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Abstract

F o r  s o m e  t im e  n o w , it has b e e n  k n o w n  that in  u n if ic a t io n  g ra m m a rs  
w e  ca n  u se  functional uncertainty to  m o d e l  c e r ta in  l in g u is t i c  
p h e n o m e n a  (K a p la n  a n d  Z a e n e n  1 9 8 9 ) . D a lr y m p le  e t a l. ( 1 9 9 0 )  
in tro d u ce d  the n o tio n  o f  inside-out functional uncertainty, and  s h o w e d  
h o w  th is  c o n c e p t  c o u ld  a c c o u n t  f o r  th e  d e s c r ip t io n  o f  s y n ta c t ic  
co n s tra in ts  o n  a n a p h o r ic  b in d in g . S o  fa r , h o w e v e r ,  n o  m e th o d  f o r  
c o m p u t in g  in s id e -o u t  fu n c t io n a l  u n ce r ta in ty  e q u a t io n s  h as b e e n  
d e s c r ib e d  in  the literatu re . T h is  p a p e r  p resen ts  an a lg o r ith m  a n d  a 
P r o lo g  im p le m e n ta t io n  f o r  the c o m p u ta t io n  o f  a su b se t o f  e q u a t io n s  
in v o lv in g  in s id e -o u t  fu n ction a l u ncertain ty . T o  illustrate the deta ils , the 
m e th o d  is  a p p lie d  to  r e s o lu t io n  o f  th e  N o r w e g ia n  lo n g -d is t a n c e  
r e f le x iv e  [s e g ]. P r o lo g  is w e ll  su ited  to  m o d e l  the in s id e -o u t  fu n ctio n a l 
u n certa in ty  in  q u e s t io n , a lth o u g h  it is  n o t  a fu n c t io n a l p ro g r a m m in g  
lan gu a ge . T h e  m ain  rea son s f o r  this are the use o f  lo g ic a l  va ria b les , the 
in h e r e n t  s e a r c h in g  b e h a v io r  o f  th e  P r o lo g  m a c h in e ,  a n d  th e  
b a ck tra ck in g  to  a lternative con tin u ation s  w h ile  fa ilin g .

1 Inside-out functional uncertainty

A n  L E G  g r a m m a r  f o r  a p a r t ic u la r  la n g u a g e  y ie ld s  a c o m p le t e  a n d  
c o h e r e n t  fu n c t io n a l stru ctu re  f o r  a  s in g le  s e n te n ce  i f  the s e n te n ce  is  w e l l -  
f o r m e d  a c c o r d in g  to  the a n n o ta te d  p h ra se  s tru ctu re  ru les  a n d  th e  le x ic a l  
en tries  f o r  the re s p e c t iv e  w o r d s  o c c u r r in g  in that se n te n ce . L E G  m a k e s  u se  
o f  a  fin ite  set o f  g ra m m a tica l fu n ctio n s  to  g iv e  a fu n ctio n a l d e sc r ip t io n  o f  an

Proceedings of NODALIDA 1995, pages 69-80

mailto:kjetil.strand@ilf.uio.no


u tte ra n ce . I f  w e  p re se n t th e  fu n c t io n a l stru ctu re  as a d ir e c te d  g ra p h , it is 
p o s s ib le  to  re a ch  all the re leva n t sy n ta ctic  in fo rm a tio n  fo r  e a ch  phrase in the 
u ttera n ce  v ia  the e d g e s  la b e lle d  w ith  th ese  g ra m m a tica l fu n ctio n s . F o c u s in g  
o n ly  o n  the fu n c t io n a l in fo rm a tio n , a rep resen ta tion  o f  the se n te n ce  (1 )  w ill  
y ie ld  a grap h  lik e  that in fig u re  1.

( 1) H ansi h åpet at Jonj v i lle  b e  S y lv i^  
fo r s ø k e  å få  O lai til å ten k e p å  seg?.

Hansi hoped that Jonj would ask Sylvia 
to try to make Olai think o f  himself/herself?

s e g .

F ig . 1: A  grap h  f o r  the sen ten ce  in (1 ).

In  L F G , it is  c o n v e n ie n t  to  let the a rgu m en ts  in  the fu n ctio n a l eq u a tion s  
d e n o t e  a  set o f  p a th s  o v e r  g r a m m a tica l  fu n c t io n s . S u c h  a set ca n  b e  
d e s c r ib e d  b y  a re g u la r  e x p r e s s io n  w ith  th e  g r a m m a tic a l  fu n c t io n s  as 
a lp h a b et. F u n ctio n a l u n certa in ty  has b e e n  u se d  to  a c co u n t  f o r  lo n g  d is ta n ce  
d e p e n d e n c ie s  (K a p la n  and  Z a e n e n  1 9 8 9 ), q u a n tifie r  s c o p e  (H a lv o rs e n  and  
K a p la n  1 9 8 8 ) a n d  m o d e ll in g  o f  s y n ta ctic  con stra in ts  o n  a n a p h o r ic  b in d in g  
(D a lr y m p le  e t al. 1 9 9 0 , D a lr y m p le  1 9 9 3 ). In  the latter tw o  ca s e s , the n o tio n  
o f  inside-out functional uncertainty is  u sed . G iv e n  a fu n c t io n a l d e sc r ip t io n  
o f  a se n te n ce , w e  ca n  d ra w  a p ictu re  o f  the b in d in g  re la tion  as in  fig u re  2.

T h e  t w o  v e r t ic a l s tro k e s  are m ea n t to  m o d e l  the v a r ia b le  p o in t  in  the 
g ra p h  at w h ic h  the actu a l b in d in g  d o m a in  f o r  the a n a p h or  in  q u e stio n  starts. 
T h e  path  f r o m  the g lo b a l  f-s tru ctu re  and  all the w a y  in to  the a n a p h or  is  the 
co n ca te n a t io n  o f  p re_p ath  and  p ath _ou t.
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Path into binding domain 
(pre_path)

Path into 
antecedent 
(path_in)

Path into 
anaphor 
(path_out)

F ig . 2 : T h e  u n certa in ty  p o in t  in the fu n ctio n a l graph

T h e  u n certa in ty  p o in t  in  th e  g rap h  ca n  v a ry  f o r  the sa m e  a n a p h or . T h is  
d e p e n d s  o n  the s y n ta ctic  con stra in ts  o n  the b in d in g  d o m a in . In  f ig u r e  1 w e  
w il l  h a v e  m o r e  than o n e  o f  th ese  p o in ts . I f  th e  p a th _ o u t  is  d e s c r ib e d  b y  a 
re g u la r  e x p r e s s io n  lik e  X C O M P +  : (A D J )  : O B J  I O B J 2  I O B L e * , a n d  the 
to ta l p ath  f r o m  th e  g lo b a l  f-s tr u c tu re  a n d  in to  th e  a n a p h o r  is  C O M P : 
X C O M P  : X C O M P  : X C O M P  : O B L th , w e  w i l l  h a v e  th ree  p o s s ib le  
u n certa in ty  p o in ts  in  th is grap h . T h e  n o t io n  o f  fu n c t io n a l u n certa in ty  is  d u e  
to  th is  v a r ia t io n , and  th e  n o t io n  " in s id e -  o u t "  is  d u e  to  th e  fa c t  that the 
un certa in ty  is ro o te d  at the f-stru ctu re  o f  the anaphor.

2 Descriptions containing 
uncertainty equations

D a lr y m p le  e t a l. ( 1 9 9 0 )  p r o p o s e  an e q u a t io n  l ik e  ( 2 )  to  m o d e l  th e  
an a p h oric  re la tion sh ip  b e tw e e n  antecedent and  anaphor:

(2) < a > ((P ath O u t T A )  P ath in ) <  CT > Ta

< a >  re p re se n t the m a p p in g  b e tw e e n  sy n ta x  a n d  s e m a n tics , T a  the f -  

stru ctu re o f  the a n a p h or , (P a th O u t T A )  p ic k s  o u t  the set o f  f-s tru ctu re s  that 

co n ta in  the a n a p h or and  in  w h ich  the a n teced en t m ust b e  lo ca te d , and  P ath in  
c h a r a c te r iz e s  th e  set o f  p o s s ib le  p a th s  in to  th e  a n te c e d e n t  f r o m  th e se  
d o m a in s . T h e  e q u a tio n  s h o u ld  b e  read  as f o l lo w s :  T h e re  s h o u ld  e x is t  an f -  
structure b f r o m  w h ic h  there is a path  in  the set o f  strings P ath O u t le a d in g  to  

T a , and  fr o m  w h ic h  an a n te ce d e n t f-s tru ctu re  ant is r e a ch a b le  v ia  a path  in  

the set o f  strin gs P a th in , and  ant a n d  T A  s h o u ld  m a p  to  the sa m e  s e m a n tic

’  In this notation, means concatenation, means zero, one, or m ore repetitions, 
m eans repetition on e or m ore times, "I" means disjunction  and round parentheses 

means optionality.
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p r o je c t io n .  T h e  e q u a tio n  c o u ld  v e r y  w e l l  b e  sa t is fia b le  in  m o r e  than o n e  
w a y , d e p e n d in g  o n  the c h o i c e  o f  path s fr o m  the sets P ath O u t and  P ath in , 
r e s p e c t iv e ly . B u t the co n tr ib u tio n  o f  (2 )  to  the g lo b a l  fu n ctio n a l d e scr ip t io n , 
is  that w e  s tick  to  o n e  o f  th ese  w a y s  in  the fin a l representation .

In th is p a p e r , I e x p re s s  the a n a p h o r ic  re la tio n sh ip  th rou g h  u n ifica t io n  o f  
th e  A G R  fea tu res  in  the f-s tru ctu re . T h e s e  A G R  fea tu res  p r o je c t  f r o m  the 
le x ic a l  en tr ies  o f  n o m in a l h e a d s , and  c o n s is t  in  turn o f  the in d e x , g e n d e r , 
n u m b e r  a n d  p e rso n  featu res.

N o r w e g ia n  h as a r ic h  in v e n to ry  o f  r e f le x iv e s . T h e y  c o m p r is e  1) [s e g  
s e lv ] ,  w h ic h  h as to  b e  b o u n d  to  a  s u b je c t iv e  n o u n  p h ra se  in  the m in im a l 
n u c le u s  ( [ + s b ] ,  [+ n c l ] ,  in  th e  L F G  te r m in o lo g y  (S e l ls  1 9 8 5 ) ) ;  2 )  [s e g ] ,  
w h ic h  h as to  b e  b o u n d  to  a s u b je c t iv e  n o u n  ph rase  o u ts id e  th e  m in im a l 
n u c le u s , b u t in s id e  th e  m in im a l f in ite  ten sed  d o m a in  ( [+ s b ] ,  [ -n c l ] ) ;  and  3 ) 
[h a m  s e lv ] ,  [h e n n e  s e lv ] ,  [d en  s e lv ]  and  [d e t s e lv ] ,  w h ic h  h a v e  to  b e  b o u n d  
in  th e  m in im a l c o m p le t e  n u c le u s , b u t at the sa m e  tim e  d is jo in t  f r o m  the 
s u b je c t iv e  p h ra se  in  th is d o m a in  ( [ - s b ] ,  [+ n c l] )2 . I f  the P ath O u t fo r  [s e g ]  is 
sta ted  as (G F  -  C O M P )+  : O B J  I O B J 2  I O B L 0 3 , a n d  the P a th in  as S U B J  I 
P O S S , the e q u a t io n  in  ( 2 )  m a y  b e  e x p r e s s e d  in  the f o l l o w in g  w a y  w h e n  
a p p lie d  to  [se g ];

(3 )  ( ( (G F  -  C O M P )+ :O B J IO B J 2 IO B L e :t )S U B J IP O S S :A G R ) =  ( T :A G R )

B o t h  to  m a k e  ( 3 )  m o r e  r e a d a b le  a n d  to  f o r e s e e  s o m e  o f  th e  
im p le m e n ta t io n a l m a tters , I d iv id e  (3 )  in to  a  c o n ju c t io n  o f  e q u a tio n s . T o  
a c h ie v e  th is , w e  in tro d u c e  e x is te n tia l q u a n tif ie d  v a r ia b le s  ra n g in g  o v e r  f -  
stru ctu res. T h e  eq u a tio n  in  (3 )  w ill  thus b e  tran sposed  to  the three eq u a tion s  
in  (4 ) ,  w h e re  b and  ant are ex is ten tia lly  b o u n d  f-structu re variab les.

(4 )  b :( G F -  C O M P )+  : O B J  I O B J 2  I O B L g  =  T
b : S U B J  I P O S S  =  ant

ant: A G R  =  T : A G R

T h e  re s o lu t io n  p r o c e s s  a m ou n ts  to  in sta n tia tin g  the in d e x  v a lu e  o f  the 
a n a p h o r  ( o r  o f  sh arin g  the v a r ia b le  in d e x  w ith  the a n te ce d e n t). R e f le x iv e s  
are a ls o  o fte n  u n d e rsp e c ifie d  reg a rd in g  the o th er m o rp h o sy n ta ctic  features in 
th e  A G R  fe a tu re  ( e .g . ,  [ s e g ]  is  u n d e r s p e c if ie d  w ith  r e s p e c t  to  s y n ta ct ic  
g e n d e r  a n d  n u m b e r ) . U n if ic a t io n  o f  th e  A G R  fea tu res  w i l l  thus, u n d e r  
n o rm a l c ir c u m s ta n c e s , a d d  in fo rm a t io n  to  the lin g u is t ic  d e s c r ip t io n  o f  the 
a n a p h o r ic  p h rase , in a d d ition  to  the in d e x  feature.

 ̂ T h is analysis o f  the N orw egian  anaphors has been questioned, e .g ., by Lødrup 
(19 85 ). In this paper I w ill stick to the analysis given by Sells (1985 ). The parts o f  this 
analysis relevant for the implementation described here, is also supported by Hellan (1988) 
and D alrym ple (1993).

3 A s in D alrym ple et al. (19 90 ) I take G F to denote the set o f  grammatical function 
labels.
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U n d e r  the le x ic a l en try  f o r  [s e g ] is  a lso  in serted  the con stra in t in (5)'*:

(5 )  ( ant :G F * =  T )

T h e  "n o n  co n ta in m e n t c o n d it io n "  in  (5 )  sa y s  that n o  path  ( in c lu d in g  the 
n u ll path , i .e . ,  id e n t ity )  e x is ts  b e tw e e n  the a n te ce d e n t a n d  th e  a n a p h o r  f -  
s tru ctu res . T h is  e n su re s  the first  r e q u ir e m e n t  o f  f-com m and: " F o r  a n y  

o c c u r r e n c e s  o f  the fu n c t io n s  a ,  P , in  an f-s tru ctu re  F , a  f-commands p  i f  

and  o n ly  i f  a  d o e s  n o t co n ta in  P and  e v e r y  f-s tru ctu re  o f  F  that c o n ta in s  a  

co n ta in s  P " (B re sn a n  1 9 8 2 ; 3 3 4 ) .T h e  P ath in  in  the s e c o n d  lin e  o f  (4 )  is  the 

d is ju n c t io n  S U B J  I P O S S , w h ic h  m ea n s  that th is path  has le n g th  o n e . T h is  
en sures the o th er  req u irem en t o f  f -c o m m a n d  (D a lry m p le  1 9 9 3 ; 156 ).

T h e  p r o b le m  w ith  (5 )  is  that it in v o lv e s  universal q u a n t if ic a t io n  o v e r  
path s in  the set o f  strin gs  G F * . T h is  is  the e f fe c t  o f  n e g a tin g  an e q u a t io n  
in v o lv in g  fu n c t io n a l u n ce r ta in ty  (D a lr y m p le  1 9 9 3 ; 1 2 3 ). S u c h  e q u a t io n s  
o n ly  m a k e  se n se  i f  re la ted  to  c o m p le te d  f-s tru c tu re s , w h e r e  th e y  w i l l  b e  
ev a lu a te d  as true o r  n ot. T h is  is  a c co u n te d  f o r  in  L F G  b y  treatin g  n e g a t io n  
n o n c o n s tr u c t iv e ly  (K a p la n  a n d  B resn a n  1 9 8 2 ; 2 1 0 , D a lr y m p le  1 9 9 3 ; 1 2 3 ). 
T h e  last e q u a t io n  is  thus o n ly  constraining, i .e . ,  it w i l l  b e  c h e c k e d  f o r  
sa tis fa ction  in  a c o m p le te  and  co h e re n t f-structure.

T h e  e q u a tio n s  in  (4 )  and  (5 )  h a v e  to  b e  fu rth er e la b o ra te d  to  a c c o u n t  f o r  
a ll the sy n ta ctic  con stra in ts  o n  a n a p h o r ic  b in d in g .T h e  [+ s b ]  a n a p h ors  m u st 
b e  b o u n d  in s id e  the m in im a l ten sed  d o m a in . T h is  m ea n s  that n o  in te rv e n in g  
f-s tru ctu re  in  the P a th O u t s h o u ld  co n ta in  th e  fea tu re  T E N S E . T h is  ca n  b e  
e x p re s s e d  in the f o l lo w in g  w a y 5;

(6) [ in t : G F +  =  T
b : G F +  =  int

int-TENSE ]

T h e  [ -n c l ]  fe a tu re  sta tes that a ll n o n -r e f le x iv e  a rg u m e n ts  in s id e  the 
m in im a l n u c le u s  s h o u ld  b e  d is jo in t  f r o m  th e  a n a p h o r  in  q u e s t io n . A s  ( 7 )  
s h o w s , it is p e r fe c t ly  p o s s ib le  f o r  the [ -n c l ]  a n a p h or  [s e g ]  to  c o r e fe r  w ith  a 
reflexive argu m en t in s ide  the m in im a l n u cleu s:

^ T he constraints in (5 ) and (6 ) are assum ed to be expressed as con jun cts to the 
existential quantified constraints in (4), so  the variables a n t and b  will be properly bound.

 ̂ D alrym ple (1993; 136) uses the fo llow in g  notation to express the constraint in (6 ): 

((D o m a in P a th  G F  t )  A n teced en tP a th )o  =  t g
(->  TE N SE )

This should be read as fo llow s : N one o f  the f-structures that is p icked out along the path 
Dom ainPath, should contain the feature TEN SE. T he equation in (6 ) involves universal 
quantification o f  the variable int, as the negation sign has w ider scope.
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(7 ) M artin i b a  o ss  sn ak k e til seg j o m  [se g  s e lv ]i /s e g j. 
Martini asked us to talk to himi about himself

T h e  m in im a l n u c le u s  is  th e  m in im a l f -s tru c tu re  co n ta in in g  b o th  the 
a n a p h o r  a n d  a featu re  P R E D , that is , n o  in terven in g  f-stru ctu re  b e tw e e n  this 
f -s tru c tu re  a n d  the a n a p h o r  s h o u ld  co n ta in  P R E D . In th is d o m a in  a ll the 
n o n -r e f le x iv e  c o -a r g u m e n t in g  f-s tru ctu re s  s h o u ld  h a v e  an in d e x  d is jo in t  
f r o m  th e  in d e x  o f  th e  a n a p h or . T h is  s o -c a l le d  co-argument disjointness 
condition ca n  b e  stated w ith  the h e lp  o f  a con stra in t lik e  that in (6 ).

The inside-out algorithm

K a p la n  a n d  M a x w e ll  (1 9 8 8 )  s h o w e d  that the v e r if ic a t io n  p r o b le m  fo r  
e q u a t io n s  c o n ta in in g  o u ts id e -in  fu n c tio n a l u n certa in ty  w a s  triv ia l, w h ile  the 
s a t is f ia b il it y  p r o b le m  w a s  d e c id a b le  in  th e  a c y c l i c  c a s e . W h e th e r  th ese  
re su lts  h o ld  a ls o  f o r  e q u a t io n s  in v o lv in g  in s id e -o u t  u n ce r ta in ty , is  n o t  
o b v io u s .  Im a g in e , f o r  in s ta n ce , the c a s e  w h e r e  an e q u a tio n  e n a b le s  us to  
b u ild  e v e r  m o r e  co m p r e h e n s iv e  f-s tru ctu res  b y  a d d in g  A D J  o n  o u r  w a y  out. 
T h is  c a n c e ls  the p ro p e rty  o f  rootedness w h ic h  is  u su a lly  p r e s u p p o s e d  fo r  
l in g u is t ic  d e scr ip t io n s .

In th e  a p p lica t io n  c o n s id e r e d  in  th is p a p er , h o w e v e r , th is p r o b le m  n e e d  
n o t  a r ise . T h is  w i l l  b e  e v id e n t  b y  a c l o s e r  in s p e c t io n  o f  th e  e q u a tio n s  
c o m p r is in g  in s id e -o u t  fu n c t io n a l u n certa in ty , and  in  p articu la r the first tw o  
e q u a t io n s  in  (4). N o n e  o f  th e se  e q u a t io n s  c o u ld  b e  defining, u s in g  the 
L E G  te r m in o lo g y , in  that th ey  a llo w  in fo rm a tio n  to  b e  a d d e d  in a m o n o to n ic  
w a y  d u r in g  c o n s tr u c t io n  t im e . T h e  a n te ce d e n t  ant f o r  an in trasen ten tia l 
a n a p h o r  a lw a y s  has to  b e  re a liz e d  b y  o th e r  m ea n s  in the g lo b a l  f-s tru ctu re , 
e ith e r  as an e le m e n t  s u b c a te g o r iz e d  f o r  b y  an e x is t in g  P R E D , o r  o th e rw ise  
re a liz e d  in  term s o f  a p ro je c t io n  fr o m  the c-stru ctu re . T h is  is a lso  the ca s e  fo r  
the f-s tru c tu re  re p re se n tin g  the b in d in g  d o m a in  b, and  f o r  a ll g ra m m a tica l 
fu n c t io n s  in  P ath O u t and  P ath in . O n ly  the th ird  eq u a tio n  in  (4), u n ify in g  the 
A G R  fe a tu re s , a d d s  in fo r m a t io n , in  that the a n a p h o r  is a ttach ed  w ith  its 
a n te c e d e n t  b y  sh a r in g  o f  in d e x  v a lu e s . T h u s  o n ly  th e  la tter e q u a t io n  is 
d e fin in g  in  the L E G  sen se . T h e  c o n s e q u e n c e  o f  this argu m en t, is that w e  ca n  
treat th e  in s id e -o u t  u n ce r ta in tie s  w ith  r e s p e c t  to  th e  f in a l c o h e r e n t  and  
c o m p le t e  f-s tru c tu re  f o r  the s e n te n ce  as a w h o le . E or  th is a p p lica t io n  w e  
o n ly  h a v e  to  c o n s id e r  th e  g r a m m a tic a l  fu n c t io n s  in  th e  f in a l g lo b a l  
rep resen ta tion  as ca n d id a tes  fo r  p o s s ib le  steps in  the u n certa in ty  paths.

T h e  a lg o r ith m  is  c a l le d  lO ,  as it is  b a s e d  u p o n  a tru e , " in s id e -o u t "  
re c u rs iv e  traversa l o f  a f in ite  g rap h . Input to  the a lg o r ith m  are the g lo b a l  f -  
s tru ctu re  E S , the f-s tru ctu re  f o r  the a n a p h o r ic  e le m e n t  ana and  the reg u la r 
e x p r e s s io n  reg _exp  d e s c r ib in g  th e  P a th O u t fr o m  ana to  the p o s s ib le

^ This exam ple is from  D alrym ple (1993 ; 150), where it is used to illustrate binding 
asym m etries.
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b in d in g  d o m a in s . W e  start b y  a s s ig n in g  F S  to  th e  v a r ia b le  p a ra m e te r  
fs tr u c .  T h e n  w e  traverse  in to  a n a , o n e  step  ig f)  at the tim e . A t  e a c h  step  
g f  w e  in stan tia te  th e  c o r r e s p o n d in g  part o f  p a th  b y  c o n c a te n a t in g  g f  in  
fr o n t  o f  th e  v a r ia b le  p a th  rest. O n  e a c h  c o r r e s p o n d in g  s te p  d u r in g  
w ith d ra w a l w e  c h e c k  f o r  a m a tch  b e tw e e n  r e g je x p  and  p a th , a n d  try  to  
r e s o lv e  the a n a p h o r  i f  w e  h a v e  a  m a tch . O u tp u t is e ith e r  s u c c e s s , w ith  the 
A G R  feature o f  ana u n ifie d  w ith  the a n teceden t, o r  fa ilure.

A b o v e ,  w e  stated  that r e g je x p  in  the [s e g ]  ca s e  c o u ld  b e  d e s c r ib e d  b y  
the re g u la r  e x p r e s s io n  (G F  -  C O M P )'* ' : O B J  I O B J 2  I O B L g . O n ly  f -  
s tru ctu res  at th is  "d is ta n c e "  f r o m  a n a  s h o u ld  b e  ta k en  in to  a c c o u n t  as 
p o s s ib le  b in d in g  d o m a in s . I f  s o m e  s u ff ix  o f  path  sa tis fie s  th is d e sc r ip t io n  at 
a ll, w e  w i l l  b e  in  o n e  o f  th ree  s itu a tio n s  o n  o u r  w a y  o u t  o f  th e  g ra p h , 
starting fr o m  ana at the in n erm ost lev e l:

1) W e  h a v e  n ot re a ch e d  the va ria b le  p o in t  in the grap h  w h e re  path  
m a tch e s  r e g je x p .  In  this ca s e  pa th  s h o u ld  b e  a s u f f ix  o f  
r e g j e x p .  (e .g ., p a th  =  O B L th ).

2 )  W e  h a v e  a situ a tion  w h e re  pa th  m a tch es  r e g je x p .  
ie .g ., pa th  =  X C O M P  : X C O M P  : O B L th ).

3 ) W e  h a v e  p a sse d  the v a r ia b le  p o in t  w h e re  pa th  m a tch e s  r e g je x p .  
{ t .g .,p a th  =  C O M P : X C O M P  : X C O M P  : X C O M P  : O B L th ).

T h e se  three situations ca n  b e  illustrated as in  fig u re  3:

3. Pre_path 2. Matching 1. Not yet matching

FS ANA

F ig . 3 : T h e  three p o s s ib le  s ituations

T h e  m a tch in g  p ro ce ss  ca n  b e  d o n e  o n  e a ch  le v e l w h ile  w ith d ra w in g  in  the 
re c u rs io n . T o  k e e p  tra ck  o f  w h ic h  o f  the th ree  s itu a tio n s  w e  are  in , w e  
in tro d u c e  t w o  fla g s : m a tch ?  and  r e s o lv e d ? . T h e s e  f la g s  ca n  b e  in  o n e  o f  
tw o  states: true o r  false. In itia lly , and  in  s itu a tion  1 a b o v e , th e y  are b o th  
false. F r o m  the first le v e l  o f  m a tch in g  an o n w a rd s  (s itu a t io n  2 )  m a tc h ?  =  
true. W e  s h o u ld  try to  r e s o lv e  the a n a p h or  o n ly  o n  th is le v e l. I f  w e  s u c c e e d  
in  r e s o lv in g  the a n a p h or , r e so lv e d ?  is  set to  true, and  all h ig h e r  le v e ls  o f  
l O  s u c c e e d  w ith o u t an y  fu rth er a d o . I f  w e  are in s itu a tion  2 , and  n o  lo n g e r  
h a v e  a  m a tch  b e tw e e n  pa th  and  r e g je x p , lO  s h o u ld  fa il o n  th is le v e l.
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N o w  w e  are in a p o s it io n  to  d e sc r ib e  the a lgorith m :

l O  1. [W e  h a v e  rea ch ed  the anaphor]
I f fs tr u c  is  id e n tica l w ith  ana, term in ate  w ith  path  set to  
the e m p ty  path.

l O  2 . [S e a rch  a step  further d o w n  in  the f-structu re]
F o l lo w  a  g ra m m a tica l fu n c t io n  g f  f r o m  fs tru c . C a ll the f -  
stru ctu re  w h ic h  g /"  p ic k s  o u t  f o r  tem p . S et p a th  to  the 
co n c a te n a t io n  o f  g f  and  the v a r ia b le  p a th _rest  a n d  ca ll  lO  
re c u r s iv e ly  w ith  tem p  and p a th _rest , and  the o th er  
param eters u n ch a n g ed . L e t  us assu m e that w e  seek  depth  
first. I f  fs tr u c  co n ta in s  n o  g ra m m a tica l fu n c t io n , co n tin u e  
in  the last p o ss ib le  a lternative con tin u ation . E ven tu a lly  w e  
w ill  re a ch  the a n a p h or  ana.
O n  e a ch  le v e l o n  the w a y  b a c k  in  the recu rs ion  w e  d o  the 
fo l lo w in g :
a ) I f  r e s o lv e d ?  is true, term in a te  w ith  s u cce s s .
b )  M a k e  a reso lu tion  try i f

1) the f la g  r e s o lv e d ?  is  false and
2 )  w e  are in a leg a l b in d in g  d o m a in  (there is a 

m a tch  b e tw e e n  p a th  and  r e g je x p ,  and 
m a tch ?  is  set to  true)

I f  the re s o lu t io n  s u c c e e d s , set r e so lv e d ?  to  true. In 
an y  ca s e , term inate w ith  su cce ss  ( i f  reso lu tion  fa ils  
o n  this le v e l, w e  s h o u ld  a n y w a y  try o n  a h ig h er 
le v e l) .

c )  I f  m a tch ?  is  true, a n d  w e  d o n 't  h a v e  a m a tch  
b e tw e e n  p a th  and  r e g je x p ,  term in ate  w ith  fa ilu re  
(w e  are in  situation  3  a b o v e , and  h ave  n ot s u cce e d e d  
in  re so lu tion  o f  the an a p h or in s ide  the leg a l b in d in g  
d o m a in ).

d )  O th e r w is e , i f  p a th  is  a s u f f ix  o f  r e g je x p ,  term in ate  
w ith  s u cce s s .
(B o t h  r e s o lv e d ?  a n d  m a tch ?  are false. T h is  
m ea n s that w e  h ave  n ot y e t  rea ch ed  a lega l b in d in g  
d o m a in  o n  o u r  w a y  ou t)

e )  O th e rw ise , term inate w ith  fa ilu re. (N o  s u ff ix  o f  this 
path  b e tw e e n  F S  and ana  w ill  e v e r  satisfy  
r e g _ e x p . )
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4 Advantages using Prolog

T h e r e  are t w o  o b v io u s  a d v a n ta g e s  in  u s in g  P r o lo g  to  im p le m e n t  th e  
d e s c r ib e d  a lg o r ith m ^ . F irst, th ere  is  th e  d e p th -f ir s t  s e a r c h in g  m a c h in e  
in h eren t in  the p r o o f  re s o lu t io n  o f  P r o lo g . T h is  ca n  b e  u t iliz e d  in  step  1 0 2 , 
w h e re  w e  p ic k  o u t  a re a ch a b le  f-s tru ctu re  temp, f o l lo w in g  an e d g e  la b e lle d  
g f  f r o m  fstruc. P r o lo g  w ill  s e a rch  th ro u g h  th e  g ra p h  u n til th e  a n a p h o r ic  
e le m e n t is fo u n d , w ith ou t any sp e c ia l m a ch in ery .

T h e  s e a r ch  m e c h a n is m  o f  P r o lo g  h as  a ls o  o n e  fu r th e r  a d v a n ta g e . 
B a c k tra ck in g  to  th e  last a ltern a tive  co n t in u a t io n  w i l l  g iv e  u s  a ll p o s s ib le  
s o lu t io n s , o n e  at a t im e , in  a "d o n 't  k n o w "  in d e te rm in is t ic  w a y . T h is  g o e s  
tog e th er  w e ll  w ith  the n o tio n  o f  fu n ction a l uncertain ty .

S e c o n d , the lo g ic a l  va riab les  o f  P r o lo g  are u tilized  in  the re cu rs iv e  ca ll  o n  
lO  w ith  th e  v a r ia b le  d y n a m ic  p a ra m eter  path_rest in  1 0 2 . T h is  p a ra m e te r  
w ill  b e  instantiated  th rou g h  u n ifica t io n  i f  the g o a l  s u cce e d s . W e  w o u ld  h a v e  
d if f ic u lt ie s  in  m o d e ll in g  th is d y n a m ic  in sta n tia tion  w ith  the sa m e  e le g a n c e  
and  d e sc r ip t iv e  p o w e r  in  an y  o th er  p ro g ra m m in g  lan gu a ge .

T h e  P r o lo g  v a r ia b le , p re lim in a r ily  d is tr ib u te d  as the v a lu e  o f  th e  I N D  
fea tu re  f r o m  the le x ic o n , en su res  that stru ctu res sh arin g  th is v a r ia b le  w ill  
co n t in u e  to  sh are th is p ro p e rty , re g a rd le ss  o f  the c o u r s e  o f  th e  p r o c e s s in g  
h is to ry : s y n ta ctic  and  se m a n tic  a n a ly s is , n ou n  p h ra se  p r o c e s s in g  in c lu d in g  
a n a p h or ic  reso lu tio n , f o c i  and  k n o w le d g e  b a se  u pd a tin g , etc .

In d e x in g  is  d o n e  o n  the fu n c t io n a l d e sc r ip t io n  o f  the c la u s e . B u t  as the 
rep resen ta tion s  o f  the d is c o u r s e  re feren ts  sh are the sa m e  P r o lo g  v a r ia b le  as 
v a lu e  o f  th e  in d e x  fe a tu r e  b o th  in  th e  fu n c t io n a l  a n d  th e  s e m a n t ic  
rep resen ta tion , the instan tia tion  w ill  a ffe c t  a ll structures s im u lta n e o u s ly  and  
in  the sa m e  w a y .

S o m e t im e s  w e  try  to  u n ify  t w o  A G R  fe a tu re s  w h e r e  n e ith e r  h a v e  an 
in sta n tia ted  in d e x . T h is  h a p p e n s  i f  an  a n a p h o r  has a p r o n o m in a l  as its 
a n teced en t. I f  the u n if ic a t io n  s u c c e e d s , the tw o  s tru ctu res  in  q u e s t io n  w il l  
sh are  the sa m e  P r o lo g  v a r ia b le  as v a lu e  o f  th e  I N D  fe a tu re . W h e n  the 
p ro n o m in a l is  r e s o lv e d  later o n , b o th  structures w ill  b e  instan tia ted  w ith  the 
sa m e  in d e x  va lu e .

L o g ic a l  va ria b le s  ca n  a ls o  b e  u tilize d  to  m o d e l  the t w o  f la g s  in  lO .  B o th  
f la g s  are first false, then  e v e n tu a lly  true, b u t n e v e r  c h a n g in g  b a c k  to  false 
a ga in . T h is  w e  ca n  m o d e l  in P r o lo g , le ttin g  false b e  a lo g ic a l  v a r ia b le , and  
true the con sta n t true. W e  c h e c k  the v a lu e  o f  a f la g  a sk in g  i f  it is a v a r ia b le

^ I have troughout this paper considered a c y c l i c  f-slructures on ly. Jan T ore Lønning 
(p .c .)  has pointed out to m e, that P ro log  is not the best program m ing language for 
representing c y c lic  graphs, in that it is im possible for a Prolog variable to contain itself. 
The algorithm presented in the preceding section might handle cyclic ity  by naming the f- 
structures in the path, check ing  in each step that w e d o  not pass through the sam e f- 
structure twice. The interaction o f  cycles with uncertainty paths may pose other problem s, 
however.
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o r  n o t . O n c e  in sta n tia ted  to  true, a f la g  w ill  k e e p  this v a lu e  in  the actua l 
e n v iro n m e n t.

5 The Prolog code

T h e  p r o g r a m  c o n s is t s  o f  t w o  p r e d ic a te s : in s id e _ o u t /6  a n d  c h e c k /6 .  
I n s id e _ o u t /6  has tw o  en tries , w h ile  c h e c k /6  has three entries. T h e  argu m en ts 
in  b o t h  c a s e s  c o m e  in  th is o rd e r : fstru c, an a,path , reg_exp , m atch?, 
r e s o lv e d ? .

inside_out(A na, Ana, [], R egExp, M atch, R e s o l v e d ) !.

inside_out(FS, Ana, [G F  I Path], R egExp, M atch, R esolved) 

fo llow (F S , GF, T em p),
inside_out(Tem p, Ana, Path, R egE xp, M atch, R esolved), 

check(F S, Ana, [G F I Path], R egExp, M atch, R esolved).

T h e  f la g s  (a n d  th e  r e s o lu t io n  o f  the a n a p h o r ) are h a n d le d  in s id e  the 
c h e c k /6  g o a l .  I f  R e s o lv e d  is  set to  true o n  an e a r lie r  le v e l , w e  c o n t in u e  to  
w ith d ra w :

ch eck (_ , _ , _ , _ , _ ,  R e s o lv e d )n o n v a r (R e s o lv e d ) , !.

W e  are in  s itu a tion  2 : W e  h a v e  a  m a tch  b e tw e e n  Path and  R e g E x p . W e  
set M a tc h  to  true, and  try to  r e s o lv e  the an a p h or . I f  re s o lu t io n  s u cce e d s  o n  
th is  le v e l .  R e s o lv e d  is  se t to  true, o th e rw is e  it re m a in s  a v a r ia b le . In  an y  
c a s e , the g o a l  w ill  s u cce e d , s o  w e  ca n  co n tin u e  to  w ith draw :

check (F S , Ana, Path, R egE xp, M atch, R esolved)

match(Path, R egE xp),

M atch =  true,

resolve(FS, Ana, Path, R esolved).

W e  are in  s itu ation  1: B o th  R e s o lv e d  and  M a tch  are v a ria b les , and  w e  d o  
n o t  h a v e  a m a tch  y e t. T h e  P ath  s o  fa r  is  a  s u f f ix  o f  o n e  o f  the d e s c r ib e d  
p aths in  R e g E x p . T h e  c h e c k /6  g o a l  s u cce e d s , and  w e  co n tin u e  to  w ith draw :

ch eck (_ , _ , Path, R egE xp, M atch, _ )

vaifM atch), 

suffix(Path, R egE xp).

T h is  p r o c e d u r e  tries  o u t  a  s o lu t io n  o n  th e  le v e l  n earest to  the a n a p h o r  
first. I f  th is s o lu t io n  is  in  c o n f l i c t  w ith  o th e r  co n stra in ts , w e  b a c k -tr a c k  to
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the co n tin u a tio n  in s id e  en try  2 , w h e re  R e s o lv e d  rem a in s  a  v a r ia b le . O n  the 
s u cce s s iv e  le v e ls , entry 2  w ill  b e  e v o k e d  as lo n g  as w e  h a v e  a m atch .

I f  w e  re a ch  s itu a tio n  3 w ith o u t  a n y  r e s o lu t io n  (M a t c h  is  true, a n d  
R e s o lv e d  is  s till a  v a r ia b le )  c h e c k /6  fa ils  o n  th is le v e l ,  a n d  d u e  to  th is , 
in s id e _ o u t /6  fa ils  o n  the sa m e  le v e l.

I f  w e  rea ch  a  situ ation  w h e re  b o th  R e s o lv e d  and  M a tch  are still v a ria b les , 
a n d  P ath  n e ith e r  m a tch e s  R e g E x p  n o r  a s u f f ix  o f  R e g E x p , c h e c k /6  fa ils  
im m edia te ly .

T o  g iv e  a f la v o r  o f  th e  a p p r o a c h  ta k en , I in c lu d e  an e x a m p le  o f  the 
re s o lv e /4  g o a l  in  the [se g ] ca se :

resolve(FS, Ana, _ , R esolved)
(fo llow (F S , subj. A nt); fo llow (F S , poss. A nt)), 

not(contained(Ana, Ant)),

A n t : agr = =  A n a : agr.
R esolved =  true.

resolve(_ , _ , _ ,  _ ).

T h e  f -c o m m a n d  restriction  is  gu aran teed  b y  the first tw o  lin es : In  lin e  o n e  
w e  f o l l o w  a  path  o f  len g th  o n e  (subj o r  poss) to  id e n t ify  the f-s tru c tu re  o f  
the a n teced en t (A n t ) , and  in  lin e  tw o  the g o a l  fa ils  i f  A n a  is co n ta in e d  in  (o r  
id e n t ica l t o )  A n t . R e s o lu t io n  a m ou n ts  to  u n if ic a t io n  o f  th e  A G R  fe a tu re s , 
and  i f  a ll th ese  g o a ls  s u c c e e d . R e s o lv e d  is  set to  true.

I f  an y  o f  the g o a ls  fa ils , the s e c o n d  en try  f o r  r e s o lv e /4  s u c c e e d s , a n d  the 
R e s o lv e  f la g  rem ain s  a P r o lo g  va riab le .

6 Conclusion

I h a v e  p re s e n te d  a P r o lo g  im p le m e n ta t io n  o f  in s id e -o u t  fu n c t io n a l  
u n certa in ty  w ith  an a p p lica t io n  to  in trasen ten tia l a n a p h ora  re s o lu t io n . T h e  
m a in  p red ica te  in s id e _ o u t /6  and  the su b g o a l c h e c k /6  take ca re  o f  the b in d in g  
con stra in ts. It turns o u t  that the in s id e -o u t  fu n ctio n a l u n certa in ty  a p p ro a ch  is 
w e l l  su ite d  f o r  an  e f f i c ie n t  im p le m e n ta t io n  o f  in tra sen ten tia l a n a p h o ra  
re so lu tio n . T h is  is s o  b e ca u s e , f o r  th is a p p lica t io n , w e  o n ly  h a v e  to  c o n c e r n  
o u rse lv e s  w ith  the f-stru ctu res  and  the gra m m a tica l fu n c t io n s  le g it im a te d  b y  
o th e r  d e fin in g  e q u a tio n s  in  the l in g u is t ic  d e sc r ip t io n , as th e y  are p r o je c te d  
fr o m  the c -s tm ctu re  tree and  the le x ic a l entries o f  the m o rp h e m e s  o c c u r in g  in 
th e  string. T h u s  w e  ca n  take the c o m p le te  and  co h e re n t  f-s tru ctu res  as in pu t 
to  th e  r e s o lu t io n  a lg o r ith m . A lt h o u g h  n o t  a fu n c t io n a l  p r o g r a m m in g  
la n g u a g e , P r o lo g  is  w e l l  su ite d  f o r  im p le m e n ta t io n  o f  th e  a lg o r ith m  in  
q u e stio n .
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