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review of FSA

+ last week
" FSA and regular languages.

< this week:

" FSA and regular expressions
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notation

<+ 2:finite non-empty set of symbols, e.g., {a, b}

+ 2¥: concatenation of symbols of 2, k times, >0
" eg,2%{c}, 2" {a,b}, 2% {aa, bb, ab, ba}, ...

» ¥ =30U3'Us2U. ..

% stringes , e.g., abbaba

+ |string|: length of string, e.g., |abbaba| = 6

» sR:reversal of string s, e.g., abbaba® = ababba

% S.t:concatenation of strings s and t

» languagecs ,e.g., Lgs={w € Z*|w has odd # of a}
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language operations

+»LiUL, ={w€E€X|weEL;orwEL,}
" e.g,Lgg ULgg = {w € Z*| w has odd number of a’s or
w does not end with a}

X Ll'LZ :{(l) =StEZ*|SEL1,tEL2}

" e.g,Lgg Lgg = {w € | w has odd number of a’s followed
by a string that does not end with a}

« LT ={e}U{w € 2| As4, 5y, ... , S, € Ly such that
W = S1.Sy. ... .S,for some n}

" e.g,Lgs = {w € I"| w concatenation of any number
strings that have odd number of a}
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language operations

»LiNL, ={w€Z|weEL;and w € L,}
" e.g.,Lgs N Lgg = {w € Z*| w has odd number of a’s and
does not end with a}

X Ll_LZ ={(1)EZ*|(UELland(U$L2}
" eg,Lgs — Lgg = {w € I"| w has odd number of a’s and
ends with a}

¢+ Li={w€|wéL}

= e.g,Lgg = {w € I*| w ends with a}

L)

» L = {w € 2*| wR€ Ly}
" e.g, L88R = {w € I"| w do not start with a}
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regex

< so far, we have explicitly seen
= RL can be shown by FSA
= RL can be shown by set description

<»another way to define RL Is by:

= Regular Expressions
- aka regex, RE
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RL: formal definition (revisit)

% let X be the alphabet:
= the empty set, J,is a RL
= the set {¢}isa RL
= for each a € X, the set {a} isa RL
= IfL;y and L, are regular languages, then
* union: Ly U L, is RL
 concatenation: L;.L, isa RL

« Kleene star:L;" is a RL

*** no other RL over X exists.
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L(r) is defined by structural induction

< basis step:
= if r is a regex defined by basis step of the definition,
o L(D)isaRL
e L(g)isaRL
e L(a),foranya € X,isaRL
< inductive step:
= if rq,7, are regex’s defined by ind step of the definition,
e L(ry+17,)=Li(r;)UL,(ry)isaRL
e L(ry.7ry) =Ly(ry).Ly(ry)isaRL
e L(r;")=1Ly(y)"isaRL
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regex examples (96)

< assume 2, = {0,1}
= J,¢, 0,1, 0+1, 00, 01, 10, 11, 000, 111,

L((0+ 1))

L(0%)

L((10)")

L(10%)
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regex examples
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notes

Example 83: (revisit)
4. A

.y y
(D254 4/>@
A .. L Q uc{
@ 7/

Example 84: (revisit)
A..7 w ":\07
. l . @ .. ; —
(D—>

3
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notes

Example 85: (revisit)

/i\)@ 5.9 6@..‘1
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Example 97

< Prove Lgg = L(rgg) Where
= Lge={w € {0,1}"| w starts and ends with different bits}
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Example 97
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regex identities

—“

communitativity of union:

associativity of union:

associativity of concatenation:

left distributivity:
right distributivity:
identity for union:

identity for concatenation:

annihilator for concatenation:

idempotence of Kleene star:
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NFA, DFA, regex
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NFA, DFA, regex
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notes
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