
Spectral Sparsification and 
Geometric Applications

Nikhil Srivastava

MSRI

Part III: Covariance Estimation



Covariance Matrices

Random Vector

Covariance Matrix

Variances

PCA Find max variance directions = eigenvectors
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Given how large is q? 
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Convex Bodies [KLS’95]

More generally sub-exponential X:

[ALPT’09] N=O(n) whp, provided 
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Heavier Tails

[S-Vershynin’11] Suppose isotropic X satisfies:

Then for

Includes: log-concave X by [Paouris ‘07]

product X with bdd moments

cf. [Latala’05]
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Heavier Tails

[S-Vershynin’11] Suppose isotropic X satisfies:

Then for

Lower edge is easier: Only require           for

1D

kD

1D
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Softening the Edges

“Floating Electric Charge” at 
potential 

Well-behaved + explicitly 
computable



Soft Spectral Edges

Main Lemma.
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Proof of the Main Lemma

For fixed A, X, how do we certify 

?
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The General Case

Split        into blocks by magnitude.

Handle other quadratic form by         + Holder.1D



The Lower Shift

Need to show

Use truncation

Don’t need to handle rare events,          + Paley-
Zygmund / Holder suffices.

1D



Main Lemma

Main Lemma.
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Open Questions

Easily verifiable regularity assumption

Cf. [Vershynin’11] O(n(loglogn)^2)

Preserving higher marginals [RG’07, V’10]

High probability guarantees


