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Feature extraction: abnormality detection, classification, parameter recovery

Signal reconstruction: geophysics and seismology, biomedical monitoring, 

extrapolation/interpolation, filtering
[Belykin and Monzón (2009), Moitra (2018), Fridli, Lósci and Schipp (2012), Vetterli, Marziliano, and Blu 

(2002), many more]

[Gilián (2016), Moitra (2018) , Peter and Plonka (2013), Potts and Tasche (2013), many more]

Applications in signal processing:
When are rationals useful?

Related methods: wavelets, RBFs, splines

Reconstructed ECG signal in REfit

(W., Damle, Townsend, 2022)

[De Boor, Debnath, Wendland,Unser and Blu, and many more]

Model order reduction: transfer functions, nonlinear models, multi-in/out, data-driven 

interpolation, H2 optimization

[Antolous, Beattie, Güğercin (2020), Antolous and Sorensen (2001),

Williams (2021), so many more! ]
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Trigonometric rational functions

in Fourier space

[ Adamjan, Arov, and Krein (1971), Beylkin and Monzón (2005, 2009), Pototskaia and Plonka (2016), 

Potts and Tasche (2010) ]
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Advantage for reconstruction: Filter for Gaussian noise

[Peter & Plonka (2013), Potts & Tasche (2013), M. Vetterli, P. Marziliano, & T. Blu (2002)]

Exponential sum format
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Advantage for reconstruction: Imputes missing data

PronyAAA algorithm

[ Trefethen (2023)]
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Conclusion

Many open directions:

• Positivity-preserving methods

• Time-frequency analysis tools

• Multiscale methods

• Mixed models (polynomial + rational)

• Structured low rank Hankel/Toeplitz/Cauchy/Loewner

approximation

• Nested low-order rational approximation

Data-driven rational construction algorithms

= 

Accessible tools for nonlinear approximation!



REfit for data-driven rational computing:

(open-source package for MATLAB)

Other AMAZING rational approximation tools:

AAA in Chebfun:

www.chebfun.org (Nakatsukasa, Trefethen, Sète)

RKfit for rational Krylov subspace approximation:

guettel.com/rktoolbox/index.html (Berljafa, Güttel)

My website:

heatherw3521.github.io

Thank you!

https://www.chebfun.org
http://guettel.com/rktoolbox/index.html
http://heatherw3521.github.io


Begin Extra Slides



(J.P. Berrut)(P. Henrici)

Trigonometric barycentric rational 

functions

Recent developments:

Stable poles only methods (Brubeck andTrefethen, Williams, 

Valera-Riveria and Egin) 

Barycentric to rational Krylov basis (Guettel and collab.)  

Adaptive (trigonometric) rational approximation and conformal mapping, quadrature, 

nonlinear eigenvalue problems, minimax optimizations, filter design
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Advantage for postprocessing: rootfinding

More advantages

[Berrut, Baltensperger, Mittelmann (2005)]

[Higham (2004), Austin and Xu 

(2017)]

PronyAAA algorithm



Matrix function evaluation:  (Gawlik, 2020), (Nakatsukasa and Gawlik, 2021), 

(Braess and Hackbusch, 2005, 2009) (Ward, 1977) (Gosea and Güttel, 2020) 

and many more…

Eigendecompositions/Polar decomposition: ( Nakatsukasa and Freund, 2015), 

(Saad, El-Guide, and Międlar), (Tang and Polizzi, 2014), (Güttel, 2010), (Ruhe, 1994

and many more… 

Solving linear systems/matrix equations: (Ruhe, 1994),(Druskin and 

Simoncini, 2011), (Sabino, 2008), (Kressner, Massei, and Robol, 2019), 

(Benner, Truhar, and Li, 2009), (W. And Townsend, 2018)many more…

Solving PDEs: (Haut, Beylkin and Monzòn 2015), (Trefethen and Tee, 2006 ), (Gopal 

and Trefethen, 2019) , (Haut, Babb, Martinsson, and Wingate, 2016), many more…

Quadrature, conformal mapping, analytic continuation, digital filter design, 

reduced order modeling… (See Approximation Theory and Practice, Ch. 23)

When are rationals useful?
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exponential sum to barycentric:

CPQR-selected interpolation points

[Golub & Busigner (1965), Chandrasekaran & Ipsen (1994), Gu & Eisenstat (1996)]



exponential sum to barycentric:

CPQR-selected interpolation points
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AAA-selected and 

CPQR-selected interpolation points

Example:



[Nakatsukasa , Weideman & Trefethen (2021)]

AAA-selected and CPQR-selected poles
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