
A randomized algorithm for a tensor-based
generalization of the singular value 

decomposition



Review of tensor algebra

• n-mode (matrix) product of a tensor
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Tucker form



TensorSVD Algorithm

Error bound: 



Approximate tensor SVD



Randomized column selection algorithms

• If A is well approximated by a low-rank matrix, we would like

• Two randomized column selection algorithms

1. SelectColumnsSinglePass algorithm
"Fast Monte Carlo algorithms for matrices I: Approximating matrix multiplication." SIAM Journal     

on Computing (2006).

2. SelectColumnsMultiPass algorithm
"Matrix approximation and projective clustering via iterative sampling." (2005).







Error bound

• Proof

Let                we have with probability at least

Let                       denote the set of columns picked in the first t-1 rounds.

Let



Proof continue

Assume that by choosing                          from the first t-1 rounds we have

Holds with probability as least                    .

Define                                        and let     be a matrix that are included

in the sample     . Then with probability at least 

Holds with probability at least           .      



Proof continue

Since                                                 and 

Thus, we probability at least 



Error bound of ApproxTensorSVD

• If the columns are chosen with the SelectColumnsSinglePass algorithm, 
then with probability at least

• If the columns are chosen with the SelectColumnsMultiPass algorithm, 
then with probability at least



Proof 

• Define                                                         

Let                              and                     we have

Let                                                                , in the same manner

Finally, we have



Restricting the approximation to matrices

• If the columns and rows are chosen with the SelectColumnsSinglePass
algorithm then, with probability at least

• If the columns and rows are chosen with the SelectColumnsMultiPass
algorithm then, with probability at least


