Topological Descriptors for Data



Features for data
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Features

e

bag of words, word2vec

shape contexts, heat kernels
node2vec, Laplacian fact., rand. walks
sliding-window embeddings

metric embeddings, auto-encoders1



TDA for feature design
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Mathematical framework

e geometric data set / underlying space = compact metric space

e distance between compact metric spaces = Gromov-Hausdorff (GH) distance
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den(X,Y) = inf dg(yx(X), 3w (Y))
Yx: X2
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Mathematical framework

e geometric data set / underlying space = compact metric space

e distance between compact metric spaces = Gromov-Hausdorff (GH) distance
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Mathematical framework

e geometric data set / underlying space = compact metric space
e distance between compact metric spaces = Gromov-Hausdorff (GH) distance

e distance between invariants (persistence diagrams) = d
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Global topological descriptors

Input: a compact metric space (X,dx)

Descriptor: dgm F(X,dx), where F(X,dx) is some simplicial filtration over

X derived from dx (proxy for union of balls)
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Global topological descriptors

Input: a compact metric space (X, dx)

Descriptor: dgm F(X,dx), where F(X,dx) is some simplicial filtration over
X derived from dx (proxy for union of balls)
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Global topological descriptors

Input: a compact metric space (X, dx)

Descriptor: dgm F(X,dx), where F(X,dx) is some simplicial filtration over
X derived from dx (proxy for union of balls)

N / Ro¢ (X, dx)

C (X, dx)

Ry(X,dx) € Cy(X,dx) € Ray(X,dx)



Global topological descriptors

Input: a compact metric space (X, dx)

Descriptor: dgm F(X,dx), where F(X,dx) is some simplicial filtration over
X derived from dx (proxy for union of balls)

° Ci(X,dx) = Rai (X, dx)
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Theoremﬁ[Chazal, de Silva, O. 2013]
For any eempast metric spaces (X,dx) and (Y,dy),
d£ (dgm R(X, dx), dng(Y, dy)) < QdGH(X, Y)

Proof outline:
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Local topological descriptors




Local topological descriptors

Input: a compact geodesic space (X,dx ), a basepoint x € X

Filter: dgmdx (x, )

Computation: using a pair of Rips filtrations [Chazal et al. 2009]
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den(T, X) 7220

b
dOO(dgde(vm)a dgmdx(ax)) >0
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opological Persistence

Lipschitz

Mathematical framework:

compact mspaces _
discrete measures

mod isometries

(GH-distance) (Wasserstein-type dist.)




