
Towards a logical characterisation ofsentences of the kind \sentence p is aboutobject c"Robert DemolombeONERA/DTIMToulouse, Francerobert.demolombe@cert.fr Luis Fari~nas del CerroIRITToulouse, Francefarinas@irit.frAbstractWhen we have to remove every piece of information about an ob-ject in the representation of an application domain, or when we wantto retrieve all the pieces of information about an object in an informa-tion system, we are faced into the same fundamental problem: how tocharacterise sentences, expressed in a formal language, that are abouta given object?In this paper a logical characterisation is proposed in the contextof classical �rst order logic. This problem has also been investigatedby some philosophers, in particular by N. Goodman. Our approachis di�erent from Goodman's because we start from a characterisationthat is semantical rather than syntactical. We give formal de�nition ofthe concept of sentence, or theory, being about an object, we analyseto what extend this concept is compositional with regard to logicalconnectives and quanti�ers, and we present some corresponding prop-erties. Some of these may appear counter-intuitive. We also give asyntactical characterisation of subsets of sentences that are not aboutan object. We have not shown that this characterisation is complete,but we conjecture that its extension by logical equivalence is complete.The de�nitions and properties presented can be used as a startingpoint for de�ning automated deduction techniques to delete all thesentences in an information system that are about an object, or tocompute the answer to a new type of query of the kind: I want toknow everything about this particular object. Finally we show thatthere are many open problems, in particular if an equality predicate isallowed in the language. 1



1 IntroductionThere are many dynamic applications where the set of represented objectsmay change. Some new objects are introduced in the representations, othersare ruled out. For instance, an aircraft may be traced by a radar, and at agiven time, for some technical reasons, the aircraft is no more in the scopeof the radar. Another example may be found in a database which is used forpersonnel management in a company. When an employee leaves the com-pany we may want to \erase" the overall information about this employee,because this information is no longer of interest. A similar situation mayhappen in the case of a patient who leaves a hospital. For privacy reasons,we may desire that the patient no longer \exists" in the database. In allthese examples, we want to characterise a situation where there is an objectthat disappears, in the sense that in our representation of the world we haveno more pieces of information about this object. Then, an important prob-lem is to �nd a formal de�nition of the property that in a set of sentencesthat represents our knowledge about the world there is no sentence about agiven object. Another important related problem, which is not investigatedin this paper, is to determine how to change this set of sentences when anobject disappears.The same problem arises in the �eld of information retrieval. When wehave structured data stored in a database, the standard technique to retrieveinformation is to ask a query which may formally be represented by an opensentence in a �rst order predicate language. The corresonding answer isa set of tuples of objects for which the formula is true. Another kind ofquery, that cannot be asked in current database systems, and that may bevery useful when people have no idea about the kind of predicates that areused to represent information, is to request all the information regarding agiven object. For example, queries of the kind, \tell me everything you knowabout John". Here again we need a formal characterisation of sentences thatare \about John", or, in general, about an oject.This problem has also been investigated by a few philosophers, like R.Carnap [4] and H. Putnam [10] , and, later, by N. Goodman in [7] . In hispaper Goodman provides a syntactic characterisation of the property that asentence is about an object or is \absolutely" about an object. He analysesseveral possible de�nitions and shows that this characterisation is far to betrivial. In particular, he shows that we cannot directly relate the fact that asentence mentions an object name, and the fact that this sentence is aboutthis object. 2



For example, the sentence in everywhere in the province of Languedocthere are vineyards, represented by: 8x(Languedoc(x) ! vineyards(x)),does not mention the city of Carcassonne. However, since the city of Car-cassonne is in the province of Languedoc, this sentence is about Carcas-sonne, in the sense that it informs us about Carcassonne. Indeed, fromthe fact Languedoc(Carcassonne), and the former sentence, we can infervineyard(Carcassonne). In general, a sentence of the form 8xF (x) is aboutobjects named by c because we can infer from it F (c).Conversely, there are sentences that mention an object and that arenot about this object. A trivial example is the tautology there are vine-yards in Oslo or there are not vineyards in Oslo, formally represented byvineyards(Oslo) _ :vineyards(Oslo), which is not about Oslo because itgives no information about the city of Oslo. A less trivial example is the sen-tence vineyards(Carcassonne)^(vineyards(Carcassonne)_vineyards(Oslo))which is not about Oslo since it is logically equivalent to the sentencevineyards(Carcassonne).An important feature of the formal analysis presented in this paper isthat it directly refers to properties of propositions which are represented inthe language in some syntactical form. In fact, it is based on the idea that ade�nition of the concept of aboutness in the semantics is more appropriatethan in the syntax to give an intrinsic characteristion of this concept. Fromthis point of view, our approach is di�erent from Goodman, whose analysis,at least at the begining of his paper, is based on syntactical considerations.The idea that motivates the formal de�nitions presented in next sectionis that a sentence which is not about a given object is a sentence that doesnot allow us to distinguish states of the world whose descriptions only di�erby the truth-value assignment to atomic sentences that mention this object.Conversely, a sentence which is about an object may be true in some of thesestates, and false in others.In the next section we introduce the logical framework in which a de�ni-tion of the property that a sentence is not about an object is given. We startfrom the de�nition of \sentences not being about an object", because it iseasier to have an intuitive understanding of this formal de�nition than of\being about", whose de�nition directly follows from the �rst one. Then, weanalyse formal properties of this concept with regard to logical connectivesand quanti�ers, and also with regard to logical consequence. In section 3,we give a de�nition of the fact that a theory is about a given object. It isshown that the fact that a theory is about an object is not directly related3



to the fact it contains some sentences that are about this object. Section4 presents suggestions to extend the de�nitions to languages with equalitypredicates. In the conclusion we present a list of open problems concerningthe application and automatisation of the treatment of aboutness.2 Sentences about an objectDe�nition 0. Syntactical de�nition of language Lc.We de�ne a �rst order predicate calculus language Lc, where c is somegiven constant symbol. Neither function symbols nor the equality predicateare allowed in the language. Terms are either variable symbols or constantsymbols.Lc is de�ned by the following rules.1. If p is an n-ary predicate and t is a n-tuple of terms, then p(t) 2 Lc.2. If F 2 Lc and G 2 Lc, then (:F ) 2 Lc and (F _G) 2 Lc.3. if F 2 Lc, then (9xF ) 2 Lc and (9x 6= c F ) 2 Lc 1.4. All the sentences in Lc are de�ned by rules 1, 2 and 3.As usual we adopt the following notations: p^q def= :((:p)_(:q)), p!q def= (:p)_q, p$ q def= (p! q)^(q! p) and 8x 6= c F def= :(9x 6= c :F ).Paranthesis will be omittted when there will be no risk of misinterpretation.Quanti�ers of the form 8x 6= c and 9x 6= c are called \restrictedquanti�ers".De�nition 1. Interpretation.Let's consider a language Lc as de�ned in De�nition 0. An interpretationM of Lc is a tuple M =< D; i > such that� D is a non empty set of individuals,� i is a function that assigns{ to each predicate symbol of arity n a subset of Dn,1Here x 6= c is used as a notation to denote restricted quanti�ers, it is not taken as asentence with an occurence of equality predicate.4



{ to each variable symbol an element of D,{ to each constant symbol an element of D,In the following D will be called the domain of the interpretation, and iwill be called the interpretation function, or, for short, the interpretation.Notation: the domain ofM will be denoted byDM and the interpretationfunction of M will be denoted by iM .De�nition 2. Satis�ability conditions.Let M be an interpretation of the language Lc. The fact that a formulaF of Lc is true in M is denoted by M j= F , and is inductively de�ned asfollows.� If F is an atomic sentence of the form p(t), where t is a tuple of constantsymbols or variable symbols, we have M j= F i� iM(t) 2 iM(p).� M j= :F and M j= F _ G are de�ned from M j= F and M j= G asusual.� M j= 9xF i� there exists an interpretation Mx=d that only di�ers fromM by the interpretation of variable symbol x, such that iMx=d(x) is theelement d of DMx=d and Mx=d j= F .� M j= 9x 6= c F i� there exists an interpretation Mx=d that only di�ersfrom M by the interpretation of variable symbol x, such that iMx=d(x)is the element d of DMx=d and iMx=d(c) is not d and Mx=d j= F .A formula F is a valid formula i� for every interpretation M we haveM j= F . This is denoted by j= F .The most important part of the paper concerns the notion of variants,which provides a foundation for our de�nition of aboutness.De�nition 3. Variants of an interpretation with regard to anobject.Let Lc be a language as de�ned in De�nition 0. We call variants of Mwith regard to c the set M c of interpretations M 0 de�ned from M in thefollowing way.� DM 0 = DM 5



� iM 0 = iM for every variable symbol and constant symbol,� iM 0 is de�ned from iM for each predicate symbol as follows: if p is apredicate symbol of arity n{ if t is a n-tuple of terms of language Lc that contain no occurenceof the constant symbol c, then iM 0(t) 2 iM 0(p) i� iM(t) 2 iM(p),{ if an element < d1; : : : ; dn > of Dn is such that, for every j in[1,n], dj 6= iM(c), then < d1; : : : ; dn >2 iM 0(p) i� < d1; : : : ; dn >2iM(p).The set of variants M 0 of interpretation M with regard to an objectnamed with the constant symbol c is denoted byM c. Notice thatM belongsto M c, and that, if M 0 belongs to M c, M belongs to M 0c too.Roughly speaking, the setM c is the set of interpretation that only di�ersfromM by the truth assignement of atomic sentences where c appears as anargument. The M c de�nition is a bit complicated, its justi�cation is that,in informal terms, a sentence is not about an object named by c i� its truthvalue does not change in all the variants of a given interpretation. Examplesbelow can help to understand de�nition 3.Example 1. Let Lc be a language with the unique unary predicate symbolp, and the constant symbols a, b and c. Let M be an interpretation of Lcde�ned by: D = fd1; d2; d3; d4g, iM(a) = d1, iM (b) = d2, iM(c) = d3, andiM(p) = fd1; d3; d4g (see Figure 1).
a b c

d1 d2 d3 d4

i(p)

D Figure 1: Example 1.According to De�nition 3, for every variantM 0 inM c, iM 0(p) contains d1,because d1 is the interpretation of the constant symbol a, which is di�erent6



from constant symbol c. Therefore, the sentence p(a) is true in every variantM 0. At the opposite extreme, there are variants M 0 of M such that d3 isnot in iM 0(p), because d3 is the interpretation of c. In these variants p(c) isfalse, although it is true in M .Example 2. Let us consider another interpretation which is the same asin example 1, except that the constant symbols a and c are interpreted byd3, and iM(p) = fd3; d4g (see Figure 2).
a b c

d1 d2 d3 d4

i(p)

D Figure 2: Example 2.In this example, for every variant M 0 in M c, d3 is in iM 0(p) because d3is the interpretation of the constant symbol a. Since d3 is also the interpre-tation of c, and the interpretation of constant symbols remains unchangedin all the variants of M , the sentence p(c) is true in every variant of M .Notice that 9x 6= c p(x) is true in M , and it is also true in every variantof M because d4 belongs to iM 0(p) for every variant M 0 in M c.Example 3. Let us now consider an interpretation which is the sameas in example 1, except that the interpretation of the predicate symbol p isiM (p) = fd3g (see Figure 3). Then, there is a variant ofM where iM (p) = ;.Therefore the sentence 9xp(x) is true in M , but it is false in some variantin M c.De�nition 4. Sentences that are not about an object.Let F be a sentence of language Lc. We say that F is not about anobject named by the constant symbol c i� for every interpretation M , wehave M j= F i� for every interpretation M 0 in M c we have M 0 j= F .The fact that F is not about object c is denoted by NA(F; c). In shortwe have: 7



a b c

d1 d2 d3 d4

i(p)

D Figure 3: Example 3.NA(F; c) holds iff 8M(M j= F iff 8M 0 2M c M 0 j= F )We say that a formula F is about the object c, if it is not the case thatNA(F; c). This fact is denoted by A(F; c). In short we have:A(F; c) holds iff 9M(9M 0 2M c(M j= F and M 0 6j= F ))It can be checked that, according to De�nition 4, sentence p(a) is notabout object c, and that sentences p(c) and 9xp(x) are about object c.Property 1. If sentences F andG are logically equivalent, thenNA(F; c)i� NA(G; c).In short: j= F $ G ) (NA(F; c), NA(G; c)).Property 2. Sentence F is not about object c i� sentence :F is notabout object c.In short: NA(F; c), NA(:F; c).Proof. We �rst prove that NA(F; c)) NA(:F; c).Let M be an interpretation such that M j= :F . If there exists aninterpretation M 0 in M c such that M 0 6j= :F , we have M 0 j= F . Since wehave NA(F; c), from De�nition 4, for every M 00 in M 0c we have M 00 j= F .From De�nition 3 we have M 2M 0c, therefore M j= F .To prove that NA(:F; c) ) NA(F; c), from the former result we haveNA(:F; c) ) NA(::F; c), and from Property 1 we have NA(::F; c) $NA(F; c). 8



Property 3. If both sentences F and G are not about object c, thensentence F _G is not about object c.In short: NA(F; c) and NA(G; c)) NA(F _G; c).Proof. If M j= F _ G, then we have either M j= F or M j= G. Assumewe have M j= F . Since we have NA(F; c), for every M 0 in M c we haveM 0 j= F and therefore M 0 j= F _G. In the case where we have M j= G thesame conclusion follows. Then we have NA(F _ G; c).Property 4. If both sentences F and G are not about object c, thensentence F ^G is not about object c.In short terms: NA(F; c) and NA(G; c)) NA(F ^G; c).Proof. From NA(F; c) and NA(G; c), by Property 2 we have NA(:F; c)and NA(:G; c), and by Property 3 we haveNA(:F _:G; c). By Property 2again we have NA(:(:F_:G); c), and by Property 1 we have NA(F^G; c).Property 5. If the sentence F (c) is not about the object c, then F (c)is logically equivalent to 8xF (x).In short: NA(F (c); c)) j= F (c)$ 8xF (x).Proof. Assume NA(F (c); c). Let M be an interpretation such thatM j= F (c). Let Mc=d be an interpretation whose only di�erence from M isthat the constant symbol c is interpreted by some indiviual d in DM . Thatis iMc=d(c) = d. There exists M 0 in M c, such that for every atomic sentenceof the form p(t), where t is a tuple that contains at least one occurence of c,we have iM 0(t) 2 iM 0(p) i� iMc=d(t) 2 iMc=d(p). That is because M c containsall the variants of M with regard to c.Since we have NA(F (c); c), from de�nition 4, M j= F (c) implies M 0 j=F (c). Then, we have Mc=d j= F (c). The same conclusion can be drawn forany element in DM . That is, for every d in DM we haveMc=d j= F (c), whichfrom the de�nition of satis�ability means M j= 8xF (x).We have shown that 8M(M j= F (c) ) M j= 8xF (x)). Then wehave j= F (c) ! 8xF (x). From properties of �rst order logic we also havej= 8xF (x)! F (c). Then, �nally, we have j= F (c)$ 8xF (x). �One might intuitively explain Property 5 by the fact that sentences thatcontain no restricted quanti�ers and are not about c are sentences wheresub-formulas in the scope of quanti�ers are tautologies or contradictions.However, this explanation would be wrong. Take, for example, the sentencep(a) ^ 9x(p(x)_ q(x)), which is logically equivalent to p(a).9



We now present several \negative" properties, that is properties that onemay expect to hold, but in fact do not hold.Property 6. The fact that sentences F and G are both about object cdoes not imply that sentence F _G is about object c.In short: A(F; c) and A(G; c) 6) A(F _ G; c).Proof. Take F = p(c) and G = :p(c). It is easy to check that both Fand G are about c, while p(c)_ :p(c) is not about c.Property 7. The fact that sentences F and G are both about object cdoes not imply that sentence F ^G is about object c.In short: A(F; c) and A(G; c) 6) A(F ^ G; c).Proof. Take the same instance of F and G as in the proof of Property 6.Using contraposition, Properties 6 and 7 could respectively be presentedin the form:NA(F _G; c) 6) NA(F; c) or NA(G; c)NA(F ^G; c) 6) NA(F; c) or NA(G; c)Property 8. If sentence F logically implies G it is not necessarily thecase that A(F; c) implies A(G; c).In short: j= F ! G 6) (A(F; c) ) A(G; c)).Proof. Take F = p(a)^ p(c) and G = p(a). We have j= F ! G. We canalso check that we have A(p(a)^ p(c); c)but we do not have A(p(a); c).Property 9. If sentence F logically implies G it is not necessarily thecase that A(G; c) implies A(F; c).In short: j= F ! G 6) (A(G; c)) A(F; c)).Proof. Take F = p(a) and G = p(a) _ p(c). We have A(p(a) _ p(c); c)because there is an intepretation M where p(a) _ p(c) is true, because p(a)is false and p(c) is true, and M has a variant where p(a) is false and p(c) isfalse, that is, where p(a)_ p(c) is false. Moreover we do not have A(p(a); c).Using contraposition, Properties 8 and 9 could respectively be presentedin the form:j= F ! G 6) (NA(G; c)) NA(F; c))j= F ! G 6) (NA(F; c) ) NA(G; c))The most important properties are listed below.10



j= F $ G ) (NA(F; c), NA(G; c))NA(F; c), NA(:F; c)NA(F; c) and NA(G; c)) NA(F _G; c)NA(F; c) and NA(G; c)) NA(F ^G; c)j= F $ G ) (A(F; c), A(G; c))A(F _ G; c)) A(F; c) or A(G; c)A(F ^ G; c)) A(F; c) or A(G; c)j= F ! G 6) (NA(F; c)) NA(G; c))j= F ! G 6) (NA(G; c)) NA(F; c))j= F ! G 6) (A(F; c)) A(G; c))j= F ! G 6) (A(G; c)) A(F; c))So far, in this paper, the property of aboutness has only been de�ned inthe semantics. An important issue is to �nd a corresponding de�nition in thesyntax. That is to �nd a syntactical characterisation of the set of sentencesthat are, or are not, about an object c. Unfortunately, at the present timewe do not have such a complete characterisation. However, we shall presentin the following a syntactical characterisation and we conjecture that itsextension by logical equivalence is complete,De�nition 5. Syntactical de�nition of language L0c.We de�ne a sub set L0c of the �rst order language Lc as follows:1. If p is an n-ary predicate and t is a n-tuple of terms with no occurenceof the constant symbol c, then p(t) 2 L0c.2. If F 2 L0c and G 2 L0c, then (:F ) 2 L0c and (F _ G) 2 L0c.3. if F 2 L0c, then (9x 6= c F ) 2 L0c.4. All the sentences in L0c are de�ned by rules 1, 2 and 3.Property 10. If F is a sentence in L0c then F is not about the object c.In short: F 2 Lc ) NA(F; c).Proof. The proof is by induction on the number n of logical connectivesor quanti�ers in sentence F .For n = 0 we have F of the form p(t). If F is in L0c there is no occurence ofconstant c in t. Then, if p(t) is true in an interpretation M , from De�nition11



3 of variants of M , p(t) is true in all the variants in M c, which means, fromDe�nition 4, that p(t) is not about object c.For n > 0.If F is of the form F = :G, from the de�nition of L0c, G is in L0c. Then,by the induction hypothesis, we have NA(G; c), and, from property 2, wehave NA(:G; c).If F is of the form F = G _H , from the de�nition of L0c, G and H arein L0c. Then, by the induction hypothesis, we have NA(G; c) and NA(H; c),and by Property 3, we have NA(G_H; c).If F is of the form F = 9x 6= c G, if M is an interpretation such thatM j= 9x 6= c G, from the de�nition of satis�ability conditions there existsan interpretation Mx=d such that (1) iMx=d(x) 6= iMx=d(c) and (2)Mx=d j= G.From the de�nition of L0c, G is in L0c, and by the induction hypothesiswe have NA(G; c). Then, from (2), in every variant M 0 in M cx=d we haveM 0 j= G.Since the interpretation of variable symbols and constant symbols is notchanged in the variants of an interpretation, for every M 0 in M cx=d we haveiM 0(x) 6= iM 0(c).Therefore we have (3) 8M 0 2M cx=d (M 0 j= G and iM 0(x) 6= iM 0(c)).Let M 00 be a variant of M , that is M 00 2 M c. The interpretation M 00x=dwhich only di�ers from M 00 by the interpretation of the variable symbol x(that is iM 00x=d(x) = d) is a variant of Mx=d. That is M 00x=d 2 M cx=d. Then,from (3), we have M 00x=d j= G and iM 00x=d(x) 6= iM 00x=d(c), and, by the de�nitionof satis�ability, we have M 00 j= 9x 6= c G.Since 9x 6= c G is true in all the variants M 00 in M c, 9x 6= c G is notabout object c. �A trivial consequence of Properties 1 and 10 is that any sentence in Lclogically equivalent to some sentence in L0c is not about object c. In short:(j= F $ G and G 2 L0c) ) NA(F; c)We have not found any counter example showing that the implication inthe other direction does not hold.As pointed out by Goodman in [7] the fact that a sentence mentionsobject c is not necessarily related to the fact that this sentence is aboutobject c. 12



First, the fact that c does not occur in a sentence F does not imply thatF is not about c. For instance, we have A(9xp(x); c) and A(8xp(x); c). Thiscan be intuitively understood if we think of 9xp(x) (resp. 8xp(x)) as anin�nite disjunction (resp. conjunction) whose one disjunct (resp. conjunct)is p(c). Notice that for restricted quanti�ers we have NA(9x 6= c p(x); c)and NA(8x 6= c p(x); c).Second, the fact that c occurs in a sentence F does not imply that Fis about object c. Examples that come in mind are tautologies of the formG(c)_:G(c) where c occurs in G. But these are not the only examples. Sincej= F ! G implies j= F $ F ^ G, if we have NA(F; c) and c occurs in G,then, by Property 1, we have NA(F ^G; c) and c occurs in F ^G. Take, forexample, F = p(a) and G = p(a)_ p(c); we have NA(p(a)^ (p(a)_ p(c)); c).3 Theories about an objectIn the previous section we have de�ned the notion of aboutness for a sen-tence alone. Properties 7 and 8 have shown that aboutness is not stable withregard to conjunction with other sentences, or with regard to logical conse-quence. That means that we also have to consider aboutness of a sentencein a particular \context". That is, if we understand the fact that sentence Fis about object c in the sense that, if we know that F is true then we knowsomething about the object named c, then it may be that when we learnthat F is true we learn or we do not learn something about c, depending onthe context of the overall set of knowledge in which the information that Fis true has been acquired.For instance, if we acquire the fact that p(a) _ p(c) is true in an emptycontext, that is, in a context where we only know that p(a)_ p(c) is true,then we learn something about object c. Indeed, if in addition we learn thatp(a) is false then we know that p(c) is true. However, if we are in a contextwhere we know that p(a) is true, then the fact that p(a)_ p(c) is true tell usnothing about the object c, because there is no situation compatible withthis context where p(a)_ p(c) may be false.The intuitive idea is that when we know that a set of sentences is true,to determine whether this set of sentences informs us about c, we cannotconsider each sentence independently.For instance, if we know that murder(John) _murder(Peter) is true,to determine whether this sentence tells us something about Peter, we13



have to distinguish, on the one hand, situations where we also know thatmurder(John) is true, since in that situationsmurder(John)_murder(Peter)gives no information about Peter, and, on the other hand, situations wherewe only know that murder(John) _murder(Peter) is true, since in thosesituations we do know something about Peter.These comments suggest that it is useful to de�ne the notion of aboutnessfor a set of sentences which is closed under logical consequence, that is, forwhat we call a \theory". The idea is to de�ne a theory T that is aboutobject c as a theory that informs us about c, in the sense that there aremodels of T who have variants with regard to c which are not models of T .Let F be a set of sentences in Lc. We say that F is a base for a theoryT i� T is the closure of F under logical consequence. This is denoted byBase(T ) = F .Let us consider, for instance, a theory T1 such that Base(T1) = fp(a)g,and T2 such that Base(T2) = fp(a)_p(c)g. It is assumed that both theoriesare de�ned on the same language. The theory T2 is about object c, orinforms about c, because we can �nd a model M of T2, and a variant ofM with regard to c, which is not a model of T2. In the other case, thoughsentence p(a)_p(c) belongs to theory T1, every variant of every model of T1,is a model of T1, and sentence p(a) _ p(c) is true in every variant, becausep(a) is true in all these variants. That means that theory T1 is not aboutobject c though it contains a sentence which, if it is considered alone, isabout object c.Theory T1 is more informative than theory T2, in the sense that it hasless models than T2, but it is less informative than T2 about c. Intuitively,when we know that T1 is true, to know whether p(c) is true we have to knowthat p(c) iteslf is true, while when we know that T2 is true, to know whetherp(c) is true we only have to know that p(a) is false.Now, we give a formal de�nition of aboutness for a theory.De�nition 6. Theories that are not about an object.Let T be a theory formed with sentences of language Lc. We say thatT is not about an object named with the constant symbol c i� for everyinterpretation M , M is a model of T i� every interpretation M 0 in M c is amodel of T .The fact theory T is not about object c is denoted by NA0(T; c) and thefact M is a model of T is denoted by M(T ). In short:14



NA0(T; c) holds i� 8M(M(T ) i� 8M 0 2M c M 0(T ))We say that T is about the object c, if it is not the case that we haveNA0(T; c). This fact is denoted by A0(T; c). In short terms we have:A0(F; c) holds i� 9M(9M 0 2M c(M(T ) and not M 0(T ))The set of models of a theory T is denoted by M(T ), and the set ofvariants of models of T , that is, the set of interpretations M 0 such thatthere exists M in M(T ) such that M 0 2M c, is denoted by Mc(T ).De�nition 7. Restriction of a theory with regard to an object.Let T be a theory, we say that the theory T c is the restriction of theoryT with regard to object c i� T c is the theory whose set of models is the setof variants with regard to c of the models of T .In short T c is the theory such thatM(T c) =Mc(T ).Property 11. For any theory T , the theory T c de�ned in De�nition 7is not about object c.In short we have NA0(T c; c).Proof. Let M be a model of T c. By de�nition ofM(T c), M is a variantof a model of T . The variants of M are also variants of some model of T .Then, they are in M(T c), and therefore they are models of T c.Notice that since M(T ) is included in M(T c), T c is included in T . T cis the largest theory included in T which is not about object c, because T ccontains all the sentences which are true in every model in Mc(T ).4 Research directions for extension to equalityAn interesting possible extension of the work presented in this paper is toconsider a �rst order language with an equality predicate.In the de�nition of NA(F; c) we have considered variants M 0 of a giveninterpretation M , where the interpretation of variable symbols and constantsymbols are the same in M 0 and in M , and where the only changes are aboutthe predicate interpretations with regard to the domain element d whichinterprets the constant symbol c, that is such that d = iM(c).15



However, in cases where d is also the interpretation of another constantsymbol, for instance when iM(a) = iM(c), predicate interpretations are notchanged with regard to d. The reason is that we wanted to know whethermodi�cations of the truth value of properties about c, like p(:::; c; :::), canchange the truth value of a given sentence F , but we did not want to modifythe truth values of properties about a like p(:::; a; :::).Now, if we extend the language with an equality predicate, the �rstquestion that comes in mind is: \do we have to change, in the variants of M ,the interpretation of the equality predicate, as we did for other predicates?".A possible answer is \no".An argument in this sense is that, if we change the interpretation ofequality, we also have to change the interpretation of constant symbols. Forexample, if in M we have iM(a) = iM(c) and iM(c) = d, a = c is truein M , and, if there is a variant M 0 where a = c is false, in M 0 we haveiM 0(a) 6= iM 0(c), that is iM 0(a) 6= d or iM 0(c) 6= d. That would lead to achange in the meaning of the constant symbols in the variants of M . If wechange the meaning of constant symbols, we change the objects named bythe constant symbols in the variants of M , and it does not make sense anymore to say that a sentence informs about an object named by the constantsymbol c if the meaning of c changes from variants to variants.Then, another question is : \do we have to change the de�nition ofvariants?". We think that a natural answer is \yes". In particular in thesituations where we know that a = c. Inded, if we know, for instance,that p(a) ^ a = c is true, we know that p(c) is true. So, it is quite obviousthat sentence p(a) ^ a = c is about c. If we do not change the de�nitionspresented in section 2, and if equality is treated like any other predicate, weface the conclusion that p(a)^ a = c is not about c.Therefore, we propose to change the de�nition of variants in De�nition 3in such a way that, in a context where we know that, for instance, a = c,the interpretation of predicates is also changed for the domain element whichis is the interpretation of c, even if this element is also the interpretation ofa constant symbol di�erent of c. According to this new de�nition, thoughwe have rigid interpretation of constant symbols, if p(a) is true in M andwe know that a = c, the truth value of p(a) will change in the variants ofM . In other contexts where we have no information about a = c De�nition3 should not be changed. In more formal terms, when M j= p(a) ^ a = c,the new de�nition should make a distinction between the case where we16



consider sentence F= p(a) ^ a = c, and the case where we consider thesentence G=p(a).This de�nition would lead to the conclusion that a = c is not aboutc. That seems to be counterintuitive, but it is not so odd if the onlyinformation we know is a = c. The reason why we may intuitively believethat a = c informs about c is that, if we know some fact about a, we knowthe same fact about c, but if we know nothing about a, from a = c we caninfer nothing about c.However, the problem requires a more detailed analysis for sentenceswhich are not of the form F (a) ^ a = c. For instance, we intuitivelyunderstand that p(a) ^ (a = b _ a = c) should be about c, as it is thecase for p(a) ^ (p(b) _ p(c)). But p(a) ^ (a = c _ :a = c) should notbe about c. And what about sentences of the kind p(a) ! a = c or(p(a) ^ a = c) _ (q(b)^ b = c)?5 ConclusionA formal de�nition of the concept of aboutness has been given semanticallyfor sentences and for theories. We have also proved properties that showthat the notion of not being about an object is compositional for logicalconnectives, but not for quanti�ers. The notion of being about is composi-tional only for negation. Moreover, these notions are closed neither underlogical consequence nor under logical antecedents. Many of these results arenot intuitive, but they are consistent with properties of the notion of beingabsolutely about demonstrated by Goodman in [7].The language L0c gives a syntactical characterisation of a sub set of sen-tences that are not about the object named by c. It is a basic open questionto know whether the class of sentences that are about c is decidable.We have also given the de�nition of a theory being, or not being, aboutan object. In the case where a theory is about an object we have de�nedthe largest sub-theory that is not about this object. This may be used as afoundation for the de�nition of the operation of \retracting" an object froma theory.There are many open problems related to the formal de�nition of about-ness. One is to investigate to what extent the concept of aboutness fortopics, for instance as is introduced by Demolombe and Jones in [5] (seealso [6, 8, 9]), is related to the concept of aboutness for objects. We guess17



they are orthogonal, because the fact that a sentence is about a given topicmainly depends on the meaning of the sentence, it is independent of its ex-tension. In particular two logically equivalent sentences are not necessarilyabout the same topics, while they are about the same object.In the area of belief revision many people have attempted to characteriseparts of a theory that are invariant with respect to contraction of the theoryby a sentence [3]. It is rather tempting to use the notion of aboutness forthat purpose.The de�nition of T c (De�nition 7) is not constructive. An interestingopen problem is to �nd a constructive method to determine the base of atheory T c as a function of the base of T .To answer queries of the form \tell me every thing you know about John"we need to de�ne inference rules to derive consequences of the basis F ofa theory T that are about a given object c, in the context of T . That is,sentences that are true in some model M of T , and are false in some variantM 0 in M c. If we regard F as the conjunction sentences that are in F , fromProperty 9 we know that if F is about object c, it is not necessarily the casethat any consequence G of F is about c. Then, a practical problem is to �ndadditional conditions on F and G that allow us to restrict the generation ofconsequences to those that are about c.Finally, an interesting �eld for future investigation is to try to extendthe automated deduction method, based on the connection method, de�nedby Wolfang Bible [1, 2], to sentences that are about the same objects. Theintuitive idea is to connect two sentences that are about at least one commonobject, in order to make more e�cient the derivation of sentences that areabout a given object.Acknowledgements. We are very grateful to the anonymous refereewho has made many valuable comments about the paper, and who suggestedinteresting changes or extensions. We also want to thank David Pearce forhis great help in the preparation of this paper.ReferencesReferences[1] W. Bibel. Matrices with Connections. Journal of the ACM, 28:633{645,1981. 18
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