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F�sh Lektik c An�lushc (1/2)

EÐsodoc: mÐa sumboloseir� (prìgramma)

'Exodoc : lektikèc mon�dec (tokens)

OrologÐa

Token : anaparÐstatai apì èna zeÔgoc (tokenName,
attribute), ìpou attribute ènac arijmìc/mÐa
sumboloseir�/ènac deÐkthc ston pÐnaka
sumbìlwn/mÐa dom  kai to opoÐo eÐnai proairetikì.
'Ena tokenName eÐnai èna afhrhmèno sÔmbolo
(dhl. den an kei sth gl¸ssa) pou ekfr�zei mÐa
kl�sh qarakt rwn (p.q. id, string) kai to opoÐo
apoteleÐ thn eÐsodo tou suntaktikoÔ analut .
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F�sh Lektik c An�lushc (2/2)

OrologÐa

Lexeme (  lèxhma): mÐa akoloujÐa qarakt rwn pou
tairi�zei me èna pattern (p.q. to keyword if , o
arijmìc 5   to string ”hello” ).

Pattern (  sq ma): eÐnai mÐa perigraf  thc morf c pou
mporoÔn na p�roun ta lex mata (p.q. mÐa
kanonik  èkfrash).

LeitourgÐa lektik c an�lushc: Diab�zei qarakt rec kai
touc tairi�zei me sq mata, par�gontac lex mata, ta opoÐa
antistoiqÐzontai (ìqi 1-1) se lektikèc mon�dec, oi opoÐec
apoteloÔn thn eÐsodo tou suntaktikoÔ analut .
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Par�deigma lektik c an�lushc

EÐsodoc : ... if (cond) ...

Qarakt rec : ..., i, f, (, c, o, n, d, ), ...

Lexemes : ..., if, (, cond, ), ...

Tokens : ..., keyword , L PAR, id , R PAR, ...

TÐ morf  èqoun ta patterns?
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Kanonikèc ekfr�seic (JewrÐa) (1/2)

QrhsimopoioÔntai gia na ekfr�soun saf¸c kai periektik�
sÔnola glwss¸n.

ProkÔptoun apì thn efarmog  twn pr�xewn thc 'Enwshc
(∪), Par�jeshc (·) kai Kleene Star (∗) p�nw se gl¸ssec.

PolÔ qr simec stouc lektikoÔc analutèc gia thn
anagn¸rish akolouji¸n qarakt rwn wc kl�seic (p.q.
anagnwristik�, akèraioi, stajerèc sumboloseirèc, k.a.).

Ta patterns prosdiorÐzontai me K.E.
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Kanonikèc ekfr�seic (JewrÐa) (2/2)

'Estw Σ èna alf�bhto (to Σ mporeÐ na jewrhjeÐ kai wc
gl¸ssa).

An a ∈ Σ, tìte a eÐnai mÐa K.E. pou anaparist� th gl¸ssa
{a}.
H ken  sumboloseir� ε eÐnai mÐa K.E. pou anaparist� th
gl¸ssa {ε}.
An l, r K.E. pou parist�noun tic gl¸ssec L, R , tìte l ∪ r,
l · r kai l∗ eÐnai K.E. pou parist�noun tic gl¸ssec L ∪ R ,
L · R kai L∗ antÐstoiqa.
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Flex (1/2)

O Flex eÐnai mÐa genn tria lektik¸n analut¸n ( 
scanners) gia C/C + +.

UlopoÐhsh tou Lex tou sust matoc Unix .

Flex = Fast Lexical Analyzer Generator .
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Flex (2/2)

EÐsodoc : èna arqeÐo sto opoÐo dÐnontai kanìnec, ¸ste na
anagnwrisjoÔn ta lex mata na paraqjoÔn oi
antÐstoiqec lektikèc mon�dec kai na gÐnoun oi
epijumhtèc enèrgeiec.

'Exodoc : èna arqeÐo me ìnoma lex .yy .c sto opoÐo up�rqei
o k¸dikac pou ulopoieÐ to lektikì analut .
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Kanonikèc Ekfr�seic ston Flex (1/3)

O Flex uposthrÐzei mÐa epèktash twn K.E.:

x : o qarakt rac x .

. : opoiosd pote qarakt rac ektìc tou qarakt ra
nèac gramm c.

”abc” : h akoloujÐa qarakt rwn abc .

[abc ] : opoiond pote apì touc qarakt rec a, b, c .

[a− z ] : opoiond pote apì touc qarakt rec a èwc z .

[∧a− z ] : opoiond pote qarakt ra ektìc apì touc
qarakt rec a èwc z .

r∗ : kamÐa   perissìterec epanal yeic thc K.E. r .

r+ : mÐa   perissìterec epanal yeic thc K.E. r .

r? : mÐa   kamÐa epan�lhyh thc K.E. r .
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Kanonikèc Ekfr�seic ston Flex (2/3)

r{i , j} : apì i ewc j (0 < i < j) epanal yeic thc K.E. r .

rs : akoloujÐec pou prokÔptoun apì thn par�jesh
twn K.E. r kai s.

(r) : oi parenjèseic orÐzoun thn efarmog  twn
telest¸n.

r |s : akoloujÐec pou ikanopoioÔn   thn r   thn s.
∧r : ikanopoieÐtai mìno an h K.E. r brÐsketai sthn

arq  thc gramm c.

r$ : ikanopoieÐtai mìno an h K.E. r brÐsketai sto
tèloc thc gramm c.

<< EOF >> : ikanopoieÐtai ìtan sunanthjeÐ EOF .

Gia th qr sh twn parap�nw eidik¸n qarakt rwn $, ∧, |, ), (
k.t.l. wc kuriolektik¸n ja prèpei na prohghjeÐ o qarakt rac
′\′.
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Kanonikèc Ekfr�seic ston Flex (3/3)

Tèloc, uposthrÐzontai arketèc kl�seic qarakt rwn, ìpwc oi:

[ : lower : ] : opoiosd pote pezìc latinikìc qarakt rac.

[ : upper : ] : opoiosd pote kefalaÐoc latinikìc qarakt rac.

[ : alpha : ] : opoiosd pote pezìc   kefalaÐoc latinikìc
qarakt rac.

[ : digit : ] : opoiod pote dekadikì yhfÐo.

[ : blank : ] : o kenìc qarakt rac   o sthlojèthc.

[ : print : ] : opoiosd pote ektup¸simoc qarakt rac
sumperilambanomènou tou kenoÔ.

[ : xdigit : ] : opoiod pote dekaexadikì yhfÐo.
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Dom  progr�mmatoc Flex (1/5)

'Ena arqeÐo Flex apoteleÐtai apì 3 mèrh pou diaqwrÐzontai apì
'%%'.

OrismoÐ

%%

Kanìnec

%%

K¸dikac Qr sth
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Dom  progr�mmatoc Flex (2/5)

Oi orismoÐ apoteloÔntai apì:

- orismoÔc onom�twn pou qrhsimopoioÔntai wc
suntomografÐec K.E., kai èqoun thn morf :

name regular_expression

p.q.

digit [0-9]
id [a-zA-Z][a-zA-Z_0-9]*
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Dom  progr�mmatoc Flex (3/5)

- k¸dika pou jèloume na sumperilhfjeÐ ston
paragìmeno lektikì analut , sun jwc dhl¸seic
makroentol¸n, metablht¸n kai tÔpwn dedomènwn,
an�mesa se '%{ %}' p.q.
%{

#include <stdio.h>

#define TK_IF 0
#define TK_ELSE 1

typedef struct {
char lexeme[256];
int lineNumber, charPosition;

} tokenInfo;
%}

Metaglwttistèc Flex



Dom  progr�mmatoc Flex (4/5)

To tm ma kanìnwn eÐnai to kÔrio tm ma tou progr�mmatoc kai
apoteleÐtai apì kanìnec thc morf c:

pattern {action}

p.q.

%%
{id} {printf("Found id: %s\n",yytext)
{digit} {printf("Found digit: %s\n", yytext);
%%

* 'Otan ikanopoieÐtai èna pattern, o kanìnac
energopoieÐtai kai o k¸dikac pou akoloujeÐ
ekteleÐtai.
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Dom  progr�mmatoc Flex (5/5)

* 'Otan ikanopoioÔntai perissìteroi apì ènac
kanìnec, tìte epilègetai autìc pou katanal¸nei
perissìterouc qarakt rec.

* E�n katanal¸noun ton Ðdio arijmì, epilègetai
autìc pou èqei dhlwjeÐ pr¸toc.

To tm ma k¸dika qr sth eÐnai proairetikì kai o skopìc tou
eÐnai h �mesh ulopoÐhsh sunart sewn pou qrhsimopoioÔntai
ston paragìmeno lektikì analut  (o k¸dikac antigr�fetai
qwrÐc allagèc).
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Perib�llon Flex

Merikèc apì tic kuriìterec diajèsimec metablhtèc/sunart seic:

char ∗ yytext : perièqei to komm�ti tou keimènou pou èqei
ikanopoi sei thn kanonik  èkfrash (lexeme).

int yyleng : ènac akèraioc pou dhl¸nei to mègejoc tou yytext.

FILE ∗ yyin : to prokajorismèno arqeÐo eisìdou (mporoÔme na
to all�xoume).

int yylex() : h paragìmenh sun�rthsh lektik c an�lushc;
epistrèfei to anagnwristikì thc lektik c mon�dac,
pou diab�zei.
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Sqìlia ston Flex

O Flex uposthrÐzei sqìlia thc morf c /* ... */, ta opoÐa
antigr�fontai autoÔsia sto paragìmeno prìgramma C .
MporoÔn na brÐskontai opoud pote ektìc apì:

* tic grammèc pou xekinoÔn me %option kai

* thn arq  twn gramm¸n tou tm matoc twn kanìnwn.
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Katast�seic ston Flex (1/2)

O Flex uposthrÐzei upì sunj kh energopoÐhsh enìc kanìna
mèsw thc ènnoiac thc kat�stashc. Arqik� o Flex brÐsketai
sthn kat�stash INITIAL.
Oi katast�seic dhl¸nontai sto tm ma orism¸n. (p.q.
%s A STATE ).

'Enac upì sunj kh energìc kanìnac gr�fetai wc ex c:

<A_STATE>regular_expression action
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Katast�seic ston Flex (2/2)

  wc:

<A_STATE,ANOTHER_STATE>regular_expression action

,ìpou o kanìnac eÐnai energìc ìntac se opoiad pote apì tic
dÔo katast�seic.

H met�bash se mÐa kat�stash gÐnetai gr�fontac sto tm ma
thc enèrgeiac :

BEGIN(A_STATE);

PolÔ qr simh dunatìthta gia sqìlia poll¸n gramm¸n.
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Par�deigma progr�mmatoc Flex (1/3)

%{
/* definitions of manifest constants LT, LE,
EQ,NE, GT, GE, IF, ELSE, ID, NUMBER, RELOP */
#define TK_LT 257
#define TK_LE 258
...

%}

/* regular definitions */
delim [ \t\n]
ws {delim}+
letter [A-Za-z]
digit [0-9]
id {letter}({letter}|{digit})*
number {digit}+(\.{digit}+)?(E[+-]?{digit}+)?
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Par�deigma progr�mmatoc Flex (2/3)

%%

{ws} {/*no action and no return */}
if {return(TK_IF);}
else {return(TK_ELSE);}
{id} {yylval = (int) installID(); return(TK_ID);}
{number} {yylval = (int) installNum(); return(TK_NUMBER);}
"<" {yylval = TK_LT; return(RELOP);}
">" {yylval = TK_GT; return(RELOP);}

%%

int installID() {
/* function to install the lexeme into the
* symbol table and return a pointer */

}
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Par�deigma progr�mmatoc Flex (3/3)

int installNum() {
/* similar to installID, but puts numerical
* constants to a separate table */

}

int main() {

int token;
while ((token = yylex()) != TK_EOF)

printf("Token %d: %s\n", token, yytext);

return 0;
}
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Di�gnwsh kai Qeirismìc Sfalm�twn

Di�gnwsh

Qarakt rec pou den an koun sth gl¸ssa (p.q. @).

Qarakt rec pou den eÐnai ègkuroi wc proc èna token (p.q.
var#cont ).

Qeirismìc

Anafor� sf�lmatoc kai sunèqeia lektik c an�lushc apì
thn amèswc epìmenh akoloujÐa qarakt rwn pou
antistoiqeÐ se mÐa lektik  mon�da.

Panic −mode: anafor� sf�lmatoc kai �mesoc
termatismìc.

Eisagwg  eidik¸n error-token kai suggraf  xeqwrist¸n
kanìnwn sf�lmatoc apì to suntaktikì analut .

Diìrjwsh sf�lmatoc (sp�nia ulopoieÐtai).
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DiadikasÐa paragwg c lektikoÔ analut 

To arqeÐo perigraf c (floop2009.l) dioqeteÔetai wc eÐsodoc sth
genn tria k¸dika lektik c an�lushc.

$flex floop2009.l

O k¸dikac pou prokÔptei wc apotèlesma perilamb�netai sto
arqeÐo lex .yy .c kai perilamb�nei th sun�rthsh lektik c
an�lushc yylex().
An to arqeÐo perigraf c perilamb�nei sun�rthsh main(), tìte
to prìgramma pou par�qjhke mporeÐ na leitourg sei autìnoma
kai gia na gÐnei autì prèpei na per�sei apì èna metaglwttist 
thc C .

$gcc lex .yy .c − lfl
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