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Summary of this talk

● Cryogenic quantum machine requires many inter-temperature cables

○ Hardware complexity, heat inflow, peripheral power etc.

● For QAOA, measurement readout communication is dominant

● Counter-based SFQ architecture reduces meas. bandwidth
2

QPU

CMOS
device

QPU

CMOS
device

Instruction 

issue
Measurement 

readout

Compressed 

meas. results

Counter-based

SFQ architecture

Baseline system Proposed system

Instruction 

issue

300 K

4 K

20 mK

Quantum-classical 

interface



QCCC2023 @ Tohoku University 2023/11/17 / 9

Contents

● Quantum approximation optimization algorithm (QAOA)

● Bandwidth modeling of cryogenic QAOA machine

● Measurement bandwidth reduction by counter-based 

calculation

● Evaluation: bandwidth v.s. power dissipation in cryostat

● Summary and future work
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Quantum Approximation Optimization Algorithm (QAOA)

● One of the simplest NISQ applications

● QAOA require inter-temperature communication for 

(1) instruction issue and (2) qubit measurement readout
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Inter-temperature communication timing of QAOA

● Gate sequence is reused throughout QAOA computation

● QAOA parameters are reused through T trials (1 iteration)

● N-bit measurement readout is transferred after every trial
○ This is bottleneck! We focus on the measurement bandwidth
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Expectation value calculation using counters
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Counter-based architecture design

● Bandwidth is reduced by factor of 2𝑏 with 𝑏-bit counters
○ By sending only MSB after counter overflow

● Each counter has ten picowatt orders of power 
○ when applied ERSFQ (1.3MHz operating frequency)
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Bandwidth and power dissipation in cryogenic env.

● Bandwidth is exponentially reduced to counter bitwidth 𝑏
○ Setting 𝑏 to 𝑂(log𝑁) keep bandwidth constant

● Our architecture reduced # of cables, which leads to power 

consumption and heat inflow reduction in cryogenic env.
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Summary and future work

● Counter-based SFQ architecture reduces meas. bandwidth during QAOA

● First step in system-level optimization based on application 

characteristics of quantum computers

● Future work: extend the method to VQE or other VQAs
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