Homework 1: Linear Smoothers
Due April 19th
PART |

1. The Strontiumdatasetwas collectedto testseveral hypothesesboutthe
catastrophi@ventsthat occurredapproximatelyé5 million yearsago. The
datacontainsAgein million of yearsandtheratiosdescribedere.Thereis
adivision betweentwo geologicaltime periods,the Cretaceougfrom 66.4
to 144 million yearsago)andthe Tertiary (spanningrom aboutl.6to 66.4
million yearsago). Earthscientistbelieve thatthe boundarybetweerthese
periodss distinguishedy tremendoushangesn climatethataccompanied
amassxtensionof over half of thespeciesnhabitingtheplanetatthetime.
Recentlythecomposition®f Strontium(Sr) isotopesn seawaterhasbeen
usedto evaluateseveralhypotheseaboutthe causeof theseextremeevents.
Thedependentariableof the data-sets relatedto the isotopicmake up of
Sr measuredor the shellsof marineorganisms. The Cretaceous-drtiary
boundaryis referredto asKTB. Thedatashowv a peakat this time andthis
is usedasevidencethata meteorcollidedwith earth.

Thedatapresentedn thefigurerepresentstandardizedatio of strontium-
87 isotopeq®”Sr) to strontium-86isotopeg®Sr) containedn the shellsof
foraminiferafossils taken form corescollectedby deepseadrilling. For
eachsampleits time in history is computedand the standardizedatio is

computed:
i 875G — 87Sr/%¢Srsample 1) « 107
~ \ 87Sr/86Srseawater '

Earthscientistexpectthat87§Sr is a smooth-arying function of time and
thatdeviationsfrom smoothnesaremostlymeasuremergrror.

Consideithemodel
y=f(r)+ex€l=][abCR
andassumehatthee’sarellD N(0,0?).

(a) Considerthe leastsquaresstimatesnbtainedwhenwe assumehat
f € G, thespaceof polynomialsof order4, 6, 8 and12. Discussthe
estimate®btainedundertheseassumptions(Hint: talk aboutdegrees
of freedom over-fitting andundekfitting)



(b) Givenasequence, =ty < t; < ... < t,, < t,p1 = b, CONstruct
m + 1 (disjoint) intervals

I = [tlflatl)a 1<I<m and[m—H = [tm: tm-}—l]a

whoseunionis I = [a, b]. Definethe piecavise polynomialsof order
k

gl(CC) = 91’1 + 91’233 + ...+ Hl’k.’l?k_l, T € Il
g(x) = : :
Im+1 (.27) = 0m—|—1,1 + 9m+1’2$ + ...+ 9m+1,kxk_1, x € Ik—|—1-

Is the spacecontainingthesefunctiona linear space?If sowrite out
a basismatrix and explain how you would estimatethe parameters
0= (611,...,0m1) If weweretoassumehat f is in this space.

(c) In the previous exerciseare thereary conditionsyou needfor the
{X;}'sandI,,’sfor thesolutionto beunique?
(d) Tryfitting thefollowing piecavisepolynomialgyouchoosehebreak-
points)
I. k=1,2-pieces,
ii. k=2,2-pieces,
iii. k=1,4-piecesand
iv. kK=2,4-pieces.
Commenbnthefits andcomparghemto theonesobtainedn exercise
2in Partl.

(e) Constructatestto seeif thetwo quadraticpiecesin 4b arethe same.
Explainwhy thistestdoesnt really make sensan practice.

2. Find an estimateof the regressionfunction f definedfor the Strontium
datasetusing naturalsmoothingsplines. Use cross-alidationto choose
a penalty coeficient A. Make a plot of CV()\) vs. A and comparethe
“smooths”.

3. Useloessto estimatethe regressionfunction f definedfor the Strontium
dataset.

(a) Usecross-alidationto choosehe smoothingparametefwhatR calls
span).



(b) Assumetheerrorsarenormalandconstructpoint-wiseconfidencen-
tenalsmake a plot.

4. Repeatexerciseproblem?2 for the CD4 cell countdata. Discusswhy the
regressiommodelusedin problem2 isn’t asusefulfor this case.How does
this affecttheinterpretatiorof theresults.

5. Derive thefollowing formulasfor alinearsmootheestimatef, = S,y:
(a)
MSE(\) = n™'> var{f(z:)} + ave(v})
=1

= n 'r(S\S))o? + nlvivy
PSHEA) = {1+n7'tr(SxS})}o? +n~'viv,.

(b)
E{ASR(A)} = {1 —n7'tr(2S\ — S)\S})} o + n'viv,
(c)
-1 - i f ( z) ’
CV(\) =n Z:; {7@/ : _gx }
(d)

E[CV(\)] ~ PSE\) + 2aveldiag(Sy)v?).

UsefulR functions:r ead. t abl e, scan, apply, sapply, poly, cut,
cbind, rep, Im sort, order



