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1. Introduction

Cooperativity has been extensively declared to be a necessary feature of
intelligent interactive systems. A cooperative response is one which optimally
achieves the responder’s communicative goal, which is to change the questioner’s
mental state from one of not knowing to knowing the facts questioned [1]. To
achieve this goal in an optimal way, the responder should not only provide the
appropriate information, but do so in a manner which ensures that it will be easily

1stood. Leaving aside issues of information content, it is clear that
.-ammaticality is a necessary but not sufficient criterion in this context for judging
the quality of a response. We will assume for the sake of discussion that in
conversational systems which involve text output, text that is ‘good’ according to

the writing conventions of the language in question is adequate for the situation.

This paper describes some methods of enhancing the texwal quality of
responses generated within the framework of Rhetorical Structure Theory [2,3],
a framework that is currently being explored by the authors for producing textual
responses in Brazilian Portuguese [4,5,6] and by others for English [7]. It is
clear that although there are general criteria for good text that hold across



languages. fine-grained tuning is required for each language. Our methodology
addresses the general problem of producing good-quality textual responses, with

particular reterence to Brazilian Portuguese.

Rhetorical Structure Theorv (RST) is a theorv of text organization in which
spans of text are described according to the rhetorical reiations that hold between
them. Elements of a relauon are referred to as nuclei and satellites, with nuclei
being more semanucally primary to the tex: than satellites. Relations hold
between elements of a text at a number of levels (ie. a RST structure is essentially
hierarchical). Text coherence is defined by the existence of a rhetorical relation
between each part of the text and at least one of its neighbours, and cohesion as the

existence of a relation that holds over the entire text.'

Each RST relation is defined by the constraints that hoid on the content of its
elements and on their combination and by a statement of what its impact should be
on the reader. This characteristic is especially important in question-answering

systems, where beliefs play a major role in the design of cooperative responses.

Although RST is essentially a descriptive theory of text structure, it is
particularly attractive for text generation since it encompasses criteria by which a
piece of text can be judged as good on both linguistic and cognitive grounds. In a
generative process, however, the step between the planning and realisation phases
must involve some sort of linguistic strategy for the mapping of structure onto
text. Such a strategy would direct the syntactic and lexical choices available for
expressing the relations that hold between the information units that form the
terminal elements of the structure. Previous research [8] has pointed to what some
of these mapping elements would look like.

LETTERA 1is a program that uses RST as a basis for generating textual
responses in Brazilian Portuguese to Yes/No questions about crimes and
criminology [5]. The input to LETTERA is an RST schema, the construction of
which is guided by focus considerations [4,6]. These schemas keep intact the
original specifications of RST relatons. The generation of text involves a
mapping between RST relations and linguistic markers, and the use of a
generative grammar of Portuguese. The grammar operates in two steps: (a)

generating basic sentences from clause-sized knowledge-representation structures

! The JOINT schema is an exception to this.



(first-drder predicates) and (b) performing transformations on these to produce the
final text. A typical output of LETTERA would be:

Question: Pedro foi ferido?
Was Peter hurt?

LETTERA:

Sim, com facadas. O autor do crime € desconhecido e fugiu.
O local do crime € o Leme ¢ a data € dia 21 de junho.
Yes, with stabs. The author of the crime is unknown and has
fled. The location of the crime is Leme and the date is June 21.2

Although correct in essence, this response is stylistcaily inadequate. A much better
text in Brazilian Portuguese would be:

LETTERA:

Sim, com facadas. O autor do crime, ocorrido no Leme no

dia 21 de junho, e desconhecido e fugiu.

Yes, with stabs. The author of the crime, which occurred in
Leme on June 21st, is unknown and has fled.

e the second sentence contains an embedded clause. It is indisputable that

- *he meaning of the first text is absolutely ciear, the second is much more

aewepavie  as  ‘fluent’ Brazilian Portuguese. A similar problem, which Hovy [7]
refers to as one of sentence scoping, occurs in PENMAN.

In the rest of this paper, we describe the technique we have developed for
improving the quality of text generated by LETTERA so that it is more like the
second than the first example. '

2. Expanding RST-based Planning Capabilities

The responses LETTERA produces to Yes/No questions all conform to one

of the general schemas shown in Figures 1 and 2. The organisauon of these

suided by focus considerations and by general principles of cooperativity.

i1 in the figures, degrees of cooperativity vary as one moves through the

..gions of a schema. Each node in the schema is a relation, with the heavy branches

pointing to Nuclei and the light ones to Satellites. The variables x and y correspond

to the focussed elements of the reponse; pi and pi’ correspond to predicates,
where pi’ is related, but not equivalent, to pi.

" The English translations given throughout are more-or-iess literal ones.
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>esponse schemas represent the upper limit on what a response can contain.
k nding to Yes/No questions, the output of the planner (the input to
Lt {ERA) is one of the above schemas to which terminal clause-sized elements
(first-order predicates) have been added. Realising these schema by traversing
them in a depth-first manner, transfcrming each terminal eiement into an S-bar
with accompanying lexical markers of relations and with anaphoric reference could

result in text such as: ?

Example 1: Yes Schema

Question: Pedro foi atacado?
Was Pedro attacked?
Response:
1. {p(x)} Sim.
Yes.
2. {p1(x)} Pedro foi atacado com um guarda-chuva.
Pedro was attacked with an umbreila.
3. {p2(x)} Ele foi atacado com uma bolsa.
He was attacked with a handbag.
4. {p(y)} Nio foi Paulo a vitima,
Paulo wasn't the victim,

5. {p1(y)} embora ele tivesse roubado a carteira de um
pedestre.
although he had stolen a pedestrian’s wallet.
6. {p1’(x)} Pedro costumava roubar as pessoas na rua.

Pedro is known to have robbed people on the
street.
7. {p2’'(x)} Ele tinha estado preso vdrias vezes.
He has been imprisoned many times.
. {p3’(x)} Ele tinha sido condenado por pequenos
furtos.
He has been convicted for petty theft.

o0

Examnle 2 No Schema

.don: José foi suspeito de ter ferido Pedro?
Was Jose suspected of having injured Pedro?
Response:
1. { -p(x)} Nao.

No.
2. {p(y)} José foi testemunha do crime,
Jose was a witness to the crime,
3. {pi1(y)} Uma vez que ele viu o crime.
since he saw the crime take place.
4. { -p(x)} Ao passo que José€ nao foi suspeito,
Even though Jose was not suspected,
5. {p1(x)} se bem que ele esteve no Leme no dia 21.
even so he was in Leme on the 21st.

Information on how the content of responses is determined is given in [4] and [6].



6. {p1’(v)} José era primo de Pedro.
Jose was Pedro's cousin.

For purposes of explication, we show the focus tag and number associated with
each clause. Of course, the final output of the generator wiil be rather better

presented.

[t 1s fairly apparent from these examples :hat the set of trz. sformational
operations used to produce them is not sufficient to render a swlis :ally pleasing
text. An obvious solution would be expanding the realisatior -omponent to
allow it to perform more sophisticated syntactic operations for ¢’ ise-combining.
It is clear. however. that such enhancements must be sensitiv: to the structural
context in which terminal elements occur and not simply to the immediate

(low-level) context of the neighbouring elements.

For example, from the point of view of style. clause 6 in Example 2 should be
embedded in clause 2 but not in clauses 3, 4 or 5. Similarly, it would make
good stylistic sense for embedding to operate between clauses 6 and 2, but not
coordination. Example 2 also indicates the types of stvlistic blunders that can occur
when the realiser does not have access to information about the constraints that
apply to the markers of a relation: those used for clauses 4 and 5, although

appropriate for the relation, should not occur together.

In addition to structure-sensitive syntactic realisation rules, some sort of
interaction with linguistic information will be desirable at the planning stage. That
is, the rhetorical relations, the elements on which the planner operates to
produce the RST structure, must contain as part of their definition a

specification of the linguistic operations that can be applied to them:.

3. Adding Linguistic Information to RST Relations

We propose that the specifications of RST relations should include the
information outlined below. The items presented here are not intended to
comprise the full set of information required for the production of stylistically
adequate text. Rather. they comprise the minimai set required to produce stylistic

enhancements of the type discussed above.

1. A specification of the permissible syntactic structures in which the

relation’s Nuclei and Satellites can be linguistically realised.

The default syntactic realisation of all structure-terminal elements is a sentence

(S-bar). However, whereas Nuclei are only realisable as S-bars, Satellites may



be reaiised as sub-sentenual structures (e.g.  adiectives. noun-phrases or
i osiuonal phrases). In this respect we depart from the clause-combining
pt  osal of [8], which suggests that satellites should also be realised as S-bars.
Instead, we take the view that the semantic subordination of Sateilite 10 Nucleus
shouid be expressible syntacticaily as embedding. This point is discussed in greater

detail below.

- A

= & specification of the lexical or rphrasal markers that apply to the

relation, under what condiuons and with attachment to wiich element.

Although the rhetorical relations between two text :pans are sometimes
retrievable from the mere juxtaposition of the two. this is often not the case. When it
is not, then explicit signals of the relation must be given. The more syntax and
semantics interact to produce the meaning of a relation, the greater the need will be

to explicitly mark that relation.

3. A specification of the permissible permutations cf a Nucleus and a

Satellite, and the conditions under which they may occur.

As a general principle of RST, there are no constraints on the order in which the
elements of a relation can occur. However, a ‘Nucleus before Satellite’ order is
most prevalent in natural text, presumably due to cognitively-motivated factors
related to the primacy of Nuclei over Satellites to the text. A ‘Satellite before
Nuclevs’ order tends to coincide with the presence of explicit lexical or

iarkers of the semantic subordination of Satellite 1o Nucleus.
4. Structure-sensitive Syntactic Rules

Rhetorical relations can be signalled syntactically through subordination and
coordination. In general, syntactic subordination reflects the presence of semantic
subordination of Satellite to Nucleus, whereas coordination reflects the linking of
independent elements — that is. Satellites with other Satellites and Nuclei with other
Nuclei (see e.g. [9]). Exceptions to this rule involve cases where coordination
reflects semantic subordination, and where subordination is temporal or causal. For

example:

Eles n3o -estdo se dando bem, e ela decidiu sair de casa.
They're not gerting aiong, and she’s decided to move out.



For reasons of simpiicity, we have chosen to use the generai ruie for making the
choice between applving syntactic subordination or coordination and to deal with
the exceptions within the specification of relations by treating the coordinating
conjunction as a lexical marker. For example, “and” wiil appear as a lexical marker
in the specification of SEQUENCE and relations in the CAUSE cluster.

4.1 Embedding Environments

The semantic subordination of Satellite to Nucieus will be syntactically marked
by embedding. Although research on text analysis using RST suggests that
embedding will be undesirable, or at the very least that its frequency should be
restricted (8], our experience has shown this not to be the case. LETTERA
presents a number of situations which favour embedding, most noticeably when
the response contains information that is supplementary or complementary to the
main idea that it is attempting to convey to the reader. These situations tend to
involve the ELABORATION, CONCESSION and CIRCUMSTANCE relations.
Given that LETTERA uses only a reduced set of RST relations, it may well be the
case that general embedding rules involving all 20 RST relations will be
required, but this is outside the scope of the present paper.

Rule 1: A Satellite can only be embedded in its Nucleus.

This restiction on which of the Nuclei of a schema can be a candidate home for
an embedded Satellite ensures that embedding does not disturb the hierarchical
relationships of the RST structure.

Rule 2: Embedding can be realised as an adjective, appositive noun phrase
(predicativo), prepositional phrase or relative clause and should be realised in that

order of preference.

This rule provides for subordinate structures that do not impair the style of the main
clause. ~ Although psycholinguistically motivated, the specification of preferred
constructions is to some extent language dependent. The order given in the rule is
that which is most appropriate to Brazilian Portuguese, and will require fine-tuning
when applied to another language.

Rule 3: Embedding can occur within the left-most nuclear clause in the
structure bearing the same focus value as the candidate clause.

Exceptions to the rule will be expressed as syntactic constraints in the
specification of relations. For example, Satellite elements of CIRCUMSTANCE



and CONCESSION can oniv be embedded in :their immediate Nucleus, and
embedding cannot occur across Nucleus and Sateilite of RESTATEMENT.

To maximize stylistic effects, these three ruies are appiied in the order in which
they are presented here. In  addition to :hem. another more global

structure-related embedding rule is required:

Rule -: Satellites in a LIST schema of ELABORATION should (where
possible) be embedded. provided that the number of remaining ciauses is O or

greater than 1.

This rule prevents the appearance of ‘dangiing” :sentences in the text.
ELABORATION is perhaps the weakest relaton. in that the content of its
Satellite is less strongly related to that of the Nucieus that in other relations.
When there is only one clause in the Satellite of ELABORATION. the effect on
~ reader is of it being included as an after-thought. This effect increases in

"N to increases in the size of the Nucleus and decreases in the size of the

oatellie.

4.2 Coordination Environments

As mentioned before, coordination will be applied as a syntactic marker of
the absence of semantic subordination. It appears to be the case that, at least for
Brazilian Portuguese and English, elements of a text that bear different rhetorical

relations to the rest of the text are not suitable candidates for coordination.

The only structural configurations in RST  which do  not involve

Jation  are multi-nuclear schemas (CONTRAST, JOINT and

-~ QUENCE) and multi-satellite ones (LIST and MOTIVATION/

ENABLEMENT). In the light of the above constraints on coordination, only three
of these support coordination, leading to the rule:

Rule 5: Coordination can only occur between elements of LIST. SEQUENCE
and CONTRAST. *

There are a number of other aspects of coordination which affect styie and which
are rather more related to psycholinguistic than structural factors. These lead to two
mo bal coordination rules which reflect psycholinguistic evidence [10] on the
fac «on effects of syntactic factors on sentence processing.

JOINT is not included here since it does not lead to coherence.



Rule 6: The greater the number of shared parameter values between clauses,
the more desirabie it is to coordinate them.

Rule 7: Tt is more desirable to coordinate Noun Phrases before Prepositional
Phrases, which in turn are more desirable candidates for coordination than Verbs
or Verb Phrases.

4.3 Heuristics for Sentence Complexity and Rule Ordering

In addition to the above structure-related ruies for combining terminal
clauses, there are a number of more general ones that are required for the
production of stylistically good text. These rules guarantee that the filtering of
the number of embedded and coordinated clauses, and the number of levels of
embedding, does not degrade the clarity of the derived text. They are:

Rule 8: Sentences should contain no more than 3 clauses, including
embedded ones.

Rule 9: Sentences should contain no more than 1 level of embedding.
Rule 10: Embedding should occur before Coordination.

Rule 11: Embedding should occur before focus transformations.

Rule 12: Clauses with time and place predicates shouid not be coordinated.

These rules are the result of applying native intuitions on the effect of
sentence complexity on style (8 and 9), and of the effect of implementations of
partial algorithms in LETTERA of the embedding and coordination rules
discussed above (10 and 11). Finally, cognitive factors appear to favour time and
place as a single predicate when related to the same event. Exceptions to this appear

to occur only for reasons of emphatic stress for argumentative purposes.

5. Discussion:

This paper addresses the problems that arise when text is generated by
realising the terminal elements of a hierarchical plan in a strictly bottom-up way. It
argues, as we have argued elsewhere [11], that the generation of good quality text
can only be achieved if the realisation process is sensitive to the structure of the plan
and to psycholinguistic factors. We have suggested here some methods of
achieving this within the framework of Rhetorical Structure Theory. Applying
them to the text plan for Examples 1 and 2 above, we now get:



I ample 1:

Sim.  Pedro, que costumava roubar as pessoas na rua. foi atacado com um
rarda-chuva e uma bolsa. N&o foi Paulo a viima. embora ele tivesse
-ubado a carteira de um pedestre. Pedro tinha estado preso varias vezes, e

sido condenado por pequenos furtos.

Yes. Pedro, who is known to have robbed peopie on ihe sireer. was attacked
with an umbreila and a handbag. Paulo wasn't the victim. although he is
known to have stolen a pedestrian’s wallet. Pedro has been imprisoned several
times, and has been convicted for petty theft.

Example 2:

N#o. Jos€, primo de Pedro, foi testemunha do crime. uma vez que ele viu o
crime. Jos€ ndo foi suspeito, embora tivesse estado no Leme no dia 21.
No. Jose, Pedro's cousin, was a witness to the crime. since he saw it take
place. Jose was not suspected, even though he was in Leme on the 21st.

The addition of linguistic information to the specifications of the rhetorical
relations and the application of our structure-sensitive syntactic rules clearly result
in a significant improvement in text quality. Although this can be seen in the
English translations, the extent of the improvement in our examples is much more

obvious to readers unfamiliar with Portuguese.

Of course, a number of other, non-structural, considerations will also need to
be taken into account for further improving the text style. For example, there is the
general problem of reference. The improved version of Example 2 would be much
better, in the sense of being more easily understood, if “in Leme on the 21st” were
replaced with “present at the crime”. Just when replacements of this type are
recrnired and what they should look like remains to be solved. Similarly, there is the

:m of synonymy. Itisa basic rule of good text that the same word or marked
.sutactic construction must not be repeated too often or too closely together. This
is extremely important for Portuguese and, to a somewhat lesser extent, for
English.  Although LETTERA deals with this problem, it does not do so in a
theoretically motivated way. General solutions must necessarily involve theoretically
inspired rules for determining just what “too often” and “too close” really mean.

The generality of our rules to the full set of RST relations is not yet known
since they have only been tested with the subset of reiations used in
LETTERA. Our examination of other relations leads us to believe that they have a
wider application, but this issue will only be resolved by an in-depth study of all
relations. This is the subject of ongoing research.

Finally, this work raises a theoretical point with respect to RST, in that
applying RST as an analysis technique to the resulting text will not produce a



struccure that is identical to that produced by the planner. The question arises as
to what this phenomenon really means. The answer 10 this revolves around the
issue of what is the status of the planner’s RST structure. We would want to
claim here that the structure produced by the text planner reflects the relations
that hold between the information elements of the text to be produced and that
although this must be related to the discourse structure of the 1eXt. it is not
equivalent to it. The crucial test of the compaubility of the two structures rests on
whether the second retains the hierarchical relations of primary and secondary
information of the first. In this sense the planner’s structure can be considered as
the mental model we want the reader to have of the text content, a model which

can be expressed in a number of ways.
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