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Lecture breakdown 

•  Part  I

– Stochastic  SVD


•  Part  II

– Distributed  stochastic  SVD




Part I: Stochastic SVD 



Basic goal 

•  Matrix  A

– Find  a  low-­‐rank  approximation  of  A

– Basic  dimensionality  reduction


Preconditioning 



Basic algorithm 

•  INPUT:  A,  k,  p

•  OUTPUT:  Q


1.  Draw  Gaussian  n  x  (k  +  p)  test  matrix  Ω

2.  Form  product  Y  =  AΩ

3.  Orthogonalize  columns  of  Y  èQ




Basic evaluation 



Approximating the SVD 

•  INPUT:  Q

•  OUTPUT:  Singular  vectors  U


1.  Form  k  x  n  matrix  B  =  QTA

2.  Compute  SVD  of  B  =  ÛΣVT

3.  Compute  singular  vectors  U  =  QÛ




Demo 



Empirical Results 

•  1000x1000  matrix




Power iterations 

•  Affects  decay  of  eigenvalues  /  singular  values




Empirical Results 



Empirical Results 



Part II: Distributed SSVD 



Algorithm Overview 

QR factorization 

Power iteration 

QR factorization 

In-core SVD 



SSVD Primitives 

•  Matrix-­‐vector  multiplication:  y  =  Ax


•  (midterm,  anyone?)




SSVD Primitives 

•  Matrix-­‐matrix  multiplication:  y  =  ATAx




Matrix-matrix multiplication 

•  Very  clever  use  of  map/reduce


•  Each  Mapper  outputs:




SSVD Primitives 
•  Distributed  orthogonalization:  Y  =  AΩ

– Givens  rotation


– Streaming  QR

•  Sliding  window


– Merge  factorizations

1.  Merge  R

2.  Merge  QT




SSVD 
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1: Q-job 



2: BT-job 



3: ABT-job 



4: U-job 



5: V-job 



Mahout SSVD Parameters 



Block height 



Power iterations 



Comparison to Lanczos 



Comparison to Lanczos 



Comparison to Lanczos 



Comparison to Lanczos 



Datasets 

•  Wikipedia-­‐all


•  Wikipedia-­‐MAX




That’s SSVD! 



Resources 
•  Randomized  methods  for  computing  the  SVD  of  
very  large  matrices

– http://web.stanford.edu/group/mmds/
slides2010/Martinsson.pdf


•  Randomized  methods  for  computing  low-­‐rank  
approximations  of  matrices

– https://amath.colorado.edu/faculty/martinss/
Pubs/2012_halko_dissertation.pdf


•  SSVD  on  Mahout

– https://mahout.apache.org/users/algorithms/
d-­‐ssvd.html



