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ABSTRACT 

Human eng inee r i ng f e a t u r e s f o r e n h a n c i n g t h e 
u s a b i l i t y o f p r a c t i c a l n a t u r a l language sys tems a l r e 
d e s c r i b e d . Such f e a t u r e s i n c l u d e s p e l l i n g 
c o r r e c t i o n , p r o c e s s i n g o f i n c o m p l e t e ( e l l i p t ic-~I ) 
i n p u t ? , j n t f r r o g - t i o r o f t h p u n d e r l y i n g l anguage 
d e f i n i t i o n t h r o u g h E n g l i s h o u e r i e s , and ? r r b i l . i t y 
f o r c a s u a l use rs to ex t rnd the language a c c e p t e d by 
the sys tem t h r o u g h the- use of synonyms ana 
p e r a p h r a s e s . Al l of 1 h* features d e s c r i b e d are 
i n c o r p o r a t e d in LJFER, -"n r pp l i e a t i o n s - o r j e n l f d 
sys tem for1 c r e a t i n g n a t u r a l l anguage j n te r faees 
between compute r programs and casual USERS 
LJFER's methods f o r r<"v] i z i r ? the mroe complex 
human enginer ing f e a t u r e s ? re p r e s e n t e d . 

1 INTRODUCTION 

T h i s pape r d e p c r i b e s aspec t r of a n 
a p p l i e a t i o n s - o r i e n t e d sys tem f o r c r e a t i n g n a t u r a l 
langruage i n t e r f a c e s between compu te r so f tware and 
C a s u a l u s e r s . L i k e the u n d e r l y i n g r e s e a r e n i t s e l f , 
the paper is f o c u s e d on t h e human e n g i n e e r i n g 
i n v o l v e d i n d e s i g n i n g p r a c t i c a l r n d c o m f o r t a b l e 
i n t e r f a c e s . T h i s f o c u s has l e a d t o the 
i n v e s t i g a t i o n o f some g e n e r a l l y n e g l e c t e d f a c e t s o f 
l anguage p r o c e s s i n g , i n c l u d i n g t h e p r o c e s s i n g o f 
I r e o m p l f t e i n p u t s , t he a b i l i t y t o resume p a r s i n g 
a f t e r r e c o v e r i n g f rom s p e l l i n g e r r o r s a n d the 
a b i l i t y f o r n a i v e u s e r s t o i n p u t E n g l i s h s ta t .emer t s 
a t run t i m e that , ex tend and p e r s o n - l i z e t h e 
l a n g u a g e a c c e p t e d by the s y s t e m . The 
i m p l e m e n t a t i o n o f t h e s e f e a t u r e s i n a c o n v e n i e n t 
package and t h e i r i n t e g r a t i o n w i t h o t h e r human 
e n g i n e e r i n g f e a t u r e s a r e d i s c u s s e d . 

A. HISTORICAL PERSPECTIVE 

There has been m o u n t i n g e v i d e n c e t h a t the 
c u r r e n t s t a t e o f t h e a r t i n n a t u r a l language 
p r o c e s s i n g , a l t h o u g h s t i l l r e l a t i v e l y p r i m i t i v e , i s 
s u f f i c i e n t f o r d e a l i n g w i t h some v e r y r e a l 
p r o b l e m s . For examp le , Brown and B u r t o n (1975 ) 
have d e v e l o p e d a u s a b l e sys tem f o r compute r 
a s s i s t e d i n s t r u c t i o n , and a number o f l anguage 
sys tems have been d e v e l o p e d f o r i n t e r f a c i n g t o d a t a 
b a s e s , i n c l u d i n g the REL sys tem d e v e l o p e d by 
Thompson and Thompson ( 1 9 7 5 ) , t h e LUNAR sys tem of 
Woods e t a l . ( 1 9 7 2 ) , and t h e PLANES sys tem o l 
Wal t7 ( 1 9 7 5 ) . The SIGART n e w s l e t t e r f o r F e b r u a r y , 
1977, c o n t a i n s a c o l l e c t i o n c f 5 ? s h o r t o v e r v i e w s 
o f r e s e a r c h e f f o r t s i n t h e g e n e r a l a rea o f n a t u r a l 
l anguage i n t e r f a c e s . 

Tnere has r i s e been a g r o w i n g demand f o r 
a p p l i c a t i o n s y s t e m s . A t S R i ' s A r t i f i c i a l 
I r t e l l u g e n e Cen te r a l o n e , many programs a re r i p e 
f o r the a d d i t i o n o f language c a p a b i l i t i e s , 
I n c l u d i n g systems f o r d a t a base a c c e s s i n g , 
i n d u s t r i a l a u t o m a t i o n , a u t o m a t i c p rog ramming , 
deduct i o r , and j u d g m e n t a l r e a s o n i n g . The appea l c f 
t hese sys tems t o b u i l d e r s ana u s e r s . - ' l i ke i s 
g r e a t l y enhanced when t h e y are able to accep t 
n a t u r a l l anguage i n p u t s . 

B. The LIFER SYSTEM 

To add n a t u r a l l anguage c a p a b i l i t i e s to a 
v a r i e t y o f e x i s t i n g r e f t w a r e s y s t e m s , SRI has 
C ' v e l o p c d a package o f c o n v e n i e n t t o o l s , 
c o . l l e c t i v e l y c a l l e d LIFER, w h i c h f a c i l i t a t e t h e 
r a p i d c o n s t r u c t i o n o f n a t u r a l language i n t e r f a c e s , 
The Idea beh ind the LIFER sys tem ( H e n d r i x 1 9 / 6 , 
1977) i s t o adap t e x i s t i n g c o m p u t a t i o n a l l i n g u i s t i e 
t e c h n o l o g y t c p r a c t i c a l a p p l i c a t i o n s w h i l e 
ex tend ing the t e c h n o l o g y to rreet human needs . 
These human needs are pe rhaps not c e n t r a l to t he 
s c i e n c e o f l anguage but t h e y are. c e r t a i n l y c e n t r a l 
f a c t o r s i n i t s a p p l i c a t i o n . Subsequent s e c t i o n s o f 
t h i s paper p r e s e n t some- o f the human e n g i n e e r i n g 
f e a t u r e s f o r i n t e r f a c e u s e r s i n c l u d e d i n L IFER. * 
S e v e r a l o f the n o n l i n g u i s t i c f e a t u r e s were i n s p i r e d 
by c r taken d i r e c t l y * * f rom INTERLISP ( T e i t e l m e n 
1 9 7 5 ) , an i n t e r a c t i v e LISP p rogramming system w h i c h 
i s i t s e l f a n e x c e l l e n t example o f t h o u g h t f u l human 
e n g i n e e r i n g i n compute r s o f t w a r e . 

11 HUMAN ENGINEERING FOR INTERFACE USERS 

Some of L IFER 'S human e n g i n e e r i n g f e a t u r e s ere 
e x e m p l i f i e d i n the i n t e r a c t i o n s shown i n F i g u r e 1 . 
These p a r t i c u l a r i n t e r a c t i o n s i n v o l v e a LIFER 
i n t e r f a c e t o a d a t a base o f i n f o r m a t i o n about 
employees o f a u n i v e r s i t y . Ana logous LIFER 
i n t e r f a c e s to o t h e r t y p e s c f s o f t w a r e may a l s o be 
const rue t e d . 

From s l anguage p r o c e s s i n g v i e w , L I F E R ' s most 
i n t e r e s t i n g f e a t u r e s a r e t h e e l l i p t i c a l p r o c e s s o r , 
t he s p e l l i n g c o r r e c t o r , and t h e p a r a p h r a s e r . 

* The LIFER Manual ( H e n d r i x 1977) d e s c r i b e s how to 
d e f i n e s p e c i a l - p u r p o s e l a n g u a g e s f o r p a r t i c u l a r 
a p p l i c a t i o n s . I t a l s o i n c l u d e s i n f o r m a t i o n abou t 
L I F E R ' s human e n g i n e e r i n g f e a t u r e s f o r i n t e r f a c e 
b u i l d e r s and about i s s u e s c o n c e r n i n g a p p l i e d 
c o m p u t a t i o n a l l i n g u i s t i c s . 

* • LIFER makes d i r e c t use o f the INTERLISP s p e l l i n g 
c o r r e c t o r end the USE and REDO f e a t u r e s . 
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FIGURE 1 EXAMPLE INTERACTIONS WITH LIFER 

1-What is the sa la ry of E r i c Johnson? 
PARSED! 
( I D 3 2 7 - 3 6 - 8 1 7 2 SALARY 19250) 

2 - P o s i t i o n and d a t e h i r e d ? 
T r y i n g E l l i p s i s : WHAT IS THE POSITION AND DATE HIRED OF 

ERIC JOHNSON 
( I D 3 2 7 - 3 6 - 8 1 7 2 POSITION A a s o c - P r o f DATE-HIRED 8 / 1 / 7 0 ) 

3 - O f R o b e r t Morgan 
T r y i n g E l l i p s i s : WHAT IS THE POSITION AND DATE HIRED OF 

ROBERT MORGAN 
( I D 4 3 7 - 2 6 - 1 1 9 0 POSITION A s s i s - P r o f DATE-HIRED 6 / 1 / 7 3 ) 

4 - E m p l o y e e 2 8 2 - 9 3 - 5 3 0 7 
T r y i n g E l l i p s i s : WHAT IS THE POSITION AND DATE HIRED OF 

EMPLOYEE 2 8 2 - 9 3 - 5 307 
( I D 2 8 2 - 9 3 - 5 3 0 7 POSITION S e c r e t a r y DATE-HIRED 3 / 1 3 / 6 9 ) 

5 - O f p r o f e s s o r s i n t h e c o m p u t e r s c i e n c e d e p a r t m e n t 
T r y i n g E l l i p s i s : WHAT IS THE POSITION AND DATE HIRED OF 

PROFESSORS IN THE COMPUTER SCIENCE DEPT 

( I D 1 3 1 - 2 0 - 8 4 6 2 POSITION P r o f DATE-HIRED 8 / 1 / 5 5 ) 
( I D 4 1 6 - 1 6 - 2 7 4 9 POSITION P r o f DATE-HIRED 8 / 1 / 7 4 ) 
( I D 1 7 9 - 8 0 - 1 3 6 0 POSITION P r o f DATE-HIRED 1 / 1 / 6 3 ) 
( I D 2 5 7 - 5 8 - 3 0 5 8 POSITION P r o f DATE-HIRED 1 5 / 7 / 7 1 ) 
( I D 2 0 7 - 4 9 - 9 2 7 1 POSITION P r o f DATE-HIRED 8 / 1 / 6 9 ) 

6-What i s t h e a v e r a g e s a l a r y and age f o r ma th d e p a r t m e n t 
s e c r e t a r i e s 

AVERAGE <— s p e l l i n g 
PARSED! 

SALARY 
5 i t e m s a c c e p t e d 
A v e r a g e i s 7 6 3 1 . 4 9 9 9 

AGE 
4 i t e m s a c c e p t e d [ N o t e : t h e b i r t h d a t e o f one 
A v e r a g e i s 2 8 . 1 4 7 1 s e c r e t a r y was t h e v a l u e N/A f o r 

n o t a v a i l a b l e . ] 
7-Maximum 
T r y i n g E l l i p s i s : WHAT IS THE MAXIMUM SALARY AND AGE FOR 

MATH DEPARTMENT SECRETARIES 

' SALARY 10730 
AGE 32 

8-What a s s i s t a n t P r o f e s s o r s i n c o m p s c i we re h i r e d a f t e r 
1975 

T r y i n g E l l i p s i s : E L L I P S I S HAS FAILED 
THE PARSER DOES NOT EXPECT THE WORD "COMPSCI" TO FOLLOW 
"WHAT A8SISTANT PROFESSOR I N " . 
O p t i o n s f o r n e x t - wo rd o r met a symbo l a r e : 
<DEPARTMENT-NAME> <DEPARTMENT> 

9-What is a <DEPARTMENT-NAME> 
PARSED! 

<DEPARTMENT-NAME> may be any member of t h e s e t 
{ANTHRO ANTHROPOLOGY ART BS BUSINESS . . . CS . . . ZOO 
ZOOLOGY} 

<DEPARTMENT-NAME> may be any sequence o f w o r d s f o l l o w i n g 
one o f t h e p a t t e r n s : 
<DEPARTMENT-NAME> -> BUSINESS ADMINISTRATION 

COMPUTER SCIENCE 
HOME ECONOMICS 

10-Use CS f o r Compsci in 8 
PARSED! 
( I D 2 6 3 - 4 2 - 6 0 6 2 POSITION A e s i s t - P r o f DATE-HIRED 8 / 1 / 7 6 ) 
( I D 5 0 1 - 1 3 - 1 1 7 1 POSITION A s s i s t - P r o f DATE-HIRED 6 / 1 5 / 7 6 ) 

11-What a r e t h e i r names and ages 
PARSED! 
( I D 2 6 3 - 4 1 - 6 0 6 2 NAME ( J o h n W. F r a n c i s ) AGE 36) 
( I D 5 0 1 - 1 3 - 1 1 7 1 NAME ( M a r t h a K. S c o t t ) AGE 28) 

12-How many a s s o c i a t e p r o f e s s o r s a r e t h e r e i n t h e 
compsc i d e p a r t m e n t 

T r y i n g E l l i p s i s : E L L I P S I S HAS FAILED 
THE PARSER DOES NOT EXPECT THE WORD "COMPSCI" TO FOLLOW 
"HOW MANY ASSOCIATE PROFESSORS ARE THERE IN T H E " . 
O p t i o n s f o r n e x t wo rd o r me ta s y m b o l a r e : 
<DEPARTMENT-NAME> 

1 3 - D e f i n e c o m p s c i l i k e C S 
PARSED! 
COMPSCI 

14-Redo - 2 
PARSED! 
5 

1 5 - L i s t t h e c o m p s c i s e c r e t a r i e s 
PARSED! 
( I D 4 9 0 - 8 1 - 2 1 3 1 ) 
( I D 5 1 2 - 3 7 - 3 5 9 4 ) 
( I D 5 7 2 - 1 5 - 4 2 7 6 ) 

1 6 - P r i n t s a l a r y M a r t i n D e v i n e 
T r y i n g E l l i p s i s : E L L I P S I S HAS FAILED 
THE PARSER DOES NOT EXPECT THE WORD "SALARY" TO FOLLOW 
" P R I N T " . 
O p t i o n s f o r n e x t w o r d o r m e t a symbo l a r e : 
THE 

1 7 - L e t " p r i n t s a l a r y M a r t i n D e v i n e " b e a p a r a p h r a s e o f 
" p r i n t t h e s a l a r y o f M a r t i n D e v i n e " 

PARSED! 
LIFER.TOP.GRAMMAR -> <PRESENT> <ATTRIBUTES> <EMPLOYEE> 
f i n i s h e d 

1 8 - P r i n t s a l a r y M a r t i n D e v i n e 
PARSED! 
( I D 1 3 1 - 2 0 - 8 4 6 2 SALARY 31500) 

19-Age and p o s i t i o n 
T r y i n g E l l i p s i s : PRINT AGE AND POSITION MARTIN DEVINE 
( I D 1 3 1 - 2 0 - 8 4 6 2 AGE 57 POSITION P r o f ) 

20-Show d a t e h i r e d c o m p s c i p r o f e s s o r s m a k i n g o v e r 30000 
PARSED! 
( I D 1 3 1 - 2 0 - 8 4 6 2 POSITION P r o f DATE-HIRED 8 / 1 / 5 5 ) 
( I D 2 0 7 - 4 9 - 9 2 7 1 POSITION P r o f DATE-HIRED 8 / 1 / 6 9 ) 

2 1 - L e t "DUMPALL M a r t i n D e v i n e " b e a p a r a p h r a s e o f 
"What i s t h e I D , p o s i t i o n , d e p a r t m e n t and 
s a l a r y o f M a r t i n D e v i n e " 

PARSED! 
LIFER.TOP.GRAMMAR -> DUMPALL <EMPL0YEE> 
f i n i s h e d 

2 2 - D u m p a l l e m p l o y e e s e a r n i n g o v e r 35000 
PARSED! 
( I D 1 2 2 - 2 2 - 8 7 6 9 POSITION P r o f DEPT M a t h SALARY 35500) 
( I D 1 7 8 - 3 1 - 1 9 4 2 POSITION P r o f DEPT P h y s i c s SALARY 36000) 
( I D 2 0 6 - 5 6 - 1 6 2 0 POSITION P r e s i d e n t DEPT N/A SALARY 37500) 

2 3 - ! (CONS 'TH IS ' ( INTERACTION USES INTERLISP DIRECTLY)) 
(THIS INTERACTION USES INTERLISP DIRECTLY) 
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However , t h e u s a b i l i t y o f LIFER i s i n f l u f n c e d net 
so much by the poner o f i n d i v i d u a l f e a t u r e s -s by 
t h e a g g r e g a t e e f f e c t o f h a v i n g a number o f f e s t u n e s 
w o r k i n g t o g e t h e r t o s u p p o r t t h e u s e r , i t i f t he 
mix o f f e a t u r e s a t v a r i o u s l e v e l s o f c o m p l e x i t y 
t h a t s h o u l d b e l o o k e d f o r i n s t u d y i n g the 
i n t e r a c t i o n s o f t h e examp le . 

A. ENTERING AN INPUT 
A f t e r 1NTERLISP ( t h e l anguage i n w h i c h LIFER 

i s c u r r e n t l y imp lemen ted ) o u t p u t s i t s . prompt 
c h a r a c t e r s , t h e u s e r m a y t ype i n q u e r i e s , commands, 
o r a s s e r t i o n s t o t h e system i r o r d i n a r y E n g l i s h . * 
There i s n o n e e d d t o c a l l t h e p a r s e r e x p l i c i t l y . 
B o t h upper and lower ease are a l l o w e d , and 
p u n c t u a t i o n i s o p t i o n a l . For e x a m p l e , i n t h e f i r s t 
l i n e o f F i g u r e 1 , t he u s e r asks t h e q u e s t i o n "what 
i s the s a l a r y o f E r i c Johnson?" a . f t e r INTERLISP 
t y p e s the prompt " I - " . 

h. FEEDBACK 

LIFER p n r s e s t y p i c a l i n p u t s , such ? s 
i n t e r a c t i o n 1 , i n w e l l under a second o f CPU t ime 
on t h e DEC PDP K L - 1 0 . * * However , when the CPU is 
h e a v i l y l o a d e d , u s e r s may become conce rned about 
t h e i r i n p u t s a f t e r even a b r i e f d ^ i r y . LIFER seeks 
t o r e l i e v e t h i s a n x i e t y b y p r o v i d i n g a c o n s t a n t 
s t r e a m o f f e e d b a c k . For e x a m p l e , t h e CRT c u r s o r c r 
t e l e t y p e p r i n t head f o l l o w s the p a r s i n g o p e r a t i o n 
a s i t works t h r o u g h a n i n p u t f r o m l e f t t o r i g h t . 
T h i s f eedback i s r n i m p o r t a n t h u m a n i z i n g f e a t u r e , 
a n a l o g o u s to eye c o n t a c t , he?jd n o d d i n g , and beard 
s t r o k i n g . A n o t h e r f eedback i s t h a t t h e sys tem 
t y p e s t h e message 

PARSED! 
when LIFER has f i n i s h e d a n a l y z i n g an i n p u t and i s 
r e a d y t o c a l l a p p l i c a t i o n s o f t w a r e ( i . e . , t h e 
sys tem t o w h i c h LIFER i s p r o v i d i n g a n i n t e r f a c e ) t o 
answer t h e q u e s t i o n , c a r r y out the command, o r 
a s s i m i l a t e t h e a s s e r t i o n communicated b y t h e i n p u t . 

C. INCOMPLETE INPUTS 
I f t h e u s e r has j u s t asked 

WHAT IS THE SALARY OF ERIC JOHNSON 
and now w i s h e s to know J o h n s o n ' s p o s i t i o n and da te 
h i r e d , i t i s f a r more c o n v e n i e n t and n a t u r a l t o 
s i m p l y ask 

POSITION AND DATE HIRED 
t h a n t o l a b o r i o u s l y t y p e o u t 
WHAT is THE POSITION AND DATE HIRED OF ERIC JOHNSON 
Accommodat ing t h e human t e n d e n c y t o a b b r e v i a t e 
i n p u t s i s a n i m p o r t a n t c o n s i d e r a t i o n f o r 
a p p l i c a t i o n s s y s t e m s . A l t h o u g h some o t h e r sys tems 
make i t p o s s i b l e t o d e f i n e grammars t h a t accep t 
i n c o m p l e t e s e n t e n c e s a s " c o m p l e t e " i n p u t s , * * * LIFER 

* O f c o u r s e , o n l y ? s u b s e t o f E n g l i s h i s a c t u a l l y 
a c c e p t e d b y any p a r t i c u l a r i n t e r f a c e , b u t 
e x p e r i e n c e has shown t h a t t h i s s u b s e t can be 
d e s i g n e d t o have wide coverage i n v p a r t i c u l a r 
a p p l i c a t i o n a r e a . 

* • T i m i n g s a r c based on a v o c a b u l a r y o f 1000 words 
and a grammar c o n t a i n i n g o v e r 600 p r o d u c t i o n r u l e s . 

m a k e s t h i s u n n e c e s s a r y b y a u t c m n t i c a i i y d e d u c i n g 
p o s s i b l e e l l i p t i c a l ( i . e . , i n c o m p l e t e ) s t r u c t u r e s 
f rom the grammars s u p p l i e d f e r comp le te 
c o n s t r u c t i o n s . (See i n t e r a c t i o n ? o f F i g u r e 1.) 

LIFER f i r s t a t t e m p t s to parse an i n p u t as a 
c o m p l e t e s e n t e n c e . * * * * o n l y w h e n t h i s f a i l s i s 
e l l i p t i c a l a n a l y s i s a t t e m p t e o . T o g i v t he u s e r 
feedback c o n c e r n i n g t h j s s h i f t i n o p e r a t i o n s , LIFER 
t y p e s the message 

TRYING E L L I P S I S : 
when t h e e l l i p t i c - e l a n a l y s i s r o u t i n e i s i n v o k e d , 
i f e l l i p t i c a l a n a l y s i s i s s u c c e s s f u l , t h e n , a s a n 
a d d i t i o n a l f eedback t o the u s e r , the s y s t e m ' s 
e x p r n s i o n o f tne e l l i p t i c a l i n p u t i s p r i n t e d a f t e r 
t h e "TRYING E L L I P S I S : " message, r e p l a c i n g the 
"PARSED!" message p r i n t e d f o r comp le te i n p u t s . 

I n p u t s 2 t h r o u g h 5 of F igu re 1 are d i f f e r e n t 
e l l i p t i c a l v a r i a t i o n s o n the same b e s i c sen tence 
p a t t e r n , the p a t t e r n o f i n p u t 1 . i n p u t 2 causes a 
s u b s t i t u t i o n f o r t he a t t r i b u t e s s o u g h t . I n p u t s ' * 
t h r o u g h 5 s u b s t i t u t e f o r the i n d i v i d u a l s whose 
a t t r i b u t e s a re s o u g h t . Note t h a t i n p u t 5 seeks t h e 
p o s i t i o n and da te h i r e d f o r a whole c l a s s o f 
i n d i v i d u a l s . 

A s i g n i f i c a n t c o n s i d e r a t i o n when d e a l i n g w i t h 
humen-genc ra ted i n p u t s i s t h a t t h e y o f t e n c o n t a i n 
s p e l l i n g e r r o r s . Whether the user a c t u a l l y 
m i s s p e l l s h word or1 s i m p l y m i s t y p e s i t , t he e f f e c t 
i s the same: g a r b l e d i n p u t . I n c o n s t r u c t i n g a . 
l anguage sys tem f o r the sake o l s t u d y i n g language 
u n d e r s t a n d i n g , t h e r e i s n o r e a l need f o r a s p e l l i n g 
c o r r e c t i o n c a p a b i l i t y , but u s e r s o f a p p l i c a t i o n 
sys tems a r e j u s t l y i r r i t a t e d when s p e l l i n g e r r o r s 
cause a b o r t i o n o f p r o c e s s i n g a r d r e s u l t i n d e l a y s 
and t e d i o u s r e t y p i n g . 

L IFER'S s p e l l i n g c o r r e c t i o n a b i l i t y , w h i c h 
maikes use c f lN ' lERL ISP 's s p e l l i n g c o r r e c t o r , i s 
i l l u s t r a t e d b y i n t e r a c t i o n 6 . A message i s p r i n t e d 
i n d i c a t i n g t h a t a s p e l l i n g c o r r e c t i o n has been 
made, and t h e r e s p e l l i n g i s p r i n t e d d i r e c t l y be low 
the o r i g i n a l l y m i s s p e l l e d w o r d . 

E. ERROR MESSAGES a c t i o n 8 i l l u s t r a t e s how LIFER responds 
when i t cannot s u c c e s s f u l l y i n t e r p r e t a n i n p u t . 
Hav ing f a i l e d t o pa rse a t b o t h the s e n t e n c e l e v e l 
and the e l l i p s i s l e v e l , and b e i n g unable5 tO p roceed 
t h r o u g h s p e l l i n g c o r r e c t i o n , LIFER g i v e s u p and 
p r i n t s a n e r r o r message. T h i s e r r o r message i s n o t 
such c r y p t i c nonsense as 

ERROR TRAP AT LOC 13730, 
bu t i s a p i ece o f u s e f u l i n f o r m a t i o n t h a t c a N h e l p 
a n a i v e use r u n d e r s t a n d t h e p r o b l e m p l a g u i n g h i s 
i n p u t and a i d i n a r e f o r m u l a t i o n . ( I n t e r f a c e 
b u i l d e r s m a y c a l l s p e c i a l d i a g n o s t i c r o u t i n e s f o r 
s o p h i s t i c a t e d e r r o r i n f o r m a t i o n , but t h a t i s 

* * * T h i s was d o n e , f o r e x a m p l e , i n t he SRI Speech 
U n d e r s t a n d i n g Sys tem. See Walker (1976). 

* * * » Eut t h i s o p e r a t i o n may be s k i p p e d by t y p i n g a 
comma a s t h e f i r s t c h a r a c t e r i n a n i n p u t t h a t i s 
o n l y t o b e p rocessed e l l i p t i c - a l l y . 
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a n o t h e r s t o r y . ) T h e c u r r e r t e r r o r m e s s a g e ( o r e o f 
s e v e r a l ) i n d i c a t e s t h a t LIFER u n d e r s t o o d 

whatl ASSOCIATE PROFESSOR IN 
but t h e n had t r o u b l e w i t h ♦ the word compsct I t was 

e x p e c t i n g ' DEPARTMENT NAME At t h i s p o i n t , the use r mAy rea l ize tha t 
COKPSCI might n e t be i n c l u d e d in the s y s t e m ' s 
l e x i c o n . A n o t h e r way o f e x p r e s s i n g the dcpa r tmen t l 
name - - s u c h is COMPUTER SCIENCE— c o u l d be t r i e d . 
On the o t h e r hand , the u s e r may be s tumped , having 
re ides what <DE PAR TMFMT-NAr-^ i s . T h i s b r i r g s up 
the nex t t o p i c , and in te rac t ion 9 . 

F. inspection OF THE LANGUAGE DEFINATION 
LIFER p r o v i d e s easy a ' ccess to in format ion . 

about the u n d e r l y i n g l a n g u a g e d e f i n i t i o n t h r o u g h 
natural l a n g u a g e . S o p h i s t i c a t e d u s e r s ? nd 
i r t e r f a c e b u i l d e r s r r ry usr t h i s m e c h a n i s m t o 
r e f r e s h t h e i r memer le * o n t h e u n c e r l y i n g s t r u c t u r e s 
and . naive users . - r i 1 i vz t r ' t en j r. 
the las t i n t e r a r t i o n , may peed acess tc the 
l a n g u a g e d e f i n i t i o n t o ' i d i r the u n d r c t 
error messages . 

interactior ( j shows o r e t y p e of question that 
p r o v i o e s reeses t o the u n d e r l y i n g s t r u c t u r e s . The 
response t o t h i s i n p u t i n a i e r t e s b o t h v o r d s n ro 
p h r r s r s t h r t rrr-y be s u b s t i t u t e d l o r <DEPARTMENT-
NAKE>. 

G. EXFLlCiT SUBSTITIONS 
When r u s e r w i shes to ASk some s imp le v a r i a n t 

o f A n e r r l i o r o u e s t i o r but i s r o t i n the c o r r e c t 
c o n t e x t f o r u s i n g e l l i p s i s ( * . g . , t h e r e r r e 
i n t e r v e n i n g s e n t e n c e s ) , d i r e c t r e f e r e n c e may be 
m.ade t c the- c r r l i e r i n p u t , as i s j l l u s t r e t ed by 
i n t e r a c t i o n 10. Such r e f e r e n c e s ;<nd s u b s t i t u t i o n s 
may save t y p i n g and. so redues b o t h the user's work 
w o r k the l i k e l i h o o d o f t y p i n g e r r o r s , T h i s i s a 
s t r n d e r d f e p t u r c o f 1NTERLISP r n d i s not un ique t o 
L IFER. 

H. PPONCKWL REFERENCE 
The r e s o l u t i o n o f A N A P H O I C r e f e r e n c e , 

e s p e c i a l l y p r o n o u n s , p r e s e n t s complex p rob lems f o r 
LANGUAGE p r o c e s s i n g s y s t e m s . * LIFER has no megic 
answers t o t hese p r o b l e m s , but does p r o v i d e 
f r a i l i t i e s f o r h a n d l i n g seme o f t he s i m p l e r c a s t s . 
One such case i s i l l u s t r a t e d b y i r t e r u c t i o n 1 1 . 

1. DEFINING SYNONYMS 
I n i n t e r a c t i o n 12, t h e u s e r a g A i n a t t e m p t s t o 

use C0MPSC1 nnd a g a i n r e c e i v e s an e r r o r messege. 
I t m a y v e r y w e l l b e t h a t h e i s accustomed t o u s i n g 
t h i s a b b r e v i a t i o n f o r compu te r s c i e n c e rnd does n o t 
want t c adep t t o any o f t h e synonyms c u r r e n t l y 
e c c e p t e d by the s y s t e m . R a t h e r , he wants t he 
sys tem t o adapt, t o H I s p r e f e r e n c e s . I n i n t e r a c t i o n 
1 3 , the use r t e l l s t h e sys tem t c d e f i n e C0MPSC1 
l i k e C S . * * H e n c e f o r t h , t h e s e v o r d s w i l l b e 
synonyms. 

* See Grosz (1977 ) f o r r n i n t e r e s t i n g d i s c u s s i o n o f 
d i s c o u r s e p rob lems end s o p h i s t i c p t e d mechanisms f o r 
d e l i n g w i t h t h e m . 

Ir. i n t e r a c t i o n 1 ^ , i n t e r n e t i c n 1 2 i s r e i r v o k e o 
t h r o u g h I N l E R L i S P ' s RtDO f e a t u r e . T n i s t i m e , 
CO: P.St: l i s under s t o o d . i r i n t e r a c t i o n 1 * , COt.PSCl 
is usee in ? new i n p u t . 

j . D E F I N I N G P A R A P H R A S E S 
'The synonym f e a t u r e prc.se n tec above allcws 

LiFFR t o - d r p t t o i n d i v i d u a l u s e r s b y J e a n n i n g new 
w o r d s . Tne para phrase f e a t u r e a l lows LIFER to 
acapt to new grrmmat ica l c o n s t r u c t i o n s . For 
example , a user may grow t i r e d of t y p i n g 
s y n t a c t i c a l l y " c o r r e c t " E n g l i s h g i e r o e s a n d w i s h t o 
use ;,r - b b r e v i P t e c i f o r m a t . i n i n t e r a c t t o r 16, the 
u s e r a t t e m p t s to use r o c n d i r s e d fo rmat and is 
c o n f r o n t e d v i t h a n e r r o r m a s s a g e I n i n t e r a c t i o n 
17, a n o r d i n a r y E n g l i s h cons t r u c t i o n i s employed t o 
t e l l t h e sys tem t h a t the r b b r e v i a t e d fo rm i s 
ne nee f o r t h tc be accepted as l e g i t imate . LIFER 
a n a l y z e s the spec i f i e p a r r p h r - s c i t has been g i v e n 
a s a n e x r m p l e , s e e k i n g t o a 
pr r:-phr'■ s in.g to other ases . (Recre Will be said 
r b c u t t h i s l a t e r - . ) P r o o u c t i c n r u l e s shew ing t h e 
r e s u l t s o f t h i s g e n e r a l i z a t i o n a r e p r i n t e d f o r the 
be re f of t he more so pn i s t i c rt ed user . 

I n i n t e r a c t i o n a l the n e w a b b r e v i a t e d fo r ra? t 
I s t e s t e d . i n te rac t i o r . 19 i l l u s t r ' t e s an 
elliptional expersion.'. r s i o n based on the u s e r - a e f i nee 
f o r m r t . I n t e r a c t i o n 2 0 i l l u s t r a t e s the f o o t t h a t 
L J F E R h a s g e n e n a l z e d the. o r - i g i r r l p a r a p h r a s e 
cxample t c cover ' o t h e r a b b r e v i r t e d c o n s t r u c t i o n s 
t h a t a re s i m i l a r . 

I n t e r o c t i o n s 2 1 a r e 2 2 p r o v i c e f u r t h e r 
i l l u s t r a t i o n s o f L i F E R ' s p r r p p h r - r . s e a b i l i t y . 
Th rough i n t e r n e t i o n 2 1 , 

DUMPALL x 
c om e s t c have t r. e meaning 

1ND1CATE THE I D , POSITION, 
DEPARTMENT, AND SALARY CF x 

K. ACCESSING THE HOST LANGUAGE 
the u s e r who knows INTERLISP may w i s h to mix 

i n t e r a c t i o n s w i t h the LIFER p a r s e r a n d i n t e r a c t i o n s 
w i t h INTERLiSP. A s i i l u s t r e t e d i n i n t e r a c t i o n 2 ' - , 
t h i s i s e r s i l y done b y p r e c e d i n g i n p u t s f o r 
INTERLISP w i t h the symbol " ! " . 

* * Synonyms m:y r l s o be d e f i n e d t h r o u g h the more 
g e n e r a l concep t c f p a r a p h r s e . A p a r a p h r a s e 
i r t e r a c t i c n e q u i v e l e n t t o the use o f synonyms i n 
i n t e r a c t i o n 1 ; i s t he f o l l o w i n g : 

1? -Le t "How msny assoc ia te p r o f e s s o r s are t h e r e in 
the C0MPSC1 d e p a r t m e n t " bc a pa raph rase cf 
"How many a s s o c i a t e p r o f e s s o r s are t h e r e in 
t h e CS d e p a r t m e n t " 

PARSED! 
KAY LIFER ASSUME THAT "COhPSCi" MAY ALWAYS BE USED 

FOR "CS" 
(TYPE YES OR NO) 
YES 
<DEPARTMENT-NAME> => CS 
f i n i shed 
m- . . . 
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L. PROVJDING COMFORTABLE LINGUSTIC COVERAGE 

In the f i n ? ] ana-lysis, the most important 
piece of human engineer ing for users is thAt of 
supply ing an i n te r f ace language cover ing the range 
of l i n g u i s t i c s t r uc tu res nceded to communicate 
comfor tab ly v i t h the appl icat ion sof tware, such 
fea tures as s p e l l i n g co r rec t i on and e l l i p t i c a l 
p roc rss inc , a l though impor tant , can never make up 
fo r d e f i c i e n c i e s i n basic l i n g u i s t i c c a p a b i l i t i e s . 

Given the current s ta te of the ar t in language 
process ing, i t would br f u t i l e to attempt to 
provide a d e f i n i t i v e s p e c i f i c a t i o n o f Engl ish 
having s u f f i c i e n t g e n e r a l i t y t r, over a i l potenttial a p p l i c a t i o n s . LIFER's approach to adequate 
cover age is not to pursue ?- d e f i n i t i v e 
s p e c i f i c a t i o n , but ra the r tc supply the framework, 
guidance, and mechanisms that allow an in te r face 
b u i l d e r , in a reasonable amount of t ime, to create 
a s o l i d , p r a c t i c a b l e , spec ia l purpose language 
d e f i n i t i o n , cover ing the spectrum of l i n g u i s t i c 
s t r uc tu res most re levant to ?. p a r t i c u l a r 
appl i e a t i o n .* 

No attempt can be made here to de-tai l the 
p a r t i c u l a r set of i n t e r a c t i v e func t ions that LIFER 
provides for spec i f y ing ?n a p p l i c a t i o n language,** 
but a few key po in ts may be me-rticned: 

(1) I n te r f ace bu i l de r s work w i t h i n the 
framework of INTERLISP, a- powerful and 
f l e x i b l e host language v i t h advanced debugging 
f a c i l i t i e s . Lower l eve l languages may have 
f a s t e r execut ion , but. f l e x i b i l i t y and 
progrpmming case. are what count in b u i l d i n g 
workable systems w i t h reasonable amounts of 
e f f o r t . 

(?) Extensions and mod i f i cp t i ons to the 
language s p e c i f i c a t i o n may be f r e e l y mixed 
w i th cfc l is to the parser . There is no grammar 
c o m p i l t i o n phase. This al lows in te r face 
b u i l d e r s to operate in a r a p i d , extend-and-
t e s t mode, pnd supports fea tu res thp t modify 
the language at. parse t ime , such as the 
parpphrpser. 

(3) The i n t e r f a c e b u i l d e r is i so la ted 
from the i n t e r n a l s t r u c t u r e s that LIFER bu i l ds 
fo r purposes of inc reas ing parsing e f f i c i e n c y . 
In p a r t i c u l a r , the user communicates w i th 
LIFER in terms of simple product ion ru l es 
maintained i n t e r n a l l y as t r a n s i t i o n networks 
(Woods 1970). 

(4) LJFER has a powerful grammar-edit ing 
f a c i l i t y (which uses the 1NTERLISP e d i t o r ) . 

(5) LIFER has a package of func t ions fo r 
grammar i n t e r r o g a t i o n and debugging. 

(6) E l l i p t i c a l cons t ruc t ions pre handled 
au toma t i ca l l y and so need never be considered 
by the i n t e r f a c e b u i l d e r . 

(7 ) There is a reasonable manual 
descr ib ing how tc user the system. 

a l l IMPLEMENTATION OF SPECIAL FEATURED 

This sec t ion presents An overview of LJFER's 
i m p l t ion o f the s p e l l i n g c o r r e c t i o n , 
e l l i p t i c ] processor, and pata phraser. 

A. On 0F SPELLING CORRECTION' 

* Special purpose languages are perhaps most e a s i l y 
created w i t h LIFER by adopt ing the no t ion of a 
"semantic grammar," as advocated by Brown and 
Burton (1975) . 

* * A thorough d iscuss ion o f t h i s top ic is contained 
in The LIFER Manual (Hendr ix , 1977). 
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LIFFER USES A 1 e f t -T o- r i g ht pa r se r f o OWING. i rig a 
simp! i f i c r t i o r of the ATN system of woods 1970. 
Each t ime t he pa.rser d iscovers that it can re 
longer fo l l ow t r a n s i t i o n s a long the current pa th , 
it records the f a i l u r e on a fa i i point l i s t . Each, 
en t ry on t h i s l i s t i n d i c r t e s the state of the 
system when the f a i l u r e occurre-c ( i . e . , the 
p o s i t i o n in the" t r a n s i t i c r . net and the values of 
var ious stacks and r e g i s t e r s ) and the curren.t 
pos i t i on i r the input s t r i n g . Local ambigui t ies 
and fa lse paths make- it qu i te norm* 1 fo r f a i l po in ts 
tc be noted ever when a p e r f e c t l y acceptable i r p u t 
is processed. 

If a complete parse is found for an i n p u t , the-
f a i l po in ts are ignored. Put i f an input car ro t be 
parsed, the l i s t , of f a i i p o i n t s is used by thf 
s p e l l i n g c o r r e c t o r , which se lec ts these fa i ipo i r . t r . 
associated w i th the r ightmost pos i t i on in the input 
at which f a i l po in ts were recorded. I t is assumed 
that f a i l po in ts occu r r i ng to the l e f t were not 
caused by s p e l l i n g e r r o r s , since some t r a n s i t i o n s 
using t h t words at those pos i t i ons must have beer 
successful for- there to be f a i i p o i n t s to their-
r i gh t . 

The s p e l l i n g co r rec to r f u r t h e r r e s t r i c t s the 
r ightmost f a i i p o i n t s by l ock ing fo r cases in which 
a r ightmost f a i i p o i n t G is dominated by another 
r ightmost f a i l p o i r t F. C is dominated by F if G is 
a f a i i p o i n t in a subgrammar that was PUSHed tc in a 
f u t i l e attempt to f o l l ow a PUSH bro from F. Since 
G and F pre both r ightmost f a i i p o i n t s , G represents 
a s t a l l pt the s t a r t node of the PUSHe.d-to 
subgrammar. (Had any t r a n s i t i o n been made, G would 
be to the r i g h t of F.) Hence, if F is r e s t a r t e d , G 
is reattempted as one means of t r a n s f e r r i n g from F. 
G, t h e r e f o r e , does not need tc be. considered 
independent ly . A l l dominated r ightmost f a i i p o i n t s 
are dropped from cons ide ra t i on . 

Working w i th the r i gh tmos t , dominating 
f a i i p o i n t s , the s p e l l i n g co r rec to r examines the 
associated arcs to f i n d a l l categor ies o f words 
that would al low a t r a n s i t i o n . (For PUSH a r c s , 
t h i s requ i res an exp lo ra t i on of subgrammars.) 
Using the INTERLISP s p e l l i n g c o r r e c t o r , the word of 
the input s t r i n g associated w i th the r ightmost 
f a i i p o i n t s is compared w i th the l e x i c a l items of 
th f ca tegor ies Just found. I f the "m isspe l led" 
word is s u f f i c i e n t l y s i m i l a r to any of these 
l e x i c a l i tems, the c losest match is s u b s t i t u t e d . 
F a i i p o i n t s associated w i th l e x i c a l categor ies tha t 
inc lude the new word are then sequen t ia l l y 
res ta r ted u n t i l one leads to a successful parse. 
(This may produce more s p e l l i n g c o r r e c t i o n f u r t h e r 
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t o the r i g h t . ) I f a l l r e s t a r t s f a i l , o ther close 
l e x i c a l items are subs t i t u t ed fo r the "m isspe l led" 
word. I f these a l so f a i l , LIFER p r i n t s a r e r ro r 
mrssage. 

LIFER encourages the use of semant ica i l y 
o r ien ted s y r t a c t i c ca tego r i es , such as <EMPLCYEE> 
nnd <DEPAR?MENT-NAME>, ra the r than such standard 
ca tegor ies as <NOUN>. The use of these more 
spec ia l i zed ca tegor ies g r e a t l y f a c i l i t a t e s s p e l l i n g 
c o r r e c t i o n by severe ly r e s t r i c t i n g the number of 
poss ib ly v a l i d vords at any po in t in the parse.* 

LIFER'S mechanism for t r e a t i n g e l l i p t i c a l 
inputs takes advantage of the assumption that 
s p e c i f i c a t i o n s fo r a p p l i c a t i o n languages tend to 
encode a corside-rpble amount of semantic 
i r f o r m a t i o r in the syn tac t i c ca tego r ies . Thus, 
s i m i l a r syn tac t i c cons t ruc t ions tend to be s i m i l a r 
seman t i cn l l y . LIFER'S treatment o f e l l i p s i s i s 
based on t h i s no t ion of s i m i l a r i t y . During 
e l l i p t i c a l process ing, LIFER is prepared to accept 
any s t r i n g of vords that is s y n t a c t i c a l l y analogous 
to any contiguous subs t r i ng of words in the l as t 
i n p u t . ( I f the l a s t input was e l l i p t i c a l , i t s 
expansion i n t o a complete sentence is used.) 

LIFER'S concept of analogy appeals to the 
syntax t ree of the LAST input tha t was success fu l l y 
analyzed by the system. For any contiguous 
subs t r ing of words in the LAST i n p u t , an "analogy 
p a t t e r n " may be def ined by an abs t r ac t i on process 
tha t works backwards through the o ld syntax t ree 
from the words of the subs t r i ng toward the r o o t . 
Whenever the syntax t ree shows a p o r t i o n of the 
subs t r ing to be a complete expansion of a syn tac t i c 
category, the category name is subs t i t u ted fo r tha t 
p o r t i o n . The analogy p a t t e r n is the f i n a l r e s u l t 
a f t e r a l l such s u b s t i t u t i o n s . 

WHAT IS THE SALARY OF MARTIN DEV1NE? 

FIGURE 2: A Syntax Tree 

For example, consider how an analogy pa t t e rn 
may be found fo r the subs t r i ng 

OF MARTIN DEV1NE, 
using the syntax t r e e * * shown in Figure 2 f o r a 
11 An example LIFER system (describees by Sacerdo t i , 
1977) has a vocabulary of over 1000 words, 
exc lud ing numbers and coded symbols. This 
vocabulary is d iv ided among 1?1 ca tego r ies , 113 of 
which conte in 10 or l ess words. 15 ca tegor ies 
conta in 11 to 50 words, and the la rges t conta ins 
144. 

•• "PRESENT" is used in the sense of " t o show f o r 
i n s p e c t i o n . " 

previous i n p u t , WHAT IS THE SALARY OF MARTIN 
DEV1NE Since the MARTIN DEVINE p o r t i o n cf the 
subs t r ing is a. complete expansion of <NAME>, the 
subs t r ing is r e w r i t t e n as OF <NAME>. S i m i l a r l y , 
since <EMPLCYEE> expands to <NAME>, the subs t r ing 
is r e w r i t t e n as CF <EMPLOYEE>. Since no other 
po r t i ons of the subs t r i ng ere complete expansions 
of other syn tac t i c ca tegor ies in the t r e e , the 
process stops and 0F <EMPLOYEE> is accepted as the 
most general analogy p a t t e r n . I f the cur ren t input 
matches t h i s analogy p a t t e r n , LIFER w i l l accept i t 
as a l e g i t i m a t e e l l i p t i c a l i n p u t . For example, the 
analogy pa t te rn OF <EMPL0YEE>, ex t rac ted from the 
las t i n p u t , may be used to match such cu r ren t 
e l l i p t i c a l inputs as 

OF ERIC JOHNSON 
OF EMPLOYEE 494-81-7207 

and OF PROFESSORS IN THE MATH DEPARTMENT 

Note that the expansion of <EMPLCYEE> need not 
p a r a l l e l i t s expansion in the old input that 
o r i g i na ted the analogy p a t t e r n . For example, OF 
EMPLOYEE 494 -81-7207 is not matched by expanding 
<EMPL0YEE> to <NAME> but by expanding <EMPLCYEE> to 
EMPLOYEE <ID-NUMPER>. 

To compute responses for e l l i p t i c a l inputs 
matching OF <EMPLCY£E>, LIFER wcrks i t s way back 
through the o ld syntax t ree from the common parent 
of OF <EMPL0YEE> toward the r o o t . F i r s t , the 
rou t i ne fo r computing the value cf an <1TEM> from 
cons t i t uen ts of the product ion 

<1TEM> => THE <AT'lRiEU'U> 
is invoked, using the new value of <EKPL0YE£> 
(which appeared in the current e l l i p t i c a l input ) 
and the o ld value of <ATTRIBUTE> from the l a s t 
sentence. Then, using the newly computed value fo r 
<1TEM> and the o ld value fo r <PRESENT>, a new value 
is s i m i l a r l y computed for <L1FER.T0P.GRAMMAR>, the 
root of the syntax t r e e . 

Seme other subs t r ings w i th t h e i r associated 
analogy pa t te rns ere shown below, along w i th 
possib le new e l l i p t i c a l inpu ts matching the 
pat t e r n s . 

s u b s t r i n g : THE SALARY 
p a t t e r n : THE <ATTR1EUTE> 
a match: THE AGE AND DATE HIRED 

s u b s t r i n g : SALARY OF MARTIN DEV1NE 
p a t t e r n : <ATTR1BUTE> OF <EMPL0Y£E> 
a match: AGE OF CS SECRETARIES 

s u b s t r i n g : WHAT IS THE SALARY 
Pa t te rn : <PRESENT> THE <ATTRIEUTE> 
a match: PRINT THE DATE HIRED 

s u b s t r i n g : WHAT IS THE SALARY OF MARTIN DEV1NE 
pa t t e r n : <L1FER.TCP.GRAMMAR> 
a match: [any complete sentence] 

For purposes of e f f i c i e n c y , LIFER's e l l i p t i c a l 
r ou t i nes have been coded in such a way tha t the 
ac tua l generat ion o f analogy pa t te rns is avo ided . * 
Nevertheless, the e f f e c t i s conceptua l ly equ ive len t 
to a t tempt ing parses based on the analogy pa t te rns 

* [Footnote is p r i n t ed on next pege.] 
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o f e a c h o f t he c o n t i g u o u s s u b s t r i n g s o f t h e l a s t 
i n p u t . 

C. IMPLEMENTATION OF PARAPHRASE 

LIFER's p a r a p h r a s e mechanism a l s o t a k e s 
a d v r n t a g e o f s e m a n t i e a l l y o r i e n t e d s y n t a c t i c 
c a t e g o r i e s and makes use o f s y n t a x t r e e s . I n t h e 
t y p i c a l c a s e , t h e p a r a p h r a s e r i s g i v e n a model 
s e n t e n c e , v h i c h t h e sys tem can a l r e a d y u n d e r s t a n d , 
and ? p a r a p h r a s e . The p a r a p h r a s e r ' s g e n e r a l 
s t r a t e g y i s t c a n a l y z e t h e model s e n t e n c e and t h e n 
l o o k f o r s i m i l a r s t r u c t u r e s i n t h e p a r a p h r a s e 
s t r i n g . 

1 . The Bas i c Me thod 

I n p a r t i c u l a r , t h e p a r a p h r a s e r i n v o k e s 
t h e p a r s e r t o p roduce a s y n t a x t r e e c f t h e m o d e l . 
Us ing t h i s t r e e , t h e p a r a p h r a s e r d e t e r m i n e s a l l 
p r o p e r s u b p h r a s e s o f t h e m o d e l , i . e . , P 1 1 
s u b s t r i n g s t h a t a r e c o m p l e t e e x p a n s i o n s o f one o f 
t h e s y n t a c t i c c a t e g o r i e s l i s t e d i n t h e t r e e . Any 
o f t h e s e model subph rases t h a t a l s o ?ppear i n t h e 
p a r a p h r a s e s t r i n g a r e assumed t o p l a y t h e same r o l e 
i n t h e p a r a p h r a s e a s i n t h e model i t s e l f . T h u s , 
t h e s e m a n t i c a l l y o r i e n t e d s y n t a c t i c c a t e g o r i e s t h a t 
account f o r these s u b p h r a s e s in t h e model a re 
r e u s e d t o a c c o u n t f o r t h e c o r r e s p o n d i n g s u b p h r a s e s 
o f the p a r a p h r a s e . M o r e o v e r , t h e r e l a t i o n s h i p 

be tween t h e s y n t a c t i c c a t e g o r i e s t h a t i s e x p r e s s e d 
i n t h e s y n t a x t r e e o f t h e model fo rms a b a s i s f o r 
e s t a b l i s h i n g t h e r e l a t i o n s h i p between t h e 
c o r r e s p o n d i n g s y n t a c t i c u n i t s i n f e r r e d f o r t h e 
p a r a p h r a s e . 

a. Defining a Paraphrase production 
To f i n d c o r r e s p o n d e n c e s between t h e 

model and t h e p a r a p h r a s e , t h e subph rases o f t h e 
model a r e f i r s t s o r t e d . Longer p h r a s e s have 
p r e f e r e n c e o v e r s h o r t e r phrese .s , and f o r two 
p h r a s e s o f t h e same l e n g t h , t h e l e f t m o s t i s t a k e n 
f i r s t . For e x a m p l e , t h e s o r t e d ph rases f o r the 
t r e e o f F i g u r e 2 ere 

Since t h e s y n t a x t r e e i n d i c a t e s <EMPLOYEE> => 
<NAME> => MARTIN DEV1NE, b o t h <NAME> and <EKPLOYEE> 
a c c o u n t f o r t h e same s u b p h r a s t . For such c a s e s , 
o n l y t h e most g e n e r a l s y n t a c t i c c a t e g o r y 
(<EMPLGYEE>) i s c o n s i d e r e d . 

B e g i n n i n g w i t h t h e f i r s t ( l o n g e s t ) 
s u b p h r a s e , t h e s u b p h r a s e s a r e matched a g a i n s t 
sequences o f words i n t h e p a r a p h r a s e s t r i n g . ( I f a 
subphrase ma tches two sequences o f w o r d s , o n l y t h e 
l e f t m o s t ma tch i s u s e d . ) The l o n g e r subphrases a r e 
g i v e n p r e f e r e n c e s i n c e matches f o r them w i l l l e a d 
t o g e n e r a l i z a t i o n s i n c o r p o r a t i n g matches f o r t h e 
s h o r t e r p h r a s e s c o n t a i n e d w i t h i n t h e m . Whenever a 
mp tch i s f o u n d , t h e s y n t a c t i c c a t e g o r y a s s o c i a t e d 
w i t h t h e s u b p h r a s e i s s u b s t i t u t e d f o r t h e m a t c h i n g 
word sequence i n t h e p a r a p h r a s e . T h i s p r o c e s s 
c o n t i n u e s u n t i l ma tches have been a t t e m p t e d f o r a l l 
s u b p h r a s e s . 

For e x a m p l e , suppose t h e p a r a p h r a s e 
p roposed f o r t h e q u e s t i o n o f F i g u r e 2 i s 

FOR MARTIN DEVINE GIVE ME THE SALARY 
Subphrases 1 and 2 , l i s t e d a b o v e , do n o t match 
s u b s t r i n g s i n t h i s p a r a p h r a s e . Subphrase 3 i s n o t 
c o n s i d e r e d , s i n c e i t i s dom ina ted b y subphrase 4 . 
Subphrase 4 does match a sequence o f words in t h e 
p a r a p h r a s e s t r i n g . S u b s t i t u t i n g t h e a s s o c i a t e d 
c a t e g o r y name f o r t h e word sequence y i e l d s a new 
p a r a p h r a s e s t r i n g : 

FOR <EMPLOYEE> GIVE ME THE SALARY 
Subphrase 5 matche. s a sequence of words in t h i s 
upda ted p a r a p h r a s e s t r i n g . The a s s o c i a t e d 
s u b s t i t u t i o n y i e l d s 

FOR <EMPLOYEE> GIVE ME THE <ATTR1BUTE> 
S ince t h e r e a r e n o more s u b p h r a s e s t o t r y , t h e 
s t r u c t u r e 

<LIFER.TOP.GRAMMAR> => 
FOR <EMPLOYEE> GIVE ME THE <ATTR1BUTE> 

i s c r e a t e d as a new p r o d u c t i o n t o accoun t f o r t h e 
p a r a p h r a s e . 

b. D e f i n i n g a Response F u n c t i o n for the 
Paraphrase P r o d u c t i o n , 

A new s e m a n t i c f u n c t i o n i n d i c a t i n g 
how t o respond t o i n p u t s m a t c h i n g t h i s p a r a p h r a s e 
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p r o d u c t i o n i s programmed a u t o m a t i c a l l y f rom 
i n f o r m a t i o n i n t h e s y n t a x t r e e o f t he m o d e l . ] n 
p a r t i c u l a r , t h e s y n t a x t r e e i n d i c a t e s w h i c h 
p r o d u c t i o n s were used in t he model to expand 
v a r i o u s s y n t a c t i c c a t e g o r i e s . A s s o c i a t e d w i t h each 
o f t hese p r o d u c t i o n s i s a f u n c t i o n f o r compu t ing 
t h e i n t e r p r e t a t i o n o f a s s o c i a t e d subphrases f rom 
subphrase c o n s t i t u e n t s . The p a r a p h r a s e r r euses 
s e l e c t e d f u n c t i o n s o f t h e model t o c r e a t e ? new 
f u n c t i o n f o r t h e p a r a p h r a s e p r o d u c t i o n . The manner 
i n w h i c h t h i s i s done i s b e s t i l l u s t r a t e d b y 
examp le . 

C o n t i n u i n g the example o f F igure 2 , 
t h e s y n t a x t r e e i n d i c a t e s t h a t t h e p r o d u c t i o n 

<LIFER.TOP.GRAKMAR> => <PRESENT> <ITEM> 
was u s e d . A s s o c i a t e d w i t h t h i s p r o d u c t i o n i s a 
f u n c t i o n F1 (no t shown i n t h e f i g u r e , but 
r e f e r e n c e d i n the a c t u a l t r e e ) t h a t computes r . 
v a l u e f o r <LIFER.TOP.GRAMMAR> f rom the v a l u e s o f 
<PRESENT> and <ITEM>.* Using, the n o t a t i o n "#<X>" to 
i n d i c a t e " t h e va lue o f < X > , " the r o l e o f F1 may be 
exp ressed by the e q u a t i o n 

#<LIFER.TOP.GRAMMAR> = F1 (0<PRES£NT>, <KITEM>) 
Ano the r p r o d u c t i o n i n d i c a t e d by t h e model s y n t a x 
t r e e i s 

<ITEM> r> THE <ATTRIBUTE> OF <EMPLOYEE> 
T h i s p r o d u c t i o n i s a s s o c i a t e d w i t h a f u n c t i o n F?, 
where 

#<ITEM> = F?(tf<ATTRIBUTE>, /KEMPLOYEE>) 

The p a r a p h r a s e r must d e f i n e a new 
f u n c t i o n FN f o r t he pa raphrase p r o d u c t i o n 

<L1FER.T0P.GRAMMAR> => 
FOR <EMPL0YEE> GIVE ME THE <ATTRJBUTE> 

Moreove r , t h e v a l u e computed by FN must be t he same 
as the v a l u e computed as a response to t he model 
s e n t e n c e . S ince t h e c a t e g o r i e s <EMPLOYE£> and 
<ATTRIBUTE> appear on t h e r i g h t s i d e o f the 
paraphrase p r o d u c t i o n , t h e p a r a p h r a s e r assumes t h a t 
FN is s f u n c t i o n of *<EMPLOYEE> and tf<ATTR1BUTE>. 
S ince FN must p roduce the same v a l u e as produced by 
t h e model c a l l t o F 1 , t h e p a r a p h r a s e r assumes t h a t 

FN(#<EMPLOYEE>, (KATTR1EME>) = 
F1(#<PRESENT>, */<IT£M>) 

The s y n t a x t r e e i n d i c a t e s t ha t t he 
e x p a n s i o n o f <PRESENT> i s i ndependen t o f t he 
e x p a n s i o n s of <EMPLOYEE> and <ATTR1BUTE>. Hence, 
t h e p a r a p h r a s e r assumes //<PRESENT> to be a c o n s t a n t 
i n the c o m p u t a t i o n o f FN. That i s , t h e va lue o f 
<PRESENT> used in t h e model w i l l a lways be used as 
t he v a l u e o f <PRESENT> in compu t i ng FN in te rms o f 
F 1 . 

I n c o n t r a s t , t h e s y n t a x t r e e shows 
<1TEM> to i n c o r p o r a t e b o t h <EMPLOYEE> and 
<ATTRIBUTE>. Hence, b o t h o f t hese pa rame te r s to FN 
may i n f l u e n c e #<TTEM>. F u n c t i o n ¥2 i n d i c a t e s t h e 
n a t u r e o f t h i s i n f l u e n c e . T h e r e f o r e , i n t h e 
e q u a t i o n d e f i n i n g FN, t h e p a r a p h r a s e r r e p l a c e s 
#<1TEM> b y the e x p r e s s i o n t h a t computes i t : 

FN(#<EMPLOYEE>, #<ATTRIBUTE>) s 
F1(#<PRESENT>, F2(#<ATTRIBUTE>, #<EMPLOYEE>)) 

* S i nce <LIFER.TOP.GRAMMAR> is t h e s e n t e n c e - l e v e l 
s y n t a c t i c c a t e g o r y , t h i s v a l u e i s , i n f a c t , t h e 
response t o t h e t o t a l i n p u t . 

T h i s new e q u a t i o n c o m p l e t e l y s p e c i f i e s FN in te rms 
o f c o n s t a n t s , f o r m a l pa rame te r s o f FN, and 
p r e v i o u s l y d e f i n e d f u n c t i o n s . That i s , F N i s 
d e f i n e d i n t e rms o f the c o n s t a n t #<PRESENT> ( t a k e n 
f rom the o r i g i n a l model i n p u t ) , the f o r m a l 
p a r a m e t e r s #<EMPLCYEE> and #<ATTKIEinE>, and the 
p r e v i o u s l y d e f i n e d f u n c t i o n s F1 and F2. 

?. Greater Generalizatiion 
The g o a l o f t h e pa raph rase r o u t i n e i s t o 

accoun t f o r the p r r a p h r r s e i n t he most g e n e r a l 
te rms p o s s i b l e , so t h r t new c o n s t r u c t i o n s c r e a t e d 
t o account f o r r p a r t i c u l a r paraphrase w i l l cove r a 
maximum number of new i n p u t p o s s i b i l i t i e s . For 
c e r t a i n c a s e s , t h e coverage produced by the b a s i c 
method p r e s e n t e d above is ex tended by the 
p s r a p h r a s e r as f c l l c w r . Suppose some mod^l 
subphrase S t h a t matches a s u b s t r i n g of t he 
pa raph rase i s a s s o c i a t e d w i t h th« s y n t a c t i c u n i t 
<m> in t h e model syn tax t r e e . Such an <M>, in 
t u r n , w i l l appear i n the t r e e a ? a d i r e c t component 
of a more g e n e r a l u n i t <G> such t h a t 

<G> => x <M> y 
where x and y are some ( p o s s i b l y empty) sequences 
o f l i n g u i s t i c u n i t s . S ince t h e subphrase f o r <G> 
i t s e l f was n o t matched i n t h e p a r a p h r a s e , e i t h e r 
t he x or t h e y or b o t h d i d not. appear in the 
pe raph rase ( a t l e a s t n o t i n t h e necessa ry 
j u x t a p o s i t i o n t o <M>). N e v e r t h e l e s s , i f the 
grammar a l l o w s t h e p r o d u c t i o n 

<G> => <M> 
and i f the va lue ass igned to <G> is t h e same f o r 
b o t h 

<G> => <M> 
and <G> => x <M> y 

t h e n <G> is s u b s t i t u t e d f o r <M> in the pa raph rase 
t o produce a c o n s t r u c t i o n w i t h b r o a d e r c o v e r a g e . 

For examp le , suppose t h a t t h e model i n p u t 
i s 

WHAT IS THE SALARY OF EKPLGYEE MARTIN DEVINE 
and t h a t the s y n t a x t r e e i s l i k e t h a t o f F i g u r e 2 
excep t t h a t <EMPLOYEE> expands as 

EMPLOYEE MARTIN DEVINE 
\ \ / 

<T11LE> <NAME> 
\ / 

<EMPLOYEE> 
Suppose f u r t h e r t h a t t h e pa raph rase i s a g a i n 

FOR MARTIN DEVINE GIVE ME THE SALARY 
U n l i k e t h e e a r l i e r example in wh i ch <EMPLCYEE> was 
s u b s t i t u t e d f o r MARTIN DEVJNE, t h e s u b s t i t u t i o n 
a l g o r i t h m o f t h e l a s t s e c t i o n now o n l y a l l o w s 
<NAME> to be s u b s t i t u t e d . The r e s u l t a n t pa raph rase 
i s 

FOR <NAME> GIVE ME THE <ATTR1BUTE> 
T h i s s t r u c t u r e a c c o u n t s f o r t h e g i v e n p a r a p h r a s e , 
but n o t f o r 

FOR PROFESSOR MARTIN DEVINE GIVE ME THE AGE 

However, u s i n g t he g e n e r a l i z a t i o n p rocess 
J u s t o u t l i n e d , i f t h e system a l l o w s 

<EMPLOYEE> => <NAME> 
and i f t h e v a l u e o f <EMPLOYE£> d e f i n e d i n t h i s 
f a s h i o n i s t h e same a s t h e v a l u e u s i n g 

<EMPLOYEE> => <TITLE> <NAME> 
t h e n <EMPLOY£E> w i l l be s u b s t i t u t e d f o r <NAME> in 
t h e p a r a p h r a s e s t r u c t u r e t o p roduce 

FOR <EMPLOYEE> GIVE ME THE <ATTR1BUTE> 
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T h i s more g e n e r a l c o n s t r u c t i o n r e c o u n t s f o r the 
i npu t s 

FOR PROFESSOR MARTIN DEVJ.NE GIVE ME THE AGE 
FOR EMPLOYEE 2 0 5 - 6 - 1 6 2 0 GIVE ME THE DATE HIRED 

FOR MATH DEPARTMENT SECRETARIES GIVE ME THE SALARY 

* . Con f inement to Subgrammars 

C o n s i d e r pa raph rases o f t h e form " x y z " , 
where t h e model is of t h e form "x S y" and S is a, 
p r o p e r subphrase a s s o c i e t e d w i t h a s y n t a c t i c 
c a t e g o r y <C>. The p a r a p h r a s e r t r a p s t h i s t ype o f 
c o r d i t i o n and asks t h e use r i f y i s a lways a 
pa raph rase o f S o r i s s i m p l y a pa raph rase i n t h e 
c o n t e x t o f x and y . I f t h e use r i n d i c a t e s a 
c o n t e x t deperdern.cy, t h e n p r o c e s s i n g proceeds as 
u s u r l . I f t h e user i n d i c a t e s t h a t y i s a 
pa raph rase o f S i n e v e r y c o n t e x t , t h e n LIFER w i l l 
rnak* y r pa raphrase of £ in t h e subgrammar 
a c c o u n t i n g f o r <C>. The i n f l u e n c e o f t h i s 
p a r a p h r a s e w i l l t h e n b e f e l t eve rywhere t h a t 
c a t e g o r y <C> i s u s e d . (Fo r examp le , see f o o t n o t e 
o f s e c t i o n I I - l . ) 

IV CONCLUDING REMARKS 

D u r i n g the l a s t y e a r , a number o f i n t e r f a c e s 
have been c o n s t r u c t e d u s i n g LIFER, and the response 
f rom use rs has been e n t h u s i a s t i c . I t i s w o r t h 
no t i ng : t h a t i n t e r f a c e s f o r s e v e r a l o f t h e s i m p l e r 
a p p l i c a t i o n s t ook l e s s t h a n a week t o c r e a t e . Most 
o f t hese s i m p l e i n t e r f a c e s were t o s m a l l , 
r e l a t i o n a l d a t a b a s e s . However, i n t e r f a c e s were 
a l s o c o n s t r u c t e d f o r a ta .sk s c h e d u l i n g and r e s o u r c e 
a l l o c a t i n g s y s t e m , a compu te r -based e x p e r t s y s t e m , 
and a program t h a t answers q u e s t i o n s about t h e 
r e l a t j o n s h i p s between p r o c e d u r e s i n a l a r g e body o f 
computer c o d e . 

LIFER has a l s o been used in c r e a t i n g more 
a m b i t i o u s i n t e r f a c e s . One o f t h e s e , d e v e l o p e d w i t h 
s e v e r a l man-months ( b u t n o t s e v e r a l man-yea rs ) o f 
e f f o r t , i s t h e INLAND component o f t h e LADDER 
sys tem d e s c r i b e d b y S a c e r d o t i ( 1 9 7 7 ) . T h i s s y s t e m , 
w h i c h i n c o r p o r a t e s a grammar w i t h o v e r 600 
" p r o d u c t i o n s " and a l e x i c o n w i t h ove r 1000 words 
( r o t to m e n t i o n numbers and numerous coded 
s y m b o l s ) , p r o v i d e s n a t u r a l l anguage access t o a 
r e l a t i v e l y l a r g e c o l l e c t i o n o f d a t a t h a t i s 
d i s t r i b u t e d among m u l t i p l e remote compu te rs on t h e 
ARPA n e t . 

I n summary, t h e e x p e r i e n c e w i t h LIFER 
i n d i c a t e s t h a t g e n u i n e l y u s e f u l n a t u r a l language 
i n t e r f a c e s can b e c r e a t e d and t h a t t h e c r e a t i o n 
p r o c e s s t a k e s c o n s i d e r a b l y l e s s e f f o r t t h a n m i g h t 
be e x p e c t e d . Human e n g i n e e r i n g has p l a y e d a key 
r o l e i n making t h i s p o s s i b l e . The a p p l i c a t i o n o f 
s i m i l a r e n g i n e e r i n g t o more s o p h i s t i c a t e d language 
p r o c e s s i n g t e c h n o l o g y , such a s t h a t deve loped i n 
t h e SRI Speech U n d e r s t a n d i n g P r o j e c t (Wa lke r 1 9 7 6 ) , 
p rom ises t o produce p r a c t i c a l sys tems h a v i n g much 
g r e a t e r f l u e n c y i n t h e i r u s e r ' s n a t u r a l l a n g u a g e . 
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Advantages of a Transformat ional Grammar 
for Question Answering 

Fred J. Damerau 
I B M Corporat ion 

Thomas J. Watson Research Center 
Yo rk town Heights, New York 

A number of researchers in ar t i f ic ia l intel l igence, for 
example, Woods(1975, p.88 f f . ), have asserted that trans­
format ional grammars are not a satisfactory basis on which to 
construct natural language understanding systems, pr imari ly 
because of eff ic iency considerations. The evidence for such 
a claim is by no means strong, Pe t r i ck (1976) , and it can be 
argued that transfer of new theoretical insights into a lan­
guage understanding system based on transformational gram­
mar is fac i l i tated, Plath( 1973). This note shows that a trans­
format iona l parser can also s impl i fy problems of relat ing 
canonical representations of queries to data base representa­
tions. 

Consider a data base consisting of a set of company 
names each wi th an associated list of employees. A natural 
question for such a data base is M How many people does 
company Y employ?" Our grammar produces an underlying 
tree structure whose bracketted terminal string is something 
l ike ( I ) , f rom which a Knuth-style semantic interpreter prod­
uces a LISP form like (2 ) . 

(1 ) ( E M P L O Y (company Y ) ( (how many) person X I ) ) . 
(2 ) ( S I Z E O F ( S E T X ' X I ' ( T E S T F C T X I ( E M P L O Y Y 
1977 ) ) ) ) 

T E S T F C T would trigger extract ion of names f rom the data 
base, SETX would create a set of these names, and S IZEOF 
would determine the cardinal i ty of that set. So far, this is 
simple enough and no d i f f icu l ty arises. The f i rst query sys­
tem we constructed had a small data base of business statis­
tics of large corporat ions, P la th (1973) , Pe t r i ck (1973) . Con­
sider in this context a question l ike "What were GE's 1970 
earnings?". The underlying structure was something l ike ( 3 ) , 
where the semantic interpreter produced a LISP fo rm of 
roughly (4 ) . 

(3 ) ( E Q U A L (the X5 (GROSS GE X5 1970) ) (some 
amount X I ) ) . 
(4 ) ( S E T X ' X I ' ( F O R A T L E A S T 1 'X7 (SETX X5 
( T E S T F C T X 5 (GROSS G E 1970)) ( E Q U A L X 7 X I ) ) ) ) 

F O R A T L E A S T implements the defaul t quant i f ier , and 
T E S T F C T f inds GE 's gross income. This data base also 
contained the tota l , number of employees for each company. 
If we were to ask 

(5 ) How many employees does GE have? 

the system would produce an underly ing structure related to 
( 1 ) , leading to a retr ieval program like ( 2 ) . Unfor tunately, 
we need a retr ieval program l ike ( 4 ) , w i th " E M P L O Y E E " 
substituted for " G R O S S " . We could of course modi fy the 
S I Z E O F funct ion to be sensitive to the data f ie ld it dominates 
and return the set rather than the cardinal i ty of the set in 
appropr ia te cases, but this is aesthetical ly unattract ive 
(al though this is in fact what we did in our very f irst system). 
We could also modi fy our translat ion equations and semantic 
interpreter so as to be sensitive to this si tuat ion. Whi le this 
might be satisfactory in one or two cases, the number of 
special cases can become very large. 

In our present appl icat ion, wh ich is an English query 
system for the planning files of a small c i ty near our labora­

tory, there are many more situations of this k ind . One can 
ask 

(6) In what zone/p lanning a rea / census t r a c t / etc., is parcel 
5 located? 

For each of these questions, the underly ing structure has a 
top level verb of " L O C A T E D " , where the translator wou ld 
prefer " Z O N E " o r " P L A N N I N G A R E A " etc. Aga in , one 
could make the L O C A T E D funct ion sensitive to its argu­
ments, or insert the appropriate equations into the translator, 
but the complexity of either solution is much greater than 
before. 

Transformat ional grammars customari ly have two sets of 
rules, cyclic rules, which apply successively to each level of 
embedding, and postcyclic rules, which apply globally to the 
entire sentence. Our grammar has an addit ional set of rules, 
called string transformations, Plath ( 1974 ) , wh ich apply to 
strings of lexical trees. The transformational parsing pro­
gram calls each of these sets of rules separately. Since the 
parser is basically a tree processor, it can be appl ied, via an 
addit ional set of rules, to underlying structures l ike those for 
(5) and ( 6 ) , and modi fy the structures in such a way that the 
semantic interpreter can produce correct code wi thout data 
base specific modif icat ions. In the case of ( 5 ) , the output of 
the new processing phase, called the precycle, is a structure 
like (3) instead of a structure like (1 ) , w i th a data ident i f ica­
t ion of " E M P L O Y E E " rather than " G R O S S " . At the cost of 
an addit ional call to the t ransformat ional parser, we have 
insulated both the semantic interpreter and the data base 
functions f rom the organization of the data base, conf in ing 
the necessary modif icat ions to a single table of rules. We 
have not yet found a class of structural changes we wished to 
make because of the data base which required more than one 
rule. Therefore, the cost of wr i t ing new rules has been much 
less than the cost of generating new programs for these spe­
cial cases would have been. 

Whi le I am sure other system developers are able to 
solve this general problem, as they must in order to proceed 
in their work , we have nonetheless been pleased to note that 
our decision to use a transformational approach on l inguistic 
grounds has had addit ional benefits on practical grounds. 
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