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From DDEs to Continuous-Time RNNs

Result 2: The Delay Term Mitigates Vanishing 
Gradient Problem

Delay Differential Equations (DDEs)

Result 1: 𝛕-GRU Has a Unique Solution

Empirical ResultsFrom Continuous-Time to Discrete-Time RNNs

dampen the 
exponential 

decay!

*Similar gradient bounds can also be derived for the fully nonlinear RNN model under suitable assumptions on the 
activation functions.

The adding task:

Sequential image classification:

Learning climate dynamics (ENSO): Frequency classification:

Simple delayed RNN:

With ablation parameters:

Ablation study on psMNIST:Human activity recognition (HAR2):

Sentiment analysis (IMDB):


