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A QR decomposition approach to constrained quadratic optimization: an application to portfolio models

Xinyu Mao, Wenqing Tao"
School of Mathematical Science, Yangzhou University, Yangzhou, Jiangsu

[ Abstract] This paper investigates the application of the QR decomposition to equality-constrained quadratic
optimization problems, with the Markowitz portfolio model serving as the main example. By performing an
orthogonal decomposition of the constraint matrix, the QR-based approach eliminates equality constraints
algebraically and transforms the original problem into a reduced, unconstrained form, thereby avoiding the numerical
instability inherent in the indefinite KKT system. Two representative models are analyzed—a three-asset portfolio
and a four-asset power generation structure—accompanied by numerical comparison between two methods. The
results demonstrate that the QR method reduces the system condition number by an order of magnitude, thereby
significantly enhancing computational accuracy and algorithmic robustness. Besides, QR method provides a clearer
geometric interpretation through orthogonal projection, offering an intuitive framework for constrained optimization.
The approach is applicable to financial, energy, and other resource-allocation optimization problems.

[ Keywords] QR decomposition; Quadratic optimization; Portfolio selection; Numerical stability; Condition
number
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