Applications of the Laplacian
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Rough Intuition: Spectral Geometry

http://pngimg.com/upload/hammer_PNG3886.pr

You can learn a lot
about a shape by
hitting it (lightly)
with a hammer!



Rough Definition

What can you learn about its shape fromn
vibration frequencies and

oscillation patterns?

Af =\f



THE COTANGENTLAPLACIAN

% Ziwk(cot o +cot Bi)  ifi =
Lij — —%(COJC ;5 + cot ,623) if 2 ~ j
0 otherwise
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the triangle mesh.




Our Next Topic

Discrete Laplacian operators:

What are they good for?

Useful properties of the Laplacian
Applications in graphicgshape analysis
Applications in machine learning

A quick survey:
A popular field!
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One Object, Many Interpretations

1 it v ~ w

Lyw=A—D =< —degree(v) ifv=w
0 otherwise

Labeled graph Degree matrix Adjacency matrix Laplacian matrix

(2 00000 /010010\ /2 -1 0 0 -1 0)

e 03 0000 1 01 010 -1 3 -1 0 -1 0
090 002 000 01010 0o -1 2 -1 0 0
.. 000 3 00 001 011 0 0 -1 3 -1 -1
ee 0000 30 110100 -1 -1 0 -1 3 0
\o0 0 0 001//\ooo100/ \'o o o0 -1 0o 1/

https://en.wikipedia.org/wiki/Laplacian_matrix

Deviation from neighbors



One Object, Many Interpretations

DecreasingE

Blf] = / |VfIZdA = / F(2)Af(z) dA(2)
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Dirichlet energy: Measures smoothnes:



One Object, Many Interpretations

Vibration modes



