
Chapter IV

D e v e l o p m e n t  o f  t h e  T r a n s l a t o r

4 . 1  C o m p o n e n t s  o f  t h e  T r a n s l a t o r

T h e  T r a n s l a t o r  i s  c o m p o s e d  o f  f o u r  m a j o r  c o m p o n e n t s :

1 .  T h e  M a i n  R o u t i n e .  T h i s  r o u t i n e  i s  w h e r e  t h e  t r a n s l a t o r  
b e g i n s  i t s  e x e c u t i o n .  I t  p e r f o r m s  a l l  n e c e s s a r y  p r o g r a m  
i n i t i a l i z a t i o n s ,  c a l l s  t h e  p a r s e r  r o u t i n e  t o  p e r f o r m  t h e  t r a n s l a t i o n  
p r o c e s s ,  a n d  t h e n  d o e s  n e c e s s a r y  w r a p - u p  w o r k s  b e f o r e  e x i t i n g .

2 .  T h e  P a r s e r / C o d e - g e n e r a t o r .  T h i s  i s  t h e  t r a n s l a t o r ' s  p a r t  
t h a t  a c t u a l l y  p e r f o r m s  t h e  t r a n s l a t i o n  p r o c e s s .  S i n c e  t h e  t r a n s l a t o r  
e m p l o y s  t h e  s o - c a l l e d  s y n t a x - d i r e c t e d  t r a n s l a t i o n  s c h e m e  i n  w h i c h  t h e  
c o d e  i s  g e n e r a t e d  s t r i c t l y  o n  t h e  b a s i s  o f  t h e  l a n g u a g e  s y n t a x ,  t h e  
c o d e  g e n e r a t o r  p a r t  o f  t h e  t r a n s l a t o r  i s  e m b e d d e d  w i t h i n  t h e  p a r s e r  
t o  f o r m  a  s i n g l e  p a r s e r / c o d e - g e n e r a t o r  m o d u l e .  T h e  p a r s e r  c a l l s  t h e  
s c a n n e r  r o u t i n e  e v e r y t i m e  i t  r e q u i r e s  t h e  n e x t  t o k e n .

3 .  T h e  S c a n n e r .  T h e  s c a n n e r ,  m o r e  f o r m a l l y  c a l l e d  t h e  
l e x i c a l  a n a l y z e r ,  r e a d s  t h e  i n p u t  s t r e a m  o f  c h a r a c t e r s  f r o m  t h e  AWK 
s o u r c e  p r o g r a m  a n d  t r a n s l a t e  i t  i n t o  a  s t r e a m  o f  b a s i c  l a n g u a g e  
e l e m e n t s  c a l l e d  t o k e n s .  E a c h  c a l l  t o  t h e  s c a n n e r  b y  t h e  p a r s e r  
r e t u r n s  t h e  n e x t  t o k e n  i n  t h e  i n p u t  s t r e a m .  4

4 .  T h e  S y m b o l - T a b l e  M a n a g e r s .  T o  s u p p o r t  t h e  t r a n s l a t i o n  
p r o c e s s ,  t h e  t r a n s l a t o r  r e c o r d s  i n f o r m a t i o n  a b o u t  v a r i o u s  k i n d s  o f  
i d e n t i f i e r s  i n  t h e  s o u r c e  p r o g r a m  i n t o  t h e  s y m b o l  t a b l e s .  T h e s e  
s y m b o l  t a b l e s  a r e  a c c e s s e d  a n d  m a i n t a i n e d  b y  t h e  s y m b o l - t a b l e  
m a n a g e r s .



F i g u r e  4 . 1  s u m m a r i z e s  t h e  r e l a t i o n s h i p s  a m o n g  t h e  
t r a n s l a t o r ' s  c o m p o n e n t s .  T h e  c o n t i n u o u s - l i n e d  a r r o w s  d e s i g n a t e  t h e  
c a l l i n g  r e l a t i o n s h i p  w h i l e  t h e  d o t t e d  o n e s  i n d i c a t e  t h e  d a t a  f l o w .
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r e l a t i o n s h i p s

4 . 2  T h e  S y m b o l  T a b l e s

F o r  t r a n s l a t i o n  c o n v e n i e n c e ,  t h e  t r a n s l a t o r  d i v i d e s  AWK 
i d e n t i f i e r s  i n t o  t h r e e  c a t e g o r i e s :  K e y w o r d s ,  g l o b a l  n a m e s ,  a n d  
p a r a m e t e r  n a m e s .  T a b l e  4 . 1  d e f i n e d  t h e  t y p e s  o f  i d e n t i f i e r s  
c o m p r i s i n g  e a c h  c a t e g o r y .  A c c o r d i n g l y ,  t h e  t r a n s l a t o r  m a i n t a i n s  a  
s e p a r a t e  s y m b o l  t a b l e  f o r  e a c h  c a t e g o r y  o f  i d e n t i f i e r s .
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T a b le  4 . 1  T r a n s l a t i o n - t i m e  C a t e g o r i e s  o f  AWK I d e n t i f i e r s

C a t e g o r y D e f i n i t i o n

keywords a l l  of the AWK keywords in clu d in g  the b u i l t -
in  function  names but exclud in g  the b u i l t - in
v a r ia b le  names

g lo b a l names g lo b a l v a r ia b le  names, both b u i l t - in  and
u ser -d e fin ed , and u ser-d efin ed  fu n ction  names

parameter names lo c a l v a r ia b le  names

4 . 2 . 1  T he K eyw ord  T a b le

The keyword ta b le  i s  a f ix e d -s iz e d , so rted  ta b le  of AWK 
keywords. The data s tru c tu re  for each ta b le  en try  i s  a c stru ctu re  
Kword, d escrib ed  in  Table 4 .2 . The ta b le  i t s e l f  i s  implemented in  c 
as a s t a t i c  array of Kword s tru c tu r e s .

T a b le  4 . 2  F i e l d s  in  t h e  Kword s t r u c t u r e  f o r  
_______________ K e y w o r d -T a b le  E n t r i e s _______________

F i e l d c D a ta  T yp e D e s c r i p t i o n
name
token

char * 
in t

The keyword s tr in g
I t s  corresponding token number

The keyword ta b le  i s  used s o le ly  by the scann er. Whenever 
the scanner encounters an id e n t if ie r  in the source program, i t  looks 
up the keyword ta b le  to  see whether the id e n t if ie r  i s  a keyword. I f  
i t  i s ,  the scanner retu rn s the token number stored  in  the token f i e ld  
of the corresponding ta b le  en try .

4 . 2 . 2  T he G lo b a l-n a m e  T a b le

The global-nam e ta b le  s to r e s  inform ation of each g lob a l name 
in  the source program. This ta b le  grows dynam ically; new entry  w il l  
be added as a new g lo b a l name i s  encountered. The data stru ctu re  for  
each ta b le  en try  i s  a c stru ctu re  NameTabNode, which i s  d escribed  in  
Table 4 .3 . The ta b le  i t s e l f  i s  implemented by using a hashing scheme.



29

Table 4 .3  F ie ld s  in  the NameTabNode stru ctu re  for the Global-Name
Table E n tries

F i e l d c  D a ta  T yp e D e s c r i p t i o n
name char * The i d e n t i f ie r ' s  lexeme
type in t The id e n t i f i e r ' s  ca teg o ry , which can be 

one of the fo llo w in g :
ID_B_VAR for b u i l t - in  v ar iab le  
ID_U_VAR for u ser-d efin ed  

v a r ia b le
ID_U_FUNC for u ser-d efin ed  

fu nction
next NameTabNode * A p oin ter to  the next node in the 

linked  l i s t

During program in i t i a l i z a t i o n ,  the main rou tin e  i n i t i a l i z e s  
the global-nam e ta b le  by preloading i t  with a l l  o f the AWK b u i l t - in  
v a r ia b le  names. As the tra n sla to r  i s  parsing the source program, new 
en try  w i l l  be added in to  the ta b le  for each new g lo b a l name 
encountered . The parser mainly uses th is  ta b le  to  make sure th at  
id e n t i f ie r s  used for v a r ia b le s  are not to  be used la te r  as fu nction  
names, and v ic e  v er sa . The code generator a lso  looks up th is  ta b le  to  
generate proper c d ec la ra tio n  code for each g lo b a l name.

4 . 2 . 3  T he P a r a m e te r -n a m e  T a b le

As the tr a n s la to r  begins parsing a u ser-d efin ed  fu n c tio n , i t  
records the fu n c t io n 'ร lo c a l v ar ia b le  names in the parameter-name 
ta b le  in  the order as th ey  appears in the fu n c tio n 's  parameter l i s t .  
The code generator u ses th is  ta b le  to  generate codes concerning the  
a l lo c a t io n /d e a llo c a t io n  of the fu n c tio n 's  lo c a l v a r ia b le s  and the  
parameter p assin g  mechanism. This ta b le  w il l  be emptied im m ediately  
a fte r  the p a rsin g /co d e-g era tin g  process for the current u ser-d efin ed  
fu n ction  has f in is h e d .
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The data stru c tu re  for parameter-name ta b le  i s  sim ply a l i s t  
of names, implemented in c as an array of character p o in te r s . An 
in teg er  v a r ia b le  nParam i s  used to  record the current number of names 
in  the ta b le .

4 . 3  T he M ain  R o u t in e

The main ro u tin e  i s  the s ta r t in g  p oint of execu tion  for the  
tr a n s la to r . I t  has a sim ple algorithm  shown in fig u re  4 .2 .

Figure 4 .2  Algorithm  for the tr a n s la to r 's  main rou tin e  

4 .4  The Scanner

4 .4 .1  Development of the Scanner

The Unix scanner generator le x  was used to  produce the 
scanner module of the tr a n s la to r . A le x  s p e c if ic a t io n  f i l e  named 
sca n n er .1 , w ritten  in a sp e c ia l  s p e c if ic a t io n  language recognized  by 
le x ,  con ta in s a s e t  of ru le s  for matching tokens and corresponding



31

groups o f c a c tio n  statem ents th at are executed when a token is  
matched. Lex reads th e f i l e  sca n n er .1 as i t s  input and gen erates the  
c code for the scanner in  a f i l e  named sca n n er .c . The c fu nction  
y y lex  contained  in  sca n n er .c  i s  the le x ic a l  analyzer (or scanner) 
rou tin e  th a t the parser c a l l s  to  g et the next token . Figure 4 .3  
summarizes the scanner development p ro cess.

lex specification file  scanner module

analyzer routine yylex)

Figure 4 .3  The scanner development p rocess

Figure 4.4  i l lu s t r a t e s  the algorithm  of the scanner r o u tin e . 
The scanner t r i e s  to  match the input characters a g a in st each 
s p e c if ie d  p attern  in  order. I f  a pattern  i s  matched, i t  execu tes the  
corresponding a c tio n  and then returns the token number corresponding  
to  the matched p attern  to  the p arser. I f  there i s  no p attern  matched, 
the s p e c ia l  token ERROR is  returned.
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Figure 4 .4  Algorithm of the scanner rou tin e

4 . 4 . 2  T o k en  D e f i n i t i o n s

The scanner p a r t it io n s  the stream of input ch aracters from 
the AWK source program in to  b asic  sy n ta c t ic  elem ents c a lle d  tok en s. 
The tokens for a language i s  in h eren tly  defined  by the grammar of the  
language i t s e l f .  The yacc grammar for the AWK language l i s t e d  in



Appendix B, upon which the parser i s  based, d e f in es  the t o ta l  of 
f i f t y - s e v e n  tokens described  in Table 4 .4 . The f i r s t  column of the  
ta b le  l i s t s  each to k en 's  sym bolic name for i t s  token number th a t the  
scanner a c tu a lly  retu rn s to  the parser to  id e n t ify  the token.

T a b le  4 . 4  T o k e n s  R e c o g n iz e d  b y  t h e  S c a n n e r
S y m b o l ic  Name D e s c r i p t i o n

ERROR the error token to  be returned when the scanner 
has found an error in the input stream

TNUMBER numeric constant
TSTRING s tr in g  constant between a pair o f double quotes
REGEXP regu lar exp ression  con stan t between a pair of / ' s
FUNC_CALL non-keyword id e n t if ie r  th at i s  fo llow ed  by a l e f t  

p a ren th esis
NAME non-keyword id e n t if ie r  th at i s  not fo llow ed  by a 

l e f t  p aren th esis
APPEND_OP the r e d ire c tio n  operator >>
ASSIGNOP the assignm ent operators
DECREMENT the increment operator ++
INCREMENT the decrement operator —
MATCHOP the matching operators ~ and !"
RELOP a l l  o f the r e la t io n a l  operators except > and <
TOK_AND the operator &&
TOK_BEGIN the keyword BEGIN
TOK_BREAK the keyword b r e a k
TOK_BUILTIN the b u i l t - in  fu n ction s
TOK_CLOSE the keyword c lo se
TOK_CONTINUE the keyword continue
TOK_DELETE the keyword d e le te
TOK_DO the keyword do
TOK_ELSE the keyword e ls e
TOK_END th e keyword END
TOK_EXIT the keyword e x i t
TOK_FOR the keyword f o r
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Table 4 .4  Tokens Recognized by the Scanner (continued)
Symbolic Name D escrip tion

TOKJFUNCTION the keyword fu n ction
TOK_GETLINE the keyword g e t l in e
T0K_IF the keyword i f
TOK_IN the keyword in
TOK_LENGTH the keyword len gth
TOKJNEXT the keyword next
TOK_OR the operator 1 1

TOK_PRINT the keyword p rin t
TOK_PRINTF the keyword p r in tf
TOK_RETURN the keyword return
TOK_WHILE the keyword w hile
NEWLINE the end of the l in e
1 t/ the l i t e r a l  ,

1 ! ' the l i t e r a l  !

the l i t e r a l  $
the l i t e r a l  \

ฯ ' the l i t e r a l  (

ฯ , the l i t e r a l  )

* * 1 the l i t e r a l  *

the l i t e r a l  +
» _ f the l i t e r a l  -

the l i t e r a l  /
the l i t e r a l  ะ

r the l i t e r a l  ;
• < • the l i t e r a l  <

• > • the l i t e r a l  >

the l i t e r a l  ?
ฯ ' the l i t e r a l  I

the l i t e r a l  ]

1 A  1 the l i t e r a l  A
ฯ ' the l i t e r a l  {

' } • the l i t e r a l  }

ฯ ' the l i t e r a l  1
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4 .5  The Parser/Code-G enerator

4 . 5 . 1  D e v e lo p m e n t  o f  t h e  P a c s e r / C o d e - g e n e c a t o r

The Unix parser generator y a c c  was used to  produce the  
p arser /co d e-gen erato r  module of the tr a n s la to r . A yacc s p e c if ic a t io n  
f i l e  named p a r s e r . y ,  w ritten  in a s p e c ia l  s p e c if ic a t io n  language 
recognized  by yacc , con ta in s a yacc grammar for the AWK language w ith  
embedded c a c tio n  statem ents th a t generate appropriate code for each 
grammatical c o n str u c t . Yacc reads the f i l e  p a r se r .y as i t s  input and 
gen era tes the c code for the p arser/cod e-gen erator in a f i l e  named 
p a r s e r .c , and a ls o  the header f i l e  p a rser . h  con ta in in g  token  
d e f in it io n s  needed by the scanner module. The c fu n ction  yyparse  
contained  in  p a r se r .c  i s  the a ctu a l p arser/cod e-gen erator rou tin e  
th a t the main ro u tin e  c a l l s  to  parse the AWK source program and 
gen erate the C-code output. Figure 4 .5  summarizes the parser  
development p ro cess .

header file
for the scanner module

parser/code-generator module 
(contains the parser routine yyparse)

Figure 4 .5  The parser development process

4 . 5 . 2  T he Grammar f o r  AWK U se d  b y  t h e  P a r s e r

The yacc s p e c if ic a t io n  f i l e  p a r se r .y was designed  and 
w ritten  around a yacc grammar for the AWK language. The grammar, 
l i s t e d  in  Appendix B, i s  derived and adapted from the grammar used by 
the Free Software Foundation's GNU gawk, which i s  a f r e e ly  a v a ila b le  
AWK language p ro cesso r .

■IlipS'U-oO'O
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4 . 6  I n t e r f a c e  B e tw e e n  t h e  S c a n n e r  a n d  t h e  P a r s e r

Lex and yacc were designed to  generate the scanner and the 
parser ro u tin es th a t works co o p era tiv e ly  to g eth er . Figure 4 .6  
i l l u s t r a t e s  the flow  of con tro l in the scanner and the parser 
r o u tin e s .

mam()

return 0 ______
i f  input is va lid  
or 1 i f  not

ca ll to parse 
the input

actions
process
token
attribute

y y p » s e ( )

T 7 Veturn token 
number

request next token

yyfvd
pass token attribute

Figure 4 .6  How the scanner and the parser rou tin es work togeth er

The main rou tin e o£ the tra n sla to r  invokes the parser 
rou tin e  yyparse to  parse the input source program to  check whether or 
not the input i s  s y n t a c t ic a l ly  v a l id , and to  generate C-code output. 
Y y p a r s e  invokes the scanner routine y y lex  each time i t  needs a token . 
This scanner ro u tin e  reads the input stream , and for each token th a t  
i t  m atches, i t  retu rn s the token number to  the p arser . The scanner 
rou tin e  can a lso  pass an a ttr ib u te  value of the token v ia  the 
ex tern a l v a r ia b le  y y l v a l .  The p a rser 's  a ctio n  codes can make use of 
t h is  a t tr ib u te  value in the process of generating the output.

When the scanner routine has exhausted the in p u t, i t  retu rn s  
0 to  the p arser . I f  the parser has recognized  the s t a r t  r u le , the  
to p - le v e l  in  the grammar's h iera rch ica l s tru c tu r e , then the parser  
return s 0 , meaning th a t the input was s y n ta c t ic a l ly  v a l id . I f  a t  any 
time i t  r e c e iv e s  a token number or a sequence of tokens th a t i t  does
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not recog n ize  or i f  the scanner returns 0 before the s t a r t  symbol has 
been reco g n ized , then the parser returns 1, rep ortin g  a syntax erro r .

Not every token has a token a ttr ib u te  a sso c ia te d  with i t .  Of 
a l l  the f i f t y - s e v e n  tokens l i s t e d  in Table 4 .4 , only n in e , namely 
FUNCjCALL, NAME, ASSIGNOP, RELOP, MATCHOP, TNUMBER, TSTRING, REGEXP, 
and TOK_BUILTIN, are required by the parser to  have a token a ttr ib u te  
passed on the v a r ia b le  y y lv a l. The a ttr ib u te  for each of th ese  tokens 
i s  d efin ed  to  be i t s  lexem e. For the other fo r ty -e ig h t  tok en s, the 
parser does not need to  know i t s  lexeme because th ere i s  only one 
p o ss ib le  lexeme for each of them; thereby the token i t s e l f  a lread y  
im p lies what i t s  lexeme i s .
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