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To understand bandwidth selection, let us analyze MISE. Suppose that K is a symmetric,
Lontinuous probability density function with mean 0 and variance 0 < crff < oo. Let
g) = [ ¢%(2)dz. Recall that -

MISE = / MSE(f ())dz = § [ var (§(2) # [bos [ £ (ﬂ)ﬂ dx

Now let h — 0 and nh — oo as n — 0.

Bus: Nt EF 560] - = K (252) $)d
C K £ (o hb) de @w of wridlo)
oud uiy Talors epuiia,  $l2-kt) = Flz) - W 6)+ X piny b o).
=7 524 'ﬂ‘k HE) 9,2 £+ (1) bewe Ko spmmebic abud ©.
So, D'wﬂmﬂ — [Oc“()—] + (")
= | 5B = S[m%@mﬂl&z = iqff— R(<") + o0

tariane. \Jarz-;\(ﬂ_ﬁ - _l/UAf{L k 'x,x )‘g
_—
W"M SKf’c) fla-h)dt — {EE k( )73:1
\w'(" 'LM)

(sume* -
S u’ :|L_ S k(-ﬂz [-[’[1’.) " &(l)] 0“: _ —:—E:F[?:) + f(lil
r(::‘?? 50" )

[u""

i

= — tEh(K) + o).

A
= TV = Quarf)dxe = 'EQ‘ T D’("L‘)'
R(K) A « g
wd  MISE = 0 t ’f—ﬂ[f +of; *L)
..

AMISE



15 3 Kernel Density Estimation
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The term R(f”) measures the roughness of the true underlying density. In general,
rougher densities are more difficult to estimate and require smaller bandwidth.

The term [ox R(K)]*/ is a function of the kernel function K.
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3.1.1 Cross Validation Ve vt & oelide qulity i § o5 tn espind - f wtost using Lot Pzs (ocator 4ty 2 0

| A e for awlatig).

A. = — X: =Xy 1 N ron (x.) Hot asseges y

= agonn e £;() ) KOS5 ) ol so B0 boo dustindy 4:065) WZ}, r; )
“The.

LF é—-me, G b e manim iz R(g),%mz/gl,(x,.),
r no oA :

cpul“{ ,;Mw J"WK &fh) as as e .thﬂau"hmb‘ FL(h)er—-:E'-{XI') A.\J chosse L] 7{; max uige |

TIJFFC«IL’, Juill be undirgmatthed => fov tuwm.

3.1.2 Plug-in Methods

If the reference density f is Gaussian and a Gaussian kernel K is used,
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Empirical estimation of R(f”) may be a better option.
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3.2 Choice of Kernel

There are two choices we have to make to perform density estimation:

Do Karel ad Do band idth.
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3.2.1 Epanechnikov Kernel

The Epanechnikov kernel results from choosing K to minimize [ox R(K)]*®, restricted to
be a symmetric density with finite moments and variance equal to 1
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3.2.2 Canonical Kernels

Unfortunately a particular value of h corresponds to a different amount of smoothing
depending on which kernel is being used.

Let hi and hp denote the bandwidths that minimize AMISE when using symmetric kernel
densities K and L. Then,
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3.3 Bootstrapping and Variability, Plot
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