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Lexical Analysis

Subjects
» Role of lexical analysis
» Regular languages, regular expressions
» Finite-state machines
» From regular expressions to finite-state machines
» A language for specifying lexical analysis
» The generation of a scanner
» Flex
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“Standard” Structure cont'd
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Lexical Analysis (Scanning)

» Functionality

Input: program as sequence of characters
Output: program as sequence of symbols (tokens)

» Produce listing

» Report errors, symbols illegal in the programming language

» Screening subtask:

/’T’I_d’e_ntify language keywords and standard identifiers

» Eliminate “white-space”, e.g., consecutive blanks and newlines
» Count line numbers
» Construct table of all symbols occurring
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Automatic Generation of Lexical Analyzers

» The symbols of programming languages can be specified by regular
expressions.

» Examples:

» program as a sequence of characters.
» (alpha (alpha | digit)*) for identifiers
> (% until ““*¢)¢‘ for comments

» The recognition of input strings can be performed by a finite-state
machine.

» A table representation or a program for the automaton is
automatically generated from a regular expression.
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Automatic Generation of Lexical Analyzers cont'd

< regular-expression(s) )

( input-program 4 (scanner—program ) (tokenized—program)
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Notations

A language, L, is a set of words, x, over an alphabe@

aiar...a,, awordoverX, aj € X

€ The empty word
— " The words of length n over ©
— B The set of finite words over X
= The set of non-empty finite words over &
X.y The concatenation of x and y )(7
Language Operations
L1 U l_2 Union
Lil, ={xylxelyels} Concatenation
~L =% Rty Complement
L" = ol i 50 = Ll £ 1 0}
R - U rn Closure
n>0
i+ = U

n>1
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Regular Languages

Defined inductively

» () is a regular language over X
» {e} is a regular language over ¥

> For all a € ¥, {a} is a regular language over ¥

» If Ry and R, are regular languages over ¥, then so are:
> Rl U R2,
» R1R>, and
> Ri‘
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Regular Expressions and the Denoted Regular Languages

Defined inductively @/
» () is a regular expression over X denoting 0, /—¢_§_ (—

> ¢ is a regular expression over ¥ denoting {c},

—
» For all a € ¥, ais a regular expression over ¥ denoting {a},

» If  and | rp are regular expressions over ¥ denotlng Ry and Ry,
reSp., then so are: -

> (r1|r), which denotes Ry U Ry,
> (rir2), which denotes R R», and
- - —_——

» (r1)", which denotes R}.
» Metacharacters, ¢, (,), |, * don't really exist,

are replaced by their non-underlined versions.
Clash between characters in X and metacharacters {(, ), |,*}

ed&h(\!/
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Example
Expression Language Example words
alb {a, b} a,b
ab*a aj{b}*{a} aa,aba,abba,abbba,...
(ab)* {a g, ab, abab, . ..
abba {abba} abba
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Regular Expressions for Symbols (Tokens)

Alphabet for the symbol classses listed below:
b

teger- co stant
é”(“gj {4 IQ‘ (r,((;eal constant
fot-15) (o)
//%’\_1_,5 co menE "/2 /

matching-parentheses?
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Automata

In the following, we will meet different types of automata.
Automata

> process some input, e.g. strings or trees,
» make transitions from configurations to configurations;
» configurations consist of (the rest of) the input and some

memorg'z

» the memory may be small, just one variable with finitely many
values, -

» but the memory may also be able to grow without bound,
adding and removing values at one of its ends;

» the type of memory an automaton has determines its ability to
recognize a class of languages,

» in fact, the more powerful an automaton type is, the better it
Is in rejecting input.
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Finite State Machine

/=
| ( )
Input Tape i
The simplest type of
automaton, Actual State
its memory consists a
of only one variable,
which can store one V
out of finitely many = Conticl
values, its states,
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> (NFSM)

———

»f states
—

| state
» F C @ — final states
—
» A C Q% (XU{e})x Q — transition relation
—_— —_— —

May be represented as a transition diagram

» Nodes — States
> qgo has a special “entry” mark '\/(@ @
. = a
» final states doubly encircled p 2 ﬁ}
> An edge from p into q labeled by a if (p,a,q) € A
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Example: Integer and Real Constants

Die{O,l,...,9} . E € &l ‘
0 [ {1.2} ] 0 0 = Fﬂ 12
1| {1} 0 0 0 | / lgllf\glém
2 | {2} {3410 |0 d(‘?)
3| {4} o |0 |0 G = 0
4| {4} 0| {5} | {7} F = {1,713
5 | {6} o |0 |0
6 | {7} 0 0 0
710 o |0 |0
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