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Motivation

● Traditional NNs are like Black-boxes.

● PINNs incorporate governing physics equations into the learning process.

● But we often know the answer in patches. 

● So why make the network re-derive known physics? 

● Result: better interpretability with limited solution.



Idea

The Problem: What Happens In Between?

Goal: solve D[f(x)] = 0 across the whole domain.

Region 1 (x ≪ a): known solution f(x) = f₁(x, c₁)

Region 2 (x ≫ b): known solution f(x) = f₂(x, c₂)

In between: no closed-form solution — the unknown region

Standard fix: matched asymptotics

● Pick a matching point x*, enforce continuity of f₁ and f₂ there
● Result depends arbitrarily on x* — ad hoc tuning
● Exponentially sensitive: small shifts in x* can change the answer a lot

Method Overview

Goal: Solve D[f(x)] = 0 continuously across the entire domain.



The idea: promote constants to functions

Instead of learning the solution directly, GlueNN learns how the integration constants vary

  Global ansatz:   y(x) = Sum_j f_j( x, c_j(x) )

● Coefficients converge to true analytical constants deep inside each patch.
● Coefficients are suppressed toward zero outside their respective patches. 
● The transition profile is learned directly from the differential equation.

Classically 
      
                   f_j( x, c_j)
c_j is constant.

GlueNN
      
                   f_j( x, c_j(x))

c_j(x) is network output.



Architecture

https://arxiv.org/abs/2601.05889

https://arxiv.org/abs/2601.05889


The Loss Function

L = MSE
data 

+ MSE
D 

+ MSE
patch

● Matches the known solution at sampled data points.

● Minimizes the differential equation residual.

● Suppresses inactive analytic patches.



Example: Quantum Tunneling

For |x| ≫ d/2, the wave function reduces to free particle equation,

For |x| < d/2, the wave function becomes,

;

;



For simplicity, the wave functions is decomposed into its real and imaginary components, which can be 
solved independently. 

The loss functions for real part are,  

 The loss for the imaginary part can be obtain in the same way by replacing {c1,c2,Re[ψ(x)]} with {c3,c4,Im[ψ(x)]} 
respectively.



Results



Results



Another Example: Chemical Reaction 

Loss Function

Parameterized Solution



Another Example: Blackbody radiation 



Key takeaways

Traditional NN, learns everything from data.

PINN: make sure the physics information remains intact

GlueNN: Using the known information about the asymptotic forms and use NN to patch them 



Backup: Boated potential


