Version of December 26, 1995GENERICS AND DEFAULTSFrancis Jeffry PelletierNicholas AsherUniversity of AlbertaUniversity of Texas1:Linguistic and Epistemological Background1 . 1 : Generic Reference vs. Generic Predication1 . 2 : Why are there any Generic Sentences at all?1 . 3 : Generics and Exceptions, Two Bad Attitudes1 . 4 : Exceptions and Generics, Some Other Attitudes1 . 5 : Generics and Intensionality1 . 6 : Goals of an Analysis of Generic Sentences1 . 7 : A Little Notation1 . 8 : Generics vs. Explicit Statements of Regularities2:Semantic Analyses of Generics2 . 1 : Relevant Quantification2 . 2 : Abstract Objects2 . 3 : Prototypes2 . 4 : Stereotypes2 . 5 : Modal Conditional Approaches2 . 6 : Situation Semantics2 . 7 : Default Reasoning Approaches3:Default Approaches and Generics3 . 1 : A General Characterization of Nonmonotonicity and Patterns ofNonmonotonic Reasoning3 . 2 : Evaluation of Default Approaches I: Default Logic and Update Semantics3 . 3 : Evaluation of Default Approaches II: Autoepistemic Logic3 . 4 : Evaluation of Default Approaches III: Circumscription3 . 5 : Evaluation of Default Approaches IV: Probabilistic Analyses3 . 6 : A General Evaluation of Default Reasoning Approaches4:A Formal Theory of Generics4 . 1 : Requirements for the Monotonic Semantics for Generics4 . 2 : Interim Evaluation4 . 3 : Nonmonotonic Reasoning and Epistemic Semantics for Generics4 . 4 : Patterns of Reasonable and Defeasible Inference with Generics5:Summary and Conclusions6:Appendix7:Bibliography

Pelletier & Asher, p.2GENERICS AND DEFAULTS1Francis Jeffry PelletierNicholas AsherUniversity of AlbertaUniversity of Texas1: LINGUISTIC AND EPISTEMOLOGICAL BACKGROUND1.1: Generic Reference vs. Generic PredicationHistorically speaking, there have been two quite distinct phenomena that have been called�genericity�. The first is reference to a kind, a genus, as exemplified in (1). The underlined NPs in(1) do not denote or designate some particular potato or group of potatoes, but rather the kindPotato (Solanum tuberosum) itself. In this usage a generic NP is one which does not refer to an�ordinary� individual or object, but instead refers to a kind.(l) a.

Thepotato was first cultivated in South America.b.

Potatoes were introduced into Ireland by the end of the 17th century.c. The Irish economy became dependent upon thepotato

.NPs such as potatoes or the potato in these sentences are called �kind-referring NPs� (sometimes�generic NPs�), as opposed to �object-referring NPs�, and the predications in sentences involvingsuch NPs are called �kind predications� as opposed to �object predications.�2

1 This paper is strongly influenced by — indeed, identically overlaps at some points — Krifka et al(1995). Not all those authors agree with everything we say here, but it was through interactionwith them that most of the linguistic ideas behind this paper came into existence, and wegratefully acknowledge their help. The paper also owes some of its content to work done jointlywith Len Schubert: Schubert & Pelletier (1987, 1989). Other parts of this paper overlap workdone jointly with Michael Morreau: Asher & Morreau (1991, 1995). We also wish to expressour appreciation to the editors of this volume, Alice ter Meulen and Johan van Benthem, for theirencouragement and for their comments on earlier versions of this paper.2 Sentences employing such kind-referring NPs are possibly what Barth (1974) has in mind by�logophoric use� of the articles. She says that �The/An M is P� is a logophoric proposition iff thearticle is not being used anaphorically, the NP is neither used referentially nor attributively, andthis sentence does not mean any of:all M�s are P; every M is P; an arbitrary M is P;

Pelletier & Asher, p.3The second phenomenon commonly associated with genericity are propositions which do notexpress specific episodes or isolated facts, but instead report a kind of general property, that is,report a regularity which summarizes groups of particular episodes or facts. One common sort ofgeneric proposition of this type occurs when the regularity holds across the individual instances ofa kind; in such a case the regularity is stated as one holding for the kind itself. Examples can befound in the natural readings of the sentences in (2). Here (2a,b,c) do not state something about aspecific potato, but about potatoes in general. This notion of genericity is clearly a feature of thewhole sentence (or clause), rather than of any NP in it; it is the whole generic sentence thatexpresses regularities which transcend particular facts.(2) a. A potato contains vitamin C and amino acid.b. Potatoes contains protein.c. The potato contains thiamin.Closely related to such sentences as these are �habituals�, in which a regularity of action ispredicated of an ordinary individual. In such cases we (mostly) intend that the regularity ispredicated of the object at different times. An example is in (3), which does not report a particularepisode, but a habit.(3)Mary smokes a cigar after dinner.The difference between (2) and (3) is a matter of whether one is �generalizing over� objects or overwhat an object does. In (2) we �generalize over� objects and say that a typical instance of such anobject has a property, whereas in (3) we �generalize over� what an object does and say that ittypically acts in a certain way. Notice then an ambiguity in such sentences as(4)Violinists smoke after concertswhich can be seen saying either that the typical violinist has the property of smoking after eachconcert or as saying of all violinists that they have the habit of typically smoking after concerts. Of the class/set of M�s is included in the set of P�s; some M is P.And furthermore �The/An M is M� has to be regarded as logically true. It is not clear whether or not there are any logophoric sentences in this sense, at least not if someof the proposed reductions of generic NPs to quantified statements are correct.

Pelletier & Asher, p.4course it can even more naturally be seen as �generalizing over� both objects and actions, sayingthat the typical violinist has the property of typically smoking after concerts. Sentences like (2), (3)and (4) are called �characterizing sentences� (or sometimes �generic sentences�) since they expressa characterizing property. They are opposed to �particular sentences�, which express particularevents, properties of particular objects, and the like.3 The respective predications are�characterizing predications� and �particular predications�, respectively. Other common terms forcharacterizing sentences found in the literature are �(g)nomic�, �dispositional�, �general�, or�habitual�. Much of our knowledge of the world, and most of our beliefs about the world, arecouched in terms of characterizing sentences. According to this attitude such sentences would beeither true or false, not �indeterminate� or �figurative� or �metaphorical� or �sloppy talk�.Obviously, sentences containing reference to kinds have something in common withcharacterizing sentences: when we refer to kinds we abstract away from particular objects, whereaswhen we use characterizing sentences we abstract away from particular events and facts.Furthermore, it seems natural that one way to express a general law or regularity about thespecimens of a kind is to state it for the kind itself. Nonetheless, as it is argued in detail in Krifka etal (1995) it is necessary to distinguish them, since not only are there intuitive differencesconcerning their logical form but also there are linguistic differences between them. In this articlewe concentrate exclusively on characterizing sentences, since it is the phenomenon manifested bysuch sentences that has attracted the most interest from the �logical representation wing� of theartificial intelligence world. In this article we will not be concerned with the problem of delimitingcharacterizing sentences from kind-referring predications, nor with distinguishing all sorts ofgeneric phenomena from non-generic phenomena. Instead we will merely assume that we knowwhat sentences are the type of generic sentences in which we are interested; and we will proceed toinvestigate their semantic and logical properties. Our interest is in generic sentences of thecharacterizing sort, and it is these sentences that we will call �generic statements� in what follows.

3 They are also opposed to general sentences in which there is explicit quantification over particularobjects manifesting particular events or properties such as Each potato in this room was grown inAlberta.

Pelletier & Asher, p.51.2: Why are there any Generic Sentences at all?A crucial feature of characterizing sentences — indeed, perhaps their most interesting semanticfeature and that feature which brings them to the attention of this volume — is that they �admitexceptions�.4 That is, sentences in (2) and (3) are true even though there are potatoes which do notcontain those nutrients and even though Mary sometimes does not smoke a cigar after dinner. Inour opinion, it is precisely this feature that explains why all natural languages have genericsentences. It is an innate disposition of humans�perhaps this is a consequence of havingintelligence or perhaps it is one of humanity�s survival characteristics�that they desire tounderstand and characterize the world immediately surrounding them. People notice regularities innature and form (what we might call) �folk-laws� to codify these regularities and to predict whatthe future will bring. So, although not all potatoes contain the nutrients mentioned in (2), andalthough Mary does not always smoke cigars after dinner, still such �folk-laws� are intellectuallysatisfying and practically useful because Mary (and potatoes) typically or usually or normally ornomically � smokes after dinner (or contain those nutrients). Perhaps it is a feature of havingfinite, fallible minds that makes us often notice regularities that have exceptions, or perhaps it ismore a matter of needing to be able to choose regularities quickly in order to get on with otheraspects of our survival. Whatever the underlying reason, the fact is that people notice thoseregularities that can be used to predict actions of others and changes (or constancies) in one�senvironment. And such regularities commonly have exceptions; either ones that are noticed later orones that we think we can safely ignore (for whatever reason).Once one sees generic sentences and the role they play in guiding ordinary actions and beliefs,one discovers that such a construct is used in many different areas of academic research. For

4 This is not their only interesting semantic feature. In Carlson 1977 and Lawler 1973 it waspointed out that such generics seem to admit only predications where the property described is insome sense �essential� to the subject. Thus, Madrigals arepolyphonic is a true characterizingstatement whereas *Madrigals arepopular is not — perhaps because polyphonicity (but notpopularity) is essential to madrigals. It is clear that this is related in some way to the nomic natureof generics that we discuss later, but it is far from clear how.

Pelletier & Asher, p.6example, one can see deontic laws that have ceteris paribis clauses as being �generic� in this way;one can see presuppositions as being the exceptions to statements that �don�t count� in the literalmeaning of the statement; one can see arguments over realism/antirealism in philosophy of scienceas an argument over whether generic statements (with their exceptions) can ever enjoy theprivledged status of a �true� scientific law; and one can understand the status of (legal) laws asbeing generic in nature—they admit exceptions and special pleas.1.3: Generics and Exceptions, Two Bad AttitudesFrom the semantic point of view it is crucial to the understanding of generics to be able tospecify how the generic statement is related to the particular statements that are specific instances ofit. For example, we might ask �How many exceptions can a generic statement tolerate?�, or moregenerally, �What is the relationship between a generic statement and explicitly quantifiedstatements?� In addition to the various �reasonable� attitudes that different theorist have takenconcerning this relationship, there are two �bad� attitudes that are sometimes found in the literaturefrom which we wish to dissent.One attitude, an attitude taken by various logic texts and by some earlier AI practitioners, isthat the generic statements are strictly speaking false, but are �acceptable� despite the exceptionsbecause they are �close enough� to being universally true. So, Potatoes contain vitamin C is�acceptable� despite being literally false, because almost all potatoes, or all the noticeable orimportant ones, contain vitamin C.5 We claim that this is not just an unhelpful way to look at thetopic, but is totally incorrect. Most of our knowledge about the world is encoded in characterizingsentences, and it seems pointless to claim that such encodings are �merely acceptable� and not�really� true. Furthermore, if this were a correct attitude then one would expect that generic

5 Avariant on this first bad attitude would be to claim that the acceptability of such �strictlyspeaking, false� statements is dependent upon our ability to specify (if asked) what theexceptions are. Although the statements are strictly false, we accept them because we knowwhere to find the exceptions. Our examples below will show that this optimistic outlook onexceptions is totally without merit.

Pelletier & Asher, p.7statements would be �more acceptable� or �truer� the fewer exceptions there be. Yet as we shallshortly see, this is not how generics act.Asecond attitude that might be taken toward such exception-tolerating sentences is that theyare neither true nor false; that these concepts simply do not apply to them. Instead, characterizingsentences are �directives� or �rules� as to how to proceed, how to draw inferences, and so on. Insuch a view, a characterizing statement like Potatoes contain vitamin C give us information aboutwhat to expect in our experience, how to act in the presence of certain vegetables, and what to inferabout the items in the grocery store — namely, we should expect, and act in accordance with, andinfer that: in the absence of information to the contrary, any potato we encounter will containvitamin C. This attitude, though common in certain areas of AI, seems to have two flaws in it.First, in treating characterizing statements in effect as rules, as directives about what to infer, itdenies truth or falsity to such statements. Instead, the relevant concept is one of truth-preservingness or of validity. Such a view denies that the classic Snow is white is either true orfalse! And it does so not because of the existence of some yellow snow or the like, but because itholds that this sentence is intended only to guide our expectations as to what color of snow we willencounter normally. It was remarked above that much (most?) of our information about the worldis captured by these characterizing statements; but it would be a consequence of the present viewthat this information is not knowledge, since it is not true (indeed, is neither true nor false, isneither accurate nor inaccurate, etc). Instead, it would merely be a matter of directing our actionsand inferences. Perhaps there are ways to ease one�s conscience about this matter, but it seemsvery harsh.The second conceptual difficulty with this approach is that if generic statements are neither truenor false, and instead are rules of inference, then they cannot be embedded within one another.And although some researchers have asserted that this is indeed the case and have used this tobolster their position, they fail to notice sentences like(5)a. Usually, if a person smokes after dinner, he also drinks brandy before bed.

Pelletier & Asher, p.8 b. It is common that countries which do not honor women’s rights also do not honor general human rights.Note that both the antecedent and the consequent of these conditionals are themselvescharacterizing statements (they each admit of exceptions, they each express regularities overevents, etc.), and that each statement asserts there to be a generic connection between the two (theconnection admits of exceptions, expresses a general regularity, etc.). Such examples seem tosupport strongly the view that generics are not �directives� or �rules of inference,� but instead areeither literally true or literally false. We will consider this attitude and these objections again below,in Section 3.1.4: Exceptions and Generics, Some Other AttitudesIf we adopt the view that generics can be either true or false, there is then a question about thelogical form of generics. And this brings up once again the question of the relationship between acharacterizing sentence and the specific episodes or cases of which it is a generalization. Putbluntly, we wish to know �How many exceptions can a generic statement tolerate and remaintrue?� Different kinds of characterizing generics call for different types of cases to be relevant, andtherefore determine different sorts of legitimate exceptions. This can be seen in the differencesbetween �episodic generics� (where there is a regularity asserted about events),(6)a.Tabby usually lands on her feet.b. Marvin normally beats Sandy at ping-pong.�non-episodic generics� (where there is a regularity asserted to hold over a class of objects),(7)a.Bears with blue eyes are normally intelligent.b. A grade school student is usually a child.and sentences which can be seen as ambiguous between the two(8) a. People who have a job are usually happy.b. People who live far from their work usually drive.

Pelletier & Asher, p.9(These last can be seen as saying either (a) that most people who have a job are happy [or: mostpeople who live far from work are drivers], or (b) that a person is happy for most of the time thats/he holds a job [or: a person who lives far from work drives most of the time].)6 We will not,however, delve into these distinctions. Instead we will concentrate mostly on the naive question ofhow many exceptions can be tolerated by a characterizing sentence and have it still be true. We willargue that all quantificational analyses fail: that there is no univocal quantifier which can work forall generics. We then briefly examine whether there can be some probabilistic analysis that willwork; and again we argue in the negative: there is no sense in which a characterizing sentenceasserts a unique, or even a rough, probability. Having argued against any relationship — whetherquantificational or probabilistic — between generics and their instances, we offer a brief explanationof why this should be so. The failures of the quantificational and probabilistic analyses haveconsequences for certain AI accounts of the logical form of characterizing sentences, and we shalltherefore turn to the topic of these AI techniques.Consider these true characterizing sentences:(9)a.Snakes are reptilesb. Telephone books are thick booksc. Guppies give live birthd. Italians are good skierse. Crocodiles live to an old agef. Frenchmen eat horsemeatg. Unicorns have one hornObviously we understand the truth of these sentences as calling for different relative numbers orproportions of instances of the subject terms satisfying the predicate term. In (a) it is all; in (b)most; in (c) some subset of the females; in (d) some small percentage, but a greater percentage than

6 The sentences in (7) can also be seen as ambiguous: not only might it be a generalization over theobjects in the class (most bears with blue eyes / most grade school children) but also asgeneralizing over states (such bears are intelligent most of the time but maybe sometimes changeinto being stupid / a grade school student is a child for most of its life). These sentences shouldbe considered in concert with the earlier examples (2) and (4).

Pelletier & Asher, p.10in other countries (or maybe: the very best of the Italian skiers are better than the very best fromother countries); in (e) it is strikingly few, since of the hundreds born to one female at a time, mostare eaten within a few weeks of birth; in (f) there need be only a very small percentage — from thevantage point of North America, the mere fact of its happening at all is striking; and in (g) nounicorns have one horn. Examples such as these show that there is no univocal quantifier whichwill serve in all characterizing sentences.Even attempts to employ vague, probabilistically-oriented quantifiers such as most orgenerally or in asignificant number of cases are misguided. Consider such false characterizingsentences as(10)a. Leukemia patients are childrenb. Seeds do not germinatec. Books are paperbacksd. Prime numbers are odde. Crocodiles die before they attain an age of two weeksEach of these false characterizing sentences becomes true when prefixed with In asignificantnumber of cases. Indeed, the actual extension of the subject within the predicate has almostnothing to do with whether the generic is true or not. Even if all children ever born in RainbowLake, Alberta, were left-handed, this would have nothing to do with whether(11)Children born in Rainbow Lake, Alberta, are left-handed.To determine the truth of (11) we would instead look to the water supply, or to the mineraldeposits near the town, or to the electromagnetic fields surrounding the hospital, or to the ancestryof the parents of such children, etc., to determine whether some special causal factor was at workand made (11) a true characterizing sentence. The actual numbers or percentages of such childrenthat are left-handed is simply not relevant, except as evidence that some other force might be atwork. In this, generic statements are akin to scientific laws: they must be carefully distinguishedfrom accidental generalizations. If it were accidentally to happen that all the remaining pandas in theworld lost a leg, then even though every panda had three legs, still the characterizing sentence

Pelletier & Asher, p.11Pandas have three legs would be false. A sentence that is an accidental generalization is not a truecharacterizing sentence.1.5: Generics and IntensionalityFurthermore, characterizing sentences are inherently �intensional�, and this too is an obstacleto any extensional analysis, whether quantificational or probabilistic. Characterizing sentences like(12)a. This machine crushes orangesb. Kim handles the mail from Antarcticac. Members of this club help one another in emergenciescan be true despite there never being an opportunity for the generic episode to take place. (12a) canbe true even if the machine is immediately destroyed upon coming off the assembly line; (12b) canbe true even if there happened never to be any mail from Antarctica; and (12c) can be true even ifno emergency ever occurred. Such sentences show that what is required for the truth of generics is�intensional�: in these cases it amounts to the design of the machine, or the job-description of themail-sorters, or the preparedness to act in certain ways in certain situations. Surely this shows thecomplete implausibility of trying to capture genericity with a quantifier — no matter how �inherentlyvague� or �probabilistically-determined� one tries to make the quantifier. No such extensionalanalysis can be correct. One of the earliest philosophers to make this point was Bosanquet (1888),who remarked that if a generic judgment is formulated by means of the quantifier all, then it �ishelpless in the face of the most trivial exception� and for this reason used as examples onlystatements not containing a quantifier. (E.g., �Man is an animal capable of social life�, �A societyorganized on a purely commercial basis treats the working classes as little better than slaves�, �Thebacillus is a septic organism.�) His idea seems to be rather congenial to our position: we noticethat nearly all of the X�s are Y; we notice some exceptions; but we nonetheless doubt that the�nearly all� could be a mere coincidence. Therefore there must be �some sort of connection,however circuitous� and the exceptions can �be accounted for by special conditions�. And to

Pelletier & Asher, p.12express this sort of nomic dependency we use the generic forms of bare plural (�X�s are Y�),indefinite (�An X is Y�), and definite (�The X is Y�).7Another reason that there must be some operator other than an implicit quantifier is that thereare ambiguities in certain characterizing sentences — ambiguities between different generic readings.For one thing, there is a clear ambiguity between (what might be called8) a �habitual� reading and a�dispositional� reading. For example,(13) John drinks beercan be understood as meaning that beer is John�s favorite alcoholic beverage (habitual) or thatJohn does not object to drinking beer (dispositional). Other examples of ambiguities are illustratedby sentences like9(14)a. Typhoons arise in this part of the Pacific1. Typhoons in general have a common origin in this part of the Pacific2. There arise typhoons in this part of the Pacificb. A computer computes the daily weather forecast1. Computers in general have the task of computing the daily weather forecast2. The daily weather forecast is computed by a computerc. A cat runs across my lawn every day1. Cats in general run across my lawn every day2. Every day, a cat runs across my lawnThe 1- and 2-readings of these sentences are both generic readings, and so we need some methodby which to represent this type of ambiguity. There is also a difference between readings ofgenerics that is imposed by emphasis or focus. Consider the difference amongst (underliningindicates primary stress, which can be either focal or contrastive)

7 For a discussion of Bosanquet, see Barth (1974) pp. 364-367.8 These different readings were called �universal� and �existential� by Lawler 1973, on thegrounds that the first case is a �quasi-universal reading� and the latter case asserts an instance ofJohn drinking beer. But we wish to move away from the extensional implications of thesesentences in either of their senses and concentrate on their intensional force.9 The first of these sentences is from Milsark (1974), the second from Carlson (1979) where it isattributed to Barbara Partee, and the third is from Schubert & Pelletier (1987).

Pelletier & Asher, p.13(15)a. Leopards usually attack monkeys intrees b. Leopards usually attack monkeys in treesc. Leopards usually attack monkeys in treesd. Leopards usually attack monkeys in trees(15a) says that when leopards attack monkeys somewhere, that somewhere is usually in trees;(15b) says that when leopards attack monkeys in, around, or near trees, it is usually in the tree;(15c) says that when leopards attack something in trees, it is usually monkeys; and (15d) says thatwhen leopards are near monkeys in trees, they usually attack them. Another sort of ambiguityoccurs in sentences such as(16)Bullfighters are often injured.Clearly, �often� invokes some sort of implicit comparison class, and the ambiguity in (16) has alsoan effect on what this comparison class is. One can see (16) as saying that bullfighting is adangerous sport and that, compared to participants in other sporting activities, bullfighters getinjured in their sport more often. But one can also see (16) as saying that the sort of person whobecomes a bullfighter is the sort of a person who tends generally to get injured — compared to otherpeople in their daily lives, bullfighters injure themselves more often in their daily lives. Thedifference here — and in the other ambiguities also — is what Schubert & Pelletier (1987) called the�restricting cases� against which the characterizing statement is made. In (16) the restricting casescan be seen as either situations in which athletes are practicing their trade, or else situations ineveryone�s ordinary life. In the various sentences of (15), the relevant restricting cases are thosementioned in the explanations following those examples.1.6: Goals of an Analysis of Generic SentencesFrom a semantic point of view, there are three central goals of an analysis: (a) The analysisshould give some account of the truth conditions of generic sentences, preferably one that accordswith intuitive views of the truth conditions of sample generic sentences, showing how exceptionsarise and in which way they can affect the truth of such statements; (b) The analysis should explain

Pelletier & Asher, p.14the facts about intensionality, especially the law-like nature of generic sentences and how theydiffer from quantified, extensional sentences; (c) The analysis must give an account of how genericsentences are used in reasoning, especially reasoning that involves the fact that such sentencesadmit exceptions.Of course there are other goals one might reasonably ask of a philosophically and semanticallyadequate theory of generic sentences such as an account of how the analysis gives an explanationof propositional attitudes involving generic sentences, or an account of how generic sentencescome to form part of the �folk explanation� of the universe, or an account of how generic sentencesinteract with other sentences in any of the fields mentioned above in Section 1.2 (ethics, legaltheory, philosophy of science, etc). One might also ask for a clear statement of how the proposedsemantic analysis fits in with a syntactic analysis of the same material: how can one syntacticallydistinguish the different partitions of the generic sentences so as to yield the various ambiguities wefind in them? How can we deal with �generic anaphora�, since sometimes pronouns appear to referto kinds and other times to instances of the kinds? And without doubt, there are many otherreasonable expectations one might have of an adequate theory of generics. Our goals in this essayare modest, however; we concentrate only on the three goals identified in the previous paragraph,and even here we only give outlines. But we do think that the outlined answers will provide thefinal reasons desired, once the details are worked out.1.7: A Little NotationIn general, such characterizing sentences have three parts, joined by an operator that we willsimply call GEN: a �matrix� (a main clause) which makes the main assertion of the characterizingsentence, a �restrictor clause� which states the restricting cases relevant to the particular matrix, anda list of variables that are governed by GEN.10 With such a notation we have a convenient way torepresent the various readings of these characterizing sentences.(14«) a. Typhoons arise in this part of the Pacific.

10This tripartite structure comes from Lewis(1975).

Pelletier & Asher, p.151. GEN[x](x are typhoons; $y[y is this part of the Pacific & x arise in y])2. GEN[x](x is this part of the Pacific; $y[y are typhoons & y arise in x])(13«) a. John drinks

beer . GEN[x,y,s](x = John & x drinks y in s; y is beer)b. John drinks beer. GEN[x,y,s](x = John & y is beer & y in s & x in s; x drinks y in s)c. John beer . GEN[x,s](x = John & x in s; $y[beer(y) & x drinks y in s])(Again, the underlining indicates stressed pronunciation, or focus.) The �universal� interpretationin (13«a) can be rendered as: In appropriate situations (for which we use the variable �s�, and talkabout an object being �in� a situation) in which John drinks something, this is normally beer. The�existential� interpretation in (13«b) says that in appropriate situations where there is some beeravailable, John normally drinks it. The �habitual� interpretation in (13«c) says that, in appropriatesituations which contain John, he will drink beer.The list of those variables which are governed by the GEN operator must be allowed to varyfrom reading to reading, for it is here that some of the ambiguities reside. Not only is it sometimestrue that the objects which are governed by GEN are different in the different readings, as in(14«a), but also there can be different numbers of arguments, as in (13«c) compared to (13«a) or(13«b). And one can see the ambiguity reported in (8) as a matter of having different arguments toGEN — objects vs. situations. It is this sort of flexibility which will allow us to capture thedifferent readings of complex generics, where a NP may be within the scopes of several GENoperators or explicit quantifiers, any of which may control it, so that a disambiguating syntax isrequired. Consider(17)If a person occasionally contributes to a charity when he receives an appeal, he will usually receive further appealsHere acharity may be controlled by occasionally or by usually, depending on whether furtherappeals is understood as further appeals from charities or as further appeals from that charity.

Pelletier & Asher, p.16Disambiguations similar to those made in (13) and (13a) can be made for the sentences in (15),(16) and (17), as well as the other sentences in (14), given clever enough identification of thesituations and objects, and their interrelations.1.8: Generics vs. Explicit Statements of RegularitiesIt has already been remarked that generic statements appear to express law-like regularities,and not mere accidental correlations. This raises some interesting questions about the possiblerelationship between generics and explicit statements of regularities. What is the relationshipbetween the characterizing statement (18a) and the rest of the sentences in (18)?(18) a. Birds fly.11b. Most birds fly.c. Usually, birds fly.d. Birds typically fly.e. Birds generally fly.f. Normally, birds fly.g. In general, birds fly.(18a) states a generalization that follows somehow from (assumed) natural laws; it conveys nomicforce. The other statements can be used to express this meaning also, but in addition they can beused to assert, on a purely extensional level, that most, or many, etc., birds can fly. This latter isnot a generic statement — it does not have nomic force — although in many cases generic statementsimply or implicate these kinds of extensional statements.12 Nonetheless, many of the analyses ofcharacterizing statements, especially those in the AI literature, are in fact analyses of theseextensional sentences. Any attempt to analyze the generic statement in terms of �most� or �the

11 There is also an ambiguity in �fly� in these sentences, between the sense that birds have theability to fly vs. that they are flying. This ambiguity is heightened in those sentences with theexplicit adverbial quantifiers, (b)—(g). We are concerned here with the �ability to fly� sense, butthe other sense of these sentences is also a generic meaning and it too requires a suitabletreatment. The analysis hinted at above, with situation-variables as part of the possible argumentsto the list of �controlled variables� seems to afford a way to accommodate this ambiguity.12 But not always, as various of the aforementioned examples prove.

Pelletier & Asher, p.17usual� falls into this category; and attempts to use �the typical� or �the normal� fall into thiscategory also, unless these phrases are themselves given a non-extensional meaning�an option wewill consider in the next section. They simply are not analyses of generics, but rather are analysesof these extensional implications — and then only in those cases where the specific generic in facthas this sort of extensional implication. (As opposed to some of the other types of genericstatements mentioned above.) It seems to us that many of the AI theorists have merely cited thosespecific characterizing statements that in fact happen to have these sorts of extensionalconsequences, then proceeded to provide an analysis of sorts for these consequences andconcluded that they thereby have an analysis of the original generic statement. It is this lastinference that we challenge, and it is for this reason that we earlier gave the long list of genericsthat do not have this sort of extensional consequence. Of course, these AI analyses can beinteresting in their own right, because these sort of extensional consequences are important andchallenging. But as mentioned below, it seems that at least some of the AI theorists arrive at theiranalyses due to a confusion between generic nomic necessity and extensional generality.2: SEMANTIC ANALYSES OF GENERICSThe GEN operator, and its variable-control list, is just notation. The real question is: what isthe semantic interpretation of GEN? We have already seen that it cannot be universalquantification, nor indeed any univocal quantifier, not even a �vague� probabilistic quantifier. Theliterature contains (at least) seven other suggestions. First, the GEN operator might be spelled outas �relevant quantification�. Second, the apparent quantification embodied in generic sentencesmight be understood as singular predication where the subject is an �abstract object.� Third, thenotion of �prototypical entities� might be employed as an improvement on the abstract objectanalysis. Fourth, GEN can be seen as a statement of a stereotype. Fifth, GEN might be analyzedas a modal conditional, to be interpreted in a possible world semantics. Sixth, GEN might beanalyzed as combining with a sentence to express a constraint in the theory of Situation Semantics.And seventh, GEN might be given a default reasoning analysis in one form or another.

Pelletier & Asher, p.18Perhaps with suitable work each of these approaches can accommodate the view thatcharacterizing statements have nomic force and are more than mere statements of �what happensmore often than not.�13 We content ourselves with making brief comments on these approaches.After these comments we turn in Section 3 to a somewhat more detailed analysis of default theoriesand the extent to which they can be used to account for the semantic phenomena of generics.2.1: Relevant QuantificationThe generic operator might be spelled out as a universal quantification over relevant entities.When a statement is made about a �natural group� of objects, the hearer uses world knowledge torestrict the statement to just those members of the �natural group� to which it can be applied in asuitable way (Declerck 1991). For example(19)Whales give birth to live young."x[[whale(x) & R(x)] fi x gives birth to live young]will be a predication over female, non-sterile whales, as only they could possibly give birth to liveyoung in the first place. In the formulation above, this would be expressed by specifying therestriction variable R in a suitable way. One obvious problem with this approach is that thisprinciple, as it stands, can easily justify all kinds of generic sentences � since it is easy to findrestrictions which would make any quantification come out true. For example, the analysis couldmake(20) Whales are sickbe a true characterizing sentence, since we can take R to be the predicate sick, hence to restrict thequantification to sick whales. So this approach calls for a theory of suitable restrictions, and it isunclear how or whether this can be developed. Or, if it can be developed, perhaps it would just becircular in that one can find values of R only if one already knows what the true characterizingsentences are.

13 Of course giving an account of �what happens more often than not� is itself no trivial matter.But interesting as this may be, it is not the same task as giving an account of the semantics ofgeneric statements.

Pelletier & Asher, p.192.2: Abstract ObjectsIt might be supposed that generic NPs refer to an indeterminate or arbitrary object, and thatcharacterizing statements are in fact singular statements about this object. This view has theapparent advantage of enforcing a close link between our two types of genericity: Generic NPs andcharacterizing sentences. But it also seems not to cover the whole range of characterizing sentences— such as habituals like Mary smokes when she is nervous that do not appear to mention anyarbitrary objects.14 Furthermore, it is not obvious how to enforce the distinction between anaccidental universal generalization and a true generic with its nomic force in any theory that appealsto arbitrary objects. In assessing the plausibility of any such analysis, much depends on what sucha theory counts as an arbitrary object.Lewis (1972: 203) attributes to �the dark ages of logic� the story:The phrase �some pig� names a strange thing we may call the existentially generic pigwhich has just those properties that some pig has. Since some pig is male, some pig(a different one) is female�the existentially generic pig is simultaneously male,female...The phrase �every pig� names a different strange thing called the universallygeneric pig which has just those properties that every pig has. Since not every pig ispink, grey, or any other color, the universally generic pig is not of any color. (Yetneither is he colorless since not every — indeed not any — pig is colorless).�He is,however a pig and an animal, and he grunts; for every pig is a pig and an animal andgrunts. There are also the negative universally generic pig which has just thoseproperties that no pig has (he is not a pig, but he is both a stone and a number), themajority generic pig which has just those properties that more than half of all pigshave, and many more.�The history of philosophy has not been kind to arbitrary objects. For example, Lewis followsthe above quotation with: �The story is preposterous since nothing, however recondite, canpossibly have more or less than one of a set of incompatible and jointly exhaustive properties.�15Berkeley (1710) complained of (what he took to be) Locke�s (1690) version of this theory

14 Perhaps one could invoke arbitrary Mary-when-nervous objects?15 At least, can�t have them as its properties. But of course a set of properties could containcontradictory properties as members, and it is this use that Lewis recommends for naturallanguage semantics. In the theory developed in his (1972), such sets are characters, and are whatis in the extension of noun phrases; and a character is individual in his sense just in case it is amaximal compatible set of properties so that something could possess all and only the propertiesin the set. Otherwise he calls the character generic. But this sense of the term is not what is underdiscussion in the present article.

Pelletier & Asher, p.20according to which an arbitrary person or �general idea of person� would be of no particularheight, of no particular sex, of no particular age, and so forth. How, Berkely asks, can such anitem represent anything in experience — such as a person? Further, Berkeley continues, the wholenotion seems contradictory. If the arbitrary object or general idea has just those properties enjoyedby all people, then it will be either male or female. But as we have seen, it is not male, nor is itfemale; it is either male or female but neither male nor female. Frege (1904), commenting on theuse of abstract numbers in mathematics, asks whether there can be two distinct abstract numbers.If not, the theory of abstract numbers would be useless for mathematics (which often asks us toconsider two arbitrary numbers); but if so, the theory is committed to distinct objects that areindiscernible, since the alleged two abstract numbers share all properties. Russell (1905) points tosimilar difficulties with Meinongian (1904) �incomplete objects,� which are arbitrary objects in thesense used here. Amodern account of (�universally�) arbitrary objects is provided by Fine (1985), who alsobrings out the similarities (and differences) of his approach to that of the e-calculus (Hilbert &Bernays 1934; see also Routley 1967 and Smirnov 1976). It is possible that a similar theory ofmajority arbitrary objects or maybe even typically arbitrary objects could be specified along thesame lines, but we do not think it would be of use in explicating natural language generics, for itwould share a number of features of the actual Fine theory which we find unsuitable. In his explicitconsideration of all the preceding criticisms, Fine arrives at a theory in which the principle ofbivalence fails and in which disjunctions are not semantically evaluated directly by a disjunctionrule (and similarly, we presume, with other connectives). Further, there needs be a distinctionbetween (what Fine calls) �generic predicates� and �classical predicates.� It is only the genericpredicates which can give rise to arbitrary objects (and thus to generic NPs). All these restrictionsand caveats seem necessary to Fine�s theory, and they certainly do not take away from his goal ofgiving an account of how to employ �arbitrary objects� in formal logical proofs that invokeExistential Instantiation and Universal Generalization as rules of inference. But it seems to us thatit still requires a lot of further research to employ them in an account of natural language generic

Pelletier & Asher, p.21statements. For example, although mathematics and logic can perhaps do without bivalence intheir claims concerning �arbitrary numbers� or �arbitrary instances� or �arbitrary triangles,� thesame does not seem true of natural language generic statements. Given that one is willing to assigntruth values at all to generic statements, it seems clear that any particular generic sentence is eitherTrue or is False. �Ravens are black�, �Sally smokes after dinner,� �Birds fly,� and �Hamsters eatdogs� are each of them true�or if one should happen not to be true, then it is false. Certainly noneof them are �intermediate� or �neither true nor false.�2.3: PrototypesIt can be difficult to distinguish an �arbitrary object� approach from a �prototypical object�approach, despite Barth�s (1974, p.200) claim that the two concepts �should not be regarded aslogical synonyms and�not even as closely related notions.� The real difference, as we see it, isthat an arbitrary object theory proposes it to be an object that is of a different nature than �ordinaryobjects� (especially in the sorts of properties it has), whereas prototype theories presume thatprototypes are of the same nature as �ordinary objects.� Recall that a universally arbitrary X-objecthas only those properties that all X�s share, that an existentionally arbitrary X-object has propertiesthat any X has, majority arbitrary X-object would have only those properties that are enjoyed bymost X�s, and that a typically arbitrary X-object would have only those properties that a typical Xhas. But this means that universally arbitrary X-objects, majority arbitrary X-objects, and typicallyarbitrary X-objects could all be missing properties that are necessary for (ordinary) existence. Forexample, although the typical human has hair, there may be no typical hair color for humans�andso the typically arbitrary person would have hair but no hair color. Yet it is necessary that anyperson with hair who exists in the ordinary sense must have some hair color or other. Aprototypetheory would make different claims about such cases. It presumes that prototypes are �ordinaryobjects�, and so the prototypical human is an ordinary human. Aprototypical human will havehair, as we said; thus, a prototypical human will have some specific hair color. But since there isno prototypical hair color, it follows that there will be distinct prototypical humans (each with hair)

Pelletier & Asher, p.22that exemplify the different prototypically possible hair colors. It may be that one of these peoplewill have black hair, another brown hair, another blond hair, and a fourth red hair. From this itfollows that the prototypical hair color is: either black or brown or blond or red.In the quote cited just above, Barth was complaining about Jesperson (1924), who uses theterm �generic person�16 when talking about NPs with the indefinite article (and indefinitepronouns). Jesperson says that such an article is �a weaker version of �any�where a dog is takento represent a whole class.� Barth takes this to mean that an arbitrary dog is to be regarded asparadigmatic, which in turn is the �misconceived� moment in the area.It is not so obvious to us that Jesperson is conflating arbitrary and paradigmatic objects. Tous, the difference between the two is that an A-arbitrary object of type X has all and only theproperties that A of the X�s have, whereas a pardigmatic object of type X has all the prototypicalproperties that X�s have, but it will also have other properties. Our idea is that for such otherproperties there is a prototypical object enjoying each of the various alternative properties. Thus, aprototypical person has two arms, two legs, and hair on the head; and it has these because they arethe prototypical properties of people. But being male, or being female, is not such a property; thusthere will be one prototype that is female and one which is male. Having blonde, brunette, red orblack hair are not typical properties, and this will give rise to four prototypes for each of the sexes,and so on.The prototype approach we are interested in assumes that, from among the entities which arecategorized as being an instance of a certain concept, we can choose those entities which are �best�representations of that concept. The fundamental idea behind these approaches is that all the entitieswhich are the most typical representatives of a concept are called �prototypes�... a conceptpopularized in cognitive psychology especially by Rosch (1978) and Osherson & Smith (1981). Acharacterizing sentence is seen as a universal quantification over the prototypical elements of aconcept. For example, a sentence such as A cat has a tail can be paraphrased as Every prototypical

16 Barth says, �Jesperson�s use of �person� here is quite general and covers dogs and other logicalindividuals as well as human beings.�

Pelletier & Asher, p.23cat has atail. If we adopt an operator TYP which restricts the extension of a predicate to theentities which are �prototypical� for that predicate, then the �prototype-analysis of generics�becomes:(21) A cat has a tail. "x[TYP(cat)(x) fi $y[y is a tail & x has y]]When developing a unified treatment for all characterizing sentences, however, we must assume avery general prototypicality operator, because the contents of a Restrictor can vary widely; and wemust also allow such a TYP to be applied to predicates of different adicities. One feature of TYP,which has been widely noted (Smith & Osherson 1984), is that it is not a �compositional�operator. For example, TYP(pet fish) is not a function of TYP(pet) and TYP(fish). Note alsothat this operator cannot be defined in terms of sets or other extensional entities, but must bespecified as an operator whose arguments are intensional expressions. For, if GEN were definedin terms of extensional entities, then, in a world in which all birds except penguins became extinct,the notions of typical birds and typical penguins would coincide.But even this intensional approach does not give a fine-grained enough representation, asshown by the following true characterizing sentences:(22) a. A duck has colorful feathers.b. A duck lays whitish eggs.The problem here is that only male ducks have colorful feathers, and only female ones lay whitisheggs. As the set of male and female ducks are disjoint, the predicate TYP(duck) does not apply toany object at all. And this would have the untoward logical consequence that any characterizingsentence of the form A duck F�s would be true (because the antecedent of the universal quantifierwould always be false). Clearly, the notion of prototypicality must be relativized to the propertybeing expressed in order to save this approach. But it is far from clear how to accomplish such arelativization.2.4: Stereotypes

Pelletier & Asher, p.24Arelated approach is to see characterizing sentences as expressing stereotypes (Putnam1975, Scribner 1977). Look at the following contrast:(23)a. A lion has a mane.b. A lion is male.Why are we ready to accept (23a) but not (23b)? Note that arbitrary lions are more likely to be malethan to have a mane, since only, but not all, male lions have a mane (e.g., not male cubs).Nonetheless, (23a) is definitely true and (23b) is definitely false. Why? One possible answer is tosay that (23a) but not (23b) expresses a stereotype about lions in our culture: it is part of ourlinguistic knowledge about the kind Leo leo that it has a mane. The general idea is to break downthe meaning of a lexical expression into several components, including its extension and somestereotypical properties. These properties are considered to be the �core facts� (about the extensionof the entities) which everyone speaking the language in question must know.17 If GEN expressesstereotypical knowledge, then in order to understand GEN we need to investigate the formation ofstereotypes. But there is little hope that we will find principles of general logical interest in such aninvestigation. For example, one reason why having a mane is part of the stereotype of lion is thatthe lion is the only cat that has a mane, making this a distinguishing property for lions. Our taskwould be to search out other stereotype formations in which distinguishing properties play a role.But it seems unlikely that there is anything of general logical interest (as opposed toanthropological interest) in stereotype formation.Another potential difficulty for a stereotype analysis arises if one assumes cultural norms arethe source of stereotyping properties (Scribner 1977). For instance, suppose it is the norm insome culture to assume that snakes are slimy. Even there, the sentence Snakes areslimy is a falsesentence, no matter how much it is believed to be true by most members of the culture, sincesnakes, themselves, are in fact not slimy. That is, generics are construed as making claims aboutthe world, rather than what is considered a cultural norm. Furthermore, a stereotype analysis

17 Note that here, as in the case of prototypes, the stereotype of a compound expression like petfish is not a function of the stereotypes of its parts, pet and fish.

Pelletier & Asher, p.25cannot be the entire story, for stereotypes are tied to single words or well-known and �fixed�concepts, but the Restrictor of GEN can be made up by novel concepts as well. Asentence suchas Mary smokes when she comes home requires a generalization over situations in which Marycomes home. This sentence can be understood and believed to be true even if the hearer does nothave a stereotype about situations in which Mary comes home. If the stereotype theory werecorrect, GEN would not have a uniform interpretation after all, or, equivalently, there would haveto be numerous different generic operators. In either case there is no general theory of thesemantics of GEN.2.5: Modal Conditional ApproachesThe modal conditional approach uses a possible-worlds semantics in the analysis ofcharacterizing sentences, especially treating such sentences as modal conditionals (Delgrande 1987,Asher & Morreau 1991, Boutilier 1994). This seems a more promising approach than any of theforegoing approaches. For one thing, it has often been remarked that characterizing genericsentences resemble conditional sentences. (For example, a characterizing sentence such as A lionhas abushy tail can be rephrased as: If something is alion, it has abushy tail. And restrictivewhen-clauses, which are often used in characterizing sentences — When a cat is dropped, it usuallylands on its feet — are similar to conditional clauses in some respects.) So the extensive literature onthe modal treatment of conditionals and counterfactuals is relevant here as well. Furthermore, thephilosophical literature on dispositional predicates is related to the modal approach. Dispositionalpredicates, like be soluble in water, are generally reduced to law-like sentences (If x is put intowater, it will dissolve), and law-like sentences are in turn analyzed as modalized sentences. Thusmodal approaches perhaps promise to accommodate many of our desiderata for generics.What sort of modality should be used? Generics resemble counterfactuals and seem to be besthandled as a sort of variably strict conditional. Counterfactuals have the property noted by Lewis(1973) that two conditionals may have contradictory consequents even though one antecedententails the other. For example,

Pelletier & Asher, p.26(24) a. If you were to drop that plate, it would break.b.If you were to drop that plate and it were made of rubber, it would not break.c.If you were to drop that plate and it were made of rubber and its temperature were -40� C, it would break.Analyzed in terms of nonvariable modality and a material conditional, such statements are jointlyunsatisfiable, whereas intuitively we take them to be all true. Generics statements exhibit the samesort of behavior:(25)a.Birds flyb.Birds that are penguins don’t flyc.Birds that are penguins and have rockets strapped to their backs fly.So a natural suggestion (introduced first by Delgrande 1987) is to analyze generics in terms ofsome sort of quantified conditional. Delgrande (1987) first proposed that generic statements mighthave the logical form of a quantified conditional, and his ideas have certainly been influential in theAI community.18 Indeed the semantics from that we propose in Section 4 is a direct descendant ofhis.19 Yet there are some problems that need to be addressed. It is most tempting to analyze therelevant type of generic sentence in terms of �the most normal possible worlds�. Sentences like(25a) above would be analyzed as: In any of the most normal possible worlds, every bird flies. Yetit is far from clear that there is any sense at all to the notion of being a �most normal possibleworld� in an unrestricted sense. (Isn�t ours the most normal, by definition?). And even if werestrict the notion of normalcy to just being normal-with-respect-to-bird-flying-ness, it still seemsimplausible to say that it is more normal to have all birds fly than for some of them not to fly. Is itmore normal for penguins to fly? Is it really more normal if there are no penguins? Or kiwis or emu

18Other people who have advocated at least implicitly that generics be treated as some sort ofconditional are Pearl (1988), who analyzes conditionals in the manner of Adams (1975) as e-probability statements.19 Like most others in the AI community, Delgrande’s primary interest is the formalization ofcommonsense reasoning and not an analysis of generics.

Pelletier & Asher, p.27or ostriches? Or fledglings? Or clipped-winged or broken-winged or dead birds? And as sentence(22a) reminds us, if there were a world in which all ducks had brightly colored feathers then therewould be no female ducks and hence no brightly-colored males. (Or would it be more normal forthe female ducks to be brightly-colored??) And does (22b) presume that it would be more normalfor male ducks to lay eggs?? It seems pretty clear that one overall notion of �normalcy� just is notwhat is called for here, for these imagined scenarios simply are not more normal. And as the caseof the interacting defaults in (22a-b) shows, even on the extensional level it is pretty difficult toimagine how such �conflicting defaults� can be accommodated when the so-called normal worldsmust choose one or the other of the groups to be eliminated as abnormal, and yet if one iseliminated then the other becomes highly abnormal because its existence depended on the existenceof the other group.2.6: Situation SemanticsAccording to the situation-semantic approach (Barwise & Perry 1983), it is convenient to usedomains �smaller� than complete possible worlds as conversational background. Auseful domainmight be one in which we look only at single turtles or only at fertilized female ducks. The fifthapproach does exactly this by considering situations instead of possible worlds, modelingcharacterizing sentences as constraints on situations. Constraints have already been used inSituation Semantics to model conditional sentences (Barwise 1986), and since characterizingsentences are very similar to conditionals, this constraint technique would seem to be applicable tothem as well.Constraints are relations between types of situations. Aconstraint such as S => S«, where Sand S« are situation types, says that S involves S«, or that whenever S is realized, then S« isrealized as well, i.e., whenever there is a situation s of type S there is also a situation s« of typeS«. The situation types may contain parameters which can be anchored to specific entities, locationsor types. (In such an approach, parameters are similar to variables, and anchors similar to variableassignments.) An important rule is that whenever ~ is an anchor for S (i.e., S(~) differs from S

Pelletier & Asher, p.28only insofar as some parameters of S are anchored) and we have a constraint S => S«, then we alsohave a constraint S(~) => S«(~). This rule captures the dependencies between parameters, and canbe used to express the dependencies in sentences with adverbial quantifiers if we analyze thevariables as parameters. It is important to note that it may be the case that a constraint holds onlywith respect to some background B. Such a conditional constraint is given as (S => S«) | B, readas: S involves S«, given that B, where B is a situation type as well. The background B can bemore specific than possible worlds could possibly be. For example, in sentence (22b) B can berestricted to situations containing female animals because the sentence tells us something about themode of giving birth, and therefore only female animals should count. But our considering hereonly situations that contain no male ducks in no way commits us to denying that there are alsomating situations in which there are both male and female ducks. As with the modal approach, thepertinent background is often left unspecified; and again we must assume some rule ofaccommodation. We discuss such a rule below, in presenting our theory in Section 4.2.7: Default Reasoning ApproachesThe sixth approach for handling the semantics of characterizing sentences is actually a set ofrelated approaches being developed under the rubric �non-monotonic reasoning� both in logic andin AI. Although this literature does not contain an explicit discussion of generic sentences, thecrucial examples that guide its development are always characterizing sentences, and so, if thesetheories are successful, we should expect from them an adequate semantics of characterizingsentences. There are four main accounts of non-monotonic reasoning. Consider the following example:(26) Birds are feathered.a. If x is a bird is true, and if the fact x is feathered can be consistently assumed, then conclude that x is feathered is true.b. If x is a bird and it is not known that x is not feathered, then x is feathered.

Pelletier & Asher, p.29c. If x is a bird, and x is not abnormal for a bird with respect to being feathered, then x is feathered.d. if x is a bird, and the probability of x’s flying conditional upon it’s being a bird is a, then the probability that x flies is a.20The reasoning in (a) is an example of a �default rule� (Reiter 1980). This is an inference rule thatallows us to reach a conclusion C (here, x is feathered) from a sentence A (here, x is abird), giventhat another sentence B (the so-called justification; here, x is feathered) is consistent with the factsassumed so far, i.e., we cannot infer its negation from these or other facts. The reasoning in (b) isan example of �autoepistemic reasoning� (McDermott & Doyle 1980, Moore 1984). The variousapproaches which fall into this category differ with respect to the epistemic modality they invoke,as well as in certain technical details. In general, this type of approach can be characterized asreasoning with the absence of positive knowledge, and is similar to default logic in this respect.Unlike default logic, however, modalized nonmonotonic reasoning allows the default rule to bemade explicit in the object language by the modal operator it is not known that. The reasoning in(c) represents �circumscription� or �minimal entailment� (McCarthy 1980, 1986). The central ideais to cover all exceptions by one predicate (one stating that the exceptional cases are abnormal) andto restrict the domain of this abnormality predicate to those entities which must be abnormal giventhe positive knowledge we have. This minimization of predicate domains is called circumscription.Clearly, such an abnormality predicate must be intepreted relative to some other property. Forexample, the emu, Bruce, is abnormal for a bird because he cannot fly, but not abnormal in thesense of having no feathers. The reasoning involved in (d) illustrates one of the ways in whichprobabilistic logic may be brought to bear on the issue of reasoning with uncertainty. Authorssuch as Bacchus et al (1993) explicitly make the link between probabilistic logic and generics in theway glossed in (d); others such as Pearl (1988) have used the probabilistic logic only indirectly--by

20a is a number that is typically taken to be high and in the case of Pearl (1988) 1- e.

Pelletier & Asher, p.30adapting the probabilistic semantics for conditionals given by Adams (1975). In the next sectionwe examine the first four approaches in more detail.3: Default Approaches and Generics In Section 2.7 above, we briefly introduced four different ways of using default ornonmonotonic reasoning formalisms as possible ways to understand the semantics of generic,characterizing sentences--or at least, as ways to understand a part of the semantics of suchsentences. In this section we explore these methods in more detail, with particular attention to howthe inner workings of these formalisms interact with the phenomena of genericity. We willconcentrate on two aspects of this interaction-- first, what sort of truth conditional semantics, ifany, these formalisms imply for generics; and second, how these formalisms account for variousintuitively acceptable forms of nonmonotonic reasoning in which characterizing sentences figure aspremises or as conclusions.3.1 A General Characterization of Nonmonotonicity and Patterns o f Nonmonotonic ReasoningThe term �non-monotonic� indicates that these frameworks give a formal mechanism forretracting a previous conclusion when given new evidence. Formally speaking, an inference isnon-monotonic if the set of premises G generates conclusion f, but the premises (G¨y) do notgenerate conclusion f. For example, learning that the supermarket is open and knowing that itcarries wine and that I have enough money to buy wine, I can conclude that I can buy wine.However, I might (later) learn in addition that city laws prohibit the selling of alcoholic beveragesbetween midnight and 6:00 in the morning, and as it is after midnight now, I must retract thatconclusion. And this is done without retracting any of the original premises, and without sayingthat the original conclusion was invalidly inferred. All the approaches we have characterized asdefault approaches are centrally concerned with drawing inferences, and as such differ from (e.g.)

Pelletier & Asher, p.31the modal conditional approach which is not a theory of inferences but rather a theory of the truthconditions of an object language connective.The problem of how to treat exceptions is the basic question of the enterprise. Atypicalproblem is that we may infer from the fact that Bruce is a bird the fact that he can fly, althoughthere are many types of birds which are exceptions to this rule, such as kiwis, penguins, ostriches,emu, dead birds, and birds with clipped wings. We might try to include all these exceptions in ourrule21 by saying that: if Bruce is a bird that is not a kiwi, not a penguin, not an ostrich, not an emu,is not dead, doesn�t have clipped wings, etc., then it can fly. But it is not possible in general togive a complete list of exceptional properties; and, in a particular case, we may not know whetherthe entity has an exceptional property. Still, we often reason that, if Bruce is a bird, then he canfly, and retract this conclusion at a later time if we learn that Bruce is, in fact, an emu.Research in nonmonotonic reasoning is relevant to the semantic analysis of generic statementsor characterizing sentences. Over the past twenty years, those working on nonmonotonicreasoning have isolated a number of patterns deemed to be defeasibly acceptable, thoughdeductively invalid, reasoning; and these patterns appear to crucially use generic statements aspremises. These patterns constitute, we believe, an important aspect of the use of generics, henceone which a theory of meaning for generics should capture. On the other hand, it seemsincontrovertible that the acceptability of these patterns of reasoning depends upon the meaning ofthe generics which figure in the premises. So an adequate semantics for generics should use thetruth-conditional meaning of generics to define a notion of consequence that captures and justifiesthese patterns of reasoning, in some sense of �justification�. This notion of consequence, however,is not to be confused with the ordinary notion of validity that we have referred to at least implicitlyin discussing the truth conditions of generics.Here are some of the best known patterns, listed sometimes together with a similar but invalidargument form that shows how the original pattern can be �defeated�. By using our Gennotation, we can represent the argument formDefeasible modus ponens (DMP) as follows:

21Thereby adopting the variant (mentioned in footnote 5 above) of our first �bad attitude�.

Pelletier & Asher, p.32DMPThe "Defeat" of DMGen [x] (A; B)Gen [x] (A; B)

A[d/x]

,´B[d/x]B[d/x]?(This is the most famous example of the default inference patterns, and is enshrined in the�Tweety� example.22) We cannot expect commonsense entailment to behave like the two displayedpatterns for completely arbitrary predicates A and B. For example, if A and B are chosen to be oneand the same formula, then when adding the premise ´B(t) to "defeat" the modus ponens we endup with the following premises: "x(A>A), A(t), ´A(t). These premises contain A(t), and for thisuninteresting reason A(t) will continue to follow (possibly along with everything else, since thepremises have even become inconsistent). Similar comments may be made in connection with theother patterns of defeasible reasoning.Another pattern is the so called Nixon Diamond, the name of which stems from anotherfamous example from the nonmonotonic reasoning literature. Unlike the preceding example, thisone exhibits a failure to draw conclusions from conflicting defaults.Nixon is a QuakerNixon is a Republican.Quakers are pacifists.

Republicans are not pacifists.?And there is the extended Nixon diamond in which the Nixon diamond gets added premises and adifferent conclusion, which now is validly drawn:Nixon is a Quaker

22This most celebrated and widely accepted pattern of nonmonotonic reasoning does not workequally well with all generics, however. Consider the argument ,Frenchmen eat horsemeat.Pierre is a Frenchman.So, Pierre eats horsemeat.This argument does not seem so acceptable; but arguably the difference stems from aninterpretation of this generic as being of a piece with the generics that Lawler (1973), we feelinaccurately, called �existential�. Such sentences or such readings of generic sentences are notrelevant to reasoning with exceptions, and they are not captured by this semantics. It remains anopen question as to what determines such readings or the preference for such readings. Perhaps afiner lexical analysis of the predicates involved will yield an answer, but this is only a guess.

Pelletier & Asher, p.33Nixon is a Republican.Quakers are doves.Republicans are hawks.Doves are not hawks.Doves are politically active.

Hawks arepolitically active

.Nixon is politically active.Two other important patterns are given below that researchers in AI have felt an essential part ofdefeasible reasoning with generics; they reflect the idea that information about subkinds shouldtake precedence over information about the kinds which subsume them.PENGUIN PRINCIPLEBirds flyGen [x] (B; F)Penguins do not flyGen [x] (P; ´F)Penguins are birds "x(PfiB)

Tweety isapenguin

P(t) Tweety does not fly. ´F(t)That penguins do not fly is a defeasible fact about penguins, a rule which admits exceptions. Thatpenguins are birds, on the other hand, is a matter of taxonomic fact for which there are noexceptions.23 It is interesting that swapping this taxonomic fact for the softer defeasible fact doesnot change our intuitions about the PENGUIN PRINCIPLE:WEAK PENGUIN PRINCIPLEAdults are employed Gen [x] (A; E)Students are not employedGen [x] (S; ´E)Students are adults Gen [x] (S; A)

Sam isastudent

S(s) Sam is not employed. ´E(s)Our comments in Sections 1.2 and 1.3 suggest — and we will argue in mor detail for this inSection 3.2 — that generics must be allowed as conclusions to arguments. Once we countenancegenerics as conclusions to defeasible arguments, then the following patterns naturally suggestthemselves.24

23 Such taxonomic facts are understood as being meaning postulates, or modally necessaryconditionals (of the S5 variety), or we could simply stipulate that taxonomic facts are taken to betrue in all worlds.24 Note the difference in the following patterns from what might be called �pointwise� versions ofthe same arguments. DEFEASIBLE TRANSITIVITY below yields a generic statement as a

Pelletier & Asher, p.34DEFEASIBLE TRANSITIVITYDefeasibly ValidDefeasibly InvalidBirds fly Slow eaters enjoy their food

Sparrows arebirds

Those disgusted by their food are slow eatersSparrows fly

Those disgusted bytheir food donotenjoy it Those disgusted by their food enjoy their foodDEFEASIBLE STRENGTHENING OF THE ANTECEDENTDefeasibly ValidDefeasibly Invalid

Birds fly Birds flyWhite birds fly

Dead birds donotfly Dead birds flyFinally, we mention a type of inference that is invalid in nonmonotonic logics based onconditionals but which is valid in Reiter�s default logic and in McCarthy�s circumscription. It iswidely believed that instances of this type should be valid in any nonmonotonic reasoningsystem.25 Consider first the following pattern, in which we infer that Fido, even though we knowhe is abnormal in one respect (he only has three legs), is hairy, and so presumed normal in anotherrespect.(27)Gen [x] (D; H)dogs are normally hairyGen [x] (D; F)dogs normally have four legs

D[f/x],

´F[f/x]

Fido isathree legged dog H[f/x]Fido is hairyAs mentioned, this inference is widely accepted in the AI literature; nevertheless it is suspect onempirical grounds. As Elio & Pelletier (1993) mention, it seems that �ordinary people� are ratherunhappy about drawing these default inferences about objects that are known to violate otherdefault rules. Here, Fido violates the default rule concerning number of dog-legs; and people ingeneral are thereby less willing to allow Fido to obey the other default rule, about dog-hair.26 Andthere are other inferences that seem undeniably acceptable but which nevertheless fail for several conclusion whereas the �pointwise� defeasible transitivity would add �x is a sparrow� as apremise and yield �x flies� as conclusion, and would do this for each x.25 See Lifschitz 1989, Problem 3.26 In the present example, people probably would agree to this specific conclusion, but that�sbecause they know that number of legs doesn’t affect hairiness. But as an abstract pattern, peopleare unhappy about the inference.

Pelletier & Asher, p.35nonmonotonic logics that are based on conditionals. For example, nonmonotonic logics that areequivalent to the rational closure defined by Lehmann (1989) fail to predict the following inference,which seems intuitively acceptable (where B, D, F, K are logically independent in a sense to bemade specific later):(28)Gen [x] (B; F) Birds flyGen [x] (D; K)Dogs bark

B[t/x],

D[c/x],

´F[t/x]

Tweety isanon-flying bird;

Charlie isadog K[c/x] Charlie barksNote the difference between the inferences (27) and (28). In (27) we have some particular object fthat violates some rule, and the inference nonetheless says to infer that the object f obeys someother default rule. As mentioned, one might say that an object�s failing to obey one default rule isitself a reason for being less confident in that object�s obeying other rules. But in (28) we havetwo distinct objects, one of which violates a default rule. It is difficult to see why this should haveany relevance to the other object�s obeying or disobeying a different default rule. And the empiricalresults mentioned above do not deal with these cases.As explained in Benferhat et al. (1992, 1993), most of the known rational systems ofnonmonotonic logic fail to predict this inference, because they use a ranking of all the default rulesaccording to which rules are grouped into clusters, and these clusters are then ranked. The clustersare defined by the logical relations between the antecedents. All those rules with antecedents thateither strictly or by default imply a formula that is an antecedent in another rule X are in a clusterwith a higher rank than the cluster containing X has. Some of the rules in a cluster may haveexceptions; in that case all the rules in the cluster are blocked from any application. The preferredmodel takes all the clusters down the ranking to the first cluster that has an exception and treatsthem as universally quantified material conditionals. In effect, the blocked rules are simply treatedas atoms. In the case of (28), both rules are put in the same cluster; since one of the rules has anexception, both are rendered inert.The failure to validate the pattern in (28) seems disastrous for any theory of the role ofgenerics in nonmonotonic reasoning. Nonmonotonic formalisms that do not verify this patternappear to be completely unusable, since in most realistic applications of nonmonotonic reasoning

Pelletier & Asher, p.36we cannot presume that there are no exceptions to any generic premises that might be added to ourargument.3.2: Evaluation of Default Approaches I: Default Logic and Update SemanticsThe default logic approach (Reiter 1980) in (26a) differs from the other nonmonotonicapproaches we consider in that it uses a formula of the meta-language rather than of therepresentation language to state how characterizing sentences are to be understood. For exampleBirds are feathered would be for Reiter a "normal" default rule of the form:

bird(x):

feathered( x )feathered(x)Informally, this rule says that if x is a bird and it is consistent to assume that it is feathered, thenyou may conclude that it is feathered. A set of such rules help make up a default theory, which is apair containing a set of facts and a set of default rules, <W, D>. Reiter then defines the notion ofan extension of a default theory to formalize commonsense reasoning. An extension of a defaulttheory represents a particular sort of fixed point closure of the set of facts under the default rules(for details see the chapter in this handbook by Thomason). An apparently appropriate notion ofnonmonotonic consequence for reasoning about generics in this theory is to say that a sentence ffollows from a default theory just in case f is a classical logical consequence of every extension ofthe default theory. This definition of nonmonotonic consequence, like the alternatives proposedbelow, suffices to derive fly(tweety) from the default theory<{bird(tweety)}, {bird(x): fly(x)}>

fly(x)provided that we understand the default rule above as in effect the infinite set of all its instantiationswhen applying the notion of an extension. Thus, default logic is able to account for the patternDMP.

Pelletier & Asher, p.37Default Logic also predicts that the Nixon diamond is defeasibly invalid and the extendedNixon diamond is defeasibly valid. The Nixon diamond premises yield the following defaulttheory<{republican(nixon), quaker(nixon) , "x(dove(x) fi ´hawk(x))},{republican(x): hawk(x), quaker(x): dove(x) }> hawk(x) dove(x)This default theory yields two extensions, one in which Nixon is a hawk (and so not a dove) andone in which Nixon is a dove (and so not a hawk). So neither the conclusion that Nixon is a hawknor the conclusion that Nixon is a dove follows from this default theory, given our definition ofdefeasible consequence for default theories.It also predicts patterns of the form depicted in (28) and even (27) to be acceptable. It fails,however, to verify the Penguin Principle or the Weak Penguin Principle, In effect it treats thepremise sets of those patterns on a par with the premise set in the Nixon diamond; it predicts thatthere are two extensions, one in which Tweety flies and one in which Tweety does not.27Influenced by Reiter�s default logic, Veltman (1995) proposes a semantics in which all of thenonmonotonic inference patterns mentioned are validated defeasibly.Default logic and its offspring do a good job at capturing those patterns of defeasiblereasoning that we mentioned in the previous section. However, default logic does not provide uswith an acceptable formalization of generic statements. Default rules are rules, and therefore aresound or unsound — rather than sentences, which are either true or false. If we analyzecharacterizing sentences using default rules, these sentences would not have truth values, and theirmeanings could not be specified by an ordinary semantic interpretation function. One consequenceof being neither true nor false — not being in the language — is that characterizing sentences wouldtherefore not �talk about the world�, instead they would �talk about� which inferences to draw.And this seems to us as a strike against such an account.

27We note that extensions to the original default logic, such as that provided by Brewka (1991) canhandle the Penguin and Weak Penguin Principles.

Pelletier & Asher, p.38Another possible strike against such an account is that since generics are seen as rules, not asstatements, they cannot be the conclusions of arguments. But we think that generic conclusionsmay be among the things we should come to believe on the basis of other generic statements. Infact, one might even think it inconsistent to be willing to infer the particular conclusion Sam fliesfrom the premises Sparrows arebirds, Birds fly and Sam is asparrow�and to do this for anyindividual Sam, while refusing to infer the generic Sparrows fly. If it is true that the genericstatement Sparrows fly summarizes facts about individual sparrow�s inherent flying abilities, andsays something like Individual sparrows normally fly, as a matter of nomic necessity, how can werefuse to draw the generic as a conclusion?Veltman (1995) in fact does claim that characterizing sentences are merely rules of inference,whose significance is not truth-conditional, but lies instead in what is called their "dynamic"meaning: the contribution which they make to how individuals update their beliefs on obtainingmore information. Veltman puts his claim this way:The heart of the theory...[of generics within update semantics] does not consist in aspecification of truth conditions but of update conditions. According to this theorythe slogan "You know the meaning of a sentence if you know the conditions underwhich it is true" should be replaced by this one: "You know the meaning of asentence if you know the change it brings about in the information state of anyonewho accepts the news conveyed by it".The question of whether characterizing sentences have truth values, or whether, as Veltmansupposes, they merely express rules of default inference, we take to be a very fundamental one. Itis unlikely to be settled by amassing intuitive judgments of the type we brought up earlier in thisSection and in Section 1, so it is of importance to look for other evidence which might bear on theissue. Here is one consideration.If we were to accept the view, we would need to find a way to handle cases with nested GENoperators such as (5), or the following:(29) A cat is healthy if it chases an object when it is moved in front of its eyes.

Pelletier & Asher, p.39 GEN[x](x is a cat &GEN[y,s](y is an object & y is moved in front of x�s eyes in s; x chases y in s); x is healthy)Default rules can�t work here because in such an approach the embedded GEN-formula wouldhave to be spelled out as a default rule — which is a statement in the meta-language, and cannot beconjoined with a sentence such as x is acat in the object language as required for the treatment ofthe outer GEN-phrase. This feature of generic statements � that they can be embedded or nestedwithin other characterizing statements � is not restricted to just a few formulas. Already (5) and(29) illustrate a wide range, but also consider(30) a.People who work late nights do not wake up early.b.People who do not like to eat out, do not like to eat out.Sentences like these are nested in that they attribute properties which involve genericity (asexpressed here by the "habitual" predicate wakes up early) to kinds which are defined by means ofcharacterizing properties (people who work late nights). (30b) is another example of a nestedcharacterizing sentence, this time one which arguably is logically valid. Theories of generic meaning must be sufficiently general and provide interpretations not onlyfor simple characterizing sentences like birds fly, but also for composite sentences in whichgenericity mixes with more genericity (as in the cases of nested characterizing sentences justmentioned), and those cases where it mixes with counterfactuality, belief, knowledge, and otherpropositional attitudes�as for instance in(31) a.John believes that cassowaries fly. b.John knows that Mary loves kissing him, and he would be unhappy if she were to like it less.Atheory of what generics mean ought at least to extend to a theory of what they mean in suchcontexts. And it is extremely difficult to see how any theory denying truth and falsity tocharacterizing sentences can account for these phenomena.

Pelletier & Asher, p.40This is where theories that assign generics truth conditions (like McCarthy’s below or the one thatwe mention later from Asher and Morreau) differ from those which treat characterizing sentencesas mere rules of default inference. Where characterizing sentences are assigned truth values it isimmediately clear how to interpret nested sentences. And where the truth values are assigned in apossible worlds framework, as they are below, it is clear how to embed characterizing sentencesinto propositional attitudes, modal contexts, counterfactual and other conditionals, and any otherconstructions which have been treated within this framework.But if characterizing sentences are interpreted as mere rules of default inference, or functionsfrom information states to information states, it is not even clear how they could be nested even upa few levels without making the formal account phenomenally complicated. We take this to bestrong theoretical evidence of the importance of truth conditions in a theory of what characterizingsentences mean, and a strong reminder of the danger of restricting attention to too narrow a rangeof the phenomena which a theory of generic meaning can be expected to explain.If one thinks that generic statements should have truth conditions as we do, then one mustlook at formalisms other than default logic or those accounts of generics which, like Veltman’s, areinspired by its proposals. 3.3 Evaluation of Default Approaches II: Autoepistemic LogicAutoepistemic logic introduced by Moore (1984) attempts to formulate "nonmonotonic reasoning"by means of a particular epistemic logic. Autoepistemic logic gives a modal translation (though nota conditional translation) to generic statements. A statement like birds fly˚is translated as:"x((bird(x) & M(fly(x))) fi fly(x))where M is an epistemic modality that means consistent with all my beliefs. Moore’s idea,following Stalnaker (1968) is that nonmonotonic reasoning, or at least one form of nonmonotonicreasoning, can be captured by formalizing the result of an ideal agent’s reflecting on his beliefs.Moore calls this a stable autoepistemic theory. More particularly, if T is a set of formulas in a

Pelletier & Asher, p.41language with one modal operator B (for it is believed that) that represents the beliefs of an ideallyrational agent, then T is a stable autoepistemic theory ifT is closed under classical logical consequencewhenever f ˛ T, then Bf ˛ Twhenever f ˇ T, then ´Bf ˛ TTo find out whether a particular formula f nonmonotonically or "autoepistemically" follows anarbitrary set of formulas X, it suffices to see whether f follows classically from every stableautoepistemic expansion of X, which is simply X closed under the clauses of what it is to be astable autoepistemic theory given above. While Moore thought that his autoepistemic logic wasdistinct from default logic, Konolige (1988) showed that there was a sound and completetranslation from default logic into autoepistemic logic; recently, Gottlob (1993) has shown that theexpressive power of standard autoepistemic logic is strictly greater than that of default logic.Autoepistemic logic does as well as (though no better than) Reiter’s default logic in capturing thedefeasibly valid patterns of nonmontonic reasoning, though the techniques used by Brewka (1991)to extend default logic to capture the Penguin Principles may also be applied to autoepistemic logic.The question central to our concerns here is, does autoepistemic logic offer an adequateinterpretation of generic statements? Clearly, we think it better than that of default logic, since theautoepistemic translation of birds fly is a sentence that can be true or false. But the autoepistemicinterpretation of generic statements has some drawbacks which we think make it unacceptable. Itfails to capture the appropriate nomic connection between antecedent and consequent of a genericstatement for one thing. The autoepistemic interpretation of generic statements makes suchsentences as squares are round, tigers are vegetables or numbers are animals be true. This is sobecause it is not epistemically possible (for any rational agent) that a square be round or that a tigerbe a vegetable, and thus those statements are true in every one of these worlds. But such genericstatements are clearly false. Further, this proposed analysis makes the truth conditions of genericsdepend on the epistemic states of particular agents--a hypothesis with which we are uncomfortable.We believe that birds fly would be true even if rational agents had never existed. Perhaps there are

Pelletier & Asher, p.42ways to eliminate the subjectivity from the autoepistemic proposal, but we will not attempt thishere. We feel that there are enough problems with this view of generic statements not to proceedany further.3.4 Evaluation of Default Theories III: CircumscriptionMcCarthy(1980) proposed the notion of circumscription not to analyze the meaning ofgenerics but rather to formalize commonsense reasoning. Yet because the types of inference thathe took to be examples of commonsense reasoning (e.g., "Defeasible Modus Ponens") typicallycontain generics as premises, we can take his ideas implicitly to define a semantics of generics. Toa first order language, McCarthy adds a set of one-place predicates {Abi}. Each predicate Abirepresents the property of being abnormal in some respect i. The translation into McCarthy’s�language of circumscription� of a generic like birds fly then is: any bird that is not abnormal-with-respect-to-birdiness flies or symbolically"x((Bird(x) & ´Abi(x)) fi Fly(x))Even though this is an extensional treatment of generics, it offers significant improvements overthe classical extensional translation, "x(Bird(x)fiFly(x)). For instance, unlike the classicaltreatment, this treatment allows that birds fly may remain true even though not all birds fly, sincethere may be birds which are abnormal-with-respect-to-birdiness. McCarthy combines thistreatment of generics with a particular approach to commonsense reasoning. To see whatcommonsensically follows from a set of premises containing generics, McCarthy proposes that wesee what holds in those models of the premises in which the extensions of the Abi predicates are assmall as possible. So for instance, if our set of premises are {birds fly, Tweety is a bird}, then weshould look at all those models of the premises in which the extension of Abi above is as small aspossible. Since nothing in these premises forces Abi to have a nonempty extension, we look atthose models in which the extension is null; and in those models Tweety flies. Hence, saysMcCarthy, the inference from {birds fly, Tweety is a bird} to Tweety flies is an acceptable form of

Pelletier & Asher, p.43commonsense reasoning.28 Circumscription captures all the inferences that Reiter’s default logicdoes, but it too fails to capture the Penguin Principles. Lifschitz’s development of prioritizedcircumscription (Lifschitz 1985) remedies this difficulty, however.Again although we think that research along these lines has helped elucidate commonsensereasoning and that commonsense reasoning is an important feature of the use of generics, we stillfeel that this proposal has some pretty clear defects as an account of the semantics of generics, andwe will cite some of them in the last part of this Section.3.5 Evaluation of Default Approaches IV: Probabilistic AnalysesProbabilistic analyses of generic statements and their use in nonmonotonic reasoning divideinto two camps. The first approach, most recently advocated by Bacchus et. al. (1993), usesprobability statements directly to represent generics. Not only do they argue that nonmonotonicreasoning resembles probabilistic reasoning, but in particular they represent generic statements asconditional probability statements where the conditional probability approaches 1 (this has its rootsin Adam’s (1975) representation of a conditional sentence A> B as the conditional probabilitystatement Pr(B/A) „ 1-e.). They then go on to define a nonmonotonic consequence relation thathas many attractive properties. For us, however, the decision to represent natural languagegenerics as conditional probaility statements seems mistaken for the reasons we gave earlier inSection 1.3, and so we shall not consider these views further. The other approach, exemplified by Pearl (1988), uses the probabilistic calculus to provide asemantics for a conditional, again in the manner of Adams (1975) as Pr(B/A) „ 1-e. And it isthese conditionals that represent generic statements. This is an attractive proposal and close to theone that we shall propose in the next section. The nonmonotonic consequence relation defined byPearl has many desirable properties. However, a difficulty with Adams’s (and Pearl’s) semanticsfor conditionals is that it is impossible to interpret conditionals with antecedents that containconditionals within it. This casts doubt on the proposal as an adequate account of generic

28For more details, see Thomason’s chapter in this handbook.

Pelletier & Asher, p.44statements, since we have seen that nested generics (both in the antecedent and the consequent) arecommonplace and perfectly acceptable. Further, Pearl’s nonmonotonic consequence relation Zfails to verify either the patterns in (28) or in (27), and as we have said before, failing to validate atleast the (28) pattern makes us seriously doubt that this approach can serve to capture the propertiesof generics in nonmonotonic reasoning.293.6 A General Evaluation of Default Reasoning ApproachesThe main reason that non-monotonic logics appear to be useful for representing the meaningof characterizing statements is that they explicitly allow for exceptions to general rules, whichreflects the fact that characterizing sentences typically allow for exceptions. Furthermore, there is acorrespondence between the nomic quality of these characterizing sentences and the waygeneralizations are captured in non-monotonic logic: Part of the nomic force of characterizingsentences is that they make claims about an open (or open-ended) class of entities. For example,the sentence A lion has amane does not make a claim about the closed class of all existing lions,but about every (�realistically�) possible lion. This excludes the possibility of simply listing theproperties of the entities in question, or of formulating universal sentences and enumerating theirexceptions. If it could be shown that default reasoning also embodied this feature, that would givea strong reason to favor it as an analysis.Some nonmonotonic reasoning approaches also seems to fare well in certain cases which areproblematic for the pure modal-conditional approach.30 For example, the sentence Ducks laywhitish eggs does not require us to construct biologically inconsistent possible worlds in whichthere are no male ducks; it simply says that, when x is a duck and we have no information to thecontrary (e.g., that it is a male duck), we can assume that x can lay whitish eggs.

29In Goldszmidt and Pearl (1990) an approach is developed that overcomes this difficulty.30Of the approaches considered in the previous section, Pearl’s (1990) nonmonotonic logic, whichis based on understanding generics as conditionals, would have trouble with this sort ofinference.

Pelletier & Asher, p.45The preceding few paragraphs state some of the attractive features of (some of) thenonmonotonic reasoning approaches in their treatments of natural language generic statements. Butmaybe even this much credit to the nonmonotonic logic approach is too much. For instance, isn�tit always the case that we do have �some information to the contrary�, and yet we continue toassert the characterizing statement? Consider these characterizing statements:(32) a. Marvin usually beats Sandy at golf. b. Italians are good skiers. c. Bees lay millions of eggs at a time.Clearly it would be incorrect to analyze them as(32«) a. Given no information to the contrary, conclude that Marvin is beating Sandy at golf. b. If x is an Italian and there is no information that would say s/he wasn�t a good skier,then assume s/he is a good skier. c. If x is a bee and there is no reason to assume it is not laying millions of eggs, thenconclude that it is laying millions of eggs.These are incorrect because there is always information or good reasons to the contrary, for suchcharacterizing statements. We know that Marvin and Sandy are not usually playing golf, and so by(32«a) we would never conclude that Marvin is beating Sandy. We have an immense amount ofinformation that very, very few Italians are world-class skiers, so we would never draw theconclusion indicated in (32«b). And we know that hardly any bees ever lay eggs, and further thatwhen they do it is not over a very long period of time, and so we would never conclude theconsequent of (32«c). But therefore it follows that the analyses in (32«) are not correct as accountsof the generics of (32).Also, much of the default reasoning literature and many of the proposed mechanisms arestated at the extensional level. The methods yield minimal models: models where there are thefewest objects that are abnormal-with-respect-to-the-specified-predicate. Yet this is not really whatis desired as an analysis of generics, for it does not honor the nomic force of generics. And even inthe extensional case it yields incorrect results, for example the minimal model approach would

Pelletier & Asher, p.46claim that �Birds fly, Sam is a bird\Sam flies� is valid yet is defeated by the addition of �There isa non-flying bird� as a premise. Also, little if any work has been done on the interacting defaults ofthe sort expressed by the sentences in (22). For these reasons, it is difficult to take seriously thework thus far completed in default reasoning as an analysis of the phenomenon of genericity. Much of the problem stems from the differing desires of AI researchers and formalsemanticians. The former researchers are trying to show how to reason when we have statementsthat admit of exceptions. Yet this is not all there is to the semantics of generics. Indeed, it seems tous that this is less significant than issues of nomicity and of trying to specify what the relevantbackground against which the characterizing statement is being made, and using this information tostate the truth-conditions for generic statements. And it is also less significant than the fact thatdiffering generic statements call for radically different numbers or proportions of exceptions. Untilsuch issues can be adequately addressed, it seems improper to investigate merely the notion of�reasoning which admits exceptions� and expect this to yield an answer to the semantics ofgenerics.For these reasons we put forward an approach to non-monotonic reasoning and the semanticsof generic statements that combines insights from various of the suggestions given above, in thehopes that what was appropriate from each of those methodologies will survive. The approach,laid out in Asher & Morreau (1991,1995) and Morreau (1992), uses a conditional logic (with apossible worlds semantics) to characterize certain aspects of generics. In particular, it allows one tospecify semantic truth conditions of characterizing sentences and to do so in such a way as to allowthem to enjoy their nomic force — at least to the extent that nomic force and intensionality can becaptured in modal logics. It combines this semantics with a non-monotonic inference relation basedon situation semantics to capture default inferences involving characterizing sentences. This use ofsituation semantics to capture the default inferences avoids the use of minimal models (and the like)that is characteristic of circumscription and related extensional methods. In short, the theoryoutlined in the next section gives truth conditions to generic statements and allows these statements

Pelletier & Asher, p.47to have exceptions, but it separates this truth-conditional role of the semantics from the inferentialrole of drawing conclusions non-monotonically.4: A Formal Theory of GenericsSection 2 of this chapter suggests several sources for a formalization of the meaning ofgenerics, such as: the theory of prototypes, situation theory, modal and conditional logics, and thetheory of nonmonotonic reasoning. In this section, we will rehearse the requirements concerning aformal semantics for generics and then mention one theory that meets these requirements. 4.1: Requirements for the Monotonic Semantics for GenericsWe have argued that generics have truth conditions and that a semantic theory of genericsshould capture them. We also argued that the semantics for generics should be intensional, sinceextensional and probabilistic accounts succumb to difficulties that the modal approaches avoid.Our strategy is to interpret GEN as a conditional operator, although we need to be somewhat onthe �intuitive� side as to what the variable-list is that GEN controls. Thus, from a sentence like(33a) we arrive at the logical form (33b).(33)a.Dogs barkb.GEN[x](Dog(x); Bark(x))or if we wish to analyze further the dispositional predicate bark: as itself involving a genericpredication (which accords with intuitions)c. GEN[x,s](Dog(x)&IN(x,s);$e(e<s & Barking(x,e)))This logical form has the following intuitive meaning: For any object x if x is a dog and x is in anappropriate circumstance then this circumstance will normally contain an event of barking by x.So understood, GEN is definable by means of a universal quantifier binding x and somepropositional conditional operator, call it >, linking the restrictor of GEN with its nuclear scope. So (33b) would, for instance, emerge asd. "x(Dog(x) > Bark(x))

Pelletier & Asher, p.48Now of course, it is notoriously difficult to specify the restrictive argument for event quantificationin the analysis of dispositional predicates; still, we would argue that this is an appropriaterepresentation of the original English.....remaining vague just where the English is vague.We now turn to some remarks concerning desiderata for the semantics of the conditionaloperator, >. It seems reasonable to exploit the semantics for conditional sentences developed byStalnaker and Thomason (1967), Stalnaker (1968) and Lewis (1973), which assigns truth valuesto conditional sentences relative to possible worlds. Roughly then, (33c) is true at a world w justin case for every object d the set of worlds that are normal with respect both to w and to theproposition of d’s being a dog is a subset of the set of worlds in which d typically is barking in theappropriate circumstances. More precisely, one can make use of a selection function * that takesworlds and propositions (sets of worlds) as arguments and returns a proposition. M, w, a |=A>B iff *(w, [A]M, a) [B]M, a, where [A]M, a = {w˛WM: M, w, a |= A}We can think of *(w, p) as all the �normal p worlds according to w�, that is, all the worlds inwhich p, along with all the typical consequences of p in w, hold. What sort of additional logical inferences do we want > to verify? One intuitive principle thata semantics for generics should validate is some sort of "idempotence" principle such as thatexemplified by the following sentence:(34)a.Dogs are dogs.This generic, though uninteresting, strikes us as valid. And on our tentative understanding ofGen, we cannot imagine how such a sentence could come out as false. For anything, if it is adog, then normally it is a dog. We account for this by FACTICITY, below.Another pattern of logical entailment, called WEAKENING OF THE CONSEQUENT, is common toall sorts of conditionals with a modal semantics and seems obviously right. We think that it is partof the truth conditions that generics sentences like (34b) always come out true.b. People who don’t like to eat out don’t like to eat out.Our method of accounting for such sentences is by means of the principle: If B logically entails C,then the characterizing sentence As are B, entails the characterizing sentence As are C.

Pelletier & Asher, p.49WEAKENING31: if |= "x(BfiC) then |= "x(A>B) fi "x(A>C)which can be used jointly with FACTICITY to ensure that sentences like (34b) come out true.32Finally, we take another often-adopted principle of conditional logic to be intuitivelyacceptable. If A’s are normally B’s and if C’s are normally B’s, then for any object, if it’s eitheran A or a C it’s normally a B. Using the bare plurals formulation, we accept sentences like thefollowing as valid:(35) If lions are fierce and if tigers are fierce, then (things that are) lions or tigers are fierce.We might call this principle OR to reflect the fact that conjunctions of generic sentences can lead togenerics whose representation in terms of Gen or > makes the restrictor a disjunctive formula, justas with the antecedent of a classical conditional.On the other hand, the semantics for the conditional should not support modus ponens,modus tollens, nor principles like (a&b)fi(a>b), which are prevalent in many conditionallogics. To do otherwise would violate one of the starting points of the study of generics, theexistence of exceptions. None of modus ponens, modus tollens, and the aforementioned principlehonor exceptions to true conditional statements.If we adopt the analysis of Gen using the conditional >, then we can validate or invalidate thesort of patterns of inference we have been discussing, by placing or not placing certain constraintson the selection function *. For instance, the constraint on * known as centering below supportsmodus ponens for >, and so should not be adopted in a semantics for generics.CENTERINGIf w˛p, then w˛ *(w, p).Other constraints on * like FACTICITY verify the desirable idempotence inference above in (34a).FACTICITY *(w, p) p.

31 The �fi� is the monotonic material conditional of classical logic, while �>� is the �conditional�being defined. The notation is that in use in Asher & Morreau (1991, 1995) and Morreau (1992).32 Starting with the instance of FACTICITY, "x((Px&´Ex)>(Px&´Ex)), we apply WEAKENING toget "x((Px&´Ex)>´Ex), which is the relevant translation of (34b).

Pelletier & Asher, p.50FACTICITY says that in those worlds where the propositions normally associated with p are true, pis also true. In other words, p is itself one of the things which normally holds when p holds. Thefollowing constraint would validate the OR principleOR: *(w, p¨q) *(w, p) ¨ *(w, q).Delgrande (1987) and others like Boutilier (1992, 1994) who have used modal conditionalsboth to define a nonmonotonic consequence relation and (at least implicitly) to represent genericstatements as well, have often opted for more constraints on the modal frames and the selectionfunction. Were we to follow them, > would reflect properties attributed by Gabbay (1985) andKraus, Lehmann and Magidor (1990) to a nonmonotonic consequence relation. We would thusstrengthen the basic logic of >. For instance, we can force > to obey all the constraints of a"rational conditional" (Nute 1980) by adding certain constraints on *. This rational conditionalobeys the following principles:CUT: ((A > B) & ((A & B) > C)) fi (A > C)CAUTIOUS MONOTONICITY: ((A > C) & (A > B)) fi ((A & B) > C)RATIONAL MONOTONICITY((A > C) & ´(A > ´B)) fi ((A & B) > C)If > were a rational conditional, then generics would obey the following argument patterns:(36) [CUT] Dogs bark. Dogs that bark annoy Fred. So, dogs annoy Fred. [CM] Dogs annoy Fred and dogs bark. So, dogs that annoy Fred bark. [RM] Dogs bark. It is not true that dogs are not hairless. So, hairless dogs bark. We are not sure that these forms are intuitively acceptable, although Rational Monotonicity seemsvery plausible.33 And so we will not impose these constraints, nor their associated inferencepatterns on >, as a part of our semantics of generics. A final requirement on the truth conditional semantics for generics is that nestedness shouldalso be handled satisfactorily. Earlier, we argued that sentences in whose translation the Genquantifier had scope over formulas that themselves contained the Gen operator were not only

33For all "generically consistent" A, i.e. where ´(A > ^), RM as formulated above entails CM.

Pelletier & Asher, p.51grammatical but had determinate truth conditions. While we are unsure what principles involvingnested generics the logic of Gen or > should capture, we reject any semantics for generics inwhich the set of "normal" worlds is fixed in advance independently of the antecedent. In somenonmonotonic logics that define conditionals in terms of modal operators, this "independentfixing" occurs. For instance, in the logics of Boutilier (1992) based on variants of S4 or S4.3, thefollowing principle is valid: (A > B) fi ((A > ´B) > ^)This is unacceptable in a theory of generics for it would entail the validity of :(37)If dogs bark, then typically dogs that don’t bark are frogs. The ability to handle nested generics is also important when it comes to problems ofquantification. Lehmann, for instance, notes that the following three sentences are entirelyconsistent:(38) a.Elephants like zookeepers. b.Elephants don’t like Clyde. c.Clyde is a zookeeper. However, formalizing the first generic in a "flat" fashion using a conditional with a conjunction inthe antecedent, such as(38«) a."x"y((Elephant(x) & Zookeeper(y)) > x likes y)),would entail in many conditional logics (e.g., Boutilier�s) or on an extension of Veltman�s (1995)approach (given an ordinary formalization of the second generic and the third premise) that in thenormal worlds where e is an elephant, e does not like Clyde only if Clyde is not a zookeeper. Wefind this counterintuitive, but when we add some means of reasoning nonmonotonically with thesepremises whereby the conditionals with the logically more specific premises cancel out those withmore general antecedents in case of conflict (see Section 4.2 below), we can conclude from theinformation given in the premises, that indeed elephant e should like Clyde. But this is intuitivelywhat the second premise says is not true!!Notice that if we follow rules of compositional translation from natural language familiar tolinguists, we get a quite different translation for the first generic, namely:

Pelletier & Asher, p.52(38««) a."x(Elephant(x) > "y(Zookeeper(y) > x likes y))If we adopt the constraint of WEAKENING as we believe to be reasonable, then we get (usinguniversal instantiation)(38«««) a. "x(Elephant(x) > (Zookeeper(c) > x likes c))Let e be an elephant and let w« be any normal e-elephant world with respect to the world in which(38«««a) is true,. Then this generic implies that for then for any normal Cyde-zookeeper worldwith respect to w«, Clyde is liked by e in that world. Consider the translation of the second generic:(38«) b."y( Elephant(y) > ´y likes c)There is no incompatibility with these translations. It is true that even Clyde, in those worldswhere he is a normal zookeeper, is liked by the elephants. But that is perfectly consistent with thedisposition of the elephants normally to not like Clyde, as he is (in the actual world). Clyde, beinga nasty zookeeper in the actual world, is normally not liked by the elephants. There is in effect ade re /de dicto distinction familiar from other intensional constructions; Clyde may, of course, havedifferent properties in the worlds where he is a normal zookeeper from those that he has in theactual world or from those that he has in a normal e-elephant world for any elephant e. If this isright, then we see a reason for insisting that the inference, EXPORTATION, is not valid:EXPORTATION:"x(A > "y(B > C)) fi "x"y((A & B) > C))This yields yet another reason to abjure extensional translations of generics, for in such translations(like that of circumscription), however, EXPORTATION is perforce valid. It also gives us a reasonto not take the step often made in modal analyses of normalcy where one insists that the normal e-elephant worlds with respect to w are those worlds that resemble the actual world as much as isconsistent with e’s being a normal elephant. We note that such a constraint, in a definition of thegeneric conditional as in Boutilier (1994), would yield the uninutitive conclusion that the closestworlds compatible with e�s being a normal elephant are those in which Clyde is not a zookeeper.4.2: Interim EvaluationThe system CE (�commonsense entailment�) of Asher and Morreau (1991, 1995) meets mostof the desiderata above. It is a first order language augmented with a conditional connective >,

Pelletier & Asher, p.53which is interpreted in modal frames using a selection function that obeys only FACTICITY and OR.(Hence the axiomatization of > contains only (A>A) and ((A>C)&(B>C))fi((A�B)>C)).) It hastwo consequence relations, |= and |», corresponding to classical and default consequence. Theaxiomatization is shown to be (argument) sound and complete in Morreau (1992).We now turn to a discussion of some of the merits of this truth conditional proposal. First ofall, it is nonextensional and so avoids the objections we leveled at extensional approaches. Itmakes generics modal but contingent, which is what we would like. That is, the truth value of ageneric statement depends on worlds other than the actual one (generics are modal statements), butit may also vary from world to world (they are contingent); our generic truths may not be thegeneric truths of some other world. This analysis of truth conditions meets the desideratamentioned in Section 4.1. It verifies FACTICITY, OR and WEAKENING, but it fails to verify modusponens for > and the unintuitive claims about nested conditionals that follow from Boutilier�sdefinition of the generic conditional. This is because in our analysis of the truth conditions ofgenerics, we do not (as Boutilier does) postulate one ordering of normal worlds relative to a givenworld w that must verify all the generics that are true in w. Instead, normality is captured by a setof worlds that is determined by the world of evaluation and the proposition expressed by theantecedent of the > statement.Recall, however, that in sections 2.5 and 4.1 we made several criticisms of other modalapproaches; we saw problems both in the very conception of �normal worlds� and in the way suchproposals deal with problems of conflicting, true characterizing sentences. We noted above thatsome modal approaches, such as Delgrande’s (1987), postulate a set of absolutely normal worlds.This leads to difficulties with sentences like(39) Turtles live to be a hundred years or more oldbecause such a theory proposes that the most normal worlds are those where every single turtlelives to a grand old age, instead of dying while very young as the vast majority do in the actualworld. Such worlds would be biologically very strange, and strike us as most implausiblecandidates for absolutely normal worlds. Such worlds might even violate general biological laws

Pelletier & Asher, p.54such as those about what would happen to turtles as a species if all of them were to be long-lived,and we think that all worlds which are normal with respect to a world w must respect the biologicallaws that true in w. So let us reconsider the problems with the conception of normal worlds in the light of our newproposal for the semantics of generics. We first note that the semantics of > we have sketchedabove does not presuppose any absolute normality order on possible worlds. In particular, weexplicitly reject the idea that *(w, p) is to be identified with those most normal of all possibleworlds where p holds. Let us see how this semantics evaluates sentence (39) in a world w.(39«)"x(Tx > Hx)For each individual d, * determines, together with w and the predicate ’T’, a set of normal "d-turtlewith respect to w" worlds, *(w, [T](d)). In every member of this set of normal worlds, d musthave the property of living to be a hundred years or more old, but other objects that are turtles inthese worlds may die, as expected, when very young.Another problem with modal approaches is brought out by such true characterizing sentencesas ducks lay eggs. If we accept the constraint that only female ducks can lay eggs, then apparentlywe must conclude, using Weakening of the Consequent, the unintuitive generic ducks are female.Recall also the problem of interacting defaults. The potential problem for the semantics of genericsthat we raised was where two intuitively acceptable generics with the same antecedent butincompatible consequents held:(40) a. Ducks have brightly colored feathers. b. Ducks lay eggs.Since only males have brightly colored feathers and only females lay eggs, we see that no normalduck can have both properties. Nevertheless, it is easy to verify that in the conditional semanticsthat we have assigned to generic sentences, the following property holds: ("x (A > B) & "x (A > C)) fi "x (A > (B & C))Using this principle and the intuitive translations of the two generic sentences in (40), and theknowledge that only male ducks have bright feathers and only female ducks lay eggs, and that noduck is both a male and a female, would yield the following unintuitive result:

Pelletier & Asher, p.55"x (duck(x) > ^)This observation poses a prima facie difficulty for the proposed modal semantics for generics. Butat first glance it would appear to be part of a much more general problem of determiningquantificational structures in natural language. In Section 1 above we assumed that a naturallanguage quantificational structure has three components: the quantificational relation itself, arestrictor, and a nuclear scope; and in general, determining the restrictor of a natural languagequantifier is a nontrivial matter. The problem is most immediately apparent with universalquantification where the domain of quantification is most often contextually determined. Forinstance, imagine a group of school students on holiday with a chaperone who calls someapprehensive parents after an outing and says,(41)Everyone had a good time.The chaperone does not thereby assert that every human being in the universe had a good time,which is what would follow on the usual translation for such a sentence. The inadequacy oftranslation of (41) is that it fails to consider the contextually sensitive nature of the domain ofquantification. One way to rectify this situation is to imagine plausible content, following Lewis’s(1983) ideas on accommodation and Fintel’s (1994) ideas about quantification. On such a view inaddition to the content derived from the subject noun phrase everyone, we add to the restrictor aformula of the form x ˛ A, where x is the variable introduced by everyone and the value for A iscontextually specified. In the particular context of (41) used above the value for A would be the setof children and the logical form for (41) would be:(42)"x ((Person(x) & x ˛ A)fi had a good time(x))Is this strategy available to help solve the difficulty with (40.a-b)? We believe that thisstrategy is not one that can in fact be used for the generic examples. First of all, (40.a-b) may beperfectly felicitously be uttered in a context where there are no obvious values for a contextuallyspecified variable. And both (40.a-b) would be true in such a context. In contrast (41) in such acontext (and thus without a determinate value for the set variable A in the logical form above)would truly be a universal quantification over all people. Second, attempting to create an

Pelletier & Asher, p.56appropriate contextual value for the parameter that is present in the logical form of (41) does notmake false generic sentences magically become true ones. Consider for instance a case similar tothe one in (41) where a lab technician observes fruitflies that have been genetically altered in anexperiment. He observes that the altered fruitflies have five eyes. Eager to tell someone of theobservation, he calls up the chief scientist. We suppose that were the researcher to recount what hehad observed and then summarized with(43) Fruitflies have five eyes.he would have said something false. But if that is right, then the strategy of relativizing thequantification to some contextually specified set is irrelevant to accommodating generics. Theproblem of determining the restrictor for generics seems to be different from that for ordinaryquantifiers.We think that the proposed modal semantics in fact points the way to a proposed solution forthis problem. The problem with ducks lay eggs is not our general understanding of the logicalform of this sentence but rather our strategy for determining the antecedent of the > that functionsas a restrictor for the universal quantifier. So there is a sort of accommodation for generics. Oursemantics, however, tells us that generic statements are modal statements, and so accommodationor further restriction of the quantification should not be done with respect to some extensionallydefined parameter like the value of a set as with ordinary quantifiers, but rather with respect tosome intension. Our view is that the appropriate restriction for a problematic generic like that in(40.a) or (40.b) is some subtype of the type given by the common noun that is formed into the bareplural. That is, what people really understand by (40.a-b), at least when they are presented withthe pair and the facts is that the universal quantifiers in each are relativized to a particular subtype.Ducks lay eggs is implicitly understood as female ducks lay eggs. On the other hand there is nonatural subtype of fruitflies that would pick out just those in the experiment.One way to test this hypothesis is to look at how speakers treat such problematic generics as(40.a-b) when they exploit them in inferences. We have argued that an inference like DefeasibleModus Ponens is defeasibly valid and so should be part of a theory of generics. But many

Pelletier & Asher, p.57speakers express reluctance to draw even the defeasible conclusion that if Allie is a duck and duckslay eggs, then Allie lays eggs. It would depend, they say, upon whether Allie is a male or a femaleduck. Similarly for (40.b) and for other cases of conflicting generics. If Defeasible ModusPonens requires such an additional premise, then this strongly suggests that the logical form of(40.a) is not what the string itself would suggest but rather:(44) "x ((duck(x) & female(x)) > lays eggs(x))We would hypothesize that such relativization of the quantifier by a type occurs only in caseswhere we have conflicting generic statements. 4.3: Nonmonotonic Reasoning and Epistemic Semantics for GenericsIn addition to having truth conditions, generics also play an important role in plausible ornonmonotonic inference. Because we believe this role has something to do with the meaning ofgenerics, we need to show how our theory of meaning for generics can be linked to and helpexplain the role of generics in nonmonotonic reasoning. We can exploit the truth conditionaltheory sketched in the previous sections to develop an epistemic semantics in which sets ofpossible worlds will represent information states. It is this epistemic semantics which modelsdefeasible reasoning, and which comprises Asher and Morreau�s system CE. The intuitive pictureof what goes on when one reasons by defeasible modus ponens is this: first one assumes thepremises birds fly and Tweety is a bird, and no more than this. Second, one assumes that Tweetyis as normal a bird as is consistent with just these premises which have been assumed. Finally,one then looks to see whether one is thereby required to believe that Tweety flies or not, and findsthat he does. Asher and Morreau (1995) argue that all of the plausible patterns of defeasiblereasoning arise in essentially this way, from assuming just their premises, then assumingindividuals to be as normal as is epistemically possible, and finally seeing whether one believestheir conclusions. The details of this position can be found in Asher and Morreau (1995) alsoAsher (1995) and Morreau (1992)To model defeasible reasoning, we will follow Asher and Morreau and build epistemicsemantics using information states (which, as we said, are just sets of worlds), and two functions

Pelletier & Asher, p.58on these information states: updating and normalization.34 The first of these functions iseliminative, simply removing from an information state all those possible worlds where thesentences with which one is updating are not true. �Assuming just the premises of an argument�can then be modeled as updating a distinguished informationally-minimal state called 0 (or the setof all the worlds in the canonical model) with those premises. The second of these functions, normalization, codifies the notion of �assuming individuals tobe as normal as is consistent with premises�. Individuals are assumed to be normal in certainrespects, and these respects are represented by a set of propositions P. Normalization takes placeafter the just-mentioned updating function has applied. Normalizing the updating result (ofupdating 0 with a set of premises G) in every relevant respect yields a set of information states —which are the fixed points of the normalization process. The conclusions which may reasonably(though not in general validly) be drawn from premises G are then those sentences which are trueat all the worlds in all of these fixed points. (In general, the order in which the relevant premisesare considered for normalization will affect the resulting information state; and it is for this reasonthat we want the conclusion to hold in every fixed point of the normalization process).There are two algorithms one could use to generate the normalizations: a semantic method anda syntactic method. In the semantic method, one looks at each proposition defined by aninstantiation of one of the antecedents of a > statement that occurs in the updated premises by oneof the constants that occurs in the premises (say this antecedent was instantiated to yield theproposition Fa). Given that the updating process has left us in state S, and that we want now tonormalize with respect to this instantiation of a > antecedent, we need to find the set of worlds in Sthat are normal with respect to Fa and with any ~Fa worlds in S (if there are any). Normalizationjust throws out the abnormal Fa worlds from S, if doing so leaves us with some worlds -- i.e., ifthe result is consistent. As mentioned, we need to do this with respect to each instantiation of every

34Alternatively, we could represent these information states as situations in the sense of Barwiseand Perry (1983). Updating and normalization then would involve adding information to a givensituation.

Pelletier & Asher, p.59antecedent of a > statement in the updated premises; and then we need to consider every order ofnormalization of premises before we can know what conclusion follows from the initial premises.The second algorithm that we can use is the syntactic method. Normalization in effectconverts > statements into fi statements. And the syntactic view of normalization makes thisexplicit. Take the theory T and consider each proposition defined by an instantiation of theantecedent (as in the semantic method). Let Fa be one of these. Normalization of T with respect toFa is: T ¨ {(Fafiq) | T |—(Fa>q)}, if the result is consistent. The normalization is simply Totherwise. We carry out an example of updating and normalization in the Appendix.We shall write this notion of nonmonotonic consequence as G|»P A. |» is a defeasibleconsequence relation which generates the patterns of defeasible reasoning which we set out tocapture. Also note that G |= A � G |» A, and so commonsense entailment is supra-classical.354.4: Patterns of Reasonable and Defeasible Inference with GenericsIn this section, we return briefly to the patterns of nonmonotonic reasoning which motivatedsome of the nonmonotonic formalisms for generics. Notice that these patterns are not to bethought of as completely general argument schemas, into which arbitrary generic sentences can beinstantiated. Take for instance the pattern of defeasible modus ponens, which is schematicallyrepresented as: from premises "x(A>B) and A(t) follows B(t). But this conclusion is supposed nolonger to follow if the premise ´B(t) is added, which intuitively speaking amounts to adding theadditional information that t, though an A, is not a normal A.The following fact states conditions under which commonsense entailment captures thepatterns of defeasible modus ponens:FACT: i) Let (G¨{"x(A>B), A(t)}) be |- consistent, and let {A(t)} be the set P of normalizationrespects. Then:

35For more details on the model theory of commonsense entailment see Asher and Morreau (1991,1995) and Morreau (1992). For more concerning an accompanying proof theory, see Asher(1995).

Pelletier & Asher, p.60G,"x(A>B), A(t) |»P B(t).ii) If G¨{"x(A>B), A(t)} not |- B(t), then if {A(t)} is the set P of normalization respects,then:G,"x(A>B), A(t), ´B(t) not |»P B(t).The restrictions of this FACT are sufficient to verify Defeasible Modus Ponens. A proof iscontained in Asher and Morreau (1995), as well as in Morreau (1992). A similar fact establishesthat commonsense entailment indeed predicts a skeptical conclusion from the premises of theNixon Diamond but that it also predicts the conclusion that Nixon is politically active from thepremises of the Extended Nixon Diamond.By adding more constraints on *, it becomes possible to prove that other defeasible inferencescan be consistently inferred within commonsense entailment.36 The Penguin principle is capturedby having the OR condition on * (see Section 4.1 above). Morreau (1992) shows that, when * issubject to this additional constraint, commonsense entailment captures the Penguin Principle inaddition to Defeasible Modus Ponens and the Nixon Diamond. To capture the Weak PenguinPrinciple, we must add another constraint on *:SPECIFICITY: If *(w, p) q, *(w, p) ˙ *(w, q) = ¿, and *(w, p) „ ¿,then *(w, q) ˙ p = ¿. Which corresponds to the axiom:((A > B) & (B > C) & (A > ´C)) fi (B > ´A).Morreau (1992) shows that commonsense entailment then still preserves the inference patterns ofDefeasible Modus Ponens. But it becomes difficult to verify the other inferences model-theoretically. As we place more constraints on * it becomes more difficult to verify that ourcandidates for "survivor" worlds actually exist in the canonical model. So one might wish topursue alternative lines concerning defeasible reasoning, such as done in Asher (1995) or in Asherand Morreau (1995). The idea in the latter is of �ordered normalization,� which correspondsclosely to the strategy in prioritized circumscription (McCarthy 1986) for capturing inferences like

36For details see Morreau (1992).

Pelletier & Asher, p.61the Penguin Principle or the Weak Penguin Principle, where certain minimizations of extensions ofpredicates are performed before others. Also in extensions of Reiter�s default logic (for instance,Brewka 1991), orderings on the application of default rules are used to construct extensions thatwill verify these principles. Other approaches that use conditionals as the semantic treatment of generics are the nonmonotoniclogics of Delgrande (1987), Pearl’s (1990) system Z , Boutilier (1994), Bacchus et al (1993). Allthese systems verify the Penguin Principle and the Weak Penguin Principle. Lehmann (1989)provides a system, called Rational Closure, equivalent to that of Pearl’s system Z but treatsgenerics more as akin to some sort of default rule. Benferhat et al. (1992) provide yet anothersystem equivalent to Lehmann’s Rational Closure on which generics are thought of as constraintson an appropriate ordering of models. Often these systems are simpler than commonsenseentailment and yet appear to produce equivalent results. But this only holds for simple fragmentsof the language and for a restricted notion of what are the acceptable defeasible patterns ofreasonable inference (Asher 1995).What many of these simpler systems cannot do is extend readily to handle more complexforms of defeasible reasoning in which generics appear as conclusions, as well as premises. Asherand Morreau (1991) attempt to capture defeasible reasoning that has generic conclusions bycomplicating the normalization function. More specifically, an extra clause was added which usedthe behavior of * at a world to remove possible worlds from information states. So in the case ofdefeasible transitivity for example, possible worlds would be removed where it does not hold thatsparrows fly. These are worlds where something is a normal sparrow without being a normalbird, and that is a possibility which the stronger notion of normalization filtered out.We think it an extremely powerful positive feature of commonsense entailment that, unlike thetheories of nonmonotonic reasoning we surveyed in Section 3, it makes the behavior of genericswithin patterns of nonmonotonic reasoning be determined by their truth conditional meaning.Unlike circumscription (in which generics are treated as extensional) or probabilistic theories ofnonmonotonic reasoning (in which generics are treated as probability statements or statements with

Pelletier & Asher, p.62probability quantifiers), commonsense entailment has the prima facie philosophical virtue of basingthe acceptability of nonmonotonic reasoning patterns on a truth conditional semantics for genericsthat is, if we are correct, more plausible than the other alternatives.5: Summary and ConclusionsGenerics attract the attention of logically-oriented scholars because the semantic phenomenasurrounding them have been implicated in "default reasoning." But this implication is, uponscrutiny, rather tenuous. This article reports why the implication is tenuous and makes somesuggestions as to the direction such logical accounts should take in order to accommodate generics.We first investigated the full range of linguistic and semantic phenomena involving generics.We distinguished generic reference from generic predication -- settling on the latter as relevant todefault reasoning. We argued that these "characterizing statements" are either literally true orliterally false -- and are not therefore either "strictly false but acceptable" nor "merely directivesabout what sort of inferences to draw and what to expect in our experience." We then investigatedthe range of "exceptions" that a true generic can tolerate while remaining true, and our conclusionwas that there is no unique number or proportion that will account for all the various genericstatements. It follows that there is no quantifier, not even a "vague" probabilistic one, like in asignificant number of cases, which can be used to give an account of the truth-functional force of acharacterizing statement.Part of the difficulty is that generics come with a kind of nomic force; they express a "generaltruth" which is enforced by some sort of law. Generics about the biological world, for example,are backed by the laws of biology; those about individual people are backed by psycho-social lawsthat describe what such people do. Apurported generic statement which does not have such abacking is simply not true, even if the objects of which the subject is true in fact all have theproperty designated by the predicate. Even were it the case that all the remaining Koalas in theworld were to lose a paw, it still would not be true that Koalas are three-pawed. For a genericstatement to be true, it simply cannot report a mere accidentally true generalization.

Pelletier & Asher, p.63There are two aspects to generic statements: their nomic force and their extensionalconsequences. In a large number of cases the extensional consequence of a generic is that most, ormost of the important or noticeable or significant, instances of the subject term manifest theproperty indicated by the predicate. But we also noted that we cannot validly infer for anyparticular individual falling under the subject term has the property indicated by the predicate: As awe have indicated, not all generics have this extensional consequence; but perhaps there is anidentifiable and distinguishable subset of them which do. For these types of generic statement,what would an appropriate analysis of just the extensional consequences be? We surveyed sevenpossibilities: relevant quantification, abstract entities, prototype theory, stereotypes, modalconditionals, situation semantics, and default theories. We found that none of the seven fared verywell, but that the modal conditional and situation semantics approaches seemed to hold somepromise especially as accounts of (some of) the nomic force of generic statements. The defaultapproach fared best as an account of some of the extensional inferences we may wish to draw inthe face of "generic information," and so we investigated four different approaches to defaultreasoning: default logic, autoepistemic logic, circumscription, and probabilistic logic.In the end we found each of these inadequate. The problems we found ranged from incorrectprediction of conclusions to be drawn from generics, to denying truth conditional status togenerics, to making dramatically incorrect predictions concerning the truth conditions of certaingenerics, to being unable to integrate the account with epistemic and modal logics necessary toaccount for the nomic force of generics.Finally we presented Commonsense Entailment as a theory which could address many ofthese issues. It adopts a modal conditional analysis of generic statements, and locates the nomicforce of generics in this area. But it does not posit "absolutely normal" possible worlds, nor does itlocate "nonmonotonicity" there. Rather it adopts the situation-semantic strategy of judging "howmuch information" is in the premises of an argument, and allows that an increase here can make uswish to retract previous conclusions. Note that the generic premises continue to be true --nonmonotonicity is not to be found in denying generic statements.

Pelletier & Asher, p.64After presenting the formal structure of Commonsense Entailment, we offered an evaluation ofit in terms of the sort of argumentation we used against the other accounts of default reasoning astheories of generics, and we conclude that it fares well indeed. We also, however, note that thereare some objections of a more general nature concerning generic statements that CE does notanswer. The answer to these objections will require more investigation into the logical structure ofgenerics.AppendixIn section 4.3 of the main text we presented two equivalent ways of calculating the defeasibleentailments of a theory containing generics, a �semantic� method and a �syntactic� method. As anexample of how our theory works, we present an extended example. Consider the theory T0:1a. Isis is a cat.2a. Cats meow.3a. Cats like to eat fish.4a. Leonore is a cat who does not like to eat fish. 5a. Cats that like to eat fish are not fat.6a. Cats are necessarily mammals.7a. Mammals do not meow.We will now see what follows from T0 using our nonmonotonic formalism. Our theory will makedefeasible predictions about particular cats like Isis and Leonore. Recall that on the syntactic theorywhat we do is add the instantiations of our generic statements with constants mentioned in thetheory or added as witnesses for existential claims. In T0, we have two constants: Isis andLeonore, but no existentials (hence no need for �witnesses�). The theory makes no links betweenIsis’s properties and Leonore’s so we may consider each of them separately. Let’s consider Isisfirst, and the instantiations of the various conditionals to Isis.1b. Cat(isis)2b. Cat(isis) > Meows(isis)3b. Cat(isis) > ("x) (Fish(x) > Likes-to-eat(isis,x))5b. Cat(isis) > (("x)( Fish(x) > Likes_to_eat(isis,x)) > ~Fat(isis))6b.

[] (Cat(isis) fi Mammal(isis))7b. Mammal(isis) > ~Meows(isis)

Pelletier & Asher, p.65We now consider the conditionals (2) and (3), involving the antecedent Cat(isis) and consider theresult of changing the main occurrences of the > connectives in them into material conditionals.This theory, the TCat(isis)fi theory, looks like this:Cat(isis) fi Meows(isis)Cat(isis) fi ("x) (Fish(x) > Likes-to-eat(isis,x))Now the question is, are the consequents and antecedents of these conditionals consistent with ouroriginal theory? The answer is yes (which we could show by constructing a model of the originaltheory together with the antecedents and consequents of TCat(isis)fi but we will forego that here).So according to our "syntactic" procedure for calculating defeasible entailments, we will addTCat(isis)fi to our original theory, calling the result T1. From T1, we infer by Modus Ponens:Meows(isis)("x) (Fish(x) > Likes-to-eat(isis,x))We now consider another > antecedent of our theory, say("x)( Fish(x) > Likes_to_eat(isis, x))and collect all the conditionals entailed by T1 with this antecedent. Beyond the instantiations of theaxioms, which don’t add any new information to the information state, we have just theconditional:("x) (Fish(x) > Likes-to-eat(isis,x)) > ~Fat(isis)which we now convert into a material conditional(*)("x) (Fish(x) > Likes-to-eat(isis,x)) fi ~Fat(isis)We now again test to see whether the consequent and antecedent of this conditional are consistentwith T1. Inspection shows that they are. So we add (*) to T1, forming the theory T2, in which weinfer by Modus Ponens that Isis is not fat.The last antecedent that we must consider for Isis is Mammal(isis). It follows monotonicallyfrom T1 that Mammal(isis), since ’cats are necessarily mammals’ is a strict conditional. But it alsofollows in the monotonic logic of commonsense entailment (for details see Morreau 1992) that:Mammal(isis) > ~Cat(isis)

Pelletier & Asher, p.66This conditional is a theorem of T1 because cats and mammals have in T1 (and in our originaltheory as well!) incompatible generic properties--cats meow and mammals don’t. Let’s now formthe fi theory in which all the > conditionals with Mammal(Isis) as an antecedent are translated intomaterial conditionals. This theory looks like this: Mammal(isis) fi ~Cat(isis)Mammal(isis) fi ~Meows(isis)The consequents of this theory are evidently not consistent with T2 (or even with our originaltheory T0!). So we do not add TMammal(isis)fi to T2. We claim that had we pursued these normalizations in a different order, we would still havearrived at T2 as our final theory concerning Isis. One might wonder about how on a differentordering of normalizations with respect to the antecedents of > conditionals in T0 we could beassured of arriving at the defeasible conclusion that Isis is not fat. Suppose we had first consideredadding to T0 the material conditional(*)("x) (Fish(x) > Likes-to-eat(isis,x)) fi ~Fat(isis)(*) is evidently consistent with T0 and so could be added, but we could not yet deduce theconclusion that Isis was not fat. But once of course we add TCat(isis)fi we would get thedefeasible entailment. Thus, we have the following set of defeasible entailments concerning Isis--namely that she meows, she eats fish, and she is not fat.Of course we have not yet computed all the defeasible consequences of our original theory T0,since we have not examined any inferences concerning Leonore. So let us continue and considerthe conditionals with antecedents Cat(leonore). Once again there are two:Cat(leonore) fi Meows(leonore)Cat(leonore) fi ("x) (Fish(x) > Likes-to-eat(isis,x))Because Leonore, unlike Isis, does not like to eat fish, according to T0 (and hence T2) we cannotadd this set of conditionals to T2. Normalization with the proposition that Leonore is a cat yieldsno new inferences. Similarly we cannot infer anything about Leonore’s girth, because theantecedent of that conditional, namely("x) (Fish(x) > Likes-to-eat(leonore,x))

Pelletier & Asher, p.67is inconsistent with our information. But neither can we infer from Mammal(leonore) that she doesnot meow, because after all, she is a cat. So we end up knowing very little about Leonore. Sincewe could have performed these normalizations in any order while still eventually getting the sameresults as in T2, T2 represents all the defeasible entailments of the original theory T0.

Pelletier & Asher, p.68BIBLIOGRAPHYAdams, E. (1975): The Logic of Conditionals, Dordrecht: Reidel.Asher, N. (1984): "Linguistic Understanding and Non-Monotonic Reasoning" Proceedings of the1984 Nonmonotonic Reasoning Workshop, American Association for Artificial Intelligence,New Paltz, NY, pp. 1-20.Asher, N. (1995): "Commonsense Entailment: ALogic for Some Generics", in G. Crocco, L.Farinas del Cerro, A. Herzig (eds.), Conditionals and Artificial Intelligence, Oxford: OxfordUniversity Press. pp. 115-156.Asher N., and Morreau, M. (1991): "Commonsense Entailment: AModal Theory ofNonmonotonic Reasoning", Proceedings of the 12th IJCAI, Morgan Kaufmann Publishers.pp.387-392.Asher, N. & M. Morreau (1995): "What Some Generics Mean", in G. Carlson and F.J. Pelletier,eds., The Generic Book, Chicago, IL: Chicago University Press. pp.224-237.Bacchus, F., A. Grove, J. Halpern, D. Koller (1993): "Statistical Foundations for DefaultReasoning", Proceedings of the 13th IJCAI, Morgan Kaufmann Publishers, pp.563-569.Barth, E. (1974) The Logic of the Articles in Traditional philosophy. Dordrecht, Reidel.Barwise, J. (1986) "Conditionals and Conditional Information", in E.C. Traugott, A. ter Meulen,J. Snitzer Reilly & Ch. A. Ferguson (ed.), On Conditionals, Cambridge University Press,Cambridge, pp.21-54.Barwise, J. & J. Perry (1983): Situations and Attitudes, Cambridge, Mass., MIT Press.Benferhat, S., D. Dubois, & H. Prade (1992): "Representing Default Rules in Possibilistic Logic",in Allen, J., R. Fikes & E. Sandewall (ed.), Proceedings of the 3rd Internaltional Conferenceon Principles of Knowledge Representation and Reasoning, Morgan Kaufman Press. pp. 673-684.Benferhat, S., C. Cayrol, D. Dubois, J. Lang, & H. Prade (1993): �Inconsistency Managementand Prioritized Syntax-Based Entailment� IJCAI-93 (Chambery). pp. 640-645.

Pelletier & Asher, p.69Berkeley, G. (1710) A Treatise Concerning the Principles of Human Knowledge. Reprinted, withmany others of his works, together with a penetrating commentary, in D. ArmstrongBerkeley�s Philosophical Writings NY, Macmillan, 1965.Bosanquet, B. (1888) Logic, Or the Morphology of Knowledge. Oxford: Oxford UP.Boutilier, C. (1994): �Conditional Logics of Normality as Modal Systems�, AAAI,MIT Press,pp.594-599.Boutilier, C. (1994): �Conditional Logics of Normality: A Modal Approach�, Artificial Intelligence68: pp.87-154.Brewka, G. (1991): "Cumulative Default Logic: In Defense of Nonmonotonic Inference Rules",Aritificial Intelligence 50, pp. 183-205.Carlson, Gregory N. (1977): Reference to Kinds in English, Univ. Mass. PhD. Dissertation.Published 1980, New York, Garland Publishers.Carlson, Gregory N. (1979): "Generics and atemporal when" Linguistics and Philosophy 3: 49-98.Chellas, B. (1980): Modal Logic: An Introduction, Cambridge University Press, Cambridge,U.K.Declerck, Renaat (1991) "The Origins of Genericity", Linguistics 29, 79-101.Delgrande, J. (1987): "A Semantics for Defaults Using Conditional Logic", Artificial Intelligence33: 105-130.Fine, K. (1985) Reasoning with Arbitrary Objects. Oxford, Basil Blackwell.Frege, G. (1904) "Was ist eine Funktion?" in S. Meyer (ed.) Festschrift Ludwig Boltzmanngewidmet zum sechzigsten Geurtstag, 20. Febuar 1904 Leipzig, Ambrosius Barth, pp. 656-666. Translation and reprint in P. Geach & M. Black Translations from the PhilosophicalWritings of Gottlob Frege, Oxford, Blackwells, pp. 107-116.Gabbay, D. (1985): "Theoretical Foundations for Non-Monotonic Reasoning in Expert Systems",in Apt K. (ed.), Logics and Models of Concurrent Systems, Springer Verlag, pp.439-457.Geach, P. (1962) Reference and Generality. Ithaca, Cornell UP.

Pelletier & Asher, p.70Goldszmidt, M. & J. Pearl (1990) "A Maximum Entropy Approach to Nonmonotonic Reasoning"Proceedings of AAAI-90, Boston, pp. 646-652.Gottlob, G. (1993): "The Power of Beliefs or Translating Default Logic into StandardAutoepistemic Logic", Proceedings of the 13th IJCAI, Morgan Kaufmann Publishers,pp.570-575.Heim I. (1982): The Semantics of Definite and Indefinite Noun Phrases, Ph.D. dissertation,University of Massachusetts, Amherst.Heyer, G. (1987) Generische Kennzeichnungen. Munich, Philosophia Verlag.Hilbert, D. & P. Bernays (1934) Grundlagen der Mathematik. Berlin, Springer Verlag.Jesperson , O. (1924): The Philosophy of Grammar. Republished 1965 by Norton, NY.Konolige, K. (1988): "On the Relationship between Default and Autoepistemic Logic", AI Journal35, pp.343-354.Kratzer, A. (1981): "The Notional Category of Modality", in Eikmayer, H.J., & H. Rieser (ed.)Words, Worlds and Contexts: New Approaches to Word Semantics, Berlin De Gruyter.Kraus, S., D. Lehmann, M. Magidor (1990): "Nonmonotonic Reasoning, Preferential Models andCumulative Logics", Artificial Intelligence, no.44, pp.167-207.Krifka, M., F. J. Pelletier, G. Carlson, A. ter Meulen, G. Chierchia, & G. Link (1995)�Genericity: An Introduction�, In G.N. Carlson and F.J. Pelletier (ed.) The Generic Book(Chicago: Chicago UP) pp. 1-124.Lawler, John (1973) Studies in English Generics, Ann Arbor, University of Michigan papers inLinguistics 1.Lehmann, D. (1989): "What does a Conditional Knowledge Base Entail?", in R. Brachman & H . Levesque (ed.), Principles of Knowledge Representation and Reasoning: Proceedings of theFirst International Conference, Morgan Kaufman, pp.212-222.Lewis, D. (1972): �General Semantics� in D. Davidson & G. Harman Semantics of NaturalLanguage, Dordrecht: Reidel, pp. 169-219.Lewis, D. (1973): Counterfactuals. Basil Blackwell, Oxford.

Pelletier & Asher, p.71Lewis, D. (1975): "Adverbs of Quantification." In Ed Keenen, (ed.) Formal Semantics of NaturalLanguage, Cambridge University Press.Lewis, D. (1983): "Scorekeeping in a Language Game", In David Lewis, Philosophical Papers,Vol. 1. Oxford Press.Lifschitz, V. (1985) "Computing Circumscription" Proceedings IJCAI-85, Los Angeles, pp.121-127.Lifschitz, V. (1989) "25 Benchmark Problems for formal Nonmonotonic Reasoning, v. 2.0," inM. Reinfrank, J. de Kleer, M. Ginsberg and E. Sandewall (eds) Proceedings of the SecondInternational Workshop on Non-Monotonic Reasoning, Lecture Notes in Artificial Intelligence,Vol. 346, Springer Verlag. pp. 202-219.Locke, J. (1690) An Essay Concerning Human Understanding. The current edition of choice isedited by P. Nidditch, Oxford University Press, 1975.McCarthy, J. (1980) "Circumscription - AForm of Non-Monotonic Reasoning", ArtificialIntelligence 13, pp. 27-39.McCarthy, J. (1986) "Applications of Circumscription to Formalize Common Sense Knowledge",Artificial Intelligence 28, pp. 89-116.McDermott, D. & J. Doyle (1980) "Non-Monotonic Logic I", Artificial Intelligence 13, pp. 41-72.Meinong, A. (1904): "�ber Gegenstandstheorie". Reprinted as �The Theory of Objects� in R.Chisholm (ed) Realism and the Background of Phenomenology (Glencoe: Free Press) 1960,pp. 76-117.Milsark, G. (1974) Existential Sentences in English. PhD dissertation, MIT. Distributed byIndiana University Linguistics Club.Moore, R. (1984) "Possible-World Semantics for Autoepistemic Logic", in Proceedings of the1984 Nonmonotonic Reasoning Workshop, pp. 334-354, American Association for ArtificialIntelligence, New Paltz, NY.Morreau, M. (1992): Three Applications of Imaging, Thesis, University of Amsterdam.Nute, D. (1980) Topics in Conditional Logic. Dordrecht: Reidel.

Pelletier & Asher, p.72Osherson, D. & E.Smith (1981) �On the Adequacy of Prototype Theory as a Theory of Concepts�Cognition 9, pp. 35-58.Pearl, J. (1988): Probabilistic Reasoning in Intelligent ystems: Networks of Plausible Inference,San Mateo: Morgan Kaufman.Pearl, J. (1990): "System Z: ANatural Ordering of Defaults with Tractable Applications toNonmonotonic Reasoning," in Parikh, R. (ed.), Theoretical Aspects of Reasoning AboutKnowledge (TARK III), Morgan Kaufman, pp.121-135.Putnam, Hilary (1975): "The Meaning of ’Meaning’", in K. Gunderson (ed.), Language, Mindand Knowledge, Minneapolis, University of Minnesota Press.Reiter, R. (1980): "A Logic for Default Reasoning", Artificial Intelligence 13, pp. 81-132.Rosch, E. (1978) "Principles of Categorization", in E. Rosch & B.B. Lloyds (ed.), Cognition andCategorization, New York, Lawrence Erlbaum Assoc., pp. 27-48.Routley, R. (1967) �A Simple Natural Deduction System� Logique et Analyse 12: 129-152.Russell, B. (1905) "On Denoting" Mind 14: 479-493.Schubert, L. & F. J. Pelletier (1987): "Problems in the Representation of the Logical Form ofGenerics, Bare Plurals, and Mass Terms", in E. LePore, New Directions in Semantics, NewYork, Academic Press, pp. 385-451.Schubert, L.. & F.J. Pelletier (1989): "Generically Speaking, or, Using Discourse RepresentationTheory to Interpret Generics", in G. Chierchia, B. Partee & R. Turner (ed.), Property Theory,Type Theory, and Semantics, Volume II: Semantic Issues, Dordrecht, Reidel, pp. 193-267.Scribner, S. (1977): �Modes of Thinking and Ways of Speaking: Culture and Logic Reconsidered�in P.N. Johnson-Laird & P.C. Wason (eds.) Thinking: Readings in Cognitive ScienceCambridge: Cambridge UP.Smirnov, V. (1976) �The Theory of Quantification and the e-Calculus�, in J. Hintikka (ed) Essayson Mathematical and Philosophical Logic. Dordrecht, Reidel.Smith, E. & D.Osherson (1984): �Conceptual Combination with Prototypical Concepts�,Cognitive Science 8, pp. 357-361.

Pelletier & Asher, p.73Stalnaker, R. (1968): "A Theory of Conditionals", in Rescher, N., ed. Studies in Logical Theory,Basil Blackwell, Oxford, pp. 98-112.Stalnaker, R. & R. Thomason (1967): "A Semantic Analsyis of Conditional Logic", mimeograph,Yale University.Touretzky, D. (1986) The Mathematics of Inheritance Systems. Los Altos: Morgan Kaufmann.Veltman, F. (1995)"Defaults in Update Semantics", Forthcoming in The Journal of PhilosophicalLogic.von Fintel, K. (1994) Restrictions on Quantifier Domains. Univ. Mass., Dept. Linguistics, PhDdissertation.