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1. (Problem 11.4, page 150, Efron and Tibshirani). If 6(F) = p + /adF and

6, = 6(IF,)

Rl

1 n
= — X
e
then

Varp(d,) = %VarF(oz(Xl)) — l/(Oz(gc) —/adF)2 dF(z) .

n

[Note that it is the first equality in this line that is not available to us for many

(in fact most!) estimators én] Hence the (ideal) bootstrap estimator of
serp(6 \/I;arF is
SAeBoot - \/Va'rIFn(én(IF:))
1 .
=\ Varp, (a(X1))

_ {%/(a(w) - /adIFn)2 dan(z)}l/Q

1o 1/2
— {EZ(Q(X,») - a,g?} :

=1

The pseudo - values 9272» are given by

* ~

0,, = nb, — (n_l)én—l,i = a(X;)

n,t

and hence the jackknife estimator of the standard error of én is

) N 1/2
N - L L
S€ Jack = {g(_n_ 1) Z (en,z en) }

May 28, 1997



_9.

2. (Problem 11.10, page 151, Efron and Tibshirani). The quadratic statistic én
n (11.18) is

do=pt - DalX) + o Y HXLX)

i=1 1<i<j<n

The mean of én is

Eén:u+/adF+—n—_1—/—2//ﬁ dF (y)
— 4 /adF + 5//ﬁ(gc,y)dF(gc)dF(y).

Although Efron and Tibshirani did not make this precise in their statement of the
problem, I will take the latter to be 6(F) ; indeed this is what én is estimating
since 6, — O(F) . With this definition of 6(F) the bias of 6. is

p

b (F) = Epf, — 8(F)

C (202 ) ] [ sapteir
— 5. [ [ pewir@irw.

The (ideal) bootstrap estimator of b,(F) is

b, (IF :———//ﬂ:pydﬂ?’ 2)dIF, (y) .

To find the Jackknife estimator of b,(F) we compute the pseudo - values 9272» :

*

b.; = n’én - (n_l)én—u

1 1
= p + afX;) + EZﬂ(Xij) Ele Z ﬂ(vaXk)
1< g <k, k#

= p + afXy) + (l — —1_I>, > BXX)

= u + of(X;) + Hnl_l—l)Zﬁ(X X,)
+ {%-—(%-;%3)}{§:ﬂ@&an>+—§jmxpxn
— it alX) - —— Y HXLX)

n(n_1)1§j<k§n
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+ E(_nl—_ﬁ{ > BXL Xy + iﬂ(vaXi)} :

k=i+1 j=1

Hence 1t follows that the Jackknife estimator g: of 9(F) is given by

b, =+ %ZQ(XZ') - E(n—l—_lj > B Xy

T DI E n—_—l—ZZﬂ

=1 k=i+1 =1 j=1

— ot %Za(x,.) + Y. XX,

- n(n )1s]‘<k3n

[Note that 9_2 is unbiased: EFG_Z = 6(F).] It follows that the Jackknife estima-

tor of bias is

b Jack —

:_Zn_n_—_l_{ //ﬂxydIF 2)dIF, (y —n/ﬂwwdﬂ’()}
- n—_—l—{//ﬂxydﬂ?’ z)dIF, (y ——/ﬂxdeF )}

Thus we have (under the assumption that f is symmetric: f(z,y) = By, 2) ),

n—1 -~

bn(IFn) - —;L__b.]ack = ;?/ﬁ($7$)dIFn($) = OP(n_2)

if E|f(X,,X )] < oo. [Note that  can be taken to be symmetric without loss
of generality: if [ is not symmetric, then f,(z,y) = {8(z,y) + By, 2)}/2 is
symmetric and

//ﬂs(w,y)dF(w)dF(y) = {//ﬂ z,y)dF(z)dF(y //ﬂ y,x)dF(z)dF(:
= [ [ s ir@ire) )
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3. AL It T, =

T,
and hence

o
Furthermore,

Var,

May 28, 1997

R LI
n—l(n—l/M)

1 n? 9
n—1 (n—1)2/l2



