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Can One Hear the Shape of a Drum?

il | 2 3 il 1 2 3



I
What Do You Hear?

Size of bottlenecks (Cheeger inequality)
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What Do You Hear?

Volume (Weyl law)
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Can One Hear the Shape of a Graph?

From eigenvalues of adjacency, Laplacian, normalized Laplacian?



I
What Do You Hear?

Size of separators (Cheeger inequality)



I
What Do You Hear?

What information hides in the eigenvalue distribution?
@ Discretizations of Laplacian: something like Weyl’s law
@ Sparse random graphs: Wigner semicircular distribution
© “Real” networks: less well understood
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Exploring Spectral Densities

Kernel polynomial method (see Weisse, Reviews of Modern Physics)
@ Think of spectral distribution as a generalized function

1 1 N
| @@= 5 > 0w
° Write f( )= Y22, ¢ Tj(x) and p(x) = Y2, dj; (), where

f 1 ¢J Ty (x )dff = 5Jk
° Estlmate dj = % tr(Tj(A)) = £ E["T;(A)z], = a random probe
vector
@ Truncate series for p(z) and filter (avoid Gibbs)
Much cheaper than computing all eigenvalues!
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Exploring Spectral Densities

@ Consider spectrum of normalized Laplacian (random walk matrix)
@ Approximate via KPM and compare to full eigencomputation
@ Joint work with David Gleich
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Internet topology
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Marvel characters
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Marvel comics
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What Do You Hear?
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