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Introduction---IBM Quantum Computer
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IBM has ambitious pursuits:
◦ 433-qubits IBM Quantum Osprey

◦ Three times larger than the Eagle processor (127-qubits)

◦ Going up to 10k-100k qubits.

Now, IBM provides up to 127 qubits for free.
Credited to Thomas Prior for TIME

https://time.com/6249784/quantum-computing-revolution/?utm_source=twitter&utm_medium=social&utm_campaign=editorial&utm_term=tech_security&linkId=198703144
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Outline of today
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Quantum transformer
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➢ Quantum Transformer: 

➢ At the core of any Transformer sits the so-called Multi-Headed Attention.

➢ We apply three different linear transformations 𝑊𝑄 , 𝑊𝐾 , and 𝑊𝑉 , to each 

element of the input sequence to transform each element embedding into 

some other internal representation states called Query (Q), Key (K) 

and Value (V). These states are then passed to the function that calculates 

the attention weights, which is simply defined as:

➢ To promote the Transformer from the classical to quantum real, one can 

simply replace the linear transformations 𝑊𝑄 , 𝑊𝐾 , and 𝑊𝑉 with variational 

quantum circuits.



Code detail
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Quantum transformer: (This code following here)

➢ The MultiHeadAttentionQuantum block

➢ Change the linear transformations.

https://github.com/shaqiyu/Quantum_transformer/blob/main/Qtransformer.py
https://arxiv.org/pdf/2110.06510.pdf
class MultiHeadAttentionQuantum(MultiHeadAttentionBase):


Quantum transformer model
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parameter-shift

https://github.com/shaqiyu/Quantum_transformer

➢ We make use of Xanadu’s PennyLane quantum machine learning library to add quantum layers.

➢ Add a function to the class and performs the quantum calculation (with a circuit) .

➢ Wrap this circuit with a “QNode” to tell TensorFlow how to calculate the gradient with the parameter-shift

rule.

➢ Finally, we create a KerasLayer to handle the I/O within the hybrid neural network.(𝑊𝑄 , 𝑊𝐾 , and 𝑊𝑉)

➢ Other part is same as the classical transformer.

➢ https://github.com/shaqiyu/Quantum_transformer

https://pennylane.ai/qml/glossary/parameter_shift
https://github.com/shaqiyu/Quantum_transformer


Quantum transformer
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➢ The dataset we used now is the CEPC MC sample

➢ 𝑒+𝑒− → 𝑍𝐻 → 𝑞ത𝑞𝛾𝛾 (signal) and 𝑒+𝑒− → (𝑍/𝛾∗)𝛾𝛾 (background)

➢ Simulator: Pennlylane default device.

➢ Time consuming: O(n), ~80 mins in CPU for 10k dataset with one epoch and one block(Q_layer). 

➢ Current results (Use CPU): ~76% acc on validation dataset both in Quantum transformer and 

classical transformer in 20k dataset (10k train, 10k val).

➢ Quantum:

➢ Classical:



Quantum transformer
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Quantum transformer
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Transformer
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