CSE 322

Intro to Formal Models in CS

Midterm Exam
Solution

Autumn 2000

W. L. Ruzzo

1. Circle True or False belowery briefly justify your answers,g. by giving a counter example, by citing
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a theorem we've provediriefly sketching a construction, etc. AssumeandR are subsets at* for

some fixed alphabéi.

(@) If Risregular,andd C R, thenAisregular. ........ ...

| FALSE. Counterexamplet = {a"" | n > 0}, R = {a,b}".

(b) If Risregular,and? C A, thenAisregular. ..... ... e

‘ FALSE. Counterexampled = {a"b" | n > 0}, R = .

(c) If Risregular,andd N Risregular,themdisregular. ........... .. i

‘ FALSE. Counterexampled = {a™b" | n > 0}, R = 0.

(d) If Risregular, butd N Ris non-regular, ther is non-regular. ..............................

‘ TRUE, by closure of the class of regular languages under

(e) If Risregular, themR  iSregular. . ... ... ..o e i

‘ TRUE, by closure of the class of regular languages ufider

2. Give adeterministicfinite automaton recognizing the languabje= {z € {a,b}* |  contains an even
number ofa’s and an odd number @fs}. E.g.,b andaaaba are inL, butabab andbaaa are not. You
donotneed to give a correctness proof for your machine.

Note: State names indicate
parity of #a, #b.

3. Consider the NFAY = (Q, X%, 6, qo, F') with the following transition diagram:
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(a) In what states might the NFA be after reading ingbt.? 3,6

(b) Does the NFA accepbba? Why or why not? | Yes, since 6 is a final state.
(c) Suppose you apply the “subset” construction to build an equivalentFA: (Q', %, ¢, ¢f, F').
What state; € Q' would M’ be in after reading the inpabba? {3, 6}

(d) Isq above inF’? Why or why not? ! Yes. It contains a final state of .

(e) Interms of the states @ff, what is the start state @f/'? ¢j = {1, 2}

(f) What state i$9'({2,4},a)? | {3} 5'({2,6},a)? §'({5},a)? —[0]
(g) Describe in English the language acceptedby(Saywhatit is, nothow M operates.)

M accepts strings € {a, b}* with either
1) the number of b’s i, and the number of b’s to the left of every a (if any)irare positive
multiples of 3, or
2) the number of a’s in: is even.
FYI, a corresponding regular expression wouldibgba *) * U b*(ab *ab*) *.

4. Using the construction given in the text and lecture for converting an FA to a regular expression, eliminate
state number 2 (andnly state 2) from the following GNFA. The special start- and final-states have
already been added. Arrows labelkdre not shown. You may also omit them from your answer if you
prefer, and you may simplify terms involvirg(e.g.,z Uy - § = z), but donot otherwise simplify the
expressions.
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5. LetL = {z € {a,b}* | x contains more’s thand’s }. Prove (using any method you wish) ttats not
aregular language.

AssumelL is regular. Letp be the pumping length fak, and lets = a?b?~!. Clearly s has more a's
than b’s, so itis inL, and|s| > p, so by the pumping lemma there must exist strimgg, z such tha
lzy| < p, |y| > 0, and foralli > 0, zy’z € L. Butay’z = a?~1¥I5P=1 ¢ L, sincep — |y| < p — 1.
This contradicts the conclusion of the pumping lemma, and theréfesmnot be regular.
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