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We present a model for the resolution of plurakrefces on groupings
based on Reference Domains Theory. While the aidiheory does not

take plural reference into account, this paper shbow several entities can
be grouped together by building a new domain and lieey can be

accessed later on. We introduce the notion of sdperain representing the
access structure to all the plural referents dfargtype.

I ntroduction

In the course of a discourse or a dialogue, referents introdwearasely could be
referenced with a single plural expression (pronoun, demonstratose, The grouping of
these referents may depend on many factors: it may be éxplicey were syntactically
coordinated or juxtaposed, or implicit if they only share commemasitic features
(Eschenbackt al, 89). Time is also an important factor because it may be diffizgtoup
old mentioned referents with new ones. Because of this mulijptitfactors, choosing the
right discursive grouping for a referential plural expressionansbiguous, and this
ambiguity needs to be explicitly described.

We present a model of grouping based on Reference Domains ThatmoSAlt, 01)

which considers that a reference operation consists of engee referent in a domain.
However the original theory barely takes into account pletarence. This paper shows

how several entities can be grouped together by building a new domain and how they can be
accessed later on. It introduces also the notion of super-d@hainat represents the access
structure to all the plural referents of typeThis work is being implemented and evaluated

in the MEDIA/EVALDA project (Devillers, 04).

The goal of this research is both to find a practical solutiomleal with the kind of
situations we met in the corpus of the MEDIA/EVALDA projeand to improve the
coverage of the Reference Domain Theory, which is a represeataheory of reference
that focuses on describing the selection preferences from severglambitandidates.

1. Groupingsand plural anaphora

Several kinds of clues can specify that referents shouldrdagped together, or at least
could be grouped together. These clues may occur at severalgarguels, from the noun

phrase level to the rhetorical structure level. We have xybeed in detail the different

ways of groupings entities together in a discourse or dialdyegust describe here some
of the phenomena we were confronted with while developing eerefe resolution module

for a dialogue understanding system.
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= Explicit Coordination - The most basic way to explicitly express the grouping of
two or more referents is using a connector suandsor, as well asetc.
“Good afternoon, | would like to book a single roamd a double roorh

= |mplicit Coordination - An implicit coordination occurs when two or more
referents of the same kind are present in one sentence, wiRplitit connector
between them.

“Does the hotel de la gare have a restaurant, like the HolidayInn?

= Repetitiong/Specifications — In some particular cases, groupings are explicitly
described by the enumeration of their referents. For instaiwe fooms. A single room,
a double roorh

= |nter-Sentential — In the course of a dialogue, referential expressions can be
grouped together, depending on several factors (common type, commndioatee
semantic link).

Most of these different situations have already been thorougidstigated in previous
work. However, these methods are, from our point of view, unabldfiib the needs we
met in the particular task of the MEDIA/EVALDA project, esiadly with plurals,

otherness, and ordinals being very frequent in our corpus.

In the standard model of plurals in the DRT (Kamp & Reyle, 93 alirse referents are
grouped and assigned to a plural discourse referent (this isseapd using thél
operator), but no information can be assigned to the relativefrdhe individual referents
within the group (which is necessary for the resolution of ordinalphora). Moreover,
without the presence of specific markers or constructiorsgdins difficult to allow the
emergence of several groupings from a single list of iafgexpressions (for instance in
the case of a co-occurence of several referents - X,Y,theisame predicate, while several
others - Y,Z,W - share a common type). Other approaches déafeferring expressions
sharing the same type for making a group (Eschenttagh 89), which is not sufficient for
our problems, since sharing a common type is only one of the enablers of grouping.

2. Reference Domains Theory

The Reference Domains Theory (Salmon-Alt, 01) supposes that asepf reference is
related to a certain domain of interpretation, in that ithbdéscribes how to extract a
referent and which set of elements to extract it from. In tlegeece domains theory, an act
of reference also modifies the structure of the referdoogains of the discourse, in term of
focus and partitions.

A reference domain is composed of any group of entities in grete memory (discursive
referents, visual objects, or concepts) and describes holw exdity could be addressed
through a referential expression. The theory has been developedeinto represent the
diversity of access modes to the referents. The claim igteay referential expression has
a different behavior which depends on the vericonditional ieieer its referent must
satisfy and on its conditions of use (the actual structure of context).

The theory considers the referring process as a dynamic extrata referent in a domain
instead of a binding between two entities (Salmon-Alt, 0Ohddedoing a reference act
consists of isolating a particular entity from other reject@addidates (Olson, 70), amongst
all the accessible entities composing the domain. This dynamicirdination relies on
projecting an access structure focusing the referent irdéh&in and facilitates further
access: any extraction in a domain increases its salidneejttis preferred for the next
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interpretations.

The preferences for choosing a suitable domain are inspired thenRelevance theory
(Sperber & Wilson, 86) taking into account such focalization afidree. F. Landragin &
L. Romary (03) have also studied the usage of reference domainger to model a visual
scene.

2.1. Basictype

A reference domain is a structure which can reference sniyieifferentiating them. It is
modelled as a set ehtities (ground) and a set @artitions of these entities (equivalency
classes or alternatively differentiation functions as irelPi3). Each class groups the
elements which are accessible by the same referentisdssipni.e. which can be viewed
as the same object from a certain point of view. Identifgimmpletely a referent requires to
find a domain where a partition gives an unambiguous access terttiig. Using a
referential expression presupposes then (optimistically) tistdmdition is respected for
all the speakers.

2.2. Accessstructures

We suppose that any distinction between the referents from thedescalternatives
requires highlighting the discrimination criterion opposing them. This arttegiven by the
referential expression and its context of use behaves like teigpaof the accessible
entities, grouping them together according to their simidaritind their differences. A
partition may have one of its pafigcused (or profiled). There are, at least, three kinds of
discrimination criteria:

= discrimination on description. Entities can be discriminated by their type, their
properties, or by the relations they have with other entifies example the name of the
hotels is a discrimination criterion ithe Ibis hotel and the hotel Lafayétte

= discrimination on focus. Entities can also be discriminated by the focus they have
when they are mentioned in the discourse or designated by wegelSbr example,
“these rooniswould select focused referents in a domain, wherdlas 6ther roorh
would select a non-focused one.

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

Every referential expression aims to distinguish referents exinibit a differentiation
criterion; however the referents are sometimes nondigighed intentionally. For example,
the indefinite plural two hotel§ will introduce two hotels that cannot be differentiatedt Bu
even in this case it is possible to project a differdotiastructurea posteriorifor example
by next saying the first oné. Figure 1 shows the state of a domain after the sequéwoe “
hotels, “the first oné (the ground is represented here as a concept in descripti@s,logi
each subdomain is then a lower concept in the hierarchy). Thardbhdd the two hotels
contains a partition which focalizes the first of its elements, the subddtin
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Figure 1: A domain containing two subdomains

2.3. Classical resolution algorithm

Each activated domain belongs to a list of domains ordered accaodthgir recentness
(the referential space). The resolution algorithm consists of twaepha

1. It searches a suitable, preferred domain in the referesp@ale when interpreting a
referring expression. The suitability is defined by the minimalddions the domain has
to conform to in order to be the base of an interpretatiorti¢pkar description, or

presence of a particular access structure). The geneefdbrgmce factor is the
minimization of the access cost (recentness, salience or ftaaty

2. It extractes a referent and restructurates the referespii@e, taking into account
this extraction. It not only focuses the referent in its domainh,also increases the
salience of the domain itself which will be preferred for furtheraexions.

According to the determination and description of the referential gsipreor to the gesture
made to access to the referent, this generic scheme will be instmiakifferent ways. For
example a definitethe N will search for a domain in which a particular entity dae
solely discriminated by its type N, and the restructuring cansisffocalizing the found
referent in this domain. A demonstrativihis N' behaves differently in that it tries directly
to access to the referent without imposing a strong discrimination criterithre dypej.e. it
finds a focalized referent in a domain which could be cast inttN"aduring the
restructuring phase. See (Landragin & Romary, 2003) for a fitasisin of the different
access modes.

The algorithm highlights two types of ambiguities, domain ambiguities wiega aire many
preferred domains of interpretation with no mean to choose dimin{irst phase, and the
referent ambiguities when many referents are found withouenereces. Of course a
domain ambiguity implies a referent ambiguity. In a dialogu&esysit is not the role of the
reference module to disambiguate completely referents, butadhdte propagate the
ambiguity to next modules which, for instance, will solve it biirgs clarifications to the

user.

3. Super-domains

In order to take groupings into account in the Reference DomairmsyT lvee introduce two
constructs in our formal toolbox. Indeed, having only one kind of domairiraohdoesn’t
allow for a correct distinction between different referent statuses.

First we distinguish plural and simple domains. The simple doniaissrve as bases for
profiling a subpart, or related part of a simple referent. For instance Of= Room then

34



one can profile ®rice from D. The plural domain®” serve either asgeneric base or as a
plural representative for profiling a simple domail. A generic base is mandatory in our
model to support the insertion of new extra-linguistic referemtdezl with an indefinite
construct (for instancel ‘saw a black bird on the ro9f while plural representatives are
used for explicit groupings. A doma ;, can also be profiled from B, providedD’,
profiles a subset of the elementdo§.

Second, we introduce the notionsoper-domain D*, from which aD” can be profiled. The
relations allowed between domains are represented on figures@pek-domairD” is the
domain of all grouping®’, including a specidD’,, grouping which is the representative of
all evoked instances of a given category. This configuration is notiedeto deal with long
dialogues where several, trans-sentential groupings occur, and wider groupings may
become out of access. Doing this would require a rhetorically driveriustngcof theD 5.

As Reference Domain Theory is primarily targeted towardadkiguistic referents
occurring in practical dialogue, the construction of domain trepsesenting the supposed
structuring of referent accessibility is based on an ontologya Aonsequence, for each
“natural” type and each subtype (for instarfReoniiSingle, a domain tree is potentially
created (actually, one can easily imagine how this creation may be @nvdamand’).

Another evolution from the initial Reference Domain Theory ispbssibility to focalize
several items of a partition. Indeed, since the resolution itdgorcan focalize a whole
plural domain, all elements of this domain must be focalizedl theaplural domains they
occur in.

D+
D" : super-domain
D : plural domain
X D :simple domain
D
PN —» : gives access to
D D’

Figure 2: Access tree of Reference Domains

When new extra-linguistic referents are evoked, they are individoadfiled under the
corresponding to their types (that is, their “natural” type, athdhe subtypes they are
eligible to). When some sentence-level grouping occurs or whgaral extra-linguistic
referent is evoked, B is created, with each of its components as children, wheilibfess
(that is, when each component is described). Figure 3 illustifa¢estate of theHotel
domain tree after a scenario with at least two dialogtge #e first one introducingotel,
the second one inserting a groupingHafte, andHotek (due to their co-occurence in the
same utterance). One can see that all referents introdueedaassible through the special
Hotel ., domain.

In short:
All new referents (singular or plural) become subdomair3 gf
All new plural referents build up a subdomairDdf

When a referring expression occurs, one performs the resolutiongth the following
algorithm:
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= If the referring expression is singular, performs the atatsesolution algorithm in

the plural domain®” (includingD’,;)

= If the referring expression is plural, performs the classesdlution algorithm with

D" as the base

U: The Ibis Hotel Hotel)) is too expensive
S: How about the Hotel Lafayettél¢teb) or the
Hotel de la clocheHotek)

Hotel, Hotel,

Hotel

Hotel;

Figure 3: A domain tree built from a the scenario on the left, containing a grouping

4. Examples

A sample dialogue (figure 4) is analyzed through the algoritihesented above. This
example shows how the referents introduced in an explicit coamhnaduld be referenced

as a wholethe two hotel§ or extracted discriminately by an ordindhé& second orieor by
an otherness expressioté other oné All the subdomains of H(i.e. the plural domains

of hotels) are indicateafter each interpretation using a simplified notation. Only the
for each subdomain

ordered list of accessible entities and their focalizatmhd] are noted

(only one access structure is represented for each dorRamjnstanceH = (hy, hy, ha)
means that the domain Jiis focalized in H, and that his focalized in F.

Dialogue H*
U: Is there a bathroom at the Ibis hotél) and the hotel Lafayettg,)? H*0 = (hy, hy)
H*all = (h1, hy)
S: No they don't have bathrooms H'o=(hy, hy)
H:all = (h1, hy)
S: But | propose you the Campanile hofie)) H o= (hy, hy)
H:all = (hy, hp, hg)
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 lbis hist&l5 euros H'1 = (hy, hy)
H:o = (hy, hy)
H ai = (hy, hy, hy)
U,: Ok, I'll take the second one H 1= (hy hy)
H:o = (hy, hp)
H an = (hy, hy, hg)
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*aJI = (hy, hy, hy)
Figure 4: Example of dialogue (focused domains and referehts &@d
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In order to interpret Y U, and U one needs to rely on the previous structuring ofliiU,,
the previously focalized domain Hs preferred to be the base for interpretittie“second
on€' because of the order discrimination. This leads to extractifgehce focalizing it in
H', but also in Ky and in Hy. In U,, H'; cannot be the base for interpretirige' third oné
because no entity could be discriminated this way. Thereforertlyesuitable domain is
H .. It is also impossible to interprettie other onein H'; because of the lack of a focus
discrimination between;hand h. It is however possible to choosé,Hfor the domain of
interpretation: the excluded referentsand h are unfocused whileslyains focus.

Another example (figure 5) shows that keeping the way the ri$ermme accessed is
important in order to have a reliable state of the refedesppace. Compare the sequences
SUeSU; and QUSU,. In the first one the system does not distinguish the refefeam
each other, and the referential expressitie ‘second orieaddress the hotel Lafayette. In
the second one the system answers the question by mentioningcte qf each hotel
separately and the second orieaddress the Campanile hotel. A reason for such
phenomenon seems that it is difficult to corefer to the sameenéfiey two different ordinal
expressions successively: the extraction mohbktead of hin U; would sound strange. On
the contrary in i “the second oriecould refer to B because of the new domain which
differenciates the hotels by their prices. Actually the madeld predict such behavior by
the access structure of Hntroduced in specifying an ordinal discrimination criterion
(noted by a “0:™): if the structure does not change each hotal b could be accessed by
the ordinal expression they were introduced with. The prondimey in S; does not
change this structure in the same way asldes, that is by increasing the salience of the
referents accessed by their names. This way we can constraitetpeciation of ordinals.

Dialogue H*

So: | propose you the lbis hotelyjhthe hotel Lafayette ghand the H'o = (hy, hy, hy)

Campanile hotel @). H an = (hy, hy, ha)

Uo: How many are the first and the third hotel ? H'1 = 0:(hy, hy)
H:O = (hy, hy, hj)
H an = (hy, hy, hy)

S;: They are expensive. H)=o: (hy, hy)
H*o = (hy, hy, hy)
H an = (hy, hy, hj)
U;: OK, I'll take the second one. H1=o:(h, he)
H*o = (hy, hy, hy)
H all = (hll h21 h3)

S,: The Ibis hotel is 100 euros and the Campanilelhst50 euros. H*2 = (hy, hy)
H:l = 0:(h1, h3)
H*o = (hy, hy, hy)
H ai = (hy, hy, hy)
U,: OK, I'll take the second one. H = (hy, hg)
H's = o:(hy, hy)
H*o = (hy, hy, hy)
H an = (hy, hy, hg)

Figure 5: Example of cascading ordinals
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5. Discussion

The scope of the groupings considered by this extension to the iefddemains Theory
is still limited. First the trans-sentential groupings arefotty studied yet. We guess that
such groupings would need a rhetorical description of the discaues8DRT (Asher, 93).
Second it considers only extra-linguistic referemts, those having an existence outside
discourse. When trying to solve references in a dialogue, onedséigol take into account
the domains of interpretation of each speaker. Consider “@nt an hotel in Paris”, “S: |
propose you two hotels”. The first hotel is interpreted in the donedinrmental
representations of U while the two hotels proposed by S are assomgist outside the
discourse. They can hardly be grouped together by a referexpiassion because they
belong to different levels of reality. We guess that thisdkof phenomenon could be
rendered by defining accurate differentiation criteria.

Conclusion

We presented a model of grouping in the Reference Domain ThdasythEory considers
that reference resolution is a matter of extracting tlieragmst in an accurate reference
domain. It suits well our needs: the groups are consideredeasnee domains, where any
further reference (ordinals or other) can be interpreted. Wedinted a particular type of
domain, the superdomain, which references all the plural domaistruciad at a certain
time. Given this domain, the model can render dynamic effegtfitinals or otherness in
plural contexts. The conditions for grouping are not examined in dé@Wever such
domain architectures could be the backbone for modelling more congidgence effects
using more precise differentiation criteria: time betweem twocations of referent,
rhetorical or dialogical structure or different mental spac¢éss would be future work but
in the meantime the model and algorithms are currently evdliratbe MEDIA/EVALDA
project which aims to compare the semantic and pragmatic stadding of dialogue
systems.
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