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Course Contents

» Introduction to formal languages.

»Regular Languages and Finite Automata
= Regular Languages

Regular Expressions

Finite Automata

Regular Grammar

Pumping Lemma (Regular Languages)

» Context-Free Languages and Pushdown Automata
= Context-Free Languages

= Pushdown Automata
= Context-Free Grammars
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A Simple Vending Machine

Suppose we have a simple vending machine that allows the
user to pick from two 10-cent items A and B. (To simplify
things, the slot will accept only dimes.)




A Simple Vending Machine

*There are four inputs to the
machine:
* d (dime),
* a (select item A),

* b (select item B),

* and r (return coins).

. In, bin,rin
*The outputs will be ¢ "
* n (do nothing), d/d
: d/n
* A (vend item A), Start 0
* B (vend item B),
* and d (dime). alA,b/B, rid



Language

*A language is a set of strings.

Language g0ny Minguasgio gy

*An alphabet is a set of elements (letters). e sk gm0 )

HHLDDL’J'\ ﬁi‘ LnguJ
. Langage O Gt
°If Ais an alphabet, then a language over A "™ & 8 w151y

Linguagem Wika @I‘&lamm

is a collection of strings whose components Serche #% &7 Bahasa ¥

come from A. @g%@@%
*Recall that A* denotes the set of all strings c@@‘ﬁ@(@%@&
over A. QOO D
*So A* is the biggest possible language over @c@ggg@
A,

*and every other language over A is a subset

of A*



Words

A word over an alphabet A=f{al
is a finite sequence of
letters. W, = aaa

A = {a,b}

W, = aaa

W, = aba



Examples

A = {a}
L, =0
L, = {€}

L, ={€E, a, aa, aaa, aaaa, ...}

A ={a, b}

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

L, = {aa, ab, ba, bb}

L, = {a, aa, ab, aaa, aab, aba, abb,




Combining Languages
*Since languages are sets of
strings, they can be
combined by the usual set .
operations of:
° union, @ @
* intersection,

* difference,
*and complement




Concatenations

*Another important way to
combine two languages L and M
is to form:

* the set of all concatenations of
strings in L with strings in M.

*This new language is called the
product of L and M and is

denoted by L.M .
L M ={s-tls€Landt € M}




Word Concatenations

W = bb W.U = bbab
U=ab U.W = abbb
V=>b W.W = bbbb

W.V = bbb

s W.U = U.W for any
two words W and U? VW = bbb



Example
»L ={ab, ac)
»and M = (a, bc, abc)

L .M = (aba, abbc, ababc, aca, acbc, acabc}.




Properties
L.{A) = {A}.L=L. L*=r'uL'uL*u...
L.og=¢.l=g.

Ltr=L'vl*uliu...
L° = {A},
I"=L-L*' ifn>0.




Properties of Closure

Let L and M be languages over the alphabet A. Then
a) {A)* =% ={Al].

b) L*=L*-L* = (L*)*.

¢} A e Lifandonlyif L* = L*.

d) (L*-M*)*=(L* u M*)* = (L u M)*.

e) L-(M-L)*=(L-M)*-L.






