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���H�;�Q�`�B�i�K�m�b �D�2�/�M�û �B�i�2�`���+�2 �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v�X �a�M���ˆ�Q�K�2 �b�2 �Q �M���H�2�x�2�M�Q �K�B�M�B�K�� �7�m�M�F�+�2
f : Rn ! R�X �o �F���ˆ�/�û �B�i�2�`���+�B �K�€�K�2 �F �/�B�b�T�Q�x�B�+�Bn + 1 �#�Q�/�i �xRn �- �F�i�2�`�û �i�p�Q�ü�Q ���F�i�m�€�H�M�Q
�b�B�K�T�H�2�t�X ���H�;�Q�`�B�i�K�m�b �T�`���+�m�D�2 �M�€�b�H�2�/�Q�p�M�ÿ�,

�R�X �"�Q�/�v ���F�i�m�€�H�M�Q�?�Q �b�B�K�T�H�2�t�mx1; x2; :::; xn+1 �b�2�ü���/�Q�K�2 �U�Q�x�M���Í�Q�K�2�V �i���F�- ���#�v �T�H���i�B�H�� �M�€�b�H�2�@
�/�m�D�Q�+�Q �M�2�`�Q�p�M�Q�b�i�,

f (x1) � f (x2) � ::: � f (xn+1 )

�k�X �o�v�T�Q�Í�Q�i�€�K�2 �M�Q�p�w �#�Q�/x0�- �F�i�2�`�w �D�2 �;�2�Q�K�2�i�`�B�+�F�w�K �b�i�ü�2�/�2�K �U�+�2�M�i�`�Q�B�/�- �i�ÿ�ˆ�B���i�ÿ�Vn �M�2�D�@
�H�2�T���Q�+�? �#�Q�/�i �b�B�K�T�H�2�t�m�- �i�2�/�v �p���2�+�? �F�`�Q�K�ÿ �M�2�D�?�Q�`���Q�?�Q �#�Q�/�mxn+1 �X

x0 =
x1 + x2 + ::: + xn

n

�j�X�Y�¡���¡�	�¡
�a�T�Q�Í�Q�i�€�K�2 �M�Q�p�w �#�Q�/x r �X

x r = x0 + � (x0 � xn+1 )

� > 0

�í

https://www.youtube.com/watch?v=j2gcuRVbwR0


�` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �`�ë�`�ë �V�Ó�™�Š�î�¡�™�Ì�¶ �ç�´�Ë�à�Å�¡�	

�S�Q�F�m�/ �D�2 �i�2�M�i�Q �M�Q�p�w �#�Q�/ �H�2�T���Q�- �M�2�ˆ �/�`�m�?�w �M�2�D�?�Q�`���Q �#�Q�/�- ���H�2 �M�2�M�Q �H�2�T���Q �M�2�ˆ �M�2�D�H�2�T���Q�- �i�2�/�v
�T�H���i�Qf (x1) � f (x r ) � f (xn )�- �T���F �M���?�`���/�Q�K�2 �M�2�D�?�Q�`���Q �#�Q�/xn+1 �#�Q�/�2�Kx r �� �m�F�Q�M�Í�Q�K�2
�B�i�2�`���+�B�X �S�Q�F�m�/ �M�2�- �T�Q�F�`���Í�m�D�2�K�2 �F�`�Q�F�2�K �9�X

�9�X���	�à�‰�Ì���¡
�S�Q�F�m�/ �D�2 �#�Q�/x r �H�2�T���Q�- �M�2�ˆ �/�Q�T�Q�b�m�/ �M�2�D�H�2�T���Q �#�Q�/�- �i�2�/�vf (x r ) < f (x1)�- �i���F �b�T�Q�Í�Q�i�€�K�2
�M�Q�p�w �#�Q�/xe�X

xe = x0 + 
 (x r � x0)


 > 1

�S�Q�F�m�/ �D�2 �i�2�M�i�Q �2�t�T���M�/�Q�p���M�w �#�Q�/ �H�2�T���Q�- �M�2�ˆ �#�Q�/x r �Uf (xe) < f (x r )�V�- �i���F �M���?�`���/�Q�K�2
�M�2�D�?�Q�`���Q �#�Q�/ �b�B�K�T�H�2�t�mxn+1 �#�Q�/�2�Kxe �� �m�F�Q�M�Í�Q�K�2 �B�i�2�`���+�B�X �o �Q�T���Í�M�û�K �T�ü�Q�T���/�ÿ �M���?�`���@
�/�Q�K�2xn+1 �#�Q�/�2�Kx r �� �m�F�Q�M�Í�Q�K�2 �B�i�2�`���+�B�X

�8�X�:�Ó�Ì�î�ã�‰�Ã�—�¡
�S�Q�F�m�/ �#�Q�/x r �M�2�M�Q �H�2�T���Q�- �M�2�ˆ �/�Q�T�Q�b�m�/ �M�2�D�H�2�T���Q �#�Q�/ �Uf (x r ) � f (x1)�V�- �i���F �b�T�Q�Í�Q�i�€�K�2
�M�Q�p�w �#�Q�/xc�X

xc = x0 + � (xn+1 � x0)

0 < � <
1
2

�S�Q�F�m�/ �D�2 �i�2�M�i�Q �M�Q�p�w �#�Q�/ �H�2�T���Q�- �M�2�ˆ �M�2�D�?�Q�`���Q �#�Q�/ �b�B�K�T�H�2�t�m �Uf (xc) < f (xn+1 )�V�- �T���F
�M���?�`���/�Q�K�2 �#�Q�/xn+1 �#�Q�/�2�Kxc �� �m�F�Q�M�Í�Q�K�2 �B�i�2�`���+�B�X �o �Q�T���Í�M�û�K �T�ü�Q�T���/�ÿ �T�Q�F�`���Í�m�D�2�K�2
�F�`�Q�F�2�K �e�X

�e�X�]�—���ã�Ã�Ì�ó�î�¶
�L���?�`���/�Q�K�2 �p���2�+�?�M�v �#�Q�/�v �b�B�K�T�H�2�t�m �F�`�Q�K�ÿ �M�2�D�H�2�T���Q�?�Q �Ux1�V �x�� �#�Q�/�v �M�Q�p�û �T�Q�/�H�2 �M�€�b�H�2�@
�/�m�D�Q�+�Q�?�Q �p�x�Q�`�+�2�,

x i := x1 + � (x i � x1)

0 < � < 1

�S�Q�i�û �m�F�Q�M�Í�Q�K�2 �B�i�2�`���+�B�X

�"�Q�/�v �p �R�X �F�`�Q�F�m �p�2 �b�F�m�i�2�Í�M�Q�b�i�B �M�2�K�m�b�Q�K�2 �ü���/�B�i�X �a�i���Í�Q�- �F�/�v�ˆ �p�v�#�2�`�2�K�2 �x ���F�i�m�€�H�M�Q�?�Q
�b�B�K�T�H�2�t�m �M�2�D�H�2�T���Q�- �/�`�m�?�w �M�2�D�?�Q�`���Q �� �M�2�D�?�Q�`���Q �#�Q�/�X �S�Q�F�m�/ �#�v�+�?�Q�K �K�ÿ�H�B �#�Q�/�v �b�B�K�T�H�2�t�m
�b�2�ü���x�2�M�û�- �Q�/�T�Q�p�Q�/�€ �i���i�Q �i�`�Q�D�B�+�2 �M�€�b�H�2�/�m�D�Q�+�Q�K �#�Q�/�i�K�,x1�-xn �-xn+1 �X �o�v�M�2�+�?�€�M�Q�K �ü���x�2�M�Q
�m���2�i�ü�Q�K�2 �i�`�Q�+�?�m �p�w�T�Q�Í�2�i�M�Q�?�Q �p�w�F�Q�M�m�X

�S���`���K�2�i�`�v� �-
 �-� �-� �m�`�Í�m�D�Q �x�T�i�b�Q�# �� �`�v�+�?�H�Q�b�i �F�Q�M�p�2�`�;�2�M�+�2 ���H�;�Q�`�B�i�K�m�X ���m�i�Q�ü�B �K�2�i�Q�/�v
�/�Q�T�Q�`�m�Í�m�D�Q �M���b�i���p�B�i �T���`���K�2�i�`�v �M�� �i�v�i�Q �?�Q�/�M�Q�i�v�,� = 1 �-
 = 2 �-� = 1

2 �-� = 1
2 �X

�J�2�i�Q�/�m �D�b�2�K �B�K�T�H�2�K�2�M�i�Q�p���H �p �T�`�Q�;�`���K�Q�p���+�Q�K �D���x�v�+�2 �S�v�i�?�Q�M�X �A�K�T�H�2�K�2�M�i�Q�p���H �D�b�2�K �D�B
�i���F�- ���#�v �#�v�H�Q �K�Q�ˆ�M�û �T�ü�2�/ �x���p�Q�H�€�M�Q�K �M���b�i���p�B�i �?�Q�/�M�Q�i�v �T���`���K�2�i�`�i� �-
 �-� �� � �X �h�Q�i�Q �K�B
�T�Q�x�/�ÿ�D�B �/�Q�p�Q�H�B�H�Q �H���/�B�i �i�v�i�Q �T���`���K�2�i�`�v �� �x�F�Q�m���2�i �`�i�x�M�€ �M���b�i���p�2�M�Q �K�2�i�Q�/�v�X

�ë�`�ë �V�Ó�™�Š�î�¡�™�Ì�¶ �ç�´�Ë�à�Å�¡�	
�"�Q�/�v �T�Q�Í�€�i�2�Í�M�Q�?�Q �b�B�K�T�H�2�t�m �m�`�Í�m�D�Q �D���F �#�m�/�2 �?�H�2�/�€�M�Q �/���H���Q�+�? �#�Q�/�i �T�`�Q�#�Q�?���i�X �S�`�Q�i�Q �D�2
�/�i�H�2�ˆ�B�i�û �x�p�Q�H�B�i �T�Q�Í�€�i�2�Í�M�Q �#�Q�/�v �p�?�Q�/�M�ÿ �p�x�?�H�2�/�2�K �F �ü�2���2�M�û�K�m �T�`�Q�#�H�û�K�m�X �C�2�/�M�Q�K �x�2 �x�T�i�@
�b�Q�#�i �D���F �x�p�Q�H�B�i �#�Q�/�v �b�B�K�T�H�2�t�m �D�2 �p�v�#�`���i �b�B �M�ÿ�D���F�w �T�Q�Í�€�i�2�Í�M�Q �#�Q�/x1 �U�M���T�ü�Q�F�H���/ �T�ü�B�#�H�B�ˆ�M�û
�ü�2���2�M�Q�V�- �F�2 �F�i�2�`�û�K�m �T�ü�B�/�€�K�2 �#�Q�/�vx2; :::; xn+1 �X �h�v�i�Q �#�Q�/�v �p�x�M�B�F�M�Q�m �T�Q�b�m�M�m�i�Q�K �#�Q�/�mx1

�Q �F�Q�M�b�i���M�i�M�Q �?�Q�/�M�Q�i�mc �p�ˆ�/�v �p �D�2�/�M�Q�K �b�K�ÿ�`�m �b�Q�m�ü���/�M�B�+�Q�p�w�+�? �Q�b�X �S�Q�F�m�/ �b�B �M���T�ü�Q�F�H���/

�î



�ë�` �C�¡�Å�•�¡�ã�p�B�¡�‰�•�Ó���‰ �ç�´�Ë�à�Å�¡�	�Ó���Š �Ë�¡�î�Ó�•�‰�` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �`
�x�p�Q�H�Q�K�2 �#�Q�/x1 �D���F�Q �T�Q�Í�€�i�2�F �Ux1 = [0 ; 0; :::; 0]�V�- �T���F �b�Q�m�ü���/�M�B�+�2 �/���H���Q�+�? �#�Q�/�i �b�B�K�T�H�2�t�m
�D�b�Q�m �M�€�b�H�2�/�m�D�Q�+�Q�,

x2 = [ c;0; :::; 0]

x3 = [0 ; c; :::;0]

:::

xn+1 = [0 ; 0; :::; c]

�>�Q�/�M�Q�i�m �T���`���K�2�i�`�mc �D�2 �p�?�Q�/�M�û �x�p�Q�H�B�i �i���F�- ���#�v �K�ÿ�H �T�Q�Í�€�i�2�Í�M�Q �b�B�K�T�H�2�t �M�ÿ�D���F�Q�m �`�Q�@
�x�m�K�M�Q�m �p�2�H�B�F�Q�b�i�X �C�2�/�M�Q�K �x�2 �x�T�i�b�Q�#�i�- �F�i�2�`�w �D�b�2�K �p �T�`�Q�D�2�F�i�m �Í���b�i�Q �T�Q�m�ˆ�Q�p���H�- �D�2 �x�p�Q�H�B�i
�?�Q�/�M�Q�i�mc �i���F�- ���#�v �T�Q�Í�€�i�2�Í�M�Q �b�B�K�T�H�2�t �T�Q�F�`�w�p���H �i�m �Í�€�b�i �T�`�Q�b�i�Q�`�m�- �Q �F�i�2�`�û �b�B �K�v�b�H�Q�K�2�-
�ˆ�2 �Q�#�b���?�m�D�2 �?�H�2�/���M�û �K�B�M�B�K�m�K�X �S�Q�F�m�/ �M���T�ü�Q�F�H���/ �p�Q�K�2�- �ˆ�2 �b�2 �Q�T�i�B�K�€�H�M�Q �ü�2���2�M�Q �M���+�?�€�x�Q
�M�ÿ�F�/�2 �p �T�`�Q�b�i�Q�`�mh0; 5i n �- �T���F �K�i�ˆ�2�K�2 �M���b�i���p�B�i �T�Q�Í�€�i�2�Í�M�Q �#�Q�/ �D���F�Q �T�Q�Í�€�i�2�F �� �?�Q�/�M�Q�i�m
c �x�p�Q�H�B�i �8�X

�h�2�M�i�Q �x�T�i�b�Q�# �;�2�M�2�`�Q�p�€�M�Q �T�Q�Í�€�i�2�Í�M�Q�?�Q �b�B�K�T�H�2�t�m �b�2 �K�B �p�2�H�K�B �Q�b�p�ÿ�/�Í�B�H �� �`�Q�x�?�Q�/�H �D�b�2�K
�b�2 �b�B�K�T�H�2�t�v �;�2�M�2�`�Q�p���i �p�ˆ�/�v �i�Q�K�i�Q �x�T�i�b�Q�#�2�K�X �S�i�p�Q�/�M�ÿ �D�b�2�K �x�F�Q�m���2�H �#�Q�/�v �;�2�M�2�`�Q�p���i �M�€�@
�?�Q�/�M�ÿ �p �K�2�x�Q�+�? �T�`�Q�?�H�2�/�€�p���M�û�?�Q �T�`�Q�b�i�Q�`�m�X �P�p���2�K �p�w�b�H�2�/�F�v�- �F�2 �F�i�2�`�w�K �D�b�2�K �b�2 �T�Q�K�Q�+�Q
�L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v �b �i���F�i�Q �M�€�?�Q�/�M�ÿ �p�v�;�2�M�2�`�Q�p���M�w�K �b�B�K�T�H�2�t�2�K �/�Q�b�i���H�- �M�2�#�v�H�v
�x�/���H�2�F�� �i���F �T�ü�2�b�M�û �� �F�Q�M�p�2�`�;�Q�p���H�v �K�M�Q�?�2�K �T�Q�K���H�2�D�B�X �L�� �Q�#�`�€�x�F�m�k�X�k�H�x�2 �/�Q�#�ü�2 �p�B�/�ÿ�i
�`�Q�x�/�Q�H �p �`�v�+�?�H�Q�b�i�B �F�Q�M�p�2�`�;�2�M�+�2 �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v �T�ü�B �D�2�D�Q�K �T�Q�m�ˆ�B�i�Q �F �M���H�2�x�2�M�Q �H�Q�F�€�H�@
�M�Q�?�Q �U�p �i�Q�K�i�Q �T�ü�Q�T���/�ÿ �B �;�H�Q�#�€�H�M�Q�?�Q�V �K�B�M�B�K�� �M�€�?�Q�/�M�ÿ �p�v�;�2�M�2�`�Q�p���M�û �k�y�@�/�B�K�2�M�x�B�Q�M�€�H�M�Q
�F�p���/�`���i�B�+�F�û �7�m�M�F�+�2�X �6�m�M�F�Í�M�Q �?�Q�/�M�Q�i�� �i�û�i�Q �7�m�M�F�+�2 �p �#�Q�/�ÿ�- �F�i�2�`�û �D�2 �?�H�2�/���M�w�K �ü�2���2�M�Q�K
�i�û�i�Q �9�H�Q�?�v �D�20�X �J�2�i�Q�/�� �#�v�H�� �D�2�/�M�Q�m �x���p�Q�H�€�M�� �b �T�Q�Í�€�i�2�Í�M�Q�K �b�B�K�T�H�2�t�2�K �p�v�;�2�M�2�`�Q�p���@
�M�w�K �x�T�i�b�Q�#�2�K�- �F�i�2�`�w �D�b�2�K �T�Q�T�b���H �M�� �x���Í�€�i�F�m �i�û�i�Q �b�2�F�+�2 �U�Í�2�`�p�2�M�€ �F�ü�B�p�F���V �� �T�Q�/�`�m�?�û
�b �T�Q�Í�€�i�2�Í�M�Q�K �b�B�K�T�H�2�t�2�K �p�v�;�2�M�2�`�Q�p���M�w�K �M�€�?�Q�/�M�ÿ �U�K�Q�/�`�€ �F�ü�B�p�F���V�X �P�#�� �#�ÿ�?�v �K�2�i�Q�/�v
�K�ÿ�H�v �T�Q�p�Q�H�2�M�Q �R�y�y�y�y �7�m�M�F�Í�M�Q�+�? �2�p���H�m���+�Q�X �>�M�2�/ �M�� �T�`�p�M�Q �T�Q�?�H�2�/ �b�B �H�x�2 �p���B�K�M�Q�m�i�- �ˆ�2
�L�2�H�/�2�`�@�J�2���/�Q�p�� �K�2�i�Q�/�� �b �M�€�?�Q�/�M�ÿ �p�v�;�2�M�2�`�Q�p���M�w�K �T�Q�Í�€�i�2�Í�M�Q�K �b�B�K�T�H�2�t�2�K �b�2 �x�/���H�2�F��
�M�2�/�Q�b�i���H�� �F �?�Q�/�M�Q�i�ÿ �K�B�M�B�K�� �Q�T�i�B�K���H�B�x�Q�p���M�û �7�m�M�F�+�2 �i���F �#�H�Q�x�F�Q�- �D���F�Q �F�/�v�ˆ �i�m�i�Q �K�2�i�Q�/�m
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�K�Q�?�H �/�2�i�2�F�Q�p���i �x�T�H�Q���i�ÿ�M�Q �b�B�K�T�H�2�t�m�X �C���F�Q �ü�2���2�M�Q �b�2 �M���#�Q�x�2�H�Q �p�v�m�ˆ�Q�i �p�H���b�i�M�Q�b�i�Q �p�H���b�i�M�Q�+�?
�Í�Q�b�2�H �F�Q�p���`�B���M�Í�M�Q�+�? �K���i�B�+ �(�e���d�)�X

�L�2�D�/�ü�Q�p�2 �#�Q�/�v �p�v�+�2�M�i�`�m�D�2�K�2 �M�� �T�Q�Í�€�i�2�F �U�Q�/�2�Í�i�2�K�2 �Q�/ �F���ˆ�/�û�?�Q �#�Q�/�m �+�2�M�i�`�Q�B�/ �b�B�K�@
�T�H�2�t�m�V �� �T�Q�i�û �D�2 �x���T�Q���2�K�2 �/�Q �ü�€�/�F�i �T�Q�/ �b�2�#�2 �� �p�v�i�p�Q�ü�Q�K�2 �i���F �K���i�B�+�B�- �F�i�2�`�Q�m �Q�x�M���Í�Q�K�2
�s�X

�s =

2

6
6
4

x11 x12 ::: x1n

x21 x12 ::: x1n

::: ::: ::: :::
xn+1 1 xn+1 2 ::: xn+1 n

3

7
7
5

�E�/�2 �#�Q�/�vx1; :::; xn+1 �D�b�Q�m �D�B�ˆ �p�v�+�2�M�i�`�Q�p���M�û �#�Q�/�v �b�B�K�T�H�2�t�m ��x i j �D�2j �@�i�€ �b�Q�m�ü���/�M�B�+�2i �@�i�û�?�Q
�#�Q�/�m�X �E�Q�p���`�B���M�Í�M�Q �K���i�B�+�B �b�T�Q�Í�Q�i�€�K�2 �T�Q�/�H�2 �M�€�b�H�2�/�m�D�Q�+�Q�?�Q �p�x�Q�`�+�2�,

�* =
�sT �s
n � 1

�E�/�2�sT �D�2 �i�`���M�b�T�Q�M�Q�p���M�€ �K���i�B�+�2�s�X �S���F �m�ˆ �D�2�M�Q�K �T�`�Q�p�2�/�2�K�2 �`�Q�x�F�H���/ �F�Q�p���`�B���M�Í�M�Q �K���@
�i�B�+�2�* �M�� �K���i�B�+�B �p�H���b�i�M�Q�+�? �p�2�F�i�Q�`�i �� �K���i�B�+�B �T�ü�Q�b�H�m���M�w�+�? �p�H���b�i�M�Q�+�? �Í�Q�b�2�H�X �S�Q�F�m�/ �b�B �M�v�M�Q
�m�/�ÿ�H�€�K�2 �T�Q�K�ÿ�` �M�2�D�p�ÿ�i���Q�?�Q �p�H���b�i�M�Q�?�Q �Í�Q�b�H�� �K���i�B�+�2�* �F�m �M�2�D�K�2�M���Q�K�m�- �/�Q�b�i���M�2�K�2 �?�Q�/�@
�M�Q�i�mr 2�X �>�Q�/�M�Q�i�� �9�/���D�2r 2 �p�v�D���/�ü�m�D�2 �D���F�w�b�B �T�Q�K�ÿ�` �K�2�x�B �M�2�D�p�ÿ�i���Q �� �M�2�D�K�2�M���Q �K�Q�`�Q�m
�`�Q�x�T�i�w�H�2�M�Q �#�Q�/�i �p �M���p�x�€�D�2�K �Q�`�i�Q�;�Q�M�€�H�M�Q�+�? �b�K�ÿ�`�2�+�?�X �L�2�D�p�ÿ�i���Q �x �p�H���b�i�M�Q�+�? �Í�Q�b�2�H �Q�/�T�Q�p�Q�/�€
�p�H���b�i�M�Q�K�m �p�2�F�i�Q�`�m�- �F�i�2�`�w �m�`�Í�m�D�2 �b�K�ÿ�` �M�2�D�p�ÿ�i���Q�?�Q �`�Q�x�T�i�w�H�2�M�Q �#�Q�/�i�X �S�Q�/�Q�#�M�ÿ �p�2�F�i�Q�`�- �F�i�2�@
�`�û�K�m �T�ü�Q�b�H�m���Q �M�2�D�K�2�M���Q �x �p�H���b�i�M�Q�+�? �Í�Q�b�2�H �K���i�B�+�2�*�- �m�`�Í�m�D�2 �b�K�ÿ�` �M�2�D�K�2�M���Q�?�Q �`�Q�x�T�i�w�H�2�M�Q
�#�Q�/�i�X �S�Q�F�m�/ �/�Q�D�/�2 �p �T�`�i�#�ÿ�?�m �Q�T�i�B�K���H�B�x���+�2 �F�2 �x�T�H�Q���i�ÿ�M�Q �b�B�K�T�H�2�t�m �p �M�ÿ�D���F�û�K �b�K�ÿ�`�m�-
�T�`�Q�D�2�p�Q �b�2 �i�Q �M�� �?�Q�/�M�Q�i�ÿ �M�2�D�K�2�M���Q�?�Q �p�H���b�i�M�Q�?�Q �Í�Q�b�H�� �� �i�m�/�Q�ˆ �B �M�� �?�Q�/�M�Q�i�ÿr 2�X �P�#�`�€�x�2�F
�k�X�8�T�Q�`�Q�p�M�€�p�€ �k �i�p���`�v �b�B�K�T�H�2�t�i �b�T�Q�H�m �b �p�H���b�i�M�Q�K�B �p�2�F�i�Q�`�v �Q�/�T�Q�p�Q�/���D�Q�+�Q�+�? �F�Q�p���`�B���M�Í�M�Q�+�?
�K���i�B�+�X �o�H���b�i�M�Q �p�2�F�i�Q�`�v �D�b�Q�m �T�`�Q�/�H�Q�m�ˆ�2�M�v �i���F�- ���#�v �T�Q�K�ÿ�` �D�2�D�B�+�? �p�x�/�€�H�2�M�Q�b�i�Q �Q�/�T�Q�p�Q�/���H
�T�Q�K�ÿ�`�m �?�Q�/�M�Q�i �T�ü�Q�b�H�m���M�w�+�? �p�H���b�i�M�Q�+�? �Í�Q�b�2�H�X �a�B�K�T�H�2�t �p �H�2�p�û�K �;�`���7�m �D�2 �p �T�Q�ü�€�/�F�m �� �H�x�2 �b�B
�p���B�K�M�Q�m�i�- �ˆ�2 �x�Q�#�`���x�2�M�û �p�H���b�i�M�Q �p�2�F�i�Q�`�v �D�b�Q�m �T�ü�B�#�H�B�ˆ�M�ÿ �b�i�2�D�M�ÿ �/�H�Q�m�?�û�X �a�B�K�T�H�2�t �p �T�`���p�û�K
�;�`���7�m �D�2 �x�T�H�Q���i�ÿ�M�w �� �T�`�Q�i�Q �b�2 �/�û�H�F�v �D�2�/�M�Q�i�H�B�p�w�+�? �p�2�F�i�Q�`�i �p�2�H�K�B �H�B���Q�X

�I�–�ã�Š���¡�Ã �ë�`�î�`�o�H���b�i�M�Q �p�2�F�i�Q�`�v �F�Q�p���`�B���M�Í�M�Q�+�? �K���i�B�+ �#�Q�/�i �b�B�K�T�H�2�t�i

�ò



�ë�` �C�¡�Å�•�¡�ã�p�B�¡�‰�•�Ó���‰ �ç�´�Ë�à�Å�¡�	�Ó���Š �Ë�¡�î�Ó�•�‰�` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �`
�8�/���Dr 2 �D�b�2�K �p�2 �b�p�û�K �T�`�Q�D�2�F�i�m �x���x�M���K�2�M�€�p���H �m �T�`�i�#�ÿ�?�i �K�2�i�Q�/�v �Í���b�i�Q�F�`�€�i�X �l�F�€�x���H�Q

�b�2 �i�Q�i�B�ˆ�- �ˆ�2 �m �Q�T�i�B�K���H�B�x���+�2 �F�p���/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q �D�b�Q�m �x�T�Q�K���H�2�M�Q �p �F�Q�M�p�2�`�;�2�M�+�B �K�2�i�Q�/�v
�x�T�i�b�Q�#�2�M�� �T�ü�2�p�€�ˆ�M�ÿ �x�T�H�Q���i�ÿ�M�Q�K �b�B�K�T�H�2�t�m�X

�P�#�`�€�x�2�F�k�X�e�x�Q�#�`���x�m�D�2 �;�`���7 �T�`�i�#�ÿ�?�m �K�2�i�Q�/�v �b�T�Q�H�m �b �;�`���7�2�Kr 2 �9�/���D�2�- �F�i�2�`�w �#�v�H �x���@
�x�M���K�2�M�€�p�€�M �T�Q �F���ˆ�/�û �7�m�M�F�Í�M�Q �2�p���H�m���+�B�X �P�T�i�B�K���H�B�x�m�D�2 �b�2 �k�y�@�/�B�K�2�M�x�B�Q�M�€�H�M�Q �F�p���/�`���i�B�+�F�€
�7�m�M�F�+�2�- �F�i�2�`�€ �K�€ �p�2 �b�p�û�K �K�B�M�B�K�m �?�Q�/�M�Q�i�m0�X �o �;�`���7�m �T�`�i�#�ÿ�?�m �b�B �H�x�2 �p���B�K�M�Q�m�i�- �ˆ�2
�/�Q���H�Q �F�2 �x�T�Q�K���H�2�M�Q �F�Q�M�p�2�`�;�2�M�+�2 �K�2�i�Q�/�v �� �K�2�i�Q�/�� �b�2 �i���F ���M�B �T�Q �8�y�y�y �7�m�M�F�Í�M�Q�+�? �2�p���H�m���@
�+�Q�+�? �M�2�/�Q�b�i���H�� �F �?�H�2�/���M�û�K�m �K�B�M�B�K�m �T�ü�Q�H�B�� �#�H�Q�x�F�Q�X �>�Q�/�M�Q�i��r 2 �9�/���D�2 �Q�/ �T�ü�B�#�H�B�ˆ�M�ÿ �R�8�y�y�X
�7�m�M�F�Í�M�Q �2�p���H�m���+�2 �x���Í�Q�M�€ �T�`�m�/�+�2 �b�i�Q�m�T���i�X �h�2�M�i�Q �M�€�`�i�b�i �M���x�M���Í�m�D�2�- �ˆ�2 �D���F�K�B�H�2 �b�2 �b�B�K�T�H�2�t
�/�Q�b�i���M�2 �/�Q �x�T�H�Q���i�ÿ�M�û�?�Q �i�p���`�m�- �i���F �F���ˆ�/�Q�m �/���H���Q �B�i�2�`���+�Q �K�2�i�Q�/�v �b�2 �i�p���` �b�B�K�T�H�2�t�m �D�2���i�ÿ
�p�Q�+�2 �/�2�7�Q�`�K�m�D�2 �/�Q �T�H�Q�+�?�û �T�Q�/�Q�#�v �� �x�T�Q�K���H�m�D�2 �b�2 �i���F �T�`�i�#�ÿ�? �K�2�i�Q�/�v�X

�I�–�ã�Š���¡�Ã �ë�`�ï�`�S�`�i�#�ÿ�? �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v �b�T�Q�H�m �b �T�Q�K�ÿ�`�2�K �p�H���b�i�M�Q�+�? �Í�Q�b�2�H �F�Q�p���`�B���M�Í�M�Q
�K���i�B�+�2 �#�Q�/�i �b�B�K�T�H�2�t�m

�ë�`�í �h�Ã�Ó�Ì�™�¡�Ì�¶ �Ë�¡�î�Ó�•�

�E �m�F�Q�M�Í�2�M�Q �K�2�i�Q�/�v �H�x�2 �T�Q�m�ˆ�Q�i �M�ÿ�F�Q�H�B�F �`�i�x�M�w�+�? �b�i�`���i�2�;�B�Q �(�9���8�-�3�)�X �C�2�/�M�Q�m �x �M�B�+�? �D�2 �b�i���M�Q�@
�p�2�M�Q �b�B �T�2�p�M�û�?�Q �T�Q�Í�i�m �B�i�2�`���+�Q �� �T�Q �/�Q�b���ˆ�2�M�Q �i�û�i�Q �?�`���M�B�+�2 �p�`�€�i�B�i �M�2�D�H�2�T���Q �M���H�2�x�2�M�û �ü�2���2�M�Q�X
�L�2�p�w�?�Q�/�Q�m �i�û�i�Q �b�i�`���i�2�;�B�2 �D�2�- �ˆ�2 �T�ü�2�/�2�K �M�2�p�Q�K�2 �F�Q�H�B�F �D�2 �i�ü�2�#�� �T�`�Q�p�û�b�i �7�m�M�F�Í�M�Q�+�? �2�p���H�m���+�Q�-
�� �i���F�û �M�2�K�€�K�2 �M�B�D���F �x���`�m�Í�2�M�Q �ˆ�2 �M���H�2�x�2�M�û �ü�2���2�M�Q �#�m�/�2 �/�Q�b�i���i�2�Í�M�ÿ �Q�T�i�B�K�€�H�M�Q�X

�.���H���Q �x�T�i�b�Q�# �m�F�Q�M�Í�2�M�Q �T�`�i�#�ÿ�?�m �K�2�i�Q�/�v �D�2 �b�H�2�/�Q�p�€�M�Q �p�2�H�B�F�Q�b�i�B �b�B�K�T�H�2�t�m�X �h���i�Q �b�i�`���i�2�;�B�2
�b�T�Q�Í�Q�p�€ �p �i�Q�K�- �ˆ�2 �b�B �T�ü�2�/�2�K �b�i���M�Q�p�Q�K�2 �M�ÿ�D���F�Q�m �/�Q�b�i���i�2�Í�M�ÿ �K���H�Q�m �p�2�H�B�F�Q�b�id �� �D���F�K�B�H�2

�ê�é
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�#�m�/�2 �T�H���i�B�i�- �ˆ�2 �M�2�D�/�2�H���Q �?�`���M�� �b�B�K�T�H�2�t�m �#�m�/�2 �F�`���i���Q �M�2�ˆd�- �i���F �m�F�Q�M�Í�Q�K�2 �K�2�i�Q�/�m�X �h�2�M�i�Q
�x�T�i�b�Q�# �D�2 �/�Q�#�`�û �T�Q�m�ˆ�Q�p���i �p �F�Q�K�#�B�M���+�B �b�2 �b�i�`���i�2�;�B�Q �T�2�p�M�û�?�Q �T�Q�Í�i�m �B�i�2�`���+�Q�X �J�i�ˆ�2 �b�2 �i�Q�i�B�ˆ
�b�i�€�i�- �ˆ�2 �b�2 �b�B�K�T�H�2�t �/�Q�b�i���M�2 �/�Q �i���F�Q�p�û�?�Q �i�p���`�m�- �ˆ�2 �b�2 �/�û�H�F�� �M�2�D�/�2�H���Q �b�i�`���M�v �b�B�K�T�H�2�t�m �M�B�F�/�v
�M�2�/�Q�b�i���M�2 �T�Q�/ �T�ü�2�/�2�K �b�i���M�Q�p�2�M�Q�m �K�2�x �� �x�T�i�b�Q�#�Q �i�Q �M�2�F�Q�M�2�Í�M�û �x���+�v�F�H�2�M�Q �K�2�i�Q�/�v�X

���b�B �M�2�D�T�Q�m�ˆ�Q�p���M�ÿ�D���Q �b�i�`���i�2�;�B�Q �F �m�F�Q�M�Í�Q�p�€�M�Q �K�2�i�Q�/�v �D�2 �T�Q�`�Q�p�M�€�p�€�M�Q �M�2�D�H�2�T���Q �� �M�2�D�?�Q�`���Q
�7�m�M�F�Í�M�Q �?�Q�/�M�Q�i�v �9�Í�2�H�Q�p�û �7�m�M�F�+�2 �p �#�Q�/�2�+�? �b�B�K�T�H�2�t�m�X �h�2�M�i�Q �x�T�i�b�Q�# �b�T�Q�Í�Q�p�€ �p �i�Q�K�- �ˆ�2 �b�B
�x�p�Q�H�Q�K�2 �M�ÿ�D���F�Q�m �K�2�x" �� �K�2�i�Q�/�m �m�F�Q�M�Í�Q�K�2�- �D���F�K�B�H�2 �#�m�/�2 �T�H���i�B�i �i���i�Q �M�2�`�Q�p�M�Q�b�i�,

jf (xn+1 ) � f (x1)j < "

�"�Q�/x1 �D�2 �M�2�D�H�2�T���Q �#�Q�/ �b�B�K�T�H�2�t�m�-xn+1 �D�2 �M�2�D�?�Q�`���Q�X �h�m�i�Q �b�i�`���i�2�;�B�B �D�2 �x�2 �b�i�2�D�M�w�+�? �/�i�p�Q�/�i
�D���F�Q �T�ü�2�/�+�?�Q�x�Q �b�i�`���i�2�;�B�B �p�?�Q�/�M�û �T�Q�m�ˆ�Q�p���i �p �F�Q�K�#�B�M���+�B �b �K���t�B�K�€�H�M�Q�K �T�Q�Í�i�2�K �B�i�2�`���+�Q
�K�2�i�Q�/�v�X

�S�Q�b�H�2�/�M�Q �x�/�2 �x�K�Q�M�ÿ�M�w �x�T�i�b�Q�# �D���F �m�F�Q�M�Í�Q�p���i �K�2�i�Q�/�m �D�2 �x�p�Q�H�B�i �b�B �T�ü�2�/�2�K �K���t�B�K�€�H�M�Q
�T�Q�Í�2�i �7�m�M�F�Í�M�Q�+�? �2�p���H�m���+�Q�X �S�Q�i�û �+�Q �D�2 �i�2�M�i�Q �H�B�K�B�i �T�ü�2�F�`�Q�Í�2�M �b�2 �K�2�i�Q�/�� �m�F�Q�M�Í�Q�X �P�T�`�Q�i�B
�x�T�i�b�Q�#�m �b �T�2�p�M�w�K �T�Q�Í�i�2�K �B�i�2�`���+�Q �T�ü�2�/�2�K �p�Q�K�2�- �F�Q�H�B�F �7�m�M�F�Í�M�Q�+�? �2�p���H�m���+�Q �#�m�/�2�K�2 �p �`�€�K�+�B
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�J�2���/ �b�Q�H�p�2�`�i �M�� �x�€�F�H���/�ÿ �p�w�b�H�2�/�M�û�?�Q �b�Q�m�?�`�M�m �p�v�i�p�Q�ü�2�M�û�?�Q �x �T�`�i�#�ÿ�?�i �Q�T�i�B�K���H�B�x���+�2 �p���2�+�?
�k�9 �7�m�M�F�+�Q�- ���H�2 �T�Q�`�Q�p�M�€�p���H �D�b�2�K �T�Q�m�x�2 �T�`�i�#�ÿ�?�v �Q�T�i�B�K���H�B�x���+�2 �m �p�v�#�`���M�w�+�? �7�m�M�F�+�Q�X

�ê�ì
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�o �i�û�i�Q �F���T�B�i�Q�H�2 �Í�i�2�M�€�ü�B �p�v�b�p�ÿ�i�H�Q�K�- �D���F �D�b�2�K �T�Q�b�i�m�T�Q�p���H �p �K�û �T�`�€�+�B �T�ü�B �H���/�ÿ�M�Q �L�2�H�/�2�`�@
�J�2���/�Q�p�v �K�2�i�Q�/�v �x�� �9�Í�2�H�2�K �/�Q�b���ˆ�2�M�Q �+�Q �M�2�D�H�2�T���Q�+�? �p�w�b�H�2�/�F�i �T�ü�B �Q�T�i�B�K���H�B�x���+�B �F�p���/�`���i�B�+�@
�F�w�+�? �7�m�M�F�+�Q �p�Q�+�2 �T�`�Q�K�ÿ�M�M�w�+�?�X �a�Q�m�Í�€�b�i�Q �F���T�B�i�Q�H�v �D�2 �b�?�`�M�m�i�Q �M�2�D�H�2�T���Q�+�? �M���H�2�x�2�M�w�+�? �b�Q�H�p�2�`�i
�B �T�Q�`�Q�p�M�€�M�Q �D�2�D�B�+�? �2�7�2�F�i�B�p�B�i�v �M�� �D�B�M�w�+�? �M�2�ˆ �F�p���/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q�+�?�X

�í�`�ê �,�Ì�ç�à�´�ã�‰�—�¡
�S�ü�2�/�i�Q�K�- �M�2�ˆ �D�b�2�K �x���Í���H �b�€�K �T�`���+�Q�p���i �M�� �H���/�ÿ�M�Q �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v�- �T�ü�2�Í�2�i�H �D�b�2�K
�b�B �Í�H�€�M�2�F�1�p�Q�H�p�B�M�; �� �L�2�H�/�2�`�@�J�2���/ ���H�;�Q�`�B�i�?�K �7�Q�` �P�T�i�B�K�B�x���i�B�Q�M �r�B�i�? �:�2�M�2�i�B�+ �S� �̀Q�;� �̀��K�@
�K�B�M�;�(�R�y�) �Q�/ �a�H�Q�p�B�M�b�F�w�+�? ���m�i�Q�`�i �A�x�i�Q�F�� �6���D�7���`���- �C���M�2�x�2 �S�m�?���M�� �� �•�`�T�€�/�� �"�]�`�K�2�M���X
�h�B �b�2 �p �i�û�i�Q �T�`�€�+�B �b�M���ˆ�B�H�B �Q �p�v�i�p�Q�ü�2�M�Q ���H�;�Q�`�B�i�K�m �F �Q�T�i�B�K���H�B�x���+�B �7�m�M�F�+�Q �p�Q�+�2 �T�`�Q�K�ÿ�M�M�w�+�?�-
�F�i�2�`�w �p�x�M�B�F�M�2 �2�p�Q�H�m�+�Q �x �T�i�p�Q�/�M�Q �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v �T�Q�K�Q�+�Q �;�2�M�2�i�B�+�F�û�?�Q �T�`�Q�;�`���@
�K�Q�p���M�Q�X �"�v�H�B �9�b�T�ÿ���M�Q �� �Q�T�`���p�/�m �b�2 �D�B�K �T�Q�/���ü�B�H�Q �M���H�û�x�i �Q�T�i�B�K���H�B�x���Í�M�Q �b�Q�H�p�2�`�- �F�i�2�`�w �M��
�M�ÿ�F�i�2�`�w�+�? �i�v�T�2�+�? �7�m�M�F�+�Q �7�m�M�;�Q�p���H �H�û�T�2�- �M�2�ˆ �T�i�p�Q�/�M�Q �L�2�H�/�2�`�@�J�2���/�Q�p�� �K�2�i�Q�/���X

���#�v �K�Q�?�H�B ���m�i�Q�ü�B �Í�H�€�M�F�m �T�Q�m�ˆ�Q�i ���H�;�Q�`�B�i�K�v �;�2�M�2�i�B�+�F�û�?�Q �T�`�Q�;�`���K�Q�p�€�M�Q�- �T�Q�i�ü�2�#�Q�p���H�B
�b�2�b�i�`�Q�D�B�i �p�v�?�Q�/�M�Q�+�Q�p���+�Q �9�Í�2�H�Q�p�Q�m �7�m�M�F�+�B�- �F�i�2�`�€ �D�B�K �M�ÿ�D���F�w�K �x�T�i�b�Q�#�2�K �Q�?�Q�/�M�Q�i�Q �K�Q�`�m
�F�p���H�B�i�v �D�2�/�M�Q�i�H�B�p�w�+�? �Q�T�i�B�K���H�B�x���Í�M�Q�+�? �b�Q�H�p�2�`�i �i���F�- ���#�v �D�2 �#�v�H�Q �K�Q�ˆ�M�û �K�2�x�B �b�2�#�Q�m �T�Q�`�Q�p�@
�M�€�p���i�X ���m�i�Q�ü�B �T�Q�i�ü�2�#�Q�p���H�B �D�2�/�M�Q�/�m�+�?�Q�m�- ���H�2 �x�€�`�Q�p�2�š �/�Q�b�i���i�2�Í�M�ÿ �Q�#�2�+�M�Q�m �7�m�M�F�+�B�X �S�`�Q�i�Q �b�B
�D���F�Q �p�v�?�Q�/�M�Q�+�Q�p���+�Q �7�m�M�F�+�B �x�p�Q�H�B�H�B �T�`�i�K�ÿ�`�M�Q�m �?�Q�/�M�Q�i�m �x �M���H�2�x�2�M�w�+�? �K�B�M�B�K �R�y �M�€�?�Q�/�M�ÿ
�T�Q�b�m�M�m�i�w�+�? �R�y�@�/�B�K�2�M�x�B�Q�M�€�H�M�Q�+�? �F�p���/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q �p�2 �i�p���`�m

f (x1; x2; :::; x10) =
10X

i =1

(x i � di )2

�E�/�2di �D�2 �M�€�?�Q�/�M�ÿ �x�p�Q�H�2�M�û �T�Q�b�m�M�m�i�Q �B�@�i�û�?�Q �Í�H�2�M�m�X �>�H�2�/���M�€ �Q�T�i�B�K�€�H�M�Q �?�Q�/�M�Q�i�� �i�û�i�Q �9�Í�2�@
�H�Q�p�û �7�m�M�F�+�2 �D�20 �� �T�H���i�Q�- �ˆ�2 �Í�Q�K �M�B�ˆ���Q �?�Q�/�M�Q�i�v �b�Q�H�p�2�` �/�Q�b�€�?�M�2�- �i�Q�K �H�û�T�2�X

�h�2�M�i�Q �Í�H�€�M�2�F �K�ÿ �B�M�b�T�B�`�Q�p���H �M���i�Q�H�B�F�- �ˆ�2 �D�b�2�K �b�2 �`�Q�x�?�Q�/�H�- �ˆ�2 �x���Í�M�m �H���/�B�i �L�2�H�/�2�`�@�J�2���/�Q�p�m
�K�2�i�Q�/�m �T�`�€�p�ÿ �M�� �F�p���/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q�+�? �T�Q�/�Q�#�M�û�?�Q �i�p���`�m�X

�í�`�ë �I�à�î�´�Ë�‰�Å�´���‰�—�¡ �à�‰�ã�‰�Ë�¡�î�ã��
�o�v�?�Q�/�M�Q�+�Q�p���+�Q �9�Í�2�H�Q�p�Q�m �7�m�M�F�+�B �D�b�2�K �p�v�i�p�Q�ü�B�H �M�€�b�H�2�/�m�D�Q�+�Q�K �x�T�i�b�Q�#�2�K�X �o�b�i�m�T�2�K �D�b�Q�m
�9 �`�2�€�H�M�€ �Í�Q�b�H���- �F�i�2�`�€ �b�2 �T�Q�K�Q�+�Q �x�Q�#�`���x�2�M�QT �U�p�B�x�j�X�R�X�R�V�- �i�`���M�b�7�Q�`�K�m�D�Q �/�Q �D�2�/�M�Q�i�H�B�p�w�+�?
�T���`���K�2�i�`�i� �-
 �-� �-� �� �p�v�i�p�Q�ü�Q �b�2 �b�Q�H�p�2�` �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v �b �i�ÿ�K�B�i�Q �T���`���K�2�i�`�v�X
�S�Q�i�û �b�2 �T�`�Q�p�2�/�2 �R�8 �Q�T�i�B�K���H�B�x���Í�M�Q�+�? �i�2�b�i�i�- �F�/�v �b�2 �Q�T�i�B�K���H�B�x�m�D�Q �M�€�?�Q�/�M�ÿ �p�v�;�2�M�2�`�Q�p���M�û
�k�y�@�/�B�K�2�M�x�B�Q�M�€�H�M�Q �F�p���/�`���i�B�+�F�û �7�m�M�F�+�2�X �6�m�M�F�+�2 �D�b�Q�m �p�2 �i�p���`�m

f (x1; x2; :::; x20) =
20X

i =1

ai (x i � di )2

�E�/�2di 2 h� 5; 5i �D�2 �M�€�?�Q�/�M�ÿ �x�p�Q�H�2�M�w �7���F�i�Q�` �T�Q�b�m�M�m�i�Q �B�@�i�û�?�Q �Í�H�2�M�m ��ai 2 h0:5; 3:5i
�D�2 �M�€�?�Q�/�M�ÿ �x�p�Q�H�2�M�w �F�Q�2�}�+�B�2�M�i�- �F�i�2�`�w �m�`�Í�m�D�2 �b�i�`�K�Q�b�i �b�i�Q�m�T�€�M�Q�f�F�H�2�b�€�M�Q �p�2 �b�K�ÿ�`�m �B�@�i�û �Q�b�v

�ê�í
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�b�Q�m�ü���/�M�B�+�X �E���ˆ�/�w �x �i�ÿ�+�?�i�Q �R�8 �#�ÿ�?�i �K�2�i�Q�/�v �K�€ �F �/�B�b�T�Q�x�B�+�B �8�y�y�y �7�m�M�F�Í�M�Q�+�? �2�p���H�m���+�Q�X
�L�� �F�Q�M�+�B �b�2 �p�v�#�2�`�2 �K�2�/�B�€�M �x �M�2�D�H�2�T���Q�+�? �/�Q�b���ˆ�2�M�w�+�? �7�m�M�F�Í�M�Q�+�? �?�Q�/�M�Q�i �� �p�`�€�i�Q �b�2 �D���F�Q
�p�w�b�H�2�/�2�F �p�v�?�Q�/�M�Q�+�Q�p���+�Q �7�m�M�F�+�2�X �S�i�p�Q�/�M�ÿ �D�b�2�K �T�Q�m�ˆ�Q�p���H �T�`�i�K�ÿ�` �x �M���H�2�x�2�M�w�+�? �?�Q�/�M�Q�i�-
���H�2 �M���F�Q�M�2�+ �D�b�2�K �T�ü�2���2�H �F �K�2�/�B�€�M�m �x �i�Q�?�Q �/�i�p�Q�/�m�- �ˆ�2 �T�Q�F�m�/ �/�Q���H�Q �m �D�2�/�M�û �x �R�8 �Q�T�i�B�K���@
�H�B�x�Q�p���M�w�+�? �7�m�M�F�+�Q �F �K�Q�`�M�û�K�m �p�v�+�?�w�H�2�M�Q�- �i���F �b�2 �i�Q �b�B�H�M�ÿ �T�`�Q�D�2�p�B�H�Q �M�� �+�2�H�F�Q�p�û�K �T�`�i�K�ÿ�`�m
�� �/�Q�+�?�€�x�2�H�Q �i���F �Í���b�i�ÿ�D�B �F�2 �x�F�`�2�b�H�2�M�Q �p�w�b�H�2�/�M�û �?�Q�/�M�Q�i�v�X

�o�v�?�Q�/�M�Q�+�Q�p���+�Q �7�m�M�F�+�B �D�b�2�K �T�Q�i�û �Q�T�i�B�K���H�B�x�Q�p���H �T�Q�K�Q�+�Q �x�€�F�H���/�M�Q �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�@
�i�Q�/�v �b �T���`���K�2�i�`�v �M���b�i���p�2�M�w�K�B �M�� �/�Q�T�Q�`�m�Í�2�M�û �p�w�+�?�Q�x�Q �?�Q�/�M�Q�i�v �U� = 1 �-
 = 2 �-� = 1

2 �-
� = 1

2 �V�X �J�2�i�Q�/�� �K�ÿ�H�� �F �/�B�b�T�Q�x�B�+�B �R�y�y�y �2�p���H�m���+�Q �p�v�?�Q�/�M�Q�+�Q�p���+�Q �7�m�M�F�+�2�X
�J�2�i�Q�/�m �D�b�2�K �i���F�i�Q �p�Q�H���H �+�2�H�F�2�K �T�ÿ�i�F�`�€�i�- �T�Q�F���ˆ�/�û �b �D�B�M�w�K �T�Q�Í�€�i�2�Í�M�Q�K �b�B�K�T�H�2�t�2�K�X

�S�Q�Í�€�i�2�Í�M�Q �b�B�K�T�H�2�t�v �D�b�2�K �F�Q�M�b�i�`�m�Q�p���H �b�i�2�D�M�w�K �x�T�i�b�Q�#�2�K �D���F�Q �D�b�2�K �m�p�2�/�H �p �b�2�F�+�B�k�X�k�M��
�b�i�`���M�ÿ�8�X �S�Q�Í�€�i�2�Í�M�Q �#�Q�/x1 �D�b�2�K �p�Q�H�B�H �p �T�Q�Í�€�i�F�m �� �T�Q�m�x�2 �D�b�2�K �K�ÿ�M�B�H �?�Q�/�M�Q�i�m �T���`���K�2�i�`�m
c �M�� �?�Q�/�M�Q�i�v �R�- �k�- �j�- �9 �� �8�X

�.�Q�b�i���H �D�b�2�K �i�2�/�v �+�2�H�F�2�K �8 �`�i�x�M�w�+�? �9�@�`�Q�x�K�ÿ�`�M�w�+�? �p�2�F�i�Q�`�i�- �F�i�2�`�û �T�Q �i�`���M�b�7�Q�`�K���+�B
�T�Q�K�Q�+�Q �x�Q�#�`���x�2�M�QT �`�2�T�`�2�x�2�M�i�Q�p���H�v �D�2�/�M�Q�i�H�B�p�€ �M���b�i���p�2�M�Q �T���`���K�2�i�`�i �L�2�H�/�2�`�@�J�2���/�Q�p�v
�K�2�i�Q�/�v�X

1) � = 0 :971; 
 = 1 :131; � = 0 :483; � = 0 :595

2) � = 0 :958; 
 = 1 :380; � = 0 :499; � = 0 :552

3) � = 0 :956; 
 = 1 :373; � = 0 :499; � = 0 :698

4) � = 0 :957; 
 = 1 :298; � = 0 :498; � = 0 :973

5) � = 0 :962; 
 = 1 :325; � = 0 :499; � = 0 :960

�>�Q�/�M�Q�i�v �D�b�Q�m �x���Q�F�`�Q�m�?�H�2�M�û �M�� �j �/�2�b�2�i�B�M�M�€ �K�Q�b�i���X �w �?�Q�/�M�Q�i �T���`���K�2�i�`�i �b�B �H�x�2 �p���B�K�M�Q�m�i�- �ˆ�2
�B �F�/�v�ˆ �#�v�H �T�Q�Í�€�i�2�Í�M�Q �b�B�K�T�H�2�t �`�Q�x�/�Q�H�M�w�- �i���F �T�ü�2�b�i�Q �L�2�H�/�2�`�@�J�2���/�Q�p�� �K�2�i�Q�/�� �x�F�Q�M�p�2�`�;�Q�p���H��
�U�F�`�Q�K�ÿ �T���`���K�2�i�`�m� �V �F �p�2�H�K�B �T�Q�/�Q�#�M�w�K �?�Q�/�M�Q�i�€�K�X

�L�2�H�/�2�`�@�J�2���/�Q�p�� �K�2�i�Q�/���- �F�i�2�`�€ �K�€ �b�p�û �T���`���K�2�i�`�v �M���b�i���p�2�M�û �M�� �D�2�/�M�m �x �M���H�2�x�2�M�w�+�?
�Í�i�p�2�ü�B�+ �T���`���K�2�i�`�i�- �/�Q�b���?�m�D�2 �T�ü�B �Q�T�i�B�K���H�B�x���+�B �F�p���/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q �p�v�����Q�+�? �/�B�K�2�M�x�Q �H�2�T�@
���Q�+�? �p�w�b�H�2�/�F�i�- �M�2�ˆ �K�2�i�Q�/�� �b �p�w�+�?�Q�x�Q�K �M���b�i���p�2�M�Q�K�X �L�2�D�H�2�T���Q�+�? �p�w�b�H�2�/�F�i �x�2 �p���2�+�? �8 �Í�i�p�2�ü�B�+
�T���`���K�2�i�`�i �/�Q�b���?�m�D�2 �i�ü�2�i�Q �Í�i�p�2�ü�B�+�2�- �i�2�/�v� = 0 :956; 
 = 1 :373; � = 0 :499; � = 0 :698�X
�L�€�b�H�2�/�m�D�Q�+�Q �`�Q�x�#�Q�` �b�`�Q�p�M�€�p�€ �p�w�+�?�Q�x�Q �M���b�i���p�2�M�Q �b �i�Q�K�i�Q �M�Q�p�ÿ �x�Q�b�F���M�w�K �M���b�i���p�2�M�Q�K�X

���#�v �#�v�H �/�Q�#�ü�2 �p�B�/�ÿ�i �T�Q�b�i�m�T�M�w �T�`�i�#�ÿ�? �Q�T�i�B�K���H�B�x���+�2�- �x���T�B�b�Q�p���H �D�b�2�K �b�B �M�2�D�M�B�ˆ���Q �/�Q�b���ˆ�2�@
�M�Q�m �7�m�M�F�Í�M�Q �?�Q�/�M�Q�i�m �T�ü�B �F���ˆ�/�û �7�m�M�F�Í�M�Q �2�p���H�m���+�B �#�ÿ�?�2�K �+�2�H�û�?�Q �T�`�Q�+�2�b�m �Q�T�i�B�K���H�B�x�Q�p�€�M�Q�X
�h�Q�K�i�Q �x�T�i�b�Q�#�2�K �D�b�2�K �T�Q�i�Q�K �K�Q�?�H �H�2�?�+�2 �p�B�x�m���H�B�x�Q�p���i �T�`�i�#�ÿ�?�v �K�2�i�Q�/�v �T�ü�B �Q�T�i�B�K���H�B�@
�x���+�B �`�i�x�M�w�+�? �7�m�M�F�+�Q�X �:�`���7 �M�� �Q�#�`�€�x�F�m�9�X�R�x�Q�#�`���x�m�D�2 �T�`�i�#�ÿ�?�v �k �b�Q�H�p�2�`�i �T�ü�B �Q�T�i�B�K���H�B�x���+�B
�8 �M�€�?�Q�/�M�ÿ �p�v�;�2�M�2�`�Q�p���M�w�+�? �k�y�@�/�B�K�2�M�x�B�Q�M�€�H�M�Q�+�? �F�p���/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q�X �Ì�2�`�p�2�M�û �F�ü�B�p�F�v
�x�Q�#�`���x�m�D�Q �T�`�i�#�ÿ�?�v �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v �b �p�w�+�?�Q�x�Q�K�B �?�Q�/�M�Q�i���K�B �T���`���K�2�i�`�i �� �K�Q�/�`�û
�x�Q�#�`���x�m�D�Q �T�`�i�#�ÿ�?�v �K�2�i�Q�/�v �b �M�Q�p�ÿ �x�Q�b�F���M�w�K �M���b�i���p�2�M�Q�K�X �P�#�� �b�Q�H�p�2�`�v �K�ÿ�H�v �F �/�B�b�T�Q�x�B�+�B
�8�y�y�y �2�p���H�m���+�Q �M�� �F���ˆ�/�Q�m �x �Q�T�i�B�K���H�B�x�Q�p���M�w�+�? �7�m�M�F�+�Q�X �G�x�2 �b�B �p���B�K�M�Q�m�i�- �ˆ�2 �p�ÿ�i���B�M�� �K�Q�/�`�w�+�?
�F�ü�B�p�2�F �/�Q�b�€�?�H�� �K�M�Q�?�2�K �M�B�ˆ���Q�?�Q �K�B�M�B�K�� �U�`�Q�x�/�Q�H �B �3 �ü�€�/�i�V�- �M�2�ˆ �D���F�û�?�Q �/�Q�b�€�?�H�v �F�ü�B�p�F�v �Í�2�`�@
�p�2�M�û�X �L�� �;�`���7 �b�2 �H�x�2 �T�Q�/�Q�p���i �B �x �D�B�M�û�?�Q �9�?�H�m �T�Q�?�H�2�/�m�X �S�Q�F�m�/ �#�v�+�?�Q�K �M���T�ü�Q�F�H���/ �?�H�2�/���H�B
�Q�T�i�B�K�€�H�M�Q �ü�2���2�M�Q �Q�T�i�B�K���H�B�x�Q�p���M�û �7�m�M�F�+�2 �b �T�Q�p�Q�H�2�M�Q�m �i�Q�H�2�`���M�+�Q10� 10�- �T���F �#�v�+�?�Q�K �T�Q�@
�i�ü�2�#�Q�p���H�B �T�ü�B�#�H�B�ˆ�M�ÿ �9�y�y�y ���ˆ �8�y�y�y �7�m�M�F�Í�M�Q�+�? �2�p���H�m���+�Q�- �T�Q�F�m�/ �#�v�+�?�Q�K �T�Q�m�ˆ�Q�p���H�B �x�€�F�H���/�M�Q
�p�2�`�x�B �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v�X �S�Q�F�m�/ �#�v�+�?�Q�K �T�Q�m�ˆ�B�H�B �K�2�i�Q�/�m �b �p�M�B�i�ü�M�Q�K�B �T���`���K�2�i�`�v
�M���b�i���p�2�M�w�K�B �M�� �M�Q�p�ÿ �M���H�2�x�2�M�û �?�Q�/�M�Q�i�v�- �T���F �#�v �b�i���Í�B�H�Q �T�ü�B�#�H�B�ˆ�M�ÿ �k�8�y�y �7�m�M�F�Í�M�Q�+�? �2�p���H�m���+�Q�X
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�I�–�ã�Š���¡�Ã �í�`�ê�`�S�`�i�#�ÿ�?�v �Q�T�i�B�K���H�B�x���+�2 �F�p���/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q �T�Q�K�Q�+�Q �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v
�b �`�Q�x�/�Q�H�M�w�K�B �T���`���K�2�i�`�v

�í�`�ì �Y�¡�´�Ì�´�—�´�‰�Å�´���‰�—�¡ �ç�´�Ë�à�Å�¡�	�ó

�S�ü�B �Q�T�i�B�K���H�B�x���+�B �F�p���/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q �T�Q�K�Q�+�Q �M�Q�p�ÿ �p�x�M�B�F�H�û�?�Q �b�Q�H�p�2�`�m �/�Q�+�?�€�x�2�H�Q �Í���b�i�Q
�2�t�i�`�û�K�M�Q�K�m �x�T�Q�K���H�2�M�Q �F�Q�M�p�2�`�;�2�M�+�2 �K�2�i�Q�/�v�- �M�2�#�Q �/�Q�F�Q�M�+�2 �F �9�T�H�M�û�K�m �x���b�i���p�2�M�Q �K�2�i�Q�/�v�-
�F�/�v �/���H���Q �B�i�2�`���+�2 �m�ˆ �M�2�M���+�?�€�x�2�H�v �M�Q�p�û �H�2�T���Q �ü�2���2�M�Q�X �L�� �Q�#�`�€�x�F�m�9�X�R�D�2 �i�2�M�i�Q �D�2�p �p�2�H�K�B
�/�Q�#�ü�2 �p�B�/�ÿ�i�X �C�2�/�M�� �x �K�Q�/�`�w�+�? �F�ü�B�p�2�F �M�2�M�Q �b�+�?�Q�T�M�� �F�Q�M�p�2�`�;�Q�p���i �F �M�B�ˆ���Q�K �?�Q�/�M�Q�i�€�K�X
�A �T�Q �8�y�y�y �7�m�M�F�Í�M�Q�+�? �2�p���H�m���+�Q �D�2 �M�2�D�H�2�T���Q �M���H�2�x�2�M�€ �?�Q�/�M�Q�i�� �T�ü�B�#�H�B�ˆ�M�ÿ10� 1�X �E �i�Q�K�m�i�Q
�D�2�p�m �/�Q�+�?�€�x�2�H�Q �m �M�Q�p�w�+�? �b�Q�H�p�2�`�i �p�2�H�K�B �Í���b�i�Q �� �#�v�H�Q �i�ü�2�#�� �T�ü�B�D�Q�i �b �M�ÿ�D���F�w�K �ü�2���2�M�Q�K�X

�l�F�€�x���H�Q �b�2�- �ˆ�2 �T�Q�F�m�/ �b�B �m �T�`�i�#�ÿ�?�m �K�2�i�Q�/�v �b �M�Q�p�w�K �M���b�i���p�2�M�Q�K �M�2�+�?�€�K�2 �T�ü�B �F���ˆ�/�û
�7�m�M�F�Í�M�Q �2�p���H�m���+�B �x�Q�#�`���x�B�i �T�Q�K�ÿ�` �p�H���b�i�M�Q�+�? �Í�Q�b�2�H �F�Q�p���`�B���M�Í�M�Q �K���i�B�+�2 �#�Q�/�i �b�B�K�T�H�2�t�m
�U�k�X�j�X�k�V�- �i���F �H�x�2 �p�v�T�Q�x�Q�`�Q�p���i�- �x�� �D���F�w�+�? �Q�F�Q�H�M�Q�b�i�Q �/�Q�+�?�€�x�Q �F�2 �x�T�Q�K���H�2�M�Q �F�Q�M�p�2�`�;�2�M�+�2
�K�2�i�Q�/�v�X �S�Q�F�m�/ �?�Q�/�M�Q�i�� �9�/���D�2r 2 �U�T�Q�K�ÿ�` �p�H���b�i�M�Q�+�? �Í�Q�b�2�H�V �T�ü�2�b�€�?�M�2 �m�`�Í�B�i�Q�m �K�2�x�- �b�B�K�T�H�2�t
�b�2 �x�T�H�Q���i�Q �� �/���H���Q �B�i�2�`���+�2 �m�ˆ �M�2�M���H�û�x���D�Q �ˆ�€�/�M�û �H�2�T���Q �?�Q�/�M�Q�i�v �U�p�B�x �Q�T�ÿ�i �Q�#�`�€�x�2�F�k�X�e�V�X

�C���F�Q �ü�2���2�M�Q �b�2 �M���#�Q�x�Q �`�2�B�M�B�+�B���H�B�x�Q�p���i �b�B�K�T�H�2�t �T�Q�F���ˆ�/�û�- �F�/�v�ˆ �b�2 �?�Q�/�M�Q�i��r 2 �/�Q�b�i���M�2
�M���/ �m�`�Í�B�i�Q�m�- �T�ü�2�/�2�K �x�p�Q�H�2�M�Q�m �?�Q�/�M�Q�i�m�X �a�B�K�T�H�2�t �D�b�2�K �b�2 �`�Q�x�?�Q�/�H �`�2�B�M�B�+�B���H�B�x�Q�p���i �T�Q�@
�/�Q�#�M�ÿ�- �D���F�Q �F�/�v�ˆ �p�v�i�p�€�ü�Q�K �T�Q�Í�€�i�2�Í�M�Q �b�B�K�T�H�2�t�X �L�2�D�H�2�T���Q �#�Q�/ �U�i�2�/�v �#�Q�/ �b �M�2�D�M�B�ˆ���Q �7�m�M�F�Í�M�Q
�?�Q�/�M�Q�i�Q�m�V �x �T�i�p�Q�/�M�Q�?�Q �b�B�K�T�H�2�t�m �x���+�?�Q�p�€�K �� �x�p�Q�H�Q�K �?�Q �D���F�Q �T�Q�Í�€�i�2�Í�M�Q �#�Q�/x1 �M�Q�p�û�?�Q
�b�B�K�T�H�2�t�m�X �S���`���K�2�i�`c�- �F�i�2�`�w �T�Q�i�ü�2�#�m�D�B �F �p�v�;�2�M�2�`�Q�p�€�M�Q �M�Q�p�û�?�Q �b�B�K�T�H�2�t�m�- �x�p�Q�H�Q�K �D���F�Q
�T�`�i�K�ÿ�`�M�Q�m �?�Q�/�M�Q�i�m �x�2 �p�x�/�€�H�2�M�Q�b�i�Q �D�2�/�M�Q�i�H�B�p�w�+�? �#�Q�/�i �T�i�p�Q�/�M�Q�?�Q �b�B�K�T�H�2�t�m �Q�/ �#�Q�/�mx1�X

c =
1
n

n+1X

i =2

d(x1; x i )

�E�/�2d(A; B ) �D�2 �p�x�/�€�H�2�M�Q�b�i �#�Q�/�mA �Q�/ �#�Q�/�mB �X �L�Q�p�ÿ �p�x�M�B�F�H�w �b�B�K�T�H�2�t �D�2���i�ÿ �Q�i�Q�Í�Q�K �F�Q�H�2�K
�#�Q�/�mx1 �T�Q�K�Q�+�Q �M�€�?�Q�/�M�ÿ �p�v�;�2�M�2�`�Q�p���M�û �`�Q�i���Í�M�Q �Q�`�i�Q�;�Q�M�€�H�M�Q �K���i�B�+�2R �U�Q�/�2�Í�i�m �Q�/ �p���2�+�?

�ê�ï
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�#�Q�/�i �b�B�K�T�H�2�t�m �#�Q�/x1�- �T�`�Q�p�2�/�m �H�B�M�2�€�`�M�Q �i�`���M�b�7�Q�`�K���+�B �T�Q�K�Q�+�QR �� �Q�T�ÿ�i �F �#�Q�/�i�K �T�ü�B�Í�i�m
x1�V�X �h�2�M�i�Q �F�`�Q�F �b �M�€�?�Q�/�M�w�K �Q�i�Q�Í�2�M�Q�K �D�b�2�K �/�Q �`�2�B�M�B�+�B���H�B�x���+�2 �x���?�`�M�m�H �x �i�Q�?�Q �/�i�p�Q�/�m�- �ˆ�2
�b�2 �K�B �x�/�€�H�Q �m�ˆ�B�i�2�Í�M�û �K�ÿ�M�B�i �p �T�`�i�#�ÿ�?�m �Q�T�i�B�K���H�B�x���+�2 �Q�`�B�2�M�i���+�B �b�B�K�T�H�2�t�m�X

�l�T�`���p�B�H �D�b�2�K �L�2�H�/�2�`�@�J�2���/�Q�p�m �K�2�i�Q�/�m �i���F�- �ˆ�2 �D�b�2�K �D�B �T�ü�B�/���H �T�€�i�w �T���`���K�2�i�`R �� �T�ü�B�/���H
�D�b�2�K �M�� �x���Í�€�i�2�F �B�i�2�`���+�2 �`�2�B�M�B�+�B���H�B�x���Í�M�Q �T�Q�/�K�Q�M�F�m�X �S�Q�F�m�/ �D�2 �T�Q�K�ÿ�` �p�H���b�i�M�Q�+�? �Í�Q�b�2�Hr 2 �p�ÿ�i���Q
�M�2�R̂�- �i���F �b�2 �T�`�Q�p�2�/�2 �`�2�B�M�B�+�B���H�B�x���+�2 �b�B�K�T�H�2�t�m �� �T�Q�F�`���Í�m�D�2 �b�2 �/�€�H �p ���H�;�Q�`�B�i�K�m�X �o�w�T�Q�Í�2�i
�?�Q�/�M�Q�i�vr 2 �D�2 �p�w�T�Q�Í�2�i�M�ÿ �M�€�`�Q�Í�M�w �� �T�`�Q�i�Q �i�m�i�Q �`�2�B�M�B�+�B���H�B�x���Í�M�Q �T�Q�/�K�Q�M�F�m �F�Q�M�i�`�Q�H�m�D�B �F���ˆ�@
�/�w�+�? �R�y �B�i�2�`���+�Q�X �L�� �p�w�b�H�2�/�M�w �T�`�i�#�ÿ�? �K�2�i�Q�/�v �i�Q �K�€ �K�B�M�B�K�€�H�M�Q �p�H�B�p�- ���H�2 �K�2�i�Q�/�� �b�2 �i�Q�K
�x�M���i�2�H�M�ÿ �x�`�v�+�?�H�Q�X

�w�F�Q�m���2�H �D�b�2�K �M���b�i���p�Q�p���i �T���`���K�2�i�`R �M�� �`�i�x�M�û �?�Q�/�M�Q�i�v �x �B�M�i�2�`�p���H�mh20; 2000i �X �w�D�B�b�i�B�H
�D�b�2�K�- �ˆ�2 �M�2�D�H�2�T���Q�+�? �p�w�b�H�2�/�F�i �T�ü�B �Q�T�i�B�K���H�B�x���+�B �F�p���/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q �K�2�i�Q�/�� �/�Q�b���?�m�D�2�-
�T�Q�F�m�/ �b�2 �T���`���K�2�i�`R �M���b�i���p�Q �M�� �M�B�ˆ���Q �?�Q�/�M�Q�i�v �U�8�y ���ˆ �k�y�y�V�X �h�Q ���H�2 �x�M���K�2�M�€�- �ˆ�2 �F �`�2�B�M�B�@
�+�B���H�B�x���+�B �b�B�K�T�H�2�t�m �/�Q�+�?�€�x�Q �p�2�H�K�B �Í���b�i�Q�X �o�v�b�p�ÿ�i�H�m�D�B �b�B �i�Q �i�Q�K�- �ˆ�2 �H�û�T�2 �i�p���`�Q�p���M�w �b�B�K�T�H�2�t
�K�i�ˆ�2 �/�ÿ�H���i �2�7�2�F�i�B�p�M�ÿ�D���Q �F�`�Q�F�v �� �i�m�/�Q�ˆ �K�2�i�Q�/�� �F�Q�M�p�2�`�;�m�D�2 �`�v�+�?�H�2�D�B�X �Ì���b�i�€ �`�2�B�M�B�+�B���H�B�x���+�2
�b�B�K�T�H�2�t�m �p�2�H�K�B �x�H�2�T���B�H�� �2�7�2�F�i�B�p�B�i�m �K�2�i�Q�/�v �B �m �p�2�`�x�2 �b �p�w�+�?�Q�x�Q�K�B �?�Q�/�M�Q�i���K�B �T���`���K�2�i�`�i�X

�í�`�í �I�à�î�´�Ë�‰�Å�´���‰�—�¡ �Ë�¡�î�Ó�•�
 �ç�à�Ó�Å�ó �ç �ã�¡�´�Ì�´�—�´�‰�Å�´���‰�™�Ì�¶�Ë
�à�‰�ã�‰�Ë�¡�î�ã�¡�ËR

�L���#�Q�x�Q �b�2 �K�Q�ˆ�M�Q�b�i �Q�T�i�B�K���H�B�x�Q�p���i �T���`���K�2�i�`R �b�T�Q�H�m �b �Q�b�i���i�M�Q�K�B �T���`���K�2�i�`�v �L�2�H�/�2�`�@
�J�2���/�Q�p�v �K�2�i�Q�/�v�X �S�Q�F�m�/ �b�B �m�T�`���p�Q�K�2 �p�v�?�Q�/�M�Q�+�Q�p���+�Q �9�Í�2�H�Q�p�Q�m �7�m�M�F�+�B �i���F�- ���#�v �T�ü�B�D�Q�K���H��
�8 �`�2�€�H�M�w�+�? �Í�Q�b�2�H �b �i�Q�K�- �ˆ�2 �T�Q�b�H�2�/�M�Q ���`�;�m�K�2�M�i �7�m�M�F�+�2 �Q�/�T�Q�p�Q�/�€ �T���`���K�2�i�`�mR�- �K�i�ˆ�2�K�2 �Q�T�@
�i�B�K���H�B�x�Q�p���i �i���F�i�Q �p�x�M�B�F�H�Q�m �7�m�M�F�+�B �T�Q�/�Q�#�M�ÿ�- �D���F�Q �D�b�2�K �m�p�2�/�H �p �b�2�F�+�B�9�X�k�X �S�€�i�w ���`�;�m�K�2�M�i
�9�Í�2�H�Q�p�û �7�m�M�F�+�2 �D�2 �p�?�Q�/�M�û �i�`���M�b�7�Q�`�K�Q�p���i �7�m�M�F�+�Qf (x) = ex + 20�- �T�`�Q�i�Q�ˆ�2 �D�b�2�K �2�t�T�2�`�B�@
�K�2�M�i�€�H�M�ÿ �x�D�B�b�i�B�H�- �ˆ�2 �?�Q�/�M�Q�i�vR �K�2�M���Q �M�2�ˆ �k�y �M�2�K���D�Q �T�ü�Q�H�B�� �b�K�v�b�H�X �E�/�v�ˆ �F �`�2�B�M�B�+�B���H�B�x���+�B
�/�Q�+�?�€�x�Q �T�ü�Q�H�B�� �Í���b�i�Q�- �i���F �K�2�i�Q�/�� �M�2�T�`�Q�/�m�F�m�D�2 �ˆ�€�/�M�û �b�K�v�b�H�m�T�H�M�û �p�w�b�H�2�/�F�v�X

�S�`�Q�p�2�/�H �D�b�2�K �+�2�H�F�2�K �j �Q�T�i�B�K���H�B�x���Í�M�Q �#�ÿ�?�v �x�€�F�H���/�M�Q �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v �M���/ �p�w���2
�x�K�Q�M�ÿ�M�Q�m �m�T�`���p�2�M�Q�m �9�Í�2�H�Q�p�Q�m �7�m�M�F�+�Q�X �S�Q�F���ˆ�/�û �b �D�B�M�w�K �T�Q�Í�€�i�2�Í�M�Q�K �b�B�K�T�H�2�t�2�K�X �J�2�i�Q�/��
�p�ˆ�/�v �K�ÿ�H�� �F �/�B�b�T�Q�x�B�+�B �R�y�y�y �7�m�M�F�Í�M�Q�+�? �2�p���H�m���+�Q �9�Í�2�H�Q�p�û �7�m�M�F�+�2�X �8�Í�2�H�Q�p�€ �7�m�M�F�+�2 �p�`���+�2�H��
�K�2�/�B�€�M �x �R�8 �M���H�2�x�2�M�w�+�? �K�B�M�B�K �M�€�?�Q�/�M�ÿ �p�v�;�2�M�2�`�Q�p���M�w�+�? �k�y�@�/�B�K�2�M�x�B�Q�M�€�H�M�Q �F�p���/�`���i�B�+�@
�F�w�+�? �7�m�M�F�+�Q�X �a�Q�H�p�2�`�v �U�K�2�i�Q�/�v �b �M�Q�p�w�K �M���b�i���p�2�M�Q�K �T���`���K�2�i�`�i�V�- �F�i�2�`�û �?�H�2�/���H�v �K�B�M�B�K��
�i�ÿ�+�?�i�Q �F�p���/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q�- �K�ÿ�H�v �F �/�B�b�T�Q�x�B�+�B �8�y�y�y �2�p���H�m���+�Q �T�`�Q �F���ˆ�/�Q�m �x �R�8 �7�m�M�F�+�Q�X

�.�€�H�2 �D�b�2�K �T�`�Q�p�2�/�H �j �B�/�2�M�i�B�+�F�û �#�ÿ�?�v�- �b �i�Q�K �`�Q�x�/�Q�H�2�K�- �ˆ�2 �D�b�2�K �x���}�t�Q�p���H �T���`���K�2�i�`�
�T�2�p�M�ÿ �M�� �?�Q�/�M�Q�i�m �R �U�Q�T�i�B�K���H�B�x�Q�p���H �D�b�2�K �i�2�/�v �9�@�`�Q�x�K�ÿ�`�M�Q�m �9�Í�2�H�Q�p�Q�m �7�m�M�F�+�B�V�X �_�i�x�M�w�K�B
�2�t�T�2�`�B�K�2�M�i�v �� �i�2�b�i�v �D�b�2�K �i�Q�i�B�ˆ �x�D�B�b�i�B�H�- �ˆ�2 �m �b�Q�H�p�2�`�i�- �F�i�2�`�û �K���D�Q �T���`���K�2�i�`� �M���b�i���p�2�M�w
�M�� �R�- �i�û�K�ÿ�ü �M�2�/�Q�+�?�€�x�Q �F �x���b�2�F�M�m�i�Q �p �F�Q�M�p�2�`�;�2�M�+�B �� �i�v�i�Q �b�Q�H�p�2�`�v �/�Q�b���?�m�D�Q �T�`�i�K�ÿ�`�M�ÿ
�H�2�T���Q�+�? �p�w�b�H�2�/�F�i�X �w �e �M���H�2�x�2�M�w�+�? �b�Q�H�p�2�`�i �/�Q�b���?�Q�p���H �M�2�D�H�2�T���Q�+�? �p�w�b�H�2�/�F�i �T�ü�B �Q�T�i�B�K���H�B�x���+�B
�F�p���/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q �M�€�b�H�2�/�m�D�Q�+�Q�,

� = 1 ; 
 = 3 :13; � = 0 :28; � = 0 :57; R = 81:85

�:�`���7 �M�� �Q�#�`�€�x�F�m�9�X�k�x�Q�#�`���x�m�D�2 �T�`�i�#�ÿ�? �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v�- �D�2�D�Q�ˆ �p�M�B�i�ü�M�Q �T���`���K�2�@
�i�`�v �� �`�2�B�M�B�+�B���H�B�x���Í�M�Q �T���`���K�2�i�`R �D�b�Q�m �M���b�i���p�2�M�v �M�� �M�Q�p�ÿ �M���H�2�x�2�M�û �?�Q�/�M�Q�i�v�X �>�H�2�/�€ �b�2 �x�/�2
�K�B�M�B�K�m�K �M�€�?�Q�/�M�ÿ �p�v�;�2�M�2�`�Q�p���M�û �k�y�@�/�B�K�2�M�x�B�Q�M�€�H�M�Q �F�p���/�`���i�B�+�F�û �7�m�M�F�+�2�X �P�#�`�€�x�2�F �i���F�û
�x�Q�#�`���x�m�D�2 �p�w�p�Q�D �?�Q�/�M�Q�i�v �T�Q�K�ÿ�`�m �M�2�D�p�ÿ�i���Q�?�Q �F�m �M�2�D�K�2�M���Q�K�m �p�H���b�i�M�Q�K�m �Í�Q�b�H�m �F�Q�p���`�B���M�Í�M�Q
�K���i�B�+�2 �#�Q�/�i �b�B�K�T�H�2�t�m ��r 2�X �w �;�`���7�mr 2 �H�x�2 �H�2�?�+�2 �p�v�T�Q�x�Q�`�Q�p���i�- �F�/�v �/�Q�+�?�€�x�Q �p �T�`�i�#�ÿ�?�m
�K�2�i�Q�/�v �F �`�2�B�M�B�+�B���H�B�x���+�B �b�B�K�T�H�2�t�m�X �E�2 �F�Q�M�+�B �T�`�i�#�ÿ�?�m �K�2�i�Q�/�v �b�2 �?�Q�/�M�Q�i�� �T�Q�K�ÿ�`�m �p�H���b�i�@
�M�Q�+�? �Í�Q�b�2�H �p�2�H�K�B �Q�/�+�?�w�H�Q �Q�/ �T�`�i�K�ÿ�`�M�w�+�? �?�Q�/�M�Q�i �p �;�`���7�m�X �h�Q �D�2 �x�T�i�b�Q�#�2�M�Q �i�Q�K�- �ˆ�2 �p�2 �b�p�û�K
�T�`�Q�;�`���K�m �T�Q�m�ˆ�Q�p�€�K �e�9 �#�B�i�Q�p�û �~�Q���i�v �T�`�Q �p�v�D���/�ü�Q�p�€�M�Q �`�2�€�H�M�w�+�? �Í�Q�b�2�H�X �"�ÿ�?�2�K �Q�T�i�B�K���H�B�x���+�2

�ê�ð
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�I�–�ã�Š���¡�Ã �í�`�ë�`�S�`�i�#�ÿ�? �Q�T�i�B�K���H�B�x���+�2 �F�p���/�`���i�B�+�F�û �7�m�M�F�+�2 �T�Q�K�Q�+�Q �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v
�b �M�Q�p�w�K�B �T���`���K�2�i�`�v �� �`�2�B�M�B�+�B���H�B�x���Í�M�Q �i�2�+�?�M�B�F�Q�m

�b�2 �K�i�ˆ�2 �b�i�€�i�- �ˆ�2 �b�2 �b�B�K�T�H�2�t �x�K�2�M���Q �� �p�x�/�€�H�2�M�Q�b�i �D�2�/�M�Q�i�H�B�p�w�+�? �#�Q�/�i �Q�/ �b�2�#�2 �#�m�/�2 �p�2�H�K�B
�K���H�€ �U< 10� 15�V�X �h�Q �x�T�i�b�Q�#�Q �x���Q�F�`�Q�m�?�H�Q�p���+�Q �+�?�v�#�v �p ���`�B�i�K�2�i�B�+�F�w�+�? �p�w�T�Q�Í�i�2�+�? �b �T�Q�m�ˆ�Q�p���@
�M�w�K�B �e�9 �#�B�i�Q�p�w�K�B �~�Q���i�v�X �>�Q�/�M�Q�i�� �T�Q�K�ÿ�`�m �p�H���b�i�M�Q�+�? �Í�Q�b�2�Hr 2 �i�2�/�v �T�ü�2�b�i���M�2 �K�Q�i �D���F�Q�m�F�Q�H�B
�p�v�T�Q�p�Q�/���D�Q�+�Q �?�Q�/�M�Q�i�m �� �`�2�B�M�B�+�B���H�B�x���+�2 �b�B�K�T�H�2�t�m �b�2 �b�i���M�2 �M�2�K�Q�ˆ�M�Q�m�X

�P�#�`�€�x�2�F�9�X�j�T�Q�`�Q�p�M�€�p�€ �T�`�i�#�ÿ�?�v �Q�T�i�B�K���H�B�x���+�2 �8 �`�i�x�M�w�+�? �F�p���/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q�X �Ì�2�`�@
�p�2�M�û �F�ü�B�p�F�v �x�Q�#�`���x�m�D�Q �T�`�i�#�ÿ�?�v �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v �b �p�w�+�?�Q�x�Q�K �M���b�i���p�2�M�Q�K �#�2�x
�`�2�B�M�B�+�B���H�B�x���+�2 �b�B�K�T�H�2�t�i �� �K�Q�/�`�û �x�Q�#�`���x�m�D�Q �T�`�i�#�ÿ�?�v �K�2�i�Q�/�v �b �T���`���K�2�i�`�v �M���b�i���p�2�M�w�K�B �M��
� = 1 ; 
 = 3 :13; � = 0 :28; � = 0 :57�X �_�2�B�M�B�+�B���H�B�x���Í�M�Q�K �T���`���K�2�i�`�2�KR �D�2 �M���b�i���p�2�M�w �M��
�?�Q�/�M�Q�i�m81:85�X �_�Q�x�/�Q�H �K�2�x�B �/�Q�b���ˆ�2�M�w�K�B �p�w�b�H�2�/�F�v �D�2 �Q�T�`���p�/�m �x�M���i�2�H�M�w�X �_�2�B�M�B�+�B���H�B�x���Í�M�Q
�i�2�+�?�M�B�F�� �b�T�Q�H�m �b �p�?�Q�/�M�ÿ �x�p�Q�H�2�M�w�K�B �T���`���K�2�i�`�v �p�2�H�K�B �x�p�v���m�D�Q �2�7�2�F�i�B�p�B�i�m �L�2�H�/�2�`�@�J�2���/�Q�p�v
�K�2�i�Q�/�v�- �i�2�/�v ���H�2�b�T�Q�š �T�ü�B �Q�T�i�B�K���H�B�x���+�B �F�p���/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q �p�v�����Q�+�? �/�B�K�2�M�x�Q�X

�í�`�î �V�¡�ã�´�Ó�•�´�—�Ã�Š �ã�¡�´�Ì�´�—�´�‰�Å�´���‰�—�¡ �ç�´�Ë�à�Å�¡�	�ó
�L�2�H�/�2�`�@�J�2���/�Q�p�� �K�2�i�Q�/�� �b �T�Q�m�ˆ�B�i�Q�K �`�2�B�M�B�+�B���H�B�x���Í�M�Q �i�2�+�?�M�B�F�v �/�Q�b���?�m�D�2 �H�2�T���Q�+�? �p�w�b�H�2�/�F�i�-
�M�2�ˆ �x�€�F�H���/�M�Q �M�2�m�T�`���p�2�M�€ �p�2�`�x�2 �K�2�i�Q�/�v�X �C�2�/�B�M�w �T�`�Q�#�H�û�K �i�û�i�Q �i�2�+�?�M�B�F�v �b�T�Q�Í�Q�p�€ �p �i�Q�K�- �ˆ�2
�+�2�H�w �T�`�B�M�+�B�T �`�2�B�M�B�+�B���H�B�x���+�2 �x�€�p�B�b�Q �T�Q�m�x�2 �M�� �?�Q�/�M�Q�i�ÿ �T�Q�K�ÿ�`�m �p�H���b�i�M�Q�+�? �Í�Q�b�2�H �F�Q�p���`�B���M�Í�M�Q
�K���i�B�+�2 �#�Q�/�i �b�B�K�T�H�2�t�m�X �h�Q �K�i�ˆ�2 �#�w�i �?�M�2�/ �x�2 �/�p�Q�m �/�i�p�Q�/�i �M�2�T�ü�Q�D�2�K�M�€ �T�ü�2�F�€�ˆ�F�� �T�ü�B
�T�Q�m�ˆ�B�i�Q �K�2�i�Q�/�v�X �S�`�p�M�Q �/�i�p�Q�/ �D�2 �M�2�p�v�?�M�m�i�2�H�M�û �x�T�Q�K���H�2�M�Q �K�2�i�Q�/�v�X �a�T�Q�Í�Q�i�€�M�Q �9�/���D�2r 2

�D�2 �Í���b�Q�p�ÿ �M�€�`�Q�Í�M�û�- �T�`�Q�i�Q�ˆ�2 �D�2 �i�ü�2�#�� �?�H�2�/���i �p�H���b�i�M�Q �Í�Q�b�H�� �K���i�B�+�2�- �F�i�2�`�€ �K�i�ˆ�2 �K�Q�i �B �p�ÿ�i���Q
�`�Q�x�K�ÿ�`�v �U�x�€�H�2�ˆ�Q �M�� �/�B�K�2�M�x�B �Q�T�i�B�K���H�B�x�Q�p���M�û �7�m�M�F�+�2�V�X �C���F�Q �ü�2���2�M�Q �b�2 �M���#�Q�x�Q �T�`�Q�p�€�/�ÿ�i �i�m�i�Q
�F�Q�M�i�`�Q�H�m �M�2 �F���ˆ�/�Q�m �B�i�2�`���+�B�- ���H�2 �i���F �D���F �D�b�2�K �i�Q �T�Q�m�ˆ�Q�p���H �D�€ �p�9�X�j�- �M���T�ü�Q�F�H���/ �D�2�/�M�Q�m �x�� �R�y
�B�i�2�`���+�Q�X �h�2�M�i�Q �x�T�i�b�Q�# �i�2�b�i�Q�p�€�M�Q �b�B�K�T�H�2�t�m �p�2�H�K�B �x�`�v�+�?�H�Q �T�`�i�#�ÿ�? �K�2�i�Q�/�v �� �T�Q�F�H�2�b �p �2�7�2�F�@

�ê�ñ
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�I�–�ã�Š���¡�Ã �í�`�ì�`�S�Q�`�Q�p�M�€�M�Q �T�`�i�#�ÿ�?�i �Q�T�i�B�K���H�B�x���+�2 �F�p���/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q �T�Q�K�Q�+�Q �L�2�H�/�2�`�@
�J�2���/�Q�p�v �K�2�i�Q�/�v �b �`�Q�x�/�Q�H�M�w�K �M���b�i���p�2�M�Q�K

�i�B�p�B�i�ÿ �K�2�i�Q�/�v �M�2�M�Q �i�Q�H�B�F �x�M���i�2�H�M�w�X �.�`�m�?�w �/�i�p�Q�/�- �T�`�Q�Í �`�2�B�M�B�+�B���H�B�x�Q�p�€�M�Q �b�B�K�T�H�2�t�m �T�Q�/�H�2
�?�Q�/�M�Q�i�vr 2 �K�i�ˆ�2 �#�w�i �T�`�Q�#�H�û�K�- �D�2�- �ˆ�2 �`�i�x�M�û �7�m�M�F�+�2 �K�Q�?�Q�m �p�v�ˆ���/�Q�p���i �D�B�M���F �i�p���`�Q�p���M�û
�b�B�K�T�H�2�t�v�X �a�B�K�T�H�2�t�- �F�i�2�`�w �#�v �#�v�H �T�`�Q �D�2�/�M�Q�/�m�+�?�û �F�p���/�`���i�B�+�F�û �7�m�M�F�+�2 �T�ü�Q�H�B�� �x�T�H�Q���i�ÿ�H�w �U�i�2�/�v
�/�Q���H�Q �#�v �F �`�2�B�M�B�+�B���H�B�x���+�B�V �#�v �K�Q�?�H �#�w�i �B�/�2�€�H�M�Q �b�B�K�T�H�2�t �T�`�Q �M�ÿ�D���F�w �b�H�Q�ˆ�B�i�ÿ�D���Q �i�v�T �7�m�M�F�+�Q�X

�o �Í�H�€�M�F�m�"�"�P�"�, �L�2�H�/�2�`�@�J�2���/ �r�B�i�? �_�2�b�B�x�2 ���M�/ �>���H�7�`�m�M�b�(�R�R�) �b�2 �p �D�2�/�M�û �b�2�F�+�B �T�Q���2
�Q �i�Q�K�- �D���F ���m�i�Q�ü�B �p�v�#���p�B�H�B �F�H���b�B�+�F�Q�m �L�2�H�/�2�`�@�J�2���/�Q�p�m �K�2�i�Q�/�m �7�m�M�F�+�Q�- �F�i�2�`�€ �D�2�/�M�Q�m �x��
�R�y�y�y �B�i�2�`���+�Q �`�2�B�M�B�+�B���H�B�x�Q�p���H�� �b�B�K�T�H�2�t �i�û�K�ÿ�ü �b�i�2�D�M�w�K �x�T�i�b�Q�#�2�K �D���F�Q �D�b�2�K �i�Q �/�ÿ�H���H �D�€ �p�9�X�j�X
���m�i�Q�ü�B �p �Í�H�€�M�F�m �i�p�`�/�Q�- �ˆ�2 �i���F�i�Q �m�T�`���p�2�M�€ �K�2�i�Q�/�� �/�Q�b���?�Q�p���H�� �x�M���i�2�H�M�ÿ �H�2�T���Q�+�? �p�w�b�H�2�/�F�i
�T�ü�B �Q�T�i�B�K���H�B�x���+�2 �7�m�M�F�+�Q �b �p�v�����Q�K �T�Q�Í�i�2�K �T�`�Q�K�ÿ�M�M�w�+�?�- �M�2�ˆ �K�2�i�Q�/�� �#�2�x �`�2�B�M�B�+�B���H�B�x���+�Q�X

�C�€ �D�b�2�K �b�2 �`�Q�x�?�Q�/�H �K�2�i�Q�/�m �m�T�`���p�B�i �i���F�- �ˆ�2 �D�b�2�K �D�B �T�ü�B�/���H �T���`���K�2�i�`T �- �F�i�2�`�w �m�`�Í�m�D�2�-
�T�Q �F�Q�H�B�F�� �B�i�2�`���+�Q�+�? �K�€ �/�Q�D�Q�i �F �`�2�B�M�B�+�B���H�B�x���+�B �b�B�K�T�H�2�t�m�X �_�2�B�M�B�+�B���H�B�x���+�2 �T�`�Q�#�Q�?�€ �b�i�2�D�M�w�K
�x�T�i�b�Q�#�2�K �D���F�Q �D�b�2�K �m�p�2�/�H �p�9�X�j�X �h���F�i�Q �m�T�`���p�2�M�€ �K�2�i�Q�/�� �D�2 �T�ü�B�T�`���p�2�M�� �F �Q�T�i�B�K���H�B�x���+�B�-
�T�Q�/�Q�#�M�ÿ �D���F�Q �L�2�H�/�2�`�@�J�2���/�Q�p�� �K�2�i�Q�/�� �b �T���`���K�2�i�`�2�KR�X �8�Í�2�H�Q�p�€ �7�m�M�F�+�2�- �F�i�2�`�Q�m �#�m�/�m
�Q�T�i�B�K���H�B�x�Q�p���i�- �p�v�T���/�€ �T�Q�/�Q�#�M�ÿ �D���F�Q �9�Í�2�H�Q�p�€ �7�m�M�F�+�2 �p�9�X�9�b �i�Q�K �`�Q�x�/�Q�H�2�K�- �ˆ�2 �T�Q�b�H�2�/�M�Q
���`�;�m�K�2�M�i �i�`���M�b�7�Q�`�K�m�D�B �T�Q�K�Q�+�Q �7�m�M�F�+�2f (x) = bex + 5c �U�T�Q�m�x�2 �T�ü�B�`�Q�x�2�M�€ �Í�Q�b�H�� �p�ÿ�i���Q �M�2�#�Q
�`�Q�p�M�Q �8�V�X �_�2�B�M�B�+�B���H�B�x���+�2 �Í���b�i�ÿ�D�B �M�2�ˆ �D�2�/�M�Q�m �x�� �8 �B�i�2�`���+�Q �K�B �T�ü�B�D�/�2 �x�#�v�i�2�Í�M�ÿ �Í���b�i�€�X �8�Í�2�@
�H�Q�p�Q�m �7�m�M�F�+�B �Q�T�ÿ�i �Q�T�i�B�K���H�B�x�m�D�B �T�Q�K�Q�+�Q �x�€�F�H���/�M�Q �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v �b �p�w�+�?�Q�x�Q�K�B
�?�Q�/�M�Q�i���K�B �p�M�B�i�ü�M�Q�+�? �T���`���K�2�i�`�i�X

�S�Q�/�Q�#�M�ÿ �D���F�Q �T�ü�B �Q�T�i�B�K���H�B�x���+�B �K�2�i�Q�/�v �b �T���`���K�2�i�`�2�KR �D�b�2�K �T�`�Q�p�2�/�H �B �i�2�å �+�2�H�F�2�K �e
�Q�T�i�B�K���H�B�x���Í�M�Q�+�? �#�ÿ�?�i �� �j �b �T���`���K�2�i�`�2�K� �M���b�i���p�2�M�w�K �M�� �?�Q�/�M�Q�i�m �R �� �j �b �H�B�#�Q�p�Q�H�M�Q�m
�?�Q�/�M�Q�i�Q�m� �X �S�Q�F���ˆ�/�û �D�b�2�K �x���Í�Q�M���H �b �D�B�M���F �p�2�H�B�F�w�K �T�Q�Í�€�i�2�Í�M�Q�K �b�B�K�T�H�2�t�2�K�X �L�2�D�H�2�T���Q�+�?
�p�w�b�H�2�/�F�i �/�Q�b���?�Q�p���H �M�€�b�H�2�/�m�D�Q�+�Q �b�Q�H�p�2�`�,

� = 1 ; 
 = 1 :52; � = 0 :42; � = 0 :02; T = 60

�:�`���7 �M�� �Q�#�`�€�x�F�m�9�X�9�T�Q�`�Q�p�M�€�p�€ �2�7�2�F�i�B�p�B�i�m �i�Q�?�Q�i�Q �M�Q�p�ÿ �M���H�2�x�2�M�û�?�Q �b�Q�H�p�2�`�m �U�K�Q�/�`�û
�F�ü�B�p�F�v�V �b�2 �b�Q�H�p�2�`�2�K �M���H�2�x�2�M�w�K �p �b�2�F�+�B�9�X�9�U�Í�2�`�p�2�M�û �F�ü�B�p�F�v�V�X �P�T�i�B�K���H�B�x�Q�p���H�Q �b�2 �+�2�H�F�2�K

�ê�ò
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�I�–�ã�Š���¡�Ã �í�`�í�`�S�Q�`�Q�p�M�€�M�Q �T�`�i�#�ÿ�?�i �Q�T�i�B�K���H�B�x���+�2 �F�p���/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q �T�Q�K�Q�+�Q �L�2�H�/�2�`�@
�J�2���/�Q�p�v �K�2�i�Q�/�v �b �`�Q�x�/�Q�H�M�w�K �M���b�i���p�2�M�Q�K

�8 �`�i�x�M�w�+�? �F�p���/�`���i�B�+�F�w�+�? �k�y�@�/�B�K�2�M�x�B�Q�M�€�H�M�Q�+�? �7�m�M�F�+�Q�X �G�x�2 �b�B �p���B�K�M�Q�m�i�- �ˆ�2 �b�Q�H�p�2�`�v �/�Q�@
�b���?�m�D�Q �T�Q�/�Q�#�M�w�+�? �p�w�b�H�2�/�F�i�X �J�i�ˆ�2�K�2 �i�2�/�v �#�2�x �x�i�`�€�i�v �2�7�2�F�i�B�p�B�i�v �M���?�`���/�B�i �`�2�B�M�B�+�B���H�B�x���+�B
�x���H�Q�ˆ�2�M�Q�m �M�� �?�Q�/�M�Q�i�ÿ �9�/���D�2r 2 �x�� �`�2�B�M�B�+�B���H�B�x���+�B �T�2�`�B�Q�/�B�+�F�Q�m�X

�í�`�ï �I�à�î�´�Ë�‰�Å�´���Ó���‰�Ì�¶ �Ë�¡�î�Ó�•�
 �à�ã�Ó �•�‰�Å�é�¶ �•�´�Ë�¡�Ì���¡
�.�Q �i�2�å �D�b�2�K �H���/�B�H �K�2�i�Q�/�m �T�Q�m�x�2 �M�� �F�p���/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q�+�? �/�B�K�2�M�x�2 �k�y�X �S�`�Q �9�T�H�M�Q�b�i
�D�b�2�K �T�`�Q�p�2�/�H �T�Q�/�Q�#�M�û �Q�T�i�B�K���H�B�x���Í�M�Q �T�Q�F�m�b�v �D���F�Q �p �T�ü�2�/�2���H�w�+�? �b�2�F�+�Q�+�? �T�`�Q �M�€�b�H�2�/�m�D�Q�+�Q
�/�B�K�2�M�x�2�, �k�- �8 �� �R�y�X �S�ü�B�x�T�i�b�Q�#�B�H �D�b�2�K �T�Q�Í�2�i �2�p���H�m���+�Q �T�Q�p�Q�H�2�M�w�+�? �F �Q�T�i�B�K���H�B�x���+�B �i���F�- ���#�v
�b�2 �b�Q�H�p�2�`�v �T�ü�B �Q�T�i�B�K���H�B�x���+�B �/�Q�b�i���H�v �F �T�Q�/�Q�#�M�w�K �?�Q�/�M�Q�i�€�K �D���F�Q �T�ü�B �Q�T�i�B�K���H�B�x���+�B �k�y�@
�/�B�K�2�M�x�B�Q�M�€�H�M�Q�+�? �7�m�M�F�+�Q�X �S�Q�Í�2�i �T�Q�p�Q�H�2�M�w�+�? �2�p���H�m���+�Q �T�`�Q �/�B�K�2�M�x�2 �k�- �8 �� �R�y �D�2 �R�y�y�- �j�8�y
�� �R�y�y�y�X

�S�`�Q�p�2�/�H �D�b�2�K �p���2�+�?�M�v �x�T�i�b�Q�#�v �H���/�ÿ�M�Q �D���F�Q �T�ü�B �H���/�ÿ�M�Q �K�2�i�Q�/�v �T�`�Q �k�y�@�/�B�K�2�M�x�B�Q�M�€�H�M�Q
�7�m�M�F�+�2�X �w���?�`�M�m�H �D�b�2�K �B �H���/�ÿ�M�Q �K�2�i�Q�/�v �b �T���`���K�2�i�`�2�KR �� �T���`���K�2�i�`�2�KT�X ���#�v�+�? �x�T�ü�2�@
�?�H�2�/�M�B�H �7�Q�`�K�€�i �T�`�2�x�2�M�i���+�2 �/�Q�b���ˆ�2�M�w�+�? �p�w�b�H�2�/�F�i �� �M���H�2�x�2�M�w�+�? �b�Q�H�p�2�`�i�- �`�Q�x�?�Q�/�H �D�b�2�K �b�2
�ˆ�2 �#�m�/�m �/���i�� �x�Q�#�`���x�Q�p���i �p �D�2�/�M�Q�/�m�+�?�w�+�? �i���#�m�H�F�€�+�?�X �h���#�m�H�F���9�X�R�x�Q�#�`���x�m�D�2 �M�2�D�H�2�T���Q
�M���H�2�x�2�M�û �b�Q�H�p�2�`�v �b�T�2�+�B���H�B�x�Q�p���M�û �M�� �F�p���/�`���i�B�+�F�û �7�m�M�F�+�2 �T�`�Q �D�2�/�M�Q�i�H�B�p�û �/�B�K�2�M�x�2�X

�c�‰�–�ó�Å�Ã�‰ �í�`�ê�`�L�2�D�H�2�T���Q �M���b�i���p�2�M�Q �T���`���K�2�i�`�i �T�`�Q �F�Q�M�F�`�û�i�M�Q �/�B�K�2�M�x�B�X

�a�Q�H�p�2� �̀.�B�K�2�M�x�2 � 
 � � T
�R�X �k �R �k�X�y�R �y�X�k�d �y�X�R�9 �R�d�y
�k�X �8 �y�X�N�8 �k�X�j�9 �y�X�R�9 �y�X�8�e �R�j
�j�X �R�y �R �k�X�R�R �y�X�y�9 �y�X�3�3 �k�d
�9�X �k�y �R �R�X�8�k �y�X�9�k �y�X�y�k �e�y

�L�2�D�H�2�T���Q �b�Q�H�p�2�` �T�`�Q �F���ˆ�/�Q�m �/�B�K�2�M�x�B �#�v�H �p�ˆ�/�v �D�2�/�2�M �x �i�ÿ�+�?�- �F�i�2�`�w �p�v�m�ˆ�Q�p���H �T�2�`�B�Q�/�B�+�@
�F�Q�m �`�2�B�M�B�+�B���H�B�x���+�B �b�B�K�T�H�2�t�m�X �w���D�Q�K���p�û �D�2�- �ˆ�2 �M�2�D�H�2�T���Q �M���H�2�x�2�M�w �b�Q�H�p�2�` �T�`�Q �k�@�/�B�K�2�M�x�B�Q�M�€�H�M�Q
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�7�m�M�F�+�2 �K�€ �T���`���K�2�i�`T �M���b�i���p�2�M�w �M�� �?�Q�/�M�Q�i�m170�- �T�ü�B�Í�2�K�ˆ �T�`�Q �i�m�i�Q �/�B�K�2�M�x�B �K�ÿ�H �T�Q�p�Q�@
�H�2�M�Q �T�Q�m�x�2100 �7�m�M�F�Í�M�Q�+�? �2�p���H�m���+�Q�- �i�2�/�v �F �`�2�B�M�B�+�B���H�B�x���+�B �M�B�F�/�v �M�2�/�Q���H�Q�X �S�`�p�M�Q �b�Q�H�p�2�` �b�2
�i�2�/�v �/�€ �+�?�€�T���i �D���F�Q �K�2�i�Q�/�� �#�2�x �`�2�B�M�B�+�B���H�B�x���+�2�- �T�Q�m�x�2 �b�2 �x�K�ÿ�M�ÿ�M�w�K�B �T���`���K�2�i�`�v�X �>�Q�/�M�Q�i�v
�T���`���K�2�i�`�i �D�2�/�M�Q�i�H�B�p�w�+�? �b�Q�H�p�2�`�i �D�b�Q�m �p�2�H�K�B �Q�/�H�B���M�û �� �M�2�/�€ �b�2 �i�p�`�/�B�i�- �ˆ�2 �#�v �Q�T�i�B�K���H�B�x���+�2
�K�2�i�Q�/�v �M���T�ü�Q�Í �`�i�x�M�w�K�B �/�B�K�2�M�x�2�K�B �p�2�/�H�� �F �T�Q�/�Q�#�M�w�K �b�Q�H�p�2�`�i�K�X �C�2�/�B�M�w �b�T�Q�H�2�Í�M�Q�m �p�H���b�i�@
�M�Q�b�i�- �F�i�2�`�Q�m �D�b�2�K �x �?�Q�/�M�Q�i �T���`���K�2�i�`�i �M���H�2�x�2�M�w�+�? �b�Q�H�p�2�`�i �/�Q�F�€�x���H �p�v�T�Q�x�Q�`�Q�p���i�- �D�2�- �ˆ�2
�L�2�H�/�2�`�@�J�2���/�Q�p�� �K�2�i�Q�/�� �b �T���`���K�2�i�`�2�K� �M���b�i���p�2�M�w�K �M�� �?�Q�/�M�Q�i�m �R�- �M�2�#�Q �p�2�H�K�B �#�H�Q�x�F�Q
�R�- �/�Q�b���?�m�D�2 �x�M���i�2�H�M�ÿ �H�2�T���Q�+�? �p�w�b�H�2�/�F�i�- �M�2�ˆ �K�2�i�Q�/�� �b �T���`���K�2�i�`�2�K� �M���b�i���p�2�M�w�K �p�Q�H�M�ÿ�D�B�X
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�b �`�2�B�M�B�+�B���H�B�x���+�Q�V �T�ü�B �Q�T�i�B�K���H�B�x���+�B ���i�i�`���+�i�B�p�2 �a�2�+�i�Q�` �7�m�M�F�+�B�X �a�Q�H�p�2�` �/�Q�F�€�x���H �M���D�Q�i �?�H�2�/���M�û
�K�B�M�B�K�m�K �7�m�M�F�+�2 �b �/�Q�b�i���i�2�Í�M�Q�m �T�ü�2�b�M�Q�b�i�Q �T�`�Q �p���2�+�?�M�v �i�2�b�i�Q�p���M�û �/�B�K�2�M�x�2�X �h�û�K�ÿ�ü �B�/�2�M�i�B�+�@
�F�w�+�? �p�w�b�H�2�/�F�i �T�ü�B �Q�T�i�B�K���H�B�x���+�B �i�û�i�Q �7�m�M�F�+�2 �/�Q�b���?�Q�p���H �B �i�ü�2�i�Q �i�2�b�i�Q�p���M�w �b�Q�H�p�2�`�X �w �T�`�2�x�2�M�@
�i�Q�p���M�w�+�? �;�`���7�i �2�7�2�F�i�B�p�B�i�v �H�x�2 �m�b�Q�m�/�B�i�- �ˆ�2 �T�2�`�B�Q�/�B�+�F�€ �`�2�B�M�B�+�B���H�B�x���+�2 �p�2�H�K�B �x�H�2�T���m�D�2 �T�`�i�#�ÿ�?
�� �2�7�2�F�i�B�p�B�i�m �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v �T�ü�B �Q�T�i�B�K���H�B�x���+�B �i�Q�?�Q�i�Q �i�v�T�m �7�m�M�F�+�Q�X
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�x���F�H�€�/�M�Q �p�2�`�x�2 �K�2�i�Q�/�v�- �i�2�/�v �T�`�p�M�Q �x �i�2�b�i�Q�p���M�w�+�? �b�Q�H�p�2�`�i �M�2�D�H�2�T���Q�+�? �p�w�b�H�2�/�F�i�X �Ì���b�i�€ �`�2�@
�B�M�B�+�B���H�B�x���+�2 �D�2 �x�/�2 �T�`���p�/�ÿ�T�Q�/�Q�#�M�ÿ �M�2�p�?�Q�/�M�ÿ �x�p�Q�H�2�M�û �ü�2���2�M�Q�- �x �/�i�p�Q�/�i �M�2�x�p�v�F�H�û�?�Q �i�p���`�m
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�?�m�D�2 �T�Q�/�Q�#�M�w�+�? �p�w�b�H�2�/�F�i �M�� �F�p���/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q�+�? �D���F�Q �T�`�p�M�Q �b�Q�H�p�2�`�- ���H�2 �D���F �b�2 �m�F�€�x���H�Q
�M�� �#�2�M�+�?�K���`�F�Q�p���+�Q �T�H���i�7�Q�`�K�ÿ �*�P�*�P�- �D�2 �i���i�Q �p�2�`�x�2 �K�2�i�Q�/�v �m�ˆ�B�i�2�Í�M�ÿ�D���Q �T�ü�B �Q�T�i�B�K���H�B�x���+�B
���B�`���Q�?�Q �b�T�2�F�i�`�� �9�Í�2�H�Q�p�w�+�? �7�m�M�F�+�Q�X
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�I�–�ã�Š���¡�Ã �í�`�ð�`�1�7�2�F�i�B�p�B�i�� �x�€�F�H���/�M�Q �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v �T�ü�B �Q�T�i�B�K���H�B�x���+�B ���i�i�`���+�i�B�p�2 �a�2�+�@
�i�Q�` �6�m�M�+�i�B�Q�M

�I�–�ã�Š���¡�Ã �í�`�ñ�`�1�7�2�F�i�B�p�B�i�� �x�€�F�H���/�M�Q �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v �b �T�2�`�B�Q�/�B�+�F�Q�m �`�2�B�M�B�+�B���H�B�x���+�Q �T�ü�B
�Q�T�i�B�K���H�B�x���+�B ���i�i�`���+�i�B�p�2 �a�2�+�i�Q�` �6�m�M�+�i�B�Q�M
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�I�–�ã�Š���¡�Ã �í�`�ò�`�1�7�2�F�i�B�p�B�i�� �x�€�F�H���/�M�Q �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v �T�ü�B �Q�T�i�B�K���H�B�x���+�B �_�Q�b�2�M�#�`�Q�+�F�Q�p�v
�7�m�M�F�+�2

�I�–�ã�Š���¡�Ã �í�`�ê�é�`�1�7�2�F�i�B�p�B�i�� �x�€�F�H���/�M�Q �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v �b �T�2�`�B�Q�/�B�+�F�Q�m �`�2�B�M�B�+�B���H�B�x���+�Q �T�ü�B
�Q�T�i�B�K���H�B�x���+�B �_�Q�b�2�M�#�`�Q�+�F�Q�p�v �7�m�M�F�+�2
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 �à�ã�Ó �Y�Ó�ç�¡�Ì�–�ã�Ó�—�Ã�Ó���ó �«�ó�Ì�Ã�—�´

�o �K�B�M�m�H�û �F���T�B�i�Q�H�2 �D�b�2�K �T�`�Q�x�F�Q�m�K���H �K�Q�ˆ�M�Q�b�i�B �H���/�ÿ�M�Q �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v �M�� �F�p���@
�/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q�+�?�X �a�Q�H�p�2�`�v�- �F�2 �F�i�2�`�w�K �D�b�2�K �b�2 �p �T�`�i�#�ÿ�?�m �H���/�ÿ�M�Q �/�Q�T�`���+�Q�p���H�- �7�m�M�;�Q�@
�p���H�v �M�� �F�p���/�`���i�B�+�F�w�+�? �7�m�M�F�+�Q�+�? �p�2�H�K�B �/�Q�#�ü�2 �� �M���+�?�€�x�2�H�v �T�ü�2�b�M�ÿ�D���Q �ü�2���2�M�Q�- �M�2�ˆ �K�2�i�Q�/��
�b �T�i�p�Q�/�M�Q�K�B �?�Q�/�M�Q�i���K�B �p�M�B�i�ü�M�Q�+�? �T���`���K�2�i�`�i�X �E�2 �x�H�2�T���2�M�Q �Q�p���2�K �M�2�/�Q�+�?�€�x�2�H�Q �T�ü�B �Q�T�@
�i�B�K���H�B�x���+�B �p���2�+�? �i�2�b�i�Q�p���M�w�+�? �7�m�M�F�+�Q�X �C�2�/�M�� �x �7�m�M�F�+�Q�- �m �F�i�2�`�û �D�b�2�K �b�B �#�v�H �D�B�b�i�w �i�Q�K�- �ˆ�2
�F �ˆ�€�/�M�û�K�m �x�H�2�T���2�M�Q �Q�T�`�Q�i�B �T�i�p�Q�/�M�Q �p�2�`�x�B �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v �M�2�/�Q�+�?�€�x�Q�- �D�2 �p�Q�+�2�@
�`�Q�x�K�ÿ�`�M�€ �_�Q�b�2�M�#�`�Q�+�F�Q�p�� �7�m�M�F�+�2�X �o �i�û�i�Q �F���T�B�i�Q�H�2 �b�2 �T�Q�F�m�b�Q�K �Q �H���/�ÿ�M�Q �L�2�H�/�2�`�@�J�2���/�Q�p�v
�K�2�i�Q�/�v �b�T�2�+�B�€�H�M�ÿ �T�`�Q �i�m�i�Q �7�m�M�F�+�B�X

�î�`�ê �Y�Ó�ç�¡�Ì�–�ã�Ó�—�Ã�Ó���‰ �«�ó�Ì�Ã�—�¡
�_�Q�b�2�M�#�`�Q�+�F�Q�p�� �7�m�M�F�+�2 �D�2 �x�M�€�K�€ �K���i�2�K���i�B�+�F�€ �M�2�F�Q�M�p�2�t�M�Q �7�m�M�F�+�2�- �F�i�2�`�Q�m �p �`�Q�+�2 �R�N�e�y
�T�ü�2�/�b�i���p�B�H �>�Q�r���`�/ �>�X �_�Q�b�2�M�#�`�Q�+�F �(�R�k�)�X �h���i�Q �7�m�M�F�+�2 �b�2 �Í���b�i�Q �T�Q�m�ˆ�Q�p�€ �F �i�2�b�i�Q�p�€�M�Q �Q�T�@
�i�B�K���H�B�x���Í�M�Q�+�? ���H�;�Q�`�B�i�K�i�X �J�€ �i�p���` �T�`�Q�i�€�?�H�û�?�Q �T���`���#�Q�H�B�+�F�û�?�Q �9�/�Q�H�Q�X �L���H�û�x�i �i�Q�i�Q �9�/�Q�H�Q �D�2
�`�2�H���i�B�p�M�ÿ �D�2�/�M�Q�/�m�+�?�û�- �Q�p���2�K �M���D�Q�i �T�ü�2�b�M�Q�m �H�Q�F���+�B �;�H�Q�#�€�H�M�Q�?�Q �K�B�M�B�K���- �F�i�2�`�û �b�2 �p �i�Q�K�i�Q
�9�/�Q�H�Q �M���H�û�x�€�- �D�2 �T�Q�M�ÿ�F�m�/ �b�H�Q�ˆ�B�i�ÿ�D���Q�X �S�`�Q�i�Q�ˆ�2 �K�€ �_�Q�b�2�M�#�`�Q�+�F�Q�p�� �7�m�M�F�+�2 �i���F�Q�p�w�i�Q �b�T�2�+�B�}�+�F�w
�i�p���`�- �ü�Q�F�€ �b�2 �D�Q �Í���b�i�Q �_�Q�b�2�M�#�`�Q�+�F�Q�p�Q �9�/�Q�H�Q �U�_�Q�b�2�M�#� �̀Q�+�F�ö�b �p���H�H�2�v�V �M�2�#�Q �i���F�û �_�Q�b�2�M�#�`�Q�+�F�Q�p��
�#���M�€�M�Q�p�€ �7�m�M�F�+�2 �U�_�Q�b�2�M�#� �̀Q�+�F�ö�b �#���M���M�� �7�m�M�+�i�B�Q�M�V�X

�_�Q�b�2�M�#�`�Q�+�F�Q�p�� �7�m�M�F�+�2 �D�2 �/�2�}�M�Q�p�€�M�� �i���F�i�Q�,

f (x; y) = ( a � x)2 + b(y � x2)2

�:�H�Q�#�€�H�M�Q �K�B�M�B�K�m�K �b�2 �M���+�?�€�x�Q �p(x; y) = ( a; a2) �� �7�m�M�F�Í�M�Q �?�Q�/�M�Q�i�� �p �i�Q�K�i�Q �#�Q�/�ÿ �D�2 �y�X
�S���`���K�2�i�`�va �� b �b�2 �M�2�D�Í���b�i�ÿ�D�B �M���b�i���p�m�D�Q �M�� �?�Q�/�M�Q�i�va = 1 �� b = 100�X �:�`���7 �M�� �Q�#�`�€�x�F�m�8�X�R
�x�Q�#�`���x�m�D�2 �_�Q�b�2�M�#�`�Q�+�F�Q�p�m �7�m�M�F�+�B �b �T���`���K�2�i�`�v �M���b�i���p�2�M�w�K�B �M�� �?�Q�/�M�Q�i�va = 1 �� b = 100�X

�î�`�ê�`�ê �„�Ó�–�¡�—�Ì�¤�Ì�¶ �«�ó�Ì�Ã�—�¡ �à�ã�Ó ���
�é�é�¶ �•�´�Ë�¡�Ì���¡

�_�Q�b�2�M�#�`�Q�+�F�Q�p�� �7�m�M�F�+�2 �H�x�2 �i���F�û �x�Q�#�2�+�M�B�i �B �T�`�Q �p�v�����Q �/�B�K�2�M�x�2�X �o �T�`���t�B �b�2 �T�Q�m�ˆ�Q�p���D�Q �k
�x�T�i�b�Q�#�v �x�Q�#�2�+�M�ÿ�M�Q�X �C�€ �D�b�2�K �p�2 �b�p�w�+�? �Q�T�i�B�K���H�B�x���Í�M�Q�+�? �i�2�b�i�2�+�? �T�Q�m�ˆ�Q�p���H �i�m �p���`�B���M�i�m�- �F�i�2�`�€
�D�2 �T�Q�m�ˆ�B�i�� �p �T�H���i�7�Q�`�K�ÿ �*�P�*�P�X �a�i�2�D�M�ÿ �D���F�Q �p �*�P�*�P �D�b�2�K �B �D�€ �i�m�i�Q �7�m�M�F�+�B �m�T�`���p�B�H �i���F�-
���#�v �D�2�D�Q �;�H�Q�#�€�H�M�Q �K�B�M�B�K�m�K �M�2�#�v�H�Q �p�ˆ�/�v �M�� �b�i�2�D�M�û�K �K�Q�b�i�ÿ�X �o�ˆ�/�v �F�/�v�ˆ �p�v�;�2�M�2�`�m�D�B �B�M�b�i���M�+�B
�i�û�i�Q �7�m�M�F�+�2�- �D�2�D�Q �;�H�Q�#�€�H�M�Q �K�B�M�B�K�m�K �D�2 �T�Q�b�m�M�m�i�û �M�ÿ�D���F�w�K �p�2�F�i�Q�`�2�K�X

�S�ü�2�/�T�B�b �K�M�Q�m �T�Q�m�ˆ�B�i�û �p�2�`�x�2 �_�Q�b�2�M�#�`�Q�+�F�Q�p�v �7�m�M�F�+�2 �D�2 �M�€�b�H�2�/�m�D�Q�+�Q�,

f (x) =
n� 1X

i =1

100(z2
i � zi +1 )2 + ( zi � 1)2

�E�/�2n �D�2 �/�B�K�2�M�x�2 �7�m�M�F�+�2�- �� �p�2�F�i�Q�`z �D�2 �/�2�}�M�Q�p�€�M �i���F�i�Q�,

z = max
�

1;
p

n
8

�
(x � xopt ) + (1 ; 1; :::; 1)

�o�2�F�i�Q�`xopt �D�2 �?�H�2�/���M�û �ü�2���2�M�Q�X �S�ü�B �;�2�M�2�`�Q�p�€�M�Q �B�M�b�i���M�+�2 �_�Q�b�2�M�#�`�Q�+�F�Q�p�v �7�m�M�F�+�2 �?�Q �;�2�M�2�`�m�D�B
�M�€�?�Q�/�M�ÿ �i���F�- �ˆ�2 �D�2�/�M�Q�i�H�B�p�û �b�H�Q�ˆ�F�v �p�2�F�i�Q�`�mx i

opt �-i = 1 ; 2; 3; :::; n �H�2�ˆ�Q �p �T�ü�2�/�2�K �x�p�Q�H�2�M�û�K
�B�M�i�2�`�p���H�m �U�x�T�`���p�B�/�H��h� 5; 5i �V�X
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�I�–�ã�Š���¡�Ã �î�`�ê�`�:�`���7 �_�Q�b�2�M�#�`�Q�+�F�Q�p�v �7�m�M�F�+�2 �b �T���`���K�2�i�`�va = 1 �-b = 100�X

�î�`�ë �C�‰�Å�¡���¡�Ì�¶ �Ì�¡�Á�Å�¡�à�é�¶�±�Ó �ç�Ó�Å���¡�ã�ó

�o �i�û�i�Q �b�2�F�+�B �Í�i�2�M�€�ü�B �Q�#�D���b�M�Q�K�- �D���F�w�K �x�T�i�b�Q�#�2�K �D�b�2�K �?�H�2�/���H �M�2�D�H�2�T���Q �b�Q�H�p�2�` �L�2�H�/�2�`�@
�J�2���/�Q�p�v �K�2�i�Q�/�v �T�`�Q �Q�T�i�B�K���H�B�x���+�B �_�Q�b�2�M�#�`�Q�+�F�Q�p�v �7�m�M�F�+�2�X �w���K�ÿ�ü�B�H �D�b�2�K �b�2 �T�Q�m�x�2 �M�� �k�y�@
�/�B�K�2�M�x�B�Q�M�€�H�M�Q �p�2�`�x�B �i�û�i�Q �7�m�M�F�+�2 �� �i�Q �x�2�D�K�û�M�� �x �i�Q�?�Q �/�i�p�Q�/�m�- �ˆ�2 �T�`�Q �M�B�ˆ���Q �/�B�K�2�M�x�2 �K�2�i�Q�/��
�7�m�M�;�Q�p���H�� �/�Q�b�i���i�2�Í�M�ÿ �2�7�2�F�i�B�p�M�ÿ �B �b �M�2 �9�T�H�M�ÿ �Q�T�i�B�K�€�H�M�Q�K �M���b�i���p�2�M�Q�K �U�p�B�x �Q�#�`�€�x�2�F�9�X�R�y�V�X

�a�Q�H�p�2�`�v �D�b�2�K �b�2 �Q�T�ÿ�i �`�Q�x�?�Q�/�H �?�H�2�/���i �b�i�2�D�M�w�K�B �i�2�+�?�M�B�F���K�B �D���F�Q �T�ü�B �H���/�ÿ�M�Q �K�2�i�Q�/�v �T�`�Q
�F�p���/�`���i�B�+�F�û �7�m�M�F�+�2�X �L�2�D�/�ü�Q�p�2 �D�b�2�K �b�2 �b�M���ˆ�B�H �M���D�Q�i �b�Q�H�p�2�` �T�Q�m�?�Q�m �Q�T�i�B�K���H�B�x���+�Q �p�M�B�i�ü�M�Q�+�?
�T���`���K�2�i�`�i �T�Q�K�Q�+�Q �M�2�m�T�`���p�2�M�û �L�2�H�/�2�`�@�J�2���/�Q�p�v �K�2�i�Q�/�v�X �8�Í�2�H�Q�p�Q�m �7�m�M�F�+�B �D�b�2�K �x�p�Q�H�B�H
�D���F�Q �K�2�/�B�€�M �x �R�y �M���H�2�x�2�M�w�+�? �K�B�M�B�K �M�€�?�Q�/�M�ÿ �T�Q�b�m�M�m�i�w�+�? �_�Q�b�2�M�#�`�Q�+�F�Q�p�w�+�? �7�m�M�F�+�Q�X �L���@
�H�2�x�H �D�b�2�K �i���F�i�Q �+�2�H�F�2�K �e �`�i�x�M�w�+�? �Í�i�p�2�ü�B�+ �T���`���K�2�i�`�i�X �j �b �T���`���K�2�i�`�2�K� �M���b�i���p�2�M�w�K
�T�2�p�M�ÿ �M�� �?�Q�/�M�Q�i�m �R �� �j �b �T���`���K�2�i�`�2�K� �p�Q�H�M�w�K�X �E���ˆ�/�w �x �i�ÿ�+�?�i�Q �Q�T�i�B�K���H�B�x���Í�M�Q�+�? �#�ÿ�?�i
�D�b�2�K �p�Q�H���H �b �R�y�y�y �2�p���H�m���+�2�K�B �9�Í�2�H�Q�p�û �7�m�M�F�+�2 �� �T�Q�F���ˆ�/�û �b �D�B�M���F �p�2�H�F�w�K �T�Q�Í�€�i�2�Í�M�Q�K
�b�B�K�T�H�2�t�2�K�X �a�Q�H�p�2�`�v�- �F�2 �F�i�2�`�w�K �D�b�2�K �b�2 �Q�T�i�B�K���H�B�x���+�Q �T���`���K�2�i�`�i �/�Q�T�`���+�Q�p���H�- �#�v�H�v �p�2�H�K�B
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