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In recent years, Ising machines such as quantum annealing, which is expected to be a highly
efficient solution method for combinatorial optimization problems, have attracted much attention.
When solving a combinatorial optimization problem with an Ising machine, the combinatorial
optimization problem's objective function and constraints are expressed by the energy function of
the Ising model, and the ground state (minimum energy state) is searched. Each Ising machine
has a different operating principle, and by designing an Ising model based on the operating
principle and adjusting the hyperparameters, it is possible to perform computational processing
that maximizes the Ising machine's performance.

In this research project, we have studied the following three major topics. In this research project,
we studied the following three topics: (1) how to introduce quantum fluctuations to maximize the
performance of quantum annealing, (2) how to tune hyperparameters in Ising machines, and (3)
how to explore applications of Ising machines.

In (1), the performance of quantum annealing for a one-dimensional Ising spin model with
randomly sized interactions was investigated based on the knowledge of statistical mechanics. It is
shown that quantum annealing performance is enhanced by applying a random transverse
magnetic field corresponding to the randomness of the interaction. This result is now under
submission for publication (preprint version is available at arXiv:2007.07439). In (2), we analyzed
how to tune the hyperparameters in the "embedding algorithm," which is essential for some Ising
machines, based on statistical mechanics simulation (Monte Carlo simulation). This result was
published in IEEE Access. We also summarized the bit-width reduction required for some Ising
machines and published it in IEEE Transactions on Computers. In (3), we devised a method using
an Ising machine for a specific combinatorial optimization problem called the subgraph detection
and slot placement problem and summarized the computational processing results on an actual
Ising machine. Both papers were published in IEICE Transactions on Information and Systems.
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In recent years, Ising machines such as quantum annealing, which is expected to be a highly efficient solution method for
combinatorial optimization problems, have attracted much attention. When solving a combinatorial optimization problem with an Ising
machine, the combinatorial optimization problem’s objective function and constraints are expressed by the energy function of the
Ising model, and the ground state (minimum energy state) is searched. Each Ising machine has a different operating principle, and by
designing an Ising model based on the operating principle and adjusting the hyperparameters, it is possible to perform computational
processing that maximizes the Ising machine’s performance.

In this research project, we have studied the following three major topics. In this research project, we studied the following three
topics: (1) how to introduce quantum fluctuations to maximize the performance of quantum annealing, (2) how to tune
hyperparameters in Ising machines, and (3) how to explore applications of Ising machines.

In (1), the performance of quantum annealing for a one—dimensional Ising spin model with randomly sized interactions was investigated
based on the knowledge of statistical mechanics. It is shown that quantum annealing performance is enhanced by applying a random
transverse magnetic field corresponding to the randomness of the interaction. This result is now under submission for publication
(preprint version is available at arXiv:2007.07439). In (2), we analyzed how to tune the hyperparameters in the “embedding algorithm,”
which is essential for some Ising machines, based on statistical mechanics simulation (Monte Carlo simulation). This result was
published in IEEE Access. We also summarized the bit-width reduction required for some Ising machines and published it in IEEE
Transactions on Computers. In (3), we devised a method using an Ising machine for a specific combinatorial optimization problem
called the subgraph detection and slot placement problem and summarized the computational processing results on an actual Ising
machine. Both papers were published in IEICE Transactions on Information and Systems.
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