
A Preference-Based Approach to Default Reasoning: 
Preliminary Report 

James P. Delgrande 
School of Computing Science, 

Simon Fraser University, 
Burnaby, B.C., 

Canada V5A lS6 
email: jim@cs.sfu.ca 

Abstract 

An approach to nonmonotonic inference, based on 
preference orderings between possible worlds or states 
of affairs, is presented. We begin with an extant weak 
theory of default conditionals; using this theory, or- 
derings on worlds are derived. The idea is that if a 
conditional such as “birds fly” is true then, all other 
things being equal, worlds in which birds fly are pre- 
ferred over those where they don’t. In this case, a 
red bird would fly by virtue of red-bird-worlds being 
among the least exceptional worlds in which birds fly. 
In this approach, irrelevant properties are correctly 
handled, as is specificity, reasoning within exceptional 
circumstances, and inheritance reasoning. A sound 
proof-theoretic characterisation is also given. Lastly, 
the approach is shown to subsume that of conditional 
entailment. 

Introduction 
In any approach to nonmonotonic reasoning there are 
several principles that one would want to hold. For ex- 
ample, suppose that we are given that birds fly, birds 
have wings, penguins necessarily are birds, and pen- 
guins don’t fly. We can write this as: 

{B ---f F, B + W, P 3 B, P + -F}. (1) 

According to the principle of specificity, a more spe- 
cific default should apply over a less specific default. 
Thus if we were given that P is true, we would want 
to conclude -F by default, since being a penguin is a 
more specific notion than that of being a bird. This 
would be the case even if we were given that penguins 
normally are birds, P + B. Second, one should obtain 
inheritance of properties by default. So, given that P 
is true, one would also want to conclude (assuming no 
information to the contrary) that W was true, and so 
penguins have wings by virtue of being birds. Third, 
irrelevant properties should be properly handled and 
so, all other things being equal, we would want to con- 
clude that a green bird flies. 

Unfortunately, it has proven difficult to specify an 
approach that achieves just the right balance of prop- 
erties. In the last few years much attention has been 
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paid to weaker systems of default inferencing, includ- 
ing (De187; KLMSO; PeaSO; Bou92; GP92; Go192). As 
discussed in the next section, while these systems may 
have some very nice properties, none handles all of 
specificity, inheritance, and relevance adequately. On 
the other hand, stronger systems, such as (McC80; 
Rei80; Moo85; Poo88), which handle inheritance and 
relevance well, do not explicitly deal with specificity. 
For example, in the naive representation of Example 1 
above in Default Logic, if P is true we still obtain an 
extension (i.e. a set of default conclusions) in which F 
is true; one is required to use semi-normal defaults to 
block this extension. 

The approach presented here is based on the notion 
of preferential model structures, explored in depth in 
(Sho88), but going back at least to (McC80) in Ar- 
tificial Intelligence, and with roots extending at least 
to (Sta68; Lew73). The idea is that (some) sentence 
is valid, not when it is true in all models, but when 
it is true in some preferred subset of models. In the 
approach presented here though, preference will be ex- 
pressed not in terms of models, but rather in terms 
of orderings on worlds or “possible states of affairs” - 
thus the formalism will be phrased in a modal context. 
In any case, we begin with a particular weak approach 
to default reasoning; this supplies us with a notion of 
preference. If, for example, we have a default A -+ B, 
then this default prefers a world in which A > B is 
true over a world in which A A 7B is true. From a set 
of defaults then we obtain orderings on worlds. A for- 
mula B follows by default from A just when, in each 
ordering, in the least (in terms of preference) worlds 
in which A is true, B is true also. Thus, given only 
the default A -+ B, then all A A B worlds are pre- 
ferred to all A A 1B worlds. In particular, for example, 
all A A C A B worlds are preferred to all A A C A 1B 
worlds and so B follows by default in this structure 
from A A C. 

Clearly though there are complicating factors in this 
notion of preference. For example, given that birds fly 
and that elephants are grey (i.e. B + F and E --+ G), 
we would want to prefer a world in which BFEGl is 

‘For readability I will indicate conjunction at times by 
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true over one in which BFE-G is true or one in which 
BlFE-G is true. However we want no preference to 
obtain between a BlFEG world and a BFE-G world. 
Similarly, for Example 1, since the notion of penguin- 
hood is more specific than that of birdhood, we would 
want a BP-F world to be preferred over a BPF world. 

Lastly, the notion of preference given by a default 
should be semantic rather than syntactic. That is, in 
Example 1, we have from B + W that (all other things 
being equal) worlds in which birds have wings are to be 
preferred to those where they do not. However, what 
about two worlds, one in which BlPF is true and 
another in which BPF is true? The set of defaults is 
of no help here; nonetheless it follows in our logic of 
defaults that birds are not normally penguins, and so 
the first world is preferred to the second. 

The appropriateness of the approach is argued from 
a number of directions. First and most importantly, 
the approach, like any semantic approach, (hopefully) 
formalises plausible and sound intuitions. Second, a 
number of examples are presented and are argued to 
be appropriately handled here. These include common 
“benchmark” problems as well as particularly nasty (in 
the author’s view) examples that have not (to the au- 
thor’s knowledge) appeared in the literature. Lastly 
a proof-theoretic analogue, motivated by complemen- 
tary intuitions is presented and shown to be sound with 
respect to the semantic formulation. 

The next section discusses the background. In after 
this an extant logic of defaults is briefly presented, fol- 
lowed by the formal details of the approach. This is 
followed by a discussion and a brief concluding section. 
Proofs of theorems and further details are to be found 
in (De194). 

Background 

Related Work 
Approaches to default reasoning can be broadly char- 
acterised as falling into one of two groups: weak sys- 
tems wherein some desirable default inferences are not 
obtained, and strong systems, wherein unwanted in- 
ferences may be obtained. Many of the earlier and 
better-studied systems of default reasoning fall into 
the “strong” category. Autoepistemic Logic (Moo85), 
Circumscription (McC80), Default Logic (Rei80), and 
Theorist (Poo88) are examples of approaches that may 
be overly permissive and that do not explicitly deal 
with specificity information. Again, in the nai’ve rep- 
resentation of Example 1 we obtain a set of default 
conclusions in which, given P, F is also true. Various 
modifications and restrictions have been proposed to 
handle such difficulties in each of these systems, but the 
application of these modifications is necessarily outside 
of the system. Without a formal theory, it is not clear 
if such modifications are appropriate or in any sense 
complete. Moreover, since defaults per se are not part 

of the formal system, one cannot reason about defaults. 
Thus, as an example, one could not conclude from Ex- 
ample 1 that birds are not normally penguins. 

Recently, much attention has been paid to weaker 
systems of default inferencing. In fact, given the es- 
sential similarity among systems such as N (De187), 
c-entailment (Pea88) (or O-entailment or p-entailment 
@da75)), P re erential f entailment (KLMSO), and CT4 
(Bou92), among others, it would seem that some con- 
sensus has been reached as to what should constitute 
a “minimal” system of default reasoning. As (Pea89) 
suggests with respect to O-entailment, such systems 
may be taken as specifying a conservative core or set 
of inferences that ought to be common to all nonmono- 
tonic inference systems. 2 These approaches deal satis- 
factorily with specificity. However, not unexpectedly, 
they are much too weak. In particular relevance and 
inheritance of properties are not handled. Hence, even 
though a penguin may be assumed to not fly by de- 
fault (i.e. in Example 1 we only derive 1F but not F), 
a green bird cannot be assumed to fly by default (since 
it is conceivable that greenness is relevant to flight). 

There has also been less agreement on how to 
strengthen these weak systems. One approach has 
been to assume things are as simple (or unexceptional) 
as possible. Again, some convergence is obtained with 
System Z and l-entailment (PeaSO), rational closure 
(KLMSO), and CO* (Bou92). These approaches han- 
dle relevance well. However they fail to allow full in- 
heritance of properties; moreover (see (GP92)) they 
allow some unwanted specificity relations. This locus 
of approaches has been extended in various ways, in- 
cluding (GP91; GMPSO; BCD+93); all however suffer 
from one or another of the deficiencies of the original 
approach. 

Of other approaches, (De188) gives a syntactic 
strengthening of defaults using meta-theoretic assump- 
tions; consequently, as with the strong approaches, it 
is difficult to formally characterise the set of default 
inferences. (GP92) presents another strengthening of 
the above-mentioned “conservative core”, called condi- 
tional entailment. There are two difficulties with this 
approach: first that it is quite complex in its formula- 
tion and, second, that it does not sanction inheritance 
of default properties. The present approach however 
subsumes conditional entailment. This relation is dis- 
cussed further after the approach is presented. 

Examples 

The example given at the outset is perhaps overly fa- 
miliar; however it illustrates the principles of speci- 
ficity, inheritance, and relevance. The following, in- 
volving ravens, albinoism, and blackness, is closely re- 

20f course this is not entirely uncontentious: (Gab85) 
and (LM92) suggest a weaker “core”, while the logic of 
defaults used here is slightly stronger than Pearl’s conser- 
vative core. means ofj uxtaposition. 
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lated: 
(R--+ BI,RAA~ --Bd). (2) 

Again, specificity dictates that Bl should be concluded 
given R, but that -BL should be concluded given 
R A Al. Also, given R (arguably) one would want to 
conclude -Al. 

Similar remarks apply to conflicting defaults. Con- 
sider the standard Quaker/republican example: 

(Q+ P,R--+yP). (3) 

Given only Q, we would want to conclude P. Given 
Q A R we would want to conclude nothing concerning 
P. However if we add the default Q A R ---) 1 P then 
clearly, given Q A R we would now want to conclude 
1P. 

The preceding examples are standard (although no 
extant theory of nonmonotonic reasoning appears to 
handle all cases). The next examples however seem to 
the author to be particularly nasty. 

{B-+W,W--+F} (4) 
This example seems innocuous: birds have wings and 
winged things fly. The difficulty is that there are cases 
(for example, in inheritance) where we would want the 
default B + W to take priority over W --, F even 
though there is no explicit conflict. In terms of prefer- 
ence among worlds, we would want a (B > W) A W-F 
world (where the second conditional is falsified) to be 
preferred to a B-W A (W > F) world (where the first 
conditional is falsified). The difficulty is that there is 
no specific conflict between B and W. In (De194) we 
argue that this is the reason that conditional entail- 
ment fails to allow full inheritance reasoning. 

{Al + Bl,A2 + B2,A3 - B3,) but I(B,AB,AB,). 
(5) 

In this example we have some number of independent 
defaults (here three) which cannot be jointly applied. 
In (the appropriate extension to) System Z and re- 
lated systems, all defaults are at the same “level”, 
and so if a default is falsified, no default conclusions 
can be drawn .3 In these approaches, n levels (again, 
here three) are wanted, corresponding to the number 
of possible default violations. Thus, we would want 
to conclude B1 by default from Al A AZ. However we 
don’t want to conclude B1 from A1 A A2 AA3 (since by 
symmetry we would have to also conclude B2 and B3, 
which is inconsistent, or else revert to the notion of an 
extension). Note though that from Al A A2 A A3 we 
would want to conclude that two of the default conclu- 
sions are true, even though we don’t know which: 

(BI&-3) V (BP&&) V (+%&Bs). 

3The approach of maximum entropy (GMPSO) appears 
to handle this example well, but is problematic for other 
reasons. 

If a default is violated, we would still want to carry 
out default inferences. Hence, given AIA~A~-‘B~ we 
would want to conclude B1 B2. Given A~A~TB~A~-B~ 
we would want to conclude B1. 

(Bl -+G,&+C2,A--+ (BpC1) v (&--4C2)}. (6) 

The problem here is that we know that the third de- 
fault is more specific than one of the first two; however 
we don’t know which. (Alternately, in the “context” 
A, one of the other defaults is violated, and therefore 
inapplicable, but we don’t know which.) This example 
again generalises to n defaults. In System Z (and so 
in equivalent systems and generalisations) B1 and B2 
are assumed to be less specific than A; however, if one 
of B1 and B2 are less specific than A it doesn’t seem 
intuitive to then assume that both of B1 and B2 are 
less specific than A. Or if this doesn’t seem implausi- 
ble here, it presumably does if we increase the number 
of defaults that are falsified by A. 

A Logic of Defaults 
We begin with a theory of defaults corresponding es- 
sentially to an extension of the “conservative core” 
suggested in (Pea89) for default inferences. While we 
could have used any of the systems cited in the section 
on previous work, for uniformity with the approach to 
be presented we will use a conditional logic formula- 
tion for default properties. See for example (De187; 
Bou92) for a further exposition, details, etc. on the 
formal system. 

The fundamental idea is straightforward: worlds are 
arranged according to a notion of “exceptionalness”; 
a default A 3 B is true just when there is a world 
in which A A B is true and, in all worlds that are not 
more exceptional, A 1 B is true at those worlds. Thus, 
roughly, “birds fly”, B + F, is true if, in the least ex- 
ceptional worlds in which there are birds, birds fly. In- 
tuitively, we factor out exceptional circumstances such 
as being a penguin, having a broken wing, etc., and 
then say that birds fly if they fly in such “unexcep- 
tional” circumstances. 

More formally, we let L be the language of propo- 
sitional logic (PC) g au mented with a binary operator 
-+. (We reserve > for material implication.) For sim- 
plicity we restrict the language so that there are no 
nested occurrences of the -+ operator. Sentences of L 
are interpreted in terms of a model A4 = (W, E, P) 
where: 

1. W is a set (of worlds), 

2. E binary accessibility 
following properties: 

relation on worlds, with the 

Reflexive: Ezour for every u, E W. 
Transitive: If Eqw2 and Ew~w~ then Ewlw3. 
Forward Connected: If Ewlw2 and Ewlw3 then 

EW2W3 or EW3W2. 
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3. P is a mapping of atomic sentences and worlds onto 
{O, 11. 
Truth at a world ut in model M (+f) is as for PC, 

except that: 

bM A + B iff there is a wr such that Ew, wr and 
m b,, A A B and for every w2 where Ewl , ~2, we 

have kr2 A I) B, or for every wi where Ew, w1 
we have bfl -A. 

We define CIA as -A + A (read “necessarily A”) 
and we define A =R B as q  ( A > B) (read “necessarily 
A implies B” or “A strictly implies B”). 

Thus the accessibility relation between worlds is de- 
fined so that from a particular world w one “sees” a se- 
quence of successively “less exceptional” sets of worlds. 
A + B is true just when (trivially) A is false at all ac- 
cessible worlds, or there is a world in which A A B is 
true, and A > B is true at all equally or less accessible 
worlds. 

Space considerations preclude a lengthy discussion 
of this logic (or, indeed, any of the other “equivalent” 
weak systems). Suffice to say however that this system 
supplies us with a weak, but semantically justified, sys- 
tem of default inferencing: Given a set of defaults and 
strict implications F, B follows by default from A just 
when B is true in the least A worlds in all models of 
F. Hence (as previously discussed) from Example 1 we 
can conclude that a penguin does not fly, while a bird 
does; and if something flies then it is not a penguin. 
However we cannot conclude that green birds fly (since 
there are models in which green birds do not fly), nor 
can we conclude that penguins have (or i&e&) wings. 
However this approach does provide us with a rich no- 
tion of specificity, and we can use this notion of speci- 
ficity, as described next, to specify a system wherein 
relevance and inheritance are properly handled, as are 
the previously-described examples. 

The Approach 
The general idea of the overall approach is straightfor- 
ward. If a default A + B is true in the original default 
theory, then this default prefers a world in which the 
material counterpart (viz. A > B) is true over a world 
in which it is false. The (weak) logic of defaults also 
provides us with a notion of specificity between formu- 
las. We say that a world wr is preferred to a world wz 
just when there is a default that prefers w1 to 202, and, 
if there is a conditional that prefers w2 to 201, then 
there is a conditional that “overrides” this conditional 
and prefers wr to 202. Thus, essentially, there is some 
reason to prefer wr to 202, and if there is any reason 
to prefer w2 to 201 then there is a stronger reason to 
prefer 201 to wz. 

More formally, a default theory T consists of a set of 
default and strict (necessary) conditionals. We take T 
to be closed under logical consequence in the logic of 
the previous section. Thus we will write T j= A + B 
to mean that A + B is true in all models of T; we 

sometimes also write A ---) B E T. Given a default 
theory T, we first define a specificity ordering on for- 
mulas, given by 4: 

Definition 1 

A+ B ifl TkAVB-+1B andTj=-OlA. 

Since the default theory T is always understood, for 
simplicity I will henceforth write just A 4 B. The 
right hand side of the definition says that for every 
model of T, at some A V B world, w, 1B is true, and 
A V B > -B is true at all equally- or less exceptional 
worlds. Since worlds are consistent, this means that 
at w it must be that A is true, and that there are no 
equivalently-exceptional or less exceptional worlds in 
which B is true. (If there were such a world in which 
B was true then this would also be a least AV B world, 
contradicting A V B -+ 1B.) Furthermore, there is an 
accessible A world. 

We have that 4 is irreflexive, asymmetric, and tran- 
sitive; also, + and + are interdefinable (Lew73). The 
following will also be convenient: 

A 5 B d&f -(B 4 A). 

Separately, we will also deal with the full set of map- 
pings of the set of atomic sentences P onto { 0,l); for 
simplicity we assume that P is finite. These mappings 
we will call “worlds”. From the theory T, we will spec- 
ify partial orders on these worlds; these partial orders 
will constitute our ultimate preference structure, with 
respect to which we will define a stronger notion of 
default reasoning. 

Definition 2 W = {f 1 f : P ---) {O,l}}. 

Elements of W will be denoted w, 201, ~2,. . . . I will 
also write w b A if A E L is true under the standard 
(PC) valuation in the mapping ~1.~ 

Defaults in T provide a basic preference notion on 
worlds, as follows: 

Definition 3 
For default theory T and WI, w2 E W, a conditional 

A ---) B prefers 201 to w2 iff 

1. T j= A --f B, 

2. WI + A > B, 
3. w2 b A A 1B. 

Definition 4 
For default theory T and ~1,202 E W, we have: 
J+-ef (w , ~2) = 

{A+B~TIA--,Bpreferswl tow2). 

4This means that + is used ambiguously: for a logical 
consequence of a default theory T, and for a true sentence 
at a world - compare condition 1. with conditions 2. and 3. 
in Definition 3. Since these are distinct relations, hopefully 
no confusion results. 
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There is one difficulty with specificity orderings, and 
that is that they may be incomplete, in the sense that 
we may have B1 vB~ 3 A but neither B1 4 A nor B2 4 
A (recall Example 6). We define the set of complete 
(in the above sense) orderings as follows: 

Definition 5 
Given a default theory T, a specificity ordering is 

extended to a full specificity ordering by: 

if B1 V B2 + A and it is not the case that B1 4 A 
then B2 4 A. 

We are now in a position to define orderings on worlds: 

Definition 6 
Given a full specificity ordering, a preference order- 

ing P = (W, <) is defined as follows: 

For 201, w2 E W, we have w1 < w2 iff 
1. Pref(wl, ~2) # 0 and 
2. for every C - D E Pref (wz, WI) there is some 

A - B E Pref (wl, ~2) such that C -( A and it 
is not the case that A 5 C. 

aT = (P 1 P is a preference ordering with respect to 
default theory T). 

That is, wr < w2 iff 

1. there is some conditional that prefers wr to ~2, 
and 

2. for a conditional that prefers w2 to w1 there is 
a conditional that is no less specific than it and 
that prefers w1 to wg, but the converse does not 
hold. 

Consider again Example 1: 

{B-F,B-W,P%-B,P-lF}. 

First, we have B -+ P, since we can prove in the logic 
that BVP 3 1P is a logical consequence of this theory. 
If we have worlds 

Wl : B,P,lF,W w2: B,P,F,W 

then: 
Pref(wl, 202) = {P - ‘F} and 
Pref(w:!, WI) = {B - F). 

Hence w1 < 202. Things remain unchanged if instead 
-W is true at both worlds. 

Consider next Example 4: 

{W-F,B-W}. 

We have W 5 B, but in the full specificity order we 
do not have B -( W. For 

Wl : B,W,lF w2: B,lW,F 

we have: 
Pref(wl,wz) = {B - W} and 
Pref(w2, ~1) = {W - F}. 

Hence 201 < 202. 
We can now define the notion of a default inference 

based on preference orderings: 

Definition 7 
B follows as a preferential default inference from A 

in theory T, written A FT B, iff 

for every P E nT, for every 202 where 202 b A A 
1B there is a 201 where w1 + AAB, and 201 < 202. 

First of all, preference orderings are indeed order- 
ings: 

Theorem 1 
For a preference ordering P and ~11, w2, w3 E W: 

1. WI f WI. 
2. If w1 < w2 then w2 f WI. 
3. If 201 < w2 and w2 < w3 then 201 < 203. 

Second, these 
default theory: 

Theorem 2 

orderings preserve truth in the original 

If T j= A - B then A FT B. 

This then concludes the development of the seman- 
tical aspects of the approach. However, before dis- 
cussing properties of this approach, we first give a 
proof-theoretic characterisation. For this characterisa- 
tion, the central idea is that beginning with a theory T, 
we “appropriately” strengthen the elements of T. For 
example, in Example 1 we have the default B - F; 
it would seem safe to allow also that B A Gr - F, or 
“green birds fly”, since there is nothing in the theory 
that would make us believe otherwise. On the other 
hand we would not want to allow that B A P - F, 
since here there is a reason to believe that this condi- 
tional may not hold, namely that we have P - 1F. 
We can informally state this principle of irrelevance as: 

Unless there is reason to believe that a property is 
relevant to the truth of a conditional, assume that 
it is irrelevant. 

We will call a default supported if there is a reason to 
hold it, based on this notion of relevance, even though 
it may not be a logical consequence of T. A set of 
defaults I’ is supported iff every default in r is sup- 
ported. The formal definition is straightforward, if a 
bit long-winded: 

Definition 8 
A - B is supported in a default theory T in 

1. T j= A - B, or 
2. If I’ is supported and I’ b A - B then A - B is 

supported, or 
3(a) T j= A - A’ but T Q= A’ - A and A’ - B is 

supported, and 
(b) if T b A - A” but A” - -B is supported then 

T k A’ v A” --+ 7A’. 

Thus, in the first two parts, a conditional is sup- 
ported if it is a consequence of T or of a set of sup- 
ported conditionals. For the third part, (a) states that 
there is a reason to accept the conditional: for some 
strictly less specific formula A’, we have the supported 
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conditional A’ + B. For part (b), if there is also a less 
specific formula A” that denies B, then this formula 
is strictly less specific than A’. So in this last case we 
could say that A’ “overrides” A”. 

At present, we have a “soundness” result, in that 
the consequent of a supported conditional follows as a 
preferential default inference from the antecedent: 
Theorem 3 

If A - B is supported in T then A FT B. 
I believe that the converse also holds, but have yet to 
show a rigorous proof. Nonetheless the partial result 
provides a second, intuitive, indication of what default 
inferences may be obtained. 

Discussion 
Conditional entailment (GP92) was formulated in part 
as an attempt to reconcile what has been called here 
“strong” and “weak” approaches to nonmonotonic rea- 
soning . For the approach at hand, the methodology 
was to formulate from first principles a notion of pref- 
erence between worlds, based on an extant logic of de- 
faults. However, as noted earlier, there are strong sim- 
ilarities between the systems; it proves to be the case 
that the default inferences sanctioned by the present 
approach subsume those of conditional entailment 
Theorem 4 If a proposition q is conditionally entailed 
by a default theory (I<, E) then E FK q. 
In conditional entailment, defaults are arranged in par- 
tial orders. A priority order over the set of defaults A, 
is admissable relative to a default theory iff every set 
A of assumptions in conflict with a default r contains 
a default r’ that is less than that default in the or- 
dering. Rankings on worlds are derived from priority 
relations over default rules: If A(w) and A(w’) are the 
defaults falsified by worlds w and w’ respectively, then 
w is preferred to w’ iff A(w) # A(w’), and for every 
rule in A(w) - A(w’) there is a rule in A(w’) - A(w) 
which has higher priority. This then is very close to 
Definition 6. The primary difference is that, in con- 
ditional entailment, in order to prefer w to 20’ there 
must be defaults of strictly higher priority “favouring” 
20. In the approach at hand, (informally) we require 
that there be a reason to prefer w over w’, and that 
such a reason not obtain for the converse. That is, for 
Example 4 we can’t show (in conditional entailment or 
here) that W is less specific that B; hence conditional 
entailment doesn’t distinguish the conditionals. In the 
approach at hand, we can show that W is no more spe- 
cific than B (i.e. W 1: B), but that the converse fails 
to be demonstrable. Consequently (all other things be- 
ing equal) defaults with antecedent B “override” those 
with antecedent W. 

Technically this difference appears to amount to the 
following: In Definition 6 where we have: 

for every C - D E Pref(w2, WI) there is A - 
B E Pref (wi, wz) such that C 5 A and it is not 
the case that A 1: C, 

conditional entailment (effectively) uses: 

for every C - D E Pref(w2, WI) there is A - 
B E Pref(wl, ~2) such that C 4 A. 

As a second minor difference, there may be fewer 
preferential orderings in the present approach than the 
admissible structures of conditional entailment. 

Of the examples presented earlier, all of the desired 
default inferences go through: green birds fly; birds 
that are penguins do not fly; penguins have wings; 
ravens are black and (by default) non-albino. Quakers 
are pacifists, and normally non-republican. 

Example 4 was discussed earlier. For Example 5 we 
had three defaults that could not be simultaneously 
applied. Here we conclude B1 by default from Al A AZ, 
but not from Al A A2 A AS. In terms of (the proof- 
theoretic notion of) support, we have that Al A A2 - 
B1 is supported, based on Al - B1. However, Al A 
A2 AA3 + B1 is not supported: even though there is a 
reason to accept this conditional (viz. Al + B1) there 
is a reason not to accept it (since A2 A A3 - lB1 is 
supported) that is not overridden by this conditional. 

From Al A A2 A A3 we obtain, as desired, that 
(B1 B~~B~)V(B~~B~B~)V(TB~B~B~). We also obtain 
default inferences in the face of denied defaults; given 
A~A~A~TB~, for example, we conclude B1 A B2. 

For Example 6, we had the formulas: B1 - 
Cl,B2 --) &,A - (B 14’1) V (B24’2). Hence, es- 
sentially, in the presence of A, at most one of B1, B2 
can be “unexceptional”. From A we obtain the default 
conclusion (B i-C,) G (B2 > C2) and so one of B1, B2 
is guaranteed to be “unexceptional”. 

A final point concerns the applicability of this ap- 
preach. Implicitly, defaults are “applied” wherever 
possible. Consequently, given a chain of defaults T = 
{Al j Aa, A2 + Aa, . . . , A,-1 + An} we would ob- 
tain that Al FT A,. This may be fine for default rea- 
soning, but it leads to unintuitive results for temporal 
reasoning, as has been noted elsewhere for chronologi- 
cal ignorance (Sho88). Hence this approach would ap- 
pear to produce results too strong for such reasoning. 

Conclusion 
An approach to nonmonotonic inference, based on pref- 
erence orderings between worlds, has been presented. 
The semantics takes as a starting point an extant the- 
ory of defaults; from this, given a default theory, we 
specify orderings on worlds. The original theory of de- 
faults provides a satisfactory notion of specificity; in 
the orderings based on this theory, irrelevant proper- 
ties are correctly handled as is reasoning within ex- 
ceptional circumstances, including inheritance reason- 
ing. Arguably the notion of a preferential default in- 
ference satisfactorily formalises intuitions concerning 
preferences induced by default rules. As well, the ap- 
proach is shown to handle standard and non-standard 
examples of default reasoning. Finally, a (sound) proof 
theory is presented. 
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There are two shortcomings to the approach as pre- 
sented. First a completeness result is obviously desir- 
able. Second, computational concerns have not been 
addressed. Two points ameliorate this second concern: 
first, the goal here is to present a characterisation of de- 
fault inference, and then address computational issues; 
second, presumably a complete proof theory will in fact 
indicate how an implementation may be effected. 
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