Theory of Computation Kleene Closure 12/10/2023

Concatenation of languages
This is an operation on string that allows us to construct languages.

Let L, , L, are two formal languages over an alphabet ) , the concatenation of
L, with L as the following:

Ls=Li.Lo={xy/xelLi,yel,}
Examplel:

Let) = {0, 1}

L1={01,0}

L2={g 0,10}
L3=L2.L1={01,0,001, 00, 1001, 100 }
L1.L2="7?

Example2:

Let) = {a,b,.....,z}

L1={in, out}

L2 = {come, low, door }

L3 = L1.L2={income, inlow, indoor, outcome, outlow, outdoor }

Power of language: -

LK=L.LLL......L, where L an language and k>0

(i.e the set of all string that can be obtained by concatenating k elements
of L)

L.L=1L?

L=L!

L° = {e}
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Kleene closure operation

The closure or (Kleene - star operation) "*" is defined on language L and will be
denoted by L* and consists of all strings that can be obtained by concatenating
any number of strings from L.

Let L be alanguage also L°= { € } and L'= L.L" fori>1, where L2 = L.L means
that the language string is concatenated in various possible combinations.

Then Kleene closure of L denoted by L* where,

L"=UR Ll =L°ULtUL?U........

and

L*=UR,LF=L'UL2UL3U........

where L* is the set of all strings obtainable by concatenating one or more

elementsof Land L"=L* - {&}

Example3:
Let L= {a, b} find U>_, L'

Ul Ll=LuLturruLs

={e} U {a,b} U {a,b}?U {a, b}

={e} U {a, b} U {a, b}.{a, b} U {a, b}.{a, b}.{a, b}

= {e} U {a, b} U {aa, ab, ba, bb}U{a, b}.{a, b}.{a, b}

= {e} U {a, b}U{aa, ab, ba, bb}U{a, b}.{aa, ab, ba, bb}

= {e}U{a, b}U{aa, ab, ba, bb}U{aaa, aab, aba, abb, baa, bab, bba,
bbb}

= {g, a, b, aa, ab, ba, bb, aaa, aab, aba, abb, baa, bab, bba, bbb}
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Theorem-|
Prove that L+ = L.L*
Ans/

L+=U2, L'=L*UL2UL3U........
LL*=L. U2, L =UR L =U2, L} =L*

Theorem-2
Prove that L* = L*.L*
Ans/

L*=UZ,Li= (LU LLUL2U........)

L*L* = U2, LY U2, L
— U;')OzlLZi
= L0 L2 L4
=L*

Theorem-3
Prove that (L*)* = L*
Ans/

(L9)* = (UR LiY* = UR (U0 L)'

=L*
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