
Homework 1: Linear Smoothers
Due April 5th

PART I

1. In R createa
���������������

matrix andsubtractfrom eachelementof a row
themeanof thatrow usingfor-loops,apply andsweep. Do this25 times
andmake a histogramof how muchtime it takeseachoneto run. Do the
samefor a

�����	���������
matrix.

2. The intensity dataset containsModified Mercalli (MM) intensities(first
column)recordedafterthe1989LomaPrietaearthquake in California.The
numbers0 through9 indicatetheMM intensityin differentlocations.As-
sumetheintensitiesareobservationsof randomvariabledefinedvia amodel
with 9 latentclasses:
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Find theMaximumLikelihoodEstimates(MLE) of the ?@� s usingthefunc-
tion glm(). Hint: Look at this paper:McCullagh,P. (1980). Regression
modelsfor ordinaldata.JRSCB. 42,109-127.

3. For theCD4cell countdatasetcomputeasmoothusing

(a) a line, aparabola,

(b) abin smootherdividing thedatainto 3, 6, 12,and24parts,

(c) a runningmeanusingthe50,100,500,1000nearestneighbors,

(d) akernelsmoothersusingspanA =1, 2, 3, and4 years,

Comparetheseestimates.

4. Provethatparametric,bin, runningmean,andkernelsmoothersareall linear
smoothers.For all thesesmoothers,definethe matricesB so that we can
write thesmoothasas BDC . Make two plotsof EF 4HG < asfunctionsof , . One
for an

G
in the“middle” andanotherfor an

G
at theborder.
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5. Supposeweaddapoint
4HG JID�K&JL�JID�M< to aneighborhoodcontaining, points.

If for these, points,thesamplemeansof N and O , samplevarianceof N
andsamplecovarianceof N and O aredenotedwith PG  , PL* , QSR , and Q RUT
respectively, show that

PG JID�V� 4 ,WPG YX G JID��<JZ 4 ,[X � <
PL*JID�\� 4 ,WPL*YX]L�JID��<JZ 4 ,^X � <

4 ,_X � <;Q RJID� � ,`Q R X ,[X
�
,
4aG ;ID� 6 PG JID�;<Mb

4 ,_X � <;Q RUTJID� � ,`Q RUT X ,[X
�
,
4aG JID� 6 PG ;ID�;< 4 L�JID� 6 PL*JID�M<

(a) Derive the correspondingequationsfor deletinga point. Show that
togetherthesecanbeusedto updatethe leastsquareslopeandinter-
ceptandhencetheentiresmoothfor a runningline smoothercanbe
obtainedin O(n) operations...insteadof c 4 / b < if we did it thenaive
way.

(b) Given the answerto the previous question,why is usinga Gaussian
kernelsmootherreallyslow comparedto somethinglikeaboxkernel?

6. ProveTheorem2.1.

UsefulR functions:read.table, scan, apply, sapply, poly, cut,
cbind, rep, lm, sort, order
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