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Introduction

◼ Task: Interpretable Time Series Classification in safety-critical scenarios

• Such as medicine, finance and public security

◼ Motivation: requires not only accurate classification results, but also 

explicit and rigorous rationales -- Rule-based models

• Reliable: consistent with the actual execution (decision process) of      

the neural network model

• Intuitive: consistent with human understanding and the consecutive 

nature of temporal properties

◼ Preliminary

◼ A subset for describing temporal properties of time series 

• Atomic predicate (AP)

• Integer-bound time interval

• Always : each time point satisfies

• Eventually : there exists a time point satisfying

• Until : there exists a time point satisfying ,

and each time point before it satisfies

• EA : Always on an unfixed interval

• AE : frequent occurrences of

• Negation-free

• Just allow temporal operators to act on atomic predicates

Signal Temporal Logic (STL)

Binarization Layer

Temporal Logical Layer

Experiments
Overall Results and Ablation Study

Instance-level Interpretability Analysis

◼ Future work will explore more expressive subsets of temporal logic and extend to multivariate time series classification tasks.

Future Work

Model
◼ Patch-wise

bin division 

◼ Probability

◼ Truth value of AP

T-wave declines until it inverts,
indicating myocardial infarction

Represented as Logical Rule:

Rationale:

◼ TemporalRule: a novel neuro-symbolic model for interpretable time series classification

• Automatically learns Signal Temporal Logic (STL) rules through four layers

• Reliable: optimizes the model via gradient grafting (hard version + soft version)

• Intuitive: simulates temporal operators through adaptively learning the time bounds

◼ Always

◼ Until

◼ EA

Category-level Interpretability Analysis

◼ Datesets: 8 real-world datasets in 3 safety-critical domains

◼ Baselines: 6 rule-based models (2 dictionary-based, 2 shapelet-based and 2 neuro-symbolic)

◼ TemporalRule can actively guide the neural network to locate key intervals and generate 

advanced features, leading to accurate and stable classification results. 

◼ TemporalRule directly learns holistic temporal features, focusing on condensed time intervals 

rather than isolated time points, so can produce more concise and intuitive rules consistent with 

human understanding of consecutive time series patterns. 

◼ This arises from the adaptive learning of time bounds, instead of relying on point-wise weights.

◼ We can specially examine the time interval from 96 to 113 in each 

time series instance to determine whether it should be classified as 

“Point” or “Gun”.

◼ TemporalRule can provide precise and concise evidence within each 

time series for clear justification of classification decisions.

Hyperparameter Analysis

◼ The number of bin (K) can be consistently selected as a fixed value 4.

◼ The loss weight (λ) can be consistently selected as a fixed value 0.05.

Training Objective

◼ MSE loss for classification + 

clustering loss for binarization
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