


Interactive Data Analysis Session Using Morse-Smale Complexes



Multiple Topological Scales for Analysis of Porous Media



Betti barcodes for a figure-eight



Betti barcodes for a torus



Thomas 
Jefferson 

made 
barcodes 

too. 



Cut Locus and Topology 
from Point Data

Tamal K. Dey     Kuiyu Li
The Ohio State University



Problem

• Input: a point cloud P
sampled from manifold M
embedded in a higher 
dimensional Euclidean 
space Rd

• Goal: extract topology of M
from P



Cut Locus in M

• Observation: Cut locus 
of M retains most of the 
topology



Cut Locus in P

• Use a small subset P' of P to approximate 
the cut locus of M

• P' is computed 
using the notion 
of geodesic
spread function



Topology

• Use the method of [Chazal-Oudot 08] on 
P' to compute the Betti numbers of M

• Computationally efficient because P' is 
much smaller



Paper

Cut locus and topology from surface point 
data. 2009. Tamal K. Dey, Kuiyu Li. Proc. 
25th Ann. Sympos. Comput. Geom. 
(SoCG09), 125-134



– Large dimensions
– Very sparse
– Small invariant 
factors
– Minimal polynomial 
of ATA has very small 
degree

A
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Integer Smith form, ranks
of Homology matrices



Direct or iterative methods ?

y 2 Fn  A                 Ay 2 Fm

Fast at start, Fat at last

Slowly but Surely



Integer coefficient growth
A:=  [[2, 1, -3, 7, -4, 0, 9, 1, 6, -8 ],      and   b:= [-2, -9, -3, 8, 0, -2, -6, 8, 5, -7];

[6, -2, -8, -7, 4, -5, 5, 2, 4, -9 ],
[-1, -7, 2, 9, 2, 3, -1, 6, -8, 7 ],  Solution of Ax=b:
[3, -2, 0, -4, 8, 1, 2, 4, 6, 6 ], 
[-4, -6, -3, -7, -8, 2, 4, -1, -2, -9 ],       x  =  [ -154378467, 166174189, 
[8, 7, 6, -3, -9, 3, 4, 6, 3, 6 ], 556790464,   72535956, 
[-6, -8, 3, -3, -1, -5, 6, 2, 2, -5 ], 258019417,   499902615,
[-5, -2, -9, -6, -1, -3, 5, 8, 8, -1 ], -930948611, 1007780694, 
[2, 3, 8, -9, 3, -1, 8, -6, 7, -7 ], 356546217, -1001276698
[-8, 3, 7, 4, 3, 2, 2, -9, -2, -4 ]]; ] / 55181746

Chinese remaindering, Hensel lifting

1. PLUQ(A) mod p nw

2. Iterate k times (k < n/2 log(n))
• 2 triangular solve Axi ´ bi mod p 2n²
• bi+1 = (bi-Axi)/p  over Z   4n²log (n)

3. x = x0 + p x1 + p² x2 + … + pk xk k²
4. Rational reconstruction nk2

O ( Pb £ k  + mk2 ), instead of O( Pb £ k2 ) O ( nw+ n3log2(n) ), instead of O(nw+1log(n) 
)



Adaptive 
linear 
algebra



Scalability: multicore algorithms

 Sequential

 Quad core

Wiedemann on a 62370x51975 Matrix
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Cutting of the matrix: number of blocks (number of non-zero blocks)
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A Two Parameter Population Model:

The database of global dynamics:

Continuation Classes in Parameter 
Space

Global Dynamics of Class 
4

Dynamics at a particular 
parameter value in red
region.

A Database Schema for the Analysis of 
Global Dynamics of Multiparameter Systems,
Z. Arai, W. Kalies, H. Kokubu, K. Mischaikow, 
H. Oka, P. Pilarczyk, SIADS, 2009



An adaptive cubical verification algorithm for 
the homology of evolving nodal domains

Day, Kalies, Wanner (2009)



Pattern morphology evolution in ternary alloys
Corrigan, Mischaikow, Wanner (2009)



M. RobinsonM. Robinson
Interference complexes and sheaf-based 
approaches for network analysis

Simplified wave
models Propagation 

modeling for 
transmitters

Full network 
and 
interference 
modeling

Topology for 
communications 
network 
performance and 
capacity analysis

Topology for 
communications 
network 
performance and 
capacity analysis



Obstacle Disconnected
intersection 
region

Regions of impact for opportunistic 
transmitters forms a cover

Refinement Clustering

Recovers 
homotopy type, 
geometric 
information of 
propagation 
environment

Localization 
of receivers

Discrete 
Opportunistic 
Topological Imaging

Discrete 
Opportunistic 
Topological Imaging

M. RobinsonM. RobinsonMap of space of receiver 
locations to space of
measurements is an embedding
with enough transmitters (Whitney)



Semilinear parabolic
equation

Equilibrium analysis

Dynamical properties of
global solutions

Evolution of stability

A topological index

Bifurcation diagram
Cellular complex 
of global solutions

M. RobinsonM. Robinson

A Floer 
theory for 
semilinear 
parabolic 
equations

A Floer 
theory for 
semilinear 
parabolic 
equations













Mesh of Cube as Graph



Testing of Graph Fracture



Fracture in Gypsum Cylinder

Failure
cone

Spall
2/3 length














































