Homework 1: Linear Smoothers
Due April 5th
PART |

1. In R createa 10000 x 10 matrix andsubtractfrom eachelementof a row
themeanof thatrow usingfor-loops,appl y andsweep. Do this25times
andmalke a histogramof how muchtime it takeseachoneto run. Do the
samefor a10 x 10000 matrix.

2. The intensity dataset containsModified Mercalli (MM) intensities(first
column)recordedafterthe 1989LomaPrietaearthquakin California. The
numbers through9 indicatethe MM intensityin differentlocations. As-
sumetheintensitiesareobsenationsof randomvariabledefinedviaamodel
with 9 latentclasses:

Prob{l; =i} = Prob{e,.1 < z < a;} =m,i=1,...,9
for obsenationsj = 1,...,n with
log(—log(1 — Prob{I; > i})) = «

Find the Maximum Lik elihoodEstimategMLE) of the ;s usingthe func-
tion gl m() . Hint: Look at this paper:McCullagh,P. (1980). Regression
modelsfor ordinaldata.JRSCB. 42,109-127.

3. FortheCD4 cell countdatasetcomputea smoothusing

(a) aline, aparabola,

(b) abin smoothedividing thedatainto 3, 6, 12,and24 parts,
(c) arunningmeanusingthe50,100,500,1006earesheighbors,
(d) akernelsmoothersisingspanh=1, 2, 3, and4 years,

Compardgheseestimates.

4. Provethatparametricbin, runningmeanandkernelsmoothersareall linear
smoothers.For all thesesmoothersdefinethe matricesS so thatwe can
write the smoothasasSy. Make two plotsof S;(z) asfunctionsof j. One
for anz in the“middle” andanotherfor anx attheborder



5. Supposeve addapoint (z;.1,y;+1) to aneighborhooaontainingj points.
If for thesej points,the samplemeansof X andY’, samplevarianceof X
andsamplecovarianceof X andY aredenotedwith z;, 7;, ¥7, andX7”
respectrely, shawv that

Tipn = (% +x501)/(G +1)
U1 = (¥ +ym)/(G+1)
. " wr  JT1 _ 9
G+1E, = 5+ ; (Tj41— Zj41)

. : J+1 _ _
G+DEE, = 25+ i (Tjt1 = Zj+1) (Y1 — Yj+1)

(a) Derive the correspondingequationsfor deletinga point. Show that
togetherthesecanbe usedto updatethe leastsquareslopeandinter-
ceptandhencethe entire smoothfor a runningline smoothercanbe
obtainedin O(n) operations..insteadof O(n?) if we did it the naive
way.

(b) Giventhe answerto the previous question,why is usinga Gaussian
kernelsmoothereally slow comparedo somethindike aboxkernel?

6. Prove Theoren?2.1.

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



