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Abstract 
The effective application of machine learning in finance is fundamentally constrained by data 
scarcity, a problem compounded by the unique statistical properties of financial time series. 
Specifically, their scale-invariant patterns—irregular temporal dynamics that repeat across 
different time horizons and magnitudes—pose a significant challenge for existing models that 
assume regularity. 
We introduce FTS-Diffusion, a novel three-module generative framework designed model scale 
invariance. First, a pattern recognition algorithm extracts recurring but irregular dynamics. 
Second, a conditional diffusion model synthesizes high-fidelity pattern segments. Third, a 
temporal evolution module reassembles these segments into a coherent series. 
Empirically, FTS-Diffusion generates synthetic data that statistically resembles observed market 
data more closely than current state-of-the-art alternatives. Crucially, this synthetic data 
provides substantial practical utility: augmenting real datasets improves out-of-sample 
forecasting performance and increases the implied Sharpe ratios of market-timing strategies by 
12.3–24.2%. By directly addressing the core challenge of data scarcity with realistic generation, 
FTS-Diffusion can promote broader and more powerful machine learning applications across 
finance.  
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