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Covariance matrices are used for a wide range of applications in particle ohysics, including Kalman filter
for tracking purposes, as well as for Primary Component Analysis and other dimensionality reduction tech-
niques. The covariance matrix contains covariance and variance measures between all permutations of data
dimensions, leading to high computational cost.

By using a novel decomposition of the covariance matrix and exploiting parallelism on FPGA as well as sep-
arability of subtasks to CPU and FPGA, a linear increase of computation time for 156 number of integer
dimensions and a constant computation time for 16 integer dimensions is achieved for exact covariance ma-
trix calculation on a hybrid FPGA-CPU system, the Intel HARP 2. This leads up to 100 times faster results
than the FPGA baseline and 10 times faster computation time compared to standard CPU covariance matrix
calculation.
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