
CS/ECE 374 A Lab 5 — September 23 Fall 2026

Let L be an arbitrary regular language over the alphabet Σ = {0,1}. Prove that the following
languages are also regular.

1. Subsequences(L) is the set of all subsequences of strings in L. A subsequence of a string w
is the result of deleting zero or more symbols from w, leaving the remaining symbols in
order. For example:

Subsequences({10010}) =
�

ϵ, 0, 1, 00, 01, 10, 11, 000, 001, 010, 100, 101, 110, 0010, 1000, 1001,10010
	

2. Substrings(L) := {y | x , y, z ∈ Σ∗ and x yz ∈ L}. This language contains all substrings
of strings in L. For example:

Substrings({10010}) =
�

ϵ, 0, 1, 00, 01, 10, 001, 010, 100, 0010, 1001, 10010
	

Give context-free grammars for each of the following languages over the alphabet Σ= {0,1,#}.
For each grammar, describe the language for each non-terminal, either in English or using
mathematical notation.

3. {0i+ j#0i#0 j | i, j ≥ 0}

4. {w#0#(0,w) | w ∈ {0,1}∗}

Work on these later.
Let L be an arbitrary regular language over the alphabet Σ = {0,1}. Prove that the following
languages are also regular.

5. Cycled(L) := {x y | x , y ∈ Σ∗ and y x ∈ L}. This language contains all strings that can be
obtained by splitting a string in L into a prefix and a suffix and concatenating them in the
wrong order. For example:

Cycled({OOK!, OOKOOK}) =
�

OOK!, OK!O, K!OO, !OOK, OOKOOK, OKOOKO, KOOKOO
	

6. Supersequences(L) := {x | w ∈ L and x is a substring of w}. This language contains all
supersequences of strings in L. For example:

Supersequences({10010}) =
�

10010, 010010, 0100110, 1010010110, 1001011, · · ·
	

7. Superstrings(L) := {x yz | y ∈ L and x , z ∈ Σ∗}. This language contains all superstrings
of strings in L. For example:

Superstrings({10010}) =
�

10010, 01010010, 1001011, 10010010010, · · ·
	

[Hint: You do not need to describe an NFA for this one.]
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8. FlippedOdds(L) := {flipOdds(w) | w ∈ L}, where the function flipOdds inverts every other
bit in w, starting with the first bit. For example:

flipOdds(0000111101010100) = 1010010111111110

9. UnflippedOdd1s(L) := {w ∈ Σ∗ | flipOdd1s(w) ∈ L}, where the function flipOdd1s inverts
every other 1 bit of its input string, starting with the first 1. For example:

flipOdd1s(0000111100101010) = 0000010100001000

10. FlippedOdd1s(L) := {flipOdd1s(w) | w ∈ L}, where the function flipOdd1s is defined in
the previous problem.

11. Unstuttered(L) = {w | stutter(w) ∈ L}, where the function stutter duplicates every
symbol in the input string:

stutter(w) :=

(

ϵ if w= ϵ

aa • stutter(x) if w= ax

For example, stutter(1001) = 11000011.

12. Stuttered(L) = {stutter(w) | w ∈ L}, where the function stutter is defined in the previous
problem.

Give context-free grammars for each of the following languages over the alphabet Σ = {0,1}.
For each grammar, describe the language for each non-terminal, either in English or using
mathematical notation.

13. {02i1i+ j02 j | i, j ≥ 0}

14. {0i1 j0k | j ̸= i + k}

15. All non-palindrome strings.
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