
���������	��
��
��
�������� ��������������
�����
���������
 ���!���"��#$��%&��#$� ')(+*-,$. /0/213*-4$. /5/
687$9;:=<?>&6 @A<?7?7?>
B C D�EGFIHKJ&LML

NMOPORQTS UVU�WXWXW�Y Z[O]\^OR_=Z[OR_=`?Y ORaMW+_=b cdY \^e-Y \^OfU�gih[j5akbml?U
n bmoRckbfoiprqrgtsvuwg x;b yGY=S$z^{-{-|8}f~k}�|��V�^� <?<&:!���8��:w<?7?7?>j5Q0o�Y=S5��_daTY5����}V}f~k}�� bf~���\V_=yGS n Y pra5oR`�bmof�iORaMW+_=b cTY \VeVY \�O

6?:��v�i�����?�������k�!�T�8�5�
�k�������
n � �w�k�!�w�k�!�?�G�$�������!���T���������
���I� �G����¡��w�k���G�T�$��¡�� � ���
�����G�
���$�M�^�k¢£�

k ¤ ��¡ ¥P���G�$�V¦§�$��¡��$���$��¢I¢3���¨���G�
�X:
© �$ª�«¬�G��­)�����^�
��¡ © ���M�&�G�!�?������ª	@®�k�!¡����^�
���G�!�G�����!�$���G�¯­	�k¡°���G�±���M�����G¢I¢£����¡ ²v��¡�� � ���¬��¡ ³

¥P���G�?¡���������´
µT© ��ª�«¬�G�	­)�������
��¡ © ���M�&�G�!�?������ª)@®�k�!¡����^�
���G�!�G�����!�$���G��­¶�k¡����¸·M­¶���X���M�����G¢I¢����¹²v��¡�� � ���
���¡ ¥P���G�?¡���������´ © ²v�8:Gº

k ≥ 2
ª

<&:��v�§­2�G¡��»���G�
�¼�w�����
P10

�$��¡������G�G���3� �!·5�k�!���$��� ©[½ ������¡�¡8:¾ª¼6-³]�v¿�À�Á�ÂT«±Ã!�!·8���Ä�$��­¶��¡ ¥[���
� �
� X

�������&���±� �!·5�k�!���!��¡Å�$��­)��¡ ¥P���
��� ¤ «¬��·5�k¡��m¦V:¶Æ	�M�����G¢I¢3���ÈÇT���¬�&���É²v��¡������G� � �!��$���
X

���X: �+:w���M�����G¢I¢3���ÄÇT���
W{X = k} ¥[Ã!¡

k ∈ N0
: ©fµ @Ê�����Ë�k�?�������^�¨�
���¹À �M� � �G�^�k��$��¡^�k�G�G�$��¢3���G�
��¡���´kª

Ì _=cMW�b _=Z S ÍwbmoPW�b c�Î5b c�j5_=biÎ0b c°j5\^ORÏ+Ð?Y8ÎdY-Ð��-y=y=Z[O�Y n \VN0oRZPe]Nkbm_¾c0y=_¾e]Nk`-b _ÑO�ÒMl?b�Î0_=c0Ó-b c°j8_¾btÎ5a0oRe]N�Î0_=btÔickÏ \VNky
Î0bmoiÕ�Ö0ckÏ bmcTY

×&:����G�
��Ø°��¢IÙ����
���d���¹¢I�G�2�-Ú&Ù����
���T���Ë�k�G�$��¡������G�G����¡�Û+�������
���
� � ��¡8� X ∼ Exτ
�;�k¡������G�����¶�Ë� � �Ü ��¡��������G����¡�¢I�G�2@®�k�!¡����^�
���G�!�G�����!�$���G�§7&:=Ý¼�Ë�k�!�$��¡ �k��� >?7?7ÞÇT� � �
�!���+:

© �$ª�«¬�G��­¶�������
��¡3@®�k�!¡��^���
���G�!�G�����!�$���G���k¡������G�����I���G�
���!��¡^�k¡����G�$�¸Ø°��¢IÙ����
���d���É�Ë�k�!�$��¡
�k���§687?7?7ÅÇT� � �
�!���+ß
�Ë�k�!�$��¡ �k���°>?7?7?7ÅÇT� � �
�!����´

© ��ª�Æ	�M�����G¢I¢3���àÇT�����!���âá��k¡^�k¢3������¡
τ � �
�ã·8�����^�!�
���ÊÇT�����&����²v��¡������G� � �!�$� ¥ � �!�T�������

� �
�É�&���¯ä����^�d���?:
© �5ª���¡�¢I�G�������G�»ÇT���§�
���

p
³må � �k�T���G�R�w��Ù���·M�����G�+�!���±«¨�M�&�Ë�k�+:

µT© �wªÉæ����G�$���¨ÇT���£�&���¹¥[���G�$���
�!�£���G�$���
�����w�0¥[�2¥[Ã!¡
X ∼ Exτ

º

W{X > s + t |X > s} = W{X > t}, ∀ s, t > 0
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W{X ≤ 100} � W{X > 80} � W{|X − µ| > 10} :
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W (Ei|X = k) =
W (X = k|Ei)W (Ei)

W (X = k)

=

(
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k − 1

)
pk−1(1 − p)n−k p

(
n

k

)
pk(1 − p)n−k

=

(
n − 1

k − 1

)

(
n

k

)

=
(n − 1)! k! (n − k)!

(k − 1)! (n − k)!n!
=

k

n
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W (Ei ∩ Ej|X = k) =
W (X = k|Ei ∩ Ej)W (Ei ∩ Ej)
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=
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=
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=
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W{X = k|Z = j}W{Z = j}
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=
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∞∑
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(
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(j − k)!
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(j − k)!
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X ∼ Pµp : W{X = k} =
(µp)ke−µp
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F (x) = W{X ≤ x} = 1 − e−x/τ , x > 0
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W{X > 1000} = e−1000/τ =
[
e−500/τ

]2
=
[
W{X > 500}

]2
= 0.92 = 0.81

W{X > 5000} =
[
e−500/τ

]10
= 0.910 = 0.3487
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W{X > 500} = e−500/τ = 0.9 =⇒ τ = − 500

ln(0.9)
= 4745.6 � ���
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F (xp) = p
º

1 − e−xp/τ = p =⇒ xp = −τ ln(1 − p)
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p = 0.5
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x̃ = x0.5 = −τ ln(0.5) = 0.6931τ = 3289.4 � ���
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W{X > s + t |X > s} =
W{X > s + t, X > s}

W{X > s} =
W{X > s + t}

W{X > s}

=
e−(s+t)/τ

e−s/τ
= e−t/τ = W{X > t}
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ϕ(x) =
e−x2/2

√
2π

, ϕ′(x) = −xe−x2/2

√
2π

, ϕ′′(x) =
e−x2/2(x2 − 1)√

2π
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σ
√
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)
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ϕ′(∓1) = ±e−1/2
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P1 : g1(x) =
e−1/2(x + 2)√

2π
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g1(x) =

e−1/2(x − µ + 2σ)

σ2
√
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P2 : g2(x) =
e−1/2(2 − x)√
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√
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µ − 3σ µ − 2σ µ − σ µ µ + σ µ + 2σ µ + 3σ
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1 σ 2π

P1 P2

>&: © �$ª�Æ	���w���G�
��¡ì����¡�¢Þ�k�G�$��¡������G� � �!�£�����v�!��¡ì«¨�M�&�Ë�k�3�?�������^� © �!��¢ «¬�G�������G­)��¡��Vª
µ
ßk¥[Ã!¡v�
���

p
Â&å � �k�d���G�

xp
���G�
��¡°����¡�¢Þ�k�G�$��¡������G� � �!�Þ�?�G�G� ©

up � p
Â&å � �k�T���G�t�!��¡

N(0, 1)
ª-º

F (xp) = W{X ≤ xp} = Φ

(
xp − µ

σ

)
= p

=⇒ xp − µ

σ
= up =⇒ xp = µ + upσ
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x0.25 = µ + u0.25σ =⇒ σ =
x0.25 − µ

u0.25
=

75.5 − 89

−0.6745
= 20.02

©�� �k�����G���?º
u0.25 = −u0.75 = −0.6745
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x0.75 = µ + u0.75σ = 102.5
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x0.75 = µ + (µ − 75.5) = 102.5
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x0.90 = µ + u0.90︸︷︷︸
1.2816

σ = 114.65
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N(0, 1)
ª-º

W{X ≤ 100} = Φ

(
100 − µ

σ

)
= Φ(0.5496) = 0.7087

W{X > 80} = 1 − W{X ≤ 80} = 1 − Φ

(
80 − µ

σ

)
= 1 − Φ(−0.4497) =

= 1 −
[
1 − Φ(0.4497)

]
= Φ(0.4497) = 0.6735

W{|X − µ| > 10} = 1 − W{|X − µ| ≤ 10}
= 1 − W{µ − 10 ≤ X ≤ µ + 10} =

= 1 −
[
Φ

(
µ + 10 − µ

σ

)
− Φ

(
µ − 10 − µ

σ

)]
=

= 1 −
[
Φ

(
10

σ

)
− Φ

(−10

σ

)]
= 2

[
1 − Φ

(
10

σ

)]
=

= 2
[
1 − Φ(0.4996)

]
= 2 [1 − 0.6913] = 0.6173

Æ	��¢É:Gº
Φ(−x) = 1 − Φ(x)

:

9



C&: © �$ª�ä���� @®�k¡�����·8���G�±�w�k�±���G�
�»�$��¢I���^���d���®²v��¡������G� � �!�
ß��G�!¡��»²v��¡������G� � �!�$��¥ � �!�;������� �����
�$���$�������±­2���¹¥[���G�?�8º

F (x) =





0 x < 0

1 − 3

4
e−x/12 x ≥ 0

0 10 20 30 40 50
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0

0.
2
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4

0.
6

0.
8

1.
0

x

F
(x

) 0.5

x0.5

© ��ª
F (x0.5) =

1

2
=⇒ x0.5 = −12 ln

(
2

3

)
= 4.87 [

«¬�G�
]

© �5ª
W{X > 20|X > 10} =

W{X > 20}
W{X > 10} =

e−20/12

e−10/12
= e−5/6 = 0.435

Æ	��¢É:Gº �]¢ ë¯���$���
�^�k��·§· �
F��

�
D�E�� �?�G�G�2�!����¡8º

W{X > 10} =
3

4
e−5/6 < e−5/6
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