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Quantum Computation

Quantum Annealing speedup – Francesco Barone

The circuit model is not 
the only paradigm for quantum computation.

GATE BASED ADIABATIC COMPUTING and ANNEALING
evolve a system towards low-energy states



Quantum Annealing
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we love to describe systems 
with Hamiltonians

An Hamiltonian is an operator that describes 
the quantum system in terms of energy. Thus,

the eigenvalues are the energy of our system.

Seems a good idea to diagonalize it, ya?

is the energy of (eigen)state

The eigenvector associated to the lowest energy 
eigenvalue is called the ground state.

● encode the target problem as
● each state is a solution to the problem
● the GS is the optimal solution

KEY IDEA OF QA and QAC

Further reading
 https://docs.dwavesys.com/docs/latest/c_gs_2.html
 https://www.dwavesys.com/learn/featured-applications/

Example problems: last mile resupply problem, 
layout planning, route planning, molecular unfolding, 
machine learning, lattice gauge, ...
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https://docs.dwavesys.com/docs/latest/c_gs_2.html
https://www.dwavesys.com/learn/featured-applications/


How to do it?
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The system evolves in time, thus             :

time

We can prepare a state here... … and measure the final state

Quantum Annealing (QA)

Adiabatic Quantum Computation (AQC)

the initial state is metaheuristic, the transverse field 
allows to explore the hypersurface of solutions

the initial state is ground-state and easy to prepare,
the system evolves slowly
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Life is not easy for any of us.

Adiabatic theorem(s)

Such theorems bound the minimum total evolution 
time, such as:  

to guarantee that  

instantaneous GS of H(s)    where  

Phase transitions

Ref: DOI 10.1126/sciadv.abl6850

gap between GS and first excited eigenstate
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https://doi.org/10.1126/sciadv.abl6850
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Possible solutions

QUANTUM OPTIMAL CONTROL

Use numerically optimized paths to avoid gap closures.

SHORTCUTS TO ADIABATICITY (STA) Remove diabatic transitions instantaneously. 

COUNTERDIABATIC DRIVING (CD)
Suppress losses that arise due to fast deformations of the system via analytical compensation.

APPROXIMATE COUNTERDIABATIC DRIVING

or transitionless driving

st
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Target solution
Counterdiabatic Optimized Local Driving

: additional degrees of freedom

can be local (first order) or non-local (higher orders):

CD QOC

Ieva Čepaitė, Anatoli Polkovnikov, Andrew J. Daley, Callum W. Duncan

My contribution A library to manage the simulation of arbitrary spin 
systems annealing in the COLD formulation.

My contribution The QOC optimization is carried out with bayesian 
sampling methods, to reduce the loss function evaluations.

My contribution The Gauge potential is computed symbolically for a given
configuration, allowing fast prototyping of QA schedules.
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Results

ISING MODEL

1D lattice: 5 spins, nearest neighbor interactions

Simulated annealing: > 2000 steps, min timestep constant in magnitude
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Results

XXZ MODEL
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Simulation with annealing time 0.01, 200 discrete steps on 5 spin systems.
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Results

ANNNI MODEL
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Simulation with annealing time 0.01, 200 discrete steps on 5 spin systems.
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Goal: prepare a good initial state

for QPE algorithms
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University of Padua, Physics Department

@baronefr

Thanks to my supervisors, Oriel, Michele and Sofia. 
Thanks to the openlab staff for this opportunity.
Thanks to all the students for being here this summer.

Francesco Pio Barone I would like to say
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https://github.com/baronefr/
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Attributions

Slide 2 – Pennylane illustration of quantum circuit
Slide 3 – Einstein illustration, credits to Albert Vectors by Vecteezy

https://journals.aps.org/prxquantum/abstract/10.1103/PRXQuantum.4.010312
https://doi.org/10.1126/sciadv.abl6850
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