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�J�2���M

�R�X �h�?�2 �K�2���M �Q�7 �� �/���i�� �b�2�i �B�b �i�?�2���p�2�`���;�2 �Q�7 ���H�H �i�?�2 �/���i�� �p���H�m�2�b(x i ; x2; � � � ; xn ) �X

�k�X �h�?�2 �b���K�T�H�2 �K�2���M�x =
P n

i =1 x i

n
�B�b �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�` �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M

� =
P N

i =1 X i

N
�X

�j�X �h�?�2 �K�2���M �T�`�Q�p�B�/�2�b �� �K�2���b�m�`�2 �Q�7�+�2�M�i�`���H�H�Q�+���i�B�Q�M�X
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�Uwi ; i = 1; � � � ; n�V �i�?���i �`�2�~�2�+�i�b �B�i�b �`�2�H���i�B�p�2 �B�K�T�Q�`�i���M�+�2�X
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wi x iP
wi
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�U���V �h�?�2 �/���i�� �p���H�m�2�b �;�2�M�2�`���H�H�v �m�b�2�/ ���`�2 �9 �7�Q�` ���M �� �;�`���/�2�- �j �7�Q�` �� �" �;�`���/�2�- �k �7�Q�` ��

�* �;�`���/�2�- �R �7�Q�` �� �. �;�`���/�2�- ���M�/ �y �7�Q�` ���M �6 �;�`���/�2�X
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�R�X �h�?�2 �K�2�/�B���M �Q�7 �� �/���i�� �b�2�i �B�b �i�?�2 �p���H�m�2 �B�M �i�?�2�K�B�/�/�H�2�r�?�2�M �i�?�2 �/���i�� �B�i�2�K�b ���`�2

���`�`���M�;�2�/ �B�M���b�+�2�M�/�B�M�;�Q�`�/�2�` �U�b�K���H�H�2�b�i �p���H�m�2 �i�Q �H���`�;�2�b�i �p���H�m�2�V�X

�U���V �6�Q�` ���M �Q�/�/ �M�m�K�#�2�` �Q�7 �Q�#�b�2�`�p���i�B�Q�M�b�- �i�?�2 �K�2�/�B���M �B�b �i�?�2�K�B�/�/�H�2�p���H�m�2�X

�U�#�V �6�Q�` ���M �2�p�2�M �M�m�K�#�2�` �Q�7 �Q�#�b�2�`�p���i�B�Q�M�b�- �i�?�2 �K�2�/�B���M �B�b �i�?�2���p�2�`���;�2 �Q�7 �i�?�2 �i�r�Q

�K�B�/�/�H�2 �p���H�m�2�b�X

�k�X �q�?�2�M�2�p�2�` �� �/���i�� �b�2�i �?���b�2�t�i�`�2�K�2 �p���H�m�2�b�- �i�?�2 �K�2�/�B���M �B�b �i�?�2 �T�`�2�7�2�`�`�2�/ �K�2���b�m�`�2

�Q�7 �+�2�M�i�`���H �H�Q�+���i�B�Q�M �i�?���M �K�2���M�X

�j�X �h�?�2 �K�2�/�B���M �B�b �i�?�2 �K�2���b�m�`�2 �Q�7 �H�Q�+���i�B�Q�M �K�Q�b�i �Q�7�i�2�M �`�2�T�Q�`�i�2�/ �7�Q�` ���M�M�m���H �B�M�+�Q�K�2 ���M�/

�T�`�Q�T�2�`�i�v �p���H�m�2 �/���i���X

�:�2�Q�K�2�i�`�B�+ �J�2���M

�R�X �h�?�2 �;�2�Q�K�2�i�`�B�+ �K�2���M �B�b �+���H�+�m�H���i�2�/ �#�v �}�M�/�B�M�; �i�?�2n�i�? �`�Q�Q�i �Q�7 �i�?�2 �T�`�Q�/�m�+�i �Q�7n �p���H�m�2�b�X

�xg = n
p

x1x2 � � � xn

�k�X �A�i �B�b �Q�7�i�2�M �m�b�2�/ �B�M ���M���H�v�x�B�M�;�;�`�Q�r�i�? �`���i�2�b�B�M �}�M���M�+�B���H �/���i�� �U�r�?�2�`�2 �m�b�B�M�; �i�?�2

���`�B�i�?�K�2�i�B�+ �K�2���M�r�B�H�H �T�`�Q�p�B�/�2 �K�B�b�H�2���/�B�M�; �`�2�b�m�H�i�b�V�X
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�7�`�Q�K �i�?�2 �b�K���H�H�2�b�i �p���H�m�2 �i�Q �i�?�2 �H���`�;�2�b�i �p���H�m�2�X

�k�X �h�?�2p�i�? �T�2�`�+�2�M�i�B�H�2 �Q�7 �� �/���i�� �b�2�i �B�b �� �p���H�m�2 �b�m�+�? �i�?���i���i �H�2���b�ip �T�2�`�+�2�M�i �Q�7

�i�?�2 �B�i�2�K�b �i���F�2 �Q�M �i�?�B�b �p���H�m�2 �Q�`�H�2�b�b���M�/ ���i �H�2���b�i(100� p)�W �Q�7 �i�?�2 �B�i�2�K�b
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�j�X �h�Q �+���H�+�m�H���i�2 �i�?�2p�i�? �T�2�`�+�2�M�i�B�H�2 �7�Q�` �� �/���i�� �b�2�i �+�Q�M�i���B�M�B�M�;n �Q�#�b�2�`�p���i�B�Q�M�b�-�,

�U���V ���`�`���M�;�2 �i�?�2 �/���i�� �B�M���b�+�2�M�/�B�M�;�Q�`�/�2�`�X

�U�#�V �*�Q�K�T�m�i�2Lp�- �i�?�2 �H�Q�+���i�B�Q�M �Q�7 �i�?�2p�i�? �T�2�`�+�2�M�i�B�H�2

Lp =
p

100
(n + 1)

�9�X �h�?�2 �8�y�i�? �T�2�`�+�2�M�i�B�H�2 �B�b ���H�b�Q �i�?�2�K�2�/�B���M�X

�8�X ���/�K�B�b�b�B�Q�M �i�2�b�i �b�+�Q�`�2�b �7�Q�` �+�Q�H�H�2�;�2�b ���M�/ �m�M�B�p�2�`�b�B�i�B�2�b ���`�2 �7�`�2�[�m�2�M�i�H�v �`�2�T�Q�`�i�2�/ �B�M �i�2�`�K�b

�Q�7 �T�2�`�+�2�M�i�B�H�2�b�X
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�*�?���T�i�2�`�j�, �.�2�b�+�`�B�T�i�B�p�2 �a�i���i�B�b�i�B�+�b�, �L�m�K�2�`�B�+���H �J�2���b�m�`�2�b �S���;�2 �8�f�R�3

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�R�R�e�V

�*�Q�K�T�m�i�2 ���M�/ �B�M�i�2�`�T�`�2�i �i�?�2 �3�y�i�? �T�2�`�+�2�M�i�B�H�2 �7�Q�` �i�?�2 �b�i���`�i�B�M�; �b���H���`�v �/���i�� �B�M �h���#�H�2 �j�X�R�X

�b�Q�H�,

�Z�m���`�i�B�H�2�b

�R�X �Z�m���`�i�B�H�2�b ���`�2 �b�T�2�+�B�}�+�T�2�`�+�2�M�i�B�H�2�b�X

�k�XQ1�, �6�B�`�b�i �Z�m���`�i�B�H�2= �k�8�i�? �S�2�`�+�2�M�i�B�H�2

�j�XQ2�, �a�2�+�Q�M�/�Z�m���`�i�B�H�2= �8�y�i�? �S�2�`�+�2�M�i�B�H�2= �J�2�/�B���M

�9�XQ3�, �h�?�B�`�/ �Z�m���`�i�B�H�2= �d�8�i�? �S�2�`�+�2�M�i�B�H�2

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�R�R�e�V

�*�Q�K�T�m�i�2 �i�?�2 �}�`�b�i ���M�/ �i�?�B�`�/ �[�m���`�i�B�H�2�b �7�Q�` �i�?�2 �b�i���`�i�B�M�; �b���H���`�v �/���i�� �B�M �h���#�H�2 �j�X�R�X

�b�Q�H�,
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�*�?���T�i�2�`�j�, �.�2�b�+�`�B�T�i�B�p�2 �a�i���i�B�b�i�B�+�b�, �L�m�K�2�`�B�+���H �J�2���b�m�`�2�b �S���;�2 �e�f�R�3

�j�X�k �J�2���b�m�`�2�b �Q�7 �o���`�B���#�B�H�B�i�v

�R�X �A�i �B�b �Q�7�i�2�M �/�2�b�B�`���#�H�2 �i�Q �+�Q�M�b�B�/�2�` �K�2���b�m�`�2�b �Q�7 �p���`�B���#�B�H�B�i�v �U�/�B�b�T�2�`�b�B�Q�M�V�- ���b �r�2�H�H ���b

�K�2���b�m�`�2�b �Q�7 �H�Q�+���i�B�Q�M�X

�k�X �6�Q�` �2�t���K�T�H�2�- �B�M �+�?�Q�Q�b�B�M�; �b�m�T�T�H�B�2�` �� �Q�` �b�m�T�T�H�B�2�` �" �r�2 �K�B�;�?�i �+�Q�M�b�B�/�2�` �M�Q�i �Q�M�H�v �i�?�2

���p�2�`���;�2 �/�2�H�B�p�2�`�v �i�B�K�2 �7�Q�` �2���+�?�- �#�m�i ���H�b�Q �i�?�2 �p���`�B���#�B�H�B�i�v �B�M �/�2�H�B�p�2�`�v �i�B�K�2 �7�Q�` �2���+�?�X

�_���M�;�2

�R�X �h�?�2 �`���M�;�2 �Q�7 �� �/���i�� �b�2�i �B�b �i�?�2�/�B�z�2�`�2�M�+�2�#�2�i�r�2�2�M �i�?�2 �H���`�;�2�b�i ���M�/ �b�K���H�H�2�b�i �/���i��

�p���H�m�2�X

�_���M�;�2= �H���`�;�2�b�i �p���H�m�2 �� �b�K���H�H�2�b�i �p���H�m�2

�k�X �A�i �B�b �p�2�`�v �b�2�M�b�B�i�B�p�2 �i�Q �i�?�2 �b�K���H�H�2�b�i ���M�/ �H���`�;�2�b�i �/���i�� �p���H�m�2�b�X

�A�M�i�2�`�[�m���`�i�B�H�2 �_���M�;�2 �U�A�Z�_�V

�R�X �h�?�2 �B�M�i�2�`�[�m���`�i�B�H�2 �`���M�;�2 �Q�7 �� �/���i�� �b�2�i �B�b �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2�i�?�B�`�/ �[�m���`�i�B�H�2

���M�/ �i�?�2�}�`�b�i �[�m���`�i�B�H�2�,IQR = Q3 � Q1 �X

�k�X �A�i �B�b �i�?�2�`���M�;�2 �7�Q�` �i�?�2 �K�B�/�/�H�2 �8�y�W �Q�7 �i�?�2 �/���i���X

�j�X �A�i �Q�p�2�`�+�Q�K�2�b �i�?�2 �b�2�M�b�B�i�B�p�B�i�v �i�Q�2�t�i�`�2�K�2 �/���i�� �p���H�m�2�b�X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8



�*�?���T�i�2�`�j�, �.�2�b�+�`�B�T�i�B�p�2 �a�i���i�B�b�i�B�+�b�, �L�m�K�2�`�B�+���H �J�2���b�m�`�2�b �S���;�2 �d�f�R�3

�o���`�B���M�+�2

�R�X �h�?�2 �p���`�B���M�+�2 �B�b �� �K�2���b�m�`�2 �Q�7 �p���`�B���#�B�H�B�i�v �i�?���i �m�i�B�H�B�x�2�b���H�H �i�?�2 �/���i���X

�k�X �/�2�p�B���i�B�Q�M�, �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �p���H�m�2 �Q�7 �2���+�? �Q�#�b�2�`�p���i�B�Q�M �Ux i �V ���M�/ �i�?�2

�K�2���M �U�x �7�Q�` �� �b���K�T�H�2�-� �7�Q�` �� �T�Q�T�m�H���i�B�Q�M�V�, �Ux i � �x�-x i � � �V�X

�j�X �6�Q�` ���M�v �/���i�� �b�2�i�- �i�?�2 �b�m�K �Q�7 �i�?�2 �/�2�p�B���i�B�Q�M�b ���#�Q�m�i �i�?�2 �K�2���M �r�B�H�H ���H�r���v�b �2�[�m���H

�x�2�`�Q�,
P

(x i � �x) = 0 �X

�9�X �h�?�2 �p���`�B���M�+�2 �B�b �i�?�2���p�2�`���;�2 �Q�7 �i�?�2 �b�[�m���`�2�/ �/�2�p�B���i�B�Q�M�b�#�2�i�r�2�2�M �2���+�? �/���i�� �p���H�m�2

���M�/ �i�?�2 �K�2���M�X

�8�X �h�?�2 �p���`�B���M�+�2 �7�Q�` �� �T�Q�T�m�H���i�B�Q�M �B�b�,� 2 =
P N

i =1 (x i � � )2

N
�X

�e�X �h�?�2 �p���`�B���M�+�2 �Q�7 �� �b���K�T�H�2 �B�b�,s2 =
P n

i =1 (x i � �x)2

n � 1
�X

�a�i���M�/���`�/ �.�2�p�B���i�B�Q�M

�R�X �h�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �� �/���i�� �b�2�i �B�b �i�?�2�T�Q�b�B�i�B�p�2 �b�[�m���`�2 �`�Q�Q�i�Q�7 �i�?�2 �p���`�B���M�+�2�X

�k�X �A�i �B�b �K�2���b�m�`�2�/ �B�M �i�?�2�b���K�2 �m�M�B�i�b���b �i�?�2 �Q�`�B�;�B�M���H �/���i���- �K���F�B�M�; �B�i �K�Q�`�2 �2���b�B�H�v

�B�M�i�2�`�T�`�2�i�2�/ �i�?���M �i�?�2 �p���`�B���M�+�2�X

�j�X �h�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �� �b���K�T�H�2 �B�b�,s =
p

s2 �X

�9�X �h�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �� �T�Q�T�m�H���i�B�Q�M �B�b�,� =
p

� 2 �X

�*�Q�2�{�+�B�2�M�i �Q�7 �o���`�B���i�B�Q�M

�R�X �h�?�2 �+�Q�2�{�+�B�2�M�i �Q�7 �p���`�B���i�B�Q�M �B�M�/�B�+���i�2�b �?�Q�r �H���`�;�2 �i�?�2�b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�B�b �`�2�H���@

�i�B�p�2 �i�Q �i�?�2�K�2���M �X

�k�X �h�?�2 �+�Q�2�{�+�B�2�M�i �Q�7 �p���`�B���i�B�Q�M=
�b�i���M�/���`�/ �/�2�p�B���i�B�Q�M

�K�2���M
� 100�W �X

�j�X �A�M �;�2�M�2�`���H�- �i�?�2 �+�Q�2�{�+�B�2�M�i �Q�7 �p���`�B���i�B�Q�M �B�b �� �m�b�2�7�m�H �b�i���i�B�b�i�B�+ �7�Q�` �+�Q�K�T���`�B�M�; �i�?�2�p���`�B���#�B�H�B�i�v

�Q�7 �p���`�B���#�H�2�b �i�?���i �?���p�2 �/�B�z�2�`�2�M�i �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b ���M�/ �/�B�z�2�`�2�M�i �K�2���M�b�X
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�*�?���T�i�2�`�j�, �.�2�b�+�`�B�T�i�B�p�2 �a�i���i�B�b�i�B�+�b�, �L�m�K�2�`�B�+���H �J�2���b�m�`�2�b �S���;�2 �3�f�R�3

�j�X�j �J�2���b�m�`�2�b �Q�7 �.�B�b�i�`�B�#�m�i�B�Q�M �a�?���T�2�- �_�2�H���i�B�p�2 �G�Q�+���@

�i�B�Q�M�- ���M�/ �.�2�i�2�+�i�B�M�; �P�m�i�H�B�2�`�b

�.�B�b�i�`�B�#�m�i�B�Q�M �a�?���T�2

�R�X �� �?�B�b�i�Q�;�`���K�T�`�Q�p�B�/�2�b �� �;�`���T�?�B�+���H �/�B�b�T�H���v �b�?�Q�r�B�M�; �i�?�2 �b�?���T�2 �Q�7 �� �/�B�b�i�`�B�#�m�i�B�Q�M�X

�k�X ���M �B�K�T�Q�`�i���M�i �M�m�K�2�`�B�+���H �K�2���b�m�`�2 �Q�7 �i�?�2 �b�?���T�2 �Q�7 �� �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �+���H�H�2�/�b�F�2�r�M�2�b�b�X

�j�X �h�?�2 �7�Q�`�K�m�H�� �7�Q�` �i�?�2 �b�F�2�r�M�2�b�b �Q�7 �b���K�T�H�2 �/���i�� �B�b

�a�F�2�r�M�2�b�b=
n

(n � 1)(n � 2)

nX

i =1

�
x i � �x

s

� 3

:

�9�X �6�Q�` �/���i�� �b�F�2�r�2�/ �i�Q �i�?�2 �H�2�7�i�- �i�?�2 �b�F�2�r�M�2�b�b �B�b�M�2�;���i�B�p�2�c �7�Q�` �/���i�� �b�F�2�r�2�/ �i�Q �i�?�2

�`�B�;�?�i�- �i�?�2 �b�F�2�r�M�2�b�b �B�b�T�Q�b�B�i�B�p�2�X �A�7 �i�?�2 �/���i�� ���`�2 �b�v�K�K�2�i�`�B�+�- �i�?�2 �b�F�2�r�M�2�b�b �B�b

�x�2�`�Q�X
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�*�?���T�i�2�`�j�, �.�2�b�+�`�B�T�i�B�p�2 �a�i���i�B�b�i�B�+�b�, �L�m�K�2�`�B�+���H �J�2���b�m�`�2�b �S���;�2 �N�f�R�3

�8�X �6�Q�` �� �b�v�K�K�2�i�`�B�+ �/�B�b�i�`�B�#�m�i�B�Q�M�- �i�?�2 �K�2���M ���M�/ �i�?�2 �K�2�/�B���M ���`�2�2�[�m���H�X �q�?�2�M �i�?�2

�/���i�� ���`�2 �T�Q�b�B�i�B�p�2�H�v �U�M�2�;���i�B�p�2�H�v�V�b�F�2�r�2�/�- �i�?�2 �K�2���M �r�B�H�H �m�b�m���H�H�v �#�2�;�`�2���i�2�` �U�H�2�b�b�V

�i�?���M �i�?�2 �K�2�/�B���M�X

z�@�a�+�Q�`�2�b

�R�X �h�?�2z�@�b�+�Q�`�2 �B�b �Q�7�i�2�M �+���H�H�2�/ �i�?�2�b�i���M�/���`�/�B�x�2�/�p���H�m�2�,zi =
x i � �x

s
�X

�k�X �A�i �/�2�M�Q�i�2�b �i�?�2�M�m�K�#�2� �̀Q�7 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b �� �/���i�� �p���H�m�2x i �B�b �7�`�Q�K �i�?�2

�K�2���M �X

�j�X ���M �Q�#�b�2�`�p���i�B�Q�M�ö�bz�@�b�+�Q�`�2 �B�b �� �K�2���b�m�`�2 �Q�7 �i�?�2�`�2�H���i�B�p�2 �H�Q�+���i�B�Q�M�Q�7 �i�?�2 �Q�#�b�2�`�p���i�B�Q�M

�B�M �� �/���i�� �b�2�i�X

�9�X �� �/���i�� �p���H�m�2 �2�[�m���H �i�Q �i�?�2 �b���K�T�H�2 �K�2���M �r�B�H�H �?���p�2 ��z�@�b�+�Q�`�2 �Q�7�x�2�`�Q�X

�8�X �� �/���i�� �p���H�m�2 �;�`�2���i�2�` �U�H�2�b�b�V �i�?���M �i�?�2 �b���K�T�H�2 �K�2���M �r�B�H�H �?���p�2 ��z�@�b�+�Q�`�2 �;�`�2���i�2�` �U�H�2�b�b�V

�i�?���M �x�2�`�Q�X

�*�?�2�#�v�b�?�2�p�ö�b �h�?�2�Q�`�2�K

�R�X ���i �H�2���b�i(1��1/ z2) �Q�7 �i�?�2 �/���i�� �p���H�m�2�b �K�m�b�i �#�2 �r�B�i�?�B�Mz �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b

�Q�7 �i�?�2 �K�2���M�- �r�?�2�`�2z �B�b ���M�v �p���H�m�2 �;�`�2���i�2�` �i�?���M �R�X

�k�X �*�?�2�#�v�b�?�2�p�ö�b �i�?�2�Q�`�2�K �2�M���#�H�2�b �m�b �i�Q �K���F�2 �b�i���i�2�K�2�M�i�b ���#�Q�m�i �i�?�2�T�`�Q�T�Q�`�i�B�Q�M�Q�7

�/���i�� �p���H�m�2�b �i�?���i �K�m�b�i �#�2 �r�B�i�?�B�M �� �b�T�2�+�B�}�2�/ �M�m�K�#�2�` �Q�7 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b �Q�7 �i�?�2

�K�2���M�X

�j�X �*�?�2�#�v�b�?�2�p�ö�b �i�?�2�Q�`�2�K �`�2�[�m�B�`�2�bz > 1 �c �#�m�iz �M�2�2�/ �M�Q�i �#�2 ���M�B�M�i�2�;�2�`�X

�9�X ���i �H�2���b�i�U�d�8�W�- �3�N�W�- �N�9�W�V�Q�7 �i�?�2 �/���i�� �p���H�m�2�b �K�m�b�i �#�2 �r�B�i�?�B�M�Uz = 2�-z = 3�-z = 4�V

�b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b �Q�7 �i�?�2 �K�2���M�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�R�j�k�V

�a�m�T�T�Q�b�2 �i�?���i �i�?�2 �K�B�/�i�2�`�K �i�2�b�i �b�+�Q�`�2�b �7�Q�` �R�y�y �b�i�m�/�2�M�i�b �B�M �� �+�Q�H�H�2�;�2 �#�m�b�B�M�2�b�b �b�i���i�B�b�i�B�+�b

�+�Q�m�`�b�2 �?���/ �� �K�2���M �Q�7 �d�y ���M�/ �� �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �8�X �>�Q�r �K���M�v �b�i�m�/�2�M�i�b �?���/

�i�2�b�i �b�+�Q�`�2�b �#�2�i�r�2�2�M �e�y ���M�/ �3�y�\ �>�Q�r �K���M�v �b�i�m�/�2�M�i�b �?���/ �i�2�b�i �b�+�Q�`�2�b �#�2�i�r�2�2�M �8�3 ���M�/

�3�k�\ �U�l�b�B�M�; �*�?�2�#�v�b�?�2�p�ö�b �i�?�2�Q�`�2�K�V
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�R�X �q�?�2�M �i�?�2 �/���i�� ���`�2 �#�2�H�B�2�p�2�/ �i�Q ���T�T�`�Q�t�B�K���i�2 ���#�2�H�H�@�b�?���T�2�/�/�B�b�i�`�B�#�m�i�B�Q�M �U�2�X�;�X�-

�M�Q�`�K���H�/�B�b�i�`�B�#�m�i�B�Q�M�V�- �i�?�2 �2�K�T�B�`�B�+���H �`�m�H�2 �+���M �#�2 �m�b�2�/ �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �T�2�`�+�2�M�i�@

���;�2 �Q�7 �/���i�� �p���H�m�2�b �i�?���i �K�m�b�i �#�2 �r�B�i�?�B�M �� �b�T�2�+�B�}�2�/ �M�m�K�#�2�` �Q�7 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b �Q�7

�i�?�2 �K�2���M�X

�k�X ���T�T�`�Q�t�B�K���i�2�H�v�U�e�3�W�- �N�8�W�- �N�N�W�V�Q�7 �i�?�2 �/���i�� �p���H�m�2�b �r�B�H�H �#�2 �r�B�i�?�B�M�U�Q�M�2�- �i�r�Q�- �i�?�`�2�2�V

�b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �i�?�2 �K�2���M�X
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� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�R�j�9�V

�h�?�2 �H�B�[�m�B�/ �/�2�i�2�`�;�2�M�i �+���`�i�Q�M�b ���`�2 �}�H�H�2�/ ���m�i�Q�K���i�B�+���H�H�v �Q�M �� �T�`�Q�/�m�+�i�B�Q�M �H�B�M�2�X �6�B�H�H�B�M�;

�r�2�B�;�?�i�b �7�`�2�[�m�2�M�i�H�v �?���p�2 �� �#�2�H�H�@�b�?���T�2�/ �/�B�b�i�`�B�#�m�i�B�Q�M�X �A�7 �i�?�2 �K�2���M �}�H�H�B�M�; �r�2�B�;�?�i �B�b �R�e

�Q�m�M�+�2�b ���M�/ �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �B�b �X�k�8 �Q�m�M�+�2�b�- �?�Q�r �K���M�v �}�H�H�2�/ �+���`�i�Q�M�b �r�B�H�H �U���V

�r�2�B�;�?�i�b �#�2�i�r�2�2�M �R�e ���M�/ �R�e�X�k�8 �Q�m�M�+�2�b�\ �U�#�V �r�2�B�;�?�i�b �#�2�i�r�2�2�M �R�8�X�8�y ���M�/ �R�e �Q�m�M�+�2�b�\

�U�+�V �r�2�B�;�?�i�b �H�2�b�b �i�?���M �R�8�X�8�y �Q�m�M�+�2�b�\ �U�/�V �r�2�B�;�?�i�b �#�2�i�r�2�2�M �R�8�X�8�y ���M�/ �R�e�X�k�8 �Q�m�M�+�2�b�\

�b�Q�H�,

�.�2�i�2�+�i�B�M�; �P�m�i�H�B�2�`�b

�R�X ���M�Q�m�i�H�B�2�`�B�b ���M �m�M�m�b�m���H�H�v �b�K���H�H �Q�` �m�M�m�b�m���H�H�v �H���`�;�2 �p���H�m�2 �B�M �� �/���i�� �b�2�i�X

�k�X �� �/���i�� �p���H�m�2 �r�B�i�? ��z�@�b�+�Q�`�2�H�2�b�b �i�?���M��3 �Q�` �;�`�2���i�2�` �i�?���M+3 �K�B�;�?�i

�#�2 �+�Q�M�b�B�/�2�`�2�/ ���M �Q�m�i�H�B�2�`�X

�j�X ���M�Q�i�?�2�` ���T�T�`�Q���+�? �i�Q �B�/�2�M�i�B�7�v�B�M�; �Q�m�i�H�B�2�`�b �B�b �#���b�2�/ �m�T�Q�M �i�?�2 �p���H�m�2�b �Q�7 �i�?�2 �}�`�b�i ���M�/

�i�?�B�`�/ �[�m���`�i�B�H�2�b �UQ1 ���M�/Q3�V ���M�/ �i�?�2 �B�M�i�2�`�[�m���`�i�B�H�2 �`���M�;�2 �U�A�Z�_�V�X

�G�Q�r�2�` �G�B�K�B�i= Q1�• 1:5(IQR ) ; �l�T�T�2�` �G�B�K�B�i= Q3 + 1:5(IQR )

�9�X ���M �Q�#�b�2�`�p���i�B�Q�M �B�b �+�H���b�b�B�}�2�/ ���b ���M �Q�m�i�H�B�2�` �B�7 �B�i�b �p���H�m�2 �B�b�H�2�b�b�i�?���M �i�?�2 �G�Q�r�2�` �H�B�K�B�i

�Q�` �;�`�2���i�2�` �i�?���M �i�?�2 �l�T�T�2�` �H�B�K�B�i�X
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�j�X�9 �6�B�p�2�@�L�m�K�#�2�` �a�m�K�K���`�B�2�b ���M�/ �"�Q�t �S�H�Q�i�b

�6�B�p�2�@�L�m�K�#�2�` �a�m�K�K���`�v

�R�X �6�B�p�2�@�L�m�K�#�2�` �a�m�K�K���`�v�, �b�K���H�H�2�b�i �p���H�m�2�-�}�`�b�i �[�m���`�i�B�H�2 �UQ1�V �- �K�2�/�B���M�- �i�?�B�`�/

�[�m���`�i�B�H�2 �UQ3�V�- ���M�/ �H���`�;�2�b�i �p���H�m�2�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�R�j�3�V

�h�?�2 �K�Q�M�i�?�H�v �b�i���`�i�B�M�; �b���H���`�v �/���i�� �B�b �b�?�Q�r�M �B�M ���b�+�2�M�/�B�M�; �Q�`�/�2�` �#�2�H�Q�r�-

�8�d�R�y �8�d�8�8 �8�3�8�y �8�3�3�y �8�3�3�y �8�3�N�y �8�N�k�y �8�N�9�y �8�N�8�y �e�y�8�y �e�R�j�y �e�j�k�8

�6�B�M�/ �i�?�2 �}�p�2�@�M�m�K�#�2�` �b�m�K�K���`�v�X

�b�Q�H�,

�"�Q�t �S�H�Q�i

�R�X �� �#�Q�t �T�H�Q�i�B�b �� �;�`���T�?�B�+���H �/�B�b�T�H���v �Q�7 �/���i�� �i�?���i �B�b �#���b�2�/ �Q�M �� �}�p�2�@�M�m�K�#�2�` �b�m�K�@

�K���`�v�X
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�k�X �"�Q�t �T�H�Q�i�b �T�`�Q�p�B�/�2 ���M�Q�i�?�2�` �r���v �i�Q �B�/�2�M�i�B�7�v�Q�m�i�H�B�2�`�b�X

�U���V �� �#�Q�t �B�b �/�`���r�M �r�B�i�? �B�i�b �2�M�/�b �H�Q�+���i�2�/ ���i �i�?�2 �}�`�b�i ���M�/ �i�?�B�`�/ �[�m���`�i�B�H�2�b�X

�U�#�V �� �p�2�`�i�B�+���H �H�B�M�2 �B�b �/�`���r�M �B�M �i�?�2 �#�Q�t ���i �i�?�2 �H�Q�+���i�B�Q�M �Q�7 �i�?�2�K�2�/�B���M�U�b�2�+�Q�M�/

�[�m���`�i�B�H�2�V�X

�U�+�V �"�Q�t �H�B�K�B�i�b ���`�2 �H�Q�+���i�2�/ �m�b�B�M�; �i�?�2�B�M�i�2�`�[�m���`�i�B�H�2 �`���M�;�2 �U�A�Z�_�V�X

�U�/�V �.���i�� �Q�m�i�b�B�/�2 �i�?�2 �#�Q�t� 1:5IQR ���`�2 �+�Q�M�b�B�/�2�`�2�/�Q�m�i�H�B�2�`�b�U�b�?�Q�r�M �r�B�i�?

�i�?�2 �b�v�K�#�Q�H� �V�X

�U�2�V �h�?�2 �?�Q�`�B�x�Q�M�i���H �H�B�M�2�b �2�t�i�2�M�/�B�M�; �7�`�Q�K �2���+�? �2�M�/ �Q�7 �i�?�2 �#�Q�t �B�M �6�B�;�m�`�2 �j�X�e ���`�2

�+���H�H�2�/�r�?�B�b�F�2�`�b�X �h�?�2 �r�?�B�b�F�2�`�b ���`�2 �/�`���r�M �7�`�Q�K �i�?�2 �2�M�/�b �Q�7 �i�?�2 �#�Q�t �i�Q �i�?�2

�b�K���H�H�2�b�i ���M�/ �H���`�;�2�b�i �p���H�m�2�b �B�M�b�B�/�2 �i�?�2 �H�B�K�B�i�b�X

�j�X �"�Q�t�T�H�Q�i�b �+���M ���H�b�Q �#�2 �m�b�2�/ �i�Q �T�`�Q�p�B�/�2 �� �;�`���T�?�B�+���H �b�m�K�K���`�v �Q�7 �i�r�Q �Q�` �K�Q�`�2 �;�`�Q�m�T�b

���M�/ �7���+�B�H�B�i���i�2�p�B�b�m���H �+�Q�K�T���`�B�b�Q�M�b���K�Q�M�; �i�?�2�;�`�Q�m�T�b�X
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�*�?���T�i�2�`�j�, �.�2�b�+�`�B�T�i�B�p�2 �a�i���i�B�b�i�B�+�b�, �L�m�K�2�`�B�+���H �J�2���b�m�`�2�b �S���;�2 �R�9�f�R�3

�j�X�8 �J�2���b�m�`�2�b �Q�7 ���b�b�Q�+�B���i�B�Q�M �"�2�i�r�2�2�M �h�r�Q �o���`�B���#�H�2�b

�*�Q�p���`�B���M�+�2

�R�X �h�?�2 �+�Q�p���`�B���M�+�2 �B�b �� �K�2���b�m�`�2 �Q�7 �i�?�2�H�B�M�2���` ���b�b�Q�+�B���i�B�Q�M�#�2�i�r�2�2�M �i�r�Q �p���`�B���#�H�2�b�X

�6�Q�` �� �b���K�T�H�2 �Q�7 �b�B�x�2n �r�B�i�? �i�?�2 �Q�#�b�2�`�p���i�B�Q�M�b(x1; y1); (x2; y2); � � � ; (xn ; yn )�- �i�?�2 �b���K�T�H�2

�+�Q�p���`�B���M�+�2 �B�b �/�2�}�M�2�/ ���b �7�Q�H�H�Q�r�b�,

Sxy =
P

(x i � �x)(yi � �y)
n � 1

�k�X �G�2�i� x �#�2 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �Q�7 �i�?�2 �p���`�B���#�H�2x ���M�/ � y �#�2 �i�?�2 �T�Q�T�m�H���i�B�Q�M

�K�2���M �Q�7 �i�?�2 �p���`�B���#�H�2y�X �h�?�2 �T�Q�T�m�H���i�B�Q�M �+�Q�p���`�B���M�+�2� xy �B�b �/�2�}�M�2�/ �7�Q�` �� �T�Q�T�m�H���i�B�Q�M

�Q�7 �b�B�x�2N �,

� xy =
P

(x i � � x )(yi � � y)
N

�j�X �S�Q�b�B�i�B�p�2�U�L�2�;���i�B�p�2�V�p���H�m�2�b �Q�7 �+�Q�p���`�B���M�+�2 �B�M�/�B�+���i�2 �� �T�Q�b�B�i�B�p�2�U�M�2�;���i�B�p�2�V

�`�2�H���i�B�Q�M�b�?�B�T�X
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� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�R�9�j�V

�*�Q�K�T�m�i�2 �i�?�2 �b���K�T�H�2 �+�Q�p���`�B���M�+�2 �i�Q �K�2���b�m�`�2 �i�?�2 �b�i�`�2�M�;�i�? �Q�7 �i�?�2 �H�B�M�2���` �`�2�H���i�B�Q�M�b�?�B�T

�#�2�i�r�2�2�M �i�?�2 �M�m�K�#�2�` �Q�7 �+�Q�K�K�2�`�+�B���H�bx ���M�/ �i�?�2 �b���H�2�b �p�Q�H�m�K�2y �B�M �i�?�2 �a���M �6�`���M�+�B�b�+�Q

�2�H�2�+�i�`�Q�M�B�+�b �b�i�Q�`�2 �T�`�Q�#�H�2�K�X

�b�Q�H�,

�A�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7 �i�?�2 �*�Q�p���`�B���M�+�2

�R�X �U�6�B�;�m�`�2 �j�X�R�y�V �S�Q�B�M�i�b �B�M �[�m���/�`���M�i �A �+�Q�`�`�2�b�T�Q�M�/ �i�Qx i �;�`�2���i�2�` �i�?���M�x ���M�/yi

�;�`�2���i�2�` �i�?���M�y�X

�k�X �A�7 �i�?�2 �p���H�m�2 �Q�7sxy �B�b �T�Q�b�B�i�B�p�2 �U�M�2�;���i�B�p�2�V�- �i�?�2 �T�Q�B�M�i�b �r�B�i�? �i�?�2 �;�`�2���i�2�b�i �B�M�~�m�@

�2�M�+�2 �Q�Msxy �K�m�b�i �#�2 �B�M �[�m���/�`���M�i�b �A ���M�/ �A�A�A �U�A�A ���M�/ �A�o�V�X �>�2�M�+�2�- �� �T�Q�b�B�i�B�p�2

�U �M�2�;���i�B�p�2�V �p���H�m�2 �7�Q�`sxy �B�M�/�B�+���i�2�b �� �T�Q�b�B�i�B�p�2 �U�M�2�;���i�B�p�2�V �H�B�M�2���` ���b�b�Q�+�B���i�B�Q�M

�#�2�i�r�2�2�Mx ���M�/y�c �i�?���i �B�b�- ���b �i�?�2 �p���H�m�2 �Q�7x �B�M�+�`�2���b�2�b �U�/�2�+�`�2���b�2�b�V�- �i�?�2 �p���H�m�2 �Q�7

y �B�M�+�`�2���b�2�b �U�/�2�+�`�2���b�2�b�V�X

�j�X �h�?�2 �T�Q�B�M�i�b ���`�2 �2�p�2�M�H�v �/�B�b�i�`�B�#�m�i�2�/ ���+�`�Q�b�b ���H�H �7�Q�m�` �[�m���/�`���M�i�b�- �i�?�2 �p���H�m�2 �Q�7sxy �r�B�H�H �#�2

�+�H�Q�b�2 �i�Q �x�2�`�Q�- �B�M�/�B�+���i�B�M�;�M�Q �H�B�M�2���` ���b�b�Q�+�B���i�B�Q�M�#�2�i�r�2�2�Mx ���M�/y�X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8



�*�?���T�i�2�`�j�, �.�2�b�+�`�B�T�i�B�p�2 �a�i���i�B�b�i�B�+�b�, �L�m�K�2�`�B�+���H �J�2���b�m�`�2�b �S���;�2 �R�e�f�R�3

�9�X �U�6�B�;�m�`�2 �j�X�R�R�V �i�?�2 �p���H�m�2�b �Q�7sxy �+���M �#�2 �2�t�T�2�+�i�2�/ �r�B�i�? �i�?�`�2�2 �/�B�z�2�`�2�M�i �i�v�T�2�b �Q�7 �b�+���i�i�2�`

�/�B���;�`���K�b�X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8



�*�?���T�i�2�`�j�, �.�2�b�+�`�B�T�i�B�p�2 �a�i���i�B�b�i�B�+�b�, �L�m�K�2�`�B�+���H �J�2���b�m�`�2�b �S���;�2 �R�d�f�R�3

�8�X �>�Q�r�2�p�2�`�- �Q�M�2 �T�`�Q�#�H�2�K �r�B�i�? �m�b�B�M�; �+�Q�p���`�B���M�+�2 ���b �� �K�2���b�m�`�2 �Q�7 �i�?�2 �b�i�`�2�M�;�i�? �Q�7 �i�?�2 �H�B�M�@

�2���` �`�2�H���i�B�Q�M�b�?�B�T �B�b �i�?���i �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �+�Q�p���`�B���M�+�2 �/�2�T�2�M�/�b �Q�M �i�?�2�m�M�B�i�b �Q�7 �K�2���b�m�`�2�K�2�M�i

�7�Q�`x ���M�/y�X

�e�X �� �K�2���b�m�`�2 �Q�7 �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�M �i�r�Q �p���`�B���#�H�2�b �i�?���i �B�b �M�Q�i ���z�2�+�i�2�/ �#�v �i�?�2 �m�M�B�i�b

�Q�7 �K�2���b�m�`�2�K�2�M�i �7�Q�`x ���M�/y �B�b �i�?�2�+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i�X

�*�Q�`�`�2�H���i�B�Q�M �*�Q�2�{�+�B�2�M�i

�R�X �*�Q�`�`�2�H���i�B�Q�M �B�b �� �K�2���b�m�`�2 �Q�7 �H�B�M�2���` ���b�b�Q�+�B���i�B�Q�M ���M�/ �M�Q�i �M�2�+�2�b�b���`�B�H�v�+���m�b���i�B�Q�M�X

�k�X �h�?�2 �b���K�T�H�2 �S�2���`�b�Q�M �T�`�Q�/�m�+�i �K�Q�K�2�M�i �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i�,

r xy =
sxy

sxsy
;

�r�?�2�`�2sx �Usy �V �B�b �i�?�2 �b���K�T�H�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7x �Uy�V�X

�j�X �h�?�2 �T�Q�T�m�H���i�B�Q�M �S�2���`�b�Q�M �T�`�Q�/�m�+�i �K�Q�K�2�M�i �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i�,

� xy =
� xy

� x � y
;

�r�?�2�`�2� x �U� y �V �B�b �i�?�2 �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7x �Uy�V�X

�9�X �h�?�2 �+�Q�2�{�+�B�2�M�i �+���M �i���F�2 �Q�M �p���H�m�2�b �#�2�i�r�2�2�M��1 ���M�/+1 �X

�8�X �o���H�m�2�b �M�2���`��1 �U+1�V �B�M�/�B�+���i�2 ���b�i�`�Q�M�; �M�2�;���i�B�p�2�U�T�Q�b�B�i�B�p�2�V�H�B�M�2���`�`�2�@

�H���i�B�Q�M�b�?�B�T�X

�e�X �h�?�2 �+�H�Q�b�2�` �i�?�2 �+�Q�`�`�2�H���i�B�Q�M �B�b �i�Q�x�2�`�Q�- �i�?�2 �r�2���F�2�` �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T�X

�d�X �L�P�h�1�, �� �?�B�;�? �+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M �i�r�Q �p���`�B���#�H�2�b �/�Q�2�b �M�Q�i �K�2���M �i�?���i �+�?���M�;�2�b �B�M

�Q�M�2 �p���`�B���#�H�2 �r�B�H�H �+���m�b�2 �+�?���M�;�2�b �B�M �i�?�2 �Q�i�?�2�` �p���`�B���#�H�2�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�R�9�d�V

�G�2�i(x i ; yi ); i = 1; 2; 3 �#�2 �i�?�2(5; 10); (10; 30); (15; 50)�X �*�Q�K�T�m�i�2 �i�?�2 �b���K�T�H�2 �+�Q�`�`�2�H���@

�i�B�Q�M �#�2�i�r�2�2�Mx ���M�/y�X

�b�Q�H�,

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8



�*�?���T�i�2�`�j�, �.�2�b�+�`�B�T�i�B�p�2 �a�i���i�B�b�i�B�+�b�, �L�m�K�2�`�B�+���H �J�2���b�m�`�2�b �S���;�2 �R�3�f�R�3

�j�X�e �.���i�� �.���b�?�#�Q���`�/�b�, ���/�/�B�M�; �L�m�K�2�`�B�+���H �J�2���b�m�`�2�b

�i�Q �A�K�T�`�Q�p�2 �1�z�2�+�i�B�p�2�M�2�b�b�

�Ú �1�s�1�_�*�A�a�1�a
'

&

$

%

�j�X�R�, �8�- �e�- �R�y

�j�X�k�, �k�8�- �j�k�- �j�9

�j�X�j�, �j�3�- �9�R�- �9�j�- �9�8

�j�X�9�, �9�e�- �9�d�- �8�y

�j�X�8�, �8�8�- �8�N�- �e�y

�a�l�S �, �e�9�- �e�d�- �d�R

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8



�?�i�i�T�b�,�f�f�?�K�r�m�X�B�/�p�X�i�r YïK~gè

#ôYç�Z#Ì

�ó+_O¹GÌ[?Yh%k5£0�Oê�•0�Oê�•!t0�Oê�•1ø,�6�`��ò5 <¼1÷@¡I¸+_+•Fk �ô
�ó�G�2���`�M�B�M�; �F�M�Q�r�H�2�/�;�2 �K�m�b�i �#�2 �;�Q�Q�/ ���i �i�?�B�M�F�B�M�;�- �i�?�B�M�F�B�M�;�- ���M�/ �i�?�B�M�F�B�M�;�- �A �#�2�+�Q�K�2 �� �b�+�B�@
�2�M�i�B�b�i �#�v �i�?�B�b �K�2�i�?�Q�/�X�ô

�� ���H�#�2�`�i �1�B�M�b�i�2�B�M �U�J��� �̀+�? �R�9�- �R�3�d�N� ���T�`�B�H �R�3�- �R�N�8�8�V

MXYï+ö5,�r�•�Äf‘9TFk.Z'.5_Qî[qEW5_

#(�D�ýLçFkRØ&ò�•-Ì9TgP$d.��m�mI%6êQîMz?ÆFk"n@¯_0[q�Û�¡#Ê_¬`�Q•Q �•'µ-é��\Ž
+³-Õ]Ä4Û)��•-Ì�¡fuM�FkE�="D—(j0È"Š�•E¥E¬Qî;b�ˆCn,,j¿�ô�ò�Û;K6)�•(äf‘Qî.[a¸
"�.•er)²_÷?�Qï]^�Û�¡�ø>�7�_ö`5�Äf‘�m+ô2~�¡E�Fk�ôH¡+•0��•�-�ç�ò%6h3)²M)+?'��•
�Äf‘!S#ßZY)i�<Z�Yï#ïCíFk�Ä\¢�¢

`��
�ô6�L�%•Fk%-9T%6h3�•Oó6��ç�òMXYï%6h3�ÛRÌ�Ä\¢`5�5�•!S#ß6ê&Ç@¡\Ç�¿`5)�
Oó�ùep�žRÌ�Ä\¢`5j¿�•;øG%,��ôh?2|�Ä�ÛYh'�!POì�2ez2e"�.ZXH�•/¬gï�„gG�å5_4Á�æQî

�å5_ #XHa¶�æ�Û

'�`�:
FkP³6V�ò�•!áCå�m�ç�4a´YhFkMXYï+_+•����)è.°�‘<¼B%�‹ �q�B�H�H�B���K �6���`�`�Œ�Û�½
6�RØ&ò&ò+•MXYï,'Fk8�/ª�¡BP�•X’Y}@¡Cå�Ê!S!XXBE�MXYïFk!/j,�2�ç�Û<¼B%Fk\‰Cb�2
�ç�•,�6�+î�å5_+>�æQî�å�¡hE(ä$d�æM7#ï�•.áJ²�mLâMX0�FkE�$dXO�‹ �H�B�7�2 �i���#�H�2�Œ�Û

<¼B%5�f­�m)�a¶;b�ˆLçbë�•8 4Á�ô#ó.[oH,K5[Cí!áE�+?Qî;b�ˆFk:FCn�Û�½FcCå�•%•
LûYïK~�å.Z'.(ä$d�æ`G`G�ô)��ÛQð�r�mZ‘�•RÌ7·�çO‹�¡Fk.Z'.(ä$d6� �8�y;Y�•�
�ô�ÊXO
;¶�ò�¡`ä=""� �8�y;Y�Û6ð�‚�¡#ÖPä'� �j�y ;Y5Ð`��•6ð�‚�¡#bPä=""� �3�y;Y�ÛRÌ#ÑFò.Z'.
5_�•1ø�ø6ê/äEL3pO‹j»!N`ÏFk-Ï)�-ÕEW�Û

&Ç;K�•<¼B%B`"�/�Z¦[qEW5_Qî:�>}-ÕFk0öO•�Û[qEW5_$1Z�1ø�ø5_4Á!í5JFkIò.•�•Oó
:�>}-Õ".[z1ø�ø6ÛFÛY§'�CíYÊ`�J�<É"¼�Û`��‚9i/Ü'��Äf‘YïK~��,�!]a´Yh�Û&Ç@¡�Äf‘
!S#ßfçYhGÌ`:Fk�ô6��å.Z'.(ä$d�æ�•Oó6��å#ÖPäFk(ä$d!í-ê�æ�Û#Ñ6ð3s3È!í-êFkK«&ôQî[q
EW�•�½�ø24Pä#ïCíZ�Yï�Ä\¢�•5É�ôQÚ5£2f4»`5)�Fkh•f‘�•�F�ô6ê[zhN+‰Y¡/~�ô!S.Z�Û

<¼B%FkE�$dXO/s�m1÷@¡Cå�ÊL¥K~+_Fk'áHõ�Û�±)�Fk�Äf‘!S#ß�„A��„gG#ó:
Fk`v_��•
5�f­5_4Á �¹ YïK~.Z'. # �¹ XHa¶[qEW�¹ .áJ²(ä$d!í-ê:�'r �¹ "�+•�Ä\¢5 8/�ÛE�QÚ_ç
�øa¸"�.•�ÚI%6ê�Äf‘FkZ�Yï�•�F`äfÉ�ôer`�)>5 <¼�Û

fK�m�Äf‘9T�•5_ #XHa¶Fk/Xgæ`k4Û,<"�!]�½gÿ'Æ�Û�r)i�•'�5@P™���•.Z'.1÷N%$1Z�
1ø�ø!OCÔFk+_O¹<�>}�•�-:�>}-Õ".3ÔI!+_E�1÷N%6�$
f­��1ý!í5J�Û'�2|\®���•.Z'.(�
aSCnXOI!#ÖPäFk5�F±�•Oó:�>}-Õ".�ÊXO2|\®Fkh•f‘Iò.•�ÛRÌ ¬Fò.Z'. #�•2|\®Oì#ÖPä
Z‹�Ì@¡(�aSJP+•�•�-RÌ[qEW5_9\j¿�•,�0ö$ZT>h•f‘-Ï)��Û

`��‚�r+7`ä2î#ø#ó�ç�ò`:Cí�•.Z'.5_6�3¶_×�å��/ª�æ�•[qEW5_".6�CíYÊ�å�ôH¡+•0��æ
FkeÃc\�ÛO!�ç�ô#Ö�Û

5@77$c1°�ñ�•K��ðJÇYh+_E�3s3ÈFk;J6�`��‚8�/ª5_+>�•.Z'.5_�Ú���45_�ÚG%5_�Ú[q
EW5_�Ú:�>}-Õ�Û+j�øFò�#L�%•�•�-P³/s5�4wT>5[�ò�Äf‘9T�Úa¸Wt9T�Ú5@P™Qî!S!X5&K=�Û

�b�b�b



�?�i�i�T�b�,�f�f�?�K�r�m�X�B�/�p�X�i�r YïK~gè

E]<¼B%'�#(�D�ýLçZ�Yï!áK��ç�äE�$dXO6)�•�½!]+Í�ô#Ñ6�3·�‚�m�ç/�XO8#�•Oó6�.áJ²
�m�çJ��åE�5_+>Fò�ýE3�æFk5 .ö�Û

+ô+_E�OóYç�•`��çJÇFka´nÅ�ô'�5£;bYÿ!S.ö�•Oó'�5£CíYÊ�•@¡�§n£�¡hEfçYh`��‚5_
 #XHa¶�¢+j�ø.R"•1ø�ø"ýYÊ�ôH¡+•0��•[z<aK=6Û6ð�„4Á�Û3Â#ÌZXZ‘�•E]1ø�øYïK~.Z'.
5_Qî:�>}-Õ6)�•1ø�ø;J'�.ÝNs<¼B%Fk-Ì�C�•+_O¹E�5_+>#¢CíYÊ�¡hEFkE�$dQîh•f‘�Û

�b�b�b



�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v �S���;�2 �R�f�k�j

MXYï+_�U�ç �V
���M�/�2�`�b�Q�M�ö�b �a�i���i�B�b�i�B�+�b �7�Q�` �"�m�b�B�M�2�b�b �� �1�+�Q�M�Q�K�B�+�b �U�R�9�f�1�V

�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v

�ñZ™6)ez'�nÅ�, �s �.�8�e�-%-i� �k�e�y�k�y�e

3oZ™5@.��, $�?	b• �U&òJ²5&<¢)�+_MXYï+_Lâ"V5@3o�V

5@+_M™JÀ�, �?�i�i�T�b�,�f�f�?�K�r�m�X�B�/�p�X�i�r

�P�p�2�`�p�B�2�r

�R�X
�

�

�

��1�t���K�T�H�2 �J���M���;�2�`�b �Q�7�i�2�M �#���b�2 �i�?�2�B�` �/�2�+�B�b�B�Q�M�b �Q�M ���M ���M���H�v�b�B�b �Q�7�m�M�+�2�`�i���B�M�i�B�2�b

�b�m�+�? ���b �i�?�2 �7�Q�H�H�Q�r�B�M�;�,

�U���V �q�?���i ���`�2 �i�?�2�+�?���M�+�2�b�i�?���i �i�?�2 �b���H�2�b �r�B�H�H �/�2�+�`�2���b�2 �B�7 �r�2 �B�M�+�`�2���b�2 �T�`�B�+�2�b�\

�U�#�V �q�?���i �B�b �i�?�2�H�B�F�2�H�B�?�Q�Q�/�� �M�2�r ���b�b�2�K�#�H�v �K�2�i�?�Q�/ �r�B�H�H �B�M�+�`�2���b�2 �T�`�Q�/�m�+�i�B�p�B�i�v�\

�U�+�V �>�Q�r�H�B�F�2�H�v�B�b �B�i �i�?���i �i�?�2 �T�`�Q�D�2�+�i �r�B�H�H �#�2 �}�M�B�b�?�2�/ �Q�M �i�B�K�2�\

�U�/�V �q�?���i �B�b �i�?�2�+�?���M�+�2�i�?���i �� �M�2�r �B�M�p�2�b�i�K�2�M�i �r�B�H�H �#�2 �T�`�Q�}�i���#�H�2�\

�k�X �S�`�Q�#���#�B�H�B�i�v�,

�U���V �S�`�Q�#���#�B�H�B�i�v �B�b �� �M�m�K�2�`�B�+���H �K�2���b�m�`�2 �Q�7 �i�?�2�H�B�F�2�H�B�?�Q�Q�/�i�?���i ���M �2�p�2�M�i �r�B�H�H

�Q�+�+�m�`�X

�U�#�V �S�`�Q�#���#�B�H�B�i�v �p���H�m�2�b ���`�2 ���H�r���v�b ���b�b�B�;�M�2�/ �Q�M �� �b�+���H�2 �7�`�Q�K�y �i�Q �R�X

�U�+�V �� �T�`�Q�#���#�B�H�B�i�v �M�2���` �x�2�`�Q �B�M�/�B�+���i�2�b ���M �2�p�2�M�i �B�b�[�m�B�i�2 �m�M�H�B�F�2�H�v�i�Q �Q�+�+�m�`�X

�U�/�V �� �T�`�Q�#���#�B�H�B�i�v �M�2���` �Q�M�2 �B�M�/�B�+���i�2�b ���M �2�p�2�M�i �B�b���H�K�Q�b�i �+�2�`�i���B�M�i�Q �Q�+�+�m�`�X

�9�X�R �_���M�/�Q�K �1�t�T�2�`�B�K�2�M�i�b�- �*�Q�m�M�i�B�M�; �_�m�H�2�b�- ���M�/ ���b�@

�b�B�;�M�B�M�; �S�`�Q�#���#�B�H�B�i�B�2�b

�R�X�_���M�/�Q�K �2�t�T�2�`�B�K�2�M�i�b�, �� �`���M�/�Q�K �2�t�T�2�`�B�K�2�M�i �B�b �� �T�`�Q�+�2�b�b �i�?���i �;�2�M�2�`���i�2�b�r�2�H�H�@�/�2�}�M�2�/
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�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v �S���;�2 �k�f�k�j

�2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b�X �P�M ���M�v �b�B�M�;�H�2 �`�2�T�2�i�B�i�B�Q�M �Q�` �i�`�B���H�- �i�?�2�Q�m�i�+�Q�K�2�i�?���i

�Q�+�+�m�`�b �B�b �/�2�i�2�`�K�B�M�2�/ �+�Q�K�T�H�2�i�2�H�v�#�v �+�?���M�+�2�X

�k�X�a���K�T�H�2 �b�T���+�2S�, �i�?�2 �b���K�T�H�2 �b�T���+�2 �7�Q�` �� �`���M�/�Q�K �2�t�T�2�`�B�K�2�M�i �B�b �i�?�2 �b�2�i �Q�7���H�H

�2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b�X

�j�X ���M �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2 �B�b ���H�b�Q �+���H�H�2�/ ���b���K�T�H�2 �T�Q�B�M�i�i�Q �B�/�2�M�i�B�7�v �B�i ���b ���M

�2�H�2�K�2�M�i �Q�7 �i�?�2 �b���K�T�H�2 �b�T���+�2�X

�9�X
�

�

�

��1�t���K�T�H�2 �h�Q�b�b�B�M�; �� �*�Q�B�M

�U���V �h�Q�b�b�B�M�; �i�?�2 �+�Q�B�M �i�?�2 �m�T�r���`�/ �7���+�2 �r�B�H�H �#�2 �2�B�i�?�2�` ���?�2���/ �U�>�V�Q�` �� �i���B�H �U�h�V�X

�h�?�2�`�2 ���`�2 �i�r�Q �T�Q�b�b�B�#�H�2 �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b�, �?�2���/ �Q�` �i���B�H �U�b���K�T�H�2 �T�Q�B�M�i�b�V�X

�U�#�V �1���+�? �i�B�K�2 �r�2 �i�Q�b�b �i�?�2 �+�Q�B�M �r�2 �r�B�H�H �2�B�i�?�2�` �Q�#�b�2�`�p�2 �� �?�2���/ �Q�` �� �i���B�H�X ���M�/�-

�i�?�2 �Q�m�i�+�Q�K�2 �i�?���i �Q�+�+�m�`�b �Q�M ���M�v �i�`�B���H �B�b �/�2�i�2�`�K�B�M�2�/ �b�Q�H�2�H�v�#�v �+�?���M�+�2�Q�`

�`���M�/�Q�K �p���`�B���#�B�H�B�i�v�X

�U�+�V �"�v �b�T�2�+�B�7�v�B�M�; ���H�H �i�?�2 �T�Q�b�b�B�#�H�2 �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b�- �r�2 �B�/�2�M�i�B�7�v �i�?�2 �b���K�T�H�2

�b�T���+�2S = f Head; Tailg �Q�` S = f H; T g �7�Q�` �� �`���M�/�Q�K �2�t�T�2�`�B�K�2�M�i�X

�8�X
�

�

�

��1�t���K�T�H�2 �_�Q�H�H�B�M�; �� �.�B�2

�U���V �h�?�2 �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b�- �/�2�}�M�2�/ ���b �i�?�2 �M�m�K�#�2�` �Q�7 �/�Q�i�b ���T�T�2���`�B�M�; �Q�M �i�?�2

�7���+�2 �Q�7 �i�?�2 �/�B�2�- ���`�2 �i�?�2 �b�B�t �b���K�T�H�2 �T�Q�B�M�i�b �B�M �i�?�2 �b���K�T�H�2 �b�T���+�2S = f 1; 2; 3; 4; 5; 6g

�7�Q�` �i�?�B�b �`���M�/�Q�K �2�t�T�2�`�B�K�2�M�i�X

�*�Q�m�M�i�B�M�; �_�m�H�2�b�- �*�Q�K�#�B�M���i�B�Q�M�b�- ���M�/ �S�2�`�K�m�i���i�B�Q�M�b

�R�X �"�2�B�M�; ���#�H�2 �i�Q �B�/�2�M�i�B�7�v ���M�/�+�Q�m�M�i�i�?�2 �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b �B�b �� �M�2�+�2�b�b���`�v �b�i�2�T

�B�M ���b�b�B�;�M�B�M�; �T�`�Q�#���#�B�H�B�i�B�2�b�X

�k�X�*�Q�m�M�i�B�M�; �_�m�H�2 �7�Q�` �J�m�H�i�B�T�H�2�@�a�i�2�T �1�t�T�2�`�B�K�2�M�i�b�, �A�7 ���M �2�t�T�2�`�B�K�2�M�i �+���M �#�2 �/�2�@

�b�+�`�B�#�2�/ ���b �� �b�2�[�m�2�M�+�2 �Q�7k �b�i�2�T�b �r�B�i�?n1 �T�Q�b�b�B�#�H�2 �Q�m�i�+�Q�K�2�b �Q�M �i�?�2 �}�`�b�i �b�i�2�T�-

n2 �T�Q�b�b�B�#�H�2 �Q�m�i�+�Q�K�2�b �Q�M �i�?�2 �b�2�+�Q�M�/ �b�i�2�T�- ���M�/ �b�Q �Q�M�- �i�?�2�M �i�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �2�t�@

�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b �B�b �;�B�p�2�M �#�v(n1)(n2) � � � (nk) �X

�j�X�h�`�2�2 �.�B���;�`���K�, �� �;�`���T�?�B�+���H �`�2�T�`�2�b�2�M�i���i�B�Q�M �i�?���i �?�2�H�T�b �B�M �p�B�b�m���H�B�x�B�M�; �� �K�m�H�i�B�T�H�2�@�b�i�2�T

�2�t�T�2�`�B�K�2�M�i�X
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�9�X
�

�

�

��1�t���K�T�H�2 �h�Q�b�b�B�M�; �i�r�Q �*�Q�B�M�b

�U���V �h�?�2 �2�t�T�2�`�B�K�2�M�i �Q�7 �i�Q�b�b�B�M�; �i�r�Q �+�Q�B�M�b �+���M �#�2 �i�?�Q�m�;�?�i �Q�7 ���b �� �i�r�Q�@�b�i�2�T �2�t�T�2�`�B�K�2�M�i

�B�M �r�?�B�+�? �b�i�2�T �R �B�b �i�?�2 �i�Q�b�b�B�M�; �Q�7 �i�?�2 �}�`�b�i �+�Q�B�M�Un1 = 2�V ���M�/ �b�i�2�T �k �B�b �i�?�2

�i�Q�b�b�B�M�; �Q�7 �i�?�2 �b�2�+�Q�M�/ �+�Q�B�M�Un2 = 2�V �X

�U�#�V �h�?�2 �b���K�T�H�2 �b�T���+�2 �7�Q�` �i�?�B�b �+�Q�B�M�@�i�Q�b�b�B�M�; �2�t�T�2�`�B�K�2�M�iS = f (H; H ); (H; T ); (T; H); (T; T)g �-

�9 �/�B�b�i�B�M�+�i �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b ���`�2 �T�Q�b�b�B�#�H�2�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�R�3�k�V

�h�?�2 �E�2�M�i�m�+�F�v �S�Q�r�2�` �� �G�B�;�?�i �*�Q�K�T���M�v �U�E�S���G�V �B�b �b�i���`�i�B�M�; �� �T�`�Q�D�2�+�i �/�2�b�B�;�M�2�/ �i�Q

�B�M�+�`�2���b�2 �i�?�2 �;�2�M�2�`���i�B�M�; �+���T���+�B�i�v �Q�7 �Q�M�2 �Q�7 �B�i�b �T�H���M�i�b �B�M �M�Q�`�i�?�2�`�M �E�2�M�i�m�+�F�v�X �h�?�2

�T�`�Q�D�2�+�i �B�b �/�B�p�B�/�2�/ �B�M�i�Q �i�r�Q �b�2�[�m�2�M�i�B���H �b�i���;�2�b �Q�` �b�i�2�T�b�, �b�i���;�2 �R �U�/�2�b�B�;�M�V ���M�/ �b�i���;�2

�k �U�+�Q�M�b�i�`�m�+�i�B�Q�M�V�X ���M ���M���H�v�b�B�b �Q�7 �b�B�K�B�H���` �+�Q�M�b�i�`�m�+�i�B�Q�M �T�`�Q�D�2�+�i�b �`�2�p�2���H�2�/ �T�Q�b�b�B�#�H�2

�+�Q�K�T�H�2�i�B�Q�M �i�B�K�2�b �7�Q�` �i�?�2 �/�2�b�B�;�M �b�i���;�2 �Q�7 �k�- �j�- �Q�` �9 �K�Q�M�i�?�b ���M�/ �T�Q�b�b�B�#�H�2 �+�Q�K�T�H�2�i�B�Q�M

�i�B�K�2�b �7�Q�` �i�?�2 �+�Q�M�b�i�`�m�+�i�B�Q�M �b�i���;�2 �Q�7 �e�- �d�- �Q�` �3 �K�Q�M�i�?�b�X �J���M���;�2�K�2�M�i �b�2�i�b �� �;�Q���H �Q�7

�R�y �K�Q�M�i�?�b �7�Q�` �i�?�2 �+�Q�K�T�H�2�i�B�Q�M �Q�7 �i�?�2 �2�M�i�B�`�2 �T�`�Q�D�2�+�i�X �a�m�K�K���`�B�x�2�b �i�?�2 �2�t�T�2�`�B�K�2�M�i���H

�Q�m�i�+�Q�K�2�b �i�Q �+�Q�K�T�H�2�i�2 �i�?�2 �2�M�i�B�`�2 �T�`�Q�D�2�+�i �7�Q�` �i�?�2 �E�S���G �T�`�Q�#�H�2�K�X �.�`���r �i�?�2 �i�`�2�2

�/�B���;�`���K �i�Q �b�?�Q�r �?�Q�r �i�?�2 �Q�m�i�+�Q�K�2�b �U�b���K�T�H�2 �T�Q�B�M�i�b�V �Q�+�+�m�`�X

�b�Q�H�,

�L�Q�i���i�B�Q�M�, �H�2�i(a; b) �B�M�/�B�+���i�2�b �i�?���i �i�?�2 �/�2�b�B�;�M �b�i���;�2 �B�b �+�Q�K�T�H�2�i�2�/ �B�Ma �K�Q�M�i�?�b ���M�/

�i�?�2 �+�Q�M�b�i�`�m�+�i�B�Q�M �b�i���;�2 �B�b �+�Q�K�T�H�2�i�2�/ �B�Mb �K�Q�M�i�?�b�X �h���#�H�2 �9�X�R�, �b�m�K�K���`�B�x�2�b �i�?�2 �2�t�T�2�`�@

�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b�X
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�6�B�;�m�`�2 �9�X�j�, �i�?�2 �T�`�Q�D�2�+�i �r�B�H�H �#�2 �+�Q�K�T�H�2�i�2�/ �B�M �3 �i�Q �R�k �K�Q�M�i�?�b�- �r�B�i�? �b�B�t �Q�7 �i�?�2 �M�B�M�2

�2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b �T�`�Q�p�B�/�B�M�; �i�?�2 �/�2�b�B�`�2�/ �+�Q�K�T�H�2�i�B�Q�M �i�B�K�2 �Q�7 �R�y �K�Q�M�i�?�b �Q�` �H�2�b�b�X
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�8�X�*�Q�m�M�i�B�M�; �_�m�H�2 �7�Q�` �*�Q�K�#�B�M���i�B�Q�M�b�, �+�Q�m�M�i �i�?�2 �M�m�K�#�2�` �Q�7 �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b

�r�?�2�M �i�?�2 �2�t�T�2�`�B�K�2�M�i �B�M�p�Q�H�p�2�b �b�2�H�2�+�i�B�M�;n �Q�#�D�2�+�i�b �7�`�Q�K �� �b�2�i �Q�7N �Q�#�D�2�+�i�b�X

�e�X �h�?�2 �M�m�K�#�2�` �Q�7 �+�Q�K�#�B�M���i�B�Q�M�b �Q�7N �Q�#�D�2�+�i�b �i���F�2�Mn ���i �� �i�B�K�2 �B�b

CN
n =

�
N
n

�
=

N !
n!(N � n)!

;

�r�?�2�`�2N ! = N (N � 1)(N � 2) � � � (2)(1)�-n! = n(n � 1)(n � 2) � � � (2)(1)�- ���M�/0! = 1�X

�d�X
�

�

�

��1�t���K�T�H�2 �*�Q�M�b�B�/�2�` �� �[�m���H�B�i�v �+�Q�M�i�`�Q�H �T�`�Q�+�2�/�m�`�2 �B�M �r�?�B�+�? ���M �B�M�b�T�2�+�i�Q�` �`���M�/�Q�K�H�v

�b�2�H�2�+�i�b �i�r�Q �Un = 2�V �Q�7 �}�p�2 �T���`�i�b �UN = 5�V �i�Q �i�2�b�i �7�Q�` �/�2�7�2�+�i�b�X �A�M �� �;�`�Q�m�T �Q�7 �}�p�2 �T���`�i�b�-

�i�?�2�`�2 ���`�2 �R�y �+�Q�K�#�B�M���i�B�Q�M�b �Q�7 �i�r�Q �T���`�i�b �+���M �#�2 �b�2�H�2�+�i�2�/�,

C5
2 =

�
5
2

�
=

5!
2!(5 � 2)!

= 10:

�A�7 �r�2 �H���#�2�H �i�?�2 �}�p�2 �T���`�i�b ���b ���- �"�- �*�- �.�- ���M�/ �1�- �i�?�2 �R�y �+�Q�K�#�B�M���i�B�Q�M�b �Q�` �2�t�T�2�`�B�K�2�M�i���H

�Q�m�i�+�Q�K�2�b �+���M �#�2 �B�/�2�M�i�B�}�2�/ ���b���"�- ���*�- ���.�- ���1�- �"�*�- �"�.�- �"�1�- �*�.�- �*�1�- ���M�/ �.�1�X

�3�X�*�Q�m�M�i�B�M�; �_�m�H�2 �7�Q�` �S�2�`�K�m�i���i�B�Q�M�b�, �i�?�2 �M�m�K�#�2�` �Q�7 �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b �r�?�2�Mn

�Q�#�D�2�+�i�b ���`�2 �i�Q �#�2 �b�2�H�2�+�i�2�/ �7�`�Q�K �� �b�2�i �Q�7N �Q�#�D�2�+�i�b �r�?�2�`�2 �i�?�2�Q�`�/�2�` �Q�7 �b�2�H�2�+�i�B�Q�M

�B�b �B�K�T�Q�`�i���M�i�X �h�?�2 �b���K�2n �Q�#�D�2�+�i�b �b�2�H�2�+�i�2�/ �B�M �� �/�B�z�2�`�2�M�i �Q�`�/�2�` ���`�2 �+�Q�M�b�B�/�2�`�2�/ ��

�/�B�z�2�`�2�M�i �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�X

�N�X �h�?�2 �M�m�K�#�2�` �Q�7 �T�2�`�K�m�i���i�B�Q�M�b �Q�7N �Q�#�D�2�+�i�b �i���F�2�Mn ���i �� �i�B�K�2 �B�b �;�B�p�2�M �#�v

PN
n = n!

�
N
n

�
=

N !
(N � n)!

�R�y�X
�

�

�

��1�t���K�T�H�2 �*�Q�M�b�B�/�2�` ���;���B�M �i�?�2 �[�m���H�B�i�v �+�Q�M�i�`�Q�H �T�`�Q�+�2�b�b �B�M �r�?�B�+�? ���M �B�M�b�T�2�+�i�Q�` �b�2�H�2�+�i�b

�i�r�Q �Un = 2�V �Q�7 �}�p�2 �T���`�i�b �UN = 5�V �i�Q �B�M�b�T�2�+�i �7�Q�` �/�2�7�2�+�i�b�X �h�?�2�`�2 ���`�2 �k�y �T�2�`�K�m�i���i�B�Q�M�b

�K���v �#�2 �b�2�H�2�+�i�2�/�,

P5
2 =

5!
(5 � 2)!

=
120
6

= 20:

�A�7 �r�2 �H���#�2�H �i�?�2 �T���`�i�b ���- �"�- �*�- �.�- ���M�/ �1�- �i�?�2 �k�y �T�2�`�K�m�i���i�B�Q�M�b ���`�2 ���"�- �"���- ���*�- �*���-

���.�- �.���- ���1�- �1���- �"�*�- �*�"�- �"�.�- �.�"�- �"�1�- �1�"�- �*�.�- �.�*�- �*�1�- �1�*�- �.�1�- ���M�/ �1�.�X

���b�b�B�;�M�B�M�; �S�`�Q�#���#�B�H�B�i�B�2�b

�R�X�"���b�B�+ �_�2�[�m�B�`�2�K�2�M�i�b �7�Q�` ���b�b�B�;�M�B�M�; �S�`�Q�#���#�B�H�B�i�B�2�b�, �i�?�2 �T�`�Q�#���#�B�H�B�i�v ���b�b�B�;�M�2�/ �i�Q

�2���+�? �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2 �K�m�b�i �#�2 �#�2�i�r�2�2�M �y ���M�/ �R�- �B�M�+�H�m�b�B�p�2�H�v�X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8



�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v �S���;�2 �e�f�k�j

�U���V �G�2�iE i �B�b �i�?�2i �i�? �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2 ���M�/P(E i ) �B�b �B�i�b �T�`�Q�#���#�B�H�B�i�v

0 � P(E i ) � 1 ; �7�Q�` ���H�Hi

�U�#�V �h�?�2 �b�m�K �Q�7 �i�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b �7�Q�` ���H�H �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b �K�m�b�i �2�[�m���H �R�X

P n
i =1 P(E i ) = 1

�r�?�2�`�2n �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b�X

�k�X�*�H���b�b�B�+���H �J�2�i�?�Q�/�, ���b�b�B�;�M�B�M�; �T�`�Q�#���#�B�H�B�i�B�2�b �#���b�2�/ �Q�M �i�?�2 ���b�b�m�K�T�i�B�Q�M �Q�7�2�[�m���H�H�v �H�B�F�2�H�v

�Q�m�i�+�Q�K�2�b�X

�j�X
�

�

�

��1�t���K�T�H�2 �*�Q�M�b�B�/�2�` �i�?�2 �2�t�T�2�`�B�K�2�M�i �Q�7 �i�Q�b�b�B�M�; �� �7���B�` �+�Q�B�M�c �i�?�2 �i�r�Q �2�t�T�2�`�B�K�2�M�i���H

�Q�m�i�+�Q�K�2�b�� �?�2���/ ���M�/ �i���B�H�� ���`�2 �2�[�m���H�H�v �H�B�F�2�H�v�X �"�2�+���m�b�2 �Q�M�2 �Q�7 �i�?�2 �i�r�Q �2�[�m���H�H�v �H�B�F�2�H�v

�Q�m�i�+�Q�K�2�b �B�b �� �?�2���/�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �Q�#�b�2�`�p�B�M�; �� �?�2���/ �B�b�R�f�k �X �a�B�K�B�H���`�H�v�- �i�?�2

�T�`�Q�#���#�B�H�B�i�v �Q�7 �Q�#�b�2�`�p�B�M�; �� �i���B�H �B�b ���H�b�Q�R�f�k �X

�9�X�_�2�H���i�B�p�2 �6�`�2�[�m�2�M�+�v �J�2�i�?�Q�/�, ���b�b�B�;�M�B�M�; �T�`�Q�#���#�B�H�B�i�B�2�b �#���b�2�/ �Q�M�2�t�T�2�`�B�K�2�M�i���H

�Q�` �?�B�b�i�Q�`�B�+���H �/���i���X �h�?���i �B�b �r�?�2�M �/���i�� ���`�2 ���p���B�H���#�H�2 �i�Q �2�b�i�B�K���i�2 �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �i�?�2

�i�B�K�2 �i�?�2 �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2 �r�B�H�H �Q�+�+�m�` �B�7 �i�?�2 �2�t�T�2�`�B�K�2�M�i �B�b�`�2�T�2���i�2�/ �� �H���`�;�2 �M�m�K�#�2�` �Q�7 �i�B�K�2�b�X

�8�X
�

�

�

��1�t���K�T�H�2 �*�Q�M�b�B�/�2�` �� �b�i�m�/�v �Q�7 �r���B�i�B�M�; �i�B�K�2�b �B�M �i�?�2 �s�@�`���v �/�2�T���`�i�K�2�M�i �7�Q�` �� �H�Q�+���H

�?�Q�b�T�B�i���H�X �� �+�H�2�`�F �`�2�+�Q�`�/�2�/ �i�?�2 �M�m�K�#�2�` �Q�7 �T���i�B�2�M�i�b �r���B�i�B�M�; �7�Q�` �b�2�`�p�B�+�2 ���i �N�,�y�y ���X�K�X

�Q�M �k�y �b�m�+�+�2�b�b�B�p�2 �/���v�b ���M�/ �Q�#�i���B�M�2�/ �i�?�2 �7�Q�H�H�Q�r�B�M�; �`�2�b�m�H�i�b�X

�L�m�K�#�2�` �q���B�i�B�M�;�, �y�- �R�- �k�- �j�- �9

�L�m�K�#�2�` �Q�7 �.���v�b �P�m�i�+�Q�K�2 �P�+�+�m�`�2�/�, �k�- �8�- �e�- �9�- �j

�h�?�2�b�2 �/���i�� �b�?�Q�r �i�?���i �Q�M �k �Q�7 �i�?�2 �k�y �/���v�b�- �x�2�`�Q �T���i�B�2�M�i�b �r�2�`�2 �r���B�i�B�M�; �7�Q�` �b�2�`�p�B�+�2�c

�Q�M �8 �Q�7 �i�?�2 �/���v�b�- �Q�M�2 �T���i�B�2�M�i �r���b �r���B�i�B�M�; �7�Q�` �b�2�`�p�B�+�2�c ���M�/ �b�Q �Q�M�X �l�b�B�M�; �i�?�2 �`�2�H���i�B�p�2

�7�`�2�[�m�2�M�+�v �K�2�i�?�Q�/�- �r�2 �r�Q�m�H�/ ���b�b�B�;�M �� �T�`�Q�#���#�B�H�B�i�v �Q�7 �k�f�k�y �4 �y�X�R�y �U�8�f�k�y �4 �y�X�k�8�V �U�e�f�k�y

�4 �y�X�j�y�V �U�9�f�k�y �4 �y�X�k�y�V �U�j�f�k�y �4 �y�X�R�8�V �i�Q �i�?�2 �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2 �Q�7 �x�2�`�Q �U�Q�M�2�V �U�i�r�Q�V

�U�i�?�`�2�2�V �U�7�Q�m�`�V �T���i�B�2�M�i�b �r���B�i�B�M�; �7�Q�` �b�2�`�p�B�+�2�X ���b �r�B�i�? �i�?�2 �+�H���b�b�B�+���H �K�2�i�?�Q�/�- �m�b�B�M�; �i�?�2

�`�2�H���i�B�p�2 �7�`�2�[�m�2�M�+�v �K�2�i�?�Q�/ ���m�i�Q�K���i�B�+���H�H�v �b���i�B�b�}�2�b �i�?�2 �i�r�Q �#���b�B�+ �`�2�[�m�B�`�2�K�2�M�i�b�X

�e�X�a�m�#�D�2�+�i�B�p�2 �J�2�i�?�Q�/�, ���b�b�B�;�M�B�M�; �T�`�Q�#���#�B�H�B�i�v �#���b�2�/ �Q�M �D�m�/�;�K�2�M�i�X �h�?���i �B�b�- �� �T�`�Q�#�@

���#�B�H�B�i�v �p���H�m�2 �i�?���i �2�t�T�`�2�b�b�2�b �Q�m�`�/�2�;�`�2�2 �Q�7 �#�2�H�B�2�7�U�Q�M �� �b�+���H�2 �7�`�Q�K �y �i�Q �R�V �i�?���i

�i�?�2 �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2 �r�B�H�H �Q�+�+�m�` �B�b �b�T�2�+�B�}�2�/�X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8



�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v �S���;�2 �d�f�k�j

�d�X
�

�

�

��1�t���K�T�H�2 �*�Q�M�b�B�/�2�` �i�?�2 �+���b�2 �B�M �r�?�B�+�? �h�Q�K ���M�/ �C�m�/�v �K���F�2 ���M �Q�z�2�` �i�Q �T�m�`�+�?���b�2 ��

�?�Q�m�b�2�X �h�r�Q �Q�m�i�+�Q�K�2�b ���`�2 �T�Q�b�b�B�#�H�2�,

�1�n�R �4 �i�?�2�B�` �Q�7�7�2�` �B�b ���+�+�2�T�i�2�/

�1�n�k �4 �i�?�2�B�` �Q�7�7�2�` �B�b �`�2�D�2�+�i�2�/

�C�m�/�v �#�2�H�B�2�p�2�b �i�?���i �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?�2�B�` �Q�z�2�` �r�B�H�H �#�2 ���+�+�2�T�i�2�/ �B�b �y�X�3�c �i�?�m�b�- �C�m�/�v �r�Q�m�H�/

�b�2�iP(E1) = 0 :8 ���M�/P(E2) = 0 :2�X �h�Q�K�- �?�Q�r�2�p�2�`�- �#�2�H�B�2�p�2�b �i�?���i �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i

�i�?�2�B�` �Q�z�2�` �r�B�H�H �#�2 ���+�+�2�T�i�2�/ �B�b �y�X�e�c �?�2�M�+�2�- �h�Q�K �r�Q�m�H�/ �b�2�iP(E1) = 0 :6 ���M�/P(E2) =

0:4�X �L�Q�i�2 �i�?���i �h�Q�K�� �b �T�`�Q�#���#�B�H�B�i�v �2�b�i�B�K���i�2 �7�Q�`E1 �`�2�~�2�+�i�b �� �;�`�2���i�2�` �T�2�b�b�B�K�B�b�K �i�?���i

�i�?�2�B�` �Q�z�2�` �r�B�H�H �#�2 ���+�+�2�T�i�2�/�X �"�Q�i�? �C�m�/�v ���M�/ �h�Q�K ���b�b�B�;�M�2�/ �T�`�Q�#���#�B�H�B�i�B�2�b �i�?���i �b���i�B�b�7�v

�i�?�2 �i�r�Q �#���b�B�+ �`�2�[�m�B�`�2�K�2�M�i�b�X �h�?�2 �7���+�i �i�?���i �i�?�2�B�` �T�`�Q�#���#�B�H�B�i�v �2�b�i�B�K���i�2�b ���`�2 �/�B�z�2�`�2�M�i

�2�K�T�?���b�B�x�2�b �i�?�2 �T�2�`�b�Q�M���H �M���i�m�`�2 �Q�7 �i�?�2 �b�m�#�D�2�+�i�B�p�2 �K�2�i�?�Q�/�X

�3�X �h�?�2 �#�2�b�i �T�`�Q�#���#�B�H�B�i�v �2�b�i�B�K���i�2�b �Q�7�i�2�M ���`�2 �Q�#�i���B�M�2�/ �#�v �+�Q�K�#�B�M�B�M�; �i�?�2 �2�b�i�B�K���i�2�b �7�`�Q�K

�i�?�2 �+�H���b�b�B�+���H�Q�` �`�2�H���i�B�p�2 �7�`�2�[�m�2�M�+�v���T�T�`�Q���+�? �r�B�i�? �i�?�2�b�m�#�D�2�+�i�B�p�2�2�b�@

�i�B�K���i�2�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�R�R�j�V

�h�Q �T�2�`�7�Q�`�K �7�m�`�i�?�2�` ���M���H�v�b�B�b �Q�M �i�?�2 �E�S���G �T�`�Q�D�2�+�i�- �r�2 �K�m�b�i �/�2�p�2�H�Q�T �T�`�Q�#���#�B�H�B�i�B�2�b

�7�Q�` �2���+�? �Q�7 �i�?�2 �M�B�M�2 �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b �H�B�b�i�2�/ �B�M �h���#�H�2 �9�X�R�X �P�M �i�?�2 �#���b�B�b �Q�7

�2�t�T�2�`�B�2�M�+�2 ���M�/ �D�m�/�;�K�2�M�i�- �K���M���;�2�K�2�M�i �+�Q�M�+�H�m�/�2�/ �i�?���i �i�?�2 �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b

�r�2�`�2 �M�Q�i �2�[�m���H�H�v �H�B�F�2�H�v�X �>�2�M�+�2�- �i�?�2 �+�H���b�b�B�+���H �K�2�i�?�Q�/ �Q�7 ���b�b�B�;�M�B�M�; �T�`�Q�#���#�B�H�B�i�B�2�b �+�Q�m�H�/

�M�Q�i �#�2 �m�b�2�/�X �J���M���;�2�K�2�M�i �i�?�2�M �/�2�+�B�/�2�/ �i�Q �+�Q�M�/�m�+�i �� �b�i�m�/�v �Q�7 �i�?�2 �+�Q�K�T�H�2�i�B�Q�M �i�B�K�2�b

�7�Q�` �b�B�K�B�H���` �T�`�Q�D�2�+�i�b �m�M�/�2�`�i���F�2�M �#�v �E�S���G �Q�p�2�` �i�?�2 �T���b�i �i�?�`�2�2 �v�2���`�b�X �h�?�2 �`�2�b�m�H�i�b

�Q�7 �� �b�i�m�/�v �Q�7 �9�y �b�B�K�B�H���` �T�`�Q�D�2�+�i�b ���`�2 �b�m�K�K���`�B�x�2�/ �B�M �h���#�H�2 �9�X�k�X ���7�i�2�` �`�2�p�B�2�r�B�M�; �i�?�2

�`�2�b�m�H�i�b �Q�7 �i�?�2 �b�i�m�/�v�- �K���M���;�2�K�2�M�i �/�2�+�B�/�2�/ �i�Q �2�K�T�H�Q�v �i�?�2 �`�2�H���i�B�p�2 �7�`�2�[�m�2�M�+�v �K�2�i�?�Q�/

�Q�7 ���b�b�B�;�M�B�M�; �T�`�Q�#���#�B�H�B�i�B�2�b�X �J���M���;�2�K�2�M�i �+�Q�m�H�/ �?���p�2 �T�`�Q�p�B�/�2�/ �b�m�#�D�2�+�i�B�p�2 �T�`�Q�#���#�B�H�B�i�v

�2�b�i�B�K���i�2�b �#�m�i �7�2�H�i �i�?���i �i�?�2 �+�m�`�`�2�M�i �T�`�Q�D�2�+�i �r���b �[�m�B�i�2 �b�B�K�B�H���` �i�Q �i�?�2 �9�y �T�`�2�p�B�Q�m�b

�T�`�Q�D�2�+�i�b�X �h�?�m�b�- �i�?�2 �`�2�H���i�B�p�2 �7�`�2�[�m�2�M�+�v �K�2�i�?�Q�/ �r���b �D�m�/�;�2�/ �#�2�b�i�X
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�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v �S���;�2 �3�f�k�j

�A�M �m�b�B�M�; �i�?�2 �/���i�� �B�M �h���#�H�2 �9�X�k �i�Q �+�Q�K�T�m�i�2 �T�`�Q�#���#�B�H�B�i�B�2�b �7�Q�` �2���+�? �Q�m�i�+�Q�K�2�X

�b�Q�H�,

�G�2�iP(a; b) �`�2�T�`�2�b�2�M�i�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �i�?�2 �b���K�T�H�2 �T�Q�B�M�i(a; b)�X �q�2 �M�Q�i�2 �i�?���i

�Q�m�i�+�Q�K�2 �U�k�- �e�V �@ �b�i���;�2 �R �+�Q�K�T�H�2�i�2�/ �B�M �k �K�Q�M�i�?�b ���M�/ �b�i���;�2 �k �+�Q�K�T�H�2�i�2�/ �B�M �e �K�Q�M�i�?�b

�@ �Q�+�+�m�`�`�2�/ �b�B�t �i�B�K�2�b �B�M �i�?�2 �9�y �T�`�Q�D�2�+�i�b�X �l�b�2 �i�?�2 �`�2�H���i�B�p�2 �7�`�2�[�m�2�M�+�v �K�2�i�?�Q�/ �i�Q ���b�b�B�;�M

�� �T�`�Q�#���#�B�H�B�i�v �Q�76/40 = 0:15 �i�Q �i�?�B�b �Q�m�i�+�Q�K�2�X �*�Q�M�i�B�M�m�B�M�; �B�M �i�?�B�b �K���M�M�2�`�- �r�2 �Q�#�i���B�M

�i�?�2 �T�`�Q�#���#�B�H�B�i�v ���b�b�B�;�M�K�2�M�i�b �7�Q�` �i�?�2 �b���K�T�H�2 �T�Q�B�M�i�b �Q�7 �i�?�2 �E�S���G �T�`�Q�D�2�+�i �b�?�Q�r�M �B�M

�h���#�H�2 �9�X�j�X
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�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v �S���;�2 �N�f�k�j

�9�X�k �1�p�2�M�i�b ���M�/ �h�?�2�B�` �S�`�Q�#���#�B�H�B�i�B�2�b

�R�X�1�p�2�M�i�, ���M �2�p�2�M�i �B�b ���+�Q�H�H�2�+�i�B�Q�M �U�b�2�i�V�Q�7 �b���K�T�H�2 �T�Q�B�M�i�b�X

�k�X�S�`�Q�#���#�B�H�B�i�v �Q�7 ���M �1�p�2�M�i�, �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 ���M�v �2�p�2�M�i �B�b �2�[�m���H �i�Q �i�?�2 �b�m�K �Q�7 �i�?�2

�T�`�Q�#���#�B�H�B�i�B�2�b �Q�7 �i�?�2 �b���K�T�H�2 �T�Q�B�M�i�b �B�M �i�?�2 �2�p�2�M�i�X

�j�X �A�7 �r�2 �+���M �B�/�2�M�i�B�7�v ���H�H �i�?�2 �b���K�T�H�2 �T�Q�B�M�i�b �Q�7 ���M �2�t�T�2�`�B�K�2�M�i ���M�/ ���b�b�B�;�M �� �T�`�Q�#���#�B�H�B�i�v

�i�Q �2���+�?�- �r�2 �+���M �+�Q�K�T�m�i�2 �i�?�2�T�`�Q�#���#�B�H�B�i�v �Q�7 ���M �2�p�2�M�i�X

�9�X
�

�

�

��1�t���K�T�H�2 �E�S���G �T�`�Q�D�2�+�i

�U���V ���b�b�m�K�2 �i�?���i �i�?�2 �T�`�Q�D�2�+�i �K���M���;�2�` �B�b �B�M�i�2�`�2�b�i�2�/ �B�M �i�?�2 �2�p�2�M�i �i�?���i �i�?�2 �2�M�i�B�`�2

�T�`�Q�D�2�+�i �+���M �#�2 �+�Q�K�T�H�2�i�2�/ �B�M �R�y �K�Q�M�i�?�b �Q�` �H�2�b�b�X �_�2�7�2�`�`�B�M�; �i�Q �h���#�H�2 �9�X�j�- �r�2 �b�2�2

�i�?���i �b�B�t �b���K�T�H�2 �T�Q�B�M�i�b �@ �U�k�- �e�V�- �U�k�- �d�V�- �U�k�- �3�V�- �U�j�- �e�V�- �U�j�- �d�V�- ���M�/ �U�9�- �e�V �@ �T�`�Q�p�B�/�2

�� �T�`�Q�D�2�+�i �+�Q�K�T�H�2�i�B�Q�M �i�B�K�2 �Q�7 �R�y �K�Q�M�i�?�b �Q�` �H�2�b�b�X

�U�#�V �G�2�iC �/�2�M�Q�i�2 �i�?�2 �2�p�2�M�i �i�?���i �i�?�2 �T�`�Q�D�2�+�i �B�b �+�Q�K�T�H�2�i�2�/ �B�M �R�y �K�Q�M�i�?�b �Q�` �H�2�b�b�,

C = f (2; 6); (2; 7); (2; 8); (3; 6); (3; 7); (4; 6)g

�1�p�2�M�iC �B�b �b���B�/ �i�Q �Q�+�+�m�` �B�7 ���M�v �Q�M�2 �Q�7 �i�?�2�b�2 �b�B�t �b���K�T�H�2 �T�Q�B�M�i�b ���T�T�2���`�b ���b �i�?�2

�2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�X

�U�+�V �P�i�?�2�` �2�p�2�M�i�b �i�?���i �K�B�;�?�i �#�2 �Q�7 �B�M�i�2�`�2�b�i�,

�G= �h�?�2 �2�p�2�M�i �i�?���i �i�?�2 �T�`�Q�D�2�+�i �B�b �+�Q�K�T�H�2�i�2�/ �B�M �H�2�b�b �i�?���M �R�y �K�Q�M�i�?�b

�J = �h�?�2 �2�p�2�M�i �i�?���i �i�?�2 �T�`�Q�D�2�+�i �B�b �+�Q�K�T�H�2�i�2�/ �B�M �K�Q�`�2 �i�?���M �R�y �K�Q�M�i�?�b

�l�b�B�M�; �i�?�2 �B�M�7�Q�`�K���i�B�Q�M �B�M �h���#�H�2 �9�X�j�- �r�2 �b�2�2 �i�?���i �i�?�2�b�2 �2�p�2�M�i�b �+�Q�M�b�B�b�i �Q�7 �i�?�2

�7�Q�H�H�Q�r�B�M�; �b���K�T�H�2 �T�Q�B�M�i�b�X

L = f (2; 6); (2; 7); (3; 6)g

M = f (3; 8); (4; 7); (4; 8)g

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�R�N�y�V

�A�M �i�?�2 �E�S���G �T�`�Q�D�2�+�i �T�`�Q�#�H�2�K�- �+�Q�K�T�m�i�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �T�`�Q�D�2�+�i �r�B�H�H �i���F�2 �R�y

�K�Q�M�i�?�b �Q�` �H�2�b�b �i�Q �+�Q�K�T�H�2�i�2�X �*�Q�K�T�m�i�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �i�?�2 �2�p�2�M�i �i�?���i �i�?�2 �T�`�Q�D�2�+�i

�B�b �+�Q�K�T�H�2�i�2�/ �B�M �K�Q�`�2 �i�?���M �R�y �K�Q�M�i�?�b�X
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�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v �S���;�2 �R�y�f�k�j

�b�Q�H�,�l�b�B�M�; �i�?�2�b�2 �T�`�Q�#���#�B�H�B�i�v �`�2�b�m�H�i�b�- �r�2 �+���M �M�Q�r �i�2�H�H �E�S���G �K���M���;�2�K�2�M�i �i�?���i�,

�h�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �T�`�Q�D�2�+�i �r�B�H�H �#�2 �+�Q�K�T�H�2�i�2�/ �B�M �R�y �K�Q�M�i�?�b �Q�` �H�2�b�b�,

P(C) = 0 :7:

�h�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �T�`�Q�D�2�+�i �r�B�H�H �#�2 �+�Q�K�T�H�2�i�2�/ �B�M �H�2�b�b �i�?���M �R�y �K�Q�M�i�?�b�,

P(L) = 0 :40:

�h�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �T�`�Q�D�2�+�i �r�B�H�H �#�2 �+�Q�K�T�H�2�i�2�/ �B�M �K�Q�`�2 �i�?���M �R�y �K�Q�M�i�?�b�,

P(M ) = 0 :30:

�9�X�j �a�Q�K�2 �"���b�B�+ �_�2�H���i�B�Q�M�b�?�B�T�b �Q�7 �S�`�Q�#���#�B�H�B�i�v

�*�Q�K�T�H�2�K�2�M�i �Q�7 ���M �1�p�2�M�i

�R�X �h�?�2�+�Q�K�T�H�2�K�2�M�i�Q�7 �2�p�2�M�iA �B�b �/�2�}�M�2�/ �i�Q �#�2 �i�?�2 �2�p�2�M�i �+�Q�M�b�B�b�i�B�M�; �Q�7 ���H�H �b���K�T�H�2

�T�Q�B�M�i�b �i�?���i ���`�2�M�Q�i �B�MA �X

�k�X �h�?�2 �+�Q�K�T�H�2�K�2�M�i �Q�7A �B�b �/�2�M�Q�i�2�/ �#�vAc �X

�j�X �*�Q�K�T�m�i�B�M�; �T�`�Q�#���#�B�H�B�i�v �m�b�B�M�; �i�?�2 �+�Q�K�T�H�2�K�2�M�i�,P(A) = 1 � P(Ac) �X

�9�X �U�6�B�;�m�`�2 �9�X�9�V�, �o�2�M�M �/�B���;�`���K �B�H�H�m�b�i�`���i�2�b �i�?�2 �+�Q�M�+�2�T�i �Q�7 �� �+�Q�K�T�H�2�K�2�M�i�X
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�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v �S���;�2 �R�R�f�k�j

���/�/�B�i�B�Q�M �G���r

�R�X�l�M�B�Q�M�, �;�B�p�2�M �i�r�Q �2�p�2�M�i�bA ���M�/B �- �i�?�2 �m�M�B�Q�M �Q�7A ���M�/B �U�/�2�M�Q�i�2�/ �#�vA [ B �V

�B�b �i�?�2 �2�p�2�M�i �+�Q�M�i���B�M�B�M�; ���H�H �b���K�T�H�2 �T�Q�B�M�i�b �#�2�H�Q�M�;�B�M�;�i�QA �Q�B̀ �Q�` �#�Q�i�?�X

�k�X�A�M�i�2�`�b�2�+�i�B�Q�M�, �h�?�2 �B�M�i�2�`�b�2�+�i�B�Q�M �Q�7 �2�p�2�M�i�bA ���M�/B �U�/�2�M�Q�i�2�/ �#�vA \ B �V �B�b �i�?�2

�b�2�i �Q�7 ���H�H �b���K�T�H�2 �T�Q�B�M�i�b �i�?���i ���`�2 �B�M�#�Q�i�? A ���M�/B �X

�j�X���/�/�B�i�B�Q�M �G���r�, �� �r���v �i�Q �+�Q�K�T�m�i�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �2�p�2�M�iA�- �Q�B̀ �- �Q�` �#�Q�i�?A ���M�/

B �Q�+�+�m�`�`�B�M�;�,

P(A [ B) = P(A) + P(B) � P(A \ B)

�9�X �h�r�Q �2�p�2�M�i�b ���`�2 �b���B�/ �i�Q �#�2�K�m�i�m���H�H�v �2�t�+�H�m�b�B�p�2�B�7 �i�?�2 �2�p�2�M�i�b �?���p�2 �M�Q �b���K�T�H�2

�T�Q�B�M�i�b �B�M �+�Q�K�K�Q�M�X �h�r�Q �2�p�2�M�i�b ���`�2 �K�m�i�m���H�H�v �2�t�+�H�m�b�B�p�2 �B�7�- �r�?�2�M �Q�M�2 �2�p�2�M�i �Q�+�+�m�`�b�-

�i�?�2 �Q�i�?�2�` �+���M�M�Q�i �Q�+�+�m�`�X

�8�X���/�/�B�i�B�Q�M �G���r �7�Q�` �J�m�i�m���H�H�v �1�t�+�H�m�b�B�p�2 �1�p�2�M�i�b�, P(A [ B) = P(A) + P(B)

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�R�N�8�V

�*�Q�M�b�B�/�2�` �i�?�2 �+���b�2 �Q�7 �� �b�K���H�H ���b�b�2�K�#�H�v �T�H���M�i �r�B�i�? �8�y �2�K�T�H�Q�v�2�2�b�X �1���+�? �r�Q�`�F�2�` �B�b

�2�t�T�2�+�i�2�/ �i�Q �+�Q�K�T�H�2�i�2 �r�Q�`�F ���b�b�B�;�M�K�2�M�i�b �Q�M �i�B�K�2 ���M�/ �B�M �b�m�+�? �� �r���v �i�?���i �i�?�2 ���b�b�2�K�@

�#�H�2�/ �T�`�Q�/�m�+�i �r�B�H�H �T���b�b �� �}�M���H �B�M�b�T�2�+�i�B�Q�M�X �P�M �Q�+�+���b�B�Q�M�- �b�Q�K�2 �Q�7 �i�?�2 �r�Q�`�F�2�`�b �7���B�H �i�Q

�K�2�2�i �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �b�i���M�/���`�/�b �#�v �+�Q�K�T�H�2�i�B�M�; �r�Q�`�F �H���i�2 �Q�` ���b�b�2�K�#�H�B�M�; �� �/�2�7�2�+�i�B�p�2

�T�`�Q�/�m�+�i�X ���i �i�?�2 �2�M�/ �Q�7 �� �T�2�`�7�Q�`�K���M�+�2 �2�p���H�m���i�B�Q�M �T�2�`�B�Q�/�- �i�?�2 �T�`�Q�/�m�+�i�B�Q�M �K���M���;�2�`
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�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v �S���;�2 �R�k�f�k�j

�7�Q�m�M�/ �i�?���i �8 �Q�7 �i�?�2 �8�y �r�Q�`�F�2�`�b �+�Q�K�T�H�2�i�2�/ �r�Q�`�F �H���i�2�- �e �Q�7 �i�?�2 �8�y �r�Q�`�F�2�`�b ���b�b�2�K�#�H�2�/ ��

�/�2�7�2�+�i�B�p�2 �T�`�Q�/�m�+�i�- ���M�/ �k �Q�7 �i�?�2 �8�y �r�Q�`�F�2�`�b �#�Q�i�? �+�Q�K�T�H�2�i�2�/ �r�Q�`�F �H���i�2 ���M�/ ���b�b�2�K�#�H�2�/

�� �/�2�7�2�+�i�B�p�2 �T�`�Q�/�m�+�i�X �G�2�i

�G �4 �i�?�2 �2�p�2�M�i �i�?���i �i�?�2 �r�Q�`�F �B�b �+�Q�K�T�H�2�i�2�/ �H���i�2

�. �4 �i�?�2 �2�p�2�M�i �i�?���i �i�?�2 ���b�b�2�K�#�H�2�/ �T�`�Q�/�m�+�i �B�b �/�2�7�2�+�i�B�p�2

���7�i�2�` �`�2�p�B�2�r�B�M�; �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �/���i���- �i�?�2 �T�`�Q�/�m�+�i�B�Q�M �K���M���;�2�` �/�2�+�B�/�2�/ �i�Q ���b�b�B�;�M ��

�T�Q�Q�` �T�2�`�7�Q�`�K���M�+�2 �`���i�B�M�; �i�Q ���M�v �2�K�T�H�Q�v�2�2 �r�?�Q�b�2 �r�Q�`�F �r���b �2�B�i�?�2�` �H���i�2 �Q�` �/�2�7�2�+�i�B�p�2�c

�i�?�m�b �i�?�2 �2�p�2�M�i �Q�7 �B�M�i�2�`�2�b�i �B�bL [ D�X �q�?���i �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �T�`�Q�/�m�+�i�B�Q�M

�K���M���;�2�` ���b�b�B�;�M�2�/ ���M �2�K�T�H�Q�v�2�2 �� �T�Q�Q�` �T�2�`�7�Q�`�K���M�+�2 �`���i�B�M�;�\

�b�Q�H�,

�h�?�2 �`�2�H���i�B�p�2 �7�`�2�[�m�2�M�+�v �B�M�7�Q�`�K���i�B�Q�M�,

P(L) = 5
50 = 0:10; P(D) = 6

50 = 0:12; P(L \ D) = 2
50 = 0:04 :

�h�Q �+�Q�K�T�m�i�2P(L [ D)�,

P(L [ D) = P(L) + P(D) � P(L \ D)

= 0:10 + 0:12� 0:04 = 0:18

�h�?�2�`�2 �B�b �� �y�X�R�3 �T�`�Q�#���#�B�H�B�i�v �i�?���i �� �`���M�/�Q�K�H�v �b�2�H�2�+�i�2�/ �2�K�T�H�Q�v�2�2 �`�2�+�2�B�p�2�/ �� �T�Q�Q�` �T�2�`�@

�7�Q�`�K���M�+�2 �`���i�B�M�;�X
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�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v �S���;�2 �R�j�f�k�j

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�R�N�e�V

�*�Q�M�b�B�/�2�` �� �`�2�+�2�M�i �b�i�m�/�v �+�Q�M�/�m�+�i�2�/ �#�v �i�?�2 �T�2�`�b�Q�M�M�2�H �K���M���;�2�` �Q�7 �� �K���D�Q�` �+�Q�K�T�m�i�2�`

�b�Q�7�i�r���`�2 �+�Q�K�T���M�v�X �h�?�2 �b�i�m�/�v �b�?�Q�r�2�/ �i�?���i �j�y�W �Q�7 �i�?�2 �2�K�T�H�Q�v�2�2�b �r�?�Q �H�2�7�i �i�?�2 �}�`�K

�r�B�i�?�B�M �i�r�Q �v�2���`�b �/�B�/ �b�Q �T�`�B�K���`�B�H�v �#�2�+���m�b�2 �i�?�2�v �r�2�`�2 �/�B�b�b���i�B�b�}�2�/ �r�B�i�? �i�?�2�B�` �b���H���`�v�-

�k�y�W �H�2�7�i �#�2�+���m�b�2 �i�?�2�v �r�2�`�2 �/�B�b�b���i�B�b�}�2�/ �r�B�i�? �i�?�2�B�` �r�Q�`�F ���b�b�B�;�M�K�2�M�i�b�- ���M�/ �R�k�W �Q�7 �i�?�2

�7�Q�`�K�2�` �2�K�T�H�Q�v�2�2�b �B�M�/�B�+���i�2�/ �/�B�b�b���i�B�b�7���+�i�B�Q�M �r�B�i�? �#�Q�i�? �i�?�2�B�` �b���H���`�v ���M�/ �i�?�2�B�` �r�Q�`�F

���b�b�B�;�M�K�2�M�i�b�X �q�?���i �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i ���M �2�K�T�H�Q�v�2�2 �r�?�Q �H�2���p�2�b �r�B�i�?�B�M �i�r�Q

�v�2���`�b �/�Q�2�b �b�Q �#�2�+���m�b�2 �Q�7 �/�B�b�b���i�B�b�7���+�i�B�Q�M �r�B�i�? �b���H���`�v�- �/�B�b�b���i�B�b�7���+�i�B�Q�M �r�B�i�? �i�?�2 �r�Q�`�F

���b�b�B�;�M�K�2�M�i�- �Q�` �#�Q�i�?�\

�b�Q�H�,

�G�2�i

S = �i�?�2 �2�p�2�M�i �i�?���i �i�?�2 �2�K�T�H�Q�v�2�2 �H�2���p�2�b �#�2�+���m�b�2 �Q�7 �b���H���`�v

W = �i�?�2 �2�p�2�M�i �i�?���i �i�?�2 �2�K�T�H�Q�v�2�2 �H�2���p�2�b �#�2�+���m�b�2 �Q�7 �r�Q�`�F ���b�b�B�;�M�K�2�M�i

�q�2 �?���p�2P(S) = 0 :30�-P(W) = 0 :20�- ���M�/P(S \ W) = 0 :12�X

�"�v �i�?�2 ���/�/�B�i�B�Q�M �H���r�- �r�2 �?���p�2

P(S [ W) = P(S) + P(W) � P(S \ W) = 0 :30 + 0:20� 0:12 = 0:38 :

�q�2 �}�M�/ �� �y�X�j�3 �T�`�Q�#���#�B�H�B�i�v �i�?���i ���M �2�K�T�H�Q�v�2�2 �H�2���p�2�b �7�Q�` �b���H���`�v �Q�` �r�Q�`�F ���b�b�B�;�M�K�2�M�i

�`�2���b�Q�M�b�X

�9�X�9 �*�Q�M�/�B�i�B�Q�M���H �S�`�Q�#���#�B�H�B�i�v

�R�X�*�Q�M�/�B�i�B�Q�M���H �T�`�Q�#���#�B�H�B�i�v�, �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 ���M �2�p�2�M�iA �;�B�p�2�M �i�?���i ���M�Q�i�?�2�` �2�p�2�M�i

B �?���b �Q�+�+�m�`�`�2�/ �B�b �+���H�H�2�/ ���+�Q�M�/�B�i�B�Q�M���H �T�`�Q�#���#�B�H�B�i�v�U�/�2�M�Q�i�2�/ �#�vP(AjB) �V�,

P(AjB) =
P(A \ B)

P(B)
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�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v �S���;�2 �R�9�f�k�j

�k�X�C�Q�B�M�i �T�`�Q�#���#�B�H�B�i�v�, �h�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �i�?�2 �B�M�i�2�`�b�2�+�i�B�Q�M �Q�7 �i�r�Q �2�p�2�M�i�b �B�b �+���H�H�2�/

�D�Q�B�M�i �T�`�Q�#���#�B�H�B�i�v�X

�j�X�J���`�;�B�M���H �T�`�Q�#���#�B�H�B�i�B�2�b�, �h�?�2 �p���H�m�2�b �B�M �i�?�2�K���`�;�B�M�b�Q�7 �i�?�2�D�Q�B�M�i �T�`�Q�#���#�B�H�B�i�v �i���#�H�2

�T�`�Q�p�B�/�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b �Q�7 �2���+�? �2�p�2�M�i �b�2�T���`���i�2�H�v�X �h�?�2 �K���`�;�B�M���H �T�`�Q�#���#�B�H�B�i�B�2�b ���`�2

�7�Q�m�M�/ �#�v �b�m�K�K�B�M�; �i�?�2 �D�Q�B�M�i �T�`�Q�#���#�B�H�B�i�B�2�b �B�M �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �`�Q�r �Q�` �+�Q�H�m�K�M �Q�7 �i�?�2

�D�Q�B�M�i �T�`�Q�#���#�B�H�B�i�v �i���#�H�2�X

�9�X
�

�

�

��1�t���K�T�H�2 �S�`�Q�K�Q�i�B�Q�M �b�i���i�m�b �Q�7 �K���H�2 ���M�/ �7�2�K���H�2 �Q�{�+�2�`�b

�U���V �*�Q�M�b�B�/�2�` �i�?�2 �b�B�i�m���i�B�Q�M �Q�7 �i�?�2 �T�`�Q�K�Q�i�B�Q�M �b�i���i�m�b �Q�7 �K���H�2 ���M�/ �7�2�K���H�2 �Q�{�+�2�`�b �Q�7 ��

�K���D�Q�` �K�2�i�`�Q�T�Q�H�B�i���M �T�Q�H�B�+�2 �7�Q�`�+�2 �B�M �i�?�2 �2���b�i�2�`�M �l�M�B�i�2�/ �a�i���i�2�b�X �h�?�2 �T�Q�H�B�+�2 �7�Q�`�+�2

�+�Q�M�b�B�b�i�b �Q�7 �R�k�y�y �Q�{�+�2�`�b�- �N�e�y �K�2�M ���M�/ �k�9�y �r�Q�K�2�M�X �P�p�2�` �i�?�2 �T���b�i �i�r�Q �v�2���`�b�-

�j�k�9 �Q�{�+�2�`�b �Q�M �i�?�2 �T�Q�H�B�+�2 �7�Q�`�+�2 �`�2�+�2�B�p�2�/ �T�`�Q�K�Q�i�B�Q�M�b�X �h�?�2 �b�T�2�+�B�}�+ �#�`�2���F�/�Q�r�M

�Q�7 �T�`�Q�K�Q�i�B�Q�M�b �7�Q�` �K���H�2 ���M�/ �7�2�K���H�2 �Q�{�+�2�`�b �B�b �b�?�Q�r�M �B�M �h���#�H�2 �9�X�9�X

�U�#�V ���7�i�2�` �`�2�p�B�2�r�B�M�; �i�?�2 �T�`�Q�K�Q�i�B�Q�M �`�2�+�Q�`�/�- �� �+�Q�K�K�B�i�i�2�2 �Q�7 �7�2�K���H�2 �Q�{�+�2�`�b �`���B�b�2�/ ��

�/�B�b�+�`�B�K�B�M���i�B�Q�M �+���b�2 �Q�M �i�?�2 �#���b�B�b �i�?���i �k�3�3 �K���H�2 �Q�{�+�2�`�b �?���/ �`�2�+�2�B�p�2�/ �T�`�Q�K�Q�i�B�Q�M�b�-

�#�m�i �Q�M�H�v �j�e �7�2�K���H�2 �Q�{�+�2�`�b �?���/ �`�2�+�2�B�p�2�/ �T�`�Q�K�Q�i�B�Q�M�b�X �h�?�2 �T�Q�H�B�+�2 ���/�K�B�M�B�b�i�`���i�B�Q�M

���`�;�m�2�/ �i�?���i �i�?�2 �`�2�H���i�B�p�2�H�v �H�Q�r �M�m�K�#�2�` �Q�7 �T�`�Q�K�Q�i�B�Q�M�b �7�Q�` �7�2�K���H�2 �Q�{�+�2�`�b �r���b �/�m�2

�M�Q�i �i�Q �/�B�b�+�`�B�K�B�M���i�B�Q�M�- �#�m�i �i�Q �i�?�2 �7���+�i �i�?���i �`�2�H���i�B�p�2�H�v �7�2�r �7�2�K���H�2�b ���`�2 �K�2�K�#�2�`�b

�Q�7 �i�?�2 �T�Q�H�B�+�2 �7�Q�`�+�2�X
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�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v �S���;�2 �R�8�f�k�j

�U�+�V �G�2�i �m�b �b�?�Q�r �?�Q�r �+�Q�M�/�B�i�B�Q�M���H �T�`�Q�#���#�B�H�B�i�v �+�Q�m�H�/ �#�2 �m�b�2�/ �i�Q ���M���H�v�x�2 �i�?�2 �/�B�b�+�`�B�K�@

�B�M���i�B�Q�M �+�?���`�;�2�X �G�2�i

M = �2�p�2�M�i ���M �Q�{�+�2�` �B�b �� �K���M; W = �2�p�2�M�i ���M �Q�{�+�2�` �B�b �� �r�Q�K���M

A = �2�p�2�M�i ���M �Q�{�+�2�` �B�b �T�`�Q�K�Q�i�2�/; Ac = �2�p�2�M�i ���M �Q�{�+�2�` �B�b �M�Q�i �T�`�Q�K�Q�i�2�/

�P�#�i���B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �D�Q�B�M�i �T�`�Q�#���#�B�H�B�i�v �i���#�H�2�,

�Ç �T�`�Q�#���#�B�H�B�i�v �i�?���i �� �`���M�/�Q�K�H�v �b�2�H�2�+�i�2�/ �Q�{�+�2�` �B�b �� �K���M ���M�/ �B�b �T�`�Q�K�Q�i�2�/�,

P(M \ A) = 288/1200 = 0:24 �X

�Ç �T�`�Q�#���#�B�H�B�i�v �i�?���i �� �`���M�/�Q�K�H�v �b�2�H�2�+�i�2�/ �Q�{�+�2�` �B�b �� �K���M ���M�/ �B�b �M�Q�i �T�`�Q�K�Q�i�2�/�,

P(M \ Ac) = 672/1200 = 0:56 �X

�Ç �T�`�Q�#���#�B�H�B�i�v �i�?���i �� �`���M�/�Q�K�H�v �b�2�H�2�+�i�2�/ �Q�{�+�2�` �B�b �� �r�Q�K���M ���M�/ �B�b �T�`�Q�K�Q�i�2�/�,

P(W \ A) = 36/1200 = 0 :03 �X

�Ç �T�`�Q�#���#�B�H�B�i�v �i�?���i �� �`���M�/�Q�K�H�v �b�2�H�2�+�i�2�/ �Q�{�+�2�` �B�b �� �r�Q�K���M ���M�/ �B�b �M�Q�i �T�`�Q�@

�K�Q�i�2�/�,P(W \ Ac) = 204/1200 = 0:17 �X

�U�/�V �h�?�2 �K���`�;�B�M���H �T�`�Q�#���#�B�H�B�i�B�2�b�,P(M ) = 0 :80; P(W) = 0 :20; P(A) = 0 :27 �- ���M�/

P(Ac) = 0 :73 �X �q�2 �b�2�2 �i�?���i �3�y�W �Q�7 �i�?�2 �7�Q�`�+�2 �B�b �K���H�2�- �k�y�W �Q�7 �i�?�2 �7�Q�`�+�2 �B�b

�7�2�K���H�2�- �k�d�W �Q�7 ���H�H �Q�{�+�2�`�b �`�2�+�2�B�p�2�/ �T�`�Q�K�Q�i�B�Q�M�b�- ���M�/ �d�j�W �r�2�`�2 �M�Q�i �T�`�Q�K�Q�i�2�/�X

�U�2�V �h�?�2 �+�Q�M�/�B�i�B�Q�M���H �T�`�Q�#���#�B�H�B�i�v �Q�7 �#�2�B�M�; �T�`�Q�K�Q�i�2�/ �;�B�p�2�M �i�?���i �i�?�2 �Q�{�+�2�` �B�b �� �K���K�-

P(AjM )�,

P(AjM ) =
P(A \ M )

P(M )
=

0:24
0:80

= 0:30 :

�U�7�V �a�B�K�B�H���`�H�v�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i ���M �Q�{�+�2�` �B�b �T�`�Q�K�Q�i�2�/ �;�B�p�2�M �i�?���i �i�?�2 �Q�{�+�2�` �B�b ��

�r�Q�K���M�c �i�?���i �B�b�-P(AjW)�,

P(AjW) =
P(A \ W)

P(W)
=

0:03
0:20

= 0:15 :

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8



�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v �S���;�2 �R�e�f�k�j

�U�;�V �h�?�2 �K���`�;�B�M���H �T�`�Q�#���#�B�H�B�i�v �B�M �`�Q�r �R �Q�7 �h���#�H�2 �9�X�8 �b�?�Q�r�b �i�?���i �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7

�T�`�Q�K�Q�i�B�Q�M �Q�7 ���M �Q�{�+�2�` �B�bP(A) = 0 :27 �U�`�2�;���`�/�H�2�b�b �Q�7 �r�?�2�i�?�2�` �i�?���i �Q�{�+�2�` �B�b

�K���H�2 �Q�` �7�2�K���H�2�V�X �>�Q�r�2�p�2�`�- �i�?�2 �+�`�B�i�B�+���H �B�b�b�m�2 �B�M �i�?�2 �/�B�b�+�`�B�K�B�M���i�B�Q�M �+���b�2 �B�M�p�Q�H�p�2�b

�i�?�2 �i�r�Q �+�Q�M�/�B�i�B�Q�M���H �T�`�Q�#���#�B�H�B�i�B�2�bP(AjM ) ���M�/P(AjW)�X �h�?���i �B�b�- �r�?���i �B�b �i�?�2

�T�`�Q�#���#�B�H�B�i�v �Q�7 �� �T�`�Q�K�Q�i�B�Q�M �;�B�p�2�M �i�?���i �i�?�2 �Q�{�+�2�` �B�b �� �K���M�- ���M�/ �r�?���i �B�b �i�?�2

�T�`�Q�#���#�B�H�B�i�v �Q�7 �� �T�`�Q�K�Q�i�B�Q�M �;�B�p�2�M �i�?���i �i�?�2 �Q�{�+�2�` �B�b �� �r�Q�K���M�\ �A�7 �i�?�2�b�2 �i�r�Q

�T�`�Q�#���#�B�H�B�i�B�2�b ���`�2 �2�[�m���H�- �� �/�B�b�+�`�B�K�B�M���i�B�Q�M ���`�;�m�K�2�M�i �?���b �M�Q �#���b�B�b �#�2�+���m�b�2 �i�?�2

�+�?���M�+�2�b �Q�7 �� �T�`�Q�K�Q�i�B�Q�M ���`�2 �i�?�2 �b���K�2 �7�Q�` �K���H�2 ���M�/ �7�2�K���H�2 �Q�{�+�2�`�b�X �>�Q�r�2�p�2�`�-

�� �/�B�z�2�`�2�M�+�2 �B�M �i�?�2 �i�r�Q �+�Q�M�/�B�i�B�Q�M���H �T�`�Q�#���#�B�H�B�i�B�2�b �r�B�H�H �b�m�T�T�Q�`�i �i�?�2 �T�Q�b�B�i�B�Q�M �i�?���i

�K���H�2 ���M�/ �7�2�K���H�2 �Q�{�+�2�`�b ���`�2 �i�`�2���i�2�/ �/�B�z�2�`�2�M�i�H�v �B�M �T�`�Q�K�Q�i�B�Q�M �/�2�+�B�b�B�Q�M�b�X

�U�?�V �q�?���i �+�Q�M�+�H�m�b�B�Q�M �/�Q �v�Q�m �/�`���r�\

�B�X �h�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �T�`�Q�K�Q�i�B�Q�M �;�B�p�2�M �i�?���i �i�?�2 �Q�{�+�2�` �B�b �� �K���M �B�b �y�X�j�y�- �i�r�B�+�2

�i�?�2 �y�X�R�8 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �T�`�Q�K�Q�i�B�Q�M �;�B�p�2�M �i�?���i �i�?�2 �Q�{�+�2�` �B�b �� �r�Q�K���M�X

�B�B�X ���H�i�?�Q�m�;�? �i�?�2 �m�b�2 �Q�7 �+�Q�M�/�B�i�B�Q�M���H �T�`�Q�#���#�B�H�B�i�v �/�Q�2�b �M�Q�i �B�M �B�i�b�2�H�7 �T�`�Q�p�2 �i�?���i

�/�B�b�+�`�B�K�B�M���i�B�Q�M �2�t�B�b�i�b �B�M �i�?�B�b �+���b�2�- �i�?�2 �+�Q�M�/�B�i�B�Q�M���H �T�`�Q�#���#�B�H�B�i�v �p���H�m�2�b �b�m�T�@

�T�Q�`�i �i�?�2 ���`�;�m�K�2�M�i �T�`�2�b�2�M�i�2�/ �#�v �i�?�2 �7�2�K���H�2 �Q�{�+�2�`�b�X

�A�M�/�2�T�2�M�/�2�M�i �1�p�2�M�i�b

�R�X �h�r�Q �2�p�2�M�i�bA ���M�/B ���`�2 �B�M�/�2�T�2�M�/�2�M�i�B�7

P(AjB) = P(A) �Q�` P(B jA) = P(B)

�P�i�?�2�`�r�B�b�2�- �i�?�2 �2�p�2�M�i�b ���`�2�/�2�T�2�M�/�2�M�i�X

�k�X
�

�

�

��1�t���K�T�H�2 �S�`�Q�K�Q�i�B�Q�M �b�i���i�m�b �Q�7 �K���H�2 ���M�/ �7�2�K���H�2 �Q�{�+�2�`�b

�U���VP(A) = 0 :27�-P(AjM ) = 0 :30�- ���M�/P(AjW) = 0 :15�X �q�2 �b�2�2 �i�?���i �i�?�2 �T�`�Q�#���#�B�H�@

�B�i�v �Q�7 �� �T�`�Q�K�Q�i�B�Q�M �U�2�p�2�M�iA�V �B�b ���z�2�+�i�2�/ �Q�` �B�M�~�m�2�M�+�2�/ �#�v �r�?�2�i�?�2�` �i�?�2 �Q�{�+�2�` �B�b

�� �K���M �Q�` �� �r�Q�K���M�X

�U�#�V �S���`�i�B�+�m�H���`�H�v�- �#�2�+���m�b�2P(AjM ) 6= P(A)�- �r�2 �r�Q�m�H�/ �b���v �i�?���i �2�p�2�M�i�bA ���M�/M ���`�2

�/�2�T�2�M�/�2�M�i �2�p�2�M�i�b�X �h�?���i �B�b�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �2�p�2�M�iA �U�T�`�Q�K�Q�i�B�Q�M�V �B�b ���H�i�2�`�2�/

�Q�` ���z�2�+�i�2�/ �#�v �F�M�Q�r�B�M�; �i�?���i �2�p�2�M�iM �U�i�?�2 �Q�{�+�2�` �B�b �� �K���M�V �2�t�B�b�i�b�X

�U�+�V �a�B�K�B�H���`�H�v�- �r�B�i�?P(AjW) 6= P(A)�- �r�2 �r�Q�m�H�/ �b���v �i�?���i �2�p�2�M�i�bA ���M�/W ���`�2

�/�2�T�2�M�/�2�M�i �2�p�2�M�i�b�X
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�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v �S���;�2 �R�d�f�k�j

�J�m�H�i�B�T�H�B�+���i�B�Q�M �G���r

�R�X�J�m�H�i�B�T�H�B�+���i�B�Q�M �H���r�, �� �r���v �i�Q �+�Q�K�T�m�i�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �i�?�2 �B�M�i�2�`�b�2�+�i�B�Q�M �Q�7 �i�r�Q

�2�p�2�M�i�b�,

P(A \ B) = P(B)P(AjB) ���M�/ P(A \ B) = P(A)P(B jA)

�k�X
�

�

�

��1�t���K�T�H�2 �h�2�H�2�+�Q�K�K�m�M�B�+���i�B�Q�M�b �+�Q�K�T���M�v

�U���V �*�Q�M�b�B�/�2�` �� �i�2�H�2�+�Q�K�K�m�M�B�+���i�B�Q�M�b �+�Q�K�T���M�v �i�?���i �Q�z�2�`�b �b�2�`�p�B�+�2�b �b�m�+�? ���b �?�B�;�?�@�b�T�2�2�/

�A�M�i�2�`�M�2�i�- �+���#�H�2 �i�2�H�2�p�B�b�B�Q�M�- ���M�/ �i�2�H�2�T�?�Q�M�2 �b�2�`�p�B�+�2�b�X �6�Q�` �� �T���`�i�B�+�m�H���` �+�B�i�v�- �B�i �B�b

�F�M�Q�r�M �i�?���i �3�9�W �Q�7 �i�?�2 �?�Q�m�b�2�?�Q�H�/�b �b�m�#�b�+�`�B�#�2 �i�Q �?�B�;�?�@�b�T�2�2�/ �A�M�i�2�`�M�2�i �b�2�`�p�B�+�2�X �A�7

�r�2 �H�2�iH �/�2�M�Q�i�2 �i�?�2 �2�p�2�M�i �i�?���i �� �?�Q�m�b�2�?�Q�H�/ �b�m�#�b�+�`�B�#�2�b �i�Q �?�B�;�?�@�b�T�2�2�/ �A�M�i�2�`�M�2�i

�b�2�`�p�B�+�2�-P(H ) = 0 :84�X �A�M ���/�/�B�i�B�Q�M�- �B�i �B�b �F�M�Q�r�M �i�?���i �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i ��

�?�Q�m�b�2�?�Q�H�/ �i�?���i ���H�`�2���/�v �b�m�#�b�+�`�B�#�2�b �i�Q �?�B�;�?�@�b�T�2�2�/ �A�M�i�2�`�M�2�i �b�2�`�p�B�+�2 ���H�b�Q �b�m�#�b�+�`�B�#�2�b

�i�Q �+���#�H�2 �i�2�H�2�p�B�b�B�Q�M �b�2�`�p�B�+�2 �U�2�p�2�M�iC�V �B�b0:75�c �i�?���i �B�b�-P(CjH ) = 0 :75�X �q�?���i �B�b

�i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �� �?�Q�m�b�2�?�Q�H�/ �b�m�#�b�+�`�B�#�2�b �i�Q �#�Q�i�? �?�B�;�?�@�b�T�2�2�/ �A�M�i�2�`�M�2�i ���M�/

�+���#�H�2 �i�2�H�2�p�B�b�B�Q�M �b�2�`�p�B�+�2�b�\

�U�#�V �l�b�B�M�; �i�?�2 �K�m�H�i�B�T�H�B�+���i�B�Q�M �H���r�- �r�2 �+�Q�K�T�m�i�2 �i�?�2 �/�2�b�B�`�2�/P(C \ H ) ���b

P(C \ H ) = P(H )P(CjH ) = 0 :84(0:75) = 0:63

�q�2 �M�Q�r �F�M�Q�r �i�?���i �e�j�W �Q�7 �i�?�2 �?�Q�m�b�2�?�Q�H�/�b �b�m�#�b�+�`�B�#�2 �i�Q �#�Q�i�? �?�B�;�?�@�b�T�2�2�/ �A�M�i�2�`�M�2�i

���M�/ �+���#�H�2 �i�2�H�2�p�B�b�B�Q�M �b�2�`�p�B�+�2�b�X

�j�X�J�m�H�i�B�T�H�B�+���i�B�Q�M �H���r �7�Q�` �i�r�Q �B�M�/�2�T�2�M�/�2�M�i �2�p�2�M�b�, �2�p�2�M�i�bA ���M�/B ���`�2 �B�M�/�2�T�2�M�@

�/�2�M�i �r�?�2�M�2�p�2�`P(AjB) = P(A) �Q�P̀(B jA) = P(B)�- �i�?�2 �K�m�H�i�B�T�H�B�+���i�B�Q�M �H���r �B�b

P(A \ B) = P(A)P(B)

�9�X �A�7P(A\ B) = P(A)P(B)�- �i�?�2�MA ���M�/B ���`�2 �B�M�/�2�T�2�M�/�2�M�i�c �B�7P(A \ B) 6= P(A)P(B) �-

�i�?�2�MA ���M�/B ���`�2 �/�2�T�2�M�/�2�M�i�X

�8�X
�

�

�

��1�t���K�T�H�2 �a�2�`�p�B�+�2 �b�i���i�B�Q�M �K���M���;�2�`

�U���V �*�Q�M�b�B�/�2�` �i�?�2 �b�B�i�m���i�B�Q�M �Q�7 �� �b�2�`�p�B�+�2 �b�i���i�B�Q�M �K���M���;�2�` �r�?�Q �F�M�Q�r�b �7�`�Q�K �T���b�i �2�t�T�2�@

�`�B�2�M�+�2 �i�?���i �3�y�W �Q�7 �i�?�2 �+�m�b�i�Q�K�2�`�b �m�b�2 �� �+�`�2�/�B�i �+���`�/ �r�?�2�M �i�?�2�v �T�m�`�+�?���b�2 �;���b�Q�H�B�M�2�X

�q�?���i �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �M�2�t�i �i�r�Q �+�m�b�i�Q�K�2�`�b �T�m�`�+�?���b�B�M�; �;���b�Q�H�B�M�2 �r�B�H�H

�2���+�? �m�b�2 �� �+�`�2�/�B�i �+���`�/�\
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�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v �S���;�2 �R�3�f�k�j

�U�#�V �G�2�i

A = �i�?�2 �2�p�2�M�i �i�?���i �i�?�2 �}�`�b�i �+�m�b�i�Q�K�2�` �m�b�2�b �� �+�`�2�/�B�i �+���`�/

B = �i�?�2 �2�p�2�M�i �i�?���i �i�?�2 �b�2�+�Q�M�/ �+�m�b�i�Q�K�2�` �m�b�2�b �� �+�`�2�/�B�i �+���`�/

�i�?�2�M �i�?�2 �2�p�2�M�i �Q�7 �B�M�i�2�`�2�b�i �B�bA \ B �X ���b�b�m�K�2 �i�?���iA ���M�/B ���`�2 �B�M�/�2�T�2�M�/�2�M�i

�2�p�2�M�i�b�X �h�?�m�b�-

P(A \ B) = P(A)P(B) = (0 :80)(0:80) = 0:64

�9�X�8 �"���v�2�b�ö �h�?�2�Q�`�2�K

�R�X �J�Q�i�B�p���i�B�Q�M�,

�U���V �P�7�i�2�M �r�2 �#�2�;�B�M �T�`�Q�#���#�B�H�B�i�v ���M���H�v�b�B�b �r�B�i�?�B�M�B�i�B���H�Q�` �T�`�B�Q� �̀T�`�Q�#���#�B�H�B�@

�i�B�2�b�X

�U�#�V �h�?�2�M�- �7�`�Q�K �� �b���K�T�H�2�- �b�T�2�+�B���H �`�2�T�Q�`�i�- �Q�` �� �T�`�Q�/�m�+�i �i�2�b�i�- �r�2 �Q�#�i���B�M �b�Q�K�2 ���/�/�B�@

�i�B�Q�M���H �B�M�7�Q�`�K���i�B�Q�M�X

�U�+�V �:�B�p�2�M �i�?�B�b �B�M�7�Q�`�K���i�B�Q�M�- �r�2 �+���H�+�m�H���i�2�`�2�p�B�b�2�/�Q�` �T�Q�b�i�2�`�B�Q�`�T�`�Q�#���#�B�H�B�@

�i�B�2�b�X

�U�/�V �"���v�2�b�ö �i�?�2�Q�`�2�K �T�`�Q�p�B�/�2�b �i�?�2 �K�2���M�b �7�Q�`�`�2�p�B�b�B�M�;�i�?�2 �T�`�B�Q�` �T�`�Q�#���#�B�H�B�i�B�2�b�X

�k�X �h�?�2 �"���v�2�b�ö �i�?�2�Q�`�2�K �7�Q�` �i�?�2 �+���b�2 �Q�7 �i�r�Q �2�p�2�M�i�b�,

P(A1jB ) =
P(A1)P(B jA1)

P(A1)P(B jA1) + P(A2)P(B jA2)
:

P(A2jB ) =
P(A2)P(B jA2)

P(A2)P(B jA2) + P(A2)P(B jA2)
:
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�j�X
�

�

�

��1�t���K�T�H�2 �J���M�m�7���+�i�m�`�B�M�; �}�`�K �`�2�+�2�B�p�2�b �b�?�B�T�K�2�M�i�b �7�`�Q�K �i�r�Q �b�m�T�T�H�B�2�`�b

�U���V �*�Q�M�b�B�/�2�` �� �K���M�m�7���+�i�m�`�B�M�; �}�`�K �i�?���i �`�2�+�2�B�p�2�b �b�?�B�T�K�2�M�i�b �Q�7 �T���`�i�b �7�`�Q�K �i�r�Q �/�B�7�@

�7�2�`�2�M�i �b�m�T�T�H�B�2�`�b�X �G�2�iA1 �UA2�V �/�2�M�Q�i�2 �i�?�2 �2�p�2�M�i �i�?���i �� �T���`�i �B�b �7�`�Q�K �b�m�T�T�H�B�2�` �R

�U�k�V�X

�U�#�V �*�m�`�`�2�M�i�H�v�- �e�8�W �U�j�8�W�V �Q�7 �i�?�2 �T���`�i�b �T�m�`�+�?���b�2�/ �#�v �i�?�2 �+�Q�K�T���M�v ���`�2 �7�`�Q�K �b�m�T�@

�T�H�B�2�` �R �U�k�V�X �>�2�M�+�2�- �B�7 �� �T���`�i �B�b �b�2�H�2�+�i�2�/ ���i �`���M�/�Q�K�- �r�2 �r�Q�m�H�/ ���b�b�B�;�M �i�?�2 �T�`�B�Q�`

�T�`�Q�#���#�B�H�B�i�B�2�bP(A1) = 0 :65 ���M�/ P(A2) = 0 :35 �X

�U�+�V �h�?�2 �[�m���H�B�i�v �Q�7 �i�?�2 �T�m�`�+�?���b�2�/ �T���`�i�b �p���`�B�2�b �r�B�i�? �i�?�2 �b�Q�m�`�+�2 �Q�7 �b�m�T�T�H�v�X �>�B�b�i�Q�`�B�+���H

�/���i�� �b�m�;�;�2�b�i �i�?���i �i�?�2 �[�m���H�B�i�v �`���i�B�M�;�b �Q�7 �i�?�2 �i�r�Q �b�m�T�T�H�B�2�`�b ���`�2 ���b �b�?�Q�r�M �B�M �h���#�H�2

�9�X�e�X

�U�/�V �G�2�iG �UB�V �/�2�M�Q�i�2 �i�?�2 �2�p�2�M�i �i�?���i �� �T���`�i �B�b �;�Q�Q�/ �U�#���/�V�- �i�?�2 �B�M�7�Q�`�K���i�B�Q�M �B�M �h���#�H�2

�9�X�e �T�`�Q�p�B�/�2�b �i�?�2 �7�Q�H�H�Q�r�B�M�; �+�Q�M�/�B�i�B�Q�M���H �T�`�Q�#���#�B�H�B�i�v �p���H�m�2�b�X

P(GjA1) = �y�X�N�3; P(B jA1) = �y�X�y�k

P(GjA2) = �y�X�N�8; P(B jA2) = �y�X�y�8

�U�2�V �U�6�B�;�m�`�2 �9�X�R�y�V �h�?�2 �i�`�2�2 �/�B���;�`���K �/�2�T�B�+�i�b �i�?�2 �T�`�Q�+�2�b�b �Q�7 �i�?�2 �}�`�K �`�2�+�2�B�p�B�M�; �� �T���`�i

�7�`�Q�K �Q�M�2 �Q�7 �i�?�2 �i�r�Q �b�m�T�T�H�B�2�`�b ���M�/ �i�?�2�M �/�B�b�+�Q�p�2�`�B�M�; �i�?���i �i�?�2 �T���`�i �B�b �;�Q�Q�/ �Q�`

�#���/ ���b �� �i�r�Q�@�b�i�2�T �2�t�T�2�`�B�K�2�M�i�X �q�2 �b�2�2 �i�?���i �7�Q�m�` �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b ���`�2

�T�Q�b�b�B�#�H�2�c �i�r�Q �+�Q�`�`�2�b�T�Q�M�/ �i�Q �i�?�2 �T���`�i �#�2�B�M�; �;�Q�Q�/ ���M�/ �i�r�Q �+�Q�`�`�2�b�T�Q�M�/ �i�Q �i�?�2

�T���`�i �#�2�B�M�; �#���/�X
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�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v �S���;�2 �k�y�f�k�j

�U�7�V �1���+�? �Q�7 �i�?�2 �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b �B�b �i�?�2 �B�M�i�2�`�b�2�+�i�B�Q�M �Q�7 �i�r�Q �2�p�2�M�i�b�- �b�Q �r�2 �+���M

�m�b�2 �i�?�2 �K�m�H�i�B�T�H�B�+���i�B�Q�M �`�m�H�2 �i�Q �+�Q�K�T�m�i�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b�X �6�Q�` �B�M�b�i���M�+�2�-

P(A1; G) = P(A1 \ G) = P(A1)P(GjA1)

�U�;�V�S�`�Q�#���#�B�H�B�i�v �i�`�2�2�U�6�B�;�m�`�2 �9�X�R�R�V�, �6�`�Q�K �H�2�7�i �i�Q �`�B�;�?�i �i�?�`�Q�m�;�? �i�?�2 �i�`�2�2�- �i�?�2 �T�`�Q�#�@

���#�B�H�B�i�B�2�b �7�Q�` �2���+�? �#�`���M�+�? ���i �b�i�2�T �R ���`�2 �T�`�B�Q�` �T�`�Q�#���#�B�H�B�i�B�2�b ���M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b

�7�Q�` �2���+�? �#�`���M�+�? ���i �b�i�2�T �k ���`�2 �+�Q�M�/�B�i�B�Q�M���H �T�`�Q�#���#�B�H�B�i�B�2�b�X

�U�?�V �h�Q �}�M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b �Q�7 �2���+�? �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�- �r�2 �b�B�K�T�H�v �K�m�H�i�B�T�H�v

�i�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b �Q�M �i�?�2 �#�`���M�+�?�2�b �H�2���/�B�M�; �i�Q �i�?�2 �Q�m�i�+�Q�K�2�X �1���+�? �Q�7 �i�?�2�b�2 �D�Q�B�M�i

�T�`�Q�#���#�B�H�B�i�B�2�b �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �9�X�R�R ���H�Q�M�; �r�B�i�? �i�?�2 �F�M�Q�r�M �T�`�Q�#���#�B�H�B�i�B�2�b �7�Q�`

�2���+�? �#�`���M�+�?�X
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�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v �S���;�2 �k�R�f�k�j

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�k�y�N�V

�a�m�T�T�Q�b�2 �M�Q�r �i�?���i �i�?�2 �T���`�i�b �7�`�Q�K �i�?�2 �i�r�Q �b�m�T�T�H�B�2�`�b ���`�2 �m�b�2�/ �B�M �i�?�2 �}�`�K�ö�b �K���M�m�7���+�@

�i�m�`�B�M�; �T�`�Q�+�2�b�b ���M�/ �i�?���i �� �K���+�?�B�M�2 �#�`�2���F�b �/�Q�r�M �#�2�+���m�b�2 �B�i ���i�i�2�K�T�i�b �i�Q �T�`�Q�+�2�b�b ��

�#���/ �T���`�i�X �:�B�p�2�M �i�?�2 �B�M�7�Q�`�K���i�B�Q�M �i�?���i �i�?�2 �T���`�i �B�b �#���/�- �r�?���i �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i

�B�i �+���K�2 �7�`�Q�K �b�m�T�T�H�B�2�` �R ���M�/ �r�?���i �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �B�i �+���K�2 �7�`�Q�K �b�m�T�T�H�B�2�` �k�\

�b�Q�H�,

�� �G�2�i�i�B�M�;B �/�2�M�Q�i�2 �i�?�2 �2�p�2�M�i �i�?���i �i�?�2 �T���`�i �B�b �#���/�- �r�2 ���`�2 �H�Q�Q�F�B�M�; �7�Q�` �i�?�2 �T�Q�b�i�2�`�B�Q�`

�T�`�Q�#���#�B�H�B�i�B�2�bP(A1jB ) ���M�/P(A2jB )�X �q�2 �F�M�Q�r �i�?���i

P(A1jB ) =
P(A1 \ B )

P(B)
) P(A1 \ B ) = P(A1)P(B jA1)

�� �6�B�M�/P(B)�,

P(B) = P(A1 \ B ) + P(A2 \ B ) = P(A1)P(B jA1) + P(A2)P(B jA2)

�� �q�2 �?���p�2

P(A1jB ) =
P(A1)P(B jA1)

P(A1)P(B jA1) + P(A2)P(B jA2)

=
(0:65)(0:02)

(0:65)(0:02) + (0:35)(0:05)
=

0:0130
0:0130 + 0:0175

=
0:0130
0:0305

= :4262

P(A2jB ) =
(0:35)(0:05)

(0:65)(0:02) + (0:35)(0:05)

=
0:0175

0:0130 + 0:0175
=

0:0175
0:0305

= 0:5738

�� �L�Q�i�2 �i�?���i �B�M �i�?�B�b ���T�T�H�B�+���i�B�Q�M �r�2 �b�i���`�i�2�/ �r�B�i�? �� �T�`�Q�#���#�B�H�B�i�v �Q�7�y�X�e�8 �i�?���i

�� �T���`�i �b�2�H�2�+�i�2�/ ���i �`���M�/�Q�K �r���b �7�`�Q�K �b�m�T�T�H�B�2�` �R�X �>�Q�r�2�p�2�`�- �;�B�p�2�M �B�M�7�Q�`�K���i�B�Q�M

�i�?���i �i�?�2 �T���`�i �B�b �#���/�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �T���`�i �B�b �7�`�Q�K �b�m�T�T�H�B�2�` �R �/�`�Q�T�b �i�Q

�y�X�9�k�e�k�X �A�M �7���+�i�- �B�7 �i�?�2 �T���`�i �B�b �#���/�- �B�i �?���b �#�2�i�i�2�` �i�?���M �� �8�y���8�y �+�?���M�+�2 �i�?���i

�B�i �+���K�2 �7�`�Q�K �b�m�T�T�H�B�2�` �k�c �i�?���i �B�b�-P(A2jB ) = 0 :5738 �X
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�*�?���T�i�2�`�9�, �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �S�`�Q�#���#�B�H�B�i�v �S���;�2 �k�k�f�k�j

�j�X �"���v�2�b�ö �i�?�2�Q�`�2�K �B�b ���T�T�H�B�+���#�H�2 �r�?�2�M �i�?�2 �2�p�2�M�i�b �7�Q�` �r�?�B�+�? �r�2 �r���M�i �i�Q �+�Q�K�T�m�i�2 �T�Q�b�i�2�`�B�Q�`

�T�`�Q�#���#�B�H�B�i�B�2�b ���`�2 �K�m�i�m���H�H�v �2�t�+�H�m�b�B�p�2 ���M�/ �i�?�2�B�` �m�M�B�Q�M �B�b �i�?�2 �2�M�i�B�`�2 �b���K�T�H�2 �b�T���+�2�X

�6�Q�` �i�?�2 �+���b�2 �Q�7n �K�m�i�m���H�H�v �2�t�+�H�m�b�B�p�2 �2�p�2�M�i�bA1; A2; � � � ; An �- �r�?�Q�b�2 �m�M�B�Q�M �B�b

�i�?�2 �2�M�i�B�`�2 �b���K�T�H�2 �b�T���+�2�- �"���v�2�b�ö �i�?�2�Q�`�2�K �+���M �#�2 �m�b�2�/ �i�Q �+�Q�K�T�m�i�2 ���M�v �T�Q�b�i�2�`�B�Q�`

�T�`�Q�#���#�B�H�B�i�vP(A i jB )�,

P(A i jB ) =
P(A i )P(B jA i )

P(A1)P(B jA1) + P(A2)P(B jA2) + � � � + P(An )P(B jAn )

�h���#�m�H���` ���T�T�`�Q���+�?

�R�X �� �i���#�m�H���` ���T�T�`�Q���+�? �B�b �?�2�H�T�7�m�H �B�M �+�Q�M�/�m�+�i�B�M�; �i�?�2 �"���v�2�b�ö �i�?�2�Q�`�2�K �+���H�+�m�H���i�B�Q�M�b�X

�a�i�2�T �R�X �S�`�2�T���`�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �i�?�`�2�2 �+�Q�H�m�K�M�b�,

�*�Q�H�m�K�M �R �, �h�?�2�K�m�i�m���H�H�v �2�t�+�H�m�b�B�p�2�2�p�2�M�i�bA i �7�Q�` �r�?�B�+�? �T�Q�b�i�2�`�B�Q�` �T�`�Q�#���#�B�H�B�i�B�2�b

���`�2 �/�2�b�B�`�2�/�X

�*�Q�H�m�K�M �k �, �h�?�2�T�`�B�Q� �̀T�`�Q�#���#�B�H�B�i�B�2�bP(A i ) �7�Q�` �i�?�2 �2�p�2�M�i�b�X

�*�Q�H�m�K�M �j �, �h�?�2�+�Q�M�/�B�i�B�Q�M���H�T�`�Q�#���#�B�H�B�i�B�2�bP(B jA i ) �Q�7 �i�?�2 �M�2�r �B�M�7�Q�`�K���i�B�Q�MB

�;�B�p�2�M �2���+�? �2�p�2�M�i�X

�a�i�2�T �k�X �A�M �+�Q�H�m�K�M �9�- �+�Q�K�T�m�i�2 �i�?�2 �D�Q�B�M�i �T�`�Q�#���#�B�H�B�i�B�2�bP(A i \ B ) �7�Q�` �2���+�? �2�p�2�M�i ���M�/ �i�?�2

�M�2�r �B�M�7�Q�`�K���i�B�Q�MB �#�v �m�b�B�M�; �i�?�2 �K�m�H�i�B�T�H�B�+���i�B�Q�M �H���r�,P(A i \ B ) = P(A i )P(B jA i ) �X

�a�i�2�T �j�X �a�m�K �i�?�2 �D�Q�B�M�i �T�`�Q�#���#�B�H�B�i�B�2�b �B�M �+�Q�H�m�K�M �9�X �h�?�2 �b�m�K �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �i�?�2 �M�2�r

�B�M�7�Q�`�K���i�B�Q�M�-P(B)�X
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�i�r�Q �b�m�T�T�H�B�2�`�b�X
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P(A i jB ) =
P(A i \ B )

P(B)

�L�Q�i�2 �i�?���i �i�?�2 �D�Q�B�M�i �T�`�Q�#���#�B�H�B�i�B�2�bP(A i \ B ) ���`�2 �B�M �+�Q�H�m�K�M �9 ���M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�v

P(B) �B�b �i�?�2 �b�m�K �Q�7 �+�Q�H�m�K�M �9�X

�Ú �1�s�1�_�*�A�a�1�a
'

&

$

%

�9�X�R�, �9�- �e�- �R�R�- �R�j

�9�X�k�, �R�e�- �R�d�- �R�N

�9�X�j�, �k�j�- �k�e�- �k�N

�9�X�9�, �j�R�- �j�k�- �j�8�- �j�e

�9�X�8�, �9�y�- �9�k�- �9�8

�a�l�S �, �9�N�- �8�R�- �8�e�- �8�N
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�8�X�R �_���M�/�Q�K �o���`�B���#�H�2�b

�R�X �� �`���M�/�Q�K �p���`�B���#�H�2 �B�b ���M�m�K�2�`�B�+���H�/�2�b�+�`�B�T�i�B�Q�M �Q�7 �i�?�2�Q�m�i�+�Q�K�2�Q�7 ���M �2�t�@

�T�2�`�B�K�2�M�i�X

�k�X �� �`���M�/�Q�K �p���`�B���#�H�2 �+���M �#�2 �+�H���b�b�B�}�2�/ ���b �#�2�B�M�; �2�B�i�?�2�`�/�B�b�+�`�2�i�2�Q�` �+�Q�M�i�B�M�m�Q�m�b

�/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �M�m�K�2�`�B�+���H �p���H�m�2�b �B�i ���b�b�m�K�2�b�X

�j�X �� �`���M�/�Q�K �p���`�B���#�H�2�- �Q�7�i�2�M �/�2�M�Q�i�2�/ �#�vX �U�Q�` �b�Q�K�2 �Q�i�?�2�` �+���T�B�i���H �H�2�i�i�2�`�V�- �B�b ���7�m�M�+�i�B�Q�M

�i�?���i �K���T�b�Q�m�i�+�Q�K�2�b�i�Q �M�m�K�#�2�`�b�Q�M �i�?�2 �`�2���H �H�B�M�2�X

�.�B�b�+�`�2�i�2 �_���M�/�Q�K �o���`�B���#�H�2�b

�R�X �� �/�B�b�+�`�2�i�2 �`���M�/�Q�K �p���`�B���#�H�2 ���b�b�m�K�2�b �2�B�i�?�2�` ���}�M�B�i�2 �M�m�K�#�2�`�Q�7 �p���H�m�2�b �Q�` ���M

�B�M�}�M�B�i�2 �b�2�[�m�2�M�+�2�Q�7 �p���H�m�2�b �b�m�+�? ���b0; 1; 2; � � � �X
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�Q�` �+�Q�H�H�2�+�i�B�Q�M �Q�7 �B�M�i�2�`�p���H�b�X
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�B�X �1���+�? �Q�7 �i�? �Q�m�i�+�Q�K�2�b �U�i�?�2 �M�m�K�#�2�`�b �R�- �k�- �j�- �9�- �8�- �Q�` �e�V �B�b �2�[�m���H�H�v �H�B�F�2�H�v�X

�B�B�X �G�2�iX = �M�m�K�#�2�` �Q�#�i���B�M�2�/ �Q�M �Q�M�2 �`�Q�H�H �Q�7 �� �/�B�2�X

�B�B�B�X �U�h���#�H�2 �8�X�j�V �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �7�m�M�+�i�B�Q�Mf (x) �Q�7X �X

�8�X�h�?�2 �b�m�#�D�2�+�i�B�p�2 �K�2�i�?�Q�/�,

�U���V �1���+�? �T�`�Q�#���#�B�H�B�i�v �B�b ���b�b�B�;�M�2�/ �#�v �m�b�2�`�ö�b �#�2�b�i�D�m�/�;�K�2�M�i�X �.�B�z�2�`�2�M�i �T�2�Q�T�H�2

�+���M �#�2 �2�t�T�2�+�i�2�/ �i�Q �Q�#�i���B�M �/�B�z�2�`�2�M�i �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�b�X

�e�X�h�?�2 � �̀2�H���i�B�p�2 �7� �̀2�[�m�2�M�+�v �K�2�i�?�Q�/�,

�U���V �q�2 �i�`�2���i �i�?�2 �U�H���`�;�2 ���K�Q�m�M�i�b �Q�7�V �/���i�� ���b �B�7 �i�?�2�v �r�2�`�2 �i�?�2�T�Q�T�m�H���i�B�Q�M���M�/

�m�b�2 �i�?�2�`�2�H���i�B�p�2 �7�`�2�[�m�2�M�+�v�K�2�i�?�Q�/ �i�Q ���b�b�B�;�M �T�`�Q�#���#�B�H�B�i�B�2�b �i�Q �i�?�2 �2�t�T�2�`�B�@

�K�2�M�i���H �Q�m�i�+�Q�K�2�b�X

�U�#�V �h�?�2 �m�b�2 �Q�7 �i�?�2 �`�2�H���i�B�p�2 �7�`�2�[�m�2�M�+�v �K�2�i�?�Q�/ �i�Q �/�2�p�2�H�Q�T �/�B�b�+�`�2�i�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�@

�#�m�i�B�Q�M�b �H�2���/�b �i�Q �r�?���i �B�b �+���H�H�2�/ ���M�2�K�T�B�`�B�+���H�/�B�b�+�`�2�i�2 �/�B�b�i�`�B�#�m�i�B�Q�M�X �U�K�Q�`�2

�r�B�/�2�H�v �m�b�2�/ �B�M �T�`���+�i�B�+�2�V
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�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �9�f�k�d

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �U�T�k�k�N�V

�P�p�2�` �i�?�2 �T���b�i �j�y�y �/���v�b�- �.�B�*���`�H�Q �J�Q�i�Q�`�b �B�M �a���`���i�Q�;���- �L�2�r �u�Q�`�F�- �?���b �2�t�T�2�`�B�@

�2�M�+�2�/ �8�9 �U�R�R�d�- �d�k�- �9�k�- �R�k�- �j�V �/���v�b �r�B�i�? �M�Q �U�R�- �k�- �j�- �9�- �8�V ���m�i�Q�K�Q�#�B�H�2�b �b�Q�H�/�X

�a�m�T�T�Q�b�2 �r�2 �+�Q�M�b�B�/�2�` �i�?�2 �2�t�T�2�`�B�K�2�M�i �Q�7 �Q�#�b�2�`�p�B�M�; �� �/���v �Q�7 �Q�T�2�`���i�B�Q�M�b ���i �.�B�@

�*���`�H�Q �J�Q�i�Q�`�b ���M�/ �/�2�}�M�2 �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2 �Q�7 �B�M�i�2�`�2�b�i ���bX = �i�?�2 �M�m�K�#�2�`

�Q�7 ���m�i�Q�K�Q�#�B�H�2�b �b�Q�H�/ �/�m�`�B�M�; �� �/���v�X �U���V �l�b�2 �i�?�2 �`�2�H���i�B�p�2 �7�`�2�[�m�2�M�+�v �K�2�i�?�Q�/ �i�Q

�/�2�p�2�H�Q�T �� �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` �i�?�2 �M�m�K�#�2�` �Q�7 �+���`�b �b�Q�H�/ �T�2�` �/���v�X �U�#�V

�:�`���T�? �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �b�m�+�? �i�?���i �i�?�2 �p���H�m�2�b �Q�7 �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2

X �7�Q�` �.�B�*���`�H�Q �J�Q�i�Q�`�b ���`�2 �b�?�Q�r�M �Q�M �i�?�2 �?�Q�`�B�x�Q�M�i���H ���t�B�b ���M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�v

���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2�b�2 �p���H�m�2�b �B�b �b�?�Q�r�M �Q�M �i�?�2 �p�2�`�i�B�+���H ���t�B�b�X

�b�Q�H�,
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�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �8�f�k�d

�d�X �� �T�`�B�K���`�v ���/�p���M�i���;�2 �Q�7 �/�2�}�M�B�M�; �� �`���M�/�Q�K �p���`�B���#�H�2 ���M�/ �B�i�b �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M

�B�b �i�?���i �Q�M�+�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �F�M�Q�r�M�- �B�i �B�b �`�2�H���i�B�p�2�H�v �2���b�v �i�Q �/�2�i�2�`�K�B�M�2

�i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �p���`�B�2�i�v �Q�7�2�p�2�M�i�b�i�?���i �K���v �#�2 �Q�7 �B�M�i�2�`�2�b�i �i�Q �� �/�2�+�B�b�B�Q�M

�K���F�2�`�X

�3�X�_�2�[�m�B� �̀2�/ �*�Q�M�/�B�i�B�Q�M�b �7�Q�` �� �.�B�b�+� �̀2�i�2 �S� �̀Q�#���#�B�H�B�i�v �6�m�M�+�i�B�Q�M�,

f (x) � 0 ���M�/
P

f (x) = 1

�N�X�.�B�b�+�`�2�i�2 �l�M�B�7�Q�`�K �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�, f (x) = 1/ n �r�?�2�`�2n �B�b �i�?�2

�M�m�K�#�2�` �Q�7 �p���H�m�2�b �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2 �K���v ���b�b�m�K�2�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�k�j�y�V

�6�Q�` �i�?�2 �2�t�T�2�`�B�K�2�M�i �Q�7 �`�Q�H�H�B�M�; �� �7���B�` �/�B�2�- �r�2 �/�2�}�M�2 �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2X �i�Q �#�2 �i�?�2

�M�m�K�#�2�` �Q�7 �/�Q�i�b �Q�M �i�?�2 �m�T�r���`�/ �7���+�2�X �6�B�M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�M �7�Q�` �i�?�B�b �/�B�b�+�`�2�i�2

�`���M�/�Q�K �p���`�B���#�H�2�X

�b�Q�H�,

�6�Q�` �i�?�B�b �2�t�T�2�`�B�K�2�M�i�-n = 6 �p���H�m�2�b ���`�2 �T�Q�b�b�B�#�H�2 �7�Q�` �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2�cX =

1; 2; � � � ; 6�X �a�B�M�+�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b ���`�2 �2�[�m���H�H�v �H�B�F�2�H�v�- �i�?�2 �/�B�b�+�`�2�i�2 �T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�M

�7�Q�` �i�?�B�b �/�B�b�+�`�2�i�2 �`���M�/�Q�K �p���`�B���#�H�2 �B�b

f X (x) = 1/6 ; x = 1; 2; 3; 4; 5; 6:

X �B�b �+���H�H�2�/ �i�?�2 �/�B�b�+�`�2�i�2 �m�M�B�7�Q�`�K �`���M�/�Q�K �p���`�B���#�H�2�X
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�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �e�f�k�d

�8�X�j �1�t�T�2�+�i�2�/ �o���H�m�2 ���M�/ �o���`�B���M�+�2

�1�t�T�2�+�i�2�/ �o���H�m�2

�R�X �h�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2�- �Q�`�K�2���M �- �Q�7 �� �`���M�/�Q�K �p���`�B���#�H�2X �B�b �� �K�2���b�m�`�2 �Q�7 �i�?�2

�+�2�M�i�`���H�H�Q�+���i�B�Q�M �7�Q�` �i�?�2 �/�B�b�+�`�2�i�2 �`���M�/�Q�K �p���`�B���#�H�2�,

E(X ) = � =
P

xf (x) :

�k�X �h�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2 �B�b ���r�2�B�;�?�i�2�/ ���p�2�`���;�2�Q�7 �i�?�2 �p���H�m�2�b �Q�7 �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2

�r�?�2�`�2 �i�?�2 �r�2�B�;�?�i�b ���`�2 �i�?�2�T�`�Q�#���#�B�H�B�i�B�2�b�X

�o���`�B���M�+�2

�R�X �l�b�2 �p���`�B���M�+�2 �i�Q �b�m�K�K���`�B�x�2 �i�?�2�p���`�B���#�B�H�B�i�v�B�M �i�?�2 �p���H�m�2�b �Q�7 �� �/�B�b�+�`�2�i�2 �`���M�/�Q�K

�p���`�B���#�H�2�,

V ar(X ) = � 2 =
P

(x � � )2f (x)

�k�X �h�?�2 �p���`�B���M�+�2 �B�b �� �r�2�B�;�?�i�2�/ ���p�2�`���;�2 �Q�7 �i�?�2�b�[�m���`�2�/ �/�2�p�B���i�B�Q�M�b�Q�7 �� �`���M�/�Q�K

�p���`�B���#�H�2 �7�`�Q�K �B�i�b �K�2���M�X �h�?�2 �r�2�B�;�?�i�b ���`�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�k�j�9�V

�G�2�i �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2X �#�2 �i�?�2 �M�m�K�#�2�` �Q�7 ���m�i�Q �K�Q�#�B�H�2�b �b�Q�H�/ �/�m�`�B�M�; �� �/���v �B�M �i�?�2

�.�B�*���`�H�Q �J�Q�i�Q�`�b ���m�i�Q�K�Q�#�B�H�2 �b���H�2�b �2�t���K�T�H�2 �7�`�Q�K �a�2�+�i�B�Q�M �8�X�k�- �}�M�/ �i�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2

���M�/ �i�?�2 �p���`�B���M�+�2 �Q�7 �i�?�B�b �/�B�b�+�`�2�i�2 �`���M�/�Q�K �p���`�B���#�H�2�X

�b�Q�H�,
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�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �d�f�k�d

�8�X�9 �"�B�p���`�B���i�2 �.�B�b�i�`�B�#�m�i�B�Q�M�b�- �*�Q�p���`�B���M�+�2�- ���M�/ �6�B�M���M�@

�+�B���H �S�Q�`�i�7�Q�H�B�Q�b

�R�X �� �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �B�M�p�Q�H�p�B�M�; �i�r�Q �`���M�/�Q�K �p���`�B���#�H�2�b �B�b �+���H�H�2�/ ���#�B�p���`�B���i�2

�T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�X

�k�X�"�B�p���`�B���i�2 �2�t�T�2�`�B�K�2�M�i�, �1���+�? �Q�m�i�+�Q�K�2 �7�Q�` �� �#�B�p���`�B���i�2 �2�t�T�2�`�B�K�2�M�i �+�Q�M�b�B�b�i�b �Q�7�i�r�Q �p���H�m�2�b�-

�Q�M�2 �7�Q�` �2���+�? �`���M�/�Q�K �p���`�B���#�H�2�X

�j�X
�

�

�

��1�t���K�T�H�2 �*�Q�M�b�B�/�2�` �i�?�2 �#�B�p���`�B���i�2 �2�t�T�2�`�B�K�2�M�i �Q�7 �`�Q�H�H�B�M�; �� �T���B�` �Q�7 �/�B�+�2�X �h�?�2 �Q�m�i�+�Q�K�2

�+�Q�M�b�B�b�i�b �Q�7 �i�r�Q �p���H�m�2�b�- �i�?�2 �M�m�K�#�2�` �Q�#�i���B�M�2�/ �r�B�i�? �i�?�2 �}�`�b�i �/�B�2 ���M�/ �i�?�2 �M�m�K�#�2�`

�Q�#�i���B�M�2�/ �r�B�i�? �i�?�2 �b�2�+�Q�M�/ �/�B�2�X

�9�X
�

�

�

��1�t���K�T�H�2 �*�Q�M�b�B�/�2�` �i�?�2 �2�t�T�2�`�B�K�2�M�i �Q�7 �Q�#�b�2�`�p�B�M�; �i�?�2 �}�M���M�+�B���H �K���`�F�2�i�b �7�Q�` �� �v�2���`

���M�/ �`�2�+�Q�`�/�B�M�; �i�?�2 �T�2�`�+�2�M�i���;�2 �;���B�M �7�Q�` �� �b�i�Q�+�F �7�m�M�/ ���M�/ �� �#�Q�M�/ �7�m�M�/�X ���;���B�M�- �i�?�2

�2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2 �T�`�Q�p�B�/�2�b �� �p���H�m�2 �7�Q�` �i�r�Q �`���M�/�Q�K �p���`�B���#�H�2�b�- �i�?�2 �T�2�`�+�2�M�i �;���B�M

�B�M �i�?�2 �b�i�Q�+�F �7�m�M�/ ���M�/ �i�?�2 �T�2�`�+�2�M�i �;���B�M �B�M �i�?�2 �#�Q�M�/ �7�m�M�/�X

�� �"�B�p���`�B���i�2 �1�K�T�B�`�B�+���H �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M

�R�X
�

�

�

��1�t���K�T�H�2 �U�a�2�+�i�B�Q�M �8�X�k�V �.�B�*���`�H�Q �J�Q�i�Q�`�b ���m�i�Q�K�Q�#�B�H�2 �/�2���H�2�`�b�?�B�T �B�M �a���`���i�Q�;���- �L�2�r

�u�Q�`�F�X
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�U���V �U�h���#�H�2 �8�X�d�V �.�B�*���`�H�Q �?���b ���M�Q�i�?�2�` �/�2���H�2�`�b�?�B�T �B�M �:�2�M�2�p���- �L�2�r �u�Q�`�F�X �h���#�H�2 �8�X�d

�b�?�Q�r�b �i�?�2 �M�m�K�#�2�` �Q�7 �+���`�b �b�Q�H�/ ���i �2���+�? �Q�7 �i�?�2 �/�2���H�2�`�b�?�B�T�b �Q�p�2�` �� �j�y�y�@�/���v �T�2�`�B�Q�/�X

�U�#�V �h�?�2 �M�m�K�#�2�`�b �B�M �i�?�2 �#�Q�i�i�Q�K �U�i�Q�i���H�V �`�Q�r ���`�2 �i�?�2 �7�`�2�[�m�2�M�+�B�2�b �r�2 �m�b�2�/ �i�Q �/�2�p�2�H�Q�T

���M �2�K�T�B�`�B�+���H �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` �/���B�H�v �b���H�2�b ���i �.�B�*���`�H�Q�ö�b �a���`���i�Q�;�� �/�2���H�@

�2�`�b�?�B�T�X �h�?�2 �M�m�K�#�2�`�b �B�M �i�?�2 �`�B�;�?�i�K�Q�b�i �U�i�Q�i���H�V �+�Q�H�m�K�M ���`�2 �i�?�2 �7�`�2�[�m�2�M�+�B�2�b �Q�7

�/���B�H�v �b���H�2�b �7�Q�` �i�?�2 �:�2�M�2�p�� �/�2���H�2�`�b�?�B�T�X

�U�+�V �1�M�i�`�B�2�b �B�M �i�?�2 �#�Q�/�v �Q�7 �i�?�2 �i���#�H�2 �;�B�p�2 �i�?�2 �M�m�K�#�2�` �Q�7 �/���v�b �i�?�2 �:�2�M�2�p�� �/�2���H�2�`�b�?�B�T

�?���/ �� �H�2�p�2�H �Q�7 �b���H�2�b �B�M�/�B�+���i�2�/ �#�v �i�?�2 �`�Q�r�- �r�?�2�M �i�?�2 �a���`���i�Q�;�� �/�2���H�2�`�b�?�B�T �?���/

�i�?�2 �H�2�p�2�H �Q�7 �b���H�2�b �B�M�/�B�+���i�2�/ �#�v �i�?�2 �+�Q�H�m�K�M�X

�U�/�V �*�Q�M�b�B�/�2�` �i�?�2 �#�B�p���`�B���i�2 �2�t�T�2�`�B�K�2�M�i �Q�7 �Q�#�b�2�`�p�B�M�; �� �/���v �Q�7 �Q�T�2�`���i�B�Q�M�b ���i �.�B�*���`�H�Q

�J�Q�i�Q�`�b ���M�/ �`�2�+�Q�`�/�B�M�; �i�?�2 �M�m�K�#�2�` �Q�7 �+���`�b �b�Q�H�/�X �.�2�}�M�2

X = �M�m�K�#�2�` �Q�7 �+���`�b �b�Q�H�/ ���i �i�?�2 �:�2�M�2�p�� �/�2���H�2�`�b�?�B�T

Y = �i�?�2 �M�m�K�#�2�` �Q�7 �+���`�b �b�Q�H�/ ���i �i�?�2 �a���`���i�Q�;�� �/�2���H�2�`�b�?�B�T

�U�2�V �U�h���#�H�2 �8�X�3�V �/�B�p�B�/�2 ���H�H �Q�7 �i�?�2 �7�`�2�[�m�2�M�+�B�2�b �B�M �h���#�H�2 �8�X�d �#�v �i�?�2 �M�m�K�#�2�` �Q�7 �Q�#�b�2�`�@

�p���i�B�Q�M�b �U�j�y�y�V �i�Q �/�2�p�2�H�Q�T ���#�B�p���`�B���i�2 �2�K�T�B�`�B�+���H �/�B�b�+�`�2�i�2�T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�@

�#�m�i�B�Q�M �7�Q�` ���m�i�Q�K�Q�#�B�H�2 �b���H�2�b ���i �i�?�2 �i�r�Q �.�B�*���`�H�Q �/�2���H�2�`�b�?�B�T�b�X
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�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �N�f�k�d

�U�7�V �h�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b �B�M �i�?�2 �H�Q�r�2�` �U�`�B�;�?�i�V �K���`�;�B�M �T�`�Q�p�B�/�2 �i�?�2�K���`�;�B�M���H�/�B�b�i�`�B�@

�#�m�i�B�Q�M �7�Q�` �i�?�2 �.�B�*���`�H�Q �J�Q�i�Q�`�b �a���`���i�Q�;�� �U�:�2�M�2�p���V �/�2���H�2�`�b�?�B�T�X

�U�;�V �h�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b �B�M �i�?�2 �#�Q�/�v �Q�7 �i�?�2 �i���#�H�2 �T�`�Q�p�B�/�2 �i�?�2�#�B�p���`�B���i�2�T�`�Q�#���#�B�H�B�i�v

�/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` �b���H�2�b ���i �#�Q�i�? �/�2���H�2�`�b�?�B�T�b�X

�k�X �"�B�p���`�B���i�2 �T�`�Q�#���#�B�H�B�i�B�2�b ���`�2 �Q�7�i�2�M �+���H�H�2�/�D�Q�B�M�i �T�`�Q�#���#�B�H�B�i�B�2�b�X

�j�X �L�Q�i�2 �i�?���i �i�?�2�`�2 �B�b �Q�M�2 �#�B�p���`�B���i�2 �T�`�Q�#���#�B�H�B�i�v �7�Q�` �2���+�? �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�X

�9�X �q�B�i�?C1 �T�Q�b�b�B�#�H�2 �p���H�m�2�b �7�Q�`X ���M�/ C2 �T�Q�b�b�B�#�H�2 �p���H�m�2�b �7�Q�`Y �- �i�?�2�`�2 ���`�2

C1 � C2 �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b ���M�/ �#�B�p���`�B���i�2 �T�`�Q�#���#�B�H�B�i�B�2�b�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �U�T�k�9�y�V

�_�2�7�2�` �i�Q �i�?�2 �.�B�*���`�H�Q �J�Q�i�Q�`�b ���m�i�Q�K�Q�#�B�H�2 �/�2���H�2�`�b�?�B�T �/���i���- �}�M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�v

�/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` �i�Q�i���H �b���H�2�b ���i �#�Q�i�? �.�B�*���`�H�Q �/�2���H�2�`�b�?�B�T�b ���M�/ �i�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2

���M�/ �p���`�B���M�+�2 �Q�7 �i�Q�i���H �b���H�2�b�X

�b�Q�H�,

�8�X �h�?�2 �+�Q�p���`�B���M�+�2 �#�2�i�r�2�2�M �i�r�Q �`���M�/�Q�K �p���`�B���#�H�2�bX ���M�/Y �B�b�,

� xy = Cov(X; Y ) = [V ar(X + Y) � V ar(X ) � V ar(Y)]/2 �Q�`

� xy = Cov(X; Y ) =
P

(x � E(X )) ( y � E(Y)) f (x; y) :
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�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�y�f�k�d

�e�X �h�?�2 �+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M �i�r�Q �`���M�/�Q�K �p���`�B���#�H�2�bX ���M�/Y �B�b �i�?�2 �+�Q�p���`�B���M�+�2 �/�B�p�B�/�2�/

�#�v �i�?�2 �T�`�Q�/�m�+�i �Q�7 �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b �7�Q�` �i�?�2 �i�r�Q �`���M�/�Q�K �p���`�B���#�H�2�b�,

� xy =
� xy

� x � y
:

�d�X�1�t�T�2�+�i�2�/ �o���H�m�2 �Q�7 �� �G�B�M�2���` �*�Q�K�#�B�M���i�B�Q�M �Q�7 �_���M�/�Q�K �o���`�B���#�H�2�bX ���M�/Y �,

E(aX + bY) = aE(X ) + bE(Y) :

�3�X�o���`�B���M�+�2 �Q�7 �� �G�B�M�2���` �*�Q�K�#�B�M���i�B�Q�M �Q�7 �h�r�Q �_���M�/�Q�K �o���`�B���#�H�2�b�,

V ar(aX + bY) = a2V ar(X ) + b2V ar(Y) + 2 ab Cov(X; Y )

�r�?�2�`�2Cov(X; Y ) = � xy �B�b �i�?�2 �+�Q�p���`�B���M�+�2 �Q�7X ���M�/Y �X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�k�9�R�V

�_�2�7�2�` �i�Q �i�?�2 �.�B�*���`�H�Q �J�Q�i�Q�`�b ���m�i�Q�K�Q�#�B�H�2 �/�2���H�2�`�b�?�B�T �/���i���- �+�Q�K�T�m�i�2 �i�?�2 �+�Q�p���`�B���M�+�2

���M�/ �i�?�2 �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i �#�2�i�r�2�2�M �/���B�H�v �b���H�2�b ���i �i�?�2 �i�r�Q �.�B�*���`�H�Q �/�2���H�2�`�b�?�B�T�b�X

�b�Q�H�,
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�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�R�f�k�d

�6�B�M���M�+�B���H ���T�T�H�B�+���i�B�Q�M�b

�R�X �h�Q �b�2�2 �?�Q�r �r�?���i �r�2 �?���p�2 �H�2���`�M�2�/ �+���M �#�2 �m�b�2�7�m�H �B�M �+�Q�M�b�i�`�m�+�i�B�M�; �}�M���M�+�B���H �T�Q�`�i�7�Q�H�B�Q�b

�i�?���i �T�`�Q�p�B�/�2 �� �;�Q�Q�/ �#���H���M�+�2 �Q�7�`�B�b�F���M�/ �`�2�i�m�`�M�X

�k�X �h�?�2�b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�Q�7 �T�2�`�+�2�M�i �`�2�i�m�`�M �B�b �Q�7�i�2�M �m�b�2�/ ���b �� �K�2���b�m�`�2 �Q�7 �`�B�b�F

���b�b�Q�+�B���i�2�/ �r�B�i�? ���M �B�M�p�2�b�i�K�2�M�i�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�k�9�k�V

�U�h���#�H�2 �8�X�R�R�V �� �}�M���M�+�B���H ���/�p�B�b�Q�` �B�b �+�Q�M�b�B�/�2�`�B�M�; �7�Q�m�` �T�Q�b�b�B�#�H�2 �2�+�Q�M�Q�K�B�+ �b�+�2�M���`�B�Q�b �7�Q�`

�i�?�2 �+�Q�K�B�M�; �v�2���` ���M�/ �?���b �/�2�p�2�H�Q�T�2�/ �� �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �b�?�Q�r�B�M�; �i�?�2 �T�2�`�+�2�M�i

�`�2�i�m�`�M�-X �- �7�Q�` �B�M�p�2�b�i�B�M�; �B�M �� �H���`�;�2�+���T�b�i�Q�+�F �7�m�M�/ ���M�/ �i�?�2 �T�2�`�+�2�M�i �`�2�i�m�`�M�-Y �- �7�Q�`

�B�M�p�2�b�i�B�M�; �B�M �� �H�Q�M�;�@�i�2�`�K �;�Q�p�2�`�M�K�2�M�i �#�Q�M�/ �7�m�M�/ �;�B�p�2�M �2���+�? �Q�7 �i�?�2 �b�+�2�M���`�B�Q�b�X �h�?�2

�#�B�p���`�B���i�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�`X ���M�/Y �B�b �b�?�Q�r�M �B�M �h���#�H�2 �8�X�R�R�X

�*�Q�K�T�m�i�2 �i�?�2 �2�t�T�2�+�i�2�/ �T�2�`�+�2�M�i �`�2�i�m�`�M �7�Q�` �B�M�p�2�b�i�B�M�; �B�M �i�?�2 �b�i�Q�+�F �7�m�M�/�-E(X )�- ���M�/ �i�?�2

�2�t�T�2�+�i�2�/ �T�2�`�+�2�M�i �`�2�i�m�`�M �7�Q�` �B�M�p�2�b�i�B�M�; �B�M �i�?�2 �#�Q�M�/ �7�m�M�/�-E(Y)�X �.�`���r �i�?�2 �+�Q�M�+�H�m�b�B�Q�M�X

�b�Q�H�,

E(X ) = 0 :10(� 40) + 0:25(5) + 0:5(15) + 0:15(30) = 9:25

E(Y) = 0 :10(30) + 0:25(5) + 0:5(4) + 0:15(2) = 6:55

�l�b�B�M�; �i�?�B�b �B�M�7�Q�`�K���i�B�Q�M�- �r�2 �K�B�;�?�i �+�Q�M�+�H�m�/�2 �i�?���i �B�M�p�2�b�i�B�M�; �B�M �i�?�2 �b�i�Q�+�F �7�m�M�/ �B�b ��

�#�2�i�i�2�` �B�M�p�2�b�i�K�2�M�i�X �A�i �?���b �� �?�B�;�?�2�` �2�t�T�2�+�i�2�/ �`�2�i�m�`�M�- �N�X�k�8�W�X
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� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�k�9�k�V

�_�2�7�2�` �i�Q �i�?�2 �}�M���M�+�B���H ���/�p�B�b�Q�` �2�t���K�T�H�2�X �*�Q�K�T�m�i�2 �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �i�?�2

�T�2�`�+�2�M�i �`�2�i�m�`�M�b �7�Q�` �i�?�2 �b�i�Q�+�F ���M�/ �#�Q�M�/ �7�m�M�/ �B�M�p�2�b�i�K�2�M�i�b�X

�b�Q�H�,

V ar(X ) = 0 :1(� 40� 9:25)2 + 0:25(5� 9:25)2 + 0:50(15� 9:25)2 + 0:15(30� 9:25)2

= 328:1875

V ar(Y) = 0 :1(30� 6:55)2 + 0:25(5� 6:55)2 + 0:50(4� 6:55)2 + 0:15(2� 6:55)2

= 61:9475

�h�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �i�?�2 �`�2�i�m�`�M �7�`�Q�K ���M �B�M�p�2�b�i�K�2�M�i �B�M �i�?�2 �b�i�Q�+�F �7�m�M�/ �B�b� x =
p

328:1875 = 18:1159�W ���M�/ �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �i�?�2 �`�2�i�m�`�M �7�`�Q�K ���M �B�M�p�2�b�i�K�2�M�i

�B�M �i�?�2 �#�Q�M�/ �7�m�M�/ �B�b� y =
p

61:9475 = 7:8707�W�X �a�Q�- �r�2 �+���M �+�Q�M�+�H�m�/�2 �i�?���i �B�M�p�2�b�i�B�M�;

�B�M �i�?�2 �#�Q�M�/ �7�m�M�/ �B�b �H�2�b�b �`�B�b�F�v�X �A�i �?���b �i�?�2 �b�K���H�H�2�` �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�X

�j�X �q�2 �?���p�2 ���H�`�2���/�v �b�2�2�M �i�?���i �i�?�2 �b�i�Q�+�F �7�m�M�/ �Q�z�2�`�b �� �;�`�2���i�2�` �2�t�T�2�+�i�2�/ �`�2�i�m�`�M�- �b�Q �B�7 �r�2

�r���M�i �i�Q �+�?�Q�Q�b�2 �#�2�i�r�2�2�M �B�M�p�2�b�i�B�M�; �B�M �2�B�i�?�2�` �i�?�2�b�i�Q�+�F�7�m�M�/ �Q�` �i�?�2�#�Q�M�/

�7�m�M�/ �B�i �/�2�T�2�M�/�b �Q�M �Q�m�` ���i�i�B�i�m�/�2 �i�Q�r���`�/�`�B�b�F ���M�/ �`�2�i�m�`�M�X

�9�X ���M ���;�;�`�2�b�b�B�p�2�B�M�p�2�b�i�Q�` �K�B�;�?�i �+�?�Q�Q�b�2 �i�?�2 �b�i�Q�+�F �7�m�M�/ �#�2�+���m�b�2 �Q�7 �i�?�2 �?�B�;�?�2�`

�2�t�T�2�+�i�2�/ �`�2�i�m�`�M�c ���+�Q�M�b�2�`�p���i�B�p�2�B�M�p�2�b�i�Q�` �K�B�;�?�i �+�?�Q�Q�b�2 �i�?�2 �#�Q�M�/ �7�m�M�/ �#�2�+���m�b�2

�Q�7 �i�?�2 �H�Q�r�2�` �`�B�b�F�X �"�m�i�- �i�?�2�`�2 ���`�2 �Q�i�?�2�` �Q�T�i�B�Q�M�b�X

�8�X �q�?���i ���#�Q�m�i �i�?�2 �T�Q�b�b�B�#�B�H�B�i�v �Q�7 �B�M�p�2�b�i�B�M�; �B�M �� �T�Q�`�i�7�Q�H�B�Q �+�Q�M�b�B�b�i�B�M�; �Q�7 �#�Q�i�? ���M �B�M�p�2�b�i�@

�K�2�M�i �B�M �i�?�2 �b�i�Q�+�F �7�m�M�/ ���M�/ ���M �B�M�p�2�b�i�K�2�M�i �B�M �i�?�2 �#�Q�M�/ �7�m�M�/�\
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�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�j�f�k�d

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�k�9�k�V

�_�2�7�2�` �i�Q �i�?�2 �}�M���M�+�B���H ���/�p�B�b�Q�` �2�t���K�T�H�2�X �a�m�T�T�Q�b�2 �r�2 �r�Q�m�H�/ �H�B�F�2 �i�Q �+�Q�M�b�B�/�2�` �� �T�Q�`�i�@

�7�Q�H�B�Q �#�v �B�M�p�2�b�i�B�M�; �2�[�m���H ���K�Q�m�M�i�b �B�M �i�?�2 �H���`�;�2�+���T �b�i�Q�+�F �7�m�M�/ ���M�/ �B�M �i�?�2 �H�Q�M�;�i�2�`�K

�;�Q�p�2�`�M�K�2�M�i �#�Q�M�/ �7�m�M�/�X �1�p���H�m���i�2 �i�?�B�b �T�Q�`�i�7�Q�H�B�Q �#�v �+�Q�K�T�m�i�B�M�; �B�i�b �2�t�T�2�+�i�2�/ �`�2�i�m�`�M

���M�/ �`�B�b�F�X

�b�Q�H�,

�R�X�.�2�}�M�2X ���b �i�?�2 �T�2�`�+�2�M�i �`�2�i�m�`�M �7�`�Q�K ���M �B�M�p�2�b�i�K�2�M�i �B�M �i�?�2 �b�i�Q�+�F �7�m�M�/ ���M�/Y ���b

�i�?�2 �T�2�`�+�2�M�i �`�2�i�m�`�M �7�`�Q�K ���M �B�M�p�2�b�i�K�2�M�i �B�M �i�?�2 �#�Q�M�/ �7�m�M�/ �b�Q �i�?�2 �T�2�`�+�2�M�i �`�2�i�m�`�M

�7�Q�` �Q�m�` �T�Q�`�i�7�Q�H�B�Q �B�bR = 0:5X + 0:5Y�X

E(0:5X + 0:5Y) = 0 :5E(X ) + 0 :5E(Y) = 0 :5(9:25) + 0:5(6:55) = 7:9

�h�?�2 �2�t�T�2�+�i�2�/ �`�2�i�m�`�M �7�Q�` �B�M�p�2�b�i�B�M�; �B�M �i�?�2 �T�Q�`�i�7�Q�H�B�Q �B�b �d�X�N�W�X

�k�X�q�2 �?���p�2V ar(X ) = 328:1875���M�/V ar(Y) = 61:9475�X ���H�b�Q�- �B�i �+���M �#�2 �b�?�Q�r�M

�i�?���i

V ar(X + Y) = 119:46:

�h�?�2 �+�Q�p���`�B���M�+�2 �Q�7 �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2�bX ���M�/Y �B�b

� xy = [ V ar(X + Y) � V ar(X ) � V ar(Y)]/2

= [119:46� 328:1875� 61:9475]/2

= � 135:3375:

�� �M�2�;���i�B�p�2 �+�Q�p���`�B���M�+�2 �#�2�i�r�2�2�MX ���M�/Y �K�2���M�b �i�?���i �r�?�2�MX �i�2�M�/�b �i�Q �#�2 ���#�Q�p�2

�B�i�b �K�2���M�-Y �i�2�M�/�b �i�Q �#�2 �#�2�H�Q�r �B�i�b �K�2���M ���M�/ �p�B�+�2 �p�2�`�b���X

�j�X�*�Q�K�T�m�i�2 �i�?�2 �p���`�B���M�+�2 �Q�7 �`�2�i�m�`�M �7�Q�` �Q�m�` �T�Q�`�i�7�Q�H�B�Q

V ar(0:5X + 0:5Y) = 0 :52(328:1875) + 0:52(61:9475) + 2(0:5)(0:5)(� 135:3375)

= 29:865

�h�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �Q�m�` �T�Q�`�i�7�Q�H�B�Q �B�b �i�?�2�M �;�B�p�2�M �#�v� 0:5x+0 :5y =
p

29:865 =

5:4650�W�X �h�?�B�b �B�b �Q�m�` �K�2���b�m�`�2 �Q�7 �`�B�b�F �7�Q�` �i�?�2 �T�Q�`�i�7�Q�H�B�Q �+�Q�M�b�B�b�i�B�M�; �Q�7 �B�M�p�2�b�i�B�M�;

�8�y�W �B�M �i�?�2 �b�i�Q�+�F �7�m�M�/ ���M�/ �8�y�W �B�M �i�?�2 �#�Q�M�/ �7�m�M�/�X
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�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�9�f�k�d

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�k�9�k�V

�_�2�7�2�` �i�Q �i�?�2 �}�M���M�+�B���H ���/�p�B�b�Q�` �2�t���K�T�H�2�X �*�Q�K�T���`�2 �i�?�2 �i�?�`�2�2 �B�M�p�2�b�i�K�2�M�i ���H�i�2�`�M���i�B�p�2�b

���+�+�Q�`�/�B�M�; �i�Q �i�?�2�B�` �2�t�T�2�+�i�2�/ �`�2�i�m�`�M�b�- �p���`�B���M�+�2�b�- ���M�/ �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b�, �B�M�p�2�b�i�B�M�;

�b�Q�H�2�H�v �B�M �i�?�2 �b�i�Q�+�F �7�m�M�/�- �B�M�p�2�b�i�B�M�; �b�Q�H�2�H�v �B�M �i�?�2 �#�Q�M�/ �7�m�M�/�- �Q�` �+�`�2���i�B�M�; �� �T�Q�`�i�7�Q�H�B�Q �#�v

�/�B�p�B�/�B�M�; �Q�m�` �B�M�p�2�b�i�K�2�M�i ���K�Q�m�M�i �2�[�m���H�H�v �#�2�i�r�2�2�M �i�?�2 �b�i�Q�+�F ���M�/ �#�Q�M�/ �7�m�M�/�b�X �q�?�B�+�?

�Q�7 �i�?�2�b�2 ���H�i�2�`�M���i�B�p�2�b �r�Q�m�H�/ �v�Q�m �T�`�2�7�2�`�\

�b�Q�H�,

�R�X �h�?�2 �2�t�T�2�+�i�2�/ �`�2�i�m�`�M �B�b �?�B�;�?�2�b�i �7�Q�` �B�M�p�2�b�i�B�M�; �R�y�y�W �B�M �i�?�2 �b�i�Q�+�F �7�m�M�/�- �#�m�i �i�?�2

�`�B�b�F �B�b ���H�b�Q �?�B�;�?�2�b�i�X �h�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �B�b �R�3�X�R�R�8�N�W�X

�k�X �A�M�p�2�b�i�B�M�; �R�y�y�W �B�M �i�?�2 �#�Q�M�/ �7�m�M�/ �?���b �� �H�Q�r�2�` �2�t�T�2�+�i�2�/ �`�2�i�m�`�M�- �#�m�i �� �b�B�;�M�B�}�+���M�i�H�v

�b�K���H�H�2�` �`�B�b�F�X

�j�X �A�M�p�2�b�i�B�M�; �8�y�W �B�M �i�?�2 �b�i�Q�+�F �7�m�M�/ ���M�/ �8�y�W �B�M �i�?�2 �#�Q�M�/ �7�m�M�/ �U�i�?�2 �T�Q�`�i�7�Q�H�B�Q�V

�?���b ���M �2�t�T�2�+�i�2�/ �`�2�i�m�`�M �i�?���i �B�b �?���H�7�r���v �#�2�i�r�2�2�M �i�?���i �Q�7 �i�?�2 �b�i�Q�+�F �7�m�M�/ ���H�Q�M�2

���M�/ �i�?�2 �#�Q�M�/ �7�m�M�/ ���H�Q�M�2�X �"�m�i �M�Q�i�2 �i�?���i �B�i �?���b �H�2�b�b �`�B�b�F �i�?���M �B�M�p�2�b�i�B�M�; �R�y�y�W �B�M

�2�B�i�?�2�` �Q�7 �i�?�2 �B�M�/�B�p�B�/�m���H �7�m�M�/�b�X �A�i �?���b �#�Q�i�? �� �?�B�;�?�2�` �`�2�i�m�`�M ���M�/ �H�2�b�b �`�B�b�F �U�b�K���H�H�2�`

�b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�V �i�?���M �B�M�p�2�b�i�B�M�; �b�Q�H�2�H�v �B�M �i�?�2 �#�Q�M�/ �7�m�M�/�X

�9�X �q�?�2�i�?�2�` �v�Q�m �r�Q�m�H�/ �+�?�Q�Q�b�2 �i�Q �B�M�p�2�b�i �B�M �i�?�2 �b�i�Q�+�F �7�m�M�/ �Q�` �i�?�2 �T�Q�`�i�7�Q�H�B�Q �/�2�T�2�M�/�b

�Q�M �v�Q�m�` ���i�i�B�i�m�/�2 �i�Q�r���`�/ �`�B�b�F�X

�8�X �h�?�2 �b�i�Q�+�F �7�m�M�/ �?���b �� �?�B�;�?�2�` �2�t�T�2�+�i�2�/ �`�2�i�m�`�M�X �"�m�i �i�?�2 �T�Q�`�i�7�Q�H�B�Q �?���b �b�B�;�M�B�}�+���M�i�H�v

�H�2�b�b �`�B�b�F ���M�/ ���H�b�Q �T�`�Q�p�B�/�2�b �� �7���B�`�H�v �;�Q�Q�/ �`�2�i�m�`�M�X �J���M�v �r�Q�m�H�/ �+�?�Q�Q�b�2 �B�i�X

�e�X �A�i �B�b �i�?�2 �M�2�;���i�B�p�2 �+�Q�p���`�B���M�+�2 �#�2�i�r�2�2�M �i�?�2 �b�i�Q�+�F ���M�/ �#�Q�M�/ �7�m�M�/�b �i�?���i �?���b �+���m�b�2�/

�i�?�2 �T�Q�`�i�7�Q�H�B�Q �`�B�b�F �i�Q �#�2 �b�Q �K�m�+�? �b�K���H�H�2�` �i�?���M �i�?�2 �`�B�b�F �Q�7 �B�M�p�2�b�i�B�M�; �b�Q�H�2�H�v �B�M �2�B�i�?�2�`

�Q�7 �i�?�2 �B�M�/�B�p�B�/�m���H �7�m�M�/�b�X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8



�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�8�f�k�d

�8�X�8 �"�B�M�Q�K�B���H �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M

�� �"�B�M�Q�K�B���H �1�t�T�2�`�B�K�2�M�i

�R�X �� �#�B�M�Q�K�B���H �2�t�T�2�`�B�K�2�M�i �2�t�?�B�#�B�i�b �i�?�2 �7�Q�H�H�Q�r�B�M�; �7�Q�m�` �T�`�Q�T�2�`�i�B�2�b�X

�U���V �h�?�2 �2�t�T�2�`�B�K�2�M�i �+�Q�M�b�B�b�i�b �Q�7 �� �b�2�[�m�2�M�+�2 �Q�7n �B�/�2�M�i�B�+���H �i�`�B���H�b�X

�U�#�V �h�r�Q �Q�m�i�+�Q�K�2�b ���`�2 �T�Q�b�b�B�#�H�2 �Q�M �2���+�? �i�`�B���H�X �q�2 �`�2�7�2�` �i�Q �Q�M�2 �Q�m�i�+�Q�K�2 ���b ��
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�i�`�B���H�X �*�Q�M�b�2�[�m�2�M�i�H�v�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �7���B�H�m�`�2�- �/�2�M�Q�i�2�/ �#�v1 � p �- �/�Q�2�b

�M�Q�i �+�?���M�;�2 �7�`�Q�K �i�`�B���H �i�Q �i�`�B���H�X �U�b�i���i�B�Q�M���`�B�i�v ���b�b�m�K�T�i�B�Q�M�V
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�k�X �A�7 �T�`�Q�T�2�`�i�B�2�b �U�#�V�- �U�+�V�- ���M�/ �U�/�V ���`�2 �T�`�2�b�2�M�i�- �r�2 �b���v �i�?�2 �i�`�B���H�b ���`�2 �;�2�M�2�`���i�2�/ �#�v ��
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�j�X �U�6�B�;�m�`�2 �8�X�k�V �/�2�T�B�+�i�b �Q�M�2 �T�Q�b�b�B�#�H�2 �b�2�[�m�2�M�+�2 �Q�7 �b�m�+�+�2�b�b�2�b ���M�/ �7���B�H�m�`�2�b �7�Q�` �� �#�B�M�Q�K�B���H

�2�t�T�2�`�B�K�2�M�i �B�M�p�Q�H�p�B�M�; �2�B�;�?�i �i�`�B���H�b�X
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�i�`�B���H�b�- �r�2 �b�2�2 �i�?���iX �+���M ���b�b�m�K�2 �i�?�2 �p���H�m�2�b �Q�70; 1; 2; 3; � � � ; n �X
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�R�X �h�?�2 �2�t�T�2�`�B�K�2�M�i �+�Q�M�b�B�b�i�b �Q�7 �}�p�2 �B�/�2�M�i�B�+���H �i�`�B���H�b�c �2���+�? �i�`�B���H �B�M�p�Q�H�p�2�b �i�?�2 �i�Q�b�b�B�M�;
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�k�X �h�r�Q �Q�m�i�+�Q�K�2�b ���`�2 �T�Q�b�b�B�#�H�2 �7�Q�` �2���+�? �i�`�B���H�, �� �?�2���/ �Q�` �� �i���B�H�X �q�2 �+���M �/�2�b�B�;�M���i�2

�?�2���/ �� �b�m�+�+�2�b�b ���M�/ �i���B�H �� �7���B�H�m�`�2�X

�j�X �h�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �?�2���/ ���M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �i���B�H ���`�2 �i�?�2 �b���K�2 �7�Q�` �2���+�?

�i�`�B���H�- �r�B�i�?p = 0:5 ���M�/1 � p = 0:5�X

�9�X �h�?�2 �i�`�B���H�b �Q�` �i�Q�b�b�2�b ���`�2 �B�M�/�2�T�2�M�/�2�M�i �#�2�+���m�b�2 �i�?�2 �Q�m�i�+�Q�K�2 �Q�M ���M�v �Q�M�2 �i�`�B���H �B�b

�M�Q�i ���z�2�+�i�2�/ �#�v �r�?���i �?���T�T�2�M�b �Q�M �Q�i�?�2�` �i�`�B���H�b �Q�` �i�Q�b�b�2�b�X

�h�?�2 �`���M�/�Q�K �p���`�B���#�H�2 �Q�7 �B�M�i�2�`�2�b�i �B�bX = �i�?�2 �M�m�K�#�2�` �Q�7 �?�2���/�b ���T�T�2���`�B�M�; �B�M �i�?�2 �}�p�2

�i�`�B���H�b�X �A�M �i�?�B�b �+���b�2�-X �+���M ���b�b�m�K�2 �i�?�2 �p���H�m�2�b �Q�7 �y�- �R�- �k�- �j�- �9�- �Q�` �8�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�k�9�N�V
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�R�X �h�?�2 �2�t�T�2�`�B�K�2�M�i �+�Q�M�b�B�b�i�b �Q�7 �R�y �B�/�2�M�i�B�+���H �i�`�B���H�b�c �2���+�? �i�`�B���H �B�M�p�Q�H�p�2�b �+�Q�M�i���+�i�B�M�;

�Q�M�2 �7���K�B�H�v�X

�k�X �h�r�Q �Q�m�i�+�Q�K�2�b ���`�2 �T�Q�b�b�B�#�H�2 �Q�M �2���+�? �i�`�B���H�, �i�?�2 �7���K�B�H�v �T�m�`�+�?���b�2�b �� �T�Q�H�B�+�v �U�b�m�+�+�2�b�b�V

�Q�` �i�?�2 �7���K�B�H�v �/�Q�2�b �M�Q�i �T�m�`�+�?���b�2 �� �T�Q�H�B�+�v �U�7���B�H�m�`�2�V�X

�j�X �h�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b �Q�7 �� �T�m�`�+�?���b�2 ���M�/ �� �M�Q�M�T�m�`�+�?���b�2 ���`�2 ���b�b�m�K�2�/ �i�Q �#�2 �i�?�2 �b���K�2

�7�Q�` �2���+�? �b���H�2�b �+���H�H�- �r�B�i�?p = 0:10 ���M�/1�• p = 0:90�X
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�h�?�2 �`���M�/�Q�K �p���`�B���#�H�2 �Q�7 �B�M�i�2�`�2�b�i �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �b���H�2�b �Q�#�i���B�M�2�/ �B�M �+�Q�M�i���+�i�B�M�; �i�?�2

�R�y �7���K�B�H�B�2�b�X �A�M �i�?�B�b �+���b�2�-X �+���M ���b�b�m�K�2 �i�?�2 �p���H�m�2�b �Q�70; 1; � � � ; 10�X
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�R�X �G�2�i �m�b �+�Q�M�b�B�/�2�` �i�?�2 �T�m�`�+�?���b�2 �/�2�+�B�b�B�Q�M�b �Q�7 �i�?�2 �M�2�t�i �i�?�`�2�2 �+�m�b�i�Q�K�2�`�b �r�?�Q �2�M�i�2�` �i�?�2

�J���`�i�B�M �*�H�Q�i�?�B�M�; �a�i�Q�`�2�X �P�M �i�?�2 �#���b�B�b �Q�7 �T���b�i �2�t�T�2�`�B�2�M�+�2�- �i�?�2 �b�i�Q�`�2 �K���M���;�2�` �2�b�i�B�K���i�2�b

�i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i ���M�v �Q�M�2 �+�m�b�i�Q�K�2�` �r�B�H�H �K���F�2 �� �T�m�`�+�?���b�2 �B�b �y�X�j�y�X �q�?���i �B�b �i�?�2
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�k�X �U�6�B�;�m�`�2 �8�X�j�V �i�`�2�2 �/�B���;�`���K �b�?�Q�r�b �i�?���i �i�?�2 �2�t�T�2�`�B�K�2�M�i �Q�7 �Q�#�b�2�`�p�B�M�; �i�?�2 �i�?�`�2�2 �+�m�b�@
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�U�#�V �h�r�Q �Q�m�i�+�Q�K�2�b �@ �i�?�2 �+�m�b�i�Q�K�2�` �K���F�2�b �� �T�m�`�+�?���b�2 �U�b�m�+�+�2�b�b�V �Q�` �i�?�2 �+�m�b�i�Q�K�2�` �/�Q�2�b

�M�Q�i �K���F�2 �� �T�m�`�+�?���b�2 �U�7���B�H�m�`�2�V �@ ���`�2 �T�Q�b�b�B�#�H�2 �7�Q�` �2���+�? �i�`�B���H�X

�U�+�V �h�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �+�m�b�i�Q�K�2�` �r�B�H�H �K���F�2 �� �T�m�`�+�?���b�2 �U�y�X�j�y�V �Q�` �r�B�H�H �M�Q�i �K���F�2

�� �T�m�`�+�?���b�2 �U�y�X�d�y�V �B�b ���b�b�m�K�2�/ �i�Q �#�2 �i�?�2 �b���K�2 �7�Q�` ���H�H �+�m�b�i�Q�K�2�`�b�X

�U�/�V �h�?�2 �T�m�`�+�?���b�2 �/�2�+�B�b�B�Q�M �Q�7 �2���+�? �+�m�b�i�Q�K�2�` �B�b �B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 �/�2�+�B�b�B�Q�M�b �Q�7 �i�?�2

�Q�i�?�2�` �+�m�b�i�Q�K�2�`�b�X
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�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�N�f�k�d

�8�X �h�?�2 �M�m�K�#�2�` �Q�7 �2�t�T�2�`�B�K�2�M�i���H �Q�m�i�+�Q�K�2�b �`�2�b�m�H�i�B�M�; �B�M �2�t���+�i�H�vx �b�m�+�+�2�b�b�2�b �B�Mn �i�`�B���H�b

�+���M �#�2 �+�Q�K�T�m�i�2�/ �m�b�B�M�;�,�
n
x

�
=

n!
x!(n � x)!

;

�r�?�2�`�2n! = n(n � 1)(n � 2) � � � (2)(1) ���M�/0! = 1�X

�e�X �"�2�+���m�b�2 �i�?�2 �i�`�B���H�b �Q�7 �� �#�B�M�Q�K�B���H �2�t�T�2�`�B�K�2�M�i ���`�2 �B�M�/�2�T�2�M�/�2�M�i�- �r�2 �+���M �b�B�K�T�H�v�K�m�H�i�B�T�H�v

�i�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b ���b�b�Q�+�B���i�2�/ �r�B�i�? �2���+�? �i�`�B���H �Q�m�i�+�Q�K�2 �i�Q �}�M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �T���`�@

�i�B�+�m�H���` �b�2�[�m�2�M�+�2 �Q�7 �b�m�+�+�2�b�b�2�b ���M�/ �7���B�H�m�`�2�b�X

�d�X �h�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �T�m�`�+�?���b�2�b �#�v �i�?�2 �}�`�b�i �i�r�Q �+�m�b�i�Q�K�2�`�b ���M�/ �M�Q �T�m�`�+�?���b�2 �#�v �i�?�2 �i�?�B�`�/

�+�m�b�i�Q�K�2�`�- �/�2�M�Q�i�2�/(S; S; F)�- �B�b �;�B�p�2�M �#�vpp(1 � p) �X �q�B�i�? �� �y�X�j�y �T�`�Q�#���#�B�H�B�i�v �Q�7

�� �T�m�`�+�?���b�2 �Q�M ���M�v �Q�M�2 �i�`�B���H�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �T�m�`�+�?���b�2 �Q�M �i�?�2 �}�`�b�i �i�r�Q �i�`�B���H�b ���M�/

�M�Q �T�m�`�+�?���b�2 �Q�M �i�?�2 �i�?�B�`�/ �B�b �;�B�p�2�M �#�v(0:30)(0:30)(0:70) = 0:063 �X

�3�X �A�M ���M�v �#�B�M�Q�K�B���H �2�t�T�2�`�B�K�2�M�i�- ���H�H �b�2�[�m�2�M�+�2�b �Q�7 �i�`�B���H �Q�m�i�+�Q�K�2�b �v�B�2�H�/�B�M�;x �b�m�+�+�2�b�b�2�b �B�M

n �i�`�B���H�b �?���p�2 �i�?�2 �b���K�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �Q�+�+�m�`�`�2�M�+�2�X �h�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �2���+�? �b�2�[�m�2�M�+�2

�Q�7 �i�`�B���H�b �v�B�2�H�/�B�M�;x �b�m�+�+�2�b�b�2�b �B�Mn �i�`�B���H�b �B�bpx (1 � p)n� x �X

�N�X�h�?�2 �#�B�M�Q�K�B���H �T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�M

f (x) =
�

n
x

�
px (1 � p)n� x ;

�r�?�2�`�2

x = �i�?�2 �M�m�K�#�2�` �Q�7 �b�m�+�+�2�b�b�2�b; x = 0; 1; 2; � � � ; n

p = �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �b�m�+�+�2�b�b �Q�M �Q�M�2 �i�`�B���H

n = �i�?�2 �M�m�K�#�2�` �Q�7 �i�`�B���H�b

f (x) = �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7x �b�m�+�+�2�b�b�2�b �B�Mn �i�`�B���H�b

�R�y�X �6�Q�` �i�?�2 �#�B�M�Q�K�B���H �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�-X �B�b �� �/�B�b�+�`�2�i�2 �`���M�/�Q�K �p���`�B���#�H�2 �r�B�i�? �i�?�2

�T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�Mf (x) �U�Q�`f X (x)�V ���T�T�H�B�+���#�H�2 �7�Q�` �p���H�m�2�b �Q�7x = 0; 1; 2; � � � ; n�X

�U X � B(n; p) �V
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�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�y�f�k�d

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�R�R�j�V

�_�2�7�2�` �i�Q �i�?�2 �J���`�i�B�M �*�H�Q�i�?�B�M�; �a�i�Q�`�2 �2�t���K�T�H�2�- �+�Q�K�T�m�i�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �M�Q �+�m�b�@

�i�Q�K�2�` �K���F�2�b �� �T�m�`�+�?���b�2�- �2�t���+�i�H�v �Q�M�2 �+�m�b�i�Q�K�2�` �K���F�2�b �� �T�m�`�+�?���b�2�- �2�t���+�i�H�v �i�r�Q �+�m�b�@

�i�Q�K�2�`�b �K���F�2 �� �T�m�`�+�?���b�2�- ���M�/ ���H�H �i�?�`�2�2 �+�m�b�i�Q�K�2�`�b �K���F�2 �� �T�m�`�+�?���b�2�X

�b�Q�H�,�h�?�2 �+���H�+�m�H���i�B�Q�M�b ���`�2 �b�m�K�K���`�B�x�2�/ �B�M �h���#�H�2 �8�X�R�j�- �r�?�B�+�? �;�B�p�2�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v

�/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �M�m�K�#�2�` �Q�7 �+�m�b�i�Q�K�2�`�b �K���F�B�M�; �� �T�m�`�+�?���b�2�X �6�B�;�m�`�2 �8�X�9 �B�b �� �;�`���T�?

�Q�7 �i�?�B�b �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�X
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�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�R�f�k�d

�l�b�B�M�; �h���#�H�2�b �Q�7 �"�B�M�Q�K�B���H �S�`�Q�#���#�B�H�B�i�B�2�b

�R�X �U�h���#�H�2 �8�X�R�9�V �h���#�H�2 �8 �Q�7 ���T�T�2�M�/�B�t �" �T�`�Q�p�B�/�2�b �� �i���#�H�2 �Q�7 �#�B�M�Q�K�B���H �T�`�Q�#���#�B�H�B�i�B�2�b�X �h�Q

�m�b�2 �i�?�B�b �i���#�H�2�- �r�2 �K�m�b�i �b�T�2�+�B�7�v �i�?�2 �p���H�m�2�b �Q�7n�-p�- ���M�/x �7�Q�` �i�?�2 �#�B�M�Q�K�B���H �2�t�T�2�`�B�K�2�M�i

�Q�7 �B�M�i�2�`�2�b�i�X

�1�t�T�2�+�i�2�/ �o���H�m�2 ���M�/ �o���`�B���M�+�2 �7�Q�` �i�?�2 �"�B�M�Q�K�B���H �.�B�b�i�`�B�#�m�i�B�Q�M

�R�X �1�t�T�2�+�i�2�/ �o���H�m�2 ���M�/ �o���`�B���M�+�2 �7�Q�` �i�?�2 �"�B�M�Q�K�B���H �.�B�b�i�`�B�#�m�i�B�Q�M�,

E(X ) = � = np

V ar(X ) = � 2 = np(1 � p)
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�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�k�f�k�d

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�k�8�8�V

�_�2�7�2�` �i�Q �i�?�2 �J���`�i�B�M �*�H�Q�i�?�B�M�; �a�i�Q�`�2 �T�`�Q�#�H�2�K �r�B�i�? �i�?�`�2�2 �+�m�b�i�Q�K�2�`�b�- �U���V �+�Q�K�T�m�i�2 �i�?�2

�2�t�T�2�+�i�2�/ �M�m�K�#�2�`�- �i�?�2 �p���`�B���M�+�2 ���M�/ �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �+�m�b�i�Q�K�2�`�b �r�?�Q �r�B�H�H �K���F�2 ��

�T�m�`�+�?���b�2�X �U�#�V �a�m�T�T�Q�b�2 �i�?���i �7�Q�` �i�?�2 �M�2�t�i �K�Q�M�i�? �i�?�2 �J���`�i�B�M �*�H�Q�i�?�B�M�; �a�i�Q�`�2 �7�Q�`�2�+���b�i�b

�R�y�y�y �+�m�b�i�Q�K�2�`�b �r�B�H�H �2�M�i�2�` �i�?�2 �b�i�Q�`�2�X �q�?���i �B�b �i�?�2 �2�t�T�2�+�i�2�/ �M�m�K�#�2�`�- �i�?�2 �p���`�B���M�+�2 ���M�/

�b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �+�m�b�i�Q�K�2�`�b �r�?�Q �r�B�H�H �K���F�2 �� �T�m�`�+�?���b�2�\

�b�Q�H�,

�8�X�e �S�Q�B�b�b�Q�M �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M

�R�X �h�?�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�S�Q�B�b�b�Q�M�`���M�/�Q�K �p���`�B���#�H�2 �B�b �+���H�H�2�/ �� �S�Q�B�b�b�Q�M

�/�B�b�i�`�B�#�m�i�B�Q�M�X �A�i �B�b �� �/�B�b�+�`�2�i�2 �`���M�/�Q�K �p���`�B���#�H�2 �i�?���i �B�b �Q�7�i�2�M �m�b�2�7�m�H �B�M �2�b�i�B�K���i�B�M�; �i�?�2

�M�m�K�#�2�` �Q�7 �Q�+�+�m�`�`�2�M�+�2�b�Q�p�2�` �� �b�T�2�+�B�}�2�/ �B�M�i�2�`�p���H �Q�7 �i�B�K�2 �Q�` �b�T���+�2�X

�k�X
�

�

�

��1�t���K�T�H�2 �h�?�2 �`���M�/�Q�K �p���`�B���#�H�2 �Q�7 �B�M�i�2�`�2�b�i �K�B�;�?�i �#�2 �i�?�2 �M�m�K�#�2�` �Q�7 ���`�`�B�p���H�b ���i ��

�+���` �r���b�? �B�M �Q�M�2 �?�Q�m�`�- �i�?�2 �M�m�K�#�2�` �Q�7 �`�2�T���B�`�b �M�2�2�/�2�/ �B�M �R�y �K�B�H�2�b �Q�7 �?�B�;�?�r���v�- �Q�` �i�?�2

�M�m�K�#�2�` �Q�7 �H�2���F�b �B�M �R�y�y �K�B�H�2�b �Q�7 �T�B�T�2�H�B�M�2�X

�j�X �h�r�Q �T�`�Q�T�2�`�i�B�2�b �K�m�b�i �#�2 �b���i�B�b�}�2�/�- �i�?�2 �M�m�K�#�2�` �Q�7 �Q�+�+�m�`�`�2�M�+�2�b �B�b �� �`���M�/�Q�K �p���`�B���#�H�2

�/�2�b�+�`�B�#�2�/ �#�v �i�?�2 �S�Q�B�b�b�Q�M �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�,

�U���V �h�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 ���M �Q�+�+�m�`�`�2�M�+�2 �B�b �i�?�2�b���K�2 �7�Q�` ���M�v �i�r�Q �B�M�i�2�`�p���H�b �Q�7 �2�[�m���H

�H�2�M�;�i�?�X
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�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�j�f�k�d

�U�#�V �h�?�2 �Q�+�+�m�`�`�2�M�+�2 �Q�` �M�Q�M�Q�+�+�m�`�`�2�M�+�2 �B�M ���M�v �B�M�i�2�`�p���H �B�b�B�M�/�2�T�2�M�/�2�M�i�Q�7 �i�?�2

�Q�+�+�m�`�`�2�M�+�2 �Q�` �M�Q�M�Q�+�+�m�`�`�2�M�+�2 �B�M ���M�v �Q�i�?�2�` �B�M�i�2�`�p���H�X

�9�X �h�?�2�S�Q�B�b�b�Q�M �T�`�Q�#���#�B�H�B�i�v �K���b�b �7�m�M�+�i�B�Q�M�B�b �/�2�}�M�2�/ �#�v

f (x) =
� xe� �

x!
;

�r�?�2�`�2

x = �i�?�2 �M�m�K�#�2�` �Q�7 �Q�+�+�m�`�`�2�M�+�2�b �B�M ���M �B�M�i�2�`�p���H; x = 0; 1; 2; � � �

f (x) = �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7X �Q�+�+�m�`�`�2�M�+�2�b �B�M ���M �B�M�i�2�`�p���H

� = �2�t�T�2�+�i�2�/ �p���H�m�2 �Q�` �K�2���M �M�m�K�#�2�` �Q�7 �Q�+�+�m�`�`�2�M�+�2�b

e = 2:71828:

�8�X �6�Q�` �i�?�2 �S�Q�B�b�b�Q�M �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�-X �B�b �� �/�B�b�+�`�2�i�2 �`���M�/�Q�K �p���`�B���#�H�2 �B�M�/�B�+���i�B�M�;

�i�?�2 �M�m�K�#�2�` �Q�7 �Q�+�+�m�`�`�2�M�+�2�b �B�M �i�?�2 �B�M�i�2�`�p���H�X �U�.�2�M�Q�i�2X � P(� ) �Q�` X � Poi(� ) �V

�e�X �a�B�M�+�2 �i�?�2�`�2 �B�b �M�Q �b�i���i�2�/ �m�T�T�2�` �H�B�K�B�i �7�Q�` �i�?�2 �M�m�K�#�2�` �Q�7 �Q�+�+�m�`�`�2�M�+�2�b�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v

�7�m�M�+�i�B�Q�Mf (x) �B�b ���T�T�H�B�+���#�H�2 �7�Q�` �p���H�m�2�bx = 0; 1; 2; � � � �r�B�i�?�Q�m�i �H�B�K�B�i�X

�d�X �A�M �T�`���+�i�B�+���H ���T�T�H�B�+���i�B�Q�M�b�-X �r�B�H�H �2�p�2�M�i�m���H�H�v �#�2�+�Q�K�2 �H���`�;�2 �2�M�Q�m�;�? �b�Q �i�?���if (x) �B�b

���T�T�`�Q�t�B�K���i�2�H�v�x�2�`�Q ���M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 ���M�v �H���`�;�2�` �p���H�m�2�b �Q�7X �#�2�+�Q�K�2�b

�M�2�;�H�B�;�B�#�H�2�X

���M �1�t���K�T�H�2 �A�M�p�Q�H�p�B�M�; �h�B�K�2 �A�M�i�2�`�p���H�b

�R�X �a�m�T�T�Q�b�2 �i�?���i �r�2 ���`�2 �B�M�i�2�`�2�b�i�2�/ �B�M �i�?�2 �M�m�K�#�2�` �Q�7 �T���i�B�2�M�i�b �r�?�Q ���`�`�B�p�2 ���i �i�?�2 �2�K�2�`�@

�;�2�M�+�v �`�Q�Q�K �Q�7 �� �H���`�;�2 �?�Q�b�T�B�i���H �/�m�`�B�M�; �� �R�8�@�K�B�M�m�i�2 �T�2�`�B�Q�/ �Q�M �r�2�2�F�/���v �K�Q�`�M�B�M�;�b�X �A�7

�r�2 �+���M ���b�b�m�K�2 �i�?���i �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �T���i�B�2�M�i ���`�`�B�p�B�M�; �B�b �i�?�2 �b���K�2 �7�Q�` ���M�v �i�r�Q

�i�B�K�2 �T�2�`�B�Q�/�b �Q�7 �2�[�m���H �H�2�M�;�i�? ���M�/ �i�?���i �i�?�2 ���`�`�B�p���H �Q�` �M�Q�M���`�`�B�p���H �Q�7 �� �T���i�B�2�M�i �B�M ���M�v

�i�B�K�2 �T�2�`�B�Q�/ �B�b �B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 ���`�`�B�p���H �Q�` �M�Q�M���`�`�B�p���H �B�M ���M�v �Q�i�?�2�` �i�B�K�2 �T�2�`�B�Q�/�- �i�?�2

�S�Q�B�b�b�Q�M �T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�M �B�b ���T�T�H�B�+���#�H�2�X

�k�X �a�m�T�T�Q�b�2 �i�?�2�b�2 ���b�b�m�K�T�i�B�Q�M�b ���`�2 �b���i�B�b�}�2�/ ���M�/ ���M ���M���H�v�b�B�b �Q�7 �?�B�b�i�Q�`�B�+���H �/���i�� �b�?�Q�r�b

�i�?���i �i�?�2 ���p�2�`���;�2 �M�m�K�#�2�` �Q�7 �T���i�B�2�M�i�b ���`�`�B�p�B�M�; �B�M �� �R�8�@�K�B�M�m�i�2 �T�2�`�B�Q�/ �Q�7 �i�B�K�2 �B�b �R�y�c �B�M

�i�?�B�b �+���b�2�- �i�?�2 �7�Q�H�H�Q�r�B�M�; �T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�M ���T�T�H�B�2�b�,

f (x) =
10xe� 10

x!
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�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�9�f�k�d

�h�?�2 �`���M�/�Q�K �p���`�B���#�H�2 �?�2�`�2 �B�bX = �M�m�K�#�2�` �Q�7 �T���i�B�2�M�i�b ���`�`�B�p�B�M�;�B�M ���M�v �R�8�@�K�B�M�m�i�2

�T�2�`�B�Q�/�X

�j�X �A�7 �K���M���;�2�K�2�M�i �r���M�i�2�/ �i�Q �F�M�Q�r �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �2�t���+�i�H�v �}�p�2 ���`�`�B�p���H�b �B�M �R�8 �K�B�M�m�i�2�b�-

�r�2 �r�Q�m�H�/ �b�2�iX = 5 ���M�/ �i�?�m�b �Q�#�i���B�M

�S�`�Q�#���#�B�H�B�i�v �Q�7 �2�t���+�i�H�v �8 ���`�`�B�p���H�b �B�M �R�8�@�K�B�M�m�i�2�b= f (5) =
105e� 10

5!
= 0:0378

�9�X �U�h���#�H�2 �8�X�R�8�V �h���#�H�2 �d �Q�7 ���T�T�2�M�/�B�t �" �T�`�Q�p�B�/�2�b �T�`�Q�#���#�B�H�B�i�B�2�b �7�Q�` �b�T�2�+�B�}�+ �p���H�m�2�b �Q�7x

���M�/� �X

�8�X �A�M �i�?�2 �T�`�2�+�2�/�B�M�; �2�t���K�T�H�2�- �i�?�2 �K�2���M �Q�7 �i�?�2 �S�Q�B�b�b�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M �B�b� = 10 ���`�`�B�p���H�b

�T�2�` �R�8�@�K�B�M�m�i�2 �T�2�`�B�Q�/�X

�e�X �� �T�`�Q�T�2�`�i�v �Q�7 �i�?�2 �S�Q�B�b�b�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �i�?���i �i�?�2 �K�2���M �Q�7 �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M ���M�/ �i�?�2

�p���`�B���M�+�2 �Q�7 �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M ���`�2�2�[�m���H�X �h�?�m�b�- �i�?�2 �p���`�B���M�+�2 �7�Q�` �i�?�2 �M�m�K�#�2�` �Q�7

���`�`�B�p���H�b �/�m�`�B�M�; �R�8�@�K�B�M�m�i�2 �T�2�`�B�Q�/�b �B�b� 2 = 10�X �h�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �B�b� =
p

10 =

3:16�X

�d�X �q�?�2�M �+�Q�K�T�m�i�B�M�; �� �S�Q�B�b�b�Q�M �T�`�Q�#���#�B�H�B�i�v �7�Q�` �� �/�B�z�2�`�2�M�i �i�B�K�2 �B�M�i�2�`�p���H�- �r�2 �K�m�b�i �}�`�b�i

�+�Q�M�p�2�`�i�i�?�2 �K�2���M ���`�`�B�p���H �`���i�2�i�Q �i�?�2 �i�B�K�2 �T�2�`�B�Q�/ �Q�7 �B�M�i�2�`�2�b�i ���M�/ �i�?�2�M

�+�Q�K�T�m�i�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�k�e�y�V

�a�m�T�T�Q�b�2 �i�?�2 �M�m�K�#�2�` �Q�7 �T���i�B�2�M�i�b �r�?�Q ���`�`�B�p�2 ���i �i�?�2 �2�K�2�`�;�2�M�+�v �`�Q�Q�K �Q�7 �� �H���`�;�2 �?�Q�b�T�B�i���H

�/�m�`�B�M�; �� �R�8�K�B�M�m�i�2 �T�2�`�B�Q�/ �Q�M �r�2�2�F�/���v �K�Q�`�M�B�M�; �B�b �i�?�2 �S�Q�B�b�b�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �i�?�2

���p�2�`���;�2 �M�m�K�#�2�` �Q�7 �T���i�B�2�M�i�b ���`�`�B�p�B�M�; �B�M �� �R�8�@�K�B�M�m�i�2 �T�2�`�B�Q�/ �Q�7 �i�B�K�2 �B�b �R�y�- �+�Q�K�T�m�i�2

�i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �Q�M�2 ���`�`�B�p���H �B�M �� �j�@�K�B�M�m�i�2 �T�2�`�B�Q�/�X

�b�Q�H�,
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�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�8�f�k�d

���M �1�t���K�T�H�2 �A�M�p�Q�H�p�B�M�; �G�2�M�;�i�? �Q�` �.�B�b�i���M�+�2 �A�M�i�2�`�p���H�b

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�k�e�y�V

�a�m�T�T�Q�b�2 �r�2 ���`�2 �+�Q�M�+�2�`�M�2�/ �r�B�i�? �i�?�2 �Q�+�+�m�`�`�2�M�+�2 �Q�7 �K���D�Q�` �/�2�7�2�+�i�b �B�M �� �?�B�;�?�r���v �Q�M�2

�K�Q�M�i�? ���7�i�2�` �`�2�b�m�`�7���+�B�M�;�X �q�2 �r�B�H�H ���b�b�m�K�2 �i�?���i �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �/�2�7�2�+�i �B�b �i�?�2

�b���K�2 �7�Q�` ���M�v �i�r�Q �?�B�;�?�r���v �B�M�i�2�`�p���H�b �Q�7 �2�[�m���H �H�2�M�;�i�? ���M�/ �i�?���i �i�?�2 �Q�+�+�m�`�`�2�M�+�2 �Q�`

�M�Q�M�Q�+�+�m�`�`�2�M�+�2 �Q�7 �� �/�2�7�2�+�i �B�M ���M�v �Q�M�2 �B�M�i�2�`�p���H �B�b �B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 �Q�+�+�m�`�`�2�M�+�2 �Q�`

�M�Q�M�Q�+�+�m�`�`�2�M�+�2 �Q�7 �� �/�2�7�2�+�i �B�M ���M�v �Q�i�?�2�` �B�M�i�2�`�p���H�X �>�2�M�+�2�- �i�?�2 �S�Q�B�b�b�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M �+���M

�#�2 ���T�T�H�B�2�/�X �a�m�T�T�Q�b�2 �r�2 �H�2���`�M �i�?���i �K���D�Q�` �/�2�7�2�+�i�b �Q�M�2 �K�Q�M�i�? ���7�i�2�` �`�2�b�m�`�7���+�B�M�; �Q�+�+�m�`

���i �i�?�2 ���p�2�`���;�2 �`���i�2 �Q�7 �i�r�Q �T�2�` �K�B�H�2�X �6�B�M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �M�Q �K���D�Q�` �/�2�7�2�+�i�b �B�M ��

�T���`�i�B�+�m�H���` �i�?�`�2�2 �K�B�H�2 �b�2�+�i�B�Q�M �Q�7 �i�?�2 �?�B�;�?�r���v�X

�b�Q�H�,

�8�X�d �>�v�T�2�`�;�2�Q�K�2�i�`�B�+ �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M

�R�X �h�?�2 �?�v�T�2�`�;�2�Q�K�2�i�`�B�+ �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �+�H�Q�b�2�H�v �`�2�H���i�2�/ �i�Q �i�?�2�#�B�M�Q�K�B���H

�/�B�b�i�`�B�#�m�i�B�Q�M�X

�k�X �h�?�2 �i�r�Q �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�b �/�B�z�2�` �B�M �i�r�Q �F�2�v �r���v�b�X �q�B�i�? �i�?�2 �?�v�T�2�`�;�2�Q�K�2�i�`�B�+

�/�B�b�i�`�B�#�m�i�B�Q�M�- �i�?�2 �i�`�B���H�b ���`�2 �M�Q�i�B�M�/�2�T�2�M�/�2�M�i�c ���M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �b�m�+�+�2�b�b

�+�?���M�;�2�b�7�`�Q�K �i�`�B���H �i�Q �i�`�B���H�X

�j�X �L�Q�i���i�B�Q�M �7�Q�` �i�?�2 �?�v�T�2�`�;�2�Q�K�2�i�`�B�+ �/�B�b�i�`�B�#�m�i�B�Q�M�-r �/�2�M�Q�i�2�b �i�?�2 �M�m�K�#�2�` �Q�7 �2�H�2�K�2�M�i�b

�B�M �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �b�B�x�2N �H���#�2�H�2�/�b�m�+�+�2�b�b�- ���M�/ N �• r �/�2�M�Q�i�2�b �i�?�2

�M�m�K�#�2�` �Q�7 �2�H�2�K�2�M�i�b �B�M �i�?�2 �T�Q�T�m�H���i�B�Q�M �H���#�2�H�2�/�7���B�H�m�`�2�X
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�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�e�f�k�d

�9�X �h�?�2 �?�v�T�2�`�;�2�Q�K�2�i�`�B�+ �T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�M �B�b �m�b�2�/ �i�Q �+�Q�K�T�m�i�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �B�M

�� �`���M�/�Q�K �b�2�H�2�+�i�B�Q�M �Q�7n �2�H�2�K�2�M�i�b�- �b�2�H�2�+�i�2�/�r�B�i�?�Q�m�i �`�2�T�H���+�2�K�2�M�i�- �r�2 �Q�#�i���B�Mx

�2�H�2�K�2�M�i�b �H���#�2�H�2�/ �b�m�+�+�2�b�b ���M�/n�• x �2�H�2�K�2�M�i�b �H���#�2�H�2�/ �7���B�H�m�`�2�X

�8�X �6�Q�` �i�?�B�b �Q�m�i�+�Q�K�2 �i�Q �Q�+�+�m�`�- �r�2 �K�m�b�i �Q�#�i���B�Mx �b�m�+�+�2�b�b�2�b �7�`�Q�K �i�?�2r �b�m�+�+�2�b�b�2�b �B�M �i�?�2

�T�Q�T�m�H���i�B�Q�M ���M�/n�• x �7���B�H�m�`�2�b �7�`�Q�K �i�?�2N �• r �7���B�H�m�`�2�b�X

�e�X�>�v�T�2�`�;�2�Q�K�2�i�`�B�+ �S�`�Q�#���#�B�H�B�i�v �6�m�M�+�i�B�Q�M�U�.�2�M�Q�i�2 �#�vX � Hyp(N; r; n ) �V�,

f (x) =

� r
x

�� N � r
n� x

�

� N
n

�

�r�?�2�`�2�,

x = �M�m�K�#�2�` �Q�7 �b�m�+�+�2�b�b�2�b; x = 0; 1; 2; � � � ; n

n = �M�m�K�#�2�` �Q�7 �i�`�B���H�b

f (x) = �T�`�Q�#���#�B�H�B�i�v �Q�7x �b�m�+�+�2�b�b�2�b �B�Mn �i�`�B���H�b

N = �M�m�K�#�2�` �Q�7 �2�H�2�K�2�M�i�b �B�M �i�?�2 �T�Q�T�m�H���i�B�Q�M

r = �M�m�K�#�2�` �Q�7 �2�H�2�K�2�M�i�b �B�M �i�?�2 �T�Q�T�m�H���i�B�Q�M �H���#�2�H�2�/ �b�m�+�+�2�b�b; x � r

�
N
n

�
: �i�?�2 �M�m�K�#�2�` �Q�7 �r���v�bn �2�H�2�K�2�M�i�b �+���M �#�2 �b�2�H�2�+�i�2�/ �7�`�Q�K �� �T�Q�T�m�H���i�B�Q�M �Q�7 �b�B�x�2N

�
r
x

�
: �i�?�2 �M�m�K�#�2�` �Q�7 �r���v�b �i�?���ix �b�m�+�+�2�b�b�2�b �+���M �#�2 �b�2�H�2�+�i�2�/ �7�`�Q�K �� �i�Q�i���H �Q�7r �b�m�+�+�2�b�b�2�b �B�M �i�?�2 �T�Q�T�m�H���i�B�Q�M

�
N � r
n � x

�
: �i�?�2 �M�m�K�#�2�` �Q�7 �r���v�b �i�?���in�• x �7���B�H�m�`�2�b �+���M �#�2 �b�2�H�2�+�i�2�/ �7�`�Q�K �� �i�Q�i���H �Q�7N �• r �7���B�H�m�`�2�b �B�M �i�?�2 �T�Q�T�m�H���i�B�Q�M�X

�d�X �h�?�2 �K�2���M ���M�/ �p���`�B���M�+�2 �Q�7 �� �?�v�T�2�`�;�2�Q�K�2�i�`�B�+ �/�B�b�i�`�B�#�m�i�B�Q�M ���`�2

E(X ) = � = n
�

r
N

�

V ar(X ) = � 2 = n
� r

N

� �
1 �

r
N

� �
N � n
N � 1

�
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�*�?���T�i�2�`�8�, �.�B�b�+�`�2�i�2 �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�d�f�k�d

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�k�e�j�V

�1�H�2�+�i�`�B�+ �7�m�b�2�b �T�`�Q�/�m�+�2�/ �#�v �P�M�i���`�B�Q �1�H�2�+�i�`�B�+ ���`�2 �T���+�F���;�2�/ �B�M �#�Q�t�2�b �Q�7 �R�k �m�M�B�i�b �2���+�?�X

�a�m�T�T�Q�b�2 ���M �B�M�b�T�2�+�i�Q�` �`���M�/�Q�K�H�v �b�2�H�2�+�i�b �i�?�`�2�2 �Q�7 �i�?�2 �R�k �7�m�b�2�b �B�M �� �#�Q�t �7�Q�` �i�2�b�i�B�M�;�X

�U���V �A�7 �i�?�2 �#�Q�t �+�Q�M�i���B�M�b �2�t���+�i�H�v �}�p�2 �/�2�7�2�+�i�B�p�2 �7�m�b�2�b�- �r�?���i �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i

�i�?�2 �B�M�b�T�2�+�i�Q�` �r�B�H�H �}�M�/ �2�t���+�i�H�v �Q�M�2 �Q�7 �i�?�2 �i�?�`�2�2 �7�m�b�2�b �/�2�7�2�+�i�B�p�2�\ �U�#�V �q�?���i �B�b �i�?�2

�T�`�Q�#���#�B�H�B�i�v �Q�7 �}�M�/�B�M�; ���i �H�2���b�i �Q�M�2 �/�2�7�2�+�i�B�p�2 �7�m�b�2�X �U�+�V �6�B�M�/ �i�?�2 �K�2���M ���M�/ �p���`�B���M�+�2

�7�Q�` �i�?�2 �M�m�K�#�2�` �Q�7 �/�2�7�2�+�i�B�p�2 �7�m�b�2�b�X

�b�Q�H�,

�Ú �1�s�1�_�*�A�a�1�a
'

&

$

%

�8�X�R�, �R�- �j�- �8

�8�X�k�, �N�- �R�y

�8�X�j�, �R�e�- �k�R�- �k�j

�8�X�9�, �k�e�- �k�3�- �k�N

�8�X�8�, �j�k�- �j�8�- �j�N�- �9�k

�8�X�e�, �9�8�- �9�N�- �8�y

�8�X�d�, �8�8�- �8�d�- �8�3

�a�l�S �, �8�N�- �e�k�- �e�e�- �d�j
�† �6�H�H �$�O�V�R���a�l�J�J���_�u�- �:�G�P�a�a���_�u�- �E�1�u �6�P�_�J�l�G���a
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MXYï+_�U�ç �V
���M�/�2�`�b�Q�M�ö�b �a�i���i�B�b�i�B�+�b �7�Q�` �"�m�b�B�M�2�b�b �� �1�+�Q�M�Q�K�B�+�b �U�R�9�f�1�V

�*�?���T�i�2�`�e�, �*�Q�M�i�B�M�m�Q�m�b �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b

�ñZ™6)ez'�nÅ�, �s �.�8�e�-%-i� �k�e�y�k�y�e

3oZ™5@.��, $�?	b• �U&òJ²5&<¢)�+_MXYï+_Lâ"V5@3o�V

5@+_M™JÀ�, �?�i�i�T�b�,�f�f�?�K�r�m�X�B�/�p�X�i�r

LâM��, +_VF�, )º#ô �,

�P�p�2�`�p�B�2�r

�R�X �6�Q�` �� �/�B�b�+�`�2�i�2 �`���M�/�Q�K �p���`�B���#�H�2�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�Mf (x) �T�`�Q�p�B�/�2�b �i�?�2 �T�`�Q�#���@

�#�B�H�B�i�v �i�?���i �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2 ���b�b�m�K�2�b ���T���`�i�B�+�m�H���` �p���H�m�2�X

�k�X �q�B�i�? �+�Q�M�i�B�M�m�Q�m�b �`���M�/�Q�K �p���`�B���#�H�2�b�- �i�?�2 �+�Q�m�M�i�2�`�T���`�i �Q�7 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�M �B�b

�i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M�U�T�/�7�V�- ���H�b�Q �/�2�M�Q�i�2�/ �#�vf (x) �X

�j�X �h�?�2���`�2�� �m�M�/�2�` �i�?�2 �;�`���T�? �Q�7f (x) �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �� �;�B�p�2�M�B�M�i�2�`�p���H�/�Q�2�b

�T�`�Q�p�B�/�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �+�Q�M�i�B�M�m�Q�m�b �`���M�/�Q�K �p���`�B���#�H�2X ���b�b�m�K�2�b �� �p���H�m�2 �B�M

�i�?���i �B�M�i�2�`�p���H�X

�9�X �h�?�2�M�Q�`�K���H�/�B�b�i�`�B�#�m�i�B�Q�M �B�b �Q�7 �K���D�Q�` �B�K�T�Q�`�i���M�+�2 �#�2�+���m�b�2 �Q�7 �B�i�b �r�B�/�2 ���T�T�H�B�+���@

�#�B�H�B�i�v ���M�/ �B�i�b �2�t�i�2�M�b�B�p�2 �m�b�2 �B�M�b�i���i�B�b�i�B�+���H �B�M�7�2�`�2�M�+�2�X

�8�X �h�?�2�2�t�T�Q�M�2�M�i�B���H�/�B�b�i�`�B�#�m�i�B�Q�M �B�b �m�b�2�7�m�H �B�M ���T�T�H�B�+���i�B�Q�M�b �B�M�p�Q�H�p�B�M�; �b�m�+�? �7���+�i�Q�`�b ���b

�r���B�i�B�M�; �i�B�K�2�b ���M�/ �b�2�`�p�B�+�2 �i�B�K�2�b�X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8



�*�?���T�i�2�`�e�, �*�Q�M�i�B�M�m�Q�m�b �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�f�k�y

�e�X�R �l�M�B�7�Q�`�K �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M

�R�X�l�M�B�7�Q�`�K �S�`�Q�#���#�B�H�B�i�v �.�2�M�b�B�i�v �6�m�M�+�i�B�Q�M�, �i�?�2 �m�M�B�7�Q�`�K�T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v

�7�m�M�+�i�B�Q�M �7�Q�` �� �`���M�/�Q�K �p���`�B���#�H�2X �U�/�2�M�Q�i�2�/ �#�v(X � U(a; b)) �V�,

f (x) =

8
><

>:

1
b� a

; a � x � b

0; �2�H�b�2�r�?�2�`�2

�k�X �6�Q�` �� �+�Q�M�i�B�M�m�Q�m�b �`���M�/�Q�K �p���`�B���#�H�2�- �r�2 �+�Q�M�b�B�/�2�` �T�`�Q�#���#�B�H�B�i�v �Q�M�H�v �B�M �i�2�`�K�b �Q�7 �i�?�2 �H�B�F�2�@

�H�B�?�Q�Q�/ �i�?���i �� �`���M�/�Q�K �p���`�B���#�H�2 ���b�b�m�K�2�b �� �p���H�m�2�r�B�i�?�B�M�� �b�T�2�+�B�}�2�/�B�M�i�2�`�p���H�X

�j�X
�

�

�

��1�t���K�T�H�2 �6�H�B�;�?�i �h�B�K�2 �1�t���K�T�H�2�,

�U���V �*�Q�M�b�B�/�2�` �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2X �`�2�T�`�2�b�2�M�i�B�M�; �i�?�2�~�B�;�?�i �i�B�K�2�B�M �i�?�2 �B�M�@

�i�2�`�p���H �7�`�Q�K �R�k�y �K�B�M�m�i�2�b �i�Q �R�9�y �K�B�M�m�i�2�b �Q�7 ���M ���B�`�T�H���M�2 �i�`���p�2�H�B�M�; �7�`�Q�K �*�?�B�+���;�Q

�i�Q �L�2�r �u�Q�`�F�X

�U�#�V �"�2�+���m�b�2 �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2X �+���M ���b�b�m�K�2 ���M�v �p���H�m�2 �B�M �i�?���i �B�M�i�2�`�p���H�-X �B�b ��

�+�Q�M�i�B�M�m�Q�m�b�`���i�?�2�` �i�?���M �� �/�B�b�+�`�2�i�2 �`���M�/�Q�K �p���`�B���#�H�2�X

�U�+�V �G�2�i �m�b ���b�b�m�K�2 �i�?���i �b�m�{�+�B�2�M�i ���+�i�m���H �~�B�;�?�i �/���i�� ���`�2 ���p���B�H���#�H�2 �i�Q �+�Q�M�+�H�m�/�2 �i�?���i

�i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �~�B�;�?�i �i�B�K�2 �r�B�i�?�B�M ���M�v �R�@�K�B�M�m�i�2 �B�M�i�2�`�p���H �B�b �i�?�2 �b���K�2 ���b �i�?�2

�T�`�Q�#���#�B�H�B�i�v �Q�7 �� �~�B�;�?�i �i�B�K�2 �r�B�i�?�B�M ���M�v �Q�i�?�2�` �R�@�K�B�M�m�i�2 �B�M�i�2�`�p���H �+�Q�M�i���B�M�2�/ �B�M �i�?�2

�H���`�;�2�` �B�M�i�2�`�p���H �7�`�Q�K �R�k�y �i�Q �R�9�y �K�B�M�m�i�2�b�X

�U�/�V �q�B�i�? �2�p�2�`�v �R�@�K�B�M�m�i�2 �B�M�i�2�`�p���H �#�2�B�M�; �2�[�m���H�H�v �H�B�F�2�H�v�- �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2X �B�b

�b���B�/ �i�Q �?���p�2 ���m�M�B�7�Q�`�K �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�X

�U�2�V �U�6�B�;�m�`�2 �e�X�R�V �h�?�2 �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M�- �r�?�B�+�? �/�2�}�M�2�b �i�?�2 �m�M�B�7�Q�`�K �/�B�b�@

�i�`�B�#�m�i�B�Q�M �7�Q�` �i�?�2 �~�B�;�?�i�@�i�B�K�2 �`���M�/�Q�K �p���`�B���#�H�2�- �B�b

f (x) =
1
20

; 120� x � 140 :
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�*�?���T�i�2�`�e�, �*�Q�M�i�B�M�m�Q�m�b �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �j�f�k�y

���`�2�� ���b �� �J�2���b�m�`�2 �Q�7 �S�`�Q�#���#�B�H�B�i�v

�R�X �U�6�B�;�m�`�2 �e�X�k�V �h�?�2 ���`�2�� �m�M�/�2�` �i�?�2 �;�`���T�? �Q�7f (x) �B�M �i�?�2 �B�M�i�2�`�p���H �7�`�Q�K �R�k�y �i�Q �R�j�y �T�`�Q�@

�p�B�/�2�b �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �~�B�;�?�i �i�B�K�2 �#�2�i�r�2�2�M �R�k�y ���M�/ �R�j�y �K�B�M�m�i�2�b�,10(1/20) = 10/20 = 0 :50: �X

�k�X �P�M�+�2 �� �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�Mf (x) �B�b �B�/�2�M�i�B�}�2�/�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���iX �i���F�2�b

�� �p���H�m�2 �#�2�i�r�2�2�M �b�Q�K�2 �H�Q�r�2�` �p���H�m�2a ���M�/ �b�Q�K�2 �?�B�;�?�2�` �p���H�m�2b �+���M �#�2 �7�Q�m�M�/ �#�v

�+�Q�K�T�m�i�B�M�; �i�?�2 ���`�2�� �m�M�/�2�` �i�?�2 �;�`���T�? �Q�7f (x) �Q�p�2�` �i�?�2 �B�M�i�2�`�p���H �7�`�Q�Ka �i�Qb�X

�j�X �L�Q�i�2 �i�?���iP(a � X � b) = ( b� a) � (1/( b� a)) = 1 �c �i�?���i �B�b�- �i�?�2 �i�Q�i���H ���`�2��

�m�M�/�2�` �i�?�2 �;�`���T�? �Q�7f (x) �B�b �2�[�m���H �i�Q �R�X �h�?�B�b �T�`�Q�T�2�`�i�v �?�Q�H�/�b �7�Q�` ���H�H �+�Q�M�i�B�M�m�Q�m�b �T�`�Q�#�@

���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�b�X

�9�X �6�Q�` �� �+�Q�M�i�B�M�m�Q�m�b �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M�- �r�2 �K�m�b�i ���H�b�Q �`�2�[�m�B�`�2 �i�?���if (x) � 0

�7�Q�` ���H�H �p���H�m�2�b �Q�7X �X

�8�X �:�B�p�2�M �i�?�2 �m�M�B�7�Q�`�K �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` �~�B�;�?�i �i�B�K�2�- �r�?���i �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �~�B�;�?�i

�i�B�K�2 �#�2�i�r�2�2�M �R�k�3 ���M�/ �R�j�e �K�B�M�m�i�2�b�\

P(128 � X � 136) = 8(1/20) = 0 :40 :

�b�Q�H�,

�e�X �h�r�Q �K���D�Q�` �/�B�z�2�`�2�M�+�2�b �b�i���M�/ �Q�m�i �#�2�i�r�2�2�M �i�?�2 �i�`�2���i�K�2�M�i �Q�7 �+�Q�M�i�B�M�m�Q�m�b �`���M�/�Q�K �p���`�B�@

���#�H�2�b ���M�/ �i�?�2 �i�`�2���i�K�2�M�i �Q�7 �i�?�2�B�` �/�B�b�+�`�2�i�2 �+�Q�m�M�i�2�`�T���`�i�b�X
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�*�?���T�i�2�`�e�, �*�Q�M�i�B�M�m�Q�m�b �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �9�f�k�y

�U���V �q�2 �M�Q �H�Q�M�;�2�` �i���H�F ���#�Q�m�i �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2 ���b�b�m�K�B�M�; ��

�T���`�i�B�+�m�H���` �p���H�m�2�X �A�M�b�i�2���/�- �r�2 �i���H�F ���#�Q�m�i �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �i�?�2 �`���M�/�Q�K

�p���`�B���#�H�2 ���b�b�m�K�B�M�; �� �p���H�m�2 �r�B�i�?�B�M �b�Q�K�2�;�B�p�2�M �B�M�i�2�`�p���H�X

�U�#�V �h�?�2�T�`�Q�#���#�B�H�B�i�v�Q�7 �� �+�Q�M�i�B�M�m�Q�m�b �`���M�/�Q�K �p���`�B���#�H�2 ���b�b�m�K�B�M�; �� �p���H�m�2 �r�B�i�?�B�M

�b�Q�K�2 �;�B�p�2�M �B�M�i�2�`�p���H �7�`�Q�Ka �i�Qb �B�b �/�2�}�M�2�/ �i�Q �#�2 �i�?�2���`�2�� �m�M�/�2�` �i�?�2 �;�`���T�?

�Q�7 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �#�2�i�r�2�2�Ma ���M�/b�X

�d�X �"�2�+���m�b�2 �� �b�B�M�;�H�2 �T�Q�B�M�i �B�b ���M �B�M�i�2�`�p���H �Q�7�x�2�`�Q �r�B�/�i�?�- �i�?�B�b �B�K�T�H�B�2�b �i�?���i �i�?�2 �T�`�Q�#�@

���#�B�H�B�i�v �Q�7 �� �+�Q�M�i�B�M�m�Q�m�b �`���M�/�Q�K �p���`�B���#�H�2 ���b�b�m�K�B�M�; ���M�v �T���`�i�B�+�m�H���` �p���H�m�2 �2�t���+�i�H�v �B�b

�x�2�`�Q�X

�3�X �h�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2 ���M�/ �p���`�B���M�+�2 �7�Q�` �� �+�Q�M�i�B�M�m�Q�m�b �m�M�B�7�Q�`�K �`���M�/�Q�K �p���`�B���#�H�2 �B�b

E(X ) =
a + b

2
; V ar(X ) =

(b� a)2

12
:

�N�X
�

�

�

��1�t���K�T�H�2 ���T�T�H�v�B�M�;E(X ) ���M�/V ar(X ) �i�Q �i�?�2 �m�M�B�7�Q�`�K �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` �~�B�;�?�i �i�B�K�2�b

�7�`�Q�K �*�?�B�+���;�Q �i�Q �L�2�r �u�Q�`�F�- �r�2 �Q�#�i���B�M

E(X ) =
120 + 140

2
= 130 ; V ar(X ) =

(140� 120)2

12
= 33:33

�h�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �~�B�;�?�i �i�B�K�2�b �+���M �#�2 �7�Q�m�M�/ �#�v �i���F�B�M�; �i�?�2 �b�[�m���`�2 �`�Q�Q�i �Q�7

�i�?�2 �p���`�B���M�+�2�X �h�?�m�b�-� = 5:77 �K�B�M�m�i�2�b�X

�e�X�k �L�Q�`�K���H �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M

�R�X �h�?�2 �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M �U�:���m�b�b�B���M�/�B�b�i�`�B�#�m�i�B�Q�M�V �?���b �#�2�2�M �m�b�2�/ �B�M �� �r�B�/�2 �p���@

�`�B�2�i�v �Q�7 �T�`���+�i�B�+���H ���T�T�H�B�+���i�B�Q�M�b �B�M �r�?�B�+�? �i�?�2�`���M�/�Q�K �p���`�B���#�H�2�b���`�2 �?�2�B�;�?�i�b ���M�/

�r�2�B�;�?�i�b �Q�7 �T�2�Q�T�H�2�- �i�2�b�i �b�+�Q�`�2�b�- �b�+�B�2�M�i�B�}�+ �K�2���b�m�`�2�K�2�M�i�b�- ���K�Q�m�M�i�b �Q�7 �`���B�M�7���H�H�- ���M�/

�Q�i�?�2�` �b�B�K�B�H���` �p���H�m�2�b�X

�k�X �A�i �B�b ���H�b�Q �r�B�/�2�H�v �m�b�2�/ �B�M�b�i���i�B�b�i�B�+���H �B�M�7�2�`�2�M�+�2�X
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�*�?���T�i�2�`�e�, �*�Q�M�i�B�M�m�Q�m�b �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �8�f�k�y

�L�Q�`�K���H �*�m�`�p�2

�R�X �U�6�B�;�m�`�2 �e�X�j�V �h�?�2 �7�Q�`�K�- �Q�` �b�?���T�2�- �Q�7 �i�?�2 �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �B�H�H�m�b�i�`���i�2�/ �#�v �i�?�2

�#�2�H�H�b�?���T�2�/ �M�Q�`�K���H �+�m�`�p�2�X

�k�X�L�Q�`�K���H �S�`�Q�#���#�B�H�B�i�v �.�2�M�b�B�i�v �6�m�M�+�i�B�Q�M�,

f (x) =
1

p
2��

e� 1
2 ( x � �

� )2

�r�?�2�`�2

� = �K�2���M

� = �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M

� = 3:14159

e = �k�X�d�R�3�k�3

�j�X �a�2�p�2�`���H �Q�#�b�2�`�p���i�B�Q�M�b ���#�Q�m�i �i�?�2 �+�?���`���+�i�2�`�B�b�i�B�+�b �Q�7 �i�?�2 �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�X

�U���V �h�?�2 �2�M�i�B�`�2 �7���K�B�H�v �Q�7 �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�b �B�b �/�B�z�2�`�2�M�i�B���i�2�/ �#�v �i�r�Q �T���`���K�2�i�2�`�b�,

�i�?�2 �K�2���M� ���M�/ �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M� �X

�U�#�V �h�?�2 �?�B�;�?�2�b�i �T�Q�B�M�i �Q�M �i�?�2 �M�Q�`�K���H �+�m�`�p�2 �B�b ���i �i�?�2�K�2���M �- �r�?�B�+�? �B�b ���H�b�Q �i�?�2

�K�2�/�B���M���M�/ �K�Q�/�2 �Q�7 �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M�X

�U�+�V �U�6�B�;�m�`�2 �e�X�9�V �h�?�2 �K�2���M �Q�7 �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �+���M �#�2 ���M�v �M�m�K�2�`�B�+���H �p���H�m�2�, �M�2�;���i�B�p�2�-

�x�2�`�Q�- �Q�` �T�Q�b�B�i�B�p�2�X
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�*�?���T�i�2�`�e�, �*�Q�M�i�B�M�m�Q�m�b �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �e�f�k�y

�U�/�V �h�?�2 �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M �B�b�b�v�K�K�2�i�`�B�+�- �r�B�i�? �i�?�2 �b�?���T�2 �Q�7 �i�?�2 �M�Q�`�K���H �+�m�`�p�2

�i�Q �i�?�2 �H�2�7�i �Q�7 �i�?�2 �K�2���M ���K�B�`�`�Q�` �B�K���;�2�Q�7 �i�?�2 �b�?���T�2 �Q�7 �i�?�2 �M�Q�`�K���H �+�m�`�p�2
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e� z2
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�i�?�2 �T�`�Q�/�m�+�i�X �"�2�7�Q�`�2 �}�M���H�B�x�B�M�; �i�?�2 �i�B�`�2 �K�B�H�2���;�2 �;�m���`���M�i�2�2 �T�Q�H�B�+�v�- �:�`�2���`�ö�b �K���M���;�2�`�b

�r���M�i �T�`�Q�#���#�B�H�B�i�v �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�iX = �M�m�K�#�2�` �Q�7 �K�B�H�2�b �i�?�2 �i�B�`�2�b �r�B�H�H �H���b�i�X �6�`�Q�K

���+�i�m���H �`�Q���/ �i�2�b�i�b �r�B�i�? �i�?�2 �i�B�`�2�b�- �:�`�2���`�ö�b �2�M�;�B�M�2�2�`�B�M�; �;�`�Q�m�T �2�b�i�B�K���i�2�/ �i�?���i �i�?�2 �K�2���M

�i�B�`�2 �K�B�H�2���;�2 �B�b� = 36; 500 �K�B�H�2�b ���M�/ �i�?���i �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �B�b� = 5000�X

�A�M ���/�/�B�i�B�Q�M�- �i�?�2 �/���i�� �+�Q�H�H�2�+�i�2�/ �B�M�/�B�+���i�2 �i�?���i �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �� �`�2���b�Q�M���#�H�2

���b�b�m�K�T�i�B�Q�M�X �q�?���i �T�2�`�+�2�M�i���;�2 �Q�7 �i�?�2 �i�B�`�2�b �+���M �#�2 �2�t�T�2�+�i�2�/ �i�Q �H���b�i �K�Q�`�2 �i�?���M �9�y�-�y�y�y

�K�B�H�2�b�\ �A�M �Q�i�?�2�` �r�Q�`�/�b�- �r�?���i �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �i�B�`�2 �K�B�H�2���;�2�-X �- �r�B�H�H �2�t�+�2�2�/

�9�y�-�y�y�y�\

�b�Q�H�,
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�*�?���T�i�2�`�e�, �*�Q�M�i�B�M�m�Q�m�b �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�j�f�k�y

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�k�N�9�V

�U�:�`�2���` �h�B�`�2 �*�Q�K�T���M�v �S�`�Q�#�H�2�K�V �U�6�B�;�m�`�2 �e�X�R�9�V �G�2�i �m�b �M�Q�r ���b�b�m�K�2 �i�?���i �:�`�2���`

�B�b �+�Q�M�b�B�/�2�`�B�M�; �� �;�m���`���M�i�2�2 �i�?���i �r�B�H�H �T�`�Q�p�B�/�2 �� �/�B�b�+�Q�m�M�i �Q�M �`�2�T�H���+�2�K�2�M�i �i�B�`�2�b �B�7 �i�?�2

�Q�`�B�;�B�M���H �i�B�`�2�b �/�Q �M�Q�i �T�`�Q�p�B�/�2 �i�?�2 �;�m���`���M�i�2�2�/ �K�B�H�2���;�2�X �q�?���i �b�?�Q�m�H�/ �i�?�2 �;�m���`���M�i�2�2

�K�B�H�2���;�2 �#�2 �B�7 �:�`�2���` �r���M�i�b �M�Q �K�Q�`�2 �i�?���M �R�y�W �Q�7 �i�?�2 �i�B�`�2�b �i�Q �#�2 �2�H�B�;�B�#�H�2 �7�Q�` �i�?�2

�/�B�b�+�Q�m�M�i �;�m���`���M�i�2�2�\

�b�Q�H�,

�R�X�h�?�2 �B�K�T�Q�`�i���M�i �`�Q�H�2 �Q�7 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�b�, �T�`�Q�p�B�/�B�M�; �/�2�+�B�b�B�Q�M �@

�K���F�B�M�; �B�M�7�Q�`�K���i�B�Q�M�X �L���K�2�H�v�- �Q�M�+�2 �� �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �2�b�i���#�H�B�b�?�2�/ �7�Q�` ��

�T���`�i�B�+�m�H���` ���T�T�H�B�+���i�B�Q�M�- �B�i �+���M �#�2 �m�b�2�/ �i�Q �Q�#�i���B�M�T�`�Q�#���#�B�H�B�i�v�B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i

�i�?�2 �T�`�Q�#�H�2�K�X

�k�X �S�`�Q�#���#�B�H�B�i�v �/�Q�2�b �M�Q�i �K���F�2 �� �/�2�+�B�b�B�Q�M �`�2�+�Q�K�K�2�M�/���i�B�Q�M �/�B�`�2�+�i�H�v�- �#�m�i �B�i �T�`�Q�p�B�/�2�b

�B�M�7�Q�`�K���i�B�Q�M �i�?���i �?�2�H�T�b �i�?�2 �/�2�+�B�b�B�Q�M �K���F�2�` �#�2�i�i�2�` �m�M�/�2�`�b�i���M�/ �i�?�2�`�B�b�F�b���M�/

�m�M�+�2�`�i���B�M�i�B�2�b���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2 �T�`�Q�#�H�2�K�X
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�*�?���T�i�2�`�e�, �*�Q�M�i�B�M�m�Q�m�b �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�9�f�k�y

�e�X�j �L�Q�`�K���H ���T�T�`�Q�t�B�K���i�B�Q�M �Q�7 �"�B�M�Q�K�B���H �S�`�Q�#���#�B�H�B�i�B�2�b

�R�X �_�2�+���H�H �i�?���i �� �#�B�M�Q�K�B���H �2�t�T�2�`�B�K�2�M�i�,

�U���V �+�Q�M�b�B�b�i�b �Q�7 �� �b�2�[�m�2�M�+�2 �Q�7n �B�/�2�M�i�B�+���H �B�M�/�2�T�2�M�/�2�M�i �i�`�B���H�b�r�B�i�? �2���+�? �i�`�B���H

�?���p�B�M�; �i�r�Q �T�Q�b�b�B�#�H�2 �Q�m�i�+�Q�K�2�b�- �� �b�m�+�+�2�b�b �Q�` �� �7���B�H�m�`�2�X

�U�#�V �h�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 ���b�m�+�+�2�b�b�Q�M �� �i�`�B���H �B�b �i�?�2 �b���K�2 �7�Q�` ���H�H �i�`�B���H�b ���M�/ �B�b

�/�2�M�Q�i�2�/ �#�vp �X

�U�+�V �h�?�2 �#�B�M�Q�K�B���H �`���M�/�Q�K �p���`�B���#�H�2 �B�b �i�?�2�M�m�K�#�2�` �Q�7 �b�m�+�+�2�b�b�2�b�B�M �i�?�2n �i�`�B���H�b�-

���M�/ �T�`�Q�#���#�B�H�B�i�v �[�m�2�b�i�B�Q�M�b �T�2�`�i���B�M �i�Q �i�?�2�T�`�Q�#���#�B�H�B�i�v�Q�7x �b�m�+�+�2�b�b�2�b �B�M �i�?�2

n �i�`�B���H�b�X

�k�X �A�M �+���b�2�b �r�?�2�`�2np � 5 �- ���M�/ n(1�• p) � 5 �- �i�?�2 �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M �T�`�Q�p�B�/�2�b

���M ���T�T�`�Q�t�B�K���i�B�Q�M�Q�7 �#�B�M�Q�K�B���H �T�`�Q�#���#�B�H�B�i�B�2�b�X

�j�X �q�?�2�M �m�b�B�M�; �i�?�2 �M�Q�`�K���H ���T�T�`�Q�t�B�K���i�B�Q�M �i�Q �i�?�2 �#�B�M�Q�K�B���H�- �r�2 �b�2�i� = np ���M�/

� =
p

np(1 � p) �B�M �i�?�2 �/�2�}�M�B�i�B�Q�M �Q�7 �i�?�2 �M�Q�`�K���H �+�m�`�p�2�X

�9�X�*�Q�M�i�B�M�m�B�i�v �+�Q�`�`�2�+�i�B�Q�M�, �_�2�+���H�H �i�?���i�- �r�B�i�? �� �+�Q�M�i�B�M�m�Q�m�b �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�-

�T�`�Q�#���#�B�H�B�i�B�2�b ���`�2 �+�Q�K�T�m�i�2�/ ���b ���`�2���b �m�M�/�2�` �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M�X ���b ��

�`�2�b�m�H�i�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 ���M�v �b�B�M�;�H�2 �p���H�m�2 �7�Q�` �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2 �B�b�x�2�`�Q�X �h�?�m�b

�i�Q ���T�T�`�Q�t�B�K���i�2 �i�?�2 �#�B�M�Q�K�B���H �T�`�Q�#���#�B�H�B�i�v �Q�7x �b�m�+�+�2�b�b�2�b�- �r�2 �+�Q�K�T�m�i�2 �i�?�2 ���`�2�� �m�M�/�2�`

�i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �M�Q�`�K���H �+�m�`�p�2 �#�2�i�r�2�2�Mx � 0:5 ���M�/ x + 0:5 �X �h�?�2 �y�X�8

�i�?���i �r�2 ���/�/ ���M�/ �b�m�#�i�`���+�i �7�`�Q�Kx �B�b �+���H�H�2�/ ���+�Q�M�i�B�M�m�B�i�v �+�Q�`�`�2�+�i�B�Q�M �7���+�i�Q�`�X

�8�X
�

�

�

�XÃ!, �, CíZ½�ñ�Ì.�12:FCn`#_¸�sgì.ö:FCn�•#Ö�Ì�fE�Fk0¬(j6� �, �å n Yh/o)��û p

�ôYh_¸5£ �y1ý �R�æ�Û�-#Z�f�å n 6ðnÅ+ö�ûp _¸5£ �R�f�k�æ�•`#_¸5/7ƒ�F6�#Ö'�3Œ#¾K«

&ô�Û�„4Á�ñgI!PnÅ�•�ô#ó5@I¸6ßXÈ6ð�ç�‚�ô ÿFß#óFkMzj><¼". �U�`�m�H�2�b �Q�7 �i�?�m�K�#�V�,

�U���Vnp � 5 �û n(1 � p) � 5�Û�(1ø�øFk5@I¸6ß�)

�U�#�Vn > 5�-�û jskewnessj < 1/3�Û

�U�+�V(np) �
p

np(1 � p) 2 (0; n)�Û�UK0#ónp > 9(1 � p) �û n(1 � p) > 9p)�Û

�U�/�Vnp(1 � p) � 10

�U�2�Vn /o)��û np > = 10�•�û n(1 � p) � 10
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�*�?���T�i�2�`�e�, �*�Q�M�i�B�M�m�Q�m�b �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�8�f�k�y

'��ògIK® �R�N�9�8.[FkZ½5nXÈ�•Z#5õ��FkH¡6ð3·"��å
p

np(1 � p) > 5�æFk8„�Ý�Û�q�X

�6�2�H�H�2�`�- �U�R�N�9�8�V �P�M �i�?�2 �L�Q�`�K���H ���T�T�`�Q�t�B�K���i�B�Q�M �i�Q �i�?�2 �"�B�M�Q�K�B���H �.�B�b�i�`�B�#�m�i�B�Q�M�- ���M�M�X

�J���i�?�X �a�i���i�B�b�i�X �R�e�U�9�V�, �j�R�N�@�j�k�N �U�.�2�+�2�K�#�2�`�- �R�N�9�8�V�X �.�P�A�, �R�y�X�R�k�R�9�f���Q�K�b�f�R�R�d�d�d�j�R�y�8�3�Û

�e�X
�

�

�

�XÃ!, �, �fE��å`
Ns�Õ;Jgì�æfç<Ï0ö�å6ð<y6ðK0VF�æ �,

�"�B�M�Q�K�B���H �L�Q�`�K���H

�A�7P(X = n) �m�b�2P(n � 0:5 < X < n + 0:5)

�A�7P(X > n ) �m�b�2P(X > n + 0:5)

�A�7P(X � n) �m�b�2P(X < n + 0:5)

�A�7P(X < n ) �m�b�2P(X < n � 0:5)

�A�7P(X � n) �m�b�2P(X > n � 0:5)

�d�X
�

�

�

�XÃ!, �, �å �L�Q�`�K���H ���T�T�`�Q�t�B�K���i�B�Q�M�Ù �Ž �Ù �+�Q�M�i�B�M�m�B�i�v �+�Q�`�`�2�+�i�B�Q�M�æ �µ Iò .ö K« �r�•

�?�i�i�T�b�,�f�f�r�r�r�X�K���+�K�B�H�H���M�H�2���`�M�B�M�;�X�+�Q�K�f�b�i�m�/�2�M�i�`�2�b�Q�m�`�+�2�b�f�+�Q�H�H�2�;�2�f�b�i���i�B�b�i�B�+�b�f

�B�M�i�`�Q�b�i���i�b�j�2�f�Q�T�i�B�Q�M���H�n�b�2�+�i�B�Q�M�b�f�y�y�n�E�Q�F�Q�b�F���A�M�i�`�Q�a�i���i�j�2�n�y�9�N�e�k�n�+�?�y�e�X�8�n�Q�M�H�B�M�2�n

�y�y�R�n�y�R�y�n�9�S�S�X�T�/�7

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�k�N�N�V

�U�6�B�;�m�`�2 �e�X�R�8�V �a�m�T�T�Q�b�2 �i�?���i �� �T���`�i�B�+�m�H���` �+�Q�K�T���M�v �?���b �� �?�B�b�i�Q�`�v �Q�7 �K���F�B�M�; �2�`�`�Q�`�b

�B�M �R�y�W �Q�7 �B�i�b �B�M�p�Q�B�+�2�b�X �� �b���K�T�H�2 �Q�7 �R�y�y �B�M�p�Q�B�+�2�b �?���b �#�2�2�M �i���F�2�M�- ���M�/ �r�2 �r���M�i �i�Q

�+�Q�K�T�m�i�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �R�k �B�M�p�Q�B�+�2�b �+�Q�M�i���B�M �2�`�`�Q�`�b�X �h�?���i �B�b�- �}�M�/ �i�?�2 �#�B�M�Q�K�B���H

�T�`�Q�#���#�B�H�B�i�v �Q�7 �R�k �b�m�+�+�2�b�b�2�b �B�M �R�y�y �i�`�B���H�b �#�v ���T�T�H�v�B�M�; �i�?�2 �M�Q�`�K���H ���T�T�`�Q�t�B�K���i�B�Q�M�X

�b�Q�H�,
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� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�j�y�y�V

�U�6�B�;�m�`�2 �e�X�R�e�V �6�Q�H�H�Q�r�B�M�; �i�?�2 �T�`�2�p�B�Q�m�b �[�m�2�b�i�B�Q�M�- �+�Q�K�T�m�i�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �R�j �Q�`

�7�2�r�2�` �2�`�`�Q�`�b �B�M �i�?�2 �b���K�T�H�2 �Q�7 �R�y�y �B�M�p�Q�B�+�2�b�X

�b�Q�H�,
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�*�?���T�i�2�`�e�, �*�Q�M�i�B�M�m�Q�m�b �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�d�f�k�y

�e�X�9 �1�t�T�Q�M�2�M�i�B���H �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M

�R�X �h�?�2 �2�t�T�Q�M�2�M�i�B���H �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �K���v �#�2 �m�b�2�/ �7�Q�` �`���M�/�Q�K �p���`�B���#�H�2�b �b�m�+�?

���b �i�?�2 �i�B�K�2 �#�2�i�r�2�2�M ���`�`�B�p���H�b ���i �� �?�Q�b�T�B�i���H �2�K�2�`�;�2�M�+�v �`�Q�Q�K�- �i�?�2�i�B�K�2

�`�2�[�m�B�`�2�/ �i�Q �H�Q���/ �� �i�`�m�+�F�- �i�?�2�/�B�b�i���M�+�2�#�2�i�r�2�2�M �K���D�Q�` �/�2�7�2�+�i�b �B�M �� �?�B�;�?�r���v�- ���M�/

�b�Q �Q�M�X

�k�X �h�?�2 �2�t�T�Q�M�2�M�i�B���H �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �U�/�2�M�Q�i�2�/ �#�vX � Exp(� ) �V�,

f (x) =
1
�

e� x
� ; x � 0;

�r�?�2�`�2� = �2�t�T�2�+�i�2�/ �p���H�m�2 �Q�` �K�2���M�X

�j�X �U�6�B�;�m�`�2 �e�X�R�d�V �U�a�+�?�B�T�b �H�Q���/�B�M�; �/�Q�+�F �2�t���K�T�H�2�V �a�m�T�T�Q�b�2 �i�?���iX �`�2�T�`�2�b�2�M�i�b �i�?�2 �H�Q���/�B�M�;

�i�B�K�2 �7�Q�` �� �i�`�m�+�F ���i �i�?�2 �a�+�?�B�T�b �H�Q���/�B�M�; �/�Q�+�F ���M�/ �7�Q�H�H�Q�r�b �� �2�t�T�Q�M�2�M�i�B���H �/�B�b�i�`�B�#�m�i�B�Q�M�X

�A�7 �i�?�2 �K�2���M�- �Q�` ���p�2�`���;�2�- �H�Q���/�B�M�; �i�B�K�2 �B�b �R�8 �K�B�M�m�i�2�b �U� = 15 �V�- �i�?�2 ���T�T�`�Q�T�`�B���i�2

�T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �7�Q�`X �B�b

f (x) =
1
15

e� x
15

�9�X �h�?�2 �K�2���M ���M�/ �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �i�?�2 �2�t�T�Q�M�2�M�i�B���H �/�B�b�i�`�B�#�m�i�B�Q�M ���`�2�2�[�m���H�X

�8�X �U�6�B�;�m�`�2 �e�X�R�d�V �h�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �H�Q���/�B�M�; �� �i�`�m�+�F �r�B�H�H �i���F�2 �e �K�B�M�m�i�2�b �Q�` �H�2�b�b�-

P(X � 6) �- �B�b �/�2�}�M�2�/ �i�Q �#�2 �i�?�2 ���`�2�� �m�M�/�2�` �i�?�2 �+�m�`�p�2 �B�M �6�B�;�m�`�2 �e�X�R�d �7�`�Q�Kx = 0

�i�Qx = 6�X �h�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �H�Q���/�B�M�; �i�B�K�2 �r�B�H�H �#�2 �#�2�i�r�2�2�M �e �K�B�M�m�i�2�b ���M�/ �R�3

�K�B�M�m�i�2�b�-P(6 � x � 18) �- �B�b �;�B�p�2�M �#�v �i�?�2 ���`�2�� �m�M�/�2�` �i�?�2 �+�m�`�p�2 �7�`�Q�Kx = 6 �i�Q

x = 18�X
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�*�?���T�i�2�`�e�, �*�Q�M�i�B�M�m�Q�m�b �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�3�f�k�y

�*�Q�K�T�m�i�B�M�; �S�`�Q�#���#�B�H�B�i�B�2�b �7�Q�` �i�?�2 �1�t�T�Q�M�2�M�i�B���H �.�B�b�i�`�B�#�m�i�B�Q�M

�R�X �h�?�2 �+�m�K�m�H���i�B�p�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �Q�#�i���B�M�B�M�; �� �p���H�m�2 �7�Q�` �i�?�2 �2�t�T�Q�M�2�M�i�B���H �`���M�/�Q�K �p���`�B���#�H�2

�Q�7 �H�2�b�b �i�?���M �Q�` �2�[�m���H �i�Q �b�Q�K�2 �b�T�2�+�B�}�+ �p���H�m�2 �/�2�M�Q�i�2�/ �#�vx�,

F (x) = P(X � x) = 1 � e� x
� :

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�j�y�j�V

�A�M �i�?�2 �a�+�?�B�T�b �H�Q���/�B�M�; �/�Q�+�F �2�t���K�T�H�2�- �6�B�M�/ �U���V �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �H�Q���/�B�M�; �� �i�`�m�+�F

�r�B�H�H �i���F�2 �e �K�B�M�m�i�2�b �Q�` �H�2�b�b�c �U�#�V �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �H�Q���/�B�M�; �i�B�K�2 �r�B�H�H �#�2 �R�3

�K�B�M�m�i�2�b �Q�` �H�2�b�b�c �U�+�V �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �H�Q���/�B�M�; �i�B�K�2 �r�B�H�H �#�2 �#�2�i�r�2�2�M �e �K�B�M�m�i�2�b

���M�/ �R�3 �K�B�M�m�i�2�b�X

�b�Q�H�,

�_�2�H���i�B�Q�M�b�?�B�T �"�2�i�r�2�2�M �i�?�2 �S�Q�B�b�b�Q�M ���M�/ �1�t�T�Q�M�2�M�i�B���H �.�B�b�i�`�B�#�m�i�B�Q�M�b

�R�X �U�a�2�+�i�B�Q�M �8�X�e�V �h�?�2 �S�Q�B�b�b�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �� �/�B�b�+�`�2�i�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �i�?���i

�B�b �Q�7�i�2�M �m�b�2�7�m�H �B�M �2�t���K�B�M�B�M�; �i�?�2�M�m�K�#�2�` �Q�7 �Q�+�+�m�`�`�2�M�+�2�b�Q�7 ���M �2�p�2�M�i �Q�p�2�` ��

�b�T�2�+�B�}�2�/ �B�M�i�2�`�p���H �Q�7 �i�B�K�2 �Q�` �b�T���+�2�X

f (x) =
� xe� �

x!
;

�r�?�2�`�2� = �2�t�T�2�+�i�2�/ �p���H�m�2 �Q�` �K�2���M �M�m�K�#�2�` �Q�7 �Q�+�+�m�`�`�2�M�+�2�b �Q�p�2�` �� �b�T�2�+�B�}�2�/ �B�M�i�2�`�p���H�X
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�*�?���T�i�2�`�e�, �*�Q�M�i�B�M�m�Q�m�b �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�N�f�k�y

�k�X �A�7 �i�?�2 �S�Q�B�b�b�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M �T�`�Q�p�B�/�2�b ���M ���T�T�`�Q�T�`�B���i�2 �/�2�b�+�`�B�T�i�B�Q�M �Q�7 �i�?�2�M�m�K�#�2�` �Q�7 �Q�+�+�m�`�`�2�M�+�2�b

�T�2�` �B�M�i�2�`�p���H�- �i�?�2 �2�t�T�Q�M�2�M�i�B���H �/�B�b�i�`�B�#�m�i�B�Q�M �T�`�Q�p�B�/�2�b �� �/�2�b�+�`�B�T�i�B�Q�M �Q�7 �i�?�2�H�2�M�;�i�? �Q�7 �i�?�2

�B�M�i�2�`�p���H �#�2�i�r�2�2�M �Q�+�+�m�`�`�2�M�+�2�b�X

�j�X
�

�

�

��1�t���K�T�H�2 �a�m�T�T�Q�b�2 �i�?�2 �M�m�K�#�2�` �Q�7 �T���i�B�2�M�i�b �r�?�Q ���`�`�B�p�2 ���i �� �?�Q�b�T�B�i���H �2�K�2�`�;�2�M�+�v �`�Q�Q�K

�/�m�`�B�M�; �Q�M�2 �?�Q�m�` �B�b �/�2�b�+�`�B�#�2�/ �#�v �� �S�Q�B�b�b�Q�M �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �� �K�2���M �Q�7

�R�y �T���i�B�2�M�i�b �T�2�` �?�Q�m�`�X �h�?�2 �S�Q�B�b�b�Q�M �T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�M �i�?���i �;�B�p�2�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7

x ���`�`�B�p���H�b �T�2�` �?�Q�m�` �B�b

f (x) =
10xe� 10

x!
�"�2�+���m�b�2 �i�?�2 ���p�2�`���;�2 �M�m�K�#�2�` �Q�7 ���`�`�B�p���H�b �B�b �R�y �T���i�B�2�M�i�b �T�2�` �?�Q�m�`�- �i�?�2 ���p�2�`���;�2 �i�B�K�2

�#�2�i�r�2�2�M �T���i�B�2�M�i�b ���`�`�B�p�B�M�; �B�b

1 �?�Q�m�`
10�T���i�B�2�M�i

= 0:1 �?�Q�m�`�f�T���i�B�2�M�i:

�h�?�m�b�- �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �2�t�T�Q�M�2�M�i�B���H �/�B�b�i�`�B�#�m�i�B�Q�M �i�?���i �/�2�b�+�`�B�#�2�b �i�?�2 �i�B�K�2 �#�2�i�r�2�2�M

�i�?�2 ���`�`�B�p���H�b �?���b �� �K�2���M �Q�7� = 0:1 �?�Q�m�` �T�2�` �T���i�B�2�M�i�c ���b �� �`�2�b�m�H�i�- �i�?�2 ���T�T�`�Q�T�`�B���i�2

�2�t�T�Q�M�2�M�i�B���H �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �B�b

f (x) =
1

0:1
e� x /0 :1 = 10e� 10x :

'

&

$

%

�„ �_ �7�m�M�+�i�B�Q�M�b�,

�R�X�/�M�Q�`�K�- �T�M�Q�`�K�- �[�M�Q�`�K�- �`�M�Q�`�K�,

�?�i�i�T�b�,�f�f�b�i���i�X�2�i�?�x�X�+�?�f�_�@�K���M�m���H�f�_�@�/�2�p�2�H�f�H�B�#�`���`�v�f�b�i���i�b�f�?�i�K�H�f�L�Q�`�K���H�X�?�i�K�H

�k�X�/�2�t�T�- �T�2�t�T�- �[�2�t�T�- �`�2�t�T�,

�?�i�i�T�b�,�f�f�b�i���i�X�2�i�?�x�X�+�?�f�_�@�K���M�m���H�f�_�@�/�2�p�2�H�f�H�B�#�`���`�v�f�b�i���i�b�f�?�i�K�H�f�1�t�T�Q�M�2�M�i�B���H�X�?�i�K�H
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�*�?���T�i�2�`�e�, �*�Q�M�i�B�M�m�Q�m�b �S�`�Q�#���#�B�H�B�i�v �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�y�f�k�y

�Ú �1�s�1�_�*�A�a�1�a
'

&

$

%

�e�X�R�, �k�- �e

�e�X�k�, �R�R�- �R�9�- �R�N�- �k�j

�e�X�j�, �k�d�- �j�y

�e�X�9�, �j�j�- �j�d�- �j�3

�a�l�S �, �j�N�- �9�k�- �9�N�- �8�k�- �8�j
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�Q�+�+�m�`�`�B�M�; ���i �� �#���M�F�- �i�2�H�2�T�?�Q�M�2 �+���H�H�b ���`�`�B�p�B�M�; ���i �� �i�2�+�?�M�B�+���H �b�m�T�T�Q�`�i �+�2�M�i�2�`�- ���M�/

�+�m�b�i�Q�K�2�`�b �2�M�i�2�`�B�M�; �� �`�2�i���B�H �b�i�Q�`�2�X

�d�X ���b �H�Q�M�; ���b �i�?�2 �b���K�T�H�2�/ �2�H�2�K�2�M�i�b ���`�2 �b�2�H�2�+�i�2�/ �7�`�Q�K �i�?�2�b���K�2 �T�Q�T�m�H���i�B�Q�M���M�/

���`�2 �b�2�H�2�+�i�2�/�B�M�/�2�T�2�M�/�2�M�i�H�v�- �i�?�2 �b���K�T�H�2 �B�b �+�Q�M�b�B�/�2�`�2�/ �� �`���M�/�Q�K �b���K�T�H�2 �7�`�Q�K ���M

�B�M�}�M�B�i�2 �T�Q�T�m�H���i�B�Q�M�X

�d�X�j �S�Q�B�M�i �1�b�i�B�K���i�B�Q�M

�R�X �:�H�Q�b�b���`�v�,

�U���V�S���`���K�2�i�2�`�, �� �M�m�K�2�`�B�+���H�+�?���`���+�i�2�`�B�b�i�B�+ �Q�7 ���T�Q�T�m�H���i�B�Q�M�- �b�m�+�? ���b ��

�T�Q�T�m�H���i�B�Q�M �K�2���M� �- �� �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M� �- �� �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�@

�i�B�Q�Mp�- ���M�/ �b�Q �Q�M�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �d�f�j�e

�U�#�V�_���M�/�Q�K �b���K�T�H�2�, �� �`���M�/�Q�K �b���K�T�H�2 �7�`�Q�K ���M�B�M�}�M�B�i�2�T�Q�T�m�H���i�B�Q�M �B�b ��

�b���K�T�H�2 �b�2�H�2�+�i�2�/ �b�m�+�? �i�?���i �2���+�? �2�H�2�K�2�M�i �b�2�H�2�+�i�2�/ �+�Q�K�2�b �7�`�Q�K �i�?�2�b���K�2

�T�Q�T�m�H���i�B�Q�M ���M�/ �2���+�? �2�H�2�K�2�M�i �B�b �b�2�H�2�+�i�2�/�B�M�/�2�T�2�M�/�2�M�i�H�v�X

�U�+�V�a���K�T�H�B�M�; �r�B�i�?�Q�m�i �`�2�T�H���+�2�K�2�M�i�, �P�M�+�2 ���M �2�H�2�K�2�M�i �?���b �#�2�2�M �B�M�+�H�m�/�2�/ �B�M �i�?�2

�b���K�T�H�2�- �B�i �B�b �`�2�K�Q�p�2�/ �7�`�Q�K �i�?�2 �T�Q�T�m�H���i�B�Q�M ���M�/ �+���M�M�Q�i �#�2 �b�2�H�2�+�i�2�/ �� �b�2�+�Q�M�/

�i�B�K�2�X

�U�/�V�a���K�T�H�B�M�; �r�B�i�? �`�2�T�H���+�2�K�2�M�i�, �P�M�+�2 ���M �2�H�2�K�2�M�i �?���b �#�2�2�M �B�M�+�H�m�/�2�/ �B�M �i�?�2

�b���K�T�H�2�- �B�i �B�b �`�2�i�m�`�M�2�/ �i�Q �i�?�2 �T�Q�T�m�H���i�B�Q�M�X �� �T�`�2�p�B�Q�m�b�H�v �b�2�H�2�+�i�2�/ �2�H�2�K�2�M�i �+���M �#�2

�b�2�H�2�+�i�2�/ ���;���B�M ���M�/ �i�?�2�`�2�7�Q�`�2 �K���v ���T�T�2���` �B�M �i�?�2 �b���K�T�H�2 �K�Q�`�2 �i�?���M �Q�M�+�2�X

�U�2�V�a�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2�, �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �Q�7 �b�B�x�2n �7�`�Q�K ���}�M�B�i�2

�T�Q�T�m�H���i�B�Q�M �Q�7 �b�B�x�2N �B�b �� �b���K�T�H�2 �b�2�H�2�+�i�2�/ �b�m�+�? �i�?���i �2���+�? �T�Q�b�b�B�#�H�2 �b���K�T�H�2 �Q�7 �b�B�x�2

n �?���b �i�?�2�b���K�2 �T�`�Q�#���#�B�H�B�i�v�Q�7 �#�2�B�M�; �b�2�H�2�+�i�2�/�X

�U�7�V�a���K�T�H�2 �b�i���i�B�b�i�B�+�, �� �b���K�T�H�2�+�?���`���+�i�2�`�B�b�i�B�+�- �b�m�+�? ���b �� �b���K�T�H�2 �K�2���M�x�- ��

�b���K�T�H�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�Ms�- �� �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M�p�- ���M�/ �b�Q �Q�M�X �h�?�2�p���H�m�2

�Q�7 �i�?�2 �b���K�T�H�2 �b�i���i�B�b�i�B�+ �B�b �m�b�2�/ �i�Q�2�b�i�B�K���i�2�i�?�2 �p���H�m�2 �Q�7 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�;

�T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�`�X

�k�X
�

�

�

��1�t���K�T�H�2 �h�?�2 �1���A �T�`�Q�#�H�2�K�X

�U���V �h�Q �2�b�i�B�K���i�2 �i�?�2 �p���H�m�2 �Q�7 �� �T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�` �U�2�X�;�X�- �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�

���M�/ �i�?�2 �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M� �7�Q�` �i�?�2 ���M�M�m���H �b���H���`�v �Q�7 �1���A �K���M�@

���;�2�`�b�V�- �r�2 �+�Q�K�T�m�i�2 �� �+�Q�`�`�2�b�T�Q�M�/�B�M�; �+�?���`���+�i�2�`�B�b�i�B�+ �Q�7 �i�?�2 �b���K�T�H�2�- �`�2�7�2�`�`�2�/ �i�Q

���b �� �b���K�T�H�2 �b�i���i�B�b�i�B�+�X

�U�#�V �U�h���#�H�2 �d�X�k�V �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �Q�7 �j�y �K���M���;�2�`�b ���M�/ �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�;

�/���i�� �Q�M ���M�M�m���H �b���H���`�v�Ux1; x2; � � � ; x30�V ���M�/ �K���M���;�2�K�2�M�i �i�`���B�M�B�M�; �T�`�Q�;�`���K

�T���`�i�B�+�B�T���i�B�Q�M�U�u�2�b�- �L�Q�V�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �3�f�j�e

�U�+�V �q�2 �m�b�2 �i�?�2 �/���i�� �B�M �h���#�H�2 �d�X�k �i�Q �+���H�+�m�H���i�2 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �b���K�T�H�2 �b�i���i�B�b�i�B�+�b�,

�i�?�2 �b���K�T�H�2 �K�2���M�x ���M�/ �i�?�2 �b���K�T�H�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�Ms�,

�x =
P n

i =1 x i

n
=

2154420
30

= $71; 814 ;

s =

s P n
i =1 (x i � �x)2

n � 1
=

r
325009260

29
= $3348 ;

�U�/�V �h�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M�p�- �r�?�Q �+�Q�K�T�H�2�i�2�/ �i�?�2 �K���M���;�2�K�2�M�i �i�`���B�M�@

�B�M�; �T�`�Q�;�`���K�,

�p =
19
30

= 0:63 :

�j�X�S�Q�B�M�i �2�b�i�B�K���i�B�Q�M�, �i�?�2 �T�`�2�+�2�/�B�M�; �+�Q�K�T�m�i���i�B�Q�M�b�- �r�2 �T�2�`�7�Q�`�K �i�?�2 �b�i���i�B�b�i�B�+���H �T�`�Q�+�2�@

�/�m�`�2 �+���H�H�2�/ �T�Q�B�M�i �2�b�i�B�K���i�B�Q�M�X

�9�X �q�2 �`�2�7�2�` �i�Q �i�?�2 �b���K�T�H�2 �K�2���M�x ���b �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�`�Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M

�K�2���M� �- �i�?�2 �b���K�T�H�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�Ms ���b �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�` �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M

�b�i���M�/���`�/ �/�2�p�B���i�B�Q�M� �- ���M�/ �i�?�2 �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M�p ���b �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�` �Q�7 �i�?�2

�T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�Mp�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �N�f�j�e

�8�X�S�Q�B�M�i �2�b�i�B�K���i�Q�`�, �h�?�2 �b���K�T�H�2 �b�i���i�B�b�i�B�+�- �b�m�+�? ���b�x�-s�- �Q�`�p�- �i�?���i �T�`�Q�p�B�/�2�b �i�?�2

�T�Q�B�M�i �2�b�i�B�K���i�2�Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�`�X

�e�X�S�Q�B�M�i �2�b�i�B�K���i�2�, �h�?�2 �M�m�K�2�`�B�+���H �p���H�m�2�Q�#�i���B�M�2�/ �7�Q�`�x�- s�- �Q��̀p �B�b �+���H�H�2�/ �i�?�2

�T�Q�B�M�i �2�b�i�B�K���i�2�X

�d�X �U�h���#�H�2 �d�X�j�V �h�?�2 �T�Q�B�M�i �2�b�i�B�K���i�2�b �/�B�z�2�` �b�Q�K�2�r�?���i �7�`�Q�K �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �T�Q�T�m�H���@

�i�B�Q�M �T���`���K�2�i�2�`�b�X �h�?�B�b �/�B�z�2�`�2�M�+�2 �B�b �i�Q �#�2 �2�t�T�2�+�i�2�/ �#�2�+���m�b�2 �� �b���K�T�H�2�- ���M�/ �M�Q�i ��

�+�2�M�b�m�b�Q�7 �i�?�2 �2�M�i�B�`�2 �T�Q�T�m�H���i�B�Q�M�- �B�b �#�2�B�M�; �m�b�2�/ �i�Q �/�2�p�2�H�Q�T �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�2�b�X

�S�`���+�i�B�+���H ���/�p�B�+�2

�R�X �S�Q�B�M�i �2�b�i�B�K���i�B�Q�M �B�b �� �7�Q�`�K �Q�7�b�i���i�B�b�i�B�+���H �B�M�7�2�`�2�M�+�2�X �q�2 �m�b�2 �� �b���K�T�H�2 �b�i���i�B�b�i�B�+

�i�Q �K���F�2 ���M �B�M�7�2�`�2�M�+�2 ���#�Q�m�i �� �T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�`�X

�k�X �q�?�2�M �K���F�B�M�; �B�M�7�2�`�2�M�+�2�b ���#�Q�m�i �� �T�Q�T�m�H���i�B�Q�M �#���b�2�/ �Q�M �� �b���K�T�H�2�- �B�i �B�b �B�K�T�Q�`�i���M�i �i�Q

�?���p�2 �� �+�H�Q�b�2 �+�Q�`�`�2�b�T�Q�M�/�2�M�+�2 �#�2�i�r�2�2�M �i�?�2�b���K�T�H�2�/�T�Q�T�m�H���i�B�Q�M ���M�/ �i�?�2�i���`�;�2�i

�T�Q�T�m�H���i�B�Q�M�X

�j�X �A�M �b�Q�K�2 �+���b�2�b�- �B�i �B�b �M�Q�i ���b �2���b�v �i�Q �Q�#�i���B�M �� �+�H�Q�b�2 �+�Q�`�`�2�b�T�Q�M�/�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �b���K�T�H�2�/

���M�/ �i���`�;�2�i �T�Q�T�m�H���i�B�Q�M�b�X

�9�X
�

�

�

��1�t���K�T�H�2 �*�Q�M�b�B�/�2�` �i�?�2 �+���b�2 �Q�7 ���M ���K�m�b�2�K�2�M�i �T���`�F �b�2�H�2�+�i�B�M�; �� �b���K�T�H�2 �Q�7 �B�i�b �+�m�b�@

�i�Q�K�2�`�b �i�Q �H�2���`�M ���#�Q�m�i �+�?���`���+�i�2�`�B�b�i�B�+�b �b�m�+�? ���b ���;�2 ���M�/ �i�B�K�2 �b�T�2�M�i ���i �i�?�2 �T���`�F�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�y�f�j�e

�U���V �a�m�T�T�Q�b�2 ���H�H �i�?�2 �b���K�T�H�2 �2�H�2�K�2�M�i�b �r�2�`�2 �b�2�H�2�+�i�2�/ �Q�M �� �/���v �r�?�2�M �T���`�F ���i�i�2�M�/���M�+�2

�r���b �`�2�b�i�`�B�+�i�2�/ �i�Q �2�K�T�H�Q�v�2�2�b �Q�7 �� �b�B�M�;�H�2 �+�Q�K�T���M�v�X

�U�#�V �h�?�2 �b���K�T�H�2�/ �T�Q�T�m�H���i�B�Q�M �r�Q�m�H�/ �#�2 �+�Q�K�T�Q�b�2�/ �Q�7 �2�K�T�H�Q�v�2�2�b �Q�7 �i�?���i �+�Q�K�T���M�v

���M�/ �K�2�K�#�2�`�b �Q�7 �i�?�2�B�` �7���K�B�H�B�2�b�X

�U�+�V �A�7 �i�?�2 �i���`�;�2�i �T�Q�T�m�H���i�B�Q�M �r�2 �r���M�i�2�/ �i�Q �K���F�2 �B�M�7�2�`�2�M�+�2�b ���#�Q�m�i �r�2�`�2 �i�v�T�B�+���H

�T���`�F �+�m�b�i�Q�K�2�`�b �Q�p�2�` �� �i�v�T�B�+���H �b�m�K�K�2�`�- �i�?�2�M �r�2 �K�B�;�?�i �2�M�+�Q�m�M�i�2�` �� �b�B�;�M�B�}�+���M�i

�/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �b���K�T�H�2�/ �T�Q�T�m�H���i�B�Q�M ���M�/ �i�?�2 �i���`�;�2�i �T�Q�T�m�H���i�B�Q�M�X

�U�/�V �A�M �b�m�+�? �� �+���b�2�- �r�2 �r�Q�m�H�/ �[�m�2�b�i�B�Q�M �i�?�2 �p���H�B�/�B�i�v �Q�7 �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�2�b �#�2�B�M�;

�K���/�2�X

�U�2�V �S���`�F �K���M���;�2�K�2�M�i �r�Q�m�H�/ �#�2 �B�M �i�?�2 �#�2�b�i �T�Q�b�B�i�B�Q�M �i�Q �F�M�Q�r �r�?�2�i�?�2�` �� �b���K�T�H�2

�i���F�2�M �Q�M �� �T���`�i�B�+�m�H���` �/���v �r���b �H�B�F�2�H�v �i�Q �#�2 �`�2�T�`�2�b�2�M�i���i�B�p�2 �Q�7 �i�?�2 �i���`�;�2�i �T�Q�T�m�H���@

�i�B�Q�M�X

�8�X �A�M �b�m�K�K���`�v�- �r�?�2�M�2�p�2�` �� �b���K�T�H�2 �B�b �m�b�2�/ �i�Q �K���F�2 �B�M�7�2�`�2�M�+�2�b ���#�Q�m�i �� �T�Q�T�m�H���i�B�Q�M�- �r�2

�b�?�Q�m�H�/ �K���F�2 �b�m�`�2 �i�?���i �i�?�2 �b�i�m�/�v �B�b �/�2�b�B�;�M�2�/ �b�Q �i�?���i �i�?�2 �b���K�T�H�2�/ �T�Q�T�m�H���i�B�Q�M ���M�/

�i�?�2 �i���`�;�2�i �T�Q�T�m�H���i�B�Q�M ���`�2 �B�M�+�H�Q�b�2 ���;�`�2�2�K�2�M�i�X

�e�X �:�Q�Q�/ �D�m�/�;�K�2�M�i �B�b �� �M�2�+�2�b�b���`�v�B�M�;�`�2�/�B�2�M�i�Q�7 �b�Q�m�M�/ �b�i���i�B�b�i�B�+���H �T�`���+�i�B�+�2�X

�d�X�9 �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b

�R�X �U�h���#�H�2 �d�X�9�V �6�Q�` �i�?�2 �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �Q�7 �j�y �1���A �K���M���;�2�`�b�- �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�2

�Q�7� �B�b�x = $71; 814���M�/ �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�2 �Q�7p �B�b�p = 0:63�X �a�m�T�T�Q�b�2 �r�2�`�2�T�2���i

�i�?�2 �T�`�Q�+�2�b�b �Q�7 �b�2�H�2�+�i�B�M�; �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �Q�7 �j�y �1���A �K���M���;�2�`�b �Q�p�2�` ���M�/ �Q�p�2�`

���;���B�M �U�2�X�;�X�- �8�y�y �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2�b�V�- �2���+�? �i�B�K�2 �+�Q�K�T�m�i�B�M�; �i�?�2 �p���H�m�2�b �Q�7�x ���M�/

�p�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�R�f�j�e

�k�X �U�h���#�H�2 �d�X�8�V �h�?�2 �7�`�2�[�m�2�M�+�v ���M�/ �`�2�H���i�B�p�2 �7�`�2�[�m�2�M�+�v �/�B�b�i�`�B�#�m�i�B�Q�M�b �7�Q�` �i�?�2 �8�y�y�x �p���H�m�2�b�X

�j�X �_�2�+���H�H�, �� �`���M�/�Q�K �p���`�B���#�H�2 �B�b ���M�m�K�2�`�B�+���H �/�2�b�+�`�B�T�i�B�Q�M�Q�7 �i�?�2 �Q�m�i�+�Q�K�2 �Q�7 ���M

�2�t�T�2�`�B�K�2�M�i�X �A�7 �r�2 �+�Q�M�b�B�/�2�` �i�?�2 �T�`�Q�+�2�b�b �Q�7 �b�2�H�2�+�i�B�M�; �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 ���b ���M

�2�t�T�2�`�B�K�2�M�i�- �i�?�2 �b���K�T�H�2 �K�2���M�x �B�b �� �`���M�/�Q�K �p���`�B���#�H�2�X�x �?���b �� �K�2���M �Q�` �2�t�T�2�+�i�2�/

�p���H�m�2�- ���b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�- ���M�/ �� �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�X

�9�X�h�?�2 �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�, �h�?�2 �p���`�B�Q�m�b �T�Q�b�b�B�#�H�2 �p���H�m�2�b �Q�7�x ���`�2 �i�?�2 �`�2�b�m�H�i

�Q�7 �/�B�z�2�`�2�M�i �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2�b�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x �B�b �+���H�H�2�/ �i�?�2

�b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M�Q�7�x�X

�8�X �U�6�B�;�m�`�2 �d�X�R�V �h�?�2 �?�B�b�i�Q�;�`���K �Q�7 �8�y�y�x �p���H�m�2�b �;�B�p�2�b ���M ���T�T�`�Q�t�B�K���i�B�Q�M �Q�7 �i�?�B�b �b���K�T�H�B�M�;

�/�B�b�i�`�B�#�m�i�B�Q�M�X �6�`�Q�K �i�?�2 ���T�T�`�Q�t�B�K���i�B�Q�M �r�2 �Q�#�b�2�`�p�2 �i�?�2�#�2�H�H�@�b�?���T�2�/���T�T�2���`���M�+�2
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�Q�7 �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M�X �h�?�2 �H���`�;�2�b�i �+�Q�M�+�2�M�i�`���i�B�Q�M �Q�7 �i�?�2�x �p���H�m�2�b ���M�/ �i�?�2 �K�2���M �Q�7 �i�?�2

�8�y�y�x �p���H�m�2�b ���`�2 �M�2���` �i�?�2�T�Q�T�m�H���i�B�Q�M �K�2���M� = $71; 800�X

�e�X �U�6�B�;�m�`�2 �d�X�k�V �h�?�2 �8�y�y �p���H�m�2�b �Q�7 �i�?�2 �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M�p ���`�2 �b�m�K�K���`�B�x�2�/ �#�v �i�?�2

�`�2�H���i�B�p�2 �7�`�2�[�m�2�M�+�v �?�B�b�i�Q�;�`���K�X �h�?�2 �`�2�H���i�B�p�2 �7�`�2�[�m�2�M�+�v �?�B�b�i�Q�;�`���K �Q�7 �i�?�2 �8�y�y

�b���K�T�H�2 �p���H�m�2�b �T�`�Q�p�B�/�2�b �� �;�2�M�2�`���H �B�/�2�� �Q�7 �i�?�2 ���T�T�2���`���M�+�2 �Q�7 �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M

�Q�7�p�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�j�f�j�e

�d�X �A�M �T�`���+�i�B�+�2�- �r�2 �b�2�H�2�+�i �Q�M�H�v �Q�M�2 �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �7�`�Q�K �i�?�2 �T�Q�T�m�H���i�B�Q�M�X �q�2

�`�2�T�2���i�2�/ �i�?�2 �b���K�T�H�B�M�; �T�`�Q�+�2�b�b �K���M�v �i�B�K�2�b ���M�/ �i�?���i �i�?�2 �/�B�z�2�`�2�M�i �b���K�T�H�2�b �;�2�M�2�`���i�2

�� �p���`�B�2�i�v �Q�7 �p���H�m�2�b �7�Q�` �i�?�2�b���K�T�H�2 �b�i���i�B�b�i�B�+�b�x ���M�/�p�X

�3�X �h�?�2�T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�Q�7 ���M�v �T���`�i�B�+�m�H���` �b���K�T�H�2 �b�i���i�B�b�i�B�+ �B�b �+���H�H�2�/ �i�?�2

�b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M�Q�7 �i�?�2 �b�i���i�B�b�i�B�+�X

�d�X�8 �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7�X

�R�X�a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x�, �h�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x �B�b �i�?�2�T�`�Q�#���#�B�H�B�i�v

�/�B�b�i�`�B�#�m�i�B�Q�M �Q�7���H�H �T�Q�b�b�B�#�H�2 �p���H�m�2�b�Q�7 �i�?�2 �b���K�T�H�2 �K�2���M�x�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�9�f�j�e

�k�X �h�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x �?���b ���M �2�t�T�2�+�i�2�/ �p���H�m�2 �Q�` �K�2���M�- �� �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�-

���M�/ �� �+�?���`���+�i�2�`�B�b�i�B�+ �b�?���T�2 �Q�` �7�Q�`�K�X

�1�t�T�2�+�i�2�/ �o���H�m�2 �Q�7�x

�R�X �.�B�z�2�`�2�M�i �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2�b �`�2�b�m�H�i �B�M �� �p���`�B�2�i�v �Q�7 �p���H�m�2�b �7�Q�` �i�?�2 �b���K�T�H�2 �K�2���M

�x�X

�k�X �"�2�+���m�b�2 �K���M�v �/�B�z�2�`�2�M�i �p���H�m�2�b �Q�7 �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2�x ���`�2 �T�Q�b�b�B�#�H�2�- �r�2 ���`�2 �Q�7�i�2�M

�B�M�i�2�`�2�b�i�2�/ �B�M �i�?�2�K�2���M �Q�7 ���H�H �T�Q�b�b�B�#�H�2 �p���H�m�2�b �Q�7�x �i�?���i �+���M �#�2 �;�2�M�2�`���i�2�/ �#�v �i�?�2

�p���`�B�Q�m�b �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2�b�X

�j�X �h�?�2 �K�2���M �Q�7 �i�?�2�x �`���M�/�Q�K �p���`�B���#�H�2 �B�b �i�?�2�2�t�T�2�+�i�2�/ �p���H�m�2�Q�7�x�X

�9�X �G�2�iE(�x) �`�2�T�`�2�b�2�M�i �i�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2 �Q�7�x ���M�/� �`�2�T�`�2�b�2�M�i �i�?�2 �K�2���M �Q�7 �i�?�2 �T�Q�T�m�@

�H���i�B�Q�M �7�`�Q�K �r�?�B�+�? �r�2 ���`�2 �b�2�H�2�+�i�B�M�; �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2�X �A�i �+���M �#�2 �b�?�Q�r�M �i�?���i

�r�B�i�? �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�B�M�;�- �i�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2 �Q�7�x ���M�/ �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M ���`�2

�2�[�m���H�X �UE(�x) = � �V�X

�8�X �q�?�2�M �i�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2 �Q�7 �� �T�Q�B�M�i �2�b�i�B�K���i�Q�` �2�[�m���H�b �i�?�2 �T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�`�-

�r�2 �b���v �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�` �B�b�m�M�#�B���b�2�/�X �h�?�2 �b���K�T�H�2 �K�2���M�x �B�b ���M �m�M�#�B���b�2�/

�2�b�i�B�K���i�Q�` �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M� �X

�a�i���M�/���`�/ �.�2�p�B���i�B�Q�M �Q�7�x

�R�X �L�Q�i���i�B�Q�M�b�,

�U���V � �x �, �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7�x�X � �, �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �i�?�2

�T�Q�T�m�H���i�B�Q�M�X

�U�#�Vn�, �i�?�2 �b���K�T�H�2 �b�B�x�2�XN �, �i�?�2 �T�Q�T�m�H���i�B�Q�M �b�B�x�2�X

�k�X �h�?�2 �i�r�Q �7�Q�`�K�m�H���b �7�Q�` �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7�x�,

�U���V �6�B�M�B�i�2 �S�Q�T�m�H���i�B�Q�M�,� �x =

r
N � n
N � 1

�
�

p
n

�
�X

�U�#�V �A�M�}�M�B�i�2 �S�Q�T�m�H���i�B�Q�M�,� �x =
�

p
n

�X

�j�X�h�?�2 �}�M�B�i�2 �T�Q�T�m�H���i�B�Q�M �+�Q�`�`�2�+�i�B�Q�M �7���+�i�Q�`�,
p

(N � n)/( N � 1)�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�8�f�j�e

�9�X �A�M �K���M�v �T�`���+�i�B�+���H �b���K�T�H�B�M�; �b�B�i�m���i�B�Q�M�b�- �r�2 �}�M�/ �i�?���i �i�?�2 �T�Q�T�m�H���i�B�Q�M �B�M�p�Q�H�p�2�/�- ���H�@

�i�?�Q�m�;�? �}�M�B�i�2�- �B�b�ô�H���`�;�2�-�ô�r�?�2�`�2���b �i�?�2 �b���K�T�H�2 �b�B�x�2 �B�b �`�2�H���i�B�p�2�H�v�ô�b�K���H�H�X�ô

�A�M �b�m�+�? �+���b�2�b �i�?�2 �}�M�B�i�2 �T�Q�T�m�H���i�B�Q�M �+�Q�`�`�2�+�i�B�Q�M �7���+�i�Q�`
p

(N � n)/( N � 1) �B�b �+�H�Q�b�2 �i�Q

�R �X ���b �� �`�2�b�m�H�i�- �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �p���H�m�2�b �Q�7 �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M

�Q�7�x �7�Q�` �i�?�2 �}�M�B�i�2 ���M�/ �B�M�}�M�B�i�2 �T�Q�T�m�H���i�B�Q�M �+���b�2�b �#�2�+�Q�K�2�b�M�2�;�H�B�;�B�#�H�2�X �h�?�2�M�-

� �x = � /
p

n �#�2�+�Q�K�2�b �� �;�Q�Q�/ ���T�T�`�Q�t�B�K���i�B�Q�M �i�Q �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7�x

�2�p�2�M �i�?�Q�m�;�? �i�?�2 �T�Q�T�m�H���i�B�Q�M �B�b�}�M�B�i�2�X

�8�X�:�2�M�2� �̀��H �;�m�B�/�2�H�B�M�2�- �Q�` �`�m�H�2 �Q�7 �i�?�m�K�#�- �7�Q�` �+�Q�K�T�m�i�B�M�; �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7�x�, �l�b�2

� �x = � /
p

n �r�?�2�M�2�p�2�`

�U���V �h�?�2 �T�Q�T�m�H���i�B�Q�M �B�b�B�M�}�M�B�i�2�c �Q�`

�U�#�V �h�?�2 �T�Q�T�m�H���i�B�Q�M �B�b �}�M�B�i�2 ���M�/ �i�?�2 �b���K�T�H�2 �b�B�x�2 �B�b �H�2�b�b �i�?���M �Q�` �2�[�m���H �i�Q�8�W

�Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �b�B�x�2�c �i�?���i �B�b�-n/ N � 0:05 �X

�e�X �A�M �+���b�2�b �r�?�2�`�2n/ N > 0:05 �- �i�?�2 �}�M�B�i�2 �T�Q�T�m�H���i�B�Q�M �p�2�`�b�B�Q�M �Q�7 �7�Q�`�K�m�H�� �b�?�Q�m�H�/ �#�2

�m�b�2�/ �B�M �i�?�2 �+�Q�K�T�m�i���i�B�Q�M �Q�7� �x �X �l�M�H�2�b�b �Q�i�?�2�`�r�B�b�2 �M�Q�i�2�/�- �i�?�`�Q�m�;�?�Q�m�i �i�?�2 �i�2�t�i �r�2 �r�B�H�H

���b�b�m�K�2 �i�?���i �i�?�2 �T�Q�T�m�H���i�B�Q�M �b�B�x�2 �B�b �ô�H���`�;�2�-�ôn/ N ��0:05�- ���M�/ �2�t�T�`�2�b�b�B�Q�M� /
p

n

�+���M �#�2 �m�b�2�/ �i�Q �+�Q�K�T�m�i�2� �x �X

�d�X �q�2 �`�2�7�2�` �i�Q �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7�x�-� �x �- ���b �i�?�2�b�i���M�/���`�/ �2�`�`�Q�` �Q�7 �i�?�2 �K�2���M�X

�3�X �A�M �;�2�M�2�`���H�- �i�?�2 �i�2�`�K �b�i���M�/���`�/ �2�`�`�Q�` �`�2�7�2�`�b �i�Q �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 ���T�Q�B�M�i �2�b�i�B�K���i�Q�`�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�j�j�8�V

�U�1���A �K���M���;�2�`�b �S�`�Q�#�H�2�K�V �A�M �a�2�+�i�B�Q�M �d�X�R �r�2 �b���r �i�?���i �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7

���M�M�m���H �b���H���`�v �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �k�8�y�y �1���A �K���M���;�2�`�b �B�b� = 4000�X �*�Q�K�T�m�i�2 �i�?�2

�b�i���M�/���`�/ �2�`�`�Q�`�X

�b�Q�H�,�h�?�2 �T�Q�T�m�H���i�B�Q�M �B�b �}�M�B�i�2�- �r�B�i�?N = 2500�X �>�Q�r�2�p�2�`�- �r�B�i�? �� �b���K�T�H�2 �b�B�x�2 �Q�7

�j�y�- �r�2 �?���p�2n/ N = 30/2500 = 0:012�X �"�2�+���m�b�2 �i�?�2 �b���K�T�H�2 �b�B�x�2 �B�b �H�2�b�b �i�?���M �8�W �Q�7

�i�?�2 �T�Q�T�m�H���i�B�Q�M �b�B�x�2�- �r�2 �+���M �B�;�M�Q�`�2 �i�?�2 �}�M�B�i�2 �T�Q�T�m�H���i�B�Q�M �+�Q�`�`�2�+�i�B�Q�M �7���+�i�Q�` ���M�/ �m�b�2

�2�[�m���i�B�Q�M �U�d�X�j�V �i�Q �+�Q�K�T�m�i�2 �i�?�2 �b�i���M�/���`�/ �2�`�`�Q�`�,

� �x =
�

p
n

=
4000
p

30
= 730:3
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�e�f�j�e

�6�Q�`�K �Q�7 �i�?�2 �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7�X

�R�X �*�Q�M�b�B�/�2�` �i�r�Q �+���b�2�b �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �7�Q�`�K �Q�` �b�?���T�2 �Q�7�x�, �U�R�V �h�?�2 �T�Q�T�m�H���i�B�Q�M �?���b ��

�M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�c ���M�/ �U�k�V �i�?�2 �T�Q�T�m�H���i�B�Q�M �/�Q�2�b �M�Q�i �?���p�2 �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�X

�k�X�S�Q�T�m�H���i�B�Q�M �?���b �� �L�Q�`�K���H �.�B�b�i�`�B�#�m�i�B�Q�M�, �q�?�2�M �i�?�2 �T�Q�T�m�H���i�B�Q�M �?���b �� �M�Q�`�K���H �/�B�b�i�`�B�@

�#�m�i�B�Q�M�- �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x �B�b �M�Q�`�K���H�H�v�/�B�b�i�`�B�#�m�i�2�/ �7�Q�`���M�v

�b���K�T�H�2 �b�B�x�2�X

�j�X�S�Q�T�m�H���i�B�Q�M �/�Q�2�b �M�Q�i �?���p�2 �� �L�Q�`�K���H �.�B�b�i�`�B�#�m�i�B�Q�M�, �q�?�2�M �i�?�2 �T�Q�T�m�H���i�B�Q�M �7�`�Q�K �r�?�B�+�?

�r�2 ���`�2 �b�2�H�2�+�i�B�M�; �� �`���M�/�Q�K �b���K�T�H�2 �/�Q�2�b �M�Q�i �?���p�2 �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�- �i�?�2�+�2�M�i�`���H

�H�B�K�B�i �i�?�2�Q�`�2�K�B�b �?�2�H�T�7�m�H �B�M �B�/�2�M�i�B�7�v�B�M�; �i�?�2 �b�?���T�2 �Q�7 �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M

�Q�7�x�X

�9�X�*�2�M�i�`���H �G�B�K�B�i �h�?�2�Q�`�2�K �U�*�G�h�V�, �A�M �b�2�H�2�+�i�B�M�; �`���M�/�Q�K �b���K�T�H�2�b �Q�7 �b�B�x�2n �7�`�Q�K ��

�T�Q�T�m�H���i�B�Q�M�- �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2�b���K�T�H�2 �K�2���M�x �+���M �#�2 ���T�T�`�Q�t�B�@

�K���i�2�/ �#�v �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M ���b �i�?�2 �b���K�T�H�2 �b�B�x�2 �#�2�+�Q�K�2�b �H���`�;�2�X

�8�X �U�6�B�;�m�`�2 �d�X�j�V �A�H�H�m�b�i�`���i�B�Q�M �Q�7 �i�?�2 �*�2�M�i�`���H �G�B�K�B�i �h�?�2�Q�`�2�K �7�Q�` �h�?�`�2�2 �S�Q�T�m�H���i�B�Q�M�b

�U���V �S�Q�T�m�H���i�B�Q�M �A �7�Q�H�H�Q�r�b ���m�M�B�7�Q�`�K�/�B�b�i�`�B�#�m�i�B�Q�M�X �S�Q�T�m�H���i�B�Q�M �A�A �B�b �+���H�H�2�/ �i�?�2

�`���#�#�B�i�@�2���`�2�/�/�B�b�i�`�B�#�m�i�B�Q�M�X �A�i �B�b �b�v�K�K�2�i�`�B�+�- �#�m�i �i�?�2 �K�Q�`�2 �H�B�F�2�H�v �p���H�m�2�b �7���H�H

�B�M �i�?�2 �i���B�H�b �Q�7 �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M�X �S�Q�T�m�H���i�B�Q�M �A�A�A �B�b �b�?���T�2�/ �H�B�F�2 �i�?�2�2�t�T�Q�M�2�M�i�B���H

�/�B�b�i�`�B�#�m�i�B�Q�M�c �B�i �B�b �b�F�2�r�2�/ �i�Q �i�?�2 �`�B�;�?�i�X

�U�#�V �q�?�2�M �i�?�2 �b���K�T�H�2 �b�B�x�2 �B�bn = 2�- �i�?�2 �b�?���T�2 �Q�7 �2���+�? �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �B�b

�/�B�z�2�`�2�M�i�7�`�Q�K �i�?�2 �b�?���T�2 �Q�7 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �T�Q�T�m�H���i�B�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M�X

�U�+�V �6�Q�` �b���K�T�H�2�b �Q�7 �b�B�x�2n = 5�- �i�?�2 �b�?���T�2�b �Q�7 �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M�b �7�Q�` �T�Q�T�m�H���@

�i�B�Q�M�b �A ���M�/ �A�A �#�2�;�B�M �i�Q �H�Q�Q�F �b�B�K�B�H���` �i�Q �i�?�2 �b�?���T�2 �Q�7 ���M�Q�`�K���H�/�B�b�i�`�B�#�m�i�B�Q�M�X

�1�p�2�M �i�?�Q�m�;�? �i�?�2 �b�?���T�2 �Q�7 �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` �T�Q�T�m�H���i�B�Q�M �A�A�A �#�2�;�B�M�b

�i�Q �H�Q�Q�F �b�B�K�B�H���` �i�Q �i�?�2 �b�?���T�2 �Q�7 �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�- �b�Q�K�2�b�F�2�r�M�2�b�b�i�Q

�i�?�2 �`�B�;�?�i �B�b �b�i�B�H�H �T�`�2�b�2�M�i�X

�U�/�V �6�Q�` �b���K�T�H�2�b �Q�7 �b�B�x�2 �j�y�- �i�?�2 �b�?���T�2�b �Q�7 �2���+�? �Q�7 �i�?�2 �i�?�`�2�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M�b

���`�2 ���T�T�`�Q�t�B�K���i�2�H�v�M�Q�`�K���H�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�d�f�j�e

�e�X �:�2�M�2�`���H �b�i���i�B�b�i�B�+���H �T�`���+�i�B�+�2 �B�b �i�Q ���b�b�m�K�2 �i�?���i�- �7�Q�` �K�Q�b�i ���T�T�H�B�+���i�B�Q�M�b�- �i�?�2 �b���K�T�H�B�M�;

�/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x �+���M �#�2 ���T�T�`�Q�t�B�K���i�2�/ �#�v �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M �r�?�2�M�2�p�2�` �i�?�2 �b���K�T�H�2

�B�b �b�B�x�2 �j�y �Q�` �K�Q�`�2�X

�d�X �A�M �+���b�2�b �r�?�2�`�2 �i�?�2 �T�Q�T�m�H���i�B�Q�M �B�b�?�B�;�?�H�v �b�F�2�r�2�/�Q�` �Q�m�i�H�B�2�`�b���`�2 �T�`�2�b�2�M�i�-

�b���K�T�H�2�b �Q�7 �b�B�x�2�8�y �K���v �#�2 �M�2�2�/�2�/�X �6�B�M���H�H�v�- �B�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �B�b�/�B�b�+�`�2�i�2�-

�i�?�2 �b���K�T�H�2 �b�B�x�2 �M�2�2�/�2�/ �7�Q�` �� �M�Q�`�K���H ���T�T�`�Q�t�B�K���i�B�Q�M �Q�7�i�2�M �/�2�T�2�M�/�b �Q�M �i�?�2 �T�Q�T�m�H���i�B�Q�M

�T�`�Q�T�Q�`�i�B�Q�M�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�3�f�j�e

�a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x �7�Q�` �i�?�2 �1���A �S�`�Q�#�H�2�K

�R�X �h�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2 ���M�/ �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �i�?�2 ���M�M�m���H �b���H���`�v �Q�7 �1���A �K���M���;�2�`�b

���`�2E(x) = $71; 800 ���M�/� �x = 730:3�X �q�2 �/�Q �M�Q�i �?���p�2 ���M�v �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �i�?�2

�T�Q�T�m�H���i�B�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M

�k�X �A�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �?���b �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�- �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x �B�b �M�Q�`�@

�K���H�H�v �/�B�b�i�`�B�#�m�i�2�/�X �A�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �/�Q�2�b �M�Q�i �?���p�2 �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�- �i�?�2 �b�B�K�T�H�2

�`���M�/�Q�K �b���K�T�H�2 �Q�7 �j�y �K���M���;�2�`�b ���M�/ �i�?�2 �+�2�M�i�`���H �H�B�K�B�i �i�?�2�Q�`�2�K �2�M���#�H�2 �m�b �i�Q �+�Q�M�+�H�m�/�2

�i�?���i �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x �+���M �#�2 ���T�T�`�Q�t�B�K���i�2�/ �#�v �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�X

�j�X �U�6�B�;�m�`�2 �d�X�9�V �A�M �2�B�i�?�2�` �+���b�2�- �r�2 ���`�2 �+�Q�K�7�Q�`�i���#�H�2 �T�`�Q�+�2�2�/�B�M�; �r�B�i�? �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �i�?���i

�i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x �+���M �#�2 �/�2�b�+�`�B�#�2�/ �#�v �i�?�2 �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�X

�S�`���+�i�B�+���H �o���H�m�2 �Q�7 �i�?�2 �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x

�R�X �q�?�2�M�2�p�2�` �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �B�b �b�2�H�2�+�i�2�/�- �r�2 �+���M�M�Q�i �2�t�T�2�+�i �i�?�2 �b���K�T�H�2 �K�2���M

�i�Q �2�t���+�i�H�v �2�[�m���H�i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�X

�k�X �h�?�2 �T�`���+�i�B�+���H �`�2���b�Q�M �r�2 ���`�2 �B�M�i�2�`�2�b�i�2�/ �B�M �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x �B�b �i�?���i �B�i �+���M

�#�2 �m�b�2�/ �i�Q �T�`�Q�p�B�/�2�T�`�Q�#���#�B�H�B�i�v�B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �i�?�2�/�B�z�2�`�2�M�+�2�#�2�i�r�2�2�M

�i�?�2 �b���K�T�H�2 �K�2���M ���M�/ �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �R�N�f�j�e

�j�X
�

�

�

��1�t���K�T�H�2 �1���A �T�`�Q�#�H�2�K�,

�U���V �a�m�T�T�Q�b�2 �i�?�2 �T�2�`�b�Q�M�M�2�H �/�B�`�2�+�i�Q�` �#�2�H�B�2�p�2�b �i�?�2 �b���K�T�H�2 �K�2���M �r�B�H�H �#�2 ���M ���+�+�2�T�i���#�H�2

�2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �B�7 �i�?�2 �b���K�T�H�2 �K�2���M �B�b �r�B�i�?�B�M �0�8�y�y �Q�7 �i�?�2

�T�Q�T�m�H���i�B�Q�M �K�2���M�X �>�Q�r�2�p�2�`�- �B�i �B�b �M�Q�i �T�Q�b�b�B�#�H�2 �i�Q �;�m���`���M�i�2�2 �i�?���i �i�?�2 �b���K�T�H�2

�K�2���M �r�B�H�H �#�2�r�B�i�?�B�M�0�8�y�y �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�X

�U�#�V �A�M�/�2�2�/�- �h���#�H�2 �d�X�8 ���M�/ �6�B�;�m�`�2 �d�X�R �b�?�Q�r �i�?���i �b�Q�K�2 �Q�7 �i�?�2 �8�y�y �b���K�T�H�2 �K�2���M�b

�/�B�z�2�`�2�/ �#�v �K�Q�`�2 �i�?���M �0�k�y�y�y �7�`�Q�K �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�X �a�Q �r�2 �K�m�b�i �i�?�B�M�F �Q�7

�i�?�2 �T�2�`�b�Q�M�M�2�H �/�B�`�2�+�i�Q�`�� �b �`�2�[�m�2�b�i �B�M�T�`�Q�#���#�B�H�B�i�v �i�2�`�K�b�X

�U�+�V �h�?���i �B�b�- �i�?�2 �T�2�`�b�Q�M�M�2�H �/�B�`�2�+�i�Q�` �B�b �+�Q�M�+�2�`�M�2�/ �r�B�i�? �i�?�2 �7�Q�H�H�Q�r�B�M�; �[�m�2�b�i�B�Q�M�, �q�?���i

�B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �b���K�T�H�2 �K�2���M �+�Q�K�T�m�i�2�/ �m�b�B�M�; �� �b�B�K�T�H�2 �`���M�/�Q�K

�b���K�T�H�2 �Q�7 �j�y �1���A �K���M���;�2�`�b �r�B�H�H �#�2 �r�B�i�?�B�M �0�8�y�y �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�\

�U�/�V � �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �U�T�j�j�3�V

�*�Q�M�b�B�/�2�` �i�?�2 �1���A �T�`�Q�#�H�2�K�- �i�?�2 �K�2���M ���M�/ �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 ���M�M�m���H

�b���H���`�v �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7N = 2500 �1���A �K���M���;�2�`�b �B�b� = $71; 800 ���M�/

� = 4000�X �q�B�i�? �� �b���K�T�H�2 �b�B�x�2 �Q�7n = 30�- �i�?�2 �T�2�`�b�Q�M�M�2�H �/�B�`�2�+�i�Q�` �r���M�i�b �i�Q

�F�M�Q�r �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i�x �B�b �#�2�i�r�2�2�M �0�d�R�-�j�y�y ���M�/ �0�d�k�-�j�y�y�X

�b�Q�H�,�U�6�B�;�m�`�2 �d�X�8�V �"�2�+���m�b�2 �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �M�Q�`�K���H�H�v �/�B�b�i�`�B�#�m�i�2�/�-

�r�B�i�? �K�2���M �0�d�R�-�3�y�y ���M�/ �b�i���M�/���`�/ �2�`�`�Q�` �Q�7 �i�?�2 �K�2���M �d�j�y�X�j�- �r�2 �+���M �m�b�2 �i�?�2

�b�i���M�/���`�/ �M�Q�`�K���H �T�`�Q�#���#�B�H�B�i�v �i���#�H�2 �i�Q �}�M�/ �i�?�2 ���`�2�� �Q�` �T�`�Q�#���#�B�H�B�i�v�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�y�f�j�e

�U�2�V �h�?�2 �T�`�2�+�2�/�B�M�; �+�Q�K�T�m�i���i�B�Q�M�b �b�?�Q�r �i�?���i �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �Q�7 �j�y �1���A

�K���M���;�2�`�b �?���b ���y�X�8�y�j�9�T�`�Q�#���#�B�H�B�i�v �Q�7 �T�`�Q�p�B�/�B�M�; �� �b���K�T�H�2 �K�2���M�x �i�?���i �B�b

�r�B�i�?�B�M �0�8�y�y �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�X

�U�7�V �h�?�m�b�- �i�?�2�`�2 �B�b ��1�• 0:5034 = 0:4966 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�@

�i�r�2�2�M�x ���M�/� = $71; 800�r�B�H�H �#�2 �K�Q�`�2 �i�?���M �0�8�y�y�X �A�M �Q�i�?�2�` �r�Q�`�/�b�- �� �b�B�K�T�H�2 �`���M�@

�/�Q�K �b���K�T�H�2 �Q�7 �j�y �1���A �K���M���;�2�`�b �?���b �`�Q�m�;�?�H�v ��50��50 �+�?���M�+�2�Q�7 �T�`�Q�p�B�/�B�M�;

�� �b���K�T�H�2 �K�2���M �r�B�i�?�B�M �i�?�2 ���H�H�Q�r���#�H�2 �0�8�y�y�X �S�2�`�?���T�b ���H���`�;�2�` �b���K�T�H�2 �b�B�x�2

�b�?�Q�m�H�/ �#�2 �+�Q�M�b�B�/�2�`�2�/�X

�_�2�H���i�B�Q�M�b�?�B�T �"�2�i�r�2�2�M �i�?�2 �a���K�T�H�2 �a�B�x�2 ���M�/ �i�?�2 �a���K�T�H�B�M�; �.�B�b�i�`�B�@

�#�m�i�B�Q�M �Q�7�X

�R�X �U�6�B�;�m�`�2 �d�X�e�V �h�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7�x �r�B�i�?n = 30 ���M�/n = 100�X �"�2�+���m�b�2

�i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�?n = 100 �?���b �� �b�K���H�H�2�` �b�i���M�/���`�/ �2�`�`�Q�`�- �i�?�2 �p���H�m�2�b �Q�7

�x �?���p�2 �H�2�b�b �p���`�B���i�B�Q�M���M�/ �i�2�M�/ �i�Q �#�2�+�H�Q�b�2�`�i�Q �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �i�?���M

�i�?�2 �p���H�m�2�b �Q�7�x �r�B�i�?n = 30�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�R�f�j�e

�k�X � �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �U�T�j�j�N�V

�*�Q�M�b�B�/�2�` �i�?�2 �1���A �T�`�Q�#�H�2�K�- �q�B�i�? �� �b���K�T�H�2 �b�B�x�2 �Q�7n = 100 �1���A �K���M���;�2�`�b�-

�+�Q�K�T�m�i�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i�x �B�b �r�B�i�?�B�M �0�8�y�y �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M� =

$71; 800�X

�b�Q�H�,
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�k�f�j�e

�j�X �h�?�m�b�- �#�v �B�M�+�`�2���b�B�M�; �i�?�2 �b���K�T�H�2 �b�B�x�2 �7�`�Q�K �j�y �i�Q �R�y�y �1���A �K���M���;�2�`�b�- �r�2 �B�M�+�`�2���b�2 �i�?�2

�T�`�Q�#���#�B�H�B�i�v �Q�7 �Q�#�i���B�M�B�M�; �� �b���K�T�H�2 �K�2���M �r�B�i�?�B�M �0�8�y�y �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �7�`�Q�K

�y�X�8�y�j�9 �i�Q �y�X�d�3�3�3�X �h�?�2 �B�K�T�Q�`�i���M�i �T�Q�B�M�i �B�M �i�?�B�b �/�B�b�+�m�b�b�B�Q�M �B�b �i�?���i ���b �i�?�2 �b���K�T�H�2 �b�B�x�2

�B�b �B�M�+�`�2���b�2�/�- �i�?�2�b�i���M�/���`�/ �2�`�`�Q�` �Q�7 �i�?�2 �K�2���M�/�2�+�`�2���b�2�b�X

�9�X ���b �� �`�2�b�m�H�i�- �i�?�2�H���`�;�2�` �b���K�T�H�2 �b�B�x�2�T�`�Q�p�B�/�2�b �� �?�B�;�?�2�` �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �b���K�T�H�2

�K�2���M �B�b �r�B�i�?�B�M �� �b�T�2�+�B�}�2�/ �/�B�b�i���M�+�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�X

�d�X�e �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7�p

�R�X �h�?�2 �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M�p �B�b �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�` �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�Mp�,

�p =
x
n

�r�?�2�`�2x �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �2�H�2�K�2�M�i�b �B�M �i�?�2 �b���K�T�H�2 �i�?���i�T�Q�b�b�2�b�b�i�?�2 �+�?���`���+�i�2�`�B�b�i�B�+

�Q�7 �B�M�i�2�`�2�b�i ���M�/n �B�b �i�?�2 �b���K�T�H�2 �b�B�x�2�X

�k�X �h�?�2 �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M�p �B�b �� �`���M�/�Q�K �p���`�B���#�H�2���M�/ �B�i�b �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M

�B�b �+���H�H�2�/ �i�?�2�b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M�Q�7�p�X

�j�X�a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7�p �h�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�p �B�b �i�?�2�T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M

�Q�7 ���H�H �T�Q�b�b�B�#�H�2 �p���H�m�2�b �Q�7 �i�?�2 �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M�p�X

�1�t�T�2�+�i�2�/ �o���H�m�2 �Q�7�p

�R�X �h�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2 �Q�7�p�- �i�?�2 �K�2���M �Q�7���H�H �T�Q�b�b�B�#�H�2 �p���H�m�2�b�Q�7�p�- �B�b �2�[�m���H �i�Q �i�?�2

�T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�Mp�,

E(�p) = p :

�k�X �"�2�+���m�b�2E(�p) = p�- �p �B�b ���M�m�M�#�B���b�2�/�2�b�i�B�K���i�Q�` �Q�7p�X

�j�X
�

�

�

��1�t���K�T�H�2 �U�a�2�+�i�B�Q�M �d�X�R�V �r�2 �M�Q�i�2�/ �i�?���ip = 0:60 �7�Q�` �i�?�2 �1���A �T�Q�T�m�H���i�B�Q�M�- �r�?�2�`�2p

�B�b �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �K���M���;�2�`�b �r�?�Q �T���`�i�B�+�B�T���i�2�/ �B�M �i�?�2 �+�Q�K�T���M�v�ö�b

�K���M���;�2�K�2�M�i �i�`���B�M�B�M�; �T�`�Q�;�`���K�X �h�?�m�b�- �i�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2 �Q�7�p �7�Q�` �i�?�2 �1���A �b���K�T�H�B�M�;

�T�`�Q�#�H�2�K �B�b �y�X�e�y�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�j�f�j�e

�a�i���M�/���`�/ �.�2�p�B���i�B�Q�M �Q�7�p

�R�X �h�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7�p �/�2�T�2�M�/�b �Q�M �r�?�2�i�?�2�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �B�b �}�M�B�i�2 �Q�` �B�M�}�M�B�i�2�,

�U���V �6�B�M�B�i�2 �S�Q�T�m�H���i�B�Q�M�,� �p =

r
N � n
N � 1

r
p(1 � p)

n
�X

�U�#�V �A�M�}�M�B�i�2 �S�Q�T�m�H���i�B�Q�M�,� �p =

r
p(1 � p)

n
�X

�k�X �h�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �2�t�T�`�2�b�b�B�Q�M�b �7�Q�` �i�?�2 �}�M�B�i�2 �T�Q�T�m�H���i�B�Q�M ���M�/ �i�?�2 �B�M�}�M�B�i�2

�T�Q�T�m�H���i�B�Q�M �#�2�+�Q�K�2�b�M�2�;�H�B�;�B�#�H�2�B�7 �i�?�2 �b�B�x�2 �Q�7 �i�?�2 �}�M�B�i�2 �T�Q�T�m�H���i�B�Q�M �B�b �H���`�;�2 �B�M

�+�Q�K�T���`�B�b�Q�M�i�Q �i�?�2 �b���K�T�H�2 �b�B�x�2�X

�j�X �_�m�H�2 �Q�7 �i�?�m�K�#�,

�U���V �B�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �B�b �}�M�B�i�2 �r�B�i�?n/ N � 0:05 �- �m�b�2� �p =
p

p(1 � p)/ n �X

�U�#�V �B�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �B�b �}�M�B�i�2 �r�B�i�?n/ N > 0:05 �- �i�?�2 �}�M�B�i�2 �T�Q�T�m�H���i�B�Q�M�+�Q�`�`�2�+�i�B�Q�M

�7���+�i�Q� �̀b�?�Q�m�H�/ �#�2 �m�b�2�/�X

�U�+�V �l�M�H�2�b�b �b�T�2�+�B�}�+���H�H�v �M�Q�i�2�/�- �i�?�`�Q�m�;�?�Q�m�i �i�?�2 �i�2�t�i �r�2 �r�B�H�H ���b�b�m�K�2 �i�?���i �i�?�2 �T�Q�T�m�@

�H���i�B�Q�M �b�B�x�2 �B�b �H���`�;�2 �B�M �`�2�H���i�B�Q�M �i�Q �i�?�2 �b���K�T�H�2 �b�B�x�2 ���M�/ �i�?�m�b �i�?�2 �}�M�B�i�2 �T�Q�T�m�H���i�B�Q�M

�+�Q�`�`�2�+�i�B�Q�M �7���+�i�Q�` �B�b�m�M�M�2�+�2�b�b���`�v�X

�9�X �q�2 �b�i���i�2�/ �i�?���i �B�M �;�2�M�2�`���H �i�?�2 �i�2�`�K �b�i���M�/���`�/ �2�`�`�Q�` �`�2�7�2�`�b �i�Q �i�?�2 �b�i���M�/���`�/ �/�2�p�B���@

�i�B�Q�M �Q�7 ���T�Q�B�M�i �2�b�i�B�K���i�Q�`�X �h�?�m�b�- �7�Q�` �T�`�Q�T�Q�`�i�B�Q�M�b �r�2 �m�b�2 �b�i���M�/���`�/ �2�`�`�Q�` �Q�7 �i�?�2

�T�`�Q�T�Q�`�i�B�Q�M �i�Q �`�2�7�2�` �i�Q �i�?�2�b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7�p �X

�8�X
�

�

�

��1�t���K�T�H�2 �U�h�?�2 �1���A �2�t���K�T�H�2�V �q�B�i�?n/ N = 30/2500 = 0:012 �- �r�2 �+���M �B�;�M�Q�`�2

�i�?�2 �}�M�B�i�2 �T�Q�T�m�H���i�B�Q�M �+�Q�`�`�2�+�i�B�Q�M �7���+�i�Q�` �r�?�2�M �r�2 �+�Q�K�T�m�i�2 �i�?�2 �b�i���M�/���`�/ �2�`�`�Q�` �Q�7 �i�?�2

�T�`�Q�T�Q�`�i�B�Q�M�X �6�Q�` �i�?�2 �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �Q�7 �j�y �K���M���;�2�`�b�- �i�?�2 �b�i���M�/���`�/ �2�`�`�Q�` �Q�7

�i�?�2 �T�`�Q�T�Q�`�i�B�Q�M ���b�b�Q�+�B���i�2�/ �r�B�i�? �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2�b �Q�7 �j�y �1���A �K���M���;�2�`�b�,

� �p =

r
p(1 � p)

n
=

r
0:6(1 � 0:6)

30
= 0:0894 :

�6�Q�`�K �Q�7 �i�?�2 �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7�p

�R�X �6�Q�` �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �7�`�Q�K �� �H���`�;�2 �T�Q�T�m�H���i�B�Q�M�- �i�?�2 �p���H�m�2 �Q�7x �B�b �� �#�B�M�Q�K�B���H

�`���M�/�Q�K �p���`�B���#�H�2�B�M�/�B�+���i�B�M�; �i�?�2�M�m�K�#�2��̀Q�7 �2�H�2�K�2�M�i�b �B�M �i�?�2 �b���K�T�H�2 �r�B�i�?

�i�?�2 �+�?���`���+�i�2�`�B�b�i�B�+ �Q�7 �B�M�i�2�`�2�b�i�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�9�f�j�e

�k�X �"�2�+���m�b�2n �B�b �� �+�Q�M�b�i���M�i�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7x/ n �B�b �i�?�2 �b���K�2 ���b �i�?�2�#�B�M�Q�K�B���H �T�`�Q�#���#�B�H�B�i�v

�Q�7x�- �r�?�B�+�? �K�2���M�b �i�?���i �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�p �B�b ���H�b�Q ���/�B�b�+�`�2�i�2�T�`�Q�#�@

���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M ���M�/ �i�?���i �i�?�2 �T�`�Q�#���#�B�H�B�i�v �7�Q�` �2���+�? �p���H�m�2 �Q�7x/ n �B�b �i�?�2 �b���K�2

���b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7x �X

�j�X �U�*�?���T�i�2�` �e�V �r�2 �b�?�Q�r�2�/ �i�?���i �� �#�B�M�Q�K�B���H �/�B�b�i�`�B�#�m�i�B�Q�M �+���M �#�2 ���T�T�`�Q�t�B�K���i�2�/ �#�v �� �M�Q�`�@

�K���H �/�B�b�i�`�B�#�m�i�B�Q�M �r�?�2�M�2�p�2�` �i�?�2 �b���K�T�H�2 �b�B�x�2 �B�b �H���`�;�2 �2�M�Q�m�;�? �i�Q �b���i�B�b�7�v �i�r�Q �+�Q�M�/�B�i�B�Q�M�b�,

�U�R�Vnp � 5 ���M�/ n(1 � p) � 5 �X

�9�X ���b�b�m�K�B�M�; �i�?�2�b�2 �i�r�Q �+�Q�M�/�B�i�B�Q�M�b ���`�2 �b���i�B�b�}�2�/�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7x �B�M �i�?�2

�b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M�-�p = x/ n �- �+���M �#�2 ���T�T�`�Q�t�B�K���i�2�/ �#�v �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�X

���M�/ �#�2�+���m�b�2n �B�b �� �+�Q�M�b�i���M�i�- �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�p �+���M ���H�b�Q �#�2

���T�T�`�Q�t�B�K���i�2�/ �#�v �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�X

�8�X �h�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�p �+���M �#�2 ���T�T�`�Q�t�B�K���i�2�/ �#�v �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M �r�?�2�M�@

�2�p�2�`np � 5 ���M�/ n(1�• p) � 5 �X

�e�X �A�M �T�`���+�i�B�+���H ���T�T�H�B�+���i�B�Q�M�b�- �r�?�2�M ���M �2�b�i�B�K���i�2 �Q�7 �� �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M �B�b �/�2�b�B�`�2�/�-

�r�2 �}�M�/ �i�?���i �b���K�T�H�2 �b�B�x�2�b ���`�2 ���H�K�Q�b�i ���H�r���v�b�H���`�;�2 �2�M�Q�m�;�?�i�Q �T�2�`�K�B�i �i�?�2 �m�b�2 �Q�7

�� �M�Q�`�K���H ���T�T�`�Q�t�B�K���i�B�Q�M �7�Q�` �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�p�X

�d�X
�

�

�

��1�t���K�T�H�2 �U�6�B�;�m�`�2 �d�X�3�V �U�h�?�2 �1���A �2�t���K�T�H�2�V �_�2�+���H�H �i�?���i �r�2 �F�M�Q�r �i�?���i �i�?�2 �T�Q�T�m�H���@

�i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �K���M���;�2�`�b �r�?�Q �T���`�i�B�+�B�T���i�2�/ �B�M �i�?�2 �i�`���B�M�B�M�; �T�`�Q�;�`���K �B�bp = 0:60�X

�q�B�i�? �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �Q�7 �b�B�x�2 �j�y�- �r�2 �?���p�2np = 30(0:60) = 18 ���M�/

n(1�• p) = 30( :40) = 12 �X �h�?�m�b�- �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�p �+���M �#�2 ���T�T�`�Q�t�B�@

�K���i�2�/ �#�v �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�8�f�j�e

�S�`���+�i�B�+���H �o���H�m�2 �Q�7 �i�?�2 �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7�p

�R�X �h�?�2�T�`���+�i�B�+���H �p���H�m�2�Q�7 �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�p �B�b �i�?���i �B�i �+���M �#�2 �m�b�2�/

�i�Q �T�`�Q�p�B�/�2 �T�`�Q�#���#�B�H�B�i�v �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �i�?�2�/�B�z�2�`�2�M�+�2�#�2�i�r�2�2�M �i�?�2 �b���K�T�H�2

�T�`�Q�T�Q�`�i�B�Q�M ���M�/ �i�?�2 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�j�9�e�V

�*�Q�M�b�B�/�2�` �i�?�2 �1���A �T�`�Q�#�H�2�K�- �b�m�T�T�Q�b�2 �i�?���i �i�?�2 �T�2�`�b�Q�M�M�2�H �/�B�`�2�+�i�Q�` �r���M�i�b �i�Q �F�M�Q�r �i�?�2

�T�`�Q�#���#�B�H�B�i�v �Q�7 �Q�#�i���B�M�B�M�; �� �p���H�m�2 �Q�7�p �i�?���i �B�b �r�B�i�?�B�M �y�X�y�8 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M

�Q�7 �1���A �K���M���;�2�`�b �r�?�Q �T���`�i�B�+�B�T���i�2�/ �B�M �i�?�2 �i�`���B�M�B�M�; �T�`�Q�;�`���K�X �h�?���i �B�b�- �r�?���i �B�b �i�?�2

�T�`�Q�#���#�B�H�B�i�v �Q�7 �Q�#�i���B�M�B�M�; �� �b���K�T�H�2 �r�B�i�? �� �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M�p �#�2�i�r�2�2�M �y�X�8�8 ���M�/

�y�X�e�8�\ �*�Q�M�b�B�/�2�` �i�r�Q �+���b�2�b�,n = 30 ���M�/n = 100 �m�b�B�M�; �� �M�Q�`�K���H ���T�T�`�Q�t�B�K���i�B�Q�M�X

�b�Q�H�,
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�d�f�j�e

�d�X�d �S�`�Q�T�2�`�i�B�2�b �Q�7 �S�Q�B�M�i �1�b�i�B�K���i�Q�`�b

�R�X �"�2�7�Q�`�2 �m�b�B�M�; �� �b���K�T�H�2 �b�i���i�B�b�i�B�+ ���b �� �T�Q�B�M�i �2�b�i�B�K���i�Q�`�- �b�i���i�B�b�i�B�+�B���M�b �+�?�2�+�F �i�Q �b�2�2

�r�?�2�i�?�2�` �i�?�2�b���K�T�H�2 �b�i���i�B�b�i�B�+�/�2�K�Q�M�b�i�`���i�2�b �+�2�`�i���B�M �T�`�Q�T�2�`�i�B�2�b ���b�b�Q�+�B���i�2�/ �r�B�i�?

�;�Q�Q�/ �T�Q�B�M�i �2�b�i�B�K���i�Q�`�b�X

�k�X �q�2 �/�B�b�+�m�b�b �i�?�`�2�2 �T�`�Q�T�2�`�i�B�2�b �Q�7 �;�Q�Q�/ �T�Q�B�M�i �2�b�i�B�K���i�Q�`�b�,�m�M�#�B���b�2�/�- �2�{�+�B�2�M�+�v�-

���M�/ �+�Q�M�b�B�b�i�2�M�+�v�X

�j�X �:�2�M�2�`���H �M�Q�i���i�B�Q�M�,

�U���V � �, �i�?�2 �T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�` �Q�7 �B�M�i�2�`�2�b�i�-

�U�#�V �̂ �, �i�?�2 �b���K�T�H�2 �b�i���i�B�b�i�B�+ �Q�` �T�Q�B�M�i �2�b�i�B�K���i�Q�` �Q�7� �X

�l�M�#�B���b�2�/

�R�X �A�7 �i�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2 �Q�7 �i�?�2 �b���K�T�H�2 �b�i���i�B�b�i�B�+ �B�b �2�[�m���H �i�Q �i�?�2 �T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�`

�#�2�B�M�; �2�b�i�B�K���i�2�/�- �i�?�2 �b���K�T�H�2 �b�i���i�B�b�i�B�+ �B�b �b���B�/ �i�Q �#�2 ���M�m�M�#�B���b�2�/ �2�b�i�B�K���i�Q�`�Q�7

�i�?�2 �T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�`�X

�k�X�l�M�#�B���b�2�/ �2�b�i�B�K���i�Q�`�, �h�?�2 �b���K�T�H�2 �b�i���i�B�b�i�B�+�̂ �B�b ���M �m�M�#�B���b�2�/ �2�b�i�B�K���i�Q�` �Q�7 �i�?�2 �T�Q�T�@

�m�H���i�B�Q�M �T���`���K�2�i�2�`� �B�7

E(�̂ ) = � ;

�r�?�2�`�2E(�̂ ) �B�b �i�?�2�2�t�T�2�+�i�2�/ �p���H�m�2�Q�7 �i�?�2 �b���K�T�H�2 �b�i���i�B�b�i�B�+�̂ �X

�j�X �U�6�B�;�m�`�2 �d�X�R�y�V �i�?�2 �+���b�2�b �Q�7 �m�M�#�B���b�2�/ ���M�/ �#�B���b�2�/ �T�Q�B�M�i �2�b�i�B�K���i�Q�`�b�X

�U���V �h�?�2 �m�M�#�B���b�2�/ �2�b�i�B�K���i�Q�`�, �i�?�2�K�2���M �Q�7 �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M�B�b �2�[�m���H

�i�Q �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�`�X

�U�#�V �� �#�B���b�2�/ �2�b�i�B�K���i�Q�`�, �i�?�2 �K�2���M �Q�7 �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �H�2�b�b �i�?���M �Q�`

�;�`�2���i�2�` �i�?���M �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�`�X �h�?�2 ���K�Q�m�M�i �Q�7 �i�?�2

�#�B���b �B�b �b�?�Q�r�M�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�3�f�j�e

�9�X �q�2 �b�i���i�2�/ �i�?���iE(�x) = � ���M�/ E(�p) = p �X �"�Q�i�?�x ���M�/�p ���`�2 �m�M�#�B���b�2�/

�2�b�i�B�K���i�Q�`�b �Q�7 �i�?�2�B�` �+�Q�`�`�2�b�T�Q�M�/�B�M�; �T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�`�b� ���M�/p�X

�8�X �A�i �+���M �#�2 �b�?�Q�r�M �i�?���iE(s2) = � 2 �- �i�?�2 �b���K�T�H�2 �p���`�B���M�+�2s2 �B�b ���M �m�M�#�B���b�2�/ �2�b�i�B�@

�K���i�Q�` �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �p���`�B���M�+�2� 2�X

�e�X �h�?�2 �`�2���b�Q�M �7�Q�` �m�b�B�M�;n�• 1 �`���i�?�2�` �i�?���Mn �B�M �b���K�T�H�2 �p���`�B���M�+�2 �U���M�/ �i�?�2 �b���K�T�H�2

�b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�V �B�b �i�Q �K���F�2 �i�?�2 �b���K�T�H�2 �p���`�B���M�+�2 ���M�m�M�#�B���b�2�/�2�b�i�B�K���i�Q�` �Q�7

�i�?�2 �T�Q�T�m�H���i�B�Q�M �p���`�B���M�+�2�X

�1�{�+�B�2�M�+�v

�R�X ���b�b�m�K�2 �i�?���i �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �Q�7n �2�H�2�K�2�M�i�b �+���M �#�2 �m�b�2�/ �i�Q �T�`�Q�p�B�/�2�i�r�Q

�m�M�#�B���b�2�/ �T�Q�B�M�i �2�b�i�B�K���i�Q�`�b�Q�7 �i�?�2 �b���K�2 �T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�`�X �A�M �i�?�B�b �b�B�i�m���i�B�Q�M�-

�r�2 �r�Q�m�H�/ �T�`�2�7�2�` �i�Q �m�b�2 �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�` �r�B�i�? �i�?�2�b�K���H�H�2�` �b�i���M�/���`�/ �2�`�`�Q�`�-

�#�2�+���m�b�2 �B�i �i�2�M�/�b �i�Q �T�`�Q�p�B�/�2 �2�b�i�B�K���i�2�b �+�H�Q�b�2�` �i�Q �i�?�2 �T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�`�X

�k�X �h�?�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�` �r�B�i�? �i�?�2 �b�K���H�H�2�` �b�i���M�/���`�/ �2�`�`�Q�` �B�b �b���B�/ �i�Q �?���p�2 �;�`�2���i�2�`�`�2�H���i�B�p�2 �2�{�+�B�2�M�+�v

�i�?���M �i�?�2 �Q�i�?�2�`�X

�j�X �U�6�B�;�m�`�2 �d�X�R�R�V �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7 �i�r�Q �m�M�#�B���b�2�/ �T�Q�B�M�i �2�b�i�B�K���i�Q�`�b�-�̂ 1 ���M�/

�̂ 2�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �k�N�f�j�e

�U���V �h�?�2 �b�i���M�/���`�/ �2�`�`�Q�` �Q�7�̂ 1 �B�b �H�2�b�b �i�?���M �i�?�2 �b�i���M�/���`�/ �2�`�`�Q�` �Q�7�̂ 2�c

�U�#�V �o���H�m�2�b �Q�7�̂ 1 �?���p�2 �� �;�`�2���i�2�` �+�?���M�+�2�Q�7 �#�2�B�M�; �+�H�Q�b�2 �i�Q �i�?�2 �T���`���K�2�i�2�`� �i�?���M

�/�Q �p���H�m�2�b �Q�7�̂ 2�X

�U�+�V̂� 1 �B�b �`�2�H���i�B�p�2�H�v �K�Q�`�2 �2�{�+�B�2�M�i �i�?���M�̂ 2 ���M�/ �B�b �i�?�2 �T�`�2�7�2�`�`�2�/ �T�Q�B�M�i �2�b�i�B�K���i�Q�`�X

�*�Q�M�b�B�b�i�2�M�+�v

�R�X �� �T�Q�B�M�i �2�b�i�B�K���i�Q�` �B�b�+�Q�M�b�B�b�i�2�M�i�B�7 �i�?�2 �p���H�m�2�b �Q�7 �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�` �i�2�M�/ �i�Q �#�2�@

�+�Q�K�2 �+�H�Q�b�2�` �i�Q �i�?�2 �T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�` ���b �i�?�2�b���K�T�H�2 �b�B�x�2�#�2�+�Q�K�2�b�H���`�;�2� �̀X

�k�X �� �H���`�;�2 �b���K�T�H�2 �b�B�x�2 �i�2�M�/�b �i�Q �T�`�Q�p�B�/�2 �� �#�2�i�i�2�` �T�Q�B�M�i �2�b�i�B�K���i�2 �i�?���M ���b�K���H�H

�b���K�T�H�2 �b�B�x�2�X

�j�X �h�?�2 �b�i���M�/���`�/ �2�`�`�Q�` �Q�7�x�- � �x = � /
p

n �- �B�b �`�2�H���i�2�/ �i�Q �i�?�2 �b���K�T�H�2 �b�B�x�2 �b�m�+�? �i�?���i

�H���`�;�2�` �b���K�T�H�2 �b�B�x�2�b �T�`�Q�p�B�/�2 �b�K���H�H�2�` �p���H�m�2�b �7�Q�`� �x �- �r�2 �+�Q�M�+�H�m�/�2 �i�?�2 �b���K�T�H�2 �K�2���M�x �B�b

�� �+�Q�M�b�B�b�i�2�M�i�2�b�i�B�K���i�Q�` �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M� �X

�9�X �h�?�2 �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M�p �B�b �� �+�Q�M�b�B�b�i�2�M�i�2�b�i�B�K���i�Q�` �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M

p�X
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�*�?���T�i�2�`�d�, �a���K�T�H�B�M�; ���M�/ �a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M�b �S���;�2 �j�y�f�j�e

�d�X�3 �P�i�?�2�` �a���K�T�H�B�M�; �J�2�i�?�Q�/�b�R

�a�i�`���i�B�}�2�/ �_���M�/�Q�K �a���K�T�H�B�M�;

�R�X �U�6�B�;�m�`�2 �d�X�R�k�V �A�M �b�i�`���i�B�}�2�/ �`���M�/�Q�K �b���K�T�H�B�M�;�- �i�?�2 �2�H�2�K�2�M�i�b �B�M �i�?�2 �T�Q�T�m�H���i�B�Q�M ���`�2

�}�`�b�i �/�B�p�B�/�2�/ �B�M�i�Q�;�`�Q�m�T�b�+���H�H�2�/�b�i�`���i�� �- �b�m�+�? �i�?���i �2���+�? �2�H�2�K�2�M�i �B�M �i�?�2

�T�Q�T�m�H���i�B�Q�M �#�2�H�Q�M�;�b �i�Q �Q�M�2 ���M�/ �Q�M�H�v �Q�M�2 �b�i�`���i�m�K�X ���b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2�B�b

�i���F�2�M �7�`�Q�K �2���+�? �b�i�`���i�m�K�X

�k�X �h�?�2 �#���b�B�b �7�Q�` �7�Q�`�K�B�M�; �i�?�2 �b�i�`���i���- �b�m�+�? ���b �/�2�T���`�i�K�2�M�i�- �H�Q�+���i�B�Q�M�- ���;�2�- �B�M�/�m�b�i�`�v �i�v�T�2�-

���M�/ �b�Q �Q�M�- �B�b ���i �i�?�2�/�B�b�+�`�2�i�B�Q�M�Q�7 �i�?�2 �/�2�b�B�;�M�2�` �Q�7 �i�?�2 �b���K�T�H�2�X

�j�X �>�Q�r�2�p�2�`�- �i�?�2 �#�2�b�i �`�2�b�m�H�i�b ���`�2 �Q�#�i���B�M�2�/ �r�?�2�M �i�?�2 �2�H�2�K�2�M�i�b�r�B�i�?�B�M�2���+�? �b�i�`���i�m�K

���`�2 ���b �K�m�+�? ���H�B�F�2���b �T�Q�b�b�B�#�H�2�X

�9�X �6�Q�`�K�m�H���b ���`�2 ���p���B�H���#�H�2 �7�Q�` �+�Q�K�#�B�M�B�M�; �i�?�2 �`�2�b�m�H�i�b �7�Q�` �i�?�2 �B�M�/�B�p�B�/�m���H �b�i�`���i�m�K �b���K�T�H�2�b

�B�M�i�Q �Q�M�2 �2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�` �Q�7 �B�M�i�2�`�2�b�i�X
�R�� �K�Q�`�2 �B�M�@�/�2�T�i�? �i�`�2���i�K�2�M�i �B�b �T�`�Q�p�B�/�2�/ �B�M �*�?���T�i�2�` �k�k�X
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�*�H�m�b�i�2�` �a���K�T�H�B�M�;

�R�X �U�6�B�;�m�`�2 �d�X�R�j�V �A�M �+�H�m�b�i�2�` �b���K�T�H�B�M�;�- �i�?�2 �2�H�2�K�2�M�i�b �B�M �i�?�2 �T�Q�T�m�H���i�B�Q�M ���`�2 �}�`�b�i �/�B�p�B�/�2�/

�B�M�i�Q �b�2�T���`���i�2 �;�`�Q�m�T�b �+���H�H�2�/�+�H�m�b�i�2�`�b�X

�k�X �1���+�? �2�H�2�K�2�M�i �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �#�2�H�Q�M�;�b �i�Q �Q�M�2 ���M�/ �Q�M�H�v �Q�M�2 �+�H�m�b�i�2�`�X �� �b�B�K�T�H�2

�`���M�/�Q�K �b���K�T�H�2 �Q�7 �i�?�2�+�H�m�b�i�2�`�b�B�b �i�?�2�M �i���F�2�M�X ���H�H �2�H�2�K�2�M�i�b �r�B�i�?�B�M �2���+�? �b���K�T�H�2�/

�+�H�m�b�i�2�` �7�Q�`�K �i�?�2 �b���K�T�H�2�X

�j�X �*�H�m�b�i�2�` �b���K�T�H�B�M�; �i�2�M�/�b �i�Q �T�`�Q�p�B�/�2 �i�?�2 �#�2�b�i �`�2�b�m�H�i�b �r�?�2�M �i�?�2 �2�H�2�K�2�M�i�b �r�B�i�?�B�M �i�?�2

�+�H�m�b�i�2�`�b ���`�2�M�Q�i ���H�B�F�2�X

�9�X �A�M �i�?�2 �B�/�2���H �+���b�2�- �2���+�? �+�H�m�b�i�2�` �B�b �� �`�2�T�`�2�b�2�M�i���i�B�p�2�b�K���H�H�@�b�+���H�2 �p�2�`�b�B�Q�M�Q�7 �i�?�2

�2�M�i�B�`�2 �T�Q�T�m�H���i�B�Q�M�X �h�?�2 �p���H�m�2 �Q�7 �+�H�m�b�i�2�` �b���K�T�H�B�M�; �/�2�T�2�M�/�b �Q�M �?�Q�r �`�2�T�`�2�b�2�M�i���i�B�p�2

�2���+�? �+�H�m�b�i�2�` �B�b �Q�7 �i�?�2 �2�M�i�B�`�2 �T�Q�T�m�H���i�B�Q�M�X

�8�X �A�7 ���H�H �+�H�m�b�i�2�`�b ���`�2���H�B�F�2�B�M �i�?�B�b �`�2�;���`�/�- �b���K�T�H�B�M�; �� �b�K���H�H �M�m�K�#�2�` �Q�7 �+�H�m�b�i�2�`�b �r�B�H�H

�T�`�Q�p�B�/�2 �;�Q�Q�/ �2�b�i�B�K���i�2�b �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�`�b�X

�e�X �P�M�2 �Q�7 �i�?�2 �T�`�B�K���`�v ���T�T�H�B�+���i�B�Q�M�b �Q�7 �+�H�m�b�i�2�` �b���K�T�H�B�M�; �B�b ���`�2�� �b���K�T�H�B�M�;�- �r�?�2�`�2 �+�H�m�b�i�2�`�b
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�j�X �� �b�v�b�i�2�K���i�B�+ �b���K�T�H�2 �7�Q�` �i�?�B�b �+���b�2 �B�M�p�Q�H�p�2�b �b�2�H�2�+�i�B�M�; �`���M�/�Q�K�H�v �Q�M�2 �Q�7 �i�?�2�}�`�b�i �R�y�y �2�H�2�K�2�M�i�b

�7�`�Q�K �i�?�2 �T�Q�T�m�H���i�B�Q�M �H�B�b�i�X

�9�X �P�i�?�2�` �b���K�T�H�2 �2�H�2�K�2�M�i�b ���`�2 �B�/�2�M�i�B�}�2�/ �#�v �b�i���`�i�B�M�; �r�B�i�? �i�?�2 �}�`�b�i �b���K�T�H�2�/ �2�H�2�K�2�M�i ���M�/

�i�?�2�M �b�2�H�2�+�i�B�M�; �2�p�2�`�v100th �2�H�2�K�2�M�i �i�?���i �7�Q�H�H�Q�r�b �B�M �i�?�2 �T�Q�T�m�H���i�B�Q�M �H�B�b�i�X

�8�X �A�M �2�z�2�+�i�- �i�?�2 �b���K�T�H�2 �Q�7 �8�y �B�b �B�/�2�M�i�B�}�2�/ �#�v�K�Q�p�B�M�; �b�v�b�i�2�K���i�B�+���H�H�v�i�?�`�Q�m�;�? �i�?�2

�T�Q�T�m�H���i�B�Q�M ���M�/ �B�/�2�M�i�B�7�v�B�M�; �2�p�2�`�v100th �2�H�2�K�2�M�i ���7�i�2�` �i�?�2 �}�`�b�i �`���M�/�Q�K�H�v �b�2�H�2�+�i�2�/

�2�H�2�K�2�M�i�X

�e�X �"�2�+���m�b�2 �i�?�2 �}�`�b�i �2�H�2�K�2�M�i �b�2�H�2�+�i�2�/ �B�b �� �`���M�/�Q�K �+�?�Q�B�+�2�- �� �b�v�b�i�2�K���i�B�+ �b���K�T�H�2 �B�b �m�b�m���H�H�v

���b�b�m�K�2�/ �i�Q �?���p�2 �i�?�2 �T�`�Q�T�2�`�i�B�2�b �Q�7 �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2�X

�d�X �h�?�B�b ���b�b�m�K�T�i�B�Q�M �B�b �2�b�T�2�+�B���H�H�v ���T�T�H�B�+���#�H�2 �r�?�2�M �i�?�2 �H�B�b�i �Q�7 �2�H�2�K�2�M�i�b �B�M �i�?�2 �T�Q�T�m�H���i�B�Q�M
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�B�b �B�/�2�M�i�B�}�2�/ �T�`�B�K���`�B�H�v �#�v�+�Q�M�p�2�M�B�2�M�+�2�X �1�H�2�K�2�M�i�b ���`�2 �B�M�+�H�m�/�2�/ �B�M �i�?�2 �b���K�T�H�2

�r�B�i�?�Q�m�i �T�`�2�b�T�2�+�B�}�2�/ �Q�` �F�M�Q�r�M �T�`�Q�#���#�B�H�B�i�B�2�b �Q�7 �#�2�B�M�; �b�2�H�2�+�i�2�/�X
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��1�t���K�T�H�2 �� �T�`�Q�7�2�b�b�Q�` �+�Q�M�/�m�+�i�B�M�; �`�2�b�2���`�+�? ���i �� �m�M�B�p�2�`�b�B�i�v �K���v �m�b�2 �b�i�m�/�2�M�i �p�Q�H�@

�m�M�i�2�2�`�b �i�Q �+�Q�M�b�i�B�i�m�i�2 �� �b���K�T�H�2 �b�B�K�T�H�v �#�2�+���m�b�2 �i�?�2�v ���`�2 �`�2���/�B�H�v ���p���B�H���#�H�2 ���M�/ �r�B�H�H

�T���`�i�B�+�B�T���i�2 ���b �b�m�#�D�2�+�i�b �7�Q�` �H�B�i�i�H�2 �Q�` �M�Q �+�Q�b�i�X

�9�X �*�Q�M�p�2�M�B�2�M�+�2 �b���K�T�H�2�b �?���p�2 �i�?�2 ���/�p���M�i���;�2 �Q�7 �`�2�H���i�B�p�2�H�v �2���b�v �b���K�T�H�2 �b�2�H�2�+�i�B�Q�M ���M�/

�/���i�� �+�Q�H�H�2�+�i�B�Q�M�c �?�Q�r�2�p�2�`�- �B�i �B�b �B�K�T�Q�b�b�B�#�H�2 �i�Q �2�p���H�m���i�2 �i�?�2 �ô�;�Q�Q�/�M�2�b�b�ô �Q�7 �i�?�2 �b���K�T�H�2

�B�M �i�2�`�K�b �Q�7 �B�i�b�`�2�T�`�2�b�2�M�i���i�B�p�2�M�2�b�b�Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M�X
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�8�X �� �+�Q�M�p�2�M�B�2�M�+�2 �b���K�T�H�2 �K���v �T�`�Q�p�B�/�2 �;�Q�Q�/ �`�2�b�m�H�i�b �Q�` �B�i �K���v �M�Q�i�c �M�Q �b�i���i�B�b�i�B�+���H�H�v
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�i�?�2 �b���K�T�H�2 �`�2�b�m�H�i�b�X

�C�m�/�;�K�2�M�i �a���K�T�H�B�M�;

�R�X �C�m�/�;�K�2�M�i �b���K�T�H�B�M�; �B�b ���M�Q�M�T�`�Q�#���#�B�H�B�i�v�b���K�T�H�B�M�; �i�2�+�?�M�B�[�m�2�X

�k�X �A�M �i�?�B�b ���T�T�`�Q���+�?�- �i�?�2 �T�2�`�b�Q�M �K�Q�b�i �F�M�Q�r�H�2�/�;�2���#�H�2 �Q�M �i�?�2 �b�m�#�D�2�+�i �Q�7 �i�?�2 �b�i�m�/�v �b�2�H�2�+�i�b

�2�H�2�K�2�M�i�b �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �i�?���i �?�2 �Q�` �b�?�2 �7�2�2�H�b ���`�2�K�Q�b�i �`�2�T�`�2�b�2�M�i���i�B�p�2�Q�7 �i�?�2

�T�Q�T�m�H���i�B�Q�M�X

�j�X �h�?�2 �[�m���H�B�i�v �Q�7 �i�?�2 �b���K�T�H�2 �`�2�b�m�H�i�b �/�2�T�2�M�/�b �Q�M �i�?�2�D�m�/�;�K�2�M�i�Q�7 �i�?�2 �T�2�`�b�Q�M

�b�2�H�2�+�i�B�M�; �i�?�2 �b���K�T�H�2�X

�d�X�N �"�B�; �.���i�� ���M�/ �a�i���M�/���`�/ �1�`�`�Q�`�b �Q�7 �a���K�T�H�B�M�; �.�B�b�@

�i�`�B�#�m�i�B�Q�M�b

�R�X �h�?�2 �T�m�`�T�Q�b�2 �Q�7 �b�i���i�B�b�i�B�+���H �B�M�7�2�`�2�M�+�2 �B�b �i�Q �m�b�2�b���K�T�H�2�/���i�� �i�Q �[�m�B�+�F�H�v ���M�/ �B�M�2�t�@

�T�2�M�b�B�p�2�H�v �;���B�M �B�M�b�B�;�?�i �B�M�i�Q �b�Q�K�2 �+�?���`���+�i�2�`�B�b�i�B�+ �Q�7 ���T�Q�T�m�H���i�B�Q�M�X

�k�X �h�?�2�`�2 ���`�2 �i�r�Q �;�2�M�2�`���H �`�2���b�Q�M�b �� �b���K�T�H�2 �K���v �7���B�H �i�Q �#�2 �`�2�T�`�2�b�2�M�i���i�B�p�2 �Q�7 �i�?�2 �T�Q�T�m�@

�H���i�B�Q�M �Q�7 �B�M�i�2�`�2�b�i�,�b���K�T�H�B�M�; �2�`�`�Q�`���M�/ �M�Q�M�b���K�T�H�B�M�; �2�`�`�Q�`�X

�a���K�T�H�B�M�; �1�`�`�Q�`

�R�X �P�M�2 �`�2���b�Q�M �� �b���K�T�H�2 �K���v �7���B�H �i�Q �`�2�T�`�2�b�2�M�i �i�?�2 �T�Q�T�m�H���i�B�Q�M �7�`�Q�K �r�?�B�+�? �B�i �?���b �#�2�2�M

�i���F�2�M �B�b�b���K�T�H�B�M�; �2�`�`�Q�`�- �Q�` �/�2�p�B���i�B�Q�M�Q�7 �i�?�2 �b���K�T�H�2 �7�`�Q�K �i�?�2 �T�Q�T�m�H���i�B�Q�M

�i�?���i �`�2�b�m�H�i�b �7�`�Q�K �`���M�/�Q�K �b���K�T�H�B�M�;�X

�k�X �q�?�2�M �+�Q�H�H�2�+�i�B�M�; �� �b���K�T�H�2 �`���M�/�Q�K�H�v�- �i�?�2 �/���i�� �B�M �i�?�2 �b���K�T�H�2 �+���M�M�Q�i �#�2 �2�t�T�2�+�i�2�/ �i�Q

�#�2 �T�2�`�7�2�+�i�H�v�`�2�T�`�2�b�2�M�i���i�B�p�2�Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �7�`�Q�K �r�?�B�+�? �B�i �?���b �#�2�2�M �i���F�2�M�X
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�8�X �6�Q�` ���M �2�t�i�`�2�K�2�H�v�H���`�;�2 �b���K�T�H�2�i�?�2�`�2 �K���v �#�2 �H�B�i�i�H�2 �T�Q�i�2�M�i�B���H �7�Q�` �b���K�T�H�B�M�; �2�`�`�Q�`�X

�L�Q�M�b���K�T�H�B�M�; �1�`�`�Q�`
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�k�X �h�Q �+�Q�K�T�m�i�2 ���M �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7� �7�Q�` �i�?�2� �m�M�F�M�Q�r�M �+���b�2�- �i�?�2 �b���K�T�H�2 �b�i���M�/���`�/

�/�2�p�B���i�B�Q�Ms �B�b �m�b�2�/ �i�Q �2�b�i�B�K���i�2� �- ���M�/ z� /2 �B�b �`�2�T�H���+�2�/ �#�v �i�?�2t �/�B�b�i�`�B�#�m�i�B�Q�M

�p���H�m�2t � /2 �X

�j�X �h�?�2 �K���`�;�B�M �Q�7 �2�`�`�Q�` �B�b �i�?�2�M �;�B�p�2�M �#�vt � /2
s

p
n

�X

�9�X�A�M�i�2�`�p���H �1�b�i�B�K���i�2 �Q�7 �� �S�Q�T�m�H���i�B�Q�M �J�2���M�,� �l�M�F�M�Q�r�M�,

�x � t � /2
s

p
n

(8:2)

�r�?�2�`�2s �B�b �i�?�2 �b���K�T�H�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�-(1�• � ) �B�b �i�?�2�+�Q�M�}�/�2�M�+�2 �+�Q�2�{�+�B�2�M�i�-

���M�/t � /2 �B�b �i�?�2t �p���H�m�2 �T�`�Q�p�B�/�B�M�; ���M ���`�2�� �Q�7� /2 �B�M �i�?�2 �m�T�T�2�` �i���B�H �Q�7 �i�?�2t �/�B�b�i�`�B�#�m�i�B�Q�M

�r�B�i�? n�• 1 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K�X

�8�X �h�?�2 �`�2���b�Q�M �i�?�2 �M�m�K�#�2�` �Q�7 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K ���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2t �p���H�m�2 �B�M �2�t�@

�T�`�2�b�b�B�Q�M �U�3�X�k�V �B�bn�• 1 �+�Q�M�+�2�`�M�b �i�?�2 �m�b�2 �Q�7s ���b ���M �2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M

�b�i���M�/���`�/ �/�2�p�B���i�B�Q�M� �X

�U���V �h�?�2 �2�t�T�`�2�b�b�B�Q�M �7�Q�` �i�?�2 �b���K�T�H�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �B�b

s =
P n

i =1 (x i � �x)2

n � 1
:

�U�#�V �.�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K �`�2�7�2�` �i�Q �i�?�2�M�m�K�#�2�` �Q�7 �B�M�/�2�T�2�M�/�2�M�i�T�B�2�+�2�b �Q�7 �B�M�7�Q�`�K���@

�i�B�Q�M �i�?���i �;�Q �B�M�i�Q �i�?�2 �+�Q�K�T�m�i���i�B�Q�M �Q�7
P

(x i �• �x)2 �X

�U�+�V �h�?�2n �T�B�2�+�2�b �Q�7 �B�M�7�Q�`�K���i�B�Q�M �B�M�p�Q�H�p�2�/ �B�M �+�Q�K�T�m�i�B�M�;
P

(x i �• �x)2 ���`�2 ���b �7�Q�H�@

�H�Q�r�b�,x1�• �x; x2�• �x; � � � ; xn �• �x �X

�U�/�V �L�Q�i�2 �i�?���i
P

(x i �• �x) = 0 �7�Q�` ���M�v �/���i�� �b�2�i�X

�U�2�V �h�?�m�b�- �Q�M�H�vn�• 1 �Q�7 �i�?�2x i �• �x �p���H�m�2�b ���`�2 �B�M�/�2�T�2�M�/�2�M�i�c �i�?���i �B�b�- �B�7 �r�2

�F�M�Q�rn�• 1 �Q�7 �i�?�2 �p���H�m�2�b�- �i�?�2 �`�2�K���B�M�B�M�; �p���H�m�2 �+���M �#�2 �/�2�i�2�`�K�B�M�2�/ �2�t���+�i�H�v �#�v

�m�b�B�M�; �i�?�2 �+�Q�M�/�B�i�B�Q�M �i�?���i
P

(x i �• �x) �p���H�m�2�b �K�m�b�i �#�2�y �X

�U�7�V �h�?�m�b�-n�• 1 �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K ���b�b�Q�+�B���i�2�/ �r�B�i�?
P

(x i �• �x)2

���M�/ �?�2�M�+�2 �i�?�2 �M�m�K�#�2�` �Q�7 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K �7�Q�` �i�?�2t �/�B�b�i�`�B�#�m�i�B�Q�M �B�M �2�t�T�`�2�b�b�B�Q�M

�U�3�X�k�V�X
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� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�j�3�9�V

�U�h���#�H�2 �3�X�j�V �h�Q �B�H�H�m�b�i�`���i�2 �i�?�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�B�Q�M �T�`�Q�+�2�/�m�`�2 �7�Q�` �i�?�2� �m�M�F�M�Q�r�M �+���b�2�-

�r�2 �r�B�H�H �+�Q�M�b�B�/�2�` �� �b�i�m�/�v �/�2�b�B�;�M�2�/ �i�Q �2�b�i�B�K���i�2 �i�?�2 �K�2���M �+�`�2�/�B�i �+���`�/ �/�2�#�i �7�Q�` �i�?�2

�T�Q�T�m�H���i�B�Q�M �Q�7 �l�X�a�X �?�Q�m�b�2�?�Q�H�/�b�X �� �b���K�T�H�2 �Q�7n = 70 �?�Q�m�b�2�?�Q�H�/�b �T�`�Q�p�B�/�2�/ �i�?�2 �+�`�2�/�B�i

�+���`�/ �#���H���M�+�2�b �b�?�Q�r�M �B�M �h���#�H�2 �3�X�j�X �6�Q�` �i�?�B�b �b�B�i�m���i�B�Q�M�- �M�Q �T�`�2�p�B�Q�m�b �2�b�i�B�K���i�2 �Q�7 �i�?�2

�T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M� �B�b ���p���B�H���#�H�2�X �h�?�m�b�- �i�?�2 �b���K�T�H�2 �/���i�� �K�m�b�i �#�2 �m�b�2�/

�i�Q �2�b�i�B�K���i�2 �#�Q�i�? �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M ���M�/ �i�?�2 �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�X �*�Q�K�@

�T�m�i�2 ���M �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �+�`�2�/�B�i �+���`�/ �#���H���M�+�2�X

�b�Q�H�,

�*�Q�K�T�m�i�2�,�x = $9312�-s = 4007�X

�q�B�i�? �N�8�W �+�Q�M�}�/�2�M�+�2 ���M�/n�• 1 = 69 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K�,t69;0:025 = 1:995:

���M �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �+�`�2�/�B�i �+���`�/ �#���H���M�+�2�,

9312� 1:995
4007
p

70
= 9312 � 955:

�h�?�2 �K���`�;�B�M �Q�7 �2�`�`�Q�` �B�b �0�N�8�8�- ���M�/ �i�?�2 �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �B�b9312�• 955 = $8357

�i�Q9312 + 955 = $10; 267�X �h�?�m�b�- �r�2 ���`�2 �N�8�W �+�Q�M�}�/�2�M�i �i�?���i �i�?�2 �K�2���M �+�`�2�/�B�i �+���`�/

�#���H���M�+�2 �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 ���H�H �?�Q�m�b�2�?�Q�H�/�b �B�b �#�2�i�r�2�2�M �0�3�j�8�d ���M�/ �0�R�y�-�k�e�d�X
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�S�`���+�i�B�+���H ���/�p�B�+�2

�R�X �A�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �7�Q�H�H�Q�r�b ���M�Q�`�K���H�/�B�b�i�`�B�#�m�i�B�Q�M�- �i�?�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �T�`�Q�@

�p�B�/�2�/ �#�v �2�t�T�`�2�b�b�B�Q�M �U�3�X�k�V �B�b�2�t���+�i ���M�/ �+���M �#�2 �m�b�2�/ �7�Q�`���M�v �b���K�T�H�2 �b�B�x�2�X

�x � t � /2
s

p
n

(8:2)

�k�X �A�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �/�Q�2�b �M�Q�i �7�Q�H�H�Q�r �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�- �i�?�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �T�`�Q�@

�p�B�/�2�/ �#�v �2�t�T�`�2�b�b�B�Q�M �U�3�X�k�V �r�B�H�H �#�2���T�T�`�Q�t�B�K���i�2�X �h�?�2 �[�m���H�B�i�v �Q�7 �i�?�2 ���T�T�`�Q�t�B�K���@

�i�B�Q�M �/�2�T�2�M�/�b �Q�M �#�Q�i�? �i�?�2�/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M���M�/ �i�?�2�b���K�T�H�2 �b�B�x�2�X

�U���V �A�M �K�Q�b�i ���T�T�H�B�+���i�B�Q�M�b�- �� �b���K�T�H�2 �b�B�x�2 �Q�7n � 30 �B�b ���/�2�[�m���i�2 �r�?�2�M �m�b�B�M�;

�2�t�T�`�2�b�b�B�Q�M �U�3�X�k�V �i�Q �/�2�p�2�H�Q�T ���M �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �� �T�Q�T�m�H���i�B�Q�M �K�2���M�X

�U�#�V �A�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M �B�b�?�B�;�?�H�v �b�F�2�r�2�/�Q�` �+�Q�M�i���B�M�b�Q�m�i�H�B�2�`�b�-

�K�Q�b�i �b�i���i�B�b�i�B�+�B���M�b �r�Q�m�H�/ �`�2�+�Q�K�K�2�M�/ �B�M�+�`�2���b�B�M�; �i�?�2 �b���K�T�H�2 �b�B�x�2 �i�Q�8�y �Q�` �K�Q�`�2�X

�U�+�V �A�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �B�b �M�Q�i �M�Q�`�K���H�H�v �/�B�b�i�`�B�#�m�i�2�/ �#�m�i �B�b�`�Q�m�;�?�H�v �b�v�K�K�2�i�`�B�+�-

�b���K�T�H�2 �b�B�x�2�b ���b �b�K���H�H ���b�R�8 �+���M �#�2 �2�t�T�2�+�i�2�/ �i�Q �T�`�Q�p�B�/�2 �;�Q�Q�/ ���T�T�`�Q�t�B�K���i�2

�+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H�b�X

�U�/�V �q�B�i�?�b�K���H�H�2�` �b���K�T�H�2 �b�B�x�2�b�- �2�t�T�`�2�b�b�B�Q�M �U�3�X�k�V �b�?�Q�m�H�/ �Q�M�H�v �#�2 �m�b�2�/ �B�7 �i�?�2

���M���H�v�b�i�#�2�H�B�2�p�2�b�- �Q�` �B�b �r�B�H�H�B�M�; �i�Q���b�b�m�K�2�- �i�?���i �i�?�2 �T�Q�T�m�H���i�B�Q�M �/�B�b�i�`�B�@

�#�m�i�B�Q�M �B�b ���i �H�2���b�i ���T�T�`�Q�t�B�K���i�2�H�v �M�Q�`�K���H�X

�l�b�B�M�; �� �a�K���H�H �a���K�T�H�2

�R�X �l�b�B�M�; �� �?�B�b�i�Q�;�`���K �Q�7 �i�?�2 �b���K�T�H�2 �/���i�� �i�Q �H�2���`�M ���#�Q�m�i �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �� �T�Q�T�m�H���i�B�Q�M

�B�b �M�Q�i ���H�r���v�b �+�Q�M�+�H�m�b�B�p�2�- �#�m�i �B�M �K���M�v �+���b�2�b �B�i �T�`�Q�p�B�/�2�b �i�?�2 �Q�M�H�v �B�M�7�Q�`�K���i�B�Q�M ���p���B�H���#�H�2�X

�h�?�2 �?�B�b�i�Q�;�`���K�- ���H�Q�M�; �r�B�i�? �D�m�/�;�K�2�M�i �Q�M �i�?�2 �T���`�i �Q�7 �i�?�2 ���M���H�v�b�i�- �+���M �Q�7�i�2�M �#�2 �m�b�2�/

�i�Q �/�2�+�B�/�2 �r�?�2�i�?�2�` �2�t�T�`�2�b�b�B�Q�M �U�3�X�k�V �+���M �#�2 �m�b�2�/ �i�Q �/�2�p�2�H�Q�T �i�?�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�j�3�8�V

�a�+�?�2�2�` �A�M�/�m�b�i�`�B�2�b �B�b �+�Q�M�b�B�/�2�`�B�M�; �� �M�2�r �+�Q�K�T�m�i�2�`�@���b�b�B�b�i�2�/ �T�`�Q�;�`���K �i�Q �i�`���B�M �K���B�M�@

�i�2�M���M�+�2 �2�K�T�H�Q�v�2�2�b �i�Q �/�Q �K���+�?�B�M�2 �`�2�T���B�`�b�X �A�M �Q�`�/�2�` �i�Q �7�m�H�H�v �2�p���H�m���i�2 �i�?�2 �T�`�Q�;�`���K�-

�i�?�2 �/�B�`�2�+�i�Q�` �Q�7 �K���M�m�7���+�i�m�`�B�M�; �`�2�[�m�2�b�i�2�/ ���M �2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �i�B�K�2

�`�2�[�m�B�`�2�/ �7�Q�` �K���B�M�i�2�M���M�+�2 �2�K�T�H�Q�v�2�2�b �i�Q �+�Q�K�T�H�2�i�2 �i�?�2 �+�Q�K�T�m�i�2�`�@���b�b�B�b�i�2�/ �i�`���B�M�B�M�;�X ��
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�b���K�T�H�2 �Q�7 �k�y �2�K�T�H�Q�v�2�2�b �B�b �b�2�H�2�+�i�2�/�- �r�B�i�? �2���+�? �2�K�T�H�Q�v�2�2 �B�M �i�?�2 �b���K�T�H�2 �+�Q�K�T�H�2�i�B�M�;

�i�?�2 �i�`���B�M�B�M�; �T�`�Q�;�`���K�X �.���i�� �Q�M �i�?�2 �i�`���B�M�B�M�; �i�B�K�2 �B�M �/���v�b �7�Q�` �i�?�2 �k�y �2�K�T�H�Q�v�2�2�b ���`�2

�b�?�Q�r�M �B�M �h���#�H�2 �3�X�9�X

�R�X �� �?�B�b�i�Q�;�`���K �Q�7 �i�?�2 �b���K�T�H�2 �/���i�� �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �3�X�e�X �q�?���i �+���M �r�2 �b���v ���#�Q�m�i

�i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �#���b�2�/ �Q�M �i�?�B�b �?�B�b�i�Q�;�`���K�\

�k�X �q�B�i�? �� �N�8�W �+�Q�M�}�/�2�M�+�2�- �}�M�/ �i�?�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�X

�b�Q�H�,

�R�X �h�?�2 �b���K�T�H�2 �/���i�� �/�Q �M�Q�i �b�m�T�T�Q�`�i �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �i�?���i �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �T�Q�T�m�H���@

�i�B�Q�M �B�b �M�Q�`�K���H�- �v�2�i �r�2 �/�Q �M�Q�i �b�2�2 ���M�v �2�p�B�/�2�M�+�2 �Q�7 �b�F�2�r�M�2�b�b �Q�` �Q�m�i�H�B�2�`�b�X �h�?�2�`�2�7�Q�`�2�- �r�2

�+�Q�M�+�H�m�/�2 �i�?���i ���M �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �#���b�2�/ �Q�M �i�?�2t �/�B�b�i�`�B�#�m�i�B�Q�M ���T�T�2���`�b ���+�+�2�T�i���#�H�2

�7�Q�` �i�?�2 �b���K�T�H�2 �Q�7 �k�y �2�K�T�H�Q�v�2�2�b�X

�k�X �*�Q�K�T�m�i�2 �i�?�2 �b���K�T�H�2 �K�2���M ���M�/ �b���K�T�H�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M ���b

�x =
P

x i

n
=

1030
20

= 51:5 �/���v�b s =

r P
(x i � �x)2

n � 1
=

r
889

20� 1
= 6:84 �/���v�b
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�6�Q�` �� �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H�-t19;0:025 = 2:093�X �h�?�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�Q�T�m�@

�H���i�B�Q�M �K�2���M �B�b�,

51:56� 2:093
�

6:84
p

20

�
= 51:5 � 3:2

�h�?�2 �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �B�b51:5�• 3:2 = 48:3 �/���v�b �i�Q51:5 + 3:2 = 54:7 �/���v�b�X

�a�m�K�K���`�v �Q�7 �A�M�i�2�`�p���H �1�b�i�B�K���i�B�Q�M �S�`�Q�+�2�/�m�`�2�b

�R�X �h�r�Q ���T�T�`�Q���+�?�2�b �i�Q �/�2�p�2�H�Q�T ���M �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �� �T�Q�T�m�H���i�B�Q�M �K�2���M�X

�U���V �6�Q�` �i�?�2� �F�M�Q�r�M �+���b�2�-� ���M�/ �i�?�2�b�i���M�/���`�/ �M�Q�`�K���H�/�B�b�i�`�B�#�m�i�B�Q�M ���`�2

�m�b�2�/ �B�M �2�t�T�`�2�b�b�B�Q�M �U�3�X�R�V �i�Q �+�Q�K�T�m�i�2 �i�?�2 �K���`�;�B�M �Q�7 �2�`�`�Q�` ���M�/ �i�Q �/�2�p�2�H�Q�T �i�?�2

�B�M�i�2�`�p���H �2�b�i�B�K���i�2�X

�U�#�V �6�Q�` �i�?�2� �m�M�F�M�Q�r�M �+���b�2�- �i�?�2�b���K�T�H�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�Ms ���M�/ �i�?�2t

�/�B�b�i�`�B�#�m�i�B�Q�M ���`�2 �m�b�2�/ �B�M �2�t�T�`�2�b�b�B�Q�M �U�3�X�k�V �i�Q �+�Q�K�T�m�i�2 �i�?�2 �K���`�;�B�M �Q�7 �2�`�`�Q�` ���M�/

�i�Q �/�2�p�2�H�Q�T �i�?�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2�X

�k�X �U�6�B�;�m�`�2 �3�X�d�V �A�M �K�Q�b�i ���T�T�H�B�+���i�B�Q�M�b�- �� �b���K�T�H�2 �b�B�x�2 �Q�7n � 30 �B�b ���/�2�[�m���i�2�X �A�7

�i�?�2 �T�Q�T�m�H���i�B�Q�M �?���b ���M�Q�`�K���H�Q�` ���T�T�`�Q�t�B�K���i�2�H�v�M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�- �?�Q�r�@

�2�p�2�`�- �b�K���H�H�2�` �b���K�T�H�2 �b�B�x�2�b �K���v �#�2 �m�b�2�/�X �6�Q�` �i�?�2� �m�M�F�M�Q�r�M �+���b�2 �� �b���K�T�H�2 �b�B�x�2 �Q�7

n � 50 �B�b �`�2�+�Q�K�K�2�M�/�2�/ �B�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M �B�b�#�2�H�B�2�p�2�/�i�Q �#�2

�?�B�;�?�H�v �b�F�2�r�2�/�Q�` �?���b�Q�m�i�H�B�2�`�b�X
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�3�X�j �.�2�i�2�`�K�B�M�B�M�; �i�?�2 �a���K�T�H�2 �a�B�x�2

�R�X �>�Q�r �i�Q �+�?�Q�Q�b�2 ���b���K�T�H�2 �b�B�x�2�H���`�;�2 �2�M�Q�m�;�? �i�Q �T�`�Q�p�B�/�2 �� �/�2�b�B�`�2�/ �K���`�;�B�M �Q�7 �2�`�`�Q�`�\

�k�X �6�Q�` �i�?�2� �F�M�Q�r�M �+���b�2�- �i�?�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �B�b

�x � z� /2
�

p
n

;

�h�?�2 �[�m���M�i�B�i�vz� /2
�p
n

�B�b �i�?�2 �K���`�;�B�M �Q�7 �2�`�`�Q�`�X

�j�X �P�M�+�2 �r�2 �b�2�H�2�+�i �� �+�Q�M�}�/�2�M�+�2 �+�Q�2�{�+�B�2�M�i1�• � �-z� /2 �+���M �#�2 �/�2�i�2�`�K�B�M�2�/�X �h�?�2�M�- �B�7

�r�2 �?���p�2 �� �p���H�m�2 �7�Q�`� �- �r�2 �+���M �/�2�i�2�`�K�B�M�2 �i�?�2 �b���K�T�H�2 �b�B�x�2n �M�2�2�/�2�/ �i�Q �T�`�Q�p�B�/�2 ���M�v

�/�2�b�B�`�2�/ �K���`�;�B�M �Q�7 �2�`�`�Q�`�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�j�N�y�V

�a�m�T�T�Q�b�2� �B�b �F�M�Q�r�M�- �m�b�B�M�; �i�?�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �� �T�Q�T�m�H���i�B�Q�M �K�2���M ���i �i�?�2 �+�?�Q�b�2�M

�+�Q�M�}�/�2�M�+�2 �H�2�p�2�H1 � � �i�Q �/�2�p�2�H�Q�T �i�?�2 �7�Q�`�K�m�H�� �m�b�2�/ �i�Q �+�Q�K�T�m�i�2 �i�?�2 �`�2�[�m�B�`�2�/ �b���K�T�H�2

�b�B�x�2n�X

�b�Q�H�,

�9�X�a���K�T�H�2 �a�B�x�2 �7�Q�` ���M �A�M�i�2�`�p���H �1�b�i�B�K���i�2 �Q�7 �� �S�Q�T�m�H���i�B�Q�M �J�2���M�,

n =
(z� /2 )2� 2

E 2
; E �B�b �i�?�2 �/�2�b�B�`�2�/ �K���`�;�B�M �Q�7 �2�`�`�Q�`(8:3)

�h�?�B�b �b���K�T�H�2 �b�B�x�2 �T�`�Q�p�B�/�2�b �i�?�2 �/�2�b�B�`�2�/ �K���`�;�B�M �Q�7 �2�`�`�Q�` ���i �i�?�2 �+�?�Q�b�2�M �+�Q�M�}�/�2�M�+�2 �H�2�p�2�H�X

�8�X ���H�i�?�Q�m�;�? �m�b�2�` �T�`�2�7�2�`�2�M�+�2 �K�m�b�i �#�2 �+�Q�M�b�B�/�2�`�2�/�-�N�8�W �+�Q�M�}�/�2�M�+�2 �B�b �i�?�2 �K�Q�b�i �7�`�2�@

�[�m�2�M�i�H�v �+�?�Q�b�2�M �p���H�m�2 �Uz0:025 = 1:96 �V�X
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�T�`�2�H�B�K�B�M���`�v �Q�` �T�H���M�M�B�M�; �p���H�m�2 �7�Q�`� �X

�d�X �A�M �T�`���+�i�B�+�2�- �Q�M�2 �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�; �T�`�Q�+�2�/�m�`�2�b �+���M �#�2 �+�?�Q�b�2�M�X

�U���V �l�b�2 �i�?�2 �2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �+�Q�K�T�m�i�2�/ �7�`�Q�K�/���i�� �Q�7 �T�`�2�p�B�Q�m�b �b�i�m�/�B�2�b

���b �i�?�2 �T�H���M�M�B�M�; �p���H�m�2 �7�Q�`� �X
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�/���`�/ �/�2�p�B���i�B�Q�M �7�`�Q�K �i�?�2 �T�`�2�H�B�K�B�M���`�v �b���K�T�H�2 �+���M �#�2 �m�b�2�/ ���b �i�?�2 �T�H���M�M�B�M�; �p���H�m�2

�7�Q�`� �X

�U�+�V �l�b�2�D�m�/�;�K�2�M�i�Q�` �� �ô�#�2�b�i �;�m�2�b�b�ô�7�Q�` �i�?�2 �p���H�m�2 �Q�7� �X �6�Q�` �2�t���K�T�H�2�- �r�2

�K�B�;�?�i �#�2�;�B�M �#�v �2�b�i�B�K���i�B�M�; �i�?�2�H���`�;�2�b�i���M�/ �b�K���H�H�2�b�i�/���i�� �p���H�m�2�b �B�M �i�?�2
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�2�b�i�B�K���i�2 �Q�7 �i�?�2�`���M�;�2 �7�Q�` �i�?�2 �/���i���X �6�B�M���H�H�v�- �i�?�2�`���M�;�2 �/�B�p�B�/�2�/ �#�v �9

�B�b �Q�7�i�2�M �b�m�;�;�2�b�i�2�/ ���b �� �`�Q�m�;�? ���T�T�`�Q�t�B�K���i�B�Q�M �Q�7 �i�?�2�b�i���M�/���`�/ �/�2�p�B���i�B�Q�M
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�K���`�;�B�M �Q�7 �2�`�`�Q�` �Q�7E = 2�- ���M�/ �i�?�2 �N�8�W �H�2�p�2�H �Q�7 �+�Q�M�}�/�2�M�+�2 �B�M�/�B�+���i�2�bz0:025 = 1:96�X

�h�?�m�b�- �r�2 �Q�M�H�v �M�2�2�/ �� �T�H���M�M�B�M�; �p���H�m�2 �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M� �B�M

�Q�`�/�2�` �i�Q �+�Q�K�T�m�i�2 �i�?�2 �`�2�[�m�B�`�2�/ �b���K�T�H�2 �b�B�x�2�X ���i �i�?�B�b �T�Q�B�M�i�- ���M ���M���H�v�b�i �`�2�p�B�2�r�2�/ �i�?�2

�b���K�T�H�2 �/���i�� �7�`�Q�K �i�?�2 �T�`�2�p�B�Q�m�b �b�i�m�/�v ���M�/ �7�Q�m�M�/ �i�?���i �i�?�2 �b���K�T�H�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M

�7�Q�` �i�?�2 �/���B�H�v �`�2�M�i���H �+�Q�b�i �r���b �0�N�X�e�8�X

�b�Q�H�,
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�*�?���T�i�2�`�3�, �A�M�i�2�`�p���H �1�b�i�B�K���i�B�Q�M �S���;�2 �R�d�f�k�8

�l�b�B�M�; �N�X�e�8 ���b �i�?�2 �T�H���M�M�B�M�; �p���H�m�2 �7�Q�`� �- �r�2 �Q�#�i���B�M

n =
(z� /2 )2� 2

E 2
=

(1:96)2(9:65)2

22
= 89:43

�h�?�m�b�- �i�?�2 �b���K�T�H�2 �b�B�x�2 �7�Q�` �i�?�2 �M�2�r �b�i�m�/�v �M�2�2�/�b �i�Q �#�2 ���i �H�2���b�i �3�N�X�9�j �K�B�/�b�B�x�2 ���m�i�Q�K�Q�#�B�H�2

�`�2�M�i���H�b �B�M �Q�`�/�2�` �i�Q �b���i�B�b�7�v �i�?�2 �T�`�Q�D�2�+�i �/�B�`�2�+�i�Q�`�ö�b �0�k �K���`�;�B�M �Q�7 �2�`�`�Q�` �`�2�[�m�B�`�2�K�2�M�i�X �A�M �+���b�2�b

�r�?�2�`�2 �i�?�2 �+�Q�K�T�m�i�2�/n �B�b �M�Q�i ���M �B�M�i�2�;�2�`�- �r�2 �`�Q�m�M�/ �m�T �i�Q �i�?�2 �M�2�t�i �B�M�i�2�;�2�` �p���H�m�2�c �?�2�M�+�2�-

�i�?�2 �`�2�+�Q�K�K�2�M�/�2�/ �b���K�T�H�2 �b�B�x�2 �B�b �N�y �K�B�/�b�B�x�2 ���m�i�Q�K�Q�#�B�H�2 �`�2�M�i���H�b�X

�3�X�9 �S�Q�T�m�H���i�B�Q�M �S�`�Q�T�Q�`�i�B�Q�M

�R�X �h�?�2 �;�2�M�2�`���H �7�Q�`�K �Q�7 ���M �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �� �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�Mp �B�b

p � �J���`�;�B�M �Q�7 �2�`�`�Q�`

�k�X �U�*�?���T�i�2�` �d�V �_�2�+���H�H�, �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�p �+���M �#�2 ���T�T�`�Q�t�B�K���i�2�/ �#�v ��

�M�Q�`�K���H�/�B�b�i�`�B�#�m�i�B�Q�M �r�?�2�M�2�p�2�`np � 5 ���M�/ n(1�• p) � 5 �X

�j�X �U�6�B�;�m�`�2 �3�X�3�V �b�?�Q�r�b �i�?�2�M�Q�`�K���H ���T�T�`�Q�t�B�K���i�B�Q�M�Q�7 �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7

�p�X �h�?�2 �K�2���M �Q�7 �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�p �B�b �i�?�2 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�Mp �-

���M�/ �i�?�2 �b�i���M�/���`�/ �2�`�`�Q�` �Q�7�p �B�b

� �p =

r
p(1 � p)

n
(8:4)
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�9�X �"�2�+���m�b�2 �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�p �B�b �M�Q�`�K���H�H�v �/�B�b�i�`�B�#�m�i�2�/�- �B�7 �r�2 �+�?�Q�Q�b�2z� /2 � �p

���b �i�?�2 �K���`�;�B�M �Q�7 �2�`�`�Q�` �B�M ���M �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �� �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�- �r�2 �F�M�Q�r

�i�?���i 100(1�• � )�W �Q�7 �i�?�2 �B�M�i�2�`�p���H�b �;�2�M�2�`���i�2�/ �r�B�H�H �+�Q�M�i���B�M �i�?�2 �i�`�m�2 �T�Q�T�m�H���i�B�Q�M

�T�`�Q�T�Q�`�i�B�Q�M�X

�8�X �"�m�i� �p �+���M�M�Q�i �#�2 �m�b�2�/ �/�B�`�2�+�i�H�v �B�M �i�?�2 �+�Q�K�T�m�i���i�B�Q�M �Q�7 �i�?�2 �K���`�;�B�M �Q�7 �2�`�`�Q�`

�#�2�+���m�b�2p �r�B�H�H �M�Q�i �#�2 �F�M�Q�r�M�cp �B�b �r�?���i �r�2 ���`�2 �i�`�v�B�M�; �i�Q �2�b�i�B�K���i�2�X �a�Q�p �B�b �b�m�#�b�i�B�i�m�i�2�/

�7�Q�`p ���M�/ �i�?�2 �K���`�;�B�M �Q�7 �2�`�`�Q�` �7�Q�` ���M �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �� �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M �B�b

�;�B�p�2�M �#�v

�J���`�;�B�M �Q�7 �2�`�`�Q�`= z� /2

r
�p(1 � �p)

n
(8:5)

�e�X�A�M�i�2�`�p���H �1�b�i�B�K���i�2 �Q�7 �� �S�Q�T�m�H���i�B�Q�M �S�`�Q�T�Q�`�i�B�Q�M�,

�p � z� /2

r
�p(1 � �p)

n
(8:6)

�r�?�2�`�21�• � �B�b �i�?�2 �+�Q�M�}�/�2�M�+�2 �+�Q�2�{�+�B�2�M�i ���M�/z� /2 �B�b �i�?�2z �p���H�m�2 �T�`�Q�p�B�/�B�M�; ���M ���`�2�� �Q�7

� /2 �B�M �i�?�2�m�T�T�2�` �i���B�H�Q�7 �i�?�2 �b�i���M�/���`�/ �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�j�N�9�V

�� �M���i�B�Q�M���H �b�m�`�p�2�v �Q�7 �N�y�y �r�Q�K�2�M �;�Q�H�7�2�`�b �r���b �+�Q�M�/�m�+�i�2�/ �i�Q �H�2���`�M �?�Q�r �r�Q�K�2�M �;�Q�H�7�2�`�b

�p�B�2�r �i�?�2�B�` �i�`�2���i�K�2�M�i ���i �;�Q�H�7 �+�Q�m�`�b�2�b �B�M �i�?�2 �l�M�B�i�2�/ �a�i���i�2�b�X �h�?�2 �b�m�`�p�2�v �7�Q�m�M�/ �i�?���i

�j�N�e �Q�7 �i�?�2 �r�Q�K�2�M �;�Q�H�7�2�`�b �r�2�`�2 �b���i�B�b�}�2�/ �r�B�i�? �i�?�2 ���p���B�H���#�B�H�B�i�v �Q�7 �i�2�2 �i�B�K�2�b�X �*�Q�K�T�m�i�2

���M�/ �B�M�i�2�`�T�`�2�i �i�?�2 �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�X

�b�Q�H�,

�A�M�i�2�`�T�`�2�i���i�B�Q�M�, �h�?�2 �K���`�;�B�M �Q�7 �2�`�`�Q�` �B�b �X�y�j�k�9 ���M�/ �i�?�2 �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2

�Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M �B�b0:4076 �i�Q0:4724�X �l�b�B�M�; �T�2�`�+�2�M�i���;�2�b�- �i�?�2 �b�m�`�p�2�v

�`�2�b�m�H�i�b �2�M���#�H�2 �m�b �i�Q �b�i���i�2 �r�B�i�? �N�8�W �+�Q�M�}�/�2�M�+�2 �i�?���i �#�2�i�r�2�2�M �9�y�X�d�e�W ���M�/ �9�d�X�k�9�W �Q�7

���H�H �r�Q�K�2�M �;�Q�H�7�2�`�b ���`�2 �b���i�B�b�}�2�/ �r�B�i�? �i�?�2 ���p���B�H���#�B�H�B�i�v �Q�7 �i�2�2 �i�B�K�2�b�X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8



�*�?���T�i�2�`�3�, �A�M�i�2�`�p���H �1�b�i�B�K���i�B�Q�M �S���;�2 �R�N�f�k�8

�.�2�i�2�`�K�B�M�B�M�; �i�?�2 �a���K�T�H�2 �a�B�x�2

�R�X �>�Q�r �H���`�;�2 �i�?�2�b���K�T�H�2 �b�B�x�2�b�?�Q�m�H�/ �#�2 �i�Q �Q�#�i���B�M ���M �2�b�i�B�K���i�2 �Q�7 �� �T�Q�T�m�H���i�B�Q�M

�T�`�Q�T�Q�`�i�B�Q�M ���i �� �b�T�2�+�B�}�2�/ �H�2�p�2�H �Q�7 �T�`�2�+�B�b�B�Q�M�X

�k�X �G�2�iE �/�2�M�Q�i�2 �i�?�2 �/�2�b�B�`�2�/ �K���`�;�B�M �Q�7 �2�`�`�Q�`�,

E = z� /2

r
�p(1 � �p)

n

�j�X �a�Q�H�p�B�M�; �i�?�B�b �2�[�m���i�B�Q�M �7�Q�`n �T�`�Q�p�B�/�2�b �� �7�Q�`�K�m�H�� �7�Q�` �i�?�2 �b���K�T�H�2 �b�B�x�2 �i�?���i �r�B�H�H �T�`�Q�p�B�/�2

�� �K���`�;�B�M �Q�7 �2�`�`�Q�` �Q�7 �b�B�x�2E�,

n =
(z� /2 )2 �p(1 � �p)

E 2

�9�X �q�2 �+���M�M�Q�i �m�b�2 �i�?�B�b �7�Q�`�K�m�H�� �i�Q �+�Q�K�T�m�i�2 �i�?�2 �b���K�T�H�2 �b�B�x�2 �i�?���i �r�B�H�H �T�`�Q�p�B�/�2 �i�?�2 �/�2�@

�b�B�`�2�/ �K���`�;�B�M �Q�7 �2�`�`�Q�` �#�2�+���m�b�2�p �r�B�H�H �M�Q�i �#�2 �F�M�Q�r�M �m�M�i�B�H ���7�i�2�` �r�2 �b�2�H�2�+�i �i�?�2

�b���K�T�H�2�X

�8�X �q�?���i �r�2 �M�2�2�/ �B�b �� �T�H���M�M�B�M�; �p���H�m�2 �7�Q�`�p �U�/�2�M�Q�i�2�/ �#�vp� �V �i�?���i �+���M �#�2 �m�b�2�/ �i�Q

�K���F�2 �i�?�2 �+�Q�K�T�m�i���i�B�Q�M�X

�e�X�a���K�T�H�2 �a�B�x�2 �7�Q�` ���M �A�M�i�2�`�p���H �1�b�i�B�K���i�2 �Q�7 �� �S�Q�T�m�H���i�B�Q�M �S�`�Q�T�Q�`�i�B�Q�M�,

n =
(z� /2 )2p� (1 � p� )

E 2

�d�X �A�M �T�`���+�i�B�+�2�- �i�?�2 �T�H���M�M�B�M�; �p���H�m�2p� �+���M �#�2 �+�?�Q�b�2�M �#�v �Q�M�2 �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�; �T�`�Q�+�2�/�m�`�2�b�,

�U���V �l�b�2 �i�?�2 �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M �7�`�Q�K ���T�`�2�p�B�Q�m�b �b���K�T�H�2�Q�7 �i�?�2 �b���K�2 �Q�` �b�B�K�B�H���`

�m�M�B�i�b�X

�U�#�V �l�b�2 ���T�B�H�Q�i �b�i�m�/�v�i�Q �b�2�H�2�+�i �� �T�`�2�H�B�K�B�M���`�v �b���K�T�H�2�X �h�?�2 �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M

�7�`�Q�K �i�?�B�b �b���K�T�H�2 �+���M �#�2 �m�b�2�/ ���b �i�?�2 �T�H���M�M�B�M�; �p���H�m�2�-p� �X

�U�+�V �l�b�2�D�m�/�;�K�2�M�i�Q�` �� �ô�#�2�b�i �;�m�2�b�b�ô�7�Q�` �i�?�2 �p���H�m�2 �Q�7p� �X

�U�/�V �A�7 �M�Q�M�2 �Q�7 �i�?�2 �T�`�2�+�2�/�B�M�; ���H�i�2�`�M���i�B�p�2�b ���T�T�H�B�2�b�- �m�b�2 �� �T�H���M�M�B�M�; �p���H�m�2 �Q�7p� = 0:50 �X
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� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�j�N�8�V

�*�Q�M�b�B�/�2�` �i�?�2 �b�m�`�p�2�v �Q�7 �r�Q�K�2�M �;�Q�H�7�2�`�b ���M�/ ���b�b�m�K�2 �i�?���i �i�?�2 �+�Q�K�T���M�v �B�b �B�M�i�2�`�2�b�i�2�/

�B�M �+�Q�M�/�m�+�i�B�M�; �� �M�2�r �b�m�`�p�2�v �i�Q �2�b�i�B�K���i�2 �i�?�2 �+�m�`�`�2�M�i �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7

�r�Q�K�2�M �;�Q�H�7�2�`�b �r�?�Q ���`�2 �b���i�B�b�}�2�/ �r�B�i�? �i�?�2 ���p���B�H���#�B�H�B�i�v �Q�7 �i�2�2 �i�B�K�2�b�X �>�Q�r �H���`�;�2 �b�?�Q�m�H�/

�i�?�2 �b���K�T�H�2 �#�2 �B�7 �i�?�2 �b�m�`�p�2�v �/�B�`�2�+�i�Q�` �r���M�i�b �i�Q �2�b�i�B�K���i�2 �i�?�2 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M

�r�B�i�? �� �K���`�;�B�M �Q�7 �2�`�`�Q�` �Q�70:025���i �N�8�W �+�Q�M�}�/�2�M�+�2�\ �l�b�B�M�; �i�?�2 �T�`�2�p�B�Q�m�b �b�m�`�p�2�v �`�2�b�m�H�i

�Q�7p = 0:44 ���b �i�?�2 �T�H���M�M�B�M�; �p���H�m�2p� �X

�b�Q�H�,

�3�X �h�?�2 �7�Q�m�`�i�? ���H�i�2�`�M���i�B�p�2 �b�m�;�;�2�b�i�2�/ �7�Q�` �b�2�H�2�+�i�B�M�; �� �T�H���M�M�B�M�; �p���H�m�2p� = 0:50 �B�b

�7�`�2�[�m�2�M�i�H�v �m�b�2�/ �r�?�2�M �M�Q �Q�i�?�2�` �B�M�7�Q�`�K���i�B�Q�M �B�b ���p���B�H���#�H�2�X

�N�X �h�?�2 �M�m�K�2�`���i�Q�` �Q�7 �2�[�m���i�B�Q�M �U�3�X�d�V �b�?�Q�r�b �i�?���i �i�?�2 �b���K�T�H�2 �b�B�x�2 �B�b�T�`�Q�T�Q�`�i�B�Q�M���H�i�Q

�i�?�2 �[�m���M�i�B�i�vp� (1�• p� ) �X �� �H���`�;�2�` �p���H�m�2 �7�Q�` �i�?�2 �[�m���M�i�B�i�vp� (1�• p� ) �r�B�H�H �`�2�b�m�H�i �B�M

�� �H���`�;�2�` �b���K�T�H�2 �b�B�x�2�X

�R�y�X �U�h���#�H�2 �3�X�8�V �B�M �+���b�2 �Q�7 ���M�v �m�M�+�2�`�i���B�M�i�v ���#�Q�m�i ���M ���T�T�`�Q�T�`�B���i�2 �T�H���M�M�B�M�; �p���H�m�2�- �r�2 �F�M�Q�r

�i�?���i p� = 0:50 �r�B�H�H �T�`�Q�p�B�/�2 �i�?�2�H���`�;�2�b�i �b���K�T�H�2 �b�B�x�2�`�2�+�Q�K�K�2�M�/���i�B�Q�M�X �A�M

�2�z�2�+�i�- �r�2 �T�H���v �B�i�b���7�2 �#�v �`�2�+�Q�K�K�2�M�/�B�M�; �i�?�2 �H���`�;�2�b�i �M�2�+�2�b�b���`�v �b���K�T�H�2 �b�B�x�2�X
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�R�R�X �A�7 �i�?�2 �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M �i�m�`�M�b �Q�m�i �i�Q �#�2 �/�B�z�2�`�2�M�i �7�`�Q�K �i�?�2 �y�X�8�y �T�H���M�M�B�M�; �p���H�m�2�- �i�?�2

�K���`�;�B�M �Q�7 �2�`�`�Q�` �r�B�H�H �#�2�b�K���H�H�2�`�i�?���M ���M�i�B�+�B�T���i�2�/�X �h�?�m�b�- �B�M �m�b�B�M�;p� = 0:50�- �r�2

�;�m���`���M�i�2�2 �i�?���i �i�?�2 �b���K�T�H�2 �b�B�x�2 �r�B�H�H �#�2�b�m�{�+�B�2�M�i�i�Q �Q�#�i���B�M �i�?�2 �/�2�b�B�`�2�/ �K���`�;�B�M

�Q�7 �2�`�`�Q�`�X

�R�k�X �A�M �i�?�2 �b�m�`�p�2�v �Q�7 �r�Q�K�2�M �;�Q�H�7�2�`�b �2�t���K�T�H�2�- �� �T�H���M�M�B�M�; �p���H�m�2 �Q�7p� = 0:50 �r�Q�m�H�/ �?���p�2

�T�`�Q�p�B�/�2�/ �i�?�2 �b���K�T�H�2 �b�B�x�2

n =
(z� /2 )2p� (1 � p� )

E 2
=

(1:96)2(0:50)(1 � 0:50)
(0:025)2

= 1536:6 :

�h�?�m�b�- �� �b�H�B�;�?�i�H�v �H���`�;�2�` �b���K�T�H�2 �b�B�x�2 �Q�7�R�8�j�d �r�Q�K�2�M �;�Q�H�7�2�`�b �r�Q�m�H�/ �#�2 �`�2�+�Q�K�@

�K�2�M�/�2�/�X

�3�X�8 �"�B�; �.���i�� ���M�/ �*�Q�M�}�/�2�M�+�2 �A�M�i�2�`�p���H�b

�R�X �h�?�2�+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H�b���`�2 �T�Q�r�2�`�7�m�H �i�Q�Q�H�b �7�Q�` �K���F�B�M�; �B�M�7�2�`�2�M�+�2�b ���#�Q�m�i �T�Q�T�@

�m�H���i�B�Q�M �T���`���K�2�i�2�`�b�X

�k�X �q�2 �M�Q�r �+�Q�M�b�B�/�2�` �i�?�2 �`���K�B�}�+���i�B�Q�M�b �Q�7�#�B�; �/���i�� �Q�M �+�Q�M�}�/�2�M�+�2�b �B�M�i�2�`�p���H�b �7�Q�`

�K�2���M�b ���M�/ �T�`�Q�T�Q�`�i�B�Q�M�b�X
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�"�B�; �.���i�� ���M�/ �i�?�2 �S�`�2�+�B�b�B�Q�M �Q�7 �*�Q�M�}�/�2�M�+�2 �A�M�i�2�`�p���H�b

�R�X �h�?�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H�b �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M� ���M�/ �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�Mp �#�2�@

�+�Q�K�2 �K�Q�`�2�M���`�`�Q�r ���b �i�?�2 �b���K�T�H�2 �b�B�x�2�B�M�+�`�2���b�2�b�X �h�?�2�`�2�7�Q�`�2�- �i�?�2 �T�Q�i�2�M�i�B���H

�b���K�T�H�B�M�; �2�`�`�Q�`���H�b�Q �/�2�+�`�2���b�2�b ���b �i�?�2 �b���K�T�H�2 �b�B�x�2 �B�M�+�`�2���b�2�b�X

�k�X
�

�

�

��1�t���K�T�H�2 �*�Q�M�b�B�/�2�` �i�?�2 �Q�M�H�B�M�2 �M�2�r�b �b�2�`�p�B�+�2 �S�2�M�M�B�M�;�i�Q�M�.���B�H�v�h�B�K�2�b�X�+�Q�K �U�S�.�h�V�X

�S�`�Q�b�T�2�+�i�B�p�2 ���/�p�2�`�i�B�b�2�`�b ���`�2 �r�B�H�H�B�M�; �i�Q �T���v �� �T�`�2�K�B�m�K �i�Q ���/�p�2�`�i�B�b�2 �Q�M �r�2�#�b�B�i�2�b �i�?���i

�?���p�2 �H�Q�M�; �p�B�b�B�i �i�B�K�2�b�- �b�Q �i�?�2 �i�B�K�2 �+�m�b�i�Q�K�2�`�b �b�T�2�M�/ �/�m�`�B�M�; �i�?�2�B�` �p�B�b�B�i�b �i�Q �S�.�h�ö�b �r�2�#�@

�b�B�i�2 �?���b �� �b�m�#�b�i���M�i�B���H �B�K�T���+�i �Q�M �S�.�h�ö�b ���/�p�2�`�i�B�b�B�M�; �`�2�p�2�M�m�2�b�X �a�m�T�T�Q�b�2 �S�.�h�ö�b �K���M�@

���;�2�K�2�M�i �r���M�i�b �i�Q �/�2�p�2�H�Q�T �� �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �i�?�2 �K�2���M ���K�Q�m�M�i

�Q�7 �i�B�K�2 �+�m�b�i�Q�K�2�`�b �b�T�2�M�/ �/�m�`�B�M�; �i�?�2�B�` �p�B�b�B�i�b �i�Q �S�.�h�ö�b �r�2�#�b�B�i�2�X

�j�X �U�h���#�H�2 �3�X�e�V �b�?�Q�r�b �?�Q�r �i�?�2 �K���`�;�B�M �Q�7 �2�`�`�Q�` ���i �i�?�2 �N�8�W �+�Q�M�}�/�2�M�+�2 �H�2�p�2�H �/�2�+�`�2���b�2�b ���b

�i�?�2 �b���K�T�H�2 �b�B�x�2 �B�M�+�`�2���b�2�b �r�?�2�Ms = 20�X

�9�X �U�h���#�H�2 �3�X�d�V �a�m�T�T�Q�b�2 �S�.�h �r�Q�m�H�/ �H�B�F�2 �i�Q �/�2�p�2�H�Q�T �� �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2

�Q�7 �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �B�i�b �r�2�#�b�B�i�2 �p�B�b�B�i�Q�`�b �i�?���i �+�H�B�+�F �Q�M ���M ���/�X �h���#�H�2 �3�X�d �b�?�Q�r�b �?�Q�r �i�?�2

�K���`�;�B�M �Q�7 �2�`�`�Q�` �7�Q�` �� �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M

�/�2�+�`�2���b�2�b ���b �i�?�2 �b���K�T�H�2 �b�B�x�2 �B�M�+�`�2���b�2�b �r�?�2�M �i�?�2 �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M �B�b�p = 0:51�X
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�8�X �q�2 �b�2�2 �B�M �h���#�H�2�b �3�X�e ���M�/ �3�X�d �i�?���i ���i �� �;�B�p�2�M �+�Q�M�}�/�2�M�+�2 �H�2�p�2�H�- �i�?�2 �K���`�;�B�M�b �Q�7 �2�`�`�Q�`

�/�2�+�`�2���b�2 ���b �i�?�2 �b���K�T�H�2 �b�B�x�2�b �B�M�+�`�2���b�2�X

�U���V �A�7 �i�?�2 �b���K�T�H�2 �K�2���M �i�B�K�2 �b�T�2�M�i �#�v �+�m�b�i�Q�K�2�`�b �r�?�2�M �i�?�2�v �p�B�b�B�i �S�.�h�ö�b �r�2�#�b�B�i�2 �B�b

�3�9�X�R �b�2�+�Q�M�/�b�- �i�?�2 �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �i�B�K�2

�b�T�2�M�i �#�v �+�m�b�i�Q�K�2�`�b �r�?�2�M �i�?�2�v �p�B�b�B�i �S�.�h�ö�b �r�2�#�b�B�i�2 �/�2�+�`�2���b�2�b �7�`�Q�K �U�e�N�X�d�N�k�3�e�-

�N�3�X�9�y�d�R�9�V �7�Q�` �� �b���K�T�H�2 �Q�7n = 10 �i�Q �U�3�j�X�N�d�e�y�9�- �3�9�X�k�k�j�N�e�V �7�Q�` �� �b���K�T�H�2 �Q�7

n = 100; 000 �i�Q �U�3�9�X�y�N�3�d�e�- �3�9�X�R�y�R�k�9�V �7�Q�` �� �b���K�T�H�2 �Q�7n = 1; 000; 000; 000�X

�U�#�V �a�B�K�B�H���`�H�v�- �B�7 �i�?�2 �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �B�i�b �r�2�#�b�B�i�2 �p�B�b�B�i�Q�`�b �r�?�Q �+�H�B�+�F�2�/ �Q�M ���M

���/ �B�b0:51�- �i�?�2 �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M

�Q�7 �B�i�b �r�2�#�b�B�i�2 �p�B�b�B�i�Q�`�b �r�?�Q �+�H�B�+�F�2�/ �Q�M ���M ���/ �/�2�+�`�2���b�2�b �7�`�Q�K �U�y�X�k�y�y�R�e�- �y�X�3�R�N�3�9�V

�7�Q�` �� �b���K�T�H�2 �Q�7n = 10 �i�Q �U�y�X�8�y�e�N�y�- �y�X�8�R�j�R�y�V �7�Q�` �� �b���K�T�H�2 �Q�7n = 100; 000 �i�Q

�U�y�X�8�y�N�N�d�- �y�X�8�R�y�y�j�V �7�Q�` �� �b���K�T�H�2 �Q�7n = 1; 000; 000; 000�X

�e�X �A�M �#�Q�i�? �B�M�b�i���M�+�2�b�- ���b �i�?�2 �b���K�T�H�2 �b�B�x�2 �#�2�+�Q�K�2�b �2�t�i�`�2�K�2�H�v�H���`�;�2�- �i�?�2 �K���`�;�B�M �Q�7

�2�`�`�Q�` �#�2�+�Q�K�2�b �2�t�i�`�2�K�2�H�v�b�K���H�H���M�/ �i�?�2 �`�2�b�m�H�i�B�M�; �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H�b �#�2�+�Q�K�2

�2�t�i�`�2�K�2�H�v�M���`�`�Q�r�X

�A�K�T�H�B�+���i�B�Q�M�b �Q�7 �"�B�; �.���i�� �7�Q�` �*�Q�M�}�/�2�M�+�2 �A�M�i�2�`�p���H�b

�R�X
�

�

�

��1�t���K�T�H�2 �G���b�i �v�2���` �i�?�2 �K�2���M �i�B�K�2 �b�T�2�M�i �#�v ���H�H �p�B�b�B�i�Q�`�b �i�Q �S�2�M�M�B�M�;�i�Q�M�.���B�H�v�h�B�K�2�b�X�+�Q�K

�r���b �3�9 �b�2�+�Q�M�/�b�X �a�m�T�T�Q�b�2 �i�?���i �S�.�h �r���M�i�b �i�Q ���b�b�2�b�b �r�?�2�i�?�2�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M

�i�B�K�2 �?���b �+�?���M�;�2�/ �b�B�M�+�2 �H���b�i �v�2���`�X �S�.�h �M�Q�r �+�Q�H�H�2�+�i�b �� �M�2�r �b���K�T�H�2 �Q�71; 000; 000

�p�B�b�B�i�Q�`�b �i�Q �B�i�b �r�2�#�b�B�i�2 ���M�/ �+���H�+�m�H���i�2�b �i�?�2 �b���K�T�H�2 �K�2���M �i�B�K�2 �b�T�2�M�i �#�v �i�?�2�b�2 �p�B�b�B�i�Q�`�b
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�i�Q �i�?�2 �S�.�h �r�2�#�b�B�i�2 �i�Q �#�2�x = 84:1 �b�2�+�Q�M�/�b�X �h�?�2 �2�b�i�B�K���i�2�/ �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/

�/�2�p�B���i�B�Q�M �B�bs = 20 �b�2�+�Q�M�/�b�- �b�Q �i�?�2 �b�i���M�/���`�/ �2�`�`�Q�` �B�bs�x = s/
p

n = 0:02000 �X

�k�X �6�m�`�i�?�2�`�K�Q�`�2�- �i�?�2 �b���K�T�H�2 �B�b �b�m�{�+�B�2�M�i�H�v �H���`�;�2 �i�Q �2�M�b�m�`�2 �i�?���i �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M
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�R�X �a�i���i�B�b�i�B�+���H �B�M�7�2�`�2�M�+�2�, �?�Q�r �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �+���M �#�2 �m�b�2�/ �i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�` ��

�b�i���i�2�K�2�M�i���#�Q�m�i �i�?�2 �p���H�m�2 �Q�7 ���T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�`�b�?�Q�m�H�/ �Q�` �b�?�Q�m�H�/

�M�Q�i �#�2�`�2�D�2�+�i�2�/�X

�k�X �h�?�2�M�m�H�H�?�v�T�Q�i�?�2�b�B�b �UH0 �V�, �K���F�B�M�; ���i�2�M�i���i�B�p�2 ���b�b�m�K�T�i�B�Q�M���#�Q�m�i ��

�T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�`�X

�j�X �h�?�2���H�i�2�`�M���i�B�p�2�?�v�T�Q�i�?�2�b�B�b �UHa �V�, �i�?�2 �Q�T�T�Q�b�B�i�2 �Q�7 �r�?���i �B�b �b�i���i�2�/ �B�MH0�X

�9�X �h�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �T�`�Q�+�2�/�m�`�2 �m�b�2�b�/���i�� �7�`�Q�K �� �b���K�T�H�2�i�Q �i�2�b�i �i�?�2 �i�r�Q �+�Q�K�@
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�8�X �h�?�B�b �+�?���T�i�2�` �b�?�Q�r�b �?�Q�r �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�b �+���M �#�2 �+�Q�M�/�m�+�i�2�/ ���#�Q�m�i ���T�Q�T�m�H���i�B�Q�M �K�2���M

���M�/ �� �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�X
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�R�X �A�i �B�b�M�Q�i ���H�r���v�b �Q�#�p�B�Q�m�b�?�Q�r �i�?�2 �M�m�H�H ���M�/ ���H�i�2�`�M���i�B�p�2 �?�v�T�Q�i�?�2�b�2�b �b�?�Q�m�H�/ �#�2

�7�Q�`�K�m�H���i�2�/�X

�k�X ���H�H �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; ���T�T�H�B�+���i�B�Q�M�b �B�M�p�Q�H�p�2 �+�Q�H�H�2�+�i�B�M�; ���b���K�T�H�2���M�/ �m�b�B�M�; �i�?�2

�b���K�T�H�2 �`�2�b�m�H�i�b �i�Q �T�`�Q�p�B�/�2�2�p�B�/�2�M�+�2�7�Q�` �/�`���r�B�M�; ���+�Q�M�+�H�m�b�B�Q�M�X

�j�X �A�M �b�Q�K�2 �b�B�i�m���i�B�Q�M�b �B�i �B�b �2���b�B�2�` �i�Q �B�/�2�M�i�B�7�vHa �}�`�b�i ���M�/ �i�?�2�M �/�2�p�2�H�Q�TH0 �X
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�R�X �J���M�v ���T�T�H�B�+���i�B�Q�M�b �Q�7 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �B�M�p�Q�H�p�2 ���M ���i�i�2�K�T�i �i�Q �;���i�?�2�` �2�p�B�/�2�M�+�2 �B�M

�b�m�T�T�Q�`�i �Q�7 �� �`�2�b�2���`�+�? �?�v�T�Q�i�?�2�b�B�b�X �A�M �i�?�2�b�2 �b�B�i�m���i�B�Q�M�b�- �B�i �B�b �Q�7�i�2�M �#�2�b�i �i�Q �#�2�;�B�M
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�Q�7 �k�9 �K�B�H�2�b �T�2�` �;���H�H�Q�M �B�M �+�B�i�v �/�`�B�p�B�M�;�X

�U���V�:�Q���H�, �� �T�`�Q�/�m�+�i �`�2�b�2���`�+�? �;�`�Q�m�T �?���b �/�2�p�2�H�Q�T�2�/ ���M�2�r �7�m�2�H �B�M�D�2�+�i�B�Q�M �b�v�b�@

�i�2�K �UAª5€&[+ëLâMX�V �/�2�b�B�;�M�2�/ �i�Q�B�M�+�`�2���b�2�i�?�2 �K�B�H�2�b�@�T�2�`�@�;���H�H�Q�M �`���i�B�M�;�X

�h�?�2 �;�`�Q�m�T �r�B�H�H �`�m�M �+�Q�M�i�`�Q�H�H�2�/ �i�2�b�i�b �r�B�i�? �i�?�2 �M�2�r �7�m�2�H �B�M�D�2�+�i�B�Q�M �b�v�b�i�2�K �H�Q�Q�F�B�M�;

�7�Q�` �b�i���i�B�b�i�B�+���H �b�m�T�T�Q�`�i �7�Q�` �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �i�?���i �i�?�2 �M�2�r �7�m�2�H �B�M�D�2�+�i�B�Q�M �b�v�b�i�2�K

�T�`�Q�p�B�/�2�b �K�Q�`�2 �K�B�H�2�b �T�2�` �;���H�H�Q�M �i�?���M �i�?�2 �+�m�`�`�2�M�i �b�v�b�i�2�K�X

�U�#�V �a�2�p�2�`���H �M�2�r �7�m�2�H �B�M�D�2�+�i�B�Q�M �m�M�B�i�b �r�B�H�H �#�2 �K���M�m�7���+�i�m�`�2�/�- �B�M�b�i���H�H�2�/ �B�M �i�2�b�i ���m�i�Q�@

�K�Q�#�B�H�2�b�- ���M�/ �b�m�#�D�2�+�i�2�/ �i�Q �`�2�b�2���`�+�?�@�+�Q�M�i�`�Q�H�H�2�/ �/�`�B�p�B�M�; �+�Q�M�/�B�i�B�Q�M�b�X

�U�+�V �h�?�2�b���K�T�H�2 �K�2���M �K�B�H�2�b �T�2�` �;���H�H�Q�M�7�Q�` �i�?�2�b�2 ���m�i�Q�K�Q�#�B�H�2�b �r�B�H�H �#�2 �+�Q�K�@

�T�m�i�2�/ ���M�/ �m�b�2�/ �B�M �� �?�v�T�Q�i�?�2�b�B�b �i�2�b�i �i�Q �/�2�i�2�`�K�B�M�2 �B�7 �B�i �+���M �#�2 �+�Q�M�+�H�m�/�2�/ �i�?���i

�i�?�2 �M�2�r �b�v�b�i�2�K �T�`�Q�p�B�/�2�b�K�Q�`�2 �i�?���M �k�9 �K�B�H�2�b �T�2�` �;���H�H�Q�M�X

�U�/�V �A�M �i�2�`�K�b �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �K�B�H�2�b �T�2�` �;���H�H�Q�M� �- �i�?�2 �`�2�b�2���`�+�? �?�v�T�Q�i�?�@

�2�b�B�b� > 24 �#�2�+�Q�K�2�b �i�?�2 ���H�i�2�`�M���i�B�p�2 �?�v�T�Q�i�?�2�b�B�b�X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8



�*�?���T�i�2�`�N�, �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b �S���;�2 �j�f�9�9

�U�2�V �a�B�M�+�2 �i�?�2 �+�m�`�`�2�M�i �b�v�b�i�2�K �T�`�Q�p�B�/�2�b ���M ���p�2�`���;�2 �Q�` �K�2���M �Q�7 �k�9 �K�B�H�2�b �T�2�` �;���H�H�Q�M�-

�r�2 �r�B�H�H �K���F�2 �i�?�2 �i�2�M�i���i�B�p�2 ���b�b�m�K�T�i�B�Q�M �i�?���i �i�?�2 �M�2�r �b�v�b�i�2�K �B�b �M�Q�i ���M�v �#�2�i�i�2�`

�i�?���M �i�?�2 �+�m�`�`�2�M�i �b�v�b�i�2�K ���M�/ �+�?�Q�Q�b�2� � 24 ���b �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b�X

H0 : � � 24; Ha : � > 24

�U�7�V �A�7 �i�?�2 �b���K�T�H�2 �`�2�b�m�H�i�b �H�2���/ �i�Q �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �i�Q �`�2�D�2�+�iH0�- �i�?�2 �B�M�7�2�`�2�M�+�2 �+���M �#�2

�K���/�2 �i�?���i Ha : � > 24 �B�b �i�`�m�2�X

�U�;�V �h�?�2 �`�2�b�2���`�+�?�2�`�b �?���p�2 �i�?�2�b�i���i�B�b�i�B�+���H �b�m�T�T�Q�`�i�i�Q �b�i���i�2 �i�?���i �i�?�2 �M�2�r �7�m�2�H

�B�M�D�2�+�i�B�Q�M �b�v�b�i�2�K �B�M�+�`�2���b�2�b �i�?�2 �K�2���M �M�m�K�#�2�` �Q�7 �K�B�H�2�b �T�2�` �;���H�H�Q�M�X

�U�?�V �A�7 �i�?�2 �b���K�T�H�2 �`�2�b�m�H�i�b �H�2���/ �i�Q �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �i�?���iH0 �+���M�M�Q�i �#�2 �`�2�D�2�+�i�2�/�- �i�?�2 �`�2�@

�b�2���`�+�?�2�`�b �+���M�M�Q�i �+�Q�M�+�H�m�/�2 �i�?���i �i�?�2 �M�2�r �7�m�2�H �B�M�D�2�+�i�B�Q�M �b�v�b�i�2�K �B�b �#�2�i�i�2�` �i�?���M �i�?�2

�+�m�`�`�2�M�i �b�v�b�i�2�K�X �S�`�Q�/�m�+�i�B�Q�M �Q�7 ���m�i�Q�K�Q�#�B�H�2�b �r�B�i�? �i�?�2 �M�2�r �7�m�2�H �B�M�D�2�+�i�B�Q�M �b�v�b�i�2�K

�Q�M �i�?�2 �#���b�B�b �Q�7 �#�2�i�i�2�` �;���b �K�B�H�2���;�2 �+���M�M�Q�i �#�2 �D�m�b�i�B�}�2�/�X �S�2�`�?���T�b�K�Q�`�2 �`�2�b�2���`�+�?

���M�/ �7�m�`�i�?�2�` �i�2�b�i�B�M�;�+���M �#�2 �+�Q�M�/�m�+�i�2�/�X

�j�X �"�2�7�Q�`�2 ���/�Q�T�i�B�M�; �b�Q�K�2�i�?�B�M�;�M�2�r �U�2�X�;�X�- �T�`�Q�/�m�+�i�b�- �K�2�i�?�Q�/�b�- �b�v�b�i�2�K�b�V�- �B�i �B�b �/�2�@

�b�B�`���#�H�2 �i�Q �+�Q�M�/�m�+�i �`�2�b�2���`�+�? �i�Q �/�2�i�2�`�K�B�M�2 �B�7 �i�?�2�`�2 �B�b�b�i���i�B�b�i�B�+���H �b�m�T�T�Q�`�i�7�Q�` �i�?�2

�+�Q�M�+�H�m�b�B�Q�M �i�?���i �i�?�2 �M�2�r ���T�T�`�Q���+�? �B�b �B�M�/�2�2�/ �#�2�i�i�2�`�X �A�M �b�m�+�? �+���b�2�b�- �i�?�2 �`�2�b�2���`�+�?
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�i�?���M �i�?�2 �+�m�`�`�2�M�i �K�2�i�?�Q�/�X

�B�XH0�, �i�?�2 �M�2�r �K�2�i�?�Q�/ �B�b �M�Q �#�2�i�i�2�` �i�?���M �i�?�2 �Q�H�/ �K�2�i�?�Q�/�X

�B�B�XHa�, �i�?�2 �M�2�r �K�2�i�?�Q�/ �B�b�#�2�i�i�2� �̀X

�U�#�V
�

�

�

��1�t���K�T�H�2 �� �M�2�r �b���H�2�b �7�Q�`�+�2 �#�Q�M�m�b �T�H���M �B�b �/�2�p�2�H�Q�T�2�/ �B�M ���M ���i�i�2�K�T�i �i�Q �B�M�+�`�2���b�2

�b���H�2�b�X

�B�XH0�, �i�?�2 �M�2�r �#�Q�M�m�b �T�H���M �/�Q�2�b �M�Q�i �B�M�+�`�2���b�2 �b���H�2�b�X
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�Q�` �/�2�+�B�b�B�Q�M �K���F�2�` �r���M�i�b�X

�a�m�K�K���`�v �P�7 �6�Q�`�K�b �7�Q�` �L�m�H�H ���M�/ ���H�i�2�`�M���i�B�p�2 �>�v�T�Q�i�?�2�b�2�b

�R�X �.�2�T�2�M�/�B�M�; �Q�M �i�?�2 �b�B�i�m���i�B�Q�M�- �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�b ���#�Q�m�i �� �T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�` �U�i�?�2

�T�Q�T�m�H���i�B�Q�M �K�2���M ���M�/ �i�?�2 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�V �K���v �i���F�2 �Q�M�2 �Q�7 �i�?�`�2�2 �7�Q�`�K�b�,
H0 : � � � 0 H0 : � � � 0 H0 : � = � 0

Ha : � < � 0 Ha : � > � 0 Ha : � 6= � 0

�k�X �h�?�2 �}�`�b�i �i�r�Q �7�Q�`�K�b ���`�2 �+���H�H�2�/�Q�M�2�@�i���B�H�2�/ �i�2�b�i�b�X �h�?�2 �i�?�B�`�/ �7�Q�`�K �B�b �+���H�H�2�/ ��

�i�r�Q�@�i���B�H�2�/ �i�2�b�i�X

�j�X �h�?�2�2�[�m���H�B�i�v�T���`�i �Q�7 �i�?�2 �2�t�T�`�2�b�b�B�Q�M �U�2�B�i�?�2�`� �-� �- �Q�=̀ �V ���H�r���v�b ���T�T�2���`�b �B�M �i�?�2

�M�m�H�H�?�v�T�Q�i�?�2�b�B�b�X

�9�X �A�M �b�2�H�2�+�i�B�M�; �i�?�2 �T�`�Q�T�2�` �7�Q�`�K �Q�7H0 ���M�/Ha�- �F�2�2�T �B�M �K�B�M�/ �i�?���i �i�?�2���H�i�2�`�M���i�B�p�2

�?�v�T�Q�i�?�2�b�B�b �B�b �Q�7�i�2�M �r�?���i�i�?�2 �i�2�b�i �B�b ���i�i�2�K�T�i�B�M�; �i�Q �2�b�i���#�H�B�b�?�X �>�2�M�+�2�- ���b�F�B�M�;

�r�?�2�i�?�2�` �i�?�2 �m�b�2�` �B�b �H�Q�Q�F�B�M�; �7�Q�` �2�p�B�/�2�M�+�2 �i�Q �b�m�T�T�Q�`�i� < � 0�-� > � 0�- �Q�`� 6= � 0

�r�B�H�H �?�2�H�T �/�2�i�2�`�K�B�M�2Ha�X
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�N�X�k �h�v�T�2 �A ���M�/ �h�v�T�2 �A�A �1�`�`�Q�`�b

�R�X �A�/�2���H�H�v �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �T�`�Q�+�2�/�m�`�2 �b�?�Q�m�H�/ �H�2���/ �i�Q �i�?�2���+�+�2�T�i���M�+�2 �Q�7H0

�r�?�2�M H0 �B�b �i�`�m�2���M�/ �i�?�2 �`�2�D�2�+�i�B�Q�M �Q�7H0 �r�?�2�MHa �B�b �i�`�m�2�X

�k�X �U�h���#�H�2 �N�X�R�V �h�?�2 �+�Q�`�`�2�+�i �+�Q�M�+�H�m�b�B�Q�M�b ���`�2 �M�Q�i ���H�r���v�b �T�Q�b�b�B�#�H�2�X

�U���V �q�2 �`�2�D�2�+�iH0 �B�7H0 �B�b �i�`�m�2�- �r�2 �K���F�2 ���h�v�T�2 �A �2�`�`�Q�`�X

�U�#�V �A�7Ha �B�b �i�`�m�2�- �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �B�b �+�Q�`�`�2�+�i �r�?�2�M �r�2 �`�2�D�2�+�iH0�X

�U�+�V �A�7H0 �B�b �i�`�m�2�- �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �B�b �+�Q�`�`�2�+�i �r�?�2�M �r�2 ���+�+�2�T�iH0�X

�U�/�V �A�7H0 �B�b �7���H�b�2 �UHa �B�b �i�`�m�2�V�- �r�2 �K���F�2 ���h�v�T�2 �A�A �2�`�`�Q�`�r�?�2�M �r�2 ���+�+�2�T�iH0�X

�j�X
�

�

�

��1�t���K�T�H�2 ���M ���m�i�Q�K�Q�#�B�H�2 �T�`�Q�/�m�+�i �`�2�b�2���`�+�? �;�`�Q�m�T �/�2�p�2�H�Q�T�2�/ �� �M�2�r �7�m�2�H �B�M�D�2�+�i�B�Q�M

�b�v�b�i�2�K �/�2�b�B�;�M�2�/ �i�Q �B�M�+�`�2���b�2 �i�?�2 �K�B�H�2�b�@�T�2�`�@�;���H�H�Q�M �`���i�B�M�; �Q�7 �� �T���`�i�B�+�m�H���` ���m�i�Q�K�Q�#�B�H�2�X

�U���V �q�B�i�? �i�?�2 �+�m�`�`�2�M�i �K�Q�/�2�H �Q�#�i���B�M�B�M�; ���M ���p�2�`���;�2 �Q�7 �k�9 �K�B�H�2�b �T�2�` �;���H�H�Q�M�- �i�?�2 �?�v�@

�T�Q�i�?�2�b�B�b �i�2�b�i �r���b �7�Q�`�K�m�H���i�2�/ ���b �7�Q�H�H�Q�r�b�X

H0 : � � 24 ���;���B�M�b�iHa : � > 24

�U�#�V �h�?�2 ���H�i�2�`�M���i�B�p�2 �?�v�T�Q�i�?�2�b�B�b�-Ha : � > 24�- �B�M�/�B�+���i�2�b �i�?���i �i�?�2 �`�2�b�2���`�+�?�2�`�b ���`�2

�H�Q�Q�F�B�M�; �7�Q�`�b���K�T�H�2 �2�p�B�/�2�M�+�2 �i�Q �b�m�T�T�Q�`�i�i�?�2 �+�Q�M�+�H�m�b�B�Q�M �i�?���i �i�?�2 �T�Q�T�m�H���@

�i�B�Q�M �K�2���M �K�B�H�2�b �T�2�` �;���H�H�Q�M �r�B�i�? �i�?�2 �M�2�r �7�m�2�H �B�M�D�2�+�i�B�Q�M �b�v�b�i�2�K �B�b�;�`�2���i�2�` �i�?���M

�k�9�X

�U�+�V�h�v�T�2 �A �2�`� �̀Q�`�, �`�2�D�2�+�i�B�M�;H0 �r�?�2�M �B�i �B�b �i�`�m�2�+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �`�2�b�2���`�+�?�2�`�b

�+�H���B�K�B�M�;�i�?���i �i�?�2 �M�2�r �b�v�b�i�2�K �B�K�T�`�Q�p�2�b �i�?�2 �K�B�H�2�b�@�T�2�`�@�;���H�H�Q�M �`���i�B�M�; �U� >

24�V �r�?�2�M�B�M �7���+�i�i�?�2 �M�2�r �b�v�b�i�2�K �B�b �M�Q�i ���M�v �#�2�i�i�2�` �i�?���M �i�?�2 �+�m�`�`�2�M�i �b�v�b�i�2�K�X
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�U�/�V�h�v�T�2 �A�A �2�`� �̀Q�`�, ���+�+�2�T�i�B�M�;H0 �r�?�2�M �B�i �B�b �7���H�b�2�+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �`�2�b�2���`�+�?�2�`�b

�+�Q�M�+�H�m�/�B�M�;�i�?���i �i�?�2 �M�2�r �b�v�b�i�2�K �B�b �M�Q�i ���M�v �#�2�i�i�2�` �i�?���M �i�?�2 �+�m�`�`�2�M�i �b�v�b�@

�i�2�K �U� � 24�V �r�?�2�M�B�M �7���+�i�i�?�2 �M�2�r �b�v�b�i�2�K �B�K�T�`�Q�p�2�b �K�B�H�2�b�@�T�2�`�@�;���H�H�Q�M

�T�2�`�7�Q�`�K���M�+�2�X

�9�X�G�2�p�2�H �Q�7 �a�B�;�M�B�}�+���M�+�2�, �h�?�2 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; ��

�h�v�T�2 �A �2�`�`�Q�` �r�?�2�M �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�b �i�`�m�2 ���b ���M�2�[�m���H�B�i�v�X

�U���V
�

�

�

��1�t���K�T�H�2 �6�Q�` �i�?�2 �K�B�H�2�b�@�T�2�`�@�;���H�H�Q�M �`���i�B�M�; �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�- �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b

�B�bH0 : � � 24�X �a�m�T�T�Q�b�2 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�b �i�`�m�2 ���b ���M�2�[�m���H�B�i�v�c �i�?���i �B�b�-

� = 24 �X �h�?�2 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7�`�2�D�2�+�i�B�M�;H0 : � � 24

�r�?�2�M � = 24 �X

�U�#�V �h�?�2 �:�`�2�2�F �b�v�K�#�Q�H� �U���H�T�?���V �B�b �m�b�2�/ �i�Q �/�2�M�Q�i�2 �i�?�2 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�-

���M�/ �+�Q�K�K�Q�M �+�?�Q�B�+�2�b �7�Q�`� ���`�2 �y�X�y�8 ���M�/ �y�X�y�R�X

�U�+�V �A�M �T�`���+�i�B�+�2�- �i�?�2 �T�2�`�b�Q�M �`�2�b�T�Q�M�b�B�#�H�2 �7�Q�` �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i �b�T�2�+�B�}�2�b �i�?�2 �H�2�p�2�H �Q�7

�b�B�;�M�B�}�+���M�+�2�X �"�v �b�2�H�2�+�i�B�M�;� �- �i�?���i �T�2�`�b�Q�M �B�b�+�Q�M�i�`�Q�H�H�B�M�; �i�?�2 �T�`�Q�#���#�B�H�B�i�v�Q�7

�K���F�B�M�; �� �h�v�T�2 �A �2�`�`�Q�`�X

�U�/�V �A�7 �i�?�2 �+�Q�b�i �Q�7 �K���F�B�M�; �� �h�v�T�2 �A �2�`�`�Q�` �B�b�?�B�;�? �U�M�Q�i �i�Q�Q �?�B�;�?�V�- �b�K���H�H �U�H���`�;�2�`�V

�p���H�m�2�b �Q�7� ���`�2 �T�`�2�7�2�`�`�2�/�X

�8�X�h�?�2 �b�B�;�M�B�}�+���M�+�2 �i�2�b�i�b�, ���T�T�H�B�+���i�B�Q�M�b �Q�7 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �i�?���i �Q�M�H�v �+�Q�M�i�`�Q�H �7�Q�`

�i�?�2 �h�v�T�2 �A �2�`�`�Q�` ���`�2 �+���H�H�2�/�b�B�;�M�B�}�+���M�+�2 �i�2�b�i�b�X

�e�X ���H�i�?�Q�m�;�? �K�Q�b�i ���T�T�H�B�+���i�B�Q�M�b �Q�7 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �+�Q�M�i�`�Q�H �7�Q�` �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�@

�B�M�; �� �h�v�T�2 �A �2�`�`�Q�`�- �i�?�2�v �/�Q �M�Q�i ���H�r���v�b �+�Q�M�i�`�Q�H �7�Q�` �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; ��

�h�v�T�2 �A�A �2�`�`�Q�`�X

�U���V �>�2�M�+�2�- �B�7 �r�2 �/�2�+�B�/�2 �i�Q ���+�+�2�T�iH0�- �r�2 �+���M�M�Q�i �/�2�i�2�`�K�B�M�2�?�Q�r �+�Q�M�}�/�2�M�i

�r�2 �+���M �#�2 �r�B�i�? �i�?���i �/�2�+�B�b�B�Q�M�X �"�2�+���m�b�2 �Q�7 �i�?�2�m�M�+�2�`�i���B�M�i�v���b�b�Q�+�B���i�2�/

�r�B�i�? �K���F�B�M�; �� �h�v�T�2 �A�A �2�`�`�Q�` �r�?�2�M �+�Q�M�/�m�+�i�B�M�; �b�B�;�M�B�}�+���M�+�2 �i�2�b�i�b�- �b�i���i�B�b�i�B�+�B���M�b

�m�b�m���H�H�v �`�2�+�Q�K�K�2�M�/ �i�?���i �r�2 �m�b�2 �i�?�2 �b�i���i�2�K�2�M�i�ô�/�Q �M�Q�i �`�2�D�2�+�iH0�ô �B�M�b�i�2���/

�Q�7 �ô���+�+�2�T�iH0�X�ô

�U�#�V �l�b�B�M�; �i�?�2 �b�i���i�2�K�2�M�i �ô�/�Q �M�Q�i �`�2�D�2�+�iH0�ô �+���`�`�B�2�b �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �i�Q�r�B�i�?�?�Q�H�/

�#�Q�i�? �D�m�/�;�K�2�M�i ���M�/ ���+�i�B�Q�M�X �A�M �2�z�2�+�i�- �#�v �M�Q�i �/�B�`�2�+�i�H�v ���+�+�2�T�i�B�M�;H0�- �i�?�2

�b�i���i�B�b�i�B�+�B���M���p�Q�B�/�b �i�?�2 �`�B�b�F�Q�7 �K���F�B�M�; �� �h�v�T�2 �A�A �2�`�`�Q�`�X
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�U�+�V �q�?�2�M�2�p�2�` �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; �� �h�v�T�2 �A�A �2�`�`�Q�` �?���b �M�Q�i �#�2�2�M �/�2�i�2�`�K�B�M�2�/

���M�/ �+�Q�M�i�`�Q�H�H�2�/�- �r�2 �r�B�H�H �M�Q�i �K���F�2 �i�?�2 �b�i���i�2�K�2�M�i�ô���+�+�2�T�iH0�X�ô �A�M �b�m�+�? �+���b�2�b�-

�Q�M�H�v �i�r�Q �+�Q�M�+�H�m�b�B�Q�M�b ���`�2 �T�Q�b�b�B�#�H�2�,�/�Q �M�Q�i �`�2�D�2�+�iH0 �Q�` �`�2�D�2�+�iH0 �X

�U�/�V ���H�i�?�Q�m�;�? �+�Q�M�i�`�Q�H�H�B�M�; �7�Q�` �� �h�v�T�2 �A�A �2�`�`�Q�` �B�M �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �B�b�M�Q�i �+�Q�K�K�Q�M�-

�B�i �+���M �#�2 �/�Q�M�2�X �A�M �a�2�+�i�B�Q�M�b �N�X�d ���M�/ �N�X�3 �r�2 �r�B�H�H �B�H�H�m�b�i�`���i�2 �T�`�Q�+�2�/�m�`�2�b �7�Q�`

�/�2�i�2�`�K�B�M�B�M�; ���M�/ �+�Q�M�i�`�Q�H�H�B�M�; �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; �� �h�v�T�2 �A�A �2�`�`�Q�`�X �A�7

�T�`�Q�T�2�` �+�Q�M�i�`�Q�H�b �?���p�2 �#�2�2�M �2�b�i���#�H�B�b�?�2�/ �7�Q�` �i�?�B�b �2�`�`�Q�`�-���+�i�B�Q�M�#���b�2�/ �Q�M �i�?�2

�ô���+�+�2�T�iH0�ô �+�Q�M�+�H�m�b�B�Q�M �+���M �#�2 ���T�T�`�Q�T�`�B���i�2�X
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�N�X�j �S�Q�T�m�H���i�B�Q�M �J�2���M�,� �E�M�Q�r�M

�P�M�2�@�i���B�H�2�/ �h�2�b�i

�R�X �P�M�2�@�i���B�H�2�/ �i�2�b�i�b ���#�Q�m�i �� �T�Q�T�m�H���i�B�Q�M �K�2���M �i���F�2 �Q�M�2 �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�; �i�r�Q �7�Q�`�K�b�,

�G�Q�r�2�` �h���B�H �h�2�b�i �l�T�T�2�` �h���B�H �h�2�b�i

H0 : � � � 0 H0 : � � � 0

Ha : � < � 0 Ha : � > � 0

�k�X
�

�

�

��1�t���K�T�H�2 �h�?�2 �6�2�/�2�`���H �h�`���/�2 �*�Q�K�K�B�b�b�B�Q�M �U�6�h�*�V �T�2�`�B�Q�/�B�+���H�H�v �+�Q�M�/�m�+�i�b �b�i���i�B�b�i�B�+���H

�b�i�m�/�B�2�b �/�2�b�B�;�M�2�/ �i�Q �i�2�b�i �i�?�2 �+�H���B�K�b �i�?���i �K���M�m�7���+�i�m�`�2�`�b �K���F�2 ���#�Q�m�i �i�?�2�B�` �T�`�Q�/�m�+�i�b�X

�6�Q�` �2�t���K�T�H�2�- �i�?�2 �H���#�2�H �Q�M �� �H���`�;�2 �+���M �Q�7 �>�B�H�H�i�Q�T �*�Q�z�2�2 �b�i���i�2�b �i�?���i �i�?�2 �+���M �+�Q�M�i���B�M�b

�j �T�Q�m�M�/�b �Q�7 �+�Q�z�2�2�X �h�?�2 �6�h�* �F�M�Q�r�b �i�?���i �>�B�H�H�i�Q�T�ö�b �T�`�Q�/�m�+�i�B�Q�M �T�`�Q�+�2�b�b �+���M�M�Q�i �T�H���+�2

�2�t���+�i�H�v �j �T�Q�m�M�/�b �Q�7 �+�Q�z�2�2 �B�M �2���+�? �+���M�- �2�p�2�M �B�7 �i�?�2 �K�2���M �}�H�H�B�M�; �r�2�B�;�?�i �7�Q�` �i�?�2 �T�Q�T�@

�m�H���i�B�Q�M �Q�7 ���H�H �+���M�b �}�H�H�2�/ �B�b �j �T�Q�m�M�/�b �T�2�` �+���M �U� 0 = 3�V�X �>�Q�r�2�p�2�`�- ���b �H�Q�M�; ���b �i�?�2

�T�Q�T�m�H���i�B�Q�M �K�2���M �}�H�H�B�M�; �r�2�B�;�?�i �B�b ���i �H�2���b�i �j �T�Q�m�M�/�b �T�2�` �+���M�- �i�?�2 �`�B�;�?�i�b �Q�7 �+�Q�M�b�m�K�2�`�b

�r�B�H�H �#�2 �T�`�Q�i�2�+�i�2�/�X �h�?�m�b�- �i�?�2 �6�h�* �B�M�i�2�`�T�`�2�i�b �i�?�2 �H���#�2�H �B�M�7�Q�`�K���i�B�Q�M �Q�M �� �H���`�;�2 �+���M

�Q�7 �+�Q�z�2�2 ���b �� �+�H���B�K �#�v �>�B�H�H�i�Q�T �i�?���i �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �}�H�H�B�M�; �r�2�B�;�?�i �B�b ���i �H�2���b�i �j

�T�Q�m�M�/�b �T�2�` �+���M�X �q�2 �r�B�H�H �b�?�Q�r �?�Q�r �i�?�2 �6�h�* �+���M �+�?�2�+�F �>�B�H�H�i�Q�T�ö�b �+�H���B�K �#�v �+�Q�M�/�m�+�i�B�M�;

�� �H�Q�r�2�` �i���B�H �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�X

�U���V�.�2�p�2�H�Q�T �i�?�2 �M�m�H�H ���M�/ ���H�i�2�`�M���i�B�p�2 �?�v�T�Q�i�?�2�b�2�b �7�Q�` �i�?�2 �i�2�b�i�X �A�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M

�}�H�H�B�M�; �r�2�B�;�?�i �B�b ���i �H�2���b�i �j �T�Q�m�M�/�b �T�2�` �+���M�- �>�B�H�H�i�Q�T�ö�b �+�H���B�K �B�b �+�Q�`�`�2�+�i�,

H0 : � � 3 Ha : � < 3

�B�X �A�7 �i�?�2 �b���K�T�H�2 �/���i�� �B�M�/�B�+���i�2 �i�?���iH0 �+���M�M�Q�i �#�2 �`�2�D�2�+�i�2�/�- �M�Q ���+�i�B�Q�M

�b�?�Q�m�H�/ �#�2 �i���F�2�M ���;���B�M�b�i �>�B�H�H�i�Q�T�X

�B�B�X �A�7 �i�?�2 �b���K�T�H�2 �/���i�� �B�M�/�B�+���i�2H0 �+���M �#�2 �`�2�D�2�+�i�2�/�-Ha : � < 3�- �B�b �i�`�m�2�X

�� �+�Q�M�+�H�m�b�B�Q�M �Q�7�m�M�/�2�`�}�H�H�B�M�;���M�/ �� �+�?���`�;�2 �Q�7 �� �H���#�2�H �p�B�Q�H���i�B�Q�M ���;���B�M�b�i

�>�B�H�H�i�Q�T �r�Q�m�H�/ �#�2 �D�m�b�i�B�}�2�/�X

�B�B�B�X �a�m�T�T�Q�b�2 �� �b���K�T�H�2 �Q�7n = 36 �+���M�b �Q�7 �+�Q�z�2�2 �B�b �b�2�H�2�+�i�2�/ ���M�/ �i�?�2 �b���K�T�H�2 �K�2���M

�x �B�b �+�Q�K�T�m�i�2�/ ���b ���M �2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M� �X �A�7 �i�?�2

�p���H�m�2 �Q�7 �i�?�2 �b���K�T�H�2 �K�2���M�x �B�b �H�2�b�b �i�?���M�j �T�Q�m�M�/�b�- �i�?�2 �b���K�T�H�2 �`�2�b�m�H�i�b

�r�B�H�H�+���b�i �/�Q�m�#�i�Q�M �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b�X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8



�*�?���T�i�2�`�N�, �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b �S���;�2 �R�R�f�9�9

�U�#�V�a�T�2�+�B�7�v�B�M�; �i�?�2 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�-� �,

�B�X �U�_�2�+���H�H�V �h�?�2 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; �� �h�v�T�2 �A

�2�`�`�Q�` �#�v�`�2�D�2�+�i�B�M�;H0 �r�?�2�MH0 �B�b �i�`�m�2 ���b ���M�2�[�m���H�B�i�v�X

�B�B�X �A�7 �i�?�2�+�Q�b�i �Q�7 �K���F�B�M�; �� �h�v�T�2 �A �2�`�`�Q�` �B�b�?�B�;�? �U�M�Q�i �?�B�;�?�V�- �� �b�K���H�H

�U�H���`�;�2�`�V �p���H�m�2�b�?�Q�m�H�/ �#�2 �+�?�Q�b�2�M �7�Q�` �i�?�2 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�X

�B�B�B�X �A�M �i�?�2 �>�B�H�H�i�Q�T �*�Q�z�2�2 �b�i�m�/�v�- �i�?�2 �/�B�`�2�+�i�Q�` �Q�7 �i�?�2 �6�h�*�ö�b �i�2�b�i�B�M�; �T�`�Q�;�`���K

�K���/�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�i���i�2�K�2�M�i�, �ô�A�7 �i�?�2 �+�Q�K�T���M�v �B�b �K�2�2�i�B�M�; �B�i�b �r�2�B�;�?�i �b�T�2�+�@

�B�}�+���i�B�Q�M�b ���i� = 3 �- �A �/�Q �M�Q�i �r���M�i �i�Q �i���F�2 ���+�i�B�Q�M ���;���B�M�b�i �i�?�2�K�X �"�m�i�- �A

���K �r�B�H�H�B�M�; �i�Q �`�B�b�F �� �R�W �+�?���M�+�2 �Q�7 �K���F�B�M�; �b�m�+�? ���M �2�`�`�Q�`�X�ô �6�`�Q�K �i�?�2 �/�B�`�2�+�@

�i�Q�`�ö�b �b�i���i�2�K�2�M�i�- �r�2 �b�2�i �i�?�2 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �7�Q�` �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i ���i

� = 0:01 �X

�B�p�X �h�?�m�b�- �r�2 �K�m�b�i �/�2�b�B�;�M �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i �b�Q �i�?���i �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�;

�� �h�v�T�2 �A �2�`�`�Q�`�r�?�2�M� = 3 �B�b0:01�X

�j�X �"�v �/�2�p�2�H�Q�T�B�M�; �i�?�2 �M�m�H�H ���M�/ ���H�i�2�`�M���i�B�p�2�?�v�T�Q�i�?�2�b�2�b���M�/ �b�T�2�+�B�7�v�B�M�; �i�?�2�H�2�p�2�H �Q�7

�b�B�;�M�B�}�+���M�+�2�7�Q�` �i�?�2 �i�2�b�i�- �r�2 �+���`�`�v �Q�m�i �i�?�2 �}�`�b�i �i�r�Q �b�i�2�T�b �`�2�[�m�B�`�2�/ �B�M �+�Q�M�/�m�+�i�B�M�;

�2�p�2�`�v �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�X �q�2 ���`�2 �M�Q�r �`�2���/�v �i�Q �T�2�`�7�Q�`�K �i�?�2 �i�?�B�`�/ �b�i�2�T �Q�7 �?�v�T�Q�i�?�2�b�B�b

�i�2�b�i�B�M�;�,�+�Q�H�H�2�+�i �i�?�2 �b���K�T�H�2�/���i�� ���M�/ �+�Q�K�T�m�i�2 �i�?�2 �p���H�m�2 �Q�7 �r�?���i �B�b �+���H�H�2�/ ��

�i�2�b�i �b�i���i�B�b�i�B�+�X

�h�2�b�i �b�i���i�B�b�i�B�+

�R�X
�

�

�

��1�t���K�T�H�2 �6�Q�` �i�?�2 �>�B�H�H�i�Q�T �*�Q�z�2�2 �b�i�m�/�v�- �T�`�2�p�B�Q�m�b �6�h�* �i�2�b�i�b �b�?�Q�r �i�?���i �i�?�2 �T�Q�T�m�H���i�B�Q�M

�b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �+���M �#�2 ���b�b�m�K�2�/�F�M�Q�r�M�r�B�i�? �� �p���H�m�2 �Q�7� = 0:18�X �h�?�2�b�2

�i�2�b�i�b ���H�b�Q �b�?�Q�r �i�?���i �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �}�H�H�B�M�; �r�2�B�;�?�i�b �+���M �#�2 ���b�b�m�K�2�/ �i�Q �?���p�2 ��

�M�Q�`�K���H�/�B�b�i�`�B�#�m�i�B�Q�M�X

�k�X �h�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x �B�b �M�Q�`�K���H�H�v�/�B�b�i�`�B�#�m�i�2�/ �r�B�i�? �� �F�M�Q�r�M �p���H�m�2 �Q�7

� = 0:18 ���M�/ �� �b���K�T�H�2 �b�B�x�2 �Q�7n = 36�X

�j�X �U�6�B�;�m�`�2 �N�X�R�V �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x �r�?�2�M �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�b �i�`�m�2 ���b ���M

�2�[�m���H�B�i�v �U� = � 0 = 3�V�X �h�?�2 �b�i���M�/���`�/ �2�`�`�Q�` �Q�7�x �B�b �;�B�p�2�M �#�v� �x = � /
p

n = 0:18/
p

36 = 0:03 �X

�h�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7

z =
�x � � 0

� �x
=

�x � 3
0:03

�B�b �� �b�i���M�/���`�/ �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M:
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�9�X �� �p���H�m�2 �Q�7z = �• 1 �Uz = �• 3�V �K�2���M�b �i�?���i �i�?�2 �p���H�m�2 �Q�7�x �B�b �Q�M�2 �U�i�?�`�2�2�V �b�i���M�/���`�/

�2�`�`�Q�` �#�2�H�Q�r �i�?�2 �?�v�T�Q�i�?�2�b�B�x�2�/ �p���H�m�2 �Q�7 �i�?�2 �K�2���M�X

�8�X �h�?�2 �H�Q�r�2�` �i���B�H ���`�2�� ���iz = �• 3:00 �B�b 0:0013 �X �>�2�M�+�2�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �Q�#�i���B�M�B�M�;

�� �p���H�m�2 �Q�7z �i�?���i �B�b �i�?�`�2�2 �Q�` �K�Q�`�2 �b�i���M�/���`�/ �2�`�`�Q�`�b�#�2�H�Q�r �i�?�2 �K�2���M�B�b �y�X�y�y�R�j�X

�e�X �h�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �Q�#�i���B�M�B�M�; �� �p���H�m�2 �Q�7�x �i�?���i �B�b �j �Q�` �K�Q�`�2 �b�i���M�/���`�/ �2�`�`�Q�`�b �#�2�H�Q�r �i�?�2

�?�v�T�Q�i�?�2�b�B�x�2�/ �T�Q�T�m�H���i�B�Q�M �K�2���M� 0 = 3 �B�b ���H�b�Q �y�X�y�y�R�j�X �a�m�+�? �� �`�2�b�m�H�i �B�b�m�M�H�B�F�2�H�v

�B�7 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�b �i�`�m�2�X

�d�X �6�Q�` �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�b ���#�Q�m�i �� �T�Q�T�m�H���i�B�Q�M �K�2���M �B�M �i�?�2� �F�M�Q�r�M �+���b�2�- �r�2 �m�b�2 �i�?�2 �b�i���M�@

�/���`�/ �M�Q�`�K���H �`���M�/�Q�K �p���`�B���#�H�2z ���b �� �i�2�b�i �b�i���i�B�b�i�B�+�i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�`�x

�/�2�p�B���i�2�b �7�`�Q�K�i�?�2 �?�v�T�Q�i�?�2�b�B�x�2�/ �p���H�m�2 �Q�7� �2�M�Q�m�;�? �i�Q �D�m�b�i�B�7�v �`�2�D�2�+�i�B�M�; �i�?�2 �M�m�H�H

�?�v�T�Q�i�?�2�b�B�b�X

�3�X�h�2�b�i �a�i���i�B�b�i�B�+ �7�Q�` �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b ���#�Q�m�i �� �S�Q�T�m�H���i�B�Q�M �J�2���M�,� �E�M�Q�r�M
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�U�#�V �h�Q �+�Q�K�T�m�i�2 �i�?�2p�@�p���H�m�2 �7�Q�` �i�?�2 �H�Q�r�2�` �i���B�H �i�2�b�i �B�M �i�?�2� �F�M�Q�r�M �+���b�2�- �r�2 �m�b�2 �i�?�2

�b�i���M�/���`�/ �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M �i�Q �}�M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���iz �B�b �H�2�b�b �i�?���M �Q�` �2�[�m���H �i�Q

�i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+�X

�U�+�V ���7�i�2�` �+�Q�K�T�m�i�B�M�; �i�?�2p�@�p���H�m�2�- �r�2 �K�m�b�i �i�?�2�M �/�2�+�B�/�2 �r�?�2�i�?�2�` �B�i �B�b�b�K���H�H �2�M�Q�m�;�?
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� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�9�k�d�V

�a�m�T�T�Q�b�2 �i�?�2 �b���K�T�H�2 �Q�7 �j�e �>�B�H�H�i�Q�T �+�Q�z�2�2 �+���M�b �T�`�Q�p�B�/�2�b �� �b���K�T�H�2 �K�2���M �Q�7�x = 2:92

�T�Q�m�M�/�b�X �A�b�x = 2:92 �b�K���H�H �2�M�Q�m�;�? �i�Q �+���m�b�2 �m�b �i�Q �`�2�D�2�+�iH0�\ �*�Q�K�T�m�i�2 �i�?�2p�@�p���H�m�2
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�� �l�b�B�M�;�x = 2:92�-� = 0:18�- ���M�/n = 36�- �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+z�,

z =
�x � � 0

� /
p

n
=

2:92� 3

0:18/
p

36
= � 2:67 :

�� p�@�p���H�m�2= P(z � �• 2:67) = 0:0038 �X

�� �U�6�B�;�m�`�2 �N�X�k�V�x = 2:92 �+�Q�`�`�2�b�T�Q�M�/�b �i�Qz = �• 2:67 ���M�/ ��p�@�p���H�m�2= 0:0038�X

�j�X �h�?�B�bp�@�p���H�m�2 �U0:0038�V �B�M�/�B�+���i�2�b �� �b�K���H�H �T�`�Q�#���#�B�H�B�i�v �Q�7�Q�#�i���B�M�B�M�; �� �b���K�T�H�2 �K�2���M

�Q�7�x = 2:92 �U���M�/ �� �i�2�b�i �b�i���i�B�b�i�B�+ �Q�7 �•2:67�V �Q�` �b�K���H�H�2�` �r�?�2�M �b���K�T�H�B�M�; �7�`�Q�K �� �T�Q�T�m�@

�H���i�B�Q�M �r�B�i�?� = 3 �X
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�e�X �h�?�2 �b���K�T�H�2 �Q�7 �j�e �+�Q�z�2�2 �+���M�b �B�M �i�?�2 �>�B�H�H�i�Q�T �*�Q�z�2�2 �b�i�m�/�v �`�2�b�m�H�i�2�/ �B�M ��p�@�p���H�m�2=

0:0038�- �r�?�B�+�? �K�2���M�b �i�?���i �i�?�2�T�`�Q�#���#�B�H�B�i�v�Q�7 �Q�#�i���B�M�B�M�; �� �p���H�m�2 �Q�7�x = 2:92 �Q�`

�H�2�b�b �r�?�2�MH0 �B�b �i�`�m�2 ���b ���M �2�[�m���H�B�i�v �B�b0:0038 �X
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�Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �i�?���i �+�Q�`�`�2�b�T�Q�M�/�b �i�Q ���M ���`�2�� �Q�7� = 0:01 �B�M �i�?�2 �H�Q�r�2�`
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�+���b�2�- �r�2 �b�?�Q�m�H�/ �`�2�D�2�+�iH0�X

�U�/�V �>�2�M�+�2�- �7�Q�` �i�?�2 �>�B�H�H�i�Q�T �*�Q�z�2�2 �b�i�m�/�v �i�?�2 �+�`�B�i�B�+���H �p���H�m�2�`�2�D�2�+�i�B�Q�M �`�m�H�2�7�Q�` ��

�H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �Q�7 �y�X�y�R �B�b

�_�2�D�2�+�iH0 �B�7 z � � 2:33

�U�2�V �A�M �i�?�2 �>�B�H�H�i�Q�T �*�Q�z�2�2 �2�t���K�T�H�2�-�x = 2:92 ���M�/ �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �B�bz = �• 2:67�X

�"�2�+���m�b�2z = �• 2:67 < �• 2:33 �- �r�2 �+���M �`�2�D�2�+�iH0 ���M�/ �+�Q�M�+�H�m�/�2 �i�?���i �>�B�H�H�i�Q�T

�*�Q�z�2�2 �B�b�m�M�/�2�`�}�H�H�B�M�;�+���M�b�X

�8�X�_�2�D�2�+�i�B�Q�M �_�m�H�2 �7�Q�` �� �G�Q�r�2�` �h���B�H �h�2�b�i�, �*�`�B�i�B�+���H �o���H�m�2 ���T�T�`�Q���+�?�X �q�2 �+���M

�;�2�M�2�`���H�B�x�2 �i�?�2 �`�2�D�2�+�i�B�Q�M �`�m�H�2 �7�Q�` �i�?�2 �+�`�B�i�B�+���H �p���H�m�2 ���T�T�`�Q���+�? �i�Q �?���M�/�H�2 ���M�v �H�2�p�2�H �Q�7

�b�B�;�M�B�}�+���M�+�2�X �h�?�2 �`�2�D�2�+�i�B�Q�M �`�m�H�2 �7�Q�` �� �H�Q�r�2�` �i���B�H �i�2�b�i �7�Q�H�H�Q�r�b�X

�_�2�D�2�+�iH0 �B�7 z � � z�
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�r�?�2�`�2 �•z� �B�b �i�?�2�+�`�B�i�B�+���H �p���H�m�2�c �i�?���i �B�b�- �i�?�2z �p���H�m�2 �i�?���i �T�`�Q�p�B�/�2�b ���M ���`�2�� �Q�7�

�B�M �i�?�2 �H�Q�r�2�` �i���B�H �Q�7 �i�?�2 �b�i���M�/���`�/ �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�X

�a�m�K�K���`�v

�R�X �h�?�2p�@�p���H�m�2 ���T�T�`�Q���+�? �i�Q �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; ���M�/ �i�?�2 �+�`�B�i�B�+���H �p���H�m�2 ���T�T�`�Q���+�? �r�B�H�H

���H�r���v�b �H�2���/ �i�Q�i�?�2 �b���K�2�`�2�D�2�+�i�B�Q�M �/�2�+�B�b�B�Q�M�X

�k�X �h�?�2 ���/�p���M�i���;�2 �Q�7 �i�?�2p�@�p���H�m�2 ���T�T�`�Q���+�? �B�b �i�?���i �i�?�2p�@�p���H�m�2 �i�2�H�H�b �m�b�?�Q�r �b�B�;�M�B�}�+���M�i

�i�?�2 �`�2�b�m�H�i�b ���`�2 �U�i�?�2 �Q�#�b�2�`�p�2�/ �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�V�X

�j�X �A�7 �r�2 �m�b�2 �i�?�2 �+�`�B�i�B�+���H �p���H�m�2 ���T�T�`�Q���+�?�- �r�2 �Q�M�H�v �F�M�Q�r �i�?���i �i�?�2 �`�2�b�m�H�i�b ���`�2 �b�B�;�M�B�}�+���M�i

���i �i�?�2 �b�i���i�2�/� �X

�9�X �q�2 �+���M �m�b�2 �i�?�2 �b���K�2 �;�2�M�2�`���H ���T�T�`�Q���+�? �i�Q �+�Q�M�/�m�+�i ���M�m�T�T�2�` �i���B�H �i�2�b�i�X �h�?�2 �i�2�b�i

�b�i���i�B�b�i�B�+z �B�b �b�i�B�H�H �+�Q�K�T�m�i�2�/ �m�b�B�M�; �2�[�m���i�B�Q�M �U�N�X�R�V�X �"�m�i�- �7�Q�` ���M �m�T�T�2�` �i���B�H �i�2�b�i�- �i�?�2p�@

�p���H�m�2 �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �Q�#�i���B�M�B�M�; �� �p���H�m�2 �7�Q�` �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+���b �H���`�;�2 ���b �Q�`

�H���`�;�2�` �i�?���M�i�?���i �T�`�Q�p�B�/�2�/ �#�v �i�?�2 �b���K�T�H�2�X

�8�X �h�Q �+�Q�K�T�m�i�2 �i�?�2p�@�p���H�m�2 �7�Q�` �i�?�2 �m�T�T�2�` �i���B�H �i�2�b�i �B�M �i�?�2� �F�M�Q�r�M �+���b�2�- �r�2 �K�m�b�i �m�b�2 �i�?�2

�b�i���M�/���`�/ �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M �i�Q �}�M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���iz �B�b �;�`�2���i�2�` �i�?���M �Q�` �2�[�m���H �i�Q

�i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+�X

�e�X�*�Q�K�T�m�i���i�B�Q�M �Q�7p�@�o���H�m�2�b �7�Q�` �P�M�2�@�h���B�H�2�/ �h�2�b�i�b

�U���V �*�Q�K�T�m�i�2 �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �m�b�B�M�; �2�[�m���i�B�Q�M �U�N�X�R�V�,

z =
�x � � 0

� /
p

n

�U�#�V�G�Q�r�2�` �i���B�H �i�2�b�i�, �l�b�B�M�; �i�?�2 �b�i���M�/���`�/ �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�- �+�Q�K�T�m�i�2 �i�?�2 �T�`�Q�#���@

�#�B�H�B�i�v �i�?���iz �B�b �H�2�b�b �i�?���M �Q�` �2�[�m���H �i�Q�i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �U���`�2��

�B�M �i�?�2�H�Q�r�2�`�i���B�H�V�X

�U�+�V�l�T�T�2�` �i���B�H �i�2�b�i�, �l�b�B�M�; �i�?�2 �b�i���M�/���`�/ �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�- �+�Q�K�T�m�i�2 �i�?�2 �T�`�Q�#���#�B�H�@

�B�i�v �i�?���iz �B�b �;�`�2���i�2�` �i�?���M �Q�` �2�[�m���H �i�Q�i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �U���`�2��

�B�M �i�?�2�m�T�T�2� �̀i���B�H�V�X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8
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�h�r�Q�@�i���B�H�2�/ �h�2�b�i

�R�X �h�?�2 �;�2�M�2�`���H �7�Q�`�K �7�Q�` �� �i�r�Q�@�i���B�H�2�/ �i�2�b�i ���#�Q�m�i �� �T�Q�T�m�H���i�B�Q�M �K�2���M�,

H0 : � = � 0; Ha : � 6= � 0

�k�X
�

�

�

��1�t���K�T�H�2 �h�?�2 �l�X�a�X �:�Q�H�7 ���b�b�Q�+�B���i�B�Q�M �U�l�a�:���V �2�b�i���#�H�B�b�?�2�b �`�m�H�2�b �i�?���i �K���M�m�7���+�i�m�`�@

�2�`�b �Q�7 �;�Q�H�7 �2�[�m�B�T�K�2�M�i �K�m�b�i �K�2�2�i �B�7 �i�?�2�B�` �T�`�Q�/�m�+�i�b ���`�2 �i�Q �#�2 ���+�+�2�T�i���#�H�2 �7�Q�` �m�b�2 �B�M

�l�a�:�� �2�p�2�M�i�b�X �J���t�6�H�B�;�?�i �A�M�+�X �m�b�2�b �� �?�B�;�?�@�i�2�+�?�M�Q�H�Q�;�v �K���M�m�7���+�i�m�`�B�M�; �T�`�Q�+�2�b�b �i�Q

�T�`�Q�/�m�+�2 �;�Q�H�7 �#���H�H�b �r�B�i�? �� �K�2���M �/�`�B�p�B�M�; �/�B�b�i���M�+�2 �Q�7 �k�N�8 �v���`�/�b�X �a�Q�K�2�i�B�K�2�b�- �?�Q�r�2�p�2�`�-

�i�?�2 �T�`�Q�+�2�b�b �;�2�i�b �Q�m�i �Q�7 ���/�D�m�b�i�K�2�M�i ���M�/ �T�`�Q�/�m�+�2�b �;�Q�H�7 �#���H�H�b �r�B�i�? �� �K�2���M �/�`�B�p�B�M�; �/�B�b�@

�i���M�+�2 �/�B�z�2�`�2�M�i �7�`�Q�K �k�N�8 �v���`�/�b�X �q�?�2�M �i�?�2 �K�2���M �/�B�b�i���M�+�2 �7���H�H�b �#�2�H�Q�r �k�N�8 �v���`�/�b�- �i�?�2

�+�Q�K�T���M�v �r�Q�`�`�B�2�b ���#�Q�m�i �H�Q�b�B�M�; �b���H�2�b �#�2�+���m�b�2 �i�?�2 �;�Q�H�7 �#���H�H�b �/�Q �M�Q�i �T�`�Q�p�B�/�2 ���b �K�m�+�?

�/�B�b�i���M�+�2 ���b ���/�p�2�`�i�B�b�2�/�X �q�?�2�M �i�?�2 �K�2���M �/�B�b�i���M�+�2 �T���b�b�2�b �k�N�8 �v���`�/�b�- �J���t�6�H�B�;�?�i�ö�b �;�Q�H�7

�#���H�H�b �K���v �#�2 �`�2�D�2�+�i�2�/ �#�v �i�?�2 �l�a�:�� �7�Q�` �2�t�+�2�2�/�B�M�; �i�?�2 �Q�p�2�`���H�H �/�B�b�i���M�+�2 �b�i���M�/���`�/ �+�Q�M�@

�+�2�`�M�B�M�; �+���`�`�v ���M�/ �`�Q�H�H�X �J���t�6�H�B�;�?�i�ö�b �[�m���H�B�i�v �+�Q�M�i�`�Q�H �T�`�Q�;�`���K �B�M�p�Q�H�p�2�b �i���F�B�M�; �T�2�`�B�Q�/�B�+

�b���K�T�H�2�b �Q�7 �8�y �;�Q�H�7 �#���H�H�b �i�Q �K�Q�M�B�i�Q�` �i�?�2 �K���M�m�7���+�i�m�`�B�M�; �T�`�Q�+�2�b�b�X �6�Q�` �2���+�? �b���K�T�H�2�-

�� �?�v�T�Q�i�?�2�b�B�b �i�2�b�i �B�b �+�Q�M�/�m�+�i�2�/ �i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�` �i�?�2 �T�`�Q�+�2�b�b �?���b �7���H�H�2�M �Q�m�i �Q�7

���/�D�m�b�i�K�2�M�i�X

�U���V �q�2 �#�2�;�B�M �#�v ���b�b�m�K�B�M�; �i�?���i �i�?�2 �T�`�Q�+�2�b�b �B�b �7�m�M�+�i�B�Q�M�B�M�; �+�Q�`�`�2�+�i�H�v�c �i�?���i �B�b�- �i�?�2

�;�Q�H�7 �#���H�H�b �#�2�B�M�; �T�`�Q�/�m�+�2�/ �?���p�2 �� �K�2���M �/�B�b�i���M�+�2 �Q�7 �k�N�8 �v���`�/�b�X �h�?�B�b ���b�b�m�K�T�i�B�Q�M

�2�b�i���#�H�B�b�?�2�b �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b�X �h�?�2 ���H�i�2�`�M���i�B�p�2 �?�v�T�Q�i�?�2�b�B�b �B�b �i�?���i �i�?�2 �K�2���M

�/�B�b�i���M�+�2 �B�b �M�Q�i �2�[�m���H �i�Q �k�N�8 �v���`�/�b�X

H0 : � = 295; Ha : � 6= 295 :

�U�#�V �A�7 �i�?�2 �b���K�T�H�2 �K�2���M�x �B�b �b�B�;�M�B�}�+���M�i�H�v �H�2�b�b�i�?���M �k�N�8 �v���`�/�b �Q�`�b�B�;�M�B�}�+���M�i�H�v �;�`�2���i�2�`

�i�?���M �k�N�8 �v���`�/�b�- �r�2 �r�B�H�H �`�2�D�2�+�iH0�X �A�M �i�?�B�b �+���b�2�- �+�Q�`�`�2�+�i�B�p�2 ���+�i�B�Q�M �r�B�H�H �#�2 �i���F�2�M

�i�Q ���/�D�m�b�i �i�?�2 �K���M�m�7���+�i�m�`�B�M�; �T�`�Q�+�2�b�b�X

�U�+�V �A�7�x �/�Q�2�b �M�Q�i �/�2�p�B���i�2 �7�`�Q�K �i�?�2 �?�v�T�Q�i�?�2�b�B�x�2�/ �K�2���M� 0 = 295 �#�v �� �b�B�;�M�B�}�+���M�i

���K�Q�m�M�i�-H0 �r�B�H�H �M�Q�i �#�2 �`�2�D�2�+�i�2�/ ���M�/�M�Q ���+�i�B�Q�M�r�B�H�H �#�2 �i���F�2�M �i�Q ���/�D�m�b�i �i�?�2

�K���M�m�7���+�i�m�`�B�M�; �T�`�Q�+�2�b�b�X

�U�/�V �h�?�2 �[�m���H�B�i�v �+�Q�M�i�`�Q�H �i�2���K �b�2�H�2�+�i�2�/� = 0:05 ���b �i�?�2 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �7�Q�` �i�?�2

�i�2�b�i�X �.���i�� �7�`�Q�K �T�`�2�p�B�Q�m�b �i�2�b�i�b �+�Q�M�/�m�+�i�2�/ �r�?�2�M �i�?�2 �T�`�Q�+�2�b�b �r���b �F�M�Q�r�M �i�Q �#�2
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�B�M ���/�D�m�b�i�K�2�M�i �b�?�Q�r �i�?���i �i�?�2 �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �+���M �#�2 ���b�b�m�K�2�/

�F�M�Q�r�M �r�B�i�? �� �p���H�m�2 �Q�7� = 12 �X �h�?�m�b�- �r�B�i�? �� �b���K�T�H�2 �b�B�x�2 �Q�7n = 50�- �i�?�2

�b�i���M�/���`�/ �2�`�`�Q�` �Q�7�x �B�b

� �x =
�

p
n

=
12

p
50

= 1:7

�U�2�V �"�2�+���m�b�2 �i�?�2 �b���K�T�H�2 �b�B�x�2 �B�b �H���`�;�2�- �i�?�2�+�2�M�i�`���H �H�B�K�B�i �i�?�2�Q�`�2�K���H�H�Q�r�b �m�b

�i�Q �+�Q�M�+�H�m�/�2 �i�?���i �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x �+���M �#�2 ���T�T�`�Q�t�B�K���i�2�/ �#�v ��

�M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�X

�U�7�V �U�6�B�;�m�`�2 �N�X�9�V �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x �7�Q�` �i�?�2 �J���t�6�H�B�;�?�i �?�v�T�Q�i�?�2�b�B�b �i�2�b�i

�r�B�i�? �� �?�v�T�Q�i�?�2�b�B�x�2�/ �T�Q�T�m�H���i�B�Q�M �K�2���M �Q�7� 0 = 295�X

�j�X �a�m�T�T�Q�b�2 �i�?���i �� �b���K�T�H�2 �Q�7 �8�y �;�Q�H�7 �#���H�H�b �B�b �b�2�H�2�+�i�2�/ ���M�/ �i�?���i �i�?�2 �b���K�T�H�2 �K�2���M �B�b

�x = 297:6 �v���`�/�b�X �h�?�B�b �b���K�T�H�2 �K�2���M �T�`�Q�p�B�/�2�b �b�m�T�T�Q�`�i �7�Q�` �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �i�?���i �i�?�2

�T�Q�T�m�H���i�B�Q�M �K�2���M �B�b �H���`�;�2�` �i�?���M �k�N�8 �v���`�/�b�X �A�b �i�?�B�b �p���H�m�2 �Q�7�x �2�M�Q�m�;�? �H���`�;�2�` �i�?���M

�k�N�8 �i�Q �+���m�b�2 �m�b �i�Q �`�2�D�2�+�iH0 ���i �i�?�2 �y�X�y�8 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�\

p�@�p���H�m�2 ���T�T�`�Q���+�?

�R�X �U�_�2�+���H�H�V �i�?�2p�@�p���H�m�2 �B�b �� �T�`�Q�#���#�B�H�B�i�v �m�b�2�/ �i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�` �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b

�b�?�Q�m�H�/ �#�2 �`�2�D�2�+�i�2�/�X

�k�X �6�Q�` �� �i�r�Q�@�i���B�H�2�/ �i�2�b�i�- �p���H�m�2�b �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+�B�M �2�B�i�?�2�` �i���B�H�T�`�Q�p�B�/�2 �2�p�B�/�2�M�+�2

���;���B�M�b�i �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b�X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8
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�j�X �6�Q�` �� �i�r�Q�@�i���B�H�2�/ �i�2�b�i�- �i�?�2p�@�p���H�m�2 �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �Q�#�i���B�M�B�M�; �� �p���H�m�2 �7�Q�` �i�?�2

�i�2�b�i �b�i���i�B�b�i�B�+���b �m�M�H�B�F�2�H�v ���b�Q�` �K�Q�`�2 �m�M�H�B�F�2�H�v �i�?���M�i�?���i �T�`�Q�p�B�/�2�/ �#�v �i�?�2

�b���K�T�H�2�X

�9�X
�

�

�

��1�t���K�T�H�2 �i�?�2 �J���t�6�H�B�;�?�i �?�v�T�Q�i�?�2�b�B�b �i�2�b�i �2�t���K�T�H�2�X

�U���V�*�Q�K�T�m�i�2 �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+�X �6�Q�` �i�?�2� �F�M�Q�r�M �+���b�2�- �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+

z �B�b �� �b�i���M�/���`�/ �M�Q�`�K���H �`���M�/�Q�K �p���`�B���#�H�2�X �l�b�B�M�; �2�[�m���i�B�Q�M �U�N�X�R�V �r�B�i�?�x = 297:6�-

�i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �B�b

z =
�x � � 0

� /
p

n
=

297:6 � 295

12/
p

50
= 1:53 :

�U�#�V�*�Q�K�T�m�i�2 �i�?�2p�@�p���H�m�2�X �6�B�M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �Q�#�i���B�M�B�M�; �� �p���H�m�2 �7�Q�` �i�?�2 �i�2�b�i

�b�i���i�B�b�i�B�+���i �H�2���b�i ���b �m�M�H�B�F�2�H�v ���bz = 1:53 �X �*�H�2���`�H�v �p���H�m�2�b �Q�7z � 1:53

���`�2 ���i �H�2���b�i ���b �m�M�H�B�F�2�H�v�X

�U�+�V �"�m�i�- �#�2�+���m�b�2 �i�?�B�b �B�b ���i�r�Q�@�i���B�H�2�/�i�2�b�i�- �p���H�m�2�b �Q�7z � �• 1:53 ���`�2 ���H�b�Q

���i �H�2���b�i ���b �m�M�H�B�F�2�H�v ���b �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �T�`�Q�p�B�/�2�/ �#�v �i�?�2 �b���K�T�H�2�X

�U�/�V �U�6�B�;�m�`�2 �N�X�8�V �i�?�2 �i�r�Q�@�i���B�H�2�/p�@�p���H�m�2�,P(z � �• 1:53) + P(z � 1:53) �X

�U�2�V �"�2�+���m�b�2 �i�?�2 �M�Q�`�K���H �+�m�`�p�2 �B�b �b�v�K�K�2�i�`�B�+�-P(z < 1:53) = 0:9370 �X �h�?�m�b�- �i�?�2

�m�T�T�2�` �i���B�H ���`�2�� �B�bP(z � 1:53) = 1:0000�• 0:9370 = 0:0630 �X

�U�7�V �h�?�2p�@�p���H�m�2 �7�Q�` �i�?�2 �J���t�6�H�B�;�?�i �i�r�Q�@�i���B�H�2�/ �?�v�T�Q�i�?�2�b�B�b �i�2�b�i �B�b

p�@�p���H�m�2= 2(0:0630) = 0:1260 �X
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�U�;�V �q�B�i�? �� �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �Q�7� = 0:05�- �r�2 �/�Q �M�Q�i �`�2�D�2�+�iH0 �#�2�+���m�b�2 �i�?�2

p�@�p���H�m�2= 0:1260> 0:05 �X �"�2�+���m�b�2 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�b �M�Q�i �`�2�D�2�+�i�2�/�- �M�Q

���+�i�B�Q�M �r�B�H�H �#�2 �i���F�2�M �i�Q ���/�D�m�b�i �i�?�2 �J���t�6�H�B�;�?�i �K���M�m�7���+�i�m�`�B�M�; �T�`�Q�+�2�b�b�X

�8�X�*�Q�K�T�m�i���i�B�Q�M �Q�7p�@�o���H�m�2�b �7�Q�` �h�r�Q�@�h���B�H�2�/ �h�2�b�i�b�X

�U���V �*�Q�K�T�m�i�2 �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �m�b�B�M�; �2�[�m���i�B�Q�M �U�N�X�R�V�X

�U�#�V �A�7 �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �B�b �B�M �i�?�2�m�T�T�2�` �i���B�H�- �+�Q�K�T�m�i�2 �i�?�2 �T�`�Q�#���@

�#�B�H�B�i�v �i�?���iz �B�b �;�`�2���i�2�` �i�?���M �Q�` �2�[�m���H �i�Q�i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �U�i�?�2

�m�T�T�2�` �i���B�H ���`�2���V�X

�U�+�V �A�7 �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �B�b �B�M �i�?�2�H�Q�r�2�` �i���B�H�- �+�Q�K�T�m�i�2 �i�?�2 �T�`�Q�#�@

���#�B�H�B�i�v �i�?���iz �B�b �H�2�b�b �i�?���M �Q�` �2�[�m���H �i�Q�i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �U�i�?�2

�H�Q�r�2�` �i���B�H ���`�2���V�X

�U�/�V �.�Q�m�#�H�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �U�Q�` �i���B�H ���`�2���V �7�`�Q�K �b�i�2�T �U�#�V �Q�` �U�+�V �i�Q �Q�#�i���B�M �i�?�2p�@�p���H�m�2�X

�*�`�B�i�B�+���H �p���H�m�2 ���T�T�`�Q���+�?

�R�X �U�6�B�;�m�`�2 �N�X�e�V �i�?�2 �+�`�B�i�B�+���H �p���H�m�2�b �7�Q�` �i�?�2 �i�2�b�i �r�B�H�H �Q�+�+�m�` �B�M �#�Q�i�? �i�?�2 �H�Q�r�2�` ���M�/ �m�T�T�2�`

�i���B�H�b �Q�7 �i�?�2 �b�i���M�/���`�/ �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�X �q�B�i�? �� �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �Q�7� = 0:05�- �i�?�2

���`�2�� �B�M �2���+�? �i���B�H �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �+�`�B�i�B�+���H �p���H�m�2�b �B�b� /2 = 0 :05/2 = 0 :025 �X

�k�X �h�?�2 �+�`�B�i�B�+���H �p���H�m�2�b �7�Q�` �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ ���`�2�• z0:025 = �• 1:96 ���M�/ z0:025 = 1:96 �X
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�j�X �h�?�2 �i�r�Q�@�i���B�H�2�/ �`�2�D�2�+�i�B�Q�M �`�m�H�2 �B�b

�_�2�D�2�+�iH0 �B�7z � � 1:96 �Q�` �B�7z � 1:96

�9�X �"�2�+���m�b�2 �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �7�Q�` �i�?�2 �J���t�6�H�B�;�?�i �b�i�m�/�v �B�bz = 1:53�- �i�?�2

�b�i���i�B�b�i�B�+���H �2�p�B�/�2�M�+�2 �r�B�H�H �M�Q�i �T�2�`�K�B�i �m�b �i�Q �`�2�D�2�+�i �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b ���i �i�?�2 �y�X�y�8 �H�2�p�2�H

�Q�7 �b�B�;�M�B�}�+���M�+�2�X

�a�m�K�K���`�v ���M�/ �S�`���+�i�B�+���H ���/�p�B�+�2

�R�X �a�m�K�K���`�v �Q�7 �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �T�`�Q�+�2�/�m�`�2�b ���#�Q�m�i �� �T�Q�T�m�H���i�B�Q�M �K�2���M �7�Q�` �i�?�2�

�F�M�Q�r�M �+���b�2�X �L�Q�i�2 �i�?���i� 0 �B�b �i�?�2 �?�v�T�Q�i�?�2�b�B�x�2�/ �p���H�m�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�X

�k�X�a�i�2�T�b �Q�7 �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�B�M�;

�a�i�2�T �R�X �.�2�p�2�H�Q�T �i�?�2 �M�m�H�H ���M�/ ���H�i�2�`�M���i�B�p�2 �?�v�T�Q�i�?�2�b�2�b �UH0; Ha �V�X

�a�i�2�T �k�X �a�T�2�+�B�7�v �i�?�2 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �U� �V�X

�a�i�2�T �j�X �*�Q�H�H�2�+�i �i�?�2 �b���K�T�H�2 �/���i�� �U�t = f x1; x2; � � � ; xng �V ���M�/ �+�Q�K�T�m�i�2 �i�?�2 �p���H�m�2 �Q�7

�i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �UT(�t) = z �V�X

p�@�p���H�m�2 ���T�T�`�Q���+�?

�a�i�2�T �9�X �l�b�2 �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �i�Q �+�Q�K�T�m�i�2 �i�?�2p�@�p���H�m�2�X
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�a�i�2�T �8�X �_�2�D�2�+�iH0 �B�7 �i�?�2p�@�p���H�m�2� � �X

�a�i�2�T �e�X �A�M�i�2�`�T�`�2�i �i�?�2�b�i���i�B�b�i�B�+���H �+�Q�M�+�H�m�b�B�Q�M�B�M �i�?�2 �+�Q�M�i�2�t�i �Q�7 �i�?�2 ���T�T�H�B�+���i�B�Q�M�X

�*�`�B�i�B�+���H �o���H�m�2 ���T�T�`�Q���+�?

�a�i�2�T �9�X �l�b�2� �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �+�`�B�i�B�+���H �p���H�m�2 �Uz� �Q�` z� /2 �V ���M�/ �i�?�2 �`�2�D�2�+�i�B�Q�M

�`�m�H�2�X

�a�i�2�T �8�X �l�b�2 �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ ���M�/ �i�?�2 �`�2�D�2�+�i�B�Q�M �`�m�H�2 �i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�`

�i�Q �`�2�D�2�+�iH0�X

�a�i�2�T �e�X �A�M�i�2�`�T�`�2�i �i�?�2 �b�i���i�B�b�i�B�+���H �+�Q�M�+�H�m�b�B�Q�M �B�M �i�?�2 �+�Q�M�i�2�t�i �Q�7 �i�?�2 ���T�T�H�B�+���i�B�Q�M�X

�j�X �S�`���+�i�B�+���H ���/�p�B�+�2 ���#�Q�m�i �i�?�2 �b���K�T�H�2 �b�B�x�2 �7�Q�` �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�b �B�b �b�B�K�B�H���` �i�Q �i�?�2 ���/�p�B�+�2

�r�2 �T�`�Q�p�B�/�2�/ ���#�Q�m�i �i�?�2 �b���K�T�H�2 �b�B�x�2 �7�Q�` �B�M�i�2�`�p���H �2�b�i�B�K���i�B�Q�M �B�M �*�?���T�i�2�` �3�X

�U���V �A�M �K�Q�b�i ���T�T�H�B�+���i�B�Q�M�b�- �� �b���K�T�H�2 �b�B�x�2 �Q�7n � 30 �B�b ���/�2�[�m���i�2 �r�?�2�M �m�b�B�M�; �i�?�2

�?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �T�`�Q�+�2�/�m�`�2 �/�2�b�+�`�B�#�2�/ �B�M �i�?�B�b �b�2�+�i�B�Q�M�X

�U�#�V �A�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �B�b�M�Q�`�K���H�H�v�/�B�b�i�`�B�#�m�i�2�/�- �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �T�`�Q�+�2�@

�/�m�`�2 �i�?���i �r�2 �/�2�b�+�`�B�#�2�/ �B�b�2�t���+�i ���M�/ �+���M �#�2 �m�b�2�/ �7�Q�` ���M�v �b���K�T�H�2 �b�B�x�2�X

�U�+�V �A�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �B�b �M�Q�i �M�Q�`�K���H�H�v �/�B�b�i�`�B�#�m�i�2�/ �#�m�i �B�b ���i �H�2���b�i�`�Q�m�;�?�H�v �b�v�K�K�2�i�`�B�+�-

�b���K�T�H�2 �b�B�x�2�b���b �b�K���H�H ���b �R�8�+���M �#�2 �2�t�T�2�+�i�2�/ �i�Q �T�`�Q�p�B�/�2 ���+�+�2�T�i���#�H�2 �`�2�b�m�H�i�b�X

�_�2�H���i�B�Q�M�b�?�B�T �"�2�i�r�2�2�M �A�M�i�2�`�p���H �1�b�i�B�K���i�B�Q�M ���M�/ �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�@

�B�M�;

�R�X �U�_�2�+���H�H�- �*�?���T�i�2�` �3�V �6�Q�` �i�?�2� �F�M�Q�r�M �+���b�2�- �i�?�2(1�• � )�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2

�Q�7 �� �T�Q�T�m�H���i�B�Q�M �K�2���M �B�b �;�B�p�2�M �#�v

�x � z� /2
�

p
n

:

�k�X �U�_�2�+���H�H�- �*�?���T�i�2�` �N�V �� �i�r�Q�@�i���B�H�2�/ �?�v�T�Q�i�?�2�b�B�b �i�2�b�i ���#�Q�m�i �� �T�Q�T�m�H���i�B�Q�M �K�2���M�,

H0 : � = � 0; Ha : � 6= � 0

�r�?�2�`�2� 0 �B�b �i�?�2 �?�v�T�Q�i�?�2�b�B�x�2�/ �p���H�m�2 �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8



�*�?���T�i�2�`�N�, �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b �S���;�2 �k�9�f�9�9

�j�X �*�Q�M�b�i�`�m�+�i�B�M�; ��100(1�• � )�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�,100(1�• � )�W

�Q�7 �i�?�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H�b �;�2�M�2�`���i�2�/�r�B�H�H �+�Q�M�i���B�M�i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M ���M�/

100� �W �Q�7 �i�?�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H�b �;�2�M�2�`���i�2�/�r�B�H�H �M�Q�i �+�Q�M�i���B�M�i�?�2 �T�Q�T�m�@

�H���i�B�Q�M �K�2���M�X

�9�X �A�7 �r�2 �`�2�D�2�+�iH0 �r�?�2�M�2�p�2�` �i�?�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �/�Q�2�b �M�Q�i �+�Q�M�i���B�M� 0�- �r�2 �r�B�H�H �#�2

�`�2�D�2�+�i�B�M�;H0 �r�?�2�M �B�i �B�b �i�`�m�2 �U� = � 0�V �r�B�i�? �T�`�Q�#���#�B�H�B�i�v� �X

�8�X �_�2�+���H�H �i�?���i� �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �`�2�D�2�+�i�B�M�; �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �r�?�2�M �B�i �B�b �i�`�m�2�X

�e�X �a�Q �+�Q�M�b�i�`�m�+�i�B�M�; ��100(1�• � )�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H ���M�/ �`�2�D�2�+�i�B�M�;H0 �r�?�2�M�2�p�2�`

�i�?�2 �B�M�i�2�`�p���H �/�Q�2�b �M�Q�i �+�Q�M�i���B�M� 0 �B�b �2�[�m�B�p���H�2�M�i�i�Q �+�Q�M�/�m�+�i�B�M�; ���i�r�Q�@�i���B�H�2�/

�?�v�T�Q�i�?�2�b�B�b �i�2�b�i �r�B�i�?� ���b �i�?�2 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�X

�d�X �� �*�Q�M�}�/�2�M�+�2 �A�M�i�2�`�p���H ���T�T�`�Q���+�? �i�Q �h�2�b�i�B�M�; �� �>�v�T�Q�i�?�2�b�B�b �Q�7 �i�?�2 �6�Q�`�K�,

H0 : � = � 0; Ha : � 6= � 0

�U���V �a�2�H�2�+�i �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �7�`�Q�K �i�?�2 �T�Q�T�m�H���i�B�Q�M ���M�/ �m�b�2 �i�?�2 �p���H�m�2 �Q�7 �i�?�2

�b���K�T�H�2 �K�2���M�x �i�Q �/�2�p�2�H�Q�T �i�?�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M� �X

�x � z� /2
�

p
n

�U�#�V �A�7 �i�?�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �+�Q�M�i���B�M�b �i�?�2 �?�v�T�Q�i�?�2�b�B�x�2�/ �p���H�m�2� 0 �- �/�Q �M�Q�i �`�2�D�2�+�i

H0�X �P�i�?�2�`�r�B�b�2�- �`�2�D�2�+�iH0

�3�X �L�Q�i�2 �i�?���i �i�?�B�b �/�B�b�+�m�b�b�B�Q�M ���M�/ �2�t���K�T�H�2 �T�2�`�i���B�M �i�Q �i�r�Q�@�i���B�H�2�/ �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�b ���#�Q�m�i ��

�T�Q�T�m�H���i�B�Q�M �K�2���M�X �>�Q�r�2�p�2�`�- �i�?�2 �b���K�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H ���M�/ �i�r�Q�@�i���B�H�2�/ �?�v�T�Q�i�?�2�b�B�b

�i�2�b�i�B�M�; �`�2�H���i�B�Q�M�b�?�B�T �2�t�B�b�i�b �7�Q�` �Q�i�?�2�` �T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�`�b�X

�N�X �h�?�2 �`�2�H���i�B�Q�M�b�?�B�T �+���M ���H�b�Q �#�2 �2�t�i�2�M�/�2�/ �i�Q �Q�M�2�@�i���B�H�2�/ �i�2�b�i�b ���#�Q�m�i �T�Q�T�m�H���i�B�Q�M �T���`���K�2�@

�i�2�`�b�X �.�Q�B�M�; �b�Q�- �?�Q�r�2�p�2�`�- �`�2�[�m�B�`�2�b �i�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7�Q�M�2�@�b�B�/�2�/ �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H�b�-

�r�?�B�+�? ���`�2 �`���`�2�H�v �m�b�2�/ �B�M �T�`���+�i�B�+�2�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�9�j�8�V
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�*�?���T�i�2�`�N�, �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b �S���;�2 �k�8�f�9�9

�h�?�2 �J���t�6�H�B�;�?�i �?�v�T�Q�i�?�2�b�B�b �i�2�b�i �i���F�2�b �i�?�2 �7�Q�H�H�Q�r�B�M�; �7�Q�`�K�,

H0 : � = 295; Ha : � 6= 295:

�*�Q�M�/�m�+�i�B�M�; �i�?�2 �J���t�6�H�B�;�?�i �?�v�T�Q�i�?�2�b�B�b �i�2�b�i �r�B�i�? �� �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �Q�7� = 0:05

�m�b�B�M�; �i�?�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H ���T�T�`�Q���+�?�X

�b�Q�H�,

�� �q�2 �b���K�T�H�2�/n = 50 �;�Q�H�7 �#���H�H�b ���M�/ �7�Q�m�M�/ �� �b���K�T�H�2 �K�2���M �/�B�b�i���M�+�2 �Q�7

�x = 297:6 �v���`�/�b�X �_�2�+���H�H �i�?���i �i�?�2 �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �B�b� = 12

�ö

�� �h�?�295�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �B�b

�x � z0:025
�

p
n

297:6 � 1:96
12

p
50

297:6 � 3:3 or (294:3; 300:9):

�� �q�B�i�? �N�8�W �+�Q�M�}�/�2�M�+�2�- �i�?�2 �K�2���M �/�B�b�i���M�+�2 �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �;�Q�H�7 �#���H�H�b �B�b

�#�2�i�r�2�2�M �k�N�9�X�j ���M�/ �j�y�y�X�N �v���`�/�b�X

�� �"�2�+���m�b�2 �i�?�2 �B�M�i�2�`�p���H �+�Q�M�i���B�M�b �i�?�2 �?�v�T�Q�i�?�2�b�B�x�2�/ �p���H�m�2 �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�-

� 0 = 295�- �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �+�Q�M�+�H�m�b�B�Q�M �B�b �i�?���i �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b�-H0 :

� = 295�- �+���M�M�Q�i �#�2 �`�2�D�2�+�i�2�/�X

�N�X�9 �S�Q�T�m�H���i�B�Q�M �J�2���M�,� �l�M�F�M�Q�r�M

�R�X �h�Q �+�Q�M�/�m�+�i �� �?�v�T�Q�i�?�2�b�B�b �i�2�b�i ���#�Q�m�i �� �T�Q�T�m�H���i�B�Q�M �K�2���M �7�Q�` �i�?�2� �m�M�F�M�Q�r�M �+���b�2�-

�i�?�2 �b���K�T�H�2 �K�2���M�x �B�b �m�b�2�/ ���b ���M �2�b�i�B�K���i�2 �Q�7� ���M�/ �i�?�2 �b���K�T�H�2 �b�i���M�/���`�/

�/�2�p�B���i�B�Q�Ms �B�b �m�b�2�/ ���b ���M �2�b�i�B�K���i�2 �Q�7� �X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8



�*�?���T�i�2�`�N�, �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b �S���;�2 �k�e�f�9�9

�k�X �U�_�2�+���H�H�V �6�Q�` �i�?�2� �F�M�Q�r�M �+���b�2�- �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �?���b ��

�b�i���M�/���`�/ �M�Q�`�K���H�/�B�b�i�`�B�#�m�i�B�Q�M�X �6�Q�` �i�?�2� �m�M�F�M�Q�r�M �+���b�2�- �?�Q�r�2�p�2�`�- �i�?�2 �b���K�T�H�B�M�;

�/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �7�Q�H�H�Q�r�b �i�?�2t �/�B�b�i�`�B�#�m�i�B�Q�M�c �B�i �?���b �b�H�B�;�?�i�H�v �K�Q�`�2

�p���`�B���#�B�H�B�i�v �#�2�+���m�b�2 �i�?�2 �b���K�T�H�2 �B�b �m�b�2�/ �i�Q �/�2�p�2�H�Q�T �2�b�i�B�K���i�2�b �Q�7 �#�Q�i�?� ���M�/� �X

�j�X�h�2�b�i �a�i���i�B�b�i�B�+ �7�Q�` �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b ���#�Q�m�i �� �S�Q�T�m�H���i�B�Q�M �J�2���M�,� �l�M�F�M�Q�r�M

�i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �?���b ��t �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�?n�• 1 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K�,

t =
�x � � 0

s/
p

n
(9:2)

�9�X �h�?�2t �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �#���b�2�/ �Q�M ���M ���b�b�m�K�T�i�B�Q�M �i�?���i �i�?�2�T�Q�T�m�H���i�B�Q�M�7�`�Q�K �r�?�B�+�?

�r�2 ���`�2 �b���K�T�H�B�M�; �?���b ���M�Q�`�K���H�/�B�b�i�`�B�#�m�i�B�Q�M�X �>�Q�r�2�p�2�`�- �`�2�b�2���`�+�? �b�?�Q�r�b �i�?���i �i�?�B�b

���b�b�m�K�T�i�B�Q�M �+���M �#�2 �`�2�H���t�2�/ �+�Q�M�b�B�/�2�`���#�H�v �r�?�2�M �i�?�2 �b���K�T�H�2 �b�B�x�2 �B�b�H���`�;�2 �2�M�Q�m�;�?�X

�P�M�2�@�i���B�H�2�/ �h�2�b�i

�R�X
�

�

�

��1�t���K�T�H�2 �� �#�m�b�B�M�2�b�b �i�`���p�2�H �K���;���x�B�M�2 �r���M�i�b �i�Q �+�H���b�b�B�7�v �i�`���M�b���i�H���M�i�B�+ �;���i�2�r���v ���B�`�@

�T�Q�`�i�b ���+�+�Q�`�/�B�M�; �i�Q �i�?�2 �K�2���M �`���i�B�M�; �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �#�m�b�B�M�2�b�b �i�`���p�2�H�2�`�b�X �� �`���i�B�M�;

�b�+���H�2 �r�B�i�? �� �H�Q�r �b�+�Q�`�2 �Q�7 �y ���M�/ �� �?�B�;�? �b�+�Q�`�2 �Q�7 �R�y �r�B�H�H �#�2 �m�b�2�/�- ���M�/ ���B�`�T�Q�`�i�b �r�B�i�?

�� �T�Q�T�m�H���i�B�Q�M �K�2���M �`���i�B�M�; �;�`�2���i�2�` �i�?���M �d �r�B�H�H �#�2 �/�2�b�B�;�M���i�2�/ ���b �b�m�T�2�`�B�Q�` �b�2�`�p�B�+�2 ���B�`�@

�T�Q�`�i�b�X �h�?�2 �K���;���x�B�M�2 �b�i���z �b�m�`�p�2�v�2�/ �� �b���K�T�H�2 �Q�7 �e�y �#�m�b�B�M�2�b�b �i�`���p�2�H�2�`�b ���i �2���+�? ���B�`�T�Q�`�i

�i�Q �Q�#�i���B�M �i�?�2 �`���i�B�M�;�b �/���i���X �h�?�2 �b���K�T�H�2 �7�Q�` �G�Q�M�/�Q�M�ö�b �>�2���i�?�`�Q�r ���B�`�T�Q�`�i �T�`�Q�p�B�/�2�/ ��

�b���K�T�H�2 �K�2���M �`���i�B�M�; �Q�7�x = 7:25 ���M�/ �� �b���K�T�H�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7s = 1:052�X �.�Q

�i�?�2 �/���i�� �B�M�/�B�+���i�2 �i�?���i �>�2���i�?�`�Q�r �b�?�Q�m�H�/ �#�2 �/�2�b�B�;�M���i�2�/ ���b �� �b�m�T�2�`�B�Q�` �b�2�`�p�B�+�2 ���B�`�T�Q�`�i�\

�U���V �q�2 �r���M�i �i�Q �/�2�p�2�H�Q�T �� �?�v�T�Q�i�?�2�b�B�b �i�2�b�i �7�Q�` �r�?�B�+�? �i�?�2 �/�2�+�B�b�B�Q�M �i�Q �`�2�D�2�+�iH0

�r�B�H�H �H�2���/ �i�Q �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �i�?���i �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �`���i�B�M�; �7�Q�` �i�?�2 �>�2���i�?�`�Q�r

���B�`�T�Q�`�i �B�b �;�`�2���i�2�` �i�?���M �d�X

�U�#�V �h�?�2 �M�m�H�H ���M�/ ���H�i�2�`�M���i�B�p�2 �?�v�T�Q�i�?�2�b�2�b �7�Q�` �i�?�B�b �m�T�T�2�` �i���B�H �i�2�b�i�,

H0 : � � 7; Ha : � > 7

�U�+�V �l�b�2� = 0:05�- �r�B�i�?�x = 7:25�-� 0 = 7�-s = 1:052�- ���M�/n = 60�- �i�?�2 �p���H�m�2 �Q�7 �i�?�2

�i�2�b�i �b�i���i�B�b�i�B�+�,

t =
�x � � 0

s/
p

n
=

7:25� 7

1:052/
p

60
= 1:84
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�*�?���T�i�2�`�N�, �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b �S���;�2 �k�d�f�9�9

�U�/�V �h�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7t �?���b n�• 1 = 60�• 1 = 59 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K�X

�"�2�+���m�b�2 �i�?�2 �i�2�b�i �B�b ���M �m�T�T�2�` �i���B�H �i�2�b�i�- �i�?�2p�@�p���H�m�2 �B�bP(t � 1:84) �- �i�?���i �B�b�-

�i�?�2 �m�T�T�2�` �i���B�H ���`�2�� �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+�X

�U�2�V �U�h���#�H�2 �k �B�M ���T�T�2�M�/�B�t �"�V �i�?�2t �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �8�N �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K �T�`�Q�p�B�/�2�b

�i�?�2 �7�Q�H�H�Q�r�B�M�; �B�M�7�Q�`�K���i�B�Q�M�X

���`�2�� �B�M �l�T�T�2�` �h���B�H�y�X�k�y �y�X�R�y �y�X�y�8 �y�X�y�k�8 �y�X�y�R �y�X�y�y�8

t�@�o���H�m�2 �U�8�Ndf �V �y�X�3�9�3 �R�X�k�N�e �R�X�e�d�R �k�X�y�y�R �k�X�j�N�R �k�X�e�e�k

�B�X �q�2 �b�2�2 �i�?���it = 1:84 �B�b �#�2�i�r�2�2�M�R�X�e�d�R ���M�/ �k�X�y�y�R�X �h�?�2 �p���H�m�2�b �B�M �i�?�2 �ô

���`�2�� �B�M �l�T�T�2�` �h���B�H�ô �`�Q�r �b�?�Q�r �i�?���i �i�?�2p�@�p���H�m�2 �K�m�b�i �#�2 �H�2�b�b �i�?���M�y�X�y�8

���M�/ �;�`�2���i�2�` �i�?���M�y�X�y�k�8�X

�B�B�X �q�B�i�? �� �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �Q�7� = 0:05�- �i�?�B�b �T�H���+�2�K�2�M�i �B�b ���H�H �r�2 �M�2�2�/ �i�Q

�F�M�Q�r �i�Q �K���F�2 �i�?�2 �/�2�+�B�b�B�Q�M �i�Q �`�2�D�2�+�i �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b ���M�/ �+�Q�M�+�H�m�/�2 �i�?���i

�>�2���i�?�`�Q�r �b�?�Q�m�H�/ �#�2 �+�H���b�b�B�}�2�/ ���b �� �b�m�T�2�`�B�Q�` �b�2�`�p�B�+�2 ���B�`�T�Q�`�i�X

�U�7�V �U�l�b�B�M�; �b�Q�7�i�r���`�2�Vt = 1:84 �T�`�Q�p�B�/�2�b �i�?�2 �m�T�T�2�` �i���B�Hp�@�p���H�m�2 �Q�7�y�X�y�j�8�9�7�Q�`

�i�?�2 �>�2���i�?�`�Q�r ���B�`�T�Q�`�i �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�X �q�B�i�?0:0354< 0:05 �- �r�2 �`�2�D�2�+�i �i�?�2

�M�m�H�H �?�v�T�Q�i�?�2�b�B�b ���M�/ �+�Q�M�+�H�m�/�2 �i�?���i �>�2���i�?�`�Q�r �b�?�Q�m�H�/ �#�2 �+�H���b�b�B�}�2�/ ���b �� �b�m�T�2�`�B�Q�`

�b�2�`�p�B�+�2 ���B�`�T�Q�`�i�X

�U�;�V �h�?�2 �+�`�B�i�B�+���H �p���H�m�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q ���M ���`�2�� �Q�7� = 0:05 �B�M �i�?�2 �m�T�T�2�` �i���B�H �Q�7 ��

�i �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �8�N �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K �B�bt59;0:05 = 1:671 �X

�U�?�V �h�?�2 �`�2�D�2�+�i�B�Q�M �`�m�H�2 �m�b�B�M�; �i�?�2 �+�`�B�i�B�+���H �p���H�m�2 ���T�T�`�Q���+�? �B�b �i�Q �`�2�D�2�+�iH0 �B�7t � 1:671�X

�"�2�+���m�b�2t = 1:84 > 1:671 �-H0 �B�b �`�2�D�2�+�i�2�/�X �>�2���i�?�`�Q�r �b�?�Q�m�H�/ �#�2 �+�H���b�b�B�}�2�/

���b �� �b�m�T�2�`�B�Q�` �b�2�`�p�B�+�2 ���B�`�T�Q�`�i�X

�h�r�Q�@�i���B�H�2�/ �h�2�b�i

�R�X
�

�

�

��1�t���K�T�H�2 �*�Q�M�b�B�/�2�` �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �b�B�i�m���i�B�Q�M �7���+�B�M�; �>�Q�H�B�/���v �h�Q�v�b�X �h�?�2 �+�Q�K�@

�T���M�v �K���M�m�7���+�i�m�`�2�b ���M�/ �/�B�b�i�`�B�#�m�i�2�b �B�i�b �T�`�Q�/�m�+�i�b �i�?�`�Q�m�;�? �K�Q�`�2 �i�?���M �R�y�y�y �`�2�i���B�H �Q�m�i�@

�H�2�i�b�X �A�M �T�H���M�M�B�M�; �T�`�Q�/�m�+�i�B�Q�M �H�2�p�2�H�b �7�Q�` �i�?�2 �+�Q�K�B�M�; �r�B�M�i�2�` �b�2���b�Q�M�- �>�Q�H�B�/���v �K�m�b�i

�/�2�+�B�/�2 �?�Q�r �K���M�v �m�M�B�i�b �Q�7 �2���+�? �T�`�Q�/�m�+�i �i�Q �T�`�Q�/�m�+�2 �T�`�B�Q�` �i�Q �F�M�Q�r�B�M�; �i�?�2 ���+�i�m���H

�/�2�K���M�/ ���i �i�?�2 �`�2�i���B�H �H�2�p�2�H�X �6�Q�` �i�?�B�b �v�2���`�ö�b �K�Q�b�i �B�K�T�Q�`�i���M�i �M�2�r �i�Q�v�- �>�Q�H�B�/���v�� �b

�K���`�F�2�i�B�M�; �/�B�`�2�+�i�Q�` �B�b �2�t�T�2�+�i�B�M�; �/�2�K���M�/ �i�Q ���p�2�`���;�2 �9�y �m�M�B�i�b �T�2�` �`�2�i���B�H �Q�m�i�H�2�i�X �S�`�B�Q�`

�i�Q �K���F�B�M�; �i�?�2 �}�M���H �T�`�Q�/�m�+�i�B�Q�M �/�2�+�B�b�B�Q�M �#���b�2�/ �m�T�Q�M �i�?�B�b �2�b�i�B�K���i�2�- �>�Q�H�B�/���v �/�2�+�B�/�2�/
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�i�Q �b�m�`�p�2�v �� �b���K�T�H�2 �Q�7 �k�8 �`�2�i���B�H�2�`�b �B�M �Q�`�/�2�` �i�Q �/�2�p�2�H�Q�T �K�Q�`�2 �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �i�?�2

�/�2�K���M�/ �7�Q�` �i�?�2 �M�2�r �T�`�Q�/�m�+�i�X �1���+�? �`�2�i���B�H�2�` �r���b �T�`�Q�p�B�/�2�/ �r�B�i�? �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i

�i�?�2 �7�2���i�m�`�2�b �Q�7 �i�?�2 �M�2�r �i�Q�v ���H�Q�M�; �r�B�i�? �i�?�2 �+�Q�b�i ���M�/ �i�?�2 �b�m�;�;�2�b�i�2�/ �b�2�H�H�B�M�; �T�`�B�+�2�X �h�?�2�M

�2���+�? �`�2�i���B�H�2�` �r���b ���b�F�2�/ �i�Q �b�T�2�+�B�7�v ���M ���M�i�B�+�B�T���i�2�/ �Q�`�/�2�` �[�m���M�i�B�i�v�X �q�B�i�?� �/�2�M�Q�i�B�M�;

�i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �Q�`�/�2�` �[�m���M�i�B�i�v �T�2�` �`�2�i���B�H �Q�m�i�H�2�i�- �i�?�2 �b���K�T�H�2 �/���i�� �r�B�H�H �#�2 �m�b�2�/

�i�Q �+�Q�M�/�m�+�i �i�?�2 �7�Q�H�H�Q�r�B�M�; �i�r�Q�@�i���B�H�2�/ �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�,

H0 : � = 40; Ha : � 6= 40

�U���V �A�7H0 �+���M�M�Q�i �#�2 �`�2�D�2�+�i�2�/�- �>�Q�H�B�/���v �r�B�H�H �+�Q�M�i�B�M�m�2 �B�i�b �T�`�Q�/�m�+�i�B�Q�M �T�H���M�M�B�M�; �#���b�2�/

�Q�M �i�?�2 �K���`�F�2�i�B�M�; �/�B�`�2�+�i�Q�`�ö�b �2�b�i�B�K���i�2 �i�?���i �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �Q�`�/�2�` �[�m���M�i�B�i�v

�T�2�` �`�2�i���B�H �Q�m�i�H�2�i �r�B�H�H �#�2� = 40 �m�M�B�i�b�X

�U�#�V �A�7H0 �B�b �`�2�D�2�+�i�2�/�- �>�Q�H�B�/���v �r�B�H�H �B�K�K�2�/�B���i�2�H�v �`�2�2�p���H�m���i�2 �B�i�b �T�`�Q�/�m�+�i�B�Q�M �T�H���M �7�Q�`

�i�?�2 �T�`�Q�/�m�+�i�X

�U�+�V �� �i�r�Q�@�i���B�H�2�/ �?�v�T�Q�i�?�2�b�B�b �i�2�b�i �B�b �m�b�2�/ �#�2�+���m�b�2 �>�Q�H�B�/���v �r���M�i�b �i�Q �`�2�2�p���H�m���i�2 �i�?�2

�T�`�Q�/�m�+�i�B�Q�M �T�H���M �B�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �[�m���M�i�B�i�v �T�2�` �`�2�i���B�H �Q�m�i�H�2�i �B�b �H�2�b�b �i�?���M

���M�i�B�+�B�T���i�2�/ �Q�` �;�`�2���i�2�` �i�?���M ���M�i�B�+�B�T���i�2�/�X

�U�/�V �"�2�+���m�b�2 �M�Q �?�B�b�i�Q�`�B�+���H �/���i�� ���`�2 ���p���B�H���#�H�2 �U�B�i�ö�b �� �M�2�r �T�`�Q�/�m�+�i�V�- �i�?�2 �T�Q�T�m�H���i�B�Q�M

�K�2���M� ���M�/ �i�?�2 �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �K�m�b�i �#�Q�i�? �#�2 �2�b�i�B�K���i�2�/ �m�b�B�M�;

�x ���M�/s �7�`�Q�K �i�?�2 �b���K�T�H�2 �/���i���X

�U�2�V �h�?�2 �b���K�T�H�2 �Q�7 �k�8 �`�2�i���B�H�2�`�b �T�`�Q�p�B�/�2�/ �� �K�2���M �Q�7�x = 37:4 ���M�/ �� �b�i���M�/���`�/ �/�2�p�B���@

�i�B�Q�M �Q�7s = 11:79 �m�M�B�i�b�X

�U�7�V �U�*�?�2�+�F �Q�M �i�?�2 �7�Q�`�K �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M�V�X �h�?�2 �?�B�b�i�Q�;�`���K �Q�7 �i�?�2 �b���K�T�H�2

�/���i�� �b�?�Q�r�2�/ �M�Q �2�p�B�/�2�M�+�2 �Q�7 �b�F�2�r�M�2�b�b �Q�` ���M�v �2�t�i�`�2�K�2 �Q�m�i�H�B�2�`�b�- �b�Q �i�?�2 ���M���H�v�b�i

�+�Q�M�+�H�m�/�2�/ �i�?���i �i�?�2 �m�b�2 �Q�7 �i�?�2t �/�B�b�i�`�B�#�m�i�B�Q�M�r�B�i�?n�• 1 = 24 �/�2�;�`�2�2�b �Q�7

�7�`�2�2�/�Q�K �r���b ���T�T�`�Q�T�`�B���i�2�X

�U�;�V �l�b�B�M�; �2�[�m���i�B�Q�M �U�N�X�k�V �r�B�i�?�x = 37:4�-� 0 = 40�-s = 11:79�- ���M�/n = 25�- �i�?�2 �p���H�m�2

�Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �B�b

t =
�x � � 0

s/
p

n
=

37:4 � 40

11:79/
p

50
= � 1:10 :

�U�?�V �h�?�2t �/�B�b�i�`�B�#�m�i�B�Q�M �i���#�H�2 �Q�M�H�v �+�Q�M�i���B�M�b �T�Q�b�B�i�B�p�2t �p���H�m�2�b�X �"�2�+���m�b�2 �i�?�2t �/�B�b�i�`�B�@

�#�m�i�B�Q�M �B�b�b�v�K�K�2�i�`�B�+�- �?�Q�r�2�p�2�`�- �i�?�2 �m�T�T�2�` �i���B�H ���`�2�� ���it = 1:10 �B�b �i�?�2

�b���K�2 ���b �i�?�2 �H�Q�r�2�` �i���B�H ���`�2�� ���it = �• 1:10 �X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8
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�U�B�V �U�h���#�H�2 �k �B�M ���T�T�2�M�/�B�t �"�V

���`�2�� �B�M �l�T�T�2�` �h���B�H�y�X�k�y �y�X�R�y �y�X�y�8 �y�X�y�k�8 �y�X�y�R �y�X�y�y�8

�i�@�o���H�m�2 �U�k�9df �V �y�X�3�8�d �R�X�j�R�3 �R�X�d�R�R �k�X�y�e�9 �k�X�9�N�k �k�X�d�N�d

�U�D�V �q�2 �b�2�2 �i�?���it = 1:10 �B�b �#�2�i�r�2�2�M�y�X�3�8�d ���M�/ �R�X�j�R�3�X �6�`�Q�K �i�?�2 �ô���`�2�� �B�M

�l�T�T�2�` �h���B�H�ô �`�Q�r�- �r�2 �b�2�2 �i�?���i �i�?�2 ���`�2�� �B�M �i�?�2 �m�T�T�2�` �i���B�H ���it = 1:10 �B�b �#�2�i�r�2�2�M

�y�X�k�y ���M�/ �y�X�R�y�X

�U�F�V �q�?�2�M �r�2 �/�Q�m�#�H�2 �i�?�2�b�2 ���K�Q�m�M�i�b�- �r�2 �b�2�2 �i�?���i �i�?�2p�@�p���H�m�2 �K�m�b�i �#�2 �#�2�i�r�2�2�M

�y�X�9�y ���M�/ �y�X�k�y�X �q�B�i�? �� �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �Q�7� = 0:05�- �r�2 �M�Q�r

�F�M�Q�r �i�?���i �i�?�2p�@�p���H�m�2 �B�b �;�`�2���i�2�` �i�?���M� �X �h�?�2�`�2�7�Q�`�2�-H0 �+���M�M�Q�i �#�2 �`�2�D�2�+�i�2�/�X

�a�m�{�+�B�2�M�i �2�p�B�/�2�M�+�2 �B�b �M�Q�i ���p���B�H���#�H�2 �i�Q �+�Q�M�+�H�m�/�2 �i�?���i �>�Q�H�B�/���v �b�?�Q�m�H�/ �+�?���M�;�2 �B�i�b

�T�`�Q�/�m�+�i�B�Q�M �T�H���M �7�Q�` �i�?�2 �+�Q�K�B�M�; �b�2���b�Q�M�X

�U�H�V �U�a�Q�7�i�r���`�2�V �h�?�2p�@�p���H�m�2 �Q�#�i���B�M�2�/ �B�b�y�X�k�3�k�k�X �q�B�i�? �� �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �Q�7

� = 0:05�- �r�2 �+���M�M�Q�i �`�2�D�2�+�iH0 �#�2�+���m�b�20:2822> 0:05�X

�U�K�V �q�B�i�?� = 0:05���M�/ �i�?�2t �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �k�9 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K�-�• t24;0:025 = �• 2:064

���M�/ t24;0:025 = 2:064 ���`�2 �i�?�2 �+�`�B�i�B�+���H �p���H�m�2�b �7�Q�` �i�?�2 �i�r�Q�@�i���B�H�2�/ �i�2�b�i�X �h�?�2 �`�2�@

�D�2�+�i�B�Q�M �`�m�H�2 �m�b�B�M�; �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �B�b

�_�2�D�2�+�iH0 �B�7t � � 2:064 �Q�` �B�7t � 2:064 �X

�U�M�V �"���b�2�/ �Q�M �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+t = �• 1:10�- H0 �+���M�M�Q�i �#�2 �`�2�D�2�+�i�2�/�X �h�?�B�b �`�2�b�m�H�i

�B�M�/�B�+���i�2�b �i�?���i �>�Q�H�B�/���v �b�?�Q�m�H�/ �+�Q�M�i�B�M�m�2 �B�i�b �T�`�Q�/�m�+�i�B�Q�M �T�H���M�M�B�M�; �7�Q�` �i�?�2 �+�Q�K�B�M�;

�b�2���b�Q�M �#���b�2�/ �Q�M �i�?�2 �2�t�T�2�+�i���i�B�Q�M �i�?���i� = 40 �X

�a�m�K�K���`�v ���M�/ �S�`���+�i�B�+���H ���/�p�B�+�2

�R�X �U�h���#�H�2 �N�X�j�V �� �b�m�K�K���`�v �Q�7 �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �T�`�Q�+�2�/�m�`�2�b ���#�Q�m�i �� �T�Q�T�m�H���i�B�Q�M

�K�2���M �7�Q�` �i�?�2� �m�M�F�M�Q�r�M �+���b�2�X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8



�*�?���T�i�2�`�N�, �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b �S���;�2 �j�y�f�9�9

�k�X �h�?�2 ���T�T�H�B�+���#�B�H�B�i�v �Q�7 �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �T�`�Q�+�2�/�m�`�2�b �Q�7 �i�?�B�b �b�2�+�i�B�Q�M �B�b �/�2�T�2�M�/�2�M�i �Q�M

�i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M�#�2�B�M�; �b���K�T�H�2�/ �7�`�Q�K ���M�/ �i�?�2�b���K�T�H�2 �b�B�x�2�X

�N�X�8 �S�Q�T�m�H���i�B�Q�M �S�`�Q�T�Q�`�i�B�Q�M

�R�X �l�b�B�M�;p0 �i�Q �/�2�M�Q�i�2 �i�?�2 �?�v�T�Q�i�?�2�b�B�x�2�/ �p���H�m�2 �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�- �i�?�2 �i�?�`�2�2

�7�Q�`�K�b �7�Q�` �� �?�v�T�Q�i�?�2�b�B�b �i�2�b�i ���#�Q�m�i �� �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�,

�H�Q�r�2�` �i���B�H �i�2�b�i �m�T�T�2�` �i���B�H �i�2�b�i �i�r�Q�@�i���B�H�2�/ �i�2�b�i

H0 : p � p0 H0 : p � p0 H0 : p = p0

Ha : p < p0 Ha : p > p0 Ha : p 6= p0

�k�X �>�v�T�Q�i�?�2�b�B�b �i�2�b�i�b ���#�Q�m�i �� �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M ���`�2 �#���b�2�/ �Q�M �i�?�2�/�B�z�2�`�2�M�+�2

�#�2�i�r�2�2�M �i�?�2 �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M�p ���M�/ �i�?�2 �?�v�T�Q�i�?�2�b�B�x�2�/ �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M

p0 �X

�j�X �h�?�2�b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M�Q�7�p�- �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�` �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �T���`���K�@

�2�i�2�p̀�- �B�b �i�?�2 �#���b�B�b �7�Q�` �/�2�p�2�H�Q�T�B�M�; �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+�X
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�9�X �q�?�2�M �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�b �i�`�m�2 ���b ���M �2�[�m���H�B�i�v�- �i�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2 �Q�7p �2�[�m���H�b �i�?�2

�?�v�T�Q�i�?�2�b�B�x�2�/ �p���H�m�2p0�c �i�?���i �B�b�-E(�p) = p0 �X �h�?�2 �b�i���M�/���`�/ �2�`�`�Q�` �Q�7�p �B�b �;�B�p�2�M �#�v

� �p =

r
p0(1 � p0)

n

�8�X �U�_�2�+���H�H�- �*�?���T�i�2�` �d�V �r�2 �b���B�/ �i�?���i �B�7np � 5 ���M�/ n(1�• p) � 5 �- �i�?�2 �b���K�T�H�B�M�;

�/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�p �+���M �#�2 ���T�T�`�Q�t�B�K���i�2�/ �#�v ���M�Q�`�K���H�/�B�b�i�`�B�#�m�i�B�Q�M�X �l�M�/�2�` �i�?�2�b�2

�+�Q�M�/�B�i�B�Q�M�b�- �r�?�B�+�? �m�b�m���H�H�v ���T�T�H�v �B�M �T�`���+�i�B�+�2�- �i�?�2 �[�m���M�i�B�i�v

z =
�p � p0

� �p
(9:3)

�?���b �� �b�i���M�/���`�/ �M�Q�`�K���H �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�X

�e�X�h�2�b�i �a�i���i�B�b�i�B�+ �7�Q�` �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b ���#�Q�m�i �� �S�Q�T�m�H���i�B�Q�M �S�`�Q�T�Q�`�i�B�Q�M

�q�B�i�? � �p =
p

p0(1 � p0)/ n �- �i�?�2 �b�i���M�/���`�/ �M�Q�`�K���H �`���M�/�Q�K �p���`�B���#�H�2z �B�b �i�?�2 �i�2�b�i

�b�i���i�B�b�i�B�+ �m�b�2�/ �i�Q �+�Q�M�/�m�+�i �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�b ���#�Q�m�i �� �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�X

z =
�p � p0q
p0 (1� p0 )

n

�d�X
�

�

�

��1�t���K�T�H�2 �U�S�B�M�2 �*�`�2�2�F �;�Q�H�7 �+�Q�m�`�b�2 �2�t���K�T�H�2�V�X �P�p�2�` �i�?�2 �T���b�i �v�2���`�- �k�y�W �Q�7 �i�?�2 �T�H���v�2�`�b

���i �S�B�M�2 �*�`�2�2�F �r�2�`�2 �r�Q�K�2�M�X �A�M ���M �2�z�Q�`�i �i�Q �B�M�+�`�2���b�2 �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �r�Q�K�2�M �T�H���v�2�`�b�-

�S�B�M�2 �*�`�2�2�F �B�K�T�H�2�K�2�M�i�2�/ �� �b�T�2�+�B���H �T�`�Q�K�Q�i�B�Q�M �/�2�b�B�;�M�2�/ �i�Q ���i�i�`���+�i �r�Q�K�2�M �;�Q�H�7�2�`�b�X

�P�M�2 �K�Q�M�i�? ���7�i�2�` �i�?�2 �T�`�Q�K�Q�i�B�Q�M �r���b �B�K�T�H�2�K�2�M�i�2�/�- �i�?�2 �+�Q�m�`�b�2 �K���M���;�2�` �`�2�[�m�2�b�i�2�/

�� �b�i���i�B�b�i�B�+���H �b�i�m�/�v �i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�` �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �r�Q�K�2�M �T�H���v�2�`�b ���i �S�B�M�2

�*�`�2�2�F �?���/ �B�M�+�`�2���b�2�/�X

�U���V �"�2�+���m�b�2 �i�?�2 �Q�#�D�2�+�i�B�p�2 �Q�7 �i�?�2 �b�i�m�/�v �B�b �i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�` �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7

�r�Q�K�2�M �;�Q�H�7�2�`�b �B�M�+�`�2���b�2�/�- ���M �m�T�T�2�` �i���B�H �i�2�b�i �r�B�i�?Ha : p > 0:20 �B�b ���T�T�`�Q�@

�T�`�B���i�2�,

H0 : p � 0:20; Ha : p > 0:20

�U�#�V �A�7H0 �+���M �#�2 �`�2�D�2�+�i�2�/�- �i�?�2 �i�2�b�i �`�2�b�m�H�i�b �r�B�H�H �;�B�p�2 �b�i���i�B�b�i�B�+���H �b�m�T�T�Q�`�i �7�Q�` �i�?�2

�+�Q�M�+�H�m�b�B�Q�M �i�?���i �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �r�Q�K�2�M �;�Q�H�7�2�`�b �B�M�+�`�2���b�2�/ ���M�/ �i�?�2 �T�`�Q�K�Q�i�B�Q�M

�r���b �#�2�M�2�}�+�B���H�X
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�*�?���T�i�2�`�N�, �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b �S���;�2 �j�k�f�9�9

�U�+�V �h�?�2 �+�Q�m�`�b�2 �K���M���;�2�` �b�T�2�+�B�}�2�/ �i�?���i �� �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �Q�7� = 0:05 �#�2

�m�b�2�/ �B�M �+���`�`�v�B�M�; �Q�m�i �i�?�B�b �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�X

�U�/�V �h�?�2 �M�2�t�i �b�i�2�T �Q�7 �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �T�`�Q�+�2�/�m�`�2 �B�b �i�Q �b�2�H�2�+�i �� �b���K�T�H�2 ���M�/

�+�Q�K�T�m�i�2 �i�?�2 �p���H�m�2 �Q�7 ���M ���T�T�`�Q�T�`�B���i�2 �i�2�b�i �b�i���i�B�b�i�B�+�X �a�m�T�T�Q�b�2 �� �`���M�/�Q�K �b���K�T�H�2

�Q�7n = 400 �T�H���v�2�`�b �r���b �b�2�H�2�+�i�2�/�- ���M�/ �i�?���ix = 100 �Q�7 �i�?�2 �T�H���v�2�`�b �r�2�`�2 �r�Q�K�2�M�X

�h�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �r�Q�K�2�M �;�Q�H�7�2�`�b �B�M �i�?�2 �b���K�T�H�2 �B�b

�p = 100
400 = 0:25

�l�b�B�M�; �2�[�m���i�B�Q�M �U�N�X�9�V�- �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �B�b

z =
�p � p0q
p0 (1� p0 )

n

=
0:25� 0:20
q

0:20(1� 0:20)
400

=
0:05
0:02

= 2:50:

�U�2�V�h�?�2p�@�p���H�m�2 ���T�T� �̀Q���+�?�X

�B�X �h�?�2p�@�p���H�m�2 �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���iz �B�b �;�`�2���i�2�` �i�?���M �Q�` �2�[�m���H �i�Qz = 2:50 �X

P(z � 2:50) = 0:9938 �- �i�?�2p�@�p���H�m�2 �7�Q�` �i�?�2 �S�B�M�2 �*�`�2�2�F �i�2�b�i �B�b1:0000�• 0:9938 = 0:0062 �X

�B�B�X �U�6�B�;�m�`�2 �N�X�d�V �_�2�+���H�H �i�?���i �i�?�2 �+�Q�m�`�b�2 �K���M���;�2�` �b�T�2�+�B�}�2�/ �� �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2

�Q�7� = 0:05�X �� p�@�p���H�m�2= 0:0062< 0:05 �;�B�p�2�b �b�m�{�+�B�2�M�i �b�i���i�B�b�i�B�+���H

�2�p�B�/�2�M�+�2 �i�Q �`�2�D�2�+�iH0 ���i �i�?�2 �y�X�y�8 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�X

�B�B�B�X �h�?�2 �i�2�b�i �T�`�Q�p�B�/�2�b �b�i���i�B�b�i�B�+���H �b�m�T�T�Q�`�i �7�Q�` �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �i�?���i �i�?�2 �b�T�2�+�B���H

�T�`�Q�K�Q�i�B�Q�M �B�M�+�`�2���b�2�/ �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �r�Q�K�2�M �T�H���v�2�`�b ���i �i�?�2 �S�B�M�2 �*�`�2�2�F
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�U�7�V�h�?�2 �+�`�B�i�B�+���H �p���H�m�2 ���T�T� �̀Q���+�?�X �h�?�2 �+�`�B�i�B�+���H �p���H�m�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q ���M ���`�2�� �Q�7 �y�X�y�8

�B�M �i�?�2 �m�T�T�2�` �i���B�H �Q�7 �� �M�Q�`�K���H �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �B�bz0:05 = 1:645 �X
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�h�?�m�b�- �i�?�2 �`�2�D�2�+�i�B�Q�M �`�m�H�2 �m�b�B�M�; �i�?�2 �+�`�B�i�B�+���H �p���H�m�2 ���T�T�`�Q���+�? �B�b �i�Q �`�2�D�2�+�iH0 �B�7

z � 1:645 �X �"�2�+���m�b�2z = 2:50 > 1:645 �-H0 �B�b �`�2�D�2�+�i�2�/�X

�U�;�V �h�?�2p�@�p���H�m�2 ���T�T�`�Q���+�? �T�`�Q�p�B�/�2�b �K�Q�`�2 �B�M�7�Q�`�K���i�B�Q�M�X �q�B�i�? ��p�@�p���H�m�2= 0:0062�- �i�?�2

�M�m�H�H �?�v�T�Q�i�?�2�b�B�b �r�Q�m�H�/ �#�2 �`�2�D�2�+�i�2�/ �7�Q�` ���M�v �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�;�`�2���i�2�` �i�?���M �Q�`
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�R�X �h�?�2 �T�`�Q�+�2�/�m�`�2 �m�b�2�/ �i�Q �+�Q�M�/�m�+�i �� �?�v�T�Q�i�?�2�b�B�b �i�2�b�i ���#�Q�m�i ���T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M

�B�b �b�B�K�B�H���` �i�Q �i�?�2 �T�`�Q�+�2�/�m�`�2 �m�b�2�/ �i�Q �+�Q�M�/�m�+�i �� �?�v�T�Q�i�?�2�b�B�b �i�2�b�i ���#�Q�m�i ���T�Q�T�m�H���i�B�Q�M �K�2���M�X

�k�X ���H�i�?�Q�m�;�? �r�2 �Q�M�H�v �B�H�H�m�b�i�`���i�2�/ �?�Q�r �i�Q �+�Q�M�/�m�+�i �� �?�v�T�Q�i�?�2�b�B�b �i�2�b�i ���#�Q�m�i �� �T�Q�T�m�H���i�B�Q�M

�T�`�Q�T�Q�`�i�B�Q�M �7�Q�` ���M �m�T�T�2�` �i���B�H �i�2�b�i�- �b�B�K�B�H���` �T�`�Q�+�2�/�m�`�2�b �+���M �#�2 �m�b�2�/ �7�Q�`�H�Q�r�2�` �i���B�H

���M�/ �i�r�Q�@�i���B�H�2�/ �i�2�b�i�b�X

�j�X �U�h���#�H�2 �N�X�9�V �� �b�m�K�K���`�v �Q�7 �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�b ���#�Q�m�i �� �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�X �q�2

���b�b�m�K�2 �i�?���inp � 5 ���M�/n(1�• p) � 5�c �i�?�m�b �i�?�2�M�Q�`�K���H�T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M
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�N�X�e �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�B�M�; ���M�/ �.�2�+�B�b�B�Q�M �J���F�B�M�;

�R�X �h�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; ���T�T�H�B�+���i�B�Q�M�b ���`�2 �+�Q�M�b�B�/�2�`�2�/ ���b�b�B�;�M�B�}�+���M�+�2 �i�2�b�i�b�,
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�U�#�V �b�T�2�+�B�7�v �i�?�2 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�-� �X

�U�+�V �b�2�H�2�+�i �� �b���K�T�H�2�-�t = f x1; x2; � � � ; xng�X

�U�/�V �+�Q�K�T�m�i�2 �i�?�2 �p���H�m�2 �Q�7 �� �i�2�b�i �b�i���i�B�b�i�B�+�-T(�t)�X

�U�2�V �+�Q�K�T�m�i�2 �i�?�2 ���b�b�Q�+�B���i�2�/p�@�p���H�m�2�X

�U�7�V �+�Q�K�T���`�2 �i�?�2p�@�p���H�m�2 �i�Q� �X

�U�;�V �+�Q�M�+�H�m�/�2 �ô�`�2�D�2�+�iH0�ô ���M�/ �/�2�+�H���`�2 �i�?�2 �`�2�b�m�H�i�b �b�B�;�M�B�}�+���M�i �B�7p�@�p���H�m�2� � �c �Q�i�?�2�`�@
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�M�Q�i �i�?�2 �h�v�T�2 �A�A �2�`�`�Q�`�X �h�?�m�b�- �r�2 �`�2�+�Q�K�K�2�M�/�2�/ �i�?�2 �+�Q�M�+�H�m�b�B�Q�M�ô�/�Q �M�Q�i �`�2�D�2�+�iH0�ô

�`���i�?�2�` �i�?���M�ô���+�+�2�T�iH0�ô �#�2�+���m�b�2 �i�?�2 �H���i�i�2�` �T�m�i�b �m�b ���i�`�B�b�F�Q�7 �K���F�B�M�; �i�?�2

�h�v�T�2 �A�A �2�`�`�Q�` �Q�7 ���+�+�2�T�i�B�M�;H0 �r�?�2�M �B�i �B�b �7���H�b�2�X

�j�X �q�B�i�? �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �ô�/�Q �M�Q�i �`�2�D�2�+�iH0�-�ô �i�?�2 �b�i���i�B�b�i�B�+���H �2�p�B�/�2�M�+�2 �B�b �+�Q�M�b�B�/�2�`�2�/�B�M�+�Q�M�+�H�m�b�B�p�2

���M�/ �B�b �m�b�m���H�H�v ���M �B�M�/�B�+���i�B�Q�M �i�Q�T�Q�b�i�T�Q�M�2 �� �/�2�+�B�b�B�Q�M �Q�` ���+�i�B�Q�M�m�M�i�B�H �7�m�`�i�?�2�` �`�2�@
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�i�?�2 �+�Q�M�+�H�m�b�B�Q�M �`�2�D�2�+�iH0�X �A�7 �i�?�B�b �b�B�i�m���i�B�Q�M �Q�+�+�m�`�b�- �b�i���i�B�b�i�B�+�B���M�b �;�2�M�2�`���H�H�v �`�2�+�Q�K�K�2�M�/

�+�Q�M�i�`�Q�H�H�B�M�; �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; ���h�v�T�2 �A�A �2�`�`�Q�`�X

�8�X �q�B�i�? �i�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b �Q�7 �#�Q�i�? �i�?�2 �h�v�T�2 �A ���M�/ �h�v�T�2 �A�A �2�`�`�Q�` �+�Q�M�i�`�Q�H�H�2�/�- �i�?�2 �+�Q�M�+�H�m�@

�b�B�Q�M �7�`�Q�K �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i �B�b�2�B�i�?�2�` �i�Q ���+�+�2�T�iH0 �Q�` �`�2�D�2�+�iH0 �X
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�+�2�T�i �� �b�?�B�T�K�2�M�i �Q�7 �#���i�i�2�`�B�2�b �7�`�Q�K �� �b�m�T�T�H�B�2�` �Q�` �i�Q �`�2�i�m�`�M �i�?�2 �b�?�B�T�K�2�M�i �#�2�+���m�b�2 �Q�7

�T�Q�Q�` �[�m���H�B�i�v�X
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�U���V ���b�b�m�K�2 �i�?���i �/�2�b�B�;�M �b�T�2�+�B�}�+���i�B�Q�M�b �`�2�[�m�B�`�2 �#���i�i�2�`�B�2�b �7�`�Q�K �i�?�2 �b�m�T�T�H�B�2�` �i�Q �?���p�2 ��

�K�2���M �m�b�2�7�m�H �H�B�7�2 �Q�7 ���i �H�2���b�i �R�k�y �?�Q�m�`�b�X �h�Q �2�p���H�m���i�2 �i�?�2 �[�m���H�B�i�v �Q�7 ���M �B�M�+�Q�K�B�M�;

�b�?�B�T�K�2�M�i�- �� �b���K�T�H�2 �Q�7 �j�e �#���i�i�2�`�B�2�b �r�B�H�H �#�2 �b�2�H�2�+�i�2�/ ���M�/ �i�2�b�i�2�/�X

�U�#�V �P�M �i�?�2 �#���b�B�b �Q�7 �i�?�2 �b���K�T�H�2�- �� �/�2�+�B�b�B�Q�M �K�m�b�i �#�2 �K���/�2 �i�Q ���+�+�2�T�i �i�?�2 �b�?�B�T�K�2�M�i

�Q�7 �#���i�i�2�`�B�2�b �Q�` �i�Q �`�2�i�m�`�M �B�i �i�Q �i�?�2 �b�m�T�T�H�B�2�` �#�2�+���m�b�2 �Q�7 �T�Q�Q�` �[�m���H�B�i�v�X

�U�+�V �G�2�i� �/�2�M�Q�i�2 �i�?�2 �K�2���M �M�m�K�#�2�` �Q�7 �?�Q�m�`�b �Q�7 �m�b�2�7�m�H �H�B�7�2 �7�Q�` �#���i�i�2�`�B�2�b �B�M �i�?�2

�b�?�B�T�K�2�M�i�X �h�?�2 �M�m�H�H ���M�/ ���H�i�2�`�M���i�B�p�2 �?�v�T�Q�i�?�2�b�2�b ���#�Q�m�i �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�,

H0 : � � 120; Ha : � < 120

�B�X �A�7H0 �B�b �`�2�D�2�+�i�2�/�- �i�?�2 ���H�i�2�`�M���i�B�p�2 �?�v�T�Q�i�?�2�b�B�b �B�b �+�Q�M�+�H�m�/�2�/ �i�Q �#�2 �i�`�m�2�X �h�?�B�b

�+�Q�M�+�H�m�b�B�Q�M �B�M�/�B�+���i�2�b �i�?���i �i�?�2 ���T�T�`�Q�T�`�B���i�2 ���+�i�B�Q�M �B�b �i�Q�`�2�i�m�`�M�i�?�2 �b�?�B�T�@
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�B�B�X �A�7H0 �B�b �M�Q�i �`�2�D�2�+�i�2�/�- �i�?�2 �/�2�+�B�b�B�Q�M �K���F�2�` �K�m�b�i �b�i�B�H�H �/�2�i�2�`�K�B�M�2 �r�?���i ���+�i�B�Q�M

�b�?�Q�m�H�/ �#�2 �i���F�2�M�X �h�?�m�b�- �r�B�i�?�Q�m�i �/�B�`�2�+�i�H�v �+�Q�M�+�H�m�/�B�M�; �i�?���iH0 �B�b �i�`�m�2�- �#�m�i

�K�2�`�2�H�v �#�v �M�Q�i �`�2�D�2�+�i�B�M�; �B�i�- �i�?�2 �/�2�+�B�b�B�Q�M �K���F�2�` �r�B�H�H �?���p�2 �K���/�2 �i�?�2 �/�2�+�B�b�B�Q�M

�i�Q ���+�+�2�T�i�i�?�2 �b�?�B�T�K�2�M�i ���b �#�2�B�M�; �Q�7 �b���i�B�b�7���+�i�Q�`�v �[�m���H�B�i�v�X

�U�/�V �A�M �b�m�+�? �/�2�+�B�b�B�Q�M�@�K���F�B�M�; �b�B�i�m���i�B�Q�M�b�- �B�i �B�b �`�2�+�Q�K�K�2�M�/�2�/ �i�?���i �i�?�2 �?�v�T�Q�i�?�2�b�B�b

�i�2�b�i�B�M�; �T�`�Q�+�2�/�m�`�2 �#�2 �2�t�i�2�M�/�2�/ �i�Q �+�Q�M�i�`�Q�H �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; �� �h�v�T�2 �A�A

�2�`�`�Q�`�X

�d�X �"�2�+���m�b�2 �� �/�2�+�B�b�B�Q�M �r�B�H�H �#�2 �K���/�2 ���M�/ ���+�i�B�Q�M �i���F�2�M �r�?�2�M �r�2 �/�Q �M�Q�i �`�2�D�2�+�iH0�- �F�M�Q�r�H�@

�2�/�;�2 �Q�7 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; ���h�v�T�2 �A�A �2�`�`�Q�`�r�B�H�H �#�2 �?�2�H�T�7�m�H�X

�N�X�d �*���H�+�m�H���i�B�M�; �h�?�2 �S�`�Q�#���#�B�H�B�i�v �Q�7 �h�v�T�2 �A�A �1�`�`�Q�`�b

�R�X
�

�

�
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�K�2���M �M�m�K�#�2�` �Q�7 �?�Q�m�`�b �Q�7 �m�b�2�7�m�H �H�B�7�2 �7�Q�` �� �b�?�B�T�K�2�M�i �Q�7 �#���i�i�2�`�B�2�b�,

H0 : � � 120; Ha : � < 120:
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�*�?���T�i�2�`�N�, �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b �S���;�2 �j�e�f�9�9

�U���V �A�7H0 �B�b �`�2�D�2�+�i�2�/�- �i�?�2 �/�2�+�B�b�B�Q�M �r�B�H�H �#�2 �i�Q�`�2�i�m�`�M�i�?�2 �b�?�B�T�K�2�M�i �i�Q �i�?�2 �b�m�T�T�H�B�2�`

�#�2�+���m�b�2 �i�?�2 �K�2���M �?�Q�m�`�b �Q�7 �m�b�2�7�m�H �H�B�7�2 ���`�2 �H�2�b�b �i�?���M �i�?�2 �b�T�2�+�B�}�2�/ �R�k�y �?�Q�m�`�b�X

�U�#�V �A�7H0 �B�b �M�Q�i �`�2�D�2�+�i�2�/�- �i�?�2 �/�2�+�B�b�B�Q�M �r�B�H�H �#�2 �i�Q���+�+�2�T�i�i�?�2 �b�?�B�T�K�2�M�i�X

�k�X �a�m�T�T�Q�b�2 �� �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �Q�7� = 0:05�- �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �B�M �i�?�2� �F�M�Q�r�M �+���b�2�,

z =
�x � � 0

� /
p

n
=

�x � 120
� /

p
n

�j�X �h�?�2 �`�2�D�2�+�i�B�Q�M �`�m�H�2 �7�Q�` �i�?�2 �H�Q�r�2�` �i���B�H �i�2�b�i�,

�_�2�D�2�+�iH0 �B�7z � � 1:645

�9�X �a�m�T�T�Q�b�2 �� �b���K�T�H�2 �Q�7n = 36 �#���i�i�2�`�B�2�b �r�B�H�H �#�2 �b�2�H�2�+�i�2�/ ���M�/ �#���b�2�/ �m�T�Q�M �T�`�2�p�B�Q�m�b

�i�2�b�i�B�M�; �i�?�2 �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �+���M �#�2 ���b�b�m�K�2�/ �F�M�Q�r�M �r�B�i�? �� �p���H�m�2 �Q�7

� = 12 �?�Q�m�`�b�X

�8�X �h�?�2 �`�2�D�2�+�i�B�Q�M �`�m�H�2 �B�M�/�B�+���i�2�b �i�?���i �r�2 �r�B�H�H �`�2�D�2�+�iH0 �B�7

z =
�x � 120

12/
p

36
� � z0:05 = � 1:645

�e�X �a�Q�H�p�B�M�; �7�Q�`�x �B�M �i�?�2 �T�`�2�+�2�/�B�M�; �2�t�T�`�2�b�b�B�Q�M �B�M�/�B�+���i�2�b �i�?���i �r�2 �r�B�H�H �`�2�D�2�+�iH0 �B�7

�x � 120� 1:645
�

12
p

36

�
= 116:71

�d�X �_�2�D�2�+�i�B�M�;H0 �r�?�2�M�x � 116:71 �K�2���M�b �i�?���i �r�2 �r�B�H�H �K���F�2 �i�?�2 �/�2�+�B�b�B�Q�M �i�Q ���+�+�2�T�i �i�?�2

�b�?�B�T�K�2�M�i �r�?�2�M�2�p�2�`�x > 116:71�X

�3�X �*�Q�K�T�m�i�2 �T�`�Q�#���#�B�H�B�i�B�2�b ���b�b�Q�+�B���i�2�/ �r�B�i�? �K���F�B�M�; �� �h�v�T�2 �A�A �2�`�`�Q�`�X

�U���V �U�_�2�+���H�H�V �r�2 �K���F�2 �� �h�v�T�2 �A�A �2�`�`�Q�` �r�?�2�M�2�p�2�` �i�?�2 �i�`�m�2 �b�?�B�T�K�2�M�i �K�2���M �B�b �H�2�b�b �i�?���M

�R�k�y �?�Q�m�`�b ���M�/ �r�2 �K���F�2 �i�?�2 �/�2�+�B�b�B�Q�M �i�Q ���+�+�2�T�iH0 : � � 120�X

�U�#�V �>�2�M�+�2�- �i�Q �+�Q�K�T�m�i�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; �� �h�v�T�2 �A�A �2�`�`�Q�`�- �r�2 �K�m�b�i �b�2�H�2�+�i

�� �p���H�m�2 �Q�7� �H�2�b�b �i�?���M �R�k�y �?�Q�m�`�b�X

�U�+�V �6�Q�` �2�t���K�T�H�2�- �b�m�T�T�Q�b�2 �i�?�2 �b�?�B�T�K�2�M�i �B�b �+�Q�M�b�B�/�2�`�2�/ �i�Q �#�2 �Q�7 �T�Q�Q�` �[�m���H�B�i�v �B�7 �i�?�2

�#���i�i�2�`�B�2�b �?���p�2 �� �K�2���M �H�B�7�2 �Q�7� = 112 �?�Q�m�`�b�X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8
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�U�/�V �A�7� = 112 �B�b �`�2���H�H�v �i�`�m�2�- �r�?���i �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 ���+�+�2�T�i�B�M�;H0 : � � 120���M�/

�?�2�M�+�2 �+�Q�K�K�B�i�i�B�M�; �� �h�v�T�2 �A�A �2�`�`�Q�`�\

P(�x � 116:71); �r�?�2�M� = 112 :

�U�2�V �U�6�B�;�m�`�2 �N�X�3�V �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x �r�?�2�M �i�?�2 �K�2���M �B�b� = 112�X �h�?�2

�b�?���/�2�/ ���`�2�� �B�M �i�?�2 �m�T�T�2�` �i���B�H �;�B�p�2�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �Q�#�i���B�M�B�M�;�x > 116:71 �X

�U�7�V �l�b�B�M�; �i�?�2 �b�i���M�/���`�/ �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�- �r�2 �b�2�2 �i�?���i ���i�x = 116:71

z =
�x � �
� /

p
n

=
116:71� 112

12/
p

36
= 2:36

�U�;�V �h�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; �� �h�v�T�2 �A�A �2�`�`�Q�` �r�?�2�M� = 112 �B�b � := P(z � 2:36) = 0:0091 �X

�U�?�V �h�?�2�`�2�7�Q�`�2�- �r�2 �+���M �+�Q�M�+�H�m�/�2 �i�?���i �B�7 �i�?�2 �K�2���M �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �B�b �R�R�k �?�Q�m�`�b�-

�i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; �� �h�v�T�2 �A�A �2�`�`�Q�` �B�b �Q�M�H�v �y�X�y�y�N�R�X

�U�B�V �q�2 �+���M �`�2�T�2���i �i�?�2�b�2 �+���H�+�m�H���i�B�Q�M�b �7�Q�` �Q�i�?�2�` �p���H�m�2�b �Q�7� �H�2�b�b �i�?���M �R�k�y�X

�N�X �U�h���#�H�2 �N�X�8�V �r�2 �b�?�Q�r �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; �� �h�v�T�2 �A�A �2�`�`�Q�` �7�Q�` �� �p���`�B�2�i�v �Q�7 �p���H�m�2�b

�Q�7� �H�2�b�b �i�?���M �R�k�y�X �L�Q�i�2 �i�?���i ���b� �B�M�+�`�2���b�2�b �i�Q�r���`�/ �R�k�y�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�;

�� �h�v�T�2 �A�A �2�`�`�Q�` �B�M�+�`�2���b�2�b �i�Q�r���`�/ ���M �m�T�T�2�` �#�Q�m�M�/ �Q�7 �y�X�N�8�X �>�Q�r�2�p�2�`�- ���b� �/�2�+�`�2���b�2�b

�i�Q �p���H�m�2�b �7���`�i�?�2�` �#�2�H�Q�r �R�k�y�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; �� �h�v�T�2 �A�A �2�`�`�Q�` �/�B�K�B�M�B�b�?�2�b�X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8
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�R�y�X �q�?�2�M �i�?�2 �i�`�m�2 �T�Q�T�m�H���i�B�Q�M �K�2���M� �B�b �+�H�Q�b�2 �i�Q �U�7���` �#�2�H�Q�r�V�i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b

�p���H�m�2 �Q�7� = 120�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �B�b�?�B�;�? �U�H�Q�r�V�i�?���i �r�2 �r�B�H�H �K���F�2 �� �h�v�T�2 �A�A

�2�`�`�Q�`�X

�R�R�X �6�Q�` ���M�v �T���`�i�B�+�m�H���` �p���H�m�2 �Q�7� �- �i�?�2 �T�Q�r�2�` �B�b1�• � �c �i�?���i �B�b�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7

�+�Q�`�`�2�+�i�H�v �`�2�D�2�+�i�B�M�;H0 �B�b �R �K�B�M�m�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; �� �h�v�T�2 �A�A �2�`�`�Q�`�X

�R�k�X �U�6�B�;�m�`�2 �N�X�N�V�S�Q�r�2�` �+�m�`�p�2�, �i�?�2 �T�Q�r�2�` ���b�b�Q�+�B���i�2�/ �r�B�i�? �2���+�? �p���H�m�2 �Q�7� �,

�U���V �L�Q�i�2 �i�?���i �i�?�2 �T�Q�r�2�` �+�m�`�p�2 �2�t�i�2�M�/�b �Q�p�2�` �i�?�2 �p���H�m�2�b �Q�7� �7�Q�` �r�?�B�+�? �i�?�2H0 �B�b �7���H�b�2�X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8
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�U�#�V �h�?�2�?�2�B�;�?�i�Q�7 �i�?�2 �T�Q�r�2�` �+�m�`�p�2 ���i ���M�v �p���H�m�2 �Q�7� �B�M�/�B�+���i�2�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v

�Q�7 �+�Q�`�`�2�+�i�H�v �`�2�D�2�+�i�B�M�;H0 �r�?�2�MH0 �B�b �7���H�b�2�X

�R�j�X�h�?�2 �b�i�2�T�@�#�v�@�b�i�2�T �T�`�Q�+�2�/�m�`�2 �i�Q �+�Q�K�T�m�i�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; �� �h�v�T�2

�A�A �2�`�`�Q�` �B�M �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�b ���#�Q�m�i �� �T�Q�T�m�H���i�B�Q�M �K�2���M

�U���V �6�Q�`�K�m�H���i�2 �i�?�2 �M�m�H�H ���M�/ ���H�i�2�`�M���i�B�p�2 �?�v�T�Q�i�?�2�b�2�b�X

�U�#�V �l�b�2 �i�?�2 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2� ���M�/ �i�?�2 �+�`�B�i�B�+���H �p���H�m�2 ���T�T�`�Q���+�? �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2

�+�`�B�i�B�+���H �p���H�m�2 ���M�/ �i�?�2�`�2�D�2�+�i�B�Q�M �`�m�H�2�7�Q�` �i�?�2 �i�2�b�i�X

�U�+�V �l�b�2 �i�?�2 �`�2�D�2�+�i�B�Q�M �`�m�H�2 �i�Q �b�Q�H�p�2 �7�Q�` �i�?�2 �p���H�m�2 �Q�7 �i�?�2�b���K�T�H�2 �K�2���M�+�Q�`�`�2�@

�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �+�`�B�i�B�+���H �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+�X

�U�/�V �l�b�2 �i�?�2 �`�2�b�m�H�i�b �7�`�Q�K �b�i�2�T �U�+�V �i�Q �b�i���i�2 �i�?�2 �p���H�m�2�b �Q�7 �i�?�2 �b���K�T�H�2 �K�2���M �i�?���i �H�2���/

�i�Q �i�?�2 ���+�+�2�T�i���M�+�2 �Q�7H0�X �h�?�2�b�2 �p���H�m�2�b �/�2�}�M�2 �i�?�2���+�+�2�T�i���M�+�2 �`�2�;�B�Q�M�7�Q�`

�i�?�2 �i�2�b�i�X

�U�2�V �l�b�2 �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x �7�Q�` �� �p���H�m�2 �Q�7� �b���i�B�b�7�v�B�M�;Ha�- ���M�/ �i�?�2

���+�+�2�T�i���M�+�2 �`�2�;�B�Q�M �7�`�Q�K �b�i�2�T �U�/�V�- �i�Q �+�Q�K�T�m�i�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �b���K�T�H�2

�K�2���M �r�B�H�H �#�2 �B�M �i�?�2 ���+�+�2�T�i���M�+�2 �`�2�;�B�Q�M�X

�U�7�V �h�?�B�b �T�`�Q�#���#�B�H�B�i�v �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; �� �h�v�T�2 �A�A �2�`�`�Q�` ���i �i�?�2 �+�?�Q�b�2�M

�p���H�m�2 �Q�7� �X

�N�X�3 �.�2�i�2�`�K�B�M�B�M�; �h�?�2 �a���K�T�H�2 �a�B�x�2 �7�Q�` �� �>�v�T�Q�i�?�2�b�B�b

�h�2�b�i ���#�Q�m�i �� �S�Q�T�m�H���i�B�Q�M �J�2���M

�R�X ���b�b�m�K�2 �i�?���i �� �?�v�T�Q�i�?�2�b�B�b �i�2�b�i �B�b �i�Q �#�2 �+�Q�M�/�m�+�i�2�/ ���#�Q�m�i �i�?�2 �p���H�m�2 �Q�7 �� �T�Q�T�m�H���i�B�Q�M

�K�2���M�X �h�?�2 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �b�T�2�+�B�}�2�/ �#�v �i�?�2 �m�b�2�` �/�2�i�2�`�K�B�M�2�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7

�K���F�B�M�; �� �h�v�T�2 �A �2�`�`�Q�` �7�Q�` �i�?�2 �i�2�b�i�X �"�v �+�Q�M�i�`�Q�H�H�B�M�; �i�?�2�b���K�T�H�2 �b�B�x�2�- �i�?�2 �m�b�2�`

�+���M ���H�b�Q �+�Q�M�i�`�Q�H �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; ���h�v�T�2 �A�A �2�`�`�Q�`�X
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�k�X �G�2�i �m�b �b�?�Q�r �?�Q�r �� �b���K�T�H�2 �b�B�x�2 �+���M �#�2 �/�2�i�2�`�K�B�M�2�/ �7�Q�` �i�?�2 �7�Q�H�H�Q�r�B�M�; �H�Q�r�2�` �i���B�H �i�2�b�i

���#�Q�m�i �� �T�Q�T�m�H���i�B�Q�M �K�2���M�X

H0 : � � � 0; Ha : � < � 0

�j�X �U�6�B�;�m�`�2 �N�X�R�y�V �h�?�2 �m�T�T�2�` �T���M�2�H �B�b �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x �r�?�2�MH0 �B�b �i�`�m�2

�r�B�i�?� = � 0�X

�9�X �6�Q�` �� �H�Q�r�2�` �i���B�H �i�2�b�i�- �i�?�2 �+�`�B�i�B�+���H �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �B�b �/�2�M�Q�i�2�/�• z� �X �A�M

�i�?�2 �m�T�T�2�` �T���M�2�H �Q�7 �i�?�2 �}�;�m�`�2 �i�?�2 �p�2�`�i�B�+���H �H�B�M�2�-�H���#�2�H�2�/c �- �B�b �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�;

�p���H�m�2 �Q�7�x �X

�8�X �A�7 �r�2 �`�2�D�2�+�iH0 �r�?�2�M�x � c�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �h�v�T�2 �A �2�`�`�Q�` �r�B�H�H �#�2� �, P(�x � c j H0 T) = � �X

�e�X �q�B�i�?z� �`�2�T�`�2�b�2�M�i�B�M�; �i�?�2z �p���H�m�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q ���M ���`�2�� �Q�7� �B�M �i�?�2�m�T�T�2�` �i���B�H

�Q�7 �i�?�2 �b�i���M�/���`�/ �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�- �r�2 �+�Q�K�T�m�i�2c �m�b�B�M�; �i�?�2 �7�Q�H�H�Q�r�B�M�; �7�Q�`�K�m�H���,

c = � 0 � z�
�

p
n
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�d�X �U�6�B�;�m�`�2 �N�X�R�y�V �h�?�2 �H�Q�r�2�` �T���M�2�H �B�b �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x �r�?�2�M �i�?�2 ���H�i�2�`�M���i�B�p�2

�?�v�T�Q�i�?�2�b�B�b �B�b �i�`�m�2 �r�B�i�?� = � a < � 0 �X �h�?�2 �b�?���/�2�/ �`�2�;�B�Q�M �b�?�Q�r�b� �- �i�?�2

�T�`�Q�#���#�B�H�B�i�v �Q�7 �� �h�v�T�2 �A�A �2�`�`�Q�` �i�?���i �i�?�2 �/�2�+�B�b�B�Q�M �K���F�2�` �r�B�H�H �#�2 �2�t�T�Q�b�2�/ �i�Q �B�7 �i�?�2 �M�m�H�H

�?�v�T�Q�i�?�2�b�B�b �B�b ���+�+�2�T�i�2�/ �r�?�2�M�x > c �X

�3�X �q�B�i�?z� �`�2�T�`�2�b�2�M�i�B�M�; �i�?�2z �p���H�m�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q ���M ���`�2�� �Q�7� �B�M �i�?�2 �m�T�T�2�` �i���B�H �Q�7

�i�?�2 �b�i���M�/���`�/ �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�- �r�2 �+�Q�K�T�m�i�2 �+ �m�b�B�M�; �i�?�2 �7�Q�H�H�Q�r�B�M�; �7�Q�`�K�m�H���,

c = � a + z�
�

p
n

(9:6)

�N�X �L�Q�r �r�?���i �r�2 �r���M�i �i�Q �/�Q �B�b �i�Q �b�2�H�2�+�i �� �p���H�m�2 �7�Q�`c �b�Q �i�?���i �r�?�2�M �r�2�`�2�D�2�+�iH0

���M�/ ���+�+�2�T�iHa �- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �h�v�T�2 �A �2�`�`�Q�` �B�b �2�[�m���H �i�Q �i�?�2 �+�?�Q�b�2�M �p���H�m�2 �Q�7

� ���M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �h�v�T�2 �A�A �2�`�`�Q�` �B�b �2�[�m���H �i�Q �i�?�2 �+�?�Q�b�2�M �p���H�m�2 �Q�7� �X

�h�?�2�`�2�7�Q�`�2�- �#�Q�i�? �2�[�m���i�B�Q�M�b �U�N�X�8�V ���M�/ �U�N�X�e�V �K�m�b�i �T�`�Q�p�B�/�2 �i�?�2 �b���K�2 �p���H�m�2 �7�Q�`c�,

� 0 � z�
�

p
n

= � a + z�
�

p
n

� 0 � � a = z�
�

p
n

+ z�
�

p
n

� 0 � � a =
(z� + z� )�

p
n

p
n =

(z� + z� )�
(� 0 � � a)

�R�y�X�a���K�T�H�2 �a�B�x�2 �7�Q�` �� �P�M�2�@�h���B�H�2�/ �>�v�T�Q�i�?�2�b�B�b �h�2�b�i ���#�Q�m�i �� �S�Q�T�m�H���i�B�Q�M �J�2���M

n =
(z� + z� )2� 2

(� 0 � � a)2
(9:7)

�r�?�2�`�2

�Ç z� = z �p���H�m�2 �T�`�Q�p�B�/�B�M�; ���M ���`�2�� �Q�7� �B�M �i�?�2 �m�T�T�2�` �i���B�H �Q�7 �� �b�i���M�/���`�/ �M�Q�`�K���H

�/�B�b�i�`�B�#�m�i�B�Q�M�X

�Ç z� = z �p���H�m�2 �T�`�Q�p�B�/�B�M�; ���M ���`�2�� �Q�7� �B�M �i�?�2 �m�T�T�2�` �i���B�H �Q�7 �� �b�i���M�/���`�/ �M�Q�`�K���H

�/�B�b�i�`�B�#�m�i�B�Q�M�X

�Ç � = �i�?�2 �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�X

�Ç � 0 = �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �B�M �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b�X

�Ç � � = �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �m�b�2�/ �7�Q�` �i�?�2 �h�v�T�2 �A�A �2�`�`�Q�`�X
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�L�Q�i�2�, �A�M �� �i�r�Q�@�i���B�H�2�/ �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�- �m�b�2 �U�N�X�d�V �r�B�i�?z� /2 �`�2�T�H���+�B�M�;z� �X

�R�R�X
�

�

�

��1�t���K�T�H�2 �H�Q�i�@���+�+�2�T�i���M�+�2 �2�t���K�T�H�2

�U���V �h�?�2 �/�2�b�B�;�M �b�T�2�+�B�}�+���i�B�Q�M �7�Q�` �i�?�2 �b�?�B�T�K�2�M�i �Q�7 �#���i�i�2�`�B�2�b �B�M�/�B�+���i�2�/ �� �K�2���M �m�b�2�7�m�H

�H�B�7�2 �Q�7 ���i �H�2���b�i �R�k�y �?�Q�m�`�b �7�Q�` �i�?�2 �#���i�i�2�`�B�2�b�X �a�?�B�T�K�2�M�i�b �r�2�`�2 �`�2�D�2�+�i�2�/ �B�7H0 : � �

120 �r���b �`�2�D�2�+�i�2�/�X

�U�#�V �G�2�i �m�b ���b�b�m�K�2 �i�?���i �i�?�2 �[�m���H�B�i�v �+�Q�M�i�`�Q�H �K���M���;�2�` �K���F�2�b �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�i���i�2�K�2�M�i�b

���#�Q�m�i �i�?�2 ���H�H�Q�r���#�H�2 �T�`�Q�#���#�B�H�B�i�B�2�b �7�Q�` �i�?�2 �h�v�T�2 �A ���M�/ �h�v�T�2 �A�A �2�`�`�Q�`�b�X

�B�X�h�v�T�2 �A �2�`� �̀Q�` �b�i���i�2�K�2�M�i�, �A�7 �i�?�2 �K�2���M �H�B�7�2 �Q�7 �i�?�2 �#���i�i�2�`�B�2�b �B�M �i�?�2 �b�?�B�T�K�2�M�i

�B�b� = 120�- �A ���K �r�B�H�H�B�M�; �i�Q �`�B�b�F ���M� = 0:05 �T�`�Q�#���#�B�H�B�i�v �Q�7 �`�2�D�2�+�i�B�M�; �i�?�2

�b�?�B�T�K�2�M�i�X

�B�B�X�h�v�T�2 �A�A �2�`� �̀Q�` �b�i���i�2�K�2�M�i�, �A�7 �i�?�2 �K�2���M �H�B�7�2 �Q�7 �i�?�2 �#���i�i�2�`�B�2�b �B�M �i�?�2 �b�?�B�T�K�2�M�i

�B�b �8 �?�Q�m�`�b �m�M�/�2�` �i�?�2 �b�T�2�+�B�}�+���i�B�Q�M �U�B�X�2�X�-� = 115�V�- �A ���K �r�B�H�H�B�M�; �i�Q �`�B�b�F ��

� = 0:10 �T�`�Q�#���#�B�H�B�i�v �Q�7 ���+�+�2�T�i�B�M�; �i�?�2 �b�?�B�T�K�2�M�i�X

�B�B�B�X �h�?�2�b�2 �b�i���i�2�K�2�M�i�b ���`�2 �#���b�2�/ �Q�M �i�?�2 �D�m�/�;�K�2�M�i �Q�7 �i�?�2 �K���M���;�2�`�X �a�Q�K�2�Q�M�2

�2�H�b�2 �K�B�;�?�i �b�T�2�+�B�7�v �/�B�z�2�`�2�M�i �`�2�b�i�`�B�+�i�B�Q�M�b �Q�M �i�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b�X �>�Q�r�2�p�2�`�-

�b�i���i�2�K�2�M�i�b ���#�Q�m�i �i�?�2 ���H�H�Q�r���#�H�2 �T�`�Q�#���#�B�H�B�i�B�2�b �Q�7 �#�Q�i�? �2�`�`�Q�`�b �K�m�b�i �#�2 �K���/�2

�#�2�7�Q�`�2 �i�?�2 �b���K�T�H�2 �b�B�x�2 �+���M �#�2 �/�2�i�2�`�K�B�M�2�/�X

�U�+�V �A�M �i�?�2 �2�t���K�T�H�2�-� = 0:05 ���M�/ � = 0:10 �X �l�b�B�M�; �i�?�2 �b�i���M�/���`�/ �M�Q�`�@

�K���H �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�- �r�2 �?���p�2z0:05 = 1:645 ���M�/ z0:10 = 1:28 �X

�6�`�Q�K �i�?�2 �b�i���i�2�K�2�M�i�b ���#�Q�m�i �i�?�2 �2�`�`�Q�` �T�`�Q�#���#�B�H�B�i�B�2�b�- �r�2 �M�Q�i�2 �i�?���i� 0 = 120

���M�/ � a = 115 �X �6�B�M���H�H�v�- �i�?�2 �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �r���b ���b�b�m�K�2�/

�F�M�Q�r�M ���i� = 12 �X

�U�/�V �h�?�2 �`�2�+�Q�K�K�2�M�/�2�/ �b���K�T�H�2 �b�B�x�2 �7�Q�` �i�?�2 �H�Q�i�@���+�+�2�T�i���M�+�2 �2�t���K�T�H�2 �B�b

n =
(z� + z� )2� 2

(� 0 � � a)2
=

(1:645 + 1:28)2(12)2

(120� 115)2
= 49:3

�_�Q�m�M�/�B�M�; �m�T�- �r�2 �`�2�+�Q�K�K�2�M�/ �� �b���K�T�H�2 �b�B�x�2 �Q�7 �8�y�X

�U�2�V �"�2�+���m�b�2 �#�Q�i�? �i�?�2 �h�v�T�2 �A ���M�/ �h�v�T�2 �A�A �2�`�`�Q�` �T�`�Q�#���#�B�H�B�i�B�2�b �?���p�2 �#�2�2�M�+�Q�M�i�`�Q�H�H�2�/

���i ���H�H�Q�r���#�H�2 �H�2�p�2�H�b �r�B�i�?n = 50�- �i�?�2 �[�m���H�B�i�v �+�Q�M�i�`�Q�H �K���M���;�2�` �B�b �M�Q�r �D�m�b�i�B�}�2�/ �B�M

�m�b�B�M�; �i�?�2 ���+�+�2�T�iH0 ���M�/ �`�2�D�2�+�iH0 �b�i���i�2�K�2�M�i�b �7�Q�` �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�X

�R�k�X �q�2 �+���M �K���F�2 �i�?�`�2�2 �Q�#�b�2�`�p���i�B�Q�M�b ���#�Q�m�i �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T ���K�Q�M�;� �-� �- ���M�/ �i�?�2 �b���K�T�H�2

�b�B�x�2n�X
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�U���V �P�M�+�2 �i�r�Q �Q�7 �i�?�2 �i�?�`�2�2 �p���H�m�2�b ���`�2 �F�M�Q�r�M�- �i�?�2 �Q�i�?�2�` �+���M �#�2 �+�Q�K�T�m�i�2�/�X

�U�#�V �6�Q�` �� �;�B�p�2�M� �- �B�M�+�`�2���b�B�M�;n �r�B�H�H �`�2�/�m�+�2� �X

�U�+�V �6�Q�` �� �;�B�p�2�Mn�- �/�2�+�`�2���b�B�M�;� �r�B�H�H �B�M�+�`�2���b�2� �- �r�?�2�`�2���b �B�M�+�`�2���b�B�M�;

� �r�B�H�H �/�2�+�`�2���b�2� �X

�R�j�X �h�?�2 �i�?�B�`�/ �Q�#�b�2�`�p���i�B�Q�M �b�?�Q�m�H�/ �#�2 �F�2�T�i �B�M �K�B�M�/ �r�?�2�M �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �h�v�T�2 �A�A �2�`�`�Q�`

�B�b �M�Q�i �#�2�B�M�; �+�Q�M�i�`�Q�H�H�2�/�X �A�i �b�m�;�;�2�b�i�b �i�?���i �Q�M�2 �b�?�Q�m�H�/ �M�Q�i �+�?�Q�Q�b�2�m�M�M�2�+�2�b�b���`�B�H�v �b�K���H�H �p���H�m�2�b

�7�Q�` �i�?�2 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2� �X

�R�9�X �6�Q�` �� �;�B�p�2�M �b���K�T�H�2 �b�B�x�2�- �+�?�Q�Q�b�B�M�; �� �b�K���H�H�2�` �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �K�2���M�b �K�Q�`�2 �2�t�T�Q�b�m�`�2

�i�Q �� �h�v�T�2 �A�A �2�`�`�Q�`�X �A�M�2�t�T�2�`�B�2�M�+�2�/ �m�b�2�`�b �Q�7 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �Q�7�i�2�M �i�?�B�M�F �i�?���i �b�K���H�H�2�`

�p���H�m�2�b �Q�7� ���`�2 ���H�r���v�b �#�2�i�i�2�`�X �h�?�2�v ���`�2 �#�2�i�i�2�` �B�7 �r�2 ���`�2 �+�Q�M�+�2�`�M�2�/ �Q�M�H�v ���#�Q�m�i �K���F�B�M�;
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�Q�7 �i�?�2 �+�m�b�i�Q�K�2�`�b �r�?�Q �b�?�Q�T ���i �i�?�2 �i�r�Q �b�i�Q�`�2�b�X �UaÄ+ô%6h35�f­\®5€�V

�j�X �G�2�i �m�b �/�2�}�M�2 �T�Q�T�m�H���i�B�Q�M �R ���b ���H�H �+�m�b�i�Q�K�2�`�b �r�?�Q �b�?�Q�T ���i �i�?�2�B�M�M�2�`�@�+�B�i�v �b�i�Q�`�2

���M�/ �T�Q�T�m�H���i�B�Q�M �k ���b ���H�H �+�m�b�i�Q�K�2�`�b �r�?�Q �b�?�Q�T ���i �i�?�2�b�m�#�m�`�#���M �b�i�Q�`�2�X

�U���V � 1 �, �K�2���M �Q�7 �T�Q�T�m�H���i�B�Q�M �R �U�B�X�2�X�- �i�?�2 �K�2���M ���;�2 �Q�7 ���H�H �+�m�b�i�Q�K�2�`�b �r�?�Q �b�?�Q�T

���i �i�?�2 �B�M�M�2�`�@�+�B�i�v �b�i�Q�`�2�V

�U�#�V� 2 �, �8 �K�2���M �Q�7 �T�Q�T�m�H���i�B�Q�M �k �U�B�X�2�X�- �i�?�2 �K�2���M ���;�2 �Q�7 ���H�H �+�m�b�i�Q�K�2�`�b �r�?�Q �b�?�Q�T

���i �i�?�2 �b�m�#�m�`�#���M �b�i�Q�`�2�V
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�9�X �h�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �i�r�Q �T�Q�T�m�H���i�B�Q�M �K�2���M�b �B�b� 1�• � 2 �X �h�Q �2�b�i�B�K���i�2

� 1�• � 2�- �r�2 �r�B�H�H �b�2�H�2�+�i �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �Q�7n1 �+�m�b�i�Q�K�2�`�b �7�`�Q�K �T�Q�T�m�@

�H���i�B�Q�M �R ���M�/ �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �Q�7n2 �+�m�b�i�Q�K�2�`�b �7�`�Q�K �T�Q�T�m�H���i�B�Q�M �k�X

�8�X �q�2 �i�?�2�M �+�Q�K�T�m�i�2 �i�?�2 �i�r�Q �b���K�T�H�2 �K�2���M�b�X

�U���V �x1 �, �b���K�T�H�2 �K�2���M ���;�2 �7�Q�` �i�?�2 �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �Q�7n1 �B�M�M�2�`�@�+�B�i�v �+�m�b�@

�i�Q�K�2�`�b

�U�#�V �x2 �, �b���K�T�H�2 �K�2���M ���;�2 �7�Q�` �i�?�2 �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �Q�7n2 �b�m�#�m�`�#���M �+�m�b�@

�i�Q�K�2�`�b

�e�X �h�?�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�` �Q�7 �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �i�r�Q�T�Q�T�m�H���i�B�Q�M �K�2���M�b�B�b �i�?�2

�/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �i�r�Q�b���K�T�H�2 �K�2���M�b�X

�d�X�S�Q�B�M�i �1�b�i�B�K���i�Q�` �Q�7 �i�?�2 �.�B�z�2�`�2�M�+�2 �"�2�i�r�2�2�M �h�r�Q �S�Q�T�m�H���i�B�Q�M �J�2���M�b

�̂ 1�• �̂ 2 = �x1 � �x2 (10:1)

�3�X �U�6�B�;�m�`�2 �R�y�X�R�V �i�?�2 �T�`�Q�+�2�b�b �m�b�2�/ �i�Q �2�b�i�B�K���i�2 �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�r�Q �T�Q�T�m�H���i�B�Q�M

�K�2���M�b �#���b�2�/ �Q�M �i�r�Q �B�M�/�2�T�2�M�/�2�M�i �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2�b�X

�N�X �h�?�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�`�x1�• �x2 �?���b �� �b�i���M�/���`�/ �2�`�`�Q�` �i�?���i �/�2�b�+�`�B�#�2�b �i�?�2�p���`�B���i�B�Q�M

�B�M �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �2�b�i�B�K���i�Q�`�X
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�*�?���T�i�2�`�R�y�, �A�M�7�2�`�2�M�+�2 ���#�Q�m�i �J�2���M�b ���M�/ �S�`�Q�T�Q�`�i�B�Q�M�b �r�B�i�? �h�r�Q �S�Q�T�m�H���i�B�Q�M�b�S���;�2 �9�f�k�k

�R�y�X�a�i���M�/���`�/ �1�`�`�Q�` �Q�7�x1 � �x2 �q�B�i�? �i�r�Q �B�M�/�2�T�2�M�/�2�M�i �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2�b�- �i�?�2

�b�i���M�/���`�/ �2�`�`�Q�` �Q�7�x1 � �x2 �B�b ���b �7�Q�H�H�Q�r�b�,

� �x1 � �x2 =

s
� 2

1

n1
+

� 2
2

n2
(10:2)

�UZ#5õ)i�ò �,�V �U�>�B�M�i�,V ar(aX + bY) = a2V ar(X ) + b2V ar(Y ) + 2 abCov(X; Y )�V�X

�R�R�X �A�7 �#�Q�i�? �T�Q�T�m�H���i�B�Q�M�b �?���p�2 ���M�Q�`�K���H�/�B�b�i�`�B�#�m�i�B�Q�M�- �Q�` �B�7 �i�?�2 �b���K�T�H�2 �b�B�x�2�b ���`�2

�H���`�;�2 �2�M�Q�m�;�? �i�?���i �i�?�2�+�2�M�i�`���H �H�B�K�B�i �i�?�2�Q�`�2�K�2�M���#�H�2�b �m�b �i�Q �+�Q�M�+�H�m�/�2 �i�?���i �i�?�2

�b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7�x1 ���M�/�x2 �+���M �#�2 ���T�T�`�Q�t�B�K���i�2�/ �#�v �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�-

�i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x1�• �x2 �r�B�H�H �?���p�2 ���M�Q�`�K���H�/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �K�2���M

�;�B�p�2�M �#�v� 1�• � 2 �X �U�.�2�M�Q�i�2�/ �#�v�X 1 � �X 2 � N (� 1 � � 2; � 2
�x1 � �x2

) �V

�R�k�X �A�M �;�2�M�2�`���H�- ���M �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �B�b �;�B�p�2�M �#�v �� �T�Q�B�M�i �2�b�i�B�K���i�2� �� �K���`�;�B�M �Q�7 �2�`�`�Q�`�X �A�M

�i�?�2 �+���b�2 �Q�7 �2�b�i�B�K���i�B�Q�M �Q�7 �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�r�Q �T�Q�T�m�H���i�B�Q�M �K�2���M�b�- ���M �B�M�i�2�`�p���H

�2�b�i�B�K���i�2 �r�B�H�H �i���F�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �7�Q�`�K�,

(�x1 � �x2) � �J���`�;�B�M �Q�7 �2�`�`�Q�`

�R�j�X �q�B�i�? �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x1�• �x2 �?���p�B�M�; �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�- �r�2 �+���M �r�`�B�i�2

�i�?�2 �K���`�;�B�M �Q�7 �2�`�`�Q�` ���b �7�Q�H�H�Q�r�b�,

�J���`�;�B�M �Q�7 �2�`�`�Q�`= z� /2 � �x1 � �x2
= z� /2

s
� 2

1

n1
+

� 2
2

n2
(10:3)

�R�9�X�A�M�i�2�`�p���H �1�b�i�B�K���i�2 �Q�7 �i�?�2 �.�B�z�2�`�2�M�+�2 �"�2�i�r�2�2�M �h�r�Q �S�Q�T�m�H���i�B�Q�M �J�2���M�b�,� 1

���M�/� 2 �E�M�Q�r�M

(�x1 � �x2) � z� /2

s
� 2

1

n1
+

� 2
2

n2
(10:4)

�r�?�2�`�21�• � �B�b �i�?�2 �+�Q�M�}�/�2�M�+�2 �+�Q�2�{�+�B�2�M�i�X
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�U!S.öZ‘5õ)i�ò �,�V

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �U�T�9�3�8�V
�

�

�

��1�t���K�T�H�2 �:�`�2�v�b�i�Q�M�2 �2�t���K�T�H�2�X �"���b�2�/ �Q�M �/���i�� �7�`�Q�K �T�`�2�p�B�Q�m�b �+�m�b�i�Q�K�2�` �/�2�K�Q�@

�;�`���T�?�B�+ �b�i�m�/�B�2�b�- �i�?�2 �i�r�Q �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b ���`�2 �F�M�Q�r�M �r�B�i�?� 1 = 9

�v�2���`�b ���M�/� 2 = 10 �v�2���`�b�X �h�?�2 �/���i�� �+�Q�H�H�2�+�i�2�/ �7�`�Q�K �i�?�2 �i�r�Q �B�M�/�2�T�2�M�/�2�M�i �b�B�K�T�H�2

�`���M�/�Q�K �b���K�T�H�2�b �Q�7 �:�`�2�v�b�i�Q�M�2 �+�m�b�i�Q�K�2�`�b �T�`�Q�p�B�/�2�/ �i�?�2 �7�Q�H�H�Q�r�B�M�; �`�2�b�m�H�i�b�X

�A�M�M�2�` �*�B�i�v �a�i�Q�`�2 �a�m�#�m�`�#���M �a�i�Q�`�2

�a���K�T�H�2 �a�B�x�2n1 = 36 n2 = 49

�a���K�T�H�2 �J�2���M�x1 = 40 �v�2���`�b �x2 = 35 �v�2���`�b

�6�B�M�/ �i�?�2 �K���`�;�B�M �Q�7 �2�`�`�Q�` ���M�/ �i�?�2 �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �i�?�2 �/�B�7�@

�7�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �i�r�Q �T�Q�T�m�H���i�B�Q�M �K�2���M�b�X

�b�Q�H�,

�>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b ���#�Q�m�i� 1�• � 2

�R�X �G�2�i �m�b �+�Q�M�b�B�/�2�` �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�b ���#�Q�m�i �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�r�Q �T�Q�T�m�H���i�B�Q�M �K�2���M�b�X

�l�b�B�M�;D0 �i�Q �/�2�M�Q�i�2 �i�?�2 �?�v�T�Q�i�?�2�b�B�x�2�/ �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M� 1 ���M�/� 2�- �i�?�2 �i�?�`�2�2
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�*�?���T�i�2�`�R�y�, �A�M�7�2�`�2�M�+�2 ���#�Q�m�i �J�2���M�b ���M�/ �S�`�Q�T�Q�`�i�B�Q�M�b �r�B�i�? �h�r�Q �S�Q�T�m�H���i�B�Q�M�b�S���;�2 �e�f�k�k

�7�Q�`�K�b �7�Q�` �� �?�v�T�Q�i�?�2�b�B�b �i�2�b�i ���`�2 ���b �7�Q�H�H�Q�r�b�,

�G�2�7�i�@�i���B�H�2�/ �i�2�b�i �_�B�;�?�i�@�i���B�H�2�/ �i�2�b�i �h�r�Q�@�i���B�H�2�/ �i�2�b�i

H0 : � 1 � � 2 � D0 H0 : � 1 � � 2 � D0 H0 : � 1 � � 2 = D0

Ha : � 1 � � 2 < D 0 Ha : � 1 � � 2 > D 0 Ha : � 1 � � 2 6= D0

�k�X �A�M �K���M�v ���T�T�H�B�+���i�B�Q�M�b�-D0 = 0 �X �l�b�B�M�; �i�?�2 �i�r�Q�@�i���B�H�2�/ �i�2�b�i ���b ���M �2�t���K�T�H�2�- �r�?�2�M

D0 = 0 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�bH0 : � 1�• � 2 = 0�X

�j�X �A�M �i�?�B�b �+���b�2�- �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�b �i�?���i� 1 ���M�/� 2 ���`�2 �2�[�m���H�X �_�2�D�2�+�i�B�Q�M �Q�7H0 �H�2���/�b

�i�Q �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �i�?���iHa : � 1�• � 2 6= 0 �B�b �i�`�m�2�c �i�?���i �B�b�-� 1 ���M�/� 2 ���`�2 �M�Q�i �2�[�m���H�X

�9�X �h�?�2 �;�2�M�2�`���H �b�i�2�T�b �7�Q�` �+�Q�M�/�m�+�i�B�M�; �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�b�, �+�?�Q�Q�b�2 ���H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�-

�+�Q�K�T�m�i�2 �i�?�2 �p���H�m�2 �Q�7 �i�?�2�i�2�b�i �b�i���i�B�b�i�B�+�- ���M�/ �}�M�/ �i�?�2p�@�p���H�m�2�i�Q �/�2�i�2�`�K�B�M�2

�r�?�2�i�?�2�` �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �b�?�Q�m�H�/ �#�2 �`�2�D�2�+�i�2�/�X

�8�X �q�B�i�? �i�r�Q �B�M�/�2�T�2�M�/�2�M�i �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2�b�- �r�2 �b�?�Q�r�2�/ �i�?���i �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�`

�x1�• �x2 �?���b �� �b�i���M�/���`�/ �2�`�`�Q�`� �x1 � �x2 �;�B�p�2�M �#�v �2�t�T�`�2�b�b�B�Q�M �U�R�y�X�k�V ���M�/�- �r�?�2�M �i�?�2 �b���K�T�H�2

�b�B�x�2�b ���`�2 �H���`�;�2 �2�M�Q�m�;�?�- �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x1�• �x2 �+���M �#�2 �/�2�b�+�`�B�#�2�/ �#�v ���M�Q�`�K���H

�/�B�b�i�`�B�#�m�i�B�Q�M�X

�e�X�h�2�b�i �a�i���i�B�b�i�B�+ �7�Q�` �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b ���#�Q�m�i� 1 � � 2�, � 1 ���M�/� 2 �E�M�Q�r�M

z =
(�x1 � �x2) � D0q

� 2
1

n1
+ � 2

2
n2

(10:5)

�d�X �q�2 �/�2�K�Q�M�b�i�`���i�2�/ �� �i�r�Q�@�i���B�H�2�/ �?�v�T�Q�i�?�2�b�B�b �i�2�b�i ���#�Q�m�i �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�r�Q

�T�Q�T�m�H���i�B�Q�M �K�2���M�b�X �G�Q�r�2�` �i���B�H ���M�/ �m�T�T�2�` �i���B�H �i�2�b�i�b �+���M ���H�b�Q �#�2 �+�Q�M�b�B�/�2�`�2�/�X �h�?�2�b�2

�i�2�b�i�b �m�b�2 �i�?�2�b���K�2 �i�2�b�i �b�i���i�B�b�i�B�+���b �;�B�p�2�M �B�M �2�[�m���i�B�Q�M �U�R�y�X�8�V�X �h�?�2 �T�`�Q�+�2�/�m�`�2

�7�Q�` �+�Q�K�T�m�i�B�M�; �i�?�2p�@�p���H�m�2 ���M�/ �i�?�2 �`�2�D�2�+�i�B�Q�M �`�m�H�2�b �7�Q�` �i�?�2�b�2 �Q�M�2�@�i���B�H�2�/ �i�2�b�i�b ���`�2 �i�?�2

�b���K�2 ���b �i�?�Q�b�2 �7�Q�` �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�b �B�M�p�Q�H�p�B�M�; �� �b�B�M�;�H�2 �T�Q�T�m�H���i�B�Q�M �K�2���M ���M�/ �b�B�M�;�H�2

�T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�X
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�*�?���T�i�2�`�R�y�, �A�M�7�2�`�2�M�+�2 ���#�Q�m�i �J�2���M�b ���M�/ �S�`�Q�T�Q�`�i�B�Q�M�b �r�B�i�? �h�r�Q �S�Q�T�m�H���i�B�Q�M�b�S���;�2 �d�f�k�k

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�9�3�e�V

���b �T���`�i �Q�7 �� �b�i�m�/�v �i�Q �2�p���H�m���i�2 �/�B�z�2�`�2�M�+�2�b �B�M �2�/�m�+���i�B�Q�M �[�m���H�B�i�v �#�2�i�r�2�2�M �i�r�Q �i�`���B�M�@

�B�M�; �+�2�M�i�2�`�b�- �� �b�i���M�/���`�/�B�x�2�/ �2�t���K�B�M���i�B�Q�M �B�b �;�B�p�2�M �i�Q �B�M�/�B�p�B�/�m���H�b �r�?�Q ���`�2 �i�`���B�M�2�/ ���i

�i�?�2 �+�2�M�i�2�`�b�X �h�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �K�2���M �2�t���K�B�M���i�B�Q�M �b�+�Q�`�2�b �B�b �m�b�2�/ �i�Q ���b�b�2�b�b

�[�m���H�B�i�v �/�B�z�2�`�2�M�+�2�b �#�2�i�r�2�2�M �i�?�2 �+�2�M�i�2�`�b�X �h�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�b �7�Q�` �i�?�2 �i�r�Q �+�2�M�i�2�`�b

���`�2 ���b �7�Q�H�H�Q�r�b�X� 1 �B�b �i�?�2 �K�2���M �2�t���K�B�M���i�B�Q�M �b�+�Q�`�2 �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �B�M�/�B�p�B�/�m���H�b

�i�`���B�M�2�/ ���i �+�2�M�i�2�`A�-� 2 �B�b �i�?�2 �K�2���M �2�t���K�B�M���i�B�Q�M �b�+�Q�`�2 �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �B�M�/�B�p�B�/�@

�m���H�b �i�`���B�M�2�/ ���i �+�2�M�i�2�`B �X �q�2 �#�2�;�B�M �r�B�i�? �i�?�2 �i�2�M�i���i�B�p�2 ���b�b�m�K�T�i�B�Q�M �i�?���i �M�Q �/�B�z�2�`�2�M�+�2

�2�t�B�b�i�b �#�2�i�r�2�2�M �i�?�2 �i�`���B�M�B�M�; �[�m���H�B�i�v �T�`�Q�p�B�/�2�/ ���i �i�?�2 �i�r�Q �+�2�M�i�2�`�b�X �h�?�2 �b�i���M�/���`�/�B�x�2�/

�2�t���K�B�M���i�B�Q�M �;�B�p�2�M �T�`�2�p�B�Q�m�b�H�v �B�M �� �p���`�B�2�i�v �Q�7 �b�2�i�i�B�M�;�b ���H�r���v�b �`�2�b�m�H�i�2�/ �B�M ���M �2�t���K�B�@

�M���i�B�Q�M �b�+�Q�`�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �M�2���` �R�y �T�Q�B�M�i�b�X �h�?�m�b�- �r�2 �r�B�H�H �m�b�2 �i�?�B�b �B�M�7�Q�`�K���i�B�Q�M

�i�Q ���b�b�m�K�2 �i�?���i �i�?�2 �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b ���`�2 �F�M�Q�r�M �r�B�i�?� 1 = 10 ���M�/

� 2 = 10�X ���M� = 0:05 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �B�b �b�T�2�+�B�}�2�/ �7�Q�` �i�?�2 �b�i�m�/�v�X �A�M�/�2�T�2�M�/�2�M�i

�b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2�b �Q�7n1 = 30 �B�M�/�B�p�B�/�m���H�b �7�`�Q�K �i�`���B�M�B�M�; �+�2�M�i�2�`A ���M�/n2 = 40

�B�M�/�B�p�B�/�m���H�b �7�`�Q�K �i�`���B�M�B�M�; �+�2�M�i�2�`B ���`�2 �i���F�2�M�X �h�?�2 �`�2�b�T�2�+�i�B�p�2 �b���K�T�H�2 �K�2���M�b ���`�2

�x1 = 82 ���M�/�x2 = 78�X �.�Q �i�?�2�b�2 �/���i�� �b�m�;�;�2�b�i �� �b�B�;�M�B�}�+���M�i �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2

�T�Q�T�m�H���i�B�Q�M �K�2���M�b ���i �i�?�2 �i�r�Q �i�`���B�M�B�M�; �+�2�M�i�2�`�b�\ �a�i���i�2 �i�?�2 �M�m�H�H ���M�/ ���H�i�2�`�M���i�B�p�2 �?�v�@

�T�Q�i�?�2�b�2�b �7�Q�` �i�?�B�b �i�r�Q�@�i���B�H�2�/ �i�2�b�i�- �+�Q�K�T�m�i�2 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+�- ���M�/ �b�i���i�2 �i�?�2 �/�2�+�B�b�B�Q�M

�`�m�H�2�b �#���b�2�/ �Q�M �i�?�2p�@�p���H�m�2 ���T�T�`�Q���+�? ���M�/ �i�?�2 �+�`�B�i�B�+���H �p���H�m�2 ���T�T�`�Q���+�? ���M�/ �K���F�2 �i�?�2

�/�2�+�B�b�B�Q�M�X

�b�Q�H�,
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�S�`���+�i�B�+���H ���/�p�B�+�2

�R�X �A�M �K�Q�b�i ���T�T�H�B�+���i�B�Q�M�b �Q�7 �i�?�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�B�Q�M ���M�/ �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �T�`�Q�+�2�/�m�`�2�b

�T�`�2�b�2�M�i�2�/ �B�M �i�?�B�b �b�2�+�i�B�Q�M�- �`���M�/�Q�K �b���K�T�H�2�b �r�B�i�?n1 � 30 ���M�/ n2 � 30 ���`�2

���/�2�[�m���i�2�X

�k�X �A�M �+���b�2�b �r�?�2�`�2 �2�B�i�?�2�` �Q�` �#�Q�i�? �b���K�T�H�2 �b�B�x�2�b ���`�2 �H�2�b�b �i�?���M �j�y�- �i�?�2�/�B�b�i�`�B�#�m�i�B�Q�M�b

�Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M�b �#�2�+�Q�K�2 �B�K�T�Q�`�i���M�i �+�Q�M�b�B�/�2�`���i�B�Q�M�b�X

�j�X �A�M �;�2�M�2�`���H�- �r�B�i�? �b�K���H�H�2�` �b���K�T�H�2 �b�B�x�2�b�- �B�i �B�b �K�Q�`�2 �B�K�T�Q�`�i���M�i �7�Q�` �i�?�2 ���M���H�v�b�i �i�Q �#�2

�b���i�B�b�}�2�/ �i�?���i �B�i �B�b �`�2���b�Q�M���#�H�2 �i�Q ���b�b�m�K�2 �i�?���i �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7 �i�?�2 �i�r�Q �T�Q�T�m�H���i�B�Q�M�b

���`�2 ���i �H�2���b�i���T�T�`�Q�t�B�K���i�2�H�v �M�Q�`�K���H�X

�R�y�X�k �A�M�7�2�`�2�M�+�2�b ���#�Q�m�i �h�?�2 �.�B�z�2�`�2�M�+�2 �"�2�i�r�2�2�M �h�r�Q

�S�Q�T�m�H���i�B�Q�M �J�2���M�b�,� 1 ���M�/� 2 �l�M�F�M�Q�r�M

�R�X �1�t�i�2�M�/ �i�?�2 �/�B�b�+�m�b�b�B�Q�M �Q�7 �B�M�7�2�`�2�M�+�2�b ���#�Q�m�i �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�r�Q �T�Q�T�m�H���i�B�Q�M

�K�2���M�b �i�Q �i�?�2 �+���b�2 �r�?�2�M �i�?�2 �i�r�Q �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b�-� 1 ���M�/

� 2 �- ���`�2 �m�M�F�M�Q�r�M�X

�k�X �A�M �i�?�B�b �+���b�2�- �r�2 �r�B�H�H �m�b�2 �i�?�2 �b���K�T�H�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b�-s1 ���M�/ s2 �- �i�Q

�2�b�i�B�K���i�2 �i�?�2 �m�M�F�M�Q�r�M �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b�X

�j�X �q�?�2�M �r�2 �m�b�2 �i�?�2 �b���K�T�H�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b�- �i�?�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�B�Q�M ���M�/ �?�v�T�Q�i�?�2�b�B�b

�i�2�b�i�B�M�; �T�`�Q�+�2�/�m�`�2�b �r�B�H�H �#�2 �#���b�2�/ �Q�M �i�?�2t �/�B�b�i�`�B�#�m�i�B�Q�M�`���i�?�2�` �i�?���M �i�?�2 �b�i���M�/���`�/

�M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�X

�A�M�i�2�`�p���H �1�b�i�B�K���i�B�Q�M �Q�7� 1�• � 2

�R�X �G�2�i �m�b �/�2�p�2�H�Q�T �i�?�2 �K���`�;�B�M �Q�7 �2�`�`�Q�` ���M�/ ���M �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M

�i�?�2�b�2 �i�r�Q �T�Q�T�m�H���i�B�Q�M �K�2���M�b�X �U�_�2�+���H�H�V �h�?�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �7�Q�` �i�?�2 �+���b�2 �r�?�2�M �i�?�2
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�T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b�-� 1 ���M�/� 2�- ���`�2 �F�M�Q�r�M�X

(�x1 � �x2) � z� /2

s
� 2

1

n1
+

� 2
2

n2

�k�X �q�B�i�?� 1 ���M�/� 2 �m�M�F�M�Q�r�M�- �r�2 �r�B�H�H �m�b�2 �i�?�2 �b���K�T�H�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�bs1 ���M�/s2 �i�Q

�2�b�i�B�K���i�2� 1 ���M�/� 2 ���M�/ �`�2�T�H���+�2z� /2 �r�B�i�? t � /2 �X

�j�X�A�M�i�2�`�p���H �1�b�i�B�K���i�2 �Q�7 �i�?�2 �.�B�z�2�`�2�M�+�2 �"�2�i�r�2�2�M �h�r�Q �S�Q�T�m�H���i�B�Q�M �J�2���M�b�,� 1

���M�/� 2 �l�M�F�M�Q�r�M

(�x1 � �x2) � t � /2

s
s2

1

n1
+

s2
2

n2
(10:6)

�r�?�2�`�21 � � �B�b �i�?�2 �+�Q�M�}�/�2�M�+�2 �+�Q�2�{�+�B�2�M�i�X

�9�X �A�M �i�?�B�b �2�t�T�`�2�b�b�B�Q�M�- �i�?�2 �m�b�2 �Q�7 �i�?�2t �/�B�b�i�`�B�#�m�i�B�Q�M �B�b ���M���T�T�`�Q�t�B�K���i�B�Q�M�- �#�m�i �B�i

�T�`�Q�p�B�/�2�b �2�t�+�2�H�H�2�M�i �`�2�b�m�H�i�b ���M�/ �B�b �`�2�H���i�B�p�2�H�v �2���b�v �i�Q �m�b�2�X �h�?�2 �Q�M�H�v �/�B�{�+�m�H�i�v �i�?���i �r�2 �2�M�@

�+�Q�m�M�i�2�` �B�M �m�b�B�M�; �2�t�T�`�2�b�b�B�Q�M �U�R�y�X�e�V �B�b �/�2�i�2�`�K�B�M�B�M�; �i�?�2 ���T�T�`�Q�T�`�B���i�2�/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K

�7�Q�`t � /2 �X

�8�X �a�i���i�B�b�i�B�+���H �b�Q�7�i�r���`�2 �T���+�F���;�2�b �+�Q�K�T�m�i�2 �i�?�2 ���T�T�`�Q�T�`�B���i�2 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K ���m�i�Q�K���i�@

�B�+���H�H�v�X �h�?�2 �7�Q�`�K�m�H�� �m�b�2�/ �B�b ���b �7�Q�H�H�Q�r�b�,

�.�2�;�`�2�2�b �Q�7 �6�`�2�2�/�Q�K�,t �.�B�b�i�`�B�#�m�i�B�Q�M �q�B�i�? �h�r�Q �A�M�/�2�T�2�M�/�2�M�i �_���M�/�Q�K

�a���K�T�H�2�b

df =

�
s2

1
n1

+ s2
2

n2

� 2

1
n1 � 1

�
s2

1
n1

� 2
+ 1

n2 � 1

�
s2

2
n2

� 2 (10:7)

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�9�N�y�V

�U�*�H�2���`�r���i�2�` �L���i�B�Q�M���H �"���M�F �2�t���K�T�H�2�V �*�H�2���`�r���i�2�` �L���i�B�Q�M���H �"���M�F �B�b �+�Q�M�/�m�+�i�B�M�;

�� �b�i�m�/�v �/�2�b�B�;�M�2�/ �i�Q �B�/�2�M�i�B�7�v �/�B�z�2�`�2�M�+�2�b �#�2�i�r�2�2�M �+�?�2�+�F�B�M�; ���+�+�Q�m�M�i �T�`���+�i�B�+�2�b �#�v �+�m�b�@

�i�Q�K�2�`�b ���i �i�r�Q �Q�7 �B�i�b �#�`���M�+�? �#���M�F�b�X �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �Q�7 �k�3 �+�?�2�+�F�B�M�; ���+�+�Q�m�M�i�b

�B�b �b�2�H�2�+�i�2�/ �7�`�Q�K �i�?�2 �*�?�2�`�`�v �:�`�Q�p�2 �"�`���M�+�? ���M�/ ���M �B�M �/�2�T�2�M�/�2�M�i �b�B�K�T�H�2 �`���M�/�Q�K �b���K�@

�T�H�2 �Q�7 �k�k �+�?�2�+�F�B�M�; ���+�+�Q�m�M�i�b �B�b �b�2�H�2�+�i�2�/ �7�`�Q�K �i�?�2 �"�2�2�+�?�K�Q�M�i �"�`���M�+�?�X �h�?�2 �+�m�`�`�2�M�i

�+�?�2�+�F�B�M�; ���+�+�Q�m�M�i �#���H���M�+�2 �B�b �`�2�+�Q�`�/�2�/ �7�Q�` �2���+�? �Q�7 �i�?�2 �+�?�2�+�F�B�M�; ���+�+�Q�m�M�i�b�X �� �b�m�K�K���`�v

�Q�7 �i�?�2 ���+�+�Q�m�M�i �#���H���M�+�2�b �7�Q�H�H�Q�r�b�,
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�*�?���T�i�2�`�R�y�, �A�M�7�2�`�2�M�+�2 ���#�Q�m�i �J�2���M�b ���M�/ �S�`�Q�T�Q�`�i�B�Q�M�b �r�B�i�? �h�r�Q �S�Q�T�m�H���i�B�Q�M�b�S���;�2 �R�y�f�k�k

�*�?�2�`�`�v �:�`�Q�p�2 �"�2�2�+�?�K�Q�M�i

�a���K�T�H�2 �a�B�x�2 n1 = 28 n2 = 22

�a���K�T�H�2 �J�2���M �x1 = $1025 �x2 = $910

�a���K�T�H�2 �a�i���M�/���`�/ �.�2�p�B���i�B�Q�Ms1 = $150 s2 = $125

�*�H�2���`�r���i�2�` �L���i�B�Q�M���H �"���M�F �r�Q�m�H�/ �H�B�F�2 �i�Q �2�b�i�B�K���i�2 �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �K�2���M

�+�?�2�+�F�B�M�; ���+�+�Q�m�M�i �#���H���M�+�2 �K���B�M�i���B�M�2�/ �#�v �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �*�?�2�`�`�v �:�`�Q�p�2 �+�m�b�i�Q�K�2�`�b

���M�/ �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �"�2�2�+�?�K�Q�M�i �+�m�b�i�Q�K�2�`�b�X �*�Q�K�T�m�i�2 �� �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H

�2�b�i�B�K���i�2 �Q�7 �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �+�?�2�+�F�B�M�; ���+�+�Q�m�M�i �#���H���M�+�2�b

���i �i�?�2 �i�r�Q �#�`���M�+�? �#���M�F�b�X

�b�Q�H�,

�>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b ���#�Q�m�i� 1�• � 2

�R�X �U�_�2�+���H�H�V �G�2�i�i�B�M�;D0 �/�2�M�Q�i�2 �i�?�2 �?�v�T�Q�i�?�2�b�B�x�2�/ �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M� 1 ���M�/� 2�- �i�?�2 �i�2�b�i

�b�i���i�B�b�i�B�+ �m�b�2�/ �7�Q�` �i�?�2 �+���b�2 �r�?�2�`�2� 1 ���M�/� 2 ���`�2 �F�M�Q�r�M �B�b ���b �7�Q�H�H�Q�r�b�X

z =
(�x1 � �x2) � D0q

� 2
1

n1
+ � 2

2
n2

�h�?�2 �i�2�b�i �b�i���i�B�b�i�B�+�-z�- �7�Q�H�H�Q�r�b �i�?�2 �b�i���M�/���`�/ �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�X

�k�X �q�?�2�M� 1 ���M�/� 2 ���`�2 �m�M�F�M�Q�r�M�- �r�2 �m�b�2s1 ���b ���M �2�b�i�B�K���i�Q�` �Q�7� 1 ���M�/s2 ���b ���M �2�b�i�B�K���i�Q�`

�Q�7� 2�X �a�m�#�b�i�B�i�m�i�B�M�; �i�?�2�b�2 �b���K�T�H�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b �7�Q�`� 1 ���M�/� 2 �T�`�Q�p�B�/�2�b �i�?�2

�7�Q�H�H�Q�r�B�M�; �i�2�b�i �b�i���i�B�b�i�B�+ �r�?�2�M� 1 ���M�/� 2 ���`�2 �m�M�F�M�Q�r�M�X
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�*�?���T�i�2�`�R�y�, �A�M�7�2�`�2�M�+�2 ���#�Q�m�i �J�2���M�b ���M�/ �S�`�Q�T�Q�`�i�B�Q�M�b �r�B�i�? �h�r�Q �S�Q�T�m�H���i�B�Q�M�b�S���;�2 �R�R�f�k�k

�j�X�h�2�b�i �a�i���i�B�b�i�B�+ �7�Q�` �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b ���#�Q�m�i� 1 � � 2�, � 1 ���M�/� 2 �l�M�F�M�Q�r�M

t =
(�x1 � �x2) � D0q

s2
1

n1
+ s2

2
n2

(10:8)

�h�?�2 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K �7�Q�`t ���`�2 �;�B�p�2�M �#�v �2�[�m���i�B�Q�M �U�R�y�X�d�V�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�9�N�R�V

�*�Q�M�b�B�/�2�` �� �M�2�r �+�Q�K�T�m�i�2�` �b�Q�7�i�r���`�2 �T���+�F���;�2 �/�2�p�2�H�Q�T�2�/ �i�Q �?�2�H�T �b�v�b�i�2�K�b ���M���H�v�b�i�b �`�2�@

�/�m�+�2 �i�?�2 �i�B�K�2 �`�2�[�m�B�`�2�/ �i�Q �/�2�b�B�;�M�- �/�2�p�2�H�Q�T�- ���M�/ �B�K�T�H�2�K�2�M�i ���M �B�M�7�Q�`�K���i�B�Q�M �b�v�b�i�2�K�X

�h�Q �2�p���H�m���i�2 �i�?�2 �#�2�M�2�}�i�b �Q�7 �i�?�2 �M�2�r �b�Q�7�i�r���`�2 �T���+�F���;�2�- �� �`���M�/�Q�K �b���K�T�H�2 �Q�7 �k�9 �b�v�b�@

�i�2�K�b ���M���H�v�b�i�b �B�b �b�2�H�2�+�i�2�/�X �1���+�? ���M���H�v�b�i �B�b �;�B�p�2�M �b�T�2�+�B�}�+���i�B�Q�M�b �7�Q�` �� �?�v�T�Q�i�?�2�i�B�+���H

�B�M�7�Q�`�K���i�B�Q�M �b�v�b�i�2�K�X �h�?�2�M �R�k �Q�7 �i�?�2 ���M���H�v�b�i�b ���`�2 �B�M�b�i�`�m�+�i�2�/ �i�Q �T�`�Q�/�m�+�2 �i�?�2 �B�M�7�Q�`�@

�K���i�B�Q�M �b�v�b�i�2�K �#�v �m�b�B�M�; �+�m�`�`�2�M�i �i�2�+�?�M�Q�H�Q�;�v�X �h�?�2 �Q�i�?�2�` �R�k ���M���H�v�b�i�b ���`�2 �i�`���B�M�2�/ �B�M

�i�?�2 �m�b�2 �Q�7 �i�?�2 �M�2�r �b�Q�7�i�r���`�2 �T���+�F���;�2 ���M�/ �i�?�2�M �B�M�b�i�`�m�+�i�2�/ �i�Q �m�b�2 �B�i �i�Q �T�`�Q�/�m�+�2 �i�?�2

�B�M�7�Q�`�K���i�B�Q�M �b�v�b�i�2�K�X �h�?�B�b �b�i�m�/�v �B�M�p�Q�H�p�2�b �i�r�Q �T�Q�T�m�H���i�B�Q�M�b�, �� �T�Q�T�m�H���i�B�Q�M �Q�7 �b�v�b�i�2�K�b

���M���H�v�b�i�b �m�b�B�M�; �i�?�2 �+�m�`�`�2�M�i �i�2�+�?�M�Q�H�Q�;�v ���M�/ �� �T�Q�T�m�H���i�B�Q�M �Q�7 �b�v�b�i�2�K�b ���M���H�v�b�i�b �m�b�B�M�;

�i�?�2 �M�2�r �b�Q�7�i�r���`�2 �T���+�F���;�2�X �A�M �i�2�`�K�b �Q�7 �i�?�2 �i�B�K�2 �`�2�[�m�B�`�2�/ �i�Q �+�Q�K�T�H�2�i�2 �i�?�2 �B�M�7�Q�`�K���@

�i�B�Q�M �b�v�b�i�2�K �/�2�b�B�;�M �T�`�Q�D�2�+�i�- �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�b ���`�2 ���b �7�Q�H�H�Q�r�b�X� 1 �B�b �i�?�2 �K�2���M

�T�`�Q�D�2�+�i �+�Q�K�T�H�2�i�B�Q�M �i�B�K�2 �7�Q�` �b�v�b�i�2�K�b ���M���H�v�b�i�b �m�b�B�M�; �i�?�2 �+�m�`�`�2�M�i �i�2�+�?�M�Q�H�Q�;�v ���M�/� 2

�B�b �i�?�2 �K�2���M �T�`�Q�D�2�+�i �+�Q�K�T�H�2�i�B�Q�M �i�B�K�2 �7�Q�` �b�v�b�i�2�K�b ���M���H�v�b�i�b �m�b�B�M�; �i�?�2 �M�2�r �b�Q�7�i�r���`�2

�T���+�F���;�2 �h�?�2 �`�2�b�2���`�+�?�2�` �B�M �+�?���`�;�2 �Q�7 �i�?�2 �M�2�r �b�Q�7�i�r���`�2 �2�p���H�m���i�B�Q�M �T�`�Q�D�2�+�i �?�Q�T�2�b �i�Q

�b�?�Q�r �i�?���i �i�?�2 �M�2�r �b�Q�7�i�r���`�2 �T���+�F���;�2 �r�B�H�H �T�`�Q�p�B�/�2 �� �b�?�Q�`�i�2�` �K�2���M �T�`�Q�D�2�+�i �+�Q�K�T�H�2�i�B�Q�M

�i�B�K�2�X �h�?�m�b�- �i�?�2 �`�2�b�2���`�+�?�2�` �B�b �H�Q�Q�F�B�M�; �7�Q�` �2�p�B�/�2�M�+�2 �i�Q �+�Q�M�+�H�m�/�2 �i�?���i� 2 �B�b �H�2�b�b �i�?���M

� 1�c �B�M �i�?�B�b �+���b�2�- �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �i�r�Q �T�Q�T�m�H���i�B�Q�M �K�2���M�b�-� 1�• � 2�- �r�B�H�H �#�2

�;�`�2���i�2�` �i�?���M �x�2�`�Q�X �a�m�T�T�Q�b�2 �i�?���i �i�?�2 �k�9 ���M���H�v�b�i�b �+�Q�K�T�H�2�i�2 �i�?�2 �b�i�m�/�v �r�B�i�? �i�?�2 �`�2�b�m�H�i�b

�b�?�Q�r�M �B�M �h���#�H�2 �R�y�X�R�X
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�*�?���T�i�2�`�R�y�, �A�M�7�2�`�2�M�+�2 ���#�Q�m�i �J�2���M�b ���M�/ �S�`�Q�T�Q�`�i�B�Q�M�b �r�B�i�? �h�r�Q �S�Q�T�m�H���i�B�Q�M�b�S���;�2 �R�k�f�k�k

�G�2�i �i�?�2 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �#�2� = 0:05�X �a�i���i�2 �i�?�2 �M�m�H�H ���M�/ �i�?�2 ���H�i�2�`�M���i�B�p�2 �?�v�T�Q�i�?�@

�2�b�B�b�- �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+�-p�@�p���H�m�2�- �i�?�2 �`�2�D�2�+�i�B�Q�M �`�m�H�2�- �K���F�2 �� �/�2�+�B�b�B�Q�M ���M�/ �+�Q�M�+�H�m�b�B�Q�M�X

�b�Q�H�,

�U�a�Q�7�i�r���`�2 �P�m�i�T�m�i�V
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�*�?���T�i�2�`�R�y�, �A�M�7�2�`�2�M�+�2 ���#�Q�m�i �J�2���M�b ���M�/ �S�`�Q�T�Q�`�i�B�Q�M�b �r�B�i�? �h�r�Q �S�Q�T�m�H���i�B�Q�M�b�S���;�2 �R�j�f�k�k

�S�`���+�i�B�+���H ���/�p�B�+�2

�R�X �h�?�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�B�Q�M ���M�/ �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �T�`�Q�+�2�/�m�`�2�b �T�`�2�b�2�M�i�2�/ �B�M �i�?�B�b �b�2�+�i�B�Q�M

���`�2 �`�Q�#�m�b�i���M�/ �+���M �#�2 �m�b�2�/ �r�B�i�?�`�2�H���i�B�p�2�H�v �b�K���H�H�b���K�T�H�2 �b�B�x�2�b�X

�k�X �A�M �K�Q�b�i ���T�T�H�B�+���i�B�Q�M�b�- �2�[�m���H �Q�` �M�2���`�H�v �2�[�m���H �b���K�T�H�2 �b�B�x�2�b �b�m�+�? �i�?���i �i�?�2 �i�Q�i���H �b���K�T�H�2

�b�B�x�2n1 + n2 � 20 �+���M �#�2 �2�t�T�2�+�i�2�/ �i�Q �T�`�Q�p�B�/�2 �p�2�`�v �;�Q�Q�/ �`�2�b�m�H�i�b �2�p�2�M �B�7 �i�?�2

�T�Q�T�m�H���i�B�Q�M�b ���`�2 �M�Q�i �M�Q�`�K���H�X

�j�X �G���`�;�2�` �b���K�T�H�2 �b�B�x�2�b ���`�2 �`�2�+�Q�K�K�2�M�/�2�/ �B�7 �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M�b ���`�2

�?�B�;�?�H�v �b�F�2�r�2�/�Q�` �+�Q�M�i���B�M�Q�m�i�H�B�2�`�b�X

�9�X �a�K���H�H�2�` �b���K�T�H�2 �b�B�x�2�b �b�?�Q�m�H�/ �Q�M�H�v �#�2 �m�b�2�/ �B�7 �i�?�2 ���M���H�v�b�i �B�b �b���i�B�b�}�2�/ �i�?���i �i�?�2 �/�B�b�i�`�B�@

�#�m�i�B�Q�M�b �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M�b ���`�2 ���i �H�2���b�i���T�T�`�Q�t�B�K���i�2�H�v �M�Q�`�K���H�X

�L�Q�i�2�b+ �*�Q�K�K�2�M�i�b

�R�X �>�Q�r �i�Q �K���F�2 �B�M�7�2�`�2�M�+�2�b ���#�Q�m�i �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�r�Q �T�Q�T�m�H���i�B�Q�M �K�2���M�b �r�?�2�M

� 1 ���M�/� 2 ���`�2 �2�[�m���H ���M�/ �m�M�F�M�Q�r�M �U� 1 = � 2 = � �V�\

�k�X �"���b�2�/ �Q�M ���#�Q�p�2 ���b�b�m�K�T�i�B�Q�M�- �i�?�2 �i�r�Q �b���K�T�H�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b ���`�2 �+�Q�K�#�B�M�2�/ �i�Q

�T�`�Q�p�B�/�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �T�Q�Q�H�2�/ �b���K�T�H�2 �p���`�B���M�+�2�,

s2
p =

(n1 � 1)s2
1 + ( n2 � 1)s2

2

n1 + n2 � 2
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�*�?���T�i�2�`�R�y�, �A�M�7�2�`�2�M�+�2 ���#�Q�m�i �J�2���M�b ���M�/ �S�`�Q�T�Q�`�i�B�Q�M�b �r�B�i�? �h�r�Q �S�Q�T�m�H���i�B�Q�M�b�S���;�2 �R�9�f�k�k

�j�X �h�?�2t �i�2�b�i �b�i���i�B�b�i�B�+ �#�2�+�Q�K�2�b

t =
(�x1 � �x2) � D0

sp

q
1

n1
+ 1

n2

���M�/ �?���bn1 + n2�• 2 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K�X ���i �i�?�B�b �T�Q�B�M�i�- �i�?�2 �+�Q�K�T�m�i���i�B�Q�M �Q�7 �i�?�2

p�@�p���H�m�2 ���M�/ �i�?�2 �B�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7 �i�?�2 �b���K�T�H�2 �`�2�b�m�H�i�b ���`�2 �B�/�2�M�i�B�+���H �i�Q �i�?�2 �T�`�Q�+�2�/�m�`�2�b

�/�B�b�+�m�b�b�2�/ �2���`�H�B�2�` �B�M �i�?�B�b �b�2�+�i�B�Q�M�X

�9�X �� �/�B�{�+�m�H�i�v �r�B�i�? �i�?�B�b �T�`�Q�+�2�/�m�`�2 �B�b �i�?���i �i�?�2 ���b�b�m�K�T�i�B�Q�M �i�?���i �i�?�2 �i�r�Q �T�Q�T�m�H���i�B�Q�M

�b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b ���`�2 �2�[�m���H �B�b �m�b�m���H�H�v �/�B�{�+�m�H�i �i�Q�p�2�`�B�7�v�X �l�M�2�[�m���H �T�Q�T�m�H���i�B�Q�M

�b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b ���`�2 �7�`�2�[�m�2�M�i�H�v �2�M�+�Q�m�M�i�2�`�2�/�X

�8�X �l�b�B�M�; �i�?�2 �T�Q�Q�H�2�/ �T�`�Q�+�2�/�m�`�2 �K���v �M�Q�i �T�`�Q�p�B�/�2 �b���i�B�b�7���+�i�Q�`�v �`�2�b�m�H�i�b�- �2�b�T�2�+�B���H�H�v �B�7 �i�?�2

�b���K�T�H�2 �b�B�x�2�bn1 ���M�/n2 ���`�2 �[�m�B�i�2 �/�B�z�2�`�2�M�i�X

�e�X �h�?�2t �T�`�Q�+�2�/�m�`�2 �i�?���i �r�2 �T�`�2�b�2�M�i�2�/ �B�M �i�?�B�b �b�2�+�i�B�Q�M �/�Q�2�b �M�Q�i �`�2�[�m�B�`�2 �i�?�2 ���b�b�m�K�T�i�B�Q�M

�Q�7 �2�[�m���H �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b ���M�/ �+���M �#�2 ���T�T�H�B�2�/ �r�?�2�i�?�2�` �i�?�2 �T�Q�T�m�H���@

�i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b ���`�2 �2�[�m���H �Q�` �M�Q�i�X �A�i �B�b �� �K�Q�`�2 �;�2�M�2�`���H �T�`�Q�+�2�/�m�`�2 ���M�/ �B�b

�`�2�+�Q�K�K�2�M�/�2�/ �7�Q�` �K�Q�b�i ���T�T�H�B�+���i�B�Q�M�b�X

�R�y�X�j �A�M�7�2�`�2�M�+�2�b ���#�Q�m�i �h�?�2 �.�B�z�2�`�2�M�+�2 �"�2�i�r�2�2�M �h�r�Q

�S�Q�T�m�H���i�B�Q�M �J�2���M�b�, �J���i�+�?�2�/ �a���K�T�H�2�b

�R�X
�

�

�

��1�t���K�T�H�2�J���i�+�?�2�/�X

�U���V �a�m�T�T�Q�b�2 �2�K�T�H�Q�v�2�2�b ���i �� �K���M�m�7���+�i�m�`�B�M�; �+�Q�K�T���M�v �+���M �m�b�2 �i�r�Q �/�B�z�2�`�2�M�i �K�2�i�?�Q�/�b

�i�Q �T�2�`�7�Q�`�K �� �T�`�Q�/�m�+�i�B�Q�M �i���b�F�X �h�Q �K���t�B�K�B�x�2 �T�`�Q�/�m�+�i�B�Q�M �Q�m�i�T�m�i�- �i�?�2 �+�Q�K�T���M�v

�r���M�i�b �i�Q �B�/�2�M�i�B�7�v �i�?�2 �K�2�i�?�Q�/ �r�B�i�? �i�?�2 �b�K���H�H�2�` �T�Q�T�m�H���i�B�Q�M �K�2���M �+�Q�K�T�H�2�i�B�Q�M

�i�B�K�2�X

�U�#�V �G�2�i� 1 �/�2�M�Q�i�2 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �+�Q�K�T�H�2�i�B�Q�M �i�B�K�2 �7�Q�` �T�`�Q�/�m�+�i�B�Q�M �K�2�i�?�Q�/

�R ���M�/ � 2 �/�2�M�Q�i�2 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �+�Q�K�T�H�2�i�B�Q�M �i�B�K�2 �7�Q�` �T�`�Q�/�m�+�i�B�Q�M

�K�2�i�?�Q�/ �k�X
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�*�?���T�i�2�`�R�y�, �A�M�7�2�`�2�M�+�2 ���#�Q�m�i �J�2���M�b ���M�/ �S�`�Q�T�Q�`�i�B�Q�M�b �r�B�i�? �h�r�Q �S�Q�T�m�H���i�B�Q�M�b�S���;�2 �R�8�f�k�k

�U�+�V �q�B�i�? �M�Q �T�`�2�H�B�K�B�M���`�v �B�M�/�B�+���i�B�Q�M �Q�7 �i�?�2 �T�`�2�7�2�`�`�2�/ �T�`�Q�/�m�+�i�B�Q�M �K�2�i�?�Q�/�- �r�2 �#�2�;�B�M

�#�v �i�2�M�i���i�B�p�2�H�v ���b�b�m�K�B�M�; �i�?���i �i�?�2 �i�r�Q �T�`�Q�/�m�+�i�B�Q�M �K�2�i�?�Q�/�b �?���p�2 �i�?�2 �b���K�2 �T�Q�T�m�@

�H���i�B�Q�M �K�2���M �+�Q�K�T�H�2�i�B�Q�M �i�B�K�2�X �h�?�m�b�- �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�bH0 : � 1�• � 2 = 0 �X

�U�/�V �A�7 �i�?�B�b �?�v�T�Q�i�?�2�b�B�b �B�b �`�2�D�2�+�i�2�/�- �r�2 �+���M �+�Q�M�+�H�m�/�2 �i�?���i �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �+�Q�K�@

�T�H�2�i�B�Q�M �i�B�K�2�b �/�B�z�2�`�X �A�M �i�?�B�b �+���b�2�- �i�?�2 �K�2�i�?�Q�/ �T�`�Q�p�B�/�B�M�; �i�?�2 �b�K���H�H�2�` �K�2���M

�+�Q�K�T�H�2�i�B�Q�M �i�B�K�2 �r�Q�m�H�/ �#�2 �`�2�+�Q�K�K�2�M�/�2�/�X

�U�2�V �h�?�2 �M�m�H�H ���M�/ ���H�i�2�`�M���i�B�p�2 �?�v�T�Q�i�?�2�b�2�b ���`�2 �r�`�B�i�i�2�M ���b �7�Q�H�H�Q�r�b�X

H0 : � 1 � � 2 = 0; Ha : � 1 � � 2 6= 0

�k�X �A�M �+�?�Q�Q�b�B�M�; �i�?�2 �b���K�T�H�B�M�; �T�`�Q�+�2�/�m�`�2 �i�?���i �r�B�H�H �#�2 �m�b�2�/ �i�Q �+�Q�H�H�2�+�i �T�`�Q�/�m�+�i�B�Q�M �i�B�K�2

�/���i�� ���M�/ �i�2�b�i �i�?�2 �?�v�T�Q�i�?�2�b�2�b�- �r�2 �+�Q�M�b�B�/�2�` �i�r�Q ���H�i�2�`�M���i�B�p�2 �/�2�b�B�;�M�b�X �P�M�2 �B�b �#���b�2�/ �Q�M

�B�M�/�2�T�2�M�/�2�M�i �b���K�T�H�2�b���M�/ �i�?�2 �Q�i�?�2�` �B�b �#���b�2�/ �Q�M�K���i�+�?�2�/ �b���K�T�H�2�b�X

�U���V�A�M�/�2�T�2�M�/�2�M�i �b���K�T�H�2 �/�2�b�B�;�M�, �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �Q�7 �r�Q�`�F�2�`�b �B�b �b�2�H�2�+�i�2�/

���M�/ �2���+�? �r�Q�`�F�2�` �B�M �i�?�2 �b���K�T�H�2 �m�b�2�b �K�2�i�?�Q�/ �R�X �� �b�2�+�Q�M�/ �B�M�/�2�T�2�M�/�2�M�i �b�B�K�T�H�2

�`���M�/�Q�K �b���K�T�H�2 �Q�7 �r�Q�`�F�2�`�b �B�b �b�2�H�2�+�i�2�/ ���M�/ �2���+�? �r�Q�`�F�2�` �B�M �i�?�B�b �b���K�T�H�2 �m�b�2�b

�K�2�i�?�Q�/ �k�X �h�?�2 �i�2�b�i �Q�7 �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �T�Q�T�m�H���i�B�Q�M �K�2���M�b �B�b �#���b�2�/ �Q�M

�i�?�2 �T�`�Q�+�2�/�m�`�2�b �B�M �a�2�+�i�B�Q�M �R�y�X�k�X

�U�#�V�J���i�+�?�2�/ �b���K�T�H�2 �/�2�b�B�;�M�, �P�M�2 �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �Q�7 �r�Q�`�F�2�`�b �B�b �b�2�H�2�+�i�2�/�X

�1���+�? �r�Q�`�F�2�` �}�`�b�i �m�b�2�b �Q�M�2 �K�2�i�?�Q�/ ���M�/ �i�?�2�M �m�b�2�b �i�?�2 �Q�i�?�2�` �K�2�i�?�Q�/�X �h�?�2 �Q�`�/�2�`

�Q�7 �i�?�2 �i�r�Q �K�2�i�?�Q�/�b �B�b ���b�b�B�;�M�2�/ �`���M�/�Q�K�H�v �i�Q �i�?�2 �r�Q�`�F�2�`�b�- �r�B�i�? �b�Q�K�2 �r�Q�`�F�2�`�b

�T�2�`�7�Q�`�K�B�M�; �K�2�i�?�Q�/ �R �}�`�b�i ���M�/ �Q�i�?�2�`�b �T�2�`�7�Q�`�K�B�M�; �K�2�i�?�Q�/ �k �}�`�b�i�X �1���+�? �r�Q�`�F�2�`

�T�`�Q�p�B�/�2�b�� �T���B�` �Q�7 �/���i�� �p���H�m�2�b�- �Q�M�2 �p���H�m�2 �7�Q�` �K�2�i�?�Q�/ �R ���M�/ ���M�Q�i�?�2�` �p���H�m�2

�7�Q�` �K�2�i�?�Q�/ �k�X

�j�X �A�M �i�?�2 �K���i�+�?�2�/ �b���K�T�H�2 �/�2�b�B�;�M �i�?�2 �i�r�Q �T�`�Q�/�m�+�i�B�Q�M �K�2�i�?�Q�/�b ���`�2 �i�2�b�i�2�/ �m�M�/�2�` �b�B�K�@

�B�H���` �+�Q�M�/�B�i�B�Q�M�b �U�B�X�2�X�- �r�B�i�? �i�?�2 �b���K�2 �r�Q�`�F�2�`�b�V�c �?�2�M�+�2 �i�?�B�b �/�2�b�B�;�M �Q�7�i�2�M �H�2���/�b �i�Q ��

�b�K���H�H�2�` �b���K�T�H�B�M�; �2�`�`�Q�`�i�?���M �i�?�2 �B�M�/�2�T�2�M�/�2�M�i �b���K�T�H�2 �/�2�b�B�;�M�X �h�?�2 �T�`�B�K���`�v �`�2���@

�b�Q�M �B�b �i�?���i �B�M �� �K���i�+�?�2�/ �b���K�T�H�2 �/�2�b�B�;�M�-�p���`�B���i�B�Q�M �#�2�i�r�2�2�M �r�Q�`�F�2�`�b�B�b �2�H�B�K�B�@

�M���i�2�/ �#�2�+���m�b�2 �i�?�2 �b���K�2 �r�Q�`�F�2�`�b ���`�2 �m�b�2�/ �7�Q�` �#�Q�i�? �T�`�Q�/�m�+�i�B�Q�M �K�2�i�?�Q�/�b�X

�9�X ���b�b�m�K�B�M�; �i�?�2 ���M���H�v�b�B�b �Q�7 �� �K���i�+�?�2�/ �b���K�T�H�2 �/�2�b�B�;�M �B�b �i�?�2 �K�2�i�?�Q�/ �m�b�2�/ �i�Q �i�2�b�i �i�?�2

�/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �T�Q�T�m�H���i�B�Q�M �K�2���M�b �7�Q�` �i�?�2 �i�r�Q �T�`�Q�/�m�+�i�B�Q�M �K�2�i�?�Q�/�b�X �h�?�2 �F�2�v
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�i�Q �i�?�2 ���M���H�v�b�B�b �Q�7 �i�?�2 �K���i�+�?�2�/ �b���K�T�H�2 �/�2�b�B�;�M �B�b �i�Q �`�2���H�B�x�2 �i�?���i �r�2 �+�Q�M�b�B�/�2�` �Q�M�H�v

�i�?�2 �+�Q�H�m�K�M �Q�7 �/�B�z�2�`�2�M�+�2�b�-di �X

�8�X �h�?�2�`�2�7�Q�`�2�- �r�2 �?���p�2 �b�B�t �/���i�� �p���H�m�2�b(0:6; �• 0:2; 0:5; 0:3; 0:0�- ���M�/0:6) �i�?���i �r�B�H�H �#�2 �m�b�2�/

�i�Q ���M���H�v�x�2 �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �T�Q�T�m�H���i�B�Q�M �K�2���M�b �Q�7 �i�?�2 �i�r�Q �T�`�Q�/�m�+�i�B�Q�M �K�2�i�?�Q�/�b�X

�e�X �G�2�i� d �B�b �i�?�2 �K�2���M �Q�7 �i�?�2 �/�B�z�2�`�2�M�+�2 �B�M �p���H�m�2�b �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �r�Q�`�F�2�`�b�X
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�b�i���i�B�b�i�B�+�- �i�?�2p�@�p���H�m�2 ���M�/ �/�`���r �� �+�Q�M�+�H�m�b�B�Q�M�X �*�Q�K�T�m�i�2 �i�?�2 �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H

�7�Q�` �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�b �Q�7 �i�?�2 �i�r�Q �T�`�Q�/�m�+�i�B�Q�M �K�2�i�?�Q�/�b�X �A�7

H0 �B�b �`�2�D�2�+�i�2�/�- �r�2 �+���M �+�Q�M�+�H�m�/�2 �i�?���i �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �+�Q�K�T�H�2�i�B�Q�M �i�B�K�2�b �/�B�z�2�`�X

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8



�*�?���T�i�2�`�R�y�, �A�M�7�2�`�2�M�+�2 ���#�Q�m�i �J�2���M�b ���M�/ �S�`�Q�T�Q�`�i�B�Q�M�b �r�B�i�? �h�r�Q �S�Q�T�m�H���i�B�Q�M�b�S���;�2 �R�d�f�k�k

�b�Q�H�,

���`�2�� �B�M �l�T�T�2�` �h���B�H�y�X�k�y �y�X�R�y �y�X�y�8 �y�X�y�k�8 �y�X�y�R �y�X�y�y�8

t�@�o���H�m�2 �U�8df �V �y�X�N�k�y �R�X�9�d�e �k�X�y�R�8 �k�X�8�d�R �j�X�j�e�8 �9�X�y�j�k

�U�R�R�9�@�R�VMXYï+_�U�ç �V ���m�;�m�b�i �k�3�- �k�y�k�8



�*�?���T�i�2�`�R�y�, �A�M�7�2�`�2�M�+�2 ���#�Q�m�i �J�2���M�b ���M�/ �S�`�Q�T�Q�`�i�B�Q�M�b �r�B�i�? �h�r�Q �S�Q�T�m�H���i�B�Q�M�b�S���;�2 �R�3�f�k�k

�R�y�X�9 �A�M�7�2�`�2�M�+�2�b ���#�Q�m�i �h�?�2 �.�B�z�2�`�2�M�+�2 �"�2�i�r�2�2�M �h�r�Q

�S�Q�T�m�H���i�B�Q�M �S�`�Q�T�Q�`�i�B�Q�M�b

�R�X �G�2�i�i�B�M�;p1 �/�2�M�Q�i�2 �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �7�Q�` �T�Q�T�m�H���i�B�Q�M �R ���M�/p2 �/�2�M�Q�i�2 �i�?�2

�T�`�Q�T�Q�`�i�B�Q�M �7�Q�` �T�Q�T�m�H���i�B�Q�M �k�X

�k�X �*�Q�M�b�B�/�2�` �B�M�7�2�`�2�M�+�2�b ���#�Q�m�i �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �i�r�Q �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�b�,

p1�• p2 �X

�j�X �h�Q �K���F�2 ���M �B�M�7�2�`�2�M�+�2 ���#�Q�m�i �i�?�B�b �/�B�z�2�`�2�M�+�2�- �r�2 �r�B�H�H �b�2�H�2�+�i �i�r�Q �B�M�/�2�T�2�M�/�2�M�i �`���M�/�Q�K

�b���K�T�H�2�b �+�Q�M�b�B�b�i�B�M�; �Q�7n1 �m�M�B�i�b �7�`�Q�K �T�Q�T�m�H���i�B�Q�M �R ���M�/n2 �m�M�B�i�b �7�`�Q�K �T�Q�T�m�H���i�B�Q�M �k�X

�A�M�i�2�`�p���H �1�b�i�B�K���i�B�Q�M �Q�7p1�• p2

�R�X
�

�

�

��1�t���K�T�H�2�h���t �S�`�2�T���`���i�B�Q�M �6�B�`�K

�� �i���t �T�`�2�T���`���i�B�Q�M �}�`�K �B�b �B�M�i�2�`�2�b�i�2�/ �B�M �+�Q�K�T���`�B�M�; �i�?�2 �[�m���H�B�i�v �Q�7 �r�Q�`�F ���i �i�r�Q �Q�7

�B�i�b �`�2�;�B�Q�M���H �Q�{�+�2�b�X �"�v �`���M�/�Q�K�H�v �b�2�H�2�+�i�B�M�; �b���K�T�H�2�b �Q�7 �i���t �`�2�i�m�`�M�b �T�`�2�T���`�2�/ ���i �2���+�?

�Q�{�+�2 ���M�/ �p�2�`�B�7�v�B�M�; �i�?�2 �b���K�T�H�2 �`�2�i�m�`�M�b�ö ���+�+�m�`���+�v�- �i�?�2 �}�`�K �r�B�H�H �#�2 ���#�H�2 �i�Q �2�b�i�B�K���i�2

�i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �2�`�`�Q�M�2�Q�m�b �`�2�i�m�`�M�b �T�`�2�T���`�2�/ ���i �2���+�? �Q�{�+�2�X �P�7 �T���`�i�B�+�m�H���` �B�M�i�2�`�2�b�i

�B�b �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2�b�2 �T�`�Q�T�Q�`�i�B�Q�M�b�X

�U���Vp1�, �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �2�`�`�Q�M�2�Q�m�b �`�2�i�m�`�M�b �7�Q�` �T�Q�T�m�H���i�B�Q�M �R �U�Q�{�+�2 �R�V

�U�#�Vp2�, �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �2�`�`�Q�M�2�Q�m�b �`�2�i�m�`�M�b �7�Q�` �T�Q�T�m�H���i�B�Q�M �k �U�Q�{�+�2 �k�V

�U�+�V�p1 �, �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M �7�Q�` �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �7�`�Q�K �T�Q�T�m�H���i�B�Q�M �R

�U�/�V �p2 �, �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M �7�Q�` �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �7�`�Q�K �T�Q�T�m�H���i�B�Q�M �k

�k�X�S�Q�B�M�i �1�b�i�B�K���i�Q�` �Q�7 �i�?�2 �.�B�z�2�`�2�M�+�2 �"�2�i�r�2�2�M �h�r�Q �S�Q�T�m�H���i�B�Q�M �S�`�Q�T�Q�`�i�B�Q�M�b

p̂1 � p̂2 = �p1 � �p2 (10:10)
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�7�`�Q�K �i�?�2 �i�r�Q �Q�{�+�2�b �T�`�Q�p�B�/�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �B�M�7�Q�`�K���i�B�Q�M�X

�P�{�+�2 �R �k

ni 250 300

�L�m�K�#�2�` �Q�7 �`�2�i�m�`�M�b �r�B�i�? �2�`�`�Q�`�b35 27

�6�B�M�/ �� �K���`�;�B�M �Q�7 �2�`�`�Q�` ���M�/ �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �i�r�Q

�T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�b�X ���M�/ �N�y�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H�X
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�b�Q�H�,

�>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b ���#�Q�m�ip1�• p2

�R�X �G�2�i �m�b �M�Q�r �+�Q�M�b�B�/�2�` �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�b ���#�Q�m�i �M�Q �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M�b

�Q�7 �i�r�Q �T�Q�T�m�H���i�B�Q�M�b�X �A�M �i�?�B�b �+���b�2�- �i�?�2 �i�?�`�2�2 �7�Q�`�K�b �7�Q�` �� �?�v�T�Q�i�?�2�b�B�b �i�2�b�i ���`�2 ���b �7�Q�H�H�Q�r�b�,

H0 : p1 � p2 � 0; H0 : p1 � p2 � 0; H0 : p1 � p2 = 0

Ha : p1 � p2 < 0 Ha : p1 � p2 > 0 Ha : p1 � p2 6= 0

�k�X �q�?�2�M �r�2 ���b�b�m�K�2H0 �B�b �i�`�m�2 ���b ���M �2�[�m���H�B�i�v�- �r�2 �?���p�2p1�• p2 = 0�- �r�?�B�+�? �B�b �i�?�2

�b���K�2 ���b �b���v�B�M�; �i�?���i �i�?�2 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�b ���`�2 �2�[�m���H�-p1 = p2�X

�j�X �l�M�/�2�` �i�?�2 ���b�b�m�K�T�i�B�Q�MH0 �B�b �i�`�m�2 ���b ���M �2�[�m���H�B�i�v�- �i�?�2 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�b ���`�2 �2�[�m���H

���M�/ p1 = p2 = p �X �A�M �i�?�B�b �+���b�2�-� �p1 � �p2 �#�2�+�Q�K�2�b�a�i���M�/���`�/ �1�`�`�Q�` �Q�7�p1 � �p2

�r�?�2�Mp1 = p2 = p

� �p1 � �p2 =

s
p1(1 � p1)

n1
+

p2(1 � p2)
n2

=

s

p(1 � p)
�

1
n1

+
1
n2

�
(10:14)

�9�X �q�B�i�?p �m�M�F�M�Q�r�M�- �r�2 �T�Q�Q�H�- �Q�` �+�Q�K�#�B�M�2�- �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�`�b �7�`�Q�K �i�?�2 �i�r�Q �b���K�T�H�2�b

�U�p1 ���M�/�p2�V �i�Q �Q�#�i���B�M �� �b�B�M�;�H�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�` �Q�7p ���b �7�Q�H�H�Q�r�b�,

�S�Q�Q�H�2�/ �1�b�i�B�K���i�Q�` �Q�7p �q�?�2�Mp1 = p2 = p

�p =
n1 �p1 + n2 �p2

n1 + n2
(10:15)

�h�?�B�b �T�Q�Q�H�2�/ �2�b�i�B�K���i�Q�` �Q�7p �B�b �� �r�2�B�;�?�i�2�/ ���p�2�`���;�2 �Q�7�p1 ���M�/�p2�X
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�8�X �a�m�#�b�i�B�i�m�i�B�M�;�p �7�Q�`p �B�M �2�[�m���i�B�Q�M �U�R�y�X�R�9�V�- �r�2 �Q�#�i���B�M ���M �2�b�i�B�K���i�2 �Q�7 �i�?�2 �b�i���M�/���`�/ �2�`�`�Q�`

�Q�7�p1�• �p2�X �h�?�B�b �2�b�i�B�K���i�2 �Q�7 �i�?�2 �b�i���M�/���`�/ �2�`�`�Q�` �B�b �m�b�2�/ �B�M �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+�X

�e�X �h�?�2 �;�2�M�2�`���H �7�Q�`�K �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �7�Q�` �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�b ���#�Q�m�i �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�@

�i�r�2�2�M �i�r�Q �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�b �B�b �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�` �/�B�p�B�/�2�/ �#�v �i�?�2 �2�b�i�B�K���i�2 �Q�7

� �p1 � �p2 �X

�d�X�h�2�b�i �a�i���i�B�b�i�B�+ �7�Q�` �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b ���#�Q�m�ip1 � p2

z =
�p1 � �p2r

�p(1 � �p)
�

1
n1

+ 1
n2

� (10:16)

�h�?�B�b �i�2�b�i �b�i���i�B�b�i�B�+ ���T�T�H�B�2�b �i�Q �H���`�;�2 �b���K�T�H�2 �b�B�i�m���i�B�Q�M�b �r�?�2�`�2n1p1�- n1(1�• p1)�- n2p2�-

���M�/n2(1�• p2) ���`�2 ���H�H �;�`�2���i�2�` �i�?���M �Q�` �2�[�m���H �i�Q �8�X

� �Z�m�2�b�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�X �X �X �X �X �X �X �X �U�T�8�y�e�V

�U�h���t �S�`�2�T���`���i�B�Q�M �6�B�`�K �1�t���K�T�H�2�V ���b�b�m�K�2 �i�?���i �i�?�2 �}�`�K �r���M�i�b �i�Q �m�b�2 �� �?�v�T�Q�i�?�@

�2�b�B�b �i�2�b�i �i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�` �i�?�2 �2�`�`�Q�` �T�`�Q�T�Q�`�i�B�Q�M�b �/�B�z�2�` �#�2�i�r�2�2�M �i�?�2 �i�r�Q �Q�{�+�2�b�X

�� �i�r�Q�@�i���B�H�2�/ �i�2�b�i �B�b �`�2�[�m�B�`�2�/�X �l�b�2� = 0:10 ���b �i�?�2 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�X �a�i���i�2 �i�?�2

�M�m�H�H ���M�/ ���H�i�2�`�M���i�B�p�2 �?�v�T�Q�i�?�2�b�2�b�X �*�Q�K�T�m�i�2 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+�- ���M�/ �i�?�2p�@�p���H�m�2 �7�Q�` �i�?�B�b

�i�r�Q�@�i���B�H�2�/ �i�2�b�i�X �a�i���i�2 �i�?�2 �/�2�+�B�b�Q�M �`�m�H�2 ���M�/ �/�`���r �� �+�Q�M�+�H�m�b�B�Q�M�X

�b�Q�H�,
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�Ú �1�s�1�_�*�A�a�1�a
'

&

$

%

�R�y�X�R�, �R�- �k�- �9�- �e

�R�y�X�k�, �N�- �R�y�- �R�j�- �R�9�- �R�8

�R�y�X�j�, �R�N�- �k�j�- �k�9

�R�y�X�9�, �k�3�- �k�N�- �j�R�- �j�9

�a�l�S �, �j�3�- �j�N�- �9�9
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�S���;�2�b�, �j�• �*�Q�T�B�2�b�,�8�y �*���H�+�m�H���i�Q�`�h�2�t�i�#�Q�Q�F�*�H���b�b �M�Q�i�2�b�j�* �T�`�Q�/�m�+�i
2: @¡D—�ÄK§Pä>�Hš�•ZMh3�ç/r3ˆfÀgI#W
"��•)i6ðB`;q#WXäfç<)�•Z²Z"Yÿ�•

�a�+�Q�T�2�, ���+�?�R�@�j �P � � �

�L�Q�i�2�b�,

�U�R�V �6�B�H�H �B�M �i�?�2 �b�i�m�/�2�M�i �A�. �M�m�K�#�2�` ���M�/ �M���K�2 �Q�M �i�?�2 ���M�b�r�2�` �b�?�2�2�i�Û

�U�k�V ���M�b�r�2�` ���H�H �[�m�2�b�i�B�Q�M�b �B�M �1�M�;�H�B�b�? �U�B�;�M�Q�`�2 �i�?�2 �;�`���K�K���` ���M�/ �b�T�2�H�H�B�M�;�V�Û

�U�j�V ���M�b�r�2�` �2���+�? �[�m�2�b�i�B�Q�M �B�M �i�?�2 �Q�`�/�2�` �B�i ���T�T�2���`�b�Û�h�?�2 �i�Q�i���H �b�+�Q�`�2 �B�b �R�k�y�X

�U�9�V �A�i �B�b �`�2�+�Q�K�K�2�M�/�2�/ �i�Q �m�b�2 �� �/���`�F �#���H�H�T�Q�B�M�i �T�2�M�Û�U�T�2�M�+�B�H �B�b ���H�H�Q�r�2�/�V

�U�8�V �h�?�2 �+���H�+�m�H���i�B�Q�M �T�`�Q�+�2�b�b �U�7�Q�` �T���`�i�b�A�o���M�/�o�V �B�b �`�2�[�m�B�`�2�/ �U�+���H�+�m�H���i�2 �i�Q �9 �/�2�+�B�K���H �T�H���+�2�b�V�Û

�U�e�V �_�2�i�m�`�M �#�Q�i�? �i�?�2 ���M�b�r�2�` �b�?�2�2�i ���M�/ �i�?�2 �[�m�2�b�i�B�Q�M �b�?�2�2�i�X

�U�@�V �.�2�+�H���`���i�B�Q�M�U�y�W�V�, �S�H�2���b�2 �i�`���M�b�+�`�B�#�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �Q���i�? �Q�M�i�Q �i�?�2 �}�`�b�i �T���;�2 �Q�7 �i�?�2 ���M�b�r�2�` �b�?�2�2�i �B�M �2�B�i�?�2�`

�*�?�B�M�2�b�2 �Q�` �1�M�;�H�B�b�?�X �UXî+Ò�ò!þ+ŠZzZEQÚK;8/#^FkK��çgè�ñ�V�Û�U�R�y �T�Q�B�M�i�b �r�B�H�H �#�2 �/�2�/�m�+�i�2�/ �B�7 �M�Q�i

�r�`�B�i�i�2�M�X�V�U�ô+Ò2J�R�y!í �V

�y�X �ô7��¡)º#ô 0Q`\#ëgìOêZMYv".�•RÌ)i`<#´�•h?#¾8�5 6ç&›#™V<OW�•[ Zz�Û�ô

�ô�A �U�v�Q�m�` �M���K�2 �?�2�`�2�V �r�B�H�H �b�i�`�B�+�i�H�v ���/�?�2�`�2 �i�Q ���H�H �2�t���K�B�M���i�B�Q�M �`�m�H�2�b�X �A�7 �A �#�`�2���F �i�?�B�b �Q���i�?�- �A ���K �r�B�H�H�B�M�; �i�Q

���+�+�2�T�i �i�?�2 �K�Q�b�i �b�2�p�2�`�2 �T�m�M�B�b�?�K�2�M�i �B�K�T�Q�b�2�/ �#�v �i�?�2 �b�+�?�Q�Q�H�X �a�Q�H�2�K�M�H�v �b�r�Q�`�M�X�ô

�U�A�V �J�m�H�i�B�T�H�2 �+�?�Q�B�+�2�U�k�y�W�- �8�W �2���+�?�V�c �b�2�H�2�+�i �Q�M�2 �+�Q�`�`�2�+�i ���M�b�r�2�`�X

�R�X �� �b���K�T�H�2 �Q�7 �R�8 �+�?�B�H�/�`�2�M �b�?�Q�r�b �i�?�2�B�` �7���p�Q�`�B�i�2 �F�B�M�/ �Q�7 �T�2�i�,

�.�Q�;�- �:�2�`�#�B�H�- �*���i�- �6�B�b�?�- �.�Q�;�- �.�Q�;�- �:�2�`�#�B�H�- �*���i�- �.�Q�;�- �*���i�- �G�B�x���`�/�- �6�B�b�?�- �.�Q�;�- �6�B�b�?�- �.�Q�;�X

�q�?�B�+�? �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�; �/�B�b�T�H���v�b �B�b �K�Q�b�i ���T�T�`�Q�T�`�B���i�2 �7�Q�` �i�?�B�b �/���i���\ �U���V�X �a�B�/�2�@�#�v�@�b�B�/�2 �#���` �+�?���`�i �U�"�V�X

�>�B�b�i�Q�;�`���K �U�*�V�X �a�i���+�F�2�/ �#���` �+�?���`�i �U�.�V�X �S�B�2 �+�?���`�i

�k�X �>�B�b�i�Q�;�`���K�b �#���b�2�/ �Q�M �/���i�� �Q�M �?�Q�m�b�B�M�; �T�`�B�+�2�b ���M�/ �b���H���`�B�2�b �i�v�T�B�+���H�H�v ���`�2 �U���V�X �b�F�2�r�2�/ �i�Q �i�?�2 �H�2�7�i�X �U�"�V�X

�b�F�2�r�2�/ �i�Q �i�?�2 �`�B�;�?�i�X �U�*�V�X �b�i���+�F�2�/�X �U�.�V�X �b�v�K�K�2�i�`�B�+�X

�j�X �h�?�2 �K�2���b�m�`�2 �Q�7 �H�Q�+���i�B�Q�M �r�?�B�+�? �B�b �i�?�2 �K�Q�b�i �H�B�F�2�H�v �i�Q �#�2 �B�M�~�m�2�M�+�2�/ �#�v �2�t�i�`�2�K�2 �p���H�m�2�b �B�M �i�?�2 �/���i�� �b�2�i �B�b

�i�?�2 �U���V�X �`���M�;�2�X �U�"�V�X �K�2�/�B���M�X �U�*�V�X �K�Q�/�2�X �U�.�V�X �K�2���M�X

�9�X �a�i���i�2�K�2�M�i�b ���#�Q�m�i �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �/���i�� �p���H�m�2�b �i�?���i �K�m�b�i �#�2 �r�B�i�?�B�M �� �b�T�2�+�B�}�2�/ �M�m�K�#�2�` �Q�7 �b�i���M�/���`�/

�/�2�p�B���i�B�Q�M�b �Q�7 �i�?�2 �K�2���M �+���M �#�2 �K���/�2 �m�b�B�M�; �U���V�X �*�?�2�#�v�b�?�2�p�ö�b �i�?�2�Q�`�2�K�X �U�"�V�X �h�?�2 �2�K�T�B�`�B�+���H �`�m�H�2�X �U�*�V�X

�� �}�p�2�@�M�m�K�#�2�` �b�m�K�K���`�v�X �U�.�V�X �S�2�`�+�2�M�i�B�H�2�b�X

�X K� �R�f�jgè �X
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 €Z"�•<Ï0ö�rgìYhFò �5�5 �U�a�+�Q�T�2�, ���+�?�R�@�j�V�P � � � �

�U�A�A�V �6�B�H�H�@�B�M�@�i�?�2�@�#�H���M�F�U�*�Q�`�`�2�+�i �b�T�2�H�H�B�M�; �b�?�Q�m�H�/ �#�2 �m�b�2�/ �B�7 �T�Q�b�b�B�#�H�2�X�V �U�k�y�W�- �R�y�W �2���+�?�V

�8�X �h�?�2 �;�`�Q�r�i�? �7���+�i�Q�`�b �B�M �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �.���H�i�Q�M �7�Q�` �i�?�2 �T���b�i �i�?�`�2�2 �v�2���`�b ���`�2 �b�?�Q�r�M �#�2�H�Q�r�X

�u�2���` �R�, �R�X�y�j�R�j�c �u�2���` �k�, �R�X�y�9�k�N�c �u�2���` �j�, �R�X�y�j�9�j�X

�q�?���i �?���b �#�2�2�M �i�?�2 �T�2�`�+�2�M�i���;�2 �;�`�Q�r�i�? �B�M �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �.���H�i�Q�M�\�j�X�e�R�e�W�X

�e�X �G�2�i �i�?�2i �i�? �/���i�� �p���H�m�2 �Q�7 �i�?�2 �p���`�B���#�H�2x �/�2�M�Q�i�2�b �#�vx i �X �h�?�2z�@�b�+�Q�`�2 �B�b �Q�7�i�2�M �+���H�H�2�/ �i�?�2�b�i���M�/���`�/�B�x�2�/

�p���H�m�2 �Q�7x i �X �h�?�2 �7�Q�`�K�m�H�� �B�b�,zi = ( x i �• �x)/ s�X

�U�A�A�A�V �a�?�Q�`�i ���M�b�r�2�`�U�k�y�W�- �R�y�W �2���+�?�V�U�r�`�B�i�2 �/�Q�r�M �i�?�2 �b�i���i�2�K�2�M�i �U�Q�` �/�2�}�M�B�i�B�Q�M�V�- �7�Q�`�K�m�H�� �B�7 ���M�v�- �B�M�i�2�`�T�`�2�i���i�B�Q�M�V

�d�X �q�?���i �B�b �i�?�2 �*�?�2�#�v�b�?�2�p�ö�b �i�?�2�Q�`�2�K�\

�3�X �q�?���i �B�b �i�?�2 �*�Q�p���`�B���M�+�2�\

�U�A�o�V �*���H�+�m�H���i�B�Q�M�U�9�y�W�- �k�y�W �2���+�?�V

�N�X���T�T�H�2 �B�S���/�b �B�M �a�+�?�Q�Q�H�b�X�h�?�2 �L�2�r �u�Q�`�F �h�B�K�2�b �`�2�T�Q�`�i�2�/ �i�?���i ���T�T�H�2 �?���b �m�M�p�2�B�H�2�/ �� �M�2�r �B�S���/

�K���`�F�2�i�2�/ �b�T�2�+�B�}�+���H�H�v �i�Q �b�+�?�Q�Q�H �/�B�b�i�`�B�+�i�b �7�Q�` �m�b�2 �#�v �b�i�m�/�2�M�i�b �U�h�?�2 �L�2�r �u�Q�`�F �h�B�K�2�b �r�2�#�b�B�i�2�V�X �h�?�2

�N�X�d�@�B�M�+�? �B�S���/�b �r�B�H�H �?���p�2 �7���b�i�2�` �T�`�Q�+�2�b�b�Q�`�b ���M�/ �� �+�?�2���T�2�` �T�`�B�+�2 �T�Q�B�M�i �B�M ���M �2�z�Q�`�i �i�Q �i���F�2 �K���`�F�2�i �b�?���`�2

���r���v �7�`�Q�K �:�Q�Q�;�H�2 �*�?�`�Q�K�2�#�Q�Q�F�b �B�M �T�m�#�H�B�+ �b�+�?�Q�Q�H �/�B�b�i�`�B�+�i�b�X �a�m�T�T�Q�b�2 �i�?���i �i�?�2 �7�Q�H�H�Q�r�B�M�; �/���i�� �`�2�T�`�2�b�2�M�i

�i�?�2 �T�2�`�+�2�M�i���;�2�b �Q�7 �b�i�m�/�2�M�i�b �+�m�`�`�2�M�i�H�v �m�b�B�M�; ���T�T�H�2 �B�S���/�b �7�Q�` �� �b���K�T�H�2 �Q�7 �R�3 �l�X�a�X �T�m�#�H�B�+ �b�+�?�Q�Q�H �/�B�b�i�`�B�+�i�b�X

�U�x = 24:67; s = 11:87�V

�R�8�- �k�k�- �R�k�- �k�R�- �k�e�- �R�3�- �9�k�- �k�N�- �e�9�- �k�y�- �R�8�- �k�k�- �R�3�- �k�9�- �k�d�- �k�9�- �k�e�- �R�N

�U���V �*�Q�K�T�m�i�2 �i�?�2 �}�`�b�i ���M�/ �i�?�B�`�/ �[�m���`�i�B�H�2�b �7�Q�` �i�?�2�b�2 �/���i���X

�U�#�V �A�/�2�M�i�B�7�v �i�?�2 �Q�m�i�H�B�2�`�b �B�M �i�?�2�b�2 �/���i�� �B�7 ���M�v�X �U�h�?�2 �+���H�+�m�H���i�B�Q�M �T�`�Q�+�2�b�b �B�b �`�2�[�m�B�`�2�/�V

�X K� �k�f�jgè �X



&òJ²5&<¢)�+_ �R�R�j+_.[.•K� �R +_7� �Z�m�B�x �U�R�VOêZM$dh3M�
OêZMI¸FÕ�• MXYï+_�U�ç �V erZ™CÔ"��• MXYï+_5[#ïerZ™ $dh35@3o�, �>���M�@�J�B�M�; �q�m
OêZM5Ì7��•�k�9 �P�+�i�X�‹ �h�?�m�`�Œ�R�8�,�y�y�@�R�e�,�y�y> !­.�gìFÕ2:�å �P�æ�•$
".2:�å � �æ 1: fç"‡FcYïK~M�1ýK;8/M�Z²'�ZMh3!N+èXr €Z"�Û
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2: @¡D—�ÄK§Pä>�Hš�•ZMh3�ç/r3ˆfÀgI#W
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 €Z"�•<Ï0ö�rgìYhFò �5�5 �U�a�+�Q�T�2�, ���+�?�R�@�j�V�P � � � �

�U�o�V �"�Q�M�m�b�U�k�y�W�V

�R�y�X �C���b�Q�M �D�m�b�i �+�Q�K�T�H�2�i�2�/ �R�8 �+�`�2�/�B�i �?�Q�m�`�b ���i �� �H�Q�+���H �+�Q�H�H�2�;�2�X �>�B�b �;�`���/�2 �`�2�T�Q�`�i �B�b �T�`�2�b�2�M�i�2�/ �#�2�H�Q�r�X

�*�Q�m�`�b�2�, �*���H�+�m�H�m�b �"�B�Q�H�Q�;�v �1�M�;�H�B�b�? �J�m�b�B�+ �S�X�1�X

�*�`�2�/�B�i �>�Q�m�`�b�, �8 �9 �j �k �R

�:�`���/�2�b�, �* �� �. �" ��

�h�?�2 �H�Q�+���H �m�M�B�p�2�`�b�B�i�v �m�b�2�b �� �9 �T�Q�B�M�i �;�`���/�B�M�; �b�v�b�i�2�K�- �B�X�2�X�-A = 4 ; B = 3 ; C = 2 ; D = 1 ; F = 0 �X �*�Q�K�T�m�i�2

�C���b�Q�M�ö�b �b�2�K�2�b�i�2�` �;�`���/�2 �T�Q�B�M�i ���p�2�`���;�2�X

�I�h�?�2 �#�H���M�F �T���;�2�b ���i �i�?�2 �#���+�F �+���M �#�2 �m�b�2�/ ���b �b�+�`���i�+�? �T���T�2�`�X �U/sgIJaFdgè#ÖE]YïK~M��V�=

�X K� �j�f�j gè �X

<Ï0ö�• �R�ÚOêZM<)!S.Z#±!S;J�•Z²#ó+_"À/¬QÑ/r�•M”[^+_8�Qî+_E��29•[d�Û

�k�ÚOêZM6)�ô/~6ð�‹Z®�ÚJ¡Y}�Ú)%.��Ú2kYY�Ú š`E�Ú�ÊOê1ý!]+j�C.ñK0R�.ñX3@¡�•OêEI"À/¬�‹#^�•�ô/~5�#^!á

(��•`<Oì�„Oê(�Yv".[WV<�Û
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�a�+�Q�T�2�, ���+�?�8�@�e �P � � �

�L�Q�i�2�b�,

�U�R�V �6�B�H�H �B�M �i�?�2 �b�i�m�/�2�M�i �A�. �M�m�K�#�2�` ���M�/ �M���K�2 �Q�M �i�?�2 ���M�b�r�2�` �b�?�2�2�i�Û

�U�k�V ���M�b�r�2�` ���H�H �[�m�2�b�i�B�Q�M�b �B�M �1�M�;�H�B�b�? �U�B�;�M�Q�`�2 �i�?�2 �;�`���K�K���` ���M�/ �b�T�2�H�H�B�M�;�V�Û

�U�j�V ���M�b�r�2�` �2���+�? �[�m�2�b�i�B�Q�M �B�M �i�?�2 �Q�`�/�2�` �B�i ���T�T�2���`�b�Û�h�?�2 �i�Q�i���H �b�+�Q�`�2 �B�b �R�k�y�X

�U�9�V �A�i �B�b �`�2�+�Q�K�K�2�M�/�2�/ �i�Q �m�b�2 �� �/���`�F �#���H�H�T�Q�B�M�i �T�2�M�Û�U�T�2�M�+�B�H �B�b ���H�H�Q�r�2�/�V

�U�8�V �h�?�2 �+���H�+�m�H���i�B�Q�M �T�`�Q�+�2�b�b �U�7�Q�` �T���`�i�b�A�o���M�/�o�V �B�b �`�2�[�m�B�`�2�/ �U�+���H�+�m�H���i�2 �i�Q �9 �/�2�+�B�K���H �T�H���+�2�b�V�Û

�U�e�V �_�2�i�m�`�M �#�Q�i�? �i�?�2 ���M�b�r�2�` �b�?�2�2�i ���M�/ �i�?�2 �[�m�2�b�i�B�Q�M �b�?�2�2�i�X

�U�@�V �.�2�+�H���`���i�B�Q�M�U�y�W�V�, �S�H�2���b�2 �i�`���M�b�+�`�B�#�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �Q���i�? �Q�M�i�Q �i�?�2 �}�`�b�i �T���;�2 �Q�7 �i�?�2 ���M�b�r�2�` �b�?�2�2�i �B�M �2�B�i�?�2�`

�*�?�B�M�2�b�2 �Q�` �1�M�;�H�B�b�?�X �UXî+Ò�ò!þ+ŠZzZEQÚK;8/#^FkK��çgè�ñ�V�Û�U�R�y �T�Q�B�M�i�b �r�B�H�H �#�2 �/�2�/�m�+�i�2�/ �B�7 �M�Q�i

�r�`�B�i�i�2�M�X�V�U�ô+Ò2J�R�y!í �V

�y�X �ô7��¡)º#ô 0Q`\#ëgìOêZMYv".�•RÌ)i`<#´�•h?#¾8�5 6ç&›#™V<OW�•[ Zz�Û�ô

�ô�A �U�v�Q�m�` �M���K�2 �?�2�`�2�V �r�B�H�H �b�i�`�B�+�i�H�v ���/�?�2�`�2 �i�Q ���H�H �2�t���K�B�M���i�B�Q�M �`�m�H�2�b�X �A�7 �A �#�`�2���F �i�?�B�b �Q���i�?�- �A ���K �r�B�H�H�B�M�; �i�Q

���+�+�2�T�i �i�?�2 �K�Q�b�i �b�2�p�2�`�2 �T�m�M�B�b�?�K�2�M�i �B�K�T�Q�b�2�/ �#�v �i�?�2 �b�+�?�Q�Q�H�X �a�Q�H�2�K�M�H�v �b�r�Q�`�M�X�ô

�U�A�V �J�m�H�i�B�T�H�2 �+�?�Q�B�+�2�U�k�y�W�- �8�W �2���+�?�V�c �b�2�H�2�+�i �Q�M�2 �+�Q�`�`�2�+�i ���M�b�r�2�`�X

�R�X �6�Q�` �� �+�Q�M�i�B�M�m�Q�m�b �`���M�/�Q�K �p���`�B���#�H�2X �- �i�?�2 �?�2�B�;�?�i �Q�7 �i�?�2 �7�m�M�+�i�B�Q�M ���iX = x �B�b �U���V�X �i�?�2 �T�`�Q�#���#�B�H�B�i�v ���i

�� �;�B�p�2�M �p���H�m�2 �Q�7x�X �U�"�V�X �M���K�2�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�Mf (x)�X �U�*�V�X �y�X�8�y�- �b�B�M�+�2 �B�i �B�b �i�?�2 �K�B�/�/�H�2

�p���H�m�2�X �U�.�V�X �� �p���H�m�2 �H�2�b�b �i�?���M �x�2�`�Q�X

�k�X �_���M�/�Q�K �p���`�B���#�H�2X �?���b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�Mf (x) = x/6 �- �7�Q�`x = 1 ; 2 �Q�3̀�X �h�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2 �Q�7

X �B�b �U���V�X �y�X�8�y�y�X �U�"�V�X �k�X�y�y�y�X �U�*�V�X �k�X�j�j�j�X �U�.�V�X �k�X�8

�j�X �k�y�X �6�Q�` ���M�v �+�Q�M�i�B�M�m�Q�m�b �`���M�/�Q�K �p���`�B���#�H�2�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2 �i���F�2�b �Q�M �2�t���+�i�H�v ��

�b�T�2�+�B�}�+ �p���H�m�2 �B�b �U���V�X �R�X�y�y�X �U�"�V�X �y�X�8�y�X �U�*�V�X ���M�v �p���H�m�2 �#�2�i�r�2�2�M �y �i�Q �R�X �U�.�V�X �y�X

�9�X �q�?�B�+�? �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�; �B�b �M�Q�i �� �+�?���`���+�i�2�`�B�b�i�B�+ �Q�7 ���M �2�t�T�2�`�B�K�2�M�i �r�?�2�`�2 �i�?�2 �#�B�M�Q�K�B���H �T�`�Q�#���#�B�H�B�i�v �/�B�b�@

�i�`�B�#�m�i�B�Q�M �B�b ���T�T�H�B�+���#�H�2�\ �U���V�X �h�?�2 �2�t�T�2�`�B�K�2�M�i �?���b �� �b�2�[�m�2�M�+�2 �Q�7 �M �B�/�2�M�i�B�+���H �i�`�B���H�b�X �U�"�V�X �1�t���+�i�H�v �i�r�Q

�Q�m�i�+�Q�K�2�b ���`�2 �T�Q�b�b�B�#�H�2 �Q�M �2���+�? �i�`�B���H�X �U�*�V�X �h�?�2 �2�t�T�2�`�B�K�2�M�i �B�b �B�M�/�2�T�2�M�/�2�M�i�X �U�.�V�X �h�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b �Q�7 �i�?�2

�Q�m�i�+�Q�K�2�b �/�Q �M�Q�i �+�?���M�;�2 �7�`�Q�K �Q�M�2 �i�`�B���H �i�Q ���M�Q�i�?�2�`�X

�X K� �R�f�jgè �X
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 €Z"�•<Ï0ö�rgìYhFò �5�5 �U�a�+�Q�T�2�, ���+�?�8�@�e�V�P � � � �

�U�A�A�V �6�B�H�H�@�B�M�@�i�?�2�@�#�H���M�F�U�*�Q�`�`�2�+�i �b�T�2�H�H�B�M�; �b�?�Q�m�H�/ �#�2 �m�b�2�/ �B�7 �T�Q�b�b�B�#�H�2�X�V �U�k�y�W�- �R�y�W �2���+�?�V

�8�X �h�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2 �B�b ���r�2�B�;�?�i�2�/ ���p�2�`���;�2�Q�7 �i�?�2 �p���H�m�2�b �Q�7 �i�?�2 �/�B�b�+�`�2�i�2 �`���M�/�Q�K �p���`�B���#�H�2 �r�?�2�`�2 �i�?�2

�r�2�B�;�?�i�b ���`�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b�X

�e�X �A�M �ô�L�Q�`�K���H ���T�T�`�Q�t�B�K���i�B�Q�M �Q�7 �"�B�M�Q�K�B���H �S�`�Q�#���#�B�H�B�i�B�2�b�ô�- �i�?�2 �y�X�8 �i�?���i �r�2 ���/�/ ���M�/ �b�m�#�i�`���+�i �7�`�Q�Kx �B�b

�+���H�H�2�/ ���+�Q�M�i�B�M�m�B�i�v �+�Q�`�`�2�+�i�B�Q�M �7���+�i�Q�`�X

�U�A�A�A�V �a�?�Q�`�i ���M�b�r�2�`�U�k�y�W�- �R�y�W �2���+�?�V�U�r�`�B�i�2 �/�Q�r�M �i�?�2 �b�i���i�2�K�2�M�i �U�Q�` �/�2�}�M�B�i�B�Q�M�V�- �7�Q�`�K�m�H�� �B�7 ���M�v�- �B�M�i�2�`�T�`�2�i���i�B�Q�M�V

�d�X �q�?���i �B�b �i�?�2 �ô�T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�ô �7�Q�` �� �`���M�/�Q�K �p���`�B���#�H�2�\ �U�B�M �/�B�b�+�`�2�i�2 �+���b�2�V

�3�X �q�?���i �B�b �i�?�2 �ô�L�Q�`�K���H ���T�T�`�Q�t�B�K���i�B�Q�M �Q�7 �"�B�M�Q�K�B���H �S�`�Q�#���#�B�H�B�i�B�2�b�\�ô �U�u�Q�m �a�>�P�l�G�. �L�P�h �D�m�b�i ���M�b�r�2�`�, �ô

�m�b�2 �M�Q�`�K���H �i�Q ���T�T�`�Q�t�B�K���i�2 �#�B�M�Q�K�B���H�X�ô �M�Q�` �ô�m�b�2 �M�Q�`�K���H �T�`�Q�#���#�B�H�B�i�B�2�b �i�Q ���T�T�`�Q�t�B�K���i�2 �#�B�M�Q�K�B���H �T�`�Q�#���@

�#�B�H�B�i�B�2�b�X�ô�V

�U�A�o�V �*���H�+�m�H���i�B�Q�M�U�9�y�W�V

�N�X�o�B�b�B�i�Q�`�b �i�Q �_�Q�+�F�v �J�Q�m�M�i���B�M �L���i�B�Q�M���H �S���`�F�X�_�Q�+�F�v �J�Q�m�M�i���B�M �L���i�B�Q�M���H �S���`�F �B�b �� �T�Q�T�m�H���` �T���`�F �7�Q�`

�Q�m�i�/�Q�Q�` �`�2�+�`�2���i�B�Q�M ���+�i�B�p�B�i�B�2�b �B�M �*�Q�H�Q�`���/�Q�X ���+�+�Q�`�/�B�M�; �i�Q �l�X�a�X �L���i�B�Q�M���H �S���`�F �a�2�`�p�B�+�2 �b�i���i�B�b�i�B�+�b�- �9�e�X�d�W �Q�7

�p�B�b�B�i�Q�`�b �i�Q �_�Q�+�F�v �J�Q�m�M�i���B�M �L���i�B�Q�M���H �S���`�F �B�M �k�y�R�3 �2�M�i�2�`�2�/ �i�?�`�Q�m�;�? �i�?�2 �"�2���p�2�` �J�2���/�Q�r�b �T���`�F �2�M�i�`���M�+�2�-

�k�9�X�j�W �Q�7 �p�B�b�B�i�Q�`�b �2�M�i�2�`�2�/ �i�?�`�Q�m�;�? �i�?�2 �6���H�H �_�B�p�2�` �T���`�F �2�M�i�`���M�+�2�- �e�X�j�W �Q�7 �p�B�b�B�i�Q�`�b �2�M�i�2�`�2�/ �i�?�`�Q�m�;�? �i�?�2

�:�`���M�/ �G���F�2 �T���`�F �2�M�i�`���M�+�2�- ���M�/ �k�k�X�d�W �Q�7 �p�B�b�B�i�Q�`�b �?���/ �M�Q �`�2�+�Q�`�/�2�/ �T�Q�B�M�i �Q�7 �2�M�i�`�v �i�Q �i�?�2 �T���`�F�X �*�Q�M�b�B�/�2�`

�� �`���M�/�Q�K �b���K�T�H�2 �Q�7 �R�d�8 �_�Q�+�F�v �J�Q�m�M�i���B�M �L���i�B�Q�M���H �S���`�F �p�B�b�B�i�Q�`�b�X

�U���V �q�?���i �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i ���i �H�2���b�i �d�y �#�m�i �H�2�b�b �i�?���M �3�y �p�B�b�B�i�Q�`�b �?���/ �� �`�2�+�Q�`�/�2�/ �2�M�i�`�v �i�?�`�Q�m�;�?

�i�?�2 �"�2���p�2�` �J�2���/�Q�r�b �T���`�F �2�M�i�`���M�+�2�\

�U�#�V �q�?���i �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �K�Q�`�2 �i�?���M �9�8 �p�B�b�B�i�Q�`�b �?���p�2 �M�Q �`�2�+�Q�`�/�2�/ �T�Q�B�M�i �Q�7 �2�M�i�`�v�\

�X K� �k�f�jgè �X
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 €Z"�•<Ï0ö�rgìYhFò �5�5 �U�a�+�Q�T�2�, ���+�?�8�@�e�V�P � � � �

�U�o�V �"�Q�M�m�b�U�k�y�W�V

�R�y�X �U�k�y�W�V�*���M���/�B���M �_�2�b�i���m�`���M�i �_���i�B�M�;�b�X�h�?�2 �*�?���K�#�2�` �Q�7 �*�Q�K�K�2�`�+�2 �B�M �� �*���M���/�B���M �+�B�i�v �?���b �+�Q�M�@

�/�m�+�i�2�/ ���M �2�p���H�m���i�B�Q�M �Q�7 �j�y�y �`�2�b�i���m�`���M�i�b �B�M �B�i�b �K�2�i�`�Q�T�Q�H�B�i���M ���`�2���X �1���+�? �`�2�b�i���m�`���M�i �`�2�+�2�B�p�2�/ �� �`���i�B�M�;

�Q�M �� �j�T�Q�B�M�i �b�+���H�2 �Q�M �i�v�T�B�+���H �K�2���H �T�`�B�+�2 �U�R �H�2���b�i �2�t�T�2�M�b�B�p�2 �i�Q �j �K�Q�b�i �2�t�T�2�M�b�B�p�2�V ���M�/ �[�m���H�B�i�v �U�R �H�Q�r�2�b�i

�[�m���H�B�i�v �i�Q �j �;�`�2���i�2�b�i �[�m���H�B�i�v�V�X �� �+�`�Q�b�b�i���#�m�H���i�B�Q�M �Q�7 �i�?�2 �`���i�B�M�; �/���i�� �B�b �b�?�Q�r�M �#�2�H�Q�r�X �6�Q�`�i�v�i�r�Q �Q�7 �i�?�2

�`�2�b�i���m�`���M�i�b �`�2�+�2�B�p�2�/ �� �`���i�B�M�; �Q�7 �R �Q�M �[�m���H�B�i�v ���M�/ �R �Q�M �K�2���H �T�`�B�+�2�- �j�N �Q�7 �i�?�2 �`�2�b�i���m�`���M�i�b �`�2�+�2�B�p�2�/ �� �`���i�B�M�;

�Q�7 �R �Q�M �[�m���H�B�i�v ���M�/ �k �Q�M �K�2���H �T�`�B�+�2�- ���M�/ �b�Q �Q�M�X �6�Q�`�i�v�2�B�;�?�i �Q�7 �i�?�2 �`�2�b�i���m�`���M�i�b �`�2�+�2�B�p�2�/ �i�?�2 �?�B�;�?�2�b�i �`���i�B�M�;

�Q�7 �j �Q�M �#�Q�i�? �[�m���H�B�i�v ���M�/ �K�2���H �T�`�B�+�2�X

Meal Price ( y)

Quality ( x) 1 2 3 Total

1 42  39   3  84
2 33  63  54 150
3  3  15  48  66

Total 78 117 105 300

�*�Q�K�T�m�i�2 �i�?�2 �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i �#�2�i�r�2�2�M �[�m���H�B�i�v ���M�/ �K�2���H �T�`�B�+�2�X

:FCnXO

�G�Q�r�2�` �i���B�H �T�`�Q�#���#�B�H�B�i�v�,Z � N (0; 1); P(Z � z) = p�X

z �@�R�X�3�8 �@�R�X�d�3 �@�R�X�d �@�y�X�j�9 �@�y�X�k�e �@�y�X�R�N �y�X�3�e �y�X�N�8 �R�X�y�9

p �y�X�y�j�k�k �y�X�y�j�d�8 �y�X�y�9�9�e �y�X�j�e�e�N �y�X�j�N�d�9 �y�X�9�k�9�d �y�X�3�y�8�R �y�X�3�k�3�N �y�X�3�8�y�3

�I�h�?�2 �#�H���M�F �T���;�2�b ���i �i�?�2 �#���+�F �+���M �#�2 �m�b�2�/ ���b �b�+�`���i�+�? �T���T�2�`�X �U/sgIJaFdgè#ÖE]YïK~M��V�=

�X K� �j�f�j gè �X

<Ï0ö�• �R�ÚOêZM<)!S.Z#±!S;J�•Z²#ó+_"À/¬QÑ/r�•M”[^+_8�Qî+_E��29•[d�Û

�k�ÚOêZM6)�ô/~6ð�‹Z®�ÚJ¡Y}�Ú)%.��Ú2kYY�Ú š`E�Ú�ÊOê1ý!]+j�C.ñK0R�.ñX3@¡�•OêEI"À/¬�‹#^�•�ô/~5�#^!á

(��•`<Oì�„Oê(�Yv".[WV<�Û
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�a�m�#�D�2�+�i�• MXYï+_�U�ç �V erZ™CÔ"��• MXYï+_5[#ïerZ™ �h�2���+�?�2�`�,�>���M�@�J�B�M�; �q�m
�.���i�2�• �R�9 �L�Q�p�X�‹ �h�?�m�`�Œ�R�j�,�R�y�@�R�9�,�8�y> ���H�H�Q�r�2�/�,�å �P�æ�• �S�`�Q�?�B�#�B�i�2�/�,�å � �æ 1: fç"‡FcYïK~M�1ýK;8/M�Z²'�ZMh3!N+èXr €Z"�Û

�S���;�2�b�, �j�• �*�Q�T�B�2�b�,�8�y �*���H�+�m�H���i�Q�`�h�2�t�i�#�Q�Q�F�*�H���b�b �M�Q�i�2�b�j�* �T�`�Q�/�m�+�i
2: @¡D—�ÄK§Pä>�Hš�•ZMh3�ç/r3ˆfÀgI#W
"��•)i6ðB`;q#WXäfç<)�•Z²Z"Yÿ�•

�a�+�Q�T�2�, ���+�?�R�@�9 �P � � �

�L�Q�i�2�b�,

�U�R�V �6�B�H�H �B�M �i�?�2 �b�i�m�/�2�M�i �A�. �M�m�K�#�2�` ���M�/ �M���K�2 �Q�M �i�?�2 ���M�b�r�2�` �b�?�2�2�i�Û

�U�k�V ���M�b�r�2�` ���H�H �[�m�2�b�i�B�Q�M�b �B�M �1�M�;�H�B�b�? �U�B�;�M�Q�`�2 �i�?�2 �;�`���K�K���` ���M�/ �b�T�2�H�H�B�M�;�V�Û

�U�j�V ���M�b�r�2�` �2���+�? �[�m�2�b�i�B�Q�M �B�M �i�?�2 �Q�`�/�2�` �B�i ���T�T�2���`�b�Û�h�?�2 �i�Q�i���H �b�+�Q�`�2 �B�b �R�k�y�X

�U�9�V �A�i �B�b �`�2�+�Q�K�K�2�M�/�2�/ �i�Q �m�b�2 �� �/���`�F �#���H�H�T�Q�B�M�i �T�2�M�Û�U�T�2�M�+�B�H �B�b ���H�H�Q�r�2�/�V

�U�8�V �h�?�2 �+���H�+�m�H���i�B�Q�M �T�`�Q�+�2�b�b �U�7�Q�` �T���`�i�b�A�o���M�/�o�V �B�b �`�2�[�m�B�`�2�/ �U�+���H�+�m�H���i�2 �i�Q �9 �/�2�+�B�K���H �T�H���+�2�b�V�Û

�U�e�V �_�2�i�m�`�M �#�Q�i�? �i�?�2 ���M�b�r�2�` �b�?�2�2�i ���M�/ �i�?�2 �[�m�2�b�i�B�Q�M �b�?�2�2�i�X

�U�@�V �.�2�+�H���`���i�B�Q�M�U�y�W�V�, �S�H�2���b�2 �i�`���M�b�+�`�B�#�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �Q���i�? �Q�M�i�Q �i�?�2 �}�`�b�i �T���;�2 �Q�7 �i�?�2 ���M�b�r�2�` �b�?�2�2�i �B�M �2�B�i�?�2�`

�*�?�B�M�2�b�2 �Q�` �1�M�;�H�B�b�?�X �UXî+Ò�ò!þ+ŠZzZEQÚK;8/#^FkK��çgè�ñ�V�Û�U�R�y �T�Q�B�M�i�b �r�B�H�H �#�2 �/�2�/�m�+�i�2�/ �B�7 �M�Q�i

�r�`�B�i�i�2�M�X�V�U�ô+Ò2J�R�y!í �V

�y�X �ô7��¡)º#ô 0Q`\#ëgìOêZMYv".�•RÌ)i`<#´�•h?#¾8�5 6ç&›#™V<OW�•[ Zz�Û�ô

�ô�A �U�v�Q�m�` �M���K�2 �?�2�`�2�V �r�B�H�H �b�i�`�B�+�i�H�v ���/�?�2�`�2 �i�Q ���H�H �2�t���K�B�M���i�B�Q�M �`�m�H�2�b�X �A�7 �A �#�`�2���F �i�?�B�b �Q���i�?�- �A ���K �r�B�H�H�B�M�; �i�Q

���+�+�2�T�i �i�?�2 �K�Q�b�i �b�2�p�2�`�2 �T�m�M�B�b�?�K�2�M�i �B�K�T�Q�b�2�/ �#�v �i�?�2 �b�+�?�Q�Q�H�X �a�Q�H�2�K�M�H�v �b�r�Q�`�M�X�ô

�U�A�V �J�m�H�i�B�T�H�2 �+�?�Q�B�+�2�U�k�y�W�- �8�W �2���+�?�V�c �b�2�H�2�+�i �Q�M�2 �+�Q�`�`�2�+�i ���M�b�r�2�`�X

�R�X �h�?�2 �~���b�?�H�B�;�?�i �#���i�i�2�`�B�2�b �T�`�Q�/�m�+�2�/ �#�v �Q�M�2 �Q�7 �i�?�2 �M�Q�`�i�?�2�`�M �K���M�m�7���+�i�m�`�2�`�b ���`�2 �F�M�Q�r�M �i�Q �?���p�2 ���M ���p�2�`���;�2

�H�B�7�2 �Q�7 �e�y �?�Q�m�`�b �r�B�i�? �� �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �9 �?�Q�m�`�b�X ���i �H�2���b�i �r�?���i �T�2�`�+�2�M�i���;�2 �Q�7 �~���b�?�H�B�;�?�i�b �r�B�H�H �?���p�2

�� �H�B�7�2 �Q�7 �8�9 �i�Q �e�e �?�Q�m�`�b�\ �U���V�X �8�e�W�X �U�"�V�X �e�y�W�X �U�*�V�X �e�9�W�X �U�.�V�X �e�3�W�X

�k�X �*�Q�M�b�B�/�2�` �� �b���K�T�H�2 �r�B�i�? �i�?�2 �7�Q�H�H�Q�r�B�M�; �/���i�� �p���H�m�2�b�, �e�k�- �N�y�- �8�y�- �N�9�- �d�9�X �*�Q�K�T�m�i�2 �i�?�2Z �b�+�Q�`�2�b �7�Q�` �i�?�2

���#�Q�p�2 �}�p�2 �Q�#�b�2�`�p���i�B�Q�M�b�X �q�?���i �B�b �i�?�2 �K�2���M �Q�7 �i�?�2�b�2Z �b�+�Q�`�2�b�\ �U���V�X� 1�X �U�"�V�X0�X �U�*�V�X0:5�X �U�.�V�X1 �X

�j�X �A�7X ���M�/Y ���`�2 �K�m�i�m���H�H�v �2�t�+�H�m�b�B�p�2 �2�p�2�M�i�b �r�B�i�?P(A) = 0 :295�-P(B ) = 0 :32�- �i�?�2�MP(AjB ) =

�U���V�X �y�X�y�N�9�9�X �U�"�V�X �y�X�e�R�8�y�X �U�*�V�X �R�X�y�y�y�y�X �U�.�V�X �y�X�y�y�y�y�X

�9�X �A�7P(A \ B ) = 0 �- �U���V�XP(A) + P(B ) = 1 �X �U�"�V�X �2�B�i�?�2�`P(A) = 0 �Q�P̀ (B ) = 0 �X �U�*�V�XA ���M�/B ���`�2

�K�m�i�m���H�H�v �2�t�+�H�m�b�B�p�2 �2�p�2�M�i�b�X �U�.�V�XA ���M�/B ���`�2 �B�M�/�2�T�2�M�/�2�M�i �2�p�2�M�i�b�X

�X K� �R�f�jgè �X
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7�ZMh3!X�jgè�•#W"��ä5_ �, �8�y�ä YïK~:F Z™7� K-Yÿ +>!_ 22:F.Z7fK-fâ
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 €Z"�•<Ï0ö�rgìYhFò �5�5 �U�a�+�Q�T�2�, ���+�?�R�@�9�V�P � � � �

�U�A�A�V �6�B�H�H�@�B�M�@�i�?�2�@�#�H���M�F�U�*�Q�`�`�2�+�i �b�T�2�H�H�B�M�; �b�?�Q�m�H�/ �#�2 �m�b�2�/ �B�7 �T�Q�b�b�B�#�H�2�X�V �U�k�y�W�- �R�y�W �2���+�?�V

�8�X �h�?�2 �7�Q�H�H�Q�r�B�M�; �7�`�2�[�m�2�M�+�v �/�B�b�i�`�B�#�m�i�B�Q�M �b�?�Q�r�b �i�?�2 �i�B�K�2 �U�B�M �K�B�M�m�i�2�b�V �i�?���i �� �b���K�T�H�2 �Q�7 �b�i�m�/�2�M�i�b �m�b�2�b �i�?�2

�+�Q�K�T�m�i�2�` �i�2�`�K�B�M���H�b �T�2�` �/���v�X �*�Q�K�T�m�i�2 �i�?�2 �K�2���M�X�e�N�X�8�y�y�y�y�X

�h�B�K�2�,20� 39 40� 59 60� 79 80� 99 100� 119

�6�`�2�[�m�2�M�+�v�, �k �9 �e �9 �k

�e�X �h�?�2 �`�2�b�m�H�i�b �Q�7 �� �b�m�`�p�2�v �Q�7 �3�y�y �K���`�`�B�2�/ �+�Q�m�T�H�2�b ���M�/ �i�?�2 �M�m�K�#�2�` �Q�7 �+�?�B�H�/�`�2�M �i�?�2�v �?���/ �B�b �b�?�Q�r�M �#�2�H�Q�r�X

�L�m�K�#�2�` �Q�7 �*�?�B�H�/�`�2�M�, �y �R �k �j �9 �8

�S�`�Q�#���#�B�H�B�i�v�, �y�X�y�8�y �y�X�R�k�8 �y�X�e�y�y �y�X�R�8�y �y�X�y�8�y �y�X�y�k�8

�A�7 �� �+�Q�m�T�H�2 �B�b �b�2�H�2�+�i�2�/ ���i �`���M�/�Q�K�- �r�?���i �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �+�Q�m�T�H�2 �r�B�H�H �?���p�2 �1�B�i�?�2�` �k �Q�` �j

�+�?�B�H�/�`�2�M�\�y�X�d�8�y�y�y�y�X

�U�A�A�A�V �a�?�Q�`�i ���M�b�r�2�`�U�k�y�W�- �R�y�W �2���+�?�V�U�r�`�B�i�2 �/�Q�r�M �i�?�2 �b�i���i�2�K�2�M�i �U�Q�` �/�2�}�M�B�i�B�Q�M�V�- �7�Q�`�K�m�H�� �B�7 ���M�v�- �B�M�i�2�`�T�`�2�i���i�B�Q�M�V

�d�X �q�?���i �B�b �i�?�2 �b�Q�@�+���H�H�2�/ �ô�D�Q�B�M�i �T�`�Q�#���#�B�H�B�i�v�ô�\

�3�X �q�?���i �B�b �i�?�2 �ô�"���v�2�b�ö �i�?�2�Q�`�2�K�ô�\ �U�7�Q�`�K�m�H�� �B�b �`�2�[�m�B�`�2�/�X�V

�U�A�o�V �*���H�+�m�H���i�B�Q�M�U�9�y�W�- �k�y�W �2���+�?�V

�N�X�A�M�i�2�M�i �i�Q �S�m�`�b�m�2 �J�"���X�a�i�m�/�2�M�i�b �i���F�B�M�; �i�?�2 �:�`���/�m���i�2 �J���M���;�2�K�2�M�i ���/�K�B�b�b�B�Q�M�b �h�2�b�i �U�:�J���h�V �r�2�`�2

���b�F�2�/ ���#�Q�m�i �i�?�2�B�` �m�M�/�2�`�;�`���/�m���i�2 �K���D�Q�` ���M�/ �B�M�i�2�M�i �i�Q �T�m�`�b�m�2 �i�?�2�B�` �J�"�� ���b �� �7�m�H�H�@�i�B�K�2 �Q�` �T���`�i�@�i�B�K�2

�b�i�m�/�2�M�i�X �� �b�m�K�K���`�v �Q�7 �i�?�2�B�` �`�2�b�T�Q�M�b�2�b �7�Q�H�H�Q�r�b�X

���`�2 �i�?�2 �2�p�2�M�i �i�?���i �i�?�2 �b�i�m�/�2�M�i �B�M�i�2�M�/�b �i�Q ���i�i�2�M�/ �+�H���b�b�2�b �7�m�H�H�@�i�B�K�2 �B�M �T�m�`�b�m�B�i �Q�7 ���M �J�"�� �/�2�;�`�2�2�- ���M�/

�i�?�2 �2�p�2�M�i �i�?���i �i�?�2 �b�i�m�/�2�M�i �r���b ���M �m�M�/�2�`�;�`���/�m���i�2 �#�m�b�B�M�2�b�b �K���D�Q�` �B�M�/�2�T�2�M�/�2�M�i�\ �C�m�b�i�B�7�v �v�Q�m�` ���M�b�r�2�`�X

�X K� �k�f�jgè �X
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 €Z"�•<Ï0ö�rgìYhFò �5�5 �U�a�+�Q�T�2�, ���+�?�R�@�9�V�P � � � �

�R�y�X�*�Q�M�b�m�H�i�B�M�; �6�B�`�K �"�B�/�b�X�� �+�Q�M�b�m�H�i�B�M�; �}�`�K �b�m�#�K�B�i�i�2�/ �� �#�B�/ �7�Q�` �� �H���`�;�2 �`�2�b�2���`�+�? �T�`�Q�D�2�+�i�X �h�?�2 �}�`�K�ö�b

�K���M���;�2�K�2�M�i �B�M�B�i�B���H�H�v �7�2�H�i �i�?�2�v �?���/ �� �8�y���8�y �+�?���M�+�2 �Q�7 �;�2�i�i�B�M�; �i�?�2 �T�`�Q�D�2�+�i�X �>�Q�r�2�p�2�`�- �i�?�2 ���;�2�M�+�v �i�Q �r�?�B�+�?

�i�?�2 �#�B�/ �r���b �b�m�#�K�B�i�i�2�/ �b�m�#�b�2�[�m�2�M�i�H�v �`�2�[�m�2�b�i�2�/ ���/�/�B�i�B�Q�M���H �B�M�7�Q�`�K���i�B�Q�M �Q�M �i�?�2 �#�B�/�X �S���b�i �2�t�T�2�`�B�2�M�+�2

�B�M�/�B�+���i�2�b �i�?���i �7�Q�` �d�8�W �Q�7 �i�?�2 �b�m�+�+�2�b�b�7�m�H �#�B�/�b ���M�/ �9�y�W �Q�7 �i�?�2 �m�M�b�m�+�+�2�b�b�7�m�H �#�B�/�b �i�?�2 ���;�2�M�+�v �`�2�[�m�2�b�i�2�/

���/�/�B�i�B�Q�M���H �B�M�7�Q�`�K���i�B�Q�M�X �*�Q�K�T�m�i�2 �i�?�2 �T�Q�b�i�2�`�B�Q�` �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �#�B�/ �r�B�H�H �#�2 �b�m�+�+�2�b�b�7�m�H �;�B�p�2�M ��

�`�2�[�m�2�b�i �7�Q�` ���/�/�B�i�B�Q�M���H �B�M�7�Q�`�K���i�B�Q�M�X

�U�o�V �"�Q�M�m�b�U�k�y�W�- �8�W�2���+�?�V

�R�R�X �U���V �A�7P(A) = 0 :4�-P(B jA) = 0 :35�-P(A [ B ) = 0 :69�- �i�?�2�MP(B ) = �y�X�9�j�y�y�y�X

�U�#�V �A�7P(A) = 0 :50�-P(B ) = 0 :40 ���M�/P(A [ B ) = 0 :88�- �i�?�2�MP(B jA) = �y�X�y�9�y�y�y�X

�U�+�V �A�7P(A1) = 0 :40�-P(A2) = 0 :60 ���M�/P(A1 \ A2) = 0 �X �a�m�T�T�Q�b�2P(B jA1) = 0 :20 ���M�/P(B jA2) =

0:05�- �h�?�2�MP(A1 \ B ) �4 �t�t�t�t�t�t�X

�U�/�V �U�b���K�2 ���b ���#�Q�p�2�VP(A2jB ) �4 �t�t�t�t�t�t�X

�I�h�?�2 �#�H���M�F �T���;�2�b ���i �i�?�2 �#���+�F �+���M �#�2 �m�b�2�/ ���b �b�+�`���i�+�? �T���T�2�`�X �U/sgIJaFdgè#ÖE]YïK~M��V�=

�X K� �j�f�j gè �X

<Ï0ö�• �R�ÚOêZM<)!S.Z#±!S;J�•Z²#ó+_"À/¬QÑ/r�•M”[^+_8�Qî+_E��29•[d�Û

�k�ÚOêZM6)�ô/~6ð�‹Z®�ÚJ¡Y}�Ú)%.��Ú2kYY�Ú š`E�Ú�ÊOê1ý!]+j�C.ñK0R�.ñX3@¡�•OêEI"À/¬�‹#^�•�ô/~5�#^!á

(��•`<Oì�„Oê(�Yv".[WV<�Û
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�a�+�Q�T�2�, ���+�?�8�@�3 �P � � �

�L�Q�i�2�b�,

�U�R�V �6�B�H�H �B�M �i�?�2 �b�i�m�/�2�M�i �A�. �M�m�K�#�2�` ���M�/ �M���K�2 �Q�M �i�?�2 ���M�b�r�2�` �b�?�2�2�i�Û

�U�k�V ���M�b�r�2�` ���H�H �[�m�2�b�i�B�Q�M�b �B�M �1�M�;�H�B�b�? �U�B�;�M�Q�`�2 �i�?�2 �;�`���K�K���` ���M�/ �b�T�2�H�H�B�M�;�V�Û

�U�j�V ���M�b�r�2�` �2���+�? �[�m�2�b�i�B�Q�M �B�M �i�?�2 �Q�`�/�2�` �B�i ���T�T�2���`�b�Û�h�?�2 �i�Q�i���H �b�+�Q�`�2 �B�b �R�k�y�X

�U�9�V �A�i �B�b �`�2�+�Q�K�K�2�M�/�2�/ �i�Q �m�b�2 �� �/���`�F �#���H�H�T�Q�B�M�i �T�2�M�Û�U�T�2�M�+�B�H �B�b ���H�H�Q�r�2�/�V

�U�8�V �h�?�2 �+���H�+�m�H���i�B�Q�M �T�`�Q�+�2�b�b �U�7�Q�` �T���`�i�b�A�o���M�/�o�V �B�b �`�2�[�m�B�`�2�/ �U�+���H�+�m�H���i�2 �i�Q �9 �/�2�+�B�K���H �T�H���+�2�b�V�Û

�U�e�V �_�2�i�m�`�M �#�Q�i�? �i�?�2 ���M�b�r�2�` �b�?�2�2�i ���M�/ �i�?�2 �[�m�2�b�i�B�Q�M �b�?�2�2�i�X

�U�@�V �.�2�+�H���`���i�B�Q�M�U�y�W�V�, �S�H�2���b�2 �i�`���M�b�+�`�B�#�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �Q���i�? �Q�M�i�Q �i�?�2 �}�`�b�i �T���;�2 �Q�7 �i�?�2 ���M�b�r�2�` �b�?�2�2�i �B�M �2�B�i�?�2�`

�*�?�B�M�2�b�2 �Q�` �1�M�;�H�B�b�?�X �UXî+Ò�ò!þ+ŠZzZEQÚK;8/#^FkK��çgè�ñ�V�Û�U�R�y �T�Q�B�M�i�b �r�B�H�H �#�2 �/�2�/�m�+�i�2�/ �B�7 �M�Q�i

�r�`�B�i�i�2�M�X�V�U�ô+Ò2J�R�y!í �V

�y�X �ô7��¡)º#ô 0Q`\#ëgìOêZMYv".�•RÌ)i`<#´�•h?#¾8�5 6ç&›#™V<OW�•[ Zz�Û�ô

�ô�A �U�v�Q�m�` �M���K�2 �?�2�`�2�V �r�B�H�H �b�i�`�B�+�i�H�v ���/�?�2�`�2 �i�Q ���H�H �2�t���K�B�M���i�B�Q�M �`�m�H�2�b�X �A�7 �A �#�`�2���F �i�?�B�b �Q���i�?�- �A ���K �r�B�H�H�B�M�; �i�Q

���+�+�2�T�i �i�?�2 �K�Q�b�i �b�2�p�2�`�2 �T�m�M�B�b�?�K�2�M�i �B�K�T�Q�b�2�/ �#�v �i�?�2 �b�+�?�Q�Q�H�X �a�Q�H�2�K�M�H�v �b�r�Q�`�M�X�ô

�U�A�V �J�m�H�i�B�T�H�2 �+�?�Q�B�+�2�U�k�y�W�- �8�W �2���+�?�V�c �b�2�H�2�+�i �Q�M�2 �+�Q�`�`�2�+�i ���M�b�r�2�`�X

�R�X �h�?�2 �+�H�Q�b�2�` �i�?�2 �b���K�T�H�2 �K�2���M �B�b �i�Q �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�- �U���V�X �i�?�2 �H���`�;�2�` �i�?�2 �b���K�T�H�B�M�; �2�`�`�Q�`�X �U�"�V�X

�i�?�2 �b�K���H�H�2�` �i�?�2 �b���K�T�H�B�M�; �2�`�`�Q�`�X �U�*�V�X �i�?�2 �b���K�T�H�B�M�; �2�`�`�Q�` �2�[�m���H�b �R�X �U�.�V�X �M�Q�M�2 �Q�7 �i�?�2�b�2 ���H�i�2�`�M���i�B�p�2�b �B�b

�+�Q�`�`�2�+�i�X

�k�X �h�?�2 �T�m�`�T�Q�b�2 �Q�7 �b�i���i�B�b�i�B�+���H �B�M�7�2�`�2�M�+�2 �B�b �i�Q �T�`�Q�p�B�/�2 �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �i�?�2 �U���V�X �T�Q�T�m�H���i�B�Q�M �#���b�2�/ �m�T�Q�M

�B�M�7�Q�`�K���i�B�Q�M �+�Q�M�i���B�M�2�/ �B�M �i�?�2 �b���K�T�H�2�X �U�"�V�X �b���K�T�H�2 �#���b�2�/ �m�T�Q�M �B�M�7�Q�`�K���i�B�Q�M �+�Q�M�i���B�M�2�/ �B�M �i�?�2 �T�Q�T�m�@

�H���i�B�Q�M�X �U�*�V�X �T�Q�T�m�H���i�B�Q�M �#���b�2�/ �m�T�Q�M �B�M�7�Q�`�K���i�B�Q�M �+�Q�M�i���B�M�2�/ �B�M �i�?�2 �T�Q�T�m�H���i�B�Q�M�X �U�.�V�X �K�2���M �Q�7 �i�?�2

�b���K�T�H�2 �#���b�2�/ �m�T�Q�M �i�?�2 �K�2���M �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M�X

�j�X �A�7 �r�2 �+�?���M�;�2 �� �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �i�Q �� �N�N�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2�- �r�2 �+���M �2�t�T�2�+�i

�i�?�2 �U���V�X �r�B�/�i�? �Q�7 �i�?�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �i�Q �B�M�+�`�2���b�2�X �U�"�V�X �r�B�/�i�? �Q�7 �i�?�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �i�Q �/�2�+�`�2���b�2�X

�U�*�V�X �r�B�/�i�? �Q�7 �i�?�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �i�Q �`�2�K���B�M �i�?�2 �b���K�2�X �U�.�V�X �b���K�T�H�2 �b�B�x�2 �i�Q �B�M�+�`�2���b�2�X

�9�X �6�Q�` �� �;�B�p�2�M �+�Q�M�}�/�2�M�+�2 �H�2�p�2�H ���M�/ �r�?�2�M �� �B�b �F�M�Q�r�M�- �i�?�2 �K���`�;�B�M �Q�7 �2�`�`�Q�` �B�M �� �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2

�U���V�X �B�b �B�M�/�2�T�2�M�/�2�M�i �Q�7 �b���K�T�H�2 �b�B�x�2�X �U�"�V�X �p���`�B�2�b �7�`�Q�K �b���K�T�H�2 �i�Q �b���K�T�H�2 �Q�7 �i�?�2 �b���K�2 �b�B�x�2�X �U�*�V�X �B�M�+�`�2���b�2�b

���b �i�?�2 �b���K�T�H�2 �b�B�x�2 �B�M�+�`�2���b�2�b�X �U�.�V�X �B�b �i�?�2 �b���K�2 �7�Q�` ���H�H �b���K�T�H�2�b �Q�7 �i�?�2 �b���K�2 �b�B�x�2�X

�X K� �R�f�jgè �X



&òJ²5&<¢)�+_ �R�R�j+_.[.•K� �R +_7� �6�B�M���H �1�t���KOêZM$dh3M�
OêZMI¸FÕ�• MXYï+_�U�ç �V erZ™CÔ"��• MXYï+_5[#ïerZ™ $dh35@3o�, �>���M�@�J�B�M�; �q�m
OêZM5Ì7��•�y�N �C���M�X�‹ �h�?�m�`�Œ�R�j�,�R�y�@�R�9�,�8�y> !­.�gìFÕ2:�å �P�æ�•$
".2:�å � �æ 1: fç"‡FcYïK~M�1ýK;8/M�Z²'�ZMh3!N+èXr €Z"�Û

7�ZMh3!X�jgè�•#W"��ä5_ �, �8�y�ä YïK~:F Z™7� K-Yÿ +>!_ 22:F.Z7fK-fâ
2: @¡D—�ÄK§Pä>�Hš�•ZMh3�ç/r3ˆfÀgI#W
"��•)i6ðB`;q#WXäfç<)�•Z²Z"Yÿ�•

 €Z"�•<Ï0ö�rgìYhFò �5�5 �U�a�+�Q�T�2�, ���+�?�8�@�3�V�P � � � �

�U�A�A�V �6�B�H�H�@�B�M�@�i�?�2�@�#�H���M�F�U�*�Q�`�`�2�+�i �b�T�2�H�H�B�M�; �b�?�Q�m�H�/ �#�2 �m�b�2�/ �B�7 �T�Q�b�b�B�#�H�2�X�V �U�k�y�W�- �8�W �2���+�?�V

�8�X �� �`���M�/�Q�K �p���`�B���#�H�2�- �Q�7�i�2�M �/�2�M�Q�i�2�/ �#�vX �U�Q�` �b�Q�K�2 �Q�i�?�2�` �+���T�B�i���H �H�2�i�i�2�`�V�- �B�b ���7�m�M�+�i�B�Q�M�i�?���i �K���T�b �Q�m�i�+�Q�K�2�b

�i�Q �M�m�K�#�2�`�b �Q�M �i�?�2 �`�2���H �H�B�M�2�X

�e�X �q�?���i �B�b �i�?�2 �M�Q�`�K���H �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �U�H�2�i� �/�2�M�Q�i�2�b �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�- ���M�/� �i�?�2

�T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�V�,f (x) = 1p
2��

e� 1
2 ( x � �

� )2
�X

�d�X �� �b���K�T�H�2 �+�?���`���+�i�2�`�B�b�i�B�+�- �b�m�+�? ���b �� �b���K�T�H�2 �K�2���M�X �- �� �b���K�T�H�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�Ms�- �� �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M

�p�- ���M�/ �b�Q �Q�M�- �B�b �+���H�H�2�/ �i�?�2�b���K�T�H�2 �b�i���i�B�b�i�B�+�X

�3�X �h�?�2t �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �� �7���K�B�H�v �Q�7 �b�B�K�B�H���` �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�b�- �r�B�i�? �� �b�T�2�+�B�}�+t �/�B�b�i�`�B�#�m�i�B�Q�M �/�2�T�2�M�/�@

�B�M�; �Q�M �� �T���`���K�2�i�2�` �F�M�Q�r�M ���b �i�?�2�/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K �U�/�7�V�X

�U�A�A�A�V �a�?�Q�`�i ���M�b�r�2�`�U�k�y�W�- �R�y�W �2���+�?�V�U�r�`�B�i�2 �/�Q�r�M �i�?�2 �b�i���i�2�K�2�M�i �U�Q�` �/�2�}�M�B�i�B�Q�M�V�- �7�Q�`�K�m�H�� �B�7 ���M�v�- �B�M�i�2�`�T�`�2�i���i�B�Q�M�V

�N�X �q�?���i �B�b �i�?�2 �b�Q�@�+���H�H�2�/ �ô�b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M�ô�\

�R�y�X �>�Q�r �i�Q �B�M�i�2�`�T�`�2�i �� �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �7�Q�` �� �T�Q�T�m�H���i�B�Q�M �T���`���K�2�i�2�`� �\

�U�A�o�V �*���H�+�m�H���i�B�Q�M�U�9�y�W�- �k�y�W �2���+�?�V

�R�R�X�1�K�T�H�Q�v�2�2 ���;�2�b�X �h�Q �2�b�i�B�K���i�2 �i�?�2 �K�2���M ���;�2 �7�Q�` �� �T�Q�T�m�H���i�B�Q�M �Q�7 �9�y�y�y �2�K�T�H�Q�v�2�2�b�- �� �b�B�K�T�H�2 �`���M�/�Q�K

�b���K�T�H�2 �Q�7 �9�y �2�K�T�H�Q�v�2�2�b �B�b �b�2�H�2�+�i�2�/�X

�U���V �A�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �B�b� = 8 :2 �v�2���`�b�- �+�Q�K�T�m�i�2 �i�?�2 �b�i���M�/���`�/ �2�`�`�Q�` �#�Q�i�? �r�B�i�?

���M�/ �r�B�i�?�Q�m�i �i�?�2 �}�M�B�i�2 �T�Q�T�m�H���i�B�Q�M �+�Q�`�`�2�+�i�B�Q�M �7���+�i�Q�`�X �q�?���i �B�b �i�?�2 �`���i�B�Q�M���H�2 �7�Q�` �B�;�M�Q�`�B�M�; �i�?�2 �}�M�B�i�2

�T�Q�T�m�H���i�B�Q�M �+�Q�`�`�2�+�i�B�Q�M �7���+�i�Q�` �r�?�2�M�2�p�2�`n/ N � 0:05�\

�U�#�V �q�?���i �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �b���K�T�H�2 �K�2���M ���;�2 �Q�7 �i�?�2 �2�K�T�H�Q�v�2�2�b �r�B�H�H �#�2 �r�B�i�?�B�M� 2 �v�2���`�b �Q�7

�i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M ���;�2�\

�X K� �k�f�jgè �X
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 €Z"�•<Ï0ö�rgìYhFò �5�5 �U�a�+�Q�T�2�, ���+�?�8�@�3�V�P � � � �

�R�k�X�J�2���H �*�Q�b�i �B�M �>�Q�M�; �E�Q�M�;�X �h�?�2 �K�2���M �+�Q�b�i �Q�7 �� �K�2���H �7�Q�` �i�r�Q �B�M �� �K�B�/�`���M�;�2 �`�2�b�i���m�`���M�i �B�M �h�Q�F�v�Q �B�b

�0�9�y �U�L�m�K�#�2�Q�X�+�Q�K �r�2�#�b�B�i�2�V�X �>�Q�r �/�Q �T�`�B�+�2�b �7�Q�` �+�Q�K�T���`���#�H�2 �K�2���H�b �B�M �>�Q�M�; �E�Q�M�; �+�Q�K�T���`�2�\ �U�h�?�2 �/���i��

�}�H�2 �>�Q�M�;�E�Q�M�;�J�2���H�b �+�Q�M�i���B�M�b �i�?�2 �+�Q�b�i�b �7�Q�` �� �b���K�T�H�2 �Q�7 �9�k �`�2�+�2�M�i �K�2���H�b �7�Q�` �i�r�Q �B�M �>�Q�M�; �E�Q�M�; �K�B�/�`���M�;�2

�`�2�b�i���m�`���M�i�b �U�i�?�2 �b���K�T�H�2 �K�2���M �B�b �0�j�k�X�e�e�- ���M�/ �i�?�2 �b���K�T�H�2 �p���`�B���M�+�2 �B�b �9�e�X�e�y�d�N�j�V�V�X

�U���V �q�?���i �B�b �i�?�2 �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M �B�M �>�Q�M�; �E�Q�M�;�\

�U�#�V �>�Q�r �/�Q �T�`�B�+�2�b �7�Q�` �K�2���H�b �7�Q�` �i�r�Q �B�M �K�B�/�`���M�;�2 �`�2�b�i���m�`���M�i�b �B�M �>�Q�M�; �E�Q�M�; �+�Q�K�T���`�2 �i�Q �T�`�B�+�2�b �7�Q�`

�+�Q�K�T���`���#�H�2 �K�2���H�b �B�M �h�Q�F�v�Q �`�2�b�i���m�`���M�i�b�\ �U�>�B�M�i�, �q�?�2�i�?�2�` �i�?�2 �K�2���M �+�Q�b�i �7�Q�` �� �K�B�/�@�`���M�;�2 �K�2���H �7�Q�`

�i�r�Q �B�M �h�Q�F�v�Q �B�b �B�M �Q�` �M�Q�i �B�M �i�?�2 �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �7�Q�` �+�Q�K�T���`���#�H�2 �K�2���H�b �B�M �>�Q�M�; �E�Q�M�;�\ �B�7

�v�2�b�- �r�?���i �/�Q�2�b �i�?���i �K�2���M�\ �P�` �B�7 �M�Q�i�- �r�?���i �/�Q�2�b �i�?���i �K�2���M�\�V

�U�o�V �"�Q�M�m�b�U�k�y�W�V

�R�j�X �G�2�iX 1; X 2; � � � ; X n �#�2 �B�X�B�X�/�X �`���M�/�Q�K �b���K�T�H�2 �7�`�Q�K �� �L�Q�`�K���H �T�Q�T�m�H���i�B�Q�M �r�B�i�? �� �m�M�F�M�Q�r�M �K�2���M� ���M�/

�� �F�M�Q�r�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M� �X �.�2�`�B�p�2 �i�?�2 �7�Q�`�K�m�H�� �Q�7 �i�?�2 �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �7�Q�`� �X

:FCnXO

�G�Q�r�2�` �i���B�H �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �b�i���M�/���`�/ �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�,Z � N (0; 1); P(Z � z) = p�X

z �@�R�X�k�N �@�y�X�k�e �@�y�X�R�N �y�X�3�e �y�X�N�8 �R�X�8�9 �R�X�d�3

p �y�X�y�N�3�8 �y�X�j�N�d�9 �y�X�9�k�9�d �y�X�3�y�8�R �y�X�3�k�3�N �y�X�N�j�3�k �y�X�N�e�k�8

�G�Q�r�2�` �i���B�H �T�`�Q�#���#�B�H�B�i�v �Q�7 ��t �/�B�b�i�`�B�#�m�i�B�Q�M�,T � t (df ) ; P(T � t) = p�X

df �9�R �9�R �9�R �9�k �9�k �9�k �9�j �9�j �9�j

t �@�k�X�9�k�y�3 �@�k�X�y�R�N�8 �@�R�X�e�3�k�N �@�k�X�9�R�3�8 �@�k�X�y�R�3�R �@�R�X�e�3�R�N �@�k�X�9�R�e�j �@�k�X�y�R�e�e �@�R�X�e�3�R�R

p �y�X�y�R �y�X�y�k�8 �y�X�y�8 �y�X�y�R �y�X�y�k�8 �y�X�y�8 �y�X�y�R �y�X�y�k�8 �y�X�y�8

�I�h�?�2 �#�H���M�F �T���;�2�b ���i �i�?�2 �#���+�F �+���M �#�2 �m�b�2�/ ���b �b�+�`���i�+�? �T���T�2�`�X �U/sgIJaFdgè#ÖE]YïK~M��V�=

�X K� �j�f�j gè �X
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�ó�h�?�2 �b�i�`�m�;�;�H�2�b ���H�Q�M�; �i�?�2 �r���v ���`�2 �Q�M�H�v �K�2���M�i �i�Q �b�?���T�2 �v�Q�m �7�Q�` �v�Q�m�` �T�m�`�T�Q�b�2�X�ô

�� �*�?���/�r�B�+�F �"�Q�b�2�K���M �U�L�Q�p�2�K�#�2�` �k�N�- �R�N�d�e� ���m�;�m�b�i �k�3�- �k�y�k�y�V

�b�b�b


