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For n = 11, m = 6, we get 
 
l 1 2 3 4 5 6 
Prob .0002 .0070 .0440 .1215 .2059 .2427 
 
with the distribution symmetric about 6. 
 

2. I will use the identity A + bcT( )! 1
= A! 1 !

A! 1b( ) cT A! 1( )
1+ cT A! 1b

,  for invertible symmetric A 

(sometimes called BartlettÕs identity), which you prove by multiplying both sides by 
A + bcT( ) . Let ei = 0,0,...,1,0,...,0( )have a 1 in the ith spot. Then 
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For large n we expect di (and hence di / (1! di ) ) to be quite small. In fact, if
1
n
X
T
X ! "  

poitive definite, then maxi xi (X
T X)! 1xi

T " 0  (proof by contradiction). Thus 
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. The usual variance estimate is 



ö! 2 XT X( )" 1
, which is the bootstrap estimate, and the two are equal only when ö! i

2 = ö" 2 for 

all i. 
 
3. (a) Let Y
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or Y = X! + "1. Then ö! = (XTX)" 1XTY = (nX0
T X0)" 1XTY = X0

T X0( )" 2
X0

TY0  where 

X0,Y0 are the original data. Removing the (i,j)-observation and using the notation of 
problem 2 we have 
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(b) The standard jackknife removes one (xi , yi ) at the time, assuming they are iid. But 
they are not. The bootstrap explicitly resamples the residuals, which are closer to being 
iid (the actual errors of course are).  
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there is no constant column in X we have 1T ö! " 0 . A little algebra shows that 
ö! " ! = " P! where P = X(XT X)!1XT is the projection matrix onto the column space of X. 

Thus n( ö! " ! ) =
1
n

XT X#
$%

&
'(

" 1 1

n
XT) so E* n( ö! * " ö! ) =

1
n

XT X#
$%

&
'(

" 1

XT) n  where 

! n =
1

n
ö" i# =

1

n
1T (I $ P)" . !n has mean zero, variance 

!
2

n
(I " P)1( ) (I " P)1( )T  

so if 
1
n

XT X ! " positive definite, and 
1
n
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LT ! " 1L <1(i.e., when we have a nontrivial projection of the constant vector onto the 
column space of X). 
 
4. A bootstrap realization R* = R* (X*, öF) = t(X*) ! " ( öF) transforms into 

S* = S(X*, öF) = g(t(X*)) ! g(" ( öF)) . In other words S* = g(R* + ö! ) = g( ö! )  where 



ö! = ! ( öF) . This is the recipe for transforming the bootstrap distribution of R* into that of 
S*. 
 
 


