
Robust Natural Language Generation

from Large-Scale Kno wledge Bases

1

Charles B. Calla w a y James C. Lester

(theorist@cs.utexas.edu) (lester@adm.csc.ncsu. edu)

Departmen t of Computer Sciences Departmen t of Computer Science

The Univ ersit y of T exas at Austin North Carolina State Univ ersit y

Austin, TX 78712-1188 Raleigh, NC 27695-8206

Abstract

W e ha v e b egun to see the emergence of large-scale kno wledge bases that house tens of thousands

of facts enco ded in expressiv e represen tational languages. The ric hness of these represen tations o�er

the promise of signi�can tly impro ving the qualit y of natural language generation, but their repre-

sen tational complexit y , scale, and task-indep endence p ose great c hallenges to generators. W e ha v e

designed, implemen ted, and empirically ev aluated F are , a functional r e alization system that exploits

message sp eci�cations dra wn from large-scale kno wledge bases to create functional descriptions , whic h

are expressions that enco de b oth functional information (case assignmen t) and structural information

(phrasal constituen t em b eddings). Giv en a message sp eci�cation, F are exploits lexical and gram-

matical annotations on kno wledge base ob jects to construct functional descriptions, whic h are then

con v erted to text b y a surface generator. Tw o empirical studies|one with an explanation genera-

tor and one with a qualitativ e mo del builder|suggest that F are is robust, e�cien t, expressiv e, and

appropriate for a broad range of applications.

1 In tro duction

In recen t y ears, the �eld of natural language generation has b egun to mature v ery rapidly . In addition to

encouraging results in the form of sp eci�c theories and mec hanisms that address particular generation

phenomena, the �eld has witnessed the app earance of sophisticated, generic surface realization systems

[12 , 2 ]. A parallel dev elopmen t in the kno wledge represen tation comm unit y has b een the emergence

of large-scale kno wledge bases (LSKBs) that house tens of thousands of facts enco ded in expressiv e

represen tational languages [14 , 8]. Because of the ric hness of their represen tations and the sheer v olume

of their formally enco ded kno wledge, LSKBs o�er the promise of signi�can tly impro ving the qualit y of
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natural language generation. Ho w ev er, the represen tational complexit y , scale, and task-indep endence

of LSKBs p ose great c hallenges to natural language generators.

The ob jectiv e of our researc h is to dev elop tec hniques for expressiv e, robust natural language gen-

eration that can tak e adv an tage of these dev elopmen ts in surface realization and large-scale kno wledge

base construction. T o this end, w e ha v e designed, implemen ted, and empirically ev aluated F are ,
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a functional r e alization system that exploits message sp eci�cations dra wn from large-scale kno wledge

bases to create functional descriptions [2, 3 ], whic h are expressions that enco de b oth functional informa-

tion (case assignmen ts) and structural information (phrasal constituen t em b eddings). Giv en a message

sp eci�cation, F are constructs functional descriptions, whic h are then con v erted to text b y the Fuf

surface generator [2, 3]. W e ha v e conducted these in v estigations in the \lab oratory" pro vided b y the

Biology Kno wledge Base Pro ject. The result of a sev en y ear e�ort, the Biology Kno wledge Base [14 ] is

an immense, task-indep enden t represen tation of more than 180,000 facts ab out b otanical anatom y and

ph ysiology . T o study F are 's robustness and range of applicabili t y , it w as ev aluated with t w o v ery dif-

feren t text planners: an explanation generator, Knight [10 , 11 , 9], and a qualitativ e mo del constructor

Tripel [15 ], whic h w as augmen ted to pro duce text plans.

2 F unctional Realization

Classically , natural language generation has b een decomp osed in to t w o subtasks: planning , determining

the con ten t and organization of a text, and r e alization , translating the con ten t to natural language. Re-

alization can b e decomp osed in to t w o subtasks: functional r e alization , constructing functional descrip-

tions from message sp eci�cations supplied b y a planner; and surfac e gener ation , translating functional

descriptions to text. Our w ork fo cuses on the design and implemen tation of functional realizers, whic h

translate message sp eci�cations in to functional descriptions that enco de case assignmen ts and phrasal

constituen t em b eddings.

Figure 1 depicts a sample functional description (FD). The �rst line, (cat clause) , indicates that

what follo ws will b e some t yp e of v erbal phrase. The second line con tains the k eyw ord proc , whic h

denotes that ev erything in its scop e will describ e the structure of the v erbal phrase. The next structure

comes under the heading partic ; this is where the thematic roles of the clause are sp eci�ed. In this

instance, one thematic role exists in the main sen tence, the agent , whic h is further de�ned b y its

lexical en try and a mo difying prep ositional phrase indicated b y the k eyw ord qualifier . The structure

b eginning with circum describ es a sub ordinate in�nitiv al purp ose clause.

A functional realizer m ust create a mapping b et w een the con ten t units in a message sp eci�cation

and the constituen ts and seman tic roles in functional descriptions. T o prop erly realize the frames and
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((cat clause)

(proc ((type material) (lex ``reprodu ce' ')) )

(partic ((agent ((cat common) (lex ``spore'')

(qualifie r ((cat pp) (prep === ``from'')

(np ((cat common)

(lex ``cell'')

(classifier ((cat noun-compo und )

(classifie r === ``megaspore '' )

(head === ``mother'') ))

(qualifier ((cat pp) (prep === ``in'')

(np ((cat common)

(lex ``sporang ium '') ))) )) ))) ))) )

(circum ((purpose ((cat clause) (position end) (keep-for no) (keep-in-o rde r no)

(proc ((type material) (lex ``form'')) )

(partic ((agent ((semantics {partic agent semantics} )))

(affected ((cat common) (lex ``gamete'') (definite no)

(classifi er === ``plant'') (describer === ``haploid '')

(cardinal ((value 4) (digit no))))))) ))) )

(time-rel ate r === ``during male gametophyte generation '') )

Figure 1: A F unctional Description

relations in a message sp eci�cation, a functional realizer m ust pro vide �v e cen tral functionalities:

1. Assign c ase r oles to c ontent units : T o ac hiev e seman tic equiv alence, a functional realizer m ust

ensure that relations in the message sp eci�cation are precisely mapp ed to case roles in an FD, e.g.,

anc estor-c el l in Figure 2 should b e mapp ed to agent .

2. Or ganize c ontent units into emb e dde d phr ase structur es: A functional realizer m ust guaran tee that

complex con ten t units are are prop erly pac k aged in FDs. F or example, (Megaspore-Mother-Cell

contained-in Sporangium) in Figure 2 should b ecome an indivisibl e syn tactic unit.

3. Pr ovide lo c al semantic information: A functional realizer is resp onsible for detecting and resolving

seman tic con
icts b et w een lexical information and lo cal seman tic information on a message sp eci-

�cation, e.g., when constructing an FD for a cr e ative sen tence, suc h as Figure 2 calls for, it m ust

kno w that in�nitiv al ob jects should b e inde�nite rather than the default v alue of de�nite.

4. Contr ol the inclusion of sele cte d fe atur es: Message sp eci�cations frequen tly con tain meta-lev el

information, e.g., Include-During-Clause? sp eci�es that a time-relater should b e included if there

are no lexical redundancies b et w een it and the head v erb.

5. A b ort gener ation of sentenc es with defe ctive message sp e ci�c ations : A functional realizer is resp on-

sible for detecting missing case roles required for prop er realization.



Specification-493

specification-type:  Black-Box-Process-Description

viewpoint-of:  Male-Gametophyte-Generation

reference-concept:  Reproduction

include-during-clause?:  True

cell-type:  Haploid

number-of-units:  4

contained-in:  Sporangium

descendant-cells: Plant-Gamete

ancestor-cell: Spore

source: Megaspore-Mother-Cell

Figure 2: A Sample Message Sp eci�cation

3 A Robust F unctional Realization System

W e ha v e designed and implemen ted a functional realization system, F are
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(Figure 3), whic h pro vides

the �v e k ey functionalities discussed ab o v e. Giv en a message sp eci�cation pro duced b y a text planner,

F are uses its kno wledge of case mappings, syn tax, and lexical information to construct an FD, whic h

it passes to Fuf , a uni�cation-based surface generator [2 , 3].
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F are w as dev elop ed with text planners

that emplo y the Biology Kno wledge Base [14 ], whic h con tains more than 180,000 facts ab out b otanical

anatom y and ph ysiology . W e ha v e emplo y ed t w o text planners: an explanation generator, Knight

[10 , 11 , 9], and a qualitativ e mo del constructor Tripel [15 ] that has b een \linguistically augmen ted."

3.1 Kno wledge Sources

F are emplo ys three principle kno wledge sources: a lexicon, a library of FD -Sk eletons, and a library

of seman tic transformations. Eac h concept in the lexicon ma y include sev eral lexical features, and

all lexical en tries include the lexic al typ e of the concept, whic h indicates either a sp eci�c grammatical

constituen t, e.g., NP , or a sub class of constituen ts, suc h as relativ e clauses. In addition to lexemes and

t yp e information, the lexicon pro vides features suc h as mass-or-c ount? to store coun tabilit y information

that o v errides default v alues. T o create exceptions in the lexical on tology , the lexical access metho ds

exploit inheritance mec hanisms to �nd the most sp eci�c v erb a v ailable, e.g, \elongate" instead of \gro w."

3

F are 's implemen tation consists of appro ximately 5,000 lines of Lucid Common Lisp.
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Fuf is accompanied b y an extensiv e, p ortable English grammar, Sur ge (the largest \generation" grammar in exis-

tence), describ ed b y Elhadad as \the result of �v e y ears of in tensiv e exp erimen tation in grammar writing." Sur ge b orro ws

the notions of feature structures and uni�cation from functional uni�c ation gr ammars [7] and systems from systemic

gr ammars [5].
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Figure 3: An Arc hitecture for F unctional Realization

The second kno wledge source used b y the functional realizer is a library of FD -Sk eletons. An FD -

Sk eleton consists of (1) a collection of seman tic tests for inclusion and mo di�cation of nested FDs, and

(2) a template that enco des the deep structure represen ted b y an FD. Among the more imp ortan t of

v arious t yp es of FD -Sk eletons are those for describing pro cesses. Curren tly w e ha v e dev elop ed FD -

Sk eletons for o v er 20 pro cesses that pla y a cen tral role in biology , e.g., assimilation, dev elopmen t, and

repro duction. Figure 4 sho ws the template of the FD -Sk eleton for pro ducing functional descriptions of

transp ortation pro cesses.

5

F ollo wing in the NLG \revision" tradition [16 , 17, 4, 10], The third kno wledge source used b y the

functional realizer is a library of seman tic transformations. F or example, when giv en the triples (Water

amount 4) and (H+ amount 3) , without access to seman tic transformations, the system w ould return

the FDs represen ting the strings \4 p ortions of w ater" and \3 p ortions of h ydrogen ion." Seman tic

transformations detect and correct problems of this sort. In this example, they determine that amount

b eha v es di�eren tly for mass and coun t nouns, and they appropriately return \3 h ydrogen ions" in the

latter case.

3.2 FD-Sk eleton Retriev al and Pro cessing

The FD -Sk eleton Retriev er obtains the appropriate FD -Sk eleton b y indexing in to its library . If the topic

of the sp eci�cation is a pro cess, the FD -Sk eleton Retriev er exploits the taxonom y of the kno wledge base

to lo cate the most sp eci�c case structure that can b e used. Otherwise, the retriev al pro cess requires

5

Note that the template is merely one of t w o comp onen ts of FD -Sk eletons; Sk eletons also include seman tic tests for

inclusion and mo di�cation of nested functional descriptions.



((cat clause)

(proc ((type <VERB-TYPE>)

(verb <VERB-STRING>)))

(partic ((agent <TRANSPORTER-FD>)

(affected <TRANSPORTED-ENTITI ES-FD >)

(location ((cat list)

(distinct (<SOURCE-FD>

<CONDUIT-FD>

<DESTINATION-FD> ))))) )

(time-relater ``during <PROCESS-LEXEME> ''))

Figure 4: The T emplate of an FD-Sk eleton for T r ansp ortation

no inference b ecause eac h sp eci�cation t yp e p oin ts to a unique FD -Sk eleton. Next, the FD -Sk eleton

Pro cessor determines if eac h of the essen tial slots are presen t; if an y of these tests fail, it will note

the de�ciency and ab ort. If the message is w ell-formed, the FD -Sk eleton Pro cessor uses the FD -

Sk eleton as a template for forming an FD. It instan tiates the v ariables in the FD -Sk eleton, eac h of

whic h is asso ciated with a particular attribute that app ears in the message sp eci�cation. F or eac h

v ariable in the FD -Sk eleton, the FD -Sk eleton Pro cessor obtains the name of an attribute (or a group of

similar attributes) on the message sp eci�cation. F or example, the FD -Sk eleton that is used to realize a

\structural" message sp eci�cation obtains all \part" attributes in the message sp eci�cation, e.g., p arts

and c omp ose d-of .

The FD -Sk eleton Pro cessor then retriev es the v alues that app ear on the selected attributes of the

message sp eci�cation. These v alues are used to instan tiate v ariables in the FD -Sk eleton. F or example,

in Figure 2, the desc endant-c el ls and anc estor-c el l relations are c hosen, and their v alues are computed

b y the Noun Phrase Generator and inserted in to the template. Next, the Noun Phrase Generator

(describ ed b elo w) is in v ok ed to construct an FD represen ting the noun phrase expressing those v alues.

Finally , the FD -Sk eleton Pro cessor splices all of the new noun-phrase FDs in to the FD -Sk eleton.

3.3 Noun Phrase Generation

The Noun Phrase Generator (Figure 5) is giv en a list of concepts, whic h are the v alues of the attributes

of a message sp eci�cation. If the Noun Phrase Generator is giv en more than one concept, it recursiv ely

in v ok es itself on eac h of the concepts, thereb y pro ducing a conjoined list of FDs, eac h of whic h represen ts

a noun phrase for one of the concepts. Next, it obtains the t yp e of FDs that comprise the group. It

then constructs an \enclosing" FD based on the t yp e, and it em b eds eac h of the FDs resulting from the

recursiv e in v o cations in the \enclosing" FD and �nally returns this en tire expression. If it is in v ok ed



Make-Noun-Phrase ( C oncept - List , C ontext )

if length ( C oncept - List ) > 1 then

F unctional - D escr iption - List  ;

for eac h C oncept in C oncept - List do

N ew - N oun - P hr ase  mak e-noun -ph rase (( C oncept ))

F unctional - D escr iption - List

 enqueue ( N ew - N oun - P hr ase , F unctional - D escr iption - List )

F D - Gr oup - T y pe  get-FD-group- t ype ( F unctional - D escr iptions )

Result - F D  mak e-comp lex -no un- phr ase ( F unctional - D escr iption - List ,

F D - Gr oup - T y pe )

return ( Result - F D )

else

C oncept  �rst ( C oncept - List )

F unctional - D escr iption  compute-lex -in form at ion ( C oncept , C ontext )

C oncept - Attr ibutes  get-concept -at trib ute s ( C oncept )

D escr iber - Attr ibutes  get-describ e r-at trib ut es ( C oncept - Attr ibutes )

C ar dinal - Attr ibutes  get-cardinal -att rib ute s ( C oncept - Attr ibutes )

Rel - C lause - Attr ibutes  get-rel-clau se-a ttri but es ( C oncept - Attr ibutes )

P ar titiv e - Attr ibutes  get-partitiv e-a ttri but es ( C oncept - Attr ibutes )

D escr iber - F D  mak e-describer-FD ( C oncept , D escr iber - Attr ibutes , C ontext )

C ar dinal - F D  mak e-cardina l-FD ( C oncept , C ar dinal - Attr ibutes , C ontext )

Relativ e - C lause - F D  mak e-rel-clau se-FD ( C oncept , Rel - C lause - Attr ibutes , C ontext )

P ar titiv e - F D  mak e-partiti v e-FD ( C oncept , P ar titiv e - Attr ibutes , C ontext )

Result - F D  merge-FDs ( F unctional - D escr iption , D escr iber - F D ,

C ar dinal - F D , Relativ e - C lause - F D , P ar titiv e - F D )

return ( Result - F D )

Figure 5: The Make-Noun-Phrase Algorithm

with a single concept, it �rst obtains the lexical information asso ciated with the concept.

Its next task is to augmen t the basic lexical information with lexical information ab out the concept's

attributes. T o do so, it obtains four t yp es of attributes that ma y app ear on the concept: describ er

attributes, e.g., color; c ar dinal attributes, e.g., n um b er-of-units; r elative clause attributes, e.g., co v ered-

b y; and p artitive attributes, e.g., subregions. F or example, in Figure 2, cell-t yp e is a describ er attribute

for Plan t-Gamete while amoun t is a c ar dinal attribute. F or eac h t yp e that the Noun Phrase Generator

encoun ters, it constructs an FD of that group. Eac h of these sp ecialized construction functions ma y

recursiv ely in v ok e the algorithm and augmen t the existing con text with information ab out the curren t

phrase t yp e. F or example, the Noun Phrase Generator ma y augmen t a recursiv e call with the \n um b er"

of the enclosing noun phrase. In this case, the augmen tation p ermits the system to propagate n um b er

information to substructures suc h as relativ e clauses, whose v erb endings are in
uenced b y the n um b er

feature of the enclosing noun phrase. Finally , the Noun Phrase Generator merges the resulting FDs in to

the original lexical information (also an FD) and returns this expression to the FD -Sk eleton Pro cessor.



The �nal resulting FD for the message sp eci�cation depicted in Figure 2 is sho wn in Figure 1. F are

passes this to Fuf , whic h realizes it as, \During male gametoph yte generation, the sp ore from the

megasp ore mother cell in the sp orangium repro duces to form four haploid plan t gametes."

4 Ev aluation

Because the conclusions of empirical studies should b e considerably less equiv o cal than those deriv ed

from \pro of-of-concept" systems, w e ha v e tak en an empirical approac h to ev aluation.
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T o this end, w e

conducted a formal ev aluation of F are in conjunction with an explanation generator and an informal

ev aluation in conjunction with a qualitativ e mo del builder. First, w e ev aluated F are with Knight [10 ,

11 , 9], a robust explanation generator that constructs explanations ab out scien ti�c phenomena. W orking

in conjunction, Knight , F are , and Fuf ha v e pro duced more than a thousand di�eren t sen tences,
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including the follo wing: \During egg fertilization, an angiosp erm sp erm cell fertilizes a plan t egg cell

to form a zygote."; \Em bry o sac dev elopmen t is a step of em bry o sac formation, whic h is a step of

repro duction."; \Sp orogenesis o ccurs immediately b efore gametoph yte generation."; \The ro ot system

is part of the plan t and is connected to the mainstem."; \The subregions of the ro ot system include the

meristem, whic h is where ro ot system gro wth o ccurs."; and, \During sp erm cell transp ort, 2 angiosp erm

sp erm cells are transp orted from the p ollen tub e to the em bry o sac."

Our formal study emplo y ed t w o panels of domain exp erts. Exp erts on the �rst panel serv ed as \writ-

ers," i.e., they pro duced explanations in resp onse to questions. Exp erts on the second panel serv ed as

\judges," i.e., they analyzed di�eren t dimensions of explanations and assigned grades. None of the judges

wer e informe d ab out the purp ose of the study, and none wer e awar e that they wer e judging c omputer-

gener ate d explanations . Judges w ere ask ed to rate the explanations on sev eral dimensions, including

o v erall qualit y and writing st yle. Using an A{F (4{0) scale, the system scored within appro ximately

\half a grade" of the biologists (T able 1).

8

A second study pro vides evidence that F are has a broad range of applicabilit y . T o in v estigate

F are 's abilit y to realize message sp eci�cations for a signi�can tly di�eren t kind of task, w e augmen ted

a qualitativ e mo del constructor, Tripel [15 ], with text planning commands. F are used message

sp eci�cations pro duced b y the augmen ted qualitativ e mo del constructor to generate FDs for sen tences

suc h as, \The rate of ABA syn thesis in the plan t's mesoph yll cells is in
uenced b y one thing: it is

negativ ely a�ected b y the turgor pressure in the plan t's mesoph yll cells." Within three w eeks, w e w ere

able to extend F are to pro duce completely correct FDs for this new application: the text it generated

6

With three signi�can t exceptions ([6], [1 ], and [13]), the �eld of natural language generation has not witnessed the

dev elopmen t of an \empiricist ev aluation" sc ho ol.

7

On a v erage, F are requires 1{2 seconds on a DEC Alpha to pro duce an FD.

8

In the tables, � denotes the standard error, i.e., the standard deviation of the mean.



Gener ator Over al l Content Or ganization Writing Corr e ctness

System 2.37 � 0 : 13 2.65 � 0 : 13 2.45 � 0 : 16 2.40 � 0 : 13 3.07 � 0 : 15

Human 2.85 � 0 : 15 2.95 � 0 : 16 3.07 � 0 : 16 2.93 � 0 : 16 3.16 � 0 : 15

T able 1: Comprehensiv e Analysis

w as fa v orably ev aluated b y b oth the domain exp ert and the designer of the qualitativ e mo deling system.

5 Conclusion

W e ha v e designed, implemen ted, and ev aluated F are , a robust functional realization system. By

exploiting an expressiv e lexicon, as w ell as libraries of functional description sk eletons and seman tic

transformations, F are uses message sp eci�cations dra wn from a large-scale kno wledge base to create

functional descriptions, whic h are then realized in text b y a sophisticated surface generator, Fuf . F are

pro vides �v e k ey functionalities: it assigns case roles to con ten t units, organizes con ten t units in to

em b edded phrase structures, pro vides lo cal seman tic information, con trols the inclusion of selected

features, and detects defectiv e message sp eci�cations. Tw o empirical studies suggest that F are is

robust, e�cien t, capable of pro ducing qualit y text, and appropriate for a broad range of text planners.

9

References

[1] A. Ca wsey . Explanation and Inter action: The Computer Gener ation of Explanatory Dialo gues .

MIT Press, 1992.

[2] M. Elhadad. FUF: The univ ersal uni�er user man ual v ersion 5.0. T ec hnical Rep ort CUCS-038-91,

Departmen t of Computer Science, Colum bia Univ ersit y , 1991.

[3] M. Elhadad. Using A r gumentation to Contr ol L exic al Choic e: A F unctional Uni�c ation Implemen-

tation . PhD thesis, Colum bia Univ ersit y , 1992.

[4] R. P . Gabriel. Delib erate writing. In D. D. McDonald and L. Bolc, editors, Natur al L anguage

Gener ation Systems , pages 1{46. Springer-V erlag, New Y ork, 1988.

9

W e w ould lik e to thank: Bruce P orter for leading the Biology Kno wledge Base pro ject and for pro viding commen ts on

earlier drafts of this pap er; Mic hael Elhadad, for dev eloping and generously assisting us with Fuf ; Kath y Mitc hell, Ric h

Jones, and T eresa Chatk o� for their w ork on F are ; Art Souther, our principle domain exp ert; Erik Eilerts, for buildin g the

kno wledge base editing to ols; P eter Clark, for assistance with the ev aluation; Je� Ric k el, the designer of Tripel ; and the

other mem b ers of the Biology Kno wledge Base Pro ject, Liane Ac k er, Brad Blumen thal, Ric h Mallory , and Ken Murra y .



[5] M. Hallida y . System and F unction in L anguage . Oxford Univ ersit y Press, Oxford, 1976.

[6] E. Ho vy . Pragmatics and natural language generation. A rti�cial Intel ligenc e , 43:153{197, 1990.

[7] M. Ka y . F unctional grammar. In Pr o c e e dings of the Berkeley Linguistic So ciety , 1979.

[8] D. Lenat and R. Guha. Building L ar ge Know le dge Base d Systems . Addison-W esley , Reading,

Massac h usetts, 1990.

[9] J. Lester. Gener ating Natur al L anguage Explanations fr om L ar ge-Sc ale Know le dge Bases . PhD

thesis, The Univ ersit y of T exas at Austin, Austin, T exas, 1994.

[10] J. Lester and B. P orter. A revision-based mo del of instructional m ulti-paragraph discourse pro-

duction. In Pr o c e e dings of the Thirte enth Co gnitive Scienc e So ciety Confer enc e , pages 796{800,

1991.

[11] J. Lester and B. P orter. A studen t-sensitiv e discourse generator for in telligen t tutoring systems.

In Pr o c e e dings of the International Confer enc e on the L e arning Scienc es , pages 298{304, August

1991.

[12] W. Mann. An o v erview of the Penman text generation system. In Pr o c e e dings of the National

Confer enc e on A rti�cial Intel ligenc e , pages 261{265, 1983.

[13] V. Mittal. Gener ating Natur al L anguage Descriptions with Inte gr ate d T ext and Examples . PhD

thesis, Univ ersit y of Southern California, Septem b er 1993.

[14] B. P orter, J. Lester, K. Murra y , K. Pittman, A. Souther, L. Ac k er, and T. Jones. AI researc h in

the con text of a m ultifunctional kno wledge base: The b otan y kno wledge base pro ject. T ec hnical

Rep ort AI Lab oratory AI88-88, Univ ersit y of T exas at Austin, Austin, T exas, 1988.

[15] J. Ric k el and B. P orter. Automated mo deling for answ ering prediction questions: Selecting the

time scale and system b oundary . In Pr o c e e dings of the Twelfth National Confer enc e on A rti�cial

Intel ligenc e , pages 1191{1198, 1994.

[16] M. M. V aughan and D. D. McDonald. A mo del of revision in natural language generation. In

Pr o c e e dings of the 24th A nnual Me eting , pages 90{96, Colum bia Univ ersit y , 1986. Asso ciation for

Computational Linguistics.

[17] W.-K. C. W ong and R. F. Simmons. A blac kb oard mo del of text pro duction with revision. In

Pr o c e e dings of the AAAI Workshop on T ext Planning and R e alization , St. P aul, Minnesota, August

1988.


