
15-455: UCT K. Sutner

Assignment 6 Due: March 17, 2023.

1. Small Space (25)

Background
Write bin(x) ∈ 2⋆ for the binary expansion of x ∈ N. For simplicity assume LSD first (though the claim also holds for
MSD first). Define the languages

K = { 0n1n | n ≥ 0 } ⊆ 2⋆

L = { bin(0) # bin(1) # . . . # bin(n) | n ≥ 0 } ⊆ {0, 1, #}⋆

For example 0#1#01#11#001#101 is a string in L.

Recall that SPACE(o(log log n)) is already SPACE(1), but that is as far as one can go: with log log n space we can do
something “useful” that a finite state machine cannot do.

Task

A. Show that the context-free language K is in L.

B. Show that L is not regular.

C. Show that L is in SPACE(log log n).



2. NL and Projections (25)

Background
Our definition of NL is based on nondeterministic Turing machines. As mentioned in class, there is an alternative way
to define this class via projections, much in the spirit of our original definition of NP:

x ∈ A ⇐⇒ ∃ w ∈ 2p(|x|) (
M accepts (w, x)

)
Here M is a deterministic log-space checker, p a polynomial and the witness w is given to M on a separate, read-once
input tape. The actual instance x is still on a standard read-only tape. For the sake of brevity, let’s call such a
machine tame.

Task

A. Show that one can define SAT in this way if we drop the read-once condition.

B. Show that every language recognized by a tame checker is in NL.

C. Show that every language in NL can be accepted by a tame checker.

Comment Explain your coding method for part (A) in some detail, so the logarithmic space bound becomes clear.
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