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

❙♦❧✉③✐♦♥❡ (!❛❝❝✐❛ ❆

✶✼ ▲✉❣❧✐♦ ✷✵✶✺

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

N = {✉♥❛ ♣❡/(♦♥❛ (❝❡❧+❛ ❛ ❝❛(♦ 2 ♥❛+❛ ❛ ❇❛/❝❡❧❧♦♥❛}

B = {✉♥❛ ♣❡/(♦♥❛ (❝❡❧+❛ ❛ ❝❛(♦ 2 +✐❢♦(❛ ❞❡❧ ❇❛/❝❡❧❧♦♥❛}

▲❛ ♣/♦❜❛❜✐❧✐+8 ❞❛ ❞❡+❡/♠✐♥❛/❡ 2

P (N |B) =
P (B|N) · P (N)

P (B)
, ❢♦/♠✉❧❛ ❞✐ ❇❛②❡( .

❉❛✐ ❞❛+✐ (✐ /✐❝❛✈❛ ❝❤❡✿

P (B|N) =
7

10

P (N) =
1

20

P (B|N) =
1

10

■♥♦❧+/❡✱

P (B) = P [(B ∩N) ∪ (B ∩N)] = P (B|N) · P (N) + P (B|N) · P (N)

=
7

10

1

20
+

1

10

(

1−
1

20

)

=
26

200
,

=✉✐♥❞✐

P (N |B) =
7

200

26

200

= 0.269 .

✶



❊!❡#❝✐③✐♦ ✷✳ ❙✐❛♥♦

I = {❘❛♣♣'❡)❡♥*❛♥*✐ ❞✐ ■♥❢♦'♠❛*✐❝❛}, |I| = 3

E = {❘❛♣♣'❡)❡♥*❛♥*✐ ❞✐ ❊❝♦♥♦♠✐❛}, |E| = 4

M = {❘❛♣♣'❡)❡♥*❛♥*✐ ❞✐ ▼❡❞✐❝✐♥❛}, |M | = 4

G = {❘❛♣♣'❡)❡♥*❛♥*✐ ❞✐ ●✐✉'✐)♣'✉❞❡♥③❛}, |G| = 3

C = {❘❛♣♣'❡)❡♥*❛♥*✐ ✐♥ ❈♦♠♠✐))✐♦♥❡}, |C| = 3

• ▲❛ ♣'♦❜❛❜✐❧✐*9 ❝❡'❝❛*❛ :

P (C) =

(

3

1

)(

4

1

)(

4

1

)(

3

1

)

(

14

4

) = 0.1439

• ▲❛ ♣'♦❜❛❜✐❧✐*9 ❝❡'❝❛*❛ :

P (C) =

(

4

2

)(

4

2

)

(

14

4

) = 0.036

• ▲❛ ♣'♦❜❛❜✐❧✐*9 ❝❡'❝❛*❛ :

P (C) =

(

4+4

2

)

(

14

4

) =

(

8

2

)

(

14

4

) = 0.0699

❊!❡#❝✐③✐♦ ✸✳ ❙✐❛ ❞❛*❛ ❧❛ ❢✉♥③✐♦♥❡

f(x) =











1− x, )❡ 0 ≤ x < 1

x− 1, )❡ 1 ≤ x ≤ a

0, ❛❧*'✐♠❡♥*✐

❆✈'❡♠♦✿

1 =

∫

1

0

(1− x)dx+

∫

a

1

(x− 1)dx =

[

x−
x2

2

]1

0

+

[

x2

2
− x

]

a

1

=
a2

2
− a = 0 ,

❞❛ ❝✉✐ )✐ ❤❛ a = 0 ✭)♦❧✳ ♥♦♥ ❛❝❝❡**❛❜✐❧❡✮ ❡ a = 2. ◗✉✐♥❞✐✱

E(X) =

∫

1

0

x(1− x)dx+

∫

2

1

x(x− 1)dx =

∫

1

0

x− x2dx+

∫

2

1

x2 − xdx

=

[

x2

2
−

x3

3

]1

0

+

[

x3

3
−

x2

2

]2

1

= 1 .

❊!❡#❝✐③✐♦ ✹✳ ❱❡❞✐ ❚❡♦'✐❛✳

✷



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

❙♦❧✉③✐♦♥❡ (!❛❝❝✐❛ ❇

✶✼ ▲✉❣❧✐♦ ✷✵✶✺

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

U = {✉♥❛ ♣❡/(♦♥❛ (❝❡❧+❛ ❛ ❝❛(♦ 2 ✉❝/❛✐♥❛}

D = {✉♥❛ ♣❡/(♦♥❛ (❝❡❧+❛ ❛ ❝❛(♦ 2 +✐❢♦(❛ ❞❡❧ ❉♥✐♣/♦}

▲❛ ♣/♦❜❛❜✐❧✐+7 ❞❛ ❞❡+❡/♠✐♥❛/❡ 2

P (U |D) =
P (D|U) · P (U)

P (D)
, ♣❡/ ❧❛ ❢♦/♠✉❧❛ ❞✐ ❇❛②❡( .

❉❛✐ ❞❛+✐ (✐ /✐❝❛✈❛ ❝❤❡✿

P (D|U) =
3

7

P (U) =
7

10

P (D|U) =
5

7

■♥♦❧+/❡✱

P (D) = P [(D ∩ U) ∪ (D ∩ U)] = P (D|U) · P (U) + P (D|U) · P (U)

=
3

7

7

10
+

5

7

(

1−
7

10

)

=
36

70
,

=✉✐♥❞✐

P (U |D) =
21

70

36

70

= 0.583 .

✶



❊!❡#❝✐③✐♦ ✷✳ ❙✐❛♥♦

I = {❘❛♣♣'❡)❡♥*❛♥*✐ ❞✐ ■♥❢♦'♠❛*✐❝❛}, |I| = 3

E = {❘❛♣♣'❡)❡♥*❛♥*✐ ❞✐ ❊❝♦♥♦♠✐❛}, |E| = 4

M = {❘❛♣♣'❡)❡♥*❛♥*✐ ❞✐ ▼❡❞✐❝✐♥❛}, |M | = 4

G = {❘❛♣♣'❡)❡♥*❛♥*✐ ❞✐ ●✐✉'✐)♣'✉❞❡♥③❛}, |G| = 3

C = {❘❛♣♣'❡)❡♥*❛♥*✐ ✐♥ ❈♦♠♠✐))✐♦♥❡}, |C| = 5

• ▲❛ ♣'♦❜❛❜✐❧✐*9 ❝❡'❝❛*❛ :

P (C) =

(

3

2

)(

4

1

)(

4

1

)(

3

1

)

(

14

5

) = 0.0719

• ▲❛ ♣'♦❜❛❜✐❧✐*9 ❝❡'❝❛*❛ :

P (C) =

(

4

3

)(

3

2

)

(

14

5

) = 0.0060

• ▲❛ ♣'♦❜❛❜✐❧✐*9 ❝❡'❝❛*❛ :

P (C) =

(

3

1

)(

4

2

)(

4

2

)

(

14

5

) = 0.0539

❊!❡#❝✐③✐♦ ✸✳ ❙✐❛ ❞❛*❛ ❧❛ ❢✉♥③✐♦♥❡

f(x) =











Kx, )❡ − 1 ≤ x < 0

−Kx, )❡ 0 ≤ x < 3

0, ❛❧*'✐♠❡♥*✐

❆✈'❡♠♦✿

1 =

∫

0

−1

Kxdx+

∫

3

0

−Kxdx = K ·

[

x2

2

∣

∣

∣

∣

0

−1

−
x2

2

∣

∣

∣

∣

3

0

]

= K

[

−
1

2
−

9

2

]

= −5 ·K ,

❞❛ ❝✉✐ )✐ ❤❛ K = −1

5
. ◗✉✐♥❞✐✱

FX(x) =

∫

x

−∞

f(t)dt =

∫

x

−1

1

5
tdt

=
1

5

t2

2

∣

∣

∣

∣

x

−1

= −
x2

10
+

1

10
, ♣❡' − 1 ≤ x ≤ 0 .

❊!❡#❝✐③✐♦ ✹✳ ❱❡❞✐ ❚❡♦'✐❛✳

✷



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

❙♦❧✉③✐♦♥❡ (!❛❝❝✐❛ ❈

✶✼ ▲✉❣❧✐♦ ✷✵✶✺

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

T = {✉♥❛ ♣❡/(♦♥❛ (❝❡❧+❛ ❛ ❝❛(♦ 2 ♥❛+❛ ❛ ❚♦/✐♥♦}

J = {✉♥❛ ♣❡/(♦♥❛ (❝❡❧+❛ ❛ ❝❛(♦ 2 +✐❢♦(❛ ❞❡❧❧❛ ❏✉✈❡♥+✉(}

▲❛ ♣/♦❜❛❜✐❧✐+9 ❞❛ ❞❡+❡/♠✐♥❛/❡ 2

P (T |J) =
P (J |T ) · P (T )

P (J)
, ♣❡/ ❧❛ ❢♦/♠✉❧❛ ❞✐ ❇❛②❡( .

❉❛✐ ❞❛+✐ (✐ /✐❝❛✈❛ ❝❤❡✿

P (J |T ) =
9

15

P (T ) =
1

10

P (J |T ) =
4

15

■♥♦❧+/❡✱

P (J) = P [(J ∩ T ) ∪ (J ∩ T )] = P (J |T ) · P (T ) + P (J |T ) · P (T )

=
9

15

1

10
+

4

15

(

1−
1

10

)

=
45

150
,

?✉✐♥❞✐

P (T |J) =
9

150

45

150

= 0.2 .

✶



❊!❡#❝✐③✐♦ ✷✳ ❙✐❛♥♦

I = {❘❛♣♣'❡)❡♥*❛♥*✐ ❞✐ ■♥❢♦'♠❛*✐❝❛}, |I| = 5

E = {❘❛♣♣'❡)❡♥*❛♥*✐ ❞✐ ❊❝♦♥♦♠✐❛}, |E| = 2

M = {❘❛♣♣'❡)❡♥*❛♥*✐ ❞✐ ▼❡❞✐❝✐♥❛}, |M | = 4

G = {❘❛♣♣'❡)❡♥*❛♥*✐ ❞✐ ●✐✉'✐)♣'✉❞❡♥③❛}, |G| = 4

C = {❘❛♣♣'❡)❡♥*❛♥*✐ ✐♥ ❈♦♠♠✐))✐♦♥❡}, |C| = 6

• ▲❛ ♣'♦❜❛❜✐❧✐*9 ❝❡'❝❛*❛ :

P (C) =

(

5

1

)(

2

1

)(

4

2

)(

4

2

)

(

15

6

) = 0.0719

• ▲❛ ♣'♦❜❛❜✐❧✐*9 ❝❡'❝❛*❛ :

P (C) =

(

4

3

)(

4

3

)

(

15

6

) = 0.0032

• ▲❛ ♣'♦❜❛❜✐❧✐*9 ❝❡'❝❛*❛ :

P (C) =

(

4

2

)(

5

4

)

(

54

6

) = 0.006

❊!❡#❝✐③✐♦ ✸✳ ❙✐❛ ❞❛*❛ ❧❛ ❢✉♥③✐♦♥❡

p(x) =











K

3
, )❡ x = 1, 2, 3

K, )❡ x = 4
K

3
, )❡ x = 5, 6, 7

❆✈'❡♠♦✿

1 =
7

∑

i=1

p(xi) = 3 ·
K

3
+K + 3 ·

K

3

❞❛ ❝✉✐ )✐ ❤❛ K = 1

3
. ◗✉✐♥❞✐✱

✷



E(X) =
7

∑

i=1

xi · p(xi) = 1 ·
1

9
+ 2 ·

1

9
+ 3 ·

1

9
+ 4 ·

1

3

+ 5 ·
1

9
+ 6 ·

1

9
+ 7 ·

1

9
= 4

E(X2) =
7

∑

i=1

x2i · p(xi) = 12 ·
1

9
+ 22 ·

1

9
+ 32 ·

1

9
+ 42 ·

1

3

+ 52 ·
1

9
+ 62 ·

1

9
+ 72 ·

1

9
= 19.1111

❊!❡#❝✐③✐♦ ✹✳ ❱❡❞✐ ❚❡♦&✐❛✳

✸



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

❙♦❧✉③✐♦♥❡ (!❛❝❝✐❛ ❉

✶✼ ▲✉❣❧✐♦ ✷✵✶✺

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

A = {✉♥❛ ♣❡/(♦♥❛ (❝❡❧+❛ ❛ ❝❛(♦ 2 ❛♥❞❛❧✉(❛}

S = {✉♥❛ ♣❡/(♦♥❛ (❝❡❧+❛ ❛ ❝❛(♦ 2 +✐❢♦(❛ ❞❡❧ ❙✐✈✐❣❧✐❛}

▲❛ ♣/♦❜❛❜✐❧✐+8 ❞❛ ❞❡+❡/♠✐♥❛/❡ 2

P (A|S) =
P (S|A) · P (A)

P (S)
, ♣❡/ ❧❛ ❢♦/♠✉❧❛ ❞✐ ❇❛②❡( .

❉❛✐ ❞❛+✐ (✐ /✐❝❛✈❛ ❝❤❡✿

P (S|A) =
7

10

P (A) =
5

8

P (S|A) =
3

10

■♥♦❧+/❡✱

P (S) = P [(S ∩A) ∪ (S ∩A)] = P (S|A) · P (A) + P (S|A) · P (A)

=
7

10

5

8
+

3

10

(

1−
5

8

)

=
44

80
,

>✉✐♥❞✐

P (A|S) =
35

80

44

80

= 0.7955 .

✶



❊!❡#❝✐③✐♦ ✷✳ ❙✐❛♥♦

I = {❘❛♣♣'❡)❡♥*❛♥*✐ ❞✐ ■♥❢♦'♠❛*✐❝❛}, |I| = 5

E = {❘❛♣♣'❡)❡♥*❛♥*✐ ❞✐ ❊❝♦♥♦♠✐❛}, |E| = 2

M = {❘❛♣♣'❡)❡♥*❛♥*✐ ❞✐ ▼❡❞✐❝✐♥❛}, |M | = 3

G = {❘❛♣♣'❡)❡♥*❛♥*✐ ❞✐ ●✐✉'✐)♣'✉❞❡♥③❛}, |G| = 5

C = {❘❛♣♣'❡)❡♥*❛♥*✐ ✐♥ ❈♦♠♠✐))✐♦♥❡}, |C| = 5

• ▲❛ ♣'♦❜❛❜✐❧✐*9 ❝❡'❝❛*❛ :

P (C) =

(

5

1

)(

2

1

)(

3

1

)(

5

2

)

(

14

5

) = 0.1499

• ▲❛ ♣'♦❜❛❜✐❧✐*9 ❝❡'❝❛*❛ :

P (C) =

(

5

3

)(

3

2

)

(

14

5

) = 0.0150

• ▲❛ ♣'♦❜❛❜✐❧✐*9 ❝❡'❝❛*❛ :

P (C) =

(

5+5

2

)

(

14

6

) =

(

10

2

)

(

14

6

) = 0.0225

❊!❡#❝✐③✐♦ ✸✳ ❙✐❛ ❞❛*❛ ❧❛ ❢✉♥③✐♦♥❡

p(x) =

{

x
2

K
, )❡ x = 1, 2, 3

0, ❛❧*'✐♠❡♥*✐

❆✈'❡♠♦✿

1 =
3

∑

i=1

p(xi) = ·
1

K
+

4

K
+

9

K
=

14

K

❞❛ ❝✉✐ )✐ ❤❛ K = 14. ◗✉✐♥❞✐✱

E(X) =

3
∑

i=1

xi · p(xi) =
1

14
+ 2 ·

22

14
+ 3 ·

32

14
= 2.5714

E(X2) =

3
∑

i=1

x2i · p(xi) = 12 ·
1

14
+ 22 ·

22

14
+ 32 ·

32

14
= 7 , ❝♦)A

V ar(X) = E(X2)− [E(X)]2 = 0.3879 .

❊!❡#❝✐③✐♦ ✹✳ ❱❡❞✐ ❚❡♦'✐❛✳

✷
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
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








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3× (1G, 1F )

3× (1G, 2F )

5× (2G, 1F )

7× (2G, 2F )

6× (2G, 3F )
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N = 3

(

1

1

)(

1

1

)

+ 3

(

1

1

)(

2

1

)

+ 5

(

2

1

)(

1

1

)

+ 7

(

2

1

)(

2

1

)

+ 6

(

2

1

)(

3

1

)

= 3 + 6 + 10 + 28 + 36 = 83 ,

❞♦✈❡

(

G

1

)

❝♦♥#❛ ✐ ♠♦❞✐ ❞✐ '❝❡❣❧✐❡*❡ ✉♥ ❣❡♥✐#♦*❡ ✐♥ ✉♥❛ ❢❛♠✐❣❧✐❛ ❝♦♥ G

❣❡♥✐#♦*✐ ❡

(

F

1

)

❝♦♥#❛ ✐ ♠♦❞✐ ❞✐ '❝❡❣❧✐❡*❡ ✉♥ ✜❣❧✐♦ ❞❛ ✉♥❛ ❢❛♠✐❣❧✐❛ ❝♦♥ F

✜❣❧✐✳

❊!❡#❝✐③✐♦ ✷✳ ❉❡✜♥✐❛♠♦ ✐ '❡❣✉❡♥#✐ ❡✈❡♥#✐✿

A = {❙❡♠♣*♦♥✐♦ ✈✐❛❣❣✐❛ ✐♥ ❛✉#♦❜✉'}

M = {❙❡♠♣*♦♥✐♦ ✈✐❛❣❣✐❛ ❝♦♥ ❧❛ ♣*♦♣*✐❛ ❛✉#♦}

T = {❙❡♠♣*♦♥✐♦ ✈✐❛❣❣✐❛ ✐♥ #*❡♥♦}

E = {❙❡♠♣*♦♥✐♦ ❛**✐✈❛ ♣✉♥✉#✉❛❧❡ ✐♥ ❜❛♥❝❛}

✶



❉❛✐ ❞❛$✐ %✐ &✐❝❛✈❛ ❝❤❡✿

P (A) = 0.65; P (M) = 0.2; P (T ) = 1− P (A)− P (M) = 0.15

P (E|A) = 0.35; P (E|M) = 0.75; P (E|T ) = 0.55

• ,❡& ❝❛❧❝♦❧❛&❡ ❧❛ ♣&♦❜❛❜✐❧✐$1 ❝❤❡ ❙❡♠♣&♦♥✐♦ ❛&&✐✈✐ ✐♥ ♦&❛&✐♦ ❛❧ ❧❛✲
✈♦&♦✱ ♦%%❡&✈✐❛♠♦ ❝❤❡ E = (E ∩ A) ∪ (E ∩M) ∪ (E ∩ T ) ✭❡✈❡♥$✐
✐♥❝♦♠♣❛$✐❜✐❧✐✮✱ ❛❧❧♦&❛

P (E) = P (E ∩A) + P (E ∩M) + P (E ∩ T )

= P (E|A) · P (A) + P (E|M) · P (M) + P (E|T ) · P (T )

= 0.35 · 0.65 + 0.75 · 0.2 + 0.55 · 0.15 = 0.46 .

• ,❡& ❝❛❧❝♦❧❛&❡ ❧❛ ♣&♦❜❛❜✐❧✐$1 ❝❤❡ ❙❡♠♣&♦♥✐♦ ♥♦♥ ❛❜❜✐❛ ✉%❛$♦ ❧❛
♣&♦♣&✐❛ ❛✉$♦✱ %❛♣❡♥❞♦ ❝❤❡ : ❛&&✐✈❛$♦ ✐♥ ♦&❛&✐♦ %✉❧ ♣♦%$♦ ❞✐ ❧❛✈♦&♦✱

✉%✐❛♠♦ ❧❛ ❢♦"♠✉❧❛ ❞✐ ❇❛②❡,✿

P (M |E) = 1− P (M |E) = 1−
P (E|M) · P (M)

P (E)

= 1−
0.75 · 0.2

0.46
= 0.674 .

❊!❡#❝✐③✐♦ ✸✳ ❯♥♦ %$✐♠❛$♦&❡ T ❞❡❧ ♣❛&❛♠❡$&♦ θ : ❝♦""❡//♦ %❡ E[T ] = θ. ■♥

=✉❡%$♦ ❝❛%♦✿

E[T ] = E

[

X1 +X2 +X3

5

]

=
1

5
(E(X1)+E(X2)+E(X3)) =

3p

5
6= p ,

❞✉♥=✉❡✱ ❧♦ %$✐♠❛$♦&❡ T ♥♦♥ : ❝♦&&❡$$♦✳

❉❛❧❧❛ $❡♦&✐❛✱ %✐ %❛ ❝❤❡ EQM(T ) = V ar(T ) + b2(T ), ❞♦✈❡

b(T ) = E(T )− p =
3

5
p− p = −

2

5
p

V ar(T ) = V ar

(

X1 +X2 +X3

5

)

=
3

25
p(1− p)

=✉✐♥❞✐

EQM(T ) =
3

25
p(1− p) +

4

25
p2 =

1

25
p(p− 3) .

❊!❡#❝✐③✐♦ ✹✳ ❱❡❞✐ ❚❡♦&✐❛✳
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2× (1G, 1F )

2× (1G, 2F )

3× (2G, 1F )
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N = 2

(

1

1

)(

1

1

)

+ 2

(

1

1

)(

2

1

)

+ 3

(

2

1

)(

1

1

)

+ 5

(

2

1

)(

2

1

)

+ 5

(

2

1

)(

3

1

)

= 2 + 4 + 6 + 20 + 30 = 62 ,

❞♦✈❡

(

G

1

)

❝♦♥#❛ ✐ ♠♦❞✐ ❞✐ '❝❡❣❧✐❡*❡ ✉♥ ❣❡♥✐#♦*❡ ✐♥ ✉♥❛ ❢❛♠✐❣❧✐❛ ❝♦♥ G

❣❡♥✐#♦*✐ ❡

(

F

1

)

❝♦♥#❛ ✐ ♠♦❞✐ ❞✐ '❝❡❣❧✐❡*❡ ✉♥ ✜❣❧✐♦ ❞❛ ✉♥❛ ❢❛♠✐❣❧✐❛ ❝♦♥ F

✜❣❧✐✳

❊!❡#❝✐③✐♦ ✷✳ ❉❡✜♥✐❛♠♦ ✐ '❡❣✉❡♥#✐ ❡✈❡♥#✐✿

A = {❙❡♠♣*♦♥✐♦ ✈✐❛❣❣✐❛ ✐♥ ❛✉#♦❜✉'}

M = {❙❡♠♣*♦♥✐♦ ✈✐❛❣❣✐❛ ❝♦♥ ❧❛ ♣*♦♣*✐❛ ❛✉#♦}

T = {❙❡♠♣*♦♥✐♦ ✈✐❛❣❣✐❛ ✐♥ #*❡♥♦}

E = {❙❡♠♣*♦♥✐♦ ❛**✐✈❛ ♣✉♥✉#✉❛❧❡ ✐♥ ❜❛♥❝❛}

✶



❉❛✐ ❞❛$✐ %✐ &✐❝❛✈❛ ❝❤❡✿

P (A) = 0.15; P (M) = 0.2; P (T ) = 1− P (A)− P (M) = 0.65

P (E|A) = 0.35; P (E|M) = 0.55; P (E|T ) = 0.80

• ,❡& ❝❛❧❝♦❧❛&❡ ❧❛ ♣&♦❜❛❜✐❧✐$1 ❝❤❡ ❙❡♠♣&♦♥✐♦ ❛&&✐✈✐ ✐♥ ♦&❛&✐♦ ❛❧ ❧❛✲
✈♦&♦✱ ♦%%❡&✈✐❛♠♦ ❝❤❡ E = (E ∩ A) ∪ (E ∩M) ∪ (E ∩ T ) ✭❡✈❡♥$✐
✐♥❝♦♠♣❛$✐❜✐❧✐✮✱ ❛❧❧♦&❛

P (E) = P (E ∩A) + P (E ∩M) + P (E ∩ T )

= P (E|A) · P (A) + P (E|M) · P (M) + P (E|T ) · P (T )

= 0.35 · 0.15 + 0.55 · 0.2 + 0.80 · 0.65 = 0.6825 .

• ,❡& ❝❛❧❝♦❧❛&❡ ❧❛ ♣&♦❜❛❜✐❧✐$1 ❝❤❡ ❙❡♠♣&♦♥✐♦ ♥♦♥ ❛❜❜✐❛ ✉%❛$♦ ❧❛
♣&♦♣&✐❛ ❛✉$♦✱ %❛♣❡♥❞♦ ❝❤❡ : ❛&&✐✈❛$♦ ✐♥ ♦&❛&✐♦ %✉❧ ♣♦%$♦ ❞✐ ❧❛✈♦&♦✱

✉%✐❛♠♦ ❧❛ ❢♦"♠✉❧❛ ❞✐ ❇❛②❡,✿

P (M |E) = 1− P (M |E) = 1−
P (E|M) · P (M)

P (E)

= 1−
0.55 · 0.2

0.6825
= 0.8388 .

❊!❡#❝✐③✐♦ ✸✳ ❯♥♦ %$✐♠❛$♦&❡ T ❞❡❧ ♣❛&❛♠❡$&♦ θ : ❝♦""❡//♦ %❡ E[T ] = θ. ■♥

=✉❡%$♦ ❝❛%♦✿

E[T ] = E

[

X1 + 2X2 − 3X3

5

]

=
1

5
(E(X1)+2E(X2)−3E(X3)) = 0 6= p ,

❞✉♥=✉❡✱ ❧♦ %$✐♠❛$♦&❡ T ♥♦♥ : ❝♦&&❡$$♦✳

❉❛❧❧❛ $❡♦&✐❛✱ %✐ %❛ ❝❤❡ EQM(T ) = V ar(T ) + b2(T ), ❞♦✈❡

b(T ) = E(T )− p = 0− p = −p

V ar(T ) = V ar

(

X1 + 2X2 − 3X3

5

)

=
14

25
p(1− p)

=✉✐♥❞✐

EQM(T ) =
14

25
p(1− p) + p2 =

1

25
p(11p+ 14) .

❊!❡#❝✐③✐♦ ✹✳ ❱❡❞✐ ❚❡♦&✐❛✳

✷



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

❙♦❧✉③✐♦♥❡ (!❛❝❝✐❛ ●

✶✼ ▲✉❣❧✐♦ ✷✵✶✺

❊!❡#❝✐③✐♦ ✶✳ ■ ❞❛#✐ ♣♦''♦♥♦ ❡''❡*❡ '❝❤❡♠❛#✐③③❛#✐ ❝♦♠❡ '❡❣✉❡✿































3× (1G, 1F )
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N = 3
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1

1

)(

1

1

)

+ 1

(

1

1

)(

2

1
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+ 3

(

2

1

)(

1

1

)

+ 5

(

2

1

)(

2

1

)

+ 4

(

2

1

)(

3

1

)

= 3 + 2 + 6 + 20 + 24 = 55 ,

❞♦✈❡

(

G

1

)

❝♦♥#❛ ✐ ♠♦❞✐ ❞✐ '❝❡❣❧✐❡*❡ ✉♥ ❣❡♥✐#♦*❡ ✐♥ ✉♥❛ ❢❛♠✐❣❧✐❛ ❝♦♥ G

❣❡♥✐#♦*✐ ❡

(

F

1

)

❝♦♥#❛ ✐ ♠♦❞✐ ❞✐ '❝❡❣❧✐❡*❡ ✉♥ ✜❣❧✐♦ ❞❛ ✉♥❛ ❢❛♠✐❣❧✐❛ ❝♦♥ F

✜❣❧✐✳

❊!❡#❝✐③✐♦ ✷✳ ❉❡✜♥✐❛♠♦ ✐ '❡❣✉❡♥#✐ ❡✈❡♥#✐✿

A = {❙❡♠♣*♦♥✐♦ ✈✐❛❣❣✐❛ ✐♥ ❛✉#♦❜✉'}

M = {❙❡♠♣*♦♥✐♦ ✈✐❛❣❣✐❛ ❝♦♥ ❧❛ ♣*♦♣*✐❛ ❛✉#♦}

T = {❙❡♠♣*♦♥✐♦ ✈✐❛❣❣✐❛ ✐♥ #*❡♥♦}

E = {❙❡♠♣*♦♥✐♦ ❛**✐✈❛ ♣✉♥✉#✉❛❧❡ ✐♥ ❜❛♥❝❛}

✶



❉❛✐ ❞❛$✐ %✐ &✐❝❛✈❛ ❝❤❡✿

P (A) = 0.25; P (M) = 0.3; P (T ) = 1− P (A)− P (M) = 0.45

P (E|A) = 0.15; P (E|M) = 0.35; P (E|T ) = 0.65

• ,❡& ❝❛❧❝♦❧❛&❡ ❧❛ ♣&♦❜❛❜✐❧✐$1 ❝❤❡ ❙❡♠♣&♦♥✐♦ ❛&&✐✈✐ ✐♥ ♦&❛&✐♦ ❛❧ ❧❛✲
✈♦&♦✱ ♦%%❡&✈✐❛♠♦ ❝❤❡ E = (E ∩ A) ∪ (E ∩M) ∪ (E ∩ T ) ✭❡✈❡♥$✐
✐♥❝♦♠♣❛$✐❜✐❧✐✮✱ ❛❧❧♦&❛

P (E) = P (E ∩A) + P (E ∩M) + P (E ∩ T )

= P (E|A) · P (A) + P (E|M) · P (M) + P (E|T ) · P (T )

= 0.15 · 0.25 + 0.35 · 0.3 + 0.65 · 0.45 = 0.435 .

• ,❡& ❝❛❧❝♦❧❛&❡ ❧❛ ♣&♦❜❛❜✐❧✐$1 ❝❤❡ ❙❡♠♣&♦♥✐♦ ♥♦♥ ❛❜❜✐❛ ✉%❛$♦ ❧❛
♣&♦♣&✐❛ ❛✉$♦✱ %❛♣❡♥❞♦ ❝❤❡ : ❛&&✐✈❛$♦ ✐♥ ♦&❛&✐♦ %✉❧ ♣♦%$♦ ❞✐ ❧❛✈♦&♦✱

✉%✐❛♠♦ ❧❛ ❢♦"♠✉❧❛ ❞✐ ❇❛②❡,✿

P (M |E) = 1− P (M |E) = 1−
P (E|M) · P (M)

P (E)

= 1−
0.35 · 0.3

0.435
= 0.759 .

❊!❡#❝✐③✐♦ ✸✳ ❯♥♦ %$✐♠❛$♦&❡ T ❞❡❧ ♣❛&❛♠❡$&♦ θ : ❝♦""❡//♦ %❡ E[T ] = θ. ■♥

=✉❡%$♦ ❝❛%♦✿

E[T ] = E

[

X1 +X2 +X3 +X4

5

]

=
1

5
(E(X1) + E(X2) + E(X3) + E(X4))

=
4

5
p 6= p ,

❞✉♥=✉❡✱ ❧♦ %$✐♠❛$♦&❡ T ♥♦♥ : ❝♦&&❡$$♦✳

❉❛❧❧❛ $❡♦&✐❛✱ %✐ %❛ ❝❤❡ EQM(T ) = V ar(T ) + b2(T ), ❞♦✈❡

b(T ) = E(T )− p =
4

5
p− p = −

1

5
p

V ar(T ) = V ar

(

X1 +X2 +X3 +X4

5

)

=
4

25
p(1− p)

=✉✐♥❞✐

EQM(T ) =
4

25
p(1− p) +

1

25
p2 =

1

25
p(4− 3p) .

❊!❡#❝✐③✐♦ ✹✳ ❱❡❞✐ ❚❡♦&✐❛✳

✷
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❊!❡#❝✐③✐♦ ✶✳ ■ ❞❛#✐ ♣♦''♦♥♦ ❡''❡*❡ '❝❤❡♠❛#✐③③❛#✐ ❝♦♠❡ '❡❣✉❡✿































3× (1G, 1F )

2× (1G, 2F )

3× (2G, 1F )

6× (2G, 2F )

2× (2G, 3F )

■❧ ♥✉♠❡*♦ ❝❡*❝❛#♦ 3

N = 3

(

1

1

)(

1

1

)

+ 2

(

1

1

)(

2

1

)

+ 3

(

2

1

)(

1

1

)

+ 6

(

2

1

)(

2

1

)

+ 2

(

2

1

)(

3

1

)

= 3 + 4 + 6 + 24 + 12 = 49 ,

❞♦✈❡

(

G

1

)

❝♦♥#❛ ✐ ♠♦❞✐ ❞✐ '❝❡❣❧✐❡*❡ ✉♥ ❣❡♥✐#♦*❡ ✐♥ ✉♥❛ ❢❛♠✐❣❧✐❛ ❝♦♥ G

❣❡♥✐#♦*✐ ❡

(

F

1

)

❝♦♥#❛ ✐ ♠♦❞✐ ❞✐ '❝❡❣❧✐❡*❡ ✉♥ ✜❣❧✐♦ ❞❛ ✉♥❛ ❢❛♠✐❣❧✐❛ ❝♦♥ F

✜❣❧✐✳

❊!❡#❝✐③✐♦ ✷✳ ❉❡✜♥✐❛♠♦ ✐ '❡❣✉❡♥#✐ ❡✈❡♥#✐✿

A = {❙❡♠♣*♦♥✐♦ ✈✐❛❣❣✐❛ ✐♥ ❛✉#♦❜✉'}

M = {❙❡♠♣*♦♥✐♦ ✈✐❛❣❣✐❛ ❝♦♥ ❧❛ ♣*♦♣*✐❛ ❛✉#♦}

T = {❙❡♠♣*♦♥✐♦ ✈✐❛❣❣✐❛ ✐♥ #*❡♥♦}

E = {❙❡♠♣*♦♥✐♦ ❛**✐✈❛ ♣✉♥✉#✉❛❧❡ ✐♥ ❜❛♥❝❛}

✶



❉❛✐ ❞❛$✐ %✐ &✐❝❛✈❛ ❝❤❡✿

P (A) = 0.3; P (M) = 0.15; P (T ) = 1− P (A)− P (M) = 0.55

P (E|A) = 0.45; P (E|M) = 0.65; P (E|T ) = 0.70

• ,❡& ❝❛❧❝♦❧❛&❡ ❧❛ ♣&♦❜❛❜✐❧✐$1 ❝❤❡ ❙❡♠♣&♦♥✐♦ ❛&&✐✈✐ ✐♥ ♦&❛&✐♦ ❛❧ ❧❛✲
✈♦&♦✱ ♦%%❡&✈✐❛♠♦ ❝❤❡ E = (E ∩ A) ∪ (E ∩M) ∪ (E ∩ T ) ✭❡✈❡♥$✐
✐♥❝♦♠♣❛$✐❜✐❧✐✮✱ ❛❧❧♦&❛

P (E) = P (E ∩A) + P (E ∩M) + P (E ∩ T )

= P (E|A) · P (A) + P (E|M) · P (M) + P (E|T ) · P (T )

= 0.45 · 0.3 + 0.65 · 0.15 + 0.7 · 0.55 = 0.6175 .

• ,❡& ❝❛❧❝♦❧❛&❡ ❧❛ ♣&♦❜❛❜✐❧✐$1 ❝❤❡ ❙❡♠♣&♦♥✐♦ ♥♦♥ ❛❜❜✐❛ ✉%❛$♦ ❧❛
♣&♦♣&✐❛ ❛✉$♦✱ %❛♣❡♥❞♦ ❝❤❡ : ❛&&✐✈❛$♦ ✐♥ ♦&❛&✐♦ %✉❧ ♣♦%$♦ ❞✐ ❧❛✈♦&♦✱

✉%✐❛♠♦ ❧❛ ❢♦"♠✉❧❛ ❞✐ ❇❛②❡,✿

P (M |E) = 1− P (M |E) = 1−
P (E|M) · P (M)

P (E)

= 1−
0.65 · 0.15

0.6175
= 0.842 .

❊!❡#❝✐③✐♦ ✸✳ ❯♥♦ %$✐♠❛$♦&❡ T ❞❡❧ ♣❛&❛♠❡$&♦ θ : ❝♦""❡//♦ %❡ E[T ] = θ. ■♥

=✉❡%$♦ ❝❛%♦✿

E[T ] = E

[

2X1 + 2X2 +X3 +X4

5

]

=
1

5
(2E(X1) + 2E(X2) + E(X3) + E(X4))

=
6

5
p 6= p ,

❞✉♥=✉❡✱ ❧♦ %$✐♠❛$♦&❡ T ♥♦♥ : ❝♦&&❡$$♦✳

❉❛❧❧❛ $❡♦&✐❛✱ %✐ %❛ ❝❤❡ EQM(T ) = V ar(T ) + b2(T ), ❞♦✈❡

b(T ) = E(T )− p =
6

5
p− p =

1

5
p

V ar(T ) = V ar

(

2X1 + 2X2 +X3 +X4

5

)

=
10

25
p(1− p)

=✉✐♥❞✐

EQM(T ) =
10

25
p(1− p) +

1

25
p2 =

1

25
p(10− 9p) .

❊!❡#❝✐③✐♦ ✹✳ ❱❡❞✐ ❚❡♦&✐❛✳

✷


