
CSE 355 Test 1, Fall 2016

30 September 2016, 8:35-9:25 a.m., LSA 191

Name
ASU ID

Instructions
1. Do not open the exam until you are instructed to do so.
2. The exam will be submitted in THREE pieces: “Multiple Choice Questions”, “Answers

to Multiple Choice”, and “Long Answer”. You must write your name and student
number on each and every sheet indicated; failure to do so may result in your test
not being properly graded. Write legibly – we must be able to read your name and
number. You must turn in all sheets including the multiple choice questions.

3. You have 50 minutes to complete the exam.
4. No books, notes, electronic devices, or other aids are permitted. Turn off all wireless

devices and place them away from your work space.
5. Write all answers on the examination paper itself.
6. BUDGET YOUR TIME WELL! SHOW ALL WORK!
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Answers to Multiple Choice [40 marks in total]
Enter each response (one of a, b, c, d, e) for the questions on the “Multiple Choice”

pages. Giving 0, or 2 or more, responses to a question is incorrect. Illegible or blank responses
are incorrect.
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Multiple Choice [17 marks in total] Select the most appropriate answer for each,
and enter each response (one of a, b, c, d, e) on the “Answers to Multiple Choice” page.

1. The powerset method
(a) constructs a regular expression from an NFA
(b) constructs a DFA from a regular expression
(c) constructs a DFA for the intersection of two regular languages
(d) constructs a DFA from an NFA
(e) was invented by Charles Powerset.

2. Which of the following is false?
(a) Languages are defined over finite alphabets
(b) Strings are defined to have finite length
(c) NFAs can have any positive integer number of states.
(d) Languages are defined to have a finite number of strings.
(e) Regular languages can be described by regular expressions.

3. On input string w ∈ Σ?, the number of computations of an NFA (Q,Σ, δ, q0, F ) is
always
(a) a (finite) nonnegative integer
(b) a (finite) positive integer
(c) equal to 1 if the NFA accepts w
(d) an integer between 0 and |Q|
(e) at least 1 if the NFA accepts w

4. If DFA M = (Q,Σ, δ, q0, F ) accepts input string w ∈ Σ? with |w| = n, a computation
of M on w
(a) is a sequence of exactly n states
(b) is a sequence of exactly n+ 1 states
(c) may be a sequence of any positive integer number of states
(d) may be a sequence of any integer number of states that is at least n
(e) may be a sequence of any integer number of states that is at least |Q|

5. The pumping lemma for regular languages can be proved by
(a) showing that an NFA can be converted to an equivalent DFA.
(b) showing that the regular languages are closed under the regular operations.
(c) showing that regular languages are context-free and using the pumping lemma

for context-free languages.
(d) showing that an NFA computation must repeat a state.
(e) showing that a DFA computation must repeat a state.

6. DeMorgan’s Laws ensure that
(a) Closure under intersection and complementation imply closure under union.
(b) Closure under intersection and union imply closure under complementation.
(c) Closure under union and complementation imply closure under reversal.
(d) Every language containing the string augustus must be regular.
(e) Closure under any two of union, intersection, and complementation implies closure
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under all three.
7. The regular operations are

(a) union, intersection, and complementation.
(b) union, concatenation, and complementation.
(c) star, union, and complementation.
(d) star, union, and concatenation.
(e) star, union, concatenation, and complementation.

8. To show that a language is regular, one could give a DFA for it. One could also
(a) give a regular expression.
(b) use the pumping lemma for regular languages.
(c) use closure properties.
(d) (a) or (c)
(e) (a), (b), or (c)

9. To show that a language is not regular, one could
(a) show that it has no regular expression.
(b) use the pumping lemma for regular languages.
(c) use closure properties.
(d) (a) or (c)
(e) (b) or (c)

10. The pumping lemma for regular languages implies that
(a) every regular language contains a string that can be pumped
(b) all strings in a regular language can be written as uvw so that uviw is also in the

language when i ≥ 0
(c) a regular language is infinite if and only if it contains a string that can be pumped
(d) regular languages are closed under the regular operations
(e) every string can be pumped in at most one way

11. A generalized NFA, or GNFA,
(a) can have more than one start state
(b) can have more than one final state
(c) can have transitions labelled with ∅ or ∅?
(d) is just an idea that is not well-defined
(e) (a), (b), or (c)

12. To rip a state qrip in the GNFA method, when there is a transition from q to qrip
labeled A, a transition from qrip to qrip labeled B, a transition from qrip to q′ labeled
C, and a transition from q to q′ labeled D, we make a transition from q to q′ labeled
(a) (A(B)?C) ∪D
(b) (ABC)? ∪D
(c) ABCD
(d) D ∪ (AC)
(e) A ∪B ∪ C ∪D

13. The GNFA method is used to show that
(a) A language is regular if and only if it is described by a regular expression
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(b) Regular languages are closed under star.
(c) Every regular expression describes a regular language.
(d) NFAs are no more powerful than DFAs.
(e) Every regular language is described by a regular expression.

14. Which of these does not imply that L is regular?
(a) L is finite
(b) L is closed under the regular operations: i.e, L = LL = L ∪ L = L?.
(c) L is recognized by a DFA
(d) L is described by a regular expression
(e) the complement of L is recognized by an NFA

15. The agreement A of two languages L1 and L2 is a language consisting of all strings
that are in both or neither of the two. Suppose that L1 and L2 are regular.
(a) A is regular because we can run DFAs for L1 and L2 to recognize A
(b) A is regular because A = L1 ∪ L2, by closure under union
(c) A may not be regular because we need to read the input twice
(d) A is regular because we could construct a DFA using the product construction
(e) A may not be regular because it is not a union or an intersection of L1 and L2

16. For an NFA M = (Q,Σ, δ, q0, F ) and a subset S ⊆ Q, which of the following is not
always true about the ε closure E(S)?
(a) Given M and S one can calculate E(S) in finite time.
(b) there is no ε transition from a state not in E(S) to a state in E(S)
(c) S ⊆ E(S)
(d) E(S) = ∪q∈SE({q})
(e) there is no ε transition from a state in E(S) to a state not in E(S)

17. {anbm : n > m ≥ 0} is
(a) not regular because ap+1bp cannot be pumped
(b) regular because it is a subset of a?b?

(c) regular because it is described by a regular expression
(d) not regular because you cannot remember n
(e) not regular because apbp cannot be pumped
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Question 1. [11 marks] Let L ⊂ {a, b}? be the language

L = {anbm : n <
√
m or m <

√
n}.

State whether or not L is regular, and show that your answer is correct.
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Question 2. [11 marks]
(a) [5 marks] Using the method from class, produce an NFA for the regular expression (ab∪
ba)?. Do not simplify. (You can give a transition diagram or a transition table, and do not
need both.)

(b) [6 marks] Using the powerset method, produce a DFA for the NFA from the (a) part. Do
not simplify the NFA first. (You can give a transition diagram or a transition table, and do
not need both.)
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Question 3. [11 marks] DFAs with alphabet {a, b} and transition functions

State ↓ Symbol → a b
q0 – start, final q1 q0
q1 q0 q1

State ↓ Symbol → a b
q0 – start, final q0 q1
q1 q1 q0

recognize languages of strings with an even number of as, and an even number of bs, respec-
tively.
(a) [5 marks] Let L ⊂ {a, b}? consist of strings having an an even number of as or an even
number of bs. Using the product construction on the two given machines, produce a DFA M
that recognizes L.

(b) [6 marks] Show how to turn M into a GNFA M ′. Then show the GNFA obtained after
one state is removed from M ′ using the GNFA method.


