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Exercise 1 For a word w = a0a1a2 . . . an, define evens(w) = a0a2a4 . . . be the word comprised
of the sequence of letters of w in even numbered positions. (Note evens(ε) = ε.) Let L ⊆ Σ∗ be
regular. Show that evens(L) = {evens(w) | w ∈ L} is also regular.

Exercise 2 Consider binary numbers written in the reverse of the usual order: call these reverse
binary numbers. These numbers have the least significant bits on the left rather than on the right,
as usual. For example, the reverse binary representations of 4, 5, and 6 are 001 and 101 and 011,
respectively. Consider the alphabet Σ = {0, 1}3 and write its elements in column form, e.g., 0
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A word of Σ∗ can then be considered as representing three reverse binary numbers, corresponding
to the top, middle and bottom rows of elements of the triples. For example, 1
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represents the reverse binary numbers 110 and 100 and 001, or 3, 1 and 4 in decimal.

Consider the language L ⊆ Σ∗ consisting of all words such that the number represented by the
bottom row is the sum of the numbers represented by the top and middle rows. (For example, the
word above is in the language because 3 + 1 = 4. Show that this language L is regular.

Exercise 3 Let A be a regular language and let B be any language (not necessarily regular), both
with alphabet Σ. Show that

A/B = {w ∈ Σ∗ |there exists x ∈ B such that wx ∈ A}

is also a regular language.

Exercise 4 Let M be an NFA. Show that the set of all words over Σ that are not accepted by M
is regular language.
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