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tã
o

A
c
∈
F

(i
i)
S
e

A
,B

∈
F

en
tã
o

A
∪

B
∈
F

(i
ii)

Ω
∈
F

P
ro
pr
ie
da
de
s
de

um
ca
m
p
o
(o
u
ál
ge
br
a
ou

an
el
)
de

B
or
el
:

—
/ 0
∈
F

—
S
e

A
e

B
∈
F
en
tã
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sã
o:

σ-
á
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dê
nc
ia
en
tr
e
3
ev
en
to
s

•
P
ro
pr
ie
da
de
s:

S
e

A
e

B
sã
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çã
o
de

di
fe
re
nt
es

cl
as
se
s
de

B
or
el
:

−
A

1,
A

2,
..
.
∈
F

1

−
B

1,
B

2,
..
.
∈
F

2

E
x:

Jo
aq
ui
m
,
P
ed
ro
,
M
ar
ia

→
Ω
=

at
ri
bu
to
s:

id
ad
e,
al
tu
ra

A
1
=

5
an
os

B
1
=

1.
80

m

Ω
é
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dê
nc
ia

bi
uń
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çã
o
m
on
ot
ôn
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çã
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Ã
O

D
E

V
A

R
IÁ
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ôn
ic
a
de
cr
es
ce
nt
e)

p Y
(y
)
=

p X
(x
)

−
d

f(
x)

d
x

∣ ∣ ∣ ∣ ∣ ∣ ∣ ∣

x=
f−

1 (
y)

–
P
or
ta
nt
o,

no
ca
so

ge
ra
l
de

fu
nç
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Ç

Ã
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À

P
R

O
B

A
B

IL
ID

A
D

E

F
U

N
Ç
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À

P
R

O
B

A
B

IL
ID

A
D

E

F
U

N
Ç
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ã
o
p
a
r
,i
.e
.

p X
(−

x)
=

p X
(x
);
e

E
[X
]<

+
∞
,e
nt
ão

E
[X
]=

0

E
x:

ga
us
si
an
a
N
(µ
,σ

2 )

B
A

C
K

N
E

X
T

31
/7

3

IN
T

R
O

D
U

Ç
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oç
ão

m
ai
s
“p
ob
re
”d
o
qu
e
in
de
p
en
dê
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Ç

Ã
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Ã

O
À
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À

P
R

O
B

A
B

IL
ID

A
D

E

E
S

P
E

R
A

N
ÇA
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é
um

es
ti
m
ad
or

nã
o
p
ol
ar
iz
ad
o
de

Y

•
E
sp
er
an
ça

co
nd
ic
io
na
lc
om

o
es
ti
m
ad
or
:
S
ej
a

X
=

Y 1
+

Y 2
+
..
.+

Y m
,,

Y i
∼

m
éd
ia

µ
e
va
ri
ân
ci
a

σ2 ,
in
de
p
en
de
nt
es

en
tr
e
si
.

S
up
on
ha

qu
e
já
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çõ
es
”
in
d
ep
en
d
en
te
s
e
id
en
ti
ca
m
en
te

d
is
tr
ib
ú
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sã
o
v.
a
.’
s
q
u
a
is
q
u
er
,
in
d
ep
en
d
en
te
s
e
id
en
ti
ca
m
en
te

d
is
tr
ib
ú
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Ã

O
À
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IÁ
V

E
IS

A
L

E
A

T
Ó
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ã
o
:
O
ve
to
r
Z
de

v.
a.
’s
de

di
m
en
sã
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Ê
N

C
IA

•
P
ro
pr
ie
da
de

im
p
or
ta
nt
e:

as
v.
a.
’s

X
i’s

sã
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.
E
nt
ão
,

p X
,Y
(x
,y
)
=

p Z
(z
)
=

1
√

(2
π)

r |Σ
z|ex

p−
1 2
(z
−

z̄)
′ Σ

−
1

z
(z
−

z̄)

E
ne
st
e
ca
so
,

Σ z
=

[

Σ x
0

0
Σ y

]

→
Σ−

1
z

=

[

Σ−
1

x
0

0
Σ−

1
y
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=
|Σ

x||
Σ y
|
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=
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√
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π)

n |Σ
x|

1
√
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π)

m
|Σ

y|·

ex
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−

1 2(
x
−

x̄)
′ Σ−

1
x
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−

x̄)
)e

xp
(−

1 2(
y
−

ȳ)
′ Σ−

1
y
(y
−

ȳ)
)

=
p X

(x
)p

Y
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)

✔

D
E

N
S

ID
A

D
E
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O

N
D

IC
IO

N
A

L
D

E
V

E
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R
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8.
P
ro
pr
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si
de
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X
e

Y
do
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ve
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de
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’s
ga
us
si
an
as
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D
E

N
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E
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D
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N
A

L
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bé
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P
ar
a
ve
ri
fi
ca
r
es
sa

p
ro
p
ri
ed
a
d
e,

es
cr
ev
em

o
s

p X
(x
|Y

=
y 0
)
=

p X
(x
|y 0

),
e
co
n
si
d
er
e

p X
(x
|y 0

)
=

p X
,Y
(x
,y

0)

p(
y 0
)

=
1

√

(2
π)

n
|Σ

z|
|Σ

y|

·
ex

p(
−

1 2
(z
−

z̄)
′ Σ

−
1

z
(z
−

z̄)
)

ex
p(

−
1 2
(y

0
−

ȳ)
′ Σ

−
1

y
(y

0
−

ȳ)
)

o
n
d
e
to
m
a
m
o
s

z
=

  

y ··
· x

  
.
S
u
p
o
m
o
s
ta
m
b
ém

q
u
e
a
m
a
tr
iz
d
e
co
va
ri
â
n
ci
a
s

Σ z
é
m
a
tr
iz
d
efi
n
id
a
p
o
si
ti
va
.

P
ar
a
u
m
a
m
a
tr
iz

in
ve
rś
ıv
el

A
q
u
a
lq
u
er

d
iv
id
id
a
em

b
lo
co
s:

A
=

[

A
11

A
12

A
21

A
22

]

o
n
d
e
to
m
a
m
o
s

A
11

e
A

22
co
m
o

m
a
tr
iz
es

q
u
a
d
ra
d
a
s
d
e
d
im

en
sõ
es

q
u
a
is
q
u
er
,
p
o
d
em

o
s
ex
p
re
ss
ar

a
in
ve
rs
a
d
e

A
em

te
rm

o
s
d
o
s
b
lo
co
s
co
m
o

A
−

1
=

[

A
11

A
12

A
21

A
22

]

−
1

=

[

(A
11
−

A
12

A
−

1
22

A
21
)−

1
−

A
−

1
11

A
12
(A

22
−

A
21

A
−

1
11

A
12
)−

1

−
(A

22
−

A
21

A
−

1
11

A
12
)−

1 A
21

A
−

1
11

(A
22
−

A
21

A
−

1
11

A
12
)−

1

]

U
ti
liz
a
n
d
o
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sa
s
re
la
çõ
es
,
ju
n
to

co
m

o
fa
to

q
u
e

Σ z
é
m
a
tr
iz
si
m
ét
ri
ca
,
e
p
o
rt
a
n
to

Σ x
y
=

Σ′ yx
,
p
o
d
em

o
s
a
va
lia
r:

Σ−
1

z
=

[

Σ y
Σ y

x

Σ′ yx
Σ x

]

−
1

=

[

(Σ
y
−

Σ y
xΣ

−
1

x
Σ′ yx

)−
1

−
Σ−

1
y

Σ y
x(

Σ x
−

Σ′ yx
Σ−

1
y

Σ y
x)
−

1

−
(Σ

x
−

Σ′ yx
Σ−

1
y

Σ y
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−
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1

y
(Σ

x
−
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−
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P
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(z
−

z̄)
′ Σ−

1
z

(z
−

z̄)
=
(x
−

x̄)
′ (

Σ x
−

Σ′ yx
Σ−

1
y

Σ y
x)
−

1 (
x
−

x̄)
′

−
(x
−

x̄)
′ (

Σ x
−

Σ′ yx
Σ−

1
y

Σ y
x)
−

1 Σ′ yx
Σ−

1
y

(y
0
−

ȳ)

−
(y

0
−

ȳ)
′ Σ−

1
y

Σ y
x(

Σ x
−

Σ′ yx
Σ−

1
y

Σ y
x)
−

1 (
x
−

x̄)

+
(y

0
−

ȳ)
′ (

Σ y
−

Σ y
xΣ

−
1

x
Σ′ yx

)−
1 (

y 0
−

ȳ)
=

=
[(

x
−

x̄)
−

Σ x
yΣ

−
1

y
(y

0
−

ȳ)
]′ (

Σ x
−

Σ x
yΣ

−
1

y
Σ y

x)
−

1 [
(x
−

x̄)
−

Σ x
yΣ

−
1

y
(y

0
−

ȳ)
]+

+
(y

0
−

ȳ)
′ (

Σ y
−

Σ y
xΣ

−
1

x
Σ′ yx

)−
1 (

y 0
−

ȳ)

−
(y

0
−

ȳ)
′ Σ−

1
y

Σ′ xy
(Σ

x
−

Σ x
yΣ

−
1

y
Σ y

x)
−

1 Σ x
yΣ

−
1

y
(y

0
−

ȳ)

co
m
o
o
s
ú
lt
im

o
s
d
o
is
te
rm

o
s
a
ci
m
a
só

in
vo
lv
em

y 0
e

ȳ
q
u
e
sã
o
co
n
st
a
n
te
s,
p
o
d
em

o
s
fi
n
a
lm

en
te

es
cr
ev
er
:

p X
(x
|y 0

)
=

ct
e
·

ex
p(

−
1 2
[x

−
x̄
−

Σ x
yΣ

−
1

y
(y

0
−

ȳ)
]′ (

Σ x
−

Σ x
yΣ

−
1

y
Σ y

x)
−

1 [
x
−

x̄
−

Σ x
yΣ

−
1

y
(y

0
−

ȳ)
])

É
ev
id
en
te

q
u
e
es
sa

d
is
tr
ib
u
iç
ã
o
é
g
a
u
ss
ia
n
a
p
o
is
em

se
tr
a
ta
n
d
o
d
e
d
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tr
ib
u
iç
ã
o
a
co
n
st
a
n
te

n
ã
o
a
va
lia
d
a
d
ev
e

se
r
ta
l
q
u
e

∫
··
·∫ +

∞

−
∞

p X
(x
|y 0

)
d

x 1
d

x 2
..
.d

x n
=

1

a
lé
m

d
is
so
,
d
en
o
ta
n
d
o
,

µ
=

x̄
+

Σ x
yΣ

−
1

y
(y

0
−

ȳ)
,

Λ
=

Σ x
−

Σ x
yΣ

−
1

y
Σ y

x

en
tã
o
,

p X
(x
|y 0

)
=

ct
e
·e

xp
(

−
1 2
[x
−

µ]
′ Λ

−
1 [

x
−

µ]
)

é
ev
id
en
te
m
en
te

g
a
u
ss
ia
n
a
já

q
u
e

Λ
=

Λ
′
e

Λ
é
m
a
tr
iz

d
efi
n
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si
ti
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9.
C
om
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ns
eq
üê
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ia
do

it
em

an
te
ri
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,
te
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os

qu
e
a
m
éd
ia
co
nd
ic
io
na
le

a
va
ri
ân
ci
a

co
nd
ic
io
na
l
do

ve
to
r

X
sã
o
da
da
s
re
sp
ec
ti
va
m
en
te

p
or
:

E
[X
|Y

=
y 0
]=

x̄
+

Σ x
yΣ

−
1

y
(y

0
−

ȳ)

E
[(

X
−

x̄)
2 |Y

=
y 0
]=

Σ x
−

Σ x
yΣ

−
1

y
Σ y

x
△ =

Σ x
|y

N
ot
e
qu
e
a
va
ri
ân
ci
a
co
nd
ic
io
na
l
nã
o
de
p
en
de

do
va
lo
r
es
p
eć
ıfi
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ob
se
rv
aç
ão

Y
=

y 0
da

v.
a,

e
qu
e

Σ x
|y
≤

Σ x
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se
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o
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m
at
ri
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s
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a
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1.
(a
)
S
e

A
⋂ B

=
/ 0,
p
od
e-
se

co
nc
lu
ir
al
go

so
br
e
a
in
de
p
en
dê
nc
ia
de

A
e

B
?

(b
)
M
os
tr
e
qu
e
um

ev
en
to

de
pr
ob
ab
ili
da
de

nu
la

ou
de

pr
ob
ab
ili
da
de

1
é
in
de
-

p
en
de
nt
e
de

ou
tr
o
ev
en
to

qu
al
qu
er
.

2.
F
ei
ta

um
a
p
es
qu
is
a
co
m
al
un
os
(a
s)
da

U
ni
ca
m
p,
de
sc
ob
ri
u-
se
qu
e
85
%
do
s
al
un
os

do
se
xo

m
as
cu
lin
o
(s
m
)
e
92
%

do
se
xo

fe
m
in
in
o
(s
f)

go
st
am

de
ir
ao

ci
ne
m
a.

D
es
te
s,
de
sc
ob
ri
u-
se

qu
e
as

pr
ef
er
ên
ci
as

se
di
st
ri
bu
em

p
el
os

gê
ne
ro
s
in
ve
st
ig
ad
os

da
se
gu
in
te

fo
rm

a:

gê
ne
ro

sm
sf

av
en
tu
ra
:
85
%

60
%

ro
m
an
ce
:
45
%

97
%

te
rr
or
:

20
%

12
%

S
up
on
ha

qu
e
as

p
op
ul
aç
õe
s
m
as
cu
lin
as

e
fe
m
in
in
as

se
ja
m

de
m
es
m
o
ta
m
an
ho
,

já
su
bt
ra
in
do

vo
cê

m
es
m
o.

(a
)
Q
ua
lé

a
pr
ob
ab
ili
da
de

qu
e
a
su
a
co
le
ga

E
liz
el
da

go
st
e
de

fi
lm
es
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ce
?
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À

P
R

O
B

A
B

IL
ID

A
D

E

(b
)
Q
ua
l
é
a
pr
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de

qu
e
o
1o
.
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tu
da
nt
e
qu
e
pa
ss
e
p
or

vo
cê

se
ja

um
a

al
un
a
qu
e
go
st
e
de

fi
lm
es

de
av
en
tu
ra
?

(c
)
Q
ua
l
é
a
pr
ob
ab
ili
da
de

qu
e
se
u
co
le
ga

Jo
sé

go
st
e
de

fi
lm
es

de
av
en
tu
ra

e

de
te
rr
or
,
se
nd
o
qu
e
o
to
ta
l
de

es
tu
da
nt
es

do
sm

qu
e
go
st
am

de
ci
ne
m
a
de

av
en
tu
ra

ou
de

te
rr
or

to
ta
liz
am

10
0%

?

3.
(p
ro
ba
bi
lid
ad
e
to
ta
l)
S
up
on
ha

qu
e
a
oc
or
rê
nc
ia

ou
nã
o
de

ch
uv
a
de
p
en
da

da
s

co
nd
iç
õe
s
do

te
m
p
o
no

di
a
im
ed
ia
ta
m
en
te
an
te
ri
or
.
A
dm

it
a-
se

qu
e
se

ch
ov
e
ho
je
,

ch
ov
er
á
am

an
hã

co
m
pr
ob
ab
ili
da
de

0,
7
e
qu
e
se
nã
o
ch
ov
er
ho
je
,c
ho
ve
rá
am

an
hã

co
m

pr
ob
ab
ili
da
de

0,
4.

S
ab
en
do
-s
e
qu
e
ch
ov
eu

ho
je
,
ca
lc
ul
e
a
pr
ob
ab
ili
da
de

de

qu
e
ch
ov
er
á
de
p
oi
s
de

am
an
hã
.
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4.
(p
ro
ba
bi
lid
ad
e
to
ta
l)
N
um

a
re
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co
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ch
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es

co
m
o
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fi
gu
ra

ab
ai
xo
,
as

ch
av
es

op
er
am

in
de
p
en
de
nt
em

en
te
,
fe
ch
an
do
-s
e
co
m

pr
ob
ab
ili
da
de

p
e
m
an
te
nd
o-
se

ab
er
ta
s
co
m

pr
ob
ab
ili
da
de

1
−

p.

en
tr

ad
a

E

D
C

B
A

sa
íd

a

(a
)
E
nc
on
tr
e
a
pr
ob
ab
ili
da
de

qu
e
um

si
na
l
ap
lic
ad
o
na

en
tr
ad
a
se
rá

re
ce
bi
do

na

sá
ıd
a;

(b
)
E
nc
on
tr
e
a
pr
ob
ab
ili
da
de

co
nd
ic
io
na
l
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e
a
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e
E
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5.
Jo
go

de
D
ar
do
s.

C
on
si
de
re

p X
(x
)
=

1
√

2π
σ

ex
p(
−

x2

2σ
2
)

p Y
(y
)
=

1
√

2π
σ

ex
p(
−

y2

2σ
2
)

      

X
e

Y
in
de
p
en
de
nt
es

x

y

r
θ

(a
)
D
et
er
m
in
e

p R
,Θ
(r
,θ
).

M
os
tr
e
qu
e

R
e

Θ
sã
o
in
de
p
en
de
nt
es

en
tr
e
si
.

(b
)
F
aç
a
um

pr
og
ra
m
a
M
at
la
b
qu
e
si
m
ul
e
os

la
nç
am

en
to
s
de

da
rd
os
,
u
ti
li
z
a
n
d
o

s
o
m
e
n
te

a
ro
ti
n
a
r
a
n
d
pa
ra

ge
ra
r
va
lo
re
s
al
ea
tó
ri
os
.
P
ar
a
co
ns
tr
ui
r
a
fi
gu
ra

de
um

al
vo

ut
ili
ze

o
se
gu
in
te

có
di
go
:

%
c
o
n
s
t
r
o
i

o
a
l
v
o

c
o
m

2
0

c
m

d
e

r
a
i
o

c
l
f
,

c
l
e
a
r

a
l
l

t
h
e
t
a
=
(
0
:
.
0
1
:
2
*
p
i
)
’
;
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t
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,
2
0
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(
s
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(
t
h
e
t
a
)
)
,
’
:
k
’
)

h
o
l
d

o
n

6.
(e
sp
er
an
ça

co
nd
ic
io
na
l)
D
em

on
st
re

a
va
lid
ad
e
da

le
i
da

va
ri
ân
ci
a
to
ta
l,
ta
m
bé
m

co
ne
hc
id
a
co
m
o
fó
rm

ul
a
da

va
ri
ân
ci
a
co
nd
ic
io
na
l

va
r(

Y
)
=

E
(v
ar
(Y

|X
))
+
va
r(

E
[Y
|X
])

7.
(e
sp
er
an
ça

co
nd
ic
io
na
l)
C
on
si
de
re

qu
e
um

ce
rt
o
nú
m
er
o
de

m
en
sa
ge
ns

sã
o
ge
-

ra
da
s
em

um
nó

de
co
m
un
ic
aç
ão
,
à
um

a
ta
xa

m
éd
ia

ν
p
or

un
id
ad
e
de

te
m
p
o,

ap
re
se
nt
an
do

va
ri
ân
ci
a

σ2 ν
ne
ss
e
nú
m
er
o.

C
ad
a
m
en
sa
ge
m

p
os
su
i
um

nú
m
er
o

m
éd
io

de
η
bi
ts

e
a
va
ri
ân
ci
a
do

nú
m
er
o
de

bi
ts

p
or

m
en
sa
ge
m

é
σ2 η.

E
la
s
sã
o

en
vi
ad
as

at
ra
vé
s
um

ca
na
l,
e
de
se
ja
-s
e
co
nh
ec
er

o
nú
m
er
o
m
éd
io

e
a
va
ri
ân
ci
a

de
bi
ts

qu
e
de
ve
rã
o
tr
af
eg
ar

p
el
o
ca
na
l
de

co
m
un
ic
aç
ão

p
or

un
id
ad
e
de

te
m
p
o.

8.
U
m

si
na
l
bi
ná
ri
o

S
é
tr
an
sm

it
id
o
co
m

P
(S

=
1)

=
p
e

P
(S

=
−

1)
=

1
−

p.
O

si
na
l
re
ce
bi
do

é
Y
=

S
+

N
,
co
m

N
um

a
va
ri
áv
el

al
ea
tó
ri
a
ga
us
si
an
a
de

m
éd
ia

nu
la

e
va
ri
ân
ci
a
un
it
ár
ia
.
D
et
er
m
in
e
a
pr
ob
ab
ili
da
de

de
S
=

1
co
m
o
fu
nç
ão

da

ob
se
rv
aç
ão

y
da

v.
a.

Y
.
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9.
(d
is
tr
ib
ui
çã
o
co
nd
ic
io
na
ld
e
v.
a.

ga
us
si
an
a)

C
on
si
de
re

no
va
m
en
te

o
pr
ob
le
m
a
do

jo
go

de
da
rd
os

su
p
on
do

ag
or
a
um

m
od
el
o
m
ai
s
el
ab
or
ad
o
pa
ra

os
la
nç
am

en
to
s.

A
s
co
or
de
na
da
s

X
e

Y
sã
o
du
as

v.
a.
’s
ga
us
si
an
as

co
nj
un
ta
s
co
m

X
∼

N
(0
,σ

2 x)

e
Y
∼

N
(0
,σ

2 y)
,
m
as

ag
or
a
el
as

sã
o
de
p
en
de
nt
es

en
tr
e
si
,
co
m

co
v(

X
,Y

)
=

σ x
y.

C
al
cu
le

a
di
st
ri
bu
iç
ão

co
nj
un
ta

na
s
co
or
de
na
da
s
or
to
go
na
is
.
S
up
on
do

qu
e
ao

la
nç
ar
-s
e
um

da
rd
o
se

co
nh
eç
a
a
ab
ci
ss
a

Y
(ω

)
=

4m
m

de
te
rm

in
e:

(a
)
a
di
st
ri
bu
iç
ão

co
nd
ic
io
na
l
de

X
,

(b
)
a
m
éd
ia
co
nd
ic
io
na
l
de

X
,

(c
)
a
va
ri
ân
ci
a
co
nd
ic
io
na
l
de

X
.

(d
)
S
ab
en
do

qu
e
a
m
os
ca

do
al
vo

te
m

1
cm

de
di
âm

et
ro
,
in
di
qu
e
a
pr
ob
ab
ili
da
de

de
se

te
r
at
in
gi
do

a
m
os
ca
.
U
ti
liz
e

σ2 x
=

σ2 y
=

25
e

σ x
y
=

15
e
ex
pr
es
se

o

re
su
lt
ad
o
em

pr
eg
an
do

da
fu
nç
ão

E
rf
(x
).
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