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Quantum advantage in 

scientific computing problems?
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Peter Shor
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Quantum advantage hierarchy (as of now)
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Quantum advantage hierarchy (as of now)



My personal favorite towards quantum advantage
Level III: Non-unitary quantum process
• Ground and excited state energy estimation

𝐻𝐻𝐻𝐻 = 𝐸𝐸𝐸𝐸

• Green’s function
𝐴𝐴𝐴𝐴 = 𝑏𝑏

• Non-Hermitian quantum dynamics
𝜕𝜕𝑡𝑡𝑢𝑢 𝑡𝑡 = −𝐴𝐴𝐴𝐴 𝑡𝑡 = − 𝑖𝑖𝑖𝑖 + 𝐿𝐿 𝑢𝑢 𝑡𝑡

• Lindblad dynamics
𝜕𝜕𝑡𝑡𝜌𝜌 𝑡𝑡 = ℒ[𝜌𝜌 𝑡𝑡 ]
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Quantum advantage from open quantum 
system simulation?

• Empirically challenging

• Rich potential for algorithms

• Interplay between open and closed quantum systems 
(open boundary condition, thermal states, ground states) 
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Linear combination of Hamiltonian simulation (LCHS)
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Express non-unitary dynamics                (Level III)
as Hamiltonian simulation problems       (Level II)

[An, Liu, Lin, arXiv:2303.01029, Phys. Rev. Lett. in press]
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Can we obtain good initial overlap?
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Simulate Lindblad dynamics on quantum computer

21



22



Conclusion
• Quantum advantage:
 Quantum input, quantum output, quantum running,
 Classical

• I think quantum advantage in Level I and II (unitary quantum)
will be achieved.

• Level III (non-unitary quantum)? Many interesting questions! 
Open quantum systems are ever more interesting. Polynomial 
mixing time?

• Level IV (Classical)?
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Early fault tolerant 
quantum computation
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Lloyd N. Trefethen

“Ten digit numerical algorithms”

[Trefethen, A. R. Mitchell Lecture, 2005]









“333 quantum algorithms”
• Can demonstrate 3 digits of (meaningful) accuracy

• Use at most 3 ancilla qubits

• Can be expressed within 3 lines of circuit diagrams.
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QCELS: quantum complex exponential least squares

[Ding, Lin, PRX Quantum, 2023]
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Thank you for your attention!
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