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Abstract: Vehicle Routing Problem (VRP) is an NP-Hard combinatorial optimization problem which can
be applied for logistics, transportation system, etc. by adding service constraints like that should be visited
exactly once. It is widely known that a current computer is hard to calculate exact solutions of the VRP
in polynomial time. Quantum annealing is expected to solve such an NP-Hard problem in polynomial time
as one of a quantum computer. In this paper, we evaluate a simple VPR using quantum annealing machine
to reveal the availability of quantum annealing for a scale of demand-based ride sharing system as a real
world application of the VRP. As a result of the evaluation using D-Wave 2000Q, we found that it takes
about 40ms to derive an exact solution of the VRP setting on 2 vehicles and 4 locations. However, the
current quantum annealing machine cannot scale up to the size assuming the real world application due to
a limitation of the hardware implementation. Therefore, to evaluate scalability of the quantum annealing,
we use two annealing simulators, Fujitsu Digital Annealer as a hardware and Openlij as a software, and
compare them to two existed solvers, an exact method and an approximate method. The evaluation of the
objective function indicated that the annealing simulators reduce up to 10% of the total costs compared to
the approximate method in scale where the exact method cannot execute. On the other hand, regarding the
execution time, the existed approximate method outperformed the annealing simulators over 100x. Based
on these evaluation results, we discuss future problems and conditions of quantum annealing utilization for
VRP intended for real world applications.
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Table 2 Penalty parameters of each annealing machine.
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Fig. 4 Total travel cost in small scale.
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Fig. 5 Total travel cost in middle scale.
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Fig. 6 Execution time on each annealing machine.
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