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cocecsing  Sustewn

Lanaunane ¢

\

HLL

4

Preproce&sw

Pure HLL

N

v

Compiler
lassemb\a langyrane

Acce

N

mblevr
Machine tode (relomatable)

Linwer

Looder

Tur%e{— madhine code
y

<stdio.h>
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\ ?re?rocecsw
. Expomd.( HDL wcrog

gcc —-E hello.c -o hello.1i

536 extern int __vsnprintf_chk (char * restrict, size_t, int,
537 const char * restrict, va_list);
538 # ) plic s/Xco Contents/Developer/Platforms/M

s/Ma platfo sr/include/stdio.h
539 # G 2

540

541 int main()
542 printf
return

- end of Ble & wainl)
1. Compiler

gcc =S hello.1

.section __TEXT,__text,regular,pure_instructions
.build_version macos, 12, 0 sdk_version 12, 1
.globl _main ## -- Begin function main
.p2align 4, 0x90
_main: ## @main
.cfi_startproc
## %bb.0:
pushq %rbp
.cfi_def_cfa_offset 16
.cfi_offset %rbp, -16
movq %rsp, %rbp
.cfi_def_cfa_register %rbp
subq $16, %rsp
movl -4(%rbp)
leaq str(%rip), %rdi
movb %al
callq _printf
xorl %eax, %eax
addq $16, %rsp
popq %rbp
retq
.cfi_endproc

ONOOUVI A WN =

## -- End function
.section __TEXT,__cstring,cstring_literals
L2 iSErs ## @.str
.asciz "Hello World!\n"

.subsections_via_symbols




3. Agsembler
OCC: vse ELF veader Yo open olyect

as hello.s -0 hello.o

k. Loader|linkex
gcc hello.o

GCC awtomatieally  links| loads
owipuy:

-» Unit 1 ./a.out
Hello World!

Tnput fob\e
Lotadion of funchome

< Unit 1 nm a.out
0000000100008008 d __dyld_private
0000000100000000 T _ mh_execute_header

0000000100003f60 T _main
U _printf
dyld_stub_binder

offset of mmain

file
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Figure 1.6: Phases of a compiler
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Tovent passed N 4o snnfax avxa\ssis‘ ?\r\ate
toven-name: avevact Saw\\ool used ‘w S\ot\fwc av\o.\asm
attribufe-valwe:  polate 4o symbol  table ewiry

‘ Exawxy\e

position = initial + rate * 60

grouped indo  lexewes

1. position is a lexeme that would be mapped into a token (id, 1), where id
is an abstract symbol standing for identifier and 1 points to the symbol-
table entry for position. The symbol-table entry for an identifier holds
information about the identifier, such as its name and type.

2. The assignment symbol = is a lexeme that is mapped into the token (=).
Since this token needs no attribute-value, we have omitted the second
component. We could have used any abstract symbol such as assign for
the token-name, but for notational convenience we have chosen to use the
lexeme itself as the name of the abstract symbol.

3. initial is a lexeme that is mapped into the token (id, 2), where 2 points
to the symbol-table entry for initial.

4. +is a lexeme that is mapped into the token (+).

5. rate is a lexeme that is mapped into the token (id, 3), where 3 points to
the symbol-table entry for rate.

6. * is a lexeme that is mapped into the token (x).

7. 60 is a lexeme that is mapped into the token (60).!

After lexical awalygic

(id, 1) (=) (id,2) (+) (id,3) () (60)
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position = initial + rate * 60

L Lexical Analyzer w

(id, 1) (=) (id,2) (+) (id, 3) () (60)

L Syntax Analyzer \

(4,17 T+
1 [ position| --- (id, 2)/ RN
2 [Tinitial | .- (id, 3 60
3 | rate e

I Semantic Analyzer

-
i ~~
SYMBOL TABLE (id,17

+
(id,2)/ \*\
(id,3y”  inttofloat
|
Y 60

[ Intermediate Code Generator ’

inttofloat (60)
t2 id3 * t1

t3 id2 + t2

idl = t3

§ 3AC

Code Optimizer ‘
CSE
t1 = id3 * 60.0 2 ]
1dl = sa0 + 11 w0nerantfolding
i ce
L Code Generator |

t1

LDF R2, id3

MULF R2, R2, #60.0
LDF R1, id2

ADDF R1, R1, R2
STF idi, R1

Figure 1.7: Translation of an assignment statement

* Note: Yoce Combines pacser, semantic ana\psis, \Ch
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Lexical  Analntey

token
source Lexical 4 to semantic

program Analyzer | _ Parser analysis
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Symbol
Table

Figure 3.1: Interactions between the lexical analyzer and the parser
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Sometimes, lexical analyzers are divided into a cascade of two processes:

a) Scanning consists of the simple processes that do not require tokenization
of the input, such as deletion of comments and compaction of consecutive
whitespace characters into one.

b) Lezical analysis proper is the more complex portion, where the scanner
produces the sequence of tokens as output.

Zeviel Malusis G Aywdor bvolutia
U J U
* Pnalysic separated nto lexieal owalysis § Syntax  anolysic  Cpavsing)

Done Fer

I SiM?\iLH\o

2. f)ﬁ-‘sdemﬁ

3. Compiler poY-wo'\\Hn

Cérom TV
e A token is a pair consisting of a token name and an optional attribute
value. The token name is an abstract symbol representing a kind of
lexical unit, e.g., a particular keyword, or a sequence of input characters
denoting an identifier. The token names are the input symbols that the
parser processes. In what follows, we shall generally write the name of a
token in boldface. We will often refer to a token by its token name.

e A patternis a description of the form that the lexemes of a token may take.
In the case of a keyword as a token, the pattern is just the sequence of
characters that form the keyword. For identifiers and some other tokens,
the pattern is a more complex structure that is matched by many strings.

e A lezeme is a sequence of characters in the source program that matches
the pattern for a token and is identified by the lexical analyzer as an
instance of that token.



TOKEN INFORMAL DESCRIPTION SAMPLE LEXEMES
if characters i, £ if
else characters e, 1, s, e else
comparison | < or > or <= or >=or == or != <=, I=
id letter followed by letters and digits | pi, score, D2
number any numeric constant 3.14159, 0, 6.02e23
literal anything but ", surrounded by "’s | "core dumped"

<id, pointer to symbol-table entry for E>
<assign_op>

<id, pointer to symbol-table entry for M>
<mult_op>

<id, pointer to symbol-table entry for C>

<exp-op>
<number, integer value 2>

When lexical amaluser unable +o  procse lnput os  none of
the patterns wattn o0 prefix  of  the remaining input

Different ervor- cecovery  tecanigues

- delete succestive chare untl prefix of remaining Inpur  makthes
0 pottern

~ inCer} m‘\uina ohar

~ fepwce ene  daar  With  another

- Novgpose two  adyacent chavg



LEX - LEXICAL AIVALYSER. GENERATOR

Tool 4aat allows yow Yo specify o lexieal awolyter by
sfec‘(:“m& reppxes  to descrioe  podrern fox +tovews

Lex source program Lex
> L lex.yy.c

lex.1l compiler : sae

p Csimulates trawtihion

o\\‘MﬁrQVV\.)

C

lex.yy.c — ) | a.out
compiler

Input stream ____,| a.out |, Sequence of tokens

Figure 3.22: Creating a lexical analyzer with Lex

Structure of lex program

declarations
hh
translation rules

ophanal { YA

sechion L auxiliary functions e—— eve here
c_o |eo\ trect A@to Lex-yy ¢
fancbime® aan e
TransiHm  cules n M’NN\S

Pattern { Action }



The lexical analyzer created by Lex behaves in concert with the parser as
follows. When called by the parser, the lexical analyzer begins reading its
remaining input, one character at a time, until it finds the longest prefix of the
input that matches one of the patterns P;. It then executes the associated action
A;. Typically, A; will return to the parser, but if it does not (e.g., because P;
describes whitespace or comments), then the lexical analyzer proceeds to find
additional lexemes, until one of the corresponding actions causes a return to
the parser. The lexical analyzer returns a single value, the token name, to
the parser, but uses the shared, integer variable yylval to pass additional
information about the lexeme found, if needed.

Lex Pro%ram

ond  wmanifest conttante
Cnok dreated ot r%w\oxr' ded)

#include<stdio.h3

int count; SPQL.lFlﬁ fO\f/

st o insery-
o/o/ Regular definitions / ‘o §T

// <regex(how things should look like)> <action(tell parser saw a keyword)>

Lexer implementation ¢ \Qwa.lbg dePendevd'
© 4d, Syywiab m’mt fsv o>

prog. £
© Ignores oWl — frints input ot outpwt

» lexer cat prog.1l

%%

» lexer lex prog.1l

-+ lexer gcc lex.yy.c -11

1d: warning: object file (/Applications/Xcode.app/Contents
mac0S version (12.1) than being linked (12.0)

1d: warning: object file (/Applications/Xcode.app/Contents
r macOS version (12.1) than being linked (12.0)

-+ lexer ./a.out

test string

test string




Vorioble Oedarariom lexer

© Mot specific vules m top

oo
7o

int|float|char printf("Keyword\n"); Varimb\{
[a—zA-z_]1([a-zA-Z0-9_1)% printf("Identifier\n"); .

[ '] \t]\n] declavahion
; |, printf("Punctuation\n");

-+ Jlexer lex prog.1l

+ lexer gcc lex.yy.c -11

1d: warning: object file (/Applications/Xcode.app/Contents
mac0S version (12.1) than being linked (12.0)

1d: warning: object file (/Applications/Xcode.app/Contents
r macOS version (12.1) than being linked (12.0)

+ lexer ./a.out

int a, b;
Keyword
Identifier
Punctuation
Identifier
Punctuation

-+ Llexer: tende info Yo parser

integer
Identifier

Lever followe wmatth

- longyest prefix cule

- olto wlled waximal munth rule

- Heth rule fietk 36 lengiae of strings tame C kewwerds regex
mutt be defined loefore idewtifier vegex)



Dot  structure containing o vewsrd foxr eath varioble name
with  fidde for Wme attrivwtes of Hhe wname

Athribulres

© type

() S‘hrrage a\ocation

© SLO?Q

@ wmopping of name and oddress

@ ports of program  Hant reference it
) number and  wjpes of  arguments
@ method of passing  afpuments

Uted in all ghates of compiler

© lexicol onalyser: read inpwt and give it tu syntay  analycer
Cparger)

Parter commoands lexer +o read inpwt , lexer replies to yorer
with what i+ has read Cmpe)

Name | Token Dtype Value | Size | Scope Other Attribute
float funl(int, int); Declared | Referred Other
float fun2(int i, float j) { FUMZa| R PR DR (iprochans .
iz G & 1 TK_ID Int 4 1 1 6 parameter
float z;
’ j TK_ID Int 4 1 1 6 parameter
0;
i*xj+k; k TK_ID Int 4 0 2 6,7 argument
z = funl(k, e);
e TK_ID Int 0 4 0 2 7 argument
return z;
z TK_ID Float 4 0 3 7,8 return
fun1 TK_ID | prochame 7 proccall




When ¢ Where Vsed

- lexical oma\y‘\ser teang P9
- Find tymbols
= AddS Yo Sambo\ +oble

- Info obout eoach symbol s filed n [uydm’rcd

- Vsed for type dnecking

Miribute: info 0ctociated with o name

Phributes ore \anguage- dependeny

- dnavacters of the name

- ‘-SPQ

- storage oMok ivdo  Cnuwber of bytes)
- line number of declaration

= lines where referenced

- Swpe

SOURCE
CODE

LEXICAL ANALYZER
SYNTAX ANALYZER
SEMANTIC ANALYZER

INTERMEDIATE CODE
GENERATOR

MACHINE INDEENDENT CODE
OPTIMISER
CODE GENERATOR

MACHINE DEPENDENT CODE
OPTIMISER

TARGET CODE |

ERROR
HANDLER




CONSTRUCTING, _ fhy  SYMBOL TABLE

* Three main
. Detecmining € oo s’n‘ina has a\readg
2. Tnserting an entry for o $hring

o?em-h‘ m¢

been steved

3. Deleting o string when i goec our of Scope

* Three wwe:?ono\cn@ funcions
reurng index of the emtry for string ¢ in dne
symbol tnble, 6v 0 otherwise

2.

e index

odd o new ewy for

of token

and return

delete Cor Wide) +he ew\vﬁ fov from e +oble

Two Snw\\oo\ foble wmednanigwg:

and

Performoance in terme of e (no. of inquirie) and n Cno. of entries)
Simple to implemertt out poor Yc.r(’wmo.me when n
and ¢ ove larﬁe,

greater pro&mmm‘mg effort bt better

perfarmance
Name | Token Dtype Value | Size | Scope Other Attribute
Declared | Referred Other
Fun2 | TK ID | prochame 1
| TK_ID Int 4 1 1 6 parameter
j TK_ID Int 4 1 1 6 parameter
k TK_ID Int 4 0 2 6,7 argument
e TK_ID Int 0 4 0 2 7 argument
z TK_ID Float 4 0 3 7,8 return
fun1 TK ID | prochame 7 proccall




Linkid LA (MPLEMENTRTION

token | ID T
atts b
strPtr Ly

index 7 next node
next -——]_.

——= attribute structure

e position in string array

Table first | length | last b e
1 78
|: s Ir1a_lre o T [
ID_T oT] DT|
1 1 !
J ] —_—
| clofuln]t#fi#] .. jajmlef#|... |
SYMBOL TABLE % SCOPE
* Separnte Symbol tolde fov eoch scope
E— Real
Real Symbol table for block q
Real
Var xy : integer
Procedure P:
' q Real
a Real Symbol table for p
X Real
Symbol table for main P Proc
Y Integer
X Integer




Mate things easier to read
E,% wm C
M ahl & x(a+t)

W at=b W O=oa+b

Ea w CH#

Q) var X = ewpr
(ompilere expand sugared conetrucks Cesuppring)

Uhallenge- Scavning is Ward
\Y) [0

?,3-. FORTRAN: wWhitespacet are irrelevant

- 1.25

- |.28§
- Difficudt +o parhition +he irput (must look ohead)
€g: C+e - different wses of came charaders < and

) Tem?\a\-e_ S\An\-ax n<b
G Stream ¢ n-\'uv tin >7 o

W) Binar r\ h-\ shifs swnhy o>y 4
()] st\-ei termyplate fﬁn‘\‘au AcB<e>> D

- lexer mwt loo owead



€y when kewwords uted ot idenhifievs
IF THEN THeN THEN= ELSE; ELSE ELSE=\F,

- Difficalt +to nome lexemes

€g: lexer feedback ' C)tet typedet

= Lt texers vequire feedback +o differentiate between
typedef names and identifiers

int foo;
typedef in¥ foo;

foo a;

€9: fython: scope handled tvouph  whitespace

— Reguires ws fokens

o end of aline
ai) intreate in  indentahion
({11)) decrease in  indentorion
[ if ] [ident] [==] [ident | [ : ] [ NEWLINE ]

w z

[ INDENT | [ident | [=] [ident | [ NEWLINE |
a b

ident | [ =] [ident | [ NEWLINE |
c d

| DEDENT | [else] [ : | [ NEWLINE |

| INDENTI ident E ident INEWLINE]
e 3

[ DEDENT | [ident | [=] [ident | | NEWLINE ]




Simple Lexer 4o identitu volid declaroh ewg

nt b,
: \)s'u\@ owd together

3If Lex is used along with Yacc, then it would be normal to define the manifest constants
in the Yacc program and use them without definition in the Lex program. Since lex.yy.c is
compiled with the Yacc output, the constants thus will be available to the actions in the Lex
program.

<std
void yyerrb

int return INT;

float return FLOAT;

char return CHAR;

[a-zA-Z_] ([a-zA-Z0-9_])* return ID;
\n return NL;

[" "I\t]

void yyerror(char *s);

1

2

3
2
5

6

7 %token NL INT FLOAT CHAR ID
%%

9

1
2
3
4
5
6
7
8
9

P S NL {printf("Valid declaration\n");YYACCEPT;
S :D

D : Type List_Var return *

Type INT
FLOAT
CHAR

List_Var List_Var '
ID

void yyerror(char *s) {
printf(" "o S);
exit(0);

}

int main() I
if (lyyparse()) {
printf("Parsing suc
}
else {
printf("Unsuc
}

return 0;




-+ class2 yacc -d parser.y
» class2 lex lex.1

-+ class2 gcc y.tab.c lex.yy.c -11

1d: warning: object file (/Applications/Xcode.app
r macOS version (12.1) than being linked (12.0)

»+ class2 ./a.out

int a, b;

Valid declaration
Parsing successful
-+ class2 ./a.out
int a

syntax error

More Com?\ex C Gramwar

: Sﬂmbol definitions

P Program Beginning
S Statement
Declr Declaration
Assign Assignment
Cond Condition
UnaryExpr Unary Expression
Type Data type
ListVar List of variables
X (can take any identifier or assignment)
RelOp Relational Operator
P —S
S — Declr; S | Assign; S | if (Cond) {S} S | while (Cond) {S} S |

if (Cond) {S} else {S} S | for (Assign; Cond; UnaryExpr) {S} S |

returnE;S | A
Declr — Type ListVar
Type — int | float
ListVar — X | ListVar, X

X — id | Assign
Assign —id=E

Cond — ERelOp E
RelOp —<|>]|<=]>=

UnaryExpr — E++ | ++E | E-- | --E



nclude <stdio.h>
// this is a test file

int main() {
yyin = fopen("input.c",
yyout = fopen('"output.c",
yylex(); . . printf("Hello\n");
:c{osegyym)i Feturn ©; /****xxixx [/ sup xxxxxxxx/
close(yyout);

return 0; i; gfdhjsk

int main() {
/* let's
*
printhelp
// sup
7

LCoOoONOATUVTAE WN =
WOoONOTUVIE WN =

» 1labl lex c_syntax.l

» 1labl gcc lex.yy.c -11

1d: warning: object file (/Applications/Xcode.app/Contents/Develop
MacO0SX.sdk/usr/1ib/1libl.a(libyywrap.o)) was built for newer macOS
+ 1labl ./a.out

» 1labl cat output.c

#include <stdio.h>

// this is a test file

int main() {
/* let's
*
printhelp
// sup
*/

printf("Hello\n");
return @: /*******#* // Sup ********/

/* gfdhjsk
L




A VAV S
4 \/\*(.*\n*)*\*\/

<stdio.h>
// this is a test file

1
2
3

int main() {
/2 let's
*

printhelp

int yywrap() {
return 1;

CONOAUVTAS WN -

) return JRERRRRRRRR [ ] quD KXKRKERRR/
main() { p

yyin = fopen("i C.i¢ * ;
yyout = fopen("output.c' : i, S
yylex();

fclose(yyin);

fclose(yyout);

return 0;

1abl lex comments_1.1

labl gcc lex.yy.c -11

labl ./a.out

labl cat output.c
#include <stdio.h>

int main() {

}

sSource: stort stokes



Like stode¢ in DPASs

Medhanism  for cov\o\'\ﬁm\\& acﬁva-h'mA poctterns

Useful for comments, quoted stvings

Declare et of stary condiion nawes using
7 shart namel  wame

Patternt  prefixed with <namel? will only be achive when
scamner 8 in stark  condiion  namel

Tf you want to match o \wgwmra\ ofter looking awead and
foling creps ook

Example: if ctarements : we want +o ched f iF i followed
by O poic of brockest with coatent mside \(.«\D

Vte forward clach / as look-owead operator

-
—

if/[" "I\t]\n]*\(.*\) printf("if keyword\n");

int yywrap() {
return 1;

-~

1
P
3
4
)
6
7
8
9

int main() {
yyin = fopen("input.c",
yyout = fopen('"output.c"”,
yylex();
fclose(yyin);
fclose(yyout);
return 0;




Sinﬂle—line ommentt: Shavr  with
AC/YGE) e NN\ L
Mulki-line  commentt:  tart  with
\ /7 \¥

Move from ttate o Shate

A('17")(.*) fprintf(yyout, " ");

\VAS {yymore(); BEGIN state;}

<state>[" '|\t|\n] {yymore(); | state;}
<state>[*\*¥] {yymore(): state;}
<state>\*[*\/] {yymore(); state;}
<state>"*"\/ {fprintf(yyout, " ");

WLoOoONOTUVID WN =

int yywrap() {
return 1;
}

main() {

yyin = fopen("test.c",
yyout = fopen('"outp
yylex();

fclose(yyin);
fclose(yyout);

return 0;

Ny L) N A AN OB Rl oy

Q »Q
mOWEO
%/



incluc <stdio.h>
// this is a test file

int main() {
/* let's
*
printhelp
// sup
//

printf("Hello\n");
return ""‘; /********* // Sup ********/

/* gfdhjsk
*/

-+ class3 lex comments.1l
-+ class3 gcc lex.yy.c -11
-+ class3 ./a.out

-+ class3 cat output.c
#include <stdio.h>

int main() {

printf("Hello\n");
return 0;

© To Simplify regexes: can define placeholders
id @ Cletter) Clerterldigit)®*  —— how Yo write w \exer?

© Can use patrern Adefinihmg W rules sechn

LooNOOTULAE WN =

10 int|float|char|main printf ("Ke ") ;
11 if|else|for|while|do printf("Ke) o 1
12 +|-|*|"7" printf("Ope r\n");
13 {id} printf("Identifier\n");




<stdio.h>

ONOTUVT A WN =

14 int|float|char|main printf("Ke

15 if|else|for|while|do printf("K

16 {number} printf("Nu r\n
17 {i printf("Identifier
18

19 &

20

21 int yywrap() {
22 return 1;

23 )

24

25 int main() {
26 yylex();
27 return 0;
28

labl lex placeholder.1
labl gcc lex.yy.c -11
» 1labl ./a.out
14.3E-91
Number

0
Number

int apple = 13;
Keyword
Identifier

= Number




Q: Beaviour of lexer
Given:
ol printf (41D
odon, ?r'mﬂ (2™
oL ?rinﬂﬁ Ma™)

Provide output fay

4 o
3

(v ababe

2 p 3
2b%

8: a%b printf (*17)
(aled*s  printf ")
Cb‘ Pf-‘n*{ [“5“)
0> toabe 323

Ly
3 2 )
(1) tbbbba 324
1 'Ii
3 2 aa

Qi Sring fov which off w132

be abb



6: aa prinkf C*17)
of ato? cintf (V2™
b2 a2 printf (M37)

(Y ‘Lle'm_kzlf

L
3 5

an s\ﬂv\a T of 18 123
Not ?oss'\b\e
@i S\Yiv\a ST 0P s 32|

bb anbaa

Q: Give on exawple of o set of resex and nput  string ST
- Shrina tan be bLbrowen o\Par\- into :u\os’mv\%s wheve eath Subehr

wmarches o rtaex BuT
2. The lowbm— pre(’ix algo wWill foul 40 ook dwe skﬁv\a n o way
wheve each plece motthes one of e Yegex

L O* {;rin-\(’(“l") L aa
1oby Pr'\n’& ™" 2. bb
3. aab
ghf'ma : o0ob s&n% oaoblb
oo
2. 0b
%3 bb

shyi ng: anbbb



INPUT BUEFER\NE

How Yo tm‘ctevxﬂg read e Source ?mgmwﬂ_ tThink: ook
owead Ma&ch‘\v\a problem  existd)

Two-buffer scheme handlec lavpe (ookaheads sofely
— end of identifier marked by firek non- letrer| digit| wndersuve
- operadsy + V& +4, = Ve == et

Two ‘ouffers wced for cending source  (ode

B =i iMix|cit %2 eof

T forward
lexemeBegin

Figure 3.3: Using a pair of input buffers

tach bulfer of size N (usvally tne of ditw block so0 fhat owne
Syctem  read e\l reade Hhe ewhire buffer)

Tf fewer Haan N charactere  are teft in inpwt file, ¢pedial
thar odded 40 Hhe end of the Hle to wark the end of

e tource file
o nput pointert woaintained

1. Pointer lexemeBegin, marks the beginning of the current lexeme, whose
extent we are attempting to determine.

2. Pointer forward scans ahead until a pattern match is found; the exact
strategy whereby this determination is made will be covered in the balance

of this chapter.



« fsrword oINS to the dhar OF tae vight ewd of Hhe lexeme
(muwtt oe  vetvacted by one dnaf ofter e firtr WOR- Mt ching
uar found)

After lexeme converted to o token ond returmed to parser,
lexeme Begjn advances 4o Hae charotter imwediotely ofter forward

While odvawcing fsrword , must chedt i end of inpur  buffer
reaced and S0, wmuck relond the other buffer from input
ond  wove forward 4o tae Fficst char of the new lowiter

At long, os sum Clexeme lewpin) + look akead distawce < N,
we Wil not  overwrite lexeme n  owtfer bebore deﬂrm\v\'\na
i

Cath Hime we oadvawce ferword, muet thed i we wave veached
end  of buffer omd f so, mwet veload e other butfer

toch dar.  4wo  tects Yevﬁrw\ell
D 55 daar ewd of lowffer
D) Whith daar vead

ombine looth tede: ek end of bubfer Wold o tentinel daar
Gspedal char  Hhot comnot be  part of sourte proprom —
chosen)

E = éMé*EeofCé*f*éZfeofi St eof

T forward
lexemeBegin

Figure 3.4: Sentinels at the end of each buffer



Nﬁw'ﬂ—hm Cox P\d\VQV\()\V\e\J forcward  Pointer

switch ( *forward++ ) {
case eof:
if (forward is at end of first buffer ) {
reload second buffer;
forward = beginning of second buffer;
}
else if (forward is at end of second buffer ) {
reload first buffer;
forward = beginning of first buffer;
}
else /* eof within a buffer marks the end of input */
terminate lexical analysis;
break;
Cases for the other characters

Uvutture of (exical fnaluser Generoded by Lex

Input buffer
lexeme
lexemeBegin forward
Automaton
simulator
)
Lex - Lex Transition
program compiler . table

Actions



1. Transiion +oble fy  automatm
reated fov oW porterng defined in ¥ae \ex program

2. Adhons

Fra.smm*s of wde defined 4o Haeir corvespmding poterns
* Towvoked by Automata Simwatoy of the appropriate time

3. funthome
Defined

o owdlioey funcion  secion of  the lex  prog
Possed directly Yarouah lex fo e oudpur file Clex-wyw.0)

k- Anromata Simulatvy

Servet as lexical owalwser awd wses avove 3 omponewi

Simun\ateg

Convert repex Yo NFA ond then OFA

NEA o OFA

Regular
Expressions

NFA

Simulate NFA to
recognize
tokens

Optional

-

v

DFA

Simulate DFA to
recognize
tokens

-/



A- NFA  created from all vegenec

Lex specification with NFA
regular expressions

P { action, } ZNp)Q action,
Wil tart
P, { action, } :> sta )6%. action,

P, { action, } action,

@Subset construction

Q: hiven Hae %l\owm@ ?u-H-em& § athens, construct an antomatm
COPA) fwr the lex prograws and show Steps of pattern matching
of shrw\% aobo w  tne NEA

a { action A; for pattern p; }
abb  { action As for pattern py }
a*bt  { action Az for pattern ps }

Srep 4: convert each lex potrern 4o NEA

- =00
" =000
o Bl



Qi—e,p 2: converd Yo Combined A-NFA

S+q> 2. (onver Yo DEA

state o b
—> 0137 247 8
% 247 7 58
% qQ o g
7 7 g
%SQ ) 68
* GQ ¢ %
¢ P p



Step b+ postern AN fov  onba

note: ohart ttate ¢ A closure of ©
a N b a*b* a
- P L \
0 2 7 8
1 4
3 7
7

none



O: hiven e %\\ow\a@ patterns § athens, construct on antromatm
CNFA) for fhe lex prograws ond show  Stepe of patter wakching
of siring blbaabl  ne NFA

aa prinkf C1™)
of axo? cintf (N2 ™)
b2 ad6? Pv'mhf ("3™)

S‘\'CF 1.

~O~0=0
Q
—O

S-\'EP 2:

=)
—_— PR )
A 2
OOy
>\ &
U ©




0 S 10 no 4rans - end of pattern

{ 9 f pointer goet loack | tyep
" 10’ lexeme : bl

% final state: 10

S ?a-Hern-. 2

4 lac\im yri:\H:(“s")
0"

/A

o S 4 b 7" no Arans — end of pattern
( 9 T T 100 ¢ pointer aoet baclk

¢ W 9 9

s 10* 0" 2 Fnal stodes 7910

c pottern 2 lickeA Fivet

q

\L achon ?ﬁt\\'ﬂ“)—“)



1

b
o §
[ 9“ fina\ state :10
¢ o ottern 2
") lac\im
c priatf(*2”)
q
IO* ov&P\M—: 292

\ wawead Operatey
Zonplementing Lookahe P
any

start e () m |
. I . F . . ( . ) . etter @

Figure 3.55: NFA recognizing the keyword IF

Q: Run the oiven code tarowgh the different phates of a
Compiler awd thow ¥ne off ot overy stage

n=23,
for (=0, ienyies) {

Sum = Sum % L)



Rengx file

Patiern \lexeme  matched
V.&AWWA fox
Wentifier NG, b, NS L,Sum sum i
number 2%,0
D\ri-\’b\_o? %
vel _ op &
inc - op Tt
Stign op =, =
punciuati on 3, 030,853
Tokewns

No of +owens: 25

Cid, sym-n>
Loassign, =7
{number, 229
37
Lhepword | Sy -for Y
<O
Cidysym=-id
Lassion, =7
{aumber, 07
(')7
1\, swm-i
Crel-op, <2
<id, tym —n?
Cy7 .
Qid, Syym-u?



int-0p, ¥¥7
<32

{7

cCid, Sm_sum>>
 assign, =
Cid, sym-sumy
Lorivh-0p , % D
Qi sy -iD
y?

<12

S\‘ﬁmbo\ ‘able

n
i
fuwm

Grammar

PS8
$—> Assign 5 S| for (Assign ; Cond; € PEARE Y P

Assigh = id = €5)

E— EXxT |\ T |Ime
T T»F \¢

F — id |number| LED
Inc = idt+

(ond = € RelE

Rel ¢ |%|¢=]>=] ==

- - -



/
G Syr-n> j
(o ss\sn, =7

AN

A X Gid ,sym-i?
' .0 |

. 2
@;‘":7// \,\\\\; T %—ng?ar\h-op,#>
Ad ,s\{)m.'ﬁ 0//'/ ) @‘) ? > <ad,s\5$4m‘”“ﬂ"“’ &@

\' Inc
@J N Ginc-op, t+7 P
¢ é & d ,S'ﬁm-.l- S Ga 3‘)\3"\-—8\&“'\)



{’ro%mm

Q“%ﬁ’—ﬁ astign , =
\
4 A«\{M’ }-{-\M-OP,#>
\

ik, syon-rO  (nuwnber, 257

Cu?wmh%> <l wdm-sum> G sgm - 0D
<as<c'(3n,-—7 Crel-op,¢? Lorith-op ,= ?
('.d,s.om/.i) \ CidySum-i? Cid ,tym-n7  id,sym_i>  <arith-op, +>
<numboer,0 7 \
Gty Sym-1> Guwmber,1?

teMP wwenever

n=22
i=0 iwere & aw
Lo: g1= i 2N operation o
i 1 g0t U ¥ne WS
Q0to end
Li: €2 = sum ¥ i

Sum = 49

t3 =~ it

t= t2

yoto Lo

end



Lame W AL wase

treade ORG,

thece for 3AC, redundancies

farpet ode

n=232%
(=0
Lo: g1= i ¢ n

iF 41 govo U
Qoto end
Li: b2 = Sum ¥ i
fum = £
£t~ it
t= t2
9oto L0
end:

Torpex
MoV R\ , #13 N n—@
MoV Ra, #0 I i - R
Lo: SUB RBJR2R [ i-n K3
LD RY, Sum Il sum = Ry
ALz R2, L)
B ewd

LIt MUL Ry RZRY // sum = Sumss
ADD R2, R2 #| /i=ixtl

B L

end

[ Handweitten: lexer written frm  foradch ag o program
Cep: € lexer — loop-switdn implementatim)d

2. US‘{\% a Yool (e<> PLY (?\@’hon lex V\y»cc)



¥ over final Stoke: retmet vack by Mme  trep o Hind end
of lexeme

+ KA — L rerrachons

relop — < |>|<=]>|=]|<

start <

return( relop LE)

@ return( relop, NE)

+ &= retvact fvward pointer
return( relop LT) @) one ?\ace

return( relop GE)
. eferract fovward pointer by

other return( relop, GT) pné Plac'e

Figure 3.13: Transition diagram for relop

letter or digit

*

start letter O other
o @ return(getToken(), installlD ())

Figure 3.14: A transition diagram for id’s and keywords



digit —  [0-9]
digits —  digitt
number —  digits (. digits)? (E [+-]? digits )?
letter — [A-Za-Z]
id —  letter ( letter | digit )*
Variolole : holde current state number
- Switth ‘oased on value executes ode for ot state

funchions wsed

- getel) ov nextChar(): veads wext dnar frowm  input

T Inalizn0): places ¥ne lexeme LID) in  the  symbol dable if not
presemt & veturns o pointer fo  the Same

Tngtralt Numl)d: Y\aces We lexeme (number) in the sambo\ fav\e

f not precenmt 4 veturns o pointer to the same

Toretrackl): W occepiing stake wac a < uwsed o refvact +he

forward pointer

Se\—'\'ov.en()- exawwines Syrabol  talde  ewvy fox  Yne lexeme

found awnd rerurng e ‘oen wname

- Fall(d: resert fovward pointer o lexemeBepjn Yo iy onother
Aransinonm diovtam (mokdn  onother rule)
¢ foill) Aunchmality depends e gwbal ervor retovery

srockepy of Llexical Amalyser

- isalphalo): tyue ik ¢ s on  olphabet

- i) s tywe W C 8 a d‘\s'\-\-

- woalum O true E ¢ s an a\phatet) ohigjt

- isdelim COY: tywe W ¢ 18 o de\ivwYer



6: Drow franstion diagfam Loy uvxsl%vxe(k nuwbe (s

digit digit digit
start @ digit @ digit E @ othe *
E digit

other * other

Figure 3.16: A transition diagram for unsigned numbers

R—%lx for lommwents
Sil\@e -line w0 [~ \n\r) ¥+
i -line /T ([P |er Te DNt /7

There are two ways that we can handle reserved words that look like iden-
tifiers:

1. Install the reserved words in the symbol table initially. A field of the
symbol-table entry indicates that these strings are never ordinary identi-
fiers, and tells which token they represent. We have supposed that this
method is in use in Fig. 3.14. When we find an identifier, a call to installID
places it in the symbol table if it is not already there and returns a pointer
to the symbol-table entry for the lexeme found. Of course, any identifier
not in the symbol table during lexical analysis cannot be a reserved word,
so its token is id. The function getToken examines the symbol table entry
for the lexeme found, and returns whatever token name the symbol table
says this lexeme represents — either id or one of the keyword tokens that
was initially installed in the table.

2. Create separate transition diagrams for each keyword; an example for
the keyword then is shown in Fig. 3.15. Note that such a transition
diagram consists of states representing the situation after each successive
letter of the keyword is seen, followed by a test for a “nonletter-or-digit,”
i.e., any character that cannot be the continuation of an identifier. It is
necessary to check that the identifier has ended, or else we would return
token then in situations where the correct token was id, with a lexeme
like thenextvalue that has then as a proper prefix. If we adopt this
approach, then we must prioritize the tokens so that the reserved-word
tokens are recognized in preference to id, when the lexeme matches both
patterns. We do not use this approach in our example, which is why the
states in Fig. 3.15 are unnumbered.
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