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CSE 322 Autumn 2001: Midterm Exam
(closed book, closed notes except for 1-page summary)
Total: 100 points, 5 questions, 20 points each. Time: 50 minutes

Instructions:

1. Write your name and student ID on each sheet. Write or mark your answersin the
space provided. If you need more space or scratch paper, you can get additional
sheets from the instructor. Make sure you write down the question number and
your name/id on any additional sheets.

2. Read al questions carefully before answering them. Feel free to come to the front
to ask for clarifications.

3. Hint 1: You may answer the questions in any order, so if you find that you're
having trouble with one of them, move on to another one that seems easier.

4. Hint 2: If you don’t know the answer to a question, don’t omit it - do the best you
can! You may still get partial credit for whatever you wrote down. Good luck!

1. (20 paoints) Circle True(T) or False (F) below. Very briefly justify your answers
(e.0. by giving an example or counter-example, by citing a theorem or result we
proved in class, or by briefly sketching a construction).

a. Any infinite subset of an uncountably infinite set is also uncountable....... T F
Why?

b. For any set A, thereis aways a one-to-one function from A to the power
S Of A . T F
Why?

c. If Risaregular language but R U Sisnot regular for some language S,

then Scannot beregular....... ... T F
Why?

d. Foranylanguage R, if R* isregular, thenRisregular........................ T F
Why?
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2. (20 points) DFAs

a LetX={0,1,2}. Draw the state diagram of a deterministic finite automaton (DFA)
that recognizesthe language L ={w e X* | sum of w' sdigitsisdivisible by 3}.
For example: 111, 012, 222, 00, €, 21120 are all in L but 020, 10, and 211 are not.

b. Fill inthefollowing proof for showing that the class of regular languagesis
closed under complement.
Proof: Let L be aregular language. Then, there exisssaDFA M = (Q, Z, 9, 0o, F)
such that L = L(M). The complement of L isrecognized by the DFA M’ = (Q’, X,
&,q, F), where:

Q’:
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3. (20 points) NFAs
Consider the NFA N = (Q, Z, 8, go, F) with the following state diagram:

a  What states can N be in after reading:
the string 0? the string 017? the string 01117
b. DoesN accept 01117 Why or why not?

Consider the equivalent DFA M = (Q’, X, &', o', F') derived using the “ subset
construction” method for converting an NFA to aDFA.

c. Whatisqy (intermsof the statesof N)? qo’ =

d d{(24.)=__ ?28{e.1)=__  ?258({356}1)=
e. What stateqe Q' isM in after reading the string 00100? g =
f. IsqaboveinF? Why or why not?

g. Completethefollowing: L(N) ={w|we {0,1}* and
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4. (20 points) Regular Expressionsand GNFAs

a. Writearegular expression for the language L = {w | w starts with a0 and has odd
length} over the alphabet £ ={0,1}.

b. Using the construction from the text/lecture notes for converting a GNFA to a
regular expression, remove state number 2 from the GNFA shown on the | eft.
Show the result by labeling, with the appropriate regular expressions, the 4
resulting transition arrows between states in the GNFA on the right. Note: The
specia start and accept states have already been added (states 1 and 4).

Before After removing state 2
(Label the 4 transition arrows)

1 ®
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5. (20 points) Pumping Lemma and Non-Regular L anguages

Let X bethe set containing “(* and“)” i.e. X ={ (,) }. Define the language Lg as the set
of all strings over X consisting of balanced parentheses. L can be defined recursively as
follows: astring wisin Lg iff (1) wisthe empty string, or (2) w is of the form: (w,) for
somew; in Lg, or (3) wisof the form: wyw, for somew; and w; in Lg.

Examples of stringsin Lg: (), (()), (((0))), 00. (0)0, (O(0))

Examples of stringsnat in Ls: (, ((0), 0)), (00 ((0)(( (equivalent to ()*(*!)

Using the pumping lemma, prove that Lg is not a regular language.




