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Problem 1. (Easy) Construct a DFA over the alphabet {0,1} that accepts the set of all binary
representations of natural numbers n such that n mod 6 € {2,5}.

Problem 2. (Medium) Construct a DFA over the alphabet {0,1} that accepts all strings in
which the number of occurrences of the substring 01 is equal to the number of occurrences of the
substring 10.

‘burags fiun ur [ gsow 9o fiq 42ff1p sjunod asoyy 3oyy st pybisur fioy oy, UL
Problem 3. (Medium) Let

Cp, = {z | x is the binary representation of a number divisible by n}.
Prove that C,, is regular for all n > 1 and give a general DFA construction for C,,.
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Problem 4. (Medium-Hard) Given DFAs D; and Dj recognizing languages L1 and Lo respec-
tively, determine whether the class of regular languages is closed under the following operations.
Justify your answer by proof or counterexample.
1. Symmetric Difference: L \ Lo
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2. Perfect Shuffle: Ay = {z1y1...2pyn|21 ... 20 € L1,y1...Yn € Lo, x5, y; € X}
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3. k Perfect Shuffle: Ay = {z1zo..0ky1Tk+1Tk12 - T2k -+ - TnkYn|T1 .- Tpk € L1,y1...yn €
Lo, x;,y; € X} i.e. k characters of a string in L; followed by one in Lo.
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4. Shuffle: A = {z1y1...xpynlx1...2p € L1,y1 ... Yyn € Lo, 2, y; € X*}
(Note difference from subproblem [3; here, z; € ¥* not ¥)

T puv T UIMIIQ YIPUNS 0] WSIUIULLIIIP-UOU IS[) JULET

Problem 5. (Medium) Design an algorithm that takes as input a DFA D and decides whether
the language L(D) is:

1. Empty
2. ¥



3. Finite

4. {0%tP" :n > 0,a,b € N}, given [S] = {0}.
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Problem 6. (Medium) Let L; be a regular language and Ly be any language over the same
alphabet. Prove that
Li/Ly = {x | Jy € Ly such that zy € L1}

is regular by explicitly constructing a DFA for L.
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Problem 7. (Hard) Let L be a regular language. Let 2® be the reverse of string x. Prove that
the following languages are regular:

L {z|x-2feL}
2. {z|x-2ft-xe L}

3. {z|2x® € L}
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Problem 8. (Easy) A function h : ¥* — I'* is called a homomorphism if h(xy) = h(z)h(y) for
all x,y € ¥*. Prove that if L is a regular language, then h(L) is also regular.

Problem 9. (Easy) Let
L1 = (0[1)*0(0[1)*1(0[1)*, Ly = (0[1)*01(0|1)*.
Show that L1 = LQ.

Problem 10. (Medium) Give a regular expression over {0,1} that describes the language con-
structed in Problem 1.
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Problem 11. (Medium) Given two DFAs D; and Ds, design an efficient algorithm to determine
whether
L(D;) C L(Dsy).

Problem 12. (Medium) Prove that the class of regular languages is closed under inverse homo-
morphisms.

Problem 13. (Easy) Let L be a regular language. Define
Pre(L) = {z | Jy such that zy € L}.



Prove that Pre(L) is regular by constructing an automaton.
Problem 14. (Easy-Medium) Let L be a regular language. Define
Suf(L) = {x | Jy such that yx € L}.
Prove that Suf(L) is regular by constructing an automaton.
Problem 15. (Medium) Let A be a language. Define
INSERT(A) = {zay | zy € A, a € ¥}.

Show that the class of regular languages is closed under the INSERT operation.
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Problem 16. (Medium) Let A be a language. Define

DROPOUT(A) = {zz | zyz € A, y € ¥}.
Show that the class of regular languages is closed under the DROPOUT operation.
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Problem 17. (Hard) Let A be a language. Define

Ayp={z|Jy zyecAlz|=ylyeX}

Show that the class of regular languages is closed under the 1/2 operation. Similarly define the
operation A, ,. Comment on them too.
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Problem 18. (Medium) Let A, B C ¥* be languages. Define the avoids operation as

A avoids B = {w | w € A and w does not contain any string in B as a substring }.

Prove that the class of regular languages is closed under the avoids operation.
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Problem 19. (Medium) Let A = (¢, %, 9, @, F') be an NFA. Let the universal recognized language
U(A) of A be defined as follows.

U(A) = {w e | §(Q.w) € F}

1. Prove/Disprove U(A) C L(A).

2. Prove/Disprove that universal recognized languages are regular.
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