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ABSTRACT 

This papex descrsbes how the process 05 g e n e ~ t i n g  a 
response g i v e n  an underlying representation f o x  an i n p u t  
q u e s t i o n  is accomplished in t he  Transformatioaal Quest ion 
Rnswering [ P A ?  s y s t e m  under development a t  IBM Research, a 
b r i e f  description a f  which is g i v e n .  

The last formal level o f  representation in this system is 
called a l o g i c a l  form. The b a s ~ c  method of evaluation of 
logical forms is the generate  and t e s t "  paradigm, used, f o r  
q ~ & n p l s  in the  L U N A R  system (Woods, Kaplan and Nash-Webber, 
1 9 7 2  1,  a l t h b u g h  t h a t  implementat ion must be fairly efficient 
in order t e  be j ~ a c t i c a l  on a moderate size d a t a  base.  The 
bas ic  idea is t o  keep track of t h e  e q u i v a l e n c e  . r e l a t i o n s h i p s  
botueen the var iables  in the log ica l  fcrh and assoc ia ted  
c o n s t a n t s ,  and use t h i s  i n f o r m a t i o n  t o  dexive from the  data  
base the  extensions of  the predicates contained in the 
l o g i c a l  form. A similar p x o p o s a l  has been made b y  
Reitez(1976). The l o g i c a l  f o ~ m s  and t he  process hy which 
candidate s e t s  are computed from these forms @re described 
in cons idesable  d e t a i l *  We believe it shoufd n o t  be 
necessary for a computa t iona l  linguistics p r o j e c t  t o  
describe ope rah ions  beyopd the l a s t  lev'el of f orma1 
representation in ozdex 5 ~ 1  an outs ider  t o  understand 
exactly how a system operates  s u f f i c i e n t l y  wel l  t h a t  he.can 
paedict  its b e h a v i o r .  Although we have attempted t o  achieve 
t h a t ,  we s t i l L  have a considerable way to go, 



~ h i r  p a p e r  d e s c r i b e s  how t h o  p r o c e s s  o f  g e n e r a t i n g  a 

r a s p o n s e  g i v e n  an t l ~ l d e ~ l y i n g  xrsprg!senT:amn fair a n  i 1 1 p u t  

q u e s t i o n  i s  ~ c c c m ~ l i s h e d  An t h e  ~ r a n s f o r p n t i o n n l  E u c s t ~ o n  

A n s w ~ r i h g  ( T P )  1 s y s  trrp u n d o  r' c o ~ ~ t i n u ~ n g  dr,u@kopmmc?nt a t  I A N  

Research, .  TQA h a s  beert, o p e r a t i o n a l .  1 a l a b o r n t s z y  mode f o r  

s e v e r a l  yeers. .  The  s y s t e m  is noid i n s t a l l e d  i n  t h e  o f f i c e  o f  

the planning d e p a r t m e n t  ol a s m a l l  c i t y  u h e r e  it is u s e d  to 

a c c e s s  the f i l e  of l a n d  use f o x  e a c h  p a r c e l  o f  l a n d  I n  t h e  

c i t y ,  ( a b o u t  1 0 , 0 0 0  p a r c e l s  ~ i t h  4 0  p i e c a s  o f  d a t a  f o r  e a c h  

p a r c e l  1 .  The sysytcm is t rnl i lcrgoin,g r n ~ d i f i c a t i o n s  nncl 

i n ~ p x o v s n e n t  p x i s x  t o  a f o r m a l  e v a 1 u a t i 0 1 1  s t a g e  I 

A g e n e r a l i z e d  flow d iag ram o f  t h &  TQA system is g i v e n  in 

F i g u r e  1 .  Input, f r o m  a d i s p l a y  d e v i c e  o r  typewriter-like 

t e r m i n a l ,  is f e d  to t h e  p r e p r o c e s s o x ,  w h i c h  s e g m e n t s  5lle 

i n p u t  c h a r a c t e r  stsing a n t o  w o r d s  a n d  performs lexical 

l o o k u p .  The p r o c e s s  of l o o k u p  i s  c o m p l i c a t e d  s o m e w h a t  b y  a 

p r o v i s i o n  f o r  synonym a n d  p h r a s e ,  x e p l a c e m e n t .  Words  l i k e  

"car" and "automobilew a r e  c h a n g e d  to " a u t o " ,  an8 strings 

l i k e  " g a s  s t a t i o n w  are  frozen i n t o  single l e x i c a l  units, 
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The output from the l e x i c a l  lookup i s  a l ~ s t  of t z a n s l  

each t r e e ,  contaznzng padrk o f  s ~ , e r ! c h  in .brmatxorr ,  g y n t a c t z c  

faaturcs and scrmantlc  f e a t u t : e s ,  R S  r e q u ~ r ~ d  A d e s c z ~ ~ t ~ r ~ n ~  

of the ,  lexical cornpol>cetlt, now a b s u l ~ t ~  ln rts d e t a r l  but 

s t i l l  valid 111 main outline A S  g l v a n  ln Rob~nsarr (  1 9 7 3 3 .  "f'& 

list o f  trees is i n p u t  t o  e; s e t  0 3  sFtt~$m t z ~ ~ ~ ~ ! ~ ~ a t x ~ ~ n . s .  

d e s c r i b ~ d  ln P l a t h t  1 9 7 4  I .  These t ~ Q * n s f a r n a t ~ o n s  a p ~ r a t c !  arr 

g d j h c a n t  1 6 ~ i c ~ b i t 8 1 1 9 ~  to d e a l  w i t h  p a t f c r n s  0 5  C ~ . ~ S S ~ ~ L P ~ S ,  

ordinal numbers, s t r a n d e d  prepoJit%ons, and t h e  l i k e .  The  

e f f e c t  of thls pnase is to reduce the nurnber o f  s u r f a c e  

paxses and t h e  amount o f  work clone in t h e  transformational 

c y c l e .  The resulting l i s t  of t r e e s  1s input to a context 

free p a s e r r  whlch p r o d u w s  a s e t  of s u r f a c e  t r e e s ,  e a c h  o f  

which 1 s  fed t o  the t r z i n s f ~ r m a t i a n a l  recognizer. 

The recognizer a t t e m p t s  to find at1 yqd-~Xl~-ajjg ~ - r u & t ' l ~ r ~ q  

f o q  e a c h  s u r f a c e  tree, PlathClQ73). T y p i c a l l y  only one o f  

a s e t  of s u r f a c e  t r e e s  i l l  result- Ln an underlying 

s t r u c t u r e .  This s t r u c t u r e  i t s e l f  1s input once agaln t o  the  

t k a n s f o x m a t i o n a l   recognize^:, uslng a (smalJ1 set of grammar 

r u l e s  t a i l o r e d  t o  a s p e c i T i c  data b a s e  to produce a s u e r v  

s t r u c t u ~ e ,  Query s t r u c t u ~ e s  are s i m i l a r  t o  underlying 

structures In form, but re- f lec t  the p a t i c u l a r  rneanmg 

constraints resulting f r o m  the format and c o n t e n t  of a g i v e n  

data base. The query s t x u c t u r e  tree 1s p r o c e s s e d  b y  a 

Knuth-style semantic i n t e x p r e t e r ,  PeteLck t 1 9 7 7 1 ,  producing 

a l o s i c a l  form. A l o g i c a l  form can b e s t  be t h o u g h t  o f ,  In 
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our* corntext ,  as a r e t r i e v a Z  express iwn.  which is to v be1 

evaluated, producing an a n w e r  t o  the E n g l i s h  input query. 

Since the major p a r t  02 tlris p a p e r  is co.ncerned u i t h  

procefsing l o g i c a l  forms, discussion of t h e i r  s p e c i f i c s  v h l l  

be d e f e r z e d  u n t i l  l a t e r  

The process  of answer e x t r a c t i o n  from the data base is 

accr~apl i shed  by a cotnbinatWn of L I S P  a n d  FLII programs, 

d e s c r i b e d  b e l o w ,  and an experimental relational d a t a  base 

manactenrent sys tem c a l l e d  R e l a t i o n a l  S torage  System (RSS)  

(Astrahan. et al. 1 9 7 6 ) .  The RSS p r o v i d e s  the c a p a b i J i i t y  

to generate a data  base of n-ary x e l a t i o n s ,  w i t h  i n d e x e s  on 

any f i e l d  of the r e l a t i o n ,  and l o w - l e v e l  access commands 

lixe O P E N ,  NEXT? C L Q S E ,  w i t 1 1  a p p r o p r i a t e  paraneters ,  to 

r e t r i e v e  information from such  a data b a s e .  

All t h e  proce .ss ing modules  are under the control of a 

d r i v e r  m d u l e ,  which maintains cornmfinication with the u s e r ,  

c a l l s  the processors in the c o r z e c t  sequence ,  and t e s t s  for 

errors. A n  example  of the procgssing of a question, with 

tHe in termedia te  outputs, is given in Figure 2. 

In this e x a m p l e ,  *he numbers 2945, 6535 ,  6 6 3 5 ,  6975 are 

the numbers of milliseconds .of computez time used u p  t o  the 

point shown, on an IB M  S / 3 7 0  Model 1 6 8  The s trUctures  

printed are a b r a c k e t t e d  terminal s . t t i n g  representation of 

s t r u c t d r e s  which are s t o r e d  and manipulated as trees by t h e  
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what are the h e i g h t s  of the drug s tores  ? 

2945 S U R F A C E  STRUCTURES: 

(C(NH SOME) (THING X I ) )  BE (THE ( ( H E T G H T  X 4 )  
car c ' ~ f i ~  ((DRUG-STORE 5 9 1 )  X ~ ) ) I I I  ?.I 

6 5 3 5  UNDERLYING STRUCTURZS: 

1 .  ( B D  IDENTICRL ( ' T H E .  ( X Q  ( *  B p  HEXGHT X 4  
T T H E  ( ( D R U G - S T O . R E  ~ . ~ I ) ' x ~ I ) . B D  *))'l:(CWR S OHE) 
( ? f l I N G  XI)) B D )  

6 6 3 5  Q U E R Y  STPUCTU-RES : 

1.  (THE (XL)  * BD H E S G H T  X 4  ( T H E  ((DROG,#TORE 59 1.1 
X ' I ) )  BD * ) ) I  

6 9 7 5  L O G I C A L  F O R M :  

( s e t x  ' X 4 !  
[foratleast 4 ' X 4 4  
' ( s e t x  f1X7 

''( t e s t f d t  
'541'  
' ( ' L U C  X 7  ' 1 9 7 6 )  
' =  1 3 

t t e s t f c t  
X U  
' ( ' J S T O R  X4L) "f976) 
' =  1 ) 1 

7995 A N S W E R S :  

NUMBER 
S T O R I E S  

Figure 2 



processing programsc The nonterminal nodes 0% t h e  t r e e ,  

together with  thei'r a s s o c i a t e d  complex  f ea tqrea ,  represent  

mucIl r r d d i t i a l ~ a l  inf brmatian that: id not shown here ., The 

number 5 9 1  is a land use code which. in t h e  data  b a s e ,  

i n d i o a t e s  a drug s t o r e r  and th# l ong  numbers in bhe ansNez 

are the parce l  identifi6rs, ( w a r d - b l o c k - l o t ) .  

Ffom this  b z i c d  description, it s h o u l d  be apparent  t h a t  

the T Q A  s y s t e m ,  c o n s i d e x e d  a s  a b lach  box,  is sirn'ilar t d  

many sthers:.  1.n p a r t i c u l a r ,  there is a d e s i 9 n a t e d  level of 

meaning r e p r e s e n t a t i o n ,  the l o g i c a l  Zoxrn, which is the l b s k  

formal  cons truc t  in the s y s t e m .  The remaining processing 

necessary  k o  d e r i v e  an answer and to format it f o r  

presentation t o  a user is accomplished n y  an unstructured 

se-1; of computer programs. Two sepazate  i s s u e s  a z i s e  as a 

resu3 $: how e f f i c z e n t l y  can t h e  l o g i c a l  form be evalu'aled 

a g a i n s t  a real d a t a  b a s e ,  and to what e z t e n t  do the 

processing functions eurther s p e c i f y  meaning, beyond  that 

carried by t h e  l o g i c a l  form? 

FVALUATION OF L O G I C A L  FORM!$ 

Th.e basic method of eva lua t ion  of l p g i c a l  forms is the 

"generate and t e s t v  paradigm used ,  for example ,  i .n  t h e  LUECAR 
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s y s t e m  LJoads Kaplari and Nasli-Webbex, 1 9 7 2  I .  The simple 

version of this p a r a d i g m ,  used by Wooas and i m p l e m e n t e d  in 

our e a z l y  s y s t e m s ,  i n ~ o l v e s  c h e c k i n g  p r e - s e l e c t e d  lists 05 

objects or, in t h e  worst  c a s e ,  all t h e  o b j e c t s  hnonn t o  the 

s y s t e m ,  to see, if they s a t i s f y .  tile query p x e d ' i c a t e s .  It is 

computationally i m p r a c t i c a l  e x c e p t  foq s m a l l  data bases. 

Our current* variant  05 t h i s  metllad js much more e f f i c i e n t .  

The b a s i c  i d e a  is t o  k e e p  t r a c k  of t h e  e q u i v a l e n c e  

r e l a t i b n s h i p s  between the vax iab les  in the l o g i c a l  form and 

associated conskant s ,  and use this in format ion  to d e r i v e  t h e  

e x t e n s i o n s  c# the p x e d i c a ~ t e s  c o n t a i n e d  i n  the l o g i e a l  form 

f % a m  tne a a t a  base.  A s i m i l a r - p x o ~ o s a l  h a s  been made b y  

Reeiter(19761 We do not how.ever, m & R e  such e x t e n s i v e  use of 

quekp trgnsformations as Reiter o u t l i n e d .  

Logica l  farm$ 

Zn order to describe the e u a l f i a t i o n  p r o c e s s ,  it is 

n e c e s s a r y  to describe the 1olgicaL f o r m  in s ~ m e w h t  more 

detail, r e f e r r i n g  fos example again to Figure 2. In the 

fixst p l a c e ,  e x c e p r  +or the se t - forming  f u n c t i o n  s a t x ,  which 

t a k e s  as arguments a v a r i a b l e  name and a proposition, all 

other weX.1,-fo2:med folimulqs are  composed of p r e d i c a t e s  and 

t h e i r  a r g u ~ ~ i e n t s  . Some of t h e  predicates are p e r f e c t l y  

ord inary  l i k e  qreat i !r than.  Some are quantifiers, like 

f o x : ~ t d e a s t ,  which Cakes a limit argument n, an argument 
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which is a s e t ?  and a p r o p o s i t i o n  e ,  and which is true jus t  

i n  case or more elements 05  the s p e c i f r e d  set s a t i s f y  t h e  

proposition e .  O t h e r s  axe s p e c i a l  a p p l i c a t i o n  predricates 

like parceL,  which is t r u e  j u s t  in ease its s i n g l e  ergurnen-t 

is a p a r c e l  identifier. 

The hain  data  base related p t e d i c a t e  is named t e s t f c t .  

Referring to Figure Z I  it is seen t h a t  Cestfot has  three 

arguments, The first is w c o n s t a n t  or a v a r i a b L e  which w i l l  

be r e p l a c e d  b y  a c o n s t a n t  b e f a y e  evaluation, the second 

argument is a llst whose memtbers determine a part icu lar:  

data base value, and the t h i r d  is an operator s p e c i f y i n g  t h e  

r e l a t i o n  which must h o l d  between t h e  i i r s t  argumentsand the 

data base value  d e t e x m i n e d  by the 'second argument. 

The d a t a  base oan be thought  of as a c o l l e c t i o n  Q +  binary  

relations, all shirring the same key. In our applicq,tiob, 

this i s  thQ parcel identification gr: account number, b y  

which any p i e c e  af p g ~ p e r t y  can b e  i d e n t i f i e d .  The list 

which i s  the second argument of t e s t f c t  consists o f  t h e  

r e l a t i o n  name and the* k e y  which identifies a va1u.e in the 

r e l a t i o n .  The k e y  a c t u a l l y  has two parts. The second p a r t  

is a y e a h  now unused, a l though  since the f i l e s  in nh ich  we 

are currently i n t e r e d e d  are changed on a yearly basis, we 

a n t i c i p a t e  maintaining and accessing h i s t o r i c a l  data. The 

f i r s t  part of the key is the account number mentioned above. 

In gener a1 , the second argument of testfct m u s t  be 
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sufficient t o  i d e n t i f y  a unique  binary r e l a * i o n  and v a l u e  in 

t h a t  relation. 

If the logical form is itsel5 a p r o p o s i t i o n  the s y s t e m  

will answer e i t h e k  " y e s "  or "no" . If the logical form h a s  a 

t d p  l e v e l  s e t x ,  the s y s t e m  w i - 1 3  p r i n t  the membezs of t h e  s e t  

s a t i s f y i n g  the s p e c i s i e d  proposition, p e x h a p s  a long  with 

some i d e n t i f y 3 n g  information: 

S i m p l i f i c a t i o n s  

A number of s i m u l i f i c a t l o m  can be, and in p a r t  have  been ,  

c a r r i e d  o u t  on l o g i c a l  iorms pr io r  to e v a ~ h a t i o n .  Some 

pxedicates, for  example ,  are essentiazly e m p t y  f o r  purposes 

02 e v a l u a t i o n ,  in that t h e y  always e v a l u a t e  to true,. As an 

e'xample, t h e  p r e d l c a t e  d o l l a r ,  for information S i e l d s  

referring t o  t a x e g ,  is e m p t y  of meaning because t h e  

p x o c e s s o r  assumes t h A t  the contents of the %axes f i e l d  are  

always d o l l a r s .  A slightly l e s s  o b v i o u s  example  of a 

possible sfmpliSication can be seen  in F i g u r e  2 .  T h e  set 

argument of the f o r a t l e a s t  p r e g i c a t e  c a n t a i n s  no f r e e  

v a r i a b l e s .  It is not necessary ,  there fore ,  to e v a l u a t e  the 

inner  setx f u n m t i o n  for each e v a l u a t i o n  of the 

p r e d i c a t e .  I n s t e a d ,  the s e t x  f u n c t i o n  i s  e v a l u a t e d  as soon 

as the semanuc i n t e r p r e t e x  has discovered t h a t  it has no 

iree v a r i a b l e s *  using the s tandard e v a l u a t i o n  mechanism, and 

t h e  v a l u e ,  i . e . ,  a s e t ,  is substituted f o r  s e t x  



a x p r e s s i o n .  Our s y s t e m  perFormk s i m p l - i f  i c a t i o n s  04' this 

R i n d  in i t s  normal mede ( a l t h o u g h  it can a l s o  d e l a y  ~ 1 1  

e v a l u a t i o n s  q n t i l  a comple%e form has- been b u i l t ) ,  s o  that 

the  final logkcal foxm seen b y  the  r e t r i e v a l  furlotions 

during p ~ o c e S s i w  i s  usually t h a t  shown ia Figure 3 ,  where 

the i n n e i   set^ has been r e p l a c e d  hy the sat is fy- i ing s e t  

viz t h e  p a r c e l  i d e n t i f i e r s  of the s e t  of drug s t o ~ e s . ~  

L+ker  all t h e  app lkc@le  s i m p & i f i r a t h o n s  have been donel t h t ~  

resulting form is p a s s e d  t o  the e v a l u a t i o n  function, E,V,ALU. 

The Pre-evaluator 

It m i g h t  seem t h a t  s ince  the s y s t e m  has been w r i t t e n  in 

LISP, it w o u l d  0nJ.y be necessary  to d e f i n e  the a p p r o p z i a t e  

functions and then call 'the regulax  LISP evaluator, ~ n s t e a d  

of a special eva luator  like E V A L U .  WI~ile Chis would be 

possible, t h e  aifficulty w i t h  such an a ~ p r o a c ~ h  can r e a d i l y  

b~ s e e n  by considering the embedded  s e t x  in F i g u r e  2. The 

d e s i r e d  set of X7s is t h a t  set of parcel  identifiers fo 

which the  a s s o c i a t e d  l a n d  use c o d e  is "59 In .  t e s t f c t  is a 

predicate which i s  t r u e  for t h e  appropriate  X 7 s r  but wha$ 1s 

the cand idate  s e t  of X75 which should b e  t e s t e d ?  A t  wurst ,  

the system m i g h t  consider the  s e t  of a l l  o b j e c t s  it knows 

about .  A S  a bet ter  c h o i c e ,  the s y s t e m  cou3d i n f e r  from the 

s y n t a x  of t e s t f c t  t h a t  +he candidates  are all members  of the 

s e t  of parce'l identifiers, but s{t i l l  there are a l m o s t  1 0 , 0 0 0  
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what axe the  h e l g n t s  02  the arug stores ? 

2930 S U R F A C E  S ' T R U G T U R E S :  

1 .  t ( < M M  SO'MEI ( T H I N G  X I ) )  B E  ( T I ? &  ( ( H E I G H T  SLIT) 
[OF ~ T M E  [ I : D R U G , S T O R E  5 9 1 1  X 7 ) l ' l l )  ? )  

1 .  ~ B I L  &DENTICAL ('THE ( X 4  ( *  RF H E I G H T  X 4  [ T H E  
[(DRUG-STORE 5 9 1 )  X7)l 13D k ) ) )  I ( W Q , S O F l E )  
( T . H I N ~ ;  x i ) )  RD) 

6 5 9 9  Q U E R Y  SITRUCTURES: 

1 (THE eX4 ( *  BD HEIGHT X 4  (THE :(DRUG-STORE 5 9 1 )  
X 7 1 1  BD * I ) )  

3 f 7 6  L O G I C A L  FORM: 

( ' s e t x  'X4 
'tforatleast 1 ' X 4 4  

( 9 0 4 3 0 0 0 0 9 1 0  8 0 1 0 0 Q 0 4 8 1 1  8 0 1 0 0 0 0 0 7 1 0  
705900016103 
i t e s t f c t  

x 4 
( ' J S T O R  X44 1976) 

1 = 1 1 1  

N U M B E R  
S T O R r E S  

F i g u r e  3 

-*---------------I------------ 

US those A much bet ter  approach is to at t empt  ' t o  c o m p u t e  

the e x t e n s i o n  of those p r e d i c a t e s  for which t h e  v a r i a b l e  

b e i n g  s o u g h t  IS an a r g u ~ e n t  Again r e f e x r ~ n g  to Figure 2, a 
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reasonable  set tin fact the perfect set) of candidates for 

X'7 can be found by. Looking i n  t l l c  data base for  t h a t  s e t  of 

i d e n t i f i e r s  fox which the  land use code is 5 9 1  If the data 

base  i s  p r o p e r l y  organized, s u c h  a search can b e  v e r y  z a s t  

Not a l l  p r e d i c a t e s  are s o  s i m p l e  h o w e v e r .  The remainder o f  

this s e c t i o n  will describe.  i n  some detail llbw carad ida te  sets 

f o r  more complicated p%edicates  are  rived at. Once 

can'di3ate s e t s  hav.e been  computei~ t h e  EVALU function can 

invoke *he LISP eva luator  od t l la logical form. T ~ E !  

alternative of i n c l u d i n g  a candidate generatow 'in t h e  s e t x  

program and a12 the ~ d t e n t i a l  top level p r e d i c a t e s  and t h e n  

applying t h e  LISP EVAL f u n c t i o n  directly seems much l e s s  

a t t r a a t i v e  . 

As a pxeliminary, notice that w e  need o n l y  i p s u x e  that 

candidate sets have been e s t a b l i s h e d  fd'r all the setx 

variables in a logical for111. T h i s  is so Because, while each 

quantifier has an associated v a r i a b - l e ,  the domain of  that 

q u a n t i f i e r  i s  either g i v e n  e x p l i c i t l y  as  a If st ,o-f 

constarrts ,  or  implicitly b y  a b s e t x  expxessioxi. Secondly ,  

s i n c e  the object o f  pre-evaluation is merely  t o  find 

e f f i c i e n t . ,  n o t  n e C e s r - ~ i l y  optimal,  candidate set's f a r  t h e  

s e t x  variables, we need n o t  k e e p  track of t h e  structure o f  a 

complex p r e d i c - a t e .  As an example, consider Figt1r:e  4, w h i ~ h  

is the l o g i c a l  5orm f o z  the question, 

"What drug s t o r e s  are located i n  wazd 8 ? v  

The p r d d i c a t e  of the  s-e& is "andvT, b u t  f o r  pu~pposes o'f: 
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( s e t x  ' X 2  
C and 

t t e s t f  ct 
' 5 9  1 
'CrLUC XZ ' 1 9 7 6 )  
C =  ) 

( t e s t f c t  

l ' $ ? W A R D  X 2  ' 1 9 7 6 1  
' =  ) I ) 

detexmxning a c a n d i d a t e  s e t  w e  can consider each term of the 

"andw i n d i v i d u a l l y .  Evaluation of t h e  farm with a given 

candidate set will ensure that a particular member 

satisfies both terms of the lVand1l. 

Operat ion of the  re-evaluation function. Pre-evaluation 

is accomplished by  a funct io l i  EVALUA., which t a k e s  a l o g i c a l  

formr i t  a s e t x  expression or a p r o p o s i t i o n  a s  i t s  

argument. I t  determines the type of form w i t h  which it is 

dealing and calls an appropriate s p e c i a l i s t  roufihe If as 

in the case of the llandlr of Figure 4 ,  the logical form being 

considered c o n t a i n s  more than ohe component form, E V A L U A  

c a i L s  i-bself f e c u r s i v e l y .  Consequently, pre-evaluation is a 

depth-first, l e f t - to -r imht  process. The function always 

zeturns nil, a woxk b e i l l y  a . c c z l i i i p l ~ ~ . . ~ ,  hy changes to 

g l o b a l  v a x i a b l e s .  Among t h e s e  are a LISP variable which 
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conta ins  a l i s t  of all set* variables  in the logical foxm, a 

LISP v a r i a b l e  which lists each query v a r i a b l e  for which a 

value  has been founiir and i t s  value, and a LISP vax , i ab l e  

which k e e p s  track 0% the e q u a l i t y  r e l a t i o n s h i p s  which have 

been d i s c o v e r e d  between query v a z i a b l e s  for which a value is 

yet to be found. 

Operation of the aZgorithm can be better understood by 

considering somewhat more complicated e x a m p l e s  than those  

s een  p t e v i o u s l y .  When E V A L U R  is given the logical 9orm 03 

What psrcels have an area exceeding 550000  
square feet ? 

7524 L O G I C A L  FORM: 

C s e t x  'X2 
(and 
C3oratleast 1 'X39 

( s e t x  'X5 
' ( t k s t f c t  

X 5  
' ( ' P A R A R E A  X 2  ' 1976 )  
' =  1 1 

Vgreatexthan Y39 '5500001 1 
( p a r c e l  ~ 2 1  1 1 

Figure 5 

Figure 5 ,  it c a l l s  the s e t x  s p e c i a l i s t ,  which adds X2 to the 

( n u l l )  list of s e t  variables and the (null) list of query 

v a k i a b l e s ,  and c a l l s  EVALUA with  the a s s o c i a t e d  s e t x  

p r e d i c a t e ,  :'andvr. As mentioned., t%is s i m p l y  results in t w o  
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c a l l s  to E V A L U A ,  the S i r s t  o f  which causes the q u a n t i f i e r  

S p e d l a l i ~ t  t o  be invoked. (The second call, when made,  w i l l  

not cause  any change t o  the global lists oE c a n d i d a t e  v a l u e s  

f a r  v a r i a b l e s ,  since a c a n d ~ d a t e  s e t  of all parcel  

i d e n t i f i e x s  is n o t  u s e f u l  f o r  p u r p o s e s  of r e t r i e v a l . )  X39 

is a d d e d  to t h e  l i s t  of query v a r i a b l e s ,  and the domain 

argument of the quantifier is i n s p e c t e d .  When this is seen  

te b e  an i n s t a n c e  of s e t x  rather -t;han a list of constants, 

two actions are taken. Notice that whatever the domain, of  

X39  19, it is a s u b s e t  (perhaps not a proper subset , )  0 5  the 

domain of X5, e the  c a n d i d a t e  s e t  for X 5  must include at 

least  a31 of the elements  of X 3 9 .  Further,  any r e s t r i c t i o n s  

which can b e  i m p o s e d  on X39 can a l s o  'be imposed on X5, since 

the p r o p o s i t i o n  a s s o c i a t e d  with the quantifier is the one t o  

be s a t i s f i e d ,  and any candidate n o t  maeting this c r i t e r i o n  

would b e  super ' i l ~uow.  Therefore, w e  ban 1 1  e n t e r  i n t o  t h e  

i s  o f  variable relationships t h e  information that for 

purposes of the pre-evaluator, X 3 9  and X5 are e q u i v a l e n  and 

2,) call EVALUA once more with t h e  s e t x  a s s o c i a t e d  with X 5  as 

an axgument. 

X5 i s  a d d e d  to the lUlst of s e t  v a x i a b l e s ,  and 

reinvocation of E V A L U A  w i t h  t h e  s e t x  predicate  causes a call 

to t h e  specialist fox t e s t f c t .  Since there axe t w o  v a r i a b l e s  

in t e s t f c t ,  X5 and X2, for whfch va lues  are unknown, a s c a l l  

to t h e  data base cannot  yet b e  made. The instance  of 

testfct is placed-on a l i s t  of pending l a t a  b a s e  calls, 
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p r e c e d e d  b y  the v a r i a b l e s  which require v a l u e s .  (Each time a 

va lue  for a v a r i a b l e  is found,  that list i s  inspected, and 

any d a t a  base  calls which can then bk made are e x e c u t e d . )  

Return is made to t h e  q u a n t i f i e r  s p e c i a l i s t ,  which calls 

E V A L U A  w i t h  the predicate ovex: whose ax guments 

quantification i s . m a d e ,  v i z . ,  .crreaterthaq. 

The s p e c i a l i s t  for numeric pred ica te s ,  finding t h a t  one 

argument i s  a v a r i a b l e  and the o t h e t  a constafbct, causes a 

hhanse in the variable l i s t  to show that X 3 9  and 

consequehtly X5 are greater than 5 5 0 , 0 0 0 .  A v a l u e  like 

~ > 5 5 0 , 0 0 0 ~ ~  can be used by t h e  d a t a  base componen* Lo  narrow 

i t s  search j u s t  as  w e l l  as a constant or l i s t  of c o n s t a n t s ,  

and i s  therefore acceptab le  as  the value  o f  a candidate 

list-. These changes t o  the v . a r i a b l e  i i s t s  cause the list of 

pending data base calls to be inspected and ,  s i n c e  only o n e  

v a r s a b l e  is now unknown in the stacked t e s t f c t ,  a call to 

the d a t a  base is made for those pascels with an area greater 

than 550,000 square f e e t .  

The s p e c i a l i s t  f o r  t e s t f c t  instructs the data b a s e  search 

routine t o  return as a v a l u e  a list coxxesponding t o  the 

remaining v a r i a - b l e  in t h e  Zorm, i .  X 2 .  In the presen t  

e x a m p l e ,  that is a l l s t  of parcel  numbeks, viz., those 

parce l s  which have an area e x c e e d i n g  5 5 0 , 0 0 0  squaxe feet. 

This list is then  assigned as the value of the candidate  s e t  

for X2. 



PAGE 20 

The stack of r e c u r s i v e  c a l l s  t o  EVALUA w i l l  now unwind, 

until a r e t u r n  is made ta the eJaluation function EVALU. 

This function de-kermines that c a n d i d a t e  lists fox all t h e  

se. tx  v a r i a b l e s  have been found? and w e a t e s  a hew list of 

variable-candidate 'get p a i r s  f o r  use by  the s e t x  functYon 

i t s e l f .  F i n a l l y ,  EVAIJJ  &an call the LISP e v a l u a t o r ,  w i t h  

the original logical f oxm as an argtrment . 

The case of n e s a t i v e s  ., The p r e d i c a t e  wnotwp denoted in 

our s y s t e m  b y  n o t *  to distinguish it from the LISP not, 

p r e s e n t s  spec=al  problchs for the k i n d  of s y s t e m  o u t l i n e d  

above. # s i m p l e  exa!nple 05 t h e  difficulty can be seeh L ~ I  

What drug s t o r e s  are n o t  in CrafSic  
zone 6 ? 

5 6 5 1  LOGICAL FORM: 

[set% v X 3  
[and 
Cnot* 

(testfct 
' 6  'i 

' ( ' T R A F Z  X 3  ' 1 9 7 6 )  
? = I  1 1 

4 t e s t f c t  
' 5 9 1  
'('LUC X3 '1b76) 
' =  1 1 1 

Figure 6 

. . . . . . . .. . .. . . . . . . . . . . . .. . . . 

Figure 6 ,  which corresponds to the question 

"What drug s t o r e s  are  not l o c a t e d  In traffic zone 6 ? "  



and v a r i a n t s  t h e r e o f .  "When the t e s t f c t  specialist is g i v e n  

the first h a l f  of the anq in this form, a l o n g  with 

information t h a t  therq is a dominat3ng no**, it could in 

p r i n c i p l e  generate  a data base c a l l . ,  since there i s  on1.y one 

unassigned v a y l a h l e .  The e f f e c t  would be the r e t r i e v a l  of 

a l l  parce l  i d e n t i f i e r s  of p a r c e l s  nbt  l o c a t e d  in t r a f f i c  

zone 6 .  This is a subsmt;a~.rt ial  f r a c t i o n  of the dadta' base, and 

would require i n ~ r d k n a t e  amounts of time and s t o r a g e  space  

to handle Notice t h a t  the other  half of the and dl1  a l s o  

provide a candidate l i s t  for the v a r i a b l e  L3, presumabfy 

much smaller in s i z e .  It appeaxs to be t h e  c a s e ?  from our 

so far  l i r n i % e d  experience, that questions containing o n l y  9 

s i n g l e  n e g a t e d  search clause hardJy ever  occur. The 

e v a l u a t o r  therefore puts  a t e s t f c t  c a k l  of trhis t y p e  on the 

stack mentioned earlier, i n d e x e  t¶ by  the variable( s 1 

corresponding to the parcel id en ti fie^. When the second 

h a l f  of the and of Figure 6 is ~ X Q G ~ S S ~ ~ ,  and a value found 

f o x  X 3 ,  the deferred  t e s t f c t  w i l l  be u n s t a u k e d ,  r e s u F t i n g  in 

a data base c a l l ,  and c a u s i h g  a r e t r i e v a l  b a s e d  on t h a t  list 

ok i d e n t i f i e r s  rather than on the n e g a t e d  v a l u e .  This data 

b a s e  search 1s n e c e s s a r y ,  since we must find the traffic 

zones for the parcels contained i n  the  c a n d i d a t e  list. 

This e x a m p l e  is also an illustration of why, as was 

mentioned above, the l o g i c a l  form as a whole must  i n  general 

be eva luated  by the LISP eva lua tor .  In this case, the 

c a n d i d a t e  set far X3 d e r i v e d  from the  second clause of the 
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and is a s u p e r s e t  05 the answer s e t  whicn can anl'y be 

d e r i v e d  by e v a l u a t i n g  the w h ~ i e  a o n 3 ~ n ~ c t i o n .  Some 

esf i c i e n c i e s  could d~ubtless be w d i n e d  r b y  s k i ~ ~ i n a  

e v a l u a t i a n  in those cases where At is u l ~ n e d e s s a t y ,  hut thnt 

is p u r e l y  an implementation d e u i s i o n  

The rl-ot-f of Figure 7 p r e s e n t s  a d L f f e r e n t  kind of  pxoblem 

f t a w  many banks have a h e i g h t  not e x c e e d i n g  
9 floors ? 

( s e t x  'XI 
CquantitG X I  

( s e t x  ' X 3  
' (and 

(not* 
c f o r a t l c  a s t  1 ' X 4 5  

( s e t x  'X6 
' I t e s t f c t  

X G  
'I'JSTOR X 3  -'I9761 
l =  1 

(grea-tezthan 8 4 5  '51, 1 1 
f t e s t f c t  

6 1 7  
' ( 'LUC X 3  ' 1 ' 9 7 6  1 
' = l I ) l )  

from the previous e x a m p l e .  F i r s t l y ,  n o t i -  t h a t  the 

n e g a t i v e  must be p a s s e d  i n s i d e  the q u a n t i 4 i e ~  s i n c e  the 

a l t e r n a t i v e  of & i n d i n g  a l l  buildings grea ter  than 5 stories 

in lreight and then g e t t i n g  the  complement s e t  with respect  



t o c  all b u i l d i n g s  is e x t r e m e l y  unattractive conbputationally.  

In the sgcond placer a search q u a l i f i e r  of "(= 5" does not 

intuitively seem to b a  much worse than '9 5 " .  at l ea s t  in 

the absence of data base d i s t r i b t t t i b n a l  s t a t i s t l c s .  one 

might ,  f h e r e f o r e ,  generate s e a r c h  w i t h  such a q u a l i f i e r .  

Oux pxesent e y s t e m  does thisl although experience hay show 

t h a t  all i n s t a n c e s  of t - e s t f c ?  dominated by no= should be 

d e f e r r e d ,  as a the  c a s e s  of"v-=" , for e f f i c i e n c y  r e a ~ o n s .  

Other s p e c i a ~ i s b s  M o s t  of t h e  important s p e c i a l i s t  

r o u t i n e s  in Ehe pre7evaluator have a l r e a d y  been mentioned. 

There are a few othezs which shou ld  be noted. One is a 

generakoz function which, g'iv,en a p x e d i c a t e  , w i l l  produce 

i t s  extens ion ,  from a stored list. .  This featyre was heav i lk  

used in our e a r l y  s y s t e m ,  ahich had a small  d a t a  base, b u t  

i s  currentLy hardly used at all, though it remains 

av-ai ldble .  In principle, one could, g i v e n  a p r e d i c a t e  XiHe 

"SCHOOL(X)tlr generate  a l i s t  05  schools. Tn the p z e s e d t  

applioation, this would n o t  be u s e f u l ,  b u t  might in soqe 

other. The s o l e  uses at present a,re q generator f o r  t h e  

p r e d i c a t e  RANK, far  which a list of numbers fxom 1 to 1 0 0  3s 

produced, and for t h e  pred ica te  YEAR, which produces a list 

of the numbers 1 9 6 0  to 1 9 8 5 .  

The p r o p o s i t i o n  " [ Q U A ~ T I T Y  x s l v l  is t rue  if #is equal  ko 

the c a r d i n a l i t y  of the set, 5 :  The assoc ia ted  specialist hhs 

the obvious functiorr; of determining when g is an instarsce 
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of s e t x .  

E q u a l i t y  between v a r i a b l e s  can be i n f e r r e d  where the 

domain of a q u a n t i f i e d  variable 1s n i u e n  b y  qn L n s t a n c e  of 

s e t x ,  as was illustrated above. Cer ta in  predicates also 

a l l o w  t h i s  i n f e r e w e  t o  b e  made. 1 i s  clear t h a t  

p r e d i c a t e s  l i k e  "VQUAL'~ ,  "SAMRREFt'-, C f o r  ''same re ferencevr  I s  

and "IDENTIC?AL" s h o u l d  b e l o n g  t o  this class. S i n c o  

v a r i a b l e s  can o n l y  x e f e r  t o  individuals, the p r e d i c a t e  

rvMEMBER'T arso  i s  in this class e . g., g i v e n  ( M E M B ~ R  X3 ( S C T X  

. .  1 1 .  a candidate  set 'for X3 can b e  d e r i v e d  b y  e v a l u a t ~ n g  

the  seCx  expressioh. 

F u r t h e r . . e f f i c i e n c v  c o n s i d e - r a t i o n s .  Tt has a l r e a d y  been 

noted that g e n e r a t i o n  Srom instances 05 testfct with an 

operator of " - = "  are deferred u n t i l  enough information i s  

available to e x e c u t e  the quesy u s i n g  a l ist  of parcel  

identifiers. Some other s t e p s  have also been taken t o  

reduce daka base a c c e s s  time and s u b s e q u e n t  e v a l u a t i o n  t h e  

For one thing, the semantic intesp~eter has a preferred 

o r d e r ~ n g  for instances of t h e  p r e d i c a t e  testfct. For 

e x a m p l e ,  the r e l a t i o n  h ~ ~ ~ ~ w  d i v i d e s  t h e  parce l s  of the city 

i n t o  6 c l a s s e s ,  while the r e l a t i o n  "XUC" [Land Use Code)  

divides the parce l s  inte several hundred classes. If there 

is no i n t r i n s i c  reason for order ing  the i n s t a n c e s  of t e s + f c t  

differently, t h e  one w i t h  lvLUC'q w i - 1 1  o c c ~  ear lie^ in the 

logical f o r m J  (cf. Figure 4 1 .  The pre-evaluation s p e c i a l i s t  
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Sox tes t fa t  m a k e s  use of this ordering in t w o  ways .  If a 

Gariable has been a s s i g n e d  a list of identifiers containing 

f ewex  members- than some thxeskold x, is currently smt t o  

2 5 ,  but can e a s i l y  be c h a n g e d ) ,  then a r e t r i e v a l  wlll alwa-ys 

be made using the l i s t  of i d e n t i f i e r s  rather  than by a 

constant compared.  t o  data base v a l u e s .  In  F i g u r e  4, the 

second c a l l  to the , .test-Ect specialist uill look up the ward 

of the foux drug s t o r e s  instead of Einding the l~undreds  of 

parcels in w a r d  2 .  I n  some instances, varticularly f a r  

r e l a t i o n s  like Land Use C d e ,  this may result in mor& d9ta 

base accksses  than r e t r i e v i n g  a new s e t  of keys depending on 

va lue ,  b u t  the improvement cannot be l a r g e .  In many o%,ber 

i n s t a n c e s ,  there i s  a big reduct ion  in a c c e s s e s .  

If the c a q d i d a t e  s e t  is l axger  than.25, r e t r i e v a l  w i l l  be 

made using the oonstant, but the length of the c u r t e n t  

candidate  l i s t  is used to limit the number of a c c e s s e s .  

Thus? if the curren- f ;~  candidate l i s t  is 5 0 ,  the data base 

access progEam will terminate if it f i n d s  mofe than 5 0  

i d e n t i f i e s s  wPth the value b e i n g  used.  A re-access i s  then 

made us ing  the' l i s t  of  i d e n t i f i e r s .  Again, t h i s  may r;esuIt 

i n . i n e f f i c i e n c y  in some cases where searches are e n d e d  j u s t  

before n o r m u  termination,  but it d o e s  p r o v i d e  a guarantee 

against e x c e s s i v e l y  long z e t r i e v a l s .  

Any number of other e f f i c i e n c y  measures c o u l d  be adopted?  

and more may be necessary than we now have .  For the moment, 
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these seem to p x o v i d e  acceptable  re tr i evaf  times. 

The EvQluatox? 

For the most part ,  e v a l u a % i o n  of loQica1 forms is q u i t e  

straightforward. H i d d e n  semantic e f f ec t s  are discussed in 

the n e x t  s e c t k o n ;  here we are mainly  concerned w i t h  

computat ion .  

Each i n s t a n c e  of s e t x  searchgs the l4st  of 

variable-candidate s e t  pairs to f i n d  t h e  c a n d ~ d a t e  s e t  

a s s o c i a t e d  w i t h  i t s  own v a r i a b l e  and s u b s t i t u t e s  the members  

of the set f a r  the v a r i a b l e  one b y  one i n t o  ~ t s  a s s o c i a t e d  

p r e d i c a t e .  Those members of the c a n d i d a t e  s e t  fox which the 

predicate eva luates  to true are p l a c e d  in the solutlon s e t .  

Operat ion of the quant i f i er  p r e d i c a t e s  is similar to t h a t  0 3  

s e t x ,  e x c e p t  t h a t ,  as  in Figure 5, ~t may be necessary to 

eva luate  an instance of s e t x  to find t h e  domain of the 

qua'ntif ication v a r i a b l e . .  

Evaluation of the ~ t h e r  predicates consists simply of 

applying a coz~esponding L I S P  function to t h e  arguments. 

Sometimes the final f a g i c a l  form t o  be e v a l u a t e d  bears no 

o b v i o u s  relation t o  the input ques t i . on ,  a s  in Figure 8 .  The 

u s u a l  reason i s  t11a.t: a l a r g e  amaurP of e v a l u a t i o n  was done 
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Are there  inore than 2 5  p h r c e l s  in the Carhart 
neighborhood ? 

3 6 2 2 9  L O G I C A L  F O R M :  

(greaterthah ' 1 7 6  '25) 

Figure  8 

d u x i n g  interpretation. because foxm conta ined no free 

varzables .  The &uLL l o g i c a l  f0r.m corresponding to Figure 8 

Are there more than 25 p a r c e l s  in the Carhart neighborhood.? 

15986 LOGICAL F O R M :  

( f a r a l l  ' X I 1 5  
( sea t% ' X 3 8  

' ( q u a n t i t y  
X38 
( s e t x  'X34 

'(and 
( t e s t i c t  

'9 
v ( T ~ ~ ~ ~ ~  X34 ' 1 9 7 6 )  
' =  ) 

(parce l  X 3 4 )  1 1 
(greatex than  XI15 ?25) 1 

Figure  9 

i s %  g i v e n  in figure 9. 
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The e v a l u a t i g n  of the  p r e d i c a t e  t e s t ' f c t  is n o t  as n b b i o u s  

as that of t h e  othGrs One of t h e  d e s i g n  goals in the 

project has been to make it r e I a t i L o 1 y  e a s y  to move from one 

data base t o  another. As p a s t  o f  t h a t  ef5brt, we h a v e  

a t tempted  t o  make the LISP programs, as c - o n t s n s t e d  tb t h e  

P L / I  programs,  insensitive t o  t h e  s t x u c t u x e  of the data  

b a s e .  O u x  approach to t i  has been t o  d e f i n e  a l i s t  

s t r d c t u r e ,  e s s e n t h l l y  n e s t e d  b inary  r e l a t S a n S ,  into which 

the z e a l  data st!zucture i s  mapped .  R e s t r u c t u r i n g  is 

accomplished b y  the PL/I program which serves as the L I S P  - 

RSS i n t e r f a c e .  A t  the same tune. as the P L / I  program returns.  

vafues  to the  t e s t g c t  s p e c i a l i s t  durlng tile pre-evaluation 

phase, it $oxmatS the corresponding d a t a  b a s e  i tems into the 

sbandard s t r u c h r e  a n d  w r i t e s  them onto a disk f i e  In 

effect c r e a t i n g  a sub-data  base 5or t h e  particular q u e r y .  

0x11~ t h e  sub-data base is u s e d  durlng evalugtion o f g l o g l c a l  

forms, to find v a l u e s  corresponding to keys in t h e  instances 

of t e s t f c t .  In addition to isolating the XISP programs from 

€he z e a l  d a t a  s t r u c t u r e ,  this + a c t l c  m a k e s  it unnecessary 

f o r  any programs called b y  t h e  e v a l u a t o r  to re -acce s s  the 

full data base, w i t h  a consequent e f f i c i e n c y  gain. 

C x e a t i o n  of the s'tahdard LISP d a t a .  bxse into which the 

r e a l  d a t a  is t r a n s l a t e d  hap mean* t h a t  t h e  s e t  of 1 SP 

functions has  undergone t h e  Least m o d i f i c a t i o n  in our chang'e 

of data b a s e  from b u s m e s s  s t a t i s t i c s  to planning data. 

Except f o x  improvements made to increase  the e f f i c i e n c y  of 
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programg, t h e s e  3!!outines are almost the same as they were 

besore .  

$EMANTIC E F F E C T S  EVALUATIOV 

In principle the processes which will bw used t o  compute 

the answer to a query shou ld  be obv ious  at the l e v e l  of 

e v h e r  the query structuze or the logical form. We have 

not, however, been zompletely successful in accomplishing 

this. In some c a s e s ,  w e  can see how it might be done and 

have n ~ t  g o t t e n  around to doing  it because of more urgent 

concexns. In other cases, we can see h ~ w  to ds it, b u t  not 

how Lo do it efficiently. In a f e w  cases, it is not c l e a r  

what Vo do. 

Ap~roxirnat ion .  Consider the sexkence and corresponding 

l o g i c a l  form shown i n  Figure J O .  The precise s y s t e m  meaning 

of v ~ a b o u t w  is c l e a r l y  h i d d e n  In t h e  program c o s r e s p o n d ~ n g  to 

t h e  operator A P P R O X .  In the present implementa t ion ,  APPRXIX 

of y and y is true if: 

I J wnen y X 1 0 ,  - x > y - 2  and x < y + 2 ,  

2) when 1 0 < y < 4 0 ,  x>y-3 an& x < y + 3 ,  

3 )  when y > = H ,  x>y-.05y and x < y + . 0 5 y .  

I.e., g and 8 are approxima-t;ely equal to 2,  14 a h d  18 are 

a p p r o x i m a t e l y  equal t o  -, 16 and 9 5 1  an'd 1 0 4 9  are 

app~oximately equal to 1 0 0 0 .  Whether +h$s d d i n i t i a n  Ps 
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Whqt parce3.s are ;p.ssessed at about $ 1 0 0 0 0 0 0  ? 

6 1 6 8  LOGICAL FORM: 

(set% ' X 2  
( and 

( t e s t f  c t  
' 10 '00000  
' ( f v ~ c ~ e  X 2  ' 1 9 7 6 )  
'A~PPROX 1 

(parce l  X 2 )  1 1 

6373 ANSWERS: 
ASS-ESSMENT- 
GI ~ k - $  

Figure  10 

s a t i s f a c t o r y  or n o t  c l e a r l y  d e p e M s  on a variety of 

c o n t e x t u a l  f a c t o r s .  IO+ should a l s o  b e  c l e a r  that t h e  

semantic i n t e x p ~ e t e z  could groduce a L o g i c a l  form in which 

this meaning was e x p r e s s e d  d i r e c t l y ,  We have ,  chosen to 

e x p r e s s  the meanlng in our processing progxams p r i m a r i l y  for 

convenience,  i;e. it was eas ies t  to do  it in t h i s  way ,  an4 

there was no obvious reason to do it elsewhere. 

A s i m i l a r  but slightly d i f f e ' r e n t  ew:imple is shewn in 

Figuee 1 1 ,  where the o..utput rather than the input is to be 

an approximation to t h e  true v a l u e .  fn this f n S t a n c e ,  a 

fyrrction c a l l e d  F U Z Z U P  i s  applied t o  a data base value t o  
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About how many square feet do t h e , d r u g  
s tores  have ? 

7227 LOGICAL F O R M :  

7 4 7 9  ANSWERS : 

Figure  11-  

------------------------------ 

f i n d  tha t  number w i t h  %he m a y i m b m  number of trailing zeros 

,which. s a t i s f f e s  the APPROX r e l a t i o n .  The fuzzed value 

rather than the t r u e  value becomes the output .  

A m Q r e  subtle case is i l l u s t r a t e d  by Figure 1 2 .  It seems 

c lear  t h a t  what is r e a l l y  wante,d.are those parcels  w i t h  an 

area of a m ' i l l i o n  square f e e t  or more, rather than exactly 

l , - O O O , O O O  square feet. If the l a t t e r  r e s u l t  is wanted, the 

question is b e t t e r  phrased  "exac<ly  l , O O O , O O O " r ,  (and must be 

phrased- in this 6r a similxr way Sn our s y s t e m , )  On the 

other hand, a value L i k e  lr000,205 s.eems .t;o imply t h a t  e y a c t  

e q u a l i t y  is wanted.  This i n t u i t i o n  is captured fn our s y s t e m  
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what p a t c e l s  h a v e  an axen  a f  
1 , 0 0 0 , 0 0 0  square feet? 

8 4 1 6  L O G I C A L  F O R M : '  

( s e t x  ' X 2  
' (and 

( f o r a t l e a s t  I 'X45 
t s e t x  ' X 5  

' C-te&tfct  
x5 
' (-'PARAREA * X 2  ' 1 9 7 6  1 
' =  3 ) 

'(equal X 4 5 - ' 1 0 0 0 0 0 0 1  1 
( p a r c e l  X 2 )  1 I 

8789 AHSWERS: 

* 

2 2 :  8 0 3 0 0 0 0 0 1 0 1  
MORE P A R T I C U L R ~ S  DESIRED? 
YES O R  NO? 
Yes 
EXPLANATIONS TO THE A N S W E R S :  
FOR 7 0 8 8 0 0 0 0 9 0 0  MORE - 1 3 5 9 0 4 1 0  
F O R  7 0 7 9 0 0 0 0 1 0 0  MORE - 5 9 7 7 5 0 0  
FOR 70790000100 MORE - 5 5 8 3 0 8 5  

FOR 803OOOO0.10 1 ALMOST- 958320 

by having  the t e s t f c t  predicate i n s p e c t  its numeric 

arguments with a function called R O U N D N M ,  which is t r u e  if 

an argument is a round number, d e f i n e d  in our s y s t ~ m  to be a 

number greater  than 99 in whish a t  l e a s t  t h e  rightmost half 

a5 i t s  digits are 2. In t h e  case -o f  round numbers, it seems 

reizS-dnable to give as an arrswer the i d e n t i f i e r  of a ~ a r ; c e l  
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whose area is only s l i g h t l y  l e a s  khan 1 P O O O ,  O Q O  square f e e t ,  

as well as greater . .  In our implementation,  we use the same 

lower limit as $or 9 P P R O X ,  but this may be t o o  low. Xn 

order Lo i n s u r e  t h a t  *he anawer is c o r r e c t l y  understood by 

the user ,  the s y s t e m  s a v e s  the e x a c t  v a l u e s  re tr i eved  and 

d i s p l a y s  them on request,  as shown In Figure-12. 

E s u a l i t ~  of charactex values. A p r o b l e m  analagous to a at 
i 

of numerical appxoximations occurs a l s o  in comparing 

character s t ~ i n g  v a l u e s .  Consider the  q u e s t i o n  and answer 

pair shotdn in F i B u r e  13 .  The contents of the OWNER Sield 

What parcels  does She l l -  own ? 

4244 L O G I C A L  FORM: 

(set% ' X 2  
' (and 

( t e s t f c t  
' S H E L L  
' ( ' O W N E R  X 2  ' 1 9 7 6 )  
' r  ) 

( p a r c e l  X 2 )  1. J 

4432 ANSWERS: 

SHELL OIL COMPANY 
SHELL OIL CO 

-I------------- .11111-1. 

have not been standardized,  s o  tha t  parcels could be owned 



by 'vSheL1 Oilw, " S h k l l  Oil Co.", etc. Fortunately, far names 

of persons', l a s t  names are l i s t e d  f i x s t ,  so that; the 

strategy of assuming e q u a l i t y  if the i n p u t  argument and t h e  

field value  match up  to a comma ox a b l a n k  is g e n e z a l l y  

successful. Prob lems  do arise; for e x a m p l e ,  p r o p e r t i e s  

belong both to llThe City of . . . l1 and lVCfty 05 . . . ' ,  wl~ere 

the l e f t  match f a i l s  to 5ind a11 the xelevant d a t a  i tems.  

The o p p o s i t e  situation, i . e . ,  aver-generalization, can  of 

what p a r c e l s  does G l u c k  own ? 

4 5 2 5  LOGICAL FORM: 

Z s e t x  lX2 
(and 

( t e s t f c t  
' GLUCK 
l('OWNER X 2  ' 1 9 7 6 )  
' = 1 

( p a r c e l  X 2 1  1 I 

G L U C K ,  DE & O R S  
G L U C K ,  CP 

Figure  1 4  

course also occur, cf. Figure  1 4 .  Tn any event, t h e  

d e c i s i o n  what constitutes sameness reference 

b u r i e d  in computer code in t h i s  instance in the PZ/X 

ptogrsm as w e l l  as in the L I S P  d e f i n i t i o n  3f the r u n c t j o n  
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S A H E R E F .  

?ef initions. The e x t e n s i o n a l  d e f i n i $ i o n  of most 

predicates  can be d e r i v e d  from t h e  data base. A f e w  

p x e d i c a t e s  axe d e 5 i n e d  b y  f11e s y s t e m  c o d e .  ExampJes are RANK 

and YEAR. uuhieh as ment ioned  above have a s s o c i a t e d  

generazors An a d d i t i o n a l  example is L A S T Y E A R  which is 

d e f i n e d  to be the p r e v i o u s  year.  Many othez  d e f i n i t i o n s  of 

this k i n d  have been elimihated in the current vers ion  df the 

system.  

.Answers. It is n o t  always obvious what constitutes the  

answer t o  9 q u e s t i o n .  Consider  the example i n  Figure 15 .  

Both the Engl i sh  question in i t s  l i t e r a l  reading and the 

l o g i c a l  form would seem t o  i m p l y  tkat the question would be 

answered by present ing  only the numbers in the right hand 

column of the tahle which is actual3.y p r i n t e d  as an answer. 

Yet it i s  q u i t e  clear t h a t  a s i m p l e  list would g e n e r a l l y  be 

useless without the parce l  identifiers p r i n t e d  on t h e  l e f t ,  

and indeed t h a t  i d e n t i f i c a t i o n  would be expected b y  t h e  

person e n t e r i n g  such a question. The example o f  F i g u k e  16  
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what is the gross f l o o r  area of the drug s t o r e s  ? 

72Q5 L O G Y C A L  F O R M :  

7465 A N S W E R S :  

GROUND-FLOOR 
AREA-SQ-FT 

Figure  15 

is l e s s  c l e a r .  An enumeration of the  three  waxdS in which 

the four  drug s tores  were l o c a t e d  might  have been a 

s u f f i c i e n t  answer. The answer g i v e n  would be coryect  f o r  

Y r i  bhat ward is each drug store l o c a t e d ? "  

Moreover, g i v e n  the question 

"What axe the wards  which have drug stores?" 

it is c l e a ~  h h a t  only n 3.ist of  wards s h o u l $  be t he  o u t p u t ,  

and given 

"What is the combined floor area 0 2  t h e  drug 

only a s i n g l e  number representAng t n e  t o t a l  is the d e s i r e d  



In what wards axe the drug s t g s e s  l o c a t e d  ? 

9-403 LOGICAL FORM! 

(setx ' X 3  
V f o r a t l e a s t  1 'X64 

( 9 0 4 3 0 0 0 0 9 1 0  8 0 1 0 0 0 0 0 8 1 1  8010000,0710 
7059bOO 1 6  10  1 

' ( t e s t 5 c t  
X 3  
' ( ' W A R D  X 6 Y  ' 1 9 7 6 )  
' =  1 1 

9597 ANSWERS : 
WARD 

Figure  1 6  

answer. (Our system does not a s  y e t  answer this questioh or 

i t s  analogues, klthougth t h i s  is planned f o r  l a t e r  in the  

y e s . )  S i n c e  the  ambiguity e x h i b i t e d  by the question of 

F i g u r e  1 4  is s o  p e r v a s i v e  in an a p p l i c a t i o n  of this k i n d ,  we 

have chosen t o  p r e s e n t  a maximally genezal  answer? i n ~ l u d i n g  

identifications, when we are unable to resolve the ambiguity 

d i r e c t l y .  An exchange w i t h  the user could be d e v i s e d  to 

elicit the information f or  r e s o l u t i o n ,  but would a p i d l  y 

bechme ted ious  for questions of t h i s  t y p e . ,  For yes /no  

questions, and far q u e s t i o n s  in which there  is adly one 

a b j e c t  i n  the answer s e t ,  t h i s  prob lem naturally does not 
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arise, and t h e  apprapriate answer is e a s d l y  produced.. 

We have not y e t  concexned auxseLves  w i t h  adding an 

E n g l i s h  response generator t b  the TQA s y s t e m .  In t h e  

a p p l i c a t i o n s  e n v i s i o n e d  at p r e s e n t ,  such a capability d o e s  

n8t seem to be c r i t i c a l .  We are a b l e  t o  manage w i t h  short 

answers f rom the  d a t a  base and with canned information and 

esror  messages. In spite of t h i s  omission, it s h o u l d  a k a  

be apparent t h a t  our computa t iona l  component has  a 

considerable amount of l i n g u i - s t i c  knowledge  e m b e d d e d  in i t ,  

more than we would l i k e .  Whether i t  i s  p o s s i b l e  t o  achieve 

a l e v e l  af formal representation which would make t h i s  

unnecessazy is stir1 u n c l e a r .  Moreover, e v e n  if i-1; weze 

p a s s i b l q ,  it  is n o t  clear whether such a s o l u t i o n  would be 

efficient enauyh, or even if St would be more pexspicuous 

than the current system We in tend  to proceed  a s  f a r  as we 

are a b l e  i n  t h i s  direction, out of conviction %hat 

practically useful s y s t e m s  must be e a s i l y  a d a p t a b l e  to new 

a y p l i c a t i o n s ,  and that such a d a p t a t i o n  is much hore 

difficult when computer code, even high-level computer code, 

must be changed, rather than t a b l e s .  This is n o t  t o  i m p w  

t h a t  we regard m o d i f i c a t i o n  09  a t a b l e  whose size is on the 

order of a grammar as t r l v l a l ;  quite the contrary .  

Nonetheless, we b e l i e v e  it is e a s i e r  to change-a grammax or 
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a semantic interpreter e x p r e s s e d  in t a b l e  form than it is to 

change a Special parser o x  a s p e c i a l  i n t e r p r e t e r .  In 

e s s e n c e ,  w e  b e l i e v e  it should n o t  be necessary for a 

computational linguistics p r o j e c t  to d e s c r i b e  o p e r a t i o n s  

Beyond the last l e v e l  of farma1 r e p r e s e n t a t i o n  in order for 

an o u t s i d e r  to Andexstand e d a c t l y  how 'a s y s t e m  o p e z a t e s .  
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This system was f a z m e r l y  called REQUEST, 

The form 0 3  F i g w e  3 is, in fact, subject to tinother 

syntactic t r a n s f o r m a t i o n  p r i o r  to e x e c u t i o n .  N o r m a l l y ,  

3 o r a - t : l . e ~ s t  needs  t o  be e x e c u t e d  once for each p o t e n t i a l  

value of the s e t x  v a r i a b l e .  However,  in the c a s e  where the 

quaht i f i ca t iona1 .  range of f0~rat1eas.t  1 is a constant, 

r e p e a t e d  e v a l u a t i o n  of th& quantifier is q u i t e  

i n e f f i c i e n t .  Instead, a special retrieval f u n c t i a n  called 

M A P F I E L Q ,  which can accept a lis t J o f  arguments, r e p l a c a s  

foxms like those of Figure 3 .  In t h ~ s  example the 

re-placement taKes the form 

( M A P F I E L D  ' x 7 7  'JSTOR ' ( 5 0 4 3  .... . . .  00) ' 1 9 7 6  ' 1 

Although- t h ~ s  transfarrn&ion arises- q u i t e  oLten in p r a c t i c e ,  

~t is s u $ f i , c i e n t l y  non-general that we have n o t  augmented 

our inventory of logical forms by including MAPFIELD. 

I n s t e a d ,  w e  look on it as an implemen&ation measure o n l y .  
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