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What is Computer architecture?

- “Computer Architecture is the science and art of selecting and
Interconnecting hardware components to create computers that
meet functional, performance and cost goals.”

- WWW Computer Architecture Page
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Physical qubit error rate (p) Ta rget lattice Shape

Experimental condition
- Measurement process is performed once every 1 us
- Each QECOOL Unit has a 7-bit buffer to store syndrome values
- If buffer entry size is greater than K = 3, QECOOL is performed; otherwise, each Unit waits for
measurement process
- MWPM operates with batch-QEC manner

e LEULME: QECOOLp = 0.01, MWPM p = 0.03
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Architecture overview of QECOOL SFQ design layout of QECOOL Unit

JIs: 3177 Area: 1.274 mm? Latency: 215 ps Power cons.: 2.78 uW

Required power per logical qubit on 4-K environment
Supposed = 9,

(9 x 8 x 2 x 2.781,w) =|400[,w,
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Table 1. Comparison of Cryo-CMOS and SFQ decoders. The area, power consumption and throughput are per distance-9 logical qubit.

NN [32] AQEC[38] QECOOL [39] QULATIS [40] NEO-QEC [84] Clique [103]

Platform CMOS SFQ SFQ SFQ SFQ SFQ

Meas. errors v v v v

Lattice surgery v v

Area (mm®) 10 369 183 16.4 N/A 14.4
Power consumpt. (W) 20000 3780 400.3 417.4 614.9 99
Throughput Max/Avg. (ns) 28 19.2/3.8 364/9.15 82/2.12 N/A 0.24

TQE ISCA DAC HPCA 2022. ASPLOS
2020 2021 2022 05758 2023

Francesco Battistel, Christopher Chamberland, Kauser Johar, Ramon W. J. Overwater, Fabio Sebastiano, Luka Skoric, Yosuke Ueno, Muhammad Usman,
“Real-Time Decoding for Fault-Tolerant Quantum Computing: Progress, Challenges and Outlook”, Nano Futures, Vol. 7, Num. 3, pp. 032003.
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Lattice surgery Target lattice shape —
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Framework to perform logical operations
. B Single logical qubit Lattice surgery
with SC-based QEC (QECOOL) (QULATIS)

e Extension of QECOOL for decoding of lattice surgery
o Supporting logical operations of the universal quantum gate set {H, CNOT, T}

e SFQ circuit design of QULATIS decoder is
suitable for online decoding in a cryogenic environment
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84, ESHE

QECOOL/
QULATIS

QECOOL /
QULATIS

X syndrome

Binarized CNN decoder
X&Z syndrome with SFQ circuits (Extension of [1]

e A two-stage decoder with binarized CNN and QECOOL/QULATIS
o Improve threshold values of QECOOL/QULATIS
e SFQ design of Neural Processing Unit for binarized CNN

o Suitable for online decoding in a cryogenic environment

[1] S. Gicey, L. C. Hollenberg, and M. Usman, A scalable and fast artificial neural network syndrome
decoder for surface codes, arXiv preprint arXiv:2110.05854 (2021).
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