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Research Problem

Linear model (coded effec

1) ) X e CMXN C c RMXP
X=Ce'+E

Sa(@,y,t) i
.

relative signal intensity

longitude: =

. — R{FAT}
30 RGO

v 4
Y
\\'\f N"/\/ :
s
-3
TR B 200 r3

Normanzea time va\ues te [ mm) Centered frequency index h

Fourier coefficients
°

This project has received funding from the European Union's Horizon Europe pro-
gramme under the Marie Sklodowska-Curie grant agreement No. 101106986 (MA-
HOD).

MINISTERIO
DE CIENCIA, INNOVACION
Y UNIVERSIDADES




What is an inverse transform?

Type-I NFFTs

Let f(x;) € RM be an irregularly sampled function on (—, 7].
Let h, € CN be predicted Fourier coefficients in (—N/2, N/2].
Define an irregular transformation matrix A € CV*M:

_ +i k x; H H
A= (), ., ATAZaly AAM £ Bl
Standard Inverse Equivalence
Forward NFFT  Inverse NFFT ik = hy < Afp, = f(x)

= Af(x)  APh = f(x)

Adjoint NFFT  Inverse adjoint NFFT  3(x;) = F(x;) < Ad(x;) = hi
o) = Alh Af(x;) = hy
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Weighted transforms 6/14
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Interpolative, non-uniform transforms 7/14

Optimization Problem

||i\7k||\2/“\,71 = Zke,N 2 i subject to APhy = f(x;).
k

Wi
Py = arg ming, ([[Aell2,-. + 1A"he — £()]13)
he = Af(x)(W + AAR) L
Woodbury Identity (AA" = LU) O(N?)3

(W' +LU) ™ = W, — WL (1+ UW,L) " UW,
he = Af(x) (wk — W, L (I+UW,L)™" ka> O(N?)

3Adam W Bojanczyk et al. “On the stability of the Bareiss and related
Toeplitz factorization algorithms™.
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Some Results

Frequency weights Reconstruction quality
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Interpolative iNFFT on irregularly sampled remote sensor data
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ANOVA Simultaneous Component Analysis  9/14

Workflow
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An example of multi-modal time series data

injector modulator  detector (TOFMS)
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data
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samples
Michael D Sorochan Armstrong et al. “PARAFAC2x N: Coupled decomposition of
multi-modal data with drift in N modes”. In: Analytica Chimica Acta 1249 (2023),
p. 340909
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2D Transforms
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GPU Parallelization

NFFT — FINUFFT/CUFINUFFT  Algebra — NumPy / PyTorch

1D dataset benchmark (3 replicates) 2D dataset benchmark
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Related Work, the i-iINFFT Python Package 1314

O PyTorch

https://github.com/
mdarmstr/iinfft

cufiNUFFT

Yu-hsuan Shih et al. "cuFINUFFT: a load-balanced GPU library
for general-purpose nonuniform FFTs". In: 2021 |EEE
International Parallel and Distributed Processing Symposium
Workshops (IPDPSW). IEEE. 2021, pp. 688-697
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