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We present a model for the resolution of plurakerefices on groupings based on
Reference Domains Theory. While the original thedogs not take plural reference
into account, this paper shows how several entittgsbe grouped together by building
a new domain and how they can be accessed lat&/eimtroduce the notion of super-

domain representing the access structure to afltival referents of a given type.

I ntroduction

In the course of a discourse or a dialogue, refenetroduced separately could be referenced
with a single plural expression (pronoun, demotisgaetc.). The grouping of these referents
may depend on many factors: it may be explicithéyt were syntactically coordinated or
juxtaposed, or implicit if they only share commamentic features (Eschenbagthal, 89).
Time is also an important factor because it magiffecult to group old mentioned referents
with new ones. Because of this multiplicity of farst, choosing the right discursive grouping
for a referential plural expression is ambiguous] #his ambiguity needs to be explicitly
described.

We present a model of grouping based on Referenceaihs Theory (Salmon-Alt, 01) which
considers that a reference operation consiststedaing a referent in a domain. However the
original theory barely takes into account plurderence. This paper shows how several
entities can be grouped together by building a demain and how they can be accessed later
on. It introduces also the notion of super-doni2inthat represents the access structure to all
the plural referents of typ®. This work is being implemented and evaluated he t
MEDIA/EVALDA project (Devillers, 04).

The goal of this research is both to find a prattsolution to deal with the kind of situations
we met in the corpus of the MEDIA/EVALDA projecthé to improve the coverage of the
Reference Domain Theory, which is a representdtitreory of reference that focuses on
describing the selection preferences from sevendiguous candidates.

1. Groupingsand plural anaphora

Several kinds of clues can specify that referentailsl be grouped together, or at least could
be grouped together. These clues may occur atadaaguage levels, from the noun phrase
level to the rhetorical structure level. We have explored in detail the different ways of

groupings entities together in a discourse or diao We just describe here some of the
phenomena we were confronted with while develo@ngference resolution module for a

dialogue understanding system.

= Explicit Coordination - The most basic way to explicitly express theuging of two
or more referents is using a connector sucinaisor, as well asetc.
“Good afternoon, | would like to book a single roama a double roorh

= Implicit Coordination - An implicit coordination occurs when two or maeferents
of the same kind are present in one sentence, withlicit connector between them.
“Does the hotel de la gare have a restaurant, lieeHoliday Inn?’

» Repetitions/Specifications — In some particular cases, groupings are explicit



described by the enumeration of their referents.iksiance Two rooms. A single room, a
double room

= Inter-Sentential — In the course of a dialogue, referential expoesscan be grouped
together, depending on several factors (common ggamon predicate, semantic link).

Most of these different situations have alreadyni@eroughly investigated in previous work.
However, these methods are, from our point of viemgble to fulfill the needs we met in the
particular task of the MEDIA/EVALDA project, espally with plurals, otherness, and
ordinals being very frequent in our corpus.

In the standard model of plurals in the DRT (KampR&yle, 93), discourse referents are
grouped and assigned to a plural discourse ref¢it@stis represented using thieoperator),
but no information can be assigned to the relatole of the individual referents within the
group (which is necessary for the resolution ofirmablanaphora). Moreover, without the
presence of specific markers or constructionsedénss difficult to allow the emergence of
several groupings from a single list of referringpeessions (for instance in the case of a co-
occurence of several referents - X,Y,Z - in the sgredicate, while several others - Y,ZW -
share a common type). Other approaches deal wignriregy expressions sharing the same
type for making a group (Eschenbaehal, 89), which is not sufficient for our problems,
since sharing a common type is only one of the lensibf grouping.

2. Reference Domains Theory

The Reference Domains Theory (Salmon-Alt, 01) ssppathat every act of reference is
related to a certain domain of interpretation,hattit both describes how to extract a referent
and which set of elements to extract it from. le tieference domains theory, an act of
reference also modifies the structure of the refm¥edomains of the discourse, in term of
focus and partitions.

A reference domain is composed of any group oftieatin the hearer's memory (discursive
referents, visual objects, or concepts) and dessritow each entity could be addressed
through a referential expression. The theory hanldeveloped in order to represent the
diversity of access modes to the referents. Thendthat every referential expression has a
different behavior which depends on the vericondii description its referent must satisfy
and on its conditions of use (the actual structiireontext).

The theory considers the referring process as ardynextraction of a referent in a domain
instead of a binding between two entities (Salmdin-80). Hence doing a reference act
consists of isolating a particular entity from athgjected candidates (Olson, 70), amongst all
the accessible entities composing the domain. Tysamic discrimination relies on
projecting an access structure focusing the refeirerthe domain and facilitates further
access: any extraction in a domain increases lisnsa, thus it is preferred for the next
interpretations.

The preferences for choosing a suitable domainimspired from the Relevance theory
(Sperber & Wilson, 86) taking into account suchalaation and salience. (Landragin &
Romary, 03) have also studied the usage of refereieenains in order to model a visual
scene.



2.1. Basictype

A reference domain is a structure which can refaresntities by differentiating them. It is

modelled as a set @htities (ground) and a set gfartitions of these entities (equivalency

classes or alternatively differentiation functioas in Pitel, 03). Each class groups the
elements which are accessible by the same refarexjpression.e. which can be viewed as

the same object from a certain point of view. Idfgimg completely a referent requires to find

a domain where a partition gives an unambiguoussacto this entity. Using a referential
expression presupposes then (optimistically) tlmé tondition is respected for all the

speakers.

2.2. Accessstructures

We suppose that any distinction between the refefeom the excluded alternatives requires
highlighting the discrimination criterion opposindpem. This criterion, given by the
referential expression and its context of use behdike a partition of the accessible entities,
grouping them together according to their similasitand their differences. A partition may
have one of its partocused (or profiled). There are, at least, three kindslistrimination
criteria:

= discrimination on description. Entities can be discriminated by their type, ithei
properties, or by the relations they have with o#ities. For example the name of the
hotels is a discrimination criterion it Ibis hotel and the hotel Lafayétte

= discrimination on focus. Entities can also be discriminated by the fodwesythave
when they are mentioned in the discourse or detagray a gesture. For exampléése
rooms would select focused referents in a domain, waerthe other roorfiwould select
a non-focused one.

= discrimination on time of occurrence. Entities can also be discriminated by their
occurrence in the discourse. For example “second hotélwould discriminate this hotel
by its rank in the domain.

Every referential expression aims to distinguisifierents and exhibit a differentiation
criterion; however the referents are sometimesdmitnguished intentionally. For example,
the indefinite plural two hotel$ will introduce two hotels that cannot be diffetiested. But
even in this case it is possible to project a déffiiiation structur@ posteriorifor example by
next saying the first oné& Figure 1. shows the state of a domain after dbquence tivo
hotels, “the first oné (the ground is represented here as a concepsargbtion logics, each
subdomain is then a lower concept in the hierarchlyg domain H of the two hotels contains
a partition which focalizes the first of its elengrthe subdomain H

H, card2

H C Hotel

Lt [ 2 |
H,CH H,C H

Figure 1: A domain containing two subdomains



2.3. Classical resolution algorithm

Each activated domain belongs to a list of domandgred according to their recentness (the
referential space). The resolution algorithm cdese$ two phases:

1. It searches a suitable, preferred domain inréfierential space when interpreting a
referring expression. The suitability is definedtbg minimal conditions the domain has to
conform to in order to be the base of an interpieiaparticular description, or presence
of a particular access structure). The generakepeate factor is the minimization of the
access cost (recentness, salience or focalization).

2. It extractes a referent and restructurategdfexential space, taking into account this
extraction. It not only focuses the referent indtsnain, but also increases the salience of
the domain itself which will be preferred for fuethextractions.

According to the determination and descriptionhs teferential expression or to the gesture
made to access to the referent, this generic schelnkee instantiated in different ways. For
example a definitethe N will search for a domain in which a particulartighcan be solely
discriminated by its type N, and the restructurogisists of focalizing the found referent in
this domain. A demonstrativeHis N’ behaves differently in that it tries directly &mcess to
the referent without imposing a strong discrimioaticriterion on the type,e. it finds a
focalized referent in a domain which could be ¢akt a “N” during the restructuring phase.
See (Landragin & Romary, 2003) for a classificatwdthe different access modes.

The algorithm highlights two types of ambiguitie@main ambiguities when there are many
preferred domains of interpretation with no mearchoose during the first phase, and the
referent ambiguities when many referents are fowitkdout preferences. Of course a domain
ambiguity implies a referent ambiguity. In a dialegsystem, it is not the role of the reference
module to disambiguate completely referents, bstiesd to propagate the ambiguity to next
modules which, for instance, will solve it by agkiciarifications to the user.

3. Super-domains

In order to take groupings into account in the Refee Domains Theory, we introduce two
constructs in our formal toolbox. Indeed, havindgyamne kind of domain construct doesn’t
allow for a correct distinction between differeaetarent statuses.

First we distinguish plural and simple domains. Hraple domaind serve as bases for
profiling asubpart, or related part of a simple referent. For instancePif= Room then one
can profile aPrice from D. The plural domain®’ serve either as generic base or as a
plural representative for profiling a simple domaiD. A generic base is mandatory in our
model to support the insertion of new extra-lingaiseferents evoked with an indefinite
construct (for instance ‘saw a black bird on the ro9f while plural representatives are used
for explicit groupings. A domai’; can also be profiled from&’,, providedD'; profiles a
subset of the elements Bf,.

Second, we introduce the notionsoiper-domain D*, from which aD” can be profiled. The
relations allowed between domains are represemtefigare 2. A super-domai®” is the
domain of all grouping®’, including a speciaD 4 grouping which is the representative of
all evoked instances of a given category. This igoin&tion is not intended to deal with long
dialogues where several, trans-sentential groupaagsir, and where older groupings may
become out of access. Doing this would requirestorically driven structuring of th® 4.

As Reference Domain Theory is primarily targetedad extra-linguistic referents occurring



in practical dialogue, the construction of domages representing the supposed structuring
of referent accessibility is based on an ontoldgy.a consequence, for each “natural” type
and each subtype (for instanReoniSinglg, a domain tree is potentially created (actually,
one can easily imagine how this creation may besdrion-demand’).

Another evolution from the initial Reference Domadiheory is the possibility to focalize
several items of a partition. Indeed, since thelw®n algorithm can focalize a whole plural
domain, all elements of this domain must be foedin all the plural domains they occur in.

D* + :
D" : super-domain
¢ D" : plural domain
D" D : simple domain
D‘/ \AD* —» : gives access to

Figure 2: Access tree of Reference Domains

When new extra-linguistic referents are evokedy #re individually profiled under the R
corresponding to their types (that is, their “natutype, and all the subtypes they are eligible
to). When some sentence-level grouping occurs @ plural extra-linguistic referent is
evoked, @D is created, with each of its components as childnen possible (that is, when
each component is described). Figure 3 illustréttesstate of thédotel domain tree after a
scenario with at least two dialogue acts, the fasé introducingHotel,, the second one
inserting a grouping ofoteb andHotek (due to their co-occurence in the same utterance).
One can see that all referents introduced are sitbeshrough the specibotel o domain.

In short:

All new referents (singular or plural) become subdins ofD 4
All new plural referents build up a subdomairDdf

When a referring expression occurs, one perfornes résolution through the following
algorithm:

= If the referring expression is singular, perforing tlassical resolution algorithm in the
plural domaind (includingD 4)

= |f the referring expression is plural, performs thassical resolution algorithm wifh"*
as the base

, _ , Hotel
U: The Ibis Hotel Kotel) is too expensive
S: How about the Hotel Lafayettél6tel) or the / \
Hotel de la clocheHotek) y *
Hotel 4 lyte| 1
¥ N Tex ¥
Hotel, Hotel, Hotels

Figure 3: A domain tree built from a the scenario on the lefintaining a grouping



4. Examples

A sample dialogue (figure 4) is analyzed througk #dgorithm presented above. This
example shows how the referents introduced in ghi@xcoordination could be referenced
as a whole the two hotel§ or extracted discriminately by an ordinah& second orieor by

an otherness expressioié other one All the subdomains of H(i.e. the plural domains of
hotels) are indicatedfter each interpretation using a simplified notatiomlyhe ordered list
of accessible entities and their focalization (palde noted for each subdomain (only one
access structure is represented for each domain)ngtanceH = (hy, hy, hs) means that the
domain H, is focalized in H, and that kis focalized in Fly.

Dialogue H*

U: Is there a bathroom at the Ibis hotél) and the hotel Lafayet@y,)? |[H'y = (hy, hy)
H*all = (hy, hy)

S: No they don't have bathrooms H'o = (hy, hy)
H:all = (hy, hy)

S: But | propose you the Campanile hotie)) Ho=(hy, hp)
H:all = (hy, hy, hy)

U: Hmm no, how much were the two hotels? H o= (hy, hy)
H*all = (hy, hy, hy)

S: The hotel Lafayette is 100 euros, the Ibis hist&s euros H'1 = (hy, hy)
H:o = (hy, hy)
H*all = (hy, hy, hy)

U,: Ok, I'll take the second one H 1= (hy hy)
H:o = (hy, hy)
H an = (hy, by, )

U,: Ok, I'll take the third one H'1 = (hy, hy)

Us: OK, I'll take the other one H'o = (hy, hy)
H*all = (hy, hy, hy)

Figure 4: Example of dialogue (focused domains and referarg inbold)

In order to interpret i U, and s one needs to rely on the previous structuring oflki Uy,
the previously focalized domain His preferred to be the base for interpretitige“second
on€ because of the order discrimination. This leamsxtracting b hence focalizing it in H
but also in Ho and in Ha. In U, H'; cannot be the base for interpretirthe third oné
because no entity could be discriminated this Wéngrefore the only suitable domain is,H

It is also impossible to interpretHe other onéin H'; because of the lack of a focus
discrimination betweenihand h. It is however possible to choose,tfor the domain of
interpretation: the excluded referenisaind h are unfocused whileslgains focus.

Another example (figure 5) shows that keeping tlg the referents are accessed is important
in order to have a reliable state of the referésfpace. Compare the sequencgd,S,U; and
SUoS;Uz. In the first one the system does not distingulsh referents from each other, and
the referential expressionhe second orieaddress the hotel Lafayette. In the second oge th
system answers the question by mentioning the grafeeach hotel separately anthe
second oneaddress the Campanile hotel. A reason for suddtnpmenon seems that it is
difficult to corefer to the same referent by twéfelient ordinal expressions successively : the
extraction of B instead of hin U; would sound strange. On the contrary i tihe second



on€ could refer to b because of the new domain which differenciateshtbiels by their
prices. Actually the model could predict such bébaby the access structure of ;H
introduced in | specifying an ordinal discrimination criterion {ad by a “0:”) : if the
structure does not change each hotarhh, could be accessed by the ordinal expression they
were introduced with. The pronouiftiey in S; does not change this structure in the same
way as 9 does, that is by increasing the salience of thereats accessed by their names.
This way we can constrain the interpretation ofraats.

Dialogue H*

So: | propose you the lbis hotel,jhthe hotel Lafayette ghand the H'o = (hy, hy, hy)
Campanile hotel @). H i = (hy, hy, hy)
Uo: How many are the first and the third hotel ? H'y = 0:(hy, hy)

H:o = (hl. hy, h3)
H an = (ha, hy, h3)

S;: They are expensive. H'y = 0:(hy, hy)
H*o = (hy, hy, h3)
H ai = (hy, hy, h3)
U, : OK, I'l take the second one. H'1 = o:(hy, hy)
H*o = (hy, hy, hy)
H an = (h, hy, hy)

S;: The Ibis hotel is 100 euros and the Campanilelhists0 euros. H*2 = (hy, hy)
H*l = 0:(hy, hy)
H*o = (hy, hy, hy)
H ai = (hy, hy, ha)
U,: OK, I'll take the second one. H', = (hy, ha)
H*l = O(hl.! h3)
H*o = (hy, hy, hy)
H an = (hy, hg, hy)

Figure5: Example of cascading ordinals

5. Discussion

The scope of the groupings considered by this extarto the Reference Domains Theory is
still limited. First the trans-sentential grouping® not fully studied yet. We guess that such
groupings would need a rhetorical description efdiscourse a la SDRT (Asher, 93). Second
it considers only extra-linguistic referentg. those having an existence outside discourse.
When trying to solve references in a dialogue, simeuld also take into account the domains
of interpretation of each speaker. Consider “Unvaht an hotel in Paris”, “S : | propose you
two hotels”. The first hotel is interpreted in tiemain of mental representations of U while
the two hotels proposed by S are assumed to exiside the discourse. They can hardly be
grouped together by a referential expression becthey belong to different levels of reality.
We guess that this kind of phenomenon could beererdby defining accurate differentiation
criteria.



Conclusion

We presented a model of grouping in the Referenmamdn Theory. This theory considers
that reference resolution is a matter of extractigreferent in an accurate reference domain.
It suits well our needs : the groups are considaedeference domains, where any further
reference (ordinals or other) can be interpreted. ilfroduced a particular type of domain,
the superdomain, which references all the plurahalas constructed at a certain time. Given
this domain, the model can render dynamic effeitts brdinals or otherness in plural
contexts. The conditions for grouping are not exediin detail, however such domain
architectures could be the backbone for modellimgencomplex reference effects using more
precise differentiation criteria : time between twwocations of referent, rhetorical or
dialogical structure or different mental spacessWould be future work but in the meantime
the model and algorithms are currently evaluatedhan MEDIA/EVALDA project which
aims to compare the semantic and pragmatic unaelisthof dialogue systems.
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