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Background



Nonnegative Matrix Factorization (NMF)
 

 

D. D. Lee and H. S. Seung, “Learning the parts of objects by non-negative matrix factorization,” Nature, vol. 401, no. 6755, pp. 788, 
1999.



Nonnegative Matrix Factorization (NMF)
Formulated as the optimization task:

D. D. Lee and H. S. Seung, “Learning the parts of objects by non-negative matrix factorization,” Nature, vol. 401, no. 6755, pp. 788, 
1999.



Hierarchical NMF



Neural NMF

M. Gao et al. “Neural nonnegative matrix factorization for hierarchical multilayer topic modeling,”  in Proc. Int. Workshop on Comp. Adv. 
in Multi-Sensor Adaptive Process., 2019.

Regard the A matrices as weights, and determine S matrices from A matrices, and define
 



Nonnegative CP Decomposition (NCPD)
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Our Contributions



Hierarchical Nonnegative CP Decomposition (HNCPD)

Apply a hierarchical NMF onto each factor matrix: 
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Neural Nonnegative CP Decomposition (Neural NCPD)
Hierarchical NCPD Model

Neural NMF Branches
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Experiments



Synthetic Tensor Data Set Experiments

● CP rank seven tensor of size 40 × 40 
× 40 

● Overlapping and non-overlapping 
blocks of varying size and intensity to 
form a hierarchical structure

● Positive random noise added to each 
entry



Synthetic Tensor Data Set Experiments



Synthetic Tensor Data Set Experiments



Synthetic Tensor Data Set Experiments



Synthetic Tensor Data Set Experiments



Synthetic Tensor Data Set Experiments



Synthetic Tensor Data Set Experiments



Synthetic Tensor Data Set Experiments



Synthetic Tensor Data Set Experiments



Twitter Political Data Set

● A data set of tweets sent by political candidates during the 2016 
election season

● We subset the tweets from eight politicians, four Republicans and 
four Democrats: 

Hillary Clinton, Tim Kaine, Martin O'Malley, Bernie Sanders, Ted Cruz, John Kasich, 
Marco Rubio, and Donald Trump.

J. Littman, L. Wrubel, and D. Kerchner, “2016 United States Presidential Election Tweet Ids,” 2016.



Twitter Political Data Set

● We use a bag-of-words (12,721 words in corpus) representation of 
all tweets made by a candidate 

● We bin all tweets made by a candidate each 30 days (from Feb to 
Dec 2016)

● Resulting tensor is size

J. Littman, L. Wrubel, and D. Kerchner, “2016 United States Presidential Election Tweet Ids,” 2016.

8    ×    10    ×    12721

# Candidates # Months # Words



Neural NCPD in Twitter Political Data Set



Neural NCPD in Twitter Political Data Set



Neural NCPD in Twitter Political Data Set



Standard NCPD in Twitter Political Data Set

Clinton and Kasich 
in separate topics

Clinton and Kasich 
in the same topics



Twitter Political Data Set Numerical Results



Thank You
J. Vendrow, J. Haddock. D. Needell. "Neural Nonnegative CP Decomposition for Hierarchical 
Tensor Analysis.” Proc. 53rd Asilomar Conf. on Signals, Systems and Computers, 2021.

Thank you!
Questions?

Vendrow, Joshua, Jamie Haddock, and Deanna Needell. "Neural Nonnegative CP Decomposition for Hierarchical Tensor 
Analysis." (2020).


