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Talk based on:



quantum data: ⇢

quantum functions:    
eC

higher-order quantum
operations:

quantum processes

quantum states

ee⇤ : [L(Hin) ! L(Hout)]

! [L(Hin0) ! L(Hout0)]

⇢ 2 L(Hin)

eC : L(Hin) ! L(Hout)
quantum operations
(quantum channels)

“functions of functions”
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The quantum switch
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▶ Given a pair of unitaries at random, can you decide if they
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▶ Standard ordered strategy:

▶ We can find finite sets of unitaries such that pordered ≤ 0.87.
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quantum switch, but we have access to more queries?
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▶ Quantum computations without definite causal structure
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▶ If A and B are unitary:

▶ The switch is essentially useless for query complexity tasks. . .
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Quantum switch circuit simulation
▶ The result is also robust, F (S,Ssim) = 1 − ϵ
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Quantum switch circuit simulation

▶ SDP (using splitting conic solver)
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▶ Proof idea: We analyse the constraints obtained from
imposing that the simulation holds for uniform convex
combinations of unitary operators.

We then analyse the case of Pauli operations using a
differentiation technique (from Analytical lower bound on
query complexity for transformations of unknown unitary
operations, T. Odake, S. Yoshida, M. Murao).
This allows us to note that imposing the simulation to hold
has very strong implications.
In particular, its eigendecomposition cannot be compatible
with QCQC processes.
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▶ The simulation from the first switch paper can be generalised

▶ But not much
▶ Large advantages in query complexity with the quantum

switch is possible!
▶ Conjecture: for any d , kA, kB ∈ N there is no deterministic

exact circuit simulation of the quantum switch.
▶ Open problem: Prove/disprove the conjecture, analyse the

scaling (how the probability scales, how the error scales)
▶ Dream: “Simple task” that is easy if we have the quantum

switch, but very hard if we only have standard circuits
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Thank you


