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Compilers Techniques

Lecture?2
Compiler Architecture (Compile stages)

Reference: Alfred, V. Aho, S. Lam Monica, and D. Ullman Jeffrey. "Compilers Principles,
Techniques & Tools." (2007), Pages 1-24 & 109-146 (Chapter 3)
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swhexical Analysis (Scanning)

(Al e ) g8l Clas gl)) il Lgmand s 5 sauaall zali ) 8 Cajlaall 3o
Lee ) il adip LS Al gi e
AUl JSE e 21538 # 05 token lalas A jall 238 7 A e e
<type, lexeme> or <token_class, attribute>
e e
i a=b+c
<id,a> <=,> <id,b> <+,> <id,c>
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) () ennal) Qi) -1

<} exical Analysis (Scanning)

ANAR A LR Y

symbol table. s« ) Js2a 2 id attribute _sidl Ca)ae Jads cangye
L& s white space el all Lexical analysis (eazall Jdasll (Jalaty) oalye
* Example;

For (i=1;i<5;i++)
X=xX+1;

For (i=1;i<5;i++) x=x+1;

'scanners Slauldl Al il 312l g sl flex Jis dala tools @l sal aladiul (Saye
oamd\ﬁdsjl.@\.hj@)w\ @Dﬂ\@u\.‘dﬁ\d@iﬁu@f@j
Tokens (Glelze) GlalS ) Gilagl2ill oda sy & o8l
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Syntax Analysis > s ) gal) Julasl) -2
e ( Parsing <l_eY! )

Julasl) AJ;J.A (e ea\ﬂ\ token stream a.m\.,d:ud\ Qs qu: iz a MAJA Ly JSoy e
:’_AMAM

recursive rules 4 g2l 2 @l JMA (e Bale Aalll ac ) 68l L0l il e yuny o

)5 Context-free grammars_sad) (ghud) gad IR (4o Luzaly ; 43 gl ae ) gl Coa gio
e 58l Judasl) dolac L g2y 3 g8

expression — expression ‘+’ term
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:Parsing <Y
Production <l e}zl

Sy@x Analysis e @l Jaladl) -2
= (Parsing <Y )

SAalll o1 68 Cyaa a*berc B bal) 7 50k Ja Al padl) a0 gh (ghy s Jlia s

expression — expression '+’ term | expression ‘-’ term | term

term — term ‘*’ factor | term ‘/’

factor —» identifier | constant |

expression — expression ‘+’

term ‘+’ term

\

term'*’ factor

identifier ‘*’

identifier ‘*’

N 2R 2R RN

https://manara.edu.sy/ identifier ‘*’/

factor ‘*’ factor

factor ‘*’ factor

identifier ‘+’ identifier

factor | factor

‘(' expression ')’

term

term

‘+’7 term

‘+’ factor
factor ‘+’ factor

identifier ‘+’ factor

(yes it’s under grammar)



Parsing 5T . SyPrax Analysis e sl Jiladl -2
T b*b-d*a*c = (Parsing <eY! )

expression —» expression ‘+’' term | expression ‘-/ term | term

term — term ‘*’ factor | term ‘/' factor | factor ] u‘ Y‘ s & °
factor - identifier | constant | ‘(' expression ')’ eXprESS|On Parse Tree 3 Jg 3 J.;'U"

expression ‘ @

actr W o o G
@ <const,4>

\/
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Abstract Syntax Tree Sy@x Analysis sae) @l Jalasll -2
53 yaall Gl e Yl B yad sesls ( Parsing <= Y! j‘)

e AST for b*b-4*a*c

Abstract 32 aall 2] ¢8ll 3 jad yiimte
S llass 44 Syntax Tree (AST)

Slalall il Tads
g‘ﬁ}?‘ﬁﬁw&wwgﬁj .
il Aada e (g 5iaT) parse tree
(LBlaidl 48 e Jualds ) 50 daac) gl

b ol Jiiaill JISE as) ASTs i @
IR
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> SVl Jalasl

(context handling (lad) ae Jalaill)S05 Semantic Analysis
AlYa cUadl dga g juidld e
mu\o)ﬂ\mucu%ﬁa@jm@uj .
:Examples :4Lia) o
‘type checking taeill Lisl) e

void func(int x) {}

int main() { func("string"); // Type check error
return 0;}
e paill Ja sliuy) lad) (RSl o el ol LA o
int x=1; z=x*2;
.check flow-of-controls 4uSaill el jlas) e

uniqueness or name-related checks.’_)_Se e Y saiall el (€ Hlial o
int x=1; double x=2.2;
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> Al sl 5 gl 2 5

Intermediate representation IR == or intermediate code generation

&)liall
(O ALY A8y lilaal 2Uias L) (o) duiles e o8 g Audan 53 j5 2l g3 Als gl o8 B Qo
o sl Jiadll QW] asf AST 5 of Tl U S0 o

(3-address code (s stiall 4530 5 ,080) IR JIK&) aal (e Jla s

tmpl=4

tmp2=tmpl*a

tmp3=tmp2*c

tmp4=b*b

tmp5=tmp4-tmp3

https://manara.edu.sy/



% 2 ... :.n (... ..) ;USAT
2 Code Optimisation

Congl) 580 Slail 5 5 i) )58 Aullad ULy 5 Apdaes ol 5kl pn 5 Als all 038 Caan o
.target code

(in-lining g ) aaill a3l ) (ol 8 Ge) trivial Ahal) oo ALY & lis o

tmpl=4

tmp2=tmpl*a

S A Jae ) Leiile e daall colea jid) 22l o
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> 5 yandl) Al o5 Al ya
;5 Code Generation Phase

leade 0280 i Al AIY) Clapdat Al ae AST 33 aall 2e ) g8ll 3 jadi AiUas (5 jai e
Legia JSI ilalail) Aaild alias s CICS, RISC ladladd) (4o (e 58 aa 1z 3lad Ao Alie tdaalal) jlLaidl o
e 2a g 43l Adaa Dl aa) Ledlaninal die Jasey dad JS 3lad) (aay :Register allocation @Skl aa Loy )l
.NP-Complete problem (&) (1 2 53as
L Apan dplee (00 g Glaladll 188 i 313 )30il) Al ge dasy 3(Qlaledl) (i 5) Gilagledl) 4 gas o

.5 )SM AR ‘\jyb dald (ailia e\d;_\.u' ) (Say e
o) aUas ) g0 4 slaall 438 pall Cila slaall s AV) 3 5a0d 2l 53 (5 | il g
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Dy eazall Juladil

e Lexical Analysis
daal) dalll clallaiadd 18 Ll (5 aaall el yull OIS 13) Lo as3 & das 5 dalee 440 8 1Y) 5 5lasll
e sl 5 pmadd) byl LS it ) DS el (il ) Lial ael S ac) all aaai s

Al il jie pe Lgiildal (saa 5 JAall €l jia & 65 A8 yral lanie 300a0 () 8 ae JAa) b Aslas o1y (6l
reserved keywords are important Jas dala Laliaall LY jas dlac

What does lexical analysis do?  —azell Jlail) 44 a 48 s3lLo

Recognises the language’s parts of speech. All TuadlSl) abliall jua

Source code

Object code

> Lexica
Analysis
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[> | s
T Lexical Analysis
A-7 up‘)f\ dc gana Slia Iga Wl (e dagfiie de gana A (u\;@.l\ up‘)ﬂ) vocabulary <la jiall e
a yiall (e LTl ) g Il (e Aagiie Aludis Al & string Alulud o
BAasa Gl jia Je 48 el Judlid) (e de jana 4_1\ * language azll) o
Al Caag N Cye (4\_\,@_14.0) 3adsaa 44y yha ® grammar ac ) gall o
G=(S,N,T,P), Luac4-tuple Lel 4 «G <context-free grammar Bk 3 ac| gal) e

starting symbol &lx S

non-terminal symbols Lanail e e/ (o de gena :N
terminal symbols Lxasill jsa o/ (10 de pane ;T
production rules ZLiY/ ac/sd (10 de pana P

.G Ao 48 ) 4l Gj\)ﬂ\ YN (e Ae gana * :language aall) o
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» LSA.AMJ‘ d:d;ﬂ‘
Example Jus M% Lexical Analysis

oytio!
- el a saill e Jlia
S=Exp;
N={Exp,Term, Factor};
T={+,%(,),x}
P={Exp—>Term[Exp+Term,
Term —Factor[Term*Factor,
Factor —(Exp)|id}

Aleall Al fpall (3185 Sl yan g2l

Exp=Exp+Term

=lerm+Term

=Factor+Term

=id+Term

=id+Term*Factor

—=id+Factor*Factor

=id+id*Factor =id+id*id

(sl Non-terminal L 4esll aa iy Jlaialy 2 68335 shad S (8 Cun) el ) Dbl (e BV g5 JUe 128
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¢ panrall Jalatl oy 13Lal PA LSA;*‘“M d.ﬂ;.d\

Lexical Analysis
Oy

L (lalall) dpenaall sl UK Cainil @
Leza Jaladll ?@i]\ A JSS\ 3,8 ld Tokens <l yzall e Judad ) J31) Jidoss (Jy ganl e

(tokens wl3lall gleii)lexical patterns “4eszs z3lad 220l ~ Uy o

e cay il Jes o) 3aY) (any o
* WhiteSpace — blank | tab | WhiteSpace blank | WhiteSpace tab
(if, then, =, +) < alaall § dpalidal) LS o

(/* followed by */in C, // in C++, % in latex Comments <\alxill o

i Tagad ST Lecany o

 |dentifiers (letter followed by - up to n - alphanumerics...)
* Numbers

i) ) L5 2050 all 5 2] 58 e sana ) lin

https://manara.edu.sy/ 16



Aiiial) il > aazall Calsill

Regul
Expergel;s?(r)n — LEXICal Ana |ySIS

&ytial
el ) Judi il Lgaladin Sy Judludl (ge dagiia e de game il 4y jo ) daialy ) dapa 5o
Ll Cava o8 Lgaladtind Sy UL s Tokens <l yzall de gana L;JMAS\
1s [x-z]* Ju
V @lajadl e s »all Regular Expression (RE) (Uil il
* ¢is a RE denoting the empty set {&}.
 If r1, r, are REs then:
* r,* denotes zero or more occurrences of r;; s ¥ 5l ST ol saal 5 s
. rlrz denotes concatenation; L r2 srl
* r, | r,denotes either r, orr,; s.... Wl

a o i aY) acay aliiie s rdaldiiall yuladll (laedd &) Laidl e
* [a-d]fora [ b | c | d; d >
* r*for rr¥; rcaall (e ST ol 3aa) g 43
e r?forr/ ¢

r e DSY) e saal g A8
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a,

a [ b;

a*;

(a | b)*;

(a | b)(a [ b);
(a*b™)%;

(a | b)*baa;

L ol lail] yuleil] ) ki ) il Cila g

https://manara.edu.sy/
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dalitial) suladll % ) Jalasl)

Regul 5= ==
Expression o Lexical Analysis

e integer > (+[—-[&(0]1]2].. /9;]+
e integer > (+ |- (0] (1]2]..]9)((0]1]2]..]9)%
e decimal — integer.(0[ 1] 2] .. ] 9)*

* identifier — [a-zA-Z] [a-zA-Z0-9]*
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L s u-u’-d‘ ﬂﬁ Lexical AnaIyS|s

Syt at
el el Jadiuls tokensciladlall pailas e Tilaiel asaall Jlaall 1S LSy

o.lauic\.@_\Ade;\_uSmM\@M&\M\jdﬁY\de\AJDADMJM\DMua;lu

void get next token() {

c—1nput char () ;

if (is eof(c)) { token « (EOF,”eof”); return}

if (is 1etter(c)) {recognise id()}

else if (is _digit(c)) {recognlse number () }

else 1if (is operator(c))llls _separator(c))

{token « (c,c)} //single char assumed
else {token <« (ERROR,c)}

return;

}
do {
get next token() ;

print (token. class token.attribute) ;
} while (token. class != EOF) ;

el aram g i ol g dgad pa piSH Lol V) Aled ddy phal) 03a 56T o Sadd]
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Haal) oL =xzal) Juladll
Ll anaall u% Lexical Analysis

Syt ot

J o) Abaal aa 39 JAY) ol fanlg Apallail) yuladl) L35 |deas Sl

s?tfgtoten.class, token.length) <« (NULL, O0)
irs
find max length such that input matches T;,—>RE;
if max Tength > token.lengt
set” (token.class, token.length) «(T;, max length)
/ second -
find max length such that input matches T,—RE,
if max Tength > token.lengt
set” (token.class, token.length) <« (T,, max length)

// n-th
find max length such that input matches T —RE_
if max Tength > token.lengt
/ set” (token.class, token.length) <« (T,, max length)
error
if (token.class == NULL) { handle no match }

it JS e Gaanl) Jardd sale) zliady el JSs cledall ciliaal dae | o adiad fo glucall
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