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1. Yosuke Ueno, Yuna Tomida, Teruo Tanimoto, Masamitsu Tanaka, Yutaka Tabuchi, Koji
Inoue, Hiroshi Nakamura, “Inter-temperature Bandwidth Reduction in Cryogenic QAOA
Machines,” IEEE Computer Architecture Letters, Vol. 23, No. 1, Jan-June 2023.

The bandwidth limit between cryogenic and room temperature environments is a critical
bottleneck in superconducting noisy intermediate-scale quantum computers. This paper presents
the first trial of algorithm-aware system-level optimization to solve this issue by targeting the
quantum approximate optimization algorithm. Our counter-based cryogenic architecture using
single-flux quantum logic shows exponential bandwidth reduction and decreases heat inflow and
peripheral power consumption of inter-temperature cables, which contributes to the scalability
of superconducting quantum computers.
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2. llkwon Byun, Junpyo Kim, Dongmoon Min, Ikki Nagaoka, Kosuke Fukumitsu, lori
Ishikawa, Teruo Tanimoto, Masamitsu Tanaka, Koji Inoue, and Jangwoo Kim, “XQsim:
Modeling Cross-Technology Control Processors for 10+K Qubit Quantum Computers,” In
Proceedings of ACM/IEEE International Symposium on Computer Architecture (ISCA '22),
2022, pp. 366-382.

10+K qubit quantum computer is essential to achieve a true sense of quantum supremacy. With
the recent effort towards the large-scale quantum computer, architects have revealed various
scalability issues including the constraints in a quantum control processor, which should be
holistically analyzed to design a future scalable control processor. However, it has been
impossible to identify and resolve the processor’s scalability bottleneck due to the absence

of a reliable tool to explore an extensive design space including microarchitecture, device
technology, and operating temperature. In this paper, we present XQsim, an open-source
cross-technology quantum control processor simulator. XQsim can accurately analyze the target
control processors’ scalability bottlenecks for various device technology and operating
temperature candidates. To achieve the goal, we first fully implement a convincing control
processor microarchitecture for the Fault-tolerant Quantum Computer (FTQC) systems. Next, on
top of the microarchitecture, we develop an architecture-level control processor simulator
(XQsim) and thoroughly validate it with post-layout analysis, timing-accurate RTL simulation,
and noisy quantum simulation. Lastly, driven by XQsim, we provide the future directions to
design a 10+K qubit quantum control processor with several design guidelines and architecture
optimizations. Our case study shows that the final control processor architecture can
successfully support ~59K qubits with our operating temperature and technology choices.

3. Yasunari Suzuki, Takanori Sugiyama, Tomochika Arai, Wang Liao, Koji Inoue, and Teruo
Tanimoto, “Q3DE: A fault-tolerant quantum computer architecture for multi-bit burst errors by
cosmic rays,” In Proceedings of the 55th IEEE/ACM International Symposium on
Microarchitecture (MICRO-55), 2022, pp. 1110-1125.

Demonstrating small error rates by integrating quantum error correction (QEC) into an
architecture of quantum computing is the next milestone towards scalable fault tolerant quantum
computing (FTQC). Encoding logical qubits with superconducting qubits and surface codes is
considered a promising candidate for FTQC architectures. In this paper, we propose an FTQC
architecture, which we call Q3DE, that enhances the tolerance to multi-bit burst errors (MBBES)
by cosmic rays with moderate changes and overhead. There are three core components in Q3DE:
in-situ anomaly DEtection, dynamic code DEformation, and optimized error DEcoding. In this
architecture, MBBEs are detected only from syndrome values for error correction. The effect of
MBBEs is immediately mitigated by dynamically increasing the encoding level of logical qubits
and re-estimating probable recovery operation with the rollback of the decoding process. We
investigate the performance and overhead of the Q3DE architecture with quantum-error
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simulators and demonstrate that Q3DE effectively reduces the period of MBBEs by 1000 times
and halves the size of their region. Therefore, Q3DE significantly relaxes the requirement of
qubit density and qubit chip size to realize FTQC. Our scheme is versatile for mitigating
MBBEs, i.e., temporal variations of error properties, on a wide range of physical devices and
FTQC architectures since it relies only on the standard features of topological stabilizer codes.
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