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Dimension Reduction and Visualization 

Dimension reduction is not only for visualization but overcoming the Curse of Dimensionality



  

Ex.1

The Curse of Dimensionality 

P is the number of features (genes, proteins, genetic variants etc.)
N is the number of observations (samples, cells, nucleotides etc.)

Biomedicine

Ex.2

Biased ML variance
estimator in HD-space



  

Linear Dimension Reduction 



  

Non-Linear Dimension Reduction 



  

Matrix Factorization Dimension Reduction 
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Principal Component Analysis (PCA) 



  

PCA on MNIST Data Set



  

t-distributed 
Stochastic Neighbor Embedding (tSNE) 



  

tSNE on MNIST Data Set



  

Why We are Uncomfortable Using tSNE

tSNE does not scale for large data sets?

tSNE does not preserve global structure?

tSNE can only embed into 2-3 dims?

tSNE performs non-parametric mapping?

tSNE can not work with high-dimensional 
data directly (PCA needed)?

tSNE uses too much memory at large
perplexities (FitSNE does not solve it)?



  

 tSNE is Easy to Program from Scratch



  

How UMAP is Different from tSNE

UMAP uses local connectivity for high-dim probabilities

UMAP does not normalize probabilities (speed-up)

UMAP uses slightly different expression for nearest neighbors

This is similar to tSNE cost function This term is UMAP specific

UMAP uses Laplacian Eigenmap for initialization

UMAP uses Cross-Entropy (not KL) as cost function



  

Cost Function Makes UMAP
Preserve More Global Structure than tSNE

X → infinity, Y can be any X → infinity, Y → infinity



  

UMAP on MNIST Data Set



  

Why Global Structure Preservation 
is Important: Example #1



  

Why Global Structure Preservation 
is Important: Example #1



  

Why Global Structure Preservation 
is Important: Example #2



  

Global Structure Preservation for Linear Manifold



  

Global Structure Preservation for Non-Linear Manifold



  

Why PCA Can’t Unwrap Swiss Roll 



  

Non-Linear Manifold: 
PCA vs. tSNE vs. UMAP



  

KL-Gradient Zero at Large Perplexity



  

UMAP for OMICs Integration



  

Integration: keep edges consistently
present across individual OMICs graphs

Graph-Based Omics Integration 



  

UMAP for Omics Integration 



  

National Bioinformatics
Infrastructure Sweden (NBIS)
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