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Abstract

The main goal of the work presented here is the construction of
fully compositional representation of nominal anaphora in discourse.
The proposed representation does not depend on the remote ascription
(done outside the formal representation) of syntactic indexes, identify-
ing anaphoric links. A formal language, based on dynamic semantics
paradigm and being a variant of many-sorted type logic, is introduced.
An indeterministic reference operator using structural and descriptive
information, and creating links between discourse referents is defined.
Moreover, a variableless approach to quantification and plurality is
outlined.
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1 Introduction

Let’s start with some historical observations. ‘Standard’ DRT (i.e. in the
shape of [7]) has been mainly created as the theory of the interpretation
of nominal and temporal anaphora in discourse. The meaning of all nat-
ural language expressions, except sentences, is specified in standard DRT
by the means of Construction Rules, which are ‘procedures’ applied on the
meta-level of non-reduced DRSs. One of them, the rule of anaphoric pro-
nouns interpretation, includes choosing suitable antecedent, where possible
antecedents are just discourse referents, accessible from the given DRS. Iden-
tification of the suitable discourse referent is performed in the space of names
of discourse referents. However, Construction Rules are one of the reasons
that make the standard DRT be non-compositional [11].



Many different compositional versions of DRT (abbreviated further to
CV-DRTSs) have been proposed (brief overview in [11]). All of them treat
anaphoric pronouns in a simplified way. CV-DRTs depend heavily on the
previous indexing of the syntactic tree. Representation of anaphoric links
in CV-DRTs is based on using the same ‘names’ of discourse referents (i.e.
constants over discourse referents) in the representations of any two NPs
marked with the same syntactic index: an antecedent NP and an anaphoric
pronoun.

This solution has three significant consequences. Firstly, the meaning
ascribed to NPs changes slightly with the different contexts of use i.e. the
choice of ‘names’ of discourse referents expresses the intended structure of
the representation of the discourse (anaphoric links). Secondly, anaphoric
pronouns receive in CV-DRTs rather ‘static’ meaning. They do not create
links (as it goes in natural language). The links have been already fixed by
the choice of the ‘names’ of discourse referents (in contradiction to ‘stan-
dard” DRT, see above). Finally, anaphora seems to be a purely syntactic
phenomenon from the point of view of CV-DRTs. A lot of work has been
moved from semantic to the syntactic component. Accessibility relation
performs only a role of an additional test for the proper construction of
DRSs.

The goal of the work presented here is to construct a logical language
which gives the possibility to represent the meaning of anaphoric links with-
out the need of syntactic indexing. The language should preserve most of the
dynamic semantics paradigm, especially structural constraints of anaphora
expressed in ‘DRT-like’ theories by the accessibility relation.

Firstly, the main idea of the process of identification, as the base for the
description of anaphora and reference, will be introduced. Next, the notion
of the state of the context of interpretation will be formalised. Then, the
basic operations on discourse referents and mechanism of direct application
of predicates to discourse referents (without discourse referents names - con-
stants) will be introduced. Finally, the mechanism of quantification without
binding of variables and scope will be proposed. The full shape of the log-
ical language implementing all proposed solutions will be presented in the
appendix.

2 Anaphora and Reference Interpreted by Identi-
fication

The detailed formal description of the anaphora resolution would be hardly
possible, but formal description of a general scheme of dynamic anaphor
interpretation seems to be possible. It originates from the following obser-
vations.

First, following Hess’s proposal [6], we assume that speaker using refer-



ential NP wants the hearer to identify the appropriate referent i.e. entity of
some particular properties, known from some context. Secondly, the speaker
using some NP anaphorically (e.g. pronoun or definite NP) wants the hearer
to identify the appropriate antecedent, which can be modelled as an struc-
turally accessible element of the context of interpretation, possesing some
particular properties. If we extend the standard DRTSs’ representation of
the context of interpretation with some additional elements representing en-
tities known to the hearer (from some immediate context), we can find that
the core in both cases: anaphora and reference, is the same i.e. the pro-
cess of identification of the appropriate element of the representation of the
context. The elements can be equalled with discourse referents (i.e. having
non-empty initial context, some of them may represent objects known to
the hearer).

However from the logical point of view, the process of identification
should not be conducted as searching the space of names of the accessi-
ble discourse referents. In that way we would get a meta-language facility.
The process must be conducted as searching directly the set of accessible
discourse referents.

3 The Crucial Notion of the State

The idea of identification process, introduced above, has become the start-
ing point for the construction of the logical language of discourse representa-
tion, called Self-organising Logic of Structures (SLS), proposed in this paper.
Some solutions assumed in SLS originate from compositional approaches to
DRT of Vermeulen [12] and Muskens [8] (see later).

Following Muskens’ solution, SLS is defined as a typed logical language,
where all operators are abbreviations of the expressions of the simple core
sub-language of many sorted typed logic.

The primitive types of SLS are consisted of two standard types: e (enti-
ties) and t (truth values), with standard denotation (i.e. D, is a non-empty
set and D; = {0,1}), and type m for discourse referents. The name of the
last one (i.e. m) comes from the assumed metaphor of computer memory
used sequentially for storing information, coming from the discourse being
just interpreted. Each of the subsequent NPs introduce information about
some group of objects. The pieces of information are ‘stored’ sequentially in
the subsequent ‘memory cells” accessible by their ‘addresses’. The addresses
are the elements of Dy, (i.e. denotation of type m).

D,, is any infinite set giving an unlimited ‘amount of memory’. There
is a total order defined on D,,, written <,,. The order gives the sequential
organisation of the memory. There is one distinguished zero element written
P.

There are also two usual operations of the construction of compound



types:
e (ab), where a, b are any types, D (q) = Dl]?“,

e (apeaye---eay), where aj,--- ,a, are any types
Dy easeea, =Dg, X Dg, X -+ X Dg,

Similarly to Muskens, SLS expressions, which are designated to represent
the meaning of discourse and sentences, are interpreted as relation on states.
However, differently to Muskens, there is no separate primitive type for
states. Instead, type s (states) is defined as a compound type: (m e ((m e
m)t) e (m(et))), where each element of Dy is a triple (illustrated on Fig. 1)

consisting of:

1. an element of D,, — discourse referent — representing the end of the

memory used so far; each DR less or equal to it (according to <)
has been already used for storing information communicated by the
subsequent NPs interpreted so far; the ‘used” DR will be called DR
activated in the given state;

. aset of pairs of type ((mem)t) - called links relation (‘list’) — describing
the links created between DRs; the creation of the links is an effect of
the process of identification ;

. and a function (m(et)) - being an assignment, defining the information
stored under the ‘addresses’ represented by the DRs activated in the
given state.

As in Vermeulen’s Referent System, only a finite subset of infinite D,,,

is used in each state and each assignment is partial on D,, but total on the
set of DRs activated in the given state.

link -—-> " < L~activated DRs

the most recently
<~ activated DR

\@ ‘/___ _________ assignments
AV ST O

~7 < -structures of relations
proto-quantifiers e

Figure 1: A scheme illustrating a state with many activated DRs.

Each state describes a potential configuration of objects (Fig. 1). There

can be many states having the same DRs activated and the same links
relation, and differing only in the assignment of values to DRs.



4 Basic Operations on Discourse Referents

Similarly to all ‘DRT-like’ theories, separate DRs are assigned in SLS to
each NP, except attributive NPs, as a part of their semantic representation.
However this process has sequential character: each NP in discourse gets the
first ‘free’ DR in the current state, starting from the DR next to Py. The
process is based on the metaphor of gradual extension of the memory occu-
pied by the information (a stack like organisation). That is why it is called
DR activation i.e. a free memory cell is activated to store information about
some objects. Having no names for the DRs representing NPs interpreted
so far, at least we know where to look for them.

The activation is implemented by the referent activation operator (de-
scribing the operators we will keep the procedural point of view, having in
mind that they are mostly relations on states):

e | —of type (s(st)) — which changes (see its definition in the appendix)
the most recently activated DR to the next one; some value is indeter-
ministically assigned to the newly activated DR, in the output state
or, more precisely, in output states, because there can be many output
states differing only in the value assigned to the newly activated DR;
the activation introduces an aspect of existential import.

The process of identification is formalised in the form of the reference
operator:

e 1 — (m((et)(s(st)))) - which for the given DR (first argument) and its
‘class’ (a predicate representing the descriptive content of the given
NP) finds all appropriate DRs, which preserve two conditions:

1. they are accessible (see below) from the given state - this condition
equals to the structural condition of anaphora and, in the case
of reference, can be equalled (in further developments of SLS) to
some closed, common context of discourse;

2. and they belong, according to the values assigned to them, to the
same class (the condition of simplified semantic subsumption).

The reference operator adds a link to each of the appropriate DRs previ-
ously identified. The possibility of multiple links expresses the uncertainty
associated with the referential indefinite uses of NPs [4, 6]. However, The
Property of Indeterministic Interpretation of Reference (PIIR), being a part
of the definition of the reference operator (see the appendix) ensures that,
in the case of at least one pair, the values assigned to both DRs must be the
same.

The reference operator does not depend on the names of DRs. It connects
the discourse referents itself, according to the information represented by
them.



The existential presupposition [2] is perceived here as the possibility to
make an update of the state and it is modelled by the two modifiers (v and
e) of the reference operator. Their exact definitions are presented in the
appendix. Their work resolves itself into checking whether the reference
operator can create in the given input state enough number of links for the
given DR: exactly one, in the case of strict presupposition (the operator
t, used for definite NPs and PNs), or at least one, in the case of weak
presupposition (the operator €, used for anaphoric pronouns and referential
indefinite NPs). If the result of the application of the reference operator do
not fulfil the condition, the modifier blocks an update i.e. there is no output
state. The difference between the operators ¢ and ¢ expresses the difference
in acceptability of discourse including ambiguous uses of definite NP and
anaphoric pronouns.

The set of accessible DRs is equal in each state to the set of activated
DRs. But, some DRs activated in one state can be excluded from the set
of activated DRs in some of the following states. It is caused by the in-
terpretation of sentential negation and implication in the way typical for
the dynamic semantics, e.g. [5], (see the definitions of pseudo-operators in
the appendix): the output state (if only exists), including the most recently
activated DR, is identical to the input one.

Association of DRs with NPs is done dynamically during the process of
discourse interpretation. Thus, it is not known until the last moment, which
DR will be associated with the given NP and it is not known in advance
what is the ‘name’ of DR (constant of type m) to be connected with the
predicate expressing the descriptive content of the given NP. We have also
the same problem with predicates representing verbs. However, looking on
the sequential nature of the discourse, we can tend towards such construction
of discourse representation, in which the predicates are applied to a number
of the most recently activated DRs (e.g. in the case of noun predicates it will
be just the last one). This general schema has been assumed in the case of
SLS, extended additionally with the rule that DR for the whole compound
NP is activated as the first one, before DRs originating from the parts of
the given compound NP.

There are two ‘access operators’ returning: the most recently activated
DR (operator V) and DR to be activated as the first in NP (operator -.-,
facilitating the access to DR ‘hidden’ by DRs of a compound NP). Their
work is completed with the simple operator #, getting value of the given
DR from the given state. In that way, we can connect values ‘stored under
DRs’ with the respective predicates, e.g. the descriptive content of NP(a
man) can be constructed as following:

e the representation of man is: Ap.\i.\j.(#(p, i) C man Ai = j), where
hereinafter i, j, k are of type s,p is of type m, man is of type (et)

e next, becoming a part of the triple forming the semantic representation



of NP(a man) (see later):
NNj 3K (L (6, k) A#(V(K), k) Cman Ak =), ,---)

The set inclusion in the formula above is the result of the assignment of
sets of objects to DRs as their values. The choice of sets, instead of single
objects, was forced by the intended unified treatment of DRs for single and
plural NPs. The unified treatment seems to be possible when we change the
point of view on quantification.

5 Quantification without Binding and Scope

Van der Does proposed an interesting solution for representing different va-
rieties of quantification (e.g. collective, distributive) [10]. His CNDM system
based on generalised quantifiers (GQ) (introducing also variety modifiers for
GQs and variety agreement between NPs and verb) has become the starting
point for the description of quantification in SLS. The second inspiration
comes directly from the ‘classical’ work of Barwise and Cooper [1]. They
perceived a determiner as a functor producing GQ. In that way, SLS rep-
resents the meaning of determiners by functors taking a set and producing
GQ, modified according to one of the three varieties [10] (see Fig. 2). The
functors are called proto-quantifiers as they produce a modified GQ i.e. a
set of sets of collections. Following CNDM system, collections are modelled
by sets (of type (et)).

Let ||three||:= AXAY.( | XY= 3 A YcX ) and Z be a value of some discourse referent:

varieties: collective neutral distributive

Figure 2: Proto-quantifier three and its three type-lifted forms.

Semantic representation of SLS distinguishes between two types of proto-
quantifiers: absolute (e.g. three) and relative (e.g. most), which correspond
to the two types of GQ in [7]: cardinality and proportional, respectively.

GQ expression is the second element of the triple forming the seman-
tic representation of NP. The GQ expression is constructed in two slightly
different ways for both types of proto-quantifiers.

e Absolute proto-quantifiers take a value of the given DR as their argu-
ment, determining the number of objects, e.g. for distributive reading
of NP (three men) we get:



(NG 3E.(L (6, k) A#£(V(K), k) C man A k = j),
Dq(three)(#(." (i),7),- ), where the first part is identical with the
previous example of NP (a man).

e Relative proto-quantifiers take the denotation of the noun predicate;
the value of the given DR is later constrained indirectly with the help
of verb predicate (see later), e.g. for NP(most men), assuming that
most = AXA\Y.(|X NY| > |[X|/2A X CY), we get (simplified a
little):

(Ni.Aj.3k.(| (i, k) AN#(V(k), k) C manAk = j),D1(most)(man), - - -)

Obviously, a sentence with more than one NP can have many read-
ings differing in the number of objects represented by the subsequent NPs,
as well as, in the structure of the relation being conveyed. Typically, the
mechanisms of scope and variable binding are used to represent the different
readings. Because of the lack of variables, another solution must have been
devised in SLS.

In order to describe interactions of quantifiers, SLS formalises an in-
formal notion of cardinality dependencies, introduced (among others) by
Bellert [3] in her work on description of “quantification structures” based
on graphs. Attempts to formalise Bellert’s notions have been earlier under-
taken in [14] and [13]. The basic idea is common for all three approaches:
the different interactions between quantifiers can be described as the dif-
ferent ways, in which the elements of sets belonging to the subsequent GQ
are connected together into the possible structures of the relation. However,
both former approaches do not cover all meanings possible in the Bellerts
system, which originally is already limited to the distributive readings of
NP. Because the elements are collections, the set of all possible structures of
relations will be called the set of configurations of collections (an example
of such set is presented on Fig. 3).

The interactions of quantifiers in a sentence are described in two steps:

e in first, the binary relations between quantifiers are represented by one
of the two dependency operators, defining the way, in which the collec-
tions belonging to the particular pair of quantifiers must be connected
in the structure of relation,

e next, the overall net of binary constrains on the possible structure of
relation is interpreted by the matriz operator (i.e. the operator Mj,
where 7 is its arity) resulting in the set of all configurations of collec-
tions .

There are two dependency operators:

e cardinality dependency (written ‘<’ on Fig. 3) of one modified GQ on
the other, expressing the constraint limiting partially (for the given two



the set of all potential structures of relation

A3

type-lifted proto-quantifiers and
their cardinality dependencies

matrix

chree < Qtw” operator
| e—
Qtwo > chree

Figure 3: Possible structures of relation produced according to the particular
quantifiers and their cardinality dependencies.

parts) the structure of relation in such a way that for each collection
X from the first modified GQ, there must be a set Y of collections
in the second one and the collection X must be in relation with each
collection of the set Y.

e cardinality independency (written ‘:’) of modified GQs, the operator
produces sub-sets of the Cartesian products of the sets belonging to
the quantifiers.

The dependency operators introduce weak conditions and surely over-
generate. The final set of all possible configurations of collections is built by
the matrix operator from a sequence of dependency operators (‘a recipe’)
and from a sequence of modified GQs (‘ingredients’), being the second parts
of semantic representations of the NPs. The matrix operator preserves both:
binary conditions expressed by the dependency operators and some prop-
erties expressing the limitations observed in natural language (e.g. [3]) The
whole process is illustrated with the help of the ‘classical’ example:

(1) Three professors marked two papers.

If we set the cardinality dependencies according to the linear order of
NPs in (1), we will get the situation presented in the simplified form on
Fig. 3.

The cardinality dependency ‘in one direction only’ (non-mutual) i.e.
@1 < Q2 and Q2 > @, is equal to the wide scope of Q1 over Q2. How-
ever, in the case of cardinality independency (i.e. Q1 : Q2, always symmet-
ric according to the axiom of SLS) and mutual cardinality dependency (i.e.
Q1 < Q2 and Q2 < Q1) we get representations of two different forms of
branching quantifications, both supported in linguistic data (in the second
case, assuming distributive use of both NPs, each atom from the first GQ is
in relation with each atom from the second and vice versa).

The work of cardinality dependency operators must be additionally cor-
related with the referential status of NPs. From each referential NP, only
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Figure 4: Denotation of a verb being a set of all acceptable structures of
relation.

one set of collections can be used in each possible configuration of collec-
tions. The work of cardinality dependency operator is controlled by a special
delimiting operator:

e 7,w - (op op) where op is the type of the dependency operators (above),
7 filters out from the output of cardinality dependency operator all
configurations of collections which include collections from more than
one set (of collections) belonging to the family produced by the ap-
propriate quantifier; w does not change the work of the operator being
modified; the introduction of w simplifies compositional construction
of discourse representation.

One of the operators 7 or w, fills the third part of the triple forming the
semantic representation of NP. This allows to propagate information about
the possible delimiting to the level of the application of the matrix operator.

6 Simple Sentence, Discourse and Example

Because the matrix operator produces the set of all possible structures of the
relation, the problem of logical value of the sentence reduces to the problem
whether such structure of the relation for the given objects (the values of
DRs) can be described by the given verb. In that way, verb predicates gets
the type (((et)’)t) in the SLS i.e. the denotation of the verb predicate is a
set of configurations of collections, where each of them consists of i-tuples
of collections. Each configuration of collections from the denotation of some
particular verb can be informally understood as a description of a situation
which can be properly described using this particular verb.

During the comparison of the set produced by the matrix operator and
the denotation of the verb predicate, done by the intersection operator ®?,
it is checked, whether there is at least one configuration of collections shared
by both sets such that it includes on the appropriate positions all objects
assigned to DRs as their values and it include only the objects from the
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values of DRs. Comparing the sets of Fig. 3 and Fig. 4, we can see that
there is only one shared configuration of collections, namely the first from
the left on Fig. 3. If sets of three and six objects are assigned respectively
to DRs of the sentence (1) in some state, then (1) is true in this state and
expresses the particular configuration of cardinality dependencies together
with distributive use of NPs.

The interactions of GQ work on short distance of one sentence. However,
they can be propagated further by ‘links’ possibly created in the following
states.

As an example of SLS application, we will analyse briefly the semantic
representation of the sentence (1). The semantic representation of NP (three
professors) is a triple:

(Ni.Aj.Fk.(| (i, k) N#(V(k), k) C professor A k = j),
Ai.\j.Dq(three)(#(. (1), 7),w)

There is activation of DR with value constrained to professor denota-
tion in the first part. The second part includes modified GQ. And the third
part equals to the operator w.

The second NP gets the similar representation. The semantic repre-

sentation of the whole sentence (distributive reading, ‘wide scope’ of three
professors) is:

Ai.Aj. 3k 3 3r.(] (i,k) AN #(V(k), k) C professor A k =1
AL (L) AN#(V(r),r) C paper AT = j A ®%(®*(5, 5, marked),
M?(w(<),w(>), D1 (three)(#(. (i), )), D1(three)(#(. (i), 1)),
#(. (@), k), #C. (1), 4))

7 Conclusions

SLS defines a scheme of a formal representation in which linking in SLS
mimics linking in natural language. Formal expressions of SLS ‘look for’
binding with previous expressions by the virtue of their properties. The
structures organise themselves from ‘inside’. SLS manipulates rather struc-
tures of objects than assignments, with some analogy to natural language.

A Appendix

A = (U M,<p,I) is a model of SLS, where U = D., M = D,,,<,, is a
total order on M and I is an interpretation function.

There is a core sub-language of SLS, being a variant of many-sorted type
logic, formed by:

e logical connectives (—, A, V), classical quantifiers (3,V) and A operator,
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e operator ()—constructing an element of Cartesian product,
e operator ()*-giving the i-th constituent of n-tuple, where n > i.
The following abbreviations are also used:

X(ay N Yiat) = M2a-(X(2) NY(2)) X(aty U Yia) i= \Za-(X(Z) VY (Z))
X(at) = )\Za.—‘X(Z) X(at) - }/(at) SXNY =X

Semantic rules of SLS (as before, i, 7, k are of type s, other types can be
followed from types of the operators):

Lol L= MAG[() = suce((i)') A (5) = (i) AVP.[p # suce((i)') —
((5)2(p) = (i)3(p))]], where 3 is of type (s(st)) and succ is of type
(mm) and gives successor of the referent, according to <,,.

2.0 L1 = Ap2 AX1ALAL[G) = () A ()7 = ()2 U {{p1,p2) « Po <m
pA @) C Xk A G)P = ()P APTIR())], , where | is of type
(m((et)(s(st)))) and PIIR expresses the Property of Indeterministic
Interpretation of Reference (see below).

3. el = AT NG TN(E, 5) A1)\ (0)?] = 1] and
lell == AT N[ TNl G, 5)AG)3\()3] > 0], where ¢,  are ((s(st))(s(st))).

4. |V == Mi.(3)Y, and || - || := Ni.suce((i)') and ||#]| := Ap.Ai.[(1)3(p)],
where V, .- are (sm) and # is (s(m(et))).

5. [|D1]| := AgAXAY . [g(X)(U(Y NAT(X))) AY C AT(X)];
G5 := Ag.AX.AY .3Z C XgX)Z)NZeXY N|Y|=1];
1CE|| := AgAXANY.VZ € p(X)NY.[g(X)(Z2) N|Y]| =1];
IN2|| (= AgAXAY. [¢(X)(UY Np(X)) AY C p(X)], where all
modifiers are slightly changed versions of modifiers of van der Does,

and are of type (((et)((et)t))((et)(((et)t)t))-

6. 9] := AXVX.(X(X) — |X]| > 1), and ||«|| := M X.[X = X] —
all kinds of collections, and ||y|| := AX.VX.(X(X) — |X| = 1), where
0, , are used to construct a variety modifier (filter) of verb predicates
and are of type (((et)t)t)

7. |9 == Ao1.- - Ao AVIAX(V(X) A 01(X]1) A -++ A 0i(X];)), where
®’ is a scheme of the verb modifier of i arity, and ®° is of type
((op(- - - op((((et)"t)t)(((et)'t)t)) - - )), where op is type of &,
—_——

i

8. || < || == AQIAQ2AZYZ € ZVX € Z|;.3X € Q1.[X € X AVX €
XJY € QoY € Y(X)Y) € ZAVY € Q2.(FY € Y.(X\Y) €
Z - VY e Y)X,Y) e Z): || > | == AMQu.AQoAZ.[< (Q2,Q1,Z)];

H : || = )\Ql.)\QQ.)\Z.[VZ € Z.E|Sl S Ql.ElSQ S QQ.[Z - Sl X SQH,
where <, >, : are of type (((et)t)t)(((et)t)t), ((et)?t)t))).
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9. |I7|| := Ao AQ1.AQ2.0Z.[0(Q1,Q2,Z) ANVZ € Z.3IX € Qa2.X = Z]o],

and [|w]| := A0.AQ1.AQ2.0Z.0(Q1, Q2,Z),
where 7,w are (((et)t)t)(((et)t)t)((et)?t)t)))

10. |M?]| := X01,2.202,1.A0Q1.AQ2. AW.[W C (015(Q1, Q2)No2,1(Qa, Q1))A
PDR?((01,2,02,1), (Q1, Q2), W) APMD?({01,2,021), (Q1, Q2), W)],
where the dependency operators are defined only for ‘heterogeneous
pairs’ in the squar matrix of dependency relations of quantifiers; PDR
expresses the Property of the Root of Distribution and PMD expresses
the Property of Maximal Distribution. These two properties express
important facts (e.g. [3]) concerning the structures of relations met in
natural languages.

The notation W; ; denotes projection of Cartesian product done on
i-th and j-th constituents (set W is a set of sets).

11. ||M!|| := a generalisation of|M?3||, whereM" is of type

(op(- - op( (((et)t)) ((((et)t)t) -~ ((((et)'t)t) --+)

~\~
RE—1 i

12. \|®iu —AV/\M)\Xl AX;3Z(Z e (VAM)AUZL) = X1 A=A
U(Zl:) , where ®" is ((((et) t)t)((((et)’t)t)((et)'t))).

Some additional dynamic operators are defined as abbreviations:

e let T,T1,T> be variables of type (s(st)), and 4,7, k,l be variables of
type s,

1. T1(i, k); To(k, ) := NiAj.(3k.[T1 (i, k) ATs(k, §)])—sequential merging.
2. not T(i, §) := Ni.Aj.(=3k.[T(k, )] A j = i).

3. Tu(i, k) = To(k, j) = Ni.\j.(VE.[T1(i, k) — 3L[Ta(k, D] A = 9).

4. Ty(i, k) or Ty(k, §) := Ai.Nj.((3k.Ty (i, k) Vv ITa(i, 1)) A § = ).

All three ‘dynamic connectives’ enclose referents activated in their scope,
preventing them from being activated on the outside. The referents activated
in their scope form some kind of ‘temporary memory’. This simple solution
is able to cope with ‘classical’ types of structural constraints.

Full definitions of all properties (some of them have been mentioned
above) and axioms of SLS are suppressed here, but one needs to be stated
anyway here.

The Property of Indeterministic Interpretation of Reference:

IPIIR| == Xi.vp' € (i)?|2.3p € (i)?[.[{p,p') € (0)* A ()°(p) = (0)° ()]

Dynamic formula is a term of type (s(st)) and is used as the semantic
representation of a sentence and discourse. Dynamic formula is true in the

13



given state and model iff there is an output state. Dynamic formula is true
in the model iff there is an output state for any input state. It can be proven
that any dynamic formula is true in the state: (P, 0, {(Py,?)}), called an
empty state, iff it is true in the model.

References
[1] J. Barwise and R. Cooper. Generalized quantifiers and natural lan-
guage. Linguistics and Philosophy, 4:159-219, 1981.
[2] D.I. Beaver. Presupposition. In van Benthem and ter Meulen [9], pages
939-1008.
[3] L. Bellert. Feature System for Quantification Structures in Natural Lan-
guage. Foris Pub., Dordrecht, 1989.
[4] F. J. D. and S. I. A. Referential and quantificational indefinites. Lin-
guistic and Philosophy, 5:355—-398, 1982.
[5] J. Groenendijk and M. Stokhof. Dynamic predicate logic. Linguistics
and Philosophy, 14:39-100, 1991.
[6] M. Hess. Reference and Quantification in Discourse. PhD thesis, Univ.
of Zurich, Zurich, 1989. Not published Habilitationsschrift.
[7] H. Kamp and U. Reyle. From Discourse To Logic. Kluwer, Dordrecht,
1993.
[8] R. Muskens. Combining montague semantics and discourse representa-
tion. Linguistics and Philosophy, 19:143-186, 1996.
[9] J. van Benthem and A. ter Meulen, editors. Handbook of Logic and
Language. Elsevier, Amsterdam, 1997.
[10] J. van der Does. Applied Quantifier Logic. PhD thesis, ILLC, Univ. of
Amsterdam, Amsterdam, 1994.
[11] J. van Eijck and H. Kamp. Representing discourse in context. In van
Benthem and ter Meulen [9], pages 179-237.
[12] C. Vermeulen. Merging without mystery or: Variables in dynamic se-
mantics. Journal of Philosophical Logic, 24:405-450, 1995.
[13] Z. Vetulani. On Bellert’s proposal concerning quantificational univer-
sals. Studia Logica XLVI, 4:311-320, 1987.
[14] M. Zawadowski. Formalization of the feature system in terms of pre-

orders. In Feature System for Quantification Structures in Natural Lan-
guage [3], pages 155-175.

14



