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ABSTRACT

Variational Quantum Algorithms (VQAs) have evolved as a top contender in the reality of quantum
computation, considering the Noisy Intermediate-Scale Quantum (NISQ) phase [Bayad, KS]. The
optimization problems can be solved based on shallow quantum circuits, with the help of classical
numerical routines, by the virtue of their hybrid quantum classical structure [GGL]. This paper will
provide an in-depth discussion of VQAs in machine learning with a special focus on the mathemat-
ical basis of expressivity, optimization geometry, and convergence behaviour. With the assistance
of the tools of functional analysis, operator theory, and quantum information geometry, we derive
the structure of parameterized quantum circuits and examine the landscape characteristics of varia-
tional loss functions. We also apply a number of variational quantum machine learning models, the
Variational Quantum Classifier, and Quantum Neural Networks, to simulate quantum processors.
Numerical experiments indicate that VQAs can be competitive in smaller-scale classification tasks
but that noise, the structure of the ansatz and the stability of optimization have a significant impact
on performance. The findings demonstrate the potential and constraints of VQAs in the available
quantum technologies and inform future algorithm and hardware development [Simsek2019, Sim-
sek2021].
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