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Overview

● Major Statistical Arbitrage Components:

○ Get Tradable Pairs.

○ Model the Spread between those Pairs.

○ Trade based on the spread model.

● Important foundational building block of your strategy.

● How do we get them? A sprinkling of ML.

● Are there parameters that need tuning? Only if you want to.



The following work is an 
implementation based 
on the research work of 
Sarmento & Horta

Sarmento, S.M. and Horta, N., 2020. A 
Machine Learning based Pairs Trading 
Investment Strategy.



Previously Proposed Methods

● Classic Approach

○ Take in the whole asset universe.

○ Generate all possible pairwise combinations.

○ Execute statistical similarity tests. 

● Similarity Test Approaches;

○ Distance Based (Sum of squared returns)

○ Cointegration Based (Engle-Granger, Johansen)

○ Correlation Based

○ Hybrid Methods



Major Issues

● Large Computational Cost.

● Family Wise Error Rate (5%).

○ Proposed fix by (Harlacher 2016) using Bonferroni 

Correction.

○ Results were mixed.

○ The approach turned out to be too conservative and 

also impeded the discovery of truly cointegrated 

combinations.

○ Author recommends pre partitioning the asset 

universe before running the combination calculations.



New Pairs Selection

Constraints

● No constraint on asset universe size.

● Minimize likelihood of finding spurious 

relationships.

● Find uncommon combinations that haven’t been 

found by overall trading community.

Solution hint (Unsupervised Learning)

● Use PCA to find a compact representation.

● Use a clustering algorithm to separate into 

distinct groups.

● Use Absolute Rules of Disqualification (ARODs) 

to select the right pairs.



Ways to Categorize Assets

Classical Way 

● Economic Category

● MSCI Market Classification

Factor Way

● Barra Risk Model 



Dimensionality Reduction

● Prepare input dataset, in this case will be stock returns.

● Use PCA to reduce the asset universe into principal components.

● Take into consideration curse of dimensionality.

● Definite cap on the number of components that can be selected.

● At the same time we don’t want to leave information on the table.



Clustering

DBSCAN

● We can easily detect clusters of points 

because typically the density of points 

within each cluster is considerably higher 

than outside of the cluster.

● The main idea is that clusters depend on 

point density.

OPTICS

● No need to specify the number of clusters in 

advance.

● Robust to outliers.

● Suitable for clusters with varying density.



Absolute Rules of Disqualification (ARODs)

1. Check for Cointegration using Engle Granger 

test.

a. Finds sound equilibrium relationships.

b. The literature suggests cointegration performs 

better, when compared with minimum distance 

and correlation approaches.

2. Make sure that spread is mean reverting using 

the hurst exponent.

a. Provides an extra layer of confidence to validate 

mean-reverting series.

3. Make sure the spread is tradable in the 

medium term (> 1 day and < 365 days).

4. Check spread reversion consistency.



How to use the Module?



Step 1 - Dimensionality Reduction

● Initial processing/scaling of returns dataset.

● PCA reduction based on the number of 

components given.

● Feature Vector is stored in the class object 

but still publicly accessible if needed.

● Visualization helper method.



Step 2 - Clustering

● Two methods of clustering (OPTICS & 

DBSCAN).

● If in doubt use OPTICS.

● If more control on parameters is needed use 

DBSCAN.

● Visualization helper method allows for both 

2 and 3 dimensional visual representations.

https://docs.google.com/file/d/1mGvUFtCmCxRLUJxIhA2bwKFseqEIYIv2/preview


● First, it is imposed that pairs are 

cointegrated, using a p-value of 1%. 

● Then, the spread’s Hurst exponent, should 

be smaller than 0.5. 

● Additionally, the half-life period should lay 

between one day and one year. 

● Finally, it is imposed that the spread crosses 

a mean at least 12 times per year.

Step 3 - ARODs



Results
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Thank you for your time!



Questions?


