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Regular Expressions

« Aregular expression s is a string that defines L(s) for an alphabet

Michael Kuhn

L(a)={a} (NVaeX)

L(e) = {e}

L(s|t) = L(s) U L(¢t)

L(st) = L(s) - L(t) (concatenation of every combination)

L(s*) = L(s)%" (zero or more concatenations)
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Group Exercise Regular Expressions

« Write regular expressions for German weekdays.
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Group Exercise Regular Expressions

« Write regular expressions for German weekdays.

« Montag|Dienstag|Mittwoch|Donnerstag|Freitag|Samstag|Sonntag
e (Mon|Diens|Donners|Frei|Sams|Sonn)tag|Mittwoch

e ((Mon|Frei|Sonn)|(Dien|Donner|Sam)s)tag|Mittwoch

Michael Kuhn Scanning 2/12



Group Exercise Regular Expressions

« Write regular expressions for integers with thousands separators.
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Group Exercise Regular Expressions

« Write regular expressions for integers with thousands separators.
e [0-917[0-91?[0-91(.[0-91[0-9]1[0-91)*
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Group Exercise Regular Expressions

« Write regular expressions for integers with thousands separators and a decimal part.
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Group Exercise Regular Expressions

« Write regular expressions for integers with thousands separators and a decimal part.
e [0-9]7[0-9]1?[0-91(.[0-91[0-91[0-91)*(,[0-91+)?
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Group Exercise Regular Expressions

« Write regular expressions for strings of X symbols with single pairs of <>and {3.
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Group Exercise Regular Expressions

« Write regular expressions for strings of X symbols with single pairs of <>and {3.
o X*AQXALXXFX*RSXH | XAk LXK KK*SXH FXK [ XAKKASXHALX*FX* | XA XK FXR<K*SX*
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Limitations Regular Expressions

o Xx(<|{)Xx(>Hxx — Why is this wrong?
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o Xx(<|{)Xx(>Hxx — Why is this wrong?

o Xx<Xx>Xx | Xx{Xx}3xx — Simplified form with only one pair.
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Limitations Regular Expressions

o Xx(<|{)Xx(>Hxx — Why is this wrong?
o Xx<Xx>Xx | Xx{Xx}3xx — Simplified form with only one pair.

o (XRXH)+(XEXF) + | (Xx{X)+(Xx3x%)+ — Why is this wrong?
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Limitations... Regular Expressions

« How about multiple pairs of <>and {3}?
o (XEKXFLXHPXXSXKok | XL XHKXAS KX Pk | XXX FS XA Xx PNk | Xx{ XxFX*<Xx>X%)+ — Why is this wrong?
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Limitations... Regular Expressions

« How about multiple pairs of <>and {3}?
o (XEKXFLXHPXXSXKok | XL XHKXAS KX Pk | XXX FS XA Xx PNk | Xx{ XxFX*<Xx>X%)+ — Why is this wrong?
o ((XKX*>XH)* (X*{XHFXHK) %) K | XA<K*LXHAFXAS KK | XA XAKASK*IX* ]| . ..
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Finite Automata Finite Automata

« A finite automaton can be used to represent regular expressions
« States and edges with one starting state and potentially multiple accepting states
« Edges are labeled with symbols from Z
+ Automata can be deterministic or non-deterministic

« FA for the regular expression: foo

OO 0O
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Group Exercise Finite Automata

« Convert s(ams|onn)tag into an NFA.
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Group Exercise Finite Automata

« Convert s(ams|onn)tag into an NFA.

eo
°°°oe O OO0
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Group Exercise Finite Automata

« Convert the previous NFA into a DFA.
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Group Exercise Finite Automata

« Convert the previous NFA into a DFA.
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Group Exercise Finite Automata

« Minimize the previous DFA.
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Group Exercise Finite Automata

« Minimize the previous DFA.
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Summary Summary

» Regular expressions are relatively easy but limited
« Because regular languages are limited and cannot describe all necessary structures
« Finite automata can be used to visualize regular expressions

« They can be deterministic or non-deterministic
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