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Experimental Results
We show scatter plots comparing the time to optimally solve
a model by 1 and 32 thread solvers in Figures 1-6. The
speedup of the parallel DIDP solvers becomes larger as se-
quential CABS requires more time to solve an instance. The
parallel solvers take at least 0.01 seconds to solve an instance
even if sequential CABS solves it faster. This overhead pos-
sibly comes from the initialization of multiple threads. In
SALBP-1, the speedup achieved by the parallel solvers is
varied and sometimes super-linear, which is possibly caused
by the search behavior change. The number of expansions,
shown in Figures 7-12, supports this explanation. While the
parallel solvers have almost the same number of expan-
sions as sequential CABS in all instances of TSPTW, CVRP,
MOSP, and graph-clear, the expansion ratio ranges from less
than 0.1 to more than 10 in SALBP-1. The tendency is more
evident in bin packing, and some instances solved by se-
quential CABS are unsolved by the parallel solvers.

We also show scatter plots comparing time for MIP and
CP. In TSPTW and MOSP, parallel CP is slower than se-
quential CP while it has the better primal gap, as discussed
in the paper.
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Figure 1: Comparison of the time to optimally solve a model by 1 and 32 thread solvers in TSPTW. Unsolved instances are
shown at ‘n.a.’.
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Figure 2: Comparison of the time to optimally solve a model by 1 and 32 thread solvers in CVRP. Unsolved instances are shown
at ‘n.a.’. CP is not shown as it does not solve any instance optimally.
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Figure 3: Comparison of the time to optimally solve a model by 1 and 32 thread solvers in SALBP-1. Unsolved instances are
shown at ‘n.a.’.
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Figure 4: Comparison of the time to optimally solve a model by 1 and 32 thread solvers in bin packing. Unsolved instances are
shown at ‘n.a.’.
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Figure 5: Comparison of the time to optimally solve a model by 1 and 32 thread solvers in MOSP. Unsolved instances are
shown at ‘n.a.’.
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Figure 6: Comparison of the time to optimally solve a model by 1 and 32 thread solvers in graph-clear. Unsolved instances are
shown at ‘n.a.’.
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Figure 7: Comparison of the numbers of expansions to optimally solve a model by 1 and 32 thread solvers in TSPTW.
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Figure 8: Comparison of the numbers of expansions to optimally solve a model by 1 and 32 thread solvers in CVRP.
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Figure 9: Comparison of the numbers of expansions to optimally solve a model by 1 and 32 thread solvers in SALBP-1.

102 104 106 108

Sequential expansions

101
102
103
104
105
106
107
108

Pa
ra

lle
l e

xp
an

sio
ns

0.1x
1x
10x

(a) CASBS

102 104 106 108

Sequential expansions

101
102
103
104
105
106
107
108

Pa
ra

lle
l e

xp
an

sio
ns

0.1x
1x
10x

(b) CAHDBS1

102 104 106 108

Sequential expansions

101
102
103
104
105
106
107
108

Pa
ra

lle
l e

xp
an

sio
ns

0.1x
1x
10x

(c) CAHDBS2

Figure 10: Comparison of the numbers of expansions to optimally solve a model by 1 and 32 thread solvers in bin packing.
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Figure 11: Comparison of the numbers of expansions to optimally solve a model by 1 and 32 thread solvers in MOSP.
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Figure 12: Comparison of the numbers of expansions to optimally solve a model by 1 and 32 thread solvers in graph-clear.


