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Reconstruction problem

® Finite point-set 2 sampled from unknown manifold X

® Recover the homotopy type/topology of < from
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Witness complex paradigm()

flat curved

Delaunay triangulation restricted Delaunay
triangulation

witness complex




Delaunay triangulation
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Strong witnesses

® x € R"is a strong witness for S C A

& d(x,a) = d(x,b) forallae S,b eA
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Witness complexes

® strong withess complex

S € Del(A,X) & S has a strong witness in X




Witness complex paradigm()
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theorem
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Strong and weak witnesses

® x € R"is a strong witness for S C A

& d(x,a) _d(xb) forallae S, beA
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Weak withesses
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Witness complexes

® strong witness complex

S € Del(A,X) & S has a strong witness in X




The weak withesses theorem

Del(A,R") = Del¥(A,R")

S € A has a strong witness




Witness complex paradigm
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The weak withesses theorem

Del(A,R") = Del¥(A,R")

S € A has a strong witness




Voronoi convexity

® Under the following assumptions...

® topological space X, set A

® Vxy € X, d connected Y(x,y) 3 x,y

convex hull of {x,y}
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Examples

® Voronoi convexity is satisfied by:

o AcCc X=R", d(a,X) = ‘a'X‘ = geodesic metric

® A cC X ="'28"(hemisphere), d(a,x) = geodesic metric
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Laguerre diagrams

Weight schemes which satisfy Voronoi convexity

® FEuclidean

D(a, w(a), x) = "2|a-x|? - w(a)

daaiuiie; Spherlcal (restrlct to hemlsphere)
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Tolerance

® x € R"is an + strong €-witness for S € A
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€-witness complexes

® strong €-witness complex

S € Del(A,X;€) & S has a strong €-witness in X




Weak €-withesses theorem

® Under the following assumptions...
(strong Voronoi convexity)

® topological space X, set A

® Vx,y € X, d connected Y(x,y) D X,y
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Examples

The weak e-witnesses theorem applies in the
following cases:

® FEuclidean
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Witness complex paradigmgs

Cech weak

nerve €-withesses
theorem theorem

Del(A,X; €) " Del"(A,X;€)
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Comparing strong and weak

strong withess complex weak withess complex

Data points sampled from 2-sphere

witnesses and local cohomology DARPA TDA meeting, Santa Barbara, May 8—10, 2006






Persistent homology

® Persistent homology algorithm (ELZ2000):

® Given filtered simplicial complex {K, —}

® |nput (S,dS) in order of appearance of S
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Persistent relative cohomology

® Persistent homology algorithm (ELZ2000):

® Given filtered simplicial complex {K, =}

® |nput (S, 0S) in order of appearance of S
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Local cohomology

® The local structure of X near a point xo is measured
in homology by H*(X, X-xo).

® Define a filtration X; for t<0 which approaches X-xo
as t—0 from below:
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witnesses and local cohomology DARPA TDA meeting, Santa Barbara, May 8—10, 2006
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Space of rotations = SO(3) is

witnesses and local cohomology DARPA TDA meeting, Santa Barbara, May 8—10, 2006
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Confession: | cheated a bit (by -picking)

witnesses and local cohomology
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