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Abstract

| he purpose of this paper is to discuss and compare
two types of methods for reasoning with
inconsistent belief bases coherence based
approaches to non monolonic entailment based on
the selection and management of consistent
subbascs and argumentation systems based on the
construction and selection of arguments in favor of
a conclusion we present several argumentation
systems then we show that most of the associated
inference relations can be also defined using well
known principles for selecting consistent subbases
So we establish a formal correspondence between
the so-called argumentation paradigm and recent
work on nonmonotonic entailment Lastly we
propose several directions for further research
concerning the integrauon of preference relations
into argumentation systems

1 Introduction

Reasoning from inconsistent beliefs is a significant
problem in Artificial Intelligence In this paper belief
bases are considered "syntactically" as in [Nebel 1991]
each belief is a distinct piece of information and only
beliefs which are explicitely present in the base are taken
into account It departs from the logical point of view
where a base is identified with the set of its models Our
purpose is to compare two main types of approaches lo
reasoning from inconsistency

The approaches based on the notion of maximal
consistent subbase’ where non monotonic inference
relations are defined by the combination of a mechanism for
generating "preferred" belief subbascs a principle for
selecting some of these subbases and the classical inference
(Sec [Cavrol and Lagasquie-Schiex, 1993 1994] for a
thorough presentation of these inference relations) As
preferred subbases all the maximal consistent subbases
may be considered or the consistent subbases ot maximal
cardinality [Benferhat et al 1993a] Other meamngs of
"preferred" have been studied induced by the presence of an
ordering on the belief base [Brewka 1989, Geffner 1992
Cayrol et al 1993] As a selection pnnciple (see [Pinkas

"'maximal for set inclusion consistent subbases were
first introduced by Rescher and Manor []970]

and Lorn 1992] for a taxonomy of selection principle;.) we
usually find the existential one selecting one of the
preferred subbases or the universal one selecting alt the
preferred subbases An intermediary pnnciple called
argumentative in [Benferhat et al 1993b] leads lo the
following consequence relations "I conclude 0 from the
belief base if al least one preferred subbase classically
entails $ and no preferred subbase classically entails -+ "

- Independently argument based approaches to defeasible
reasoning have been developed [Lin and Shoham 1989
Vreeswijk 1991 Pollock 1992 Stman and Ixui 1992
Dung 1993 Bvang Goransson et al 1993a & 1993b
Hunter 1994] Argumentation is a general principle based
on the construction and wuse of arguments \n
argumentation system is defined by specifying the way of
constructing and using arguments The basic idea is lo view
reasoning as a process of first constructing arguments in
favor of a conclusion and then selecting the most
acceptable of them In ouier words a statement will be
inferred if the arguments supporting tins statement can be
successfully defended against the arguments supporting the
opposite statement

As recently discussed in [Benferhat et al 1995] these
two types of approaches correspond lo two attitudes in Iroot
of inconsistent beliefs one attitude is lo restore coherence
by selecting consistent subbases the other one is to accept
inconsistency by providing arguments for each conclusion

In this paper we establish a close correspondence
between these two models of reasoning referred lo as
coherence basedreasoimigandargument-basedreasorung in
the following Fust we present and discuss two completely
formalized argumentation systems Then we show thai the
associated inference relations can be exactly restated in the
framework of coherence based entairment with an
appropriate selection pnnciple on maxima] consistent
subbases Finally we propose directions for further research
concerning the integration of preference relations in
argumentation systems Results are given without proofs
due lo space limitations Proof s appear in [Cayrol 199S]

2 Argumentation Systems

Throughout this paper X is a prepositional language i—
denotes classical entailment K_ and E denote sels of
formulas of L K which may be empty represents a core
of knowledge and is assumed consistent Contrasledly
formulas of E represent defeasible pieces of knowledge or
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beliefs 5o XU E may be inconsisient E wall be referred to
as the beliefbase

21 Arguments Buijlt from a Belief Base

‘We imtroduce the notion of argument in the framework (X,
) A simular delimtion appears for instance 10 [Siman and
Low 1992]

Definltionl An argwment of E 1s a paur (H h) where b
i5 a formula of £ and His a subbase of T sausfying (1) X
U His consistent () XU H — b () H 1s mmumal (no
stnct subset of H satisfies 1) H 1y called the supporf and h
the conclusion of the arpument The set of all the
arguments of £ will be denoted by AR(E)

Remarks

All the arguments considered i this paper have a
consistent support
- In the work reponted here an argument 15 simply a par of
set of supporting seatences and conclumion We do pot
considered suructured arguments nvolving chains of
reasons as 1n {Pollock 1992]

I'be rumality entenon (potnt 111) 10 Defimbtonl) mght
be enforced by other enlena such as specificity or any
other prelerence cnteria That pount will be discussed in
Section 5

According Lo {DDung 1993] an argumentatucn System 15
defined given any sel ol arguments A equipped with a
binary relanon %, The intended meamng of "®R(A1 A2)" 18
"the argument Al defeats the argument A2" We present
below different defimuons for that relatnon of "defeat®
withun the above context where arguments are busit from a
belicl hase

Definltion2 [Ilvang Goransson ez ! 1993a] Let (H1
h1) and {H2 h2) be two arguwpents of £ (H1 h1} rebuts
(H2 h2)1ff bl = -h2 (wmeanslogical eqnvalence)

An argumenl 15 rebutied off there exasts an arguwment for
the negaled conclusion

Definition3 [Elvang-Goransson ef af  1993a] Let (H1
h1) and (HZ h2} be two argumems of € (HI hl)
underctas (H2 h2} iff for some h € H2 hw =hl

An argument 18 undercut iff there exists an argument for
the negauon of an element of 1is support Obviously an
argument which undercuts anolher argument s rebutied
Another famuly of defimtions was proposed 1n the work of
Siman and Low [1992] With the restriction to the above
context we abtain

Definttiond Let ¢(HI hlj and {12, h2) be two
arguments of £ (H1 hl) and (H2 h2) disagree (or are 1o
dusagreement) T % U {h1 h2} 1s inconsistent

(H1 hl) s a subargument of (H2 h2):f H1 § H2

(H1 hl} counterargues (H2 h2) 2ff (H1 hl1) 15 in
disagreement with a subargument of (H2 h2)

Note that the counterargumen relafion 13 a kind of
tefinement of the disagreement relahon 1 the sense that it
considers subarguments In an analogous way we propose
a weaker version of delimuon3

Definitions (H1 hl) weakiv-undercuts (H2 h2) 1l (HI
k1) rebuis a subargument of (H2 h2) (ff L H2 i ~h!}
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22  About the Various Meanings of "Defeat”

It seems nteresong 0 comparc these different relatons
defined on the set of arguments AR(E) Proofs of the
fellovnnp resulis can be found in [Cayrol 1995]

Propositionl

- Obviously 1f (H1 b1) rebuis (H2 h2) these
arguments disagree The converse 1s false as shown by & =
{a b x+c} £ = {a—»*x b—=~c}and the mguments
({(b=~c} =~c)and({a—x} x)

- If two arguments disagree each one 1s rebutied by a
subargument of the other one The converse 15 [alse as
shown by X =@ £ ={a b x—=c a—x b-r-clandthe
arguments ({b b—-c, x—=c} -x)and ({a a—x x—c}
c)

- 1f (H1, hi) undercuts (H2 h2) then (H1 hl) weakly-
undercuts (H2 h2) and then (H1 hl) counterargues (H2
h2)

-{(H1 hl1) counterargues (H2 h2)1ff {(H1 h1}yis rebutted
by a subargument of (H2 h2) Or equvalendy (i1 hl)
counterargues (H2 h2) iff (H1 hl) wealdy-undercuts (H2
h2)

To summanze Al and A2 denoting two arguments of £
we have

Al undercuts A2 => Al counterargues A2 <=> Al
weakly-undercuts A2

Al rebuts A2 == Al and A2 disagrec

3 Argumentation-Based Inference

Due 10 the ircanusicncy of the available knowledge
arguments may be constructed in favor of a statement and
other arguments may be construcled n favor of the
oppodite statement The main approaches which have been
developed (or reasomng within an argumentation system
rely on tbe 1dea of dulfcrenuaung arguments with a notion
of acceptality In the proposal by [Elvang-Goransson et
al 1993a 1993b] acceptability levels are assigmed to
arguments cn the basts of otber construcuble arguments
Then {rom a taxomomy of acceplability classes
consequence relabions are defined CQuite independently
Dung [1993] formalized a kind of global acceptabihiy 1he
sct of all the arguments that a rauopal agent may accepl
must defend 1seli aganst all attacks on 1t This leads to
defimng extengions of an argumentauon system

In this sechon we apply both methodologies on the
same argumentauon sysiem and establish some mteresting
results about argumentauon-based inference which will
contnbute to um(y different approaches and will partcularly
enable us to recover coberence-based entalment relatons in
Secuon 4

31  Acceptability Classes

Here we show that the consequence relabons induced by the
construcuon of acceptabihity classes are the same whether
we consider the famuly of relanons ("rebuts® "undercuts”)
or the famly ("dhsagrees” “"counterargues”) We sull
consider the framework (X Z) and the set of arguments
AR(E)



Definitioné [Elvang-Gormsson et al  1993a]

AR*(Z) denotes the set of arguments of £ with an empty
support (h) € AR*(Z) 1l X —h

AR+(E} denotes Lhe set of arguments of £ which are not
rebutled by some argument of £

AR++(T) denotes the set of arguments of AR+(E) (or
equvalently of T as proved mn [Elvang-Goransson ef a/
1993a]) which are not undercut by some argument of

The following inclusions hold between the so called
aweptabnhity classes C4 = ARY(E) C C3 = AR++(E) S C2
= AR+(E) & C1 = AR(®) Inclusion 15 generally stnict as
shownby X =(J £={a a—b -a}and i argument ({a
a—+b} b) which belongs 10 AR+(E) but 1s undercut by
({-a} —a}

The argument (H1 h1) 1s said more acceptable than (H2
h2) T there exists a class C1 (] <1 < 4) contaiung (H|
h1) but nol contamung (H2 h2) Consequence relations are
defined by

Definitlon7 [Flvang-Goransson et &/ 1993a] Let ¢ be a
formula of £

¢ 15 a certan consequence of € (E I~ce ¢) 1ff AR¥(E)
<ontains an argument concluding $

$ 1s a ¢ onfirmed consequence of E (E |~co ¢) 1T there
ensts H © € with (H, ¢ )EAR++(E)

¢ 1% a probable consequence of £ (E I~pr ¢) 1T there
custs HC Zwith (H ¢ )YEAR+(E)

¢ 1y a plasible consequence of £ (Z [~p| ¢) 1ff there
cwusts 11 C Zwith (H ¢)EAR(E)

Remarks

The "probable consequence” has been conmdered
mdepundently 10 [Benferhat er af  1993b] where 1t was
called "argumentat ve consequence”

W hen the behel base £ 15 A conwistent conlimmed
consequence probable comscquence and plausible
consequence coinc de

The following implications hold £ |~ge ¢ => El~cp ¢ =>
E l~pr § => Z I~p] ¢, but the converse do not generally
Take X =@ € =4{a a—b -a} a—+b s a confimed but
Dot cenam consequence b1s a probable but not confirmed
consequence ais a plansible bul no1 probable consequence

I ollowing the above construcuon we consider now the
relauans of disagreement and counterargument

Defipition8
AR'+(E) demotes the scl of arguments of € which

disagree with no argument of £

AR'++(E) denotes the set of arguments of £ which are
nol counterargued by some argument of E (or equivalently
which arc never weakly-undercut}

Proposition2 AR+(F) = AR'+(E) and AR++(Z) =
AR'++(E)
Proof (rom Proposinonl See [Cayrol 1995]

ough the relauons “rebuts” md *undercuts” of [Elvang
Goransson ef al  1993a] are stronger than the relations

"disagrees” and "coumicrargues” of {Siman and Low, 1992]
we obtain exactly the same consequence relations

J 2  Extensions of an Argumentation System

First we recall the defininons of {Dung 1993] in a general
framework Let (AR "defeats”) denote an argumentabon
system

Definiclon® [Dung 1993]

A subst1 S of AR 15 cenfiict free ff there are no two
arguments Al A2 jp S such that Al "defleats™ A2

A subset 5 of AR 1s a siable extension i

(1) S1s confhicl free

(i) for each argument A not belonging (o 9 there eusts
an argumenl B 1n S such that B "defeats” A In other words
S "defeats" each argument which docs not belong to S

For instance AR+(E) s conflict-free 1o the system
(AR(E) "rebuts™y and AR++{Z) 1s conflict-lree 1o the
system (AR(Z) "undercuts®) lntunvely a stable extension
comresponds 1o 8 maxumal set of avceptable or admisaible
arguments for a rabonal agent Then a common proposal
to handle muluple stable exiensions would be o accept a
formuia as a consequence when it can be classically infermead
from all the stable extensions (conservative point of view)
or when it can be <lassically inferred rom at least one
stable extension (permussive pomnt of view)

Now we flocus on the parucular case of the
argumeniation system (AR(Z) "underculs*) defined 1n
Section 2 Let S be a subsel of AR(Z) S 1s conflicd Iree
means there arc po two arguments (H1 h1) (112 h2) m S
such that for some h € H2 h = -hl & 14 a stable
cxicosion means moreover [ the argument (H h) does not
belong 10 S there ewsts (H' h') 1o S such that for yome h"
€EH h"»~N

Let For(8) denole the set of conclusions of arguments of
S and Supp(S) depote the umon of the supports of
arguments of S T bewng o subbase of £ let Arg(T) denote
{(T hy€E AR(E) ' HET}

Remind that a *manimal for sct inclusion % consisient”
subbase ol £ (or "maximal % consistenl” subbase for
short) 15 a X-conusient subbase of £ whuch 1$ maximal for
scl inclusion among all the X-consistent subbases of £

Propositiond Let S be a slable exlension of the syslem
{AR(Z) "undercuts”)
Supp(8) 15 a maximal K-copsmstent subbase ol £
Arg(Supp (8)) = &
AU Supp(S) — 41T ¢ € For(%)

Propositiond 1.cit 7 be a maumal X consesient subbase
of £ Arg(1) s a swable extension of the svstem (AR(T)
"wmdurcuts”) Supp(Atg(TH =1

As a direct consequence of thesc lwo proposiions we

oblawn the following characienzation

PropositionS In the argumenialion system (AR(E)
"undercuts™) the stable exlensions are exactly the Arg(T)
where T 15 a maxumal X consisient subbase of E

However no such charactenzation exists in the casc of
the argumentanon system (AR(Z) "counterargues”) In that
system S 158 conflict free means there are no two
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arguments (H1 h1)} (H2 h2)in S such that o U H2 —
=hl S 13 g stable exlension means moreover If the
argument (H b) does not belong to 5 there cxists (H' b')
i S such that U H— -h'

Proposition6 Lel | be a maxumal X-consistent subbase
of £ Arg(T) 1s a stable extension of the svstem (AR(E)
"counterargues™)

However there are other stable extensions More
partcularly there are stable extensions S such that Supp(b)
15 X -1nconsistent

Examplel A ={(aab)—~c} Z={a b -c} letSbe
the set of argumenis contaimng all the arguments of the
form (&, g) where % — g all the arguments of the form
({a} h) all the arpuments of the form {{b} h) all the
argumcnlts of the form ({~c} h) and oo other argument So
S conlains at least the set {(& (aab) — <) ({a} a) ({a} b
—¢) ({b} b) ({b} a —¢) ({~c} ~c} ({-c} ~a v-b}}
Note that Supp(S) = T and then 1s X inconsisient It can
be proved [Cayrol 1995] thai S 15 a stable extension of the

system (AR(E) "counterargues”)

We conclude this section with a few words about related
work A similar notion of stable extension was proposed in
[Siman and Loui 1992] for modelling argumentation-based
inference The construction relies upon a refinement of the
counterargumentation which takes into account the
specificity of arguments MoTe precisely an argument A
"defeats" an argument B ift B contains a subargument less
specific than A nd which is in disagreement with A
Geffner |1992] proposed a notion of stable argument to
account for conditional entailment in the framework of
default reasoning A stable argument is an argument which
"defeats" each conflicting argument where A "defeats" B iff
A. contains a subargument preferred than B and conflicting
with B The preference relation is extracted from the
knowledge base and accounts for conditional aspects of
defaults including specificity Most inferences authorized
by conditional entailment are recovered with the concept of
stable argument Specificity and more generally preference
criteria will be briefly discussed in Section 5

4 Recovering Coherence-Based Non-
monotonic Entailment

Throughout this section we consider the argumentation
system (AR(E) "undercuts") We recall that the belief base
E may be K inconsistent The coherence-based approach for
handling inconsistency involves a revision step the
selection of several consistent subbases (the so called
preferred belief subbases) before applying classical
entailment The term "syntax-based" has been first used to
designate that kind of approach For instance syntax-based
revision procedures were defined by Nebel [1991] and
prioritized syntax-based entailment has been studied by
[Benferhatef al 1993a] Here we consider syntax-based
inference (from 3C U E£) as defined through the management
of maximal K-consistent subbases of E A maximal K-
consistent subbases of E is called a thesis of (K E) in the
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Tollowing Three non-monoionc consequence relauons may
be defined using three main selection pnnciples

Definition1€@ {Cayrol and Lagasquie Schiex 1993
1994

Ac]cordlng o the skeptical or universal pnnciple ¢ 15 a
strong consequence of £ (£ |~¥ t ) 1ff for each thesis T of
KE) XUT—¢

According io the eredulous or existential pnnciple ¢ 1s
a weak consequence of E (£ |~=  ¢)ff there exists at least
one thesis T of (X E) such hat XU T — ¢

According to the argumentauve pnnciple ¢ 15 an
argumentative consequence of £ (£ A 1 ¢) 1T there exists
at Jeast one thesis T of (% £) such that XU T — ¢ and no
thests T' of (X, E)suchthat x U T — -¢

Now wc are able Lo restate the argumentagon-basced
inference schemas presented 1o Scction 3 1n the framework
of non monotonc syntax bascd entailment

Proposition7 ¢ 1s a plausible consequenie of £ (£ k|
$)iff ¢ 15 a weak consequence of £ (£ |~3 t ¢) 1ff there
exists at least one stable extension § of (AR(E)
Pundercuis*) such that ¢ € For(S)

Proof consequence of Proposuond

Froposition8 ¢ 1s a probable consequence of € (€ l~py
$) 1T ¢ 15 an argumeniative consequence of E (£ -1 ¢)
ufT there exisis at least a stable extension 8 of (AR(E)
"undercuts”) such that ¢ € For(S) and no stable cxiension
S' such that -¢ € For($")
Proof consequence of Proposihon?

Note that the firsi equivalence ( I—J]:,I oIl E AL $)1s
also proved mn {Benferhat et af  1993h]

Proposition9 ¢ 15 a confirmed consequence of £ (E |~
¢) ff there exisis an argument (H ¢} such that H 1«
included 1n exh thesis of (X ) iff there exists an
argument (H ¢) wiuch belongs to each stable extension of
(AR{E) "undercuis™)

Prool consequence of Proposiiond

PropositionlD ¢ 15 8 confirmed consequence of £ (Z
o) => § 1s a strong consequence of £ (£ 1~V | ¢)

Proof consequence of Proposiion® The converse 1s false
as shown by the following example

Example2 3 =0J, £ = {a b a—-b a—c b—rc}We
ohtain three maximal K-consistent subbases of £ T1 = {a
a+-ba—cb=c}T2={a b a—=c b+c} T3={b
a+-b a—c, b—+c} So c 15 a strong consequence of
Beaides, we obtain two argumenis coneluding ¢ ({a, a—c}
c) and ({b b—c}, ¢} But netther of them belongs to
AR++(E) since there exists an argument concluding -a axd
there exists an argument concluding -b Hence cis not a
confirmed consequence of £

Another important consequence of Proposition9 1s



Propositionll ¢ 1s a confirmed consequence of £ (£
o @) Ul @ 15 clasucally entarded by (the umon of X and)
the 1ntersecuon of all the theses of (% E)

Note that 1n [Benferhat ef @/ 1993b] the 1ntersection of
all the theses of (X, ) 1s called the Free part of € and s
demoted by Free(E) ¢ 15 said a free consequence of £ 1f
X U Free(€) — ¢ Then Propositonil siates thal the free
«onsequence defined from the theses of (X ) 15 equivalent
to the confirmed consequence defined (rom the
argumentation system (AR(E) "undercuts™) The notion of
Jjree conscquence is also present but called caunous
consequence 10 a work about mfercnce with super normadl
defaulls [Brass 1993]

Summary

A Lonsequence relation R 1s said more conservative than a
consequence relatton R’ T for cach formula ¢ of £ Z R ¢
=>Z R' ¢ Wec obtain the hierurchy prctured 10 Table 1
where the comscquence rclabons arc less and less
conservative Ior each refation we find the definttion m
terms of theses and (1 11 e usts) the associated seceplabality
class of arguments

5 Conclusions and Perspectives

In the work reported here our purposc was to provide a
betler understanding of fundamental mechamsms of
delcasible reasomng and nol lo propose onc more
jormalism Our most sigmficant contnbwlion © umfyng
numerouy approaches 1o defcasible reasomng 1s the
reconstrucuion of cohcrence based pon monotome inference
operauons from vanous argument based approaches

We have nvestigaled the relations beiween
argumentation based reasomng and non-monotonic
cohcrence based rcasoming through the study of two
paricular argumentation systems Our best results have
bec obtained with the system delined by the hanary
relagon "undercut” on the set of arguments built from a
beliel basc £

However many other rclauons may be defined to
comparc arguments of £ a speaficity rlavon [Siman und
Low 1992] prefercnce relations induced by a prionity
rulation on the beliel base [TClvang-Goransson er ¢! 1963h

Geffner 1992] [Cayrol et al
degrees [Benferhat et al 1993b]
More works need to be done to integrate preference
ordering between arguments into argumentation systems
particularly as regards the definition of consequence
relations More precisely the Following points deserve
consideration
comparison of arguments in favor of the same
conclusion Given a priority relation on the belief base we
need appropriate aggregation modes to define a preference
relation on the different supports of a statement This kind
of preference should respect the minimality for set
inclusion See [Cayrol et al 1993] for preliminary work
on the subject

1993] or b> certainty

comparison of arguments for contradictory conclusions
A preference relation between "conflicting‘1 arguments may
lead to a new definition of the relation "defeats" [Siman and
Loui 1992 (jeffner 1992] For instance the argument
(HI hi) "defeats" (H2 h2) iff there exists a subargumenl
of (He h2) in disagreement with but less preferred than
(HI hi) Thus a new argumentation system is obtained in
which the construction of acceptability classes and
associated consequence relations can be performed A
preference between conflicting arguments may be also
direct!) used to define a consequence relation such as 0 is
inferred if there exists an argument concluding 0 which is
preferred to each argument concluding 0 | his definition
was proposed in the framework of possibilistic logic b\
[Benferhalefa/ 1993b]

definition of new acceptability classes Given an
argumentation system for instance ('XR('E) "undercuts")
we may consider the arguments which are never "rebutted"”
(resp "undercut") b) a preferred argument Once again new
acceptability classes will induce (a prion) new consequence
relations

Besides much work hai been devoted to die integration
ol preference relations into non-monolonic inference
sthemas (see [Cayrol and Lngasquie-Schiex 1993] for a
survey) When the belief base is equipped with a pre
ordering (namely a priority relation) a selecnon principle
(universal existential or argumentative) is coupled with a
mechanism ol generation of preferred subbases These
generation mechanisms usually respect maximality for set

free conscquence
<=

conlimed consequence

AL (M thetes) — ¢

I (H ¢) € AR++(E)

sUrong conseguence

VT thesss 2T+ ¢

argumentalive consequence

<=
probable consequerce

3T thests ¥UT- ¢ and
WT thesis KUT 15 ¢ consisient

I (H$)E ARHE)

weak consequence

-

plaumible consequence

3T thesss XUT— ¢

3 (H $) € AR(E)

Table 1
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inclusion and select preferred subbases among the theses
For instance inclusion-based preference combines priorities
and maxima] consistent subbases while lexicographic
preference[Benferhatef al 1993a] combines pronties and
consistent subbases of maximal cardinality As in the case
of a flat belief base it will be interesting to establish
connections between the various inference schemas
developed in the framework of argumentation systems with
preference and the inference relations defined through
selections principles of preferred theses We are currently
working on this topic
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