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1. (25 points) Either construct aregular grammar to show that {a'b'|i, je Nai < j} is
regular or use the Pumping Lemma for regular languages to show that it is not regular.



2. (25 points) Either construct a context-free grammar to show that {a'b'a’b’b* i, j,k & N}

is context-free or use the Pumping Lemmafor context-free languages to show that it is not
context-free.



3. (25 points) Let G beagrammar in Greibach Normal Form and let ze L(G) with

length(z) = n. Provide bounds for the number of stepsin aderivation S= z. That is, you
should provide the tightest lower and upper bounds possible on the length of a derivation

of z That is, what isthe largest value of p such that every derivation S= z must have at

least p steps, and what is the smallest value of g such that every derivation S= z must
have at most q steps



4. (25 points) Prove that a'b(au b)* e NP.



CS3133
Solutions to Final Exam

1. {ab'[i,je N i< j} isnot regular. Assumeit is regular, and let n be the constant
provided by the Pumping Lemmaand let z=ab". If L were regular, then z could be written
uvw = a’b" with length(uv)<n and length(v) > 1. It follows that v must be a nonempty
string of as. The Pumping Lemma asserts that uv"we L , even though it has more as than
bs. This contradiction implies that {a‘bj i,jeNAi< j} isnot regular.

2. {a'b'a’b'b¥|i, j,k e N} is context-free because it is generated by the grammar
S— AAB
A— aAb|A
B — bB|A

3. The upper and lower bounds are both length(z) = n, unless 2 € L(G), in which case
the upper bound is n+1. Since every step in aderivation (aside from S= 1) adds exactly
one terminal symbol to the sentential form, all such derivationslast exactly length(z) =n

steps.

4. ab(au b)* is accepted by final statein O(n) time (where n is the length of the input
string) by the nondeterministic Turing Machine

M =({a, .9 }.{a,b},{a,b,B},5,6.{q,})
with transition function
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