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In graph problems, special care must be taken to enumerate subgraphs of a given graph such as paths,
spanning trees, and spanning forests. A frontier—based search is a framework to enumerate subgraphs
and to store them into a data structure called a Zero—suppressed binary decision diagram (ZDD). The
frontier—based search enumerates subgraphs by processing each edge one by one following a given
variable order. The efficiency of the search depends on the given variable order. Therefore, we want
to find a good order to run the frontier—based search efficiently. A previous study proposed a beam
search—based heuristic algorithm for variable ordering. However, frontier—based search with the
variable order obtained from the existing method fails to construct ZDDs on some graphs mainly due to
memory shortages.

In this thesis, we present the design of novel beam search—based algorithms and local search for
variable ordering. The design directions of our beam search—based algorithms are as follows. First, we
give three theorems that reveal the characteristic of variable ordering. Second, we propose an
approach based on dynamic programming (dp) for variable ordering, where each state of dp has a set of
edges and has a future state generated by edges that will be selected in the future from a current state.
Third, in the process of a beam search, we introduce the upper bound and lower bound of the beam
width to enable solution candidates to have diversity. We also propose two local search—based
algorithms for variable ordering. One discovers variable orders hard to obtain by only beam search—
based algorithms. The other reorders a variable order to enhance pruning effects in frontier—based
search keeping the variable order good. We show that frontier—based search with the variable order
that the proposed methods output provides more efficient performances than frontier—based search
with the variable order that the existing method outputs for almost all instances.




