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❖ Nonnegative Matrix Factorization
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▪ Shallow models

▪ Deep models
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Shallow Matrix Factorization

• NMF as a data representation model

• Orthogonal NMF
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Learning the Parts of Objects by Non-negative Matrix Factorization

Nature 1999



Deep Nonnegative Matrix Factorizations for Data Representation

Least Squares NMF 4/32

Learning the Parts of Objects by Non-negative Matrix Factorization

Nature 1999

Multiplicative Update Rules
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On the Equivalence of Nonnegative Matrix Factorization and Spectral Clustering

ICDM 2005



Deep NMFs

• From Multi-layer to Deep NMF

• Encoder-Decoder NMF

• Deep Autoencoder-like NMF
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A Deep Semi-NMF Model for Learning Hidden Representations

G. Trigeorgis, K. Bousmalis, S. Zafeiriou, and B. Schuller
International conference on machine learning (ICML) 2014
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“Elastic Adversarial Deep Nonnegative Matrix Factorization for Matrix Completion" 

  S.A. Seyedi, F. Akhlaghian, A. Lotfi, N. Salahian, and J. Chavoshinejad

  Information Sciences ,2023
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“Enhancing link prediction through adversarial training in deep Nonnegative Matrix Factorization" 

  R. Mahmoodi, S.A. Seyedi, A. Abdolalhpouri, and F. Akhlaghian

  Engineering Application in Artificial Intelligence, 2024

“Link Prediction by Adversarial Nonnegative Matrix Factorization" 

  R. Mahmoodi, S.A. Seyedi, F. Akhlaghian, and A. Abdolalhpouri

  Knowledge-Based Systems, 2023
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A Non-negative Symmetric Encoder-Decoder Approach for Community Detection

The Conference on Information and Knowledge Management (CIKM) 2017
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A Non-negative Symmetric Encoder-Decoder Approach for Community Detection

The Conference on Information and Knowledge Management (CIKM) 2017
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“Encoder-Decoder Factorization for Unsupervised Feature Selection“  

  M. Mozafari, S.A. Seyedi, F. Akhlaghian, and A. Pirmohammaiani

  Information Sciences, 2024
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“Semantic Encoder-Decoder Nonnegative Matrix Factorization with Kullback-Leibler Divergence" 

  S. Soleymanbaigi, S.A. Seyedi,,F. Akhlaghian, and F. Daneshfar

  [International Journal of Machine Learning and Cybernetics – First Revision]

“Data Clustering by Encoder-Decoder Nonnegative Matrix Factorization with β-Divergence" 

  S. Soleymanbaigi, S.A. Seyedi,,F. Akhlaghian, and F. Daneshfar

  [Pattern Recognition – First Revision]
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Deep Autoencoder-like Nonnegative Matrix Factorization for Community Detection

The Conference on Information and Knowledge Management (CIKM) 2018

Extended models:

• Structural Deep Autoencoder-like Nonnegative Matrix Factorization for Community Detection, Applied Soft Computing 2020

• Community detection in networks through a deep robust auto-encoder nonnegative matrix factorization, Engineering Applications of Artificial Intelligence 2023
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“Deep Autoencoder-Like NMF with Contrastive Regularization and Feature Relationship Preservation" 

   N. Salahian, F. Akhlaghian, S.A. Seyedi, and J. Chavoshinejad

   Expert Systems with Applications, 2023



Graph-based NMFs

• Graph clustering

• Symmetric NMF

• Asymmetric NMF

• Interpretability of Asymmetric NMF

• Regularized Asymmetric NMFs
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Graph clustering 18/32

❖ Definition: Partitioning graph nodes into clusters with dense intra-cluster connections and sparse inter-

cluster connections.

❖ Purpose: Identifying and grouping similar nodes to reveal the graph's structure.

❖ Applications: Used in social networks, biology, recommendation systems, and image segmentation.
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Community discovery using nonnegative matrix factorization

Data Mining and Knowledge Discovery 2011
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Community discovery using nonnegative matrix factorization

Data Mining and Knowledge Discovery 2011
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“S
4
NMF: Self-Supervised Semi-Supervised Nonnegative Matrix Factorization for Data Clustering" 

   J. Chavoshinejad, S.A. Seyedi , F. Akhlaghian, and N. Salahian

   Pattern Recognition, 2023

Supervised

Semi-supervised

Unsupervised

Self-supervised

Self-/Semi-supervised
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Community discovery using nonnegative matrix factorization

Data Mining and Knowledge Discovery 2011

Deep Nonnegative Matrix Factorizations for Data Representation



Asymmetric NMF or Symmetric NMTF 23/32

Community discovery using nonnegative matrix factorization

Data Mining and Knowledge Discovery 2011
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Community discovery using nonnegative matrix factorization

Data Mining and Knowledge Discovery 2011
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Community discovery using nonnegative matrix factorization

Data Mining and Knowledge Discovery 2011
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Regularized Asymmetric Semi-nonnegative Matrix Factorization for Directed Graph Clustering

R. Abdollahi, A. Seyedi, M. Noorimehr
ICCKE 2020

Deep Nonnegative Matrix Factorizations for Data Representation

Towards Cohesion-Fairness Harmony - Contrastive Regularization in Individual Fair Graph Clustering 
Ghodsi, A. Seyedi , and E. Ntoutsi
Pacific-Asia Conference on Knowledge Discovery and Data Mining (PAKDD), 2024



Deep Asymmetric NMF for

Directed/Undirected graph clustering

• Deep Symmetric NMF

• Multi-layer Asymmetric NMF

• Deep Asymmetric NMF

• Interpretability of Deep Asymmetric NMF
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Deep Symmetric Matrix Factorization

P. De Handschutter, N. Gillis, and W. Blekic
European Signal Processing Conference (EUSIPCO) 2023
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Google PageRank
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“Deep Asymmetric Nonnegative Matrix Factorization for Graph Clustering" 

   A. Hajiveiseh, S.A. Seyedi, and F. Akhlaghian

  Pattern Recognition, 2024
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“Deep Asymmetric Nonnegative Matrix Factorization for Graph Clustering" 

   A. Hajiveiseh, S.A. Seyedi, and F. Akhlaghian

  Pattern Recognition, 2024
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Brain Networks Analysis

❖ Studies functional and structural brain connections using fMRI data.

❖ Helps understand brain functions and neurological diseases by uncovering patterns in 

networks.

Why Deep NMF?

❖ Scalability & Flexibility: Handles high-dimensional brain data and discovers key network 

features.

❖ Enhanced Interpretability: Nonnegative factorizations offer clearer insights, ideal for 

understanding complex brain regions and relationships.

Deep NMF’s Role in Brain Network Analysis

❖ Dimensionality Reduction: Learns low-dimensional representations to identify key regions and 

patterns linked to diseases or cognitive functions.

❖ Unsupervised Learning: Discovers hidden patterns and new brain network structures without 

labeled data.
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Brain Networks Analysis
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