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Fourier transform (FT) is a fundamental operation, providing basis for numerous methods
in pure and applied mathematics. The celebrated Fast Fourier Transform (FFT) algorithm
of Cooley and Tukey [1] enables efficient computation of discrete FT (DFT) of 1-dimensional
signals. When the dimension is higher, in practice DFT is typically done by running FFT
along each dimension (axis) of the signal array. While in fact one can explicitly generalize
the idea behind FFT to 2+ dimensions: this is known as vector-radix FFT algorithm [2, 3],
recently rediscovered [4]. Despite the 25% reduction of required arithmetic operations (complex
multiplications), practical implementations of this algorithm are lacking in popular software
libraries specializing in FTs.

In present work we study space complexity and cache behavior of said algorithm (which we
refer to as F2FT for Fast 2D Fourier Transform), and show that it is in fact cache-oblivious [5],
a remarkable property meaning that the number of cache misses is independent of the cache
memory architecture. We provide our own C++ implementation of F2FT, which utilizes a
custom layout of the processed arrays in memory (based on bit-reversal techniques). We bench-
mark our implementation versus that found in PocketFFT C++ library (a development over
the FFTPack library [7]), as used in SciPy [6] of version 1.13.1. In PocketFFT, 2D DFT is
achieved by separately doing FFT along two axes. We find a noticeable advantage of our im-
plementation in terms of runtime and (write) cache misses – run on CPUs of both ARM64 and
x86 64 architectures (in case when all arrays fit into RAM).
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