Sm ooﬂwmg Sp/mes

Cubic splines, with their cont [st and
zr_w_/ derivatives iNnsurmg Smoothness
(Gmo( Saving a few pamme+€rs), fend
fo provide a decent approximatson
fo E(Y/x), provioled that the number
and locations of the knots are chosen
well  1n order +o avoid the knot
selection problem, one can use a
WW A{)@Yw, which is a
natural cubic gp//'ne with Knots at
each observed value of the explanatorg

va riable.



As motivation ‘FOF smom‘/)ing SP/I'V)eS,
let JE(X) be an approximation of E(YIx)
Which l')as fwo continuous derivatives

and w%n’ch MiNimijzes

2oLy =L« A TF 10 at,
where X is a smeovthing parnarmets
which controls the degree of roughnes
allowed in the approximation of E(Y|x)
If =0, £ can be any function that
interpolates the data, jncluding functions
which are unrealistically wiggly. ( [
more than one value of Y it obsecved at

Qa va[ue X, H’Ie I'V)‘I‘erpo{a+/'on Slﬂouujo

‘/‘/’)rouﬂl’w (7(, g), where g s the Sample
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mean ow[ H')e, response values observed
at x.) If A==, f, must be linear
(ie, having the simple form b.+ b, x),
since the 2od derivative must be O
everywhere. For Ae(0,) the
minimizer is a natural cubic 5p/ine.
I’wzw‘ng a kinot at each distinct x value,
bu+ wif/’\ coefficients fiHcd Fo minimite
Drcn Ly =F(x)* + AS[Fle)) ot
and not just the sum of the squared

Crrors.

Tl’)e goa! is to choo:e A so that the
fitted 7[,\(><> Js the best estimate of E(Y/X),



Y-
or the best )ored/'ch'on formula For futuce
values of Y at given values of x. One
can use cross - validation to estimate the
Va{ue 07(>\ Wl'liclw minimijtes fAe Q,x/)ed"e—o(
sgfuared prediction error fpr the predicton
of response values for cases not wsed +o
Lit the f;\ (x) (\/Ve seek the value of
A which trades off between bias and
variance. in such a way as o yninimize
the mean sguared predichon error.

(In(‘,rfasihg )\ decrease; variance. bg

Iimiﬁnj w;'&ﬂ/cncﬂ, but this can increwe

bias.)) An ﬂ#@fﬁw{ dﬁg/wu Offfm‘

CéO’m Corre Spom{mj to 7‘"/)6 Ch0fcn



IS
value of X can be determined, but [
don't consider this +o be too important
— the main ﬂ\/nﬁ to Focus on is that
Fhe selected value of A js the one
which was judged by crogs-validation

to give the best pecformance. ( Note:
If wultiple observations of Y are given
For any X value(s) in the Training
data, then a Senera[i%ea( cross - validation
procedure should be wed jnstead of a

routine N - 7[0/61 Crosf — va({a{m":’on,)

AV\ 6X+€mi0n to '/’I’\e MMH"[p}& Fegrcsﬂon Seﬁv'nj
is h0+ SO ‘f‘n'Vial, /Eor VV)U/)L/pIa regrasz‘on, [

Y‘QCO\mmaV’o( u;inj )C(xul knaﬁ, and ‘)C?_w of 7L/1em.



