JAIST Repository

https://dspace.jaist.ac.jp/

JSSPOBQMAEIZBITB RN A7 i & EiERESET

Title fe X ORI LD HHE B LU QPUDMEREIHE [ &M
ZEHR |

Author(s) WA, K&

Citation

Issue Date 2026-03

Type Thesis or Dissertation

Text version

author

URL https://hdl.handle.net/10119/20548
Rights

o Supervisor: 11 &, Selm Rl A EAM 5L R, B 1 (FH
Description

BE)

AIST

JAPAN
ADVANCED INSTITUTE OF
. SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology




Bottleneck Analysis in BQM Generation for JSSP, Speedup through
Systematization of Direct Construction Procedures, and QPU Performance
Investigation

s2110054 Daiki Kawamoto

Quantum annealing is expected to be applied to combinatorial optimiza-
tion problems, but its performance on real-world problems has not been
sufficiently clarified. In the application of quantum annealing to the Job
Shop Scheduling Problem (JSSP), Carugno et al. reported an implemen-
tation using the dwavebinarycsp library; however, BQM (Binary Quadratic
Model) generation requires more than 8 hours for problems of approximately
n = 26, making evaluation of large-scale problems difficult. Yet, which spe-
cific process within the library causes the exponential growth has not been
identified.

In this study, we analyzed the bottleneck in BQM generation and consol-
idated previously dispersed methods from prior research to resolve it. First,
we reproduced Carugno’s method and measured processing times in detail.
As a result, we identified that O(27) enumeration processing (where T' is
the timespan) in the uniqueness constraint processing within the dwavebi-
narycsp library is the bottleneck. For a 20 x 20 instance, approximately
7.5 minutes were required, making BQM generation practically infeasible for
larger problem sizes.

Next, we developed a method to construct BQM directly without us-
ing dwavebinarycsp. We formalized four procedures that were not explicitly
stated in Venturelli’s paper: (a) variable index assignment, (b) conversion to
QUBO coefficients, (c) coefficient accumulation, and (d) BQM object con-
struction. This approach calculates QUBO coefficients directly from Ven-
turelli’s formulation without enumeration processing.

In the evaluation experiments, this method achieved approximately 5200
times speedup compared to the conventional method for a 20 x 20 instance.
The speedup did not degrade solution quality. Furthermore, we conducted
QPU performance evaluation, which became possible by resolving the bot-
tleneck, and investigated the performance limits of quantum annealing for
problem sizes up to n = 30. We confirmed that optimal solutions are reliably
obtained for n < 15, while the success rate decreases for n > 26.
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