STAT 210B HWK #6 SOLUTIONS (DUE MAY 8)

DAVID ROSENBERG, JING LEI

(1) Consider the artificial data set consisting of the 8 numbers
1.2,3.5,4.7,7.3,8.6,12.4,13.8, 18.1

Let 0 be the 25% trimmed mean.

(a) Calculate bootstrap estimates of the standard error of 6, using boot-
strap samples of size B = 25,100, 200, 500, 1000,2000. Use these to form a nu-
merical estimate of the ideal bootstrap estimate (that would be obtained by
taking B — o0).

(b) Repeat part (a) using ten different random number seeds and hence
assess the variability in the estimates. How large should we take B to provide
satisfactory accuracy?

(c) Calculate the ideal bootstrap estimate of standard error directly by
summing over all possible bootstrap samples. Compare the answer to that

obtained in part (a).

(2) While the bootstrap is based on resampling from the data with replace-
ment, the jackknife is based on samples that leave out one observation at a
time. There are n such samples. Let us denote the estimates based on these
samples by é(i).

Define a linear statistic as one that can be written in the form:

~

1 n
9(1‘17"'71’71) _H—i_E;a(xz)

where p is a constant and « is a function.
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Show that for linear statistics the jackknife and the bootstrap are equiva-
lent in the following sense: Given the values é(i) for i =1,...,n, the value of

6* can be deduced for an arbitrary bootstrap sample z7,... 2.

n

We want to find:

~

* * * 1 *
0 (xla"'vxn) = M_{'EZO‘(I@‘)

in terms of the leave-one-out estimates ;). It’s sufficient to write o(z;) in terms of these

estimators.
We have
R 1 n
Oy (@, ovan) = pt —— | —alzy) + > a(x)
=1
and
0 = nu+—— ] Z [—a(xj) + Za(ml)]
j=1 j=1 i=1
1 " n u
— - =S el + = Y ate)
7j=1 =1
= nu+ Z a(x;)
i=1
So
Y 0y —(n—10g = p+alz)
j=1
Rearranging:

b1 ) 21/2
[ - Z(%’)—%)]
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where é(.) =3, é(i)/n. Show that for linear statistics the bootstrap estimate

of standard error is

" 1/2
[Z (a(z;) — )’ /n2]

=1

where a = ) a(x;)/n, and the jackknife estimate of standard error is

n 1/2
[Z () = a)* /{(n — 1)n}]

=1

SE of Bootstrap
Let xq,...,x, be our observed iid sample from P, and let P, be the corresponding em-
pirical distribution. Write X™*, X7,..., X for iid samples from P,. Then the bootstrap

estimate of variance is

~

* * 1 & *
Varp, 0(X;,...,X}) = Varp, <u+ EZQ(XZ» ))

So the BOOTSTRAP SE is just

SFbootstrap = Z (OC(XZ) - @)2 /n2

i=1
JACKKNIFE STANDARD ERROR:

From Problem 3, we had

é(j)(xl, CeTp) = pt ! [—a(xj) + Z oz(xi)]
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and

So

and the jackknife estimate of standard error is

n n
k=1 \ k=1

Y i) = Y] <a—a<xj>>]2




