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Motivation

Figure 1: Cyclical distribution shifts exhibit stable mean-variance variations.

• The Problem: Real-world time series are non-stationary (shifting mean & variance).

• The Insight: Shifts are structured, not random. They follow cyclical patterns (e.g., 24h periodicity).

• Our Goal: Explicitly model these predictable cyclical shifts instead of just removing them.



Methodology

Figure 2: Overview of PAMod. Modulating in normalized space equals dynamic denormalization.

• PAMod: A lightweight, plug-and-play framework.

• How it works: Uses learnable cyclical embeddings to modulate normalized features, where
phase (additive) for mean shifts and amplitude (multiplicative) for variance changes.



Main Results

Table 1: Multivariate forecasting performance.

 SOTA Accuracy: 4%-16% MSE reduction on 12 benchmarks.



Main Results

Figure 3: Computational efficiency under the input-96-predict-96 setting.

 High Efficiency: 5-10x fewer parameters; drastically lower memory usage.



Main Results

Table 3: Improves existing backbones with simple integration.

 Architecture-Agnostic: Seamlessly integrates into both MLP-based and Transformer-based backbones 
with better forecasting performance.



Conclusion

 Modulation-based Paradigm: We introduce Phase-Amplitude
Modulation as a powerful alternative to traditional normalization,
unifying dynamic denormalization with representation learning.

 Structure over Complexity: By explicitly capturing predictable
cyclical shifts through decoupled mean-variance variations, we
demonstrate that lightweight designs can significantly outperform
massive architectures.

 Practical Breakthrough: Achieving 4%-16% MSE reduction with 5-
10x fewer parameters establishes a new benchmark for highly
accurate, interpretable, and resource-efficient forecasting.
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