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Orthogonal decomposition in a Hilbert space
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Hermite Activation







Fourier Activation
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The difficulty of training polynomial activations

• Numerical instability.

• Exploding / vanishing activations / gradients.

• xn grows / decays rapidly.  
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Variance preserving initialization:
Fourier Activation



• Parallel form:

• Recursive form:

• Derivative property:

Implementation details



• Cosine basis:

• Unitary variance:

Implementation details
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Tropical activations are convex conjugates





Decision boundaries 

     Hermite            Fourier            Tropical             GELU



Evaluation accuracy of ConvNeXt-T on ImageNet1k
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Validation loss of the GPT2 model on OpenWebText
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Fitting a classical activation

Fitting a GELU with a Hermite Activation of degree 3 (left) and of degree 8 (right).



Fitting a classical activation

Lagrange interpolation (left) and Hermite interpolation (right) of a GELU with a Fourier
Activation of degree 6



Fitting a classical activation

Hermite interpolation of a GELU with a Tropical Rational Activation of 

degree 6 in both the numerator and the denominator.

• Tropical Geometry of Deep Neural 
Networks [Liwen Zhang et al.]



Fine-tuning of a pretrained ConvNeXt-T on CIFAR10
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pip install torchortho



Conclusion and Future Directions

• Orthonormal activations (Hermite, Fourier, Tropical) can match or 

outperform standard ones in large models (e.g., language and vision).

• Proper variance-preserving initialization ensures stable training. 

• Networks gain clear mathematical structure and remain practical.

• Other bases (wavelets), rational functions [Yang & Wang, 2024]...

• Towards norm removal.

• MLPs and Attention as a high degree mapping.
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