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@BA'CED,F	GHD�I:JLK	MON$C	PRQTS&FLUWV
X�YHZ[Z\Y^]�_L`3a(_L_LbdcfefeLg(hLiLg(c
j kmlTkmnoX1pqhsr(tLcfr(t'g3u�vsg3uLu�wfififrLr

xzyR{}| ~O���W�}�o�.��x��R|�{o������������{��o~O���.~O���
� _sZ\�3lT�E_��1�L�3`3Y^t'Z[�}�swfwLg
��km�WYL�?wLc���wLw���u�g3��wfw

� QHMOU�N$D0D�Q[JoFLN�J'I�V
 ¡Y�¢£¢mp�¤¦¥§t<b[�3Y*Y*Z�¤dk£Z[�R�Lpf�3ldp�¤d`��3_L`3��¤dlTk£Z[Z[Y�`1`3pLZ[Y�b�¨
© F(ªHQH«$«mQHM:A[Pd¬�A'MHU�«mQHM§N­IHD,FLD�NmIHD0Nm®�®�¯ ��_L°3k£ld±�pLl[¢²_sa&³H¨
´�¨�µ�psZ[Z\��_L`3`¶�B· FLD�QHUWFLD�NmI¸®d¬�A'MHUqQH«�I�FLU�«¹N$C	P ¨
º _L¢£»��3¢m_sZ\pfl*� ¼¾½?rfw � ¨

j?¿ÁÀÂ]�Ã � ¼

���3Y�YHÄ�_L�Wkm`E_'Z\kmpL`.l[Y*b[�3¢ÅZ\b�_Ll[YÂ�3��Y:�L��`3Y^�LesZ\���LwLwLg3¨

Æ��'��Ç�!��	- È ÉÊ
�!���Ë�Ì����Í�3���Î!$Ì�������Ï

½­_slTZ\k£»�k£°E_L`(Z\bÊkm`�°3lTpfafl[_L���WY�b:pf`Ð�ÒÑÓ_LlTYopLÔ$Z\Y*`Õ_sb[nLY*�Õ°�Y�lTb[pf`E_s¢�Ö	��Y�bTZ[kmpf`�b�¨�×/Yo¤dkm¢£¢Ò�3kÅØ"k£�3Y.Z\��Y
Z��	°%Y*bzpsÔ­Ö&�3Y*bTZ\k£pf`3bz_Lb[nsY���km`(Z\p<Z[�3l[Y*Y^»�_sZ\Y*afpfl[k£Y�b*ÙE_L`3�1�3Y*Ú3`3Y§Z\�3Y§Ô�pf¢£¢mp�¤dkm`3a^Z\�3lTY�YÂ�3kmb$ÛTpfkm`(ZdYHØfY�`(Z[b��

A1 ÜzÝ _<Ö	��Y�bTZ[kmpf`1pLÔ�`3pf`"Þ2b[Y*`3b[kÅZ\k£ØLYÂ`E_sZ\��l[YÂkmbd_LbTnLY*��Ù�YL¨ßa3¨ ¤d�E_sZ�kmbÒ�Lpf�3ld`E_L�WY�à Ý
A2 ÜzÝ _<Ö	��Y�bTZ[kmpf`1pLÔ�°E_LláZ\¢£�qb[Y*`3b[kÅZ\k£ØLY^`3_sZ\�3lTY§kmbd_LbTnLY*��Ù%Ys¨�a�¨ �3p�¤âpf¢£��_sl[YÁ�fpL��à Ý
A3 ÜzÝ _<Ö	��Y�bTZ[kmpf`1pLÔ�b[Y*`3b[kÅZ\k£ØLY^`3_sZ\�3lTYÂkmbd_LbTnLY��¶Ù�Ys¨�a�¨ �E_�ØfYÂ�fpf�1ã%Y*Y�`��3`�Ô�_LkÅZ\��Ô��3¢�Z\pÊ�fpf��l�°3_LlTZ[`3Y�l\à Ý ¨

Ã�`�_L�3�3kÅZ\kmpL`.¤äYÂ�3YHÚE`3YÂZ\�3YÂY*ØLY�`(Z��
L ÜzÝ Z\��Y�°3_LlTZ[km»�k£°E_L`(Z�k£b�¢£�	km`3a�¨ Ý
���3YÂÔ�pf¢m¢£p�¤dkm`3a<°�l[pfãE_sã3km¢£k£Z\k£Y�bB_Ll[YÂafkÅØfY*`��
P (A1) = 0.1

Ù
P (A2) = 0.4

Ù
P (A3) = 0.5

Ù
P (L|A1) = 0.05

Ù
P (L|A2) = 0.2

Ù
P (L|A3) = 0.6

¨
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�����¾l[_�¤âZ\�3Y§Ô�pf��l�Y*ØfY*`(Z\b¾k£`R_ÊÑ?Y*`3`1�3k²_LaLl\_L�1¨
À§k£ØLY�`.Z\�3_sZd_:°E_slTZ\k£»�k£°E_L`(ZÒk£bÒ_LbTnLY���_:Ö&�3Y*bTZ\k£pf`opLÔ�Z��	°%Y

A2
Ù"¤d�3_sZdkmb¡Z\�3YÁ°�l[pfãE_sã3km¢£k£Z���Z\�3_sZÒZ\��Y

°E_slTZ\k£»�k£°E_L`(Z�kmb�`�pLZ�¢£�	km`3a�Ù
P (L′|A2)

à
× �E_'Zzk£bÒZ\�3YÂ°3lTpfãE_Lã�km¢mkÅZ��ÊZ\�E_sZz_�l\_s`3�3pf�W¢£��b[Y*¢mY�»HZ\Y*�#°E_LláZ\k£»�km°3_L`(Z�kmb�¢Å�"k£`3a3Ù

P (L)
à

� `3YWpLÔBZ[�3YWÖ	��Y�bTZ[kmpf`�bÂZ[�E_sZ�kmbÂpLÔä_R°E_LlTZ[¢£�#b[Y�`�b[k£Z[k£ØLY�`E_'Z\�3lTYWk£b�� �3p�¤ pL¢m� _Ll[Y��Lpf��à Ý ¨W¥ Z\pLZ\_L¢ pLÔ
nkm`��3k£Ø	km���E_L¢mb ¤BY�lTY§_Lb[nsY��oZ\��kmb¡Ö	��Y�bTZ[kmpf`R_s`3�qZ\��YÁ_L`3bá¤äY*l[bÒ¤BY�lTY§l[Y�»*pfl[��Y��R_L`3�q»�pf�W°E_LlTY���Z[p<km`"Ô�pfl[��_'Þ

Z\k£pf`.k£`o°3�3ã3¢£km»¾lTY�afk£bTZ[Y�l[b*¨?]�Y*Z
X
ã�Y§_<l\_L`��3pf��Øs_LlTk²_Lã�¢mY��3Y�`3psZ\km`�a<Z\�3YÁ`&�3�:ã%Y*l�pLÔ�km`3�3kÅØ	km�3�E_s¢mb¡¢£�	km`3a

_L�Wpf`3aWZ\�3Y
n
km`3��k£Ø	km�3�3_L¢mb�_LbTnLY��¶Ù�_L`3�Î¢£Y*Z

p
ã�Y^Z\��Y<°3l[pLãE_Lã3k£¢mk£Z��qZ\�E_sZÁ_ql\_s`3�3pf�W¢£�RbTY�¢mY*»*Z[Y��Î°�Y�l[bTpf`

kmb�¢Å�	km`3a3¨

Ç��#× �3k£»¸��»*pf`3�3kÅZ\k£pf`3bÒ�<��bTZ�ã%Y§Ô��3¢ÅÚE¢m¢£Y��.k£`Rpfl[�3Y*l�Ô�pfl
X
Z\pÊ�E_�ØfY^_�ã3km`3pL��km_L¢%��kmbTZ[l[k£ã3��Z\k£pf`�à

¥zb[b[����YqZ[�E_sZ
p = 0.2

Ù­_L`3�/Z[�E_sZ^¤äYq_Lb[n
n = 20

k£`3�3k£Ø	k£�3�E_L¢£b�¨.× �E_sZ:kmbÂZ\�3Y*`
P (X = 4)

à
× �E_'Zzk£b

P [(X ≤ 2) ∪ (X > 5)]
à

× Y�`�p�¤â_Lb[bT�3�WYÂZ[�E_sZ
p
kmb���`3n&`3p�¤d`�¨B����Y�Ô�pf¢£¢mp�¤dkm`�a:Z�¤äpWY�báZ\k£�q_sZ[pfl[bBÔ�pfl

p
�3_�ØLY^ã�Y�Y*`�bT�3afafY*bTZ[Y���Ù

p̂ =
X

n

_L`3�
p∗ =

X

n − 1
.

 �Î±­k£`3�oZ\�3YÂYOÄ�°�Y�»HZ\Y*��Øs_L¢m��YÂ_L`3�RZ\�3Y§Øs_Ll[km_L`3»*Y§pLÔ­Y�_L»¸�1pLÔ�Z[�3Y§Z�¤äpWY�báZ\k£�q_sZ[pfl[b p̂
_s`3�

p∗
¨

× �3k£»¸� Z�¤Bp#°3lTpf°�Y�lTZ[kmY*b^�3Y*b[»*l[kmã�Y�_1afp	p	� Y*bTZ[km��_sZ\pfl\à × �3km»¸� pLÔäZ[�3YWZ�¤Bp}Y*bTZ\k£�q_'Z\pflTb�Ù
p̂
_L`3�

p∗
Ù"¤dkm¢m¢��fpf��°3l[YHÔ�Y�l�Z\pÊ�3bTYL¨B�L�3báZ\k£Ô$�q�fpf��_L`3bá¤äY*l�¨

× Y^_sb[b[����Y§Z\�3_sZ
n
kmb�¢²_sl[afYÂ_L`��1»¸��p"pfbTY�Z[pÊ�3b[Y§Z\��Y�Y*bTZ[km��_sZ\pfl

p̂
¨?���3Y�`¶Ù

Z =
p̂ − p

√

p(1−p)
nkmbd_s°3°3l[p�Ä"km��_sZ[Y�¢£��bTZ\_L`3�E_sl[�1`3pfl[��_L¢£¢£�W�3kmbáZ\lTkmã3��Z[Y���¨

!Ò_LbTY���pf`�°3lTY*Ø	kmpf��b<YHÄ"°�Y�l[k£Y�`3»*Yo¤äYR_LbTb[�3�WY.Z\�3_sZ
p = 0.2

¨ × Y.¤äpf��¢m� ¢mk£nLYWZ\pÎkm`(ØLY�bTZ[kma(_'Z\Yok£Ô�Z[�3Y
»�pL¢m¢mY*»*Z[Y��R�E_sZ\_ÊaLk£ØfYÂ�3bdlTY�_LbTpf`1Z[pÊã%Y*¢mkmYHØfY§Z\�3_sZ

p
kmb�¢m_Ll[afY*lÒZ\�E_s`

0.2
¨

" �Î±EpflT�<�3¢²_'Z\Yz_:�(�"°�pLZ[�3Y�bTkmbÒZ\Y*bTZdã(���3Y*ÚE`�km`3aÊ_:`&�3¢£¢¶�(�	°%psZ\�3Y*b[kmbd_s`3�R_L`o_L¢ÅZ\Y*l[`E_sZ[k£ØLY¾�(�	°%pLZ[�3Y�bTkmb*¨
#�b[Y Z\�3YÎÔ�_L»HZ1Z[�E_sZ

Z
_L°3°3lTp�Ä"k£�q_sZ[Y�¢Å�ÐÔ�pf¢£¢mp�¤dbR_ bTZ\_L`3�E_LlT� `3pLl[��_L¢Á�3k£bTZ\lTkmã3�"Z\kmpL`ÍZ\p ÚE`3� _

lTY ÛTY�»HZ\k£pf`Rl[Y�aLkmpf`oÔ�pflÒZ[�3YÂ`	��¢m¢��(�	°%psZ\�3Y*b[kmbd¤d�3Y*`�¤BY���b[Y
α = 0.01

_Lbdpf��l�bTkmaf`�k£ÚE»�_L`3»�Y§¢£Y*ØLY�¢,¨
× �E_'Z§kmb�Z\�3Y<»*pf`3»*¢m�3bTkmpf`#Z[pqZ\��Y<�(�"°�pLZ[�3Y�bTkmbÁZ\Y*bTZÁ¤d��Y�`Î¤äY��3_�ØLYÊ_Lb[nsY��

n = 200
km`��3k£Ø	km���E_L¢mb

_L`��
x = 55

pLÔ�Z\��Y�� ¢£kmY��Eà
× k£¢m¢�Z\�3Y

p
Þ2Øs_L¢£�3Y ¯ b[kmaL`3k£ÚE»�_L`3»*Y<°3l[pLãE_Lã3k£¢mk£Z���³ÒÔ�pflzZ[�3Y<�(�	°%psZ\�3Y*b[kmb§Z[Y�bTZÁã%Y<¢£Y�bTbÁZ\�E_L`ÎpLlÁ¢²_LlTafY�l

Z[�E_L` w�¨�w"u�àâ�L�3báZ\k£Ô$�#�fpf� _L`3bá¤äY*l�¨ ¯  ¡pf� �3pR`3pLZ�`3Y*Y�� Z\p1»�_L¢£»��3¢m_sZ\Y:Z[�3YÊ°3l[Y*»�k£b[YÊØL_s¢m�3Y�pLÔ¡Z\��Y
p
Þ2Øs_L¢m��YL¨�³
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Æ��'��Ç�!��	- � �����Î�*
��  
����  ���3�����

���3Y�»�pf�W°E_L`(��¥zaf�3Y*lTÔ�l[��n&Z¡k£b ¢mkmbáZ\Y*�WpL`ÊZ[�3YdbTZ[p"»¸n�YOÄ�»¸�3_L`3afYs¨?× Y�_Lb[bT�3�WYdZ[�E_sZ Z[�3Yd»¸�E_L`3afY
X
km`�Z\��Y

Øs_L¢m��YÁpLÔ�pf`3Y§bT�E_Ll[Y§psÔ�¥zaf�3Y*lTÔ�l[��n&Zd���3l[k£`3a�pf`3Y§�E_��qkmbÒ`3pLl[��_L¢m¢Å�Ê�3kmbáZ\l[k£ã3��Z[Y��.¤dk£Z[�o��Y�_L`
µX = 0.15n&l[pf`�Y�l�_L`3� bTZ\_L`3�E_sl[� �3Y*Ø	km_sZ\k£pf`

σX = 0.60
n&l[pL`3Y�l*¨<Ã2ÔB�Lpf� �E_�ØfYÊpf`3YÊb[�3_Ll[Y�pLÔB¥¾aL�3Y�láÔ�l[�3n(Z�Ù�Z[�3Y�`

X > 0
¤dkm¢£¢¶afkÅØfYÁ�fpL��°3lTpLÚ3Z�Ù3¤d�3km¢£Y

X < 0
kmb�¢mpLb[b�¨

���}× �E_'ZdkmbäZ[�3Y§°3l[pLãE_Lã3k£¢mk£Z��WpLÔ�¢£p"pfbTkm`3a:��pf`�Y*��pf`R¥¾af�3Y*lTÔ�lT�3n(Zd�3�3l[k£`3a�pf`3Y§�3_��LÙEk,¨ßYL¨
P (X < 0)

à
× �E_'Zzk£b

P (0 ≤ X ≤ 0.15)
à

Ã2Ô��fpL�oã3����u�w<b[�E_sl[Y�bäpLÔ�¥¾af��Y�lTÔ�lT�3n(Z�Z\p	�E_���_L`3�ob[Y*¢m¢�Z\�3YÁbT�E_LlTY�bäZ[pf��pLl[l[p�¤ÂÙ	¤d�E_sZ�k£bBZ\��Y�`.Z\��Y
YOÄ�°�Y�»HZ\Y*�}°3l[psÚ3ZdpLÔ��fpf�3l�Z[l\_L�3Y�à#¥¾¢£b[p�ÚE`3�RZ\�3Y§Øs_LlTk²_L`3»*Y§pLÔ�Z\�3YÂ°3lTpLÚ3Z�¨

���3Y1»�pf�W°E_L`(����l	�f`��3Y�láÔ�l[�3n(Z�kmbW_L¢mbTp ¢mkmbáZ\Y*� pL`ÐZ\��Y1báZ\p	»¸n YHÄ"»¸�E_L`�afYL¨Í× YR�3Y�`3psZ\YRZ\�3Y1»¸�E_L`3aLY�k£`
pf`3Y�bT�E_LlTYWpsÔB��l	�L`3�3Y�láÔ�l[�3n(Z��3�3lTkm`3aopL`3Y��E_��}ã(�

Y
Ù�¤d�3Y�lTY

Y
k£bÁ`3pflT�q_s¢m¢£�R��kmbTZ[l[k£ã3��Z\Y*�}¤dk£Z[� �WY�_s`

µY = 0.15
n&l[pf`�Y�l�_L`3�1bTZ\_L`3�E_LlT����Y*Ø	k²_sZ[kmpf`

σY = 0.80
n&l[pf`3Y*l�¨

Ç��#× YÊYHÄ�_L�Wkm`3Y<Z[�3YÊ»¸�E_L`3afYÊk£` Z[�3Y�Øs_L¢m�3Y�psÔäbT�E_Ll[Y*b§Ô�pfl§¥¾af��Y�lTÔ�lT�3n(Z^_L`3� ��l
�f`3�3Y*lTÔ�l[��n&Z�pf` Z\��Y
b[_L��Yz�E_��fÙ�_L`3�q¤BY§_LbTb[�3�WYÁ_sZBZ\�3k£bB°�pfk£`&Z¡Z\�3_sZäZ[�3Y¾»¸�E_s`3afY�bäkm`�Z[�3Y¾Z�¤Bp<b[�3_Ll[Y*b�Ù

X
_s`3�

Y
Ù"_LlTY

k£`3�3Y�°�Y�`��3Y�`(Z�¨
��p"�3_�� Z[�3Y�Øs_L¢£�3YRpLÔÁpL`3Y�bT�E_LlTY#pLÔ¾¥¾af�3Y*lTÔ�lT�3n(Z.kmb�Z[�3Y#b[_L��Y1_LbÊZ\��Y�Øs_L¢m��Y1psÔÁpf`3Y1b[�3_Ll[Y�pLÔ
��l	�f`��3Y�láÔ�l[�3n(Z�¨ ×/YR¤Bpf�3¢m� ¢mk£nLY.Z[p k£`&ØLY�báZ\kmaf_sZ\YoZ\��Y1Ô�pf¢£¢mp�¤dkm`�a#Z\�3lTY�Y1°%pLb[b[k£ã3¢mYRbáZ\l\_'Z\Y�aLkmY�b�Ô�pfl
bT�E_Ll[Y*bz°��3l[»¸�E_sb[YLÙE¤d�3Y*l[YÂ¤äYÂã3�"�oZ\p	�E_��o_L`3�1b[Y*¢m¢�Z[pf��pLl[l[p�¤Â¨

� � !B���.Z�¤Bp�bT�E_Ll[Y*bzpsÔ­¥zaf�3Y�láÔ�l[�3n(Z�¨
��� � !ä�"�opf`3YÂb[�3_Ll[YÂpLÔ�¥¾af��Y�lTÔ�lT�3n(Zz_L`3�1pf`3YÂb[�E_sl[YÂpLÔ���l
�f`3�3Y*lTÔ�l[��n&Z�¨
���0� ��!ä���qZ�¤äpWb[�E_sl[Y�b�pLÔ���l
�f`3�3Y*lTÔ�lT�3n(Z�¨

Ã2ÔB�fpf� ¤Ò_s`&Z�Z\pR�Wkm`3k£��k���Y�Z\�3YÊl[k£b[n�km`Î�fpf��l^k£`&ØLY�báZ\�WY�`(Z�Ù�¤d�3km»¸� pLÔ¡Z\�3Y�Z[�3l[Y*Y�báZ\l\_'Z\Y�aLkmY�b§¤dk£¢m¢
�Lpf��»¸��p"pfbTY�à �L�3báZ\k£Ô$���fpf��lz_s`3bT¤BY�l*¨
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Ã�`�Z[�3Y�ÚEaf�3lTY�¤BY�b[Y�YdZ\��Y���Y*ØfY*¢mpf°���Y*`&ZBpLÔ%Z\�3YdYHÄ"»¸�E_s`3afY¾l[_sZ\Y�Ô�pfl pL`3Ydb[�E_LlTYzpsÔ�¥¾aL�3Y�láÔ�l[�3n(Z ¯ �E_sb[�3Y*��³
Z\pLafY*Z[�3Y�l�¤dk£Z[�Rpf`3YÂb[�E_sl[YÂpLÔ���l
�f`3�3Y*lTÔ�l[��n&Z ¯ bTpf¢mk£��³H¨

���3Y�»¸�E_L`3aLY�k£`<Z\�3Y�Øs_L¢£�3Y�pLÔ�pf`3Ydb[�3_Ll[YdpLÔ%¥¾af��Y�lTÔ�lT�3n(Z¡pf`Ê�E_��
i
kmb �3Y*`3pLZ[Y��

Xi

Ù&_L`3��¤äYz_LbTb[�3�WY�Z\�E_sZ
Xi

kmb�`3pflT�q_s¢m¢£�}�3kmbáZ\l[k£ã3��Z[Y��/¤dkÅZ\� �WY�_L`
µX = 0.15

n&l[pf`3Y*l�_L`3�/bTZ¸_s`3�E_LlT� �3Y*Ø	k²_'Z\kmpL`
σX = 0.60n&l[pf`�Y�l�¨

���3Y�»¸�E_s`3afY<k£`#Z\�3Y^ØL_s¢m�3Y^pLÔ?pf`3Y<bT�E_LlTY<pLÔ¡��l
�f`3�3Y*lTÔ�lT�3n(Z§pf`Î�E_��
i
kmbz�3Y�`3psZ\Y��

Yi

Ù¶_L`3�}¤BYÊ_Lb[bT�3�WY
Z\�3_sZ

Yi

k£bB`�pfl[��_L¢m¢Å�<�3k£bTZ[l[kmã���Z\Y*�W¤dkÅZ\�.�WY�_L`
µY = 0.15

n	lTpf`3Y*lÒ_L`3�qbTZ¸_s`3�E_LlT�q�3YHØ"km_sZ\k£pf`
σY = 0.80n&l[pf`�Y�l�¨

× Y^_sb[b[����Y§Z\�3_sZdZ\�3Y§»¸�E_s`3afY�b�km`oØs_L¢£�3Y�bdpLÔ�b[�E_sl[Y�bdpf`1�3k��¶Y*l[Y�`(Zd�E_��	bz_Ll[YÂkm`��3Y�°�Y�`3��Y�`(Z�¨

× Y.»�pf�W°E_LlTY�Z[�3YqZ�¤Bp »*pf�W°E_L`3k£Y�b�ã&�/»�_L¢£»��3¢m_sZ\k£`3aRZ\�3Y.��k��%Y�l[Y*`3»�Y*b�ã%YHZ�¤äY*Y�` Z\��Y.�E_Lk£¢£� »¸�E_L`�afY�b�k£`
Z\��Y§b[�E_LlTY�b�Ô�pfläZ[�3YÁZ�¤Bp�»*pf��°3_L`3kmY*b�Ù

Di = Xi − Yi

ÙE_s`3�oZ\�3Y*`RZ\_Ln&km`3a<Z[�3YÂ_�ØfY*l\_LafYs¨ ×/Y§¢£p"pfnW_sZ�Z[�3kmb
�3k��¶Y*l[Y�`�»�YÂp�ØfY�l

10
�E_��	b�Ù

D = 1
10

∑10
i=1 Di = 1

10

∑10
i=1(Xi − Yi)

¨

 � �¾p	Y�bdZ\��Y�ÚEaL�3l[YÂafkÅØfY§�fpf��l[Y�_Lb[pf`1Z\pWã%Y*¢mk£Y*ØfY§Z[�E_sZdZ\�3YÂ»¸�E_s`3afY�bzkm`oZ\��Y^bT�E_Ll[Y*bzpsÔ6¥¾aL�3Y�láÔ�l[�3n(Z�Ù
Xi

Ù�_s`3����l	�L`3�3Y�láÔ�l[�3n(Z�Ù
Yi

Ù3pf`RZ\�3YÂb\_s��Y§�E_��R_sl[YÂ�<��Z[�E_L¢m¢Å�qk£`3�3Y*°%Y*`3�3Y�`(Z¸à
���3YÊ»*pfl[lTY�¢²_'Z\kmpL`}ã%YHZ�¤äY*Y�`

Xi

_s`3�
Yi

Ù
ρ(Xi, Yi)

Ù�kmbÁY*k£Z[�3Y�l¾Þ�w�¨ t	Ù�w�¨�wRpLl§w�¨�t"¨^× �3k£»¸� psÔ¡Z[�3Y�bTY
Øs_L¢£�3Y�b?_LlTY���pLbTZ lTY�_LbTpf`E_Lã3¢£YÒ¤d�3Y�`Ê�fpL�W¢£p"pLn:_sZ­Z\�3Y�ÚEaf��l[Y�à1À§k£ØfYd_§bT�3pflTZ?YOÄ"°3¢²_L`3_sZ\k£pf`<pLÔ��fpf��l
»¸�3pLkm»�Ys¨
× �E_'Z:k£b�Z[�3YqYOÄ�°�Y�»HZ\Y*� ØL_s¢m�3YW_L`3� Z\�3YÊØs_Ll[km_L`3»�YWpLÔ

D
à #zbTY�Z\��YWØs_L¢£�3YWÔ�pLl�Z[�3Y�»*pfl[lTY�¢m_sZ\k£pf`�Ù

ρ(Xi, Yi)
Ù3Z[�E_sZ��Lpf���3_�ØLY^»¸��pfb[Y*`}_Lã�p�ØfYL¨
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]�Y*Z
X
�3Y*`3pLZ[Y:Z\�3Y�¢m_Ll[aLY�bTZz¤Ò_�ØLYW��Y�kmaL�&ZÁ��Y�_Lb[�3lTY�� pf` _.l[_L`3�3pf�W¢£�1»¸�3pLb[Y�` �E_��L¨�× YÊ_Lb[bT�3�WY<Z\�E_sZ

Z\��Y�°�l[pfãE_sã3km¢£k£Z����3Y�`3bTk£Z��.Ô���`3»*Z[kmpf`RpLÔ
X
k£b�afk£ØLY�`1_Lb

f(x; θ) =
2x

θ
e−

x
2

θ , x ≥ 0, θ > 0.

Ã�`RZ\�3k£b�°3l[pfã�¢mY����fpf�1»�_L`1�3bTYÂ¤dkÅZ\�3pL��Zd°3l[p	pLÔ�Z\�E_'Z
E[X2] = θ

_L`3�
E[X4] = 2θ2 ¨

��� � ��p�¤ Z[�E_sZ:Z[�3Y.»*�3�<�3¢m_sZ\kÅØfYW�3kmbáZ\l[k£ã3��Z[kmpf` pLÔ
X
Ù
F (x) = P (X ≤ x)

Ù kmb
F (x) = 1 − e−

x
2

θ

¨
¯ #zb[Y�b[��ã3bTZ[k£Z\�"Z\kmpL`.¤dk£Z\�

u = x2 ¨ ³
À§k£ØLY�`oZ\�E_'ZÒZ\�3Y§¢m_Ll[aLY�bTZä¤Ò_�ØfY��3Y*kmaf�(Z�k£bÒ¢²_LlTafY�lBZ\�E_L`

10
��YHZ\Y�l*Ù�ÚE`3�oZ[�3Y§°3l[pLãE_Lã3k£¢mk£Z���Z[�E_sZ�Z[�3Y

¢m_Ll[afY*bTZ�¤ä_�ØfY��3Y�k£af�(Zzk£b�¢²_LlTafY�lBZ\�E_L`
15

�WY*Z[Y�lÒ¤d�3Y*`
θ = 25

Ù3k0¨�Ys¨
P (X > 15|X > 10)

à

Ã�`RZ\�3YÂl[Y*bTZ�pLÔ�Z\�3k£bd°3l[pfã�¢mY�� ¤äY�_LbTb[�3�WY§Z\�E_'Z
θ
k£b��3`3n&`3p�¤d`�¨

× Y<�E_�ØfY�pfã�b[Y�láØfY*� Z[�3Y<¢m_Ll[afY*bTZz¤Ò_�ØfY���Y�kmaL�&ZzÔ�pfl
n
�E_��"b*¨Â]�Y*Z

Xi

ã�Y�_ql[_L`3�3pL� Øs_LlTk²_Lã�¢mY��3Y�`3psZ\km`�a
Z\��Y�¢m_Ll[afY*bTZÂ¤ä_�ØLYq�3Y*kmaf�(Z^pf` �E_��

i
¨q× Yq_sb[b[����YÊZ\�E_'Z

X1, ..., Xn

_sl[YW�<��Z\�3_L¢m¢Å�}km`��3Y�°�Y�`3��Y�`(Z<_s`3�
km��Y�`(Z\k£»�_L¢£¢£���3kmbáZ\l[k£ã3��Z[Y��o¤dk£Z[�1°�l[pfãE_sã3km¢£k£Z��W�3Y�`�b[k£Z��oÔ���`3»*Z[kmpf`

f(x; θ)
¨

Ç�� �¾Y*l[kÅØfYÂZ\�3YÂ��_'Ä"km�<�3� ¢mk£nLY*¢mkm��p"p	�qY*bTZ\k£�q_'Z\pfl ¯ X#]�j¡³
θ̂
pLÔ

θ
¨

Ã�b�Z\��Y�Y*bTZ[km��_sZ\pfl
θ̂
��`	ã�k²_LbTY���à

±­k£`3�oZ\�3Y§Øs_LlTk²_L`3»*Y§pLÔ
θ̂
¨

 � #�b[YÂZ\�3YÂ»�Y*`(Z\l\_s¢�¢mkm�Wk£Z¡Z\��Y�pflTY�� Z[pWYOÄ"°3¢²_Lk£`o¤d�&�

Z =
1
n

∑n

i=1 X2
i − θ

√

θ2

nk£bd_L°3°3lTp�Ä"k£�q_sZ[Y�¢Å�qbáZ¸_L`3�3_Ll[�1`3pflT�q_L¢£¢£�W�3k£bTZ\lTkmã3�"Z\Y��¶¨
#�b[Y

Z
Z[p�ÚE`3��_L`#_s°3°3l[p�Ä"km��_sZ[Y§c(t���»*pf`�ÚE��Y�`3»*Y^k£`&Z[Y�láØL_s¢¶Ô�pfl

θ
¨

���3Yq°3l[pfã3_Lã3km¢£k£Z��}Z[�E_sZ�Z\�3Y�¢²_LlTafY�báZ^¤ä_�ØfYo�3Y*kmaf�(Z:_#l\_s`3�3pf�W¢£�Î»¸��pfb[Y*` �3_�� k£b^¢m_Ll[afY*l�Z[�E_L`
10�WY*Z[Y�lÒk£b

P (X > 10) = e−
100

θ

¨�#zbTYÁZ\�3Y§_s°3°3l[p�Ä"km��_sZ[Y¾»�pL`�ÚE�3Y*`3»�Y§k£`&Z[Y�láØL_s¢%Z\�3_sZä�Lpf�oÔ�pf�3`3�.Z[p
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e−
100

θ
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