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Introduction

Quantum computers are not perfect.

There are different ways to deal with noise in quantum systems (error
suppression, error correction and error diagnostics).

For this presentation:
We will give a quick introduction to Randomized Compiling (RC).

We will illustrate the theoretical concept of Circuit Benchmarking, with
numerical examples.
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Background

Easy Gate Set: (P,,S)={I,X,Y,Z,5,5,5X,57X}
:|» Universal Set of Quantum Gates

Hard Gate Set: {H,T,CX,CZ}

Cycle: Set of gates that happen in parallel to a disjoint set of systems.

Over-rotation Error: &y = U™

Total Variation Distance: drv (P, Q) = Z Pz
:UEX



Background

Average Gate Fidelity: F(£,0) — / B |UTE ()N T )

FEU)(d+1) -1
d

Process Fidelity: Fp(&E,U) = d=2"

Pauli Channel:  £(p) = > ppPpP! > pp=1

Average Gate Infidelity

r=1—-F

Process Infidelity d
+ 1

egp =1—Fp=r y

Pauli Twirling: T(E(p)) = i Z PS(PpPT) il Noisy Channel ——— Pauli Channel



Randomized Compiling
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Randomized Compiling
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Randomized Compiling
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Randomized Compiling
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Randomized Compiling

How to apply RC:

[ Ideal Outcome
0.28 1 [ without RC
— — — J-with RC

Normalized Counts
o
[
(=)}
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Randomized Compiling

Why does RC work?

* Averaging randomizations has a similar effect as applying a Pauli Twirl to the noisy channel

* The noisy channelis tailored into a Pauli channel, while preserving the average gate fidelity of the circuit
* The more randomizations, the closer the noisy channel is to a Pauli channel

Advantages of Pauli Channel

» Substantially lower worst-case error rate

« The average error rate accumulates linearly with the length of a computation for stochastic Pauli errors,

whereas it can accumulate quadratically for coherent errors.

J. Wallman, J. Emerson - arXiv:1512.01098 [quant-ph] 13



Randomized Compiling

Without RC dTVUDnoisya Pideal) < \/7“(5) \/d(d + 1)

d+1

With RC dTv(PRc,Pideal) < 7“(5) d

r() L < @Vt )

TVD under RC as a lower upper bound!

J. Wallman, J. Emerson - arXiv:1512.01098 [quant-ph]
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Circuit Benchmarking
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Predicted Process Fidelity

Let C' be a circuit with cycles {C;} and depth n, then

Carignan-Dugas et al - arXiv:1904.08897 [quant-ph]
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Questions to Anhswer
1. How tightis the upper bound drv(Prc, Pideal) < r(€)
2. How accurateis F(C) = ﬁFCB(CZ-) ?
1=1
3. Canthe predicted process fidelity reliably estimate the effect of RC?

4. How do the answers to the above questions change with varying system
parameters? (number of qubits, circuit depth, noise models and

intensity)
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Methods

1. All the simulations have been done with TrueQ.

2. TrueQ has functions to run simulations, Randomized Compiling,

Cycle Benchmarking and more.

3. The noise model used for all simulations in this presentation was an
over-rotation error applied to the hard gate cycles, whereas the

easy gate cycles were kept noiseless.
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Effect of Randomized Compiling

TVD vs Randomizations - 6 Qubits - Noise 0.1
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How tlght IS drv(Prc, Pideal) < 7(€)

TVD and Upper Bound (Under RC) - 5 Qubits - Low Entropy - Noise 0.1
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How accurate is F(©) ~]]Fes(Ci) ?
1=1

Actual and Predicted Process Fidelity - 5 Qubits - Noise = 0.1
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Upper Bound Estimation via Predicted Process Fidelity

TVD and Upper Bound vs Cycles - 7 Qubits
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Next Steps

1. Showed numerically that  dpy (Pre, Pideal) < r(g)ﬂ —

For 5 qubits and over-rotation error d

2. Showed numerically that  F(C) = H Fep(C))
i=1

For 5 qubits and over-rotation error

3. Defined Python functions to automate the data recollection process.

4. Try with more qubits, longer circuits, different noise models.

5. Testin areal quantum computer.

1 — F(&)
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Thanks!



