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Let I be the larval density estimation

Thy Let Rex E Fx fix h the risk

at x Then

Rix t th f x t flyflax dx off 046

Proof E IN E t IKI
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I K Yt fit dt

Kla fly ha du expand f around
hu 0

Kla fix Fx hitf x t du

fly t th't x fifty
t

bias E Fa fly throw f ul t o h

similarly var flu fff K'at da Olt

R bias t variane



Then for the optimal bandwidth
solve dat o h II

R offs
vs for the histogram R Offs

Note Assuming only that f 20 the rate

of Is is theft that can be obtained

Adaptintithods Choose h locally depending on clusteringof
data and other considerations
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https T idea as in the one dimensional can

One option is to use what is known as a product level

144 I K

k must satisfy

kernel properties



then III IE Kilt Fi

II I Kf's
Rish can m
estimated in the
same way using

multivariableTaylor
series for f

CurseatDimesionality

If we want the risk R 0.1 at 4 0 for

frNormal10,1 e Rd using the optimal bandwidth ther

n ed
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9 187,000
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ResamplingTechnique

First Empirical distribution function

Let Xin Xu be samples from some unknown distribution F

Then fin Fn are the empirical PPF and CDF

fi x if if x X assume Xi Xj if it

And then F x If x dx

n

it

L drily

É
EI If Inf then Ely x dfa EXin

TheJackknik

Goal Partition observations in order to estimate properties of
an estimator

Suppose we have a random sample y yn and we compute

a statistic T Tty yu Eg T t yo a Ely
toestimate O aparameter D

Partition data set into I groups each of size he n ter

Remove it group and re compute the estimator from

the remaining samples call it Is
Eg I nth Yup



T and Tej will have similar properties bias etc

Another estimate for 0 is the average of theTej's

I I Tt

Why do this The original T giveonly one value and

therefore Varlt can be hard to estimate By subsampling

we are generating approximate samples and can compute

sample variances

Cdr the weighted difference

Tj rt r 1 Tl

pseudovalues

The jackknifed T is then

JIT trE T
I

0ft it is optimal

tale heel and ran

similar to leaveoneout

crossvalidation

VarianEstimatolhe
TY's are not independent but if we treatthem

independently we can use Var JCT as an estimate

for var't

variety rtrnf.LI I










