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It is b e c o m i n g  i n c r e a s i n g l y  c l e a r  tha t  one of the m a j o r  t h r u s t s  of the p r o g r a m -  
ming  l anguage  f i e ld  is  in the d i r e c t i o n  of s p e c i a l i z e d  a p p l i c a t i o n  l a n g u a g e s  
s o m e t i m e s  c a l l 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 .  T h e s e  s p e c i a l i z e d  a p p l i c a t i o n  l an-  
g u a g e s  have  a l r e a d y  b e e n  d e v e l o p e d  for  such  d i v e r s e  f i e ld s  as  c i v i l  e n g i n e e r i n g ,  
e l e c t r i c a l  e n g i n e e r i n g ,  c o m p u t e r  a s s i s t e d  i n s t r u c t i o n ,  s y s t e m s  p r o g r a m m i n g ,  
e q u i p m e n t  c h e c k o u t ,  m o v i e  a n i m a t i o n ,  e tc .  Of the r o u g h l y  165 l a n g u a g e s  c u r -  
r e n t l y  in u s e  in the Un i t ed  S t a t e s ,  a p p r o x i m a t e l y  85 of  t h e m  m i g h t  be c l a s s i f i e d  
as s p e c i a l i z e d .  (See the l i s t  in R e f e r e n c e  1. ) F o r  d e s c r i p t i o n  and i l l u s t r a t i o n  
of m a n y  of t h e s e ,  s e e  C h a p t e r  9 in R e f e r e n c e  2. 

All  l a n g u a g e s  a r e  a p p l i c a t i o n s  o r i e n t e d .  In fac t ,  th is  is p r o b a b l y  the b e s t  
w a y  to c a t e g o r i z e  the  s e t  of p r o g r a m m i n g  l a n g u a g e s .  H o w e v e r ,  s o m e  a p p l i c a -  
t ion  a r e a s  a r e  o b v i o u s l y  l a r g e r  than  o t h e r s ,  e . g . ,  s c i e n t i f i c  c o m p u t a t i o n  
( n u m e r i c  and n o n - n u m e r i c }  and b u s i n e s s  da t a  p r o c e s s i n g .  The  m a i n  c o n c e r n  
h e r e  is wi th  the m o r e  s p e c i a l i z e d  l a n g u a g e s .  While  e a c h  p e r s o n  m a y  have  a 
d i f f e r e n t  i d e a  of  wha t  the c a t e g o r i e s  of s p e c i a l i z a t i o n  shou ld  be ,  t h e r e  can  be 
l i t t l e  d i s p u t e  a b o u t  the wide  d i v e r s i t y  and l a r g e  n u m b e r  of t h e m .  

T h e r e  a r e  m a n y  r e a s o n s  fo r  the i n c r e a s e d  e m p h a s i s  in this  d i r e c t i o n .  Many  
u s e r s  tend  to f ind l a n g u a g e s  s u c h  as  P L / I  and A L G O L  68 too l a r g e  fo r  t h e i r  m o r e  
s p e c i f i c  a p p l i c a t i o n s ;  t hey  p r e f e r  t h e i r  own v o c a b u l a r y ,  and a l s o  the i n c r e a s e d  
e f f i c i e n c y  wh ich  can  c o m e  f r o m  a s m a l l e r  m o r e  s p e c i a l i z e d  c o m p i l e r .  T h e r e  
a r e  a n u m b e r  of d i f f e r e n t  t e c h n i q u e s  wh ich  a r e  u s e d  to d e v e l o p  t h e s e  s p e c i a l i z e d  
l a n g u a g e s :  at  one e x t r e m e  is  the  d e s i g n  and i m p l e m e n t a t i o n  of  the l a n g u a g e  
i n d e p e n d e n t l y  of any th ing  e l s e  in e x i s t e n c e ;  wha t  m i g h t  be  c o n s i d e r e d  the o t h e r  
e x t r e m e  is the m o d i f i c a t i o n  of an e x i s t i n g  l anguage  (and i ts  c o m p i l e r )  to su i t  the 
s p e c i a l i z e d  a p p l i c a t i o n .  One of the p o s s i b l e  t e c h n i q u e s  - a l t hough  o b v i o u s l y  not  
the only  one - is the u s e  of e x t e n s i b l e  l a n g u a g e s .  

Many  of the a d v a n t a g e s  of e x t e n s i b l e  l a n g u a g e s  app ly  to t h e i r  u s e  in d e v e l o p i n g  
t h e s e  s p e c i a l i z e d  a p p l i c a t i o n  l a n g u a g e s .  F o r  e x a m p l e ,  the  c o m m o n  c o r e  and ex -  
t e n s i o n  m e c h a n i s m  p e r m i t  the d e v e l o p m e n t  of d i f f e r e n t  but  s i m i l a r  o r  r e l a t e d  
l a n g u a g e s .  Also ,  an e x t e n s i b l e  l anguage  wou ld  p e r m i t  an i n d i v i d u a l  o r  o r g a n i z a -  
t ion  to e a s i l y  m a k e  m i n o r  c h a n g e s  to a s p e c i a l i z e d  l a n g u a g e  w h i c h  e x i s t s .  In 
f ac t  it m a y  e v e n  be  t r u e  that  the only  p r a c t i c a l  appl ica t i .on  of e x t e n s i b l e  l a n g u a g e s  
is to p r o d u c e  s p e c i a l i z e d  a p p l i c a t i o n  l a n g u a g e s  and t h e i r  c o m p i l e r s  o r  i n t e r p r e t e r s .  

(~) 1971 by  the a u t h o r  
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The  b i g g e s t  p r o b l e m  - and  the  one  to w h i c h  the  e x t e n s i b l e  l a n g u a g e  
d e v e l o p e r s  s h o u l d  a d d r e s s  t h e m s e l v e s  - i s  the  i n c r e d i b l e  v a r i e t y  of s y n t a x  
and  s e m a n t i c s  t h a t  e x i s t  in  t h e s e  l a n g u a g e s .  I t  s e e m s  u n l i k e l y  t h a t  a n y  of  
the  e x i s t i n g  o r  p o t e n t i a l  e x t e n s i b l e  l a n g u a g e  s y s t e m s  w o u l d  be  p o w e r f u l  
e n o u g h  to p e r m i t  t he  g e n e r a t i o n  of  a l l  the  s p e c i a l i z e d  l a n g u a g e s  now in  e x i s -  
t e n c e .  T h i s  i n h e r e n t  l i m i t a t i o n  s e e m s  q u i t e  j u s t i f i a b l e  on the  g r o u n d s  t h a t  
i t  i s  f u t i l e  to e x p e c t  a s i n g l e  e x t e n s i b l e  l a n g u a g e  s y s t e m  to g e n e r a t e  a l l  o t h e r  
l a n g u a g e s  and  t h a t  i s  w h a t  w o u l d  be  r e q u i r e d  to c o p e  w i t h  the  m y r i a d  of  s p e -  
c i a l i z e d  l a n g u a g e s  now in  e x i s t e n c e .  H o w e v e r ,  i f  t h e r e  i s  no t  s u f f i c i e n t  c a r e  
t a k e n ,  the  o t h e r  e x t r e m e  m a y  e x i s t ,  i . e . ,  an  e x t e n s i b l e  l a n g u a g e  c a n  be u s e d  
to g e n e r a t e  o n l y  one ,  o r  a t  m o s t  a f ew c l o s e l y  r e l a t e d  s p e c i a l i z e d  l a n g u a g e s .  
In s u c h  a c a s e ,  the  e x t e n s i b l e  l a n g u a g e  p r o b a b l y  s e r v e s  r e l a t i v e l y  l i t t l e  p u r -  
p o s e .  N a t u r a l l y ,  the  b r e a d t h  of  l a n g u a g e s  w h i c h  the  e x t e n s i b l e  l a n g u a g e  
s y s t e m  c a n  g e n e r a t e  i s  a m a t t e r  of  j u d g m e n t ,  t e c h n o l o g y ,  and  e f f i c i e n c y  j u s t  
a s  i t  is  f o r  t he  d e s i g n  of  a n y  p r o g r a m m i n g  l a n g u a g e .  

One of  t he  i l l u s t r a t i o n s  of  a r e l a t e d  s y s t e m  w h i c h  w a s  no t  d e v e l o p e d  
v i a  an  e x t e n s i b l e  l a n g u a g e  bu t  w h i c h  is  c o m p o s e d  of  a s e t  of  r e l a t e d  l a n g u a g e s  
i s  I C E S ,  u s e d  f o r  c i v i l  e n g i n e e r i n g .  (See f o r  e x a m p l e  R e f e r e n c e  3. ) I C E S  
a l s o  c o n t a i n s  a C o m m a n d  D e f i n i t i o n  L a n g u a g e  w h i c h  p e r m i t s  t h e  u s e r  to  
d e f i n e  h i s  own  l a n g u a g e  w i t h i n  the  ICES  f r a m e w o r k .  

It is probably true that a single extensible language must restrict 

itself to a particular type of application area. Even within these, some of the 

variations in style can be enormous. It often turns out that the style of a lan- 

guage is based more on the personal views of the person who developed it than 

on any rational basis. Thus languages which are different in purpose and ap- 

plication area may have a similar syntax. Conversely, the same application 
area will surely breed different syntactic styles. 

SUMMARY OF REQUIREMENTS FOR SPECIALIZED APPLICATION LANGUAGES 

T h i s  s u m m a r y  i n d i c a t e s  the  t y p e s  of  f a c i l i t i e s  a l r e a d y  k n o w n  to e x i s t .  
N a t u r a l l y  no s i n g l e  s p e c i a l i z e d  l a n g u a g e  h a s  a l l  t h e s e  r e q u i r e m e n t s ;  
h o w e v e r ,  a t  l e a s t  one  l a n g u a g e  h a s  e a c h  r e q u i r e m e n t .  Note  t h a t  s y s t e m s  p r o -  
g r a m m i n g  i s  one  p a r t i c u l a r  a p p l i c a t i o n  a r e a  a n d  i t s  r e q u i r e m e n t s  a r e  s i g n i f i -  
c a n t l y  d i f f e r e n t  f r o m  m o s t  of  the  o t h e r s .  

In s o m e  c a s e s  the  l a n g u a g e s  e n c o u r a g e  o r  r e q u i r e  i m p l e m e n t a t i o n  v i a  
an  i n t e r p r e t e r  r a t h e r  t h a n  a c o m p i l e r .  
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Syntax 

i. 

2. 

o 

4. 

5. 

6. 

7. 

Data 

Free form. 

Blank characters and/or punctuation allowed to be critical or not 
critical as delimiters. (Single choice made for each language. ) 

Fixed tabular form as in report writers or decision tables. 

Rigid form with required parameters, i.e., essentially macro style. 

Specialized vocabulary for key words. 

Identifiers and verbs can be single characters or lengthy. 

Full power of language like PL/I (for systems programming). 

i. Implicit, i. e., all data is assumed to be of a particular type, 
clearly defined by position in statement. 

2. Some declarations (perhaps with default conditions). 

3. Data types specialized to application, e.g., length. 

4. Wide variety (for systems programming). 

Semantics 

i. Specialized computational routines. 

2. Non-standard use of common characters (e.g., plus sign). 

Program/Control Structure 

I. 

2. 

and/or 

Generally quite simple with no block structure nor compound statements. 

Very powerful (for systems programming). 
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