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Classical Deep Learning

Historical-value ● ARIMA
● ETS
● …

● DeepAR
● N-BEATS
● Autoformer
● …

Time-index ● Prophet
● Gaussian Processes
● … ?
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● where f is a neural network!
● Learn the appropriate function representation based on the time-index!

Our proposed instantiation of deep time-index models

random fourier 
features

multi-layered 
perceptron

A deep learning based approach
Deep Time-index Models
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● How to extrapolate across forecast horizon (generalize to future time steps)?
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Pitfalls

● No inductive biases (such as linear trend, periodicity) unlike classical time-index models
● How to extrapolate across forecast horizon (generalize to future time steps)?

(a) Naive Deep Time-index Model (b) With meta-optimization formulation
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Meta-optimization framework
Learning Deep Time-index Models

Solution: Meta-optimization formulation:

● Inner loop updates the local base parameters to the lookback window
● Outer loop updates the global meta parameters over the forecast horizon
● Global meta parameters encode the inductive bias, learning to enable extrapolation 

across the forecast horizon

SLOW
Each forecast is treated as an optimization problem! → Fast adaptation is needed!
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Fast and efficient meta-optimization
Learning Deep Time-index Models

Closed-form solution to Ridge Regression!

Apply inner loop updates to last linear layer only!

Base params

Meta params



DeepTime obtains state-of-the-art results!

MSE for each dataset averaged over 4 different horizons
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Conclusion

● Demonstrate that naive deep time-index models are unable to perform forecasting
● DeepTime: deep time-index models + meta-optimization
● DeepTime achieves

○ state-of-the-art results, 
○ superior time efficiency over existing approaches,
○ superior memory efficiency over existing approaches

Paper can be found at: https://arxiv.org/abs/2207.06046
Code is available at: https://github.com/salesforce/DeepTime
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● Demonstrate that naive deep time-index models are unable to perform forecasting
● DeepTime: deep time-index models + meta-optimization
● DeepTime achieves 

○ state-of-the-art results, 
○ superior time efficiency over existing approaches,
○ superior memory efficiency over existing approaches

Limitations & Future Work

● Exogenous covariates
● Probabilistic forecasting

Paper can be found at: https://arxiv.org/abs/2207.06046
Code is available at: https://github.com/salesforce/DeepTime


