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❙♦❧✉③✐♦♥❡ (!❛❝❝✐❛ ❆
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❊!❡#❝✐③✐♦ ✶✳ ❉❡✜♥✐❛♠♦ ✐ (❡❣✉❡♥+✐ ❡✈❡♥+✐✿

F = {❛❧❜❡0♦ ❞❛ ❢0✉++♦ 3 ✐♥❢❡++♦}

T = {✐❧ +❡(+ 0✐(✉❧+❛ ♣♦(✐+✐✈♦}

❉❛✐ ❞❛+✐ (✐ 0✐❝❛✈❛ ❝❤❡✿

P (F ) = 0.005

P (T |F̄ ) = 0.03 ✭❢❛❧(♦ ♣♦(✐+✐✈♦✮

P (T̄ |F ) = 0.02 ✭❢❛❧(♦ ♥❡❣❛+✐✈♦✮

▲❛ ♣0♦❜❛❜✐❧✐+: ❝❤❡ ✐❧ +❡(+ (✐❛ ♣♦(✐+✐✈♦ 3

T = (T ∪ F ) ∩ (T ∪ F̄ )

⇒P (T ) = P (T ∪ F ) + P (T ∪ F̄ ) = P (T |F )P (F ) + P (T |F̄ )P (F̄ )

= 0.98 · 0.005 + 0.03 · (1− 0.005) = 0.03475

■♥♦❧+0❡✱ ♣❡0 ❧❛ ❢♦0♠✉❧❛ ❞✐ ❇❛②❡(✱ (✐ ❤❛✿

P (F |T ) =
P (T |F )P (F )

P (T )
= 0.141

❊!❡#❝✐③✐♦ ✷✳ ❙✐❛ ❞❛+❛ ❧❛ ❢✉♥③✐♦♥❡

f(x) =

{

1

b−a
, (❡ x ∈ (a, b)

0, ❛❧+0✐♠❡♥+✐

✶



❆✈"❡♠♦✿

∫

R

f(x)dx =

∫

b

a

1

(b− a)
dx =

x

b− a

∣

∣

∣

b

a

= 1 ,
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7❡" *✉❡❧ ❝❤❡ "✐❣✉❛"❞❛ ♠❡❞✐❛ ❡ ✈❛"✐❛♥③❛✿

E(X) =

∫

b

a

x

b− a
dx =

x2

2(b− a)

∣

∣

∣

b

a

=
a+ b

2
= 3

V ar(X) = E(X2)− (E(X))2 =

∫

b

a

x2

b− a
dx =

x3

3(b− a)

∣

∣

∣

b

a

−

(

a+ b

2

)2

=
b2 + ab+ a2

3
−

(a+ b)2

4
=

57

3

❊!❡#❝✐③✐♦ ✸✳ ❙✐ ❤❛✿

E[T ] = E

[

1

18
X1 +

1

9
X2 + αX3

]

=
1

18
E[X1] +

1

9
E[X2] + αE[X3]

=
3 + 18α

18
µ =: µ

❞✉♥*✉❡✱ 1✐ ❤❛ α = 5

6
.

■❧ ✈❛❧♦"❡ ❞❡❧❧❛ 12✐♠❛ ❞❡❧ ♣❛"❛♠❡2"♦ 0✿

T =
1

18
· 2 +

1

9
· 4 +

5

6
· 6 =

50

9
.

7❡" *✉❛♥2♦ "✐❣✉❛"❞❛ ❧✬❡""♦"❡ *✉❛❞"❛2✐❝♦ ♠❡❞✐♦✿

1❡ ❧♦ 12✐♠❛2♦"❡ 0 ❝♦""❡22♦✱ ❛❧❧♦"❛ EQM(T ) = V ar(T ), ❞✉♥*✉❡

EQM(T )
1

324
σ2 +

1

81
σ2 +

25

36
σ2 =

2070

2916
σ2 ≈ 0.7099σ2

◆❡❧ ❝❛1♦ ✐♥ ❝✉✐ α = 0, ❛❧❧♦"❛ T 0 ❞✐12♦"2♦✱ ✐♥❢❛22✐ E(T ) = 1

6
µ 6= µ,

❞✉♥*✉❡

EQM(T ) = V ar(T ) + b(T )2 =
1

324
σ2 +

1

81
σ2 +

1

36
µ2 =

9

4
≈ 2.25

❊!❡#❝✐③✐♦ ✹✳ ❱❡❞✐ ❚❡♦"✐❛✳

✷



 !♦✈❛ %❝!✐((❛ ❞✐  !♦❜❛❜✐❧✐(, ❡ ❙(❛(✐%(✐❝❛ ✕

❙♦❧✉③✐♦♥❡ (!❛❝❝✐❛ ❇

✶✽ ❙❡$$❡♠❜'❡ ✷✵✶✺

❊!❡#❝✐③✐♦ ✶✳ ❉❡✜♥✐❛♠♦ ✐ (❡❣✉❡♥+✐ ❡✈❡♥+✐✿

A = {❛❧❜❡0♦ ❞✐ ❛❣0✉♠✐ 2 ✐♥❢❡++♦}

T = {✐❧ +❡(+ 0✐(✉❧+❛ ♣♦(✐+✐✈♦}

❉❛✐ ❞❛+✐ (✐ 0✐❝❛✈❛ ❝❤❡✿

P (A) = 0.008

P (T |Ā) = 0.02 ✭❢❛❧(♦ ♣♦(✐+✐✈♦✮

P (T̄ |A) = 0.05 ✭❢❛❧(♦ ♥❡❣❛+✐✈♦✮

▲❛ ♣0♦❜❛❜✐❧✐+: ❝❤❡ ✐❧ +❡(+ (✐❛ ♣♦(✐+✐✈♦ 2

T = (T ∪A) ∩ (T ∪ Ā)

⇒P (T ) = P (T ∪A) + P (T ∪ Ā) = P (T |A)P (A) + P (T |Ā)P (Ā)

= 0.95 · 0.008 + 0.02 · (1− 0.008) = 0.0274

■♥♦❧+0❡✱ ♣❡0 ❧❛ ❢♦0♠✉❧❛ ❞✐ ❇❛②❡(✱ (✐ ❤❛✿

P (A|T ) =
P (T |A)P (A)

P (T )
= 0.2770

❊!❡#❝✐③✐♦ ✷✳ ❙✐❛ ❞❛+❛ ❧❛ ❢✉♥③✐♦♥❡

f(x) =

{

1

b−a
, (❡ x ∈ (a, b)

0, ❛❧+0✐♠❡♥+✐

✶



❆✈"❡♠♦✿

∫

R

f(x)dx =

∫

b

a

1

(b− a)
dx =

x

b− a

∣

∣

∣

b

a

= 1 ,
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7❡" *✉❡❧ ❝❤❡ "✐❣✉❛"❞❛ ♠❡❞✐❛ ❡ ✈❛"✐❛♥③❛✿

E(X) =

∫

b

a

x

b− a
dx =

x2

2(b− a)

∣

∣

∣

b

a

=
a+ b

2
= 6.5

V ar(X) = E(X2)− (E(X))2 =

∫

b

a

x2

b− a
dx =

x3

3(b− a)

∣

∣

∣

b

a

−

(

a+ b

2

)2

=
b2 + ab+ a2

3
−

(a+ b)2

4
≈ 4.0833

❊!❡#❝✐③✐♦ ✸✳ ❙✐ ❤❛✿

E[T ] = E

[

1

26
X1 +

2

13
X2 + αX3

]

=
1

26
E[X1] +

2

13
E[X2] + αE[X3]

=
5 + 26α

26
µ =: µ

❞✉♥*✉❡✱ 1✐ ❤❛ α = 21

26
.

■❧ ✈❛❧♦"❡ ❞❡❧❧❛ 12✐♠❛ ❞❡❧ ♣❛"❛♠❡2"♦ 0✿

T =
1

26
· (−26) +

2

13
· 39 +

21

26
· 26 = 26 .

7❡" *✉❛♥2♦ "✐❣✉❛"❞❛ ❧✬❡""♦"❡ *✉❛❞"❛2✐❝♦ ♠❡❞✐♦✿

1❡ ❧♦ 12✐♠❛2♦"❡ 0 ❝♦""❡22♦✱ ❛❧❧♦"❛ EQM(T ) = V ar(T ), ❞✉♥*✉❡

EQM(T ) =
1

676
σ2 +

4

169
σ2 +

441

676
σ2 =

458

676
σ2 ≈ 0.6775σ2

◆❡❧ ❝❛1♦ ✐♥ ❝✉✐ α = 0, ❛❧❧♦"❛ T 0 ❞✐12♦"2♦✱ ✐♥❢❛22✐ E(T ) = 5

26
µ 6= µ,

❞✉♥*✉❡ b(T ) = 5

26
µ− µ = −21

26
µ, ❛❧❧♦"❛

EQM(T ) = V ar(T )+b(T )2 =
1

676
σ2+

4

676
σ2+

441

676
µ2 =

451

676
≈ 0.6672

❊!❡#❝✐③✐♦ ✹✳ ❱❡❞✐ ❚❡♦"✐❛✳
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❙♦❧✉③✐♦♥❡ (!❛❝❝✐❛ ❈
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❊!❡#❝✐③✐♦ ✶✳ ❉❡✜♥✐❛♠♦ ✐ (❡❣✉❡♥+✐ ❡✈❡♥+✐✿

U = {❛❧❜❡0♦ ❞✐ ✉❧✐✈♦ 2 ✐♥❢❡++♦}

T = {✐❧ +❡(+ 0✐(✉❧+❛ ♣♦(✐+✐✈♦}

❉❛✐ ❞❛+✐ (✐ 0✐❝❛✈❛ ❝❤❡✿

P (U) = 0.009

P (T |Ū) = 0.015 ✭❢❛❧(♦ ♣♦(✐+✐✈♦✮

P (T̄ |U) = 0.035 ✭❢❛❧(♦ ♥❡❣❛+✐✈♦✮

▲❛ ♣0♦❜❛❜✐❧✐+: ❝❤❡ ✐❧ +❡(+ (✐❛ ♣♦(✐+✐✈♦ 2

T = (T ∪ U) ∩ (T ∪ Ū)

⇒P (T ) = P (T ∪ U) + P (T ∪ Ū) = P (T |U)P (U) + P (T |Ū)P (Ū)

= 0.965 · 0.009 + 0.015 · (1− 0.009) = 0.0235

■♥♦❧+0❡✱ ♣❡0 ❧❛ ❢♦0♠✉❧❛ ❞✐ ❇❛②❡(✱ (✐ ❤❛✿

P (U |T ) =
P (T |U)P (U)

P (T )
= 0.3688

❊!❡#❝✐③✐♦ ✷✳ ❙✐❛ ❞❛+❛ ❧❛ ❢✉♥③✐♦♥❡

f(x) =

{

1

b−a
, (❡ x ∈ (a, b)

0, ❛❧+0✐♠❡♥+✐

✶



❆✈"❡♠♦✿

∫

R

f(x)dx =

∫

b

a

1

(b− a)
dx =

x

b− a

∣

∣

∣

b

a

= 1 ,

❞✉♥*✉❡ ❧❛ ❢✉♥③✐♦♥❡ 0 ✉♥❛ ❞❡♥1✐23 ❞✐ ♣"♦❜❛❜✐❧✐23✳
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E(X) =

∫

b

a

x

b− a
dx =

x2

2(b− a)

∣

∣

∣

b

a

=
a+ b

2
= 2.5

V ar(X) = E(X2)− (E(X))2 =

∫

b

a

x2

b− a
dx =

x3

3(b− a)

∣

∣

∣

b

a

−

(

a+ b

2

)2

=
b2 + ab+ a2

3
−

(a+ b)2

4
≈ 0.7500

❊!❡#❝✐③✐♦ ✸✳ ❙✐ ❤❛✿

E[T ] = E

[

3

14
X1 +

2

7
X2 + αX3

]

=
3

14
E[X1] +

2

7
E[X2] + αE[X3]

=
7 + 14α

14
µ =: µ

❞✉♥*✉❡✱ 1✐ ❤❛ α = 1

2
.

■❧ ✈❛❧♦"❡ ❞❡❧❧❛ 12✐♠❛ ❞❡❧ ♣❛"❛♠❡2"♦ 0✿

T =
3

14
· (−1) +

2

7
· 2 +

1

2
· 8 =

67

14
≈ 4.7857 .

7❡" *✉❛♥2♦ "✐❣✉❛"❞❛ ❧✬❡""♦"❡ *✉❛❞"❛2✐❝♦ ♠❡❞✐♦✿

1❡ ❧♦ 12✐♠❛2♦"❡ 0 ❝♦""❡22♦✱ ❛❧❧♦"❛ EQM(T ) = V ar(T ), ❞✉♥*✉❡

EQM(T ) =
9

196
σ2 +

4

49
σ2 +

1

4
σ2 =

74

196
σ2 ≈ 0.3776σ2

◆❡❧ ❝❛1♦ ✐♥ ❝✉✐ α = 0, ❛❧❧♦"❛ T 0 ❞✐12♦"2♦✱ ✐♥❢❛22✐ E(T ) = 1

2
µ 6= µ,

❞✉♥*✉❡ b(T ) = 1

2
µ− µ = −1

2
µ, ❛❧❧♦"❛

EQM(T ) = V ar(T ) + b(T )2 =
9

196
σ2 +

4

49
σ2 +

1

4
µ2 =

26

196
≈ 0.1327

❊!❡#❝✐③✐♦ ✹✳ ❱❡❞✐ ❚❡♦"✐❛✳
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 !♦✈❛ %❝!✐((❛ ❞✐  !♦❜❛❜✐❧✐(, ❡ ❙(❛(✐%(✐❝❛ ✕

❙♦❧✉③✐♦♥❡ (!❛❝❝✐❛ ❉

✶✽ ❙❡$$❡♠❜'❡ ✷✵✶✺

❊!❡#❝✐③✐♦ ✶✳ ❉❡✜♥✐❛♠♦ ✐ (❡❣✉❡♥+✐ ❡✈❡♥+✐✿

V = {✜❧❛/❡ 0 ✐♥❢❡++♦}

T = {✐❧ +❡(+ /✐(✉❧+❛ ♣♦(✐+✐✈♦}

❉❛✐ ❞❛+✐ (✐ /✐❝❛✈❛ ❝❤❡✿

P (V ) = 0.007

P (T |V̄ ) = 0.025 ✭❢❛❧(♦ ♣♦(✐+✐✈♦✮

P (T̄ |V ) = 0.03 ✭❢❛❧(♦ ♥❡❣❛+✐✈♦✮

▲❛ ♣/♦❜❛❜✐❧✐+: ❝❤❡ ✐❧ +❡(+ (✐❛ ♣♦(✐+✐✈♦ 0

T = (T ∪ V ) ∩ (T ∪ V̄ )

⇒P (T ) = P (T ∪ V ) + P (T ∪ V̄ ) = P (T |V )P (V ) + P (T |V̄ )P (V̄ )

= 0.97 · 0.007 + 0.025 · (1− 0.007) = 0.0316

■♥♦❧+/❡✱ ♣❡/ ❧❛ ❢♦/♠✉❧❛ ❞✐ ❇❛②❡(✱ (✐ ❤❛✿

P (V |T ) =
P (T |V )P (V )

P (T )
= 0.2148

❊!❡#❝✐③✐♦ ✷✳ ❙✐❛ ❞❛+❛ ❧❛ ❢✉♥③✐♦♥❡

f(x) =

{

1

b−a
, (❡ x ∈ (a, b)

0, ❛❧+/✐♠❡♥+✐

✶



❆✈"❡♠♦✿

∫

R

f(x)dx =

∫

b

a

1

(b− a)
dx =

x

b− a

∣

∣

∣

b

a

= 1 ,

❞✉♥*✉❡ ❧❛ ❢✉♥③✐♦♥❡ 0 ✉♥❛ ❞❡♥1✐23 ❞✐ ♣"♦❜❛❜✐❧✐23✳

7❡" *✉❡❧ ❝❤❡ "✐❣✉❛"❞❛ ♠❡❞✐❛ ❡ ✈❛"✐❛♥③❛✿

E(X) =

∫

b

a

x

b− a
dx =

x2

2(b− a)

∣

∣

∣

b

a

=
a+ b

2
= 1

V ar(X) = E(X2)− (E(X))2 =

∫

b

a

x2

b− a
dx =

x3

3(b− a)

∣

∣

∣

b

a

−

(

a+ b

2

)2

=
b2 + ab+ a2

3
−

(a+ b)2

4
≈ 5.3333

❊!❡#❝✐③✐♦ ✸✳ ❙✐ ❤❛✿

E[T ] = E

[

3

25
X1 +

4

5
X2 − αX3

]

=
3

25
E[X1] +

4

5
E[X2]− αE[X3]

=
23− 25α

25
µ =: µ

❞✉♥*✉❡✱ 1✐ ❤❛ α = − 2

25
.

■❧ ✈❛❧♦"❡ ❞❡❧❧❛ 12✐♠❛ ❞❡❧ ♣❛"❛♠❡2"♦ 0✿

T =
3

25
· 2 +

4

5
· 4−

2

25
· (−1) =

88

25
= 3.52 .

7❡" *✉❛♥2♦ "✐❣✉❛"❞❛ ❧✬❡""♦"❡ *✉❛❞"❛2✐❝♦ ♠❡❞✐♦✿

1❡ ❧♦ 12✐♠❛2♦"❡ 0 ❝♦""❡22♦✱ ❛❧❧♦"❛ EQM(T ) = V ar(T ), ❞✉♥*✉❡

EQM(T ) =
9

625
σ2 +

16

25
σ2 +

4

625
σ2 =

413

625
σ2 ≈ 0.6608σ2

◆❡❧ ❝❛1♦ ✐♥ ❝✉✐ α = 0, ❛❧❧♦"❛ T 0 ❞✐12♦"2♦✱ ✐♥❢❛22✐ E(T ) = 23

25
µ 6= µ,

❞✉♥*✉❡

23

25
µ− µ = − 2

25
µ, ❛❧❧♦"❛

EQM(T ) = V ar(T ) + b(T )2 =
9

625
σ2 +

16

25
σ2 +

529

625
µ2 ≈ 0.6544

❊!❡#❝✐③✐♦ ✹✳ ❱❡❞✐ ❚❡♦"✐❛✳

✷



 !♦✈❛ %❝!✐((❛ ❞✐  !♦❜❛❜✐❧✐(, ❡ ❙(❛(✐%(✐❝❛ ✕

❙♦❧✉③✐♦♥❡ (!❛❝❝✐❛ ❊

✶✽ ❙❡$$❡♠❜'❡ ✷✵✶✺

❊!❡#❝✐③✐♦ ✶✳ ❉❡✜♥✐❛♠♦ ✐ (❡❣✉❡♥+✐ ❡✈❡♥+✐✿

C = {✐❧ ❣✐♦❝❛+♦0❡ 1 ✉♥ ❝❛❧❝✐❛+♦0❡}

B = {✐❧ ❣✐♦❝❛+♦0❡ 1 ✉♥ ❝❡(+✐(+❛}

T = {✐❧ ❣✐♦❝❛+♦0❡ 1 ✉♥ +❡♥♥✐(+❛}

E = {✐❧ ❣✐♦❝❛+♦0❡ ♣❛0+❡❝✐♣❛ ♣❡0 ❧❛ ♣0✐♠❛ ✈♦❧+❛ ❛❞ ✉♥ +♦0♥❡♦}

❉❛✐ ❞❛+✐ (✐ 0✐❝❛✈❛ ❝❤❡✿

P (C) = 0.5, P (B) = 0.3, P (T ) = 1− 0.5− 0.3 = 0.2

P (E|C) = 0.1, P (E|B) = 0.33, P (E|T ) = 0.1

✶✳ ▲❛ ♣0♦❜❛❜✐❧✐+9 ❝❤❡ ✉♥ ❣✐♦✈❛♥❡ (❝❡❧+♦ ❛ ❝❛(♦ (✐❛ ❛❧ (✉♦ ♣0✐♠♦ +♦0♥❡♦

1

P (E) = P ((E ∩ C) ∪ (E ∩B) ∪ (E ∩ T ))

= P (E|C)P (C) + P (E|B)P (B) + P (E|T )P (T )

= 0.1 · 0.5 + 0.33 · 0.3 + 0.1 · 0.2 = 0.169

✷✳ ▲❛ ♣0♦❜❛❜✐❧✐+9 ❝❤❡ ✐❧ ♣❛0+❡❝✐♣❛♥+❡ (❝❡❧+♦ (✐❛ ✉♥ ❝❡(+✐(+❛✱ (❛♣❡♥❞♦

❝❤❡ 1 ❛❧ (✉♦ ♣0✐♠♦ +♦0♥❡♦✱ 1✱ ♣❡0 ❧❛ ❢♦0♠✉❧❛ ❞✐ ❇❛②❡(✱

P (B|E) =
P (E|B)P (B)

P (E)
= 0.5858

✶



✸✳ ▲❛ ♣%♦❜❛❜✐❧✐*+ ❝❤❡ ✐❧ ♣❛%*❡❝✐♣❛♥*❡ 0❝❡❧*♦ 0✐❛ ✉♥ ❝❛❧❝✐❛*♦%❡✱ 0❛♣❡♥❞♦

❝❤❡ ♥♦♥ 4 ❛❧ 0✉♦ ♣%✐♠♦ *♦%♥❡♦✱ 4✱ ♣❡% ❧❛ ❢♦%♠✉❧❛ ❞✐ ❇❛②❡0✱

P (C|Ē) =
P (Ē|C)P (C)

P (Ē)
=

(1− P (E|C))P (C)

1− P (E))

=
(1− 0.1)0.5

1− 0.169
= 0.5415

❊!❡#❝✐③✐♦ ✷✳ ❙✐❛ ❞❛*❛ ❧❛ ❢✉♥③✐♦♥❡

f(x) =

{

1

b−a
, 0❡ x ∈ (a, b)

0, ❛❧*%✐♠❡♥*✐

❆✈%❡♠♦✿

∫

R

f(x)dx =

∫

b

a

1

(b− a)
dx =

x

b− a

∣

∣

∣

b

a

= 1 ,

❞✉♥>✉❡ ❧❛ ❢✉♥③✐♦♥❡ 4 ✉♥❛ ❞❡♥0✐*+ ❞✐ ♣%♦❜❛❜✐❧✐*+✳

❉❛❧❧❡ ♣%♦♣%✐❡*+ ❞❡❧❧❛ ♠❡❞✐❛✱ 0✐ %✐❝❛✈❛ ❝❤❡ E[Y ] = E[X+1] = E[X]+1.
❉✬❛❧*%❛ ♣❛%*❡✱

E(X) =

∫

b

a

x

b− a
dx =

x2

2(b− a)

∣

∣

∣

b

a

=
a+ b

2
= 5,

❛❧❧♦%❛ E[Y ] = 5 + 1 = 6.

❊!❡#❝✐③✐♦ ✸✳ ❙✐❛ X ❧❛ ✈✳❛✳ ❝❤❡ ♠✐0✉%❛ ❧✬❡✈❡♥*♦ ✏❧✬❛✉*♦❜✉0 0✐ ❢❡%♠❛ ✐♠✲

♣%♦✈✈✐0❛♠❡♥*❡ ♣❡% ✉♥ ❣✉❛0*♦ ❛❧❧✬i❡0✐♠♦ ❝❤✐❧♦♠❡*%♦✑✳ ❉✉♥>✉❡✱ ❛✈%❡♠♦

P (X = x) =
1

30
, x = 1, . . . , 30 .

❚%❛ ✐❧ 15❡0✐♠♦ ❡❞ ✐❧ 19❡0✐♠♦ ❝❤✐❧♦♠❡*%♦ ❧✬❛✉*♦❜✉0 ♣❡%❝♦%%❡ 5 ❝❤✐❧♦♠❡*%✐

❞❡✐ 30 *♦*❛❧✐✱ ❛❧❧♦%❛

P (15 ≤ X ≤ 19) = P (X = 15) + P (X = 16)

+ P (X = 17) + P (X = 18) + P (X = 19)

= 5 ·
1

30
=

1

6
≈ 0.1667 .

❊!❡#❝✐③✐♦ ✹✳ ❱❡❞✐ ❚❡♦%✐❛✳

✷



 !♦✈❛ %❝!✐((❛ ❞✐  !♦❜❛❜✐❧✐(, ❡ ❙(❛(✐%(✐❝❛ ✕

❙♦❧✉③✐♦♥❡ (!❛❝❝✐❛ ❋

✶✽ ❙❡$$❡♠❜'❡ ✷✵✶✺

❊!❡#❝✐③✐♦ ✶✳ ❉❡✜♥✐❛♠♦ ✐ (❡❣✉❡♥+✐ ❡✈❡♥+✐✿

R = {✐❧ ❣✐♦❝❛+♦0❡ 1 ✉♥ 0✉❣❜✐(+❛}

B = {✐❧ ❣✐♦❝❛+♦0❡ 1 ✉♥ ❝❡(+✐(+❛}

V = {✐❧ ❣✐♦❝❛+♦0❡ 1 ✉♥ ♣❛❧❧❛✈♦❧✐(+❛}

E = {✐❧ ❣✐♦❝❛+♦0❡ ♣❛0+❡❝✐♣❛ ♣❡0 ❧❛ ♣0✐♠❛ ✈♦❧+❛ ❛❞ ✉♥ +♦0♥❡♦}

❉❛✐ ❞❛+✐ (✐ 0✐❝❛✈❛ ❝❤❡✿

P (R) = 0.4, P (B) = 0.15, P (V ) = 1− 0.4− 0.15 = 0.45

P (E|R) = 0.1, P (E|B) = 0.25, P (E|V ) = 0.15

✶✳ ▲❛ ♣0♦❜❛❜✐❧✐+9 ❝❤❡ ✉♥ ❣✐♦✈❛♥❡ (❝❡❧+♦ ❛ ❝❛(♦ (✐❛ ❛❧ (✉♦ ♣0✐♠♦ +♦0♥❡♦

1

P (E) = P ((E ∩R) ∪ (E ∩B) ∪ (E ∩ V ))

= P (E|R)P (R) + P (E|B)P (B) + P (E|V )P (V )

= 0.1 · 0.4 + 0.25 · 0.15 + 0.15 · 0.45 = 0.145

✷✳ ▲❛ ♣0♦❜❛❜✐❧✐+9 ❝❤❡ ✐❧ ♣❛0+❡❝✐♣❛♥+❡ (❝❡❧+♦ (✐❛ ✉♥ 0✉❣❜✐(+❛✱ (❛♣❡♥❞♦

❝❤❡ 1 ❛❧ (✉♦ ♣0✐♠♦ +♦0♥❡♦✱ 1✱ ♣❡0 ❧❛ ❢♦0♠✉❧❛ ❞✐ ❇❛②❡(✱

P (R|E) =
P (E|R)P (R)

P (E)
= 0.2759

✶



✸✳ ▲❛ ♣%♦❜❛❜✐❧✐*+ ❝❤❡ ✐❧ ♣❛%*❡❝✐♣❛♥*❡ 0❝❡❧*♦ 0✐❛ ✉♥ ❝❡0*✐0*❛✱ 0❛♣❡♥❞♦

❝❤❡ ♥♦♥ 4 ❛❧ 0✉♦ ♣%✐♠♦ *♦%♥❡♦✱ 4✱ ♣❡% ❧❛ ❢♦%♠✉❧❛ ❞✐ ❇❛②❡0✱

P (B|Ē) =
P (Ē|B)P (B)

P (Ē)
=

(1− P (E|B))P (B)

1− P (E))

=
(1− 0.25)0.15

1− 0.145
= 0.1316

❊!❡#❝✐③✐♦ ✷✳ ❙✐❛ ❞❛*❛ ❧❛ ❢✉♥③✐♦♥❡

f(x) =

{

1

b−a
, 0❡ x ∈ (a, b)

0, ❛❧*%✐♠❡♥*✐

❆✈%❡♠♦✿

∫

R

f(x)dx =

∫

b

a

1

(b− a)
dx =

x

b− a

∣

∣

∣

b

a

= 1 ,

❞✉♥>✉❡ ❧❛ ❢✉♥③✐♦♥❡ 4 ✉♥❛ ❞❡♥0✐*+ ❞✐ ♣%♦❜❛❜✐❧✐*+✳

❉❛❧❧❡ ♣%♦♣%✐❡*+ ❞❡❧❧❛ ♠❡❞✐❛✱ 0✐ %✐❝❛✈❛ ❝❤❡ E[Y ] = E[X−1] = E[X]−1.
❉✬❛❧*%❛ ♣❛%*❡✱

E(X) =

∫

b

a

x

b− a
dx =

x2

2(b− a)

∣

∣

∣

b

a

=
a+ b

2
= 6.5,

❛❧❧♦%❛ E[Y ] = 6.5− 1 = 5.5.

❊!❡#❝✐③✐♦ ✸✳ ❙✐❛ X ❧❛ ✈✳❛✳ ❝❤❡ ♠✐0✉%❛ ❧✬❡✈❡♥*♦ ✏❧✬❛✉*♦❜✉0 0✐ ❢❡%♠❛ ✐♠✲

♣%♦✈✈✐0❛♠❡♥*❡ ♣❡% ✉♥ ❣✉❛0*♦ ❛❧❧✬i❡0✐♠♦ ❝❤✐❧♦♠❡*%♦✑✳ ❉✉♥>✉❡✱ ❛✈%❡♠♦

P (X = x) =
1

25
, x = 1, . . . , 25 .

❚%❛ ✐❧ >✉❛%*♦ ❡❞ ✐❧ ❞❡❝✐♠♦ ❝❤✐❧♦♠❡*%♦ ❧✬❛✉*♦❜✉0 ♣❡%❝♦%%❡ 7 ❝❤✐❧♦♠❡*%✐

❞❡✐ 25 *♦*❛❧✐✱ ❛❧❧♦%❛

P (4 ≤ X ≤ 10) = P (X = 4) + P (X = 5)

+ P (X = 6) + P (X = 7) + P (X = 8) + P (X = 9) + P (X = 10)

= 7 ·
1

25
= 0.28 .

❊!❡#❝✐③✐♦ ✹✳ ❱❡❞✐ ❚❡♦%✐❛✳

✷



 !♦✈❛ %❝!✐((❛ ❞✐  !♦❜❛❜✐❧✐(, ❡ ❙(❛(✐%(✐❝❛ ✕

❙♦❧✉③✐♦♥❡ (!❛❝❝✐❛ ●

✶✽ ❙❡$$❡♠❜'❡ ✷✵✶✺

❊!❡#❝✐③✐♦ ✶✳ ❉❡✜♥✐❛♠♦ ✐ (❡❣✉❡♥+✐ ❡✈❡♥+✐✿

C = {✐❧ ❣✐♦❝❛+♦0❡ 1 ✉♥ ❝❛❧❝✐❛+♦0❡}

B = {✐❧ ❣✐♦❝❛+♦0❡ 1 ✉♥ ❝❡(+✐(+❛}

R = {✐❧ ❣✐♦❝❛+♦0❡ 1 ✉♥ 0✉❣❜✐(+❛}

E = {✐❧ ❣✐♦❝❛+♦0❡ ♣❛0+❡❝✐♣❛ ♣❡0 ❧❛ ♣0✐♠❛ ✈♦❧+❛ ❛❞ ✉♥ +♦0♥❡♦}

❉❛✐ ❞❛+✐ (✐ 0✐❝❛✈❛ ❝❤❡✿

P (C) = 0.58, P (R) = 0.18, P (B) = 1− 0.58− 0.18 = 0.24

P (E|C) = 0.24, P (E|R) = 0.05, P (E|B) = 0.31

✶✳ ▲❛ ♣0♦❜❛❜✐❧✐+9 ❝❤❡ ✉♥ ❣✐♦✈❛♥❡ (❝❡❧+♦ ❛ ❝❛(♦ (✐❛ ❛❧ (✉♦ ♣0✐♠♦ +♦0♥❡♦

1

P (E) = P ((E ∩ C) ∪ (E ∩B) ∪ (E ∩R))

= P (E|R)P (R) + P (E|C)P (C) + P (E|B)P (B)

= 0.05 · 0.18 + 0.24 · 0.58 + 0.31 · 0.24 = 0.2226

✷✳ ▲❛ ♣0♦❜❛❜✐❧✐+9 ❝❤❡ ✐❧ ♣❛0+❡❝✐♣❛♥+❡ (❝❡❧+♦ (✐❛ ✉♥ ❝❡(+✐(+❛✱ (❛♣❡♥❞♦

❝❤❡ 1 ❛❧ (✉♦ ♣0✐♠♦ +♦0♥❡♦✱ 1✱ ♣❡0 ❧❛ ❢♦0♠✉❧❛ ❞✐ ❇❛②❡(✱

P (C|E) =
P (E|C)P (C)

P (E)
= 0.6253

✶



✸✳ ▲❛ ♣%♦❜❛❜✐❧✐*+ ❝❤❡ ✐❧ ♣❛%*❡❝✐♣❛♥*❡ 0❝❡❧*♦ 0✐❛ ✉♥ ❝❛❧❝✐❛*♦%❡✱ 0❛♣❡♥❞♦

❝❤❡ ♥♦♥ 4 ❛❧ 0✉♦ ♣%✐♠♦ *♦%♥❡♦✱ 4✱ ♣❡% ❧❛ ❢♦%♠✉❧❛ ❞✐ ❇❛②❡0✱

P (C|Ē) =
P (Ē|C)P (C)

P (Ē)
=

(1− P (E|C))P (C)

1− P (E))

=
(1− 0.24)0.58

1− 0.2226
= 0.5670

❊!❡#❝✐③✐♦ ✷✳ ❙✐❛ ❞❛*❛ ❧❛ ❢✉♥③✐♦♥❡

f(x) =

{

1

b−a
, 0❡ x ∈ (a, b)

0, ❛❧*%✐♠❡♥*✐

❆✈%❡♠♦✿

∫

R

f(x)dx =

∫

b

a

1

(b− a)
dx =

x

b− a

∣

∣

∣

b

a

= 1 ,

❞✉♥>✉❡ ❧❛ ❢✉♥③✐♦♥❡ 4 ✉♥❛ ❞❡♥0✐*+ ❞✐ ♣%♦❜❛❜✐❧✐*+✳

❉❛❧❧❡ ♣%♦♣%✐❡*+ ❞❡❧❧❛ ♠❡❞✐❛✱ 0✐ %✐❝❛✈❛ ❝❤❡ E[Y ] = E[2X+1] = 2E[X]+
1. ❉✬❛❧*%❛ ♣❛%*❡✱

E(X) =

∫

b

a

x

b− a
dx =

x2

2(b− a)

∣

∣

∣

b

a

=
a+ b

2
= 2.5,

❛❧❧♦%❛ E[Y ] = 2 · 2.5 + 1 = 6.

❊!❡#❝✐③✐♦ ✸✳ ❙✐❛ X ❧❛ ✈✳❛✳ ❝❤❡ ♠✐0✉%❛ ❧✬❡✈❡♥*♦ ✏❧✬❛✉*♦❜✉0 0✐ ❢❡%♠❛ ✐♠✲

♣%♦✈✈✐0❛♠❡♥*❡ ♣❡% ✉♥ ❣✉❛0*♦ ❛❧❧✬i❡0✐♠♦ ❝❤✐❧♦♠❡*%♦✑✳ ❉✉♥>✉❡✱ ❛✈%❡♠♦

P (X = x) =
1

50
, x = 1, . . . , 50 .

❚%❛ ✐❧ 32❡0✐♠♦ ❡❞ ✐❧ 40❡0✐♠♦ ❝❤✐❧♦♠❡*%♦ ❧✬❛✉*♦❜✉0 ♣❡%❝♦%%❡ 9 ❝❤✐❧♦♠❡*%✐

❞❡✐ 50 *♦*❛❧✐✱ ❛❧❧♦%❛

P (32 ≤ X ≤ 40) = P (X = 32) + P (X = 33)

+ P (X = 34) + P (X = 35) + P (X = 36) + P (X = 37)

+ P (X = 38) + P (X = 39) + P (X = 40)

= 9 ·
1

50
= 0.18 .

❊!❡#❝✐③✐♦ ✹✳ ❱❡❞✐ ❚❡♦%✐❛✳

✷



 !♦✈❛ %❝!✐((❛ ❞✐  !♦❜❛❜✐❧✐(, ❡ ❙(❛(✐%(✐❝❛ ✕

❙♦❧✉③✐♦♥❡ (!❛❝❝✐❛ ❍

✶✽ ❙❡$$❡♠❜'❡ ✷✵✶✺

❊!❡#❝✐③✐♦ ✶✳ ❉❡✜♥✐❛♠♦ ✐ (❡❣✉❡♥+✐ ❡✈❡♥+✐✿

C = {✐❧ ❣✐♦❝❛+♦0❡ 1 ✉♥ ❝❛❧❝✐❛+♦0❡}

V = {✐❧ ❣✐♦❝❛+♦0❡ 1 ✉♥ ♣❛❧❧❛✈♦❧✐(+❛}

T = {✐❧ ❣✐♦❝❛+♦0❡ 1 ✉♥ +❡♥♥✐(+❛}

E = {✐❧ ❣✐♦❝❛+♦0❡ ♣❛0+❡❝✐♣❛ ♣❡0 ❧❛ ♣0✐♠❛ ✈♦❧+❛ ❛❞ ✉♥ +♦0♥❡♦}

❉❛✐ ❞❛+✐ (✐ 0✐❝❛✈❛ ❝❤❡✿

P (C) = 0.26, P (V ) = 0.55, P (T ) = 1− 0.26− 0.55 = 0.19

P (E|C) = 0.1, P (E|V ) = 0.33, P (E|T ) = 0.1

✶✳ ▲❛ ♣0♦❜❛❜✐❧✐+9 ❝❤❡ ✉♥ ❣✐♦✈❛♥❡ (❝❡❧+♦ ❛ ❝❛(♦ (✐❛ ❛❧ (✉♦ ♣0✐♠♦ +♦0♥❡♦

1

P (E) = P ((E ∩ C) ∪ (E ∩ V ) ∪ (E ∩ T ))

= P (E|C)P (C) + P (E|V )P (V ) + P (E|T )P (T )

= 0.1 · 0.26 + 0.33 · 0.19 + 0.1 · 0.19 = 0.2265

✷✳ ▲❛ ♣0♦❜❛❜✐❧✐+9 ❝❤❡ ✐❧ ♣❛0+❡❝✐♣❛♥+❡ (❝❡❧+♦ (✐❛ ✉♥ ❝❡(+✐(+❛✱ (❛♣❡♥❞♦

❝❤❡ 1 ❛❧ (✉♦ ♣0✐♠♦ +♦0♥❡♦✱ 1✱ ♣❡0 ❧❛ ❢♦0♠✉❧❛ ❞✐ ❇❛②❡(✱

P (T |E) =
P (E|T )P (T )

P (E)
= 0.0839

✶



✸✳ ▲❛ ♣%♦❜❛❜✐❧✐*+ ❝❤❡ ✐❧ ♣❛%*❡❝✐♣❛♥*❡ 0❝❡❧*♦ 0✐❛ ✉♥ ❝❛❧❝✐❛*♦%❡✱ 0❛♣❡♥❞♦

❝❤❡ ♥♦♥ 4 ❛❧ 0✉♦ ♣%✐♠♦ *♦%♥❡♦✱ 4✱ ♣❡% ❧❛ ❢♦%♠✉❧❛ ❞✐ ❇❛②❡0✱

P (T |Ē) =
P (Ē|T )P (T )

P (Ē)
=

(1− P (E|T ))P (T )

1− P (E))

=
(1− 0.1)0.19

1− 0.0839
= 0.2211

❊!❡#❝✐③✐♦ ✷✳ ❙✐❛ ❞❛*❛ ❧❛ ❢✉♥③✐♦♥❡

f(x) =

{

1

b−a
, 0❡ x ∈ (a, b)

0, ❛❧*%✐♠❡♥*✐

❆✈%❡♠♦✿

∫

R

f(x)dx =

∫

b

a

1

(b− a)
dx =

x

b− a

∣

∣

∣

b

a

= 1 ,

❞✉♥>✉❡ ❧❛ ❢✉♥③✐♦♥❡ 4 ✉♥❛ ❞❡♥0✐*+ ❞✐ ♣%♦❜❛❜✐❧✐*+✳

❉❛❧❧❡ ♣%♦♣%✐❡*+ ❞❡❧❧❛ ♠❡❞✐❛✱ 0✐ %✐❝❛✈❛ ❝❤❡ E[Y ] = E[2X−1] = 2E[X]−
1. ❉✬❛❧*%❛ ♣❛%*❡✱

E(X) =

∫

b

a

x

b− a
dx =

x2

2(b− a)

∣

∣

∣

b

a

=
a+ b

2
= 1,

❛❧❧♦%❛ E[Y ] = 2 · 1− 1 = 1.

❊!❡#❝✐③✐♦ ✸✳ ❙✐❛ X ❧❛ ✈✳❛✳ ❝❤❡ ♠✐0✉%❛ ❧✬❡✈❡♥*♦ ✏❧✬❛✉*♦❜✉0 0✐ ❢❡%♠❛ ✐♠✲

♣%♦✈✈✐0❛♠❡♥*❡ ♣❡% ✉♥ ❣✉❛0*♦ ❛❧❧✬i❡0✐♠♦ ❝❤✐❧♦♠❡*%♦✑✳ ❉✉♥>✉❡✱ ❛✈%❡♠♦

P (X = x) =
1

19
, x = 1, . . . , 19 .

❚%❛ ✐❧ ♣%✐♠♦ ❡❞ ✐❧ 0❡0*♦ ❝❤✐❧♦♠❡*%♦ ❧✬❛✉*♦❜✉0 ♣❡%❝♦%%❡ 6 ❝❤✐❧♦♠❡*%✐ ❞❡✐

19 *♦*❛❧✐✱ ❛❧❧♦%❛

P (1 ≤ X ≤ 6) = P (X = 1) + P (X = 2)

+ P (X = 3) + P (X = 4) + P (X = 5) + P (X = 6)

= 6 ·
1

19
= 0.3158 .

❊!❡#❝✐③✐♦ ✹✳ ❱❡❞✐ ❚❡♦%✐❛✳

✷


