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Abstract

To address the problems of incomplete feature extraction and insufficient fusion of temporal and
frequency features in modeling e-commerce user behavior sequences, this paper proposes a multi-
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perspective collaborative learning framework, TPA-Net. The framework realizes high-dimensional
representation of complex behavior sequences through multi-scale feature extraction, temporal-
spatial-frequency three-path parallel encoding, and cross-path attention fusion. In the 6-class clas-
sification task on the Alibaba user behavior dataset, TPA-Net achieves 92.17% accuracy and 91.12%
Macro-F1, with significant improvements over the dual-path CNN-LSTM. While improving accuracy,
the model incurs a higher computational cost. It can provide technical support for user value seg-
mentation, churn warning, and precision marketing in e-commerce, and also serve as a reference
for complex time-series prediction.
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Figure 1. Overall architecture of the model
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Table 1. Customer value segmentation standards
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Table 2. Model performance comparison experiment results
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TPA-Net 92.17 90.64 91.41 91.12 38.65 58.79
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Figure 2. Performance comparison between TPA-Net and benchmark models
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Figure 3. Figure of ablation experiment results comparison
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Figure 4. Classification performance for different user categories
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