Regular Expressions

Syntax

REs include

e cach o0 € X
° ¢
o J

If R and S are REs then so are
e (R-S) (concatenation)
e (R+S) (union)
e (R) (Kleene star)
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Semantics
¢ lof ={o}
o e]] = {e}
° __@ﬂ = {}

o [(R-9)] = [R]-[9]
e [(R+S)] = [R]U[S]
o [R))] = [R]
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Generalized Regular Expressions

Syntax Semantics

GRESs include

e cach 0 € X ° Uﬂ = {0}
® € o Eﬂ = {6}
o U ® __Q]] — {}

If R and S are GREs then so are

e (R-S) (concatenation) ° (R S)]]__z [[R]][[S]
e (R+S) (union) J :(R—I—S)__ = |R|U|5S
e (R") (Kleene star) ° (R*)]] = [[R]]* ]
e (R&S) (intersection) o [(R&S)| = |R|N|S
e (R) (complement) e [R|] =3*—|R]
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Generalized Regular Expressions

Syntax Semantics

GRESs include

e cach o0 € X ° Uﬂ = {0}
® o eﬂ = {e}
o J o __Q]] ={}

If R and S are GREs then so are
e (R-S) (concatenation) . (RS)]]Z [[R]] S]
e (R+S) (union) ° :(R—I—S)__ = |R|U[S
e (R") (Kleene star) . (R*)]] = [[R]]* )
e (R&S) (intersection) o |[(R&S)] = [R|N|S
e (R) (complement) e [R|] =%*—|R]

( Adding intersection and complement does not increase power of RES!)

04 Lhen: (32) IQCS

INSTITUTE FOR ADVANCED S
COMPUTATIONAL SCIENCE 2




Cat-Union Expressions

Syntax
CUEs include

e cach o € X
° ¢
o U

If R and S are CUEs then so are
e (R-S) (concatenation)
e (R+S) (union)
[
[
[
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Semantics
o a]] = {0}
o eﬂ = {e}
° __@ﬂ = {}
o [®-9)] = [R]-[S]
o [R+9)] = [R]U[S]
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Cat-Union Expressions

Syntax Semantics

CUEs include

e cach o € X * Uﬂ = {0}

® ¢ o le] = {e}

o U ® Qﬂ =1{}
If R and S are CUESs then so are
(R-S) (concatenation)

[(R-8)] = [R]-[S]
I

(R+S) (union) R—I—S)]] — [[R}]U[[Sﬂ

(Theorem: |CUE| = {L C ¥* | |L| is finite} C |[RE| = [[GRE]])
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Star-Free Regular Expressions

Syntax Semantics

SFEs include

e cach 0 € X ° Uﬂ = {0}
® € o Eﬂ = {6}
o U ® __Q]] — {}

If R and S are SFEs then so are
e (R-S) (concatenation) ° (RS)]]Z [[R]][[S] )
e (R+S) (union) e |(R+S)] = |R|U|S
e (R&S) (intersection) e [(R&S)] = [R]|N]S]
e (R) (complement) e [R| =%"—|R]

27 L henz (520 IACS

INSTITUTE FOR ADVANCED S 4
COMPUTATIONAL SCIENCE %o o0




Star-Free Regular Expressions

Syntax Semantics

SFEs include

e cach o € X * Uﬂ = {0}
® € o E]] = {6}
o U ° __@ﬂ = {}
If R and S are SFEs then so are
e (R-S) (concatenation) . )]] [[]][[ ] ]
e (R+S) (union) . ( +S)] = [R]U[S]
e (R&S) (intersection) e [(R&S)] = [R]N[S]
e (R) (complement) e [R| = > — IR]
(Theorem: [SFE| ¢ [RE] = [[GRE]])
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Expression Summary

Finite Languages Star-Free Languages | Regular Languages

concatenation concatenation concatenation
union union union
complement Kleene star
(intersection) (complement)
(intersection)
Expressivity >
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