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A 2-Phase Algorithm for Enumerating
Tree-like Chemical Graphs Satisfying
Given Upper and Lower Bounds

MasAkI Suzukl, ! Hirosnl NacamocHr !
and TATSUYA AKuTsUT!

Enumeration of chemical graphs satisfying given constraints is one of the
fundamental problems in chemoinfomatics since they lead to a variety of use-
ful applications including drug design. In this extended abstract, we consider
the problem of enumerating all tree-like chemical graphs from a given set of
feature vectors, which is specified by a pair of upper and lower feature vec-
tors, where a feature vector represents the frequency of prescribed paths in a
chemical conpound to be constructed. To solve the problem for a single feature
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vectors, Ishida et al. proposed 1-Phase Algorithm and 2-Phase Algorithm. The
problem for a given set can be solved by applying the algorithms proposed by
Ishida et al. to each single feature vector in the given set, but this method may
take a large amount of computation time because in general there are many
feature vectors in a given set. Therefore Shimizu et al. proposed a new exact
branch-and-bound algorithm based on 1-Phase Algorithm for the problem so
that all the feature vectors in a given set are handled directly. We propose a new
exact branch-and bound algorithm based on 2-Phase Algorithm for the prob-
lem. In our algorithm, the branching operation is based on Nakano and Uno’s
enumeration algorithm on labeled trees. Since we cannot use the bounding op-
eration proposed Ishida et al. due to the new upper and lower constraints, we
introduce new bounding operations based on upper and lower feature vectors,
a bond constraint, and a detachment condition.
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Fig.1 A branching search space for 2-Phase Algorithm.
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Fig.2 Compound G and the Feature vector fi(G).
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Fig.3 An example for simplifying Feature Vector.
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