment takes into account the 1 most
important and consistent sirata However, the possibilistic

way of dealing with mconsisiency 1s nol enurely
sausfactory since it suffers from an important drawback
named drowmng problem’ in (Benferhat et al 1993) as we
can see In the follewing example Let X be the following
siratified behef base Y=(S|=[~av-f] S7={a) S3=(B}
S4={8)} This behef base 15 inconsistent and only Lhe
subset A= {—~ov-P} [ax]) 1s kepl and therefore 5 cannot be
deduced despite the tact that & 1s outside the conflict In the
example lhe lo-consequence solves the problem Another
possibility 1s to select 1n X, the itersection of all inclusion-
prelered consistent subbases of X which tumns oul to be
equal lo 3*=Free(X|)w Free(X) Inference from X*
gives a more adventurous coherence approach than the
possibihistic nference but it 15 1n general not comparable
with the lo-consequence (see Benlerhat et al  1994)

Now let us try L0 answer the second question namely to
whal exicnt the consequence relations should be sdventurous
Safely supported conscquences seem cantious and safe since
results produced by this consequence relation are based on
undefeated arguments lo-consequence relation may be seen
as an adventurous approach since some produced conclusions
are debatable when we consider belief bases whose layers can
contain more than one {ormula Indeed consider the
following example Z={S(={$} S2={-~d,y 8], S3=|~v])
Here we would like (o deduce y and & while loconsequence
relavon will produce -y The remaining consequence
relations seem to be also adventurous Indeed take the
following example Z=(S1={9} S2={-¢}, S3={~vy}]
where W 1s a plausible consequence of T using —Ine| —Lex
— & while W 15 not a safely supported consequence of ¥

Indeed y is supported only by {§ ~$vy] an argument of
rank 3 and Cons{y)<3

5 2 Propertles of Consequence Relations

Thus section positions the consequence realtions presented m
this paper nside the peneral nonmenotomie framewoerk
defined by the KLLM posiulates (System P and Rational
inference R) proposed by Lehmann and Magidor (1992) The
following array summarizes Lthe properuies of the inference
relalions

System P R
In consequence Yes Yes
lo consequance Yes Yeas
[ncl consequence Yes No
Lex conseguence Yes Yes
Argued consequence No No
S S-consequence No No

Proofs can be found in (Benferhat et al 1992) for the
properties of n-consequence relation 1n (Nebel 1994) for lo-
consequence relation, and in (Benferhal et al , 1993} for Incl-
consequence and Lex-consequence relations

The argumentation consequence and the safely supported
inference do not belong Lo system P Indeed the following
counter-examples show that even 1f ¢ and y are safely
supported (resp argued consequences) of a belief base ¥,
their conjunctian 1s nol necessarily a safely supporied
consequence (resp an argued consequence) of £ (1e —gg

and — g do not satisfy the AND" property)
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a Let Z={S)=(a}, So={~avd} Si={~pvy}, S4=
{p.ma}} 11s clear that ¢ and y are both safely supported
consequences of Y. (since Xo—Frect and 2 4—Frec¥) while
d~W 15 nol a safely supported consequence of I since there
1s no 1>0 such that 3~ Free®AW

b Let X = {S)=[-avp} So~{avd o ~a}} Itisclear
that f and 3 are both argued conseguences of L, while there
Is no argument which supports BAd

The failure of the property of AND must no1 be seen as a
major drawback of — ¢ and 55 and should not be a
surprise when dealing with mulu-source inconsisient
information In some cases the AND property 1s not
welcome 1e one should not perform the conjunctions of
propositions that are supported by antagomsuic views (as in
the previous example) The argumeniauen inference captures
the ceses when we believe 1n (wo mutually consistent
properties of some object for conflicting reasons This
situation also happens mm numerncal setlngs such as
evidence theory (Shafer 1976) wince we may have
Belief(¢)>0 Beliefiy)>0 and Behef(pAy)=0 with Shafer
belief functions Beswdes the setl of argued consequences of
¥ can be mconsistent (Benferhat el al , 1993a) whule (he set
ol safely supported consequences 1s aways consistent
(Benferhat e1 al  1995)

Now consider two inconsisiéncy-tolerant consequence
relations the first one 1s rational while the second 15 not
Then 1s 1t 4 sufficient condition to prefer the first one? In
our opinion the response s no sice propertics of ratonal
inference do not always guarantee minimal change between
the iconsistent behel base X and the selected consistent
subsets involved 1n the adopled consequence relaton This is
clear considering the possibihstic consequence relation
which throws away many formulas not even usmg a
maximal-consisient subbasc It 15 very cauvhious bul 1t 15
rational The Incl-consequence relaucn exploits many
maximal consisient subbases 15 more adventurous but 15
not ratronal The argumecntation inference (s even more
respectful of ¥ 1s also adventurous bul 15 not even in
system P In tacl properties advocated by Lehmenn and
Magidor (1992) describe only the wxpected behaviour of the
consequence relation for handling exceptions and do not Lake
into consideration a behiel base whose mconsisiency 1s due
to the presence of several sources of information

53 Syntax-Sensitivity

Baral et al (1992) nouced that Tncl preferred consequence
relauon depends upon the syntax of the belief base It means
that even il {¢Aw} 15 Togically equivalent to {¢ w] this
equivalence does nol mdlter when trealing inconsislency

Following Nebel (1991) a synlactic conseguence relation 1s
B consequence relution which refers explicitlly o the
syntacuc representation of the belief base It 1s clear that all
the consequence relalions descnbed 1n this paper are syntacuc
since they exphaitly usc formulas that appear 1 Lhe belief
base However some consequence relations seem to be more
dependent on the syntax of the belief base than the others

Besides from a semdnuc pont of view the Lex-consequence
relatron may appear ag an arbutrary seiection from a set of
maximal consistent subbases of ¥ Suppose indeed that
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AeLlex(X) BeLex(Z) and B i1s a maximally consistent
subbase and one may define C logically equivalent 10 B but
C 1s lexicographically preferred to A To have 1L, 1t s
enough to duplicate some formulas 1n B a sufficient number
of umes (remember that our view of . 15 syntactic 1n the
sense thal, for instance E=I¢} 1S nol seen as equivalent to
Z=[0 ¢} Moreover even if some consequence relations
expheitly refer to pieces of information of the behef base
they can be syntax-independent namely if we transform each
formula n the belief base 1nto 1ls CNF form we will get the
same results An example of such consequence relation 15
the m-cansequence relation, and it 1s very aruficial to regard
the possibilistic entasiment as being a syntactic approach

In this section we provide a formal discussion of the
synlax-sensiivity of the consequence relauons described
above by proposing the following properties

Redundancy insensunrv (Rf) An inference relation t 1s
said o be a Rl relanon iff Yoe §, Ty ff Tu
{4 N} w (We denote by Twf(d 1)) the belief basc
obtained by adding the formula ¢ 1o the layer S, n X )

Local consequence wmsensunry (LCT) Annference relation
b 15 said 1o be a LCI relavion 1{f '9¢ such that there
exists in X an argumenl of rank 1 for ¢ Tk iff Tu
{(d D} by

Clausal form insenstnvin (CFI) Lel ¥ be a new behel
base obtained by replacing each formula in ¥ by its
clausal form Then aninference relauon b 1s saud to be a
CFl relavon iff Tyl 3 ~y

Posstbilisuc consequence insensiiviny, (PCl) An inference
relaton i 15 said to be a PCI telation 1ift ¥4 such that
i I}—¢ where ¢ has a best argument of rank 1 2y 1ff
ol@niry

The following array summarizes the synlax-sensitivity of
the (nference relavons

Rl LCI CFl1 PCl

conseguence Yes Yes Yes Yes

0 consequence Yes No Yes Yes
Incl consequence Yes No No Yes
lcx consequence No No No Yes
rgued conseguence Yes No No No
5 consequence Yes No No No

Notice that all the consequence relations except the Lex-
consequence one are insensitive when we duplicate formulas
in the belief bases Namely duplicating formuias in the
belief base may cause the deletion of some subbase which
belongs w Lex(¥) The possibilisuic consequence relauon
satislies all the four above properties which means that 1t 15
entirely (ndependent from the synlactuc nature of the behef
base 1n contrast with the remaining consequence relations
which are neuther LCI relutions nor CFI relations The
farlure of these two properties shows how much these
consequence relations are syntax-sensitive This study
clanfies the ambiguty between syntactic and model-theoretic
approaches to the handling of inconsistency and can be used
as a cnitenon Lo select an appropriate approach for a given
apphcaton, for example 1f in some apphcauon the lack of
equivalence beiween {$} and (¢ ¢} makes sense then Lex-
consequence may be preferred Future research wall pursue
the investugation on the meaning of syntax-sensiivity For



instance one might study if adding lo one of ite
consequences (in the sense of one of the inconsistency
tolerant inferences presented here) alters the set of
consequences of Y This is closely related to the properties
of cautious monotony and cut of system P

6 Conclusion

It does not always make sense to revise an inconsistent
knowledge base In the case of multiple sources of
information revision always comes down lo destroying part
of the knowledge This paper suggests that it is not even
necessary to restore consistency in order to make sensible
inferences from an inconsistent knowledge base The
argumentation inference can derive conclusions with reasons
Lo believe them ]t is not conservative it is reasonably
syntax-dependenl and it does not inhibit pieces of
information The safely supported inference proposed here
only delivers safe conclusions while the other argued
consequences are more debatable since an} three of them can
be globally inconsistent (Bcnterhal et al 1993) because
based on antagonistic arguments Ot course the AND
property is lost and this is the price paid tor living in an
inconsistent world However the set of safely supported
consequences is consistent and it is possible lo close it
deductively As shown in Benlcrhai cl al (1994) what is
then obtained by this deductive closure is the set of
possibilistic consequences ol >=Tree(}] )u Free(sn)
which bhows an example where a coherence approach is
more adventurous than a foundation one
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