
CSE 355 HOMEWORK ONE

PART 1 DUE 29 JANUARY 2017 MIDNIGHT, PART 2 DUE 05 FEBRUARY 2017 MIDNIGHT

Your answer for each question is to be uploaded to the Blackboard site prior to midnight on the
due date for the part in which the question appears. Each answer must be in a separate PDF file.

Graders will return comments electronically as quickly as they can.

PART 1
(1) My company has been tasked with building a controller for locking and unlocking a door.

Instructions are provided to the controller to govern the state of the door. The instructions
are one of L (“lock”), U (“unlock”), or S (“stay”). The controller can be in one of three
states: locked, unlocked, or resetting. The controller starts in the locked state. It
receives a sequence of L, U, S instructions, and is to respond as follows. If it is locked

and receives a L or S, it remains locked. If it is unlocked and receives a U or S, it remains
unlocked. If it is locked and receives a U, it becomes unlocked unless the previous
instruction (if any) was an L, in which case it becomes resetting. If it is unlocked and
receives an L, it becomes locked unless one or both of the two previous instructions (when
they exist) was a U, in which case it becomes resetting. When it first becomes resetting,
it remains resetting for the next ten instructions and then becomes locked and starts
behaving as if it had just commenced operation.
(a) Design a DFA with input alphabet {L, U, S} whose states determine the state of the

controller in the operation described above. (Your DFA need not have any final states.)
(b) Give an English language description of the strings (sequences of instructions) that

make the controller locked.
(2) Give a formal definition of a DFA whose language is

(a) L1 = {w ∈ {0, 1, 2}? : the first character of w is the same as the last character of w}.
(Think about what to do with the empty string and with strings of length 1.)

(b) L2 = {w ∈ {0, 1, 2}? : w contains at least one of 01, 02, or 12 as a substring}
(c) L3 = {w ∈ {0, 1, 2}? : w is a ternary representation of an even integer}
(d) L4 = {w ∈ {0, 1, 2}? : w is a ternary representation of an integer that is a multiple of

4}
(3) Give a state diagram for an NFA with as few states as you can whose language is

(a) L5 = {w ∈ {0, 1, 2}? : w is a ternary representation of an integer that is a multiple of
9}

(b) L6 = {w ∈ {0, 1, 2}? : w is a ternary representation of an integer that is a multiple of
3 but not a multiple of 9}

(c) L7 = L5.
(d) L8 = L7.

(4) Let L ⊆ Σ? be a regular language. Then there is an NFAM = (Q,Σ, δ, q0, F ) that recognizes
the language L. But we want an NFA for the language L. Following an idea from the class,
we build an NFA M ′ = (Q,Σ, δ, q0, Q \ F ). This does not work in general, I suspect. To
show this,
(a) Give an example of an NFA M for which L(M) ⊂ L(M ′).

(b) Give an example of an NFA M for which L(M) = L(M ′).

(c) Give an example of an NFA M for which L(M) ⊃ L(M ′).
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Part 2
(5) Using the languages from Question 2 and the method of Theorem 1.25 (the “product con-

struction”), give a formal definition for a DFA to recognize
(a) L1 ∩ L2

(b) L1 ∪ L3

(c) L1 ∩ L3

(d) L3 ∪ L3

Do not simplify the DFA produced. (You can write a program to make these DFAs, because
they might be quite large to write out by hand. If you do so, do not submit the program,
but rather just submit the DFAs that it generates.)

(6) (a) The reversal, rev(w), of a string w = w1 · · ·wn is the string wn · · ·w1. The reversal,
rev(L), of a language L is {rev(w) : w ∈ L}. Prove that if L is regular, rev(L) is
regular.

(b) A prefix of a string w is a string x for which there exists a y ∈ Σ? for which xy = w.
The prefix language pref(L) is the set of strings {x ∈ Σ? : x is a prefix of a string
w ∈ L}. Prove that if L is regular, pref(L) is regular.

(c) A suffix of a string w is a string x for which there exists a y ∈ Σ? for which yx = w.
The suffix language suff(L) is the set of strings {x ∈ Σ? : x is a suffix of a string
w ∈ L}. Prove that if L is regular, suff(L) is regular.

(7) Let Σ and Γ be finite alphabets. Let φ be a total function from Σ to Γ?. For w = w1 · · ·wn ∈
Σ? define subsφ(w) = φ(w1) · · ·φ(wn). Then define subsφ(L) = {subsφ(w) : w ∈ L} for
language L ⊆ Σ?. Prove that if L is regular and φ is any such total function, subsφ(L) is
regular.

(8) Let Σ be a finite alphabet. For a string w ∈ Σ?, the stutter of w, stut(w), is the language
of all strings obtained from w by repeating each character of w a positive integer number
of times. For example stut(aba) contains the strings aaabaaaa and aabbba (and infinitely
many more strings), but does not contain aab or abaab (and many more).

The stutter stut(L) of L ⊆ Σ? is
⋃
w∈L stut(w). Prove that if L is regular, stut(L) is

regular.
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