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PREFACE 

IIASA is pursuing international cooperative research in several fields of 
applied systems analysis such as energy development strategies, regional 
development, and water systems research. This cooperation is dependent 
on a high quality of communication and documentation. Tools and tech- 
niques such as computer networks, data bases, and high-level interactive 
languages have an increasing impact on the efficiency of scientific work. 

The Workshop on "Natural Language for Interaction with Data Bases" 
was a forum for discussions on the advantages and limitations of natural 
language as a man-machine communication tool. A special feature of the 
Workshop was that many of the speakers took the occasion to  demonstrate 
software systems they had developed. In order to  help assess the appropri- 
ateness of the various systems for IIASA a small! rather simple relational 
data base on energy resources was supplied before the Workshop to those 
interested in demonstrations. Sample outputs from this data base are 
included in several papers. 





SUMMARY 

This Report is a collection of papers presented at the "Workshop 
on Natural Language for Interaction with Data Bases" held at IIASA in 
Laxenburg, Austria from January 1 0  to 14,1977. 

The papers describe the research and results in attempting to  produce a 
viable, useful, and flexible interface to  various systems in Europe (acronym- 
ically AQL, PLIDIS, USL, DONAU, DILOS, KAIFAS, etc.) and in North 
America (OWL, INGRES, and LIFER). Most of these interfaces present to  
the user the feeling of working in an environment of relatively free and for- 
giving syntax. This is in marked contrast to  the rather rigid syntax required 
by most commercial data base systems in their natural (mostly English) 
query languages. In addition there are discussions of the categorization of 
the semantic relationships within some natural languages as an aid to  both 
understanding and knowledge representation. 
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I n t r o d u c t i o n  

G.  Rahmstorf and M. Ferguson 

THE WORKSHOP FORMAT AND OBJECTIVES 

The Workshop "Natura l  Language f o r  I n t e r a c t i o n  wi th  Data 
Bases" was a forum f o r  d i s c u s s i o n s  and demonst ra t ions  o f  systems 
a t t empt ing  t o  use  " n a t u r a l "  language a s  an i n t e r f a c e  t o o l  t o  
s p e c i f i c  d a t a  bases .  The a r t i f i c i a l  i n t e l l i g e n c e  community 
a long wi th  l i n g u i s t s  has  been s tudy ing  t h e  automat ic  a n a l y s i s  
o f  n a t u r a l  language f o r  more than  a decade. I t  i s  probably f a i r  
t o  s ay  t h a t  t h e  gene ra l  language p rocesso r ,  f o r  reasons  t h a t  a r e  
d i scussed  i n  t h i s  i n t r o d u c t i o n  and many pape r s  i n  t h i s  volume, 
i s  s t i l l  e l u s i v e .  These d i f f i c u l t i e s  have l e d  t o  a p p l i c a t i o n s  
o f  n a t u r a l  language p rocesso r s  i n  l i m i t e d  c o n t e x t s  such a s  spe- 
c i f i c  d a t a  bases  where t h e  chance o f  s u c c e s s f u l l y  demonst ra t ing  
a n a t u r a l  language acces s  i s  much g r e a t e r .  However, t h e  d e s i r e  
i n  most c a s e s  i s  t o  produce a n a t u r a l  language system t h a t  h a s  
p o t e n t i a l  f o r  very  wide usage.  

A t  t h e  same t ime t h e  n a t u r a l  language systems were be ing  
developed,  t h e r e  was tremendous a c t i v i t y  i n  d a t a  base  system 
a n a l y s i s  and des ign .  Data bases  were f i r s t  i n t e r f a c e d  wi th  
formal programming languages b u t  it has r e c e n t l y  become obvious 
t h a t  t h e r e  i s  a need t o  provide  s e r v i c e  f o r  a  c a s u a l  u s e r  who 
has  l i t t l e  programming knowledge. Thus, q u i t e  independent ly  o f  
t h e  a r t i f i c i a l  i n t e l l i g e n c e  community, t h e  d a t a  base  d e s i g n e r s  
have been developing  and marketing i n t e r a c t i v e  (query)  d a t a  base  
a c c e s s  languages.  I n  most c a s e s  t h e s e  a r e  q u i t e  r i g i d l y  s t r u c -  
t u r e d  b u t ,  it is  claimed,  q u i t e  easy  t o  l e a r n .  This  n a t u r a l l y  
h a s  l e d  t o  a  c e r t a i n  l e v e l  of  d isagreement  between t h e s e  com- 
mun i t i e s  a s  t o  t h e  need and u s e f u l n e s s  o f  n a t u r a l  language 
i n t e r f a c e s  t o  d a t a  bases .  

The Workshop, du r ing  which t h e  fo l lowing papers  were d i s -  
cussed ,  was t o  b r i n g  t o g e t h e r  t h e  two communities t o  determine 
t h e  a r t  and need i n  n a t u r a l  language p rocess ing  e s p e c i a l l y  w i t h  
r e s p e c t  t o  d a t a  base  i n t e r f a c i n g ,  t o  compare v a r i o u s  systems 
t h a t  a c t u a l l y  have been implemented, and t o  d i s c u s s  where n a t u r a l  
language i n t e r f a c e s  might prove u s e f u l  and whether t h e r e  w e r e  
r ea sonab le  a l t e r n a t i v e s .  The l a t t e r  o b j e c t i v e s  w e r e  d i f f i c u l t  
t o  a t t a i n  a s  t h e  g r e a t  m a j o r i t y  o f  t h e  Workshop p a r t i c i p a n t s  were 
p r i m a r i l y  i n t e r e s t e d  i n  t h e  v a r i o u s  a s p e c t s  o f  n a t u r a l  language 
p rocess ing .  The a p p l i c a t i o n s ,  a l though both  r e a l  and i n t e r e s t i n g ,  
tended t o  be wi th  d a t a  bases  t h a t  were s u f f i c i e n t l y  sma l l  t h a t  
t h e  implementat ion o f  t h e  d a t a  base  was r a t h e r  s t r a i g h t f o r w a r d .  
Q u e s t i o n s  r e l a t i n g  t o  t h e  acces s  t o  a l r e a d y  e x i s t i n g ,  r e l a t i v e l y  



l a r g e  d a t a  bases ,  and t h e  matching o f  t h e  informat ion  conta ined  
i n  t h e  d a t a  base wi th  t h a t  r e q u i r e d  by t h e  n a t u r a l  language 
i n t e r f a c e  p rocesso r  remain l a r g e l y  unanswered. 

A l l  t h e  au tho r s  were r eques t ed  t o  d e s c r i b e  t h e i r  approaches,  
systems,  and problems wi th  implementing computer based n a t u r a l  
language unders tanding  systems i n  t h e  c o n t e x t  o f  d a t a  base acces s .  
The i n v i t e d  papers  r e p r e s e n t  t h e  d i s t i l l a t i o n  o f  t h e  thoughts  of  
t h e  p a r t i c i p a n t s  on t h e i r  systems and t h e  problems o f  au tomat ic  
a n a l y s i s  of  n a t u r a l  language i n  g e n e r a l .  A complete d i s c u s s i o n  
o f  n a t u r a l  language and d a t a  base technology invo lves  v a s t  quan- 
t i t i e s  o f  d e t a i l  where t h e  implementat ion c o n s i d e r a t i o n s  u s u a l l y  
have s t r o n g  impact on what one would l i k e  t o  c o n s i d e r  gene ra l  
p r i n c i p l e s .  I n  o r d e r  t h a t  t h e  r e a d e r  no t  be deluged i n  d e t a i l  
most a u t h o r s  have n a t u r a l l y  concen t r a t ed  on those  a s p e c t s  t h a t  
t hey  cons ide r  both p e c u l i a r  and impor tant .  This  shows up i n  
cons ide rab ly  d i f f e r e n t  d a t a  world views and a l lows only  a l o o s e  
grouping of  t h e  papers  i n  t h i s  volume. 

I n  a d d i t i o n  t o  t h e  papers ,  s e v e r a l  o f  t h e  a u t h o r s  responded 
t o  IIASA's i n v i t a t i o n  t o  demonstrate  t h e i r  systems.  To f a c i l i t a t e  
a  comparison IIASA provided a sma l l  r e l a t i o n a l  d a t a  base o f  energy 
r e source  d a t a .  D e t a i l s  o f  t h e  1 1  r e l a t i o n s  involved a r e  g iven  i n  
t h e  Appendix. Some o f  t h e  a u t h o r s  a l s o  responded t o  IIASA's r e -  
q u e s t  t o  u se  t h e  sample d a t a  base  a s  examples i n  t h e i r  papers .  
This  a l lows  some cons i s t ency  i n  t h e  comparison o f  approaches from 
paper t o  paper .  

F igure  1 shows a very  g e n e r a l  informat ion  system c o n s i s t i n g  
o f  a  u s e r  i n t e r a c t i n g  wi th  a  n a t u r a l  language p rocesso r  e v e n t u a l l y  
wishing  t o  g e t  t o  a  d a t a  base.  The system i n t e r p r e t s  t h e  n a t u r a l  
language i n p u t  w i t h  r e s p e c t  t o  a  " language world model'' and then  
t r a n s l a t e s  it t o  a  d a t a  base acces s  sequence be ing  r e s t r i c t e d  t o  
one o f  t h e  views suppor ted  by t h e  " d a t a  model" o f  t h e  d a t a  base 
system. The d a t a  i n t e r r e l a t i o n s  a s  d e s c r i b e d  by t h e  "da t a  base 
acces s  modela1 a r e  t h e  s i m p l e s t  o f  t h e  world models i n  t h e  system 
and i t s  language can be looked upon a s  p rov id ing  t h e  p r i m i t i v e s  
i n t o  which t h e  informat ion  r e q u e s t s  must be t r a n s l a t e d  i n  o r d e r  
t o  o b t a i n  t h e  c o r r e c t  d a t a  from t h e  d a t a  base .  A major d i f f e r e n c e  
i n  approach i n  t h e  papers  i s  t h e  r e l a t i v e  importance o f  each model 
and t h e  degree  t o  which t h e  v a r i o u s  models a r e  assumed t o  be i n t e -  
g r a t e d  both concep tua l ly  i n  r e a l i t y  and i n  t h e i r  system implemen- 
t a t i o n .  

The f i r s t  group o f  papers  sugges t s  t h a t  t h e r e  is a " c l e a r  
and c l e a n  i n t e r f a c e "  (H .  Lehmann) between t h e  d a t a  base  and t h e  
n a t u r a l  language processor .  Thus t h e  d a t a  base h a s  a  formal 
w e l l  de f ined  acces s  language and a s s o c i a t e d  d a t a  model. Most 
systems o f  t h i s  group inc lude  a d a t a  base component t h a t  i s  
e i t h e r  a  s t a n d a r d  so f tware  product  o r  an exper imenta l  d a t a  base  
developed be fo re  and independently o f  t h e  n a t u r a l  language pro- 
c e s s o r  ( s e e ,  f o r  example, H .  Lehmann, M. King e t  a l . )  . 

The second group o f  papers  t ends  t o  i n t e g r a t e  t h e  d a t a  and 
language models i n t o  one powerful  s t r u c t u r e  t h e  main purpose o f  
which i s  r e p r e s e n t i n g  knowledge i n  a s  wide a c o n t e x t  a s  p o s s i b l e .  
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The i n t e r a c t i o n  w i t h  t h e  d a t a  base  i s  u s u a l l y  viewed a s  one 
p o s s i b l e  a p p l i c a t i o n  of  such a system. The au tho r s  i n  t h i s  group 
u s u a l l y  come from t h e  a r t i f i c i a l  i n t e l l i g e n c e  community and f avor  
complex s t r u c t u r e s  such a s  semant ic  networks a s  t h e  b a s i s  o f  t h e i r  
language models. 

The t h i r d  group o f  papers  i s  concerned w i t h  some s p e c i f i c  
problems o f  n a t u r a l  language a n a l y s i s  whose s o l u t i o n  would g r e a t l y  
enhance t h e  e a s e  o f  au tomat ic  n a t u r a l  language p rocess ing .  I t  i s  
noteworthy t h a t ,  a l though most o f  t h e  d i f f i c u l t i e s  e x i s t  i n  many 
n a t u r a l  languages,  some o f  t h e  t roublesome p o i n t s  r a i s e d  by t h e  
a u t h o r s  i n  t h i s  group a r e  p e c u l i a r l y  vexing i n  on ly  some languages.  

The l a s t  group o f  papers  d i s c u s s  s e l e c t e d  problems i n  t h e  
concep tua l  des ign  o f  n a t u r a l  language systems and a t t empt s  t o  
look f o r  guidance i n  t h e  r e l a t i o n  between n a t u r a l  language pro-  
c e s s i n g  and a p p l i c a t i o n  f i e l d s  such a s  informat ion  r e t r i e v a l  
systems o r  r o b o t  c o n t r o l l i n g .  

AN INTRODUCTION TO THE WORKSHOP PAPERS 

Although each  paper p re sen ted  has  a  p a r t i c u l a r  view and 
emphasis,  they  a l l  a t t empt  t o  d e a l  w i th  many a s p e c t s  o f  n a t u r a l  
language unders tanding  and t h e  d a t a  base  i n t e r f a c e .  The purpose 
o f  t h i s  p a r t  of  t h e  i n t r o d u c t i o n  i s  t o  d i s c u s s  t h e  c o n t r i b u t i o n s  
of t h e  papers  w i th  r e s p e c t  t o  t he  scheme i n d i c a t e d  i n  F igure  2 .  
Th i s  should  a l low t h e  i n t e r e s t e d  r e a d e r  t o  acces s  v i a  s u b j e c t  
t h e  p o s i t i o n s  expressed  i n  most o f  t h e  pape r s .  

The Na tu ra l  Language I n t e r f a c e  

Advantages 

One o f  t h e  major  advantages o f  a  n a t u r a l  language i n t e r f a c e  
i s  i t s  a v a i l a b i l i t y  t o  a  l a r g e  number o f  u s e r s  w i thou t  (much) 
s p e c i a l  t r a i n i n g  o r  t h e  l e a r n i n g  of  a  formal programming language. 
"A u s e r  who is n o t  a  computer s p e c i a l i s t  f i n d s  i n p u t  i n  a  formal 
language,  however w e l l  des igned,  s u f f i c i e n t l y  repugnant  t o  d i s -  
courage him from us ing  t h e  system. The amount o f  e f f o r b  r equ i r ed  
t o  develop  a l a r g e  d a t a  base  system i s  on ly  worthwhile i f  t he  
r e s u l t i n g  system can be used by a wide v a r i e t y  of  n o n s p e c i a l i s t  
u s e r s ,  who must t h e r e f o r e  be s p e c i a l l y  c a t e r e d  f o r  by t h e  pro- 
v i s i o n  o f  f a c i l i t i e s  t h a t  w i l l  a ccep t  a s  wide a range o f  n a t u r a l  
language i n p u t  a s  p o s s i b l e  " (King e t  a l . ) .  

A second major advantage is t h e  p o t e n t i a l  u n i v e r s a l i t y  o f  
t h e  n a t u r a l  language a b i l i t y  t o  expres s  any k ind  o f  informat ion  
- - t rue  o r  f a l s e ,  r e a l  o r  h y p o t h e t i c a l ,  g e n e r a l  o r  s p e c i f i c .  
Na tu ra l  language is i n  a  very  r e a l  way t h e  u l t i m a t e  meta-language 
f o r  any formal language.  "Nat ive  speake r s  o f  Eng l i sh  can u s u a l l y  
communicate t h e i r  knowledge o f  any domain o f  i n t e r e s t  i n  Eng l i sh ,  
perhaps  augmented by s p e c i a l i z e d  n o t a t i o n s  and vocabu la r i e s  par-  
t i c u l a r  t o  t h e i r  domain" ( S z o l o v i t s )  . Guida argues  t h a t  a  n a t u r a l  
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language w i l l  a l l ow  a  u s e r  t o  s t a r t  work on a  problem i n  s p i t e  
o f  u n c e r t a i n t i e s  about  t h e  c o n t e n t  and use  o f  t h e  system. A two 
way n a t u r a l  language d i a logue  would a l l ow a  u s e r  t o  s t a r t  a  
t e r m i n a l  s e s s i o n  and l e a r n  t h e  o p e r a t i v e  c h a r a c t e r i s t i c s  o f  t h e  
system. Although two.way n a t u r a l  language d i a l o g u e  i s  cons ide r -  
ab ly  more d i f f i c u l t  t han  j u s t  unders tanding ,  S z o l o v i t s  s p e c i f i -  
c a l l y  s t r u c t u r e s  h i s  knowledge r e p r e s e n t a t i o n  t o  f a c i l i t a t e  such 
a  d i a logue .  

Disadvantages 

The f a c t  t h a t  n a t u r a l  l anguages  have t h e  advantages  i n d i c a t e d  
i n  t h e  p rev ious  s e c t i o n  a lmost  seems t o  r e q u i r e  t h a t  t hey  have a  
r a t h e r  l a r g e  l i s t  of  d i s advan tages  when t r y i n g  t o  implement them 
i n  t h e  r a t h e r  un fo rg iv ing  environment o f  a  computer system. "The 
l a c k  o f  an adequa te ly  developed l i n g u i s t i c  t heo ry  and o f  a  f o r -  
mal ized  corpus  o f  knowledge a r e  t h e  main o b s t a c l e s  f o r  b u i l d i n g  
a  system wi th  g e n e r a l  n a t u r a l  language unde r s t and ing  c a p a b i l i t y  
today" (E. Lehmann). The s u b t l e t y  and range o f  exp re s s ion  pos- 
s i b l e  i n  n a t u r a l  languages l e a d  t o  s y n t a c t i c  and semant ic  s t r u c -  
t u r e s  t h a t  a r e  f a r  more complex than  any formal  language wi th  
consequent  computer speed,  e f f i c i e n c y ,  and system problems. 
Although q u e s t i o n s  o f  t h i s  t y p e  were n o t  o f  paramount importance 
t o  most o f  t h e  a u t h o r s ,  most l i k e l y  because o f  t h e  r e l a t i v e  i m -  
m a t u r i t y  o f  t h e  e n t i r e  f i e l d ,  Hendrix does  have some n o t e s  on 
p a r s i n g  speeds  f o r  h i s  LIFER system. 

One o f  t h e  most d i f f i c u l t  problems i n  n a t u r a l  language 
unde r s t and ing  i s  coping  wi th  ambiguity and vagueness.  Examples 
i n  t h e  g e n e r a l  problem o f  n a t u r a l  language unde r s t and ing  abound 
and a r e  mentioned i n  s e v e r a l  pape r s .  King e t  a l .  d i s c u s s  t h e  
fo l lowing  example: 

Give me t h e  name o f  t h e  employee who works i n  
t h e  personnel  depar tment  whose s a l a r y  i s  more 
t han  3000 f r a n c s  a  month. 

"It i s  q u i t e  obvious t o  any person  r ead ing  t h i s  t h a t  t h e  'whose' 
r e f e r s  t o  t h e  employee and n o t  t h e  pe r sonne l  depar tment .  Yet 
t h e r e  i s  no s y n t a c t i c  r u l e  [ i n  Eng l i sh ]  t h a t  cou ld  be used t o  
de te rmine  t h i s "  (King e t  a l . )  . Another example i s  g iven  by 
H .  Lehmann: 

Manager o f  B i l l  Jones .  
Manager o f  IBM. 

I n  Eng l i sh ,  it r e q u i r e s  a  r a t h e r  deep semant ic  a n a l y s i s  of  
s e n t e n c e s  o f  t h i s  t ype  t o  r e s o l v e  t h e  ambiguity.  The a b i l i t y  
t o  d i s t i n g u i s h  c l a s s e s  o f  t h i s  t y p e  could  be used a s  a  t e s t  o f  
t h e  semant ic  depth  o f  t h e  p roces so r .  



V i r t u a l l y  a l l  ambigu i t i e s  a r e  r e s o l v e d  by means o f  semant ic  
r e l a t i o n s h i p s .  These r e l a t i o n s h i p s  may be s u p p l i e d  by a  common 
s e n s e  i n t e r p r e t a t i o n  o f  t h e  world o r  by a  narrower c o n t e x t  i m -  
p l i e d  by t h e  t a r g e t  s u b j e c t .  Krageloh p o i n t s  t o  t h e  examples 
below a s  b e i n g  r e so lved  by common sense :  

John jumps h i g h e r  t h a n  P e t e r .  
John jumps h i g h e r  t han  t h e  E i f f e l  Tower. 

Hendrix b u i l d s  t h e  c o n t e x t  i n t o  h i s  s y n t a c t i c  a n a l y z e r  t o  handle  
t h e  e l l i p t i c a l  ( incomple te)  i n p u t s  a s  shown: 

WHAT IS  THE DEPTH OF THE GOLDEN SPIKE DEPOSIT? 

then  t h e  i n p u t :  

OF BELL CREEK? 

The l a t t e r  i n p u t  w i l l  be  i n t e r p r e t e d  a s  

WHAT IS  THE DEPTH OF THE BELL CREEK DEPOSIT? 

Most a u t h o r s  f i n d  it neces sa ry  t o  embed semant ic  i n fo rma t ion  
i n  t h e i r  s y n t a c t i c  a n a l y z e r s  t o  d i r e c t  t h e  p a r s i n g  ( H .  Lehmann, 
G .  Hendrix)  wh i l e  S z o l o v i t s  a rgues  t h a t  i n  a  fundamental s ense  
a l l  p a r s i n g  i s  seman t i ca l ly  based.  

Some o f  t h e  r e s t r i c t i o n s  s i m p l i f y i n g  a  n a t u r a l  language 
i n t e r f a c e  induced by a d a t a  base  system Sre  d i s c u s s e d  by 
Krageloh. He comes t o  t h e  i n t e r e s t i n g  conclus ion  t h a t  " r e l a t i v e  
c l a u s e s  could  be e v e n t u a l l y  exc luded  from t h e  query  language.  
I n s t e a d ,  t h e  p o s s i b i l i t y  o f  r e f e r e n c e s  t o  q u e r i e s  s t a t e d  b e f o r e  
i s  needed i n v o l v i n g  t h e  w e l l  known problem o f  pronouns".  

Redundancy i n  any system i s  capab le  o f  be ing  e i t h e r  h e l p f u l  
o r  harmful .  I n  o r d i n a r y  conve r sa t ion  t h e  redundancy i n  n a t u r a l  
language s e r v e s  w i th  c o n t e x t  and common sense  a s  an e r r o r  and 
ambiguity r e s o l v e r .  However t h e  mechanisms o f  t h i s  a r e  e i t h e r  
n o t  w e l l  understood o r  t o o  d i f f i c u l t  t o  implement ( o r  bo th )  and 
hence redundancy i s  more o f  a  problem than  a h e l p  i n  au tomat ic  
n a t u r a l  language unders tanding .  I t  i s  d i f f i c u l t  t o  drop  i r r e l e -  
vanc i e s .  Most formal languages s t r i v e  f o r  compactness,  concise-  
n e s s ,  and p r e c i s i o n .  Na tu ra l  language seems d e f i c i e n t  i n  a l l  
t h r e e .  Th i s  normally l e a d s  t o  an augmentat ion o f  s e v e r a l  n a t u r a l  
language sys tems,  f o r  example USL ( H .  Lehmann) w i th  a r i t h m e t i c  
o p e r a t o r s .  



A s  a  m a t t e r  o f  f a c t ,  t h e  d i f f e r e n c e s  between a l g o r i t h m i c  
p r o c e s s e s  and n a t u r a l  languages seem s o  s e v e r e  t h a t  it has  been 
sugges t ed  t h a t  t h e r e  a r e  fundamental nona lgo r i t hmic  a s p e c t s  o f  
n a t u r a l  languages t h a t  make t h e  implementat ion o f  a  t r u e  n a t u r a l  
language i n t e r f a c e  imposs ib le .  

N a t u r a l  Language Ana lys i s  

The au toma t i c  a n a l y s i s  o f  n a t u r a l  language r e f l e c t s  t h e  
t r a d i t i o n a l  components o f  language namely, morphology, l e x i c o n ,  
syn tax ,  and seman t i c s .  A s  mentioned e a r l i e r  some n a t u r a l  l an-  
guages p r e s e n t  problems t h a t  a r e  uniquely  s e v e r e .  The i n f l e c t i o n  
system i n  German is  t h e  most impor t an t  sou rce  o f  morphological  
problems i n  t h a t  language ( s e e  Krageloh)  . 

Syntax  a n a l y s i s  i s  probably  t h e  b e s t  developed p a r t  o f  
n a t u r a l  language a n a l y s i s .  Most a u t h o r s  p r e f e r  Wood's Augmented 
T r a n s i t i o n  Network (ATN) a s  t h e  b a s i s  o f  t h e i r  p a r s e r .  nTh i s  
t echn ique  was chosen a s  it seemed t o  be t h e  b e s t  s t u d i e d  of  
p a r s i n g  t echn iques  and a t  t h e  same t i m e  it may be handled e a s i l y  
by l i n g u i s t s  w i thou t  any s p e c i a l  t r a i n i n g  i n  programming. The 
advantage  of  t h e  ATN i s  i ts open-endedness, a l l owing  t h e  d e f i n i -  
t i o n  of  new a r c s ,  t e s t s ,  and a c t i o n s  a s  r e q u i r e d  f o r  t h e  a n a l y s i s  
o f  s p e c i a l  n a t u r a l  languages" (Berry-Rogghe and Wulz) . There 
a r e  some example diagrams o f  an ATN p a r s e r  i n  E .  Lehmann wh i l e  
Berry-Rogghe and Wulz d i s c u s s  t h e  s y n t a c t i c  c a p a c i t y  o f  t h e i r  
p a r s e r  w i th  an example showing t h e  a c t u a l  and d e s i r e d  ph ra se  
s t r u c t u r e .  

The beg inn ing  o f  any language a n a l y s i s  i s  a  r e c o g n i t i o n  of 
t h e  words o r  symbols t h a t  form t h e  b a s i s  o f  t h e  language.  The 
words, a long  w i t h  i n fo rma t ion  r ega rd ing  t h e i r  usage a r e  c a r r i e d  
i n  a  l e x i c o n  o r  d i c t i o n a r y .  Some a u t h o r s  ( B r i a b r i n  and Senin)  
c l a i m  t h a t  d i f f e r e n t  a p p l i c a t i o n s  a r e  on ly  d i s t i n g u i s h e d  by 
t h e i r  l e x i c o n  and n o t  n e c e s s a r i l y  i n  ways i n v o l v i n g  d i f f e r e n t  
syn tax  o r  semant ic  s t r u c t u r e s .  They d i s t i n g u i s h  between a  
" g e n e r a l  context ' '  independent  o f  t h e  d a t a  base  and p r i m a r i l y  
s y n t a c t i c a l ,  and a  " l o c a l  con tex t "  dependent  on t h e  informat ion  
i n  t h e  d a t a  base .  A p a r t i c u l a r  vocabulary  of  t h e i r  sys tem s e r v e s  
a s  a  " p h y s i c a l  embodiment o f  some l o c a l  c o n t e x t " .  The s y n t a x  
r u l e s  must be changed o n l y  when t h e  g e n e r a l  c o n t e x t  i s  changed. 
The in fo rma t ion  a c t u a l l y  c a r r i e d  i n  t h e  l ex i con  v a r i e s  cons ide r -  
a b l y  from sys tem t o  system. Berry-Rogghe and Wulz i n  f a c t  have 
two l e x i c o n s ,  a  morpho-syntact ic  l e x i c o n  c o n t a i n i n g  word forms 
wi th  i n fo rma t ion  on t e n s e ,  number, gender ,  e t c .  and a  semant ic  
l e x i c o n  c o n t a i n i n g  in fo rma t ion  abou t  a  word ' s  e q u i v a l e n t  i n t e r n a l  
r e p r e s e n t a t i o n  such a s  i ts  " s o r t " ,  and number and type  o f  argu- 
ments f o r  each p r e d i c a t e .  

There i s  some disagreement  a s  t o  t h e  s i z e  r e q u i r e d  f o r  a  
l e x i c o n  i n  s p e c i a l i z e d  systems b u t  most a u t h o r s  a g r e e  w i t h  
13. Lehmann t h a t  t h e  miniworld r e p r e s e n t e d  by t h e  d a t a  base  needs 
on ly  t h o s e  words which e x p r e s s  t h e  c o n t e n t s  o f  t h e  f i l e s .  PLIDIS 
has  10,000 nonlemmetized e n t r i e s ,  King e t  a l .  h a s  4000 i t ems ,  
Krageloh i n  KAIFAS p l a n s  t o  use 50,000 pharmaceut ica l  te rms ,  and 



E. Lehmann has  a  c o r e  o f  1500 German words deemed most impor t an t .  
Lehmann's d i c t i o n a r y  c o n t a i n s  mainly t h e  s t r u c t u r a l  o r  f u n c t i o n a l  
words ( a r t i c l e s ,  pronouns, p r e p o s i t i o n s ,  con j u n c t i o n s ,  and some 
adverbs)  a long  wi th  t h e  most impor t an t  c o n t e n t  words. 

I n  c o n t r a s t  t o  t h e  above sys tems,  which a r e  t r y i n g  t o  
develop  l e x i c o n s  f o r  s p e c i f i c  c a s e s ,  Guckler  p r e s e n t e d  a  system 
t h a t  was e n t i r e l y  l e x i c o n .  Th i s  was developed from a  l a r g e  
German d i c t i o n a r y  e d i t e d  by G .  Wahrig and implemented u s i n g  t h e  
IBM in fo rma t ion  r e t r i e v a l  system STAIRS. I t  c o n t a i n s  17,000 
German words w i t h  50,000 u n i t s  of  meaning and a s s o c i a t e d  l e x i -  
cog raph ic  i n fo rma t ion .  One of  t h e  most i n t e r e s t i n g  o b j e c t i v e s  
of  t h i s  p r o j e c t  i s  t h e  i d e n t i f i c a t i o n  of  t h e  very  g e n e r a l  con- 
c e p t s  t h a t  a r e  used i n  word d e f i n i t i o n s  b u t  cannot  be d e f i n e d  
by o t h e r  concep t s .  These very  g e n e r a l  concepts  a r e  r e f e r r e d  t o  
i n  many of  t h e  pape r s  by such names a s  semant ic  p r i m i t i v e s ,  s o r t s ,  
s eman t i c  markers ,  o r  b a s i c  concep t s .  I n  a d d i t i o n  t o  t h e  i d e n t i -  
f i c a t i o n  o f  b a s i c  concep t s ,  it is  hoped t h a t  t h e  d a t a  base  w i l l  
h e l p  i d e n t i f y  b a s i c  r e l a t i o n s  between concep t s .  This  s e t  o f  
r e l a t i o n s  w i l l  a l s o  be  o f  i n t e r e s t  f o r  t h e  f u r t h e r  development 
of  i n fo rma t ion  r e t r i e v a l  systems ( s e e  Rahmstorf) . 

H i s t o r i c a l l y ,  most l i n g u i s t s ,  a cco rd ing  t o  s e v e r a l  language 
t h e o r i e s  have d i s t i n g u i s h e d  s h a r p l y  between seman t i c s  and s y n t a x .  
Most c o n t r i b u t i o n s  unders tand  syn tax  t o  mean a  sys tem o f  r u l e s  
d e f i n i n g  how language e x p r e s s i o n s  can  be  gene ra t ed  by such c l a s -  
s i c a l  word and grammar c a t e g o r i e s  a s  noun ph ra se ,  v e r b  ph ra se ,  
noun, a d j e c t i v e ,  and t e r m i n a l  symbols such a s  "house",  "computer", 
o r  "good". Seve ra l  systems  r rag el oh, H .  Lehmann) u se  c o n t e x t  
f r e e  grammar r u l e s  t o  d e f i n e  t h e  language syn tax .  However it  
has  been long  noted  t h a t  many language e x p r e s s i o n s  gene ra t ed  
acco rd ing  t o  j u s t  t h e  s y n t a c t i c  r u l e s  and c a t e g o r i e s  l e a d  t o  
meaningless  e x p r e s s i o n s .  I n  a d d i t i o n ,  t h e  s y n t a c t i c  s t r u c t u r e  
(ph ra se  s t r u c t u r e  diagrams) o f  a  meaningful  exp re s s ion  does n o t  
r e p r e s e n t  t h e  l o g i c a l  r e l a t i o n s  between i t s  meaningful  components 
and does n o t  r e p r e s e n t  synonymity o r  quasi-synonymity w i th  o t h e r  
e x p r e s s i o n s  o f  d i f f e r e n t  s y n t a c t i c  s t r u c t u r e  t h a t  have t h e  same 
o r  s i m i l a r  meaning. Thus new c a t e g o r i e s  and s t r u c t u r e s  based on 
word meanings and r e l a t i o n s h i p s  have been in t roduced  t o  r e s t r i c t  
t h e  range  o f  e x p r e s s i o n s  t h a t  can be  gene ra t ed  t o ,  h o p e f u l l y ,  
on ly  meaningful  e x p r e s s i o n s .  These a d d i t i o n a l  r u l e s ,  r e l a t i o n s ,  
and concep t s  comprise t h e  semant ic  p a r t  o f  t h e  p roces so r .  S t ruc -  
t u r e s  o f  meaning a r e  c a l l e d  by such names a s  l o g i c a l  r e p r e s e n t a -  
t i o n s ,  concep tua l  networks,  o r  s eman t i c  networks.  Var ious  
a b s t r a c t i o n s  and s i m p l i f i c a t i o n s ,  w i t h  l i t t l e  common agreement ,  
a r e  made by v a r i o u s  a u t h o r s  t o  l i m i t  t h e  s i z e  o f  t h e  semant ic  
p roces so r .  The " templa te"  a n a l y s i s  of  some p r o c e s s o r s  (Hendrix,  
H .  Lehmann) a r e  examples of  systems t h a t  b l u r  t h e  h i s t o r i c a l  
semant ic  and s y n t a c t i c  d i s t i n c t i o n .  

E .  Lehmann, a s  a  f i r s t  example o f  semant ic  s t r u c t u r i n g ,  
r e p r e s e n t s  n a t u r a l  language s t a t e m e n t s  by a  h i e r a r c h i c a l  semant ic  
network whose nodes a r e  i n d i v i d u a l  e n t i t i e s  of d i f f e r e n t  s o r t s  
( o b j e c t s ,  l o c a t i o n s ,  s t a t e s ,  and i n t e n t i o n s )  , concepts  ( c l a s s e s ,  

p r o p e r t i e s ,  r e l a t i o n s ,  o r  f u n c t i o n s  o f  o b j e c t s ,  e v e n t s ) ,  numbers, 



temporal  r e l a t i o n s h i p s ,  q u a n t i t i e s ,  and d i f f e r e n t  q u a n t i f i e d  
v a r i a b l e s .  The a r c s  of  h i s  network a r e  b a s i c  semant ic  r e l a t i o n s  
such a s  AG (agens)  , RECIP ( r e c e i v e r )  , CAUS ( c a u s a l i t y )  and METH 
(method) and a good example of  t h i s  t y p e  o f  semant ic  network i s  
i n  h i s  F igu re  4 .  

A many s o r t e d  r e p r e s e n t a t i o n  i s  a l s o  used by Krageloh who 
c a l l s  h i s  e n t i t i e s  o b j e c t  t y p e s .  Berry-Rogghe i n t r o d u c e s  a  s e t  
of " s o r t s "  t o  t h e  u s u a l  symbols of  t h e  p r e d i c a t e  c a l c u l u s .  
S z o l o v i t s  d i s c u s s e s  s e v e r a l  k i n d s  of  concept  s p e c i a l i z a t i o n .  
H i s  sample memory taxonomy r e f l e c t s  t h e  many-sortal  approaches 
o f  s e v e r a l  of  t h e  o t h e r  a u t h o r s .  

H .  Lehmann uses  a  l i m i t e d  s e t  of r o l e  names f o r  t h e  domains 
of t h e  r e l a t i o n a l  s t r u c t u r e  of  h i s  d a t a  base  s t r u c t u r e ,  which 
a r e  t h e n  r e l a t e d  t o  deep s t r u c t u r e s  i n  n a t u r a l  language q u e r i e s .  
He d e s c r i b e s  how h i s  system, USL, i n t e r p r e t s  such n a t u r a l  language 
s t r u c t u r e s  a s  <ad j ec t i ve><noun> ,  <noun> of  <noun ph ra se ) ,  and 
<verb><noun phrase) .  

King e t  a l .  u se  an adap t ion  of  Wi lk ' s  p r e f e r e n c e  semant ics  
system where a  ve rb ,  f o r  example, may e x p r e s s  a  p r e f e r e n c e  f o r  
an  an imate  s u b j e c t ,  o r  an  a d j e c t i v e  a  p r e f e r e n c e  f o r  be ing  a  
q u a l i t y  o f  a  p h y s i c a l  o b j e c t .  Such p r e f e r e n c e s  a r e  e x t e n s i v e l y  
used f o r  semant ic  i n t e r p r e t a t i o n  and r e f e r e n c e  de t e rmina t ion .  
T h e i r  pape r  d e s c r i b e s  i n  g r e a t e r  d e t a i l  an  i n t e r m e d i a t e  semant ic  
r e p r e s e n t a t i o n  and how it develops  u s ing  a  s p e c i f i c  n a t u r a l  l an -  
guage sample s t a t emen t  i n  t h e i r  system. 

A very  s p e c i f i c  semant ic  problem i s  addressed  by G.  Lau. 
He a t t e m p t s  t o  c a t e g o r i z e  t h e  50 o r  s o  c a u s a l  p r e p o s i t i o n s  t h a t  
e x i s t  i n  German. I n  s o  doing  he d i s t i n g u i s h e s  s e v e r a l  d i f f e r e n t  
s u b c a t e g o r i e s  o f  c a u s a l  r e l a t i o n s .  The s u b c a t e g o r i e s  can be 
added t o  t h e  p r e p o s i t i o n s  i n  t h e  l ex i con  and can be  used t o  d i s -  
ambiguate p r e p o s i t i o n a l  ph ra ses .  

Data Base 

Most o f  t h e  systems assume a v e r s i o n  of  Codd's r e l a t i o n a l  
d a t a  base  a s  t h e  concep tua l  d a t a  model. King e t  a l .  g i v e  a  s h o r t  
and c l e a r  d e s c r i p t i o n  of  t h i s  model i n  t h e i r  pape r .  The a u t h o r s  
chose " t h i s  model because it i s  w e l l  developed t h e o r e t i c a l l y ,  
s e m a n t i c a l l y  complete ,  and l o g i c a l l y  t r a n s p a r e n t " .  B r i a b r i n  
chose a  h i e r a r c h i c a l  model and Krageloh chose a  s e t / e n t i t y  model. 
Both use  query  languages matched t o  t h e i r  cho ice  o f  models.  The 
o n l y  "complete" d a t a  base  system was d e s c r i b e d  by Stonebreaker  
w i th  h i s  r e l a t i o n a l  d a t a  model based INGRES system. H i s  paper  
i n d i c a t e s  a  very  comfor tab le  implementat ion on a  PDP-11 and he 
d e t a i l s  bo th  t h e  model and t h e  deba t e  over  t h e  Codd model i n  t h e  
p a s t  few y e a r s .  

A l l  o f  t h e  n a t u r a l  language systems developed a s  i n t e r f a c e s  
f o r  d a t a  base  systems r e l y  on an  i n t e r m e d i a t e  d a t a  base  query  
language t h a t  i s  u s u a l l y  a t  a  h i g h e r  l e v e l  t han  t h e  p a t h  acces s  



language r e q u i r e d  t o  a c t u a l l y  f i n d  a  d a t a  i t em.  The formal  
language i s  r e p r e s e n t e d  i n  B r i a b r i n ' s  sys tem DILOS by t h e  "ph i "  
language,  i n    rag el oh's system KAIFAS by a s e t  language,  i n  
S t o n e b r a k e r ' s  sys tem INGRES by QUEL, and i n  H .  Lehmann's system 
USL by a formal  DB language,  and i n  King ' s  sys tem by t h e  APL 
based AQL. 

S tonebraker  i n t r o d u c e s  a  s i m p l i f i e d  g r a p h i c a l  based  language 
c a l l e d  CUPID and sugges t ed  t h a t  t h e r e  was r e a l l y  no need o r  p l a c e  
f o r  a  n a t u r a l  language i n t e r f a c e  f o r  a  d a t a  base  system. He f e l t  
t h a t  h i s  language r e p r e s e n t e d  a  very  comfor t ab l e ,  e a s i l y  l e a r n e d ,  
and maybe even f o r g i v i n g  human eng inee red  i n t e r f a c e .  

System Aspects  and Performance Eva lua t ion  

Bernor io  e t  a l .  and Guida d i s c u s s  some o f  t h e  b a s i c  
c o n s i d e r a t i o n s  t h a t  cou ld  i n f l u e n c e  t h e  g r o s s  sys tem des ign  o f  
a  n a t u r a l  language sys tem t h a t  cou ld  be used a s  an i n t e r f a c e  t o  
many d i f f e r e n t  a p p l i c a t i o n  systems.  Bernor io  a rgues  t h a t  t h e  
r o b o t  example i n  h i s  paper  could  be a  p ro to type  f o r  a  d a t a  base  
system. Both pape r s  a rgue  t h a t  it i s  b e t t e r  t o  adap t  o t h e r  
systems than  t o  r e i n v e n t .  They a rgue  very  s t r o n g l y  t h a t  a  
d i a logue  is  a b s o l u t e l y  neces sa ry  t o  produce a  comfor tab le  i n t e r -  
f a c e  and s u g g e s t  t h a t  t h e r e  r e a l l y  i s  no i n t r i n s i c  d i f f i c u l t y  
t o  ach i eve  such a d i a logue .  They a l s o  s u g g e s t  v a r i o u s  s t r u c t u r e s  
t h a t  cou ld  be used t o  ach i eve  t h e s e  g o a l s .  

I t  i s  p o s s i b l e  t o  e v a l u a t e  t h e  performance of  t h e  v a r i o u s  
sys tems p r e s e n t e d  acco rd ing  t o  a  s e t  o f  c r i t e r i a  t h a t  de te rmine  
both t h e  e a s e  and u n i v e r s a l i t y  o f  t h e i r  a p p l i c a b i l i t y .  S ince  
t h e  n a t u r a l  language p roces so r s  must work wi th  d a t a  i n  d a t a  bases  
and o b t a i n  i n fo rma t ion  from t h e  d a t a ,  t hey  must be concerned wi th  

- t h e  s t o r a g e  and s t r u c t u r i n g  of  d a t a  and in fo rma t ion ;  

- query  a n a l y s i s ,  i n fo rma t ion  r e t r i e v a l ,  deduc t ion  and 
problem s o l v i n g  i n t e r f a c e d  t o  t h e  d a t a  base ;  

- a d a p t a t i o n  t o  new d a t a  bases  o r  domains; 

- accuracy  and p r e c i s i o n  of  r e t r i e v e d  in fo rma t ion ;  and 

- problem a p p l i c a b i l i t y .  

Most o f  t h e  systems d e s c r i b e d ,  w i th  t h e  p o s s i b l e  excep t ion  
of INGRES ( S t o n e b r a k e r ) ,  have e i t h e r  minimal o r  no concern wi th  
e i t h e r  d a t a  i n p u t ,  s t o r a g e ,  o r  s t r u c t u r e .  S e v e r a l  o f  t h e  systems 
r e q u i r e  t h a t  d a t a  be  e n t e r e d  i n  t h e i r  implementat ion language 
LISP ( e .  g .  LIFER (Hendrix)  , DILOS ( B r i a b r i n  and Senin)  ) o r  do n o t  
g i v e  s u f f i c i e n t  i n fo rma t ion  t o  de te rmine  e n t r y  p rocedures .  The 
i n t e r f a c e s  a r e  p r i m a r i l y  t h e r e  t o  ana lyze  i n p u t  q u e r i e s .  H .  
Lehmann d e s c r i b e s  an on l i n e  update  o f  t h e  d a t a  base  wi th  d e c l a r -  
a t i v e  s t a t e m e n t s .  The d a t a  base  i s  gene ra t ed  by o t h e r  t echn iques  



E .  Lehmann's semant ic  network based sys tem e x t r a c t s  i n fo rma t ion  
from i n p u t  s t a t e m e n t s  and adds it t o  t h e  d a t a  base .  An example 
o f  t h i s  i s  i n  t h e  a n a l y s i s  o f  V i c t o r ' s  f l i g h t  t o  Laxenburg. The 
t e x t  a n a l y s i s  would r e s u l t  i n  a  r i c h l y  connected semant ic  network, 
which i s  a u t o m a t i c a l l y  updated and extended by each  new t e x t .  
Th i s  approach i s  a p p l i c a b l e  i f  t h e  i n p u t  t e x t  c o n t a i n s  t r u t h  w i t h  
r e s p e c t  t o  t h e  semant ic  n e t .  

The op t ima l  ba l ance  between t h e  g e n e r a l i t y  o f  t h e  n a t u r a l  
l anguage  query  a n a l y s i s  and t h e  a b i l i t y  o f  t h e  i n t e r f a c e  t o  use  
t h e  i n fo rma t ion  i n  t h e  d a t a  base  f o r  ambiguity r e s o l u t i o n  i s  
ha rd  t o  o b t a i n .  I f  t h e  i n t e r f a c e  u s e s  s d p h i s t i c a t e d  problem 
s o l v e r s  d u r i n g  t h e  query  a n a l y s i s  t hen  t h e  d a t a  base  must be 
s t r u c t u r e d  compatibly w i t h  t h e  problem s o l v e r s .  Th i s  unfor tu-  
n a t e l y  i s  r a t h e r  r e s t r i c t i v e  a t  t h e  moment and would l e a v e  o u t  
most p r e s e n t  d a t a  base  s t r u c t u r e s .  There t h u s  i s  a  dilemma 
t h a t  r e l a t e s  t h e  power o f  t h e  t echn iques  used f o r  query  a n a l y s i s ,  
t h e  u n i v e r s a l i t y  o f  t h e  i n t e r f a c e ,  and t h e  s t r u c t u r i n g  of  t h e  
d a t a  base .  None of  t h e  pape r s  s u g g e s t  p rocedures  f o r  r e s t r u c -  
t u r i n g ,  e i t h e r  p h y s i c a l l y  o r  l o g i c a l l y ,  a  p r e s e n t l y  c o n s t r u c t e d  
d a t a  base .  However, t h i s  does  n o t  p r e c l u d e  t h e  b u i l d i n g  o f  a  
d a t a  base  i n  t h e  r e q u i r e d  image. Moreover, t h e r e  i s  an i m p l i c i t  
assumption t h a t  t h e  problems o f  d a t a  base  maintenance such a s  
d a t a  i n t e g r i t y  and a c c e s s  c o n t r o l  a r e  e i t h e r  so lved  o r  belong 
t o  someone e l s e .  

I f  i t  i s  assumed t h a t  t h e  d a t a  base  s t r u c t u r e  i s  now com- 
p a t i b l e  w i t h  t h e  n a t u r a l  language i n t e r f a c e  and t h e  problems 
mentioned above a r e  so lved  t h e r e  i s  s t i l l  t h e  q u e s t i o n  o f  whether  
a  change i n  domain o r  a p p l i c a t i o n  i s  e a s i l y  accommodated. A l l  
o f  t h e  sys tems desc r ibed  were developed f o r  a  s p e c i f i c  a p p l i -  
c a t i o n  domain such a s  pharmaceut ica l  drugs  f o r  KAIFAS (Krageloh) ,  
envi ronmenta l  d a t a  f o r  PLIDIS (Berry-Rogghe and Wulz),  o r  r o b o t  
c o n t r o l  f o r  DONAU (Bernor io  e t  a l . ) .  However a l l  systems were 
des igned  t o  " e a s i l y "  change domain. USL ( H .  Lehmann) r e q u i r e s  
on ly  a  change o f  t h e  l ex i con  by a s s o c i a t i n g  t h e  new a p p l i c a t i o n  
domain terminology w i t h  t h e  r e l a t i o n s  and r e l a t i o n  domain names. 
For t h e  more complex semant ic  network o rgan ized  d a t a  b a s e s  such 
a s  t h a t  r e q u i r e d  f o r  E .  Lehmann's system t h e  u s e r  w i l l  most l i k e l y  
n o t  know i n  d e t a i l  t h e  o r g a n i z a t i o n  o f  t h e  i n fo rma t ion  s o  t h a t  
t h e  move from a  t e s t e d  a p p l i c a t i o n  domain t o  a  new a p p l i c a t i o n  
domain w i l l  be more d i f f i c u l t .  B r i a b r i n  c l a i m s  t h a t  a l l  t h a t  i s  
r e q u i r e d  t o  change domain i n  DILOS is  a  change i n  vocabulary.  
I t  i s  d i f f i c u l t  h e r e ,  a s  i n  o t h e r  c a s e s ,  t o  e v a l u a t e  whether  t h e  
c l a i m s  f o r  ea sy  adap t ion  a r e  j u s t i f i e d .  There i s  no agreed  mea- 
s u r e  f o r  e a s e  o f  adap t ion .  

The a p p l i c a b i l i t y  o f  t h e  i n t e r f a c e s  and systems t o  new 
domains i s  a l s o  i n f l u e n c e d  by t h e  l i n g u i s t i c  coverage  o f  t h e  
i n t e r f a c e .  Although a l l  i n t e r f a c e s  would l i k e  t o  have u n i v e r s a l  
coverage ,  t h i s  i s  c l e a r l y  a n  u n a t t a i n a b l e  g o a l .  Th i s  r e g o n i t i i o n  
r e s u l t s  i n  a  consc ious  r e s t r i c t i o n  of  t h e  coverage t o  sublanguages 
such a s  k e r n e l  s e n t e n c e s  on ly ,  noun ph ra ses  o n l y  (Rahmstor f ) ,  o r  
l i m i t e d  vocabulary .  Unfo r tuna t e ly ,  r e s t r i c t i o n s  t o  a  n a t u r a l  
sublanguage a r e  d i f f i c u l t  t o  d e f i n e  and may be d i f f i c u l t  t o  l e a r n .  



A s  a  way around t h i s  some a u t h o r s  sugges t  a l l owing  s l i g h t l y  un- 
grammatical  s e n t e n c e s .  Again though t h e r e  i s  no accep ted  way o f  
d e f i n i n g  what i s  s l i g h t l y  dnd what i s  g r o s s l y  ungrammatical.  

The u s e f u l n e s s  o f  a  n a t u r a l  language i n t e r f a c e  i s  obvious ly  
i n f l u e n c e d  by t h e  accuracy and p r e c i s i o n  o f  t h e  i n fo rma t ion  
e x t r a c t e d  from t h e  d a t a  base .  I t  i s  d o u b t f u l  whether  a  n a t u r a l  
language i n t e r f a c e  w i l l  e v e r  g i v e  a b s o l u t e l y  a c c u r a t e  and p r e c i s e  
i n fo rma t ion .  Although t h e  i n p u t  query  i s  t r a n s l a t e d  i n t o  a  pre-  
c i s e  r e q u e s t  t o  t h e  d a t a  base ,  t h e  i n h e r e n t  f u z z i n e s s  o f  t h e  
n a t u r a l  language cou ld  e a s i l y  r e s u l t  i n  two u s e r s  making e x a c t l y  
t h e  same r e q u e s t  d i s a g r e e i n g  on t h e  p r e c i s i o n  of t h e  outcome. 
The a d d i t i o n a l  problem i s  t h a t  t h e r e  i s  no way t o  measure pre-  
c i s i o n  f o r  g e n e r a l  d a t a  b a s e s  a l though p a r t i a l l y  s u b j e c t i v e  
measures do e x i s t  f o r  b i b l i o g r a p h i c  d a t a  bases .  

The de t e rmina t ion  o f  t h e  a p p l i c a b i l i t y  o f  n a t u r a l  language 
i n t e r f a c e s  t o  r e a l  problems has  n o t  been answered i n  g e n e r a l  
a t  t h i s  Workshop. There was a  d i s t i n c t  s p l i t  between t h o s e  
p a r t i c i p a n t s  t h a t  had s p e n t  most of  t h e i r  t ime b u i l d i n g  d a t a  
base  sys tems and t h o s e  t h a t  had b u i l t  n a t u r a l  language i n t e r -  
f a c e s .  The l a t t e r  claimed t h a t  t h e  n a t u r a l  language i n t e r f a c e  
was neces sa ry  t o  a t t r a c t  t h e  c a s u a l  u s e r  wh i l e  t h e  former 
c la imed t h a t  t h e  s imple  h i g h l y  s t r u c t u r e d  query  languages  t h a t  
a r e  b e i n g  marketed wi th  d a t a  base  systems a r e  s u f f i c i e n t .  What 
i s  l a c k i n g  a r e  any measures o f  u s e r  s a t i s f a c t i o n  of  t h e  v a r i o u s  
i n t e r f a c e s .  I n  f a c t  t h e r e  h a s  been very l i t t l e  r e a l  usage and 
none r e p o r t e d  a t  t h i s  Workshop t h a t  would a l l o w  o b j e c t i v e  eva lua-  
t i o n  o f  any o f  t h e  c l a ims  o f  t h e  u s e f u l n e s s  o f  n a t u r a l  language 
i n t e r f a c e s .  What i s  c l e a r  from t h e  Workshop i s  t h a t  t h e  v a r i o u s  
systems a r e  a t  t h e  p o i n t  where t hey  can be i n t roduced  t o  r e a l  
u s e r s  f o r  e v a l u a t i o n .  The second c l e a r  p o i n t  from t h e  Workshop 
i s  t h a t  t h e  d a t a  base  technology and t h e  n a t u r a l  language t ech -  
nology have n o t  y e t  merged. The gap i s  p r e c i s e l y  de termined  by 
t h e  l e v e l  o f  semant ic  based knowledge s t r u c t u r e  imposed o r  super-  
imposed on t h e  d a t a  base  s t r u c t u r e .  With p r e s e n t  technology,  
knowledge s t r u c t u r e  f o r  l a r g e  d a t a  bases  would be q u i t e  expens ive .  
A t h i r d  p o i n t  i s  t h a t  t h e r e  a r e  s t i l l  a  l a r g e  number o f  problems 
i n  n a t u r a l  language a n a l y s i s  and t h a t  t h e  s o l u t i o n s  may t u r n  o u t  
t o  be  dependent  on s p e c i f i c  n a t u r a l  l anguages .  
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GOALS OF NATURAL LANGUAGE PROCESSING FOR DATA BASE SYSTEMS 

S imula t ion  of  Na tu ra l  Language Undersbanding 

Na tu ra l  language communication wi th  t h e  computer h a s  a  
r e l a t i v e l y  long  t r a d i t i o n  i n  i n f o r m a t i c s .  Depending on t h e i r  
o b j e c t i v e s ,  t h e s e  a c t i v i t i e s  f a l l  i n t o  one of  two d i s c i p l i n e s ,  
a r t i f i c i a l  i n t e l l i g e n c e  ( A I )  o r  d a t a  base  technology (DT). 

I n  A 1  t h e  concept ion  of  language unde r s t and ing  systems i s  
p a r t  o f  t h e  more comprehensive aim t o  s i m u l a t e  c o g n i t i v e  pro-  
c e s s e s  on t h e  computer [ I  , 2 ]  . The b a s i c  concern of A 1  i n  t h i s  
connect ion  i s  t h e  l i n g u i s t i c  component of c o g n i t i o n ,  i . e .  t h e  
assignment  of  meaning t o  language e n t i t i e s .  C h a r a c t e r i s t i c  f o r  
man i s  h i s  c a p a b i l i t y  of  producing  a c o g n i t i v e  image o f  h i s  
environment. Th i s  image ( c a l l e d  a  model) i s  always an a b s t r a c -  
t i o n  from t h e  r e a l  world,  chosen w i t h  r e s p e c t  t o  t h e  purpose it 
i s  t o  s e r v e .  I n  language unders tanding ,  t h e  s t a t e m e n t s  about  
t h e  r e a l  world a r e  r e l a t e d  t o  t h e  c o g n i t i v e  model (ass ignment  
o f  meaning),  and t h u s  cause  r e a c t i o n s  such a s  m o d i f i c a t i o n s  o f  
t h e  model, e v a l u a t i o n  of  t h e  model, o r  answers.  

The s i m u l a t i o n  of  t h i s  p r o c e s s  above a l l  r e q u i r e s  s p e c i f i -  
c a t i o n  of  a  modeling sys tem (MS), by means o f  which any envi ron-  
ment o r  p a r t  of it can be d e s c r i b e d  a s  a  model ( r e p r e s e n t a t i o n  
problem) .  A language unde r s t and ing  sys tem is always based  on 
a  model formula ted  i n  some MS. F u r t h e r ,  t h e r e  i s  a need f o r  
mechanisms t h a t  p u t  n a t u r a l  language e x p r e s s i o n s  i n  r e l a t i o n  t o  
t h a t  model ( f i t t i n g  problem [ I ] )  . 

C h a r a c t e r i s t i c  f o r  human language unders tanding  is  t h e  f a c t  
t h a t  meaning cannot  d i r e c t l y  be  c o n s t r u c t e d  from some b a s i c  u n i t s  
of meaning [ I ] .  I n s t e a d ,  complex r e l a t i o n s  between t h e  model 
o b j e c t s  e n t e r  a s  w e l l  i n t o  t h e  meaning o f  language u n i t s  such a s  
words. Winograd mentions words l i k e  " v i r t u e "  o r  "democracy" a s  
examples.  I n  o r d e r  t o  account  f o r  t h e  a s p e c t  of  r e l a t i o n s ,  
s p e c i a l  MS a r e  u s u a l l y  developed f o r  language p r o c e s s i n g .  This ,  
however, l e a d s  t o  very  complex MS and, consequent ly ,  t o  e x t e n s i v e  
models even i n  t h o s e  c a s e s  where o n l y  sma l l  s e c t i o n s  o f  t h e  env i -  
ronment a r e  c o n s i d e r e d  (e .g .  s eman t i c  memories [31, dependency 
networks 141, demons [5 ]  ) . 

Obviously t h e  complexi ty  and t h e  s i z e  of t h e  model a f f e c t s  
t h e  f i t t i n g  problem and, i f  of concern ,  t h e  r u l e s  f o r  d e r i v i n g  
t h e  sys tem r e a c t i o n s .  Take a s  an example t h e  t a s k  o f  f i n d i n g  



i n  an e x t e n s i v e  semant ic  n e t  a l l  t h o s e  s u b n e t s  cor responding  
i n  t h e i r  s t r u c t u r e  t o  a  g iven  n e t .  

Both i n  human c o g n i t i o n  and i n  t h e  c a s e  o f  i t s  s i m u l a t i o n ,  
models must be p h y s i c a l l y  r e p r e s e n t e d ,  and o p e r a t o r s  f o r  manip- 
u l a t i n g  them must be r e a l i z e d .  I n  t h e  f i r s t  c a s e  we assume a  
p r a c t i c a l l y  un l imi t ed  memory ( b r a i n ,  neurons ,  e t c . )  . This  pro-  
v i d e s  a  f u l l y  a s s o c i a t i v e  s o l u t i o n  of  t h e  f i t t i n g  problem even 
f o r  h i g h l y  complex model s t r u c t u r e s ,  such a s  r e c o l l e c t i o n  of 
impres s ions ,  moods, e t c .  I n  computer s i m u l a t i o n ,  however, we 
have t o  d e a l  w i th  p h y s i c a l  d e v i c e s  and p r o c e s s e s  of  l i m i t e d  
c a p a c i t y  and d u r a t i o n .  Given a  complex MS and i t s  cor responding  
e x t e n s i v e  models,  t h i s  merely a l l ows  f o r  t h e  d e s c r i p t i o n  and 
r e p r e s e n t a t i o n  of  a  d r a s t i c a l l y  l i m i t e d  p o r t i o n  of  t h e  envi ron-  
ment. Likewise,  no manipula t ion  of  models on an a s s o c i a t i v e  
b a s i s  is  d i r e c t l y  p o s s i b l e  on a  computer a s  y e t .  I n s t e a d ,  t h e  
a s s o c i a t i v e  behav io r  must be s imu la t ed  t h u s  c a u s i n g  c o n s i d e r a b l e  
c o s t s  and p roces s  t imes ,  e .g .  l ong  response  t i m e s  i n  an i n t e r -  
a c t i v e  mode. 

Th i s  problem w i l l  c e r t a i n l y  become l e s s  t roublesome a s  new 
hardware t echno log ie s  become commercially a v a i l a b l e  (u se  of  
mic rop roces so r s ,  new s t o r a g e  d i v i c e s ,  LISP-machines, e t c . )  . 
S t i l l ,  it i s  by no means c l e a r  from c u r r e n t  d i s c u s s i o n s  whether  
human c o g n i t i o n  and i t s  s i m u l a t i o n  on computer r e a l l y  d i f f e r  
j u s t  q u a n t i t a t i v e l y  and n o t  q u a l i t a t i v e l y  161 . 

I f  one approaches t h e  same problem from t h e  DT s i d e ,  however, 
one must t a k e  i n t o  account  t h e  n e c e s s i t y  of  a d m i n i s t r a t i n g  and 
p r o c e s s i n g  ve ry  l a r g e  volumes of  d a t a .  Consequently,  even though 
a  d a t a  base  i s  u s u a l l y  aga in  regarded  a s  t h e  model o f  some r e a l  
world [7 ,81 ,  t h e  MS cannot  be chosen comple te ly  a t  w i l l  b u t  must 
meet a  number o f  cond i t i ons :  

- A t  j u s t i f i a b l e  c o s t s ,  t h e  MS must a l l ow  f o r  t h e  desc r ip -  
t i o n  of  even such worlds whose number o f  o b j e c t s  and f a c t s  
t o  be modeled is  very  l a r g e  ( i . e .  model r e p r e s e n t a t i o n  
should  t a k e  up a s  l i t t l e  s t o r a g e  space  a s  p o s s i b l e ) .  

- The r u l e s  f o r  man ipu la t i ng  t h e  models should  b e  k e p t  
s imp le ,  s i n c e  t h e  t ime f o r  e v a l u a t i n g  even e x t e n s i v e  
models i s  very  l i m i t e d  ( a c c e p t a b l e  response  t imes  i n  
a  d a t a  base  system) . 

Under t s e s e  c o n d i t i o n s ,  d a t a  base  systems must r e s t r i c t  t h e i r  
MS t o  t h o s e  t h a t  can be formal ized  and a r e  s imple  compared t o  
t h o s e  i n  A I .  Models i n  DT w i l l  a b s t r a c t  from t h e  r e a l  world 
f a r  more than  t h e  u s u a l  A 1  models.  

Consequently,  t h e  range  o f  s i t u a t i o n s  t o  which t h e y  a r e  
a p p l i c a b l e  w i l l  b e  much s m a l l e r  t h a n  i n  A I ,  s i n c e  t h e y  a r e  much 
more l i k e l y  t o  r e j e c t  d e t a i l s  t h a t  one may wish t o  i n c l u d e  i n  
them. Thus, models i n  DT a r e  g e n e r a l l y  o r i e n t e d  towards a  com- 
p a r a t i v e l y  narrow purpose.  S ince  i n  DT t h e  o p e r a t o r s  d e f i n e d  
on models a r e  few, t hey  a r e  u s u a l l y  inc luded  i n  t h e  MS which 
i s  then  c a l l e d  a  d a t a  model [9 ,10 ,11 ,12 ,13] .  



N a t u r a l  l anguage  a c c e s s  t o  d a t a  b a s e  s y s t e m s  h a s  f r e q u e n t l y  
been d i s c u s s e d .  By p r o v i d i n g  e a s y  a c c e s s  t o  u s e r s  n o t  f a m i l i a r  
w i t h  f o r m a l  models  one hopes  t h e  s y s t e m  w i l l  become more w i d e l y  
a v a i l a b l e  [ 1 4 , 1 5 , 1 6 , 1 7 ] .  

Because o f  t h e  d i f f e r e n c e s  i n  MS, it is o b v i o u s  t h a t  l a n -  
guage u n d e r s t a n d i n g  sys tems  f o r  l a r g e  d a t a  b a s e s  have  t o  be b a s e d  
on  someth ing  o t h e r  t h a n  t h e  s i m u l a t i o n  o f  c o g n i t i v e  p r o c e s s e s .  
I n  DT t h e  MS a r e  r i g o r o u s l y  d e f i n e d  by t h e  i n t e r f a c e s  o f  e x i s t i n g  
d a t a  b a s e  s y s t e m s .  Consequent ly ,  t h e  l a n g u a g e  c a n  b e  r e s t r i c t e d  
t o  an e x t e n t  n e c e s s a r y  a n d  r e a s o n a b l e  f o r  t h e  usage  o f  t h e  s y s t e m .  
Under t h e s e  c o n d i t i o n s  n a t u r a l  l anguage  i n  d a t a  b a s e  s y s t e m s ,  
a l t h o u g h  much more d i v e r s e  t h a n  programming l a n g u a g e s ,  i s  s t i l l  
a  f o r m a l  l anguage .  

For  p r a c t i c a l  u s e ,  t h e s e  r e s t r i c t i o n s  a r e  q u i t e  a c c e p t a b l e .  
For  i n s t a n c e ,  tests o f  u s e r  b e h a v i o r  i n  d a t a  b a s e  s y s t e m s  t h a t  
p r o v i d e d  ( s i m u l a t e d )  a c c e s s  by u n r e s t r i c t e d  E n g l i s h  l a n g u a g e  
have shown t h a t  t h e  w e a l t h  o f  n a t u r a l  l anguage  e x p r e s s i o n s  i s  
n e v e r  u t i l i z e d  [ 1 8 ] .  Even more, c e r t a i n  q u e r y  s t r u c t u r e s  were 
u s e d  a l m o s t  a l l  o f  t h e  t i m e ,  t h u s  i n d i c a t i n g  t h a t  a  n a t u r a l  
l a n g u a g e  i n t e r f a c e  f o r  d a t a  b a s e  sys tems  becomes h i g h l y  s t y l i z e d  
from t h e  u s e r ' s  p o i n t  o f  view,  t o o .  T h i s  m i g h t  be due t o  a  
c e r t a i n  l e t h a r g y  o f  t h e  u s e r ,  who f i n d s  it d i f f i c u l t  t o  concep- 
t u a l i z e  complex s t a t e m e n t s  [ 1 9 ] .  

The o b j e c t i v e  o f  t h i s  p a p e r  i s  t o  examine t h e  consequences  
f o r  n a t u r a l  l anguage  p r o c e s s i n g  s u b j e c t  t o  t h e  c o n d i t i o n s  imposed 
by d a t a  b a s e  sys tem i n t e r f a c e s .  T h i s  w i l l  i n c l u d e  d i s c u s s i o n  o f  
t h e  q u e s t i o n  t h a t  r e s u l t s  from t h e  f a c t  t h a t  A 1  may b e  i n c o r p o r a t e d  
i n  t h e  development  o f  n a t u r a l  l a n g u a g e s  f o r  d a t a  b a s e  a c c e s s ,  a n d  
t o  wha t  e x t e n t ,  w i t h o u t  v i o l a t i n g  t h e  a s p e c t  o f  p r a c t i c a b i l i t y .  
I n  a d d i t i o n  t o  A I ,  t e x t  a n a l y s i s  t e c h n i q u e s  i n  documenta t ion  
( a u t o m a t i c  i n d e x i n g ,  morphemic a n a l y s i s  [ 2 0 , 2  1 ,221 ) a r e  a n o t h e r  
l a r g e  a r e a  t h a t  may c o n t r i b u t e  t h e i r  r e s u l t s .  The c o n c l u s i o n s  
o f  t h e s e  c o n s i d e r a t i o n s  w i l l  be  i l l u s t r a t e d  i n  t h i s  p a p e r  by 
means o f  n a t u r a l  l anguage  a c c e s s  t o  a  p a r t i c u l a r  d a t a  b a s e  sys tem.  
A s  ment ioned  above,  t h e  d i f f e r e n c e s  i n  MS have  a  c l e a r  e f f e c t  on 
t h e  l i n g u i s t i c  approach .  W e  s h a l l  e x p l o r e  t h i s  f u r t h e r  by g i v i n g  
a  rough o u t l i n e  o f  t h e  development  o f  l a n g u a g e  p r o c e s s i n g  i n  A 1  
and  DT. 

Approaches t o  N a t u r a l  Language P r o c e s s i n g  i n  A 1  

The e a r l y  l anguage  p r o c e s s i n g  s y s t e m s  i n  A 1  c o n c e r n e d  them- 
s e l v e s  w i t h  t h e  problem o f  t r a n s l a t i n g  one  n a t u r a l  l a n g u a g e  i n t o  
a n o t h e r  [ 2 3 ] .  These sys tems  p o s s e s s e d  a  c e r t a i n  knowledge o f  
t h e  e x t e r n a l  s t r u c t u r e  o f  t h e  l a n g u a q e s  (grammar) ,  and  o f  t h e  
c o r r e s p o n d e n c e s  between words o f  t h e  l a n g u a g e s  ( d i c t i o n a r y  o f  
synonyms) .  These a p p r o a c h e s  f a i l e d ,  s i n c e  grammar and  d i c t i o n a r y  
a l o n e  p roved  i n s u f f i c i e n t  t o  d e a l  w i t h  t h e  d i f f e r e n t  meaning o f  
s e n t e n c e s  l i k e  [ 11 : 



( 1 )  The f i s h  was bought by t h e  cook. 
( 2 )  The f i s h  was bought by t h e  r i v e r .  

The sys tem would have t o  know something about  t h e  r e a l  world t o  
which t h e  sen tence  i s  a p p l i e d  i n  o r d e r  t o  recognize  t h e  d i f f e r e n c e  
i n  t h e  meaning o f  "by t h e  cook" (person)  and "by t h e  r i v e r "  ( p l a c e ) .  

Owing t o  t h e  f a i l u r e  i n  t h e  e a r l y  s i x t i e s  o f  t h e s e  approaches 
i n  t r a n s l a t i o n  one tu rned  t o  t h e  broader  q u e s t i o n  o f  how t o  simu- 
l a t e  language unders tanding  on t h e  computer i n  g e n e r a l .  One 
i n d i c a t i o n  o f  a  computer sys tem's  c a p a b i l i t y  t o  comprehend n a t u r a l  
language would be,  f o r  example, whether  i n  man-machine comunica -  
t i o n  t h e  machine responds i n  a  manner t h a t  seems " p l a u s i b l e "  t o  
i t s  human p a r t n e r .  A system would be p e r f e c t  i f  it passed  t h e  
Tur ing  test [24] . 

I n  o r d e r  t o  enab le  t h e  s imu la t ion  of  human language under- 
s t a n d i n g ,  a t  l e a s t  knowledge about  t h e  meaning o f  words r e l a t i v e  
t o  a  s p e c i f i c  environment must be provided  ( a s  we po in t ed  o u t  
e a r l i e r ) .  For t h i s  purpose t h e  environment o r  p a r t  o f  it has  
t o  be modeled (MS). A c e r t a i n  p o r t i o n  of  t h e  model i s  a s s igned  
t o  t h e  word a s  i t s  meaning. The examples below, however, show 
t h a t  t h i s  approach i s  s t i l l  n o t  s u f f i c i e n t  [25] :  

( 3 )  John jumps h i g h e r  t han  P e t e r .  
(4 )  John jumps h i g h e r  than  t h e  E i f f e l  tower. 

I n  o r d e r  t o  r ecogn ize  t h a t  (4 )  i s  meaningless,  t h e  system r e q u i r e s  
a  more e x t e n s i v e  knowledge o f  t h e  environment than  t h e  (complex) 
meaning o f  i n d i v i d u a l  words. The model must c o n t a i n  t h e  f a c t  
t h a t  no l i v i n g  be ing  can jump h i g h e r  t han  t h e  E i f f e l  tower, i n  
g e n e r a l ,  it must e s t a b l i s h  r e l a t i o n s  between model p a r t s .  

Some of  t h e  MS used i n  t h e  p a s t  cannot  meet t h i s  c o n d i t i o n  
o r ,  a t  b e s t ,  on ly  i f  a p p l i e d  t o  s e c t i o n s  o f  an  environment t o o  
smal l  t o  be o f  any i n t e r e s t .  I n  p a r t i c u l a r ,  t h i s  a p p l i e s  t o  t h e  
e a r l i e s t  language unders tanding  systems such a s  STUDENT [26] ,  
SIR [ 2 7 ] ,  BASEBALL [ 2 8 ] ,  ELIZA [29] .  For  example, t h e  STUDENT 
system used equa t ions  a s  MS, i . e .  it was r e s t r i c t e d  t o  a  sma l l  
mathematical  world;  ELIZA used p a t t e r n s  t h a t  were s u i t a b l e  only 
f o r  very  s p e c i f i c  s i t u a t i o n s  o f  a  d i a logue .  

Many MS have t h e  c h a r a c t e r i s t i c s  o f  a  formal language;  
best-known among t h e s e  i s  p r e d i c a t e  l o g i c  ( a p p l i e d  t o  a  language 
unde r s t and ing  system by Coles [ 3 0 ] )  . 

I n  a  formal language MS the environment i s  u l t i m a t e l y  
modeled by means o f  c e r t a i n  b a s i c  u n i t s  (ax ioms) .  S t r i c t l y  
speaking ,  they  a l r e a d y  belong t o  t h e  c l a s s  of  MS t h a t  do n o t  
meet t h e  demand f o r  d e r i v i n g  t h e  meaning o f  words from complex 



s t r u c t u r e s  w i t h  d i v e r s e  dependencies  between model p a r t s .  
Winograd [31]  o r  Woods [32]  , t h e r e f o r e ,  p r e f e r r e d  t o  c o n s t r u c t  
more complex MS from programs t h a t  p rov ide  bo th  t h e  d e s c r i p t i o n  
o f  environment s i t u a t i o n s  and o p e r a t i o n a l  changes.  

Other  a u t h o r s  ( e - g .  Schank [4 ]  ) argue  t h a t  language 
unders tanding  could  only  be s imu la t ed  on t h e  b a s i s  of  c o g n i t i v e  
r e l a t i o n s ,  and cor respondingly  developed a s  MS complex d a t a  
s t r u c t u r e s  such a s  semant ic  memories [3]  o r  dependency networks 
[ 4 ] .  The r e p r e s e n t a t i o n  problem i s  so lved  by demonst ra t ing  t h e  
c a p a b i l i t i e s  of t h e  MS on s e v e r e l y  r e s t r i c t e d  wor lds  (blockworld 
[311, a i r l i n e  guide  [ 3 2 ] ,  l u n a r  geology [ 3 3 ] ,  i n d u s t r i a l  e n t e r -  
p r i s e  [34 ] )  . 

Approaches t o  Na tu ra l  Language P roces s ing  i n  DT 

The a p p l i c a t i o n  of  computers t o  t h e  p roces s ing  o f  l a r g e  
d a t a  sets i n  i n d u s t r y  and p u b l i c  a d m i n i s t r a t i o n  l e a d  t o  t h e  
development o f  a  c l a s s  o f  spec i a l -pu rpose  program systems known 
a s  " d a t a  base  systems".  A d a t a  base  system p rov ides  f o r  mecha- 
nisms f o r  t h e  d e s c r i p t i o n ,  management, and p roces s ing  o f  l a r g e  
sets o f  d a t a .  

Modern d a t a  base  systems [11,35,36,37,38]  a r e  based on MS 
(des igna t ed  a s  " d a t a  models") t h a t  make f e a s i b l e  t h e  modeling 
o f  e x t e n s i v e  environments .  The s t r u c t u r e  o f  most MS i s  such 
t h a t  it i s  p o s s i b l e  t o  fo rma l i ze  t h e  d e s c r i p t i o n  o f  models 
acco rd ing  t o  compara t ive ly  s imple  r u l e s  and t o  e x p r e s s  t h e i r  
p r o c e s s i n g  by means o f  a lgo r i t hms .  The formal  languages developed 
f o r  t h a t  purpose a r e  c a l l e d  t h e  i n t e r f a c e s  of  d a t a  base  systems.  
Well known MS i n  use  a r e  t h e  r e l a t i o n a l  model [ 9 ] ,  t h e  h i e r a r -  
c h i c h a l  model [131, t h e  network model [ l o ] ,  and t h e  b i n a r y  r e l a -  
t i o n  model [12 ] .  

A s  soon a s  one a t t empted  t o  make d a t a  base  systems a v a i l a b l e  
t o  t h e  c a s u a l  u s e r  u n f a m i l i a r  wi th  EDP, even s imple  f o r m a l i z a t i o n  
r u l e s  and t h e i r  cor responding  formal  languages proved t o  be  a  
s e v e r e  handicap  t o  many u s e r s .  Na tu ra l  language a s  an end  u s e r  
language o f f e r s  some hope o f  overcoming t h e s e  problems, s i n c e  
t h e  u s e r  need n o t  l e a r n  a  new and a r t i f i c i a l  language,  b u t  w i l l  
on ly  have t o  observe  r e s t r i c t i o n s  on a  language a l r e a d y  w e l l  
known t o  him. Na tu ra l  language a c c e s s  t o  d a t a  base  systems 
cou ld  be  t h e  p a r t i c u l a r  advantage i n  a r e a s  l i k e  i n d u s t r i a l  
management, medicine,  pharmacy, e n g i n e e r i n g ,  o r  p u b l i c  adrninis- 
t r a t i o n  where even i n  d a t a  r e t r i e v a l - - a s  p a r t  o f  a  problem s o l v i n g  
process- - the  u s e r  may employ t h e  very  language i n  which he gener-  
a l l y  fo rmula t e s  h i s  problem and s o l u t i o n  ( s e e  a l s o  [ I  7,331 ) . 

The scope  o f  meanings o f  n a t u r a l  language q u e r i e s  t o  a  d a t a  
base  system i s  de termined  by t h e  MS ( d a t a  model ) .  Genera l ly ,  
such a n  MS i s  n o t  o r i e n t e d  towards c o g n i t i v e  t h e o r i e s  a s  it i s  
i n  A I .  The i n t e r f a c e  o f  t h e  d a t a  base  system is  main ta ined  no 
m a t t e r  what language i s  chosen f o r  a c c e s s i n g  it, i . e .  i n  t h e  
c a s e  o f  n a t u r a l  language a c c e s s ,  t o o .  I n  t h e s e  systems t h e  aim 



of  language p rocess ing  i s  t o  t r a n s l a t e  n a t u r a l  language q u e r i e s  
i n t o  expres s ions  of  t h e  formal language a t  t h e  system i n t e r f a c e .  

Kellog was one o f  t h e  f i r s t  t o  advance t h i s  approach. He 
chose a s  t h e  MS of h i s  CONVERSE system [39] a  formal language 
ded ica t ed  t o  informat ion  r e t r i e v a l  and hence con ta in ing  o p e r a t o r s  
t y p i c a l  f o r  t h i s  purpose.  Likewise, Woods p u t  h i s  procedura l  
semant ics  i n t o  t h e  form of an i n t e r f a c e  i n  which p r e d i c a t e  and 
func t ion  symbols were de f ined  f o r  t h e  unde r ly ing  procedures.  
Both t h e s e  approaches f a l l  i n t o  an a r e a  between t h e  A 1  and DT 
methodology. Also t o  be inc luded i s  t h e  work by Thompson [40 ] ,  
whose r i n g  s t r u c t u r e s  may be i n t e r p r e t e d  bo th  a s  t h e  r ep resen ta -  
t i o n  o f  c o g n i t i v e  r e l a t i o n s  and a s  t h e  r e a l i z a t i o n  o f  a  b ina ry  
r e l a t i o n a l  model [12 ] .  While Thompson d i d  n o t  develop  a  formal 
i n t e r f a c e ,  he- - l ike  Woods--was heav i ly  concerned wi th  t h e  i n t e -  
g r a t i o n  o f  l a r g e  d a t a  bases  i n t o  h i s  REL system. 

The expres s iveness  o f  n a t u r a l  language goes f a r  beyond t h e  
power o f  t h e  i n t e r f a c e s  o f  a v a i l a b l e  d a t a  base systems.  I n  o rde r  
t o  make some use  o f  t h i s  exp res s iveness  t h e  formal MS must a t  
l e a s t  a l low f o r  lengthy  expres s ions  based on a  smal l  number o f  
o p e r a t o r s  (such a s  t h e  d e f i n i t i o n  o f  a lgo r i thms ,  n e s t i n g  of  
f u n c t i o n s ) .  I n  g e n e r a l ,  t h i s  c a p a b i l i t y  i s  on ly  found i n  so- 
c a l l e d  n a v i g a t i n g  systems [41] .  I n  t h e s e  a  complex problem i s  
desc r ibed  by a  s i n g l e  expres s ion  d iv ided  i n t o  a  l a r g e  number o f  
success ive  o r  p a r a l l e l  s t e p s  d u r i n g  p rocess ing .  The r e s u l t s  o f  
s t e p s  s e r v e  a s  a  guide t o  t h e  fo l lowing s t e p s  f o r  f u r t h e r  s ea rch  
i n  t h e  d a t a  base .  A c l a s s i c  example i s  t h e  r e l a t i o n a l  model; 
s u g g e s t i o n s  e x i s t  f o r  a  n a t u r a l  language a c c e s s  t o  it [17,42].  
Counter examples seem t o  be t h e  network model, t h e  h i e r a r c h i c a l  
model, o r  s imply f i l e  management. Correspondingly,  no approaches 
have been publ i shed  f o r  use  of  n a t u r a l  language acces s  t o  them. 

Other  d a t a  models t h a t  might provide  a  b a s i s  f o r  nav iga t ing  
systems a r e  b ina ry  r e l a t i o n s  [12 ] ,  LEAP-structures [ 4 3 ] ,  o r  
mathematical  s e t s  and r e l a t i o n s  [16 ] .  The l a t t e r  w i l l  s e r v e  a s  
ou r  s t a r t i n g  p o i n t  f o r  demonst ra t ing  n a t u r a l  language access  t o  
a  d a t a  base  system. 

A SET-THEORETIC MODELING SYSTEM (SET LANGUAGE) 

The s e t - t h e o r e t i c  modeling system of KAIFAS i s  a  formal 
language MS based on s e t  and r e l a t i o n  a lgeb ra .  In  o r d e r  t o  
expres s  a lgo r i thms  i n  t h e  language,  t h e  language e lements  must 
be c l a s s i f i e d  i n t o  o p e r a t o r s ,  operands ,  and t h e  c o n t r o l  s t r u c t u r e  
[ 3 8 , 4 Q ] .  The operand ( o b j e c t )  types  o f  t h e  s e t  language t o g e t h e r  
wi th  t h e i r  symbols a r e  l i s t e d  i n  Table 1 t o g e t h e r  wi th  examples 
from a  pharmaceut ica l  a p p l i c a t i o n .  The symbols f o r  t h e  i n s t a n c e s  
o f  t ypes  a r e  genera ted  by indexing t h e  symbols of  t h e  cor responding  
o b j e c t  t y p e s .  The language i n c l u d e s  t h e  s t anda rd  s e t - t h e o r e t i c  
o p e r a t o r s  (Table  2 ) .  S p e c i a l  o p e r a t o r s  map r e l a t i o n s  t o  s e t s .  
F u r t h e r ,  some l o g i c a l  and r e l a t i o n a l  o p e r a t o r s  a r e  d e f i n e d .  



Table 1 .  Objec t  t ypes  and o p e r a t o r s .  

Objec t  types 

I Ind iv idua ls ,  e.g. Thomapyrin, Perphyllon 

M S e t s ,  e .g .  drugs,  d i s e a s e s  
L i s t s  of  i n d i v i d u a l s  

R Re la t ions ,  e.g. i n d i c a t i o n ,  
c o n t r a i n d i c a t i o n ,  manufacturer 
L i s t s  of  p a i r s  o f  i n d i v i d u a l s  (Work i s  
under way t o  cover  n-ary r e l a t i o n s )  

Z Numbers 

D Measures, e.g. 4 t a b l e t s / d a y  

F Measure func t ions ,  e  .g. dosage 
L i s t s  o f  ordered n-tuples  whose 
l a s t  component i s  a measure 

B Truth va lues  

Operands 

The c o n t r o l  s t r u c t u r e  o f  t h e  language de termines  t h e  
s e q u e n t i a l  o r d e r  i n  which t h e  o p e r a t o r s  a r e  executed .  This  i s  
i n d i c a t e d  i n  t h e  language by exp res s ions  i n  f u n c t i o n a l  n o t a t i o n ,  
e .g. :  

E(l~teicardin'Mn(Mprescription drug rVg(Rdrug l lhea r t  n e u r o s i s  ) ) )  

( I n t e r p r e t a t i o n :  Is S t e i c a r d i n  a  p r e s c r i p t i o n  drug  f o r  h e a r t  
n e u r o s i s ? )  The o p e r a t o r s  were a p p l i e d  i n  t h e  sequence:  Vg, 
Mn, E .  Loops a r e  i n t roduced  by t h e  use o f  bounded q u a n t i f i e r s .  
They o f f e r  t h e  (on ly )  p o s s i b i l i t y  t o  fo rmula t e  q u e r i e s  of  any 
degree  o f  complexi ty:  

( 1 )  Are a l l  d rugs  f o r  glaucoma p r e s c r i p t i o n  drugs?  
( 2 )  Which a n t i b i o t i c s  a r e  incompat ib le  w i th  c y t o s t a t i c  

drugs?  

I n  both  examples t h e  f low of  c o n t r o l  i s  i d e n t i c a l .  For  each  
element  o f  a  g iven  s e t  ( i . e .  "drugs f o r  glaucoma" o r  " a n t i b i -  
o t i c s )  a  c e r t a i n  c o n d i t i o n  ( e .g .  t o  be a  p r e s c r i p t i o n  drug ,  



Table 2 .  Operators. 

On s e t s :  

* ( I l , .  . - , I n )  s e t  c o n s t r u c t i o n  

MU(M1tM2) union 

Mn(M1tM2) i n t e r s e c t i o n  

On r e l a t i o n s :  

KO (R1) 

Rb(R1tM1) 

RP (R1'R2) 

RU(R1,R2) 

Reduction o f  b inary  r e l a t i o n s :  

s e t  d i f f e r e n c e  

c a r d i n a l i t y  

converse 

r e s t r i c t i o n  ( { ( x , y ) )  (x,y)  E R1 A x  E M ~ ] )  

product  

union 

domain { x ) 3 ~ :  (x ,y )  E R1} 

range {x)ay :  ( y , ~ )  E R1] 

ind iv idua l  domain {XI (x ,  Ill  E R ~ }  

i n d i v i d u a l  range {x 1 ( I l ,  x) E R ~ }  

Reduction o f  measure func t ions :  

Fw(F1, 11) measure number 

Logical  o p e r a t o r s :  

E (IlnM1) t e s t  on s e t  membership 

C (M1,M2) t e s t  on s e t  i n c l u s i o n  



t o  be  incompat ib le  w i t h  c y t o s t a t i c  d rugs )  i s  s u b j e c t  t o  a  t e s t .  
I n  ( 2 )  on ly  t h o s e  elements  a r e  l i s t e d  f o r  which t h e  t e s t  y i e l d s  
" t r u e " .  ( 1 )  cor responds  t o  t h e  fo l lowing  fo rmula t ion  i n  t h e  
s e t - t h e o r e t i c  machine: 

I AL(X1 l V g  (Rdrug' glaucoma ) ~ ~ ( ~ 1  r M p r e s c r i p t i o n  drug)  ) * 

Impor tan t  q u a n t i f i e r s  a r e :  

AL: a l l ,  eve ry ,  EI:  some, 
DB: which, ZB: how many. 

Bounded q u a n t i f i e r s  c o n t a i n  t h r e e  arguments: 

- The name o f  a  bound v a r i a b l e ,  each  o f  i ts  s u b s t i t u t i o n s  
d e f i n i n g  an i n v o c a t i o n  o f  t h e  loop:  x l .  

- An e x p r e s s i o n  r e s u l t i n g  i n  a  s e t  o f  o b j e c t s  ( r a n g e ) :  

Vg (Rdrug'  'glaucoma) ' 

- An e x p r e s s i o n  f o r  t h e  c o n d i t i o n  r e s u l t i n g  i n  a  t r u t h  
va lue  ( scope)  : E ( x l  ' "p re sc r ip t i on  drug)  ' 

Express ions  c o n t a i n i n g  q u a n t i f i e r s  must be i n  prenex  normal 
form, i . e .  q u a n t i f i e r s  must always appear  a s  t h e  l e f t -mos t  p a r t  
o f  an exp re s s ion .  

PREMISES FOR LANGUAGE ANALYSIS I N  DATA BASE SYSTEMS 

The main purpose o f  d a t a  base  systems is  t o  p rov ide  t o o l s  
f o r  t h e  management and r e t r i e v a l  o f  l a r g e  volumes o f  d a t a  t h a t  
a r e  main ta ined  on p e r i p h e r a l  s t o r a g e  d e v i c e s .  Access by n a t u r a l  
language can on ly  be j u s t i f i e d  i f  it does n o t  consume an i n o r -  
d i n a t e  amount o f  r e s o u r c e s  such a s  s t o r a g e  space  o r  p rooes s ing  
t ime.  Consequently a  number of  r e s t r i c t i o n s  must he imposed 
on a  n a t u r a l  language i n t e r f a c e  i n  a  d a t a  base  sys tem a s  compared 
t o  t h e  i n t e r f a c e  o f  a  g e n e r a l  language unders tanding  system. 

R e s t r i c t i o n s  on t h e  Na tu ra l  Lanauaae I n t e r f a c e  

The Na tu ra l  Language I n t e r f a c e  Should be Desc r ibab le  i n  
Terms o f  a  S i m ~ l e  Svntax Model 

Th i s  s u g g e s t s  l i m i t i n g  t h e  s y n t a x  model t o  c o n t e x t - f r e e  
grammars. Previous  r e s e a r c h  has  shown t h a t  c o n t e x t - f r e e  grammars 
a r e  inadequate  f o r  t h e  purpose of d e f i n i n g  n a t u r a l  language,  b u t  
t h e  examples used i n  t h e  l i t e r a t u r e  f o r  demonst ra t ing  t h e  need 



of  more complex grammars a r e  o f  a  r a t h e r  e x o t i c  n a t u r e ,  a t  l e a s t  
a s  f a r  a s  t h e i r  a p p l i c a b i l i t y  i n  d a t a  base  systems goes.  Indeed,  
Kra t ze r  [45]  de f ined  a  compara t ive ly  l a r g e  s u b s e t  o f  n a t u r a l  
German by means o f  a  c o n t e x t - f r e e  grammar wi thou t  i n d i c a t i n g  any 
need f o r  r e s t r i c t i n g  t h e  semant ics  of  h i s  s u b s e t .  Therefore  one 
would e x p e c t  a  c o n t e x t - f r e e  d e f i n i t i o n  t o  be j u s t i f i e d  a l l  t h e  
more i n  connect ion  wi th  formal  MS and t h e  r e s t r i c t i o n s  o f  t h e  
semant ics  cor responding  t o  it. The work by Malhotra  [I81 a l s o  
i n d i c a t e s  t h a t  t h e r e  i s  no need f o r  an e x t e n s i v e  language d e f i -  
n i t i o n  i n  t h e  d a t a  base a r e a .  Hence t h e  a p p l i c a t i o n  o f  con tex t -  
f r e e  languages  does n o t  seem t o  p l a c e  unreasonable  c o n s t r a i n t s  
on t h e  fo rmula t ions  a  u se r  may be a b l e  t o  use .  

Simple Procedures Should Be Chosen f o r  Morphemic Analys is  

The a n a l y s i s  of  n a t u r a l  language,  and German i n  p a r t i c u l a r ,  
i n t r o d u c e s  t h e  problem o f  morphemic a n a l y s i s  [20 ,46] .  Depending 
on t h e  pe rmis s ib l e  e r r o r  r a t e  ( i n c o r r e c t l y  reduced word forms) 
c o s t s  and e f f o r t s  f o r  s o l v i n g  t h i s  problem may r i s e  a r b i t r a r i l y  
h igh  ( s e e ,  f o r  example, [21]  ) . P r e f e r e b l y ,  s imple  procedures  
should  be chosen he re  a g a i n ,  t h e  e r r o r  r a t e  r e s u l t i n g  from even 
very  s imple  procedures  (masking [ 4 7 ] )  i s  s u r p r i s i n g l y  low ( - 3 0 % )  

Verbs Should Be Omitted from t h e  I n t e r f a c e  

Both t h e s e  requi rements  d i s c u s s e d  can be j u s t i f i e d  a l l  t h e  
more, s i n c e ,  i n  d e f i n i n g  a  language f o r  d a t a  base  sys tems,  ve rbs  
may be omi t t ed  t o  a  l a r g e  e x t e n t .  Obviously,  ve rbs  a r e  i n d i s -  
pensab le  a s  soon a s  a  MS accounts  f o r  temporal  r e l a t i o n s h i p s  and,  
consequent ly ,  pe rmi t s  t h e  d e s c r i p t i o n  o f  dynamic p r o c e s s e s  ( s e e ,  
f o r  example, REL [ 4 0 ] ) .  Data bases  of  t h a t  k ind ,  however, have 
s o  f a r  never  gone beyond p i l o t  s t u d i e s ;  d a t a  base  systems i n  
p r a c t i c a l  use  do n o t  i n c l u d e  them y e t .  

The P a r s e r  Should Be Simple and, on Average, F a s t  

Again, t h i s  requi rement  i n f l u e n c e s  t h e  complexi ty of t h e  
t o t a l  system. I n  t h e  l i t e r a t u r e  a  number of  p a r s e r s  f o r  con tex t -  
f r e e  languages a r e  g iven  [48 ,49 ,50] .  T h e i r  e f f i c i e n c y  i s  measured 
i n  te rms  of an  upper l i m i t  f o r  t h e  t ime needed f o r  p roces s ing  
sen t ences  c o n t a i n i n g  n words ( i n  g e n e r a l  t h e  e f f i c i e n c y  i s  pro-  - 
p o r t i o n a l  t o  kn') . However, f o r  q u e r i e s  t o  a  d a t a  base system 
n i s  compara t ive ly  sma l l ,  s o  t h a t  f o r  choos ing  a  p a r s e r  t h e  
f a c t o r  k becomes o f  major importance.  

The Semantic V a l i d i t y  T e s t  Should Be Performed Only A f t e r  
a  S v n t a c t i c  Ana lvs i s  

The semant ic  v a l i d i t y  of a  query may be c o n t r o l l e d  i n  combi- 
n a t i o n  wi th  t h e  r e t r i e v a l .  Concurrent  a c c e s s  t o  t h e  d a t a  base  



would have  a  f a r  worse  e f f e c t ,  s i n c e  a l l  d e a d  e n d s  d u r i n g  t h e  
a n a l y s i s  would add t o  t h e  t o t a l  r e t r i e v a l  t i m e  a l t h o u g h  n o t  t o  
t h e  r e s u l t .  I n  s p i t e  o f  w e l l  known o b j e c t i o n s  [51] q u i t e  a  
number o f  a u t h o r s  working a t  n a t u r a l  l anguage  a c c e s s  t o  d a t a  
b a s e  s y s t e m s  [17,32]  d e f e n d  t h e  p r i n c i p l e  o f  p o s t p o n i n g  t h e  
v a l i d i t y  tes t .  The number o f  s y n t a c t i c a l l y  c o r r e c t  b u t  seman- 
t i c a l l y  m e a n i n g l e s s  c o n s t r u c t i o n s  may b e  reduced  by a  s p e c i a l  
s t r u c t u r e  o f  t h e  grammar (see n e x t  s e c t i o n ) .  

The S u b s e t  o f  t h e  German Language Def ined  

Based on t h e  above demands a  s u b s e t  o f  t h e  German language  
was d e f i n e d  f o r  a c c e s s i n g  t h e  KAIFAS d a t a  b a s e  s y s t e m  by means 
o f  a  c o n t e x t - f r e e  grammar. F o l l o w i n g  t h e  works by S c h o t t  [20] 
a  p r o c e d u r e  f o r  s i m p l i f i e d  morphemic a n a l y s i s  ( w i t h o u t  v e r b s )  
was deve loped .  The p a r s e r  was d e r i v e d  from t h e  M. Kay-parser  
[52]  s i n c e  it b e s t  m e t  t h e  r e q u i r e m e n t s  o f  s i m p l i c i t y  and s p e e d  
( s e e  n e x t  s e c t i o n ,  [ 3 8 ] ) .  The t r a n s l a t i o n  from t h e  n a t u r a l  
l anguage  t o  t h e  se t  a l g e b r a i c  l anguage  (MS i n  KAIFAS) f o l l o w s  
t r a d i t i o n a l  a p p r o a c h e s .  T h i s  p r o c e s s  c o n s i s t s  o f  l e x i c a l  a n a l y -  
s is ,  s y n t a c t i c a l  a n a l y s i s ,  code  g e n e r a t i o n ,  and t r a n s f o r m a t i o n s .  
F i g u r e  1  i l l u s t r a t e s  t h e  i n t e r a c t i o n  between t h e  s t e p s .  During 
e a c h  o f  t h e s e  t h e  f o l l o w i n g  f u n c t i o n s  a r e  performed:  

- The q u e r y  i s  d i v i d e d  i n t o  t e r m i n a l  symbols .  When 
s e a r c h i n g  a  d i c t i o n a r y  o f  t h o s e ,  t h e i r  c o r r e s p o n d i n g  
r e p r e s e n t a t i o n s  on t h e  se t  language  l e v e l  a r e  found.  

- The p a r s e r  comple tes  t h e  s y n t a c t i c a l  a n a l y s i s  by means 
o f  t h e  grammar. 

- I f  t h e  q u e r y  i s  p a r s e d  t o  a  s e n t e n c e ,  t h e  code  g e n e r a t i o n  
w i l l  form an e x p r e s s i o n  o f  t h e  se t  language  by u s i n g  t h e  
t e r m i n a l  r e p r e s e n t a t i o n s  and t h e  code f r a g m e n t s  g e n e r a t e d  
by t h e  p a r s e r .  

- Then t r a n s f o r m a t i o n s  w i l l  be  a p p l i e d  t o  t h i s  e x p r e s s i o n  
a c c o r d i n g  t o  c e r t a i n  r u l e s  which w i l l  b e  e x p l a i n e d  i n  
t h e  n e x t  s e c t i o n .  
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Figure 1. Translation to set language. 

TRANSLATION OF NATURAL LANGUAGE INTO SET LANGUAGE 

Type and Form o f  t h e  German Grammar 

Vocabulary 

A s  p o i n t e d  o u t  e a r l i e r  a  c o n t e x t - f r e e  f o r m a l i z a t i o n  o f  t h e  
n a t u r a l  l a n g u a g e  i n t e r f a c e  i n  KAIFAS was c h o s e n .  While a  s u i t -  
a b l e  s u b s e t  o f  t h e  German l a n g u a g e  c a n  be d e s c r i b e d  a s  a  c o n t e x t -  
f r e e  l a n g u a g e ,  it i s  j u s t  a s  i m p o r t a n t  t h a t  t h i s  d e s c r i p t i o n  be 
p r a c t i c a b l e ,  i . e .  comprehens ib le  and t r a n s p a r e n t  t o  t h e  d e s i g n e r  
and u s e r ,  and e a s y  t o  implement by t h e  sys tem.  P r a c t i c a b i l i t y  
c a n  o n l y  b e  a c h i e v e d  by u s i n g  some a d d i t i o n a l  t o o l s .  

Each c o n t e x t - f r e e  grammar c o n t a i n s  a  number o f  n o n t e r m i n a l s  
i n  o r d e r  t o  d e s c r i b e  t h e  s y n t a c t i c a l  phenomena o f  a  l a n g u a g e .  



I n  many n a t u r a l  languages t h e s e  t e n d  t o  be q u i t e  e x t e n s i v e ,  e .g .  
t h e  combinat ions o f  c a s e ,  gender ,  and number. I n  o r d e r  t o  l l m l t  
t h e  s e t  o f  nontermina ls  i n  t h e  grammar, s o - c a l l e d  complex c a t e -  
g o r i e s  (based  on RJ%L [40 ,53 ] )  a r e  i n t roduced .  These may be con- 
s i d e r e d  schemas f o r  nontermina ls ,  and c o n s i s t  o f  a  main ca t ego ry  
and a  number o f  f e a t u r e s .  T r a d i t i o n a l l y  [40 ,54 ,55] ,  t h e  main 
c a t e g o r i e s  a r e  r e l a t e d  t o  s y n t a c t i c a l  phenomena such a s  noun o r  
noun ph ra se ,  whereas f e a t u r e s  r e f e r  t o  secondary phenomena such 
a s  number o r  c a s e .  The va lues  o f  a  f e a t u r e  cor respond t o  such 
phenomena, e  . g . 

number (1 )  = s i n g u l a r  
c a s e  ( 2 )  = g e n i t i v e  . 

Schemas deno te  s e t s  of  nontermina ls ;  e . g .  

Nnum, c a s  , gen 

deno te s  a  s e t  o f  24 nontermina ls  a l l  o f  them nouns. Complex 
c a t e g o r i e s  may be  p a r t i a l l y  o rde red  by a s s i g n i n g  v a l u e s  t o  t h e  
f e a t u r e s  : 

i s  a  more r e s t r i c t e d  schema than  Nnum,cas , and deno te s  a  s e t  , gen 
o f  on ly  8 nontermina ls ,  s i n c e  only  two va lues  a r e  p o s s i b l e  f o r  
each ,  c a s  ( 2 , 3 )  and gen ( l , 2 )  . Assigning  a  s i n g l e  va lue  t o  each 
f e a t u r e  of  a  complex ca t ego ry  r e s u l t s  i n  a  s i n g l e  nontermina l .  

The t r e a t m e n t  o f  complex c a t e g o r i e s  i n  KAIFAS i s  d i f f e r e n t  
from a l r e a d y  e x i s t i n g  approaches i n  s e v e r a l  r e s p e c t s :  

- Because o f  t h e  r e s t r i c t e d  s eman t i c s  i n  KAIFAS, main 
c a t e g o r i e s  a r e  chosen i n  accordance w i t h  semant ic  
a s p e c t s  ( e .g .  main ca t ego ry  f o r  s e t s  ME, f o r  r e l a t i o n s  
R E ) .  I n  t h i s  way we make s u r e  t h a t  o n l y  s e m a n t i c a l l y  
v a l i d  c o n s t r u c t i o n s  a r e  d e s c r i b e d  by t h e  p roduc t ions  
o f  t h e  grammar. 

A grammar whose main c a t e g o r i e s  a r e  based on seman t i ca l  
te rms  does n o t  " n a t u r a l l y "  r e j e c t  s e n t e n c e s  c o n t a i n i n g  
major  e r r o r s  such a s  mi s s ing  congruence i n  number, 
gender ,  and c a s e  o f  a d j e c t i v e s  and nouns, s i n c e  t h e s e  
concep t s  a r e  based on t h e  t r a d i t i o n a l  s y n t a c t i c a l  
c a t e g o r i e s .  The neces sa ry  s y n t a c t i c a l  a s p e c t s  w i l l  be 
a s s i g n e d  t o  t h e  f e a t u r e s .  A s  a  r e s u l t  KAIFAS c l o s e l y  
fo l lows  t h e  cor respondences  



main c a t e g o r i e s  - seman t i ca l  a s p e c t s  
f e a t u r e s  - s y n t a c t i c a l  a s p e c t s .  

For  p r a c t i c a l  reasons  t h i s  c l a s s i f i c a t i o n  cannot  always 
be main ta ined .  The s e t  l anguage ,  f o r  example, c o n t a i n s  
( s e m a n t i c a l l y )  d i f f e r e n t  t y p e s  o f  q u a n t i f i e r s  which i n  

many p roduc t ions  a r e  handled i n  t h e  same ( s y n t a c t i c a l )  
way. The number o f  main c a t e g o r i e s  and hence p roduc t ions  
can  be reduced by e x p r e s s i n g  t h e  d i f f e r e n c e  i n  t ype  on 
t h e  f e a t u r e  l e v e l  s o  t h a t  on ly  one main ca t ego ry  w i l l  
be  d e f i n e d  f o r  q u a n t i f i e r s .  

- Only b i n a r y  f e a t u r e s  a r e  al lowed:  

c a s e  f e a t u r e s :  nom, gen ,  d a t ,  ace  
gender f e a t u r e s :  mas, fem, neu 
number f e a t u r e s :  s i n ,  p l u  

The b i n a r y  va lues  a r e  des igna t ed  by +/-. Then, opera-  
t i o n s  wi th  f e a t u r e s  may e a s i l y  be exp re s sed  by l o g i c  
formulas .  

Table 3 prov ides  a  l i s t  o f  t h e  main c a t e g o r i e s  and f e a t u r e s  
o f  t h e  KAIFAS grammar. I t  i s  appa ren t  from t h e  f i g u r e  t h a t  t h e  
main c a t e g o r i e s  f a l l  i n t o  two c: lasses,  

( a )  o b j e c t - c a t e g o r i e s  and 

( b )  o p e r a t o r - c a t e g o r i e s ,  

cor responding  t o  t h e  c l a s s i f i c a t i o n  o f  t h e  s e t - t h e o r e t i c  language 
i n t o  o b j e c t s  and o p e r a t o r s .  Applying t h e  same d i s t i n c t i o n  t o  t h e  
t e r m i n a l s  o f  t h e  grammar r e s u l t s  i n  

( a )  o b j e c t  symbols which r e p r e s e n t  i n s t a n c e s  o f  t h e  o b j e c t  
t y p e s  and 

(b )  o p e r a t o r  symbols which r e p r e s e n t  t h e  o p e r a t o r s  o f  t h e  
s e t - t h e o r e t i c  machine ( t h e  environment o f  t h e  language 
i n  t h e  s ense  o f  [ 5 6 ] ) .  

Because t h e  s e t  o f  t e rmina l  symbols is  both v a r i a b l e  and l a r g e  
(approximate ly  50,000 o b j e c t s  i n  t h e  pharmaceut ica l  a r e a )  t e r -  
minal  p roduc t ions  a r e  n o t  made p a r t  o f  t h e  grammar, b u t  a r e  
main ta ined  by means o f  a  d i c t i o n a r y  ( l e x i c a l  a n a l y s i s  i s  de- 
s c r i b e d  l a t e r ) .  The o p e r a t o r  symbols form a f i x e d  s e t ,  b u t  
some concordances can  be  i d e n t i f i e d ,  such a s  a l l  o p e r a t o r  sym- 
b o l s  f o r  q u a n t i f i e r s  t o  which o n l y  one main ca t ego ry  w i l l  be 
a s s igned  ( s e e  above ) .  The o p e r a t o r  symbols a r e  a l s o  i nc luded  
i n  t h e  d i c t i o n a r y .  



Table 3. Main categories and features. 

Syntactical aspects : 

mas masculine 
£em feminine 
neu neuter 

nom nominative 
gen genitive 
da t  dative 
acc accusative 

Main categories 

AL - quantifier 
measures 
term for  evaluating measures 
measure units 
proper name 
s e t  
measure function 
operators: re la t ions  -+ s e t s  (prepositions) 
re la t ions  
DB-quantifier 
r es t r i c t ion  of s e t s  ( re la t ive  clause) 
sentence 
EI/KE - quantifier 
other quant i f iers  
re la t ional  operator 
number 

Features 

Semantical aspects : 

qua quantified 
neg negation-quantifiers (no: KE)  
f rw interrogative (who, what) 
mu1 

for  arithmetic operators 

add 

s in  
number 

P ~ U  

adj  adjective/noun 
a t t  a t t r ibu t ive  
a jm ad jective-modified 
pdt predetermined (the drug) 
prm premodified (Peter ' s  friend) 
pom postmodified (friend of Peter) 
s td  strong declination 
svk stops genitive concatenations 



Produc t ions  

The use  o f  complex c a t e g o r i e s  r e q u i r e s  a  s i m i l a r  e x t e n s i o n  
o f  p roduc t ions  i n t o  complex product ions :  

T h i s  i s  a  p roduc t ion  schema from which one may d e r i v e  a  s e t  o f  
c o n t e x t - f r e e  product ions  when s u b s t i t u t i n g  s u i t a b l e  nontermina ls  
f o r  t h e  complex c a t e g o r i e s .  I n  doing  s o ,  t h e  f e a t u r e  va lues  have 
t o  meet c e r t a i n  c o n d i t i o n s  ( e .  g .  congruence i n  c a s e  and number) . 
Consequently,  t h e  complex r u l e s  a r e  s e p a r a t e d  i n t o  a  r e w r i t e  
r u l e  d e f i n e d  on main c a t e g o r i e s  on ly ,  and a  f e a t u r e  program 
s p e c i f y i n g  which combinat ion o f  f e a t u r e  v a l u e s  may be  a s s igned  
t o  t h e  complex c a t e g o r i e s  i n  t h i s  r u l e .  The f e a t u r e  program 
c o n s i s t s  of  a  t e s t  s e c t i o n  s p e c i f y i n g  t h e  c o n d i t i o n s  t h a t  t h e  
f e a t u r e  v a l u e s  of  t h e  complex c a t e g o r i e s  i n  t h e  r igh t -hand p a r t  
o f  t h e  product ion  have t o  meet i n  o r d e r  t o  apply  t h e  r u l e ,  and 
an assignment  s e c t i o n  d e f i n i n g  t h e  f e a t u r e  v a l u e s  f o r  t h e  l e f t -  
hand complex ca t ego ry .  T e s t  and s p e c i f i c a t i o n  cou ld  be done i n  
l i s t  form [45] o r  by means o f  programs i n  a  s p e c i a l  programming 
language such a s  i n  KAIFAS. 

I n  summary, a  complex r u l e  may be d e f i n e d  a s  fo l lows:  

- 
( 1 )  Vo + V l 1 . . . , V  

P  
r e w r i t e  r u l e  

( 2 )  A ( V 1  I V p )  f e a t u r e  program ( t e s t )  

( 3 )  z ( V l r . . . ,  v ~ )  f e a t u r e  program (assignment  o f  
t h e  f e a t u r e s  o f  V o )  

( 4 )  S ( V 1 r . - . r V p )  s eman t i ca l  p a r t  o f  t h e  r u l e  

- 
V O , V 1 , . . . , V  denote  complex c a t e g o r i e s ,  V O , V 1 , . . . , V  t h e i r  main 

P  P  
c a t e g o r i e s .  Table 4 p rov ides  a  summary o f  t h e  o p e r a t o r s  used 
i n  f e a t u r e  programs. 

The semant ic  p a r t  i s  a  term f o r  d e f i n i n g  t h e  meaning of  t h e  
complex r u l e .  I t  c o n s i s t s  o f  se t - language  symbols, and p lace-  
markers  f o r  t h e  semant ics  o f  t h e  complex c a t e g o r i e s  i n  t h e  r u l e .  
S ince  some seman t i ca l  a s p e c t s  a r e  t r e a t e d  on t h e  f e a t u r e  l e v e l ,  
t h e  semant ic  p a r t  may depend on c o n d i t i o n s  concern ing  f e a t u r e s .  
These dependencies  a r e  de f ined  by f e a t u r e  programs a s  w e l l .  
Thus t h e  semant ic  p a r t  S  ( V 1 ,  . . . , V ) of  a  complex r u l e  may a l t e r -  

D 
n a t i v e l y  be phrased  a s  

A ( V 1  - - ' V p )  * S f  ( V 1  I - . , V P )  (dependencies  on f e a t u r e s )  , 



S '  ( V , ,  . . . ,Vp) (no dependencies )  . 

Table 5 g i v e s  an  example of  a  complex r u l e .  

A complex r u l e  may be a p p l i e d  i n  t h e  fo l lowing  s t e p s  
( f u r t h e r  d e t a i l s  a r e  provided l a t e r )  : 

- matching t h e  i n p u t  s t r i n g  wi th  t h e  r igh t -hand s i d e  
o f  t h e  r u l e ;  

- t e s t i n g  t h e  r igh t -hand f e a t u r e s  f o r  acceptance ;  and 

- i f  y i e l d i n g  " t r u e " ,  r e d u c t i o n  t o  l e f t -hand  s i d e  and 
assignment  of  f e a t u r e s  and semant ics .  

Table 4 .  Ope ra to r s  i n  f e a t u r e  programs. 

Test par t :  

test  (<complex ca tegory) ,<l is t  of feature-values)) 
y ie lds  t rue ,  i f  the  complex category has associated with it 
the  feature-values specified,  e l s e  fa lse .  

meq (<complex category),<complex ca tegory>,<l is t  of features))  
y ie lds  t rue ,  whenever a t  l e a s t  one of the  l i s t e d  fea tures  
agrees i n  both complex categories specified.  

equ (<complex category>,<complex ca tegory>,<l is t  of features))  
same a s  meq, but a l l  fea tures  must agree. 

A,V logica l  connectives 

Assignment pa r t :  

( a l l  assignments a r e  to the complex category of the  l e f t  ru l e  pa r t )  

zuw (<list of feature-values)) 
assigns the feature-values specified.  

cop (<complex category),<list  of features))  
copies the  values of the fea tures  of the  denoted complex 
symbols. 

and (<complexcategory),<complexcategory),<listof features))  
assigns those feature-values t h a t  agree i n  both complex 
categories.  



Table  5. 

(1) ME -+ ME ME r e w r i t e  r u l e  

2 
(2 )  t e s t  (ME ,+adj -a t t )  A t e s t  (ME3, -ad j )~  f e a t u r e  program 

3 2 ( t e s t )  
meq ( M E ~ , M E  , s i n , p t u )  meq (ME , ~ E ~ , r n r n , ~ e n , d a t , a c c ) ~  

meq ( M ~ ~ , M ~ ~ , m a s , f e m , n e u ) ;  

2 3 
( 3 )  ZUV(-adj) , a n d ( m 2 , m 3 ,  s i n , p l u ) ,  and(ME ,ME ,mas,fem,neu) f e a t u r e  Program 

2 3 (assignment) 
and (ME , M E ,  ncm, gen, dat, acc); 

(4 )  M f l  ( M E ~ , M E ~ )  semantic p a r t  

2 
The upper index (ME ) s e r v e s  f o r  disambiguation o f  t h e  complex c a t e g o r i e s  of  
t h e  product ion.  The f e a t u r e  t e s t  excludes those  a d j e c t i v e s  and nouns t h a t  do 
no t  agree  i n  number and i n  a t  l e a s t  e i t h e r  gender o r  case.  The r e s u l t i n g  
complex ca tegory  is  t r e a t e d  l i k e  a noun ( - a d j ) ,  most o f  t h e  m s s i b l e  anhi- 
g u i t i e s  i n  gender and noun a r e  so lved  by t h e  and- opera tor .  The semantics 
o f  t h e  product ion is t h e  s e t - i n t e r s e c t i o n .  

L e x i c a l  A n a l y s i s  

Assignment o f  Complex C a t e g o r i e s  

The d i c t i o n a r y  c o n t a i n s  a l l  t h e  o b j e c t - s y m b o l s  and a l l  
t h o s e  opera to r - symbols  t h a t  have  been c l a s s i f i e d  i n t o  t y p e s .  
S i n c e  t h e  se t  o f  ob jec t - symbols  i s  chosen  i n  a  u s e r  o r  a p p l i -  
c a t i o n  dependent  f a s h i o n ,  t h e s e  w i l l  n o t  be  d e f i n e d  u n t i l  a  
u s e r  a c t u a l l y  works w i t h  t h e  sys tem.  

The l e x i c a l  a n a l y s i s  f u l f i l l s  two f u n c t i o n s :  

- ass ignment  o f  a  complex c a t e g o r y  t o  a  t e r m i n a l  ( a s s i g n  
a  main c a t e g o r y ,  a s s i g n  f e a t u r e - v a l u e s ) ,  

- ass ignment  o f  s e m a n t i c s  ( i . e .  a  t e r m i n a l  symbol o f  t h e  
se t  language)  . 

A l a r g e  number o f  s y n t a c t i c a l  a m b i g u i t i e s  may b e  e x p r e s s e d  
w i t h i n  o n e  complex c a t e g o r y ,  such  a s  t h e  a m b i g u i t y  a r i s i n g  by 
t h e  German word " e i n "  (+norn o r  + a c e )  : 

l e x i c a l  a n a l y s i s  
e i n  Q U - m a s - f  em+neu +nom-gen-dat+acc+sin-pZu , 

where t h e  l i s t  o f  f e a t u r e - v a l u e s  may b e  c o n s i d e r e d  a  c o n j u n c t i v e  
l o g i c a l  e x p r e s s i o n .  I f  d i s j u n c t i o n  i s  needed a s  w e l l ,  a  con junc-  
t i v e  normal form i s  used .  An example from t h e  German language  is :  



Here t h e  a c c u s a t i v e  c a s e  i s  al lowed f o r  mascul ine ,  b u t  n o t  f o r  
n e u t e r  o r  feminine.  

Morphology 

The m u l t i t u d e  o f  i n f l e c t i o n s  i n  t h e  German language does 
n o t  a l low f o r  s t o r i n g  i n  a  d i c t i o n a r y  a l l  word forms t o  be 
d e r i v e d  from a  l a r g e  user-vocabulary.  Rather ,  t h e  d i c t i o n a r y  
only  c o n t a i n s  t h e  word s tems.  Reduction from i n f l e c t i v e  form 
t o  word s tem i s  done by a l g o r i t h m i c  means (morphological  analy-  
s i s ) .  The exc lus ion  o f  ve rbs  s i m p l i f i e s  t h e  problem. A word 
s tem i s  d e f i n e d  a s  fo l lows:  

- nouns: nominat ive-s ingular  form 

- a d j e c t i v e s :  a t t r i b u t i v e  form. 

Also,  t h e  morphological  a n a l y s i s  must de te rmine  t h e  s y n t a c t i c a l  
s t r u c t u r e  o f  a  t e rmina l  (gender ,  c a s e ,  e t c . )  . D i f f e r e n t  ap- 
proaches  have been pub l i shed  f o r  s o l v i n g  t h i s  problem f o r  t h e  
German language [ 2 0 ] ,  b u t  a l l  o f  them r e q u i r e  t h a t  e x t e n s i v e  
l i n g u i s t i c  i n fo rma t ion  be s u p p l i e d  wi th  each word i n  t h e  d i c t i o -  
nary  which can h a r d l y  be expec ted  from a  c a s u a l  u s e r .  The re fo re ,  
when d e f i n i n g  a  word stem i n  KAIFAS t h e  u s e r  w i l l  on ly  be r e q u i r e d  
t o  s p e c i f y  a  minumum of  i n fo rma t ion ,  namely: 

- o b j e c t - c l a s s  o f  a  word 

- gender 

- noun/ad j  e c t i v e  

- s i n g u l a r  and p l u r a l  forms o f  t h e  word. 

The word may then  be  a s s i g n e d  t o  a  s p e c i f i c  morphemic c l a s s  ( s e e  
[ 2 0 ] ) .  T h i s  c l a s s  c o n t a i n s  a l l  morphemic end ings  t h a t  may be 
a t t a c h e d  t o  t h e  word stem. Each morphemic ending  w i l l  de te rmine  
one o r  more s y n t a c t i c a l  s t r u c t u r e s  ( s e t  o f  f e a t u r e - v a l u e s )  f o r  
a l l  t h e s e  t e r m i n a l s  t h a t  c o n t a i n  t h i s  ending .  By e x p l i c i t l y  
s t o r i n g  t h e  p l u r a l  forms of  t e r m i n a l s  t h e  h i g h l y  p rob lema t i ca l  
r educ t ion  o f  t e r m i n a l s  i nvo lv ing  muta t ion  of  vowels becomes un- 
neces sa ry .  The a d d i t i o n a l  s t o r a g e  space  r e q u i r e d  may be  t o l e r -  
a t e d ,  s i n c e  p l u r a l  forms occur  i n  c a s e  o f  s e t -  and r e l a t i o n -  
i d e n t i f i e r s  on ly .  Table 6 p r e s e n t s  an example of  a  morphemic 
c l a s s .  I n  o r d e r  t o  s ave  s t o r a g e  space  i n  t h e  d i c t i o n a r y ,  t h e  
s y n t a c t i c a l  s t r u c t u r e  o f  a  word s tem w i l l  a l s o  be d e f i n e d  by 
morphologica l  a n a l y s i s .  Thus any morphemic c l a s s  w i l l  c o n t a i n  
an e n t r y  f o r  t h e  n u l l  ending  " E "  . 



Table 6 .  Morphemic c l a s s  f o r  a r t i c l e s  
s i n g u l a r  (e.9.. "ke in" )  . 

Ending Syntact ica l  structure 

I n  Table 7 t h e  complete  l e x i c a l  a n a l y s i s  o f  a  query  i s  
i l l u s t r a t e d .  The s y n t a c t i c a l  s t r u c t u r e  o f  a  t e r m i n a l  can be 
h i g h l y  ambiguous due t o  t h e  l e x i c a l  a n a l y s i s .  The f e a t u r e  
programs, however, a l l o w  f o r  e a s y  d isambiguat ion  a s  demonstrated 
by t h e  example of Table 8. 

Table 7 .  R e s u l t  o f  l e x i c a l  a n a l y s i s  f o r  an  e n t i r e  s en t ence .  

Word 
Main 

category Features 
Set-theoretic  

representation 

Welche 

dragee- 
fijnnigen 

Psycho- 
pharmaka 

haben 

Depression 

a l s  

Indika t i o n  

(terminal) 



Table 8. Disambiguation. 

Rule : ME1 + ME2 ME3 
Meq(mas,fem,neu,ME2,ME3)A Meq(nom,gen,dat,acc,ME2,ME3)A 

And (sin,plu,ME2,ME3) ; 

applied to 

(1) ME +mas-fem-neu-nom+gen (drageefgrmigen) 
+dat+acc+sin-plu 

(4) ME -mas-fem+neu+nom+gen (Psychopharmaka) 
-dat+acc-sin+plu 

Because of number (sin,plu) the feature test accepts combinations (3) and 
(4) only. The feature-assignment yields : 

(5) ME -mas-fem+neu+nom+gen (drageefgrmigen Psychopharmaka) 
-dat+acc-sin+plu 

Rule: ME1 + QU2 ME3 

Meq(mas, fem, neu, QU2,ME )A Meq(nom,gen,dattacct QU2rME3)A 
3 

Meq(sin,plu,QU2,ME3); 

And (mas, fem, neu, QU2,ME3), ~ n d  (nom,gen,dat,acc, QU2rME3) , 
And(sin,plurQU2,ME3) : 

2(x,3,#) 

applied to 

(6) QU +mas+fem+neu+nom-gen-dat (welche) 
+acc-sin+plu 

(5) ME -mas-f em+neu+nom+gen (drageef6rmigen Psychopharmaka) 
-dat+acc-sin+plu 

Only combination (6)/(5) is accepted. 

Result: ME -mas-fem+neu+nom-gen (welche drageefijrmigen Psychopharmaka) 
-dat+acc-sin+plu 

Thus all ambiguities with the exception of case (nominative/accusative) are 
resolved. 



Lex ica l  Ana lys i s  Algori thm 

L e x i c a l  a n a l y s i s  f o r  a  word x  = x l ,  .... xk i s  c a r r i e d  o u t  

acco rd ing  t o  t h e  s imple a lgo r i t hm o u t l i n e d  below: 

For Z = 0 ,1 ,2 , .  . . ,min (k-1,3) : 

x '  = X / X ~ - ~  , . . . , xk ( d e l e t e  x ~ - ~ ,  . . . , xk from x)  . 

I f  x '  i s  found i n  t h e  d i c t i o n a r y  and x ~ - ~ , . . . . x ~  

be longs  t o  t h e  morphemic c l a s s  o f  x ' ,  t hen  a s s i g n  
t o  x ' :  

( 1 )  t h e  main ca t ego ry  o f  t h e  d i c t i o n a r y  e n t r y ,  

(2 )  t h e  f e a t u r e s  o f  t h e  d i c t i o n a r y  e n t r y ,  

( 3 )  t h e  f e a t u r e s  de f ined  by t h e  e n t r y  o f  xk- Z ,  . . . , xk 

i n  t h e  morphemic c l a s s ,  

( 4 )  t h e  semant ics  s p e c i f i e d  i n  t h e  d i c t i o n a r y .  

Th i s  a lgo r i t hm i s  a p p l i e d  t o  each t e r m i n a l  of  a  query.  The 
r e s u l t  w i l l  be conver ted  t o  a  form s u i t a b l e  f o r  t h e  ensuing  
p a r s i n g  p roces s .  I 

P a r s e r  

The p a r s e r  completes  t h e  s y n t a c t i c a l  and semant ic  a n a l y s i s  
o f  a  query .  According t o  what has  been s a i d  s o  f a r  it has  t o  
meet t h e  fo l lowing  c o n d i t i o n s :  

- The p a r s e r  h a s  t o  r ecogn ize  c o n t e x t - f r e e  languages .  

- I t  must be a b l e  t o  o p e r a t e  on complex c a t e g o r i e s  and 
r u l e s .  

- The s t o r a g e  space  and execu t ion  t ime r e q u i r e d  f o r  t h e  
a n a l y s i s  should  be k e p t  s m a l l  i n  comparison t o  t h e  
requi rements  o f  t h e  e n t i r e  r e t r i e v a l  p roces s .  

- Furthermore a  syn tax -d i r ec t ed  approach i s  needed f o r  
p a r s i n g  t h a t  i s  independent  of  a  s p e c i a l  grammar. This  
i s  due t o  t h e  f a c t  t h a t  c o n s t r u c t i n g  a  grammar f o r  
n a t u r a l  languages i n  an approximat ive  p roces s .  The 
grammar w i l l  be con t inuous ly  modif ied and en l a rged  i n  
o r d e r  t o  e l i m i n a t e  wrong c o n s t r u c t i o n s  o r  t o  ex tend  t h e  
s e t  o f  p e r m i s s i b l e  s e n t e n c e s .  



Severa l  p a r s e r s  a r e  known t o  meet t h e  f i r s t  and l a s t  c o n d i t i o n s ,  
whereas an  a d a p t a t i o n  t o  t h e  second i s  always necessary .  Among 
t h e s e ,  E a r l e y ' s  p a r s e r  f o r  con tex t - f r ee  grammars sugges t s  i t s e l f  
[48 ] .  However, adap t ing  an  improved v e r s i o n  o f  t h i s  p a r s e r  t o  
complex c a t e g o r i e s  and r u l e s  r e s u l t e d  i n  an unwieldy a lgo r i thm 
v i o l a t i n g  t h e  t h i r d  cond i t ion  ( s e e  [ 5 7 ] ) .  

Therefore  a p a r s e r  based on t h e  i d e a s  o f  Kay [52] was 
developed.  The o r i g i n a l  a lgo r i thm i s  capab le  o f  o p e r a t i n g  on 
g e n e r a l  r e w r i t e  r u l e s  bu t  was r e s t r i c t e d  t o  con tex t - f r ee  gram- 
mars expressed  i n  our  complex n o t a t i o n .  Only a s h o r t  in t roduc-  
t i o n  t o  t h i s  p a r s e r  w i l l  be p re sen ted ,  f o r  d e t a i l s  we r e f e r  you 
t o  1381. 

F igu re  2 r e p r e s e n t s  a t y p i c a l  p a r s i n g  graph a s  genera ted  
by t h e  p a r s e r .  The graph c o n t a i n s  n+l v e r t i c e s  f o r  a query 
c o n s i s t i n g  o f  n words. Every edge o f  t h e  graph i s  l a b e l e d  by 
a complex ca t egory  and i t s  semant ics .  

During l e x i c a l  a n a l y s i s  an i n i t i a l  p a r s i n g  graph i s  con- 
s t r u c t e d  (heavy l i n e s  i n  F igure  2 ) .  I t  c o n t a i n s  edges only  
between v e r t i c e s  k and k+l (1 2 k 2 n ) .  The number o f  edges 
between two v e r t i c e s  i s  I ,  where C i s  t h e  number o f  complex 
c a t e g o r i e s  a s s igned  t o  t h e  k-th t e rmina l  i n  a query .  

The p a r s e r  o p e r a t e s  on t h e  i n i t i a l  p a r s i n g  graph a s  fol lows:  
S t a r t i n g  a t  v e r t e x  k ,  f o r  a l l  sequences of  edges from k t o  ver-  
t i c e s  k '  (k  < k '  < n + l )  t h e  p a r s e r  compares t h e  main c a t e g o r i e s  
w i t h i n  t h e  l a b e l s  w i th  t h e  r ight -hand s i d e s  o f  a l l  complex r u l e s .  
On t o t a l  agreement wi th  a r u l e  r ,  t h e  p a r s e r  performs t h e  f o l -  
lowing s t e p s  : 

- The f e a t u r e  program o f  r u l e  r o p e r a t e s  on t h e  complex 
c a t e g o r i e s  i n  t h e  sequence o f  edges.  

- I f  t h e  t e s t  y i e l d s  " t r u e " ,  t h e  p a r s e r  produces a new 
edge between t h e  s t a r t i n g  and ending v e r t i c e s  o f  t h e  
sequence o f  edges.  The new edge i s  l a b e l e d  by t h e  
l e f t -hand  s i d e  o f  t h e  r e w r i t e  r u l e  and by t h e  f e a t u r e s  
ob ta ined  from t h e  assignment s e c t i o n  i n  t h e  f e a t u r e  
program of r .  

- The edge i s  a d d i t i o n a l l y  l a b e l e d  by t h e  semant ics  of  
t h e  r u l e  wi th  a l l  place-markers r ep laced  by p o i n t e r s  
t o  t h e  semant ics  o f  t h e  complex c a t e g o r i e s  i n  t h e  
sequence o f  edges. 

This  p rocess  i s  r epea ted  f o r  a l l  v e r t i c e s  from r i g h t  t o  l e f t  
down t o  v e r t e x  1. 

The p a r s i n g  o f  a query  w i l l  prove s u c c e s s f u l  i f  t h e r e  i s  
an edge between v e r t i c e s  1 and n+l  l a b e l e d  by t h e  axiom o f  t h e  
grammar ( i n  t h i s  ca se  SA) . 





I n  Table 9 a  s p e c i a l  numbering (a,@) shows t h e  o r d e r  by 
which t h e  edges have been gene ra t ed .  The e x a c t  s t r u c t u r e  o f  t h e  
p a r s e  can be de r ived  by means o f  t h e  p o i n t e r s  t h a t  connec t  t h e  
s eman t i c s .  Obviously, t h e  p o i n t e r  s t r u c t u r e  s aves  s t o r a g e  space  
ove r  a  s o l u t i o n  g e n e r a t i n g  complete code fragments  f o r  each  edge.  

Table 9 .  Trans format ions .  

Welche drageef:rmigen Psychopharmaka haben 
Depression a l s  Indikation? 

Preliminary translation: 
c ( D B ( x , M ~ ( M ~ ~ , M ~ )  ,#) ,Ng(R8,1128) ) 

Transformation: Quantifier DB i s  placed i n  front o f  
the expression, C transformed t o  E. 

Welche Indikationen welcher Medikamente s ind 
Psychosen? 

Preliminary transla t ion:  
E(DB(xl,Vg(~8,~~(x2,M29,#)),#),M30) 

Transformation: Both quant i f iers  are  placed i n  
front but i n  reverse order. 

Code Genera t ion  

On code g e n e r a t i o n  t h e  fragments  a r e  assembled i n t o  one 
o r  more e x p r e s s i o n s  o f  t h e  s e t - t h e o r e t i c  language depending on 
t h e  ambiguity of  t h e  query .  These exp re s s ions  form t h e  r e s u l t  
o f  que ry  t r a n s l a t i o n .  -i i. 

3 

Transformat ions  

Applying t h e  code g e n e r a t i o n  p roces s  t o  t h e  p a r s i n g  graph  
i n  F igu re  2 r e s u l t s  i n  t h e  fo l lowing  exp res s ion :  

T h i s  e x p r e s s i o n  i s  n o t  w e l l  formed, s i n c e  t h e  q u a n t i f i e r  i s  n o t  
t h e  l e f t - m o s t  o p e r a t o r  (prenex  normal form) .  # s e r v e s  a s  a  
place-marker  f o r  t h e  scope .  



Problems o f  t h i s  k i n d  and o t h e r  s y n t a c t i c a l  p r o p e r t i e s  o f  
t h e  set  language  p o s e  d i f f i c u l t i e s  when h a n d l e d  by t h e  t r a n s l a t i o n  
mechanism i n t r o d u c e d  above [381. O t h e r  examples  o f  t h i s  n a t u r e  
a r e  t h e  f o l l o w i n g :  

- N e s t i n g  o f  q u a n t i f i e r s  i n  t h e  se t  language  is  s u b j e c t  
t o  c e r t a i n  r u l e s  t h a t  c o n t r o l  t h e i r  r e l a t i v e  p o s i t i o n  
w i t h i n  a n  e x p r e s s i o n :  s e t  q u a n t i f i e r s  l i k e  DB must  
a p p e a r  i n  f r o n t  o f  l o g i c a l  q u a n t i f i e r s  l i k e  AL, E I .  

- D i f f i c u l t i e s  a r i s e  from t h e  d i f f e r e n c e  i n  r e l a t i v e  
p o s i t i o n  o f  o p e r a t o r  symbols  f o r  q u a n t i f i e r s  w i t h i n  
n a t u r a l  German and i n  t h a t  o f  t h e i r  c o r r e s p o n d i n g  
q u a n t i f i e r s  w i t h i n  t h e  s e t - t h e o r e t i c  e q u i v a l e n t :  

Which remedies  f o r  which d i s e a s e s  a r e  p r e s c r i p t i o n  d r u g s ?  

DB(x M diseasespDB (x2,Vg(Rremedy,x1) ,E(x M 
2' prescription drug ) ) I  . 

These problems can  be s o l v e d  by means o f  grammar r u l e s ,  b u t  t h e n  
t h e  grammar p r o v e s  i m p r a c t i c a l  (see [38]). Thus t h e s e  problems 
a r e  d e f e r r e d  t o  an  a n a l y s i s  p h a s e  t h a t  t a k e s  p l a c e  a f t e r  comple- 
t i o n  o f  t h e  p a r s i n g  p r o c e s s  and hence  a f t e r  a p p l i c a t i o n  o f  t h e  
grammar r u l e s .  

A s o l u t i o n  c o u l d  b e  based  o n  t h e  t r e e - l i k e  p o i n t e r  s t r u c t u r e  
o f  t h e  s e m a n t i c  f r a g m e n t s ,  which we s h a l l  c a l l  a  s e m a n t i c  tree. 
The s e m a n t i c  t ree h a s  t h e n  t o  b e  t r a n s f o r m e d  by s u i t a b l e  r u l e s  
s u c h  t h a t  t h e  l i n e a r  e x p r e s s i o n  d e r i v e d  by c o d e - g e n e r a t i o n  p u t s  
t h e  q u a n t i f i e r s  i n  t h e  r i g h t  o r d e r .  T r a n s f o r m a t i o n s  o f  p a r s i n g -  
trees a r e  u s u a l l y  f o r m u l a t e d  by means o f  t r a n s f o r m a t i o n a l  gram- 
mars ,  b u t  implement ing t h e s e  r e q u i r e s  l a r g e  e f f o r t s  i n  t i m e  and 
p e r s o n n e l  [58]. 

Moreover,  t h e  problems j u s t  d i s c u s s e d  form a  t r i v i a l  s u b s e t  
o f  t h e  g e n e r a l  t r a n s f o r m a t i o n  problem.  I t  c a n  be shown t h a t  f o r  
e v e r y  t r a n s f o r m a t i o n  r u l e  d e f i n e d  on s e m a n t i c  trees and needed 
h e r e ,  t h e r e  e x i s t s  a  c o r r e s p o n d i n g  r u l e  d e f i n e d  on t h e  l i n e a r  
form,  t h e  e x p r e s s i o n .  I n  p l a c e  o f  t h e  t r a d i t i o n a l  approach  where 
b a s i c  trees a r e  g i v e n  a s  a rguments ,  t h e s e  r u l e s  c o n t a i n  an  e x p r e s -  
s i o n  p a t t e r n  t h a t  must  b e  c o n t a i n e d  i n  t h e  e x p r e s s i o n  t o  be 
t r a n s f o r m e d .  F o r  example,  t h e  p a t t e r n  

i s  t r a n s f o r m e d  i n t o :  



M a n i p u l a t i o n s  o f  l i n e a r  e x p r e s s i o n s  a r e  e a s i e r  t o  do  t h a n  
t r a n s f o r m a t i o n  o f  trees. Thus t h e  t r a n s f o r m a t i o n s  a r e  pos tponed  
u n t i l  a f t e r  c o d e - g e n e r a t i o n .  The t r a n s f o r m a t i o n s  may b e  formu- 
l a t e d  by means o f  a  s t r i n g - m a n i p u l a t i o n  l anguage  fo rming  a  set  
o f  p r o c e d u r e s .  (Our work i n  t h i s  d i r e c t i o n  is  d i s c u s s e d  i n  [59]  .) 
These p r o c e d u r e s  a r e  i n t e g r a t e d  i n  t h e  s y s t e m  and  e x e c u t e d  a f t e r  
code  g e n e r a t i o n .  T a b l e  9  shows some examples  o f  t r a n s f o r m a t i o n s .  

CONCLUSIONS 

The l i n g u i s t i c  t e c h n i q u e s  d i s c u s s e d  i n  t h i s  p a p e r  have been 
implemented a t  t h e  U n i v e r s i t y  o f  K a r l s r u h e  on  a  Burroughs 6700 
a s  p a r t  o f  t h e  KAIFAS i n f o r m a t i o n  sys tem.  Some e x p e r i e n c e  i n  
t h e i r  u s e f u l n e s s  h a s  been  g a i n e d  by a p p l y i n g  t h e  s y s t e m  t o  a  
p h a r m a c e u t i c a l  d a t a  b a s e  c o n t a i n i n g  d a t a  on a  p a r t  o f  t h e  d r u g s  
a v a i l a b l e  on t h e  German p h a r m a c e u t i c a l  marke t  ( a b o u t  8000 [601) . 
T h i s  d a t a  b a s e  was a p p l i e d  by e x p e r t s  i n e x p e r i e n c e d  i n  d a t a  
p r o c e s s i n g  v i a  t h e  n a t u r a l  German i n t e r f a c e .  

One o f  t h e  p u r p o s e s  o f  t h i s  implementa t ion  was t o  t es t  t h e  
p r e m i s e s  d e f i n e d  e a r l i e r  f o r  t h e i r  v a l i d i t y .  A c o n t e x t - f r e e  
d e f i n i t i o n  o f  t h e  n a t u r a l  l anguage  i n t e r f a c e  p roved  s u f f i c i e n t  
f o r  t h i s  a p p l i c a t i o n .  Whether t h i s  i s  t r u e  i n  g e n e r a l  c a n  o n l y  
b e  d e c i d e d  i f  o n e  i n c l u d e d  v e r b s  i n  t h e  i n t e r f a c e .  The d e s c r i p -  
t i v e  power o f  t h e  c o n t e x t - f r e e  grammar i n  t h e  s y s t e m  was even  
u n n e c e s s a r i l y  l a r g e ,  b e c a u s e  t h e  u s e r s  when working w i t h  t h e  
s y s t e m  t e n d e d  t o  u s e  s e v e r a l  s h o r t  q u e r i e s  s u c c e s s i v e l y  i n s t e a d  
o f  a  s i n g l e  l o n g  one ,  i . e .  t h e y  s o l v e d  t h e i r  problems i n  s t e p s .  
For  t h i s  r e a s o n  r e l a t i v e  c l a u s e s  c o u l d  e v e n t u a l l y  be e x c l u d e d  
from t h e  q u e r y  l anguage .  I n s t e a d ,  t h e  p o s s i b i l i t y  o f  r e f e r e n c e s  
t o  q u e r i e s  s t a t e d  b e f o r e  i s  needed i n v o l v i n g  s o l u t i o n s  t o  t h e  
w e l l  known problem o f  p ronouns .  

The m o r p h o l o g i c a l  a n a l y s i s  p roved  t o  b e  s u f f i c i e n t ,  t o o .  
A l l  c o r r e c t  i n f l e c t i o n a l  forms were d e t e c t e d  and  reduced .  The 
s i m p l e  approach  w i l l  n o t  g u a r a n t e e ,  however,  t h a t  a  s y n t a c t i c a l  
i n c o r r e c t  i n f l e c t i o n a l  form w i l l  b e  r e f u s e d  under  any ci rcum- 
s t a n c e s .  

The M.  Kay p a r s e r ,  which we r e s t r i c t e d  t o  c o n t e x t - f r e e  
l a n g u a g e s ,  t u r n e d  o u t  t o  b e  a  v e r y  s i m p l e  a l g o r i t h m .  One c a n  
show t h a t  t h e  a l g o r i t h m  i s  s u p e r i o r  t o  E a r l e y ' s  p a r s e r  w i t h  
r e s p e c t  t o  p r o c e s s i n g  t i m e  f o r  s h o r t  s e n t e n c e s  i n  t h e  ne ighbor -  
hood o f  t e n  words o r  less. Consequent ly ,  t h e  M. Kay p a r s e r  i s  
p a r t i c u l a r l y  s u i t e d  t o  t h e  s t e p w i s e  u s e r  approach  ment ioned 
above.  
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C a t e r i n g  f o r  t h e  E x p e r i e n c e d  and  t h e  Naive U s e r  

M.  King, P .  D e l l ' O r c o ,  a n d  V.N. S p a d a v e c c h i a  

1 .  INTRODUCTION 

The s y s t e m  d e s c r i b e d  h e r e  h a s  been deve loped  on a  t h e o r e t i c a l  
b a s e  t h a t  many may p e r h a p s  f i n d  uncomfor tab le .  W e  have chosen  t o  
d e v e l o p  and  implement t h e  d a t a  b a s e  model (and  t h e  f o r m a l  q u e r y  
l a n g u a g e  t h a t  i n t e r r o g a t e s  t h e  d a t a  b a s e )  i n d e p e n d e n t l y  o f  any 
c o n s i d e r a t i o n  o f  t h e  n a t u r a l  l anguage  f r o n t  e n d  t h a t  w i l l  u l t i -  
m a t e l y  b e  a t t a c h e d  t o  t h e  sys tem.  There  a r e ,  o r  s o  it seems t o  
u s ,  good r e a s o n s  f o r  d o i n g  t h i s .  F i r s t  t h e  d a t a  b a s e  model we 
u s e  i s  w e l l  known and t h e o r e t i c a l l y  w e l l  d e v e l o p e d ,  s o  t h a t  i t s  
implementa t ion  is ,  w h i l s t  n o t  e a s y ,  a t  l e a s t  r e l a t i v e l y  s t r a i g h t -  
f o r w a r d .  Secondly  t h e  s y s t e m  i s  d e s i g n e d  w i t h  two s o r t s  o f  u s e r  
i n  mind: t h e  e x p e r i e n c e d  computer  u s e r  who i s  p r e p a r e d  t o  a c c e p t  
a  d e g r e e  o f  f o r m a l i z a t i o n  i n  t h e  q u e r y  l a n g u a g e  h e  must u s e  and 
t h e  more n a i v e  u s e r  f o r  whom any i n s i s t e n c e  on  s t r i c t  f o r m a t  o r  
( t o  him) c o u n t e r i n t u i t i v e  modes o f  q u e s t i o n  f o r m u l a t i o n  c o n s t i -  
t u t e s  a  s e r i o u s  d i f f i c u l t y .  These two u s e r s  d e t e r m i n e  two t y p e s  
o f  q u e r y  l anguage :  t h e  f o r m a l  q u e r y  l anguage  d e s i g n e d  f o r  t h e  
e x p e r i e n c e d  u s e r ,  a  wide s u b s e t  o f  n a t u r a l  l anguage  d e s i g n e d  f o r  
t h e  n a i v e .  

Al though t h e  f o r m a l  q u e r y  l a n g u a g e  i s  a n  o b v i o u s  b r i d g e  
between t h e  n a i v e  u s e r  and t h e  s y s t e m ,  it would c l e a r l y  b e  
w a s t e f u l  t o  d e s i g n  one  e n t i r e  sys tem f o r  t h e  e x p e r i e n c e d  u s e r  
and  a  s e c o n d ,  d i f f e r e n t ,  e n t i r e  sys tem f o r  t h e  nonexper ienced .  
So we have  r e g a r d e d  t h e  n a t u r a l  l a n g u a g e  a n a l y s i s  a s  b a s i c a l l y  
a  t y p e  o f  e n c o d i n g ,  t r a n s f o r m i n g  n a t u r a l  l anguage  q u e r i e s  i n t o  
f o r m a l  l a n g u a g e  q u e r i e s .  Once t h a t  d e c i s i o n  i s  made it becomes 
even more o b v i o u s  t h a t ,  i n  t e r m s  o f  r e s e a r c h  s t r a t e g y ,  it i s  
b e t t e r  t o  implement t h e  fo rmal  q u e r y  l anguage  f i r s t ,  s i n c e  it 
i s  s h a r e d  by b o t h  u s e r s .  I t  i s  a l s o  t r u e  t h a t  t h e r e  i s  a  s t r o n g  
s e n s e  i n  which t h e  d a t a  b a s e  and  i t s  a s s o c i a t e d  f o r m a l  q u e r y  
l a n g u a g e  a r e  l o g i c a l l y  p r i o r  t o  t h e  n a t u r a l  l a n g u a g e .  The t y p e  
a n d  s t r u c t u r e  o f  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h e  d a t a  b a s e  
d e t e r m i n e  i n  l a r g e  p a r t  t h e  s u b s e t  o f  n a t u r a l  l anguage  t o  be 
d e a l t  w i t h ,  t h e  f o r m a l  q u e r y  l a n g u a g e  d e t e r m i n e s  t h e  o u t p u t  
s t r u c t u r e s  t h a t  a r e  t o  b e  produced by t h e  n a t u r a l  l anguage  
a n a l y z e r  . 

The p r e s e n t  s t a t e  o f  development  o f  t h e  s y s t e m  i s  sum- 
m a r i z e d  i n  T a b l e  1 .  The s y s t e m  h a s  been d e s i g n e d  t o  be q u i t e  
modula r .  Hence Table  1 i s  f a i r l y  a c c u r a t e  i n  t h a t  wha t  a p p e a r  
t o  be s e p a r a t e  modules c o n n e c t e d  by narrow i n t e r f a c e s  a r e  p r e -  
c i s e l y  t h a t .  I n  p a r t i c u l a r  n a t u r a l  l anguage  a n a l y s i s  h a s  been  
d i v i d e d  i n t o  two s e c t i o n s .  



Table  1 .  

Input Module Output State o f  Developnent 

Natural 
language 
queries 

Natural 
language 
analyzer 

Intermediate 
Designed, not  yet  

semantic 
programmed 

representation 

Intermediate Formal 
semantic Transla tor  language Being designed 
representation queries  

Formal Interpreter, 
language data base Answers Implemented 
queries  interrogation 

T h i s  p a p e r  g i v e s  an overv iew o f  t h e  whole s y s t e m  u s i n g  t h e  
f o r m a l  q u e r y  l anguage  a s  a  p i v o t  f o r  t h e  d e s c r i p t i o n ,  s i n c e  it 
s o  c l e a r l y  forms an i n t e r f a c e  between t h e  n a t u r a l  l anguage  a n a l y -  
sis p a r t  o f  t h e  s y s t e m  and t h e  f o r m a l  p a r t .  

S e c t i o n  2 d e s c r i b e s  t h e  d a t a  b a s e  model i t s e l f .  S e c t i o n  3 
a r g u e s  b r i e f l y  t h e  c a s e  f o r  a l l o w i n g  n a t u r a l  l anguage  i n p u t  and 
g i v e s  a  s k e t c h y  view o f  t h e  g e n e r a l  c h a r a c t e r i s t i c s  o f  t h e  n a t u r a l  
l anguage  a n a l y z e r .  The main t h r u s t  o f  t h e  p a p e r  i s  c o n t a i n e d  i n  
S e c t i o n s  4 and 5 .  S e c t i o n  4 d e s c r i b e s  t h e  f o r m a l  q u e r y  l a n g u a g e ,  
a l t h o u g h  n o t  i n  f u l l  d e t a i l .  S e c t i o n  5 t a k e s  t h e  i n t e r m e d i a t e  
s e m a n t i c  r e p r e s e n t a t i o n  a s  e s t a b l i s h e d  by t h e  n a t u r a l  l anguage  
a n a l y z e r  and shows how it i s  t r a n s f o r m e d  i n t o  t h e  f o r m a l  q u e r y  
l anguage  r e p r e s e n t a t i o n .  One c a v e a t  s h o u l d  b e  e n t e r e d  h e r e .  
The p r e s e n t  t r a n s l a t i o n  a l g o r i t h m  i s  s t i l l  c r u d e .  N e  a n t i c i p a t e  
t h a t  much f u r t h e r  work w i l l  b e  r e q u i r e d  b e f o r e  it c a n  be r e g a r d e d  
a s  a d e q u a t e .  N o n e t h e l e s s  we b e l i e v e  t h a t  t h e  c u r r e n t  v e r s i o n  i s  
a  r e a s o n a b l e  f i r s t  a p p r o x i m a t i o n  and t h a t  i t s  g e n e r a l  o u t l i n e s  
w i l l  r emain  s u b s t a n t i a l l y  unchanged. Some more d e t a i l e d  c r i t ic i sm 
o f  t h e  t r a n s l a t i o n  a l g o r i t h m  comes i n  t h e  c o n c l u s i o n ,  which a l s o  
o u t l i n e s  f u t u r e  development  p l a n s .  

2 .  THE DATA BASE 

The d a t a  b a s e  model used i n  t h i s  sys tem i s  a  r e l a t i o n a l  
model,  b a s e d  on t h e  work o f  Codd [ I ] .  T h i s  model was chosen  
b e c a u s e  i t  i s  w e l l  deve loped  t h e o r e t i c a l l y ,  s e m a n t i c a l l y  c o m p l e t e ,  
and l o g i c a l l y  t r a n s p a r e n t .  Thus a  u s e r  who w i s h e s  t o  d e a l  d i -  
r e c t l y  w i t h  t h e  d a t a  b a s e  f i n d s  i t  e a s y  t o  c o n c e p t u a l i z e  t h e  
s t r u c t u r e  o f  t h e  b a s e  and t o  see how i n t e r c o n n e c t i o n s  between 
d i f f e r e n t  sets o f  i n f o r m a t i o n  can  b e  r e a l i z e d .  

A s  i n d i c a t e d  by t h e  name, a  r e l a t i o n a l  d a t a  b a s e  i s  a  b a s e  
o r g a n i z e d  i n t o  a  se t  o f  r e l a t i o n s ,  e a c h  o f  which c o n s i s t s  o f  a  
s e t  o f  domains .  The e a s i e s t  way t o  v i s u a l i z e  t h i s  s o r t  o f  o rga-  
n i z a t i o n  i s  t o  imagine  e a c h  r e l a t i o n  a s  a  t a b l e ,  w i t h  t h e  domains 



s p e c i f y i n g  a t t r i b u t e s  o f  t h e  e n t i t y  r e p r e s e n t e d  by t h e  r e l a t i o n  
and  fo rming ,  a s  it were,  column h e a d i n g s  ( T a b l e  2) . A  row i n  
s u c h  a  t a b l e  r e p r e s e n t s  a  p a r t i c u l a r  i n s t a n c e  o f  t h e  e n t i t y  de-  
s c r i b e d  by t h a t  r e l a t i o n ,  and t h e  v a l u e s  i n  t h e  "boxes"  d e f i n e d  
by column and  row i n d i c a t o r  g i v e  t h e  s p e c i f i c  v a l u e s  o f  t h e  a t -  
t r i b u t e s  r e p r e s e n t e d  by t h e  domains f o r  t h i s  p a r t i c u l a r  i n s t a n c e .  
A l l  t h i s  sounds  r a t h e r  c o m p l i c a t e d .  T h a t  it i s  r e a l l y  q u i t e  
s i m p l e  c a n  be s e e n  from Table  2 ,  where t h e  r e l a t i o n  EMF' (employee) 
o f  an  example d a t a  b a s e  i s  shown. 

T a b l e  2 .  R e l a t i o n  EMF'. 

Here t h e  domains a r e  CODE (employee ' s  code  number w i t h i n  
t h e  o r g a n i z a t i o n )  , NAME ( e m p l o y e e ' s  surname) , DEPT ( t h e  d e p a r t -  
ment i n  which h e  w o r k s ) ,  MANAGER ( t h e  code o f  h i s  manager ) ,  
SALARY (which n e e d s  no  g l o s s ) ,  and  COMMISSION ( t h e  p e r c e n t a g e  
o f  h i s  s a l e s  he  t a k e s  i n  commiss ion) .  Thus t h e  employee r e p r e -  
s e n t e d  by row t h r e e  i s  c a l l e d  Schmidt ,  h a s  code  number 589, works 
i n  t h e  f a s h i o n  d e p a r t m e n t ,  h a s  a s  h i s  manager a n o t h e r  employee 
w i t h  code  219, e a r n s  2560 a  month and g e t s  2 .5% commission on 
h i s  s a l e s .  

R e l a t i o n s  a r e  n o t  i s o l a t e d .  O f t e n  t h e  v a l u e s  o f  a  domain 
i n  one  r e l a t i o n  map o n t o  t h e  v a l u e s  o f  a n o t h e r  domain i n  a n o t h e r  
r e l a t i o n ,  s o  t h a t  t h e r e  i s  a  l o g i c a l  p a t h  between t h e  two r e l a -  
t i o n s .  C l e a r l y  t h i s  can be e x t e n d e d  t o  more t h a n  two r e l a t i o n s .  
P a r t  o f  t h e  implementa t ion  o f  a  r e l a t i o n a l  d a t a  b a s e  i n v o l v e s  
p r o v i d i n g  f a c i l i t i e s  whereby an  o p t i m a l  p a t h  may b e  found when 
n e c e s s a r y .  I n  g e n e r a l  t h e  u s e r  o f  t h e  s y s t e m  need n o t  know a b o u t  
c o n n e c t i v i t i e s  between r e l a t i o n s .  When n e c e s s a r y  t h e  i n f e r e n c e  
making p a r t  o f  t h e  f o r m a l  q u e r y  l a n g u a g e  a n a l y z e r  w i l l  d e t e c t  
t h e  need t o  p r o v i d e  a  p a t h  between r e l a t i o n s ,  w i l l  d e t e r m i n e  
what t h e  p a t h  i s ,  and w i l l  f i l l  it i n .  

Throughout  t h i s  p a p e r  we s h a l l  c o n s t a n t l y  r e f e r  t o  t h e  m i n i  
d a t a  b a s e  g i v e n  a s  an example i n  T a b l e  3 .  I t  i s  p a r t  o f  a  l a r g e r  
d a t a  b a s e  model ing a  d e p a r t m e n t  s t o r e .  The f o r m a l  q u e r y  l anguage  
i n t e r r o g a t e s  t h e  d a t a  b a s e .  W e  r e t u r n  t o  t h a t  i n  S e c t i o n  4. 



Table 3. 

Relation Name Domains 

EMP CODE, NAME, DEPT, MANAGER, SALARY, COMMISSION 

SALES DEPT, ITEM, VOLUME, COST 

SUPPLY SUPPLIER, ITEM, VOLUME 

DEPARTMENT DEPTNOf PRODUCTf TELNO, LOC 

3. THE NATURAL LANGUAGE ANALYZER 

Given t h e  n o t o r i o u s l y  i n t r a c t a b l e  problem o f  n a t u r a l  language 
a n a l y s i s ,  an obvious  f i r s t  q u e s t i o n  i s  why we should want t o  a l l ow  
n a t u r a l  language i n p u t  a t  a l l ,  e s p e c i a l l y  s i n c e  c o n s i d e r a b l e  e f -  
f o r t  has  gone i n t o  d e s i g n i n g  and implementing a  u s e f u l  and com- 
f o r t a b l e  formal  query language f o r  t h i s  same system. Th i s  i s  
n o t  t h e  p l a c e  t o  engage i n  l eng thy  polemic,  b u t ,  b r i e f l y  r e s t a t e d ,  
t h e  c h i e f  and most compel l ing  argument l i e s  i n  t h e  f a c t  t h a t  a  
u s e r  who i s  n o t  a  computer s p e c i a l i s t  f i n d s  i n p u t  i n  a  formal  
language,  however w e l l  des igned ,  s u f f i c i e n t l y  repugnant  t o  d i s -  
courage  him from us ing  t h e  system. The amount o f  e f f o r t  r e q u i r e d  
t o  develop  a  l a r g e  d a t a  base  system i s  on ly  worthwhile  i f  t h e  
r e s u l t i n g  system can  be used by a  wide v a r i e t y  of n o n s p e c i a l i s t  
u s e r s ,  who must t h e r e f o r e  be s p e c i a l l y  c a t e r e d  f o r  by t h e  p rov i -  
s i o n  o f  f a c i l i t i e s  t h a t  w i l l  a c c e p t  a s  wide a  range  o f  n a t u r a l  
language i n p u t  a s  p o s s i b l e .  

Although a  d e c i s i o n  t o  a l l o w  n a t u r a l  language i n p u t  shows 
commendable f r i e n d l i n e s s  t o  p r o s p e c t i v e  u s e r s ,  it makes t h e  
system d e s i g n e r ' s  t a s k  a  g r e a t  d e a l  more d i f f i c u l t .  The most 
c r i t i c a l  d e c i s i o n  he must make concerns  t h e  c h o i c e  o f  an  appro-  
p r i a t e  q u e s t i o n  a n a l y s i s  a lgo r i t hm.  No e x i s t i n g  computer system 
d e a l s  w i t h  n a t u r a l  language i n  i t s  f u l l  g e n e r a l i t y ,  b u t  systems 
based on semant ic  methods o f  a n a l y s i s  seem t o  be cons ide rab ly  
more powerful  than  s y n t a c t i c a l l y  based systems,  which a r e  s u b j e c t  
t o  a  number of  s e v e r e  drawbacks. F i r s t  t h e r e  i s  t h e  c o n s t a n t  
danger  o f  combina to r i a l  exp los ion  i n  any (o the rwi se  b l i n d )  syn- 
t a c t i c  p a r s e r  g e n e r a l  enough t o  d e a l  w i t h  a n  adequa te ly  l a r g e  
s u b s e t  o f  n a t u r a l  language.  Seve ra l  ways have been sugges ted  
t o  overcome t h i s  problem ( s e e ,  f o r  example, [ 2 1 ) ,  b u t  t h e i r  
s u c c e s s  i s  s t i l l  i n  doubt .  The f u r t h e r  problems o f  word sense  
and s t r u c t u r a l  ambiguity and of  de t e rmin ing  anaphor i c  r e f e r e n c e  
a r e  even i n  p r i n c i p l e  i n s o l u b l e  f o r  a  p u r e l y  s y n t a c t i c  p a r s e r .  
To s e e  t h i s ,  c o n s i d e r  t h e  s en t ence  

Give me t h e  name o f  any employee who works i n  t h e  
pe r sonne l  department  whose s a l a r y  i s  more t han  3000 
f r a n c s  a  month. 



I t  i s  q u i t e  obvious  t o  any person  r ead ing  t h i s  t h a t  t h e  "whose" 
r e f e r s  t o  t h e  employee, and n o t  t o  t h e  pe r sonne l  depar tment .  
Y e t  t h e r e  i s  no s y n t a c t i c  r u l e  t h a t  cou ld  be used t o  de te rmine  
t h i s .  I t  depends on t h e  semant ic  f a c t  t h a t  employees e a r n  
s a l a r i e s ,  depar tments  do n o t .  Indeed t h e r e  cou ld  be no syntac-  
t i c  r u l e ,  s i n c e ,  w i th  a  d i f f e r e n t  c o n t e x t ,  t h e  r e f e r e n c e  can  
j u s t  a s  e a s i l y  go t h e  o t h e r  way: 

Give me t h e  name o f  any employee who works i n  t h e  
pe r sonne l  depar tment  whose head o f f i c e  i s  i n  Rome. 

Although t h i s  s en t ence  is ,  i n  f a c t ,  genuine ly  ambiguous, it 
t ends  t o  be  i n t e r p r e t e d  wi th  t h e  "whose" r e f e r r i n g  t o  t h e  
depar tment .  

A f u r t h e r  argument comes from t h e  i n a b i l i t y  of s y n t a c t i c  
p a r s e r s  t o  t o l e r a t e  i n p u t  t h a t  i s  even mi ld ly  ungrammatical 
(granunat ica l i ty  be ing  de f ined ,  o f  cou r se ,  by t h e  sys tem i t s e l f ) .  

A very  s imp le  t yp ing  mi s t ake ,  such a s  t y p i n g  "whom" f o r  "who" 
w i l l  normally be enough t o  break  a  s y n t a c t i c a l l y  based system. 
Using seman t i c s  a s  a  b a s i c  t o o l  i n  t h e  a n a l y s i s  a l l ows  a  g r e a t e r  
t o l e r a n c e  o f  imper fec t  i n p u t .  

I n  most e s s e n t i a l s  t h e  a n a l y s i s  method used  by t h i s  system 
is a n  a d a p t a t i o n  o f  W i l k s ' s  [ 3 ]  p r e f e r e n c e  semant ics  system. 
This  was o r i g i n a l l y  developed a s  a  framework f o r  t r a n s l a t i o n  
between two n a t u r a l  languages,  Eng l i sh  and French. S i n c e  i t s  
s t r u c t u r e  was ex t remely  modular,  by b reak ing  it down i n t o  two 
main s e c t i o n s ,  t h e  f i r s t  o f  which d e a l t  w i t h  t h e  a n a l y s i s  o f  t h e  
i n p u t  t e x t  and t h e  second wi th  t h e  g e n e r a t i o n  o f  t h e  French t r a n s  
l a t i o n  from t h e  i n t e r m e d i a t e  semant ic  r e p r e s e n t a t i o n  e s t a b l i s h e d  
by t h e  a n a l y s i s  r o u t i n e s ,  it has  been p o s s i b l e  f o r  us  t o  t a k e  
t h e  f i r s t  o f  t h e s e  two main modules and use  it a s  a  b a s i s  f o r  
o u r  own a n a l y s i s .  The i n t e r m e d i a t e  r e p r e s e n t a t i o n  t h u s  e s t a b -  
l i s h e d  forms t h e  i n p u t  t o  a  phase t h a t  t r a n s l a t e s  it i n t o  t h e  
formal  query  language.  The t r a n s l a t i o n  phase b e s t  r e v e a l s  t h e  
major m o d i f i c a t i o n s  made by us  t o  t h e  o r i g i n a l  W i l k s ' s  system and 
i s  t h e r e f o r e  d e a l t  w i t h  a t  some l e n g t h  i n  S e c t i o n  5 .  

I t  i s  assumed h e r e  t h a t  t h e  r e a d e r  has  some aqua in t ance  w i t h  
~ i l k s ' s  system. I t s  g e n e r a l  o u t l i n e  i s  r e c a p i t u l a t e d  o n l y  t o  
r e f r e s h  t h e  memory, and no p r e t e n c e  i s  made t h a t .  a n  adequate  
account  is  g iven .  The r e a d e r  i n  s e a r c h  o f  more d e t a i l  can  f i n d  
a  very  d e t a i l e d  d e s c r i p t i o n  i n  [4]; [ 3 ]  i s  b r i e f e r  and more 
e a s i l y  r e a d a b l e .  

The c r u x  o f  t h e  whole system is t h e  n o t i o n  of  semant ic  
p r e f e r e n c e .  I n d i v i d u a l  word s e n s e s  a r e  r e p r e s e n t e d  by semant ic  
formulae t h a t  a r e  s t r u c t u r e d  o r g a n i z a t i o n s  of  semant ic  p r i m i t i v e s .  
Wi th in  a  formula a  p a r t i c u l a r  word s e n s e  may e x p r e s s  a  p re fe rence :  
a  ve rb ,  f o r  example, may e x p r e s s  a  p r e f e r e n c e  f o r  an an imate  
s u b j e c t ,  o r  a n  a d j e c t i v e  a  p r e f e r e n c e  f o r  be ing  a  q u a l i t y  o f  a 



p h y s i c a l  o b j e c t .  Such p r e f e r e n c e s  a r e  e x t e n s i v e l y  u s e d  i n  
d e c i d i n g  on  a  r e a d i n g  f o r  a  t e x t ,  b o t h  a t  t h e  l e v e l  o f  d e t e r -  
m i n i n g  o v e r a l l  s t r u c t u r e  and a t  t h e  l e v e l  o f  d i s a m b i g u a t i o n  o r  
o f  r e f e r e n c e  d e t e r m i n a t i o n .  I t  i s  i m p o r t a n t  however t o  remember 
t h a t  p r e f e r e n c e s  a r e  o n l y  p r e f e r e n c e s  and  n o t  s t r i n g e n t  s e m a n t i c  
r e s t r i c t i o n s .  I f  a  p r e f e r e n c e  c a n n o t  b e  s a t i s f i e d ,  t h e  s y s t e m  
d o e s  n o t  a u t o m a t i c a l l y  r e j e c t  t h e  t e x t  a s  n o n s e n s i c a l  b u t  a t -  
t e m p t s  a n  a n a l y s i s  b a s e d  on  f u l f i l l i n g  t h e  maximum number o f  
p r e f e r e n c e s  p o s s i b l e .  I f  t h i s  w e r e  n o t  s o ,  t h e  s y s t e m  would 
b r e a k  down when c o n f r o n t e d  by  p e r f e c t l y  normal  and  c o m p r e h e n s i b l e  
s e n t e n c e s  t h a t  i n v o l v e  a  word u s e d  i n  any  b u t  i t s  most  s t a n d a r d  
( a r b i t r a r i l y  d e f i n e d  t o  b e  s t a n d a r d )  s e n s e .  

Given a n  u n d e r s t a n d i n g  o f  t h i s  b a s i c  p r i n c i p l e ,  w e  c a n ,  f o r  
t h e  p u r p o s e s  o f  t h i s  p a p e r ,  s k a t e  o v e r  t h e  h i g h e r - o r d e r  a n a l y s i s  
o f  t h e  i n p u t  t e x t .  An i n p u t  s e n t e n c e  i s  f i r s t  b r o k e n  down i n t o  
f r a g m e n t s ,  e a c h  o f  which c o r r e s p o n d s  i n t u i t i v e l y  t o  a  b a s i c  
message o r  u n i t  o f  i n f o r m a t i o n .  P o s s i b l e  b a s i c  messages  a r e  
r e p r e s e n t e d  w i t h i n  t h e  s y s t e m  by t r i p l e s  o f  s e m a n t i c  p r i m i t i v e s ,  
a n d  a r e  c a l l e d  t e m p l a t e s .  MAN BE K I N D ,  f o r  example ,  i s  t h e  b a s i c  
message c o r r e s p o n d i n g  t o  any  p h r a s e  o f  t h e  g e n e r a l  form " a  p e r s o n  
is  a n  x " - - l i k e  " S o c r a t e s  i s  m o r t a l "  o r  " C h i l d r e n  a r e  n o r m a l l y  
happy" .  The t e m p l a t e s  a r e  l i n k e d  by c a s e  t i es  i n t o  h i g h e r  o r d e r  
s t r u c t u r e s  c o v e r i n g  t h e  whole  o f  t h e  i n p u t  t e x t .  

I n s t e a d  o f  t r y i n g  t o  e x p l a i n  t h i s  i n  d e t a i l ,  l e t  u s  c o n s i d e r  
a n  example .  The s e n t e n c e  i s  one  r e l e v a n t  t o  t h e  example  d a t a  
b a s e  g i v e n  i n  S e c t i o n  2 .  W e  s h a l l  u s e  t h e  same s e n t e n c e  l a t e r  
t o  i l l u s t r a t e  t h e  t r a n s l a t i o n  a l g o r i t h m .  

"Give m e  t h e  name o f  t h e  employee work ing  i n  t h e  
d e p a r t m e n t  whose p r o d u c e  is  XYZ and  whose s a l a r y  
i s  5000."  

By t h e  t i m e  t h e  i n t e r m e d i a t e  s e m a n t i c  r e p r e s e n t a t i o n  i s  formed 
t h e  r e f e r e n c e  o f  t h e  two o c c u r r e n c e s  o f  "whose" h a s  been r e s o l v e d ,  
so t h a t  t h e  r e p r e s e n t a t i o n  g i v e n  d i a g r a m m a t i c a l l y  and w i t h o u t  
s e m a n t i c  f o r m u l a e  i s  a s  shown i n  F i g u r e  1 .  

Some commentary on t h i s  i s  c l e a r l y  n e c e s s a r y .  The t e x t  h a s  
been  b r o k e n  down i n t o  f r a g m e n t s ,  e a c h  o f  which is r e p r e s e n t e d  by 
a  s i n g l e  t e m p l a t e .  F ragments  o f  t h e  t e x t  which d o  n o t  form a  
c o m p l e t e  t e m p l a t e  b u t  a r e  d e p e n d e n t  on  o t h e r  t e x t  e l e m e n t s  f i l l i n g  
main p o s i t i o n s  i n  a  t e m p l a t e  a r e  a t t a c h e d  t o  t h e  e l e m e n t s  on  which 
t h e y  a r e  d e p e n d e n t ,  and t h e  n a t u r e  o f  t h e  dependency i s  g i v e n .  
Thus "me", t h e  i n d i r e c t  o b j e c t  o f  " g i v e "  i n  t h e  f i r s t  t e m p l a t e  
i s  marked a s  b e i n g  i n  t h e  RECIpient c a s e  r e l a t i o n s h i p  t o  " g i v e " .  
S i m i l a r l y  g e n i t i v e  c o n s t r u c t i o n s  a r e  marked by t h e  p o s s e s s i v e  
c a s e  ( t e m p l a t e s  1 ,  4 ,  and 5 ) .  R e l a t i o n s h i p s  between t e m p l a t e s  
a r e  a l s o  s p e c i f i e d  by c a s e - m a r k e r s .  A p p o s i t i v e  i s  t h e  c a s e  t h a t  
t e l l s  u s  t h a t  t h e  t e m p l a t e  a t t a c h e d  e x p r e s s e s  a  r e s t r i c t i o n  on  
t h e  g e n e r a l  c l a s s  d e n o t e d  by t h e  e l e m e n t  t o  which t h e  t i e  is 
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Figure 1. 

made. SLOCAtive e x p r e s s e s  t h e  s p a c e - l o c a t i o n  case - - the  a c t i v i t y  
d e n o t e d  by t h e  e l e m e n t  t o  which t h e  t i e  i s  made t a k e s  p l a c e  i n  
t h e  l o c a t i o n  g i v e n  i n  t h e  t i e d  t e m p l a t e .  CONJunction i s  a  syn- 
t a c t i c  marker  r a t h e r  t h a n  a  c a s e  p r o p e r  and i s  used  i n  t h e  ob- 
v i o u s  i n t u i t i v e  s i t u a t i o n s .  

W e  s h a l l  r e t u r n  t o  t h i s  example s e n t e n c e  i n  S e c t i o n  5 .  

4 .  THE FORMAL QUERY LANGUAGE 

I n  t h i s  s e c t i o n  we s h a l l  main ly  b e  concerned  w i t h  t h e  
f o r m a l  q u e r y  l anguage  (AQL) used  t o  i n t e r r o g a t e  t h e  d a t a  b a s e .  
I t  i s  wor th  s a y i n g  a  l i t t l e  f i r s t  a b o u t  t h e  o t h e r  components o f  
t h e  s y s t e m  n o t  ment ioned o t h e r w i s e .  A  component c a l l e d  t h e  
r e l a t i o n a l  memory s y s t e m  (FWS) i s  used  t o  map t h e  c o n c e p t u a l ,  
e x t e r n a l  view o f  t h e  d a t a  b a s e  i n t o  i n t e r n a l  machine t e r m s .  The 
FWS o r g a n i z e s  t h e  memory s p a c e  used  by t h e  d a t a  b a s e  and  p r o v i d e s  
a  f a s t  a l g o r i t h m  f o r  e f f i c i e n t  s t o r a g e  and r e t r i e v a l  o f  i t e m s .  
An i n t e r p r e t e r ,  w r i t t e n  i n  APL, i n t e r p r e t s  t h e  f o r m a l  q u e r y  l a n -  
guage.  The b a s i c  i d e a  i n d e r l y i n g  i t s  d e s i g n  i s  t o  a l l o w  t h e  u s e r  
t o  w r i t e  a  d e s c r i p t i v e  s t a t e m e n t  t h a t  i s  t h e n  t r a n s l a t e d  by t h e  
i n t e r p r e t e r  i n t o  a  sequence  o f  r o u t i n e  c a l l s  which i n t e r f a c e  w i t h  
t h e  FWS. The i n t e r p r e t e r  a l s o  a l l o w s  f o r  d e f a u l t  o p t i o n s  i n  t h e  
f o r m u l a t i o n  o f  a  q u e r y .  Obvious a c t i o n s ,  l i k e  t h e  q u o t i n g  o f  
c o n s t a n t s  o r  c o n n e c t i n g  any domain un ique  t o  a  p a r t i c u l a r  r c l a -  
t i o n  t o  t h a t  r e l a t i o n ,  a r e  c a r r i e d  o u t  by t h e  s y s t e m  i n s t e a d  o f  
h a v i n g  t o  b e  s p e c i f i e d  by t h e  u s e r .  S i m i l a r l y  t h e  i n t e r p r e t e r  
a l l o w s  a  u s e r  t o  r e f e r  t o  a  g i v e n  domain by means o f  a  synonym 



o r  by a  d e f i n i t i o n  once such synonyms o r  d e f i n i t i o n s  have been 
d e c l a r e d  t o  t h e  system. When a  query  i s  genuine ly  ambiguous 
o r  is  incomple te ly  s p e c i f i e d  t h e  u s e r  i s  o f f e r e d  a  "menun and 
i s  asked  by means o f  it t o  supply  t h e  mi s s ing  in fo rma t ion .  

Two f u r t h e r  f e a t u r e s  make AQL an  even e a s i e r  language t o  
use: An i n f e r e n c e  maker, i n c o r p o r a t e d  i n  t h e  i n t e r p r e t e r ,  
avo ids  t h e  u s e r  having  t o  s p e c i f y  how n a v i g a t i o n  between r e l a -  
t i o n s  i s  t o  be performed (mentioned i n  S e c t i o n  2 ) .  The language 
i s  a l s o  nonprocedural  i n  t h e  s e n s e  t h a t  t h e  u s e r  needs t o  s p e c i f y  
on ly  what h a s  t o  be  r e t r i e v e d  r a t h e r  t han  how t o  g e t  it. 

More d e t a i l e d  d e s c r i p t i o n  of AQL i s  b e s t  done by examples, 
b u t  it should  be noted  t h a t  i n  a  l i m i t e d  space  it is  n o t  r e a l l y  
p o s s i b l e  t o  g i v e  ar. adequate  i d e a  o f  t h e  power o f  a  complex 
formal  language.  Throughout t h e  examples t h e  mini  d a t a  base 
g iven  i n  S e c t i o n  2  i s  assumed t o  be t h e  d a t a  base a v a i l a b l e .  

A f i r s t ,  very  s imple  example w i l l  i l l u s t r a t e  some b a s i c  
f e a t u r e s  o f  AQL. 

Q1. Find t h e  s a l a r i e s  of  t h e  employees working i n  
department  139. 

Q 
(SALARY OF EMP) 
WHEN 
DEPT EQ 1  39 

The s y n t a x  o f  such a  query  i s  very  l i k e  t h a t  o f  an APL 
s t a t e m e n t .  The keyword Q deno te s  a  query.  The p a r t  o f  t h e  
query  t o  t h e  l e f t  o f  WHEN i s  t h e  r e q u e s t  l i s t .  I t  c o n s i s t s  of  
a  l i s t  of  one o r  more domain names ( l i n k e d  by WITH when t h e r e  
i s  more t h a n  one)  r e f e r r e d  t o  t h e  proper  r e l a t i o n  by t h e  func- 
t i o n  OF. To t h e  r i g h t  o f  WHEN i s  t h e  c o n d i t i o n  l i s t ,  c o n s i s t i n g  
o f  one o r  more elementary c o n d i t i o n s  s e p a r a t e d  by t h e  l o g i c a l  
f u n c t i o n s  AND, OR, NOT. An e lementary  c o n d i t i o n  is simply a  
domain name fol lowed by a  comparison o p e r a t o r  fo l lowed by a  
va lue  o r  a  l i s t  o f  v a l u e s .  I f  t h e  u s e r  wants a l l  t h e  domains 
o f  a  p a r t i c u l a r  r e l a t i o n  he may w r i t e  ALL INFO i n s t e a d  o f  t h e  
l i s t  o f  r eques t ed  domains. I f  he wants a l l  t h e  i n fo rma t ion  con- 
t a i n e d  i n  a  domain he  may r e p l a c e  t h e  l i s t  o f  c o n d i t i o n s  by t h e  
f u n c t i o n  ALL. When only  t h e  r e q u e s t  l i s t  i s  s p e c i f i e d  WHEN ALL 
i s  assumed by d e f a u l t .  ALL assumes i t s  argument t o  be t h e  r e l a -  
t i o n  name l a s t  mentioned be fo re  t h e  occurrence  o f  ALL. 

The r e s u l t  o f  Q1 i s  a  s i n g l e  column m a t r i x  t h a t  w i l l  be 
g iven  t h e  name SALARY, and w i l l  become t h e  va lue  o f  an APL 
v a r i a b l e  o f  t h e  same name i n  t h e  workspace. T h i s  i s  always 
t r u e :  t h e  r e s u l t  o f  a  query  t h a t  d i r e c t l y  manipula tes  t h e  d a t a  
base  a u t o m a t i c a l l y  becomes an APL v a r i a b l e  and can  be manipulated 
by APL f u n c t i o n s  bo th  i n  t h e  body o f  a  query and o u t s i d e  it, a s  
i n  t h e  fo l lowing  examples. 



42. Sum t h e  employees'  s a l a r i e s .  

Q 
TOTAL SALARY 

SALARY belongs  only  t o  t h e  r e l a t i o n  EMP, s o  t h e r e  i s  no 
t r o u b l e  a s s i g n i n g  t h i s  p a r t i c u l a r  domain t o  i ts  a p p r o p r i a t e  
r e l a t i o n .  The d e f a u l t  o p t i o n s  t r ans fo rm t h e  query i n t o :  

Q 
TOTAL (SALARY OF EMP) 
WHEN 
ALL EMF' 

This  a g a i n  produces a  v a r i a b l e  SALARY i n  t h e  workspace, 
which cou ld ,  f o r  example, be an  argument f o r  t h e  d e f i n e d  func- 
t i o n  AVERAGE. 

Z + AVERAGE SALARY 

w i l l  g i v e  Z a  v a l u e  e q u i v a l e n t  t o  t h e  average  s a l a r y  of  a l l  t h e  
employees. 

Q u e r i e s  may be nes t ed  one i n s i d e  t h e  o t h e r  t o  any dep th  by 
u s i n g  t h e  f u n c t i o n  WITH t o  j o i n  t o g e t h e r  two o r  more v a l u e s  i n t o  
a  l is t  o f  v a l u e s  i n  t h e  c o n d i t i o n  l i s t .  (Ac tua l ly  any exp res s ion  
which e v a l u a t e s  t o  a  two-dimensional m a t r i x  may be used ,  b u t  a  
WITH e x p r e s s i o n  i s  t h e  e a s i e s t  t o  g r a s p  i n t u i t i v e l y . )  Thus t h e  
u s e r  may w r i t e  q u e r i e s  l i k e :  

43. Names o f  employees working i n  depar tments  l o c a t e d  i n  
New York o r  i n  Houston. 

Q 
(NAMES OF EMP) 

WHEN 
DEPT ISONEOF (DEPT NO OF DEPARTMENT) 

WHEN 
LOC ISONEOF NEWYORK WITH HOUSTON 

ISONEOF i s  t h e  f u n c t i o n  r e p r e s e n t i n g  s e t  i n c l u s i o n .  NAMES, 
i n c i d e n t a l l y ,  is  be ing  used a s  a  synonym f o r  NAME. 

Comparison f u n c t i o n s  t h a t  perform s c a l a r  o p e r a t i o n s  between 
co r r e spond ing  e lements  i n  two o rde red  s e t s  a r e  a l s o  d e f i n e d .  
These a r e  u s e f u l  when a  "computed" domain has  t o  be compared t o  
an e x i s t i n g  one,  a s  i n  t h e  fo l lowing  example. 



Q4. Names o f  employees who e a r n  more t h a n  t h e i r  managers. 

Q 
(NAME OF EMF') 
WHEN 
SAL GT ( (SAL OF EMP) 

WHEN 
CODE ISONEOF MANAGER) OWN MANAGER 

Here t h e  second ( n e s t e d )  query  f i r s t  f i n d s  t h e  s a l a r i e s  
of  t h e  managers. Then t h e  f u n c t i o n  OWN b u i l d s  a computed domain 
which has  f o r  every  i t em i n  t h e  domain MANAGER i n  EMP t h e  c o r r e -  
sponding s a l a r y .  These v a l u e s  a r e  t h e n  compared w i t h  t h e  c o r r e -  
sponding v a l u e s  o f  t h e  domain SALARY i n  EMP t o  p i c k  o u t  t h e  
r e l e v e n t  names ( i f  a n y ) .  

E a r l i e r  we t a l k e d  about  c o n s t r u c t i n g  a p a t h  between r e l a -  
t i o n s .  The n e c e s s i t y  f o r  t h i s  a r i s e s  when t h e  u s e r  wants  
a t t r i b u t e s  of  one r e l a t i o n  whi le  imposing c o n d i t i o n s  on a t t r i -  
b u t e s  o f  ano the r .  The burden o f  b u i l d i n g  such  a pa th  may be 
l e f t  t o  t h e  system, a s  i n  t h e  n e x t  example. 

Q5. Names and commissions o f  employees i n  t h e  department  
w i t h  t h e  g r e a t e s t  s a l e s .  

Q 
((NAMES WITH COMMISSION) OF EMP) 

WHEN 
(VOLUME OF SALES) EQ MAX VOLUME 

The f i n a l  VOLUME could  be a domain e i t h e r  o f  SALES o r  o f  
SUPPLY, s o  t h e  u s e r  is  asked t o  choose between t h e  two. Once 
SALES has  been s p e c i f i e d ,  t h e  sys tem u s e s  i t s  i n f e r e n c e  a l g o r i t h m  
t o  b u i l d  a l i n k  between SALES and EMP. This  i s  done by means of 
t h e i r  common domain DEPT, and t h e  query i s  r e s t a t e d  a s  fo l lows:  

Q 
((NAMES WITH COMMISSION) OF EMP) 

WHEN 
DEPT ISONEOF (DEPT OF SALES) 

WHEN 
(VOLUME OF SALES) EQ MAX (VOLUME OF SALES) 

WHEN 
ALL SALES 

I f  t h e  i n f e r e n c e  p a t h  should  n o t  be unique ,  t h e  u s e r  is 
a g a i n  o f f e r e d  a menu and asked  t o  make a c h o i c e .  

I n  t h i s  example t h e r e  a r e  two r e s u l t  v a r i a b l e s ,  NAMES 
and COMMISSION. 



AQL a l s o  p rov ides  f a c i l i t i e s  f o r  "grouping",  a way of 
r e p r e s e n t i n g  many-to-one r e l a t i o n s h i p s .  

Q6. Group t h e  names o f  employees by t h e i r  managers. 

Q 
(NAME OF EMP) 
GROUPBY MANAGER 

Q u a n t i f i e r s  a r e  a l s o  implemented a s  AQL f u n c t i o n s .  Thei r  
use i s  shown i n  t h e  fo l lowing  example. 

47. Departments which s e l l  on ly  i t ems  s u p p l i e d  by 
s u p p l i e r  115. 

Q 
(DEPT OF SALES) 

WHEN 
DEPT HASONLY ITEM EQ (ITEM OF SUPPLY) 

WHEN 
SUPPLIER EQ 1 15. 

The f u n c t i o n  EQ (and i t s  companions GE, LT, e t c . )  performs 
t h e  comparison between eve ry  o rde red  couple  o f  e lements  o f  i t s  
arguments .  HASONLY r e t r i e v e s  o n l y  t h o s e  DEPTs a l l  o f  whose 
occu r r ences  i n  SALES a r e  i n  correspondence o n l y  w i t h  some i t em 
s u p p l i e d  by 115. 

When two domains o f  t h e  same r e l a t i o n  c o n t a i n  v a l u e s  
e x t r a c t e d  from t h e  same s e t ,  t hey  may be viewed a s  a s e t  o f  
o rde red  coup le s  f o r  which a c e r t a i n  p r e d i c a t e  i s  t r u e ,  i . e .  a s  
a b i n a r y  r e l a t i o n  i n  t h e  a l g e b r a i c  s ense  ( s e e ,  f o r  example, [ 5 ] ) .  
Hence, o p e r a t i o n s  l i k e  p roduc t ,  power, and t r a n s i t i v e  c l o s u r e  
a r e  a p p l i c a b l e .  Our f i n a l  example i l l u s t r a t e s  t h i s .  

48.  Code of  t h e  t h i r d  l e v e l  manager o f  employee number 117. 

PWR 3 
(MANAGER OF EMP) 

WHEN 
CODE EQ 1 17 

The f u n c t i o n  PWR execu te s  t h e  query a s  many t imes  a s  i s  
s p e c i f i e d  i n  i t s  r i g h t  argument, s u b s t i t u t i n g  a t  each n e x t  s t e p  
t h e  c o n s t a n t  w i t h  t h e  r e s u l t  o f  t h e  p rev ious  query .  I f  t h e  
r i g h t  argument of  PWR i s  t h e  empty v e c t o r ,  t hen  t r a n s i t i v e  
c l o s u r e  i s  executed .  I n  o u r  example t h i s  would mean t h a t  t h e  
code o f  t h e  t o p  l e v e l  manager o f  employee 117 would have been 
ob ta ined .  



S u f f i c i e n t  has been s a i d  t o  g ive  a  g e n e r a l  i d e a  o f  what 
AQL looks  l i k e .  More d e t a i l e d  d i s c u s s i o n  can  be found i n  [6]. 
A s  can  be s een ,  a  r ea sonab ly  exper ienced  computer u s e r  would 
have l i t t l e  d i f f i c u l t y  i n  fo rmula t ing  h i s  q u e s t i o n s  u s ing  it. 
But it cannot  be denied  t h a t  a  nonexperienced u s e r  would f i n d  
it l e s s  ea sy .  I n  t h e  n e x t  s e c t i o n  t h e r e f o r e  we r e t u r n  t o  t h e  
problem o f  a l l owing  n a t u r a l  language i n p u t .  

5 .  NATURAL LANGUAGE TO FORMAL QUERY LANGUAGE TRANSLATION 

S e c t i o n  3 desc r ibed  t h e  i n t e r m e d i a t e  s eman t i c  r e p r e s e n t a t i o n  
e s t a b l i s h e d  by t h e  n a t u r a l  language a n a l y z e r  and S e c t i o n  4 t h e  
formal  query language used t o  i n t e r r o g a t e  t h e  d a t a  base .  These 
form r e s p e c t i v e l y  t h e  i n p u t  and o u t p u t  s t r u c t u r e  f o r  t h e  t r a n s -  
l a t i o n  phase  desc r ibed  now. 

Once aga in ,  d e s c r i p t i o n  by means o f  an example o f f e r s  t h e  
c l e a r e s t  mode o f  e x p o s i t i o n .  The example used i s  t h e  s en t ence  
whose i n t e r m e d i a t e  semant ic  r e p r e s e n t a t i o n  was g iven  i n  S e c t i o n  3.  

I n  o r d e r  t o  e s t a b l i s h  t h e  r e p r e s e n t a t i o n  shown i n  F igu re  1 
t h e  a n a l y s i s  r o u t i n e s  used t h e  semant ic  formulae g iven  f o r  each  
i t em i n  t h e  vocabulary ,  and f u r t h e r  semant ic  i n fo rma t ion  mainly 
a t t a c h e d  t o  t h e  i n t e r n a l  r e p r e s e n t a t i o n  o f  p r e p o s i t i o n s  and 
con junc t ions .  Now t h i s  r e p r e s e n t a t i o n  has  t o  be t r a n s l a t e d  i n t o  
t h e  formal  query  language t h a t  i n t e r r o g a t e s  t h e  d a t a  base .  The 
formal  query  language,  a s  w e  have seen ,  c o n s i s t s  o f  a  set o f  p re -  
d e f i n e d  f u n c t i o n s  whose arguments a r e  e i t h e r  t h e  formal  o b j e c t s  
o f  t h e  d a t a  base ,  i . e .  t h e  names o f  r e l a t i o n s  and domains, o r  
embedded f u n c t i o n s  w i th  t h e  same t y p e  o f  argument. From t h i s  
it i s  c l e a r  t h a t  t h e  o r i g i n a l  l e x i c a l  i t ems  o f  t h e  q u e s t i o n  
must be  t r a n s l a t e d  i n t o  t h e  formal  o b j e c t s  o f  t h e  d a t a  base .  
I n  o r d e r  t o  accomplish t h i s  w e  have added, f o r  each word sense  
r e p r e s e n t e d ,  a  l i s t  o f  t h e  domains and r e l a t i o n s  w i th  which it 
may be a s s o c i a t e d .  Thus, f o r  example, t h e  word "department" ,  
appea r ing  i n  o u r  example s en t ence ,  has  r e l a t e d  t o  it t h e  l i s t  
o f  p o s s i b l e  d a t a  base  a s s o c i a t i o n s  shown i n  Table  4 .  

Table 4 .  

"department". . . . (DEPT EMP 
DEPT SALES 
DEPT LOCATION 
---- DEPARTMENT) 

Thi s  t e l l s  u s  t h a t  "department"  may be a s s o c i a t e d  wi th  t h e  
domain DEPT o f  t h e  r e l a t i o n  EMJ?, t h e  domain DEPT o f  t h e  r e l a t i o n  
SALES, t h e  domain DEPT d f  t h e  r e l a t i o n  LOCATION o r  may be d i r e c t l y  
connected  wi th  t h e  r e l a t i o n  DEPARTMENT. ( I t  is n o t  i n  t h e  l e a s t  
neces sa ry  t h a t  a l l  t h e  domains w i t h  which a  p a r t i c u l a r  word is  
a s s o c i a t e d  should  have t h e  same name: it simply h e l p s  t h e  human 



memory to call closely related domains by the same name.) We 
have called these lists "data base associations". 

Thus, in essence, we have two levels of specification of 
the "meaning" of a word sense. The semantic formulae attempt 
to define its general meaning in the natural language used. 
Lists like that shown for "department" define its meaning within 
the restricted world of the data base. 

Data base associations are heavily used by the translation 
algorithm. To see how, let us follow through the action of the 
algorithm on the example sentence given in Figure 1. 

Consider first the root template, defined as that template 
which is not dependent through case ties on any other template 
--in our case, template 1 in Figure 2. 

[ --- give 
REClP t - 

me 

thename 
tm 

I 

theemployee 

Figure 2. 

Now we check the contents of the third position in the 
template. (We shall often call this the "object position" since 
templates are most easily conceptualized as actor-act-object- 
triples.) If the element in this position has a POSS link 
attached, as it does in the example, the whole structure is picked 
up and considered as a unit. Thus we have 

Immediately now the data base associations are used. First 
we look at those of the dependent. If there is any entry that 
refers directly to a relation (like the last entry in Table 4) 
it is assumed that this particular query refers to that relation. 
"Employee" has only one entry in its data base association, an 
association with the relation EMP, so this is taken as the re- 
quest relation for this query. Moving now to the data base asso- 
ciation for the element to which the POSS is attached, an asso- 
ciation with this same relation EMP, via a domain NAME is found, 
so we can generate immediately 



NAME OF EMP 

a s  t h e  f i r s t  p a r t  o f  t h e  formal  query  language r e p r e s e n t a t i o n .  

Th i s  i s  t h e  s i m p l e s t  c a s e .  The POSS l i n k  s u p p l i e d  t h e  
name o f  t h e  r e l a t i o n ,  t h e  e lement  t o  which it was a t t a c h e d  and 
t h e  name o f  t h e  domain i n  t h e  same r e l a t i o n .  Cons iderably  more 
compl ica ted  s i t u a t i o n s  a r e  p o s s i b l e ,  which a r e  worth d i s c u s s i n g  
i n  some d e t a i l  because t hey  show t h a t  t h e  a d d i t i o n  o f  d a t a  base  
a s s o c i a t i o n s  i s  an e s s e n t i a l  a i d  t o  t r a n s l a t i o n .  I n  o r d e r  t o  
f a c i l i t a t e  d i s c u s s i o n  l e t  us  diagram t h e  g e n e r a l  s t r u c t u r e  o f  
t h e  o b j e c t  p o s i t i o n  w i t h  a  POSS l i n k  a s  

A t POSS 

Two b a s i c  s i t u a t i o n s  a r e  p o s s i b l e .  The f i r s t  o f  t h e s e  is  
t h e  s i t u a t i o n  we have j u s t  s een  where B can  r e f e r  d i r e c t l y  t o  
a  r e l a t i o n .  I n  t h a t  c a s e ,  i f  A does n o t  c o n t a i n  i n  i t s  d a t a  
base  a s s o c i a t i o n  an a s s o c i a t i o n  wi th  a  domain o f  t h e  same r e l a -  
t i o n ,  t h e r e  a r e  a  f u r t h e r  two p o s s i b i l i t i e s .  Perhaps it has  an  
empty d a t a  base  a s s o c i a t i o n .  I n  t h a t  c a s e  we t a k e  t h e  mas t e r  
key of  t h e  r e l a t i o n  s p e c i f i e d  by c o n s i d e r a t i o n  o f  B.  By mas t e r  
key i s  meant t h a t  domain o r  s e t  o f  domains o f  t h e  r e l a t i o n  t h a t  
un iquely  i d e n t i f i e s  t h e  e lements  o f  t h e  r e l a t i o n ,  which i s ,  i n  
a  s e n s e ,  l o g i c a l l y  p r i o r  t o  t h e  o t h e r  domains. I n  t h e  c a s e  o f  
EMP, f o r  example, it is  CODE, t h e  domain t h a t  c o n t a i n s  t h e  codes 
uniquely  i d e n t i f y i n g  each employee. So i f  t h e  q u e s t i o n  had been 
"Give me a  l i s t  o f  t h e  employees ..." where " l i s t "  has  an empty 
d a t a  base  a s s o c i a t i o n ,  t h e  s t r u c t u r e  

CODE OF EMP 

would have been gene ra t ed .  

A l t e r n a t i v e l y ,  A may have a  nonempty d a t a  base  a s s o c i a t i o n ,  
b u t  can c o n t a i n  an a s s o c i a t i o n  wi th  a  domain i n  t h e  r e l a t i o n  
s p e c i f i e d  by B .  I n  t h a t  c a s e  we g e n e r a t e  a  s t r u c t u r e  w i th  a  
domain s p e c i f i e d  by A, a  r e l a t i o n  s p e c i f i e d  by B ,  and l e a v e  it 
t o  t h e  formal  query language p r o c e s s i n g  l e v e l  t o  g e n e r a t e  a  
l o g i c a l  pa th  between t h e  two. So, i f  t h e  q u e s t i o n  was "Give me 
t h e  l o c a t i o n  o f  t h e  employee ..." which, a s  f a r  a s  t h e  formal  
query  language i s  concerned,  is  sho r thand  f o r  " t h e  l o c a t i o n  o f  
t h e  depar tment  o f  t h e  employee ..." we shou ld  s imply g e n e r a t e  

LOC OF EMP 



which t h e  formal  query language p roces so r  would l a t e r  t r ans fo rm 
i n t o  

(LOC OF DEPARTMENT) 
WHEN 
DEPTNO ISONEOF DEPT OF EMF' 

I f  B i s  n o t  d i r e c t l y  a s s o c i a t e d  wi th  a  r e l a t i o n ,  it may 
be a s s o c i a t e d  wi th  what we have c a l l e d  a  p seudo- re l a t i on .  By 
t h i s  i s  meant a  r e l a t i o n  which can  b e  d e f i n e d  i n  te rms  o f  
" r e s t r i c t i o n " ,  i n  Codd's s ense  [ I ] ,  on a n o t h e r  r e l a t i o n ,  and 
whose d e f i n i t i o n  i s  permanently f i x e d .  Thus, i f  t h e  query  had 
asked f o r  "a  l i s t  of  managers", "managers" p o i n t s  us  t o  a  pseudo- 
r e l a t i o n  d e f i n e d  a s  

(NAME OF EMF') 
WHEN 
CODE ISONEOF MANAGER 

I f  A ha s  an  empty d a t a  base  a s s o c i a t i o n ,  a s  would be t h e  c a s e  
w i t h  "a  l i s t  o f  managers", t h i s  d e f i n i t i o n  is  simply l i f t e d  and 
i n s e r t e d  a s  t h e  f i r s t  p a r t  o f  t h e  query .  I f  A is a s s o c i a t e d  w i t h  
a  domain, t h e  s t r u c t u r e  gene ra t ed  i s  t h e  domain s p e c i f i e d  by A 
o f  t h e  r e l a t i o n  s p e c i f i e d  i n  t h e  p seudo- re l a t i on  g iven  by B .  
Once a g a i n  t h e  formal  query  language p r o c e s s o r  w i l l  supply  a  
l o g i c a l  p a t h  from t h e  f i r s t  t o  t h e  second.  

The s i t u a t i o n  i s  c o n s i d e r a b l y  more compl ica ted  i f  B i s  
a s s o c i a t e d  only  w i t h  a  s e t  o f  one o r  more domains. I n  t h i s  c a s e ,  
i f  A ha s  an empty d a t a  base  a s s o c i a t i o n ,  B i s  checked t o  s e e  i f  
it has  a l r e a d y  been used .  I f  it h a s ,  t h e r e  i s  no need t o  produce 
any th ing .  This  s i t u a t i o n  w i l l  o n l y  a r i s e  when t h e r e  a r e  m u l t i p l e  
POSS l i n k s ,  a s  i n  "Give me a  l i s t  o f  t h e  names o f  t h e  employees..  
S ince  we always s t a r t  w i th  t h e  l owes t  POSS, "names o f  t h e  em- 
p loyees"  w i l l  a l r e a d y  have gene ra t ed  

NAME OF EMP 

s o  " l i s t  o f  names" can be i gno red .  

I f  B ha s  n o t  been used b e f o r e ,  t hen  i t s  t r a n s l a t i o n  i s  t h e  
name o f  t h e  domain wi th  which it i s  a s s o c i a t e d ,  and t h e  r e l a t i o n  
a f t e r  t h e  OF i s  found from t h e  d a t a  base  a s s o c i a t i o n s  f o r  B .  So 
"Give me a  l i s t  of  t h e  s a l a r i e s . . . "  w i l l  g e n e r a t e  

SALARY OF EMF' 



I f  B i s  a s s o c i a t e d  wi th  a  s e t  o f  one o r  more domains and 
A a l s o  has  a  nonempty d a t a  base a s s o c i a t i o n ,  an atbempt is  made 
t o  f i n d  t h e  s t r o n g e s t  c o r r e l a t i o n  between t h e  two d a t a  base  
a s s o c i a t i o n s  by forming t h e  i n t e r s e c t i o n  of t h e  r e l a t i o n s  i n  
which t h e  domains a s s o c i a t e d  w i t h  A and B appear .  I f  t h e  i n t e r -  
s e c t i o n  h a s  only  one member, t h a t  r e l a t i o n  becomes t h e  r e q u e s t  
r e l a t i o n  f o r  t h e  query.  This  w i l l  a r i s e ,  f o r  example, w i th  a  
query  l i k e  "Give me t h e  p r i c e  o f  i t ems . .  . "  where " p r i c e "  i s  
a s s o c i a t e d  wi th  t h e  domain COST o f  SALES and "i tem" wi th  (amongst 
o t h e r  domains) t h e  domain ITEM o f  t h e  same r e l a t i o n  SALES. From 
t h i s  i s  gene ra t ed ,  a f t e r  i n t e r s e c t i o n  has  determined SALES a s  
t h e  a p p r o p r i a t e  r e l a t i o n ,  

(COST OF SALES) 
WHEN 
ITEM....... 

By now t h e  p o s s i b i l i t i e s ,  a s  w e l l  a s  t h e  r e a d e r ,  have been 
a lmos t  exhaus ted .  I f  B i s  n o t  a  r e l a t i o n ,  n o t  a  p seudo- re l a t i on ,  
and n o t  a  domain, we assume t h a t  it must be an i tem,  i . e .  a  
c o n s t a n t  o f  t h e  d a t a  base ,  something t h a t  can only  be t h e  v a l u e  
o f  a  domain. I f  A i s  a s s o c i a t e d  wi th  a  domain, we p r e f e r  it a s  
t h e  main p a r t  o f  t h e  query ,  s o  t h a t ,  f o r  example, from "Give me 
J o h n ' s  s a l a r y "  where t h e  i n t e r m e d i a t e  r e p r e s e n t a t i o n  is 

[ --- g i v e  s a l a r y  I 

POSS 

t h e  query gene ra t ed  i s  

SALARY 
WHEN 
NAME EQ J O H N  

where t h e  informat ion  t h a t  "John" i s  t h e  p rope r  name o f  a  person 
i s  p icked  up from a conven t iona l  semant ic  formula t h a t  i s  t h e  
same f o r  a l l  p e o p l e ' s  names. 

I f  A i s  a s s o c i a t e d  w i t h  a  r e l a t i o n ,  t h e  r e l a t i o n  name is  
cross-checked wi th  t h e  p o s s i b l e  r e l a t i o n s  a t t a c h e d  t o  t h e  formula 
o f  t h e  i tem. I f  t h e r e  i s  one r e l a t i o n  t h a t  matches,  t h i s  i s  
p r e f e r r e d ,  and t h e  mas ter  key o f  t h a t  r e l a t i o n  i s  gene ra t ed ,  
fo l lowed by an au tomat ic  WHEN. 

Twice now we have s a i d  " i f  t h e  i n t e r s e c t i o n  has  only  one 
member" w i thou t  s p e c i f y i n g  what happens i f  t h e r e  i s  more t han  



one.  I n  t h i s  c a s e  t h e  query i s  genuine ly  ambiguous, and t h e  
u s e r  must be asked which r e l a t i o n  he p r e f e r s .  

So f a r  gene ra t ion  from t h e  r o o t  templa te  has  been cons idered ,  
and, a l though t h e  d e s c r i p t i o n  is  complex enough, n o t  a l l  p o s s i b l e  
c a s e s  have been covered.  No mention has  been made, f o r  example, 
o f  what happens i f  t h e  r o o t  p o s i t i o n  is  empty, o r  i f  t h e r e  i s  no 
POSS l i n k ,  o r  i f  t h e r e  a r e  C O N J  l i n k s  t o  t h e  r o o t  t empla t e - - a l l  
n o t  only  p o s s i b l e  b u t  probable  s i t u a t i o n s .  But it i s  a l s o  c l e a r  
t h a t  t o  con t inue  d e s c r i p t i o n  a t  t h i s  l e v e l  o f  d e t a i l  would be 
imposs ib le .  F o r t u n a t e l y  t h e  main p o i n t  has  been achieved and 
f o r  t h e  r e s t  o f  t h e  gene ra t ion  we can s a f e l y  r e t u r n  t o  ou r  ex- 
ample sentence  and s k a t e  ove r  o t h e r  ca ses .  The i n t e n t i o n  was t o  
demonstrate  t h a t  t h e  d a t a  base a s s o c i a t i o n s  were an ind i spensab le  
a i d  t o  t r a n s l a t i o n .  I t  should  be q u i t e  c l e a r  from t h e  d i s c u s s i o n  
s o  f a r  t h a t  t h i s  is  so .  

To r e t u r n  t o  o u r  example sen tence .  From templa te  1,  t h e  
r o o t  t empla t e ,  we have 

NAME OF EMP 

("Give me", a f t e r  a  s imple  semantic  check t o  make s u r e  t h a t  it 
is  an informat ion  seek ing  verb ,  is ignored . )  To gene ra t e  t h e  
r e s t  o f  t h e  query,  t h e  l i n k s  t o  t h e  r o o t  t empla t e  a r e  fol lowed 
u n t i l  a  c o n s t a n t  i s  found. In  t h e  example t h i s  means t h a t  we 
fo l low t h e  APPOsitive l i n k  from templa te  1  t o  templa te  2, t h e  
SLOCAtive from templa te  2  t o  templa te  3 and t h e  APPO from t e m -  
p l a t e  3 t o  templa te  4 ,  where t h e  f i r s t  c o n s t a n t  appears .  Before 
g e n e r a t i o n  s t a r t s  from t h e  templa te  c o n t a i n i n g  t h e  c o n s t a n t  we 
check whether  o t h e r  templa tes  a r e  l i n k e d  t o  it by a  CONJunction 
l i n k .  I f  such a  l i n k e d  templa te  e x i s t s  a  t i e  i s  i n s e r t e d  from 
it t o  t h e  r o o t  templa te  i f  no l i n k  a l r eady  e x i s t s .  I n  ou r  
example templa te  5 is  t i e d  by a  CONJ t o  templa te  4 b u t  it i s  
a l s o  a l r eady  t i e d  t o  templa te  1 ,  s o  no e x t r a  l i n k  need be 
i n s e r t e d .  

Template 4 c o n t a i n s  i n  i t s  agen t  p o s i t i o n  an i t em t h a t ,  
v i a  i t s  d a t a  base  a s s o c i a t i o n s ,  is l i n k e d  t o  t h e  domain ITEM 
o f  t h e  r e l a t i o n  SALES, and, fur thermore ,  has "department" hanging 
from it by a  POSS l i n k .  "Department" t o o  i s  a s s o c i a t e d  wi th  t h e  
r e l a t i o n  SALES, s o  t h a t  t h e  f i r s t  p a r t  o f  t h e  c o n d i t i o n a l  s e c t i o n  
o f  t h e  r e q u e s t  is  determined.  The verb  p o s i t i o n  o f  templa te  4 
is  occupied by a comparison verb ,  t h e  o b j e c t  p o s i t i o n  by t h e  
c o n s t a n t ,  s o  we can immediately g e n e r a t e  

(ITEM OF SALES) EQ XYZ 

Since  we have moved away from t h e  r o o t  templa te  we au toma t i ca l ly  
know t h a t  we a r e  now g e n e r a t i n g  t h e  l i s t  o f  c o n d i t i o n s  p a r t  o f  



the  query, s o  t h i s  new s e c t i o n  can be joined t o  t h e  s e c t i o n  
generated from the  r o o t  template by a  WHEN t o  give:  

(NAME OF EMP) 
WHEN 
(ITEM OF SALES) EQ X Y Z  

A s  a  simple s e c u r i t y  measure we now t r a v e l  back up the  l i n k s  t o  
t h e  r o o t  template,  checking each template t h a t  we pass  t o  make 
s u r e  t h a t  a l l  the  e s s e n t i a l  information f o r  the  formal query 
language represen ta t ion  has been d e a l t  wi th .  This pr imar i ly  
means checking t h e  o b j e c t  p o s i t i o n  of each template f o r  POSS 
l i n k s .  

When the  r o o t  template i s  reached, a  l i n k  t h a t  has s o  f a r  
never been t r aversed ,  t h a t  from template 5 ,  is found, This 
automat ica l ly  means t h a t  the  condi t ions  s o  f a r  generated should 
be enclosed i n  parentheses and a  conjunction (AND, OR) generated.  
Then template 5  i s  d e a l t  with,  and by a  process of reasoning 
s i m i l a r  t o  t h a t  used f o r  template 4 ,  t h e  formal query language 
represen ta t ion  is completed, t o  give 

(NAME OF EMP) 
WHEN 
( (ITEM OF SALES) EQ XYZ 

AND 
(SALARY OF EMP) EQ 5000 

6 .  CONCLUSION AND FUTURE PLANS 

The system is,  a t  p resen t ,  unevenly developed. The 
d e s c r i p t i o n  given here  revea l s  t h a t  t h e  p a r t  most i n  need of  
f u r t h e r  work i s  the  t r a n s l a t i o n  algori thm. There a r e  some 
obvious gaps. Q u a n t i f i c a t i o n ,  f o r  example, i s  not  y e t  d e a l t  
w i t h  a t  a l l .  A new semantic p r imi t ive ,  QATTRIB, i s  planted 
i n  t h e  in termedia te  semantic r epresen ta t ion  t o  mark where 
q u a n t i f i c a t i o n  occurs  and w i l l ,  even tua l ly ,  t r i g g e r  t h e  app l i -  
c a t i o n  of a  q u a n t i f i e r  s p e c i a l i s t  dur ing t h e  t r a n s l a t i o n  phase. 
But t h e  des ign and s p e c i f i c a t i o n  of t h i s  s p e c i a l i s t  has been 
l e f t  t o  one s i d e  f o r  t h e  moment on t h e  grounds t h a t  it is a  
separa te  d i s t ingu i shab le  problem t h a t  w i l l  no t  a f f e c t  the  over- 
a l l  des ign of  the  t r a n s l a t i o n  algori thm. A problem more i n t i -  
mately connected wi th  o v e r a l l  des ign i s  t h a t  of  sentences t h a t  
con ta in  no constant .  Sometimes such a  sentence p resen t s  no r e a l  
problem. " L i s t  the  names of a l l  the  employees", f o r  example, 
c o n s i s t s  only of  a  r o o t  template i n  the  in termedia te  representa-  
t i o n  and t h e  ordinary  genera t ion a lgor i thm w i l l  produce a  s a t i s -  
f ac to ry  formal query language represen ta t ion .  I n  o t h e r  cases  
t h e  problem i s  considerably more complex and r e q u i r e s  much 
f u r t h e r  work. However, even with the  crude a lgor i thm descr ibed 
i n  Sec t ion  5 ,  t h e  l i n g u i s t i c  coverage obtained is  q u i t e  wide 



and is ,  we b e l i e v e ,  a t  l e a s t  e q u i v a l e n t  t o  t h a t  o f  o t h e r  
e x i s t i n g  n a t u r a l  language i n p u t  d a t a  base  systems.  

The c h i e f  ou t s t and ing  ques t ion  wi th  t h e  n a t u r a l  language 
ana lyze r  concerns i t s  s t a b i l i t y  under a  wide expansion o f  
vocabulary .  Wi lks ' s  o r i g n i a l  system had a  l a r g e r  vocabulary 
than  any o t h e r  p r i m i t i v e s  based system, b u t  even s o  t h i s  on ly  
amounted t o  some 600+ i t ems.  We a r e  now t r y i n g  t o  e s t a b l i s h  
a  l ex i con  o f  4000+ i t e m s .  P re l imina ry  r e s u l t s  a r e  encouraging.  

The AQL i n t e r p r e t e r  and t h e  RMS a r e  a l r eady  implemented. 
The n e x t  s t e p  h e r e  i s  t o  ex tend  t h e  RMS t o  inc lude  i n t e r l o c k s  
f o r  m u l t i u s e r  sha red  acces s  and update  t o  t h e  d a t a  base  wi th  
a u t h o r i z a t i o n  and recovery f e a t u r e s .  Checking f o r  d a t a  con- 
s i s t e n c y ,  e s p e c i a l l y  d u r i n g  update o p e r a t i o n s ,  w i l l  a l s o  be 
provided .  Data cons i s t ency  w i l l  be de f ined  by a  s e t  o f  i n t eg -  
r i t y  a s s e r t i o n s  about  t h e  domains o f  each r e l a t i o n  i n  t h e  d a t a  
base .  

Despi te  t h i s  long l i s t  o f  gaps i n  t h e  system, t h e  d a t a  base  
manipula t ion  f a c i l i t i e s  a l r e a d y  o f f e r e d  through t h e  formal query 
language and t h e  RMS a r e  very  powerful .  The f a c t  t h a t  any query  
t h a t  d i r e c t l y  i n t e r r o g a t e s  t h e  d a t a  base  c r e a t e s  an APL v a r i a b l e  
i n  t h e  workspace a l lows t h e  u s e r  t o  s o l v e  problems i n t e r a c t i v e l y  
wi th  t h e  system. The r e t r i e v a l  f a c i l i t i e s  a r e  f a s t  and e f f i c i e n t  
and can be used wi th  a  minimum o f  d e t a i l e d  s p e c i f i c a t i o n .  The 
u s e r  need have no f i n e  knowledge o f  t h e  s t r u c t u r e  of  t h e  d a t a  
base  and s o  need determine only  what he wants i n  f a i r l y  gene ra l  
terms wi thou t  having t o  g ive  any i n s t r u c t i o n  on how t o  g e t  it. 

Some r e a l  a p p l i c a t i o n s  a r e  running  on t h e  p a r t  of  t h e  system 
s o  f a r  implemented. This  should  g i v e  some feedback which w i l l  
a l l ow an e v a l u a t i o n  o f  t h e  e f f e c t i v e n e s s  o f  t h e  sys tem's  f a c i l -  
i t i e s ,  e s p e c i a l l y  a s  f a r  a s  i n t e r a c t i v i t y  a t  t h e  formal query 
language l e v e l  i s  concerned. 
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The USL System f o r  Data Analys is  

H.  Lehmann 

INTRODUCTION 

The use o f  n a t u r a l  language a s  a d a t a  manipula t ion  language 
o r ,  more g e n e r a l l y ,  a s  a means o f  communication wi th  t h e  computer 
has  been cha l l eng ing  many s c h o l a r s .  A number o f  exper imenta l  
systems have been developed,  and many d i f f e r e n t  a s p e c t s  of  t h e  
problem have been addressed .  Surveys o f  t h e s e  systems can be 
found i n  [1 ,5 ,15 ,16 ,18 ] .  When des ign ing  t h e  USL system, t h e  
o b j e c t i v e s  were d i f f e r e n t  i n  many r e s p e c t s  from t h e  exper imenta l  
systems p rev ious ly  developed.  

The USL system uses  an independent  d a t a  base  management 
system (DBMS), and t h u s  i n p u t  s en tences  must be t r a n s l a t e d  t o  
t h e  formal d a t a  manipulat ion language o f  t h e  DBMS ( a  s i m i l a r  
approach i s  a l s o  taken  i n  t h e  TORUS p r o j e c t  [ 14 1 ) . Hence t h e  
main work t o  be done f o r  t h e  des ign  and implementat ion o f  t h e  
p r e s e n t  system was i n  w r i t i n g  a grammar f o r  German t h a t  could  
be recognized  by t h e  p a r s e r  ( a  modif ied form o f  Mar t in  Kay's 
p a r s e r  [4]  a l s o  used i n  t h e  REL system [ 171 and i n  t h e  p r o j e c t  
a t  Kar ls ruhe  [ 6 ] ) ,  and i n  developing  s u i t a b l e  i n t e r p r e t a t i o n  
r o u t i n e s  t o  perform t h e  mapping from German t o  t h e  d a t a  manip- 
u l a t i o n  language.  

The language o f  t h e  USL system had t o  be d e f i n e d  i n  such 
a way t h a t  a r t i f i c i a l  r e s t r i c t i o n s  i n  t h e  use  o f  t h e  language 
could  be avoided,  because a language t h a t  l ooks  n a t u r a l  i n  some 
r e s p e c t s ,  b u t  behaves d i f f e r e n t l y  i n  o t h e r s ,  w i l l  confuse t h e  
u s e r  and may be more d i f f i c u l t  t o  l e a r n  than  a formal language. 

Although t h e  most s e r i o u s  problems t o  be so lved  were 
problems o f  language,  t h e  main g o a l  of  t h e  system i s  n o t  t h e  
enhancement o f  t h e  unders tanding  o f  language b u t  an a t t empt  t o  
f i n d  ways t o  b r idge  t h e  gap between people and t h e '  computer, 
where by people w e  mean above a l l  p r o f e s s i o n a l s  whose i n t e r e s t  
i s  i n  t h e i r  problems and n o t  i n  t h e  problems o f  e l e c t r o n i c  d a t a  
p rocess ing .  This  main g o a l  a f f e c t s  t h e  manner i n  which language 
a n a l y s i s  can  be done i n  t h e  system, because it impl i e s  t h a t  
l i n g u i s t i c  informat ion  r eques t ed  from t h e  u s e r ,  when he d e f i n e s  
a new word f o r  example, must be k e p t  t o  a minimum. For t h e  USL 
system t h i s  means t h a t ,  f o r  example, dec l ens ion  c l a s s e s  o f  nouns 
a r e  n o t  a v a i l a b l e ,  and it turned  o u t  t h a t  no s e r i o u s  problems 
a r o s e  from t h i s  r e s t r i c t i o n .  

Concerning t h e  semant ics  o f  n a t u r a l  language,  t h e r e  a r e  
s e v e r a l  r e s p e c t s  where t h e  USL system uses  a new o r  b e t t e r  



s o l u t i o n .  The range of  temporal  exp res s ions  t h a t  can be i n t e r -  
p r e t e d  is  much wider  than  i n  t h e  CHRONOS system [2 ]  which was 
s p e c i f i c a l l y  designed f o r  t h a t  purpose.  Notor ious ly ,  t h e  i n t e r -  
p r e t a t i o n  of  q u a n t i f i e r s  i s  a  b i g  problem i n  q u e s t i o n  answering 
systems,  e s p e c i a l l y  when more than  one q u a n t i f i e r  a s  w e l l  a s  
nega t ion  a r e  t o  be cons idered .  For t h e  purposes of  t h e  USL 
system, a  thorough a n a l y s i s  of  t h e  scope o f  q u a n t i f i e r s  i n  
German sen tences  was done and an a p p r o p r i a t e  a lgo r i thm was 
implemented. The i n t e r p r e t a t i o n  o f  c o o r d i n a t e  noun ph rases  is  
an impor tant  problem, and it i s  a l s o  implemented i n  t h e  system. 
Here, t oo ,  empi r i ca l  i n v e s t i g a t i o n s  s p e c i f i c  t o  German were 
necessa ry  t o  be a b l e  t o  d e r i v e  t h e  r e q u i r e d  a lgo r i thm.  

DESCRIPTION 

System Overview 

The USL system (see  Figure  1) c o n s i s t s  o f :  

- a  d i c t i o n a r y ,  

- a  s e t  o f  syn tax  r u l e s ,  

- a  syntax  r u l e s  compi ler ,  

- a  p a r s e r ,  

- an  i n t e r p r e t e r  p rov id ing  an i n t e r f a c e  t o  a  DBMS, and 

- process ing  r o u t i n e s  f o r  t h e  manipula t ion  o f  d a t a .  

The syn tax  o f  t h e  language supp l i ed  t o  USL d e s c r i b e s  t h e  
convent ions  of  a  s u b s e t  o f  German, t h e  d i c t i o n a r y  e n t r i e s  a r e  
f u n c t i o n  words l i k e  p r e p o s i t i o n s  and con junc t ions ,  and words 
whose meanings a r e  c o n s t a n t  over  a p p l i c a t i o n s  l i k e  names of  
months, and system commands. Names o f  concepts  and t h e  r e l a t i o n -  
s h i p s  between concepts  d i f f e r  from a p p l i c a t i o n  t o  a p p l i c a t i o n  and 
w i l l  be de f ined  by t h e  u s e r s  according  t o  t h e  d a t a  and t h e  in -  
tended use  i n  t h e  a p p l i c a t i o n .  These i d e n t i f i e r  names can be 
taken  from t h e  s e t  o f  German nouns, a d j e c t i v e s ,  and verbs  
(Maschine, mannlich, wohnen, e t c . ) .  They can a l s o  be de f ined  
f r e e l y  (e .g.  XI, AVSAL) . 

The syn tax  i s  de f ined  i n  modif ied Backus normal form (BNF) . 
Each r u l e  s p e c i f i e s  a  s y n t a c t i c  c o n f i g u r a t i o n  t o  which t h e  r u l e  
i s  a p p l i c a b l e  and s p e c i f i e s  an o u t p u t  ca t egory  t h a t  is  t o  r e s u l t  
a f t e r  a p p l i c a t i o n  o f  t h e  r u l e .  Associa ted  w i t h  t h e  r u l e s  a r e  
func t ion  c a l l s  r e p r e s e n t i n g  t h e  semant ics  o f  a  g iven  s y n t a c t i c  
c o n f i g u r a t i o n  w i t h  i n p u t  elements  a s  parameters .  A s e t  o f  r u l e s  
i n  BNF--a grammar--is given a s  d a t a  t o  t h e  syn tax  r u l e s  compi ler ,  
which c o n v e r t s  t h e  grammar i n t o  t h e  format used by t h e  p a r s e r  
and makes t h e  language a v a i l a b l e  f o r  f u r t h e r  use .  This  pe rmi t s  
s p e c i f i c a t i o n  of  u s e r  s p e c i a l t y  languages and ex tens ions  t o  lan-  
guages provided.  For a  d e t a i l e d  d e s c r i p t i o n  of t h e  grammar s e e  
[8 ,9 ,11 ,12 ] .  
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Figure 1. General system structure. 

I n p u t  by a  u s e r  i s  f i r s t  a n a l y z e d  by t h e  p a r s e r ,  which 
b u i l d s  u p  a tree s t r u c t u r e  t h a t  r o u g h l y  r e p r e s e n t s  t h e  f u n c t i o n a l  
d e p e n d e n c i e s  o f  t h e  e l e m e n t s  i n  t h e  i n p u t  s t r i n g .  The p a r s e r  
works bottom-up a n d  from l e f t  t o  r i g h t .  F o r  ambiguous i n p u t  a l l  
p o s s i b l e  r e p r e s e n t a t i o n s  are b u i l t  i n  p a r a l l e l .  

The tree s t r u c t u r e  b u i l t  by t h e  p a r s e r  i s  p a s s e d  t o  t h e  
i n t e r p r e t e r  which e x e c u t e s  t h e  f u n c t i o n  c a l l s  a s s o c i a t e d  w i t h  
e a c h  node o f  t h e  t ree.  The f u n c t i o n s  s u c c e s s i v e l y  b u i l d  a  
n o r m a l i z e d  tree s t r u c t u r e  r e p r e s e n t i n g  t h e  dependency s t r u c t u r e  
o f  t h e  s e n t e n c e  e x c e p t  f o r  t h e  s c o p e  o f  q u a n t i f i e r s  a n d  pronomi- 
n a l  r e f e r e n c e s .  T h i s  tree i s  t h e n  p runed  t o  g e n e r a t e  e x e c u t a b l e  
e x p r e s s i o n s  i n  t h e  f o r m a l  d a t a  b a s e  ( D B )  l a n g u a g e ,  which are 
t h e n  p a s s e d  t o  t h e  DBMS. A c c o r d i n g l y ,  t h e  DBMS y i e l d s  a n  answer  
t o  a  q u e r y  o r  p e r f o r m s  a n  u p d a t e  f u n c t i o n .  A  d e s c r i p t i o n  o f  t h e  
s e m a n t i c  f u n c t i o n s  i s  g i v e n  i n  [ l o ] .  

A  word n o t  known t o  t h e  l a n g u a g e  implemented is  assumed 
t o  b e  a name. I f  t h e  u s e  o f  t h e  word i n  t h e  i n p u t  s t r i n g  i s  



c o n s i s t e n t  w i t h  t h a t  assumption,  t h e  system w i l l  look f o r  t h e  
r e q u i r e d  in fo rma t ion  and r e t u r n  an answer i f  t h e  word i s  indeed  
a  name and known i n  t h e  DB, o r  it w i l l  s i g n a l  t h a t  t h e  informa- 
t i o n  i s  n o t  a v a i l a b l e .  Otherwise,  t h e  system w i l l  s i g n a l  t h a t  
t h e  i n p u t  i s  n o t  unders tood .  The u s e r  may t h e n  use  t h e  d e f i n i -  
t i o n  f a c i l i t y  t o  e n t e r  t h e  word i n  t h e  d i c t i o n a r y  o r  r e p e a t  
i n p u t  i f  t h e  word was mi s spe l l ed .  User e r r o r s  a r e  i n d i c a t e d  by 
a  s e t  o f  d i a g n o s t i c  messages. 

Semantic  Model 

We need a  way t o  model t h e  world i n  t h e  environment o f  o u r  
system. Our model o f  t h e  world i s  ve ry  s imple ,  a s  it on ly  con- 
sists o f  t h r e e  k inds  o f  e n t i t i e s ,  namely o b j e c t s ,  r e l a t i o n s ,  and 
s t a t e s .  Re la t i ons  a r e  s e t s  o f  n - tup l e s  o f  o b j e c t s ,  where n  i s  
f i x e d  f o r  eve ry  r e l a t i o n .  We i n t r o d u c e  t h e  no t ion  of  semant ic  
base  S  a s  t h e  p a i r  < U , R > ,  where U i s  a  s e t  o f  o b j e c t s  and R i s  
a  s e t  o f  r e l a t i o n s .  We can now r e f i n e  o u r  model o f  t h e  world 
by c a t e g o r i z i n g  t h e  o b j e c t s  o f  U ,  i . e .  w e  i n t r o d u c e  a  s e t  o f  
domains D, where D i s  de f ined  a s  a  s u b s e t  o f  t h e  powerset  of  U. 
We can a l s o  r e f i n e  t h e  n o t i o n  of  r e l a t i o n  by naming t h e  p l a c e s  
o f  each  r e l a t i o n .  These names we c a l l  r o l e s .  Th i s  g i v e s  us 
t h e  p o s s i b i l i t y  t b  c l a s s i f y  t h e  r e l a t i o n s  n o t  on ly  by degree  
b u t  a l s o  by domains and r o l e s .  W e  can  d e f i n e  a  s e t  o f  r o l e s  Ro 
from which eve ry  r e l a t i o n  has  t o  draw i t s  r o l e s .  

The semant ic  model i s  conceived a s  a  dynamic s t r u c t u r e ,  
i . e .  we can  imagine it t o  c o n s i s t  o f  s t a t e s ,  where two s t a t e s  
may d i f f e r  w i t h  r e s p e c t  t o  U,  R,  D, and Ro. Th i s  concept  of  
s t a t e  i s  ve ry  s i m i l a r  t o  Carnap ' s  s t a t e  d e s c r i p t i o n s  [ 3 ]  , o r  
t o  t h e  concept  o f  "Zustand" i n  [ 7 ] .  I n  o r d e r  t o  be a b l e  t o  
t a l k  abou t  t h e  semant ic  model one obvious ly  needs a  language,  
which we s h a l l  c a l l  L. The language i s  a l s o  r e q u i r e d  t o  perform 
t r a n s i t i o n s  from one s t a t e  o f  t h e  model t o  t h e  o t h e r .  A formal  
d e f i n i t i o n  of  t h e  language L i s  g iven  i n  [ 1 3 ]  . 

N a t u r a l  language r e f l e c t s  i n  i t s  s t r u c t u r e  a  common sense  
view o f  t h e  world,  h e r e  c a l l e d  t h e  " l i n g u i s t i c  world view". 
Here w e  have concepts  l i k e  " th ing" ,  "p rope r ty" ,  " even t " ,  and 
many o t h e r s .  There a r e  v a r i a t i o n s  i n  what c o n s t i t u t e s  t h i s  
world view from speake r  t o  speake r  and speech community t o  
speech  community. For  a  more d e t a i l e d  d i s c u s s i o n  o f  t h i s  s i t u -  
a t i o n  s e e ,  f o r  example, [ 7 ] .  The USL world model l i k e  t h e  
l i n g u i s t i c  world view i s  a  model o f  t h e  world,  b u t  it has  a  
much s i m p l e r  s t r u c t u r e - - a s  shown i n  F igu re  2 .  The cor responding  
language L a l s o  i s  a  very  s imple  language--adequate t o  handle  
e v e r y t h i n g  i n  t h e  world model, b u t  n o t  more. I n  t h e  USL system 
t h e  s imple  model i s  used t o  i n t e r p r e t  n a t u r a l  language,  which 
o f  cou r se  i m p l i e s  t h a t  n o t  e v e r y t h i n g  t h a t  can  be  exp re s sed  i n  
n a t u r a l  language can be i n t e r p r e t e d  by t h e  system. 

T h e o r e t i c a l l y ,  t h e r e  a r e  two ways t o  i n t e r p r e t  n a t u r a l  
language i n  a  USL-like system (see F igu re  2 ) :  



- D i r e c t  i n t e r p r e t a t i o n  of  t h e  l i n g u i s t i c  s t r u c t u r e  i n  
terms o f  t h e  model; and 

- T r a n s l a t i o n  o f  t h e  l i n g u i s t i c  s t r u c t u r e s  i n t o  s t r u c t u r e s  
of  a  formal language,  namely t h e  formal  manipula t ion  
language L,  by means o f  a  t r a n s l a t i o n  f u n c t i o n  t . 

The second way was chosen i n  t h e  USL sys tem f o r  s e v e r a l  r ea sons ,  
t h e  most impor t an t  o f  which was t o  be  a b l e  t o  fo rmula t e  a  c l e a r  
and c l e a n  i n t e r f a c e  t o  a  d a t a  base  system, i . e .  a  system t h a t  
a l r e a d y  performs t h e  i n t e r p r e t a t i o n  func t ion  i. 

World View Model 

I I 

W o r l d  

Figure 2. The USL interpretation of natural language (NL).  

Words and Concepts 

Concepts a r e  exp re s sed  by words (and a l s o  by p h r a s e s )  i n  
n a t u r a l  language.  The concep t s  can  be r e p r e s e n t e d  i n  o u r  model 
by r e l a t i o n s ,  o b j e c t s ,  o r  s t a t e  t r a n s i t i o n s .  The way i n  which 
a  p a r t i c u l a r  concept  i s  r e p r e s e n t e d  depends on s e v e r a l  t h i n g s  
such a s  word c l a s s ,  u t i l i z a t i o n  of  t h e  concep t ,  t a s t e ,  e t c .  
When we t a l k  about  i n t e r p r e t a t i o n  o f  words, we a r e  d e a l i n g  wi th  
t h r e e  word c l a s s e s :  noun, a d j e c t i v e ,  and ve rb .  Nouns can be 
subdiv ided  i n t o  p rope r  names and common nouns. P rope r  names 
w i l l  g e n e r a l l y  be  r ep re sen ted  a s  names o f  o b j e c t s ,  and ve rbs  a s  
names o f  r e l a t i o n s  o r  s t a t e  t r a n s i t i o n s  ( s t a t e  t r a n s i t i o n s  p lay  
o n l y  a  minor r o l e  i n  o u r  p r e s e n t  c o n t e x t ) .  D i f f i c u l t i e s  a r i s e  
w i t h  common nouns and a d j e c t i v e s  a s  t hey  may sometimes be r ep re -  
s e n t e d  a s  o b j e c t s  and sometimes a s  names o f  r e l a t i o n s .  A t  l e a s t  
t h e o r e t i c a l l y  t h e r e  i s  a l s o  t h e  p o s s i b i l i t y  t o  a s s o c i a t e  them 
w i t h  domain names o r  r o l e  names. For  example: 



SUPPLIER, PRODUCT, and BOLTS a r e  a l l  common nouns. Note t h a t  
i n  an  o r g a n i z a t i o n  a s  i n  t h e  example, t h e  q u e s t i o n  "Are b o l t s  
a  p roduc t  o f  Jones  Inc . ? "  cannot  be asked ,  u n l e s s  e i t h e r  PRODUCT 
i s  a l s o  t h e  name of a  r e l a t i o n  o r  a  l i n k  e x i s t s  somewhere from 
PRODUCT t o  SUPPLIER. 

For  a  p a r t i c u l a r  d a t a  base  a p p l i c a t i o n ,  it w i l l  have t o  be 
dec ided  whether  each  concept  t h a t  occu r s  i s  t o  be t r e a t e d  a s  a  
name o f  an o b j e c t  o r  o f  a  r e l a t i o n .  I n  t h e  USL sys tem t h e  cho ice  
was t aken  t h a t  words can on ly  r e f e r  t o  e i t h e r  o b j e c t  names o r  
r e l a t i o n  names. A s  a  consequence s t a n d a r d  r o l e  names were i n t r o -  
duced t o  r e f e r  t o  p a r t i c u l a r  p o s i t i o n s  o f  a  r e l a t i o n .  These r o l e  
names were de f ined  w i t h  r e s p e c t  t o  c a s e s  governed by a  ve rb  and 
by p r e p o s i t i o n s  governed by a  v e r b  o r  noun, and a l s o  by t y p e s  o f  
a d v e r b i a l s .  The s t anda rd  r o l e  names a r e :  

NOM 

AC C 
DAT 
GEN 
VON 
LA 
LO 
LG 
L  D 
LP 
T  A 
TO 
TG 
TD 
( p r e p o s i t i o n )  

nominat ive ,  f i r s t  p o s i t i o n  of noun o r  
a d j e c t i v e  
a c c u s a t i v e  
d a t i v e  
g e n i t i v e  
g e n i t i v e  a t t r i b u t e  
p l a c e  
o r i g i n  
g o a l  
d i s t a n c e  
p a t h  
p o i n t  i n  t ime ,  d a t e  
beginning  
end 
t ime i n t e r v a l  
p r e p o s i t i o n  governed by noun o r  v e r b  . 

The i n t r o d u c t i o n  o f  s t a n d a r d  r o l e  names has  t h e  advantage 
t h a t  q u e s t i o n s  l i k e  

Who i s  a  s u p p l i e r  o f  b o l t s ?  
?SX [SUPPLIER(NOM=X A VON= 'BOLTS ' ) I  

c a n  be  asked  a s  w e l l  a s  



Who i s  a  s u p p l i e r  o f  t h e  product  b o l t s ?  
?S~[SUPPLIER(N~=~AVON=~BOLTS')APRODUCT(NOM=~BOLTS~)] 

I n  t h e  USL system t h e r e  i s  a l s o  a  s e t  o f  s t a n d a r d  domains  
t h a t  i s  used.  A s  a  c a l c u l u s  of  domains does n o t  e x i s t  i n  ou r  
DBMS, only  t h e  most g e n e r a l  domains a r e  used.  One p l a c e  r e l a -  
t i o n s  a r e  used i n s t e a d  t o  c l a s s i f y  t h e  o b j e c t s  i n  t h e  u n i v e r s e  
o f  d i s c o u r s e .  The s t a n d a r d  domains a r e :  

Z AHL number 
WORT word ( c h a r a c t e r  s t r i n g )  
DATUM d a t e ,  t ime o f  day 
CODE numeric code . 

Sometimes a  s t r i n g  o f  words ( p h r a s e )  i s  t aken  t o  c o n s t i t u t e  a  
s i n g l e  concep t ,  e .g .  "da t a  base  a d m i n i s t r a t o r " .  

S y n t a c t i c  Cons t ruc t ions  and T h e i r  I n t e r p r e t a t i o n  

There a r e  a  s e t  o f  c o n s t r u c t i o n s  t h a t  a r e  used i n  n a t u r a l  
language q u e r i e s  and w i l l  have t o  be accounted f o r  i n  any system 
t h a t  d e a l s  w i th  n a t u r a l  language.  They a r e  more o r  l e s s  funda- 
mental  s t r u c t u r e s  t h a t  e x i s t  i n  many languages:  

< a d j e c t i v e >  <noun> 
<noun> of <noun phrase)  
<noun> <noun> 
<noun> < a d v e r b i a l >  
<noun> g r e a t e r  t han  <noun phrase)  
<noun> < r e l a t i v e  c l a u s e >  
<noun> and <noun> 
< q u a n t i f i e r >  <noun> 
<ve rb>  <noun phrase)  
< v e r b >  < p r e p o s i t i o n a l  ph ra se>  
<sen tence  > < a d v e r b i a l >  

Repeated occurrence ,  n e s t i n g ,  and o v e r l a p  of t h e s e  c o n s t r u c t i o n s  
l e a d s  t o  t h e  phenomenon o f  s t r u c t u r a l  ambiguity.  Although s t r u c -  
t u r a l  ambiguity i s  handled by t h e  p a r s e r  o f  t h e  USL system, it 
remains a  problem i n  many c a s e s ,  s i n c e  p a r s e s  t h a t  do n o t  r e s u l t  
i n  meaningful  i n t e r p r e t a t i o n s  may be c o s t l y .  Two c a s e s  of  s t r u c -  
t u r a l  ambiguity occu r  q u i t e  o f t e n  i n  German sen t ences :  

- P r e p o s i t i o n a l  ph ra se  o r  a d v e r b i a l  modifying e i t h e r  a  
noun o r  a  ve rb .  



For example: 

Welches A l t e r  h a t  F r i t z ?  
Who l e f t  t h e  room wi th  t h e  t e rmina l?  

Sentences  l i k e  t h e  above cannot  be disambiguated s y n t a c t i c a l l y ,  
b u t  only  by t h e  r o l e s  o f  t h e  r e l a t i o n s  addressed .  The t r ea tmen t  
o f  most o f  t h e  s t r u c t u r e s  mentioned above is  exp la ined  i n  t h e  
seque l ;  a  f u l l e r  t r ea tmen t  can be found i n  [13] .  

These a r e  c o n s t r u c t i o n s  l i k e  "male employee". There a r e  
a t  l e a s t  t h r e e  ways t o  i n t e r p r e t  t h i s  t ype  o f  c o n s t r u c t i o n  
depending on t h e  s t r u c t u r e s  o f  t h e  r e l a t i o n s  mapped t o :  

1  . CR EMPLOYEE (NAME, SEX) 
EMPLOYEE (NAME= ' BILL JONES ' A SEX=' MALE ' ) 

2 .  CR EMPLOYEE (NOM) 
CR MALE ( N O M )  
CR FEMALE (NOM) 
EMPLOYEE (NOM='BILL JONES ' ) A MALE (NOM=' BILL JONES ' ) 

3 .  CR MALEEMPLOYEE (NOM) 
CR FEMALEEMPLOYEE (NOM) 
MALEEMPLOYEE(NOM='BILL JONES') 

The r e p r e s e n t a t i o n  t h a t  i s  chosen i n f l u e n c e s  t h e  types  o f  
q u e s t i o n s  t h a t  can be asked,  and t h e r e f o r e  an  a p p r o p r i a t e  cho ice  
i s  impor tant .  The t h i r d  r e p r e s e n t a t i o n  may be d e s i r e d  f o r  con- 
c e p t s  l i k e  " r e l a t i v e  humidity",  "former customer",  o r  "maximum 
c a p a c i t y " .  

This  c o n s t r u c t i o n  presupposes r e l a t i o n s  t h a t  have a  VON-role, 
f o r  example: 

MANAGE R ( NOM , VON ) 
Who i s  t h e  manager o f  B i l l ?  
?SX [MANPGER(NOM=x A VON='BILLV ) ]  

There i s  an impor tant  r e l a t i o n s h i p  between g e n i t i v e  a t t r i b u t e s - -  
t h e  k ind  o f  c o n s t r u c t i o n  c u r r e n t l y  discussed--and t h e  a u x i l i a r y  
verb  "have". So one can a l s o  ask  t h e  above q u e s t i o n  i n  t h e  form: 
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Which manager does B i l l  have? 

Who does B i l l  have a s  a  manager? 

The re fo re  p r o v i s i o n  must be t aken  t h a t  q u e s t i o n s  o f  t h i s  form 
a r e  i n t e r p r e t e d  l i k e  t h e  ones  having a  g e n i t i v e  a t t r i b u t e  i n  
them. 

A s i m i l a r  r e l a t i o n s h i p  e x i s t s  w i t h  c o n s t r u c t i o n s  c o n t a i n i n g  
t h e  p r e p o s i t i o n  "wi th" :  

Who a r e  managers w i t h  more t h a n  5  employees? 
Which managers have more t han  5  employees? 
Who i s  a manager of  more t han  5  employees? 
?Sx (>5) y  [MANAGER(NOM=xAVON=y) AEMPLOYEE (NOM=y) ) ] 

Adverbia l s  comprise a d v e r b i a l s  o f  t ime and p l a c e .  When an 
a d v e r b i a l  mod i f i e s  a  noun, t h i s  presupposes  t h a t  t h e  r e l a t i o n  
cor responding  t o  t h e  noun has  an  a p p r o p r i a t e  r o l e .  Thus "income 
i n  1975" is i n t e r p r e t e d  a s  

INCOME (NOM=x A TA= ' 19 75 ' ) 

"income from 1970 t o  1975'' cor responds  t o  

<noun) g r e a t e r  t han  <noun ph ra se )  

An example f o r  t h i s  t ype  o f  c o n s t r u c t i o n  is  

income g r e a t e r  t han  5000 
INCOME (NOM>50 00 A VON=x) 

(noun) ( r e l a t i v e  c l a u s e )  

R e l a t i v e  c l a u s e s  a r e  i n t e r p r e t e d  a s  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  o n l y ,  s i n c e  it does  n o t  make much sense  t o  add new 
in fo rma t ion  i n  a  q u e s t i o n .  R e l a t i v e  c l a u s e s  a r e  i n t e r p r e t e d  



r e c u r s i v e l y ,  s i n c e  t h e y  may be embedded. A s i m p l e  example f o r  
t h i s  t y p e  o f  c o n s t r u c t i o n  i s  

employee,  who i s  e x p e r i e n c e d ,  
EMPLOYEE (NOM=x) A EXPERIENCED (NOM=x) 

which c o r r e s p o n d s  a l s o  t o  t h e  i n t e r p r e t a t i o n  o f  " e x p e r i e n c e d  
employee".  

<noun> and  <noun> 

C o n s t r u c t i o n s  o f  t h i s  k i n d  a r e  i n t e r p r e t e d  i n  t h r e e  
d i f f e r e n t  ways by t h e  USL sys tem:  

- Con j u n c t i o n ,  

- Sequence o f  d i s p l a y e d  t a b l e s ,  and  

- Combinat ion o f  d i s p l a y e d  t a b l e s .  

Examples a r e :  

Who i s  t h e  manager o f  J o n e s  and  Smi th?  
Who a r e  t h e  managers and  t h e  employees? 
What i s  t h e  a g e  and  s a l a r y  o f  employees  o f  J o n e s ?  

The c r i t e r i a  f o r  t h e  d e t e r m i n a t i o n  o f  t h e s e  c a s e s  a r e  r a t h e r  
i n v o l v e d ,  a n d  w i l l  n o t  be  p r e s e n t e d  i n  d e t a i l .  I t  s h o u l d  b e  
n o t e d ,  however,  t h a t  t h e  i n t e r p r e t a t i o n s  a r e  w e l l  d e f i n e d  i n  
most  c a s e s ,  c o n t r a r y  t o  t h e  widespread  b e l i e f  t h a t  p e o p l e  u s i n g  
"andn  o r  " o r "  i n  n a t u r a l  l anguage  sometimes mean t h e  one and 
sometimes t h e  o t h e r ,  and t h a t  t h e r e f o r e  n a t u r a l  l anguage  i s  n o t  
l o g i c a l .  

S y n t a c t i c a l l y ,  a  q u a n t i f i e r  m o d i f i e s  a  noun. However, t h e  
s c o p e  o f  t h e  q u a n t i f i e r  u s u a l l y  i s  a  c l a u s e  o r  s e n t e n c e .  Hence, 
q u a n t i f i e r s  c a n n o t  b e  i n t e r p r e t e d  a t  t h e  t i m e  t h e y  a r e  r e c o g n i z e d  
b u t  o n l y  a f t e r  t h e  whole c l a u s e  i s  p r o c e s s e d .  T h i s  i s  r e l a t i v e l y  
s i m p l e  a s  l o n g  a s  o n l y  o n e  q u a n t i f i e r  i s  p r e s e n t ,  b u t  when t h e r e  
a r e  more t h a n  one ,  s c o p e  a m b i g u i t i e s  come i n t o  p l a y .  Scope 
a m b i g u i t i e s  compete w i t h  p r e f e r r e d  r e a d i n g s ,  which a l t h o u g h  n o t  
c o m p l e t e l y  r u l i n g  o u t  some r e a d i n g s  d e f i n i t e l y  stress a  s i n g l e  
one .  P r e f e r r e d  r e a d i n g s  depend on  word o r d e r  ( t o p i c a l i z a t i o n ) ,  
s u b j e c t  v e r s u s  n o n s u b j e c t  p o s i t i o n  o f  t h e  q u a n t i f i e d  noun, and 
s e v e r a l  o t h e r  a s p e c t s .  



The fo l lowing  q u a n t i f i e r s  a r e  t r e a t e d  by t h e  p r e s e n t  
system: 

j ede r  eve ry  (each)  
k e i n  no 
a l l e  a 1  1 
e i n i g e  some (any) 
e t l i c h e  some 
d e r  t h e  
e i n  a  (one)  

" Jede r "  and " a l l e "  a r e  i n t e r p r e t e d  i n  t h e  same way, a l t hough  
t h i s  i s  n o t  always c o r r e c t  (compare " a l l  men a r e  e q u a l "  w i th  
"each man is  e q u a l " ) .  I n  a d d i t i o n ,  numeric q u a n t i f i e r s  a r e  
t r e a t e d  ( e .g .  "5  managers") .  S i n c e  c o n t e x t u a l  ( anaphor i c )  
r e f e r e n c e  i s  n o t  t r e a t e d  by t h e  USL system, no d i s t i n c t i o n  i s  
made between d e f i n i t e  and i n d e f i n i t e  q u a n t i f i e r s .  

<ve rb>  <noun phrase) ,  <verb> < p r e p o s i t i o n a l  ph ra se>  

Verbs a r e  i n t e r p r e t e d  a s  r e l a t i o n s ;  i n  t h e  s i m p l e s t  c a s e ,  
t h e  noun ph ra se  i s  a  p rope r  name, e .g . :  

employ B i l l  Jones  
EMPLOY(NOM=x A ACC='BILL JONES') 

When t h e  noun ph ra se  i s  t o  be i n t e r p r e t e d  a s  a  r e l a t i o n  a l s o ,  
l i k e  i n  

sell a  computer 
SELL (NOM=x A ACC=y) A COMPUTER (NOM=y) 

a  s l i g h t l y  more complex r e p r e s e n t a t i o n  i s  r e q u i r e d .  

Noun p h r a s e s  a r e  conceived a s  arguments of  t h e  v e r b  r e l a t i o n .  
A t  p a r s i n g  t ime t h e y  a r e  c o l l e c t e d  one by one,  t hen  they  a r e  
t r a n s l a t e d  recurs ive ly- -noun ph ra ses  may have arguments of  t h e i r  
own--into t h e  cor responding  formal  e x p r e s s i o n s .  



DATA ANALYSIS 

Applications and Users Addressed 

USL is designed as a problem solving system. In this con- 
text, problem solving means the creative process of performing 
nonroutine, nonrepetitive operations to solve a problem. The 
solution criteria of such problems are often incompletely de- 
fined, therefore several solution methods may be possible. 
Problem solvers are professionals in their field of specialty. 
They are professionals in administration and research who want 
to access data for decisionmaking easily and directly. They 
are used to explore different strategies and to work towards 
problem solution by successive approximation. USL is designed 
to help them to retrieve, update, and manipulate computer-stored 
data in their terminology, thus eliminating the need for formal 
data processing education. It can be easier for planners and 
decisionmakers to evaluate alternative solutions to a given 
problem and to understand consequences of decisions before they 
are implemented. Scientists can make use of USL to explore 
dependencies between data and to test hypotheses. This will not 
necessarily reduce the time needed for problem solution, but it 
can reduce the time spent adjusting the solution to facts that 
seemed unrelated at first. 

Exploration and exploitation of natural resources is an 
application that uses geographical, geological, atmospheric, and 
agricultural data. The task includes examining locations of 
resources and determining exploitation profitability. The lat- 
ter depends on many factors: availability of manpower, trans- 
portation cost, cost of refinement of raw materials, etc. USL 
contributes to solve these problems by providing the capabilities 
required to query data accumulated according to varying criteria 
and to evaluate different possible solutions. 

Empirical research in industry or universities involves 
varying amounts of data depending on the project and the size 
of the group participating in the project. Aside from repeti- 
tive, routine operations, processing of these data is poorly 
supported. Studies in the humanities, for example in sociology 
and psychology, often require data collection from questionnaires. 
Many users would be served by small data bases, but they are not 
created today, because their size does not justify the cost of 
installation and maintenance by data processing personnel. Such 
DBs can be set up through USL and can improve the effectiveness 
of the people using them. 

Data Base Design and Vocabulary Definition 

Designing a DB means modeling a section of the world in 
terms of the data model of a given DB system. Data are collected 
in a variety of forms, such as tables, matrices, maps, networks, 
curves, lines, texts, or pictures. Not all of these forms are 



e q u a l l y  w e l l  ana lyzed;  nor  a r e  t hey  e q u a l l y  w e l l  a ccep ted  by a 
DB system. Thus when an a p p l i c a t i o n  i s  t o  be implemented, a 
f i r s t  s t e p  i s  u s u a l l y  a concep tua l  a n a l y s i s  o f  t h e  d a t a  a v a i l -  
a b l e  o r  r e q u i r e d .  Then a format  h a s  t o  be found f o r  t h e  d a t a  
t h a t  can  be understood by t h e  system. A f t e r  an  a p p r o p r i a t e  
format  f o r  a n  a p p l i c a t i o n  has been developed,  i t  can  be  used 
r e g a r d l e s s  o f  t h e  a v a i l a b i l i t y  o f  a computer o r  DB system. 
When an  a p p l i c a t i o n  i s  t o  be developed from s c r a t c h ,  an  a n a l y s i s  
o f  t h e  s t r u c t u r e  o f  t h e  d a t a  i s  r e q u i r e d ,  i . e .  t h e  concepts  t h a t  
a r e  t o  e x i s t  i n  t h e  system have t o  be de termined ,  and dependencies  
between t h e  concepts  have t o  be e s t a b l i s h e d  a l s o .  I t  has  f u r t h e r  
t o  be determined what k i n d s  o f  r e s u l t s  w i l l  be  expec ted  by t h e  
f u t u r e  u s e r s  o f  t h e  system. P a r t  o f  t h e  concep tua l  a n a l y s i s  
c o n s i s t s  i n  f i n d i n g  o u t  how t h e  f u t u r e  u s e r s  a r e  going  t o  r e f e r  
t o  t h e  concep t s  t o  be implemented i n  t h e i r  language,  and t h e  
words have t o  be d e f i n e d  acco rd ing ly ,  and t h e y  have t o  be r e l a t e d  
t o  t h e  r e l a t i o n  names i n  t h e  DB. 

I n  t h e  USL system a mechanism i s  provided t o  make vocabulary 
d e f i n i t i o n  a s  ea sy  a s  p o s s i b l e .  When a new word i s  t o  be d e f i n e d ,  
it must be ensured  t h a t  a l l  columns o f  t h e  r e s p e c t i v e  r e l a t i o n s  
can  be reached  by some fo rmula t ion .  Here a s p e c i a l  problem 
o c c u r s  f o r  USL and s i m i l a r  systems:  t h e  i d e n t i f i c a t i o n  o f  con- 
c e p t s  w i th  r e l a t i o n s  wi th  a number o f  r o l e s  and domains. Th i s  
problem has  been addressed  a t  s e v e r a l  p l a c e s  i n  t h i s  document 
( s e e  t h e  s e c t i o n s  on words and concepts  and on s y n t a c t i c  con- 
s t r u c t i o n s  i n  p a r t i c u l a r ) .  Sometimes t h e  same r o l e  name cou ld  
be used f o r  d i f f e r e n t  domains, l i k e  i n  

manager o f  B i l l  Jones 
manager o f  IBM . 

Although i t  might  n o t  cause  problems even i n  t h i s  c a s e ,  when t h e  
two domains i n  q u e s t i o n  were j o ined ,  one would s t i l l  h e s i t a t e  t o  
do s o  i n  p r a c t i c e .  

Use - 

Q u e r i e s  can  be formula ted  a s  yes /no-ques t ions ,  wh-questions, 
o r  commands u s i n g  t h e  verb  " l i s t " .  The answer t o  a wh-question 
o r  a command i s  a t a b l e  t h a t  may be  empty ( i f  no o b j e c t  having 
t h e  s p e c i f i e d  s ea rch  c r i t e r i a  e x i s t s )  . In t e rmed ia ry  r e s u l t s  can 
be s t o r e d  i n  v a r i a b l e s ,  e . g .  

pm2 = t h e  c o u n t r i e s  whose pmregion i s  2 . 

New d a t a  can  be i n s e r t e d  i n t o  e x i s t i n g  r e l a t i o n s  u s i n g  d e c l a r a -  
t i v e  s e n t e n c e s ,  e . g .  



John  i s  t h e  manager o f  B i l l .  
John  i s  t h e  manager o f  a l l  m a r r i e d  employees .  

D e l e t i o n s  can  o n l y  b e  performed by u s i n g  t h e  f o r m a l  d a t a  
m a n i p u l a t i o n  l a n g u a g e .  

B a s i c  a r i t h m e t i c  o p e r a t i o n s  a r e  a v a i l a b l e  f o r  s c a l a r s  a n d  
row-wise a p p l i c a t i o n  t o  r e l a t i o n s  t h a t  have a  common "vonW- 
column, e . g .  

I n  a d d i t i o n  t o  t h e s e ,  column o p e r a t i o n s  a r e  a v a i l a b l e  t o  compute 
sum, a v e r a g e ,  maximum, and  minimum. There  a r e  a l s o  f u n c t i o n s  t o  
c o n v e r t  d a t e s  a n d  t o  compute t i m e  i n t e r v a l s .  These b a s i c  o p e r a -  
t i o n s  c a n  b e  used  t o  d e f i n e  new f u n c t i o n s ,  e . g .  

s q u a r e  ( X ) = ' X * * ~ '  
l i s t  s q u a r e  ( s a l a r y )  . 

F u n c t i o n s  t h a t  r e q u i r e  s p e c i f i c a t i o n  o f  an a l g o r i t h m  c a n  be added 
w i t h  t h e  h e l p  o f  a  programmer. No a t t e m p t  i s  made t o  u s e  n a t u r a l  
l anguage  f o r  a u t o m a t i c  programming. 
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A p p e n d i x .  S a m p l e  Sess ion.  

us 1 
USL --- VERSION:  NOVEMBER 11 ,  1976 
MELDUNGEN - MESSAGES - MELDINGEN - MENSAJES 
DEUTSCH ( 1 ) - ENGLISH ( 2 )  - NEDERLANDS (3 )  - ESPANOL ( 4 )  
META : 
ENGLISH AVAILABLE FOR E D I T I N G  

? 
s t a r t  i i a s a , d e m o  
? 
w h a t  i s  t h e  base? 

BASE .............................................................. 
(ROPERREQ+RCONREQ) 
RCOUNTRY 
RCONREQ 
RCLTIME 
W A C  
ROPERREQ 
RPRODDEP 
R E S E R V E  
RRESOURC 
RREFERENC*RPUBLICA;C 
RREF 
RWATERPC 

? 
w h o s e  base i s  ' r f ac ' ?  

RELATION ............................................................... 
ACT 
CAPACITY 
F A C I L I T Y  
FACNAM. 
FACCLASS 
I N R E S Q T  
NEED 
OUTRESNO 
OUTRESQT 

? 
w h a t  are t e r m s  f o r  ' i n r e s q t ' ?  



TERM ............................................................... 
I N R E S Q T  

? 
l i s t  coun t ry  7 0  

COUNTRY NAME ............................................................... 
7 0  FEDERAL W P U B L I C  O F  GERM 

? 
what i s  t h e  pmregion of  7 0 ?  

PMREGION ............................................................... 
2 

? 
l i s t  t h e  c o u n t r i e s  whose pmregion is  2 

COUNTRY NAME ............................................................... 
5 8 TURKEY 
6 0 NETHE FUAN DS 
6 1 YUGOSLAVIA 
6 3 A U S T R I A  
6 4 BELGIUM 
6 7 DENMARK 
6 8 F I N L A N D  
6 9 FRANCE 
7 0  FEDERAL R E P U B L I C  O F  GERM 
7 2  GREECE 
7 4 I T A L Y  
7 5 NO W A Y  
7 7 PORTUGAL 
7 9 S P A I N  
8 0 S I E D E N  
8 1 SWITZERLAND 
8 2 U N I T E D  KINGDOM 

1 0 2  ANDORA 
1 3 8  I C E L A N D  
1 3 9  IRZLAND 
1 5 1  L I E C H T E N S T E I N  
1 5 2  LUXEMBOURG 
1 5 4  MALTA 
1 5 7  MONACO 
1 7 4  SAN MARINO 
1 9 1  VATICAN C I T Y  S T A T E  

? 
what a r e  comments on r e f e r e n c e  I ?  

COMMENT ............................................................... 
MAJOR O I L  F I E L D S  AROUND THE WORLD 



? 
what i s  t h e  r e q i r e d  q u a n t i t y  f o r  t h e  c o n s t r u c t i o n  o f  101? 
NOT UNDERSTOOD: THE FOLLOWING WORDS WERE ASSUMED TO BE PROPER NAMES: 

REQIRED 
? 
what i s  t h e  r e q u i r e d  q u a n t i t y  f o r  t h e  c o n s t r u c t i o n  of  101? 

INTERPRETATION 1 
QTY 

INTERPRETATION 2 
OBJECT REQUESTED M)ES NOT E X I S T  

? 
l i s t  t h e  r e q u i r e d  q u a n t i t i e s  f o r  t h e  c o n s t r u c t i o n  o f  101 

INTERPRETATION 1 
OBJECT REQUESTED M)ES NOT E X I S T  

INTERPRETATION 2 
RESOURCE QTY REF PURPOSE ................................................................. 

5 2  4400 10  1101  
7  0  1,080000 10  1101  
7  1  0  10 1101  
8 1  27800 1 0  1101  
8  2  80500 1 0  1101  
8  3 2600 1 0  1101  
8 4  4600 1 0  1101  
8  5  500 1 0  1101  

? 
end 



A Na tu ra l  Language I n t e r f a c e  F a c i l i t y  and 
I ts  App l i ca t ion  t o  a  IIASA Data Base* 

G.G.  Hendrix 

INTRODUCTION 

Th i s  n o t e  d e s c r i b e s  LIFER, a  p r a c t i c a l  f a c i l i t y  f o r  c r e a t i n g  
n a t u r a l  language i n t e r f a c e s  t o  o t h e r  computer so f tware .  Empha- 
s i z i n g  human eng inee r ing ,  LIFER has  bundled n a t u r a l  language 
s p e c i f i c a t i o n  and p a r s i n g  technology i n t o  one convenient  package. 
T h i s  package i n c l u d e s  an au tomat ic  f a c i l i t y  f o r  hand l ing  e l l i p -  
t i c a l  ( i . e .  incomple te)  i n p u t s ,  a  s p e l l i n g  c o r r e c t o r ,  a  grammar 
e d i t o r ,  and a  mechanism t h a t  a l l ows  even novices  t o  ex tend  t h e  
language recognized  by t h e  system through t h e  u se  a f  paraphrase .  
O f f e r i n g  a  range  o f  c a p a b i l i t i e s  t h a t  suppor t s  bo th  s imple and 
complex i n t e r f a c e s ,  LIFER a l lows  c a s u a l  u s e r s  t o  r a p i d l y  c r e a t e  
workable systems wh i l e  g i v i n g  ambi t ious  u s e r s  t h e  t o o l s  needed 
t o  produce powerful  and more e f f i c i e n t  language d e f i n i t i o n s .  
Exper ience  w i th  t h e  system has  shown t h a t  f o r  some a p p l i c a t i o n s ,  
very  p r a c t i c a b l e  i n t e r f a c e s  may be c r e a t e d  i n  a  few days .  I n  
p a r t i c u l a r ,  an i n t e r f a c e  t o  an example s e t  o f  IIASA d a t a  was 
c r e a t e d  i n  only  two days .  The r e s u l t i n g  systems a r e  d i r e c t l y  
u sab le  by bus ines s  e x e c u t i v e s ,  r e s e a r c h e r s ,  and o f f i c e  workers  
whose a r e a s  o f  e x p e r t i s e  l i e  o u t s i d e  t h e  f i e l d  o f  computer 
s c i e n c e .  

THE LIFER SYSTEM 

LIFER i s  composed o f  two b a s i c  p a r t s :  a  s e t  o f  i n t e r a c t i v e  
language s p e c i f i c a t i o n  f u n c t i o n s  and a  p a r s e r .  I n  s t a n d a r d  
p r a c t i c e ,  a  system b u i l d e r  u se s  t h e  language s p e c i f i c a t i o n  func- 
t i o n s  t o  d e f i n e  an a p p l i c a t i o n  language.  Th i s  a p p l i c a t i o n  l an -  
guage i s  a  s u b s e t  o f  a  n a t u r a l  language ( e . g .  Eng l i sh )  t h a t  i s  
a p p r o p r i a t e  f o r  i n t e r a c t i n g  wi th  an e x i s t i n g  so f tware  p roduc t .  
Using t h i s  language s p e c i f i c a t i o n ,  t h e  LIFER p a r s e r  w i l l  t hen  
i n t e r p r e t  n a t u r a l  l a n g u a ~ e  i n p u t s ,  t r a n s l a t i n g  them i n t o  appro- 
p r i a t e  i n t e r a c t i o n s  w i th  t h e  a p p l i c a t i o n  so f tware .  

Example i n t e r a c t i o n s  w i th  a  LIFER a p p l i c a t i o n  language f o r  
a d a t a  base  a c c e s s  system a r e  p re sen ted  i n  Table 1 .  Th i s  p a r t i c -  
u l a r  language d e f i n i t i o n  was developed f o r  a  c o l l e c t i o n  of  IIASA 

*The work r e p o r t e d  h e r e i n  was conducted under  S t an fo rd  Resnarch 
I n s t i t u t e ' s  P r o p r i e t a r y ,  I n t e r n a l  Research and Development 
Program. 



T a b l e  1 .  E x a m p l e  i n t e r a c t i o n s  w i t h  LIFER. 

-What i s  t h e  d e p t h  o f  t h e  go lden  s p i k e  d e p o s i t ?  
PARSED! 
(DEPO.NO 29 DEPTH 1786.4) 

-number o f  w e l l s  and API? 
Try ing  E l l i p s i s :  WHAT I S  THE NUMBER OF WELLS AND API OF THE GOLDEN 
SPIKE DEPOSIT 
(DEPO.NO 29 WELLS 21 API 36.0) 

-of b e l l  c r e e k  
Try ing  E l l i p s i s :  WHAT I S  THE NUMBER OF WELLS AND API OF BELL CREEK 
(DEPO.NO 308 WELL 250 API 32 .0 )  

- d e p o s i t  1 
T r y i n g  E l l i p s i s :  WHAT I S  THE NUMBER OF WELLS AND API OF DEPOSIT 1 
(DEPO.NO 1 WELLS 63 API 38.0) 

- d e p o s i t s  i n  t h e  Union o f  S o v i e t  S o c i a l i s t  Repub l i c s  
Try ing  E l l i p s i s :  WHAT I S  THE NUMBER OF WELLS A N D  API OF DEPOSITS 
I N  THE U N I O N  OF SOVIET SOCIALIST REPUBLICS 
(DEPO.NO 474 WELLS 2000 API 27.2) 
(DEPO. NO 475 WELLS 10 API UNKNOWN) 

(DEPO.NO 1128 WELLS UNKNOWN API UNKNOWN) 
-What i s  t h e  ave rage  API g r a v t i y  and d e p t h  f o r  American o i l  d e p o s i t s  

s p e l l i n g  -> GRAVITY 
PARSED! 

API 
233 i t e m s  accep ted  
Average i s  29.63305 

DEPTH 
236 i t e m s  accep ted  
Average i s  1265.308 

-maximum 
Try ing  E l l i p s i s :  WHAT 1S THE M A X I M U M  API GRAVITY AND DEPTH FOR 
AMERICAN OIL DEPOSITS 

API 57.0  
DEPTH 5486.4 

-what o i l  d e p o s i t s  . f ' h e  U.S.A. were d i scove red  i n  1969 
Try ing  E l l i p s i  :. CLLIPSIS HAS FAlLED 
THE PARSER DCCS NOT FYPECT THE WORD 
"ll . S. A .  I' TO FOLLGL 
"WHAT OIL CoPOSI'IS IN THE". 

OPTIONS FGR W X T  WORD OR META SYMBOL ARE: <CGUNTRY> 



Table 1 .  ( c o n t ' d )  

-How i s  t h e  symbol <COUNTRY> used 
PARSED! 
<COUNTRY> may be  any  member o f  t h e  s e t  {AFGANISTAN ALBANIA ... 
... USA ... ZAMBIA) 
<COUNTRY> may be  any sequence o f  words f o l l o w i n g  one o f  t h e  p a t t e r n s :  
<COUNTRY> => CAPE VERDE ISLANDS 

=> CENTRAL AFRICAN REPUBLIC 

=> UNITED STATES OF AMERICA 

-use  USA f o r  U.S.A. i n  -2 
PARSED 1 
(DEPO.NO 212) 
(DEPO. NO 342) 
(DEPO.NO 436)  

-What i s  t h e  r e s o u r c e  o f  t h e  OKC d e p o s i t  
T ry ing  E l l i p s i s :  ELLIPSIS HAS FAILED 
THE PARSER DOES NOT EXPECT THE WORD 
"OKC" TO FOLLOW 
"WHAT I S  THE RESOURCE OF THE". 

OPTIONS FOR NEXT WORD OR META SYMBOL ARE: <DEPOSIT> 

- l e t  (What i s  t h e  r e s o u r c e  o f  t h e  OKC d e p o s i t )  be a p a r a p h r a s e  o f  
(What i s  t h e  r e s o u r c e  o f  t h e  Oklahoma C i t y  d e p o s i t )  
PARSED! 
MAY LIFER ASSUME THAT "OKC" MAY 
ALWAYS BE USED FOR "OKLAHOMA CITY"? 
(TYPE YES OR NO) 
Yes 
<D-NAME> => OKC 

-what i s  t h e  r e s o u r c e  o f  t h e  OKC d e p o s i t ?  
PARSED l 
(DEPO.NO 336 RESOURCE OIL) 

-Give t h e  d i s c o v e r y  d a t e  f o r  OKC 
PARSED! 
(DEPO.NO 336 DISC.DATE 1928) 

-Show g e o l o g i c a l  t y p e  Salem 
Try ing  E l l i p s i s :  ELLIPSIS HAS FAILED 

[ e r r o r  message i s  p r i n t e d . ]  

-Let  (show Geo log ica l  t y p e  Salem) be a p a r a p h r a s e  o f  (What i s  t h e  
g e o l o g i c a l  t y p e  o f  t h e  Salem d e p o s i t )  
PARSED! 
LIFER.TUP.GRAMMAR =>  <WH/LIST><ATTRIBUTES><DEPOSIT> 

-Show g e o l o g i c a l  t ype  Salem 
PARSED! 
(DEPO.NO 242 PAY MISS) 



Table 1 . ( c o n t  Id) 

-Country country number and production 
Trying Ellipsis: SHOW COUNTRY COUNTRY NUMBER AND PRODUCTION SALEM 
(DEPO.NO 242 COUNTRY ( U N I T E D  STATES OF AMERICA) COUNTRY.NO 31 
QUANTITY 3.0) 

[now try another compact input similar to SHOW GEOLOGICAL TYPE 
SALEM] 

-Print number of wells Soviet O i l  deposits w i t h  API over 37.5 
PARSED! 
(DEPO.NO 476 WELLS UNKNOWN A P I  41.0) 
(DEPO.NO 481 WELLS 500 API 38.0) 

energy d a t a  w i th  on ly  two d a y ' s  work. The sys tem u s e r  t y p e s  i n  
a  query  o r  command i n  o r d i n a r y  Eng l i sh ,  fol lowed by a  c a r r i a g e  
r e t u r n .  The LIFER p a r s e r  t hen  beg ins  p roces s ing  t h e  i n p u t .  
When a n a l y s i s  is complete ,  LIFER types  "PARSED!" and invokes 
a p p l i c a t i o n  so f tware  ( h e r e ,  a  d a t a  management system) t o  respond.  

An impor t an t  f e a t u r e  of  t h e  LIFER p a r s e r  i s  an  a b i l i t y  t o  
p roces s  e l l i p t i c a l  ( incomple te)  i n p u t s .  Thus, i f  t h e  system i s  
asked 

WHAT IS THE DEPTH OF THE GOLDEN SPIKE DEPOSIT? 

then  t h e  i n p u t  

OF BELL CREEK 

w i l l  be i n t e r p r e t e d  a s  WHAT IS  THE DEPTH OF BELL CREEK. Ana lys i s  
o f  incbmple te  i n p u t s  i s  performed a u t o m a t i c a l l y  by LIFER, making 
it unnecessary  f o r  t h e  system b u i l d e r  t o  e x p l i c i t l y  d e f i n e  e l l i p -  
t i c a l  c o n s t r u c t i o n s  i n  t h e  a p p l i c a t i o n  language.  

I f  a  u s e r  m i s s p e l l s  a  word, LIFER a t t e n p t s  t o  c o r r e c t  t h e  
e r r o r  u s i n g  t h e  INTERLISP s p e l l i n g  c o r r e c t o r  [ 3 ] .  I f  t h e  p a r s e r  
canno t  account  f o r  an i n p u t  i n  te rms  of  t h e  a p p l i c a t i o n  language 
d e f i n i t i o n ,  u s e r - o r i e n t e d  e r r o r  messages a r e  p r i n t e d  t h a t  i n d i -  
c a t e  what LIFER was a b l e  t o  unders tand  and t h a t  s u g g e s t  means 
o f  c o r r e c t i n g  t h e  e r r o r .  

The d e f i n e r  of  t h e  language i n t e r f a c e  can i n t e r m i x  c a l l s  
t o  LIFER t h a t  ex t end  o r  modify t h e  language d e f i n i t i o n  w i t h  
c a l l s  t o  t h e  p a r s e r  t h a t  u t i l i z e  t h e  developing  language system. 
Th i s  a i d s  sys tem b u i l d e r s  i n  t h e  t a s k  o f  d e f i n i n g  t h e  a p p l i c a t i o n  



l anguage ,  a l l owing  them t o  o p e r a t e  i n  a  r a p i d  ex tend  and test 
mode. Perhaps more impor t an t ly ,  it p r o v i d e s  t h e  b a s i s  f o r  a  
mechanism through which n a i v e  u s e r s  may extend  t h e i r  language 
by employing e a s y  t o  unders tand  n o t i o n s  such a s  synonyms and 
pa raph rases .  P r o v i s i o n s  may be i nc luded  i n  t h e  a p p l i c a t i o n  
language f o r  i n t e r f a c i n g  wi th  LIFER'S own language s p e c i f i c a t i o n  
f u n c t i o n s ,  a l l owing  u s e r s  t o  g i v e  n a t u r a l  language commands f o r  
ex t end ing  t h e  language i t s e l f .  Th i s  i s  i l l u s t r a t e d  by t h e  para-  
ph ra se  examples of Table 1 .  

The LIFER p a r s e r  u se s  an augmented, f i n i t e  s t a t e  t r a n s i t i o n  
network [ 4  ] . The LIFER language s p e c i f i c a t i o n  f u n c t i o n s  c o n s t r u c t  
t h e s e  unde r ly ing  t r a n s i t i o n  networks a u t o m a t i c a l l y  from language 
p roduc t ion  r u l e s  t o  t h e  t y p e  commonly used by bo th  l i n g u i s t s  and 
compi l e r  b u i l d e r s .  The p roduc t ion  r u l e s  may be  e a s i l y  modif ied 
and t e s t e d  i n t e r a c t i v e l y ,  a l l owing  s o p h i s t i c a t e d  language d e f i n i -  
t i o n s  t o  be produced w i t h i n  a  s h o r t  pe r iod  o f  t ime.  

I n  u s i n g  LIFER, i n t e r f a c e  b u i l d e r s  t y p i c a l l y  embed cons ide r -  
a b l e  semant ic  informat ion  i n  t h e  syn tax  of  t h e  a p p l i c a t i o n  lan-  
guage. For  example, words l i k e  JOHN and AGE would n o t  be grouped 
t o g e t h e r  i n t o  a  s i n g l e  <NOUN> ca t ego ry .  Ra the r ,  J O H N  would be 
t r e a t e d  a s  a  <PERSON>, and AGE a s  an <ATTRIBUTE). S i m i l a r l y ,  
ve ry  s p e c i f i c  s en t ence  p a t t e r n s  such  a s  

a r e  t y p i c a l l y  used i n  LIFER i n s t e a d  o f  more g e n e r a l  p a t t e r n s  
such  a s  

< NOUN-PHRASE) <VERB-PHRASE > . 
For  each  s y n t a c t i c  p a t t e r n ,  t h e  i n t e r f a c e  b u i l d e r  s u p p l i e s  an 
e x p r e s s i o n  f o r  computing t h e  i n t e r p r e t a t i o n  o f  i n s t a n c e s  o f  t h e  
p a t t e r n .  Express ions  f o r  s en t ence - l eve l  p a t t e r n s  u s u a l l y  invoke 
a p p l i c a t i o n  so f tware  t o  answer q u e s t i o n s  o r  c a r r y  o u t  commands. 

Example i n t e r a c t i o n s  d e f i n i n g  a  LIFER a p p l i c a t i o n  language 
a r e  shown i n  Table 2 .  F i r s t ,  a p p l i c a t i o n  in fo rma t ion  concern ing  
b iog raph ic  d a t a  i s  s t o r e d  on p r o p e r t y  l i s ts  f o r  l a t e r  query ing .  
Then t h e  f u n c t i o n  MAKE.SET is  c a l l e d  t o  d e f i n e  some word/phrase 
c a t e g o r i e s .  The c a t e g o r y  <ATTRIBUTE >, f o r  example, i s  d e f i n e d  
t o  i n c l u d e  such  words a s  AGE and OCCUPATION. Next,  f u n c t i o n  
PATTERN.DEFINE i s  used t o  add t h e  p roduc t ions  

and 



Table 2 .  Defining an appl icat ion language. 

{set up data to be queried) 
-SETPROPLIST(JEWELL.FLEMING (AGE 35 OCCUPATION TEACHER HEIGHT 5.5 

WEIGHT 105) ) 
-SETPROPLIST(IVAN.FRYMIRE (AGE 40 OCCUPATION FARMER HEIGHT 6.2 

WEIGHT 225) ) 

{MAKE.SET and PATTERN.DEFINE extend the language definition) 
-MAKE.SET(<PERSON> (JEWELL.FLEMING 1VAN.FRYMIRE ... ) )  
-MAKE.SET(<ATTRIBUTE> (AGE OCCUPATION HEIGHT WEIGHT)) 
-MAKE.SET(<IS/ARE> (IS ARE)) 
-PATTERN.DEFINE(<ATTR-SET> (<ATTRIBUTE>) 

(LIST <ATTRIBUTE>)) 
-PATTERN.DEFINE(<ATTR-SET> (<ATTRIBUTE> AND <ATTR-SET>) 

(CONS <ATTRIBUTE> <ATTR-SET> ) ) 
-PATTERN.DEFINE((WHAT <IS/ARE> THE <ATTR-SET> OF <PERSON>) 

(MAPCONC <ATTR-SET> (FUNCTION (LAMBDA (A) 
(LIST A (GETPROP <PERSON> A) ) )  ) ) ) 

{a call to LIFER.INPUT sends subsequent inputs to the parser) 
-(LIFER.INPUT) 

{start NL interactions using grammar defined above) 
-what is the occupation of jewell.fleming 
PARSED ! 
(OCCUPATION TEACHER) 
-age and weight 
TRYING ELLIPSIS: WHAT IS THE AGE AND WEIGHT OF JEWELL.FLEMING 
(AGE 35 WEIGHT 105) 

{MAKE.SET is called to add variety to persons' names) 
{leading ! sends line to LISP'S EVAL, instead of to parser) 

-!MAKE.SET(<PERSON> ((JEWELL . JEWELL.FLEMING) 
(IVAN . IVAN. FRYMIRE) 
((JEWELL FLEMING) . JEWELL.FLEMING) 
( (IVAN FRYMIRE) . IVAN. FRYMIRE) ) 

{now more English input) 
-what is the height of ivan frymier 
(assumed spelling error)==>FRYMIRE 

PARSED! 
(HEIGHT 6.2) 
-of jewell 
TRYING ELLIPSIS: WHAT IS THE HEIGHT OF JEWELL 
(HEIGHT 5.5) 

{define a paraphrase in English) 
-define "give the height of ivan1I like '!what is the height of ivanw 
PARSED ! 
LIFER. TOP. GRAM => GIVE THE <ATTR-SET> OF <PERSON> 

{output above shows LIFER'S generalization of the paraphrase) 
{now try an input based on the paraphrase above) 

-give the age and occupation of jewell fleming 
PARSED! 
(AGE 35 OCCUPATION TEACHER) 



t o  t h e  language d e f i n i t i o n ,  e s t a S l i s h i n g  an <ATTR-SET> a s  a  
l i s t  of  one o r  more a t t r i b u t e s  s e p a r a t e d  by A N D s .  The t h i r d  
c a l l  t o  PATTERN.DEFINE sets up a  t o p - l e v e l  s e n t e n c e  p a t t e r n  
o f  t h e  form 

WHAT <IS/ARE> THE <ATTR-SET> OF <PERSON> 

which can match such q u e r i e s  a s  

WHAT IS  THE AGE AND OCCUPATION OF JEWELL.FLEMING . 

The exp res s ion  f o r  computing t h e  v a l u e  o f  t h i s  query maps down 
t h e  l i s t  o f  a t t r i b u t e s  t h a t  a r e  sought  and e x t r a c t s  t h e i r  v a l u e s  
from t h e  p r o p e r t y  l i s t  o f  t h e  <PERSON>. 

A f t e r  t h e  f u n c t i o n  LIFER.INPUT is c a l l e d ,  a l l  l i n e s  o f  
i n p u t  a r e  s e n t  t o  t h e  LIFER p a r s e r  f o r  p roces s ing .  The f i r s t  
query  o f  t h e  example i s  a  complete  s en t ence ,  b u t  t h e  second i s  
e l l i p t i c a l .  No s p e c i a l  p a t t e r n s  a r e  needed t o  d e a l  w i t h  t h i s  
e l l i p t i c  que ry .  A more complex u s e  o f  MAKE-SET and examples o f  
t h e  s p e l l i n g  c o r r e c t o r  a r e  shown i n  l a t e r  i n t e r a c t i o n s  i n  Table 
2. Many o t h e r  f e a t u r e s  a r e  a v a i l a b l e ,  i n c l u d i n g  a  grammar e d i t o r ,  
a i d s  f o r  p roces s ing  anaphora,  and a  mechanism f o r  u s ing  LISP pred-  
i c a t e s  t o  d e f i n e  s y n t a c t i c  c a t e g o r i e s .  

LIFER i s  implemented i n  PDP-10 INTERLISP, w i t h  t h e  b a s i c  
system r e q u i r i n g  an  a d d i t i o n a l  14K words above t h e  150K used by 
INTERLISP. An  e x t e n s i v e  language d e f i n i t i o n  f o r  communicating 
w i t h  a  l a r g e  d a t a  base  (70 f i e l d s  on 14 f i l e s  w i t h  hundreds o f  
r e c o r d s )  r e q u i r e s  an  a d d i t i o n a l  30K, i n c l u d i n g  some d a t a  base  
a c c e s s  r o u t i n e s .  Such s e n t e n c e s  a s  

WHAT IS  THE DEPTH OF THE GOLDEN SPIKE DEPOSIT 

p a r s e  i n  l e s s  t han  0.2 s o f  CPU t ime on t h e  DEC KL-10, f a s t e r  
t han  t h e  s e n t e n c e s  a r e  u s u a l l y  spoken o r  typed .  

For  more i n fo rma t ion  about  how LIFER works and about  how 
a p p l i c a t i o n  languages may be d e f i n e d ,  s e e  [ 1 ] and [2 I . 
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Natu ra l  Language P rocess ing  Within 
A R e s t r i c t e d  Context  

V. B r i a b r i n  and G .  Senin 

INTRODUCTION 

The Dialogue Informat ion  Log ica l  System (DILOS) has  been 
developed-for s e rv rng  a s  an " i n t e l l i g e n t "  media tor  between t h e  
u s e r  and a  s e t  o f  a p p l i e d  programs and d a t a  modules [ I ] .  The 
system i s  w r i t t e n  i n  LISP and can be d i v i d e d  f u n c t i o n a l l y  i n t o  
s e v e r a l  p a r t s  c a l l e d  "processors" .  Three execu t ive  p rocesso r s  
a r e  a c t i v a t e d  by t h e  "formal i n t e r f a c e  express ions ' '  ( I $  expres-  
s i o n s )  and they  perform l o g i c a l  i n f e r e n c e ,  i n fo rma t ion  r e t r i e v a l ,  
c a l c u l a t i o n  p l ann ing ,  and c o n t r o l .  Thus @ language c o n s t i t u t e s  
one p o s s i b l e  medium f o r  u s e r  communication wi th  t h e  system. 

The s p e c i a l  L i n g u i s t i c  ~ r o c e s s o r  (LINGP) i s  a  f ront -end 
p a r t  o f  t h e  system in tended f o r  t h e  t r ans fo rma t ion  o f  t h e  i n p u t  
n a t u r a l  language ph rases  (NL phrases )  i n t o  t h e  cor responding  4 
e x p r e s s i o n s .  We p r e s e n t  he re  a  s h o r t  d e s c r i p t i o n  of  LINGP 
o p e r a t i o n  and i t s  unde r ly ing  p r i n c i p l e s .  The system has  been 
developed i n  Moscow f o r  a  BESM-6 computer and t r a n s f e r r e d  t o  
t h e  PDP-11/45 a t  IIASA [ 2 ] .  

THE GENERAL PRINCIPLES OF NL -+ I$ TRANSFORMATION 

L e t  u s  cons ide r  LINGP i n t e r a c t i o n  w i t h  t h e  informat ion  
r e t r i e v a l  p rocesso r  ( IRP) .  The gene ra l  syn tax  o f  I$ expres s ion  
d i r e c t e d  t o  IRP is a s  fo l lows [ 2 ] :  

(func-name> d e f i n e s  t h e  type  o f  o p e r a t i o n  (FIND, ADD, DELI e m . ) .  

<div-name> s e t s  up t h e  scope o f  o p e r a t i o n  t o  be performed, i . e .  
e s t a b l i s h e s  a  c u r r e n t  d a t a  base  d i v i s i o n  name. <obj--names> p u t  
f u r t h e r  r e s t r i c t i o n s  on t h e  scope  o f  ope ra t ion  by r e q u i r i n g  t h a t  
i t  hs  a p p l i e d  only  t o  t h e  o b j e c t s  wi th  t h e  g iven  names. I f  (var )  
i s  used i n s t e a d  o f  t h e  <obj-names) t hen  a l l  o b j e c t s  o f  t h e  cur -  
r e n t  d i v i s i o n  p a r t i c i p a t e  i n  t h e  o p e r a t i o n .  ( r e s t r i c t i o n )  i s  
r e p r e s e n t e d  u s u a l l y  by t h e  p a i r  {<ind> < v a l > )  implying t h a t  a  
r e q u i r e d  o b j e c t  should  posses s  t h e  g iven  va lue  <va l>  under t h e  
g iven  i n d i c a t o r  < ind>.  ( p r e s c r i p t i o n )  i s  r e p r e s e n t e d  by t h e  p a i r  



{< ind>  < v a r > }  r e q u i r i n g  t h e  sys tem t o  e x t r a c t  t h e  v a l u e  o f  < i n d >  
p r o p e r t y  from a  g iven  o b j e c t  and a s s i g n  it t o  t h e  v a r i a b l e  < v a r > .  
< i n d >  cou ld  be r ep re sen ted  by an atom o r  a  l i s t ;  < v a l >  by an 
atom, a  l i s t ,  a  number, an i n t e r v a l ,  o r  a  s e t  o f  v a l u e s .  <va r>  
i s  a  p a t t e r n  v a r i a b l e  des igna t ed  by = < i d e n t i f i e r > .  

(FIND CITIES 3 : LOC USSR ; POPUL 1.0 ; INDUST = Y )  - 
div-name v a r  r e s t r - 1  r e s t r - 2  p r e s c r  

I n  t h e  p roces s  o f  NL + 4 t r ans fo rma t ion  an a t t e m p t  i s  made 
t o  t a c k l e  each  word from t h e  i n p u t  s t r i n g  i n  such a  way t h a t  it 
would h e l p  t o  f i l l  an  a p p r o p r i a t e  p o s i t i o n  i n  t h e  4 expres s ion  
t h a t  becomes an o u t p u t  of  LINGP. Thus a  ph ra se  "What i n d u s t r i e s  
a r e  i n  t h e  USSR c i t i e s  w i th  popu la t i on  1.0?" i s  t ransformed i n t o  
a  + e x p r e s s i o n  a s  i n  t h e  above example. For  t h i s  purpose a  
problem-oriented vocabulary ( p a r t  o f  t h e  d a t a  b a s e )  should  con- 
t a i n  a p p r o p r i a t e  e n t r i e s  f o r  t h e  words form t h e  i n p u t  ph ra se .  
Each word h a s ,  among o t h e r  p r o p e r t i e s ,  two t h a t  a r e  t h e  most 
e s s e n t i a l :  

- an i n t e r n a l  code,  s u b s t i t u t i n g  t h e  g iven  word i n  t h e  
c o n s t r u c t e d  + expres s ion ;  

- a  semant ic  t y p e  (S - type ) ,  d e s i g n a t i n g  t h e  most l i k e l y  
r o l e  p layed  by t h e  g iven  word i n  t h e  p roces s  o f  NL + 4 
t r a n s f o r m a t i o n .  

The a n a l y s i s  i s  d i r e c t e d  by t h e  augmented t r a n s i t i o n  n e t -  
work (ATN) where each  node c o n t a i n s  preconditions a l lowing  
t r a n s i t i o n s  from one s t a t e  t o  a n o t h e r  and predictions abou t  
t h e  l i k e l y  S-types o f  t h e  words t h a t  can occu r  i n  t h e  c u r r e n t  
s t a t e .  P recond i t i ons  cou ld  be  connected wi th :  

- f e a t u r e s  ( p r o p e r t i e s )  of  t h e  c u r r e n t  i n p u t  symbol, 
p a r t i c u l a r l y  i t s  S-type;  

- c o n t e n t s  o f  t h e  " r e g i s t e r s "  ( v a r i a b l e s )  r e f l e c t i n g  
t h e  h i s t o r y  o f  i n p u t  ph ra se  p roces s ing .  

Of c o u r s e ,  an i n p u t  ph ra se  could  c o n t a i n  "unknown" words not  
found i n  t h e  vocabulary .  A s p e c i a l  arrangement  i s  made f o r  
d e a l i n g  wi th  such words and we s h a l l  d i s c u s s  it l a t e r .  

RESTRICTED CONTEXT 

The problem of  n a t u r a l  language p r o c e s s i n g  has  always been 
cons ide red  d i f f i c u l t  because it was b e l i e v e d  t h a t  a  p roces s ing  
system should  o p e r a t e  s u c c e s s f u l l y  i n  a  p r a c t i c a l l y  i n f i n i t e  
c o n t e x t  and handle  a  g i g a n t i c  v a r i e t y  o f  i n d i v i d u a l  l e x i c o n s .  



However w e  a c c e p t  t h e  hypo thes i s  t h a t  n a t u r a l  language communi- 
c a t i o n  w i t h  t h e  computing system, i n t ended  f o r  s p e c i f i c  problem- 
s o l v i n g ,  i nvo lves  a  r a t h e r  r e s t r i c t e d  l ex i con  and  c o n t e x t .  

Two k i n d s  o f  c o n t e x t s  a r e  d i s t i n g u i s h e d :  

- The g e n e r a l  c o n t e x t  i s  d e f i n e d  by t h e  pragmat ics  o f  
t h e  d a t a  base  management, i .e. each  i n p u t  ph ra se  t ends  
t o  be conve r t ed  i n t o  a  meaningful  4 expres s ion  l e a d i n g  
t o  some o p e r a t i o n  on t h e  d a t a  base  c o n t e n t s ;  

- The l o c a l  c o n t e x t  i s  s p e c i f i e d  by t h e  p a r t i c u l a r  know- 
l edge  of  t h e  g iven  problem a r e a ,  and i s  r e p r e s e n t e d  
by t h e  s e t  o f  c l a s s  concepts ,  i n d i v i d u a l  o b j e c t s ,  r e l a -  
t i o n s  f a c t s ,  and r u l e s  o f  i n f e r e n c e  t h a t  r e s i d e  i n  t h e  
c u r r e n t  d a t a  base  d i v i s i o n  ( f i l e ) .  

Thus LINGP o p e r a t e s  i n  t h e  r e s t r i c t e d  environment  d e f i n e d  by 
t h e  g e n e r a l  and s p e c i f i c  l o c a l  c o n t e x t s .  Moreover a  l o c a l  
c o n t e x t  i s  bound t o  and o f t e n  c r e a t e d  by an i n d i v i d u a l  o r  a  
group o f  i n d i v i d u a l s  who r a r e l y  change t h e i r  s t y l e  o f  conversa-  
t i o n  w i t h  t h e  system a f t e r  it has  been e s t a b l i s h e d  d u r i n g  t h e  
f i r s t  5-10 t e r m i n a l  s e s s i o n s .  Hence t h e  system i n t e r p r e t a t i o n  
o f  t h e  same words ( r e f l e c t e d  i n  t h e i r  S-types)  cou ld  b e  d i f f e r e n t  
when swi t ch ing  from one group o f  u s e r s  t o  ano the r  b u t  t h i s  f a c t  
does n o t  c r e a t e  a d d i t i o n a l  problems; on t h e  c o n t r a r y  it a l l e v i -  
a t e s  L I N G P  o p e r a t i o n  by app ly ing  t h e  same ATN mechanism t o  
d i f f e r e n t  problem-oriented knowledge. 

ATOMIC S-TYPES AND THEIR COMBINATIONS 

Each word posses se s  one  o f  t h e  fo l lowing  e lementary  ( o r  
a tomic)  S-types: 

i - p l a y s  t h e  r o l e  o f  < i n d >  i n  t h e  4 expres s ion ;  

v  - p l a y s  t h e  r o l e  o f  < v a l > ;  

q - d e s i g n a t e s  a  que ry  word; 

p  - a  punc tua t ion  mark: such a  word o r  c h a r a c t e r  
u s u a l l y  s e r v e s  f o r  t r a n s i t i o n  t o  ano the r  s t a t e  
(changing e x p e c t a t i o n s ) ;  

o r  - s e p a r a t o r  o f  a l t e r n a t i v e s ;  

l e q ,  g r e q  - s u b s t i t u t e s  f o r  t h e  words, d e s i g n a t i n g  " 5 "  
and " 2 '  r e l a t i o n s ;  

f n  - p l a y s  t h e  r o l e  o f  <func-name); 

£1 - p l a y s  t h e  r o l e  o f  <div-name); 

n  - p l a y s  t h e  r o l e  o f  <obj-name); 



c - d e s i g n a t e s  a "superconcept"  o f  an o b j e c t ;  

aa  - d e s i g n a t e s  an a u x i l i a r y  a c t i o n  ( i . e .  c a l c u l a t i o n  
of  minimum, maximum, ave rage ,  e t c . ) ;  

l a s t  - marks t h e  end o f  t h e  t e x t .  

Genera l ly  speaking ,  t h e  S-type does  n o t  depend d i r e c t l y  
on s y n t a c t i c  p r o p e r t i e s  of a word o r  i ts  "ordinary"  semant ics ,  
b u t  it i s  e n t i r e l y  de f ined  by t h e  above mentioned c o n t e x t s .  
For  example, i f  we cons ide r  a l o c a l  c o n t e x t  d e s c r i b i n g  t h e  
employees o f  an i n s t i t u t i o n ,  t hen  LINGP p o s s i b l y  has  t o  d e a l  
w i t h  t h e  fo l lowing words and t h e i r  S-types: 

S-type ( "ge t " )  = S-type ( " s a l a r y " )  = i 
S-type ("si tn)  = S-type ("room") = i 
S-type ( " e a r l i e r " )  = S-type ( "be fo re" )  = l e q  

D i f f e r e n t  t ypes  o f  correspondence e x i s t  between words and 
t h e i r  s enses  ( r e f l e c t e d  i n  S- types) .  This  could  be a one-to-one 
correspondence,  i .e .  "1 word + 1 sense" ,  b u t  t h r e e  o t h e r  c a s e s  
cou ld  a l s o  emerge. 

A u x i l i a r i e s ,  i . e .  words wi th  " l e s s  t han  atomic" sense ,  a r e  
processed  d u r i n g  t h e  p r e e d i t i n g  s t a g e  (see below) .  

Composites, i .e .  words wi th  "more than  atomic" sense ,  a r e  
a s s igned  sequences of  atomic S-types ( i n  t h e  form o f  L I S P - l i s t s ) .  
When encoun te r ing  such a word t h e  i n p u t  s t r i n g  p rocess ing  i s  
suspended u n t i l  a l l  a tomic s e n s e s  c o n s t i t u t i n g  t h e  composite 
s ense  a r e  t a c k l e d  i n  a proper  way. Afterwards t h e  i n p u t  s t r i n g  
p rocess ing  i s  resumed. For example: 

o l d e s t  = most + age -+ a a  + i 
who = what + person + q + c 
woman = person + s e x  + female + c + i + v 

Homonyms, i. e .  words wi th  m u l t i p l e  ( a l t e r n a t i v e )  s enses  
s l , s 2 , . - -  , a r e  r ep resen ted  by lists w i t h  t h e  form: 
( , s l  s 2  . * )  . We s h a l l  c a l l  it a " l i s t  of  a l t e r n a t i v e  senses"  
(LAS). Each homonym c r e a t e s  a branch p o i n t  (BP) i n  t h e  i n p u t  
s t r i n g  p rocess ing .  A l l  t h e  necessary  in fo rma t ion  i s  s t o r e d  a t  
t h e  BP; t hen  t h e  f i r s t  ( t h e  n e x t )  element  from LAS i s  e x t r a c t e d  
and t r e a t e d  a s  a p o s s i b l e  S-type o f  t h e  c u r r e n t  word. I f  t h e  
fo l lowing p rocess ing  becomes upse t  f o r  some reason,  t hen  t h e  
a n a l y s i s  back t r acks  t o  t h e  BP, r e s t o r e s  a l l  t h e  necessa ry  
in fo rma t ion ,  and t r i e s  t o  handle  t h e  nex t  a l t e r n a t i v e  from LAS. 

Bes ides  t h e s e  t h r e e  c a s e s  some words may be d e c l a r e d  a s  
"unimportant";  t hey  a r e  a s s igned  " n u l l "  S-type and LINGP ignores  
them i n  t h e  p rocess  of i n p u t  s t r i n g  a n a l y s i s  (e .g .  a r t i c l e s ,  some 
p r e p o s i t i o n s ,  e t c .  ) . 



PROCESSING OF UNKNOWN WORDS 

The system can d e a l  w i th  t h e  unknown words i n  two modes. 

I n  a  " c a r e f u l "  mode LINGP a s k s  t h e  u s e r  abou t  each  unknown 
word, s t o r e s  t h e  informat ion  r e c e i v e d  i n  t h e  temporary vocabulary  
( i f  t h e  u s e r  encourages  t h e  system t o  do s o ) ,  and proceeds  w i t h  
normal a n a l y s i s .  

I n  a  " c a r e l e s s "  mode a l l  the unknown words a r e  a s s igned  
" n u l l "  S-type r e q u i r i n g  t h e  system t o  i gno re  them a t  t h e  f i r s t  
s can .  The a n a l y s i s  proceeds from t h i s  moment e x a c t l y  a s  i n  t h e  
c a s e  o f  homonyms, excep t  t h a t  t h e  LAS c o n t e n t s  emerges n o t  from 
t h e  vocabulary  b u t  from t h e  ATN s t a t e  i n  which t h e  cor responding  
unknown word was encountered .  A s  h a s  been mentioned each ATN 
s t a t e  c o n t a i n s  p r e d i c t i o n s  about  S- types  t h a t  a r e  " accep tab l e"  
i n  t h i s  s t a t e  and t h e s e  p r e d i c t i o n s  become a  sou rce  o f  LAS 
c o n t e n t s .  Thus i n  a  c a r e l e s s  mode each unknown word c r e a t e s  
a  new BP l e a d i n g  t h e  system t o  back t r ack  t o  t h i s  p o i n t  i f  t h e  
a n a l y s i s  f a i l s  i n  t h e  f u t u r e .  

When a l l  t h e  a l t e r n a t i v e s  from LAS a r e  exhaus ted  and t h e r e  
i s  s t i l l  no succes s  (LINGP o r  t h e  u s e r  i s  unhappy w i t h  t h e  
c o n s t r u c t e d  $I expres s ion )  t hen  we have two p o s s i b i l i t i e s :  

- t o  c e a s e  p roces s ing  a t  t h e  c u r r e n t  BP ( i . e .  back t r ack ing  
o n l y  one l e v e l ,  no t  more);  

- t o  back t r ack  a long  t h e  e n t i r e  t r e e  o f  a l t e r n a t i v e s  w i th  
an  a t t e m p t  t o  c o n s i d e r  a l l  t h e  p o s s i b i l i t i e s  c r e a t e d  by 
homonyms and unknown words. 

The u s e r  can  h e l p  t h e  system i n  t h e  " c a r e l e s s "  d e a l i n g  
wi th  t h e  unknown words. I n s t e a d  o f  s imply r e f u s i n g  t o  a c c e p t  
t h e  sys t em ' s  $I i n t e r p r e t a t i o n  o f  t h e  o r i g i n a l  ph ra se ,  t h e  u s e r  
can make changes i n  t h e  "working" vocabulary  s o  t h a t  it c o n t a i n s  
on ly  t h e  words from t h e  i n p u t  ph ra se .  I n  t h i s  c a s e  some BPS 
become exc luded  from t h e  t r e e  o f  a l t e r n a t i v e s  t h u s  speeding  up 
t h e  a n a l y s i s .  

NL PHRASE + &I EXPRESSION CORRESPONDENCE 

Each NL phrase  i s  mapped i n t o  e x a c t l y  one o u t p u t  + expres-  
s i o n  e x c e p t  f o r  t h e  fo l lowing  cases :  

PreLiminaries: execu t ion  of  t h e  "bas i c "  e x p r e s s i o n  i s  
p o s s i b l e  o n l y  a f t e r  some p r e l i m i n a r y  a c t i o n s .  

Example: Who g e t s  more t han  Brown? 
P re l imina ry :  How much does  Brown g e t ?  
Bas ic :  Whose s a l a r y  i s  more t han  t h e  one j u s t  found? 



Addit ions:  a f t e r  execu t ion  o f  t h e  b a s i c  expres s ion  some 
a d d i t i o n a l  a c t i o n s  a r e  necessary .  

Example: What i s  t h e  average s a l a r y  o f  RDD l a b o r a t o r y  employees? 
Basic:  What a r e  t h e  s a l a r i e s  o f  RDD l a b o r a t o r y  employees? 
Addit ion:  Compute t h e  average o f  t h e  found numbers. 

When t h e s e  s i t u a t i o n s  a r e  recognized  t h e  cor responding  @ 
e x p r e s s i o n s  a r e  genera ted  and pushed i n t o  t h e  s p e c i a l  s t o r e s  
( "p re l imina ry"  and " a d d i t i o n " ) .  A f t e r  t e r m i n a t i n g  t h e  a n a l y s i s ,  
a l l  p r e l i m i n a r i e s  a r e  executed  f i r s t ,  t h e n  t h e  b a s i c  expres s ion  
i s  processed  and a f t e r  t h a t  a l l  a d d i t i o n s  a r e  executed .  

PREEDITING STAGE 

Words marked i n  t h e  vocabulary a s  a u x i l i a r i e s  a r e  processed  
be fo re  t h e  p r i n c i p a l  block of  t r a n s l a t o r  s t a r t s  o p e r a t i o n .  I n  
t h e  vocabulary t h e  fo l lowing informat ion  i s  connected wi th  such 
words : 

- What i s  t h e  "master" o f  t h e  given word t o  which it "adds" 
i ts  sense ;  

- What i s  t h e  "summary" sense  o f  t h e  two words. 

A s  a  r u l e ,  a u x i l i a r i e s  a r e  p r e d i c a t e s  and s y n t a c t i c a l l y  govern 
t h e i r  mas ter .  The master  is u s u a l l y  r e p r e s e n t e d  a t  t h e  e n t r y  
by means o f  i t s  s y n t a c t i c  and p o s s i b l y  semant ic  p r o p e r t i e s .  I f  
t h e  mas ter  i s  found i n  t h e  sen tence  it a c q u i r e s  t h e  " t o t a l "  
sense .  The a u x i l i a r y  word i n  t h i s  c a s e  i s  excluded from t h e  
i n p u t  s t r i n g  and does n o t  p a r t i c i p a t e  i n  f u r t h e r  c o n s i d e r a t i o n s .  
The fo l lowing  NL word c l a s s e s  can  be cons ide red  a s  a u x i l i a r i e s :  

- p r e p o s i t i o n s  and p o s t p o s i t i o n s ;  

- a r t i c l e s ;  

- elements  used w i t h i n  a n a l y t i c a l  forms o f  v e r b s ,  adverbs ,  
and a d j e c t i v e s ;  

- p o s s i b l y ,  some adverbs ,  a d j e c t i v e s ,  e t c .  

Marking a  word a s  an a u x i l i a r y  i s  guided by c o n s i d e r a t i o n  
o f  convenience and uni formi ty  o f  f u r t h e r  a n a l y s i s  r a t h e r  t han  
f o r  l i n g u i s t i c  r ea sons  and upon t h e  whole i s  determined by t h e  
pragmatic  purposes o f  t h e  system. 



IMPLEMENTATION 

A l l  programs a r e  w r i t t e n  i n  LISP*. The g e n e r a l  and 
problem-oriented vocabu la r i e s  a s  w e l l  a s  t h e  ATN a r e  s t o r e d  
i n  t h e  e x t e r n a l  memory a s  s p e c i a l  d i v i s i o n s  o f  t h e  "model d a t a  
base" .  Thus t h e  system i n  f a c t  i s  no t  dependent on any s p e c i f i c  
NL and i s  e a s i l y  c o n v e r t i b l e  from one language t o  ano the r .  

The system i s  r a t h e r  f l e x i b l e  because it can be  adapted  
f o r  s p e c i a l  purposes by s l i g h t  ATN amendment, and n o t  by changing 
t h e  b a s i c  programs. P a r t i c u l a r  vocabulary s e r v e s  a s  a phys i ca l  
embodiment o f  some l o c a l  c o n t e x t  and t h e  ATN of t h e  g e n e r a l  one. 

The system t r a n s f e r  from t h e  BESM-6 t o  t h e  PDP-11/45 has  
r e q u i r e d  some n o t a t i o n a l  amendments and mod i f i ca t ions  o f  i npu t /  
o u t p u t  procedures .  I t  has  been t e s t e d  expe r imen ta l ly  and t h e  
performance encouraged us t o  f u r t h e r  development and promotion. 
Examples o f  a u s e r  n a t u r a l  language communication w i t h  an expe r i -  
mental d a t a  base  a r e  g iven  i n  t h e  Appendixes. 

REFERENCES 

[ I ]  B r i a b r i n ,  V.M., and D.A. Pospelov, DILOS - Dialog System 
f o r  Informat ion  R e t r i e v a l ,  Computation and Logical  
In fe rence ,  i n  Conference on A r t i f i c i a l  I n t e l l i g e n c e :  
Question-Answering Systems, CP-76-6, I n t e r n a t i o n a l  
I n s t i t u t e  f o r  Applied Systems Analys is ,  Laxenburg, 
A u s t r i a ,  1976. 

[2]  B r i a b r i n ,  V.M., DILOS Reference Manual: P a r t  I ,  RM-76-52, 
I n t e r n a t i o n a l  I n s t i t u t e  f o r  Applied Systems Analys is ,  
Laxenburg, A u s t r i a ,  1976. 

*The v e r s i o n  of  LISP t r a n s l a t o r  f o r  t h e  BESM-6 computer was 
developed by S.S. Lavrov, G.S. Sylagadze,  and V.M. Yufa. 



Appendix 1. 

"READY TO SPEAK" 

=>wha t  a r e  t h e  IIASA a r e a s  and  p rog rams  , t h e i r  l e a d e r s  and  b u d g e t s  ? 

.DOES THE FOLLOWING CORRESPOND TO THE INPUT PHRASE 1" 

( f i n d  +IIASA =$nn : + r e s a r e a  : l e a d e r  = $ l e a d e r  ; budg =$budg )  

= > y e s  

EXECUTE? 

= > y e s  

"START EXECUTION. BE PATIENT" 

(8000 0 )  

SDS b a l i n s k i  (12200 0 )  
s t r a s z a k  (5000 1 6 5 )  

HSS h a n s e n  (7000 1 3 4 2 )  
v a s i l i e v  (7200 4182)  

"CONTINUE SPEAKING ?"  

* > y e s  

"READY TO SPEAK" 

=>wha t  a r e a s  h e v e  i n t e r n a l  b u d g e t s  be tween  7000 and  12000 ? 

"DOES THE FOLLOWING CORRESPOND TO THE INPUT PHRASE 7 "  

( f i n d  'IIASA =$nn : + r e s a r e a  ; (budg i n t )  (: 7000 1 2 0 0 0 )  = $ i n t )  

= > y e s  

EXECUTE? 

= > y e s  

"START EXECUTION!" 



.CONTINUE SPEAKING ?"  

->yes 

'READY TO SPEAKn 

->what scientists came from the USSR ? 

'DOES THE FOLLOWING CORRESPOND TO THE INPUT PHRASE ?" 

(find "*IIASA-scientw =$nn : c USSR =$c) 

->yes 

EXECUTE? 

->yes 

'START EXECUTION. IT TAKES TIME" 

zimin USSR 
vasiliev USSR 
surguchev USSR 
shigan USSR 
cakhmankulov USSR 
kononov USSR 
klementiev -USSR 
kiseleva USSR 
golubev USSR 
dashko USSR 
chebotaryev USSR 
butr imenko USSR 
br iabr in USSR 
albegov USSR 

'CONTINUE SPEAKING ?" 

=>yes 



'READY TO SPEAKg 

who came from the USA , their christian names and assignments 7 

'DOES THE FOLLOWING CORRESPOND TO THE INPUT HiRASE 1. 

(find "*IIASA-scientg =$nn : c USA =$c ; cn =$cn ; a =$a) 

=>yes 

EXECUTE? 

=>yes 

'START EXECUTION!" 

welsh USA william ASS 
schafir USA kurt MT 
roger s USA andrei ASS 
pahner USA philip BSS 
orchard-hays USA william SDS 
matthews USA william RE 
linnerooth USA joanne SDS 
levien USA roger adm 
hansen USA niles BSS 
gros USA Iacques SDS 
f oell USA wesley RE 
dennis USA robin RE 
demb USA ada WT 
casti USA john SDS 
buhring USA william RE 
blum USA edward HSS 
bell USA charles EN 
balinski USA michel SDS 

'CONTINUE SPEAKING 1" 

=>yes 



"READY TO SPEAK" 

= > t h e  maximum e x t e r n a l  budge t  and t h e  g o a l s  o f  I I A S A  a r e a s  ? 

'DOES THE FOLLOWING CORRESPOND TO THE I N P U T  PHRASE 7. 

( f i n d  * I I A S A  =$nn : r e s a r e a  ; (budg e x t )  = $ e x t  ; g o a l  = $ g o a l )  

= > y e s  

EXECUTE? 

=>yes  

.START EXECUTION. YOU RELAX" 

FA 0 ( food  r s r c s  h t c h n l g y ,  r q r m n t s ,  c n s t r ,  s t r t g y )  
EN 11210 ( e n e r g y  r s r c e s ,  demand, o p t n s ,  c n s t r ,  s t r a t e g )  
S D S  0  ( o p t i m i z ,  netw,  d a t a  b a s e s )  
MT 165 ( p l a n n ,  mgm, dyn of  t e c h n  change ,  i n f  t e c h n o l )  
E S S  1342 ( h e a l t h  ca re ,hum s e t t l , m i g r , p o p u l  growth)  
RE 4182 (wa te r  dmnd, mgm, t r a n s f ,  hydr m o d e l s , c l i m a t e )  

(maxim (budg e x t )  : 11210 E N )  

'CONTINUE SPEAKING 7"  

=>no 

"YOU ARE OUT OF SPEAKING 1 "  



Appendix 2 .  The p r o t o c o l  examples of  DILOS 
i n t e r a c t i o n  w i t h  "Personnel  Data Bank" 

=>what amerlcan o r  r u s s i a n  s c i e n t i s t s  work a t  SDS . t h e i r  names 7 

B a l l n s k i  USA SDS Hlche l  
B r i a b r l n  USSR SDS V i c t o r  
Butrlmenko USSR SDS Aleksandr 
Chebotarev USSR SDS S p a r t a k  
Dashko USSR SDS V a l e r l  

=>who of  them has  a  f ix- term c o n t r a c t  and was appointed b e f o r e  Jan 1976 ? 

B a l l n s k i  f ix- term (1975 Sep) 
Butrimenko f ix- term (1974 J a n )  
Chebotarev f  ix-term ( 1976 Jan)  
Dashko f ix- term (1974 Aug) 

=>who came from France o r  FRC 7 

Beau jean France 
Crenon France 
Hafele  FRC 
R a q u i l l e t  France 

=>when d i d  they  r e c e i v e  phd ? 

Beau jean n i l  
Crenon n i l  
Hafele  1955 
R a q u i l l e t  n i l  

= > t h e i r  f i e l d s  o f  i n t e r e s t  and e x p e r i e n c e  ? 

Beau jean ( ,  math economics) l e c t  
Crenon en- resource  ( ,  prof  c o n s u l t  " ind-f i rm")  
t l a fe lc  nucl-phys ( , prof  c o n s u l t  ) 
R a q u i l l e t  urb-plan c o n s u l t  



=>what IIASA s c i e n t i s t s  came f rom t h e  USA , t h e i r  names 7 

A f i f i  USA --A.A.-. 
B a l i n s k i  USA Niche1 
B e l l  _ _ .-_USA C h a r l e s  -. - - - - - - - 
C a r t e r  USA Harold  
Denn i s  _ USA R o b i n - -  
Edwards USA E l l e n  
F e r r e l l - U S A  . George 
F i s c h e r  USA David 
S h e r  F l l U S A - .  Karen- 

- 

=>who o f  them was c o n s i d e r e d  by RP b e f o r e  J a n  1977 ? 

B a l i n s k i  ( 1977 Jan ) 
B e l L .  .(.1976-Aug) 
Edwards (1976 Jun )  
S h e r i l l - . C l 9 7 7 L J a n  k 

= > i n  what  a r e a s  t h e y  work . t h e i r  e x p e r i e n c e  ? 

B a l i n s k i  SDS ( ,  p r o f  c o n s u l t )  
B e l l - - -  ENP ( ,  c o n s u l t  " ind-f i rm" 
Edwards CS conp-prog 
S h e r i l l  - - H S S - n F L  

- 

=>what  s c i e n t i s t s  from F r a n c e  and A u s t r i a  were  a p p o i n t e d  

b e f o r e  Dec 1976 7 
- p.--p--p-p-p 

Bodensehe r  - A u s t r i a  - (1974 Feb)  - 
B r e i t e n e c k e r  A u s t r i a  (1976 O c t )  
Bruckmann - - - - A u s t r i a - - -  - - ( 1973 NOV) - --- 
F l e i s s n e r  A u s t r i a  ( 1975 J a n )  
Grumm - -  A u s t r i a  (1975 S e p )  --  
S c h l i f k e  A u s t r i a  ( 1976 Jan ) 



=>who has a  shor t - t e rm c o n t r a c t  , when d id  they r e c e i v e  phd ? 
-- - -- - . . . 

Briabr in  shor t - t e rm 1967--- - - -- - - - - -. . . 

F e r r e l l  short- term 1976 
Raquillet---- short- term -- n i l -  - - 

= > B a l i n s k i  home i n s t i t u t i o n - 7  - - -. - - - . - -. .. . 

- ~ 

B a l i n s k i  U n i v e r s i t e  S c i e n t i f i q u e  e t  Medicale de Crenoble , France 

=>who works with SDS , t h e i r  e x p i r a t i o n  terms 7  
-. . . - - - - - - - - - -- - - - - -- 

B a l i n s k i  SDS--( 1 9 7 8 4 u g )  
Bodenseher SDS (1977 J u n )  
Briabrin---SDS-(  1977 Mar) -- - - -. . -. 
Butrimenko SDS ( 1 9 7 7 D e c )  
- C h e b o t a r e r - D L  ( 1978- Jun )- - -. . - -- 
Dashco SDS (1977 May) 
F e r g u s o n - A D S - (  1978--Apr-) - 
Crumm SDS (1977 Aug) 

=>from what c o s t  c e n t e r s  a r e  r u s s i a n s  paid , t h e i r  p resen t  grade ? 
- - - - -- - - -- - - . - - - - - - - - - - - - .- 

B r i a b r i n - - - 8 2 L - - U S S R - D . 1 - - - - - .  - -. -. - .- 

Butrimenko 820 USSR S  4 
Chebotarev----8.10 USSR~-- -C8 
Dashko (, 810 150) USSR D 1  
Dobrov -77"--USSR ..-A 3 3  -I-_- 

Colubev 690 USSR E 1  

-- - - - .- - - -- 

=>what americans a r e  paid from t h e  same c o s t  c e n t e r s  ? 
- .. . . - - - - - -- -- - -- 

Balinski------USA-810-------- - - - -. -. - .- - . . . -. - - 

F i s c h e r  USA 770 



=> + ( f i n d  =nn : c France ; a r  ; t s k  ) ? 
-. - - -. - - - 

Beau jean--- --ENP - ENP2 -- -- 
Crenon ENP ( , ENPl ENP3 ENP7) 
Raquillet------HSS - HSS3 - -- - . - -. - - - - - 

=>how many f u l l  p r o f e s s o r s  do we h a v e  , t h e i r  n a t i o n a l i t i e s  , - 
P i e l d - o f  i n t e r e s t s  7 

-- 
B a l i n s k i  p  r T r Y s l 7 a t -  
Bruckmann prof  Aus t r ia  ( ,  math s t a t i s t i c s )  
C a r t e r  ~ f U S A a g r i c u l t u r a 1  economics---- 
Dobrov prof  USSA n i l  
Colibev prof-USSR-,hydro1 q l a c i o l - y - - - - - -  
Crenon prof  France en- resource  
Hafe le  p r o f p  FRC - - n u c l - p h y s -  

- 

Ha lone ~ r o f  I t a l y  s t a t i s t i c s  

=>who o f  them-was born b e f o r e  1934 ? - -- ..- - - - - -  

Z i a l i n s k i 7 1 9  33-05t3- 
- - - - 

car_ter_-- (1932 Dec) 
n929- -naF)  

-- 
Dobrov 
Cr.e"o!! (1928 Sep) 

(1 927-ApF) Hafele  
H a d ~ e  .. - (1932 Mar) - - - - -- - .- -. - 

PV 
(Cennady (1929 Mar) -- 

- - - - . - - - 

- -- USSR - - .- 
"res-schol"  

- "USSR NMO' 
" I n s t  Cyberne t ics  Acad Scien Ukranian SSR" - - 

- -  - 

- ( ,  "dep-dirn p r o f )  
n i l  

-- - - - --- -- -- .. -- - - . 

"f ix- term" 



=>who f r o m  t h e  USA was recommended b y  h i m s e l f  , t h e i r  t i t l e  , - - - 
e x p e r i e n c e  ? 

~fifi----USA - - s e l f . - r e s - s c h o l - a ~ 3 0 - p ~ 0 f  
C a r t e r  USA s e l f  r e s - s c h o l  p r o f  
F e r r e l l - -  USA-- self  g u e s t - s c h o L - -  c o n s u l t  --- ____ 
F i s c h e r  USA s e l f  r e s - s c h o l  ( ,  n a s s o - p r o f n  c o n s u l t ]  

= > w h o  i s  paid f r o m  820 c o s t  c e n t e r  ? 

-Bodemehe-20 
B r i a b r i n  8 2 0  

- B u t r i m e n k ~ P O  

- > w h a t - i s  t h e  i n s t i t u t e  p o s i t i o n  o f  U K  s c i e n t i s t s  ? - 

Agnew s c i e n t  U K 

-- 

= > I n t e r e s t s  o f  B a l i n s k i  , B u t r i m e n k o  , H a f e l e  , Majone  ? 
- - - -. - - .- 

-0alinski--- math - - - . - - - - 
B u t r i m e n k o  ( ,  math  p h y s  l lcomp-netw") Hare le nucl -phys . -  .. - 

M a j o n e  s t a t i s t i c s  
-- -- - -~ 

- A - - - - 

= >  + ( t i m e )  7 
-- --- 



t t y  s t  user 
3: 0 W victor  
5: 0 W v ic tor  
5:  0 W v i c tor  
5: 0 W v i c tor  
5:  1 R victor  

-26- processes-;- 

prio 
10 
40 

1 
40 

103 
total-  -. .-. . 

sked 
6 

127 
5 
2 
1 

core 

2859 
2880 

load 
. - 

shar+priv wait cpu command 
4.6+ 2 .9  t t v 3  29.1  % 

words - 

= > n i l - 1 -  -- -- - - - - - - .- - - . 

"END OF DILOS OPERATION I "  - - -- - -- - - - - - - - -. . - - - - 



INGRES--A R e l a t i o n a l  Data Base System 

M. S tonebraker  

In  1970 E.F.  Codd [ I ]  proposed t h e  r e l a t i o n a l  model of  d a t a  
and claimed t h a t  r e l a t i o n a l  d a t a  base  management systems had 
s i g n i f i c a n t  advantages ove r  o t h e r  approaches.  They have two 
b a s i c  c h a r a c t e r i s t i c s .  

A Simple Data Model 

There i s  on ly  one d a t a  s t r u c t u r e  ( a  r e l a t i o n  o r  t a b l e )  f o r  
t h e  u s e r  t o  be concerned wi th .  This  i s  i n  c o n t r a s t  wi th  h i e r -  
a r c h i c a l  and network models where t h e  d a t a  s t r u c t u r e s  a r e  more 
complex. Th i s  concern f o r  s i m p l i c i t y  should  be compared wi th  
t h e  " s t r u c t u r e d  programming" i d e a s  of  D i j k s t r a  and o t h e r s  [ 2 ]  
where t h e  no t ion  of  s i m p l i c i t y  i s  advocated f o r  g e n e r a l  purpose 
programming. I n  both  c a s e s  t h e  i d e a  i s  t o  permi t  t h e  u s e r  
(programmer) t h e  l e a s t  amount o f  complexity p o s s i b l e  s o  he has  
a  b e t t e r  chance of  unders tanding  h i s  problem. 

A Powerful Data Manipulat ion Language i n  which S to rage  D e t a i l s  
a r e  A b s ~ n t  

The b a s i c  no t ion  he re  i s  t o  h ide  from t h e  u s e r  a l l  d e t a i l s  
of  how h i s  d a t a  a r e  s t o r e d .  Th i s  a l lows a p p l i c a t i o n s  programs 
t o  be a s  s imple  a s  p o s s i b l e .  Moreover, a  powerful  d a t a  manip- 
u l a t i o n  language g r e a t l y  reduces  t h e  amount o f  programming e f f o r t  
necessary  t o  implement and mainta in  an  a p p l i c a t i o n .  S ince  s o f t -  
ware c o s t s  a r e  r i s i n g  and hardware c o s t s  a r e  f a l l i n g ,  t h i s  i s  an 
e s p e c i a l l y  a t t r a c t i v e  no t ion .  

Other  d a t a  manipula t ion  languages a r e  much l e s s  powerful 
and a l low t h e  a p p l i c a t i o n  programmer t o  manipula te  s t o r a g e  
d e t a i l s .  Th i s  second c h a r a c t e r i s t i c  i s  a  r a d i c a l  d e p a r t u r e  
from o t h e r  p roposa l s .  

The claimed advantages o f  r e l a t i o n a l  systems were: 

- S i m p l i c i t y  o f  t h e  d a t a  model. 

- Decrease i n  t h e  complexity o f  a p p l i c a t i o n  programs. 

- Since  s t o r a g e  d e t a i l s  a r e  hidden,  t hey  can be adapted  t o  
changing u s e r  requi rements  wi thout  a f f e c t i n g  a p p l i c a t i o n  
programs. Hence, programs can con t jnue  t o  o p e r a t e  ove r  



c h a n g e s  i n  t h e  way d a t a  a r e  s t o r e d .  T h i s  " d a t a  inde-  
pendence" i s  n o t  p r e s e n t  i n  o t h e r  p r o p o s a l s .  

- P r o t e c t i o n  o f  d a t a ,  g u a r a n t e e i n g  d a t a  i n t e g r i t y  f o r  
c o n c u r r e n t  u p d a t e s ,  e tc . ,  may b e  e a s i e r .  

During t h e  p e r i o d  1971 t o  1974 t h e r e  was c o n s i d e r a b l e  
d e b a t e  c o n c e r n i n g  Codd's  p r o p o s a l .  Some c l a i m e d :  

( 1 )  A r e l a t i o n a l  d a t a  b a s e  sys tem c o u l d  n o t  b e  implemented 
e f f i c i e n t l y .  

( 2 )  Programmers would n o t  b e  a b l e  t o  u n d e r s t a n d  t h e  p roposed  
r e l a t i o n a l  d a t a  m a n i p u l a t i o n  l a n g u a g e s .  They would b e  
much more c o m f o r t a b l e  w i t h  l o w e r  l e v e l  l a n g u a g e s  c l o s e r  
t o  COBOL. 

( 3 )  More c o m p l i c a t e d  d a t a  models  i n c l u d e d  r e l a t i o n s  a s  a 
s p e c i a l  c a s e  s o  why n o t  a l l o w  g r e a t e r  f l e x i b i l i t y ?  

(The d e b a t e  o v e r  s i m p l i c i t y  i s  e l e g a n t l y  s t a t e d  i n  t h e  e a r l y  
T u r i n g  Award l e c t u r e s .  F o r  s i m p l i c i t y  E .  D i j k s t r a  "The Humble 
Programmer" ( 1972) and a g a i n s t  s i m p l i c i t y  C. Bachman "The 
Programmer a s  N a v i g a t o r "  ( 1 9 7 3 ) .  Both l e c t u r e s  were r e p r i n t e d  
i n  t h e  Communications of the ACM ( a b o u t  June  1973 and 1974 
r e s p e c t i v e l y ) . )  A t  t h e  same t i m e ,  most p e o p l e  q u e s t i o n i n g  t h e  
r e l a t i o n a l  model were s i m u l t a n e o u s l y  a d v o c a t i n g  t h a t  t h e  1971 
p r o p o s a l  o f  t h e  Committee on Data  System Language (CODASYL) b e  
a d o p t e d  a s  a  n a t i o n a l  s t a n d a r d .  T h i s  p r o p o s a l  ( o f t e n  c a l l e d  
t h e  DBTG p r o p o s a l )  had none o f  t h e  c l a i m e d  a d v a n t a g e s  o f  r e l a -  
t i o n a l  s y s t e m s .  However, by 1973 t h e r e  was an  i m p l e m e n t a t i o n  
o f  t h e  p r o p o s a l  (IDMS) . 

I t  was c l e a r  t o  u s  a t  Berke ley  i n  1973 t h a t  t h r e e  s t e p s  
were r e q u i r e d :  

- A  s e r i o u s  implementa t ion  o f  a  r e l a t i o n a l  s y s t e m  t o  
answer  p o i n t  (1 ) . 

- W i t h i n  t h e  implementa t ion  c o n t e x t ,  a  d e s i g n  o f  a  "more 
f r i e n d l y "  d a t a  m a n i p u l a t i o n  l anguage  t o  answer  p o i n t  ( 2 ) .  

- I f  s u c h  a n  implementa t ion  were s u c c e s s f u l  and i f  u s e r s  
c o u l d  be found t o  t r y  o u t  t h e  s y s t e m  t h e n  t h e y  c o u l d  
v a l i d a t e  c l a i m e d  r e l a t i o n a l  a d v a n t a g e s  and answer p o i n t  
( 3 ) .  

I n  l a t e  1973 we embarked on an  i m p l e m e n t a t i o n .  No commercial 
v e n d o r s  were  i n c l i n e d  t o  t r y  s i n c e  r e l a t i o n a l  sys tems  were ill 
u n d e r s t o o d ,  s p e c u l a t i v e ,  u n s u r e  o f  m a r k e t p l a c e  a c c e ~ . ~ t a n c e ,  e tc .  
Hence, we viewed it a n  a p p r o p r i a t e  r e s e a r c h  e n d e a v o r .  ( A t  a b o u t  
t h e  same t i m e  a g r o u p  a t  IBM Research  a l s o  embarked on an  imple-  
m e n t a t i o n .  To o u r  knowledge t h e s e  a r e  t h e  o n l y  s e r i o u s  implemen- 
t a t i o n  e f f o r t s  w i t h  t h e  two c h a r a c t e r i s t i c s . )  



Our f i r s t  working p ro to type  was o p e r a t i o n a l  i n  e a r l y  1975. 
S ince  t h a t  t ime we have ex tended  i t s  f e a t u r e s  and tuned  it t o  
have r ea sonab le  performance. Moreover, we have managed t o  a t -  
t r a c t  abou t  t h i r t y  i n s t a l l a t i o n s  t o  exper iment  w i th  INGRES o r  
u se  it i n  a  product ion  mode. B a s i c a l l y  we view t h i s  implemen- 
t a t i o n  e f f o r t  a s  having t h e  fo l lowing  two major  g o a l s :  

- Execution of t h e  t h r e e  s t e p s  mentioned above, and 

- Serve  a s  an example t o  s t i m u l a t e  t h e  commercial market- 
p l a c e  t o  provide  r e l a t i o n a l  sys tems.  

I n  t h e  p roces s  o f  ach i ev ing  t h e  f i r s t  goa l  we a r e  w e l l  
a long .  However, much work s t i l l  remains t o  be done. The 
accep ted  p roposa l  t o  ARO i n d i c a t e s  t h e  n a t u r e  o f  t h i s  work 
and it w i l l  n o t  be d i s cus sed  f u r t h e r  h e r e .  We expec t  a t  t h e  
end o f  t h e  c u r r e n t  t h r e e  yea r  c o n t r a c t  pe r iod  t o  comple te ly  
ach i eve  t h e  f i r s t  g o a l .  Only i n  t h e  a r e a  o f  geograph ica l ly  
d i s t r i b u t e d  d a t a  on m u l t i p l e  machines a r e  we u n c e r t a i n  ove r  
ach i ev ing  o u r  implementat ion g o a l s .  

Concerning t h e  second g o a l  t h e r e  has  a l r e a d y  been some 
marke tp lace  response .  Systems t h a t  look "quas i  r e l a t i o n a l "  
( e . g .  NOMAD by Na t iona l  CSS) and r e l a t i o n a l  systems wi th  a  
lower l e v e l  d a t a  manipula t ion  language l a c k i n g  t h e  second 
c h a r a c t e r i s t i c  ( e .g .  MAGNUM by Tymeshare) have very  r e c e n t l y  
s u r f a c e d .  Implementat ions by MRI Corp. and Honeywell t h a t  
a r e  c l o s e r  t o  having both  c h a r a c t e r i s t i c s  a r e  now under  way. 
We hope t h a t  w i t h i n  f i v e  y e a r s  t h e r e  w i l l  be  v i a b l e  commercial 
sys tems.  
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An Overview o f  PLIDIS 
A Problem S o l v i n g  I n f o r m a t i o n  System w i t h  German a s  Query  Language* 

G.L. Berry-Rogghe and H.  VTulz** 

BACKGROUND AND APPLICATION OF THE SYSTEll 

PLIDIS (Problemli jsendes  ~ n f o r m a t i o n s s y s t e m  m i t  g e u t s c h  a l s  
I n t e r a k t i o n s s p r a c h e )  i s  a  n a t u r a l  l anguage  i n f o r m a t i o n  sys tem 
which i s  b e i n g  d e s i g n e d  i n  t h e  c o n t e x t  o f  a  p r o j e c t  on automated 
l a n g u a g e  p r o c e s s i n g  a t  t h e  I n s t i t u t  f G r  d e u t s c h e  S p r a c h e  sponsored  
by t h e  M i n i s t r y  f o r  Research  and Technology f o r  t h e  y e a r s  1976 t o  
1977. The p r e s e n t  p r o j e c t  i s  i n  many ways a n  e x t e n s i o n  o f  a  p r e -  
v i o u s  two-year p r o j e c t  which a c h i e v e d  t h e  c o n s t r u c t i o n  o f  t h e  
e x p e r i m e n t a l  ques t ion-answer ing  s y s t e m  ISLIB ( ~ n f o r m a t i o n s ~ y s t e m  
a u f  g n g u i s t i s c h e r  B a s i s )  (e .g .  [ 7 , 8 ] )  based  on t h e  s i m u l a t e d  
problem domain o f  t h e  s t o c k  exchange.  Wi th in  t h i s  framework 
t h e o r e t i c a l  f o u n d a t i o n s  were i n v e s t i g a t e d  and d i f f e r e n t  a p p r o a c h e s  
exper imented  w i t h .  The PLIDIS p r o j e c t  d i f f e r s  f rom i t s  p r e d e c e s -  
s o r  i n  i t s  i n t e n t i o n  t o  implement a n  a c t u a l  sys tem,  whereby o u r  
emphas i s  l i e s  on t h e  a d a p t a t i o n  of t h e  methods t r i e d  o u t  i n  t h e  
p i l o t  s t u d y  t o  a  r e a l  problem domain and on enhanc ing  t h e  problem 
s o l v i n g  c a p a c i t i e s  o f  t h e  sys tem.  

The f i e l d  o f  a p p l i c a t i o n  of PLIDIS w i l l  b e  t h e  c o n t r o l  of 
w a t e r  p o l l u t i o n .  A p i l o t  v e r s i o n  of  t h e  sys tem i s  b e i n g  deve loped  
i n  c o o p e r a t i o n  w i t h  t h e  r e g i o n a l  "Department  o f  t h e  Environment" 
a t  S t u t t g a r t ,  which s u p e r v i s e s  i n d u s t r i a l  w a s t e s  dumped i n t o  t h e  
r i v e r s  o f  Nor thern  Wiirttemberg. 

PLIDIS i s  s c h e d u l e d  t o  b e  used i n  t h e  f o l l o w i n g  c a p a c i t i e s :  

- A s  a  s u p e r v i s i o n  sys tem,  e . g .  t o  check  t h e  chemica l  com- 
p o s i t i o n  o f  t h e  samples ,  t o  compare t h e  c u r r e n t  sample 
w i t h  p r e v i o u s  samples  f rom t h e  same f i r m  and t o  i s s u e  ap- 
p r o p r i a t e  warn ings  i f  a  norm h a s  been t r a n s g r e s s e d ;  

- A s  a n  i n f o r m a t i o n  sys tem,  e .g .  t o  answer  q u e r i e s  concern-  
i n g  t h e  c o m p o s i t i o n  and t o x i c i t y  o f  c e r t a i n  c h e m i c a l s ,  t h e  

*The r e s e a r c h  r e p o r t e d  h e r e  i s  s u p p o r t e d  by t h e  F e d e r a l  Republ ic  
o f  Germany's "Bundesmin is te r  f u r  Forschung and Technologic" under  
a r a n t  N r .  081 5900 69 w i t h i n  t h e  " 3 .  DV-Program d e r  Bundesregie-  
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rung" .  
**The a u t h o r s  a r e  i n d e b t e d  t o  W .  B r e c h t ,  W .  D i l g e r ,  R.  Guntermanc, 
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c h a r a c t e r i s t i c s  of t h e  p roduc t ion  p r o c e s s e s  o f  t h e  f i rms  
invo lved ,  e t c . ;  

- A s  an i n v e s t i g a t i o n  system, e . g .  t o  d e t e c t  where p o l l u t i o n  
may have o r i g i n a t e d  and p o s s l b l y  sugges t  p l a n s  of a c t i o n s  
t o  be t aken .  

GENERAL DESIGN OF PLIDIS 

The PLIDIS in fo rma t ion  system i s  composed of  a  l i n q u i s t i c -  
l o g i c a l  p a r t ,  which t r a n s l a t e s  t h e  German i n p u t  i n t o  an i n t e r n a l  
r e p r e s e n t a t i o n  modeled on t h e  p r e d i c a t e  c a l c u l u s ,  and a  problem 
s o l v i n g  p a r t ,  which, i n  a d d i t i o n  t o  performing t h e  u sua l  s t o r a g e  
and r e t r i e v a l  f u n c t i o n s ,  i n v o l v e s  problem domain-specif ic  regu- 
l a r i t i e s  i n  t h e  deduc t ion  p roces s .  

The d e s i g n  of  t h e  system i s  l a r g e l y  modular and a l l ows  ex- 
t e n s i v e  u s e r  i n t e r a c t i o n  between t h e  v a r i o u s  execu t ion  phases .  
Th i s  modular i ty  i s  an e s s e n t i a l  p r e r e q u i s i t e  f o r  e f f i c i e n t  team- 
work a s  each  member o f  t h e  group can  be a l l o c a t e d  a  s p e c i f i c  p a r t  
and p o s s i b l e  changes i n  pe r sonne l  t a k e  p l a c e  smoothly. I n t e r a c -  
t i v e  f a c i l i t i e s  a r e  e s s e n t i a l  t o  f a c i l i t a t e  expe r imen ta t i on  and 
debugging. 

F i g u r e  1 i s  a  diagrammatic  r e p r e s e n t a t i o n  of  t h e  sys t em ' s  
main components showing t h e  f low of  i n fo rma t ion  between them. 

The PLIDIS u s e r  has  s e v e r a l  cho ices  of a c c e s s  t o  t h e  system, 
some o f  which a r e  des igned  e s p e c i a l l y  f o r  a  more n a i v e  u se r  and 
some d e s t i n e d  f o r  t h e  system d e s i g n e r  and a d m i n i s t r a t o r .  The 
n a t u r a l  language p roces so r  (NLP) e n a b l e s  t h e  u s e r  t o  formula te  
problem d e s c r i p t i o n s  a s  n a t u r a l  language q u e s t i o n s  o r  t o  use na t -  
u r a l  language f o r  t h e  i n p u t  of s h o r t e r  p i e c e s  of i n fo rma t ion  such 
a s  r u l e s  about  h i s  problem domain o r  d a t a  f o r  updat ing .  For  t h e  
i n p u t  of  s t e r e o t y p e d  d a t a  of  l a r g e r  q u a n t i t i e s ,  t h e  u s e r  may have 
d a t a  s h e e t s  on h i s  t e r m i n a l ,  which a r e  processed  by t h e  p roces so r  
o f  fo rma t t ed  i n p u t  (F IP ) .  This  p roces so r  a l s o  p rov ides  f a c i l i t i e s  
a c c e s s i b l e  by t h e  sys t em ' s  command language (CL) t o  d e f i n e  new 
d a t a  s h e e t s  and procedures  f o r  p l a u s i b i l i t y  checks o f  t h e  format-  
t e d  i n p u t .  The NLP and t h e  FIP have t h e  same t a s k  t o  perform, 
i . e .  t o  t r a n s l a t e  t h e  i n p u t  i n t o  t h e  language of  i n t e r n a l  r ep re -  
s e n t a t i o n  ( I R ) ,  an ex t ens ion  of  f i r s t  o r d e r  p r e d i c a t e  c a l c u l u s .  
The p r o c e s s o r  f o r  i n fo rma t ion  and problem d e s c r i p t i o n  (PIP) e i t h e r  
s t o r e s  t h e  incoming in fo rma t ion  o r  a c t i v a t e s  problem s o l v i n g  mech- 
anisms i n  t h e  c a s e  of  problem d e s c r i p t i o n s ,  accord ing  t o  t h e  t ype  
o f  q u e s t i o n  asked .  

I n  t h e  c u r r e n t  s t a t e  o f  t h e  system, t h e  p roces so r  f o r  answer- 
fo rmula t ions  (PAF) g e n e r a t e s  o n l y  some s o r t  o f  " p r e t t y - p r i n t "  
from t h e  formulas o f  i n t e r n a l  r e p r e s e n t a t i o n  t h a t  c o n t a i n  t h e  
i n fo rma t ion  found by t h e  PIP component a s  answer t o  t h e  u s e r s '  
q u e s t i o n s .  I t  would be d e s i r a b l e  a t  a  f u t u r e  s t a g e  t h a t  t h i s  
component be r ep l aced  by procedures  t h a t  gene ra t e  n a t u r a l  language 





sen t ences  o u t  of  I R  formulas.  The i n t e r a c t i o n  of  t h e s e  compo- 
n e n t s  is guided by t h e  PLIDIS s u p e r v i s o r  which p roces se s  t h e  com- 
mand language s t a t emen t s  and a c c e p t s  a l s o  INTERLISP code. The 
command language g i v e s  t h e  nonnaive u s e r  a c c e s s  t o  v a r i o u s  i n t e r -  
a c t i v e  f a c i l i t i e s  t h a t  a r e  h e l p f u l  f o r  t e s t i n g  and debugging. 
The a lgo r i t hms  draw on l e x i c a l  and o p e r a t i o n a l  i n fo rma t ion  con- 
t a i n e d  i n  e x t e r n a l  d a t a  bases  s u p p l i e d  by t h e  u se r /des igne r :  

- The morphosyntact ic  l e x i c o n  c o n t a i n s  a t  t h e  moment some 
10,000 e n t r i e s  of  nonlemmatized word forms wi th  t h e i r  
morphosyntac t ic  f e a t u r e s  such a s  t e n s e ,  number, gender ,  
e t c .  

- The semant ic  l ex i con  c o n t a i n s  informat ion  about  a  word ' s  
e q u i v a l e n t  i n  t h e  i n t e r n a l  r e p r e s e n t a t i o n  such a s  r e l a -  
t i o n a l  symbol, o p e r a t i o n a l  symbol, i n d i v i d u a l  term, i t s  
" s o r t "  ( s e e  nex t  s e c t i o n ) ,  t h e  number and s o r t  o f  t h e  
arguments f o r  each p r e d i c a t e ,  and s o  on. 

- The d a t a  s h e e t  i nven to ry  c o n t a i n s  t h e  v a r i o u s  d a t a  s h e e t s  
f o r  e n t e r i n g  mass d a t a  such a s  l a b o r a t o r y  r e p o r t s ,  par-  
t i c u l a r s  about  t h e  f i r m s ,  e t c .  

- The s y n t a c t i c  r u l e s  s p e c i f y  a  grammar f o r  German a s  an 
augmented t r a n s i t i o n  network ( A T N ) .  

- The t r a n s l a t i o n  r u l e s  s p e c i f y  " t r ans fo rma t ions"  of  t h e  
p a r s i n g s  of  t h e  NL sen tences  i n t o  t h e  i n t e r n a l  r ep re sen -  
t a t i o n .  

- H e u r i s t i c s  s p e c i f y  s y n t a c t i c  and semant ic  c r i t e r i a  t o  
gu ide  t h e  problem s o l v e r .  

The d a t a  base  p rope r  o r  t h e  "knowledge" o f  t h e  system i s  a  
c o l l e c t i o n  o f  a tomic  formulas i n  t h e  i n t e r n a l  r e p r e s e n t a t i o n  s t a t -  
i n g  t h e  fo l lowing  informat ion  abou t  t h e  problem domain: mass data 
about  samples o f  r i v e r  wa te r ,  t h e  l e g a l  norms of t h e  al lowed con- 
c e n t r a t i o n s ,  t h e  composi t ion o f  v a r i o u s  chemica l s ,  t h e i r  tox-  
i c i t y ,  e t c . ,  i n fo rma t ion  about  t h e  f i r m s  be ing  c o n t r o l l e d  Ctype 
o f  p l a n t ,  p roduct ion  p roces se s ,  t r ea tmen t  o f  was t e ,  e t c . ) ,  axioms 
s t a t i n g  g e n e r a l  l o g i c a l  i m p l i c a t i o n s  a s  w e l l  a s  s p e c i f i c  r e g u l a r -  
i t i e s  i n  t h e  world model such a s  "x i s  g r e a t e r  t han  y  i m p l i e s  t h a t  
x i s  n o t  e q u a l  t o  y" and " i f  a chemical  i n t e r f e r e s  w i t h  t h e  r i v e r  
f l o r a ,  it i s  t o x i c " .  

THE INTERNAL REPRESENTATION I N  A SYMBOLIC LANGUAGE (KS)* 

Genera l  Cons ide ra t i ons  

The cho ice  of an a p p r o p r i a t e  I R  f o r  t h e  knowledge w i t h i n  t h e  
PLIDIS system was n o t  mot iva ted  s o l e l y  by t h e o r e t i c a l  cons ide ra -  
t i o n s  b u t  by i ts  use  f o r  e f f e c t i v e  r e t r i e v a l  of  answers t o  q u e r i e s  

*Kons t ruktsprache  i n  German. 



s t a t e d  i n  n a t u r a l  language.  An I R  f o r  a  Ques t ion-Answer ing(Q~)  
sys tem must have t h e  fo l lowing  p r o p e r t i e s :  

- Express ive  power t o  match t h e  complexi ty o f  n a t u r a l  
language ; 

- World-modeling c a p a c i t y  t o  d e s c r i b e  a l l  s i t u a t i o n s ,  
e v e n t s ,  a c t i o n s ,  and changes o f  s t a t e s  o c c u r r i n g  i n  a  
g iven  microworld; and 

- Deductive c a p a c i t y  p e r t a i n i n g  t o  t h e  s o l u t i o n  of problems 
p u t  t o  t h e  system. 

The broad a s p e c t s  can  be made more e x p l i c i t  i n  t h e  fo l lowing  
s p e c i f i c  requi rements .  

( I )  Like NL, t h e  TR must be an " o b j e c t  language",  i . e .  it 
should  n o t  d e s c r i b e  r e g u l a r i t i e s  of  t h e  German language,  b u t  should 
a c t  on t h e  same r e f e r e n t i a l  l e v e l  a s  ML. Th i s  e n t a i l s  t h a t  it 
should  n o t  c o n t a i n  m e t a l i n g u i s t i c  symbols such a s  s e t - t h e o r e t i c  
ones ,  c a s e s ,  e t c ,  

(-11) The I R  should  be  a b l e  t o  d e s c r i b e  a r b i t r a r y  microworlds,  
i . e .  f o r  any g iven  c o n c r e t e  microworld, it should  have t h e  means 
t o  d e s i g n a t e  a l l  t y p i c a l  e n t i t i e s  e x i s t i n g  i n  t h a t  world: i n d i -  
v i d u a l s ,  s e t s  o f  i n d i v i d u a l s ,  e v e n t s ,  p roces se s ,  a c t i o n s ,  e t c .  
S i m i l a r l y ,  it should  be a b l e  t o  e x p r e s s  t ime ,  temporal  r e l a t i o n s ,  
and c a u s a l i t y .  

(111) The syn tax  of  t h e  I R  must be e x p l i c i t l y  d e s c r i b e d  i n  
a  grammar. This  grammar gu ides  au tomat ic  mapping p roces se s  of  
NL s t r u c t u r e s  i n t o  I R  s t r u c t u r e s  and a l l ows  t h e  problem s o l v e r  
t o  o p e r a t e  on t h e  s y n t a c t i c  l e v e l  o f  t h e  I R .  

( I V )  With t h e  I R  must be a s s o c i a t e d  a  formal  semant ic  i n t e r -  
p r e t a t i o n  t h a t  accoun t s  f o r  t h e  way i n  which I R  formulas c o r r e s -  
pond t o  p a r t i c u l a r  arrangements  i n  t h e  e x t e r n a l  world and f u r t h e r -  
more a l l o w s  one t o  dec ide  about  t h e  equ iva l ence  of  formalisms [6]. 

(V)  I t  should  be s u i t e d  t o  t h e  a p p l i c a t i o n  of  g e n e r a l  formal  
deduct ion  mechanisms, s o  t h a t  it i s  n o t  neces sa ry  t o  program 
s p e c i f i c  deduc t ion  a lgo r i t hms  f o r  each  deduct ion  ( i n  t h e  s ense  of  
"methods")--which does  n o t  of cou r se  exc lude  t h e  use  of  h e u r i s t i c s .  

I n  p a r t i c u l a r ,  p o i n t s  ( I V )  and (V)  i n d i c a t e  t h e  u s e  of a  
p r e d i c a t e  c a l c u l u s  (PC) f o r  t h e  i n t e r n a l  r e p r e s e n t a t i o n ,  a s  PC i s  
i n t e r p r e t e d  by a  formal  semant ics  i n  t h e  form o f  Tarsk ian  model 
t h e o r y  and a  g e n e r a l  "theorem prover"  mechanism o p e r a t e s  on it. 

The s t a n d a r d  f i r s t - o r d e r  PC does  n o t ,  however, f u l f i l l  
a l l  t h e  above requi rements  (e .  g. c o n d i t i o n  (V)  ) . Therefore  a  
symbolic language (KS) was des igned  modeled on t h e  f i r s t - o r d e r  
b u t  i n c o r p o r a t i n g  a  number of  ex t ens ions .  I n  t h e  d i s c u s s i o n  below, 
we d i s t i n g u i s h  between t h e  formal  r e p r e s e n t a t i o n  language KS, 
which acco rd ing  t o  requi rement  (11) i s  independent  o f  t h e  g iven  



microworld, and conc re t e  KS languages de f ined  by a  wor ld - spec i f i c  
vocabulary .  The g e n e r a l  c o n s t r u c t i o n  r u l e s  of  t h e  I R  language KS 
a r e  d e s c r i b e d  nex t ;  a  p re l imina ry  o u t l i n e  o f  t h e  c o n c r e t e  language 
KS water  p o l l u t i o n  c o n t r o l  i s  g iven  l a t e r .  

Shor t  Desc r ip t ion  o f  t h e  Syntax of  KS 

I n  a d d i t i o n  t o  t h e  usua l  s e t s  o f  symbols i n  a  PC--namely, 
p r e d i c a t e  symbols, i n d i v i d u a l  symbols, connec t ives ,  and quan t i -  
f i e r s - - the  vocabulary o f  KS c o n t a i n s  t h e  s e t  S o f  " s o r t s " :  

S  = I u n i ,  o b j ,  i n t ,  s i t ,  p e r ,  o r t ,  zus ,  a k t ,  ... 1 . 

(.These names a r e  a b b r e v i a t i o n s  f o r  t h e  German: Un ive r sa l ,  Objekt ,  
T n t e r v a l l ,  S i t u a t i o n ,  Person/personenk6rperschaft, O r t ,  Zustand, 
A k t i ~ n . )  The s e t  SV of sort- indexed v a r i a b l e s  i s  t h e  C a r t e s i a n  
product  o f  t h e  s e t  V  = {x l r . . . , x  1 of v a r i a b l e s  and t h e  s e t  n  
S  o f  s o r t s .  KS te rms can be c o n s t r u c t e d  w i t h  t h e  a i d  o f  o p e r a t i o n  
and r e l a t i o n  symbols. For each such symbol, t h e  s o r t s  o f  i t s  
arguments a r e  s p e c i f i e d .  The s o r t  o f  t h e  te rm t h u s  c o n s t r u c t e d  
i s  determined by t h e  s o r t  o f  t h e  l a s t  argument of  t h e  o p e r a t i o n  
o r  r e l a t i o n  symbol. The fo l lowing  c o n d i t i o n s  of  well-formedness 
f o r  terms a r e  de f ined  : 

( 1 )  Sort- indexed v a r i a b l e s  from SV a r e  terms.  

( 2 )  I n d i v i d u a l  c o n s t a n t s  a r e  terms.  To each  c o n s t a n t  i s  
a s s igned  a  member o f  t h e  s e t  S. 

(3) Let  F  be an n-place o p e r a t i o n  symbol, t o  which i s  a s -  
s igned an n+ l - tup le  of s o r t s :  

a  1 
a  n  Le t  t1 ,..., tn be te rms o f  t h e  s o r t s  a l l . . .  an 

t i v e l y .  Then 

i s  a  term o f  t h e  s o r t  a  n + l .  Opera t iona l  terms a r e  i n  

gene ra l  i n d i v i d u a l  terms.  I f  t h e  n-th argument term 
a  

(tnn) is  o f  t h e  s o r t  " i n t "  ( i n t e r v a l ) ,  t hen  t h e  term 

d e s i g n a t e s  i n d i v i d u a l s  wi th  r e f e r e n c e  t o  a  p a r t i c u l a r  
t ime.  Such i n d i v i d u a l s  a r e  s t a t e s  o f  t h e  world, a c t i o n s ,  



processes ,  and so on. They a r e  terms of t h e  s o r t  " s i t "  
( s i t u a t i o n )  and a r e  made up of an opera t ion  symbol f o l -  
lowed by t h e  fol lowing t u p l e  of  s o r t s :  

( 4 )  Let R be an m-place r e l a t i o n  symbol, t o  which i s  ass igned 
an m-tuple of  s o r t s ;  

a  
1 a  

m-l be terms of t h e  s o r t  a l  . . . . , a  Let  t l  r . . .rtm,l m-I . 
a  

1 
a  

m-l) i s  a  term of t h e  s o r t  a  Rela- Then (R t l  r . . . r tm-l m' 

t i o n a l  terms a r e  " l i s t  terms".  Such terms des igna te  s e t s  
of  i n d i v i d u a l s  ( s e e  l a t e r ) .  

Atomic formulas i n  KS a r e  cons t ruc ted  according t o  t h e  
fol lowing cond i t ions  of  well-formedness: 

( 5 )  Let F be an n-place opera t ion  symbol wi th  t h e  t u p l e  of  
s o r t s  

a  1 a  a  n  
Let  t l  , . . . , tn n + l  be terms of t h e  s o r t s  a l , . .  . . a  tn+ I n + l a  
Then 

i s  an opera t iona l  atomic formula. 

( 6 )  Let  R be an m-place r e l a t i o n  symbol wi th  t h e  t u p l e  of 
s o r t s  



a  
1  a  m Let  t l  ,..., t be te rms of  t h e  s o r t s  a l ,  ..., am. Then m 

i s  a  r e l a t i o n a l  atomic formula.  

Nonatomic formulas a r e  c o n s t r u c t e d  according  t o  t h e  usual  
c o n s t r u c t i o n  r u l e s  of  PC. A more d e t a i l e d  d e s c r i p t i o n  of  t h e  
syn tax  of  KS can be found i n  [15 ,16] .  

S ~ e c i a l  F e a t u r e s  of  KS 

Many-Sortedness 

The s e t  S  o f  s o r t s  can be  extended a s  demanded by t h e  r e -  
qui rements  o f  s p e c i f i c  f i e l d s  o f  a p p l i c a t i o n .  The s o r t s  under- 
l i e  a  h i e r a r c h i c a l  s t r u c t u r e  made use o f  i n  problem so lv ing .  The 
s o r t a l  s t r u c t u r e  of  KS imposes seman t i ca l ly  motivated c o n d i t i o n s  
o f  s y n t a c t i c  well-formedness--in t h e  sense  o f  Katz-Fodor " se l ec -  
t i o n  r e s t r i c t i o n s " .  But t h e  s p e c i f i c a t i o n  o f  t h e  number and s o r t s  
o f  t h e  arguments o f  a  p r e d i c a t e  i s  made a s  a  f u n c t i o n  of  t h e  
world-model, r a t h e r  t han  be ing  guided by l i n g u i s t i c  p r i n c i p l e s .  

The advantages  of  a  s o r t a l  s t r u c t u r e  i n  a  r e p r e s e n t a t i o n  
language were i n d i c a t e d  i n  [ 5 ] .  A l o g i c a l  s o r t a l  c a l c u l u s  w i t h  
l i n g u i s t i c  c o n s i d e r a t i o n s  was proposed i n  [ I l l .  

Complex Term Bui ld inq  

The no t ion  of  "term" i n  KS i s  de f ined  r e c u r s i v e l y ,  so  t h a t  
it is  p o s s i b l e  t o  embed terms w i t h i n  te rms,  t h u s  r e f l e c t i n g  more 
c l o s e l y  some N L  c o n s t r u c t s ,  such a s  complex noun groups.  

Example: " t h e  mother o f  t h e  neighbor of  t h e  f r i e n d  o f  Hans" 
becomes i n  KS: (MOTHER (NEIGHBOR (FRIEND HANS) ) ) 
I n  t h e  framework o f  t h e  conc re t e  KS-language wi th  r e f -  
e r ence  t o  s o c i a l  r e l a t i o n s ,  MOTHER would have been de- 
f i n e d  a s  a  1-place o p e r a t i o n  symbol t a k i n g  t h e  t u p l e  
of  s o r t s  <pe r ,  pe r ) .  FRIEND and NEIGHBOR would have 
been de f ined  a s  2-place r e l a t i o n  symbols a l s o  wi th  t h e  
t u p l e  <pe r ,  pe r ) .  

Q u a n t i f i c a t i o n  

I n  KS t h e  NL q u a n t i f i c a t i o n  symbols VIELE, MANCHE, E I N I G E  
(many, s e v e r a l ,  some) a r e  de f ined .  They d e s c r i b e  t h e  s i z e  o f  s e t s  
o f  e n t i t i e s .  The same a p p l i e s  t o  t h e  n a t u r a l  numbers which can 



also be used as quantification symbols. They underlie the follow- 
ing conditions of well-formedness: 

Let QU be a quantification symbol and let (R t:lr...rtm-l) m- 1 

a 
be a list term of the sort am, then , .. . , tm:;l)) is 

quantified list term of the sort am. 

Plurality 

Singular and plural objects can be designated in KS by "in- 
dividual terms" and "list terms" respectively. As an example the 
KS representation of the sentences "der Nachbar der Mutter von 
Hans ist Fritz" and "die Nachbarn der Freunde von Hans sind Franz 
und Egon" is given: 

(NACHBAR (MUTTER HANS) ; FRITZ) 
(NACHBAR (FREUND HANS); (LISTE FRANZ EGON)) 

Arithmetic Operations 

KS incorporates arithmetic operations such as PLUS, DIFFER- 
ENCE, TIMES ... which can be interpreted as LISP functions. 

The KS Language for the Control of Water Pollution 

In PLIDIS a concrete KS language is defined that derives its 
vocabulary from the field of application in the control of water 
pollution. Some examples of the vocabulary of KS water pollution 
control are given below: 

- Individual constants: ARSEN (sort : "stoff") 
ZYANID (sort : "stoff") 

Operation symbols: 

PROBE (2-place; sortal tuple : <betrieb, int, stoffkoll)) 
PROBENEHMER (1-place; sortal tuple : <stoffkoll, per)) 
ANTEIL (3-place; sortal tuple : <stoff, stoffkoll, 
physobj , num)) 

LABORBERICHT (3-place; sortal tuple : <perkSrp, stoffkoll, 
int, physobj)) 

BETRIEB (2-place; sortal tuple : <firma, ort, betrieb)) 

- Relational symbol: 

GIFTIG (I-place; sortal tuple : <stoff>) 



The above p r e d i c a t e s  c a n  b e  " t r a n s l a t e d "  i n t o  E n g l i s h  a s  f o l l o w s :  

PROBE = "sample" ,  PROBENEHMER = "sampler" ,  ANTEIL = 
"amount",  LABORBERICHT = " l a b o r a t o r y  r e p o r t " ,  BETRIEB = 
" f i r m " ,  GIFTIG = " t o x i c " .  

The f o l l o w i n g  i s  a n  example of a KS-term: 

PROBE (BETRIEB MAX-Mt)LLER STUTTGART) 76.81 . 1 3.14.88)  
"The sample t a k e n  from t h e  f i r m  Max ~ i i l l e r  i n  S t u t t g a r t  
on 13.1.1976 a t  14.00 hours . "  

The f o l l o w i n g  i s  a n  example o f  a KS formula :  

(ANTEIL ZYANID (PROBE (BETRIEB MAX-M~LLER STUTTGART) 76.81 .13.  ) 
(LABORBERICHT (BETRIEB CHEM-UNTERSUCHUNGSANSTALT PLOCHINGEN) 

(PROBE (BETRIEB MAX-M~LLER STUTTGART) 7 6.81 .13.  ) 
76.81.15.)  

; ( 8 , 5  mg/l)  

"The amount o f  c y a n i d e  c o n t a i n e d  i n  t h e  sample t a k e n  from t h e  f i r m  
Max ~ u l l e r  i n  S t u t t g a r t  on 13.1.76,  a c c o r d i n g  t o  t h e  l a b o r a t o r y  
r e p o r t  o f  t h e  c h e m i c a l  a n a l y s i s  c e n t e r  i n  P loch ingen  produced on 
15.1.76 amounted t o  0.5 m i l l i g r a m  p e r  l i t e r . "  

NATURAL LANGUAGE ANALYSIS I N  PLIDIS 

The r e q u i r e m e n t  o f  m o d u l a r i t y  i n  a s y s t e m  s u c h  a s  PLIDIS i s  
d i c t a t e d  n o t  o n l y  by o r g a n i z a t i o n a l  r e a s o n s ,  b u t  a l s o ,  from a 
more s y s t e m a t i c  p o i n t  o f  view, it was d e s i r a b l e  t o  m a i n t a i n  a 
s t r i c t  s e p a r a t i o n  between components t h a t  a r e  t h e o r e t i c a l l y  o r  
m e t h o d o l o g i c a l l y  w e l l  u n d e r s t o o d  o r  a r e  o f  no c e n t r a l  i n t e r e s t  t o  
t h e  p r o j e c t ,  and t h o s e  t h a t  a r e  t o p i c s  o f  g e n u i n e  e f f o r t  and ex- 
p e r i m e n t a t i o n  and where r e s e a r c h  i s  s t i l l  g o i n g  on.  

Thus t h e  n a t u r a l  l anguage  p r o c e s s o r  is  s e p a r a t e d  i n t o  t h r e e  
p a s s e s  (see F i g u r e  2 ) :  a PASS8 f o r  t h e  m o r p h o l o g i c a l  i d e n t i f i -  
c a t i o n ,  a PASS1 f o r  s y n t a c t i c  a n a l y s i s  and a PASS2 f o r  code  gen- 
e r a t i o n ,  i .e .  t r a n s l a t i o n  i n t o  t h e  l anguage  o f  i n t e r n a l  r e p r e s e n -  
t a t i o n .  

PASSg: I4orpholog ica l  I d e n t i f i c a t i o n  

A t  an  e a r l y  deve lopmenta l  s t a g e  o f  t h e  sys tem PASS8 was a 
program f o r  m o r p h o l o g i c a l  a n a l y s i s  t h a t  o p e r a t e d  w i t h  a lemma- 
t i z e d  d i c t i o n a r y .  For  e a c h  German word o f  t h e  s y s t e m ' s  vocab- 
u l a r y  t h e r e  e x i s t e d  o n l y  o n e  d i c t i o n a r y  e n t r y ,  t h e  b a s i c  form o f  
t h e  word. A c e r t a i n  c l a s s  o f  v e r b  fo rms ,  f o r  example,  were r e p r e -  
s e n t e d  by t h e i r  i n f i n i t i v e  form. I t  was t h e  t a s k  o f  t h e  program 
t o  a p p l y  m o r p h o l o g i c a l  r u l e s  t o  i n f l e c t e d  forms of  words and t o  
r e d u c e  them t o  t h e i r  b a s i c  form, which t h e n  a l l o w e d  a d i c t i o n a r y  
look-up f o r  f u r t h e r  i n f o r m a t i o n .  T h i s  a n a l y s i s  was v e r y  t i m e  
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consuming and was replaced by a very simple program that works 
with a nonlemmatized dictionary. Each inflected form of a word 
has an entry in the dictionary with its full morphological in- 
formation such as basic form of the inflected word, word class, 
gender, tense, etc. The dictionary is stored on an external 
device with index sequential access such that the time required 
for morphological identification of a word is rather small. The 
amount of work necessary for entering all inflected forms of a 
word into the dictionary is reduced by a special function of 
PASSB, which generates from a dictionary entry of a basic form 
the entries for the inflected form. Finally a HELP routine of 
PASSB enables even a user with little linguistic knowledge to 
write the dictionary entry for a basic word form. 

PASS1: Morphosyntactic Analysis 

The parsing of the German input sentence is done by means 
of an ATN as described in [13]. This technique was chosen as it 
seemed to be the best studied of parsing techniques and at the 
same time it may be handled easily by linguists without any 
special training in programming. The advantage of the ATN lan- 
guage is its open-endedness, allowing the definition of new arcs, 
tests, and actions as required for the analysis of specific NLs. 
In the present version the parser is able to recognize the major- 
ity of German sentence structures, including complex sentences 
containing all types of subordinate clauses--relative, adverbial, 
object and subject, etc. Complex noun phrases having inflected 
participal constructions as attributes such as "Das von der Firma 
Muller in den Rhein eingeleitete Abwasser" can be handled. The 
verb phrase may contain a main verb in any tense or mode, with 
the exclusion of the conjunctive mood. 

Because of their inherent ambiguity, some constructions not 
resolvable by purely syntactic criteria had to be excluded: 

- Coordination between noun phrases (e.g. "Die alten Manner 
und Frauen" ) ; 

- "Ellipticaltt noun phrases, i.e. noun phrases without a 
nominal head (e.g. "Er nannte das billigste gut"). 

The ATN for German is very weakly structured, in particular 
with regard to the noun phrase. Whereas a linguist would like 
to have a structure something like Figure 3, PASS1 produces an 
analysis as shown in Figure 4 for the sentence: "Der Anteil an 
Zyanid in der Probe der Firma Muller betrug 2 mg/l." (The 
amount of cyanide contained in the sample of the firm Muller was 
2 mg/l.) Certainly it would be possible to push the noun phrase 
analysis further by extending the syntactic categories and by 
using information such as dependency frames of verbs. But since 
deeper noun phrase analysis sooner or later needs semantic in- 
formation, it was decided to restrict the syntactic analysis to 
the generation of a list of the main constituents of the input 
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sentence with a minimal dependency structure and to pass the 
burden of semantic interpretation to the translation component 
in PASS2. 

PASS2: Semantic Analysis Component 

Within the PLIDIS system semantic analysis is viewed as 
the problem of translating NL sentences into formulas of the 
internal representation language KS; more precisely, to generate 
KS code from the parsing trees produced by the network parser 
of PASSI. In the earlier ISLIB approach augmented transition 
networks were used to state the rules for KS code generation. 
As stated earlier, this approach turned out not to be very ef- 
ficient and remained at an ad hoc level, since it was not pos- 
sible to find a theoretical foundation that would have allowed 
reduction of the number of rules needed with this approach. The 
new concept for the NL to KS translation starts from the concept 
of a translation grammar for two languages L1, L2, where L1 is 

the source language and L2 the goal language of the translation 

[14]. PASS2 then can be viewed as a program that interprets the 
translation grammar rules. The translation grammar may be com- 
pared with a transformational grammar [4], the rules of which 
operate on already existing derivation trees of a phrase structure 
grammar of the source language, i.e. German in the PLIDIS system. 
The nodes of these trees are labeled with nonterminal (syntactic 
categories of the grammar) and terminal symbols (source language 
words) of the phrase structure grammar. In a similar way the 
translation grammar rules are applied to the derivation trees of 
the source language, which correspond within the context of 
PLIDIS to the lists of bracketed and labeled constituents from 
the parsing of NL sentences. 

For the sake of simplicity and clarity, the translation 
grammar is explained here by simplified examples and in an ab- 
breviated terminology of derivation trees. The translation 
grammar consists of three types of rules: 

- Rules for the replacement of source language symbols-- 
i.e. in general NL words--by the context pattern of their 
goal language equivalent; 

- Insertion rules for the goal language context pattern; 
and 

- Pattern raising rules. 

The rules are based on the concept that it will be possible 
to define for each goal language symbol something that we will 
call a context pattern. The context pattern of a symbol is a 
prediction about the syntactic context in which this symbol will 
occur. Thus the writer of a translation grammar for German to 
KS may state in a rule of the first type that the KS symbol PROBE 



may c o r r e s p o n d  t o  t h e  German word "Probe"  ( s a m p l e ) .  The grammar 
o f  KS d e f i n e s  t h a t  PROBE may b e  used  w i t h i n  a  two-place <TERM> 
o f  t h e  s o r t  < s t o f f k o l l ) ,  where t h e  f i r s t  argument  h a s  t o  be a  
<TERM> of  t h e  s o r t  <firma) and t h e  second  argument  a  <TERM> of  
t h e  s o r t  <ink) .  Thus i n  any c o n t e x t  where t h e  German "Probe" 
i s  t r a n s l a t e d  by t h e  KS symbol PROBE, it w i l l  b e  fo l lowed  by 
two terms s p e c i f i e d  a s  above and t h e  c o n t e x t  p a t t e r n  f o r  PROBE 
c a n  b e  d e f i n e d  a s  a  tree s t r u c t u r e ,  where t h e  t o p  node i s  l a b e l e d  
by <TERM ; s t o f f k o l l )  and t h e  t e r m i n a l  nodes  by ( ,  PROBE, <TERM ; 
f i r m a ) ,  <TERM ; i n t )  a n d )  r e s p e c t i v e l y .  The r u l e  o f  t h e  f i r s t  
t y p e  f o r  t h e  German word "Probe" would s t a t e ,  t h e n ,  t h a t  "Probe" 
i s  t o  b e  r e p l a c e d  by t h e  d e s c r i b e d  c o n t e x t  p a t t e r n  (see F i g u r e  
5 ) .  

I n  t h e  c o n t e x t  p a t t e r n  o f  PROBE, <TERM ; s t o f f k o l l )  i s  viewed 
a s  t h e  head o f  t h e  c o n t e x t  p a t t e r n ,  whereas  t h e  n o n t e r m i n a l  KS 
symbols  <TERM ; f i r m a )  and <TERM ; i n t )  a r e  c o n s i d e r e d  a s  " s l o t s "  
and it i s  t h e  t a s k  o f  t h e  second t y p e  o f  r u l e  o f  t h e  t r a n s l a t i o n  
grammar t o  d e f i n e  how t o  f i l l  i n  t h e s e  s l o t s .  A d i s t r i b u t i o n a l  
a n a l y s i s  o f  t h e  c o n t e x t  o f  German "Probe" w i l l  show t h a t  t h e  nom- 
i n a l  a t t r i b u t e s  of "Probe" ,  i .e .  a  noun group  i n  t h e  g e n i t i v e  c a s e  
o r  a  p r e p o s i t i o n a l  noun group  f o l l o w i n g  "Probe" ,  a r e  t h e  c o n s t i t -  
u e n t s  t h e  t r a n s l a t i o n s  o f  which have  t o  b e  i n s e r t e d  i n t o  t h e  s l o t s  
o f  t h e  PROBE c o n t e x t  p a t t e r n .  Thus t h e  i n s e r t i o n  r u l e s  f o r  t h e  
KS c o n t e x t  p a t t e r n  a s s i g n e d  w i t h i n  t h e  t r a n s l a t i o n  o f  a  n a t u r a l  
l anguage  s e n t e n c e  t o  German "Probe" would s t a t e  t h a t  t h e  s l o t  w i t h  
t h e  name <TERM ; i n t )  h a s  t o  be f i l l e d  w i t h  a  c o n t e x t  p a t t e r n  o f  
t h e  same name, r e s u l t i n g  from t h e  t r a n s l a t i o n  o f  a  p r e p o s i t i o n a l  
noun group  f o l l o w i n g  "Probe" ,  s p e c i f y i n g  a l s o  p o s s i b l e  p r e p o s i -  
t i o n s  l i k e  "am" o r  "vorn". 

L e t  RR1,  ..., RR6 d e n o t e  some r u l e s  o f  t h e  f i r s t  t y p e  f o r  t h e  re- 

p lacement  o f  German words by t h e  c o n t e x t  p a t t e r n  o f  t h e i r  KS 
e q u i v a l e n t ,  

I R 1 , 1 R 2  r u l e s  o f  t h e  second t y p e  f o r  t h e  i n s e r t i o n  i n t o  

c o n t e x t  p a t t e r n s ;  

l e t  E d e n o t e  t h e  empty c o n t e x t  p a t t e r n ,  c o n s i s t i n g  o f  no  
symbols .  

The a p p l i c a t i o n  o f  t h e s e  r u l e s  t o  German "Probe"  w i t h i n  t h e  
c o n t e x t  " d i e  Probe b e i  Mul le r  & Co vom 15.12.76" ( t h e  sample 
from M u l l e r  & Co o f  12/15/76) c a n  be r e p r e s e n t e d  s c h e m a t i c a l l y  
a s  shown i n  F i g u r e  5 ,  where t h e  a r c s  s t a n d  f o r  t h e  a p p l i c a t i o n  
o f  t h e  r u l e s  t h a t  l a b e l  t h e  a r c .  

The u s e  o f  t h e  s o r t s  o f  KS f o r  d i s a m b i g u a t i o n  w i t h i n  t h e  
t r a n s l a t i o n  c a n  be shown i f  one  c o n s i d e r s  " d i e  Probe von  M u l l e r  
& Co am 15.12.76" a s  a n  a l t e r n a t i v e  f o r m u l a t i o n  f o r  " d i e  Probe 
b e i  M u l l e r  & Co vorn 15.12.76". A s  t h e  i n s e r t i o n  r u l e  I R 2  re- 

q u i r e s  t h e  t r a n s l a t i o n  o f  a  p r e p o s i t i o n a l  noun g r o u p  w i t h  t h e  
p r e p o s i t i o n  "von" o r  "am" t o  be i n s e r t e d  a s  t e n s e  argument  i n t o  



Figure 5. Simplified illustration of the application of replacement rules (RR) and 
insertion rules (IR). 



the context pattern assigned to "Probe", the translation of 
"Miiller & Cow would take the place of the second TEFW within the 
PROBE pattern. But since the KS equivalent to "Muller & Co" is 
a TERM of the sort <firma>, a check of the sort consistency will 
block the insertion at the TERM place with the sort <interval1 . 
For each insertion rule there is a side effect defined. If a 
filled-in context pattern is inserted into the slot of another 
pattern, it is deleted at its original place, i.e. replaced by 
the empty pattern E (see Figure 6). 

If all terminal symbols, i.e. all NL words of a derivation 
tree, are replaced by the context pattern of their KS equivalent 
and if all slots of these patterns are filled in, the pattern 
raising rules may be applied to the remaining structure in the 
following ways: 

(1) A nonterminal symbol x of the source language grammar 
can be replaced by a filled-in context pattern if this 
pattern is dominated by x and if all other context pat- 
terns dominated by x are equal to the empty context 
pattern. 

(2) If a nonterminal symbol x of the source language grammar 
dominates only empty patterns, then it is replaced by 
the empty pattern. 

(3) If the top node of the remaining tree structure is la- 
beled by a symbol of the goal language grammar, a head 
y of a context pattern can be replaced by the string 
that results from the concatenation of the symbols dom- 
inated by the head y under the condition that y does 
not dominate another head of a context pattern. 

For simplicity we will illustrate the application of the 
pattern raising rules with an abstract example. 

Let A, B, C, D be some nonterminal symbols of a source language 
grammar and a, b, c, dl el f symbols of the goal language grammar; 
let PR1, PR2, PR3 denote the pattern-raising rules as described 

above in ( I ) ,  (21, (3) respectively. Figure 7 then illustrates 
the application of these rules to the tree whose top is labeled 
by A and where a and d are the heads of context patterns. The 
numbers preceding the rule names indicate the order in which 
these rules were applied. If the string resulting from the ap- 
plication of the pattern raising rules consists of terminal 
symbols of the goal language grammar, then a translation has 
been found. 

Since various details of a translation grammar for a subset 
of German into KS are still subject of experimentation the PASS2 
program, which interprets the translation rules, has not yet 
reached its definitive form. 












































































































































































































































































































































