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* An extended Courant-Fischer variational principle
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treatments of FAST-GE model for constrained clustering "
* The extended variational principle implies that
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Model = A, (2) minimizer x,: Lgx; = A LX,

L., L, with embedded

Laplacian .
ML and CL constraints

* The eigenproblem: L.x = AL,,x, where L, L, 20 and L; - AL, is singular.

Objective cut(A) . cut(A) cut; (A)

Function vol(A) vol(Z) cut,, (A) - Regularization Image, onstraints, igvec, renormalized eigvec, const. eg.
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X' LgX K=-L, and M=L,+z, +ZSZ" Flower 30,000 2 23 5.88 7.14

Rayleigh min s.t. Xx'D1=0 7 T Crab 143,000 32 55.71 62.14
dyl€ls x X' Dx L0 XL, X where Z = null(L;)nnull(L,), Sis SPD and p > 0 is a scalar. Then: Camel = 249,057 23 144.94 159.67

uotient o i
Q (1) x is binary (1) M >0 Daisy | 1,024,000 58 1518.88 1677.51

Opt. 1) % i< binar . - L Cat 50,325 18 12.45 15.16
(1) x is binary (2)L;20,L,20 (2) The eigenvalues of K—AM are 6, <..<0,<0,,;,=..=0 Davis | 235 200 - o e

(2) L2 0, degree matrix D>0 | (3)_- AL, is singular whereo,=-1/(N+p)fori=1,2,..,r o Patras 44,589 14 11.81 13.72
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X' L X * The generalized symmetric definite
eigenvalue problem

| . X" LX . -
Relaxation | MIN — st X D1=0 Nt —
xeR" X' DX xeR" X" L X

T
e KX = oMX

Provided mathematical foundation and numerical
treatment for the FAST-GE model

Eigensolver is still the computational bottleneck
Future studies: (1) exploiting structures of Laplacians
for HPC, (2) other apps such as generalized linear

discriminant analysis and multi-surface classification
https://github.com/aistats2017239/fastge?
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Varolatloonal Courant-Fischer ? (1) High-quality solvers (Lanczos and LOBPCG)
Principle (2) Spectral enhancement without explicit inverse s }{-

(3) “Natural” preconditioner T = M

LX = ADX (4) Efficient sparse-plus-low-rank matrix-vector multiplications

Eigenvalue
Problem




