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Continuous Variable Quantum Computing: CV-QC

Soronzonbold Otgonbaatar

DLR Oberpfaffenhofen
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Star Wars: CV-QC



CV-QC 
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𝐸𝑥 𝑡, 𝑧 ≈ 𝐴 𝑡 𝐵(𝑧)
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Light

God said: let there be Maxwell, then there is light.

The field E is the emergent physical property of many photons and creations.



CV-QC: Star Wars
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CV-QC 
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𝐸𝑥 𝑡, 𝑧 ≈ 𝐴 𝑡 𝐵(𝑧)
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CV-QC
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Photons: N

Photon

෠𝐸𝑥 𝑧, 𝑡 ≈ መ𝐴(𝑡)𝐵(𝑧)

|𝑛⟩



CV-QC 
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⟨? ෠𝐸 ? ⟩

What is |? ⟩

𝑛 ෠𝐸 𝑛 ≠ 𝐸𝑥(𝑡, 𝑧)



CV-QC 
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Coherent state: 𝛼 ≈ σ𝑖 𝑓(𝑛𝑖)

𝛼 ෠𝐸 𝛼 = 𝐸𝑥(𝑡, 𝑧)



Photonic quantum computing
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Classic photonic computing was here (for decades) even before

photonic quantum computing. Photons are charge-less and spin

0. It does not interact with environment. Photons even donot

interact with each other, and only via nonlinear optical medium.

Recently (around 2001), linear optical medium is discovered.

Hence, they become promising candidates for building room

temperature CV-QCs. No-self interaction, and so you do not

see many papers for computing optimization problems.



Photonic quantum computing
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~1980 Today-Future
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Strawberry and Pennylane

Shut up and Calculate - „David Mermin“



Strawberry and Pennylane
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As PQC and Operations As encoding classical data

As outputs of class label or functions



Regression on CNN: f(x)=sin(x) 
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Regression on CNN: sin(x) with sigmoid 
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Regression on CNN: Nonlinear functions at the output neuron

𝑠𝑖𝑔𝑚𝑜𝑖𝑑(𝑦𝑖)



Regression on CNN: sin(x) with tanh 
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Regression on CNN: Nonlinear functions at the output neuron

𝑡𝑎𝑛ℎ(𝑦𝑖)
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Regression on CV-QC: sin(x) 



> Lecture > Author  •  Document > DateDLR.de  •  Chart 19

Regression on CV-QC: sin(x) 
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A number of hidden layers: L=4
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Regression on CV-QC: sin(x) 

𝑅(𝜙11) S(𝑟11, 𝜙11) 𝑅(𝜙12) D(𝑎11, 𝜙11) 𝐾(𝜅11)

D(𝑎𝑖 , 0.0)|0⟩
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A number of hidden layers: L=4

𝑋 i
L =

1

𝑁
෍

𝑖

𝑦𝑖 − ⟨𝑋⟩𝑖
2

𝑦𝑖 = sin(𝑥𝑖)



> Lecture > Author  •  Document > DateDLR.de  •  Chart 21

Regression on CV-QC: amplitude encoding



> Lecture > Author  •  Document > DateDLR.de  •  Chart 22

Regression on CV-QC: amplitude encoding

𝑠𝑖𝑔𝑚𝑜𝑖𝑑(𝑦𝑖)Amplitude encoding
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Regression on CV-QC: sin(x) 

𝑅(𝜙11) S(𝑟11, 𝜙11) 𝑅(𝜙12) D(𝑎11, 𝜙11) 𝐾(𝜅11)
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A number of hidden layers: L=4
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Regression on CV-QC: sin(x) 

𝑅(𝜙11) S(𝑟11, 𝜙11) 𝑅(𝜙12) D(𝑎11, 𝜙11) 𝐾(𝜅11)

D(𝑎𝑖 , 𝜙𝑖)|0⟩

𝑅(𝜙𝐿1) S(𝑟𝐿1, 𝜙𝐿1) 𝑅(𝜙𝐿2) D(𝑎𝐿1, 𝜙𝐿1) 𝐾(𝜅𝐿1)

A number of hidden layers: L=4
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𝑦𝑖 = sin(𝑥𝑖)

𝛼 = 𝑎𝑒𝑖𝜙 = 𝑎(cos𝜙 + 𝑖𝑠𝑖𝑛𝜙)
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Regression on CV-QC: sin(x) 

𝑅(𝜙11) S(𝑟11, 𝜙11) 𝑅(𝜙12) D(𝑎11, 𝜙11) 𝐾(𝜅11)

D(1.0, 𝜙𝑖)|0⟩

𝑅(𝜙41) S(𝑟41, 𝜙41) 𝑅(𝜙42) D(𝑎41, 𝜙41) 𝐾(𝜅41)

A number of hidden layers: L=4
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𝑦𝑖 = sin(𝑥𝑖)

𝛼 = 𝑎𝑒𝑖𝜙𝑖 = 𝑎(cos𝜙𝑖 + 𝑖𝑠𝑖𝑛𝜙𝑖)
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Regression on CV-QC: angle encoding
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Regression on CV-QC: angle encoding

Angle encoding 𝑡𝑎𝑛ℎ(𝑦𝑖)



Conclusion

• Regression function: CV-QC works perfectly well (e.g., Rosenbrock function given x and y data)

• Optimization problems: Probably hard to use CV-QC since photons interaction is limited but we do need 

interactions (e.g., Rosenbrock function).

• Classification: CV-QC maybe not that much beneficial since we do not need continous values and we do 

have integer labels for classification tasks. Even encoding classical datasets to quantum circuit.

• SAR satellites: Probably implementing CV-QC on cubesats is a very cool idea since satellites are optical 

computing devices.
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𝑈 𝜃 0 ≈ 𝐷 𝑎, 𝜙 |0⟩

DV-QC CV-QC



Dream of photonic scientists
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