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Introduction

PINNs suffer from several obvious weaknesses.

• W1) PDE operators are highly nonlinear (making training extremely difficult);

• W2) Repetitive trainings from scratch are needed when solutions to new PDEs are sought (even for new 
PDEs arising from new PDE parameters in parameterized PDEs).

There have been various efforts to mitigate each of these issues: (For addressing W1) curriculum-learning-
type training algorithms that train PINNs from easy PDEs to hard PDEs (Krishnapriyan et al., 2021), and 
(for addressing W2) meta-learning PINNs (Liu et al., 2022); or directly learning solutions of parameterized 
PDEs such that uΘ(x, t; µ), where µ is a set of PDE parameters, e.g., µ=[β , ν, ρ] in convection-diffusion-
reaction (CDR) equations. However, there has been a less focus on addressing both problems in a unified 
PINN framework.

To mitigate the both issues in W1 and W2 simultaneously, we propose a variant of PINNs for solving 

parameterized PDEs, called parameterized physics-informed neural networks (P2INNs). A novel 
modification proposed in our model is to explicitly extract a hidden representation of the PDE parameters by 
employing a separate encoder network, hparam = gΘp

(µ), and uses this hidden representation to 

parameterize the solution neural network, uΘ(x, t; hparam).



As an example, we consider parameterized CDR equations:
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P2INNs : Parameterized PINNs

encoder for equation input:

encoder for spatiotemporal coordinate:

manifold network:

Where                                                   , and⊕ is the concatenation of the two vectors



our basic loss function consists of three terms as follows:

Train

where 𝐿𝑢, 𝐿𝑏 and 𝐿𝑓 enforces initial, boundary conditions, and physical laws in PDEs, respectively, 

and 𝜔1, 𝜔2, 𝜔3 are hyperparameters. In general, the overall training method follows the training 
procedure of the original PINN.



SVD微调

each layer, excluding the first and last layers,is decomposed as follows:

P2INNs with SVD modulation.From the pre-trained decoder layer of P2INNs , we obtain the bases 𝛷𝑙 ,Ψ𝑙for 

parameterized PDEs through SVD . Note that only the diagonal matrices 𝛼𝑙 are used for fine-tuning. (The dotted 

lines represent learnable parameters.)



Evaluation
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