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Results and Applications
TE Estimation Benchmark – TREET achieves stable and consistent 

results for all memory length 𝑙

Continuous Time Probability Density 

Estimation with TREET – hidden Markov 

model (HMM) without (1) and with(2) 

state delay. As out-of-the-box estimator, 

TE is consistent probability estimator and 

robust for memory length interaction.

TE Estimation and Optimization - channel capacity estimation of 

Gaussian moving average (GMA) with delay 100 – with sufficient 

context 𝑙, TREET is the best estimator.

Feature Analysis with TREET – 

Sleep Apnea patients dataset 

feature analysis. TREET can 

identify the process that transfer 

most of the information. For 

Apnea patients, breathing is 

affecting the heart rate in 

contrast to healthy patients.

• Transfer entropy (TE) 

• Applications span neuroscience, embodied cognitive systems, social 

networks, and finance

• Estimation challenges: traditional methods suffer from TE 

estimation for long sequences.

Introduction and Background

Contributions
• TREET – new estimator for TE with transformers.

• Various Applications – TE estimation benchmark, capacity 

estimation, feature analysis, and probability density estimator.

Derivation
• Donsker-Vardahan based variational formula,

• Unsupervised learning based on sequential data,

Architecture and Algorithm
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