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Layout

Motivation

Measurement-based quantum computing (MBQC)

Variational simulation of non-trivial quantum states

Research question: Measurement-assisted QAOA as an
efficient/better simulation?
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Motivation

Variational simulation of nontrivial quantum states with QAOA
[HH19] requires O(L) circuit depth

Why? =⇒ local unitaries spread correlations slowly, making
nontrivial states expensive to prepare

Entanglement + measurements can rapidly spread correlations
(e.g. simulated the GHZ state with O(1) layer of measurements)

=⇒ Entanglement + Measurements + Local unitaries = Speedup?
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MBQC: One-way quantum computer [RB01]

Conventional quantum circuit models:

Cluster state: [Joz06] using quantum teleportation
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MBQC: One-way quantum computer

Universality: Quantum circuit model ≡ Cluster state formulation.

Transfer of information by teleportation

Any single-qubit unitary can be done on a chain of qubits

The CNOT gate can be implemented in a “T” configuration

(a) From [Joz06] (b) From [RB01]
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Variational simulation of non-trivial quantum states

QAOA [FGG14]: Quantum approximate optimization algorithm

Principle: Quantum adiabatic theorem on H = H2 + H1

Variational ansatz (modified in (2))

|ψ(γ,β)〉 = e−iγpH1e−iβpH2 . . . e−iγ2H1e−iβ2H2e−iγ1H1e−iβ1H2︸ ︷︷ ︸
p layers

|ψ1〉

(1)

(γ,β) = (γp, . . . , γ1, βp, . . . , β1)
|ψ1〉 = ground state of H1 (easy to prepare)

Cost function:

Overlap: |〈ψ0|ψ(γ,β)〉|2, or Energy: 〈ψ(γ,β)|H |ψ(γ,β)〉 .
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Variational simulation of the GHZ state

Example: GHZ state ∼ |0〉⊗L + |1〉⊗L

HGHZ = −
L∑

i=1

ZiZi+1 = −
L∑

i=1

ZiZi+1︸ ︷︷ ︸
H2

−0
L∑

i=1

Xi︸ ︷︷ ︸
H1

, |GSH1〉 =
L⊗

i=1

|+〉

=⇒ Perfect fidelity, p ∼ L/2.

Figure: GHZ state simulation. Fidelity & p vs. L, [HH19]
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Variational simulation of TFIM ground state

Example: Transverse field Ising model

H := H2 + H1 = −
L∑

i=1

ZiZi+1 − g
L∑
i=i

Xi

=⇒ Perfect fidelity, p ∼ L/2

Figure: TFIM state simulation. Fidelity & p vs. L, [HH19]
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Variational simulation...

Limitations of protocol in [HH19]:

p ∼ L.

MERA construction [Vid08]: p ∼ log(L),
but non-local unitaries required.

=⇒ Is a measurement-assisted QAOA scheme a solution?
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Measurement-based simulation of the GHZ state

Figure: Preparing a 4-qubit GHZ state with a 8-qubit cluster state

Resulting state: ∼ |0〉⊗4 + |1〉⊗4 (up to one layer of Pauli corrections.)
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Measurement-based QAOA for TFIM

Hamiltonian

H := H2 + H1 = −
L∑

i=1

ZiZi+1 − g
L∑
i=i

Xi

QAOA ansatz:

|ψ(γ,β)〉 = e−iγpH1e−iβpH2 . . . e−iγ2H1e−iβ2H2e−iγ1H1e−iβ1H2 |ψ1〉

MBQC is universal =⇒ Measurement-based QAOA ansatz is possible.

Ingredients: Z ,X -rotations, & CNOT .
♣ Scheme can be simplified by changing measurement pattern.
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But...

Limitations:

p ∼ L, where p is the number of layers of measurements.

Non-local unitaries required

↓↓↓

Two possibilities:

QAOA is insufficient; need a completely new algorithm.

QAOA is sufficient, but need better MBQC implementation. ⇐=
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2nd possibility: How far can QAOA go?

Test QAOA with TFIM without translation invariance:

H =
∑
j

JjZjZj+1 +
∑
j

gjXj (2)

Modified QAOA ansatz (reference (1))

p layers

Each layer is parameterized by (γ,β)k = (γ1, . . . , γL, β1, . . . , βL)k .

Conjecture

This modified QAOA can target any point in the phase diagram with
perfect fidelity for at most p = L/2. In which case, the total number of
parameters is L2.
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2nd possibility: How far can QAOA go?

Conjecture seems to hold:

(a) L = 8, p = 4 (b) 99.5% fidelity

Note: Fidelity here is limited by precision setting.
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2nd possibility: How far can QAOA go?

Figure: L = 10, p = 5, 99.9% fidelity.

# Parameters ∼ L2 =⇒ need more computing power to test L > 16.
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2nd possibility: How far can QAOA go?

♣ Can simulate excited states with the same symmetry.

Example: 6th excited state for L = 8

(a) L = 8, p = 4, 6th excited state (b) 99.9% fidelity.
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Measurement-assisted QAOA?

Consider the following algorithm:

Make a random QAOA state from
⊗
|+〉 on 2L qubits with:

Low-depth (sublinear?)
Randomly generated parameters

Measure every other qubit =⇒ get a L-qubit subsystem.

Apply the QAOA optimization on this subsystem.

Intuition: Steps 1 and 2 generate a state with high entanglement, so that
QAOA can drive it to the target state more quickly.

? : Quicker? How much quicker?
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Summary & Questions

Summary

MBQC & simulating the GHZ state

QAOA & its “range”

Possible measurement-assisted QAOA algorithm

Questions:

Is it possible, in principle, to get speedup with MBQC + QAOA?

Target the critical ground state (g ≡ 1) with sublinear circuit depth?
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