LECTURE 16: NONDETERMINISTIC LOGSPACE

Date: October 17, 2023.

Problem 1. For any functions S, T, DSPACE(S(n)) = co-DSPACE(S(n)) and DTIME(T (n)) = co-DTIME(T'(n))
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Theorem 1 (Immerman-Szelepcsényi Theorem). For S(n) > logn, NSPACE(S(n)) = co-NSPACE(S(n)).
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Logspace Computable Functions: A function f is computable in logspace if there is a Turing machine
M such that on any input z, M halts with f(z) written on its output tape, and M uses at most O(log|z|)
cells on its work-tape.

Logspace Reductions: A is reducible to B in logspace (denoted A <% B) if there is a logspace

computable function f such that for any z, z € A iff f(z) € B. Aac A . ™! e
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Proposition 2. If A <% B and B € Lkhen AeLy Compudbe. £(>)
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Proposition 3. If 4 <I° B and B <% C then A <l%8 C. ALDO @gc j—[ﬁ) .

Hardness and Completeness: Let C € {NL,P,NP,...}. A problem B is C-hard if for any A € C,
A <%t B. B is C-complete if B is C-hard and B € C.

Maze Problem: MAZE is the following problem: Given a directed graph G = (V, E) and vertices s,t € V,
determine if there is a path from s to ¢.

Theorem 4. MAZE is NL-complete.



