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P r o c e s s i n g A s p e c t u a l  S e m a n t i c s 

Serge i  Nlrenbur g 

Center for Machine Translation 
Carnegie-Mello n Universit y 

James Pustejovsky 

Computer Science Department 
Brandei s Universit y 

Abstract 

A computationa l  trbatmen t  o f  aspec t  i n Englis h i s presented .  A  se t  o f  aspectua l  value s i s introduce d an d 
discussed .  Th e lexica l  an d contextua l  clue s fo r  determinin g aspectua l  value s ar e determined .  Th e structur e 
of  th e entr y i n th e mai n dictionar y supportin g aspectua l  (a s wel l  a s othe r  type s of )  analysi s i s illustrated .  A 
computationa l  framewor k fo r  a n aspectua l  analyze r  i s described ,  i n whic h th e latte r  i s  conceive d a s on e o f  a 
grou p o f  specialis t  analysi s module s workin g together ,  i n a  distribute d (blackboard-oriented )  computationa l 
environment . 

1.  T h e C o n c e p t  o f  Microtheor le s 

A computational nrxxJel of language behavior must provide treatment of a large number of syntactic, 
semanti c an d pragmati c phenomena .  I t  ma y b e realize d i n a  se t  o f  compute r  program s tha t  obtai n natura l 
languag e inputs ,  extrac t  thei r  meaning s an d represen t  the m i n a  well-define d notation ,  afte r  whic h the y 
reac t  accordingl y t o th e messag e i n th e input .  O f  course ,  som e type s o f  reaction s ma y hav e nothin g t o d o 
wit h natura l  languag e (fo r  instance ,  a  robo t  migh t  perfor m a  motori c operatio n afte r  havin g understoo d a 
verba l  command) .  However ,  a  numbe r  o f  reaction s (a s i n dialo g system s o r  th e variou s tex t  processin g 
systems ,  suc h as ,  fo r  instance ,  thos e o f  machin e translation )  involve s generatin g natura l  languag e text s 
base d o n th e extracte d meanings .  Thus ,  a  complet e mode l  o f  languag e behavio r  mus t  dea l  wit h 
recognition ,  representatio n an d synthesi s o f  natura l  languag e texts . 

Significant progress has been made recently in the field with respect to the theories of syntax. 
Semanti c an d pragmati c phenomen a hav e traditionall y bee n les s amenabl e t o computationa l  analysis .  I t 
doe s no t  see m plausibl e tha t  a n integrate d semanti c theor y tha t  cover s al l  o f  lexica l  an d compositiona l 

phenomen a a s wel l  a s th e variou s pragmati c consideration s i s formulate d i n th e nea r  future .  Thi s 
assessmen t  become s eve n mor e eviden t  i f  on e recognize s th e necessit y o f  providin g heuristic s fo r 
automati c recognitio n o f  th e multipl e meanin g facet s o f  natura l  languag e text s a s a  par t  o f  th e theory .  A t 

th e sam e time ,  linguistic s ha s accumulate d a  significan t  bod y o f  knowledg e abou t  th e variou s 
semanticall y lade n phenomen a i n th e natura l  language s (cf .  Raskin ,  198 7 fo r  a  discussio n o f  ho w thi s 
bod y o f  knowledg e ca n b e applie d t o computationa l  analysis) . 

The above suggests that one of the more feasible ways toward building a comprehensive 
computationa l  mode l  o f  languag e understandin g an d generatio n behavio r  i n human s i s t o develo p a  larg e 
number  o f  microtheorle s tha t  dea l  wit h a  particula r  linguisti c phenomeno n i n a  particula r  languag e o r 
grou p o f  language s an d the n provid e a  computationa l  architectur e tha t  allow s th e integratio n o f  th e 

operatio n o f  al l  th e module s base d o n thes e microtheorles .  Thus ,  on e ca n envisag e a  microtheor y o f  time , 
modality ,  speec h act ,  causality ,  etc .  Thi s pape r  i s devote d t o a  microtheor y o f  aspectua l  meanings . 

To integrate the microtheorles we suggest the use of a version of the blackboard computational 
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architecture ,  i n whic h a  numbe r  o f  processe s co-exis t  and ,  usin g a  variet y o f  backgroun d knowledg e 

nxxlules ,  collectivel y produc e a  desire d output .  Th e structur e o f  th e languag e comprehensio n componen t 
of  a  languag e behavio r  mode l  i s illustrate d i n Figur e 1 .  I n thi s figur e th e processor s ar e computatk^na l 
realization s o f  th e variou s microtheorie s derive d fo r  th e correspondin g linguisti c phenomena .  Thes e 

processor s operat e usin g th e dat a fro m th e backgrourx j  krK>wledg e repositories ,  suc h a s grammar s arn j 

dictionaries ,  a s wel l  a s th e intermediat e result s store d o n th e universall y accessibl e se t  o f  blackboards .  A 
more detaile d descriptio n o f  th e mode l  an d it s component s se e i n Nirenbur g an d Raskin ,  1987 a an d 
Nirenburg ,  1987 . 
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Figur e 1-1 :  Comprehensio n Componen t  o f  a  Conputationa l  Mode l  o f  Languag e Processin g 
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2.  Treatin g Aspectua l  Meanings :  th e Tas k 

Aspectual meaning is a component of the overall meaning of a natural language utterance. It is 
illustrate d i n example s (1 )  - -  (3 )  below ,  i n whic h th e onl y differenc e betwee n th e ver b meaning s i s 
aspectual :  -t-protracted ,  -culminativ e i n (1) ;  -i-protracted ,  -t-cuiminativ e i n (2 )  and ,  surprisingly ,  -protracted , 
-culminativ e i n (3) . 

(1) I walked in the park for at) hour yesterday 

(2 )  Yesterda y I  walke d t o wor k 

(3 )  A t  8  o'cloc k yesterda y morniri g I  wa s walkin g t o wor k 

Building a semantic analyzer that determines aspectual meanings of input utterances involves 
specifyin g a )  a  se t  o f  value s fo r  aspectua l  meanings ;  b )  a  se t  o f  rule s fo r  assignin g particula r  value s o f 

aspect ;  c )  th e knowledg e (th e clues )  necessar y fo r  th e formulatio n o f  th e condition s i n thes e rule s (t o b e 
foun d i n a )  th e entrie s fo r  verb s i n th e analysi s lexicon ;  b )  th e syntacti c structur e o f  th e inpu t  utterance ; 
and c )  th e presenc e o f  certai n aspectuall y significan t  lexica l  units ,  suc h a s tempora l  modifier s o r  semi -

auxilia. 7 'aspectual '  verb s i n th e inpu t  text) ;  an d d )  a n architectur e fo r  th e analyze r  tha t  wil l  allo w th e 
result s o f  on e processin g modul e (fo r  instance ,  th e syntacti c parser )  t o serv e a s a  decisio n ai d fo r  anothe r 
modul e (suc h a s th e aspec t  analyzer) . 

In what follows we 1) suggest a set of aspectual meaning values, inspired by a theory of aspect 
describe d i n Pustejovsk y (submitted) ;  2 )  describ e th e architectur e o f  a  comprehensive  semanti c analyze r 
of  whic h a n aspec t  analyze r  i s a  component ;  3 )  describ e th e structur e o f  th e analysi s lexicon ;  4 )  sun/e y 
th e languag e materia l  tha t  i s  th e basi s fo r  formulatin g decisio n rules ;  an d 5 )  presen t  a  se t  o f  analysi s njle s 

fo r  aspect . 

3. A Language for Aspect-Related Analyzer Output: A Set of Aspect Values 

The logical place to attach the information about aspect in a semantic representation is at the 

prepositiona l  level .  Proposition s ar e represente d a s frame s tha t  ar e essentiall y  instantiation s o f  event -
types ,  wit h thei r  argument s constraine d i n accordanc e wit h evidenc e i n th e inpu t  text .  Th e argument s i n a 
propositio n representatio n includ e conceptua l  cas e roles ,  preconditions ,  effects ,  temporal ,  spatia l  an d 
aspectua l  values .  Withi n th e curren t  architecture ,  a  separat e analysi s componen t  i s assigne d th e tas k o f 
determinin g th e content s o f  eac h o f  th e abov e slots . 

It is important to understand that our nrjodel uses predetermined calculus that determines what different 
type s o f  event s ther e ca n be .  Tha t  is .  jus t  a s a  gramma r  define s th e well-forme d syntacti c stnjcture s i n a 
language ,  th e calculu s o f  aspec t  contribute s t o definin g wha t  a  well-fornrte d semanti c structur e is . 
Furthermore ,  al l  event-type s ar e buil t  recursivel y fro m tw o primitiv e event-types ,  stat e an d proces s (se e 
Pustejovsk y 198 7 fo r  details) . 

The set of values defined for the aspectual slot in our system is as follows: 

A state is an event-type which is nondecomposable and does not in itself refer to any initial or 
endpoint .  Not e tha t  additiona l  textua l  informatio n ca n refe r  t o initia l  o r  endpoint s o f  a  stat e o r  it s  duration . 
State s fo r  whic h suc h additiona l  informatio n i s introduce d wil l  b e calle d bounde d states . 

A process is a possibly ordered set of event-types each of which can be a state or a process itself. 

If we consider a process where the initial and/or the final event-types are distinguished so that that 
singl e stat e i s o n a  pa r  i n importanc e wit h th e complemen t  set .  take n a s a  whole ,  the n th e resultin g even t 

i s different .  Thi s phenomeno n i s calle d headedness .  an d th e marke d event-types ,  correspondingly , 

heads . 

If the final element in a process is its head, and the process itself is semantically well-specified, then 
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thi s event-typ> e i s calle d a n acconipllshm«n t  Thus ,  i n a n accomplishmen t  ther e i s a n emt>edde d proces s 

as wel l  a s a  distinguishe d fina l  even t  o r  state ,  an d bot h even t  constituent s ar e o f  equa l  status .  Fo r 

example ,  i n Joh n buil t  a  hous e th e fina l  stat e o f  ther e bein g a  hous e i s a s significan t  a s th e buildin g 
process . 

Analogous to the above definition, there are some processes in which the final event-type can be 
distinguished ,  bu t  th e complemen t  se t  i s  no t  semanticall y specifie d throug h th e meanin g o f  a  lexica l  item . 

Such a n event-typ e i s calle d achievement .  I n a n achievennen t  th e proces s an d it s hea d d o not ,  thus , 
hav e equa l  status ,  th e hea d bein g mor e important . 

The initial event of a process can also be distinguished as a head. These are left-headed structures. 
Left-heade d structure s aris e onl y whe n th e initia l  even t  ca n b e distinguishe d a s causin g th e res t  o f  th e 

event-type s i n th e ensuin g process .  Th e left-heade d structure s ar e causative-processes . 

There are event-types that allow two heads, the left ones and the right ones. If an event-type is double-
headed ,  the n th e event-type s tha t  ar e neithe r  initia l  no r  fina l  ar e typicall y underspecifie d semantically .  Th e 
double-heade d structure s ar e calle d transitions . 

4.  T h e A s p e c t  Ana lyze r 

4.1. An Architecture for Distributed Analysis 

The set of routines for determining aspectual values of utterances forms a functional component of a 
comprehensiv e natura l  languag e analyze r  (se e Sectio n 1  above) .  W e develo p thi s analyzer ,  DIAN A 
(Nirenburg ,  i n preparation) ,  a s a  distribute d syste m o f  specialis t  module s workin g togethe r  t o produc e a 
comple x outpu t  structur e whic h i s represente d i n ou r  approac h a s a  se t  o f  frame s correspondin g t o th e 
level s o f  text ,  sentence ,  clause ,  propositio n an d prepositiona l  argumen t  denotation s (cf .  Nirenbur g e t  al . 
1987) .  Ou r  analyze r  share s thes e propertie s wit h th e generatio n syste m D I O G E N ES bein g develope d a t 
C MU (Nirenburg ,  1987) .  Togethe r  th e tw o system s wil l  for m th e basi s o f  a  knowledge-base d machin e 
translatio n system . 

4.2. Knowledge Sources 

Figure 1 illustrates the (static and dynamic) knowledge sources necessary to support aspectual 
analysi s  i n th e framewor k o f  a  distributed ,  blacktjoard-base d analyzer . 

The lexicon, especially the semantico-pragmatic portion of its entries, is a most important knowledge 
sourc e fo r  determinin g aspectua l  values .  Th e structur e o f  ou r  lexico n entrie s ca n b e describe d a s 
follow s ̂ 

'Thi s i s a n abridge d versio n o f  th e lexico n entr y stnicture .  Se e Nirenbur g an d Raskin ,  1987 b fo r  a  detaile d discussio n 

661 



JU<-*ntr y :: > (  <BL-p*tt«m > <»**nln9-p«tt*m>* ) 
<SL-p*ttam > :  : •  (  SL-L*xio*l-Onl t  <l*x-lnfo> ) 
<l«x-lnfo > :: -  (  (<syntaotlo-info> ) 

(«orp h <lnfl«otion-typ«>) ) 
<«ynt«otlo-lnfo > :: •  (tb « oontant a o f  •  •yntkotl o diatlon*xy ) 
<lnfl«ctlon-typ« > :: •  (A n Indioatlo n o f  lrr«9ul*ritl* a I n formin g 

wor d form* ,  •.g. ,  goos e -  pi .  geeee ) 
<in*Anlng-pAtt«m > :  : > ((tok*n-o f  (v«lu « <dom*ln-aono«pt>) ) 

(<prop«rty > (valu *  <valu«>*)) )  | 
(<prop«rty > (v«lu « <v»lu«>*)) * 

•  (an y oonoap t  i n tb « domai n moda l  definin g a  aublanguaga ) 
•  (an y ralatio n o r  attrlbut a fro m tb « domai n modal ) 
•  (an y oonoap t  o r  attribut a (acala ) 

valu a I n tb a domai n modal ) 

<domAi  n-concap t  > 
<proparty > 
<valua > 

T h e lexico n ha s fou r  kind s o f  meanin g patterns :  a )  instantiation s o f  concept s i n th e domai n nrodel ,  e.g. , 
computer ,  b )  instantiation s o f  attribute s o f  concept s i n th e doma i n model ,  e.g .  fast ,  c )  clue s fo r 

determinin g th e attribute s o f  th e propertie s comprisin g bot h th e prepositiona l  an d th e pragmati c meaning , 

e.g. ,  finish ;  an d d )  clue s fo r  makin g othe r  semanti c an d pragmati c decisions ,  suc h a s reference ,  e.g .  the . 

Group c) includes a class of verts that have a special significance for aspectual analysis, the so-called 
'phase '  o r  'aspectual '  vertDS .  Thes e vertD s hav e a  lexica l  meanin g bu t  n o independen t  ontologica l 

meaning .  T h e aspectuall y relevan t  meaning s tha t  the y introduc e int o th e overal l  meanin g o f  th e inpu t  ca n 

b e classifie d a s follows : 

•  inchoative :  start ,  begin ,  resum e 

• continuative: continue, keep 

• completive: end. finish, complete 

• abortive: stop, cease 

•  iterative: repeat 

4.3. Material 

In this section we analyze a number of characteristic examples with respect to their aspectual values 

(AVs) . 

4.3.1. States 

(4 )  Joh n love s Mar y 

(5 )  Joh n ha s love d M a r y fo r  2  year s 

T h e aspectua l  analysi s produces :  A V :  state ;  Time:presentio r  (4 )  an d A V :  tyounde d state ;  Time :  begin : 
( N O W -  2  years )  fo r  (5) .  I n (4 )  th e ver b lov e i s lexicall y specifie d a s a  state^ .  T h e tempora l  referenc e i n 
whic h th e ver b i s grounde d wil l  ac t  t o tx)un d thi s stat e i n an y numbe r  o f  ways .  I n thi s case ,  sinc e th e 
tens e i s th e present ,  ther e i s n o delimitatio n o n th e state .  I n (5 )  however ,  th e presen t  perfec t  togethe r  wit h 
th e durativ e adverbia l  act s t o left-boun d th e stat e denote d b y th e proposition . 

4.3.2. Processes 

(6 )  Joh n walke d yesterda y 

(7 )  Joh n walke d t o wor k yesterda y 
(8 )  Joh n i s walkin g t o wor k 

(6 )  i s analyze d a s A V :  process ;  Time :  past :  yesterday ,  (7 )  a s A V :  accomplishment ;  Time :  past : 

t̂ha t  is ,  liste d i n th e dictionar y a s bein g a  toke n o f  a  das s o f  concept s wfiic h ar e descendant s o f  stat e i n th e hierarch y o f  concept s 
tha t  embodie s th e domai n mode l 
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yesterday ,  an d (8 )  a s AV :  stat e S :  Si s a  member  o f  P  i n accomplishmer)t :  Time :  present . 

Notice the effect of prepositional modification and that of the progressive on the aspectual value of the 
sentence .  Th e prepositiona l  phras e i n (7 )  indicate s th e goa l  o f  a  proces s wit h n o intrinsi c culmination . 

Thi s goa l  act s t o th e terminat e th e even t  an d shift s th e aspectua l  typ e t o a n accomplishment .  I n (8) ,  o n 

th e othe r  hand ,  th e progressiv e influence s th e natur e o f  th e resultin g aspect-typ e mor e tha n th e presenc e 
of  th e prepositiona l  phrase .  Th e resul t  i s  a  a  stat e (se e Pustejovsk y (1987 )  fo r  furthe r  discussion) .  Th e 

importan t  thin g t o realiz e i n th e interpretatio n o f  thi s sentenc e i s tha t  th e goa l  stat e i s no t  entaile d whe n 
th e progressiv e applie s t o a n accomplishment . 

4.3.3. Achievements 

(9 )  Bil l  wo n a  rac e 
(10 )  Bil l  i s  winnin g th e rac e 

(9) obtains the aspectual value of achievement. The aspectual class of achievement verts is probably 
th e mos t  consisten t  sinc e i t  seem s t o resis t  th e modificatio n tha t  lead s t o aspect-typ e shifting .  Thus ,  whe n 

th e ver b recognize d i s lexicall y specifie d a s achievement ,  th e resultin g typ e wil l  b e th e same .  Th e on e 
exceptio n t o thi s i s th e progressive ,  whic h ha s a  simila r  effec t  a s tha t  mentione d atjov e fo r  'walkin g t o 
work' .  Th e resultin g aspec t  typ e i n (10 )  i s state . 

4.3.4. Accomplishments 

(11 )  Fre d buil t  a  hous e 
(12 )  Fre d buil t  house s fo r  5  year s 
(13 )  Fre d wa s buildin g a  hous e 

The analysi s fo r  th e abov e brings :  AV :  accomplishmen t  fo r  (11) ;  AV :  process ;  iterative :  elemen t  o f 
iteration:buW d a  house ;  AV :  accomplishmen t  fo r  (12) ;  an d AV:stat e S ;  Time:pastio r  (13) . 

Any accomplishment usually entails a culmination, but in (12) the aspect type is a process. This is a 
resul t  o f  th e bar e plura l  object ,  whic h iterate s ove r  th e lexica l  accomplishmen t  t o produc e a  process . 
Thus ,  a  durativ e adverbia l  i s  permitted .  Whe n thi s sentenc e i s pu t  i n th e progressiv e form ,  i t  i s  stative . 

4.3.5. Causative-Processes 

(14 )  Ma x sen t  a  packag e 
(15 )  Ma x sen t  a  packag e t o Le o 

(14 )  i s analyze d a s AV :  causative-process ,  (15 )  a s AV :  accomplishment . 

Here the process is directed by a single initiating event (the projecting), and thereafter there is no 
agenc y involved .  Hence ,  i n (15 )  i t  i s  no t  entaile d tha t  Le o rece/Ve s th e packag e (cf .  Pustejovsk y (1987)) . 

4.3.6. Transition 

(16 )  Joh n gav e th e tx>o k t o Mar y 
(17 )  Joh n gav e book s t o Mar y 

The analyses :  AV :  transitio n fo r  (16 )  an d AV :  process ,  iterative ;  element :  transitio n fo r  (17) . 

The most noticeable thing about these examples is the absence of any specKied mode of transition. 
That  is ,  wha t  i s lexicall y specifie d i n th e semantic s o f  giv e i s simpl y th e beginnin g an d en d state s o f  a n 
event .  Notic e tha t  i n (17 )  th e bar e plura l  objec t  shift s th e interpretatio n t o a  process ,  a s wit h th e 
accomplishments . 
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4.4 .  T h e Analysi s Rule s fo r  Aspec t 

The above linguistic material shows that many types of knowledge come into play in determining the 

aspectua l  valu e o f  a  clause :  lexical-semantic ,  syntacti c an d contextual .  Specifically ,  thi s informatio n i s 

draw n fro m 

•  entrie s fo r  verb s i n th e analysi s lexico n 

• verb tense values from the results of the syntactic module of the analyzer 

• the presence of particular modifiers (adverbs and prepositional phrases) in the input (the 
syntacti c modul e bein g responsibl e fo r  determinin g wha t  i s nxxJifie d b y what ) 

• the presence of aspectual verbs in the input in syntactically relevant positions 

• the presence, the meaning and the syntactic fomn of case-role holders for particular verbs 

(th e abov e ar e determine d throug h th e operatio n o f  th e syntacti c an d th e propositional -
semanti c module s o f  th e analyzer ) 

Specific ailes and heuristics that the analysis system uses to identify the aspectual type for an input 
sentenc e includ e th e followinĝ : 

•  I f  th e mai n predicat e i n a n inpu t  sentenc e ha s th e aspectua l  marke r  achievemen t  i n th e 
dictionary ,  assig n th e aspec t  valu e achievemen t 

• If the main predicate is marked in the dictionary as state or if the morphologo-syntactic 

analysi s determine s tha t  i t  i s i n a  progressiv e form ,  assig n th e aspec t  valu e stat e 

• If the main predicate is marked as accomplishment and the direct object in the sentence is 

definit e o r  th e mai n predicat e i s marke d a s proces s o r  directed-proces s an d i s modifie d b y a 
prepositiona l  phrase ,  assig n th e aspec t  valu e accomplishmen t 

• If the main predicate is marked as process or directed-process or a direct object is present 
kjentifie d a s bare-plura l  o r  mass-noun ,  assig n th e aspec t  valu e process . 

• If an aspectual verb is present in the sentence follow these rules: 

• 

•  Inchoativ e +  (Stat e o r  Proces s o r  accomplishment )  =  achievement ;  othe r  combination s 

ar e inpossibl e fo r  inchoativ e 

• Continuative applies only to a process to yield a process 

• Completive and abortive apply to a process to yield an achievement 

• Iterative applies to achievements, accomplishments and transitions to yield processes. 

5. Discussion: Future Work and Limitations 

Passonneau (1987) and Moens and Steedman (1987) are two of the recent publications devoted to a 
simila r  topic . 

The problem specifications in this model and Passonneau (1987) are very compatible. Still, the 
representatio n o f  th e aspec t  calculu s assume d her e i s riche r  tha n Mourelatos '  (1981 )  typology ,  whic h 
Passonnea u assumes ,  i n tha t  i t  propose s a  large r  numbe r  o f  primitiv e event-types ,  which ,  w e believ e 

provid e a  mor e accurat e coverag e fo r  th e aspectua l  phenomena .  Spac e doe s no t  permi t  u s t o adequatel y 
motivat e al l  ou r  categories ,  bu t  se e Pustejovsk y (1987 )  fo r  discussion .  Similarly ,  th e se t  o f  analysi s clue s 

we emplo y i s broader ,  includin g th e inpu t  fro m lexica l  source s beyon d th e ver b itself .  Difference s i n 

^ e decide d t o presen t  thes e heuristic s no t  i n th e forma t  use d b y ou r  progra m bu t  rathe r  i n a  human-readabl e for m 
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analyze r  architectur e ar e als o quit e significant . 

Moens and Steednr^n (1987) pursue a somewhat different goal. They emphasize how aspectual 
processe s fi t  int o a  large r  tempora l  reasonin g componen t  t o provid e a  riche r  tens e system .  Thi s i s als o 
explore d i n Pustejovsk y an d Herma n (1988) .  Bu t  ou r  concern s i n thi s pape r  ar e primaril y elsewhere .  W e 
hav e addresse d th e proble m o f  th e lexica l  specificatio n o f  a  verba l  elenr>en t  an d ho w thi s valu e change s i n 
th e contex t  o f  othe r  propositiona l  information . 

The aspectual analyzer, as described atx)ve, has been prototyped. It can be tested in earnest only 
when a t  leas t  severa l  othe r  module s o f  DIAN A ar e implemented .  A s t o th e enhancement s t o th e aspec t 
modul e itself ,  w e pla n t o exten d th e coverag e o f  th e aspec t  determinatio n heuristic s throug h empirica l 
studie s ove r  larg e tex t  corpora . 
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