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Shape has meaning
Data has shape 
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Topological Data Analysis

Topological Data Analysis,A.Zomorodian, Proc. of symposia in Appl. Math.



Creating a Simplicial Complex

Topological Data Analysis,A.Zomorodian, Proc. of symposia in Appl. Math.



Creating a Filtration

R. Ghrist. "Barcodes: the persistent topology of data." Bulletin of the AMSo 45.1 (2008): 61-75.



Persistent Homology

Shape has meaning
Data has shape 

R. Ghrist. "Barcodes: the persistent topology of data." Bulletin of the AMSo 45.1 (2008): 61-75.



http://webee.technion.ac.il/people/adler/research.html



Simplified visualization of the persistence homological scaffolds.



“…we find that the patterns of 
neuronal co-firing can, in fact, convey 
topological information about the 
environment in a biologically realistic 
length of time…”



Gray bars indicate that two simplices of the same HA 
subtype merge together at a given ε.
Solid color bars indicate that two simplices of different 
HA subtypes but same major clade merge together.
Interpolated color bars indicate that two simplices of 
different major clades merge together.

Reconstructing phylogeny from persistent 
homology of avian influenza HA
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Morse Theory and Reeb Graph



Morse Theory and Reeb Graph



Mapper



Mapper

Lum, P. Y., et al. "Extracting insights from the shape of complex data using topology." Scientific 
reports 3 (2013).















Herbert Edelsbrunner, and John Harer, (2010), "Computational 
topology: an introduction". American Mathematical Society.

R packages: TDA, Phom 

C++ software: Perseus, Dyonisus

Java software: Javaplex, Plex, JPlex

Ayasdi: http://www.ayasdi.com

Python: JHoles, Dyonisus

Useful Tools

http://www.ayasdi.com


Persistent Cohomology



Persistent Cohomology

de Silva, V., Skraba, P., & Vejdemo-Johansson, M. (2012). Topological analysis of recurrent 
systems. In Workshop on Algebraic Topology and Machine Learning, NIPS.



Persistent Cohomology

1. Compute persistent cohomology classes
2. Turn each representative cocycle z∗ into a map,
3. Smooth that map (minimize variation across edges), staying within the same cohomology/

homotopy class (done projecting onto the harmonic space).

X ! S1

Figure from A practical guide to persistent homology by Morozov



Rips VS Cech

R. Ghrist. "Barcodes: the persistent topology of data." Bulletin of the AMSo 45.1 (2008): 61-75.


