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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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Source S
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Scanner.exe

prodram
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Flex Jdac 441 (4)J<al
(%1 )ila Ly e
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{Definitions}
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s Slanpaill ad L]
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[[c++ decleration ol s
%} %0 il eaibial 4 C il s
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%%

pattern] { action] }

pattern2 { action2 }

pattern_i { actionn }

%%
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vie D) Al J8 g1 pal of s (Y1 e asls ha Lghang
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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();

}

(a.) —ak

2l Jladl Ly ie (Sl 4adaalll sangll o93 delils ga Ly Gaaall off daadla
S o 2/ &2 A &
el 38)gal) dukaall) 3as4l) & dgail (return)&.gh:; L) o gaclsall =
Cunc(a.flex.cpp) cile Jals (flex)sl¥) dad oo Kalegl (yylex)alill adg 2
o e Ll dadle Hd ) aeldll and dagaty agt Bl dladll QB ey
[5,6] dalatll yulasl
: gaelsl Jlaal) Calga 2-5

sl (Yace) iy (Parser) duclsll cOladll maby gl deaas galn (25
Cinasi A€ 33k G (lex) Ll dladl) asiy L o aaiad duaclsall cilalgal)
Dbaia) sag aclaall elli 8 Jaall o apill (LALR(1))dlas sl agid ac)oall
dic Lase di ol Uiny (& minsic «(yet another compiler compiler)l
[9](Bison) exi 4l duj,

(BISON ) (saclsdll Jaall audi 514 o

( iad) d5i(GNU Project)ds e ciaea (saclill dlaall sl 3ld0 a
gisall Glo eVl e (*Y) Laeld Gl Canas cile oo Ble Lo
74




oot buldlie 4 o 2021 e 12 30l 43 slaall o) Al aa

(*.tab.cpp) saclsll daall zalin 5yaas Cale Leasalal[1] ¢Glacdl z)la g2l
G Abam iy LR Glangl elead Caped (goan (*tab.h) g Cile aa
Lballl saagll goi aa (return) dadss (68 Ss o (AW) Al Chiag il

[3].45na

—> ex.tab.cpp
Cina 5 cale :
Lacl@aall —— Bison  ——
ex.v

—>  ex.tab.h

Bison Jac 4l (4)J<a
dadl e diasil (Flex)dl 8l ezl Calad) ae cilildl o3a dany o
Bl dadl an (@Il dara dy saagl sacldll dlaall 2 (Sar Yy ¢ gaelsdl)
[5]. ddaalll culasgl) ga adin oY
(*y )ile diiy o
S Cumy (%%) HLEYL AV e Jseate ad IS dawd) pldl EOB (e il
Glapailly aelsill (<6 s (ST1] ¢(flex cile 8 LS) e jlaw e lgaiag

{Definitions}

%%

{Rules}

%%

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

bison decleration
%%
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ex.| » Flex —>  ex.flex.cp
—>  ex.tab.cpp
ex.y » Bison —
—>  ex.tab.h
ex.flex.cp —
Sl Jladl)
ex.tab.cpp ——» 9cc > el
output.exe
ex.tab.h ——
Shailll Jladll - .
Source sl p| eV i
program output.exe
Flex&Bison Jee 4l (4)J<al)
D Olend =Y

(%{) 3ol byas 2 C Al clayas .2
:Bison sy b
o B Cise S LRI gl sladd e mpeal) -
(%otoke) adlll sl
(%type)lehlal o muyuaill —
.(%union) L) e myeaill —
(Yostart)iiladl ey e iyl —
oo Al 52el8 IS Gy aelgdl) e Al (goan oulid a5 2l ad 2
t ol WS (CH+) b 5ad e Ble Ll Gl Caxay (Production)
%%

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

%%
: dac il
el gl Uil (b dlas ity ) Cag ASugal) aelill (e degena B
Oo Aeganay Bl Hlad) il o el Al H9e) desene ) gl
o i Jalbeaac il Gl e Tal el ¥ (Rdadlll casgl) ) Aslgdl) e
:E;td\ Ja e (Bison) < O
Rule Name Pattern To Match action

— = .

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

Gunay den o il 13 (gan tastiaall (8 (e djed) mdsill acd .3
Ailial wlsiy (C\C++) sl

(a.y) ke laelhe) xic (Bison) a1 Jd o Sslesil (yyparse) sl adss 2
Bsd ) el and Jigat ashy (gaelill Jladll i 5o &bl 138 o LS JaxS
[S].\¢d daslsa
: Jha
J<all CH+daly Adull Jeaie e mopeaill Bl (e Gaaill (bison) cale 468
:

int x=10;
o ol L) &5 ag Jsaial) aud o daad (e (S oyl aclE G aas 1Yl
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A giiall Alaldl) iy deill 2

Cile 8 Lgahaiady () Cile b 2l sl e pepestl) cany 1Ll

ok LS (%))

%{

#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 Tinthum

%token id
%ostart decl
%%

decl : Tint id *=’ Tintnum °;’

%%

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

return 1;}

Example.l

Example.y

rdales du0-8

(.LEA L..;Jc\}ﬁb u_knﬂ\ BIEWA| I\L_}a) davn dall ad ¢ln él dwyall oda Caagh
Cage b Lo (Flex&Bison) saclsilly Jaalll Jlaal)l cilalse aladials & (g Ly
el o alaeVh e dagydall daalil) aiy le oilaY) (e S 2pd asid

4 )

L) 8 LS Lt Jagyil) c¥paiall dpacd Cilelye iy —
Boolean — Double — Int : dasead) cilbbaeal) bl —




4% checklexicalErorrs
W getNextToken

v Lexical

W SkipSpace

oot buldlie 4 o 2021 e 12 30l 43 slaall o) Al aa
o) Aol —
. 2\_)\35]\ 9 ;\)ﬂ‘ 3.49.\4;3 —
Cdagally calalall —
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) 5181 aladialiy Lgay J3dl) Jaal) dS oy 45)l5e 1-8
o 5 oldSl oyt camy Lgay adll) Jlad) £ vie aas
B Bl Jladl Jsead die 4ol Sl ccile 8 dualaal
* Fields . A . .. ..
S dbi\ 5o Lfﬂ\(LEXICal) Cauall ;Ld'u},: Liad INIEEY

)

oih W mews Al bda :(SkipSpace)dllal e
slaie) oKar call) dlgs ) Jgeasl) die ) dde Ciyne d9ag die g (.
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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

slianll Copally clehall las daa) lsa (5)J<al
tdoa) el (33 daalll claagll e Cayaill o 1(getToken) allal)

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

Lkl sasgll Ao Jgeanll A slea (6)JSa
Cilangll s3gl dilgall dalivial) Lulaill s o) S (Flex) alasia) Jls G Ll
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L Al Chpag Alsge 2 Al (%)) Cawmg cale 8 Al
gaal) dilia —ghall) eV IS dunay 8yaed LS (e Aadaingl) Hulatl) aladsal

(sl Skl

boolean SkipSpace()
{

while (currentindex <fileContent.Length)

{

switch currentcharachter
{
case'"
currentindex++;
column++;
break;
case \n":
currentindex++;
line++;
column =1;
break;
case for tab charchter and comment...
increase current index

default: case there is charchter.... }

%%

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

slaagdl Gl Alla Ll Jladl) 4,6 &jla0 (4)dsos

ta AaS Al (ddaalll Clasgl) dalae ol e Wl

oo 3 i Gl asty ol eledtin) o 4Kl aens wie dygad) Al 4 -
Jaie Ll apas Wls Aalualll sangl i 35 Lang 13 Lalisall claldl)

ol a8 Lkl Bang XU kil ueil) AUS S (flex)sll plasial Als b -
L (o csniall plimnall el Zilbaes asiy Yl dealibe 4alS clS Jla 3" )
o Allaal ay Cun 5, Agaal 4l (flex) cale o Adadlll clangl) Cai of gt
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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;}

dpall Capn¥) Alls aall) sl 68 4)lae (5)dsan
CAYT el Lddlie die Jlal) el

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;}

el Al JJadlll sl LGS 3jlie (6)Jsan

bl Jae gl LS dape LY (Flex) 8Y) g Gl 13 (Pla e 2aadls
OsSs A (YYlex()) Aol adgi agis ogb ST g dllgns 8 Jualin Jsdall (5
.(getNextToken) lall Jaalls 33lga lgigaian

Bl Carass die laalls Ly 613 (e (5Se zalin ot Liatial adl aas 40l
b 55 s o (Flex ) alasaaly
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Bl il Al ) &yl e flex sl plasind
Shal) 2 890 489

Bl Jladl algil Jlaud) s 435l (7)dsas
(Bison)sl) aladialiy Ls sae)al) Jlaal) LS o 45)Ea 2-8

Lg il dilae (& oy (e85 3l (ge 5208 JS (g aclgill Jidat e Gaanti Laxie
CsSis o b ) eS8l Cage Program 4aS b o aes e e )
i) cledeilly b€ dayhy daat gl (e c¥saiall Dawilly el aud
S A (L sl

ashy caall 138 (Syntax) caall e Jeasie Loy saclgall Jladll gdas vie
Belfy Lacalill ulaall 5elis clVsaial) 8ol aodii aDA e (BES Jlechy
Jadll (B jes ) (parser) Al s e Laelgd A3l Jilas 1ualy cciladatl
- s3c)gall

&5 (s galind) aud sy (program) daS i e UL o5 (Parser) il
claddail) ol o5 ey CYgaR e ol aud

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) /I Error
syntaxToken = lex.getNextToken();

if (syntaxToken !=token.U_EOF)  // Error
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zaliall 2lall (S8 (e Gl dga) s (7) IS
elaily asti(.rr liad AnhSE ¢ Db yd daded) Cledaill (e desene il 4l Loy
U Cra)alaail) o3gl Aadlgn agha 4l (335 (INstruction)acd) ole Cha
Syl ol Jal e elldy (Laddss

Instructi

TAssig TIF Twhil TFor TInput Toutpu

Cladall Cagin (8)JSaN

dsnie e el dates Jaf e e

X int
H_} H_J
VarName

Type
d};ld‘ o Cf)‘aﬂ‘ sac |3 z\.ﬁ.}U:m (a.wg

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

dsaie oo upall (e Gaadll daa))lsa (9) IS
et i) Canpaty (aldl) eal) o (bison) 31aY) alasind vie Ll
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%token PROGRAM IDENT Begin End BOOLT INTT |[DOUBLET
%start prog

%%

prog: PROGRAM IDENT Begin members End

members: /* Empty */
| members member

member: function

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

| Statements STMT

iglobal . Type Vars'"

Vars: Var

| Vars',' Var
Var: IDENT

| IDENT '=" expression

Type: BOOLT
[INTT
IDOUBLET

(Bison)aladials galipdl (e 38l 2c)gd (10)J<al
E)é:\ﬂ\ c_.bj ?:\f} J:_\}m 2\.55\}4\1\ «_'9}5..43\ O z\.c}a;.o ;Lisl ujl C\:\a.a Eﬁ...ﬁ‘ cueb
828 U< 38)hal) Ghasd) e oLl Aalil)
s JEA ‘f (X

prog:PROGRAM IDENT Begin members End { $$=new Prog
($2,%4,line,col);}

Jaat Jgaia aadll (e ($2) ¢ sacldll e gyleall Caplall dad Jaas ($$) Eua
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e bl ol dad Jead malipll ealic Jaaill (e ($4) saclall SBI Syl 4o
.3ac al)
el jopll anip o8y g (i) Cus Baeldll ey ) Jseasll dalall 2ol Cus
Left : M1 M2...Mn
$  $1$2...%n

public public public public
[ Hersestatement... ¥ |  WhileStatement... ¥ | AssignNode IfStatementNode
Class Class Class Class
=+ Statemant! Noda <+ Statamant} Noda # Statemant! Node “# Statemant! Noda

Bl ol L) Gasiall e e3a (11) JSa)

calac 400 & ol lgd Gaany Al A dichﬁﬂ dadll & (agarl Al
.(Reduce\Reduce) (iajla o (Shift\Reduce) (ajlaill (e (e aag
Aokl daleall dalad) sac bl Wal cnl< 1)
stmt: expr ';'
| Type expr ';'
|[IF ' (' expr ')' stmt
| IF '(' expr ')' stmt ELSE stmt

Lalarll Bl (3ilga Lgld o b S LuxSall dad 8 ()5S (Else) daK)) 5608 xie
Al saclll JLeSY aald Jas a0 ey €188 3sa (K15 daania a5 duda )l
ast Ja(shif\Reduce) ()l et Glcajlaall (o Al sda Aok i) daddasll
Al My asbig JAal) Bel b by ol Lk yal) daddenll J6Y) sae ) Joasiy Jaall

RGN
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asii o) (Sar Giaeli dla o5 Lvie (Reduce\Reduce) (il dlls & L
Bl i B Legae Joaiil) dolen
dalee DA (e cliajlaill s3a e Jal aaiae 58 (BisOn)d) dueal s aa
[12]cos il b (5 4 2 531 sl
%prec IF_PREC
%%
stmt expr ;'
| Type expr '’

[IF ‘(" expr ") stmt %prec IF_PREC
| IF (" expr )" stmt ELSE stmt

b oS cmpaal) 38 Liing IS LSy clll b il sale Lad Uadeny
LAl o3 e gy e sdge llia 5S Of Agand) Ayl Alls

oexXall Al Ly (Bison) diw (il (Debuger) dads 4ol elly ) Cauas
-Blanall aclgall AB)) (335 Liled g o520 S (Shift ~Reduce) wblees

tarting parse
Entering state A
Reading a token: x=y

iz token *=" (>
Reducing stack by rule 2 (line 26>:
—> $% = nterm PROG O
Stack now B
Entering state 3
Mext token iz token '=' (O
Error: popping nterm PROG (2
Stack now
iCleanup: discarding lookahead token *'=' (3
Stack now @

(debugger) dlla & (Bison) i (12) J<al
@aelsll Jlaall Lol daapd) Jla 3l aad £laally dasladl cilaall dalay L,
Al Gaclg B2l Caaags Cile aladind die Loy jhao (860) yle Lo 7l
Bl ey dilia) dieg Lot acfsall LS Hha 190 ojle Lo Laal (bison) &5y
pe s sl 489 s ) laud) aae aly)) sacl U5 Jlad) sl
Lhalll claagll anp gl aaed legiy ey olbal) yaas dlgen Al
.JC492“ thES csé LJ&;jyui &i{gd:s ng;:d Ae“ A9 L}La*égj
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e\l Jladl A Asadl iaadl | bisonslal s
Shal) ae 890 489

aelgdl) Jlaal) adgil ) sae 45)lke (8)Jsan
scila jiially claliingy) -9
O ) Gl 13 Llag gy Ll ) aagidl adg @l duy DA e
el Agall daaydl e gl Auacledlly kAl cOUadl) maly clalse aladid
0o daadly danyd Geda Lgalatiud (Ko (pagailly eladl) CadS i (e pa i)
Gaclsll Jladdl LU 8 5, Lig je gl ¢cpmaypuall alel Jd ey cilanlal)
okl sang gl s 8 deass ¢ oS A dama ) dealitl) 8 Joaall (g0
Ll 3 Juam gaelgally Bl Jlaall g gl dudla o) Lasg adde olig
< Gllially Labpll Bl e samg Bajme Ayl Hrad) 4 Chuag
oold Gl e lae) (Ko WS L Glad) 2)la saclsdll 7 3gailly dakiinall yuladl
Lawandn Aoy A1) (Y angie Ll Jlaall 13a 8 (pfiald) selud daliis culadyal
- Sleajidl alle Joa
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