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Spectral Methods (aka Algebraic Graph Theory, see Chapter 14 in [BE] “Network analysis”)

Three main objects of interest: 
• adjacency matrix, 
• Laplacian, and 
• normalized Laplacian
What their spectrums (all eigenvalues, including algebraic multiplicity) 
can tell about network statistics, existence of subgraphs, classification, 
etc.?
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Spectral Methods

diagonal entry of M’

orthonormal eigenvectors of M
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Homework “Spectral Methods”: Prove any 2 out of 3 in Theorem 3 (submit by 
9/29/2016) 
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There exists some nonzero function 
w on nodes
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min degree max degree
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Computing Part of the Spectrum, Lanczos Algorithm
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Grafting

Q: How to modify G by adding to it eigenvalues of H? What if we want to add λ to G?

new node for 
symmetric 
grafting
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Eigenvalues and Global Properties

mean distance in G

… chromatic number, minimum independent set, …
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Bisection

Algorithm for finding sparse cuts: compute Fiedler vector,  sort the vertices according to 
its values , and find the best cut .

Partitioning problem, Walshaw’s partitioning archive, DIMACS competition
[BMSSS] “Recent advances in graph partitioning”, 2013
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p-discrepancy

Homework: Juvan, Mohar “Optimal linear labelings and eigenvalues of graphs” (submit by 9/24)
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original

reverse Cuthill-McKee

spectral

Matlab demo
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Random Walks
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First Passage Time
Q: what is the mean first passage time the random walk  started at i reaches j?
Absorbing random walk = random walk with one or more nodes we can move to but not leave
We consider an absorbing random walk with single absorbing vertex v.
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