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Recall Exercise 7 in the midterm

Exercise 7 (lexical analyzer): given a document (text file), to find its lexical word is very

important. Recall that compiler read a source file and recognize C-keyword, identifier, integer

constant. floating constant and string constant. In page 97 of textbook, the author writes a piece of

code to obtain an integer from standard input (you can also see Figure 10)

(1) write a driver to test function gefInf in Figure 10, find all possible form of integer that it can
recognize.

(2) Do exercise 5-1 in page 97 of textbook.

(3) Modify the code such that geflInf reads an integer from a character string.

(4) Modify the code such that gefInf reads an integer from a file.

- . . * getInt: get mext int from input to * 97 =
(5) Read description A2.3 of identifier in page 192 of ;ntgzet?nt(gint"i:n :-;n FART TTOR TApHE T TR, page !

recognize identifier from either character array or ! 12 Gy ST

while({ isspace{ ¢ = getch{})) ) { ; 3} 7/ skip white space

if ( !isdigit{c} && EOF t*=c¢c && "-" *= ¢c ){
ungetch(c) ; /7 it is not a number
return A ;

¥

Question: can we write more g - (e eyttt
compact code to obtain integers? if(+ ==c || "= ==c){ c=getch() ; }

For{ =pn = B ; isdigit({c) ; c = getch(} }{
*pn = 18 = =pn + ( Cc - '@" ) ;

H

*pn *= sign ;

if ( EOF *= ¢ ){ ungetchic) ; }

return c ;




Exercise 7: remove comments In a file

in C-language, comment is delimited by a pair of /* and */ whereas
in C++, comment starts from //. write a program to remove all
comments of a given file. You can show result in screen or to
another file.

Pseudo-code

for each line in a file
if line contains “//” not in a string, then
remove remaining characters after “//”.
if line contains “/*” not in a string, then
find conjugate pair “*/” and remove all characters in between

endfor

Question: can we have other tool to identify C-comment ?




What is lex

From http://dinosaur.compilertools.net/lex/

« Lex is a program generator designed for lexical (F}Arf*) processing
of character input streams. It accepts a high-level, problem oriented
specification for character string matching, and produces a program
In a general purpose language which recognizes regular
expressions (13 #=- %),

 The regular expressions are specified by the user in the source
specifications given to Lex.

 Lex generates a deterministic finite automaton (DFA, ?JBELEIEW%)
from the regular expressions in the source.
 The Lex written code recognizes these expressions in an input

stream and partitions the input stream into strings matching the
expressions.




definition

« Token: set of strings defining an atomic element with a defined

meaning

« Pattern: a rule describing a set of string
 Lexeme: a sequence of characters that match some pattern

Token Pattern Lexeme(Fi&r )
Integer (0-9)+ 234

identifier [a-zA-Z]?[a-zA-Z0-9]* x1

string Characters between “ “ “hello world”




Phases of a Compiler

A 4

Lexical analyzer

token Lex is a crucial tool

y

Syntax analyzer (< 3 53 #7)

to extract token

A 4

Semantic analyzer (?ﬁ?‘é’a 71 7)

y

Intermediate code generator

y

Code optimizer

Code generator




Role of scanner: find token

ask next character ask next token
. Scanner parser
Input file
»  yylex() > yyparse()
character token
symbol table

ask next token )
- ask next character Scanner File processor of

yylex() Linear programming
character token

A 4

\ 4




flex : lexical analyzer generator

Lex flex — lex.yy.c —— lex.yy.0 + source file
specification gcc -C

g++

input ———{ a.out ——— token

 C-code lex.yy.c is kernel to extract token, one just need to call
function yylex(). To use lex.yy.c in different platforms, we need to
solve several technical problems
- don’t use library
- don’t include specific header file
- mix C with C++ code



flex iIn RedHat 9

[imzl@linue imsl]ls man flex
FLEX (1} FLE¥ (1)

HAME
flex - fast lexical analyzer generator

SYHOPSIS
flex [-hcdfhilnpstwm@BFILTYT8+? -ClaefFmr] -ooutput -Pprefix -S=keleton]
[--help --wversion] [filehame ...]

DESCRIPTION
flex is a tool for generating scanners: programs which recognized lexi-
cal patterns in text. flex reads the given input files, or its stan-
dard input if no f£ile names are giwven, for a description of a scanner
Lo generate, The description iz in the form of pairs of reqular
expressions and C code, called rules. flex generates a3 output a C
source file, lex.yy.c, which defines a routine yylex{). Thiszs file i=
__compiled and linked with the -1f1 library to produce an  executahle, |

Then the executable is run, it analyzes its input for occurrences of
the regqular expressions. Whenever it finds one, it executes the corre-
sponding C code.

- Link with library libfl.a

Herej#E another simple example:

conzistz of three sectiohs, zZeparated by a line

The flex input £ile
int num_lines = 0, num_chars = 0; with just %% in it:
5% definitions
Y1 +Hrmm lines: +num chars: %%
++num_ chars; rules
B 5%
% uzer code
wainil
{
vylexi):

printf] "# of lines = %d, # of chars = %d\n",
num_lines, num_chars ):

'




Example in the manual of Flex

Count number of lines and number of characters

count_line.txt

1 %4 [imzlllinux count linels ./ a.out
2 Thi=s i=s a book

3 #include <stdio.h> byebye < jf% enter
:1nt huw lines = 0, nuw chars = 0; # of lines = 2; # 0f chars = 22
5 % [im=lflinux count line]s |

7

g %%

12 ‘Yoo { ++num lines ; ++ num chars ;) }3& (:tr|4-[)

11 { ++numw chars ; }

1z

13 5%

-

N
N
w
IS
&
o

7 8 9 10 11 12 13 14 15

[
L]

int mainiint argc, char® arogv[])

15 { T|lh|i]s S a blo|o]|k]|\n
17 vylex ()

1z printf("# of lines = %d, # of chars = zdvn",

12 huw lines, nwwn chars |; b y e b y e | \n

zZ0 return 0O ;

Zl }

[imzslElimax count_line]$

[ims1Blimx count_line]§ flex count_line.txt (Generate source C-code lex.yy.c

[imzlElime count line]$ ls

count line. tx(t  lex.¥y.c

[imsl@liree count linel$é geoc lex.yy.c -1£1

[imzlElime count line]$ ls
count line. tt  lex.¥y.c

[im=1@limx count line]s |

Library libfl.a



Grammar of input file of Flex  [1]

Lex copy data enclosed by %{ and %]} into C
source file

pattern action

\n {++num_lines ; ++ num_chars ; }

i { ++ num_chars ; }
wild card character, represent any

character expect line feed \n User code

grammar of input file

definition section

%%

rule section » pattern action
%%

user code

1 %4
z

3 Hi
4 in
E

& %}
7

8 5%
a

10 %n
11 .
1z

13 5%
14

15 in
1s {
17

1z

12

Z0
21}

nelude <stdio.h>
t num lines = 0, num chars = 0O;
{ ++num lines ; ++ num chars ; }
{ ++num chars ; }
L main(int argc, char® argv([])
yylexi(] :
printf("# of lines = %d, # of chars

huw lines, nwwn chars |;
return 0O ;

sdin”,

When pattern is matched, then execute action




Grammar of input file of Flex

lex.yy.c

char *yytext;

#line 1 "count_line.txt”
#define INITIAL O

#line 2 "count_line.txrc”

#include <atdio.l>
int mam_lines = 0, num_chars = 0;

#line 368 "lex.vyy.c”

gif ¥V MATH

int maini)
{
¥ylex(]:
return 0;

h

default main

#endif
#line 12 "count_line, txt”

int mainf{int argc, char® argw[])
{
¥ylexi]
printf("# of lines = %d, # of chars =
num_lines, num_chars );
return 0 ;

sdyvn”,

-

L N N Y O R T ) o R

[T T I I S S S
B N T =

1z
13
z0
z1

[2]

finclude <stdio.h>
int num lines = 0, num chars = 0;

)

ey
ey

"no o ++nunLlines I nunLchars HE
{ ++nunLchars HE

int maini{int argco,
i
yylex(] :
printf ("# of lines = %d, # of chars =
hum lines, num chars ):
return 0O :

char® arogv[])

zdin",



Q1: can we compile lex.yy.c without —Ifl ?  [1]

We want to use lex.yy.c on different platforms (Linux and windows), to

avoid specific library is lesson one.

[imslAlinux count line]$ goc lex.¥y.cC
: undefined reference to “yywrap'
! undefined reference to “yywrap'

collectZ: 1d returned 1 exit status
[imslBlimx count linels ]

Jtonp/coqulga8. ol text4+0x30d): In function “yylex':

Jtop/coqulga8. ol text+0xadf): In function “input':

Library libfl.a contains function yywrap()

-Ifl means “include library libfl.a”, this library locates in /usr/lib

Eimsl@linux lihiE purd
fusr/lih
[imzlllim lib]ls ls libf*

libfam.a
libfl.a

libform.a

[imzlAlinux lib]s ar -t libfl.a
libmain.o

libyywrap. o

[imsl@linmue 1ik]s I

libfreetype.a

—» contains function yywrap()



Q1: can we compile lex.yy.c without —Ifl ?  [2]

count_line.txt

%]

#include <stdio.lc
int mam_linez = 0, num_chars = 0;

Y { +mum_lines ; ++ nun_chars ; )
{ +tmum_chars ; }

int maini(int arge, char® argw[])
{
wylexi]
printf("# of lines = %d, # of chars = Zd\n",
num_lines, num_chars );
return 0 ;

-
4

when vyylex() read a EOF, then it call syywrap().

Feturn walue of yywrap(] iz either 0 or L.

if return wvalue is 1, then it means NO any input,
program is end [ yvylexi() return 0 )

if return wvalue is 0, then tells vylex()] that
new file iz ready, it cah go on to process new token.

Hence if we hawe multiple files to be parsed, then we can use yywrapl(] to
open file one by one

+ o+ #+ % =+ =+ 4 o

%
-

int yywrap()
i

return 1 ; /% eof */

}
1

Implement function yywrap
explicitly



Q2: how to process a file?

count_line.txt lex.yy.c

/% Translate the current start state into a walue that can b
Y { ] * to BEGIN to return to the state. The YYSTATE alias iz fo
+Hroum lines ; ¥ compatibility.

++ num_chars ; %
; #define YY START [(vy start - 1] / 2
! $define YYSTATE ¥¥ START

+Hrum_chars

} A% Action rmamber for EOF rule of a given start state. */
#define ¥Y¥ 3TATE EOF(state) (¥Y_END_OF BUFFER + state + 1)

o
o

A% Bpecial action meaning "start processing a new £ile™. *S

int main(int argc, char* argv[]) gdefine ¥¥ NEW FILE yyrestart| yvin )
{ _NEW_

+Hargw #define ¥¥ END OF EUFFEE CHAE 0O
--arge /% skip over program hame® /s - T~ -

A% Fize of default input buffer. */

if [ 0 < arge ){ #define TY EUF_SIZE 16384
yyin = fopeni argw[0], "r™) : -7
telse{ typedef struct yy buffer state *¥Y¥ EUFFER STATE:
¥¥in = stdin ; h B B -
} extern int yyleng:
yylex(] : extern FILE *yyin, *yyout;
printf("# of lines = %d, # of chars = %d\n",
mm_lines, mum_chars ) ; #define EOB ACT CONTINUE_SCAN O
return 0 : #define EOE_ACT END OF FILE 1
} #define EOE ACT LAST MATCH 2

S* when yylex() read a EOF, then it call yywrap().
* PReturn walue of yywrap(] is either 0 or 1.
* if return walue is 1, then it means N0 any input,

yyin is a file pointer in lex, function yylex() read characters from yyin



Q3: can we move function main to another file?

count_line.txt

main.cpp

#include <Lotdio.lc

extern FILE® vyvyin ; /7 vv¥in is declared in lex.¥v.cC
exXtern int num_lines ; /¢ num lines and nmum chars are
extern int mum_chars ; ¢/ also declared in lex.¥¥.c

¥ we compile lex.yy.c with geoc (C-cowmpiler), then
extern "C" tells compiler to treat yylex as
C-function, NOT CH-function

w4

extern "C™ [
int yylex( wvoid 1 !

}

int main{int argc, char® argw[])
{
Hargvw
——argec @ Ff% g2kip over program name® /s

if (0 < argec 1{
vy¥in = fopeni argv[0], "r7) :
telsed
¥¥in = stdin ;
'
yylex() :
printf("# of lines = %d, # of chars = Zdwvn",
num_lines, num chars ) ;
return 0 ;

51
#include <stdio.h>-
int mm_lines = 0, num chars = 0;
5}
5%
W11 {
+Hran lines ;
- _ code block
+ num_chars ;
}
{
+mm_chars
'
5%
A% when yylex() read a EOF, then it call yywrapi).
% EReturn walue of yywrap() is either 0 or 1.
% if return walue iz 1, then it means NO any input,
w program is end [ yvlex() return 0 )
* if return walue iz 0, then tells yylex(] that
& new file is ready, it can go on to process hew token.
*
* Hence if we hawe multiple files to be parsed, then
* we can use yywrapl] to open £ile one by one
iy
int yywrap()
{
return 1 ; /% eof */
h

[imslflimax count line3]§ £lex count line. txt
[imsl@lima count line3]§ goc -c leX.¥y.cC
[imsl@linux count line3]§ o4+ main.cpp lex.yy.o
[imslAlimx count line3]s




Exercise: mix C-code with C++ code

* In this work, lex.yy.c is C-code and main.cpp is C++-code, what
happens if we issue command “g++ main.cpp lex.yy.c”? That's why
we use two steps,
step 1: gcc —c lex.yy.c
step 2: g++ main.cpp lex.yy.o

« If we replace
extern "C" {
int yylex( void ) ;
}
with
int yylex( void ) ;

Does “g++ main.cpp lex.yy.c” work?



Q4: can we compile lex.yy.c in VC6.0? [1]

Download lex.yy.c and main.cpp in Q3 into local machine

Error occurs when compiling lex.yy.c

2=

- count_line_vc files
--£4 Source Files
2] lex.yy.c
[ Header Files
[ Resource Files

YWorkspace 'count line_we' 1 pre

F* A lexical scanner generated by flex =/

/* Scanner skeleton version:
= S$Header: Fhome/dafFfy/ub/vern/flex/RCS5/Flex.skl,v 2.91 96/89/
=/

#idefine FLEX_SCANHER
#idefine ¥¥_FLEX_MAJOR_VERSION 2
fidefine ¥¥_FLEX_MINOR_VERSIOHN &

#tinclude <{stdio.h>

=finclude <unistd.h> \/C does not have this header file

F* cfront 1.2 defines "c_plusplus” instead of " __cplusplus" =/
#ifdef c_plusplus

#ifndef _ cplusplus

#idefine _ cplusplus

t#tendif

t#tendif

#ifdef _ cplusplus

£ *
#include <{stdlib.h>
EBaera__ el =1l T |
I[=======mmm === Configuration: count_line_vc - Win32 Dpebug---------------—---—-
qumpiling...
lex.yy.c

f:icoursey2088summeryc_langiexampleichap1@icount_line_wvcilex.yy.c(12)

Error executing cl.exe.

lex.yy.obj - 1 error(s), B warning(s)

: fatal error C1883: Cannot open include file: ‘unistd.h’: Ho such file



Q4: can we compile lex.yy.c in VC6.0? [2]

/usr/include/unistd.h

[im=zlAlinu include]s pwd
Ausrfinclude

[imzlAlinux include]s ls unistc
unistd.h

[imzl@limmx include]s I

_."l*
E POSTY Standard: Z2.10 Sywmbolic Constants <unistd.h>
*i

gifndef UNISTD H
gdefine UNISTD H 1

#include <features.h>
__EEGIN DECL3

S* These mnay be used to determihe what facilities are present at compile time.
Their waluez can be obtained at run time from “sysconf'. */f

S POSTX Ztandard approwved as IZ0AIEC 9945-1 as of August, 1985 and
extended by PO3IX-1b (aka POSIX-4) and POSIXN-1c (aka POSIX threads). */
#define POSIX_WERSION 199506L

/% These are not #ifdef  UBE PO3TXZ because they are
in the theoretically application-owned hamespace. *f

S POSTX Ztandard approwed as IS0/IEC 9945-2 as of December, 1993, &/f
gdefine POSIXZI C_VER3IION 199209L

/% The utilitiez on GHNU systems also correspond to this werzion., +/
#define PO3SIXZ VERIION 199209L

% If defined, the implementation supports the
C Language Bindings Option. +/f
#define POSIXZ C_EIND 1

/% If defined, the implementation supports the
E Latnquage Development Utilities Option. +/
#define POSIXZ C DEV 1




Q4: can we compile lex.yy.c in VC6.0?

[3]

2l

[ Workspace "count_line_wvc': 1 pre
- count_line_wc files
-~ Source Files
[#] lex.yy.c
2 main.cpp]
[ Header Files
[ Resource Files

/% Scanner skeleton wersion:
= SHeader:
=]

#define FLEX_SCANHER
#define ¥Y_FLEX_HAJOR_VERSION 2
#define ¥Y_FLEX_MINOR_VERSION &

#include <stdio.h>
F/tinclude <unistd.h>

Fhome/daffy/ub/vern/Flex/RCS/Flex.sk]

#if defined( WIN32) || defined(__ WIN32_ )
#include <stdlib.h> . “ : ”
tolee disable “unistd.h” in
#include <unistd.h> VCo6.0
#endif
/* cfront 1.2 defines "c_plusplus™ instead of "_|
#ifdef c_plusplus
#ifndef _ cplusplus
#define _ cplusplus
#endif
ttendif
4 >
2 ClassView | ] FileView ol
M [ Configuration: count_line_vc - Win32 Debug-—-—----—------——--——
—]Eumpiling...
lex.yy.c

lex.yy.c{1218)

: warning CL4813:

‘isatty' undefined;

lex.yy.obj - 8 error{s), 1 warning{s}

assuming extern returning int

/usr/include/unistd.h

S* Beturn 1 if FD iz a walid descriptor associated
with a terminal, =zero if not. */
extern int !satty (int _ fd) _ THROW:

Error occurs since prototype of function isatty is declared in unistd.h




Q4: can we compile lex.yy.c in VC6.0? [4]

lex.yy.c main.cpp
#define FLEX_SCAMHER
#idefine ¥YY_FLEX_HMAJOR_VERSION 2 #include <stdio.h>

#idefine ¥Y_FLEX_MINOR_VERSION &
/* we compile lex.yy.c with gcc (C-compiler), then

#include <stdio.h> extern "C'" tells cumpiler to treat yylex as
J/#include <unistd.h> C-function, MOT C++-Function
#if defined(_WIN32) || defined(__WIN32_ ) x/
#include <stdlib.h> extern "G {

extern FILE= yyin ; // yyin is declared in lex.yy.c
int isatty (int _ fd) { return 8 ;} extern int num_lines ; // num_lines and num_chars are

extern int num_chars ; // also declared in lex.yy.c
#else int yylex({ void } ;
#include <unistd.h’ ¥
ftendif

int main{int argc, char= argu[])
/* cfront 1.2 defines "c_plusplus"” instead of {
#ifdef c_plusplus trargu g
#ifndef __cplusplus -—argc ; f= skip over program names/
#idefine _ _cplusplus
#endif if ( 8 < arge ){
#tendif yyin = fopen({ arguv[B8], "r"}) ;
relseq

yyin = stdin ;

#ifdef __cplusplus ¥
yylex{}) ;

printf("# of lines = %d, # of chars = %d\n",
num_linES, num_chars };
return 8 ;
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Reqgular expression

From http://en.wikipedia.org/wiki/Reqular expression

A regular expression, often called a pattern, is an expression that
describes a set of strings.

The origins of regular expressions lie in automata theory and formal
language theory, both of which are part of theoretical computer
science . In the 1950s, mathematician Stephen Cole Kleene
described these models using his mathematical notation called
regular sets.

Most formalisms provide the following operations to construct
regular expressions

- alternation: A vertical bar separates alternatives. For example,
gray|grey can match “gray” or “grey”.

- grouping: use parentheses to define the scope and precedence of
the operators. For example, gray|grey and gr(ale)y are equivalent.

- quantification (£//°): a quantifier after a token (such as a character)
or group specifies how often that preceding element is allowed to
occur.




Syntax of regular expression [1]

metasequence

description

matches any single character except newline

[]

matches a single character that is contained within the brackets.
[abc] ={a, b, c}
[0-9] ={0,1,2,3,4,5,6,7,8,9}

"]

matches a single character that is not contained within the brackets.
[*abc] = { x is a character : xisnota orborc}

matches the starting position within the string

$ matches the ending position of the string or the position just before a
string-ending newline

{m,n} matches the preceding element at least m and not more than n times.
a{3,5} matches only “aaa”, “aaaa” and “aaaaa”, NOT “aa”

<>

G ET%HIODENWEIUE MR L S i L e S

B




Syntax of regular expression [2]

metasequence | description

* matches the preceding element zero or more times
ab*c matches “ac”, “abc”, “abbc”

+ matches the preceding element one or more times
[0-9]+ matches “1", “14”, “983”

? matches the preceding element zero or one time
[0-9]? matches “ 7, “9”

the choice (aka alternation or set union) operator matches either the
expression before or the expression after the operator.
abc|def matches “abc” or “def”

() group to be a new expression
(01) denotes string “01”

\ escape character
* means wild card, \* means ASCII code of *

‘.0 PR 2 JI 5, 57 3 BRI e iR 2 PR s,
=\ 79
u/*n [,—Q?:‘FTJ l’[ﬁiij,j—:u / fp *




Example: based-10 integer

one digit of regular expression [0-9]

positive integer is composed of [0-9]+

many digits
[0-9]* is not adequate, since
[0-9]* can accept empty string
we need a sign to representall  _7[0-9]+
integers

Accepted string: “-5”, “1234”, “0000”, “-000”, “9276000”

Question: How to represent based-16 integer under regular expression?
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Finite state machine (FSM)

state transition diagram

integer -?[0-9]+
[0 9
Current Input token Next state | description
state (transition function)
SO - minus SO is initial state
[0-9] digit
minus [0-9] digit minus state recognize string “-”
digit [0-9] digit digit state recognize string “-[0-9]+" or

“[0-9]+"

trap

terminate




State sequence

-1234

|

-1234

|

-1234

I e &
-1234

(oo (o

-1234

G e O



#include <stdio.h>

:ﬂgiin;yt:::?ﬁEEFFE;?z? // store token TranSform FSM to C_COde

int yyleng ; 7/ length of token
FILE* yyin ; // input file pointer

// return length of token or EOF
int yylex_integer( void )
{
enum stateVar { $8_state, minus_state, digit_state, trap_state } ;
stateVar state = S8 _state ; // initial state

int ¢ ; switch{ state ){
yyleng = -1 ; f/ no input so far case 38 _state :
_ if (c=="-" ) 1
while{1){ state = minus_state ;
if { trap_state *= state ){ yelse if ( ('8' <= ¢) && ('9?' >= ¢} ){
c = fgetc( yyin ) ; // read next character state = digit_state ; 2
yyleng ++ ; elsed
yytext[ yyleng ] = ¢ ; state = trap_state ; (3
if { EOF == ¢ ) { b
yytext[ yyleng ] = *\@° ; break ;
return EOF ; case minus_state :
¥ if ( ("8 <=c) && ("9 >=c) )}
¥// ttrap_state state = digit_state ; 4
elsed
state = trap_state ; 5
b
break ;

case digit_state:
if € ('8 <=oc) && ('?" >=c) )
state = digit_state ;(§
elsed
state

, trap_state ; 7
break ;

case trap_state:
ungetc{c, yyin} ;
yytext[ yyleng ] = "w@8° ;
return yyleng ;

b

/7 fForever




Driver to yylex_integer

main.cpp
= integer files #include <stdio.h>
= ai’“mﬂ Files ftinclude <assert.h>
lex_integer.cpp
#define YYBUFFER 1024 test.txt
(3 Header Files #define FILENAME  “test.txt"

I;Illllllllll:IT

1-012345 782

[ Resource Files

extern char yytext[YYBUFFER] ;
extern int  yyleng ;
extern FILE= yyin ;

int yylex—integer( Uuid } : L

. L. yytext = —B12345
int main{int argc, char= argu[])

{

Press any key to continue_

yyin = fopen{FILEHAME, "r"} ;
assert{ yypin ) ;

yylex_integer() ;

printf{“yytext = %sin", yytext);
return 8 ;




Exercise: extract real number

real number  -2[0-9]¥\.[0-9]+(([E€][-+]?[0-9]+)?)

why do we need a escape character for dot, “\.” ?
Can this regular expression identify all real numbers?

depict state transition diagram of finite state machine for this regular
expression.

Implement this state transition diagram and write a driver to test it

Use flex to identify (1) integer (2) real number, note that you need to
neglect space character [\t\n ]
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How flex works

flex works by processing the file one character at a time, trying to
match a string starting from that character

1. flex always attempts to match the longest possible string

2. if two rules are matched (and match strings are same length), the
first rule in the specification is used.

Once it matches a string, it starts from the character after the string.

Once a rule is matched, flex execute corresponding action, if no
“return” Is executed, then flex automatically matches next token.

flex always creates a file named “lex.yy.c” with a function yylex().

The flex library supplies a default “main”:
main(int argc, char* argv[]) { return yylex() ; }
However we prefer to write our “main”.



Lex states

Regular expressions are compiled to finite state machine

flex allows the user to explicitly declare multiple states
%x CMNT /lexclusive starting condition

%s STRING //inclusive starting condition

Default initial state is INITIAL (0O)

Actions for matched strings may be different for different
state



yylex()

_z.

\[\ nl

+ Hi token RN i, G~ 8
yylex() Efpi- IPI’E“AEFIHEEP JUIRSEES
B B e pu s e e A

yylex() return 0 when encounters EOF.

“h S

P]‘J’ / N

E % F5F return f

count_line.txt main.cpp
5§ int main{int argec, char® argw[])
. . {
§1nclude §std10.h> Hargy ;
int num lines = 0, num chars = 0; .
= = -—argc ; /% skip over program hname®
5} i
if [ 0O < argec ){
S v¥in = fopen( argw[0], "r™) !
vn { lelse!
+Hrum lines ; ¥¥in = stdin ;
++ num_chars : '
return '‘n' ; ¢— whilef yylex(] 1{ =
} printf("%s", VYyLext ):
{ }
++ﬂum_c?ar? ‘ printf("# of lines = %d, # of chars
e LR num_lines, num chars );

5%

L yylex() Eﬁ, Ty 5]

IR

[imslAlinax count line3]s
[imslAlinax count line3]s
This iz a book

byebye

# of lines 3, # of chars

[imzlRlinux count 1ine3]s

Lfa.sout Lest.txt

23

return 0 ;

Fd\n",

return to caller when
matching a token

call yylex() till End-Of-File




yytext

lﬁ (BT IR - i token [V i, token U i yytext 1,
R RS (null, \0) 5. = token U= Fafaw Wleng, 2 yyleng =
strlen(yytext)

yytext kLo [|i%]], ;h f'
extern char yytext[] ;
extern char *yytext ;

yytext [’ | FMJr S PEE T~ {aE token I i, Eﬁﬁ“?&ﬁl%’? (e e
= yytext i} FL' %E = H

NEL yytext fLIRIF[IETRS, B yytext =Y token jK7a E";[‘)Toverﬂow T+ flex
HI FHRERY /O Wi Eﬁhi 16KB, 7+l | fi I | B E 8Ké [~ token. J[]{f1 token
E£ E@iﬁfrf“%i overflow pjfgﬁg

lex.yy.c

typedef unsimmed char ¥Y¥ CHAR:

FILE #*yyin = (FILE *) 0, %yyout = [(FILE *) 0O;
typedef int ¥y state type:

exXxtern char *yytext: |

j#define YYLEXT pLr yytext




yywrap()

. Fu R R Tl S dﬂ =1L yywrap() | ﬁp FEEER MR
ﬁf;z 911 yywrap() (= 5 0, Hll4% 53 P | i yywrap()
Fr=" Rt 1, e 3 s (E pt— {7 token O s (U3 AF_TM*Q;;;{( Sk

T lex f} :ngﬂlp g yywrap()aﬁ S ﬁrﬁ lﬁ‘lE[[ 1, (EHRLF T2 FIe
e l’“fﬁ* (YT yywrap() fi= i p 0, e B v Jﬁﬁﬁ 4‘%‘[, a5 1
i Tl - FOFTRE yyin Sl jﬁ“* % (7] fopen FEY)

IS MRY lex fay * A, 25 TS yywrap() sl L, R pUE -
Pt -

count_line.txt

I when yylex(]) read a EOF, then it call yywrapi().

Feturn wvalue of vywrap() iz either 0 or 1.

if return walue iz 1, then it means N0 any input,
program is end [ yvlexi() return 0 )

if return wvalue iz 0, then tells wyylex (] that

new f£ile is ready, it can go on to process new token.

Hence if we hawve multiple files to be parsed, then
We can use yywrapl) to open file one by one
!

* % = # # # % # #

int yywrap()
i

return 1 ; F% eof ¥/

4




yyinput(), yyunput()
o flex H il yyinput() ') = yyunput() ¥ 4 input(), unput().

e unput(c) m w;ﬁu Tu C b’v[p'ﬁi?“ erR| 1. A= 4% stdio F[1 unputc()
FFES T RIPSRL: foope I gsgp= unput() - AR

lex.yy.c

#ifdef ¥V _T3E_PROTOS

#define ¥¥ PROTO(proto] proto
#el=e

gdefine YY¥ PROTO(proto) ()
#endif

#ifndef YV _NO_INFUT

#ifdef _ cplusplus

atatic int yyinpuat YV _PROTO({ woid )):
#else

atatic int input ¥Y¥_PROTO(( waid j):
#endif

fendif

#ifndef ¥Y NO_TUNPUT

#ifdef ¥¥ T3E_PROTOS

static woid yyunput( int c, register char *yy _bp |
#else

statiE vold yyunput|{ o, ¥¥_bp )




yyless(), yymore()

T}J’*J|"§E‘“ﬁ%ﬂlp~ AL yyless(n), #1Kf q A PSS Y token #F]fﬁrj n {5,
RV [l T 2 token | ﬁFJ A TR N 25 ) E‘/ﬁ A R L

). yyless #1 yymore fi’ ﬂfl[@“ ] ymore e F,?ﬂex}[ﬁ”*— i token i
ZJE17jip token

extract string literal

'-,Irr[Arr] ',i,"lll rr {
S How to deal with fabeh "mac™
S ostep 1: use rule to identify Maboy ™

A4 step 2: check if character before last character is '%' or NOT, if so, use yvyless|)

A to keep Mabe’  and call yymore () to process next string "mac™ and
A this string would be added into yytext, hence finally, yytext = "aboh "mac™
if [ '"Wh' == yytext[vvleng-2] 1{
vyless( yyleng - 1) ; < e - W [P

vywore () ; fF add next string

relsed \—' R (== O

. JD - qu
return LITERAL

h

ly

VA
“abc\"mac” » “abc\”
?




Analyzing process [1]

input buffer regular expression yytext

“abc\"mac”

| Ry

“abc\"mac”

T \"[A]H “la

“abc\"mac”

T \" AR “lalb

“abc\"mac”

T \" AR “lalb

“abc\"mac”

I \" AR “lalb




Analyzing process

input buffer

“abc\"mac”

T

“abc\"mac”

T unput character ”

“abc\"mac”

|

“abc\"mac”

T

“abc\"mac”

[2]

regular expression yytext
VAT a/blc |\
WA == yytext[vyleng-2] nyeng =6
' vvless|( vyleng - 1 )1 :
“lalb \
vV yymore ()
\"[ATEV alb \ |
\" AR alb VY m
\" AR alb VY m




input buffer

“abc\"mac”

|

“abc\"mac”

Analyzing process

[3]

regular expression yytext
\ll [/\n]*\n b C \

T \II [/\ll]*\ll b C \ «
'Y400 == yytext[yyleng-2] fails
return LITERAL_ :

alblc|\ | “m a|c \O

yytext | “

yyleng = 10




Starting condition ([f] H}[J‘r

flex provides a mechanism for conditionally activating rules. Any rule whose
pattern is prefixed with "<sc>" will only be active when the scanner is in the
start condition named "sc

Start conditions are declared in the definitions (first) section of the input
using unindented lines beginning with either %s' (inclusive start conditions)
or %x' (exclusive start conditions)

Initial starting condition of flex is O (INITIAL)

A start condition is activated using the BEGIN action. Until the next BEGIN
action is executed, rules with the given start condition will be active and
rules with other start conditions will be inactive.

If the start condition is inclusive, then rules with no start conditions at all will
also be active.

If it is exclusive, then only rules qualified with the start condition will be
active.



Inclusive v.s. exclusive

The following three lex input are equivalent

%s example
%%
<example>foo do_something();

bar something_else();

%s example
%%
<example>foo do_something();

<INITIAL,example>bar something_else();

%x example

%%

<example>foo do_something();
<INITIAL,example>bar something_else();

pattern foo is activated in starting condition, example

pattern bar does not specify starting conditions, then all starting conditions
declared as inclusive (s) will execute pattern bar




How to recognize comment in C, /* ... */

main.cpp

comment.txt

#include <stdio.l-

extern "C" !
extertnn FILEY vvin !
extern char *yytext »
int yylex| woid ) !

'

int maini(int argc, char® argw[])

{

.3
#include <=tdio
%)

<

s

¥ CMNT

%5

il { BEGIN CHMNT ;

<CHMNT-.
<CMNT-\1n

1

‘_

H

CMNT is an exclusive starting condition

—— Ifread /*, change to CMINT

" lfread /. back to INTIAL

Hargy <CMNT="*/" § BEGIN INITIAL ;
—-—argc ; FfY skip over command® /s
i
if [ 0 < argeo ) return 'h.' ;
vy¥in = fopeni argw[0], "r™) : 1
telzef
¥¥in = stdin ; N
'
while| yylexi{) 14 int yywrap ()
printf (%2, yvytext 1: |
; return 1 ; /% eof */
return 0 ;
} }
'[eSt.tX'[ [imzsliElinu: commentl]s

SEEE G comment 1¥F/

oo A% comment 2%/ gogo
This iz a book Thiz iz a book
FEY comment 3
continue *F% )/ hyebye
byebvye

[imslElinus commentl]s I

[imsldlinux commentl]$ . a.out test.txt

Can you explain output?



Exercise

o C++ support another kind of comment, starting by //, write a regular
expression to recognize this kind of comment and build it into flex input
file. Write a C program with C-comment and C++-comment to test
scanner generated by flex.

» Depict state transition diagram for C-comment and C++ comment, write
code to implement this state transition diagram and measure program
size. Do you think flex helps you identify C-comment very well?

« Can you have other method to identify C-comment by using flex?
Hint: use flex to identify /*, then write code to find */ by yyinput() or input()

comment.txt

[im=l@lim commentl]s
SEEE S comment 1%/ [imzlAlimu commentl]s . 7a.o0ut Lest.txt
oo ¥ comment 2%/
A oH comment Qoo
Thiz iz a book // C++ comment
SFF comment 3 Thisz is a book
continue *&%/
byebhye byebye
[imzl[dlinux conmentl]s I
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Application 1: configuration file of Linear Programming

Objective: read configuration file, extract coefficient of vector c, b and
matrix A, then output c, b, A

configure.txt minz=c' x
. . o subject to Ax<b, x>0
z /4 wminimize =z = C' *x

Z <ohjective:
4 1*x1 + 0.5*x2 + x4
£ </objective:

i token
7/ subject to Ax <= b . . .
8// x »>= 0 iz implicit <objective>  <constraint>
S <Cconstraints . ; .
10 -2%x1 + x2 <= 5.0 </objective> </constraint>
11 3%HE — ®5H = 7
1z 6%xZ + 3.14%x1 = 6 X1 X2 X4 x5
13 </constraints>
14

integer real number

+ - * >= <= =

C++-comment



LP.txt

1

z

3

4

5

3

7

=]

]

10

11

1z

1z

14

1kt

16

17

1z
13
Z0
21l
EE
23
24
2L
EG
27
]
29
20
21
2E
33
24
35
36
27
3]
29

%9
#include <stdio.h> o
definition of code of token

#include "y.tak.ht

}?‘: yylinens = 17 how many lines are processed
%

wa [ %]+

digit  [0-9]

alpha [a-=b-Z]

alnum [a—-=bh-Z0-9]

sign [+% -]

integer num {sign}?{digit}+

exponent [Ee]{integer num}
float nwe {sign}?( ({digici+\.{digich*) [\ .{digit}i+))
scientific num  ({integer nwm} |{float num}){exponent}

You need to add rule for C++-comment

> substitution rule

identifier ({alphal}|) |§) ({aloum} |y |[§)* Y,
tx CMNT
e an i { BEGIN CMNT ; }
w3 _ 41 <CMNT>.
nt { wylineno++ @ return '“n' @ 3} 42 <CHNT>\n
twa R 43 <CHNT>"#/" { BEGIN INITIAL ; }
{identifier} { return IDENTIFIER : } 2
{integer num} { return INTEGEE ; 1} a5 ;
float t RELL : ) .
{ qa _pu@} { raturn — } 4E printf ("NoT matched: line = %dit error code = %¥3\n™,
{goientific num} { return REALL ; } e lineno rext) :
L { return '+' ; } 45 Exit(l??' &k ’
r_rr { returh s} r
LI { retiurn %1 : } :zoo }
FF

rrll,-'rr { retiurn '.-'“ : } £l
o= { return GE ; } 52 int yywrap (]
fo=r { return LE : } ol
"= U2 o £4 return 1 ; f* eof ®/

LE
oobjectives® { return OBJECTIVE : 1} J
"ofohjectives" { return END OBJECTIVE : 1}
Fooonstraint=" { return CON3ITRAINT : }
"efoonstraints { return END CON3ITRAINT : }




y.tab.h

main.cpp

1

Z #ifndef ¥ TAE H

2 #define ¥ TAE H

4

& #define INTEGER_ Z55

& #Hdefine REAL 290

7 #define LITERAL 291

& #define GE_ 292

& #define LE_ 293

10 #define IDENTIFIER 294

11

1z #define OBJECTIVE 295

1z #define END OBJECTIVE  Z9a
14 #define CCNSTRAINT 297

15 #define END CCMNSTRAINT 295
1&

17 fiendif

1z

1

z #Hinclude <stdio.h>

3 #Hinclude <stdlib.h>

4 #Hinclude "v,tab.h'

5

&[dextern "o

7 extern FILE*® wyvyin :

2 extern char *yytext ;

9 int vvylex( woid | :
10}
11
1z int wmaini{int argc, char® argv[])
13 ¢
14 int token :
15 ++arogv
1 ——argo @ S Y skip over comtnand® /S
17
12 4if | O < arge )
13 vwin = fopen( argv[0], "™
zod ielsed
Zl yyin = stdin ;
2z b

driver: show all tokens

[1]

]

22 while| token = vylexi) 1{

24 [ switch| token )4

ZE caze 'hn!

bl 3 printf ("nT)

27 break !

28 case INTEGEER

29 printf ("INTEGER : Zcvn®, atoi| wytext)
20 break !

31 case RELL

32 printf ("EELL 225.15EYn™, atof (yytext)
33 break !

34 case IDENTIFIER

3L printf ("IDENTIFIEER : 2V n", wytext]
36 break !

37 case OBJECTIVE case END OBJECTIVE
38 case CONSTRAINT case END CONSTRATNT
39 printf("i=n", wytext)] :

40 break !

41 case GE

47 printf (Tx=%n")

43 break !

44 case LE

45 printf (o= Y nt)

45 break !

47 default:

48 printf("icin®, token ):

49 break !

L0 TS switchitnkenb

El v/ for each token

Lz return O ;

£z}

.
-

]

.
-




[imsldlinux LP]% ./a.out configure.

driver: show all tokens [2]  |«wsecue

INTEGEE_: 1
*
. IDENTIFIER_: xl
configure.txt n
REAL_ : S.000000000000000E-01
1 *
- EEERIEEE IDENTIFIER : =4
4 1%*x1 + 0.5%x2 + x4 -
£ </objectives </objectives
& <oonstraint
74/ subject to Ax <= b INTEGER : -2
g/ % »= 0 is implicit *
9 <constraint> IDENTIFIER : =1
10 -2*xl + =2 <= 5.0 M
IDENTIFIER : =2
11 JvHE - w5 =7 o= -
1z 0¥x2 + J.14*x1l = 6 RELL : 5.000000000000000E+00
12 </constraints
INTEGER. : 3
14 . -
IDENTIFIER_: x2
1. Space character is removed automatically }DEHTIFIER_: X5
==
2. It is not necessary to keep space character between INTEGER_: 7
two tokens since flex would identify them very well INTEGER : 6

*

IDENTIFIER_: x2

+

REAL_ : 3.140000000000000E4+00
*

IDENTIFIEE_: =1

INTEGEE_: &

Ljoconstraint>




Exercise

o Complete input file for flex (add rule to deal with C++-comment) and test
the scanner for different cases.

* Depict state transition diagram to collect information from configuration
file and construct vector ¢, b and matrix A

configure.txt

1

g/ winimige =z = C!' *x
3 <obhjectiverx

4 1*x1 4+ 0.5%=x2 4+ =4
£ </obhjectivex

[

74/ subject to Ax <= h
g/f x »= 0 iz implicit
9 <Constraint>

10 -2%x1 + ®x2 <= 5.0
11 32 — ®5 == 7

1z E¥x2 + J3.14%x1 = ©
12 </constraint>

14

<objective>

<constraint>




Applicatoin2: C program analyzer

token Lexeme
identifier x1
integer 1234
real 3.14, 1.0E-5
Arithmetic operator + - %51, %
Increment operator ++, -
Arithmetic assignment operator =, -=, %=, 1=, %=, =
Relational operator ==, 1=, > <, >= <=
Boolean logical operator &, |, N
Logical operator &&, ||
marker O 014
Conditional operator ?:
Escape sequence \n, \G A\
comment I, I* ... *




Exercise

Write a scanner for C-program, we have shown how to write regular
expression for identifier, integer, real and comment, you need to add
regular expression for

- arithmetic operator

- logical operator

- relational operator

- marker

- string and character

- distinguish keyword (reserved word) from identifier

note that you need to define integer-value token for above operator
In y.tab.h



