




V ≈ W H

Definition





Example: Face Recognition
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Example: Face Recognition



v1 v2 vN

Flattening all images



v1 v2 vN

Concatenating all vectors to form a matrix 
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Example



NMF vs. PCA





NMF vs. SVD

Property NMF SVD

Formulation V = WH V = U∑VT

Optimality (in terms of
squared distance)

Speed & robustness

Uniqueness

Sensitivity to initialization

Orthogonality

Sparsity

Non-negativity

Interpretability



Optimization



How to calculate Multiplicative Update Rules (MURs)?



Problem can be solved by alternating minimization 

Oja Rule

By fixing H By fixing W



Gradient descent algorithm

Input: V dataset, r factor

1. Initializing W, H  randomly

2. for i = 1 : maxiter

3.

4. Updating W by

5. Updating H by

6. end

Output: W, H
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NMF as a Data Clustering Algorithm

V
v1 v2 vN

Center 
Matrix

Membership 
Matrix

Data 
Matrix



Example: Text Clustering



Example: Text Clustering

v1 v2 vN

V



Example: Graph Clustering



Example: Recommendation System



categorization of NMF models



Regularized and Constraint NMF

Sparse NMF Orthogonal NMF




