
Charles Bordenave 
 

Freeness for tensors 

 

Since the fundamental works of Voiculescu, free probability theory has led 

to numerous successes notably in operator algebra and random matrix theory. It has found many 

applications in science and engineering. Tensors are versatile algebraic objects which by many 

aspects are higher order matrices. Random tensors play an important and growing role 

in modern science, notably in quantum field theory, data analysis and machine learning.  

 

In this work, we will lay the foundations of a free probability theory for tensors and establish its 
relevance in the study of random tensors of high dimension. We will give a definition of freeness 
associated to a collection of tensors of possibly different orders. We will present the 
combinatorial theory of free cumulants which are associated to this notion of tensor freeness. 
Finally, we will see that the basic models of random tensors are asymptotically free as the 
dimension goes to infinity. 

 


