Computer Science 320 Midterm Test 1 NAME: k%
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Recall that for a string w and o € X, #,(w) is the number of occurences of ¢ in w.

1. (1 mark) Let L be the set of strings over {a, b} that contain the substring aab. What is
the closure of L under concatenation?

L

2. (1 mark) What is the closure of the set {6,8} under the binary operator “average”?

Note that average(z,y) = 232, ]
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3. (4 marks) Using the comstruction, give the NFA that corresponds to the regular
expression ((aa + €)b)*. Do not include a dead state. Do include all € transitions that
the construction dictates (even if they are not useful).
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4. (10 marks) For each pair of regular expressions below, do they represent the same lan-
guage? Answer True or False. If False, give a string that differentiates them (i.e., is in
the language of one but not the other).

(a) ((a+¢€)(b+€)* and (a + b)* + ab | |
~(h) (a*b)*aa(ba*) and (a + b)*baab(a + b)* ' !L boo b b

(c)( +0)* and (a + b)* 1

(d) (a-+bd)*ab(a+ by* and a*b(a + b)* r h

() (a*b)* and (a + b)*D [ ¢

5. (3 marks) Give a regular expression for the language of non—empty strings over {a, b}

that contains no more than three b’s. { - e A
H . x/< F ( '( ( k ‘s"»} L
| i W EN \{ D { + i SRR} Y
((,( 48 oo
¥ = . o : .
{jf]({z, by o] i AN ) L osr \
[ A AT
Ve .
| [ AR !
o e b Q\ ! '
. %
; . P N ¥ N e
A l>< ' l f”z’#%;@*{g?ﬂ (bre)a U ‘/3!?(& \




6. (3 marks) Give a regular expression for the language of strings over {a,b} that have
an odd number of a’s and, if it starts with an a, then it énds in b,
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7. (5 marks) Find, using the construction, a DFA that is equivalent to the following
NFA. Show the dead state and all transitions to it.




8. (5 marks) Use the construction to find the RE that describes the language accepted
by the following FA.
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9. (4 marks) Draw a Non-deterministic finite automaton that accepts the following lan-

guage:

{w € {a,b,c}* : w contains abc as a substring or #,(w) = 0}
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10. (2 marks) Give a regular expression for the language

{w € {a,b}" : w begins and ends in the same letter and has at least 3 a’s}
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11. (4 marks) Give a DFA for the language L = {w € {a,b}* : w does not contain baab but
it does contain aba}.
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12. (2 marks) Give a DFA for the language L = {w € {a,b}* : w has a number of b’s that
is congruent to 1 modulo 3 }.
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13. (5 marks) Show that the set of ordered pairs of integers is countable. Examples of
elements of this set are (-2, 11), (11, -2), (0,0), (14, 1), (-3,-3), etc.







