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Enumerating Tree-like Chemical Graphs
with Given Upper and Lower Bounds
on Path Frequencies

MasaAkI SHIMIZU, ! HiRosHI NAGAMOCHI !
and TATsuyA AkuTsuf!

Enumeration of chemical graphs satisfying given constraints is one of the
fundamental problems in chemoinfomatics since they lead to a variety of useful
applications including drug design. In this paper, 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 vectors, where a feature
vector represents frequency of prescribed paths in a chemical compound to be
constructed. This problem can be solved by applying the algorithm proposed
by Ishida et al. to each single feature vector in the given set, but this method

may take much computation time because in general there are many feature
vectors in a given set. We propose a new exact branch-and-bound algorithm
for the problem so that all the feature vectors in a given set are handled di-
rectly. 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 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 Compound and Feature vector.
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Fig.2 An illustration of the multiplicity-cut procedure, where M = 1.
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Table 1 Comparison of Enumerate and Division for ETULF.
Enumerate Division
ooo n K w oo oooo O oo O
1 1 1344.56 189,684,289 414,890 242.95 414,890
2 1 3.58 400,501 44 T.O. N.F.
3 1 1.50 149,722 2 T.O. N.F.
C00062 26 4 1 0.37 35,810 1 T.O. N.F.
CgH14N2Oy4 5 1 0.38 20,846 1 T.O. N.F.
6 1 0.28 15,582 1 T.O. N.F.
7 1 0.31 14,960 1 T.O. N.F.
1 1 T.0. 344,075,147 N.F. T.O. N.F.
2 1 8.39 845,760 25 T.O. N.F.
3 1 3.32 307,151 7 T.O. N.F.
C03343 37 4 1 1.22 99,945 1 T.O. N.F.
C16H2204 5 1 1.18 87,600 1 T.O. N.F.
6 1 0.95 60,194 1 T.O. N.F.
7 1 0.70 42,538 1 T.O. N.F.
1 1 T.O. 158,532,443 N.F. T.O. N.F.
2 1 46.81 2,246,578 238 T.O. N.F.
3 1 1.63 67,855 3 T.O. N.F.
C07178 46 4 1 0.50 15,164 1 T.O. N.F.
Co1HogN2Os5 5 1 0.39 11,543 1 T.O. N.F.
6 1 0.40 11,355 1 T.O. N.F.
7 1 0.36 9,920 1 T.O. N.F.
11 T.O. 292,573,087 N.F. T.O. N.F.
2 1 T.O. 181,053,717 N.F. T.O. N.F.
3 1 T.O. 163,939,390 N.F. T.O. N.F.
C03690 61 4 1 324.98 25,750,543 4 T.O. N.F.
C24H3504 5 1 263.35 18,718,379 2 T.O. N.F.
6 1 132.55 8,286,117 1 T.O. N.F.
7 1 53.12 3,058,895 1 T.O. N.F.
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Table 2 Comparison of each width w for ETULF.

Enumerate
ooo n K w 0o oooo O
2 0 0.51 55,196 6
2 1 3.58 400,501 44
2 2 7.58 835,509 503
C00062 26 2 3 10.84 1,163,548 2,351
CeH14N204 2 4 12.55 1,349,057 5,430
2 5 13.29 1,431,075 9,852
2 50 14.31 1,537,496 25,425
2 0 0.34 35,952 9
2 1 8.39 845,760 25
2 2 48.27 4,815,369 41
C03343 37 2 3 149.83 14,781,738 305
C16H2204 2 4 377.01 37,435,878 40,732
2 5 639.68 63,459,180 106,870
2 50 1118.75 110,703,034 510,079
2 0 2.33 111,781 16
2 1 46.81 2,246,578 238
2 2 96.52 4,715,072 1,375
C07178 46 2 3 152.18 7,420,060 6,824
Ca1H2gN2O5 2 4 179.42 8,744,563 19,180
2 5 199.66 9,677,513 29,891
2 50 255.01 12,292,587 54,861
5 0 19.50 1,482,017 2
5 1 220.14 16,063,569 5
5 2 439.12 33,037,741 32
C03690 61 5 3 684.88 52,207,745 178
C24H3804 5 4 1024.96 78,509,554 349
5 5 1285.55 98,762,291 615
5 50 T.O. 136,835,134 N.F.
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