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Sequential teleportation

Quantum computing

Quantum circuit model
Qubit 
R. P. Feynman (1980) 

Continuous variable 
S. Lloyd and S. L. Braunstein 
(1999) 

Qubit 
R. Raussendorf  
and H. J. Briegel (2001) 

Continuous variable 
N. C. Menicucci and  
P. van Loock et al. (2006)

Measurement-based model (one-way quantum computing)

Extremely powerful for flying qubits

Large-scale entangled state 
(Cluster state) 
Measurement and 
Feedforward

Changing measurement bases = changing operation

⊕ = 0 + 1( ) / 2

⊕ = dx  x
−∞

+∞

∫

Quantum look-up table



Quantum computing with flying qubits (photons)
Quantum circuit model

flying qubits

Large-scale quantum computing = large-scale optical setup 
No flexibility of the setup (only one type of computing)  

photons

Measurement-based model  
One-way quantum computing with time-domain multiplexing

S. Yokoyama et al., Nature Photonics 7, 982 (2013). 
J. Yoshikawa et al., APL Photonics 1, 060801 (2016).

10000-wave-packet CV cluster state (2013), one million (unlimited) (2016) 
Squeezed light

Ultra-large-scale CV cluster state!! 

out

Large-scale quantum computing = fixed-size of the setup 
Programmable 



Time-domain multiplexed 2D cluster state 

Science 366, 373 (2019)

Quantum look-up table



Phase rotation SqueezingShear

θ (deg)　 θ (deg)　 θ (deg)　
W. Asavanant et al., arXiv:2006.537 [quant-ph].



Deterministic state synthesizer
x

p

Photon-number-resolving 
detector 

Y. Hashimoto et al., Phys. Rev. Lett. 123, 113603 (2019)
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With NTT people

Carrier wavelength: 860 nm

Carrier wavelength: 1550 nm

Actual  
machine

At UTokyo
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outUniversal!
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Large scale!

Universal!
Fault tolerant!

Goal Homodyne measurementOptical parametric amplifier

All-optical quantum computer  
with 10THz clock frequency


