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Introduction 

A central challenge in quantitative management is the linking of a set of factor values with an expected 

return.  Generally the process works as follows.  A number of factors thought to be related to future 

returns are identified and tested.  Factors may be things like debt to equity ratios, dividend payout 

ratios, profitability measures, growth in profits, industry, and so on.  Various techniques are then used 

to determine if the identified factors both alone and in combination are predictive of future returns. 

In trying to describe the link between the values of the identified factors and subsequent returns, it is 

often assumed that there is a known mathematical link between factor values and returns.  For 

example, regression analysis is often used to link a set of factor values to returns.  In addition there is 

often an overt or implicit assumption that financial markets follow a known statistical distribution. 

A  Brief Description of Quantitative Methods Including Clustering 

The reality is that financial markets do not follow any common or easily understood distribution.  

Moreover, the link between a set of factors values (there are many factors in most quantitative models) 

and future returns is very complex.  It is not linear and indeed does not follow any known functional 

form.  While simplifying assumptions (e.g. the relationship is close to linear) may work well during 

“normal” times, they clearly do not work well during chaotic times and tail events, such as we have 

recently experienced.  The behavior of security prices and financial markets are extremely complex 

systems and therefore inherently difficult to forecast.  This presents a considerable challenge to 

investment managers including quantitative managers. 

The challenge described above is a common one in forecasting the behavior of complex systems.  

Fortunately, mathematical techniques have been developed to help deal with forecasting using data 

sets where the statistical properties of the data set are not well known and there is no known functional 

form to accurately describe the system that generated the data set. 

One general type of solution to this seemingly intractable problem is the use of “cluster” analysis.  

Cluster analysis is the assignment of a set of observations into subsets (called clusters) so that 

observations in the same cluster are similar in some sense. Clustering is a method of unsupervised 

learning, and a common technique for statistical data analysis used in many fields, including machine 

learning, data mining, pattern recognition, image analysis and bioinformatics. 

It turns out that the challenges in financial forecasting are not very different from the challenges 

encountered in making predictions in other fields with complex systems.  The financial system is 



extremely complex, non-linear, and is not described by any common statistical distribution or 

mathematical function.  So, let’s turn our attention to a method of cluster analysis that we find to be 

very effective for analyzing security prices. 

Our Method of Cluster Analysis  

The objective in cluster analysis is to group together a set of observations that are “similar” in a defined 

and measurable way.  In our case, we are interested in being able to group together a set of   

observations about stocks that are highly similar.  For example, let us assume that we have a set of 

observations for a group of stocks where on each day in the past we know the industry, market 

capitalization, debt to equity ratio, growth rate of profits, profit margin and dividend payout ratio. 

We assume stocks with similar measures on these factors will have similar returns over some forecast 

period.  We can test this hypothesis by “clustering” stocks that have similar values for these factors and 

then measuring the known future returns to determine if there are similar outcomes.  If there are, we 

will have a method for forecasting future returns given a set of factor values.  For example, if a set of 

similar factor values has in the past led to highly positive returns, then we expect that will hold true 

today and can be used to identify stocks we would like to buy. 

We use a proprietary clustering method that is specifically adapted to our particular situation. Simply 

put, we can determine the factor values associated with a stock today.  We can then search our 

historical database to find the most similar events from the past and calculate the subsequent returns 

associated with these events.  This forms our return forecast.  In essence, we are forming a unique 

“cluster” for each set of factor values.  Each unique cluster is composed of a defined number of most 

similar events from the past. 

This approach of linking factor values to a return does not make any assumptions about the 

mathematical relationship between factor values and returns.  Nor does it assume any of the commonly 

assumed underlying distributions in finance, such as a normal distribution.  However, this flexibility 

comes at a very high computational cost.  Given that we have approximately 50 million historical 

observations of sets of factor values and associated returns, one needs a very efficient clustering 

process and high speed computing to solve the problem, especially when doing historical simulations. 

Summary 

The typical methods used by quantitative models often assume that there is a known mathematical 

relationship between factor values and returns.  It is also often assumed that financial data follows a 

widely used statistical distribution.  Both of these assumptions are tenuous at best.  We believe that 

financial data is extremely complex and chaotic.  We also believe that it is extraordinarily difficult, if not 

impossible, to describe the relationship between factor values and subsequent returns as a 

mathematical function. Likewise, we do not think that financial markets adhere to a simple distribution 

of outcomes such as a normal distribution. 

In such cases, clustering techniques and in particular, our specially adapted method of clustering, give us 

a way to effectively model the relationship between factor values and returns.  This allows us to forecast 

future returns more accurately than with more traditional quantitative approaches. 


