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Objectives

We propose algorithms for estimating Fidelity of Channels and Diamond
Distance on quantum computets.

The acceptance probability of some of these algorithms is equal to the optimal
probability that an all-powertul prover can convince a veritfier to accept.

We replace the all-powertul prover with a parameterized quantum circuit

Introduction

Measuring performance of any protocol relies on distinguishing the protocol
from the ideal case.

Two commonly employed distinguishability measures are diamond distance &

fidelity of channels.

Both can be computed by means of semi-definite programming, so that they
can be estimated accurately with a runtime that 1s polynomial in the dimension
of the channels.

The algorithms in this work rely on interaction with a quantum prover, in which
case they are not necessarily efficiently computable even on a quantum
computet.

However, by replacing the quantum prover with a parameterized circuit, it is
possible in some cases to estimate these quantities reliably.

Quantum Interactive Proofs

An interactive game involving two players, a prover and a verifier, who exchange
fixed-size quantum registers for a fixed number of steps. At the end of the steps,
the verifier produces a single classical bit indicating whether he accepts the input.
Figure 1 1s an example of a five-message quantum interactive proof.

Figure 1: An example of a quantum interactive proof with five messages exchanged
between the prover and receivet.

In a quantum interactive proof, the verifier is constrained to be computationally
bounded. The verifier’s actions are represented by quantum circuits whose
descriptions can be generated in polynomial time from the problem input. No
such restrictions are placed on the prover, who is computationally unbounded.

Fidelity ot Channels

* Given two channels N3 _, gand N} _, 5 , the fidelity of the channels is given by

F(N191—>B7N1111—>B) — minF(NEAB(wRA)aNZ}l%B(wRA))
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* We are given access to unitary extensions of the channels

N pwa) =Trg(U(wa ®[0)(0))(U")T)

* We propose a competing-prover interactive proof to estimate the fidelity of channels.

Figure 2: Algorithm to estimate the Fidelity of Channels.

* The acceptance probability 1s thus,
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* Expanding and simplitying,

Pacc = % (1 \/F(N191—>B7N1}l—>B))

* We simulate the algorithm on local machines with no noise and find that the
algotrithm converges to the known fidelity with an absolute error of 10+ in 6000
iterations.
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Diamond Distance

* Given two channels N _, 5 and N} _, 5 , the diamond distance of the channels is given

by

HN191—>B i N1}1—>B||<> — Iilgj( HNQ—>B(¢RA) I N£—>B(¢RA)||1

* We are given access to unitary extensions of the channels

N pwa) =Trg(U(wa ®[0)(0))(U")T)

* We propose a quantum interactive proof to estimate the diamond distance of channels.

Figure 3: Algorithm to estimate the Diamond Distance of Channels.

The acceptance probability can be expressed as
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puce = 3 (14 3 V8 = Vil )

We simulate the algorithm on local machines with no noise and find that the algorithm
converges to the known diamond distance with an absolute error of 10-* in 2000
iterations.
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