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Abstract :  
Physics-Informed Neural Networks (PINNs) have enabled significant improvements in modelling physical 

processes described by partial differential equations (PDEs). PINNs are based on simple architectures, and learn 

the behavior of complex physical systems by optimizing the network parameters to minimize the residual of the 

underlying PDE. Current network architectures share some of the limitations of classical numerical discretization 

schemes when applied to non-linear differential equations in continuum mechanics. A paradigmatic example is 

the solution of hyperbolic conservation laws that develop highly localized nonlinear shock waves. Learning 

solutions of PDEs with dominant hyperbolic character is a challenge for current PINN approaches, which rely, 

like most grid-based numerical schemes, on adding artificial dissipation.  

Physics-Informed Neural Network (PINN) has proven itself a powerful tool to obtain the numerical solutions of 

nonlinear partial differential equations (PDEs) leveraging the expressivity of deep neural networks and the 

computing power of modern heterogeneous hardware. However, its training is still time-consuming, especially in 

the multi-query and real-time simulation settings, and its parameterization often overly excessive. In this paper, 

we propose the Generative Pre-Trained PINN (GPT-PINN) to mitigate both challenges in the setting of 

parametric PDEs. GPT-PINN represents a brand-new meta-learning paradigm for parametric systems. As a 

network of networks, its outer-/meta-network is hyper-reduced with only one hidden layer having significantly 

reduced number of neurons. Moreover, its activation function at each hidden neuron is a (full) PINN pre-trained 

at a judiciously selected system configuration. The meta-network adaptively “learns” the parametric dependence 

of the system and “grows” this hidden layer one neuron at a time. In the end, by encompassing a very small 

number of networks trained at this set of adaptively-selected parameter values, the meta-network is capable of 

generating surrogate solutions for the parametric system across the entire parameter domain accurately and 

efficiently. 
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I. Introduction 
Solving nonlinear partial differential equations (PDEs) with multiple solutions is essential in various 

fields, including physics, biology, and engineering. However, traditional numerical methods, such as finite 

element and finite difference methods, often face challenges when dealing with nonlinear solvers, particularly in 

the presence of multiple solutions. These methods can become computationally expensive, especially when 

relying on solvers like Newton’s method, which may struggle with ill-posedness near bifurcation points. In this 

paper, we propose a novel approach, the Newton Informed Neural Operator, which learns the Newton solver for 

nonlinear PDEs. Our method integrates traditional numerical techniques with the Newton nonlinear solver, 

efficiently learning the nonlinear mapping at each iteration. This approach allows us to compute multiple solutions 

in a single learning process while requiring fewer supervised data points than existing neural network methods. 
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