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Abstract

State-of-the-art NLG systems have a mostly static
perspective on language generation, i.e. they have
a fixed knowledge representation from which they
generate language. This is fine for offline working
systems, where the language is read only after it
has been completely generated. However, systems
set in a dynamic environment, e.g. those interact-
ing with a human user, need a dynamic way of
processing and, therefore, dynamic representations
to exhibit appropriate response behaviour. For such
Settings we suggest to use an incremental mode of
processing in conjunction with underspecified se-
mantic representations. We especially focus on the
case where the content to be verbalised changes dur-
ing language generation.

1 Introduction

NLG systems that interact with human users, es-
pecialy speech-based systems, have to show a
huge amount of flexibility as well as support in-
cremental processing (Brennan, 2000). Incremental
processing means (1) that the system uses a piece-
meal way of generating language and (2) that pro-
cessing takes place simultaneously on multiple, sub-
sequent levels. In order to accomplish this, dynamic
representations are needed, i.e. representations that
are flexible enough to make possible a integration
of changes into an existing representation instead of
producing a new representation after each change.
Thisis astrong requirement on the representational
formalism, which the formalisms commonly used in
NLG do not meet. In this paper we show that under-
specified representations are ideal for this purpose.
As an example we use a setting in which the in-
cremental conceptualisgfNC) incrementally gen-
erates semantic representations for online descrip-
tions of events, in this case taxiing planes on the
manoeuvring area of an airport (Guhe et a., 2000;
Guhe and Habel, 2001). This setting simplifies mat-

ters in that no model of the interaction partner is
needed but allows us to focus on the advantages
of using an underspecification formalism. In partic-
ular, we argue that the extendability of underspe-
cified representations and the dynamics of incre-
mental processing allow for an adaptation of the ini-
tially planned utterance to newly obtained input.

NLG systems are usualy divided into a what-to-
sayand a how-to-saypart (De Smedt et al., 1996).
In the first component the content to be verbalised
is decided upon while in the second component the
linguistic encoding takes place. In the terminology
of Levelt (1989), which we use here, the first com-
ponent is called conceptualiserthe second formu-
lator. We are concerned with the interface between
the two, which is congtituted by preverbal mes-
sages and in particular, how these are generated
by INC. Since they are generated incrementally,
we also call them incremental preverbal messages
(Guhe, under review). The conceptualiser has ac-
cess to conceptua knowledge, the discourse model
and possibly a hearer—speaker model. In our gener-
ation model, this information is represented by ref-
erential nets (Habel, 1982; Habel, 1986). For the
production of an utterance, a conceptua structure
is chosen by the conceptualiser and trandlated into
an underspecified lambda-structure. We use the un-
derspecification formalism cLLs (Constraint Lan-
guage for Lambda Structures), cf. Egg et a. (2001).
A subsequent formulator can then transform this
representation into a linguistic structure for speech
or written output. An example regarding the gen-
eration of the preverbal message for a vp dlip-
sis demonstrates the usefulness of combining in-
crementality and underspecification in more detail.
Note that the emphasis of our work here lies on how
v P ellipses can be generatedn order to demonstrate
the usefulness of this combination. Our aim is not
to give a full account of the phenomenon of vp el-
lipsis. Along the lines layed out in this paper aso



the incremental generation of self-corrections can
be handled, cf. Guhe and Schilder (2002).

2 Incrementality and Under specification

NLG systems can be divided into offline working
systems and systems in adynamically changing en-
vironment, e.g. systems that interact with a human
user or systems that generate online descriptions
of events. Offline working NLG systems can use
top-down or even multi-pass techniques to plan a
whole discourse or text, which is read by humans
after it has been generated completely, for example
the well-known case of text generation systems for
weather forecasts (Goldberg et a., 1994). However,
such systems need a considerable time for the gen-
eration of output, which systems working in a dy-
namic environment usually do not have: they must
have a short response time, in order to not pro-
duce gaps while planning the next part, and must
be flexible enough to respond to changes without
starting the planning process al over again. Other-
wise their overall quality and usability is severely
limited. Such systems must therefore work incre-
mentally which leads to a more fluent and adapt-
able output, cf. Kempen and Hoenkamp (1987),
De Smedt and Kempen (1987), Levelt (1989), Reit-
hinger (1991), Reiter (1994), Finkler (1997). When
natural language is generated incrementally, smaller
pieces (increment¥can be processed further by sub-
sequent components before all information that may
be relevant for the complete and correct computa-
tion of the final result are available. In thisway gen-
eration can take place simultaneoudly on all levels.
Like incremental NLG systems, semantic under-
specification formalisms have been proving their
usefulness over the last years. There are two main
reasons for this. The first reason is that underspe-
cification makes it possible to represent ambigu-
ous utterances by only one structure for all read-
ings instead of one structure for eachreading, for
instance in the case of scope ambiguities. Addition-
aly, it is an elegant representational method for the
semantic description of anaphora, reinterpretation
in lexical semantics, and the meaning of dliptical
expressions (Egg et al., 2001; Schilder and Guhe,
2002). Although the idea of semantic underspecific-
ation is not particular to one direction of language
processing — comprehension or generation — it has
only been used in comprehension up to now. (There
are a few exceptions, though, as we will see soon.)
This probably is so, because the mentioned prob-

lems are typical problems in the parsing of sen-
tences and discourses.

The second reason is that underspecification can
be used for representations that change over time,
which we call dynamic representatiorisere. An un-
derspecified representation is usually not totally un-
derspecified, but in some parts it is specified. It is
therefore possible to distinguish those parts of the
representation that cannot be maodified (without cre-
ating an error or reanalysis) from those parts where
elements can be added or inserted. It is this extend-
ability property of underspecification that we ex-
ploit for incremental generation.

While we are not the first to think about under-
specified structures in NLG, cf. for example Pianta
and Tovena (1999), we are the first who suggest to
exploit the extendability property of underspecifica-
tion formalisms. — Extendability of representations
is a prerequisite for incrementality after all. — The
VERBMOBIL system, a machine trandation system
(Wahlster, 2000) that uses a semantic transfer ap-
proach, comes closest to thisidea. It uses underspe-
cification in the semantic representations and incre-
mental parsing and generation components. How-
ever, it uses a dialogue-act based trand ation, which
means that each dialogue act is completely parsed
into an underspecified semantic representation and
then completely translated before generation com-
mences. In this way the ‘usual’ advantages of un-
derspecification mentioned above — plus, to some
extent, the preservation of lexical ambiguities, cf.
aso Knight and Langkilde (2000) — can be used,
but not the fact that an utterance can be generated
incrementally while planning is not finished.

As we argued above, incrementality is a means
to cope with dynamically changing states of affairs,
e.g. when the NLG system is working in a dynamic
setting. The dynamics of the environment and incre-
mental processing necessitate changes in the repres-
entation of the states of affairs. The main advant-
age of underspecification is that these representa
tions need not be restructured or constructed from
scratch each time. Quite the contrary: new inform-
ation can simply be added to the already existing
underspecified representation at the allowed places.
One can imagine these places as ‘holes’ in the rep-
resentation where new information can be filled in.
However, this is not obligatory; the representation
is aready complete as it is. This method facilitates
NLG systems that need not plan a whole utterance
in advance to generate avalid structure but that can



plan an utterance piecemeal whileit isalready leav-
ing the system.

3 Representational Formalisms

We now give a short outline of the representational
formalism we use here and describe how they can be
combined in order to produce incremental preverbal

messages.
3.1 Referential Nets

Referentia nets (refNets) consist of interrelated ref-
erential objectgrefOs), cf. Habel (1982) and Habel
(1986). A refO represents the knowledge about an
entity in the world. An example for a refO repres-
enting ataxiing planesis:

plane

7 r1 i'CK -314'
card=1 manufacturer('BOEING')

In this notation r1 is a pointer that serves to refer
to the refO. The values to the left of r1 are at-
tributes the ones to the right designations Attrib-
utes represent conceptual knowledge, e.g. its sort
(plane) or cardinality (card=1). Designations repres-
ent knowledge about meaning or (here) knowledge
that is used to generate semantic representations
(preverbal messages) out of the conceptual repres-
entation. Designations can be nameslike the flight
number 'CK-3141, or functiona expressions like
manufacturerCAIRBUS’), where ’AIRBUS’ isaname,
or manufacturer(r20) when r20 represents the plane
building company.? Since all knowledge about an
entity is stored in one spot, refNets contain a con-
siderable amount of redundancy, which makes them
costly in terms of storage capacity but highly effi-
cient with respect to access time.

One increment of a preverbal message is mod-
elled by one refO, cf. section 4. However, not all
knowledge about an entity is needed for a verbal-
isation. Think, for example, of a person you know
very well. When you speak of her, very often you
only need her name but not her favourite colour
or artist. Consequently, INC selects an increment

1Since refNets alow changing the representation, names
can be attached to the refO temporally. The name 'CK-314’ at-
tached to this refO will be replaced by a different name for the
return flight.

Designations can also be descriptions of the form:
op var pred with operators op € {t,n, all_t,some_t}, vari-
ables var € {x,y,z,...}, and pred being a predicate-
argument structure. Operators reflect the cardinality and def-
initeness of the refO (Habel, 1986).

of an incremental preverbal message by deciding
that a refO will be verbalised. Then, in a separate
step it determines what designation from this refO
is an adequate verbalisation given the current con-
text (Guhe, under review).

3.2 Constraint Language for Lambda
Structures

The Constraint Language for Lambda Structures
(cLLs) isaformal framework for the description of
underspecified lambda structures which are tree-like
structures representing A-terms. An important fea
ture of cLLS isthe introduction of variables denot-
ing tree nodes (e.g. Xy, X7 infigure 1) and atrans-
itive and reflexive dominance relation (<*) holding
between tree nodes. These variables and the domin-
ance relation allow underspecification, the specific-
ation of anaphoric references, etc. In addition, the
lambda tree structures may contain two partial func-
tions. lam for abstraction and binding variables and
ante for modelling anaphoric expressions. Graphic-
ally, additional labels and lines indicate application
(@), variables (var) as well as the binding relation
between the variable and the binder (the dashed ar-
row).

Formally, acLLs formulais a partial description
of lambda structures. A constraint graph is a graph-
ical representation for a cLLS formula, as in fig-
ure 1. In order to satisfy thisformulaalambda struc-
ture and avariable assignment have to be found such
that every literal is satisfied. A cLLS congtraint ¢ is

defined as follows: ¢ == X : f(X1,...,X,) |
X<'Y | AMX)=Y |ante(X) =Y | X;/Xy ~
i/Ya o Ng'

We refer the reader to Egg et al. (2001) for a
more detailed explanation of the CLLS constraints.
However, since we use the parallelism constraint
in the following, we will describe it in more de-
tail now. The paralelism constraint describes par-
ald segments: A ~ B is satisfied iff the segment
A isparallel to asegment B. Segments are defined
as X/Y where X denotes the root of the segment
and Y a‘hole’ such that X <* Y. That means, the
segment covers al nodes that are dominated by the
root X with the exception of Y and al nodes dom-
inated by Y. In other words, a segment is a sub-
tree starting with node X, with the exception of a
further subtree whose root node is Y. In figure 1
the segment X; / X, has the root node X3, and in-
cludes all nodes dominated by X; except node Xs.
Sometimes segments are indicated by brackets in
the constraint graphs, but usualy the constraint is
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Figure 1: The parallelism constraint for the elliptical
sentence in (1)

explicitly added to the constraint graph. The paral-
lelism constraint has proven to be especialy useful
for the description of vp ellipses, asin the following
example sentence:

Q) Mary sleeps and John does, too.

Formally, the parallelism between two segments
is captured via a correspondence function, which
is defined as a bijective mapping between the seg-
ments.3 The cLLs description for (1) can be found
in figure 1. The parallelism constraint X; /Xy ~
Y1/Ys isindicated by the two dashed brackets de-
noting thetwo parallel segments X; / X, and Y7/ Ys.
The brackets determine the part of the source seg-
ment that has to be copied into the target segment
and the part that has to be left out (Mary). A lambda
structure that satisfies this constraint graph is given
infigure 2.

3.3 Conceptualiser—Formulator Interface

The preverbal messages generated by INC are re-
fOs, e.g. r1, together with one designation, e.g. 'CK-
314'. These refOs are translated into CLLS struc-
tures. The trangdlation is carried out via the function
CLLS, cf. table 1. CLLS takes a refO and trans-
lates the designator description into cLLS formu-
lae. However, the incrementally working conceptu-
aliser only provides one refO at atime. Therefore,
the trandation is carried out as far as possible until
the trangdlation function comes to a recursive call of
CLLS(r) wherer isarefO. Thisisthe point where

3See Erk et al. (2001) for a semi-decision procedure and
further details on processing complexity.

Mary

sleep var sleep var

Figure 2: A lambda structure that satisfies the con-
straint graph in figure 1

underspecification pays off: anew tree node labelled
X, isintroduced that is dominated by the current
node X,, (X,, <* X,,). As soon as this refO be-
comes available the trandation process continues.
Note that an incremental formulator can take each
generated cLLS formula as input before the pre-
verba message is complete.

4 Generation of vP ellipses: An Example

We now put the described mechanism to work in an
example. We show how a preverbal message is pro-
duced to incrementally generate avp dlipsis (VPE).
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CK-314
JE———
2 (90}
z
=
c
35
X
CK-314 MG-209
— -—
\ . \

Figure 3: Example scenario that leads to the gener-
ation of avp dlipsis



CLLS(r0 — pred(rl)) —

CLLS(r0 — pred(rl,r2)) —

CLLS (pred) —
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CLLS (pred)

' lam
¢ X, .
CLLS(r1) @4 \

o X, : \
CLLS(r2) @A |
]

CLLS(pred)

pred

Table 1: The function CLLS trandates refOs into underspecified lambda structures

Onereason for choosing vPES isthat despite the ex-
tensive body of literature on the analysis of vPE, the
automated generation of vPE has only rarely been
addressed (Hardt and Rambow, 2001). Here, we fo-
cus especialy on the case in which a conceptual
changetakes place. In aconceptua change the state
of affairs that is verbalised changes during verbal-
isation, cf. also Guhe and Schilder (2002). Take for
example an NLG system that incrementally gener-
ates descriptions for airport scenarios in an online
fashion. In our example the system describes move-
ments on the manoeuvring area. Figure 3 showstwo
snapshots of such ascenario. In phase 1 aplanewith
the flight number CK-314 is heading for Runway 3.
An adequate verbalisation is:

2 “Flight CK-314 is heading for Runway 3.

If asecond plane (flight number MG-209) arrives
on the scene (phase 2) while (2) is uttered, the sys-
tem hasthe possibility to extend (2) viaavp dlipsis:

3 “Flight CK-314 is heading for Runway 3
and so is Flight MG-209.”

The generation of such avp elipsisisonly pos
sible if the preverbal message has not been ‘closed
off’. Thus, the semantic representation for (2) must
allow the extension to be added ‘on the fly’, i.e.
without recomputations. The preverbal message is
built up incrementally as follows. The state of af-
fairsin phase 1 is represented by three refOs, r1, r2,
and r3, cf. figure 4.* In order to produce the pre-
verbal message, a single designation is selected for
each refO and passed on to the formulator. Each
of these ‘reduced’ refOs is an increment of the in-
cremental preverbal message. The generation of the
preverbal message that (after formulation) leads to
an utterance like (2) starts with the refO represent-
ing the event (r3). The generation of the incremental

4The conceptual representation usually contains many more
details, e.g. the length of the runway or the number of seats,
which we left out here.



plane

7 r1 i'CK -314'
card=1 manufacturer('AIRBUS')

runway r2 —— 'RUNWAY 3'

card=1

event

7 r3 — head_towards(r1, r2)
card=1

plane 7 r4 i 'MG-209'

card=1 manufacturer('BOEING')

event 7 r5 —— head_towards(r4, r2)
card=1

Figure 4: RefNet for the example

preverbal message starts with the event refO, be-
cause INC isasystem that is specialised on concep-
tualising events. However, the mechanism we de-
scribe here does not require to start with an event
refO.

r3 and head_towards(rl, r2) is trandated into an
underspecified semantic structure via the function
CLLS, cf. table 2. The trandation process is sus-
pended, because the other refOs mentioned by r3 are
not yet available. Note that the formulator can nev-
ertheless start to process the first increment, e.g. by
accessing the lexicon to find one or more appropri-
ate lemmasfor the first increment. Thetranslation is
resumed when r1 is available and continues until a
first utterance is completed. Then a discourse plan-
ning refO is added that connects the first utterance
with subsequent ones>

The preverbal message is completed by the re-
fOs 15, r4 and r2. Since r2 has been used previously,
the binding function ante inserts alink between X;
and X5. The formulator checks whether a parallel
structure is given for the preverbal message cur-
rently under construction. If parallel segments are
found, these are marked by the paralelism con-
straint A ~ B. The final decision on producing a
VPE is postponed until further information becomes
available, e.g. about distance between vps (Hardt
and Rambow, 2001). Based on the CLLS represent-

®Since the generation of discourse structures is beyond the
scope of this paper, we simplify the discourse relation list. For
the cLL S trandation, we use the logical connector A instead of
APAQ list(P, Q).

ation the following three utterances (among others)
can be produced:

(@] “Flight CK-314 is heading for Runway 3
and Flight MG-209 is heading for Runway
3 (no VPE)

5) “Hight CK-314 is heading for Runway 3
and so is Flight MG-209.” (VPE)

(6) “Flight CK-314 is heading for Runway 3
and Flight MG-209 is heading for it, too.”
(NP €elipsis and anaphora)

Note that the decision on which utterance is ac-
tually produced depends on the functioning of the
formulator. Apart from its general production cap-
abilities and preferences this decision very much de-
pends on the state the formulator isin at the point of
time when the increments from the conceptualiser
arrive. A more elaborated discussion of this point
can be found in Guhe and Schilder (2002).

5 Conclusion

The static perspective on language generation of
most NLG systems runs into difficulties when the
system is set in a dynamically changing envir-
onment. In such settings incremental processing
is required. However, with incremental processing
comes the need for a flexible, extendable kind of
representation. We showed that the semantic un-
derspecification formalism cLLS can be used to
represent preverbal messages (semantic structures)
that are incrementally generated from an underly-
ing conceptual structure represented with refNets.
The preverbal message changes dynamically. We
demonstrated for the case of vP ellipses that it is
capable of an adaptation when the original utterance
plan is modified due to a change in the conceptual
representation.
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