Quantum Computing applications
tackling nowaday’s problems
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Research context and motivation

Over the past decades, there has been a growing interest in the field of Quantum Computing
(QC). Among the various topics addressed by the research in its broad scenario, there is also
the need to identify new applications with a quantum advantage. In this context, my current
research activity is funded, and it is articulated in three main research fields:

@ Quantum Optimizations

© Quantum Image Processing (QIMP)

Novel contributions

(A Two Quadratic Unconstrained Binary Optimization (QUBO) formulations have been

proposed:

 In the smart mobility field, an optimization infrastructure has been defined to model the
urban traffic evolution and to perform optimizations over it, reducing the congestion of the
overall network. The tool is capable to generate random road networks, together with
synthetic traffic data and to provide information on the optimal strategies to manage traffic
fluxes. The conducted simulations have shown a promising reduction of the congestion
ratio of the road networks.

 In the context of Virtual Network Functions, the QUBO model has been considered to
optimize the embedding procedure of sets of network services in randomly generated
physical network infrastructures. The optimization model has been solved both through
classical techniques and quantum machines, proving the effectiveness of this last
approach in terms of optimality, with respect to reference classical solutions.

100% ——

=% T

50% T

0/\9\75/\2

SO: (6-7) S1: (5-6) (6-5) E:33.0

Time unit

The embedding techniques to perform supervised learning tasks have been investigated
and benchmarked to identify the best solutions to represent classical information inside a
quantum computer, with the aim to increase the quality of the final results. Two kinds of
processing have been considered: Quantum Variational algorithms and Quantum Kernel
functions, both hybrid classical-quantum techniques for near term application solutions. The
results of this work can be considered to identify the best techniques to classify specific kind
of data.
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© A quantum circuit library has been defined to allow users to compose in a modular way
QIMP algorithms, with variable complexity, and extrapolating the key figures of merit to
characterize the results. Among the available algorithms, some address computer vision
tasks, like edge detection. The library has been enriched in classical processing techniques
to experiment several pre-processing techniques to optimize the execution of the final
quantum algorithms.
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Addressed research questions/problems

(A Two main problems have been addressed:

o Traffic optimization in a smart mobility scenario, to increase safety, and to reduce travel
costs and the consequent environmental impact.

o The embedding of virtual resources on classical hardware in the context of network
virtualization.
The idea is to identify the best QC strategies to encode the input data, taking into account

the QC formalism, and to process them to perform the classification task.

© There is a lack of uniformity in the characterization of QIMP techniques and there are no

standard metrics for consistent comparisons, so it is difficult to identify the most promising.

Adopted methodologies

The literature of the problems faced has been deeply analyzed to understand the basic
theory and the main criticalities, considered as possible opportunities for improvements.

(A For the optimization problems, QUBO formulations have been proposed. Then, simulation
software environments have been arranged to test the models on large sets of application
scenarios. The first tests, aimed at validating the models, have been conducted on heuristic
simulators. Subsequently, the simulations have been focused on D-Wave Quantum
Annealers to collect data on the quality of the solutions obtainable through these machines,
and on the actual implementation perspective of the techmques proposed on them
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implemented to embed and process data
following the quantum gate formalism. Two
datasets (Iris and Wine) have been considered
for the consequent benchmarking process and
the results have been compared with those
deriving from the application of traditional

machine learning strategies, in terms of accuracy.
© The algorithms selected for possible near-term appllcatlons have been |mplemented as

modules of the library. Various tests have been carried out on each module to verify the
correct implementation of the proposed techniques and to characterize their functioning.
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(A The research activity on smart cities can be extended to realistic scenarios. Here, there is
room for many other analyses and considerations on the consequences of applying the
proposed optimization strategy to improve the quality of travel.

© Starting from the analyses conducted, new models could be developed in both the
QML and QIMP fields, trying to overcome the limitations of the techniques currently available.
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