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:M i- Introduction o}' Com]oile'r . t

o 1. Tntvoduction :
A c%-npil.e.-r is o ,saz.{'em soﬁwm‘e that tronslates o program written in

a kial-\ level programming la.naua.ar_ (HLL) into an Equivalent progvam
in a low level l.a.nau,a.ae. (LLL) or machine J.n.naua.ae..

The main objective D.F o compiler is to ond.u.c.f. correct | e.H'Er.io.n‘E and.
optimized objec.f code..

Exn.mgle.: P'roa-rn.m written in C lmamaa is converted into wmachine
code (0s and 1s) by a compiler.

2. Definition :

" A C.omiaile:r is a F-roa-rm-n that tyonslotes o source Proa*ram written in

a F*u'.ah level ln.nau.aae, into an &q,uivalen’c 'Eo.fae.{ progrom in a low level
| la-ﬂa.mar. and. 're.Po'rLs the errors in the source P'roa'ra.m."

® |3 Role of Compiler :

e e E
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acts as an interface between the programmer and the machine.
checks .Fof errors in the source program.

translates the program inte machine code.

optimizes the code to improve execution time and memory L.ua.aa'a,

P-rnvid.ea ?nﬂ:n.bili'la o.f programs .Ernm one machine to another.

| 4. Working cf o Compile‘r:

P'roawm.m in

M em r.wa

S Object E tobl
i Compile.-r s Linker i Loader ——>
Ef'l'o'r E"I"I"D'f E'l'fa‘r
Me.ssa.ae.s Me.ssuat.s anau
Note : A r_ompiier i{'&r.Lf does not execute the progrom. It onl-d translates
0 the source progvem into obje.d: code .
5. Lo.nguaug&_ Levels :

| Hiah Level La.naun.ar. (HLL) En.&a to undevstond ba humans. (C, C++, Java , Pa{hon)
Low Level Lo.nsun.se CLELY Closer to wmachine la.namqe. (ﬁluamblg L°’“3“°‘3")
Machine Lamau.o.ae. (ML) Bimfa code (0s and 1s5) understood ba CPLU.

| 6. @.\{an{aaes of Corni:\il.e.z . 7. Di.ﬁ.a.c%.va.n{nﬂc.& o.F CO""PL_’-E-I :

Foster execution o,F progroms..

Detects evrovrs ot compile time.
Produces r_f.Fic.ie_nt ond. optimized code.
Portability acvoss diffevent machines.

L]

Time wmn.u.mina.

Rt.a'u.irc.& move memory .

COmFlex d.u.u'.an and implementation.

Evvovs ave ﬂ.Po-H:e.d. o.f‘l:e.-r .fuJ.l. mmpila:tion.

. Su?Parts structured p‘roavmwﬁ.na.
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i Tmportant Points for Exams :

* Compiler {tvanslotes the entive program ot once.
* Output a.f compiler is object code.

% Compiler has phases like Lexical Analasi;, , Syntax
* Compiler is @ one-time translator.

( Good Luck )

Ana[am'a , Code Genevation , Opiimizn‘l:iun.

®
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‘ 1. Introduction :
A c.ompi.lr.v handles h.vst. amount of data duri.ns cmPiln.lian.
a8 To stove, manage and oaccess this dota tﬁiﬁ.ﬁl\t'ﬁ, diffevent
data structures ove wsed.
. These structures hf.lp the cornPi.l.tv‘ to P:vh'F:rrm r.\mal!sfu,
u translation and code %mfa.ﬂm in an ovanni'l.ul manneyr.
2. Major Data Structuves : 3. Description of Data Structuves :
a (i) Lexeme Table Data Structure Description
(ii)  Symbol Table o BT =
a - ym (i) Lexeme Toble Stoves all ﬂ‘... j.l'::m Cidentifiers, key m.m._tmh
(I-u-} Abstract Ssnl:m Tree (ﬁST) ete.) appearing in the souvce program alans with
a (iv) Intermediate Code - thelr attributes,
(v)  Literal Table (i) Symbol Table Stoves information about identifievs such os name,
[@) (vi) Name Table {m“" scope, value, memory location, ek
(viz) THF‘ Takils (3ii)  Abstract Syntax Tree (AST)| Tree representation of the source program -lkmaima
(@) the hievavchical structure of opevaters and opevands.
B Becnets — Sunbad "Lkl (iv) Intermediate Code Represents the source program in an intermediate
e e form (e,-a., Three Addvess Code) wsed between
Name Type Seope Value Address front end and back end.
a a int Global 10 1000 (v) Literal Table Stoves Literal constants (numbers, strings, chavacters)
b float Global 2.5 1004 used in the program.
8 : 2
iy Binchion Global o 2000 (vi) MName Table Stoves names of labels, variables, proceduves eke.
used in the T .
x int Local 5 3000 __ = : e | : = = = =
- (vii) Type Table Stoves type information of identifievs like integer,
float, arvay, structure, pointer ete.
L
5. ;ln_gurfm :
a * These astructures erganize data :ffir.hnl:ls, T cevbosk, Potik -
. H in t access and retrie information .
3 'Jf‘ .Tu i L 2 G.F M'f E - SHmbul Table is the wmost lmrodnﬁl data
* Imp error detection and veporting. : ;
@ % Eassential -flw n#iﬂimﬁﬂn and code %mmtwn structure used in a WMPLI‘”_
Wiiti= I ; [RGPV Notes Hub
@ -l 3. T&pe.s of Compal.e:r U ol
o] . ° “"“1', = l:l S
ngg. 6. : 03
2 1. Introduction : 3. Deseviption n{ Types :
COmFlh.u ::: ::. :.'.n.lﬂafmd. iné:’“:.i.«;ftvu\*. iapﬂ THP‘ n{ C der Dmvi-pﬁnr\ - |
(] e rget sl bl e n-r posses, (i) Native Cornpilu‘ Cnn\r-lu a pregram written in a high Level hnsunﬂ;
input Immaumgc.. implementation and puvpese. L inte N ool B &‘ S it
' Each i‘ﬂ?‘ o[ MPE'I"'T is d‘“‘a"d {w - (p.) Cross Cqmr&r Cqmpq.'..n. o program written in a t\i.al\ Lewel ln:\%una&
- specific envivonment and vequirement. into machine code for a diffevent machine.
(iii) Bootst Comfilc.r A compileyr written in a hi.al\ Level Lw\gun.al, and.
2. Types of Compiler : o e
c (ii) Cross Compiler and produces the target code.
. (i) Bod"th Com?ilcv (v) Multi Poss Cﬂmplkr Scans the souvce program Mul‘ﬂpl.l times. Each pass
a (iv) Single Pass Compiler =l =all-1 performs o specific task.
(v) Multi Pass Compiler (vi) Optimizing Compiler Produces efficient tavget code by opplying optimization
@ (vi) Opﬂf\dﬂns f.emPHznr iul\niﬁm.
@ (vid) Ir\ie'rpﬂ‘eune CMnPiLl.f (vid) In';chrcﬁns Com?ulr Does not smml‘ objul. code. It tronslotes and
-Cornpilgrs i okt i —
e 4, CL‘I‘[ biin. Dliagrans:: 5. Cin!:u.rhon (Native vs Cross Cm?lh.rl:
g I A 1 r l 1 i l i = Feature Mative Compiler Cross Compiler
Based on | Based on Based on Based on —_ Zetwe emprer sTo ompoer
Q [ Target Machine | Mumber of Passes| | Implamentation, | Purpose | Target Machine | Same as Host Machine Different from Host Machine
l Use Greneval Pu\vpnu. su.m..[Em'bddul uw!-inpm'l‘.
B [ i s s...,n. Pous fmpj [Beotitrep | [ Optimi Speed Faster (No conversion issues) | Compavatively Slow
s Complr| | Complr| | Compler || ompir |i"‘..'“‘:'l | Complr Example G Goompllas oom Wisios [N Goopllor: e il
Ly Important Paints for Eann__ﬂs £ i )
G * ilevs ave clansified bosed on maching, passas, % Cross compiler is wsed in cross- hl'fvwn * Bootatvap compiler is writhen im high Level
b P P compile hig
implementation and purpese | developmant . languoge ond compiles itself.
E * W:ma umfilw improves code ﬁffmﬁcﬂ #*  Multi pass ecompiler gives better srl.iminl{.on
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o 1. Tntroduction :
The {fm‘l:-tnd. (o.no.la.ﬁs Phua.) m[ o compiler takes the source 2. Position c.{ Front-End in Campi.l.f.f :
. program as J'.nFu.I: oand. Fvodmu& on intermediate representation
o{ the program. It Pev.fwm Lexical , .san’cmr.’cic. and semantic Source —y Bl Bl Tntevmediate
mn],a;i.; and ﬂfwh evrors to the wser. P'roa'm.m (ﬁmalasia Phase) Code
2. Functions of Front-End : ¥
0 ' b i jos Bokins Sefaibal
e Scars the souvce program ond breaks it in ; (Santhu{i y
o Checks the a-mmmﬁr.n.l structure o,F the program..
. e Checks the meaning o]t the program . l
- Cnll.e.d‘.& in{armn.l‘.l'.on about idmﬂ.;itfs and {aFe.ﬁ Tﬂ-fat'l'-
e Generotes intermediote code .fa-r the back-end. P*roa*rn.m
. ® Reports evvovs in the source program.
° 4. Phases / Components o_F Front - End. :
Lexical San'l:mc Semantic Intermediote S__E::l
Amlgu-r Annl.sdu.-r Aml-au-r Code Genevolor
. Mmae.r
Scans characters Checks the Checks the mecuu Cmueﬂ‘-& the Creotes and
\. o.I.. Lource rnoamm ammmo.":tf.al. <F ‘“‘lt F‘r‘oamm \l'ﬂ.l.u:l. Fruavo.m l.n.h mmn{mm H\Q
and P-rurlum structure o{ and. tgpf. intermediote 43\-.11:0[ takble
. tokens . token stresm . mm;',s{:cnga ¢ upfue.nfa.{inn 3 in.}[‘omn.h'.m .
& De.sc'rifaﬁun o.[ Cam?an:n{.s : 6. Inpu}. and. Ou.igut a.[ Front-End :
. (i.) Lexical Analwdur:
- AP S I S — Fon Output
and. groups thern into tokens such as I:e“uuwl-s, e i e Source program Token stream ,
. id.tnl:.'.fh.ﬂ , constants , opevatovs , delimiters etc. v (chavacter stream) s':']'"boL table entries
(it) Ssntnx Analyzer : Sanﬁ: A nnluu.r Tokia aliaain Parse tree f
Takes tokens os J'nPu\.i ond checks whether Hu.u ave S“M:mt tree
. m-m.nar.d. in a wvalid arn.mmnﬁ.m.l. structure a.:cordina B P Avis Arrabatas parse i
to the 1“"8““%" ‘3“{:‘“' S . SHmhal table with semantic i.nfa
(m) .S;m,cu\'l::.r_ a&nnlaur ] I {t nh Co‘i'_
. Uses the parse tree and Lﬂmbol table i.n.menﬂon S G e Annotated porse tree Intermediate code
to check semantic vules such as type checking v
decloration dne.du'.na_, scope vules etc. Sambol Teble Declavations in Sambnl table
. (iv) Intermediote Code Genevator : Mcu\o.aev Souvce program irurm-mni'mn
Genevates an  intermediate code (e.a., three address
. code , quadruples , '!-riPlr.s) which is .indA.Fcnd.:ﬂi o; T ki {Flow) :
any machine .
(v) Sidmbnl Table Mmoﬁw : S ] S,..tu o Tntermediate Samlul. i .
. Creates , updates and manages the .samb-al table Pmam" Arligir | 1 Anabamer | FAnadain Code Table Codie
2 4 it 4 4 ¥ Genevator ch.o,ﬁf.r
r.mhﬁnma l.rurarmnﬁon about ;d.tnh{mﬂ 5 {apvu i
scope ; memory location ete.
|, "
Impor‘i:m‘i‘. Poi.n‘h -F:n‘ Exw H
* Front-end is also colled mnlgm phase.. ‘ *  Front-end is machine independent.
' * Tt converks source program into intermediote ufv\'umlahm * Tt checks the correctness o{ the source program.
K Main components ! Lexical , 53!\{&1. Semantic analysis , ‘ %  Ervors detected inm this phase ore compile - time evvors.
’ L Intermediote code ammﬂon and. nglml table mo.rmsf.mml l
>y
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1. Introduction :
The back-end (.manﬂmi.s Phqu) o.f & t.empn'.hf tokes the

5. Back—EncL 0{' ComPi.[e'r

RGPV Nofe,s Hub
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|
3. Position o{ Back-End jin Compiler :

intermediate vepresentation produced. Ba the -Fwni-e.nd
ond converts it inte torget program (machine code). Intermediate 3 Front - End
Tt also performs code optimizotion to improve the Code (Analysis Phase)
:iunli{'.g eur the ':m'%d'. code .
W
| 2. Functions of Back-End : Bock - End
¢ Translotes intermediote code inko b;uracl'. code . (Sanumh Phase)
. ?u'«fu?ﬂu code optimizotion. l
L Allac.n.i'.u Afaru.ac .Faf vn-ri.nhlq.s, T +-
e Genevates e.ﬁi.c.ient and correct machine code. P:-"’at-
¢ Maintoins dota structuves Like .sarnhol table | 'rzais".u' e
4 (Machine Code)
table , Liteval table etc.
e Provides ?orl:nhiu}.a a.f the c.nmPiLz.f.
4. Phases / Components of Back-End :
Inha:diuh Codic Rcahfe. = Skava ge Ta.fafl'. .lel.
Optimizer Genevator Allocator Allocator SMmlu Ophm-.uv
Im?-rovea IR 53 Converts aPﬂmiz,ul Auiaru variables Au.ncn.iq memory Amnac.s order Further imFrovu
t.iimlmﬂna IR into i:u:rﬁe‘l: and {ngam-du locations .;mr o{ instructions the iu.-rad‘. code
redundant ( rachine ) to mochine voriobles and to veduce «fmr better
c.-ornpw“.a.{'.:'.om i code . 'ﬂ.ah:.{q;ﬂ. " data. . 4*:a.|..|.i.n3 : Pc.r;qmmu ;
5. Dt-ﬁ'-’—'fipf-i-o'ﬂ o..F COH‘\POY\&“LS : 6. Iﬂp@dz and Ou.{pu’c o.? Bock-End. :
(i) Intermediote Code Optimizer :
on the intermediate code to veduce execubion bme and Intermediate Code O?Umhu Intermediote Code OFLi.miu.J. Intermediate
mm& mﬁl.. codﬂ
(i) Code Generolor : Code Generalor Oyii.m.i::.d. IR Tn.val.k Code
Trarslotes the optimized intermediote code into target Register Allocator IR, Symbol Table, | Register Allocation
(i) Regisber  Allosabar : Stovage Allocator Symbol Table, Memory Allocation
Decides which wvaviables ftl.rr\Pomrir.l should be Pl.w:&d. in THF“ Iﬂ-Fﬂ Iwﬁm
Splion T s s Code  Scheduler Tavget Code Scheduled Target Code
(iv) Sbmgt. Allecator :
A"‘“S“" memory Locaks i P arvays , covihaeki Towsr.t Code Qphmiw To,fﬁd: Code Opﬁmhqd To.ragl'. Code

ond other data.

F. Example (Flow of Back-End) :

{v) Code Scheduler :

Reovders instvuctions to improve pipeline performance | Optimized Code Register Skerags
and veduce dependencies. | Tntermediote Generator { Allocator _)l Allscator ]
(i) Tn.vad'. Code OFl:in\iur : ‘ Code
Performs small improvements on the target code Like W
peephole optimization to improve speed and aize. g PT:?:: ¢_r Target Code Code J
‘ (Muki.i Code) Optimizer —Scl\edu.l.l.r

Tportant Points for Exoms :

.

A Bock-end is alse called Asnl’huh Phue. 3
# It converts intermediate code inte machine code.
% Main components : Code Optimization , Code Generation,

L

* Bock-end is machine dependent.

* Goal is to produce efficient , fast and covvect tovget code.

* Cede o‘aﬂnﬁmﬁm in back-end improves execution time
and veduces memory usage.
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o 1. Intvoduction : & il
A wrnl:ni.le.'r is arvauu'.zd into J.LH:tﬂn‘t wmpmr\hs - Campmnb a.f Compii.:-r Structure :
i H iler ture .
;nd.u\.u mhm’hm -Farm the mn'.\.Plz. atruc 0 Dl Am‘duf
t is brow.lls divided into twe major ports : . He e s 5 oy °~F
= Front-End (A"“]'H"“ Phase) chovocters ond groups them inte tokens.
= Bock-End (Synthesis Phase
( 4 ! ) (i) Ssntax Hnﬂluur (Parser)
These wovrk inﬁl.t’n.f.f with o jlaml:u:i. table and the ’ _— ﬂf the
error handler to convert souvce ram into
3 - according to the grammar.
i:m-ad: program .
(i) Semartic Anal.sur
@ | 2. Overall Struckure of a Compiler : Pros Now pheriiag 81 e gy
Gl Eieiad o e - e 2 TR (iv) Inbermediote Code Genersbor
- A
; Converts the source inko on intermedicte
Phua-mrn |' . | | e e
(mm}—:-—-i Lexical Syntax _'I Sernantic Tntermedicte representation ("'3" three oddvess code , n’uadvuplu).
: .ﬁnnl!ur .A.n.n.luuf ‘ Alwllau\f ' Code .
) . : 1 " (v) Code Optimizer
Dy SRR SIS S L : Improves the intermediote code to produce efficient
‘ 4 I h\faeﬁ code .
SYMBOL TABLE | i) Code Generator
B L . ] T R e ] s %
HANDLER | (Stoves information about Comverts the optimized intermediate code into
™ identifiers , types , scope , ete.) h-raei. program (machine code) ;cr the wachine .
| (wii) Symbol Table
: &m. infermation nhd‘.id&ﬂl&ﬂ,‘t s & »
. [ BACK-END (Synthesis Phase) i Ay i‘l LN
! . memery locotions , ] is lus many Phu.u.;
| P
- (ui.n.) Evvor Hondler
|| Tnbermediate Code Code Tk
Genevator Optimizer Pragp Detects , veports and vecovers {fm errors .
] It th hout the ilation :
T { b works roughoul compi process
4. Werking o.!: Compiler Structure : 5. Importance of Compiler Structure :
2 1. Source pregram is given to Lexical Armlan'\r, e  Mokes the compiler modulor and easy to d.ui.ﬂn,
2. Tokens are Pumd. to Sunb.n. Av\al.aur. e Each ?hn.u; can be d.o.\m.l.oPgJ. and. tested J:ﬂ‘l:l.?ﬁr\d.f.ﬂt'.&.
3, Sanhu. Annl-auf checks grommar and  sends . ImFrum mn.in{:n.innhiul:a and. Pm’l‘.nbi.[&l:s :
structure to Semoantic Analyzer. ¢ Efficient evvor detection and veporting .
k4. Semantic Anolxuv 'w.'n.fn.u meaning and. ufuhd:u +  Produces nfﬁmi:td. tn:r%e.i code .
in{ormoﬁi.of\ in Sum'bel. Table .
5. Tnbermediobs Code Genevabor prodisces inbevmediate Key Points for Exams :
code: * ComPU.n' structure consists o{ {vw‘t-c-ni. back -end ,
5 = ; _ : Lamhu[ table ond error hondler.
6. Code Ort-muur.v improves intermediate code . ® Fonkeond perforis Liasi ‘e . sike Caki | sadi..
7. Code Genevator F'm *"“ﬂ‘t (mochine) code. # Back-end produces hvar.t code fvm intermediote code .
8. Evrror Handler checks ervors in all phoses . # Symbol table is shaved by olmast oll phoses.
# Evror handler wovks in all Phnm eF urn?d.n.hnn
T ™y
3 6. Su.mmmrll.! Dl.nﬁ'm.m ({ Ancther VI.LW} X
Progiens Lexical ntax Semantic Intermediate
o l Analyzer ::o.l!m Aml.auv Code &Jf v Gwvnku T"?& Proamm
(Chaimsters) naly l Bieetpils G e (Mochine. Code)

I I I

SYMBOL TABLE

ERROR HANDLER

|

':
k___._____-l
.3 !
H |
|
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7. Anal.%..sis - Sgnjchesis Model
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Tntroduction :

Armlﬁ;is-SQn‘:huh Model is o %cn.e.ral. model -fcw
d.u.i.an.i.n% cmnpilz.ﬂ.. It divides the compiler into two
main Pm*‘ts :

= Amlﬂsis (Front-End)

= Sldnt!fu.sib (Back-End)

The malgsh part gathers and checks information
about the source program , and the s-dnﬂ‘\.ui-s Pn.rt

Po.ae. No.: OF

2. Basic Idea :

Thgmummmmhmndu\imnlazedtn
collect uu?ul m{mhor\

The collected information is then used to
generate the torget (object) program.
Aaambolinhlgisuudbdboihpnﬁahjbn
and share a.n,fo-fmhm

An ervor handler is used to detect and veport
ervors in all P}mu.

3. Am].ﬂs[a - Sgnﬂ\.ui..s Model a.F a C.ampil.e-r :
ANALYSIS (Front-End) SYNTHESIS (Back-End)
Source i- --------------------------------- —E E- ________________________________ -1:
I .
Program , : || Lexical Syntax Benobic | 1 | "h'co - - Code Cods | i} Target
. il' _______________ T i e mas 1Y t | Machine
s i e e s o
| ¥ & & ¥ ¥ |
: ‘ SYMBOL TABLE (Shaved ba all Phuu) | :
i ) A F ) # # |
1 I I 1 I i [ i
| 1 1 1 1 | L !
Conmed ERROR HANDLER (Detects, 'Repm—ts and Recovers afrom ervors ) ](7__‘,
4, Role of Components : 5. Information Flow in the Model :
(i) Lexical Annlad:e-r : Scans the sourvce program and Bl Eogiii T IF tion P |
photecas Aakeys: 1 | Source Program | Lesical Amalyser | Chavackers |
(it) Sani:n.: Annl‘au.r : Checks the gmmm'l'.mal structure
2 Le.xmn.L AmLaxl.r S\dn’uu; Ar\.n.l.au'r Tukm
n.f tokens .
- ! c 3 Syntax Analyzer Semantic A zev Parse tree /
(ii) Semantic Anol'dmr ¢ Checks the meaning , tapu and b d naly ss“m PO |
{‘.tnc.g n; atatemata. 4 Semantic Ana.l.gur Intermediate Code Annctated parse
(iv) Intermediote Code Genevator : Genevates an intermediate Canetokon bree f aemantic "'"‘F“
vepresentation (e.g., three addvess code). 5 | Trhermediate Code | Code Oplimizer Tkermediida Cade
(v) Code Opﬂmizcv E Imlwnvu the intermediote code Generater
to make it efficient. 6 Code Optimizer Code Genevator Optimized
(vi) Code Genevator : Converts aPi'.im.i.zul intermediate code Intermediate Code
into "'.M%&". machine code . k' Code Genevator T@wad‘. ?'rogvnm Machine Code
Chavactevistics / Advantages : F. Limitations :

Clear separation cf analysis and Man'uu.li.s-

Each F'rua.u. has a well JQF.MJ- i.npui and oukpui.
Ema to Juian., imrlr.mn“. and maintain .
Promotes mndu.lo.ril'.a and rt.u-snbim:a .

* Communication between Pium men.s'n 43«\50!- table
can L‘m Com?l.ﬂl.
% The model may not show all veal world :omFil.!.-r details .

( Y ookt O

Tmportant Points -Fmr Exams :

* Aml.ash F‘\Nﬁ = Front-End o{ C.OMPJJ.IJ' i
* Sunflu.si.s ?"m.n = Back-End o{»‘ CemFi.Lw s
* ngbcl Table is shared ba all phases.

* Evvor Hondler works in both Mn.l:sl'u and, .vgnﬂnuh phoses .
* Intermediote code acts as o brid.g:. betiween -[van’c-end.
and back-end .
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4. Tnbroduckion 3 Fage Na.( 08
A c.ompil.e.v P-ev.Fo-rm the translotion a.F o source program written in a hiah. Level lamaun.%e
o-[ Plvmu. Eoch th hos a 5P¢4:.LFL:. tosk and contributes to the overall :nmPiln.ﬁm process .

The output o.F one phase becomes the input .Fmr the next phase.
2. List o{' Phases n[ Cam?i._h.\- :
Cida Lexical S-a nkax Semantic Intermediate Code Code anad‘.
?vmamm Analyzer Analyzer Annluzm- Gr.m.mkor Optimizer Generakor P",%m
@ ® ©® (Machine Code)
L3 [ [
] 1 ] ; L}
i : n:r 'ulr' \I' : I
I
| Symbol Table Manager J----2
I x F 3 |
i : : ! |
e ’[ Evvor Handler ]* ——————— 3

3. Df.ﬁ:.\’f..pﬁon o.[: Phoses : 4, Summra Table :

G el Dnalyati « Phase No.| Phase Name | Input Output Main Task
Reads the ADUYCE ?vuam f6a B quence o{ ch b and. S - 3
groups them inks tokens such as h.u‘uavd.. 5 ihnﬂ;i.w‘, econstants , " Lexical Source Tokens can = c‘:\\*\ﬂ:
opero&cn , delimiters eke. AM""‘J“* Pfo%mn =

(Charackers) tokernas .

(2) Sg,nhnx An.nlﬂai.s (.Pm‘sin%) : N ’ Squiicn L Parse. Teee / S
Checks the amhm.l sbruckure o.f the program . It w.mfm A nn.l\a:r.f ol S-dnhu. Toee e
the tokens aau.i,rul the vules o.; the grammar and creates

Semantic Annctoked Check  meani and.
vse ntax tree. i 3
i g Anal-duf e Parse Tree semantic rules .

(3) Semantic Analysis : W
Chacks: the mnnin% “F the program . It “‘,;{m bﬂ?" 4 Trkermediat Annctated Intermediote Generate machine
wmpuhbd.n.hd. adiamadinn; e S D ki i ..CDGEI- G:mmd:.zr Parse T'-t: Code independent r.ad:.
constraints . Tntermediote | Optimized Improve code for

(4) Intermediote Code Genevation : ° Code Qpbiminer Code Tnbermadiabe better performance.
Converks the source program into an intermediate vepresentation | A L Code -
(c.,g.. thvee oddvess code , quodvuples triples) . This code is Optimixzed Ta-rsgt Generate final

- . - s 6 cd‘ Gﬂ\l‘ﬁh‘l‘ I“!mhh HM .
" A ) S o l Coda }(Hu.d\.n\.l.' Code) £

Code OP{:imi:okion H

Improves the intermediote code bto produce efficient target code.

Role of Symbol Toble Monager :

It v'!.rn.wvu vedundant code and improves bime and space * St nf e oot 5 !.rhﬂ’tﬂf“' ot
e S locakion ete .
(6) Code Generakion : *  Used bﬂ almost all ?'h.n-l.ea of the mpuz.l'.
Translates the °|’h"“u‘" intermediake code inte t""ﬂ‘t g, * Ensures coruﬁ.iimcg and. l‘uidl- vekrieval o‘ m;wmnl:.ion
(machine code or assembly code ) -fa-r the l:omaet machine .
6. Role of Evror Handler : 7. Important Points {o‘r Exams :
*  Dekects , rtPcv{'-s and recovers {mm ervors . * Comp'llﬂ' works in a sequence G.F pknm,
#* Ersures thot compilation process continues even e.;hv % Eoch -P'r\au. ?t\‘-;&rrn.l o j‘n.ci.fir. tash .
d‘tuhn% evrors . * Snan\hul Toble ond Evver Hondler ove wsed bod all Pkn.;q.;
* I""‘P’m‘ the rgl,iﬂ.billha o{ the “““‘P"l'-"- * OuLPu.E nF one -P'ru:.u. becomes ;'m.fud’. to the next Flvuzu
8. Flow nr Com?iln.‘l'.i.on Process (E::AMPL!.) 3
S 9,,%,“ Lexical Sanhu Semantic Intermediote | Code Code. Tm'ﬁt.t 'pm%“m
Eins 10D Analyzer Analyzer Analyzer Code Generoker l Optimizer Generokor (Macking Coda)
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Unit - T 9. Lexical Analast.s
@ ]
Pn%e No.:
1. Introduction :
Lexical Analysis is the fini phase a{ o compiler. 3. Position of Lexical Analysis in Compiler :
I‘:vmdal]ummpmammmauqmo{
chovactevs amd groups them into mummsful units Source Lasiizal Tikiva Sunt Pivic
called tokens. Tt removes blanks , tabls , comments (Pm%m) Analyzer —’(Tokm Sl:nwnT_; Analyzer = ) O
mdpm&ambkmfwlhmhp‘r\nu. = Cim—
4 k4
2 'Purpou. / Functions : Sumbol. B
ORmdo{hahfukchmunhﬂ{vumHumade. Table Hondler
= Gmpl chavacters into tokens.
o Removes white spoces , comments and unnecessary 4. Inpuk and Oubput of Lexical Anolyzer :
characters .
e Records Ha&i,fin.u in the .s-Hmbol. toble . 1 I“P"’t o“{?“t
. R&Poﬂ:.i lexical ervrors . Chignsi a{ disrsiben o Token stream ( <token , atbribute> 'Pn.ml)
o Passes tokens to Scdnin.u. Avu:\lazer. ¢ Saices ?""SM) . Sambd- toble entries
e Evvors (i{ wng)
5. Working of Lexical Anolyzer :
" Token Streom
Sm::.‘ c)3 —>[i[n[t][s]u[m][=]a]+ Kol > [ <int, k> [<sum,id>[ <=, 0p> [ <a,id> | <+,0p> [ <b,id> | <5, 0p> |
Symbol Table Evror Handler
(Llu&&rm,Cwuimh ete.) (Rr.fnorh Ervors)
6. EXGMELG- : F. Tosks Pe.r.Fm-mcL in  Lexical Anﬂlg.sr.s :

Soump\'nsmm: lntiﬂtn].=o.i‘|"25;
Tokens Generokted. :

(L) Scannin.s: Rw&.sd\amﬁumbam
(i) Token Fovmotion : Gfowfu chavocters inko tokens .

Tﬂkﬁl’\ Lﬂxtm Talun Nm A&ﬁbﬂ*& (m) R& ] 0.; E‘ | MA Co-mmn‘h .

1 ok L e E Isrwm white spoces , tabs , new lines ond comments.

2 total identifir | pointer to Symbol Table

3 3 = (iv) Sambol Toble Creakion :

= ope

4 al identifier pointer to Symbol Table Stoves ).n.formnhm about i.d.erdifi.zu, constants ete.

5 b opevator + (v) Evror Detection :

6 25 constant 25 Detects J.I-Lcaof. chavacters and veports lexical ervors.

7 M .ﬁr«w!. qmbo‘. H
8. Lexical Evvers : 9. Tools / Generators : 10. Importance :
® Tavalid chavacters. Lexical Arwla:e-f con. be writken ha e Takes vaw .inpu.*. and. converts it into m:nnin%.l-‘ul tokens .
i u“‘laf‘% ‘tﬁn% R hand.  or 3‘“‘“"“" using tools like e Rewmoves unnecessory chavacters and dmpl.i.fi.u .i:nPut,
® Tdenbifiar oo long. LEX ( or FLEX). ] ;
- Ma|fom:ﬂ T I F . P\'E.an the ml:l.l}. far Sal\tn:r. Annlam

waes Rﬁaul&r ExPru‘wm j " '

*  ete. - e Raliisa, -'Pla*akcafui:mdahchnﬁlcanlnmu\rhd.

L O B

Tmportant Points -fm' Exams :

Lexical Ana-lsch is the {M phase °'F :mnril.n.-r.
It groups chavack, inte tokens .
It vemowves spoaces , comments and .illcgol characters .

Output is token stream and m‘mbal. table entries .

* Tt uses Reﬁu.lnar Expressions / Finite Automata .
% Evvovs detecked ok this phose ave lexical evvors.
#* Tokens ave possed. ts Ssnh.\t Ano.iuuf.
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@] 1. Intvoduction :
3. Structure of Input Buffering
Inpu’f. Bu-f-fc.f'm.a is o Eul\m&l_u-r. used in a mmPiLr.r to " -
veod the scurce program efficiently from the input Tnput Buffer (in Main Memory)
device (-fi-l.e.) inte main memary . It reduces the number Source fand Input
w-f Pkﬂsicol 1/0 oPerukiw i:-s ren.d.ina lnvae. blocks Pmam SS— Device » €, €, Cy € $
(huffe.rs) af chovocters ot o time instead uf r\e.n.sl;.n.a (on Disk) (File) T T
one charocter at a time. :
lz.xemﬂegm fmrd.
O 2 Purpose. / Ad.vcmfagu 3 o
® Minimizes the number of 1/0 ope.mdm. Anabaxt.r
. SF\:&J.L up the lexical amlad.ll'.-s‘ I
Provides look -ahead ility xt
* ey ° i fm g SRR R L] Inpu.l‘. Bu.fff.r is o fi.xui—size array of choracters .
character without remling man.i.n)
° $ 5 an end.-of—ﬁlc. (EOF) wmarker nppen.d.ed. ot the end.
. Efficle.n{:la handles Lm-af. souvce programs. MR
i ints to the beginni the i
® \Works as an a'.n{'.evfu.u. between the .i.n.Pu’c device . l.c.xemeBeS w U= e e of e b
al- I el b “““I'H“" . forwm'd Poir\hﬁ to the next character to be read.
O 4 Workf.gg : 5. Illustvation / Example
Source Program (in File)
1. A block of characters is vead the input device into the input buffer. e
¥ 4 i Jes M g Mo MNP Clala R [~ @] % i8]
2. Twe Pei.ﬂkcrl are waintained : I“Put
- lexg.mgae.ain - Painh to the -firsl: characker of the current lexeme. "Rf.ad.
- fn-rmrd. - Pnint.s te the next choracter to be Pmc.uu.d. IHPH*- Buﬂj‘fﬂf (size = 10)
3. The lexical analyzer scans chovacters from lexemeBeain to forward. tn|t|tfoflt]a|ll]a
4. When forward veaches the end of the buffer (at $), a new block of T i..  Nest Read
e Rt s T e e |
characters is vead into the buffer and both pointers ave veset, lgumﬁeam forward 1
|
5. This process continues until the entive souvce program is vead. 1 + 25 ; $ : . I . il
(Both pointers are veset ofter next read)
@) 6. Kza Pui.r\‘ta_': 7. A&vmt_u.au 4
* Bu.{fer size is karmu-td between 512 to 8192 bg‘l’-&l‘ | % Reduces I/0 overhead.
* EOF maorker ($) is irserted ot the end of each Luffar. A Provides look-chead without vsruuling.
* I“F“'t bqffgri.ma is tvm?m-u\l'. to the Llexical mulazev‘ w Su?Pofh sffi.r.isnl’. mnm'.na and token uu?nih'.m.
* It improves the overall Performa. of the compiler.
@) :
Important Points for Exams
* InPu.E buffeflma veads a block ef characters inte memory. * When formrd. veaches $, o new block is vead.
* Tt wses lcx{.maeen'.v\ and {mnfd. Pei\\tr.vs, o Tk ocks as an ir\l’.ur-Fm bebween ""Pu't device and lexical wlsuv.
% EOF mavrker (s) is Pl.naul at the end nf the buffl.s‘. * Tt ;‘“F,.M. the a?&ul and g.f.r.,g:.enaa u{ the mpil.ev‘
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1. Introduction :

3. Types of Tokens :
A token is a group o{ characters that have a e 2

Tokens are classified into the following categories :

collective mninﬁ. Tokens are Produced. bs the

Keyweords
lexical nml&zar (scanner) {mm the source program. 8 Idiw:. .
These tokens are then passed to the syntex analyzer ntifiers
+- f this ” @ Constants (Literals)
or ur r OCess .
L i @ Operators

2. What e & -I-c'kgn? @ Sepa.mlsurs ( Delimiters)

A token is represented as pair (token-name , attribute-value)

4. Examples in Source Program :

where ,
® token-name : Identifies the category of token. [ Source Prosmm g int total = a1l + 25 ; )
e attribute-value : Additional i.nfm'm{icm related l' l -lv l
to the token (IF onﬂ). Tokens Produced : ( KEYWORD , int ) L Ka.sword.
Emmplg.: ( 1D 5 P“:rl ) —— Ideni{;ier
Lexeme Token (token-name , attribute-value) ) ( ASSIGNOP , - ) <— Operator
int ( KEYWORD , int ) € E% & ot == Henwr
total ¢ I , Po'u'\ter to sgmbol table ¢n{r3 ) € PLUD ™3 S Ope.mlor
= ¢ ASSIGNOP , - ) CNUM . 25 ) <«— Constant
25 ¢ NUM , 25) { SEMICOLON , =) «— Separater
: ( SEMICOLON , - ) ptr, and &9_ peint to the entries o{ ‘total’ and ‘al’
Y, | in the symbol table. )
5. Token and Lexeme : 6. Role of Tokens in Compiler :
* Lexeme : The actual sequence of characters in the source e Tokens serve as input for the syntax analyzer.
FREpe Wt BERIeE = pERe. o They hide the details of individual characters.
* Token : The pair (token-name , attribute-value) returned
by the lexical analyzer. € They simplify ihe. porsing process.
Example : ¢ They help in detecting lexical ervors.
Lexeme —3 total . -n\n.ﬂ Prwide. a uni{orm. in.{t.r{nt.a between lexical ann.lﬂai.!
Token —> ( ID , pointer to symbol table entry) and syntax analysis.
7. Token Specification using Regular Expressions : 8. Than Bonseilinn. Businn s

Each token is sper.i.fiul by a regular expression.

Id.e_nhflc.r EA-_Za-z_.J _[A-Z_n—:.ﬂ-Q-_] | s e » Anﬂ-tﬁz&r > ﬁ-ﬂnltdur
__I,ﬂt‘ﬂ"_i _EO“_q]: Pfosmm (s ) (Token Stream) (P = ) Tree
Real Number [0-91+\.[0-9]+ ” i ki et
Keyword Cif, int, while) | if | int | while | e l l
'?_Pcrntor (""l_‘.' Sy N+ | =1 N* |/
| Relational Operator == I t= 1 <l> | <=l >= | 5 i ik
Separator (5, () €3) [ 5 1, 1 NCT N I NCINY Table Handler
9. Lexical Ervors Related %o Tokens : 10. Importance of Tokens :
e Tnvalid characters. e Tokens simplify the compiler d.gsian.
L] Mal{orvm:d numbers (:.3‘, 12.3.4) - Th.e& reduce the :omp[c:&s oF s:in.tn.:. aml&dsis.
e lUnclosed strings or comments. - T"\eu increase the &F{L:icnﬁa of the compiler.
o Tdentifier too 1“"3‘ ° Thgs provide mmnin.s{ul categories for the parser.
e Use of illegal ssmhnls. . T!u.3 help in e.q.rl.a- detection of lexical errors.
* Reserved words used as identifiers.
Important Points for Exams :
i Token = | (token-name 3 ottribute -value). * Token mi:eso\-ir_'. - Keswm‘ds = Identifiers i cpn.s':o,n{:s,
*  Tokens are semrnfcd by lexical a.ml,ﬂxr.f. Operators , Separators.

# Tokens are the i.npn.d: to auntnx n.mlu:.:r. # Lexeme is the actual aﬁrins; token is its r:pmar\in.hcm..
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o oTmIesuLtEn 4. Relationship between Lexeme and Pattern :
In lexical a.vmltlsl.s, the source program is read as a
senlucnu GF d'unrm:&.ra n.nﬂ. Sroupe,d i.n.+.a J:olu.n.;. Pﬂ.tt&'l"ﬂ. SEM :tli ‘_( S!.{'. D-I: LMYMS
A lexeme is the actual sequence nl: characters in ( Rule) { (S'l'.ri.nﬁs)
o token. Exnmplt :
A pottern is o rule or deseription (usuullﬂ in the
Patte B A-Zo-z_][A-Za-2z0-9_1%
-Fa'rm. a.F re.aulnr !.xFrr.ssi.an) thot describes the set e -Fm‘ [ ik ][ o ]
n.F sl:ri.nss (l.n:gm) hl.onal.nﬂ to o token. l
Lexemes (s‘:f'mss semrnﬁd) £
2. Lexeme : %, sum, Totall , _tewip, vales: 2, 1123 , abe, ..o
¢ The actual sequence n{ characters in the source
program that is matched BS the r.mﬂ:tm n.I:
% ek 5. Role in Lexical Analysis :
e Tt is an instonce (a sl'.ri.ns) of o token. '
= DL.H.‘f.rf.nt [— may L ] I:’"j the ® The lexical Nwl.ﬂur reads U\Pl.l.t characters and
same pottern. forms the longest sequence that matches some
Exu.ml:les . P“’H"'r"'
Token Pattern (Rule)} Lexemes (Exmples) € This Mqumics & o e nF Rk Tafies.
ID [A-Za-z_][A-Za-20-9_]* | sum, total , _temp , valuel * The token name (and PBSSE'LLS attribute value)
NUM [0-91+ 12, 345, 0, 9876 i barnid, ks She pesene.
REAL [0-9]+\.[0-9]+ 12.3, 0.456, 987.001 ® If no pattern motches the current lexeme, it is
_pi_us_. TR _\.4. R | .|._ - re.Porlr.d. as o lexical error.
ASSIGNOP = =
SEMI H s 6. More Examples :
1. P ‘H:e.rn_ . Token i Pattern (Rcaul.n.r Expr:ssi.cm) Lexemes (Esu.mp{as)
. Fa - -
e A is the obstract rule that deserib i [ 4 4
Pqﬂ:em = e R T ELSE | else else
thi feoof Lyt of 19 Sl WHILE while e
® Patterns oare stL.FLgJ. usf.na Reaul.m' Ex‘Prz.ssim'is L IFT ] T -Tnt- ’ T = _:n{_ -
(RE). NOT | ! !
¢ The Lexical analyzer uses these Po’:tern.s to LT . < <
recognize lexemes . LE ' <= <=
Ex.n.mFle. x GE >= >=
Token Pattern (stubr E.wami.nr\) Mennmﬁ EQ == ==
Db [A-Za-z_][A-Za-z0-9_]* ‘I:q::ifmr lhrts.&:;d:‘:d:;r COMMENT!I NSNS E /! this is comment
letters, digits or underscore. | N/NKLORIANR ([ 4I TN )%/ /* comment */
NUM Eo-q]" One or more igiks . [ 0 : il . | G 1 S4r (el
REAL [o-9]+\.[0-9]+ Digits , dot, d:;g.s. .CHAMTER! ENNFENINTT) ] A L
PLUS N+ Plus symbol.
MUL b Rl Multiplication _:H_r_vial._.__ R
WS [_ \t\n\r]i- One or more white sPn.us..
7. ImEortmf Points : 8. Su.mmn.rg i
# Lexeme is an actual string from source program. ® Pattern —> Describes the form of token (using RE).
# Pottern is a rule ("ﬁ"l“'" "—"F"—“i’““}' * |lexeme —> Actual s|:ri.n.3 that matches the PaH.’-:m.
: ::: LL:“‘““‘ “""tb‘ st ::3 ~ “W“h”*“”' * Lexical Analyzer uses patterns to recognize lexemes
MEWLE PSS mateh exac Y one pattern
(the Kgei: et LR, and returns tokens to the parser.
% White spaces and comments are usually removed % This process is the -Fi.rd'. phase o.l: o compiler.
(mu Producc. W5 l:oi(tn)

Impor’ta.n{. Points -For‘ Exams :

L] D!-l:m-!- beianie. and padiars. *  Give examples oF tokens with their potterns and
* Explain rvelationship between lexeme and pattern possible lexemes.

i # Eglain Ve vols of Ve, snd paftre. i laseal
* List token palterns using regular expressions. analysis .
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1. Introduction :

Page No.: 13
4. General Form of Token Speci{icnii.on 3

@ | A ok s el n e i Clokinsrana  dttdhibesvalia),
The token-name identifies the category of token and [Tnkm = < Token Nome , Pattern (Rule) , Attribute (if mabJ
aktribute-value contains additional Ln.{m—rnn}.i.cn. related.
to the token. Eoch token is sPuLFi.cd. 53 the lexical Exnmple:
n.rwl!‘.’ and d to the ntax o.rud.tlze.r.
e pras N < ID , Letter (Letter | Digit)* , Pointer to Symbol Table >
< NUM , Digit (Digit)* , Volue >
© 2. What is Token Specification ? < IF o -
o Tt is the J.uFl.nLﬂ.nn n-!: all tokens onF o Froﬂrwnmma CHYS. + , = &
Lnnaunae.
® o 35 A e s, Shile BRORS Gk 5. Token Specification Table (Excu'uple) .
i.n-Forrrm:i:i.an (attributes) associoted with them . — ~
o B 0 v hﬂ b el s rlecosn.i.zt Token Name | Patbern (Resui.or Ezpmmn) Attribute Exmn?h. o-F Lexemes
Pointer to sum , total , _Lun.P,
tokens . ID [(A-Za-z_][A-Za-z0-9_]* ngbaL Table value_2 , 1123
Numeric
NUM [0-9]+ 123, 345, 0, 9876
3. Components Token Specification : Volue
P P e S ST = | i <R e
- ~ AL [0-9]+\\. [0-9]+ Real 12.3, 0.456,
Component Description ([eEI[+|-12[0-9]+)7 Value 98.7e -2
‘ Token Name Nome used to idantify the codagery of token PLUS & 5 +
(e.g., ID, NUM, IF). MUL \* = 2
Pattern (Rule) Regular expression describing the form of IF .,.l? - .,f
® Lapentas 8} Mok Nokany, WHILE while - while
Attribute Additional information asseciated with the SEMI H = H
token (if any). " T
> COMMENT | \/ASCm3s\ms([o/e)[ea)o\sa)e\/ - - e
Example of Sk sinms ik Bl % U ok = 4
OTE -‘fmss nﬁ »
| Lexemes y (' indicates that no attribute is needed fm’ that token )
i - i i —
6. Attributes Associated with Tokens : 7. Example - Source Program and Tokens Generoted :
. . Iden‘ii-Fi.ar (ID) : Poinker to symbol table entry . Source ?‘roﬁfm : int total = a1l + 25 ;
I $ b
o Numeric constant (NUM) : Actual ml:aﬁgr value . = TS T s thute ilus
® Real constant (REAL) : Actual -Floo.’:i.r\s peint value . INT ik -
® SErina literal : Pointer to string teble or actual string. 1D total piry (to symbol table )
. E.SIGNOP = -
. Opemfors & Keuwnris - Usu.nlLH no attribute . D = e (to sHmhol table )
® Comments & White spaces | Usuallﬂ ignored . PLUS + -
NUM B 25 25
[ ] SEMI ; -
8. Rules for Token Specification : 9. Importance of Token Specification :
¢ Patterns must be precise and  unambiguous . ® Provides o clear 'm{trfm between lexical o.nalﬂzer
¢ MNo two tokens should have P-Q.H;tma that match ol sH“‘t“ mlﬂm.
the same lsxam (l.onaas": mn}_d'\, ruh is usgd) HL g . MA .
. ® Ktﬂwo'ﬂi_'. are H.&uﬂjlﬂ sPuLF'aﬂl I:-:{um i.dmtbfi.er W GH:“M i G'F bk
token patterns . e Ensures correct recognition a-F tokens .
e Order of specification is important in lexical analyzer. ¢ Forms the fi.rat step in the compiliation process.
* White spaces, comments and delimiters are either
i.sn.m& or treated o= ssPurﬂ.h tokens .
i ™\
(_10 Summn:ﬂ : Important Points for Exams :
. e * Token = ( token-name , ottribute-value)
Lenicel Tokens Sy # Toiar specificabion; difinas: Al Gskans uaiicg pebierna
Amﬂl“ (Tvken-mm, f-‘\nﬂlazer * Pattern is written u.slns Rbsul.nr EKF‘FGEﬁi-HnB.
( Scanner) abtribute -value) ( Parser) *
*

Lammns are s‘tri.nss ll\.ﬂln.'}ll.d b:’ o Fﬁthl’n .
Lexical mlaur uses token sPeci.Fi.c-nﬂon te smra.ts

tokens .
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14. Recosni.’cion o-[: Tokens

1. Introduction :

The lexical analyzer (scanner) reads the input

character stream and groups the characters into
lexemes . It then recognizes the lexeme as o valid
token u:m-d.ma te the token Fn.‘l:lsrns Crules) .

Rmsn‘&,inn of tokens is the main task o{ lexical
analysis .

2. What is Token Recognition ?

o Token recognition is the process of identifying
the next lexeme in the input and determining
its token class.

o It converts a sequence of characters into o

token u.si.n.s the Pa.l:hms (\'r.su.ln'r expressi.cm.s).

e Tt also returns the olbribute value (I.-F ma)-

PGﬂG NO .

4. ch.oqni.f.i,on Al.qaf'ul'.hm (General S'Eeps) :
(i) Set lexeme := € (q.ml:ﬂ:u stri.n.ﬂ).

(ii.) Read next character ‘c' <Frurn m]zu.f llueH:ar.
(iii) APFemi ‘e' to lexeme.

()

ﬁhnru;.iﬁrs) i then 30 to iﬁ'ﬁ (ii.) .
(v) If lexeme does not match any Pn.{.ham , then
remove last character fw:n-n lexeme .

RGPV Notes Hub
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3. Process of Recognition of Tokens :

[ Read the mnext character .me 'u\Pui. Buf{e.r

!

LCI“Ck the lexeme against oll token potlerns

!

' Ii‘ Pa.u‘.ern mokches —» Token is remsnf.zed l

Return < token-name , attribute -value >
to syntox analyzer
'

IIfm,na.mmum—aR,Pm{ l,x;mx.mr1

]
‘ T ot (o dy, NS, Aoy }
J

6. Methods -For Re.caqni.‘:f.on of Tokens :

(A) Finite Automata (DFA) Method
® The potterns are converted into a Deterministic
Finite Automaton .
5 Gt St e D e DK
o The -Fi.nnl.. state indicates o token.
(B) Resulo.r Exprusi.on Method
® Patterns are described using Regular Expressions.

o The i.nPu:E is wobched with RE to recagnize tokens .
L] Usunﬂ.y implemm{cd using RE to NFA — DFA,

8. Hm‘\d.l.i.n.q o-F Ervors during Rec.oqni*.i.on!

- I-F e Pa.ihm matches the current lexeme —
Lexical
Too luna i.ch.ntifigr or number —+ Error.
Unelosed _sl:n'.ns or comment —* Evrror.

A:Flaev‘ rnPcrtmﬂ error, scanner discards characters
wntil a wvalid token can be -Form‘.J. ascu,n

ETTOT .

(vi) Tdentify the token whose pattern matches the lexeme.

(i) Return < token-name, attribute-value >.

(viid) RCPMJ: «F-ram .shP (i) -For next token .

5- ExamEL:. &

Source P"“ﬁ*‘m i i.rid'. {otal. = a.li + 2l5 3

Step | Inpub Stream | Cuent Leweme | Ackion | Token Recognined

1 inf.'l.ulnl:ull-zs;]_ i Sabh el | =

2 |t tetal =al+25; in match, continue | -

3 | & total =al+25; ink not a prefix INT

4 total = al + 25 ; (space) ignored -

5 P T | t makch , continue -

3 otal = a1L25 ; ] to makch | continue -

7 tol = al +25 ; | tot aleh,| conbitine =
(8 | slewtezbi|  Goba | ek, cebie | 0 =
Lq L =al +25; Lotal not o prefix ID

10 = al + 25 ; = operator found ASSIGNOP
1 | et +25; of | dedife. | I
12 + 25 ; * | operter forand PLUS
| 13 25 ; 25 ngmber: | tmm |
| 14 ; ; separator found | SEMI
Tokens generated : (INT, =) (ID, total) (ASSIGNOP, -) (ID, al)

(PLUS, =) (NUM, 25) (SEMI, -)

F. Tools Used for Token Recognition :

(i) Lex : A lexical analyzer gemerator tool.
(i) Flex : Fast Lexical Analyzer gemerater.

(@) DFA / NFA : Used to implement token recognition .
(v) Regular Expressions : To specify token patterns.

5. Imp-artn.nc.z. o-F Token Re:uqni.{i{on.:
o Converts row i.n.Pu.i into mminsJFul tokens .
* Hides the details of input from parser.
® Simplifies the syntax analysis.
® Detects Llexical errors early.

o Essential fiﬂl Pkm a.F a meiL;r.

Impor‘{:o.n{ Points Fo'r

Exnms :

Token 'ru.nosru'.h.en converts characters into tokens.

* * % %

I{ no Pnﬂam motches —» lexical error.

It uses Fa.u.crru. (msuia.r surrusim} te wmotch lexewmes.
Lexeme is the a.ctunl sl'rinsj token s ks :o*&sors

* DFA / RE bosed wmetheds are used Fm' rc:oﬂnili.un,

* Token mosm'.l‘.im is fi.\-sl‘. sl’.sP nf r.mnlnl.n:unn

* Returns < ioken-name , attribute-value > to parser.




Unit - T

b=

15. Des'tsn. of Lexical Ano.lﬁze.r

RGPV Notes Hub

1. Intmd.uctlan_;
A lexical MGLH“T' (scanner) is the flﬂl phase o{ ampugr.
Itmd.sﬂumrupmsrmunstmofdmmhn
and groups them inte nu:nnm.ﬂ{ul units colled tokens,
Designing a lexical anolyzer invelves deciding its structure,
input Luff:r'mﬂ scheme , token speci.-Fi,cqﬁnrn, recognition
mhru'.:'ua and Ln]:a'nl:m with the l&nl’.u a.r\ﬂlﬂur.
2. Role o-F Lexical An.a.[qzar in Compil.er :

. ® Reads input charocters and forms lexemes.

. Rmsm'm tokens according to their patterns.

* Returns < token-name , sttribute-value > to parser.

- R:Pm-is lexical errors.

¢ Eliminates comments and white spoces

o Acts oz on inh.rfm between source program and parser,

Pa.se No. : 15
4. Structure fDasiﬂn) of Lexical Analyzer :

Source Token Stream
'P 5 E ro { tni(m-nn.m.sl
Con disk) attribute -value >
to Parser

Cnmpomn.ts §

(i) Input Bwfff.v
(i) Lexical Arm.laJ:.er (Scanner)

Reads characters -Frorm source program .
Rm.cosni.z-u lexemes ond

(ul) Samhnk. Table Stores i.cl.ﬁr\.ﬁfi.‘n and other Ln-Fuﬁrud:wn

3. Design ILssues / Considerations : (i) Error Handler : Hondles and veports lexical ervors.
1. Specification of tokens (token nome, pottern, attributes). (v) Interfoce Sends tokens to syntox analyzer.
2. Recognition method (DFA, RE based, ete.).
3. Input buffering (efficient reading of input).
4. Ervor handling (illegol characters, overflows, eke.).
5. Eikerface with parser (token stream).
6. Efficiency (time and space).
@ | 5. Specification of Tokens (used in Design) :
Token Pattern (Rule) Attribute Example of Lexemes Meaning
Ip Letter (Letter | D;aat)‘ | Pointer to symbol table | sum, total, _temp, value2 L Tdentifier |
NUM Digit+ (. Digit+)? Numeric wvalue 123, 45.67, 0.987 Number
REAL | Digit+ . Digit+ ([eE][+-17 Digit+)? Real value 12.3, 0.456, 98.7e-2 Real Number
IF 4§ E ¥ Keyword
PLUS + = * Opaeabeor
SEMI ; - ; Separator
COMMENT | /* Cnot * or /)% %/ = /% this is comment */ Comment

6. Recognition Methods (Dui,sn Choices) :

(A) Finite Automota (DFA) based :
* Regular expressions are converted into DFA.
* Input is processed by the DFA te recognize tokens .
* Fast and wi.d.nlﬁ used .

Resuln.r EmessLnn based :

* Paotterns are written using Rcsulnr Exprtui.cn.s.

* Tools like Lex /Flex wuse this method.

Hand -coded (Ad-hoc) Scanner :

#  Sconner is writben -wumus in a programming lansunsc.
* Used in small compilers,

?_ Inpu{'. BwFFgrlncl in D&s'u:l'n

s
lc:«.nuBasi.n -eruw-d-
* Characters ave read in blocks (Eu{f{rl) instead of one bﬂ one .
* Two Poi.n*.:r.'s are wmaintained :

lg:smﬁe.sln. — beamrur\s u-F current lexeme

-Fmd. —+ next character te be read

e § reprosants end-of-file (EOF).

’ Intszm with Parser
* Scanner returns tokens one ot o time to the parser.

* Each token is returned as a pair < token-name , attribute-value > .

* Parser requests next token when needed.

*  Example Porser calls setNex':Teicn() ta sct next token .

10. Overall Flow fDr.sESn View) :

9. Evror HanJ.Lm; n Dequn ?

¢ Tllegal character —* Raport lexical errer.

Tdentifier too long —» Report erver or ignore extra part.
¢ MNumber out of range —* Report overflow error,

®  Unclosed comment —+ Report ervor.

. Afk:r reporting erver , scanner recovers and  continues

' Aclvn.nhnqu cnf Good De_'ngn

.‘ Seuree | el sl Sy Token Sktream Syntax #* Efficient memory and time usage.
£ Suasiar) Takls < token-name Analyzer * Ens:j to wmaointain and extend .
attribute ~value > (Parser) * Accurabs boken P
| Errer e #* Early detection of lexical errars.
Massages = i W  Smooth i.v\hr{uﬂ with porser.

Imp.:mhm:t

Poinks -Fav- Exams H

#*  Lexical analyzer is the first phase of compiler. % DFA and Regular Expression based methods are most popular.
* It converts character stream inta token stream. * Returns < token-nome , attribute-value > to parser .
% Design includes specification, recognition, buffering G B N W, S

ervor F\onﬁl.ina and i.ntu-rfnu.
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® Unit-1I 16. Lexical Ano.lgzer Generator (| RGPV H
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Page No.: 16
1. Introduction : 4. WWkan oF Lexical J'-"mn.l.qzer Ge.ne.r:in'r :
Ah:hdnmlﬁ:arsumrﬁhrhahol&n}.{uhsu 1. Reod Specificaki
input o set c-F token patterns (sped{uti using 'r'eﬁul-ar (regular definitions, patterns, actions)
{l‘& oo ]‘Am c ) 2. Convert Raaulnr Ea&?russinns to
T & % s e Non-deterministic Finite Automata (NFA)
I saves time ond aF-Fo-ri: and. Prml.ucns c.ﬁ:ucmrd‘. ond. l
reliable scanners . 3. Combine oll NFA's ints o single NFA |
(usins £ —transitions )
¥
. 2 Wi-l.q dﬂ We MEA- LG!-U-DJ- ﬁ.nﬂl!-fl!.'l’ GB!"I.G'I“G-{.G'I’? 4 Comavt: NEA % Dilerainisbic Fiiike  Bakomaten
¢ Manual wr; OF Scoouer is bir mm“m‘s (DFA) using subset  construction
o  Generators mﬁanmhmﬂﬂ build efficient scanners.
& Tl'u.‘;j I 1 EluaH:e\' Y T m [ 5. Minimize the DFA (Im.mle aqui\mh_nt stakes ) ]
® Eu5 ta mad.uFH token patterns and actions.
. P Lo fm.l’. el il i 6. Produce tables and driver code for the scanner
( Lexieal Analyur)
3. Inpu*.s to Lexical Annll.{ze.v Generator :
(i) R;ﬁuln.r De«F‘wJ:mns (c.a., digit = [o-9]) Rules (Patterns) and Actions :
(i) Token Pollerns (Rules) ““"‘ﬂ r,_sulm- expressions Rule Ne. Pattern (Rc.eul.ew Expnur.'wn) Action. ( Token Rebturned) ]
(i) Actions to be performed when o pattern is molehad 4 {wsl #7 cabifenbilis: wpane. 4
2 {id _start} {id _char}® 'riu.m ID
(iv) Auzxiliary definitions and options (uF cu'\.::l) 3 {digit} + i, NUM
4 i return IF
5 "else " return  ELSE
6 [+#/=<>;()] vabisn: bhaik - ok
? "P"{ erTor
| =
[
. 6. O"‘{P""t D'L Generator : 7. Tools (Common Lexicol ﬁ-runlqzer Generators ) :
® Tables representing the DFA (transition table, accept stoke table). = — TPewlond l’:j N
o (ode -Fm‘ 'nnFu’:. l)u{-Fa.w'u.nﬁ and. stale transition . o Flg CRat Lesisl .ﬁrwlﬁur) - ‘Porular S i A
¢ Gl boeile stive ohis Tlins w wsiagrind ¢ Tl - Tam based lesical analyrer generator.
s E hmull.mﬂ de .
S = | * ANTLR - Powerful parser/ lexer gemerator.
. 8. Architecture oF Lexical Armlqur Generator : - T = "F i B e
e T L * Accepts reqular expressions as input.
Srna{mim 1 RE to MFA NFA to DFA | DFA | e -
(Ragular Defra., 1 i Badie. | Miimizar | . rotes n{{mnl; and wmpui code .
i) I T o Horudlas lovge: tnput fills.
| ' ; :
| | * Provides suuﬂ. ervor hﬂ.m'ﬂans
Table I
I[ < : o Allows easy md-l-{u:nf-wr\ and. Forﬁdbula.lﬂ
% = = =i
10. Aclvm{nqes and. Disodvmiaqas: I
. = Disad : Summra .
o Souis, Malsgcianh Mok G, Afp. o Lotk W G Uk e b il

.Mwmwwm

e Produces {-'.ul: and optimized code.
. Euu ts maintain and extend .
o Reduces chances of programming errors.

o Largs DFAs may lead 4o large tables and
more memory usage .
.Uumhndu;ahl:nntumnru

petterns and actions as  input  and
m...‘cm-ml.i.mll.:j produces a lexical n.nn!.a_ur
(scanner) thot converts the input character
stream ints & stream cf tokens .

-

Generotor takes nauin.r uPrus'wnn and actions as u-n.Pui: -

ImPartmnt Points -Fm- Exams :

Lex and Flex are PnPu.l.n.r Lexical m\nl.:’ur snmrn}.m.

Tt conwertis RE —+ NFA —+ DFA — Min DFA.
It generates tobles and source code nF scanner .
Chlpu.i‘. s stream ﬁf tokens in the fwrm < tohen -name ; olbribube - value > |

#*  First phase 9[ a compiler is Lexical Mnl.ﬂui-l-
* Lesical nnnl&u\- removes  white spaces and  eommants

* % % ¥
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17. LEX Tool

RGPV Notes Hub ‘

] —
.
A |
1. II"I.{FGEII.LLC.IZLOI'L : 61 LE¥ 'Com fia: s Pnse No. : 1?
LEX is a tool (lexical nnolszer 5unurd:ar) used
to smh Lexical cunnl.-dr.e.rs ( sconners ) \Fhum Command Dr.s;ri.])hian.
|1L3|'L level sPe::.,FLon},mn Ik is J.suloped EU Mike ‘ .
bk el Ha oo abundied GNEK ool i Generates lex.yy-c from filename.l
I*' m Oy m.]:uk. ‘FJ"' J"”Cﬁbi—“ﬁ Pn}'&m and L= Lsxssc -L-F'. - | o..uu{‘. CM‘!\PI]‘E ﬂ-ﬂ.d. IM\I‘-I h Pﬂ:dm:l. m-:ukau&
actions and Frod.w:&s C source code o-F a lexical
qn.nlaz:.r nomed. I'"’“t:l':j""" e out Runs the Llexical cu'\nl-azcr
lex -t fn.i.uu:.mgl. Prln}.shaamuth:q&gmlﬂmhnl
2. PU."'PQS!- B'F LEX :
¢ To genenbs fuk wd offiast losal esaliers, | [l v flesens s
L] Tq fgd.u.:g mnn.u.nl e.nd.mﬂ &F SCONNers . l::-r. -h D\-!'Plﬂﬂs I‘&'—F
¢ To handle mfmlk Bn-FfaPi.ﬂﬁ and Pn.ﬂ'.e.m vru::lal-u.nﬁ
s To e.n.sr.l.t' mdn.fﬂ tokens and actions .
e To Prwnd.g Poriahl-.h‘.’ (works on UNIX sss":oems). ? COﬁ\POMnIZS U.sed. 17'-{ LEX ;
3‘ HDW LEX w\‘.'wks.' +  Pollerns (R:ﬁul-nr Exr.mz:-slom) Describe tokens .
B - Actions c. code ue.cu*.u:l when Paﬂzxn. ma.l'.&l'w.s
{c:c;mrh; Seanner * yytext : String conloining maiched lexeme.
+ lex() : Function called to ing .
(Todarwadiahs fila) ohoit | dis ; i J
. Inf.lu.‘l'. Buf-Fer Bu-f-re.v-s mfmi‘. characters -Fm- cf-Fuamnd 3
4. Structure of LEX Specification File : ¢ DFA Engine : Makches poktterns using DFA.
iniki i i TRALTOS i a
DG’FTO‘::; :;;m F = Eiﬁm' i 8. Requlm' Ex;:ressi-on. Sl.iml:»ols- in LEX :
(Handibing? Matches any single characker (except mewline)
User Subroubines Section C funghm arnd main ) Mikkas zeea: or . pck e
b ? frackian. + Matches one or mere occurrences
Forvnd, : ? Mt-\ichu zero or one occurrence
I“C declarations | Charecter class (2.3.. [a-=]1)
x (. Grouping
Rules (pattern { action }) ~ Start of line
%%
User subroukines (main() ete.) | $ End D-I: e
5. Exum'\pl.a o-F LEX Pruqrm: q. anl’-n.qc_i oF LEX Teol :
%i L ﬁul-nﬂu‘-lb:cuu-lj 3:!:;!1:*#4 &F{t'.d.erd'_ sconner .
inelude stdia h £ o
:} 5 = ¢ Hondles large inputs and buffering .
digit [o-9] . Euﬁ te ’P"“I'Fﬂ tokens using rﬁsula.a‘ expressions
Letter [a-zA-Z] n ® Portable occross UNIX systems .
:ﬁ {letter} ({letter}|{digit}) s Pul ditelbctedl. . Binik ol o e
{digit}+ { printf ("NUMNE%s\n", gybext); }
{sa} { prntfCIDNE%s\n", yytext); ) 10, Liwbadtans of LEX Toul :
o { /% ignore newline */ }
[ntel+ { r= ignore blanks =/ } s \orks en{:’ en UNIX /Linusx SbiL&ﬂ'\-l.
. { P\-;.\.lf("Unlmwn\t'!.;\n". Hamt),'] o  Limited Llook=-ohead (uses Lunsgni moteh  rule) .
%% +  MNot suitable 4For context - sensitive tokens .
int moin(){ 35""”'(); return O; } . Caval..ex acktions may reduce a{fmn:a
Input : total = a1l + 25 ; 4 " &
Ou-zpul: ID tetal 11. Applications :
ASSIGN = * Used in compilers for Llesical analysis.
I al * Used in interpreters and lem.ammat processors |
PLUS " .
NUM 25 ®  Used in text processing tools .
SEMI o Used in le3 h\ﬁlﬂltﬂi, dota wvelidotors , ete .
Impor*{‘.m{ Points -Fcrr Exoms :
#* LEX is o lexical ml.ﬁ:c.r samrnbo\- | HBLC‘}_ conbatng Hha  wnakched’ lésewna .
* It takes Fn.um-n.& and  aclions s m.Fu.L and smruhsc code . * The lonse.n{ mokch rala is anpliad .
* ouI:Fut n-F LEX is I'a)""d:j‘c' (C source eode). * First Pi\mc of o :cwnflun' s lexical t.\.r\ul:’:.i.s.
& TE ses Raﬂular Expuﬂiﬁu to describe tokens . % LEX remouts ik spaces and  comments .




