
Pattern Neuron Detector (PND)

Pattern neurons are those that contribute more significantly to forecasting targets in the 

perturbation assessment:

We devise an attribute score to quantify the influence of the 𝑘-th neurons for a specific pattern 

𝑝 given an input x𝑝 with this pattern:

Given a set of samples {x1, x2,…, xB} corresponding to a specific pattern, the pattern neurons 

are those whose attribute scores remain high across all B samples:

The detection process can be easily applied to self-attention layers:

Pattern Neuron Verifier (PNV)

Prediction error increases significantly without pattern neurons:

Pattern Neuron Optimizer (PNO)

Fine-tune only the pattern neurons using R samples corresponding to the interested pattern: 
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Motivation Methodology

Urban time series data exhibits distinct patterns for high- and low-

frequency events:

➢ Patterns within each category remain consistent

➢ Significant differences exist between categories, such as 

holiday, weekday, weekend patterns

❑ Do neurons associated with low-frequency 
patterns exist in UTSMs?

❑ If so, how can we enhance the representation 
learning of these neurons to improve urban time 
series forecasting
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Algorithm

Enhance the representation of pattern neurons associated with 

low-frequency events:

➢ Improves performance on low-frequency events

➢ Also benefits high-frequency events

Experiments & Model Analysis

Existence of Pattern neurons 

in UTSMs:

➢ Deactivating pattern 
neurons yields a larger 
performance drop than 
random deactivation

➢ Pattern neurons make up 

<10% of all neurons

Pattern neurons appear in similar positions & more concentrated 

on query and key components
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Pattern neurons include both pattern-specific and general neurons
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PN-Train can be generalized to multiple low-frequency patterns

PN-Train - a pattern neuron-guided training method for 

urban time series forecasting

➢ Investigates neurons associated with low-frequency 

patterns

➢ Detects them via a perturbation-based detector

➢ Fine-tunes to enhance their representation
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