1How to Derive Conveyed MeaningsMichael MorreauPhilosophy dept. & UMIACS mimo@umiacs.umd.eduUniversity of Maryland at College Park; tel. 301 4055578Keywords pragmatics, conversational implicatures, presuppositions, possible-worlds,nonmonotonic reasoning.AbstractI look at the role in utterance interpretation of one important part of the context ofinterpretation: the interpreter’s knowledge of norms of language use and assumptions he canreasonably make about the intentional states of the utterer. I will focus on pragmatics ofinterpretation; in particular, on the contribution of context to the interpretation ofconversational implicatures and presuppositions. This knowledge will be formalized inpossible-worlds theory, lending some support to the notion that contexts of interpretation aresimply sets of possible worlds. The derivation of conveyed meanings from utterances andthe contexts in which they are uttered will be formalized using a form of nonmonotonicreasoning which amounts to a trivial part of Reiter’s [1980] Default Logic.1. IntroductionSuppose you have said something in my presence. Now given our common knowledge ofthe norms of language use and given reasonable assumptions of mine about your dispositionsand cognitive states � given all this, what am I entitled to suppose you have conveyed?And what kind of reasoning allows me to derive what is conveyed from the fact of yourutterances? These are the questions to which, borrowing from the philosophy of languageand the Artificial Intelligence literature of nonmonotonic reasoning, I will offer an incompleteanswer.Utterances convey meanings beyond their conventional content. I will use the termconveyed meaning in a sense which subsumes the conventional consequences of utterances,their conversational implicatures and their "accommodated" presuppositions. Theirmetaphoric implications and more could be included too, but I won’t get to that here; I willfocus on what is conveyed through the "accommodation" of presuppositions (in particular theexistential presuppositions of definite descriptions) and on what is conveyed byconversational implicatures (in particular the quantity presuppositions of indicativeconditionals). I will look too at what happens when these two kinds of conveyed meaningscome into conflict.The following examples, which will be analyzed in detail, illustrate some of thesepresuppositions, implicatures and conflicts.Suppose for reasons of your own you say out of the blue, "the cat is not on the mat."And, for the meantime, you say nothing else. Then you convey, among other things, thatthere is a cat, and that there is a mat. The "accommodation" of the existential presuppositionsof definite descriptions has been supposed to play a part in this; here I will suppose simplythat speakers of English know that uttering a definite description or another "presuppositionaltrigger" typically has the effect of conveying the presupposition, without going into how andwhy it has this effect.This is not a typical case, though, since you continue with the explanation: "there isn’t acat." Now your two utterances taken together will still convey that there is a mat, but nolonger that there is a cat. This illustrates the defeasibility of pragmatic reasoning. In theanalysis sketched here defeasibility emerges from the nonmonotonic reasoning which, Iclaim, links premises including pragmatic generalizations and the fact that certain sentenceshave been uttered to conclusions about what they convey.

2Suppose, to take another kind of example, you utter a conditional in the indicative mood:"if my cheque has arrived then I’ll pay you back today". I will again be able to drawdefeasible conclusions about what this conveys: typically, that you are in a position to assertneither the consequent, "I’ll pay you back today", nor the antecedent, "my cheque hasarrived" (which together with the conditional itself entails the consequent). Such inferencesare standardly treated as conversational implicatures of Grice’s conversational maxim ofquantity and that is how I will treat them here, too.Interestingly, in cases where there is a conflict, the quantity implicatures of indicativeconditionals override the existential presuppositions of definite descriptions occurring inthem. If you say "the cat is on the mat if she’s in the house" there is no such conflict andyour utterance conveys both that there is a cat and that you are unsure whether she is inside.If on the other hand you say "the cat is on the mat, if there is a cat" there is a conflict betweenthe existential presupposition, that there is a cat, and the conversational implicature, that youare unsure whether there is a cat, since you can hardly be supposed to convey both of thesethings. It seems that in cases like this the conversational implicature wins out: you conveyonly that you are unsure whether or not there is a cat.These are the only examples I will consider here. In analyzing them I have tried to keep inmind many, many other cases which a successful theory must account for too. Dealing withthose other examples will engage the cogs and wheels which here sometimes turn withoutdoing much useful work.2. What knowledge underlies interpretation?The derivation of conveyed meanings is supported by knowledge some of which is broadlyspeaking linguistic, though much of it is not. In order to express this knowledge precisely itis helpful to introduce, besides the natural language of the utterances, two formal languages.I assume a natural language LN , a formal language LL F (here a language of first-order modallogic) in which to write the logical forms of the expressions of LN and a language L in whichto formalize the pragmatics of LN . I assume LL F is a sublanguage of L. To express what weknow about the semantics and pragmatics of LN , L contains terms which refer to expressionsin those other two languages: for any English sentence s, "s" is an individual term of L.And for every LL F sentence j, "j" is an individual term of L. Since LL F is a sublanguage ofL, this latter stipulation means that L has individual terms which must be interpreted as (someof) its own formulas; as far as I can see at the moment this does not introduce paradoxes.A possible-worlds model for L has in its domain D the sentences of LN and those of LL F ,along with some speakers of LN and some things for them to talk about. (We need a cat, anda mat.) Talk about these things is captured in relations on D and between possible worldswhich are suitable for interpreting, in addition to the vocabulary of LL F , the following relationsymbols and modal operators. For each speaker s there is a monadic predicate utts; for anysentence s of English, the intended interpretation of utts"s" is that s has uttered (some tokenof) s. There is a binary relation lf between (names of) English sentence types and (names of)their logical forms. lf("s","j") expresses that "j" is the logical form of "s". There is abinary relation <i between (names of) logical forms; "j"<i"y" means, informally speaking,that an utterance whose logical form is "y" would be more informative than one with logicalform "j". For each speaker s and sentence j of LL F I assume modal operators cons and bels;cons(j) means that the speaker has conveyed j; belsj, that the speaker believes j. I assume

3also a modal operator rel ; rel j is intended to express that j is relevant to the dialoguecurrently underway.1Finally I assume that L contains a weak modal conditional > with which to expressgeneralizations about how speakers normally use language to convey meanings. Theintended interpretation of j>y is that if j, then normally y. This conditional is interpretedin the manner of Stalnaker [1968] or Lewis [1973] using the device of possible-worldsselection functions. Its truth conditions are completely standard except for the fact that themodal constraint centering (Chellas [1980] calls it mp) is not imposed on worlds-selectionfunctions. Such weak conditionals have been used to express pragmatic generalizationsbefore, by Lascarides and Asher [1993] for example. What I will say about presuppositionsand conversational implicatures dovetails with and complements their account of theinterpretation of temporal and rhetorical relations left implicit in texts.I can now formalize representative examples of pragmatic generalizations and otherinformation which enables the derivation of conveyed meanings. First, I assume that theinterpreter of L (which I will now assume to be English) knows the conventional content ofits sentences. That is, I assume the interpreter knows certain facts about the logical forms ofEnglish sentences. Representative examples arelf("the cat does not exist", "�$xcat x"), andlf("the cat is on the mat if there is a cat","$xcat x�on(THEcat, THEmat)").2That such knowledge should be represented in the way I have just suggested is verysimplistic in several ways; for one thing, as linguists since Chomsky have made clear, thefact that we can understand sentences we’ve never heard before makes in inconceivable thatsuch knowledge is not derived somehow from underlying knowledge of syntax. Foranother, anaphoric relations between different utterances make the notion that logical formsare formulas of my LL F exceedingly implausible; alternative representations which would bebetter include Kamp’s Discourse Representation Structures, presented in Kamp&Reyle[1994]. This having been said, these oversimplifications do not amount to objections to theapproach I am suggesting here, so much as directions in which there is every reason tobelieve it can be extended in the future.Concerning the generalizations underlying interpretation, some of them are not linguisticat all but concern the cognitive states of the participants in a dialogue. To begin with, ourbeliefs tend not to be inconsistent:CONSISTENCY OF BELIEFS: T>�bels^ . That we should know any such thing is a bit implausible and again an oversimplification isresponsible. What is required for the pragmatic reasoning formalized below is that speakerstypically do not simultaneously entertain two beliefs of which they are aware, and which areblatantly incompatible. Such an assumption is a lot more plausible but it is indistinguishablefrom the generalization stated above if belief is modelled in the simplistic way I’ve chosenhere, as a (nonalethic) modal operator along the lines of �. Recent work in ArtificialIntelligence on the notion of awareness will hopefully give rise to a plausible alternative tomy bel.Other generalizations are pragmatic insofar as they derive from the assumption thatspeakers are governed by Gricean maxims of conversation (and a few others which I will getto). A principle related to Grice’s maxim of quality, firstly, requires that we convey only

1Of course rel ought to be given further analysis, perhaps in terms of counterfactuals about the interpreter�sepistemic state and the goals of the dialogue. Roughly speaking, a proposition is relevant at a given pointin a dialogue if the hearer does not already believe it and if the goals of the dialogue would be furthered wereit to be conveyed to him. I can’t go into this here.2� is a binary connective representing the indicative conditional; THE a definite-description operator whichturns a monadic predicate into an individual term.

4what we believe to be true. A speaker who accepts this maxim will normally convey onlypropositions which he believes:QUALITY: consj > belsj.Exceptions to this generalization include lies and other utterances which convey things thespeaker fails to believe � which he believes, in the case of lies, to be false. Not all suchutterances are insincere though, or intended to mislead; they include guesses, for example.In fact this principle is stronger than Grice’s maxim of quality, which required only thatspeakers avoid utterances they take to be false.Grice�s maxim of relevance requires us to convey only what we take to be relevant:RELEVANCE: consj > belsrel j.Exceptions to the rule that conveyed meanings typically are taken to be relevant include casesin which a speaker moves the conversational goals. Thus for example while waiting for ataxi one might interrupt a trivial converation about some or other topic by announcing that thetaxi has arrived. (This example makes clear that the notion of relevance which I intend is ahighly context-sensitive one: of course the fact that the taxi has arrived is relevant in a broadsense; that is why it is not considered rude to interrupt with the announcement. But ingeneral it is not relevant to the ongoing conversation, which might as well be aboutgardening. None of this context sensitivity is present in my analysis, though, so here toothere is scope for development of the notion of a conversational goal.)Finally Grice’s maxim of quantity requires speakers to be as informative as possible,within limits imposed by quality and relevance. I formalize this by supposing that a speakernormally will prefer a less informative to a more informative utterance only if he cannot assertthe more informative thing, either because he does not believe it, or because he does not thinkit relevant.QUANTITY: consj �bels("j"<i"y") > �(belsy � belsrel y).Other pragmatic generalizations which as far as I can see do not derive from broadly Griceanmaxims include the law that utterances tend to convey their conventional content:CONVENTIONAL CONTENT: utts"s"�lf("s",j) > consj.Exceptions to this generalization include utterances which are sarcastic, polite, ironic,metaphorical or tender.Finally, the following principle expresses the notion that anything which typically holdswhen a sentence s is uttered (under any given conditions c) is typically conveyed by such anutterance, provided it is relevant:SIGNIFICATION: ((rel (j) � (c�utts"s")>j � (c�utts"s")) > consjI expect that some such principle is responsible for the sense of paradox engendered by G.E.Moore’s famous utterance: "the cat is on the mat, and I don’t believe it". By conventionalcontent and quality the first part of this utterance, "the cat is on the mat", is normally utteredin a context in which the speaker believes that the cat is on the mat. From this and the factthat "the cat is on the mat" has in fact been uttered will follow, with signification, that thespeaker in uttering these words normally conveys not only that the cat is on the mat, but alsothat he believes this to be so. Now this latter thing of course directly contradicts theconventional content of the second part of the utterance, "...I don’t believe it [i.e. that the catis on the mat]".In this illustration (which can be given a rigourous treatment once a notion ofnonmonotonic reasoning using > has been introduced), signification was called on to conveycertain propositions about the mental state of the speaker. But I have stated the principlemore generally than this; it asserts that any relevant meaning j is conveyed by an utteranceeven if it is associated with that utterances, say, by laws of nature, and does not arise fromthe conventional meaning of the sentences uttered and pragmatic laws. In fact I will make

5use of this scheme only with j instantiated as a sentence of the form belsy or of the form�belsy. It seems to me that this principle is plausible for other propositions j too, though,especially propositions of which the speaker can be expected to be aware of, so I’ve statedthe principle as generally as possible. Whether it is too permissive has to be seen.Finally I assume that merely uttering certain lexical items, including "presuppositionaltriggers" contributes to conveyed meaning. For just one example, the followinggeneralization concerns definite descriptions which, I suggest, tend to convey that there arethings fitting those descriptions:DEFINITE DESCRIPTIONS: utts("...the P...")>cons$xP.Here P is a predicate expression of English but doubles as its formal representation. Similargeneralizations can be stated for the other presuppositional triggers listed by Levinson[1983]: factive verbs, implicative verbs, change of state verbs, iteratives, verbs of judging,temporal clauses, cleft sentences, comparisons, contrasts and all of the rest.The pragmatic and other generalization schemes just described constitute a background theoryagainst which, in the following, the interpretation of a speaker’s utterances will proceed.Call the set of all of their instantiations BT, and let s be some or other sentence of English.In the following section I will introduce a nonmonotonic consequence notion by means ofwhich it will be possible to derive, from BT and "utterance facts" of the form utts("s"),conclusions of the form consj. Meanings j such that consj can be derived from BT andutts("s") are the meanings which are conveyed by the speaker’s uttering of s.3. A Nonmonotonic Inference NotionNow I introduce a notion of nonmonotonic inference which enables the consequents of theseconditionals to be detached in cases where this does not introduce inconsistency.Conditional logic has been used before as the basis for nonmonotonic reasoning by,among others, Delgrande [1988], Asher&Morreau [1991], and Boutilier [1992]. The formof inference which I will use here is different from all of these; it does not face the problemwith "irrelevant" premises which Delgrande and Boutilier ran up against and it is from aconceptual and technical point of view not as dismayingly complicated as the notion of"commonsense entailment" introduced by Asher and Morreau. In fact, as a later theorem willshow, the inference notion amounts to a trivial fragment of (a slight generalization of)Reiter’s Default Logic (the defaults are understood to be defined L, not on classical logic asthey are in Reiter’s original [1980] presentation.)The informal idea is that premises including BT and utts("s") can be strengthened byadding, as default assumptions, as many instances of modus ponens, j>y fi jfiy, as ispossible without introducing inconsistency. (j> / fi y is an abbreviation for j>y fi jfiy). Iwill also consider examples in which the default assumptions are of the form (j>y � y>c)fi (j>c). The effect of adding these default assumptions is that defeasible forms of theargument forms modus ponens and hypothetical syllogism become available (neitherargument scheme is logically valid):

6MODUS PONENS:j

j>y\ yHYPOTHETICAL SYLLOGISM:j>y y>c\ j>cOne basic concept is the focal vector, which is just a vector of (sets of) defaultassumptions relative to which nonmonotonic inference will be defined. It plays very muchthe same role here as Reiter’s sets of defaults do, in Default Logic:DEFINITION:

G = <G1, G2, ...Gk> is a focal vector just in case each Gi is a set of sentences,and Gi˙Gj = {} if i„j.A focal vector should be thought of as a stock of potential assumptions: assumptions whichcan be added to what is known in any given case where an utterance is to be interpreted.These assumptions come with different priorities: assumptions in Gi have higher priority thanthose in Gj, if i<j. In cases of conflict between potential assumptions, what will be assumedand what will not is determined by this priority order, since an assumption of lower prioritywill never be made if it conflicts with an assumption of higher priority which could have beenmade in its place. Assumptions in G1 will take precedence in conflicts with those in G2,G3,...; assumptions in G2 will take precedence in conflicts with those in G3, G4,... and soon. Below,

G will be a vector <G1, G2, ...Gk> of (sets of) instances of modus ponenswhose effect, when assumed, is to enable conclusions to be drawn about what is conveyed inactual utterance situations.An example illustrates assumption-making in which higher-priority assumptionsconcerning the conventional content of an utterance override lower-priority assumptionsbased on the choice of definite-description syntax:EXAMPLE 1: Consider the following two utterance situations:(I) A speaker says "the cat is not on the mat" and nothing else.(II) A speaker says "the cat does not exist" and nothing else.In the first case the speaker has conveyed that there is a cat, which is not on the mat. In thesecond case the speaker has conveyed that there isn’t a cat. Let

G be the vector <G1, G2>,of which G1 contains just the following five instances of modus ponens (all can be gottenfrom BT in a way which will become clear as we go). Adding the assumptions in

G to theutterance facts as described in (I) and (II) will, relative to BT, enable the interpreter to deriveappropriate conclusions about what the speaker has conveyed in each of these situations.First, G1 contains T> / fi �bels^ . Relative to a background theory including CONSISTENCYOF BELIEFS, to assume this sentence is of course simply to assume �bels^ , which expressesthat the speaker’s beliefs are consistent.Second, G1 contains the following two sentences:cons(�$xcat x) > / fi bels(�$xcat x)cons($xcat x) > / fi bels($xcat x).

7Relative to a background theory including QUALITY, and in a context in which the speakerhas conveyed that there is (not) a cat, to assume these sentences is simply to assume that thespeaker believes what he has conveyed.Finally, G1 contains the following two instances of modus ponens which "cash out" thegeneralization CONVENTIONAL CONTENT. The first isutts"the cat is not on the mat"�lf("the cat is not on the mat", "�on(THEcat, THEmat)" )> / fi cons(�on(THEcat, THEmat))This sentence expresses the following thing: if an utterance of "the cat is not on the mat"normally conveys the conventional content of this sentence, namely that the cat is not on themat, and if in addition this sentence has in fact been uttered, then the speaker has in factconveyed that the cat is not on the mat. The other sentence in G1 expresses the analogousthing about the sentence "the cat does not exist" and its conventional content:utts"the cat does not exist"�lf("the cat does not exist", "�$xcat x" )> / fi cons(�$xcat x)G2 contains sentences which cash out the generalization DEFINITE DESCRIPTIONS in muchthe same way. (It is significant that they appear in G2 instead of G1. This is how theinterpretation process incorporates an empirical hypothesis which I now put to you: thatassumptions deriving from the speaker’s choice of syntax have lower priority thanassumptions deriving from his choice of conventional content, assumptions about theconsistency of the speaker’s beliefs, and so on) The first sentence in G2 is,utts"the cat is not on the mat"> / fi cons$xcat x.It expresses the following thing: if an utterance of "the cat is not on the mat" normallyconveys that there is a cat, and if in addition this sentence has in fact been uttered, then thespeaker has in fact conveyed that there is a cat.The second sentence in G2 does the same thing for the sentence "the cat does not exist".This is an interesting case because its conventional content and the use of the definitedescription tend to pull the interpreter of the utterance in different directions.utts"the cat does not exist"> / fi cons$xcat xThis sentence expresses that if an utterance of "the cat does not exist" normally conveys thatthere is a cat, and if in addition this sentence has in fact been uttered, then the speaker has infact conveyed that there is a cat. We will see that because this assumption has lower prioritythan the sentence dealing with the conventional content of "the cat does not exist", the effectof uttering this sentence is simply to convey that there is no cat.I am unhappy that the procedure I’ve been following for deriving defaults from BT (whichwill be stated more explicity below) should lead to the inclusion in our focal vector of anassumption as implausible as this one! Its presence doesn’t seem to do much damage insofaras it does not lead us to derive counterintuitive conveyed meanings, but it is a blight on myaccount. The problem seems to be that generalizations should not be treated as I have treatedthem, as schemes or universally quantified sentences. It is true I think that a definitedescription normally is uttered in contexts in which the existence is conveyed of a uniquesalient thing satisfying the description. But this should not entail that, say, "the cat does notexist" is normally uttered in contexts in which the existence is conveyed of a unique salient

8thing satisfying the description (a cat in this case). There is work to be done here, but let uscontinue with the example.Now the picture of the derivation of conveyed meanings which I will develop here is inoutline as follows.Take situation (I) above: the speaker utters "the cat is not on the mat" in the presence of theinterpreter. The interpreter’s observation leads him to adopt, as a premise of hisinterpretative reasoning, utts"the cat is not on the mat". Also, syntactic analysis contributesthe premise lf("the cat is not on the mat", "�on(THEcat, THEmat)". Now to these premisesand to the pragmatic and other generalizations in BT we add as many of the aboveassumptions as we can without introducing inconsistencies. We start with the assumptionsin G1 and find that all five can be added. Then we go on to add as much of G2 as we canwithout introducing inconsistencies, finding that all of G2 can be added, too. (Of courseconsistency must be demonstrated, say, with a model construction.) So the assumptions weare able to make are just G1¨ G2. Now it can be verified that relative to BT, our premisesand assumptions entail, among other things, both cons$xcat x and cons�on(THEcat,THEmat). That is,{utts"the cat is not on the mat", lf("the cat is not on the mat", "�on(THEcat, THEmat)"}BT¨ G1¨ G2�=cons($xcat x)cons(�on(THEcat, THEmat))In this way the interpreter is able to derive both $xcat x and �on(THEcat, THEmat) asconveyed meanings in situation (I).Take situation (II) above: the speaker utters "the cat does not exist" in the presence of theinterpreter. This leads the interpreter once again via syntactic processing to premises{utts"the cat does not exist", lf("the cat does not exist", "�$xcat x")}. The assumption-making process begins once again with the higher-priority assumptions in G1, finds that theycan all be added without loss of consistency, and moves on to see how much of G2 can beadded. Now note that{utts"the cat does not exist", lf("the cat does not exist", "�$xcat x"}BT¨ G1�=cons(�$xcat x)The main player in the demonstration that this is so is the sentenceutts"the cat does not exist"�lf("the cat does not exist", "�$xcat x" )> / fi cons(�$xcat x)

9which with great foresight was included in G1. Other elements of G1 enable us to derive aswell the following three things:�bels^ cons(�$xcat x) fi bels(�$xcat x)cons($xcat x) fi bels($xcat x)Putting all of these premises together (and assuming � with less than full plausibility � thatthe logic of bel is such that believing contradictories entails believing ^ ) we have{utts"the cat does not exist", lf("the cat does not exist", "�$xcat x"}BT¨ G1�=�cons($xcat x)The effect of this is that the following sentence, which is in G2, cannot consistently be addedto these premises.utts("the cat does not exist") > / fi cons($xcat x)The other element of G2 can be though. So in utterance situation (II) the result of assumingas much as possible while respecting priorities is just{utts"the cat does not exist", lf("the cat does not exist", "�$xcat x"}BT¨ G1¨ {utts("the cat is not on the mat") > / fi cons($xcat x)}We have seen that this set entails cons(�$xcat x) but (by its consistency) does not entailcons($xcat x). Thus by this assumption-making the interpreter is able to derive, from theobserved facts of utterance situation (II) and his background theory of interpretation, that thespeaker has conveyed �$xcat x. But other than in utterance situation (I), the speaker’schoice of definite-description syntax does not lead the interpreter to suppose that he has alsoconveyed $xcat x.The previous informal discussion of assumption-making illustrates the following precisenotions. First a definition. Letting

G = <G1, G2, ...Gk> be a focal vector and letting H be aset of assumptions disjoint from every Gi,

G | H is a useful notation for the focal vector <G1,G2, ...Gk, H>. Definitions and proofs using this notation can proceed by induction on thelength of focal vectors. For a trivial start, a focal vector

F can be "flattened" into

F ¨ asfollows: <> ¨ = {}; (

G | H ) ¨ =

G ¨ ¨ H . The following notion captures the idea of a set W ofassumptions, taken from

F in order of their priority and consistent with premises G, thanwhich no other such set is more inclusive:

10DEFINITION: W is maximal

F-respecting and G-satisfiable within

F is defined by inductionon the length of

F:Base step: {} is maximal <> respecting and G-satisfiable within <>.Induction step: W is maximal

G | H -respecting and G-satisfiable within

G | H ifi. W ˝ (

G | H ) ¨ ;ii. W˙

G ¨ is maximal

G-respecting and G-satisfiable within

G ;iii. G ¨ W �„^ , and if W ˝ W* ˝ (

G | H ) ¨ and G ¨ W * �„ ^ , then W = W*.DEFINITION: prioritized allowed entailment G �=

F j means that for every W which is maximal

F, G , W �=j.The following continuation of the earlier examples shows how �=

F is used to formalize thederivation of conveyed meanings from premises including pragmatic generalizations and thefact that given sentences have been uttered.CONINUATION OF EXAMPLE 1: Let

G = <G1, G2> be as in the earlier informal discussion.(I) A speaker says "the cat is not on the mat" and nothing else. Let G be BT¨ {utts"the cat isnot on the mat"}. The earlier discussion is a demonstration that there is a unique

G-respecting and maximal G -consistent subset of G1¨ G2, and that is G1¨ G2 itself. Also, itwas shown there that G ¨ G1¨ G2�=cons($xcat x) and G ¨ G1¨ G2 �= cons(�on(THEcat,THEmat)). Thus uttering "the cat is not on the mat" conveys that there is a cat, which is noton the mat:BT¨ {utts"the cat is not on the mat"}�=

G cons($xcat x)cons(�on(THEcat, THEmat))(II) A speaker says "the cat does not exist" and nothing else. Let G be BT¨ {utts"the cat doesnot exist"}. The earlier discussion is a demonstration that there is a unique

G-respecting andmaximal G -consistent subset of G1¨ G2, and that isG1¨ {utts("the cat is not on the mat") > / fi cons($xcat x)}.Call this set W . It was shown earlier that G ¨ W�=cons(�$xcat x), thoughG¨ W�„cons($xcatx). Thus uttering "the cat does not exist" conveys that there is no cat, andfails to convey that there is a cat.BT¨ {utts"the cat does not exist"}�=

G �„G cons(�$xcat x)cons($xcatx)Before going on to analyze some examples though, it may be helpful to compare �=

F withReiter’s [1980] Default Logic. I will show how �=

F can be characterized using ageneralization of Reiter’s [1980] Default Logic which allows for default rules to havedifferent priorities.

11DEFINITION (Reiter): Let j, y and c be sentences of L. A default rule is a rule of inference:

j : ycIt is convenient to write this rule j:y/c. A normal ‘default is a default rule of the form j : yyI will write such a rule j/y.DEFINITION (Reiter): A (normal) default theory is a pair <G,D> where L is a set of sentencesand D is a set of (normal) default rules.This notion can be generalized as follows to allow for a priority order on sets of default rules.Let

D = <D1, D2, ...Dk> be a finite vector of sets of default rules. Then <G,

D> is aprioritized default theory.DEFINITION (Reiter): An extension of <G,D> is any set E of L sentences such that E = ¨ Ei,where each Ei is defined in terms of E and <G,D> as follows:Eo = G,Ei+1 = Cn(Ei) ¨ {c: for some j and y, j˛Ei, j:y/c ˛ D and �yˇE}.Here Cn(S) = {j: S�=j}. This notion can be recursively extended to prioritized defaulttheories. As for the base clause, we say that E is an extension of <G,<> > just in case E =Cn(G). For the inductive clause, we say that E is an extension of <G,<D1, D2, ...Dk+1>>just in case there is some extension E* of <G,<D1, D2, ...Dk>> such that E is an extensionof <E*,Dk+1> is the original sense of Reiter’s.Now for any sentence j define Dj , the default rule corresponding to j, to be the normaldefault T/j. Note that these are particularly trivial normal default rules. Now generalize tosets of sentences and focal vectors as follows: for any set F of sentences, DF = {Dj :j˛F};and for any focal vector

F = <F1, F2, ...Fk>, D

F = <DF 1 , DF 2 ,...D F k >. Then the followingthing can without much difficulty be proven by induction on the length of

F: Let

F be a focalvector. Then for any W which is maximal

F-respecting G-consistent within

F, Cn(G¨ W) isan extension of <G,D

F >. Conversely, any extension of <G,D

F > can be written Cn(G¨ W),for some W which is maximal

F. Thus the followingequivalence theorem can be stated:THEOREM: G �=

F j iff for every default extension E of <G,D

F >, j˛E.In "Three ways of assumption-making" I show that allowed entailment can becharacterized not only in terms of the above extension of default logic but also as what

12Makinson and Shoham, generalizing John McCarthy’s [1980] notion of Circumscription,have called a "preferential" entailment notion. The preference relation is in thischaracterization an alphabetic preference order on possible worlds which is determined by

F.(Thus one world, u, is preferred to another, v, if u satisfies more of F1 than does v; or if theysatisfy the same sentences of F1 but u satisfies more of F2 than does v; or if they satisfy thesame sentences of F1¨ F2 but u satisfies more of F3 than does v; or if....)The interest of these characterizations here is that interpretation, if it admits an analysis likethe one I suggest, is of a kind with forms of nonmonotonic reasoning like Default Logic andCircumscription which are already quite well understood.4. Back to the ExamplesIt is now possible to analyze the examples I started out with (and many more besides which Idon’t have room to treat here.) Let G be a background theory containing the pragmaticgeneralizations and other "knowledge" of section 2 above.The sentences which appear in some Fi are said to be in focus. Exactly which instancesof modus ponens will be in focus when interpreting any given utterance or text? And whatpriority do they have? Are there assumptions to be made in interpretation which are notinstances of modus ponens ? I expect that the factors determining the choice of focus for anygiven interpretation task will turn out to be many and varied. But for now, and by way ofillustration, I can make explicit the strategy which was followed earlier on, in the discussionof example 1. Taking a generalization, say, utts("...the P...")>cons$xP, an instantiation isa sentence which likeutts("the king of France is bald")>cons$xking-of-france xsubstitutes into the generalization, in this case, the name of a sentence of English, and anappropriate predicate expression. A sentence A> / fi B, where A>B instantiates thegeneralization g, can be said to activate g. In the examples below I will assume that allinstances of modus ponens are in focus which activate one or other of the above pragmaticgeneralizations.Having decided which sentences will appear somewhere in our focal vector

F it remains todecide in which Fi they will appear. In the example I discussed above I supposed that someassumptions have a higher priority than others in pragmatic reasoning. In particular Isupposed that assumptions of a general conversational nature, and those concerned with thespeaker’s choice of conveyed meaning, have higher priority than assumptions concernedwith the speaker’s choice of syntax. Assume a hierarchy of pragmatic generalizations inwhich DEFINITE DESCRIPTIONS and other generalizations deriving from presuppositionaltriggers are ranked lower than QUALITY, QUANTITY and the rest (compare Gazdar�s [1979]suggestion). Here, the lower the index i of the Fi of which j> / fi y is a member, the higherthe priority of the assumption y. In this way, through these indices, focal vectors can reflectthe pragmatic hierarchy: suppose there are pragmatic generalizations g1 and g2 of whichj1>y1 and j2>y2, respectively, are instantiations. And suppose on the pragmatic hierarchyg1 is ranked higher than g2. And let there be i and j such that j1> / fi y1 ˛ Fi and j2> / fi y2 ˛ Fj(which is to say, suppose we are focusing on these generalizations). Then it is required thati<j.The claims I make about which conveyed meanings can be derived and which cannot allconcern this same choice of the focus of attention except the last one, which introducessentences other than instances of modus ponens into the focus of attention.

13the cat isn’t on the mat A speaker utters "the cat isn’t on the mat" (and nothing else),conveying among other things that there is a cat, and a mat. We haveG, utts("the cat isn’t on the mat") �=

F cons($xcat x) �cons($xmat x)The following demonstration sketch illustrates the general approach, which is exactly thesame as in the earlier example 1. It is not difficult to show with a model construction (and itis not surprising) that G, utts("the cat is not on the mat") is satisfiable together witheverything in

F. So there is just one W which is maximal

F-respecting and G¨ {utts("the cat isnot on the mat")}-satisfiable within

F, and that is

F ¨ .Now, G, utts("the cat isn’t on the mat") , utts("...the P...")> / fi cons$xP�=cons($xcat x)�cons($xmat x).if the cat isn’t on the mat then it’s in the kitchen This example illustrates the"projection" of presuppositions into a conditional context. A speaker utters "if the cat is noton the mat then it’s in the kitchen" (and nothing else), conveying among other things thatthere is a cat, a mat, and a kitchen. Now we have:G, utts("if the cat is not on the mat then its in the kitchen")�=

F cons($xcat x)cons($xmat x)cons($xkitchen x)The demonstration that this is so is analogous to the demonstration of part (I) of example 1,above.there isn’t a cat A speaker utters two sentences: "The cat is not on the mat" and, by wayof explanation, "There isn’t a cat." (and nothing else). In so doing he does not convey thatthere is a cat, but does convey that there is a mat. Let G* stand for G¨ {utts("the cat is not onthe mat"), utts(There is no cat")}. Now cons(�$xcatx) and cons($xmat x) follow from G*with �=

F ; on the other hand cons($xcat x) does not. The demonstration that this is so isanalogous to part (II) of example 1 above.the cat is on the mat if there is a cat A speaker utters "the cat is on the mat if there isa cat." Let G* stand for G¨ {utts("the cat is not on the mat if there is a cat")}. I am not quitefinished yet with the analysis of this example, but I believe I can show the following things:cons(�bels$xcat x), cons(�bels�$xcat x), cons(�bels(on(THEcat,THEmat))) andcons(�bels(�on(THEcat, THEmat)) all follow with �=

F from G*, with suitably chosen

F.(This is where the work has still to be done. This is the only one of the examples in which itis necessary to have, in the focal vector, not only instances of modus ponens, but alsosentences of the form (j>y � y>c) fi (j>c)) That is to say, this is an example in which thedefeasible hypothetical syllogism plays a role. I’ve yet to determine a principled way todecide which sentences of this form to put in the focal vector. I don’t see any problem ofprinciple here, but the work has still to be done.) What this result reflects is the fact that aspeaker’s choice of the indicative conditional conveys his agnosticism about the antecedentand the consequent. The generalization QUALITY and SIGNIFICATION play an important partin the demonstration. On the other hand cons($xcat x) does not follow. What this shows is

14that the existential presupposition of the definite-description syntax "the cat" is overridden bythe conversational implicature that the speaker is agnostic about the antecedent.5. Pragmatic Generalizations, Abnormality Predicates and Default RulesIt is important to say why I chose to represent pragmatic generalizations using the modalconditional operator >, and not as first-order sentences involving "abnormality" predicates asin familiar applications of McCarthy’s [1980, 1986] Circumscription, or as default rules inthe sense of Reiter’s [1980] Default Logic. The reason is that the object languages of thesetheories are too restrictive.Circumscription is defined within the extensional setting of classical first-order logic andto generalize to more expressive languages is not trivial. (See for example Thomason[1990].) This commitment to extensional logic makes it difficult to see how Circumscriptioncould capture, say, nonmonotonic reasoning involving propositional attitudes, conditionalsand the like, all of which figure in pragmatic generalizations. Default Logic in Reiter’soriginal [1980] formulation also takes a classical perspective though in this case that isinessential. Another limitation is however not so easily overcome. The defaults of Reiter’stheory are metalinguistic rules, not a part of the object language, so it is not possible toreason about them in Default Logic. In particular, default rules cannot be nested into othersentences. But all of the pragmatic generalizations I stated hold only under the assumptionthat the speaker is being cooperative, so that QUALITY for example should really be statedcooperative(s)fi(consj > belsj). For another example, my principle of signification requiresthat one > can appear within the scope of another >, whereas default rules in Reiter’s theorycannot be nested one within the other.This point that > is not to be thought of as a default rule of inference should of course notbe confused with the point expressed in an earlier theorem, that the notion of nonmonotonicinference I have defined on the language of > can be characterized using defaults over thislanguage.6. Future WorkPriorities include integrating with Lascarides and Asher’s work on rhetorical relations, and acomparison with Gazdar [1979]. Besides these larger projects I have indicates several pointsalong the way where work has to be done. One of the main ones concerns the representationof pragmatic generalizations, which I am coming to think should not be considered toquantify universally over utterances. (See the discussion in the first part of the discussion ofexample 1.) Another point is the concerns the generalization which I called signification,which probably needs to be stated less generally than I have stated it. Another point is thatthe treatments of belief and conversational relevance which I have used here are unsubtle;they will do for the meantime but will need to be looked at more closely if this kind ofapproach is to be taken further.

157. BibliographyAsher, N. and M. Morreau: 1991, ’Commonsense Entailment: a modal theory ofnonmonotonic reasoning.’ In J. Mylopoulos and R. Reiter, eds., Proceedings of theTwelfth International Joint Conference on Artificial Intelligence, Morgan Kaufmann, LosAltos, California, pp. 387-392.Boutilier, C.: 1992, Conditional Logics for Default Reasoning and Belief Revision.Technical Report KRR-TR-92-1, Computer Science Department, University ofToronto, Ontario, 1992.Chellas, B.: 1980, Modal Logic, and Introduction, Cambridge University Press,Cambridge.Delgrande, J.: 1988, ’An Approach to Default Reasoning Based on a First-Order ConditionalLogic: revised report.’ Artificial Intelligence 36 (1988), pp. 63-90.Gazdar, G.: 1979, Pragmatics: Implicature, Presupposition, and Logical Form. New York:Academic Press.Grice, H. P.: (William James Lectures)Kamp&Reyle, 1994, From Discourse to Logic. Kluwer.Lascarides, A., N. Asher.: 1993, ’Temporal Interpretation, Discourse Relations andCommonsense Entailment.’ Linguistics and Philosophy 16, pp. 437-494.Lewis, D.: 1973, Counterfactuals, Harvard University Press.McCarthy, J.: 1980, ’Circumscription � a Form of Nonmonotonic Reasoning,’ ArtificialIntelligence 13.Morreau, M.: 1995, ’Three ways of assumption-making’. Ms. to be submitted to the Journalof Philosophical Logic.Perrault, R.: 1990. ’An Application of Default Logic to Speech Act Theory.’ In Intentionsin Communication. P. Cohen, J. Morgan, and M. Pollack eds., Cambridge, MA: MITPress, 1990.Stalnaker, R.: 1968, ’A Theory of Conditionals,’ in N. Rescher (ed.), Studies in LogicalTheory, Blackwell, Oxford, 1968, pp. 98-112.Stalnaker, R.: 1981, ’Indicative Conditionals,’ in Ifs, W.L. Harper, R. Stalnaker and G.Pearce (eds.), D. Reidel Publishing Company, Dordrecht.Thomason, R.: 1990, ’Propagating Epistemic Coordination through Mutual Defaults I,’ InRohit Parikh, ed., Proceedings of the third conference on Theoretical Aspects ofReasoning about Knowledge. Morgan Kaufmann, San Mateo, CA, pp. 29-39.