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Initial Value Problems

Dynamical systems, Forecasting
Korteweg-de Vries Burgers’

Navier-Stokes

Kermack-McKendrik- epidemic
Hodgkin-Huxley - neuron Kuramoto-Sivashinsky



Exponential Operators

Exponential operators
Non-linear



Data Efficiency

Neural Operator

Canonical linear operatorNon-linearity
e.g. ReLU

Can we do better for 
getting compact models?

Explicitly embed exponential operators



Padé Approximation

Exponential attains Taylor series but truncation not efficient

Less error by Padé approximation Used by Matlab, Scipy for
Matrix exponentials expm

pre-determined 



Padé Neural Operator

+ + +

+ + +

shared parameters



Gradient bounds

Theorem: Given a linear operator ℒ and non-linear layer 𝜎(𝑊𝑥 + 𝑏), 
the gradients of the operation 𝑦 ≔ 𝐹 𝑥, 𝜃ℒ ,𝑊, 𝑏 = ⁄𝑝 𝑞 𝑒ℒ(𝑥) are 
bounded as



Data efficiency on 1D datasets

KdV equation KS equation



Epidemic Forecasting (COVID19)

Predict Confirmed (C) Recovered (R) Deaths (D)

Concatenate 50 US states x 3 compartments 2D array

T

Less data: only ~450 samples in total



COVID19 forecasting benchmarks

Compact neural operator with best performance



COVID19 forecasting sample

California

Massachusetts


