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PREFACE 

P o r  i v o j  M e l i c h a r  p a r t i c i p a t e d  i n  IIASA J u n i o r  S c i e n t i s t  
P r o g r a m  t h r o e  m o n t h s  d u r i n g  t h e  summer 1 9 7 9 .  T h i s  p a p e r  i s  o n e  
o f  t h e  r e s u l t s  o f  h i s  s t a y  a t  IIASA w h e r e  h e  j o i n e d  t h e  
Yanagement  and T e c h n o l o g y  R e s e a r c h  Area .  H e  was a s s o c i a t e d  
w i t h  t h e  s t u d y  o f  t h e  i m p a c t  o f  s m a l l  scale c o m p u t e r s  o n  
m a n a g e r i a l  t a s k s .  W i t h i n  t h i s  t a s k  t h e  f u t u r e  o f  s o f t w a r e  
d e v e l o p m e n t  h a s  b e e n  i d e n t i f i e d  a s  o n e  o f  p o s s i b l e  b o t t l e n e c k s  
t o  a  h e a l t h y  b a l a n c e  b e t w e e n  c h e a p  h a r d w a r e  a n d  u s e r - f r i e n d l y  
s o f t - w a r e .  N o n p r o c e d u r a l  l a n g u a g e s  a r e  o f t e n  m e n t i o n e d  a s  o n e  
m a j o r  way o f  r e d u c i n g  t h e  p o t e n t i a l  p r o b l e m s .  A c o m p r e h e n s i v e  
s u r v e y  o f  t h i s  f i e l d  seems n o t  s o  f a r  t o  b e  a v a i l a b l e .  The 
p r e s e n t  s u r v e y  on n o n p r o c e d u r a l  c o m m u n i c a t i o n  b e t w e e n  u s e r  a n 3  
a p p l i c a t i o n  s o f t w a r e  is 2 c o n t r i b u t i o n  t o  f i l l  t h i s  g a p .  

L a x e n b u r g , O c t o b e r  1 9 7 9  
G o e r a n  F i c k  





SUMMARY 

The p r e s e n t  pape r  is  a  s u r v e y  o f  n o n p r o c e d u r a l  
communica t ion  between a  u s e r  and a p p l i c a t . i o n  s o f t w a r e  i n  
i n t e r a c t i v e  d a t a  p r o c e s s i n g  s y s t e m s .  I t  i n c l u d e s  a d e s c r i p t i o n  
o f  t.he main f e a t u r e s  o f  i n t e r a c t i v e  s y t e m s ,  a  c l a s s i f i c a t i o n  o f  
p o t e n t i a l  u s c r s  of  a p p l i c a t i o n  s o f t w a r e , a n d  a  d e f i n i t i o n  o f  t h e  
n o n p r o c e d u r a l  i n t e r f a c e .  An a n n o t a t e d  c l a s s i f i c a t i o n  o f  t h e  
main  t y p e s  o f  n o n p r o c e d u r a l  l a n g u a g e s  i s  p r e s e n t e d .  F u t u r e  
t r e n d s  i n  user-computer  i n t e r f a e e s  and p o s s i b l e  d e v e l o p m e n t s  
o f  l a n g u a g e s  f o r  managers  a r e  ment ioned  a s  w e l l .  
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Nonprocedural Communication Petween [Jser 
and Application Software 

Borivoj Yelichar 

1.1 Basic Concepts - -  - 
Advances i n  semiconduetor technology during the  past. 

decade have dramat-ically increased t.he a v a i l a b i l i t y  of low c o s t  
comput-er hardware. Onc of t-he r e s u l t s  of t h i s  expanded 
a v a i l a b i l i t y  has been t h e  development of cheap but powerful 
small sca le  comput.er systems. 

According t o  Fick (1979a) the  power of computer systems 
has more than doubled every two years ,  while the  c o s t  has 
remained cons tant .  W i t h  the "real1 '  c o s t  of computing 
c a p a b i l i t y  dec l in ing ,  it is ,  nonetheless,  apparent t h a t  low 
cost. computer hardware does not necessa r i ly  mean "cheap" 
computing. Computer hardware i s  only one p a r t  of computer 
systems . The other  p a r t  is  software.  Computer software is a  
labor- in tens ive  product,  mainly customized f o r  a  small group of 
use r s  or even fo r  an indiv idual  user (Fick 1979b). Therefore,  
t r a d i t i o n a l  software i s  more expensive than mass-producible 
hardware. There is a  number of probl-ems w i t h  software fo r  low 
c o s t  computer hardware. The main a reas  of problems assoc ia te3  
w i t h  software design,  implementation, and u t i l i z a t i o n  a re  a s  
follows : 

a.  Development of t h e o r e t i c a l  and methodological t.ools 
use fu l  for  software design i n  d i f f e r e n t  f i e l d s  of 
computer app l i ca t ions .  

b. Development of t o o l s  for  software r e a l i z a t i o n  
(programming languages, automatic program genera t ion ,  
program debugging and ve r i f  i c a t i o n ,  e t c . )  . 



c .  Deve lopment  and p r o d u c t . i o n  o f  m e d i a  f o r  s o f t w a r e  
d  i s t . r  i b u t i o n  ( s e m i c o n d u c t o r  r e a d  o n l y  m e m o r i e s ,  
m a g n e t i c  t a p e s ,  , m a g n e t i c  d i s c s ,  p u n c h e d  c a r d s ,  
p u n c h e d  p a p e r  t a p e s ,  b o o k s ,  j o u r n a l s ,  e t c . )  

d .  Development.  o f  means  f o r  c o m m u n i c a t i o n  b e t w e e n  u s e r  
a n d  t h e  a p p l i c a t i o n  s o f t - w a r e  ( i n p u t / o u t p u t  d e v i c e s ,  
communicat . ion  l a n g u a g e s ,  et-c. ) 

I n  t h i s  a r t i c l e  w e  s u r v e y  p r o b l e m s  o f  c o m m u n i c a t i o n  
b e t w e e n  a u s e r  a n d  t h e  a p p l i c a t i o n  s o f t w a r e .  The manner o f  
c o m m u n i c a t i o n  be tween  a u s e r  a n d  t h e  a p p l i c a t i o n  s o f t w a r e  i s  
h i g h l y  d e p e n d e n t  on t h e  method o f  a c c e s s  t o  t h e  c o m p u t e r  
s y s t e m .  I n  r e c e n t  y e a r s  t h e r e  was much d i s c u s s i o n  o f  t h e  i s s u e  
o f  " i n d i r e c t  a c c e s s "  v s .  " d i r e c t  access," e . g . ,  b a t c h  
p r o c e s s i n g  s y s t e m s  v s .  t i m e  s h a r i n g  s y s t e m s .  The communicat  i o n  
b e t w e e n  u s e r  a n d  c o m p u t e r  is  v e r y  s l o w  i n  a  b a t c h  p r o c e s s i n g  
s y s t e m .  The u s e r  c a n  n e i t h e r  i n f l u e n c e  t h e  way o f  r u n n i n g  t h e  
pzogram n o r  i n t e r v e n e  d u r i n g  t h e  r u n n i n g  o f  t h e  p r o g r a m .  
T h e r e f o r e ,  t h e  i s s u e  o f  b a t c h  p r o c e s s i n g  s y s t e m s  vs .  t i m e  
s h a r i n g  s y s t e m s  h a s  b e e n  r e s o l v e d  i n  f a v o r  o f  time s h a r i n g  
s y s t e m s .  T h i s  means  t h a t  c o m m u n i c a t i o n  b e t w e e n  u s e r  a n d  
c o m p u t e r  h a s  a n  i n t e r a c t i v e  n a t u r e .  C u r r e n t  d i s c u s s i o n s  now 
u s u a l l y  assume i n t e r a c t i v e  s y s t e m s  and a r e  d i r e c t e d  t o  f e a t u r e s  
o f  s u c h  s y s t e m s .  

1 . 2  1 n t . e r a c t i v e  S y s t e m s  - -  - 
Many p r o b l e m s  o f  b a t c h  p r o c e s s i n g  s y s t e m s  a r e  overcome by 

t h e  o p p o r t u n i t y  t.o communica te  d i r e c t l y  w i t h  t h e  c o m p u t e r  
t h r o u g h  a n  i n t e r a c t i v e  d i a l o g u e .  However, some new p r o b l e m s  
h a v e  a p p e a r e d  d u r i n g  t h e  p e r i o d  o f  u t i l i z a t i o n  o f  i n t e r a c t i v e  
s y s t e m s .  T h e s e  p r o b l e m s  a r e  b e i n g  b r o a d l y  d i s c u s s e d ,  a n d  
r e q u i r e m e n t s  f o r  b a s i c  f e a t u r e s  o f  i n t e r a c t i v e  s y s t e m s  and  t h e  
b a s i c  p r i n c i p l e s  o f  t h e  i n t e r a c t i v e  d i a l o g u e  a r e  b e i n g  d e b a t e d  
( M i l l e r  and Thomas 1 9 7 7 ,  Watson 1 9 7 6 ,  F i t t e r  1 9 7 9 ,  G a i n e s  a n d  
F a c e y  1 9 7 6 ) .  Here w e  o f f e r  a l i s t  o f  t h e  m o s t  i m p o r t a n t  
f e a t u r e s  o f  i n t e r a c t i v e  s y s t e m s  and  some p r i n c i p l e s  o f  
i n t e r a c t i v e  d i a l o g u e .  Some o f  t h e  f o l l o w i n g  p o i n t s  may b e  a l s o  
r e l e v a n t  t o  a b a t c h  p r o c e s s i n g  ( n o n - i n t e r a c t i v e )  e n v i r o n m e n t ,  
b u t  w e  f o c u s  o n l y  on i n t e r a c t i v e  s y s t e m s .  

a .  S y s t e m s  R e s p o n s e  Time - 
S y s t e m  r e s p o n s e  time i s  t h e  time s p e n t  i n  p r o c e s s i n g  o f  

u s e r ' s  i n p u t  and i n  d i s p l a y i n g  r e s p o n s e . -  The q u e s t i o n  o f  how 
f a s t  o r  s l o w  r e s p o n s e  times s h o u l d  b e  is  a  d i f f i c u l t  o n e .  T h e r e  
i s  no common a g r e e m e n t  a b o u t  t h e  r e q u i r e d  a b s o l u t e  m a g n i t u d e  o f  
t h e  s y s t e m  r e s p o n s e  t ime.  T h e r e  a r e  s e v e r a l  a r g u m e n t s  f o r  f a s t  
r e s p o n s e  times: 

+ human b e i n g  w o r k s  o n  mean o f  two s e c o n d s ;  
+ s l o w  r e s p o n s e  times d e c r e a s e  t h r o u g h p u t ;  
+ l o n g  d e l a y s  a r e  u s u a l l y  d i s r u p t - i v e  a n d  d i s t u r b i n g .  



On t h e  o t - h e r  h a n d ,  a r g u m e n t s  e x i s t  a g a i n s t  f a s t  r e s p o n s e  
times : 

- f a s t  r e s p o n s e  times mean h i g h  i n v e s t m e n t  i n  t h e  s y s t e m ;  
- f o r  more complex  t a s k s  s l o w  r e s p o n s e  times m i g h t  be  

h e l p f u l ;  
- f a s t  r e s p o n s e s  may c a u s e  u s e r s  t o  e x p e c t  l e v e l  o f  

s e r v i c e  a l l  t h e  t i m e .  

I t  h a s  b e e n  o b s e r v e d  t h a t  t .he v a r i a b i l i t y  o f  t h e  s y s t e m  
r e s p o n s e  t i m e  is o n e  o f  t h e  m o s t  d i s t . r e s s i n g  f a c t o r s  f o r  u s e r s .  

R o h l f s  ( 1 9 7 9 )  p r o p o s e s ,  t h a t .  s y s t e m s  s h o u l d  b e  d e s i g n e d  s o  
t h a t  t h e i r  r e s p o n s e  t . i m e  is a d j u s t e d  t o  u s e r ' s  i n d i v i d u a l  
a c t i v i t y  : 

> 1 5  sec i i ~ t o l e r a b l e ,  
> 4 sec t o o  l o n g  i n  m o s t  c a s e s , p o s s i b l y  t o l e r a b l e  a f t e r  

t e r m i n a t i o n  o f  m a j o r  work s t e p ,  
> 2 sec t o o  l o n g  f o r  h i g h  c o n c e n t r a t . i o n  work ,  
< 2 sec n e c e s s a r y  f o r  work c o n s i s t . i n g  o f  more t h a n  o n e  

s t e p ,  
< 1 sec i m m e d i a t e  r e a c t i o n .  

b .  A v a i l a b i l u  a n d  R e l i a b i l i t y  - - 
A c o m p u t e r  s y s t e m  may be  a v a i l a b l e  a t  a n y  t i m e  f o r  u s e r s .  

T h i s  f e a t u r e  would be  r e a l i z e d  by p e r s o n a l  c o m p u t e r s .  S e c a u s e  
t h e  u s e r  w i l l  be unhappy  w i t h  a n y  s y s t e m  p e r f o r m a n c e  e r r o r  o r  
d e g r a d a t i o n  r e g a r d l e s s  o f  good n o r m a l  p e r f o r m a n c e ,  r e l i a b i l i t y  
i s  a l s o  a  v e r y  i m p o r t a n t  f e a t u r e  o f  a n  i n t e r a c t i v e  s y s t e m .  For  
many c o m p u t e r  a p p l i c a t i o n s  a l m o s t  no l o s s  i n  a v a i l a b i l i t y  or 
d e g r a d a t i o n  c a n  be t o l e r a t e d .  

A s o f t w a r e  s y s t e m  i s  u s u a l l y  composed o f  a  v a r y i n g  number 
o f  s u b s y s t e m s .  I t  may be  assumed t h a t  i n  a l l  s u b s y s t e m s  
t e r m i n o l o g y  and o p e r a t i o n s  a r e  a p p l i e d  c o n s i s t e n t l y .  T h i s  
means  t h a t  t h e  i n p u t  l a n g u a g e  o f  e a c h  s u b s y s t e m  is  a n  e x t e n s i o n  
o f  t h e  common b a s e  l a n g u a g e .  T h u s ,  t h e  u s e r  w i l l  l e a r n  t o  u s e  
o n l y  a d d i t i o n a l  f u n c t i o n s  o r  s t a t e m e n t s  when u s i n g  a new 
s u b s y s t e m  and n o t  h a v e  t o  l e a r n  new " f o r e i g n "  l a n g u a g e .  when 
t h e  u s e r  is i n  t r o u b l e ,  h e / s h e  c a n  u s e  h e l p  f u n c t i o n s  i n  a  
s t a n d a r d i z e d  way. 

d .  Adap t . ab i1 i t .y  t o  User p r o f  i c i e n c y  - -- 

T h e  i n t e r f a c e  b e t w e e n  u s e r  and  c o m p u t e r  may b e  o r i e n t e d  t o  
u s e r s  w i t h  d i f f e r e n t  a m o u n t s  o f  knowledge  abou t .  a p a r t i c u l a r  
s u b s y s t e m .  A s o p h i s t i c a t e d  u s e r  may p r e f e r  t o  u s e  m a t h e m a t i c a l  
o r  f o r m a l i z e d  n o t a t i o n  i n  h i s / h e r  d i a l o g u e .  On t h e  o t h e r  h a n d ,  



a  n o v i c e  u s e r  is l i k e l y  t o  p r e f e r  less  f o r m a l i z e d  n o t a t i o n  and 
u s e  s i m ~ l e r  s y s t e m  f u n c t i o n s .  

R e c e n t  s y s t e m s  h a v e  been  o r i e n t e d  t o  u s e r s  w i t h  v a r i o u s  
l e v e l s  o f  p r o f i c i e n c y  by d e s i g n i n g  d i f f e r e n t  l e v e l s  o f  u s e r  
i n t e r f a c e s .  A s  s o o n  a s  t h e  u s e r  becomes more  p r o f i c i e n t ,  
h c / s h o  c a n  u s e  more s o p h i s t i c a t e d  f u n c t i o n s  o r  a  more 
f o r m a l i z e d  i n t e r f a c e .  

e .  I m m e d i a t e  F e e d b a c k  - 

A s y s t e m  may g i v e  t h e  u s e r  f e e d b a c k  f o r  e a c h  o f  h i s / h e r  
r e q u e s t s  by  making  a n  unambiguous  r e s p o n s e .  T h i s  s h o u l d  b e  
s u f f i c i e n t  t o  i d e n t i f y  t h e  a c t i v i t y  o f  t h e  s y s t e m .  I n  
s i t u a t i o ' n s  w h e r e  s y s t e m  r e s p o n s e  times a re  l o n g e r  t h a n  u s u a l ,  
i t  is  h i g h l y  d e s i r a b l e  t o  c o n f i r m  r e c e i p t  o f  t h e  u s e r ' s  command 
i m m e d i a t e l y .  I t  i s  v e r y  u s e f u l  t o  d i s p l a y  t i m e  i n f o r m a t i o n  
( f o r  i n s t a n c e , b y  a  coun tdown c l o c k )  o n  t h e  t e r m i n a l  t o  i n f o r m  
t h e  u s e r  o f  when t h e  c o m p u t e r  w i l l  p r o d u c e  a  r e s p o n s e .  

f  . 0 b s e r v a b i l i t . y  and  C o n t . r o l a b i l i t y  - - -  

A s y s t e m  may b e  r e g a r d e d  a s  a n  a u t o m a t o n .  when t h e  u s e r ' s  
i n p u t  is  p r o c e s s e d ,  t h a n  t h e  f o l l o w i n g  p r o c e s s  is  r e g a r d e d  a s  a  
t r a n s i t i o n  f rom o n e  s t a t e  t o  a n o t h e r .  The  u s e r  c a n  b e  i n f o r m e d  
a b o u t  t h e  c u r r e n t  s t a t e  o f  t h e  s y s t e m .  I t  i s  i m p o r t a n t  t h a t  
t h e  u s e r  f e e l s  i n  c o n t r o l  o f  t h e  s y s t e m ,  a n d  i n  o r d e r  t o  make 
t h i s  c o n t r o l  p o s s i b l e  h e / s h e  mus t  h a v e  k n o w l e d g e  a b o u t  t h e  
c u r r e n t  s t a t e  o f  t h e  s y s t e m .  

gse t h e  User 's  Model 8- ---- 

A l l  p e o p l e  r a t i o n a l i z e  t h e i r  e x p e r i e n c e  i n  t h e i r  own 
terms, a n 3  e a c h  u s e r  w i l l  model  a  c o m p u t e r  sys t .em a c c o r d i n g  t o  
h i s / h e r  e x p e r i e n c e  o f  it.  T h i s  c a n n o t .  b e  p r e v e n t e d  a n d  s h o u l d  
b e  made a s  e a s y  a s  p o s s i b 1 e . A  s y s t e m  s h o u l d  u s e  a  mode l  o f  t h e  
a c t i v i t y  w h i c h  c o r r e s p o n d s  t o  t h a t  o f  t h e  u s e r .  I n t e r a c t i v e  
d i a l o g u e  s h o u l d  r e s e m b l e  a  c o n v e r s a t i o n  b e t w e e n  t w o  u s e r s  
a c c e p t i n g  t h e  same m o d e l .  G i v e n  t h a t  w e  c a n  somehow d e t e r m i n e  
t h e  u s e r ' s  model  w e  s h o u l d  make t h e  u n d e r l y i n g  p r o c e s s e s  
r e f l e c t  i t ,  and d e s i g n  t h e  d i a l o g u e  t o  r e v e a l  it a s  c l e a r l y  a s  
p o s s i b l e .  

h.  V a l i d a t i o n  - 

A l l  i n p u t  commands and d a t a  m u s t  be  v a l i d a t e d  by c h e c k i n g  
s y n t a x ,  s e m a n t i c s ,  a n d ,  i f  p o s s i b l e ,  v a l u e s .  The  s y s t e m  rnust  
c l e a r l y  i n f o r m  t h e  u s e r  abou t .  e r r o r s  and  a m b i g u i t . i e s  i n  i n p u t  
d a t a  and let.  t h e  u s e r  u p d a t e  t h o s e  i n  q u e s t i o n  b e f o r e  t h e  
s y s t e m  a c t s  upon them. 



i .  q u e r y - i n - d e p t h  - 

I n f o r m a t i o n  and  t u t o r i a l  a n d  h e l p  m a t e r i a l  c a n  be  d i v i d e d  
a c c o r d i n g  t o  p o s s i b l e  u s e r  r e q u e s t s  a n d  a c c e s s e d  by t h e  u s e r  
t h r o u g h  a  simple u n i f o r m  mechanism.  

T h e r e  w i l l .  n e v e r  be  e n o u g h  p r o f e s s i o n a l  p r o g r a m m e r s  a n d  
s y s t e m  d e v e l o p e r s  t o  b u i l d  a l l  t h e  t o o l s  t h a t  u s e r s  m a y d e s i r e  
f o r  t h e i r  work.  T h e r e f o r e ,  it s h o l d  b e  p o s s i b l e  f o r  u s e r s  t o  
a d d  new t o o l s  o r  e x t e n d  t h e  i n t e r f a c e  f u n c t i o n s .  

k .  W r i t t e n  D o c u m e n t a t i o n  - 

I n  some c a s e s  i t  i s  n e c e s s a r y  t o  p r o d u c e  h i g h - q u a l i t y  
d o c u m e n t s  a s  a  r e s u l t  o f  t e r m i n a l  i n t e r a c t i o n .   his is  
e s p e c i a l l y  t r u e  f o r  t e x t  p r o c e s s i n g .  

1. S y s t e m  A c t i v i t i e s  - 
To m a i n t a i n  r e c o r d s  o f  s y s t e m  p e r f o r m a n c e  a n d  u s e r ' s  

a c t i v i t i e s ,  it is n e c e s s a r y  t o  e v a l u a t e  a n d  i m p r o v e  t h e  
b e h a v i o r  o f  t h e  s y s t e m .  

I n t e r f a c e  -- b e  t w e e n  t h e  - User a n d  - So£ t w a r e  

The  n a t u r e  o f  a  u s e r - a p p l i c a t i o n  s o f t w a r e  i n t e r f a c e  i s  
m a i n l y  d e t e r m i n e d  by t h e  medium u s e d  f o r  c o m m u n i c a t i o n .  A s  
b a s i c  m e d i a  f o r  t h i s  c o m m u n i c a t i o n  w e  c a n  u s e  

-- a l p h a n u m e r i c  t - e x t s ,  o r  
-- g r a p h i c s .  

More a d v a n c e d  m e d i a  f o r  c o m m u n i c a t i o n , s u c h  a s  s p e e c h ,  e y e  
movement,  b r a i n  wave c o n t r o l ,  a n d  h a n d  w r i t t e n  s c r i p t  (Watson  
1 9 7 6 ) ,  a r e  b e i n g  r e s e a r c h e d .  

I n  t h i s  s u r v e y  w e  f o c u s  o n  a l p h a n u m e r i c  t e x t s  a s  a  medium 
f o r  u s e r - c o m p u t e r  c o m m u n i c a t i o n .  I t  is s u p p o s e d ,  t h a t  a  u s u a l  
k e y b o r d  and a l p h a n u m e r i c  d i s p l a y  ( w i t h / w i t h o u t  h a r d c o p y )  a r e  
a v a i l a b l e  f o r  t h e  u s e r .  

The  u s e r - s o f t w a r e  i n t e r f a c e  h a s  two  s i d e s  (Watson  1 9 7 6 ,  
S p r a g u e  1 9 7 9 )  : 

-- t h e  i n p u t  s i d e  by w h i c h  t h e  u s e r  i n p u t s  i n f o r m a t i o n  by 
means  o f  a n  a c t i o n  l a n g u a g e ;  

-- t h e  o u t p u t  s i d e  by w h i c h  t -he  c o m p u t e r  p r o v i d e s  f e e d b a c k  
a n 3  o t h e r  a s s i s t a n c e  t o  t h e  u s e r  by means  o f  a  s e r e e n  
l a n g u a g e .  



F i r s t  l e t  u s  s u r v e y  t h e  a c t i o n  l a n g u a g e s .  A wide r a n g e  of 
a c t i o n  l a n g u a g e s  have been d e s i g n e d  t o  accommodate t h e  v a r i e t y  
o f  u s e r s .  The s e l e c t . i o n  of  a  p a r t i c u l a r  a c t - i o n  l anguage  
determines t h e  communicat ion mode t h a t .  is  used .  We c a n  c l a s s i f y  
a c t i o n  l a n g u a g e  and/or  communicat ion modes a s  f o l l o w s :  

low l e v e l  m a c h i n e - l i k e  programming l a n g u a g e s ,  
h i g h  l e v e l  u n i v e r s a l  programming l a n g u a g e s ,  
h i g h  l e v e l  programming l a n g u a g e s  w i t h  embedded new 
s y n t a x  and s e m a n t i c  fo rms  (Such l a n g u a g e s  c a n  be used  
a s  s p e c i a l  p u r p o s e  l a n g u a g e s .  ) , 
s e l f  c o n t a i n e d  s p e c i a l  p u r p o s e  l a n g u a g e s ,  
answer  l a n g u a g e s ,  
command l a n g u a g e s ,  
q u e r y  l a n g u a g e s ,  
n a t u r a l  l a n g u a g e s , a n d  
two-d imens iona l  p o s i t i o n a l  l a n g u a g e s .  

T h i s  c l a s s i f i c a t i o n  o f  communicat ion modes f o l l o w s  t h e  
r a n g e  a v a i l a b l e  f rom t h e  a r t i f i c i a l  mach ine -o r i en t ed  l a n g u a g e s  
t o  t h e  n a t u r a l  human-oriented l a n g u a g e s .  

Because  5 i v e r s i t . y  o f  u s e r  t y p e s  may r e q u i r e  a  s p e c t r u m  o f  
communicat ion modes, i t  i s  v e r y  i m p o r t a n t  d u r i n g  s o f t w a r e  
deve lopment  and i m p l e m e n t a t i o n  t o  select  communicat ion modes 
which a r e  a p p r o p r i a t e  t o  t h e  e n d - u s e r s .  

Accord ing  t o  Sehneiderman (1978)  w e  can  c a t e g o r i z e  u s e r s  
w i t h  r e s p e c t .  t o  t h e i r  s k i l l s ,  f r e q u e n c y  o f  u s i n g  a p p l i c a t . i o n  
s o £  t w a r e ,  and a c c o r d i n g  t o  t h e i r  p r o f e s s i o n a l  f i e l d s  a s  
f o l l o w s  : 

a .  Nan- t r a ined  - i n t e r m i t t e n t  u s e r s  who i n f r e q u e n t l y  u s e  
a p p l i c a t i o n  s o f t w a r e .  The u s e r  f rom t h i s  c a t e g o r y  i s  
c a l l e d  a  " c a s u a l  u s e r "  (Codd 1977)  o r  " g e n e r a l  u s e r "  
(Miller and Thomas 1 9 7 7 ) .  These  p e o p l e  a r e  n o t  
computer  p r o f e s s i o n a l s ,  have no s y n t a c t i c  knowledge,  
and have l i t t l e  knowledge o f  t h e  a p p l i c a t i o n  s o f t w a r e  
o r g a n i z a t i o n .  A t  t h e  same t i m e  i t  is  assumed,  
however ,  t h a t  t h e s e  u s e r s  have sound p r o f e s s i o n a l  
knowledge i n  t h e i r  f i e l d s  and,  t h e r e f o r e ,  t h a t  t h e  
s y s t e m  s h o u l d  a l l o w  them t o  e x p r e s s  t h e m s e l v e s  i n  t h e  
t e r m i n o l o g y  of  t h e i r  r e s p e c t i v e  p r o f e s s i o n a l  f i e l d s  
(Lehmann, 1 9 7 8 ) .  

b. S k i l l e d  f r e q u e n t  u s e r s  who make d a i l y  u s e  o f  
a p p l i c a t i o n  s o f t w a r e .  These  u s e r s  c a n  l e a r n  a  s i m p l e  
s y n t a x  of communicat ion a c t i o n  l a n g u a g e ,  b u t  t h e y  a r e  
more i n t e r e s t e d  i n  t h e i r  own work t h a n  i n  computer  
programming. T h i s  c a t e g o r y  i n c l u d e s  s k i l l e d  
s e c r e t a r i e s ,  e n g i n e e r s ,  managers ,  e te .  

c .  P r o f e s s i o n a l  u s e r s  whose main r o l e  i s  t o  d e v e l o p  and 
m a i n t a i n  t h e  a p p l i c a t i o n  s o f t w a r e .  They a p p l y  t h e i r  
l o n g  e x p e r i e n c e  and a c c e p t  s u b s t a n t i a l  t r a i n i n g  and 
a r e  conce rned  w i t h  t h e  e f f i c i e n c y  and t h e  q u a l i t y  o f  
t h e  computer  syst.em work. T h i s  c a t e g o r y  i n c l u d e s  d a t a  
b a s e  a d m i n i s t r a t - o r s ,  s o f t w a r e '  sy s t em programmers ,  
e t c .  



Although programming and communicat ion w i t h  a  computer  i n  
h i g h  l e v e l  programming l a n g u a g e s  l i k e  qLGOL, W R T R A N ,  COBOL, 
PL/1 and PASCAL a r e  a  major  advance ove r  e a r l i e r  methods  
(proqramming i n  t h e  mach ine - l i ke  low l e v e l  proqramming 
l a n g u a g e s )  , s u c h  l a n g u a g e s  a r e  not  s u f f i c i e n t  f o r  c u r r e n t  and 
f u t u r e  s o f t w a r e ,  g i v e n  a  c h e a p  hardware .  With t h e  g r e a t  
d i f f u s i o n  of  c h e a p  computer  ha rdware  it is  e x p e c t e d  t h a t  t h e  
c a t e g o r i e s  o f  t h e  n o n - t r a i n e d  i n t e r m i t t e n t  and t h e  s k i l l e d  
f r e q u e n t  u s e r s  w i l l  expand v e r y  r a p i d l y .  These  u s e r s  w i l l  have  
l i t t l e  o r  no d a t a  p r o c e s s i n g  background.  For s u c h  p e o p l e  it i s  
v e r y  ha rd  and v e r y  time consuming t o  l e a r n  a  method o f  
c o n s t r u c t i o n  and d e s c r i p t i o n  of a n  a l g o r i t h m  i n  programming 
p r o c e d u r e  o r i e n t e d  l a n g u a g e s .  T h e r e f o r e ,  it is  h i g h l y  d e s i r a b l e  
t o  make it p o s s i b l e  f o r  such  c a t e g o r i e s  o f  u s e r s  t o  communicate 
w i t h  a n  a p p l i c a t i o n  s o f t w a r e  i n  a  non-p rocedura l  manner.  

The re  is v e r y  s t r o n g  i n t e r e s t  i n  t h e  deve lopmen t  o f  non- 
p r o c e d u r a l  l a n g u a g e s  n o t  o n l y  t o  f a c i l i t a t e  communica t ion  
be tween  t h e  u s e r  and t h e  a p p l i c a t i o n  s o f t w a r e ,  b u t  a l s o  from 
t h e  p o i n t  o f  v iew o f  a p p l i c a t i o n  sof t -ware  i m p l e m e n t a t i o n .  

h c c o r d i n g  t o  Winograd (1979)  it is u s e f u l  t o  d i s t i n g u i s h  
t h r e e  t y p e s  of s p e c i f i c a t i o n s  o f  c o m p u t a t i o n a l  p r o c e s s e s :  

a .  Program s p e c i f i c a t i o n .  A f o r m a l  s t r u c t . u r e  which c a n  be 
i n t e r p r e t e d  a s  a  set  o f  i n s t r u c t i o n s  f o r  a  g i v e n  
compu te r .  T h i s  is t h e  i m p e r a t i v e  s t y l e  o f  t r a d i t i o n a l  
p r o c e d u r e  o r i e n t e d  programming l a n g u a g e s .  

b .  R e s u l t  s p e c i f i c a t i o n .  A p r o c e s s - i n d e p e n d e n t  
s p e c i f i c a t i o n  o f  t h e  r e l a t i o n s h i p  between t h e  i n p u t s  
( o r  i n i t i a l  s t a t e )  , i n t e r n a l  v a r i a b l e s ,  and o u t p u t s  
( o r  r e s u l t i n g  s t a t e )  o f  t h e  program. 

c .  S e h a v i o r  s p e c i f i c a t i o n .  A f o r m a l  d e s c r i p t . i o n  of  t h e  
t i m e - c o u r s e  of a c t i v i t y  o f  a  compu te r .  Any s u c h  
d e s c r i p t i o n  selects  c e r t a i n  f e a t u r e s  o f  t h e  machine 
s t a t e  and a c t i o n  w i t h o u t  s p e c i f y i n g  i n  f u l l  d e t a i l  
t h e  mechanisms which g e n e r a t e  t h e s e .  

I f  w e  a t t e m p t  t o  a n a l y z e  a n  a l g o r i t h m ,  w e  can  r e g a r d  it a s  
c o n s i s t i n g  of two components  (Rowa l sk i  1 9 7 9 ) ,  a  

-- l o g i c  component ,  which  s p e c i f i e s  t h e  knowledge t o  be 
used  i n  s o l v i n s  t-he p rob lem and a  

-- c o n t r o l  compon<nt,  which d e t e r m i n e s  t.he p rob lem s o l v i n g  
s t r a t e g y  by means o f  which t h e  knowledge w i l l  be  used .  

An a l g o r i t h m  f o r  comput ing  f a c t o r i a l s  o f f e r s  a  s i m p l e  
example .  The d e f i n i t i o n  o f  a  f a c t o r i a l  c o n s t i t u t e s  t h e  l o g i c  
component of  t h e  a l g o r i t h m :  

1 i s  t h e  f a c t o r i a l  o f  3; 
u  i s  t h e  f a c t - o r i a l  o f  x  i f  v  i s  t h e  f a c t o r i a l  o f  x-1 and u  

i s  v  times x. 



T h i s  is a  r e s u l t  s p e c i f i c a t . i o n  o f  t h e  c o m p u t a t i o n a l  
p r o c e s s  ( t h e  k n o w l e d g e  w h i c h  c a n  b e  u s e d  t o  c o m p u t e  t h e  
f a c t o r i a l ) .  

For  c o m p a r i s o n  we i n t r o d u c e  a p r o c e d u r e  i n  ALG3L 69  a s  a  
p r o g r a m  s p e c i f i c a t i o n  t .o  c o m p u t e  t h e  f a c t o r i a l .  

p r o c e d u r e  f a c t o r i a l  ( x ) ;  v a l u e  x ;  i n t e g e r  x ;  

i f  x  = 0 t h e n  f a c t o r i a l  : = 1 e l se  
f a c t - o r i a l  : = f a c t o r i a l  (x-1)  * x ;  

I n  t h i s  p r o c e d u r e  t h e  l o g i c  c o m p o n e n t  is  b l e n d e d  w i t h  t h e  
c o n t r o l  c o m p o n e n t .  

A c c o r d i n g  t.o M c C r a c k e n ' s  ( 1 9 7 8 )  i d e a s ,  w e  c a n  c h a r a c t e r i z e  
n o n - p r o c e d u r a l  l a n g u a g e s  as  f o l l o w s :  

a .  The  u s e r  c a n n o t  t ake  a n y  care o f  s t o r i n g  d a t a .  
D e c i s i o n s  t h a t .  r e l a t e  o n l y  i n d i r e c t l y  t o  t h e  
c a l c u l a t i o n  a re  c o n s i d e r e d  t o  b e  p a r t  o f  t h e  i n t e r n a l  
f u n c t i o n i n g  o f  t h e  s y s t e m .  T h e s e  i n c l u d e  d e c i s i o n s  
a b o u t  i n t e r n a l  r e p r e s e n t . a t i o n  o f  n u m b e r s  ( f i x e d  
p o i n t ,  f l o a t i n g  p o i n t ,  o c t a l ,  d e c i m a l ) ,  d i m e n s i o n s  o f  
q u a n t i t i e s  t h a t  o c c u r  o n l y  a s  i n t e r m e d i a t e  r e s u l t s ,  
i n p u t  and  o u t p u t  f o r m a t s ,  etc. The  r e p r e s e n t - a t i o n  o f  
d a t a  is s e l e c t e d  b y  t h e  s y s t e m  i t s e l f ,  a n d  t h e  
d e s c r i p t . i o n  o f  t h e  d a t a  r e p r e s e n t a t i o n  is s t o r e d  w i t h  
t h e  d a t . a .  T h i s  is c a l l e d  d a t a  i n d e p e n d e n c e .  

b .  The  u s e r  c a n n o t  t e l l  t h e  c o m p u t e r  -- how - t o  - d o  a p r o c e s s  
t .o  o b t a i n  d e s i r a b l e  r e s u l t s - R a t h e r ,  h e  t e l l s  t.he 
c o m p u t e r  o n l y  - what  - h e  -- w a n t s .  T h i s  m e a n s  t h a t  u s e r  
i n p u t .  d o e s  n o t  i n v o l v e  t h e  l o o p s  a n d  b r a n c h e s  w h i c h  
make u p  most. o f  t h e  c o m p u t . a t i o n a 1  s t e p s  i n  a p r o g r a m  
w r i t . t . e n  i n  p r o c e d u r a l  l a n g u a g e .  T h i s  w e  c a n  c a l l  
c o n t r o l  i n d e p e n d e n c e .  

A s  a n  i l l u s t . r a t i o n  o f  t h e  n o n - p r o c e d u r a l  a p p r o a c h  h e r e  i s  
a  q u e r y  on  t h e  d a t a  s t o r e d  i n  a  3 a t . a  b a s e .  

RETRIEVE (AGE>40 AND < 6 5 )  .AND SALARY > 3 , 9 0 0 ;  
F9R EACH 

I F  WEIGST > TABLE (HEIGHT -50)  
T H Z N  SET OVERWEIGHT = "TPCJF" 
PENSION = sALARY/3; 
ELSE SST PENSION = S A L ~ ? Y / ~ ;  

On t h e  bas i s  o f  t h e  i d e a s  m e n t i o n e d  a b o v e  w e  c a n  g i v e  a 
w o r k i n g  dc:f i n i t i o n  o f  n o n - p r o c e d u r a l  l a n g u a g e :  

I n  a n o n - p r o c e d u r a l  l a n g u a g e  t - h e  c o m p u t a t i o n a l  p r o c e s s  i s  
s p e c i f i e d  by t h e  d e s i r e d  r e s u l t  ( o r  b e h a v i o r ) .  T h i s  
s p e c i f i c a t i o n  i s  d a t a  i n d e p e n d e n t  a n d  c o n t r o l  i n d e p e n d e n t .  

W e  s h a l l  c o n s i d e r  a s  a n o n - p r o c e d u r a l  o r i e n t e d  l a n g u a g e  
s u c h  a  l a n g u a g e  w h i c h  d o e s  n o t  f u l l y  s a t i s f y  a l l  c o n d i t . i o n s  o f  
t h c  d e f i n i t i o n  o f  t h e  n o n - p r o c e d u r a l  l a n g u a g e ,  b u t  w h i c h  d o e s  
n o t  r e q u i r e  p r o g r a m  s p e c i f i c a t i o n .  



From t h e  c l a s s i f i c a t i o n  o f  communica t ion  modes l i s t e d  
above  w e  c a n  c o n s i d e r  answer  l a n g u a g e s ,  command l a n g u a g e s ,  
q u e r y  l a n g u a g e s ,  n a t u r a l  l a n g u a g e s ,  two-d imens iona l  p o s i t i o n a l  
l a n g u a g e s ,  and p a r t l y  s p e c i a l  p u r p o s e  l a n g u a g e s  a s  non- 
p r o c e d u r a l  o r i e n t - e d  a c t i o n  l a n g u a g e s .  

I n  t h e  n e x t  s e c t i o n  w e  i n t r o d u c e  an  a n n o t a t e 3  
c l a s s i f i c a t i o n  and g i v e  examples  o f  non-p rocedura l  a c t i o n  
l a n g u a g e s  a v a i l a b l e  f o r  t h e  communicat ion be tween  n o n - t r a i n e d  
i n t e r m i t t e n t  o r  s k i l l e d  f r e q u e n t  u s e r s  and a p p l i c a t i o n  
s o £  t w a r e .  

Communication i n  t h e  d i r e c t i o n  from t h e  s y s t e m  t o  t h e  u s e r  
i s  r e a l i z e d  by means o f  s c r e e n  l a n g u a g e s .  

The d e s c r i p t i o n  o f  t h e  main f e a t u r e s  o f  t h e  s c r e e n  
l a n g u a g e s  is  c o n t a i n e d  i n  t h e  t h i r d  s e c t i o n .  

2 .  Nonprocedura l  O r i e n t e d  A c t i o n  Languaqes - 

I n  t h e  l a s t  s e c t i o n  w e  began t o  d e f i n e  t h e  c o n c e p t  o f  
n o n p r o c e d u r a l  a c t i o n  l a n g u a g e s  and s k e t c h e d  t h e  a rgumen t s  f o r  
u s i n g  them f o r  u s e r - a p p l i c a t i o n  s o £  t w a r e  communicat ion.  I n  t h i s  
s c c t . i o n  w e  s h a l l  g i v e  t h e  b a s i c  c h a r a c t e r i s t i c s  o f  e a c h  
l a n g u a g e  t y p e  and i n t r o d u c e  examples  o f  them. L i t e r a t u r e  
r e f e r e n c e s  were c h o s e n  t o  p r o v i d e  examples  o f  r e l e v a n t  
c o n c e p t s ,  b u t  t h e  number o f  r e f e r e n c e s  i s  d e l i b e r a t e l y  low. 
T h i s  s e c t i o n  is s t r u c t u r e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  l i s t  o f  
t h e  l a n g u a g e  t y p e s :  

a )  answer l a n g u a g e s ,  
b )  command l a n g u a g e s ,  
C )  q u e r y  l a n g u a g e s ,  
d )  n a t u r a l  l a n g u a g e s ,  
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 )  two-d imens iona l  p o s i t i o n a l  l a n g u a g e s .  

2 . 1  Answer Lanquaqes  - - - 
Answer l a n g u a g e  is t h e  set o f  words ,  p h r a s e s ,  o r  

s e n t e n c e s ,  which may h e  used t o  answer  q u e s t i o n s  a sked  by t h e  
compu te r .  T h i s  t y p e  o f  l a n g u a g e  w e  i n t r o d u c e  f i r s t ,  b e c a u s e  it 
i s  t h e  s i m p l e s t .  l a n g u a g e  f o r  t h e  user-computer  communicat ion.  

The answer l a n g u a g e s  used a s  a c t i o n  l a n g u a g e s  a r e  v e r y  
c l o s e l y  r e l a t e d  t o  s c r e e n  l a n g u a g e s .  The s c r e e n  l a n g u a g e  i n  
t h i s  c a s e  c o n t a i n s ,  among o t h e r s ,  t h e  s e t  o f  q u e s t i o n s  which 
a r e  asked  and which t.he u s c r  is  o b l i g e d  t o  answer .  With r e s p e c t  
t o  t h e  c o m p l e x i t y  of  a n s w e r s  w e  c a n  d i v i d e  t h e  a c t i o n  answer  
l a n g u a g e s  i n t o  t h e  f o l l o w i n g  t y p e s :  



a .  b i n a r y  a n s w e r  l a n g u a g e ,  
b .  menu s e l e c t . i a n  s y s t e m s ,  
c .  i n s t r u c t i o n  a n d  r e s p o n s e  s y s t e m s ,  
d .  d i s p l a y e d  f o r m a t  s y s t e m s .  

B i n a r y  a n s w e r  l a n g u a g e  is  composed o f  two a n s w e r s ,  YES a n 3  
N O ,  o f  t .en r e p r e s e n t e d  by t h e i r  a b b r e v i a t i o n s  ( f o r  e x a m p l e  Y ,  
N )  - 

The b i n a r y  a n s w e r  l a n g u a g e s  a r e  u s e d  i n  s o f t w a r e  s y s t e m s  
i n  w h i c h  t h e  i n t e r n a l  s t r u c t u r e  c o r r e s p o n d s  t o  a  b i n a r y  
o c i e n t e d  g r a p h .  I n  t h e  b i n a r y  o r i e n t e d  g r a p h  two o r i e n t e d  
b r a n c h e s  l e a v e  e a c h  e d g e .  E d g e s  c o r r e s p o n d  t o  s t a t e s  o f  t h e  
s y s t e m ,  and i n  e a c h  s u c h  s t a t e  t h e  s y s t e m  a s k s  a q u e s t i o n ,  and 
a c c o r d i n g  t o  t h e  a n s w e r  (NO o r  YES) t h e  f i r s t  o r  t h e  s e c o n d  
b r a n c h  is s e l e c t e d  by w h i c h  t o  d e p a r t  f r o m  t h e  e d g e  a n d  r e a c h  a 
new o n e .  The  b i n a r y  a n s w e r  l a n g u a g e  is  u s e d  a s  a n  a c t i o n  
l a n g u a g e  m a i n l y  i n  simple s y s t e m s  l i k e  c o m p u t e r  games .  

A s  a n  e x a m p l e  w e  u s e  t h e  p o p u l a r  game B l a c k  J a c k  (Thompson 
a n d  R i t c h i e  1 9 7 5 ) .  The d e a l e r  ( s i m u l a t e d  by c o m p u t e r )  m i g h t  
a s k  t h e  f o l l o w i n g  q u e s t i o n s :  

N e w  game? 
Y i t ?  
I n s u r a n c e ?  
S p l i t  p a i r ?  
Double  down? 

E a c h  q u e s t i o n  is  a n s w e r e d  by YES o r  NO. 

From t h e  a b o v e  d e s c r i p t . i o n  it is c lear  t h a t  b i n a r y  a n s w e r  
l a n g u a g e  may be  u s e d  o n l y  i n  s y s t e m s  i n  w h i c h  a  l i m i t e d  number 
o f  q u e s t i o n s  may b e  a s k e d .  

I n  t h e  case when t h e  a n s w e r s  YES o r  NO a r e  n o t  s u f f i c i e n t  
f a r  a n s w e r i n g  a l l  q u e s t i o n s ,  w e  c a n  u s e  a  menu s e l e c t i o n  s y s t e m  
( n - a r y  a n s w e r  l a n g u a g e )  . 

I n  a  menu s e l e c t i o n  sys t .em t h e  set  o f  p o s s i b l e  a n s w e r s  t o  
e a c h  q u e s t i o n  is  d e f i n e d .  E a c h  set o f  a n s w e r s  m u s t  b e  f i n i t e ,  
a n d  f rom a  p r a c t i c a l  p o i n t  o f  v i e w  s h o u l d  b e  a  s m a l l  c a r d i n a l  
number .  

The set o f  a n s w e r s  t o  a  p a r t i c u l a r  q u e s t i o n  i s  c a l l e d  t h e  
"menu". T h e r e  a r e  t.wo ways f o r  p r e s e n t a t i o n '  o f  t h e  inenu t o  t h e  
u s e r .  F i r s t ,  t h e  d e f i n i t i o n  o f  t h e  menu f o r  e a c h  q u e s t i o n  may 
b e  c o n t a i n e d  i n  t h e  d e s c r i p t i o n  o f  t.he s o f t w a r e  sys t .em,  a n d  t h e  
u s e r  is  t -hus  o b l i g e d  t-.o l e a r n  t h e s e  menus b e f o r e  u s i n g  t h e  
s y s  t . e m .  

Much be t . t . e r  is t -he  s e c o n d  way, i n  w h i c h  t h e  menu is  
c o n t a i n e d  i n  t h e  q u e s t . i o n  a s k e d .  T h i s  method f u l f i l s  a  number 
o f  i m p o r t a n t .  f u n c t i o n s .  T h e  u s e r  n e e d  n o t  l e a r n  t h e  mFnus f o r  
a l l  p o s s i b l e  q u e s t i o n s ,  i f  a  r e p c t - o i r e  o f  a n s w e r s  f rom w h i c h  t o  



c h o o s e  is p r o v i d e d  t o  t h e  u s e r  a s  a  p a r t  o f  t h e  q u e s t i o n .  With 
t h i s  method t h e  u s e r  may n o t  remember t h e  a n s w e r s  o r  may n o t  be  
aware  o f  t h e  e x i s t e n c e  o f  p o s s i b l e  a n s w e r s .  

Menu s e l e c t i o n  s y s t e m s ,  a n a l o g o u s l y  t o  b i n a r y  answer  
l a n g u a g e s ,  a r e  used i n  s o f t w a r e  s y s t e m s  i n  which t h e  i n t e r n a l  
s t r u c t u r e  c o r r e s p o n d s  t o  a n  o r d i n a r y  o r i e n t e d  g raph .  I n  such  a  
g r a p h  a  v a r y i n g  number o f  b r a n c h e s  l e a v e  f rom e a c h  edge .  Each 
b r a n c h  e o r r e s p o n d s  t o  o n e  p o s s i b l e  answer  t o  t h e  q u e s t i o n  which 
c o r r e s p o n d s  t o  t h e  edge  f rom which t h e  b r a n c h  is  l e a v i n g .  

A s  an  example  w e  use  some menus f rom T e i t e l m a n  ( 1 9 7 9 ) .  I n  
t h i s  papk r  is d e s c r i b e d  a  s y s t e m  which  p r o v i d e s  t h e  u s e r  
a s s i s t a n c e  i n  t h e  deve lopmen t  o f  p rog rams .  A s  a  p a r t  o f  t h e  
u s e r  i n t e r f a c e  t h e  menu s e l e c t i o n  s y s t e m  i s  used .  

I n  t h i s  s y s t e m ,  f o r  example ,  t h e  f o l l o w i n g  q u e s t i o n  may be  
a s k e d :  

MENUS : WINDOW 
DOCUMENT 
E D I T  
LOOK 
Y I  STORY 
BREAK 
OPERATIONS 

( T h i s  menu is used  t o  select f u r t h e r  menus.) 

WINDOW: READ 
MOVE 
GROW 
SHRINK 
PUT ON TOP 
PUT ON BOTTOM 
K I L L  
MAKE INVISIBLE 

E D I T :  INSERT 
APPEND 
DELETE 
REPLACE 
MOVE ---- > 
<---- 
DONE 

Q u e s t i o n s  w i t h  menus a r e  d i s p l a y e d  o n  a  s c r e e n ,  and  t h e  
u s e r  c a n  se lect  an  answer  by means o f  t h e  c u r s o r .  

When t h e  number o f  a n s w e r s  t o  a  p a r t i c u l a r  q u e s t i o n  grows ,  
i t  is i n e f f i c i e n t  ( o r  some t imes  i m p o s s i b l e )  t.o d i s p l a y  a l l  
p o s s i b l e  a n s w e r s  a s  a  p a r t  o f  t h e  q u e s t i o n .  W e  meet s u c h  a  
s i t u a t i o n  i f  t h e  answer  c o n t a i n s  a  number. I n  such  c a s e s  w e  may 
u s e  an i n s t r u c t i o n  and r e s p o n s e  syst.em. 

I n  an i n s t r u c t i o n  and r e s p o n s e  s y s t e m  an e x p l a n a t i o n  o f  
t h e  con t . en t  of  an answer  i s  a p a r t  p f  t h e  q u e s t i o n .  The 



f o l l o w i n g  e x a m p l e  o f  a n  i n s t r u c t i o n  a n d  r e s p o n s e  d i a l o g u e  i s  
f r o m  B e b d i t c h  ( 1 9 7 9 ) .  

ORDER OR CREDIT? 0 
CUSTOMER NUMBER? 8 4 8 9 2 3  
CUSTOMER I S  BROWN'S STATIONERS LTD 

H I G F !  STREET 
W AT FORD 

PLEASE CONFIRM (Y/N)? Y 
DELIVERY ADDRYSS I S  AS ABOVE 
PLEASE CONFIRM ( Y / N ) ?  Y 
ORDER NUMBER? 77 /34  
DISCOUNT? 1 2 . 5  
***12 .5  PERCENT I S  HIGHER THAN NORYAL TERMS 
PLERSE CONFIRY BY RE-ENTRY? 1 2 . 5  
ENTER PRODUCT CODE. QUANTITY ( E N D  AFTER LAST ITEM) 
?B04 ,24  24 DOZ PENCILS (HR) 
? A 6 8 , 1 0  1fl REAMS BANK PAPER 
? R 6 1 , 3 6  BALL-POINT PENS 
***36 DOZ I S  ABNORMAL QUANTITY FOR THIS ITEM. PLEASE CONFIRM 
? B 6 1 , 3  3 DO2 BALL-POINT PENS (BLUE) 
? Z 1 5 , 1  1 DISPLAY STAND (BALL-POINT PENS) 
?END ORDER COMPLETED ( 4  ITEMS) 
DO YOU WISH TO SEE INVOICE PRIQR TO PRINTING (Y/N)? Y 

I n  s y s t e m s ,  w h i c h  r e q u i r e  a f i x e d  f o r m a t  o f  a n  a n s w e r ,  t h e  
description o f  t h e  f o r m a t  may b e  c o n t a i n e d  i n  t h e  q u e s t i o n .  
S u c h  a s y s t e m  is c a l l e d  a d i s p l a y e d  f o r m a t  s y s t e m .  

T h e  f o l l o w i n g  s i m p l e  a n d  s e l f  e x p l a n a t o r y  example 
(T-Iebdit-ch 1 9 7 9 )  s h o w s  t .he q u e s t i o n  w i t h  t h e  f o r m a t  d e s c r i p t i o n  
a n d  a n s w e r .  

BOOK ORDER 

ENTER AUTYOR / TITLE / PUBLISBER / ISEM / N 3 .  OF COPIES / 
CUSTOMER NAME / CUSTOMER ADDRESS / POST 09 COLLECT? 

HEBDITCH/DATA COMMUNICATIONS: AN INTRODUCTORY G U I D E /  
ELEK SCIENCE LTr)/NY/4/A WISEMA.N/NA/COLLECT 

2.2 Command L a n q u a q e s  - 

Command l a n q u a g e s  i n  o n e  f o r m  o r  a n o t h e r  h a v e  b e e n  i n  u s e  
s i n c e  t h e  e a r l i e s t  o p e r a t i n g  s y s t e m s  o f  t h e  l a t e  1 9 5 0 ' s .  The 
name command l a n g u a g e s  was u s e d  i n  t h e  p a s t  f o r  j o b  c o n t r o l  
l a n g u a g e s  u s e d  a s  t h e  i n t e r f a c e  b e t w e e n  u s e r s  and  o p e r a t i n g  
s y s t e m s .  Today command l a n g u a g e s  e n c o m p a s s  a w i d e  c lass  o f  
l a n g u a g e s  u s e d  f o r  u s e r - i n t e r f a c e s  i n  many k i n d s  o f  s o f t w a r e  
s y s t . e m s .  

The  command l a n g u a g e  c 0 n s i s t . s  o f  a  s e t  o f  commands. A 
command o f  a  t - y p i c a l  command l a n g u a g e  is  composed o f  t h e  
f o l l o w i n g  p a r t s :  



a )  command p r e f i x ,  
b )  o p e r a t i o n  s p e c i f i e a t i o n ,  
c )  p a r a m e t e r  p a r t ,  and  
d  ) command comple  t i o n .  

The  f i r s t  p a r t  o f  t h e  command, t h e  command p r e f i x  is  u s e d  
a s  

-- command i n d i c a t i o n  ( a  symbol  o r  s t r i n g  o f  s y m b o l s  t o  
d i s t i n g u i s h  t h e  command f r o m  o t h e r  i n p u t s )  , 

-- command i d e n t i f i c a t i o n  ( a  l a b e l  o r  number u s e d  f o r  
r e f e r e n c e  p u r p o s e s  i n  o t h e r  commands) ,  and 

-- c o n d i t i o n ,  w h i c h  must. b e  s a t i s f i e d  t o  e x e c u t e  t h e  
command ( f o r  example :  I F  TIME < MAXTIYE THEN) 

A s  a n  o p e r a t i o n  s p e c i f i c a t i o n  a  r e s e r v e d  command word i s  
f r e q u e n t l y  u s e d  ( ~ i i l e r  and Thomas 1 9 7 7 ) .  

W a t s o n  ( 1 9 7 6 )  p r o p o s e s  a n  o p e r a t i o n  s p e c i f i c a t i o n  o f  t h e  
f o r m  v e r b - n o u n  p a i r .  I n  t h i s  ease w e  o b t a i n  a  ve rb -noun  m a t r i x  
a s  f o r  e x a m p l e  i n  a n  e d i t i n g  s y s t e m :  

I c h a r a c t e r  I 1 i n e  I P a g e  

d e l e t e  I I I I 
I - I I I 

i n s e r t  I I I I 
I I I I 

c h a n g e  I I I I 
I I I I 

move I I I I 

Each  e l e m e n t  o f  s u c h  a  m a t r i x  is  a  n o r m a l  E n g l i s h  
i m p e r a t i v e  mood c r e a k e d  a e e o r d i n g  t o  t h e  p a r a d i g m  

d o  t h i s .  -- 
L a y o u t  o f  t h e  o p e r a t i o n  s p e c i f i c a t . i o n  i n  t h i s  f o r m  seems 

t o  b e  v e r y  u s e f u l  f o r  u s e r s  w i t h  n o  d a t a  p r o c e s s i n g  b a c k g r o u n d  
(Keen  and H a c k a t h o r n  1 9 7 9 ) .  H e b d i t c h  ( 1 9 7 3 )  p r o p o s e s  a more  
s t r u c t u r e d  o p e r a t i o n  s p e c i f i c a t i o n  l a y o u t  u s i n g  a d v e r b  a n d  
a d j e c t i v e  t o  c r e a t e  a n  o p e r a t - i o n  specification w i t h  t h r e e  f o r m s  
(V-verb ,  N-noun, A-adverb,  J -ad  j e e t i v e )  : 

V A N  (PRINT CONDENSED RECORD) 
V N J ( F I N D  EMPLOYEES WITH A DEGREE) 
V A N J (PRINT ALL LINES BEGINING WITH +)  

F u r t h e r ,  H e b d i t c h  ( 1 9 7 3 )  p r o p o s e s  t h a t  a se t  o f  b a s i c  
o p e r a t i o n  s p e c i f i c a t i o n  v e r b s  o f  t h e  command l a n g u a g e  b e  u s e d  
a s  a n  i n t e r f a c e  t o  a  d a t a  b a s e :  
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The  a r g u m e n t s  i n  t h e  p a r a m e t e r  p a r t  a r e  composed f rom 
s e v e r a l  t y p e s  o f  items: 

-- k e y w o r d s ,  
-- c o n s t a n t s  ( n u m e r i c ,  b o o l e a n  ,...), -- t e x t  s t r  i n g s , a n d  
-- e x p r e s s i o n s  ( r e g u l a r ,  a r i t h m e t i c ,  b o o l e a n , . . . ) .  

T h e r e  r e m a i n s  t h e  q u e s t i o n  o f  w h a t  t o  d o  when t h e  u s e r  
d o e s  n o t  s p e c i f y  some a r g u m e n t s  o r  a n y  o t h e r  i n f o r m a t i o n  t h a t  
e i t h e r  c o u l d  o r  s h o u l d  h a v e  b e e n  p r o v i d e d .  T h e r e  are  s e v e r a l  
o p t i o n s  f o r  p r o m p t i n g  t h e  u s e r  f o r  m i s s i n g  i n f o r m a t i o n :  

a )  l i s t i n g  o f  t h e  m i s s i n g  a r g u m e n t  names w i t h  a l l  
p o t e n t i a l  v a l u e s  f o r  e a c h  o f  them t o  a l l o w  t h e  u s e r  
t o  c h o o s e  f r o m ;  

b )  a s s i g n i n g  a  d e f a u l t  v a l u e  a u t o m a t . i c a l l y  t o  some o f  
t h e  m i s s i n g  a r g u m e n t s  and  a s k i n g  t h e  u s e r  f o r  
a g r e e m e n t ;  

C )  s u p p l y i n g  m i s s i n g  i n f o r m a t i o n  o n  t h e  b a s i s  o f  t h e  
a r g u m e n t s  s u p p l i e d  t o  p r e v i o u s  commands. 

R e l a t e d  t o  a r g u m e n t  specification i s  t h e  p r o b l e m  o f  
c h o o s i n g  a r g u m e n t  d e l i m i t e r s .  The f o l l o w i n g  a r e  d e l i m i t i n g  
f u n c t i o n s  (Watson  1 9 7 6 )  : 

a )  d e l i m i t i n g  command w o r d s ,  
b )  d e l i m i t i n g  a r g u m e n t s , a n d  
c d e l i m i t i n g  o p t i o n a l  a r g u m e n t s  o r  a r g u m e n t s  w i t h  

d e f a u l t  v a l u e s .  

I t  is  recommended t o  u s e  t h e  same symbol  f o r  d e l i m i t i n g  
command w o r d s  and a r g u m e n t s  a n d  t o  u s e  a  d i f f e r e n t  symbol  t o  
d e l i m i t e  o p t i o n a l  o r  d e f a u l t  a r g u m e n t s .  

T h e  l a s t  p a r t  o f  t h e  eommand i s  a  command c o m p l e t i o n .  
A c c o r d i n g  t o  Watson ( 1 9 7 6 )  t h e r e  a r e  t h r e e  t y p e s  of command 
c o m p l e t i o n s .  

a )  Command a c c e p t :  C o m p l e t i o n  o f  t h e  command i n d i c a t i n g  
t h e  e x e c u t i o n  o f  t h e  command a n d  t h e  r e t u r n  t o  t h e  
b a s e  s t a t e  t o  r e c e i v e  t h e  n e x t  command. 

b )  R e p e a t :  C o m p l e t i o n  o f  t h e  command a n d  r e t u r n  t o  a n  
i n t e r m e d i a t e  command s t a t e  f o r  q u i c k  r e p e t i o n  o f  t h e  
command w i t h  o r  w i t h o u t  r e q u e s t .  T h i s  mode i s  u s e f u l  
when a n  o p e r a t i o n  i s  r e p e a t e d  severa l  times. 

C )  I n s e r t :  C o m p l e t i o n  o f  t h e  command a n d  e n t r y  t o  
inse r t -command  mode f o r  i n s e r t i o n  o f  some new 
p a r a m e t e r s  and r e p e a t .  

For  e a c h  t y p e  o f  command c o m p l e t i o n  a  d i f f e r e n t  s y m b o l  h a s  
t o  be u s e d .  



2.3 - - -- Q u x  Languages - 

Many sof tware  produc ts  inc lude  p a r t s  c o n s i s t i n g  of d a t a  
bases .  The main o p e r a t i o n s  t h a t  u s e r s  wish t o  perform on d a t a  
bases  can be l i s t e d  a s  fo l lows  (Schneiderman 1978) : 

a )  i n s e r t i o n  of one o r  more i tems of in format ion ;  
b )  d e l e t i o n  of one or  more i tems of in format ion ;  
C )  r e t r i e v a l  of informat ion from d a t a  base;  
d )  locking and unlocking of  i tems t o  prov ide  i n t e g r i t y  

du r ing  concur ren t  p rocess ing ;  
e )  p r ivacy  check t o  ensure  t ha t  user  i s  permi t ted  t o  

perform the  ope ra t ion  reques ted ;  
£ 1  dat.3 d e f i n i t i o n  t o  c r e a t e  a  schema or subschema of 

t h e  d a t a  base;  and, 
g )  u t i l i t y  f u n c t i o n s  inc lud ing  a d m i n i s t r a t i o n  o p e r a t i o n s  

such a s  i n i t i a l  l o a d ,  p h y s i c a l  r e o r g a n i z a t i o n ,  
l o g i c a l  r e s t r u c t u r i n g ,  d a t a  t r a n s l a t i o n ,  performance 
s t a t i s t i c s  c o l l e c t i o n ,  and d a t a  v a l i d a t i o n .  

According t o .  O l l e  (1973) t h e r e  a r e  four  l e v e l s  of user  
i n t e r f a c e  with a  d a t a  base: 

a )  A t  t h e  t o p  l e v e l  i s  t h e  d a t a  a d m i n i s t r a t o r ,  t h a t  i s ,  
t h e  person r e spons ib l e  f o r  t h e  d a t a  base.  

b )  A t  t he  convent iona l  l e v e l ,  t h e r e  i s  t h e  a p p l i c a t i o n s  
programmer. 

c )  A t  t h e  next  l e v e l  i s  t h e  non-programmer, who i s  t h e  
i n d i v i d u a l  who unders tands  how t o  formula te  q u e s t i o n s  
about  d a t a  s t o r e d  i n  d a t a  base.  

d )  A t  t h e  lowes t  l e v e l  i s  t h e  i n d i v i d u a l ,  who does n o t  
know how t o  formulate  a  ques t ion .  

n a t a  a d m i n i s t r a t o r s  and a p p l i c a t i o n s  programmers use 
mainly programming languages i n  t h e i r  work. For u s e r s  who do 
n o t  know how t o  formulate  a  ques t ion  t h e  answer languages a r e  
a v a i l a b l e .  

For u se r s  who a r e  non-programmers bu t  unders tand how t o  
f ormulat-e ques t ions  t he  query lanquages a r e  a v i l a b l e .  

Query languages a r e  high l e v e l  non-procedural d a t a  base  
languages ,  which provide t h e  user  w i t h  a  s imple  i n t e r f a c e  t o  
e x p r e s s  ope ra t ions  on t h e  d a t a  base ,  namely o p e r a t i o n s  l i k e  
i n s e r t i o n ,  d e l e t i o n ,  and r e t r i e v a l .  St rong emphasis is placed 
on the  r e t r i e v a l  o p e r a t i o n s  on t.he d a t a  base,. 

I n  view of t h i s  f a c t ,  a  f i n e r  c a t e g o r i z a t i o n  of r e t r i e v a l  
o p e r a t i o n s  is app rop r i a t e  (Schneiderman 1978) : 

a )  Simple v e r i f i c a t i o n  of t h e  presence ,  absence,  o r  
a c c e p t a b i l i t y  of a  s p e c i f i e d  item. 

b )  S ing le  record r e t r i e v a l  when a  key is  provided.  
C )  Record co l l ec t - i on  r e t r i e v a l  when a  key o r  boolean 

p r e d i c a t e  is provided.  
d )  Tot-a1 r e p o r t  l i s t i n g  of a l l  informat ion s t o r e d .  



For  t h e  same r e a s o n ,  t h a t  t h e  r e t r i e v a l  o p e r a t i o n s  a r e  
m o s t  f r e q u e n t l y  u s e d ,  w e  l i s t  q u e r y  f e a t u r e s  ( S c h n e i d e r m a n  
1 9 7 8 )  : 

S i m p l e  mapping r e t u r n s  d a t a  v a l u e s  when a known d a t a  
v a l u e  f o r  a n o t h e r  f i e l d  i s  s u p p l i e d .  Example:  F ind  
t h e  names o f  e m p l o y e e s  i n  d e p a r t m e n t  5fl. 
S e l e c t i o n  o f  a l l  d a t a  v a l u e s  a s s o c i a t e d  w i t h  a  
s p e c i f i e d  key v a l u e .  Example:  Give  t h e  e n t i r e  r e c o r d  
f o r  t h e  e m p l o y e e  whose  name i s  J o h n  J o n e s .  
P r o j e c t i o n  i n  t h e  r e l a t i o n a l  model  i s  a n  e n t i r e  
c o l u m n  or domain  o f  a  r e l a t i o n .  Example:  P r i n t  t h e  
names o f  a l l  e m p l o y e e s .  
B o o l e a n  q u e r i e s  a r e  t h o s e  w h i c h  p e r m i t  AND/OR/NOT 
c o n n e c t i o n s .  Example:  F i n d  t h e  names o f  e m p l o y e e s  
who work f o r  S m i t h  and a r e  n o t  i n  d e p a r t m e n t  5 0 .  
S e t  o p e r a t i o n  q u e r i e s  a r e  t h o s e  w h i c h  p e r m i t  s e t  
o p e r a t o r s  l i k e  i n t e r s e c t i o n ,  u n i o n ,  s y m m e t r i c  
d i f f e r e n c e ,  etc. 
B u i l t - i n  f u n c t i o n s  p r o v i d e  s p e c i a l - p u r p o s e  f u n c t i o n s  
t o  a i d  i n  q u e s t i o n  f o r m u l a t i o n .  T h e s e  a r e  f u n c t i o n s  
l i k e  Y A X I Y U Y ,  M I N I M U M ,  AVERAGE, SUM, . . . Example:  
P r i n t  t h e  sum of  s a l a r i e s  i n  d e p a r t m e n t  50.  
C o m b i n a t i o n  ( c o m p o s i t i o n )  q u e r i e s  a r e  t h e  r e s u l t  of 
u s i n g  t h e  o u t p u t  o f  o n e  q u e r y  a s  t h e  i n p u t  f o r  
a n o t h e r .  Example: F i n d  t h e  names o f  a l l  d e p a r t m e n t s  
w h i c h  h a v e  more t h a n  34  e m p l o y e e s  a n d  t h e n  f i n d  t h e  
names  of  t h e  d e p a r t m e n t  m a n a g e r s .  

G r o u p i n g  o f  items w i t h  a  common domain  v a l u e .  
Example:  P r i n t  t h e  names o f  d e p a r t m e n t s  w h e r e  t h e  
a v e r a g e  s a l a r y  is  g r e a t e r  t h a n  1 5 , 0 0 0 .  
U n i v e r s a l  q u a n t i f i c a t i o n  c o r r e s p o n d i n g  t o  t h e  " f o r  
a l l "  c o n c e p t  o f  t h e  f i r s t - o r d e r  p r e d i c a t e  c a l c u l u s .  

T h e  q u e r y  f e a t u r e s  l i s t e d  a r e  a v a i l a b l e  i n  m o s t  q u e r y  
l a n g u a g e s  t h a t  h a v e  been  d e s i g n e d  f o r  d a t a  b a s e s  w i t h  v a r i o u s  
m o d e l s  of  d a t a  ( r e l a t i o n a l ,  h i e r a r c h i c a l ,  n e t w o r k ) .  

I n  o r d e r  t o  p r o v i d e  e x a m p l e s  of q u e r i e s  w e  i n t r o d u c e  a n  
e x a m p l e  o f  t h e  d a t a  b a s e  w i t h  a  r e l a t i o n a l  mode l  o f  d a t a  
( C h a m b e r l i n  1 9 7 6 )  : 

PRESIDENTS 

- 
NAVE P ARTY YOME-STATE 

E i s e n h o w e r  R e p u b l i c a n  T e x a s  
Kennedy Democra t  ,Mass.  
J o h n s o n  Democra t  T e x a s  
N i x o n  R e p u b l i c a n  C a l i f .  
C a r t e r  Democra t  " J o r g i a  

T h i s  r e l a t i o n  PRESIDENTS h a s  d o m a i n s  NAME,  PARTY and 
HOME-STATE. 



ELECTIONS-WON 

Y E A R  WINNER-NAVE 

- 
1 9 5 2  ~ i s e n h o w g r  
1 9 5 6  Biscnhower  
1 9 6 0  Kennedy 
1 9 6 4  J o h n s o n  
1 9 6 8  Nixon 
1 9 7 2  Nixon 
1 9 7 6  Car t.er 

T h i s  r e l a t i o n  SLECTIgNS-WON h a s  d o m a i n s  YEAR and WINNER- 
N W E .  

The two r e l a t i o n s  PRESIDENTS and  ELECTIONS-WON a r e  t h e  
o n l y  r e l a t i o n s  i n  o u r  e x a m p l e  d a t a  . b a s e .  

A c c o r d i n g  t o  C h a m b e r l i n  ( 1 9 7 6 )  w e  c a n  i l l u s t r a t e  t h e  
v a r i e t y  o f  t h e  q u e r y  l a n g u a g e s  by p r e s e n t i n g  e x a m p l e s  o f  f o u r  
c l a s s e s  o f  them: 

a .  r e l a t i o n a l  c a l c u l u s  b a s e d  l a n g u a g e s ,  
b .  r e l a t i o n a l  a l g e b r a  b a s e d  q u e r y  l a n g u a g e s ,  
c .  m a p p i n g - o r i e n t e d  l a n g u a g e s t a n d  
d .  g r a p h i c s - o r i e n t e d  l a n g u a g e s .  

An e x a m p l e  o f  a r e l a t i o n a l  c a l c u l u s  b a s e d  q u e r y  l a n g u a g e  
i s  t h e  l a n g u a g e  QgFL ( S t . o n e b r a c k e r  e t  a l .  1 9 7 6 ) .  

A t y p i c a l  q u e r y  i n  Q U Y L  h a s  t h r e e  p a r t s :  

-- r e s u l t .  name,  w h i c h  i s  t h e  name o f  t h e  r e l a t i o n  w h i c h  
w i l l  be  r e t r i e v e d  i n t o ,  -- t a r g e t  l ist. ,  w h i c h  s p e c i f i e s  t h e  p a r t i c u l a r  d o m a i n s  o f  
t h e  r e l a t i o n  w h i c h  are t o  be  r e t u r n e d ,  -- q u a l i f i c a t i o n  w h i c h  selects  p a r t i c u l a r  t . u p l e s  f r o m  t h e  
t a r g e t  r e l a t i o n  by g i v i n g  a  c o n d i t i o n  w h i c h  t h e y  must. 
s a t i s f y .  

A QUEL i n t e r a c t . i o n  i n c l a d e s  a t  l e a s t .  o n e  RANGE s t a t e m e n t  
t .o s p e c i f y  t h e  r e l a t i o n  o v e r  w h i c h  e a c h  v a r i a b l e  r a n g e s .  

Two e x a m p l e s  o f  q u e r i e s  a r e :  

What was t h e  home s t a t e  o f  P r e s i d e n t  Yennedy? 

RANGE OF P  I S  PRYSIDNETS 
PETRI SVE I N T 9  Y (STATF = P .  YOYE-STATE) 
WBERE P.NAME = "KENNEDY" 

L i s t  t h e  e l e c t i o n  y e a r s  i n  w h i c h  a  R e p u b l i c a n  f r o m  1 l i n o i . s  
was  e l e c t e d ?  



R A N G 3  OF E I S  ELECTIONS-WON 
RANGE OF P  I S  PRESIDENTS 
R E T R I E V E  IYTO Y (YEAPS = E .  Y E A R )  
WHERE P.PARTY = "REPUBLICAN" 

AND P.HOYE-STATE = "1LLINC)IS" 
AND €'.NAME = E.WINNER-NAME 

R e l a t i o n a l  a l g e b r a  based  q u e r y  l a n g u a g e s  u s e  a  c o l l e c t i o n  
o f  o p e r a t o r s  t h a t  d e a l  w i t h  r e l a t i o n s ,  y i e l d i n g  new r e l a t i o n s  
a s  a  r e s u l t .  The major  o p e r a t o r s  o f  r e l a t . i o n a 1  a l g e b r a  i n c l u c e  
t h e  f o l l o w i n g :  

-- p r o j e c t i o n ,  -- r e s t r i c t i o n ,  and 
-- s e t - t h e o r e t i c  o p e r a t o r s  ( u n i o n ,  i n t e r s e c t i o n  and 

s y m e t r i c  d i f f e r e n c e ) .  

The same two examples  o f  q u e r i e s  a s  above  i n  r e l a t i o n a l  
a l g e b r a  based q u e r y  l anguage  a r e :  

What was t h e  home s t a t e  o f  P r e s i d e n t  Kennedy? 

PRESI9ENTS [NAVE = "KENNEDY " 1  [HOME-STATE] 

I n  t h e  above example w e  u s e  p r o j e c t i o n  and r e s t r i c t i o n  
o p e r a t i o n s .  

L i s t  t h e  e l e c t i o n  y e a r s  i n  which  a  R e p u b l i c a n  from 
I l l i n o i s  was e l e c t e d !  

(ELECTIONS-WON [WINNER-NAME = NAME] PRESIDENTS) 
[PARTY = "REPUBLICAN"] [HOME-STATE = "ILLINOIS "1 [YEAR] 

I n  t . h i s  example we use j o i n ,  p r o j e c t i o n  and r e s t r i c t i o n  
o ? e r a t . i o n s .  

The b a s i c  b u i l d i n g  b l o c k  o f  mappinq o r i e n t e d  q u e r y  
l a n g u a g e s  is  t h e  "mapping" which  maps a known domain or s e t  o f  
domains  i n t o  a  d e s i r e d  domain o r  set  o f  domains  by means o f  
some r e l a t i o n .  The same two examples  a s  above  are i n  l a n g u a g e  
SEQUEL ( -4s t r ahan  e t  a l .  1 9 7 6 ) .  

Yha t  was t h e  home-s ta te  o f  P r e s i d e n t  Kennedy? 

SELECT YOYE-STATE 
FROM PRESIDENTS 
WHERE NAME = "KENYEDY" 

L i s t  t h e  e l e c t i o n  y e a r s  i n  which R e p u b l i c a n  from I l l i n o i s  
was e l e c t e d !  

SYLECT YEAR 
FROM ELECTIONS-WON 
WHERE WIVNER-NAME = 

SELECT NAME 
FROM PRESIDEYTS 



WYERE PARTY = "REPUBLICAN" 
AND HOME-STATE = "ILLINOIS" 

G r a p h i c s  o r i e n t e d  - g u e r y  l a n g u a q e s  are in t h i s  s u r v e y  
m e n t i o n e d  a r e  i n  t h i s  , s u r v e y  m e n t i o n e d  l a t e r  i n  t h e  s e c t i o n  
d e a l i n g  w i t h  t w o - d i m e n s i o n a l  p o s i t i o n a l  l a n g u a g e s .  

T h e  mapping and g r a p h i c s  o r i e n t . e d  q u e r y  l a n q u a g e s  a r e  
d i r e c t e d  t o  t h e  u s e r s  w i t h  n o  d a t a  p r o c e s s i n g  b a c k g r o u n d  and 
o f f e r  power e q u i v a l e n t .  t o  r e l a t i o n a l  a l g e b r a  or  r e l a t i o n a l  
c a l c u l u s  b a s e d  l a n g u a g e s  w h i l e  a v o i d i n g  m a t h e m a t i c a l  c o n c e p t s  
s u c h  a s  q u a n t i f i e r s  a n d  o p e r a t - i o n s  o n  r e l a t i o n s .  

2 . 4  N a t u r a l  L a n g u a g e s  - - 

N a t u r a l  l a n g u a g e  c o m m u n i c a t i o n  w i t h  c o m p u t e r s  h a s  p r o v o k e d  
d i s c u s s i o n  f r o m  t h e  e a r l y  y e a r s  o f  m a c h i n e  t r a n s l a t i o n .  W h i l e  
t h e  c o n c e p t  o f  n a t u r a l  l a n g u a g e  i n t e r f a c e  w i t h  c o m p u t e r s  i s  
o b v i o u s l y  a t t r a c t i v e ,  t o  i m p l e m e n t  i t  i s  a n o t h e r  matter. 

A c c o r d i n g  t o  A d d i s  ( 1 9 7 7 )  n a t u r a l  l a n g u a g e  i s  t h e  - 
t e c h n i q u e  o f  v e r b a l  c o m m u n i c a t o n  b e t w e n  people. N a t u r a l  . 
l s n g u a g e  is e x t r e m e l y  c o m p l e x  i n  i t s  s t r u c t u r e  b e c a u s e  i t  
r e f l e c t s  t h e  way men t h i n k .  

T h e  u t i l i z a t i o n  o f  n a t u r a l  l a n g u a g e  f o r  man-computer  
c o m m u n i c a t i o n  h a s  s e v e r a l  p r i n c i p l e  a d v a n t a g e s  (Man/Computer 
Communica t ion  1 9 7 9 )  : 

a )  I t  p r o v i d e s  an a l r e a d y  f a m i l i a r  way o f  f o r m i n g  
q u e s t i o n s .  T h i s  means  t h a t  t h e  n a t u r a l  l a n g u a g e  
i n t e r f a c e  is a v a i l a b l e  t o  a  l a r g e  number o f  u s e r s  
w i t h o u t  s p e c i a l  t r a i n i n g  o r  l e a r n i n g  e v e n  o f  a  h i g h  
l e v e l  n o n - p r o c e d u r a l  f o r m a l  l a n g u a g e .  

b )  T h e r e  a re  o f t e n  many ways  t o  e x t r a c t  t .he same d a t a .  
T h e  u s e r  c a n  u s u a l l y  c o m m u n i c a t e  h i s / h e r  k n o w l e d g e  i n  
n a t u r a l  l a n g u a g e  augumented  by s p e c i a l i z e d  n o t a t i o n s  
a n d  v o c a b u l a r i e s  p a r t i c u l a r  t o  h i s / h e r  d o m a i n .  

C )  The  f o r m u l a t i o n  o f  more  c o m p l i c a t e d  q u e r i e s  may b c  
e a s i e r  compared  w i t h  f o r m a l  l a n g u a g e s  or menu 
s e l e c t i o n  m e t h o d s .  

d )  The  u s e r  d o e s  n o t  h a v e  t o  l e a r n  a  f o r m a l  s y n t a x  a n d  
h i s / h e r  d e p a r t u r e s  f rom a c c e p t e d  grammar may b e  
t o l e r a t e d  w i t h o u t  comments .  

A t  t h c  same t i m e  w e  m u s t  n o t e  t .he f o l l o w i n g  d i s a d v a n t a g e s :  

a )  The  u s e  o f  n a t u r a l  l a n g u a g e  i n t e r f a c e  e n c o u r a g e s  a n  
u n r e a l i s t i c  e x p e c t a t i o n  o f  t h e  s y s t e m  power .  

b )  The  l i n g u i s t i c  l i m i t a t i o n s  o f  s u c h  a s y s t e m  a r e  n o t  
a s  w e l l  d e f i n e d  a s  t h e y  a r e  w i t h  a f o r m a l  l a n g u a g e .  
T h e y  c a n  a r i s e  as a  r e s u l t  o f  a n  unknown w o r d ,  a  
g r a m m a t i c a l  c o n s t r u c t i o n ,  o r  a m i s u n d e r s t a n d i n g .  

c )  I n  n a t u r a l  l a n g u a g e s  s e n t e n c e s  a r e  f r e q u e n t l y  
a m b i g u o u s .  I m p l e m f 2 n t a t i o n  is  d i f f i c u l t  i f  a l l  
p o s s i b i l i t i e s  o f  m e a n i n g  o f  a  s e n t e n c e  m u s t  b e  



c o n s i d e r e d .  
d )  s e c a u s e  much o f  t h e  v o c a b u l a r y  may be s p e c i f i c  t o  t h e  

p a r t i c u l a r  domain,  t h e  s y s t e m  h a s  t o  be  p a r t i a l l y  
r e c a s t  f o r  e a c h  new domain o f  d i s c o u r s e .  

e )  The s y s t e m  w i t h  a  na t . u r a1  l a n g u a g e  i n t e r f a c e  i s  
i n h e r e n t l y  much more c o m p l i c a t e d  t o  implement  t o  
p r o v i d e  an  a c c e p t a b l e  i n t e r f a c e .  

T h e s e  d i s a d v a n t a g e s  do n o t  imp ly  t h a t  n a t u r a l  l a n g u a g e  
i n t e r f a c e  is u s e l e s s ,  o n l y  t h a t  i ts  domain o f  a p p l i c a t i o n  i s  
less broad  t h a n  is common o p i n i o n .  Moreover ,  n a t u r a l  l a n g u a g e  
i n t e r f a c e  may n o t  k p r e f e r a b l e  i n  e v e r y  s i t u a t i o n .  
Schne iderman ( 1 9 7 8 )  d e s c r i b e s  a  " n a t u r a l  v e r s u s  a r t i f i c i a l  
q u e r y  l a n g u a g e  e x p e r i m e n t "  c o n c e r n i n g  communica t ion  w i t h  d a t a  
b a s e s  and c o n c l u d e s  t h a t  u s e r  knowledge o f  t h e  a p p l i c a t o n  
domain is  c r i t i c a l .  Wi thou t  t h i s  p r e r e q u i s i t e  n a t u r a l  l a n g u a g e  
u s a g e  would be d i f f i c u l t .  The u s e r  h a s  t o  know t h e  s e m a n t i c s  o f  
t h e  i n f o r m a t i o n  o f  t h e  d a t a  b a s e .  When a  u s e r  l e a r n s  a  q u e r y  
l a n g u a g e ,  h e / s h e  a t  t h e  same t i m e  l e a r n s  t h e  s e m a n t i c s  o f  t h e  
i n f o r m a t i o n  s t o r e d  i n  t h e  d a t a  base .  

On t h e  o t h e r  h a n d ,  Nqwst.ed and  Wynne (1976)  d e s c r i b e  a  
d e c i s i o n  s y s t e m  s u p p o r t  c a l l e d  AIDS w i t h  a  u s e r  i n t e r f a c e  o f  
t.he n a t u r a l  l a n g u a g e  t y p e ,  and t h e y  s t a t e  t h a t  t h e  s y s t e m  was 
s u c c e s s f u l l y  a p p l i e d  t o  a  wide  r a n g e  o f  t o p i c s .  

2 .5  S p e c i a l  P u r p o s e  Languaqes  - - -- 
S p e c i f i c  k i n d s  o f  f o r m a l i s m s  a r e  d e f i n e d  i n  some a r e a s  t o  

p r o v i d e  a  f o r m a l i z e d  d e s c r i p t . i o n  of  t h e  p rob lems .  I t  is  a  good 
i d e a  t o  u s e  s u c h  f o r m a l i s m s  d i r e c t l y  a s  s p e c i a l  p u r p o s e  
l a n q u a g e s  f o r  an i n t e r f a c e  w i t h  s p e c i a l i z e d  s o f t w a r e  s y s t e m s .  

W e  i n t r o d u c e  a n  example o f  one  c l a s s  o f  s u c h  a  f o r m a l i s m  
w i d e l y  used  f o r  l a n g u a g e  d e s i g n  and  i m p l e m e n t a t i o n .  S p e c i a l  
p u r p o s e  l a n g u a g e s  based  on  s u c h  a  f o r m a l i s m  a r e  u sed  a s  
i n t e r f a c e s  i n  t - r a n s l a t o r  w r i t i n g   system,^. The n o t i o n  o f  a  
c o n t e x t - f r e e  grammar is  a  b a s e  f o r  t h e s e .  A c o n t e x t - f r e e  
grammar is  a  s e t  o f  r u l e s  o f  t h e  form: 

l e f t .  p a r t .  : r i g h t  p a r t  

where  l e f t  p a r t  i s  one  n o n t e r m i n a l  symbol c a l l e d  a  s y n t a c t i c  
c a t e g o r y  o r  name o f  a  s y n t a c t i c  s t r u c t u r e  and  t h e  r i g h t  p a r t  i s  
a  s t r i n g  o f  n o n t e r m i n a l  and t - e r m i n a l  symbols .  

The way t o  d e r i v e  s e n t e n c e s  f rom one  d i s t i n g u i s h e d  
n o n t e r m i n a l  symbol ,  s t a r t .  symbol ,  is d e f i n e d . S e n t e n c e s  a r e  
composed from t e r m i n a l  symbols .  The s e t  o f  a l l  s e n t e n c e s  which 
c a n  be d e r i v e d  f rom t h e  s t a r t  symbol i s  a  f o r m a l  l a n g u a g e  
g e n e r a t e d  by t h e  grammar. 

To i l l u s t r a t e  a  n o t i o n  o f  a  c o n t e x t - f r e e  grammar w e  
p r o v i d e  a  s i m p l e  example.  I n  t . h i s  example n o n t e r m i n a l  symbols  



a r e  mnemonic names be tween  symbols  < and >. The t e r m i n a l  
symbols  a r e :  0 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 ,  and /. The r u l e s  a r e :  

The s t a r t  symbol o f  t h i s  grammar i s  < d a t e > .  
An example of  a  d e r i v a t i o n  u s i n g  t h e  a b o v e  grammar i s  ( t h e  

symbol  => i s  used f o r  one s t e p  i n  t h e  d e r i v a t i o n ) :  

A l a n g u a g e  g e n e r a t e d  by t h i s  grammar i s  a  s e t  o f  s e n t e n c e s  
o f  t h e  form number/number/number/, which c a n  be r e a d  a s  d a t e s .  

C o n t e x t - f r e e  grammars a r e  o f t e n  u sed  f o r  d e s c r i b i n g  s y n t a x  
s t r u c t u r e s  o f  f o r m a l  and n a t u r a l  l a n g u a g e s .  Moreover ,  t h e y  c a n  
b e  used a s  a  b a s e  f o r  s p e c i a l  p u r p o s e  l a n g u a g e s  u s e d  i n  
t r a n s l a t o r  w r i t i n g  s y s t e m s .  

The f o l l o w i n g  example  i s  t h e  i n p u t  o f  t h e  YACC t r a n s l a t o r  
w r i t i n g  s y s t e m  ( Johnson  and Lesk 1978)  : 

% t o k e n  DIGIT 
% % 
d a t e :  number ' / '  number ' / '  number 

{ d a t e  ( $ 1 ,  $3 ,  $5);); 
number: D I G I T  

is$ = $ 1 ; ) ;  
number: number D I G I T  

f $ $  = l o  * $ 1  + $ 2 ; ) ;  

The n o n t e r m i n a l  symbols  o f  t h i s  grammar a r e  d a t e  and  
number. T e r m i n a l  symbols  a r e  D I G I T  and /. A program f r a g m e n t  i s  
appended  t.o e a c h  r u l e  o f  t h e  grammar. These  program f r a g m e n t s  
compu te ,  t h e  meaning o r  v a l u e  o f  t h e  n o n t e r m i n a l  symbols .  The 
v a r i a b l e s  $$,  $1,  $ 2 ,  $3 ,  e tc .  refer  t o  t h e  l e f t  s i d e  
n o n t e r m i n a l  o f  t h e  r u l e ,  f i r s t ,  s econd ,  etc. symbol o f  t h e  
r i g h t  s i d e  of  t h e  r u l e ,  r e s p e c t i v e l y .  



I f  t h i s  i n p u t  t e x t  i s  p r o c e s s e d  by YACC p a r s e r  g e n e r a t o r ,  
a p r o g r a m  i s  g e n e r a t e d  w h i c h  i s  a b l e  t o  r e a d  d a t e s ,  c o n v e r t  
t h e m  and s t o r e  i n  t h e  c o m p u t e r ,  p r o v i d e d  t h a t  d i g i t s  a r e  r e a d  
b y  a n o t h e r  p r o g r a m  r e t u r n i n g  t h e  v a l u e  o f  e a c h  d i g i t .  

2 .6  TWO-Dimensional  P o s i t i o n a l  L a n g u a q e s  - -  - 
Two d i m e n s i o n a l  p o s i t i o n a l  l a n g u a g e s  a r e  l a n g u a g e s  i n  

w h i c h  i n p u t  i n f o r m a t i o n  c o n t a i n s  i n d i c a t i o n  o f  p o s i t i o n  i n  
t w o - d i m e n s i o n a l  s p a c e .  T h i s  s p a c e  i s  d i s p l a y e d  o n  a s c r e e n .  
One i n p u t s  t h e  p o s i t i o n  i n f o r m a t i o n  by  means  o f  a  c u r s o r  
c o n t r o l l e d  by  a  k e y b o a r d ,  t h r o g h  a  j o y s t i c k ,  o r  a mouse.  O t h e r  
ways  i n c l u d e  u s i n g  a  l i g h t p e n  o r  f i n g e r  t o u c h i n g  o f  t h e  s c r e e n .  

Two-d imens iona l  p o s i t i o n a l  l a n g u a g e s  a r e  u s e f u l  i n  many 
a p p l i c a t i o n s .  W e  may m e n t i o n  h e r e  some o f  t h e  more  i m p o r t a n t  
s y s t e m s :  

a .  f o r m  f i l l i n g  s y s t e m s ,  
b.  s c r e e n  o r i e n t e d  e d i t o r s ,  and  
c .  t w o - d i m e n s i o n a l  q u e r y  s y s t e m s .  

I n  fo rm f i l l i n g  s y s t e m s  t h e  u s e r  is  p r o v i d e d  by  fo rmat .  map 
d i s p l a y e d  on a  s c r e e n  and c a n  t h e n  k e y  d a t a  i n  f r e e  a r e a s .  The 
f o r m a t  map is p r o t e c t e d  a n d  c a n n o t  be i n a d v e r t e n t l y  a l t e r e d  
f r o m  t h e  k e y b o a r d .  A f t e r  f i l l i n g  i n  t h e  f o r m  t h e  u s e r  p r e s s e s  a  
s p e c i a l  key and a l l  i n p u t  d a t a  a r e  t r a n s m i t t e d  t o  t h e  c o m p u t e r .  
S u c h  t e c h n i q u e s  a r e  v e r y  e a s y  t o  u s e .  A s  a n  e x a m p l e  w e  take t h e  
f o l l o w i n g  form:  

NAME [ 1 
FIRST NAN€ [ 1 
BIRTHDATE 

DAY [ ] MONTH [ ] YEAR [ 1 
PERSONNEL CODE [ 1 

I n  s u c h  a  form t h e  u s e r  c a n  p u t  d a t a  b e t w e e n  s y m b o l s  [ and  
I o n l y .  

The s e c o n d  t y p e  o f  t w o - d i m e n s i o n a l  p o s i t i o n a l  s y s t e m  i s  
t h e  s c r e e n  o r i e n t e d  e d i t o r .  A s c r e e n  o r i e n t e d  e d i t o r  d i s p l a y s  a  
p o r t i o n  o f  t h e  f i l e  on t h e  u s e r ' s  s c r e e n  and  a l l o w s  h i m / h e r  t o  
m a k e  c h a n g e s  i n  t h e  p l a c e  w h e r e  t h e  c u r s o r  is. T h e r e  are  t h r e e  
p r i n c i p a l  g r o u p s  o f  commands i n  a  t y p i c a l  s c r e e n  o r i e n t e d  
e d i t o r  a c t i o n  l a n g u a g e  ( P e a r s o n  1 9 7 8 )  : 

a .  c u r s o r  movement commands, 
b.  t e x t  movement commands, and 
c .  t e x t  m o d i f i c a t i o n  commands. 
I n  some c a s e s  c u r s o r  movement commands c a n  be s u b s t i t u t e d  

b y  special k e y s  on t.he k e y b o a r d  ( A l t a i r  word p r o c e s s i n g  p a c k a g e  
1 3 7 7 ) .  

The l a s t  t w o - d i m e n s i o n a l  p o s i t i o n a l  s y s t e m  t o  be merit-ioned 
h e r e  i s  t w o - d i m e n s i o n a l  q u e r y  s y s t e m .  An e x a m p l e  o f  s u c h  a 
s y s t e m  is  t h e  Query-by-example  ( Z l o o f  1 9 7 6 ) .  T h i s  s y s t e m  i s  



u s e d  f o r  u s e r - i n t e r f a c e  w i t h  a d a t a  b a s e .  I n  o r d e r  t o  q u e r y  t h e  
d a t a  b a s e  t h e  u s e r  f i l l s  i n  a n  e x a m p l e  o f  a p o s s i b l e  a n s w e r  i n  
a s k e l e t o n  of t h e  l o g i c a l  s t r u c t u r e  o f  t h e  d a t a  b a s e  d i s p l a y e d  
o n  t h e  s c r e e n .  

An e x a m p l e  o f  t h e  s k e l e t o n  s t r u c t u r e  f o r  t h e  d a t a  b a s e  is  
a s  f o l l o w s :  

............................................................ 
PRESIDENTS I NAVE I PARTY I HOME-STATE , 1 ............................................................ ............................................................ 

I I I I 

w h e r e  PRESIDENTS i s  t h e  name o f  r e l a t i o n ,  a n d  
N A Y E ,  PARTY,and HOME-STATE a re  t h e  names  o f  t h e  d o m a i n s .  

T h e  u s e r  c a n  f i l l  i n  s u c h  a s k e l e t o n  o f  a r e l a t i o n  by 
u s i n g  t h e  f o l l o w i n g  t w o  e n t i t i e s :  

a .  The " e x a m p l e  e l e m e n t "  ( v a r i a b l e )  w h i c h  m u s t  b e  
u n d e r l i n e d  a n d  

b .  t h e  " c o n s t a n t  e l e m e n t "  w h i c h  s h o u l d  n o t  b e  
u n d e r l i n e d .  

I n  a d d i t i o n ,  t h e  f u n c t i o n  d e n o t e d  t.y "P."  s t a n d s  f o r  
" p r i n t , "  and  t h e  u s e r  i n s e r t s  "P." b e f o r e .  t h e  d a t a  h e / s h e  
w i s h e s  t o  o u t p u t .  

Here i s  an  e x a m p l e  o f  t h e  u s e r ' s  q u e r y  i n  t h e  r e l a t i o n  
PRESIDENTS m e n t i o n e d  a b o v e :  

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

PRESIDENTS I N A V E  1 PARTY I HOME-STATE 1 ........................................................ ........................................................ 
I P .  N I Y O N  I 9EMOCRAT 1 I 

T h e  u s e r  n e e d s  o n l y  t o  f i l l  i n  t h e  s k e l e t o n  wit .h P. N I X O N  
a n d  DEMOCRAT. The  a n s w e r  o f  t.he s y s t e m  may be:  

------------ 
I ITE!! 1 ------------ ------------ 
I XENNEDY I 
I JOHNSON ( 
I CARTER 1 



3 .  Main F e a t u r e s  o f  S c r e e n  L a n g u a g e s  - - 

I n  t h i s  s e c t i o n  w e  f o c u s  o n  t h e  o u t - p u t  s i d e  o f  t h e  u s e r -  
a p p l i c a t i o n  s o f t w a r e  i n t - e r f a c e .  The i n f o r m a t i o n  p r o d u c e d  by t h e  
c o m p u t e r  t o  p r o v i d e  t .he u s e r  w i t h  f e e d b a c k  a n d  o t h e r  a s s i s t a n c e  
w e  s h a l l  c a l l  t h e  s c r e e n  l a n g u a g e .  

The s c r e e n  l a n g u a g e  i s  composed o f  s e v e r a l  k i n d s  o f  t e x t . .  
W e  c a n  l i s t  t h e  m a i n  p a r t s  o f  t h e  s c r e e n  l a n g u a g e  as f o l l o w s :  

a .  f o r m a t t i n g  o f  t h e  d i a l o g u e  d o c u m e n t ;  
b .  a s s i s t a n c e  t o  t h e  u s e r  d u r i n g  t.he s p e c i f i c a t i o n  o f  a n  

i n p u t ;  
c. r e g u l a r  f e e d b a c k  t o  t h e  u s e r  i n p u t ;  
d .  e r r o r  m e s s a g e s ;  
e .  h e l p  f a c i l i t i e s .  

I n  t h i s  s e c t i o n  w e  d i c u s s  d e s i r a b l e  f e a t u r e s  o f  t h e  p a r t s  
o f  t h e  s c r e e n  l a n g u a g e s  l i s t e d  a b o v e .  

3 . 1  Formattii!'! o f  t h e  D i a l o g u e  Document - - -- 

F i r s t  w e  i n t r o d u c e  f a c t o r s  w h i c h  c o n t r i b u t e  t o  a  good  
d e s i g n  of  d i a l o g u e  document  f o r m a t s  ( H e b d i t c h  1 9 7 9 ) :  

-- L o g i c a l  s e q u e n c i n g .  The d i a l o g u e  document. c o n t a i n s  
d i f f e r e n t  k i n d s  o f  i n f o r m a t i o n .  The s e q u e n c e  o f  t h e  
i n f o r m a t i o n  s h o u l d  b e  a s  l o g i c a l  a s  p o s s i b l e .  An 
e x a m p l e  o f  bad s e q u e n c i n g  is  t h e  b l e n d i n g  of i n p u t  a n d  
o u t p u t  t e x t .  

-- D i s t i n g u i s h i n g  o f  i n p u t  and  o u t p u t .  I t  is v e r y  u s e f u l  
a n d  i m p r o v e s  l e g i b i l i t y  t o  d i s t i n g u i s h  i n p u t s  ( a c t i o n  
l a n g u a g e  p h r a s e s )  a n d  o u t p u t s  ( s c r e e n  l a n g u a g e  
p h r a s e s )  . The m e t h o d s  t o  d o  t h i s  d e p e n d  o n  t h e  t y p e  o f  
t . e r m i n a 1  u s e d .  Y e t h o d s  w h i c h  c a n  b e  u s e d  i n c l u d e  l o w e r  
c a s e - u p p e r  case, u n d e r l i n i n g ,  d i f f e r e n t  c o l o r s ,  
d i f f e r e n t  d e n s i t i e s ,  e tc .  

-- S p a c i o u s n e s s .  The w h o l e  t w o - d i m e n s i o n a l  s p a c e  o f  t h e  
d i a l o g  d o c u m e n t  c a n  be  u s e d  f o r  o u t p u t .  U s e  o f  a t a b l e  
f o r m a t  i m p r o v e s  l e g i b i l i t y .  I f ,  f o r  e x a m p l e ,  a menu is 
a  p a r t  of a n  o u t p u t ,  it c o u l d  b e  p r e s e n t e d  i n  a t a b l e  
f o r m a t .  

3 .2  A s s i s t a n c e  t o  t h e  User ~ u r i n q  t h e  S p e c i f i c a t i o n  o f  a n  - - --- - - 
I n p u t  

A s s i s t a n c e  t o  t h e  u s e r  may b e  o f  d i f f e r e n t  k i n d s  i n  
v a r i o u s  u s e r - c o m p u t e r  i n t e r f a c e  s y s t e m s .  I f  a n  a n s w e r  l a n g u a g e  
i s  used a s  a n  a c t i o n  l a n g u a g e ,  t h e  s p e c i f i c a t i o n  o f  t h e  d e s i r e d  
i n p u t  is c o n t a i n e d  i n  t - h e  q u e s t - i o n  p r o d u c e d  by t h e  c o m p u t e r .  

I n  t h e  case w h e r e  a n  i n p u t  l a n g u a g e  c o n t . a i n s  k e y w o r d s ,  t h e  
s y s t e m  c a n  a s s i s t  d u r i n g  t h e i r  s p e c i f i c a t i o n .  



F i v e  fo rms  of  keyword r e c o g n i t i o n  c o u l d  b e  p r o v i d e d .  

a .  A whole  keyword mode. The u s e r  mus t  t y p e  t h e  who le  
keyword.  

b.  An a n t i c i p a t o r y  mode. T h i s  mode r e q u i r e s  t h e  u s e r  t .o 
t y p e  j u s t  enough  c h a r a c t e r s  f o r  t h e  command t o  be  
u n i q u e l y  s p e c i f i e d .  The s y s t e m  t h e n  a u t o m a t i c a l l y  
f i l l s  i n  t h e  r e m a i n d e r  o f  t h e  keyword.  

c.  A f i x e d  mode. Yeywords i n  t h e  s y s t e m  are  p i c k e d  i n  
s u c h  a manner t h a t  t h e  r e c o g n i t i o n  o f  t h e  keyword is 
p o s s i b l e  on e n t r y  o f  a  known number o f  c h a r a c t e r s .  

d .  A demand mode. T h i s  mode r e q u i r e  a  s p e c i a l  c h a r a c t e r  
t o  i n i t i a t e  r e c o g n i t i o n  a f t e r  t y p i n g  t h e  i n i t i a l  p a r t  
o f  t.he keyword. 

e .  A s i n g l e - c h a r a c t e r  mode. T h i s  mode a l l o w s  h i g h  s p e e d  
s i n g l e - c h a r a c t . e r  r e c o g n i t i o n  o f  t h e  mos t  commonly 
u s e d  keywords .  T h i s  mode may be u s e d  o n l y  when u n i q u e  
f i r s t  c h a r a c t e r s  o f  keywords  a r e  d e f i n e d .  

Ano the r  method o f  sys tem a s s i s t a n c e  i s  t h e  p r e s e n t a t i o n  o f  
n o i s e  words .  When t h e  s y s t e m  r e c o g n i z e s  t h e  f i r s t  p a r t  o f  
t h e  u s e r  i n p u t  p h r a s e ,  it c a n  g e n e r a t e  some w o r d s ,  c a l l e d  
n o i s e  wo rds ,  so t h e  u s e r  c a n  d i s t i n g u i s h  bet.ween wha t  h e / s h e  
h a s  e n t - e r e d  and w h a t  is a w a i t e d  by t h e  s y s t e m .  For example  i n  
t h e  i npu t .  command 

CREATE L I N E  f rom XI t o  ~2  

t h e  words  from and t o  c o u l d  b e  g e n e r a t e d  by t h e  s y s t e m  a s  t h e  
n o i s e  words .    he noise words  a i d  t h e  u s e r  t o  remember wha t  
t o  do  n e x t .  

When t h e  s y s t e m  a s s i g n s  d e f a u l t .  v a l u e s  t o  some m i s s i n g  
a r g u m e n t s ,  o r  s u p p l i e s  m i s s i n g  i n f o r m a t i o n  on  t h e  b a s i s  o f  
p r e v i o u s  commands, i t  s h o u l d  i n f o r m  t h e  u s e r  a b o u t  v a l u e s  
a s s i g n e d  and a s k  h im/her  f o r  c o n f i r m a t i o n .  

3 .3  R e g u l a r  Feedback  t o  t h e  User  I n p u t  - - --- 
R e g u l a r  f e e d b a c k  t.o t h e  u s e r  i n p u t  is  t h e  r e a c t i o n  o f  t h e  

s y s t e m  on v a l i d  r e q u e s t s .  W e  c a n  s p e c i f y  t .he  f o l l o w i n g  p o i n t s  
c o n c e r n i n g  t h e  c o n t e n t s  o f  t h e  s y s t e m  r e s p o n s e :  

a .  Con f i rma t . i on  o f  i n p u t  r e c e i p t . .  The s y s t e m  s h o u l d  
c o n f i r m  t h a t  t h e  u s e r  i n p u t  is v a l i d  a n d  a c c e p t e d .  I n  
c a s e s  where  m i s u n d e r s t a n d i n g  i s  p o s s i b l e ,  as  f o r  
examp le  w i t h  n a t u r a l  l a n g u a g e  i n t e r f a c e s ,  t h e  s y s t e m  
c a n  o u t p u t  a  q u e s t i o n  and a s k  t h e  u s e r  f o r  
c o n £  i r m a t i o n .  

b .  I n f o r m a t i o n  a b o u t  t h e  n o n - a v a i 1 a b i l i t . y  o f  r e s o u r c e s .  
I f  a  p r o c e s s ,  which  i s  i n i t i a l i z e d ,  n e e d s  some 
r e s o u r c e s  l i k e  f i l e s ,  p e r i p h e r a l  d e v i c e s ,  e tc . ,  t h e  
u s e r  mus t  be i n fo rmed  t h a t  r e s o u r c e s  d e s i r e d  a r e  n o t  
a- aila able and why t -hey  a r e  n o t .  

c .  Out.put d a t a  o f  t h e  p r o c e s s .  The o u t p u t  d a t a  c a n  



e i t h e r  be  p r e s e n t e d  on t h e  u s e r  t e r m i n a l  o r  by means 
o f  some o t h e r  o u t p u t  d e v i c e s .  I n  t h e  l a t t e r  c a s e  t h e  
u s e r  n e e d s  i n f o r m a t i o n  a b o u t  where  and how t.o o b t a i n  
h i s / h e r  r e s u l t s .  

d .  End i n f o r m a t i o n .  I f  t h e  p r o c e s s  c r e a t e d  a s  a  r e s u l t  
o f  t h e  u s e r  i n p u t  f i n i s h e s ,  i n f o r m a t i o n  a b o u t  t h e  
mode o f  t e r m i n a t i o n  ( n o r m a l ,  f a i l u r e  o f  t h e  s y s t e m ,  
e r r o r  i n  i n p u t ,  e tc . )  w i l l  b e  u s e f u l .  

3 .4  E r r o r  Messaqes  - - 

I n  e v e r y  p i e c e  o f  t h e  input .  t h e  s y s t e m  mus t  a n t i c i p a t e  
e r r o r s .  T h e r e f o r e ,  s o p h i s t i c a t e d  t e c h n i q u e s  mus t  be  used  t o  
h a n d l e  u s e r ' s  e r r o r s .  T h r e e  l e v e l s  o f  e r r o r  h a n d l i n g  c a n  b e  
i d e n t i f i e d  : 

a .  E r r o r  d e t e c t i o n .  The s y s t e m  must  t a k e  g r e a t  c a r e  t o  
e n s u r e  t h e  d e t e c t i o n  o f  any e r r o r .  

b .  E r r o r  r e c o v e r y .  After t h e  d e t e c t i o n  o f  t h e  e r r o r  i n  
a n  i n p u t  t e x t ,  it is d e s i r a b l e  t o  c o n t i n u e  t h e  
p r o c e s s i n g  o f  t h e  r e m a i n d e r  o f  t h e  i n p u t  w i t h o u t  
" p s e u d o - e r r o r "  i n d i c a t i o n s .  

c .  E r r o r  c o r r e c t i o n .  Some k i n d s  o f  e r r o r s  may be 
c o r r e c t e d  a u t o m a t i c a l l y ,  b u t  i n  any  c a s e  o f  a u t o m a t i c  
c o r r e c t i o n  t h e  s y s t e m  mus t  a s k  t h e  u s e r  f o r  
a g r e e m e n t ,  b e c a u s e  a u t o m a t i c  e r r o r  c o r r e c t i o n  may 
i n t r o d u c e  an  u n s o l v a b l e  p rob lems .  

Aft .er  e r r o r  d e t e c t i o n  t h e  s y s t e m  mus t  r e p o r t  a  message ,  
which  d i s p l a y s  e x a c t l y  and c l e a r  t h e  e h a r a c t e r  o f  t h e  e r r o r .  

H e b d i t c h  ( 1 9 7 9 )  p r o v i d e s  some g u i d e l i n e s  on  d e v i s i n g  e r r o r  
r e p o r t i n g  t e c h n i q u e  : 

a .  Avoid ing  c o d i n g  e r r o r  m e s s a g e s  and  t h e  need t o  refer 
t o  manuals .  

b .  Making e r r o r  messages  a s  s e l f - e x p l a n a t o r y  a s  
p o s s i b l e .  

c .  E r r o r  m e s s a g e s  s h o u l d  b e  p r e - s p e c i f i e d  by t h e  s y s t e m  
d e s i g n e r  and checked  f o r  u n d e r s t a n d i n g  and 
e f f e c t i v e n e s s  w i t h  t h e  p o t e n t i a l  u s e r s .  

d .  D e t e c t i o n  o f  e r r o r s  mus t  be  a s  e a r l y  a s  p o s s i b l e .  . Avoiding t h e  need t o  re-key v a l i d  i n p u t s  d u r i n g  t h e  
e r r o r  c o r r e c t i o n  p r o c e s s .  

f .  Rechecking  e v e r y t h i n g  a f t e r  c o r r e c t i o n .  



3.5 He lp  F a c i l i t i e s  - - 
Any s o f t w a r e  s y s t e m  must  be  p r o p e r l y  documented i n  o r d e r  

o  be  u s a b l e  (Cohen 1 9 7 6 ) .  ~ o c u m e n t a t i o n  f o r  a  l a r g e  s y s t e m  is 
o t  an e a s y  t a s k .  It. is  s t i l l  worse  i f  t h e  s y s t e m  is d e s i g n e d  

t o  be e x t e n d e d  by means i t s  u s e r s .  Any p r i n t e d  d o c u m e n t a t i o n  
f o r  such  a  sys t em would be  o u t d a t e d  b e f o r e  i t  is p u b l i s h e d .  
t h e r e f o r e ,  t h e  sys tqm i t s e l f  h a s  t o  be  c a p a b l e  o f  p r o v i d i n g  
f a c i l i t . i e s  t h a t .  s u p p l y  d o c u m e n t a t i o n  i n  a  way t h a t  is 
g u a r a n t e e d  t o  be  up t o  d a t e .  

T h e r e  a r e  t . h r ee  main a r e a s  (Watson 1976)  i n  which t h e  u s e r  
n e e d s  i n f o r m a t i o n  t.o h e l p  him/her  : 

a .  t o  know where he / she  h a s  been ,  
b .  t o  know where he / she  i s ,  and 
c .  t o  know where he / she  c a n  go  from h e r e .  

To keep t h e  u s e r  in formed i n  t h e s e  t h r e e  a r e a s ,  it is  
d e s i r a b l e  t o  o f f e r  i n f o r m a t i o n  i n  t h e  f o l l o w i n g  s p a c e s :  

a .  I n f o r m a t i o n  s p a c e .  The u s e r  n e e d s  t o  know where - 
h e / s h e  is i n  i n f o r m a t i o n  s p a c e  and which p a r t  o f  t h e  
many p o s s i b l e  i n f o r m a t i o n -  i s  b e i n g  d i s p l a y e d  t o  
h im/her .  The u s e r  a r r i v e d  a t  h i s / h e r  p r e s e n t  p o s i t i o n  
from p r e v i o u s  p i n t s ,  and h e  may want  t o  be a b l e  t o  
r e t u r n  t o  p r e v i o u s  p o i n t s  o r  v i ews  a s  w e l l  a s  t o  move 
on .  I t  is  p o s s i b l e  t o  a c h i e v e  t h i s  g o a l  by o r g a n i z i n g  
h e l ?  f a c i l i t i e s  i n  a t ree  s t r u c t u r e .  Each i n f o r m a t i o n  
node i n  t h e  t ree c o n t a i n s  a  t e x t  document  which 
e x p l a i n s  a  s p e c i f i c  p a r t  o f  t h e  sys t em.  The t ree  
s t r u c t u r e  p r o v i d e s  q u i c k  a c c e s s  t o  i n f o r m a t i o n  a b o u t  
a  s p e c i f i c  t o p i c .  

b .  ~ u b s ~ s t e m  o r  t o o l  s p a c e .  I n  s y s t e m s  c o n t a i n i n g  many - -- 
t o o l s  and commands, t.he u s e r  n e e d s  t o  know which 
t o o l s  a r e  a c t i v e ,  which o n e s  he / she  used p r e v i o u s l y ,  
and which o n e s  he / she  c a n  e n t e r  from h e r e .  Each 
s u b s y s t e m  h a s  a  name and  c o n t a i n s  a  number o f  r e l a t e d  
commands. I t  i s  v e r y  u s e f u l  f o r  a l l  t h e  t o o l s  t o  
wbrk on i n f o r m a t i o n  i n  t h e  same f i l e  s t r u c t u r e  i n  
o r d e r  t o  f a c i l i t a t e  moving from one  t o o l  t o  a n o t h e r .  
The u s e r  need t o  b e  in formed a b o u t  s u b s y s t e m s  
a v a i l a b l e  t o  him/her  and a b o u t  t h e  s u b s y s t e m s  i n  
which he /she  h a s  p r e v i o u s l y  been ,  a s  w e l l  a s  a b o u t  
t h e  name of t h e  c u r r e n t .  subsys tem.  

c .  I n p u t  s y n t a x  s p a c e .  S e v e r a l  t y p e s  o f  a s s i s t a n c e  t.o - - 
t h e  u s e r  i n  f o r m u l a t i n g  input .  have  been  d e s c r i b e d  
above  a s  a  h e l p  t o  t h e  u s e r  d u r i n g  t h e  s p e c i f i c a t i o n  
o f  an i n p u t .  I f  t h e  f a c i l i t i e s  a r e  n o t  s u f f i c i e n t  
b e a u s e  of  u n c e r t a i n t y  a b o u t  t h e  b a s i c  c o n c e p t s  o r  t h e  
v o c a b u l a r y ,  t h e  u s e r  c a n  e n t e r  the  h e l p  f a c i l i t i e s  
d e s c r i b e d  above  by s p e c i f  y i n g  e i t h e r  a  s p e c i f i c  
c o n c e p t  of i n t e r e s t  o r  t h e  g e n e r a l  need o f  h e l p  o n l y .  
I n  t h e  l a t t e r  c a s e  t h e  sys t em c o u l d  u t i l i z e  t h e  
i n f o r m a t i o n ,  which h a s  been  i n p u t  up t o  t h i s  p o i n t  i n  
o r d e r  t o  select i n f o r m a t i o n  which t h e  u s e r  n e e d s .  



I n  d a t a  b a s e  management s y s t e m s  it i s  u s e f u l  t o  keep  t h e  
u s e r  in formed a b o u t  t h e  s e m a n t i c s  o f  t h e  d a t a  s t o r e d  i n  t.he 
d a t a  base .  

I n  t h e  d a t a  b a s e  management sys t em INGRFS ( S t o n e b r a k e r ,  et. 
a l .  1976)  i n f o r m a t i o n  a b o u t  r e l a t i o n s  i s  i n c l u d e d  and may be 
used  i n  t h e  same way a s  o t h e r  h e l p  f a c i l i t i e s  s p e c i f y i n g  t h e  
names of  t h e  r e l a t i o n s  o n l y .  

4 .  Conc lus ion  - 
Although w e  have  d i s c u s s e d  many i s s u e s  c o n c e r n i n g  a  u s e r -  

a p p l i c a t i o n  s o f t w a r e  i n t e r f a c e ,  t h e r e  a r e  numerous a s p e c t s  we 
h a v e  n o t  ment ioned .  W e  have focused  on s u c h  an i n t e r f a c e  o n l y ,  
i n  which a l p h a n u m e r i c  t e x t s  a r e  used a s  a  medium f o r  
communica t ion .  The main p rob lem i n  a  communica t ion  w i t h  a  
computer  u s i n g  a l p h a n u m e r i c  t e x t s  is a  g r e a t  d i f f e r e n c e  be tween  
s p e e d  of a n  i n p u t  and  o u t p u t .  Whi le  t h e  s p e e d  o f  a n  o u t p u t  c a n  
b e  v e r y  h i g h  ( t h o u s a n d s  o f  c h a r a c t e r s  p e r  second  ) ,  t h e  s p e e d  
o f  t h e  i n p u t  v i a  keyboard  is v e r y  low (some c h a r a c t e r s  p e r  
s e c o n d ) .  T h i s  drawback c a n  be p a r t l y  r educed  by u s i n g  s i n g l e  
l e t t e r s  i n  an  a c t i o n  l a n g u a g e ;  f o r  example ,  ' f '  f o r  F I N D ,  ' p '  
f o r  PRINT, and s o  on.  But  t h i s  is  i n  c o n f l i c t  w i t h  t h e  
l e g i b i l i t y  of  a  d i a l o g  document and c a n  be  used  f o r  t h e  
f r e q u e n t  u s e r s  o n l y .  

Another  p r o m i s i n g  medium f o r  i n t e r f a c e s  i s  g r a p h i c s .  
G r a p h i c s  c a n  be  used  a s  a  p a r t  o f  a  s c r e e n  l a n g u a g e  o r  a n  
a c t i o n  l anguage  o r  b o t h  a s  w e l l .  W e  have  ment ioned  o n e  t y p e  o f  
s y s t e m s ,  two-d imens iona l  p o s i t i o n a l  l a n g u a g e s ,  i n  which a  
s i m p l e  g r a p h i c  is used  a s  a  p a r t  o f  a  s c r e e n  . l anguage .  A 
communica t ion  i n  such  s y s t e m s  is n o t  o n l y  more s i m p l e  b u t  it is  
a l s o  f a s t e r . T h i s  f a c t  c o u l d  be s e e n  from compar i son  o f  a  l i n e  
o r i e t e d  e d i t o r  w i t h  a  s c r e e n  o r i e n t e d  e d i t o r .  

The second p rob lem w i t h  a  communica t ion  w i t h  a n  
a p p l i c a t i o n  s o f t w a r e  is t h e  s e l e c t i o n  o f  an a p p r o p r i a t e  
l a n g u a g e  t y p e  and i t s  d e s i g n .  Computers a n d ,  e s p e c i a l y ,  s m a l l  
s c a l e  compu te r s  a r e  used and/or  w i l l  b e  u s e d ,  among e l se ,  a s  a  
t o o l  f o r  o f f i c e  a u t o m a t i o n ,  f o r  b u s i n e s s  s y s t e m s ,  and f o r  
m a n a g e r i a l  s y s t e m s .  Most p e o p l e ,  who u s e  and/or  w i l l  u s e  s u c h  
s y s t e m s ,  have  no o r  l i t t l e  d a t a  p r o c e s s i n g  background .  
T h e r e f o r e ,  it is  d e s i r a b l e  t o  d e s i g n  such  s o f t w a r e  s y s t e m s  w i t h  
a  n o n - p r o c e d u r a l  i n t e r f a c e .  I n  such  a  s i t u a t i o n  t h e  u s e  o f  
n a t u r a l  l a n g u a g e  seems t o  b e  mos t  a p p r o p r i a t e .  But  b e c a u s e  
p r o b l e m s  t o  implement  n a t u r a l  l a n g u a g e  i n t e r f a c e s  e v e n  on  s m a l l  
s c a l e  comput .ers ,  w e  mus t  s u p p o s e  t h a t  f o r m a l  l a n g u a g e s  w i l l  
s t i l l  be w i d e l y  used i n  t h e  f u t u r e .  I n  t h o s e  c a s e s  it is v e r y  
impor t an t .  t o  d e s i g n  t h e  l a n g u a g e  i n  such  a  way t h a t  it f o l l o w s  
a  n a t u r a l  l a n g u a g e  a s  c l o s e  a s  p o s i b l e .  Some r emarks  on t h e  
u s e r  l a n g u a g e  d e s i g n  o f  an o f f i c e  a u t o m a t i o n  a u t o m a t i o n  c a n  b e  
found  i n  R o h l f s  ( 1 9 7 9 ) .  Keen and ~ G c k a t h o r n  (1979)  and 
B l a n n i n g  (1979)  d e s c r i b e  ways t o  d e s i g n  l a n g u a g e s  f o r  
m a n a g e r i a l  s y s t e m s .  
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