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Abstract
Our main objective will be to construct a fully compositional representation of nominal anaphora in discourse. The proposed representa-
tion is not dependenton the remote ascription (i.e. done outside the formal representation) of syntactic indexes, which identify anaphoric
links. A formal language of variable free logic is introduced. It is based on dynamic semantics paradigm and is a variant of many-sorted
type logic. We will also present the scope free treatment of quantification in multiple quantifier sentences. The interpretation of multiple
quantifiers is defined by means of a construction of the polyadic Generalised Quantifier (GQ). The polyadic GQ is a constraint that should
be satisfied by the denotation of a ‘clausal’ predicate.

1. Introduction

Compositional approaches to discourse semantics have
a long story, yet, almost dominated by one problem,
namely, the compositional representation of anaphora. In
Dynamic Semantics, meaning is understood as the change
in “[. . . ] (the representation of) the information of the in-
terpreter [. . . ]” (Groenendijk and Stokhof, 1991). Possible
anaphoric antecedents, which are opening the possibili-
ties for anaphoric linking of subsequent parts of the dis-
course, are an important part of these information. Dur-
ing building the description of discourse semantics in a
strictly compositional way and in the bottom-up style,
these possibilities should be overtly represented, and they
are in the standard ‘procedural’ DRT (Kamp and Reyle,
1993) by available discourse referents (DRs) and ‘choice’
procedures operating on them. In the compositional ap-
proaches, firstly, the problem was almost left open, e.g.
in DPL (Groenendijk and Stokhof, 1991) the anaphoric
links are represented by assigning the same variable for
antecedent and pronoun, which is bounded by the dy-
namic scope of a quantifier. In compositional versions of
DRT, e.g. (Muskens, 1994; van Eijck and Kamp, 1997),
the same discourse referent must be assigned to both
anaphorically linked DRs. The appropriate choice of a
variable/discourse referent depends on the existence of in-
dexes assigned to NPs during the syntactic analysis. The
next move was to introduce a separate mechanism for rep-
resenting anaphoric links, e.g. “subjects” (a sequence of
values being a part of “the information state”) in (Dekker,
1994) or exported/imported discourse referents in (Ver-
meulen, 1995). However, we still need to define the
anaphoric link ‘remotely’ — outside the representation —
by putting the appropriate index into the semantic repre-
sentation of a pronoun. Similarly, using a variable free
logic as a basis for semantic representation, e.g. (van Ei-
jck, 2001), does not directly mean, that syntactic indexes
are not necessary. In Incremental Dynamics (logic) (van
Eijck, 2001), instead of the name of the variable, the ap-
propriate semantic index (defining a position on thestack)
must be used, and the appropriate number must be read
from the syntactic level.

The syntactic indexes are no longer necessary, when
we include the choice of the appropriate element of the
state into the semantic representation of anaphoric NPs.
In (van Eijck, 2000), the semantic representation of a pro-
noun has been changed to a “procedure” performing “ref-
erence resolution” on the basis of the input state. Next,
in (Nouwen, 2001; van Eijck and Nouwen, 2003) the ap-
proach has been extended with representation of plural
NPs by introduction of sets of states, where multiple val-
ues for a referent can be stored.

Our main objective is to build description of the dis-
course semantics in a strictly compositional way and in
the bottom-up style. The proposed solution in its main line
resembles the van Eijck’s and Nouwen’s approach, but as
being developed completely independently (without prior
knowledge), introduces a completely different perspec-
tive on the interpretation ofmultiple-quantifier sentences
(MQS). In van Eijck’s and Nouwen’s approach, having no
variables, still we need the notion of scope of a quantifier
in order to represent different meanings of MQSs. The
important property of the presented approach is the ability
to represent all possible readings of the MQSs, while still
analysing them as the parts of the discourse (e.g. anaphor-
ically linked) — including representation of quantifier va-
rieties (van der Does, 1994).

2. Layers in NP Semantic Representation
There are two basic assumptions. Firstly, we can dis-

tinguish three aspects in the meaning of NP:

• interaction with context (discourse referents— DRs,
referential and anaphorical properties),

• quantification (Generalised Quantifiersand ‘inter-
quantifiers’ relations),

• and descriptional content.

All of them should be covered by the discourse rep-
resentation, and all should be described as separate,
but cooperating, ‘mechanisms’. Secondly, representing
anaphora by syntactic indexing is not the appropriate way
to model the process of “choosing suitable antecedent” de-
fined in the standard DRT (Kamp and Reyle, 1993).



Figure 1: The state resulting from the interpretation of the first sentence.

3. Dynamic Linking

A logical language, calledSelf-organising Logic of
Structures(SLS), is proposed as a basis for the compo-
sitional construction of discourse representation. SLS is
constructed on the basis of a simple extensional type logic
(Musken’s grafting logics technique (Muskens, 1994)) —
a core sub-language. The interpretation of adynamic for-
mulais a relation on states. As in van Eijck’s approach, the
state includes a sequence of discourse referents (which are
‘storing’ objects) and anaphora is represented by choos-
ing the appropriate DR from the DRs included in the input
state. However, in SLS, a state is an instance of the com-
pound type:s = (m•((m•m)t)•(m(et))), wherem is a
simple type of DRs (the formal definitions are given in the
sec. 7.). The state is a triple: a ‘stack’ (defined by its top
element) of activated DRs, a set of links between DRs and
a function, assigning sets of objects only to the activated
DRs (partiality). NP interpretation including the operator
↓ activates a new DR and assigns it some value (multiple
output states). Additionally, the use of thereference oper-
ator ↑ in the interpretation of referential and anaphorical
NPs generates links between the ‘new’ DR and some of
the appropriate activated DRs. The existential presupposi-
tion is represented by the constraint on the number of the
links (the modifiers:ι andε). In the case of referential
NP, we expect only one link to be created (ι), pointing to
some DR activated in the representation of the initial con-
text (described by SLS expressions, too). The presence
of more than one link seems (ε) to model the meaning of
referential indefinites (Fodor and Sag, 1982), where the
hearer is informed about the object in the context but is
not expected to identify it properly (such solution seems
to work at least in the case of Polish ‘determiner’pewien,
which overtly marks the referential indefinite meaning of
NP). In each state, at least one of the linked DRs (typ-
ically, exactly one) must be assigned the value identical
with the ‘new’ DR (formally expressed by theThe Prop-
erty of Indeterministic Interpretation of Reference, see the
appendix). The representation of PN is similar to given
e.g. by Zeevat (Zeevat, 2000): the DRs of PNs are linked
to DRs representing named objects in the context.

4. Quantification Structures
In order to represent plural NPs and anaphora to plu-

ral NPs, each DR is assigned a set of objects as its value.
Moreover, because of the lack of variables, the notion of
the scope of a quantifier would be very difficult to be
applied. In SLS, the interpretation of quantification in
MQS is based on the ideas of Bellert (Bellert, 1989) —
graphs based representation of quantification, and the first
attempts to their formalisation given by Vetulani (Vetu-
lani, 1987) and Zawadowski (Zawadowski, 1989). Also,
the representation of quantifier varieties follows the for-
mal tools proposed by van der Does (van der Does, 1994).

The semantic representation of an NP includes aproto-
quantifier, i.e. functors of type((et)((et)t)) generating
a simple GQ of the type〈1〉. The argument of a proto-
quantifier can be: the value of DR in case ofabsolute GQs
(cardinality quantifiersin (Kamp and Reyle, 1993)), or
the denotation of descriptional content of NP in case of
relative GQs(called also:proportional quantifiers). Next,
proto-quantifiers are modified by the variety modifiers of
van der Does, which change them to functors producing
sets of sets of collections, i.e. a simple GQ modified ac-
cording to the varieties.

Different interactions of GQs in MQS, resulting in dif-
ferent meanings, are formally described in the subsequent
steps. Firstly, the binary directeddependency relationsbe-
tween each pair of GQs in a MQS are represented by one
of the two operators of:cardinality dependency(written:
‘<’) and cardinality independency(written: ‘:’). The de-
pendency operators construct directed binary relations de-
fined on the collections belonging to the given pair GQs1,
i.e.:

• the cardinality dependency operatorforms a set of
binary relations on collections, in such a way that for
each collectionX from the first modified GQ, there
must be a set of collectionsY in the second GQ and
the collectionX must be in relation with each collec-
tion of the setY;

• thecardinality independency operatorproduces sub-

1There is one pair of the operators for each pair of GQs in
MQS



sets of the Cartesian products of any two sets of col-
lections, where each of the sets in a pair belongs to a
different GQ of the two modified GQs.

Secondly, the final semantic representation of NPs in
the MQS is a set ofn-ary relations defined on collec-
tions, called a set ofconfigurations of collections. This
final representation is constructed by thematrix operator
(Mi), basically as a generalised intersection of sets of bi-
nary configurations of collections defined by the given de-
pendency operators. This set defines a kind of a polyadic
GQ2 — aconstrainton the possible structures of the rela-
tion (configurations of collections) expressed by the whole
MQS. The matrix operator filters out the configurations of
collections which are not supported by the language data.
The work of the matrix operator is constrained by the three
properties devised on the base of Bellert’s observations:

• Symmetricalness of Independency Axiom(SIA):
(a scheme) for any two GQ:QA andQB , if QA : QB

thenQB : QA.

• Property of the Root of Distribution(PRD):
(a scheme) for any GQQB , if there is noQA such
that QB depends in its cardinality onQA, directly
or indirectly (in the case of an existing chain of de-
pendence), then each configuration of collections can
include collections from exactly one set belonging to
QB .

• Property of Maximal Distribution(PMD):
(a scheme) for any two GQ:QA andQB , if QB <
QA then the number ofthe sets of collectionsfrom
QA introduced to any configuration of collections
must be less or equal to the number ofthe collections
fromQB included in the configuration of collections.

• And it is controlled by a specialdelimiting operator
(τ ) expressing the lack of cardinality dependency in
the case of referential NPs.

The matrix operator generates the set of potential con-
figurations of collections for the given MQS. In order to
assess its truth value, the set must becomparedwith a de-
notation of the verbal predicate (precisely, clausal). The
denotation must be of the appropriate type, i.e. it must be
a set of configuration of collections, as well. Introduction
of such a complicated type for verbal predicates may make
one suspicious, but one can notice that there is a one-to-
one correspondence of configurations of collections in our
denotation of a verbal predicate to sub-relations delimited
with respect to eventuality argument in the standard deno-
tation of plural verb predicate (being a relation on collec-
tion). Thus, each element of the verbal predicate denota-
tion can be perceived as corresponding to the instance of
some eventuality.

The comparison (performed by the operatorΦi) of the
two sets of configurations of collections: one generated
by matrix operator and one assigned to a verbal predicate,
proves the given sentence to be true, if and only if:

2The polyadic GQ of the type〈n〉 (wheren is the number of
arguments of the clause predicate, e.g. a verb predicate), defined
on the domain of collections

• the intersection of the sets is not empty,

• there is at least one configuration in the intersection,
such that it includesonly objects from the sets as-
signed to the given discourse markers, and it includes
all the objects from these sets.

The application of SLS quantification structures to the
detailed analysis of the possible meanings of Polish MQSs
is presented in (Piasecki and Indyka-Piasecka, 2004). The
formal definitions of the SIA axiom and the PRD prop-
erty can be found in (Piasecki, 2003; Piasecki and Indyka-
Piasecka, 2004).

Thus, in SLS, the intra-sentential meaning of MQS is
interpreted as aProblem of Constraint Satisfaction, where
the denotation of verbal (generally: clausal) predicate
must satisfy the constraint introduced by the nominal part
of the meaning of MSQ. The constraint is formulated in
terms of the configurations of collection (i.e. structures of
the relation) possible for the given MSQ. Any predicate
denotation obeying the constraint can make the sentence
true. The constraint always affects values of all discourse
referents. In the case of an absolute GQ, the value is di-
rectly included into the possible configurations of collec-
tions. In the case of relative GQ, the process of compar-
ison demands the value of the given discourse referent to
be totally included in the intersection.

On the inter-sentential level, the meaning of whole dis-
course is interpreted in SLS as a ‘chain’ of constraints on
the possible configurations of collections linked by the ref-
erential links established among discourse referents. The
meaning defines the possible ways of values assignment
to subsequent discourse referents.

The notions of (logical) satisfaction and non-
satisfactionof a dynamic formulaT — a term of the type
(s(st)), directly correspond to this ability of a construc-
tion of some successful assignment, respectively:

|=M,i T iff [[∃j.(T (i, j) ∧PCI(j))]]M = 1
|=M,i T iff
[[(¬T (i) 6= ∅) ∧ ∀j.(T (i, j) → ¬PCI(j))]]M = 1

(1)
In (1), PCI is theProperty of Complete Information,

which is satisfied, when no discourse referent gets the
empty set as its value. The situation in which a dynamic
formula is not satisfied, is manifested by some DRs re-
ceiving the empty value. It is strongly distinct from the
situation in which some existential presupposition is not
fulfilled, which results in the lack of the output state.

5. Examples
As an illustration, we can analyse the discourse given

in (van Eijck and Nouwen, 2003):

“More than two men laugh. They respect some young
boy.”

Fig. 1 presents the stateS1 (one of many possible,
each differing only in the value of DR).S1 is the result
of the interpretation of the first sentence. For the only
NP in the first sentence, one DR has been activated and



Figure 2: The result of the interpretation of the second sentence.

assigned some value. The descriptional content is inter-
preted by taking the value of DR (the operator#) from
the top of the ‘stack’ (by the operator∇) and checking
whether it belongs to the given class. Next, the only GQ:
[[more than two]] = λX.λY.(|X ∩ Y | > 2 ∧X ⊆ Y )
modified by the distributive variety modifier:[[D1]] =
λq.λX.λY.[q(X)(∪(Y ∩ AT(X))) ∧Y ⊆ AT(X)]
generates a set of possible configurations of collections
(of 1-arity) on the basis of the DR value and compares
(the intersection operator⊗1) the ‘result’ with the verb
predicate denotation (modified by the distributive filter
Φ1(δ, laugh)). After that operation, from many possible
states those with an inappropriate value assigned to the
given DR arefiltered out.

During the interpretation of the second sentence the
next two DRs are activated. For the first one, the reference
operator is applied creating the link to the only possible
‘target’. Then, the binary constraint is constructed. The
values of the two DRs on the top of the ‘stack’ are de-
livered to the two GQs. Next, the cardinality dependency
operators (twice<dep in the same direction) are applied to
the ‘results’ of GQs and the matrix operator defines the re-
sulting set of configurations of collections. The generated
set is compared with the denotation of the verb predicate.

One can observe that exchanging dependency opera-
tors and variety modifiers of GQs, one can get all possible
readings of the given MSQ (with respect to variety and
readings typically described by ‘scope’, which is not used
in SLS).

6. Conclusions

There are several important features of the semantic
representation based on SLS. Expressions of SLS inter-
preting referential and anaphorical NPs ‘look for’ binding
with the previous expressions by virtue of their properties,
while not appealing to any kind of the syntactic indexing.
The linking process in SLS tries to mimic linking in natu-
ral language. SLS manipulates more structures of objects,
defined as constraints, than assignments. The structures of
semantic representation organise themselves from ‘inside’
directly on the level of their semantics, not on the level of
the expressions themselves.

However, one can also notice, that SLS defines only
the general scheme for the interpretation of anaphora. The
state does not represent relative salience of DRs. Infor-
mation concerning the syntactic structure of sentences is
not accessible to the reference operator. We need to look
for the possible ways of enriching the information store in
the state, e.g. by introduction of some additional structure
imposed on DRs.

7. Appendix: Selected Formal Definitions
A = 〈U,M,<m, I〉 is a model of SLS, whereU =

De,M = Dm, <m is a total order onM andI is an inter-
pretation function.

Besides the standard logical connectives and classical
quantifiers, the core sub-language of SLS is formed by:
the operator〈〉 — constructing an element of Cartesian
product, and the operator()i — giving thei-th constituent
of n-tuple, wheren ≥ i.

1. [[↓]] = λi.λj.[(j)1 = succ((i)1) ∧ (j)2 = (i)2 ∧
∀p.[p 6= succ((i)1) → ((j)3(p) = (i)3(p))]], where
∃ is of type (s(st)) andsucc is of type (mm) and
gives successor of the referent, according to<m.

2. [[↑]] = λp2.λX1.λi.λj.[(j)1 = (i)1 ∧ (j)2 =
(i)2 ∪ {〈p1, p2〉 : P0 <m p1 ∧ (i)3(p1) ⊆ X1} ∧
(j)3 = (i)3 ∧ PIIR(j)], , where ↓ is of type
(m((et)(s(st)))), and
[[PIIR]] = λi.∀p′ ∈ (i)2|2.∃p ∈ (i)2|1.[〈p, p′〉 ∈
(i)2 ∧ (i)3(p) = (i)3(p′)].

3. [[ι]] = λT.λi.λj.[[[T ]](i, j) ∧ |(j)3 \ (i)3| = 1] and
[[ε]] = λT.λi.λj.[[[T ]](i, j)∧ |(j)3 \ (i)3| > 0], where
ι, ε are((s(st))(s(st))).

4. [[∇]] = λi.(i)1, and [[∵]] = λi.succ((i)1) and
[[#]] = λp.λi.[(i)3(p)], where∇,∵ are(sm) and#
is (s(m(et))).

5. D1, Ca
2, C̃a

2 and N2, are slightly changed
versions of variety modifiers of van der Does
(van der Does, 1994), and are of the type
(((et)((et)t))((et)(((et)t)t))).



6. [[δ]] = λX.∀X.(X(X) → |X| > 1), and
[[π[[= λX.[X = X] — all kinds of collections, and
[[γ]] = λX.∀X.(X(X) → |X| = 1), whereδ, π, γ
are used to construct a variety modifier (filter) of verb
predicates and are of type(((et)t)t).

7. [[Φi]] = λo1. · · ·λoi.λV.λX.(V(X) ∧ o1(X|1) ∧
· · · ∧ oi(X|i)), where Φi is a scheme of the
verb modifier of i arity, and Φi is of type
((op(· · · op(︸ ︷︷ ︸

i

(((et)it)t)(((et)it)t)) · · · )), whereop is

one of: δ, π, γ, andX|i denotes projection of Carte-
sian product.

8. [[<]] = λQ1.λQ2.λZ.∀Z ∈ Z.∀X ∈ Z|1.∃X ∈
Q1.[X ∈ X ∧ ∀X ∈ X.∃Y ∈ Q2.∀Y ∈
Y.〈X,Y 〉 ∈ Z ∧ ∀Y ∈ Q2.(∃Y ∈ Y.〈X, Y 〉 ∈
Z → ∀Y ∈ Y.〉X, Y 〉 ∈ Z)];
[[>]] = λQ1.λQ2.λZ.[< (Q2,Q1,Z)];
[[:]] = λQ1.λQ2.λZ.[∀Z ∈ Z.∃S1 ∈ Q1.∃S2 ∈
Q2.[Z ⊆ S1 × S2]], where < , > , : are of type
(((et)t)t)(((et)t)t), ((et)2t)t))).

9. [[τ ]] = λo.λQ1.λQ2.λZ.[o(Q1,Q2,Z) ∧ ∀Z ∈
Z.∃X ∈ Q2.X = Z|2], and
[[ω]] = λo.λQ1.λQ2.λZ.o(Q1,Q2,Z),
whereτ, ω are(((et)t)t)(((et)t)t)((et)2t)t)))

10. [[M2]] = λo1,2.λo2,1.λQ1.λQ2.λW.[W ⊆
(o1,2(Q1,Q2) ∩ o2,1(Q2,Q1)) ∧
PDR2(〈o1,2, o2,1〉, 〈Q1,Q2〉,W) ∧
PMD2(〈o1,2, o2,1〉, 〈Q1,Q2〉,W)],
where the dependency operatorsoi,j are defined only
for ‘heterogeneous pairs’ in the square matrix of
dependency relations of quantifiers.

11. [[Mi]] = a generalisation of[[M2]], whereMi is
(op(· · · op(︸ ︷︷ ︸

i∗i−i

(((et)t)t)((((et)t)t) · · · (︸ ︷︷ ︸
i

(((et)it)t) · · · )

12. [[⊗i]] = λV.λM.λX1 · · ·λXi.∃Z.(Z ∈ (V ∩M) ∧⋃
(Z|1) = X1 ∧ · · · ∧

⋃
(Z|i) = Xi), where⊗i is

((((et)it)t)((((et)it)t)((et)it))).

Some additional dynamic connectives of dynamic for-
mula are defined as abbreviations in a standard way, e.g.
(whereTi is of the type(s(st)) andi, j, k, l of the types):

1. T1(i, k);T2(k, j) := λi.λj.(∃k.[T1(i, k) ∧
T2(k, j)])—sequential merging.

2. notT (i, j) := λi.λj.(¬∃k.[T (k, j)] ∧ j = i).

3. T1(i, k) =⇒ T2(k, j) := λi.λj.(∀k.[T1(i, k) →
∃l.[T2(k, l)]] ∧ j = i).
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