◯

1

2

Abstract.

sentenc e planning

structur e

phr asing

Managing Sen tence Planning Requiremen ts

Gaps and Bridges:

New Dir e ctions in Planning and Natur al L anguage Gener ation.

Eduard Hovy and Leo W anner

1 INTRODUCTION

1.1 Planning in generation

1.2 The need for sentence planning

1 2

Information Sciences Institute, University of Southern Cali-

fornia, 4676 Admiralty W ay , Marina del Rey

, CA 90292-6695,

U.S.A. tel: +1-310-822-1511 ext. 731; fax: +1-310-823-6714;

email: hovy@isi.edu

Department of Computer Science, University of W aterlo o, W ater-

lo o, Ontario N2L 3G1, Canada. tel: +1-519-885-1211 ext. 5344;

fax: +1-519-885-120; email: lwanner@logos.uwaterlo o.ca

c 1996 E.H. Hovy and L. W anner

Pro ceedings of the ECAI 96 W orkshop

Edited by K. Jokinen, M. Maybury

, M. Zo ck and I.Zukerman.

In this pap er we fo cus on sentence planni ng (mi-

croplann in g) as a distinct phase of the generation pro cess,

necessary to compute such asp ects as sentence delimi tatio n,

sentence-intern al organization , reference, etc. T reating each

phenomenon as a separate plannin g task, we illu strate the

need for a plannin g paradigm different from the tradition al

ones in (at least) this phase b ecause of the complex interac-

tions among these (semi-indep end ent) subtasks. W e describ e

our solution : a blackb oard-b ased sentence planner, in which

different subtasks are handled by indep end ent mo dules that

incremental ly rewrite and flesh out a text structure (a set of

partiall y sp ecified input statement(s)) to form a fully sp ecified

list of sentence sp ecificati ons.

It is easy to argue that language generation is at heart a plan-

ning task (in contrast to language interpretation, which is at

heart the task of inference to the b est explanatio n): Gener-

ation origin ates with one or more communicative goals, and

ends with a (more or less) structured list of communication ac-

tions (namely

, sentences of words). Esp ecial ly in certain kinds

of communicatio ns, the planni ng phase has b een mo deled as

a pro cess of increasin g refinement of the origina l goals (usu-

ally quite general in topic), via a structure of intermedia te

(topicall y more sp ecified, though still multi-clause) goals, to

a linear sequence of sp ecific, clause-level, Sp eech Act goals.

T raditional Artificial Intelligence planni ng techniques have

b een applied to several p ortions of the generation pro cess,

inclu di ng the single- or two-clause level [App elt 85] and the

multi-cl ause/p aragra ph level [Hovy 88b , Mo ore and Paris 89]

and others. However, these applicati ons have generally relied

up on strong simplifyi ng assumptions , esp eciall y the assump-

tion that the generation pro cess is pip eli ned (i.e., that ‘later’

planni ng tasks such as lexical and clause-internal matters do

not affect ‘earlier’ ones such as content selection and text

structure organizati on).

On the basis of recent work (see b elow), we b elieve that

the generation pro cess is even more complex than original ly

viewed, and that this complexity centrally affects the plan-

ning pro cedures. In particula r, the pip eli ne assumption (or its v ariants; see for example [Reithinger 93]) simply cannot

hold for some parts of the generation pro cess; an architecture

different from the standard top-down expansion pro cesses is

required.

Automated text generation has often b een divided into two

ma jor phases: text planni ng and sentence realizatio n. With

the growing numb ers of text planners develop ed over the

past decade, whether they were schema applicati on engines

[McKeown 85 , Paris 87 ] or text structure planners [Hovy 88a ,

Mo ore and Paris 89 , Cawsey 89, Maybury 91, Dale 88], has

come an increasing recognition of the need for a third, inter-

mediate, phase. This phase, which we call

after [Ramb ow and Korelsky 92 ], involves the plannin g of the

contents and organization at roughly the sentence level, dis-

tinct from the planni ng p erformed during the first phase.

While many early text planners p erformed all the plan-

ning tasks—content selection, text structure planni ng, and

sentence-level plannin g—tog ether, strong arguments can b e

made for separating sentence planni ng tasks from the others.

One argument for separating sentence planni ng tasks from

text plannin g is that the knowledge required to p erform text-

level planni ng differs from that required for sentence-level

planni ng. This argument is analogou s to the argument for sep-

arating sentence realizatio n (which requires a grammar of the

language ), from content selection and structuring (which do es

not). T ext-level planni ng uses knowledge to select content and

determine text structure. It ties together intentions and topics

by prescribin g how an overall communicative intention can b e

achieved through juxtap osing pieces of content material and

other, sub ordinate, intention s (with, recursively

, their asso-

ciated material). Thus text planni ng knowledge, captured in

schemas or text plans, deals with message in the de-

velopment of arguments, explanation s, and/or description s.

It do es not sp ecify the actual of the material—th is

requires information of a different kind.

Lacking this knowledge, text planners usuall y run out of

steam at more or less the sentence level, once the content to

b e includ ed has b een sp ecified. And as any grammar builde r

knows, a sentence generator with a rich grammar and lexicon

can phrase a clause-sized input in literal ly hundreds of ways!

Unless the generator selects lo cutions at random, an inter-

mediate phase is needed to assemble the detailed grammati-

cal sentence-buil di ng instructions required. Only thus can one

plug the elo quently named ‘generation gap’ [Meteer 91].

What knowledge do es a sentence planner require? Though

it is not concerned with long-range topic juxtap ositi ons, senten-

3

3

1.3 Examples of sentence planning tasks

2 THE SENTENCE PLANNER

2.1 Constraints and desiderata

Fine-grained discourse structuring.

Sentence content delimitation.

Internal sentence organization.

Reference choice.

Lexical choice.

Managing Sentence Planning Requirements 2 E.H. Hovy and L. W anner

Indeed, much has b een written ab out the ‘message level’: the ap-

propriate ‘level’ of the input to a sentence realizer, which lies at

the heart of determining an appropriate b oundary b etween sen-

tence planning and realization [McDonald and Pustejovsky 85,

McDonald et al. 87, Levelt 82].

ce-level phrasing is obviousl y a matter of communicative in-

tention. But it also involves grammar and lexis. In fact, as we

illu strate b elow, it is a collectio n of short-range issues, inclu d-

ing sentence delimi tation , sentence content organizatio n, and

reference expression selection, that require information ab out

lo cal theme, fo cus, recency of prior mention, style, and so on.

By its nature, sentence planni ng has a much more diverse set

of tasks to accomplish than either text plannin g or sentence

realizati on.

This complexity do es not mean the topic has b een ignored

in past research. Some older systems reasoned with such in-

formation. KAMP [App elt 85], which fo cused on reference

generation (a core asp ect of sentence plannin g), is proba-

bly the most sophisti cated sentence planner built to date,

given the depth and formal complexi ty of its reasoning. But

characteristi c of such formal reasoning is its limited scop e;

KAMP could not pro duce more than a few v ariations of two

or three sp ecific sentences. Other systems p erformed a v ari-

ety of sentence plannin g tasks—notabl e among these is DIO-

GENES [Nirenburg et al. 89] for its sentence planner design,

the text and sentence planni ng of [Horacek 92], the clause

phrasing and juxtap ositi on to achieve bias and stylistic ef-

fect in P

AULINE [Hovy 88a ], and POPEL’s plannin g at the

interface b etween the text plannin g and realizati on comp o-

nents [Reithinger 93]. Additional l y

, sentence planni ng tasks

are listed in [Ramb ow and Korelsky 92, Hovy 92 , Panaget 94,

W anner 94 ]. [Meteer 91] develop ed a richly articulated repre-

sentation formalism in which the output of sentence planners

can b e captured. And many p eople have investigated indivi d-

ual asp ects of sentence plannin g, as we mention b elow.

What has b een less studied is the set of all sentence plan-

ning tasks and their interaction within a single system.

Although the v arious sentence planni ng tasks are not unre-

lated, discussi ng them indivi dua ll y helps to clarify the issues

involved. Recognizin g that there are several more, we list the

followin g principal tasks:

Since the precise

b oundary b etween text and sentence planni ng remains an

op en question, it is likel y that some fine-grained, lo cal, dis-

course structuring tasks remain for the sentence planner. Is-

sues includ e the ordering of lo cally related clauses, and the

inclu sio n or exclusion of explici t discourse markers.

The sentence planner’s

task is to app ortion the information that must b e said into dis-

tinct sentences. Little computational research has addressed

this question to date, although for work on the determina-

tion of temp oral, spatial, and causal nuances of predicates see

[Pustejovsky 95 , Dorr and Olsen 96 ].

Within a sentence, the

sentence planner must allo cate the sub ject, sp ecify the ad-

juncts (if any), determine the order of prep osition phrases,

determine the sub ordinati on of relative clauses, and so on.

These tasks are somewhat interrelated , and are not indep endent of other high-level sentence planni ng tasks such as ref-

erence and lexical choice. Issues here involve theme and fo cus

[McCoy and Cheng 88 , Iordansk a ja 92], nuclearity (as used in

Rhetorical Structure Theory [Mann and Thompson 88 ]), sa-

lience [McDonald and Conklin 83, Pattabhiraman 82 ], phrase

order [Scott and De Souza 91 , DiMarco and Hirst 93 , Panaget 94],

redundancy [Daliani s and Hovy 93], and so on.

Dep ending on one’s approach, the task

of reference can b e seen as the central issue in sentence plan-

ning (once one has sp ecified how to name each entity and

each event, the rest follows) or as a more restricted issue (as

endophori c lexical choice that involves just pronominali zati on

and other NP forms). As mentioned ab ove, [App elt 85] to ok

the wide view; [Dale and Reiter 95] to ok a somewhat nar-

rower approach; see also [McDonald 78, T utin and Kittredge 92]

for more lingui stica ll y motiv ated approaches. The relative mer-

its of the range of p ossibl e p ositions remain unclear.

In its narrowest construal, this task in-

volves selecting from a set of semanticall y equiv alent but p o-

tentiall y pragmaticall y and syntacticall y different alternatives

for entities that have not b een mentioned b efore in the dis-

course (exophoric lexical choice). T aken broader, it involves

b oth exophoric and endophoric choice. A considerab le amount

of computationa l research has b een done on v arious asp ects of

lexical choice, incl. [Goldman 75 , Nirenburg and Nirenburg 88,

Hovy 88a, Nogier and Zo ck 91, W anner 94].

Given the nature and the current limited state of understand-

ing of sentence planni ng, a set of relatively general constraints

emerge for the design of a sentence planner (SP):

1. The SP must transform an underconstrain ed input of deep

semantics, as given by the text planner, into a suitably con-

strained output of shallow semantics, as is often required

by the realizati on comp onent.

2. The SP must mo dularize sentence planning tasks as far

as p ossible, to facilitate design clarity

, development, and

maintenance. Since the sentence planni ng tasks are not

single-step op erations, since they do not have to b e p er-

formed in strict sequence [De Smedt 90, Nirenburg et al. 89],

and since the planner’s op eration is non-determini stic (that

is, early choices may undergo subsequent revision), each

sentence planni ng task should b e implemented by a sepa-

rate mo dule.

3. The intermediate steps of the SP should b e accessibl e and

easily interpretabl e to the build ers of the SP

, to enable

cross-mo dule interconnectio n and debuggin g.

4. The SP must b e extensibl e, allowi ng new mo dules to b e

intro duced as needed.

5. The level of sophisticati on of the knowledge within a mo d-

ule must not b e constrained by the SP architecture, so that

the mo dules might b e crude initia ll y but then can incremen-

tally b e refined without imp eding throughput. T o facilita te

this, the rules and knowledge resources employed by the SP

mo dules should b e represented as declarativel y as p ossibl e.

Constraints 1 and 3 suggest that the intermediate form(s)

of the data during SP op eration b e some sort of message-in-

emergence; that is, a frame continual ly evolving from the ab-

→

4

4

2.2 Sentence planner architecture

2.3 Input and output notation and

rewriting

2.4 The planning pro cess

Strictly sp eaking, message expressions and their origins are usu-

ally directed acyclic graphs, not trees; this do es not affect the

design in any way .

Mo dules

Knowledge Resources

Blackb oards

Administrator

T ree T ransformer

Network T raverser

Managing Sentence Planning Requirements 3 E.H. Hovy and L. W anner system

inquiry function

r e alization op er ators

T ext Sp e cific ation

L anguage

Sentenc e Planning L anguage

I have a tummy ache

:state p ain :b o dyp art stomach

:typ e gener alize d-p ossession :r ange

stomach

pr e-SPL ex-

pr essions stract, undersp ecifi ed input to the more concrete, fully sp ec-

ified final output. One way to achieve this is to see SP mo d-

ules as tree-transformation engines (viewing the message data

structures as trees ). This means that their effects can b e writ-

ten as tree-rewriting rules.

Naturally

, each mo dule must know which tree-rewriting

rule to apply to any given message-in-emergence under given

conditi ons. System networks, as used in Systemic languag e

generation grammars, provide a suitable mechanism. Each

mo dule contains a choice network that discrimin ates arbi-

trarily finely to a desired state. Each choice p oint, called a

, is asso ciated with two typ es of information: first, a

(set of ) (s) that p erform the choice op eration

(by referring to the system’s context: its input, the Reader

Mo del, the Situation Mo del, the lexicon, etc.); and second,

zero or more for each choice alternative

that sp ecify the action to b e taken, given the current state.

These realizati on op erators include tree-rewriting rules, lexi-

con access functions, and pre-selections that determine later

choices in the same or other networks.

Constraints 2, 4, and 5 suggest that the SP have a black-

b oard architecture. Since we do not know a priori the order

of activity of mo dules or their parts (this is a matter for ex-

p erimentati on), we facilitate message transfer by includi ng

a blackb oard on which mo dules can write their results. W e

have also implemented an Agenda, through which the user can

sp ecify the order of activ ation of mo dules (in fact, there is no

limit on the numb er of times each mo dule can b e run). Thus

we use a blackb oard for simil ar reasons to the sentence plan-

ner of DIOGENES [Nirenburg et al. 89], although our system

differs in imp ortant asp ects, as will b ecome clear b elow.

A detailed discussion of the architecture of the sentence plan-

ner, which reflects the ab ove constraints and desiderata, re-

quires more space than is av ailab le here. Briefly

, the SP con-

sists of the following mo dules:

1. A Set of Sentence Plannin g T ask : Discourse

Structuring , Aggregation, Phrase Ordering (these latter two

are part of the Sentence Structuring task), Exophoric Lexical

Choice, and Endophoric Lexical Choice.

2. : the lexicon, the semantic mo del

(split into the Upp er and Domain Mo dels), the Reader Mo del,

and the lexicogra mmatica l resources.

3. The : the main blackb oard (MBB), which

contains the latest message expression(s) together with their

deriv atio n history

, and the control blackb oard , which contains

b o okkeepi ng information such as the flags that signal the sta-

tus (running/i dl e/etc.) of each mo dule.

4. The : the top-level pro cess that invokes

mo dules, up dates message expressions, and manages parallel

alternative expressions, etc.

5. The : the engine that rewrites (p or-

tions of ) a message expression as sp ecified by a tree-rewriting

rule.

6. The (NetMaster): a pro cess that

traverses the system network of each mo dule, handles the inquiry choice functions (typicall y

, these criteria p ertain either

to the input message or to one of the knowledge resources),

and up on reaching tree-rewriting rules, hands them off to the

T ree T ransformer.

The sentence planner’s input is a text sp ecification : a tree

whose leaves are written in a notation called

(TSL). Its output is a linear sequence of expressions

written in (SPL [Kasp er 89 ], the

input notation used in the sentence generator Penman). TSL

resembles SPL in form but ranges in content from deep seman-

tics to shallow semantics (for example,

may in deep semantics b e represented by a case frame contain-

ing [ ], and in shallow semantics

by a case frame containing [

], which is closer to its SPL equiv al ent). This v ariabil -

ity enables sentence plannin g to o ccur at v arious levels. W e

call the sentence planner’s intermedia te results

.

Each tree-rewriting rule has the form

[command left-hand-sid e right-hand-si de]

Both left and right hand sides are normal pre-SPL expres-

sions, although they may contain wildcards that match sym-

b ols and sub expressi ons in the normal way . W e have imple-

mented the following three commands:

1. ADD: add the statements in the right hand side to any

p ortions of the pre-SPL that matches the left hand side;

2. REWRITE: rewrite any p ortions of the pre-SPL that match

the left hand side as sp ecified by the right hand side;

3. SUPPLANT: replace any p ortions of the pre-SPL that match

the left hand side by the right hand side.

The planni ng pro cess starts when the Administrator places a

TSL fragment onto the MBB and activ ates the first mo dule

on the Agenda.

As mentioned ab ove, it is not lingu isti cal l y p ossibl e to pre-

sp ecify a fixed sequence in which the mo dules should always

apply

. In some cases, mutual dep endencie s exist b etween dif-

ferent lingui sti c phenomena (i.e., planning tasks) that can

cause race conditions or deadlo ck (conflict resolutio n strate-

gies are discussed in Section 2.5). As default, we define for the

Agenda a default sequence of mo dules that accords with the

increasi ng delicac y of phenomena they address. This default

can b e overridden at any p oint by the user.

Up on activ ation, a mo dule is handed a (p ossibl y fragmen-

tary) pre-SPL expression from the MBB by the Administra-

tor. After op erating up on it, the mo dule replaces the resulting

pre-SPL(s) back on the MBB. During the op eration, pre-SPLs

are transformed to form larger and more complete (more de-

tailed) pre-SPLs. The planning pro cess ends when the MBB

contains no more pre-SPL(s) to b e completed—i .e., when no

mo dule can make any further changes to any (pre-)SPL.

Once a mo dule is activ ated with a pre-SPL fragment, the

NetMaster’s task is to determine which tree-rewriting rule(s)

Managing Sentence Planning Requirements 4 E.H. Hovy and L. W anner

2.5 Inter-mo dule conflict resolution

3 SOME EXAMPLES

3.1 Fine-grain discourse structuring

(REL1 / CAUSE

:cause (RISE1 / INCREASE

:amount [glucose level])

:result (REL2 / RELEASE

:actor [pancreas]

:actee [insulin]))

                                                                 (REL1 / RST-RESULT

:range (REL2 / RELEASE

:actor [pancreas]

:actee [insulin])) multiple

al l

(0) In a p erson without diab etes the digestive system

br e aks some fo o d down into gluc ose. (1) The blo o d c arries

the gluc ose thr oughout the b o dy, (2) c ausing blo o d gluc ose

levels to rise. (3) In r esp onse to this rise the p ancr e as,

(4) a lar ge gland found b ehind the stomach, (5) r ele ases

the c orr e ct amount of the hormone insulin into the blo o d-

str e am (6) to signal the b o dy tissues to metab olize or burn

the gluc ose for fuel, (7) c ausing blo o d gluc ose levels to r e-

turn to normal.

explicit/implicit Cause

to c ause

nucleus/satel lite salienc e

Cause

cue wor d sele ction Cause

b e c ause sinc e

[ (2) c ausing blo o d gluc ose levels to rise. ] (3) In r e-

sp onse to this rise the p ancr e as, [ (4) (5) r ele ases the

c orr e ct amount of the hormone insulin ]

[ (2) c ausing blo o d gluc ose levels to rise. ] (3) As a

r esult, the p ancr e as, [ (4) (5) r ele ases the c orr e ct

amount of the hormone insulin ] to apply

. It do es so by traversing the mo dule’s system net-

work, executing its choice p oint decision routines (the in-

quiries ), and passing any tree-rewriting rules encountered as

realizati ons to the tree transformation engine. This engine

matches the left hand side of each rule to the current pre-SPL

expression , and, if successful, unifies all v ariables and trans-

forms the matched p ortion of the expression to the rule’s right

hand side. It returns to the NetMaster the newly constituted

pre-SPL expression.

The adv antages of this architecture flow from the constraints

mentioned ab ove. T reating each mo dule as an indep endent

black b ox allows separate and parall el development by sp e-

ciali sts of each sentence planni ng task. Also, the flexibil i ty

of the tree-rewriting rules allows arbitraril y subtle sentence

planni ng op erations to b e executed. Thus in the worst case,

one can for a mo dule write a single rule that simply maps

input forms directly to their appropriate output forms, with-

out p erforming any real planni ng. Other mo dules can then

still b e develop ed, and the SP continues to run the same way

when this crude mo dule is later replaced by a mo dule that ex-

ecutes the same overall transformation via a series of detailed

planni ng steps.

If a mo dule is activ ated but is unable to complete pro cess-

ing b ecause it cannot make all the decisio ns in the network,

or if it makes decisions that are known to b e p ossibl y in-

compatibl e with those made by other mo dules later on, there

are three options for how to pro ceed: (1) the mo dule must

susp end op eration until all information required is av ailabl e;

(2) the mo dule must make decision s somewhat blindl y and

supp ort backtracking when a decision turns out later to b e

incompati bl e; or (3) the mo dule must not make the decision

but pro duce all its alternatives in parallel , to b e winnowed

out by later pro cessing.

W e do not discuss the first two options since they are stan-

dard AI search techniques. The third option is inspired by

the treatment of alternatives in statistics-bas ed NLP

. In this

option, we allow a mo dule to replace an input with

alternative outputs instead of only one when it cannot make a

choice. All such alternative pre-SPLs are spawned and prop-

agated onto the blackb oard , so that other mo dules can work

on them all, as parall el alternatives. Should one of the alter-

natives later turn out to b e incompati bl e with some mo dule’s

decisio n, that alternative simply ‘dies’ and is removed from

the MBB. If, on the other hand, all alternatives remain vi-

able to the end, then the SP has pro duced more than one

v alid lo cutio n from the input. This option is only feasible if

the networks of the mo dules do not lead to a large numb er of

alternatives. In our mo del, we have chosen options 2 and 3 as

p ossibl e mo des, although at time of writing the implementa-

tion of option 3 remains incomplete.

This design means that on the blackb oard at any time con-

tains one or more parallel pre-SPL alternatives, all derived

from the (single) original input TSL expression. When a next

mo dule is activ ated, it op erates up on the alternatives, tak-

ing them all through its networks one at a time, and pro-

duces new, b etter-sp ecified, versions for them all, naturally

excepting those that have b een pruned out by incompati bi li -

ties with the new mo dule’s knowledge. Thus one can exp ect the blackb o ard to contain, initial l y

, just a single pre-SPL ex-

pression, which may gradually multipl y into several pre-SPL

expression s in parallel , p ossibl y decrease again in numb er, and

eventuall y end up b eing one or more viable SPL expression s.

In this section we illustrate the op eration of some sentence

planner mo dules up on the following paragraph, taken from

an education bro chure for a patient with diab etes, in which

we have numb ered sections for reference:

Without changing the meaning in any substantial way

, it is

p ossibl e to rephrase this paragraph many times by v arying

the expressive forms used. Several classes of expressive form

can b e identifi ed; each ma jor class we identify with a separate

sentence planni ng task.

Additional examples in another domain can b e found in

[W anner and Hovy 96].

The discourse structuring mo dule determines the communica-

tion of discourse relations. Currently

, three ma jor distincti ons

are made: (for example, the relation

can b e communicated explicitl y by a cue word or an appro-

priate verb such as , or implici tly

, to b e obtained via

inference; (for example, salience in

can b e changed by inverting the order of the cause and

result); and (for example, can b e

marked by or ).

In the origin al text, unit (3) reads as follows:

. . .

. . .

. . .

which is represented as (p ortions represented in square brack-

ets are abbrevia ted for reading convenience):

This can b e transformed to:

which reads as:

. . .

. . .

. . .

5

5

→

→

→

Managing Sentence Planning Requirements 5 E.H. Hovy and L. W anner

Planning Natur al L anguage Utter-

anc es

Komet/Penman MultiLingual

3.2 Sentence content delimitation

4 THE SETTING: HEAL

THDOC

5 CONCLUSION

ACKNOWLEDGEMENTS

REFERENCES

App elt 85 App elt, D.E. 1985.

. Cambridge: Cambridge University Press.

KPML stands for and is a devel-

opment of the Penman system [Penman Group 89].

Cause RSP-R esult

(1) The blo o d c arries the gluc ose thr oughout the b o dy,

(2) c ausing blo o d gluc ose levels to rise. (3) In r esp onse

to this rise

(1) The blo o d c arries the gluc ose thr oughout the b o dy.

The (2) r esulting rise in blo o d gluc ose levels (3) makes

((REL1 / CAUSE

:cause (T1 / TRANSPORT

:actor [blood]

:actee [glucose]

:location [the body])

:result (RISE1 / INCREASE

:amount [glucose level]))

                                 [(3)])

(T1 / TRANSPORT

                                                                                                  :actor [blood]

                                                                                                  :actee [glucose]

                                                                                                  :location [the body])

(REL1 / CAUSE

:cause (RISE1 / INCREASE

:amount [glucose level])

:result [(3)])

One tree-rewriting rule is required. The left hand side matches

the input pre-SPL expression; v ariables are b ound (v ariables

are preceded by ‘?’); and the matched p ortion is replaced by

the right hand side:

[SUPPLANT [(?X / CAUSE [(?X / RST-RESUL T

:cause ?Y :range ?Z)] ]

:result ?Z)]

This rule has the effect of replacing the (semantic) relation

with the discourse structure relation , and

drops the antecedent. Another rule might include an explici t

relation cue word:

[ADD [(?X / RST-RESUL

T [(:lex “as a result”)] ]

:range ?Z)]

The Content Delimitati on mo dule determines the material

to b e included in each distin ct pre-SPL. At present, we in-

clude in this task allo cati ng predication s to sentences, select-

ing each predicati on’s constituents, and selecting addition al

causal, temp oral, and asp ectual information.

Example units (2) and (3) in the origin al read:

. . .

which is represented as:

This can b e transformed to two pre-SPL fragments:

which read as:

. . .

. . .

The required tree rewriting rule is:

[REWRITE [(?X / CAUSE [?Y

:cause ?Y (?X / CAUSE

:result ?Z) :cause ?Z

?W] :result ?W)] ]

Space limita tion s prevent the description of the other mo d-

ules’ op erations.

The sentence planner describ ed here is b eing built in the

HealthDo c pro ject [DiMarco et al. 95], which aims to develop systems that pro duce customized health-educati on material.

In view of the complexity of medical issues and the wide range

of v ariation of patient background, education, and situatio n,

medical information bro chures are most effective when they

are targeted to the patient according to patient-sp eci fic fea-

tures (age, reading level, etc.). Creating suitabl y customized

do cuments for all patients, however, is a very difficult task,

since hundreds or even thousands of v ariations are p ossibl e.

HealthDo c combines existing generation technology

, such as

the sentence generator KPML [Bateman 95 ], with new exp er-

imental prototyp es, includi ng the sentence planner describ ed

here [DiMarco et al. 96].

HealthDo c is b eing constructed at the University of W ater-

lo o. The sentence planner has b een designed and constructed

at USC/ISI and at the University of W aterlo o. Current work

at b oth sites fo cuses on the extension of the mo dules for Dis-

course Structuring, Aggregation, Ordering, and Endophoric

(Reference) Choice, and on the design of new ones.

Despite previous and current text plannin g work, we are skep-

tical that straightforward applicati ons of AI techniques will

suffice for plannin g in NLG in general. The phenomena are

to o interwoven; the problems are to o complex. Although past

attempts to factor out v arious asp ects of the generation pro-

cess and to fo cus on them indivi du al ly have achieved some

successes (notably in the areas of surface realizati on, content

selection , and paragraph-len gth text structuring), the more

tightly interwoven subtasks of sentence planni ng remain to

b e dealt with. Naturally

, they can (and should!) b e studied in

isolati on, as in the ab ove-referenced work. But it is imp ortant

also to study them in concert, in an end-to-end generation sys-

tem, precisely in order to determine their interdep enden cies

and their interactions.

Given the complexi ty of the problems, we b elieve that an

architecture such as the one we outline here provides a useful

vehicle for research, esp eciall y since its mo dular design allows

one to fo cus on some asp ects of sentence planni ng, while using

other p eoples’ mo dules to manage others. The abili ty to v ary

the order of mo dule applicati on, and to allow a mo dule to

pro duce multiple alternatives in the case of undersp eci fied

input, are two interesting new extensions to plannin g in NLG.

W e hop e that the sentence planner provides a promising to ol

for investigati ng several interesting asp ects of NLG planni ng

in the near future.

W e would like to thank in particular Bruce Jakeway

, as well

as all the other memb ers of the Sentence Planni ng Group of

the HealthDo c pro ject: Chrysanne DiMarco, Phil Edmonds,

Daniel Marcu, and John Wilkin son.

Managing Sentence Planning Requirements 6 E.H. Hovy and L. W anner

Pr o c e eding s of the 5th Eur op e an Workshop on Natur al L an-

guage Gener ation

Gener ating Explanatory Disc ourse: A

Plan-Base d Appr o ach.

Gener ating R eferring Expr essions in a Do-

main of Obje cts and Pr o c esses.

Co gnitive Scienc e

T r ends in Natur al L anguage Gener ation:

An Artificial Intel ligenc e Persp e ctive

Curr ent

R ese ar ch in Natur al L anguage Gener ation

Computational

Linguistics

Pr o c e edings of the Workshop on AI in Patient

Educ ation

Machine T r anslation

Conc eptual Information Pr o c essing

Pr o c e e d ings of the 6th International Workshop on Natur al

L anguage Gener ation

Gener ating Natur al L anguage under

Pr agmatic Constr aints

Pr o c e e d ings of the 26th ACL Confer enc e

Pr o c e edings of the Work-

shop on Explanation F acilities for Mo del-Base d Exp ert Systems,

DIAMOD-Bericht no. 23

International F orum

on Information and Do cumentation

Sp e aking

The Structur e of Disc ourse

Planning Multisentential English

T ext using Communic ative A cts

Natur al L anguage Gen-

er ation in Artificial Intel ligenc e and Compuational Linguistics

The or etic al Issues in Natur al

L anguage Pr o c essing–2 (TINLAP)

Pr o c e edings of the 9th IJCAI Confer enc e

Pr o c e e d ings of the 3r d AAAI Confer enc e

Natur al L anguage Gen-

er ation: R e c ent A dvanc es in Artificial Intel ligenc e, Psycholo gy,

and Linguistics

T ext Gener ation: Using Dis-

c ourse Str ate gies and F o cus Constr aints to Gener ate Natur al

L anguage T ext

Computational

Intel ligenc e

Pr o c e e ding s of the 27th Annual

Me eting of the ACL

Pr o c e e ding s of

IJCAI

A F r amework for L exic al Sele ction in Natur al L anguage Gen-

er ation

Cur-

r ent Dir e ctions in Conc eptual Structur es R ese ar ch

Pr o c e e ding s of the 7th International Workshop on Natur al

L anguage Gener ation

The Use of Explicit User Mo dels in T ext

Gener ation: T ailoring to a User’s L evel of Exp ertise

Asp e cts of Salienc e in

Natur al L anguage Gener ation

The Gener ative L exic on

Applie d Confer enc e on Natur al L an-

guage Pr o c essing

Eine p ar al lele Ar chitektur

zur inkr ementel len Generierung multimo daler Dialo gb eitr¨ age

Curr ent R ese ar ch in Natur al

L anguage Gener ation

Pr o c e e d ings

of COLING 92

Pr o c e e d ings of the 7th International Workshop

on Natur al L anguage Gener ation

Pr o c e e d ings of the 8th International

Workshop on Natur al L anguage Gener ation

Bateman 95 Bateman, J.A. 1995. KPML: The KOMET–Penman

Multilingual Linguistic Resource Development Environment.

, Leiden, 219–222.

Cawsey 89 Cawsey

, A. 1989.

Ph.D. dissertation, U. of Edinburgh.

Dale 88 Dale, R. 1988.

Ph.D. dissertation, University

of Edinburgh.

Dale and Reiter 95 Dale, R. and E. Reiter. 1995. Computational In-

terpretation of the Gricean Maxims in the Generation of Refer-

ring Expressions. 19(2):233–263.

Dalianis and Hovy 93 Dalianis, H. and E.H. Hovy

. 1993. Aggre-

gation in Natural Language Generation. In G. Adorni and

M. Zo ck, editors,

. Berlin and Heidelb erg:

Springer V erlag.

De Smedt 90 De Smedt, K. 1990. IPF: An Incremen tal Parallel F or-

mulator. In R. Dale, C. S. Mellish, and M. Zo ck, editors,

. Academic Press.

DiMarco and Hirst 93 DiMarco, C. and G. Hirst. 1993. A Computa-

tional Theory of Goal-Directed Style in Syntax.

19(3):451–499.

DiMarco et al. 95 DiMarco, C., G. Hirst, L. W anner, and J. Wilkin-

son. 1995. HealthDo c: Customizing Patient Information and

Health Education by Medical Condition and Personal Char-

acteristics. In

, Glasgow.

DiMarco et al. 96 DiMarco, C., G. Hirst, and E.H. Hovy

. 1996.

‘Rewriting is easier than writing’: Generation by Selection and

Repair in the HealthDo c Pro ject. Submitted.

Dorr and Olsen 96 Dorr, B.J. and M.B. Olsen. 1996. Multilingual

Generation: The Role of Telicity in Knowledge Organization

and Lexical Choice. T o app ear in .

Goldman 75 Goldman, N. 1975. Conceptual Generation. In R.C.

Schank (ed) . Amsterdam:

North-Holland Publishing Company .

Horacek 92 Horacek, H. 1992. An Integrated View of Text Planning.

In

, T rento. Springer-V erlag.

Hovy 88a Hovy

, E.H. 1988a.

. Hillsdale, NJ: Lawrence Erlbaum.

Hovy 88b Hovy

, E.H. 1988b. Planning Coherent Multisentential

T ext. In , Buffalo NY,

163–167.

Hovy 92 Hovy

, E.H. 1992. Sentence Planning Requirements for Au-

tomated Explanation Generation. In

, Sankt Augustin.

Iordansk a ja 92 Iordansk a ja, L.N. 1992. Communicative Structure

and its Use during Text Generation. In

17(2):15–27.

Kasp er 89 Kasp er, R.T. 1989. Sentence Planning Language. Unpub-

lished technical do cument, USC Information Sciences Institute.

Levelt 82 Levelt, W.J.M. 1989. . Cambridge: MIT Press.

Mann and Thompson 88 Mann, W.C. and S.A. Thompson. 1987.

Rhetorical Structure Theory: A Theory of T ext Organization.

In Polanyi, L. (ed) . Norwo o d, NJ:

Ablex Publishing Corp oration.

Maybury 91 Maybury

, M.T. 1990.

. Ph.D. dissertation, Cambridge

University .

McCoy and Cheng 88 McCoy

, K.F. and J. Cheng. 1990. F o cus of

Attention: Constraining what can b e Said Next. In Paris, C.L.,

Swartout, W.R. and Mann, W.C. (eds)

.

Dordrecht: Kluwer.

McDonald 78 McDonald, D.D. Subsequen t References: Syntactic

and Rhetorical Constraints. In

. New Y ork NY: ACM.

McDonald and Pustejovsky 85 McDonald, D.D. and J. Pustejovsky .

1985. Description-Directed Natural Language Generation. In

, Los Angeles. 799–805.

McDonald and Conklin 83 McDonald, D.D. and J.E. Conklin. 1983.

Salience as Simplifying Metaphor for Natural Language Gener-

ation. In . W ashington.

McDonald et al. 87 McDonald, D.D., M.W. Meteer, and J. Puste-

jovsky

. 1987. F actors Contributing to Efficiency in Natural Lan-

guage Generation. In Kemp en, G. (ed)

. Dordrecht: Kluwer.

McKeown 85 McKeown, K.R. 1985.

. Cambridge: Cambridge University Press.

Meteer 91 Meteer, M.W. 1991. Bridging the Generation Gap Be-

tween Text Planning and Linguistic Realization.

7(4):296–304.

Mo ore and Paris 89 Mo ore, J.D. and C.L. Paris. 1989. Planning

T ext for Advisory Dialogues. In

. V ancouver BC.

Nirenburg et al. 89 Nirenburg, S., V. Lesser, and E. Nyb erg. 1989.

Controlling a Language Generation Planner. In

Detroit MI, 1524–1530.

Nirenburg and Nirenburg 88 Nirenburg, S. and I. Nirenburg. 1988.

. Pro ceedings of COLING 88, Budap est.

Nogier and Zo ck 91 Nogier, J-F. and M. Zo ck. 1991. Lexical Choice

as Pattern Matching. In Nagle, Nagle, and Eklund (eds.)

. Ablex, NJ.

Panaget 94 Panaget, F. 1994. Using a T extual Representation Level

Comp onent in the Context of Discourse or Dialogue Generation.

In

, Kennebunkp ort ME.

Paris 87 Paris, C.L. 1987.

. Ph.D. dis-

sertation, Columbia University .

Pattabhiraman 82 Pattabhiraman, T. 1993.

. Ph.D. dissertation, Simon F raser

University .

Penman Group 89 Penman Natural Language Group. 1989. The

Penman Primer, The Penman User Guide, and The Penman

Reference Manual. Marina del Rey

, CA: Information Sciences

Institute, University of Southern California.

Pustejovsky 95 Pustejovsky

, J. 1995. . Cam-

bridge MA: MIT Press.

Ramb ow and Korelsky 92 Ramb ow, O. and T. Korelsky

. 1992. Ap-

plied Text Generation. In

, T rento.

Reithinger 93 Reithinger, N. 1993.

.

Ph.D. dissertation, University of the Saarland.

Scott and De Souza 91 Scott, D.R. and C. S. de Souza. 1991. Get-

ting the Message Across in RST-Based Generation. In R. Dale,

C. Mellish, and M. Zo ck, editors,

London: Academic Press. 47–73.

T utin and Kittredge 92 T utin, A. and R. Kittredge. 1992. Lexical

Choice in Context: Generating Pro cedural Texts. In

, 763–769.

W anner 94 W anner, L. 1994. Building Another Bridge over the Gen-

eration Gap. In

, Kennebunkp ort ME.

W anner and Hovy 96 W anner, L. and E.H. Hovy

. 1996. The Health-

Do c Sentence Planner. In

, Brighton.