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e The exam consists of 16 equal-weight multiple-choice questions in 2 pages.

¢ Record in the bubble sheet exactly ONE answer for each question.

o If a question has multiple correct answers in the available choices, choose the first correct one.
o If a question has no correct answer in the available choices, choose E.

= Draw a Mealy machine (which outputs 0 or 1 with each transition). The machine must consist of
exactly 5 states (named A, B, C, D, E). The machine must output 1 for each occurrence of “zzyzz” inside
any input string over the alphabet {y, z} and output 0 otherwise. Suppose the starting state is A. Assume
T(A,z) =B, T(B,z)=C, T(C,y)=D, T(D,z)=E. Answer the following:

[1]T(B,y) =
[A]A [B]B [c]Cc [D|D [E|E
2] T(C,2) =
[a]a [B]B [c]c [D]D [E]E
3]TD,y) =
[a]a [B]B [c]c [D]D [E]E
4] T(E,2) =
[A]A [B|B [c]Cc [D|D [E|E

= Convert the following regular grammar to NFA: S — bl|c, I — dS|a. The NFA must consist of
exactly 3 states (named S, I, F), where the starting state is S and the only accepting state is F.

The following NFA transition is labelled “a”:

(A](S—T1) [B]@—8S) [c]l—F) [D](S—F) [E](F—1I)

@ The following NFA transition is labelled “b”:

A]S—T1) [B|/@I—S) [c]@—F) [D|](S—F) [E](F—T)

The following NFA transition is labelled “c”:

A]S—T1) [B]/@I—8S) [c]@—F) [D](S—F) [E](F—T)

The following NFA transition is labelled “d’:

[A](S—T1) [B]@—S) [c]T—F) [D](S—F) [E](F—TI)



= Assume the first step to convert the following NFA to a regular expression is deleting state 1. (Thus,
do not add new starting state or new accepting state). The start state is O and the accepting state is 3. The
NFA consists of the following transitions:

T(0,a)=1, T(0,a)=2, T(0,b)=3, T(1,b)=1, T(1,a)=2, T(1,b)=3,
T(2,b)=1, T(2,a)=2, T(2,b)=3.

After deleting state 1, answer the following:

@ The regular expression on the transition (0 — 2) is equivalent to:
ab* b*a b*b [D|(A +ab*)a (A + ab*)b
The regular expression on the transition (0 — 3) is equivalent to:
ab* b*a b*b [D](A + ab*)a (A + ab*)b
The regular expression on the transition (2 — 2) is equivalent to:
ab* b*a b*b [D](A + ab*)a (A + ab*)b

The regular expression on the transition (2 — 3) is equivalent to:

[A]ab* [B]b*a [C|b*b [D](A +ab*)a [E|(A +ab*)b

= Consider applying the first pumping lemma to prove that the language a®b™ is not regular. Assume
there exists a string xyz which equals to a"b™ for some n. Let k be the number of repetitions of y. In
each of the following cases, state why the pumped string does not belong to the language. If the pumped
string belongs to the language, choose E:

y=b, k=2
[ A]equal number of a’s and b’s more a’s than b’s more b’s than a’s  [D|a comes after b
E the pumped string belongs to the language

y=aa, k=0
zl equal number of a’s and b’s more a’s than b’s more b’s than a’s @ a comes after b
E the pumped string belongs to the language

y=ab, k=0
| A]equal number of a’s and b’s more a’s than b’s more b’s than a’s  [D|a comes after b
E the pumped string belongs to the language

y=ab, k=2
[ A]equal number of a’s and b’s more a’s than b’s more b’s than a’s  [D]a comes after b
E the pumped string belongs to the language
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