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1. Introduction

The main goal of this paper is to construct semantic representation structures (SRS hereafter) for
Polish noun phrases (NPs), covering the following issues: the proper representation of the refer-
ence and quantification aspects of NP meaning and their relationships, representation of seman-
tic-pragmatic interface connected with reference and existential presupposition, and the phe-
nomenon, characteristic of Polish (and many other Slavic languages, too) of the influence of the
order of subsequent NPs in a sentence on their meanings. The problem of the possible existence
of determiner category will also be discussed. The proposed SRS are intended to form a base for
computer applications, and therefore, should be interpretable in a formal model.

In literature concerning the semantics of Polish NPs, one can often observe tendencies to ana-
lyse unilaterally the meaning of NP - on the basis either of 'quantificational' (e.g. [Koses91]) or of
'referential' perspectives (e.g. [Grzegor95]). However, there are some evidences suggesting that
this homogeneous picture is too simplified (e.g. [Pias2000]). Firstly, the notion of the Generalised
Quantifier (GQ), introduced by Mostowski [Does94], as a tool for modelling ‘natural language
quantifiers’, is defined as a certain relation between sets concerning only the number of elements
and their configurations. The notion of quantification understood as an application of GQ is
clearly different from the notion of reference as it is commonly defined, as the relation between
language expression and 'extra-language objects', e.g.

"reference mechanism i.e. mechanism relating language expressions to the reality ... it allows

to bind language communicates and their parts with extra-language objects, situations, facts,

states of affairs in the real world" [Paduc92]
Secondly, development of Discourse Representation Theory (DRT) [KamRey93] shows that the
meaning of NP should not be described exclusively either on the base of quantification or refer-
ence. The indefinite article a(n) is not properly modelled by the existential quantifier.

Finally, the work of Hess [Hess89] reveals that the meaning of NPs should be described as a
combination of several independent aspects, independently contributing to the meaning of NPs.
Thus, the first necessary step in the direction of construction of SRS for Polish NPs is to identify
all aspects constraining its meaning (what will be done in the next section) and then to propose
formal means of modelling them (what will be done in the next sections 3 and 4).

2. Multidimensional NP Semantics

Following the work of Hess, a multidimensional linguistic model of the meaning of NP was de-
veloped in [Pias2000]. Multidimensional means that the model identifies several independent
aspects the meaning of NPs. Next, for each aspect, a corresponding feature, which constrains the
'mechanism' of yielding the meaning of NPs is defined and the appropriate set of values is as-
signed to this feature. Most of the features are binary, but some of them are assigned a larger set
of values, e.g. the set relationships feature takes as a value a generalised quantifier. There are the
following features:

» referentiality with two values: referential and potential;



» presupposition taking a conditional expression as a value; the condition takes the number of
possible referents into account;
* quantification, with a complex value being a pair of values of two sub-features:
o generalised quantifier (GQ) — taking a particular GQ as a value (GQ expresses cardinality
dependency relations as well),
 distributivity — which, following [Does94], takes as values one of three varieties: dis-
tributive, collective and neutral; the varieties describe the properties of quantification in
relation to plural readings and are modeled as a formal modifier of GQ relation; the varie-
ties are properties of NP, but their possible configuration for given NPs in a sentence are
limited by a given verb.
» genericity, with two values: general and specific.
The values of referentiality distinguish between a situation in which the hearer is expected to
establish a certain relation between an NP and the identified entity (referential NP) and a situa-
tion in which the hearer is informed about the potential existence of an engity described by the
features encoded by the descriptive content of NP (potential NP). Genericity  decides whether NP
represents an object in the case of specific value, or NP represents a notion (more or less pre-
cisely identified) when the value is general. Every feature is assigned a value independently and
their combinations form multidimensional space. However, not all combinations of values are
allowed. The general value is restricted only to attributive [Hess89] (predicational [KamRey93])
readings and generic constructions, e.g.

(1) A whale is a mammal.

where both NPs are interpreted as general and the sentence expresses relation between this two

notions. However, this does not mean that genericity of the whole sentence depends only on the

values of genericity features of NPs. Only in some types of generic sentences constituted of NPs
are 'forced' to be general.

When we consider the application of the above model to Polish NPs, some additional remarks
must be made. Firstly, in most cases it is the determiner which assigns a value to the feature.
There is a group of elements, which can form a determiner category in Polish (i.e. the elements
which can be used as lexical markers of reference and quantity judgement [Topol84]), but the
Polish noun is mostly used without a determiner preceding it. There are two possible solutions:

* to complicate the counting of the values of the features by duplicating the work of determiner
in the kernel phrase (a head accompanied by nouns and adjectives that modify it [Topol84]),

* or to introduce a technical solution of the empty determiner which expresses the intuition that
a noun (kernel phrase) must always be equipped with some mechanisms transforming it into a
'full' NP.

The second option was adopted in the paper together with introduction of the determiner subcate-

gory (partially based on semantic evidences) [Pias2000]. The empty determiner will be marked in

examples by 'LI'.

Secondly, the order of subsequent NPs in the sentence, together with their relative position to
the main verb, influences their referential status (e.g. [Szewd76]), which means that they must
influence at least the way in which the values of the features of referentiality and presupposition

'The name of this feature has been changed from that used in the presentation during the conference (genericness)
due to some valuable comments.



are calculated. The order of NPs also seems to introduce preferences on their mutual cardinality
dependency (scope) relations. Finally, the reading of a Polish NP including determiner pewien
(some/a), e.g. in a sentence (translation: Three lawyers hired a secretary.)

(2) Trzech  prawnikow  zatrudnito pewnq  sekretarke.
Three(pl) lawyer(pl) hired(pl) a secretary(acc)

was called crypto-definite in [Grzegor95] and needs a special treatment as being referential but
without presupposition conditions. It is similar to referential indefinite observed for English
[FodSag82].

3. Object DRT - An DRT Extension

The construction of SRS for Polish NP is based on the Discourse Representation Structures
(DRS) proposed in the DRT [KamRey93]. The approach outlined in this paper preserves the main
elements of DRT, such as the definition of the meaning of language expressions in terms of dy-
namic semantics, the process of discourse interpretation based on the construction of DRS, and
formal interpretation of DRS. Only a few important changes are proposed. Most of them concerns
modification of DRS. The proposed modifications go so deep that the structures received a new
name of Object DRT. The name originates from the assumed distinction between object (under-
stood as a model of entity) and class, represented by the given NP, where class is understood as a
model of a notion (i.e. the class describes structure and behaviour of objects). Some NPs repre-
sent only a class. This happen when the value of genericity is general. Following the notations of
object oriented modelling languages~ (OOML), e.g. UML [BoRuJa99], class is represented as a
named 'box'. But the object of the given class is indicated as additional name at the top of the box.
Specific NP introduces into discourse both an object (potential or 'real') and its class representing
the descriptive content of the NP.

3.1. Compound Discourse Referent

The first important change in ODRS is substitution of a compound discourse referent (CDR) for
discourse referent [KamRey93]. Fig. 1 presents an outline of its structure. Each CDR represent-
ing a specific NP (i.e. NP with genericity equal to specific) is named with an identifier of CDR
drawn at the top of the box. The presence of the identifier distinguishes between boxes (CDRs)
representing only classes (i.e. notions discussed in the discourse) and objects. Named CDRs are
always interpreted as collections, elements of an upper semi-lattice, following here the formal
model proposed in [KamRey93] for the formal interpretation of plural NPs. For singular NPs the
collection consists of exactly one element. The class part of CDR is intended to collect all of the
'restrictive information' introduced by the descriptive content (kernel phrase) of NP. Additional
information introduced by defining relative clauses and relation nouns is represented by an overt

The languages devised for modelling the reality and the computer system structure and used during software system
development.
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associations between CDRs™. In this way, CDR gathers together attributes of an collection, that
are distributed in DRT among many separate predicates.

The next three parts of the CDR model: referential, presuppositional, and quantificational as-
pects of NP meaning. The ref symbol represents an operator constructing a reference relation,
which must be established for a referential NP between the given CDR and some CDR(s) repre-
senting a collection of objects (referents). The relation is a pair: <id, per(id)>, where id is a col-
lection assigned to the given CDR and per (comes from perceived) is a function returning a col-
lection of referents. The collection returned by per contains only the objects (i.e. collections) rep-
resented by CDRs accessible from the position of the given CDR, or represented by CDRs pres-
ent in the knowledge representation (KR) of the hearer. The notion of accessibility is similar to
the one used in DRT. The reference relation, which is established with CDRs belonging to KR,
models reference but the relation with CDRs in the discourse representation models anaphor.
Both types of referential 'links' will be discussed later. Both types of reference relation constrain
assignment of values (from given universe) to CDRs in ODRS during embedding (interpreted
similarly to [KamRey93]).

Existential presupposition of NP is modelled by a conditional expression imposed on the col-
lection of referents returned by per(id). Several possible

id versions of the condition are presented in curly brackets
class (properties) in Fig. 1. They are different only in their right side. The
special case of |per(id)|=|per(id)| is introduced for NPs
ref(id, per(id) ) without existential presupposition.
When the value of the condition is false then there are
| per(id)| {#0, = n, 2n, two possibilities:
=| per(id)[} where n [N i.  the discourse is unacceptable,
Ay Q (id, y) il.  mechanism of the accommodation of presupposi-
tion, (e.g. [Sandt92]) must be applied.

The procedure of accommodation follows the main lines
of van der Sandt's algorithm and will be outlined later.

The last part of CDR includes a GQ modelling 'the
quantificational properties’ of a given NP. It is always interpreted as relation on at least two col-
lections (as in [Does94]), and 'delivers' a slot to be filled by the collection 'pointed out' by the
verb (in special cases by other relating word e.g. noun).

Fig. 1. Compound Discourse Referent

3.2. Reference

The reference of NPs plays an important role in determining the meaning of the whole discourse.
At least, it has strong influence on cardinality dependencies between NPs, e.g. [Hess89],
[Pias2000]. Thus, to cope with reference representation, we need to broaden discourse represen-
tation with additional structures representing the knowledge about reality possessed by the hearer.
In that way, ODRS are embedded into knowledge representation structures (KRS), based on the
idea of nested viewpoints created in [Bien76] (called there environments) and further developed

The content of defining relative clause is not included into CDR because there can exist, in the text, anaphorical
links to NPs being a part of relative clause, and where it is assumed, that the anaphorical link can be established only
between CDRs.



in the belief modelling system ViewGen [WiBaBa91]. The graphical representation (see Fig. 2) of
viewpoints comes directly from [WiBaBa91].

Viewpoint is a structure making possible the representation of the knowledge possessed by
some agent (simplifying, an intelligent entity equipped with language competence). The nested
viewpoint represents knowledge about the beliefs of the other agent. ViewGen defines the algo-
rithm of belief ascription (reducing the amount of knowledge explicitly represented) and intro-

_ ODRS
01
person E X posiada y
n_Jan - person | .
pies
n_Jan
z lubi w
02 | d —
5 — | gender=m gender=n
? . =
speaker

Fig. 2. Global Accommodation of Presupposition

duces several types of viewpoints, e.g. goal, intention. The discourses considered here are limited
only to the basic inform acts, and a simplified version of ViewGen including only the belief type
of viewpoint is all that is needed.

Fig. 2 presents ODRS created for the following simple discourse (translation: Jan does not own a
dog. *He does not like it.):

(3) Jan nie posiada [psa. *On go nie lubi.
Jan does not own dog(acc) He it does not like.

Both NPs in the first sentence creates CDR during their interpretation, but the first NP, being a
proper name, is referential. CDR originated from Jan has its identifier and, according to the refer-
entiality of NP, must be linked by the reference relation (established by the ref operator - see Fig.
1) with some collection of objects. This relation is represented by the double line with arrow (ref-
erence relation is anti-symmetric). The operator per, 'looking for' referents, first inspects the
ODRS including the given CDR. Then it continues its work going left-out and up-out according
to the rules of accessibility. Finally, the operator reaches the nested viewpoint about the speaker,
and then topics collecting the hearer 's own beliefs.

It is assumed that all CDRs of KRS are pre-interpreted before embedding of the ODRS, and
are assigned collections from the universe. Thus, the ref operator reduces the possible assign-
ments of values to X to the only one: the entity assigned by interpretation to o;. In this way, the
‘work’ of always present GQ is limited to only one possible collection. However, both of them
(the reference relation and GQ) are present in the meaning of the referential NP.



The verb posiadac¢ (to own) creates an association between the two CDRs (directed, with argu-

ments drawn read from left to right) and attributes some properties to it.

Knowledge of the hearer (equated with the system in computational applications) is divided into

two main parts:

» his own beliefs about reality collected under the Reality topic (it is assumed here, that this
knowledge comes from observations or accepted information),

» and the knowledge about the speaker's beliefs (different from the hearer’s own beliefs) col-
lected in the nested viewpoint.

This nested viewpoint is a important tool in the process of presupposition accommodation,

which, as it was mentioned earlier, is based mainly on [Sandt92].

3.3. Presupposition

The accommodation process, together with the treatment of anaphora, is illustrated with help of a
the second sentence in the-discourse (3)

Fig. 2 presents the ODRS" yielded by the interpretation of discourse (3). As in DRT, the presence
of negation in the first sentence triggers creation of the nested ODRS. The notion of accessibility
of anaphor antecedents, based on nested ODRS structures, is carefully preserved in the work of
the per function.

Assuming that the hearer's beliefs does not include information about any person named Jan,
the presupposition condition of the Jan NP is violated. However, applying global accommoda-
tion, in a way corresponding to [Sandt92], we can add an object (a referent) into the KRS. Adding
the object into the viewpoint of the hearer would mean, that the hearer immediately accepts the
existence of the object mentioned by the speaker. It seems to be more natural solution to place the
accommodated object in the nested viewpoint speaker, what means that the hearer has become
aware, that the speaker's beliefs contain the belief concerning the existence of the referent. How-
ever, in this moment, the final decision whether the existence of the referent will be accepted by
the hearer or not, is still postponed until application of some pragmatic interpretation based on
speech acts.

3.4. Anaphor and Accessibility

The next sentence in the discourse (3) is interpreted (as in DRT) in the context changed by the
interpretation of the first sentence. Both pronouns create CDRs in ODRS (Fig. 2). Pronouns can
be interpreted anaphorically or referentially. For both of them in Fig. 2, the first option is impos-
sible (like in DRT), because there are no accessible CDRs for them (there is the nested ODRS
under negation). Next, we can try to interpret both pronouns referentially. For the first pronoun on
('he"), there is a possibility to establish a reference relation with an object o, which was accom-
modated earlier. The similar referential link for the second pronoun (CDR w) is excluded on the
base of syntactic properties, and application of the accommodation in this case is not very likely
according to the very poor descriptive content of a pronoun. Leaving the question of applicability
of accommodation open in this case, a question mark and dotted lines are used in Fig 2.

4 Because of lack of the space the 'outer' viewpoints are cut off.



The order in which possibilities for anaphoric and referential interpretations are considered is
determined by the per operator and was discussed earlier. Its work reveals similarity between
anaphor and reference in ODRT. Both of them establish constrains on possible assignments.
However, there is one important difference. In the case of anaphor during the embedding process,
the pre operator constrains the possible assignments to the anaphoric CDR. The only ‘allowed’
assignments are those assigning the collection identical to the collection assigned to the antece-
dent CDR.

The rules of accessibility can be further extended, in some way, on the structures of KRS
(ViewGen allows for more complicated description than applied here) to cope with such prob-
lems like: focus, topic or preferences for ‘resolution’ of reference. However, this issue is still a
topic of research.

3.5. Quantification

The representation of quantifiers in ODRS was inspired by works on modelling quantification of
NPs (‘cardinalities' of sets represented by NPs) and their interrelations by means of graph struc-
tures. In the pioneering work of Fodor [Fodor82] graph structures were postulated as a mental
representation of quantifiers. Next, this approach was developed by Bellert [Bellert89] who de-
fined the feature system based on two features: attributiveness and distributivity, and several
rules. Every NP was described by both features. Values of the features determined the structure of
a graph representing entities (introduced by NPs) and their interrelations. Some rules were pro-
posed to reduce the number of possible configuration of values for a given sentence and the same
to constrain the number of possible graphs assigned to the given sentence. However, Bellert’s
approach does not distinguish between reference and quantification (this is especially visible in
the meaning of attributiveness - one or more "class of reference"), and does not consider the in-
fluence of a verb on mutual relations between "quantifiers" (i.e. the whole NPs). The interesting
property of the Bellert's system is that it works without the notion of scope. The values of the
features do the whole work. Similarly, Hess [Hess89] uses the notion of cardinality dependency,
which can be modelled by the logical scope but does not have to.

The purely quantificational point of view represents an approach in [Does94]. The set of for-
mal modifiers transforming GQ to the different types of relation on collections is proposed. Next,
a notion of variety, as a specific type of distributivity of NP, is defined. Varieties are also ascribed
to verbs representing their requirements imposed on their arguments. Finally, a special calculus of
varieties was introduced to reduce the number of possible meanings of compound expressions.
There are three basic varieties: d for distributive, ¢ for collective, n for neutral and one 'general-
ised' m for mixed. Varieties ascribed to arguments of verbs are accompanied by the appropriate
formal modifiers of verb relation. In comparison to Bellert’s approach, the system of van der
Does, possessing stronger expressive power (can model more expressions), is as restrictive as the
former in predicting the possible meanings of a sentence.

Concluding, the two basic ideas are behind the representation of quantifiers in ODRS: graph
like style of representation and underspecified representation based on varieties ascribed to NPs
and verbs. However, verbs are excluded from considerations in the paper.

Representation of quantification in ODRS will be presented by the following example (Fig. 3
shows the corresponding ODRS) (translation: Three lawyers hired a secretary.):



(4) Trzech prawnikow zatrudnito U sekretarke.
three(pl) lawyers hired a  secretary(acc)

Both NPs (see Fig. 3) introduces CDRs: x and y, respectively. The verb establishes an association
(preservation of the form of the verb means that we do not go deeper into its analysis). In com-
parison to Fig. 2, some additional elements appear:

» a box containing three indicating the relation expressed by GQ three (the relation between x
and a collection of entities hiring a secretary),

 ashorter name for variety - one on the right, which means that variety is determined, and many
on the left, which means that variety is still underspecified (‘?” emphasis underspecification),

» arrows expressing the direction of cardinality dependency (varieties do not encompass this
notion); there are two arrows because the dependency is underspecified on the base of inter-
pretation of this sentence alone.

The use of arrows can be suppressed in situations when the cardinality dependency is compatible

with the order of verb arguments. In Fig. 3 they are explicitly used because of uderspecification.

ODRS

dist? zatrudnili
X y

three | exist

prawnik sekretarka
coll? ?

= dist
neut?
speaker

Fig. 3. Underspecified Representation of Quantification

In the case of Polish sentence the most natural configuration of cardinality dependencies seems to
be that configuration in which the subsequent NPs depends on NP placed earlier in the linear or-
der of the sentence e.g. in the sentence (4), the NP [J sekretarke (a secretary(acc)) depends in its
cardinality on the NP trzech prawnikow (three lawyers). This dependency is expressed by left
pointing arrow attached to line expressing association introduced by the verb. The order of CDRs
in ODRS box expresses the logical order of the verb arguments (read from the left to the right). If
we change the order of the NPs in the sentence (4) we will get the following sentence:

6 O Sekretarke zatrudnito trzech prawnikow
a secretary(acc)  hire(past) three(pl) lawyers.

The meaning of the sentence (5) is almost identical to (4), except the most preferred configuration
of cardinality dependencies (and NPs referential status). This time the NP [/ sekretarke (a secre-
tary(acc)) tends to dominate on the second NP. This reading can also be modelled by ODRS on
the Fig. 3 with the only difference in the cardinality dependency arrow pointing to the right.

The empty determiner is underspecified in values of almost all of its features. The only exception
is quantification, where one of the GQs exist/exist, is exclusively assigned as a value to it, de-
pending on the number of NP (anyway varieties still stay underspecified)



The symbol of GQ exist, formally interpreted as:
exist = {<X,Y>: XnY #},
and variety dist for y CDR are not really necessary in the diagram. Similar elements, as repre-
senting the default values, were suppressed in Fig. 2 for CDRs representing singular NPs. The
interpretation of GQ exist,, for plural NPs without preceding determiner is as follow:
existy = {<X,Y>: XnY # [ & [X]>1},
It is worth noticing here that in assumed structure of ODRS, the GQ exist is even included in the
representation of proper names and pronouns but, as it was discussed earlier, in this case, the first
argument of the quantifier has been already established.
The underspecified features of referentiality and presupposition of the empty determiner can be
assigned their most preferred values on the base of the position of the given NP in the linear order
of the sentence [Szwed76]. The NPs placed before the main verb and closer to the beginning of
the sentence tend to be anaphoric or referential (at least crypto-referential, see the next section).
However, as it was said earlier, in both cases they are modelled in a similar way.

The proposed representation of quantified NPs simplifies construction of discourse represen-
tation in comparison to the approach presented in [KamRey93], e.g. in the discourse:

(6) Susan has found most books which Bill needs. They are on his desk.

an antecedent for 'they' is created (in DRT) as an effect of abstraction principle which transforms
DRS moving some conditions into a new box and creating a plural antecedent. In ODRS such
‘non-compositional’ solutions is not necessary: the CDR representing "most books which Bill
needs" is already a collection. Moreover, subsequent sentences with anaphoric NPs help to de-
termine values of features of the underspecified elements of the CDRs in the sentences processed
earlier.

4. Referential Indefinite NP

Implicit separation between reference and presupposition mechanisms is very useful in applica-
tion to the phenomena of referential interpretation of indefinite NPs, first noticed in [FodSag82].
The speaker knows the particular entity referenced to by the given NP but he does not expect the
hearer to be able to identify unambiguously the referent, either. Nevertheless, the hearer has 'to
try' to do this and he can identify many potential referents (presupposition condition is weakened
to the existence of at least one possible referent).

In Polish the referential indefinite NP, called in [Grzegor95] crypto-definite reading of NP, is
explicitly marked by the adjective (used as determiner) pewien (translated to a or some). The
English translation reveals its underspecification between 'indefinite’ and referential reading. The
following sentence illustrates the phenomena:

(7) Trzech  prawnikow zatrudnitlo pewnq sekretarke.
Three lawyers hired a secretary.

Its interpretation is presented on Fig. 4. The CDR y is linked by reference relation with a collec-
tion of two objects known to the hearer (the pre operator was not able to identify exactly one ref-
erent), and the presupposition conditions allow this to happen. The reference relation is here in
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Fig. 4. Representation of Crypto-Definite NP

some way underspecified and can be corrected during processing of the rest of the discourse or by
inference (the following applications of pre can yield one referent).

5. Conclusion and Future Work

ODRT makes possible more computational treatment of reference, including the difficult cases of
referential indefinite and correlation between the referential status of NP and its position in linear
order of the sentence. The proposed pre and ref operators are the base for development of the
method of compositional construction of ODRSs, which does not require pre-indexing of the text.
ODRS are designed to be similar to OOML, in order to simplify some applications (e.g. auto-
matic generation of formal specification) and enable inference based on the similarity of the
structures. Representation of GQ in ODRS reduces the number of needed structures. Obviously,
ODRT is in its initial stage of development. The formal interpretation was only outlined here and
needs further careful development, the appropriate treatment of the verb box must also be created.
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