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Build Compiler using Lexical and Parser
generators

Abstract :

Building the compiler is a very advanced system due to its long
history supported by scientific theories and a large collection of
books, as it contains hundreds of thousands if not millions of lines
of code, and therefore the process of designing and building it is
essential in software engineering. The stages of the compiler
building cycle pass through many stations Starting with the lexical
analyzer and ending with generating the target program, where these
stages can be written manually or some tools can be relied upon to
write them. In this research, we try to deal with the auxiliary tools
for building the translator, especially the lexical analyzer and
Syntax analyzer generators, and we will explain the general
structure of them, how to use them, and the extent to which they
save time and effort.

Key words:

Compiler — Lexical Analyzer - Syntax analyzer - generators - Token
- Abstract syntactic tree (AST)- the regular expressions - the
grammar.
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daaa (e 3880 a5k angiall Jalye (e 4 Asyd) gac(Parser) Glal ey
o zalind) O e B 6T Al Bl 2o )8 ae J3I) (pe Ladlall aelgl) s,
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%%

pattern] { action] }

pattern2 { action2 }

pattern_i { actionn }

%%
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%of

#include <iostream>
Using namespace std;
%}
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%%

int { cout <<’this is int token”;}

[a—z]+ { cout<<"this is id token”;}

[=] { cout<<"this is = equal token” ;}

L] { cout<< “this is semicolon token” ;}
{cout<<” Lexical error not valid charchter”;}

%%

Void main()

{

yylex();

}

(@) <k
Bl Jlaall Jayy vie KUy Adadll) saagll g i delda sa La Giaal) of Aaadle aa
Al (38 gal) Akadll) sasl) £ g5 3 el (retun)iagdss ddlia) casy gaelsl) as
Eiac(a.flex.cpp) cile Jals (flex)sly) Ji oo Kalesil (yylex)alill ads L
o dme L A8l it (Y el ad disaiy sty Gadlll Jladl QB ey
[5,6].iallaill bl
: gaelgil) Jlaal) clalge 2-5

o (Yacc) iy .(Parser) duac)@ll cMadll maly w6l decan maly 45
Canag JaxS b cua (lex) Aadlll Jlaall anisy Lo e adiad Zoac gl clal sl
sy el elli & Jaall e cajaill (LALR(1))dae olisl agid ac|odll
A oda Uiay & magiw «(yet another compiler compiler)d Laial
[9](Bison) exialdyndy aie Hansa

(BISON ) sac)al) Jlaall adgislai @

¢ Juadl iagiaGNU Project)dd (o caeaa gaclsll dlaall adsl sl a
zisall o aldieVh e (*.Y) Laeld 4all Giuag cile oo sle s
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(*.tab.cpp) aclsll Jlaal) malin 5yini Cile lea ALl[1] (Glasdl zHla gac il
b Al Gang hdlll laagll laud Cayp (gsag (*otab.h) Ay Cale ae
Lbadlll saagll o3 e (return) Aals &80 S (Al) ARl Cuagn el

[3].iana

—> ex.tab.cpp
Cauagicala )
Lacl gzl —— Bison I
ex.v

—»  ex.tab.h

Bison Jac 41 (4)dsad
Jadl e Juasdl (Flex)dl slal ezl aldl oo clilal o3 deay Ay
2l dladll e (15l Jamy Jy oaagl (oo sl Jlaall 25 (e Yy ¢ gac)sdl)
[5]. ddaalll culasgl) sa alis oY
(Y )iledgy o
S Cuny (%%) HLYL AV e Jpaie and JS G oLl EDE e cally
Glagpailly sefsall JS5 Ga GSII] o(flex cale 4 L) 2iie slaw e lgaiag

{Definitions}

%%

{Rules}

%%

{User subroutines}
//c++ decleration
%}

bison decleration
%%
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ex.| » Flex —— exflex.cp
—>  ex.tab.cpp
ex.y » Bison —
—>  ex.tab.h
ex.flex.cp —
‘j.. ..‘ ‘
ex.tab.copp —— 9dcc > sl
output.exe
ex.tab.h ——
sl Jlaal -~ ]
Source L, Tew, — P
program output.exe
Flex&Bison Jee 4l (4)Jsl)

(%{) 30l ypeas 25 C 4 Glayyai @
:Bison ilayyai Wb
oo il Cige A Akl gl slend e el —
(%otoke) Aadll) Jlall
.(%type)lghalail oo sl —
.(%union) L) e mypaill —

(Yostart)iadl ey o mupaill —
QAJEBLGJS&QMLM\QAM@HW@T shs el ad 2
teh S (CH) Al 5yl ge Blie Ll Bilse Caa (Production)

%%

production, { action; }
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production, { action, }

%%

: dacldl)
sacli gl Sl (b Alea Gildaiy ARl Coag AlSgal) aelil) (e dcgene
0o Aesanay aclill Ll Coplll o jelad A8l Hee) desane (Y zliag
o ains Il @) Gl o Tal el Y (Rdadlll claagl) ) Agled) s

[LIS] Sled) s (saelsd = 3sad
:A?Jtd\ Jal (Bison) PLRST
Rule Name Pattern To Match action

— = .

Non-Terminal: Teminal or non—tTerminal  { c++\c code }

Ganay den o il 13 (gmy tardiodl) J (e djadd) mlsill b .3
dlal wlsis (C\C++) sl

(a.y) <ale Waglac) xic (Bison) 5181 Jd (e \Sslagi) (Yyparse) sl g 2y

Dt ) el and Jagats sty gaeldll Jlaall Qi Al 13 o WS Jas

[5]. L) 4l e

: Jba

JSally C+ialy adlill Jpaia oo sl Blie e (3inl (bisON) il 4
: Al

int x=10;
o sl BLE) & ey Jsatiall anl &l (e Al ppeaill B2 o aai 1Y
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Jida stial) Alealal) )yaldy dagal) &

Gilo b lealasiny (2Y))) Gile b kil cilasgl) e el oy L

o LS (*.1)d

%{

#include <iostream>

using namespace std;

#include "example.tab.h"

int yyerror (char *);

%}

%option noyywrap

%%

int  {return Tint;}

[a-zA-Z]+ {returnid;}

[0-9]+ { return Tintnum;}

[+;] { return *yytext;}
{yyerror("lex");}

%%

%{

#include <iostream>
using namespace std;
int yylex();

int yyerror (char *);
%}

%token Tint
%token Tintnum

%token id
%ostart decl
%%

decl : Tint id ‘=" Tintnum °;’

%%

void main(){yyparse();}
int yyerror (char *c)
{cout <<c;

return 1;}

Example.l

Example.y

diolee A8

(Ladh gaelsilly  Jailll Jlaall dlsye) Aapus Aall aajie ely ) duhll 028 Cangs
Cags by Lo (Flex&Bison) sac il Jadlll Jlaal) cilalge aladinly &3 ey Gsay
eld o alaeVl Ble dag i) Jualdll ety Ly o8l e IS 75 s

) Ay

clall) 8 LS Ldi Jag ) cgatiall ani ilelie cny —
Boolean - Double — Int : daseadl cillasall Llal —




et buldlae 48 o

2021 sl 17 a3l 43 sladd) Eacd) dals ilae

4% checklexicalErorrs
W getNextToken

v Lexical

W SkipSpace

ol Al —
ALK o)yl Al —
g ydlly aalalsll —
Taliall alad) Jid) Clalasl) & s G
Program programName; IF
Var If ( condition ) then : Read -
X: Data_type; One statement ; Read ( varaible );
z2,y: data_type; If ( condition ) then Readline ( varabile);
Begin Statement ; : Write -
.. If ( condition ) then Write ( Exp);
instruction One statement ; Writeline ( Exp);
. Else
End. One statement ;
: While
While ( condition ) do
Begin
One statement ;
End;
: For
For counter = vall to
val2 do
One statement ;
:(flex) 5109 aladiulyg Ligs A2l Jlaad) 468 o 45)la 1-8
P o) Ol Gty Usay Jladlll Jlad) A0S v ans
B Jalll Jladl Joead vie 4%l il ccile b dalisal
* Fields . - . e Lowon
- Jsdl Gisy gdl(Lexical) caall clish W & (g

:aalll)

ehai W mewd A sda :(SkipSpace)dllall e

alaie) (Say il Algs ) sl die o dbe Cipae gag e Cigg (.
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While(not end of file)
Switch current_char

Case space: col++;

Case tab : col+=7;

Case new_line : line++ ; col=1;

Case comment:

if (comment Iine) go to end line ;Line++ ;col=1;
else if(comment multi line) search for endof comment symbol

default: return there is character

sliandl Conlls cle bl 55lad daalsa (5)Jsall
tAaa) )l (B35 Audadlll claa gl e Cayeilly mandi 1(getToken) alal)

While (Skip space)
Switch (current_Char)
Case letter:
While(current_char is letter)
Temp=temp+ current_char
Token T_type= search(Tem);
if (Tt= NULL) return T_type;
else return T_id;
case digit:
check_intnumber();
check_doublenumber();
default:
if (current_char = ‘+°) return T_plus;
if (current_char = ‘*’) return T_multiply;

// for all symbol (+-* <> <= >=...) we discuss this

Aadlll sansll (e Jpeanll $a3)l55 (6) IS
Claa gl o3g) Ablgall Aakiiiall uleil) Cayes o) 4S5 (Flex) alaaind Jls b Ll
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%%

while (currentindex <fileContent.Length) [M]  {col +=yyleng;}
{ \n {line++; col = 1;}
switch currentcharachter
{
case'"
currentindex++;
column++;
break;
case \n":
currentindex++;
line++;
column =1;
break;
case for tab charchter and comment...
increase current index

boolean SkipSpace()
{

default: case there is charchter.... }

slaull oY) Al el Jladl) 40€ 43)ae (4)Js2n
tAuad AalS Ala (ilaall)l cilasgl dalae Jal e L
Jsia A lie il asty &b elodind o Al apeat die Agsa)l A 6 -

st Ll agm W1y Adadlll sangl) g gin agny laday 13 dualisal) L)

o g’ Adail sy JKI Al el 4SSy (flex)slal alasin) Alla 6 -
b (o csmiall aliinall ypenill Zisllaay o5k Yy Anlie el S Jla 3" A4
oo Al 2y s 5 Al 4l (flex) cale 3 dkaalll claa gl aip o it

- JsBY 5V Jad e
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for (int i =0; i < CCompiler.keyWords.Count;
i++)

{ if (Buffstr ==
((Symbol)CCompiler.keyWords[i]).symbol)
{tknTemp =
((Symbol)CCompiler.keyWords[i]).type;
break; }

else  tknTemp = token.U_ID;

%%
program {col += yyleng;
return PROGRAM}
{col +=yyleng;
return Begin}
end  {col +=yyleng;
return End;

begin

[a-zA-Z_][A-Za-z0-9_]*

{ col +=yyleng;
Return IDENT;}

fpatll Copa) s daall) Jladl) 40K 45560 (5)dsan
(A Hsayll Adilie mie Jlall Sl

public token getNextToken()
{ if (1SkipSpace())
goto test U _EOF;
switch (fileContent[currentindex++])
{ case '="
{
column++;
if(currentindex<fileContent.Length)
{
if(fileContent[currentindex+1]=="='
{ column++;
currentindex++;
tknTemp = token.U_EQUAL,;

break; }
}
tknTemp = token. U_ASSIGN;
break; }

%%
[ \t] {col +=yyleng;}
\n {line++; col=1;}

[;,():=+*/-] {col += yyleng;

return*yytext;}

== {col +=yyleng;
return EQUAL;}

Ssal) Alla il Jlaal GES 5lEe (6) s

Bl Jlae ol LS daype 4 (Flex) 3181 59 ) 1aa DA (e Laadls
OsSs S (yylex()) Aol sy agin g ST iy Gllgind 88 Jualdsy Jeaall o5
-(getNextToken) Alall Jaalls 3l5a L garan

) Capasi vie Jaally L@ 613 (o (58 aliny i Liatia) aaf aa 45laally
hu 55 s & (Flex ) alaasiuly
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(Bl Jlaall Al yad 4 sadd) dae ) flex sl alasil
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(Bison)s | aladialys gy oo sl Jlaall 468 o 43580 2-8

Loyl Aidlhe o dag 0sS5 1l (e 32clE IS (o ae sl Jilad e Caaati L
OsSiy lany b Al 4K (s Cag Program ZaS b of aey :lie ac )
iy cladedlly kS Ay et @l e cVaiall Al el aul
LS A (L il

asiy caall 13a (Syntax) Caiall e Juasic Lyy gaelll Jladl 3dsd xie
sebis Analyll el 3ol cNVstall el apkiu ADA (e i Jlecly
Jlaall Gl it ) (parser) Alall DA e Laelss 2all) Jdas 1y ccalagedl)
TR

&5 e galind) aul lasys (program) idS Jm e SUlL o6 (Parser) i)
cOladatl) ol 25 ey Sl e sl and

parser()

{
syntaxToken = lex.getNextToken();
if (syntaxToken != token.U_PROGRAM) // Error
syntaxToken = lex.getNextToken();
if (syntaxToken !=token.U_ID) // Error
syntaxToken = lex.getNextToken();
if (syntaxToken != token.U_SEMICOLON)// Error
syntaxToken = lex.getNextToken();
if (syntaxToken == token.U_VAR)

readBlock ofVarDeclare();
}

if (syntaxToken != token.U_BEGIN)// Error
InstructionsList=readBlockInstructions();
if (InstructionsList == null) /[ Error
syntaxToken = lex.getNextToken();
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if (syntaxToken !=token.U _EOF)  // Error
}

ol el JSEN (e Gl e s (7)JSE
e Laily asiinee. alind A ¢ Ayt dagded) Cladeil) (e degane Ll 4 Ly
JU Can)ilaglatl) o3¢] Adblgn S 4k Gy (INstruction)acd) ol aa
Syl oLy Jal e @lldg (dagdss

Instructi

TAssig TIF Twhil TFor TInput Toutpu

Slagdall Cigiaa (8)JSa)

tJsaie ge pppail) Aol Jal (e Dl

X int
. -
VarName Type

td il e C—D“A"“ 3ac 8 dlag ?.ué

Var readDec()

var = readIDs();
if (syntaxToken !=token.U_COLON)
{
/[Error
/I breakParsing
return null;
}
syntaxToken = lex.getNextToken();
type = readType();
if (type == token.U_UNKNOWN)
return null;
setType(var, type);
return var;}

Jsaie (e il (e @83 A0l (9) IS
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b alipll gty (alall edall aas (bison) 51891 alasi) xie L

%token PROGRAM IDENT Begin End BOOLT INTT |[DOUBLET
Y%start prog

%%

prog: PROGRAM IDENT Begin members End

members: /* Empty */
| members member

member: function

|global
’function: Type IDENT '(‘arg_s")' '{'Statements'}'
gglobal : Type Vars "'
étatements: [*Empty*/

| Statements STMT

(i;lobal . TypeVars';

Vars: Var
| Vars',' Var

Var:  IDENT
| IDENT '=' expression

Type: BOOLT
[INTT
[IDOUBLET

(Bison)alasiuly malindl (e @aaill 2elgd (10)JSal
Sl gy iy . el A3lgal) Cistoall (e de sana o L) ) i a6l
328 JST 380 hal) Chasd) pana Ll Aalaldl
8| LN PPERPNN

prog:PROGRAM IDENT Begin members End { $$=new Prog
($2,%4,line,col);}
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A Jan Jgae il (0 (82) ¢ 33081 (0 i) iyl R e ($8)
o @bl el dad Jead malipd) alic haaill e ($4) saclill B )
ac )
52 Al el i o) 58 (i) Cam 832l ey ) el Aalall 26l G
Left : M1 M2...Mn
$  $1$2...%n

I 7
£ o £
i Ji
public public public public
( IEicestatement... ¥ | " WhileStatement... ¥ | AssignNode HstatementNode
s . ciam s
b Sratemant . + Srmtamant’ tase + Srmamant . R — teze

Call ol e Cagioall e e (11) S

calee 40 o oa)lad lead dhasy g;m KH;J\QSA dic[gﬂ\gﬂaaﬁ o agand) Ala
.(Reduce\Reduce) )l 5 (Shift\Reduce) ()il (e e st s
Ak il dagledlly Aaldl) sac W) Lual cul 1)
stmt: expr ;'
| Type expr ;'
[IF "(' expr ')' stmt
| IF '(' expr ')' stmt ELSE stmt

Aadaill ac Bl (38150 Ll o i JS uaSall A 4 (S (Else) 4l 58 e
Al saclall JUSY aold Jio dllia (f ix €lse gy K15 dapmaa Ay Aokl
sty Ja(shif\Reduce) ()l et Glcajlaill (o Al oda Aok i) Aaddaill
dal)) 2ty aghyg Jaal) se i 8 by o Ada i) dadaill 3GV 50 ) Joasy Jladl)
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Ll

asii of e oieli @l o e (Reduce\Reduce) (uajlas dla b Ll
gl s (8 Lagae il Alasy

dalae DA e cliajlaill o328 Jie Jal aaiae s (Bison)dl dpeal La aas

[12] o paill and & 4dypa5 2y (53) LN
%prec IF_PREC
%%
e e
| Type expr ;'
[IF'( expr ')’ stmt %prec IF_PREC
| IF'( expr )’ stmt ELSE stmt

b ORI cmsarll 13 Ly (S LS ae gl 3 kil sale LAl Ly
VA o3 Jio gy Jad pdise dllin ()6 1 Aol dae ) Al

ool s Lyl (Bison) s o (Debuger) Juis anla) el ) Capcas
Blanall ae ol Al (385 Lled Led o 58y ) (Shift ~Reduce) cillac

L@
Reduc1ng stack by rule 2 {line 26>:
—> £% = nterm PROG (O

1o O
»: popping nterm PROG (O

Stack now @

iCleanup: discarding lookahead token ’=* (3

Stack nou

(debugger) 4dla i (Bison) Juais (12) Jsal
@aelsill Jlaall dgadl daapll Jla b 4l ax Ajlaallyy A5l cjell ALyl
aasinly Loae s 4alll Capag Cale Hadinl ve Ly b (860) coli Lo 2 lia)
8yl ¢ Ly bzl die g Jadd acgdl) ES) e 190 o)liy e Liaial (bison) 1Y)
e LpE b 489 s ) ) se s sacld JS3 Jiad) Gosl) b
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Lhlll sl aif plun el by Gy eUadl) aaad Algen Al
el S 4 (mse Gigan il 4l agag Glanag

gl Jladll A 5l 4 eadl Asedl| bisonshal alasil

bl e 890 489

el Jlad) algl jhuyl sae 45l (8)Jsas
rlayiially clalitiuy) -9
O ) Gl g lhag e L Al aagidl adg il duhy DA e
sl Apsall Aaayll e osl Lpaclsally Aadlll cOUadll el Clalse aladid
el Jlaall BUS 3 558 Dig e Lol Cpmaynall Clel U8 ey ililal)
Akl sang gl Jla 8 deasd o oS Al Dpmapadl Jualdill 3 Jaall 50
Akl & Juan gaclslly JLalll Jladd) alg el dpdla of Laag ade el
o Sblually dalyll Gliblall ge tamy Byme Ak juael 43l Cauag
ool Cand) 1aa lie) ey WS L hadl s gae sl & dsaills dadiiiall yuledl)
At Ay AR 6V amie ol Jlaall 138 & fiald) e lud Al colul)l
. Glaayidll ?ltc Jsaal
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