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Optimization problems appear widely in science and industry, yet their classical solutions often demand con-
siderable computational resources. Quantum computing provides a promising framework for addressing such
problems more efficiently by exploiting quantum superposition and entanglement [1]. In this work, we in-
vestigate several quantum gradient descent [2] approaches to find the minimum of a quadratic cost function.
Performing the implementation through Amplitude encoding, we begin by a quantum gradient descent algo-
rithm with a phase estimation-based method. To further enhance performance, we develop and test additional
strategies, including linear combination of unitaries (LCUs) [3], the Sz.-Nagy dilation method [4], and a so-
called unitary selection method, where the cost function is explicitly defined as a quadratic function. These
methods are evaluated in terms of circuit depth, number of iterations, and accuracy. Our results show that
the unitary selection outperforms phase estimation, LCUs provide a further improvement, and the Sz.-Nagy
approach achieves the highest efficiency among all tested methods. This comparative study highlights the
potential of pure quantum algorithms in solving real-world quadratic optimization problems.
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