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Causal /Tempora l  Connectives :  Synta x an d Lexico n 

Michael Brent 

M I T A l  La b 

Abstrac t 

Thi s pape r  elucidate s th e linguisti c representatio n o f  tempora l  relation s amon g evoiils .  I t  doc s s o 

by examinin g sentence s tha t  contai n tw o clause s connecte d b y temporal/causa l  connectives . 

word s lik e once ,  b y th e time ,  tchen ,  an d before .  Specifically ,  th e dat a involv e th e efTcc t  o f  th e 

tense s o f  th e connecte d clause s o n th e acceptabilit y  o f  sentences .  Fo r  example ,  Rache l  (lisnppeair d 

onc e Jo n ha d falle n aslee p i s fine,  bu t  *  Rache l  ha d disappeare d onc e Jo n fel l  aslee p i s 

unacceptable .  Firs t  a  theor y o f  acceptabilit y  i s developed ,  the n it s implication s fo r  interpretatio n 

ar e discussed .  Th e strateg y employe d i s t o facto r  linguisiti c  knowledg e int o a  general ,  syntacti c 

componen t  an d a  lexica l  componen t  dependen t  o n th e propertie s o f  individua l  connectives .  Onc e 

th e syntacti c an d lexica l  component s hav e bee n tease d apar t  th e proble m o f  interpretatio n 

becomes clearer .  Finally ,  a  compute r  mode l  o f  th e theory ,  whic h serve s a s a  workbenc h an d 

confirm s th e theorv' s behavior ,  i s  demonstrated . 

O v e r v i e w 

This paper elucidates the linguistic representation of temporal relations among events. It does so 

by examinin g sentence s tha t  contai n tw o clause s connecte d temporal/causa l  connectives . 

word s lik e once ,  b y th e time ,  when ,  an d before .  Specifically ,  th e dat a involv e th e effec t  o f  th e 

tense s o f  th e connecte d clause s o n th e acceptabilit y o f  suc h sentences .  Afte r  a  theor y o f 

acceptabilit y  i s  developed ,  the n it s implication s fo r  interpretatio n ar e discussed .  Th e question s o f 

acceptabilit y  are : 

1. What knowledge about tlie admissible combinations of tenses in connected clauses can be 

represente d i n a  genera l  wa y tha t  doe s no t  depen d o n th e particula r  connective ? Fo r 

example ,  th e tense s i n (1 )  see m t o b e a  ba d combinatio n independen t  o f  th e connective . 

(1) * Rachel disappears { *when, *once, *by the time, *beforo } Jon will fall asleep 

2. What limitations do specific connectives impose on the tenses of the clauses they connect? 

W h at  lexica l  knowledg e mus t  peopl e hav e abou t  temporal/causa l  connective s t o identif y 

thos e limitations ? Fo r  example ,  conside r  (2). ^ 

(2) a. OK Rachel disappeared ONCE Jon had fallen asleep 

b.  *  Rache l  ha d disappeare d O N C E Jo n fel l  aslee p 

c.  O K Rache l  ha d disappeare d B Y T H E T I M E Jo n fel l  aslee p 

d.  *  Rache l  disappeare d B Y T H E T I M E Jo n ha d falle n aslee p 

'Whil e som e speaker s accep t  (2d) ,  (2c )  i s widel y preferred .  I n thi s pape r  sentence s tha t  ar e margina l  hn t  ar e 
improve d b y a  tens e shif t  ar e marke d wit h a n asteris k — mor e finel y articulate d theorie s o f  relativ e grammaticalit y 
must  awai t  furthe r  progress . 
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To see how factoring out general constraints affects the lexical representations of connectives, 

conside r  tha t  unde r  a  completel y naive ,  completel y lexica l  approach ,  th e answe r  t o questio n 2 

woul d be :  Fo r  eac h temporal/causa l  connective ,  it s  lexica l  entr y mus t  represen t  exactl y whic h 

subse t  o f  al l  possibl e combination s o f  tense s i n tw o clause s th e connectiv e i s compatibl e with . 

Sinc e Englis h ha s si x simpl e tense s (se e below) ,  a  littl e arithmetic' ^  show s tha t  th e naiv e approac h 

allow s 2'̂' ^  «  6 8 billio n possibl e lexica l  representation s fo r  connectives .  Thi s pape r  show s that ,  i n 

fact ,  a t  mos t  8  differen t  lexica l  representation s ar e neede d t o answe r  questio n 2 .  Thi s reductio n i s 

achieve d b y factorin g genera l  constraint s tha t  d o no t  depen d o n lexica l  entrie s fro m specifi c 

constraint s tha t  do ,  i.e. ,  fro m answerin g questio n 1  first .  Th e factorin g depend s o n a  combinatio n 

of  result s fro m Hornstei n (i n press )  wit h ne w result s no t  presente d elsewhere .  Hornstein' s 

representatio n o f  tense s an d th e wa y the y combine ,  whic h provide s som e constrain t  o n th e 

possibl e combinations ,  i s  presente d i n th e nex t  tw o sections .  Th e remainin g section s presen t  ne w 

constraint ,  semanti c interpretation ,  an d a  compute r  model . 

An outlin e o f  th e strateg y followe d i n thi s research ,  whic h double s a s a n outlin e o f  thi s paper ,  i s 

provide d below . 

1. Discover and exploit as much general syntactic constraint as possible. 

2. Determine which features of syntactic constructs must be represented in the lexical entries 

of  individua l  connectives .  (Thi s endeavo r  i s calle d lexica l  syntax. ) 

3. Attempt to find semantic interpretations of the lexical-syntactic features. (This endeavor is 

calle d lexica l  semantics. ) 

4. Implement a computer model of the theory to verify its behavior and demonstrate potential 

application s t o natura l  languag e processing . 

The Representation 

In order to construct a formal theory explaining which tenses can be combined we need a 

representatio n o f  tense .  Th e representatio n use d her e i s take n fro m Hornstei n (i n press) ,  w h o 

base s i t  o n Comri e (1985) .  I t  i s  a  Neo-Reichenbachia n representatio n (Reichenbac h 1947 )  i n tha t 

it s  simpl e tens e structure s (STSs )  relat e th e followin g thre e entities :  th e tim e o f  th e even t  name d 

by th e verb ,  denote d b y "E" ,  th e tim e o f  speech ,  denote d b y "S" ,  an d a  referenc e time ,  denote d 

by "R" .  Th e referenc e tim e R  i s use d t o locat e a n even t  wit h respec t  t o anothe r  even t  i n sentence s 

lik e (2a )  an d (2c )  above .  ( A mechanis m fo r  connectin g tense s vi a th e R  poin t  wil l  b e detaile d 

below\ )  Eac h S T S consist s o f  a  relatio n betwee n S  an d R  an d on e betwee n R  an d E ;  S  an d E  ar e 

not  directl y related .  Fo r  an y tim e point s X  an d Y ,  a t  mos t  on e o f  fou r  possibl e syntacti c (tha t  is , 

formal )  relation s hold s betwee n them .  Thes e ar e writte n a s i n Tabl e 1 . 

Initially ,  Hornstei n assume s tha t  "_ "  i s interprete d a s tempora l  precedenc e an d ", "  a s 

simultaneity .  Thu s construed ,  (1 )  woul d mea n X  precede s F ,  (2 )  woul d mea n Y  precede s X ,  an d 

Her e i s th e calculation :  6  possibl e tense s fo r  th e matri x claus e an d si x fo r  th e adjunc t  claus e give s 3 6 possibl e 
combination s i n two-claus e sentences ;  a  give n temporal/causa l  connectiv e migh t  b e compatibl e wit h an y subse t  o f 
th e 3 6 tens e combinations .  Ther e ar e 2̂ ® suc h subsets ,  an d therefor e a t  leas t  2'' ^  possibl e lexica l  representation s fo r 
a give n connective . 
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(1 )  X_ Y (2 )  V_ X (3)X, V (4 )  Y, X 

Tabl e 1 :  T h e fou r  possibl e relation s betwee n tim e point s X  an d Y 

past  E. R R_ S 

presen t  S, R R. E 

futur e S_ R R. E 

(/? .  (lif̂ apixared ) 

{R .  disappears ) 

[R .  wil l  disappear ) 

pas t  perfec t 

presen t  perfec t 

futur e perfec t 

1C_R R_ S (/? .  ha d disappeared ) 

E. R R, S {R .  ha s disappeared ) 

E_R S_ R {R .  wil l  disappear ) 

Tabl e 2 :  T h e si x S T S s tha t  ca n b e expresse d i n Englis h verba l  m o r p h o l o g y 

(3) and (4) would mean X and Y are simidtaneous. Note that although Ilornstein gives the same 

interpretatio n t o (3 )  an d (4) ,  the y remai n syntacticall y distinct .  Fo r  th e lexica l  syntacti c endeavo r 

we nee d no t  commi t  t o a  specifi c  interpretation .  I t  i s  important ,  however ,  tha t  "_ "  b e interprete d 

as som e partia l  order ,  cal l  i t  < ,  an d tha t  ", "  b e interprete d a s som e symmetri c relation ,  cal l  i t  = . 

Furthermore .  =  mus t  b e suc h tha t  A '  <  Y  an d Y  =  Z  togethe r  impl y A '  <  Z .  Particula r  relation s 

fo r  <  an d =  wil l  b e considere d briefl y i n th e sectio n o n lexica l  semantics . 

Ther e ar e fou r  possibl e S- R relation s an d fou r  possibl e R- E relation s fo r  a  tota l  o f  1 6 possibl e 

simpl e tens e structures .  O f  these ,  six ^  ca n b e expresse d i n Englis h usin g onl y verba l  morphology ' 

(se e Tabl e 2) .  Th e interpretatio n o f  th e pas t  STS ,  fo r  example ,  woul d b e writte n E  =  R  <  S . 

whil e tha t  o f  th e pas t  perfec t  S T S woul d b e writte n E  <  R  <  S .  Unde r  Hornstein' s initia l 

interpretation ,  wher e <  i s precedenc e an d =  i s simultaneity ,  thes e STS s yiel d th e intuitivel y 

correc t  orderin g o f  events . 

Causal/Temporal Adjunct Clauses 

This section and the next correspond to stage 1 of the strategy outlined above, identifying general 

syntacti c constraints . 

Th e tens e structur e o f  a n adjunc t  claus e i s compose d wit h tha t  o f  it s matri x b y identifyin g thei r 

respectiv e S  an d R  points .  Identifyin g tw o point s mean s treatin g the m a s a  singl e entity . 

Conside r  sentenc e (2a) .  Th e matri x claus e i n (2a )  i s i n th e pas t  tens e an d th e adjunc t  claus e (th e 

one followin g th e connective )  i s i n th e pas t  perfect .  W e writ e th e combine d tens e structur e (CTS ) 

fo r  a  pas t  matri x wit h a  pas t  perfec t  adjunc t  a s i n (3) , 

(3) E,R R_S (past matrix) 

I  I  I 

E_R R_ S (pas t  perfec t  adjunct ) 

where the vertical links represent identity. If two points are to be treated as the same point they 

must  stan d i n th e sam e relationshi p t o al l  othe r  points .  Thi s become s a n issu e whe n mor e tha n 

•'Som e o f  th e remainin g combination s occu r  whe n abov e th e tens e structure s ar e modifie d bj '  adverb s an d adjuncts . 
See Hornstein ,  i n press ,  fo r  details . 
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one pair of points is identified. For example, consider tlie ('TS (4), which corresponds to 

sentence s lik e (1) . 

(4) S,R R,E (present matrix) 

I  I  I 

S_R R, E (futur e adjunct ) 

(4) is ill-formed because the single entity formed out of Smat and Sadj stands in two inconsistant 

relation s t o th e singl e entit y forme d ou t  o f  Rmat  an d Radj -  O n th e uppe r  tier ,  whic h come s fro m 

th e matri x clause' s tense ,  w e hav e S,R \  o n th e lower ,  adjunc t  tie r  w e hav e S-R .  I n thi s wa y th e 

proces s o f  tens e combinatio n impose s a  well-formednes s conditio n o n CTSs . 

Ther e i s on e qualificatio n t o th e well-formednes s conditio n o n C T S s discusse d above :  i n th e 

configuratio n show n i n (5 ) 

(5) X_Y (matrix) 

I  I 

W,Z (adjunct ) 

the adjunct W,Z can be "harmonized" or "coerced" to W_Z. This transformation occurs only 

when th e matri x claus e i s "_" ,  th e adjunc t  i s "," ,  an d linea r  orde r  i s preserved .  Suc h a 

transformatio n account s fo r  th e th e ver y widesprea d coercibilit y  o f  present s t o futures .  On e 

exampl e o f  suc h coercio n i s th e abilit y  o f  presen t  tens e clause s t o b e adjoine d t o futures ,  a s i n (6 ) 

(6) Rachel will disappear {when, once, before} .Jon falls asleep. 

The combined tense structure for (6) is shown in Figure 1. Note that the adjunct clause in (6), 

althoug h i n th e presen t  tense ,  i s interprete d a s occurrin g i n th e future .  Anothe r  e.\ampl e o f  suc h 

(Recall that future = S_R R.E and present = S,R R.E) 

S_R R.E (future matrix) 

I  I  I 

S_R R. E (presen t  adjunct ) 

I 

COERCED 

Figur e 1 :  A  presen t  tens e adjunc t  coerce d t o futur e b y a  futur e tens e matri x 

coercion, one not involving adjoined clauses this time, is the ability of present tense matrix 

clause s t o b e interprete d a s future s whe n occurrin g wit h a  futur e adverb ,  a s i n (7) . 

(7) I leave for New York tomorrow 
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The combinatio n o f  th e R S identificatio n proces s fo r  compositio n an d th e coercio n discusse d 

abov e permi t  onl y 1 6 combine d tens e structures .  Th e 2 0 tha t  i t  rule s ou t  are ,  lik e (1) ,  clearl y ba d 

independen t  o f  th e connective.' * 

M o r e Constraint s 

Of the 16 combined tense structures permitted in Ilornstein's account, seven seoin to be oillicr 

unatteste d o r  infelicitous .  Thes e seve n ar e rule d ou t  b y th e tw o ne w constraint s propose d below . 

Interpretability Constraint 

Recall that the only commitment we have made to the interpretation of "_" and "," is that the 

forme r  b e interprete d a s som e partia l  orde r  tha t  w e cal l  "<" ,  whil e th e latte r  i s  interprete d a s 

some equivalenc e relatio n tha t  w e cal l  "=" .  Wit h tha t  assumptio n w e ca n sometime s us e 

transitivit y t o dra w conclusion s abou t  th e relationshi p betwee n th e matri x even t  an d th e adjunc t 

even t  o f  a  CTS .  Fo r  example ,  th e CT S i n (8 ) 

(8) E_R R_S (past perfect matrix) 

I  I  I 

E. R R_ S (pas t  adjunct ) 

yields the interpretation Emat < R = Eadj and the deduction /Tm,,, < Eadj- 15y contrast, (T.Ss 

containin g th e configuratio n show n i n (9 )  yiel d n o suc h deduction . 

(9) E.R (matrix) 

I 

E. R (adjunct ) 

(9) receives the interpretation Emat < R and Eadj < R^ but it is completely uninformative al)Out 

th e relationshi p betwee n Emat  an d Eadj -  Th e Interpretabilit y  Constrain t  say s tha t  al l  suc h 

C TS ar e infelicitous ,  allowin g onl y C T S s wher e eithe r  Ead j  <  Emat ,  Emat  <  Eadj- ,  o r  Ead j  =  Emat 

i s a  vali d deduction .  (10 )  show s a  sentenc e violatin g th e Interpretabiht y Constraint. ^ 

(10) * Rachel had disappeared before Jon had fallen asleep. 

This constraint rules out 4 bad CTSs, leaving a total of 12 CTSs still possible. 

^Th e identificatio n proces s an d th e coercio n proces s ar e take n fro m Hornstei n (i n press ,  Ch .  2) ,  wher e tlie y ar e 
discusse d i n slightl y differen t  terms . 

*As usual ,  (10 )  i s starre d becaus e i t  i s  no t  a s goo d a s a  restatemen t  wit h th e tense s shifte d t o th e simpl e past . 
Ther e ar e certai n discours e context s i n whic h (10 )  improves ,  bu t  discours e consideration s ar e beyon d th e scop e o f 
thi s paper . 
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Coercion Parameter L Full Interpretation 

Because of the coercibility of adjunct S,R to S_R, some CTSs can be formed from more than one 

pai r  o f  simpl e tens e structures .  A n exampl e i s show n i n Figur e 2 .  I t  appear s tha t  withi n a  give n 

(Recall that future = S_R R.E and present = S,R R,E) 

S_R R,E (future matrix) S_R R.E (future matrix) 

I I I  i s  identica l  t o I I I 

S_R R. E (FUTUR E ADJUNCT)  S_ R R. E (PRESENT ADJUNCT) 

I 
COERCED 

Figure 2: Two ways of constructing the same CTS 

language either the coerced form of the adjunct or the form that requires no coercion is 

consistentl y preferred .  I n Englis h an d Germa n th e coerce d form s ar e preferred ,  whil e i n Romanc e 

language s th e uncoerce d form s ar e preferred .  Thi s suggest s a  cross-linguisti c parameterization . 

What' s more ,  ther e seem s t o b e a n econom y constraint ,  o r  perhap s som e versio n o f  th e principl e 

of  ful l  interpretatio n (Chomsk y 1985 )  guidin g th e choic e o f  thi s parameter .  I n Englis h an d 

German usin g uncoerce d adjunct s (i.e. ,  futur e an d futur e perfect )  require s a n additiona l  auxiliar y 

wor d {will )  no t  require d fo r  th e us e o f  coerce d adjunct s (i.e. ,  presen t  an d presen t  perfect) .  No t 

surprisingly ,  th e shorter ,  coerce d form s ar e preferre d i n Englis h an d German .  (11 )  provide s a n 

exampl e i n English .  I f  som e versio n o f  econom y o r  ful l  interpretatio n i s a t  wor k here ,  on e woul d 

(11) a. OK Rachel will disappear when Jon falls asleep (present adj.) 

b.  *  Rache l  wil l  disappea r  whe n Jo n wil l  fal l  aslee p (futur e adj. ) 

expect that languages requiring the same number of auxiliaries for the coerced and uncoerced 

form s woul d choos e th e coercio n paramete r  freely .  Thi s appear s t o b e correct :  Romanc e 

languages ,  whic h requir e auxiliarie s fo r  eithe r  presen t  o r  future ,  us e uncoerce d forms.* ' 

The coercio n paramete r  rule s ou t  thre e o f  th e remainin g 1 2 CTSs ,  leavin g onl y th e nin e 

acceptabl e ones . 

Lexical Syntactic Features 

We now turn from general constraints on all CTSs to the compatibility of particular CTSs with 

particula r  temporal/causa l  connectives .  Thi s constitute s stag e 2  o f  th e strateg y outline d above . 

Recal l  tha t  th e Interpretabilit y  Constrain t  permit s onl y CTS s tha t  yiel d on e o f  th e followin g 

deductions :  Ead j  <  Emat ,  Emat  <  Eadj i  o r  Ead j  — Emat -  I t  turn s ou t  tha t  th e particula r 

T̂her e i s som e debat e a s t o whethe r  Chines e ha s a  bona-fid e tens e system ,  bu t  i f  i t  does ,  i t  to o ha s a n equa l 
number  o f  tens e markin g word s eithe r  way ,  bu t  choose s th e opposit e settin g a s Romance . 
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matri x 

adjunc t 

matri x 

adjunc t 

matri x 

adjunc t 

^mat  ^  ^ad j 

pas t  perfec t 

pas t 

presen t  perfec t 

presen t 

futur e perfec t 

presen t 

î ad j  ̂  J^ma t 

pas t 

pas t  perfec t 

presen t 

presen t  perfec t 

futur e 

presen t  perfec t 

'''(!(/ J — t̂ ma t 

pas t 

pas t 

presen t 

presen t 

futur e 

presen t 

Tabl e 3 :  Lega l  tens e combinat ion s arrange d b y interpretatio n 

deduction yielded by a given CTS is the only feature that affects its compatibility 

w i t h a  give n temporal/causa l  connective. '  Th e complet e bod y o f  evidenc e supportin g thi s 

observatio n canno t  b e presente d i n a  pape r  s o a  fe w illustrativ e example s mus t  sufTice . 

Conside r  th e connectiv e once .  Onc e i s compatibl e wit h an y C T S whos e interpretatio n yield s th e 

deductio n E^d j  <  Emat  (se e Tabl e 3). ^  onc e i s no t  compatibl e wit h th e C T S s wher e Emat  <  Eadj -

Sentence s (2a,b )  demonstrat e this .  Th e opposit e hold s fo r  b y th e time ,  a s show n i n (2c,d) .  Wlic n 

an d befor e ar e compatibl e onl y wit h C T S s wher e Emat  =  Eadj -

Sinc e ther e ar e onl y thre e kind s o f  C T S s fo r  th e purpose s o f  connectiv e compatibility ,  ther e ar e a t 

most  2~ ^  =  S  possibl e lexica l  representation s neede d t o accoun t  fo r  connectiv e compatibility .  A s 

note d above ,  thi s i s a  reductio n fro m th e 2^ ^  «  6 8 billio n suc h representation s withou t  constraint , 

and 2^ ^  ̂  6 4 thousan d base d o n th e constrain t  provide d b y Hornstein' s accoun t  o f  tempora l 

adjunction. ^ 

Lexica l  S e m a n t i c s 

This section corresponds to stage 3 of the strategy outlined above, the attempt to assign meaning 

t o th e lexica l  syntacti c feature s introduce d above .  Th e followin g i s a  brie f  a  outlin e o f  issue s an d 

possibl e solutions . 

We hav e posite d lexica l  feature s tha t  asser t  th e compatibilit y  o f  a  give n connectiv e wit h combine d 

tens e structure s implyin g on e o f  th e thre e possibl e Emat  -  Ead j  relations .  Th e interpretatio n o f 

thes e feature s i s naturall y tie d t o th e interpretatio n o f  th e Emat  -  Ead j  relatio n itself .  .A s note d 

above ,  Hornstei n (i n press )  initiall y  assume s tha t  " < " ,  th e interpretatio n o f  "_" .  i s  tempora l 

precedenc e an d tha t  "= " ,  th e interpretatio n o f  "," ,  i s  simultaneity .  Thi s i s natura l  fo r  simpl e 

tens e structures ,  bu t  th e interpretatio n o f  =  a s simultaneit y run s int o troubl e whe n Emat  =  E„,t , 

i s  deduce d fro m CTSs .  T o se e th e difTiculty ,  first  not e tha t  th e connectiv e wI k n  ca n appea r  onl y 

wit h C T S s wher e Emat  -  Eadj -  The n conside r  (12).̂ °  I n (12a )  th e adjunc t  cvoii t  precede s (o r 

'Bu t  se e th e cavea t  o n aspectua l  cla.s s below , 

^onc e i s als o compatibl e wit h Emat  =  Eadj ,  althoug h n o example s ar e shown . 
^Th e ide a tha t  onl y th e E- E relatio n matter s fo r  connectiv e compatibilit y  wa s suggeste d i n Hornstei n (i n press . 

Ch.  2) ,  bu t  i t  coul d no t  b e demonstrate d unti l  th e Interpretabilit y  Constrain t  an d th e Coercio n Paramete r  wer e 
factore d out . 

°̂.\Ioen s an d Steedma n (1988 )  attribut e (12 )  t o Ritchi e (1979) . 
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(12) When they built the 39th St. Bridge... 

a.  . .  . a loca l  architec t  dre w u p th e plan s 

b.  . .  .the y use d th e ver y bes t  material s 

c.  .. .  the y solve d mos t  o f  th e traffi c  problem s 

overlaps )  th e matri x event ,  i n (12b )  the y overlap ,  an d i n (12c )  th e matri x even t  precede s th e 

adjunc t  event .  Thi s observatio n cast s doub t  o n th e possibilit y  o f  interpretin g th e Emat  =  Ead i 

deduction ,  an d henc e th e lexica l  feature s tha t  determin e connectiv e compatibility ,  i n an y simpl e 

way.  Horustei n (i n press ,  Ch .  2 )  note s thi s an d suggest s tha t  th e interpretatio n o f  ", "  i s  les s 

specifi c  tha n simultaneity ,  allowin g th e connectiv e an d othe r  contextua l  factor s t o influenc e it . 

But  tha t  approac h i s slightl y disquieting ,  sinc e th e interpretatio n o f  ", "  a s simultaneit y wa s 

importan t  fo r  th e appea l  o f  th e simpl e tens e structure s o f  Tabl e 2 .  On e wa y ou t  woul d b e t o 

maintai n simultaneit y a s th e interpretatio n o f  "," ,  whil e loosenin g th e notio n o f  identificatio n o f 

respectiv e S  an d R  points .  Th e vertica l  bar s i n a  combine d tens e structur e suc h a s (8 )  migh t  b e 

interprete d b y som e relatio n loose r  tha n eithe r  identit y o r  simultaneity .  I n tha t  cas e bot h ", "  an d 

" —"  woul d impl y —,  bu t  ", "  woul d als o carr y th e mor e specifi c  simultaneit y interpretation.̂ ^ 

One possibl e interpretatio n o f  th e vertica l  bar s (an d henc e o f  = )  i s tha t  th e point s connecte d b y 

the m ar e temporall y nea r  enoug h t o allo w immediat e causa l  dependenc y t o hol d betwee n them . 

(Se e Aloen s & :  Steedman ,  1988. )  Anothe r  i s tha t  n o relevan t  event s intervene d betwee n Emat  an d 

Eajj .  Thes e definition s leav e th e specifi c  tim e fram e dependen t  o n aspectual ,  pragmatic ,  an d 

discours e considerations ,  a  degre e o f  flexibility  tha t  seem s t o b e require d b y th e data .  A t  th e 

same tim e the y preserv e th e natura l  interpretatio n o f  ", "  i n th e simpl e tens e structures . 

The Computer Model 

This section represents stage 4 of the strategy outlined above, the development of a computer 

model  t o verif y th e behavio r  o f  th e theor y an d demonstrat e som e potentia l  applications . 

The theor y presente d abov e wa s implemente d a s a  compute r  program .  Th e progra m operate s o n 

pars e trees ,  buildin g comple x tens e structure s ou t  o f  simpl e one s an d determinin g whethe r  o r  no t 

the y ar e grammatica l  accordin g t o th e syntacti c an d lexica l  constraint s o f  th e theory .  Thi s 

progra m wa s linke d t o a  simpl e feature-gramma r  parser .  I n additio n t o buildin g th e C T S fo r  a 

sentence ,  th e progra m list s th e interpretation s o f  th e CTS s i t  accept s an d th e constraint s violate d 

by th e CTS s i t  rejects .  It' s  behavio r  o n som e sentence s fro m (1 )  an d (2 )  i s show n below . 

; ; ; * Rachel disappears when Jon will fall asleep 
(corapute-tense-structure s 

(pars e '(Rache l  + s disappea r  whe n Jo n wil l  fall-asleep)) ) 
((T S 
S.R R, E PRESENT 

I  I  I 
S.R R, E FUTURE 
*  CTS violates :  economy :  prefe r  S, R R, E PRESENT;  CDTS) ) 

"Not e tha t  th e Interpretabilit y  Constrain t  make s sens e onl y i f  <  i s reinterprete d s o tha t  A '  =  Y  implie s tha t 
neithe r  A '  <  Y  an d y  <  A' . 
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;; ;  OK:  Rache l  disappeare d onc e Jo n ha d falle n aslee p 
(compute-tense-structure s 

(pars e '(.Rache l  +e d disappea r  onc e Jo n +e d hav e +e n fall-asleep)) ) 
((T S 
E. R R_ S PAS T 

I  I  I 
E_R R_ S PAST-PERFECT 
interp :  E(adj)<E(mat)) ) 

;;; * Rachel had disappeared once Jon fell asleep 
(compute-tense-structure s 

(pars e '(Rache l  +e d hav e +e n disappea r  onc e Jo n +e d fall-asleep)) ) 
((T S 
E_R R_ S PAST-PERFECT 

I  I  I 
E, R R_ S PAS T 
*  CT S violates :  connectiv e compatibility) ) 

Conc lus ion s 

The strategy outlined in the fust section has yielded a satisfying explanation of the possible 

combination s o f  tense s an d temporal/causa J connectives .  However ,  on e o f  th e stage s o f  tha t 

strategy ,  findin g semanti c interpretation s o f  th e lexica l  syntacti c features ,  remain s t o b e full y 

worke d out .  A  secon d directio n i n whic h thi s researc h wil l  b e pushe d i s towar d verba l  aspect , 

whic h i n som e case s affect s th e acceptabilit y  o f  tens e combination s i n interestin g ways .  I n 

particular ,  som e idea s o f  Hinrich s (1986 )  migh t  b e fruitfull y  applie d t o facto r  i n th e effec t  of ,  fo r 

example ,  stativ e verb s o n th e E^a t  — Ead j  interpretation.̂ ^  I n summary ,  a  majo r  sourc e o f 

constrain t  o n tens e combination s i n adjoine d clause s ha s bee n uncovere d an d partiall y  explored , 

but  excitin g ne w treasure s m a y li e beyon d th e nex t  bend . 
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