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Abstract:
One of the drawbacks of the standard technique of dynamic programming on path and tree

decompositions is that the space usage is exponential in the decomposition’s width. We investigate
whether this is unavoidable by considering the computational complexity of graph problems lim-
ited to instances of small width or depth. We complete the landscape sketched for pathwidth and
treewidth by Allender et al. [1], by considering the parameter tree-depth: We prove that computa-
tions on tree-depth decompositions correspond to a model of non-deterministic machines that work
in polynomial time and logarithmic space, with access to an auxiliary stack of maximum height
equal to the decomposition’s depth. Together with the results of Allender et al., this describes
a hierarchy of complexity classes for polynomial-time non-deterministic machines with different
restrictions on the access to working space, which mirrors the classic relations between treewidth,
pathwidth, and tree-depth. As corollaries we get equivalent characterizations of the complexity
classes involved and a result on their determinization. We then comment on plausible deterministic
time-space trade-offs.
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