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The Scanner (Lexical Analyzer)

e The basics

e [exical analysis or scanning is the process
where the stream of characters making up
the source program is read from left-to-
right and grouped into tokens.

e Tokens are sequences of characters with a
collective meaning.

e There are usually only a small number of
tokens for a programming language:
constants (integer, double, char, string,
etc.), operators (arithmetic, relational,
logical), punctuation, and reserved words.
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Notes on lexical
analysis

The lexical analyzer takes a source program as
Input, and produces a stream of tokens as output.

lexical analyzer might recognize particular
Instances of tokens, such specific instances are
called /exemes.

A lexeme Is the actual character sequence
forming a token, the token is the general class
that a lexeme belongs to.

Some tokens have exactly one lexeme (e.g. the >
character); for others, there are an Infinite
number of lexemes (e.g. Integer constants).



Notes on lexical analysis

« There are two primary methods for
Implementing a scanner.

* The first i1s a program that is hard coded to
perform the scanning tasks. It is .. Scanner
implementation #1: loop &
switch

« The second Is the use of regular expressions
and finite automata to model the scanning
process. It is.Scanner Iimplemen-
tation #2: regular exp-ressions &
finite automata.
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lexical analysis

if , then , else , (terminals) llgll s @
relop , id , hum ....
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e digit—> 0|1]...... |19 - |0 -9 |



lexical analysis
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Lexical analysis review
sl Jaall adla

e | exical analysis: the process by which a
sequence of characters (input stream) is
broken up into its elementary words
(tokens)

A5V LK ) Alaal) codladal) adads i Lgy Al dyleall 451 o

e Qur _goal: come up with an algorithm to
scan an input stream and identify the
tokens

alalal) GOLLAN e o 58 2 )l 53 Jae 8 Cargll o) @
tokensalé 2l o il

What we know: a general description of e
Gladlall ale Cana 5 54 48 23 Lasthe tokens




Lexical analysis review
sl Jaall jadla

e Step 1: Use regular expressions to formally
describe the tokens

token 4l 2l caa i 8 alatiall juadl) aadtil @
e Step 2: Build a finite automaton out of the
regular expressions, i.e. a machine
(algorithm) that can recognize words
described by those regular expressions.
Sl AY) )l ea (ol alatiall el (e A8 Al A3 AY) Ly o8 e
' aLtiall uel) @l ddia gall S e oyl
e Step 3: Add some additional functionality:
error handling, symbol table access.
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Lexical analysis review
sl Jaall jadla

Result: a program (machine, algorithm)
that can read the input stream and rEturn
tokens

<$°JJ‘P > GA\AJJ u.c DJ\A.C 99 @)LAY\ M\ AA.\.\.\M
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Tokens wldle

All this can be done automatically b?/
scanner generator (such as Lex) as long
as we provide the regular definitions and

specify the “additional” actions.

il (Lex) Jie “aeulall o gall” alaiiuly Ul alee Say 138 JS
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Syntax analysis
s saill Jlaal

During this phase: e

Verify that the program is syntactically e
correct

Y ah Ala i Gl U e

Lol e ) masia zalid) O (e (Seaill* o

Build an internal representation of the e
source code

il (38) eyl Ay Jiad cli* o
Handle errors e
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context-rree Grammars
(CFGSs)

A scanner recognizes words of the language e

Al GlalS e Caety (SOWY) Jladl) mulall o)) o

A parser recognizes sequences (strings) of e
tokens.

-1 Jie Tokens cledlall Gladii e b ety el Ly

e.g. (id+num)*id e

e is a sequence of tokens that "builds" an

expression.

M&uﬁ@%w&\juuw\wumuc{)& J.\.uuj\ lAa- @
e We need a way to formally describe such
patterns of tokens.

J zokadl) el Capn gl g e 48k ol oY) Jlaall Joad La 3l 131 @
Tokens



Context-Free Grammars
(CFGSs)

Regular expressions are not powerful e
enough (for example, they cannot be used

to describe balanced parentheses or block
structure)

Y Sliad— o prall Jend 48N 5 8L cud dadaiid) Ol il ) e
sl 58O Jaall g peial) gl —Lgl il 5 Ll Y1 o apdaia

Context-free grammars, however, are! e
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conditional s e suasLae (S 1) JEa @
4yl saclall 48 2 statement

If S1 and S2 are statements and Eis an e
expression , then :

“ If E then S1 else S2” isa e
statement. (1)

(L2 LS A0y elad) 3 aalasin) oy

Olatial)  gad aladin) (Say 436 13 @
oSS (V)@ grammar production e
Stmt > If expr then stmt else stmt o



Context-Free Grammars
(CFGSs)

e A CFG is a language generator that uses
"rules" to generate valid strings of a
language.

Mgl el aadiun (gdlly Aall Alge e 3)be CFG 4 () o
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Intermediate symbols are called non- e
At h 8 Al e dbugiadl 5l terminals

Jsa ' Atomic symbols are called terminals e
A jh cllg e Al




Context-Free Grammars
(CFGSs)

Example: o
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— If then

\/

terminals




CFGs : definition

A CFG is a quadruple (V, £, R, S) o
where

V is an alphabet consisting of -
terminals and nonterminals

>, <V is the set of terminals-
S eV-X is the starting symbol-
R c (V-2)xV* is a set of rules -



CFGs : definition

Example: Consider (V, 2, R, S)
where
V = {SI (I )}_

2 ={ (I ) }_
R={S5—>(S5), 5>5SS, S—¢ }-



CONTEXT -FREE GRAMMERS (CFG)

CFG consists of terminals , non-terminals , e
a start symbol , and productions.

LIl je)s 4yl e dllg-dd sk Alle e S CFG o
e

Terminals are the basic symbols from e
which strings are formed , ex. Keywords
are terminals.

u\.:uh.d\ UJJSJFJLG_\.AH\)M\.MY\ JJAJML;Q‘L\SJH‘ c_m\_\\.@_d\ ®
if — then —else... ASl Gl Jis

Non-terminals are syntactic variables like e
expr , stmt.

expr , StMt e Lsaill <l iiall s 46 b il Cllg il o




CONTEXT -FREE GRAMMERS (CFG)

In a@a grammar , one non- terminal is e
distinguished as start symbol and the
set of strings it denotes is the
language defined by the grammar.

o oAl Ay dd sk gl Glledl) sda aa) b il ig e
S G )l N clelil) S Al e S
ac| gal) S xads

The production of a grammar specify e

the manner in which the terminals
and non-terminals can be combined



CONTEXT -FREE GRAMMERS (CFG)

A8 phall Gl Ly oy Ly Al A3y dall e 3 )le sadll Cilatieg o
sl Clanli o oS3T Ad Ll e

e FEach production consists of a non-

terminal, followed by an arrow

(sometimes the symbol ::= is used in

place of the arrow) , followed by a string

of non-terminals and terminals.

3= ) pe Ao grie Ayl e Al e B ke ik Sl s o

48yl e 5448 )kl Allall e COlaludy e g 1=



CONTEXT -FREE GRAMMERS (CFG)

EX. e

eEXpr =2 expr op expr e

Expr =2 (expr) Expr > e
- expr

Expr =2 id Op e

> +
Op =2 - OQ > o
Op 2/ Opf > e

In this grammar , the terminal symbols e
are .-

id I+I_I* 17\/ (I).

Tha nan-farminale aro avnr snd AP ~nd e



Notational Conventions

dad yha e 4_1\.@4 A 5 terminal «é )k 4\_1\.@_1 e o Ladla S5 s\dily o
lle (alate 4 ey AlaDdaial Jao p st Wl non-terminal
odw\o&é\u\)dw@.\aud)\;dhj

1-These symbols are terminals: e«
Ad )b dlgs Gsadioda @
i)Lower —-case letters early in the alphabet such e
@u\aﬂ\@@l\jow\m)ﬂu‘j\ <y xllas a, b, c

Cl3eji)Operator symbols such as +, - ,*. °
il ) uuA,J\

lii)Punctuation symbols such as parentheses e
Jie Jeally QLN ( padind Al 55000, ),comma, ..etc

Ja¥)iv)The digits 0,1 ,2 ,3 ,4,.....,9 o

o IaoldfaFce strings such as id or |f (For us may be




Notational Conventions

2-These symbols are nhon- terminals:

Upper - case letters early in the
alphabet such as A, B, C, ...

ii)The letter S , which, when it appears , is
usually the start symbol.

lii)Lower —case italic names such as expr
or stmt

3-Upper - case letters late in the
alphabet , such as X ,|Y,Z represent
grammar symbols , that is , either non-
terminals or terminals



Notational Conventions

4-lLower - case letters late in the alphabet

, Chiefly u,v , ...z ,6 represent strings of
terminals

5- Lower - case Greek letters , o , B, y, for
example , represents strings of grammar
symbols , i.e:

blas A > o, ®

IfA> al , A> a2 , A> o3 are all production
with A on the left ( we call them A-productions)
we may write

A-> ol| a2 | o3.....| ak. We call a1, a2,a3...., ak
the alternatives for A

Unless otherwise stated , the left side of the
first production is the start symbol



Notational Conventions

Example :- o
LSy Y il e el S Clallaiadl o3a aladiulg e

o A
exXpr =2 expr op expr Expr e
Xpr 2 - expr Expr 2> 2 (expr)
id Op =2 +
Op =2 - o
p >* Op 2/
Op > T E>EAE | (E) |I -_5
I
A> + | -| *| Te

are non- O Ui 45,0 clalaal) (8 138 g
E, Aterminals
e And E start svmbol . The remainina



Derivations
i

Aalll Cay ot ailan) g ay gl () LY
8= J.ua_\ﬂ M\M\ e.u Lﬁj‘j j;_d\ Y u\ﬁ Sl L;.c d\_msj
EXpreSS|On ).u:u d.\.u E L_\.\;MLUS\ g.ab.ua.d\

E-> -E

IS o JLall] (R al Ll — Aadlas B gaana s (o WLins
E—=-E Which means "E derives —-E”

e b ¢l

E = (E) O 138a

Which means we could also replace one

instance of an E in any string of grammar
symbols by (E) as:-



Derivations
i

JE = E *E = E * (E)
E—-E *E= (E) *E
Gladle (pagray WIS Baaly B A0 (S 13SA
Lo ol Jaad lldy i 5 sl
-(id) Y Jeasl) iah
E - -E = -(E)= -(id)
E o -(id) Uy bl ol auds



Derivations
i

) ol & Aaa oo 3 ke -(id+id) Judadll JUis o

IS bl alag) Sy AV 12 @

E=->-E =>-(E)=>-(E+E)=> = -(id +E) = - o
(id+id)



CFGs : derivations

Example: Consider (V, £, R, S) where o
2={() ) V=AS()}-
R ={ } -

—
sentential form
This example demonstrates a leftmost derivation : one where

we always expand the leftmost non-terminal in the sentential
form.



