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Abstrac t 

We explore the problem of generating natuial language temporal expressions and show 

tha t  i t  i s  amenabl e t o solutio n b y th e applicatio n o f  hierarchica l  constrain t  propagation . 

Constraint s derive d eithe r  directl y o r  indirectl y (vi a transformations )  fro m clien t  dat a ar e 

propagate d ove r  th e hierarchica l  structur e provide d b y syntacti c template s an d ar e 

require d t o b e consisten t  a t  an y give n node .  Multipl e source s o f  constrcdnt s mus t  b e use d 

t o achiev e lexica l  selectio n o f  a  singl e item . 

INTRODUCTION 

Consider an application program wliich schedules meetings on a calendar. Typically, such a 

progra m woul d nee d t o produc e sentence s suc h a s "  Yo u wil l  mee t  Joh n Smit h a t  2:0 0 o n Tuesda y 

t o discus s widgets. "  an d "Yo u won' t  nee d t o se e Smit h agai n today .  Yo u alread y sa w hi m a t  te n 

[today]. "  N o generator ,  pas t  o r  present ,  woul d b e abl e t o dea l  wit h al l  aspect s o f  th e generatio n o f 

thes e sentences ,  becaus e a  complet e mode l  o f  tens e an d tempora l  adverbial s i s lacking .  Linguisti c 

model s lac k a  coimectio n t o tim e unit s (e.g. ,  minutes ,  hours ,  days )  an d corrunon-sens e knowledg e 

i n general ,  an d als o lac k a n acceptabl e mechanis m fo r  co-ordinatin g th e processin g o f  tens e an d 

tempora l  adverbials . 

We wil l  examin e her e a  theor y fo r  th e semantic s o f  tim e unit s an d tempora l  relation s i n natura l 

language ,  an d a  companio n metho d fo r  processin g thi s typ e o f  semanti c information .  Th e theor y 

and metho d ar e bein g implemente d a s par t  o f  th e semanti c componen t  fo r  a  tex t  generatio n 

syste m (Forster ,  1989) .  T o reduc e th e wor k t o a  manageabl e leve l  whil e retainin g a n interestin g 

cin d usefu l  bod y o f  data ,  w e wi U concentrat e o n prepositiona l  phrase s servin g a s tempora l 

adverbial s (TPPs) ,  i n particula r  thos e usin g th e preposition s in ,  at ,  an d on . 

Conventionally ,  a t  i s  use d t o refe r  t o point s i n tim e o r  t o interval s whic h m a y b e treate d a s points , 

on i s use d t o refe r  t o day s o r  (togethe r  wit h a  specifi c  day )  t o majo r  part s o f  days ,  an d i n i s use d 

otherwis e (Quir k e t  al. ,  1985:526-555) .  Mos t  model s fo r  th e semantic s o f  thes e prepositiona l 

Thi s wor k wa s supporte d i n par t  b y th e Ai r  Forc e System s Command,  Rome Ai r  Developmen t  Center ,  Griffis s 
AFB,  Ne w York ,  1344 1 unde r  contrac t  No .  F30602-85-C-0008 .  Thi s contrac t  support s th e Northeas t  Artificia l 

Intelligenc e Consortiu m (NAIC) . 
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phrases depend on precedence or on containment relations, with no further detail attempted.^ 

Ther e ar e severa l  problem s wit h th e conventiona l  amalysi s o f  TPPs .  First ,  i t  i s to o vague ;  fo r 

example ,  n o riile s ar e give n governin g whic h interval s ma y b e treate d a s point s an d whic h ma y 

not .  Second ,  i t  i s bot h to o powerfu l  an d to o wea k — witnes s example s (1-5 )  below .  Third ,  i t 

doesn' t  eve n touc h o n th e interaction s o f  TPP s wit h othe r  mechanism s fo r  expressin g tempora l 

relations ,  lik e thos e exhibite d b y example s (6-8 )  below. ^  Fourth ,  i t  doe s no t  lin k th e object s 

bein g describe d wit h th e description s i n an y usefu l  way. ^ 

1.  Ta t  coffe e brea k 6 .  # 1 sa w hi m tomorrow . 

2.  *a t  Canad a Day/Independenc e Da y 7 .  #A t  te n I  ha d see n hi m a t  ten . 

3.  *a t  summer  8 .  ?I t  wil l  las t  [forever ]  a t  ten . 

4.  o n th e followin g evening/mornin g 

5.  #  a t  9  i n Januar y 

We mus t  dra w o n ou r  common-sens e knowledg e o f  ho w thes e event s diffe r  t o explai n thes e 

observations .  B y examinin g difference s betwee n event s whic h figur e i n example s o f  acceptabl e an d 

unacceptabl e text ,  w e shoul d b e abl e t o determin e th e common-sens e knowledg e require d t o 

correctl y generat e tempora l  expressions . 

A COHERENT TREATMENT OF TIME 

The problems with generating TPPs may be summarised as follows: 

1. Certain temporal units require the use of specific prepositions. Where variations on these 

Tinit s ar e allowe d (e.g .  Christma s vs .  Christma s Day) ,  th e preposition s allowe d fo r  th e 

varian t  usuall y diffe r  fro m thos e allowe d fo r  th e "root "  form . 

2. The agreement of tense and temporal adverbials must be ensured in some way. 

3. Time intervals can sometimes be treated as points in time. 

4. Prepositional phrases detailing different levels of time units describing the same event may 

be combined ,  bu t  level s ma y no t  b e skipped ,  unles s the y ar e clea r  fro m contex t  (cf .  exampl e 

(5 )  above) . 

The solution I propose has four parts: 

^Precedenc e simpl y mean s tha t  on e tim e i s befor e another ,  i.e .  on e precede s another .  C o n t a i n m e n t  simpl y 
refer s t o th e tim e o f  a  particula r  even t  bein g i n th e se t  o f  time s containe d b y anothe r  tim e o r  event . 

^I n (6) ,  th e tens e indicate s tha t  T ,  >  Tc ,  wherea s th e adverbia l  indicate s tha t  T ,  <  Te -  I n (7) ,  th e aspec t  indicate s 
Te <  Tt ,  whercei s th e adverbia l  indicate s tha t  T c =  Tr -  I n (8) ,  th e ver b "last "  assert s tha t  som e stat e hold s fo r 
a perio d o f  time ,  wherea s th e adverbia l  indicate s tha t  th e stat e hold s onl y fo r  a n instant .  Severa l  othe r  form s o f 
interactio n ar e als o known . 

^B y thi s I  mea n tha t  nothin g i s specifie d abou t  th e mappin g fro m applicatio n progra m dat a t o linguisti c dat a 
or  abou t  acquirin g th e dat a fro m th e applicatio n progra m o r  eve n abou t  wha t  sor t  o f  dat a i s required .  Insofa r  a s 
th e conventiona l  analysi s i s purel y linguistic ,  performin g thi s mappin g m a y b e judge d t o b e beyon d th e scop e o f  th e 
analysis .  Fo r  ou r  purposes ,  however ,  thi s lin k mus t  als o b e established . 
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1. Associate constraints with each word and phrase describing how the word or phrase can be 

use d an d wha t  i t  refer s t o (e.g. ,  "at "  use d t o pic k ou t  a  poin t  i n time ,  "Tuesday "  referrin g 

t o a  on e da y lon g interval) . 

2. Base the constraints on common-sense knowledge. 

3. Allow the constraints to propagate in the syntcix tree for the sentence. 

4. Require constraiints that meet at a node to be consistent. 

In addition to this, the client (the program requesting the generation of text) must be required to 

make som e o f  th e decision s whic h ca n b e expresse d i n non-linguisti c terms ,  an d t o bundl e som e o f 

it s informatio n (e.g. ,  th e leve l  o f  detai l  i t  require s fo r  a  description) .  I f  insufficien t  informatio n i s 

availabl e i n th e initia l  generatio n reques t  mad e b y th e chent ,  the n i t  shoul d b e possibl e t o quer y 

th e clien t  abou t  it s need s o r  preferences.' * 

Thi s solutio n remedie s th e problem s wit h generatio n b y 

1. forcing the use of the correct prepositions and the agreement of tense and temporal 

adverbial s b y propagatin g constraint s an d enforcin g constrain t  satisfactio n 

2. enabling the use of variations in phrasing, and enabling the treatment of intervals as points, 

by basin g th e constreiint s o n th e additiona l  common-sens e attribute s o f  describe d objects . 

The solution remedies weaknesses of the current theoretical model by 

1. modelling interactions explicitly 

2. defining links between client objects (representing real-world objects) and linguistic objects 

3. attending to detail to a degree not practicable for a theoretical system, but required for the 

implementatio n o f  a  processin g mode l 

Time and Common-Sense Knowledge 

In light of the data, it is obvious that the choice of a preposition must be in accord with the 

natur e o f  th e tempora l  datu m bein g described ,  an d equall y obviou s tha t  mor e tha n jus t  th e 'size ' 

of  tha t  datum ,  o r  precedenc e an d containmen t  relation s wit h othe r  dat a ar e important .  A t  leas t 

th e followin g attribute s appea r  necessary : 

Regularity with which an event occurs: breakfast is such a regular event it may be considered 

t o b e a  usefu l  referenc e point ,  thu s allowin g it s treatmen t  a s a  poin t  i n "a i  breakfast. " 

Î t  coul d b e argue d tha t  th e clien t  shoul d includ e al l  th e informatio n i t  want s expresse d i n th e initia l  generatio n 
request ,  sinc e querie s mad e late r  merel y represen t  a  dela y i n collectin g neede d information .  Tlii s  argumen t  ignore s 
th e fac t  tha t  th e mechanis m fo r  bundlin g th e informatio n ma y wel l  assum e thing s abou t  eithe r  th e surfac e structur e 
or  th e dee p structur e o f  sentences ,  an d therefor e forc e th e clien t  t o hav e knowledg e o f  language . 
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Significance of the event: Christmas is such an important event in both the church and .secular 

calendar s tha t  w e trea t  i t  a s a  point ,  allowin g "a t  Christmas. " 

Duration of an interval: the duration of a weekend has the same order of magnitude as a day, 

thu s possibl y allowin g it s treatmen t  a s a  da y i n o n weekends . 

Perception of time imits: days have clearly defined boimdaries, determined by a natural 

externa l  sourc e (th e risin g aui d settin g o f  th e sim) ,  thu s allowin g u s t o conceiv e o f  the m a s 

someho w fixed  o r  soUd ,  an d b y extension ,  a s thing s "on "  whic h event s ca n i n som e sens e b e 

"put, "  i n analog y t o spatic J perception . 

Granularity of time irnits:^ the use of adverbs, such as just, is clearly a sign that there is an 

interva l  withi n whic h event s ar e considere d t o b e recent .  Granularit y i s th e siz e o f  thi s 

interval .  Furthe r  researc h m a y sho w tha t  a  mor e comple x notion ,  allowin g differen t  classe s 

of  recency ,  i s required. ® 

Hierarchical Constraint Propagation 

Stefik (1981) outlines a method for planning based on constradnt satisfaction in a hierarchy, where 

a r o u g h hierarchica l  p la n i s refine d b y usin g constraint s t o determin e vali d variabl e value s i n plci n 

steps ,  a n d t o reaso n ou t  furthe r  constraints ,  w h i c h ar e p ropaga te d th roughou t  th e hierarch y o f 

th e plan .  Stefi k note s tha t  constrain t  propagat io n i s usefu l  onl y w h e n th e p r o b l e m involve s 

loosel y couple d subsys tems .  Na tu ra l  languag e generatio n i s a n idea l  candidat e fo r  a  solutio n o f 

thi s kind .  T h e selectio n proces s fo r  o n e w o r d o r  phras e i s loosel y couple d wi t h th e selectio n o f 

others .  Realisation s fo r  w o r d s 3ui d phrase s ar e selecte d o n th e basi s o f  satisfie d constraints .  T h e 

constraint s ar e prov ide d b y w o r d m e a n i n g s o r  transformation s o n inherite d constraints .  T h e 

hierarch y i s prov ide d b y th e syntacti c structur e o f  th e sentence . 

Figure 1 shows an example of hierarchical constraint propagation, concentrating on temporal 

expressions .  Le t  u s e x a m i n e i n tur n th e generatio n o f  eac h t empo ra l  expression .  " A t "  p roduce s 

th e constradn t  (time-natvir e :point) ,  w h i c h i s p ropaga te d t o th e containin g P P a t  ( C )  i n th e figure. 

" N i n e "  provide s th e informatio n ((time-natur e :point )  (tim e «<TIM E s e e > ) ) ,  w h i c h i s p ropagate d 

t o th e s a m e P P a t  ( D ) .  T h e generatio n o f  "a t  n i ne "  proceed s b y satisfyin g th e poin t  r e q m r e m e n t 

o f  a t  w i t h th e poin t  natur e o f  th e h o u r  nine .  " O n th e seventeenth "  i s  generate d similarl y  ( F & G ) , 

'Thi s i s distinc t  fro m Hobbs '  (1985 )  us e o f  th e ter m granularity . 
*Thre e suc h cliisse s whic h sugges t  themselve s are :  remote ,  recent ,  an d immediate ,  correspondin g t o sentence s 

like : 

1.  "Bil l  lef t  a  lon g tim e ago. ^ 

2.  "Joh n lef t  today. " 

3.  " T o m jus t  left." " 

I t  i s no t  clea r  whethe r  th e siz e o f  object s i n on e clas s i s a  functio n o f  th e siz e o f  a n objec t  i n anothe r  class ,  o r 
whethe r  th e size s ar e unrelated .  I f  thes e sentence s wer e spoke n i n thi s orde r  i n clos e succession ,  w e coul d imagin e a 
situatio n i n whic h th e departur e i n (1 )  wa s a  fe w hour s prio r  t o th e tim e o f  speech ,  an d th e departur e i n (3 )  wa s jus t 
second s prior .  Thus ,  w e coul d hav e th e followin g correspondences :  immediate :  A f  <  minute* ,  recent :  A t  <  hours , 
an d remote :  A t  >  hours .  B y th e sam e token ,  w e coul d imagin e a  situatio n i n whic h th e departur e i n (1 )  wa s man y 

year s prio r  t o th e tim e o f  speech ,  whil e a t  th e sam e tim e maintainin g tha t  i n (3 )  wa s jus t  second s prior .  Th e give n 

correspondence s woul d remai n th e same ,  excep t  fo r  remot e bein g A t  >  years . 
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Mary y 

Pre p A  N P Pre p / 

nin e 

Joh n 

th e seventeent h 

Figur e 1 :  Hierarchica l  constrain t  propagatio n an d tempora l  expression s 

with the constraint from on being (time-nature : day-interval) and the information from the 

seventeent h bein g ((time-natur e :day-interval )  (tim e «<TIM E see>)) 7 O f  th e informatio n collecte d 

at  eac h o f  thes e tw o nodes ,  onl y (tim e »<tim e see> )  i s propagate d u p t o 'texpr '  (E) .  Thes e 

constraint s ar e combine d an d propagate d ultimatel y t o th e S-nod e (B) ,  t o b e combine d wit h th e 

constrain t  derive d fro m th e tens e t o b e use d (A) . 

Thi s techniqu e ca n b e extende d t o th e curiou s phrase s examine d i n sectio n I .  A t  coul d b e 

modifie d t o allo w a  hoUda y seaso n (ei s oppose d t o a  'cUmatic '  season ,  suc h a s summer )  a s wel l  a s 

a poin t  i n time .  I f  th e clien t  identifie s th e tim e i t  ha s provide d a s "Christmas" ,  an d als o declare s 

i t  t o b e a  holida y season ,  the n th e phras e "a t  Christmas "  m a y b e produced ,  a s require d b y th e 

observations . 

IMPLEMENTATION 

The overall system includes a client program (currently a calendar schediiling program), a 

semanti c componen t  ( G n o m o n ) ,  an d a  syntacti c componen t  ( M u m b l e (McDonald ,  1983)) . 

G n o m on use s hierarchica l  constrain t  propagatio n t o choos e applicabl e realisation s an d lexica l 

item s base d o n constraint s derive d fro m th e reaUsation s themselve s an d fro m context .  Th e 

hierarch y mirror s th e synta x tree ,  wit h set s o f  possibl e realisation s a t  eac h node .  A  possibl e 

realisatio n provide s informatio n abou t  th e syntacti c for m t o b e use d t o reaUs e a  particula r  phrase , 

th e constraint s o n it s use ,  an d th e effec t  th e for m wil l  hav e o n context .  Th e syntacti c for m i s 

represente d (recursively )  b y a  for m consistin g o f  directive s fo r  th e syntacti c componen t  an d zer o 

or  mor e luiLnstantiate d forms . 

^Th e tim e reference d her e i s som e clien t  structur e representin g th e tim e o f  th e 'seeing '  event ,  i.e .  nin e o'cloc k o n 
th e seventeenth .  W e refe r  t o i t  her e a s TIM E se e t o avoi d confusion . 
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Four operations on the hierarchy and its members are defined: An uninstantiated form in the 

syntacti c for m o f  a  possibl e realisatio n m a y b e e x p a n d e d b y finding  possibl e realisation s fo r  it . 

Constraint s m a y b e propagate d t o othe r  part s o f  th e realisatio n tree ,  possibl y afte r  th e 

applicatio n o f  som e reasoning .  A  se t  o f  possibl e reaUsation s m a y b e nar rowe d b y th e applicatio n 

of  constraints ,  possibl y resultin g i n th e instantiatio n o f  on e o f  them .  Finally ,  a  se t  o f  possibl e 

realisation s m a y b e filtered,  drawin g o n non-linguisti c criteri a (e.g. ,  brevity )  fo r  th e selection. ® 

G n o m on begin s b y selectin g a  top-leve l  underspecifie d for m fo r  reahsatio n an d creatin g a  queu e 

containin g i t  alone .  G N O M ON the n processe s th e entrie s i n th e queue ,  passin g o n th e final 

syntacti c for m t o th e syntacti c componen t  an d recordin g th e effect s o n globa l  contex t  whe n th e 

queu e i s empty .  Th e exac t  actio n t o b e take n whe n processin g a  queu e entr y depend s o n advic e 

fro m a  se t  o f  highe r  leve l  constraints .  Thes e constraint s ar e intende d t o reflec t  convention s i n 

speec h whic h li e outsid e o f  semantic s an d syntax ,  suc h a s Gricea n maxims .  Thoug h th e actua l 

constraint s t o b e use d ar e i n a  stat e o f  flux,  w e ca n assum e fo r  th e tim e bein g tha t  the y include : 

1. iminstantiated forms are instantiated whenever only one realization is known for it 

2. constraints are propagated whenever they are introduced at a node^ 

3. possible reahzations found to be inconsistent with already established constraints are 

automaticall y filtered  ou t 

4. possible reahzations are always filtered to prefer anaphoric references, if present 

5. the leftmost unexpanded node is selected for expansion. 

Processing ends when no forms needing expansion remain. The form is then given to the 

syntacti c componen t  fo r  processing ,  afte r  whic h th e eff'ect s o n globa l  contex t  ar e recorded . 

RELATED WORK 

Matthiessen (1984) is an excellent survey of work on the use of tense to express the temporal 

relation s underlyin g a n utterance .  Pustejovsk y (1987 )  present s a  nove l  theor y o f  aspec t  whic h 

allow s th e interna l  even t  structur e o f  a  ver b t o b e modelled .  M a n y Hnguist s (Prior ,  1967 ; 

Reichenbach ,  1947 ;  Montague ,  1974 ;  Bennet t  &  Partee ,  1978 ;  Dowty ,  1979 ;  Johnson ,  1981 )  hav e 

suggeste d model s fo r  tense .  No t  al l  o f  the m considere d th e interactio n o f  thei r  mode l  wit h 

tempora l  adverbials .  Al l  glos s ove r  som e detail s o f  th e representation .  On e o f  th e mor e complet e 

work s i s tha t  o f  Dowt y (1979) ,  whic h present s a  framewor k an d definition s fo r  a  substantia l 

fragmen t  o f  English ,  an d whic h discusse s tempora l  adverbial s an d interaction s wit h tens e i n som e 

detail . 

Hierarchica l  constrain t  propagatio n i s relate d t o functiona l  unificatio n gramma r  (Kay ,  I'.'Sl ; 

Shieber ,  1986 )  bu t  use s constraint s instea d o f  features ,  an d consistenc y check s instea d o f 

"Not e tha t  filtering  i s  no t  intende d a s a  stopga p fo r  short-coming s o f  th e grnmma r  o r  th e constrain t  propagatio n 
mechanism ,  bu t  rathe r  a s a  mode l  o f  extra-linguisti c influence s o n lexica l  choice .  Fo r  example ,  i t  may b e invoke d 
when th e speake r  i s presse d fo r  time . 

'Mor e correctly ,  constraint s ar e propagate d wheneve r  the y ar e foun d t o b e common t o al l  possibl e realization s 
attache d t o a  node . 
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unification, resulting in general and powerful framework. GNOMON should attain significantly 

improve d computationa l  complexit y throug h judiciou s us e o f  it s  filterin g capabilities . 

CONCLUSIONS 

We have explored the problem of generating temporal expressions and shown that it is amenable 

t o solutio n b y th e applicatio n o f  hierarchica l  constrain t  propagation .  Constraint s derive d eithe r 

directl y o r  indirectl y (vi a transformations )  fro m clien t  dat a ar e propagate d ove r  th e hierarchica l 

structur e provide d b y syntacti c template s an d ar e require d t o b e consisten t  a t  ever y node . 

Multipl e source s o f  constraint s mus t  b e use d t o achiev e lexica l  selectio n o f  a  singl e item . 

Operation s o n th e structur e ar e controlle d b y higher-orde r  constraints . 

Thi s approac h allow s th e prope r  handlin g o f  th e tempora l  prepositiona l  phrase s b y th e 

applicatio n o f  common-sens e knowledg e an d i n particula r  th e simultaneou s specificatio n o f  tens e 

and multipl e tempora l  adverbials .  Furthermore ,  i t  allow s th e modellin g o f  non-linguisti c 

interaction s withi n th e grammar ,  a  close r  integratio n o f  common-sens e dat a wit h 'meaning, '  an d a 

bette r  understandin g o f  th e interfac e an d underlyin g knowledg e neede d b y clien t  program s t o tak e 

advantag e o f  natura l  languag e generatio n programs . 

Furthe r  wor k wil l  involv e extendin g th e gramma r  t o dea l  wit h a  wide r  rang e o f  tempora l 

expression s an d th e applicatio n o f  common-sens e knowledg e t o othe r  type s o f  expressions . 
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