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Time Series Forecasting

Using a past time series, a function is trained to predict a future time series.
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Probabilistic Forecasting

Instead of predicting a single output series of timesteps, one can also predict a 
probability distribution over each step in the output series.
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Quantile Regression

QR is a non-parametric way of modeling a probability function across a 
predefined set of quantiles.
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Simultaneous Quantile Regression

In SQR, the quantile is not predefined, but part of the input, and randomly 
sampled during training. When training long enough, we trained for all possible 
quantiles, yielding an approximation of a cumulative density function (CDF).
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Quantile Cross-over

A neural network that is only trained to find quantiles as categorical output (QR), 
or single output, has no obligation to adhere to the correct ordering of quantiles.

For a legitimate CDF, we need a 
non-crossing quantile function.
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Quantile Cross-over

Can be fixed.

- E.g. sum positive weights in output.

However, there are problems.
- Not for SQR, but only QR. 
- No flexible output size.

What about monotone networks?
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Deep Lattice Networks (DLNs)

Can be constrained monotonically in respect to an input for every layer in the 
network.

- Lattices are hypercubes of interpolated piecewise linear functions.
- A 1D lattice is an interpolated piecewise linear function.
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Lattice: 1- and 2-Dimensional

, with V-1 vertices.

Bakst, W. T., Morioka, N., & Louidor, E. (2020, October 2). Monotonic Kronecker-Factored Lattice. International Conference on Learning Representations. 

https://openreview.net/forum?id=0pxiMpCyBtr

https://openreview.net/forum?id=0pxiMpCyBtr
https://openreview.net/forum?id=0pxiMpCyBtr
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Lattices
a D-dimensional lattice of size               consists of a regular D-dimensional 
grid of  look-up table vertices 

Given                        , the resulting lattice model  is defined by  
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DLNs

- Lattices are trainable multi-dim linear 
piecewise functions.

- Lattices model the complete input 
output relation function in linear 
pieces. 

- Explainable!
- Constrainable!
- But really big. v^D You, S., Ding, D., Canini, K., Pfeifer, J., & Gupta, M. (2017). Deep Lattice Networks and Partial Monotonic Functions. 

Advances in Neural Information Processing Systems, 30. https://doi.org/10.48550/arXiv.1709.06680

https://doi.org/10.48550/arXiv.1709.06680
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DLNs with Probabilistic Time Series
1. Adding an encoder for the timeseries. 
We used LSTM.
2. Feed into an ensemble of small 
lattices.
3. Feed sampled quantile values into all 
sublattices of the probabilistic decoder.
       a. During training, randomly sample 
quantiles for every minibatch.
       b. During testing, draw a specified 
set of quantiles which can portray the 
whole CDF.
4. Use a constrained linear layer to 
arrive at the necessary horizon length.
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Solar Irradiance Forecasts

Ground Observations of 5 years of hourly data in southern Norway. 
Input includes also past weather variables. 
 3 years for training
 1 year for validation
 1 year for testing

Horizon = 36 hours
Window = 96 hours

We forecast the irradiance at 1 station with past weather observations 
and past irradiance from 19 others. 
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Model comparisons

A smart persistence model as baseline.
Otherwise; LSTM + a decoder using SQR:
Linear layer (Lin)
Constrained linear layer (CLin)
Unconstrained feedforward neural network (NN)
Scalable monotonic neural network (SMNN)
Deep lattice Network (DLN)

Lastly, a decoder with NN and simple QR with a predefined set of 
quantiles.
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36h forecasts for 2 
different days of the test 
set.

PICP (left) and reliability diagram 
(right). Averaged across horizons.
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Conclusions

DLN shows good performance against the unconstrained alternative, even 
though it is constrained.

DLN shows better performance than SMNN, a SoA monotonic network.

DLN has a couple other nice properties that could be exploited in future 
research:

- Not bound to only monotonicity
- More explainable
- But very large.
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Thank you for your attention!

For questions, I’ll leave my email here: niklase@uio.no



University of Oslo // 
The Faculty of Mathematics and Natural Sciences // 
Institute for Technology Systems //

References
Bakst, William Taylor, Nobuyuki Morioka, and Erez Louidor. “Monotonic Kronecker-Factored Lattice.” Paper presented at International Conference on 

Learning Representations. October 2, 2020. 

Gupta, M., Cotter, A., Pfeifer, J., Voevodski, K., Canini, K., Mangylov, A., Moczydlowski, W., & Esbroeck, A. van. (2016). Monotonic Calibrated Interpolated 
Look-Up Tables. Journal of Machine Learning Research, 17(109), 1–47. 

Kim, H., & Lee, J.-S. (2023, October 13). Scalable Monotonic Neural Networks. The Twelfth International Conference on Learning Representations. 

Narayan, T., Wang, S. L., Canini, K. R., & Gupta, M. (2023). Expected Pinball Loss For Quantile Regression And Inverse CDF Estimation. Transactions on 
Machine Learning Research.

 
Tagasovska, N., & Lopez-Paz, D. (2019). Single-model uncertainties for deep learning. In Proceedings of the 33rd International Conference on Neural 

Information Processing Systems (pp. 6417–6428). Curran Associates Inc.

van der Meer, D. W., Widén, J., & Munkhammar, J. (2018). Review on probabilistic forecasting of photovoltaic power production and electricity consumption. 
Renewable and Sustainable Energy Reviews, 81, 1484–1512. 

Yang, D., Wang, W., Gueymard, C. A., Hong, T., Kleissl, J., Huang, J., Perez, M. J., Perez, R., Bright, J. M., Xia, X., van der Meer, D., & Peters, I. M. (2022). 
A review of solar forecasting, its dependence on atmospheric sciences and implications for grid integration: Towards carbon neutrality. Renewable and 
Sustainable Energy Reviews, 161, 112348.

 
You, S., Ding, D., Canini, K., Pfeifer, J., & Gupta, M. (2017). Deep Lattice Networks and Partial Monotonic Functions. Advances in Neural Information 

Processing Systems, 30.

https://openreview.net/forum?id=0pxiMpCyBtr

