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As the quantum volume increases, we are about to use quantum computers for real applications. Therefore, it is necessary to
investigate how much quantum-computational gain is achievable in the near future. In this work, we analyze a fault-tolerant
quantum computing method for near-term applications such as the ground-state estimation problem. Based on quantitative analysis,
we find that it is still necessary to improve the current fault-tolerant quantum computing. This work also discusses which parts
should be improved to improve quantum computing performance.
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Fig. 1. Concept of quantum algorithm for ground-state estimation
problem
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M 2 4 8 16 32
Steane 2 3
Bacon-Shor 2 2 2 2 2

Table 2. Increase of total number of qubits with input size

M 2 4 8 16 32

Steane 539 637 833 1,225 14,063

Bacon-Shor 891 1,053 1,377 2,025 3,321
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Fig. 4. Quantum computation time with fault-tolerant quantum
computation methods
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