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Today

¥ What is lexical analysis?
¥ Formal languages

¥ Regular languages

¥ Deterministic automata

¥ Nondeterministic automata




exical analysis

¥ OLexingO
¥ OScanning®
¥ OTokenizing®




Lexical analysis

¥ Takes in character strear

¥ Outputs a token stream




Example

function identity(x)
{

return x ;

¥




Example

FUNCTION ID(identity) LPAR IDK) RPAR
{

return x ;

¥




Example

FUNCTION ID(1dent1ty) LPAR IDK) RPAR
LBRACE
return x ;

¥




Example

FUNCTION ID(identity) LPAR IDK) RPAR

| BRACE
RETURN IDK) SEMI

¥




Example

FUNCTION ID(identity) LPAR IDK) RPAR

| BRACE
RETURN IDK) SEMI

RBRACE




Abstracting streams

¥ BAD:getchar()

¥ REALLY BADchar* input ;

¥ GOOD:

¥ 1input : LazylList[Character]
¥ tokens : LazylList[Token]




Lexical specibcation

¥ Token types
¥ Whitespace

¥ Keywords
¥ Operators

¥ Comments
¥ ldentibers
¥ Punctuation




Needed:

Descriptors for
sets of strings




Formal language

¥ Formal description of set of strin

¥ Arise repeatedly throughout PL




Formal language

A formal language
IS a set of strings
over an alphabet.




Strings

A string over an alphabet
IS a sequence of characters
from that alphabet.




Notation

A, > — Alphabets

L D Languag

L' A" b Language over alphabetd




Examples

A ={a,b}

L1 = {bab, abba}

L, = {a,aa,aaq,...}




Special languages




Operations



(Con)catenation

The concatenation of two formal languages.; and L,, denoted L, 4L,, builds a new
set, which contains every possible concatenation of the strings in the brst det to
those In the second seL,:

L4 éLQ = {U]lUJQ cwy Ly and Woy ! LQ} :




Union

The union of two formal languages,.; and L., denoted L,
set-union of their strings:

Lo, is the ordinary

Ly" LQZ{U}:UJ! Ly orw! L2}




Intersection

The intersection of two formal languages, L and L5, denoted L;UL 5, is the ordinary
set-intersection of their strings:

leLQZ{W:WELl andWELz}.




Difference

The difference of two formal languages, L and Lo, denoted L; — Ly, is the ordinary
set-di! erence of their strings:

Ll—LQZ{WZWELl andWQZLQ}.




Complement

The complement or negation of a formal language L, denoted L, is the set of strings
not in the language L:

L={w:w¢&L}.




Option

The option of a formal language, denoted L*, the set of strings in that language plus
the empty string:
L'=LuU{!}.




Exponentiation

The exponention of a formal language to the nth power, denoted L", is the set of
strings in which N members of the language have been concatenated together:

L" ={w;...w, :w; € L},

and for n = 0:

L0={1}.




Kleene star

- The Kleene star closure or repetition of a formal languagéd., denotedL’, is the set
of strings formed by concatenating members of the language with itself zero or mor

times: |'

L' = L™,

n=0




Kleene plus

The Kleene plus closure or non-empty repetition of a formal languagel, denoted

L™, is the set of strings formed by concatenating members of the language with itse

one or more times: :

LT = L".
n=1
While !' I L', itis not the case that! ! L* unless! ! L.




Reversal

The reversal of a formal languagelL, denoted LR, contains the reversal of every strinc
In the language:
LR ={"an,....,ac1#:"aq,...,an#! L}.




Prepbx

The prefix of a formal languageL, denoted L*, contains all of the strings for which
some sl x makes them a string in the language:

L" = {w; : there existsw, such that wjw, ! L} .




EXxercises



Regular languages

¥ Catenation, union, closure
¥ Deterministic bPnite automata

¥ Nondeterministic Pnite automata




Traditional lexer

¥ Regular expressions =>
¥ Nondeterministic automaton =>

¥ Deterministic automaton




Regular languages

" or
{1}; or
= {a} anda# A; or

_ = L,-L, and the languaged.,, L, are regular; or
L =L,% L, and the languaged ;, L, are regular; o1

L = L7 and the languagel , Is regular.




Regular expressions

c={c}

L1L2 — L]_ éLz

Li|Lo! L1" Loy




Automata

An automaton
IS a state machine
that recognizes
a language.




Deterministic automato

Formally, a deterministic automaton M is a 5-tuple (A, Q, qo, # F) where:
¥ The set A is an alphabet.
¥ The set() Is a set of control states.
¥ The control state g, Is the initial control state.
¥ The function! : ) x A — () determines the next state.

¥ The set F' determines the bnal (accepting) states.




Recognition

qo € I’
S L(A7Q7QO7!7F)1

(GRS L(Aan!(QO7C)7!7F)
CW < L(A7Q7QO7!7F)'




Example

Example 4.2. The automaton (A, Q, 0p,!, F), where:

A = {0} (0, 0) = 1
Q= {m, 0} '(, 0) =
F={a},

IS depicted graphically as:
0

/N

%8
and it accepts exactly the set of strings with odd lengthN 0, 000 00000Q. . .}.

0




Nondeterministic
automaton

Formally, a nondeterministic automaton M is also a 5-tuple (A, Q, Qo, !, F) where:

¥ The set A is an alphabet.
¥ The set Q is a set of control states.

¥ The control state p is the initial control state.
¥ The function ! : Q! (A" {"}) # P (Q) determines the next state.

¥ The set F determines the final (accepting) states.




Semantics




NFA => DFA

OSubset construction.O




Example: NFA => DF

/8&(* RS ""/é& (




Example: NFA => DF
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RegEx => NFA

¥ Empty language

¥ Empty-string singleton
¥ One-character singleton
¥ Concatenation

¥ Union

¥ Repetition




