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1 BackgroundConsider a sentential form such as the following:2npi told npj that npk called nplThis sentential form o�ers a small laboratory in which wemay investigate how to characterize referential relations inEnglish.As a �rst step, we indicate the way the GB Binding cate-gories bear on the interpretation of the referential positions inthis sentential form. We depart from the standard GB Bind-ing Theory in allowing anaphors in the subject position ofthe embedded clause | indicated in the �fth column of theanaphor row| because reciprocals seem to occur in this posi-tion (bound by elements in the matrix clause) although reex-ive forms do not. Following Brame [2], we regard this di�er-ence as arising from the fact that reexives have a �xed caseincompatible with the contexts that accommodate nominativeor possessive pronouns. We write i 7! j to indicate that anyadmissible assignment of values to indices in a model struc-ture, the index i is assigned to the value that j is assigned,and i 67! j to indicate that admissible assignments assign dis-tinct values to the indices i and j; if A is a set of indices,i 7! j 2 A means that any admissible assignment of values toindices is consistent with i 7! j, for some j 2 A, and i 67! Ameans i 67! a, for all a 2 A.npi npj npk nplanaphor: * j 7! i k 7! fi; jg l 7! kpronominal: [free] j 67! i [free] l 67! kR-expr.: [free] j 67! i k 67! fi; jg l 67! fi; j; kgEach cell of the table indicates how the interpretation ofan occurrence of a particular kind of np in one of these np-positions is constrained. For example, take the instantiationof this sentential form below, on the assumption that Smithand Jones are R-expressions and he and her are pronominals:Smithi told Jonesj that hek called herl.2 Here and below, we use indices as referential indeterminates: eachoccurrence of a referential expression whose referent is not as-sumed to be a constant in any discourse is assigned a fresh index.Binding of anaphoric expressions is not dependent on identity ofindices, but rather by anchoring an index to a constant or toanother index.c 1996 R. OehrleProceedings of the ECAI 96 WorkshopExtended Finite State Models of LanguageEdited by A. Kornai.



According to the above table, we may represent the con-straints on the interpretation of this sentence as:j 67! i ^ l 67! kThis constraint is consistent with an interpretation on whichk 7! i and l 7! j and with an interpretation on which k 7! jand l 7! i, as well as with interpretations on which one orboth of k; l are independent of both i and j.In the Binding Theory of the GB tradition, the set of admis-sible anchors for any occurrence of an anaphoric expressionis regulated in a way directly dependent on global propertiesof postulated syntactic structures [3]. It is common practicein this tradition to view anaphoric anchoring as analogous tobinding a free variable by a quanti�er in �rst-order logic or bythe abstraction operator of �-calculus. In the binding theoryof [3], two properties of the context in which an anaphoricexpression occurs play a role in its interpretation:� local c-commanders� all c-commandersThe local c-commanders occur in the constraints associatedwith anaphors and pronominals (Principles A and B of [3,p. 20] below), and the set of all c-commanders plays a rolein Principle C, since to assert that an expression is free in anabsolute sense is equivalent to asserting that it is not anchoredto any c-commander, local or not. Chomsky [3] states theserules in the following, familiar form:Definition. An expression is bound in a domain D if it isco-indexed by a c-commanding category occurring in D; oth-erwise, it is free in D.Binding Principles.A. An anaphor is bound in its governing category.B. A pronominal is free in its governing category.C. An R-expression is free.anaphors: himself, herself, : : : , each otherpronominals: her, him, : : : , he (?), his(?), : : :pronominal anaphor: proR-expressions: John, Dan, Stan, : : :1.1 A dynamic view of GB bindingWe now recast this account informally from the point of viewof dynamic semantics. There are four essential steps:� an appropriate notion of input and output context must bechosen;� each lexical expression must be associated with a dynamicinterpretation (a relation between input contexts C, evalu-ations relative to C, and output contexts C 0);� each occurrence of a lexical expression must be associatedwith a speci�c input context;� a method of determining the complete set of interpretationsof an expression must be stated.

Our goal will be to show how these steps can be realizedin principle in a general way in a system of labeled deductionin which English expressions are associated with functionsfrom contexts to �nite-state machines which recognize a termof Montague's intensional logic IL [15] for each of its inter-pretations. Within this general system, a variety of di�erentaccounts of quanti�cation and binding can be realized. Sincethe GB system is widely familiar, however, it provides an ap-propriate introduction to this program.It is a common practice to label np-positions with an in-dex, indicating its referential potential. Moreover, it is pos-sible as well to label each index with a further pair of in-dices, indicating the set of indices associated with globally c-commanding np's and locally c-commanding np's. For a givenindex i, global c-commanders G and local c-commanders L,we will write the resulting labeled index:GL [i]Accordingly, an np labeled with a context-labeled index canbe represented in the format type: labeled index:np : GL [i]Now, choosing fresh variables for each np-position, and an-notating each np-position with morphological information, wecan represent the contextual contribution of our laboratoryframe as follows:np[nom] : ;; [x] told np[acc] : fxgfxg [y] thatnp[nom] : fx;ygfx;yg [z] called np[acc] : fx;y;zgfzg [w]Note that the initial np is labeled by an index whose globalc-commanders and local c-commanders are both empty. Theobject-position of told is associated with an index whose setof global c-commanders and set of local c-commanders areboth the singleton set consisting of the index of the subjectposition of told. The labels of the embedded subject reect allthe indices of the higher clause. But the object-position of theembedded clause reects a change: the local c-commanders ofits index consist of the singleton set containing the index of itsclausemate subject. This context-labeling conforms with theempirical assumptions of the GB Binding Theory presentedearlier.It is also possible to label various expressions in such a wayas to characterize their compatibility with particular positionsin this laboratory example. The lexical assumptions presentedbelow take the formorthographic term : type : GL [index]Using ` ' as an anonymous local variable over the grammat-ical cases, we start with names, reexive pronouns, and nomi-native and accusative non-reexive pronouns. For present pur-poses, we may regard the index associated with proper namesas a referential constant. Otherwise, the variables should beregarded as analogous to Prolog program variables: they willunify with context-labels where possible, and be instantiatedFinite-state methods, binding, and anaphora 7 R. Oehrle



to fresh variables otherwise. The symbol A n B denotes therelative complement of B in A.names smith:np[ ]: AnfsgA0nfsg [s]jones:np[ ]: AnfjgA0nfjg [j]...reexives herself:np[acc]: A0A[fig [i]...acc. pronouns her:np[acc]: A0Anfig [i]...nom. pronouns she:np[nom]: A[A0A [i]The schema associated with the name smith, for example, as-signs it the interpretation s (regarded as a constant of typee in Montague's IL) in contexts in which s belongs to nei-ther the set of local c-commanders nor the set of global c-commanders. A reexive form such as herself can be assignedinterpretation i only when i belongs to the set of local c-commanders. Accusative pronouns can be assigned interpre-tation i only when i does not belong to the set of local c-commanders. And nominative pronouns are unconstrained.Now, consider on these assumptions the possibility of vari-ous referential relations for sentences resulting from the sub-stitution of these lexical elements into the di�erent positionsof our laboratory frame. For example, the sentence Smiths toldJonesj that hek called himl has an interpretation in which k isbound to s and l is bound to j, because there is a global uni-�er unifying the labeled indices of the frame positions withthe corresponding labeled indices of the lexical assumptionassociated with them. In the two blocks of the table below,the �rst line represents the constraints imposed by the frame;the second represents the constraints imposed by the lexicalassumption; and the third line represents a uni�er for the �rstand second lines:np[nom] : ;; [x] told np[acc] : fxgfxg [y] thatsmith : AnfsgA0nfsg [s] jones : BnfjgB0nfjg [j];; [s] fsgfsg [j]np[nom] : fx;ygfx;yg [z] called np[acc] : fx;y;zgfzg [w]he : CC0 [i] him : DD0nfkg [k]fj;sgfj;sg [s] fj;sgs [j]There are other uni�ers as well, corresponding to other inter-pretations for the pronouns he and him. But the interpreta-tions of pronouns and names in this simple laboratory exam-ple satis�es the principles of the Binding Theory presentedearlier, even though the mechanisms employed are not the

same as those assumed in that tradition.3It remains to be seen how the contextual labeling of theframe itself is built up. In a categorial setting, this task can beaccomplished by assigning suitable structure to functor types.In an earlier paper [12], for example, the types for called, that,and told were chosen as follows:� x � y . x called y: np[nom] 
! np[acc] 
! s :� GL [x]� G[fxgfxg [y] GL [called(x,y)]� z. that z: s 
! s0 : � GL [z]: GL [z]� x � y � w. x told y w: np[nom] 
! np[acc] 
! s0 
! s� GL [x]� G[fxgfxg [y]� G[fx;ygfx;yg [w] GL [told(x;y; w)]These functors act simultaneously in three dimensions: strings,types, terms. The type for called, for example, combines withtwo np's, each labeled with string information and an inter-pretive term, to form a sentence s. The strings associatedwith the two np's combine through application and normal-ization to the left and the right of the string called to form thestring associated with s; the interpretation associated withs also results from application and normalization in a waythat requires uni�cation of context labeling. In this way, eachreferential expression is evaluated relative to an appropriatecontext. Details can be found in [12].In what follows, we follow the same strategy: functor ex-pressions provide the vehicle to construct context; argumentexpressions are interpreted in a way sensitive to context. Butthe choices involved in both construction and interpretationare implemented in �nite-state machines.2 Labeled deductionThe Curry-Howard correspondence [5, 4] assigns to each proofin (a subsystem of) intuitionistic logic a term of (a subsys-tem of) the �-calculus. For natural deduction proofs, the cor-respondence is a bijection in which removal of detours cor-responds to �-reduction. For the Gentzen-style sequent pre-sentation, the correspondence is many-to-one. For occurrencelogics, the equivalence relation among sequent proofs deter-mined by this correspondence has another characterization:two proofs of an endsequent � correspond to the same �-term (up to alphabetic variance) i� their axiom leaves bindthe same pairs of atomic sub-formulas of �. (For discussion,see [11].) What this means for our purposes is that the Curry-Howard correspondence distinguishes di�erences in applica-tion and pairing, but does not distinguish �ner-scale distinc-tions in referential relations.To represent these �ner-scale distinctions, we will assignto each proof a function from input contexts to a family ofIL-terms. Which terms? For each proof and a �xed context,these terms will be the language of a �nite machine. More-over, we will be able to construct the �nite machine associated3 In particular, we follow Brame [2] and Pollard & Sag [14] inassigning reexives intrinsic accusative case which blocks themfrom appearing in nominative or genitive positions. Accordingly,for English, we can allow the nominative pronouns (and the gen-itive pronouns) to impose no restrictions on their context: theycan be bound by c-commanders or free.Finite-state methods, binding, and anaphora 8 R. Oehrle



with a proof so that it imposes appropriate restrictions on theinterpretation of pronouns and anaphors.To carry out this program, we start by examining somesimple �nite state machines. This will allow us to de�ne theinterpretation of atomic referential expressions as functionsfrom contexts to a pair consisting of an interpretation and anoutput context.2.1 Individuals and machinesLet I = C �t P be a �nite set of individuals, partitioned inconstants C and parameters P . There are some simple ma-chines that it will be useful to de�ne. The vocabulary � overwhich these machines are de�ned is a set in 1-1 correspon-dence with I.2.1.1 Characteristic machinesEach subset J of I determines a �nite-state machine MJ ,called a characteristic machine. Its states consist of the initialstate I and for each j 2 J an arc labeled j from the initialstate I to a unique �nal state also labeled I, as indicatedbelow: Ik I������������-jThese machines recognize exactly the elements of J and failon the relative complement of J in I. Moreover, characteris-tic machines inherit Boolean operations from the power setPow(I) in the obvious way:MJ [MK = MJ[KMJ \MK = MJ\KMJ �MK = MJ�K2.1.2 Constant machinesNow for any constant c 2 I, and any subset J of I, thereis a constant machine McJ whose initial state is J and whichcontains exactly one arc, labeled c, from the initial state to the�nal state J[fcg. Constant machines succeed on the constantc, for any subset J of I, and fail on any other constant orparameter.2.1.3 ParametersFinally, we need machines which will succeed when a freshparameter is added to a set of individuals. For this purpose,it is useful to suppose that the �nite set of parameters Pcontained in the set of individuals I is drawn from a set ofparameter symbols indexed by the natural numbers. Then,given a subset J of I, the parameter machine MPJ can bede�ned as the machine whose initial state is J and whichcontains exactly one arc, labeled with that parameter p 62 Jwith minimal index, from the initial state to the �nal stateJ [ fpg. (Note that if every parameter of I belongs to J , wemust augment our background set of individuals to I [ fpg,which is still �nite.)

2.1.4 ObservationsThese machines are all extremely simple. Ignoring failures,there is a single initial state; all successful paths traverse asingle arc; �nal states are in a 1-1 correspondence with suc-cessful arcs; thus, they simply consist of �nite trees of depth1, with root the initial state and leaves the �nal states.2.2 ContextsAbstractly, we take a context to be an n-tuple of subsets ofI. If a subset of individuals J is one of the members of thecontext C = Ci(1 � i � n), the de�nitions above have anobvious extension. For example, we writeC MJ- Cfor the machine whose initial state is labeled with C, and eachof whose arcs is an edge labeled with a distinct element d 2 Dfrom the initial state to a �nal state labeled d; C. Thus, the setof edges and set of states corresponds precisely to the edgesand states of MD; the only di�erence is that in the labels ofthe states, D is replaced everywhere by C.Similarly, for constant machines and parameter machines,with minor changes. In the case where J is an element of C, wedenote the intended extension of the constant machine McJby C McJ- C0where C0 di�ers at most from C by containing J [fcg in placeof J . In the same way, we denote the intended extension ofthe parameter machine MPJ byC MPJ- C0where C0 di�ers from C by containing J [ fpg in place of JThis notation provides a way of denoting functions fromcontexts to machines: specifying the context C �xes a partic-ular machine. In fact, such functions provide a convenient wayto assign interpretations to particular referential expressions.2.2.1 Linguistic discussionAs a �rst approximation, assume that the relevant notion ofcontext is a triple hL;G;Di, where D is a set of accessible indi-vidual discourse referents for an occurrence of an expression,with L the set of referents of local c-commanders of the ex-pression and G the set of referents of its global c-commanders.For a proper name such as Smith, statically interpreted asdenoting individual s, these three parameters determine themachine: hL;G;Di MsD�MG[L- hL;G;D [ fsgiFor a reexive such as herself, these three parameters de-termine the machine:hL;G;Di ML- hL;G;DiFor a de�nite accusative pronoun such as her, these threeparameters determine the machine:Finite-state methods, binding, and anaphora 9 R. Oehrle



hL;G;Di MD�ML- hL;G;DiFor a nominative or possessive pronoun such as he or his,these three parameters determine the machine:hL;G;Di MD- hL;G;DiNote here that our notion of context is slightly richer thanthe notions explicitly referred to in Principles A, B, and C ofthe GB account. But the additional parameter D is necessaryto constructively specify the interpretation of non-reexivepronouns. Later, when we consider quanti�ers, we will seethat it is useful to regard D as the union of two disjoint sets:a set Dc of accessible constants and a set Dp of accessibleparameters.Another class of expressions we shall need involves non-referential constants: consider any non-referential expression�, statically interpreted as an IL constant �0. For any twocontext C, there is a machine M�0 with initial state labeledC, �nal state labeled C and a single edge from C to C labeled�0.It is worth noting that these machines are de�ned for anyinput context.Finally, observe that the labels on the output �nal statesin all of these cases are completely determined by the inputcontext and the class of machines involved. As a result, itis not necessary to indicate the output context and we candenote these cases more succinctly as follows:names: hL;G;Di MsD�MG[L-reexives: hL;G;Di ML-acc. pronouns: hL;G;Di MD�ML-nom. pronouns: hL;G;Di MD-non-ref. constants: hL;G;Di M�0-2.3 Composition of machinesAny two �nite-state machines can be concatenated to forma new �nite-state machine. If we regard the interpretation ofexpressions as functions from contexts to machines, then twosuch functions should compose in a way that depends on theirconcatenation. Indeed, since all of the functions that we needare de�ned for all contexts we shall consider, and since every�nal state is labeled with a contextual speci�cation, given twomachines C M1- and D M2-it is possible to attach a copy ofM2 to every �nal node ofM1,taking the input context ofM2 to be the context speci�ed bythe node to which it is attached. We will denote the result ofthis operation by C M1;M2 -It is also possible to concatenate two functions from con-texts to machines in such a way that the second machine isrelativized to a di�erent context than the context speci�ed at

any �nal node of the �rst to which it is attached. If f : C ! C0is the speci�cation of such a context | a function from con-texts to contexts | we writeC M1;fM2-for the function from contexts to machines which results fromrunning M1 on its argument and then attaching to each �-nal node with context label D the machine that results fromrunning M2 on f(D).To motivate this de�nition in part, consider a transitiveverb like blames. This combines with a nominative np to itsleft and an accusative np to its right for form an s. We canspecify this much by assigning blames the categorynp[nom]n(s=np[acc])But this fails to represent the various referential depen-dencies that anaphoric interpretation requires. In particular,let us assume that these dependencies satisfy the followingconditions:� the local c-commanders of the input context to Mnp[nom]= the local c-commanders of the input context to Ms;� the global c-commanders of the input context to Mnp[nom]= the global c-commanders of the input context to Ms;� the discourse referents of the input context to Mnp[nom] =the discourse referents of the input context to Ms;� the local c-commander of the input context to Mnp[acc] =the referent of np[nom]; of the input context to Ms;� the global c-commanders of the input context to Mnp[acc]= the union of the referent of np[nom] and the global c-commanders of the input context to Ms� the discourse referents of the input context to Mnp[acc] =the union of the discourse referents of the input context toMnom and the discourse referents of the output context toMnp[nom].We can specify these dependencies in the category for blamesby annotating its sub-types with appropriately connected in-put and output contexts. For type A with input schema �, wewrite �ABy convention, we can refer to the output state of any �nalnode of a machine associated with �A as �0.In the case at hand, we take the machine associated withthe verb blames to be the constant machineC Mblames-which for any context succeeds on the constant blame of typehe; he; tii and returns the same context.Suppose that we combine this verb with the subject �rstand that the subject is associated with the machineC M1-We will associate the subject verb combination with themachine:Finite-state methods, binding, and anaphora 10 R. Oehrle



C Mblames ; M1-Note that the input context passed toM1 will be determinedby the context argument represented by C.Now, if the machine associated with the object isC M2-then we can associate the sentence resulting from combiningblames with subject and object np's byC Mblame;M1;hi;[i;[ii-where `hi;[i;[ii' represents the function from contexts tocontexts which sets the input context for M2 at any �nalnode ofM1 to be the triple hi;G0 [ i;D0 [ ii, with i the labelof the M1 path reaching this �nal node in M1, and G0 andD0 to the output labels at this node for the second and thirdcontext coordinates.We can specify this information categorially by annotatingthe type for blames as follows:hL;G;Dinp[nom]in(s=hi;G0[i;D0[iinp[acc]j)Here the superscripts represent input contexts and the sub-scripts the various paths to successful outputs. All the othercontextual information is determined by these parameters.2.4 ExamplesAs an example, consider the following lexicon, whose entriesconsist of triples of the form hstring : type :Mi, displayed ver-tically:Smith: np[�]: hL;G;Di MsD�MG[L-Jones:np[�]: hL;G;Di MjD�MG[L-herself:np[acc]: hL;G;Di ML-her:np[acc]: hL;G;Di MD�ML-she:np[nom]: hL;G;Di MD-blames:hL;G;Dinp[nom]in(s=hi;G0[i;D0[iinp[acc]j) :C Mblames-called:hL;G;Dinp[nom]in(s=hi;G0[i;D0[iinp[acc]j) :C Mcalled-told:hL;G;Dinp[nom]inn((s=hi[j;G00[i[j;D00[i[jis)hi;G0[i;D0[jinp[acc]j) :C Mtold-Now, for a sentence of the formnp told np np called npwe have a sequence of types:

np[nom]xhL;G;Dinp[nom]in((s=hi[j;G00[i[j;D00[i[jis)hi;G0[i;D0[iinp[acc]j)np[acc]ynp[nom]uhL;G;Dinp[nom]in(s=hi;G0[i;D0[iinp[acc]j)np[acc]vOn the assumption that implicational inferences (slash-eliminations) in the type system are accompanied by com-position of machines, writing M� for the machine associatedwith the np indexed by �, we have as well the composition ofmachines indicated in Figure 1.To consider the possibilities of intra-sentential anaphorafor the main clause Smith told Jones she called her, we set allthree argument parameters L;G;D to ;, and make appropri-ate substitutions. The composition begins by running Mtoldon the input context:h;; ;; ;i Mtold-This machine has a single arc labeled told and returns theempty input context, which forms the input to the machinefor Smith, as depicted below:h;; ;; ;i MsD�MG[L-This machine also has a single arc labeled s and returns thecontext h;; ;; si. But the input to the next step is not thiscontext, but the context that results from replacing its �rsttwo coordinates with the path label on which the last machinesucceeds, yielding:hs; s; si MjD�MG[L-This succeeds on the single arc labeled j and returns the con-text hs; s; s [ ji. But the input to the next step increments the�rst two coordinates to hs [ j; s [ j; s [ ji for the next step:hs [ j; s [ j; s [ ji Mcalled-This succeeds on the single arc labeled called and returns theinput context. In the next step, the input determines themachine for the nominative pronoun she as follows (takingD = s [ j):hs [ j; s [ j; s [ ji Ms[j-This has two successful arcs, one labeled s and one labeled j,returning the input context in each case. But the input to thenext and last step is set to hs; s; s [ ji and hj; j; s [ ji in thesecond. Each of these determines the input to the machinefor her (taking D = s [ j and L = s in the �rst case, andD = s [ j and L = j in the second), as indicated in the twosteps below:hs; s; s [ ji Ms[j�Ms-hj; j; s [ ji Ms[j�Mj-Thus, the sentence Smith told Jones she called her has twopossible readings, corresponding to the two successful pathsFinite-state methods, binding, and anaphora 11 R. Oehrle



hL;G;Di Mtold ; Mx ;hx;G0;D0i My ;hx[y;G00;D00i Mcalled ; Mu ;hu;G000;D000i Mv -Figure 1. Composition of machines for npx told npy npu called npvthrough the composition of machines associated with its lex-ical components, namely:told s j called s jtold s j called j sIf we substitute herself for her, the only di�erence is thatat the last step the two �nal input contexts hs; s; s [ ji andhj; j; s [ ji are fed to the function from contexts to machinesfor reexives:hL;G;Di ML-In the �rst case, we have L = s; in the second, L = j. Sothe �nal steps are those shown below:hs; s; s [ ji Ms-hj; j; s [ ji Mj-In this case, the resulting composite machine recognizes thetwo terms below:told s j called s stold s j called j j2.5 Quanti�cationOn the analysis suggested here, de�nite pronouns and reex-ives do not introduce new discourse referents | they sim-ply access existing discourse referents in a context-constrainedfashion. Proper names are more exible: the constants theyare associated with may be either contained in the set of ac-cessible discourse referents or they may be new to the dis-course (a distinction correlated in part with accentual focus).Quanti�er expressions have a di�erent character. First, wewill assume that each quanti�er introduces a fresh parameterinto the discourse. Second, the dynamic properties of quan-ti�ers studied in DRT [8] and Dynamic Montague Grammar[6, 7] depend on the persistence of the parameter introduced.In the general framework introduced here, these propertiescan be straightforwardly modeled.We take as fundamental the generalized quanti�er perspec-tive according to which a determiner such as every is to be in-terpreted by an IL-term of type hhe; ti ; hhe; ti ; tii. There area number of ways in which this basic assumption can be inte-grated into a system of categorial deduction. Here we followthe multi-modal analysis proposed by Moortgat [10], accord-ing to which a determiner is assigned the type(3(s=w(2#npnws)))=nIn this framework, the implicational types =w and nw arethe residuals of a binary `wrapping' product �, whose interac-tion with the normal binary product � (of the non-associativeLambek calculus NL, say) allows the quantifer to �nd an ap-propriate scope with respect to a sentence missing an np in

the position where the quanti�er occurs. This behavior is me-diated by the occurrence of the unary modal product 3 andits residual 2#. For the details of this treatment, see Moort-gat's paper [10].According to the theory of generalized quanti�ers, a de-terminer is a relation between two predicates, which we mayindicate as follows: Qx(Q;P )What the dynamic properties are to be associated with sucha schema? We mentioned earlier the usefulness of dividingthe set of discourse referents into two disjoint sets | the setof discourse constants Dc and the set of discourse parame-ters Dp.4We will suppose, then, that our contexts have fourcoordinates hL;G;C;P i:� local c-commanders L;� global c-commanders G;� discourse constants Dc (or simply C); and� discourse parameters Dp (or simply P ).Dropping the modalities from the formula (3(s=w(2#npnws)))=n,since they are semantically neutral, we have (s=w(npnws))=n.Each of the subformulas of this part is associated with a sub-formula of the IL term representing the interpretation of aquanti�ed sentence, as displayed below:(s1=w(npnws2))=n Qn Qs1=w(npnws2) Qx(Q;�)npnws2 Pnp xs2 P (x)s1 Qx(Q; P )What this means is that just as in the case of other functorcategories, we can control the relativization of these variouspieces of interpretation by annotating the subformulas of thedeterminer type. We sketch how this might be done.First of all, the parameter x must be fresh with respectto the discourse context occurrence associated with the po-sition of the np. This in fact is a consequence of the rule ofhypothetical reasoning governing the introduction of the pa-rameter. Since any element of L or G is always an element ofeither C or P , a consequence of this fact is that a quanti�er inobject position can never be construed as binding a pronounin subject position even though it can take wide scope over it:this is the `strong cross-over' violation observed in sentences4 This distinction is motivated by the contrast between such casesas the following, observed by researchers in DRT:Every student who meets Jones admires her. She's a great professor.Every student who meets a professor admires her. She's an inspiration.In the �rst case, the name Jones introduces a constant that cananchor the occurrence of the pronouns her, in the same sentence,and she, in the following sentence. But the parameter introducedby a professor can serve as anchor only for her, not for she.Finite-state methods, binding, and anaphora 12 R. Oehrle



such as He blames every striker, where the reading on whichhe is bound by every striker is unavailable.5Second, the parameter x must belong to the set of localc-commanders which forms the input context to the interpre-tation of n. This is motivated by the interpretation of suchexpressions as Smith admires every admirer of himself, in whichthe reexive in admirer of himself is preferentially anchored tothe parameter introduced by the quanti�er. Examples suchas He called every person Smith met, where the referent of hecannot be bound to the referent of Smith, regardless of thescope of the quanti�er, suggest that the second coordinate ofthe input to n be identi�ed with the second coordinate of theinput of the parameter-introducing np. The set of discoursereferents accessible in the input to n is a more delicate ques-tion, which we postpone to another occasion.Third, note that although the parameter introduced mustbe fresh with respect to local c-commanders of the np ar-gument, other components of the predicate representing thescope of the quanti�er can be anchored to it. Thus, in a sen-tence such as A picture of its author graces each book's cover,the pronoun its can be anchored to the parameter introducedby the quanti�er each book, on the condition that the quan-ti�er takes wide scope with respect to the subject.Fourth, a question widely studied in dynamic semantics iswhether the parameter introduced by a quanti�er is discoursepersistent. This question is intimately related to the dynamicinterpretation of logical connectives associated with conjunc-tion, disjunction, implication, and negation. From the presentperspective, what is important is that this di�erence in be-havior can be modeled by passing or not passing along to theoutput context the parameter introduced by the quanti�er(and any other new parameters introduced in the output con-text of the scope of the quanti�er, represented by the outputcoordinate P ). On the other hand, we will assume that newconstants introduced in the restriction and scope of the quan-ti�er are invariably passed along to the output coordinateC. All of this information can be expressed grammaticallyby suitably annotating the syntactic category associated withthe determiner, quanti�er, or connective in question and us-ing this information to constrain the composition of context-dependent interpretations.Although the empirical properties of natural language quan-ti�cational phenomena are complex and often vexed, I havetried to show here how the basic framework advanced hereallows the insights of research on dynamic semantics to beintegrated into a system of labeled deduction.3 Taking stockIn the sections above, I have tried to show how theories of dy-namic interpretation can be integrated with systems of labeleddeduction in a uniform way and that the picture of binding,quanti�cation, and anaphora that results can be described inpart by �nite-state methods. This picture is not yet complete.Nevertheless, since the general framework allows the simula-tion of a broad range of binding theories, it o�ers a means ofcomparing alternative accounts. At the same time, it makes5 Kempson [9] provides a much more thoroughgoing analysis ofcrossover phenomena from a point of view similar to that advo-cated here.

it possible to try to extract the �nite-state aspects of bindingphenomena from other properties.There are many other issues in this domain which deserveto be explored. Among the most obvious are:� possible connections with Van Benthem's work on semanticautomata [1];� the study of natural language predicates and regular rela-tions, especially with regard to plurality [13].I hope to be able to pursue these connections in future work.REFERENCES[1] J. van Benthem.1986.Essays in Logical Semantics. D. Reidel.Dordrecht.[2] M. Brame. 1977. Alternatives to the Tensed-S and Speci�edSubject Conditions. Linguistics and Philosophy 1.381-411.[3] N. Chomsky. 1982. Some concepts and consequences of thetheory of Government and Binding. Linguistic Inquiry Mono-graph Six. MIT Press.[4] D. Gabbay and Ruy de Queiroz. 1992. Extending the Curry-Howard Interpretation. Journal of Symbolic Logic.[5] J.-Y. Girard, Y. Lafont, and P. Taylor. 1989. Proofs andTypes. Cambridge University Press. Cambridge.[6] J. Groenendijk & M. Stokhof. 1991. Dynamic predicate logic.Linguistics & Philosophy 14.39-100.[7] J. Groenendijk & M. Stokhof. 1991. Dynamic MontagueGrammar. J. Groenendijk, M. Stokhof, and D. Beaver, eds.,Quanti�cation and anaphora I. dyana report R2.2.A, Edin-burgh. Centre for Cognitive Science, University of Edinburgh.[8] H. Kamp & U. Reyle. 1993. From Discourse to Logic. Kluwer.Dordrecht.[9] R. Kempson. 1995. Crossover: a dynamic perspective. In S.Jensen, ed., SOAS Working Papers in Linguistics and Pho-netics 6. SOAS. London.[10] M. Moortgat. 1995. In situ binding: a modal analysis.Proceed-ings of the 10th Amsterdam Colloquium. ILLC. Universiteitvan Amsterdam. Amsterdam.[11] R. Oehrle. 1995. Some 3-dimensional systems of labeled de-duction. Bulletin of the Interest Group in Pure and AppliedLogic. 3.2-3.[12] R. Oehrle. 1995. Labeled deduction, Binding, Quanti�ca-tion. Symposium on Proof Theory and Natural Language,Barcelona. 25 page manuscript.[13] R. Oehrle. 1996. Austinian Pluralities. In J. Seligman and D.Westerst�ahl, eds., Logic, Language, and Computation. CSLILecture Notes. Cambridge University Press. Cambridge.[14] C. Pollard & I. Sag. 1992. Anaphors in English and the scopeof binding theory. Linguistic Inquiry 23.261-303.[15] R. Thomason. 1974. Formal Philosophy: Selected Papers ofRichard Montague, Yale University Press, New Haven.
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