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A b s t r a c t  

J u n c t i o n  Grammar, a model of language s t r u c t u r e  developed by 

Eldon Lytle, i s  be ing  used t o  d e f i n e  t h e  i n t e r l i n g u a  f o r  a machine- 

a s s i s t e d  t r a n s l a t i o n  p r o j e c t .  J u n c t i o n  Grammar r e p r e s e n t a t i o n s  

( c a l l e d  j u n c t i o n  t r e e s )  c o n s i s t  of word sense  in format ion  i n t e r -  

r e l a t e d  by j u n c t i o n s ,  which c o n t r i b u t e  s y n t a c t i c  and semant ic  i n -  

format ion.  The f i r s t  s t e p  of  the c u r r e n t  t r a n s l a t i o n  system i s  

i n t e r a c t i v e  a n a l y s i s .  During t h i s  s t e p ,  t h e  program i n t e r a c t s  w i t h  

t h e  human o p e r a t o r  t o  r e s o l v e  ambigui t i es  and then  produces a junc- 

t i o n  t r ee  r e p r e s e n t a t i o n  of t h e  meaning of  t h e  i n p u t  t e x t .  The 

second and t h i r d  s t e p s  of t h e  t r a n s l a t i o n  process  a r e  automat ic  

t r a n s f e r  and s y n t h e s i s  i n t o  one o r  more t a r g e t  languages.  For 

each t a r g e t  language t h e  t r a n s f e r  s t e p  makes adjus tments  on each 

junction t r e e ,  i f  needed, b e f o r e  sending it t o  t h e  synthesis pro-  

gram f o r  that language.  Th i s  t r a n s l a t i o n  system is c u r r e n t l y  

under development a t  Brigham Young U n i v e r s i t y  i n  Provo, Utah. Pre-  

s e n t  lexicons f o r  Eng l i sh  a n a l y s i s  and Spanish ,  German, French, and 

Portuguese s y n t h e s i s  c o n t a i n  about 1 0 , 0 0 0  word senses  each.  
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LIST OF SYMBOLS 

N Noun 

PN Predicate  with a noun nucleus 

SN Predication with a noun nucleus 

A Adject ive  or adverb 

PA P r e d i c a t e  with an ad jec t ive  or adverb nucleus 

SA Predication w i t h  an adjec t ive  or adverb nucleus 

V Ve rb 

PV Pred ica te  with a verb nucleus 

S V  P r e d i c a t i o n  w i t h  a verb nucleus 

P P r e p o s i t i o n  

PP Predica te  with a preposition nucleus 

SP P r e d i c a t i o n  w i t h  a p r e p o s i t i o n  nucleus 

E Empty node 

JG Junction Grammar 

A d j  A d j e c t i v e  

Adv Adverb 

PAj Adject ive  predicate 

PA Adverb predicate v 
PX Any predicate  

SX Any pred ica t ion  



I .  An overview. 

Assuming t h a t  semant ics  must be t a k e n  i n t o  account  i n  a t r a n s -  

l a t i o n  sys tem,  t h e r e  a r e  a t  l e a s t  two major c l a s s e s  o f  in te rmed-  

i a t e  r e p r e s e n t a t i o n s  t o  choose from f o r  use  i n  a t r a n s l a t i o n  s y s -  

tem. One c l a s s  of r e p r e . s e n t a t i o n s  is  n o n - l i n g u i s t i c .  I n  t h i s  

c l a s s  s y n t a x  i s  ignored and use  i s  made of v a r i o u s  c o n c e p t u a l  

u n i t s  and r e l a t i o n s  (e .  g .  Schankl s conceptua l  dependency) . Ano- 

t h e r  c l a s s  of r e p r e s e n t a t i o n s  i s  l i n g u i s t i c .  I n  t h i s  c l a s s  s y n t a x  

and semant ics  a re  combined i n t o  a  s y n t a c t o - s e m a n t i c  r e p r e s e n t a t i o n  

which i s  connected t o  s u r f a c e  s t r u c t u r e  i n  a f a i r l y  d i r e c t  f a s h i o n  

(e .g .  Montague grammars [I] and J u n c t i o n  Grammar [ 2 ] ) .  

We have chosen t o  t e s t  J u n c t i o n  Grammar a s  t h e  i n t e r l i n g u a  

f o r  a mach ine -as s i s t ed  t r a n s l a t i o n  p r o j e c t .  The b a s i c  concep t s  of  

this model of  language were developed by Eldon L y t l e  i n  t h e  l a t e  

1 9 6 O V s ,  b u t ,  as w i t h  many t h e o r i e s ,  i t  has  been under  c o n t i n u a l  

development e v e r  s ince .  

For s u b j e c t - v e r b - o b j e c t  s e n t e n c e s ,  j u n c t i o n  t r e e s  look much 

l i k e  t h e  f a m i l i a r  p h r a s e  markers .  L e t  u s  t h e n  preview t h e  s t e p s  

of t h e  J u n c t i o n  Grammar t r a n s l a t i o n  p r o c e s s  u s i n g  an ex t r eme ly  

s imple s e n t e n c e .  

Given t h e  E n g l i s h  s u r f a c e  s t r i n g ,  "He needs it", E n g l i s h  

a n a l y s i s  would produce t h e  j u n c t i o n  t r e e  : 



Note t h a t  t h e  t r e e  has  an o rde r  independent of  t h e  s u r f a c e  word 

o rde r  of t h e  i npu t  t e x t .  The func t ion  m(x) produces t h e  word 

sense  o r  sememe of its argument. The va lues  of t h i s  f u n c t i o n  

have been implemented as  p o s i t i v e  integers c a l l e d  semant ic  i n -  

d i c e s .  The p l u s  s igns  under t h e  c a t e g o r i e s  PV ( v e r b a l  predicate)  

and SV ( v e r b a l  sentence)  s t a n d  f o r  ad junc t ion ,  one of t h e  b a s i c  

types  of  j unc t i on  recognized by Junc t ion  Grammar. 

Suppose we want t o  syn thes i ze  t h i s  j unc t i on  t r e e  i n t o  French. 

T rans fe r  would a d j u s t  t h i s  t r e e  because French expresses  t h e  mean- 

ing  of  'needt  as 'have need o f t .  Then French syn thes i s  would p e r -  

form l e x i c a l  s e l e c t i o n  and o rde r ing  t o  produce t he  s t r i n g  " I l a  

besoin de ca", o r  "11 en a  be so inn .  

The fo l lowing  chapters w i l l  d i s cus s  junc t ion  trees i n  more 

detail and then  exp l a in  how t h e  a n a l y s i s ,  t r a n s f e r ,  and syn thes i s  

s teps  a r e  c u r r e n t l y  implemented. 



11. I n t r o d u c t i o n  t o  J u n c t i o n  Grammar. 

A.  Bas ic  Rela t ive  Modi f ie r s .  

Consider t h e  fo l lowing sentence  : 

(1) Every monkey t h a t  swallows that, gets i n d i g e s t i o n .  

U t i l i z i n g  a modi f ica t ion  junc t ion  * c a l l e d  s u b j u n c t i o n ,  c o n s i d e r  

t h e  fo l lowing as a junc t ion  marker f o r  (1) : (Consider  t h e  term-  

i n a l  words as names of sememes and cons ide r  q u a n t i f i e r s  t o  be o f  

a noun- t ype  category) . 

E ve ry n g e t s  i n d i g e s t i o n  

monkey n 
t h a t  A 

V- N 
swallows t h a t  

The problem w i t h  t h e  above junc t ion  marker i s  t h a t  it i s  n o t  

c l e a r  which t h a t  i s  t h e  relative pronoun. Fol lowing Montague (see a l s o  

P a r t i e  [ 3 ]  and Gabbay [ 4 ] )  we could subscr ip t  t h e  sub junc t ion  

ope ra t ion  and t h e  appropr i a t e  t h a t  w i t h  r e s p e c t  t o  which t he  

modi f ica t ion  occurs: 



Every /". g e t s  i n d i g e s t i o n  
N * I  SV 

I monkey A 
V N 

swallows t h a t  

The above t r e e  would t h e n  be l e x i c a l i z e d  as  sen tenc  (1). I f  we 

had s u b s c r i p t e d  j u s t  t h e  o t h e r  - t h a t  then  t h e  m a r k ~ r  would be l e x -  

i c a l i z e d  no t  as sen tence  (1) but r a t h e r  a s :  

(1A) Every monkey t h a t  t h a t  swallows g e t s  i n d i g e s t i o n .  

A r e a d a b l e  way of  hand l ing  such c l a u s e s  is t h e  method used 

i n  J u n c t i o n  Grammar: The proform with r e s p e c t  t o  which t h e  modi- 

fication occurs i s  d i r e c t l y  jo ined  t o  t h e  noun being modified. 

Thus t h e  structure t ake s  t h e  p l ace  of  s u b s c r i p t s .  

Sentence (1) Sentence (1A) 

N A + + A PV 
/". sv 
N * N V +  N A 6 v + N  A 

Every A S V , g e t s  i n d i g e s t i o n  N V N + PV gets  i n d i -  
N * N + p v  Every m h a t f i  ge s t i on  

monkey t h a t  N *  N + V  
V + N monkey t h a t  swallows 

swallows t h a t  

The r eade r  w i l l  n o t i c e  t h a t  t h e  above diagrams a r e  n o t  normal b in -  

ary t r e e s ,  bu t  we c a l l  them t r e e s  o r  i n t e r s e c t i n g  t r e e s  because 

they  can be drawn as s e t s  of  c ro s s - r e f e r enced  t r e e s .  



The fol lawing t r e e  i l l u s t r a t e s  t h e  n o t a t i o n a l  v a r i a t i o n s  of 

(a) drawing i n t e r s e c t i n g  t r e e s  as  c r o s s - r e f e r e n c e d  s e t s  of  normal, 

t r e e s ,  (b) drawing t h e  junc t ion  symbol between t h e  b r o t h e r s  (sub-  

o rd ina te  nodes) i n s t e a d  of next  t o  t h e  f a t h e r  ( supe ro rd ina te )  node,  

and (c) o p t i o n a l l y  l eav ing  o u t  t h e  junc t ion  symbol when i t  i s  

adjunct ion (+) . 

A 
N * N  

fi 
V + N V N 

$ h i t  

Every g e t s  i n d i g e s t i d n  swallows t h a t  
N * N, 

monkey 1 

I t  i s  i n t e r e s t i n g  t o  no te  that  one s imple method of gene ra t ing  

i n  a c o n t e x t - f r e e  way such i n t e r s e c t i n g  t r e e s  as  those  used i n  

Junc t ion  Grammar i s  t o  employ c o n t e x t - s e n s i t i v e  r u l e s  as node 

admissab i l i t y  cond i t ions .  This method i s  e s s e n t i a l l y  i n  harmony 

with McCawleyV s [ S ]  p roposa l .  For example, t h e  r u l e  A+BC al lows 

t h e  well-formed s t r u c t u r e  A F u r t h e r ,  t h e  r u l e  
n 
B C 

A--BC/F - G i s  const rued as saying t h a t  a  subtree w i t h  A immediate- 

l y  dominating t h e  sequence BC i s  a well-formed s u b t r e e  provided 

that  elsewhere i n  the t r e e  a node F immediately precedes A and A 

immediately precedes a node G. Thus, as an example, t h e  fo l lowing 

tree is well-formed from the r u l e s  i n d i c a t e d .  

S --, DAE 
D-F/ B 
E --t G H ~  
A- BC/F- - 



Though t h e  t r e e  i s  wel l - formed i f  t h e  r u l e s  a r e  node a d m i s s a b i l i t y  

c o n d i t i o n s ,  FBCGH cannot  be d e r i v e d  from t h i s  gramma? i n  a  stan- 

dard  r e w r i t e  d e r i v a t i o n  way. 

I f  such p r o d u c t i o n  r u l e s  were t o  be u s e d ,  t h e i r  form would be:  

W --3 XY 

Such p r o d u c t i o n  r u l e s  are type 0 and n o t  t y p e  1. 

B m  Noun Complements. 

I t  i s  i n s t r u c t i v e  t o  c o n t r a s t  t h e  above J u n c t i o n  Grammar 

t r e a t m e n t  of r e l a t i v e  c l a u s e s  w i t h  i t s  t r e a t m e n t  of  noun comple- 

ments. 

I t  would seem t h a t  t h e r e  are s e r i o u s  t h e o r e t i c a l  problems 

assoc iated w i t h  the phrase s t r u c t u r e  r u l e s  * N P ? r N P  S and 

N P - N  S of  Transformation Grammar [ 6 ]  . 
RELATIVE CLAUSE RULE : N P + N P  S 

COMPLEMENT RULE: N P - N  S 

( 2 )  The embar rass ing  f a c t  t h a t  John was able t o  l e a r n  frus- 
trated h i s  a d v e r s a r i e s .  

n 
NP 
fact f a c t  A 

which John was John was a b l e  
a b l e  t o  l e a r n  t o  l e a r n  

TG Treatment  of Noun Complements and R e l a t i v e  C lauses .  



These r u l e s  propose t o  account f o r  r e s t r i c t i v e  r e l a t i v e  c l a u s e s  

and noun complements, r e s p e c t i v e l y ,  bo th  embedding an e n t i r e  s e n -  

t ence  t o  a nominal an teceden t ,  encompassing both c o n s t i t u e n t s  w i t h  

b racke t s  l a b e l l e d  NP. I t  seems c l e a r  t h a t  t h e  two s t r u c t u r e s  i n  

ques t ion  a r e  i n  f a c t  r e l a t e d ,  i . e .  i n  some sense  s imi l a r ,  b u t  n o t  

i n  the way suggested by t h e  P - r u l e s  proposed t o  g e n e r a t e  them. 

S p e c i f i c a l l y ,  i n  each case  t h e r e  seems t o  be an over lapp ing  of  

c o n s t i t u e n t s  i n  t h e  main c l a u s e  w i t h  t h o s e  i n  t h e  subord ina te  

c l a u s e :  I n  t h e  r e l a t i v e  c l a u s e ,  an NP of t h e  main c l a u s e  c o i n c i d e s  

r e f e r e n t i a l l y  w i t h  an NP of t h e  dependent c l a u s e  ; i n  t h e  comple- 

ment, a  noun, o r  p o t e n t i a l l y ,  a  noun p h r a s e ,  of t h e  main c l a u s e  

i s  equated r e f e r e n t i a l l y  w i t h  t h e  e n t i r e  dependent c l a u s e .  Thus 

sentence  ( 2 )  i s  ambiguous over t h e  r e l a t i v e  c l a u s e  and t h e  com- 

plement read ings .  (Notice t h a t  one can r e p l a c e  t h a t  w i t h  which 

f o r  t h e  r e l a t i v e  c l a u s e  read ing  bu t  n o t  f o r  t h e  complement r e a d -  

ing . ]  There i s  no th ing  i n  t h e  P - r u l e  fo rmula t ion  t o  make t h i s  

over lapping of c o n s t i t u e n t s  e x p l i c i t ,  however. Hence, a mechanism 

f o r  checking t h e  co re fe rence  of NP1s i s  r e q u i r e d  s o  that t h e  r e l a -  

t i v e  c l a u s e  t r ans fo rma t ion  could apply  t o  sen tences  embedded by 

NP-NP S and produce t h e  a p p r o p r i a t e  r e l a t i v e  pronoun. I t  i s  n o t  

c l e a r ,  however, whether t h i s  mechanism i s  supposed t o  e s t a b l i s h  a  

core fe rence  r e l a t i o n  between t h e  head N and t h e  complement S i n  

NP -+N S ,  s i n c e  no T - r u l e  seems t o  depend upon such a check. More- 

over ,  t h e r e  i s  no c l e a r  j u s t i f i c a t i o n  f o r  u s ing  N r a t h e r  t h a n  NP 

t o  t h e  r i g h t  of tlie arrow i n  t h e  complement r u l e ,  s i n c e  t h e  head 

of a complement can have a r t i c l e s  and mod i f i e r s  t oo .  



S t i l l  more s e r i o u s  is what appears t o  be implied by t h e  r e l a -  

t i v e  c l a u s e  r u l e .  Namely, t h e  e n t i r e  c l a u s e  i s  bracketed  w i th  a 

nominal ca tegory  (NP) ,  sugges t ing  t h a t  i t ,  l i k e  t h e  complement, 

i s  func t i on ing  i n  i t s  e n t i r e t y  as a  nominal c o n s t i t u e n t .  The 

s t r u c t u r a l  symmetry of t he se  two r u l e s  r e s u l t s  i n  a f a l s e  genera l -  

i z a t i o n  ( t h e  i l l u s i o n  t h a t  bo th  c l ause s  were nominalized) whi le  

f a i l i n g  t o  make e x p l i c i t  t h e  generality which a c t u a l l y  e x i s t s  and 

i s  semant ica l ly  c r u c i a l  ( t h e  r e f e r e n t i a l  over lap  between c o n s t i -  

t u e n t s  i n  t h e  main and dependent c l a u s e s ) .  What i s  needed a r e  

s t r u c t u r a l  r e p r e s e n t a t i o n s  which r e f l e c t  t h e  over lapping of con- 

s t i t u e n t s  wi thout  v i o l a t i n g  what seem t o  be t h e  c o r r e c t  c a t e g o r i -  

z a t i o n s .  

The Junc t ion  Grammar s o l u t i o n  i s  as fo l lows:  

N sv  A n  
N * N N A * S V  ( t h a t )  

f a c t  which f a c t  

Re l a t i ve  Clause Noun Complement 

I n  t he  case  of the  r e l a t i v e  c l a u s e ,  t he  i n t e r s e c t i o n  occurred on 

c a t e g o r i a l l y  homogeneous nodes (on N l s )  , whereas i n  t h e  comple- 

ment s t r u c t u r e  t h e  i n t e r s e c t i o n  occurred on heterogeneous nodes 

(N /S) s o  that t h e  e n t i r e  subordina te  c l ause  i n t e r s e c t e d  w i t h  an 

NP o f  t h e  main c lause .  

Subjunct ion can thus  be seen  t o  be o f  two b a s i c  t y p e s - - f u l l -  

sub junc t ions ,  a s  i n  noun complements, and i n t e r j u n c t i o n s ,  as i n  

r e l a t i v e  c l a u s e s .  In  f u l l - s u b  junc t ion  t h e  modifying c o n s t i t u e n t  

node i s  ~ o m p ~ l e t e l y  subjo ined ,  e .g .  number f i v e ,  or  t h e  boy John as 



N * N 
boy John 

or the fact John came as 

N * SV ( t h a t )  
fac t  

John came 

On the other hand, i n  interjunction the modifying constituent is 

just interjoined,  e . g .  the book ( that)  I read as 
sv 

N 
N I 

the  book that + v 
read 

or John failed. which s u r ~ r i s e d  m e  as 

which A 
V + N - - 

John f a i l e d  surprised me 

In both cases, however, the nodes which intersect referent ia l ly  

are direct ly  joined to each other.  

The schematic expression for full-subjunction is Z+X*Y. 

The following are representative members of t h i s  schernq: 



N'N * SV 

Adj- A d j  * PV 

( t h e  fact) John came surprised us. 

N [the f a c t  John  came) 
n 

fact A 
John came 

Sneaking  Russian is difficult. 

(Speaking  Russian) 

N ft PV 
i n g  n 

speak Russian 

The speaking o f  Russian i s  d i f f i c u l t .  

N (speaking)  n 
- i n g  speak 

Children such that they hate candy are rare. 

A d j  (such that  they hate  candy) 
0". 

A d j  * sv ( that )  
such n 

they hate candy 

The boy readfng the book i s  John. 

eading the book) 

A d j  A PV 
- i n g  

read t h e  book 



C.  Other Modifiers as  Rela t ive  Statements.  

Returning now t o  t h e  d iscuss ion  of r e l a t i v e  modi f i e r s ,  w e  

continue our de sc r ip t i on  of i n t e r j u n c t i o n ,  which, a s  t h e  reader  

w i l l  r e c a l l ,  e n t a i l s  i n t e r s e c t i n g  t r e e s  corresponding t o  t h e  f o l -  

lowing schema : 

Basic r e l a t i v e  modif iers  a re  def ined  t o  be r e l a t i v e  c l ause s  

of which t h e  modifying node i s  of noun category,  t h e  re la t ive  mark- 

e r  f o r  such c lauses  being i n  some cases  n u l l  (e .g.  t h e  boy I saw 

was cry ing) ,  o r  such words as  which, who - 9  and t h a t .  Non-basic 

r e l a t i v e  modifiers  a r e  def ined t o  be a l l  o the r s  which e n t a i l  i n -  

t e r j unc t i on .  Some of these  r e l a t i v e s  have not  i n  some cases  been 

recognized i n  t he  l i t e r a t u r e  as r e l a t i v e  cons t ruc t ions  a t  a l l ,  

but were i d e n t i f i e d  during t h e  e l abo ra t i on  of junc t ion  theory  by 

deducing from the  i n t e r j u n c t i o n  schema s p e c i f i c  p o s s i b i l i t i e s  no t  

h i t h e r t o  noted by observat ion of random da ta .  This  deduction was 

done i n  terms of the  cons t i t uen t  c a t ego r i e s  e x t a n t  i n  t h e  junc t ion  

grammar system of diagramming a t  t h a t  t ime.  Sentences (3-8) below 

i l l u s t r a t e  some of t h e  non-basic r e l a t i v e  modifiers i n  quest ion.  

Notice t h a t  one might search ava i l ab l e  da t a  a long time before  

f ind ing  an ins tance of some of  t he  types  exempli f ied,  a s  each 

would requ i re  a s p e c i a l  context. Y e t ,  any grammar of  Engl ish  

would be incomplete without  them. The f a c t  t h a t  some r u l e s  a r e  

used less i n  no way i n v a l i d a t e s  them; i n  a  number of ca se s ,  de- 

ductions which a t  first seemed most r i d i cu lous  were found t o  have 

instances t h a t  were p e r f e c t l y  acceptable .  The pe r spec t ive  de r iv ing  



from this experience suggests that any grammar which i s  based on 

rules arrived at inductively, i.e. simply set down in a list as 

available data suggests them, will be incomplete at best, and 

most probably not motivated by any significant generalizations. 

Diagrams for sentences (5) - (8) will be supplied in the 

discussion of non-verb cored relatives. 

( 3 )  Verb phrase.  I hate war, l i k e  you. 

V N 
ha te  war 

( 4 )  Verb. I peeled the peach, like you the apple. 

ach 

peeled like A 
the apple 

(5) Prepos i t ional  Phrase. My k i t e  is on the roof, like your 
ball. 

(63 Preposition. Fred is above a store, like you were a 
bakery. 

(7 )  Adjective. He is like [such as) B i l l  is. 

( 8 )  Noun. A s o l d i e r ,  as I am, seeks adventure. 



Junction Grammar claims that some statements occur without a 

verb i n  the r e l a t i v e  modif ier .  One way t o  represent such sentences 

in a natural way is to allow non-verb co red  statements as follows: 

SA SN 

N + PP N + PA 'N + PN 
A A 

John B i l l  I Jack 
P + N A 

I 
N 

a t  school o l d  fireman 

We w i l l  indicate  that a predicator  ( e . g .  a d j e c t i v e  o r  adverb) 

becomes a predicate without a d i r e c t  o b j e c t  either by the  nota t ion  

, where E - means empty s l o t .  

P r e p o s i t i o n  cored: My k i t e  is on the  r o o f ,  l i k e  your b a l l .  
Fred is above a store,  l i k e  you a bakery. 

(5 )  (6) SV 

N + PV n 
N + PV 

my k i t e  I Fred I 

A v * A 
is M v * PP 

PP * PP + N 
is A 

A 
N 

P + N  like A A 

On A a store 

the r oo f  
P you N+-. / PP 

above P \ 
like 

a b ake ry 



( 7 )  Ad cored: He i s  like B i l l  was 

V' * PA B i l l  

A d  E 
l i k e  

( 8 )  Noun cored: A soldier, as I am, seeks adventure. 

sv 

N A PV 
N + PV 

v n + 
N 

seeks adventure 

N * N + E 

A as 

a s o l d i e r  

Now consider the fo l lowing two sentences:  

(9 )  A de legate  from Canada proposed a compromise. 

(10 )  The o l d  man answered the quest ion.  

The modif icat ion occurring i n  these sentences can b e  expanded out 

t o  r e l a t i v e  c lauses  and represented as fo l l ows :  



a M 
N * N  PV 

delega te  who I 
v 

a compromise 

A 
v * PP 

is 0". 
(was) P N 

from Canada 

(10) 

A PV 

N * SV 
- 

2L-. v 
the answered 

N * N  PV 
man who I 

A 
V * PA 

i s  
(was 1 

I 
A 

o l d  

However, these sentences can a l s o  be represented with rela-  

tive modifiers by employing the non-verb cored statements (below) : 

a SP proposed a com- 
N * N  \ promise 

delegate $4 

P N 
from Canada 

the answered the 
N * N  PA question 

man 0 I 
A 

old 



One b e n e f i t  of consider ing modif iers  such as t h e s e  t o  e n t a i l  

e n t i r e  s ta tements  i s  t h a t  var ious  types of ambiguity occurr ing 

wi th  them can be expla ined as types of ambiguity a l s o  c h a r a c t e r -  

i s t i c  of c l a u s a l  s ta tements .  For i n s t a n c e ,  consider  the  fol low- 

ing  ambiguaus sentence  : 

(11) John clumsi ly  s tepped on t h e  s n a i l .  

sv 
N SA 

John h 
K * PV PA 

0 A 
clumsily 

s tepped on t h e  s n a i l  

The ambiguity i n  ques t ion  hinges upon whether o r  not  we con- 

s i d e r  t h e  r e l a t i v e  modif ica t ion  t o  be r e s t r i c t i v e  o r  n o n - r e s t r i c t i v e ,  

a c o n t r a s t  which i n  junc t ion  grammar i s  expressed by subcategor iz ing 

t he  sub junct ion ope ra t ion  (*) . 
Note also t h a t  semantic complexi t ies  which occur wi th  t h e  non- 

c l a u s a l  modif iers  of sentences (9) and (10) can a l s o  occur with 

b a s i c  r e l a t i v e  c l a u s e s .  For example, i f  John i s  t a l l  (as  a person) 

and John i s  a  b a s k e t b a l l  p l a y e r ,  we cannot conclude t h a t  John i s  

a t a l l  b a s k e t b a l l  p l a y e r .  And s i m i l a r l y ,  i f  John i s  an expe r t  and 

John recommends G i l l e t t e ,  we cannot n e c e s s a r i l y  conclude t h a t  John 

i s  an expe r t  who recommends G i l l e t f e  ( t h e  reason being t h a t  he 

might b e  a blimp expe r t  who j u s t  recommends G i l l e t t e  products  t o  

h i s  friends, while  saying t h a t  he i s  an expe r t  who recommends 

Gi l l e t t e  impl ies  t h a t  he i s  an expe r t  on t h e  types of products  

t h a t  G i l l e t t e  produces) . 
Fur the r ,  i f  modif iers  such as  those i n  (9)  and (10) a r e  con- 



s i d e r e d  t o  be r e l a t i v e  s t a t emen t s ,  it exp la ins  our  i n t u i t i o n  t h a t  

obviously,  s u r p r i s i n g l y ,  e t c . ,  a r e  u s u a l l y  modi f ie r s  a t  s ta tement  

l e v e l .  For example, a n a t u r a l  way, i t  would seem, t o  r e p r e s e n t  

c h a r i t a b l e  man i s  as f o l l o w s :  

- 
N * A 

man c h a r i t a b l e  

S i m i l a r l y ,  f o r  The man i n  need asked f o r  h e l p ,  man in need would 

be represen ted  as fo l lows:  

N * PP 
man A 

P N 
i n  need 

But i f  t h i s  were done, then obviously c h a r i t a b l e  man and man - 
obviously i n  need would, i t  seems, have t o  be r ep resen ted  a s  

fol lows : A 
N Jt 

ma. A 
PP A 

A obviously 
P N 

i n  need 

N 
n 
N * A 

man 
A * A 

c h a r i t a b l e  obviously 

But t h i s  r ep resen t s  t h e  reading i n  which obviously i s  t aken  

as  a manner adverb, and i t  seems t h a t  because w e  have not  r e p r e s e n t -  

ed the modif ica t ion  as a  re lat ive  c l a u s e ,  we  a r e  prevented from 

using obviously as  a sentence l e v e l  modi f ie r .  

Now consider  t h e  fol lowing sen tence  wi th  i t s  Junc t ion  Grammar 

(12) The obviously r i c h  boy bought t h e  Mercedes. 



SA SA 
N S A 

t h e  &* * PA 
N ~t N PA 1 

boy 0 I A 
A obvious l y  

r i c h  

bought t h e  Mercedes 

By expanding t h e  r i ch  r e l a t i v e  c l a u s e  t o  include a v e r b ,  t h e  

s en t ence  m i g h t  be lexicalized a s :  

The boy who obvious ly  was r i c h ,  bought t h e  Mercedes. 

But a l s o ,  obv ious ly  can be used as an adverb of  manner. Taken i n  

t h i s  way (12) would mean t h a t  t h e  o s t e n t a t i o u s l y  r i c h  boy bought 

t he  Mercedes. As s u c h ,  it would be diagrammed as fo l lows :  

N c--- 
n 
N N SA 

t h e  * 
A 
bought t h e  Mercedes 

N -PA N s A 
boy 8 

PA *PA ft 

I 
A 

I 
A 

rich obvious ly  

Finally, c o n s i d e r  these  two r e l a t i v e  mod i f i e r  s e n t e n c e s :  



John runs as slowly as Bill walks. 

sv 
n 

N + PV SA 
John 

PV * PV PA 
I I Bill Nq v 

runs A SA Pv 

s lowly  
M UA + PV * PV 

pl I 
v 

A * A walks 
as a s  

B i l l  brought as many books as John bought p a i n t i n g s .  

sv 
n 
N + PV 

B i l l  f i  
V + N 

brought- * sv 
N 2, books N + PV 

N * N John A 
N- + V 

I~ brought - 
N * N * N 

as  as pa in t ings  

I t  should b e  pointed out that  the above d i scuss ion  has omit- 

ted major areas of Junction Grammar, such as s p e c i a l i z a t i o n s  of 

sub junct ion which indicate  f l o w  o f  information i n  "compilingu a 

junction tree, conjunction, and the function and app l i ca t ion  o f  

lexical r u l e s  t o  junct ion trees. 



111. Implementation. 

A .  Analys is .  

The a n a l y s i s  s t e p  must accept  n a t u r a l  language i n p u t  and 

produce t h e  a p p r o p r i a t e  junc t ion  t r e e  f o r  each segment of t e x t  

(normal ly ,  but n o t  n e c e s s a r i l y ,  a  segment i s  a  sentence)  , accord- 

ing  t o  t h e  context  of  t h a t  segment. 

Two types  of ambiguity can be d i s t ingu i shed :  word sense  

ambiguity and s y n t a c t i c  ambiguity. Without some l o g i c a l  proces-  

s i n g ,  an u t t e r a n c e  such as  "John bought some ink f o r  t h e  pen" i s  

word sense ambiguous a s  t o  pen,  between t h e  w r i t i n g  u t e n s i l  and 

t h e  enc losure  s e n s e s .  Also,  t h e  sentence  "The boy f l i p p e d  t h e  

co in  by the book," i s  s y n t a c t i c a l l y  ambiguous a s  t o  t h e  p o i n t  of  

i n t e r s e c t i o n  between t h e  p r e p o s i t i o n a l  phrase and the  rest of t h e  

sentence. 

Severa l  Engl ish  a n a l y s i s  systems (e .  g. W .  Woods, Y .  Wilks , 

T . Winograd, e t c  .) have seen cons iderab le  success  i n  r e s o l v i n g  

word sense  and s y n t a c t i c  ambigui t ies  au tomat ica l ly  on t e x t s  t h a t  

s t a y  w i t h i n  some r e s t r i c t e d  vocabulary o r  con tex t .  However, no 

one has at tempted t o  apply such p r i n c i p l e s  t o  a  l a rge  s c a l e  system 

(10,000 t o  20,000-word lexicons)  which can analyze a wide v a r i e t y  

of s t r u c t u r e s  and types  of t e x t s .  A t  p r e s e n t ,  i t  i s  no t  known 

whether any system is  expandable t o  such a  degree o r ,  even i f  i t  

were, how many yea r s  would be needed t o  complete such a p r o j e c t  

and how much i t  would c o s t  t o  run. C l e a r l y ,  research  and develop- 

ment i n  t h e  a r e a  of automatic a n a l y s i s  should be cont inued.  



I n  t h e  meantime, however, work i s  needed op t h e  p rocess ing  

t h a t  must fo l low automatic  a n a l y s i s  t o  form a zomplete t r a n s l a t i o n  

sys  tem. 

Therefore ,  our  r e sea rch  group has  decided t o  develop a  machine- 

a s s i s t e d  t r a n s l a t i o n  system c o n s i s t i n g  of i n t e r a c t i v e  a n a l y s i s  

(where t h e  human ope ra to r  r e so lves  d i f f i c u l t  ambigui t i es  v i a  h i s  

video screen)  followed by automatic  t r a n s f e r - s y n t h e s i s  i n t o  m u l t i  - 
p l e  t a r g e t  languages w i t h  junc t ion  t r e e s  a s  t h e  i n t e r l i n g u a .  Th i s  

c o n f i g u r a t i o n ,  which has a l s o  been proposed by Kay [ 7 ]  , has some 

a t t r a c t i v e  f e a t u r e s .  Supposa t h a t  t h e  J u n c t i o n  Grammar t r a p s f e r -  

s y n t h e s i s  system produces accep tab le  t r a n s l a t i o n s  of  r ea l -wor ld  

t e x t  from t h e  output  of t h e  i n t e r a c t i v e  ana lyze r .  The ana lyze r  

could then be replaced by a more automat ic  v e r s i o n  wi thout  d i s -  

t u r b i n g  t h e  r e s t  of t h e  system. 

On t h e  o t h e r  hand, i f  t h e  whole system f a i l s ,  we w i l l  n o t  

have i n v e s t e d  n e a r l y  a s  much emfort  a s  i f  we had t r i e d  t o  develop 

a l a r g e - s c a l e  automatic  .analys is  t o  junc t ion  t r e e s .  

I n  a d d i t i o n ,  du r ing  t h e  pe r iod  o f  development and t e s t l n g ,  

counte rs  can e a s i l y  be s e t  up t o  keep s t a t i s t i c s  on what i n t e r -  

a c t i o n s  a r e  most common and t h e r e f o r e  should  be given p r i o r i t y  

i n  a  more automatic  ve r s ion  o r  during t h e  t e s t i n g  phase of a u t a -  

mat ic  rou t ings  t o  s ee  i f  they disambiguate t h e  same way t h e  human 

does. 

F i n a l l y ,  r ega rd le s s  of t h e  p a r t i c u l a r  v e r s i o n  o f  a n a l y s i s  

used,  t h e  system d i v i d e s  t h e  e f f o r t  expended i n  doing t h e  a n a l y s i s  

by the number of t a r g e t  languages be ing  t r a n s l a t e d  i n t o  from t h e  

Administrator
Note
Not Clear in the film



same j u n c t i o n  t r e e .  

Now l e t  us d e s c r i b e  t h e  c u r r e n t  f i v e  -phase implementation 

of i n t e r a c t i v e  a n a l y s i s .  The f i r s t  phase performs l i m i t e d  mor- 

pheme s p l i t t i n g  (e .g .  p o s s e s s i v e s  and c o n t r a c t i o n s ) .  As each 

word i s  i d e n t i f i e d  i t  i s  matched a g a i n s t  an i n d e x - s e q u e n t i a l  d i c -  

t i o n a r y  s t o r e d  on d i s k .  I f  t h e r e  i s  more t h a n  one word sense  

a s s o c i a t e d  w i t h  t h e  word then  s e v e r a l  d e f i n i t i o n s  a r e  chained t o  

t h e  e n t r y .  These s e v e r a l  meanings appear  on t h e  v ideo  s c r e e n  and 

t h e  human i s  asked t o  choose t h e  meaning f o r  t h i s  p a r t i c u l a r  con- 

t e x t .  When a  choice  i s  e n t e r e d ,  t h e  in format ion  a s s o c i a t e d  w i t h  

t h a t  p a r t i c u l a r  use  of t h e  word ( o r  phrase  of  which i t  i s  t h e  key -  

word) i s  r e t r i e v e d  from t h e  d i c t i o n a r y .  The d i c t i o n a r y  c o n t a i n s  

semantic i n d i c e s ,  c a t e g o r i e s ,  and b i n a r y  f e a t u r e s .  Informat ion 

s p e c i f i c  t o  t h e  source  language and in format ion  cons idered  t o  be 

language independent a r e  r ep resen ted  i n  t h e s e  f e a t u r e s .  This  i n -  

format ion i s  pu t  i n t o  a two dimensional  a r r a y  (Reference t a b l e )  and 

w i l l  be  a v a i l a b l e  du r ing  t h e  other phases .  I f  a  word i s  n o t  i n  

t h e  d i c t i o n a r y ,  t h e  person moni tor ing has  t h e  op t ion  of p i c k i n g  a 

synonym, o r  p a s s i n g  t h e  word through u n t r a n s l a t e d  a s  he would a 

p rope r  noun, s i g n a l i n g  only t h e  ca tegory  of t h e  word (noun, ve rb ,  

a d j e c t i v e ,  adve,rb, p r e p o s i t i o n ) .  I t  i s  by t h i s  i n t e r a c t i v e  process  

t h a t  we t empora r i ly  s o l v e  the word sense  ambiguity problem. 

The second phase of a n a l y s i s ,  c a l l e d  ffPHRASER", l o g i c a l l y  seg-  

ments t h e  r e f e r e n c e  t a b l e  (sentence)  i n t o  "phrasesf f  c o n t a i n i n g  a 

maximum of one noun each.  The f i r s t  word o f  t h e  sen tence  s t a r t s  

t h e  f i r s t  phrase .  T h e r e a f t e r ,  a noun o r  comma ends a  phrase, and 



t he  succeeding phrase begins  wi th  t h e  next word. The senfence  

"The boy i n  the car a t e  a very good hamburger whi le  d r i v i n g  down 

t h e  street" i s  symbol ical ly  segmented as (The boy) ( i n  t h e  c a r )  

( a t e  a very good hamburger) (while driving down t h e  street) . 
During t he  segmenting opera t ion  PHRASER ass igns  a g l o b a l  reference 

category t o  each element (word) of t h e  r e f e r ence  t a b l e .  The main 

purpose of PHRASER i s  t o  d i v i d e  t h e  sen tence  into "phrasesl1 o r  

segments which a r e  i n d i v i d u a l l y  processed by t h e  i n f i x  gene ra t -  

t i o n  rou t ine s  a s  s e p a r a t e  u n i t s ,  thus  s imp l i fy ing  t h e i r  t a s k .  

The t h i r d  phase of a n a l y s i s  i s  t h e  syntactic resolver and i n -  

f i x  b u i l d e r  (Figure  1). This  phase produces an i n f i x  r e p r e s e n t a -  

t i o n  equ iva len t  t o  normal junc t ion  t rees .  For example, N1$(P+N2) 

i s  equ iva len t  t o  The b a s i c  p h i l o -  

N1 
* N *  PP 

A 
P n- N2 

sophy of  t h i s  r ou t ine  i s  t o  process phrases  genera ted  in PHRASER 

by c a l c u l a t i n g  t h e i r  i n t e r n a l  s t r u c t u r e ,  then  placing them i n  

their proper  s t r u c t u r a l  p o s i t i o n  i n  the t o t a l  sen tence .  This i s  

f a c i l i t a t e d  by t h e  i n t roduc t ion  of what we c a l l  "o rde r - ru l e s .  1 1  

The Order-Rule 

As discussed  e a r l i e r ,  a simple sen tence  can be r ep re sen t ed  i n  

a t r e e  diagram as SV 

N 
- + PV 

s u b j e c t  
v n + N 

verb ob j ect 

which can be  stated i n  an infix n o t a t i o n  as (N+(V+N)), which w i l l  



TYPSET (TYPE) INFIX ROUTINE 

Start a 
I I n i t i a l i z e  Glo- I 
1 bal  V a r i a b l e s  I I Invoke Ordr ru l  1) 

1 

Seg + 0 
Nounc* 0 

I INFX 00 
1 INFX ~ 01 

I Nouns 
~~ - - -  

1 0011 I V Topic I INFX 0 3  

1 0100 I Verbs I INFX (14 I 

0 1 1 1  I Adverbs I INFX 0 7  
1 I I 

0 10 1 
0110  

I 1000 I Prep Topic I INFX 08 I 
1 p r e p o s i t i o n s  1 INFX 09 

Adj Topic 
Adjec t ives  

I INFX 10  I 

INFX 05 
INFX 06 

1 0 1 1  Conjunct ion INFX 11 

1100 A r t i c l e s  INFX 1 2  

1 1 0 1  Adv Topic 

? 

Seg = C 
Seg + 1 

1 

Nounc Nounc+l 
YES , Put p o i n t e r  t o  

noun i n  n o u n l i s t  
(nounc) 

Figure 1. 

PHASE I1 I MAINLINE INFIXER. 

/use Typset 
(Seg) - f o r  c a l l i n g  
sequence (see t ab1  



be c a l l e d  a c l ause  o r d e r - r u l e .  No t i ce  t h a t  t h e  o r d e r  rule has 

the terminal nodes (N + (V + N)) as w e l l  as 
sub j ve rb  ob j 

the f a t h e r  node markings ( p a r e n t h e s e s ) .  

( + ( + 
pre -  pre - 

I 1 
pos t  p o s t  

sentence p r e d i c a t e  p r e d i c a t e  sen tence  

This gives  seven s l o t s  o f  l aye r s  f o r  t h e  a c t u a l  entries of  t h e  

o rde r - ru l e .  An o r d e r - r u l e  has  t h e  o rde r  p o r t i o n ,  i . e m  ( N + ( V + N ) )  , 
and the e n t r i e s  that f i l l  t h e  s l o t s  o f  the order: s u b j e c t  

verb 
ob j ec t  
pre -p red ica te  
p r e  - sen tence  
post  predica te  
p o s t  sentence 

There are t h r ee  b a s i c  constraints on order-rules . First, 

they can never represent discontinuous word order. The discon- 

t inuous  o r d e r s  (V,  N subject ,  N objec t  and N o b j e c t ,  N subject, 

verb) cannot be represented directly b u t  must use variant order  

rules. The second b a s i c  c o n s t r a i n t  i n  the use of o r d e r  rules is 

that  when order  r u l e s  a re  i n t e r j o i n e d ,  the first t e rmina l  node 

element of the subordinant order-rule must be the i n t e r s e c t  node. 

For example:  "I saw t h e  boy t h a t  l i k e s  youv has two order  rules. 
must be f i r s t  t e rmina l  

node  of the  subordinate order-rule 
I 

I saw boy-(N + (V + N)) t h a t  likes  you+(^ + (V + N)) 
I sawboy  likes you 

When these are combined, t he  f o l l o w i n g  i n t e r j u n c t i o n  w i l l  be cre- 

ated: (N + (V + (N $ (V + N)))) The third c o n s t r a i n t  i s  that 

all subordinate order rules must indicate t h e i r  antecedent nodes 



i n  some o t h e r  o r d e r - r u l e .  

To review,  phase t h r e e  r o u t i n e s  b u i l d  o r d e r - r u l e  r e p r e s e n t a -  

t i o n s ;  phase f o u r  i n s e r t s  the s l o t  o r  l a y e r s  up i n t o  t h e  o r d e r -  

r u l e ,  then i t  c o n f l a t e s  a l l  t h e  o r d e r - r u l e s  i n t o  one l i n e a r  i n f i x  

s t r i n g .  T h i s  l i n e a r  i n f i x  s t r i n g  cross r e f e r e n c e s  t h e  in fo rmat ion  

t a b l e  produced i n  phase one ( c r o s s - r e f e r e n c i n g  i s  achieved v i a  

doubly- l i n k e d -  l i s t  p roces s ing )  . 

The r e a d e r  w i l l  r e c a l l  f ~ o m  S e c t i o n  I t h a t  J u n c t i o n  Grammar 

r e l a t i v e  c l a u s e  m o d i f i c a t i o n  i nvo lves  an i n t e r j  unc t i on  and p h r a s a l  

m o d i f i e r s  ( p r e p o s i t i o n a l  p h r a s e s ,  a d j e c t i v e s ,  and adverbs)  have the 

same b a s i c  form as the  c l a u s e .  

SP - 
X PP 
0 

P + N  
i n  barn  

v + N SP 
saw - 

N * N + P P  
boy n 

P + N  
i n  ba rn  

Not ice  t h e  i n t e r j u n c t i o n :  u 
N * N +  PP 

boy A 
P + N  

i n  ba rn  

I n  infix n o t a t i o n  this i s :  (N + (V + N $ (P +N))) 
I saw boy i n  ba rn  

p rov id ing  o f  course  that boy i s  what i n  b a r n  modi f i e s .  An adjec- 

t i v e  o r  adverb has t h e  t r e e  s t r u c t u r e :  S A  
n 
X + PA 
n 

A + E 



Adject ives  normally pre-pose t h e i r  head i n  Eng l i sh ,  s o  b i g  boy j 

(A + E) $ N .  "I saw t h e  b i g  boy i n  t h e  u n s i g h t l y  barn" i s  
b i g  boy 

represen ted  i n  infix n o t a t i o n  as 

(N + (V + (A + E) $ N $ (P + (A + E) $ N))). 
I saw b i g  boy i n  u n s i g h t l y  barn  

The o r d e r - r u l e  wi th  c o n s i t u t e n t  va lues  f o r  t h i s  i s  t h e  fo l lowing:  

(N + (V + N)) 
N 
V Note t h a t  we c r e a t e  new o r d e r -  

(A+E) $N$ (P+ (A+E) $N) r u l e s  only when w e  have new 
0 verb core  p r e d i c a t e s .  
B 
B 
B 

Phase t h r e e  programs can g e n e r a l l y  i d e n t i f y  t h e  s u b j e c t ,  p r e -  

d i c a t e ,  and, i f  p r e s e n t ,  i n d i r e c t  o b j e c t s  of c l a u s e s ,  both  inde-  

pendent and subordinate .  There a r e ,  however, c e r t a i n  a r e a s  of 

process ing t h a t  p resen t  d i f f i c u l t i e s  f o r  t h e  program. A simple 

sentence l i k e ,  "I threw t h e  b a l l  i n  t h e  roomw i l l u s t r a t e s  such 

problems because t h e  program does n o t  know without  context  whether 

i n  t h e  room i d e n t i f i e s  which ball it  was t h a t  I threw,  t h e  d i r e c t i o n  

of i t s  pa th  (motion), o r  where I and t h e  b a l l  were dur ing t h e  ac- 

t i o n .  As s t a t e d  be fo re ,  t h e  key t o  t h i s  problem is  t h e  con tex t .  

As a  mat ter  o f  f a c t ,  almost every p r e p o s i t i o n a l  phrase  i s  ambigu- 

ous i n  t h e  computer environment. For t h i s  reason,  we have t h e  

program query t h e  person monitoring t h e  program and a sk ,  

I (1) threw ( 2 )  b a l l  ( 3 )  i n  (4) room (5) 

"What does 'p rep-ob jec t1  modify?", i n  t h i s  c a s e ,  "What does i n -  

room1 modify?" If the answer i s  "3" [ b a l l )  then t h e  i n f i x  would be 



(N + CY + N S (P + Nl)) 
I threw b a l l  i n  room 

and it would i d e n t i f y  which b a l l  was thrown. I f  PV 2 is entered, 

it i s  interpreted t o  modify t h e  p r e d i c a t e  ( throw + b a l l )  ; then  

t h e  i n f i x  would be (N + (V + N) $ (P + N)) and implies 
I threw b a l l  i n  room 

t h a t  t h e  phrase t e l l s  where t h e  action took p l a c e .  I f  "ZU(throw) 

is  e n t e r e d ,  t h e  i n f i x  would be (N +(V $ (P + N) + N)) and 

t h e  phrase  modif ies  t h e  verb.  Note t h a t  i n  a d d i t i o n  t o  i d e n t i f y -  

ing t h e  ambiguity,  we can s i g n a l  t h e  intended meaning and r e p r e s e n t  

any o f  t h o s e  meanings i n  a sys t ema t i c  manner. 

Another " c o n t e ~ t u a l ~ ~  problem i n  Engl ish  i s  the  i d e n t i f i c a t i o n  

of t h e  antecedents  f o r  r e l a t i v e  pronouns. "I saw t h e  boy i n  t h e  

car that t h e  g i r l  l oves  . I f  The q u e s t i o n ,  o f  cour se ,  i s :  "What 

does t h e  g i r l  l o v e - - t h e  boy o r  t h e  car?" This  i s  solved by having 

t h e  program ask "Does ' t h a t 1  r e f e r  t o  X?If where X i s  popped o f f  

of a  push-down s t a c k  of  p rev ious ly  encountered nouns. The r e l a t i v e s  

t h a t ,  who, whom, and which a l l  invoke new o r d e r - r u l e s .  The r e s u l t  - - 
of t h i s  i n t e r a c t i o n  i s  t o  p o i n t  t h e  subord ina te  o r d e r - r u l e  t o  t h e  

antecedent  i d e n t i f i e d  by t h e  human s response.  

(N + CV + N) I 
N ('1 
V ( s  aw) V(1oves) 

w 
(boy) N $ ( P  + N) ( i n  ca r )  Topic N 

Combining t-he prepositional phrase and antecedent  problems, we p r o -  

duce a  sentence  l i k e  t h i s :  

I saw t h e  b i g  r e d  c a r  by t h e  church on which t h e  b i r d s  a t e  
1 2  3 4 5 6  7 8 9 10 11 12 13 14 

t h e  b read .  
1 5  16 



The program w i l l  ask what by t h e  church modif ies--we w i l l  answer 

"6" ( c a r ) .  Then i t  w i l l  ask "Does which r e f e r  t o  church?" T h i s  

i s  r e a l l y  asking "Did t h e  b i r d s  e a t  t h e  b read  on t h e  church?" I f  

we say  "No" then  i t  w i l l  ask, "Does which r e f e r  t o  car?"  "Yes." 

Next t h e  program asks  "What does 'on-which1 modify?" Th i s  i s  

somewhat d i f f i c u l t  because we have a p r e p o s i t i o n a l  phrase  whose 

antecedent  i s  i n  one c l a u s e  y e t  t h e  phrase  modi f ies  something i n  

ano ther .  I n  t h e  example t h e  p r e p o s i t i o n a l  ph rase  modi f ies  t h e  

p r e d i c a t e  ' b i r d s  a t e  t h e  b read '  by t e l l i n g  where t h e  a c t i o n  hap- 

pened. 

N (11 no, - N ( b i r d s )  
V (saw) V ( a t e )  

(A+E) $ (A+E) $ N $  ( P + N ~  N (bread)  
b i g  r e d  c a r  by chtlrch 

0 (N + P) $ p r e  PV 
t o p i c  (on) 

Passive c o n s t r u c t i o n s  may have an ambiguous element  i n  them: 

*'The cake was e a t e n  by t h e  dog.'1 The q u e s t i o n  is :  d i d  t h e  dog do 

t h e  e a t i n g  o r  does t h e  p r e p o s i t i o n a l  phrase  t e l l  where t h e  cake 

was ea ten .  I n t e r a c t i o n  i n d i c a t e s  which read ing  should  be r e p r e -  

sen ted .  

Complement c o n s t r u c t i o n s  can be i d e n t i f i e d  i n  t h i s  same way 

(through in t e rac t io -n )  . "It s u r p r i s e d  Aunt Jane  t h a t  t h e  g i r l  l oves  

t h e  car." I n  this i n s t a n c e  t h e  program asks  "Does ' t h a t '  r e f e r  

During t h e  l a y e r  i n s e r t  phase t h e  p r e  PV w i l l  be i n s e r t e d  t o  
t h e  l e f t  o f  t h e  p r e d i c a t e  p a r e n t h e s i s ,  making t h e  t o p i c  t h e  f i r s t  
node encountered.  



to Aunt Jane?" Reply "No." "Does 'that1 r e f e r  to it?" This time 

t h e  reply  i s  "YesCu where t h e  "C" indicates t h a t  t h e  subordinate 

clause i s  the complement of - it. This  s t r u c t u r e  i s  not interjoined 

b u t  f u l l y  sub j oined . 

PV A 
N * S ( t h a t )  V N 

#--. 

It A su rp r i s ed  Aunt Jane 
N PV 

girl A 
V N 

loves ca r  

The i n f i x  n o t a t i o n  f o r  t h e  above is : (N * (N + (V + N)) +(V + N ) )  . 
It g i r l  loves car surp. A.Jane 

The o r d e r  rule representat  ion  : 

(N + (V + N)) (N + (V + N)) 
N (it)* N (girl) 
V (surprised) 
N (Aunt Jane) 

V (loves) 
N (car)  
0 * (The ope ra t ion  o f  full 

sub j unct i on )  
0 
0 

A v a r i a t i o n  of t h e  complement response i s :  "He came a f t e r  we a te  

dinner .'I The program asks "What does af ter -we ' modify?" T h i s  i s  

e r r o n e o u s ,  and i s  s o  i n d i c a t e d  by answering i n s t e a d  what the t r u e  

p r epos i t i ona l  ph ra se  " a f t e r - i t  ( t h a t )  f f  modi f ies  and p u t t i n g  a "Ctt 

f o r  complement a t  the end o f  t h e  r e p l y :  "PV 2C." The "C" will re- 

move the "we" as object of  t h e  p r e p o s i t i o n  and replace  it with a 

noun t t  i t t l  A new o r d e r - r u l e  i s  then invoked, p o i n t i n g  t o  t h e  noun 



llit.w The underlying s t r u c t u r e  i s  r ep resen ted  " a f t e r  it t h a t  we 

a t e  dinner" PP 
I\ 

P + N  
a f t e r  /\ 

N * SV ( tha t )  
it A 

N 
we A 

V N 
a t e  d inne r  

o r ,  i n  infix: (N + (V + N) $ (P + N * (N + ( v +  N ) ) ) ) .  

The d e t a i l s  of  t h e  o t h e r  i n t e r a c t i v e  s i t u a t i o n s  w i l l  be omit -  

t e d .  I n t e r a c t i o n  is  necessary f o r  t he  a d j e c t i v a l  l i k e  as i n  "1 saw 

a man wi th  a dog l i k e  you." The ques t ion  i s ,  "What i s  l i k e  you, 

t h e  man o r  t h e  dog?" So t h e  program a s k s ,  RDoes ' l i k e '  r e f e r  t o  

dog?" I f  t h e  response i s  "no," then  t h e  program a s k s ,  "Does ' l i k e t  

r e f e r  t o  man?" 

P a r t i c i p l e s  and gerunds a r e  very ambiguous. For example, "I 

l i k e  chewing gum." Is it "1 l i k e  t o  chew gumv o r  "1 l i k e  chewing- 

gum"? Again, "John's hobby i s  shocking me ." Is  t h e  "shocking" a 

progress ing verb o r  i s  it  a gerund? A t  t h i s  p o i n t  w e  have t h e  pro-  

gram ask,  "What type of p a r t i c i p l e  i s  X ing";  t h e  r e p l i e s  can be:  

N Adj f o r  t he  chewing-gum t y p e ,  use o f  an i n g  form 
V f o r  t h e  p rogress ive  verb 
Adj X (where X* i s " the  segment modified) f o r  a d j e c t i v a l  

p a r t i c i p l e s  
Adv X (where X i s  t h e  segment modified) f o r  adve rb ia l  

p a r t i c i p l e s  

O f  course ,  t h e  i n f i n i t i v e  form a l s o  i s  o f t e n  ambiguous. For 

example, "I l i k e  t o  buy candym is  much d i f f e r e n t  from "He s e n t  m e  

t o  buy candy." There a r e  s e v e r a l  answers t o  t h e  program's q u e s t i o n ,  



"What t y p e  of i n f i n i t i v e  i s  ' t o  X '?I '  where X i s  t h e  verb. 

Other  q u e s t i o n s  t h a t  t h e  programs a r e  designed t o  ask a l l  

have two p o i n t s  i n  common: f i r s t ,  they  a r e  s t i m u l a t e d  when t h e  

s u r f a c e  s t r i n g  does n o t  map i n t o  t h e  under ly ing semant ic  s t r i n g  

on a one- to-one b a s i s ;  second, when t h e  d e c i s i o n  is  made by t h e  

human as t o  i t s  use  and t h e  r e p l y  given t o  t h e  program, t h e  p ro -  

cessing con t inues  i n  s t anda rd  e x i s t i n g  programs and no ad hoc 

r o u t i n e s  a r e  needed. 

The ou tpu t  o f  phase t h r e e  i s  a s e r i e s  o f  o r d e r - r u l e s .  Each 

o r d e r - r u l e  has t h e  form: 

(N + (V + N)) o r d e r  s p e c i f i e r  
N ( s u b j e c t )  
V (verb) 
N ( o b j e c t )  
Pre - p r e d i c a t e  modi f ie r s  
Pre -sen tence  modi f ie r s  
Pos t  p r e d i c a t e  mod i f i e r s  
Pos t  sen tence  modi f ie r s  

l a y e r s  o r  s l o t s  
f o r  elements 

I f  a sen tence  i n  t h e  i n p u t  s t ream should have more than one c l a u s e ,  

t h e r e  w i l l  b e  a t  l e a s t  one o r d e r - r u l e  f o r  each: 

Unfo r tuna te ly ,  I p l a i n l y  saw t h e  l i t t l e  boy i n  t h e  b i g  r e d  c a r  t h a t  
1 2 3 4 5 6 7 8 9 1 9  11 1 2  1 3  1 4  

t h e  g i r l  l oves .  
1 5  1 6  1 7  18 

(A+E) $ N $ (P + (A+EI $ (A+E) $N) 1 4  X ( t o p i c )  
4 

(A+E) $ 0 
1 

(A+E) $ 0 



Phase f o u r  w i l l  make one cont inuous i n f i x  s t r i n g  o f  t h e s e  

o r d e r - r u l e s .  F i r s t ,  t h e  r u l e s  a r e  checked f o r  t hose  s i t u a t i o n s  

where bo th  of t h e  f a t h e r  nodes of an i n t e r j u n c t i o n  a r e  a v a i l a b l e  

f o r  f u r t h e r  j unc t i ons .  I f  such a  s i t u a t i o n  e x i s t s ,  t hen  t h e  

ope ra t i ons  involved a r e  marked. Next,  a l l  t h e  l a y e r s  a r e  i n s e r t -  

ed i n t o  t h e  o r d e r - r u l e ,  g iv ing  t h e  fo l lowing :  

Not ice  t h a t  t h e  second r u l e  s t i l l  p o i n t s  t o  t h e  an t eceden t  i n  t h e  

f i r s t  o rder  r u l e .  Next a l l  o r d e r - r u l e s  a r e  c o n f l a t e d  i n t o  one,  

by performing t h e  necessa ry  i n t e r j u n c t i o n s  between o r d e r - r u l e s  . 

The above i n f i x  s t r i n g  i s  now ready f o r  phase f i v e .  

Phase f i ve  conver t s  the  infix n o t a t i o n  i n t o  p o s t f i x  n o t a t i o n  

t o  be used a s  i npu t  t o  t h e  t r a n s f e r - s y n t h e s i s  s t e p s .  

As a summary of t h i s  section, we w i l l  fo l low a sample s en t ence  

through t h e  f i v e  phases of  a n a l y s i s .  

Figure 2 shows t h e  p rocess ing  involved t o  disambiguate  the re-  

fe rence  f o r  some of  t h e  words i n  the i n p u t  s t r i n g *  I n  t h i s  s en -  

t ence  t h e r e  were s e v e r a l  p o t e n t i a l l y  ambiguous sequences (See F igure  

3) "TPUTV1 i d e n t i f i e s  t h e  computer programs q u e s t i o n  of t h e  o p e r a t o r  

and "TGET" shows t h e  ~ e p l y .  Most of t h e s e  a r e  s e l f - e x p l a n a t o r y .  

Th i s  i n t e r p l a y  between man and program makes i t  p o s s i b l e  f o r  t h e  

computer t o  b u i l d  a  s t r u c t u r e  d e p i c t i n g  i t s  syn tax  and semant ics  

f o r  t h e  given con t ex t ,  provided of course  t h a t  t h e  human responds 



co r r e c t l y  t o  the  q u e s t i o n s .  T h e  ou tpu t  of  phase three i s  several 

orde r  rules  which are merged i n t o  one infix s t ructure  (F igure  4 ) .  

THE(I) SWIMMING(21 COACH(3) L I V I N G ( 4 )  I N ( 5 )  C $ A L I F o R N I A ( 6 )  BOUGHT ( 7 )  
T H E ( 8 )  OLD(9 )  HOUSE(10 )  O N ( 1 1 )  THE ( 1 2 )  H I L L ( 1 3 )  T H A T ( 1 4 )  RESEMBLES(15)  
THE (16) CHURCH (1 7 )  THAT (18) YOUR(19)  GRANDFATHER(20) ATTENDED ( 2  1) 

( 2 2 )  WHICH(23)  S U R P R I S E D ( 2 4 )  THE(25) P E O P L E ( 2 6 )  I N ( 2 7 )  T H E ( 2 8 )  
  OWN(^^) . (30)  

ENTER MEANING FOR: COACH ( 3 )  

1 N T$HE COACH ENCOURAGED THE TEAM TO DO BETTER. (PERSON THAT TRAINS, 
TUTORS) 

2 N H$E RODE I N  THE QUAINT OLD COACH TO THE STATION.  (VEHICLE) 
3 V M$Y FATHER WILL COACH THE BASEBALL TEAM. (ACT AS A COACH) 

ENTER MEANING FOR: L I V I N G  ( 4 )  

1 N H$E EARNED HIS LIVING BY REPAIRING REFRIGERATORS. (SUSTENANCE) 
2 V I $  L I V E  I N  THE U$NITED S$TATES OF A$MERIcA. (DWELL) 
3 V S$HE CHOOSES TO LIVE THE P R I N C I P L E S  OF THE GOSPEL. (OBEY ,KEEP) 

ENTER MEANING FOR: I N ( 5 )  

1 A ***PARTICLE OF  VERB + PARTICLE COMBINATION*** 
2 P T$HE SHOE WAS I N  THE KITCHEN. (CONCRETE LOCATION) 
3 P T$HERE SHOULD BE LOVE I N  THE FAMILY. (ABSTRACT LOCATION) 
4 P T$HE SENATOR SPOKE I N  HONOR OF THE MAYOR'S ACCOMPLISHMENTS. 
5 P L $ E T t S  GO I N  THE HOUSE. (DESTINATION ; INTO) 
6 P I$ D I D  THE EXERCISE I N  TEN MINUTES. (WITHIN OR DURING A PERIOD 

OF TIME)  
7 P W$E MUST SAY IT I N  WORDS AND ACTIONS.  ( INDICATE MEANS) 
8 P DUMMY P R E P O S I T I O N  

ENTER MEANING FOR: T H A T ( 1 4 )  

1 N I $  WOULD LIKE TO READ THAT BOOK. (ARTICLE--FAR DEMONSTRATIVE, 
SINGULAR) 

2 N T.$HAT IS  THE MOST INTERESTING MOVIE I $  'VE SEEN.  (PRONOUN--3P,  
S , DEM ,NOM) 

3 N I$ HAVE NEVER SEEN THAT BEFORE. (PRONOUN--3P ,S ,DEM,OBJ) 
4 N TSHE FIRST PERSON THAT CALLS WILL W I N  A PRIZE. (TOPIC) 

Figure  2 



ENTER MEANING FOR: CHURCH ( 1 7 )  

1 N H$E HAS BEEN A MEMBER OF THAT CHURCH FOR SEVERAL YEARS. (OR- 
GANIZATION) 

2 N W$E SAW THE CHURCH THAT WAS JUST BUILT. (BUILDING) 
3 N T$HE C$HURCH I S  CONTINUING TO GROW THROUGHOUT A$SIA.  (L$D$S$ 

c $HURCH) 

Figure 2 (con t  .) . 

PHASE 3 
*TPUT* 
*TPUT* 
*TPUT* 
*TPUTh 
*TPUT* 
*TPUT* 
*TGET* 
*TPUT* 
*TGET* 
*TPUT* 
*TGET* 
*TPUT* 
*TGET* 
*TPUT * 
*TGET* 
*TPUT* 
*TGET* 
*TPUT* 
*TGET* 
*TPUT* 
*TGET* 
*TPUT* 
*TGET* 

SENTENCE 3 
THE (1) SWIMMING(2) COACH(3) LIVING(4)  I N ( 5 )  C$ALIFORNIA(6) 
BOUGHT(7) THE(8) OLD(9) HOUSE ( 1 0 )  ON(11) THE(12)  H I L L ( 1 3 )  
THAT(14) RESEMBLES ( 1 5 )  THE ( 1 6 )  CHURCH ( 1 7 )  THAT (18) YOUR(19) 
GRANDFATHERCZO) ATTENDED(Z1) , ( 2 2 )  WHICH ( 2 3 )  SURPRISED ( 2 4 )  
THE(25) PEOPLE(26) I N ( 2 7 )  THE(28)  TOWN(29) . (30 )  
WHAT TYPE OF PARTICIPLE I S  S W I M M I N G ( Z ) ?  
NADJ 
WHAT TYPE OF PARTICIPLE IS  L I V I N G ( 4 ) ?  
ADJ3 
WHAT DOES I N ( 5 )  - C $ A L I F O R N I A ( ~ )  MODIFY? 
4 
WHAT DOES O N ( 1 1 )  - H I L L ( 1 2 )  MODIFY? 
1 0  
DOES THAT(14) REPRESENT H I L L ( 1 3 ) ?  
NO 
DOES THAT(14) REPRESENT HOUSE(lO)? 
YES 
DOES THAT ( 1 8 )  REPRESENT CHURCH ( 1 7 )  ? 
YES 
WHAT DOES WHICH(23) REFER TO? 
SV7 
WHAT DOES I N ( 2 7 )  - TOWN(29) MODIFY? 
26  

Figure 3 .  



PHASE 4 SENTENCE 3 Output of phase three (input to phase 4)  

*** LEVEL 1 *** ANTECEDENT 0 FROM LEVEL 0 ORDER TYPE 1 

ORDER NODE # (  ( N * ( V + N ) )  N $  A + E  - V +  
REF 1 31 2 32 3 33 7 

ORDER NODE ( A + E )  N $ ( P + N ) )  ) / I  
REF 9 10 11 13 

*** LEVEL 2 *** ANTECEDENT 33 FROM LEVEL 1 ORDER TYPE 5 

ORDER NODE ( * ( V $ ( P + N ) 4- E ) ) /I 
REF 2 4 5 6 

~lc-tc* LEVEL 3 *JC* ANTECEDENT 10 FROM LEVEL 1 ORDER TYPE 1 

ORDER NODE # ( N -  ( V 3 N ) ) I  
REF 3 14 15 17 

*** LEVEL 4 *** ANTECEDENT 1 7  FROM LEVEL 1 ORDER TYPE 2 

ORDER NODE I!( ( N - V ) 4 (  ( A * N ) + E )  N ) /I 
REF 4 18 2 1  34 1 9  20 

*** LEVEL 5 *** ANTECEDENT 0 FROM LEVEL 1 ORDER TYPE 1 

ORDER NODE I N N -  ( V + N $ ( P + N )  ) #  
REF 5 23 24 26 27 29 

Figure 4 .  



B .  Transfer 

Withih the context o f  Junction Grammar, a trans fer  grammar 

from a source language S t o  a targe t  language T i s  an algorithm 

which inputs a junction tree from an analysis grammar of S and 

outputs the junction t r e e ,  with any needed adjustments, t o  a 

synthes i s  grammar of  T .  

In the present implementation, w e  are developing t rans fer  

grammars from English i n t o  Spanish,  German, French, and Portu- 

guese (abbreviated S S P ,  GER, FRN, and POR) . Figure I is  a gen- 

eral diagram o f  the  flow of information i n  the t rans fer  system. 
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Eng l i sh  b Transfer Pre- 
Analys is  , p a r a t i o n  Phase 

i 

J-Trees and lists 
, of t r ans fe r s  to 

Junc t ion  Rule perform 
Key Files for 
SPN ,FRN ,GER,POR 

Transfer  Language 
t 

I n t e r p r e t e r  Phase 
, A 

Semantic Index T rans f e r r ed  J-Tre 
Key Files for 
SPN,FRN ,GER,POR 

A d Conversion t o  
Syn thes i s  Repre- 
s e n t a t i o n  and 
Synthes i s  
P r e p a r a t i o n  Phase . b - 

T r a n s f e r  Pro-  
gram F i l e  f o r  
SPN , FRN , GER, POR 

J -Trees  
adjusted 
t o  POR 

SPN FRN GE R POR 
SYN SYN SYN SYN 

m.- 

Figure 1. 



I n  t h e  p r e p a r a t i o n  phase ,  each junc t ion  t r e e  is  scanned f o r  

junc t ion  r u l e s  and semantic i n d i c e s  which s t i m u l a t e  t r a n s f e r s  go- 

i n g  i n t o  a  given language. This  scanning is  accomplished by con- 

s u l t i n g  f i l e s  which a s s o c i a t e  key junc t ion  r u l e s  and semantic  

i n d i c e s  with t r a n s f e r  numbers. The l i s t  of t r a n s f e r s  i s  then  

a s soc ia t ed  w i t h  t h e  t r e e .  

Af t e r  t he  p repa ra t ion  phase,  t h e  t r a n s f e r  language i n t e r p r e  - 
t e r  phase (Phase two) executes  those  t r a n s f e r  programs whose num- 

b e r s  have been recorded. O f  course ,  a s  t h e  t r a n s f e r  execu tes ,  i t  

may check t h e  context  and decide no t  t o  change t h e  j u n c t i o n  t r e e .  

A l l  the t r a n s f e r  programs a r e  i n  one f i l e  so  t h a t  s e v e r a l  lang-  

uages can s h a r e  common a lgor i thms.  The t h i r d  phase of  t r a n s f e r  

conver ts  t h e  ad jus t ed  junct ion t r e e s  t o  s y n t h e s i s  r e p r e s e n t a t i o n ,  

adding t o  them f e a t u r e s  from t h e  t a r g e t  language l e x i c o n s .  None 

of the  t h r e e  phases of t r a n s f e r  con ta in  any l anguage - spec i f i c  

coding; only t h e  files are  l anguage - spec i f i c .  Thus, a t r a n s f e r  

grammar can be made machine executable  simply by load ing  records  

i n t o  t h e  key f i l e s  and t h e  t r a n s f e r  program f i l e s .  

T rans fe r  programs a r e  w r i t t e n  i n  a l i n g u i s t i c  programming 

language c a l l e d  Transfe r  Language (TL) ( see  [ 8 ] ) .  The TL loade r  

compiles t h e  programs i n t o  a  pseudo-machine language which i s  stored 

i n  t h e  t r a n s f e r  program f i l e  and i s  i n t e r p r e t e d  a t  execu t ion  t ime 

i n  t h e  second phase of t r a n s f e r .  Before d e s c r i b i n g  TL i n  d e t a i l ,  

w e  p re sen t  an e n t r y  from a simple t r a n s f e r  grammar. Figure 2 

shows t h e  necessary  input  t o  t h e  TL loader and t h e  semantic  key 

file loader. This  f i g u r e  shows t h e  form of e n t r i e s  loaded under 



the cur ren t  t r a n s f e r  system implemented on an IBM 360. 

//GRAMMAR JOB (. . .) 
/ ILOADPGM EXEC TRNTLSLD "THI S PROCEDURE LOADS TRANSFER PROGRAMS" 
19 
"SIMPLE TRANSFER FROM "X MISSES Y" TO "Y MISSES TO Xu 
*E. G. "HE MISSES HER" TO ELLE LUI MANQUE" 
*THIS TRANSFER INSERTS INTO THE JUNCTION TREE THE INDIRECT OBJECT 
*PREPOSITION, WHICH HAS BEEN ASSIGNED SEMANTIC INDEX lf8086 
LET = 2  BE Y{A(A(=l))) 
LET = 3  BE Y(A(=l)) 
REPLACE = 2  WITH = 3  
REPLACE = 3  WITH E 
JOIN =I $ (Pl0086 + =3)  
*I 

/)LOADKEY EXEC TRNTKLD , LANG=FRN *THIS PROCEDURE LOADS KEYS* 
//*WHEN G O I N G  INTO FRENCH, STIMULATE TRANSFER 19 FROM SEMEME r9172.0fffl 
//*ANY OTHER VERB WHICH CHANGES FROM "X VERB Y" TO "Y VERB TO X" COULD 
//*ALSO KEY INTO TRANSFER 19 
FRN05916. fl0g 19 
I /  

Figure 2 .  
A simple t r a n s f e r  program and i t s  key. 

The details of TL needed t o  f u l l y  understand Figure 2 will be 

expla ined  l a t e r .  For now, let us consider  t h e  simple l i ngu i s t i c  

p r i n c i p l e  behind t h e  example. When t r a n s l a t i n g  "1 miss my bro ther f f  

i n t o  French, bro ther  becomes the  s y n t a c t i c  subject, giving "man 

frere me manque," which, taken l i t e r a l l y  back i n t o  E n g l i s h ,  i s  

"my brother ( t o )  me misses." I n  terms of  verb o r i e n t a t i o n ,  the 

English verb t o  miss i s  normally used as a "subject is  interested 

person" verb while i n  French the  sense wish someone were here 

is a "subject  i s  interesting person" verb. Note, however, t h a t  t he  

o ther  sense of  t o  not hit i s  a "subject i s  in te res ted"  verb i n  

French, t h e  same as English, i . e .  "1 threw the  b a l l  b u t  I missed 



him" i s  t r a n s l a t e d  " J 1 a i  lance l a  b a l l e  m a i s  j e  1' a i  manque, f I 

and r e c e i v e s  a d i f f e r e n t  semant ic  index i n  a n a l y s i s .  T h e r e f o r e ,  

it does no t  s t i m u l a t e  a  t r a n s f e r  a s  does t-he f i r s t  word s ense .  

I n  F igure  2 ,  the d e s i r e d  adjustment  f rom "X misses  Y1' t o  

I rY misses Xfl i s  accomplished by a  t r a n s f e r  program which has been 

numbered 1 9 .  I n  t r a n s f e r  1 9 ,  the f i r s t  two s t a t e m e n t s  (LET ...; 
LET.. .) s e t  p o i n t e r s  t o  c r u c i a l  nodes of t h e  j unc t i on  t r e e  and 

t h e  next  three s ta tements  (REPLACE ...; REPLACE ...; J O I N  ...) make 

t h e  d i r e c t  object i n t o  t h e  s u b j e c t  and t h e  s u b j e c t  i n t o  t h e  i n -  

d i r e c t  object. The t r a n s f e r  w i l l  be executed  a t  t h e  a p p r o p r i a t e  

time because a t  t h e  bottom of Figure  2 we a s s o c i a t e  t h e  semant ic  

index 5916 ( t o  miss someone, i . e .  wish he were t h e r e )  w i t h  t r a n s -  

fer 1 9  going i n t o  French (FRN@5916.@@g 1 9 ) .  The q u a l i f i e r  

a t t a c h e d  t o  the semant ic  index i s  a  sememic re f inement  code used 

t o  make very fine d i s t i n c t i o n s  i f  needed. Work on t h i s  a spec t  

o f  our l ex i con  i s  i n  i t s  format ive  s t a g e s  and w i l l  be  r e p o r t e d  

l a t e r .  

With t h e  p re l iminary  example of  Figure  2 i n  mind, l e t  u s  now 

examine t r a n s f e r  language a s  a programming language.  

GENERAL STRUCTURE OF TL 

TL i s  a f r ee - fo rma t ,  b l o c k - s t r u c t u r e ,  l i s t - p r o c e s s i n g  l ang -  

uage similar i n  genera l  form t o  PL/I o r  ALGOL. I n t e r n a l  t o  a 

transfer program a r e  DO-END blocks  and e x t e r n a l  a r e  s u b r o u t i n e  

blocks. Computer s c i e n t i s t s  may be i n t e r e s t e d  t o  know t h a t  TL 

con ta ins  no GOTO-type s t a t ement .  The c e n t r a l  d a t a  s t r u c t u r e  i s  a 



j u n c t i o n  t r e e ,  r e p r e s e n t e d  as one doub ly - l i nked  l i s t  whose i n t e r -  

n a l  s t r u c t u r e  i s  l o g i c a l l y  a s e t  o f  i n t e r s e c t i n g  b i n a r y  trees i n  

p o s t f i x  n o t a t i o n .  Of c o u r s e ,  TL s h i e l d s  t h e  u se r  from t h e  d e t a i l s  

of  l i n k e d  l i s t  man ipu l a t i on  t h rough  t h e  u s e  o f  h i g h - l e v e l  commands. 

The u s e r  d a t a  t y p e s  a r e :  (1) add re s s  v a r i a b l e s  (e.g.  ' = 4 ' )  

which p o i n t  t o  nodes of t h e  j u n c t i o n  t r e e ,  ( 2 )  c o n d i t i o n  v a r i a b l e s  

( e . g .  T 4 ' )  which can be t r u e - f a l s e  o r  c o n t a i n  i n t e g e r  v a l u e s  ( such  

a s  s eman t i c  i n d i c e s )  , ( 3 )  paramete r s  ( e . g .  ' P 2 ' )  which c o n t a i n  op- 

t i o n a l  i n f o r m a t i o n  a s s o c i a t e d  w i t h  a sememe key i n  a d d i t i o n  t o  t h e  

number of  t h e  t r a n s f e r  program t o  invoke ,  and ( 4 )  i n t e g e r  c o n s t a n t s .  

A s  p r e v i o u s l y  ment ioned,  a t r a n s f e r  grammar i s  a  s e t  o f  keys 

and t r a n s f e r  programs. The t r a n s f f e r  programs a r e  n o t  o r d e r e d  r e -  

l a t i v e  t o  each  o t h e r ;  . t h e i r  e x e c u t i o n  i s  s t i m u l a t e d  by t h e  p resence  

o f  a key sememe o r  j u n c t i o n  r u l e  i n  a j u n c t i o n  t r e e .  When a given 

t o p - l e v e l  t r a n s f e r  ( i . e .  one t h a t  i s  invoked d i r e c t l y  by sememe o r  

r u l e ,  n o t  invoked by ano the r  t r a n s f e r )  i s  execu t ed ,  add-ress v a r -  

i a b l e  one ( 1  i s  p o i n t e d  a t  t h e  sememe o r  j u n c t i o n  r u l e  which 

s t i m u l a t e d  t h e  t r a n s f e r  program. Normally,  a  t o p - l e v e l  t r a n s f e r  

progrdm w i l l  b eg in  w i t h  some s t a t e m e n t s  which d e r i v e  ( f rom t h e  ad- 

d r e s s  i n  =1) t h e  a d d r e s s e s  of some o t h e r  c r u c i a l  nodes i n  t h e  junc-  

t i o n  t r e e .  Then, excep t  i n  t h e  s i m p l e s t  c a s e s ,  t h i s  c o n t e x t  w i l l  

be tested and a p p r o p r i a t e  m a n i p u l a t i o n s ,  i f  any,  w i l l  be  performed 

on t h e  j u n c t i o n  t r e e .  I f  e r r o r s  a r e  d e t e c t e d  d u r i n g  t h e  e x e c u t i o n  

o f  one o f  t h e  t r a n s f e r s  on a  l i s t ,  c o n t r o l  i s  normal ly  r e t u r n e d  t o  

t h e  t r a n s f e r  s u p e r v i s o r ,  which con t i nues  p r o c e s s i n g  t h e  s e n t e n c e  by 

invoking  t h e  nex t  t r a n s f e r  on t h e  l i s t .  However, t h e  u s e r  may 



choose t o  set up "ON UNITS" which i n t e r c e p t  e r r o r  c o n d i t i o n s  and 

invoke some s p e c i f i e d  t r a n s f e r  designed f o r  e r r o r  recovery .  

TRANSFER LANGUAGE STATEMENT TYPES 

L e t  us now consider t he  most impor tan t  s t a t emen t  types  i n  

T L ,  beginning w i th  assignment,  which i s  accomplished w i t h  t h e  

LET s ta tement .  

LET. - One form o f  LET i s  used t o  move around t h e  j unc t i on  

t ree .  For example, i f  = 3  i s  se t  t o  t h e  address  of t h e  verb of  

a clause ,  we can po in t  =5 t o  the d i r e c t  o b j e c t ,  skipping over any 

v e r b - l e v e l  moi i i f ie rs ,  by t h e  s t a t emen t :  LET = 5  BE Y ( A ( = 3 ) ) .  

The b u i l t - i n  f a n c t i o n  A moves t o  t h e  nex t  l e v e l  of  a d j u n c t i o n  

( e . g .  from a  V t o  i t s  PV) and Y moves down t h e  t r e e  t o  t h e  r i g h t  

b r o t h e r  

Other b u i l t - i n  func t i ons  inc lude  X [which moves down t o  t h e  

l e f t  b ro the r )  , L (which moves up t o  t h e  f a t h e r )  , B (which moves 

down success ive  s o n s ,  o r  l e f t  b r o t h e r s ,  u n t i l  r each ing  a t e r m i n a l  

node) ,  S (which moves from t h e  f a t h e r  of a  p o i n t  of i n t e r s e c t i o n  

i n  a ranking t r e e  t o  t h e  corresponding f a t h e r  node i n  the subor -  

d i n a t e  tree) , R (which moves from subord ina te  t r e e s  t o  r ank ing  

t rees ) ,  and C (which moves t o  t h e  SV governing t h e  start node) .  

I n  t h e  example LET =5 BE Y(A(=3) )  , t he  movement i s  relat ive  t o  an 

i n i t i a l  node po in t ed  t o  by - 3 .  I n  t h i s  initial address  s l o g  w e  

can also use the  symbol H ,  which s t a n d s  f o r  t h e  topmost node of 

the h i g h e s t  ranking subtree of the junc t i on  tree, o r  ' = '  , which 

stands f o r  the address of the most recently created node in the 

tree.  



Another form of LET a s s i g n s  v a l u e s  t o  c o n d i t i o n  v a r i a b l e s .  

When an a d d r e s s  v a r i a b l e  i s  a s s i g n e d  t o  a  c o n d i t i o n  v a r i a b l e  ( e . g .  

LET C 7  BE =S)  , t h e  c o n d i t i o n  v a r i a b l e  r e c e i v e s  t h e  seman t i c  index 

of t h e  node p o i n t e d  t o  by t h e  addres s  v a r i a b l e .  Also a v a i l a b l e  

i n  TL i s  an e a s i l y  expandable s e t  o f  b u i l t - i n  f u n c t i o n s  t o  perform 

such  t a s k s  a s  i n d i c a t i n g  t h e  ca t egory  of a  node,  checking f o r  t h e  

p resence  o r  absence o f  c e r t a i n  semant ic  f e a t u r e s  on a  node,  o r  

r e p o r t i n g  on t h e  s t r u c t u r a l  c o n t e x t  o f  a  node. For example, LET 

C 7  BE INODCAT(=8) s e t s  C 7  t o  a  number i n d i c a t i n g  t h e  c a t e g o r y  of  

the node po in ted  t o  by =8. Other s p e c i a l  forms of the LET s t a t e -  

ment s e t  f e a t u r e s  and t h e  s p e c i a l  p o i n t e r  , which i n d i c a t e s  

t h e  t o p  of t h e  j u n c t i o n  t r e e .  

J O I N .  The JOIN s t a t e m e n t  a l lows  t h e  u s e r  t o  i n s e r t  any de-  

s i r e d  s t r u c t u r e  i n t o  t h e  j u n c t i o n  t r e e .  The d o l l a r  s i g n  ( $ )  i s  

used t o  i n d i c a t e  an i n t e r j u n c t i o n ;  o t h e r w i s e ,  t h e  symbols used 

i n  t h e  J O I N  s t a t e m e n t  a r e  a s t r a i g h t f o r w a r d  i n f i x  r e p r e s e n t a t i o n  

o f  a segment of a  t r e e .  Thus,  i f  w e  assume t h e  fragmented t r e e :  

and execu te  the  s t a t e m e n t  JOIN = 4  $ (Plfl267<12> + =5) 9 we 

obtain t h e  t r e e :  



whose P node c o n t a i n s  t h e  semant ic  index 1 0 2 6 7  and t h e  s e m a n t i c  

f e a t u ~ e  number 1 2 .  A l s o ,  t h e  / = 9  indicates t h a t  t h e  pr imary  

r e s u l t  o f  t h e  last performed o p e r a t i o n  s h o u l d  be p o i n t e d  t o  by = 9  

UNJOIN. I f  w e  then execute  UNJOIN = 9  on t h e  j u n c t i o n  t r e e  

just o b t a i n e d ,  w e  u ~ d o  t h e  e f f e c t  o f  t h e  i n t e r j u n c t i o n ,  o b t a i n i n g  

t h e  t r ee s  : 

REPLACE. If, u s i n g  the same tree, w e  e x e c u t e  t h e  statements 

LET =7 BE X ( = 4 ) ,  LET = 8  BE Y ( = 4 ) ,  and REPLACE = 4  WITH = 2 ,  we s e t  

some pointers and s w i t c h  s u b j e c t  and t h e  object, obtaining: 



F i n a l l y ,  i f  we r e p l a c e  t h e  l e f t  con jo ined  p a r t  o f  t h e  s u b j e c t  w i t h  

n o t h i n g ,  i . e .  by t h e  s t a t emen t  REPLACE =7 WITH g, t h e n  w e  o b t a i n :  

Note t h a t  t h e  unneeded o p e r a t i o n  and l a b e l  node a r e  d e l e t e d  a u t o -  

m a t i c a l l y .  

I F .  The I F  s t a t e m e n t  w i t h  o p t i o n a l  ELSE c l a u s e  i s  s imply  - 

borrowed from P L / I ,  b u t  one form of t h e  I F  s t a t emen t  d e s e r v e s  com- 

ment. An expandable  s e t  o f  KEYWORDS i s  a v a i l a b l e ,  each  o f  which 

i n d i c a t e s  t h a t  a b u i l t - i n  function i s  t o  be c a l l e d  and i t s  v a l u e  

compared a g a i n s t  a  p r e d e f i n e d  c o n s t a n t  a s s o c i a t e d  w i t h  t h e  KEYWORD. 

For example, I F  = 1 4  I S A  VERB-- -  i s  e q u i v a l e n t  ( u s i n g  C 4 9  a s  a  work 

v a r i a b l e ]  t o  t h e  two s t a t e m e n t s  : LET C49 BE INODCAT(=3) 
IF C49 EQ 5 T H E N - - -  

since 5 i s  t h e  number which s t a n d s  f o r  t h e  ca t ego ry  V.  

SKIP and HALT. SKIP e x i t s  from t h e  c u r r e n t  t r a n s f e r  program, 

wh i l e  HALT r e t u r n s  c o n t r o l  t o  t h e  s u p e r v i s o r ,  which moves on t o  

t h e  n e x t  t o p - l e v e l  transfer. 

TRANSFER. The s t a t emen t  TRANSFER 11 i s  s i m p l y  a c a l l  t o  t-rans- 

f e r  number 11 a s  a  s u b r o u t i n e ,  wh i l e  t h e  s t a t emen t  TRANSFER C 4  i s  a  

c a l l  t o  t h a t  t r a n s f e r  program whose number i s  i n  C 4  a t  t h e  t ime 

t h a t  s t a t e m e n t  i s  i n t e r p r e t e d .  There sqems t o  be  no need f o r  an 

a l g e b r a i c  do- loop  i n  t r a n s f e r  b u t  a  wh i l e - l oop  i s  u s e f u l .  For ex -  

ample, TRANSFER 1 2  WHILE C 2  execu t e s  t r a n s f e r  number 1 2  r e p e a t e d l y  

u n t i l  some c o n t e x t  Lest  w i t h i n  t r a n s f e r  1 2 ,  o r  some o t h e r  t r a n s f e r  

c a l l e d  by i t ,  sets  c o n d i t i o n  v a r i a b l e  2 t o  f a l s e  ( L e a  to zero). 



ON. The s ta tement  ON CONDITION(N0-LABEL) TRANSFER 1 s e t s  - 
up an ON UNIT s o  t h a t  i f  a t  any t ime dur ing  t r a n s f e r  on t h e  c u r r e n t  

node an a t tempt  i s  made t o  move up from a  node wi thou t  a l a b e l ,  

t r a n s f e r  1 w i l l  be executed.  I f  an e r r o r  occurs  i n  t r a n s f e r  1, 

c o n t r o l  i s  then  passed t o  t h e  s u p e r v i s o r  which p r o c e s s e s  t h e  

next  t o p - l e v e l  t r a n s f e r .  

A few f i n a l  d e t a i l s  should  be  mentioned. When a t r a n s f e r  

i s  called, it executes  t o  i t s  end o r  u n t i l  a SKIP s t a t e m e n t  i s  

executed.  Comments can be s c a t t e r e d  through a  t r a n s f e r  program 

by  enc los ing  them by t / *  - - - - -  * / '  o r  beginning t h e  r e c o r d  w i t h  I * '  

Figure 3 summarizes t h e  s e l e c t e d  s t a t emen t  types  we have d i s -  

cussed.  



- LET = 4  BE Y ( A ( z 2 ) )  

- LET =9 BE H 

- LET =11 BE = 

- LET C7 BE 4 

- LET C 7  BE ~5 

- LET C 7  BE C 2  

- LEX C 7  BE INODCAT (=8) 

- LET C7 BE P 4  

- LET FEATURES (=9) BE <-SINGULAR, +MASS) 

- LET H BE =9  

- JOIN = 4  $ (PI8267 12 + =5)  159 

- UNJOIN = 1 2  

- REPLACE = l O  WITH = 2  

- REPLACE = 3  WITH @ 

- I F  C9 IS TRUE THEN stmt 

- IF C 2  EQ 12 THEN DO stmtl stmt2 . . . END 

- I F  =14 I S A  VERB THEN stmt E L S E  stmt 

- TRANSFER 11 

- TRANSFER C 2  

- TRANSFER 12 WHILE C 2  

- SKIP 

- HALT 

- ON CONDITION(14) TRANSFER 2 

Figure 3 .  

Sample Transfer Language Statements. 



SAMPLE TRANSFERS 

Having d i s c u s s e d  t h e  major  s t a t e m e n t  t y p e s  i n  T L ,  l e t  us  con-  

s i d e r  a few s p e c i f i c  t r a n s f e r s .  T h i s  w i l l  be b u t  an i n d i c a t i o n  of 

what i s  done i n  t r a n s f e r ,  b u t  l a t e r  r e p o r t s  a r e  e x p e c t e d  t o  p r e s e n t  

s u b s t a n t i a l  t r a n s f e r  grammars between language  p a i r s .  

Languages f r e q u e n t l y  d i f f e r  i n  t h e i r  p r e f e r r e d  w n c e p t u a l i z a -  

t i o n  of a  g iven  a c t i o n .  F o r  example,  E n g l i s h  p r e f e r s  e a t  s u p p e r  t o  

s u p ,  wh i l e  French p r e f e r s  souper  t o  p r e n d r e  l e  s o u p e r .  S i m i l a r l y ,  

t o  watch t e l e v i s i o n  has become t h e  s i n g l e  sememe f e r n s e h e n  i n  Ger- 

man. A l t e r n a t i v e l y ,  a ve rb  and n o n - v e r b a l  p a r t i c i p l e  [ 9 ]  may c o r -  

respond t o  a s i n g l e  ve rb  (e .g .  make happy goes t o  a l e g r a r s e  i n  

S p a n i s h ) .  S e v e r a l  examples of such  p a t t e r n s  a r e  l i s t e d  i n  Figure 

A l l  t h e s e  cor respondences  a r e  hand led  i n  TL by w r i t i n g  one 

s imple t r a n s f e r  f o r  each  g e n e r a l  p a t t e r n  and t h e n  l o a d i n g  t h e  

a p p r o p r i a t e  keys .  For example ,  t h e  f i r s t  c a s e  ( V  + N + V  + E)  

c o u l d  be t r e a t e d  by key ing  on t h e  verb i n  each case and l o a d i n g  as 

pa ramete r s  w i t h  t h e  key t h e  c r u c i a l  o b j e c t  o r  o b j e c t s .  This w i l l  

cause c o l l a p s e  and t h e  composi te  sememe t o  be formed. I n  o r d e r  t o  

make t h i s  and t h e  s u b s e q u e n t  examples e a s i e r  t o  f o l l o w  w e  w i l l  u s e  

t h e  E n g l i s h  words themselves i n s t e a d  o f  t h e i r  semantic indices. 

Thus,  w e  migh t  load the fo l l owing  keys :  

FRN EAT 1 2  PI. = LUNCH, JOIN DEJEUNER =11 
P2 = SUPPER, JOIN SOUPER = 1 2  

SPN GIVE 12 P 1  = THANKS, JOIN AGRRDECER =I1 

GER TAKE 1 2  P1 = WALK, J O I N  SPAZIERGEHEN =11 
P2 = BATH, J O I N  BADEN = 1 2  

GER WRITE 1 2  P 1  = POEM, JOIN DICHTEN =I1 



t o  eat lunch ---r d e j e u n e r  (FRN)  
to eat supper  * s o u p e r  [FRN) 
t o  e a t  b r e a k f a s t  desagunar  (SPN) 
to g i v e  thanks - a g r a d e c e r  (SPN) 
5 0  take a walk- spaz iergehen (GER) 
t o  take a bath baden (GER) 
t o  have an accident  4 verunglticken (GER) 
t o  w r i t e  a poem- d i c h t e n  (GER) 

t o  p o i n t  rnontrer  du doigt (FRN) 
t o  clap- b a t t r e  des mains (FRN) 

V $  ( A *  ( A + E )  + E )  + E - - + V + E  

t o  make sad * attrister ( F R N )  
t o  make angry -+ e n c o l o r i z a r s e  (SPN) 

to stare at X j  regarder X f ixQment  (FRN) 

t o  t u r n  t h e  pages o f  a book + fculletcr un liver (FRN) 

F i g u r e  4 .  

Some m u l t i s e m e m e - s i n g l e  sememe a s s o c i a t i o n s .  



and t r e a t  them all wi th  the  fo l lowing t r a n s f e r :  

12 
*SET =2 TO THE OBJECT 
LET =2 BE Y ( L ( = l ) )  
*SEE I F  THE OBJECT CORRESPONDS TO ONE OF THE PARAMETERS 
IF (=2,=3) ISA MATCH THEN DO 
REPLACE =1 WITH = 3  
REPLACE 32 WITH E 
END 
"I 

This  t r a n s f e r  i s  s t r a i g h t f o r w a r d  except f o r  the s ta tement  "IF (=2 , = 3 )  

ISA MATCH.. . ." Here it i s  assumed MATCH has been def ined  a s  a key- 

word s o  t h a t  t h i s  s ta tement  i s  equivalent t o  the p a i r  of  s t a t emen t s :  

LET C49 BE SMATCH (=2,=3) 
IF C 4 9  IS TRUE . . . 

The b u i l t - i n  func t ion  SMATCH checks t h e  parameters of  t h e  s t imu- 

l a t i n g  key a g a i n s t  t h e  index o f  t h e  node poin ted  t o  by t h e  f i r s t  

argument ( 5 2 )  . I t  e i ther  r e t u r n s  FALSE (no match) o r  TRUE and 

points t h e  second argument ( -3)  to the proper  composite node made 

available through t h e  a u x i l i a r y  J O I N  parameters  of t h e  t r a n s f e r  

key. 

I n  t h i s  simple t r a n s f e r ,  any modif ie r s  on t h e  object would 

cancel t h e  t r a n s f e r  by blocking a match ( e . g .  e a t  a b i g  supper 4 

manger un grand souper) ,  but i f  t h e  transfer writer s o  d e s i r e d ,  he 

could e a s i l y  U N J O I N  an adjective on the object and JOIN it onto  t h e  

predicate as an adverb ( e .  g.  SOUPER GRAND) . Thi s  could be done by 

expanding the  f i r s t  s ta tement  t o  the  fo l lowing:  



LET = 4  BE Y ( L ( = l ) )  
LET = 2  BE B(=4) 
I F  =4  ISAN I N T E R J U N C T I O N  THEN DO 
LET =5 BE Y(S(=4) )  
LET =6 BE L(=l)  
U N J O I N  =4  
JOIN (ADV * =4) + E 
J O I N  =6 $ = 
END 

Now l e t  us  consider  a t r a n s f e r  s t imula ted  by a d i f f e r ence  i n  

productivity of a junct ion p a t t e r n  between two languages. Engl i sh  

and French b o t h  have possessive adjectives ( h i s ,  my+son, sa, s e s ,  

mon, ma, mes) but on non-pronouns the English a d j e c t i v a l  form be- 

comes prepos i t i ona l  in French, e .  g. my friend's mother's kitchen- 

l a  cuisine de la mere de mon copain ( t h e  kitchen of the mother of  

my f r i e n d ) .  

For tunate ly ,  in TL we need n o t  consider the embedded cases 

separately from the simple case;  r a the r  w e  can write one transfer 

which will be involved automatically by the transfer supervi si en 

f o r  each occurrence of the possess ive.  The b a s i c  transfer should 

modify s t r u c t u r e  i n  t h e  following way: 

N=4 * N=2 SP 
0-l * becomes: 

N N=2 * N A PP 

A = l  * N=3 
A 
P + N = 3  

('~1 -pronoun (of1 

This might be done by the fo l lowing  t r a n s f e r  (stimulated by - 's) : 

17 
LET =3 BE Y ( L ( = l ) )  
IF =3  ISMARKED -PRONOUN THEN DO 
LET =4  BE L ( L ( = l ) )  
REPLACE =4 WITH fl 
REPLACE = 3  WITH fl 

J O I N  = 2  $ (OF + 1 3 )  
END 
*I 



I n  the  case o f  one embedding the boy's mother's k i t c h e n ,  the t r a n s -  

fer would be executed on boy ' s  and then on mother's, changing 

structure as follows : 

(1) before  t r a n s f e r :  N 
A 
N * N  

kitchen 
N * A  
n 

A * N  
s A 

N * N  
mother 

N A  
n 

A * N  
' s  boy 

( 2 )  a f t e r  f i r s t  execut ion of  t r a n s f e r  1 7 :  

N * N  
kitchen 

N * A  n 
A * N  

I S  ,--.A 
N * N  PP 

mother A 
P + N  
of boy 

(3 )  f i n a l l y ,  a f t e r  second execution of  transfer 17: 

N" * N PP 
kitchen A 

P + N  SP 
of - 

N * N  PP 
mother A 

P + N  
o f  boy 



Before l e a v i n g  t h i s  second example, i t  should be remarked t h a t  

i n  this t r a n s f e r ,  a s  with all t r a n s f e r s ,  we do not  cons ide r  ques- 

t i o n s  of d i f f e r i n g  word o rde r  o r  i n f l e c t i o n a l  p a t t e r n s  between 

languages.  I n  t r a n s f e r  w e  simply modify t h e  s t r u c t u r e ,  and syn- 

t h e s i s  l a t e r  produces t h e  proper  word o r d e r  and inflection through 

t h e  l e x i c a l - r u l e  system. 

As a final example we w i l l  c o n s i d e r  a s i m p l i f i e d  v e r s i o n  of 

an e x t e n s i v e  t r a n s f e r  w r i t t e n  as  a major component o f  a t h e s i s  

which  cons idered  s e v e r a l  forms o f  t h e  Engl i sh  pass ive  [ l o ] .  I n  

our s i m p l i f i a d  ve r s ion  we do n o t  make many of t h e  needed checks 

t o  weed out unwanted m o d i f i e r s ,  etc. 

Consider  t he  three c l o s e l y  r e l a t e d  sentences:  

(1) John gave him a bopk. 
( 2 )  He was g i v e n  a book by John. 
( 3 )  A book was given t o  him by John. 

Many grammars would cons ide r  t h e s e  sen tences  t o  have t h e  same mean- 

ing and g i v e  them t h e  same under ly ing  r e p r e s e n t a t i o n .  J u n c t i o n  

Grammar, t a k i n g  a s l i g h t l y  d i f f e r e n t  approach, chooses t o  repre-  

sent them in such a way t h a t  i nd i ca t e s  bo th  t h e i r  similarities 

and t h e i r  d i f f e r ences .  This attitude i s  based on two assumptions 

of J u n c t i o n  Grammar. 

(1) The path between deep and s u r f a c e  s t r u c t u r e  should  gen- 

e r a l l y  be direct, not  t o r t u o u s ,  and 

( 2 )  Any difference i n  s t r u c t u r e  impl ies  some difference, how- 

ever  minute, i n  meaning, s i n c e  meaning ( i n  J u n c t i o n  Gram- 

mar) is d e f i n e d  as  t he  compositidn of structure, r e f e r -  

ence,  and c o n t e x t .  



However, t h e  p h i l o s o p h i c a l  g u l f  between J u n c t i o n  Grammar and 

other grammars is not as wide as might appear a t  f i r s t ,  f o r  i f  i n  

any p a t t i c u l a r  a p p l i c a t i o n  a rea  i t  i s  useful t o  i g n o r e  such d i f -  

ferences as those between t h e  p a s s i v e  and t h e  a c t i v e ,  s t a n d a r d  

junction t r e e s  can e a s i l y  be pas sed  t h r o u g h  a s p e c i a l  n o r m a l i z i n g  

t r a n s f e r  grammar. One t r a n s f e r  i n  such  a normalizing grammar would 

be the following, which is s t imula t ed  by t h e  r u l e  A * PV and t r a n s -  

fers sentences o f  type ( 2 )  and (3)  i n t o  a c t i v e  s e n t e n c e 9  o f  type ( I ) ,  

examples of which a re  shown in F i g u r e  5. (Going i n t o  t h i s  t r a n s -  

fer, it i s  assumed t h a t  =1 i s  s e t  t o  t h e  l a b e l  node o f  t h e  r u l e  

A * PV.) 

15 
*PASSIVE-ACTIVE TRANSFER 
*SEE S W L E  J U N C T I O N  TREES I N  FIGURE 5 
*FIRST, DETERMINE WHETHER THIS IS INDEED A PASSIVE SENTENCE. 
LET = 2  BE Y ( = l )  
I F  = 2  NOTMARKED PASSIVE -PARTICIPLE THEN STOP 
*FIND THREE ELEMENTS- -THE AGENTIVE , THE O B J E C T I V E ,  AND THE DATIVE,  
* (TO DRAW ON FILLMORE ' S TERMINOLOGY) . 
LET = 3  BE Y ( X ( S ( L ( = l ) ) ) )  
LET =4 BE Y ( = 2 )  
LET =5 BE Y ( X ( S ( X ( = Z ) ) ) )  
*ALSO FIND THE SYNTACTIC SUBJECT 
LET =6 BE Y ( A ( A ( L ( T ( = l ) ) ) ) )  
*SWITCH THE PASSIVE CONSTITUENT (IT MAY BE DATIVE OR OBJECTIVE) 
WITH ITS CORE FERENT , THE SYNTACTI C SUBJECT 
I F  - 5  ISMARKED PASSIVE-CONSTITUENT THEN DO 
REPLACE =5 WITH =6 
LET =6 BE =5 
END 
ELSE DO 
REPLACE 5:4 WITH =6  
LET =6 BE = 4  
END 



*NOW TRANSFER FROM PASSIVE TO ACTIVE BY PLACING THE AGENTIVE ELE- 
*MENT AS THE S U B J E C T  AND THE PASSIVE PARTICIPLE AS THE PREDICATE. 
REPLACE =6 WITH = 3  
LET = 7  BE X ( L ( x 6 )  ) 
*REPLACE THE PREDICATE WITH A DUMMY ONE. 
REPLACE =7  WITH PV=8 
REPLACE =8 WITH = 2  
*I 

[Figure 5 begins  here and continues on the following p a g e . ]  

sv 
(1) John gave h i m  a book.  A 

N + PV 
John  

2 
v * v 

give A 
P + N 

003 he 

( 2 )  He was given a book by John. 

A * ~ ~ = 2 ( - p a s s i v e  by John 
p a r t i c i p l e )  

n 
P + N=14 (passive constituent) 



(3) A book was given to him by John .  

sv 
/-'- 

N = 6  + PV 
book ,'-, 

V + E  
0"'. 

V * PA 
n 

A + E  SP 

A- * PV=Z (passive by John 
p a r t i c i p l e )  

V + N=4 @assive constituent) 

give 

The above d e s c r i p t i o n  o f  Transfer Language and the sample 

t r a n s f e r s  should convey some idea  of  t r a n s f e r  within J u n c t i o n  

Grammar, bu t  i t  shou ld  a l s o  p o i n t  ou t  t he  d i f f i c u l t y  o f  comparing 

Junction Grammar t r a n s f e r  with t h e  intermediate adjustment phase 

of some o t h e r  t r a n s l a t i o n  system ( e . g .  [ll], [12], [ 1 3 ] ) .  The 

reason f o r  the d i f f i c u l t y  i s  simply t h a t  a t r a n s f e r  phase is 

t i g h t l y  i n t e r l a c e d  with t h e  ana lys i s  and s y n t h e s i s  phases  and t h e  

theoretical base.  For example, we do some ad jus tmen t s  i n  t r a n s f e r  

which o t n e r  systems neutralize in a n a l y s i s ,  while some o t h e r  s y s -  

tems consider aspects of word order and word choice in t r ans fe r  

which we handle i n  analysis  and synthesis. 



C .  S y n t h e s i s .  

The i n p u t  t o  t h i s  program i s  a j u n c t i o n  t r e e  o r  J - t r e e .  The 

program a p p l i e s  l e x i c a l  o r d e r i n g  r u l e s ,  l e x i c a l  h i a t u s  r u l e s ,  

l e x i c a l  matching r u l e s ,  l e x i c a l  agreement r u l e s ,  and grapholog i -  

ca l  and phonolog ica l  adjustment  r u l e s .  Figure 1 shows t h e  syn the -  

s i s  main l ine  i n  a s i m p l i f i e d  form which omits some d e t a i l s  p e r t a i n -  

i ng  t o  t h e  p r o c e s s i n g  of i n t e r s e c t i n g  t r e e s  and d i s c o n t i n u i t i e s .  

Basic p r o c e s s i n g  fo l lows  t h e  f i g u r e .  F i r s t  a J - t r e e  i s  r e a d  

in to t h e  computer. The p e r s p e c t i v e  r o u t i n e  recognizes  some 

e s s e n t i a l  r e l a t i o n s h i p s  which a r e  i m p l i c i t  i n  t h e  J - t r e e  and makes 

them a v a i l a b l e  t o  t h e  s y n t h e s i s  program i n  an e x p l i c i t  form. Then, 

beginning w i t h  t h e  topmost node of t h e  J - t r e e ,  t h e  cycle p rocesses  

t h e  nodes one a t  a t ime .  Label nodes are processed  by t h e  h i a t u s  

and ordering rou t ines .  The LHO a lgor i thm determines  the o r d e r i n g  

procedure  which should be employed and t a k e s  t h e  s t e p s  necess.ary 

t o  implement i t .  These s t e p s  always inc lude  d e s i g n a t i n g  t h e  o r d e r  

i n  which t h e  operands of t h e  l a b e l  node should be processed.  They 

may i nc lude  t h e  marking of h i a t u s  (understood)  e lements ,  d i scon-  

t i n u o u s  e lements ,  and i n s e r t i o n  p o i n t s .  

P rocess ing  con t inues  through t h e  J - t r e e  i n  t h e  sequence 

des igna ted  by t h e  LHO a lgor i thm u n t i l  t h e  e n t i r e  J - t r e e  has been 

i n t e r p r e t e d .  Terminal  nodes a r e  i n t e r p r e t e d  by the.LMA ( l e x i c a l  

matching and agreement) r o u t i n e s  and a p p r o p r i a t e  l e x i c a l  man'ifes - 

tations a r e  genera ted .  



s t a r t  D 

Figure 1. 

The S i m p l i f i e d  Synthesis Mainline. 



Two t y p e s  of l e x i c a l  o r d e r i n g  r u l e s  a r e  used i n  t h e  s y n t h e s i s  

programs. There a r e :  (1) l e f t - r i g h t  and r i g h t - l e f t  o r d e r i n g  of 

operands ,  and ( 2 )  d i s c o n t i n ~ o u s  o rde r ing .  These w i l l  b e  cons idered  

i n d i v i d u a l l y  

(1) When t h e  LHO ( l e x i c a l  h i a t u s  and order ing)  a lgo r i thm 

i n t e r p r e t s  a l a b e l  node,  i t  d e s i g n a t e s  one of i t s  operands a s  t h e  

f i r s t  operand and t h e  o t h e r  as t h e  second operand. Process ing  

t h e n  moves t o  t h e  operand des igna ted  a s  t h e  f i r s t .  A t  t h e  t o p  of 

the  c h a r t  t h e  flow of p rocess ing  i s  c o n t r o l l e d  by whether a node 

i s  t e r m i n a l  o r  a l a b e l .  A t  t he  bottom of t h e  c h a r t ,  t h e  o r d e r  of 

p rocess ing  i s  determined by whether t h e  node which has j u s t  been 

processed  was des igna ted  a s  a f i r s t  o r  a second operand. P rocess -  

i n g  moves from t h e  f i r s t  operand t o  t h e  second and from t h e  second 

back t o  t h e  l a b e l  node. 

T h i s  seemingly s imple  o rde r ing  procedure g i v e s  t h e  j u n c t i o n  

grammar system g r e a t  f l e x i b i l i t y  and power. A s i n g l e  junc t ion  

which has two operands has  two o rde r ing  p o s s i b i l i t i e s .  However, 

i f  one of t h o s e  operands i's i t s e l f  a j unc t ion  wi th  two p o s s i b l e  

o r d e r s ,  t hen  t h e  s t r i n g  i s  capable of four o r d e r s .  I n  a s imi l a r  

manner, a  s t r i n g  of t h r e e  junc t ions  can be ordered i n  e i g h t  d i s -  

t i n c t  ways. I n  g e n e r a l ,  a t r e e  composed of N j unc t ions  can be  

a r d c l e d  i n  2" d i s t i n c t  p a t t e r n s .  

( 2 )  Discontinuous o rde r ing  e x i s t s  when sen tences  elements  

which a re  most c l o s e l y  r e l a t e d  s t r u c t u r a l l y  a re  n o t  cont iguous .  

The s e n t e n c e s  " I t  s u r p r i s e d  me t h a t  he cameM and "It i s  s o  big 

t h a t  I c a n ' t  l i f t  it" have d i scont inuous  o r d e r .  With cont inuous  



orde r ing  they would read " I t  t h a t  he  came surprised me" and "It 

was so that I can't lift it big." 

The synthesis program handles  discontinuous ordering by 

redirecting the flow of processing in such a way that the discon- 

tinuous element is omitted a t  its normal position and processed 

instead a t  a predetermined insertion point. Figure 2 shows the 

synthesis mainline with the reset routines and their skip points. 

Figure 3 shows the reset routines in detail. 

If the flow of processing is followed as shown in the figures, 

the operation of the reset routines is relatively simple. On 

each cycle the reset routines check the node which is being inter- 

preted to determine if it has been d e s i g n a t e d  by t he  LHO algorithm 

as an insertion point or a disconf inuous element. If it has not, 

no action is taken. If it has, normal processing is interrupted 

to achieve the d e s i r e d  order. For i n s t a n c e ,  if the reset routine 

at the top of the diagram detects that a node is a discontinuous 

element, it causes the flow of p~ocessing to jump to the second 

skip point. This bypasses the LHO and LMA routines, in effect 

omitting the discontinuity. A t  the bottom of the chart processing 

resumes just as if the  discontinuity had n o t  been omitted. In a 

similar manner the reset routines direct processing from the in- 

sertion point to the discontinuity and from the discontinuity back 

to the insertion point. 

The ordering of intersecting structures is quite similar to 

the ordering of discontinuous elements. When the point of  inter- 

section is reached, the flow of processing shifts to t he  t o p  of 



the subordinate structure and that e n t i r e  s tructure  i s  processed. 

Then process ing shifts back t o  t h e  main structure which i s  completed 

i n  the usual  manner. Thus, the point  o f  intersection has some sim- 

i l a r i t y  t o  an insertion point  while an intersecting structure re- 

sembles the discontinuous element. This  same p rocedu re  i s  fo l low-  

ed when there are several i n t e r s e c t i o n s .  

The l e x i c a l  matching rules access the target language l ex i con .  

The lexical agreeement rules examine the j u n c t i o n  and feature en- 

vironment i n  which the part icular  sememe appears i n  o r d e ~  to deter- 

inine which i n f l e c t e d  form should appear. 

A t  present ,  most inflected forms appear i n  the l ex icon  i n  f u l l .  

Others, however,  are generated by t h e  s y n t h e s i s  program from stems 

and endings.  The two approacE.es are t h e o r e t i c a l l y  equivalent since 

most o f  t h e  inflected forms i n  the  lexicon are generated from stems 

and endings by the lexicon bui ld ing  routine anyway. 

Thus, the  synthes i s  program interprets a J-tree t o  generate 

an output s t r i n g .  When this output  string has been adjusted by 

the graphological and phonological  rules ,  which shape the f i n a l  

form o f  t h e  o u t p u t ,  t h e  t a r g e t  language t e x t  appears. 
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I V .  Conclusion. 

I t  i s  proposed t h a t  junct ion schemata of t h e  type i l l u s t r a t e d  

c o n s t i t u t e  a u n i v e r s a l  pool o f  s t r u c t u r a l  p a t t e r n s  a v a i l a b l e  t o  

a l l  languages. Presumably, most languages use t he  ma jo r i ty  o f  

them but no one language need use them a l l .  Perhaps no two lang-  

uages use exac t ly  the same s u b s e t ,  n o r  any two persons speaking 

t he  same language, f o r  t h a t  mat te r .  Languages can be expected t o  

vary i n  t h e i r  manner of r e a l i z i n g  junct ion pa t t e rn s  as s u r f a c e  

str ings .  Spec i f i ca l ly ,  t h e  l ex i ca l  s t o c k ,  word orde r ,  concord, 

i n f l e c t i o n  and conjugat ion paradigms, e t c . ,  are known, f o r  t h e  most 

p a r t ,  t o  be language spec i f ic .  

Our experience t o  date  suppor ts  such expec ta t ions .  For ex- 

ample, t h e  basic word order f o r  Japanese can be obta ined by shift- 

ing  t h e  l e f t - r i g h t  opt ions on subjunct ion used by Engl ish  t o  

r i g h t - l e f t .  While English uses heterogeneous i n t e r j u n c t i o n  freely 

("John passed,  which surprised us", e t c  .) , Japanese does n o t  ; it 

e i ther  uses the corresponding full-sub junc t ion  ("That John passed 

surprised us") , o r  two conjoined sentences ("John passed, and t h i s  

surpr ised  us"). O f  course ,  t he  lexical s t o c k  and morphophonemic 

p a t t e r n s  of  Japanese are r a d i c a l l y  different from those  of English. 

But t he  conclusion we have been forced t o  repeatedly i s  t h a t  while 

surface phenomena are vastly disparate from language t o  language, 

junc t ion  phenomena are more a l i k e  than  different . 



While w e  use t h e  f a m i l i a r  ANALYSIS/TRANSFER/SYNTHESIS scheme 

a s  a g e n e r a l  framework f o r  ou r  t r a n s l a t i o n  system, the design o f  

these components is rigidly governed by t h e  j u n c t i o n  grammar 

model, with j u n c t i o n  t r e e s  serving a s  t h e  i n t e r l i n g u a .  

A n a l y s i s ,  o p e r a t i n g  i n  an i n t e r a c t i v e  mode, produces  junction 

t r e e s  from t h e  source  t e x t .  The d a t a  thus o b t a i n e d  i s  t h e n  passed 

to the t r a n s f e r  segment of t h e  system. 

T r a n s f e r  from a  s o u r c e  language A t o  a t a r g e t  language B b e -  

gins w i t h  i n s p e c t i o n  of e v e r y  j u n c t i o n  r u l e  and semant ic  index 

appear ing  i n  t h e  j u n c t i o n  t r e e s  produced by analysis. I f  some 

r u l e  o r  seman t i c  index  of A does n o t  belong t o  t h e  s u b s e t  used 

by language 3, t h e n  a t r a n s f e r  s u b r o u t i n e  a d j u s t s  t h e  j u n c t i o n  

t r e e .  The l i b r a r y  of A-B t r a n s f e r  s u b r o u t i n e s  i s  a p a r t i a l  con- 

t r a s t i v e  grammar of  fanguages  A and B .  However, s i n c e  word o r d e r  

and o t h e r  l e x i c a l  phenomena are a b s t r a c t e d  away from t h e  semant ic  

component i n  our  model, t h e s e  cto n o t  e n t e r  i n t o  t r a n s f e r  a t  a l l ,  

b u t  are hand led  independen t ly  by l e x i c a l  s y n t h e s i s  f o r  language B .  

The a d j u s t e d  t r e e s  o u t p u t  by t r a n s f e r  a r e  pas sed  t o  a syn- 

t h e s i s  program. The f o u r  s t e p s  o f  the s y n t h e s i s  p rocess  cor re -  

spond t o  four lexical r u l e  t y p e s - - o r d e r i n g ,  matching,  e l l i p s i s  

( o r  h i a t u s )  , and agreement.  

Our development group i s  c u r r e n t l y  engaged in developing 

E n g l i s h  a n a l y s i s  and t r a n s f e r - s y n t h e s i s  f o r  t r a n s l a t i o n  i n t o  

Span i sh ,  French, and German, u s ing  t h e  U n i v e r s i t y ' s  IBM 360/65. 

Our sys t em ' s  d i c t i o n a r i e s  are l a r g e l y  based on a vocabula ry  drawn 

f r o m  a d a t a  base o f m a t e r i a l s  pub l i shed  f o r  t h e  membership of  t h e  



LDS (Mormon) Church, and hence they are n o t  t e c h n i c a l l y  oriented. 

a t  present. Currently, each lexicon contains entries  for over 

10,000 semantic indices and we hope to double t h i s  s i ze  by the 

end of 1976. 

We expect that t h i s  p ro to type  w i l l  p rovide  a gauge f o r  the 

utility of various on-line i n t e r a c t i o n  techniques for compuber- 

assisted t r a n s l a t i o n  systems and for t h e  f e a s i b i l i t y  o f  ach iev ing  

commercial grade computer-assis ted t r a n s l a t i o n  v i a  t h e  j u n c t i o n  

grammar model of language de sc r i bed  herein. Work is also in 

progress to develop a phonological component of J u n c t i o n  Grammar 

that accounts f o r  the  connection between p r o s o d i c  f ea tu res  ( p i t c h ,  

a m p l i t u d e ,  d u r a t i o n ,  pause ,  e t c . )  and semantic c o n s i d e r a t i o n s  of 

sentences. 
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