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Abstract

Algorithms for discourse pro cessing commonly assume that texts are tree-structured,

and that the coherence of a constituen t within a discourse tree can b e explained lo cally ,

in terms of its sub constituen t spans. W e argue that this notion needs to b e quali�ed

in v arious w a ys. T aking RST as a starting p oin t, w e examine sev eral t yp es of non-lo cal

dep endency , all in v olving the rhetorical relation kno wn as (ob ject-attribute) elabora-

tion . W e suggest that this relation is of a di�eren t t yp e from the others in the RST

canon, and that the phenomena it is used to co v er are b etter explained in terms of lo-

cal and global fo cus. W e prop ose a mo del distinguishing en tit y-based relations from

con v en tional rhetorical relations, and allo wing non-lo cal dep endencies to b e expressed b y

relations of this t yp e. W e sho w ho w this mo del is w ell-suited for a treatmen t of it -clefts

in English.

1 In tro duction

It is widely assumed that coheren t extended texts ha v e hierarc hical structure. In the k ey

computationally-orien ted theories of discourse structure|Grosz and Sidner (1986); Mann and

Thompson (1988); Hobbs (1985)|this assumption tak es its simplest form: coheren t texts are

held to b e uniformly and recursiv ely hierarc hical, th us p ossessing a tree-shap ed structure. A

text planning system based on this mo del of discourse can b e form ulated as a tree-building

algorithm.

Mean while, English p ossesses a family of cleft constructions. The cleft in v olv es a depar-

ture from canonical SV O order b ecause it extracts a constituen t from its normal p osition.

Pragmatic e�ects can arise from the use of suc h non-canonical structures, and it follo ws that

the abilit y to pro duce suc h structures w ould, in principle, b e a useful b eha viour in a text

planning system.

In this pap er, w e examine some problems with a hierarc hical approac h to text structure,
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and then discuss issues in the automatic generation of clefts b y w a y of illustration. W e prop ose

a theory of discourse organisation whic h escap es the problems w e ha v e outlined, and indicate

ho w it w ould lead to the generation of cleft constructions in appropriate circumstances.

2 RST and some assumptions ab out text structure

It is widely assumed that coheren t texts are uniformly and recursiv ely hierarc hical, p ossessing

a tree-shap ed structure. On this mo del, text planning systems can b e form ulated as tree-

building algorithms. The trees built are sometimes of rhetorical relations, sometimes of more

complex sc hemas, but in an y case they p ermit a recursiv e approac h to planning, whereb y

decisions ab out the comp osition of a constituen t in the text structure are lo cal to that

constituen t. W e fo cus here on planning approac hes founded on Mann and Thompson's (1988)

Rhetorical Structure Theory (RST), according to whic h (with some simpli�cations) a text can

b e mo delled as a binary branc hing tree of text spans , where eac h pair of sister spans is link ed

b y a rhetorical relation. This theory p ermits three cen tral assumptions:

� Nuclearit y: a complex span (comprising a n ucleus and a satellite) can b e link ed to

another span via a rhetorical relation i� its n ucleus span can b e so link ed.

� Con tin uous constituency: the n ucleus and satellite spans of a relation app ear adjacen t

to one another in the text.

� Non-re-en trancy: eac h span is related to exactly one other span.

These assumptions do indeed license w ell-structured texts. W e illustrate with part of a text

pro duced b y Ilex-2, a generation system whic h deliv ers a sequence of descriptions of artefacts

in a tour of a m useum gallery:

(1) (1) This jew el dra ws on natural themes for inspiration; (2) it is a remark ably 
uid

piece. (3) Indeed, Organic st yle jew els usually dra w on natural themes for inspiration;

(4) for instance the organic bro o c h w e sa w earlier lo ok ed crystalline.

The structure for this text is giv en in Figure 1. By the n uclearit y assumption, the top-lev el

amplifica tion relation holds b et w een the complex spans (1{2) and (3{4) in virtue of their
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motivation example

(2) (4)(3)(1)

amplification

Figure 1: RST Analysis of Example 1

resp ectiv e n uclear spans, (1) and (3). The expansions of (1) with (2), and of (3) with (4),

tak e place indep enden tly of the higher-lev el relation. By con tin uous constituency , satellite

spans app ear adjacen t to their n uclei; and b y non-re-en trancy , eac h span is link ed to just one

other span. Here, adherence to these assumptions results in a w ell-structured text.

3 Some structural problems with elabora tion

While these assumptions are useful for a text planner, they are also problematic in a n um b er

of resp ects, as has often b een noted: see for instance Mo oney et al (1990), Sibun (1992) and

Kittredge et al (1991). Our cen tral concern in this pap er is to asso ciate these problems with

one relation in particular, namely the RST relation kno wn as (ob ject-attribute) elabora-

tion .

1

Mann and Thompson de�ne this to hold b et w een t w o spans if the n ucleus `presen ts'

an ob ject (i.e. con tains a men tion of it) and the satellite subsequen tly presen ts an attribute

of that ob ject. The precise meaning of `attribute' is not clear, but the relation is in tended

to ha v e a v ery wide in terpretation: allo wing t w o spans to b e link ed whenev er they are b oth

`ab out' the same en tit y . In the t yp e of text whic h our system pro duces|a series of descrip-

tions of a collection of related en tities|this relation is hea vily applicable, and the problems

w e note are th us quite widespread.

3.1 Discon tin uous constituency

An initial problem is illustrated in the follo wing text, tak en from a m useum guideb o ok.

1

Other t yp es of elabora tion |for instance, what Mann and Thompson call `pro cess step' elab oration

or `generalisation-sp eci�c' elab oration|do really apply b et w een prop ositions. In what follo ws, references to

elabora tion are exclusiv ely to the ob ject-attribute v ariet y .
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(2) (1) In the w omen's quarters the business of running the household to ok place. (2)

Muc h of the furniture w as made up of c hests arranged v ertically in matc hing pairs

(. . . ). (3) F emale guests w ere en tertained in these ro oms, whic h often had b eautifully

crafted w o o den toilet b o xes with fold-a w a y mirrors and sewing b o xes, and folding

screens, pain ted with birds and 
o w ers.

(4) Chests w ere used for the storage of clothes. . .

In this text, an en tit y men tioned in the middle of the �rst paragraph, chests , b ecomes the

fo cus of the second paragraph. W e can refer to this mo v e pre-theoretically as a resumption .

2

The mo v e is clearly legitimate in the ab o v e con text, and y et an analysis in terms of a

tree of relations is di�cult. The problem is that sen tence 4 needs to b e seen as the satellite

of an elabora tion relation, but the ob vious n ucleus for this relation|sen tence 2|is not

accessible; if w e analyse sen tences 2 and 3 as elabora tion s of sen tence 1, as seems necessary ,

w e ha v e e�ectiv ely closed o� sen tence 2 as the n ucleus for further elabora tion s. In order

to treat sen tence 4 as an elabora tion of sen tence 2, w e w ould ha v e to analyse sen tence 3

as b eing sub ordinate to sen tence 2: this analysis seems inappropriate; moreo v er, it mak es the

p osition of the paragraph break hard to explain. One other option is to consider sen tences 2

and 3 to form a single span, but suc h an approac h w ould sacri�ce apparen t structural detail.

Note that w e cannot just ignore the relationship b et w een sen tences 2 and 4 in our represen ta-

tion of the text: it is only b ecause the c hests are men tioned in the former sen tence that they

are a relev an t topic for discussion. T o accoun t for coherence in this case, it seems w e m ust

either abandon comp ositionalit y , in some circumstances, or adopt a notion of discon tin uous

constituency for text spans.

A particularly common manifestation of this problem is in cases of parallelism within dis-

course structure. Esp ecially in descriptiv e texts, it is common for a n um b er of en tities to b e

2

The notion of a resumption b ears some resem blance to Grosz and Sidner's notion of a digression . This is a

discourse segmen t whic h (a) is not related to the immediately preceding segmen t b y dominance or satisfaction-

precedence, and (b) con tains men tion of an en tit y salien t in the in terrupted segmen t. Ho w ev er, Grosz and

Sidner's de�nition co v ers cases where there is deviation from the (p ossibly join t) discourse plan; furthermore,

the de�nition implies that a link due to a common en tit y can only o ccur b et w een adjac ent segmen ts; our claim

is that resumptions can o ccur b et w een non-adjacen t segmen ts.
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in tro duced sequen tially in a sequence of spans, and then elab orated on in subsequen t spans in

the order of their in tro duction. Accoun ting for these subsequen t men tions as elabora tion s

of the spans where they w ere in tro duced is not p ossible without violating adjacency or comp o-

sitionalit y constrain ts. Mann and Thompson ac kno wledge from the outset that RST cannot

accoun t for the constrain ts whic h apply in suc h con texts. McKeo wn (1985) deals extensiv ely

with cases of parallelism in text, although this accoun t is not set in the con text of a theory

of coherence relations. Kittredge et al (1991) giv e sev eral examples of parallelism; indeed, in

one case they iden tify elabora tion as the relation resp onsible for the problem.

3.2 Nuclearit y and em b edding

The preceding section presen ts a case where a con text-free accoun t of relations undergenerates

the space of p ossible texts. There are also cases where it o v ergenerates; again, these relate

principally to the elabora tion relation. There often seem to b e di�culties in em b edding

elabora tion s within other relations. Consider:

(3) (1) Arts-and-Crafts jew els tend to b e elab orate. (2) Ho w ev er, this jew el has a simple

form.

This text con tains a concession relation whose n ucleus is 2 and whose satellite is 1. In

principle, w e could expand either span with additional relations. But note what happ ens

when w e em b ed an elabora tion under span 1:

(4) (1) Arts-and-Crafts jew els tend to b e elab orate. (1a) They are often made b y skilled

single craftsmen. (2) Ho w ev er, this jew el is simple in form.

Sen tence 1a elab orates on 1 b y pro viding more information ab out Arts-and-Crafts jew els.

Ho w ev er, it also mak es it hard to attac h sen tence 2 to sen tence 1. Note that there is a

coheren t in terpretation of the text, if 1a is treated as someho w expanding on the fact that

Arts-and-Crafts jew els are elab orate, rather than simply as presen ting more information ab out

the jew els. F or example, it migh t b e that skilled individuals are more lik ely to b e able to turn

out in tricate designs, than are teams of semi-skilled artisans, or the mac hines then a v ailable for
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mass pro duction. But then 1a o�ers a reason for 1, and on this in terpretation, the em b edded

relation is no longer ob ject-attribute elabora tion |and that is precisely our p oin t.

Note also that the problem is not just due to di�culties with `high-lev el' relations in

general, or with `left-branc hing' tree structures. Compare an em b edded example relation:

(5) (1) Arts-and-Crafts jew els tend to b e elab orate. (1a) F or instance, the previous

jew el had ornate festo ons. (2) Ho w ev er, this jew el is simple in form.

It is true that there ma y b e a limit to the depth of em b edding p ermissible for an y relation,

particularly for left-branc hing RS trees. It is also true that w e ha v e not sho wn conclusiv ely

that elabora tion can nev er b e em b edded. Ho w ev er, the p oin t here is that elabora tion

do es app ear to resist ev en the simplest kind of em b edding, and it do es so where other relations

can happily b e em b edded. This pro vides a further reason to susp ect that it is qualitativ ely

di�eren t from the other relations.

3.3 A ttributeho o d and information structure

A third problem is that the de�nition of elabora tion is extremely v ague. Mann and Thomp-

son do not formally de�ne the notions of `ob ject' and `attribute' in ob ject-attribute elabora-

tion ; ho w ev er, there seem go o d reasons for distinguishing b et w een a sen tence whic h presen ts

an `attribute' of an en tit y , and one whic h simply men tions it. Consider:

(6) Jessie King w as a silv ersmith. She w ork ed mainly in London.

(7) Jessie King w as a silv ersmith. ?She designed a silv er ring.

While the sen tences in eac h text ha v e an en tit y in common (Jessie King), the second sen tence

of Example 7 seems at b est an inconsequen tial con tin uation.

3

W e can imagine an y n um b er

of facts `in v olving' Jessie King, but only a subset of these (her place of w ork, date of birth,

etc) are relev an t here as part of a description of her.

Note that w e cannot accoun t for attributeho o d in terms of linguistic structures lik e sub-

ject and predicate; for instance, King app ears in b oth of the ab o v e texts in sub ject p osi-

3

Unless w e imagine that designing a silv er ring is someho w a notew orth y ac hiev emen t for a jew ellery designer.

W e are assuming this is not the case.
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tion. Equally , the relation b et w een attributeho o d and the information-structural notions of

topic and commen t is not immediately clear. T ak e topic and commen t as used b y Gundel

(1985,1988). A topic is an en tit y that is in some w a y familiar to b oth sp eak er and hearer.

Th us, an en tit y will b e the topic of a sen tence if the sp eak er in tends to alter the hearer's

kno wledge or in ten tions concerning that en tit y . A predication will b e a sen tence's commen t

if the sp eak er in tends the predication to b e assessed relativ e to the topic. P erhaps Example 7

is o dd b ecause designe d a silver ring do es not pro vide an appropriate commen t for the topic

supplied b y King . Similarly , on v an Kupp ev elt's question view of topics (1995), if the topic

here is supplied b y the question Who is Jessie King? , the answ er supplied in Example 7 is

less satisfactory than that in Example 6. And on an y view of topic, if the ring is actually

supp osed to b e the topic, the syn tactic structure do es not indicate this.

A t the v ery least, it seems that to mak e sense of attributeho o d, w e m ust actually mak e

reference to structures in the underlying kno wledge base itself, where facts can b e indexed

according to the en tities they are primarily ab out.

3.4 Re-en trancy and clefts

A �nal problem with elabora tion follo ws from this. Consider the follo wing v arian t on

Example 7:

(8) Jessie King w as a silv ersmith. She designed the silv er ring w e sa w earlier.

This text is a signi�can t impro v emen t on Example 7. This is apparen tly b ecause the ob ject

of the second sen tence is an en tit y whic h m ust ha v e already b een men tioned in the discourse.

W e call suc h structures join t fo cus returns . They are often v ery useful in our domain,

allo wing the inclusion of facts omitted from earlier descriptions due to space limitations, and

the reiteration of previously-men tioned facts whic h ma y ha v e b een forgotten.

Again, note that a join t fo cus return is a non-lo c al phenomenon. T o de�ne it, w e need

to mak e reference to a p oin t arbitrarily far bac k in the text. What is more, it results in an

elemen t of r e-entr ancy in the text structure: in order to accoun t for a join t fo cus return, it

m ust b e related b oth to the sen tence whic h in tro duces it, and to the original reference to
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the discourse-old en tit y . T rying to accoun t for a phenomenon suc h as this within RST w ould

in v olv e further violations of the assumptions it stipulates.

Note �nally that re-en tran t structures suc h as that in Example 8 are esp ecially suitable

for realisation using cleft structures:

(9) Jessie King w as a silv ersmith. It w as she who designed the silv er ring w e sa w earlier.

The question of when suc h syn tactic structures are p ossible in a discourse is one whic h has

receiv ed m uc h atten tion; see e.g. Gazdar (1979), Collins (1991), Delin and Ob erlander (1995).

Ho w ev er, in the ligh t of examples suc h as 9, it seems doubtful that an accoun t of structures

suc h as clefts can b e framed within a theory whic h enforces a rigid tree structure on a text.

4 Bey ond elabora tion in RST

All the problems noted ab o v e are traceable in some w a y to ob ject-attribute elabora tion .

A t b est, they indicate that this relation constitutes an exception to the attractiv e initial as-

sumptions of con text-indep endence. Ho w ev er, an alternativ e p ossibilit y is simply that elab-

ora tion should b e omitted en tirely from the set of relations. While sev eral commen tators

ha v e noted problems with elabora tion , none ha v e considered what an accoun t of discourse

relations w ould lo ok lik e without this relation: it is this question whic h w e w ould lik e to

address.

A crucial p oin t to note in this regard is that the discourse phenomena describ ed b y elabo-

ra tion o v erlap extensiv ely with phenomena describ ed b y other theories of discourse, namely

those concerned with fo cus structure. Consider �rstly theories of lo cal fo cus, suc h as Sidner's

(1981). In particular, tak e Grosz et al 's (1995) accoun t of cen tering. A primary concern for

this theory is to catalogue the di�eren t discourse structures whic h can obtain in cases where

t w o adjacen t sen tences mak e reference to a common en tit y . The issue is explored b oth in

h yp otheses ab out ho w this en tit y should b e referred to in the second sen tence (for example,

pronominally) and ab out whic h sen tence con�gurations mak e for `go o d con tin uations'. The

cen tering accoun t is explicitly en tit y-based, and is expressed at a lev el of detail far greater

than that giv en in the de�nition of elabora tion , whic h prima facie co v ers the same cases.
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Moreo v er, it is not b ound b y the hierarc hical constrain ts imp osed on RST relations whic h

w ere sho wn to b e problematic for elabora tion : adjacen t sen tences are related in c hains,

rather than in trees.

Elabora tion s at a higher lev el of hierarc h y are also problematic. As Example 2 indicates,

the set of en tities in a complex text span to whic h resumptions can b e made includes some in

apparen tly inaccessible p ositions. By RST's comp ositional assumptions, a complex text span

is ultimately connected to surrounding text via a single pr op osition |t ypically , the initial one

in the span. Cases of resumption cast doubt on this assumption. Indeed, it seems o dd, giv en

a complex span of text `ab out' one en tit y , to accord a single prop osition sp ecial status. It is

b etter, b oth empirically and in tuitiv ely , to tak e an en tit y to b e in (global) fo cus in the span,

and to consider an y other en tities in tro duced in the span as p oten tial fo ci for resumption.

Elabora tion has frequen tly b een treated in the literature as a sp ecial kind of relation.

F or instance, Marcu's (1997) algorithm for iden tifying the relations in a text from surface cues

relies exclusiv ely on discourse mark ers for all relations except elabora tion (and joint );

for these latter t w o relations, w ord co-o ccurrence measures pro vide the strongest surface

indicators. Similarly , Moser et al (1996) iden tify a class of (informational) relations termed

`subrelatum' relations, whic h apply b et w een comp onen ts of prop ositions (t ypically en tities)

rather than whole prop ositions: v arieties of elabora tion accoun t for most of the relations

in this category . These p eculiarities of the elabora tion relation, tak en together with the

structural problems attributed to it in the preceding sections, suggest an accoun t in whic h

elabora tion is sub ject to distinctiv e structural constrain ts.

W e can b egin b y noting some requiremen ts for this accoun t. Firstly , it m ust set out an

adequate notion of attributeho o d: in particular, one whic h allo ws the distribution of cleft

structures to b e c harted. Secondly , it m ust allo w the kind of non-lo cal dep endencies noted in

the previous section; in particular, constrain ts concerned with parallelism m ust b e expressible.

Thirdly , it m ust in teract pro ductiv ely and non-redundan tly with the (no w partial) relation-

based accoun t of discourse structure.
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5 Bac kground: It -clefts in discourse

Before outlining our prop osed accoun t, w e should pro vide some more detail on the kinds of

cleft construction w e aim to capture. W e ha v e fo cussed in particular on cleft constructions

in English. There follo ws an o v erview of the relev an t phenomena.

The cleft in English tak es sev eral forms; giv en the canonical form John ate the b e ans , w e

can re-express this con ten t using di�eren t t yp es of cleft:

WH-cleft What John ate w as the b eans.

Rev erse WH-cleft The b eans w ere what John ate.

It -cleft It w as John who ate the b eans.

The initial constituen t of a cleft has b een termed in the literature the clefted constituent

(sometimes kno wn as the cleft's f ocus ). The relativ e-clause-lik e p ost-copular elemen t has

b een referred to as the cleft cla use .

In the ab o v e cases, use of the cleft construction app ears to ev ok e some logical presupp o-

sition not presen t in the canonical case (cf. Gazdar, 1979, Collins, 1991). Of course, suc h

e�ects are usually most apparen t in extended discourses, and w e can easily isolate discourse

con texts in whic h a cleft app ears appropriate, whereas the related canonical construction ap-

p ears infelicitous. Compare the con trastiv e (10), from the LOB corpus, and its constructed

canonical equiv alen t (11) (Delin and Ob erlander, 1995's examples [7] and [8]):

(10) Doubling the selling space to 700 square feet w as not to b e the greatest exp ense. It

was the new �xtur es and �ttings to �l l this sp ac e that would b e c ostly .

(11) ?Doubling the selling space to 700 square feet w as not to b e the greatest exp ense.

The new �xtur es and �ttings to �l l this sp ac e would b e c ostly .

It -clefts are reasonably common in written text, and WH and rev erse-WH clefts are partic-

ularly common in sp eec h. Collins (1991) giv es the follo wing general frequencies p er 10,000

w ords: in written texts, it -clefts o ccur 5.7 times, and WH-clefts o ccur 4.1 times; in sp eec h,

it -clefts o ccur 4.3 times, and WH-clefts o ccur 14.3 times (p. 181). W e ha v e b een examining
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the genre of m useum discourses|b oth written and sp ok en|and although w e ha v e not y et

quan ti�ed the frequencies of o ccurrence, examples are easy to �nd.

5.1 Tw o t yp es of it -cleft in discourse

Prince (1978) distinguishes t w o sub-t yp es of it -cleft, whic h she termed stressed fo cus, and

informativ e presupp osition. Hedb erg (1990) used the information-structural terms topic-

cla use and comment-cla use resp ectiv ely , and w e follo w this terminology here. Her notions

of topic and commen t follo w that of Gundel in tro duced earlier. It should b e noted that

distinguishing the sub-t yp es is primarily a w a y of outlining t w o di�eren t functions whic h

the single construction can ful�ll. Ho w ev er, as w e will see, there are c haracteristic surface

di�erences b et w een clefts of the t w o sub-t yp es. This is not en tirely surprising, particularly in

view of historical evidence that one sub-t yp e ma y b e actually b e descended primarily from

the rev erse wh -cleft with similar information-structure (cf. Ball 1994).

In the �rst sub-t yp e of it -cleft, information is presen ted in commen t-topic order: topic

clause clefts carry the topic in the cleft clause, and the commen t in the clefted constituen t. The

clefted constituen t is therefore the lo cation of the new, frequen tly con trastiv e, information;

the cleft clause is asso ciated with a presupp osition that is `discourse-old' (in Prince, 1992's

terms). Here is an example from a m useum text:

(12) High-�red ceramics w ere �rst made in China at kilns in the coastal pro vinces of

Jiangsu and Zhejiang as early as the Shang dynast y (c1600-c1050b c). Ho w ev er, it

was not until the Sui (ad 589-618) and T ang (618-906) dynasties that the Xing kilns

in Heb ei pr ovinc e and the Gongxian kilns in Henan, b oth in northern China, pr o-

duc e d a tr ansluc ent white war e which c an b e said to b e the �rst p or c elain. [Wilkinson

and P earce (1996), p.51]

In the second sub-t yp e, information is presen ted in topic-commen t order: commen t clause

clefts carry the commen t in the cleft clause, and the topic in the clefted constituen t. The

clefted constituen t is short and generally anaphoric, while the subsequen t cleft clause usually

enco des a substan tial amoun t of information discourse-new information (and since the cleft

clause carries the sen tence's logical presupp osition, the presupp osition is actually new to the

11
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discourse, and m ust presumably b e accommo dated, rather than matc hed to prior structure).

Here is an example from the same m useum text:

(13) The v arieties of cotton plan t are man y , and are found throughout the w orld, partic-

ularly in places with a w arm h umid climate. Cotton cloth w as used b y the Aztecs

of Mexico in the �fteen th cen tury and some of the b est cotton gro ws in the Nile

v alley . In India cotton w as kno wn as early as the third millennium BC when it w as

gro wn in the Indus v alley .

It was c otton textiles fr om India that playe d an imp ortant p art in the intr o duction

of c otton to Jap an by Portuguese mer chants in the sixte enth c entury. By the late

�fteen th cen tury traders from P ortugal had established trading p osts in India; they

w ere joined b y the Dutc h and English. [Wilkinson and P earce (1996), p.93]

5.2 Clefts and discourse relations

Delin and Ob erlander (1995) (pp. 483 �.) prop ose a mo del of clefts in discourse whic h

relates information structure to discourse coherence relations, via a mo del of presupp osition

pro cessing, and temp oral reference resolution. F or curren t purp oses, the relev an t p oin t is just

this: the t w o sub-t yp es of it -cleft p ossess di�ering information structures, and this rami�es

through to the discourse coherence relations whic h they are supp osed to en ter in to.

T opic-clause clefts can stand in question-answer or in contrast relations to prior

discourse, lik e (12), ab o v e.

4

. Delin and Ob erlander (1995) state:

Both the con trast and the question-answ er relation ha v e in common that the topic-

clause cleft pro vides the c ompletion of a discourse segmen t, e�ectiv ely closing o�

the dominating topic no de and making it inaccessible for the building of further

structure. [p484]

By con trast, it is claimed that commen t-clause clefts stand in v arious kinds of ba ck gr ound

relation to prior discourse, lik e (13), ab o v e. They state:

4

In this connection, it is w orth noting that v an Kupp ev elt has argued for an alternativ e mo del, most

appropriate to topic-clause clefts, whic h exploits the question-orien ted view of topic men tioned earlier (cf. v an

Kupp ev elt (1995))

12
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[Rather] than closing o� the segmen t to whic h it attac hes, the commen t-clause

cleft lea v es the no de to whic h it attac hes op en for further elab oration.

No w, our commen ts ab o v e on elabora tion shed some new ligh t on the in teraction b e-

t w een relations and clefts. F or one thing, w e can note a t yp e of discourse con text for clefts

not found in Delin and Ob erlander. Consider again the structure of a join t fo cus return:

(14) Jessie King w as a silv ersmith. It w as she who designed the silv er ring w e sa w earlier.

Is this a topic-clause or a commen t-clause cleft? It is sligh tly un usual, in that b oth the clefted

constituen t and the cleft clause presen t discourse-old information. Ho w ev er, Ob erlander and

Delin 1996 suggest that if the cleft-clause presen ts information merely inferrable from the

discourse con text, then it can b e treated as topical. Because all the information presen ted is

old, a case suc h as the one here can b e considered `all-topic'; nonetheless, it functions as a

topic-clause cleft. This b eing so, note that the relation in question in this con text is not one of

those discussed b y Delin and Ob erlander 1995. That is, it seems to b e neither contrast nor

question-answer . Or at least, there is no explicit question b eing answ ered; if there is an

implicit question, it could b e Who is Jessie King? This is, e�ectiv ely , a request for the v alue

of an attribute of an ob ject just in tro duced in the prior discourse. Th us, the only relation

w e could use in this case turns out to b e elabora tion , with its attendan t problems. So w e

should at least add this relation to the con texts in whic h topic-clause clefts can app ear.

Once elabora tion has b een iden ti�ed as a con text in whic h a topic-clause cleft can

app ear, w e are led to ask whether w e require adjacency b et w een the span whic h in tro duces

the cleft and the cleft itself. In simple cases of elabora tion , as w e ha v e seen, the adjacency

requiremen t can apparen tly b e o v erridden. Do es this also happ en with clefts? The answ er

seems to b e y es. Consider the follo wing example from the LOB corpus:

(15) Mr. and Mrs. Kennedy receiv ed a particularly heart y w elcome from studen ts outside

the Sorb onne Univ ersit y { where Mrs. Kennedy once studied. (. . . ) A t the airp ort,

Mr. Kennedy praised his host as \a captain in the �eld in the defence of the W est"

for o v er 20 y ears (. . . ).

It w as Mrs. Kennedy who drew the cro wds, said p olice.

13
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Here, the clefted sen tence refers to t w o discourse-old en tities: Mrs Kennedy , and the cro wds

(who are inferrable from the heart y w elcome). The p oin t is that for b oth of these en tities

there is in terv ening material|reducing accessibilit y|b et w een their �rst men tion and their

app earance in the cleft; in either case, the clefted sen tence w ould b e hard to analyse as an

elabora tion on a previous span without relaxing assumptions ab out adjacency or comp o-

sitionalit y .

A �nal p oin t relates to the function of a cleft as op ening or closing a discourse seg-

men t. Delin and Ob erlander suggested that topic-clause clefts tended to close segmen ts,

while commen t-clause clefts tended to op en them up. W e can no w prop ose a re�nemen t of

this idea, and suggest that a topic-clause cleft is bad as a lo cus for an en tit y-based resumption,

while commen t-clause clefts are legitimate in suc h a role. Note, ho w ev er, that b oth kinds of

cleft can serv e as the n ucleus in a tree of relations if elabora tion is r emove d fr om the set .

5.3 Summary

W e can dra w a n um b er of conclusions from the ab o v e discussion. T o recap: our idea is that

certain fo cus-mo v es are su�cien t in themselv es to ensure coherence in a text (join t fo cus

returns b eing one suc h mo v e), and that this allo ws us to drop elabora tion from the set

of relations. Ho w ev er, w e should note that ev en if elabora tion is remo v ed from the set of

relations, there are still cases where clefts app ear within coherence relations. In Example 12,

for instance, the n ucleus of a concession relation is realised as a cleft. Indeed, examples of

clefts within relations are not hard to �nd. What this suggests is that fo cus-based and relation-

based mo v es are executed relativ ely indep enden tly in a discourse, with the only constrain t

b eing that ev ery span should b e in tro duced b y at least one suc h mo v e.

6 An accoun t of en tit y-based and prop osition-based coherence

W e no w pro ceed to a statemen t of the elabora tion -less theory of descriptiv e text structure.

W e w ould lik e to preserv e as m uc h as p ossible of the RST-based mo del, and the hierarc hical

structuring algorithms it sanctions, while taking accoun t of the exceptions due to elabora-

tion noted ab o v e. It is true that some existing framew orks ma y b e adequate for at least some
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of our purp oses: Hallida y and Hasan (1976), for instance, distinguish referen tial relatedness

from seman tic connection within their three-w a y categorisation of di�eren t t yp es of cohesion

in text (p. 304). Ho w ev er, w e aim for a sligh tly simpler accoun t, and one closer to RST.

Accordingly , w e prop ose an accoun t of text structure in whic h t w o t yp es of coherence are

distinguished: prop osition-based coherence, whic h is de�ned according to the con v en tional

constrain ts of RST (min us the elabora tion relation), and en tit y-based coherence, whic h

exists b et w een spans of text in virtue of shared en tities, and op erates according to a di�eren t

set of constrain ts.

The reader not in terested in the details of this accoun t can skip directly to example 16,

whic h immediately precedes the conclusion to the pap er.

6.1 Arg1s and Arg2s: indexing facts in the kno wledge base

As noted earlier, one requiremen t for the accoun t is a reference to structures in a kno wledge

base whic h di�eren tiate a giv en prop osition to b e iden ti�ed as b eing `ab out' one or more of

the en tities it in v olv es. (W e can think of these as op erating at the lev el of �le cards, in Heim's

(1982) terms, as extended b y V allduv � �, 1992.) The structures can b e motiv ated in terms of

considerations ab out the e�cien t indexing of information. F or instance, w e could represen t

the prop osition King designe d R1 as a fact ab out R1 or as a fact ab out King , or as b oth.

The c hoice should dep end on sev eral factors: for instance, the fact that the mapping from

designers to ob jects is one-to-man y . F or presen t purp oses, w e will assume a kb in whic h a fact

in v olving sev eral en tities is indexed b y only one of them, whic h w e term its Arg1 , and where

secondary en tities are termed Arg2 , Arg3 etc. W e can then sp ecify that a sen tence `presen ts

an attribute' of an en tit y E i� it con v eys a prop osition whose Arg1 is E . If w e assume that the

Arg1 of the prop osition King designe d the ring is the ring , w e thereb y explain the di�erence

b et w een (6) and (7).

6.2 The con ten t p oten tial

The mo del of discourse w e prop ose is formalised with reference to a structure called the

con ten t p oten tial . This structure can b e view ed as a resource for the tasks of con ten t
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selection and con ten t organisation in natural language generation. The con ten t p oten tial is a

graph, with three t yp es of no de (see Figure 2).

ENTITIES

FACTS

RELATIONS

Figure 2: The form of the con ten t p oten tial

En tit y-no des represen t en tities, either individual (suc h as this jewel ) or generic (suc h as

A rt-De c o jewels ).

F act-no des represen t facts ab out en tities. W e ha v e adopted a simple mo del, in whic h

eac h fact-no de is represen ted b y a Pred or predicate, applying b et w een an Arg1 and an

Arg2 , whic h are b oth en tities, and are de�ned as in Section 6.1 ab o v e.

5

A fact-no de also

has a Predarg or `predicate argumen t', whic h is a generic en tit y formed b y abstracting a w a y

from the Arg1. F or instance, the Predarg of the fact This jewel was made by King is the

generic en tit y jewels made by King .

Relation-no des represen t p ossible coherence relations b et w een pairs of fact-no des. Eac h

relation-no de has a Nuc role and a Sat role, eac h of whic h is �lled b y a fact-no de. A

relation-no de can also b e link ed to a set of other fact no des called its preconds , whic h m ust

b e assimilated b efore the relation is presen ted. F or instance, a concession relation of the

form P1, but P2 is link ed to a fact no de expressing that if P1, then normal ly not P2 .

The space of p ossible texts creatable from a giv en initial en tit y or fact no de can no w

b e expressed in terms of constrain ts on graph tra v ersal on the con ten t p oten tial. Where

F

e 1 ;e 2

denotes a fact-no de whose Arg1 is e 1 and whose Arg2 or Predarg is e 2, w e de�ne the

follo wing p ossible mo v es b et w een one fact-no de F

e 1 ;e 2

to another fact-no de F

e 3 ;e 4

, giv en a

prior discourse D :

� A relation-based mo v e r el ( F

e 1 ;e 2

; F

e 3 ;e 4

) is p ossible i� there is a relation-no de whose

Nuc is F

e 1 ;e 2

and whose Sat is F

e 3 ;e 4

:

5

W e are curren tly only considering binary Preds. Note that for sen tences without an ob ject, the Arg2 is

tak en to b e a qualit y , suc h as r e dness .
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� An Arg1-link A 1( F

e 1 ;e 2

; F

e 3 ;e 4

) is p ossible i� e 1 = e 3.

� An Arg2-link A 2( F

e 1 ;e 2

; F

e 3 ;e 4

) is p ossible i� e 2 = e 3.

� A join t fo cus return j f r ( F

e 1 ;e 2

; F

e 3 ;e 4

) is p ossible i� e 4 2 f e 1 ; e 2 g , and e 3 is discourse-

old. (An en tit y e is discourse-old giv en a prior discourse D if there exists a fact-no de

F

x;y

in D suc h that e 2 f x; y g .)

(Note that the de�nitions of Arg1/Arg2-links are similar, though not iden tical to, those of

con tin uation and shift in cen tering.)

6.3 Complex mo v es b et w een fact-no des

W e no w de�ne the notion of a discourse unit .

� A unit is a fact-no de or an rs-tree .

� An rs-tree is a tree of fact-no des link ed b y relation-based mo v es, in whic h no fact-no de

o ccurs more than once.

� The fact-no de at the ro ot of an rs-tree is its topn uc . By con v en tion, the topn uc of a

fact-no de is itself.

� An y Arg1-links, Arg2-links or join t fo cus returns b et w een the topn ucs of t w o units are

tak en to hold b et w een the units to o.

� An en tit y-c hain is a sequence of units U

1

: : : U

n

link ed b y Arg1-links, optionally fron ted

b y a unit U

0

, link ed to U

1

b y an Arg2-link, and optionally ended b y a unit U

n +1

link ed

to U

n

b y a join t fo cus return. No fact-no de can o ccur more than once within the c hain.

� The fo cus of an en tit y-c hain is the Arg1 of its initial fact-no de; its expansion set is

the set of Arg1s, Arg2s and Predargs of all its fact-no des.

� A resumption relation R es ( C

1

; C

2

) holds b et w een t w o en tit y-c hains C

1

and C

2

i� the

fo cus F of C

2

is in the expansion set of C

1

. In this case, w e de�ne the fact-no de whic h

in tro duces C

2

as the most recen t fact-no de in C

1

whic h features F as its Arg1, Arg2

or Predarg.
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Giv en these relationships in the con ten t p oten tial, w e can de�ne a description D

E

0

of an

en tit y-no de E

0

as a sequence of en tit y-c hains C

1

: : : C

n

suc h that

� the fo cus of C

1

is E

0

;

� eac h subsequen t c hain is link ed via a resumption to an earlier c hain;

� no c hain b egins more than p fact-no des a w a y from the fact-no de whic h in tro duces it.

(W e curren tly set p to 8.)

W e conclude b y de�ning a text describing a complex en tit y E as a sequence of descrip-

tions D

e 1

: : : D

en

, where e 1 : : : en is an ordered set of subparts of E .

7 Algorithms and heuristics for con ten t selection and struc-

turing

In this section, w e brie
y outline our algorithms for selecting and structuring fact-no des for

a single description b eginning from an initial en tit y-no de E

0

.

In the con ten t selection pro cess, a tree of fact-no des is constructed whose ro ot is a fact-

no de with E

0

as its Arg1, using all legitimate w a ys of mo ving from one fact-no de to another.

Heuristics ab out whic h no des to include relate to meta-annotations on fact-no des ab out their

educational imp ortance, their lik ely in terest to the user, and the lik eliho o d of their already

b eing kno wn, as w ell as to their distance from the original no de.

Giv en the selected tree of fact-no des, w e extract from the text p oten tial a complete sub-

graph con taining al l relation-no des and al l en tit y-no des linking pairs of facts within this set.

This forms the input to the text structuring algorithm. The subgraph con tains the starting

p oin t for an approac h lik e that of Marcu (1996); w e ha v e a set of all facts, and of all relations

b et w een pairs of facts. It di�ers from Marcu �rstly in that the elabora tion relation is not

included in the set of relations; and secondly in ha ving an explicit and distinct represen tation

of all p ossible en tit y-based connections as w ell as of all p ossible relations.

The text structuring algorithm pro ceeds in a n um b er of steps. W e b egin b y dividing the

fact-no des in to groups with the same Arg1, forming a set of initial en tit y-c hains, and calculate
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all p ossible resumption relations b et w een these c hains. W e then p erform an exhaustiv e searc h

for the b est rs-tree of depth n (curren tly set to 3) that can b e formed with all the a v ailable

fact-no des, sub ject to the constrain t that it can b e added to one of the c hains, or related to

one b y resumption, when the facts it uses up ha v e b een remo v ed from the c hains. (Heuristics

for ev aluating trees include preferences for some relations o v er others, for bush y trees, and for

trees where one relation is not expanded as itself.) This pro cess of adding the b est p ossible

rs-tree is iterated for the fact-no des remaining in the c hains, un til no more legal trees can b e

added.

W e then determine the ordering of en tit y-c hains. If an en tit y-c hain is short, w e consider

NP-aggregation , whereb y it is incorp orated as a relativ e clause whose head is the NP in

the fact-no de whic h in tro duces it. Otherwise, a c hain is placed as close as p ossible to the

c hain whic h in tro duces it. If t w o c hains are b oth resumptions from a single c hain, w e consider

whether there is a fact-no de F in one c hain whic h could feature as join t fo cus return from

a fact-no de in the other; and if so, w e mo v e F to the end of the other c hain and p osition it

second. If C

1

is a resumption from C

0

but is not immediately adjacen t to it, w e also consider

mo ving the fact-no de whic h in tro duces C

1

to the b eginning of C

1

. Finally , when the order of

fact-c hains is determined, w e decide the order of units within eac h c hain.

The resulting text structures are then transformed in to surface text. The mapping b e-

t w een text structure and surface text is no w quite close. Rhetorical relations are realised

with appropriate connectiv es. Lo cal en tit y-based mo v es pro vide a source of information for

generating appropriate referring expressions, in accordance with the cen tering mo del, and

for decisions ab out clefting. Finally , resumption relations b et w een en tit y-c hains are used to

determine p oten tial paragraph breaks.

An example text conforming to the constrain ts in the ab o v e mo del, whic h the arc hitecture

generates, is giv en b elo w.

(16) (1) This piece is a nec klace. (2) It w as designed b y a jew eller called Jessie King. (3)

It w as designed in 1905. (4) It is made of silv er and enamel.

(5) Jessie King w as a famous designer. (6) She w as Scottish, (7) but she w ork ed in

London. (8) It w as in London that this piece w as made.
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(9) Lik e the previous piece, (10) this piece is in the Arts-and-Crafts st yle. (11)

Although the previous piece had a simple shap e, (12) Arts-and-Crafts st yle jew els

tend to b e elab orate; (13) for instance, this piece has detailed 
orals.

There are three en tit y-c hains in the text: (a) spans 1{4, (b) spans 5{8, and (c) spans

9{13. Within these c hains there are a n um b er of lo cal rs-trees: spans 6{7 (topn uc 7), spans

9{10 (topn uc 10), and spans 11{13 (topn uc 12). Resumptions o ccur from (b) to (a), and from

(c) to (a). A join t fo cus return o ccurs b et w een spans 7 and 8. The resulting text, with its

topic-clause cleft seems a go o d optimisation of fo cus and relation-based constrain ts; w e are

curren tly ev aluating the output in a m useum setting to see if this is indeed so.

8 Conclusion

This pap er suggests that the relation of ob ject-attribute elabora tion has di�eren t discourse-

structural prop erties from other RST relations, whic h motiv ate it b eing treated in a di�eren t

w a y . W e prop ose a distinction b et w een prop osition-based mo v es and en tit y-based mo v es; the

t w o t yp es of mo v e are formally expressed as constrain ts on tra v ersal of the con ten t p oten tial

graph. On the basis of these constrain ts, w e form ulate the notion of a description, in whic h

non-lo cal dep endencies are allo w ed for en tit y-based mo v es, and a treatmen t of clefts in dis-

course is pro vided. W e prop ose algorithms and heuristics for con ten t selection and structuring

on this basis.

It remains to b e seen ho w w ell this mo del of text structure extends to registers b ey ond

the descriptiv e genre w e are considering. This question can b e considered b y comparing the

goal structure in our texts with that in other texts. The comm unicativ e goal in our texts

is to describ e a domain of in ter-related en tities. (The genre considered in Sibun (1992) is

somewhat similar.) In suc h cases, it is p erhaps b etter to think of a set of goals to describ e

individual en tities, rather than a single o v erriding goal. The relationships b et w een these goals

are not exactly hierarc hical, as they are in texts whose aims are principally argumen tativ e or

instructional; rather, the mo del w e are in v estigating is one where executing one descriptiv e

goal ma y pro vide an opp ortunity for the execution of another. T o what exten t the non-lo cal

dep endencies in our genre of text are a function of its lo oser goal structure is a question w e
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hop e to address in future w ork. The fullest answ er to suc h a question undoubtedly requires

not just the kind of computational w ork w e ha v e b een pursuing, but also new empirical w ork

on h uman discourse pro duction.
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