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Chomsky hierarchy and automata Regular grammars: definition
A regular grammar s a tuple G = (£, N. S, R) where
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Regular languages: some properties/operations

21 followed by

s and £

any sentence of £

£ Kleene star of £: £ concatenated by itelf  or more times
¥ Reverse of £: reverse of any string in £

Complement of  al strings in T except the ones n £ (57 — £)

» Union of languages £, and £, strings that are in any of the languages
Intersection of languages &1 and £ strings that are in both languages

£y

Regular languages are closed under all of these operations.

Three ways to define a regular language
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Regular expressions

* Every rgula langrage (RL) canbeexprsse by a gl expression (RS,
and every RE defines.

+ AREa defines a m.usl

+ Relations between RE and RL

- £(alb) = £(a) U£(b
(omeauthor ue the naton o
we will use a b as in many pra

implementations)

where, a,b € , ¢ is empty string, & is the language that accepts nothing (e 5.,
i

« Note: no standard complement and intersection in RE

Regular expressions

and some extensions

« Kleene star (a+ tenation (ab) and union (alb)

« Parentheses can be used to group the sub-expressions. Otherwise, the
priority of the operators as lsted above albcx = al (b(

« In practice some short-hand notations are common
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Some properties of regular express
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Converting regular expressions to FSA

=
. + For more complex expressions, one can
-2 replace the paths for individual symbols

[ + Using ¢ trnsitions may ease the fask
-8  The reverse conversion ({rom automata to
Y ‘regular expressions) is also easy
" detity the patierns on the e, collapse
paths tosngle transtions with gy

Exercise
comvert b (ab)+1a) toan NFA

Exercise
comvert b((ab)+13) toan NEA




Converting FSA to regular expressions Two example FSA
whatlnguages do they acopt?
[(t=cvi) | [L=fMa
(bbb blab)"biba) (blab)"aalolabl b M
5 :a b
Odd number of a's over [a, b), Odd number of b's over (a, b}
o lidea: remove labels with
regular expressions

An exercise: simplify the resulting regular expressions

We will use these languages and automata for demonstration.

Kleene star
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« What if there were more than one accepting states?

Reversal

Complement

Union

Intersection

(Lot
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Closure properties of regular languages

« Since results of all the operations we studied are FSA: Regular languages are
d under

closed und

Is a language regular?

~ Concatenation « To show that a language is regular, it s suffcient o find an FSA that
= Kleene star recognizes it
el « Showing that a language is nof regular is more involved
Compl W will tudy a method based on pumping ema
~ Intersecton
Pumping lemma Pumping lemma
intiton defton
For very regular language L, there exist an integr p such that a string x < L can
be factored as x = wvw,
cwiweLvizo
“hwi<p
+ Whatis the length of longeststring generated by this FSA?
- AnyFS to havea loop
recursive rule(s) in the grammar)
. E the
same substring (‘ckm’ above)




How to use pumping lemma Pumping lemma example
+ Assume L i regular: there must be a p such that, i wwn i in the lngusge

+ We use pumping lemma to prove that alanguage is not regular
+ Proof is by contradiction:
~ Assume the language s regular
 Finda sirng x i the language,for al splits o x = www, a east o of the o By e
pumping lemma conditions does not hold. e ple.
Lo + Thee different ways to split

5 wi<p
« Pick the string a”b
sume p = 5, % = aaaaabbbb

‘aag bbbl violates 1
Claiep @_gagabbbth

adag ab bbbl
Y %
aaaaabbbb b

violates 1 &3

violates 1&3

Wrapping up Acknowledgments, credits, references

+ FSA and regular expressions express regular languages
+ Regular languages and FSA are closed under

- Concatenation - Reversal
~ Kicene star ~ Union
- Complement ~ Infersection
« To prove a langua la,it s sufficient to find a regular expy or
for it

« To prove a language is not regular, we can use pumping lemma
Next:

« Finite state transducers (FSTs)

+ Summary exam preparation/discussion




	FSA and regular languages
	Languages and automata
	Recap: languages and automata
	Chomsky hierarchy and automata
	Regular grammars: definition
	Regular languages: some properties/operations
	Three ways to define a regular language

	Regular expressions
	Regular expressions
	Regular expressions
	Some properties of regular expressions
	Converting regular expressions to FSA
	Exercise
	Exercise
	Converting FSA to regular expressions

	Operations on FSA
	Two example FSA
	Concatenation
	Kleene star
	Reversal
	Complement
	Union
	Intersection
	Closure properties of regular languages

	Pumping lemma
	Is a language regular?
	Pumping lemma
	Pumping lemma
	How to use pumping lemma
	Pumping lemma example

	
	
	Wrapping up


	Appendix
	Acknowledgments, credits, references


