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[Exam Sample Questions

Com S 331
March 20, 2007

1. (15 points) Let

A={x e {0,1}" |the number of occurences of 01 as a substring of  is a multiple of 3}

Design a DFA M such that L(M) = A.

Solution.
011
= F0|a |0
Falal|l
11 b1
bib|2
2 (¢ |2
cle |0
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2. (15 points) Find a regular expression o such that L(x) = L(Af), where M
is the DFA given in the [ollowing transition table.

01
=5t |t
t|s|u
Fa|s it
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3. (15 points) Prove that the language
A={01"[s-3<t<s+3}

is not regular.

Solution.

Let B be a regular set such that A C 3. [t suffices to show that B # A.
Choose k € N for B as in the pumping lemma. Let z = 0%, y = 1%,
#z = A Then zyz € A and |y| > k, so the pumping lemma tells us
that there exist p,q,r € N such that p+g++ = &, ¢ > 0 and (taking
i =5) plPtiatry — gF15H4 = B However, k+4g > k +4 > k+ 3, 50
0k15+4 ¢ A We thus have B # A.
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4. Let A be the set of all strings 2 € {0,1}* such that #(1, ») is divisible by (at
least one of) 2,3, or 5. Find a regular expression « such that L{a) = A.

Solution.
o= (83 + 085 + () 0%, where

o = 0*10*1,

F3 = f2-0"1,

85 = f3 - 0710%1.
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5. (15 points) Find a DFA equivalent to the NFA given in the following transi-

tion table.
0 1
=5 | st!s
t{u i1
ul® v
Fvio |0

Solution.

0 1
=5 | st

st | stu | su
su | stu | sv
Fev | s
stu | stu | suv
Fsuv | st sV
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6. (15 points) Recall: If A C {0,1}* and k € N, then Ni(4) is the set of
all z € {0,1}* such that there exists y € A such that |y| = jz| and
d{[(.’lf, y) < ka where

dg(z,y) = the Hamming distance from z to y

= the number of positions at which x and y disagree.

(The text uses the notation H(z,y) for dg(w,y).)

Let A = L{(01111)*). Give an NFA N such that L{N) = Na(A4).

Solution.

#0176 P.022/030
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7. (10 points) Design a DFA that is equivalent to the regular expression

(1{01 4+ 10 + 11))".

Solution.
0
= FA | rej
i]10
10 | rej
11 (A
rej | rej | rej

S| 2| 2| = | =
ey
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8. (15 points) Design a DFA M such that

L(M) = {z € {0,1}*|no three consecutive bits of = are the same} .

Solution.
0
=FX|0
FOo | 00
Fl1]|0
FOU | rej
F11 | 0 rej
rej | rej i rej

[RETY Y RVY VRS Y
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9. {15 points) Give a regular expression that denotes the langupge A of problem
1.

Solution.

1*0* {011*0*011*0*011*0*)*
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10. {15 points) Let
B ={z € {0,1}*||z| > 6 and the third bit and the third-to-last bit of z agrec} .

Design an NFA N such that L(N) = B.

Solution.

1] 1
=011 1
12 2

3a 3b

3a | Ja,d | 3a

3b | 3b 3b,4

4|5 5
2|6 6
F6 |0 [

10



10/20/2009 08:30 5152922484 WORLE #0176 P.027/030

' -

11. (15 points) Let @ = ((01)* + 0*}1. Design an NFA N such that L{N) =

L{w).
Solution.

0 1
=0a 1la 1b
=0b Ob 1b

la # 0a
Fib & ¢

11
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12. (15 points) As in problem 12, let o = ((01)* +0*}1. Design a DFA M such
that L(M) = L{a).

Solution. Simply apply the subset construction to the NFA given in the
solution to problem 11.

12
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13. (15 points) Let N be the NFA given in the following transition table.
011

s|s |0

t |0 st
Fu[®] tu

Give a regular expression 2 such that L(3) = L(N).

Solution. g — 00* (1{00* +11*))* 1*

13
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14. (10 points) For each n € N, define the string @, € {0,1}* by the recursion
#0 = A, T = w071,

(a) What are the strings x), 2o, x5 and 2,4?

Solution. &£ = 1, Ty = 101, Ty = 101001, Ty = 1019010001,
(b) Prove that the language C' = {&,|n € N} is not regular.

Solution. Let D be a regular language such that ¢/ C D. It suf
fices to show that D # C. Choose k¥ € N for D as in the pump-
ing lemma. Let # = 23, y = 0%, 2 = 1. Thenayz € C C D
and |y| > k, so the pumping lemma tells us that y can be written
in the form y = 0F = 020%0¢, where b > 0 and (taking i = 0),
x0%0° = 2x0°t“1 € D. Since a+c < k, 2:0°°1 € C, 50 D + C.

Good luck!

14



