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ABSTRACT

The paper concerns some methods of semantic analysis of Polish determiners
which can be used in Machine Translation. First, a brief summary of traditional
approaches to the semantics of Polish noun phrases is presented together with a
short discussion. The difference between reference and quantification is argued
to be important for proper understanding of some phenomena. Next, a unified
model for quantification and reference proposed by Hess is presented and
discussed. The outline of a new solution called multidimensional model, based
in its origins on the Hess model, is presented. The model is based on the notions
of class, object and presupposition and attempts to formalise the interface
between the semantics and the pragmatics of Polish noun phrases. Finally, the
possibility of application of the multidimensional model to Machine Translation
and Natural Language Processing in general is discussed.

STRESZCZENIE

W ponizszej pracy przedstawiono metody analizy semantycznej okre§lnikow
jezyka polskiego, ktore moga znalezé zastosowanie w tlumaczeniu
automatycznym. W pierwszej czgsci przedyskutowano tradycyjne poglady na
zagadnienie semantyki fraz rzeczownikowych w jezyku polskim. Stwierdzono,
ze rozroznienie migdzy referencja a kwantyfikacja jest istotne dla poprawnego
zrozumienia niektorych zjawisk. Nastepnie zaprezentowano i przedyskutowano
model kwantyfikacji i referencji, zaproponowany przez Hessa. Przedstawiono
zarys nowego rozwiazania, opartego na modelu Hessa i nazwanego modelem
wielowymiarowym. Model ten opiera si¢ na pojgciach klasy, obiektu i
presupozycji. Celem proponowanego podejscia jest sformalizowanie
wspotzaleznosci migdzy semantyka i pragmatyka fraz rzeczownikowych jezyka
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polskiego. W zakonczeniu przedyskutowano mozliwos¢ zastosowania modelu
wielowymiarowego w tlumaczeniu automatycznym i ogdlnie w inzynierii
jezyka naturalnego.

1. Introduction

The most popular method used in Machine Translation (MT) is the transfer
method. The method is based mainly on the morphological and syntactic analysis
of an utterance in a source language and the generation of the corresponding
utterance in a target language directed by the transfer rules established between two
grammars. However, there exist many problems which cannot be solved on the
level of syntax. One of the most difficult ones is that of the semantics of
determiners. Presently, there are no proper semantic methods of analysis of Polish
determiners which can be immediately used in computations. Thus, the main
purpose of the paper is, firstly, to develop a computational linguistics model for
the semantics of Polish determiners, and secondly, to give some examples of
descriptions of selected Polish determiners based on the model.

It is not intended to give the character of a comparative approach to the whole
paper. Instead, some related works for English will be pointed out. The model
proposed here is strongly influenced in its origins by some significant papers on
English determiners.

In the first part of the paper, some fundamental notions and assumptions will
be introduced. Next, the traditional approaches to the semantics of Polish
determiners will be summarised. Some of the basic Computational Linguistic (CL)
theories and models concerning determiners will be presented. Finally, a new
model and examples of its application will be given, followed by a section
discussing the possibility of employing the model to MT as well as ways of
extension and applicability in other areas of Natural Language Processing
(abbreviated further to NLP).

1.1. Quantifiers or Determiners

What do the notions: determiner and quantifier, often regarded to be
synonyms [6], mean? The notions are regarded as synonyms because most
determiners possess an aspect of logical quantification in their meaning [4], [7].
However, this important function does not ,,exhaust” the meaning of determiners.
Here, according to [7], the name quantifiers will be used only for the appropriate
logical operators or as an abbreviation for the term quantifying words [6], if it does
not lead to confusion.

The notion of determiners receives purely linguistic meaning as the name of a
particular category of words in natural language such as English: a, the, each etc.,
or Polish: jakis, pewien, kazdy.

The determiners in both languages (Polish and English) can be further
subdivided into:

® demonstratives (e.g. English: this, that; Polish: ten, tamten, to),
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® quantifying words (numerals, English: every, each, some, articles, Polish:
kazdy, wszyscy).

1.2. Dynamic Interpretation of Natural Language

There are two main approaches to the semantics of natural languages:

® model theoretic' where the meaning of the sentence is represented by a
logical proposition and is equivalent to conditions which must be preserved
to make the proposition logically true;

® dynamic semantics, where natural language is in the first place regarded as a
tool used in the communication process.

This paper is related to the second approach. The dynamic semantics
originates from the first versions of DRT (Discourse Representation Theory),
published in 1981. Thus, we assume that:

e natural language is used to transfer knowledge from speaker to hearer (in the
case of assertive sentences) or to perform some operations on stored
knowledge (in the case of questions),

e during the process of understanding an utterance the internal mental model of
the conveyed information is being built,

e cach assertive sentence causes changes in the model and its meaning can be
identified with the change.

2. Traditional Approaches to the Semantics of Polish
Determiners

The notion of determiners is not used in the literature dealing with the
syntactic and semantic aspects of Polish Nominal Phrases (NPs). Traditionally, the
determiners do not even form a unique syntactic category in Polish. However, there
is some evidence supporting the need for defining the notion of determiners for
Polish.

In the fundamental grammar of Polish [11], the following scheme for Polish
NPs is given:

lexical markers of predicative and constitutive constituent
reference and argumentative
quantity judgement expressions used as
attributive expressions

kernel phrase

The primary division is made between constituents conveying referential and
quantitative information, clearly distinguished because of lexical markers, and the

" based on model theory in a Montagovian style [Hess89]
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kernel phrases conveying the main descriptive content of the whole NP. The
example of the division is given below:
NP: tych dwoch nadzwyczaj mtodych chtopcow,
o 1ych (Eng.: these) signals the reference usage of the whole NP,
e dwoch (Eng. two) is a numeral conveying the information concerning quantity
and is a quantifying word,
o nadzwyczaj mtodych (Eng. exceptionally young) is a part of a kernel group
which plays the role of the attributive expression,
e chopcow (Eng. boys) - the noun - the constitutive element of the NP.
The order of elements in kernel phrases is not restricted, in contrast to the fist
constituent - where the order:

reference marker quantity judgement unit name
(operator) marker
(quantifying word)

is always preserved [11] and the second component can consist of more than one
word, only if it is a compound numeral. The last component is not empty, only if
the kernel phrase describes a mass term.

The syntactic structure presented above may be represented in a simplified
semantic notation as RQx, where RQ is a reference-quantity operator and x stands
for the predicate describing the meaning of the kernel phrase.

The approach of Topolinska may be summarised in the following way: There
are distinct referential and quantitative components of noun phrases. However, it is
not stated explicitly (in [11]) that these two aspects of meaning are separate.

Grzegorczykowa in [6] treats reference and quantification as synonyms which
is explicitly expressed in the definition of reference (chapter 3 of [6]). Basing on
this assumption, a complicated semantic classification of different types of NP is
built. The approach includes assigning attributes characteristic for NPs to whole
sentences (sentences are described as being referential or non-referential, definite
or indefinite etc.) which may lead to controversy, e.g. in a sentence:

(1) Jakis czlowiek przyniost te paczke
(A man has brought this parcel)
The above sentence is classified to be indefinite although only the first NP has an
unspecified reference, while the second NP has a rigid reference to a concrete
given object (the instance of a parcel).

Below, the classification of Grzegorczykowa (slightly reformulated in order to

concern only NPs rather than whole sentences) is presented:
Basic division of NPs:
o used referentially e.g. Pies, ktorego znalezlismy na ulicy, lezat ogluszony.
The dog we found in the street was knocked senseless.
e used non-referentially e.g. Jan jest dobrym nauczycielem.
John is a good teacher.
Types of NPs used referentially [6]:
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1 concrete - an object is concrete (whether precisely identified or indefinite):
1.1crypto-definite (subjectively definite),
e.g. (2) Powiedziat mi o tym pewien pan.
A man has told me about it.
(3) Zaszedt pewien fakt, ktory zmienit jego decyzje.
An event occurred that changed his decision.
1.21indefinite,
e.g. (4) Jakis cztowiek przyniost te paczke.
A man has brought this parcel.
(5) Ktos powiedzial mi o tym.
Someone has told me about it.
1.3limited definite,
e.g. (6) Zrobit to ktos z uczniow.
One of the students did this.
(7) Ktos inny odniost paczke.
Someone else has brought this parcel back.
1.4referring to any element of a specified class,
e.g. (8) Daj klucze komukolwiek w pracowni.
Give the keys to anyone in the laboratory.
1.5referring to a part of a class (a minor part),
e.g. (9) Niektorzy ludzie sq uczciwi.
Some people are honest.
1.6logically quantifying - not connecting the predicate with a concrete object
but ascribing some object properties denoted by the predicate,
e.g. (10) Jakis czlowiek w tej chwili umiera.
A man is dying now.
2 general - a predicate is referred to the whole class or each instance of a class:
2.1collectively quantifying,
e.g. (11) Wszystkie ksiqzki lezaly na poditodze.
All books were lying on the floor.
(12) Wszyscy ludzie stanowiq rodzine.
All people form a family.
2.2distributively quantifying,
e.g. (13) Kazda ksigzka lezata na podlodze.
Each book was lying on the floor.

2.3 generic,
e.g. (14) Indianie oswoili psa.
The Indians have tamed a dog.
(15)_Ston wymiera w Afryce. (w znaczeniu gatunku zwierzat)
An elephant is dying out in Africa.

3 intermediate:
e.g. (16) Moje dzieci wyjechaly na wakacje.
My children have gone for holidays.



190 Wybrane aspekty reprezentacji semantycznej okresinikow jezyka polskiego

(17) Wszyscy mieszkanicy Warszawy witali dostojnego goscia.
All inhabitants of Warsaw welcomed the distinguished
guest.

By limiting the classification to noun phrases we do not intend to state that the
problem of definiteness/indefiniteness of sentences is irrelevant. The need for
determination of the definiteness of sentences is strongly supported by Koseska-
Toszewa in [8], [9]. However, she regards the Verb Phrase (VP) as an important
factor influencing the final referential status of the whole sentence.

As mentioned before, the above hierarchy is built on the assumption that
reference and quantification are two different names for the same phenomenon of
natural language. The question is, whether we should really hold on to this
fundamental assumption.

From the mathematical point of view, a quantifier is a relation between sets
(due to Generalised Quantifiers Theory, see section 3). Among its most import
characteristic features are:

e independence between the features of sets of elements and their orders
(quantifier is a functor closed under permutation),

e scope dependencies - the order of quantifiers affects the meaning of the
formula.

These two important properties would be violated by some Polish NPs, unless we

distinguish between quantification and reference, e.g. in sentences:

(18) Kazdy chlopiec kochal sie w tej nauczycielce.
(Every boy was in love with that/the teacher.)
(19) W tej nauczycielce kochat sie kazdy chiopiec.

Any order of the NPs in this sentence gives the same meaning: the only women,
explicitly referred to by the demonstrative tej (that), loved by every boy. There are
no scope dependencies between the two phrases expressing ,,quantification”.

One can argue that ,mathematical quantification” and ,linguistic
quantification” are two different notions. Then, why do we need to introduce
»~quantification” as a synonym to ,reference”, if we cannot use mathematical
quantification to create semantic representation completely modelling the
phenomenon of reference?

It is postulated here that the notion of reference-quantification for Polish NPs
should be split into two notions: that of reference and that of quantification. This
forms the need for the two-dimensional domain of representation of Polish NPs
(instead of one-dimensional one). This line of investigation has been supported in
broad literature and will be presented in more detail in section 5.

3. Generalised Quantifiers and Natural Language

Traditionally, natural language sentences containing quantifying words such
like: kazdy (each), jakis (some), wszyscy (all) have been translated to semantic
representation in First Order Logic (FOL) by means of standard mathematical
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quantifiers: universal and existential. Unfortunately, most quantifiers of natural
language are not expressible by means of the two standard mathematical
quantifiers, e.g. wigkszos¢ (most), wiele (many), kilka (several).

However, in 1957 the Polish mathematician Mostowski defined the notion of
a generalised quantifier [10] which for the first time was applied to natural
language by Barwise & Cooper in their significant paper [1].

We will not give a detailed introduction into Generalised Quantifier Theory
(abbreviated further to GQT) here (see [4] and [5]). Nevertheless, in order to make
some further investigations readable, a definition of generalised quantifier is given
below, together with an example of its application to natural language. The below
definition was given by Lindstrom ([5]).

Definition 1

A quantifier type T is a sequence <nj, ..., n,> of natural numbers.
Definition 2
A quantifier Q of type <n,, ..., n,> is a functor which assigns to each set £ a subset

Qg of @ (E")x... x ¢ (E",) which is closed under bijections:

ISOM QR",... R", < Qz(R"))... Qe m(R"})

for each bijection t : E — E’. Here,

n(R") := {<n(dy), ... m(d,)> : <dy, ... d,> € R" }
Most of the natural language quantifiers are binary relations between sets and have
type <1,1>, e.g.

some; = {X,Y): XY=}

all; = {XY):XcT)

everyy; = (X Y):Xcr;

nog = {X,Y): XnY=T}
notall; := {(X,Y>:Xm)_’¢®}|
most: = {(X, Y):|me|>|XmY|}|
at least ng:= {X,Y):|X"Y] >n}

There exist quantifiers of type higher than <1,1>, e.g. the quantifier of type
<1,1,1>:
more ...than; XYZ = (X, Y, Z): | XNY]|>|XZ]| }
As a simple example of application of GQT to natural language we can regard the
following sentence:
(20) Every man walks.
which is true if and only if

(set determined by every man) C (set determined by walk)
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E
walk

The sentence can be expressed using the generalised quantifier by the following
formula:
everyg (Ax.M(x)) (Ay.W(y)), where every; MW is a generalised quantifier of the
type <1,1>.
Not every theoretically possible generalised quantifier is realised in natural
language. There exist some conditions that must be met by any natural language
quantifier.

4. A Unified Model for Reference and Quantification in Natural
Language

As was mentioned in section 3, we need at least a two-dimensional domain to
represent different meanings (or different uses) of NPs properly. This idea was
investigated by some researchers and the most comprehensive work was probably
done by Hess in his thesis [7]. It is a detailed monograph covering most aspects of
quantification and reference. Hess gives a very detailed review of the related works
and proposes his own ,,unified” model for the semantics of NPs.

The work is based on the fundamental assumption best expressed in the
following passage:

»What we seem to need (M.P. : to deal with attributive/referential
distinction) is a concept which takes into account that natural language is
used not to make true statements about the world without further purpose,
but to communicate information from speaker to hearer, and the
information is used by the hearer to build up a mental model of the world
in his or her head which corresponds to the model in the speaker’s head.”
[7]

The main aim of this thesis [7] was to develop a formal model for meaning of noun
phrases which would deal with all their possible functions.

Hess formulates a list of several different functions of NPs, entirely
independent of each other. Their independence does not mean that they do not
occur together, they form many types of inter-relations and some of the potentially
possible configurations are allowed in any natural language.

Beneath is the list of functions of NPs:

1. Dependent vs. Independent NPs

One of the two traditionally primary functions of NPs is to represent
cardinality dependency (the other one is to represent reference). Historically, the
device invented to analyse cardinality dependency was the structural embedding of
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quantiﬁers2 introduced by Frege to give different semantic representations to
different readings of ambiguous sentences.

2. Set Relationships: Set Inclusion or Set Intersection

As was revealed by GQT, an NP can express statements about relationships,
eg. : All members of a given set being members of the other set, or some members
of a given set belonging to the other one, as expressed in a sentence:

(21) Some humans are mortal.

3. Specific vs. Non-specific Uses of NPs

It is yet another, and entirely different, function of noun phrases to express
whether an object is real or (potentially) imaginary. This distinction can be made in
sentences with higher order verbs and sentential complements.” [7:130]

To characterise this distinction formally Hess uses logic programming
constructions. But the distinction can also be made on the basis of a difference
between expressions in which NPs introduce into a discourse objects (entities) -
specific use - vs. expressions in which NPs introduce into a discourse concepts
(types, classes) - non-specific use.

4. Referential and Attributive Uses of NPs

When an NP is used referentially, it indicates that the speaker is able (in the
case of declarative, assertive sentences) or the hearer is expected (in questions) to
identify the referent directly. Both definite and indefinite NPs may be used
referentially as well as attributively. An indefinite NP used referentially shows that
the speaker is able to identify the referent (not always an object) directly but the
hearer could have not enough knowledge to do so.

An NP used attributively introduces into a discourse potentially existing
objects on which the conditions expressed by the descriptive content of the NP are
put.

Referential NPs present independence from any scope relations, they always
take ,,the widest” possible scope or in the case of more than one referential NP,
they form an effect called branching quantification. [4], [5].

The following sentence, given by Fodor & Sag [7], shows difficulties which
may arise while classifying NPs as referential or attributive.

(21) John believes that a student in the syntax class was
cheating.

which, according to the authors, receives (depending on context) three different
meanings:

e in the first and the second meaning a student receives the wide and narrow
scope respectively,

e in the third meaning a student refers to some particular student known to the
speaker.

? different positions of quantifiers in a FOL formula resulting in different meanings.
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Due to Hess all NPs may be classified as attributive or referential, or ambiguous.
Let us consider the following examples:

(22) Does each executive at IBM earn $100000 ?

(23) Do executives at IBM earn $100000 ?

(24) Does every executive at IBM earn $100000 ?

(25) Do all executives at IBM earn 3100000 ?
Hess [7:93] claims that:
® cach is an instruction to look only for stored facts,
e bare plural forces to use only rules, not facts,
e cvery forces to look for facts and if there are not enough data, tries to use rules,
e qll forces firstly to use rules and then possibly to infer rules from facts.

The above observations can be subsumed in the form of the following table,

showing the different possible configurations of features of NPs:

specific non-specific
referential | (a) strongly referential (a) identificational
(b) strictly extensional (each) | (b) strictly intensional
(bare plural)
attributive | (a) weakly referential (a) strictly non-referential
(b) extensional (every) (b) intensional (all)

Table 1. Configurations of features of NPs: referential/attributive and
specific/non-specific.

where (a) points correspond to declarative sentences and (b) points correspond to
questions.

5. Absolute vs. Relative NPs

This is another name for a distinction, well known in GQT, between weak and
strong quantifiers [4]. The fundamental criterion of distinction is whether a
quantifier may be used in a there is sentence.

(26) There are  two/some/no students students at the party.
27) *There are all/the/not all students at the party.
where * signals a non-acceptable sentence.

Attempts to build a formal condition of division have failed so far. Hess
relates the distinction to the notion of presupposition, which is unfortunately an
undefined notion in his model (so are the notions of definiteness and
indefiniteness):

»Relative noun phrases presuppose the existence of a base set while
absolute ones have no such requirement” [7].

We cannot use relative determiners such as: all, most, the without having in mind

what base set they are applied against. On the other hand, absolute determiners,

such as: numerals, no introduce into discourse a set, real or potential. (There exist
also some ambiguous determiners, such as: some, many).
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6. Total vs. Partial NPs

Hess argues that in English the default interpretation for the NP seven boys is
partial; it denotes any set of seven boys. He claims that the only lexicalized marker
forming a total description is the article the, e.g. the NP the dogs covers all
instances of dogs. Yet, it seems that the totality of an NP is strongly dependent on
its context. The NP the dogs can just refer to a certain set of dogs, being a case of
rigid reference, e.g. in an expression:

(28) There were some dogs on the square. The dogs made a lot
of noise.

The Hess model gives an elaborate explanation for many phenomena of different

uses of NPs. His model has a computational character and is illustrated with logic

programming examples (written in Prolog). Yet, some of these examples need

»second order extensions of Prolog” like predicates taking propositions as

arguments. When translated to ,,ordinary Prolog”, they loose some of their clarity.

The Hess model defines a multidimensional space which serves as a resulting

set for function assigning semantic representations to NPs. Two of the dimensions

were explicitly shown in Table 1.

However, the model has some shortcomings and less clear aspects.

e As was already mentioned, non-specificity of NPs requires the application of
,»a higher order Prolog”.

e The notions of definite/indefinite NPs are left without formal definition,

e The same remark applies to presupposition. Its status in the model is not clear
enough.

e Interesting features of distributive and collective use of NPs, discussed widely
in the Hess paper, are not properly exposed.

Probably, the biggest disadvantage of the model, as far as our needs are concerned,

is that it was created for English. Could it be applied to Polish and further to

creating a bridge between semantic analysis of NPs in Polish and English? The

answer seems to be: yes, and this issue will be investigated further in the following

section.

5. Semantic Representation of Polish Determiners

The starting point of the Hess model is the observation that the indefinite
article a(n), traditionally translated into existential quantifier in semantic
representations of any kind, needs more sophisticated treatment when it appears
in:

e attributive sentences, e.g. John is a teacher;
e generic sentences, e.g. A whale is a mammal,
e referential use.

There are no articles in Polish but there are lexical markers of indefiniteness:

jakis, pewien, ktos, cos [6], [11]. An especially interesting case is the pronoun
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pewien (fem.: pewna). It reveals similar semantic ambiguity to the English article
a(n) and is used in similar syntactic positions [11], e.g.:

(29) Kazdy chlopiec kocha pewnq kobiete.

(Every boy loves a woman.)

The sentence is ambiguous. However, the attributive, wide scope use of pewn’
kobieté (a woman) is least probable, but possible (there exists a certain women, the
same for every boy). The wide scope could be obtained if the NP was moved to
the beginning of the sentence, e.g.:

(30) Pewnq kobiete kochat kazdy chiopiec.

In the above sentence the determiner pewien is used referentially.
These observations, as well as the former analysis of Polish literature concerning
the issue of semantics of NPs, make the adoption of the Hess model to Polish
highly motivated. The multidimensional model, presented in 5.1, aims at avoiding
the drawbacks of the Hess model mentioned above.

5.1. The Multidimensional Model

A notion of presupposition needs to be defined first. Traditionally,
presupposition of a sentence is identified with propositions entailed by both the
sentence and its negation. There are many different types of presupposition among
which the most interesting for us is the case of existential presupposition. The best
known example of this kind of presupposition is Russell’s: The king of France is
bald. This sentence is presupposing the truth of the proposition: there exists a king
of France. Sometimes presupposition is called the feasibility condition which must
be fulfilled before evaluating the logical value of a sentence.

Presupposition of a sentence is regarded to be fulfilled, when an appropriate
proposition in the model has been created up to the moment. In the of existential
presupposition, this proposition must state the existence of some kind of entity and
must obviously be evaluated to be true. How are we to correlate this notion with
dynamic character of the assumed mental model and with the use of presupposition
in the Hess model? And further, do we need the existence of appropriate
proposition for quantifier-induced presupposition or maybe just another kind of
element of the mental model?

The mental model is built on the following notions:

e an object - an element of the model representing an entity (which is not further
definable),

® a class - a pattern defining sets of elements of the same features,

e a subclass - a pattern which is the extension of an appropriate class; we can
assume that a subclass has the same features as the class from which it is
derived as well as some new specifying features;

e a set of objects;

e an element of the mental model - any object, class, or set introduced into the
model.
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The main tasks of a noun phrase are:

e to introduce new objects into discourse;

e to connect elements of a new sentence with elements already existing in the
mental model (coreference, anaphora);

e to establish a structure of information for a sentence, which after being
completed with relations defined by verbs would be added to the mental model
- in the case of declarative sentences, or be evaluated over the model - in the
case of questions.

The main task of determiners is to define:

e the relations between elements introduced by a sentence and already existing in
the mental model,

e the set-and-cardinality relations between elements introduced by subsequent
noun phrases.

Thus, the quantifier-induced presupposition can be defined as a precondition of

existence of some elements (e.g. a set, a set of objects, a class) in the model. In

other words, the presupposition is fulfilled, if in a given state of the dynamic

design, the model includes the expected element (elements).

Reference is understood following Hess as the control information defining
the way in which the given noun phrase should be analysed, i.e. trying to find a
referent in the model.

The multidimensional model of semantics of NPs defined here includes most
of the notions of the Hess model. There are three levels of description distinguished
in semantic representation: presupposition (the lowest one), reference and
quantification.

set relations
quantification level cardinality dependencies
collective/distributive

specific/non-specific reference referential/attributive

presupposition existential precondition +/-

Table 2. The multidimensional, three-level structure for a semantic
representation of NPs.
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The semantic processing of each NP in a sentence starts on the level of
presupposition. The precondition of existence is evaluated in the model. If it

<a subsequent NP. a set of possible the base set a part of graph
from a sentence> referents (for quantifier) structure
presupposition level reference level quantification level
evaluation of the reference operator evaluation of the

precondition of existence > application precondition of existence ﬁ

Model of the Utterance’s Meaning

the following

reference association referent identification element added to
the model

A A

Model of the Reality

Figure 1. The interrelations between the levels of the
multidimensional model.

is satisfied, it becomes possible to continue the analysis of the sentence. If the
precondition fails, there are two possibilities:

e the sentence cannot be properly understood,

e the model must be corrected by an accommodation of presupposition [2].

In the next step, in the case of referential NPs, the operator ,,looking for” a referent
(possibly a set of elements) is applied. The highest level, i.e. the level of
quantification, is based on GQT. Within that level, even differences between
distributive and collective meaning can be handled, as was shown in [3]. The
generalised quantifiers applied on the highest level strongly depend on results
obtained on the second level. In the case of referential NPs, the base set of a
quantifier (i.e. £, if we represent a quantifier in a form O A4,B), is established by
the reference operator. This means that in the case of demonstratives, the domain of
quantification is reduced to just one element. In the case of attributive NPs, the
domain of quantification is the whole model which in some specific cases may be
unlimited. It is assumed that the mental model is never empty or is correlated to the
notion of knowledge representation (this issue is still a subject of research).

The specific/non-specific distinction in the use of NPs is captured in the
model as the distinction which is resolved in all levels of description. It is assumed
that NPs are regarded as:

e specific, if they are correlated with objects or sets of objects,
e non-specific, if they are correlated with classes or sets of classes.

The process of computation of an NP is subsumed in Table 3.
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Level ,,Jmplementation”

III. (the highest) quantification standard generalised quantifiers with
the domain of quantification being the
whole model, a subset of the model or
one element

IL. reference reference operator (in the case of
referential NPs) or its lack - null (in
the case of attributive NPs)

1. (the lowest) presupposition preconditions of existence and their
application

Table 3. Three levels of the semantic representation of NPs and the
implementations ascribed to them.

It can be easily noticed that each feature of the Hess model can be expressed in the
multidimensional model presented here.

Obviously, the scheme presented in this section is far from complete. It is a
first step in the direction of a computationally plausible model which would take
into consideration semantic and pragmatic aspects of determiners and noun
phrases.

5.2. Semantic Analysis of Some Polish Determiners

The complete analysis of all Polish determiners has not been done yet.
Nevertheless, some examples of application of the model to the description of
Polish determiners are given below.

Most Polish determiners (like English) are ambiguous. However, it seems
possible and from the computational point of view plausible, to chose one
configuration of features values as the most preferred reading. It should be done on
the basis of a large corpus of Polish and statistical methods applied to it. Yet, such
a corpus does not exist for Polish. Here, the most preferred reading in the below
examples is specified as ,,a toy solution”.

1. kazdy

(38)  Kazda ksiqzka zostata zapakowana.

Each (every) book has been packed.
The determiner is presented in the literature [6], [11] as an example of a
distributive determiner, so its most preferred reading seems to be:

specific,
precondition of existence of a non-empty set,
referential, distributive quantifier of the type: Qg X,Y = { <X,Y> | XCY}.

2. wszyscy
(32) Wszystkie ksiqzki zostaly zapakowane.
All books have been packed.



200 Wybrane aspekty reprezentacji semantycznej okresinikow jezyka polskiego

This is usually given as an example of a collective determiner, the most
preferred reading being:
specific,
no precondition of existence of the base set,
attributive,
collective quantifier of the type: Qg X,Y = { <X,Y> | XCY}.

In some cases the determiner shows the distributive features, e.g. in a
sentence:

(33) Wszystkie ksiqzki zostaly przejrzane
Every book has been looked over.

3. ktokolwiek
(34) Ktokolwiek tu wejdzie, bedzie znat wynik.

which can paraphrased into: if any person of any personal features enters here,
he/she will know the result;

Grzegorczykowa describes this pronoun as a particularly complicated case of
reference: it defines an individual object which cannot be identified [6:126].

However, it seems to be a rare case of a determiner with the following
configuration of features:
no preconditions of existence,
attributive,
distributive quantifier of the type: Qg X,Y = { <X,Y> | |XNY| > 0}.

However, the determiner can also be used specifically, e.g. in a sentence:

(35) Ktokolwiek to zrobit, znajde go.
Whoever did this, I will find him.

4. pewien

This determiner has already been discussed.
The most preferred reading seems to be:
specific,
no preconditions of existence,
referential (attributive is also admissible)

distributive quantifier of the type: Qe X,Y = { <X,Y>| [ XNY]| > 0}.

5. jakis
(36) Kazdy chiopiec kocha jakas kobiete.
Every boy loves a woman.
This determiner is complementary to the previous one:
specific,
no preconditions of existence,
attributive,

distributive quantifier of the type: Qg X,Y = { <X, Y> | |XNY|> 0}.
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6. ten

(37) Kazdy chiopiec kocha te kobiete.

Every boy loves this woman.

In the literature this determiner is described as demonstrative, strongly referential.
It can be described in the model as:
specific,
precondition of existence of a unique object,
referential,

distributive quantifier of the type: Qg X,Y = { <X, Y>| [XNY]|> 0}, e.g.
6. Possible Use of The Model in MT

How can we use this way of semantic description of determiners in MT? So
far, the most successful MT systems are based on transfer of syntactical structures.
As was shown in the previous paragraphs, the proper analysis of NPs (necessary
for proper translation) requires semantic and pragmatic knowledge.

This problem can be solved by ,.enriching” the transfer method with some
partial semantic analysis concerning the semantics of NPs. From the computational
point of view the most effective strategy seems to be that of ,underspecified
representation” which consists in generating representations containing both
variables and constants and delaying the complete instantiation of variables until
more data are available.

Using this strategy in translating NPs may take the following form: the
semantic representation of an NP is generated, with as many specified features as
possible. The features, whose values are not computable either on the basis of the
sentence being processed or on the basis of the mental model created so far, are left
unspecified. The unspecified values are hopefully defined later by means of
information in later expressions (sentences).

The model presented here is developed only for Polish but its connections to
the former model of Hess and its applicability to English are obvious. Anyway, a
comparative study based on the model would be helpful in MT applications.

7. Concluding Remarks

The work on the model is still in progress. Only an outline of the model was
presented, being far away from the final shape. It is already apparent that the
specific/non-specific distinction defined in terms of classes and objects gives a
chance to handle generic sentences which are commonly perceived as being one of
the most difficult problems in NLP.

As was pointed out above, further comparative study based on the
multidimensional model would be a worth-while object of research.

The model needs an extension to the level of the whole sentence. This issue is
connected with notions of distributivity and collectivity for which an interesting
calculus was created by van der Does [3].
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In the end of the way there is a possible implementation of the model in a

form of an NLP system. For this purpose, the model must be associated with some
kind of knowledge representation. The most proper one seems to be the object
oriented knowledge representation. Then, a more formal definition of the model
would be needed and could be done in a style of one of the object calculi
developed for the needs of object oriented programming and designing.
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