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Algorithms for mitigating hardware restrictions in Ising machines

Thesis Summary

Combinatorial optimization problems is a category of problems which find the optimal combination of
decision variables to minimize or maximize the objective function for given constraints. Ising machines,
including quantum annealing machines and non-quantum type Ising machines, have attracted attention
as accurate and efficient solvers for combinatorial optimization problems. However, the performance of
Ising machines is limited because of hardware restrictions. This study proposes algorithms to overcome
or mitigate these hardware restrictions and provide theoretical analysis of the algorithms.

This thesis consists of five chapters. Chapter 1 introduces the research background and objectives.
Chapter 2 presents basic knowledge, including methods to formulate combinatorial optimization
problems in the Ising model, hardware restrictions, and internal algorithms such as Simulated Annealing
(SA) and Quantum Annealing (QA), following the flow of solving combinatorial optimization problems
with Ising machines. Chapter 3 describes a method to mitigate bit-width restriction. The study found a
difference in the dynamical processes of the Ising model with SA before and after bit-width reduction.
Thus, the SA parameters that align the dynamical processes of the reduced bit-width Ising model with
the original Ising model, based on statistical mechanics analysis and these results. Chapter 4 describes
a method to mitigate the problem size restrictions for quantum annealing machines. This study explains
a hybrid optimization method that combines the larger problem size capability of non-quantum type Ising
machines with the high-speed solution finding capability of quantum annealing machines. The
performance of this hybrid method is evaluated using simulations with SA as the non-quantum type Ising
machine and D-Wave Advantage as the quantum annealing machine. These simulations evaluate
solution accuracy for problem sizes both feasible and infeasible for the quantum annealing machine,
along with the parameter dependence of the hybrid method. In addition, simulations are performed with
SA and QA using the master equation and the Schrédinger equation to evaluate the properties revealed
by these simulations and the potential capabilities of the hybrid method. Chapter 5 describes the

conclusions of this study and prospects.
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