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Robust Kernel Density Estimation

iid

® Xi, X, X finRY
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@ Replacing the squared loss with a robust loss p yields a Robust
Kernel Density Estimator (Kim and Scott 2012)

fr.= arggrggd Zl:ﬂ (I®5 (X) = glls,)
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Kernel Density Estimation
Theorem

Given certain properties on p:

Let f € L? (RY). If no? — 0o and 0 — 0 as n — oo then
12— fll; 2o0.

Example Losses
o p(t)=V2+1-1
e p(t) = tarctan(t)
o p(t)y=t—log(1l+1) p(t)
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Kernel Density Estimation
Proof Strategy

@ Traditional bias-variance decompositon presents challenges

o No closed form expression for £ or its infinite-sample
counterpart

e H, gets larger as n — oo since 0 — 0

@ Alternate approach based on IRWLS algorithm
o Rl Hy — Heo
° Rj(g) = E(W; (8) ko (-7Xj-)

. ¥ Hq)rr(Xi)_g”HU
Wi (8) = Srollo. 0081,

o o(t):= £
)

k(g)%fa"askﬁoo
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Kernel Density Estimation
Proof Sketch

o R7(0) = £ (the traditional KDE)
° Ry (f7) =17
17 =%, = RS () = R (0)lly,

< CoY2|f] =0l
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