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CHAPTER 1

1-1

1-2

1-3

See text page 1.

See text page 1.

We are given R=10, H =6, and Z =.25. Then by Equation (1.1)
we have

C = ZR+(1-2)H = (.25)(10)+(.75)(6) = 7.
We are given R =100, H =200, and Z =.40. Then by Equation
(1.1) we have

C = ZR+(1-Z)H = (.40)(100) +(.60)(200) = 160.

See text page 4.



2 ¢ SOLUTIONS TO TEXTBOOK EXERCISES

CHAPTER 2

2-1 The result of Example 2.2 of Section 2.2 is
5
P|:A1 |U1:| = g

Since A4jand A4, are mutually exclusive and exhaustive events,

P[4 ]+ P[42] = 1,
or, equivalently,

PlAy] = 1-P[4] = 1—(% =3

2-2 Our goal is to determine P[4, |U; and U,]. We are given that

Pl4] = %and P[4y] = %
Also,
5)(5) 25
PU;and U, | 4] = P[U, | A]-PIU | 4] = [—][—j ===
and

PlUyand U, | 4] = P[U; | A]-PlUy [ 4] = (

Hence, by the Theorem of Total Probability,

P[U[ andUz] P[U] andU2 |A1]P[A1]+P[U1 al’ldUz |A2]P[A2]

B -2

By Bayes’ Theorem,

25)\(L 25
P[A |Uyand U,] = A ;r[lgf]:n|dAllf]2']P[Al] ) (3(6)3()2) ) E%;

[\
9]

o)
o
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2-3  Recall from Example 2.2 that for i =1,2...
5 3
P[Ui|A1]:€ and P[U; |A2]=g
Given P[A4]= % and P[4 ]= %, we have, according to the
Theorem of Total Probability,

PlU;] = P[4 and U, |+ P[4, and U, |

PlU, | A4 ]- P[4 ]+PU2|A2] P4 ]

GIEAEIE)- %

Finally, by Bayes’ Theorem,

()_25

(&)

Note that the answers to Exercises 2-2 and 2-3 are identical.

AUA CHE R EN 2(5)

[Uz] )

& [ ool

&‘w #‘N

2-4 By the definition of conditional probability (Definition 2.1),

P[1red and 2 white | at least 2 white]

P[1red and 2 white]
~ Plat least 2 white]

(e
BN
_ @y 60
(4)(15)+(1)(20) 80

= .75.




4 ¢ SOLUTIONS TO TEXTBOOK EXERCISES

2-5 P[first item not defective|> 99 are not defective]

_ P[first item not defective and > 99 are not defective]
P[> 99 are not defective]

P[0 are defective] + P[one other than first item is

defective and first is not defective]
P[0 are defective] + Plone is defective)]

(.95)100+(-95)[919]<-°5>‘(-95>98 _954(99)(.05) _ 5.90

(-95)100+[1?°)<~95>”<~05>‘ ©95+(100)(.05)  5.95°

2-6 By Bayes’ Theorem and the Theorem of Total Probability,

P[Box 1| red marble]
Plred marble | Box I]- P[Box I]
P[red marble]
P[red marble | Box I]- P[Box I]

P[red marble | Box I]- P[Box I]+ P[red marble | Box II]- P[Box II]

_ (:60)(%) o
(:60)(3)+(30)(}) '
27 Plyouthful driver] = ——200 ___ _ 1500 _ 45

1500+ 8500 10,000
Pladult driver] = 1- P[youthful driver] = 1-.15 = .85.

By Bayes’ Theorem and the Theorem of Total Probability,

P[youthful driver |1 claim]
_ P[lclaim | youth]- P[youth]
P[1 claim]
P[1 claim | youth]- P[youth]
P[1 claim | youth - P[ youth]- P[1 claim | adult] - P[adult]
B0y 30
(:30)(.15) + (.15)(.85) .30+.85

= .261.
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2-8 This is an application of Bayes’ theorem. For x=0,1,...and y =1x,
x+1,..., we have

P[X=x|Y=y]'P[Y=y]‘

PIY=y| X =x] = POY

(S2.1)
By our assumptions, the result

P[X=x|Y=y] = @ d*(1-d)”~~
is an application of the binomial distribution. By Theorem 2.2,

P[X=x] = Y P[X=x|Y=/]-P[Y=/]

j=x
=N . +j-1 .
- Z(J J d*(1-d)/ [ ’ Jpra—p)f.
Jj=x X J
Then we can rewrite the right side of Equation (S2.1) as
Y x —AYW=Xx |. l’er*l "(1-p)Y
[@d (1-d) } [[ ) ]p (1-p) }
2 (ﬁ]d*(l—d)f*x : (”jf’l) p'(-p)/

= [@(1_@»’4} ' |:(r+;;1] " p),}

) a-py

_ i (f;](lfd)f** - ("+jf‘])(1—p)f -
() )la-aa-p]™
(

. (S2.2)
(7 la-aa-p]
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Using the identities

yifr+y-1} _ [r+x=1)( (r+x)+(y—x)—1
X v - X y—x
Jlfr+j-1) _ [r+x=1) (r+x)+(j—x) -1

X Jj B X j—x ’

Expression (S2.2) can be rewritten as

(r+x—l) ((r+x) + ny—x) - 1) [(1—d)(1—p):|y_x

and

X

(Hfl)((mw(] x) - 1)[(1 d)(1-p )]

((r+x)+(y - 1)[(1 A-p)] (82.3)

z(“m“ -~ »y

j=0

Jj=x

If we multiply the numerator and denominator of Expression

(S2.3) by [l —(1-d)(1- p)]Hx, the denominator is then equal to 1

since it is the sum of the entire negative binomial distribution with
parameters (r+x) and (1-d)(1-p). The result is then just the

resulting numerator, which is

(r+x)+ (y—x)—1 s .
[ re J[(l_d)“‘p)] [1-0-a)1-p)]

Thus we have shown that for x=0,1,... and y=x,x+1,...,

PlY=y|X=x]

_ (r+x) + (y_x) -1 y—x r+x
= ( o J[(l—d)(l—p)} [1--d)1-p)]

which is a negative binomial density function with parameters
(r+x) and [1-(1-d)(1-p)], shifted by x.
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2-9 We illustrate the method of solution for P[Y=5|X=3]. (The

solution is similar for the other combinations of x and y.) By
Bayes’ theorem,

P[X=3|Y=5]- P[Y=5]

P[Y=5|X=3] = e

By assumption, P[Y=5]=.20. By the independence assumption,

P[X=3|Y=5] = @(.50)3(.50)2 - %.

By the Theorem of Total Probability,

6
PIX=3] = X PIX=3|Y=/]-P[Y=/]
Jj=3

(2}(.50)3(.50)0(.20) + @(.50)3(.50)1 (.20)

Jr@(.so)3 (.50)2(.20) + @(.50)3 (.50)3(.20)

= .20.

Then we have

5
pry_s| y_a] - FIX=31Y=5]-P[Y=5] _ (16)(.20) s
[Y=5|X=3] = e S e

2-10 E[R? + R} |R=r;] = E[R}|Ri=r;]+ E[R3 | R,=n]

= r12+E[R22] = r12+2,

since E[R2]=[y x2e~*dx =2, or, more generally, [ x"e*dx = n!
for n a nonnegative integer. The last integral is, of course, just the
Gamma function.
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2-11 E[X2+Y3|X=3and ¥ >0]

E[X2| X=3]+E[Y?|Y >0]
32+ e dy

=9+3!=9+6 = 15.

See the solution to Exercise 2-10 for details on the evaluation of
the integral.

2-12 (a) Ey[Y|X=1] = 1-P[Y=land X=1] = %, since
PlY=1| X=I]
PX=1]
S@,1) 40 4

PlY=1|X=1] =

T L0+ FL) 30440 7

(b) Ex[X|Y=0]

1. PLX=1|Y=0]
_ P[X=1,Y=0]
P[Y=0]
f,0) 30 3

T 0,00+ £(1LO)  .10+.30  4°

2-13 (a) For 0<x<y<l,
y
fO) = [ fey)dx
= .[;)(6xy+3x2)dx = (3x2y+x3)‘g =3y’ +y3 = 4y,

(b) For 0<x<y<],

2
Fai = L&D 09I (3], (3],

(c) For 0<y<1,
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ELX|Y=y] = [ x-f(x|y)dx

2-14 (a) By the definition of conditional expectation and Bayes’ theorem,
we obtain

6
E[Y|X=3] = ) y-P[Y=y| X=3]
y=3

_ i y-P[X=3|Y=y]- P[Y=y]
=t P[X=3]

_ <y PLX=3]|Y=y]-(:20)
y; (20)

6
= > y-PIX=3|Y=y]
y=3

o ol ol

13- 17 5 _ 29
(b) E[Y|X=3]-3 = T--3 = 2.

2-15 Use the result of the second sentence of the hint given in the ques-
tion, with n replaced by (r+x) and q replaced by 1—(1-d)(1-p).
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2-16 E[X] = Ey[Ex[X|Y]]

1
31 PX=1]Y=/] P[Y=/]
7=0

1- P[Y=0]- P[X=1|Y=0]+1- P[Y=1]- P[X=1|Y=1]
1- P[Y=0,X=1]+1- P[Y=], X=1]
F1L,0)+ £(1,]) = .30+.40 = .70.

2-17 (a) For 0<x<y<l,

F@) = [ e dy = [ 632y dy

1
3xp? + 3x2y‘x = 3x+3x2 -6x°.
Elsewhere, f(x)=0.

(b) E[X] = jjowx-f(x) dx = I;x(3x+3x2—6x3)dx

I; (Bx2+3x3-6x%) dx

3x4 6x°
. [T) - (Tj
2-18 ER[R] =Ep [ER[R | @]]

— Eo[30] = j;w-g(@) o

1

= .55.
0

= ;39-6(9—92) 6

[ 1802-6%) a6 = 18{(?) - (%‘ﬂ

1.50.
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CHAPTER 3

3-1 Our goal is to find the value of @ that minimizes E,[(@—©)2].
We do this by setting %E@[(@—@)z] equal to zero and solving
for @. Interchanging tﬁe order of integration and differentiation,

we obtain
d - d (=, -
—Ep|(0-0)? | = = 0-0)? -h(0)do
5ol ©-61] = [ -6 ho)

s} d N
—(0-0)% -h(0)do
|7 0-6) 1)

= jfw—z(e—é)-h(e) do.

Setting the last integral equal to zero, we obtain

[ i—z(e—é) h(0)de = 0,

or
jfwe-h(a)de - Ii@-h(@)d@,
or
Ep[O] = @Jih(@)d&,
or

O = EplO],

since fio h(@)do=1.

3-2  Under the squared error loss function, according to Corollary 3.1,
the (Bayesian) point estimator & which minimizes the expected
value of the loss function is the mean of the posterior distribution
of the parameter. Since we are told to assume that the mean of the
posterior distribution is equal to its sample value, the desired point
estimate is the sample mean:

1+(=3)+4+0+(=D _

.20.
5
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33 E[1©.0)] = [ (6-6)- f(0)d6

8
a2 Lo (0-207
= j_l(e 20) -5 d6 = TL = 17.64.

3-4  The arithmetic mean of {.30,2.10, 6.40, —.70, 6.90} is

3-5

30+2.10+6.40 + (—.70)+ 6.90)
: -

3.

Hence,

E[1(6.6)] = " L(6.6)- 1(6) a0

8 (0-3)?
= L—g do
8
C(0-3)° 125-(-64) (189) _
27 |, 27 S\27) &

Under the absolute error loss function, according to Corollary 3.2,
the (Bayesian) point estimator which minimizes the expected value
of the loss function is the median of the posterior distribution of
the parameter. Since we are told to assume that the median of the
posterior distribution is equal to its sample value, the desired point
estimate is the median of the observation set {l,—3,4,0,—1},

which is zero.
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3-7

From Example 3.3, the probability density function is

£6) = {% —1<6<8

0 elsewhere
From Exercise 3-5, we obtain @ =0. Then

E[1©.6)] = ["|0-6]-1(6) a0

= ["101-+ a0
- [%or-L

o 1 s 1 —0*|" o[
= L —0-3d9+.[09-§d0 = Wifﬁio
_ 65

18

From Equation (3.8) with ¢ =2, we obtain the loss function

16.6) - {ﬁ 00

Since @ = 4, the loss function becomes

2 O#4
L(O,4) = {0 Pt

The expected loss is

Eo[L(©,4)] = f: L(©,4)- PO =k]
k=0

ic-P[&zk]
k=0

k=4
c[1-PlO=4]] = 2[1—@ p“(l—p)“}

2[1-70p*(1-p)* |.
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3-8 From Example 3.3 we have

&+ -1<6<8
0 elsewhere’

f(9)={

From Example 3.5 with a =1 and »=35, we have

’ 50-0) 0<6

Since we are given that @ = 0, we can rewrite 2(@,®) as

O >0

L©.0) = {—5@ O<0°

So,
E[r©.6)] = [’ (%9) do+ | :(g) do

-(2)z)

8
. i| _2
o 18, 6
3-9 From Example 3.7 we obtain

Eo [L (@, 5(@))] — 1-Pla<®<b],

where @& has a standard normal distribution. We use tabulated
results for the standard normal distribution to obtain

Pla<®<b] = P[-1.96< @ <2.33] = .965.

Then the expected loss is

1-P[-1.96 <@ <2.33] = 1-.965 = .035.
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3-10 From Example 3.5 the loss function is

3-11

a(O-0) O>6

LO,0) =1 . ..
6.6) {b(@—@) <6

Integrating by parts (or applying Theorem 3.1 of Bowers, et al.
[1986] as in the proof of Theorem 3.2 in the text), it follows that

Eo[1(0,0)] = [ a0-6) dF(0)+jib(é—a) dF(0),
where F(60) denotes the posterior distribution of @. In order to

determine the value of @ which minimizes the last expression, we
first differentiate the right side of the last equation with respect to

@ and set the result to zero, obtaining

—a[1-F(@)|+b-F(6) = .

or
(a+b)-F(®)—a = 0,
or
F(@) = -2,
(©) a+b

Thus we have shown that the Bayesian point estimator which

100a

minimizes the expected value of the loss function is the - °5

percentile of the (posterior) distribution of &.

Apply the result of Exercise 3-10 with a=1 and »=2, and note
that
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3-12 1. True.

II. False. Differences that are not statistically significant may
often be important practically.

III. False. It is preferable if the selected model does best under
several different loss functions.





