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Abstract

A variant is proposed of the preference-based se-
mantics for nonmonotonic logics that was origi-
nally considered by Shoham [1987; 1988]. In this
variant it is not assumed that preferences between
standard models arc aggregated into one preference
order. This allows the capturing of all main non-
monotonic formalisms, including Default Logic oi
Reiter [1980]. The preferential models introduced in
this paper are motivated from an cpistemic point of
view, and are therefore called cpistemic preference
models. The consequence operations induced by
cpistemic preference models are characterized.
Further, the view is defended that the rationality of
cumulative monotonicity does not imply thai
nonmonotonic logics have to be cumulative, but
only that a rational agent should not believe a set
of default rules that induces a noncumulative conse-
quence operation.

1 Introduction

Shoham [1987; 1988] introduces preferential semantics as a
possible unifying framework of nonmonotonic logics. In
this framework, a nonmonotonic logic is reduced to a stan-
dard logic plus a preference order on the models of that stan-
dard logic, and nonmonotonic entailment is considered to be
preferential entailment, where T preferentially entails ¢ iff (p
is true in every model M such that (1) Vis true in M and (2)
r has no model N which is preferred to M.

In this paper we propose a generalization of Shoham's
framework which is obtained by allowing (not necessarily
transitive) preference relations between sets of models. From
a technical point of view, considering sets of standard mod-
els is not an essential generalization, since sets of models of
a standard logic L induce a partial variant of L, which is
again standard. However, using arbitrary preference relations
instead of preference orders is essential, since it allows more
freedom to express preference.
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A consequence of the additional freedom is that in our ap-
proach Default Logic of [Reiter, 1980), which is one of the
major nonmonotonic formalisms, can be given a preference-
based semantics, whereas in Shoham's original approach this
turned out to be difficult, if not impossible. However, our
relaxation of the constraints on preference-based semantics is
not an ad hoc move solely motivated by the need to capture
Default Logic, but it follows from our interpretation of the
preference relation.

We interpret the preferences between (sets of) models as
cpistemic preferences (of an ideally rational agent) between
world descriptions. Since an agent usually has only partial
information about the world, cpistemic preferences are most
naturally captured by preferences between sets of models,
corresponding to partial world descriptions. In our view, an
agent has in general cpistemic preferences of different kinds,
which are not always easily combined into one preference
order. For example, an agent may have preferences induced
by factual information, induced by default information, or
induced by lack of information:

Example 1.1 Consider an agent with the following be-
liefs: (1) Typically, it does not rain in California, (2) It now
rains in California. On account of beliefs (1), the agent
prefers world descriptions in which it does not rain in
California. However, this default preference is overridden by
the preference induced by the factual belief (2) that it does
ram. Since the agent does not have any (factual or default)
beliefs about the weather conditions in Kansas, he prefers
world descriptions which leave undecided the question
whether it rams in Kansas.

In our analysis of the situation, an agent has a preference
for the less specific or more ignorant world descriptions, un-
less there is some (default or factual) information to the con-
trary. This leads us to consider the lexicographic aggregation
oi strict partial orders, which itself is in general not a strict
partial order. (See section 2 below.) Requiring the aggregated
preferences of an agent to form a strict partial order should in
our opinion be considered to be a rationality requirement on
the (default and factual) beliefs of the agent and should not
be interpreted as a requirement on nonmonotonic logic.
Similar remarks hold for the smoothness condition of [Kraus
el al, 1990], the boundedness condition of [Makinson,
1989), etcetera. We return to this issue in section 5.



The rest of this paper is organized as follows. In scction 2
some preliminary definitions and resulls concerning prefer-
cnce relations and preferential semantics are treated, In see-
tion 3, Default Logic is given a preferential semantics.
Section 4 contains a descripiion of the conscquence opera-
tion characterized by the prefereniial modeis of this paper.
Cumulativity and other rationality requirements are discussed
in scction 5, Finally, in scction 6, the main conclusions arc
mentioncd.

Proofs of the results can be found in the full paper
[Voorbraak, 1993].

2  Preliminaries

Throughout this paper, > denotes an asymmetric, and there-
fore ireflexive, binary reiation

Defnition 2.1 For any asymmeltric >,

@M x~y ¢3def DOl > yand noty > x.

(i) x=y Syef X~ z2iffy -~z forall ze X,
(i) x =y Edef X T YOrX =y

v) x>y ddef X YOPX =Y.

In addition to defnnition 2.1 we use standard notation, such

as < for the converse of > and ¥ for the complement of

>. Notice that = is an equivalence relation, that > ¢ = =
&, and that = = = n = It follows that instead of = pne
may choose = as pnmitive notion, and debine > as = M
¥, Of course, also > can he chosen as prinilive,

The intuitive rcadTng of x = yw "y s preferred o x". The
mtuinve reading of the other relations mentioned o def-
inition 2.7 1s as follows:

x -~ y: xand y are preterentally unrelaed.
(~ is called endifference selabon.)
= y: xand yarc egually preterred.
2=y oy s at least as preferred as x.
-

x >y yisidentcal to x or y s preferred w x

We use the preference relanons 1o model the (nonmone-
tontc} teasoning of a rationat agent and it s usually assumed
that a relation expressing rational preference is a strict partial
order, L.c., a relanon which s not oaly asvinmetric, bul also
wransitive. However, we exphaitly allow muransiuve preler-
ence relations, sinee, as mentioned o the imtroduchion, if s
perfectly reasonable for an agent 1o have o prelerence for dess
specific world descriptions, unless there he has some nfor-
mation o the conrary.

The preferences of such an agent can be described by the
lexicographic aggregation of two preferential crueria, winch
lets a second preference enterion apply 1l (and only if) the
first criterion is indifferent with respect o the choices at
hand. For weak orders, the notion of lexwcographic aggrepa-
tion is well-known. (A weak erder 15 a sirict partial order tor
which = is total or complete, in the sense that cither x =y
or y = x holds.

Since for weak orders — = =, while in general - and =

are distinct, there exist at least lwo reasonable notions of

Jexicographic aggregation in the gencral case. We will usc
only on¢ of these, so we do not buther to disiingish be-
tween weak and strong variants.

Definition 2.2 Let for all positive integers 1 € n, >; be
an asymmetric binary relation on X, A({>-1,....> o)), the
lexicographic aggregation ol >y, . ,>p, is defined induc-
tively as follows: A{)) =@, and A({>1.....> me1}) =
A=y, L ) RN S o PO o IESIe D

Let us write A(>> 1,...,> ) mstead of A({>1,....> 0.
Notice that A(>) = > and that (x,y} e A{>|,>7}ilf yis 1-
preferred 10 x, of x and vy are T-indiffercnt and v is 2-preferred
o x. Onc casily shows that for weak orders >,....>q on
X, A(>1q,....>p,} is apain a weak order on X. However, the
{oilowing example shows that the lexicographic aggregation
of two strict partial orders on X is itself not neeessarily a
strict partial order on X.

Example 2.3 Let > be the strict partial order [(x3.x]}}
and et =2 be the weak order [{x1,x2).{xz2.x3).{x1.x)}.
Then = =g A= ,22) is not ransitve, $Ince xp > xo and
x3 > x3, but not xy > x3.

Woe will use preference relutions 1o denote preferences of
an ideally rational agent between sets of models correspond-
ing 1o partial world descriptions. [t {follows that the prefer-
ence relations should not distinguish sets of models that cor-
respond to the same world descnption, i.c., that validate the
same st of formulas of the languape under consideration.
Instead ol imposing this constraint on the preference rela-
ton, we will divide oui the indistinguiskability relation,

Throughout this paper, L denotes a standard logie. That
is, the consequence operation Cnyp, of L satisfics inclusion
(T Cog (T, adempatency (Cop ) = Cog {Cny, (T7H), and
monotonicity (T ¢ A = Coptl) ¢ Cop (A, L denotes
the lunpuape of B and Mod], is the class of L-models. The
preference relation is defined on [ A ¢ Mody | for some £ ¢
Jr M= IMIM e EY. Hence each relevane set M of L-
maddels is characterized by some subset of (£ . Equivalemly,
one can define the preterences on (X FptCnp(T)= 2
the selof L-theories.

In [Kraus e af ., 19490] 2 stae is merely labetled and meq
ieneilicd with a set of worlds, (CL def. 2.9 below.) We have
taken a sinnlar posinon i [Voorbraak, 1992}, but there we
desenbe the same fepistemic) states i different formal lan-
guages, whereas in tus paper we restricl ourselves 1o a sin-
gle language, viz 3y, which makes i1 reasonable 10 wdenofy
objects which cannot be distuinguished in that language.

Belore we give the Tormal definition of our models for
preferential entanlment, we introduce some notation. Fpp, ©
PMody b s the satstaction refanon given by M =y
@il for all M e M, M ¢ (The notation dernves from
FVaorbrictk, 1991 ], where sets of models are called hyperval-
udtions. ) Notice that =y, ) induces a standard consequence
operaton. For any set M ¢ Maodp, #4/7, abbrevigtes (@ e
Ll Meyp ot and forany T Fp, WEW, =5 (M€
Maodp E Mo 2 wENy, s also written as MOD) (I),

M =g IMe Modp, Hiorall ge # Mo MiE @) The
notien of MY and its notation derive lrom Levesque 1990,
He shows that M4 s o maximal sel of L-models, in the
sense that there is no proper supersel of MT which is equiva-
fent to M, and that MY is the unique maximal sct of L-
madels equivalent to M. The sct of warld descriptions of L,
WD =qer InIvy, 1 X L
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The subscript L will sometimes be omiticd when conlu-
sion is unlikely 10 occur. The following proposition lists
some properties of the introduced notions,

Proposition 2.4

() ZONDW/ = Cog(E)

(i) WM = MY

(i) U Cnp(Z) = /A7, then WEw = MY
(ivy Forall e WD, M = M*.

We arc now ready o definc our models for preferential en-
tailment, which we call epistemic prelerence modcels, in or-
der 1o distinguish them from several other models proposed
in the literature, and in erder to emphasize that we explicitly
assumed the preference relation o cxpress preferences be-
tween epistemic (belicl} states.

Definition 2.5 An epistemic preference modet lor L is a
triple (WD¢_,> =}, where > is an irreflexive relauon on the
sct of world descriptions WD, and = is =, 1, restricted 10
WD £

Definition 2.6 Let (WD .> =) be an cpisicmic prefer-
ence model. M € WDy, preferentially satisfies ¢, notation
My =@ il My pandforall N < M, N # g . pisa
preferential consequence of I, nowation T =, ¢, ] for all
Me WD, Mrp - Timplics M- .

We write Cnp, (%) for {pe Fp i Trep . @} and we
omil the subscript L if it ix clear which standard logic 1s
use<d. Nouce that a epistemic preferenee model is determimed
by L and the preference refation ™ on WDy,

Epistemic preference modcels bave i status quite simafar 1o
the one of possible worlds modcels in modal Jogie, since they
can be enriched by adding tunher conditions on =, An cbv)-
ous condition is transitivity. To give another example. an
cpistemnic preference model (WD = =) s called proper il
sel mnclusion is contained in = o =, e, Jorall M N €
WDL, M o N implies M = N or M = N. Proper epis-
temi¢ prefercnce models implement the imuiuon tat a ra-
tional agem shoutd not be mdifferent with respect to epas-
temic states Moand N il M ¢ N

For comparison, we alse provide here the niodels tor prel-
erential entailment thal were proposed in [Shoham, 1987,
1988, [Makinson, 198Y], and [Kraus et gf., 1990].

Definition 2.7 A Shoham model for L is a iple
(Modyg,,> k), where > is a strict partial order on Mody,.

Definition 2.8 A Makinson maodet is a triple (¢ = =),
where S0 is an arbitrary se(, > is & bimary reiation on 3¢,
and = an arbitrary satsfaction relation ¢ ¥ . A
Makinson mode] will be called L-faithful iff for every M €
e the ser fpe FpL I M @b is closed under Cng.

Definition 2.9 A KLM model s a quadruple (5.6~ F),
where S 15 an arbitrary set of states, € : S — P (Mod[,) 15 a
labelling function, > 18 a binary retation on S, and » ¢
Sx.£L is defined as follows: for all s € S and for all g €
Fr.se= @l €(3) =p 1 9.
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Preferential entailment for the above models is defined
completely analogous to 2.6. It is easy to see that any epis-
temic preference model and any Shoham model is a (L-faith-
ful) Makinson model and is equivalent to a KLM model.
The precise relation between Makinson models and KLM
models is the subject of [Dix and Makinson, 1992). For any
Shoham model there exists an equivalent epistemic prefer-
ence model.

From a technical point of view, KLM models or
Makinson models are perhaps better suited than epistemic
preference models to play the role of basic preference mod-
els. However, since often epistemic intuitions arc used to in-
formally justify the preferential models, it is advisable to
lake these intuitions serious and consider preferences be-
tween "real" epistemic states. In the following section we
show that epistemic preference models arc more general than
Shoham models.

3 Preference-based semantics for Default
Logic

In the previous section we mentioned that any Shoham
model has an equivalent epistemic preference model. The fol-
lowing proposition guarantees that whenever a logic has a
preferential semantics in terms of Shoham models it also
has one in terms of epistemic preference models. It follows
that all nonmonotonic logics treated in [Shoham, 1987;
Shoham, 1988] can also be captured in our approach. This
includes Predicate Circumscription [McCarthy, 1980|, the
"minimal knowledge" approach of [Halpern and Moses,
1985], and some variants of Reiter's Default Logic, but not
Reiter's Default Logic itself. However, Default Logic can be
captured by epistemic preference models.

For convenwence, we repeal some basic definitions of
[Reuer, Y9R0], The underlying standard logic L oas assumed
1 be ordinary firsi-order logic, A defaudt (ride) is an expres-
sion of the torny a2 By ...y /o (n = 1), where @ (1he
prerequisite), By, By (the justificationsy, and o (the con-
clusien) are hirst-order formulas. Without loss of generality,
we assumc these formulas to be closed. A defaudt theory is a
pair @ o= (D07, where T s acset of defaols and T s a sotof
closed Tormulax of L. E s called an extension of (DI} iff E
ix a lixed point of the function {2 9% — PU where (Z)
ix defined 10 be the smatlest L-theory contuning T and every
wsuch that o0 2 By,...pp/we Doee () and forall 1 ¢
{1,.n). B¢ %

As 1 basis for our preferential semantics for Default Logice
we use the semantics proposed in [Ethermpgton, 1988],
which atrcady makes use of preference eelations,

Definition 3.1 Let 8 = o : By,...By / @ be a defauh. <§,
the preference relation corresponding to 8, is delined as {ol-
lows: For any M.N ¢ Mody,, M <g N iff (1) N Epq,
Q) -ANF L A amd (M= N - (MIMEL o} 2N

Intuitively, M <§ N mecans that on account of § the world
description M is preferred to the world description N, In case
the set of defaults is linite, the preference relation <p corre-
sponding to a sel of defaults D is simply the transitive clo-
sure of the union of the preference relations corresponding 1o
the clements of D. For default theories with infinitely many



default rules, a slightly more complicated definition is called
for.

Definition 3.2 Let D be a set of defaults and let % be a
sct of modcels. <p, the preference relation comresponding to D
over PN is defined as follows: M <p N iff there exist
51,82,... € D and subsets NN Na,... of I such that N
= No >3y N1>8 N2 >5y... . and M = MN;.

D ={D,I) is a default theory, then <Gy denotes the re-
striction of <p 10 the scts of worlds in which T is valid. In
[Etherington, 1988] it is shown that extensions of a default
theory {D.T") correspond o the formulas valid in the < -
minimal clements which are @h-stable, where M is calted -
stable iff 3D € D such that ML <y WDy, and every justifi-
cation [} of a default & € I is true in some M ¢ M.

The preferential semanucs for Default Logic will be given
in two stages. Before the models corresponding to sets of de-
faults are given, we first define preference models for default
theories. The prelercnce relation associated with a defanlt
theory 4 is a vanant of <¢ which takes the role of swubility
Into account.

Definition 3.3 Let & = (DT} be a defuult theory. The
episteniic preference model associated with (2 is the model
{WDL,>cp k), where ™o = Al >0 and > 1s defined as
follows: N g M ol M =@ £ N and there is no < -min-
imal and @-stable N <op N To avoid stacked subscripts, we
write k¢ and Cngy for the preferential conseguence relation
and operation of (WD, > ;3

Proposition 3.4 If {WD[,,= &) is the epistenie preler-
ence model associated with W = (D17, then for any A ¢
L. Cnep(Ay = MIE TE is an extension of 4 and A ¢ kI

An mmediate corollary of proposioen 3.4 i the mono-
onicity of Cna. Henee as long as one keeps the delault the-
ory constant, the reasoming s monotonic. Default conse-
quence is nopmonotemy because (the lacts of) defaatt theo-
ries are updated in the light of new mlformation. To capture
this in terms of preferential semants, we need prelerence
maodels associated with sets of delantis, The preference reba-
tion for such a model will be more or less a global version
of the relauon used for a default theory,

Definition 3.5 Lot D be a set of defaulis. The episienue
preference model associated with D iy 1he model
(WD, > ), where >y = Ath-p.c) and [y is defined as
follows: N Ty M T N > ¢p vy M To avord sacked
subscripts, we write by and Cnpy lor the preferential conse-
quence relation and operation of WDy >+

Propesition 3.6 1T {WDy >y ) ix the episiemic preler-
ence model associated with a set D of defaults, then lorall T
C L. Cop{D = MYE T E 15 an extension of (DT}

In contrast to >gy of 3.4, =p ol 3.6 ix in general not a

strict partial order. In fact, it can be shown that some sets of

defaults cannot be captured by transitive epistemic preference
models. However, in [Voorbraak, 1992] it is proved that
trunsitive preference models can capture Delault Logic, pro-

vided the notion of preferred model is surengthened to A
L= VUl M =T, forall N < M, N w T, and for all N~
(Mo N cwMy, implics M < N, A similar result has
becn obtained independently by Lin and Shoham | 1992},

As far as we know, our prefercntial scmantics for Default
Logic is the first that uses the ortginal definition of preferred
maoddel (at the cost of allowing inransitive preference rela-
1ons ).

4 Nonmonotonic consequence operations

We prefer the sceptical interpretation of nonmonotonic log-
ics and consider the the inlersection of extensions 10 repre-
scnl the consequences of a default theory, even though this
miersecton is not necessarily iself an extension, However,
we compromise 10 the more brave or credulous authors by
also considering extension operations next 10 the nonmono-
TONIC COTSEYLCNCE OPCTALIONS.

Definition 4.1 An extension operation Ext for L is a
function P — PERCEL)Y satistying the following three
conditions: (for all A < ¥
i HAc Ext(T), then T ¢ Al (inclusion)
iy HT'e ExtiMand T o Ac T then MExA [
{cumudative transitivity)
iy Exi{y = ExttCny 17, if~invarianee)
Definition 3.2 Co P — 22000 s called a non-
monctonic consequence operation for Laft for some exten-
sion operation Ext for L, dorall I'¢ Y, Ca(I'y = MExui’'L

Natice the explicit reference to the underlying standard
lopic s dehmuon 4.1, For nonmonotonic logies formulated
without an undeelying standard logic, one can assume L to
he trivial in the sense that Tor all I7, Cop () = 17, 1n that
case, L-invanance tnivially holds. We do not claun that L-
mvanance s reasonable for all nonmonotonie logies, but the
condition secms inevitable for normonotonic reasoning of
wheally rutional agents, since they are able 1o draw all stan-
dard consequences of the premises.

Extemaon operations will be called eguivadent df they in-
duce the same conseqguence operation. J1 s casy 10 see that
tor every extension operation Ext there ¢xasts ar equivalent
Eat’ such that for all ' 47, Ext(Fy 2 @. {Just replace all
vilues €3 with |33 ).) We will aot distinguish between hav-
ing no exlensions and having only the inconsisten exien-
sion, and we simply assume from how on that only non-
ermipty sels are in the range of cXension operalions.

Proposition 4.3 Cn 15 2 nONDNAOLONIC CONSEYUCNCe Op-

cration for Lt Cnosausfres: (Torall TA ¢ F)

iy e Ol

() o A Ol then Cnidy ¢ On(l}

(curudative transiiviivy
(F-invariance)

(tnciuvion)

iy Ty = CniCy (I

Some propertics that can be derived from (hose mentioned
above are CatCndT) = Cof Ty Gdempotency ), Cop, (Cn(T7)) =
CnilMyand Cng () ¢ Coi Ty Moreover, if Coois L-nvarsant,
and Crp, s R'invariant, then Ons L'-mvariant,
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Compleicly analogous to the represeniation theorems for
cumulalive consequence relations obtained in |Kraos et al.,
1990] and [Makinson, 1989], we have the lollowing result
for nonmenotonic conscquence operations:

Proposition 4.4 Cn is a nonmonetonic consequence op-
erauen for L iff Cn = Cn., for some cpisiemic prefercnce

model (WDyp,,> =5,

1t follows from this result thal the nonmonowonic modal
legics introduced in [McDermott, 1982] have a preferential
semantics, and it is shown in [Shvaris, 1990] that Moore's
autocpistemic logic is a special case of the nonmonotonic
madal framework. Proposition 4.4 is also valid for L-faith-
ful Makinson models.

5§ Cumulativity and rationality

Gabbay [1985] introduces the notion of weakly monotonic,
or cumulative, consequence, which is characterized in [Kraus
¢t al., 1990} and [Makinson, 1989] in terms of preferential
moddels. Below we show that the characterization in terms of
Makinson models can be restricted to epistermic preference
maodels.

Definition 5.1 An cxicnsion operation Ext for L 1s called
cumulative iff it satisfics the following condinon: 1 A €
Exul), A e Ext(Thand ' c T g A, then A' € Exiil"y. A
cumulative consequence operation for L s a nonmonotonic
consequence aperation induced by o cumulative exiension
operation for L.

Proposition 5.2 Cumulative consequence operations arc
characterized by inclusion, cumulative transitivity, L-invari-
ance, and cumulative monotonicity (F ¢ A ¢ Cn(l’) =»
Cn(I"y € Cn{A).)

Definition 5.3 A Makinson model (IR0 > =3 is called
stoppered iff forall T ¢ ¥ and forall Ml ¢ ..M = T im-
plies N =5 T, for some N < M.

The lotiowing result is essentially already oblaincd in
|Makinson, 1989], but without the reference 1o L and wiih-
out requiming the models to be L-fanhful,

Proposition 5.4 Cn is a cumuialive conscguence opera-
ton for L iff Cn = Cnw, for some stoppered L-fuithiul
Makinson model {0¢,> =),

In the above propositon, the L-fatthful Makinson models
can be restricied to epistemic preference modets for L

Proposition 5.5 Cn is a cumulative consequence opera-
tion for L iff Cn = Cn =, fuor some stoppered episiemic pref-
erence model {(WDy > =),

Cumulative monotonicity 1s considered to be a ratonaliy
requiremcnt, and in the litcrature there 15 a tiendeney w dis-
qualifly non-cumulative nonmonotonic logics, such as
Defauht Logic. For examplic, in {Brewka, 1990), Defaulh
Logic is modified o satisfy cumulative monotonicity.
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Howcver, we are nol prepared w conclude that the conse-
quence operation of a nonmonotonic logic has w be cumula-
tive. First ol all, nonmonotwenic logics might be used to
formalize the reasoning of agents or systems which are not
ideally rationat and which, for example, reason nonmonoton-
ically by "firing" default rules in appropriate circumstances.

Further, it cannot be inlerred [rom the rationality of cumu-
lative monotonicity that any nonmonotonic logic formaliz-
ing the nonmonctonic reasoning of an idcally rational agent
has w be cumulative. There is an analogy here with consis-
weney: Although an ideally ranonal agent only believes a
consisteny sel of formulas, we do not have Lo require that the
logic L under which the belicfs are closed is consistent in
the sense that for all £ ¢ L, Cn(Z) = S (In fact, this
requirement 8 inconsisient with the inclusion property, sat-
1sficd by standard logics.)

An inconsistent set £ will be revised before it will be-
come accepted by a rational agent, and this revision process
is not described by L, but by operations as studied in
Giirdenfors |9). Similarly, a rational agent will revise s de-
fault belicls if they do not give rise o rational preferences,
and this revision process does not have to be described by
the NONMENULONIC CONSCYUENCE OPEralion.

In additon to cumulativity, there s another obvious ra-
tionality requirement on default beliefs and their induced
ROTMONOLONIC consequence operations, namely that Cn(T) is
mconsisient only if T is. In other words, if Cnp (T # YL,
then On{l7) « 4. Let us call such consequence operation
consistent. (The corresponding condition for Ext is: if
Cop (M # . then Exi(™ 2 {47110

In general, it is of course not casy 10 guaranteg that i set
ol defaull beliels induces 4 consisien! consequence operation.
Howcever, there exist interesting special cases for which
simple sufficient conditions can be formulmed. For example,
i1 is known that a default theory (D7) has an inconsistent
extension iff the set T of facts s ingonsistent. Hence cvery
set D of defaulis which guaranmices the existence of exwen-
sions, such as a sci of normal defautls, induces a consistent
COMSCYUCTICE operation.

Not every set of normal defaults induces a cumulative
conscquenge operation. For example, the set [ p/p.pvg:
=p / —pl, which 1s used by Makinson (1989) 10 show that
default logic 15 not cumulative, consists of normal defauiis.
But it 15 quite simple to revise a set of normal defauits into
a sel that yields a cumuolative consequence operation. Besnard
(1985} proposes the following translaton of normal defaults
into free defautts, 1.c., delaults without prercquisites:
Trpes(0: B /B)=:a 2 B/a o (. Sets of thus obtained
defanits induce a cumutative conseguence operation,
However, since Trg,q lacks a proper jusufication and gives
rise o some counicnintuitive resulis, we propose an allerna-
live, more general transiation Trigee of arbitrary default inwo
default without prerequisites. Trype,e is defined by means of
Trree( : Bro-Bn f 0) =get : anBy.....xnBy /0t D 0.

Unfortunately, Tripee docs not necessarily revise a sel of
(normal} defaulis inte a set that ndeces a cumulative consc-
quence operation, but Tripee can be motivated by a famous
rationality property of preference relations that thus far has
received linle or no attention in the literalure on preferential
scmantics: the surc-thing principle of [Savage, 1972), which
1s informally stated thus:



If the person would not prefer f to g, either
knowing that the event B obtained, or knowing
that the event ~B obtained, then he docs not pre-
fer f to g. [Savage, 1972, p. 21]

The sure-thing principle is closely related to the ability to
reason by cases, and if one does not allow (defaults with)
prerequisites, then it is indeed possible to reason by cases in
Default Logic.

An obvious objection againsi the translation of defaults
into free defaults is that a rule like bird(Tweety)
fly(Tweety) / fly(Tweety) is supposed to "fire" only when-
ever it has become known that Tweety is a bird and it is
supposed to be ignored in all other cases. But this objection
implicitly interprets Default Logic as the logic of some
agent or system for which computational issues might mat-
ter, and not as the logic of an ideally rational agent.

6 Conclusion

Default logic can be given a preferential semantics, provided
Shoham's original requirement that the semantics has to be
based on a strict partial order on the set of standard models is
dropped. Default logic can be captured by episiemic prefer-
ence models (for a some standard logic L), in which a (not
necessarily transitive) preference relation on the set of
(partial) world descriptions is defined. These epistemic pref-
erence models for L characterize the class of nonmonotonic
consequence operations for L, which satisfy inclusion, cu-
mulative transitivity, and GiL-invariancc.

Cumulative monotonicity can be considered to be a ratio-
nality requirement on consequence operations, but this docs
not imply that noncumulativc logics arc necessarily inade-
quate formalizations of the (nonmonotonic) reasoning of an
ideally rational agent. Instead, cumulative monotonicity can
be seen as a constraint on the set of defaults a rational agent
might believe, and in the context of Default Logic this con-
straint is for example satisfied sets of normal defaults with-
out prerequisites.
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