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�#�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
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�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

z =
�x � � 0

� /
p

n
:

�N�X �h�?�2 �F�2�v �[�m�2�b�i�B�Q�M �7�Q�` �� �H�Q�r�2�` �i���B�H �i�2�b�i �B�b�-�>�Q�r �b�K���H�H�K�m�b�i �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+z �#�2

�#�2�7�Q�`�2 �r�2 �+�?�Q�Q�b�2 �i�Q�`�2�D�2�+�iH0 �\ �h�r�Q ���T�T�`�Q���+�?�2�b�, �i�?�2p�@�p���H�m�2���T�T�`�Q���+�?

���M�/ �i�?�2�+�`�B�i�B�+���H �p���H�m�2���T�T�`�Q���+�?�X
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p�@�p���H�m�2 ���T�T�`�Q���+�?

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

���;���B�M�b�iH0 �T�`�Q�p�B�/�2�/ �#�v �i�?�2�b���K�T�H�2�X

�U���V �h�?�2p�@�p���H�m�2 �B�b �m�b�2�/ �i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�`H0 �b�?�Q�m�H�/ �#�2�`�2�D�2�+�i�2�/�X

�U�#�V �� �b�K���H�Hp�@�p���H�m�2�B�M�/�B�+���i�2�b �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �B�b�m�M�m�b�m���H

�;�B�p�2�M �i�?�2 ���b�b�m�K�T�i�B�Q�M �i�?���iH0 �B�b �i�`�m�2�X

�U�+�V�a�K���H�H�2�p̀�@�p���H�m�2�b �B�M�/�B�+���i�2�K�Q�`�2 �2�p�B�/�2�M�+�2���;���B�M�b�iH0�X

�k�X �h�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �B�b �m�b�2�/ �i�Q �+�Q�K�T�m�i�2 �i�?�2p�@�p���H�m�2�X

�U���V �6�Q�` ���H�Q�r�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 �b�K���H�H ���b�Q�` �b�K���H�H�2�`�i�?���M �i�?���i �T�`�Q�p�B�/�2�/ �#�v

�i�?�2 �b���K�T�H�2�X

�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�;�?

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

�i�?�2p�@�p���H�m�2 �i�Q �i�?�2 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���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�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

�7�Q�` �i�?�2 �>�B�H�H�i�Q�T �*�Q�z�2�2 �H�Q�r�2�` �i���B�H �i�2�b�i�X

�b�Q�H�,

�� �"�2�+���m�b�2 �i�?�B�b �B�b �� �H�Q�r�2�` �i���B�H �i�2�b�i�- �i�?�2p�@�p���H�m�2 �B�b �i�?�2 ���`�2�� �m�M�/�2�` �i�?�2 �b�i���M�/���`�/

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

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�N�, �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b �S���;�2 �R�8�f�9�9

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

�2�M�Q�m�;�? �i�Q �+���m�b�2 �m�b �i�Q �`�2�D�2�+�iH0�\ �h�?�2 ���M�b�r�2�` �/�2�T�2�M�/�b �m�T�Q�M� �7�Q�` �i�?�2 �i�2�b�i�X

�8�X ���b �M�Q�i�2�/ �T�`�2�p�B�Q�m�b�H�v�- �i�?�2 �/�B�`�2�+�i�Q�` �Q�7 �i�?�2 �6�h�*�ö�b �i�2�b�i�B�M�; �T�`�Q�;�`���K �b�2�H�2�+�i�2�/ �� �p���H�m�2 �Q�7

0:01 �7�Q�` �i�?�2 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �K�2���M�b �i�?���i �i�?�2 �/�B�`�2�+�i�Q�` �B�b�r�B�H�H�B�M�; �i�Q �i�Q�H�2�`���i�2

�� �T�`�Q�#���#�B�H�B�i�v �Q�70:01 �Q�7 �`�2�D�2�+�i�B�M�;H0 �r�?�2�M �B�i �B�b �i�`�m�2 ���b ���M�2�[�m���H�B�i�v(� 0 = 3) �X

�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

�d�X �"�2�+���m�b�2p�@�p���H�m�2= 0:0038� � = 0:01 �- �r�2 �`�2�D�2�+�iH0 �X �h�?�2�`�2�7�Q�`�2�- �r�2 �}�M�/

�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�+�i �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b ���i �i�?�20:01 �H�2�p�2�H �Q�7

�b�B�;�M�B�}�+���M�+�2�X

�3�X�_�2�D�2�+�i�B�Q�M �_�m�H�2 �l�b�B�M�;p�@�p���H�m�2�X �6�Q�` �� �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2� �- �i�?�2 �`�2�D�2�+�i�B�Q�M �`�m�H�2

�m�b�B�M�; �i�?�2p�@�p���H�m�2 ���T�T�`�Q���+�? �B�b�,

�_�2�D�2�+�iH0 �B�7p�@�p���H�m�2� �

�N�X
�

�

�

��1�t���K�T�H�2 �A�M �i�?�2 �>�B�H�H�i�Q�T �*�Q�z�2�2 �i�2�b�i�- �i�?�2p�@�p���H�m�2 �Q�7 �y�X�y�y�j�3 �`�2�b�m�H�i�2�/ �B�M �i�?�2 �`�2�D�2�+�i�B�Q�M

�Q�7H0�X �h�?�2 �Q�#�b�2�`�p�2�/p�@�p���H�m�2 �Q�7 �y�X�y�y�j�3 �K�2���M�b �i�?���i �r�2 �r�Q�m�H�/ �`�2�D�2�+�iH0 �7�Q�` ���M�v �p���H�m�2 �Q�7

� � 0:0038 �X �6�Q�` �i�?�B�b �`�2���b�Q�M�- �i�?�2p�@�p���H�m�2 �B�b ���H�b�Q �+���H�H�2�/�i�?�2 �Q�#�b�2�`�p�2�/ �H�2�p�2�H �Q�7

�b�B�;�M�B�}�+���M�+�2�X

�R�y�X �.�B�z�2�`�2�M�i �/�2�+�B�b�B�Q�M �K���F�2�`�b �K���v �2�t�T�`�2�b�b �/�B�z�2�`�2�M�i �Q�T�B�M�B�Q�M�b �+�Q�M�+�2�`�M�B�M�; �i�?�2�+�Q�b�i �Q�7

�K���F�B�M�; �� �h�v�T�2 �A �2�`�`�Q�`���M�/ �K���v �+�?�Q�Q�b�2 ���/�B�z�2�`�2�M�i� �X

�*�`�B�i�B�+���H �p���H�m�2 ���T�T�`�Q���+�?

�R�X �h�?�2 �+�`�B�i�B�+���H �p���H�m�2 �B�b �i�?�2 �p���H�m�2 �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�

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

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

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

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

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

�?�v�T�Q�i�?�2�b�B�b�X

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�N�, �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b �S���;�2 �R�e�f�9�9

�9�X
�

�

�

��1�t���K�T�H�2 �i�?�2 �>�B�H�H�i�Q�T �*�Q�z�2�2 �2�t���K�T�H�2�X

�U���V �A�M �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 �7�Q�` �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+z �B�b ��

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

�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�`

�i���B�H �Q�7 �� �b�i���M�/���`�/ �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�X

�U�#�V �U�6�B�;�m�`�2 �N�X�j�V �q�2 �}�M�/ �i�?���i� z0:01 = �• 2:33 �T�`�Q�p�B�/�2�b ���M ���`�2�� �Q�70:01 �B�M �i�?�2

�H�Q�r�2�` �i���B�H�-P(z � �• 2:33) = 0:01 �X

�U�+�V �A�7 �i�?�2 �b���K�T�H�2 �`�2�b�m�H�i�b �B�M �� �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �i�?���i �B�b �H�2�b�b �i�?���M �Q�` �2�[�m���H

�i�Q �•2:33�- �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�;p�@�p���H�m�2 �r�B�H�H �#�2 �H�2�b�b �i�?���M �Q�` �2�[�m���H �i�Q0:01�c �B�M �i�?�B�b

�+���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�,

z0 =
�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
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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

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�N�, �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b �S���;�2 �R�N�f�9�9

�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
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�*�?���T�i�2�`�N�, �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b �S���;�2 �k�y�f�9�9

�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

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�N�, �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b �S���;�2 �k�R�f�9�9

�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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�*�?���T�i�2�`�N�, �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b �S���;�2 �k�k�f�9�9

�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�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �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

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���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�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �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�/

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�N�, �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b �S���;�2 �k�3�f�9�9

�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
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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
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�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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�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

�;�Q�H�7 �+�Q�m�`�b�2�X

�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

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�N�, �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b �S���;�2 �j�j�f�9�9

�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�`

�2�[�m���H �i�Q �y�X�y�y�e�k�X

�a�m�K�K���`�v

�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

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

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�N�, �>�v�T�Q�i�?�2�b�B�b �h�2�b�i�b �S���;�2 �j�9�f�9�9

�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�,

�U���V �7�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�-H0; Ha�X

�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�`�@

�r�B�b�2�- �r�2 �K���/�2 �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �ô�/�Q �M�Q�i �`�2�D�2�+�iH0�X�ô

�k�X �q�B�i�? �� �b�B�;�M�B�}�+���M�+�2 �i�2�b�i�- �r�2 �+�Q�M�i�`�Q�H �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; �i�?�2 �h�v�T�2 �A �2�`�`�Q�`�- �#�m�i

�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�@

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

�9�X �A�7 �i�?�2 �T�m�`�T�Q�b�2 �Q�7 �� �?�v�T�Q�i�?�2�b�B�b �i�2�b�i �B�b �i�Q�K���F�2 �� �/�2�+�B�b�B�Q�M�r�?�2�MH0 �B�b �i�`�m�2 ���M�/

�� �/�B�z�2�`�2�M�i �/�2�+�B�b�B�Q�M�r�?�2�MHa �B�b �i�`�m�2�- �i�?�2 �/�2�+�B�b�B�Q�M �K���F�2�` �K���v �r���M�i �i�Q�- ���M�/ �B�M

�b�Q�K�2 �+���b�2�b �#�2 �7�Q�`�+�2�/ �i�Q�- �i���F�2 ���+�i�B�Q�M �r�B�i�? �#�Q�i�? �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �/�Q �M�Q�i �`�2�D�2�+�iH0 ���M�/

�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

�e�X
�

�

�

��1�t���K�T�H�2 �U�H�Q�i�@���+�+�2�T�i���M�+�2 �2�t���K�T�H�2�V �� �[�m���H�B�i�v �+�Q�M�i�`�Q�H �K���M���;�2�` �K�m�b�i �/�2�+�B�/�2 �i�Q ���+�@

�+�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

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8
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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�@

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

�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
�

�

�

��1�t���K�T�H�2 �U�H�Q�i�@���+�+�2�T�i���M�+�2 �2�t���K�T�H�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 ���#�Q�m�i �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�` �� �b�?�B�T�K�2�M�i �Q�7 �#���i�i�2�`�B�2�b�,

H0 : � � 120; Ha : � < 120:

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���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�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �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�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �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�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �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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�/�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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� �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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�*�?���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 �3�f�k�k

�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�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 �N�f�k�k

�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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�*�?�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

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �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�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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�*�?���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�e�f�k�k

�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

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

H0 : � d = 0; Ha : � d 6= 0

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

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

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

�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�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 �A�M�p�Q�H�p�B�M�; �J���i�+�?�2�/ �a���K�T�H�2�b

t =
�d � � d

sd/
p

n

�r�?�2�`�2
�d =

P
di

n
; ���M�/ sd =

s P
(di � �d)2

n � 1
(10:9)

� �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�3�V

�U�h���#�H�2 �R�y�X�j�V �U�J���i�+�?�2�/ �1�t���K�T�H�2�V�X �� �`���M�/�Q�K �b���K�T�H�2 �Q�7 �b�B�t �r�Q�`�F�2�`�b �B�b �m�b�2�/�X �h�?�2

�/���i�� �Q�M �+�Q�K�T�H�2�i�B�Q�M �i�B�K�2�b �7�Q�` �i�?�2 �b�B�t �r�Q�`�F�2�`�b ���`�2 �;�B�p�2�M �B�M �h���#�H�2 �R�y�X�j�X �L�Q�i�2 �i�?���i �2���+�?

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

�i�?���i �i�?�2 �H���b�i �+�Q�H�m�K�M �+�Q�M�i���B�M�b �i�?�2 �/�B�z�2�`�2�M�+�2 �B�M �+�Q�K�T�H�2�i�B�Q�M �i�B�K�2�bdi �7�Q�` �2���+�? �r�Q�`�F�2�`
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�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�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �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�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �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
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�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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�B�b �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�b �Q�7 �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
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�i�B�Q�M �i�?���i �`�2�~�2�+�i�b �i�?�2 �T�Q�b�b�B�#�H�2 �p���H�m�2�b �Q�7�p1�• �p2 �B�7 �r�2 �`�2�T�2���i�2�/�H�v �i�Q�Q�F �i�r�Q �B�M�/�2�T�2�M�/�2�M�i

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �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�N�f�k�k

�`���M�/�Q�K �b���K�T�H�2�b�X �h�?�2 �K�2���M �Q�7 �i�?�B�b �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �B�bp1�• p2 ���M�/ �i�?�2

�b�i���M�/���`�/ �2�`�`�Q�` �Q�7�p1�• �p2 �B�b�,

�a�i���M�/���`�/ �1�`�`�Q�` �Q�7�p1 � �p2

� �p1 � �p2 =

s
p1(1 � p1)

n1
+

p2(1 � p2)
n2

(10:11)

�8�X �A�7 �i�?�2 �b���K�T�H�2 �b�B�x�2�b ���`�2 �H���`�;�2 �2�M�Q�m�;�? �i�?���in1p1 �- n1(1�• p1) �- n2p2 �- ���M�/

n2(1�• p2) ���`�2 ���H�H �;�`�2���i�2�` �i�?���M �Q�` �2�[�m���H �i�Q�8 �- �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7

�p1�• �p2 �+���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

�e�X �q�B�i�? �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�p1�• �p2 ���T�T�`�Q�t�B�K���i�2�/ �#�v �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�-

�r�2 �r�Q�m�H�/ �H�B�F�2 �i�Q �m�b�2z� /2 � �p1 � �p2
���b �i�?�2 �K���`�;�B�M �Q�7 �2�`�`�Q�`�X

�d�X �>�Q�r�2�p�2�`�-� �p1 � �p2 �;�B�p�2�M �#�v �2�[�m���i�B�Q�M �U�R�y�X�R�R�V �+���M�M�Q�i �#�2 �m�b�2�/ �/�B�`�2�+�i�H�v �#�2�+���m�b�2 �i�?�2 �i�r�Q

�T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�b�-p1 ���M�/p2�- ���`�2 �m�M�F�M�Q�r�M�X �l�b�B�M�; �i�?�2 �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M�p1

�i�Q �2�b�i�B�K���i�2�p1 ���M�/ �i�?�2 �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M�p2 �i�Q �2�b�i�B�K���i�2p2�- �i�?�2 �K���`�;�B�M �Q�7 �2�`�`�Q�` �B�b�,

�J���`�;�B�M �Q�7 �2�`�`�Q�`= z� /2

s
�p1(1 � �p1)

n1
+

�p2(1 � �p2)
n2

(10:12)

�3�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 �S�`�Q�T�Q�`�i�B�Q�M�b

(�p1 � �p2) � z� /2

s
�p1(1 � �p1)

n1
+

�p2(1 � �p2)
n2

(10:13)

�r�?�2�`�21�• � �B�b �i�?�2 �+�Q�M�}�/�2�M�+�2 �+�Q�2�{�+�B�2�M�i�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)
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�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 �p���`�B���M�+�2� 2
0 ���M�/ �i�?�2 �b���K�T�H�2 �p���`�B���M�+�2s2

�i�Q �+�Q�K�T�m�i�2 �i�?�2 �p���H�m�2 �Q�7 ��� 2 �i�2�b�i �b�i���i�B�b�i�B�+�X

�9�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 �o���`�B���M�+�2���b�b�m�K�B�M�;

�i�?���i �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 �i�2�b�i �b�i���i�B�b�i�B�+ �B�b�,

� 2 =
(n � 1)s2

� 2
0

(11:8)

�r�?�2�`�2� 2 �?���b �� �+�?�B�@�b�[�m���`�2 �/�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
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�*�?���T�i�2�`�R�R�, �A�M�7�2�`�2�M�+�2�b ���#�Q�m�i �S�Q�T�m�H���i�B�Q�M �o���`�B���M�+�2�b �S���;�2 �3�f�R�d

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

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

�e�X �G�B�F�2 �i�?�2t �/�B�b�i�`�B�#�m�i�B�Q�M �i���#�H�2�- �i�?�2 �+�?�B�@�b�[�m���`�2 �/�B�b�i�`�B�#�m�i�B�Q�M �i���#�H�2 �/�Q�2�b �M�Q�i �+�Q�M�i���B�M

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

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

�d�X �U�h���#�H�2 �R�R�X�k�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 �X �X �X �X �X �U�T�8�j�k�V

�U�h�?�2 �a�i�X �G�Q�m�B�b �J�2�i�`�Q �"�m�b �1�t���K�T�H�2�V �h�?�2 �a�i�X �G�Q�m�B�b �J�2�i�`�Q �"�m�b �*�Q�K�T���M�v

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

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

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

�+�Q�K�T���M�v �b�i���M�/���`�/ �b�T�2�+�B�}�2�b ���M ���`�`�B�p���H �i�B�K�2 �p���`�B���M�+�2 �Q�7 �9 �Q�` �H�2�b�b �r�?�2�M ���`�`�B�p���H �i�B�K�2�b

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

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

H0 : � 2 � 4; Ha : � 2 > 4
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�*�?���T�i�2�`�R�R�, �A�M�7�2�`�2�M�+�2�b ���#�Q�m�i �S�Q�T�m�H���i�B�Q�M �o���`�B���M�+�2�b �S���;�2 �N�f�R�d

�A�M �i�2�M�i���i�B�p�2�H�v ���b�b�m�K�B�M�;H0 �B�b �i�`�m�2�- �r�2 ���`�2 ���b�b�m�K�B�M�; �i�?���i �i�?�2 �T�Q�T�m�H���i�B�Q�M �p���`�B���M�+�2 �Q�7

���`�`�B�p���H �i�B�K�2�b �B�b �r�B�i�?�B�M �i�?�2 �+�Q�K�T���M�v �;�m�B�/�2�H�B�M�2�X �q�2 �`�2�D�2�+�iH0 �B�7 �i�?�2 �b���K�T�H�2 �2�p�B�/�2�M�+�2

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

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

�i�2�b�i �m�b�B�M�; �� �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �Q�7� = 0:05�X �a�m�T�T�Q�b�2 �i�?���i �� �`���M�/�Q�K �b���K�T�H�2 �Q�7 �k�9

�#�m�b ���`�`�B�p���H�b �i���F�2�M ���i �� �/�Q�r�M�i�Q�r�M �B�M�i�2�`�b�2�+�i�B�Q�M �T�`�Q�p�B�/�2�b �� �b���K�T�H�2 �p���`�B���M�+�2 �Q�7s2 = 4:9�X

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

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

�+�`�B�i�B�+���H �p���H�m�2 ���T�T�`�Q���+�?�- �b�2�T���`���i�2�H�v�X

�b�Q�H�,

���`�2�� �B�M �l�T�T�2�` �h���B�H �y�X�R�y �y�X�y�8 �y�X�y�k�8 �y�X�y�R

� 2 �o���H�m�2 �U�k�j �/�7�V �j�k�X�y�y�d �j�8�X�R�d�k �j�3�X�y�d�e �9�R�X�e�j�3
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�*�?���T�i�2�`�R�R�, �A�M�7�2�`�2�M�+�2�b ���#�Q�m�i �S�Q�T�m�H���i�B�Q�M �o���`�B���M�+�2�b �S���;�2 �R�y�f�R�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�8�j�j�V

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

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

�B�M�/�B�p�B�/�m���H�b ���T�T�H�v�B�M�; �7�Q�` �/�`�B�p�2�`�ö�b �H�B�+�2�M�b�2�b �?���b �#�2�2�M� 2 = 100�X �� �M�2�r �2�t���K�B�M���i�B�Q�M

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

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

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

�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 �?���b �#�2�2�M �T�`�Q�T�Q�b�2�/�X

H0 : � 2 = 100; Ha : � 2 6= 100

�_�2�D�2�+�i�B�Q�M �Q�7H0 �r�B�H�H �B�M�/�B�+���i�2 �i�?���i �� �+�?���M�;�2 �B�M �i�?�2 �p���`�B���M�+�2 �?���b �Q�+�+�m�`�`�2�/ ���M�/ �b�m�;�;�2�b�i

�i�?���i �b�Q�K�2 �[�m�2�b�i�B�Q�M�b �B�M �i�?�2 �M�2�r �2�t���K�B�M���i�B�Q�M �K���v �M�2�2�/ �`�2�p�B�b�B�Q�M �i�Q �K���F�2 �i�?�2 �p���`�B���M�+�2

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

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

�q�2 �r�B�H�H �m�b�2 �� �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2� = 0:05 �i�Q �+�Q�M�/�m�+�i �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�X �h�?�2

�b���K�T�H�2 �Q�7 �j�y �2�t���K�B�M���i�B�Q�M �b�+�Q�`�2�b �T�`�Q�p�B�/�2�/ �� �b���K�T�H�2 �p���`�B���M�+�2s2 = 162�X �*�Q�M�/�m�+�i ��

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

�b�Q�H�,

���`�2�� �B�M �l�T�T�2�` �h���B�H �y�X�R�y �y�X�y�8 �y�X�y�k�8 �y�X�y�R

� 2 �o���H�m�2 �U�k�N �/�7�V �j�N�X�y�3�d �9�k�X�8�8�d �9�8�X�d�k�k �9�N�X�8�3�3
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�*�?���T�i�2�`�R�R�, �A�M�7�2�`�2�M�+�2�b ���#�Q�m�i �S�Q�T�m�H���i�B�Q�M �o���`�B���M�+�2�b �S���;�2 �R�R�f�R�d

�R�R�X�k �A�M�7�2�`�2�M�+�2�b ���#�Q�m�i �h�r�Q �S�Q�T�m�H���i�B�Q�M �o���`�B���M�+�2�b

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

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

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

�/�2�p�B�+�2�b�X

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

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

���M�Q�i�?�2�` �7�`�Q�K �T�Q�T�m�H���i�B�Q�M �k�X �h�?�2 �i�r�Q �b���K�T�H�2 �p���`�B���M�+�2�bs2
1 ���M�/s2
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�Q�7 �k�e ���`�`�B�p���H �i�B�K�2�b �7�Q�` �i�?�2 �J�B�H�#���M�F �b�2�`�p�B�+�2 �T�`�Q�p�B�/�2�b �� �b���K�T�H�2 �p���`�B���M�+�2 �Q�7 �9�3 ���M�/ ��

�b���K�T�H�2 �Q�7 �R�e ���`�`�B�p���H �i�B�K�2�b �7�Q�` �i�?�2 �:�m�H�7 �S���`�F �b�2�`�p�B�+�2 �T�`�Q�p�B�/�2�b �� �b���K�T�H�2 �p���`�B���M�+�2 �Q�7

�k�y�X �"�2�+���m�b�2 �i�?�2 �J�B�H�#���M�F �b���K�T�H�2 �T�`�Q�p�B�/�2�/ �i�?�2 �H���`�;�2�` �b���K�T�H�2 �p���`�B���M�+�2�- �r�2 �r�B�H�H �/�2�M�Q�i�2

�J�B�H�#���M�F ���b �T�Q�T�m�H���i�B�Q�M �R�X �l�b�2 �i�?�2p�@�p���H�m�2 ���T�T�`�Q���+�? �Q�` �i�?�2 �+�`�B�i�B�+���H �p���H�m�2 ���T�T�`�Q���+�?

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

�b�Q�H�,

���`�2�� �B�M �l�T�T�2�` �h���B�H �y�X�R�y �y�X�y�8 �y�X�y�k�8 �y�X�y�R

�6 �o���H�m�2 �Udf 1 = 25�-df 2 = 15�V �R�X�3�N �k�X�k�3 �k�X�e�N �j�X�k�3
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�*�?���T�i�2�`�R�R�, �A�M�7�2�`�2�M�+�2�b ���#�Q�m�i �S�Q�T�m�H���i�B�Q�M �o���`�B���M�+�2�b �S���;�2 �R�e�f�R�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�8�9�R�V

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

�Q�T�B�M�B�Q�M �b�m�`�p�2�v�X �a���K�T�H�2�b �Q�7 �j�R �K�2�M ���M�/ �9�R �r�Q�K�2�M �r�B�H�H �#�2 �m�b�2�/ �i�Q �b�i�m�/�v ���i�i�B�i�m�/�2�b

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

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

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

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

���b �T�Q�T�m�H���i�B�Q�M �k�X �h�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i �r�B�H�H �#�2 �b�i���i�2�/ ���b �7�Q�H�H�Q�r�b�X

H0 : � 2
women � � 2

men ; Ha : � 2
women > � 2

men :

�� �`�2�D�2�+�i�B�Q�M �Q�7H0 �;�B�p�2�b �i�?�2 �`�2�b�2���`�+�?�2�` �i�?�2 �b�i���i�B�b�i�B�+���H �b�m�T�T�Q�`�i �M�2�+�2�b�b���`�v �i�Q �+�Q�M�+�H�m�/�2

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

�`�2�b�m�H�i�b �T�`�Q�p�B�/�2 �� �b���K�T�H�2 �p���`�B���M�+�2 �Q�7s2
1 = 120 �7�Q�` �r�Q�K�2�M ���M�/ �� �b���K�T�H�2 �p���`�B���M�+�2 �Q�7

s2
2 = 80 �7�Q�` �K�2�M�X �l�b�2 �� �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2� = 0:05 �i�Q �+�Q�M�/�m�+�i �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�X

�b�Q�H�,
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�Ú �1�s�1�_�*�A�a�1�a
'

&

$

%

�R�R�X�R�, �k�- �j�- �8�- �N�- �R�y

�R�R�X�k�, �R�9�- �R�8�- �R�3�- �R�N

�a�l�S �, �k�e�- �k�N
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�� k;)Z+l0��¦ �U�E�B�F�B�ö�b �.�2�H�B�p�2�`�v �a�2�`�p�B�+�2�- �R�N�3�N�V
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�*�?���T�i�2�`�R�k�, �*�Q�K�T���`�B�M�; �J�m�H�i�B�T�H�2 �S�`�Q�T�Q�`�i�B�Q�M�b�- �h�2�b�i �Q�7 �A�M�/�2�T�2�M�/�2�M�+�2 ���M�/ �:�Q�Q�/�@
�M�2�b�b �Q�7 �6�B�i

�S���;�2 �R�f�k�3

MXYï+_�U�s �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�`�R�k�, �*�Q�K�T���`�B�M�; �J�m�H�i�B�T�H�2 �S�`�Q�T�Q�`�i�B�Q�M�b�- �h�2�b�i �Q�7 �A�M�/�2�@

�T�2�M�/�2�M�+�2 ���M�/ �:�Q�Q�/�M�2�b�b �Q�7 �6�B�i

�ñZ™6)ez'�nÅ�, &Â�.�8�e�-%-i� �k�e�y�j�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 �*�Q�M�b�B�/�2�` �+���b�2�b �B�M �r�?�B�+�? �i�?�2 �/���i�� ���`�2�+���i�2�;�Q�`�B�+���H�#�v �m�b�B�M�; �� �i�2�b�i �b�i���i�B�b�i�B�+ �#���b�2�/

�Q�M �i�?�2 �+�?�B�@�b�[�m���`�2 �U� 2 �V �/�B�b�i�`�B�#�m�i�B�Q�M�X

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

�+�Q�M�b�B�/�2�` �i�?�2 �Q�#�b�2�`�p���i�B�Q�M �+�Q�m�M�i �B�M �2���+�? �+���i�2�;�Q�`�v�X �h�?�2�b�2�+�?�B�@�b�[�m���`�2 �i�2�b�i�b���`�2

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

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

�U�*�?�B�@�a�[�m���`�2�h�2�b�i �Q�7 �>�Q�K�Q�;�2�M�2�B�i�v�V

�U�#�V �h�2�b�i�B�M�; �i�?�2 �B�M�/�2�T�2�M�/�2�M�+�2 �Q�7 �i�r�Q �+���i�2�;�Q�`�B�+���H �p���`�B���#�H�2�b�X �U�*�?�B�@�b�[�m���`�2�h�2�b�i �Q�7 �A�M�/�2�T�2�M�/�2�M�+�2�V

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

�?�B�b�i�Q�`�B�+���H �Q�` �i�?�2�Q�`�2�i�B�+���H �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�X �U�*�?�B�@�a�[�m���`�2�:�Q�Q�/�M�2�b�b �Q�7 �6�B�i �h�2�b�i�V
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�*�?���T�i�2�`�R�k�, �*�Q�K�T���`�B�M�; �J�m�H�i�B�T�H�2 �S�`�Q�T�Q�`�i�B�Q�M�b�- �h�2�b�i �Q�7 �A�M�/�2�T�2�M�/�2�M�+�2 ���M�/ �:�Q�Q�/�@
�M�2�b�b �Q�7 �6�B�i

�S���;�2 �k�f�k�3

�R�k�X�R �h�2�b�i�B�M�; �i�?�2 �1�[�m���H�B�i�v �Q�7 �S�Q�T�m�H���i�B�Q�M �S�`�Q�T�Q�`�i�B�Q�M�b

�7�Q�` �h�?�`�2�2 �Q�` �J�Q�`�2 �S�Q�T�m�H���i�B�Q�M�b

�R�X �A�M �i�?�B�b �b�2�+�i�B�Q�M�- �r�2 �b�?�Q�r �?�Q�r �i�?�2 �+�?�B�@�b�[�m���`�2 �U� 2�V �i�2�b�i �b�i���i�B�b�i�B�+ �+���M �#�2 �m�b�2�/ �i�Q �K���F�2

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

�K�Q�`�2 �T�Q�T�m�H���i�B�Q�M�b�X

�k�X �l�b�B�M�; �i�?�2 �M�Q�i���i�B�Q�M

pi = �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M �7�Q�` �T�Q�T�m�H���i�B�Q�Mi; i = 1; 2; 3; � � � ; k:

�i�?�2 �?�v�T�Q�i�?�2�b�2�b �7�Q�` �i�?�2 �2�[�m���H�B�i�v �Q�7 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�b �7�Q�`k � 3 �T�Q�T�m�H���i�B�Q�M�b ���`�2

���b �7�Q�H�H�Q�r�b�,

H0 : p1 = p2 = � � � = pk ; Ha : �L�Q�i ���H�H �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�b ���`�2 �2�[�m���H

�U���V �A�7 �i�?�2�b���K�T�H�2 �/���i�����M�/ �i�?�2 �+�?�B�@�b�[�m���`�2 �i�2�b�i �+�Q�K�T�m�i���i�B�Q�M�b �B�M�/�B�+���i�2H0 �+���M�@

�M�Q�i �#�2 �`�2�D�2�+�i�2�/�- �r�2 �+���M�M�Q�i �/�2�i�2�+�i �� �/�B�z�2�`�2�M�+�2 ���K�Q�M�; �i�?�2k �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�@

�i�B�Q�M�b�X

�U�#�V �>�Q�r�2�p�2�`�- �B�7 �i�?�2 �b���K�T�H�2 �/���i�� ���M�/ �i�?�2 �+�?�B�@�b�[�m���`�2 �i�2�b�i �+�Q�K�T�m�i���i�B�Q�M�b �B�M�/�B�+���i�2H0

�+���M �#�2 �`�2�D�2�+�i�2�/�- �r�2 �?���p�2 �i�?�2�b�i���i�B�b�i�B�+���H �2�p�B�/�2�M�+�2�i�Q �+�Q�M�+�H�m�/�2 �i�?���i �M�Q�i ���H�Hk

�T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�b ���`�2 �2�[�m���H�c �i�?���i �B�b�- �Q�M�2 �Q�` �K�Q�`�2 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�b

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

�U�+�V �6�m�`�i�?�2�` ���M���H�v�b�2�b �+���M �#�2 �/�Q�M�2 �i�Q �+�Q�M�+�H�m�/�2�r�?�B�+�? �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M

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

�j�X
�

�

�

��1�t���K�T�H�2 �P�`�;���M�B�x���i�B�Q�M�b �b�m�+�? ���b �C�X�.�X �S�Q�r�2�` ���M�/ ���b�b�Q�+�B���i�2�b �m�b�2 �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7

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

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

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

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

�i�?�`�2�2 ���m�i�Q�K�Q�#�B�H�2�b�, �*�?�2�p�`�Q�H�2�i �A�K�T���H���- �6�Q�`�/ �6�m�b�B�Q�M�- ���M�/ �>�Q�M�/�� ���+�+�Q�`�/�X �h�?�2

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

�i�?�2 �b�i�m�/�v�X �h�?�2 �i�?�`�2�2 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�b �Q�7 �B�M�i�2�`�2�b�i ���`�2 ���b �7�Q�H�H�Q�r�b�,

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�k�, �*�Q�K�T���`�B�M�; �J�m�H�i�B�T�H�2 �S�`�Q�T�Q�`�i�B�Q�M�b�- �h�2�b�i �Q�7 �A�M�/�2�T�2�M�/�2�M�+�2 ���M�/ �:�Q�Q�/�@
�M�2�b�b �Q�7 �6�B�i

�S���;�2 �j�f�k�3

p1 = �T�`�Q�T�Q�`�i�B�Q�M �H�B�F�2�H�v �i�Q �`�2�T�m�`�+�?���b�2 ���M �A�K�T���H�� �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7

�*�?�2�p�`�Q�H�2�i �A�K�T���H�� �Q�r�M�2�`�b�X

p2 = �T�`�Q�T�Q�`�i�B�Q�M �H�B�F�2�H�v �i�Q �`�2�T�m�`�+�?���b�2 �� �6�m�b�B�Q�M �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �6�Q�`�/

�6�m�b�B�Q�M �Q�r�M�2�`�b�X

p3 = �T�`�Q�T�Q�`�i�B�Q�M �H�B�F�2�H�v �i�Q �`�2�T�m�`�+�?���b�2 ���M ���+�+�Q�`�/ �7�Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �>�Q�M�/��

���+�+�Q�`�/ �Q�r�M�2�`�b�X

�U�#�V �h�?�2 �?�v�T�Q�i�?�2�b�2�b ���`�2 �b�i���i�2�/ ���b �7�Q�H�H�Q�r�b�,

H0 : p1 = p2 = p3 ; Ha : �L�Q�i ���H�H �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�b ���`�2 �2�[�m���H

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

�2���+�? �Q�7 �i�?�2 �i�?�`�2�2 �T�Q�T�m�H���i�B�Q�M�b�X �h�?�m�b �r�2 �r�B�H�H �?���p�2 �� �b���K�T�H�2 �Q�7 �*�?�2�p�`�Q�H�2�i �A�K�T���H��

�Q�r�M�2�`�b�- �� �b���K�T�H�2 �Q�7 �6�Q�`�/ �6�m�b�B�Q�M �Q�r�M�2�`�b�- ���M�/ �� �b���K�T�H�2 �Q�7 �>�Q�M�/�� ���+�+�Q�`�/ �Q�r�M�2�`�b�X

�U�/�V �1���+�? �b���K�T�H�2 �T�`�Q�p�B�/�2�b�+���i�2�;�Q�`�B�+���H �/���i���B�M�/�B�+���i�B�M�; �r�?�2�i�?�2�` �i�?�2 �`�2�b�T�Q�M�@

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

�U�2�V �U�h���#�H�2 �R�k�X�R�V �h�?�2 �/���i�� �7�Q�` �b���K�T�H�2�b �Q�7 �R�k�8 �*�?�2�p�`�Q�H�2�i �A�K�T���H�� �Q�r�M�2�`�b�- �k�y�y �6�Q�`�/

�6�m�b�B�Q�M �Q�r�M�2�`�b�- ���M�/ �R�d�8 �>�Q�M�/�� ���+�+�Q�`�/ �Q�r�M�2�`�b ���`�2 �b�m�K�K���`�B�x�2�/ �B�M �h���#�H�2 �R�k�X�R�X

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

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

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

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

�U�;�V �h�?�2 �/���i�� �B�M �h���#�H�2 �R�k�X�R ���`�2 �i�?�2 �Q�#�b�2�`�p�2�/ �7�`�2�[�m�2�M�+�B�2�b �7�Q�` �2���+�? �Q�7 �i�?�2 �b�B�t �+�2�H�H�b

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

���M�/ �i�?�2 �Q�r�M�2�` �T�Q�T�m�H���i�B�Q�M�X
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�*�?���T�i�2�`�R�k�, �*�Q�K�T���`�B�M�; �J�m�H�i�B�T�H�2 �S�`�Q�T�Q�`�i�B�Q�M�b�- �h�2�b�i �Q�7 �A�M�/�2�T�2�M�/�2�M�+�2 ���M�/ �:�Q�Q�/�@
�M�2�b�b �Q�7 �6�B�i

�S���;�2 �9�f�k�3

�U�?�V �A�7 �r�2 �+���M �/�2�i�2�`�K�B�M�2 �i�?�2 �2�t�T�2�+�i�2�/ �7�`�2�[�m�2�M�+�B�2�b �m�M�/�2�` �i�?�2 ���b�b�m�K�T�i�B�Q�MH0 �B�b �i�`�m�2�-

�r�2 �+���M �m�b�2 �i�?�2 �+�?�B�@�b�[�m���`�2 �i�2�b�i �b�i���i�B�b�i�B�+ �i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�` �i�?�2�`�2 �B�b �� �b�B�;�M�B�7�@

�B�+���M�i �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2�Q�#�b�2�`�p�2�/���M�/ �2�t�T�2�+�i�2�/ �7�`�2�[�m�2�M�+�B�2�b�X

�U�B�V �A�7 ���b�B�;�M�B�}�+���M�i �/�B�z�2�`�2�M�+�2�2�t�B�b�i�b �#�2�i�r�2�2�M �i�?�2 �Q�#�b�2�`�p�2�/ ���M�/ �2�t�T�2�+�i�2�/ �7�`�2�@

�[�m�2�M�+�B�2�b�- �i�?�2 �?�v�T�Q�i�?�2�b�B�bH0 �+���M �#�2�`�2�D�2�+�i�2�/���M�/ �i�?�2�`�2 �B�b �2�p�B�/�2�M�+�2 �i�?���i

�M�Q�i ���H�H �i�?�2 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�b ���`�2 �2�[�m���H�X

�9�X �1�t�T�2�+�i�2�/ �7�`�2�[�m�2�M�+�B�2�b �7�Q�` �i�?�2 �b�B�t �+�2�H�H�b �Q�7 �i�?�2 �i���#�H�2 ���`�2 �#���b�2�/ �Q�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �`���i�B�Q�M���H�2�X

�U���V �6�B�`�b�i�- �r�2 ���b�b�m�K�2 �i�?���i �i�?�2�M�m�H�H �?�v�T�Q�i�?�2�b�B�b�Q�7 �2�[�m���H �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�b

�B�b �i�`�m�2�X

�U�#�V �h�?�2�M �r�2 �M�Q�i�2 �i�?���i �B�M �i�?�2 �2�M�i�B�`�2 �b���K�T�H�2 �Q�7 �8�y�y �Q�r�M�2�`�b�- �� �i�Q�i���H �Q�7 �j�R�k �Q�r�M�2�`�b

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

312/500 = 0:624 �B�b �i�?�2 �Q�p�2�`���H�H �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �Q�r�M�2�`�b �B�M�/�B�+���i�B�M�;

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

�U�+�V �A�7H0 : p1 = p2 = p3 �B�b �i�`�m�2�- �y�X�e�k�9 �r�Q�m�H�/ �#�2 �i�?�2�#�2�b�i �2�b�i�B�K���i�2�Q�7 �i�?�2

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

�T�Q�T�m�H���i�B�Q�M�b�X

�U�/�V �a�Q �B�7 �i�?�2 ���b�b�m�K�T�i�B�Q�M �Q�7H0 �B�b �i�`�m�2�- �r�2 �r�Q�m�H�/ �2�t�T�2�+�i �y�X�e�k�9 �Q�7 �i�?�2 �R�k�8 �*�?�2�p�`�Q�@

�H�2�i �A�K�T���H�� �Q�r�M�2�`�b�- �Q�`0:624(125) = 78 �Q�r�M�2�`�b �i�Q �B�M�/�B�+���i�2 �i�?�2�v ���`�2 �H�B�F�2�H�v

�i�Q �`�2�T�m�`�+�?���b�2 �i�?�2 �A�K�T���H���X �l�b�B�M�; �i�?�2 �y�X�e�k�9 �Q�p�2�`���H�H �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M�- �r�2

�r�Q�m�H�/ �2�t�T�2�+�i0:624(200) = 124:8 �Q�7 �i�?�2 �k�y�y �6�Q�`�/ �6�m�b�B�Q�M �Q�r�M�2�`�b ���M�/

0:624(175) = 109:2 �Q�7 �i�?�2 �>�Q�M�/�� ���+�+�Q�`�/ �Q�r�M�2�`�b �i�Q �`�2�b�T�Q�M�/ �i�?���i �i�?�2�v

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

�8�X �G�2�i �m�b �;�2�M�2�`���H�B�x�2 �i�?�2 ���T�T�`�Q���+�? �i�Q �+�Q�K�T�m�i�B�M�; �2�t�T�2�+�i�2�/ �7�`�2�[�m�2�M�+�B�2�b �#�v �H�2�i�i�B�M�;eij

�/�2�M�Q�i�2 �i�?�2 �2�t�T�2�+�i�2�/ �7�`�2�[�m�2�M�+�v �7�Q�` �i�?�2 �+�2�H�H �B�M�`�Q�ri ���M�/ �+�Q�H�m�K�Mj �Q�7 �i�?�2

�i���#�H�2�X

�e�X �L�Q�i�2 �i�?���i �j�R�k �B�b �i�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �u�2�b �`�2�b�T�Q�M�b�2�b �U�`�Q�r �R �i�Q�i���H�V�- �R�k�8 �B�b �i�?�2 �i�Q�i���H

�b���K�T�H�2 �b�B�x�2 �7�Q�` �*�?�2�p�`�Q�H�2�i �A�K�T���H�� �Q�r�M�2�`�b �U�+�Q�H�m�K�M �R �i�Q�i���H�V�- ���M�/ �8�y�y �B�b �i�?�2 �i�Q�i���H

�b���K�T�H�2 �b�B�x�2�X �q�2 �+���M �b�?�Q�r

e11 =
�

�_�Q�r �R �h�Q�i���H
�h�Q�i���H �a���K�T�H�2 �a�B�x�2

�
(�*�Q�H�m�K�M �R �h�Q�i���H) =

�
312
500

�
(125) = 0:624� 125 = 78 :
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�*�?���T�i�2�`�R�k�, �*�Q�K�T���`�B�M�; �J�m�H�i�B�T�H�2 �S�`�Q�T�Q�`�i�B�Q�M�b�- �h�2�b�i �Q�7 �A�M�/�2�T�2�M�/�2�M�+�2 ���M�/ �:�Q�Q�/�@
�M�2�b�b �Q�7 �6�B�i

�S���;�2 �8�f�k�3

�d�X�1�t�T�2�+�i�2�/ �6�`�2�[�m�2�M�+�B�2�b �m�M�/�2�` �i�?�2 ���b�b�m�K�T�i�B�Q�MH0 �B�b �h�`�m�2

eij =
�U�_�Q�ri �h�Q�i���H�V�U�*�Q�H�m�K�Mj �h�Q�i���H�V

�h�Q�i���H �a���K�T�H�2 �a�B�x�2
(12:1)

�3�X �U�h���#�H�2 �R�k�X�k�V �l�b�2 �2�[�m���i�B�Q�M �U�R�k�X�R�V �i�Q �p�2�`�B�7�v �i�?�2 �Q�i�?�2�` �2�t�T�2�+�i�2�/ �7�`�2�[�m�2�M�+�B�2�b�,

�N�X�*�?�B�@�a�[�m���`�2 �h�2�b�i �a�i���i�B�b�i�B�+

� 2 =
X

i

X

j

(f ij � eij )2

eij
(12:2)

�r�?�2�`�2

f ij = �Q�#�b�2�`�p�2�/ �7�`�2�[�m�2�M�+�v�7�Q�` �i�?�2 �+�2�H�H �B�M �`�Q�ri ���M�/ �+�Q�H�m�K�Mj �X

eij = �2�t�T�2�+�i�2�/ �7�`�2�[�m�2�M�+�v�7�Q�` �i�?�2 �+�2�H�H �B�M �`�Q�ri ���M�/ �+�Q�H�m�K�Mj �X

�m�M�/�2�` �i�?�2 ���b�b�m�K�T�i�B�Q�MH0 �B�b �i�`�m�2�X

�R�y�X �A�M �� �+�?�B�@�b�[�m���`�2 �i�2�b�i �B�M�p�Q�H�p�B�M�; �i�?�2 �2�[�m���H�B�i�v �Q�7k �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�b�- �i�?�2 ���#�Q�p�2 �i�2�b�i

�b�i���i�B�b�i�B�+ �?���b �� �+�?�B�@�b�[�m���`�2 �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�?k��1 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K �U� 2 � � 2
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�+�Q�M�/�m�+�i �b�i���i�B�b�i�B�+���H �i�2�b�i�b �#�2�i�r�2�2�M ���H�H �T���B�`�b �Q�7 �T�Q�T�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�b�X �A�M �i�?�2 �7�Q�H�H�Q�r�@

�B�M�;�- �r�2 �/�B�b�+�m�b�b �� �K�m�H�i�B�T�H�2 �+�Q�K�T���`�B�b�Q�M �T�`�Q�+�2�/�m�`�2 �F�M�Q�r�M ���b �i�?�2�J���`���b�+�m�B�H�Q �T�`�Q�+�2�/�m�`�2�X

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

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

�Ç �*�?�2�p�`�Q�H�2�i �A�K�T���H�� ���M�/ �6�Q�`�/ �6�m�b�B�Q�M�,

j �p1 � �p2j = j0:5520� 0:6000j = 0:0480

�Ç �*�?�2�p�`�Q�H�2�i �A�K�T���H�� ���M�/ �>�Q�M�/�� ���+�+�Q�`�/�,

j �p1 � �p3j = j0:5520� 0:7029j = 0:1509

�Ç �6�Q�`�/ �6�m�b�B�Q�M ���M�/ �>�Q�M�/�� ���+�+�Q�`�/�,

j �p2 � �p3j = j0:6000� 0:7029j = 0:1029

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

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

�e�X�*�`�B�i�B�+���H �o���H�m�2�b �7�Q�` �i�?�2 �J���`���b�+�m�B�H�Q �S���B�`�r�B�b�2 �*�Q�K�T���`�B�b�Q�M �S�`�Q�+�2�/�m�`�2 �7�Q�`K

�S�Q�T�m�H���i�B�Q�M �S�`�Q�T�Q�`�i�B�Q�M�b�,

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

CVij =
p

� 2
�

s
�pi (1 � �pi )

ni
+

�pj (1 � �pj )
nj

(12:3)

�r�?�2�`�2

� 2
� = �+�?�B�@�b�[�m���`�2 �r�B�i�? �� �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �� ���M�/k��1 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K

�pi ���M�/�pj = �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M�b �7�Q�` �T�Q�T�m�H���i�B�Q�M�bi ���M�/j

ni ���M�/nj = �b���K�T�H�2 �b�B�x�2�b �7�Q�` �T�Q�T�m�H���i�B�Q�M�bi ���M�/j

�d�X �l�b�B�M�; �i�?�2 �+�?�B�@�b�[�m���`�2 �/�B�b�i�`�B�#�m�i�B�Q�M �B�M �h���#�H�2 �R�k�X�9�-k�• 1 = 3�• 1 = 2 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K�-

���M�/ �� �y�X�y�8 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�- �r�2 �?���p�2� 2
0:05;2 = 5:991�X �L�Q�r �m�b�B�M�; �i�?�2 �b���K�T�H�2

�T�`�Q�T�Q�`�i�B�Q�M�b�p1 = 0:5520�- �p2 = 0:6000�- ���M�/�p3 = 0:7029�- �i�?�2 �+�`�B�i�B�+���H �p���H�m�2�b �7�Q�` �i�?�2

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

�U���V �*�?�2�p�`�Q�H�2�i �A�K�T���H�� ���M�/ �6�Q�`�/ �6�m�b�B�Q�M

CV12 =
p

5:991

r
0:5520(1� 0:5520)

125
+

0:6000(1� 0:6000)
200

= 0:1380
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CV13 =
p

5:991

r
0:5520(1� 0:5520)

125
+

0:7029(1� 0:7029)
175

= 0:1379

�U�+�V �6�Q�`�/ �6�m�b�B�Q�M ���M�/ �>�Q�M�/�� ���+�+�Q�`�/

CV23 =
p

5:991

r
0:6000(1� 0:6000)

200
+

0:7029(1� 0:7029)
175

= 0:1198

�3�X �A�7 �i�?�2 ���#�b�Q�H�m�i�2 �p���H�m�2 �Q�7 ���M�v �T���B�`�r�B�b�2 �b���K�T�H�2 �T�`�Q�T�Q�`�i�B�Q�M �/�B�z�2�`�2�M�+�2j �pi � �pj j �2�t�@

�+�2�2�/�b �B�i�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �+�`�B�i�B�+���H �p���H�m�2�-CVij �- �i�?�2 �T���B�`�r�B�b�2 �/�B�z�2�`�2�M�+�2 �B�b�b�B�;�M�B�}�+���M�i

���i �i�?�2 �y�X�y�8 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 ���M�/ �r�2 �+���M �+�Q�M�+�H�m�/�2 �i�?���i �i�?�2 �i�r�Q �+�Q�`�`�2�b�T�Q�M�/�B�M�; �T�Q�T�@

�m�H���i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M�b ���`�2 �/�B�z�2�`�2�M�i�X

�N�X �U�h���#�H�2 �R�k�X�8�V �T���B�`�r�B�b�2 �+�Q�K�T���`�B�b�Q�M �T�`�Q�+�2�/�m�`�2�,

�R�y�X �h�?�2 �+�Q�M�+�H�m�b�B�Q�M �7�`�Q�K �i�?�2 �T���B�`�r�B�b�2 �+�Q�K�T���`�B�b�Q�M �T�`�Q�+�2�/�m�`�2 �B�b �i�?���i �i�?�2 �Q�M�H�v �b�B�;�M�B�}�@

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

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

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

���+�+�Q�`�/�X �h�?�m�b�- �r�2 �+���M �+�Q�M�+�H�m�/�2 �i�?���i �i�?�2 �>�Q�M�/�� ���+�+�Q�`�/ �U�p3 = 0:7029�V �?���b �� �;�`�2���i�2�`

�+�m�b�i�Q�K�2�` �H�Q�v���H�i�v �i�?���M �i�?�2 �*�?�2�p�`�Q�H�2�i �A�K�T���H�� �U�p1 = 0:5520�V�X �h�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�2 �b�i�m�/�v

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

�R�R�X �q�?�B�H�2 �i�?�2 �6�Q�`�/ �6�m�b�B�Q�M �/�B�/ �M�Q�i �b�?�Q�r �b�B�;�M�B�}�+���M�i�H�v �/�B�z�2�`�2�M�i �`�2�b�m�H�i�b �r�?�2�M �+�Q�K�T���`�2�/

�i�Q �i�?�2 �*�?�2�p�`�Q�H�2�i �A�K�T���H�� �Q�` �>�Q�M�/�� ���+�+�Q�`�/�- �� �H���`�;�2�` �b���K�T�H�2 �K���v �?���p�2 �`�2�p�2���H�2�/ ��

�b�B�;�M�B�}�+���M�i �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �6�Q�`�/ �6�m�b�B�Q�M ���M�/ �i�?�2 �Q�i�?�2�` �i�r�Q ���m�i�Q�K�Q�#�B�H�2�b �B�M �i�2�`�K�b

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

�b�Q�K�2 �T���B�`�r�B�b�2 �+�Q�K�T���`�B�b�Q�M�b ���M�/ �v�2�i �M�Q�i �b�?�Q�r �b�B�;�M�B�}�+���M�+�2 �7�Q�` �Q�i�?�2�` �T���B�`�r�B�b�2 �+�Q�K�@

�T���`�B�b�Q�M�b �B�M �i�?�2 �b�i�m�/�v�X

�R�j�X �UXÃ!,Z‘5õ �V �q�?�v �B�7j �pi � �pj j � CVij �- �i�?�2 �T���B�`�r�B�b�2 �/�B�z�2�`�2�M�+�2 �B�b �b�B�;�M�B�}�+���M�i�\

�Ç �A�7X 1 � B (n1; p1)�- �r�2 �?���p�2E(X 1) = n1p1 ���M�/V ar(X 1) = n1p1(1 � p1)�X

�Ç
X 1

n1
= �p1 = p̂1�X

�Ç E(
X 1

n1
) =

�Ç V ar(
X 1

n1
) =

�Ç �*�G�h�,

�Ç �a�B�K�B�H���`�H�v �7�Q�`X 2 � B (n2; p2)�X

�Ç E(�p1 � �p2) =

�Ç V ar(�p1 � �p2) =

�Ç �l�M�/�2�H̀0 : p1 = p2�- �i�2�b�i �b�i���i�B�b�i�B�+�,�p1 � �p2

�R�k�X�k �h�2�b�i �Q�7 �A�M�/�2�T�2�M�/�2�M�+�2

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

�7�Q�` �i�?�2�B�M�/�2�T�2�M�/�2�M�+�2�Q�7 �i�r�Q�+���i�2�;�Q�`�B�+���H�p���`�B���#�H�2�b�X �6�Q�` �i�?�B�b �i�2�b�i �r�2 �i���F�2
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�h�?�m�b�- �i�?�2 �i�2�b�i �B�b �`�2�7�2�`�`�2�/ �i�Q ���b ���i�2�b�i �Q�7 �B�M�/�2�T�2�M�/�2�M�+�2�X
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�

�

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

�U���V �� �b���K�T�H�2 �Q�7 �k�y�y �#�2�2�` �/�`�B�M�F�2�`�b �B�b �i���F�2�M �r�B�i�? �2���+�? �T�2�`�b�Q�M �B�M �i�?�2 �b���K�T�H�2 ���b�F�2�/ �i�Q
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�U���V �h�?�2 �K�Q�`�2 �i�?�2 �b���K�T�H�2 �K�2���M�b�/�B�z�2� �̀- �i�?�2 �b�i�`�Q�M�;�2�` �i�?�2 �2�p�B�/�2�M�+�2 �r�2 �?���p�2 �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�z�2� �̀X

�U�#�V �A�7 �i�?�2�p���`�B���#�B�H�B�i�v���K�Q�M�; �i�?�2 �b���K�T�H�2 �K�2���M�b �B�b�ô�b�K���H�H�-�ô�B�i �b�m�T�T�Q�`�i�b

H0 �c �B�7 �i�?�2 �p���`�B���#�B�H�B�i�v ���K�Q�M�; �i�?�2 �b���K�T�H�2 �K�2���M�b �B�b�ô�H���`�;�2�-�ô �B�i �b�m�T�T�Q�`�i�b

Ha �X

�k�X �A�7 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b�-H0 : � 1 = � 2 = � 3�- �B�b �i�`�m�2�- �r�2 �+���M �m�b�2 �i�?�2�p���`�B���#�B�H�B�i�v ���K�Q�M�;

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

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

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

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

�U�#�V �U�*�?���T�i�2�` �d�V �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 �7�Q�` �� �b�B�K�T�H�2 �`���M�@

�/�Q�K �b���K�T�H�2 �Q�7 �b�B�x�2n �7�`�Q�K �� �M�Q�`�K���H �T�Q�T�m�H���i�B�Q�M �r�B�H�H �#�2 �M�Q�`�K���H�H�v �/�B�b�i�`�B�#�m�i�2�/

�r�B�i�? �K�2���M� ���M�/ �p���`�B���M�+�2� 2/ n �X �U�X n � N (�; � 2/ n) �V

�U�+�V �U�6�B�;�m�`�2 �R�j�X�k�V �B�7H0 �B�b �i�`�m�2�- �r�2 �+���M �i�?�B�M�F �Q�7 �2���+�? �Q�7 �i�?�2 �i�?�`�2�2 �b���K�T�H�2 �K�2���M�b�-

�x1 = 62; �x2 = 66�- ���M�/�x3 = 52 �7�`�Q�K �h���#�H�2 �R�j�X�R�- ���b �p���H�m�2�b �/�`���r�M ���i �`���M�/�Q�K

�7�`�Q�K �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �b�?�Q�r�M �B�M �6�B�;�m�`�2 �R�j�X�k�X
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�j�X �q�?�2�M �i�?�2 �b���K�T�H�2 �b�B�x�2�b ���`�2 �2�[�m���H�- ���b �B�M �i�?�2 �*�?�2�K�B�i�2�+�? �2�t�T�2�`�B�K�2�M�i�- �i�?�2 �#�2�b�i �2�b�i�B�K���i�2

�Q�7 �i�?�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�x �B�b �i�?�2�K�2���M �Q�` ���p�2�`���;�2 �Q�7 �i�?�2

�b���K�T�H�2 �K�2���M�b�X �A�M �i�?�2 �*�?�2�K�B�i�2�+�? �2�t�T�2�`�B�K�2�M�i�- ���M �2�b�i�B�K���i�2 �Q�7 �i�?�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�x �B�b (62 + 66 + 52)/3 = 60 �X �q�2 �`�2�7�2�` �i�Q �i�?�B�b �2�b�i�B�K���i�2

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

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

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

s2
�x =

(62 � 60)2 + (66 � 60)2 + (52 � 60)2

3 � 1
=

104
2

= 52

�8�X �"�2�+���m�b�2� �x = � 2/ n �- �b�Q�H�p�B�M�; �7�Q�`� 2 �;�B�p�2�b

� 2 = n� 2
�x

�>�2�M�+�2�-

�1�b�i�B�K���i�2 �Q�7� 2 = n �U�1�b�i�B�K���i�2 �Q�7� 2
�x ) = ns2

�x = 5(52) = 260 �X

�e�X �h�?�2 �`�2�b�m�H�i�-ns2
�x = 260�- �B�b �`�2�7�2�`�`�2�/ �i�Q ���b �i�?�2�#�2�i�r�2�2�M�@�i�`�2���i�K�2�M�i�b�2�b�i�B�K���i�2 �Q�7� 2�X

�d�X �h�?�2 �#�2�i�r�2�2�M �i�`�2���i�K�2�M�i�b �2�b�i�B�K���i�2 �Q�7� 2 �B�b �#���b�2�/ �Q�M �i�?�2 ���b�b�m�K�T�i�B�Q�M �i�?���iH0 �B�b �i�`�m�2�X

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

�Q�M�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7�x�X
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�3�X �A�H�H�m�b�i�`���i�2 �r�?���i �?���T�T�2�M�b �r�?�2�MH0 �B�b �7���H�b�2�- �b�m�T�T�Q�b�2 �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�b ���H�H�/�B�z�2� �̀X

�U���V �L�Q�i�2 �i�?���i �#�2�+���m�b�2 �i�?�2 �i�?�`�2�2 �b���K�T�H�2�b ���`�2 �7�`�Q�K�M�Q�`�K���H�T�Q�T�m�H���i�B�Q�M�b �r�B�i�?

�/�B�z�2�`�2�M�i �K�2���M�b�- �i�?�2�v �r�B�H�H �`�2�b�m�H�i �B�M �i�?�`�2�2�/�B�z�2�`�2�M�i�b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M�b�X

�U�#�V �U�6�B�;�m�`�2 �R�j�X�j�V �h�?�2 �b���K�T�H�2 �K�2���M�b ���`�2 �M�Q�i ���b �+�H�Q�b�2 �i�Q�;�2�i�?�2�` ���b �i�?�2�v �r�2�`�2 �r�?�2�M

H0 �r���b �i�`�m�2�X �h�?�m�b�-s2
�x �r�B�H�H �#�2 �H���`�;�2�`�- �+���m�b�B�M�; �i�?�2 �#�2�i�r�2�2�M �i�`�2���i�K�2�M�i�b �2�b�i�B�K���i�2

�Q�7� 2 �i�Q �#�2�H���`�;�2� �̀X

�U�+�V �A�M �;�2�M�2�`���H�- �r�?�2�M �i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�b ���`�2 �M�Q�i �2�[�m���H�- �i�?�2 �#�2�i�r�2�2�M �i�`�2���i�K�2�M�i�b

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

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

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

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

�i�B�K���i�2�X

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

�2�b�i�B�K���i�2 �Q�7� 2�X

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

�p���`�B���i�B�Q�M �r�B�i�?�B�M �2���+�? �b���K�T�H�2�- �i�?�2 �r�B�i�?�B�M �i�`�2���i�K�2�M�i�b �2�b�i�B�K���i�2 �Q�7� 2 �B�b �M�Q�i ���7�@

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

�U�;�V �q�?�2�M �i�?�2 �b���K�T�H�2 �b�B�x�2�b ���`�2 �2�[�m���H�- �i�?�2 �r�B�i�?�B�M �i�`�2���i�K�2�M�i�b �2�b�i�B�K���i�2 �Q�7� 2 �+���M �#�2

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

�

�

��1�t���K�T�H�2 �6�Q�` �i�?�2 �*�?�2�K�B�i�2�+�? �2�t�T�2�`�B�K�2�M�i �r�2 �Q�#�i���B�M

�q�B�i�?�B�M �i�`�2���i�K�2�M�i�b �2�b�i�B�K���i�2 �Q�7� 2 =
27:5 + 26:5 + 31:0

3
=

85
3

= 28:33

�U���V �h�?�2 �#�2�i�r�2�2�M �i�`�2���i�K�2�M�i�b �2�b�i�B�K���i�2 �Q�7� 2 �U�k�e�y�V �B�b �K�m�+�?�H���`�;�2�` �i�?���M �i�?�2

�r�B�i�?�B�M �i�`�2���i�K�2�M�i�b �2�b�i�B�K���i�2 �Q�7� 2 �U�k�3�X�j�j�V�X

�U�#�V �h�?�2�`���i�B�Q �Q�7 �i�?�2�b�2 �i�r�Q �2�b�i�B�K���i�2�b �B�b260/28:33 = 9:18�X

�R�y�X �A�7 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�b�i�`�m�2 �-

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

�U�#�V �h�?�2 �i�r�Q �2�b�i�B�K���i�2�b �r�B�H�H �#�2 �b�B�K�B�H���` ���M�/ �i�?�2�B�` �`���i�B�Q �r�B�H�H �#�2 �+�H�Q�b�2 �i�Q�R �X

�R�R�X �A�7 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�b�7���H�b�2�-

�U���V �h�?�2 �#�2�i�r�2�2�M �i�`�2���i�K�2�M�i�b ���T�T�`�Q���+�?�Q�p�2�`�2�b�i�B�K���i�2�b� 2

�U�#�V �i�?�2 �#�2�i�r�2�2�M �i�`�2���i�K�2�M�i�b �2�b�i�B�K���i�2 �r�B�H�H �#�2 �H���`�;�2�` �i�?���M �i�?�2 �r�B�i�?�B�M �i�`�2���i�K�2�M�i�b

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

�R�k�X �A�M �i�?�2 �M�2�t�i �b�2�+�i�B�Q�M �r�2 �r�B�H�H �b�?�Q�r �?�Q�r �H���`�;�2 �i�?�B�b �`���i�B�Q �K�m�b�i �#�2 �i�Q �`�2�D�2�+�iH0�X

�R�j�X�a�m�K�K���`�v�, �h�?�2 �H�Q�;�B�+ �#�2�?�B�M�/ ���L�P�o�� �B�b �#���b�2�/ �Q�M �i�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �i�r�Q �B�M�/�2�T�2�M�@

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

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

�i�?�2�K�b�2�H�p�2�b�X

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

�2���+�? �b���K�T�H�2�X

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

�i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�b ���`�2 �2�[�m���H�X
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XÃ!,Z‘5õ �,

���E�K�s�����d�����o��

�R�j�X�k ���M���H�v�b�B�b �Q�7 �o���`�B���M�+�2 ���M�/ �i�?�2 �*�Q�K�T�H�2�i�2�H�v �_���M�@

�/�Q�K�B�x�2�/ �.�2�b�B�;�M

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

�7�Q�` ���+�Q�K�T�H�2�i�2�H�v�`���M�/�Q�K�B�x�2�/ �/�2�b�B�;�M�X
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�*�?���T�i�2�`�R�j�, �1�t�T�2�`�B�K�2�M�i���H �.�2�b�B�;�M ���M�/ ���M���H�v�b�B�b �Q�7 �o���`�B���M�+�2 �S���;�2 �R�R�f�k�8

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

H0 : � 1 = � 2 = � � � = � k ; Ha : �L�Q�i ���H�H �T�Q�T�m�H���i�B�Q�M �K�2���M�b ���`�2 �2�[�m���H

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

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

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

�9�X �6�Q�` �i�?�2 �`�2�b�m�H�i�B�M�; �b���K�T�H�2 �/���i���- �H�2�i

�U���Vx ij �, �p���H�m�2 �Q�7 �Q�#�b�2�`�p���i�B�Q�Mi �7�Q�` �i�`�2���i�K�2�M�ij �-i = 1; 2; � � � ; nj �-j = 1; 2; � � � ; k

�U�#�Vnj �, �M�m�K�#�2�` �Q�7 �Q�#�b�2�`�p���i�B�Q�M�b �7�Q�` �i�`�2���i�K�2�M�ij �X

�U�+�V�x j �, �b���K�T�H�2 �K�2���M �7�Q�` �i�`�2���i�K�2�M�ij �- �x j =
n jX

i =1

x ij

nj
�X

�U�/�Vs2
j �, �b���K�T�H�2 �p���`�B���M�+�2 �7�Q�` �i�`�2���i�K�2�M�ij �- s2

j =
n jX

i =1

(x ij � �x j )2

nj � 1

�U�2�Vsj �, �b���K�T�H�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �7�Q�` �i�`�2���i�K�2�M�ij

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

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

��x =

P k
j =1

P n j
i =1 x ij

nT
(13:3)

�r�?�2�`�2nT = n1 + n2 + � � � + nk (13:4)�X

�e�X �A�7 �i�?�2 �b�B�x�2 �Q�7 �2���+�? �b���K�T�H�2 �B�bn�- nT = kn�c �i�?�2 �Q�p�2�`���H�H �b���K�T�H�2 �K�2���M �B�b �D�m�b�i �i�?�2

���p�2�`���;�2 �Q�7 �i�?�2k �b���K�T�H�2 �K�2���M�b�X

��x =

P k
j =1

P n j
i =1 x ij

kn
=

P k
j =1

P n j
i =1 x ij / n

k
=

P k
j =1 �x j

k
(13:5)

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

k �b���K�T�H�2 �K�2���M�b�X
��x =

n1 �x1 + n2 �x2 + � � � + nk �xk

nT
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�3�X
�

�

�

��1�t���K�T�H�2 �1���+�? �b���K�T�H�2 �B�M �i�?�2 �*�?�2�K�B�i�2�+�? �2�t�T�2�`�B�K�2�M�i �+�Q�M�b�B�b�i�b �Q�7n = 5 �Q�#�b�2�`�p���i�B�Q�M�b

�U�h���#�H�2 �R�j�X�R�V�- �r�2 �Q�#�i���B�M�2�/ �i�?�2 �7�Q�H�H�Q�r�B�M�; �`�2�b�m�H�i�,

��x =
62 + 66 + 52

3
= 60

�A�7 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�b �i�`�m�2 �U� 1 = � 2 = � 3 = � �V�- �i�?�2 �Q�p�2�`���H�H �b���K�T�H�2 �K�2���M �Q�7 �e�y �B�b

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

�"�2�i�r�2�2�M�@�h�`�2���i�K�2�M�i�b �1�b�i�B�K���i�2 �Q�7 �S�Q�T�m�H���i�B�Q�M �o���`�B���M�+�2

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

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

�B�b �/�2�M�Q�i�2�/�J�a�h�_ �,

MSTR =
P k

i =1 nj (�x j � ��x)2

k � 1
(13:6)

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

�i�`�2���i�K�2�M�i�b ���M�/ �B�b �/�2�M�Q�i�2�/�a�a�h�_ �X

�U�+�V �h�?�2 �/�2�M�Q�K�B�M���i�Q�`�-k�• 1�- �`�2�T�`�2�b�2�M�i�b �i�?�2 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K ���b�b�Q�+�B���i�2�/ �r�B�i�?

�a�a�h�_�X

�U�/�V�J�2���M �a�[�m���`�2 �.�m�2 �i�Q �h�`�2���i�K�2�M�i�b

MSTR =
SSTR
k � 1

(13:7)

�r�?�2�`�2

SSTR =
kX

i =1

nj (�x j � ��x)2 (13:8)

�U�2�V �A�7H0 �B�b �i�`�m�2�- �J�a�h�_ �T�`�Q�p�B�/�2�b ���M�m�M�#�B���b�2�/�2�b�i�B�K���i�2 �Q�7� 2�X �>�Q�r�2�p�2�`�- �B�7 �i�?�2

�K�2���M�b �Q�7 �i�?�2k �T�Q�T�m�H���i�B�Q�M�b ���`�2 �M�Q�i �2�[�m���H�- �J�a�h�_ �B�b �M�Q�i ���M �m�M�#�B���b�2�/ �2�b�i�B�K���i�2

�Q�7� 2�c �B�M �7���+�i�- �B�M �i�?���i �+���b�2�- �J�a�h�_ �b�?�Q�m�H�/�Q�p�2�`�2�b�i�B�K���i�2� 2�X

�U�7�V �A�7 �2���+�? �b���K�T�H�2 �+�Q�M�b�B�b�i�b �Q�7n �Q�#�b�2�`�p���i�B�Q�M�b�- �2�[�m���i�B�Q�M �U�R�j�X�e�V �+���M �#�2 �r�`�B�i�i�2�M ���b

MSTR =
n

P k
j =1 (�x j � ��x)2

k � 1
= n

" P k
j =1 (�x j � ��x)2

k � 1

#

= ns2
�x
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�k�X
�

�

�

��1�t���K�T�H�2 �6�Q�` �i�?�2 �*�?�2�K�B�i�2�+�? �/���i�� �B�M �h���#�H�2 �R�j�X�R�- �r�2 �Q�#�i���B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �`�2�b�m�H�i�b�,

SSTR =
kX

j =1

nj (�x j � ��x)2 = 5(62 � 60)2 + 5(66 � 60)2 + 5(52 � 60)2 = �8�k�y

MSTR =
SSTR
k � 1

=
520
2

= �k�e�y

�q�B�i�?�B�M�@�h�`�2���i�K�2�M�i�b �1�b�i�B�K���i�2 �Q�7 �S�Q�T�m�H���i�B�Q�M �o���`�B���M�+�2

�R�X �� �r�B�i�?�B�M �i�`�2���i�K�2�M�i�b �2�b�i�B�K���i�2 �Q�7� 2 �r�?�2�M �i�?�2 �b���K�T�H�2 �b�B�x�2�b �r�2�`�2 �2�[�m���H�X

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

�/�2�M�Q�i�2�/�J�a�1 �,

MSE =

P k
j =1 (nj � 1)s2

j

nT � k
(13:9)

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

�2�`�`�Q�` ���M�/ �B�b �/�2�M�Q�i�2�/�a�a�1 �X

�U�+�V �h�?�2 �/�2�M�Q�K�B�M���i�Q�` �Q�7 �J�a�1 �B�b �`�2�7�2�`�`�2�/ �i�Q ���b �i�?�2 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K ���b�b�Q�+�B���i�2�/

�r�B�i�? �a�a�1�X

�U�/�V�J�2���M �a�[�m���`�2 �.�m�2 �i�Q �1�`�`�Q�`

MSE =
SSE

nT � k
(13:10)

�r�?�2�`�2SSE =
kX

j =1

(nj � 1)s2
j (13:11)

�U�2�V �L�Q�i�2 �i�?���i �J�a�1 �B�b �#���b�2�/ �Q�M �i�?�2 �p���`�B���i�B�Q�M �r�B�i�?�B�M �2���+�? �Q�7 �i�?�2 �i�`�2���i�K�2�M�i�b�c �B�i �B�b

�M�Q�i �B�M�~�m�2�M�+�2�/ �#�v �r�?�2�i�?�2�` �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�b �i�`�m�2�X �h�?�m�b�- �J�a�1���H�r���v�b

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

�U�7�V �A�7 �2���+�? �b���K�T�H�2 �?���bn �Q�#�b�2�`�p���i�B�Q�M�b�-nT = kn�c �i�?�m�b�-nT �• k = k(n�• 1) �- ���M�/

�2�[�m���i�B�Q�M �U�R�j�X�N�V �+���M �#�2 �`�2�r�`�B�i�i�2�M ���b

MSE =

P k
j =1 (n � 1)s2

j

k(n � 1)
=

P k
j =1 s2

j

k

�U�;�V �A�7 �i�?�2 �b���K�T�H�2 �b�B�x�2�b ���`�2 �i�?�2 �b���K�2�-MSE �B�b �i�?�2 ���p�2�`���;�2 �Q�7 �i�?�2k �b���K�T�H�2 �p���`�B���M�+�2�b�X

�U�?�V �L�Q�i�2 �i�?���i �B�i �B�b �i�?�2 �b���K�2 �`�2�b�m�H�i �r�2 �m�b�2�/ �B�M �a�2�+�i�B�Q�M �R�j�X�R �r�?�2�M �r�2 �B�M�i�`�Q�/�m�+�2�/ �i�?�2

�+�Q�M�+�2�T�i �Q�7 �i�?�2 �r�B�i�?�B�M�@�i�`�2���i�K�2�M�i�b �2�b�i�B�K���i�2 �Q�7� 2�X
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�k�X
�

�

�

��1�t���K�T�H�2 �6�Q�` �i�?�2 �*�?�2�K�B�i�2�+�? �/���i�� �B�M �h���#�H�2 �R�j�X�R �r�2 �Q�#�i���B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �`�2�b�m�H�i�b�X

SSE =
kX

j =1

(nj � 1)s2
j = (5 � 1)27:5 + (5 � 1)26:5 + (5 � 1)31 = �j�9�y

MSE =
SSE

nT � k
=

340
15� 3

=
340
12

= �k�3�X�j�j

�*�Q�K�T���`�B�M�; �i�?�2 �o���`�B���M�+�2 �1�b�i�B�K���i�2�b�, �h�?�2F �h�2�b�i

�R�X �A�7 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�b�i�`�m�2 �- �J�a�h�_ ���M�/ �J�a�1 �T�`�Q�p�B�/�2 �i�r�Q �B�M�/�2�T�2�M�/�2�M�i�- �m�M�@

�#�B���b�2�/ �2�b�i�B�K���i�2�b �Q�7� 2�X

�k�X �U�*�?���T�i�2�` �R�R�V �6�Q�`�M�Q�`�K���H�T�Q�T�m�H���i�B�Q�M�b�- �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �`���i�B�Q

�Q�7 �i�r�Q �B�M�/�2�T�2�M�/�2�M�i �2�b�i�B�K���i�2�b �Q�7� 2 �7�Q�H�H�Q�r�b ���MF �/�B�b�i�`�B�#�m�i�B�Q�M�X

�j�X �>�2�M�+�2�- �B�7 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�b �i�`�m�2 ���M�/ �i�?�2 ���L�P�o�� ���b�b�m�K�T�i�B�Q�M�b ���`�2 �p���H�B�/�- �i�?�2

�b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7MSTR/ MSE �B�b ���MF �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �M�m�K�2�`�@

���i�Q�` �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K �2�[�m���H �i�Qk�• 1 ���M�/ �/�2�M�Q�K�B�M���i�Q�` �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K

�2�[�m���H �i�QnT �• k �X

�U���V �A�7 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�b �i�`�m�2�- �i�?�2 �p���H�m�2 �Q�7MSTR/ MSE �b�?�Q�m�H�/ ���T�T�2���` �i�Q �?���p�2

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

�U�#�V �A�7 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�b �7���H�b�2�- �i�?�2 �p���H�m�2 �Q�7 �J�a�h�_�f�J�a�1 �r�B�H�H �#�2�B�M�~���i�2�/

�#�2�+���m�b�2 �J�a�h�_ �Q�p�2�`�2�b�i�B�K���i�2�b� 2�X

�9�X �>�2�M�+�2�- �r�2 �r�B�H�H �`�2�D�2�+�iH0 �B�7 �i�?�2 �`�2�b�m�H�i�B�M�; �p���H�m�2 �Q�7MSTR/ MSE ���T�T�2���`�b �i�Q �#�2

�i�Q�Q �H���`�;�2�i�Q �?���p�2 �#�2�2�M �b�2�H�2�+�i�2�/ �7�`�Q�K ���MF �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�?k�• 1 �M�m�K�2�`���i�Q�`

�/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K ���M�/nT �• k �/�2�M�Q�K�B�M���i�Q�` �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K�X

�8�X�h�2�b�i �a�i���i�B�b�i�B�+ �7�Q�` �i�?�2 �1�[�m���H�B�i�v �Q�7K �S�Q�T�m�H���i�B�Q�M �J�2���M�b

F =
MSTR
MSE

(13:12)

�e�X �h�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �7�Q�H�H�Q�r�b ���MF �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�?k�• 1 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K �B�M �i�?�2

�M�m�K�2�`���i�Q�` ���M�/nT �• k �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K �B�M �i�?�2 �/�2�M�Q�K�B�M���i�Q�`�X �UF � Fk� 1;nT � k �V

�d�X
�

�

�

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

� = 0:05 �i�Q �+�Q�M�/�m�+�i �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�X
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�U���V �h�?�2 �p���H�m�2 �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �B�b

F =
MSTR
MSE

=
260

28:33
= 9:18

�U�#�V �h�?�2 �M�m�K�2�`���i�Q�` �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K �B�bk�• 1 = 3�• 1 = 2 ���M�/ �i�?�2 �/�2�M�Q�K�B�M���i�Q�`

�/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K �B�bnT �• k = 15�• 3 = 12�X

�U�+�V �"�2�+���m�b�2 �r�2 �r�B�H�H �Q�M�H�v �`�2�D�2�+�i �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �7�Q�` �H���`�;�2 �p���H�m�2�b �Q�7 �i�?�2 �i�2�b�i

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

�`�B�;�?�i �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+F = 9:18�X

�U�/�V �U�6�B�;�m�`�2 �R�j�X�9�V �b�?�Q�r�b �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7F = MSTR/ MSE �- �i�?�2 �p���H�m�2

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

�i�2�b�i�X

�U�2�V �U�h���#�H�2 �9 �Q�7 ���T�T�2�M�/�B�t �"�V �i�?�2 �m�T�T�2�` �i���B�H �Q�7 ���MF �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �k �M�m�K�2�`���i�Q�`

�/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K ���M�/ �R�k �/�2�M�Q�K�B�M���i�Q�` �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K�X

���`�2�� �B�M �l�T�T�2�` �h���B�H�y�X�R�y �y�X�y�8 �y�X�y�k�8 �y�X�y�R

F �o���H�m�2 �Udf 1 = 2�-df 2 = 12�V�k�X�3�R �j�X�3�N �8�X�R�y �e�X�N�j

�U�7�V �U�i�?�2p�@�p���H�m�2 ���T�T�`�Q���+�?�V �"�2�+���m�b�2F = 9:18 � 6:93 �- �i�?�2 ���`�2�� �B�M �i�?�2 �m�T�T�2�`

�i���B�H ���iF = 9:18 �B�b �H�2�b�b �i�?���M �y�X�y�R�X �h�?�m�b�- �i�?�2p�@�p���H�m�2 �B�b �H�2�b�b �i�?���M �y�X�y�R �U�a�Q�7�i�r���`�2�,

p�@�p���H�m�2= 0:004�X�V

�U�;�V �q�B�i�?p�@�p���H�m�2� � = 0:05 �-H0 �B�b �`�2�D�2�+�i�2�/�X

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

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

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

�U�B�V �U�i�?�2 �+�`�B�i�B�+���H �p���H�m�2 ���T�T�`�Q���+�?�V �q�B�i�?F = 9:18 � F(0:05;2;12) = 3:89 �- ���M�/

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

�3�X�h�2�b�i �7�Q�` �i�?�2 �1�[�m���H�B�i�v �Q�7 �E �S�Q�T�m�H���i�B�Q�M �J�2���M�b

H0 : � 1 = � 2 = � � � = � k

Ha : �L�Q�i ���H�H �T�Q�T�m�H���i�B�Q�M �K�2���M�b ���`�2 �2�[�m���H

�h�2�b�i �a�i���i�B�b�i�B�+

F =
MSTR
MSE

�_�2�D�2�+�i�B�Q�M �_�m�H�2

p�@�p���H�m�2 ���T�T�`�Q���+�?: �_�2�D�2�+�iH0 �B�7p�@�p���H�m�2� �

�*�`�B�i�B�+���H �p���H�m�2 ���T�T�`�Q���+�?: �_�2�D�2�+�iH0 �B�7F � F�:k � 1;nT � k

���L�P�o�� �h���#�H�2

�R�X �U�h���#�H�2 �R�j�X�k�V �h�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�2 �T�`�2�+�2�/�B�M�; �+���H�+�m�H���i�B�Q�M�b �+���M �#�2 �/�B�b�T�H���v�2�/ �+�Q�M�p�2�M�B�2�M�i�H�v

�B�M �� �i���#�H�2 �`�2�7�2�`�`�2�/ �i�Q ���b �i�?�2 ���M���H�v�b�B�b �Q�7 �p���`�B���M�+�2 �Q�`���L�P�o�� �i���#�H�2�X �h�?�2 �;�2�M�2�`���H

�7�Q�`�K �Q�7 �i�?�2 ���L�P�o�� �i���#�H�2 �7�Q�` �� �+�Q�K�T�H�2�i�2�H�v �`���M�/�Q�K�B�x�2�/ �/�2�b�B�;�M �B�b�,

�k�X �U�h���#�H�2 �R�j�X�j�V �C�J�S�f�1�t�+�2�H �Q�m�i�T�m�i
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�*�?���T�i�2�`�R�j�, �1�t�T�2�`�B�K�2�M�i���H �.�2�b�B�;�M ���M�/ ���M���H�v�b�B�b �Q�7 �o���`�B���M�+�2 �S���;�2 �R�d�f�k�8

�j�X �h�Q�i���H �b�m�K �Q�7 �b�[�m���`�2�b �USST�V�,

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

�ô�h�Q�i���H�ô�B�b �+���H�H�2�/ �i�?�2 �i�Q�i���H �b�m�K �Q�7 �b�[�m���`�2�b �USST �V�X

�U�#�VSST = SSTR+ SSE �- ���M�/ �i�?���i �i�?�2 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K ���b�b�Q�+�B���i�2�/ �r�B�i�?

�i�?�B�b�i�Q�i���H �b�m�K �Q�7 �b�[�m���`�2�b �B�b �i�?�2 �b�m�K �Q�7 �i�?�2 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K ���b�b�Q�+�B���i�2�/

�r�B�i�? �i�?�2 �b�m�K �Q�7 �b�[�m���`�2�b �/�m�2 �i�Q�i�`�2���i�K�2�M�i�b���M�/ �i�?�2 �b�m�K �Q�7 �b�[�m���`�2�b �/�m�2

�i�Q �2�`�`�Q� �̀X �UnT �• 1 �4 �Uk�• 1�V �Y �UnT �• k�V �X�V

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

�i�?���i �r�Q�m�H�/ �#�2 �Q�#�i���B�M�2�/ �B�7 �r�2 �i�`�2���i�2�/ �i�?�2 �2�M�i�B�`�2 �b�2�i �Q�7 �R�8 �Q�#�b�2�`�p���i�B�Q�M�b ���b �Q�M�2

�/���i�� �b�2�i�X

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

�b�m�K �Q�7 �b�[�m���`�2�b�-SST�- �B�b

SST =
kX

j =1

n jX

i =1

(x ij � ��x)2 (13:13)

�9�X ���L�P�o�� �+���M �#�2 �p�B�2�r�2�/ ���b �i�?�2 �T�`�Q�+�2�b�b �Q�7 �T���`�i�B�i�B�Q�M�B�M�; �i�?�2 �i�Q�i���H �b�m�K �Q�7 �b�[�m���`�2�b ���M�/

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

�*�Q�K�T�m�i�2�` �_�2�b�m�H�i�b �7�Q�` ���M���H�v�b�B�b �Q�7 �o���`�B���M�+�2

�R�X �U�6�B�;�m�`�2 �R�j�X�8�V �C�J�S�f�1�t�+�2�H �Q�m�i�T�m�i �7�Q�` �i�?�2 �*�?�2�K�B�i�2�+�? �2�t�T�2�`�B�K�2�M�i�,
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�k�X �h�?�2 �b�[�m���`�2 �`�Q�Q�i �Q�7 �J�a�1 �T�`�Q�p�B�/�2�b �i�?�2 �#�2�b�i �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 �h�?�B�b �2�b�i�B�K���i�2 �Q�7� �B�M �6�B�;�m�`�2 �R�j�X�8 �B�b �S�Q�Q�H�2�/ �a�i�.�2�p�c �B�i �B�b �2�[�m���H �i�Q �8�X�j�k�j�X

�j�X �� �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 �7�Q�` �J�2�i�?�Q�/ ���X

�x � t � /2
s
n

(13:15)

�r�?�2�`�2s �B�b �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� �X �"�2�+���m�b�2 �i�?�2 �#�2�b�i

�2�b�i�B�K���i�2 �Q�7� �B�b �T�`�Q�p�B�/�2�/ �#�v �i�?�2 �S�Q�Q�H�2�/ �a�i�.�2�p�- �r�2 �m�b�2 �� �p���H�m�2 �Q�7 �8�X�j�k�j �7�Q�`� �B�M

�2�t�T�`�2�b�b�B�Q�M �U�R�j�X�R�8�V�X

�9�X �h�?�2 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K �7�Q�` �i�?�2t �p���H�m�2 �B�b �R�k�- �i�?�2 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K ���b�b�Q�+�B���i�2�/ �r�B�i�?

�i�?�2 �2�`�`�Q�` �b�m�K �Q�7 �b�[�m���`�2�b�X �>�2�M�+�2�- �r�B�i�?t0:025 = 2:179 �r�2 �Q�#�i���B�M

62� 2:179
5:323
p

5
= 62 � 5:19

�h�?�m�b�- �i�?�2 �B�M�/�B�p�B�/�m���H �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �7�Q�` �J�2�i�?�Q�/ �� �;�Q�2�b �7�`�Q�K62�• 5:19 =

56:81 �i�Q62 + 5:19 = 67:19�X
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�h�2�b�i�B�M�; �7�Q�` �i�?�2 �1�[�m���H�B�i�v �Q�7k �S�Q�T�m�H���i�B�Q�M �J�2���M�b�, ���M �P�#�b�2�`�p���@

�i�B�Q�M���H �a�i�m�/�v

�R�X ���L�P�o�� �+���M ���H�b�Q �#�2 �m�b�2�/ �i�Q �i�2�b�i �7�Q�` �i�?�2 �2�[�m���H�B�i�v �Q�7 �i�?�`�2�2 �Q�` �K�Q�`�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�b

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

�k�X
�

�

�

��1�t���K�T�H�2 �U�h���#�H�2 �R�j�X�9�V �L���i�B�Q�M���H �*�Q�K�T�m�i�2�` �S�`�Q�/�m�+�i�b�- �A�M�+�X �U�L�*�S�V �K���M�m�7���+�i�m�`�2�b

�T�`�B�M�i�2�`�b ���M�/ �7���t �K���+�?�B�M�2�b ���i �T�H���M�i�b �H�Q�+���i�2�/ �B�M ���i�H���M�i���- �.���H�H���b�- ���M�/ �a�2���i�i�H�2�X �h�Q

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

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

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

�i�?�2�b�2 �R�3 �2�K�T�H�Q�v�2�2�b ���`�2 �b�?�Q�r�M �B�M �h���#�H�2 �R�j�X�9�X �J���M���;�2�`�b �r���M�i �i�Q �m�b�2 �i�?�2�b�2 �/���i�� �i�Q

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

�j�X �.�2�}�M�2 �T�Q�T�m�H���i�B�Q�M �R ���b ���H�H �2�K�T�H�Q�v�2�2�b ���i �i�?�2 ���i�H���M�i�� �T�H���M�i�- �T�Q�T�m�H���i�B�Q�M �k ���b ���H�H �2�K�@

�T�H�Q�v�2�2�b ���i �i�?�2 �.���H�H���b �T�H���M�i�- ���M�/ �T�Q�T�m�H���i�B�Q�M �j ���b ���H�H �2�K�T�H�Q�v�2�2�b ���i �i�?�2 �a�2���i�i�H�2 �T�H���M�i�X

�G�2�i � j �K�2���M �2�t���K�B�M���i�B�Q�M �b�+�Q�`�2 �7�Q�` �T�Q�T�m�H���i�B�Q�Mj; j = 1; 2; 3

�9�X �q���M�i �i�Q �m�b�2 �i�?�2 �b���K�T�H�2 �`�2�b�m�H�i�b �i�Q �i�2�b�i �i�?�2 �7�Q�H�H�Q�r�B�M�; �?�v�T�Q�i�?�2�b�2�b�,

H0 : � 1 = � 2 = � 3

Ha : �L�Q�i ���H�H �T�Q�T�m�H���i�B�Q�M �K�2���M�b ���`�2 �2�[�m���H

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

���b �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i �7�Q�` �i�?�2 �*�?�2�K�B�i�2�+�? �2�t�T�2�`�B�K�2�M�i�X
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�e�X �1�p�2�M �i�?�Q�m�;�? �i�?�2 �b���K�2 ���L�P�o�� �K�2�i�?�Q�/�Q�H�Q�;�v �B�b �m�b�2�/ �7�Q�` �i�?�2 ���M���H�v�b�B�b�- �B�i �B�b �r�Q�`�i�?

�M�Q�i�B�M�; �?�Q�r �i�?�2 �L�*�S �Q�#�b�2�`�p���i�B�Q�M���H �b�i���i�B�b�i�B�+���H �b�i�m�/�v �/�B�z�2�`�b �7�`�Q�K �i�?�2 �*�?�2�K�B�i�2�+�? �2�t�@

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

�d�X �h�?�2 �B�M�/�B�p�B�/�m���H�b �r�?�Q �+�Q�M�/�m�+�i�2�/ �i�?�2 �L�*�S �b�i�m�/�v �?���/�M�Q �+�Q�M�i�`�Q�H�Q�p�2�` �?�Q�r �i�?�2

�T�H���M�i�b �r�2�`�2 ���b�b�B�;�M�2�/ �i�Q �B�M�/�B�p�B�/�m���H �2�K�T�H�Q�v�2�2�b�X �h�?���i �B�b�- �i�?�2 �T�H���M�i�b �r�2�`�2 ���H�`�2���/�v �B�M

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

�L�*�S �+�Q�m�H�/ �/�Q �r���b �i�Q �b�2�H�2�+�i �� �`���M�/�Q�K �b���K�T�H�2 �Q�7 �e �2�K�T�H�Q�v�2�2�b �7�`�Q�K �2���+�? �T�H���M�i ���M�/

���/�K�B�M�B�b�i�2�` �i�?�2 �[�m���H�B�i�v ���r���`�2�M�2�b�b �2�t���K�B�M���i�B�Q�M�X

�3�X �h�Q �#�2 �+�H���b�b�B�}�2�/ ���b ���M�2�t�T�2�`�B�K�2�M�i���H �b�i�m�/�v�- �L�*�S �r�Q�m�H�/ �?���p�2 �?���/ �i�Q �#�2 ���#�H�2

�i�Q �`���M�/�Q�K�H�v �b�2�H�2�+�i �R�3 �2�K�T�H�Q�v�2�2�b ���M�/ �i�?�2�M ���b�b�B�;�M �i�?�2 �T�H���M�i�b �i�Q �2���+�? �2�K�T�H�Q�v�2�2 �B�M ��

�`���M�/�Q�K �7���b�?�B�Q�M�X

�R�j�X�j �J�m�H�i�B�T�H�2 �*�Q�K�T���`�B�b�Q�M �S�`�Q�+�2�/�m�`�2�b

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

�2�[�m���H�-�`�2�D�2�+�i�B�Q�M�Q�7 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b ���H�H�Q�r�b �m�b �i�Q �+�Q�M�+�H�m�/�2 �Q�M�H�v �i�?���i �i�?�2

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

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

���K�Q�M�; �K�2���M�b �Q�+�+�m�`�X

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

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

�6�B�b�?�2�`�ö�b �G�a�.

�R�X �a�m�T�T�Q�b�2 �i�?���i ���M���H�v�b�B�b �Q�7 �p���`�B���M�+�2 �T�`�Q�p�B�/�2�b �b�i���i�B�b�i�B�+���H �2�p�B�/�2�M�+�2 �i�Q�`�2�D�2�+�i�i�?�2 �M�m�H�H

�?�v�T�Q�i�?�2�b�B�b �Q�7 �2�[�m���H �T�Q�T�m�H���i�B�Q�M �K�2���M�b�X �6�B�b�?�2�`�ö�b�H�2���b�i �b�B�;�M�B�}�+���M�i �/�B�z�2�`�2�M�+�2 �U�G�a�.�V

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

�

�

��1�t���K�T�H�2 �U�a�2�+�i�B�Q�M �R�j�X�R�V �h�?�2 �*�?�2�K�B�i�2�+�? �2�t�T�2�`�B�K�2�M�i�X �l�b�B�M�; ���M���H�v�b�B�b �Q�7 �p���`�B���M�+�2�-

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

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

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

�j�X�6�B�b�?�2�`�ö�b �G�a�. �S�`�Q�+�2�/�m�`�2

H0 : � i = � j ; Ha : � i 6= � j

�h�2�b�i �a�i���i�B�b�i�B�+

t =
�x i � �x jr

MSE
�

1
n i

+ 1
n j

� (13:16)

�_�2�D�2�+�i�B�Q�M �_�m�H�2

�Ç p�@�p���H�m�2 ���T�T�`�Q���+�?�, �_�2�D�2�+�iH0 �B�7p�@�p���H�m�2� � �X

�Ç �*�`�B�i�B�+���H �p���H�m�2 ���T�T�`�Q���+�?�, �_�2�D�2�+�iH0 �B�7 t � � t � /2 �Q�` t � t � /2 �X

�r�?�2�`�2 �i�?�2 �p���H�m�2 �Q�7t � /2 �B�b �#���b�2�/ �Q�M ��t �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�?nT �• k �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�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�e�R�e�V

�6�Q�` �i�?�2 �*�?�2�K�B�i�2�+�? �2�t�T�2�`�B�K�2�M�i�- ���T�T�H�v �6�B�b�?�2�`�ö�b �G�a�. �S�`�Q�+�2�/�m�`�2 �i�Q �/�2�i�2�`�K�B�M�2

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

�U�J�2�i�?�Q�/ ���V ���M�/ �T�Q�T�m�H���i�B�Q�M �k �U�J�2�i�?�Q�/ �"�V ���i �i�?�2� = 0:05 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�X

�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�R�kdf �V �y�X�3�d�j �R�X�j�8�e �R�X�d�3�k �k�X�R�d�N �k�X�e�3�R �j�X�y�8�8
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�9�X �J���M�v �T�`���+�i�B�i�B�Q�M�2�`�b �}�M�/ �B�i �2���b�B�2�` �i�Q �/�2�i�2�`�K�B�M�2 �?�Q�r �H���`�;�2 �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2

�b���K�T�H�2 �K�2���M�b �K�m�b�i �#�2 �i�Q �`�2�D�2�+�iH0�X �A�M �i�?�B�b �+���b�2 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �B�b�x i � �x j �-

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

�8�X�6�B�b�?�2�`�ö�b �G�a�. �S�`�Q�+�2�/�m�`�2 �"���b�2�/ �Q�M �i�?�2 �h�2�b�i �a�i���i�B�b�i�B�+�x i � �x j

H0 : � i = � j ; Ha : � i 6= � j

�h�2�b�i �a�i���i�B�b�i�B�+

�x i � �x j

�_�2�D�2�+�i�B�Q�M �_�m�H�2 ���i �� �G�2�p�2�H �Q�7 �a�B�;�M�B�}�+���M�+�2� �_�2�D�2�+�iH0 �B�7j �x i � �x j j � LSD �r�?�2�`�2

LSD = t � /2

s

MSE
�

1
ni

+
1
nj

�
(13:17)

�e�X�*�Q�M�}�/�2�M�+�2 �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 �l�b�B�M�; �6�B�b�?�2�`�ö�b �G�a�. �S�`�Q�+�2�/�m�`�2

(�x i � �x j ) � LSD (13:18)

�r�?�2�`�2

LSD = t � /2

s

MSE
�

1
ni

+
1
nj

�
(13:19)

���M�/t � /2 �B�b �#���b�2�/ �Q�M ��t �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�?nT �• k �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K�X

�d�X �A�7 �i�?�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �B�M �2�t�T�`�2�b�b�B�Q�M �U�R�j�X�R�3�V �B�M�+�H�m�/�2�b �i�?�2 �p���H�m�2�x�2�`�Q�- �r�2

�+���M�M�Q�i �`�2�D�2�+�i �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�?���i �i�?�2 �i�r�Q �T�Q�T�m�H���i�B�Q�M �K�2���M�b ���`�2 �2�[�m���H�X

�3�X �>�Q�r�2�p�2�`�- �B�7 �i�?�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �/�Q�2�b �M�Q�i �B�M�+�H�m�/�2 �i�?�2 �p���H�m�2 �x�2�`�Q�- �r�2 �+�Q�M�+�H�m�/�2 �i�?���i

�i�?�2�`�2 �B�b �� �/�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�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�e�R�d�V

�6�Q�` �i�?�2 �*�?�2�K�B�i�2�+�? �2�t�T�2�`�B�K�2�M�i�- ���T�T�H�v �6�B�b�?�2�`�ö�b �G�a�. �S�`�Q�+�2�/�m�`�2 �#���b�2�/ �Q�M �i�?�2 �h�2�b�i

�a�i���i�B�b�i�B�+�x i � �x j �i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�` �i�?�2�`�2 �B�b �� �b�B�;�M�B�}�+���M�i �/�B�z�2�`�2�M�+�2 �U���V �#�2�i�r�2�2�M

�i�?�2 �K�2���M�b �Q�7 �T�Q�T�m�H���i�B�Q�M �R �U�J�2�i�?�Q�/ ���V ���M�/ �T�Q�T�m�H���i�B�Q�M �j �U�J�2�i�?�Q�/ �*�V�- �U�#�V �#�2�i�r�2�2�M

�i�?�2 �K�2���M�b �Q�7 �T�Q�T�m�H���i�B�Q�M �k �U�J�2�i�?�Q�/ �"�V ���M�/ �T�Q�T�m�H���i�B�Q�M �j �U�J�2�i�?�Q�/ �*�V ���i �i�?�2� =

0:05 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�X �6�B�M�/ �� �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 �K�2���M�b �Q�7 �T�Q�T�m�H���i�B�Q�M�b �R ���M�/ �k ���M�/ �K���F�2 �� �+�Q�M�+�H�m�b�B�Q�M�X

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�j�, �1�t�T�2�`�B�K�2�M�i���H �.�2�b�B�;�M ���M�/ ���M���H�v�b�B�b �Q�7 �o���`�B���M�+�2 �S���;�2 �k�j�f�k�8

�b�Q�H�,

�h�v�T�2 �A �1�`�`�Q�` �_���i�2�b

�R�X ���L�P�o�� �;���p�2 �m�b �b�i���i�B�b�i�B�+���H �2�p�B�/�2�M�+�2 �i�Q �`�2�D�2�+�i �Q�` �M�Q�i �`�2�D�2�+�i �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �Q�7

�2�[�m���H �T�Q�T�m�H���i�B�Q�M �K�2���M�b�X

�k�X �q�2 �b�?�Q�r�2�/ �?�Q�r �6�B�b�?�2�`�ö�b �G�a�. �T�`�Q�+�2�/�m�`�2 �+���M �#�2 �m�b�2�/ �B�M �b�m�+�? �+���b�2�b �i�Q �/�2�i�2�`�K�B�M�2

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

�`�2�b�i�`�B�+�i�2�/�G�a�. �i�2�b�i �#�2�+���m�b�2 �B�i �B�b �2�K�T�H�Q�v�2�/ �Q�M�H�v �B�7 �r�2 �}�`�b�i �}�M�/ �� �b�B�;�M�B�}�+���M�iF

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

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

�2�t�T�H���B�M �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M ���+�Q�K�T���`�B�b�Q�M�r�B�b�2�h�v�T�2 �A �2�`�`�Q�` �`���i�2 ���M�/ ���M

�2�t�T�2�`�B�K�2�M�i�r�B�b�2�h�v�T�2 �A �2�`�`�Q�` �`���i�2�X

�9�X �A�M �i�?�2 �*�?�2�K�B�i�2�+�? �2�t�T�2�`�B�K�2�M�i �r�2 �m�b�2�/ �6�B�b�?�2�`�ö�b �G�a�. �T�`�Q�+�2�/�m�`�2 �i�Q �K���F�2 �i�?�`�2�2 �T���B�`�r�B�b�2

�+�Q�K�T���`�B�b�Q�M�b�X

�h�2�b�i �R �h�2�b�i �k �h�2�b�i �j

H0 : � 1 = � 2 H0 : � 1 = � 3 H0 : � 2 = � 3

Ha : � 1 � � 2 Ha : � 1 � � 3 Ha : � 2 6= � 3

�8�X �A�M �2���+�? �+���b�2�- �r�2 �m�b�2�/ �� �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �Q�7� = 0:05�X

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�j�, �1�t�T�2�`�B�K�2�M�i���H �.�2�b�B�;�M ���M�/ ���M���H�v�b�B�b �Q�7 �o���`�B���M�+�2 �S���;�2 �k�9�f�k�8

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

�r�B�H�H �K���F�2 �� �h�v�T�2 �A �2�`�`�Q�` �B�b� = 0:05�c �?�2�M�+�2�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �r�2 �r�B�H�H �M�Q�i �K���F�2

�� �h�v�T�2 �A �2�`�`�Q�` �Q�M �2���+�? �i�2�b�i �B�b1�• 0:05 = 0:95 �X

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

�2�`�`�Q�`(� = 0:05) ���b �i�?�2 �+�Q�K�T���`�B�b�Q�M�r�B�b�2 �h�v�T�2 �A �2�`�`�Q�` �`���i�2�c �A�i �B�M�/�B�+���i�2 �i�?�2 �H�2�p�2�H

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

�3�X �q�?���i �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �B�M �K���F�B�M�; �i�?�`�2�2 �T���B�`�r�B�b�2 �+�Q�K�T���`�B�b�Q�M�b�- �r�2 �r�B�H�H �+�Q�K�K�B�i

�� �h�v�T�2 �A �2�`�`�Q�` �Q�M���i �H�2���b�i �Q�M�2�Q�7 �i�?�2 �i�?�`�2�2 �i�2�b�i�b�\

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

�h�v�T�2 �A �2�`�`�Q�` �Q�M ���M�v �Q�7 �i�?�2 �i�?�`�2�2 �i�2�b�i�b �B�b(0:95)(0:95)(0:95) = 0:8574 �X

�U�#�V �h�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; ���i �H�2���b�i �Q�M�2 �h�v�T�2 �A �2�`�`�Q�` �B�b1�• 0:8574 = 0:1426 �X

�U�+�V �h�?�m�b�- �r�?�2�M �r�2 �m�b�2 �6�B�b�?�2�`�ö�b �G�a�. �T�`�Q�+�2�/�m�`�2 �i�Q �K���F�2 ���H�H �i�?�`�2�2 �T���B�`�r�B�b�2 �+�Q�K�T���`�@

�B�b�Q�M�b�- �i�?�2 �h�v�T�2 �A �2�`�`�Q�` �`���i�2 ���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�B�b ���T�T�`�Q���+�? �B�b �M�Q�i �y�X�y�8�- �#�m�i ���+�i�m�@

���H�H�v �y�X�R�9�k�e�c �r�2 �`�2�7�2�` �i�Q �i�?�B�b �2�`�`�Q�` �`���i�2 ���b �i�?�2�Q�p�2�`���H�H�Q�` �2�t�T�2�`�B�K�2�M�i�r�B�b�2

�h�v�T�2 �A �2�`�`�Q�` �`���i�2�X

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

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

�H���i�B�Q�M�b�X �6�Q�` �2�t���K�T�H�2�- �� �T�`�Q�#�H�2�K �r�B�i�? �}�p�2 �T�Q�T�m�H���i�B�Q�M�b �?���b �R�y �T�Q�b�b�B�#�H�2 �T���B�`�r�B�b�2

�+�Q�K�T���`�B�b�Q�M�b�X �A�7 �r�2 �i�2�b�i�2�/ ���H�H �T�Q�b�b�B�#�H�2 �T���B�`�r�B�b�2 �+�Q�K�T���`�B�b�Q�M�b �#�v �m�b�B�M�; �6�B�b�?�2�`�ö�b �G�a�.

�r�B�i�? �� �+�Q�K�T���`�B�b�Q�M�r�B�b�2 �2�`�`�Q�` �`���i�2 �Q�7� = 0:05�- �i�?�2 �2�t�T�2�`�B�K�2�M�i�r�B�b�2 �h�v�T�2 �A �2�`�`�Q�` �`���i�2

�r�Q�m�H�/ �#�21�• (1�• 0:05)10 = 0:40 �X

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

�2�t�T�2�`�B�K�2�M�i�r�B�b�2 �2�`�`�Q�` �`���i�2�X

�R�k�X �P�M�2 ���H�i�2�`�M���i�B�p�2 �7�Q�` �+�Q�M�i�`�Q�H�H�B�M�; �i�?�2 �Q�p�2�`���H�H �2�t�T�2�`�B�K�2�M�i�r�B�b�2 �2�`�`�Q�` �`���i�2�- �`�2�7�2�`�`�2�/ �i�Q ���b

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

�7�Q�` �2���+�? �i�2�b�i�X

�R�j�X �6�Q�` �2�t���K�T�H�2�- �B�7 �r�2 �r���M�i �i�Q �i�2�b�iC �T���B�`�r�B�b�2 �+�Q�K�T���`�B�b�Q�M�b ���M�/ �r���M�i �i�?�2 �K���t�B�K�m�K

�T�`�Q�#���#�B�H�B�i�v �Q�7 �K���F�B�M�; �� �h�v�T�2 �A �2�`�`�Q�` �7�Q�` �i�?�2 �Q�p�2�`���H�H �2�t�T�2�`�B�K�2�M�i �i�Q �#�2� EW �- �r�2

�b�B�K�T�H�v �m�b�2 �� �+�Q�K�T���`�B�b�Q�M�r�B�b�2 �2�`�`�Q�` �`���i�2 �2�[�m���H �i�Q� EW / C �X

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�j�, �1�t�T�2�`�B�K�2�M�i���H �.�2�b�B�;�M ���M�/ ���M���H�v�b�B�b �Q�7 �o���`�B���M�+�2 �S���;�2 �k�8�f�k�8

�R�9�X �A�M �i�?�2 �*�?�2�K�B�i�2�+�? �2�t�T�2�`�B�K�2�M�i�- �B�7 �r�2 �r���M�i �i�Q �m�b�2 �6�B�b�?�2�`�ö�b �G�a�. �T�`�Q�+�2�/�m�`�2 �i�Q �i�2�b�i ���H�H

�i�?�`�2�2 �T���B�`�r�B�b�2 �+�Q�K�T���`�B�b�Q�M�b �r�B�i�? �� �K���t�B�K�m�K �2�t�T�2�`�B�K�2�M�i�r�B�b�2 �2�`�`�Q�` �`���i�2 �Q�7� EW = 0:05 �-

�r�2 �b�2�i �i�?�2 �+�Q�K�T���`�B�b�Q�M�r�B�b�2 �2�`�`�Q�` �`���i�2 �i�Q �#�2� = 0:05/3 = 0 :017 �X
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�i�B�Q�M�b�X

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

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

�U�/�V �� �T�Q�b�B�i�B�p�2 �H�B�M�2���`�`�2�H���i�B�Q�M�b�?�B�T �B�b �B�M�/�B�+���i�2�/ �#�2�i�r�2�2�Mx ���M�/y�X

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

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

�U�7�V �L�2�t�i �i���b�F �B�b �i�Q �m�b�2 �i�?�2 �b���K�T�H�2 �/���i�� �B�M �h���#�H�2 �R�9�X�R �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �p���H�m�2�b �Q�7

b0 ���M�/b1 �B�M �i�?�2 �2�b�i�B�K���i�2�/ �b�B�K�T�H�2 �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M�X

�9�X �6�Q�` �i�?�2i �i�? �`�2�b�i���m�`���M�i�- �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �T�`�Q�p�B�/�2�b

ŷi = b0 + b1x i (14:4)

�r�?�2�`�2
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �3�f�8�R

�Ç ŷi �, �T�`�2�/�B�+�i�2�/ �p���H�m�2 �Q�7 �[�m���`�i�2�`�H�v �b���H�2�b �U�0�R�y�y�y�b�V �7�Q�` �i�?�2i �i�? �`�2�b�i���m�`���M�i

�Ç b0�, �i�?�2 y�@�B�M�i�2�`�+�2�T�i�Q�7 �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �H�B�M�2

�Ç b1�, �i�?�2 �b�H�Q�T�2�Q�7 �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �H�B�M�2

�Ç x i �, �b�B�x�2 �Q�7 �i�?�2 �b�i�m�/�2�M�i �T�Q�T�m�H���i�B�Q�M �U�R�y�y�y�b�V �7�Q�` �i�?�2i �i�? �`�2�b�i���m�`���M�i

�8�X �A�M �b�B�K�T�H�2 �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M�- �2���+�? �Q�#�b�2�`�p���i�B�Q�M(x i ; yi ) �+�Q�M�b�B�b�i�b �Q�7 �i�r�Q �p���H�m�2�b�, �Q�M�2

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

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

�p���H�m�2 �Q�7 �b���H�2�bŷi �X

�d�X �6�Q�` �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �H�B�M�2 �i�Q �T�`�Q�p�B�/�2 �� �;�Q�Q�/ �}�i �i�Q �i�?�2 �/���i���- �r�2 �r���M�i �i�?�2 �/�B�z�2�`�@

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

�3�X �U�i�?�2 �H�2���b�i �b�[�m���`�2�b �K�2�i�?�Q�/�V �h�?�2 �H�2���b�i �b�[�m���`�2�b �K�2�i�?�Q�/ �m�b�2�b �i�?�2 �b���K�T�H�2 �/���i�� �i�Q

�T�`�Q�p�B�/�2 �i�?�2 �p���H�m�2�b �Q�7b0 ���M�/b1 �i�?���i �K�B�M�B�K�B�x�2�i�?�2 �b�m�K �Q�7 �i�?�2 �b�[�m���`�2�b�Q�7

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

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

�N�X�G�2���b�i �a�[�m���`�2�b �*�`�B�i�2�`�B�Q�M

�K�B�M
nX

i =1

(yi � ŷi )2 (14:5)

�r�?�2�`�2

�Ç yi �, �Q�#�b�2�`�p�2�/ �p���H�m�2�Q�7 �i�?�2 �/�2�T�2�M�/�2�M�i �p���`�B���#�H�2 �7�Q�` �i�?�2i �i�? �Q�#�b�2�`�p���i�B�Q�M

�Ç ŷi �, �T�`�2�/�B�+�i�2�/ �p���H�m�2�Q�7 �i�?�2 �/�2�T�2�M�/�2�M�i �p���`�B���#�H�2 �7�Q�` �i�?�2i �i�? �Q�#�b�2�`�p���i�B�Q�M

�R�y�X�a�H�Q�T�2 ���M�/Y �@�A�M�i�2�`�+�2�T�i �7�Q�` �i�?�2 �1�b�i�B�K���i�2�/ �_�2�;�`�2�b�b�B�Q�M �1�[�m���i�B�Q�M�.�B�z�2�`�2�M�i�B���H

�+���H�+�m�H�m�b �+���M �#�2 �m�b�2�/ �i�Q �b�?�Q�r �U�b�2�2 ���T�T�2�M�/�B�t �R�9�X�R�V �i�?���i �i�?�2 �p���H�m�2�b �Q�7b0 ���M�/b1 �i�?���i

�K�B�M�B�K�B�x�2 �2�t�T�`�2�b�b�B�Q�M �U�R�9�X�8�V �+���M �#�2 �7�Q�m�M�/ �#�v�,

b1 =
P

(x i � �x)(yi � �y)
P

(x i � �x)2
=

P
x i yi � n�x �y

P
x2

i � n�x2
(14:6)

b0 = �y � b1 �x (14:7)

�r�?�2�`�2
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �N�f�8�R

�Ç x i �, �p���H�m�2 �Q�7 �i�?�2 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2 �7�Q�` �i�?�2i �i�? �Q�#�b�2�`�p���i�B�Q�M

�Ç yi �, �p���H�m�2 �Q�7 �i�?�2 �/�2�T�2�M�/�2�M�i �p���`�B���#�H�2 �7�Q�` �i�?�2i �i�? �Q�#�b�2�`�p���i�B�Q�M

�Ç �x�, �K�2���M �p���H�m�2 �7�Q�` �i�?�2 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2

�Ç �y�, �K�2���M �p���H�m�2 �7�Q�` �i�?�2 �/�2�T�2�M�/�2�M�i �p���`�B���#�H�2

�Ç n�, �i�Q�i���H �M�m�K�#�2�` �Q�7 �Q�#�b�2�`�p���i�B�Q�M�b

XÃ!,Z‘5õ �,

� �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�e�e�y�V

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

�`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �7�Q�` ���`�K���M�/�ö�b �S�B�x�x�� �S���`�H�Q�`�b �2�t���K�T�H�2�X

�b�Q�H�,

�x =
P

x i

n
=

140
10

= 14; �y =
P

yi

n
=

1300
10

= 130

b1 =
P

(x i � �x)(yi � �y)
P

(x i � �x)2
=

2840
568

= 5

b0 = �y � b1 �x = 130 � 5(14) = 60

�h�?�m�b�- �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �B�bŷ = 60 + 5 x �X
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �R�y�f�8�R

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

�U���V �h�?�2 �b�H�Q�T�2 �Q�7 �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M�Ub1 = 5�V �B�b �T�Q�b�B�i�B�p�2�- �B�K�@

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

�U�#�V �q�2 �+���M �+�Q�M�+�H�m�/�2 �U�#���b�2�/ �Q�M �b���H�2�b �K�2���b�m�`�2�/ �B�M �0�R�y�y�y�b ���M�/ �b�i�m�/�2�M�i �T�Q�T�m�H���i�B�Q�M

�B�M �R�y�y�y�b�V �i�?���i ���M�B�M�+�`�2���b�2�B�M �i�?�2 �b�i�m�/�2�M�i �T�Q�T�m�H���i�B�Q�M �Q�7 �R�y�y�y �B�b ���b�b�Q�+�B�@

���i�2�/ �r�B�i�? ���M�B�M�+�`�2���b�2�Q�7 �0�8�y�y�y �B�M�U�K�2���M�V �2�t�T�2�+�i�2�/�b���H�2�b�c �i�?���i �B�b�-

�[�m���`�i�2�`�H�v �b���H�2�b ���`�2 �2�t�T�2�+�i�2�/ �i�Q �B�M�+�`�2���b�2 �#�v �0�8 �T�2�` �b�i�m�/�2�M�i�X
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �R�R�f�8�R

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

�r�B�i�? �R�e�-�y�y�y �b�i�m�/�2�M�i�b�- �r�2 �r�Q�m�H�/ �+�Q�K�T�m�i�2

ŷ = 60 + 5(16) = 140

�>�2�M�+�2�- �r�2 �r�Q�m�H�/ �T�`�2�/�B�+�i �[�m���`�i�2�`�H�v �b���H�2�b �Q�7 �0�R�9�y�-�y�y�y �7�Q�` �i�?�B�b �`�2�b�i���m�`���M�i�X

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

�R�9�X �A�7 �b�Q�K�2 �Q�i�?�2�` �+�`�B�i�2�`�B�Q�M �r�2�`�2 �m�b�2�/�- �b�m�+�? ���b �K�B�M�B�K�B�x�B�M�; �i�?�2 �b�m�K �Q�7 �i�?�2���#�b�Q�H�m�i�2 �/�2�p�B���i�B�Q�M�b

�#�2�i�r�2�2�Myi ���M�/̂yi �- �� �/�B�z�2�`�2�M�i �2�[�m���i�B�Q�M �r�Q�m�H�/ �#�2 �Q�#�i���B�M�2�/�X �A�M �T�`���+�i�B�+�2�- �i�?�2 �H�2���b�i

�b�[�m���`�2�b �K�2�i�?�Q�/ �B�b �i�?�2�K�Q�b�i �r�B�/�2�H�v �m�b�2�/�X

�R�9�X�j �*�Q�2�{�+�B�2�M�i �Q�7 �.�2�i�2�`�K�B�M���i�B�Q�M

�R�X �>�Q�r �r�2�H�H �/�Q�2�b �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �}�i �i�?�2 �/���i���\ �h�?�2�+�Q�2�{�+�B�2�M�i �Q�7 �/�2�i�2�`�K�B�M���i�B�Q�M

�T�`�Q�p�B�/�2�b �� �K�2���b�m�`�2 �Q�7 �i�?�2�;�Q�Q�/�M�2�b�b �Q�7 �}�i�7�Q�` �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M�X

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

�i�?�2 �/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�-yi �- ���M�/ �i�?�2 �T�`�2�/�B�+�i�2�/ �p���H�m�2 �Q�7 �i�?�2 �/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�-

ŷi �- �B�b �+���H�H�2�/ �i�?�2i �i�? �`�2�b�B�/�m���H�X �h�?�2i �i�? �`�2�b�B�/�m���H �`�2�T�`�2�b�2�M�i�b �i�?�2 �2�`�`�Q�` �B�M �m�b�B�M�;ŷi

�i�Q �2�b�i�B�K���i�2yi �X �h�?�m�b�- �7�Q�` �i�?�2i �i�? �Q�#�b�2�`�p���i�B�Q�M�- �i�?�2 �`�2�b�B�/�m���H �B�byi �• ŷi �X

�j�X �U�a�m�K �Q�7 �a�[�m���`�2�b �.�m�2 �i�Q �1�`�`�Q�`�V�h�?�2 �b�m�K �Q�7 �b�[�m���`�2�b �Q�7 �i�?�2�b�2 �`�2�b�B�/�m���H�b �Q�` �2�`�`�Q�`�b

�B�b �i�?�2 �[�m���M�i�B�i�v �i�?���i �B�b �K�B�M�B�K�B�x�2�/ �#�v �i�?�2 �H�2���b�i �b�[�m���`�2�b �K�2�i�?�Q�/�X �h�?�B�b �[�m���M�i�B�i�v�- ���H�b�Q

�F�M�Q�r�M ���b �i�?�2 �b�m�K �Q�7 �b�[�m���`�2�b �/�m�2 �i�Q �2�`�`�Q�`�- �B�b �/�2�M�Q�i�2�/ �#�vSSE �,

SSE =
P

(yi � ŷi )2 (14:8)

�9�X �U�h���#�H�2 �R�9�X�j�V �h�?�2 �p���H�m�2 �Q�7SSE �B�b �� �K�2���b�m�`�2 �Q�7 �i�?�2 �2�`�`�Q�` �B�M �m�b�B�M�; �i�?�2 �2�b�i�B�K���i�2�/

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

SSE = 1530 �K�2���b�m�`�2�b �i�?�2 �2�`�`�Q�` �B�M �m�b�B�M�; �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�Mŷ =

60 + 5x �i�Q �T�`�2�/�B�+�i �b���H�2�b�X
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �R�k�f�8�R

�8�X �L�Q�r �b�m�T�T�Q�b�2 �r�2 ���`�2 ���b�F�2�/ �i�Q �/�2�p�2�H�Q�T ���M �2�b�i�B�K���i�2 �Q�7 �[�m���`�i�2�`�H�v �b���H�2�b�r�B�i�?�Q�m�i

�F�M�Q�r�H�2�/�;�2 �Q�7 �i�?�2 �b�B�x�2 �Q�7 �i�?�2 �b�i�m�/�2�M�i �T�Q�T�m�H���i�B�Q�M�X �q�B�i�?�Q�m�i �F�M�Q�r�H�2�/�;�2 �Q�7 ���M�v �`�2�H���i�2�/

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

���M�v �;�B�p�2�M �`�2�b�i���m�`���M�i�X

�e�X �U�h���#�H�2 �R�9�X�9�V �U�h�Q�i���H �a�m�K �Q�7 �a�[�m���`�2�b�V �q�2 �b�?�Q�r �i�?�2 �b�m�K �Q�7 �b�[�m���`�2�/ �/�2�p�B���i�B�Q�M�b

�Q�#�i���B�M�2�/ �#�v �m�b�B�M�; �i�?�2�b���K�T�H�2 �K�2���M�y = 130 �i�Q �T�`�2�/�B�+�i �i�?�2 �p���H�m�2 �Q�7 �[�m���`�i�2�`�H�v

�b���H�2�b �7�Q�` �2���+�? �`�2�b�i���m�`���M�i �B�M �i�?�2 �b���K�T�H�2�X �6�Q�` �i�?�2i �i�? �`�2�b�i���m�`���M�i �B�M �i�?�2 �b���K�T�H�2�- �i�?�2

�/�B�z�2�`�2�M�+�2yi �• �y �T�`�Q�p�B�/�2�b �� �K�2���b�m�`�2 �Q�7 �i�?�2 �2�`�`�Q�` �B�M�p�Q�H�p�2�/ �B�M �m�b�B�M�;�y �i�Q �T�`�2�/�B�+�i

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

SST �X

SST =
P

(yi � �y)2 (14:9)
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�d�X �U�6�B�;�m�`�2 �R�9�X�8�V

�3�X �q�2 �+���M �i�?�B�M�F �Q�7SST ���b �� �K�2���b�m�`�2 �Q�7 �?�Q�r �r�2�H�H �i�?�2 �Q�#�b�2�`�p���i�B�Q�M�b �+�H�m�b�i�2�` ���#�Q�m�i
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �R�9�f�8�R

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

�i�?�2 ŷ �H�B�M�2�X

�N�X �U�a�m�K �Q�7 �a�[�m���`�2�b �.�m�2 �i�Q �_�2�;�`�2�b�b�B�Q�M�V �i�?�2 �b�m�K �Q�7 �b�[�m���`�2�b �/�m�2 �i�Q �`�2�;�`�2�b�b�B�Q�M�- �B�b

�/�2�M�Q�i�2�/SSR �- �K�2���b�m�`�2�b �?�Q�r �K�m�+�? �i�?�2ŷ �p���H�m�2�b �Q�M �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M

�H�B�M�2 �/�2�p�B���i�2 �7�`�Q�K�y�,

SSR =
P

(ŷi � �y)2 (14:10)

�R�y�X �U�_�2�H���i�B�Q�M�b�?�B�T ���K�Q�M�;SST�-SSR�- ���M�/SSE�V �6�`�Q�K �i�?�2 �T�`�2�+�2�/�B�M�; �/�B�b�+�m�b�b�B�Q�M�- �r�2

�b�?�Q�m�H�/ �2�t�T�2�+�i �i�?���iSST�-SSR�- ���M�/SSE ���`�2 �`�2�H���i�2�/�X

SST = SSR+ SSE (14:11)

�r�?�2�`�2

�Ç SST�, �i�Q�i���H �b�m�K �Q�7 �b�[�m���`�2�b

�Ç SSR�, �b�m�K �Q�7 �b�[�m���`�2�b �/�m�2 �i�Q �`�2�;�`�2�b�b�B�Q�M

�Ç SSE�, �b�m�K �Q�7 �b�[�m���`�2�b �/�m�2 �i�Q �2�`�`�Q�`

�R�R�XSSR �+���M �#�2 �i�?�Q�m�;�?�i �Q�7 ���b �i�?�2�2�t�T�H���B�M�2�/�T�Q�`�i�B�Q�M �Q�7SST�- ���M�/SSE �+���M �#�2

�i�?�Q�m�;�?�i �Q�7 ���b �i�?�2�m�M�2�t�T�H���B�M�2�/�T�Q�`�i�B�Q�M �Q�7SST�X

�R�k�X
�

�

�

��1�t���K�T�H�2 ���`�K���M�/�ö�b �S�B�x�x�� �S���`�H�Q�`�b �2�t���K�T�H�2

�r�2 ���H�`�2���/�v �F�M�Q�r �i�?���iSSE = 1530 ���M�/SST = 15; 730�c �i�?�2�`�2�7�Q�`�2�- �b�Q�H�p�B�M�; �7�Q�`SSR

�B�M �2�[�m���i�B�Q�M �U�R�9�X�R�R�V�- �r�2 �}�M�/ �i�?���i �i�?�2 �b�m�K �Q�7 �b�[�m���`�2�b �/�m�2 �i�Q �`�2�;�`�2�b�b�B�Q�M �B�b

SSR = �a�a�h �@ �a�a�1= 15; 730� 1530 = 14; 200

�R�j�X �>�Q�r �i�?�2 �i�?�`�2�2 �b�m�K�b �Q�7 �b�[�m���`�2�b�-SST�-SSR�- ���M�/SSE�- �+���M �#�2 �m�b�2�/ �i�Q �T�`�Q�p�B�/�2 ��

�K�2���b�m�`�2 �Q�7 �i�?�2 �;�Q�Q�/�M�2�b�b �Q�7 �}�i �7�Q�` �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M�\

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

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

�U�#�V �A�M �i�?�B�b �+���b�2�-yi �• ŷi �r�Q�m�H�/ �#�2 �x�2�`�Q �7�Q�` �2���+�? �Q�#�b�2�`�p���i�B�Q�M�- �`�2�b�m�H�i�B�M�; �B�MSSE = 0 �X

�U�+�V �"�2�+���m�b�2SST = SSR + SSE�- �r�2 �b�2�2 �i�?���i �7�Q�` �� �T�2�`�7�2�+�i �}�iSSR �K�m�b�i �2�[�m���H

SST�- ���M�/ �i�?�2 �`���i�B�Q �USSR
SST

�V �K�m�b�i �2�[�m���H �Q�M�2�X
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �R�8�f�8�R

�U�/�V �S�Q�Q�`�2�` �}�i�b �r�B�H�H �`�2�b�m�H�i �B�M �H���`�;�2�` �p���H�m�2�b �7�Q�`SSE�X �>�2�M�+�2 �i�?�2 �T�Q�Q�`�2�b�i �}�i �Q�+�+�m�`�b

�r�?�2�M SSR = 0 ���M�/ SSE = SST �X

�R�9�X �U�*�Q�2�{�+�B�2�M�i �Q�7 �.�2�i�2�`�K�B�M���i�B�Q�M�V �h�?�2 �`���i�B�QSSR/ SST�- �r�?�B�+�? �r�B�H�H �i���F�2 �p���H�m�2�b

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

�`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M�X �h�?�B�b �`���i�B�Q �B�b �+���H�H�2�/ �i�?�2 �+�Q�2�{�+�B�2�M�i �Q�7 �/�2�i�2�`�K�B�M���i�B�Q�M ���M�/ �B�b

�/�2�M�Q�i�2�/ �#�v �Ur 2 �V �U�P�i�?�2�` �i�2�t�i�#�Q�Q�F�,R2 �V�X

r 2 =
SSR
SST

(14:12)

�R�8�X �q�?�2�M �r�2 �2�t�T�`�2�b�b �i�?�2 �+�Q�2�{�+�B�2�M�i �Q�7 �/�2�i�2�`�K�B�M���i�B�Q�M ���b �� �T�2�`�+�2�M�i���;�2�-r 2 �+���M �#�2 �B�M�i�2�`�@

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

�m�b�B�M�;�i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M�X

�R�e�X
�

�

�

��1�t���K�T�H�2 ���`�K���M�/�ö�b �S�B�x�x�� �S���`�H�Q�`�b �2�t���K�T�H�2

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

r 2 =
SSR
SST

=
14; 200
15; 730

= 0:9027

�U�#�V �6�Q�` ���`�K���M�/�ö�b �S�B�x�x�� �S���`�H�Q�`�b�- �r�2 �+���M �+�Q�M�+�H�m�/�2 �i�?���i �N�y�X�k�d�W �Q�7 �i�?�2 �i�Q�i���H �b�m�K �Q�7

�b�[�m���`�2�b �+���M �#�2 �2�t�T�H���B�M�2�/ �#�v �m�b�B�M�; �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�Mŷ = 60 + 5 x �i�Q �T�`�2�/�B�+�i �[�m���`�i�2�`�H�v �b���H�2�b�X

�U�+�V �A�M �Q�i�?�2�` �r�Q�`�/�b�-�N�y�X�k�d�W �Q�7 �i�?�2 �p���`�B���#�B�H�B�i�v �B�M �b���H�2�b�+���M �#�2 �2�t�T�H���B�M�2�/ �#�v �i�?�2

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

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

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

�R�X �A�M �*�?���T�i�2�` �j �r�2 �B�M�i�`�Q�/�m�+�2�/ �i�?�2 �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i ���b �� �/�2�b�+�`�B�T�i�B�p�2 �K�2���b�m�`�2 �Q�7

�i�?�2 �b�i�`�2�M�;�i�? �Q�7 �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 ���M�/y�X �o���H�m�2�b �Q�7 �i�?�2

�+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i ���`�2 ���H�r���v�b �#�2�i�r�2�2�M�• 1 ���M�/+1 �X

�k�X �� �p���H�m�2 �Q�7+1 �B�M�/�B�+���i�2�b �i�?���i �i�?�2 �i�r�Q �p���`�B���#�H�2�bx ���M�/y ���`�2 �T�2�`�7�2�+�i�H�v �`�2�H���i�2�/

�B�M �� �T�Q�b�B�i�B�p�2�H�B�M�2���` �b�2�M�b�2�X �� �p���H�m�2 �Q�7 �•1 �B�M�/�B�+���i�2�b �i�?���ix ���M�/y ���`�2 �T�2�`�7�2�+�i�H�v

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

�?���b �� �M�2�;���i�B�p�2 �b�H�Q�T�2�X �o���H�m�2�b �Q�7 �i�?�2 �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i �+�H�Q�b�2 �i�Q �x�2�`�Q �B�M�/�B�+���i�2 �i�?���i

x ���M�/y ���`�2 �M�Q�i �H�B�M�2���`�H�v �`�2�H���i�2�/�X

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �R�e�f�8�R

�j�X �U�a���K�T�H�2 �*�Q�`�`�2�H���i�B�Q�M �*�Q�2�{�+�B�2�M�i�V �A�7 �� �`�2�;�`�2�b�b�B�Q�M ���M���H�v�b�B�b �?���b ���H�`�2���/�v �#�2�2�M �T�2�`�@

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

�+�Q�2�{�+�B�2�M�i �+���M �#�2 �+�Q�K�T�m�i�2�/�,

r xy = �U�b�B�;�M �Q�7b1�V
p

�*�Q�2�{�+�B�2�M�i �Q�7 �/�2�i�2�`�K�B�M���i�B�Q�M= �U�b�B�;�M �Q�7b1�V
p

r 2 (14:13)

�r�?�2�`�2b1 �B�b �i�?�2 �b�H�Q�T�2 �Q�7 �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�Mŷ = b0 + b1x

XÃ!,Z‘5õ �, �a�?�Q�r �i�?���i �i�?�2 �+�Q�2�{�+�B�2�M�i �Q�7 �/�2�i�2�`�K�B�M���i�B�Q�M �Q�7 �� �b�B�K�T�H�2 �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M �B�b �i�?�2

�b�[�m���`�2 �Q�7 �i�?�2 �b���K�T�H�2 �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i �Q�7(x1; y1); � � � ; (xn ; yn )�X

�9�X
�

�

�

��1�t���K�T�H�2 ���`�K���M�/�ö�b �S�B�x�x�� �S���`�H�Q�` �2�t���K�T�H�2

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

�b�B�Q�M �2�[�m���i�B�Q�Mŷ = 60 + 5 x �B�b0:9027�X �"�2�+���m�b�2 �i�?�2 �b�H�Q�T�2 �Q�7 �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M

�2�[�m���i�B�Q�M �B�b �T�Q�b�B�i�B�p�2�- �2�[�m���i�B�Q�M �U�R�9�X�R�j�V �b�?�Q�r�b �i�?���i �i�?�2 �b���K�T�H�2 �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i

�B�b+
p

0:9027 = +0:9501�X �U�� �b�i�`�Q�M�; �T�Q�b�B�i�B�p�2 �H�B�M�2���` ���b�b�Q�+�B���i�B�Q�M �2�t�B�b�i�b �#�2�i�r�2�2�Mx ���M�/

y�X�V

�8�X �A�M �i�?�2 �+���b�2 �Q�7 ���H�B�M�2���` �`�2�H���i�B�Q�M�b�?�B�T�#�2�i�r�2�2�M �i�r�Q �p���`�B���#�H�2�b�- �#�Q�i�? �i�?�2 �+�Q�2�{�+�B�2�M�i

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

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

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

�#�2�i�r�2�2�M �•1 ���M�/+1�X
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �R�d�f�8�R

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

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

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

�UXÃ!, �V �H�B�K�B�i���i�B�Q�M�b �Q�7R2�, �i�?�`�2�2 �+�Q�K�K�Q�M �K�B�b�m�M�/�2�`�b�i���M�/�B�M�;�b

�a�Q�m�`�+�2 �,�J�B�+�?���2�H �>�X �E�m�i�M�2�` �2�i ���H�X �U�k�y�R�N�V�- ���T�T�H�B�2�/ �G�B�M�2���` �a�i���i�B�b�i�B�+���H �J�Q�/�2�H�b�, ���T�T�H�B�2�/ �G�B�M�2���`

�_�2�;�`�2�b�b�B�Q�M �J�Q�/�2�H�b�- �J�+�;�`���r�@�>�B�H�H �A�M�+�X�- �U�8�i�? �2�/�B�i�B�Q�M�V

�R�X�J�B�b���M�/�2�`�b�i���M�/�B�M�; �R�, �� �?�B�;�?R2 �B�M�/�B�+���i�2�b �i�?���i�m�b�2�7�m�H �T�`�2�/�B�+�i�B�Q�M�b�+���M �#�2

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

�U���V �U�h�Q�H�m�+�� �*�Q�K�T���M�v �1�t���K�T�H�2�V �i�?�2 �+�Q�2�{�+�B�2�M�i �Q�7 �/�2�i�2�`�K�B�M���i�B�Q�M �r���b �?�B�;�? �UR2 =

0:82�V�X �u�2�i �i�?�2 �N�y �T�2�`�+�2�M�i �T�`�2�/�B�+�i�B�Q�M �B�M�i�2�`�p���H �7�Q�` �i�?�2 �M�2�t�i �H�Q�i�- �+�Q�M�b�B�b�i�B�M�; �Q�7

�R�y�y �m�M�B�i�b�- �r���b �r�B�/�2 �U�j�j�k �i�Q �8�y�d �?�Q�m�`�b�V ���M�/ �M�Q�i �T�`�2�+�B�b�2 �2�M�Q�m�;�? �i�Q �T�2�`�K�B�i

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

�U�#�V �J�B�b�m�M�/�2�`�b�i���M�/�B�M�; �R ���`�B�b�2�b �#�2�+���m�b�2R2 �K�2���b�m�`�2�b �Q�M�H�v ���`�2�H���i�B�p�2 �`�2�/�m�+�i�B�Q�M

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

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

�k�X�J�B�b�m�M�/�2�`�b�i���M�/�B�M�; �k�, �� �?�B�;�?R2 �B�M�/�B�+���i�2�b �i�?���i �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �H�B�M�2 �B�b ��

�;�Q�Q�/ �}�i �X �U�M�Q�i �M�2�+�2�b�b���`�B�H�v �+�Q�`�`�2�+�i�V

�U���V �U�6�B�;�m�`�2 �k�X�N���V �� �b�+���i�i�2�` �T�H�Q�i �r�?�2�`�2R2 �B�b �?�B�;�? �UR2 = 0:69�V�X �u�2�i �� �H�B�M�2���` �`�2�;�`�2�b�@

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

�j�X�J�B�b�m�M�/�2�`�b�i���M�/�B�M�; �j�, �� R2 �M�2���` �x�2�`�Q �B�M�/�B�+���i�2�b �i�?���iX ���M�/Y ���`�2 �M�Q�i �`�2�H���i�2�/�X

�U�M�Q�i �M�2�+�2�b�b���`�B�H�v �+�Q�`�`�2�+�i�V�X

�U���V �U�6�B�;�m�`�2 �k�X�N�#�V �� �b�+���i�i�2�` �T�H�Q�i �r�?�2�`�2R2 �#�2�i�r�2�2�MX ���M�/Y �B�bR2 = 0:02�X �u�2�iX

���M�/Y ���`�2 �b�i�`�Q�M�;�H�v �`�2�H���i�2�/�c �?�Q�r�2�p�2�`�- �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�M �i�?�2 �i�r�Q �p���`�B���#�H�2�b

�B�b �+�m�`�p�B�H�B�M�2���`�X

�U�#�V �J�B�b�m�M�/�2�`�b�i���M�/�B�M�;�b �k ���M�/ �j ���`�B�b�2 �#�2�+���m�b�2R2 �K�2���b�m�`�2�b �i�?�2 �/�2�;�`�2�2 �Q�7�H�B�M�2���` ���b�b�Q�+�B���i�B�Q�M

�#�2�i�r�2�2�MX ���M�/Y �- �r�?�2�`�2���b �i�?�2 ���+�i�m���H �`�2�;�`�2�b�b�B�Q�M �`�2�H���i�B�Q�M �K���v �#�2 �+�m�`�p�B�H�B�M�2���`�X
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �R�3�f�8�R

�R�9�X�9 �J�Q�/�2�H ���b�b�m�K�T�i�B�Q�M�b

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

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

�p���`�B���#�H�2�U�b�V�X

�k�X �6�Q�` �i�?�2 �+���b�2 �Q�7 �b�B�K�T�H�2 �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M�- �i�?�2 ���b�b�m�K�2�/ �`�2�;�`�2�b�b�B�Q�M �K�Q�/�2�H �B�b

y = � 0 + � 1x + �

�j�X �h�?�2�M �i�?�2 �H�2���b�i �b�[�m���`�2�b �K�2�i�?�Q�/ �B�b �m�b�2�/ �i�Q �/�2�p�2�H�Q�T �p���H�m�2�b �7�Q�`b0 ���M�/b1�- �i�?�2 �2�b�i�B�K���i�2�b

�Q�7 �i�?�2 �K�Q�/�2�H �T���`���K�2�i�2�`�b� 0 ���M�/� 1�- �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �`�2�b�m�H�i�B�M�; �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M

�2�[�m���i�B�Q�M �B�b

ŷ = b0 + b1x

�1�p�2�M �r�B�i�? �� �H���`�;�2 �p���H�m�2 �Q�7r 2�- �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �b�?�Q�m�H�/ �M�Q�i �#�2

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

�+�Q�M�/�m�+�i�2�/�X
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �R�N�f�8�R

�9�X ���M �B�K�T�Q�`�i���M�i �b�i�2�T �B�M �/�2�i�2�`�K�B�M�B�M�; �r�?�2�i�?�2�` �i�?�2 ���b�b�m�K�2�/ �K�Q�/�2�H �B�b ���T�T�`�Q�T�`�B���i�2 �B�M�@

�p�Q�H�p�2�b�i�2�b�i�B�M�; �7�Q�` �i�?�2 �b�B�;�M�B�}�+���M�+�2�Q�7 �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T�X �h�?�2 �i�2�b�i�b �Q�7 �b�B�;�M�B�}�+���M�+�2

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

� �X

�8�X���b�b�m�K�T�i�B�Q�M�b ���#�Q�m�i �h�?�2 �1�`�`�Q�` �h�2�`�K� �B�M �i�?�2 �_�2�;�`�2�b�b�B�Q�M �J�Q�/�2�H

y = � 0 + � 1x + �

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

�i�?���i �B�b�-E(� ) = 0 �X

�A�K�T�H�B�+���i�B�Q�M�, � 0 ���M�/� 1 ���`�2 �+�Q�M�b�i���M�i�b�- �i�?�m�b�- �7�Q�` �� �;�B�p�2�M �p���H�m�2 �Q�7x�- �i�?�2 �2�t�T�2�+�i�2�/

�p���H�m�2 �Q�7y �B�b

E(y) = � 0 + � 1x (14:14)

���b �r�2 �B�M�/�B�+���i�2�/ �T�`�2�p�B�Q�m�b�H�v�- �2�[�m���i�B�Q�M �U�R�9�X�R�9�V �B�b �`�2�7�2�`�`�2�/ �i�Q ���b �i�?�2 �`�2�;�`�2�b�b�B�Q�M

�2�[�m���i�B�Q�M�X

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

�A�K�T�H�B�+���i�B�Q�M�, �h�?�2 �p���`�B���M�+�2 �Q�7y ���#�Q�m�i �i�?�2 �`�2�;�`�2�b�b�B�Q�M �H�B�M�2 �2�[�m���H�b� 2 ���M�/ �B�b �i�?�2

�b���K�2 �7�Q�`���H�H �p���H�m�2�b �Q�7x �X

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

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

�p���H�m�2 �Q�7� �7�Q�` ���M�v �Q�i�?�2�` �p���H�m�2 �Q�7x�c �i�?�m�b�- �i�?�2 �p���H�m�2 �Q�7y �7�Q�` �� �T���`�i�B�+�m�H���` �p���H�m�2

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

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

�A�K�T�H�B�+���i�B�Q�M�, �"�2�+���m�b�2y �B�b �� �H�B�M�2���` �7�m�M�+�i�B�Q�M �Q�7� �-y �B�b ���H�b�Q �� �M�Q�`�K���H�H�v �/�B�b�i�`�B�#�m�i�2�/

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

�e�X �6�B�;�m�`�2 �R�9�X�e �B�H�H�m�b�i�`���i�2�b �i�?�2 �K�Q�/�2�H ���b�b�m�K�T�i�B�Q�M�b ���M�/ �i�?�2�B�` �B�K�T�H�B�+���i�B�Q�M�b�c �M�Q�i�2 �i�?���i

�B�M �i�?�B�b �;�`���T�?�B�+���H �B�M�i�2�`�T�`�2�i���i�B�Q�M�- �i�?�2 �p���H�m�2 �Q�7E(y) �+�?���M�;�2�b ���+�+�Q�`�/�B�M�; �i�Q �i�?�2

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

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

�/�B�b�i�`�B�#�m�i�2�/�- �2���+�? �r�B�i�? �i�?�2�b���K�2 �p���`�B���M�+�2�X
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �k�y�f�8�R

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

���+�i�m���H �p���H�m�2 �Q�7y �B�b �;�`�2���i�2�` �i�?���M �Q�` �H�2�b�b �i�?���ME(y) �X

�3�X �q�2 ���b�b�m�K�2 �i�?���i �� �b�i�`���B�;�?�i �H�B�M�2 �`�2�T�`�2�b�2�M�i�2�/ �#�v� 0 + � 1x �B�b �i�?�2 �#���b�B�b �7�Q�` �i�?�2

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

�R�9�X�8 �h�2�b�i�B�M�; �7�Q�` �a�B�;�M�B�}�+���M�+�2

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

�7�m�M�+�i�B�Q�M �Q�7x�, E(y) = � 0 + � 1x�X �A�7 �i�?�2 �p���H�m�2 �Q�7� 1 �B�b �x�2�`�Q�- �i�?�2 �K�2���M �p���H�m�2 �Q�7y

�/�Q�2�b �M�Q�i �/�2�T�2�M�/ �Q�M �i�?�2 �p���H�m�2 �Q�7x ���M�/ �?�2�M�+�2 �r�2 �r�Q�m�H�/ �+�Q�M�+�H�m�/�2 �i�?���ix ���M�/y ���`�2

�M�Q�i �H�B�M�2���`�H�v �`�2�H���i�2�/�X
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �k�R�f�8�R

�k�X �h�Q �i�2�b�i �7�Q�` �� �b�B�;�M�B�}�+���M�i �`�2�;�`�2�b�b�B�Q�M �`�2�H���i�B�Q�M�b�?�B�T�- �r�2 �K�m�b�i �+�Q�M�/�m�+�i �� �?�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 �p���H�m�2 �Q�7� 1 �B�b �x�2�`�Q�X

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

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

�1�b�i�B�K���i�2 �Q�7� 2

�R�X �6�`�Q�K �i�?�2 �`�2�;�`�2�b�b�B�Q�M �K�Q�/�2�H ���M�/ �B�i�b ���b�b�m�K�T�i�B�Q�M�b �r�2 �+���M �+�Q�M�+�H�m�/�2 �i�?���i� 2�- �i�?�2 �p���`�B���M�+�2

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

�k�X �h�?�m�b�-SSE �- �i�?�2 �b�m�K �Q�7 �b�[�m���`�2�/ �`�2�b�B�/�m���H�b�- �B�b �� �K�2���b�m�`�2 �Q�7 �i�?�2 �p���`�B���#�B�H�B�i�v �Q�7

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

SSE =
P

(yi � ŷi )2 =
P

(yi � b0 � b1x i )2

�j�X �a�i���i�B�b�i�B�+�B���M�b �?���p�2 �b�?�Q�r�M �i�?���iSSE �?���b n�• 2 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K �#�2�+���m�b�2 �i�r�Q

�T���`���K�2�i�2�`�b �U� 0 ���M�/� 1�V �K�m�b�i �#�2 �2�b�i�B�K���i�2�/ �i�Q �+�Q�K�T�m�i�2SSE�X

�9�X �h�?�2�K�2���M �b�[�m���`�2 �2�`�`�Q�` �UMSE �V �T�`�Q�p�B�/�2�b �i�?�2 �2�b�i�B�K���i�2 �Q�7� 2�c �B�i �B�bSSE �/�B�p�B�/�2�/

�#�v �B�i�b �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K�X

�8�X�J�2���M �a�[�m���`�2 �1�`�`�Q�` �U�1�b�i�B�K���i�2 �Q�7� 2�V

s2 = MSE =
SSE
n � 2

(14:15)

�e�X�a�i���M�/���`�/ �1�`�`�Q�` �Q�7 �i�?�2 �1�b�i�B�K���i�2

s =
p

MSE =

r
SSE
n � 2

(14:16)

�d�X
�

�

�

��1�t���K�T�H�2 ���`�K���M�/�ö�b �S�B�x�x�� �S���`�H�Q�`�b �2�t���K�T�H�2

s2 = MSE =
1530

8
= 191:25

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

s =
p

MSE =
p

191:25 = 13:829:
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �k�k�f�8�R

t �h�2�b�i

�R�X �h�?�2 �T�m�`�T�Q�b�2 �Q�7 �i�?�2t �i�2�b�i �B�b �i�Q �b�2�2 �r�?�2�i�?�2�` �r�2 �+���M �+�Q�M�+�H�m�/�2 �i�?���i� 1 6= 0�X �q�2 �r�B�H�H

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

H0 : � 1 = 0; Ha : � 1 6= 0

�k�X �A�7H0 �B�b �`�2�D�2�+�i�2�/�- �r�2 �r�B�H�H �+�Q�M�+�H�m�/�2 �i�?���i� 1 6= 0 ���M�/ �i�?���i �� �b�i���i�B�b�i�B�+���H�H�v �b�B�;�M�B�}�+���M�i

�`�2�H���i�B�Q�M�b�?�B�T �2�t�B�b�i�b �#�2�i�r�2�2�M �i�?�2 �i�r�Q �p���`�B���#�H�2�b�X

�j�X �A�7H0 �+���M�M�Q�i �#�2 �`�2�D�2�+�i�2�/�- �r�2 �r�B�H�H �?���p�2�B�M�b�m�{�+�B�2�M�i �2�p�B�/�2�M�+�2�i�Q �+�Q�M�+�H�m�/�2 �i�?���i ��

�b�B�;�M�B�}�+���M�i �`�2�H���i�B�Q�M�b�?�B�T �2�t�B�b�i�b�X

�9�X �h�?�2 �T�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2�b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M�Q�7� 1�- �i�?�2 �H�2���b�i �b�[�m���`�2�b �2�b�i�B�K���i�Q�`

�Q�7b1�- �T�`�Q�p�B�/�2 �i�?�2 �#���b�B�b �7�Q�` �i�?�2 �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�X

�8�X�a���K�T�H�B�M�; �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7b1

�Ç �1�t�T�2�+�i�2�/ �o���H�m�2�,E(b1) = � 1

�Ç �a�i���M�/���`�/ �.�2�p�B���i�B�Q�M�,� b1 =
�

p P
(x i � �x)2

�UZ#5õ�V�,

�Ç �.�B�b�i�`�B�#�m�i�B�Q�M �6�Q�`�K�,�L�Q�`�K���H �U�R�9�X�R�d�V

�e�X �"�2�+���m�b�2 �r�2 �/�Q �M�Q�i �F�M�Q�r �i�?�2 �p���H�m�2 �Q�7� �- �r�2 �/�2�p�2�H�Q�T ���M �2�b�i�B�K���i�2 �Q�7� b1 �- �/�2�M�Q�i�2�/sb1 �-

�#�v �2�b�i�B�K���i�B�M�;� �r�B�i�?s �B�M �2�[�m���i�B�Q�M �U�R�9�X�R�d�V�X �h�?�m�b�- �r�2 �Q�#�i���B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �2�b�i�B�K���i�2

�Q�7� b1 �X

�d�X�1�b�i�B�K���i�2�/ �a�i���M�/���`�/ �.�2�p�B���i�B�Q�M �Q�7b1

sb1 =
s

p P
(x i � �x)2

(14:18)
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �k�j�f�8�R

�3�X �h�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7b1 �B�b ���H�b�Q �`�2�7�2�`�`�2�/ �i�Q ���b �i�?�2 �b�i���M�/���`�/ �2�`�`�Q�` �Q�7b1�X �h�?�m�b�-

sb1 �T�`�Q�p�B�/�2�b ���M �2�b�i�B�K���i�2 �Q�7 �i�?�2 �b�i���M�/���`�/ �2�`�`�Q�` �Q�7b1�X

�N�X �h�?�2t �i�2�b�i �7�Q�` �� �b�B�;�M�B�}�+���M�i �`�2�H���i�B�Q�M�b�?�B�T �B�b �#���b�2�/ �Q�M �i�?�2 �7���+�i �i�?���i �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+

b1 � � 1

sb1

�7�Q�H�H�Q�r�b ��t �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�?n�• 2 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K�X �A�7 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�@

�2�b�B�b �B�b �i�`�m�2�- �i�?�2�M� 1 = 0 ���M�/ t = � 1/ sb1
�X

�R�y�Xt �h�2�b�i �7�Q�` �a�B�;�M�B�}�+���M�+�2 �B�M �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M

�U���V �>�v�T�Q�i�?�2�b�B�b�,

H0 : � 1 = 0; Ha : � 1 6= 0

�U�#�V �h�2�b�i �a�i���i�B�b�i�B�+�,t =
b1

sb1

�U�R�9�X�R�N�V

�U�+�V �_�2�D�2�+�i�B�Q�M �_�m�H�2�,

�B�Xp�@�p���H�m�2 ���T�T�`�Q���+�?�, �_�2�D�2�+�iH0 �B�7p�@�p���H�m�2� �

�B�B�X �*�`�B�i�B�+���H �p���H�m�2 ���T�T�`�Q���+�?�, �_�2�D�2�+�iH0 �B�7 t � � t � /2 �Q�` �B�7t � t � /2 �X

�r�?�2�`�2t � /2 �B�b �#���b�2�/ �Q�M ��t �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�?n�• 2 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�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 �X �X �X �X �X �U�T�e�d�3�V

�*�Q�M�/�m�+�it �i�2�b�i �Q�7 �b�B�;�M�B�}�+���M�+�2 �7�Q�` ���`�K���M�/�ö�b �S�B�x�x�� �S���`�H�Q�`�b ���i �i�?�2� = 0:01 �H�2�p�2�H �Q�7

�b�B�;�M�B�}�+���M�+�2�X

�b�Q�H�,

�R�X �>�v�T�Q�i�?�2�b�B�b�,H0 : � 1 = 0; Ha : � 1 6= 0 �X

�k�X �G�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�,� = 0:01 �X

�j�X �h�2�b�i �b�i���i�B�b�i�B�+ �U�m�M�/�2�`H0�V�, t =
b1

sb1

=
5

0:5803
= 8:62 �X

�9�X �.�2�+�B�b�B�Q�M �`�m�H�2

�U���V �_�2�D�2�+�iH0 �B�7 p�@�p���H�m�2< � �- �Q�`

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �k�9�f�8�R

�U�#�V �_�2�D�2�+�iH0 �B�7 jtj � t � /2 ;n � 2 = t0:005;8 = 3:355 �X�U�h���#�H�2 �k �Q�7 ���T�T�2�M�/�B�t �.�-

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

�8�X �.�2�+�B�b�B�Q�M�,

�U���V p�@�p���H�m�2 �U�y�X�y�y�y�V �H�2�b�b �i�?���M2(0:005) = 0:01�X �U�a�Q�7�i�r���`�2�V�- �r�2 �`�2�D�2�+�iH0 �X

�U�#�Vt = 8:62 > t � /2 ;n � 2 = 3:355�- �r�2 �`�2�D�2�+�iH0 �X

�e�X �*�Q�M�+�H�m�b�B�Q�M�,�q�2 �`�2�D�2�+�iH0 ���M�/ �+�Q�M�+�H�m�/�2 �i�?���i� 1 �B�b �M�Q�i �2�[�m���H �i�Q �x�2�`�Q�X

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

�b�i�m�/�2�M�i �T�Q�T�m�H���i�B�Q�M ���M�/ �[�m���`�i�2�`�H�v �b���H�2�b�X

�*�Q�M�}�/�2�M�+�2 �A�M�i�2�`�p���H �7�Q�`� 1

�R�X �h�?�2 �7�Q�`�K �Q�7 �� �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �7�Q�`� 1 �B�b ���b �7�Q�H�H�Q�r�b�,

b1 � t � /2 ;n � 2sb1

�UZ#5õ�,�V

�k�X �h�?�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�` �B�bb1 ���M�/ �i�?�2 �K���`�;�B�M �Q�7 �2�`�`�Q�` �B�bt � /2 sb1
�X

�j�X �.�2�p�2�H�Q�T �� �N�N�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7b1 �7�Q�` ���`�K���M�/�ö�b �S�B�x�x�� �S���`�H�Q�`�b�X �6�`�Q�K

�h���#�H�2 �k �Q�7 ���T�T�2�M�/�B�t �" �r�2 �}�M�/t0:005;8 = 3:355�X �h�?�m�b�- �i�?�2 �N�N�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H

�2�b�i�B�K���i�2 �Q�7b1 �B�b

b1 � t � /2 ;n � 2sb1 = 5 � 3:355(0:5803) = 5 � 1:95

�Q�` �j�X�y�8 �i�Q �e�X�N�8�X

�9�X ���i �i�?�2� = 0:01 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�- �r�2 �+���M �m�b�2 �i�?�2 �N�N�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H ���b

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

�/���i���X
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �k�8�f�8�R

�8�X �"�2�+���m�b�2 �y�- �i�?�2 �?�v�T�Q�i�?�2�b�B�x�2�/ �p���H�m�2 �Q�7b1�- �B�b�M�Q�i �B�M�+�H�m�/�2�/�B�M �i�?�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�@

�p���H �U�j�X�y�8 �i�Q �e�X�N�8�V�- �r�2 �+���M�`�2�D�2�+�iH0 ���M�/ �+�Q�M�+�H�m�/�2 �i�?���i �� �b�B�;�M�B�}�+���M�i �b�i���i�B�b�i�B�+���H

�`�2�H���i�B�Q�M�b�?�B�T �2�t�B�b�i�b �#�2�i�r�2�2�M �i�?�2 �b�B�x�2 �Q�7 �i�?�2 �b�i�m�/�2�M�i �T�Q�T�m�H���i�B�Q�M ���M�/ �[�m���`�i�2�`�H�v �b���H�2�b�X

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

���#�Q�m�i� 1�X �A�7 �i�?�2 �?�v�T�Q�i�?�2�b�B�x�2�/ �p���H�m�2 �Q�7� 1 �B�b �+�Q�M�i���B�M�2�/�B�M �i�?�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H�-

�/�Q �M�Q�i �`�2�D�2�+�iH0�X �P�i�?�2�`�r�B�b�2�- �`�2�D�2�+�iH0�X

F �h�2�b�i

�R�X �_�2�+���H�H�,SST =
P

(yi � �y)2 �- SSE =
P

(yi � ŷi )2 �- SSR =
P

(ŷi � �y)2 �X

�k�X ���MF �i�2�b�i�- �#���b�2�/ �Q�M �i�?�2F �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�- �+���M ���H�b�Q �#�2 �m�b�2�/ �i�Q �i�2�b�i �7�Q�`

�b�B�;�M�B�}�+���M�+�2 �B�M �`�2�;�`�2�b�b�B�Q�M�X �q�B�i�? �Q�M�H�v�Q�M�2 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�- �i�?�2F �i�2�b�i �r�B�H�H

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

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

�7�Q�` ���M�Q�p�2�`���H�H �b�B�;�M�B�}�+���M�i�`�2�H���i�B�Q�M�b�?�B�T�X

�9�X �A�7 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�bH0 : � 1 = 0 �B�b �i�`�m�2�- �i�?�2 �K�2���M �b�[�m���`�2 �/�m�2 �i�Q �`�2�;�`�2�b�b�B�Q�M

�U �K�2���M �b�[�m���`�2 �`�2�;�`�2�b�b�B�Q�M�V�- ���M�/ �B�b �/�2�M�Q�i�2�/MSR �X �A�M �;�2�M�2�`���H�-

MSR =
SSR

�_�2�;�`�2�b�b�B�Q�M �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K

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

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

�T�2�M�/�2�M�i �p���`�B���#�H�2 �B�M �i�?�B�b �+�?���T�i�2�`�- �r�2 �?���p�2MSR = SSR/1 = SSR �X

�UZ#5õ�,�V
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �k�e�f�8�R

�e�X �A�7 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �UH0 : � 1 = 0�V �B�b �i�`�m�2�-MSR ���M�/ MSE ���`�2 �i�r�Q �B�M�/�2�@

�T�2�M�/�2�M�i �2�b�i�B�K���i�2�b �Q�7� 2 ���M�/ �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7MSR/ MSE �7�Q�H�H�Q�r�b

���MF �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �M�m�K�2�`���i�Q�` �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K �2�[�m���H �i�Q �Q�M�2 ���M�/ �/�2�M�Q�K�B�M���i�Q�`

�/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K �2�[�m���H �i�Qn�• 2�X �h�?�2�`�2�7�Q�`�2�- �r�?�2�M� 1 = 0�- �i�?�2 �p���H�m�2 �Q�7MSR/ MSE

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

�d�X �A�7 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�b �7���H�b�2 �U� 1 6= 0�V�-MSR �r�B�H�H�Q�p�2�`�2�b�i�B�K���i�2� 2 ���M�/ �i�?�2

�p���H�m�2 �Q�7MSR/ MSE �r�B�H�H �#�2�B�M�~���i�2�/�c �i�?�m�b�- �H���`�;�2 �p���H�m�2�b �Q�7MSR/ MSE �H�2���/

�i�Q �i�?�2 �`�2�D�2�+�i�B�Q�M �Q�7H0 ���M�/ �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �i�?���i �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�Mx ���M�/y �B�b

�b�i���i�B�b�i�B�+���H�H�v �b�B�;�M�B�}�+���M�i�X

MSE =
P

(yi �• ŷi )2

n�• 2
=

SSE
n�• 2

; MSR =
P

(ŷi �• �y)2

1
=

SSR
1

:

E(MSE ) = � 2 ; E(MSR) = � 2 + � 2
1

nX

i =1

(X i �• �X )2 :

�UZ#5õ�,�V

�3�X �A�7H0 �B�b �7���H�b�2�-MSE �b�i�B�H�H �T�`�Q�p�B�/�2�b ���M �m�M�#�B���b�2�/ �2�b�i�B�K���i�2 �Q�7� 2 ���M�/MSR �Q�p�2�`�2�b�i�B�K���i�2�b

� 2�X �A�7H0 �B�b �i�`�m�2�- �#�Q�i�?MSE ���M�/MSR �T�`�Q�p�B�/�2 �m�M�#�B���b�2�/ �2�b�i�B�K���i�2�b �Q�7� 2�c �B�M �i�?�B�b

�+���b�2 �i�?�2 �p���H�m�2 �Q�7MSR/ MSE �b�?�Q�m�H�/ �#�2 �+�H�Q�b�2 �i�Q �R�X

�N�XF �h�2�b�i �7�Q�` �a�B�;�M�B�}�+���M�+�2 �B�M �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M

�U���V �>�v�T�Q�i�?�2�b�B�b�,H0 : � 1 = 0; Ha : � 1 6= 0

�U�#�V �h�2�b�i �a�i���i�B�b�i�B�+�,F = MSR
MSE (14:21)

�U�+�V �_�2�D�2�+�i�B�Q�M �_�m�H�2�,

�B�X �T�@�p���H�m�2 ���T�T�`�Q���+�?�, �_�2�D�2�+�iH0 �B�7p�@�p���H�m�2� �

�B�B�X �*�`�B�i�B�+���H �p���H�m�2 ���T�T�`�Q���+�?�, �_�2�D�2�+�iH0 �B�7 F � F�; 1;n � 2

�r�?�2�`�2F� �B�b �#���b�2�/ �Q�M ���MF �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �R �/�2�;�`�2�2 �Q�7 �7�`�2�2�/�Q�K �B�M �i�?�2 �M�m�@

�K�2�`���i�Q�` ���M�/n�• 2 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K �B�M �i�?�2 �/�2�M�Q�K�B�M���i�Q�`�X
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �k�d�f�8�R

�R�y�X �.�2�+�B�b�B�Q�M ���M�/ �*�Q�M�+�H�m�b�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�e�3�y�V

�*�Q�M�/�m�+�i �i�?�2F �i�2�b�i �7�Q�` �i�?�2 ���`�K���M�/�ö�b �S�B�x�x�� �S���`�H�Q�`�b �2�t���K�T�H�2�X �U� = 0:01�V

�b�Q�H�,

�R�y�X �� �b�B�K�B�H���` ���L�P�o�� �i���#�H�2 �+���M �#�2 �m�b�2�/ �i�Q �b�m�K�K���`�B�x�2 �i�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�2F �i�2�b�i �7�Q�`

�b�B�;�M�B�}�+���M�+�2 �B�M �`�2�;�`�2�b�b�B�Q�M�X

�R�R�X �U�h���#�H�2 �R�9�X�8�V

�R�k�X �U�h���#�H�2 �R�9�X�e�V ���L�P�o�� �i���#�H�2 �r�B�i�? �i�?�2F �i�2�b�i �+�Q�K�T�m�i���i�B�Q�M�b �T�2�`�7�Q�`�K�2�/ �7�Q�` ���`�K���M�/�ö�b

�S�B�x�x�� �S���`�H�Q�`�b�X
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �k�3�f�8�R

�a�Q�K�2 �*���m�i�B�Q�M�b ���#�Q�m�i �i�?�2 �A�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7 �a�B�;�M�B�}�+���M�+�2 �h�2�b�i�b

�R�X �_�2�D�2�+�i�B�M�; �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�bH0 : � 1 = 0 ���M�/ �+�Q�M�+�H�m�/�B�M�; �i�?���i �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T �#�2�@

�i�r�2�2�Mx ���M�/y �B�b �b�B�;�M�B�}�+���M�i �/�Q�2�b �M�Q�i �2�M���#�H�2 �m�b �i�Q �+�Q�M�+�H�m�/�2 �i�?���i ���+���m�b�2�@���M�/�@�2�z�2�+�i

�`�2�H���i�B�Q�M�b�?�B�T �B�b �T�`�2�b�2�M�i �#�2�i�r�2�2�Mx ���M�/y�X

�k�X �*�Q�M�+�H�m�/�B�M�; �� �+���m�b�2�@���M�/�@�2�z�2�+�i �`�2�H���i�B�Q�M�b�?�B�T �B�b �r���`�`���M�i�2�/ �Q�M�H�v �B�7 �i�?�2 ���M���H�v�b�i �+���M

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

�+���m�b���H�X

�j�X �A�M �i�?�2 ���`�K���M�/�ö�b �S�B�x�x�� �S���`�H�Q�`�b �2�t���K�T�H�2�- �r�2 �+���M �+�Q�M�+�H�m�/�2 �i�?���i �i�?�2�`�2 �B�b �� �b�B�;�M�B�}�+���M�i

�`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�M �i�?�2 �b�B�x�2 �Q�7 �i�?�2 �b�i�m�/�2�M�i �T�Q�T�m�H���i�B�Q�Mx ���M�/ �[�m���`�i�2�`�H�v �b���H�2�by�c

�K�Q�`�2�Q�p�2�`�- �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�Mŷ = 60 + 5 x �T�`�Q�p�B�/�2�b �i�?�2 �H�2���b�i �b�[�m���`�2�b

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

�b�i�m�/�2�M�i �T�Q�T�m�H���i�B�Q�Mx �+���m�b�2 �+�?���M�;�2�b�B�M �[�m���`�i�2�`�H�v �b���H�2�by �D�m�b�i �#�2�+���m�b�2 �r�2 �B�/�2�M�@

�i�B�}�2�/ �� �b�i���i�B�b�i�B�+���H�H�v �b�B�;�M�B�}�+���M�i �`�2�H���i�B�Q�M�b�?�B�T�X

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

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

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

�8�X �q�2 �+���M �b�i���i�2 �Q�M�H�v �i�?���ix ���M�/y ���`�2 �`�2�H���i�2�/ ���M�/ �i�?���i �� �H�B�M�2���` �`�2�H���i�B�Q�M�b�?�B�T �2�t�T�H���B�M�b ��

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

�i�?�2 �b���K�T�H�2�X

�e�X �U�6�B�;�m�`�2 �R�9�X�d�V �B�H�H�m�b�i�`���i�2�b �i�?�B�b �b�B�i�m���i�B�Q�M�X �h�?�2 �i�2�b�i �7�Q�` �b�B�;�M�B�}�+���M�+�2 �+���H�H�b �7�Q�` �i�?�2 �`�2�D�2�+�i�B�Q�M

�Q�7 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�bH0 : � 1 = 0 ���M�/ �H�2���/�b �i�Q �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �i�?���ix ���M�/y ���`�2
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �k�N�f�8�R

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

���M�/y �B�b �M�Q�i �H�B�M�2���`�X

�d�X ���H�i�?�Q�m�;�? �i�?�2 �H�B�M�2���` ���T�T�`�Q�t�B�K���i�B�Q�M �T�`�Q�p�B�/�2�/ �#�vŷ = b0+ b1x �B�b �;�Q�Q�/ �Q�p�2�` �i�?�2 �`���M�;�2 �Q�7

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

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

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

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

�N�X �6�Q�` ���`�K���M�/�ö�b �S�B�x�x�� �S���`�H�Q�`�b�- �i�?�B�b �`���M�;�2 �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �p���H�m�2�b �Q�7x �#�2�i�r�2�2�M �k ���M�/ �k�e�X

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

�Q�m�i�b�B�/�2 �i�?�2 �`���M�;�2 �Q�7 �i�?�2 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2 �b�?�Q�m�H�/ �#�2 �K���/�2�r�B�i�? �+���m�i�B�Q�M�X
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �j�y�f�8�R

�R�9�X�e �l�b�B�M�; �i�?�2 �1�b�i�B�K���i�2�/ �_�2�;�`�2�b�b�B�Q�M �1�[�m���i�B�Q�M �7�Q�`

�1�b�i�B�K���i�B�Q�M ���M�/ �S�`�2�/�B�+�i�B�Q�M

�R�X �q�?�2�M �m�b�B�M�; �i�?�2 �b�B�K�T�H�2 �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M �K�Q�/�2�H�- �r�2 ���`�2 �K���F�B�M�; ���M���b�b�m�K�T�i�B�Q�M

���#�Q�m�i �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�Mx ���M�/y�X �q�2 �i�?�2�M �m�b�2 �i�?�2�H�2���b�i �b�[�m���`�2�b�K�2�i�?�Q�/

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

�k�X �A�7 ���b�B�;�M�B�}�+���M�i�`�2�H���i�B�Q�M�b�?�B�T �2�t�B�b�i�b �#�2�i�r�2�2�Mx ���M�/y ���M�/ �i�?�2�+�Q�2�{�+�B�2�M�i �Q�7

�/�2�i�2�`�K�B�M���i�B�Q�M�b�?�Q�r�b �i�?���i �i�?�2 �}�i �B�b �;�Q�Q�/�- �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M

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

�j�X
�

�

�

��1�t���K�T�H�2 ���`�K���M�/�ö�b �S�B�x�x�� �S���`�H�Q�`�b �2�t���K�T�H�2

�U���V �h�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �B�bŷ = 60 + 5 x�Xŷ �+���M �#�2 �m�b�2�/ ���b �� �T�Q�B�M�i

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

x�- ���M�/ ���b �� �T�`�2�/�B�+�i�Q�` �Q�7 ���M �B�M�/�B�p�B�/�m���H �p���H�m�2 �Q�7y �X

�U�#�V �6�Q�` �2�t���K�T�H�2�- �� �T�Q�B�M�i �2�b�i�B�K���i�2 �Q�7 �i�?�2 �K�2���M �[�m���`�i�2�`�H�v �b���H�2�b �7�Q�` ���H�H �`�2�b�i���m�`���M�i

�H�Q�+���i�B�Q�M�b �M�2���` �+���K�T�m�b�2�b �r�B�i�?x = 10 �U�R�y�-�y�y�y �b�i�m�/�2�M�i�b�V �b�i�m�/�2�M�i�b �B�b

ŷ = 60 + 5(10) = 110 ($110; 000):

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

�r�?�2�Mx = 10�X

�U�+�V �6�Q�` �2�t���K�T�H�2�- �i�Q �T�`�2�/�B�+�i �[�m���`�i�2�`�H�v �b���H�2�b �7�Q�` �� �M�2�r �`�2�b�i���m�`���M�i ���`�K���M�/�ö�b �B�b �+�Q�M�@

�b�B�/�2�`�B�M�; �#�m�B�H�/�B�M�; �M�2���` �h���H�#�Q�i �*�Q�H�H�2�;�2�- �� �+���K�T�m�b �r�B�i�? �R�y�-�y�y�y �b�i�m�/�2�M�i�b�- �r�2 �r�Q�m�H�/

�+�Q�K�T�m�i�2

ŷ = 60 + 5(10) = 110 :

�>�2�M�+�2�- �r�2 �r�Q�m�H�/ �T�`�2�/�B�+�i �[�m���`�i�2�`�H�v �b���H�2�b �Q�7 �0�R�R�y�-�y�y�y �7�Q�` �b�m�+�? �� �M�2�r �`�2�b�i���m�`���M�i�X

�A�M �i�?�B�b �+���b�2�- �r�2 ���`�2 �m�b�B�M�;ŷ ���b �i�?�2 �T�`�2�/�B�+�i�Q�`�Q�7y �7�Q�` �� �M�2�r �Q�#�b�2�`�p���i�B�Q�M

�r�?�2�Mx = 10�X

�9�X �L�Q�i���i�B�Q�M�b�,

�U���V x � �4 �i�?�2 �;�B�p�2�M �p���H�m�2 �Q�7 �i�?�2 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2x

�U�#�Vy� �4 �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2 �/�2�M�Q�i�B�M�; �i�?�2 �T�Q�b�b�B�#�H�2 �p���H�m�2�b �Q�7 �i�?�2 �/�2�T�2�M�/�2�M�i

�p���`�B���#�H�2 �v �r�?�2�Mx = x �
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �j�R�f�8�R

�U�+�VE(y� ) �4 �i�?�2 �K�2���M �Q�` �2�t�T�2�+�i�2�/ �p���H�m�2 �Q�7 �i�?�2 �/�2�T�2�M�/�2�M�i �p���`�B���#�H�2y �r�?�2�M

x = x �

�U�/�V ŷ� = � 0 + � 1x � �4 �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�` �Q�7E(y� ) ���M�/ �i�?�2 �T�`�2�/�B�+�i�Q�` �Q�7 ���M

�B�M�/�B�p�B�/�m���H �p���H�m�2 �Q�7y� �r�?�2�Mx = x �

�8�X
�

�

�

��1�t���K�T�H�2 ���`�K���M�/�ö�b �S�B�x�x�� �S���`�H�Q�`�b �2�t���K�T�H�2

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

�p���H�m�2 �Q�7 �[�m���`�i�2�`�H�v �b���H�2�b �7�Q�` ���H�H ���`�K���M�/�ö�b �`�2�b�i���m�`���M�i�b �H�Q�+���i�2�/ �M�2���` �� �+���K�T�m�b

�r�B�i�? �R�y�-�y�y�y �b�i�m�/�2�M�i�b�X

�U�#�V �6�Q�` �i�?�B�b �+���b�2�-x � = 10 ���M�/ E(y� ) �/�2�M�Q�i�2�b �i�?�2 �m�M�F�M�Q�r�M �K�2���M �p���H�m�2

�Q�7 �[�m���`�i�2�`�H�v �b���H�2�b �7�Q�` ���H�H �`�2�b�i���m�`���M�i�b �r�?�2�`�2x � = 10�X

�U�+�V �h�?�m�b�- �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�2 �Q�7E(y� ) �B�b �T�`�Q�p�B�/�2�/ �#�vŷ� = 60 + 5(10) = 110 �-

�Q�` �0�R�R�y�-�y�y�y�X

�U�/�V �"�m�i�- �m�b�B�M�; �i�?�B�b �M�Q�i���i�B�Q�M�-ŷ� = 110 �B�b ���H�b�Q �i�?�2�T�`�2�/�B�+�i�Q�`�Q�7 �[�m���`�i�2�`�H�v

�b���H�2�b �7�Q�` �i�?�2 �M�2�r �`�2�b�i���m�`���M�i �H�Q�+���i�2�/ �M�2���` �h���H�#�Q�i �*�Q�H�H�2�;�2�- �� �b�+�?�Q�Q�H �r�B�i�? �R�y�-�y�y�y

�b�i�m�/�2�M�i�b�X

�A�M�i�2�`�p���H �1�b�i�B�K���i�B�Q�M

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

���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2 �2�b�i�B�K���i�2 ���M�/�f�Q�` �T�`�2�/�B�+�i�B�Q�M�X �6�Q�` �i�?���i �r�2 �K�m�b�i �/�2�p�2�H�Q�T�+�Q�M�}�/�2�M�+�2

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

�U���V �� �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �B�b ���M �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �i�?�2�K�2���M �p���H�m�2 �Q�7y �7�Q�` ��

�;�B�p�2�M �p���H�m�2 �Q�7x�X

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

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

�k�X ���H�i�?�Q�m�;�? �i�?�2 �T�`�2�/�B�+�i�Q�` �Q�7y �7�Q�` �� �;�B�p�2�M �p���H�m�2 �Q�7x �B�b �i�?�2 �b���K�2 ���b �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�Q�`

�Q�7 �i�?�2 �K�2���M �p���H�m�2 �Q�7y �7�Q�` �� �;�B�p�2�M �p���H�m�2 �Q�7x�- �i�?�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2�b�r�2 �Q�#�i���B�M

�7�Q�` �i�?�2 �i�r�Q �+���b�2�b ���`�2 �/�B�z�2�`�2�M�i�X

�j�X �h�?�2 �K���`�;�B�M �Q�7 �2�`�`�Q�` �B�b�H���`�;�2�` �7�Q�` �� �T�`�2�/�B�+�i�B�Q�M �B�M�i�2�`�p���H�X
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�9�X �S�`�2�/�B�+�i�B�Q�M �B�M�i�2�`�p���H�b �`�2�b�2�K�#�H�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H�b�X �>�Q�r�2�p�2�`�- �i�?�2�v �/�B�z�2�` �+�Q�M�+�2�T�i�m�@

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

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

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

�Q�#�b�2�`�p���i�B�Q�My�
new �X

�*�Q�M�}�/�2�M�+�2 �A�M�i�2�`�p���H �7�Q�` �i�?�2 �J�2���M �o���H�m�2 �Q�7y

�R�X �A�M �;�2�M�2�`���H�- �r�2 �+���M�M�Q�i �2�t�T�2�+�iŷ� �i�Q �2�[�m���HE(y� ) �2�t���+�i�H�v�X �A�7 �r�2 �r���M�i �i�Q �K���F�2 ���M

�B�M�7�2�`�2�M�+�2 ���#�Q�m�i �?�Q�r �+�H�Q�b�2ŷ� �B�b �i�Q �i�?�2 �i�`�m�2 �K�2���M �p���H�m�2E(y� )�- �r�2 �r�B�H�H �?���p�2 �i�Q

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

�k�X �h�?�2 �7�Q�`�K�m�H�� �7�Q�` �2�b�i�B�K���i�B�M�; �i�?�2 �p���`�B���M�+�2 �Q�7ŷ� �- �/�2�M�Q�i�2�/ �#�vs2
ŷ � �- �B�b

s2
ŷ � = s2

�
1
n

+
(x � � �x)2

P
(x i � �x)2

�
(14:22)

�r�?�2�`�2s2 = MSE =
P

(yi � ŷi )/( n � 2) �X

�j�X �h�?�2 �2�b�i�B�K���i�2 �Q�7 �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7ŷ� �B�b �;�B�p�2�M �#�v �i�?�2 �b�[�m���`�2 �`�Q�Q�i �Q�7 �2�[�m���i�B�Q�M

�U�R�9�X�k�k�V�X

sŷ � = s

s �
1
n

+
(x � � �x)2

P
(x i � �x)2

�
(14:23)

�9�X
�

�

�

��L�P�h�1�,

yi = � �
0 + � 1(x i � �x) + � i ; � �

0 = � 0 + � 1 �x (���H�i�2�`�M���i�B�p�2 �K�Q�/�2�H)

ŷ� = b�
0 + b1(x � � �x); b�

0 = b0 + b1 �x = �y

ŷ� = �y + b1(x � � �x)

E(ŷ� ) = E(y� )

� 2
ŷ � = V ar(ŷ� ) = V ar(�y + b1(x � � �x))

= V ar(�y) + V ar(b1(x � � �x))

=
� 2

n
+ ( x � � �x)2 � 2

P
(x i � �x)2

= � 2

�
1
n

+
(x � � �x)2

P
(x i � �x)2

�
:
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�8�X
�

�

�

��1�t���K�T�H�2 ���`�K���M�/�ö�b �S�B�x�x�� �S���`�H�Q�`�b

s = 13:829�X �q�B�i�?x � = 10�- �x = 14�- ���M�/
P

(x i �• �x)2 = 568�- �r�2 �+���M �m�b�2 �2�[�m���i�B�Q�M

�U�R�9�X�k�j�V �i�Q �Q�#�i���B�M

sŷ � = 13:829

r
1
10

+
(10 � 14)2

568
= 13:829

p
0:1282 = 4:95

�e�X
�

�

�

��h�?�2�Q�`�2�K�,
ŷ� � E(y� )

sŷ �
� t (n� 2)

�d�X�*�Q�M�}�/�2�M�+�2 �A�M�i�2�`�p���H �7�Q�`E(y� )

ŷ� � t � /2 sŷ � (14:24)

�r�?�2�`�2 �i�?�2 �+�Q�M�}�/�2�M�+�2 �+�Q�2�{�+�B�2�M�i �B�b1�• � ���M�/t � /2 �B�b �#���b�2�/ �Q�M �i�?�2t �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�?

�Un��2�V �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K�X

�3�X
�

�

�

��1�t���K�T�H�2 ���`�K���M�/�ö�b �S�B�x�x�� �S���`�H�Q�`�b

�U���V �.�2�p�2�H�Q�T �� �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �Q�7 �i�?�2 �K�2���M �[�m���`�i�2�`�H�v �b���H�2�b �7�Q�` ���H�H ���`�K���M�/�ö�b

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

�U�#�V �q�2 �?���p�2t0:025;8 = 2:306 �X �h�?�m�b�- �r�B�i�?ŷ� = 110 ���M�/ �� �K���`�;�B�M �Q�7 �2�`�`�Q�`

�Q�7 t � /2 sŷ � = 2:306(4:95) = 11:415 �- �i�?�2 �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �B�b

110� 11:415�X

�U�+�V �A�M �/�Q�H�H���`�b�- �i�?�2 �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �7�Q�` �i�?�2 �K�2���M �[�m���`�i�2�`�H�v �b���H�2�b �Q�7 ���H�H

�`�2�b�i���m�`���M�i�b �M�2���` �+���K�T�m�b�2�b �r�B�i�? �R�y�-�y�y�y �b�i�m�/�2�M�i�b �B�b �0�R�R�y�-�y�y�y� �0�R�R�-�9�R�8�X �h�?�2�`�2�@

�7�Q�`�2�- �i�?�2 �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �7�Q�` �i�?�2�K�2���M �[�m���`�i�2�`�H�v �b���H�2�b�r�?�2�M �i�?�2

�b�i�m�/�2�M�i �T�Q�T�m�H���i�B�Q�M �B�b �R�y�-�y�y�y �B�b�0�N�3�-�8�3�8 �i�Q �0�R�k�R�-�9�R�8�X

�N�X �L�Q�i�2 �i�?���i �i�?�2 �2�b�i�B�K���i�2�/ �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7ŷ� �;�B�p�2�M �#�v �2�[�m���i�B�Q�M �U�R�9�X�k�j�V �B�b �b�K���H�H�@

�2�b�i �r�?�2�Mx � �• �x = 0 �X

�R�y�X �A�M �i�?�B�b �+���b�2 �i�?�2 �2�b�i�B�K���i�2�/ �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7ŷ� �#�2�+�Q�K�2�b

sŷ � = s

s �
1
n

+
(x � � �x)2

P
(x i � �x)2

�
= s

r
1
n

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

�p���H�m�2 �Q�7y �r�?�2�M�2�p�2�`x � = �x�X
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�R�R�X �U�6�B�;�m�`�2 �R�9�X�3�V �i�?�2 �7�m�`�i�?�2�`x � �B�b �7�`�Q�K�x�- �i�?�2 �H���`�;�2�`x � �• �x �#�2�+�Q�K�2�b�X ���b �� �`�2�b�m�H�i�- �i�?�2

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

�7�`�Q�K�x�X

�S�`�2�/�B�+�i�B�Q�M �A�M�i�2�`�p���H �7�Q�` ���M �A�M�/�B�p�B�/�m���H �o���H�m�2 �Q�7y

�R�X �h�?�2 �T�`�2�/�B�+�i�Q�` �Q�7y� �- �i�?�2 �p���H�m�2 �Q�7y �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �;�B�p�2�Mx � �- �B�bŷ� = � 0 + � 1x � �X

�k�X �6�Q�` �i�?�2 �M�2�r �`�2�b�i���m�`���M�i �H�Q�+���i�2�/ �M�2���` �h���H�#�Q�i �*�Q�H�H�2�;�2�-x � = 10 ���M�/ �i�?�2 �T�`�2�/�B�+�i�B�Q�M

�Q�7 �[�m���`�i�2�`�H�v �b���H�2�b �B�bŷ� = 60 + 5(10) = 110�- �Q�` �0�R�R�y�-�y�y�y�X �L�Q�i�2 �i�?���i �i�?�2 �T�`�2�/�B�+�@

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

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

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

�j�X �.�2�i�2�`�K�B�M�2 �i�?�2 �p���`�B���M�+�2 ���b�b�Q�+�B���i�2�/ �r�B�i�? �m�b�B�M�;ŷ� ���b �� �T�`�2�/�B�+�i�Q�` �Q�7y �r�?�2�Mx = x � �X

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

�U���V �h�?�2 �U�2�b�i�B�K���i�2�/�V �p���`�B���M�+�2 �Q�7 �i�?�2y� �p���H�m�2�b ���#�Q�m�i �i�?�2 �K�2���ME(y� )�, s2 �X

�U�#�V �h�?�2 �U�2�b�i�B�K���i�2�/�V �p���`�B���M�+�2 ���b�b�Q�+�B���i�2�/ �r�B�i�? �m�b�B�M�;ŷ� �i�Q �2�b�i�B�K���i�2E(y� )�, s2
ŷ � �X
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�9�X �h�?�2 �7�Q�`�K�m�H�� �7�Q�` �2�b�i�B�K���i�B�M�; �i�?�2 �p���`�B���M�+�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �T�`�2�/�B�+�i�B�Q�M �Q�7 �i�?�2 �p���H�m�2

�Q�7y �r�?�2�Mx = x � �- �/�2�M�Q�i�2�/s2
pred �- �B�b

s2
pred = s2 + s2

ŷ �

= s2 + s2

�
1
n

+
(x � � �x)2

P
(x i � �x)2

�

= s2

�
1 +

1
n

+
(x � � �x)2

P
(x i � �x)2

�
(14:25)

�8�X
�

�

�

��h�?�2�Q�`�2�K�,
ŷ� � y�

new

spred
� t (n� 2)

� 2
pred = V ar(ŷ� � y�

new )

= V ar(ŷ� ) + V ar(y�
new )

= V ar(ŷ� ) + � 2

�e�X �U���`�K���M�/�ö�b �S�B�x�x�� �S���`�H�Q�`�b�V �i�?�2 �2�b�i�B�K���i�2�/ �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2

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

�+���K�T�m�b �r�B�i�? �R�y�-�y�y�y �b�i�m�/�2�M�i�b�- �B�b �+�Q�K�T�m�i�2�/ ���b �7�Q�H�H�Q�r�b�X

spred = 13:829

r

1 +
1
10

+
(10 � 14)2

568
= 13:829

p
1:282 = 14:69

�d�X�S�`�2�/�B�+�i�B�Q�M �A�M�i�2�`�p���H �6�Q�`y�

ŷ� � t � /2 spred (14:27)
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n��2 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K�X

�3�X �U���`�K���M�/�ö�b �S�B�x�x�� �S���`�H�Q�`�b�V �h�?�2 �N�8�W �T�`�2�/�B�+�i�B�Q�M �B�M�i�2�`�p���H �7�Q�` �[�m���`�i�2�`�H�v �b���H�2�b �7�Q�` �i�?�2

�M�2�r ���`�K���M�/�ö�b �`�2�b�i���m�`���M�i �H�Q�+���i�2�/ �M�2���` �h���H�#�Q�i �*�Q�H�H�2�;�2�- �r�B�i�?ŷ� = 110 ���M�/ �� �K���`�;�B�M

�Q�7 �2�`�`�Q�` �Q�7t0:025spred = 2:306(14:69) = 33:875 �- �i�?�2 �N�8�W �T�`�2�/�B�+�i�B�Q�M �B�M�i�2�`�p���H �B�b

110� 33:875 �U�0�d�e�-�R�k�8 �i�Q �0�R�9�j�-�3�d�8�V�X

�N�X �L�Q�i�2 �i�?���i �i�?�2 �T�`�2�/�B�+�i�B�Q�M �B�M�i�2�`�p���H �7�Q�` �i�?�2 �M�2�r �`�2�b�i���m�`���M�i �H�Q�+���i�2�/ �M�2���` �h���H�#�Q�i �*�Q�H�@

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

�K�2���M �[�m���`�i�2�`�H�v �b���H�2�b �Q�7 ���H�H �`�2�b�i���m�`���M�i�b �H�Q�+���i�2�/ �M�2���` �+���K�T�m�b�2�b �r�B�i�? �R�y�-�y�y�y �b�i�m�/�2�M�i�b�X

�h�?�2 �/�B�z�2�`�2�M�+�2 �`�2�~�2�+�i�b �i�?�2 �7���+�i �i�?���i �r�2 ���`�2 ���#�H�2 �i�Q �2�b�i�B�K���i�2 �i�?�2 �K�2���M �p���H�m�2 �Q�7y

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

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

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

�R�X �_�2�b�B�/�m���H �7�Q�` �Q�#�b�2�`�p���i�B�Q�Mi �, �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �Q�#�b�2�`�p�2�/ �p���H�m�2 �Q�7 �i�?�2 �/�2�T�2�M�@

�/�2�M�i �p���`�B���#�H�2 �Uyi �V ���M�/ �i�?�2 �T�`�2�/�B�+�i�2�/ �p���H�m�2 �Q�7 �i�?�2 �/�2�T�2�M�/�2�M�i �p���`�B���#�H�2 �Uŷi �V�- yi � ŷi �X
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�j�X �U�h���#�H�2 �R�9�X�d�V

�9�X
�

�

�

��1�t���K�T�H�2 ���`�K���M�/�ö�b �S�B�x�x�� �S���`�H�Q�`�b

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

y = � 0 + � 1x + � (14:29)

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

�Q�7 �i�?�2 �b�B�x�2 �Q�7 �i�?�2 �b�i�m�/�2�M�i �T�Q�T�m�H���i�B�Q�M �Ux�V �T�H�m�b ���M �2�`�`�Q�` �i�2�`�K� �X �A�M �a�2�+�i�B�Q�M �R�9�X�9

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

�R�X E(� ) = 0 �X

�k�X �h�?�2 �p���`�B���M�+�2 �Q�7� �B�b �i�?�2 �b���K�2 �7�Q�` ���H�H �p���H�m�2�b �Q�7x�X V ar(� ) = � 2 �X

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

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

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

F �i�2�b�i �m�b�2�/ �i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�` �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�Mx ���M�/y �B�b

�b�B�;�M�B�}�+���M�i�- ���M�/ �7�Q�` �i�?�2�+�Q�M�}�/�2�M�+�2 ���M�/ �T�`�2�/�B�+�i�B�Q�M �B�M�i�2�`�p���H�2�b�i�B�K���i�2�b �T�`�2�@

�b�2�M�i�2�/ �B�M �a�2�+�i�B�Q�M �R�9�X�e�X

�8�X �A�7 �i�?�2 ���b�b�m�K�T�i�B�Q�M�b ���#�Q�m�i �i�?�2 �2�`�`�Q�` �i�2�`�K� ���T�T�2���`�[�m�2�b�i�B�Q�M���#�H�2�- �i�?�2 �?�v�T�Q�i�?�2�b�B�b

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

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

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

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

�p���`�B���#�H�2y

�U�+�V ���b�i���M�/���`�/�B�x�2�/ �`�2�b�B�/�m���H�T�H�Q�i�X

�U�/�V �� �M�Q�`�K���H �T�`�Q�#���#�B�H�B�i�v�T�H�Q�i�X

�_�2�b�B�/�m���H �S�H�Q�i ���;���B�M�b�ix

�R�X �U�6�B�;�m�`�2 �R�9�X�R�k�V

�U���V �S���M�2�H ���, �A�7 �i�?�2 ���b�b�m�K�T�i�B�Q�M �i�?���i �i�?�2�p���`�B���M�+�2 �Q�7� �B�b �i�?�2 �b���K�2 �7�Q�` ���H�H �p���H�m�2�b

�Q�7x ���M�/ �i�?�2 ���b�b�m�K�2�/ �`�2�;�`�2�b�b�B�Q�M �K�Q�/�2�H �B�b ���M ���/�2�[�m���i�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �i�?�2

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

�B�K�T�`�2�b�b�B�Q�M �Q�7 ���?�Q�`�B�x�Q�M�i���H �#���M�/ �Q�7 �T�Q�B�M�i�b�X
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x�X
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�[�m���i�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�M �i�?�2 �p���`�B���#�H�2�b�X ���+�m�`�p�B�H�B�M�2���`
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syi � ŷi = �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �`�2�b�B�/�m���Hi

s = �i�?�2 �b�i���M�/���`�/ �2�`�`�Q�` �Q�7 �i�?�2 �2�b�i�B�K���i�2

hi =
1
n

+
(x i � �x)2

P
(x i � �x)2

(14:31)

�9�X�a�i���M�/���`�/�B�x�2�/ �_�2�b�B�/�m���H �7�Q�` �P�#�b�2�`�p���i�B�Q�Mi

yi � ŷi

syi � ŷi
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�9�X ���M�v �b�m�#�b�i���M�i�B���H �+�m�`�p���i�m�`�2 �B�M �i�?�2 �M�Q�`�K���H �T�`�Q�#���#�B�H�B�i�v �T�H�Q�i �B�b �2�p�B�/�2�M�+�2 �i�?���i �i�?�2 �`�2�b�B�/�@

�m���H�b �?���p�2 �M�Q�i �+�Q�K�2 �7�`�Q�K �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�X
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �9�e�f�8�R

�R�9�X�N �_�2�b�B�/�m���H ���M���H�v�b�B�b�, �P�m�i�H�B�2�`�b ���M�/ �A�M�~�m�2�M�i�B���H �P�#�@

�b�2�`�p���i�B�Q�M�b

�.�2�i�2�+�i�B�M�; �P�m�i�H�B�2�`�b

�R�X �U�6�B�;�m�`�2 �R�9�X�R�e�V �B�b �� �b�+���i�i�2�` �/�B���;�`���K �7�Q�` �� �/���i�� �b�2�i �i�?���i �+�Q�M�i���B�M�b ���M�Q�m�i�H�B�2�`�- ��

�/���i�� �T�Q�B�M�i �U�Q�#�b�2�`�p���i�B�Q�M�V �i�?���i �/�Q�2�b �M�Q�i �}�i �i�?�2 �i�`�2�M�/ �b�?�Q�r�M �#�v �i�?�2 �`�2�K���B�M�B�M�; �/���i���X

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

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

�j�X �h�?�2�v �K���v �b�B�;�M���H �� �p�B�Q�H���i�B�Q�M �Q�7 �K�Q�/�2�H ���b�b�m�K�T�i�B�Q�M�b�c �B�7 �b�Q�-���M�Q�i�?�2�` �K�Q�/�2�H�b�?�Q�m�H�/

�#�2 �+�Q�M�b�B�/�2�`�2�/�X

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

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

�8�X �U�h���#�H�2 �R�9�X�R�R�V �h�?�2 �T�`�Q�+�2�b�b �Q�7 �/�2�i�2�+�i�B�M�; �Q�m�i�H�B�2�`�b�, �1�t�+�2�T�i �7�Q�` �Q�#�b�2�`�p���i�B�Q�M �9 �Ux4 = 3�-

y4 = 75�V�- �� �T���i�i�2�`�M �b�m�;�;�2�b�i�B�M�; �� �M�2�;���i�B�p�2 �H�B�M�2���` �`�2�H���i�B�Q�M�b�?�B�T �B�b ���T�T���`�2�M�i�X �A�M�/�2�2�/�-

�;�B�p�2�M �i�?�2 �T���i�i�2�`�M �Q�7 �i�?�2 �`�2�b�i �Q�7 �i�?�2 �/���i���- �r�2 �r�Q�m�H�/ �2�t�T�2�+�iy4 �i�Q �#�2 �K�m�+�? �b�K���H�H�2�`

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

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

�2�t���K�B�M�B�M�; �i�?�2�b�+���i�i�2�` �/�B���;�`���K�X

�d�X �h�?�2�b�i���M�/���`�/�B�x�2�/ �`�2�b�B�/�m���H�b�+���M ���H�b�Q �#�2 �m�b�2�/ �i�Q �B�/�2�M�i�B�7�v �Q�m�i�H�B�2�`�b�X �A�7 ���M �Q�#�b�2�`�@

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

�b�i���M�/���`�/�B�x�2�/ �`�2�b�B�/�m���H �r�B�H�H �#�2 �H���`�;�2 �B�M ���#�b�Q�H�m�i�2 �p���H�m�2�X
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�3�X �U�6�B�;�m�`�2 �R�9�X�R�3�V �i�?�2 �Q�m�i�T�m�i �7�`�Q�K �� �`�2�;�`�2�b�b�B�Q�M ���M���H�v�b�B�b�X �h�?�2 �?�B�;�?�H�B�;�?�i�2�/ �T�Q�`�i�B�Q�M �Q�7

�i�?�2 �Q�m�i�T�m�i �b�?�Q�r�b �i�?���i �i�?�2 �b�i���M�/���`�/�B�x�2�/ �`�2�b�B�/�m���H �7�Q�` �Q�#�b�2�`�p���i�B�Q�M �9 �B�b �k�X�e�d�X �q�B�i�?

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

�• 2 �i�Q+2 ���T�T�`�Q�t�B�K���i�2�H�v �8�W �Q�7 �i�?�2 �i�B�K�2�X

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �9�3�f�8�R

�N�X �A�M �/�2�+�B�/�B�M�; �?�Q�r �i�Q �?���M�/�H�2 ���M �Q�m�i�H�B�2�`�- �r�2 �b�?�Q�m�H�/ �}�`�b�i �+�?�2�+�F �i�Q �b�2�2 �r�?�2�i�?�2�` �B�i �B�b ��

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

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

�R�y�X �U�6�B�;�m�`�2 �R�9�X�R�N�V �6�Q�` �2�t���K�T�H�2�- �b�m�T�T�Q�b�2 �i�?���i �B�M �+�?�2�+�F�B�M�; �i�?�2 �/���i�� �7�Q�` �i�?�2 �Q�m�i�H�B�2�` �B�M

�h���#�H�2 �R�9�X�R�R�- �r�2 �}�M�/ ���M �2�`�`�Q�`�c �i�?�2 �+�Q�`�`�2�+�i �p���H�m�2 �7�Q�` �Q�#�b�2�`�p���i�B�Q�M �9 �B�bx4 = 3; y4 = 30�X

�6�B�;�m�`�2 �R�9�X�R�N �B�b �� �T�Q�`�i�B�Q�M �Q�7 �i�?�2 �Q�m�i�T�m�i �Q�#�i���B�M�2�/ ���7�i�2�` �+�Q�`�`�2�+�i�B�Q�M �Q�7 �i�?�2 �p���H�m�2 �Q�7y4�X

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

�}�i�X �q�B�i�? �i�?�2 �+�Q�`�`�2�+�i �/���i���- �i�?�2 �p���H�m�2 �Q�7�_�@�b�[ �B�M�+�`�2���b�2�/ �7�`�Q�K �9�N�X�e�3�W �i�Q �3�j�X�3�W

���M�/ �i�?�2 �p���H�m�2 �Q�7b0 �/�2�+�`�2���b�2�/ �7�`�Q�K �e�9�X�N�e �i�Q �8�N�X�k�9�X �h�?�2�b�H�Q�T�2�Q�7 �i�?�2 �H�B�M�2

�+�?���M�;�2�/ �7�`�Q�K �•7:33 �i�Q �•6:95�X

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

�i�?�2 �`�2�;�`�2�b�b�B�Q�M �`�2�b�m�H�i�b�X

�.�2�i�2�+�i�B�M�; �A�M�~�m�2�M�i�B���H �P�#�b�2�`�p���i�B�Q�M�b

�R�X �U�6�B�;�m�`�2 �R�9�X�k�y�V �b�?�Q�r�b ���M �2�t���K�T�H�2 �Q�7 ���M �B�M�~�m�2�M�i�B���H �Q�#�b�2�`�p���i�B�Q�M �B�M �b�B�K�T�H�2 �H�B�M�2���` �`�2�@

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

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

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

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

�`�2�;�`�2�b�b�B�Q�M �H�B�M�2 �i�?���M ���M�v �Q�7 �i�?�2 �Q�i�?�2�`�b�X

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

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

�j�X ���M �B�M�~�m�2�M�i�B���H �Q�#�b�2�`�p���i�B�Q�M �K���v �#�2 ���M�Q�m�i�H�B�2�`�U���M �Q�#�b�2�`�p���i�B�Q�M �r�B�i�? ��y �p���H�m�2

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

���r���v �7�`�Q�K �B�i�b �K�2���M �U�2�X�;�X�- �b�2�2 �6�B�;�m�`�2 �R�9�X�k�y�V�- �Q�` �B�i �K���v �#�2 �+���m�b�2�/ �#�v �� �+�Q�K�#�B�M���i�B�Q�M

�Q�7 �i�?�2 �i�r�Q �U�� �b�Q�K�2�r�?���i �Q�z�@�i�`�2�M�/y �p���H�m�2 ���M�/ �� �b�Q�K�2�r�?���i �2�t�i�`�2�K�2x �p���H�m�2�V�X

�9�X �h�?�2 �T�`�2�b�2�M�+�2 �Q�7 �i�?�2 �B�M�~�m�2�M�i�B���H �Q�#�b�2�`�p���i�B�Q�M �B�M �6�B�;�m�`�2 �R�9�X�k�y�- �B�7 �p���H�B�/�- �r�Q�m�H�/ �b�m�;�;�2�b�i

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

�b�?�B�T �#�2�i�r�2�2�Mx ���M�/y�X

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

�H�2�p�2�`���;�2 �T�Q�B�M�i�b�X �h�?�2 �B�M�~�m�2�M�i�B���H �Q�#�b�2�`�p���i�B�Q�M �B�M �6�B�;�m�`�2 �R�9�X�k�y �B�b �� �T�Q�B�M�i �r�B�i�? �?�B�;�?

�H�2�p�2�`���;�2�X

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

�/�2�M�i �p���`�B���#�H�2�b ���`�2 �7�`�Q�K �i�?�2�B�`�K�2���M �p���H�m�2�b�X
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�*�?���T�i�2�`�R�9�, �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �S���;�2 �8�y�f�8�R

�d�X �6�Q�` �i�?�2 �b�B�M�;�H�2�@�B�M�/�2�T�2�M�/�2�M�i�@�p���`�B���#�H�2 �+���b�2�- �i�?�2 �H�2�p�2�`���;�2 �Q�7 �i�?�2i �i�? �Q�#�b�2�`�p���i�B�Q�M�- �/�2�M�Q�i�2�/

hi �- �+���M �#�2 �+�Q�K�T�m�i�2�/ �#�v �m�b�B�M�; �2�[�m���i�B�Q�M �U�R�9�X�j�j�V�X

hi =
1
n

+
(x i � �x)2

P
(x i � �x)2

�.�2�}�M�B�i�B�Q�M ���M�/ �T�`�Q�T�2�`�i�B�2�b �Q�7 �H�2�p�2�`���;�2�b�,

�?�i�i�T�b�,�f�f�Q�M�H�B�M�2�X�b�i���i�X�T�b�m�X�2�/�m�f�b�i���i�8�y�R�f�H�2�b�b�Q�M�f�R�R�f�R�R�X�k

�3�X �6�`�Q�K �i�?�2 �7�Q�`�K�m�H���- �B�i �B�b �+�H�2���` �i�?���i �i�?�2 �7���`�i�?�2�`x i �B�b �7�`�Q�K �B�i�b �K�2���M�x�- �i�?�2 �?�B�;�?�2�` �i�?�2

�H�2�p�2�`���;�2 �Q�7 �Q�#�b�2�`�p���i�B�Q�Mi �X

�N�X �U�6�B�;�m�`�2 �R�9�X�k�R�V �� �b�+���i�i�2�` �/�B���;�`���K �7�Q�` �i�?�2 �/���i�� �b�2�i �B�M �h���#�H�2 �R�9�X�R�k�- �B�i �B�b �+�H�2���` �i�?���i

�Q�#�b�2�`�p���i�B�Q�M �d �Ux = 70; y = 100�V �B�b ���M �Q�#�b�2�`�p���i�B�Q�M �r�B�i�? ���M �2�t�i�`�2�K�2 �p���H�m�2 �Q�7x�X

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

h7 =
1
n

+
(x i � �x)2

P
(x i � �x)2

=
1
7

+
(70 � 24:286)2

2621:43
= 0:94

�R�y�X �6�Q�` �i�?�2 �+���b�2 �Q�7 �b�B�K�T�H�2 �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M�- �Q�#�b�2�`�p���i�B�Q�M�b �?���p�2 �?�B�;�? �H�2�p�2�`���;�2 �B�7hi > 6/ n

�Q�0̀:99�- �r�?�B�+�?�2�p�2�` �B�b �b�K���H�H�2�`�X

�R�R�X �6�Q�` �i�?�2 �/���i�� �b�2�i �B�M �h���#�H�2 �R�9�X�R�k�-6/ n = 6/7 = 0 :86�X �"�2�+���m�b�2h7 = 0:94 > 0:86�- �r�2

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

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

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

�i���F�2 �#�Q�i�? �B�M�i�Q ���+�+�Q�m�M�i �B�M �/�2�i�2�`�K�B�M�B�M�; �r�?�2�M ���M �Q�#�b�2�`�p���i�B�Q�M �B�b �B�M�~�m�2�M�i�B���H�X �P�M�2 �b�m�+�?

�K�2���b�m�`�2�- �+���H�H�2�/�*�Q�Q�F�ö�b �. �b�i���i�B�b�i�B�+�- �r�B�H�H �#�2 �/�B�b�+�m�b�b�2�/ �B�M �*�?���T�i�2�` �R�8�X
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�Ú �1�s�1�_�*�A�a�1�a
'

&

$

%

�R�9�X�k�, �R�- �8�- �e

�R�9�X�j�, �R�8�- �R�N�- �k�y

�R�9�X�8�, �k�j�- �k�e�- �k�d�- �j�y

�R�9�X�e�, �j�k�- �j�e�- �j�d

�R�9�X�d�, �9�y�- �9�R

�R�9�X�3�, �9�8�- �9�d

�R�9�X�N�, �8�y�- �8�k

�a�l�S �, �8�N�- �e�d
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�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �R�f�9�e

MXYï+_�U�s �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�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M

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

�R�8�X�R �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �J�Q�/�2�H

�R�X �U�_�2�+���H�H�V �i�?���i �i�?�2 �p���`�B���#�H�2 �#�2�B�M�; �T�`�2�/�B�+�i�2�/ �Q�` �2�t�T�H���B�M�2�/ �B�b �+���H�H�2�/ �i�?�2�/�2�T�2�M�/�2�M�i

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

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

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

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

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

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

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

�9�X�J�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �K�Q�/�2�H�, �h�?�2 �2�[�m���i�B�Q�M �i�?���i �/�2�b�+�`�B�#�2�b �?�Q�r �i�?�2 �/�2�T�2�M�/�2�M�i

�p���`�B���#�H�2y �B�b �`�2�H���i�2�/ �i�Q �i�?�2 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�bx1; x2; � � � ; xp ���M�/ ���M �2�`�`�Q�` �i�2�`�K �B�b

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

y = � 0 + � 1x1 + � 2x2 + � � � � pxp + � (15:1)

�8�X �A�M �i�?�2 �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �K�Q�/�2�H�-� 0; � 1; � 2; � � � ; � p ���`�2 �i�?�2�T���`���K�2�i�2�`�b���M�/ �i�?�2

�2�`�`�Q�` �i�2�`�K� �B�b �� �`���M�/�Q�K �p���`�B���#�H�2�Xy �B�b �� �H�B�M�2���` �7�m�M�+�i�B�Q�M �Q�7x1; x2; � � � ; xp �T�H�m�b

�i�?�2 �2�`�`�Q�` �i�2�`�K� �X

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

�#�v �i�?�2 �H�B�M�2���` �2�z�2�+�i �Q�7 �i�?�2p �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�b�X
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�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �k�f�9�e

�d�X �U�J�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M�V�,�h�?�2 �2�[�m���i�B�Q�M �i�?���i �/�2�b�+�`�B�#�2�b �?�Q�r �i�?�2 �K�2���M �p���H�m�2

�Q�7y �B�b �`�2�H���i�2�/ �i�Qx1; x2; � � � ; xp �B�b �+���H�H�2�/ �i�?�2 �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M�X

E(y) = � 0 + � 1x1 + � 2x2 + � � � + � pxp (15:2)

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

�3�X�h�?�2 �2�b�i�B�K���i�2�/ �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M�,

ŷ = b0 + b1x1 + b2x2 + � � � + bpxp (15:3)

�r�?�2�`�2b0; b1; b2; � � � ; bp ���`�2 �i�?�2 �2�b�i�B�K���i�2�b �Q�7� 0; � 1; � 2; � � � ; � p ���M�/̂y �B�b �i�?�2 �T�`�2�/�B�+�i�2�/

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

�N�X �U�6�B�;�m�`�2 �R�8�X�R�V
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�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �j�f�9�e

�R�8�X�k �G�2���b�i �a�[�m���`�2�b �J�2�i�?�Q�/

�R�X �h�?�2 �H�2���b�i �b�[�m���`�2�b �K�2�i�?�Q�/ �B�b �m�b�2�/ �i�Q �/�2�p�2�H�Q�T �i�?�2 �2�b�i�B�K���i�2�/ �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �2�[�m���@

�i�B�Q�M�,

�K�B�M
X

(yi � ŷi )2 (15:4)

�r�?�2�`�2yi �B�b �Q�#�b�2�`�p�2�/ �p���H�m�2 �Q�7 �i�?�2 �/�2�T�2�M�/�2�M�i �p���`�B���#�H�2 �7�Q�` �i�?�2i �i�? �Q�#�b�2�`�p���i�B�Q�M�-ŷi �B�b

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

�k�X �A�M �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M�- �?�Q�r�2�p�2�`�- �i�?�2 �T�`�2�b�2�M�i���i�B�Q�M �Q�7 �i�?�2 �7�Q�`�K�m�H���b �7�Q�` �i�?�2 �`�2�;�`�2�b�b�B�Q�M

�+�Q�2�{�+�B�2�M�i�b� 0; � 1; � 2; � � � ; � p �B�M�p�Q�H�p�2�b �i�?�2 �m�b�2 �Q�7�K���i�`�B�t ���H�;�2�#�`�����M�/ �B�b �#�2�v�Q�M�/

�i�?�2 �b�+�Q�T�2 �Q�7 �i�?�B�b �i�2�t�i�X

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

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

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

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

���M �1�t���K�T�H�2�, �"�m�i�H�2�` �h�`�m�+�F�B�M�; �*�Q�K�T���M�v

�R�X �h�?�2 �"�m�i�H�2�` �h�`�m�+�F�B�M�; �*�Q�K�T���M�v�- ���M �B�M�/�2�T�2�M�/�2�M�i �i�`�m�+�F�B�M�; �+�Q�K�T���M�v �B�M �b�Q�m�i�?�2�`�M �*���H�@

�B�7�Q�`�M�B���X

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

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

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

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

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

�U�#�V �U�h���#�H�2 �R�8�X�R�V�U�6�B�;�m�`�2 �R�8�X�k�V �� �b�B�K�T�H�2 �`���M�/�Q�K �b���K�T�H�2 �Q�7 �R�y �/�`�B�p�B�M�; ���b�b�B�;�M�K�2�M�i�b

�T�`�Q�p�B�/�2�/ �i�?�2 �/���i�� �b�?�Q�r�M �B�M �h���#�H�2 �R�8�X�R ���M�/ �i�?�2 �b�+���i�i�2�` �/�B���;�`���K �b�?�Q�r�M �B�M �6�B�;�m�`�2

�R�8�X�k�X
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�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �9�f�9�e

�U�+�V ���7�i�2�` �`�2�p�B�2�r�B�M�; �i�?�B�b �b�+���i�i�2�` �/�B���;�`���K�- �i�?�2 �K���M���;�2�`�b �?�v�T�Q�i�?�2�b�B�x�2�/ �i�?���i �i�?�2 �b�B�K�@

�T�H�2 �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M �K�Q�/�2�Hy = � 0 + � 1x1 + � �+�Q�m�H�/ �#�2 �m�b�2�/ �i�Q �/�2�b�+�`�B�#�2 �i�?�2

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

�Ux1�V�X

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

�`�2�;�`�2�b�b�B�Q�M �i�Q �i�?�2 �/���i�� �B�M �h���#�H�2 �R�8�X�R�X �h�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �B�b

ŷ = 1:27 + 0:0678x1

�B�X ���i �i�?�2 �y�X�y�8 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�- �i�?�2F �p���H�m�2 �Q�7�R�8�X�3�R���M�/ �B�i�b �+�Q�`�`�2�@

�b�T�Q�M�/�B�M�;p�@�p���H�m�2 �Q�7�y�X�y�y�9�B�M�/�B�+���i�2 �i�?���i �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T �B�b �b�B�;�M�B�}�+���M�i�c

�i�?���i �B�b�- �r�2 �+���M �`�2�D�2�+�iH0 : � 1 = 0 �#�2�+���m�b�2 �i�?�2p�@�p���H�m�2 �B�b �H�2�b�b �i�?���M� = 0:05�X

�B�B�X �L�Q�i�2 �i�?���i �i�?�2 �b���K�2 �+�Q�M�+�H�m�b�B�Q�M �B�b �Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2t �p���H�m�2 �Q�7�j�X�N�3

���M�/ �B�i�b ���b�b�Q�+�B���i�2�/p�@�p���H�m�2 �Q�7�y�X�y�y�9�X
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�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �8�f�9�e

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

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

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

�B�p�X �q�B�i�? �� �+�Q�2�{�+�B�2�M�i �Q�7 �/�2�i�2�`�K�B�M���i�B�Q�M �U�2�t�T�`�2�b�b�2�/ ���b �� �T�2�`�+�2�M�i���;�2�V �Q�7�_�@�a�[ �4�e�e�X�9�R�W�-

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

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

�j�X �U�h���#�H�2 �R�8�X�k�V �h�?�2 �K���M���;�2�`�b �K�B�;�?�i �r���M�i �i�Q �+�Q�M�b�B�/�2�` ���/�/�B�M�; �� �b�2�+�Q�M�/ �B�M�/�2�T�2�M�/�2�M�i

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

�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�X
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�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �e�f�9�e

�9�X �U�6�B�;�m�`�2 �R�8�X�9�V �*�Q�K�T�m�i�2�` �Q�m�i�T�m�i �r�B�i�? �#�Q�i�? �K�B�H�2�b �i�`���p�2�H�2�/ �Ux1�V ���M�/ �M�m�K�#�2�` �Q�7 �/�2�H�B�p�2�`�@

�B�2�b �Ux2�V ���b �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�b �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �R�8�X�9�X �h�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M

�2�[�m���i�B�Q�M �B�b

ŷ = 2:869 + :06113x1 + :923x2 (15:6)

�L�Q�i�2 �Q�M �A�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7 �*�Q�2�{�+�B�2�M�i�b

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

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

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

�/�2�M�i �p���`�B���#�H�2�X

�k�X �h�?�2 �p���H�m�2 �Q�7� 1 �B�b �M�Q�i �i�?�2 �b���K�2 �B�M �#�Q�i�? �+���b�2�b�X �A�M �b�B�K�T�H�2 �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M�-

�r�2 �B�M�i�2�`�T�`�2�i� 1 ���b ���M �2�b�i�B�K���i�2 �Q�7 �i�?�2 �+�?���M�;�2 �B�My �7�Q�` ���Q�M�2�@�m�M�B�i �+�?���M�;�2�B�M �i�?�2

�B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�X

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

�`�2�T�`�2�b�2�M�i�b ���M �2�b�i�B�K���i�2 �Q�7 �i�?�2�+�?���M�;�2 �B�My �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q ���Q�M�2�@�m�M�B�i �+�?���M�;�2

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

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �d�f�9�e

�9�X �"�m�i�H�2�` �h�`�m�+�F�B�M�; �2�t���K�T�H�2

�U���V� 1 = 0:06113�- ���M �2�b�i�B�K���i�2 �Q�7 �i�?�2 �2�t�T�2�+�i�2�/ �B�M�+�`�2���b�2 �B�M �i�`���p�2�H �i�B�K�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�;

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

�B�b �?�2�H�/ �+�Q�M�b�i���M�i �B�b �y�X�y�e�R�R�j �?�Q�m�`�b�X

�U�#�V� 2 = 0:923�- ���M �2�b�i�B�K���i�2 �Q�7 �i�?�2 �2�t�T�2�+�i�2�/ �B�M�+�`�2���b�2 �B�M �i�`���p�2�H �i�B�K�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q

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

�B�b �y�X�N�k�j �?�Q�m�`�b�X

�R�8�X�j �J�m�H�i�B�T�H�2 �*�Q�2�{�+�B�2�M�i �Q�7 �.�2�i�2�`�K�B�M���i�B�Q�M

�R�X �A�M �b�B�K�T�H�2 �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M�- �r�2 �b�?�Q�r�2�/ �i�?���i �i�?�2 �i�Q�i���H �b�m�K �Q�7 �b�[�m���`�2�b �+���M �#�2 �T���`�i�B�@

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

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

�`�2�;�`�2�b�b�B�Q�M�X

�a�a�h �4 �a�a�_ �Y �a�a�1 (15:7)

�r�?�2�`�2

�a�a�h�, �i�Q�i���H �b�m�K �Q�7 �b�[�m���`�2�b �4
P

(yi � �y)2 �X

�a�a�_�, �b�m�K �Q�7 �b�[�m���`�2�b �/�m�2 �i�Q �`�2�;�`�2�b�b�B�Q�M �4
P

(ŷi � �y)2 �X

�a�a�1�, �b�m�K �Q�7 �b�[�m���`�2�b �/�m�2 �i�Q �2�`�`�Q�` �4
P

(yi � ŷi )2 �X

�k�X
�

�

�

��1�t���K�T�H�2 �"�m�i�H�2�` �h�`�m�+�F�B�M�; �T�`�Q�#�H�2�K �U�6�B�;�m�`�2 �R�8�X�9�VSST = 23:900�-SSR = 21:6006�-

���M�/SSE = 2:2994�X

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

�R�8�X�j �b�?�Q�r�b �i�?���iSST = 23:900�-SSR = 15:871�- ���M�/SSE = 8:029�X �h�?�2 �p���H�m�2 �Q�7

�a�a�h �B�b �i�?�2 �b���K�2 �B�M �#�Q�i�? �+���b�2�b �#�2�+���m�b�2 �B�i �/�Q�2�b �M�Q�i �/�2�T�2�M�/ �Q�Mŷ�- �#�m�iSSR �B�M�+�`�2���b�2�b

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

���/�/�2�/�X
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�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �3�f�9�e

�9�X �h�?�2 �K�m�H�i�B�T�H�2 �+�Q�2�{�+�B�2�M�i �Q�7 �/�2�i�2�`�K�B�M���i�B�Q�M�- �/�2�M�Q�i�2�/R2�- �K�2���b�m�`�2�b �i�?�2 �;�Q�Q�/�M�2�b�b �Q�7 �}�i

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

R2 =
SSR
SST

(15:8)

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

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

�K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M�X

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

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

�d�X
�

�

�

��1�t���K�T�H�2 �A�M �i�?�2 �i�r�Q�@�B�M�/�2�T�2�M�/�2�M�i�@�p���`�B���#�H�2 �"�m�i�H�2�` �h�`�m�+�F�B�M�; �2�t���K�T�H�2�- �r�B�i�?SSR =

21:6006���M�/SST = 23:900�- �r�2 �?���p�2R2 = 21:6006/23:900 = 0:9038�X

�3�X �h�?�2�`�2�7�Q�`�2�- �N�y�X�j�3�W �Q�7 �i�?�2 �p���`�B���#�B�H�B�i�v �B�M �i�`���p�2�H �i�B�K�2y �B�b �2�t�T�H���B�M�2�/ �#�v �i�?�2 �2�b�i�B�K���i�2�/

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

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

�N�X �U�6�B�;�m�`�2 �R�8�X�j�V �i�?�2 �_�@�b�[ �p���H�m�2 �7�Q�` �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �r�B�i�? �Q�M�H�v �Q�M�2

�B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�- �M�m�K�#�2�` �Q�7 �K�B�H�2�b �i�`���p�2�H�2�/ �Ux1�V�- �B�b �e�e�X�9�R�W�X �h�?�m�b�- �i�?�2 �T�2�`�+�2�M�i�@

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

�2�[�m���i�B�Q�M �B�M�+�`�2���b�2�b �7�`�Q�K�e�e�X�9�R�W �i�Q �N�y�X�j�3�W�r�?�2�M �M�m�K�#�2�` �Q�7 �/�2�H�B�p�2�`�B�2�b �B�b ���/�/�2�/

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

�R�y�X �A�M �;�2�M�2�`���H�-R2 ���H�r���v�b �B�M�+�`�2���b�2�b ���b �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�b ���`�2 ���/�/�2�/ �i�Q �i�?�2 �K�Q�/�2�H�X

�R�R�X �J���M�v ���M���H�v�b�i�b �T�`�2�7�2�` ���/�D�m�b�i�B�M�;R2 �7�Q�` �i�?�2 �M�m�K�#�2�` �Q�7 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�b �i�Q ���p�Q�B�/

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

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

�R�k�X �q�B�i�?n �/�2�M�Q�i�B�M�; �i�?�2 �M�m�K�#�2�` �Q�7 �Q�#�b�2�`�p���i�B�Q�M�b ���M�/p �/�2�M�Q�i�B�M�; �i�?�2 �M�m�K�#�2�` �Q�7 �B�M�/�2�@

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

�7�Q�H�H�Q�r�b�,

R2
a = 1 � (1 � R2)

n � 1
n � p � 1

(15:9)

�R�j�X
�

�

�

��1�t���K�T�H�2 �q�B�i�?n = 10 ���M�/p = 2�- �r�2 �?���p�2

R2 = 1 � (1 � 0:9038)
10� 1

10� 2 � 1
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�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �N�f�9�e

�R�9�X �h�?�m�b�- ���7�i�2�` ���/�D�m�b�i�B�M�; �7�Q�` �i�?�2 �i�r�Q �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�b�- �r�2 �?���p�2 ���M ���/�D�m�b�i�2�/ �K�m�H�@

�i�B�T�H�2 �+�Q�2�{�+�B�2�M�i �Q�7 �/�2�i�2�`�K�B�M���i�B�Q�M �Q�7 �y�X�3�d�e�j�X �h�?�B�b �p���H�m�2 �U�2�t�T�`�2�b�b�2�/ ���b �� �T�2�`�+�2�M�i���;�2�V

�B�b �T�`�Q�p�B�/�2�/ �B�M �i�?�2 �Q�m�i�T�m�i �B�M �6�B�;�m�`�2 �R�8�X�9 ���b�_�@�a�[�U���/�D�V �4 �3�d�X�e�j�W�X

�R�8�X �A�7 �i�?�2 �p���H�m�2 �Q�7R2 �B�b �b�K���H�H ���M�/ �i�?�2 �K�Q�/�2�H �+�Q�M�i���B�M�b �� �H���`�;�2 �M�m�K�#�2�` �Q�7 �B�M�/�2�T�2�M�/�2�M�i

�p���`�B���#�H�2�b�- �i�?�2 ���/�D�m�b�i�2�/ �+�Q�2�{�+�B�2�M�i �Q�7 �/�2�i�2�`�K�B�M���i�B�Q�M �+���M �i���F�2 ���M�2�;���i�B�p�2 �p���H�m�2�c

�B�M �b�m�+�? �+���b�2�b�- �b�i���i�B�b�i�B�+���H �b�Q�7�i�r���`�2 �m�b�m���H�H�v �b�2�i�b �i�?�2 ���/�D�m�b�i�2�/ �+�Q�2�{�+�B�2�M�i �Q�7 �/�2�i�2�`�K�B�M���@

�i�B�Q�M �i�Q�x�2�`�Q�X

�R�8�X�9 �J�Q�/�2�H ���b�b�m�K�T�i�B�Q�M�b

�R�X �h�?�2 �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �K�Q�/�2�H�,

y = � 0 + � 1x1 + � 2x2 + � � � + � pxp + � (15:10)

�k�X �h�?�2 ���b�b�m�K�T�i�B�Q�M�b ���#�Q�m�i �i�?�2�2�`�`�Q�` �i�2�`�K� �B�M �i�?�2 �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �K�Q�/�2�H�,

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

�i�?���i �B�b�-E(� ) = 0 �X

�A�K�T�H�B�+���i�B�Q�M�, �6�Q�` �;�B�p�2�M �p���H�m�2�b �Q�7x1; x2; � � � ; xp�- �i�?�2 �2�t�T�2�+�i�2�/�- �Q�` ���p�2�`���;�2�- �p���H�m�2

�Q�7y �B�b �;�B�p�2�M �#�v

E(y) = � 0 + � 1x1 + � 2x2 + � � � + � pxp (15:11)

�1�[�m���i�B�Q�M �U�R�8�X�R�R�V �B�b �i�?�2�K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M�X E(y) �`�2�T�`�2�b�2�M�i�b

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

x1; x2; � � � ; xp�X

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

�T�2�M�/�2�M�i �p���`�B���#�H�2�bx1; x2; � � � ; xp �c �i�?���i �B�b�-V ar(� ) = � 2 �X

�A�K�T�H�B�+���i�B�Q�M�, �h�?�2 �p���`�B���M�+�2 �Q�7y ���#�Q�m�i �i�?�2 �`�2�;�`�2�b�b�B�Q�M �H�B�M�2 �2�[�m���H�b� 2 ���M�/ �B�b

�i�?�2 �b���K�2 �7�Q�` ���H�H �p���H�m�2�b �Q�7x1; x2; � � � ; xp�X
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�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �R�y�f�9�e

�U�j�V �h�?�2 �p���H�m�2�b �Q�7� ���`�2 �B�M�/�2�T�2�M�/�2�M�i�X

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

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

�U�9�V �h�?�2 �2�`�`�Q�` �i�2�`�K� �B�b �� �M�Q�`�K���H�H�v �/�B�b�i�`�B�#�m�i�2�/�`���M�/�Q�K �p���`�B���#�H�2 �`�2�~�2�+�i�B�M�; �i�?�2

�/�2�p�B���i�B�Q�M �#�2�i�r�2�2�M �i�?�2y �p���H�m�2 ���M�/ �i�?�2E(y) �;�B�p�2�M �#�v� 0 + � 1x1 +

� 2x2 + � � � + � pxp�X

�A�K�T�H�B�+���i�B�Q�M�, �"�2�+���m�b�2� 0; � 1; � � � ; � p ���`�2 �+�Q�M�b�i���M�i�b�7�Q�` �i�?�2 �;�B�p�2�M �p���H�m�2�b �Q�7

x1; x2; � � � ; xp�- �i�?�2 �/�2�T�2�M�/�2�M�i �p���`�B���#�H�2y �B�b ���H�b�Q ���M�Q�`�K���H�H�v�/�B�b�i�`�B�#�m�i�2�/

�`���M�/�Q�K �p���`�B���#�H�2�X

�j�X �U�6�B�;�m�`�2 �R�8�X�8�V �*�Q�M�b�B�/�2�` �i�?�2 �7�Q�H�H�Q�r�B�M�; �i�r�Q�@�B�M�/�2�T�2�M�/�2�M�i�@�p���`�B���#�H�2 �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M

�2�[�m���i�B�Q�M�X

E(y) = � 0 + � 1x1 + � 2x2

�9�X �L�Q�i�2 �i�?���i �i�?�2 �p���H�m�2 �Q�7� �b�?�Q�r�M �B�b �i�?�2�/�B�z�2�`�2�M�+�2�#�2�i�r�2�2�M �i�?�2 ���+�i�m���Hy �p���H�m�2

���M�/ �i�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2 �Q�7y�-E(y)�- �r�?�2�Mx1 = x �
1 ���M�/x2 = x �

2�X

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

�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�X �6�m�`�i�?�2�`�K�Q�`�2�- �b�B�M�+�2 �i�?�2 �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �;�2�M�@

�2�`���i�2�b �� �T�H���M�2 �Q�` �b�m�`�7���+�2�- �B�i�b �;�`���T�? �B�b �+���H�H�2�/ ���`�2�b�T�Q�M�b�2 �b�m�`�7���+�2�X
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�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �R�R�f�9�e

�R�8�X�8 �h�2�b�i�B�M�; �7�Q�` �a�B�;�M�B�}�+���M�+�2

�R�X �A�M �b�B�K�T�H�2 �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M�- �#�Q�i�?t �i�2�b�i ���M�/ ���M F �i�2�b�i �T�`�Q�p�B�/�2 �i�?�2 �b���K�2

�+�Q�M�+�H�m�b�B�Q�M�c �i�?���i �B�b�- �B�7 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �B�b �`�2�D�2�+�i�2�/�- �r�2 �+�Q�M�+�H�m�/�2 �i�?���i� 1 6= 0 �X

�k�X �A�M �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M�- �i�?�2t �i�2�b�i ���M�/ �i�?�2F �i�2�b�i �?���p�2 �/�B�z�2�`�2�M�i �T�m�`�T�Q�b�2�b�X

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

�i�r�2�2�M �i�?�2 �/�2�T�2�M�/�2�M�i �p���`�B���#�H�2 ���M�/ �i�?�2 �b�2�i �Q�7���H�H �i�?�2 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�b�c

�r�2 �r�B�H�H �`�2�7�2�` �i�Q �i�?�2F �i�2�b�i ���b �i�?�2 �i�2�b�i �7�Q�`�Q�p�2�`���H�H �b�B�;�M�B�}�+���M�+�2�X

�U�#�V �A�7 �i�?�2F �i�2�b�i �b�?�Q�r�b ���M �Q�p�2�`���H�H �b�B�;�M�B�}�+���M�+�2�- �i�?�2t �i�2�b�i �B�b �m�b�2�/ �i�Q �/�2�i�2�`�K�B�M�2

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

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

�i�Q �2���+�? �Q�7 �i�?�2�b�2t �i�2�b�i�b ���b �� �i�2�b�i �7�Q�`�B�M�/�B�p�B�/�m���H �b�B�;�M�B�}�+���M�+�2�X

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

�2���+�? �i�Q �i�?�2 �"�m�i�H�2�` �h�`�m�+�F�B�M�; �*�Q�K�T���M�v �2�t���K�T�H�2�X

F �h�2�b�i

�R�X �h�?�2 �?�v�T�Q�i�?�2�b�2�b �7�Q�` �i�?�2F �i�2�b�i �B�M�p�Q�H�p�2 �i�?�2 �T���`���K�2�i�2�`�b �Q�7 �i�?�2 �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M

�K�Q�/�2�H�X

H0 : � 1 = � 2 = � � � = � p = 0

Ha : �P�M�2 �Q�` �K�Q�`�2 �Q�7 �i�?�2 �T���`���K�2�i�2�`�b ���`�2 �M�Q�i �2�[�m���H �i�Q �x�2�`�Q

�k�X �A�7H0 �B�b �`�2�D�2�+�i�2�/�- �i�?�2 �i�2�b�i �;�B�p�2�b �m�b�b�m�{�+�B�2�M�i �b�i���i�B�b�i�B�+���H �2�p�B�/�2�M�+�2�i�Q �+�Q�M�+�H�m�/�2 �i�?���i

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

�#�2�i�r�2�2�My ���M�/ �i�?�2 �b�2�i �Q�7 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�bx1; x2; � � � ; xp �B�b �b�B�;�M�B�}�+���M�i�X

�j�X �>�Q�r�2�p�2�`�- �B�7H0 �+���M�M�Q�i �#�2 �`�2�D�2�+�i�2�/�- �r�2 �/�Q �M�Q�i �?���p�2�b�m�{�+�B�2�M�i �2�p�B�/�2�M�+�2�i�Q �+�Q�M�@

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

�9�X �U�_�2�p�B�2�r�V�U�*�?���T�i�2�` �R�9�V

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

�Q�7 �7�`�2�2�/�Q�K�X
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�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �R�k�f�9�e

�U�#�V �A�M �i�?�2 �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �+���b�2�- �i�?�2 �i�Q�i���H �b�m�K �Q�7 �b�[�m���`�2�b �USST�V �?���bn�• 1

�/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K�- �i�?�2 �b�m�K �Q�7 �b�[�m���`�2�b �/�m�2 �i�Q �`�2�;�`�2�b�b�B�Q�M �USSR�V �?���b p

�/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K�- ���M�/ �i�?�2 �b�m�K �Q�7 �b�[�m���`�2�b �/�m�2 �i�Q �2�`�`�Q�` �USSE�V �?���bn�• p�• 1

�/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K�X

�U�+�V �>�2�M�+�2�- �i�?�2 �K�2���M �b�[�m���`�2 �/�m�2 �i�Q �`�2�;�`�2�b�b�B�Q�M �UMSR�V �B�bSSR/ p ���M�/ �i�?�2 �K�2���M

�b�[�m���`�2 �/�m�2 �i�Q �2�`�`�Q�` �UMSE �V �B�bSSE/( n�• p�• 1) �X

�U�/�V �J�a�1 �T�`�Q�p�B�/�2�b ���M �m�M�#�B���b�2�/ �2�b�i�B�K���i�2 �Q�7� 2 �- �i�?�2 �p���`�B���M�+�2 �Q�7 �i�?�2 �2�`�`�Q�` �i�2�`�K

� �X

�U�2�V �A�7H0 : � 1 = � 2 = � � � = � p = 0 �B�b �i�`�m�2�-MSR ���H�b�Q �T�`�Q�p�B�/�2�b ���M �m�M�#�B�@

���b�2�/ �2�b�i�B�K���i�2 �Q�7� 2�- ���M�/ �i�?�2 �p���H�m�2 �Q�7MSR/ MSE �b�?�Q�m�H�/ �#�2 �+�H�Q�b�2 �i�Q�R �X

�U�7�V �>�Q�r�2�p�2�`�- �B�7H0 �B�b �7���H�b�2�-MSR �Q�p�2�`�2�b�i�B�K���i�2�b� 2 ���M�/ �i�?�2 �p���H�m�2 �Q�7MSR/ MSE

�#�2�+�Q�K�2�b�H���`�;�2� �̀X

�8�X �h�Q �/�2�i�2�`�K�B�M�2 �?�Q�r �H���`�;�2 �i�?�2 �p���H�m�2 �Q�7MSR/ MSE �K�m�b�i �#�2 �i�Q �`�2�D�2�+�iH0�- �r�2

�K���F�2 �m�b�2 �Q�7 �i�?�2 �7���+�i �i�?���i �B�7H0 �B�b �i�`�m�2���M�/ �i�?�2 ���b�b�m�K�T�i�B�Q�M�b���#�Q�m�i �i�?�2

�K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �K�Q�/�2�H ���`�2�p���H�B�/�- �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7MSR/ MSE

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

n�• p�• 1 �B�M �i�?�2 �/�2�M�Q�K�B�M���i�Q�`�X

�e�X�6 �i�2�b�i �7�Q�` �Q�p�2�`���H�H �b�B�;�M�B�}�+���M�+�2

�U���V �>�v�T�Q�i�?�2�b�B�b�,

H0 : � 1 = � 2 = � � � = � p = 0

Ha : �P�M�2 �Q�` �K�Q�`�2 �Q�7 �i�?�2 �T���`���K�2�i�2�`�b ���`�2 �M�Q�i �2�[�m���H �i�Q �x�2�`�Q

�U�#�V �h�2�b�i �b�i���i�B�b�i�B�+�,

F =
MSR
MSE

(15:14)

�U�+�V �_�2�D�2�+�i�B�Q�M �`�m�H�2�,

�B�Xp�@�p���H�m�2 ���T�T�`�Q���+�?�, �_�2�D�2�+�iH0 �B�7 p�@�p���H�m�2� � �X

�B�B�X �*�`�B�i�B�+���H �p���H�m�2 ���T�T�`�Q���+�?�, �_�2�D�2�+�iH0 �B�7 F � F�;p;n � p� 1

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �R�j�f�9�e

�d�X
�

�

�

��1�t���K�T�H�2 �"�m�i�H�2�` �h�`�m�+�F�B�M�; �*�Q�K�T���M�v

�U���V �>�v�T�Q�i�?�2�b�2�b�,

H0 : � 1 = � 2 = 0

Ha : � 1 ���M�/�f�Q�`� 2 �B�b �M�Q�i �2�[�m���H �i�Q �x�2�`�Q

�U�#�V �U�6�B�;�m�`�2 �R�8�X�e�V

�U�+�VMSR = 10:8003 ���M�/MSE = 0:3285�- F = �j�k�X�3�3�X �l�b�B�M�;� = 0:01�-

F0:01;2;7 = 9:55 �X �q�B�i�?F = 32:88 > 9:55�- �r�2 �`�2�D�2�+�iH0 : � 1 = � 2 = 0�X

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �R�9�f�9�e

�U�/�V �l�b�B�M�;� = 0:01�- �i�?�2p�@�p���H�m�2= 0:000 �B�M�/�B�+���i�2�b �i�?���i �r�2 �+���M �`�2�D�2�+�iH0 : � 1 =

� 2 = 0 �#�2�+���m�b�2 �i�?�2p�@�p���H�m�2 �B�b �H�2�b�b �i�?���M� = 0:01�X

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

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

t �h�2�b�i

�R�X �A�7 �i�?�2F �i�2�b�i �b�?�Q�r�b �i�?���i �i�?�2 �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �`�2�H���i�B�Q�M�b�?�B�T �B�b �b�B�;�M�B�}�+���M�i�- ��t �i�2�b�i

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

�`���K�2�i�2�`�b�X

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

�U���V �>�v�T�Q�i�?�2�b�B�b�, �6�Q�` ���M�v �T���`���K�2�i�2�`� i

H0 : � i = 0

Ha : � i 6= 0

�U�#�V �h�2�b�i �b�i���i�B�b�i�B�+�,

t =
bi

sbi

(15:15)

�U�+�V �_�2�D�2�+�i�B�Q�M �`�m�H�2�,

�B�Xp�@�p���H�m�2 ���T�T�`�Q���+�?�, �_�2�D�2�+�iH0 �B�7p�@�p���H�m�2� � �X

�B�B�X �*�`�B�i�B�+���H �p���H�m�2 ���T�T�`�Q���+�?�, �_�2�D�2�+�iH0 �B�7t � t � /2 ;n �• p�• 1 �Q�` �B�7t � � t � /2 ;n �• p�• 1 �X

�j�X �A�M �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+�-sbi �B�b �i�?�2 �2�b�i�B�K���i�2 �Q�7 �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7bi �X �h�?�2 �p���H�m�2 �Q�7

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

�

�

�XÃ!, �,

�h�?�2 �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �K�Q�/�2�H

y = � 0 + � 1x1 + � 2x2 + � � � + � p� 1xp� 1 + � ;

�Q�`

yi = � 0 + � 1x i; 1 + � 2x i; 2 + � � � + � p� 1x i;p � 1 + � i ; i = 1; � � � ; n :

�U���V �A�M �i�?�2 �K���i�`�B�t �M�Q�i���i�B�Q�M�,

�v= �s� + � �Q�` �vn� 1 = �sn� p� p� 1 + � n� 1:
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�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �R�8�f�9�e

�U�#�V �.�2�b�B�;�M �K���i�`�B�t�s�,

�s = :

�U�+�V �l�b�2 �G�2���b�i�@�b�[�m���`�2�b �i�Q �}�i �� �`�2�;�`�2�b�b�B�Q�M �H�B�M�2 �i�Q �i�?�2 �/���i��f �ti ; yi gn
i =1 �- �r�?�2�`�2�ti =

f x i; 1; x i; 2; � � � ; x i;p � 1g

Q(� ) = ( �v�• �s� )0(�v�• �s� ) =
nX

i =1

(yi �• �ti � )2:

@Q
@�

= � 2�s0(�v� �s� ) = �y

) (�s0�s)� = �s0�v

) �̂ = �#= (�s0�s)� 1�s0�v

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

V ar(bi ) =
� 2

(n � 1)S2
x i

(1 � R2
i )

;

�r�?�2�`�2S2
x i

�B�b �i�?�2 �b���K�T�H�2 �p���`�B���M�+�2 �Q�7 �p���`�B���#�H�2x i ���M�/R2
i �B�bR�@�b�[�m���`�2 �Q�7 �i�?�2 �`�2�;�`�2�b�@

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

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

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

�9�X
�

�

�

��1�t���K�T�H�2 �"�m�i�H�2�` �h�`�m�+�F�B�M�; �*�Q�K�T���M�v

�U���V �U�6�B�;�m�`�2 �R�8�X�e�V �i�?���i �b�?�Q�r�b �i�?�2 �Q�m�i�T�m�i �7�Q�` �i�?�2t�@�`���i�B�Q �+���H�+�m�H���i�B�Q�M�b�,

b1 = 0:06113; b2 = 0:923; sb1 = 0:00989; sb2 = 0:221

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

t = 0:06113/0:00989 = 6:18; t = 0:923/0:221 = 4:18

�U�+�V �l�b�B�M�;� = 0:01�- �i�?�2p�@�p���H�m�2�b �Q�7�y�X�y�y�y���M�/ �y�X�y�y�9�B�M �i�?�2 �Q�m�i�T�m�i �B�M�/�B�@

�+���i�2 �i�?���i �r�2 �+���M �`�2�D�2�+�iH0 : � 1 = 0 ���M�/H0 : � 2 = 0�X �>�2�M�+�2�- �#�Q�i�? �T���`���K�2�i�2�`�b

���`�2 �b�i���i�B�b�i�B�+���H�H�v �b�B�;�M�B�}�+���M�i�X

�U�/�V ���H�i�2�`�M���i�B�p�2�H�v�-t0:005;7 = 3:499 �X �q�B�i�?6:18 > 3:499�- �r�2 �`�2�D�2�+�iH0 : � 1 = 0�X

�a�B�K�B�H���`�H�v�- �r�B�i�?4:18 > 3:499�- �r�2 �`�2�D�2�+�iH0 : � 2 = 0�X
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�p���`�B���#�H�2 �#�2�B�M�; �m�b�2�/ �i�Q �T�`�2�/�B�+�i �Q�` �2�t�T�H���B�M �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�X

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

���`�2 �B�M�/�2�T�2�M�/�2�M�i �B�M ���M�v �b�i���i�B�b�i�B�+���H �b�2�M�b�2�X �P�M �i�?�2 �+�Q�M�i�`���`�v�- �K�Q�b�i �B�M�/�2�T�2�M�/�2�M�i �p���`�B�@

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

���M�Q�i�?�2�`�X

�j�X
�

�

�

��1�t���K�T�H�2 �"�m�i�H�2�` �h�`�m�+�F�B�M�; �1�t���K�T�H�2

�U���V �"�m�i�H�2�` �h�`�m�+�F�B�M�; �2�t���K�T�H�2 �B�M�p�Q�H�p�2�b �i�?�2 �i�r�Q �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�bx1 �U�K�B�H�2�b �i�`���p�@

�2�H�2�/�V ���M�/x2 �U�M�m�K�#�2�` �Q�7 �/�2�H�B�p�2�`�B�2�b�V�- �r�2 �+�Q�m�H�/ �i�`�2���i �i�?�2 �K�B�H�2�b �i�`���p�2�H�2�/ ���b �i�?�2

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

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

�U�#�V �*�Q�K�T�m�i�2 �i�?�2 �b���K�T�H�2 �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�ir (x1; x2) = 0 :16 ���M�/ �}�M�/ �i�?���i �b�Q�K�2

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

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

�i�?�2 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�b�X

�8�X
�

�

�

��1�t���K�T�H�2 �J�Q�/�B�}�2�/ �"�m�i�H�2�` �h�`�m�+�F�B�M�; �1�t���K�T�H�2�- �i�?�2 �T�Q�i�2�M�i�B���H �T�`�Q�#�H�2�K�b �Q�7 �K�m�H�i�B�@

�+�Q�H�H�B�M�2���`�B�i�v�X

�U���V �*�Q�M�b�B�/�2�` �� �K�Q�/�B�}�+���i�B�Q�M �Q�7 �i�?�2 �"�m�i�H�2�` �h�`�m�+�F�B�M�; �2�t���K�T�H�2�X �A�M�b�i�2���/ �Q�7x2 �#�2�B�M�;
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�Q�M�2 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�X

�k�X �q�2 �b�m�#�b�i�B�i�m�i�2 �i�?�2 �;�B�p�2�M �p���H�m�2�b �Q�7x1; x2; � � � ; xp �B�M�i�Q �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���@

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

�j�X
�

�

�

��1�t���K�T�H�2 �"�m�i�H�2�` �h�`�m�+�F�B�M�; �2�t���K�T�H�2

�U���V �q�2 �r���M�i �i�Q �m�b�2 �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �B�M�p�Q�H�p�B�M�;x1 �U�K�B�H�2�b �i�`���p�2�H�2�/�V

���M�/x2 �U�M�m�K�#�2�` �Q�7 �/�2�H�B�p�2�`�B�2�b�V �i�Q �/�2�p�2�H�Q�T �i�r�Q �B�M�i�2�`�p���H �2�b�i�B�K���i�2�b�,

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

�R�y�y �K�B�H�2�b ���M�/ �K���F�2 �i�r�Q �/�2�H�B�p�2�`�B�2�b�X

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

�i�`���p�2�H�b �R�y�y �K�B�H�2�b ���M�/ �K���F�2�b �i�r�Q �/�2�H�B�p�2�`�B�2�b

�U�#�V �l�b�B�M�; �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�Mŷ = �• 0:869+0:06113x1+0:923x2 �r�B�i�?

x1 = 100 ���M�/x2 = 2�- �r�2 �Q�#�i���B�M

ŷ = 2:869 + 0:06113(100) + 0:923(2) = 7:09
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�>�2�M�+�2�- �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�2 �Q�7 �i�`���p�2�H �i�B�K�2 �B�M �#�Q�i�? �+���b�2�b �B�b ���T�T�`�Q�t�B�K���i�2�H�v �b�2�p�2�M

�?�Q�m�`�b�X

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

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

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

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

�T�`�Q�p�B�/�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H�b �Q�M�+�2 �i�?�2 �p���H�m�2�b �Q�7x1; x2; � � � ; xp ���`�2 �b�T�2�+�B�}�2�/ �#�v

�i�?�2 �m�b�2�`�X

�U�/�V �U�h���#�H�2 �R�8�X�9�V

�U�2�V �L�Q�i�2 �i�?���i �i�?�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �7�Q�` ���M �B�M�/�B�p�B�/�m���H �p���H�m�2 �Q�7y �B�b �r�B�/�2�` �i�?���M

�i�?�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �7�Q�` �i�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2 �Q�7y�X �h�?�B�b �/�B�z�2�`�2�M�+�2 �b�B�K�T�H�v �`�2�~�2�+�i�b

�i�?�2 �7���+�i �i�?���i �7�Q�` �;�B�p�2�M �p���H�m�2�b �Q�7x1 ���M�/x2 �r�2 �+���M �2�b�i�B�K���i�2 �i�?�2 �K�2���M �i�`���p�2�H �i�B�K�2

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

�Q�M�2 �b�T�2�+�B�}�+ �i�`�m�+�F�X
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�R�8�X�d �*���i�2�;�Q�`�B�+���H �A�M�/�2�T�2�M�/�2�M�i �o���`�B���#�H�2�b

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

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

�Q�7 �/�2�H�B�p�2�`�B�2�b�X

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

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

�+�?�2�+�F�V�- ���M�/ �b�Q �Q�M�X

���M �1�t���K�T�H�2�, �C�Q�?�M�b�Q�M �6�B�H�i�`���i�B�Q�M�- �A�M�+�X

�U���V �U�"���+�F�;�`�Q�m�M�/�V �C�Q�?�M�b�Q�M �6�B�H�i�`���i�B�Q�M�- �A�M�+�X�- �T�`�Q�p�B�/�2�b �K���B�M�i�2�M���M�+�2 �b�2�`�p�B�+�2 �7�Q�` �r���i�2�`�@

�}�H�i�`���i�B�Q�M �b�v�b�i�2�K�b �i�?�`�Q�m�;�?�Q�m�i �b�Q�m�i�?�2�`�M �6�H�Q�`�B�/���X �*�m�b�i�Q�K�2�`�b �+�Q�M�i���+�i �C�Q�?�M�b�Q�M

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

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

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

�U�#�V �U�.�2�T�2�M�/�2�M�i �p���`�B���#�H�2�f�A�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�b�V �>�2�M�+�2�- �`�2�T���B�` �i�B�K�2 �B�M �?�Q�m�`�b �B�b �i�?�2

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

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

�T�`�Q�#�H�2�K �U�K�2�+�?���M�B�+���H �Q�` �2�H�2�+�i�`�B�+���H�V�X

�U�+�V �U�.���i���V�U�h���#�H�2 �R�8�X�8�V

�U�/�V �U�a�G�_�V �G�2�iy �/�2�M�Q�i�2 �i�?�2 �`�2�T���B�` �i�B�K�2 �B�M �?�Q�m�`�b ���M�/x1 �/�2�M�Q�i�2 �i�?�2 �M�m�K�#�2�` �Q�7

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

�Q�M�H�vx1 �i�Q �T�`�2�/�B�+�iy �B�by = � 0 + � 1x1 + �
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�U�2�V �U�6�B�;�m�`�2 �R�8�X�d�V

�B�X �h�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �B�bŷ = 2:147 + 0:304x1 �X

�B�B�X ���i �i�?�2 �y�X�y�8 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�- �i�?�2p�@�p���H�m�2 �Q�7�y�X�y�R�e�7�Q�` �i�?�2t �U�Q�`F �V

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

�+���M�i�H�v �`�2�H���i�2�/ �i�Q �`�2�T���B�` �i�B�K�2�X

�B�B�B�XR�@�b�[= �8�j�X�9�k�W�B�M�/�B�+���i�2�b �i�?���ix1 ���H�Q�M�2 �2�t�T�H���B�M�b�8�j�X�9�k�W�Q�7 �i�?�2

�p���`�B���#�B�H�B�i�v�B�M �`�2�T���B�` �i�B�K�2�X

�9�X �h�Q �B�M�+�Q�`�T�Q�`���i�2 �i�?�2 �i�v�T�2 �Q�7 �`�2�T���B�` �B�M�i�Q �i�?�2 �`�2�;�`�2�b�b�B�Q�M �K�Q�/�2�H�- �r�2 �/�2�}�M�2

x2 =

(
�y ; �B�7 �i�?�2 �i�v�T�2 �Q�7 �`�2�T���B�` �B�b �K�2�+�?���M�B�+���H

�R ; �B�7 �i�?�2 �i�v�T�2 �Q�7 �`�2�T���B�` �B�b �2�H�2�+�i�`�B�+���H

�8�X �A�M �`�2�;�`�2�b�b�B�Q�M ���M���H�v�b�B�bx2 �B�b �+���H�H�2�/ ���/�m�K�K�v �Q�` �B�M�/�B�+���i�Q�` �p���`�B���#�H�2�X

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

y = � 0 + � 1x1 + � 2x2 + �

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �k�k�f�9�e

�d�X �U�h���#�H�2 �R�8�X�e�V �.���i�� �7�Q�` �i�?�2 �C�Q�?�M�b�Q�M �6�B�H�i�`���i�B�Q�M �1�t���K�T�H�2 �r�B�i�? �h�v�T�2 �Q�7 �_�2�T���B�` �A�M�/�B�+���i�2�/

�#�v �� �.�m�K�K�v �o���`�B���#�H�2 �Ux2 = 0 �7�Q�` �J�2�+�?���M�B�+���H�cx2 = 1 �7�Q�` �1�H�2�+�i�`�B�+���H�V

�3�X �U�6�B�;�m�`�2 �R�8�X�d�V �P�m�i�T�m�i �7�Q�` �C�Q�?�M�b�Q�M �6�B�H�i�`���i�B�Q�M �r�B�i�? �J�Q�M�i�?�b �a�B�M�+�2 �G���b�i �a�2�`�p�B�+�2 �Ux1�V ���b

�i�?�2 �A�M�/�2�T�2�M�/�2�M�i �o���`�B���#�H�2

�U���V �h�?�2 �2�b�i�B�K���i�2�/ �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �B�b

ŷ = 0:93 + 0:3876x1 + 1:263x2 (15:17)

�U�#�V ���i �i�?�2 �y�X�y�8 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�- �i�?�2p�@�p���H�m�2 �Q�7�y�X�y�y�R���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2F

�i�2�b�i �UF = 21:36 �V �B�M�/�B�+���i�2�b �i�?���i �i�?�2 �`�2�;�`�2�b�b�B�Q�M �`�2�H���i�B�Q�M�b�?�B�T �B�b �b�B�;�M�B�}�+���M�i�X
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�U�+�V �h�?�2t �i�2�b�i �b�?�Q�r�b �i�?���i �#�Q�i�? �K�Q�M�i�?�b �b�B�M�+�2 �H���b�i �b�2�`�p�B�+�2 �Up�@�p���H�m�2= �y�X�y�y�y�V

���M�/ �i�v�T�2 �Q�7 �`�2�T���B�` �Up�@�p���H�m�2= �y�X�y�y�8�V ���`�2 �b�i���i�B�b�i�B�+���H�H�v �b�B�;�M�B�}�+���M�i�X

�U�/�V �A�M ���/�/�B�i�B�Q�M�-R�@�a�[= �3�8�X�N�k�W���M�/R�@�a�[ �U���/�D�V= �3�R�X�N�W�B�M�/�B�+���i�2 �i�?���i

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

�B�M �`�2�T���B�` �i�B�K�2�b�X

�U�2�V �h�?�m�b�- �2�[�m���i�B�Q�M �U�R�8�X�R�d�V �b�?�Q�m�H�/ �T�`�Q�p�2 �?�2�H�T�7�m�H �B�M �T�`�2�/�B�+�i�B�M�; �i�?�2 �`�2�T���B�` �i�B�K�2 �M�2�+�@

�2�b�b���`�v �7�Q�` �i�?�2 �p���`�B�Q�m�b �b�2�`�p�B�+�2 �+���H�H�b�X

�A�M�i�2�`�T�`�2�i�B�M�; �i�?�2 �S���`���K�2�i�2�`�b

�R�X �h�?�2 �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �7�Q�` �i�?�2 �C�Q�?�M�b�Q�M �6�B�H�i�`���i�B�Q�M �2�t���K�T�H�2 �B�b

E(y) = � 0 + � 1x1 + � 2x2 (15:18)

�k�X �*�Q�M�b�B�/�2�` �i�?�2 �+���b�2 �r�?�2�Mx2 = 0 �U�K�2�+�?���M�B�+���H �`�2�T���B�`�V�X �l�b�B�M�;E(yj�K�2�+�?���M�B�+���H)

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

�?���p�2

E(yj�K�2�+�?���M�B�+���H) = � 0 + � 1x1 + � 2(0) = � 0 + � 1x1 (15:19)

�j�X �a�B�K�B�H���`�H�v�- �7�Q�` ���M �2�H�2�+�i�`�B�+���H �`�2�T���B�` �Ux2 = 1�V�- �r�2 �?���p�2

E(yj�2�H�2�+�i�`�B�+���H) = � 0 + � 1x1 + � 2(1) = (� 0 + � 2) + � 1x1 (15:20)

�9�X �*�Q�K�T���`�B�M�; �2�[�m���i�B�Q�M�b �U�R�8�X�R�N�V ���M�/ �U�R�8�X�k�y�V�- �r�2 �b�2�2 �i�?���i �i�?�2 �K�2���M �`�2�T���B�` �i�B�K�2 �B�b ��

�H�B�M�2���` �7�m�M�+�i�B�Q�M �Q�7x1 �7�Q�` �#�Q�i�? �K�2�+�?���M�B�+���H ���M�/ �2�H�2�+�i�`�B�+���H �`�2�T���B�`�b�X �h�?�2 �b�H�Q�T�2 �Q�7

�#�Q�i�? �2�[�m���i�B�Q�M�b �B�b� 1 �- �#�m�i �i�?�2y�@�B�M�i�2�`�+�2�T�i�/�B�z�2�`�b�X

�8�X �h�?�2y�@�B�M�i�2�`�+�2�T�i �B�b� 0 �B�M �2�[�m���i�B�Q�M �U�R�8�X�R�N�V �7�Q�` �K�2�+�?���M�B�+���H �`�2�T���B�`�b ���M�/�U� 0 + � 2�V

�B�M �2�[�m���i�B�Q�M �U�R�8�X�k�y�V �7�Q�` �2�H�2�+�i�`�B�+���H �`�2�T���B�`�b�X

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

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

�U���V �A�7� 2 > 0 �- �i�?�2 �K�2���M �`�2�T���B�` �i�B�K�2 �7�Q�` ���M �2�H�2�+�i�`�B�+���H �`�2�T���B�` �r�B�H�H �#�2�;�`�2���i�2�` �i�?���M

�i�?���i �7�Q�` �� �K�2�+�?���M�B�+���H �`�2�T���B�`�c
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�U�#�V �B�7� 2 < 0 �- �i�?�2 �K�2���M �`�2�T���B�` �i�B�K�2 �7�Q�` ���M �2�H�2�+�i�`�B�+���H �`�2�T���B�` �r�B�H�H �#�2�H�2�b�b �i�?���M

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

�U�+�V �B�7� 2 = 0 �- �i�?�2�`�2 �B�b�M�Q �/�B�z�2�`�2�M�+�2�B�M �i�?�2 �K�2���M �`�2�T���B�` �i�B�K�2 �#�2�i�r�2�2�M

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

�i�?�2 �`�2�T���B�` �i�B�K�2�X

�d�X �l�b�B�M�; �i�?�2 �2�b�i�B�K���i�2�/ �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�Mŷ = 0:93 + 0:3876x1 + 1:263x2�- �r�2

�b�2�2 �i�?���i �y�X�N�j �B�b �i�?�2 �2�b�i�B�K���i�2 �Q�7� 0 ���M�/ �R�X�k�e�j �B�b �i�?�2 �2�b�i�B�K���i�2 �Q�7� 2�X

�3�X �h�?�m�b�- �r�?�2�Mx2 = 0 �U�K�2�+�?���M�B�+���H �`�2�T���B�`�V

ŷ = 0:93 + 0:3876x1 (15:21)

���M�/ �r�?�2�Mx2 = 1 �U�2�H�2�+�i�`�B�+���H �`�2�T���B�`�V

ŷ = 0:93 + 0:3876x1 + 1:263(1) = 2:193 + 0:3876x1 (15:22)

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

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

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

�R�y�X �A�M ���/�/�B�i�B�Q�M�- �r�B�i�?� 2 = 1:263�- �r�2 �H�2���`�M �i�?���i�- �Q�M ���p�2�`���;�2�- �2�H�2�+�i�`�B�+���H �`�2�T���B�`�b �`�2�[�m�B�`�2

�R�X�k�e�j �?�Q�m�`�b �H�Q�M�;�2�`�i�?���M �K�2�+�?���M�B�+���H �`�2�T���B�`�b�X

�R�R�X �U�6�B�;�m�`�2 �R�8�X�N�V �a�+���i�i�2�` �.�B���;�`���K �7�Q�` �i�?�2 �C�Q�?�M�b�Q�M �6�B�H�i�`���i�B�Q�M �_�2�T���B�` �.���i��
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�J�Q�`�2 �*�Q�K�T�H�2�t �*���i�2�;�Q�`�B�+���H �o���`�B���#�H�2�b

�R�X �A�7 �� �+���i�2�;�Q�`�B�+���H �p���`�B���#�H�2 �?���bk �H�2�p�2�H�b�-k�• 1 �/�m�K�K�v �p���`�B���#�H�2�b ���`�2 �`�2�[�m�B�`�2�/�- �r�B�i�? �2���+�?

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

�k�X
�

�

�

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

�7�Q�` �� �T���`�i�B�+�m�H���` �b�i���i�2 �B�M�i�Q �i�?�`�2�2 �`�2�;�B�Q�M�b�, ���- �"�- ���M�/ �*�X �h�?�2 �K���M���;�2�`�b �r���M�i �i�Q �m�b�2

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

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

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

�b�Q �Q�M�V�X

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

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

�H�2�p�2�H�b�- ���- �" ���M�/ �*�- �r�2 �r�B�H�H �M�2�2�/3�• 1 = 2 �/�m�K�K�v �p���`�B���#�H�2�b �i�Q �`�2�T�`�2�b�2�M�i �i�?�2

�b���H�2�b �`�2�;�B�Q�M�X �1���+�? �p���`�B���#�H�2 �+���M �#�2 �+�Q�/�2�/ �y �Q�` �R�,

x1 =

(
1; �B�7 �b���H�2�b �`�2�;�B�Q�M �"

0; �Q�i�?�2�`�r�B�b�2

x2 =

(
1; �B�7 �b���H�2�b �`�2�;�B�Q�M �*

0; �Q�i�?�2�`�r�B�b�2

�8�X �q�2 �?���p�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �p���H�m�2�b �Q�7x1 ���M�/x2�,

�_�2�;�B�Q�Mx1 x2

�� �y �y

�" �R �y

�* �y �R

�e�X �P�#�b�2�`�p���i�B�Q�M�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �`�2�;�B�Q�M �� �r�Q�m�H�/ �#�2 �+�Q�/�2�/x1 = 0; x2 = 0 �c �Q�#�b�2�`�@

�p���i�B�Q�M�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �`�2�;�B�Q�M �" �r�Q�m�H�/ �#�2 �+�Q�/�2�/x1 = 1; x2 = 0 �c ���M�/ �Q�#�b�2�`�@

�p���i�B�Q�M�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �`�2�;�B�Q�M �* �r�Q�m�H�/ �#�2 �+�Q�/�2�/x1 = 0; x2 = 1 �X

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

E(y)�- �i�Q �i�?�2 �/�m�K�K�v �p���`�B���#�H�2�b �r�Q�m�H�/ �#�2 �r�`�B�i�i�2�M ���b

E(y) = � 0 + � 1x1 + � 2x2
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�3�X �h�Q �?�2�H�T �m�b �B�M�i�2�`�T�`�2�i �i�?�2 �T���`���K�2�i�2�`�b� 0�- � 1�- ���M�/� 2�- �+�Q�M�b�B�/�2�` �i�?�2 �7�Q�H�H�Q�r�B�M�; �i�?�`�2�2

�p���`�B���i�B�Q�M�b �Q�7 �i�?�2 �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M�X

E(yj�`�2�;�B�Q�M ��) = � 0 + � 1(0) + � 2(0) = � 0

E(yj�`�2�;�B�Q�M �") = � 0 + � 1(1) + � 2(0) = � 0 + � 1

E(yj�`�2�;�B�Q�M �*) = � 0 + � 1(0) + � 2(1) = � 0 + � 2

�U���V �h�?�m�b�-� 0 �B�b �i�?�2 �K�2���M �Q�` �2�t�T�2�+�i�2�/ �p���H�m�2 �Q�7 �b���H�2�b �7�Q�`�`�2�;�B�Q�M ���c

�U�#�V� 1 �B�b �i�?�2�/�B�z�2�`�2�M�+�2�#�2�i�r�2�2�M �i�?�2 �K�2���M �M�m�K�#�2�` �Q�7 �m�M�B�i�b �b�Q�H�/ �B�M�`�2�;�B�Q�M �"

���M�/ �i�?�2 �K�2���M �M�m�K�#�2�` �Q�7 �m�M�B�i�b �b�Q�H�/ �B�M�`�2�;�B�Q�M ���c

�U�+�V ���M�/� 2 �B�b �i�?�2�/�B�z�2�`�2�M�+�2�#�2�i�r�2�2�M �i�?�2 �K�2���M �M�m�K�#�2�` �Q�7 �m�M�B�i�b �b�Q�H�/ �B�M�`�2�;�B�Q�M �*

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

�N�X �h�r�Q �/�m�K�K�v �p���`�B���#�H�2�b �r�2�`�2 �`�2�[�m�B�`�2�/ �#�2�+���m�b�2 �b���H�2�b �`�2�;�B�Q�M �B�b �� �+���i�2�;�Q�`�B�+���H �p���`�B���#�H�2

�r�B�i�? �i�?�`�2�2 �H�2�p�2�H�b�X

�R�y�X �h�?�2 ���b�b�B�;�M�K�2�M�i �r���b���`�#�B�i�`���`�v�X �6�Q�` �2�t���K�T�H�2�- �r�2 �+�Q�m�H�/ �?���p�2 �+�?�Q�b�2�Mx1 = 1; x2 =

0 �i�Q �B�M�/�B�+���i�2 �`�2�;�B�Q�M ���-x1 = 0; x2 = 0 �i�Q �B�M�/�B�+���i�2 �`�2�;�B�Q�M �"�- ���M�/x1 = 0; x2 = 1 �i�Q

�B�M�/�B�+���i�2 �`�2�;�B�Q�M �*�X

�_�2�;�B�Q�Mx1 x2

�� �R �y

�" �y �y

�* �y �R

�A�M �i�?���i �+���b�2�-� 1 �r�Q�m�H�/ �?���p�2 �#�2�2�M �B�M�i�2�`�T�`�2�i�2�/ ���b �i�?�2 �K�2���M �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �`�2�;�B�Q�M�b

�� ���M�/ �" ���M�/� 2 ���b �i�?�2 �K�2���M �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �`�2�;�B�Q�M�b �* ���M�/ �"�X

�R�R�X �h�?�2 �B�K�T�Q�`�i���M�i �T�Q�B�M�i �i�Q �`�2�K�2�K�#�2�` �B�b �i�?���i �r�?�2�M �� �+���i�2�;�Q�`�B�+���H �p���`�B���#�H�2 �?���bk �H�2�p�2�H�b�-

k�• 1 �/�m�K�K�v �p���`�B���#�H�2�b ���`�2 �`�2�[�m�B�`�2�/ �B�M �i�?�2 �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M ���M���H�v�b�B�b�X �h�?�m�b�- �B�7 �i�?�2

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

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

x1 =

(
1; �B�7 �b���H�2�b �`�2�;�B�Q�M �"

0; �Q�i�?�2�`�r�B�b�2
x2 =

(
1; �B�7 �b���H�2�b �`�2�;�B�Q�M �*

0; �Q�i�?�2�`�r�B�b�2
x3 =

(
1; �B�7 �b���H�2�b �`�2�;�B�Q�M �.

0; �Q�i�?�2�`�r�B�b�2
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�R�8�X�3 �_�2�b�B�/�m���H ���M���H�v�b�B�b

�R�X�a�i���M�/���`�/�B�x�2�/ �_�2�b�B�/�m���H �7�Q�` �P�#�b�2�`�p���i�B�Q�Mi

yi � ŷi

syi � ŷi

(15:23)

�r�?�2�`�2syi � ŷi �B�b �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �`�2�b�B�/�m���Hi �X

�k�X�a�i���M�/���`�/ �.�2�p�B���i�B�Q�M �Q�7 �_�2�b�B�/�m���Hi

syi � ŷi = s
p

1 � hi (15:24)

�r�?�2�`�2s �B�b �i�?�2 �b�i���M�/���`�/ �2�`�`�Q�` �Q�7 �i�?�2 �2�b�i�B�K���i�2 ���M�/hi �B�b �i�?�2�H�2�p�2�`���;�2�Q�7 �Q�#�b�2�`�@

�p���i�B�Q�Mi �X �Uhi = �>ii �- �> = �s(�s0�s)� 1�s0 �V

�j�X �U�*�?���T�i�2�` �R�9�V �i�?�2 �H�2�p�2�`���;�2 �Q�7 ���M �Q�#�b�2�`�p���i�B�Q�M �B�b �/�2�i�2�`�K�B�M�2�/ �#�v �?�Q�r �7���` �i�?�2 �p���H�m�2�b �Q�7

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

�9�X �h�?�2 �+�Q�K�T�m�i���i�B�Q�M �Q�7hi �-syi � ŷi �- ���M�/ �?�2�M�+�2 �i�?�2 �b�i���M�/���`�/�B�x�2�/ �`�2�b�B�/�m���H �7�Q�` �Q�#�b�2�`�p���i�B�Q�M

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

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

�b�Q�7�i�r���`�2�X

�8�X
�

�

�

��1�t���K�T�H�2 �"�m�i�H�2�` �h�`�m�+�F�B�M�; �2�t���K�T�H�2

�U���V �U�h���#�H�2 �R�8�X�d�V �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�Mŷ = �• 0:869 + 0:03821x1 +

0:923x2�X
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�U�#�V �U�6�B�;�m�`�2 �R�8�X�R�y�V �h�?�B�b �b�i���M�/���`�/�B�x�2�/ �`�2�b�B�/�m���H �T�H�Q�i �/�Q�2�b �M�Q�i �B�M�/�B�+���i�2 ���M�v �m�M�m�b�m���H

���#�M�Q�`�K���H�B�i�B�2�b�X ���H�H �i�?�2 �b�i���M�/���`�/�B�x�2�/ �`�2�b�B�/�m���H�b ���`�2 �#�2�i�r�2�2�M�• 2 ���M�/+2 �c

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

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

�U�+�V �U�_�2�+���H�H �a�2�+�i�B�Q�M �R�9�X�3�V ���M�Q�`�K���H �T�`�Q�#���#�B�H�B�i�v �T�H�Q�i���H�b�Q �+���M �#�2 �m�b�2�/ �i�Q �/�2�i�2�`�@

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

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

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

�k�X �U�*�?���T�i�2�` �R�9�V ���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 �i�?�2 �p���H�m�2 �Q�7 �B�i�b�b�i���M�/���`�/�B�x�2�/ �`�2�b�B�/�m���H

�B�b �H�2�b�b �i�?���M �•2 �Q�` �;�`�2���i�2�` �i�?���M+2�X

�j�X �U�h���#�H�2 �R�8�X�d�V ���T�T�H�v�B�M�; �i�?�B�b �`�m�H�2 �i�Q �i�?�2 �b�i���M�/���`�/�B�x�2�/ �`�2�b�B�/�m���H�b �7�Q�` �i�?�2 �"�m�i�H�2�` �h�`�m�+�F�B�M�;

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

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

�i�?�2 �b�i���M�/���`�/ �2�`�`�Q�` �Q�7 �i�?�2 �2�b�i�B�K���i�2�- ���M�/ �?�2�M�+�2 �B�M�+�`�2���b�2syi � ŷi
�- �i�?�2 �b�i���M�/���`�/

�/�2�p�B���i�B�Q�M �Q�7 �`�2�b�B�/�m���Hi �X

�8�X �"�2�+���m�b�2syi � ŷi ���T�T�2���`�b �B�M �i�?�2 �/�2�M�Q�K�B�M���i�Q�` �Q�7 �i�?�2 �7�Q�`�K�m�H�� �7�Q�` �i�?�2 �b�i���M�/���`�/�B�x�2�/ �`�2�b�B�/�@

�m���H �U�R�8�X�k�j�V�- �i�?�2 �b�B�x�2 �Q�7 �i�?�2 �b�i���M�/���`�/�B�x�2�/ �`�2�b�B�/�m���H �r�B�H�H�/�2�+�`�2���b�2���bs �B�M�+�`�2���b�2�b�X

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

�B�M �2�t�T�`�2�b�b�B�Q�M �U�R�8�X�k�j�V �K���v �+���m�b�2 �i�?�2 �b�i���M�/���`�/�B�x�2�/ �`�2�b�B�/�m���H �`�m�H�2 �i�Q �7���B�H �i�Q �B�/�2�M�i�B�7�v �i�?�2

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

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

�b�i�m�/�2�M�i�B�x�2�/ �/�2�H�2�i�2�/ �`�2�b�B�/�m���H�b�X

�a�i�m�/�2�M�i�B�x�2�/ �.�2�H�2�i�2�/ �_�2�b�B�/�m���H�b ���M�/ �P�m�i�H�B�2�`�b

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

�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �B�b �/�2�p�2�H�Q�T�2�/ �r�B�i�? �i�?�2 �`�2�K���B�M�B�M�;n�• 1 �Q�#�b�2�`�p���i�B�Q�M�b�X

�k�X �G�2�is(i ) �/�2�M�Q�i�2 �i�?�2 �b�i���M�/���`�/ �2�`�`�Q�` �Q�7 �i�?�2 �2�b�i�B�K���i�2 �#���b�2�/ �Q�M �i�?�2 �/���i�� �b�2�i �r�B�i�?

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

i �m�b�B�M�;s(i ) �B�M�b�i�2���/ �Q�7s�- ���M�/ �i�?�2�M �+�Q�K�T�m�i�2 �i�?�2 �b�i���M�/���`�/�B�x�2�/ �`�2�b�B�/�m���H �7�Q�` �Q�#�b�2�`�p���i�B�Q�M

i �m�b�B�M�; �i�?�2�`�2�p�B�b�2�/syi � ŷi
�p���H�m�2�- �i�?�2 �`�2�b�m�H�i�B�M�; �b�i���M�/���`�/�B�x�2�/ �`�2�b�B�/�m���H �B�b �+���H�H�2�/ ��

�b�i�m�/�2�M�i�B�x�2�/ �/�2�H�2�i�2�/ �`�2�b�B�/�m���H�X

�j�X �A�7 �i�?�2i �i�? �Q�#�b�2�`�p���i�B�Q�M �B�b ���M �Q�m�i�H�B�2�`�-s(i ) �r�B�H�H �#�2�H�2�b�b�i�?���Ms�X �h�?�2 ���#�b�Q�H�m�i�2 �p���H�m�2 �Q�7

�i�?�2i �i�? �b�i�m�/�2�M�i�B�x�2�/ �/�2�H�2�i�2�/ �`�2�b�B�/�m���H �i�?�2�`�2�7�Q�`�2 �r�B�H�H �#�2�H���`�;�2�` �i�?���M�i�?�2 ���#�b�Q�H�m�i�2

�p���H�m�2 �Q�7 �i�?�2 �b�i���M�/���`�/�B�x�2�/ �`�2�b�B�/�m���H�X
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�9�X �a�i�m�/�2�M�i�B�x�2�/ �/�2�H�2�i�2�/ �`�2�b�B�/�m���H�b �K���v �/�2�i�2�+�i �Q�m�i�H�B�2�`�b �i�?���i �b�i���M�/���`�/�B�x�2�/ �`�2�b�B�/�m���H�b �/�Q �M�Q�i

�/�2�i�2�+�i�X

�8�X �h�?�2t �/�B�b�i�`�B�#�m�i�B�Q�M �+���M �#�2 �m�b�2�/ �i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�` �i�?�2 �b�i�m�/�2�M�i�B�x�2�/ �/�2�H�2�i�2�/ �`�2�b�B�/�@

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

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

�/���i�� �b�2�i �B�bn�• 1�c �B�M �i�?�B�b �+���b�2 �i�?�2 �2�`�`�Q�` �b�m�K �Q�7 �b�[�m���`�2�b �?���b(n�• 1)�• p�• 1

�/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K�X

�U�#�V
�

�

�
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�Q�7 �7�`�2�2�/�Q�K �7�Q�` �i�?�2 �2�`�`�Q�` �b�m�K �Q�7 �b�[�m���`�2�b �r�B�i�? �i�?�2it �? �Q�#�b�2�`�p���i�B�Q�M �/�2�H�2�i�2�/ �B�b

9�• 2�• 1 = 6�X ���i� = 0:05 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2�- �i�?�2t �/�B�b�i�`�B�#�m�i�B�Q�M �b�?�Q�r�b �i�?���i
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�U�+�V �A�7 �i�?�2 �p���H�m�2 �Q�7 �i�?�2i �i�? �b�i�m�/�2�M�i�B�x�2�/ �/�2�H�2�i�2�/ �`�2�b�B�/�m���H �B�b�H�2�b�b �i�?���M �•2:447

�Q�` �;�`�2���i�2�` �i�?���M+2:447 �- �r�2 �+���M �+�Q�M�+�H�m�/�2 �i�?���i �i�?�2i �i�? �Q�#�b�2�`�p���i�B�Q�M �B�b ���M
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�j�X �q�2 �m�b�2 �i�?�2 �`�m�H�2 �Q�7 �i�?�m�K�#hi > 3(p + 1)/ n �i�Q �B�/�2�M�i�B�7�v �B�M�~�m�2�M�i�B���H �Q�#�b�2�`�p���i�B�Q�M�b�X

�9�X
�

�

�
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�U���V �h�?�2 �+�`�B�i�B�+���H �p���H�m�2 �7�Q�` �H�2�p�2�`���;�2 �B�b3(2 + 1)/10 = 0 :9�X

�U�#�V �U�h���#�H�2 �R�8�X�N�V �"�2�+���m�b�2hi �/�Q�2�b �M�Q�i �2�t�+�2�2�/0:9�- �r�2 �/�Q �M�Q�i �/�2�i�2�+�i �B�M�~�m�2�M�i�B���H �Q�#�@

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

�l�b�B�M�; �*�Q�Q�F�� �b �.�B�b�i���M�+�2 �J�2���b�m�`�2 �i�Q �A�/�2�M�i�B�7�v
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�U���V �U�h���#�H�2 �R�8�X�R�y�V �"�2�+���m�b�2 �i�?�2 �H�2�p�2�`���;�2 �7�Q�` �i�?�2 �2�B�;�?�i�? �Q�#�b�2�`�p���i�B�Q�M �B�b0:91 > 0:75

�U�i�?�2 �+�`�B�i�B�+���H �H�2�p�2�`���;�2 �p���H�m�2�V�- �i�?�B�b �Q�#�b�2�`�p���i�B�Q�M �B�b �B�/�2�M�i�B�}�2�/ ���b �B�M�~�m�2�M�i�B���H�X
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�U�+�V �.�2�H�2�i�2 �i�?�2 �Q�#�b�2�`�p���i�B�Q�Mx = 15; y = 39 �7�`�Q�K �i�?�2 �/���i�� �b�2�i ���M�/ �}�i �� �M�2�r �2�b�i�B�K���i�2�/
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�`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �B�bŷ = 18:1 + 1:42x
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�U�2�V ���H�i�?�Q�m�;�? �i�?�2 �H�2�p�2�`���;�2 �+�`�B�i�2�`�B�Q�M �B�/�2�M�i�B�}�2�/ �i�?�2 �2�B�;�?�i�? �Q�#�b�2�`�p���i�B�Q�M ���b �B�M�~�m�2�M�i�B���H�-
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�i�Q �r�`�Q�M�; �+�Q�M�+�H�m�b�B�Q�M�b�X

�k�X�*�Q�Q�F�� �b �/�B�b�i���M�+�2 �K�2���b�m�`�2�m�b�2�b �#�Q�i�? �i�?�2 �H�2�p�2�`���;�2 �Q�7 �Q�#�b�2�`�p���i�B�Q�Mi �-hi �- ���M�/ �i�?�2

�`�2�b�B�/�m���H �7�Q�` �Q�#�b�2�`�p���i�B�Q�Mi �-(yi �• ŷi �V�- �i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�` �i�?�2 �Q�#�b�2�`�p���i�B�Q�M �B�b �B�M�~�m�2�M�@

�i�B���H�X
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(yi � ŷi )2
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�U���V �h�?�2 �p���H�m�2 �Q�7 �*�Q�Q�F�� �b �/�B�b�i���M�+�2 �K�2���b�m�`�2 �r�B�H�H �#�2 �H���`�;�2 ���M�/ �B�M�/�B�+���i�2 ���M �B�M�~�m�2�M�i�B���H

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

�U�#�V ���b �� �`�m�H�2 �Q�7 �i�?�m�K�#�- �p���H�m�2�b �Q�7D i > 1 �B�M�/�B�+���i�2 �i�?���i �i�?�2i �i�? �Q�#�b�2�`�p���i�B�Q�M �B�b
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�H�2�K�X �P�#�b�2�`�p���i�B�Q�M �3 �r�B�i�?D i = 0:650029< 1�- �r�2 �b�?�Q�m�H�/ �M�Q�i �#�2 �+�Q�M�+�2�`�M�2�/ ���#�Q�m�i
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�R�8�X�N �G�Q�;�B�b�i�B�+ �_�2�;�`�2�b�b�B�Q�M
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�r�B�H�H ���T�T�`�Q�p�2 �i�?�2 �`�2�[�m�2�b�i �7�Q�` �� �+�`�2�/�B�i �+���`�/ �;�B�p�2�M �� �T���`�i�B�+�m�H���` �b�2�i �Q�7 �p���H�m�2�b �7�Q�` �i�?�2
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�T�`�2�/�B�+�i�B�M�; �r�?�2�i�?�2�` �� �+�m�b�i�Q�K�2�` �r�?�Q �`�2�+�2�B�p�2�b �i�?�2 �+���i���H�Q�; �r�B�H�H �m�b�2 �i�?�2 �+�Q�m�T�Q�M�X

�U�+�V �a�B�K�K�Q�M�b �+�Q�M�/�m�+�i�2�/ �� �T�B�H�Q�i �b�i�m�/�v �m�b�B�M�; �� �`���M�/�Q�K �b���K�T�H�2 �Q�7 �8�y �a�B�K�K�Q�M�b �+�`�2�/�B�i

�+���`�/ �+�m�b�i�Q�K�2�`�b ���M�/ �8�y �Q�i�?�2�` �+�m�b�i�Q�K�2�`�b �r�?�Q �/�Q �M�Q�i �?���p�2 �� �a�B�K�K�Q�M�b �+�`�2�/�B�i �+���`�/�X

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

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

�+�Q�m�T�Q�M�X

�U�/�V �U�h���#�H�2 �R�8�X�R�R�V �h�?�2 ���K�Q�m�M�i �2���+�? �+�m�b�i�Q�K�2�` �b�T�2�M�i �H���b�i �v�2���` ���i �a�B�K�K�Q�M�b �B�b �b�?�Q�r�M

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

�i�?�2 �+�m�b�i�Q�K�2�` �?���b �� �a�B�K�K�Q�M�b �+�`�2�/�B�i �+���`�/ ���M�/ �y �B�7 �M�Q�i�X �A�M �i�?�2 �*�Q�m�T�Q�M �+�Q�H�m�K�M�-

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

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

�B�M �h���#�H�2 �R�8�X�R�R �i�Q �?�2�H�T �a�B�K�K�Q�M�b �2�b�i�B�K���i�2 �r�?�2�i�?�2�` �� �+���i���H�Q�; �`�2�+�B�T�B�2�M�i �r�B�H�H �m�b�2

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �j�8�f�9�e

�i�?�2 �+�Q�m�T�Q�M�X �q�2 �r�Q�m�H�/ �m�b�2 ���M�M�m���H �a�T�2�M�/�B�M�; �U�0�R�y�y�y�V ���M�/ �a�B�K�K�Q�M�b �*���`�/ ���b

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

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

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

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

�G�Q�;�B�b�i�B�+ �_�2�;�`�2�b�b�B�Q�M �1�[�m���i�B�Q�M

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

�K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M�X

E(y) = � 0 + � 1x1 + � 2x2 + � � � + � pxp (15:26)

�k�X �U�G�Q�;�B�b�i�B�+ �_�2�;�`�2�b�b�B�Q�M �1�[�m���i�B�Q�M�V �A�M �H�Q�;�B�b�i�B�+ �`�2�;�`�2�b�b�B�Q�M�- �b�i���i�B�b�i�B�+���H �i�?�2�Q�`�v ���b �r�2�H�H

���b �T�`���+�i�B�+�2 �?���b �b�?�Q�r�M �i�?���i �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�ME(y) ���M�/x1; x2; � � � ; xp �B�b �#�2�i�i�2�`

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

E(y) =
e� 0+ � 1x1+ � 2x2+ ��� + � p xp

1 + e� 0+ � 1x1+ � 2x2+ ��� + � p xp
(15:27)

�j�X �A�7 �i�?�2 �i�r�Q �p���H�m�2�b �Q�7 �i�?�2 �/�2�T�2�M�/�2�M�i �p���`�B���#�H�2y ���`�2 �+�Q�/�2�/ ���b �y �Q�` �R�- �i�?�2 �p���H�m�2 �Q�7E(y)

�B�M �2�[�m���i�B�Q�M �U�R�8�X�k�d�V �T�`�Q�p�B�/�2�b �i�?�2�T�`�Q�#���#�B�H�B�i�v �i�?���iy = 1 �;�B�p�2�M �� �T���`�i�B�+�m�H���` �b�2�i

�Q�7 �p���H�m�2�b �7�Q�` �i�?�2 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�bx1; x2; � � � ; xp�X

�9�X �"�2�+���m�b�2 �Q�7 �i�?�2 �B�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7E(y) ���b �� �T�`�Q�#���#�B�H�B�i�v�- �i�?�2 �H�Q�;�B�b�i�B�+ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M

�B�b �Q�7�i�2�M �r�`�B�i�i�2�M�,

E(y) = P(y = 1jx1; x2; � � � ; xp) (15:28)

�8�X
�

�

�

��1�t���K�T�H�2 �a�m�T�T�Q�b�2 �i�?�2 �K�Q�/�2�H �B�M�p�Q�H�p�2�b �Q�M�H�v �Q�M�2 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2x ���M�/ �i�?�2

�p���H�m�2�b �Q�7 �i�?�2 �K�Q�/�2�H �T���`���K�2�i�2�`�b ���`�2� 0 = �• 7 ���M�/� 1 = 3�X �h�?�2 �H�Q�;�B�b�i�B�+ �`�2�;�`�2�b�b�B�Q�M

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

E(y) = P(y = 1jx) =
e� 0+ � 1x

1 + e� 0+ � 1x
=

e� 7+3 x

1 + e� 7+3 x
(15:29)

�U���V �U�6�B�;�m�`�2 �R�8�X�R�k�V �b�?�Q�r�b �� �;�`���T�? �Q�7 �2�[�m���i�B�Q�M �U�R�8�X�k�N�V�X �L�Q�i�2 �i�?���i �i�?�2 �;�`���T�? �B�b

S�@�b�?���T�2�/�X �h�?�2 �p���H�m�2 �Q�7E(y) �`���M�;�2�b �7�`�Q�K�y �i�Q �R�X
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�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �j�e�f�9�e

�U�#�V �6�Q�` �2�t���K�T�H�2�- �r�?�2�Mx = 2�-E(y) �B�b ���T�T�`�Q�t�B�K���i�2�H�v0:27�X ���H�b�Q �M�Q�i�2 �i�?���i �i�?�2 �p���H�m�2

�Q�7E(y) �;�`���/�m���H�H�v ���T�T�`�Q���+�?�2�b�R ���b �i�?�2 �p���H�m�2 �Q�7x �#�2�+�Q�K�2�b�H���`�;�2�`���M�/

�i�?�2 �p���H�m�2 �Q�7E(y) ���T�T�`�Q���+�?�2�b�y ���b �i�?�2 �p���H�m�2 �Q�7x �#�2�+�Q�K�2�b�b�K���H�H�2�`�X

�U�+�V �6�Q�` �2�t���K�T�H�2�- �r�?�2�Mx = 2; E(y) = 0 :269�X �L�Q�i�2 ���H�b�Q �i�?���i �i�?�2 �p���H�m�2�b �Q�7E(y)�- �`�2�T�@

�`�2�b�2�M�i�B�M�;�T�`�Q�#���#�B�H�B�i�v�- �B�M�+�`�2���b�2 �7���B�`�H�v �`���T�B�/�H�v ���bx �B�M�+�`�2���b�2�b �7�`�Q�K �k �i�Q �j�X

�h�?�2 �7���+�i �i�?���i �i�?�2 �p���H�m�2�b �Q�7E(y) �`���M�;�2 �7�`�Q�K �y �i�Q �R ���M�/ �i�?���i �i�?�2 �+�m�`�p�2 �B�b �a�@

�b�?���T�2�/ �K���F�2�b �2�[�m���i�B�Q�M �U�R�8�X�k�N�V �B�/�2���H�H�v �b�m�B�i�2�/ �i�Q �K�Q�/�2�H �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?�2

�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2 �B�b �2�[�m���H �i�Q �R�X

�1�b�i�B�K���i�B�M�; �i�?�2 �G�Q�;�B�b�i�B�+ �_�2�;�`�2�b�b�B�Q�M �1�[�m���i�B�Q�M

�R�X �h�?�2�M�Q�M�H�B�M�2���` �7�Q�`�K�Q�7 �i�?�2 �H�Q�;�B�b�i�B�+ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �K���F�2�b �i�?�2 �K�2�i�?�Q�/ �Q�7

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

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

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

ŷ = �2�b�i�B�K���i�2 �Q�7P(y = 1jx1; x2; � � � ; xp) =
eb0+ b1x1+ b2x2+ ��� + bp xp

1 + eb0+ b1x1+ b2x2+ ��� + bp xp
(15:30)

�j�X �>�2�`�2�-ŷ �T�`�Q�p�B�/�2�b ���M�2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���iy = 1 �;�B�p�2�M �� �T���`�i�B�+�m�H���`

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

�

�

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

�U���V �h�?�2 �p���`�B���#�H�2�b ���`�2 �/�2�}�M�2�/�,

y =

(
�y �B�7 �i�?�2 �+�m�b�i�Q�K�2�` �/�B�/ �M�Q�i �m�b�2 �i�?�2 �+�Q�m�T�Q�M

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

x1 = ���M�M�m���H �b�T�2�M�/�B�M�; ���i �a�B�K�K�Q�M�b �a�i�Q�`�2�b �U�0�R�y�y�y�b�V

x2 =

(
�y �B�7 �i�?�2 �+�m�b�i�Q�K�2�` �/�Q�2�b �M�Q�i �?���p�2 �� �a�B�K�K�Q�M�b �+�`�2�/�B�i �+���`�/

�R �B�7 �i�?�2 �+�m�b�i�Q�K�2�` �?���b �� �a�B�K�K�Q�M�b �+�`�2�/�B�i �+���`�/

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

E(y) =
eb0+ b1x1+ b2x2

1 + eb0+ b1x1+ b2x2
(15:31)

�l�b�B�M�; �i�?�2 �b���K�T�H�2 �/���i�� �U�b�2�2 �h���#�H�2 �R�8�X�R�R�V�- �r�2 �m�b�2�/ �b�i���i�B�b�i�B�+���H �b�Q�7�i�r���`�2 �i�Q �+�Q�K�@

�T�m�i�2 �2�b�i�B�K���i�2�b �Q�7 �i�?�2 �K�Q�/�2�H �T���`���K�2�i�2�`�bb0; b1�- ���M�/b2�X

�U�+�V �U�6�B�;�m�`�2 �R�8�X�R�j�V

�U�/�V �q�2 �b�2�2 �i�?���i� 0 = �• 2:146�-� 1 = 0:342�- ���M�/� 2 = 1:099�X �h�?�m�b�- �i�?�2 �2�b�i�B�K���i�2�/

�H�Q�;�B�b�i�B�+ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �B�b

ŷ =
e� 2:146+0 :342x1+1 :099x2

1 + e� 2:146+0 :342x1+1 :099x2
(15:32)
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�U�2�V ���M �2�b�i�B�K���i�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �m�b�B�M�; �i�?�2 �+�Q�m�T�Q�M �7�Q�` �+�m�b�i�Q�K�2�`�b �r�?�Q �b�T�2�M�/ �0�k�y�y�y

���M�M�m���H�H�v ���M�/ �/�Q �M�Q�i �?���p�2 �� �a�B�K�K�Q�M�b �+�`�2�/�B�i �+���`�/ �B�b ���T�T�`�Q�t�B�K���i�2�H�v �y�X�R�N �Ux1 = 2

���M�/x2 = 0�V�,

ŷ =
e� 2:146+0 :342(2)+1 :099(0)

1 + e� 2:146+0 :342(2)+1 :099(0)
=

e� 1:462

1 + e� 1:462
= 0:1882

�U�7�V ���M �2�b�i�B�K���i�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �m�b�B�M�; �i�?�2 �+�Q�m�T�Q�M �7�Q�` �+�m�b�i�Q�K�2�`�b �r�?�Q �b�T�2�M�i �0�k�y�y�y

�H���b�i �v�2���` ���M�/ �?���p�2 �� �a�B�K�K�Q�M�b �+�`�2�/�B�i �+���`�/ �B�b ���T�T�`�Q�t�B�K���i�2�H�v �y�X�9�R�X �Ux1 = 2 ���M�/

x2 = 1�V�,

ŷ =
e� 2:146+0 :342(2)+1 :099(1)

1 + e� 2:146+0 :342(2)+1 :099(1)
=

e� 0:363

1 + e� 0:363
= 0:4102

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

�+�m�b�i�Q�K�2�`�b �r�B�i�? �� �a�B�K�K�Q�M�b �+�`�2�/�B�i �+���`�/�X

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

�b�B�;�M�B�}�+���M�+�2 �Q�7 �Q�m�` �K�Q�/�2�H�X

�h�2�b�i�B�M�; �7�Q�` �a�B�;�M�B�}�+���M�+�2

�R�X �h�2�b�i�B�M�; �7�Q�` �b�B�;�M�B�}�+���M�+�2 �B�M �H�Q�;�B�b�i�B�+ �`�2�;�`�2�b�b�B�Q�M �B�b �b�B�K�B�H���` �i�Q �i�2�b�i�B�M�; �7�Q�` �b�B�;�M�B�}�+���M�+�2 �B�M

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

�k�X �6�B�`�b�i �r�2 �+�Q�M�/�m�+�i �� �i�2�b�i �7�Q�`�Q�p�2�`���H�H �b�B�;�M�B�}�+���M�+�2�X �6�Q�` �i�?�2 �a�B�K�K�Q�M�b �a�i�Q�`�2�b �2�t�@

���K�T�H�2�- �i�?�2 �?�v�T�Q�i�?�2�b�2�b �7�Q�` �i�?�2 �i�2�b�i �Q�7 �Q�p�2�`���H�H �b�B�;�M�B�}�+���M�+�2 �7�Q�H�H�Q�r�,

H0 : � 1 = � 2 = 0

Ha : �P�M�2 �Q�` �#�Q�i�? �Q�7 �i�?�2 �T���`���K�2�i�2�`�b �B�b �M�Q�i �2�[�m���H �i�Q �x�2�`�Q

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

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

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

�B�M �i�?�2 �K�Q�/�2�H�X

�U�#�V �U�6�B�;�m�`�2 �R�8�X�R�j�V �h�?�2 �+���H�+�m�H���i�B�Q�M�b �Q�7� 2 �B�b �#�2�v�Q�M�/ �i�?�2 �b�+�Q�T�2 �Q�7 �i�?�2 �#�Q�Q�F�X

�h�?�2 �p���H�m�2 �Q�7� 2 ���M�/ �B�i�b �+�Q�`�`�2�b�T�Q�M�/�B�M�;p�@�p���H�m�2 �B�M �i�?�2 �q�?�Q�H�2 �J�Q�/�2�H �`�Q�r �Q�7 �i�?�2

�a�B�;�M�B�}�+���M�+�2 �h�2�b�i�b �i���#�H�2 �B�b �R�j�X�e�j ���M�/ �B�i�b �T�@�p���H�m�2 �B�b0:0011�X �h�?�m�b�- ���i ���M�v �H�2�p�2�H

�Q�7 �b�B�;�M�B�}�+���M�+�2� � 0:0011�- �r�2 �r�Q�m�H�/ �`�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 �i�?�2 �Q�p�2�`���H�H �K�Q�/�2�H �B�b �b�B�;�M�B�}�+���M�i�X
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�U�+�V
�

�

�

��L�P�h�1�,

�B�X �G�Q�;�B�b�i�B�+ �_�2�;�`�2�b�b�B�Q�M�,�?�i�i�T�b�,�f�f�Q�M�H�B�M�2�X�b�i���i�X�T�b�m�X�2�/�m�f�b�i���i�9�e�k�f�M�Q�/�2�f�k�y�d�f

�B�B�X �G�Q�;�B�b�i�B�+ �`�2�;�`�2�b�b�B�Q�M �U�q�B�F�B�T�2�/�B���V�,�?�i�i�T�b�,�f�f�2�M�X�r�B�F�B�T�2�/�B���X�Q�`�;�f�r�B�F�B�f�G�Q�;�B�b�i�B�+�n

�`�2�;�`�2�b�b�B�Q�M

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

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

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

�U���V �6�Q�` �i�?�2 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�bx i �- �i�?�2 �?�v�T�Q�i�?�2�b�2�b ���`�2

H0 : � i = 0 Ha : � i 6= 0

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

�b�[�m���`�2 �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �Q�M�2 �/�2�;�`�2�2 �Q�7 �7�`�2�2�/�Q�K�X

�U�+�V �U�6�B�;�m�`�2 �R�8�X�R�j�V �h�?�2 �a�T�2�M�/�B�M�; ���M�/ �*���`�/ �`�Q�r�b �Q�7 �i�?�2 �a�B�;�M�B�}�+���M�+�2 �h�2�b�i�b �i���#�H�2 �Q�7

�6�B�;�m�`�2 �R�8�X�R�j �+�Q�M�i���B�M �i�?�2 �p���H�m�2�b �Q�7� 2 ���M�/ �i�?�2�B�` �+�Q�`�`�2�b�T�Q�M�/�B�M�;p�@�p���H�m�2�b �i�2�b�i �7�Q�`

�i�?�2 �2�b�i�B�K���i�2�/ �+�Q�2�{�+�B�2�M�i�b�X �a�m�T�T�Q�b�2 �r�2 �m�b�2� = 0:05 �i�Q �i�2�b�i �7�Q�` �i�?�2 �b�B�;�M�B�}�+���M�+�2

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

�U�/�V �6�Q�` �i�?�2 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2 �a�T�2�M�/�B�M�; �Ux1�V �i�?�2� 2 �p���H�m�2 �B�b�d�X�8�e���M�/ �i�?�2

�+�Q�`�`�2�b�T�Q�M�/�B�M�;p�@�p���H�m�2 �B�b�y�X�y�y�e�y�X �h�?�m�b�- ���i �i�?�2 �y�X�y�8 �H�2�p�2�H �Q�7 �b�B�;�M�B�}�+���M�+�2 �r�2

�+���M �`�2�D�2�+�iH0 : � 1 = 0�X

�U�2�V �A�M �� �b�B�K�B�H���` �7���b�?�B�Q�M �r�2 �+���M ���H�b�Q �`�2�D�2�+�iH0 : � 2 = 0 �#�2�+���m�b�2 �i�?�2p�@�p���H�m�2 �+�Q�`�`�2�@

�b�T�Q�M�/�B�M�; �i�Q �*���`�/�ö�b� 2 = 6:41 �B�b �y�X�y�y�R�j�X �>�2�M�+�2�- ���i �i�?�2 �y�X�y�8 �H�2�p�2�H �Q�7

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

�J���M���;�2�`�B���H �l�b�2

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

�i�2�b�i �B�i �7�Q�` �b�B�;�M�B�}�+���M�+�2�X

�k�X
�

�

�

��1�t���K�T�H�2 �6�Q�` �a�B�K�K�Q�M�b �a�i�Q�`�2�b�- �r�2 ���H�`�2���/�v �+�Q�K�T�m�i�2�/P(y = 1jx1 = 2; x2 = 1) =

0:4102 ���M�/P(y = 1jx1 = 2; x2 = 0) = 0 :1881�X �h�?�2�b�2 �T�`�Q�#���#�B�H�B�i�B�2�b �B�M�/�B�+���i�2 �i�?���i

�7�Q�` �+�m�b�i�Q�K�2�`�b �r�B�i�? ���M�M�m���H �b�T�2�M�/�B�M�; �Q�7 �0�k�y�y�y �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 �� �a�B�K�K�Q�M�b �+�`�2�/�B�i �+���`�/

�B�M�+�`�2���b�2�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v�Q�7 �m�b�B�M�; �i�?�2 �+�Q�m�T�Q�M�X
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�j�X �U�h���#�H�2 �R�8�X�R�k�V �h�?�2 �2�b�i�B�K���i�2�/ �T�`�Q�#���#�B�H�B�i�B�2�b �7�Q�` �p���H�m�2�b �Q�7 ���M�M�m���H �b�T�2�M�/�B�M�; �`���M�;�B�M�; �7�`�Q�K

�0�R�y�y�y �i�Q �0�d�y�y�y �7�Q�` �#�Q�i�? �+�m�b�i�Q�K�2�`�b �r�?�Q �?���p�2 �� �a�B�K�K�Q�M�b �+�`�2�/�B�i �+���`�/ ���M�/ �+�m�b�i�Q�K�2�`�b

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

�9�X �>�Q�r �+���M �a�B�K�K�Q�M�b �m�b�2 �i�?�B�b �B�M�7�Q�`�K���i�B�Q�M �i�Q �#�2�i�i�2�` �i���`�;�2�i �+�m�b�i�Q�K�2�`�b �7�Q�` �i�?�2 �M�2�r

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

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

�2�b�i�B�K���i�2�/ �T�`�Q�#���#�B�H�B�i�B�2�b �B�M �h���#�H�2 �R�8�X�R�k�- �a�B�K�K�Q�M�b �T�`�Q�K�Q�i�B�Q�M �b�i�`���i�2�;�v �r�Q�m�H�/ �#�2�,

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

�i�Q�K�2�` �r�?�Q �b�T�2�M�i ���0�k�y�y�y �Q�` �K�Q�`�2 �H���b�i �v�2���`�X

�U�#�V �*�m�b�i�Q�K�2�`�b �r�?�Q �/�Q �M�Q�i �?���p�2 �� �a�B�K�K�Q�M�b �+�`�2�/�B�i �+���`�/�, �a�2�M�/ �i�?�2 �+���i���H�Q�; �i�Q �2�p�2�`�v

�+�m�b�i�Q�K�2�` �r�?�Q �b�T�2�M�i�0�e�y�y�y �Q�` �K�Q�`�2 �H���b�i �v�2���`�X

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

�+�`�2�/�B�i �+���`�/ �#�m�i �b�T�2�M�/ �0�8�y�y�y ���M�M�m���H�H�v �B�b�y�X�j�N�k�k�X �h�?�m�b�- �a�B�K�K�Q�M�b �K���v �r���M�i �i�Q

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

�� �+�`�2�/�B�i �+���`�/�- ���b �H�Q�M�; ���b �i�?�2�v �b�T�2�M�i�0�8�y�y�y �Q�` �K�Q�`�2 �H���b�i �v�2���`�X

�A�M�i�2�`�T�`�2�i�B�M�; �i�?�2 �G�Q�;�B�b�i�B�+ �_�2�;�`�2�b�b�B�Q�M �1�[�m���i�B�Q�M

�R�X �q�B�i�? �H�Q�;�B�b�i�B�+ �`�2�;�`�2�b�b�B�Q�M�- �B�i �B�b �/�B�{�+�m�H�i �i�Q �B�M�i�2�`�T�`�2�i �i�?�2 �`�2�H���i�B�Q�M �#�2�i�r�2�2�M �i�?�2 �B�M�/�2�@

�T�2�M�/�2�M�i �p���`�B���#�H�2�b ���M�/ �i�?�2�T�`�Q�#���#�B�H�B�i�v �i�?���iy = 1 �/�B�`�2�+�i�H�v �#�2�+���m�b�2 �i�?�2 �H�Q�;�B�b�i�B�+

�`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �B�b�M�Q�M�H�B�M�2���`�X

�k�X �h�?�2 �`�2�H���i�B�Q�M�b�?�B�T �+���M �#�2 �B�M�i�2�`�T�`�2�i�2�/ �B�M�/�B�`�2�+�i�H�v �m�b�B�M�; �� �+�Q�M�+�2�T�i �+���H�H�2�/ �i�?�2�Q�/�/�b �`���i�B�Q�U"Ä

K~;»�V�X
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�j�X �h�?�2�Q�/�/�b �U"ÄK~�V �B�M �7���p�Q�` �Q�7 ���M �2�p�2�M�i�Q�+�+�m�`�`�B�M�; �B�b �/�2�}�M�2�/ ���b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?�2

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

�H�Q�;�B�b�i�B�+ �`�2�;�`�2�b�b�B�Q�M �i�?�2 �2�p�2�M�i �Q�7 �B�M�i�2�`�2�b�i �B�b ���H�r���v�by = 1 �X

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

y = 1 �+���M �#�2 �+���H�+�m�H���i�2�/ ���b �7�Q�H�H�Q�r�b�,

odds=
P(y = 1jx1; x2; � � � ; xp)
P(y = 0jx1; x2; � � � ; xp)

=
P(y = 1jx1; x2; � � � ; xp)

1 � P(y = 1jx1; x2; � � � ; xp)
(15:33)

�8�X �h�?�2 �Q�/�/�b �`���i�B�Q �B�b �i�?�2 �Q�/�/�b �i�?���iy = 1 �;�B�p�2�M �i�?���i �Q�M�2 �Q�7 �i�?�2 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�b

�?���b �#�2�2�M �B�M�+�`�2���b�2�/ �#�v�Q�M�2 �m�M�B�i �Uodds1�V �/�B�p�B�/�2�/ �#�v �i�?�2 �Q�/�/�b �i�?���iy = 1 �;�B�p�2�M

�M�Q �+�?���M�;�2�B�M �i�?�2 �p���H�m�2�b �7�Q�` �i�?�2 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�b�Uodds0�V �X

�U���V�P�/�/�b �_���i�B�Q

�P�/�/�b �_���i�B�Q=
odds1

odds0
(15:34)

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

�+�m�b�i�Q�K�2�`�b �r�?�Q �b�T�2�M�/ �0�k�y�y�y ���M�M�m���H�H�v ���M�/ �?���p�2 �� �a�B�K�K�Q�M�b �+�`�2�/�B�i �+���`�/ �Ux1 = 2

���M�/x2 = 1�V �i�Q �i�?�2 �Q�/�/�b �Q�7 �m�b�B�M�; �i�?�2 �+�Q�m�T�Q�M �7�Q�` �+�m�b�i�Q�K�2�`�b �r�?�Q �b�T�2�M�/ �0�k�y�y�y

���M�M�m���H�H�v ���M�/ �/�Q �M�Q�i �?���p�2 �� �a�B�K�K�Q�M�b �+�`�2�/�B�i �+���`�/ �Ux1 = 2 ���M�/x2 = 0�V�X

�U�+�V �q�2 ���`�2 �B�M�i�2�`�2�b�i�2�/ �B�M �B�M�i�2�`�T�`�2�i�B�M�; �i�?�2 �2�z�2�+�i �Q�7 �� �Q�M�2�@�m�M�B�i �B�M�+�`�2���b�2 �B�M �i�?�2 �B�M�/�2�T�2�M�/�2�M�i

�p���`�B���#�H�2x2�X �A�M �i�?�B�b �+���b�2

odds1 =
P(y = 1jx1 = 2; x2 = 1)

1 � P(y = 1jx1 = 2; x2 = 1)

���M�/

odds0 =
P(y = 1jx1 = 2; x2 = 0)

1 � P(y = 1jx1 = 2; x2 = 0)
�U�/�V �S�`�2�p�B�Q�m�b�H�v �r�2 �b�?�Q�r�2�/ �i�?���i ���M �2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���iy = 1 �;�B�p�2�M

x1 = 2 ���M�/x2 = 1 �B�b �y�X�9�R�y�k�- ���M�/ ���M �2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���iy = 1

�;�B�p�2�Mx1 = 2 ���M�/x2 = 0 �B�b �y�X�R�3�3�R�X �h�?�m�b�-

�2�b�i�B�K���i�2 �Q�7odds1 =
0:4102

1 � 0:4102
= 0:6956

���M�/

�2�b�i�B�K���i�2 �Q�7odds2 =
0:1881

1 � 0:1881
= 0:2318

�h�?�2 �2�b�i�B�K���i�2�/ �Q�/�/�b �`���i�B�Q �B�b

�2�b�i�B�K���i�2�/ �Q�/�/�b �`���i�B�Q=
0:6956
0:2318

= 3:00
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�U�2�V �h�?�m�b�- �r�2 �+���M �+�Q�M�+�H�m�/�2 �i�?���i �i�?�2�2�b�i�B�K���i�2�/ �Q�/�/�b�B�M �7���p�Q�` �Q�7 �m�b�B�M�; �i�?�2

�+�Q�m�T�Q�M �7�Q�` �+�m�b�i�Q�K�2�`�b �r�?�Q �b�T�2�M�i �0�k�y�y�y �H���b�i �v�2���` ���M�/ �?���p�2 �� �a�B�K�K�Q�M�b �+�`�2�/�B�i

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

�+�Q�m�T�Q�M �7�Q�` �+�m�b�i�Q�K�2�`�b �r�?�Q �b�T�2�M�i �0�k�y�y�y �H���b�i �v�2���` ���M�/ �/�Q �M�Q�i �?���p�2 �� �a�B�K�K�Q�M�b

�+�`�2�/�B�i �+���`�/�X

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

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

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

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

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

�i�?�2 �Q�/�/�b �`���i�B�Q �7�Q�` �i�?�2 �a�B�K�K�Q�M�b �+�`�2�/�B�i �+���`�/ �p���`�B���#�H�2 �Ux2�V �m�b�B�M�; �0�j�y�y�y�- �B�M�b�i�2���/ �Q�7

�0�k�y�y�y�- ���b �i�?�2 �p���H�m�2 �7�Q�` �i�?�2 ���M�M�m���H �b�T�2�M�/�B�M�; �p���`�B���#�H�2 �Ux1�V�- �r�2 �r�Q�m�H�/ �b�i�B�H�H �Q�#�i���B�M �i�?�2

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

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

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

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

�3�X �U�6�B�;�m�`�2 �R�8�X�R�j�V �i�?�2 �2�b�i�B�K���i�2�/ �Q�/�/�b �`���i�B�Q�b �7�Q�` �2���+�? �Q�7 �i�?�2 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�b�X �h�?�2

�2�b�i�B�K���i�2�/ �Q�/�/�b �`���i�B�Q �7�Q�` �a�T�2�M�/�B�M�; �Ux1�V �B�b�R�X�9�y�d�j���M�/ �i�?�2 �2�b�i�B�K���i�2�/ �Q�/�/�b �`���i�B�Q

�7�Q�` �*���`�/ �Ux2�V �B�b�j�X�y�y�y�y�X

�N�X �G�2�i �m�b �M�Q�r �+�Q�M�b�B�/�2�` �i�?�2 �B�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7 �i�?�2 �2�b�i�B�K���i�2�/ �Q�/�/�b �`���i�B�Q �7�Q�` �i�?�2 �+�Q�M�i�B�M�m�Q�m�b

�B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2x1�X �h�?�2 �p���H�m�2 �Q�7 �R�X�9�y�d�j �B�M �i�?�2 �P�/�/�b �_���i�B�Q �+�Q�H�m�K�M �Q�7 �i�?�2 �Q�m�i�T�m�i

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

�b�T�2�M�i �0�j�y�y�y �H���b�i �v�2���` �B�b�R�X�9�y�d�j �i�B�K�2�b �;�`�2���i�2�` �i�?���M�i�?�2 �2�b�i�B�K���i�2�/ �Q�/�/�b �B�M �7���p�Q�`

�Q�7 �m�b�B�M�; �i�?�2 �+�Q�m�T�Q�M �7�Q�` �+�m�b�i�Q�K�2�`�b �r�?�Q �b�T�2�M�i �0�k�y�y�y �H���b�i �v�2���`�X

�R�y�X �� �m�M�B�[�m�2 �`�2�H���i�B�Q�M�b�?�B�T �2�t�B�b�i�b �#�2�i�r�2�2�M �i�?�2�Q�/�/�b �`���i�B�Q�7�Q�` �� �p���`�B���#�H�2 ���M�/ �B�i�b

�+�Q�`�`�2�b�T�Q�M�/�B�M�;�`�2�;�`�2�b�b�B�Q�M �+�Q�2�{�+�B�2�M�i�X �6�Q�` �2���+�? �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2 �B�M �� �H�Q�;�B�b�i�B�+

�`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �B�i �+���M �#�2 �b�?�Q�r�M �i�?���i

�P�/�/�b �`���i�B�Q= e� i
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�*�?���T�i�2�`�R�8�, �J�m�H�i�B�T�H�2 �_�2�;�`�2�b�b�B�Q�M �S���;�2 �9�j�f�9�e

�U���V �h�Q �B�H�H�m�b�i�`���i�2 �i�?�B�b �`�2�H���i�B�Q�M�b�?�B�T�- �+�Q�M�b�B�/�2�` �i�?�2 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2x1 �B�M �i�?�2

�a�B�K�K�Q�M�b �2�t���K�T�H�2�X �h�?�2 �2�b�i�B�K���i�2�/ �Q�/�/�b �`���i�B�Q �7�Q�`x1 �B�b

�1�b�i�B�K���i�2�/ �Q�/�/�b �`���i�B�Q= eb1 = e0:342 = 1:407

�a�B�K�B�H���`�H�v�- �i�?�2 �2�b�i�B�K���i�2�/ �Q�/�/�b �`���i�B�Q �7�Q�`x2 �B�b

�1�b�i�B�K���i�2�/ �Q�/�/�b �`���i�B�Q= eb2 = e1:099 = 3:000

�U�#�V
�

�

�

�XÃ!, �,

p̂ =
eb0+ b1x1

1 + eb0+ b1x1
; 1 � p̂ =

1
1 + eb0+ b1x1

�H�M(p̂) � �H�M(1 � p̂) = �H�M(eb0+ b1x1 ) � �H�M(1 + eb0+ b1x1 ) � �H�M(1) + �H�M(1 + eb0+ b1x1 )

�H�M(
p̂

1 � p̂
) = b0 + b1x1

p̂
1 � p̂

= eb0+ b1x1

p̂
1 � p̂

jx1=0 = eb0 ;
p̂

1 � p̂
jx1=1 = eb0+ b1

) �Q�/�/�b �`���i�B�Qjx=1/ x=0 = eb1

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

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

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

�U���V �a�m�T�T�Q�b�2 �i�?���i �r�2 �r���M�i �i�Q �+�Q�M�b�B�/�2�` �i�?�2 �2�z�2�+�i �Q�7 �� �+�?���M�;�2 �Q�7 �K�Q�`�2 �i�?���M �Q�M�2

�m�M�B�i�- �b���vc �m�M�B�i�b�X �6�Q�` �B�M�b�i���M�+�2�- �b�m�T�T�Q�b�2 �B�M �i�?�2 �a�B�K�K�Q�M�b �2�t���K�T�H�2 �i�?���i �r�2

�r���M�i �i�Q �+�Q�K�T���`�2 �i�?�2 �Q�/�/�b �Q�7 �m�b�B�M�; �i�?�2 �+�Q�m�T�Q�M �7�Q�` �+�m�b�i�Q�K�2�`�b �r�?�Q �b�T�2�M�/ �0�8�y�y�y

���M�M�m���H�H�v �Ux1 = 5�V �i�Q �i�?�2 �Q�/�/�b �Q�7 �m�b�B�M�; �i�?�2 �+�Q�m�T�Q�M �7�Q�` �+�m�b�i�Q�K�2�`�b �r�?�Q �b�T�2�M�/

�0�k�y�y�y ���M�M�m���H�H�v �Ux1 = 2�V�X �A�M �i�?�B�b �+���b�2c = 5�• 2 = 3 ���M�/ �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�;

�2�b�i�B�K���i�2�/ �Q�/�/�b �`���i�B�Q �B�b

ecb1 = e3(0:342) = e1:026 = 2:79

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

�r�?�Q �b�T�2�M�/ �0�8�y�y�y ���M�M�m���H�H�v �B�b�k�X�d�N �i�B�K�2�b�;�`�2���i�2�` �i�?���M �i�?�2 �2�b�i�B�K���i�2�/ �Q�/�/�b

�Q�7 �m�b�B�M�; �i�?�2 �+�Q�m�T�Q�M �7�Q�` �+�m�b�i�Q�K�2�`�b �r�?�Q �b�T�2�M�/ �0�k�y�y�y ���M�M�m���H�H�v�X
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�U�+�V �A�M �Q�i�?�2�` �r�Q�`�/�b�- �i�?�2 �2�b�i�B�K���i�2�/ �Q�/�/�b �`���i�B�Q �7�Q�` ���M �B�M�+�`�2���b�2 �Q�7 �0�j�y�y�y �B�M ���M�M�m���H

�b�T�2�M�/�B�M�; �B�b �k�X�d�N�X

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

�2�p�2�M�i�b�X �A�7 �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �Q�/�/�b �`���i�B�Q �B�b�R �- �i�?�2 �Q�/�/�b �7�Q�` �#�Q�i�? �2�p�2�M�i�b

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

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

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

�R�k�X �U�6�B�;�m�`�2 �R�8�X�R�j�V �J�Q�b�i �b�i���i�B�b�i�B�+���H �b�Q�7�i�r���`�2 �T���+�F���;�2�b �T�`�Q�p�B�/�2 �� �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �7�Q�`

�i�?�2 �Q�/�/�b �`���i�B�Q�X �h�?�2 �P�/�/�b �_���i�B�Q �i���#�H�2 �B�M �6�B�;�m�`�2 �R�8�X�R�j �T�`�Q�p�B�/�2�b �� �N�8�W �+�Q�M�}�/�2�M�+�2

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

�U���V �6�Q�` �2�t���K�T�H�2�- �i�?�2 �T�Q�B�M�i �2�b�i�B�K���i�2 �Q�7 �i�?�2 �Q�/�/�b �`���i�B�Q �7�Q�`x1 �B�b �R�X�9�y�d�j ���M�/ �i�?�2

�N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �B�b�R�X�y�N�j�e �i�Q �R�X�3�R�y�N�X �"�2�+���m�b�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 �i�?�2 �p���H�m�2 �Q�7�R �- �r�2 �+���M �+�Q�M�+�H�m�/�2 �i�?���ix1 �?���b ��

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

�U�#�V �a�B�K�B�H���`�H�v�- �i�?�2 �N�8�W �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �7�Q�` �i�?�2 �Q�/�/�b �`���i�B�Q �7�Q�`x2 �B�b �R�X�k�8�8�y �i�Q �d�X�R�d�j�y�X

�"�2�+���m�b�2 �i�?�B�b �B�M�i�2�`�p���H �/�Q�2�b �M�Q�i �+�Q�M�i���B�M �i�?�2 �p���H�m�2 �Q�7 �R�- �r�2 �+���M ���H�b�Q �+�Q�M�+�H�m�/�2 �i�?���i

x2 �?���b �� �b�B�;�M�B�}�+���M�i �`�2�H���i�B�Q�M�b�?�B�T �r�B�i�? �i�?�2 �Q�/�/�b �`���i�B�Q�X

�G�Q�;�B�i �h�`���M�b�7�Q�`�K���i�B�Q�M

�R�X �A�i �+���M �#�2 �b�?�Q�r�M �i�?���i

�H�M(odds) = � 0 + � 1x1 + � 2x2 + � � � + � pxp

�k�X �h�?�B�b �2�[�m���i�B�Q�M �b�?�Q�r�b �i�?���i �i�?�2 �M���i�m�`���H �H�Q�;���`�B�i�?�K �Q�7 �i�?�2 �Q�/�/�b �B�M �7���p�Q�` �Q�7y = 1 �B�b

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

�H�Q�;�B�i�X �q�2 �r�B�H�H �m�b�2 �i�?�2 �M�Q�i���i�B�Q�Mg(x1; x2; � � � ; xp) �i�Q �/�2�M�Q�i�2 �i�?�2 �H�Q�;�B�i�X

�j�X �G�Q�;�B�i

g(x1; x2; � � � ; xp) = � 0 + � 1x1 + � 2x2 + � � � + � pxp (15:35)

�9�X �a�m�#�b�i�B�i�m�i�B�M�;g(x1; x2; � � � ; xp) �7�Q�`� 0 + � 1x1 + � 2x2 + � � � + � pxp �B�M �2�[�m���i�B�Q�M �U�R�8�X�k�d�V�-

�r�2 �+���M �r�`�B�i�2 �i�?�2 �H�Q�;�B�b�i�B�+ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M ���b

E(y) =
eg(x1 ;x2 ;:::;x p )

1 + eg(x1 ;x2 ;:::;x p )
(15:36)
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�8�X �P�M�+�2 �r�2 �2�b�i�B�K���i�2 �i�?�2 �T���`���K�2�i�2�`�b �B�M �i�?�2 �H�Q�;�B�b�i�B�+ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M�- �r�2 �+���M �+�Q�K�T�m�i�2

���M �2�b�i�B�K���i�2 �Q�7 �i�?�2 �H�Q�;�B�i�X �l�b�B�M�;ĝ(x1; x2; � � � ; xp) �i�Q �/�2�M�Q�i�2 �i�?�2 �2�b�i�B�K���i�2�/ �H�Q�;�B�i�- �r�2

�Q�#�i���B�M

�1�b�i�B�K���i�2�/ �G�Q�;�B�iĝ(x1; x2; � � � ; xp) = b0 + b1x1 + b2x2 + � � � + bpxp (15:37)

�e�X �h�?�m�b�- �B�M �i�2�`�K�b �Q�7 �i�?�2 �2�b�i�B�K���i�2�/ �H�Q�;�B�i�- �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �B�b

ŷ =
eb0+ b1x1+ b2x2+ ��� + bp xp

1 + eb0+ b1x1+ b2x2+ ��� + bp xp
=

eĝ(x1 ;x2 ;��� ;xp )

1 + eĝ(x1 ;x2 ;��� ;xp )
(15:38)

�d�X �6�Q�` �i�?�2 �a�B�K�K�Q�M�b �a�i�Q�`�2�b �2�t���K�T�H�2�- �i�?�2 �2�b�i�B�K���i�2�/ �H�Q�;�B�i �B�b

ĝ(x1; x2) = � 2:146 + 0:342x1 + 1:099x2

���M�/ �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �B�b

ŷ =
eĝ(x1 ;x2 )

1 + eĝ(x1 ;x2 )
=

e� 2:146+0 :342x1+1 :099x2

1 + e� 2:146+0 :342x1+1 :099x2

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

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

�a�B�K�K�Q�M�b �a�i�Q�`�2�b �#�v �/�B�p�B�/�B�M�;eĝ(x1 ;x2 ) �#�v1 + eĝ(x1 ;x2 ) �X
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�R�8�X�k�, �R�- �8�- �e

�R�8�X�j�, �R�R�- �R�9�- �R�8

�R�8�X�8�, �R�N�- �k�j�- �k�9

�R�8�X�e�, �k�d�- �k�N

�R�8�X�d�, �j�k�- �j�9�- �j�8

�R�8�X�3�, �9�y�- �9�R

�R�8�X�N�, �9�9�- �9�e�- �9�3

�a�l�S �, �8�R�- �8�8�X
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LâM��, +_VF�, )º#ô �,

�R�d�X�R �h�B�K�2 �a�2�`�B�2�b �S���i�i�2�`�M�b

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

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

�k�X �h�?�2 �K�2���b�m�`�2�K�2�M�i�b �K���v �#�2 �i���F�2�M �2�p�2�`�v �?�Q�m�`�- �/���v�- �r�2�2�F�- �K�Q�M�i�?�- �Q�` �v�2���`�- �Q�` ���i ���M�v

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

�r�?�B�+�? �i�?�2 �p���H�m�2�b �Q�7 �i�?�2 �b�2�`�B�2�b ���`�2 �`�2�+�Q�`�/�2�/ ���i �2�[�m���H �B�M�i�2�`�p���H�b�V

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

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

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

�7�Q�`�2�+���b�i�B�M�;�K�2�i�?�Q�/�X

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

���M�/ �i�?�2 �i�B�K�2 �b�2�`�B�2�b �p���`�B���#�H�2�c�i�B�K�2 �B�b �Q�M �i�?�2 �?�Q�`�B�x�Q�M�i���H ���t�B�b ���M�/ �i�?�2 �i�B�K�2 �b�2�`�B�2�b

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

�i�?�2 �m�M�/�2�`�H�v�B�M�; �T���i�i�2�`�M �B�M �i�?�2 �/���i���X

�8�X �a�Q�K�2 �Q�7 �i�?�2 �+�Q�K�K�Q�M �i�v�T�2�b �Q�7 �/���i�� �T���i�i�2�`�M�b �i�?���i �+���M �#�2 �B�/�2�M�i�B�}�2�/ �r�?�2�M �2�t���K�B�M�B�M�;

�� �i�B�K�2 �b�2�`�B�2�b �T�H�Q�i�, �?�Q�`�B�x�Q�M�i���H �T���i�i�2�`�M�- �i�`�2�M�/ �T���i�i�2�`�M�- �b�2���b�Q�M���H �T���i�i�2�`�M�- �i�`�2�M�/ ���M�/

�b�2���b�Q�M���H �T���i�i�2�`�M�- ���M�/ �+�v�+�H�B�+���H �T���i�i�2�`�M�X

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �k�f�j�8

�>�Q�`�B�x�Q�M�i���H �S���i�i�2�`�M

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

�k�X
�

�

�

��1�t���K�T�H�2 �U�h���#�H�2 �R�d�X�R�V �U�6�B�;�m�`�2 �R�d�X�R�V �h�?�2�b�2 �/���i�� �b�?�Q�r �i�?�2 �M�m�K�#�2�` �Q�7 �;���H�H�Q�M�b �Q�7

�;���b�Q�H�B�M�2 �b�Q�H�/ �#�v �� �;���b�Q�H�B�M�2 �/�B�b�i�`�B�#�m�i�Q�` �B�M �"�2�M�M�B�M�;�i�Q�M�- �o�2�`�K�Q�M�i�- �Q�p�2�` �i�?�2 �T���b�i �R�k

�r�2�2�F�b�X

�h�?�2 ���p�2�`���;�2 �p���H�m�2 �Q�` �K�2���M �7�Q�` �i�?�B�b �i�B�K�2 �b�2�`�B�2�b �B�b �R�N�X�k�8 �;���H�H�Q�M�b �U�R�y�y�y�b�V �T�2�` �r�2�2�F�X

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

�?�Q�`�B�x�Q�M�i���H �T���i�i�2�`�M�X

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

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

�9�X �A�M �T���`�i�B�+�m�H���` �i�?�B�b �K�2���M�b �i�?���i

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

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

�8�X �� �i�B�K�2 �b�2�`�B�2�b �T�H�Q�i �7�Q�` �� �b�i���i�B�Q�M���`�v �i�B�K�2 �b�2�`�B�2�b �r�B�H�H ���H�r���v�b �2�t�?�B�#�B�i ���?�Q�`�B�x�Q�M�i���H �T���i�i�2�`�M�X

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

�i�?�2 �i�B�K�2 �b�2�`�B�2�b �B�b �b�i���i�B�Q�M���`�v�X

�e�X �J�Q�`�2 ���/�p���M�+�2�/ �i�2�t�i�b �Q�M �7�Q�`�2�+���b�i�B�M�; �/�B�b�+�m�b�b �T�`�Q�+�2�/�m�`�2�b �7�Q�` �/�2�i�2�`�K�B�M�B�M�; �B�7 �� �i�B�K�2

�b�2�`�B�2�b �B�b �b�i���i�B�Q�M���`�v ���M�/ �T�`�Q�p�B�/�2 �K�2�i�?�Q�/�b �7�Q�` �i�`���M�b�7�Q�`�K�B�M�; �� �i�B�K�2 �b�2�`�B�2�b �i�?���i �B�b �M�Q�i

�b�i���i�B�Q�M���`�v �B�M�i�Q �� �b�i���i�B�Q�M���`�v �b�2�`�B�2�b�X

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �j�f�j�8

�d�X �*�?���M�;�2�b �B�M �#�m�b�B�M�2�b�b �+�Q�M�/�B�i�B�Q�M�b �+���M �Q�7�i�2�M �`�2�b�m�H�i �B�M �� �i�B�K�2 �b�2�`�B�2�b �i�?���i �?���b �� �?�Q�`�B�x�Q�M�i���H

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

�U���V
�

�

�

��1�t���K�T�H�2 �6�Q�` �B�M�b�i���M�+�2�- �b�m�T�T�Q�b�2 �i�?�2 �;���b�Q�H�B�M�2 �/�B�b�i�`�B�#�m�i�Q�` �b�B�;�M�b �� �+�Q�M�i�`���+�i �r�B�i�?

�i�?�2 �o�2�`�K�Q�M�i �a�i���i�2 �S�Q�H�B�+�2 �i�Q �T�`�Q�p�B�/�2 �;���b�Q�H�B�M�2 �7�Q�` �b�i���i�2 �T�Q�H�B�+�2 �+���`�b �H�Q�+���i�2�/ �B�M

�b�Q�m�i�?�2�`�M �o�2�`�K�Q�M�i�X �q�B�i�? �i�?�B�b �M�2�r �+�Q�M�i�`���+�i�- �i�?�2 �/�B�b�i�`�B�#�m�i�Q�` �2�t�T�2�+�i�b �i�Q �b�2�2 ��

�K���D�Q�` �B�M�+�`�2���b�2 �B�M �r�2�2�F�H�v �b���H�2�b �b�i���`�i�B�M�; �B�M �r�2�2�F �R�j�X

�U�#�V �U�h���#�H�2 �R�d�X�k�V �h�?�2 �M�m�K�#�2�` �Q�7 �;���H�H�Q�M�b �Q�7 �;���b�Q�H�B�M�2 �b�Q�H�/ �7�Q�` �i�?�2 �Q�`�B�;�B�M���H �i�B�K�2 �b�2�`�B�2�b

���M�/ �7�Q�` �i�?�2 �R�y �r�2�2�F�b ���7�i�2�` �b�B�;�M�B�M�; �i�?�2 �M�2�r �+�Q�M�i�`���+�i�X

�U�+�V �U�6�B�;�m�`�2 �R�d�X�k�V �L�Q�i�2 �i�?�2 �B�M�+�`�2���b�2�/ �H�2�p�2�H �Q�7 �i�?�2 �i�B�K�2 �b�2�`�B�2�b �#�2�;�B�M�M�B�M�; �B�M �r�2�2�F

�R�j�X �h�?�B�b �+�?���M�;�2 �B�M �i�?�2 �H�2�p�2�H �Q�7 �i�?�2 �i�B�K�2 �b�2�`�B�2�b �K���F�2�b �B�i �K�Q�`�2�/�B�{�+�m�H�i�i�Q

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

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

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

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �9�f�j�8

�h�`�2�M�/ �S���i�i�2�`�M

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

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

�� �H�Q�M�;�2�`�T�2�`�B�Q�/ �Q�7 �i�B�K�2�X

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

�2�t�B�b�i�b�X

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

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

���M�/�f�Q�` �+�Q�M�b�m�K�2�` �T�`�2�7�2�`�2�M�+�2�b�X

�9�X
�

�

�

��1�t���K�T�H�2 �U�h���#�H�2 �R�d�X�j�V �U�6�B�;�m�`�2 �R�d�X�j�V �*�Q�M�b�B�/�2�` �i�?�2 �i�B�K�2 �b�2�`�B�2�b �Q�7 �#�B�+�v�+�H�2 �b���H�2�b �7�Q�` ��

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

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

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

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

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

�8�X
�

�

�

��1�t���K�T�H�2 �U�h���#�H�2 �R�d�X�9�V �U�6�B�;�m�`�2 �R�d�X�9�V �h�?�2 �/���i�� �b�?�Q�r �i�?�2 �b���H�2�b �7�Q�` �� �+�?�Q�H�2�b�i�2�`�Q�H �/�`�m�;

�b�B�M�+�2 �i�?�2 �+�Q�K�T���M�v �r�Q�M �6�.�� ���T�T�`�Q�p���H �7�Q�` �B�i �R�y �v�2���`�b ���;�Q�X

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �8�f�j�8

�h�?�2 �i�B�K�2 �b�2�`�B�2�b �B�M�+�`�2���b�2�b �B�M �� �M�Q�M�H�B�M�2���` �7���b�?�B�Q�M�c �i�?���i �B�b�- �i�?�2�`���i�2 �Q�7 �+�?���M�;�2�Q�7

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

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

�e�X �1�t�T�Q�M�2�M�i�B���H �`�2�H���i�B�Q�M�b�?�B�T�b �b�m�+�? ���b �i�?�B�b ���`�2 ���T�T�`�Q�T�`�B���i�2 �r�?�2�M �i�?�2 �T�2�`�+�2�M�i���;�2 �+�?���M�;�2

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

�a�2���b�Q�M���H �S���i�i�2�`�M

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

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

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

�k�X
�

�

�

��1�t���K�T�H�2 �6�Q�` �2�t���K�T�H�2�- �� �K���M�m�7���+�i�m�`�2�` �Q�7 �b�r�B�K�K�B�M�; �T�Q�Q�H�b �2�t�T�2�+�i�b �H�Q�r �b���H�2�b ���+�i�B�p�B�i�v

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

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

�i�?�2 �Q�T�T�Q�b�B�i�2 �v�2���`�H�v �T���i�i�2�`�M�X

�j�X �h�?�2 �T���i�i�2�`�M �7�Q�` �� �i�B�K�2 �b�2�`�B�2�b �T�H�Q�i �i�?���i �2�t�?�B�#�B�i�b �� �`�2�T�2���i�B�M�; �T���i�i�2�`�M �Q�p�2�` �� �Q�M�2�@�v�2���`

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

�9�X
�

�

�

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

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

�2���`�H�v �2�p�2�M�B�M�;�- ���M�/ �H�B�;�?�i �~�Q�r �7�`�Q�K �K�B�/�M�B�;�?�i �i�Q �2���`�H�v �K�Q�`�M�B�M�;�X

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �e�f�j�8

�8�X
�

�

�

��1�t���K�T�H�2 �U�h���#�H�2 �R�d�X�8�V �U�6�B�;�m�`�2 �R�d�X�8�V ���b ���M �2�t���K�T�H�2 �Q�7 �� �b�2���b�Q�M���H �T���i�i�2�`�M�- �+�Q�M�b�B�/�2�`

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

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

�/���i�� �7�Q�H�H�Q�r ���?�Q�`�B�x�Q�M�i���H�T���i�i�2�`�M�X �"�m�i �+�H�Q�b�2�` �B�M�b�T�2�+�i�B�Q�M �Q�7 �i�?�2 �i�B�K�2 �b�2�`�B�2�b

�T�H�Q�i �`�2�p�2���H�b ���`�2�;�m�H���` �T���i�i�2�`�M�B�M �i�?�2 �/���i���X �h�?���i �B�b�- �i�?�2 �}�`�b�i ���M�/ �i�?�B�`�/ �[�m���`�@

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

�[�m���`�i�2�` �i�2�M�/�b �i�Q �?���p�2 �i�?�2 �H�Q�r�2�b�i �b���H�2�b �p�Q�H�m�K�2�X �h�?�m�b�- �r�2 �r�Q�m�H�/ �+�Q�M�+�H�m�/�2 �i�?���i ��

�[�m���`�i�2�`�H�v �b�2���b�Q�M���H�T���i�i�2�`�M �B�b �T�`�2�b�2�M�i�X

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �d�f�j�8

�h�`�2�M�/ ���M�/ �a�2���b�Q�M���H �S���i�i�2�`�M

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

�k�X
�

�

�

��1�t���K�T�H�2 �U�h���#�H�2 �R�d�X�e�V �U�6�B�;�m�`�2 �R�d�X�e�V �h�?�2 �b�K���`�i�T�?�Q�M�2 �b���H�2�b �7�Q�` �� �T���`�i�B�+�m�H���` �K���M�m�@

�7���+�i�m�`�2�` �Q�p�2�` �i�?�2 �T���b�i �7�Q�m�` �v�2���`�b�X

�j�X �*�H�2���`�H�v�- ���M �B�M�+�`�2���b�B�M�; �i�`�2�M�/ �B�b �T�`�2�b�2�M�i�X

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �3�f�j�8

�9�X �"�m�i�- �6�B�;�m�`�2 �R�d�X�e ���H�b�Q �B�M�/�B�+���i�2�b �i�?���i �b���H�2�b ���`�2 �H�Q�r�2�b�i �B�M �i�?�2 �b�2�+�Q�M�/ �[�m���`�i�2�` �Q�7 �2���+�?

�v�2���` ���M�/ �B�M�+�`�2���b�2 �B�M �[�m���`�i�2�`�b �j ���M�/ �9�X �h�?�m�b�- �r�2 �+�Q�M�+�H�m�/�2 �i�?���i �� �b�2���b�Q�M���H �T���i�i�2�`�M

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

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

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

�*�v�+�H�B�+���H �S���i�i�2�`�M

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

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

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

�j�X
�

�

�

��1�t���K�T�H�2 �6�Q�` �2�t���K�T�H�2�- �T�2�`�B�Q�/�b �Q�7 �K�Q�/�2�`���i�2 �B�M�~���i�B�Q�M �7�Q�H�H�Q�r�2�/ �#�v �T�2�`�B�Q�/�b �Q�7 �`���T�B�/

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

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

�9�X �� �+�v�+�H�B�+���H �T���i�i�2�`�M �`�2�T�2���i�b �r�B�i�? �b�Q�K�2�`�2�;�m�H���`�B�i�v �Q�p�2�` �b�2�p�2�`���H �v�2���`�b�X �*�v�+�H�B�+���H

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

�v�2���`�b�- �r�?�2�`�2���b �b�2���b�Q�M���H �T���i�i�2�`�M�b �Q�+�+�m�`�r�B�i�?�B�M �Q�M�2 �v�2���`�X

�8�X
�

�

�

��J�Q�`�2 �1�t���K�T�H�2�?�i�i�T�b�,�f�f�`�Q�#�D�?�v�M�/�K���M�X�+�Q�K�f�?�v�M�/�b�B�;�?�i�f�+�v�+�H�B�+�i�b�f

�U���V �h�?�2 �T�H�Q�i �b�?�Q�r�b �i�?�2 �7���K�Q�m�b �*���M���/�B���M �H�v�M�t �U,X\z �V �/���i�����i�?�2 �M�m�K�#�2�` �Q�7 �H�v�M�t

�i�`���T�T�2�/ �2���+�? �v�2���` �B�M �i�?�2 �J�+�E�2�M�x�B�2 �UnŒP–c��V �`�B�p�2�` �/�B�b�i�`�B�+�i �Q�7 �M�Q�`�i�?�r�2�b�i �*���M���/��

�U�R�3�k�R�@�R�N�j�9�V�X �h�?�2�b�2 �b�?�Q�r �+�H�2���` ���T�2�`�B�Q�/�B�+ �UgE`�7�0�Fk �V �T�Q�T�m�H���i�B�Q�M �+�v�+�H�2�b �Q�7

���T�T�`�Q�t�B�K���i�2�H�v �R�y �v�2���`�b�X �h�?�2 �+�v�+�H�2�b ���`�2 �M�Q�i �Q�7 �}�t�2�/ �H�2�M�;�i�?���b�Q�K�2 �H���b�i �3 �Q�` �N

�v�2���`�b ���M�/ �Q�i�?�2�`�b �H���b�i �H�Q�M�;�2�` �i�?���M �R�y �v�2���`�b�X

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �N�f�j�8

�U�#�V �h�?�2 �T�H�Q�i �b�?�Q�r�b �i�?�2 �K�Q�M�i�?�H�v �b���H�2�b �Q�7 �M�2�r �Q�M�2�@�7���K�B�H�v �?�Q�m�b�2�b �b�Q�H�/ �B�M �i�?�2 �l�a��

�U�R�N�d�j�@�R�N�N�8�V�X �h�?�2�`�2 �B�b �b�i�`�Q�M�; �b�2���b�Q�M���H�B�i�v �r�B�i�?�B�M �2���+�? �v�2���`�- ���b �r�2�H�H ���b �b�Q�K�2

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

�U�+�V �h�?�2 �T�H�Q�i �b�?�Q�r�b �?���H�7�@�?�Q�m�`�H�v �2�H�2�+�i�`�B�+�B�i�v �/�2�K���M�/ �B�M �1�M�;�H���M�/ ���M�/ �q���H�2�b �7�`�Q�K

�J�Q�M�/���v �8 �C�m�M�2 �k�y�y�y �i�Q �a�m�M�/���v �k�d ���m�;�m�b�i �k�y�y�y�X �>�2�`�2 �i�?�2�`�2 ���`�2 �i�r�Q �i�v�T�2�b �Q�7

�b�2���b�Q�M���H�B�i�v���� �/���B�H�v �T���i�i�2�`�M ���M�/ ���r�2�2�F�H�v�T���i�i�2�`�M�X �A�7 �r�2 �+�Q�H�H�2�+�i�2�/

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

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

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

�+�v�+�H�B�+���H �2�z�2�+�i�b ���`�2 �Q�7�i�2�M �+�Q�K�#�B�M�2�/ �r�B�i�? �H�Q�M�;�@�i�2�`�K �i�`�2�M�/ �2�z�2�+�i�b ���M�/ �`�2�7�2�`�`�2�/ �i�Q ���b

�i�`�2�M�/�@�+�v�+�H�2 �2�z�2�+�i�b�X

�a�2�H�2�+�i�B�M�; �� �6�Q�`�2�+���b�i�B�M�; �J�2�i�?�Q�/

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

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

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

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �R�y�f�j�8

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

�m�M�/�2�`�H�v�B�M�; �T���i�i�2�`�M �B�b �?�Q�`�B�x�Q�M�i���H�c �B�M �Q�i�?�2�` �r�Q�`�/�b�- �M�Q �i�`�2�M�/ �Q�` �b�2���b�Q�M���H �2�z�2�+�i�b ���`�2

�T�`�2�b�2�M�i�X �q�2 �i�?�2�M �+�Q�M�b�B�/�2�` �K�2�i�?�Q�/�b ���T�T�`�Q�T�`�B���i�2 �r�?�2�M �i�`�2�M�/ ���M�/�f�Q�` �b�2���b�Q�M���H�B�i�v ���`�2

�T�`�2�b�2�M�i �B�M �i�?�2 �/���i���X

�R�d�X�k �6�Q�`�2�+���b�i ���+�+�m�`���+�v

�R�X �h�?�2 �b�B�K�T�H�2�b�i �Q�7 ���H�H �i�?�2 �7�Q�`�2�+���b�i�B�M�; �K�2�i�?�Q�/�b �U���M���B�p�2 �7�Q�`�2�+���b�i�B�M�; �K�2�i�?�Q�/�V�, ���M

���T�T�`�Q���+�? �i�?���i �m�b�2�b �i�?�2�K�Q�b�i �`�2�+�2�M�i�r�2�2�F�ö�b �b���H�2�b �p�Q�H�m�K�2 ���b �i�?�2 �7�Q�`�2�+���b�i �7�Q�` �i�?�2

�M�2�t�i �r�2�2�F�X

�k�X �U�h���#�H�2 �R�d�X�d�V �h�?�2 �/�B�b�i�`�B�#�m�i�Q�` �b�Q�H�/ �e�3 �i�?�Q�m�b���M�/ �;���H�H�Q�M�b �Q�7 �;���b�Q�H�B�M�2 �B�M �r�2�2�F �R�c �i�?�B�b

�p���H�m�2 �B�b �m�b�2�/ ���b �i�?�2 �7�Q�`�2�+���b�i �7�Q�` �r�2�2�F �k�X �L�2�t�i�- �r�2 �m�b�2 �3�9�- �i�?�2 ���+�i�m���H �p���H�m�2 �Q�7 �b���H�2�b

�B�M �r�2�2�F �k�- ���b �i�?�2 �7�Q�`�2�+���b�i �7�Q�` �r�2�2�F �j�- ���M�/ �b�Q �Q�M�X

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

�/�2�}�M�2�/ ���b

�6�Q�`�2�+���b�i �1�`�`�Q�`= ���+�i�m���H�o���H�m�2� �6�Q�`�2�+���b�i

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8
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�U���V
�

�

�

��1�t���K�T�H�2 �"�2�+���m�b�2 �i�?�2 �/�B�b�i�`�B�#�m�i�Q�` ���+�i�m���H�H�v �b�Q�H�/ �3�9 �i�?�Q�m�b���M�/ �;���H�H�Q�M�b �Q�7 �;���b�Q�H�B�M�2

�B�M �r�2�2�F �k ���M�/ �i�?�2 �7�Q�`�2�+���b�i�- �m�b�B�M�; �i�?�2 �b���H�2�b �p�Q�H�m�K�2 �B�M �r�2�2�F �R�- �r���b �e�3 �i�?�Q�m�b���M�/

�;���H�H�Q�M�b�- �i�?�2 �7�Q�`�2�+���b�i �2�`�`�Q�` �B�M �r�2�2�F �k �B�b

�6�Q�`�2�+���b�i �1�`�`�Q�` �B�M �r�2�2�F �k= 84� 68 = 16

�U�#�V �h�?�2 �7���+�i �i�?���i �i�?�2 �7�Q�`�2�+���b�i �2�`�`�Q�` �B�b �T�Q�b�B�i�B�p�2 �B�M�/�B�+���i�2�b �i�?���i �B�M �r�2�2�F �k �i�?�2 �7�Q�`�2�+���b�i�@

�B�M�; �K�2�i�?�Q�/�m�M�/�2�`�2�b�i�B�K���i�2�/�i�?�2 ���+�i�m���H �p���H�m�2 �Q�7 �b���H�2�b�X �L�2�t�i�- �r�2 �m�b�2 �3�9�-

�i�?�2 ���+�i�m���H �p���H�m�2 �Q�7 �b���H�2�b �B�M �r�2�2�F �k�- ���b �i�?�2 �7�Q�`�2�+���b�i �7�Q�` �r�2�2�F �j�X �a�B�M�+�2 �i�?�2 ���+�i�m���H

�p���H�m�2 �Q�7 �b���H�2�b �B�M �r�2�2�F �j �B�b �d�e�- �i�?�2 �7�Q�`�2�+���b�i �2�`�`�Q�` �7�Q�` �r�2�2�F �j �B�b76�• 84 = �• 8�X

�A�M �i�?�B�b �+���b�2�- �i�?�2 �M�2�;���i�B�p�2 �7�Q�`�2�+���b�i �2�`�`�Q�` �B�M�/�B�+���i�2�b �i�?���i �B�M �r�2�2�F �j �i�?�2 �7�Q�`�2�+���b�i

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

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

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

�b�2�`�B�2�b �B�b �k�y�c �i�?�m�b�- �i�?�2 �K�2���M �Q�` ���p�2�`���;�2 �7�Q�`�2�+���b�i �2�`�`�Q�` �B�b�k�y�f�R�R �4 �R�X�3�k�X

�U�/�V �"�2�+���m�b�2 �T�Q�b�B�i�B�p�2 ���M�/ �M�2�;���i�B�p�2 �7�Q�`�2�+���b�i �2�`�`�Q�`�b �i�2�M�/ �i�Q�Q�z�b�2�i�Q�M�2 ���M�Q�i�?�2�`�-

�i�?�2 �K�2���M �2�`�`�Q�` �B�b �H�B�F�2�H�v �i�Q �#�2 �b�K���H�H�c �i�?�m�b�- �i�?�2 �K�2���M �2�`�`�Q�` �B�b �M�Q�i �� �p�2�`�v �m�b�2�7�m�H

�K�2���b�m�`�2 �Q�7 �7�Q�`�2�+���b�i ���+�+�m�`���+�v�X

�9�X �h�?�2�K�2���M ���#�b�Q�H�m�i�2 �2�`�`�Q�`�- �/�2�M�Q�i�2�/�J���1 �- �B�b �i�?�2 ���p�2�`���;�2 �Q�7 �i�?�2 ���#�b�Q�H�m�i�2

�p���H�m�2�b �Q�7 �i�?�2 �7�Q�`�2�+���b�i �2�`�`�Q�`�b�X

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

�M�2�;���i�B�p�2 �7�Q�`�2�+���b�i �2�`�`�Q�`�b �Q�z�b�2�i�i�B�M�; �Q�M�2 ���M�Q�i�?�2�`�X

�U�#�V �U�h���#�H�2 �R�d�X�d�V �i�?�2 �b�m�K �Q�7 �i�?�2 ���#�b�Q�H�m�i�2 �p���H�m�2�b �Q�7 �i�?�2 �7�Q�`�2�+���b�i �2�`�`�Q�`�b �B�b �R�e�9�,

�J���1 = ���p�2�`���;�2 �Q�7 �i�?�2 ���#�b�Q�H�m�i�2 �p���H�m�2 �Q�7 �7�Q�`�2�+���b�i �2�`�`�Q�`�b= �R�e�9�f�R�R�4�R�9�X�N�R

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

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

�7�Q�`�2�+���b�i �2�`�`�Q�`�b �U�K�2���M �b�[�m���`�2�/ �2�`�`�Q�`�- �B�b �/�2�M�Q�i�2�/�J�a�1 �X�V

�J�a�1= ���p�2�`���;�2 �Q�7 �i�?�2 �b�m�K �Q�7 �b�[�m���`�2�/ �7�Q�`�2�+���b�i �2�`�`�Q�`�b= �k�3�e�9�f�R�R�4�k�e�y�X�j�e

�e�X �h�?�2 �b�B�x�2 �Q�7 �J���1 ���M�/ �J�a�1 �/�2�T�2�M�/�b �m�T�Q�M �i�?�2�b�+���H�2 �Q�7 �i�?�2 �/���i���X ���b �� �`�2�b�m�H�i�-

�B�i �B�b �/�B�{�+�m�H�i �i�Q �K���F�2 �+�Q�K�T���`�B�b�Q�M�b �7�Q�` �/�B�z�2�`�2�M�i �i�B�K�2 �B�M�i�2�`�p���H�b�- �b�m�+�? ���b �+�Q�K�T���`�B�M�;

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �R�k�f�j�8

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

�b���H�2�b�- �Q�` �i�Q �K���F�2 �+�Q�K�T���`�B�b�Q�M�b ���+�`�Q�b�b �/�B�z�2�`�2�M�i �i�B�K�2 �b�2�`�B�2�b�X

�d�X �h�?�2�K�2���M ���#�b�Q�H�m�i�2 �T�2�`�+�2�M�i���;�2 �2�`�`�Q�`�- �/�2�M�Q�i�2�/�J���S�1 �- �B�b �� �T�2�`�+�2�M�i���;�2 �2�`�@

�`�Q�` �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2�7�Q�`�2�+���b�i�Q�7 �3�9 �B�M �r�2�2�F �k �B�b �+�Q�K�T�m�i�2�/ �#�v �/�B�p�B�/�B�M�; �i�?�2

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

�i�?�2 �`�2�b�m�H�i �#�v�R�y�y �X

�U���V �6�Q�` �r�2�2�F �k �i�?�2 �T�2�`�+�2�M�i���;�2 �2�`�`�Q�` �B�b �+�Q�K�T�m�i�2�/ ���b �7�Q�H�H�Q�r�b�,

�S�2�`�+�2�M�i���;�2 �2�`�`�Q�` �7�Q�` �r�2�2�F �k=
�7�Q�`�2�+���b�i �2�`�`�Q�`
���+�i�m���H �p���H�m�2

= 16/84 � (100) = 19:05�W

�h�?�m�b�- �i�?�2 �7�Q�`�2�+���b�i �2�`�`�Q�` �7�Q�` �r�2�2�F �k �B�b �R�N�X�y�8�W �Q�7 �i�?�2 �Q�#�b�2�`�p�2�/ �p���H�m�2 �B�M �r�2�2�F �k�X

�U�#�V �h�?�2 �b�m�K �Q�7 �i�?�2 ���#�b�Q�H�m�i�2 �p���H�m�2�b �Q�7 �i�?�2 �T�2�`�+�2�M�i���;�2 �2�`�`�Q�`�b �B�b �k�R�R�X�e�N�,

�J���S�1 = ���p�2�`���;�2 �Q�7 �i�?�2 ���#�b�Q�H�m�i�2 �p���H�m�2 �Q�7 �T�2�`�+�2�M�i���;�2 �7�Q�`�2�+���b�i �2�`�`�Q�`�b

= 211:69/11 = 19:24�W

�3�X �a�m�K�K���`�B�x�B�M�;�- �m�b�B�M�; �i�?�2 �M���B�p�2 �U�K�Q�b�i �`�2�+�2�M�i �Q�#�b�2�`�p���i�B�Q�M�V �7�Q�`�2�+���b�i�B�M�; �K�2�i�?�Q�/�- �r�2

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

�J���1 = 3:73; �J�a�1= 16:27; �J���S�1 = 19:24�W

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

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

�R�y�X �a�m�T�T�Q�b�2 �r�2 �r���M�i �i�Q �7�Q�`�2�+���b�i �b���H�2�b �7�Q�` ���7�m�i�m�`�2 �i�B�K�2 �T�2�`�B�Q�/�- �b�m�+�? ���b �r�2�2�F �R�j�X

�A�M �i�?�B�b �+���b�2 �i�?�2 �7�Q�`�2�+���b�i �7�Q�` �r�2�2�F �R�j �B�b �3�3�- �i�?�2 ���+�i�m���H �p���H�m�2 �Q�7 �i�?�2 �i�B�K�2 �b�2�`�B�2�b

�B�M �r�2�2�F �R�k�X �A�b �i�?�B�b ���M ���+�+�m�`���i�2 �2�b�i�B�K���i�2 �Q�7 �b���H�2�b �7�Q�` �r�2�2�F �R�j�\ �l�M�7�Q�`�i�m�M���i�2�H�v�-

�i�?�2�`�2 �B�b �M�Q �r���v �i�Q ���/�/�`�2�b�b �i�?�2 �B�b�b�m�2 �Q�7���+�+�m�`���+�v���b�b�Q�+�B���i�2�/ �r�B�i�? �7�Q�`�2�+���b�i�b �7�Q�`

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

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

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

�R�R�X �U�h���#�H�2 �R�d�X�3�V �a�m�T�T�Q�b�2 �r�2 �m�b�2 �i�?�2���p�2�`���;�2 �Q�7 ���H�H �i�?�2 �?�B�b�i�Q�`�B�+���H �/���i�����p���B�H���#�H�2 ���b

�i�?�2 �7�Q�`�2�+���b�i �7�Q�` �i�?�2 �M�2�t�i �T�2�`�B�Q�/�X �q�2 �#�2�;�B�M �#�v �/�2�p�2�H�Q�T�B�M�; �� �7�Q�`�2�+���b�i �7�Q�` �r�2�2�F �k�X �a�B�M�+�2

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

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8
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�B�b �D�m�b�i �i�?�2 �i�B�K�2 �b�2�`�B�2�b �p���H�m�2 �B�M �r�2�2�F �R�c �i�?�m�b�- �i�?�2 �7�Q�`�2�+���b�i �7�Q�` �r�2�2�F �k �B�b �3�9 �i�?�Q�m�b���M�/

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

�b���H�2�b �p���H�m�2�b �B�M �r�2�2�F�b �R ���M�/ �k�X �h�?�m�b�-

�6�Q�`�2�+���b�i �7�Q�` �r�2�2�F �j= (68 + 84)/2 = 76

�R�k�X �*�Q�K�T���`�B�M�; �i�?�2 �p���H�m�2�b �Q�7 �J���1�- �J�a�1�- ���M�/ �J���S�1 �7�Q�` �2���+�? �K�2�i�?�Q�/�,

�L���B�p�2 �J�2�i�?�Q�/���p�2�`���;�2 �Q�7 �S���b�i �o���H�m�2�b

�J���1 �R�9�X�N�R �N�X�d�8

�J�a�1 �k�e�y�X�j�e �R�k�N�X�8�e

�J���S�1 �R�N�X�k�9�W �R�k�X�3�8�W

�R�j�X �6�Q�` �2�p�2�`�v �K�2���b�m�`�2�- �i�?�2 ���p�2�`���;�2 �Q�7 �T���b�i �p���H�m�2�b �T�`�Q�p�B�/�2�b�K�Q�`�2 ���+�+�m�`���i�2�7�Q�`�2�+���b�i�b

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

�R�9�X �A�M �;�2�M�2�`���H�- �B�7 �i�?�2 �m�M�/�2�`�H�v�B�M�; �i�B�K�2 �b�2�`�B�2�b �B�b�b�i���i�B�Q�M���`�v�- �i�?�2 ���p�2�`���;�2 �Q�7 ���H�H �i�?�2

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

�U���V �U�_�2�+���H�H �h���#�H�2 �R�d�X�k�V �"�m�i �b�m�T�T�Q�b�2 �i�?���i �i�?�2 �m�M�/�2�`�H�v�B�M�; �i�B�K�2 �b�2�`�B�2�b �B�b �M�Q�i �b�i���i�B�Q�M�@

���`�v�X �L�Q�i�2 �i�?�2�+�?���M�;�2 �B�M �H�2�p�2�H�B�M �r�2�2�F �R�j �7�Q�` �i�?�2 �`�2�b�m�H�i�B�M�; �i�B�K�2 �b�2�`�B�2�b�X

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

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

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

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �R�9�f�j�8

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

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

�U�+�V �J�2���b�m�`�2�b �Q�7 �7�Q�`�2�+���b�i ���+�+�m�`���+�v ���`�2 �B�K�T�Q�`�i���M�i �7���+�i�Q�`�b �B�M �+�Q�K�T���`�B�M�; �/�B�z�2�`�2�M�i

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

�?�2���p�B�H�v�X

�U�/�V �:�Q�Q�/ �D�m�/�;�K�2�M�i ���M�/ �F�M�Q�r�H�2�/�;�2 ���#�Q�m�i �#�m�b�B�M�2�b�b �+�Q�M�/�B�i�B�Q�M�b �i�?���i �K�B�;�?�i ���z�2�+�i �i�?�2

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

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

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

�R�d�X�j �J�Q�p�B�M�; ���p�2�`���;�2�b ���M�/ �1�t�T�Q�M�2�M�i�B���H �a�K�Q�Q�i�?�B�M�;

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

�T���i�i�2�`�M�,�K�Q�p�B�M�;���p�2�`���;�2�b�-�r�2�B�;�?�i�2�/�K�Q�p�B�M�; ���p�2�`���;�2�b�- ���M�/�2�t�T�Q�M�2�M�i�B���H

�b�K�Q�Q�i�?�B�M�;�X

�k�X �h�?�2 �Q�#�D�2�+�i�B�p�2 �Q�7 �2���+�? �Q�7 �i�?�2�b�2 �K�2�i�?�Q�/�b �B�b �i�Q �b�K�Q�Q�i�? �Q�m�i �i�?�2�`���M�/�Q�K �~�m�+�i�m���i�B�Q�M�b

�B�M �i�?�2 �i�B�K�2 �b�2�`�B�2�b�- �i�?�2�v ���`�2 �`�2�7�2�`�`�2�/ �i�Q ���b�b�K�Q�Q�i�?�B�M�;�K�2�i�?�Q�/�b�X

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

�7�Q�` �b�?�Q�`�i�@�`���M�;�2�7�Q�`�2�+���b�i�b�- �b�m�+�? ���b �� �7�Q�`�2�+���b�i �7�Q�` �i�?�2 �M�2�t�i �i�B�K�2 �T�2�`�B�Q�/�X

�J�Q�p�B�M�; ���p�2�`���;�2�b

�R�X �U�J�Q�p�B�M�; ���p�2�`���;�2 �6�Q�`�2�+���b�i �Q�7 �P�`�/�2�`k�V �h�?�2 �K�Q�p�B�M�; ���p�2�`���;�2�b �K�2�i�?�Q�/ �m�b�2�b �i�?�2

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

�M�2�t�i �T�2�`�B�Q�/�,

Ft+1 =
P

�U�K�Q�b�i �`�2�+�2�M�ik �/���i�� �p���H�m�2�b�V
k

=
Yt + Yt � 1 + � � � + Yt � (k� 1)

k
(17:1)

�r�?�2�`�2Ft+1 �B�b �i�?�2 �7�Q�`�2�+���b�i �Q�7 �i�?�2 �i�B�K�2�b �b�2�`�B�2�b �7�Q�` �T�2�`�B�Q�/t + 1 ���M�/Yt �B�b �i�?�2 ���+�i�m���H

�p���H�m�2 �Q�7 �i�?�2 �i�B�K�2 �b�2�`�B�2�b �B�M �T�2�`�B�Q�/t�X
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�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �R�8�f�j�8

�k�X �h�?�2 ���p�2�`���;�2 �r�B�H�H �+�?���M�;�2�- �Q�` �K�Q�p�2�- ���b �M�2�r �Q�#�b�2�`�p���i�B�Q�M�b �#�2�+�Q�K�2 ���p���B�H���#�H�2�X

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

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

���p�2�`���;�2�X

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

�� �b�K���H�H �p���H�m�2 �Q�7k �B�b �T�`�2�7�2�`�`�2�/�X

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

�#�2�i�i�2�`�X

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

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

�;�Q�Q�/ �7�Q�`�2�+���b�i�b �B�Mk �T�2�`�B�Q�/�b�X

�U�2�V �h�?�m�b�- �� �b�K���H�H�2�` �p���H�m�2 �Q�7k �r�B�H�H�i�`���+�F �b�?�B�7�i�b�B�M �� �i�B�K�2 �b�2�`�B�2�b �K�Q�`�2 �[�m�B�+�F�H�v�X

�"�m�i �H���`�;�2�` �p���H�m�2�b �Q�7k �r�B�H�H �#�2 �K�Q�`�2 �2�z�2�+�i�B�p�2 �B�M�b�K�Q�Q�i�?�B�M�; �Q�m�i�i�?�2 �`���M�/�Q�K

�~�m�+�i�m���i�B�Q�M�b �Q�p�2�` �i�B�K�2�X

�j�X
�

�

�

��1�t���K�T�H�2 �U�_�2�+���H�H �h���#�H�2 �R�d�X�R ���M�/ �6�B�;�m�`�2 �R�d�X�R�V �i�?�2 �;���b�Q�H�B�M�2 �b���H�2�b �/���i��

�U���V �h�?�2 �i�B�K�2 �b�2�`�B�2�b �T�H�Q�i �B�M �6�B�;�m�`�2 �R�d�X�R �B�M�/�B�+���i�2�b �i�?���i �i�?�2 �;���b�Q�H�B�M�2 �b���H�2�b �i�B�K�2 �b�2�`�B�2�b

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

���`�2 ���T�T�H�B�+���#�H�2�X

�U�#�V �l�b�2 �� �i�?�`�2�2�@�r�2�2�F �K�Q�p�B�M�; ���p�2�`���;�2 �Uk = 3�V�- �i�?�2 �7�Q�`�2�+���b�i �Q�7 �b���H�2�b �B�M �r�2�2�F �9 �m�b�B�M�;

�i�?�2 ���p�2�`���;�2 �Q�7 �i�?�2 �i�B�K�2 �b�2�`�B�2�b �p���H�m�2�b �B�M �r�2�2�F�b �R� �j�,

F4 = ���p�2�`���;�2 �Q�7 �r�2�2�F�b1��3 =
69 + 84 + 76

3
= 76

�h�?�m�b�- �i�?�2 �K�Q�p�B�M�; ���p�2�`���;�2 �7�Q�`�2�+���b�i �Q�7 �b���H�2�b �B�M �r�2�2�F �9 �B�b �d�e �Q�` �d�e�-�y�y�y �H�B�i�2�`�b �Q�7

�;���b�Q�H�B�M�2�X

�U�+�V �h�?�2 ���+�i�m���H �p���H�m�2 �Q�#�b�2�`�p�2�/ �B�M �r�2�2�F �9 �B�b �N�k�- �i�?�2�7�Q�`�2�+���b�i �2�`�`�Q�`�B�M �r�2�2�F �9 �B�b

�N�k �• �d�e �4 �R�e�X

�U�/�V �U�h���#�H�2 �R�d�X�N�V �h�?�2 �7�Q�`�2�+���b�i �Q�7 �b���H�2�b �B�M �r�2�2�F �8 �#�v ���p�2�`���;�B�M�; �i�?�2 �i�B�K�2 �b�2�`�B�2�b �p���H�m�2�b

�B�M �r�2�2�F�b �k���9�X

F5 = ���p�2�`���;�2 �Q�7 �r�2�2�F�b2��4 =
84 + 76 + 92

3
= 84

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �R�e�f�j�8

�>�2�M�+�2�- �i�?�2 �7�Q�`�2�+���b�i �Q�7 �b���H�2�b �B�M �r�2�2�F �8 �B�b �3�9 ���M�/ �i�?�2 �2�`�`�Q�` ���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�B�b

�7�Q�`�2�+���b�i �B�b �d�k �• �3�9 �4 �•�R�k�X

�U�2�V �U�6�B�;�m�`�2 �R�d�X�d�V �L�Q�i�2 �?�Q�r �i�?�2 �;�`���T�? �Q�7 �i�?�2 �K�Q�p�B�M�; ���p�2�`���;�2 �7�Q�`�2�+���b�i�b �?���b �i�2�M�/�2�/

�i�Q �b�K�Q�Q�i�? �Q�m�i�i�?�2 �`���M�/�Q�K �~�m�+�i�m���i�B�Q�M�b �B�M �i�?�2 �i�B�K�2 �b�2�`�B�2�b�X

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

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

F13 = ���p�2�`���;�2 �Q�7 �r�2�2�F�b10��12 =
80 + 60 + 88

3
= 76

�U�;�V�6�Q�`�2�+���b�i ���+�+�m�`���+�v�l�b�B�M�; �i�?�2 �i�?�`�2�2�@�r�2�2�F �K�Q�p�B�M�; ���p�2�`���;�2 �+���H�+�m�H���i�B�Q�M�b �B�M �h���@

�#�H�2 �R�d�X�N�- �i�?�2 �p���H�m�2�b �7�Q�` �i�?�2�b�2 �i�?�`�2�2 �K�2���b�m�`�2�b �Q�7 �7�Q�`�2�+���b�i ���+�+�m�`���+�v �U�J���1�- �J�a�1�-

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8
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���M�/ �J���S�1�V ���`�2

�J���1 =
96
9

= 10:67 �U�K�2���M ���#�b�Q�H�m�i�2 �2�`�`�Q�`�V

�J�a�1 =
1472

9
= 163:56 �U�K�2���M �b�[�m���`�2�/ �2�`�`�Q�`�V

�J���S�1 =
129:21

9
= 14:36�W �U�K�2���M ���#�b�Q�H�m�i�2 �T�2�`�+�2�M�i���;�2 �2�`�`�Q�`�V

�U�?�V �U�_�2�+���H�H �a�2�+�i�B�Q�M �R�d�X�k�V �l�b�B�M�; �i�?�2 �K�Q�b�i �`�2�+�2�M�i �Q�#�b�2�`�p���i�B�Q�M ���b �i�?�2 �7�Q�`�2�+���b�i �7�Q�` �i�?�2

�M�2�t�i �r�2�2�F �U�� �K�Q�p�B�M�; ���p�2�`���;�2 �Q�7 �Q�`�/�2�`k = 1�V �`�2�b�m�H�i�2�/ �B�M �p���H�m�2�b �Q�7 �J���1= 14:91�-

�J�a�1 = 260:36�- ���M�/ �J���S�1= 19:24�W�X �h�?�m�b�- �B�M �2���+�? �+���b�2 �i�?�2 �i�?�`�2�2�@�r�2�2�F

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

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

�9�X �h�Q �/�2�i�2�`�K�B�M�2 �B�7 �� �K�Q�p�B�M�; ���p�2�`���;�2 �r�B�i�? �� �/�B�z�2�`�2�M�i �Q�`�/�2�`k �+���M �T�`�Q�p�B�/�2 �K�Q�`�2 ���+�+�m�`���i�2

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

�K�B�M�B�K�B�x�2�b �J�a�1�X

�8�X �6�Q�` �i�?�2 �;���b�Q�H�B�M�2 �b���H�2�b �i�B�K�2 �b�2�`�B�2�b�- �B�i �+���M �#�2 �b�?�Q�r�M �i�?���i �i�?�2 �K�B�M�B�K�m�K �p���H�m�2 �Q�7 �J�a�1

�+�Q�`�`�2�b�T�Q�M�/�b �i�Q �� �K�Q�p�B�M�; ���p�2�`���;�2 �Q�7 �Q�`�/�2�`k = 6 �r�B�i�? �J�a�1= 6:79 �X �A�7 �r�2 ���`�2

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

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

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

k = 6�X

�q�2�B�;�?�i�2�/ �J�Q�p�B�M�; ���p�2�`���;�2�b

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

�`�2�+�2�B�p�2�b �i�?�2�b���K�2 �r�2�B�;�?�i�X

�k�X �P�M�2 �p���`�B���i�B�Q�M�- �F�M�Q�r�M ���b �r�2�B�;�?�i�2�/ �K�Q�p�B�M�; ���p�2�`���;�2�b�- �B�M�p�Q�H�p�2�b �b�2�H�2�+�i�B�M�; ���/�B�z�2�`�2�M�i �r�2�B�;�?�i

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

�p���H�m�2�b ���b �i�?�2 �7�Q�`�2�+���b�i�X

�j�X �A�M �K�Q�b�i �+���b�2�b�- �i�?�2�K�Q�b�i �`�2�+�2�M�i�Q�#�b�2�`�p���i�B�Q�M �`�2�+�2�B�p�2�b �i�?�2�K�Q�b�i �r�2�B�;�?�i�- ���M�/

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

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8
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�9�X �� �K�Q�p�B�M�; ���p�2�`���;�2 �7�Q�`�2�+���b�i �Q�7 �Q�`�/�2�`k = 3 �B�b �D�m�b�i �� �b�T�2�+�B���H �+���b�2 �Q�7 �i�?�2 �r�2�B�;�?�i�2�/

�K�Q�p�B�M�; ���p�2�`���;�2�b �K�2�i�?�Q�/ �B�M �r�?�B�+�? �2���+�? �r�2�B�;�?�i �B�b �2�[�m���H �i�Q1/3�X �L�Q�i�2 �i�?���i �7�Q�` �i�?�2

�r�2�B�;�?�i�2�/ �K�Q�p�B�M�; ���p�2�`���;�2 �K�2�i�?�Q�/ �i�?�2 �b�m�K �Q�7 �i�?�2 �r�2�B�;�?�i�b �B�b �2�[�m���H �i�Q�R �X

�8�X
�

�

�

��1�t���K�T�H�2 �q�2 ���b�b�B�;�M �� �r�2�B�;�?�i �Q�7�j�f�e �i�Q �i�?�2 �K�Q�b�i �`�2�+�2�M�i �Q�#�b�2�`�p���i�B�Q�M�- �� �r�2�B�;�?�i

�Q�7 �k�f�e �i�Q �i�?�2 �b�2�+�Q�M�/ �K�Q�b�i �`�2�+�2�M�i �Q�#�b�2�`�p���i�B�Q�M�- ���M�/ �� �r�2�B�;�?�i �Q�7�R�f�e �i�Q �i�?�2

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

�B�b�,

�6�Q�`�2�+���b�i �7�Q�` �r�2�2�F �9=
1
6

(68) +
2
6

(84) +
3
6

(76) = 77:33

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

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

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

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

�#�2 �;�B�p�2�M �i�Q �i�?�2 �K�Q�`�2 �`�2�+�2�M�i �Q�#�b�2�`�p���i�B�Q�M�b�X �>�Q�r�2�p�2�`�- �r�?�2�M �i�?�2 �i�B�K�2 �b�2�`�B�2�b �B�b �?�B�;�?�H�v

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

�#�2�b�i�X

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

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

�r�2 �`�2�+�Q�K�K�2�M�/ �m�b�B�M�;�J�a�1 ���b �i�?�2 �K�2���b�m�`�2 �Q�7 �7�Q�`�2�+���b�i ���+�+�m�`���+�v�X �h�?���i �B�b�- �B�7 �r�2

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

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

�i�?���i �K�B�M�B�K�B�x�2�b �J�a�1 �7�Q�` �i�?�2 �?�B�b�i�Q�`�B�+���H �i�B�K�2 �b�2�`�B�2�b �i�Q �7�Q�`�2�+���b�i �i�?�2 �M�2�t�i �p���H�m�2 �B�M �i�?�2

�i�B�K�2 �b�2�`�B�2�b�X

�1�t�T�Q�M�2�M�i�B���H �a�K�Q�Q�i�?�B�M�;

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

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

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

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

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

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8
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�j�X�1�t�T�Q�M�2�M�i�B���H �a�K�Q�Q�i�?�B�M�; �6�Q�`�2�+���b�i

Ft+1 = �Y t + (1 � � )Ft (17:2)

�r�?�2�`�2

Ft+1 �, �7�Q�`�2�+���b�i �Q�7 �i�?�2 �i�B�K�2 �b�2�`�B�2�b �7�Q�` �T�2�`�B�Q�/(t + 1)

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

Ft �, �7�Q�`�2�+���b�i �Q�7 �i�?�2 �i�B�K�2 �b�2�`�B�2�b �7�Q�` �T�2�`�B�Q�/t

� �, �b�K�Q�Q�i�?�B�M�; �+�Q�M�b�i���M�i�U0 � � � 1�V

�9�X �1�[�m���i�B�Q�M �U�R�d�X�k�V �b�?�Q�r�b �i�?���i �i�?�2 �7�Q�`�2�+���b�i �7�Q�` �T�2�`�B�Q�/t + 1 �B�b �� �r�2�B�;�?�i�2�/ ���p�2�`���;�2 �Q�7 �i�?�2

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

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

���M�/ �i�?�2 �r�2�B�;�?�i �;�B�p�2�M �i�Q �i�?�2 �7�Q�`�2�+���b�i �B�M �T�2�`�B�Q�/t �B�b 1 � � �X

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

Y1�-Y2�- ���M�/Y3�X

�U���V �h�Q �B�M�B�i�B���i�2 �i�?�2 �+���H�+�m�H���i�B�Q�M�b�- �r�2 �H�2�iF1 �2�[�m���H �i�?�2 ���+�i�m���H �p���H�m�2 �Q�7 �i�?�2 �i�B�K�2 �b�2�`�B�2�b

�B�M �T�2�`�B�Q�/ �R�c �i�?���i �B�b�-F1 = Y1�X �>�2�M�+�2�- �i�?�2 �7�Q�`�2�+���b�i �7�Q�` �T�2�`�B�Q�/ �k �B�b

F2 = �Y 1 + (1 � � )F1 = �Y 1 + (1 � � )Y1 = Y1

�q�2 �b�2�2 �i�?���i �i�?�2 �2�t�T�Q�M�2�M�i�B���H �b�K�Q�Q�i�?�B�M�; �7�Q�`�2�+���b�i �7�Q�` �T�2�`�B�Q�/ �k �B�b �2�[�m���H �i�Q �i�?�2

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

�U�#�V �h�?�2 �7�Q�`�2�+���b�i �7�Q�` �T�2�`�B�Q�/ �j �B�b

F3 = �Y 2 + (1 � � )F2 = �Y 2 + (1 � � )Y1

�U�+�V �6�B�M���H�H�v�- �b�m�#�b�i�B�i�m�i�B�M�; �i�?�B�b �2�t�T�`�2�b�b�B�Q�M �7�Q�` �6�j �B�M �i�?�2 �2�t�T�`�2�b�b�B�Q�M �7�Q�` �6�9�- �r�2 �Q�#�i���B�M

F4 = �Y 3 + (1 � � )F3

= �Y 3 + (1 � � )[�Y 2 + (1 � � )Y1]

= �Y 3 + � (1 � � )Y2 + (1 � � )2Y1
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�U�/�V �q�2 �M�Q�r �b�2�2 �i�?���iF4 �B�b �� �r�2�B�;�?�i�2�/ ���p�2�`���;�2 �Q�7 �i�?�2 �}�`�b�i �i�?�`�2�2 �i�B�K�2 �b�2�`�B�2�b �p���H�m�2�b�X

�h�?�2 �b�m�K �Q�7 �i�?�2 �+�Q�2�{�+�B�2�M�i�b�- �Q�` �r�2�B�;�?�i�b�- �7�Q�`Y1�-Y2�- ���M�/Y3 �2�[�m���H�b �R�X

�U�2�V �� �b�B�K�B�H���` ���`�;�m�K�2�M�i �+���M �#�2 �K���/�2 �i�Q �b�?�Q�r �i�?���i�- �B�M �;�2�M�2�`���H�- ���M�v �7�Q�`�2�+���b�iFt+1 �B�b

�� �r�2�B�;�?�i�2�/ ���p�2�`���;�2 �Q�7 ���H�H �i�?�2 �T�`�2�p�B�Q�m�b �i�B�K�2 �b�2�`�B�2�b �p���H�m�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�3�d�e�V

�l�b�2 �2�t�T�Q�M�2�M�i�B���H �b�K�Q�Q�i�?�B�M�; ���T�T�`�Q���+�? �r�B�i�? �� �b�K�Q�Q�i�?�B�M�; �T���`���K�2�i�2�`� = 0:2 �i�Q �Q�#�i���B�M

F2; F3; F4 ���M�/F13 �7�Q�` �i�?�2 �;���b�Q�H�B�M�2 �b���H�2�b �i�B�K�2 �b�2�`�B�2�b �B�M �h���#�H�2 �R�d�X�R ���M�/ �6�B�;�m�`�2 �R�d�X�R�X

�a�i���`�i �i�?�2 �+���H�+�m�H���i�B�Q�M�b�- �b�2�i �i�?�2 �2�t�T�Q�M�2�M�i�B���H �b�K�Q�Q�i�?�B�M�; �7�Q�`�2�+���b�i �7�Q�` �T�2�`�B�Q�/ �k �2�[�m���H �i�Q

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

�b�Q�H�,

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �k�R�f�j�8

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �k�k�f�j�8

�R�X�6�Q�`�2�+���b�i ���+�+�m�`���+�v�U�h���#�H�2 �R�d�X�R�y�V�U�6�B�;�m�`�2 �R�d�X�3�V�U�h���#�H�2 �R�d�X�R�R�V �h�?�2 �+�`�B�i�2�`�B�Q�M �r�2 �r�B�H�H

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

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

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

�K�B�M�B�K�B�x�2�b �i�?�2 �J�a�1�X

�k�X �h�?�2 �2�t�T�Q�M�2�M�i�B���H �b�K�Q�Q�i�?�B�M�; �`�2�b�m�H�i�b �r�B�i�?� = 0:2�, �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �b�m�K �Q�7 �b�[�m���`�2�/

�7�Q�`�2�+���b�i �2�`�`�Q�`�b �B�b �N�3�X�3�y�c �?�2�M�+�2MSE = 98:80/11 = 8:98 �X �h�?�2 �2�t�T�Q�M�2�M�i�B���H

�b�K�Q�Q�i�?�B�M�; �`�2�b�m�H�i�b �r�B�i�?� = 0:3�, �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �b�m�K �Q�7 �b�[�m���`�2�/ �7�Q�`�2�+���b�i �2�`�`�Q�`�b

�B�b �R�y�k�X�3�j�c �?�2�M�+�2�J�a�1 �4 �R�y�k�X�3�j�f�R�R �4 �N�X�j�8�X

�j�X �h�?�m�b�- �r�2 �r�Q�m�H�/ �#�2 �B�M�+�H�B�M�2�/ �i�Q �T�`�2�7�2�` �i�?�2 �Q�`�B�;�B�M���H �b�K�Q�Q�i�?�B�M�; �+�Q�M�b�i���M�i �Q�7� = 0:�k�X

�l�b�B�M�; ���i�`�B���H�@���M�/�@�2�`�`�Q�`�+���H�+�m�H���i�B�Q�M �r�B�i�? �Q�i�?�2�` �p���H�m�2�b �Q�7� �- �r�2 �+���M �}�M�/ �� �ô�;�Q�Q�/

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

�R�d�X�9 �h�`�2�M�/ �S�`�Q�D�2�+�i�B�Q�M

�R�X �q�2 �T�`�2�b�2�M�i �i�r�Q �7�Q�`�2�+���b�i�B�M�; �K�2�i�?�Q�/�b �B�M �i�?�B�b �b�2�+�i�B�Q�M �i�?���i ���`�2 ���T�T�`�Q�T�`�B���i�2 �7�Q�` �i�B�K�2

�b�2�`�B�2�b �2�t�?�B�#�B�i�B�M�; ���i�`�2�M�/ �T���i�i�2�`�M�X
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�U���V �6�B�`�b�i�- �r�2 �b�?�Q�r �?�Q�r�b�B�K�T�H�2 �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M�+���M �#�2 �m�b�2�/ �i�Q �7�Q�`�2�+���b�i �� �i�B�K�2

�b�2�`�B�2�b �r�B�i�? �� �H�B�M�2���` �i�`�2�M�/�X

�U�#�V �L�2�t�i �r�2 �b�?�Q�r �?�Q�r �i�?�2�+�m�`�p�2�@�}�i�i�B�M�;�+���T���#�B�H�B�i�v �Q�7 �`�2�;�`�2�b�b�B�Q�M ���M���H�v�b�B�b �+���M

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

�i�`�2�M�/�X

�G�B�M�2���` �h�`�2�M�/ �_�2�;�`�2�b�b�B�Q�M

�R�X �U�h���#�H�2 �R�d�X�R�k�V �U�6�B�;�m�`�2 �R�d�X�N�V �i�?�2 �#�B�+�v�+�H�2 �b���H�2�b �i�B�K�2 �b�2�`�B�2�b�, �i�?�2 �H�B�M�2���` �i�`�2�M�/ �H�B�M�2 �T�`�Q�p�B�/�2�b

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

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

�i�r�2�2�M ���M �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2x ���M�/ �� �/�2�T�2�M�/�2�M�i �p���`�B���#�H�2y �B�b �r�`�B�i�i�2�M ���b

ŷ = b0 + b1x

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

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

�r�B�H�H �`�2�T�H���+�2x �r�B�i�? t ���M�/ ŷ �r�B�i�? Tt �i�Q �2�K�T�?���b�B�x�2 �i�?���i �r�2 ���`�2

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

�9�X�G�B�M�2���` �h�`�2�M�/ �1�[�m���i�B�Q�M

Tt = b0 + b1t (17:4)

�r�?�2�`�2
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Tt = �H�B�M�2���` �i�`�2�M�/ �7�Q�`�2�+���b�i �B�M �T�2�`�B�Q�/t

b0 = �B�M�i�2�`�+�2�T�i �Q�7 �i�?�2 �H�B�M�2���` �i�`�2�M�/ �H�B�M�2

b1 = �b�H�Q�T�2 �Q�7 �i�?�2 �H�B�M�2���` �i�`�2�M�/ �H�B�M�2

t = �i�B�K�2 �T�2�`�B�Q�/�-t = 1 ( t = n) �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �}�`�b�i �i�B�K�2 �U�K�Q�b�i �`�2�+�2�M�i�V

�b�2�`�B�2�b �Q�#�b�2�`�p���i�B�Q�M

�8�X�*�Q�K�T�m�i�B�M�; �i�?�2 �a�H�Q�T�2 ���M�/ �A�M�i�2�`�+�2�T�i �7�Q�` �� �G�B�M�2���` �h�`�2�M�/

b1 =
P n

t=1 (t � �t)(Yt � �Y)
P

(t � �t)2

=
P

tYt � n�t �Y
P

t2 � n�t2
(17:5)

b0 = �Y � b1�t (17:6)

�r�?�2�`�2

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

n = �M�m�K�#�2�` �Q�7 �i�B�K�2 �T�2�`�B�Q�/�b �U�M�m�K�#�2�` �Q�7 �Q�#�b�2�`�p���i�B�Q�M�b�V

�Y = ���p�2�`���;�2 �p���H�m�2 �Q�7 �i�?�2 �i�B�K�2 �b�2�`�B�2�b

�t = ���p�2�`���;�2 �p���H�m�2 �Q�7t

�e�X
�

�

�

��1�t���K�T�H�2 �i�?�2 �#�B�+�v�+�H�2 �b���H�2�b �i�B�K�2 �b�2�`�B�2�b

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �k�8�f�j�8

�U���V �h�?�2 �H�B�M�2���` �i�`�2�M�/ �2�[�m���i�B�Q�M �B�b

Tt = 20:4 + 1:1t

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

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

�U�+�V �A�7 �r�2 ���b�b�m�K�2 �i�?���i �i�?�2 �T���b�i �R�y�@�v�2���` �i�`�2�M�/ �B�M �b���H�2�b �B�b �� �;�Q�Q�/ �B�M�/�B�+���i�Q�` �Q�7 �i�?�2

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

�T�2�`�B�Q�/�b�X �6�Q�` �2�t���K�T�H�2�- �i�?�2 �M�2�t�i �v�2���`�ö�b �i�`�2�M�/ �T�`�Q�D�2�+�i�B�Q�M �Q�` �7�Q�`�2�+���b�i�-T11�X

T11 = 20:4 + 1:1(11) = 32:5

�h�?�m�b�- �m�b�B�M�; �i�`�2�M�/ �T�`�Q�D�2�+�i�B�Q�M�- �r�2 �r�Q�m�H�/ �7�Q�`�2�+���b�i �b���H�2�b �Q�7 �j�k�-�8�y�y �#�B�+�v�+�H�2�b �M�2�t�i

�v�2���`�X

�d�X �U�h���#�H�2 �R�d�X�R�9�V �l�b�2 �J�a�1 �i�Q �+�Q�K�T�m�i�2 �i�?�2 ���+�+�m�`���+�v ���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2 �i�`�2�M�/ �T�`�Q�D�2�+�i�B�Q�M

�7�Q�`�2�+���b�i�B�M�; �K�2�i�?�Q�/�X

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8
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MSE =
P n

t=1 (Yt � Ft )2

n
=

30:7
10

= 3:07

�3�X �"�2�+���m�b�2�H�B�M�2���` �i�`�2�M�/ �`�2�;�`�2�b�b�B�Q�M�B�M �7�Q�`�2�+���b�i�B�M�; �B�b �i�?�2 �b���K�2 ���b �i�?�2 �b�i���M�/���`�/ �`�2�@

�;�`�2�b�b�B�Q�M ���M���H�v�b�B�b �T�`�Q�+�2�/�m�`�2 ���T�T�H�B�2�/ �i�Q �i�B�K�2�@�b�2�`�B�2�b �/���i���- �r�2 �+���M �m�b�2 �b�i���i�B�b�i�B�+���H �b�Q�7�i�@

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

�N�X �U�6�B�;�m�`�2 �R�d�X�R�R�V �i�?�2 �p���H�m�2 �Q�7 �J�a�1 �B�M �i�?�2 ���L�P�o�� �i���#�H�2 �B�b

MSE =
�a�m�K �Q�7 �a�[�m���`�2�b �.�m�2 �i�Q �1�`�`�Q�`

�.�2�;�`�2�2�b �Q�7 �6�`�2�2�/�Q�K
=

30:7
8

= 3:837
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�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �k�d�f�j�8

�R�y�X �h�?�B�b �p���H�m�2 �Q�7 �J�a�1�/�B�z�2�`�b�7�`�Q�K �i�?�2 �p���H�m�2 �Q�7 �J�a�1 �i�?���i �r�2 �+�Q�K�T�m�i�2�/ �T�`�2�p�B�Q�m�b�H�v

�#�2�+���m�b�2 �i�?�2 �b�m�K �Q�7 �b�[�m���`�2�/ �2�`�`�Q�`�b �B�b �/�B�p�B�/�2�/ �#�v�3 �B�M�b�i�2���/ �Q�7�R�y �c �i�?�m�b�-

�J�a�1 �B�M �i�?�2 �`�2�;�`�2�b�b�B�Q�M �Q�m�i�T�m�i �B�b �M�Q�i �i�?�2���p�2�`���;�2 �Q�7 �i�?�2 �b�[�m���`�2�/ �7�Q�`�2�+���b�i �2�`�`�Q�`�b�X

�R�R�X�L�P�h�1�, �J�Q�b�i �7�Q�`�2�+���b�i�B�M�; �T���+�F���;�2�b�- �?�Q�r�2�p�2�`�- �+�Q�K�T�m�i�2 �J�a�1 �#�v �i���F�B�M�; �i�?�2 ���p�2�`���;�2

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

�2�[�m���i�B�Q�M�- �i�?�2 �p���H�m�2 �Q�7 �J�a�1 �i�?���i �B�b �`�2�T�Q�`�i�2�/ �K���v �/�B�z�2�` �b�H�B�;�?�i�H�v �7�`�Q�K �i�?�2 �p���H�m�2 �v�Q�m

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

�L�Q�M�H�B�M�2���` �h�`�2�M�/ �_�2�;�`�2�b�b�B�Q�M

�R�X
�

�

�

��1�t���K�T�H�2 �U�h���#�H�2 �R�d�X�R�8�V �U�6�B�;�m�`�2 �R�d�X�R�j�V �*�Q�M�b�B�/�2�` �i�?�2 ���M�M�m���H �`�2�p�2�M�m�2 �B�M �K�B�H�H�B�Q�M�b �Q�7

�/�Q�H�H���`�b �7�Q�` �� �+�?�Q�H�2�b�i�2�`�Q�H �/�`�m�; �7�Q�` �i�?�2 �}�`�b�i �R�y �v�2���`�b �Q�7 �b���H�2�b�X
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�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �k�3�f�j�8

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

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

�j�X�Z�m���/�`���i�B�+ �h�`�2�M�/ �1�[�m���i�B�Q�M�� �p���`�B�2�i�v �Q�7 �M�Q�M�H�B�M�2���` �7�m�M�+�i�B�Q�M�b �+���M �#�2 �m�b�2�/ �i�Q �/�2�@

�p�2�H�Q�T ���M �2�b�i�B�K���i�2 �Q�7 �i�?�2 �i�`�2�M�/ �7�Q�` �i�?�2 �+�?�Q�H�2�b�i�2�`�Q�H �i�B�K�2 �b�2�`�B�2�b�X �6�Q�` �B�M�b�i���M�+�2�- �+�Q�M�b�B�/�2�`

�i�?�2 �7�Q�H�H�Q�r�B�M�; �[�m���/�`���i�B�+ �i�`�2�M�/ �2�[�m���i�B�Q�M�,

Tt = b0 + b1t + b2t2 (17:7)

�9�X �U�6�B�;�m�`�2 �R�d�X�R�9�V �� �T�Q�`�i�B�Q�M �Q�7 �i�?�2 �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �Q�m�i�T�m�i �7�Q�` �i�?�2 �[�m���/�`���i�B�+ �i�`�2�M�/

�K�Q�/�2�H�c

�h�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �B�b

�_�2�p�2�M�m�2 �U�0�K�B�H�H�B�Q�M�b�V= 24:18� 2:11�u�2���+̀ 0 :922�u�2���`�a�[

�8�X�1�t�T�Q�M�2�M�i�B���H �h�`�2�M�/ �1�[�m���i�B�Q�M

Tt = b0eb1 t (17:8)

�e�X �a�m�T�T�Q�b�2b0 = 16:71�- ���M�/b1 = 0:1697�-Tt �B�b �M�Q�i �B�M�+�`�2���b�B�M�; �#�v �� �+�Q�M�b�i���M�i ���K�Q�m�M�i ���b

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

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �k�N�f�j�8

�d�X �A�M �i�?�B�b �2�t�T�Q�M�2�M�i�B���H �i�`�2�M�/ �K�Q�/�2�H�- �K�m�H�i�B�T�H�B�+���i�B�p�2 �7���+�i�Q�` �B�be0:1697(1) = 1:185 �- �b�Q

�i�?�2 �+�Q�M�b�i���M�i �T�2�`�+�2�M�i���;�2 �B�M�+�`�2���b�2 �7�`�Q�K �i�B�K�2 �T�2�`�B�Q�/ �i�Q �i�B�K�2 �T�2�`�B�Q�/ �B�b�R�3�X�8�W�X

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

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

���T�T�H�v�B�M�; �� �M���i�m�`���Hlog �i�`���M�b�7�Q�`�K���i�B�Q�M �i�Q �#�Q�i�? �b�B�/�2�b �Q�7 �i�?�2 �2�[�m���H�B�i�v �B�M �2�[�m���i�B�Q�M �U�R�d�X�3�V

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

�H�MTt = �H�Mb0 + b1t

�U�6�B�;�m�`�2 �R�d�X�R�8�V

�U�R�R�j�@�k�VMXYï+_�U�s �V �6�2�#�`�m���`�v �k�y�- �k�y�k�8



�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �j�y�f�j�8

�R�d�X�8 �a�2���b�Q�M���H�B�i�v ���M�/ �h�`�2�M�/

�a�2���b�Q�M���H�B�i�v �q�B�i�?�Q�m�i �h�`�2�M�/

�R�X
�

�

�

��1�t���K�T�H�2 �U�h���#�H�2 �R�d�X�R�e�V�U�6�B�;�m�`�2 �R�d�X�R�e�V �*�Q�M�b�B�/�2�` �i�?�2 �M�m�K�#�2�` �Q�7 �m�K�#�`�2�H�H���b �b�Q�H�/ ���i ��

�+�H�Q�i�?�B�M�; �b�i�Q�`�2 �Q�p�2�` �i�?�2 �T���b�i �}�p�2 �v�2���`�b�X

�k�X �h�?�2 �i�B�K�2 �b�2�`�B�2�b �T�H�Q�i �/�Q�2�b �M�Q�i �B�M�/�B�+���i�2 ���M�v�H�Q�M�;�@�i�2�`�K�i�`�2�M�/ �B�M �b���H�2�b�X �h�?�2 �}�`�b�i

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

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

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

�j�X �C�m�b�i �H�B�F�2 �m�b�B�M�;�/�m�K�K�v �p���`�B���#�H�2�b�i�Q �/�2���H �r�B�i�? ���M �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2 �B�M ��

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

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

�9�X �_�2�+���H�H �i�?���i �r�?�2�M �� �+���i�2�;�Q�`�B�+���H �p���`�B���#�H�2 �?���bk �H�2�p�2�H�b�-k�• 1 �/�m�K�K�v �p���`�B���#�H�2�b ���`�2

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

�M�2�2�/4�• 1 = 3 �/�m�K�K�v �p���`�B���#�H�2�b�,

Qtr 1 =

(
1 �B�7 �Z�m���`�i�2�` �R

0 �Q�i�?�2�`�r�B�b�2
; Qtr 2 =

(
1 �B�7 �Z�m���`�i�2�` �k

0 �Q�i�?�2�`�r�B�b�2
; Qtr 3 =

(
1 �B�7 �Z�m���`�i�2�` �j

0 �Q�i�?�2�`�r�B�b�2

�8�X �l�b�B�M�;Ŷ �i�Q �/�2�M�Q�i�2 �i�?�2 �2�b�i�B�K���i�2�/ �Q�` �7�Q�`�2�+���b�i�2�/ �p���H�m�2 �Q�7 �b���H�2�b�- �i�?�2 �;�2�M�2�`���H �7�Q�`�K �Q�7 �i�?�2

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

Ŷ = b0 + b1Qtr 1 + b2Qtr 2 + b3Qtr 3

�e�X �U�h���#�H�2 �R�d�X�R�d�V �i�?�2 �m�K�#�`�2�H�H�� �b���H�2�b �i�B�K�2 �b�2�`�B�2�b �r�B�i�? �i�?�2 �+�Q�/�2�/ �p���H�m�2�b �Q�7 �i�?�2 �/�m�K�K�v

�p���`�B���#�H�2�b�X

�d�X �U�6�B�;�m�`�2 �R�d�X�R�d�V �i�?�2 �+�Q�K�T�m�i�2�` �Q�m�i�T�m�i�, �i�?�2 �2�b�i�B�K���i�2�/ �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M

�Q�#�i���B�M�2�/ �B�b

Sales= 95:00 + 29:00 Qtr 1 + 57:00 Qtr 2 + 26:00 Qtr 3

�q�2 �+���M �m�b�2 �i�?�B�b �2�[�m���i�B�Q�M �i�Q �7�Q�`�2�+���b�i �[�m���`�i�2�`�H�v �b���H�2�b �7�Q�` �M�2�t�i �v�2���`�X

�Z�m���`�i�2�` �R�,Sales= 95:0 + 29:0(1) + 57:0(0) + 26:0(0) = 124�X

�Z�m���`�i�2�` �k�,Sales= 95:0 + 29:0(0) + 57:0(1) + 26:0(0) = 152�X

�Z�m���`�i�2�` �j�,Sales= 95:0 + 29:0(0) + 57:0(0) + 26:0(1) = 121�X

�Z�m���`�i�2�` �9�,Sales= 95:0 + 29:0(0) + 57:0(1) + 26:0(0) = 95�X
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�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �j�k�f�j�8

�3�X �h�?�2 �`�2�;�`�2�b�b�B�Q�M �Q�m�i�T�m�i �b�?�Q�r�M �B�M �6�B�;�m�`�2 �R�d�X�R�d �T�`�Q�p�B�/�2�b ���/�/�B�i�B�Q�M���H �B�M�7�Q�`�K���i�B�Q�M �i�?���i

�+���M �#�2 �m�b�2�/ �i�Q ���b�b�2�b�b �i�?�2���+�+�m�`���+�v�Q�7 �i�?�2 �7�Q�`�2�+���b�i ���M�/ �/�2�i�2�`�K�B�M�2 �i�?�2�b�B�;�M�B�}�+���M�+�2

�Q�7 �i�?�2 �`�2�b�m�H�i�b�X

�a�2���b�Q�M���H�B�i�v ���M�/ �h�`�2�M�/

�R�X
�

�

�

��1�t���K�T�H�2 �U�h���#�H�2 �R�d�X�R�3�V �U�6�B�;�m�`�2 �R�d�X�R�3�V �h�?�2 �[�m���`�i�2�`�H�v �b�K���`�i�T�?�Q�M�2 �b���H�2�b�X

�k�X �h�?�2 �b���H�2�b ���`�2 �H�Q�r�2�b�i �B�M �i�?�2 �b�2�+�Q�M�/ �[�m���`�i�2�` �Q�7 �2���+�? �v�2���` ���M�/ �B�M�+�`�2���b�2 �B�M �[�m���`�i�2�`�b �j

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

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

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

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

���H�B�i�v �r�B�i�? �i�?�2 �i�B�K�2 �b�2�`�B�2�b�`�2�;�`�2�b�b�B�Q�M ���T�T�`�Q���+�?�7�Q�` �?���M�/�@�H�B�M�; �H�B�M�2���` �i�`�2�M�/�X

�8�X �h�?�2 �;�2�M�2�`���H �7�Q�`�K �Q�7 �i�?�2 �2�b�i�B�K���i�2�/ �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �7�Q�` �K�Q�/�2�H�B�M�; �#�Q�i�?

�i�?�2 �[�m���`�i�2�`�H�v �b�2���b�Q�M���H �2�z�2�+�i�b ���M�/ �i�?�2 �H�B�M�2���` �i�`�2�M�/ �B�M �i�?�2 �b�K���`�i�T�?�Q�M�2 �i�B�K�2 �b�2�`�B�2�b�,

Ŷt = b0 + b1 Qtr 1 + b2 Qtr 2 + b3 Qtr 3 + b4t

�r�?�2�`�2

Ŷt = �2�b�i�B�K���i�2 �Q�` �7�Q�`�2�+���b�i �Q�7 �b���H�2�b �B�M �i�B�K�2 �T�2�`�B�Q�/t
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�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �j�j�f�j�8

Qtr 1 = 1 �UQtr 2 = 1�V�UQtr 3 = 1�V �B�7 �i�B�K�2 �T�2�`�B�Q�/t �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �}�`�b�i

�U�b�2�+�Q�M�/�V �U�i�?�B�`�/�V �[�m���`�i�2�` �Q�7 �i�?�2 �v�2���`�c �y �Q�i�?�2�`�r�B�b�2�X

�e�X �U�h���#�H�2 �R�d�X�R�N�V �`�2�p�B�b�2�/ �b�K���`�i�T�?�Q�M�2 �b���H�2�b �i�B�K�2 �b�2�`�B�2�b �i�?���i �B�M�+�H�m�/�2�b �i�?�2 �+�Q�/�2�/ �p���H�m�2�b �Q�7

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

�d�X �U�6�B�;�m�`�2 �R�d�X�R�N�V �h�?�2 �2�b�i�B�K���i�2�/ �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �B�b

Sales(1000s) = 6 :069� 1:363Qtr 1 � 2:034Qtr 2 � 0:304Qtr 3 + 0:1456t (17:9)

�3�X �6�Q�`�2�+���b�i �7�Q�` �h�B�K�2 �S�2�`�B�Q�/ �R�d �U�Z�m���`�i�2�` �R �B�M �u�2���` �8�V�,

Sales(1000s) = 6 :069 + 1:363(1) + 2:034(0) + 0:304(0) + 0:1456(17) = 7:18

�h�?�m�b�- ���+�+�Q�m�M�i�B�M�; �7�Q�` �i�?�2 �b�2���b�Q�M���H �2�z�2�+�i�b ���M�/ �i�?�2 �H�B�M�2���` �i�`�2�M�/ �B�M �b�K���`�i�T�?�Q�M�2 �b���H�2�b�-

�i�?�2 �2�b�i�B�K���i�2�b �Q�7 �[�m���`�i�2�`�H�v �b���H�2�b �B�M �v�2���` �8 ���`�2 �d�R�3�y�- �e�e�e�y�- �3�8�j�y�- ���M�/ �3�N�3�y�X

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

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

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

Quarter 1 : Sales = 6:069� 1:363(1)� 2:034(0)� 0:304(0) + 0:1456(t)

= 4:71 + 0:1456t

Quarter 2 : Sales = 4:04 + 0:1456t

Quarter 3 : Sales = 5:77 + 0:1456t

Quarter 4 : Sales = 6:07 + 0:1456t
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�*�?���T�i�2�`�R�d�, �h�B�K�2 �a�2�`�B�2�b ���M���H�v�b�B�b ���M�/ �6�Q�`�2�+���b�i�B�M�; �S���;�2 �j�9�f�j�8

�R�y�X �h�?�2�b�H�Q�T�2�Q�7 �i�?�2 �i�`�2�M�/ �H�B�M�2 �7�Q�` �2���+�? �[�m���`�i�2�`�H�v �7�Q�`�2�+���b�i �2�[�m���i�B�Q�M �B�b�y�X�R�9�8�e�-

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

�R�R�X �h�?�2 �B�M�i�2�`�+�2�T�i �7�Q�` �i�?�2 �Z�m���`�i�2�` �R �2�[�m���i�B�Q�M �B�b �9�X�d�R ���M�/ �i�?�2 �B�M�i�2�`�+�2�T�i �7�Q�` �Z�m���`�i�2�` �9 �2�[�m���@

�i�B�Q�M �B�b �e�X�y�d�X �h�?�m�b�- �b���H�2�b �B�M �Z�m���`�i�2�` �R ���`�24:71� 6:07 = � 1:36 �Q�` �R�j�e�y �b�2�i�b

�H�2�b�b �i�?���M�B�M �Z�m���`�i�2�` �9�X

�R�k�X �h�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �+�Q�2�{�+�B�2�M�i �7�Q�`Qtr 1 �B�M �2�[�m���i�B�Q�M �U�R�d�X�N�V �T�`�Q�p�B�/�2�b ���M �2�b�i�B�K���i�2

�Q�7 �i�?�2 �/�B�z�2�`�2�M�+�2 �B�M �b���H�2�b �#�2�i�r�2�2�M �Z�m���`�i�2�`�R ���M�/ �Z�m���`�i�2�`�9 �X

�R�j�X �a�B�K�B�H���` �B�M�i�2�`�T�`�2�i���i�B�Q�M�b �+���M �#�2 �T�`�Q�p�B�/�2�/ �7�Q�`�• 2:03 �- �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M

�+�Q�2�{�+�B�2�M�i �7�Q�` �/�m�K�K�v �p���`�B���#�H�2Qtr 2�- ���M�/ �• 0:304 �- �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M

�+�Q�2�{�+�B�2�M�i �7�Q�` �/�m�K�K�v �p���`�B���#�H�2Qtr 3�X

�J�Q�/�2�H�b �"���b�2�/ �Q�M �J�Q�M�i�?�H�v �.���i��

�R�X �6�Q�` �K�Q�M�i�?�H�v �/���i���- �b�2���b�Q�M �B�b �� �+���i�2�;�Q�`�B�+���H �p���`�B���#�H�2 �r�B�i�? �R�k �H�2�p�2�H�b ���M�/ �i�?�m�b12�• 1 = 11

�/�m�K�K�v �p���`�B���#�H�2�b ���`�2 �`�2�[�m�B�`�2�/�X

Month 1 =

(
1 �B�7 �C���M�m���`�v

0 �Q�i�?�2�`�r�B�b�2
; : : : ; Month 11 =

(
1 �B�7 �L�Q�p�2�K�#�2�`

0 �Q�i�?�2�`�r�B�b�2

�k�X �P�i�?�2�` �i�?���M �i�?�B�b �+�?���M�;�2�- �i�?�2 �K�m�H�i�B�T�H�2 �`�2�;�`�2�b�b�B�Q�M ���T�T�`�Q���+�? �7�Q�` �?���M�/�H�B�M�; �b�2���b�Q�M���H�B�i�v

�`�2�K���B�M�b�i�?�2 �b���K�2�X

�R�d�X�e �h�B�K�2 �a�2�`�B�2�b �.�2�+�Q�K�T�Q�b�B�i�B�Q�M�

�

�

�

��† �a�l�S�S�G�1�J�1�L�h���_�u �1�s�1�_�*�A�a�1�a�, �9�R�- �9�9�- �9�d
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�Ú �1�s�1�_�*�A�a�1�a
'

&

$

%

�R�d�X�k�, �R�- �9

�R�d�X�j�, �8�- �N�- �R�R�- �R�9

�R�d�X�9�, �R�d�- �k�y�- �k�k�- �k�e

�R�d�X�8�, �k�3�- �j�y�- �j�j

�a�l�S �, �9�R�- �9�9�- �9�d
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�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`Ï�ä+Ò��5n#Ö �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

�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�UbBK-#Ö�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�d�V �h�?�2 �i�Q�i���H �b�+�Q�`�2 �B�b �R�k�y�X

�U�3�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 ���M�b�r�2�` �b�?�2�2�i�X �UZ²Xî+Ò�ò!þ+ŠZzZEQÚK;8/#^�ñ�V�Û

�y�X �S�H�2���b�2 �r�`�B�i�2 �B�M �2�B�i�?�2�` �*�?�B�M�2�b�2 �Q�` �1�M�;�H�B�b�?�X �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

�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�- �R�y�W �2���+�?�V�c �b�2�H�2�+�i �Q�M�2 �+�Q�`�`�2�+�i ���M�b�r�2�`�X

�R�X �6�Q�` �� �;�B�p�2�M �b���K�T�H�2 �b�B�x�2 �B�M �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�;�- �U���V�X �i�?�2 �b�K���H�H�2�` �i�?�2 �h�v�T�2 �A �2�`�`�Q�`�- �i�?�2 �b�K���H�H�2�` �i�?�2 �h�v�T�2

�A�A �2�`�`�Q�` �r�B�H�H �#�2�X �U�#�V�X �i�?�2 �b�K���H�H�2�` �i�?�2 �h�v�T�2 �A �2�`�`�Q�`�- �i�?�2 �H���`�;�2�` �i�?�2 �h�v�T�2 �A�A �2�`�`�Q�` �r�B�H�H �#�2�X �U�+�V�X �h�v�T�2 �A�A

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

�R�X

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

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

�`�2�D�2�+�i�B�M�; �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b�X

�X K� �R�f�jgè �X
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7�ZMh3!X�jgè�•#W"��ä5_ �, �e�8�ä YïK~:F Z™7� K-Yÿ +>!_ 22:F.Z7fK-fâ
2: @¡D—�ÄK§Pä>�Hš�•ZMh3�ç/r3ˆfÀgI#W
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 €Z"�•<Ï0ö�rgìYhFò �5�5 �U�a�+�Q�T�2�, ���+�?�N�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�/�X�V �U�k�y�W�- �R�y�W �2���+�?�V

�j�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 �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

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

�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�+�X

�U�A�A�A�V �a�?�Q�`�i ���M�b�r�2�`�U�k�y�W�- �R�y�W �2���+�?�V

�8�X �q�?���i �B�b �i�?�2p�@�p���H�m�2 �B�M �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�;�\

�e�X �q�?���i �/�Q�2�b �� �b�K���H�H �T�@�p���H�m�2 �B�M�/�B�+���i�2�\

�U�A�o�V �*���H�+�m�H���i�B�Q�M�U�9�y�W�- �k�y�W �2���+�?�V

�d�X�*�1�P �h�2�M�m�`�2�X�� �b�?���`�2�?�Q�H�/�2�`�b�ö �;�`�Q�m�T�- �B�M �H�Q�/�;�B�M�; �� �T�`�Q�i�2�b�i�- �+�H���B�K�2�/ �i�?���i �i�?�2 �K�2���M �i�2�M�m�`�2 �7�Q�` �� �+�?�B�2�7

�2�t�2�+�m�i�B�p�2 �Q�{�+�2 �U�*�1�P�V �r���b ���i �H�2���b�i �M�B�M�2 �v�2���`�b�X �� �b�m�`�p�2�v �Q�7 �+�Q�K�T���M�B�2�b �`�2�T�Q�`�i�2�/ �B�M �h�?�2 �q���H�H �a�i�`�2�2�i

�C�Q�m�`�M���H �7�Q�m�M�/ �� �b���K�T�H�2 �K�2���M �i�2�M�m�`�2 �Q�7�x = 7 :27 �v�2���`�b �7�Q�` �*�1�P�b �r�B�i�? �� �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7s = 6 :38

�v�2���`�b�X

�U���V �6�Q�`�K�m�H���i�2 �?�v�T�Q�i�?�2�b�2�b �i�?���i �+���M �#�2 �m�b�2�/ �i�Q �+�?���H�H�2�M�;�2 �i�?�2 �p���H�B�/�B�i�v �Q�7 �i�?�2 �+�H���B�K �K���/�2 �#�v �i�?�2 �b�?���`�2�@

�?�Q�H�/�2�`�b�ö �;�`�Q�m�T�X

�U�#�V ���b�b�m�K�2 �3�8 �+�Q�K�T���M�B�2�b �r�2�`�2 �B�M�+�H�m�/�2�/ �B�M �i�?�2 �b���K�T�H�2�X �q�?���i �B�b �i�?�2p�@�p���H�m�2 �7�Q�` �v�Q�m�` �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�\

�U�+�V ���i� = 0 :01�- �r�?���i �B�b �v�Q�m�` �+�Q�M�+�H�m�b�B�Q�M�\

�3�X�S�`�Q�/�m�+�i�B�Q�M �G�B�M�2 ���+�+�m�`���+�v�X�� �T�`�Q�/�m�+�i�B�Q�M �H�B�M�2 �Q�T�2�`���i�B�Q�M �B�b �i�2�b�i�2�/ �7�Q�` �}�H�H�B�M�; �r�2�B�;�?�i ���+�+�m�`���+�v �m�b�B�M�;

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

�>�v�T�Q�i�?�2�b�B�b �*�Q�M�+�H�m�b�B�Q�M ���M�/ ���+�i�B�Q�M

H0 : � = 16 �6�B�H�H�B�M�; �Q�F���v�c �F�2�2�T �`�m�M�M�B�M�;

Ha : � 6= 16 �6�B�H�H�B�M�; �Q�z �b�i���M�/���`�/�c �b�i�Q�T ���M�/ ���/�D�m�b�i �K���+�?�B�M�2

�h�?�2 �b���K�T�H�2 �b�B�x�2 �B�b �j�y ���M�/ �i�?�2 �T�Q�T�m�H���i�B�Q�M �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �B�b� = 0 :8�X �l�b�2� = 0 :05�X

�U���V �q�?���i �r�Q�m�H�/ �� �h�v�T�2 �A�A �2�`�`�Q�` �K�2���M �B�M �i�?�B�b �b�B�i�m���i�B�Q�M�\

�U�#�V �q�?���i �B�b �i�?�2 �T�Q�r�2�` �Q�7 �i�?�2 �b�i���i�B�b�i�B�+���H �i�2�b�i �r�?�2�M �i�?�2 �K���+�?�B�M�2 �B�b �Q�p�2�`�}�H�H�B�M�; �#�v �y�X�8 �Q�m�M�+�2�b�\

�X K� �k�f�jgè �X
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 €Z"�•<Ï0ö�rgìYhFò �5�5 �U�a�+�Q�T�2�, ���+�?�N�V�P � � � �

�U�o�V �"�Q�M�m�b�U�k�y�W�V

�3�X �U�k�y�W�V �q�?���i �B�b �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�M �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�;�\

:FCnXO

���`�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 �p���H�m�2 �Udf = 84�V �y�X�3�9�e �R�X�k�N�k �R�X�e�e�j �R�X�N�3�N �k�X�j�d�k �k�X�e�j�e

�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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�S���;�2�b�, �j�• �*�Q�T�B�2�b�,�e�8 �*���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
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"��•)i6ðB`;q#WXäfç<)�•Z²Z"Yÿ�•

�a�+�Q�T�2�, ���+�?�R�k�@�R�9 �P � � �

�L�Q�i�2�b �U<Ï0ö�rgìYhFò �5�5�V�,

�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`Ï�ä+Ò��5n#Ö �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

�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�UbBK-#Ö�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�d�V �h�?�2 �i�Q�i���H �b�+�Q�`�2 �B�b �R�k�y�X

�U�3�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 ���M�b�r�2�` �b�?�2�2�i�X �UZ²Xî+Ò�ò!þ+ŠZzZEQÚK;8/#^�ñ�V�Û

�U�y�V+ŠZzZE�S�H�2���b�2 �r�`�B�i�2 �B�M �2�B�i�?�2�` �*�?�B�M�2�b�2 �Q�` �1�M�;�H�B�b�?�X �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

�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"4.e;�OêZME]���•Oè.�`k6�6ðFò"�7·�‚#ó+_6ê ^Gkf{(¨#ó+_FkK;8/#^�•1ý6�5,0ö2qK;8/#^MM5¨`q#ó+_Fò�Û$ð �� `ä1÷.[�¡�m �5 �V

�U�A�V �J�m�H�i�B�T�H�2 �+�?�Q�B�+�2�U�k�y�W�- �R�y�W �2���+�?�V�c �b�2�H�2�+�i �Q�M�2 �+�Q�`�`�2�+�i ���M�b�r�2�`�X

�R�X �h�?�2 �i�2�b�i �7�Q�` �;�Q�Q�/�M�2�b�b �Q�7 �}�i �U���V�X �B�b ���H�r���v�b �� �H�Q�r�2�` �i���B�H �i�2�b�i�X �U�"�V�X �B�b ���H�r���v�b ���M �m�T�T�2�` �i���B�H �i�2�b�i�X �U�*�V�X

�B�b ���H�r���v�b �� �i�r�Q�@�i���B�H�2�/ �i�2�b�i�X �U�.�V�X �+���M �#�2 �� �H�Q�r�2�` �Q�` ���M �m�T�T�2�` �i���B�H �i�2�b�i�X

�k�X �A�M �b�B�K�T�H�2 �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M ���M���H�v�b�B�b�- �r�?�B�+�? �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�; �B�b �M�Q�i �i�`�m�2�\ �U���V�X �h�?�2F �i�2�b�i ���M�/ �i�?�2 �i �i�2�b�i

�v�B�2�H�/ �i�?�2 �b���K�2 �+�Q�M�+�H�m�b�B�Q�M�X �U�"�V�X �h�?�2F �i�2�b�i ���M�/ �i�?�2 �i �i�2�b�i �K���v �Q�` �K���v �M�Q�i �v�B�2�H�/ �i�?�2 �b���K�2 �+�Q�M�+�H�m�b�B�Q�M�X

�U�*�V�X �h�?�2 �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�M �t ���M�/ �v �B�b �`�2�T�`�2�b�2�M�i�2�/ �#�v �� �b�i�`���B�;�?�i �H�B�M�2�X �U�.�V�X �h�?�2 �p���H�m�2 �Q�7F = t2�X

�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�/�X�V �U�k�y�W�- �R�y�W �2���+�?�V

�j�X �A�M �b�B�K�T�H�2 �`�2�;�`�2�b�b�B�Q�M�- �H�2�iy �#�2 �i�?�2 �/�2�T�2�M�/�2�M�i �p���`�B���#�H�2 ���M�/x �#�2 �i�?�2 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�X �*�Q�K�T�H�2�i�2

�i�?�2 �K�Q�/�2�H �Q�` �2�[�m���i�B�Q�M�b �m�b�B�M�; �i�?�2 �M�Q�i���i�B�Q�M�b �7�`�Q�K �i�?�2 �i�2�t�i�#�Q�Q�F�X �U���V �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �J�Q�/�2�H�,

�4�4�4�4�4�4�4�4�4�4�4�4�4�4�4�U�#�V �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �1�[�m���i�B�Q�M�,�4�4�4�4�4�4�4�4�4�4�4�4�4�4�4�U�+�V �1�b�@

�i�B�K���i�2�/ �a�B�K�T�H�2 �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M �1�[�m���i�B�Q�M�,�4�4�4�4�4�4�4�4�4�4�4�4�4�4�4�X

�X K� �R�f�jgè �X
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 €Z"�• �a�+�Q�T�2�, ���+�?�R�k�@�R�9 �P � � � �

�9�X �A�M �b�B�K�T�H�2 �`�2�;�`�2�b�b�B�Q�M�- �+�Q�K�T�H�2�i�2 �i�?�2 �7�Q�`�K�m�H���b �7�Q�` �i�?�2 �i�?�`�2�2 �b�m�K�b �Q�7 �b�[�m���`�2�b �m�b�B�M�; �i�?�2 �M�Q�i���i�B�Q�M�b �7�`�Q�K

�i�?�2 �i�2�t�i�#�Q�Q�F�X �U���V �h�Q�i���H �a�m�K �Q�7 �a�[�m���`�2�b�,�4�4�4�4�4�4�4�4�4�4�4�4�4�4�4�X �U�#�V �a�m�K �Q�7 �a�[�m���`�2�b �.�m�2 �i�Q

�_�2�;�`�2�b�b�B�Q�M�,�4�4�4�4�4�4�4�4�4�4�4�4�4�4�4�X �U�+�V �a�m�K �Q�7 �a�[�m���`�2�b �.�m�2 �i�Q �1�`�`�Q�`�,�4�4�4�4�4�4�4�4�4�4�4�4�4�4�4�X

�U�A�A�A�V �a�?�Q�`�i ���M�b�r�2�`�U�k�y�W�- �R�y�W �2���+�?�V

�8�X �C�Q�?�M�- �� �/���i�� ���M���H�v�b�i�- �+�Q�H�H�2�+�i�2�/ �/���i�� �7�Q�` �k�8 �T�2�Q�T�H�2�X �>�2 �r���M�i�b �i�Q �i�2�b�i �i�?�2 �B�M�/�2�T�2�M�/�2�M�+�2 �Q�7 ���;�2 ���M�/

�;�`�Q�m�T�X �*���M �?�2 �/�Q �i�?���i �#���b�2�/ �Q�M �i�?�B�b �/���i���\ �A�7 �M�Q�i�- �2�t�T�H���B�M �r�?�v�X �A�7 �v�2�b�- �T�H�2���b�2 �+�`�2���i�2 �i�?�2 �+�Q�M�i�B�M�;�2�M�+�v

�i���#�H�2 �7�Q�` �C�Q�?�M�X

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

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

�:�`�Q�m�T�" �� �" �" �* �" �* �" �� �� �* �" �� �* �* �� �� �* �� �" �" �" �* �* ��

�e�X �q�?���i �B�b �i�?�2 �/�2�}�M�B�i�B�Q�M �Q�7 �i�?�2�*�Q�2�{�+�B�2�M�i �Q�7 �.�2�i�2�`�K�B�M���i�B�Q�M�B�M �b�B�K�T�H�2 �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M�\ �>�Q�r �B�b �i�?�B�b

�+�Q�2�{�+�B�2�M�i �B�M�i�2�`�T�`�2�i�2�/�\

�U�A�o�V �*���H�+�m�H���i�B�Q�M�U�9�y�W�- �k�y�W �2���+�?�V

�d�X�h�2�H�2�p�B�b�B�Q�M ���m�/�B�2�M�+�2�b ���+�`�Q�b�b �L�2�i�r�Q�`�F�b�X�.�m�`�B�M�; �i�?�2 �}�`�b�i �R�j �r�2�2�F�b �Q�7 �i�?�2 �i�2�H�2�p�B�b�B�Q�M �b�2���b�Q�M�- �i�?�2

�a���i�m�`�/���v �2�p�2�M�B�M�; �3 �T�X�K�X �i�Q �N �T�X�K�X ���m�/�B�2�M�+�2 �T�`�Q�T�Q�`�i�B�Q�M�b �r�2�`�2 �`�2�+�Q�`�/�2�/ ���b ���"�* �k�N�W�- �*�"�a �k�3�W�-

�L�"�* �k�8�W�- ���M�/ �B�M�/�2�T�2�M�/�2�M�i�b �R�3�W�X �� �b���K�T�H�2 �Q�7 �j�y�y �?�Q�K�2�b �i�r�Q �r�2�2�F�b ���7�i�2�` �� �a���i�m�`�/���v �M�B�;�?�i �b�+�?�2�/�m�H�2

�`�2�p�B�b�B�Q�M �v�B�2�H�/�2�/ �i�?�2 �7�Q�H�H�Q�r�B�M�; �p�B�2�r�B�M�; ���m�/�B�2�M�+�2 �/���i���, ���"�* �N�8 �?�Q�K�2�b�- �*�"�a �d�y �?�Q�K�2�b�- �L�"�* �3�N �?�Q�K�2�b�-

���M�/ �B�M�/�2�T�2�M�/�2�M�i�b �9�e �?�Q�K�2�b�X �h�2�b�i �r�B�i�?� = 0 :05�i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�` �i�?�2 �p�B�2�r�B�M�; ���m�/�B�2�M�+�2 �T�`�Q�T�Q�`�i�B�Q�M�b

�+�?���M�;�2�/�X

�3�X�_�2�i���B�H ���M�/ �h�`���/�2�, �6�2�K���H�2 �J���M���;�2�`�b�X�h�?�2 �7�Q�H�H�Q�r�B�M�; �/���i�� �;�B�p�2 �i�?�2 �T�2�`�+�2�M�i���;�2 �Q�7 �r�Q�K�2�M �r�Q�`�F�B�M�;

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

�B�M �2���+�? �+�Q�K�T���M�v �B�b ���H�b�Q �b�?�Q�r�M�X

�W�q�Q�`�F�B�M�; �e�d �9�8 �d�j �8�9 �e�R

�W �J���M���;�2�K�2�M�i�9�N �k�R �e�8 �9�d �j�j

�U���V �.�2�p�2�H�Q�T �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �2�[�m���i�B�Q�M �i�Q ���T�T�`�Q�t�B�K���i�2 �i�?�2 �H�B�M�2���` �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�M �i�?�2

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

�r�Q�K�2�M �B�M �i�?���i �+�Q�K�T���M�v�X

�U�#�V �S�`�2�/�B�+�i �i�?�2 �T�2�`�+�2�M�i���;�2 �Q�7 �K���M���;�2�K�2�M�i �D�Q�#�b �?�2�H�/ �#�v �r�Q�K�2�M �B�M �� �+�Q�K�T���M�v �i�?���i �?���b �e�y�W �r�Q�K�2�M

�2�K�T�H�Q�v�2�2�b�X

�X K� �k�f�jgè �X
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 €Z"�• �a�+�Q�T�2�, ���+�?�R�k�@�R�9 �P � � � �

�U�o�V �"�Q�M�m�b�U�y�W�V

�N�X �L�Q �#�Q�M�m�b �i�?�B�b �i�B�K�2 �/�m�2 �i�Q �i�B�K�2 �+�Q�M�b�i�`���B�M�i�b�X

:FCnXO

���`�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 �p���H�m�2 �Udf = 84�V �y�X�3�9�e �R�X�k�N�k �R�X�e�e�j �R�X�N�3�N �k�X�j�d�k �k�X�e�j�e

� 2 �p���H�m�2 �Udf = 3 �V �9�X�e�9�k �e�X�k�8�R �d�X�3�R�8 �N�X�j�9�3 �R�R�X�j�9�8 �R�k�X�3�j�3

� 2 �p���H�m�2 �Udf = 4 �V �8�X�N�3�N �d�X�d�d�N �N�X�9�3�3 �R�R�X�R�9�j �R�j�X�k�d�d �R�9�X�3�e�y

�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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�a�+�Q�T�2�, ���+�?�N�@�R�R �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`Ï�ä+Ò��5n#Ö �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

�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�UbBK-#Ö�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�d�V �h�?�2 �i�Q�i���H �b�+�Q�`�2 �B�b �R�k�y�X

�U�3�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 ���M�b�r�2�` �b�?�2�2�i�X �UZ²Xî+Ò�ò!þ+ŠZzZEQÚK;8/#^�ñ�V�Û

�y�X �S�H�2���b�2 �r�`�B�i�2 �B�M �2�B�i�?�2�` �*�?�B�M�2�b�2 �Q�` �1�M�;�H�B�b�?�X �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

�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�- �R�y�W �2���+�?�V�c �b�2�H�2�+�i �Q�M�2 �+�Q�`�`�2�+�i ���M�b�r�2�`�X

�R�X �6�Q�` �� �H�Q�r�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�+ ���i �H�2���b�i ���b

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

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

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

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

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

�i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+�X

�X K� �R�f�jgè �X
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 €Z"�•<Ï0ö�rgìYhFò �5�5 �U�a�+�Q�T�2�, ���+�?�N�@�R�R�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�/�X�V �U�k�y�W�- �R�y�W �2���+�?�V

�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 �q�?�2�M�2�p�2�` �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 �b�B�x�2�bn1 ���M�/n2 ���`�2 �b�2�H�2�+�i�2�/ �7�`�Q�K �i�r�Q�M�Q�`�K���H�T�Q�T�m�@

�H���i�B�Q�M�b �r�B�i�?�2�[�m���H �p���`�B���M�+�2�b�- �i�?�2 �b���K�T�H�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7s2
1/ s2

2 �B�b ���MF �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�?n1 � 1 �/�2�;�`�2�2�b

�Q�7 �7�`�2�2�/�Q�K �7�Q�` �i�?�2 �M�m�K�2�`���i�Q�` ���M�/n2 � 1 �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K �7�Q�` �i�?�2 �/�2�M�Q�K�B�M���i�Q�`�c �r�?�2�`�2s2
1 �Us2

2�V �B�b �i�?�2

�b���K�T�H�2 �p���`�B���M�+�2 �7�Q�` �i�?�2 �`���M�/�Q�K �b���K�T�H�2 �Q�7n1 �Un2�V �B�i�2�K�b �7�`�Q�K �T�Q�T�m�H���i�B�Q�M �R �U�k�V�X

�U�A�A�A�V �a�?�Q�`�i ���M�b�r�2�`�U�k�y�W�- �9�W �2���+�? �#�H���M�F�V

�8�X �q�?���i ���`�2 �i�?�2�S� �̀��+�i�B�+���H ���/�p�B�+�2�b�7�Q�` �K���F�B�M�; �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 �m�M�F�M�Q�r�M�\ �U�6�B�H�H�B�M�; �B�M �i�?�2 �#�H���M�F �r�Q�m�H�/ �#�2 �b�m�{�+�B�2�M�i�X�V

�a�Q�H�m�i�B�Q�M�, �h�?�2�`�2 ���`�2 �7�Q�m�` �T�`���+�i�B�+���H ���/�p�B�+�2�b �T�`�Q�p�B�/�2�/ �B�M �i�?�2 �i�2�t�i�#�Q�Q�F ���b �7�Q�H�H�Q�r�b�X

�U���V �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 ���`�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

�U�#�V �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�2

n1 + 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

�U�+�V �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

�U�/�V �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

�U�A�o�V �*���H�+�m�H���i�B�Q�M�U�9�y�W�- �k�y�W �2���+�?�V

�e�X�:�Q�H�7 �a�+�Q�`�2�b�X�� �b���K�T�H�2 �Q�7 �k�y �i�Q�m�`�M���K�2�M�i �b�+�Q�`�2�b �7�`�Q�K �G�S�:�� �U�i�?�2 �r�Q�K�2�M�ö�b �T�`�Q�7�2�b�b�B�Q�M���H �;�Q�H�7 �i�Q�m�`�V

�2�p�2�M�i�b �b�?�Q�r�2�/ �� �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �k�X�9�e�k�j �b�i�`�Q�F�2�b�- ���M�/ �� �b���K�T�H�2 �Q�7 �j�y �i�Q�m�`�M���K�2�M�i �b�+�Q�`�2�b �7�`�Q�K �S�:��

�U�i�?�2 �K�2�M�ö�b �T�`�Q�7�2�b�b�B�Q�M���H �;�Q�H�7 �i�Q�m�`�V �2�p�2�M�i�b �b�?�Q�r�2�/ �� �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �k�X�k�R�R�3�X �*�Q�M�/�m�+�i �� �?�v�T�Q�i�?�2�b�B�b

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

�p���`�B���#�B�H�B�i�v �Q�7 �;�Q�H�7 �b�+�Q�`�2�b �7�Q�` �K���H�2 ���M�/ �7�2�K���H�2 �T�`�Q�7�2�b�b�B�Q�M���H �;�Q�H�7�2�`�b�X �l�b�2� = 0 :10�X
�U���V �6�Q�`�K�m�H���i�2 �?�v�T�Q�i�?�2�b�2�b�X

�U�#�V �q�?���i ���`�2 �i�?�2 �p���H�m�2 �Q�7 �i�2�b�i �b�i���i�B�b�i�B�+ ���M�/ �i�?�2 �`�2�D�2�+�i�B�Q�M �`�m�H�2 �m�M�/�2�`H0�\

�U�+�V �J���F�2 �� �/�2�+�B�b�B�Q�M �m�b�B�M�; �i�?�2 �T�@�p���H�m�2 ���T�T�`�Q���+�?�X �q�?���i �B�b �v�Q�m�` �+�Q�M�+�H�m�b�B�Q�M�\

�X K� �k�f�jgè �X
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 €Z"�•<Ï0ö�rgìYhFò �5�5 �U�a�+�Q�T�2�, ���+�?�N�@�R�R�V�P � � � �

�d�X�S�:�� �h�Q�m�` �a�+�Q�`�2�b�X�a�+�Q�`�2�b �B�M �i�?�2 �}�`�b�i ���M�/ �7�Q�m�`�i�? �U�}�M���H�V �`�Q�m�M�/�b �7�Q�` �� �b���K�T�H�2 �Q�7 �k�y �;�Q�H�7�2�`�b �r�?�Q

�+�Q�K�T�2�i�2�/ �B�M �S�:�� �i�Q�m�`�M���K�2�M�i�b ���`�2 �b�?�Q�r�M �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �i���#�H�2�X �a�m�T�T�Q�b�2 �v�Q�m �r�Q�m�H�/ �H�B�F�2 �i�Q �/�2�i�2�`�K�B�M�2
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�i�?�2 �T�Q�T�m�H���i�B�Q�M �K�2���M�b�\ �*�Q�m�H�/ �i�?�B�b �*�A �?���p�2 �#�2�2�M �m�b�2�/ �i�Q �i�2�b�i �i�?�2 �?�v�T�Q�i�?�2�b�B�b �B�M �U���V�\ �1�t�T�H���B�M�X

�U�o�V �"�Q�M�m�b�U�k�y�W�V

�3�X �G�2�i �i�?�2 �`���M�/�Q�K �b���K�T�H�2�bX 1; X 2; � � � ; X n1 � N (� x ; � 2
x ) ���M�/Y1; Y2; � � � ; Yn2 � N (� y ; � 2

y )�- �r�?�2�`�2� x ���M�/

� y ���`�2 �F�M�Q�r�M�X �.�2�`�B�p�2 �i�?�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �i�?�2 �/�B�}�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 � �Y ) � z� /2

s
� 2

x

n1
+

� 2
y

n2
;
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���`�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 �p���H�m�2 �Udf = 19�V �y�X�3�e�R �R�X�j�k�3 �R�X�d�k�N �k�X�y�N�j �k�X�8�j�N �k�X�3�e�R

F �o���H�m�2 �Udf 1 = 19; df 2 = 29�V �R�X�9�y�9 �R�X�e�3�8 �R�X�N�8�3 �k�X�k�j�R �k�X�8�N�N �k�X�3�3�8

F �o���H�m�2 �Udf 1 = 29; df 2 = 19�V �R�X�9�8�k �R�X�d�e�j �k�X�y�d�d �k�X�9�y�k �k�X�3�8�8 �j�X�k�k�R

�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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�a�+�Q�T�2�, ���+�?�R�k�@�R�d �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`Ï�ä+Ò��5n#Ö �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

�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�UbBK-#Ö�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�d�V �h�?�2 �i�Q�i���H �b�+�Q�`�2 �B�b �R�k�y�X
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�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 ���#�Q�m�iR2 �U�i�?�2 �+�Q�2�{�+�B�2�M�i �Q�7 �/�2�i�2�`�K�B�M���i�B�Q�M�V�- �r�?�B�+�? �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�; �B�b �+�Q�`�`�2�+�i�\ �U���V �� �?�B�;�?R2 �B�M�/�B�+���i�2�b

�i�?���i �m�b�2�7�m�H �T�`�2�/�B�+�i�B�Q�M�b �+���M �#�2 �K���/�2�X �U�"�V �� �?�B�;�?R2 �B�M�/�B�+���i�2�b �i�?���i �i�?�2 �2�b�i�B�K���i�2�/ �`�2�;�`�2�b�b�B�Q�M �H�B�M�2 �B�b ��

�;�Q�Q�/ �}�i�X �U�*�V ��R2 �M�2���` �x�2�`�Q �B�M�/�B�+���i�2�b �i�?���iX ���M�/Y ���`�2 �M�Q�i �`�2�H���i�2�/�X �U�.�V �h�?�2 �p���H�m�2 �Q�7R2 �+���M �#�2

�M�2�;���i�B�p�2�X �U�1�V �L�Q�M�2 �Q�7 �i�?�2 ���#�Q�p�2�X

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

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

�+���M�M�Q�i �#�2 �B�M �T�Q�m�M�/�b�X �U�1�V �L�Q�M�2 �Q�7 �i�?�2 ���#�Q�p�2�X

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

�b�K�Q�Q�i�?�B�M�;�X �U�*�V �`�2�;�`�2�b�b�B�Q�M ���M���H�v�b�B�b�X �U�.�V �M���B�p�2 �7�Q�`�2�+���b�i�B�M�;�X �U�1�V �L�Q�M�2 �Q�7 �i�?�2 ���#�Q�p�2�X

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

���T�T�`�Q�T�`�B���i�2 ���+�+�m�`���+�v �K�2���b�m�`�2 �B�b �K�2���M �U���V �2�`�`�Q�`�X �U�"�V ���#�b�Q�H�m�i�2 �2�`�`�Q�`�X �U�*�V �b�[�m���`�2�/ �2�`�`�Q�`�X �U�.�V ���#�b�Q�H�m�i�2

�T�2�`�+�2�M�i���;�2 �2�`�`�Q�`�X �U�1�V �L�Q�M�2 �Q�7 �i�?�2 ���#�Q�p�2�X

�X K� �R�f�jgè �X
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 €Z"�•<Ï0ö�rgìYhFò �5�5 �U�a�+�Q�T�2�, ���+�?�R�k�@�R�d�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�/�X�V �U�k�y�W�V

�8�X �U�8�W�V �q�?�2�M �+�Q�M�/�m�+�i�B�M�; �i�?�2 �;�Q�Q�/�M�2�b�b �Q�7 �}�i �i�2�b�i �7�Q�` �� �+�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�- �2�b�i���#�H�B�b�?

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

�e�X �U�R�y�W�V �6�Q�m�` ���b�b�m�K�T�i�B�Q�M�b �?���p�2 �#�2�2�M �K���/�2 ���#�Q�m�i �i�?�2 �2�`�`�Q�` �i�2�`�K� �Q�7 �� �b�B�K�T�H�2 �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M �K�Q�/�2�H�,

�t�t�t�t�t�t�t�t�t�t�Ú�t�t�t�t�t�t�t�t�t�t�Ú�t�t�t�t�t�t�t�t�t�t�Ú�t�t�t�t�t�t�t�t�t�t�X

�d�X �U�8�W�V �h�?�2 �i�2�`�K�b�i���i�B�Q�M���`�v�i�B�K�2 �b�2�`�B�2�b �B�b �m�b�2�/ �i�Q �/�2�M�Q�i�2 �� �i�B�K�2 �b�2�`�B�2�b �r�?�Q�b�2 �b�i���i�B�b�i�B�+���H �T�`�Q�T�2�`�i�B�2�b ���`�2

�B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�B�K�2�X

�U�A�A�A�V �a�?�Q�`�i ���M�b�r�2�`�U�k�y�W�- �R�y�W �2���+�?�V

�3�X �q�?���i �B�b �i�?�2�_�2�b�B�/�m���H ���M���H�v�b�B�b�\

�N�X �q�?���i ���`�2 �i�?�2 �b�2���b�Q�M���H �T���i�i�2�`�M�b ���M�/ �+�v�+�H�B�+���H �T���i�i�2�`�M�b �B�M �� �i�B�K�2 �b�2�`�B�2�b �T�H�Q�i�\
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