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Application of Ising Machine to optimize glass-plate cutting
patterns with Guillotine-Cut Constraint
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Expectations are increasing for applications of quantum computers. For the gate method,
overcoming the shortage of qubits and low fidelity remains a big obstacle to solving practical
optimization problems. Conversely, Ising machines, including quantum annealing, are
expected to enter practical use within a few years because they make available numerous
bits. This expectation is based on the assumption that Ising machines can exactly solve any
combinatorial optimization problem faster than a classical computer. However, the
performance of a classical computer and of the Ising machine depends on the type of
problem. The present study develops an Ising-machine algorithm and applies it to solve the
“cutting stock problem” (CSP), which is a combinatorial optimization problem to cut out
window-sized products from larger base glass plates so as to minimize glass loss. The CSP is
one of the most important optimization problems for the glass industry because of its direct
contribution to production yield. Given that this problem is NP hard and, with increasing
problem size, cannot be solved in polynomial time, an accelerated solution via the Ising
machine promises a significant benefit. In this study, the CSP is formulated by using the
next-fit decreasing height (NFDH) method, which is commonly used as a heuristic to solve
the problem. The algorithm is tested on two real machines: D-Wave and the Toshiba
simulated bifurcation machine. In addition, we propose a method involving the repeated
running of the proposed algorithm to overcome the limitation of the NFDH-based
formulation. This algorithm is also examined by using the Toshiba simulated bifurcation
machine and the Ising simulator.
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Fig. 1 An example of plate arrangement with NFDH method
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Fig. 4 A comparison between D-wave and Toshiba SBM
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Fig. 2 Patterns of sample arrangements for the first
problem.
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Table. 1 Combination pattern

No. FOE 2
D 1 BD
2 A B
3 AD
4 B, C
5 C,D
6 AC
B 7 ABD
8 B,C,D
9 A B, C
Fig. 3 An example of combination 10 A, CD
pattern. 11 A, B, C.D
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Fig. 5 A schematic flow of algorithm for n-stage problem.
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Table. 2 The number of correct answers for each plate
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