Lecture 10

Regular Languages
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Regular Languages

« Alanguage A C 2* is regular if and only if there exists some DFA M, such
that L(M) =A



Complement
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Concatenation: AB
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Equivalence of NFAs and DFAs
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Regular Languages

S Ain rusplan 43« M L0,
éz??“"/kﬁ:pr \\lj BSSL(A/)sA






\






Regular Expressions

* Fix an alphabe@( he@the set of regular expressions over the alphabet X is defined
recursively/inductively as follows.
y Y 7= Eo/ 15

. Basecases:B:@U{@@ é:{gﬂ/d/ 8;

* Functions: N~~~

F B = R & ((((Oﬂ] 1593 |>&
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@s the set generated by {f, /5, /3} from the base cases B.
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Language of a Regular Expression
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If Risaregex,and m € N, then /’

.@-neansmcopies ofﬁ. %G/ li? :

R" )= RR",i.e. at least one copy of R.

e R™t = R™R* means at least m copies of R.

—

IfS = {s1, 89,..., 8, }isafinite set of strings, then S is shorthand for
s1|s2|. .. |sn. Acommon one is to use the alphabet, .
~—_— Ny —



More Examples

Write regular expressions for the f(}W‘(g\languages ( (Oli) O(o |.13*O ((‘) [1‘)
° M OlO iD) |%* + ')
A (om 1(o14)

e The second and the second last letter ofw are the same

—

. Contalns 110. ?O,R “O 10 K
(}lways occur in pairs. (O (I [{ 0*\

e Doesn’t contain more than four 1sin a row.

—




Equivalence of NFAs and Regex



Regex — NFA



Regular Languages

* The following are equivalent

« Ais regular
« There exists a DFA M such that L(M) = A
« There exists a NFA N such that L(N) = A

« There exists a regular expression R such that L(R) = A



How to choose

e | typically use regular expressions for languages that seem to require
some form of ‘matching’. For example contains 121 as a substring, or ends
with 11. Regular expressions are typically faster to find and write outin an
exam setting.

e I'lluse NFAs when | can’t easily figure out a regular expression for
something. These are usually languages for which memory seems to be
useful like the Dogwalk example from hw.

e Stuff involving negations also seems easier to do with NFAs than with
regular expressions. For example, contains the substring 011 is easy with
regular expression, but doesn’t contain the substring 011 is a bit more
complicated.



