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▪ Goal: Simulate dynamics of large quantum systems
▪ Classical algorithms scale exponentially
▪ Quantum computers too small / noisy

▪ Split system into weakly entangled blocks
▪ Solve on separate quantum devices
▪ Classically recover entanglement
▪ Next generation quantum processors:

IBM Quantum Roadmap (2022)
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Divide and conquer 3

Strongly entangled spins Weakly entangled blocks

Cut system into blocks⟹
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▪ Time evolution with fixed circuit depth
▪ Define variational quantum circuit 
▪ Update ansatz parameter at every time step by optimising

Projected variational quantum dynamics (PVQD) 4

Classical optimiser

Barison, Vicentini, Carleo (2021)

Only requires measuring fidelities⟹
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▪ Need to measure                                                  across blocks
▪ Cut the circuit using circuit knitting

▪ Sampled according to

Cost: Sampling overhead           

Circuit knitting 5

Global quantum channel Local channels

Bravyi et al. (2016); Peng et al. (2020); Mitarai, Fuji (2021); Piveteau, Sutter (2023)
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▪ How to construct the ansatz?

▪ CNOT not ideal, want to control overhead

Small angles 
  small overhead⟹

Mitarai, Fuji (2021)

Cut multiple gates  Multiply overhead 
2 CNOTs  
3 CNOTs  

 
L CNOTs 

⟹
⟹ ω = 81
⟹ ω = 243

…
⟹ ω = 9L

<latexit sha1_base64="+tmSnvyGeMYD4i7/Vl74rHr8tTo="></latexit>

exp(i
'

2
�Z ⌦ �Z)

<latexit sha1_base64="nZ+Ie8FhrQpbeVrmlAR7qi/uMaM="></latexit>

=) !(') = (1 + 2| sin(')|)2



Circuit Knitting Ansatz (CKA) 7



Circuit Knitting Ansatz (CKA) 7

▪ Block product approximation (BPA): No entangling gates



Circuit Knitting Ansatz (CKA) 7

▪ Block product approximation (BPA): No entangling gates
▪ BPA*: Only Trotter overhead 



Circuit Knitting Ansatz (CKA) 7

▪ Block product approximation (BPA): No entangling gates
▪ BPA*: Only Trotter overhead 
▪ Circuit knitting ansatz (CKA): Introduce entangling gates between blocks
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Higher threshold  higher expressibilityτ ⟹
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Additional results 10

More systems
Shot noise

Entanglement entropy

GG, Friederike Metz, Giuseppe Carleo (2023), 
arXiv:2309.07857



▪ Simulate dynamics of quantum systems across multiple devices 
▪ Control total budget of shots using overhead threshold 

▪ Can we find cheaper decompositions for the circuit cutting scheme? 
▪ Hardware implementation? 
▪ Application to fermionic systems?

Conclusion and Outlook 11



Thank you!

More on the arXiv : GG, Friederike Metz, Giuseppe Carleo (2023)


