
Chapter I

In trod uction

1 .1  Background and R ationale

Computer programmers spend a lo t  of time w ritin g  programs 
th a t do sim ple, m echanical data m anipulation such as changing the  
format of d ata , checking i t s  v a l id i t y ,  fin d in g  item s with some 
property , summing up numbers, p r in tin g  rep o rts , and the l ik e .
Although most of th ese  jobs are not com plicated , i t  i s  a rea l 
annoyance to  have to  w rite sp e c ia l purpose programs in con ven tion al 
languages l ik e  COBOL or c each time such a task comes up.

The AWK language, f i r s t  implemented on the Unix System in 
1977, i s  designed to  make i t  p o ss ib le  to  handle such ta sk s with ease  
and con ven ien ce. Because so many th in g s are autom atic in AWK - in p u t, 
f i e ld  s p l i t t in g ,  p attern  matching, storage management, i n i t i a l i z a t i o n  
-  AWK programs are u su a lly  much sm aller than they would be in a more 
con ven tion al language, thus saving a lo t  of programmers' valuab le  
time and lab or. As a r e s u lt ,  AWK ra p id ly  became very popular and the  
AWK language processor has become one of the standard programming 
to o ls  on every v ersio n  of Unix s in ce  1979, and la te r  on has been 
implemented on other operating system s such as MSDOS and VMS as w e ll .

AWK language processors have tr a d it io n a lly  been implemented 
as in te r p r e te r s , making program development convenient and f a s t .  
However, th is  implementation scheme a lso  means th a t AWK programs w i l l  
t y p ic a l ly  run much slow er than eq u iva len t programs w ritten  in a 
compiled language. The performance could be in c r ea s in g ly  in to le r a b le  
as a working AWK program is  applied  to  b igger and b igger data f i l e s .  
Thus, for task s where run time i s  more important than program 
development tim e, programmers may have to  go back to  more



con v en tio n a l, compiled languages l ik e  COBOL or c and bear with a l l  
th e ir  burdensome s y n ta c t ic  baggage.

In order to  help le ssen  th is  run-time performance problem, a 
new p rocessin g  scheme for the AWK language, the tr a n s la t io n  of AWK 
programs in to  eq u iv a len t c programs has been designed and developed . 
An AWK-to-C tr a n s la to r  program and i t s  supporting to o ls  have been 
con stru cted  for t h is  purpose. With the tra n sla to r  a t h is  or her 
d is p o s a l ,  the programmer could continue to  enjoy a l l  the conveniences  
of w r itin g  programs in AWK and then should the performance of the 
in terp reted  program prove too slow for the task a t hand, he or she 
could use the tr a n s la to r  to  tr a n s la te  the AWK program in to  an 
eq u iv a len t c program and then compile i t  using the system 's e x is t in g  
c com piler to  produce a r e a d ily  executab le program th a t would run 
fa s te r  than the o r ig in a l in terp reted  AWK program.

In a d d itio n  to  improving the performance of AWK programs, 
the AWK-to-C tr a n s la to r  has another important u se . On the system  
w ithout an AWK language processor but has a c com piler a v a ila b le , the 
AWK-to-C tr a n s la to r  ported to  th is  system , togeth er with the e x is t in g  
c com piler c o n s t itu te  a complete implementation of the AWK language 
for the system . In other words, the system  could then process any AWK 
program d esp ite  the absence of a " rea l” AWK p ro cessor .

T herefore, the author b e lie v e s  that the AWK-to-C tr a n s la to r  
would serve i t s  purposes w ell and become one of the u se fu l softw are  
to o ls  freq u en tly  used by AWK programmers.

1 .2  O b jectives

The o b je c tiv e  of the study i s  to  design  and develop a 
com plete softw are system  for tr a n s la tin g  any AWK program in to  a 
fu n c t io n a lly  eq u iv a len t c program. The softw are system  in c lu d es an 
AWK-to-C tr a n sla to r  and a run-time lib r a r y  of su broutin es th at  
support the execu tion  of the generated c program.
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1 .3  Scope and L im ita tion s

The d esign  and development of the AWK-to-C tr a n s la t io n  
system  are su b jected  to  the fo llow in g  scope and lim ita t io n s :

1. The AWK language th at the tra n sla to r  reco gn izes i s  the 
one d efin ed  and d escrib ed  in Aho, Kernighan, and Weinberger (1988)* .

2.  The c language that the tra n sla to r  used for the generated  
programs i s  the one d efin ed  by the 1989 ANSI standard and d escribed  
in  Kernighan and R ich ie  (1988).

3. The e n t ir e  AWK-to-C tr a n s la tio n  system  was developed on 
the AT&T Unix System V Release 4 .0  and has only been te s te d  
s u c c e s s fu l ly  on th a t system . Since many of the U n ix -sp e c if ic  language 
development to o ls  and lib ra ry  rou tin es was used, the source code 
could hardly be ported to  other operating system s w ithout om itting  
some language fe a tu r e s . However, the author has made an e f fo r t  to  
make i t  reasonably  p ortab le among the v ersio n s of Unix th at have an 
ANSI c com piler a v a ila b le .

1 .4  Development Procedure

Development of the AWK-to-C tr a n sla to r  fo llo w s the fo llo w in g
step s  :

1. Study the syntax and sem antics of the AWK language.

2. Write a complete grammar for the AWK language and check 
i t s  co rrectn ess  by con stru ctin g  an AWK language recogn izer  program 
based on t h is  grammar. The only fu n ction  of th is  program is  to  check 
the s y n ta c t ic  co rrectn ess  of AWK programs.

* This v ersio n  of language d e f in it io n  i s  a ls o  recognized  by 
the AWK in terp re ter  n a w k ,  which has been bundled with every v ersio n  
of the Unix System V s in ce  R elease 3 .1 .
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3 .  D e s i g n  a n d  d e v e l o p  a  p r o t o t y p e  v e r s i o n  o f  t h e  A W K - t o - C  
t r a n s l a t i o n  s y s t e m  t h a t  r e c o g n i z e s  a  s m a l l ,  y e t  n o n t r i v i a l  s u b s e t  o f  
t h e  AWK l a n g u a g e .  T h e  m a i n  p u r p o s e  o f  t h e  p r o t o t y p e  i s  t o  g a i n  s o m e  
e x p e r i e n c e s  a n d  t o  e x p e r i m e n t  w i t h  v a r i o u s  w a y s  o f  i m p l e m e n t i n g  m a n y  
p a r t s  o f  t h e  AWK l a n g u a g e .

4 .  D e s i g n  t h e  r u n - t i m e  o r g a n i z a t i o n  o f  t h e  t r a n s l a t o r 
g e n e r a t e d  p r o g r a m s .

5 .  D e s i g n  a n d  d e v e l o p  t h e  p r o d u c t i o n  v e r s i o n  o f  t h e  
t r a n s l a t i o n  s y s t e m  b a s e d  o n  t h e  g r a m m a r  w r i t t e n  i n  s t e p  3  a n d  u s i n g  
t h e  r u n - t i m e  o r g a n i z a t i o n  d e s i g n e d  i n  s t e p  4 .

6 .  T e s t  a n d  d e b u g  t h e  t r a n s l a t i o n  s y s t e m .

7 .  D o  t h e  e x e c u t i o n - t i m e  p e r f o r m a n c e  c o m p a r i s o n  b e t w e e n  t h e  
AWK s o u r c e  p r o g r a m s  r u n n i n g  w i t h  t h e  e x i s t i n g  AWK i n t e r p r e t e r  o n  t h e  
s y s t e m  a n d  t h e i r  c o r r e s p o n d i n g  t r a n s l a t o r - g e n e r a t e d  c p r o g r a m s .

8 .  A s s e s s  t h e  d e v e l o p m e n t  r e s u l t s ,  d r a w  c o n c l u s i o n s ,  a n d  
w r i t e  t h e  t h e s i s  d o c u m e n t a t i o n .

1 . 5  E x p e c t e d  B e n e f i t s  a n d  A p p l i c a t i o n s

T h e  u s e f u l n e s s  o f  t h e  A W K - t o - C  t r a n s l a t o r  i s  t w o f o l d :

1 .  T h e  A W K - t o - C  t r a n s l a t o r  s e r v e s  a s  a n  a l t e r n a t i v e  w a y  o f  
p r o c e s s i n g  t h e  AWK l a n g u a g e ,  w h i c h  i s  g e n e r a l l y  f a s t e r  t h a n  u s i n g  t h e  
t r a d i t i o n a l  AWK i n t e r p r e t e r  t o  r u n  AWK p r o g r a m s .  2

2 .  O n  t h e  s y s t e m s  w i t h  a  c c o m p i l e r  b u t  w i t h o u t  a n  AWK 
l a n g u a g e  p r o c e s s o r ,  t h e  A W K - t o - C  t r a n s l a t i o n  s y s t e m ,  t o g e t h e r  w i t h  
t h e  s y s t e m ' s  c c o m p i l e r ,  a l s o  s e r v e s  a s  a  c o m p l e t e  i m p l e m e n t a t i o n  o f  
t h e  AWK l a n g u a g e  o n  t h e  s y s t e m .  S u c h  s y s t e m s  c o u l d  r u n  AWK p r o g r a m s  
i n  t w o  w a y s .  F i r s t ,  t h e  w h o l e  A W K - t o - C  t r a n s l a t i o n  s y s t e m  c o u l d  b e  
p o r t e d  t o  t h e  s y s t e m  a n d  w o u l d  t h e n  b e  u s e d  f o r  t r a n s l a t i n g  AWK
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p r o g r a m s  i n t o  c p r o g r a m s ,  w h i c h ,  i n  t u r n ,  w o u l d  b e  c o m p i l e d  b y  t h e  c 

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

1 . 6  L i t e r a t u r e  R e v i e w

1 . 6 . 1  AWK L a n g u a g e

T h e  l a t e s t  v e r s i o n  o f  t h e  AWK l a n g u a g e  i s  d e f i n e d  a n d  
d e s c r i b e d  i n  A h o ,  K e r n i g h a n ,  a n d  W e i n b e r g e r  ( 1 9 8 8 ) .  C h a p t e r  2  o f  t h i s  
b o o k  c o v e r s  t h e  e n t i r e  l a n g u a g e  i n  a  c o n c i s e ,  s y s t e m a t i c  m a n n e r .  T h e  
r e s t  o f  t h e  b o o k  c o n t a i n s  a  w i d e  v a r i e t y  o f  e x a m p l e s ,  s h o w i n g  t h e  
b r e a d t h  o f  a p p l i c a b i l i t y  o f  A W K .

1 . 6 . 2  c L a n g u a g e

K e r n i g h a n  a n d  R i t c h i e  ( 1 9 8 8 ) ,  t h e  c l a s s i c  b o o k  o n  c , 

p r e s e n t s  t h e  e n t i r e  A N S I  c l a n g u a g e  i n  a  c l e a r ,  b r i e f  m a n n e r .  T h e  
a p p e n d i c e s  a l s o  p r o v i d e  a  c o n c i s e  l a n g u a g e  r e f e r e n c e  m a n u a l  a n d  a  
s u m m a r y  o f  t h e  f a c i l i t i e s  o f  t h e  c s t a n d a r d  l i b r a r y .

1 . 6 . 3  P r o g r a m m i n g  L a n g u a g e  T r a n s l a t i o n

A  g o o d  d e s c r i p t i o n  o f  t h e  b a s i c  t h e o r y  u n d e r l y i n g  t h e  
i m p l e m e n t a t i o n  o f  p r o g r a m m i n g  l a n g u a g e s  m a y  b e  f o u n d  i n  P r a t t  ( 1 9 8 4 ) .  
C h a p t e r  2  o u t l i n e s  t h e  b a s i c  a p p r o a c h e s  t o  l a n g u a g e  i m p l e m e n t a t i o n .  
C h a p t e r  3  t h r o u g h  8  d e s c r i b e s  f u n d a m e n t a l  l a n g u a g e  c o n s t r u c t s  a n d  
d a t a  o b j e c t s ,  a n d  h o w  t o  i m p l e m e n t  t h e m  o n  a  c o n v e n t i o n a l  c o m p u t e r  
s y s t e m .

A n  i n - d e p t h  i n t r o d u c t i o n  t o  t h e  b a s i c  s t r u c t u r e  o f  a  
c o m p i l e r / t r a n s l a t o r  a n d  h o w  i t s  c o m p o n e n t s  w o r k  t o g e t h e r  c a n  b e  f o u n d  
i n  C h a p t e r  1  a n d  2  o f  A h o ,  S e t h i ,  a n d  U l l r a a n  ( 1 9 8 6 ) .  A  g o o d  
d i s c u s s i o n  o n  s y m b o l - t a b l e  h a n d l i n g  t e c h n i q u e s  i s  g i v e n  i n  c h a p t e r  8  
o f  T r e m b l a y  a n d  S o r e n s o n  ( 1 9 8 5 ) .
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1 . 6 . 4  U n i x  L a n g u a g e  D e v e l o p m e n t  T o o l s

T h e  U n i x  p r o g r a m s  l e x  a n d  y a c c  w a s  u s e d  t o  d e v e l o p  t h e  
s c a n n e r  a n d  t h e  p a r s e r  m o d u l e s  o f  t h e  A W K - t o - C  t r a n s l a t o r .  L e x  w a s  
o r i g i n a l l y  w r i t t e n  b y  M .  E .  L e s k  a n d  w a s  d e s c r i b e d  i n  L e s k  a n d  
S c h m i d t  (1979) w h i l e  y a c c  w a s  d e v e l o p e d  b y  ร .  c. J o h n s o n  a n d  w a s  
d e s c r i b e d  i n  J o h n s o n  (1979). A n  e x c e l l e n t  d e s c r i p t i o n  a n d  e x a m p l e s  o f  
h o w  t o  u s e  l e x  a n d  y a c c  t o g e t h e r  t o  d e v e l o p  a  l a n g u a g e  p r o c e s s o r  i s  
i n  F r i e d m a n  a n d  S c h r i e n e r  (1985).

K e r n i g h a n  a n d  P i k e  (1984) p r o v i d e s  e x c e l l e n t  d e t a i l e d  
a c c o u n t s  o n  h o w  t o  p r o g r a m  i n  t h e  U n i x  e n v i r o n m e n t .  C h a p t e r  8  o f  t h i s  
b o o k  a l s o  c o v e r s  a  d e v e l o p m e n t  o f  a  p r o g r a m m a b l e  c a l c u l a t o r  u s i n g  l e x  
a n d  y a c c ,  p r o v i d i n g  m a n y  i n s i g h t s  i n t o  h o w  a  l a n g u a g e  p r o c e s s o r  
r e a l l y  w o r k s .
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