
The  R e l e v a n c e  of S o m e  C o m p i l e r  C Q n s t r u c t i o n  

T e c h n i q u e s  t o  the  D e s c r i p t i o n  a n d  T r a n s l a t i o n  

Of L a n g u a g e s  

b y  

S t e v e n  I ,  L a s z l o  

W e s t e r n  Union T e l e g r a p h  Co.  

The  f r a m e w o r k  i s  m a c h i n e - t r a n s l a t i o n .  C o m p i l e r - b u i l d i n g  
c a n  f o r ' a  v a r i e t y  of r e a s o n s  be  c o n s i d e r e d  a s  a s p e c i a l  c a s e  of 
m a c h i n e - t r a n s l a t i o n .  I t  i s  the  p u r p o s e  of  t h i s  p a p e r  to  e x p l i c a t e  
s o m e  t e c h n i q u e s  u s e d  in  c o m p i l e r - b u i l d i n g ,  a n d  to  r e l a t e  t h e s e  to  
l i n g u i s t i c  t h e o r y  a n d  to  the  p r a c t i c e  of  m a c h i n e - t r a n s l a t i o n .  " 

The  g e n e r a l l y  o b s e r v e d  m a c h i n e - t r a n s l a t i o n  p r o c e d u r e  c o u l d  
be  s c h e r n a t i z e d  a s  in  F I G U R E  1, o r  to  put  i t  a n o t h e r  w a y ,  

le 
2. 
3.  

P a r s i n g  t h e  s o u r c e - t e x t .  
T r a n s l a t i o n  f r o m  s o u r c e  to  o b j e c t - l a n g u a g e .  

S y n t h e s i s  of g r a m r r m t i c a l l y  c o r r e c t  o b j e c t - t e x t .  

F I G U R E  1. " 

b r e a k - d o w n ,  t r a n s l a t i o n ,  and  r e c o m p o s i t i o n .  The  t r a n s l a t i o n  
u s u a l l y  o c c u r s  on the  l e v e l  of s o m e  s i m p l i f i e d ,  c a n n o n i c a l  f o r m  
( tha t  is  not  n e c e s s a r i l y  the  k e r n e l - f o r m )  of bo th  l a n g u a g e s ,  s u c h  
t h a t  the  s o u r c e - t e x t  i s  d e c o m p o s e d ,  and  the  o b j e c t - t e x t  r e c o m p o s e d  
f r o m  th i s  f o r m .  The  t r a n s l a t i o n  a l g o r i t h m  u s u a l l y  r e q u i r e s  a 
s t a t e m e n t  of the  s t r u c t u r e  of bo th  t he  s o u r c e  and  the  o b j e c t - l a n g u a g e ,  

a.s w e l l  a s  the  s t a t e m e n ~ f  s o m e  p r i m i t i v e - t o - p r i m i t i v e  

* C u r r e n t l y  a t  D e c i s i o n  S ~ s t e m s ,  Inc .  
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c o r r e s p o n d e n c e  p a r a d i g m  f o r  bo th  s y n t a c t i c  and  l e x i c a l  p r i m i t i v e s .  
C o m p i l e r s  on the  o t h e r  hand  w o r k  on the  b a s e s  of on ly  the  f i r s t  two  
s t e p s  of F I G U R E  1. : b r e a k d o w n ,  . and  t r a n s l a t i o n .  C o n s e q u e n t l y ,  
the  p r o c e s s o r  r e q u i r e s  on ly  s t a t e m e n t s  of the  s t r u c t u r e  of the  
s o u r c e  - l a n g u a g e  a n d  of the  c o r r e s p o n d e n c e  p a r a d i g m .  T h a t  d o e s  
not  i m p l y  t ha t  the  s t r u c t u r e  of  the  o b j e c t - l a n g u a g e  is  i r r e l e v a n t t o  
the  p r o c e s s  of t r a n s l a t i o n ,  but  t ha t  i t  i s  i m p l i c i t  in the  
c o r r e s p o n d e n c e  p a r a d i g m ,  and  in  the  s e l e c t i o n  of w h a t  is  a 
p r i m i t i v e  o r  t e r m i n a l  in  the  d e s c r i p t i o n  of the  Source~- l anguage .  

T h r o u g h  the  u s e  of  e x a m p l e s  i t  w i l l  be  s h o w n  t h a t  B N F  a n d  
s i m i l a r  l a n g u a g e - d e s c r i p t i o n  d e v i c e s  (8) a r e  - -  b y  t h e m s e i v e s  - -  
bo th  a n a l y t i c a l l y  a n d  g e n e r a t i v e l y  i n a d e q u a t e  a n d  d e p e n d  on  o t h e r  
d e v i c e s ,  i m p l i c i t  in  the  t r a n s l a t i o n  a l g o r i t h m .  I t  w i l l  b e  s h o w n  
t h a t  b y  s o m e  e x t e n s i o n s  of t he  n o t i o n  of P - r u l e s  a n d  s o m e  
a p p l i c a t i o n s  of the  c o n c e p t  of  T-r___.~e__.s (4), a d e s c r i p t i o n  t h a t  i s  b p t h  
a n a l y t i c a l l y  a n d  g e n e r a t i v e l y  a d e q u a t e  m a y  be  c o n s t r u c t e d  f o r  
p r o g r a m m i n g  l a n g u a g e s .  T h e  p r o g r a m m i n g  l a n g u a g e  P .  O. L .  Z (IZ}, 
(13) w a s  s e l e c t e d  f o r  the  e x a m p l e s  b e c a u s e  a n  a d e q u a t e ,  fu l ly  
e x p l i c i t  d e s c r i p t i o n  d o e s  e x i s t  f o r  i t ;  f u r t h e r m o r e ,  t he  l a n g u a g e  
c o n t a i n s  m o s t  s y n t a c t i c a l l y  p r o b l e r n a t i c  f e a t u r e s  of o t h e r  
p r o g r a m m i n g  l a n g u a g e s  a s  w e l l  a s  p r e s e n t i n g  a f ew  un ique  p r o b l e m s  
in  d e s c r i p t i o n  t h a t  a r e  w o r t h y  of a t t e n t i o n .  

• The  f a i l u r e  to  c o m e  to  g r i p s  wi th  t h e  ~ p r o b l e m  i s  
s u f f i c i e n t  to  d e m o n s t r a t e  the  i n a d e q u a c y  of B N F  a n d  s i m i l a r  d e v i c e s  

• (8). The  s i m p l i f i e d  p r o g r a m - s e g m e n t s  in  F I G U R E  2,  s e r v e  to  
i l l u s t r a t e  

EXAMPLE I. 

I. Let A be variable. 
2. Let B be = "7". 
3. Let C be = "9.5 'i. 

4. Let D be = ". 07Z". 
5. A=B+C/D. 
6. P r i n t  A. 

EXAMPLE Z. 

Def i ne  F u n c t  (A, B) = (C). 

Q 

E n d .  
- - - a n d  e l s e w h e r e - - -  

F u n c t  (Q, R) -- (Z). 
V = D +K ~Funct (P,T}. 

FIGURE Z. 
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th is  p r o b l e m .  B'NF and  s i m i l a r  d e v i c e s  would  g e n e r a t e  a p a r s e  
d e s i g n a t i n g  "A, " B " ,  e tc .  in qEXAMPLE 1. a s  i d e n t i f i e r  (a 
s y n t a c t i c  w o r d - c l a s s )  hut  would  fa i l  to  i n d i c a t e  tha t  the v a r i o u s  
o c c u r r e n c e s  of a g iven  i d e n t i f i e r  (e. g . ,  "A"  in s t a t e m e n t s  1 . ,  5 . ,  
and  6. ) a r e  tha t  of the s a m e  l e x i c a l  t oken  or  s e m a n t i c  ob j ec t .  
R e l a t e d  to  the  iden t i ty  p r o b l e m  is  the r e s t r i c t i o n  tha t  e a c h  
i d e n t i f i e r  o c c u r r i n g  in a p r o g r a m  s t a t e m e n t  m u s t  a l s o  o c c u r  in  one 
and  only  one def in i t ion .  This  r e s t r i c t i o n  m a y  be  c a l l e d  the  
d e f i n i t i o n p r o b l e m .  B N F ,  e t c . ,  do  not  hand le  the  de f in i t i on  
p r o b l e m .  Othe r  m a n i f e s t a t i o n s  of the  iden t i ty  and  de f in i t i on  
p r o b l e m s  a r e  a s s o c i a t e d  wi th  the  u se  of m a c r o -  o r  c o m p o u n d  
func t i ons  (see  E X A M P L E  Z . ,  F I G U R E  Z.) ,  s u b s c r i p t  e x p r e s s i o n s ,  
e t c .  

S ince  t h e r e  e x i s t s  a d e m o n s t r a b l e  n e c e s s i t y  f o r  e s t a b l i s h i n g  
the  a b o v e  m e n t i o n e d  i d e n t i t i e s  and  r e s t r i c t i o n  (3), c o m p i l e r s  
c o n t a i n  - -  i m p l i c i t  in  the  t r a n s l a t i o n  a l g o r i t h m  - -  a n  e l a b o r a t e  
t a b l e - b u i l d i n g / t a b l e - s e a r c h i n g / i d e n t i t y - t e s t i n g  p r o c e d u r e .  Wi thou t  
s u c h  p r o c e d u r e s ,  the  s y n t a c t i c  d e s c r i p t i o n  is i nadequa t e ,  f u l l  
a n a l y s i s  and  t r a n s l a t i o n  i m p o s s i b l e .  In o r d e r  to  d e a l  with t h e s e  
p r o b l e m s  exp l i c i t l y ,  i t  was  d e c i d e d  to  i n c o r p o r a t e  a 
t r a n s f o r m a t i o n a l  c o m p o n e n t  a long  wi th  the  B N F - l i k e  p h r a s e -  
s t r u c t u r e  c o m p o n e n t  in the  d e s c r i p t i o n  of P .  O. L .  2 .  The a b o v e  
r e a s o n s  fo r  p o s i t i n g  a t r a n s f o r m a t i o n a l  c o m p o n e n t  a r e  in  e s s e n c e  
the  p r o g r a m m i n g - l a n g u a g e  e q u i v a l e n t s  of C h o m s k y l s  o r i g i n a l  
r e a s o n s  to  use  t r a n s f o r m a t i o n s  in the  d e s c r i p t i o n  of n a t u r a l  
l a n g u a g e s .  

Rule  1. M 9- # , M , s e 1 . 1 ,  # 

w h e r e  ' ! M " i s  the  in i t i a l  s y m b o l ,  "#"  i s  the  b o u n d a r y  m a r k e r ,  
and  the s u b s c r i p t  wi l l  be exp l a ined  l a t e r .  

Rule  Z. M -~DEFINE, f u n c t m e n t i o n ,  p r o g r a m ,  END 
se l .  I 

w h e r e  the  c o n v e n t i o n  is u s e d  t h a t  t e r m i n a l  s y m b o l s  a r e  a l l  
c a p i t a l  l e t t e r s ,  and  m e m b e r s  of the  i n t e r m e d i a t e  a l p h a b e t  
a r e  in l o w e r  c a s e .  

Rule  3. p r o g r a m - k . .  . ,  p l a c e h o l d e r ,  M ,  . . . 

F I G U R E  3. 

In F I G U R E  3 . ,  in  a s i m p l i f i e d  f o r m  i t  is  shown tha t  the  p h r a s e -  
s t r u c t u r e  c o m p o n e n t  g e n e r a t e s  func t ion  de f in i t ions  (17), (18) 
e m b e d d e d  in o t h e r s  (see  Rule  3. ), and  tha t  the  f o r m  of the  func t ion  
is  g e n e r a t e d  in the  de f in i t i on  - -  a s  the  e x p a n s i o n  of the  s y m b o l  
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" f u n c t m e n t i o n "  - -  g e n e r a t i n g  p l a c e - h o l d e r s  f o r  i n s t a n c e s  of use  of 
the func t ion .  T r a n s f o r m a t i o n s  r e p l a c e  the p l a c e - h o l d e r s  with the 
a p p r o p r i a t e  f o r m  of the func t ion  g e n e r a t e d  in the  def in i t ion ,  thus  
a c c o u n t i n g  for  both  the iden t i ty  and the  de f in i t ion  p r o b l e m s .  Othe r  
t r a n s f o r m a t i o n s  ex i s t  to hand le  o the r  i n s t a n c e s  of t h e s e  p r o b l e m s  
e. g . ,  l a b e l s ,  i d e n t i f i e r s ,  s u b s c r i p t  e x p r e s s i o n s .  The m e t h o d  is  : 
i d e n t i c a l :  the f o r m  is g e n e r a t e d  in the r e l e v a n t  def in i t ion ,  p l a c e -  
h o l d e r s  a r e  g e n e r a t e d  fo r  i n s t a n c e s  of u s e ,  and  the p l a c e - h o l d e r s  
a r e  r e p l a c e d  t r a n s f o r m a t i o n a l l y  wi th  the c o r r e c t  f o r m  g e n e r a t e d  in 
the def in i t ion .  

O the r  t r a n s f o r m a t i o n s  dea l  wi th  a d d i t i o n a l  n o t a t i o n a l  ! 
r e s t r i c t i o n s  of P .  O. L . Z .  One such  r e s t r i c t i o n  is  tha t  a func t ion  
de f in i t i on  m a y  r e f e r e n c e  o the r  f unc t i ons  but  a de f in i t ion  m a y  not be  
e m b e d d e d  in a n o t h e r .  Def in i t ions  (see  F I G U R E  3. ) a r e  in f ac t  
g e n e r a t e d  e m b e d d e d ,  and  it  b e c o m e s  n e c e s s a r y  to p o s i t  s o m e  
exbedd ing  t r a . n s f o r m a t i o n  (7), m o v i n g  the  n e s t e d  de f in i t ions  ou t s ide  
the  " p a r e n t "  de f in i t ion .  T h e r e  ex i s t  s e v e r a l  p r o o f s  in the l i t e r a t u r e  
e s t a b l i s h i n g  the e q u i v a l e n c e  b e t w e e n  l a n g u a g e s  g e n e r a t e d  by  
g r a m m a r s  with and  wi thou t  the  use  of b o u n d a r y  m a r k e r s  (5), (10). 
The exbedd ing  t r a n s f o r m a t i o n  m a y  be e x p r e s s e d  m o r e  s i m p l y  if  
b o u n d a r y m a r k e r s  a r e  u s e d  (see  F I G U R E  4. ). 

#, . . . ,  #, M, #, . . . ,  #.> #, M, #, #, . . . ,  # 

o r  

M 

F I G U R E  4o 

The b o u n d a r y - m a r k e r s  m a y  be de l e t ed  l a t e r  by  a n o t h e r  
transformation, or they may rewrite as carriage-returns on some 
keyboard, depending on the orthography of the particular 
implementation and medium. The T-rules may be generated by 
positing a set of elementary transformations (i. e. , single node 
operations ) and a set of formation and ~ombination rules over the 
set of elementary transformations, prJoducing some set of compound 
or complex transformations. This i~ not significantly different 

from having locally ordered subsets of a set of elementary 
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t r a n s f o r m a t i o n s  (11), (1Z)° 
Syn t ac t i c  d e s c r i p t i o n s  of p r o g r a m m i n g  l a n g u a g e s  p u b l i s h e d  in  

the  p a s t  =- e.  g . ,  (1), (9), (19) - -  g e n e r a l l y  Cook a p r o g r a m -  
s t a t e m e n t  to c o r r e s p o n d  to  the  b a s i c  uni t  of : ' g r a m m a r ,  deno t ed  by  
the. in i t i a l  s y m b o l  of the  p h r a s e - s t r u c t u r e  g r a m m a r .  The g r a m m e r  
d i s c u s s e d  h e r e  t a k e s  a func t ion  de f in i t ion  (s~e F I G U R E  3. ) a s  i t s  
b a s i c  unit .  P r o g r a m - s t a t e m e n t s  a r e  e l e m e n t s  of the  i n t e r m e d i a t e  
a l p h a b e t  and  have  no o t h e r  t h e o r e t i c a l  s t and ing  or  s i g n i f i c a n c e .  
The n a t u r a l  l anguage  c o r r e l a t e s  of p r o g r a m - s t a t e m e n t s  a r e  
s e n t e n c e s ,  and  func t ion  de f i n i t i ons  c o r r e s p o n d  to s o m e  l a r g e r -  
t h a n - s e n t e n c e  uni ts  of d i s c o u r s e  (e. g . ,  p a r a g r a p h s  o r  c h a p t e r s ) .  
This  p r o c e d u r e  m a y  l ead  to  s o m e  s y n t a c t i c  or  a t  l e a s t  l i ngu i s t i c  

m e t h o d  of d i s t i n g u i s h i n g  b e t w e e n  " m e a n i n g f u l "  and  " m e a n i n g l e s s "  
. 

p r o g r a m s .  Us ing  a s y n t a x  of p r o g r a i n s ,  o r f u n c t l o n s  a l s o  y i e ld s  
a n  i n tu i t i ve ly  m o r e  p l e a s i n g  s e t  of r e l a t i o n s h i p s  a m o n g  e l e m e n t s  ~f 
the  d e s c r i b e d  l a n g u a g e .  

The p r e s e n t  g r a m m a r  m a k e s  no e f f o r t  to  d i s t i n g u i s h  b e t w e e n '  
" e l e g a n t "  and  i n e l e g a n t "  p r o g r a m m i n g ,  but does  d i s t i n g u i s h  bo th  
f r o m  " u n g r a m m a t i c a l "  Code. D e c l a r i n g  a r g u m e n t s  o r  v a r i a b l e s  
n e v e r  • r e f e r e n c e d  is  i ne l egan t ;  r e f e r e n c i n g  u n d e c l a r e d  o p e r a n d s  i s  
u n g r a m m a t i c a l .  To r e t u r n  m o m e n t a r i l y  to  the  iden t i ty  and  
d e f i n i t i o n  p r o b l e m s :  i t  is  p o s s i b l e  to  g e n e r a t e  a de f in i t ion  s u c h  tha t  
t h e r e  a r e  no c o r r e s p o n d i n g  p l a c e - h o l d e r s ;  but  e a c h  p l a c e - h o l d e r  
m u s t  be r e p l a c e d  by  s o m e  d e f i n i t i o n - g e n e r a t e d  f o r m  of the 
a p p r o p r i a t e  n a t u r e .  In d e s c r i b i n g  the  de f in i t i on  and  u s e  of  f u n c t i o n s ,  
s e p a r a t e  p l a c e - h 0 1 d e r s  a c c o m o d a t e  r e c u r s i v e  use  and  the  g e n e r a l  
c a s e  of u s a g e .  

It  is  c u s t o m a r y  to  g ive  d e s c r i p t i o n s  of p r o g r a m m i n g  l a n g u a g e s  
s u c h  tha t  - -  with the  e x c e p t i o n  of s o m e  s m a l l  s e t  of key  w o r d s  s u c h  
a s  a r i t h m e t i c  o p e r a t o r s ,  d e l i m i t e r s  of de f in i t i ons ,  e t c .  - -  the  
p h r a s e - s t r u c t u r e  g r a m m a r  g e n e r a t e s  c h a r a c t e r - s t r i n g s  fo r  t h e  
! e x i c a l  i t e m s .  In  n a t u r a i  l a n g u a g e s  the  v o c a b u l a r y  is  f ixed .  T h e r e  
is a s t ab l e ,  l i m i t e d  Set of v o c a b u l a r y  e l e m e n t s  tha t  c o r r e s p o n d  to  
e a c h  s y n t a c t i c  w o r d - c l a s s .  In p r o g r a m m i n g  l a n g u a g e s  tha t  is not  
the c a s e :  a s m a l l  s e t  of w o r d - c l a s s e s  r ewr i t e  e a c h  a s  a se t  of one 
o r  m o r e  k e y - w o r d s ;  o t h e r s  wi l l  expand  - -  t h r o u g h  the  u se  of s o m e  
p h r a s & - s t r u c t u r e  r u l e s  - -  as  any  s t r ing•  of c h a r a c t e r s .  In the  
d e s c r i p t i a n  of P .  O. L.  Z it  was  dec ided  to  s e p a r a t e  the  lex icon= 
g e n e r a t i o n  r u l e s  f r o m  the p h r a s e - s t r u c t u r e  r u l e s .  Though t h e y  a r e  
the  s a m e  shape  tha t  BNF  r u l e s  of the s a m e  p u r p o s e  .would be ,  i t  
was  de~erm~ned tha t  s e p a r a t i n g  the r u l e s  g e n e r a t i n g  l ex i ca l  i t e m s  -- 

even as  m o r p h o p h o n e m i c  r u l e s  of n a t u r a l  l a n g u a g e s  r e p r e s e n t  a 
s e p a r a t e  c l a s s  of r u l e s  - -  is  m o r e  in tu i t i ve ly  a c c e p t a b l e :  a c l a s s  of  
o r t h o g r a p h i c  r u l e s .  F I G U R E  5. i n d i c a t e s  wha t  s o m e  of  t h e s e  r u l e s  
~night look  l ike .  

In  the t ek t  0g F I G U R E  3 . ,  Rule  1. ,  the  e x p l a n a t i o n  of the 
s u b s c r i p t  was  d e f e r r e d .  F u n c t i o n s  a n d  o p e r a t o r s  u s e d  in  
p r o g r a m m i n g  l a n g u a g e s • a r e  two n o t a t i o n a l  v a r i a n t s  of the  s a m e  
c o n c e p t  (17). Depend ing  o n t h e  n o t a t i o n  of the  s y s t e m ,  any  o p e r a t i o n  
m a y  be e x p r e s s e d  e i t h e r  a s  a n  o p e r a t o r  o r  a func t ion .  Since  in  
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Rule I. identifier * alpha (, c h a r a c t e r s t r i n g >  

w h e r e  " ~  . . .  > " e n c l o s e  o p t i o n a l  i t e m s .  

Rule ,- 2. ~ *I alpha } 
characterstring t numera! 

where "~...~" enclose alternative options such that one and 
o n l y  one to f tHeJ  o p t i o n s  e n u m e r a t e d  m u s t ~ b e  s e l e c t e d .  

iqu~e ~. alpha * 

~, c h a r a c t e r  s t r i n g >  

f I 2 

R u l e  4.  n u m e r a l *  " 

0 1 
F I G U R E  • 5. " 

P .  O. L .  Z t h e r e  a r e  b o t h  f u n c t i o n s  a n d  o p e r a t o r s ,  d e p e n d i n g  on  
n o t a t i o n a l  c o n v e n i e n c e ,  n e w l y  d e f i n e d  o p e r a t i o n s  m a y  b e  d e f i n e d  
a s  e i t h e r .  ]Being d e f i n e d  a s  one  o r  t h e  o t h e r ,  h o w e v e r ,  r e s t r i c t s  
t h e i r  d i s t r i b u t i o n  o r  " e m b e d d a b i l i t y "  t o  c e r t a i n  c o n t e x t s .  T h i s  
p h e n o m e n o n  i s  a c c o u n t e d  f o r  b y  t h e  u s e  of  a d e v i c e  s i m i l a r  t o  t h e  
n o t a t i o n  of  c o m p l e x  s _ y m b o l t h e o r y  (4) ,  (11) ,  ( l Z ) ,  (15) .  T h e  
P . O . L .  Z n o t a t i o n  i s  s u c h  t h a t  f u n c t i o n s  ( i .  e . ,  d e f i n e d  m a c r o  s )  
m a  7 o c c u r  a s  f u n c t i o n s ,  c o o r d i n a t e  t r a n s f o r m a t i o n s  ( l i n e a r  o r  
o t h e r w i s e )  o r  a s  o p e r a n d s  ( d e n o t i n g  t h e i r  v a l u e  f o r  a p a r t i c u l a r  • 
s e t  of  a r g u m e n t s )  a n d  o p e r a t o r s  m a y  a p p e a r  a s  a r i t h m e t i c ,  
r e l a t i o n a l  o r  l o g i c a l  o p e r a t o r s ,  d e p e n d i n g  on  r a n g e  a n d / o r  d o m a i n  
a s  w e l l  a s  d i s t r i b u t i o n a l  r e s t r i c t i o n s .  I n  P .  O.  L .  2 e v e r y  p r o g r a m  - 
h o w e v e r  s i m p l e  o r  c o m p l e x  - -  m u s t  h a v e  a n  " o u t e r m o s t "  f u n c t i o n ,  
o n e  i n t o  w h i c h  a l l  o t h e r s  a r e  e m b e d d e d  b y  t h e  P - r u l e s .  T h e  f i r s t  
r u l e  of  t h e  g r a m m a r  ( s e e  F I G U R E  5 . ,  R u l e  1. ) e x p a n d s  t h e  
" o u t e r m o s t "  f u n c t i o n .  E l s e w h e r e  i n  t h e  p h r a s e - s t r u c t u r e  
c o m p o n e n t ,  d e p e n d i n g  on  c o n t e x t ,  o t h e r  

"Msel. i s'' are introduced, as well as ~'Mse!. Zs", "Msel. 3 s'', 

"M and "M ~s". sel. 4 s", sel. 
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Th~ese c o r r e s p o n d  to  the  v a r i o u s  e m b e d d e d  o c c u r r e n c e s  of  f unc t i ons  
and  O p e r a t o r s .  The r e w r i t e s  o r  e x p a n s i o n s  of the  s e v e r a l  v e r s i o n s  
of "M"  a r e  a l m o s t  i d e n t i c a l  excep t  f o r  the  s t r i n g  deno t ing  the  le f t  
b r a c k e t  d e l i m i t i n g  the def in i t ion .  A l t e r n a t i v e  so lu t i ons  e x i s t  but  
the  a b o v e  one a p p e a r s  m o s t  i n tu i t i ve ly  s a t i s f y i n g .  

T h e r e  a r e  p r o o f s  and  d e m o n s t r a t i o n s  in  the  l i t e r a t u r e  to  the  
e f fec t  tha t  ful l ,  lef t ,  o r  r i g h t  p a r e n t h e s i s  n o t a t i o n  is  c o n t e x t - f r e e ,  
bu t  not m u c h  on e l ided  p a r e n t h e s i s  no t a t i on .  We h a v e  in  the  p a s t  
c o n s t r u c t e d  s e v e r a l  c o n t e x t - s e n s i t i v e  g r a m m a r s  g e n e r a t i n g  e l i d e d  
p a r e n t h e s i s  no ta t ion ,  but  t h e y  did not  s e e m  v e r y  s a t i s f a c t o r y .  
Add ing  a d e v i c e  not  h e r e t o f o r e  a s s o c i a t e d  wi th  p r o d u c t i o n - r u l e s ,  a 

i 
s e t  of  r u l e s  was  p r o d u c e d  to  g e n e r a t e  the  e l ided  p a r e n t h e s e s  
n o t a t i o n  s u c h  tha t  the  r u l e s  l ook  and  p r o c e s s  v e r y  m u c h  l ike  c o n t e x t -  
f r e e  r u l e s  ( see  F I G U R E  6 . ) .  .~ 

Rule I. 

Rule  2. 

e x p r e s s i o n  9- e x p r e s s i o n  n 
/ 

"exp re s s ion  n + e ,  o p e r a t o r  n ,  e x p r e s s i o  

e x p r  e s s ion  n+e 

e x p r e s s i o n n - ~  "(", e x p r e s s i o n ,  ")" 

i d e n t i f i e r  p i a c e h o l d e r  

u n a r y o p e r a t o r ,  e x p r e s s i o n  

w h e r e  fo r  one c y c l e  (II)n r e m a i n s  the  s a m e  i n t e g e r  b e t w e e n  
s u b r u l e s  I and  2 and  e r e m a i n s  the  s a m e  i n t e g e r  i n c r e m e n t .  

FIGURE 6. 

Though the  " c o u n t e r "  n and  the  " i n c r e m e n t  " e a r e  not  p a r t  of  a 
known s y s t e m  of p r o d u c t i o n  r u l e s ,  t h e i r  n a t u r e  and  the r e a s o n  f o r  
t h e i r  u se  can  be c l e a r l y  s t a t ed .  T h e i r  u se  p e r , n i t s  a s i m p l e r  
s c a n n e r  f o r  the s y n t a x  than  c o n t e x t - r e s t r i c t e d  r u l e s  do.  

A s i m i l a r  c o u n t e r  is  u s e d  to  hand le  the  c o n c a t e n a t i o n s  of  n -  
t u p l e s . .  In P .  O. L.  Z an  i t e m  of data  m a y  be  d e c l a r e d  a s  a pair ,  
t r i p l e ,  o r  n - t u p l e ,  and  o p e r a t i o n s  m a y  be  p e r f o r m e d  o v e r  n l t u p l e s  
of  i d e n t i c a l  n . s  ( see  F I G U R E  7. ). 
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Rule i. n-tuple-expression ")" n-tuple, operator, n-tuple 

wlrere n = n = n. Any of the n- tuples may however be 
concatenates of two or more n-tuples of smaller n-s such that: 

Rule Z. n-tuple ~ (m) - tuple, concatenator, (n-m____)-tupl e 

where n andre are positive integers and the arithmetic 
relationship designated obtains. 

F I G U R E  7. 

Of course, the (m)-tuple or the (n-m)-tuple may be further broken 
down by the same rule into further concatenates. 

The above are selected examples rather than an exhaustive 
list of the transformations in the syntax of P. O. L.Z. A rigorous 
statement of the transformations is available, stated as mappings 
Of structural descriptions into structural descriptions, accounting 
for the attachment and detachment of nodes. Presenting the 
selection of transformations here in a descriptive rather than a 
rigorous form offers an idea of the general approach. 

C o n s t r u c t i n g  the  p h r a s e  s t r u c t u r e  c o m p o n e n t ,  m a n y  a l t e r n a t i v e  
so lu t i ons  o r  a p p r o a c h e s  c a m e  up a t  e v e r y  j u n c t u r e ;  in  s p e c i f y i n g  
the  t r a n s f o r m a t i o n a l  c o m p o n e n t ,  the  a l t e r n a t i v e s  qu i ck ly  m u l t i p l i e d  
b e y o n d  m a n a g e a b l e  p r o p o r t i o n s .  It is  c e r t a i n l y  the c a s e  t h a t  
t h r o u g h o u t  i t s  b r i e f  but  exc i t i ng  h i s t o r y ,  one of the  a i m s  of  
t r a n s f o r m a t i o n a l  t h e o r y  has  b e e n  to  d e s c r i b e  l a n g u a g e  in t e r m s  of 
the  most• r e s t r i c t e d  - -  h e n c e  s i m p l e s t - -  s y s t e m  p o s s i b l e .  But one 
m a y  we l l  r e g a r d  the  s e t s  of d e v i c e s  s o l a r  a d v a n c e d  as  p a r t s  of 
transformational theory, as algorithmic alphabets (in the A.A. 
Markov/M~rtin Davis (5), (15) sense). Specific algorithmic 
alphabets are more or less arbitrary selections from some universe 
of elementary and compound algorithms bound by formation and 
com~ination rules. This paper is not a proposal toward the 
modification, extension or restriction of transformational theory, 
merely at, indication that an overlapping set of algorithms may be 
selected to deal with a similar but not identical problem: the 
structural ~ " " descrlptlon of some formal notation systems such as 
programming languages. 

Beyond doubt, substantial simplification and sophistication m a y  
be  a c h i e v e d  o v e r  the  m o d e l  d e s c r i b e d  h e r e .  The e f fo r t  h e r e  ha s  
been toward the application of linguistic techniques to artificial 
languages, conforming to the linguist's notion of what it means to 
"give an account 0f the data", rather than to the laxer standards of 
themethods used to describe programming languages. 
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