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Generative Probabilistic Forecasting (GPF)
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A generic GPF structure 

State-of-art approaches 
 Parametric methods

Finite dimensional estimation and tracking

 Non-parametric methods
Intractable.  Infinite dimensional with few samples

 Deep learning
A few, including using LMM and ChatGPT, none 
shown to solve the GPF problem.

The GPF Problem
Find mapping    and sampling probability 
distribution       such that  
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Innovation Representation: Wiener-Kallianpur (‘58) and Rosenblatt (’59)

 Wiener-Kallianpur’s innovation hypothesis
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 Rosenblatt’s weak innovation autoencoder (WIAE):

 Wiener-Kallianpur’s strong innovation autoencoder
Wiener Kallianpur Rosenblatt

Innovation autoencoder (IAE)

Causal encoder

Causal decoder

IID uniform
(innovations)

Independent of the past!

contains only 
new information 
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Innovation autoencoder (IAE)
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Computation of innovation autoencoder

 AWGN model in continuous-time:

Non-Gaussian Gaussian

Nonlinear MSE prediction (Frost-Kailath)

Causal (nonlinear) minimum-mean-squared-error prediction4

 Gaussian model with linear minimum-mean-squared-
error (MMSE) prediction (Kolmogorov, Wiener, Kalman) 
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Learning Weak Innovation Autoencoder 
(WIAE) via inverse GAN
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Wasserstein GAN
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IID uniform

Wasserstein GAN

©L.Tong 2024



Structural convergence 
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GPF
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Theorem (Validity) 

Lemma (Bayesian sufficiency) 

“Optimal decisions based on weak 
innovations are lossless”

GPF with Weak Innovation Auto-Encoder (WIAE)   
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Is there a loss by using 
innovations for forecasting? 
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Baselines and performance metrics 

Continuously ranked probability score:

Coverage Probability Error (CPE) at       :

Normalized Coverage Width (NCW) at       :
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Mean Absolute 
Scaled Error

Absolute % error

Prob Forecast Realized
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Real-time LMP forecasting

LMP:

DC-OPF (shift-factor form) 

(Power balance)

(Congestion)

RT LMP @ NYC RT load @ LONGIL

RT LMP @ LONGIL DA LMP @ LONGIL  
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LMP forecasting at LONGIL of NYISO  
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One-hour-ahead LMP forecasting with 5-hour history
WIAE-GPF, Ground truth SNARX, WIAE-GPF, Ground truth  

DeepVAR WIAE-GPF, Ground truth  Pyraformer, WIAE-GPF, Ground truth  
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Interchange market with CTS  
 Independent System Operators (ISOs) do not 

trade power directly with each other; market 
participants facilitate trades.

 Market participants submit (virtual) 
bids/offers at specific “proxy buses,” buying 
Q at one proxy and selling Q at the other.

 ISOs clear these bids/offers (separately or jointly) and set the interchange 
quantity by coordinating cleared bids ahead of time.  

 Market participants do not incur physical obligations to generate/consume.

 Cleared trades are financially binding; they are settled based on the real-time
locational marginal price (LMP).

 A market participant is paid if it bets the price-spread direction correctly. 
Otherwise, it will have to pay to the operator.12 ©L.Tong 2024



NYISO-PJM Interchange  Timing: Market closing 75 minutes 
before delivery

 Data: 15-minute LMP
 75 min ahead forecasting with 5 

hour past LMP and load

NYISO: Sandy Point PJM: Neptune Probability of Correct 
Price Direction 
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75-min-ahead price spread forecasting @ NYISO-ISONE Interchange 

WIAE-GPF, Ground truth SNARX, WIAE-GPF, Ground truth

DeepVAR, WIAE-GPF, Ground truth Pyraformer WIAE-GPF, Ground truth
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Generative Probabilistic Forecasting of Area Control Error (ACE) 
PJM ACE during Jan 25-26, 2023
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 4-sec timescale ACE.

 5-min (200-step) ahead 
forecasting.



A Foundation Model approach to system and market operations  

App 1 App 2 App 3

Fault detection and 
identification

Estimation-based 
protection

Online stability 
assessments

App K

FM-Adaptation

Generative probabilistic 
forecasting
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Real-time CPoW data: 
 Grid: current, voltage, 

phasor, frequency, etc.
 Economic: LMP, net-load
 Environmental: wind, 

irradiance, temperature 
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 Learning probability distribution is very difficult, especially if it is 
learning a future (conditional) distribution. Yet, GPF is possible.

 The Wiener-Kallianpur-Rosenblatt innovation autoencoder is a 
canonical architecture for GPF and a Foundation Model for real-
time non-parametric decision-making and control.

Conclusion  
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