
CSE 355 HOMEWORK FOUR

DUE 06 NOVEMBER 2013, START OF CLASS

(1) Let L1 be the language described by the regular expression (a∪bbb∪ε)?(b∪aaa∪ε)?. Let L
be the language {w ∈ {a, b}? : w = xxrev with x ∈ L1}. (Note that xrev means the reverse
of x.) Produce a pushdown automaton that recognizes the language L.

(2) Use your PDA from question 1 and the method to convert a PDA to a CFG to form an
equivalent CFG. Explain your steps.

(3) Let L1 be the language described by the regular expression (a∪ bbb∪ ε)?(b∪ aaa∪ ε)?. Let
L′ be the language {w ∈ {a, b}? : w = xx with x ∈ L1}. Show that L′ is not context-free.

(4) Suppose that we modify the notion of a PDA as follows. An ePDA is defined just like a
PDA, but accepts if and only if (1) reads all of its input, and (2) has an empty stack at
the end. It does not check whether it is in a final state in determining whether or not to
accept.
(a) Must every ePDA accept ε? Why?
(b) If ε ∈ L and L is context-free, show that there is always an ePDA that recognizes L.

(5) (not to be graded) A counter automaton is a 6-tuple (Q,Σ, C, δ, q0, F ) where Q is a finite
set of states, q0 ∈ Q is the start state, F ⊆ Q is the set of final states, Σ is the input
alphabet, and C is a counter that is a single storage location that can hold any nonnegative
integer. The transition function δ maps Q× (Σ ∪ {ε}) to P (Q× {+,−, 0}).

The machine has a read-only input, and starts at the first character with C = 0 and in
state q0. When in state q,
• if (q′, S) ∈ δ(q, ε), it can go to state q′ without reading any input, and

– add 1 to C if S = +;
– leave C unchanged if S = 0;
– subtract 1 from C if S = −, unless C is already 0, in which case the machine

cannot apply this transition.
• if (q′, S) ∈ δ(q, a) for a ∈ Σ, if it can read an a, it can go to state q′, and

– add 1 to C if S = +;
– leave C unchanged if S = 0;
– subtract 1 from C if S = −, unless C is already 0, in which case the machine

cannot apply this transition.
If there is any sequence of transitions that take the machine from the starting configuration
to a final state with all input read, the machine accepts the input; otherwise it does not.

Show that any language that is recognized by a counter automaton is context-free.
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