
Forecasting and Trading Futures 

Contract Spreads with Gaussian 

Process Regression

Xuan Li

April 5, 2018



Outline

I. Motivation (why GPR)

II. Gaussian Process Regression (GPR) in General 
(Framework)

III. Adapting GPR towards Futures Trading Strategy

I. Kernel Covariance Selection (Augmented Functional 
Representation)

II. Feature Selection & Engineering & Preprocessing

III. Training (Parameter Learning)

IV. Model Evaluation & Comparison

V. From Prediction to Trading Decision

IV. Potential Improvements



I.1 Motivation

1. Definition of futures contracts spread

2. Trading Decision with Risk

To profit from the change in the differential of buying/selling the two

related contracts. Essentially, you consider the risk in the difference

between two prices (contract) rather than the risk of an immediate futures

contract. In other words, maximizing difference, minimizing risk.

difference

risk



II. Gaussian Processing 

Regression (GPR)

1. Property of Gaussian Distribution



II. Gaussian Processing 

Regression (GPR)

2. Inference of GPR
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II. Gaussian Processing 

Regression (GPR)

2. Inference of GPR, cont



III. Adapting GPR towards 

Futures Trading Strategy 

1. Kernel covariance selection (Augmented functional 

representation)  

The key idea of GPR lies in the choice of kernel covariance operator (function), which

models the relationship between corresponding observations (input, x). In this paper, the

authors choose:

The authors considered the covariance based on contribution of each dimension of the

input features separately, and the effect of a dominant feature using Kronecker delta

function.



III. Adapting GPR towards 

Futures Trading Strategy 
2. Feature Selection & Engineering & Preprocessing 

In all, the feature used in the paper include:

All of these features are standardized with zero mean and unit deviation. For the price
target y, the trajectory is standardized to start at zero at the start of every year, by
subtracting the first price value.



III. Adapting GPR towards 

Futures Trading Strategy 

3. Training (parameter learning)

Given the kernel covariance function, the total hyper-parameter needed to be learned are



III. Adapting GPR towards 

Futures Trading Strategy 

3. Training (parameter learning) cont.



III. Adapting GPR towards 

Futures Trading Strategy 

3. Training (parameter learning) cont.

Gradient Descent



III. Adapting GPR towards 

Futures Trading Strategy 

3. Training (parameter learning) cont.

Gradient Descent



III. Adapting GPR towards 

Futures Trading Strategy 

3. Training (parameter learning) cont.

multi-stage training + sub-sampling



III. Adapting GPR towards 

Futures Trading Strategy 

4. Model Evaluation & Comparison between models

4.1 Significance Test



III. Adapting GPR towards 

Futures Trading Strategy 

4. Model Evaluation & Comparison, cont. 

4.2 Criterion 

The criterion used are square error (SE) and negative log-likelihood (NLL). SE is

normalized by dividing it with the standard deviation of the test target. NLL is

normalized by subtracting the likelihood of a univariate Gaussian distribution estimated

on the test target.

4.3 Baseline Models



III. Adapting GPR towards 

Futures Trading Strategy 

5. From Prediction to Trading Decision

5.1 Prediction 

5.2 Trading Decision



IV. Potential Improvements


