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Introduction
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● Quantum computing is based on 2 main principles:

– Quantum superposition

– Interference

● In 2018 Google announced Quantum Supremacy (gate-based model):

“Quantum supremacy using a programmable superconducting processor” F. Arute et al.

● Benchmark of quantum machines:

– Generic class of problems to study

– Follow the evolution of quantum machines (gate fidelity and decoherence)

● Overview:

– The problem

– Introduction to variational methods

– Benchmark of QAOA and SA

– Conclusion
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Problem description
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● Maximum Cardinality Matching Problem

G = (V, E)

V: set of vertices

E: set of edges

M: set of independent edges

Objective: maximize |M|

● Complexity of the problem

Is bipartite Best classical complexity Is complex for SA ?

SH graph yes yes

Bipartite graph yes no (most of them)

Random graph no no (most of them)

Matching Maximum cardinality 
matching
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Implementation of the problem (Minimization form)
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● Maximization of the number of edges in the matching:

● Constraint on independent edges:

● Cost function of Maximum Cardinality Matching problem with penalty:
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Implementation on Simulated Annealing
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Get random initial solution

Set initial temperature

Generate random new solution

Replace current solution by
new solution

Decrease temperature

Iteration per 
temerature

step reached ?

Metropolis 
criterion

Thermal 
Equilibrium ?
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QAOA (Quantum Approximate Optimization Algorithm)
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Basic Version of QAOA [2]

● Initial state.

● Unitary operator U
P
(γ) encoding the problem based on the cost function (encoded under the Ising 

Model).

● Unitary operator U
M

(β) providing transition between subspace of solutions.

ClassicalOptimizer
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QAOA, basic implementation
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● Maximum cardinality matching cost function:

● Implementation of (U
P
) unitary encoding the Hamiltonian H

p
:

● Implementation of (U
M

) unitary encoding the Hamiltonian H
M

:

e1

e2

e3

e4

U
MU

p
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H-QAOA [1][3] an implementation reducing the search space
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● Principle:

– Remove the soft constraint from the Hamiltonian H
P
.

– Restrict the transition of states between feasible states by modifying H
M

.

● Implementation of (U
P
) unitary encoding the Hamiltonian H

p
:

● Implementation of (U
M

) unitary encoding the Hamiltonian H
M 

with controlled mixers:

e1

e2e3

e4

U
p U

M
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Benchmark metrics
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● Approximation ratio

E: current energy

E
max

: Maximum of energy (worst solution)

E
min

: Minimum of energy (best solution)

● Optimal solution probability

n: amount of simulation

z
i
: bitstring 

E
min

: Minimum of energy (best solution)
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Comparison between problem instances
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SH Graph constitutes hard instances for SA [4]

● Study of specific instances

SH-1 SH-2 SH-3
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Influence of λ penalty factor over the approximation ratio and optimal solution probability

Penalty factor
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QAOA heatmap at p=1 SH-1
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● Approximation ratio at p=1:

● Optimal solution probability
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QAOA vs H-QAOA on SH-1
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● Approximation ratio at p=1:                      Approximation ratio at p=1:

● Optimal solution probability                      Optimal solution probability

H-QAOAQAOA

Depth comparison
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Comparison of QAOA and SA
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● Quality of the result
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Conclusion
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● Maximum Cardinality matching seems to be a reasonable benchmark problem

– QAOA seems to have similar behavior as SA

– Polynomial problem 

● Modifying the penalty factor impact QAOA and SA

– Decrease the heatmap contrast

– Increase the amount of local minima on the HeatMap

● Limits met to benchmark the H-QAOA

– Size of the simulator

– Depth impacting the time of the simulation 
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