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J±Â¨Í Èr����ª¤º���� §¤¢®�õÂ�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â ÍCJ

J±Â¨ÍzÂad ¹Ë�´º÷����¢�©b¢®²"£ ¢®�Ï��¢,· ö �Z�C�X�_���U�����y��� Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â ÍIÎ
J±Â¨ÍzÂ¨G Åk� ���´� �US@���b§¤¢<¹­�´º�����¢�©b¢ ²�£X¢®����¢%Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â JIÏ

J±ÂÐJ ÌÞ�´²"����� �US@���l§P�õÊ]¾X¢®��§¤� ¿®��² Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â Î�d
J±Â¨Î ©b¢®¦±���´§±�������US@����ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â ÎIG
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d ÂVd Ê]��¼Kª¤�÷���ô��ª¤������ø´£¤��µH�Á§¤�sª¤² ���´�Ï����²��Á§¤�sµ�¢ �����¥�´¢���º��¥���<Y®¦¤��µ�¢ ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â Ï
d Â G �]�À� ¿ ��� ²��Á§¤�/o­�¥²�£X¢�§¤�sª¤²���©b¢ ¦¤�ôö±¡ ¢<É¤»uor«DÂ�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â Í
ÏzÂVd Ê]��¼Kª¤�÷���ô��ª¤���d«­� §¤��¡ ¢r£P� ��� o ����¦¤��óJ�¥��³�¦±µ��À�m�Î¹Ë��º������ ¿®�¥²Í§¤�k»���¦±��� ¿®�¥¦¤� §¤�k©b¢®��������¢

ÇÎº��¥���<Y®¦¤��µ�¢pÂ�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â d2Ó
ÏzÂ G Ê]��¼Kª¤�÷���ô��ª¤���"¾P�����H��§P�"�¥² ²"��µH��¦¤�´��²�¢õ§¤�s£¤���´¢®���#A�� �H¡ ¢�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â G�d
ÏzÂ¨Ï ° ����óJ¢Á§¤�iª¤² Éz�´�Ï���¥²<��§±��o­��� ¦¤��óJ�¥��³¥¦¤µ��´��§±�s»���¦±��� ¿®�¥¦¤�r§¤��©b¢®��������¢�Çòº´�¥���<Y®¦±�´µ�¢

©b¢®²'¹Ë��º�����¢®�¬?h�����H��§¤¢®�r��²'«ò���´¢®���#AH���H¡ ¢æÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â GFE
ÏzÂÐE d
	�ÇËöz��²"£¤º´¢�§¤��©b¢®¦Z^P¿ ª¤��� ��¡ ¢¤ùÎ�]�ô���¥µ��H¡�¢�©b¢®¦�]�ª±¦K����¸��ÍÂ�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â GIÎ
ÏzÂ Í G 	 ÇËöz��²"£¤º´¢�§¤��©b¢®¦Z^P¿ ª¤��� ��¡ ¢¤ùÎ�]�ô���¥µ��H¡�¢��]���ç]�ª¤¦½���÷¸�� Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â GIÎ
ÏzÂ¨J Ï�	�ÇËöz��²"£¤º´¢�§¤��©b¢®¦Z^P¿ ª¤��� ��¡ ¢¤ùÎ�]�ô���¥µ��H¡�¢��]���������´¾¤ª±ø´§P��Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â GIÎ
E±ÂVd Ç�öz�¥²�£¤º�¢�§¤�X[ ��¸ ¢®���s§¤�s§¤�¥µ��´��¡ ¢ Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â ÏIÏ
E±Â G ° �¥��� ��¡ ¢�§¤¢l^¤º�����¢õµ�¢®²"£X¢®����¢"§±����µ�¢®��§¤¢�µ�¢®² ¢�²"¢z§±��º´¢õ£±��¢®£X¢®����¢ Â�Â�Â�Â�Â�Â�Â ÏCE
Í@ÂVd Åk� ���´� �H¡ ¢õ§¤��Ãd¢ �¶�õ§¤��©b¢®�Ï���s£P� ����¢�©b¢®²"£X¢®¦¤��¦½��� ªy�U�
� Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â ÍCD
Í@Â G Åk� ���´� �H¡ ¢õ§¤��Ãd¢ �¶�õ§¤��©b¢®�Ï���s£P� ����¢�©b¢®²"£X¢®¦¤��¦½��� �+�<�&�	�y  ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â ÍCD
Í@Â¨Ï Åk� ���´� �H¡ ¢õ§¤��Ãd¢ �¶�õ§¤��©b¢®�Ï���s£P� ����¢�©b¢®²"£X¢®¦¤��¦½���  `�
�¼ªy�U�
� Â�Â�Â�Â�Â�Â�Â�Â�Â�Â ÍCD
Í@ÂÐE Åk� ���´� �H¡ ¢õ§¤��Ãd¢ �¶�õ§¤��©b¢®�Ï���s£P� ����¢�©b¢®²"£X¢®¦¤��¦½��� �	 «� Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â ÍCD
Í@Â Í o­�¥²�£X¢�§¤�s£¤��¢@µ��¥������²��¥¦K��¢��_��µ�ª¤²Áª±ºÀ� §¤¢��b§P� �r²��¥¦¤����¿®��¦¤�d£X¢®�mµ�¢®²"£X¢®¦¤��¦½����Â�Â�Â Í�d
JzÂVd ¹Uª±¦¤�H¡ ¢<§¤��§¤�¥¦¤����§P� §¤��§¤��£¤��¢®¾P� ¾±�´º´��§P� §¤�s§¤¢�¸®¢®º�ª¤²���§¤��§P� §¤¢®�]§P� �]µ�� ��¿®� �]ª±���÷¯

º´�#A�� §P� �-Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â ÍFE
JzÂ G ô]��¸ ¢®����§¤�]§±�¥���¥µ���¡ ¢Á¿®�¥��� §P��£P� ������µ�� ��¿®��§¤�d����� ¾P� º�ú¤¢�§±¢�£¤��¢�]��¥��¢ ö �Z�C�X�_���U�����y��� JID
JzÂ¨Ï «­����µ��¥¦K��ªP� º §¤�s²��¥¦¤����¿®��¦¤�r£¤��¢zµ¥������� §P����£X¢®�mµ�¢ ²�£X¢®¦¤�¥¦K���iÂ�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â JZd
JzÂÐE «Î����µ¥�´��¡�¢�¦P�õ§¤�ô���¥µ��H¡�¢<§¤� �{�Z�C� � ��²èµH� §P�õµ¥¢®²�£X¢®¦¤�¥¦½���{Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â JZd
JzÂ Í ¹Ë�´º÷����¢õ©b¢®²�£X¢®�Ï��¢ ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â J&G
JzÂ¨J ö �Z�C�X�½���U�����y��� Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â J&G
JzÂ Î «­����µ��¥¦K��ªP� º §¤��»���¦±��� ¿®�¥¦¤��«Î��¢zµ¥������� §P����§¤�¥¦½����¢"§¤¢"Äv¦½�����Ï¸�� º´¢"Çò��£X��µ¥øV^Pµ¥¢�Â�Â�Â�Â J&G
JzÂ¨Ñ ô]��¸ ¢®����§¤�s§¤�ô����µ¥�H¡ ¢�Ã 	 d Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â J&Î
JzÂ¨Ó ô]��¸ ¢®����§¤�s§¤�ô����µ¥�H¡ ¢�Ã 	 G Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â J&Î
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JzÂVd2D ô]��¸ ¢®����§¤�s§¤�ô����µ¥�H¡ ¢�Ã�	yÏ Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â J&Î
JzÂVdIdìô]��¸ ¢®����§¤�s§¤�ô����µ¥�H¡ ¢�Ã�	«E Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â J&Î
JzÂVd¸G�ô]��¸ ¢®����§¤�s§¤�ô����µ¥�H¡ ¢�Ã 	 Í Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â J&Î
JzÂVd2Ï ô]��¸ ¢®����§¤�s§¤�ô����µ¥�H¡ ¢�Ã 	 J Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â J&Î
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d ÂVd «Î���´¦¤µ¥�´£P���´�r©b¢®²�� ¦¤§±¢®��É¤»uor«�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â E
ÏzÂVd ?h� ���s§¤��»��¥¦¤����¿®��¦¤��§¤��ÇËö±�¥²�£±º´¢èÂ�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â GCJ
ÏzÂ G Èd�¥��ª¤º÷�¶� §¤¢ �d§±¢�ÇËöz��²"£¤º�¢"Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â GCÑ
Í@ÂVd oË� ¾X��º´�õ§¤��Ç�öz�¥²�£¤º�¢�§¤�sÊ ¸�� º��À� ��¡ ¢Á§¤��»��¥¦¤��� ¿ ��¦¤��¦¤¢ ö �Z�C�X�½���U�����y��� Â�Â�Â�Â�Â EIE
Í@Â G Ã�¢ ��� �r²�W¥§¤�À� ���®©lÅ$§¤�sµH��§P��^Pº�����¢���² µ�� §P�õµH����¿½��Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â E&Ñ
Í@Â¨Ï o­¢ ��� �´�m§±������¿®��� ��Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â E&Ó
Í@ÂÐE �{� §¤¢®�r���¥óJ������¦½���¥�{� ¢ �mµ�¢®²"£ ¢ ¦¤��¦½���¥��Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â ÍCD
Í@Â Í o­�¥²�£X¢�²�W¥§¤�´¢�§¤�s£¤��¢zµ¥������� ²"��¦½��¢"§P� �r²"��¦¤��� ¿®��¦±�d£X¢®�mµ¥¢®²�£X¢®¦¤�¥¦½����Â�Â�Â�Â�Â�Â Í�d
JzÂVd ©b¢®²�£¤� ��������¸ ¢õ������ª¤²"�´§¤¢�§P� �rµ�� ��¿½���d§±�s����� ¾¤� º´ú¤¢õªz���´º��#A�� §P� � Â�Â�Â�Â�Â�Â�Â�Â�Â�Â ÍFE
JzÂ G �]�´�Ï������¾¤ª¤���H¡ ¢õ§P���d²"��¦±��� ¿®�¥¦¤�r£P� ����¢ �dµ¥��¦+[����´¢ �d§¤��£±���´²"���������ô�¶� £¤�-Â�Â�Â�Â�Â�Â�Â ÍIÎ
JzÂ¨Ï Ézª¤²�[ ����¢õ§P�õ¾P� ����§¤�i��������¦P� ²"��¦½��¢õ¦¤¢ �r����³¥�dµ¥��¦+[����´¢ �+Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â ÍCÑ
JzÂÐE ©b¢®²�£X¢®¦¤�¥¦½��� ªy�U�
� ùò������ª¤º���� §¤¢®�r£X¢®�mµ��¥¦+[ ���´¢"Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â ÍCÑ
JzÂ Í ©b¢®²�£¤� ��������¸ ¢¤ùò¹Ë��º�����¢ ° ������§¤¢,· ö �Z�C�X�_���U�����y��� �_»uW�§±�À�õ��¦½������¢ �r����³¥�dµ¥��¦+[����´¢ ��� JID
JzÂ¨J o­�¥²�£X¢�²lW�§±�´¢"§¤��£±��¢@µ�������� ²"��¦½��¢<§P� �d²"��¦¤��� ¿®��¦±�]��¦½������¿ ª¤������²'µH��§P��µ¥¢®²�£X¢�¯

¦¤��¦½���/·Áo­�¥²�£X¢�²�W¥§¤�´¢õ§±��£±��¢@µ�������� ²"��¦½��¢�§¤�¥����� ��¦±¢ ö �Z�C�X�_���U�����y��� �J����¿ ª¤¦¤§¤¢®����JIÏ
JzÂ Î �]�´�Ï������¾¤ª¤���H¡ ¢�§P� �]²"��¦±��� ¿®�¥¦¤�{¦¤¢ �{µ��¥¦+[ ����¢®�]¿ ������§¤¢®�{£P�����<��µH� ��¿½�<§¤������� ¾¤� º´ú¤¢

§P��·�¹ò» ° Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â JCE
JzÂ¨Ñ Ézª¤²�[ ����¢¨§¤�¨¾P������§¤�������¥�´¦P��²��¥¦K��¢W¦¤¢®������³¥��µ¥��¦+[����´¢ ���JµH� ��¿½� §¤��������¾P� º´ú±¢¨§¤�

·]¹ò» ° �4Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�ÂsÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â JCE
JzÂ¨Ó ©b¢®²�£¤� ��������¸ ¢õ§¤¢®�d¹Ë�´º÷����¢®�r©b¢®²"£ ¢ ����¢ �m¿®����� §¤¢®�r£P� ������µ�� ��¿®��§¤��·�¹ò» ° Â�Â�Â JIÑ
JzÂVd2D�«­����µ��¥¦K��ªP� º §¤�s²��¥¦¤����¿®��¦¤�r�¥¦K�����¥¿®ª¤���d£X¢®�rµ�¢®²"£ ¢ ¦¤��¦½���i¦±¢®�¬^Pº�����¢®�mµ¥¢®²�£X¢®�Ï��¢®��Â JIÓ
JzÂVdId�ÇòóJ�ô���÷¸z��§P� §¤�i§±��µ�� §P��µ�¢®²"£X¢®¦¤��¦½����¦¤���¥¦½�����¥¿½��§P� �r²��¥¦¤����¿®��¦¤�-Â�Â�Â�Â�Â�Â�Â�Â�Â ÎCD
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� £¤��¢®¾±º´��²���� ¾X¢®��§¤� §¤¢�¦¤�¥����������� ¾P� º�ú¤¢�WõóJ��ªz��¢�§¤�����¥��¢�§¤¢���ª¤��¿®�´²"��¦½��¢�§±�"ª±²<���¥����¦P�
¼KªP��ºò¦P¡ ¢��ôöz�´�Ï���¥²�º´��²��÷�����d£P� ����������¢@µH��§¤�õ��¦±óJ¢®��²�� �TSz�¥�{��¦½������¢®�sª¤��ª+[����´¢ �i§¤�õª¤²=� ²"£¤º�¢
���´�Ï����²���µ�¢ ²�£¤ªz�¶� µ¥�´¢®¦P��º\B�µ¥���À��§¤¢ �ôö±����� ²��¥¦½����£P� ���Ó¸®��¦±µ������ �õ¾P�������¥�´��� �ÁóJø´���´µH���UBòµ�ª±º���ª±��� ���
�"��¢@µ��´� �´�TBÞ£ �¥��²"�����´¦¤§¤¢�¼Kª¤��£ �¥����¢½� ��µ�¢®º´� ¾ ¢ ����²�ª¤²<����µ¥¢®² � ��¢®ª±����� �s�"¼@ª±��µ¥¢®²Áª¤¦¤��§P� §¤�¥�
��¦½��������� �m£X¢®����� ² �ô¸®¢®º�ª¤�´�h�������x¸CW��d§¤¢"µ�¢®²"£P� �Ï���´º�úP� ²"��¦½��¢�§¤�s�´¦±óJ¢ ��²�� �US@���¥Â

Çò�����Á���¥§¤�{²Áª¤¦±§¤�À� ºU§¤��µ�¢®²"£¤ª±��� §¤¢®�����TB±µ�¢ ¦¤ú¤��µ¥�´§P��µ�¢®²"¢�Äv¦½���¥��¦¤�ô�}B�]<[�£ ¢@§¤�]�����lµ�¢®¦¤���´§¤��¯
��� §P�]ª±²<��óJ�¥����� ²��¥¦½�¶�]��²�£¤������µ��´¦±§¤ø�¸ ��º±£¤� ���{���¥¸®¢ º´ª¤��¡ ¢i¿®º´¢ ¾P� º Â­Ézª¤�{£¤���¥����¦±�H��Wh�´²"£P� µô�¶� ¦½���
¦±¢�²"���´¢�� µ�� §¤³�²"�´µ¥¢�BK£¤��¢F^P�����´¢®¦P��ºX��£ �¥����¢½� ºX§P��£X¢®£¤ª¤º´� �H¡ ¢±Âò»��¥��²"¢õ� ¼Kª¤��º����l¼@ª±�{� ��¦¤§P�s¦P¡ ¢
��³�²
� µ¥������¢W���¥���¶�Ó����µ¥¦¤¢®º´¢ ¿®�À�H]<[Óµ¥¢®¦¤���¥¿®ª¤�¥² £X����µ���¾X����¼@ª±���Ó£¤��������¦¤����§P�ÓÄv¦½���¥��¦¤�ô�Á¸®�¥²
µ�� ª¤��� ¦¤§¤¢�� º÷������� �US@����¦P������� º´��§P� §¤����².¼@ª±�Á¸z�÷¸®�¥²�Â�Éz�¥ª¨��ª¤��¿ �´²"��¦½��¢���¾¤����ª ����£¤� ��¢�£P� �����
µ¥���´� �H¡ ¢õ§±��ª±² ²Áª¤¦¤§±¢�£P����� º���º´¢ZBz¼Kª¤�XWsµ�¢®²Áª±²��¥¦K���iµ¶úP� ²�� §¤¢"§¤�s²Áª¤¦¤§±¢�¸@������ª¤� º Â

·d²<�:��¦Z^P¦¤��§P� §¤��§¤� £¤��¢z§¤ªz��¢®���Ó�����Ï¸@�´��¢ �<óJ¢®����² �¥�����¥¦¤§¤��§¤¢®��¢®ªé²"����²�¢:��¬æ£¤ª¤§±������²
������µ¥���À��§¤¢®�<¦±������� ²Áª¤¦¤§±¢�¸z������ªP� º Â/·�² �ôöz��²"£¤º´¢:¼@ª±� £ ¢@§¤��������µ¥���¶��§¤¢���¡�¢æ¢®�����¥��¸@�´�¥¢®�
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Áe·i½»ÆÇµ,Æ�¢[²Ì·!²<Ö ÿ�þ^ÚlÐ

 e¡#  ñ ¨eªÜò@ó+¨ ÷�¨k} ~P§©ö/¨-§cö��@õ'­)®-¨
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] Îz½Ï³ÌÀ�¢'Ãz·i²#°¸·iÈ±¢¶°,ÁÔ¹8À#Æ´¢[À#ÆÇÕ¸·l�H¡ ¢'¹ ¢�È8°±²´°/À6Ä�ÆÇ²#¼z·i½ÇÆ»Õ¸·iÈ±¢�µ¥¢[Á�¢�Á�¢!³ÌÆ»Ä!·iÈ±¢[Àâ¹z·iÀ´·�¢ÅÈY°,²´°/Ê�Ò
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Ä ¢[½»Ä�Æ»Áe°/Ê|³�¢EÈ8°,²K³Ì°e³´ÀÌ·iÃ8·i½Çå¤¢YÐÉáâ½Ç°¦¹X¢�ÈY°¦¿3·!µ,ÆÇ½»Áe°/Ê�³Ì°à²´°/À�Áe·i¹
°¸·iÈ±¢Ý°/Áã¼8Á�Îz½»³´À�¢Eµ�¢iÁe¹X¢[²#³�¢
¹X¢[À�³ÌÀ��,²)µ¥¢[Áe¹X¢[Ê8°/Ê�³Ì°,²/¾±¢[ÊYÈ8°{¢¶¹8À#ÆÇÁ«°,Æ»À�¢qÄ�ÆÇ²Ì·Å·iÊ�³Ì°,µ/ÆÇ¹z·!À)·�µ/½æ·i²#²´ÆÏÎzµ¸·���¡ ¢¶°�¢[²�È8°/ÁÉ·!ÆÇ²�Ä�Æ»²Ì·iÁ
°+¿ï°/³´Æ»Ä!·iÀ6·Åµ,½Ç·i²´²#Æ»Îzµ,·��H¡ ¢Åµ�¢[Á È8Æ»¿ï°/À´°/Ê|³´°,²)¹YÀ´Æ´¢iÀ´ÆÇÈ8·iÈ8°,²/ÐQ¯=·Å¹8À´î¸Ó�ÆÇÁe·�²#°���¡ ¢¦·i¹8À#°,²´°/Ê�³ë·iÀ#°,Á"¢[²h¢
Á"¢�È8°,½�¢'¹YÀ�¢[¹X¢[²#³�¢�°=µ�¢[Á"¢'°,½Ç°Â¹X¢�ÈY°=Æ»Ê|³´°,ÀK¿ï°,À´Æ»À�¹ ¢[²#Æ»³´Æ»Ä!·iÁ«°,Ê�³Ì°@Ê¤¢i²6µ/¼8²#³�¢[²�È8°±¹8À�¢�µ/°,²´²´·iÁ«°,Ê�³�¢
°/Á µ¸·!Èz·«µ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°q°-Ê¤¢«µ,¼8²K³�¢«È8°-°,À#À�¢¦È8°-µ,½Ç·i²´²#Æ»Îzµ,·��H¡ ¢YÐ

 e¡[� ñ ¨eªÜò@ó+¨ ªEò��pö/ó%¥�§c¨ �N¨k} �J¨��g¥1¨
] Á"¢�È8°,½�¢'ÈY°±Îz½Ï³ÌÀ�¢'µ¥¢[Á«¹ ¢[²K³�¢8¾"��t©û	¾|ì±¼8Á�Á"¢�È8°/½´¢qÃz·!²´°¸·!È¤¢Å°/Á�¼8Á�µ�¢[Ê^é#¼8Ê�³�¢'È8°=µ¥¢[ÁàÒ

¹X¢[Ê8°/Ê�³Ì°,²/Ð�áâ²#²´°,²=¹ ¢�È8°q²#°,ÀÂÎz½»³´À�¢[²)³´ÀÌ·iÈ8Æ»µ,Æ�¢[Êz·iÆ»²b¢[¼�·i¹
°,Êz·!²ÂÎ8½»³ÌÀ�¢[²@²´Æ»Áe¹Y½ÇÆ»Î8µ¸·iÈ¤¢i²,ÐB�©·iÆÇ²@µ¥¢[ÁàÒ
¹X¢[Ê8°/Ê�³Ì°,²âÀ#°¸·i½»ÆÇÕ,·iÁG¼8ÁÉ·<µ/½æ·i²#²´ÆÏÎzµ¸·���¡ ¢<²�¢[Ã8À´°Â·!²QÁe°/Ê8²Ì·!Ë[°,Ê8²âÈY°@µ�¢[À#À´°,Æ�¢<°,½»°/³´À´Í[Ê8Æ»µ�¢<°�È8°,µ/ÆÇÈ8°/Á
À#°,¹z·!²´²Ìä^Ò:½æ·!²@¹z·iÀÌ·õ¢[¼�³ÌÀ�¢i²±µ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°/²d¢i¼Ý°/Ê|³´À´°/Ë�ä Ò:½Ç·i²@µ�¢iÁí¼8Áe·àÁÉ·iÀ#µ¸·���¡ ¢¦È8°/Î8Ê8Æ»³´Æ»Ä!·YÐ

ûb¢[Á"¢eé´äJ·i¹8À#°,²#°,Ê�³ë·iÈ±¢�Ê¤¢çµ,·i¹8º»³´¼8½´¢�3�¾�°+Ó�ÆÇ²K³Ì°,ÁßÈ8Æ»Äi°,À#²Ì·i²¦¹8À�¢[¹ ¢i²#³ë·!²õ¢[Ê8È8°Ü²�¡ ¢ç°,Á«¹8À´°%Ò
Ë[·iÈz·i²/¾Q°,Áýµ�¢[Ê^é#¼8Ê�³�¢8¾QÄ!äiÀ#Ææ·i²-³Ìì/µ,Ê8Æ»µ¸·i²¶¹8·iÀÌ·Ó¢wµ�¢[Á¶Ã8·!³Ì°f�i²¶Á«°,Ê8²´·iË[°,ÊY²¶ÁÉ·!½ÇÆÇµ/Æ´¢[²´·i²,Ð�áâ²´²´·i²
³´ì,µ/Ê8ÆÇµ,·i²-²�¡ ¢ÝÆÇÁ«¹8½Ç°/Áe°/Ê|³Ì·iÈz·i²	µ�¢[Á"¢E°/³ë·!¹z·i²,¾ ¢[¼5µ¸·iÁe·iÈz·!²,¾1Û|¼8°e¹YÀ�¢�µ,°,²#²Ì·iÁã³�¢�Èz·!²�·!²'Á«°,Ê�Ò
²´·iË[°/Ê8²-°à²�¢[Á«°,Ê�³Ì°�¢EÀ´°/²´¼8½Ï³ë·iÈ±¢}ÎzÊz·i½Qì¦µ¥¢[Ê8²´Æ»È8°,À´·iÈ¤¢8Ðz�Ý¼8Æ»³�¢[²<È8°/²´²#°,²�³´ÀÌ·iÃ8·i½Çå¤¢i²q·iÈ8Æ»µ,Æ´¢iÊz·iÁ
µ,·iÁe·iÈz·i²ÂÛ|¼8°'ÊP¡ ¢e¿3·!Õ,°,Á ·¸Ä!·i½»Ææ·���¡ ¢àÈz·¦Áe°/Ê8²Ì·iËi°,Á�¹8À�¢[¹8À´ÆÇ·iÁ«°,Ê�³Ì°-È8ÆÏ³ë·Y¾zµ¥¢[Á�¢¦Á«°,µ,·iÊ8ÆÇ²#Á�¢i²
ÈY°'µ¥¢[Ã8À´·iÊ��¸·�¢[¼EÁ«°,²´Á"¢¦Áe°/È8ÆÇÈ8·i²@ÊP¡ ¢à³Ì°/µ,Ê¤¢i½Çî[Ë[Æ»µ¸·i²�µ�¢[Á"¢«·«·!¹8½ÇÆ»µ¸·���¡ ¢àÈ8°-½Ç°/ÆÇ²,Ð

�©·iÆÇ²¦°/²#³Ì¼YÈ¤¢[²}·!È¤¢i³ë·!Áè°,²K³ÌÀÌ· ³Ìì,ËiÆæ·i²«¹z·iÀ´·5Û|¼8°�¢�µ/¼8²#³�¢�È8°�¹8À�¢�µ/°,²´²´·iÁ«°,Ê�³�¢�·!²´²�¢�µ,ÆÇ·iÈ¤¢5·
µ,·iÈz·Üµ¸·!ÁÉ·iÈ8·É²´°:é´·EÀ#°,È8¼YÕ,ÆÇÈ±¢8Ðu(±Á °+Ó�°/Áe¹8½�¢ÜìÁ¢Ü³ÌÀ´·iÃz·i½»å¤¢Ü·i¹8À#°,²#°,Ê�³ë·iÈ±¢Ý°/ÁèÖ ÿ�×^ÚlÐ¶¯±°,²´²#°i¾;¢
¹YÀ´ì+Òm¹8À�¢�µ,°/²´²´·iÁe°/Ê�³�¢ÉÈ8·i²=Æ»ÊY¿J¢[À#ÁÉ·��wv�°/²)ì'À´°¸·!½ÇÆÇÕ,·iÈ¤¢à¼8Áe·��8Ê8ÆÇµ,·¦Äi°,Õ!¾L°s¢[²±°,½»°,Á«°,Ê�³�¢[²ÂË[°/ÀÌ·iÈ±¢[²
²�¡ ¢Üµ�¢iÁe¹z·!À#³ÌÆ»½Çåz·!È¤¢[²±¹ ¢[À±³�¢�Èz·i²q·!²<µ¸·iÁe·iÈz·!²<Û|¼8°àÀ´°,·i½ÇÆ»Õ¸·iÁ ·i½»Ë[¼8Á�³ÌÆ»¹ ¢ÉÈ8°¶¹8À�¢�µ/°,²´²´·iÁ«°,Ê�³�¢
Û|¼8°EÊ8°/µ,°/²´²´ÆÏ³Ì°�È¤¢[²¦Èz·iÈ±¢[²,Ð ¯�¢5°,Ê�³Ì·iÊ�³�¢8¾OÊP¡ ¢5ìÜµ�¢[À#À´°+³�¢5Ê8°,Ë[½»ÆÇË[°/Ê8µ,ÆÇ·iÀÅÛ|¼8°E³�¢�Èz·i²¦·!²«Á«°,Ê�Ò
²´·iË[°/Ê8²,¾�²´°/Ê8È¤¢ç°,½Ç·i²Å½»°,Ë[ºÏ³ÌÆ»ÁÉ·i²s¢[¼�Ê¤¡ ¢8¾Q²�¡ ¢ç·¸Äi·!½ÇÆæ·!Èz·i²'°Ü¹8À�¢�µ,°/²´²Ì·!Èz·i²àÈ8°Ü·!½ÇË[¼8Áe·ÝÁe·iÊ8°/ÆÇÀ´·
¹X¢[À-³�¢�È¤¢[²�¢[²ÅÊ8ºÏÄ[°/ÆÇ²ÅÊY°,²´²#°}Îz½»³´À�¢8Ð'�	°/²#³Ì·w¿J¢[À´Áe·�¢[²�µ,¼8²K³�¢[²¶·i²´²�¢�µ/Ææ·iÈ¤¢i²Å·wµ,·iÈz·w°+³ë·i¹8·Þ·iµ¸·^Ò
Ã8·iÁ ²´°,ÊYÈ¤¢J²�¢[Áe·iÈ¤¢i²,¾cËi°,ÀÌ·!Ê8È¤¢Þ¼8Á µ/¼8²#³�¢JÀ´°,²#¼8½»³Ì·iÊ�³Ì°É·iÆÇÊ8È8·ÝÁe·iÆ´¢[À/ÐEácÓYÆ»²#³´°É¼8Áýµ�¢[Ê^é#¼8Ê�³�¢
ÈY°}Áe°/Ê8²Ì·!Ë[°,Ê8²àÛ|¼8°Ü²�¡ ¢ÞÈ8°+³Ì°/µ/³ëä¸Äi°,ÆÇ²¦¹
°,½Ç·i²ÅÈ8ÆÏÄ[°/À´²Ì·!²¶³Ìì,µ/Ê8ÆÇµ,·i²,Ð)(±Áß°%ÓY°/Áe¹Y½´¢J·Þ²#°,À¶µ/Æ»³ë·!È¤¢
²�¡ ¢wÁ«°,ÊY²Ì·iË[°/Ê8²'µ�¢[Á�³´°+Ó�³�¢[²�²�¢[ÃYÀ´°«²´°+Óz¢8ÐEáâ²#²Ì·i²Å·i¹8À´°/²´°/Ê|³Ì·iÁ ¹z·iÈ8À�v�°/²�Û|¼8°e²�¡ ¢�¿3·iµ,Æ»½ÇÁ«°,Ê�³Ì°
µ,·i¹Y³´¼8ÀÌ·iÈ±¢[²É¹
°,½Ç·i²¦È8Æ»Äi°,À´²´·i²É³´ì,µ,ÊYÆÇµ¸·!²e¼Y³´ÆÇ½»ÆÇÕ¸·!Èz·i²à°,Á�Îz½Ï³ÌÀ�¢[²eµ¥¢[Á�Áu�8½Ï³ÌÆ»¹8½æ·i²àµ,·iÁe·iÈz·i²/Ð 5 °
°/²´²´·i²	Á«°,Ê8²´·iË[°/Ê8²±¿J¢i²´²´°/Á�È8°,²#µ¸·iÀK³ë·iÈ8·i²	½�¢[Ë®¢¦Êz·i²Â¹8À#ÆÇÁ«°,ÆÇÀ´·i²@µ¸·!ÁÉ·iÈ8·i²,¾P¢«µ,¼8²K³�¢«ÎzÊz·i½1È8°'¹8À�¢ Ò
µ/°,²#²Ì·iÁ«°,Ê�³�¢¦²#°,À´ÆÇ·¶È8ÆÇÀ#°/³Ì·iÁe°/Ê�³Ì°	À#°,È8¼YÕ,ÆÇÈ±¢à°i¾8µ¥¢[Ê8²´°/Û|¼8°,Ê�³Ì°/Áe°/Ê�³Ì°i¾U¢àÆ»Áe¹z·!µ/³�¢�Êz·¶°,Ê�³´À´°,Ë[·¦È8·i²
Á«°,ÊY²Ì·iË[°/Ê8²Â½Ç°/Ë[º»³´ÆÇÁe·i²�²#°,À´ÆÇ·àÁe°/Ê¤¢[À,Ð

áâÁ Ö ÿ�× Ú�ÊP¡ ¢�°+Ó�Æ»²#³Ì°«¼8Áe·Üµ�¢[Á«¹ ¢i²´Æe��¡ ¢EÈ8°àÎz½»³´À�¢[²-¹8À�¢[¹8À#Ææ·iÁ«°,Ê�³Ì°àÈYÆ»³ë·Ü°«²´Æ»Á�¼8Áe·Eµ¥¢[ÁàÒ
¹X¢[²#Æe�H¡�¢¶È8°<Á«°,µ,·iÊ8ÆÇ²#Á�¢i²�È8°	³´ÀÌ·!³Ì·iÁ«°,Ê�³�¢¶ÈY°<Áe°/Ê8²Ì·!Ë[°,Ê8²/ÐOÑ­¢[À#ì,Á�¾Y²´°=¿J¢[À´°/Áí·iÈ±¢i³ë·iÈ±¢[²�Îz½Ï³ÌÀ�¢i²
Æ»Ê�³Ì°,À#Áe°/È8Ææä!À´Æ´¢i²,¾�Û�¼Y°'µëå8·iÁÉ·!À´°,Á"¢[²)ÈY°qµ�¢[Á«¹ ¢iÊ8°,Ê�³Ì°/²,¾zµ/°,À#³Ì·iÁ«°,Ê�³Ì°-°+Ó�Æ»²#³ÌÆ»À�¡ ¢àÁ«°,ÊY²Ì·iË[°/Ê8²@Û|¼8°
²#°,À�¡ ¢�ÈY°/³Ì°/µ/³Ì·iÈz·i²O¹ ¢iÀâ¼8ÁÉ·qË[À´·iÊ8È8°@¹8·iÀ#³´°±ÈY°,²#³´°,²6°@¹ ¢�È8°,À�¡ ¢-À´°/µ,°,Ã
°,ÀO¼8Áe·qµ,½æ·!²´²´ÆÏÎzµ¸·l�H¡ ¢-È8°+ÎYÒ
ÊYÆ»³ÌÆÏÄ!·Â½�¢[Ë®¢ÂÊ¤¢±ÆÇÊ8º»µ,Æ�¢@È¤¢	¹8À�¢�µ/°,²#²�¢	²#°,ÁGÛ|¼8°6³´°,Ê8å8·iÁ È8°O²´°,À©·¸Ä!·i½ÇÆÇ·iÈz·i²g³�¢�È¤¢i²­¢[²1µ¥¢[Áe¹X¢[Ê8°/Ê�³Ì°,²/Ð
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ûb¢[ÁíÀ´°,½Ç·��H¡�¢¦· ¢àµ,¼8²K³�¢«È¤¢¦°,À#À�¢¦È8°-µ,½Ç·i²´²#Æ»Îzµ,·��H¡ ¢Y¾YÁe·iÆÇ²)¼YÁÉ·ÅÄi°,Õ'ìqÊ8°,Ë[½»ÆÇË[°/Ê8µ,ÆÇ·iÈ¤¢Á¢à¿3·!³�¢
È±¢[²qÈ¤¢[Æ»²=³ÌÆ»¹ ¢i²<È8°¶°/À´À�¢i²-·i¹8À´°/²´°/Ê|³Ì·iÀ´°/Á�µ,¼Y²#³�¢i²'ÈYÆÇ²#³´ÆÇÊ�³�¢i²,Ð'¯�¢[²=³ÌÀÌ·!Ãz·i½Çå±¢[²<·i¹YÀ´°,²#°,Ê�³ë·!È¤¢[²-Ê¤¢
µ,·i¹8ºÏ³Ì¼8½�¢h3�¾f·àÁÉ·!Æ´¢[À6¹8À´°¥¢�µ/¼8¹z·���¡ ¢eìqµ¥¢[Á�·à°/¿ï°+³ÌÆÏÄ�Æ»Èz·iÈ8°!ÐctP¢[ÀÌ·iÁ ½ÇÆ»²#³Ì·iÈ¤¢[²@Á«°,µ,·iÊ8ÆÇ²#Á�¢i²)µ�¢[Á
Ák�8½»³´ÆÇ¹8½Ç·i²Åµ,·iÁÉ·!Èz·i²�¢[Ê8È8°�¢5À´°/²´¼8½Ï³ë·iÈ¤¢çÎzÊz·!½@²�¡ ¢5µ,½Ç·i²´²#Æ»Îzµ,·iÈ¤¢[À#°,²¦ÁÉ·!ÆÇ²àÀ´Æ»Ë®¢[À�¢[²�¢[²/ÐMûb¢[Á9¢
·!¼8Áe°/Ê�³�¢wÈ8·w°/¿ï°+³ÌÆ»Ä�Æ»Èz·iÈ8°!¾Ë¢ÞÊ��8Á«°,À�¢w³�¢i³Ì·i½�È8°ÉÁ«°,ÊY²Ì·iË[°/Ê8²¶µ/½æ·i²#²´Æ»Î8µ¸·iÈz·!²�Æ»Ê8µ�¢[À#À´°+³ë·iÁ«°,Ê�³Ì°eì
À#°,È8¼YÕ,ÆÇÈ±¢8¾fÁÉ·i²±ÆÇ²K³�¢«ÊP¡ ¢«ÆÇÁ«¹8½ÇÆ»µ¸·¶Û|¼8°�¢Éµ,¼Y²#³�¢«³�¢i³Ì·i½1È¤¢«°,À´À�¢ÉÈ8°�µ,½Ç·i²´²#Æ»Îzµ,·��H¡ ¢¦³ë·!Á¶ÃLì/Á�²´°/ÀÌä
Áe·iÆ»²g²Ì·!³´ÆÇ²K¿3·!³Ìî[À#Æ´¢8Ð1áâ²K³ë·ÂÆÇÁ«¹8½ÇÆ»µ¸·���¡ ¢�²#°,À´ÆÇ·ÂÄi°,À#Èz·iÈ8°/ÆÇÀÌ·Â²´°Î¢[²1È¤¢iÆÇ²g³ÌÆ»¹ ¢i²�È8°�°,À´À�¢[² � µ/½æ·i²#²´Æ»Î8µ¸·���¡ ¢
°/À´À#Í[Ê8°¸·ÞÈY° �[Z���\k� °Üµ,½Ç·i²´²#Æ»Îzµ,·��H¡�¢Þ°,À#À´Í[Ê8°,·JÈ8°}Á«°,Ê8²´·iË[°,ÊY²à½Ç°,Ëiº»³ÌÆ»ÁÉ·!² % ³ÌÆÏÄ[°,²#²´°/Á9¢JÁe°/²´Á"¢
µ/¼8²#³�¢8Ð

Ñ©·iÀÌ·JÁ«°,½Çå±¢[À¶°,²#µ,½Ç·iÀ´°/µ,°,À¦°/²#³Ì°E¹8À�¢[Ã8½»°,Áe·Y¾Q³�¢[Á«°,Á"¢[²Å·i²¦°,Û|¼z·��wv�°/²{j�Ð»üE°|jYÐn3�¾OÊz·i²àÛ|¼z·iÆ»²
efetiv

ì¦·E°+¿ï°/³´Æ»Ä�ÆÇÈz·!È8°àË[°,À´·i½�¾
MS→S

ìõ¢EÊ��8Á«°,À�¢EÈ8°¦Á«°,Ê8²´·iË[°/Ê8²-ÁÉ·i½»ÆÇµ/Æ´¢[²´·i²=µ/½æ·i²#²´ÆÏÎzµ¸·iÈ8·i²
µ¥¢[À´À#°/³Ì·iÁe°/Ê�³Ì°i¾

ML→L

ì�¢çÊ��8Á«°,À�¢5ÈY°�Á«°,ÊY²Ì·iË[°/Ê8²¦½Ç°/Ë[º»³´ÆÇÁe·i²Åµ/½æ·i²#²´Æ»Î8µ¸·iÈz·!²àµ�¢[À#À´°/³Ì·iÁ«°,Ê�³Ì°!¾
MS→L

ì�¢�Ê��8Áe°/À�¢�È8°=Á«°,ÊY²Ì·iË[°/Ê8²�Áe·i½»ÆÇµ,Æ�¢[²Ì·!²Qµ,½Ç·i²´²#Æ»Îzµ,·iÈz·i²Oµ�¢[Á"¢'½Ç°,Ëiº»³ÌÆ»ÁÉ·!²,¾
ML→S

ì�¢�Ê���Ò
Á«°,À�¢ÅÈ8°	Áe°/Ê8²Ì·iËi°,Ê8²6½Ç°,Ëiº»³ÌÆ»ÁÉ·!²âµ,½æ·!²´²´ÆÏÎzµ¸·!Èz·i²�µ¥¢[Á"¢ÅÁe·i½ÇÆ»µ,Æ´¢i²Ì·i²/¾

M
ì{¢�³�¢i³ë·!½LÈ8°=Áe°/Ê8²Ì·!Ë[°,Ê8²/¾

Cerro

¢	µ/¼8²#³�¢<³�¢i³Ì·i½|È¤¢<°,À#À�¢=È8°�µ/½æ·i²#²´Æ»Î8µ¸·���¡ ¢8¾
α
ìb¢=µ,¼8²K³�¢<È8°�µ,½æ·!²´²´ÆÏÎzµ¸·!À©Æ»Ê8µ�¢[À#À´°+³ë·iÁ«°,Ê�³Ì°O¼8Áe·

Á«°,ÊY²Ì·iË[°/ÁG½Ç°,Ëiº»³ÌÆ»ÁÉ·@µ¥¢[Á�¢ �[Z���\ °
β
ì)µ,¼8²K³�¢<ÈY°)µ,½Ç·i²´²#Æ»Îzµ,·iÀcÆ»Ê8µ�¢[À#À´°+³ë·iÁ«°,Ê�³Ì°O¼8Áe·	Á«°,Ê8²´·iË[°,Á

Áe·i½»ÆÇµ,Æ�¢[²Ì·'µ�¢[Á"¢¦½Ç°/Ë[º»³´ÆÇÁe·YÐ

efetiv =
MS→S + ML→L

M

� jYÐ»ü %

Cerro = ML→S ∗ α + MS→L ∗ β
� jYÐ�3 %

ûb¢[Ê�¿J¢[À´Á«°©é´ä<À´°/½æ·!³Ì·iÈ¤¢8¾®¢-µ/¼8²#³�¢'ÈY°±µ/½æ·i²#²´ÆÏÎzµ¸·iÀcÆÇÊ8µ¥¢[À´À#°/³ë·!Áe°/Ê|³´°)¼8Áe·qÁe°/Ê8²Ì·iËi°,Á�½»°,Ë[ºÏ³ÌÆ»ÁÉ·
ì@Áe·iÆ�¢[À©È±¢'Û|¼8°@È8·-µ/½æ·i²#²´ÆÏÎzµ¸·���¡ ¢qÆÇÊYµ�¢[À#À´°/³Ì·<È8°@Á«°,Ê8²´·iË[°,ÊY²âÁÉ·i½»ÆÇµ/Æ´¢[²´·i²,ÐvêÞ¢[Ë®¢8¾iÊ¤¢[À´Áe·i½»Áe°/Ê|³´°i¾
α > β

Ð�Ñ­¢�È8°,Á�°%ÓYÆ»²#³´ÆÇÀ@²´ÆÏ³Ì¼z·l��v�°,²ÂÊz·i²ÂÛ|¼z·iÆ»²@¼8ÁíÎz½Ï³ÌÀ�¢h�ú·i¹8À#°,²´°/Ê�³Ì°'¼8ÁÉ·à°+¿ï°/³ÌÆÏÄ�ÆÇÈz·iÈY°qË[°,À´·i½
Áe·iÆ�¢[ÀÅÈ¤¢çÛ|¼8°E¼8Á Î8½»³ÌÀ�¢
�}¾Q¹X¢[À´ì/ÁèÀ´°,·i½ÇÆ»Õ¸·w¼8Áe·Jµ,½Ç·i²´²#Æ»Îzµ,·��H¡ ¢JÆ»Ê8µ�¢iÀ´À´°+³ë·JÈ8°E¼8ÁßÊ"�YÁe°/À�¢
Áe·iÆ�¢[À	È8°¦Á«°,Ê8²´·iË[°/Ê8²-½Ç°,Ëiº»³ÌÆ»ÁÉ·!²,Ð'¯=°/²´²Ì·E²´ÆÏ³Ì¼z·l�H¡ ¢Ü³Ì°/À´°/Á�¢[²q¼YÁ Îz½»³´À�¢ÜÁe·iÆÇ²	°/¿ï°/³´Æ»Ä ¢8¾�¹ ¢iÀ´ì,Á
µ¥¢[Á Áe·iÆ´¢iÀ�µ,¼Y²#³�¢«È8°-°,À#À�¢«È8°-µ,½Ç·i²´²#Æ»Îzµ,·��H¡ ¢YÐ

ø ·iÃX¢[À´Èz·!Ë[°,Á ·i¹YÀ´°,²#°,Ê�³ë·!Èz·É°,Á ³´ÀÌ·iÃ8·i½Çå¤¢i²±µ¥¢[Á�Áu�8½Ï³ÌÆ»¹8½´¢[²)Î8½»³ÌÀ�¢[²ÂÃ8¼8²#µ¸·É°%ÓY¹Y½´¢[À´·iÀ±·eµ�¢ Ò
¢i¹L°/ÀÌ·���¡ ¢Ý°/Ê�³ÌÀ´°�¢[²'µ�¢[Á«¹ ¢iÊ8°,Ê�³Ì°/²�ÈY°e¿J¢[À#ÁÉ·ÜÛ|¼8°"¢[²�°/À´À�¢[²�µ¥¢[Á«°/³ÌÆ»È¤¢[²-¹X¢[À�¼YÊ8²�¹X¢[²#²Ì·iÁã²#°,À
µ¥¢[À´À#ÆÇË[Æ»È¤¢[²-¹X¢[À�¢[¼�³ÌÀ�¢i²ÅÈ8°É¿J¢iÀ´Áe·ÝÛ|¼8°Ü·w°+¿ï°/³´Æ»Ä�ÆÇÈz·!È8°É²#°�é´·J·^é#¼8²K³ë·iÈ8·�Ön3�ü,Ú�Ð�7:²#³�¢JìÉ¼8Á ¿3·!³�¢iÀ
¹X¢[²#Æ»³ÌÆÏÄ®¢E°¦Á�¢!³ÌÆ»Ä!·iÈ±¢[À	¹z·!ÀÌ·�·EÃY¼8²´µ,·ÝÈ8°«¼8Á�Á"¢�ÈY°,½´¢ÜÛ|¼8°e·i¹8À�¢WÄ[°,ÆÏ³Ì°¦°,²K³ë·Eµ�¢@¢[¹
°,ÀÌ·l�H¡ ¢�ÁÉ·!²
µ¥¢[Á9¢çµ�¢iÁe¹8À�¢[Á«ÆÇ²´²�¢JÈ8°�¢i³ÌÆ»ÁeÆ»Õ¸·iÀÅ·JÀ´°,½Ç·��H¡�¢5°%Ó�ÆÇ²#³´°,Ê�³Ì°�°,Ê�³´À´°E°/¿ï°+³ÌÆ»Ä�Æ»Èz·iÈ8°Ü°Eµ,¼Y²#³�¢Y¾�²´°/Ê8È¤¢
°/²#³´°Éµ,¼Y²#³�¢Ó¢wÈ8°e¹8À�¢�µ,°/²´²Ì·!Áe°/Ê|³�¢ÞÀ´°,·i½ÇÆ»Õ¸·iÈ±¢�Ê±¢[²Åµ¥¢[Áe¹X¢[Ê8°/Ê�³Ì°,²�°«³Ì·iÁ¶Ã
ì,Á=¢Ýµ,¼8²K³�¢ÞÈ¤¢Ý°,À#À�¢
ÈY°«µ/½æ·i²#²´ÆÏÎzµ¸·���¡ ¢8Ð¦¯=·E¹YÀ´î¸Ó�ÆÇÁe·}²´°���¡ ¢Ý·i¹8À´°/²´°/Ê|³Ì·iÁ"¢[²s¢ÝÁ"¢�ÈY°,½´¢É¹8À�¢[¹X¢[²K³�¢Eµ�¢[ÊY²´ÆÇÈY°,ÀÌ·!Ê8È¤¢�¢[²
°+¿ï°,ÆÏ³�¢[²¶°/Áß²#¼z·Jµ�¢[Ê�ÎzË[¼8À´·��H¡ ¢YÐçÑc·iÀ´·Þ°,²´µ¥¢[½Çå8·ÞÈz·ÞÁe°/½Çå¤¢iÀÅµ�¢iÊYÎzË[¼8À´·��H¡�¢8¾Q¿J¢[Æ)·!È¤¢i³ë·!Èz·w¼8Áe·
°/²#³´ÀÌ·!³´ì,Ë[ÆÇ·�Æ»Ê8²´¹8Æ»ÀÌ·iÈ8·�°/Á�³Ìì,µ/Ê8ÆÇµ,·i²ÅÈY°eÁ«ÆÇÊ8°/ÀÌ·���¡ ¢�È8°eÈ8·iÈ¤¢[²/ÐEá�²K³ë·w°/²#³´ÀÌ·!³´ì,Ë[ÆÇ·�°/Ê8µ�¢[Ê�³´ÀÌ· Òm²´°
ÈY°/³ë·!½Çåz·iÈ8·¦Ê±¢«µ,·i¹8ºÏ³Ì¼8½�¢z�8Ð
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�.������� ����� ���d¡"�d¢J£�¤c¥N¦c§©¨q§«ª*¬h­
ûb¢[Ê�¿J¢[À´Á«°	È8°/²´µ/À´Æ»³�¢àÊ¤¢¶µ,·i¹8º»³´¼8½´¢�È8°<Æ»Ê|³´À�¢�È8¼���¡ ¢ÅÈ8°/²#³´°<³ÌÀÌ·!Ãz·i½Çå±¢8¾|¼8Á ²#ÆÇ²K³Ì°,Áe·ÅÈ8°	µ�¢[À#À´°,Æ�¢

°/½Ç°+³ÌÀ´ÍiÊ8ÆÇµ¥¢e¹X¢�ÈY°�²#°,À	Ä�ÆÇ²#¼z·i½»ÆÇÕ¸·!È¤¢¦µ�¢[Á"¢É¼8Á µ¥¢[Ê é#¼8Ê�³�¢ÉÈ8°Åµ¥¢[Áe¹X¢[Ê8°/Ê�³Ì°,²=Ê¤¢ÉÛ|¼z·!½c·i²=Áe°/Ê8²Ì·^Ò
Ëi°,Ê8²=²�¡ ¢«À´°/¹z·i²´²´·iÈz·i²	È8°�¼YÁ�µ�¢[Á«¹ ¢iÊ8°,Ê�³Ì°�¹z·iÀ´·"¢[¼�³ÌÀ�¢YÐ@áâÁúµ,·iÈz·«¼8Á�È8°,²#²´°/²<µ�¢[Á«¹X¢[Ê8°,Ê�³´°,²
¢�µ�¢iÀ´À´°}·i½ÇË[¼YÁ ³´ÆÇ¹X¢wÈ8°Ü¹YÀ�¢�µ,°,²#²Ì·iÁ«°,Ê�³�¢8Ð�¯=·w²´°w�H¡ ¢)jYÐn3Ý¿J¢[Æ6·i¹8À#°,²´°/Ê�³ë·iÈz·J¼8Áe·J·iÀ#Û�¼YÆ»³Ì°+³Ì¼8À´·
²#ÆÇÁ«¹8½Ç°/²,¾�Êz·¶Û|¼z·i½�·i²@Á«°,ÊY²Ì·iË[°/Ê8²@²�¡�¢«¹YÀ�¢�µ,°,²#²Ì·iÈ8·i²Â¹ ¢[À�¼8Á Îz½Ï³ÌÀ�¢àÈ8°qÁe°/Ê8²Ì·!Ë[°,Ê8²@Áe·i½»ÆÇµ,Æ�¢[²Ì·!²,Ð
ûb¢iÊ8²´Æ»È8°,À´·iÊ8È¤¢-°,²K³ë·-°,²K³ÌÀ´¼�³Ì¼8À´·��H¡ ¢'È8°Âµ�¢iÁe¹X¢[Ê8°/Ê|³´°,²�°@³ÌÀ�¢�µ,·<È8°ÂÁe°/Ê8²Ì·iËi°,Ê8²/¾�¹X¢�È8°,Á"¢[²âÀ´°/¹8À´°%Ò
²#°,Ê�³ë·!À<°,²K³Ì°¶²#ÆÇ²#³´°,Áe·Éµ�¢iÁ�¢e¼8ÁùËiÀÌ·!¿J¢eÈ8ÆÇÀ#°,µ,Æ�¢[Êz·iÈ±¢}·iµ/ºÇµ,½»ÆÇµ¥¢

G(V, A)
¾ ¢[Ê8È8°

V
ìÁ¢}µ¥¢[Ê é#¼8Ê�³�¢

ÈY°�Ä[ì/À#³´ÆÇµ,°/²qÈ¤¢}Ë[À´·!¿J¢
G
°�À´°,¹YÀ´°,²#°,Ê�³ë·!Áù³�¢�È¤¢[²�¢[²	°/½Ç°/Áe°/Ê|³�¢[²	È±¢}²´Æ»²#³Ì°/ÁÉ·«°

A
ì�¢}µ�¢iÊ é#¼8Ê�³�¢

ÈY°�³�¢�Èz·i²=·i²	·iÀ´°+³ë·i²
a(i, j)

¹
°,ÀK³Ì°,ÊYµ,°,Ê�³´°,²q·É°/²#³´°ÅÁ«°,²´Á"¢«Ë[ÀÌ·!¿J¢e°ÅÛ|¼8°�À´°,¹YÀ´°,²#°,Ê�³ë·!Á ·i²=Áe°/Ê�Ò
²´·iË[°/Ê8²-Û�¼Y°¶³ÌÀÌ· ¿ï°,Ë�·iÁúÈ¤¢E°,½»°,Á«°,Ê�³�¢

i
¹8·iÀÌ·�¢Ü°/½Ç°,Á«°,Ê�³�¢

j
È8°/²#³Ì°¦Á«°,²#Á�¢Ü²#ÆÇ²#³´°,Áe·YÐ ø ³ÌºÏ³Ì¼8½�¢

ÈY°¶ÆÇ½»¼8²#³´ÀÌ·���¡ ¢8¾
·eÎzË[¼YÀÌ·®jYÐ4j}·i¹YÀ´°,²#°,Ê�³ë·Üµ¥¢[Á�¢�¢}²´Æ»²#³´°,Áe·}·i¹8À#°,²´°/Ê�³ë·iÈ¤¢Ü¹
°,½Ç·«ÎzËi¼8ÀÌ·®j�Ð�3e¹X¢�È8°
²#°,ÀÂÀ´°/¹8À´°/²´°/Ê|³Ì·iÈ¤¢8Ð

t©ÆÇË[¼8À´·�jYÐnj�x°¯qÀÌ·!¿J¢-È8°±¼8Á 5 Æ»²#³Ì°/ÁÉ·qÈ8°��vÀÌ·iÊ8²K¿ï°,À��,Ê8µ/Ææ·�ÈY°Q�Ý°/Ê8²Ì·!Ë[°,Ê8²6È8°	ûb¢[À´À#°,Æ´¢'áâ½Ç°+³ÌÀ#Í[Ê8ÆÇµ¥¢
ûb¢iÁ�tcÆÇ½Ï³ÌÀ�¢[²²±)·!²´°¸·!È¤¢[²±°,Á�ÑâÀ´Æ�¢[À´Æ»Õ¸·���¡ ¢

5 °�¢Y�8Ê8ÆÇµ¥¢ÉÎz½Ï³ÌÀ�¢e¿J¢[À	²#¼8Ã8²#³´Æ»³´¼8ºÇÈ¤¢É¹ ¢[À	¼8ÁúÎ8½»³ÌÀ�¢Éµ¥¢[Áe¹X¢[²K³�¢8¾�·}À´°,¹YÀ´°,²#°,Ê�³ë·l�H¡ ¢E°,ÁúË[À´·!¿J¢
È±¢à²´ÆÇ²K³Ì°/ÁÉ·ÅÁe·iÊ�³Ìì/Á¦Òm²´°	Ä!äi½»ÆÇÈz·�ÐQ¯�¢à°/Ê�³ë·iÊ�³�¢Y¾8Ê¤¢àÊ¤¢WÄ®¢¦Ë[À´·!¿J¢¶°%ÓYÆ»²#³´ÆÇÀÌä�¼8ÁíÁe·iÆ´¢iÀ6Ê��8Á«°,À�¢àÈ8°
Äiì,ÀK³ÌÆÇµ/°,²=°�·!À´°,²K³ë·i²/Ð³�<·iÈ±¢<¢¦¿J¢�µ¥¢«ÈY°,²#³´°�³´ÀÌ·iÃz·!½Çå¤¢8¾Y¹z·iÀÌ·¦¼8Áe·«Áe·iÆ�¢[À)²´Æ»Áe¹Y½ÇÆ»Î8µ¸·���¡ ¢8¾8·¦¹z·iÀK³ÌÆ»À
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ÈY°,²#³´°q¹ ¢iÊ|³�¢¶²´°/ÀÌä¶µ¥¢[Ê8²´Æ»È8°,À´·iÈ¤¢à·!¹L°/Êz·i²h¢à²#¼8Ã�Ò:ËiÀÌ·!¿J¢
G1(V1, A1)

¾±¢[Ê8ÈY°
V1 ⊂ V

²�¡ ¢¶³�¢�È¤¢[²l¢[²
µ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°/²±È±¢«Îz½Ï³ÌÀ�¢àµ�¢[Á«¹ ¢i²#³�¢¦°

A1
²�¡�¢e·!²±Á«°,ÊY²Ì·iË[°/Ê8²@³ÌÀ�¢�µ,·iÈz·i²Â°,Ê�³´À´°-°,½»°,²,Ð

5 °:é´·�¼8ÁÔµ¥¢[Ê é#¼8Ê�³�¢�È8°
N
µ�¢iÁe¹X¢[Ê8°/Ê|³´°,²6È8ÆÇ²K³ÌÆÇÊ�³�¢[²�°=Æ»Ê8È8°,¹
°,ÊYÈ8°,Ê�³Ì°/²,¾8µ¥¢[ÁÔµ¸·iÀ´·iµ/³´°,À#ºÇ²#³´ÆÇµ,·i²

¹YÀ´î[¹8À#Ææ·i²-°e·!³Ìì¦Á«°,²#Á�¢�µ�¢[Á«¹8½»°,Á«°,Ê�³ë·iÀ#°,²/Ð}¯�¢�Ê¤¢[²#²�¢ÞÁ"¢�È8°,½�¢8¾�µ¸·iÈ8·�µ¥¢[Áe¹X¢[Ê8°/Ê�³Ì°«È8°/Äi°ÉÀ´°%Ò
¹8·i²´²´·iÀ,¾Y·¶¹z·iÀ#³´ÆÇÀOÈz·Åµ/½æ·i²#²´Æ»Î8µ¸·���¡ ¢¶À´°,·i½ÇÆ»Õ¸·iÈ8·Y¾Y·!²�Á«°,Ê8²´·iË[°,ÊY²@¹z·iÀÌ·�¼8Á ¹YÀ´î¸Ó�ÆÇÁ"¢Åµ�¢iÁe¹X¢[Ê8°/Ê|³´°
¢i¼wÁ«°,²´Á"¢«Ë[°,À´·iÀ=¼YÁÉ·¦µ,½Ç·i²´²#Æ»Îzµ,·��H¡ ¢«È8°+ÎzÊ8Æ»³´Æ»Ä!·YÐ ø °,²K³ÌÀ´·!³Ìì/Ë[Ææ·«È8°�µ/½æ·i²#²´ÆÏÎzµ¸·���¡ ¢ÉÈY°,¹
°,Ê8È8°�Èz·
Ê8·!³Ì¼8À#°,Õ,·�È¤¢�µ�¢[Á«¹ ¢iÊ8°,Ê�³Ì°!¾)µ�¢iÁ�¢5¼8Á�½ÇÆ»ÁeÆÇ·iÀÅ¹YÀ�¢[Ãz·!Ã8ÆÇ½»ºÇ²#³´ÆÇµ¥¢ ¢[¼ ¼8Á�µ¥¢[Ê é#¼8Ê�³�¢�È8°�À´°,ËiÀÌ·i²/¾
µ,·iÈz·Å¼YÁÉ·'µ�¢[Á ¼8ÁÔ¹L°/²�¢8¾�°<¼8ÁÔ½ÇÆ»ÁeÆÇ·iÀQ¹z·!ÀÌ·ÅÈ8°+ÎzÊ8Æ»À)·ÅÊz· ³Ì¼8À#°,Õ¸·�Èz·ÅÁ«°,Ê8²´·iË[°,Á�Ð 5 °/Á ¹
°,À#Èz·
ÈY°'Ëi°,Ê8°/ÀÌ·i½»ÆÇÈz·iÈY°i¾YÄ!·iÁ"¢[²Â·i²#²´¼8Á«ÆÇÀ@Û|¼8°s¢«µ�¢[Á«¹ ¢iÊ8°,Ê�³Ì°qÆ»Ê8²´°/À´°-¼8Áe·¦·iÊ¤¢i³Ì·��H¡ ¢¦Êz·¦Á«°,Ê8²´·iË[°,Á
�µ´³�9 9% µ�¢iÁ'¢ÉÀ´°/²´¼8½Ï³ë·iÈ±¢ÉÈz·«²´¼z·}·¸Ä!·i½»Ææ·���¡ ¢8Ð²(±ÁÉ·àÄ[°/Õ¶Û|¼8°Å°/²´²´·ÉÁe°/Ê8²Ì·!Ë[°,Á °,²K³Ì°:é´·}·iÊ¤¢i³Ì·iÈz·Y¾
°/½æ·Åì	°,Ê�Ä�Ææ·iÈz·�¹z·iÀÌ·Á¢i¼Y³ÌÀ�¢ÅÎz½»³´À�¢�¢[¼Üì<Ë[°/ÀÌ·iÈz·�¼8ÁÉ·�µ,½æ·!²´²´ÆÏÎzµ¸·l�H¡ ¢¶ÈY°/ÎzÊ8ÆÏ³ÌÆÏÄi·�¾�È8°/¹L°/Ê8È8°/Ê8È¤¢¦Èz·
Ê8·!³Ì¼8À#°,Õ,·«Èz·¦·iÊ±¢i³ë·���¡ ¢8Ð

ø ¢[ÃY³´°,Ê���¡ ¢¶È¤¢'Áe°/½Çå¤¢iÀOËiÀÌ·!¿J¢'ÊP¡ ¢�Ê8°,µ/°,²´²´·iÀ´ÆÇ·iÁ«°,Ê�³Ì°=°+Ó�ÆÇË[Æ»ÀÌä-·�¼�³ÌÆÇ½»ÆÇÕ,·��H¡ ¢qÈY°=³�¢�È¤¢[²Î¢[²
Nµ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°/²cµ�¢iÊ8²´Æ»È8°,À´·iÈ¤¢[²/ÐâsJ¹ ¢[²#²´ºÏÄ[°,½Y·=°%ÓYÆ»²#³&�,Ê8µ/Ææ·	È8°6¼8ÁN²´¼8Ã�Òmµ�¢[Ê^é#¼8Ê�³�¢<È8°6µ�¢[Á«¹X¢[Ê8°,Ê�³´°,²

Û|¼8°Ý·i¹8À#°,²#°,Ê�³Ì°�¢�Á«°,½»å¤¢[À¶Ë�·!Ê8å¤¢5¹ ¢[²#²´ºÏÄ[°,½ÂÈ8°/Ê�³ÌÀ�¢�È¤¢5µ�¢[Ê é#¼YÊ|³�¢5³�¢i³ë·!½�Ð¶7:²#³�¢�¹X¢�È8°�¢�µ�¢iÀ´À´°/À
Û|¼z·!Ê8È¤¢¦·¶Áe·iÆ´¢[ÀO°/¿ï°+³ÌÆÏÄ�Æ»Èz·iÈ8°=¹ ¢i²´²´ºÏÄ[°/½g¹z·iÀ´·�¢àµ�¢[Ê^é#¼8Ê�³�¢àÆÇÊ�³´°,ÆÇÀ�¢�¿J¢[Àb¢[ÃY³ÌÆ»Èz·�µ¥¢[Á ·!¹L°/Êz·i²)¼8Á
²#¼8Ã�Òmµ�¢[Ê é#¼YÊ|³�¢ÝÈY°àµ�¢[Á«¹ ¢iÊ8°,Ê�³Ì°/²,Ð¦û)·!²�¢EÆÇ²K³�¢�¢�µ�¢[À#ÀÌ·Y¾�·!µ,À´°/²´µ/°,Ê�³ë·iÀ'µ�¢iÁe¹X¢[Ê8°/Ê|³´°,²'· ¢Ü²#ÆÇ²#³´°,Áe·
·!µ¸·iÀ#À´°/³Ì·iÀÌäJ°/Áè¹8À�¢�µ,°/²´²´·iÁe°/Ê�³�¢�·!È8ÆÇµ/Æ´¢[Êz·!½�Û|¼8°�¹ ¢�È8°ÜÈ8°/Ë[ÀÌ·iÈ8·iÀ«·W¢!³ÌÆÇÁ«ÆÇÕ,·��H¡�¢ÞÈ¤¢5²´ÆÇ²K³Ì°/ÁÉ·YÐ
ûb¢iÁ�¢'é´ä}À#°,½Ç·!³ë·iÈ±¢8¾F¢}Û|¼8°à²#°àÃ8¼8²#µ¸·E·iÛ|¼8ÆQìà·�¢!³ÌÆÇÁ«ÆÇÕ,·��H¡�¢eÈz·}°+¿ï°/³´Æ»Ä�ÆÇÈz·!È8°¶µ�¢iÁùÀ#°,½æ·l�H¡ ¢Ü·�¢[²
µ/¼8²#³�¢[²±È8°-¹8À�¢�µ,°/²´²Ì·!Áe°/Ê|³�¢e°-È8°-°/À´À�¢¦È8°-µ/½æ·i²#²´Æ»Î8µ¸·���¡ ¢8Ð

�<·!È¤¢æ¢�µ�¢[Ê^é#¼8Ê�³�¢
V1

µ¥¢[Á«¹ ¢[²K³�¢�¹X¢[À«³�¢�È¤¢[²�¢[²Éµ�¢[Á«¹ ¢iÊ8°,Ê�³Ì°/²Üµ�¢[ÊY²´ÆÇÈY°,ÀÌ·!È¤¢[²Ü¹z·i²#²´ºÏÄ[°,Æ»²
ÈY°}²´°/À´°,Áß¼Y³ÌÆ»½ÇÆ»Õ¸·iÈ¤¢i²'Ê±¢J²´ÆÇ²K³Ì°/ÁÉ·Y¾c²´°�é´·

= = {∀H(V ′, A′)|V ′ ⊂ V1 e A′ = {∀s′(i, j)|i 6=

j e componente i envia mensagens maliciosas para componente j} ∪ {∀h′(i, j)|i 6=

j e componente i envia mensagens leg · timas para componente j}}
Ðâs�¿3·!³�¢¶Û|¼8°i¾8¹8·iÀÌ·

Û|¼z·!½ÇÛ|¼8°,ÀÅË[ÀÌ·!¿J¢
H(V ′, A′) ∈ =

¢i²Å³�¢i³Ì·iÆÇ²
MS→S

¾
ML→L

¾
MS→L

°
ML→S

¹X¢�È8°/Áß²�¢i¿ïÀ´°/À
·!½ÇË[¼8Áe·Þ·i½Ï³Ì°/ÀÌ·���¡ ¢8Ð¸7:²K³�¢¨¢�µ¥¢[À´À#°Ü¹ ¢[À#Û|¼8°E°,Áèµ,·iÈz·çµ�¢[Á¶ÃYÆÇÊz·���¡ ¢J°,²#¹L°/ÀÌ· Òm²´°E¼8Áèµ¥¢[Á«¹ ¢[ÀK³ë· Ò
Á«°,Ê�³�¢wÈ8ÆÏ¿ï°,À´°/Ê�³Ì°iÐw¯�¢Ý°+Ó�°,Á«¹8½´¢w·i¹8À#°,²´°/Ê�³ë·iÈ¤¢JÊ8·w¹8À´î¸Ó�ÆÇÁe·E²´°���¡ ¢Þìe¹ ¢[²#²´ºÏÄ[°,½l¢[Ã8²#°,À#Ä!·iÀ�°,²K³Ì°
µ¥¢[Á«¹ ¢[ÀK³ë·iÁ«°,Ê�³�¢8Ð

]Ô°+Ó�°,Á«¹8½´¢�·i¹YÀ´°,²#°,Ê�³ë·!È¤¢ÝÊ8·E¹YÀ´î¸Ó�ÆÇÁe·}²´°���¡ ¢�ì«¼YÁÉ·}ÃX¢�·ÜÈ8°,Á"¢[Ê8²K³ÌÀ´·��H¡ ¢YÐà¯=°/²#³Ì°à³´°,Á"¢[²
³´À&�/²ÉË[À´·!¿J¢[²«È8ÆÇ²K³ÌÆÇÊ�³�¢[²eÀ#°,¹8À#°,²#°,Ê�³ë·iÊYÈ¤¢�Îz½»³´À�¢[²«µ�¢iÁe¹X¢[²#³�¢[²«¹L°/½´¢[²«Áe°/²´Á"¢[²¦³ÌÆÇ¹X¢[²«È8°wµ¥¢[Á«¹ ¢!Ò
ÊY°,Ê�³Ì°/²,Ð�áâÁ ³�¢�Èz·i²à·!²Å³ÌÀ��,²à²´ÆÏ³Ì¼z·l��v�°,²à·i¹YÀ´°,²#°,Ê�³ë·!Èz·i²õ¢[²¶Ä!·i½�¢[À´°/²ÅÀ´°+¿ï°,À#°,Ê�³Ì°/²{�ÞÈY°/³Ì°/µ���¡ ¢çÈ8°
Á«°,ÊY²Ì·iË[°/Ê8²¦¿J¢[ÀÌ·iÁ�ÈYÆ»¿ï°,À#°,Ê�³Ì°/²,Ð ¯±°,²K³Ì°wµ,·i²�¢Y¾)¹z·iÀ´·5µ,·iÈz·�¼YÁ�È8°,²#²´°,²ÉË[ÀÌ·!¿J¢i²¦³´°,Á"¢[²«°/¿ï°/³´Æ»Ä�ÆÏÒ
È8·iÈ8°¶°¶µ/¼8²#³�¢[²<È8Æ»²#³´ÆÇÊ�³�¢[²/Ð 5 °:é´·

ΓK(efetivK , Cprock
, CerroK

)
·e¿ï¼8Ê���¡ ¢ÜÈ8°¶À#°/³�¢[À´Ê¤¢ÉÈ¤¢}Ä!·i½´¢[À

µ/¼8²#³�¢�¹!Ã
°,Ê8°+¿ïºÇµ/Æ´¢�È±¢�Ë[ÀÌ· ¿J¢
K ∈ =

¾m¢[Ê8È8°
CprocK

ì�¢�µ,¼8²K³�¢�È8°w¹8À�¢�µ,°/²´²Ì·!Áe°/Ê|³�¢�³�¢i³Ì·i½ÂÈ¤¢
ËiÀÌ·!¿J¢

K
Ðº]ãÀ´°,²#¼8½»³Ì·iÈ¤¢�îi³´ÆÇÁ"¢�ì ¢[Ã�³ÌÆÇÈ±¢�¹z·iÀ´·�¢�²´¼8Ã�Òmµ�¢[Ê^é#¼8Ê�³�¢pÈ8°ÞË[À´·!¿J¢[²

ξ ⊂ =
¾�¢iÊ8È8°

ξ = {∀H(V ′, A′) ∃K(V ′′, A′′)|ΓK ≤ ΓH}
Ð
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5 °:é´·iÁ=¢[²qÎz½Ï³ÌÀ�¢i²
A
¾
B
°

C
¹z·i²#²´º»Äi°,Æ»²�È8°«²´°/À´°/Á ·iÈ¤¢i³Ì·iÈ¤¢[²'µ�¢[Á"¢Eµ�¢[Á«¹X¢[Ê8°,Ê�³´°,²'È8°e¼YÁ

Î8½»³ÌÀ�¢Jµ�¢[Á«¹X¢[²#³�¢5åYÆÇ¹X¢i³Ìì+³ÌÆÇµ¥¢8Ð 5 °/Áè¹
°,À´È8·5È8°EË[°/Ê8°,À´·i½ÇÆ»Èz·iÈ8°!¾Î¢[²¦µ,¼8²K³�¢[²¦È8°E¹8À�¢�µ/°,²´²´·iÁ«°,Ê�³�¢
¹X¢[À@Á«°,Ê8²´·iË[°/Á ²�¡ ¢�¢[²ÂÁ«°,²#Á�¢[²@¹8·iÀÌ·õ¢[²@³ÌÀ��,²/Ð6¯=·¶³ë·iÃ
°,½Ç·hj�Ð»ü-ì'·i¹8À#°,²´°/Ê�³ë·iÈz·¦¼8Áe·à¹L°/Û�¼Y°,Êz·
Ã8·i²´°¶ÈY°ÅÁ«°,Ê8²´·iË[°,ÊY²,¾ð¢[ÊYÈ8°Å°/²#³¶¡�¢ÜÈ8ÆÇ²#¹ ¢[²K³ë·i²	·i²	µ/½æ·i²#²´ÆÏÎzµ¸·��wv�°/²	Ë[°/ÀÌ·iÈ8·i²<¹
°,½´¢i²=µ¥¢[Áe¹X¢[Ê8°/Ê�³Ì°,²/Ð
�©·iÁ¶Ã
ì,Á °,²K³¶¡ ¢pÈ8Æ»²´¹X¢[Ê8ÆÇÃYÆÇ½ÇÆ»Õ¸·iÈ8·i²«·i²Üµ,½Ç·i²´²#Æ»Îzµ,·���v�°,²}À#°¸·iÆ»²ÜÈz·i²ÜÁ«°,Ê8²´·iË[°/Ê8²,Ð�¯�¢pµ�¢[Ê^é#¼8Ê�³�¢
·!¹8À´°/²´°,Ê�³Ì·iÈ¤¢¦°+Ó�ÆÇ²K³Ì°q¼8Á ³�¢i³Ì·i½�ÈY°¶üWÙ¶Á«°,Ê8²´·iË[°,ÊY²,¾8Èz·!²@Û�¼8·iÆÇ²Â×Å²�¡ ¢à½Ç°/Ë[º»³´ÆÇÁe·i²�°�j¶²�¡ ¢ �[Z���\k� Ð
¯=·i²-ÎzË[¼8À´·i²_jYÐ4�Y¾DjYÐ þÜ°fjYÐØÿE¹ ¢�È8°,Áã²#°,À�¢[Ã8²#°,À#Ä!·iÈ8·i²'³´À&�/²�µ¥¢[ÊYÎzË[¼YÀÌ·��wv�°/²ÅË[°/ÀÌ·iÈz·!²�·!½Ç°¸· ³�¢[À#Ææ· Ò
Á«°,Ê�³´°�¹z·iÀ´·]¢	Îz½Ï³ÌÀ�¢	µ�¢iÁe¹X¢[²#³�¢8ÐD^q¼8·iÊ8È¤¢<¼YÁNµ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°6À´°,µ/°,Ã
°@¼8Áe·=Á«°,Ê8²´·iË[°,Á�¾iÃ8·i²´°,·iÈ¤¢
Ê8·¶µ,½æ·!²´²´ÆÏÎzµ¸·l�H¡ ¢àÈz·¶Á«°,²#ÁÉ·�¾z¢[¼Ü°/½Ç°q·¶À#°,¹z·!²´²Ì·à¹z·!ÀÌ·Á¢[¼Y³´À�¢õ¢[¼}Î8Êz·i½ÇÆ»Õ¸·�¢à¹YÀ�¢�µ,°,²#²�¢¦È8°<µ/½æ·i²#²´Æ Ò
Î8µ¸·���¡ ¢8Ð

Á ÂeÃ�ÄÅÄ�Æ6ÇNÈsÃ�ÉWÊ�Ë
Ì ÆÍÂ6ÎÅÏ�Ë�Ð Ì ÆÍÂ6ÎÅÏwË'Ñ Ì ÆÍÂ6ÎÅÏwË
Á ÒkÓsÃ�Â

Ô{Õ¼Ö�×�Ø�ÙWÕ¼ÚÜÛ ÝlÞ"Ø�Ú ÝlÞ"Ø�Ú ÝlÞ"Ø�Ú ÝlÞ"Ø�Ú
Ô{Õ¼Ö�×�Ø�ÙWÕ¼Úaß ÝlÞ"Ø�Ú àFÕ¼Ù9áµâ[ãµÚ_Ø àFÕ¼Ù9áµâ[ãµÚ_Ø àFÕ¼Ù9áµâ[ãµÚ_Ø
Ô{Õ¼Ö�×�Ø�ÙWÕ¼Úaä ÝlÞ"Ø�Ú àFÕ¼Ù9áµâ[ãµÚ_Ø àFÕ¼Ù9áµâ[ãµÚ_Ø àFÕ¼Ù9áµâ[ãµÚ_Ø
Ô{Õ¼Ö�×�Ø�ÙWÕ¼Úæå àUÕ¼Ù9áµâ[ãµÚ_Ø àFÕ¼Ù9áµâ[ãµÚ_Ø ÝlÞ"Ø�Ú àFÕ¼Ù9áµâ[ãµÚ_Ø
Ô{Õ¼Ö�×�Ø�ÙWÕ¼Úaç ÝlÞ"Ø�Ú ÝlÞ"Ø�Ú ÝlÞ"Ø�Ú ÝlÞ"Ø�Ú
Ô{Õ¼Ö�×�Ø�ÙWÕ¼Úaè àUÕ¼Ù9áµâ[ãµÚ_Ø ÝlÞ"Ø�Ú àFÕ¼Ù9áµâ[ãµÚ_Ø àFÕ¼Ù9áµâ[ãµÚ_Ø
Ô{Õ¼Ö�×�Ø�ÙWÕ¼Úºé àUÕ¼Ù9áµâ[ãµÚ_Ø àFÕ¼Ù9áµâ[ãµÚ_Ø àFÕ¼Ù9áµâ[ãµÚ_Ø àFÕ¼Ù9áµâ[ãµÚ_Ø
Ô{Õ¼Ö�×�Ø�ÙWÕ¼Úaê ÝlÞ"Ø�Ú àFÕ¼Ù9áµâ[ãµÚ_Ø àFÕ¼Ù9áµâ[ãµÚ_Ø ÝlÞ"Ø�Ú
Ô{Õ¼Ö�×�Ø�ÙWÕ¼Úaë ÝlÞ"Ø�Ú ÝlÞ"Ø�Ú ÝlÞ"Ø�Ú àFÕ¼Ù9áµâ[ãµÚ_Ø
Ô{Õ¼Ö�×�Ø�ÙWÕ¼ÚÜÛÅì ÝlÞ"Ø�Ú àFÕ¼Ù9áµâ[ãµÚ_Ø ÝlÞ"Ø�Ú àFÕ¼Ù9áµâ[ãµÚ_Ø

�©·iÃ
°,½Ç·hj�Ð»üyxc±�·i²´°-È8°��Ý°/Ê8²Ì·iËi°,Ê8²±È8°'ácÓY°/Áe¹Y½´¢

¯=·Å³ë·iÃ
°,½Ç·zjYÐ�3Å°/²#³Ìä¶µ�¢[Ê�³ÌÆ»Èz·¶¼8Áe·¶Ã8À´°+Ä[°'·iÊzä!½ÇÆÇ²#°	Èz·!²@µ�¢[ÊYÎ8Ë[¼8ÀÌ·l��v�°,²@È8°q°%ÓY°/Áe¹Y½´¢8Ð ø ¹8À´Æ Ò
Á«°,Æ»ÀÌ·¶µ¥¢[ÊYÎzË[¼YÀÌ·���¡ ¢eÀ#°¸·i½»ÆÇÕ,·¶¼8ÁÉ·¦È8°+³Ì°,µw�H¡ ¢eµ�¢[Ê^é#¼8Ê�³ÌÆ»Ä!·àÈ8°'Áe°/Ê8²Ì·!Ë[°,Ê8² �[Z���\ ¾P¢[¼E²#°�é´·Y¾f¼8Áe·
Á«°,ÊY²Ì·iË[°/Á ì¶°/¿ï°+³ÌÆ»Ä!·iÁ«°,Ê�³´°�µ/½æ·i²#²´Æ»Î8µ¸·iÈz·eµ�¢[Á"¢ÉÁe·i½ÇÆ»µ,Æ�¢[²Ì·¶²�¢[Áe°/Ê�³Ì°¶Û|¼z·iÊYÈ¤¢É¿J¢[À=µ,½æ·!²´²´ÆÏÎzµ¸·!Èz·
ÈY°,²´²´·¶¿J¢[À´Áe·�¹X¢[À6³�¢�È±¢[²h¢[²)µ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°/²,Ð�áâ²#³Ì·¶µ�¢[ÊYÎ8Ë[¼8ÀÌ·l�H¡ ¢8¾�Ê8°,²K³Ì°qµ¥¢[Ê�³Ì°+Ó�³�¢8¾8¹X¢[²´²#¼8Æg¼8Áe·
ÃX¢�·}°+¿ï°/³ÌÆÏÄ�ÆÇÈz·iÈY°i¾�¼8Áe·ÉÄ[°/ÕeÛ|¼8°h8[Ù�� Èz·i²qÁ«°,Ê8²´·iË[°/Ê8²-²�¡ ¢Eµ,½Ç·i²´²#Æ»Îzµ,·iÈz·i²qµ¥¢[À´À#°/³Ì·iÁe°/Ê�³Ì°iÐ¶¯�¢
°/Ê�³ë·iÊ�³�¢Y¾z°,²#³Ì·¦·i¹8À´°/²´°/Ê|³Ì·à¼8Á µ,¼Y²#³�¢¦À#°,½æ· ³ÌÆ»Ä!·iÁ«°,Ê�³´°<·i½Ï³�¢8¾�¼8Áe·ÅÄ[°,Õ-Û|¼8°_j[Ù���Èz·i²@Á«°,ÊY²Ì·iË[°/Ê8²
²�¡ ¢Ü¹8À�¢�µ/°,²´²´·iÈz·i²q¹X¢[À	³�¢�È±¢[²{¢[²	Î8½»³ÌÀ�¢[²<°¶ÈY°,²´²´·i²,¾1¼8Áe·e¿J¢[Æ©µ,½Ç·i²´²#Æ»Îzµ,·iÈz·É°/À´À�¢iÊ8°¸·iÁ«°,Ê�³´°àµ�¢[Á"¢
�[Z���\ Ð-¯±°,²#²´°àµ¸·!²�¢8¾�·}Á«°,ÊY²Ì·iË[°/Áùìà¹
°,Ê8·i½ÇÆ»Õ¸·iÈz·«µ�¢[Á4¢}³Ì°/Áe¹X¢}È8°Å¹8À�¢�µ,°/²´²Ì·!Áe°/Ê|³�¢E°¶µ�¢[Áù·
µ/½æ·i²#²´ÆÏÎzµ¸·���¡ ¢¶Æ»Ê8µ�¢[À#À´°+³ë·YÐc] ³´°,Á«¹ ¢�È8°<¹8À�¢�µ/°,²´²´·iÁ«°,Ê�³�¢àÈ8°/²´²´·¦Á«°,ÊY²Ì·iË[°/ÁÔìq·Å²�¢iÁÉ·'È¤¢[²�³´°,ÁàÒ
¹X¢[²@Ë�·!²#³�¢i²±°/Á µ¸·!Èz·àµ�¢[Á«¹ ¢iÊ8°,Ê�³Ì°-°q²�¢[Áe°/Ê�³Ì°-Ê¤¢¦ÎzÊz·i½l¾8·àÁe°/²´Áe·àÀ´°,µ/°,Ã
°-¼8ÁÉ·àµ/½æ·i²#²´Æ»Î8µ¸·���¡ ¢
Æ»Ê8µ�¢iÀ´À´°+³ë·YÐ

ø ²#°,Ë[¼YÊ8Èz·Ü·i½Ï³Ì°,À#Êz·!³´Æ»Ä!·«¹X¢�È8°Å²#°,Àq·i¹X¢[Ê�³ë·!Èz·Éµ�¢iÁ�¢Ü·e¹8Æ´¢[À/Ð<¯±°,²´²´·}ì¶À´°,·i½ÇÆ»Õ¸·iÈ8·e¼8Áe·eÈ8°%Ò
³´°,µw�H¡ ¢-È8Æ»²ïé#¼8Ê�³ÌÆÏÄ!·Y¾ ¢[¼¦²#°�é´·Y¾|·i²cÁe°/Ê8²Ì·iËi°,Ê8²â²�¡ ¢-È8°/³´°,µ/³Ì·iÈz·i²âµ¥¢[Á"¢ �[Z���\k� ²´°@°/Á�Û|¼z·i½»Û|¼8°,Àâ¼8Á
È±¢[²qµ�¢[Á«¹X¢[Ê8°,Ê�³´°,²-È¤¢}Îz½Ï³ÌÀ�¢Üµ¥¢[Á«¹ ¢[²K³�¢E·ÜÁ«°,²´Áe·É¿J¢[À<µ/½æ·i²#²´ÆÏÎzµ¸·iÈ8·}È8°,²#²Ì·Ü¿J¢[À´Áe·YÐ�á�²K³ë·Üµ�¢iÊ�Ò
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A

B

Spams

Caixa de Entrada

Legitimas

C

Spams

Legitimas

Legitimas

Caixa de Spams

Spams

Entrada de Mensagens

t©ÆÇË[¼8À´·²jYÐ���xâü�í%ácÓ�°,Á«¹8½�¢±ÈY°�ûb¢iÊYÎzË[¼8À´·��H¡�¢�x
�=°/³Ì°/µ���¡ ¢Üûb¢[Ê^é#¼8Ê�³ÌÆ»Ä!·

Caixa de Entrada

C

Spams

A

Caixa de Spams

B

Spams

Legitimas

Legitimas

Legitimas

Spams

Entrada de Mensagens

tcÆ»Ë[¼8ÀÌ·³j�Ð þ�x23Wí%ácÓY°/Áe¹Y½´¢ÂÈ8°Oûb¢[ÊYÎ8Ë[¼8ÀÌ·l�H¡ ¢�x
�	°+³Ì°,µw�H¡ ¢f�	ÆÇ² é#¼8Ê�³ÌÆÏÄi·

Caixa de SpamsCaixa de Entrada

B

A C

Entrada de Mensagens

Legitimas Spams

Spams

Legitimas

Legitimas

Spams

tcÆ»Ë[¼8ÀÌ·zj�Ð ÿ�xcj í ácÓY°/Áe¹Y½´¢¦È8°�ûb¢[ÊYÎzËi¼8ÀÌ·���¡ ¢�x!�	°+³Ì°,µw�H¡ ¢f�	ÆÇ²K³ÌÀ#ÆÇÃ8¼8º»Èz·
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Î8Ë[¼8ÀÌ·l�H¡ ¢E·i¹YÀ´°,²#°,Ê�³ë·�¢ÜÁ«°,²´Á"¢Ü¹8À�¢[Ã8½Ç°/ÁÉ·eµ�¢[ÁùÀ´°,½Ç·��H¡�¢E· ¢Üµ,¼8²K³�¢EÈ8°à¹8À�¢�µ/°,²#²Ì·iÁ«°,Ê�³�¢YÐz3iÙ��
È8·i²<Á«°,Ê8²´·iË[°,ÊY²<²�¡ ¢É¹8À�¢�µ,°/²´²Ì·!Èz·i²q¹X¢[À±³�¢�È±¢[²{¢[²±Îz½»³´À�¢[²=°ÅÈ8°/²´²Ì·!²,¾vþiÙ�� ì¶µ/½æ·i²#²´ÆÏÎzµ¸·iÈ8·eÆÇÊYµ�¢[À�Ò
À#°/³Ì·iÁe°/Ê�³Ì°iÐ 5 ¼8·¦°+¿ï°/³´Æ»Ä�ÆÇÈz·!È8°<ì-·àÁe°+³ë·iÈY°qÈz·à¹8À´Æ»Áe°/ÆÇÀÌ·�¢[¹U�H¡ ¢8¾8·i¹L°/Êz·i²³��Ùy� Èz·i²@Á«°,ÊY²Ì·iË[°/Ê8²
²�¡ ¢}µ/½æ·i²#²´Æ»Î8µ¸·iÈz·!²	µ�¢iÀ´À´°+³ë·iÁ«°,Ê�³´°iÐTî[äÉ·e³Ì°/À´µ,°/ÆÇÀ´·Éµ�¢[Ê�ÎzË[¼8À´·��H¡ ¢ÉìÅ¼8Áe·�¢[¹U�H¡�¢}ÆÇÊ�³Ì°/À´Á«°,È8ÆÇäiÀ´ÆÇ·YÐ
ø °+¿ï°/³ÌÆÏÄ�ÆÇÈz·iÈY°'ÈY°,²´²´·eì'È8°'ÿ[Ù��}¾z¹X¢[À´ì/Á'¢eµ/¼8²#³�¢eÈ8°'¹8À�¢�µ/°,²´²´·iÁ«°,Ê�³�¢eì'Á«°,Ê±¢[À,¾z¼8Áe·àÄ[°,Õ'Û|¼8°
ÊY°,Ê8å|¼8Áe·�Èz·i²eÁe°/Ê8²Ì·!Ë[°,Ê8²É²�¡ ¢�¹YÀ�¢�µ,°,²#²Ì·iÈ8·i²}¹X¢[À«³�¢�È±¢[²<¢[²¦Îz½Ï³ÌÀ�¢i² � ÿiÙ�� ²�¡ ¢�¹8À�¢�µ,°/²´²Ì·!Èz·i²
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áâ²K³ë·Ü¿3·iÕà¹z·iÀK³Ì°¦È8°¦¼8Á�¹8À�¢�µ/°,²#²�¢�ÁÉ·iÆ�¢[À,¾�µ�¢[Ê8åY°,µ,Æ»È¤¢Eµ�¢[Á"¢'�	°,²#µ�¢[Ã
°,ÀK³ë·�È8°eûb¢[Ê8å8°/µ,ÆÇÁ«°,Ê�³�¢[²

j[Ù
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°/Á	±)·iÊYµ�¢�È8°h�<·iÈ¤¢[² �@? �Q��Ò6A � -CB �e��D9 "� r �e�FE -CG ���IH|��� r ��#��KJr�s�9�r�W% Ö4jy8^Ú�Ð«áâ²#³´°e¹YÀ�¢�µ,°,²#²�¢
¹X¢�È8°q²´°/À=È8ÆÏÄ�ÆÇÈ8Æ»È¤¢¶°,Á ³ÌÀ&�/²Â°/³ë·!¹z·i²�x
L3MONQPSRTMOR�UWV�XZY[N]\^RTY[X`_ba-¯±°,²#³Ì·�°/³ë·!¹z·�¢[²}Èz·!È¤¢[²}²�¡ ¢�²´°/½Ç°/µ,Æ´¢iÊz·iÈ¤¢[²É°Þ½ÇÆ»Áe¹X¢[² � À#°,Á"¢���¡ ¢

È8°�Æ»Ê8µ�¢iÊ8²´Æ»²#³¼�/Ê8µ,ÆÇ·i²,¾
À´¼YºÇÈ¤¢[²Â°'³ÌÀÌ· ³ë·iÁ«°,Ê�³�¢«È¤¢[²ÂÄ!·i½´¢iÀ´°,²=·i¼8²#°,Ê�³Ì°/² % Ð��©·iÁ¶Ã
ì,Á%¢�µ�¢[À#À´°'·
ÆÇÊ�³Ì°/Ë[ÀÌ·���¡ ¢@È8°âÆ»ÊY¿J¢[À´Áe·��wv�°/²gÈ8°âÈ8ÆÏÄ[°,À#²Ì·i²�¿J¢[Ê�³´°,²,¾ ²�¡�¢±²#°,½»°,µ,Æ�¢[Êz·iÈ±¢[²1·!³ÌÀ#ÆÇÃ8¼�³�¢[²gÛ|¼8°â³´ÀÌ·iÀ�¡ ¢
ÁÉ·iÆ�¢[À	Ë[·iÊ8å¤¢�¹z·iÀ´·�·ÜÁ«ÆÇÊ8°/ÀÌ·���¡ ¢Ü°à³ë·iÁÅÃLì/Á�¢�µ¥¢[À´À#°¦·E³´ÀÌ·iÊY²#¿J¢[À#ÁÉ·���¡ ¢ÜÈ¤¢[²'·!³´À´Æ»Ã8¼Y³�¢i²
²´°,½»°,µ/Æ´¢[Êz·!È¤¢[²�¹z·iÀ´·-Û|¼8°d¢[²OÁe°/²´Á"¢[²Q³�¢iÁe°/Á�¼8Áe·q¿J¢iÀ´Áe·-Áe·iÆ»²Qµ�¢[Ê�Äi°,Ê8Æ»°,Ê�³Ì°!Ð6ácÓ�°,Á«¹8½�¢[²
È8°q³ÌÀÌ·!Ê8²#¿J¢[À#ÁÉ·l�H¡ ¢à²�¡ ¢É·àÈ8Æ»²´µ/À´°/³´ÆÇÕ,·��H¡ ¢Y¾8Ê¤¢[À#ÁÉ·i½»ÆÇÕ,·��H¡ ¢�¢[¼Ý·iË[À´°/Ë�·���¡ ¢àÈ¤¢[²ÂÈz·iÈ±¢[²,Ð

ådc�e NQMOR�UWVTXfY[Ng\^RTY[X`_ba'¯=°/²#³Ì·E°+³ë·i¹8·}²�¡ ¢EÃ8¼8²#µ¸·iÈ±¢[²q¹z·iÈ8À�v�°/²qÆÇÁ«¹8½Çº»µ,ÆÏ³�¢[²ÂÊz·}Ãz·!²´°àÈ8°àÈz·^Ò
È¤¢[²,Ð¶á�²K³ë·Ü°/³Ì·i¹z·Üìàµ�¢iÁe¹X¢[²#³Ì·Y¾gÈ8°¦¼8Áe·}Áe·iÊ8°,Æ»ÀÌ·ÉËi°,ÀÌ·!½�¾g¹X¢[Àq·!³´Æ»Ä�ÆÇÈ8·iÈ8°,²	È8°¦È8°/³´°,À´Á«ÆÏÒ
Êz·��H¡�¢eÈ8°'À´°/Ë[ÀÌ·!²=È8°�·i²#²�¢�µ,Ææ·l�H¡ ¢«Û|¼8°�Ä�ÆÇ²´·iÁ ¢[Ã�³Ì°,À=·i²±µ�¢[À#À´°/½æ·��wv�°/²±°/Ê�³ÌÀ´°�¢[²=·!³ÌÀ#ÆÇÃ8¼Y³�¢[²ih
³Ìì,µ/Ê8ÆÇµ,·i²-È8°e·iË[À´¼Y¹z·iÁ«°,Ê�³�¢8¾1Û|¼8°¦Ä�ÆÇ²Ì·!Áãµ,À´ÆÇ·iÀqµ�¢iÊ é#¼8Ê�³�¢[²'È8°«Èz·iÈ¤¢i²'µ¥¢[Áãµ¸·!ÀÌ·iµ+³Ì°,À#ºÇ²K³ÌÆÏÒ
µ¸·i²Â²´Æ»ÁeÆ»½æ·iÀ#°,²jh�°q³´ì,µ,ÊYÆÇµ¸·!²±ÈY°qµ,½æ·!²´²´ÆÏÎzµ¸·l�H¡ ¢8¾YÛ�¼Y°-Ä�Æ»²Ì·iÁ µ,À´ÆÇ·iÀ@Á"¢�È8°/½´¢[²6Û|¼8°-È8°,²#µ,À´°+Ä!·iÁ
µ¸·iÀ´·iµ/³´°,À´º»²#³´ÆÇµ¸·!²¶È8°Üµ,½Ç·i²´²#°,²àÈ8°ÜÈ8·iÈ¤¢[²àÈ8°}¿J¢iÀ´Áe·ÝÛ|¼8°i¾Oµ¸·!²�¢çÊP¡ ¢J²#°Üµ�¢[Ê8åY°��¸·5·Þµ,½Ç·i²´²#°
È8°<¼8Áe·ÅÈ8°+³Ì°,À#ÁeÆ»Êz·iÈz·�ÆÇÊ8²K³lkiÊ8µ/Ææ·Y¾�¹X¢[²´²´·¶ÆÇÊY¿ï°/À´ÆÇÀ�·ÅÁ«°,²´Áe·ÅÃz·!²´°¸·!Èz·à°,Á ·i½ÇË[¼YÁ Á"¢�È8°,½�¢
Ë[°,À´·iÈ¤¢8Ð

m c _on9R�p c�q R�UWV�XrY9X`_�stN�_on[pvuFR�Y9Xw_xaq¯=°/²#³ë·Ü°+³ë·i¹z·�¢i²<À´°/²´¼8½Ï³ë·iÈ¤¢i²{¢[ÃY³´ÆÇÈ¤¢[²	µ�¢[Áù·}ÁeÆ»Ê8°,À´·��H¡�¢
²�¡ ¢Å·i¹8À´°/²´°/Ê|³Ì·iÈ¤¢[²�È8°±¿J¢iÀ´Áe·'Æ»Ê|³´°,½»ÆÇË[ºÏÄ[°,½Y¹z·iÀÌ·�¢[²O¼8²´¼zä!À´Æ´¢i²,Ðc]å¢[Ã|é#°/³ÌÆÏÄ®¢à·!Û�¼YÆ
ì=¹ ¢i²´²´Æ»Ã8ÆÏÒ
½ÇÆ»³Ì·iÀQÛ|¼8°�¢[²6À#°,²#¼8½»³Ì·iÈ¤¢[²O²´°:é´·iÁ�ÆÇÊ�³Ì°/À´¹8À#°/³Ì·iÈ¤¢[²6È8°±¿J¢iÀ´Áe·-µ¥¢[À´À#°/³Ì·YÐâáâ²#³Ì·Å°/³Ì·i¹z·q³ë·iÁ¶Ã
ì,Á
È8°/Äi°�¹
°,À#ÁeÆÏ³ÌÆÇÀ6Û|¼8°-²´°�é´·!Á�²´°,½»°,µ/Æ´¢[Êz·!È¤¢[²m¢[²ÂÈz·iÈ±¢[²ÂÁÉ·iÆ»²)À´°/½Ç°+Äi·!Ê|³´°,²Â¹z·iÀ´·¦·iÊzäi½»ÆÇ²´°!Ð

ûb¢[Ê�¿J¢[À´Á«°=é´ä�½»°/Ä!·iÊ�³ë·!È¤¢ÜÊ¤¢�µ¸·i¹8ºÏ³Ì¼8½�¢'3�¾v·ÜÁeÆ»Ê8°,À´·��H¡ ¢ÜÈY°«È8·iÈ¤¢[²-ì¦Ãz·i²K³ë·iÊ�³Ì°«°+Ó�¹8½�¢[ÀÌ·!Èz·
¹8·iÀÌ·W¢�µ¥¢[Á¶Ãz· ³Ì°'�i²¦Áe°/Ê8²Ì·!Ë[°,Ê8²«Áe·i½ÇÆ»µ,Æ´¢i²Ì·i²/Ð (=Áe·�· ³Ì°,Ê��H¡ ¢5°,²#¹L°/µ,Ææ·!½@¹ ¢�È8°E²´°/ÀeÈz·!Èz·�·�¢[²
³´ÀÌ·iÃ8·i½Çå¤¢i²±À#°,½Ç·iµ,Æ�¢[Êz·iÈ¤¢i².�i²±³´ì,µ/Ê8ÆÇµ,·i²=ÈY°�µ/½æ·i²#²´Æ»Î8µ¸·���¡ ¢wÖ ÿ[ÿY¾<3[×|¾Uj[ÿY¾Uj�þ�¾Lþ�üi¾Lÿy3�¾
ÿ��iÚ1Ãz·!²´°¸·!Èz·i²
Ê8·e²´°/½Ç°w�H¡ ¢eÈ8°Å· ³ÌÀ´Æ»Ã8¼Y³�¢[²,ÐÂáâ²´²´·i²=³´ì,µ/Ê8ÆÇµ,·i²=ÃY¼8²´µ,·iÁùÆ»È8°,Ê�³´Æ»Îzµ,·iÀr¢ÉÁ«°,Ê¤¢[ÀÂÊ��8Á«°,À�¢ÉÈ8°Å·!³ÌÀ#ÆÇÃ8¼�Ò
³�¢[²@Û|¼8°-¹L°/À´Á«Æ»³Ì·iÁÔµ,½æ·!²´²´ÆÏÎzµ¸·!À)°,Ê�³ÌÆ»Èz·iÈ8°/²ÂÈ8°,²#µ�¢[Ê8åY°,µ,Æ»Èz·i²/¾X¢i¼�²#°�é´·Y¾YÈ8°/³´°,À´Á«ÆÇÊ8·iÀh¢[²Â·!³´À´Æ»Ã8¼Y³�¢i²
µ¥¢[Á Á«°,½»å¤¢[À¶µ,·i¹z·iµ/ÆÇÈz·!È8°ÜÈ8°ÜÈ8Æ»²´µ,À#ÆÇÁ«ÆÇÊz·l�H¡ ¢8Ð5¯d¢[²¶³ÌÀ´·iÃz·i½»å¤¢[²ÅÄ ¢[½»³Ì·iÈ¤¢[²à¹z·!ÀÌ·wÎz½Ï³ÌÀÌ·!Ë[°,ÁßÈ8°
Á«°,ÊY²Ì·iË[°/Ê8²}È8°Ýµ�¢[À#À´°/Æ´¢�Û|¼8°Þ¼�³ÌÆÇ½»ÆÇÕ,·iÁèµ,½Ç·i²´²#Æ»Îzµ,·iÈ¤¢[À#°,²/¾@°,Á Ë[°,À´·i½�¾)²�¡ ¢�µ¥¢[Ê8²´Æ»È8°,À´·iÈ¤¢[²Éµ�¢[Á"¢
· ³ÌÀ´Æ»Ã8¼Y³�¢[²<Ä!äi½ÇÆ»È¤¢[²-·i²'¹z·i½Ç·WÄ�À´·i²-°,Ê8µ¥¢[Ê�³ÌÀÌ·!Èz·i²'Ê¤¢�Ä ¢�µ,·iÃ8¼8½ÇäiÀ´Æ�¢EÈ¤¢Ý²#ÆÇ²K³Ì°,Áe·5ÖÏü9j^Ú�Ð®]<²'Ä!·i½�¢[À´°/²
ÈY°,²´²#°,²=·!³ÌÀ#ÆÇÃ8¼�³�¢[²)À#°,¹8À#°,²#°,Ê�³ë·iÁ ·¦¹YÀ´°,²#°,Ê��,·"¢i¼E·i¼8²&�/Ê8µ,ÆÇ·àÈ8°,²#²Ì·i²Â¹z·i½Ç·¸Ä�À´·i²@°,Á ¼8Áe·¶È8°/³´°,À´Á«ÆÏÒ
Ê8·iÈz·wÁ«°,Ê8²´·iË[°/Áß°Ü·!²Åµ,½Ç·i²´²#°,²à¹X¢[²´²#º»Äi°,ÆÇ²�²�¡ ¢ç·!¹L°/Êz·i²¶È8¼8·i²�x¦Áe·i½ÇÆ»µ,Æ´¢i²Ì·�¢[¼�½Ç°/Ë[º»³´ÆÇÁe·YÐEÑc·!ÀÌ·
Û|¼8°@²#°�é´·iÁ µ,À#Ææ·iÈ¤¢i²QÁ�¢�È8°/½´¢[²©°/¿ï°/³´Æ»Ä ¢[²,¾�²�¡ ¢-¼Y³ÌÆ»½ÇÆÇÕ,·iÈ¤¢[²vµ�¢iÊ é#¼8Ê�³�¢[²âÈY°@Áe°/Ê8²Ì·iËi°,Ê8²â¹8À#°/Ä�Ææ·!Áe°/Ê|³´°
µ/½æ·i²#²´ÆÏÎzµ¸·iÈ8·i²,Ð

ø ²´²´Æ»Á�µ�¢iÁ�¢E·i²q³´ì,µ,ÊYÆÇµ¸·!²<³ÌÀÌ·!È8ÆÇµ/Æ´¢[Êz·!ÆÇ²	ÈY°«Á«ÆÇÊY°,ÀÌ·l�H¡ ¢}ÈY°«È8·iÈ¤¢[²/¾vÊ±¢[²´²´·�°/²#³ÌÀ´·!³Ìì/Ë[Ææ·ÉÄ�Æ»²Ì·
Ëi°,ÀÌ·!À)Á�¢�È8°/½´¢[²6Û�¼Y°�·!¹8À´°/²´°,Ê�³´°,Á�·àÁ«°,½Çå±¢[À�°+Îzµ¸äiµ/Ææ·¶¹X¢[²´²#º»Äi°,½g¹z·!ÀÌ·àµ,½Ç·i²´²#Æ»Îzµ,·��H¡ ¢ÅÈ¤¢[² ��m[\h�����n�
Áe·i½»ÆÇµ,Æ�¢[²�¢i²Á¢[¼ ½»°,Ë[ºÏ³ÌÆ»Á�¢[²/Ð Ñ­¢[À#ì,Á�¾�Ã8¼8²#µ¸· Òm²´°�³ë·iÁ¶Ã
ì,Á7¢5Ãz·i½Ç·iÊ8µ/°¸·iÁ«°,Ê�³�¢5°,Ê�³´À´°w°+Îzµ¸ä!µ,Ææ·5°
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µ/¼8²#³�¢[²Ü·i²#²�¢�µ,ÆÇ·iÈ¤¢[²f��Îz½»³´ÀÌ·iËi°,Á È8°ÞÈz·!²ÉÁ«°,Ê8²´·iË[°,ÊY²,Ð ]�ÆÇÈ8°,·i½ÂìÞÛ|¼8°ÞÁ«°,Ê8²´·iË[°/Ê8²}È8°w¿3ä!µ,ÆÇ½
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ÈY°±È8·iÈ¤¢[²�ìÂÛ|¼8°=ÊY°,²#³´°±³´ÀÌ·iÃ8·i½Çå¤¢i¢'Á"¢�È8°/½´¢qÊP¡�¢'°/²#³Ìä'²#°,Ê8È¤¢�Ë[°,À´·iÈ¤¢-È8Æ»À´°/³Ì·iÁ«°,Ê�³Ì°±·q¹z·iÀK³ÌÆÇÀâÈ8·i²
¹8·i½æ·¸Ä�ÀÌ·i²-È¤¢Ýµ�¢[Ê�³´°��8È¤¢ÝÈz·i²'Áe°/Ê8²Ì·!Ë[°,Ê8²�°e²#ÆÇÁã·�¹z·iÀK³ÌÆÇÀqÈY°e¼8Áãµ¥¢[Ê é#¼8Ê�³�¢wÈ8°«µ�¢[Á«¹X¢[Ê8°,Ê�³´°,²
Û|¼8°-À#°¸·i½»ÆÇÕ¸·!Áí¼8Áe·¶µ,½Ç·i²´²#Æ»Îzµ,·��H¡ ¢¦¹8À#ì/Ä�Ææ·àÈz·!²±Á«°,²#ÁÉ·!²,Ð

Ñ©·iÀÌ·¦¿J¢[À´Ê8°/µ,°/À=¼8Á�°/Á¶Ãz·i²´·iÁ«°,Ê�³�¢e¹z·iÀÌ·¦Ê¤¢[²#²Ì·«¹8À�¢[¹X¢[²K³ë·Y¾z³�¢iÁe°/Á�¢[²Â·¦³Ìì/µ,Ê8Æ»µ¸·¦È8°�µ/½æ·i²#²´Æ Ò
Î8µ¸·���¡ ¢wÃz·!²´°¸·!Èz·Ý°/Á äiÀ#Ä ¢[À´°/²ÅÈ8°«È8°,µ/ÆÇ²�¡ ¢�Ö ÿ[ÙY¾2��ÿ!ÚlÐÜ¯=°/²´²´·Y¾�¢�Á�¢�È8°,½�¢�·Ý²´°/À�µ¥¢[Ê8²#ÆÇÈ8°/ÀÌ·iÈ¤¢Ýì
¼YÁÉ·àäiÀKÄ®¢[À#°s¢[Ê8È8°qµ,·iÈz·¶Ä[ì/À#³ÌÆ»µ,°-À´°/¹8À´°/²´°/Ê|³Ì·e¼8Áí·!³ÌÀ#ÆÇÃ8¼�³�¢àÈz·àÃz·i²#°-È8°-Èz·iÈ¤¢[²Â·à²#°,ÀÂ¼Y³ÌÆ»½ÇÆ»Õ¸·iÈ¤¢
Ê8·«µ/½æ·i²#²´Æ»Î8µ¸·���¡ ¢e°�·i²=·iÀ´°/²#³Ì·i²=À#°,¹8À#°,²#°,Ê�³ë·iÁú·¦È8°,µ/ÆÇ²�¡ ¢}·¦²´°/À±³�¢[ÁÉ·!Èz·YÐ`]q²ÂÄ[ì/À#³´ÆÇµ,°/²±¿J¢i½Çåz·àÀ´°%Ò
¹YÀ´°,²#°,Ê�³ë·!Áí·'µ,½æ·!²´²´ÆÏÎzµ¸·l�H¡ ¢'ÎzÊz·i½lÐ ø ·¸Ä!·i½»Ææ·���¡ ¢-È8°	µ,·iÈz·ÅÆ»Ê8²#³�kiÊ8µ,ÆÇ·'È8·�Ãz·i²#°<·Å²#°,À6µ,½æ·!²´²´ÆÏÎzµ¸·!Èz·
ì�Ãz·i²K³ë·iÊ�³Ì°Å²´ÆÇÁ«¹8½»°,²,Ð=Ñc·!À#³ÌÆ»Ê8È¤¢eÈz·ÉÀÌ·!ÆÇÕi¾
µ�¢iÊ8²´Æ»È8°,À´·iÊ8È¤¢�¢eÄi·!½´¢[ÀÂÈ¤¢Ü· ³ÌÀ´Æ»Ã8¼Y³�¢ÉÀÌ·!ÆÇÕi¾fÈ8°/µ,Æ»È8°+Òm²´°
Û|¼z·!½
ÈY°/Ä[°	²´°,Àl¢�¹YÀ´î¸Ó�ÆÇÁ"¢Å·!³´À´Æ»Ã8¼Y³�¢'·'²´°,À�·¸Äi·!½ÇÆæ·!È¤¢8ÐD^q¼8·iÊ8È¤¢�¢'Ä!·i½�¢[À�È¤¢¶·!³´À´Æ»Ã8¼Y³�¢-Êz·'ÆÇÊ8²K³lkiÊ�Ò
µ/Ææ·�·WÄ!·i½»Ææ·iÈ8·'°/²#³ÌÆÏÄ[°/À)È8ÆÇÀ#°,µ/Æ´¢[Êz·!È¤¢�¹8·iÀÌ·¶·!½ÇË[¼8Á�Äiì,ÀK³ÌÆÇµ/°	¿J¢[½»åz·Y¾|²´Æ»Ë[Ê8Æ»Î8µ¸·�Û|¼8°	ì]¢¶Á"¢[Á«°,Ê�³�¢�È8°
Áe·iÀ#µ¸ä Òm½æ·Åµ¥¢[Á�¢¦²#°,Ê8È¤¢«Èz·àµ,½Ç·i²´²#°-À´°/¿ï°/À´°/Ê|³´°Å·�¢¦Äiì,ÀK³ÌÆÇµ/°'¿J¢i½Çåz·YÐ

Ñ©·iÀÌ·	Á«°,½»å¤¢[À1µ�¢iÁe¹8À#°,°/Ê8²�¡ ¢Y¾i³�¢[Á«°,Á"¢[²1µ�¢iÁ�¢=°+Ó�°,Á«¹8½´¢	·	äiÀKÄ®¢[À#°�È8°6È8°,µ/ÆÇ²�¡ ¢<À´°/¹8À´°/²´°/Ê|³Ì·iÈz·
¹
°,½Ç·«ÎzËi¼8ÀÌ·f�YÐ»ü[Ð	áâ²#³ë·Üä!À#Ä®¢iÀ´°ÅÈY°/Ä[°à²#°,À<¼�³ÌÆÇ½»ÆÇÕ,·iÈz·¦¹z·iÀÌ·«µ,½Ç·i²´²#Æ»Îzµ,·iÀ	Æ»Ê8²#³�kiÊ8µ,ÆÇ·i²±È8°¶¼8Áe·eÃz·!²´°
ÈY°�Èz·!È¤¢[²Eµ�¢[Á ¢i²w·!³´À´Æ»Ã8¼Y³�¢i²

< A, B, C, D, CL >
¾{¢[Ê8ÈY°-¢M·!³ÌÀ#ÆÇÃ8¼�³�¢

CL
À´°/¹8À´°/²´°,Ê�³Ì·�·

µ/½æ·i²#²´°!Ð ø ²v¹X¢[²´²#º»Ä[°/ÆÇ²©µ,½æ·!²´²´°/²cµ¥¢[Ê8²´Æ»È8°,À´·iÈz·i²vÊ8°/²#³ë·±Ãz·i²#°�²�¡�¢
C1, C2, C3, C4, C5

Ð 5 °�é´·iÁ
IA =<

1, 1, 2, 1, ? >
°

IB =< 2, 1, 2, 2, ? >
È8¼8·i²ÉÆ»Ê8²#³�kiÊ8µ,ÆÇ·i²«Èz·�Ãz·!²´°wÈY°ÝÈz·!È¤¢[²Éµ/¼ é´·�µ/½æ·i²#²´°Ýì

ÈY°,²´µ¥¢[Ê8å8°/µ,Æ»Èz·YÐ Ñc·!ÀÌ·�·çÆÇÊY²#³lk!Ê8µ,ÆÇ·
IA

¾l¢�²´Æ»²#³´°,Áe·�·¸Ä!·i½ÇÆÇ·�¢�·!³´À´Æ»Ã8¼Y³�¢
A
°ÝÈY°,µ,Æ»È8°�²´°,Ëi¼8ÆÇÀ«°

·¸Ä!·i½»Ææ·iÀh¢«·!³´À´Æ»Ã8¼Y³�¢
B
¼8Áe·àÄi°,Õ'Û|¼8°

A = 1
hf·¸Äi·!½ÇÆæ·

B
°-È8°,µ/ÆÇÈ8°-Û|¼8°�·«Æ»Ê8²#³�kiÊ8µ/Ææ·àì-Èz·«µ/½æ·i²#²´°

C1

¼8Áe·¶Ä[°,Õ'Û|¼8°
B = 1

ÐJ]q²@Ä!·i½�¢[À´°/²@È¤¢[²ÂÈ8°,Áe·iÆ»²Â·!³ÌÀ#ÆÇÃ8¼�³�¢[²@Ê8°/²#³´°�µ,·i²�¢«ÊP¡ ¢«²�¡ ¢¦À#°,½Ç°+Ä!·iÊ�³Ì°,²
°!¾8¹X¢[À#³Ì·iÊ�³�¢8¾Y·«·¸Ä!·i½»Ææ·���¡ ¢ÅÈ¤¢i²@Áe°/²´Á"¢[²)Ê8°/Áíµëå8°/Ë�·¦·¦²#°,À@À#°¸·i½»ÆÇÕ¸·!Èz·Y¾�°/Ä�Æ»³Ì·iÊ8È¤¢8¾�È8°,²K³ë·à¿J¢[À´Áe·Y¾
¢eµ�¢[ÊY²´¼8Á"¢eÈY°,²´ÊY°,µ,°/²´²´äiÀ´Æ�¢ÜÈ8°ÅÀ#°,µ,¼YÀ´²�¢i²,Ð±Ñc·iÀ´·É·¦ÆÇÊ8²K³lkiÊYµ,Ææ·

IB

¾U¢É²#ÆÇ²K³Ì°,Áe·«·WÄ!·i½»Ææ·õ¢e·!³ÌÀ#ÆÇÃ8¼Y³�¢
A
°ÉÈY°,µ,Æ»È8°É²#°,Ë[¼YÆÇÀ'°}·¸Ä!·i½ÇÆÇ·iÀi¢Þ·!³´À´Æ»Ã8¼Y³�¢

C
¾c¼8Áe·ÜÄ[°,ÕÉÛ�¼Y°

A = 2
hâ·¸Ä!·i½ÇÆÇ·�¢Þ·!³ÌÀ#ÆÇÃ8¼Y³�¢

C
°

ÈY°,µ,Æ»È8°Å²#°,Ë[¼YÆÇÀ±°¶·¸Ä!·i½ÇÆÇ·iÀr¢}·!³´À´ÆÇÃY¼Y³�¢
D
¾LÈ8·iÈ¤¢ÉÛ|¼8°

C = 2
hg·¸Ä!·i½»Ææ·

D
°�È8°,µ/ÆÇÈ8°�µ,½æ·!²´²´ÆÏÎzµ¸·!À

IBµ¥¢[Á"¢
C5

Ð�¯=°,²K³Ì°'µ¸·i²�¢8¾f·i¹
°,Êz·!²d¢«·!³´À´Æ»Ã8¼Y³�¢
B
ÊP¡ ¢¦ì'·¸Ä!·i½ÇÆÇ·iÈ¤¢8Ð

5 °/Ê8È¤¢e¼8ÁÉ·«äiÀKÄ®¢[À#°�¼8Á�ËiÀÌ·!¿J¢«È8ÆÇÀ#°,µ/Æ´¢[Êz·!È¤¢8¾z¹X¢�È8°/Á�¢i²Â¿3·!Õ,°,ÀÂ¼8Á�¹8·iÀÌ·i½»°,½�¢«È±¢eÊ¤¢i²´²�¢ÉÁ�¢!Ò
ÈY°,½´¢5¹8À�¢[¹ ¢i²#³�¢�µ�¢[Á °/²#³Ì°�³ÌÆ»¹ ¢5È8°�°,²#³´À´¼Y³´¼8ÀÌ·�Ð 5 °,Ê8È¤¢�·i²´²#ÆÇÁ�¾�ì�¹ ¢[²#²´ºÏÄ[°,½±¼Y³´ÆÇ½ÇÆ»Õ¸·iÀ¶³´ì,µ/Ê8ÆÇµ,·i²
Ã8·i²´°,·iÈz·i²ÂÊz·¦Ë[°,À´·��H¡�¢«ÈY°�ä!À#Ä®¢iÀ´°,²±È8°-È8°/µ,ÆÇ²�¡ ¢¦¹z·iÀ´·�¢iÃY³Ì°/Ê��H¡ ¢«È8°-Ê¤¢[²#²�¢«Á�¢�È8°/½´¢8Ð

Ñ©·iÀÌ·�¿3·iÕ,°/ÀÝ°/²#³´°�Áe·i¹
°¸·iÁ«°,Ê�³�¢Y¾	¹X¢�È8°/Á�¢i²Üµ�¢[Ê8²#ÆÇÈ8°/ÀÌ·iÀEÛ|¼8°�·i²�ÆÇÊ8²K³lkiÊ8µ/Ææ·i²ÜÈ8· Ãz·!²´°5È8°
È8·iÈ¤¢[²)²#°�é´·iÁí·i²)Á«°,Ê8²´·iË[°/Ê8²)È8°<µ¥¢[À´À#°,Æ�¢¶°,½»°/³ÌÀ#Í[Ê8Æ»µ�¢8¾@¢[Ê8È8°i¢i²@·!³ÌÀ#ÆÇÃ8¼�³�¢[²6²�¡ ¢Á¢i²)µ�¢[Á«¹X¢[Ê8°,Ê�³´°,²
°Ü²#°,¼8²àÄ!·i½�¢[À´°/²ÅÀ´°/¹8À´°/²´°/Ê|³Ì·iÁ ·Þµ,½Ç·i²´²#Æ»Îzµ,·��H¡�¢JÀ´°¸·!½ÇÆÇÕ,·iÈz·�x«Á«°,Ê8²´·iË[°,ÁýÁe·i½ÇÆ»µ,Æ´¢i²Ì·�¹!Á«°,ÊY²Ì·iË[°/Á
½»°,Ë[ºÏ³ÌÆ»ÁÉ·YÐ ø ½»ì,Á ÈYÆÇ²#³�¢8¾OÈ8°/Äi°w²´°/Àeµ¥¢[Ê8²#ÆÇÈ8°/ÀÌ·iÈz·Jµ¥¢[Á�¢çµ/½æ·i²#²´°�Èz·i²¦ÆÇÊ8²K³lkiÊYµ,Ææ·!²àÈ8°,²K³ë·�Ã8·i²´°�·
µ/½æ·i²#²´ÆÏÎzµ¸·���¡ ¢ÅÎzÊ8·i½gÈ8°<µ,·iÈz·¶Á«°,Ê8²´·iË[°/Á�xQÁ«°,ÊY²Ì·iË[°/ÁíÁe·i½ÇÆ»µ,Æ�¢[²Ì·�¹ Áe°/Ê8²Ì·iËi°,Á�½»°,Ë[ºÏ³ÌÆÇÁe·YÐ©ûb¢[Á"¢
³´°,Á"¢[²,¾|Ê8°/²#³´°=µ¥¢[Ê�³Ì°+Ó�³�¢8¾Y·!¹L°/Êz·i²�È¤¢[Æ»²�Ä!·i½�¢[À´°/²â¹ ¢i²´²´ºÏÄ[°/ÆÇ²O¹z·iÀÌ·qµ,·iÈz·'·!³ÌÀ#ÆÇÃ8¼Y³�¢8¾�¹X¢�È8°/Á�¢i²âË[°,À´·iÀ
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A

B

1

C

2

C1

1

C2

2

D

2

C3

1

C4

1

C5

2

tcÆÇËi¼8ÀÌ·u�8ÐÏüyx�ácÓ�°,Á«¹8½´¢¦È8°'äiÀKÄ®¢[À#°-È8°-È8°,µ/ÆÇ²�¡�¢

¼YÁÉ·�äiÀ#Ä ¢[À´°<ÃYÆÇÊzäiÀ#Ææ·-È8°	ÈY°,µ,Æ»²�¡ ¢Y¾±¢[Ê8ÈY°<·¶·¸Ä!·i½ÇÆÇ·��H¡�¢�È8°=µ¸·iÈ8·¶·!³ÌÀ#ÆÇÃ8¼�³�¢ÅÀ#°,¹8À#°,²#°,Ê�³ë·àÀ´°,·i½ÇÁ«°,Ê�³´°
·àµ/½æ·i²#²´Æ»Î8µ¸·���¡ ¢¦À´°¸·!½ÇÆÇÕ,·iÈz·¶¹
°,½�¢àÁe°/²´Á"¢«²�¢[Ã8À#°'µ,·iÈz·¦Áe°/Ê8²Ì·!Ë[°,Á�Ð

ûb¢[Ê�¿J¢[À´Á«°O·i¹8À´°/²´°/Ê|³Ì·iÈ¤¢<Ê±¢=µ,·i¹8º»³´¼8½´¢�jY¾ ¢±Á�¢�È8°,½�¢Â¹8À�¢[¹X¢[²K³�¢±¹ ¢�È8°�²´°/À©À#°,¹8À#°,²´°/Ê�³ë·iÈ¤¢	µ�¢[Á"¢
¼YÁ Ë[ÀÌ· ¿J¢àÈ8ÆÇÀ#°,µ,Æ�¢[Êz·iÈ±¢

G(V, A)
¾P¢[Ê8È8°

V
ìs¢¦µ�¢[Ê é#¼YÊ|³�¢eÈY°-Äiì,ÀK³ÌÆÇµ/°,²ÂÈ¤¢«Ë[ÀÌ· ¿J¢

G
°-À´°,¹YÀ´°,²#°,Ê�Ò

³Ì·iÁß³�¢�È±¢[²Á¢[²¦µ�¢iÁe¹X¢[Ê8°/Ê|³´°,²àÈ¤¢JÎz½Ï³ÌÀ�¢Jµ�¢[Á«¹ ¢i²#³�¢J°
A
ì�¢çµ¥¢[Ê é#¼8Ê�³�¢çÈ8°Ü³�¢�Èz·!²à·i²«·iÀ´°/²#³Ì·i²

a(i, j)
¹L°/À#³Ì°/Ê8µ,°/Ê�³Ì°,²�·É°/²#³Ì°¦Á«°,²#Á�¢}ËiÀÌ·!¿J¢}°ÅÀ´°,¹YÀ´°,²#°,Ê�³ë·!Áã·i²qÁ«°,Ê8²´·iË[°,ÊY²qÛ�¼Y°¶³ÌÀÌ· ¿ï°,Ë�·iÁ È¤¢

µ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°
i
¹z·iÀ´·�¢Eµ�¢[Á«¹ ¢iÊ8°,Ê�³Ì°

j
Ðàáâ²K³ë·EÀ´°,¹YÀ´°,²#°,Ê�³ë·l�H¡ ¢EÄ�Ææ·iÃ8Æ»½ÇÆ»Õ¸·É·Ü¼Y³´ÆÇ½»ÆÇÕ¸·l�H¡ ¢}ÈY°¶³Ìì/µ+Ò

ÊYÆÇµ¸·¦È8°�µ,½æ·!²´²´ÆÏÎzµ¸·l�H¡ ¢«Ãz·i²#°¸·iÈz·e°,Á äiÀKÄ®¢[À#°,²	ÈY°�È8°/µ,Æ»²�¡ ¢e¹z·iÀÌ·e·�¢[Ã�³Ì°,Ê��H¡ ¢eÈ8°�¼YÁúËiÀÌ·!¿J¢«µ�¢[Á
Áe·iÆ�¢[À�°/Îzµ/Æe�/Ê8µ,ÆÇ·	¹z·iÀ´·=È8°+³Ì°,µw�H¡ ¢	È8°�Á«°,Ê8²´·iË[°/Ê8²QÁe·i½ÇÆ»µ,Æ´¢i²Ì·i²/Ð1á�²#²´°)ËiÀÌ·!¿J¢±²´°/ÀÌä=¿ï¼8ÊYµ,Æ´¢iÊz·i½ÇÁ«°,Ê�³´°
°/Û|¼8Æ»Ä!·i½»°,Ê�³Ì°'·à¼8Áe·«ä!À#Ä®¢iÀ´°-Ã8ÆÇÊ8äiÀ´ÆÇ·ÅÈ8°-È8°,µ/ÆÇ²�¡ ¢8Ð

�<·!È¤¢Ó¢Ý°+Ó�°,Á«¹8½´¢w·iµ,Æ»ÁÉ·�¾�È8°,Ê�³ÌÀ#°Ü·i²-Ä!äiÀ´ÆÇ·i²'·i½»³´°,À´Ê8·!³ÌÆÏÄi·!²,¾1¹ ¢�È8°/Á�¢[²-Áe·i¹
°¸·iÀ'·i²'µ,½Ç·i²´²#°,²
{C1, C2, C3, C4, C5}

µ�¢[Á"¢
{LEGIT

¾
SPAM

¾
LEGIT

¾
LEGIT

¾
SPAM}

Ð�ûb¢[ÊY²´°,Û|¼8°/Ê�Ò
³´°,Á«°,Ê�³Ì°!¾�³´°,À´°/Á�¢i²�·i¹
°,Ê8·i²�È8¼8·i²�µ/½æ·i²#²´°,²�°/¿ï°/³´Æ»Ä!·iÁ«°,Ê�³Ì°lx

{LEGIT
¾
SPAM}

¾@¢[Ê8È8°
LEGITì)·	µ,½Ç·i²´²#°)Èz·i²QÁ«°,ÊY²Ì·iË[°/Ê8²â½Ç°/Ë[º»³´ÆÇÁe·i²,¾^°

SPAM
ì@·<µ,½Ç·i²´²#°)Èz·i²QÁ«°,ÊY²Ì·iË[°/Ê8²QÁe·i½ÇÆ»µ,Æ�¢[²Ì·i²/Ð2î[ä{¢[²

Ä!·i½�¢[À´°/²
1, 2

¹X¢�È8°/Á ²#°,À@Áe·i¹
°¸·iÈ¤¢i²�µ�¢iÁ�¢
Li, Si

¾±¢iÊ8È8°
Li

ìq·ÅÆ»È8°,Ê�³´Æ»Îzµ,·��H¡ ¢ÅÈ8°q¼8Áe·ÅÁe°/Ê8²Ì·^Ò
Ëi°,Á�½»°,Ë[ºÏ³ÌÆÇÁe·=¹
°,½�¢-µ�¢[Á«¹ ¢iÊ8°,Ê�³Ì°

i
°

Si

ì=·qÆ»È8°,Ê�³ÌÆÏÎzµ¸·l�H¡ ¢-È8°±¼8Áe·-Á«°,ÊY²Ì·iË[°/Á�Áe·i½ÇÆ»µ,Æ´¢i²Ì·=¹
°,½�¢
Á«°,²#Á�¢eµ�¢[Á«¹X¢[Ê8°,Ê�³´°

i
Ð 5 °/Ê8È¤¢Ü·i²#²´Æ»ÁÝ¾L·i²	Æ»Ê8²#³�kiÊ8µ/Ææ·i²

IA

°
IB

²�¡ ¢}Á«°,ÊY²Ì·iË[°/Ê8²	µ/½æ·i²#²´ÆÏÎzµ¸·iÈ8·i²
µ¥¢[Á"¢«½»°,Ë[ºÏ³ÌÆ»ÁÉ·-°-ÊP¡ ¢!Òm½Ç°,Ëiº»³ÌÆ»ÁÉ·-À´°/²´¹
°,µ+³ÌÆ»Ä!·iÁ«°,Ê�³´°'¹
°,½�¢àÎz½»³´À�¢àµ�¢iÁe¹X¢[²#³�¢8Ð

ø Á"¢[Ê�³ë·iËi°,ÁýÈz·çäiÀ#Ä ¢[À´°ÜÈ8°Üµ/½æ·i²#²´ÆÏÎzµ¸·���¡ ¢JìE·i²#²´¼8Ê�³�¢�·iÃX¢[À´È8·iÈ¤¢ÞÊz·J²#°��H¡�¢)�YÐnjY¾Î¢[ÊYÈ8°Üì
·!¹8À´°/²´°,Ê�³Ì·iÈ¤¢Ü¼8Á À�¢!³Ì°,Æ»À�¢«¹z·iÀ´·}·eË[°/ÀÌ·���¡ ¢}È¤¢eÁ�¢�È8°/½´¢«°/Îzµ/ÆÇ°,Ê�³´°¶È8°ÅÈY°/³Ì°/µ���¡ ¢ÜÈ8°ÅÁ«°,ÊY²Ì·iË[°/Ê8²
Áe·i½»ÆÇµ,Æ�¢[²Ì·!²,Ð
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�Ü¡#  y ójz'¨'§©ö%¥2} ¨
áâ²#³Ì·Ü²´°���¡ ¢�²´°,À´äÜÈ8°,È8Æ»µ¸·iÈ8·�·�¢ÜÁe°/µ¸·iÊ8Æ»²´Á"¢}¼Y³´ÆÇ½ÇÆ»Õ¸·iÈ±¢É¹z·iÀ´·}Ë[°,À´·��H¡�¢�È±¢}Îz½»³´À�¢Üµ�¢iÁe¹X¢[²#³�¢

¹8·iÀÌ·'È8°/³´°,µ���¡ ¢¶È8°±Á«°,Ê8²´·iË[°,ÊY²�Áe·i½ÇÆ»µ,Æ´¢i²Ì·i²/ÐcÑ©·iÀÌ·-³ë·i½l¾�²´°,À´äÅË[°/ÀÌ·iÈ¤¢�¼8Á�Ë[À´·!¿J¢�ÈYÆÇÀ´°/µ,Æ�¢[Êz·iÈ¤¢'²´°%Ò
Á«°,½»åz·iÊ�³Ì°<·¦¼YÁÉ·àäiÀKÄ®¢[À#°qÈ8°-È8°,µ/ÆÇ²�¡ ¢«·!³ÌÀ´·WÄiì,²ÂÈ8°<³´ì,µ,ÊYÆÇµ¸·!²@È8°-µ,½æ·!²´²´ÆÏÎzµ¸·l�H¡ ¢àÈ8°qÈ8·iÈ¤¢[²/Ð6¯±°,²K³Ì°
³´ÀÌ·iÃ8·i½Çå¤¢Y¾8Ê8î[²ÂÀ´°+¿ï°,À#°,Ê8µ/Ææ·iÀ#°,Á"¢[²Â°,²#³Ì·eä!À#Ä®¢iÀ´°-µ�¢[Á"¢¦¼8Áe·«ä!À#Ä®¢iÀ´°'È8°-È8°/³´°,µ���¡ ¢ÉÈY°'Á«°,ÊY²Ì·iË[°/Ê8²
Áe·i½»ÆÇµ,Æ�¢[²Ì·!²,ÐJ(=Áe·eäiÀKÄ®¢[À#°�ÈY°�È8°+³Ì°/µ��H¡�¢8¾g·¦°+Ó�°,Á«¹8½�¢eÈ8°�¢[¼Y³´ÀÌ·i²=äiÀ#Ä ¢[À´°/²,¾
ì�¼YÁ�Ë[ÀÌ·!¿J¢e·iµ/ºÇµ,½»ÆÇµ¥¢
ÈYÆÇÀ´°/µ,Æ�¢[Êz·iÈ¤¢Y¾WÁÉ·i²1µ¥¢[Á ·ÂÀ´°,²K³ÌÀ#Æe�H¡�¢±ÈY°OÊ¤¡ ¢=å8·WÄi°,ÀvÈ¤¢[Æ»²�µ¸·iÁ«ÆÇÊ8å±¢[²�°,Ê�³ÌÀ#°6È±¢[ÆÇ²gÄiì,À#³´ÆÇµ/°,²©·i½Çµ,·iÊ��¸ä^Ò
Äi°,Æ»²,Ð!]<²�¹z·!²´²�¢i²)¹8À´Æ»Ê8µ,Æ»¹z·iÆ»²O¹8·iÀÌ·¶·'²´¼z·�µ�¢[Ê8²K³ÌÀ#¼��H¡ ¢àÈY°/Ä[°/Á ²#°,Àwxâ²´°,½»°,µ/Æ´¢[Êz·!Àl¢[²6µ�¢[Á«¹X¢[Ê8°,Ê�³´°,²
·q²#°,À´°/Á�¼Y³ÌÆ»½ÇÆ»Õ¸·iÈ¤¢i²cÊ¤¢-Á"¢�È8°/½´¢Thi½Ç°/Ä!·iÊ�³Ì·iÀâ¼8Á�µ¥¢[Ê é#¼8Ê�³�¢�È8°ÂÁ«°,Ê8²´·iË[°/Ê8²�¹8À´°+Ä�ÆÇ·iÁ«°,Ê�³Ì°@µ/½æ·i²#²´Æ»Î�Ò
µ,·iÈz·i²O¹z·iÀ´·'²#°,ÀKÄ�Æ»À´°/Á ÈY°=Ãz·!²´°±È8°±³´À´°/ÆÇÊz·iÁ«°,Ê�³�¢Th|¹z·iÀÌ·-µ¸·!Èz·�µ¥¢[Áe¹X¢[Ê8°/Ê�³Ì°±µ�¢[Ê8²#ÆÇÈ8°/ÀÌ·iÈ±¢8¾K¢[ÃY³Ì°/À
·àµ/½æ·i²#²´Æ»Î8µ¸·���¡ ¢àÈ8°q³�¢�Èz·i²Â·i²@Á«°,ÊY²Ì·iË[°/Ê8²ÂÈ8°q³ÌÀ#°,ÆÇÊ8·iÁe°/Ê�³�¢Th�°'Ëi°,ÀÌ·!ÀÂ·«ä!À#Ä®¢iÀ´°qÈ8°-È8°+³Ì°,µw�H¡ ¢YÐ`]
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áâ²#²Ì·i²±²´°/À�¡ ¢«È8ÆÇ²#µ,¼Y³´ÆÇÈz·!²@Êz·i²Â¹8À´î¸Ó�ÆÇÁe·i²@²#°���v�°,²/Ð
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���÷�.��� {|¡�|<§�}�~ ¤«¨q�a­)§"�º��§c¢q�d¢J£��d¡,�q¤c��¤«¬���}�£"��§
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°,²K³Ì°	²#°,À´äÅ·iÈ¤¢!³ë·iÈ¤¢YÐ�û)·i²�¢�¢Åµ¥¢[Áe¹X¢[Ê8°/Ê�³Ì°±ÊP¡ ¢�·!³Ì°/Ê8Èz·�°/²#³´°	µ,À#Æ»³´ì,À´Æ�¢8¾½¢
Áe°/²´Á"¢¶¹ ¢�È8°<µ¥¢[Á«¹8À�¢[Á«°/³´°,À@·¶°/Ê�³ÌÀ´°/Ë�·àÈz·i²)Á«°,ÊY²Ì·iË[°/Ê8²@¹
°,½´¢¶Î8½»³ÌÀ�¢¶µ�¢iÁe¹X¢[²#³�¢¶Ë[°/ÀÌ·iÈ¤¢YÐ

� n[_juFXrY[N]��MCMOX�Y[N � p
R�_o_ c ���WR�UWVTX9a'ûb¢[Á"¢�é´ä}È8°/Î8Ê8ÆÇÈ¤¢Y¾gÊP¡ ¢ÜÊ8°/µ,°/²´²Ì·!À´Ææ·!Áe°/Ê|³´°¦·Ü°/¿ï°/³´Æ»Ä�ÆÏÒ
Èz·iÈ8°-¹X¢�È8°q²#°,ÀÂ¼Y³´ÆÇ½ÇÆ»Õ¸·iÈ8·Å¹z·iÀ´·¦Á«°,ÈYÆÇÀm¢¦µ,¼8²K³�¢«È8°-°,À#À�¢¦È8°-µ,½Ç·i²´²#Æ»Îzµ,·��H¡ ¢YÐ�á�²K³Ì°'µ,¼8²K³�¢«ì
È8°,¹
°,Ê8ÈY°,Ê�³Ì°qÈ8Æ»À´°+³ë·iÁ«°,Ê�³Ì°=È¤¢[²)µ/¼8²#³�¢[²@È8°<µ/½æ·i²#²´ÆÏÎzµ¸·���¡ ¢¶Æ»Ê8µ�¢[À#À´°+³ë·�ÈY°<Áe°/Ê8²Ì·!Ë[°,Ê8²�ÁÉ·i½»ÆÏÒ
µ,Æ´¢i²Ì·i²©°�È8°6Áe°/Ê8²Ì·iËi°,Ê8²Q½»°,Ë[ºÏ³ÌÆ»ÁÉ·i²/Ð 5 °�¼YÁNµ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°6ì)µ¸·i¹8·iÕ�È8°6µ,½Ç·i²´²#Æ»Îzµ,·iÀcµ¥¢[À´À#°/³ë·^Ò
Áe°/Ê|³´°)³�¢�È¤¢[²ò¢[² �[Z���\k� °Â· ¢qÁe°/²´Á"¢<³Ì°/Áe¹X¢qµ,½Ç·i²´²#Æ»Îzµ,·iÀc³�¢�Èz·i²�·!²âÁe°/Ê8²Ì·iËi°,Ê8²â½»°,Ë[ºÏ³ÌÆÇÁe·i²
³ë·iÁ¶Ã
ì,Á�µ�¢[Á"¢ �[Z���\k� ¾|°/²#³Ì°=¹ ¢�È8°@³ÌÀ´·iÕ,°/À6µ¥¢[Ê8²#°,Û|¼��,ÊYµ,Ææ·!²)Ê8°,Ë[·!³ÌÆÏÄi·!²O¹8·iÀÌ·s¢�Îz½Ï³ÌÀ�¢'µ¥¢[ÁàÒ
¹ ¢[²K³�¢8Ð

áâ²´²#°,²qµ¥¢[Áe¹X¢[Ê8°/Ê�³Ì°,²=¹ ¢�È8°/Á�²´°,À±Îz½»³´À�¢[²Â²#ÆÇÁ«¹8½Ç°/²�¢[¼w·!³Ìì'Á«°,²´Á"¢"¢[²	Áe·iÆÇ²Âµ¥¢[Áe¹Y½Ç°+Óz¢[²±µ�¢ Ò
ÁÅ¼8Áe°/Ê�³Ì°)·!È¤¢i³ë·!È¤¢[²v°,ÁN²´ÆÇ²K³Ì°/ÁÉ·i²vÀ´°,·iÆÇ²�Ö þ�üi¾�j[ÿ�¾�8!ÚlÐ°^<¼z·iÊ�³�¢	Áe·iÆÇ²vµ�¢[Á«¹8½»°+Óz¢8¾ ¹8À�¢WÄ!·¸Ä[°,½»Áe°/Ê�³Ì°
Áe·iÆ�¢[À�²#°,ÀÌäe·àµ¸·iÀ#Ë�·àµ�¢[Á«¹8¼Y³Ì·iµ,Æ�¢[Êz·i½L°+Ó�ÆÇË[Æ»Èz·à¹z·iÀ´·«·¦µ,½Ç·i²´²#Æ»Îzµ,·��H¡�¢8Ð!^<¼z·iÊ8È¤¢¦µ¥¢[Á¶Ã8Æ»Êz·iÈ¤¢[²/¾z·
µ,·iÀ´Ë[·«·!Ë[À´°/Ë�·iÈz·à°+Ó�Æ»Ë[ÆÇÈz·¶¹
°,½�¢[²@µ�¢iÁe¹X¢[Ê8°/Ê|³´°,²ÂÈ8°+Ä[°'²´°,À=·¸Ä!·i½ÇÆÇ·iÈz·YÐ

(±Á ÁÉ·!Æ´¢[À6Ê"�YÁe°/À�¢«È8°-µ�¢[Á«¹ ¢iÊ8°,Ê�³Ì°/²Â²´ÆÇÁ«¹8½»Æ»Îzµ,·iÈ¤¢[²/¾�µ¥¢[Á Ãz·iÆ Óz¢«µ¥¢[Ê8²#¼8Á�¢¦µ¥¢[Áe¹Y¼Y³ë·iµ/Æ´¢!Ò
Ê8·i½�¾�¹X¢[À´ì/ÁÝ¾|µ¥¢[Á�°/¿ï°+³ÌÆ»Ä�Æ»Èz·iÈ8°Â¹8À�¢^Ä!·¸Ä[°/½ÇÁ«°,Ê�³Ì°±Ãz·iÆ ÓY·Y¾|¹ ¢�È8°Â²´°/À�¼8Áe·'ÃX¢�·i¢[¹U�H¡ ¢k�'¼�³ÌÆÇ½»ÆÇÕ,·��H¡ ¢
ÈY°�Îz½Ï³ÌÀ�¢[²à¹ ¢�È8°/À�¢[²�¢[²qé#¼YÊ|³�¢[²,Ð áâ²´²´°/²ÉÎz½Ï³ÌÀ�¢i²àÁÉ·iÆ»²àÀ�¢[ÃY¼8²#³�¢[²e¹YÀ�¢WÄ!·WÄi°,½»Áe°/Ê|³´°ÝÆ»À�¡ ¢Y¾6Æ»²�¢[½Ç·iÈz· Ò
Á«°,Ê�³´°i¾8µ¥¢[Ê8²´¼YÁeÆ»À@ÁÉ·iÆ�¢[ÀOÛ�¼8·iÊ�³ÌÆÇÈ8·iÈ8°-È8°qÀ´°/µ,¼8À#²�¢[²/¾ié´äÁ¢[²Âµ�¢[Á«¹ ¢iÊ8°,Ê�³Ì°/²@²´Æ»Áe¹8½»°,²)Æ»À�¡ ¢àµ¥¢[Ê8²#¼�Ò
Á«ÆÇÀ-¹X¢[¼8µ¥¢[²ÅÀ#°,µ,¼YÀ´²�¢i²à°É¹
°,À´Á«Æ»³´ÆÇÀ�¡ ¢EÛ�¼Y°Ü·i²ÅÁ«°,ÊY²Ì·iË[°/Ê8²¶²#°�é´·iÁ µ,½Ç·i²´²#Æ»Îzµ,·iÈz·i²Å·iÊ�³Ì°/²¶Áe°/²´Á"¢
Û|¼8°q³�¢�È¤¢i²±²#°�é´·iÁ ·iµ,Æ�¢[Êz·iÈ¤¢i²,Ð

���÷�.��� {|¡�|<§�}�~ ¤«¨q¤c¡¶ª*�d¢q¡"¤��!�d¢ ¡¸¨q���k���	�û¢q¤"�©�d¢J£�§
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Ä�ÆÇ·iÁe°/Ê�³Ì°Eµ,½Ç·i²´²#Æ»Îzµ,·iÈz·i²¦µ�¢iÁ�¢5ÁÉ·!½ÇÆÇµ/Æ´¢[²´·i²�¢i¼ ½Ç°/Ë[º»³´ÆÇÁe·i²ÅÈY°/Ä[°Ý²´°/ÀeÀ#°¸·i½»ÆÇÕ¸·!È¤¢ç¹z·iÀÌ·çË[°/ÀÌ·���¡ ¢
ÈY°Ü¼8ÁÉ·JÃz·!²´°EÈ8°}³ÌÀ#°,Æ»Êz·iÁ«°,Ê�³�¢JÁe·iÆÇ²Å¹8À´°/µ,ÆÇ²´·YÐ�áâ²´²´·i²¦Áe°/Ê8²Ì·!Ë[°,Ê8²¦È8°+Ä[°/Á�°,²#³Ì·iÀ¦È8°,Ê�³´À�¢çÈ¤¢
µ¥¢[Ê�³Ì°%Ó�³�¢wÈ¤¢�·iÁÅÃ8ÆÇ°/Ê|³´°àÊ¤¢�Û�¼8·i½ò¢ÜÎz½»³´À�¢E²´°/ÀÌä�·i¹8½ÇÆ»µ¸·iÈ±¢8Ð ø ²#²´Æ»Á�µ�¢[Á"¢�¢[¼Y³´À�¢[²qÁ«°,µ,·iÊ8ÆÇ²#Á�¢i²
ÈY°=·!¹8À´°/Ê8È8ÆÇÕ,·iÈ¤¢'È8°ÂÁÉä!Û�¼YÆÇÊz·Y¾|·q°+¿ï°/³ÌÆÏÄ�ÆÇÈz·iÈY°±È±¢-Î8½»³ÌÀ�¢-µ�¢[Á«¹ ¢i²#³�¢-È8°/¹L°/Ê8È8°±È¤¢'µ�¢[Ê8åY°,µ,Æ»Áe°/Ê�³�¢
ÈY°eÆ»ÊY¿J¢[À´Áe·��wv�°/²6é´ä�Ë[°/ÀÌ·iÈ8·i²Å·!Ê|³´°,À#Æ´¢[À#Áe°/Ê|³´°�Ö þiÙ Ú�ÐÜáâ²#²´°Éµ¥¢[Ê8å8°/µ,Æ»Áe°/Ê|³�¢w¹
°,À#ÁeÆÏ³Ì°àÛ|¼8°É²#°�é´·iÁ
·!Ã8²�¢[ÀKÄ�ÆÇÈz·i²Â½»Æe��v�°,²)·i¹8À´°/Ê8È8Æ»Èz·i² ø Ð
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³Ì·iÈ¤¢¦È8°/²#³ë·¦µ,½Ç·i²´²#Æ»Îzµ,·��H¡�¢«ìs¢¦ÆÇÊY²´¼8Á"¢«·¦²#°,ÀÂ¼Y³´ÆÇ½ÇÆ»Õ¸·iÈ±¢¶Êz·¦Ë[°,À´·��H¡ ¢¦Èz·àÃz·!²´°'È8°q³ÌÀ´°/ÆÇÊz·!Áe°/Ê|³�¢8Ð

Ñ©·iÀÌ·}Á«°,½»å¤¢[À±°,²´µ/½æ·iÀ#°,µ/°,À,¾�²´°,À´ä}¼Y³ÌÆ»½ÇÆ»Õ¸·iÈ¤¢�¢Ü°%ÓY°/Áe¹Y½´¢}·!¹8À´°/²´°,Ê�³Ì·iÈ¤¢EÊz·É²#°��H¡�¢Y�8Ð�3�Ðq¯=°/²#³Ì°!¾
³´°,Á"¢[²�¢[²�µ�¢[Á«¹ ¢iÊ8°,Ê�³Ì°/²

A, B, C
°

D
Ð ø ¹
î[²�²´¼8Ã8Á«°/³´°,À#Á�¢[²�·i²�Á«°,Ê8²´·iË[°,ÊY²w·p³�¢�È¤¢[²�¢[²

µ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°/²,¾�³Ì°/À´°,Á"¢[²<¼YÁÉ·}Ãz·!²´°¦È8°àÈz·iÈ±¢[²qÀ´°/²´¼8½Ï³ë·iÊ�³Ì°àµ¥¢[Á ²#¼z·i²-ÆÇÊY²#³lk!Ê8µ,ÆÇ·i²<Ê¤¢E²´°/Ë[¼8Æ»Ê|³´°
¿J¢iÀ´Áe·!³�¢�x

msgi =< CA, CB, CC , CD, CReal >
¾±¢[ÊYÈ8°

msgi

ì-·ÅÆ Ò:ì/²´ÆÇÁe·�Á«°,ÊY²Ì·iË[°/Á È8·¶Ãz·i²´°!¾
CA

ìà·Éµ/½æ·i²#²´ÆÏÎzµ¸·���¡ ¢É¿J¢[À#Ê8°,µ/ÆÇÈz·e¹L°/½´¢}µ¥¢[Áe¹X¢[Ê8°/Ê�³Ì°
A
¾
CB

ìà·Éµ/½æ·i²#²´Æ»Î8µ¸·���¡ ¢É¿J¢[À#Ê8°,µ/ÆÇÈz·É¹
°,½�¢
µ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°

B
¾
CC

ìq·¶µ/½æ·i²#²´Æ»Î8µ¸·���¡ ¢Å¿J¢[À#Ê8°,µ/ÆÇÈz·Å¹
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ø ¿ï¼8Ê��H¡�¢
RealizaPoda

¹X¢�È8°±²´°/À)È8°+ÎzÊ8ÆÇÈ8·Å¹L°/½æ·'°,Û|¼z·���¡ ¢��8ÐÏüiÐ 5 °]¢Å°,À#À�¢¶°/²#³´Æ»Ä[°/À@·iÃz·!ÆÏÓz¢
È±¢�½»ÆÇÁ«Ææ·iÀ

ε
¾1ìõ¢EÁ"¢[Áe°/Ê�³�¢ÜÈz·ÜÀ´°,·i½ÇÆ»Õ¸·���¡ ¢}Èz·Ü¹X¢�È8·Y¾gµ¸·!²�¢�µ�¢[Ê�³ÌÀ´äiÀ´Æ�¢8¾gµ¥¢[Ê�³ÌÆÇÊ|¼z·ÜË[°/ÀÌ·iÊYÈ¤¢�·i²

²#¼8Ã�Ò:äiÀ#Ä ¢[À´°/²6µ¥¢[Á3¢s¢[Ã�é#°+³ÌÆÏÄ®¢'È8°ÂÁe°/½Çå¤¢[À´·iÀQ·q°+¿ï°/³ÌÆÏÄ�ÆÇÈz·iÈY°@È¤¢'Î8½»³ÌÀ�¢8Ð©¯=°,²K³Ì°Â³ÌÀ´·iÃz·i½»å¤¢8¾®¢-½ÇÆ»ÁeÆÇ·iÀ
ε
ì'·^é#¼8²K³ë·iÈ¤¢¦È8°q¿J¢[À#ÁÉ·à°/Áe¹8º»À´Æ»µ¸·YÐ

RealizaPoda =







sim, se erro < ε

nao, caso contrario

� �8Ð»ü %
]�·i½»Ë®¢[À´ÆÏ³ÌÁ"¢zjÉì�¼Y³ÌÆ»½ÇÆÇÕ,·iÈ¤¢¦¹z·iÀ´·É·«²´°,½»°���¡ ¢}È¤¢eÁe°/½Çå¤¢[ÀÂµ¥¢[Áe¹X¢[Ê8°/Ê�³Ì°iÐq]�Á«°,²´Á"¢ÉÀ#°¸·i½»ÆÇÕ,·

¼YÁÉ·qµ�¢iÊ8²´¼8½Ï³ë·��-¼8ÁÉ·<¿ï¼8Ê��H¡ ¢'È8°Â¼Y³ÌÆ»½ÇÆ»Èz·iÈ8°)È±¢�µ¥¢[Áe¹X¢[Ê8°/Ê�³Ì°i¾|Û|¼8°±À´°+³�¢[À#Êz·i¢'Ä!·i½�¢[ÀQÈ¤¢'Áe°/²´Á"¢
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¹8·iÀÌ·Þ·Þµ/½æ·i²#²´ÆÏÎzµ¸·���¡ ¢ÞÈz·!Û�¼Y°,½Ç°Éµ�¢[Ê é#¼YÊ|³�¢J°,²#¹L°/µ,º»Î8µ�¢çÈ8°}Èz·!È¤¢[²,Ð)]<²à·!½ÇË®¢[À#Æ»³´Á�¢[²q³´ÀÌ·iÈ8Æ»µ,Æ�¢[Êz· Ò
Á«°,Ê�³´°}¼Y³ÌÆ»½ÇÆ»Õ¸·iÁã·�¿ï¼8Ê��H¡�¢ÞË�·iÊ8å±¢ÞÈ8°}Æ»ÊY¿J¢[À´Áe·���¡ ¢Ý¹8·iÀÌ·wÁ«°,ÈYÆÇÀ'°,²´²´·J¼Y³ÌÆ»½ÇÆÇÈ8·iÈ8°�ÖØÿiÙ�¾°��ÿ^Ú�Ð
]
Ë[·iÊ8å¤¢EÈ8°«ÆÇÊY¿J¢iÀ´Áe·��H¡ ¢e¿J¢[À´Ê8°/µ,°¦²´¼Y¹ ¢[ÀK³Ì°«¹z·iÀ´·EÆ»È8°,Ê�³´Æ»Îzµ,·iÀi¢ÝÛ|¼z·!Ê|³�¢Ý¼YÁ�È8°/³´°,À#ÁeÆ»Êz·iÈ¤¢�·!³´À´ÆÏÒ
ÃY¼Y³�¢8¾Î¢[¼�µ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°ÜÊ¤¢Jµ¥¢[Ê�³Ì°%Ó�³�¢�ÈY°,²#³´°}³ÌÀ´·iÃz·i½»å¤¢8¾�·i¼�Ó�Æ»½ÇÆæ·�Êz·ÞÈ8°+³Ì°,À#ÁeÆ»Êz·���¡ ¢ÞÈz·Jµ,½Ç·i²´²#°
È8·i²�ÆÇÊ8²K³lkiÊ8µ/Ææ·i²�Èz·-Ãz·i²#°=ÈY°=Èz·!È¤¢[²,Ð°^q¼8·iÊ�³�¢'ÁÉ·iÆ�¢[À�¢'Ë�·iÊ8å±¢�È8°ÂÆ»ÊY¿J¢[À´Áe·���¡ ¢qÈ8°±¼8Á�·!³´À´ÆÇÃY¼Y³�¢8¾
Áe·iÆ�¢[Àqì<¢Ý¹ ¢i³´°,Ê8µ/Ææ·i½�È¤¢ÝÁe°/²´Á"¢w¹z·!ÀÌ·w·�ÆÇÈ8°/Ê�³ÌÆ»Î8µ¸·���¡ ¢wÈ8°eµ,½Ç·i²´²#°,²ÅÈ8·i²ÅÆ»Ê8²#³�kiÊ8µ,ÆÇ·i²'Èz·ÝÃz·!²´°
ÈY°ÅÈz·iÈ±¢[²,Ð�]�Ë�·iÊYå¤¢eÈY°ÅÆÇÊ�¿J¢[À´Áe·��H¡�¢«ì'È8Æ»À´°/³Ì·iÁ«°,Ê�³Ì°'À´°/½æ·iµ/Æ´¢[Êz·!È¤¢eµ¥¢[Á'¢eÄ!·i½�¢[ÀÂÈ8°Å°/Ê�³ÌÀ�¢i¹8Ææ·YÐ
áâ²#²Ì·¶Á«ì/³ÌÀ#ÆÇµ,·�È8°+³Ì°,À#ÁeÆ»Êz·�¢�Ë[ÀÌ·!¼}È8°<µ¥¢[ÊY¿ï¼8²�¡ ¢¶È¤¢[²6Èz·iÈ¤¢i²,Ð!^<¼z·iÊ�³�¢ÅÁÉ·iÆ�¢[À�°,²K³Ì°	Ä!·i½�¢[À,¾|Áe·iÆ´¢[À
ì'·�¢[À´Ë[·iÊ8ÆÇÕ,·��H¡�¢à°�Áe·iÆÇ²6¿3äiµ,Æ»½gì'·«Æ»È8°,Ê�³ÌÆÏÎzµ¸·l�H¡ ¢¦Èz·i²±µ,½Ç·i²´²#°,²ÂÃz·i²#°¸·iÈ8·eÊ¤¢e·!³ÌÀ#ÆÇÃ8¼�³�¢à°'Û�¼8·iÊ�³�¢
Á«°,Ê±¢[À)ìq°,²K³Ì°qÄ!·i½´¢iÀ�Áe·iÆ´¢[ÀOìi¢¦Ë[ÀÌ·!¼ÜÈ8°qµ�¢[Ê�¿ï¼8²�¡ ¢Y¾¤¢¦Û�¼Y°qÆÇÁ«¹L°/È8°<¼8Áe·¶È8°/Î8Ê8Æe��¡ ¢à¹8À´°/µ,Æ»²Ì·àÈz·
µ/½æ·i²#²´°ÂÈ8°Â¼8Áe·qÆÇÊ8²K³lkiÊ8µ/Ææ·<Ãz·!²´°¸·!Èz·'Ê±¢'Ä!·i½�¢[ÀQÈ¤¢'·!³´À´ÆÇÃY¼Y³�¢q°/Á�Û�¼Y°,²#³�¡ ¢8Ðc] Ë�·iÊ8å¤¢-È8°ÂÆ»ÊY¿J¢[À´Áe· Ò
��¡ ¢¶¹X¢�ÈY°<²´°/À@È8°/³´°,À´Á«ÆÇÊ8·iÈ¤¢Å¹
°,½Ç·Å°,Û|¼z·l�H¡ ¢z�8Ðn3�Ð�¯±°,²#³Ì·Y¾

H(classe)
ìq·¶°,Ê�³ÌÀ�¢[¹8ÆÇ·ÅÈ¤¢à·!³´À´Æ»Ã8¼Y³�¢

µ/½æ·i²#²´°±Èz·-Ãz·i²´°±È8°ÂÈz·iÈ±¢[²6°±ìÂÈ8°/Î8Ê8ÆÇÈz·-Êz·-°,Û|¼z·���¡ ¢k�YÐnjYÐ°î[ä
H(classe|atributo)

ì	·-°,Ê�³´À�¢[¹8ÆÇ·
µ¥¢[Ê8È8Æ»µ,Æ�¢[Êz·i½1È¤¢É·!³ÌÀ#ÆÇÃ8¼Y³�¢Éµ/½æ·i²#²´°Å°�ìÅÈ8°+ÎzÊ8Æ»Èz·ÉÊz·É°/Û|¼z·��H¡�¢®�8Ð��8ÐQ]�Ä!·i½�¢[ÀÂÈ8°

m
Ê8°/²#³Ì°Åµ¸·i²�¢}ì

3�¾�¼8ÁÉ·ÉÄi°,Õ¦Û|¼8°à³Ì°/Á�¢[²-·!¹L°/Êz·i²qÈ8¼z·!²qµ,½æ·!²´²´°/²'·E²#°,À#°,Á�µ¥¢[Ê8²´Æ»È8°,À´·iÈz·i²wxqÁe°/Ê8²Ì·!Ë[°,Ê8²qÁe·i½»ÆÇµ,Æ�¢!Ò
²´·i²r¹ Áe°/Ê8²Ì·iËi°,Ê8²=½Ç°,Ëiº»³ÌÆ»ÁÉ·!²,Ð

Prob(atributo = valori)
ì¶·¦¹8À�¢iÃz·iÃ8Æ»½ÇÆÇÈ8·iÈ8°qÈ¤¢É·!³ÌÀ#ÆÇÃ8¼Y³�¢à³Ì°,Àd¢

Ä!·i½�¢[À
vi

Ð
H(classe|atributo = vi)

ì'·à°,Ê�³ÌÀ�¢[¹8ÆÇ·¦È8·«µ/½æ·i²#²´°-²�¢[Á«°,Ê�³´°'Ê±¢eµ¥¢[Ê é#¼8Ê�³�¢«È8°-Èz·iÈ±¢[²
µ/¼ é�¢e·!³ÌÀ#ÆÇÃ8¼Y³�¢¶³Ì°/Ê8åz·àÄi·!½´¢[À)Æ»Ë[¼z·i½�·

vi

Ð
áâÁ�Ê¤¢[²#²�¢«³ÌÀÌ·!Ãz·i½Çå±¢8¾8µ�¢iÊY¿J¢[À´Á«°6é´ä¦À´°,½Ç·!³ë·!È¤¢8¾¤¢e·!³ÌÀ#ÆÇÃ8¼�³�¢àì'Êz·¦Äi°,À#Èz·iÈ8°'¼8Á�µ�¢iÁe¹X¢[Ê8°/Ê|³´°

È±¢Ý²#ÆÇ²#³´°,Áe·�ÈY°¦Î8½»³ÌÀ�¢8¾1µ¸·iÈ8·EÄ!·i½�¢[ÀqìÉ·Eµ,½Ç·i²´²#Æ»Îzµ,·��H¡�¢�Û|¼8°"¢�Áe°/²´Á"¢ÝÀ#°¸·i½»ÆÇÕ¸·}²�¢[Ã8À#°É·EÆÇÊ8²K³lkiÊ�Ò
µ/Ææ·EÈz·ÝÃ8·i²´°eÈ8°«³´À´°/ÆÇÊz·iÁ«°,Ê�³�¢Ý°e·i²'µ,½æ·!²´²´°/²Å²�¡ ¢Þ·i²'µ,½Ç·i²´²#Æ»Îzµ,·���v�°,²-ÎzÊz·!ÆÇ²'È8°eµ,·iÈz·�ÆÇÊ8²K³lkiÊ8µ/Ææ·YÐ
¯d¢�°/Ê�³ë·iÊ�³�¢Y¾)ÊP¡ ¢5ÆÇÀ#°,Á"¢[²õ¢[¹Y³Ì·iÀ¦¹ ¢[À¦°/²´²Ì·5Áeì+³ÌÀ#ÆÇµ¸·J¼8Áe·JÄ[°,Õ�Û|¼8°Þ·çÁ«°,²´Áe·JÊP¡ ¢5½Ç°+Äi·ç°,Á
µ¥¢[Ê8²#ÆÇÈ8°/ÀÌ·���¡ ¢ÜÛ|¼8°�¢[²	Ä!·i½´¢iÀ´°,²<·i²´²�¢�µ/Ææ·iÈ¤¢i²q·}µ¸·iÈ8·Eµ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°¶Æ»Ê�³Ì°,ÀK¿ï°,À#°,Á ÈYÆÇÀ´°+³ë·iÁ«°,Ê�³´°¶Êz·
°+¿ï°/³´Æ»Ä�ÆÇÈz·!È8°ÂÈ¤¢Å²#ÆÇ²#³´°,Áe·YÐB(±ÁÔ°+Ó�°,Á«¹8½´¢'µ,½Ç·iÀ�¢-ì	·'²#Æ»³Ì¼8·��H¡ ¢�¢[Ê8ÈY°�¢�µ�¢[Á«¹ ¢iÊ8°,Ê�³Ì°±À´°,·i½ÇÆ»Õ¸·q¼8Áe·
µ/½æ·i²#²´ÆÏÎzµ¸·���¡ ¢çÆÇÊ�Ä[°/À#³´ÆÇÈz·ÞÊz·çÛ|¼z·i½�³�¢�È±¢[²«·i²àÁe°/Ê8²Ì·!Ë[°,Ê8²¦Áe·i½ÇÆ»µ,Æ�¢[²Ì·i²�²�¡ ¢çµ/½æ·i²#²´Æ»Î8µ¸·iÈz·!²àµ�¢[Á"¢
½»°,Ë[ºÏ³ÌÆ»ÁÉ·i²±°¶³�¢�Èz·i²<·i²qÁe°/Ê8²Ì·!Ë[°,Ê8²-½»°,Ë[ºÏ³ÌÆÇÁe·i²±²�¡ ¢Üµ/½æ·i²#²´ÆÏÎzµ¸·iÈ8·i²qµ�¢[Á"¢ÜÁe·i½ÇÆ»µ,Æ´¢i²Ì·i²/Ð-Ñ©°,½Ç·ÜÁeì%Ò
³´À´Æ»µ¸·¶Ë�·iÊYå¤¢¦È8°qÆÇÊY¿J¢iÀ´Áe·��H¡ ¢Y¾�°/²´²´°'µ�¢iÁe¹X¢[Ê8°/Ê|³´°qì-¼8ÁÉ·¶ÃX¢�·¶°/²´µ�¢i½Çåz·à¼8Áe·¶Ä[°,Õ-Û|¼8°s¢¦Áe°/²´Á"¢
µ¥¢[Ê8²#°,Ë[¼8°'Ë[°/ÀÌ·iÀ@¼8Áe·àµ,½Ç·i²´²#Æ»Îzµ,·��H¡ ¢¦¹z·!ÀÌ·«·¦Ã8·i²´°'È8°-Èz·iÈ¤¢i²,¾z¹X¢[À´ì/Á�·i¹8À#°,²´°/Ê�³ë·e¼YÁÉ·à¹
ì,²´²#ÆÇÁe·
°+¿ï°/³´Æ»Ä�ÆÇÈz·!È8°-Êz·«ÈY°/³Ì°/µ���¡ ¢}È8°'Áe°/Ê8²Ì·!Ë[°,Ê8²±Áe·i½ÇÆ»µ,Æ´¢i²Ì·i²/Ð6áâÁ�²#Æ»³Ì¼8·���v�°,²d¢[Ê8È8°'¼8ÁíÎ8½»³ÌÀ�¢eÀ#°¸·i½»ÆÇÕ,·
¼YÁÉ·àµ,½Ç·i²´²#Æ»Îzµ,·��H¡�¢«Æ»Ê�Ä[°,ÀK³ÌÆ»Èz·Y¾8¼8Áe·à²�¢[½»¼��H¡�¢¦·i½»³´°,À´Ê8·!³ÌÆÏÄi·¶²#°,À#Ææ·àµ�¢[ÊY²´ÆÇÈY°,ÀÌ·!À)³ë·i½�Æ»Ê|Äi°,À#²�¡ ¢8Ðc7:²K³�¢
²#ÆÇË[ÊYÆ»Îzµ,·Åµ,½Ç·i²´²#Æ»Îzµ,·iÀ�µ¥¢[Á�¢ �[Z���\k� ·i²6Áe°/Ê8²Ì·iËi°,Ê8²@Û|¼8°q°/²´²´°<Î8½»³ÌÀ�¢Å³Ì°/Ê8åz·¶Áe·iÀ´µ,·iÈ¤¢¶µ¥¢[Á"¢Å½Ç°/Ë[ºÏÒ
³´ÆÇÁe·i²Â°¶µ,½Ç·i²´²#Æ»Îzµ,·iÀ±µ�¢[Á"¢É½»°,Ë[ºÏ³ÌÆÇÁe·i²Â·i²=Áe°/Ê8²Ì·!Ë[°,Ê8²	Û�¼Y°¶°,²#²´°¶³Ì°/Ê8åz·ÉÁe·iÀ#µ¸·iÈ¤¢eµ�¢[Á"¢ �[Z���\k� Ð
¯d¢}°,Ê�³Ì·iÊ�³�¢8¾LÈ8°/³´°,À´Á«ÆÇÊ8·iÀÂÛ�¼8·iÊ8È¤¢E·«ÆÇÊ�Ä[°/À´²�¡�¢ÜÈ8°/Äi°¶²´°/Àq·i¹8½»ÆÇµ¸·!Èz·«ì�¼8Á ¹8À�¢iÃ8½Ç°/ÁÉ·¦È8°¶È8ÆÏ¿ïºÇµ/ÆÇ½
²�¢[½Ç¼��H¡ ¢8Ð

GanhoInfo = H(classe)−H(classe|atributo)
� �8Ð�3 %
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H(classe) = −
m

∑

i=1

pilog2pi

� �8Ðnj %

H(classe|atributo) =
m

∑

i=1

Prob(atributo = vi)H(classe|atributo = vi)
� �8Ð4� %

�Åp�Æ;X;M c uF�rXÈÇ$x�û�À#Ææ·���¡ ¢àÈz·�É	ÀKÄ®¢[À#°'ÈY°��=°/³Ì°/µ���¡ ¢
stN�_on[pvuFR�Y9X2x!� ø �Ê��7�Ëçµ�¢[Ê�³Ì°/Ê8È¤¢�¢«ËiÀÌ·!¿J¢àË[°/ÀÌ·iÈ±¢Ì NQÆ c@eÍ ê 5 �6Î=û³]��wÑ!]q¯	á�¯ �Âá 5

←
½ÇÆ»²#³ë·¶ÈY°'µ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°/²=È¤¢¦²#ÆÇ²#³´°,Áe·Ï

± ø 5 á¶Î.�Ê�=á°7�¯ ø �wá�¯ ��]
←
Ãz·i²´°-È8°q³´À´°,Æ»Êz·iÁ«°,Ê�³�¢¦¹8À#°/Ä�Ææ·!Áe°/Ê|³´°-Ë[°,À´·iÈz·Ð Ñ X;M

i ∈ LST Ò COMPONENTES
Y9XÓ Ñ X`M

j ∈ LST Ò COMPONENTES
Y[XÔ

MATRIZ(i, j)← {∅}Õ
Ö�×WØ�ÙKÚQØKÛ�ÜxØ�×�Ý

∅ Þ BASE Ò TREINAMENTO Þ ∅ Þ LST Ò COMPONENTES ßà N e Yá
ø ¿ï¼8Ê���¡ ¢�ÈY°=¼Y³´ÆÇ½»ÆÇÈz·iÈY°Â·'²#°,À6·iÈ¤¢i³Ì·iÈz·-Ê8°,²K³Ì°	µ¥¢[Ê�³Ì°%Ó�³�¢Å¹X¢�ÈY°=²#°,ÀOµ�¢[Ê8²#ÆÇÈ8°/ÀÌ·iÈ8·'µ¥¢[Á�¢'¼8Áe·

¹
°��,·'µëå8·WÄi°=¹8·iÀÌ·-·i½»µ¸·iÊ��,·iÀâÊ¤¢[²#²�¢�¢[Ã�é#°+³ÌÆ»Ä ¢�¹YÀ´ÆÇÊYµ,ÆÇ¹8·i½Y°!¾�¹X¢[ÀK³ë·iÊ�³�¢Y¾�²´°,À´ä'ÈY°,È8Æ»µ¸·iÈz·-¼8Áe·q²´°���¡ ¢
¹YÀ´î[¹8À#Ææ·¶¹z·!ÀÌ·àÈ8°,²#µ,À#°/Äy�%Ò:½Ç·eµ�¢iÁ ÁÉ·!Æ´¢[À#°,²)È8°+³ë·i½»å8°,²/Ð

���÷�.��â ¬äãq¢q¥<¦c§©¨q�1å²�	}û�d¥N¦c§«¨q�æ­)§ �º��§c¢q�d¢J£��d¡
] ¹8À´Æ»Ê8µ,Æ»¹z·i½K¢[Ã�é#°+³ÌÆÏÄ®¢<È8°/²#³´°)³ÌÀÌ·!Ãz·i½Çå±¢	ì@·]¢iÃY³Ì°/Ê��H¡ ¢qÈY°)¼8ÁNÁ�¢�È8°,½�¢=µ¥¢[Á«¹ ¢[²K³�¢<¹X¢[À©Áu�8½»³´ÆÏÒ

¹Y½´¢[²OÎz½»³´À�¢[²h¢iÊ8È8°q·¶°+¿ï°/³ÌÆÏÄ�ÆÇÈz·iÈY°	²´°:é´·¶ÁÉ·^ÓYÆ»ÁeÆ»Õ¸·iÈ8·Y¾|ÃL°/Á µ¥¢[Á�¢�¢[²)µ,¼Y²#³�¢i²@È8°<¹8À�¢�µ/°,²´²´·iÁ«°,Ê�³�¢
°ÉÈ8°}°,À#À�¢ÞÈY°}µ,½Ç·i²´²#Æ»Îzµ,·��H¡ ¢w²´°�é´·!ÁßÁ«ÆÇÊ8Æ»ÁeÆ»Õ¸·iÈ±¢[²,Ð ø ²#°,½»°��H¡�¢JÈ¤¢[²¶µ¥¢[Áe¹X¢[Ê8°/Ê�³Ì°,²ÅÈ8¼8ÀÌ·!Ê|³´°Ü·
Á"¢[Ê�³ë·!Ë[°,Á Èz·¦äiÀ#Ä ¢[À´°-È8°qÈ8°+³Ì°/µ��H¡�¢ÉÆÇÊ�³´°,À#¿ï°/À´°qÈ8Æ»À´°+³ë·iÁe·iÊ�³Ì°<Ê±¢[²ÂÀ´°,²#¼8½»³Ì·iÈ¤¢[²@°-¹X¢[À#³Ì·iÊ�³�¢¦È8°+Ä[°
²#°,À@¿ï°,ÆÏ³ë·àÈ8°q¿J¢[À#ÁÉ·¶Û|¼8°-°,²#²´°/²	µ,À#Æ»³´ì,À´Æ�¢[²)²#°�é´·iÁ µ¥¢[Ê8²#ÆÇÈ8°/ÀÌ·iÈ¤¢i²,Ð

�	°/²#³Ì·=¿J¢[À´Áe·Y¾!·±¿ï¼8Ê��H¡ ¢=È8°�¼Y³´ÆÇ½»ÆÇÈz·iÈY°�·i¹8À´°/²´°/Ê|³Ì·iÈz·	Ê±¢q·i½ÇË ¢[À´ÆÏ³ÌÁ"¢³jY¾[·!½Çì,Á È±¢	µ�¢iÁe¹X¢[Ê8°/Ê|³´°
°wÈz·�Ãz·i²#°ÞÈ8°ÞÈz·!È¤¢[²,¾±È8°+Ä[°Jµ�¢iÊ8²´Æ»È8°,À´·iÀÜ·�¿ï¼8Ê��H¡ ¢

Γ(efetiv, custoproc, Cerro)
È8°+ÎzÊ8ÆÇÈ8·�Ê¤¢

µ,·i¹8ºÏ³Ì¼8½�¢ujYÐâê�°/Á¶Ã8ÀÌ·!Ê8È¤¢àÛ|¼8°
efetiv

ìq·Å°+¿ï°/³ÌÆÏÄ�ÆÇÈz·iÈY°	È¤¢¶µ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°<¹8·iÀÌ·Åµ/½æ·i²#²´ÆÏÎzµ¸·���¡ ¢¶Èz·
Ã8·i²´°�µ�¢iÊ8²´Æ»È8°,À´·iÈz·�h

custoproc

ìk¢@µ/¼8²#³�¢=ÈY°O¹YÀ�¢�µ,°,²#²Ì·iÁ«°,Ê�³�¢±¹X¢[À�Á«°,Ê8²´·iË[°/ÁPÈ8°,²K³Ì°�µ�¢iÁe¹X¢[Ê8°/Ê|³´°
°

Cerro

ìs¢¦µ,¼8²K³�¢«È¤¢¦°,À´À�¢eÈY°'¹YÀ�¢�µ,°,²#²Ì·iÁ«°,Ê�³�¢8Ð
¯d¢'°/Ê�³ë·iÊ�³�¢Y¾�°%Ó�ÆÇ²#³´°Â¼8ÁÉ·<À#°,²K³ÌÀ´Æ6�H¡ ¢qÊ¤¡ ¢!Òm³´À´ÆÏÄ�ÆÇ·i½�¹z·iÀÌ·-·<µ¥¢[Á¶Ã8Æ»Êz·��H¡�¢qÈ8°,²#²´°,²O³ÌÀ��,²âµ,À#Æ»³´ì,À´Æ�¢[²�x

²�¡ ¢ÂÄi·!½´¢[À#°,²�È8°+ÎzÊ8ÆÇÈ±¢[²1°,ÁP¼8ÊYÆÇÈz·iÈY°,²1µ�¢[Á«¹8½»°/³ë·!Áe°/Ê|³´°QÈ8ÆÏ¿ï°,À´°/Ê�³Ì°,²/Ð ø µ�¢iÁ¶Ã8ÆÇÊ8·��H¡ ¢ÂÈ¤¢i²vÁ«°,²#Á�¢i²
°É·!³ÌìÉ·Þ·iÈ¤¢"�H¡�¢wÈ8°}¼YÁ ¿3· ³�¢[À�Û�¼Y°}Ë�·iÀ´·iÊ�³ë·w·ÝÆÇÁ«¹ ¢[ÀK³lkiÊYµ,Ææ·ÜÈ8°e¼8Áýµ,À´ÆÏ³Ìì/À´Æ´¢�²�¢iÃ8À´°�¢Ó¢[¼Y³ÌÀ�¢
Î8µ¸·Éµ¥¢[Áe¹YÀ�¢[Á«°/³´ÆÇÈz·YÐÂ¯±°,²K³Ì°¶µ,·i²�¢8¾L¼8Áe·e°,²K³ÌÀ´·!³Ìì/Ë[Ææ·«ìÅÀ´°,·i½ÇÆ»Õ¸·iÀÂ¼8Áe·eÊ±¢[À´Áe·i½ÇÆ»Õ¸·���¡ ¢àÈ8°Å¿J¢iÀ´Áe·
Û|¼8°±³�¢�È¤¢[²O²´°:é´·iÁÔµ�¢[Ê�Ä[°/À#³´ÆÇÈ¤¢[²�¹z·iÀÌ·-¼8Áe·�Á«°,²#ÁÉ·-¼8Ê8Æ»Èz·iÈ8°=°±ÎzÛ|¼8°/Á ÈY°,Ê�³ÌÀ�¢¶È8°	¼YÁÉ·-Áe°/²´Áe·
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�Åp�Æ;X;M c uF�rX�æ�x`¯q°,À´· ø ÀKÄ®¢[À#°
� e uFMOR�Y[RNx`]Gµ�¢[Á«¹X¢[Ê8°,Ê�³´°

origcomp
À´·iÆÇÕqµ,·i½Çµ/¼8½æ·!È¤¢àÊz·àÆ»³´°,ÀÌ·l�H¡ ¢¦·iÊ�³´°,À´Æ�¢[À,Ð�s

nuloÊ8·¦¹YÀ´ÆÇÁ«°,Æ»ÀÌ·Å°%Ó�°,µ,¼��H¡ ¢}È8·
GeraArvore� e uFMOR�Y[RNx6Ñ©·iÀ#³´Æe��¡ ¢¦Èz·àÃz·i²´°-È8°-Èz·!È¤¢[²

basedados
µ¥¢[Ê�³Ì°,ÊYÈ¤¢<¢¦²´¼YÃLµ¥¢[Ê é#¼8Ê�³�¢«Èz·¦Ãz·i²#°

ÈY°'È8·iÈ¤¢[²Â²´°/½Ç°/µ,Æ´¢iÊz·iÈ¤¢¦Êz·àÆ»³´°,À´·��H¡ ¢«·iÊ�³´°,À´Æ�¢[À,ÐQ¯	·¦¹8À´Æ»Áe°/ÆÇÀÌ·�°+Ó�°,µ/¼��H¡ ¢eÈz·
GeraArvore

°,²K³Ì°-À´°/µ,°,Ã
°-³�¢�Èz·¦·¦Ã8·i²´°-È8°'Èz·iÈ¤¢i²@È8°q³ÌÀ´°/ÆÇÊz·!Áe°/Ê|³�¢� e uFMOR�Y[RNx�çO·!½´¢[À
val

È¤¢à· ³ÌÀ´Æ»Ã8¼Y³�¢
origcomp

µ¥¢[Ê8²´Æ»È8°,À´·iÈ¤¢àÊ8°/²#³Ì·¦ÆÏ³Ì°/ÀÌ·���¡ ¢8Ðâs
nulo

Ê8·
¹YÀ´ÆÇÁ«°,Æ»ÀÌ·Å°%Ó�°,µ,¼��H¡ ¢eÈz·

GeraArvore� e uFMOR�Y[RNx6ê�Æ»²#³ë·àÈ8°-µ¥¢[Áe¹X¢[Ê8°/Ê�³Ì°,²
listacomp

·à²´°/ÀÂµ�¢[Ê8²#ÆÇÈ8°/ÀÌ·iÈ±¢eÊ8°/²#³Ì·«ÆÏ³Ì°,À´·��H¡�¢8Ðâ¯	·
¹YÀ´ÆÇÁ«°,Æ»ÀÌ·Å°%Ó�°,µ,¼��H¡ ¢eÈz·

GeraArvore
À´°/µ,°/ÃL°�·à½ÇÆÇ²K³ë·¶µ¥¢[Áe¹Y½Ç°/³Ì·¶È¤¢[²

µ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°/²stN�_on[pvuFR�Y9X2x!� ø �Ê��7�Ëçµ�¢[Ê�³Ì°/Ê8È¤¢�¢«ËiÀÌ·!¿J¢àË[°/ÀÌ·iÈ±¢Ì NQÆ c@eÍ c Ñ
listacomp 6= ∅ E basedados 6= ∅

uOè9N eÏ
comp← é ×�êK×�ë�ìWÜOí�ÙxîT×�êOï`ÜxØ�ð�ÜFñ�ò;ÜOíT×xí�ó�×�Ý �µ�e��#���E - \qZ Þ Jr�s�9��D��KD - � ßÐ
listacomp = listcomp− {comp}Ó c Ñ

nao ô ×QÙ�ê�ìOõ�Ùbö�Üx÷�Ù>Ý E - \qZ ß uOè9N eÔ
MATRIZ(origcomp, val)← compÕ
baseSpam← {dados ∈ basedados | basedados(comp) = spam}à
baseNSpam← {dados ∈ basedados | basedados(comp) = naospam}á Ö�×WØ�ÙWÚ�ØKÛ�ÜxØ�×>Ý

comp Þ baseSpam Þ spam Þ listacomp ßø Ö�×WØ�ÙWÚ�ØKÛ�ÜxØ�×>Ý
comp Þ baseNSpam Þ naospam Þ listacomp ßÍ§ù

N e YÍoÍ
�Åp�Æ;X;M c uF�rX�ú�x 5 °,½Ç°/µ,Æ�¢[Êz·��Ý°/½Çå¤¢iÀëûb¢[Á«¹ ¢iÊ8°,Ê�³Ì°
� e uFMOR�Y[RNx6ê�Æ»²#³ë·àÈ8°-µ¥¢[Áe¹X¢[Ê8°/Ê�³Ì°,²

listacomp
·à²´°/ÀÂµ�¢[Ê8²#ÆÇÈ8°/ÀÌ·iÈ±¢eÊ8°/²#³Ì·«ÆÏ³Ì°,À´·��H¡�¢8Ðâ¯	·

¹YÀ´ÆÇÁ«°,Æ»ÀÌ·Å°%Ó�°,µ,¼��H¡ ¢eÈz·
SelecionaMelhorComponente

À´°/µ,°/ÃL°�·à½ÇÆÇ²K³ë·
µ¥¢[Á«¹8½Ç°+³ë·¶È¤¢[²Âµ¥¢[Áe¹X¢[Ê8°/Ê�³Ì°,²� e uFMOR�Y[RNx6Ñ©·iÀ#³´Æe��¡ ¢¦Èz·àÃz·i²´°-È8°-Èz·!È¤¢[²

basedados
µ¥¢[Ê�³Ì°,ÊYÈ¤¢<¢¦²´¼YÃLµ¥¢[Ê é#¼8Ê�³�¢«Èz·¦Ãz·i²#°

ÈY°'È8·iÈ¤¢[²Â²´°/½Ç°/µ,Æ´¢iÊz·iÈ¤¢¦Êz·àÆ»³´°,À´·��H¡ ¢«·iÊ�³´°,À´Æ�¢[À,ÐQ¯	·¦¹8À´Æ»Áe°/ÆÇÀÌ·�°+Ó�°,µ/¼��H¡ ¢eÈz·
SelecionaMelhorComponente

°,²K³Ì°-À´°/µ,°,Ã
°-³�¢�Èz·¦·¦Ã8·i²´°-È8°-Èz·iÈ±¢[²ÂÈ8°
³´À´°/ÆÇÊz·iÁ«°,Ê�³�¢Ì NQÆ c@eÍ

maiorUtl ← 0Ï Ñ X;M
c ∈ listcomp

Y9XÐ
utl ← ûWü í`ëWÙ�Üx÷�×Cý�ó`ìWê�ìO÷�ÙW÷�×�Ý E Þ Jr�s�9��D��KD - � ßÓ c Ñ

utl > maiorUtl
uOè9N eÔ

selComp← cÕ
maiorUtl ← utl

à
MONKuFX;M e R

cá N e Yø
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°/²´µ,·i½æ·Y¾f¹X¢[À´ì/Á�²´°/Áúµ¥¢[Á«¹8À�¢[Á«°/³´°,ÀÂ²´°/¼Þµ�¢iÁe¹X¢[À#³Ì·iÁ«°,Ê�³�¢"¢[À´Æ»Ë[ÆÇÊ8·i½�ÐO¯�¢eµ¸·i²�¢}Èz·«°/¿ï°/³´Æ»Ä�ÆÇÈ8·iÈ8°i¾
¼YÁÉ·-Ä[°,Õ	Û�¼Y°<°,½Ç·�ì	ÈY°/ÎzÊ8Æ»Èz·ÅÊ¤¢Åµ¸·i¹8ºÏ³Ì¼8½�¢kj'¹L°/½æ·'°,Û|¼z·���¡ ¢�jYÐÏüi¾Y¹X¢�È8°+Òm²´°=¿3·!µ,ÆÇ½»Áe°/Ê�³Ì°Â¹L°/À´µ/°,Ã
°,À
Û|¼8°Â·=Áe°/²´Áe·�é´ä<²´°)°/Ê8µ�¢iÊ|³´ÀÌ·qÊ¤¢[À#ÁÉ·!½ÇÆÇÕ,·iÈz·Â°)²´°/¼8²QÄ!·i½´¢iÀ´°,²vÄ!·iÀ´ÆÇ·iÁG°,Ê�³ÌÀ#°ÂÙ	°qü[Ð 5 °,Ê8È¤¢-·!²´²´Æ»ÁÝ¾
²�¢[Á«°,Ê�³Ì°-È8°+Ä[°,Á�²#°,À±Ê¤¢[À#ÁÉ·i½»ÆÇÕ,·iÈz·i²�·i²@Äi·!À´Ææä¸Äi°,ÆÇ²

custoproc

°
Cerro

Ð
ø ¿ï¼YÊ��H¡ ¢ÜÈY°¶Ê¤¢[À#ÁÉ·i½»ÆÇÕ,·��H¡ ¢e·iÈ¤¢!³ë·iÈz·e¹ ¢�È8°Å²#°,Àq°%ÓY¹YÀ´°,²#²Ì·Ü¹X¢[À	Á«°,Æ�¢ÉÈz·}°/Û�¼8·��H¡ ¢Y�YÐ þ�Ð-s

¹X¢[²#²´º»Äi°,½�¹
°,À#µ,°,Ã
°,À�Û|¼8°�ìâÊ8°/µ,°/²´²Ìä!À´Æ´¢Âµ¥¢[Ê8å8°/µ,°,À;¢[²�½»ÆÇÁ«Æ»³´°,²
È8°�µ¸·iÈz·�Ä!·iÀ#Ææä¸Ä[°/½�·@²´°/À�Ê¤¢[À´Áe·i½»ÆÇÕ¸·!Èz·YÐ
ûb¢iÁ À#°,½æ·l�H¡ ¢q·�¢<µ,¼8²K³�¢qÈ8°�¹8À�¢�µ,°/²´²Ì·!Áe°/Ê|³�¢8¾�°,²#²´°/²O½»ÆÇÁ«Æ»³´°,²1²�¡ ¢=¿3·iµ,Æ»½ÇÁ«°,Ê�³Ì°OÈ8°/Î8Ê8ÆÇÈ¤¢i²,Ðc]�½ÇÆ»ÁeÆÏ³Ì°
Æ»ÊY¿ï°,À#Æ´¢[ÀÅìÜ°+ÓY·!³ë·!Áe°/Ê|³´°�¢JÄ!·i½�¢[À,¾�È8°/Ê|³´À´°Ü³�¢�È¤¢[²�¢[²àµ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°/²eµ¥¢[Ê8²´Æ»È8°,À´·iÈ¤¢[²/¾6È±¢�Á«°,Ê¤¢iÀ
µ/¼8²#³�¢pÈ8°J¹8À�¢�µ,°/²´²´·iÁe°/Ê�³�¢8Ð ]ãÁ«°,²´Á"¢�È8°+Ä[°W¢�µ¥¢[À´À#°,À}µ¥¢[Á ¢p½»ÆÇÁ«Æ»³Ì°E²#¼8¹L°/À´Æ�¢[À,¾±Ê8°,²K³Ì°çµ¸·!²�¢
¢JÄ!·i½�¢[Ààµ�¢[ÊY²´ÆÇÈY°,ÀÌ·!È¤¢çì�¢5Áe·iÆ´¢[À�µ,¼8²K³�¢�È8°E¹8À�¢�µ,°/²´²Ì·!Áe°/Ê|³�¢�È8°/Ê�³ÌÀ´°�¢[²¦µ/¼8²#³�¢[²eÈY°E³�¢�È±¢[²�¢[²
µ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°/²±È±¢e²#ÆÇ²#³´°,Áe·YÐ

N =
valor − limiteinferior

limitesuperior − limiteinferior

� �8Ð þ %
5 °/Ê8È¤¢W¢Þµ/¼8²#³�¢JÈ¤¢J°,À#À�¢ÞÈ8°Éµ,½æ·!²´²´ÆÏÎzµ¸·l�H¡ ¢w³Ì·iÁ¶Ã
ì,ÁýÈ8°/Î8Ê8ÆÇÈ¤¢wÊ¤¢Jµ¸·i¹Yº»³Ì¼Y½´¢pjÝ¹L°/½æ·w°/Û�¼8· Ò

��¡ ¢|jYÐn3�¾gìÅ¿3·!µ,ÆÇ½»Áe°/Ê�³Ì°Å¹
°,À#µ,°/¹Y³ÌºÏÄ[°,½âÛ|¼8°à²#°,¼JÄ!·i½´¢iÀ	¹X¢�È8°�Äi·!À´Ææ·!À	È8°àÙ � Ê8°,ÊYå�¼YÁÉ·ÜÁ«°,Ê8²´·iË[°,Á
ìwµ,½æ·!²´²´ÆÏÎzµ¸·!Èz·�Æ»Ê8µ�¢[À#À´°+³ë·iÁ«°,Ê�³Ì° % ·!³´ì

ML ∗ α + MS ∗ β
¾m¢[Ê8ÈY°

ML

ì�¢�³�¢i³Ì·i½=ÈY°ÞÁe°/Ê8²Ì·^Ò
Ëi°,Ê8²q½»°,Ë[ºÏ³ÌÆÇÁe·i²ÂÈz·ÜÃz·i²#°àÈ8°àÈz·iÈ±¢[²<µ�¢iÊ8²´Æ»È8°,À´·iÈz·Ü°

MS

ìõ¢}³�¢i³Ì·i½cÈ8°àÁ«°,ÊY²Ì·iË[°/Ê8²qÁe·i½ÇÆ»µ,Æ´¢i²Ì·i²
ÈY°,²#³Ì·ÞÁe°/²´Áe·ÝÃz·!²´°iÐÞá�²#²´°ÉÄ!·i½�¢[À'²´¼8¹
°,À#Æ´¢[À�À´°w�8°/³Ì°}·w²´ÆÏ³Ì¼z·���¡ ¢wÊ8·wÛ|¼z·i½�¼YÁ Î8½»³ÌÀ�¢wÀ#°¸·i½»ÆÇÕ¸·�·
µ/½æ·i²#²´ÆÏÎzµ¸·���¡ ¢¦ÆÇÊ�Ä[°/À#³´ÆÇÈz·YÐ

¯d¢�¹8À�¢�µ/°,²#²�¢'È8°Âµ¸äi½»µ,¼8½�¢qÈz·<¿ï¼8Ê��H¡�¢�È8°Â¼Y³´ÆÇ½»ÆÇÈz·iÈY°�È8°Âµ¸·!Èz·'µ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°@È8°+Ä[°/Á ²#°,À�µ�¢iÊ8²´Æ Ò
ÈY°,ÀÌ·!È¤¢[²vµ�¢[Á"¢=°/Ê�³ÌÀÌ·!Èz·]¢[²v²´°/Ë[¼8ÆÇÊ�³´°,²cÈ8·iÈ¤¢[²vÈ¤¢[²vµ�¢[Á«¹X¢[Ê8°,Ê�³´°,²�xvµ,¼Y²#³�¢	È8°6¹YÀ�¢�µ,°,²#²Ì·iÁ«°,Ê�³�¢<¹ ¢iÀ
Á«°,ÊY²Ì·iË[°/ÁÝ¾U¢}Ê��8Á«°,À�¢ÉÈ8°�Áe°/Ê8²Ì·!Ë[°,Ê8²=½Ç°/Ë[º»³´ÆÇÁe·i²@µ,½Ç·i²´²#Æ»Îzµ,·iÈz·i²±µ�¢[Á"¢ÉÁe·i½»ÆÇµ,Æ�¢[²Ì·!²,¾¤¢eÊ"�YÁe°/À�¢
ÈY°'Á«°,ÊY²Ì·iË[°/Ê8²±ÁÉ·i½»ÆÇµ/Æ´¢[²´·i²�µ/½æ·i²#²´Æ»Î8µ¸·iÈz·!²±µ¥¢[Á"¢«½»°,Ë[ºÏ³ÌÆ»ÁÉ·i²6°'·«°+¿ï°/³ÌÆÏÄ�ÆÇÈz·iÈY°'Ëi°,ÀÌ·!½�Ðc�	°+Ä[°,Á ²#°,À
µ¥¢[Ê8²#ÆÇÈ8°/ÀÌ·iÈ¤¢i²<·iÆ»Ê8Èz·�¢i²±Ä!·i½�¢[À´°/²=Áeä Ó�ÆÇÁ"¢¦°ÅÁ«ºÇÊ8Æ»Á�¢¦È¤¢eµ,¼8²K³�¢}È8°�¹8À�¢�µ,°/²´²´·iÁe°/Ê�³�¢Ü¹X¢[À=Á«°,Ê�Ò
²´·iË[°/Á È¤¢[²Âµ�¢iÁe¹X¢[Ê8°/Ê|³´°,²/¾P¢«³�¢i³ë·i½LÈ8°'Áe°/Ê8²Ì·iËi°,Ê8²Â½Ç°/Ë[º»³´ÆÇÁe·i²OÈz·«Ã8·i²´°-È8°-Èz·iÈ±¢[²Â°i¢«³�¢i³ë·i½�È8°
Á«°,ÊY²Ì·iË[°/Ê8²ÂÁÉ·!½ÇÆÇµ/Æ´¢[²´·i²�È8·¦Ã8·i²´°'È8°-Èz·iÈ¤¢i²,Ð

tz°,ÆÏ³ë·±·±Ê±¢[À´Áe·i½ÇÆ»Õ¸·���¡ ¢8¾^·@¿ï¼8Ê���¡ ¢
Γ(efetiv, custoproc, Cerro)

³�¢[À#Êz· Ò:²#°6¹8·i²´²#º»Ä[°/½�ÈY°6²#°,Àvµ¸·i½ Ò
µ/¼8½æ·!Èz·YÐQÑ©·iÀÌ·'°/¿ï°/Æ»³�¢'È8°±°+Ó�°,Á«¹8½»Æ»Îzµ,·��H¡ ¢Y¾|·-¿ï¼8Ê��H¡ ¢Å·iÈ¤¢i³Ì·iÈz·-Ê¤¢�°/²#³´¼8È¤¢ÅÈY°=µ,·i²�¢Å·i¹8À´°/²´°/Ê|³Ì·iÈ¤¢
Ê±¢¶µ¸·i¹Yº»³Ì¼Y½´¢Åþ�ì

Γ(efetiv, custoproc, Cerro) = % ∗ efetiv +κ ∗ custoprocnorm
+ ρ ∗Cerronorm

¾
¢iÊ8È8°

%
¾
κ
°

ρ
²�¡ ¢Ý¿3· ³�¢[À#°,²'È8°}·^é#¼Y²#³Ì°/²¶Û|¼8°ÉÈY°/³Ì°/À´Á«ÆÇÊz·!Á ·ÝÆÇÁ«¹X¢[À#³�kiÊ8µ,ÆÇ·}È8°Éµ,·iÈz·�¼8Á È¤¢[²
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¹8·iÀÌ·��wv�°/²=°/Ê�³ÌÀ´°�¢[²=Á«°,²#Á�¢i²=µ¥¢[Á À´°,½Ç·��H¡�¢É· ¢«³Ì°/Áe¹X¢ÉÈ8°'¹8À�¢�µ/°,²´²´·iÁ«°,Ê�³�¢8¾LÊ��8Áe°/À�¢eÈ8°ÅÀ#°,Ë[À´·i²
Æ»Áe¹Y½Ç°,Á«°,Ê�³Ì·iÈz·i²)°q°+¿ï°/³´Æ»Ä�ÆÇÈz·!È8°iÐ
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] o Z���\_�Q�r���s�r����� ì@¼8Áe·=¿ï°,À#ÀÌ·iÁ«°,Ê�³Ì·<È8°,²#°,Ê�Ä®¢[½ÏÄ�ÆÇÈz·q²�¢iÃ8À´°Â·<½»ÆÇÊ8Ë[¼8·iË[°,Á ÈY°@¹8À�¢[ËiÀÌ·iÁe·��H¡�¢
+ ���Å� °qì-Ãz·!²´°¸·!Èz·«Ê8·e·iÊ8äi½ÇÆ»²´°<È8°-µ¥¢[Ê�³Ì°��YÈ¤¢eÈY°'Á«°,ÊY²Ì·iË[°/Ê8²=·!³ÌÀ´·WÄiì,²ÂÈ8°-À´°/Ë[ÀÌ·!²,ÐOáâ²´²Ì·!²=À#°,Ë[À´·i²
²�¡ ¢8¾�Ë[°/ÀÌ·i½»Áe°/Ê�³Ì°i¾�Æ»Áe¹Y½Ç°,Á«°,Ê�³Ì·iÈz·i²©¹ ¢[ÀâÁ«°,Æ�¢<È8°Â°+Ó�¹8À#°,²#²&v�°,²�À#°,Ë[¼Y½æ·iÀ#°,²QÛ|¼8°ÂÄ�ÆÇ²Ì·!Á�Ã8¼8²#µ¸·iÀ�¹z·^Ò
ÈYÀ&v�°,²vµ�¢[Ê8åY°,µ,Æ»È¤¢[²©Êz·i²cÁ«°,ÊY²Ì·iË[°/Ê8²Q·¸Ä!·i½»Ææ·iÈz·!²,Ð©û)·iÈz·±À´°,ËiÀÌ·=¹X¢[²#²´¼8Æ�¼8Áe·±¹X¢[Ê�³Ì¼z·l�H¡ ¢8¾!¹ ¢�È8°/Ê8È¤¢
²#°,ÀÂÊ8°/Ë�·!³ÌÆÏÄ!·�¢i¼�¹X¢[²#Æ»³ÌÆÏÄ!·YÐ

]�¿ï¼8Ê8µ/Æ´¢[Êz·!Áe°/Ê|³�¢�È8°,²#²Ì·�¿ï°,À#ÀÌ·iÁ«°,Ê�³Ì·�ìJÃz·i²#³Ì·iÊ�³Ì°J²#ÆÇÁ«¹8½Ç°/²,ÐGÑâÀ´Æ»Áe°/ÆÇÀÌ·!Áe°/Ê|³´°wÈ8°+Ä[°J²#°,À
°/²´µ¥¢[½Çå8Æ»Èz·E¼8ÁÉ·ÜÊ¤¢!³ë·ÝÈY°eµ¥¢[À#³´°eÛ|¼8°«²´°/À#Ä[°e¹z·iÀ´·Ý²´°/¹z·iÀ´·iÀÅ·!²'Á«°,ÊY²Ì·iË[°/Ê8²Åµ/½æ·i²#²´ÆÏÎzµ¸·iÈ8·i²-µ�¢[Á"¢
Áe·i½»ÆÇµ,Æ�¢[²Ì·!²«È8·i²ÜÁe°/Ê8²Ì·!Ë[°,Ê8²Ü½»°,Ë[ºÏ³ÌÆ»ÁÉ·i²/Ð Ñc·!ÀÌ·�µ¸·iÈ8·�Áe°/Ê8²Ì·iËi°,Á Û|¼8°çìw³´°,²K³ë·iÈz·�¾=³�¢�Èz·i²}·i²
À#°,Ë[À´·i²«²�¡ ¢�¹YÀ�¢�µ,°,²#²Ì·iÈ8·i²,Ð áâ²´²Ì·�Áe°/Ê8²Ì·iËi°,Á�¾)Ê¤¢�Æ»Ê8ºÇµ/Æ´¢çÈ¤¢�¹8À�¢�µ,°/²´²�¢Y¾@À´°,µ/°,Ã
°�¢�Ä!·i½�¢[À¦Õ,°/À�¢
µ¥¢[Á"¢'Ê±¢i³ë·-ÆÇÊ8Æ»µ,ÆÇ·i½�Ð ^<¼z·iÊ8È±¢�¼8Á�ÈY°/³Ì°/À´Á«ÆÇÊz·!È¤¢-¹z·iÈ8À�¡ ¢-ì=°/Ê8µ�¢[Ê�³´ÀÌ·iÈ¤¢Y¾Y·-Ê¤¢i³Ì·'Èz·-Á«°,Ê8²´·iË[°,Á
ìÅÆÇÊ8µ/À´°,Á«°,Ê�³Ì·iÈz·Éµ¥¢[Á.¢i²<¹ ¢iÊ|³�¢[²	À#°/¿ï°/À´°,Ê�³´°,²_�ÉÀ´°/²´¹
°,µ+³ÌÆ»Ä!·}À#°,Ë[À´·YÐT�	°/²#³ë·}¿J¢[À#ÁÉ·�¾L·�¢}ÎzÊz·i½vÈ¤¢
¹YÀ�¢�µ,°,²#²�¢¶ÈY°	µ,½Ç·i²´²#Æ»Îzµ,·��H¡�¢8¾K¢ ��m[\h����� ³´°,ÁÔ¼8Áe·'Ê¤¢!³ë·'Î8Êz·i½
Û�¼Y°	ì	µ¥¢[Á«¹z·iÀÌ·!È¤¢�µ¥¢[Áp¢�Ä!·i½�¢[À�È8°
µ¥¢[À#³´°iÐ 5 °¦°/²´²Ì·�Ê¤¢i³Ì·E°/²#³´Æ»Ä[°/À'·iµ,Æ»ÁÉ·}È8°/²´²#°«Ä!·i½�¢[À,¾ð¢ ��m[\h����� ì¦µ,½æ·!²´²´ÆÏÎzµ¸·!È¤¢Eµ�¢[Á"¢ÜÁÉ·!½ÇÆÇµ/Æ´¢[²�¢8¾
µ,·i²�¢«µ�¢iÊ|³´ÀÌäiÀ#Æ´¢8¾�ì-µ,½æ·!²´²´ÆÏÎzµ¸·!È¤¢¦µ�¢[Á"¢¦½Ç°,Ëiº»³ÌÆ»Á�¢YÐ

Ñ©·iÀÌ·EÁe°/½Çå¤¢iÀ<°+Ó�°,Á«¹8½»Æ»Îzµ,·iÀ,¾gÄ!·iÁ"¢[²q²´¼Y¹ ¢[À-Û|¼8°«·i²-À´°/Ë[ÀÌ·!²'Æ»Áe¹Y½Ç°,Á«°,Ê�³Ì·iÈz·i²<Ê±¢
o Z���\_�q��m
���s�r����� È8°q¼8Á È8°+³Ì°,À#ÁeÆ»Êz·iÈ¤¢Å²´ÆÇ²K³Ì°/ÁÉ·ÅÈY°<µ�¢[À#À´°/Æ´¢¶°/½Ç°/³´À´Í[ÊYÆÇµ�¢Å²´°�é´·!Á
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�à°,²#³´°-²´ÆÇ²K³Ì°/ÁÉ·¶°/²#³ëä¦È8Æ»²´¹X¢[Ê8ÆÇÃYÆÇ½ÇÆ»Õ¸·iÈ±¢ÅÊz·¶³ë·!ÃL°/½æ·¦þ�ÐÏü[Ð ø �8Ê8Æ»µ¸·àÁ«°,Ê8²´·iË[°,Áíµ,½æ·!²´²´ÆÏÎzµ¸·!Èz·
µ¥¢[Á"¢ÝÁe·i½ÇÆ»µ,Æ�¢[²Ì·Éì«·
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µ/½æ·i²#²´ÆÏÎzµ¸·iÈ8·eµ�¢iÁ�¢e½Ç°,Ëiº»³ÌÆ»ÁÉ·�¹ ¢[Æ»²=°/Ê8µ�¢iÊ|³´ÀÌ· Òm²´°¶°%ÓY·!³ë·iÁ«°,Ê�³´°ÅÊ¤¢e½ÇÆÇÁ«Ææ·!À,Ð)áâ²K³Ì°Å°%Ó�°,Á«¹8½´¢e²´°,ÀKÄ[°
¹8·iÀÌ·ÉÈY°,Á"¢[Ê8²#³´ÀÌ·iÀ	Û�¼Y°i¾�Ãz·i²#ÆÇµ,·iÁe°/Ê�³Ì°i¾LÀ´°/Ë[ÀÌ·i²	µ�¢[Áú¹ ¢iÊ|³´¼z·���¡ ¢Ü¹ ¢i²´Æ»³´Æ»Ä!·eÃY¼8²´µ,·iÁ Æ»È8°,Ê�³ÌÆÏÎzµ¸·!À
¹8·iÈ8À&v�°,²=°,Ê8µ¥¢[Ê�³ÌÀ´·iÈ¤¢[²<°/Á �[Z���\k� ¾�é´äe·i²	À#°,Ë[À´·i²	µ¥¢[Á ¹ ¢[Ê�³´¼z·��H¡�¢}Ê8°,Ë[·!³ÌÆÏÄi·«Ã8¼8²#µ¸·iÁú¹z·iÈ8À�v�°/²
µ¥¢[Á¶¼8Á«°,Ê�³´°'°/Ê8µ�¢iÊ|³´ÀÌ·iÈ±¢[²Â°,Á Á«°,Ê8²´·iË[°/Ê8²=½»°,Ë[ºÏ³ÌÆ»ÁÉ·i²/Ð

�±°/Ë[ÀÌ·!² ¯�¢i³Ì·�tcÆÇÊz·!½
RA RB RC RD
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þ Ù Ù ü ÿ
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þ Ò[j 3 Ù �
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Ù Ù 3 ü j
�c·iÃ
°,½Ç·«þ�Ð»ü�x°�c·iÃ
°,½Ç·àÈ8°'áQÓ�°/Áe¹8½�¢¦È8° ø Ä!·i½»Ææ·���¡ ¢¶È8°��Ý°/Ê8²Ì·iËi°,Ê8²=Ê¤¢Yo Z���\_�Q�r���s�r�����

ø °,²#µ�¢[½»åz·çÈz·5Ê±¢i³ë·çÈ8°Eµ�¢[ÀK³Ì°Eì�¼8Áè¹X¢[Ê�³�¢5µëåz·¸Ä[°wÊ±¢5¹YÀ�¢�µ,°,²#²�¢8Ð ¯�¢i³Ì·i²¦Á¶¼8ÆÏ³�¢JÃz·iÆ ÓY·i²
³�¢[À´Ê8·iÁq¢'²´ÆÇ²K³Ì°/ÁÉ·q°+Ó�³´À´°,Áe·iÁ«°,Ê�³Ì°ÂÀ#ÆÇË®¢[À�¢[²�¢Y¾[¿3·iÕ,°/Ê8È¤¢'µ�¢[Á�Û|¼8°d¢�µ¥¢[À´À´·iÁ�ÁÅ¼8Æ»³�¢[²Q¿3·i½Ç²�¢[²â¹X¢[²´Æ Ò
³´Æ»Ä ¢[²,Ðcá�ÁNµ�¢iÊ|³´ÀÌ·i¹8·iÀ#³´ÆÇÈz·Y¾!Û|¼z·iÊ8È¤¢	°,²#³Ì·i²â²�¡�¢<Á¶¼8ÆÏ³�¢<·!½»³ë·!²,¾ ¢�µ¥¢[À´À#°�°,Ê�³�¡ ¢q¼8Á ·i½»³�¢=Ê��8Á«°,À�¢qÈ8°
¿3·!½Ç²�¢i²6Ê8°/Ë�·!³´Æ»Ä®¢i²	Ö�8!ÚlÐâáâÁ ÊY°,Ê8å|¼8Áe·ÅÈ8°/²´²Ì·!²)²´ÆÏ³Ì¼z·��wv�°/²�·'°/¿ï°+³ÌÆ»Ä�Æ»Èz·iÈ8°±È¤¢Å²#ÆÇ²K³Ì°,Áe·�ì=²Ì·!³´ÆÇ²K¿3·!³Ìî!Ò
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À#Ææ·YÐD] Ä!·i½�¢[ÀQÆ»È8°¸·i½�¹z·iÀ´·'·qÊ¤¢!³ë·qÈ8°@µ�¢iÀ#³Ì°@ÈY°,¹
°,Ê8È8°/ÀÌä'È¤¢-¹z·iÈ8À�¡ ¢qÈ8°Â¼Y³ÌÆ»½ÇÆ»Õ¸·���¡ ¢	È¤¢-²#ÆÇ²#³´°,Áe·qÈ8°
µ¥¢[À´À#°,Æ�¢�°/½Ç°/³´À´Í[ÊYÆÇµ�¢YÐâûb¢[Á"¢�°%Ó�°,Á«¹8½´¢8¾|°/ÁùÖ�8!Ú
À´°/µ�¢[Á«°,ÊYÈz· Ò:²#°=Û|¼8°=°,ÁÔÑâÀ�¢WÄi°,È¤¢[À#°,²)ÈY° 5 °/À#Ä�Æe�¥¢[²
ÈY°Y7:Ê|³´°,À#Ê8°/³ � 7 5 Ñ % °,²´²#°}Ä!·i½´¢[À�È8°/Äi°E²´°,ÀÅÁÉ·iÆ»²Åµ¥¢[Ê8²´°/À#Ä!·iÈ¤¢iÀ,¾âÄ!·iÀ´ÆÇ·iÊ8È¤¢Þ°/Ê�³ÌÀ´°|8Þ°wüWÙÞ°i¾�°,Á
µ,·i²�¢wÈ8°}²´Æ»²#³´°,Áe·i²�¢[ÊYÈ8°}·i²�Áe°/Ê8²Ì·!Ë[°,Ê8²Åµ,½æ·!²´²´ÆÏÎzµ¸·!Èz·i²Åµ¥¢[Á"¢wÁe·i½ÇÆ»µ,Æ´¢i²Ì·i²q²�¡ ¢Þ²´¼YÁÉ·iÀ#Ææ·iÁ«°,Ê�³´°
ÈY°,²´µ,·iÀ#³Ì·iÈz·i²/¾f°,²#³´°qÄi·!½´¢[À)ÈY°/Ä[°�²´°/À±²#¼8¹
°,À´Æ�¢[ÀÂ·Üü^þ�Ð

ø Áe·iÆ�¢[À´ÆÇ·±Èz·!²âÀ´°,ËiÀÌ·i²Q²�¡ ¢qÆÇÁ«¹8½»°,Á«°,Ê�³ë·iÈ8·i²©¹
°,½�¢[²Q¹8À#î[¹8À#Æ´¢[²c·iÈ8Á«ÆÇÊ8Æ»²#³ÌÀ´·iÈ¤¢[À#°,²©È8°)²´Æ»²#³´°,Áe·i²
ÈY°=µ¥¢[À´À#°,Æ´¢'°,½»°/³´À´Í[Ê8Æ»µ�¢-°±È8°/Äi°,ÁÔ²´°/À6À#°/Ä�ÆÇ²´·iÈz·i²O°	·Wé#¼8²#³Ì·iÈz·i²6¹L°/À´Æ´¢�È8Æ»µ¸·iÁ«°,Ê�³Ì°!Ð 7:²K³�¢�È8°/Äi°]¢�µ�¢[À�Ò
À#°,Àq¹X¢[À´Û|¼8°õ¢i²<³ÌÀÌ·!Ê8²´Á«ÆÇ²#²�¢[À#°,²qÈ8°àÁ«°,Ê8²´·iË[°/Ê8²-ÊP¡ ¢ÜÈ8°/²´°�é´·!Èz·i²'·i¹8À#ÆÇÁ"¢[ÀÌ·iÁ ²#¼z·i²-²�¢iÎ8²#³ÌÆ»µ¸·iÈ8·i²
³´ì,µ/Ê8ÆÇµ,·i²±·¦µ,·iÈz·¦Ê¤¢WÄ!·¦¹YÀ�¢[¹X¢[²#³Ì·àÈ8°�µ¥¢[Á¶Ãz· ³Ì°¦Ö43l�iÚlÐ

ø ¹L°/²Ì·iÀEÈ8°/²´²Ì·!²�À#°,Ë[À´·i²ÜÄ!·iÀ´ÆÇäWÄi°,Æ»²,¾±°+Ó�ÆÇ²K³Ì°J¼8Á µ¥¢[Ê é#¼8Ê�³�¢ ¹8·iÈ8À�¡�¢ Û|¼8°çìJ¼Y³´ÆÇ½»ÆÇÕ¸·!È¤¢�¹z·iÀ´·
Æ»Áe¹Y½Ç°,Á«°,Ê�³Ì·��H¡ ¢eÈz·i²q³Ìì/µ,Ê8Æ»µ¸·i²qÈY°«µ¥¢[Á¶Ãz· ³Ì°¶¹8À#°,²#°,Ê�³Ì°/²ÅÊ¤¢�o Z���\_�q�r���s�r����� ¾g·i²qÛ|¼z·iÆ»²q²�¡ ¢EÈ8°%Ò
³Ì·i½Çå8·iÈz·i²@Êz·à¹8À#î¸ÓYÆ»ÁÉ·¶²#°���¡ ¢8Ð

â²�¨�²��� �u�d¡�£��d¡��W�º� }û�9�©�d¢J£�¤c¨q§c¡¶¢q§�������������� �!����"$#

� ¢�È±¢[²Î¢[²Q³Ì°/²#³Ì°/²6À#°¸·i½»ÆÇÕ,·iÈ¤¢[²â¹
°,½�¢uo Z���\_�Q�r���s�r����� ²�¡ ¢'Ãz·i²#°¸·iÈ¤¢i²O°/Á�·i½»Ë[¼8ÁG³ÌÆÇ¹X¢qÈ8°ÂÀ´°/Ë[ÀÌ·�Ð
¯=·ÅÈ8°+ÎzÊ8Æe��¡ ¢ÅÈY°,²´²#°,²/¾z°,ÁúÖ48 Ú�²�¡ ¢à·i¹8À#°,²#°,Ê�³ë·iÈ8·i²Âþ�µ/½æ·i²#²´°,²�È8°=³´°,²#³´°,²)ÈYÆÇ²#³´ÆÇÊ�³ë·!²�²�¢iÃ8À´°	·i²�Û|¼z·iÆ»²
²�¡ ¢�µ/À´Ææ·!È¤¢[²¦³�¢�È¤¢[²"¢[²e³´°,²#³´°,²/ÐPáâ²´²´·i²}µ,½Ç·i²´²#°,²}¹X¢�È8°,Á ²´°/ÀÉ²#°,¹z·iÀ´·iÈz·i²É°,Á È8¼z·i²eµ¸·!³´°,Ë®¢iÀ´Ææ·!²
Áe·iÆ�¢[À´°/²�x�½´¢�µ¸·!½�°6À´°/Á�¢i³Ì·YÐ ø ¹8À#ÆÇÁ«°,Æ»ÀÌ·ÂÀ´°/¿ï°/À´°%Ò:²´°�· ¢[²v³Ì°,²K³Ì°/²QÈ8°�µ¥¢[Ê�³Ì°w�8È¤¢qÃz·i²#°¸·iÈ±¢[²Q°,ÁGÀ#°,Ë[À´·i²
ÈYÆÇ²´¹X¢[Ê8ºÏÄ[°/ÆÇ²)½�¢�µ,·i½ÇÁ«°,Ê�³Ì°=Ê¤¢à²´°/À#Ä�ÆÇÈ±¢[À,ÐJî[äà·à²´°/Ë[¼8Ê8Èz·àìqÃz·!²´°¸·!Èz·à°,Áí²#°,ÀKÄ�Æ6��¢[²r¢i¿ï°/À´°/µ,ÆÇÈ±¢[²@¹ ¢iÀ
³´°,À#µ,°,Æ»À�¢[²/ÐQ¯±°,²´²´·Y¾�·i²âÁ«°,Ê8²´·iË[°,ÊY²â²�¡ ¢q°/Ê|Ä�ÆÇ·iÈz·i²â¹z·!ÀÌ·<²´°/À#Ä�ÆÇÈ±¢[À´°/²â°+Ó�³Ì°/À´Ê¤¢[²�Û|¼8°Â²�¡�¢qÈ8°,È8Æ»µ¸·iÈ±¢[²
�@Æ»È8°,Ê�³ÌÆÏÎzµ¸·l�H¡ ¢±È8°O·i²´²#ÆÇÊz· ³Ì¼8À´·i²1È8°�Áe°/Ê8²Ì·iËi°,Ê8²1Áe·i½ÇÆ»µ,Æ´¢i²Ì·i²/Ð1¯	·i²1¹8À#îWÓ�Æ»ÁÉ·i²�²#°��wv�°/²©ìâ¿ï°,ÆÏ³ë·@¼8Áe·
·!¹8À´°/²´°,Ê�³Ì·��H¡ ¢eÈ8°-µ¸·iÈ8·¦¼YÁÉ·àÈ8°/²´²Ì·!²=µ,·!³Ì°/Ë®¢[À´ÆÇ·i²,Ð
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°,½�¢)o Z���\_�q�r���s�r����� ¾�²�¡ ¢�°,ÊYµ�¢[Ê�³ÌÀ´·iÈz·i²��Ýµ/½æ·i²#²´°/²�È8°¦³Ì°/²#³´°,²

ÈYÆÇ²#³´ÆÇÊ�³�¢i²�x J - DbH ¾�, �&�KD"��� ¾ �&� B J - DbH °.- �Å� Ð�ûb¢[ÊY¿J¢[À#Áe°±é´äeÀ´°,½Ç·!³ë·!È¤¢8¾g·}Ã8·i²´°¶ÈY°,²´²#°,²-³Ì°/²#³Ì°/²qìà·
·!Êzäi½ÇÆ»²´°OÈ8°)µ¥¢[Ê�³Ì°��YÈ¤¢qÈz·i²QÁ«°,ÊY²Ì·iË[°/Ê8²,¾i¹ ¢�È8°,ÊYÈ¤¢q²´°/Àc¿ï°,ÆÏ³ë·i²v¹ ¢iÀcÁ«°,Æ´¢=È8°)°%ÓY¹YÀ´°,²#²&v�°,²âÀ#°,Ë[¼8½Ç·iÀ´°/²
¢i¼}Áe°/²´Á"¢¶·!³´ÀÌ·¸Ä[ì/²)È8°<Á«°,µ,·iÊ8Æ»²´Á"¢[²6ÈY°<·i¹8À#°,Ê8ÈYÆÇÕ¸·!È¤¢8¾�µ�¢[Á"¢ÅÀ#°,È8°/²@Ãz·0/[°,²#Ææ·iÊ8·i²,Ð�¯±°,²´²´·à²´°���¡ ¢
·!¹8À´°/²´°,Ê�³Ì·iÁ�¢i²,¾zÈ8°-Áe·iÊ8°,Æ»ÀÌ·¶²#¼8µ,Æ»Ê|³Ì·Y¾z°,²#²Ì·i²��¦µ,½Ç·i²´²#°,²,Ð
1 N�_IuFN�_��WX`� stNQÆ;MOR�_�Y[N � R Ì N�UWR�p�è9Xw_3254�607 896;:=<Oa3�±°/Ë[ÀÌ·i²�µ,À´ÆÇ·iÈz·i²�°+Ó�µ,½»¼8²´ÆÏÄi·!Áe°/Ê|³´°â¹z·iÀ´·

·WÄ!·i½»Ææ·���¡ ¢¶È¤¢¦µ,·iÃL°w�¸·i½»å¤¢¦Èz·i²ÂÁ«°,Ê8²´·iË[°,ÊY²,Ð
1 N�_IuFN�_��WX`� stNQÆ;MOR�_�Y[N � X;MOP�XrL n[MOX>20?A@B8�CD<Oa �Â°,Ë[À´·i²Üµ,À#Ææ·iÈ8·i²Ü°+Ó�µ,½»¼8²´ÆÏÄ!·iÁe°/Ê�³Ì°J¹z·iÀ´·

·WÄ!·i½»Ææ·���¡ ¢àÈ¤¢«µ�¢[À#¹ ¢¦Èz·¦Á«°,Ê8²´·iË[°,Á�Ð6¯�¢«°,Ê�³ë·iÊ�³�¢8¾fÊ8°,²K³Ì°'µ�¢[Ê�³Ì°%Ó�³�¢}µ¥¢[Ê8²´Æ»È8°,À´· Ò:²#°-µ�¢[Á"¢



ÿF;65²V9K�� A @GADC¸O�7DVW@ ��ÿ

µ�¢[À#¹ ¢ç²�¢iÁe°/Ê|³´°�·ç¹8·iÀ#³´°}³Ì°+Ó�³´¼z·i½@Èz·JÁ«°,Ê8²´·iË[°,Á�¾O²´°,ÊYÈ¤¢�ÈY°,²´µ,·iÀ#³Ì·iÈ¤¢[²à³�¢�È¤¢i²"¢iÃ�é#°/³�¢[²
È8°/ÎzÊYÆÇÈ¤¢[²Âµ¥¢[Á�¢�E � - �$m��U��1y#B
GF¼
3H E ø ¾8·i²ÂÛ�¼Y°,Ã8À´·i²=ÈY°'½»ÆÇÊ8å8·i²)°s¢[²r¢[Ã�é#°+³�¢[²ä! ���Ýê�Ð
á�Áú·i½»Ë[¼8Áe·i²ÂÈ8°,²#²Ì·i²qÀ#°,Ë[À´·i²=³Ì·iÁ¶Ã
ì,Á�ìà·!È¤¢i³ë·!Èz·É·«À´°,ÈY°¶Ãz·0/[°/²´Ææ·!Êz·YÐ ø ³´ÀÌ·¸Ä[ì/²<È8°/²´²Ì·!²,¾
¢[² �[Z���\k� ²�¡�¢«Æ»È8°,Ê�³´Æ»Îzµ,·iÈ¤¢[²)¹X¢[À@Á«°,Æ�¢¶È8°-·¸Ä!·i½ÇÆÇ·��H¡ ¢ÅÈ8°qµ�¢[ÁÅÃ8ÆÇÊz·l�H¡ ¢àÈ8°qµ¥¢[Ê é#¼8Ê�³�¢[²ÂÈ8°
¹z·i½æ·¸Ä�ÀÌ·!²,ÐJ¯d¢J°,Ê�³ë·iÊ�³�¢8¾â¹z·iÀ´·ÞÛ�¼Y°É¿ï¼8Ê8µ/Æ´¢[Ê8°Éµ�¢[À#À´°/³Ì·iÁ«°,Ê�³Ì°}ìÉÊ8°,µ/°,²´²´äiÀ´Æ�¢JÛ|¼8°�¢�µ¥¢[À´À´·
¼8Á ³ÌÀ#°,Æ»Êz·iÁ«°,Ê�³�¢çµ�¢iÁ�¼8ÁèÊ��8Á«°,À�¢5Á«ºÇÊ8Æ»Á�¢ÞÈY°�Á«°,ÊY²Ì·iË[°/Ê8²,Ð s�À´°/µ�¢[Á«°,Ê8È8äWÄi°,½ÂÛ|¼8°
·ÞÃz·i²´°ÉÈ8°}³Ì°/²#³Ì°ÜÆ»Ê8ÆÇµ/Ææ·i½â²#°�é´·Jµ�¢iÁe¹X¢[²#³Ì·w¹X¢[Àz3iÙiÙÞÁe°/Ê8²Ì·iËi°,Ê8²¶Áe·i½»ÆÇµ,Æ�¢[²Ì·!²'ÈYÆÇ²#³´ÆÇÊ�³ë·!²¶°
¹ ¢[À_3!Ù[ÙÜÁe°/Ê8²Ì·iËi°,Ê8²-½Ç°/Ë[º»³´ÆÇÁe·i²	ÈYÆÇ²#³´ÆÇÊ�³ë·!²¦Ö���¾cþs�iÚ�Ð ø ¹L°/²Ì·iÀ-È¤¢Ü³ÌÀ#°,Æ»Êz·iÁ«°,Ê�³�¢EÆÇÊYÆÇµ,ÆÇ·i½�¾L·
¿ï°,À´À´·iÁ«°,Ê�³ë·Â¹L°/À´Á«Æ»³´°QÛ|¼8°b¢ÂÎz½»³´À�¢Â²´°:é´·±µ¥¢[Ê8²K³ë·iÊ�³Ì°/Áe°/Ê�³Ì°6³´À´°/ÆÇÊz·iÈ±¢±ÈY°O¿J¢[À#ÁÉ·Â·±·i¼8Á«°,Ê�³ë·!À
·¦²#¼z·¦¹8À´°/µ,ÆÇ²�¡ ¢¦Èz·¦µ,½æ·!²´²´ÆÏÎzµ¸·l�H¡ ¢8Ð

1 N�_IuFN�_�Y9NJILK�MSa 5 ¡ ¢}³Ì°/²#³Ì°/²-Ãz·i²´°,·iÈ¤¢[²q°/Á À#°,Ë[À´·i²<È8°+ÎzÊ8ÆÇÈ8·i²<¹z·iÀ´·}Ã8¼8²#µ¸·ÜÈ8°à¹z·iÈYÀ&v�°,²q°,Á
³�¢�Èz·i²E·i²'(��.7$N ²�¹YÀ´°,²#°,Ê�³Ì°/²wÊz·p¹z·iÀK³Ì°�! ���Ýê�Èz·i²EÁ«°,Ê8²´·iË[°,ÊY²,Ð ¯�¢[À#ÁÉ·!½ÇÁ«°,Ê�³Ì°Þ²�¡ ¢
¼Y³ÌÆ»½ÇÆÇÕ,·iÈz·i²Å¹z·iÀÌ·JÃ8¼Y²´µ¸·!Àe°/Ê8È8°,À#°��¥¢[²eÈY°Ý²#Æ»³Ì°/²¦È8°E¹8À�¢[¹8·iË�·iÊ8È8·i²àÄ�Æ»Ê8µ,¼Y½æ·iÈz·!²à¹ ¢[À¦Á«°,Æ�¢
Èz·i²ÂÁe°/Ê8²Ì·!Ë[°,Ê8²ÂÁe·i½ÇÆ»µ,Æ�¢[²Ì·i²/Ð

s�N�Æ;MOR�_�Y9N � X`MOP�XZ_jN�� L3MPOBQ�L3MCX¡�WN�_i_iR��rN e uFXR2S:T7VUW?A@;8�CD<Oa 5 ¡ ¢@À´°/Ë[ÀÌ·!²�²´ÆÇÁ«ÆÇ½Ç·iÀ´°/²��i²�À´°+Ò
Ë[ÀÌ·i²âÈY°±µ¥¢[À´¹X¢-¹8¼8À�¢8Ð ø È8ÆÏ¿ï°,À´°/Ê��¸·'·iÛ|¼8Æzì@Û|¼8°±ÊP¡ ¢-²�¡�¢'°%Ó�°,µ,¼�³ë·iÈ¤¢i²6È8°+³Ì°/À´Á«ÆÇÊz·iÈ±¢[²â¹8À´ì%Ò
¹8À�¢�µ,°/²´²Ì·!Áe°/Ê|³�¢[²qÊz·i²qÁ«°,ÊY²Ì·iË[°/Ê8²,Ð�±)·i²#ÆÇµ,·iÁe°/Ê�³Ì°i¾�²�¡ ¢ÜÁe·iÊ�³ÌÆÇÈ8·i²<·i½»Ë[¼8Áe·i²±ÁÉ·iÀ#µ¸·��wv�°/²
�i#ò�9 s�s% !����wê °}Û|¼8°,Ã8À´·i²¶È8°É½ÇÆÇÊYåz·YÐ��	°,²#²Ì·w¿J¢[À#ÁÉ·Y¾©ì}¹X¢[²´²#º»Ä[°/½�Û|¼8°}²#°�é´·iÁýÈ8°+ÎzÊ8ÆÇÈ8·i²
À´°,ËiÀÌ·i²ÂÛ|¼8°ÅÃY¼8²´Û|¼8°/ÁúÆ»ÊY¿J¢[À#ÁÉ·��wv�°/²@²�¢[ÃYÀ´°'Áe°/Ê8²Ì·iËi°,Ê8²±ÁÉ·!½ÇÆÇµ/Æ´¢[²´·i²�Û|¼8°�°,²K³Ì°�é´·!Á�µ¸·iÁ¶¼�Ò
�f·iÈz·i²ÂÊz·à¹X¢[À&��¡ ¢�! ���wê�Èz·i²ÂÁe°/²´Áe·i²,Ð

%'& æ & Ç & æ � e ��p c _iNgstN��rX�uFR Y9N+*¼N e _jRTÆ;N e _
¯±°,²#³Ì·qµ¸·!³´°,Ë®¢[À#Ææ·±°,Ê8µ¥¢[Ê�³ÌÀÌ·^Ò:²´°Â·<µ/½æ·i²#²´°@È8°+ÎzÊ8Æ»Èz·	µ�¢iÁ�¢ � - ��� °,Á Ö48!ÚlÐQ¯±°,²#²Ì·-°,²#³�¡ ¢qÈ8°+ÎzÊ8ÆÇÈ8·i²

·!²�À#°,Ë[À´·i²ÅÛ|¼8°«¿3·iÕ,°/Áýµ¥¢[Ê8²#¼8½»³Ì·i²Å·�²´°/À#Ä�ÆÇÈ¤¢iÀ´°,²�°+Ó�³Ì°/À´Ê¤¢i²à· ¢w²#ÆÇ²K³Ì°,Áe·EÈ8°Éµ¥¢[À´À#°,Æ´¢�°,½»°/³´À´Í[Ê8Æ»µ�¢8Ð
¯±°,²#²´°,²Å²´°,ÀKÄ�ÆÇÈ¤¢[À#°,²�²�¡ ¢�Ê¤¢[À#ÁÉ·i½»Áe°/Ê�³Ì°¦·iÊz·!½ÇÆÇ²´·iÈ¤¢[²s¢�å8ÆÇ²K³Ìî[À#ÆÇµ¥¢�È±¢[²�À#°,Á«°/³´°,Ê�³Ì°/²¶Èz·i²'Áe°/Ê8²Ì·^Ò
Ëi°,Ê8²/¾c·i½»ì,Á�ÈY°eÃ8¼Y²´µ¸·!À´°,Áý·i²#²´Æ»Êz·!³Ì¼YÀÌ·i²-È8° �[Z���\k� Ðe¯	·�·!³Ì¼z·!½âÆÇÁ«¹8½Ç°/Áe°/Ê|³Ì·��H¡�¢ÜÈ¤¢)o Z���\_�q��m
���s�r����� ²�¡ ¢¦µ�¢iÊ8²´Æ»È8°,À´·iÈ¤¢[²�jà³ÌÆÇ¹X¢[²)ÈY°'²#°,ÀKÄ�Æ»È¤¢[À#°,²,¾U¢[²ÂÛ|¼z·iÆ»²@²�¡ ¢«È8°/²´µ,À#Æ»³�¢[²±·¦²#°,Ë[¼YÆÇÀ,Ð
\ ��� 2$XZY\[^]_:^Y`?Ba�]$608cbL4d6PeAfg[haji blkm6n7�:^Y\o�pg4�@gaj[q6�<Oa'áâ²#³´°�ì-¼8Áí²´ÆÇ²K³Ì°/ÁÉ·àµ�¢i½æ·iÃX¢[ÀÌ· ³ÌÆ»Ä ¢à°

È8ÆÇ²K³ÌÀ´Æ»Ã8¼8º»È¤¢)È8°âÎz½Ï³ÌÀÌ·!Ë[°,Á È8°�Áe°/Ê8²Ì·iËi°,Ê8²1Áe·i½ÇÆ»µ,Æ´¢i²Ì·i²LÃz·i²´°,·iÈ¤¢±Êz·Â·¸Äi·!½ÇÆæ·l�H¡ ¢)È±¢[²1µ,½ÇÆ»°,Ê�³Ì°/²
·iË[À´°/Ë�·iÈ¤¢i²�·�¢Ý²#ÆÇ²#³´°,Áe·YÐf] ²´°/À#Ä�ÆÇÈ¤¢iÀ��<û@û ³ÌÀÌ·!Ãz·i½Çå8·Eµ¥¢[Á=¢�µ�¢[Ê8µ/°,ÆÏ³�¢�È8°É·!²´²´Æ»Êz·!³´¼8ÀÌ·Y¾
Ë[°,À´·iÊ8È¤¢E¼8Á�Ê��8Á«°,À�¢ÝÈY°,Ê¤¢[Á«ÆÇÊ8·iÈ¤¢ E , �lE$r9� - \ Ð�]<²'µ/½ÇÆ»°,Ê�³Ì°/²-·i²´²�¢�µ/Ææ·iÈ¤¢i²'ÈYÆÇÀ´°+³ë·iÁ«°,Ê�³´°
· ¢Å²#ÆÇ²#³´°,Áe·Y¾|Ë[°,À´·iÁÔ¼8Á�³ÌÆ»¹ ¢'È8°	¹X¢[Ê�³Ì¼8·��H¡ ¢ÅÛ�¼8·iÊ8È¤¢¶µ¥¢[Ê8²#ÆÇÈ8°/ÀÌ·iÁ ·i²6Áe°/Ê8²Ì·iËi°,Ê8²6µ�¢[Á"¢
�[Z���\ °6À#°,¹X¢[À#³Ì·iÁ °,²K³Ì°�Äi·!½´¢[À1¹z·iÀ´·d¢=²´°/À#Ä�ÆÇÈ¤¢iÀ,Ð©¯=°,²#²´°)ìOÀ´°,·i½ÇÆ»Õ¸·iÈ8·Â¼YÁÉ·@³�¢i³Ì·i½ÇÆ»Õ¸·���¡ ¢@°O²´î

�`s¡¢²�b���htI���@�`uo� Ã ¦I �Ä��`�¨���S´[�F��°x�O¢£�O�"�b�� £���O�¨�§�@�F©��I £�wvyxzv6�d{z|~}n����� �;}n���P�$�_�d�\�h���`�\�^�`��|W�����P�V�5���`�P�\���$�h���µ³
ÂjÃ ���b���¨¬®¢±�¨��¦ �@�¨�o©�¦®�F���$�§�¨¢²�i�`�¨¢²�b�j�[�F��¦§� ÂjÃ ¢��j�j�­�x�� ²�i� Ã � Ã �§�¨¢²�i�¡�F��©��j�@�¨��¢£� �O¦�xv�i�@���@�C���
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·Å¹z·iÀK³ÌÆÇÀ6È8°<¼8Á È8°+³Ì°,À#ÁeÆ»Êz·iÈ¤¢Å½ÇÆÇÁ«Æ»³´°@ì<Û|¼8°q¼8Áe·ÅÁ«°,Ê8²´·iË[°,Á ì<µ¥¢[Ê8²´Æ»È8°,À´·iÈz·¶Áe·i½ÇÆ»µ,Æ�¢[²Ì·
¢[¼ÉÊP¡�¢8Ðc]ºo Z���\_�Q�r���s�r����� ¾|·�¢Å°,Ê�Ä�Ææ·!À�¼8Áe·�Á«°,Ê8²´·iË[°/Á�¹z·iÀÌ·�¢Å²´°/À#Ä�ÆÇÈ±¢[À²�qû@û	¾�°,²#¹L°/ÀÌ·
Û�¼Y°'°/²#³´°�À#°/³�¢iÀ´Ê8°-²´¼8·«µ/½æ·i²#²´Æ»Î8µ¸·���¡ ¢8Ð

:T7g��@g:¡a�á�²K³Ì°«ì¦¼8Á�²´Æ»²#³´°,Áe·Eµ¥¢[½æ·!Ã ¢[À´·!³ÌÆÏÄ®¢}¼Y²Ì·iÈ¤¢�¹z·iÀ´·�ÃY½´¢�Û�¼Y°,Æ´¢ÜÈY° �[Z���\k� Ð ø Û|¼8Æl¾;¢[²-²´°,À�Ò
Ä�Æ»È¤¢[À#°,²ÂÁÉ·!Ê|³´ì,Á�· ³Ì¼z·i½»ÆÇÕ,·iÈ¤¢[²@µ,·!³ëäi½�¢[Ë®¢[²@µ¥¢[Á«¹z·iÀ#³´ÆÇ½»åz·iÈ¤¢[²�Èz·i²ÂÁe°/Ê8²Ì·!Ë[°,Ê8²±Áe·i½ÇÆ»µ,Æ´¢i²Ì·i²
Û�¼Y°'°/²#³�¡ ¢¦²´°,ÊYÈ¤¢e¹YÀ�¢[¹z·!Ë�·iÈz·i²�°qÛ�¼Y°'²�¡ ¢¦µ�¢[ÊY²#³ë·!Ê|³´°,Á«°,Ê�³Ì°'µ�¢iÊ8²´¼8½Ï³ë·iÈ8·i²@¹L°/½´¢[²�µ,½ÇÆ»°,Ê�³Ì°/²
È8°¶µ�¢iÀ´À´°/Æ´¢8Ð ø È8°/³´°,µ���¡ ¢Ü³ë·iÁÅÃLì/Áùì¶Ã8·i²´°,·iÈz·}°,Áù¼8ÁúÁe°/µ¸·iÊ8Æ»²´Á"¢ÉÈ8°¦·!²´²´Æ»Êz·!³´¼8ÀÌ·i²	È8°
Áe°/Ê8²Ì·iËi°,Ê8²OÛ|¼8°±¿ïÀ#°,Û|¼8°/Ê|³´°,Á«°,Ê�³Ì°=ÆÇÈ8°/Ê�³ÌÆ»Î8µ¸·qÁ¶¼8Èz·!Ê��¸·i²OÊ¤¢'µ�¢[Ê�³´°��8È¤¢�È¤¢[² �[Z���\k� ÐQáâ²K³Ì°
²´ÆÇ²K³Ì°/ÁÉ·'½Ç°/Ä!·'°,ÁÔµ�¢[ÊY²´ÆÇÈY°,ÀÌ·l�H¡ ¢à·!²�Ê¤¢i³´Æ»Îzµ,·���v�°,²O°,Ê�Ä�Ææ·!Èz·i²)¹
°,½�¢[²6¼Y²´¼zäiÀ#Æ´¢[²/¾�²#°,Ê8È±¢à°,²´²´·i²
Äi·!½ÇÆÇÈ8·iÈz·i²�¹ ¢[ÀàÁ«°,Æ�¢JÈ¤¢[²àÀ#°,½æ· ³Ìî[À#Æ´¢[²±é´äJË[°/ÀÌ·iÈ±¢[²,Ð�áâ²#²Ì·i²«Ê¤¢i³´Æ»Îzµ,·���v�°,²à²�¡ ¢ç¼Y³ÌÆ»½ÇÆÇÕ,·iÈz·i²
¹z·iÀÌ·àµ¥¢[Áe¹Y¼Y³ë·iÀb¢[²@Äi·!½´¢[À#°,²@È8°-µ�¢iÊYÎf·iÊ��,·¦·i²´²�¢�µ/Ææ·iÈ¤¢i² �!²Â·i²´²#ÆÇÊz·!³´¼8ÀÌ·!²@Ë[°,À´·iÈz·i²Â¹z·iÀ´·¦·i²
Áe°/Ê8²Ì·iËi°,Ê8²/Ð

� Cg��@�:¡a ø ²´²´Æ»Áãµ�¢[Á"¢�¢ ���n� - � ¾1°,²#³´°Éì«¼8Áã²´Æ»²#³´°,Áe·Eµ¥¢[½æ·!Ã ¢[À´·!³ÌÆÏÄ®¢E¼8²´·iÈ¤¢w¹8·iÀÌ·EÃ8½´¢�Û|¼8°,Æ�¢EÈ8°
Áe°/Ê8²Ì·iËi°,Ê8²qÁe·i½ÇÆ»µ,Æ�¢[²Ì·i²@³Ì·iÁ¶Ã
ì,ÁúÃz·i²´°,·iÈ¤¢Ü°/Á ÆÇÈY°,Ê�³ÌÆÏÎzµ¸·���¡ ¢Ü¹X¢[À	Á«°,Æ�¢}È8°¦·i²#²´ÆÇÊ8·!³Ì¼8À´·
È8°¶Á«°,Ê8²´·iË[°,Á�ÐT]<²=µ,½ÇÆ»°,Ê�³Ì°/²<À´°/¹ ¢iÀ#³ë·!Áù·!²	Á«°,Ê8²´·iË[°,ÊY²<ÁÉ·!½ÇÆÇµ/Æ´¢[²´·i²Â¹z·iÀ´·<¢[²	²#°,ÀKÄ�Æ»È¤¢[À#°,²
Z`H0� - � °«°,²#²´°,²ÅË[°,À´·iÁã·w·!²´²´Æ»Êz·!³´¼8ÀÌ·EÈ8°,²#²Ì·i²�Áe°/Ê8²Ì·!Ë[°,Ê8²/ÐEáâ²#³Ì°«²´Æ»²#³´°,Áe·�ì¦³�¢i³Ì·i½ÇÁ«°,Ê�³´°
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Äi°,À#Æ»Îzµ,·iÁ�¢i²h¢[²@¹
°,À´µ/°,Ê�³Ì¼8·iÆÇ²)ÈY°qÁe°/Ê8²Ì·iËi°,Ê8²@Áe·i½ÇÆ»µ,Æ�¢[²Ì·i²Oµ,½Ç·i²´²#Æ»Îzµ,·iÈz·i²�µ�¢[À#À´°/³Ì·iÁ«°,Ê�³Ì°!¾8Áe°/Ê8²Ì·^Ò
Ëi°,Ê8²)½»°,Ë[ºÏ³ÌÆ»ÁÉ·i²âµ/½æ·i²#²´ÆÏÎzµ¸·iÈ8·i²)µ�¢iÀ´À´°+³ë·iÁ«°,Ê�³´°<°<·¶°+¿ï°/³ÌÆÏÄ�ÆÇÈz·iÈY°	Ë[°/ÀÌ·i½ xQ·ÅÀ´·iÕH¡ ¢Å°,Ê�³ÌÀ#°i¢Å³�¢i³Ì·i½
È8°
Á«°,ÊY²Ì·iË[°/Ê8²Âµ,½Ç·i²´²#Æ»Îzµ,·iÈz·i²Âµ�¢iÀ´À´°+³ë·iÁ«°,Ê�³´°'°i¢¦³�¢!³ë·i½gÈY°'Á«°,ÊY²Ì·iË[°/Ê8²,Ð

ø ²´°/½Ç°���¡ ¢ÅÈ8·'Ê¤¢!³ë·-È8°=µ¥¢[À#³´°±Ä!·iÆ8Ä!·iÀ#Ææ·iÀ�È8°/¹L°/Ê8È8°/Ê8È¤¢¶È¤¢'µ�¢iÊ|³´°+Ó�³�¢�¢[Ê8È8°d¢[²�µ�¢[Á«¹X¢[Ê8°,Ê�³´°,²
²#°,À�¡ ¢ÉÆ»Ê|³´°,Ë[À´·iÈ¤¢[²/Ð ø À´·iÕH¡ ¢eÈ8°,²#²Ì·ÉÄ!·iÀ#Ææ·���¡ ¢¦ìÅÛ|¼8°i¾L°,Á�³�¢�È¤¢[²d¢[²±µ¸·i²�¢[²,¾Låzä«Ä!·i½�¢[À´°/²=¹8·iÀÌ·"¢[²
Û|¼z·!ÆÇ²=·«°+¿ï°/³ÌÆÏÄ�ÆÇÈz·iÈY°�ì'ÁÉä^ÓYÆ»ÁÉ·�¾8¹ ¢iÀ´ì,Á�¾U¢eÊ��8Á«°,À�¢ÉÈ8°�Áe°/Ê8²Ì·!Ë[°,Ê8²±Áe·i½ÇÆ»µ,Æ´¢i²Ì·i²)µ/½æ·i²#²´ÆÏÎzµ¸·iÈ8·i²
µ¥¢[À´À#°/³Ì·iÁe°/Ê�³Ì°±ì	Ãz·iÆ Óz¢8ÐQácÓ�ÆÇ²K³Ì°=³Ì·iÁ¶Ã
ì,Á�¼8Áe·-Ê¤¢i³ë·�¢[Ê8È8°d¢[²�³ÌÀ��,²�¹
°,À#µ,°/Ê|³´¼z·iÆ»²�µëå8°/Ë�·iÁ ·�¼8Á
°/Û|¼8ÆÇ½»ºÇÃ8À#Æ´¢8Ð¦¯d¢wÊ¤¢[²#²�¢Ýµ¸·i²�¢8¾vÄ!·iÁ"¢[²-²´°/½Ç°/µ,Æ´¢iÊz·iÀ'·i²-Ê¤¢i³Ì·i²�ÈY°eµ¥¢[À#³´°«¹8·iÀÌ·Eµ¸·iÈ8·Ýµ�¢iÁe¹X¢[Ê8°/Ê|³´°
Ã8·i²´°,·iÊ8È¤¢!Òm²´°±Êz·-°/¿ï°/³´Æ»Ä�ÆÇÈ8·iÈ8°ÂË[°,À´·i½�ÐB^<¼z·iÊ8È¤¢'°,²#²´°/²�µ�¢iÁe¹X¢[Ê8°/Ê|³´°,²�¿J¢[À´°/Á�ÆÇÊ�³´°,Ë[À´·iÈ¤¢[²/¾�°/²´¹
°,À´· Ò
²#°àË[°,À´·iÀ<¼8Áe·}µ�¢iÊYÎzË[¼8À´·��H¡�¢�Ê8·}Û�¼8·i½�¢[²q°/À´À�¢i²q²´°�é´·!Á�·iÁ«°,Ê8Æ»Õ¸·iÈ±¢[²,Ð ø ²qÊ¤¢!³ë·i²<²#°,½»°,µ,Æ�¢[Êz·iÈ8·i²
¹8·iÀÌ·i¢-µ�¢[Á«¹X¢[Ê8°,Ê�³´° J - DbH ¾g, �&�KD"��� ¾ ��� B J - DbH °ö- ��� ¿J¢[À´·iÁÝ¾iÀ´°,²#¹L°/µ/³´Æ»Ä!·iÁ«°,Ê�³Ì°lx

3, 0
h
−0, 5

h
0, 1°

0, 1
Ð

(±ÁÉ·�Äi°,Õ-·^é#¼Y²#³ë·!Èz·i²Â·i²)Ê±¢i³ë·i²6È8°qµ�¢iÀ#³Ì°!¾Yì<¹X¢[²#²´º»Äi°,½gµ¥¢[Ê8å8°/µ,°/Àm¢[²)À´°/²´¼8½Ï³ë·iÈ±¢[²)Ë[°/ÀÌ·iÈ¤¢i²)¹ ¢iÀ
µ,·iÈz·Éµ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°!Ð�]<²	Á«°,²´Á"¢[²=°,²#³�¡ ¢}È8Æ»²´¹X¢[²#³�¢[²	Ê8·e³ë·iÃ
°,½Ç·}þ�Ð��8Ðø÷ ¹X¢[²#²´º»Äi°,½©¹L°/À´µ,°/ÃL°/À<Û|¼8°
ÊY°,Ê8å|¼8Á�È±¢[²âµ�¢[Á«¹X¢[Ê8°,Ê�³´°,²�À´°/¹8À´°/²´°,Ê�³Ì·'¼8Áe·<ÃX¢�·{¢[¹U�H¡ ¢-¹z·iÀ´·<È8°/³´°,µw�H¡ ¢'È8°@Á«°,Ê8²´·iË[°,ÊY²âÁÉ·i½»ÆÏÒ
µ/Æ´¢[²´·i²,¾�¼8Áe·-Äi°,Õ=Û�¼Y°i¾YÈ8·iÈ¤¢�¢Å·^é#¼8²K³Ì°=¿ï°/Æ»³�¢8¾�³�¢�È¤¢[²�°,²K³¶¡ ¢¶¹YÀ´Æ´¢iÀ´ÆÇÕ,·iÊ8È¤¢'·'µ,½æ·!²´²´ÆÏÎzµ¸·l�H¡ ¢'µ�¢[À#À´°+³ë·
È8·i²eÁ«°,ÊY²Ì·iË[°/Ê8²«½Ç°,Ëiº»³ÌÆ»ÁÉ·!²,Ð ] ·^é#¼Y²#³Ì°E¿ï°,ÆÏ³�¢�·iÛ|¼8ÆÂÊP¡ ¢5È8°/Äi°w²#°,À«À´°,½Ç·iµ,Æ�¢[Êz·iÈ±¢5ÈYÆÇÀ´°+³ë·iÁ«°,Ê�³´°
�EÊz·!³´¼8À´°/Õ¸·�Èz·�µ,·iÀ´Ë[·YÐ®] Û�¼Y°eÃ8¼Y²´µ¸·!Á�¢[²-¿J¢[Æ�·EÆÇÈ8°/Ê�³ÌÆ»Î8µ¸·���¡ ¢EÈ8°e¼YÁÉ·ÜÊ¤¢i³Ì·�ÈY°eµ¥¢[À#³´°eÁe·iÆÇ²
¹YÀ´°,µ/ÆÇ²´·«È¤¢¦Û|¼8°'²´Æ»Áe¹8½»°,²#Áe°/Ê|³´°q°,²#µ�¢[½»å8°,ÀÂ¼8ÁíÄ!·i½�¢[À@·i½»°¸·!³´î[À´Æ�¢8ÐQáâ²K³Ì°�·^é#¼8²#³´°�¹X¢�È8°,À#Ææ·¶²´°/À@¿ï°,Æ»³�¢
Ã8·i²´°,·iÈ¤¢«°,Á Û|¼z·i½»Û|¼8°,Àr¢[¼Y³´ÀÌ·àÃz·i²#°-¹8À´°+Ä�ÆÇ·iÁ«°,Ê�³Ì°-µ,½Ç·i²´²#Æ»Îzµ,·iÈz·YÐ

] Ë[À´ä!Îzµ�¢ÝÈz·ÝÎzËi¼8ÀÌ·Jþ�Ð þ�·i¹8À´°/²´°/Ê|³Ì·Þ¼8Áýµ�¢[Á«¹z·iÀ´·!³ÌÆÏÄ®¢�È¤¢[²Åµ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì°/²¶Ë[°,À´·iÈ¤¢[²�µ�¢[Á
À#°,½Ç·��H¡ ¢E·�¢E³´°,Á«¹ ¢ÜÈY°«¹YÀ�¢�µ,°,²#²Ì·iÁ«°,Ê�³�¢8Ðù÷ ¿3·iµ/ÆÇ½Q¹
°,À#µ,°,Ã
°,À-Û|¼8°�¢E¹8Æ´¢iÀqÈ8°,²#°,Á«¹L°/Ê8å¤¢�ì¦·i¹8À´°%Ò
²#°,Ê�³ë·!È¤¢J¹L°/½´¢Þµ¥¢[Á«¹ ¢[ÊY°,Ê�³Ì° J - DbH ¾â²´°/Ë[¼8Æ»È¤¢ÞÈ¤¢ú, �&�KD"��� Ð�]<²Á¢i¼Y³ÌÀ�¢[²¶È¤¢[Æ»²Åµ¥¢[Áe¹X¢[Ê8°/Ê�³Ì°,²ÅÊP¡ ¢
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t©ÆÇË[¼8À´·Üþ�Ð���xÊçO·iÀ´ÆÇ·��H¡ ¢ÉÈz·Ü¯�¢i³Ì·}È8°«ûb¢[ÀK³Ì°
¹8·iÀÌ·õ¢Éûb¢[Áe¹X¢[Ê8°/Ê�³Ì°Ü- �Å�
Þ5ß^à�á â�ãTägà�ãAå å�ä�æLÞ5ß^à�á çVånè

ü'ý�Õ¼â[ã�ó�ãÿþ�Ø0þ�Õ
0, 89 0, 86 0, 83 0, 87� þ�Õ.Ô{Õ¼Ö�×�Ø�ÙWÕ¼Ö�×��������
	��²Õ¼âûÕ�
¼âiØ0þ�Ø�×
61, 56 71, 17 12, 65 37, 10� þ�Õ³ÔfÕ¼Ö�×iØ�ÙWÕ¼Ö�×!àFÕ¼Ù9áµâ[ãµÚ_Ø�×��²Õ¼âûÕ�
¼âiØ0þ�Ø�×
95, 02 89, 44 99, 86 98, 59

�©·iÃL°/½æ·¦þ�Ð���xc�<·!È¤¢[²±À´°/¿ï°/À´°/Ê|³´°,²=· ¢[²Âµ�¢iÁe¹X¢[Ê8°/Ê|³´°,²

·!¹8À´°/²´°,Ê�³Ì·iÀÌ·iÁ È8ÆÏ¿ï°,À#°,Ê��,·i²e²#ÆÇË[ÊYÆ»Îzµ,·!³ÌÆÏÄi·!²,Ð ø é#¼Y²#³ÌÆÏÎzµ¸· ³ÌÆ»Ä!·J¹z·iÀ´·�°/²´²´°Ýµ,°/ÊzäiÀ´Æ�¢�ì�¢5Ê"�YÁe°/À�¢
ÈY°«À#°,Ë[À´·i²-·i²#²�¢�µ,Ææ·!È¤¢�·Eµ,·iÈz·Eµ�¢[Á«¹X¢[Ê8°,Ê�³´°iÐh] Û|¼8°¦À#°¸·i½»ÆÇÕ¸·}¼YÁÉ·E·¸Ä!·i½ÇÆÇ·��H¡ ¢Éµ�¢[Á�¼YÁ Áe·iÆ´¢[À
Ê��8Á«°,À�¢¶È8°<À#°,Ë[À´·i²�ì	°+ÓY·!³ë·!Áe°/Ê|³´°{¢ J - DbH ¾Y²#°,Ë[¼8Æ»È¤¢¶È¤¢ù, �&�KD"��� Ð ø È8ÆÏ¿ï°,À´°/Ê��¸·¶°/Ê�³ÌÀ´°]¢Å³�¢i³Ì·i½
È8°
À#°,Ë[À´·i²QÈ¤¢ �&� B J - DbH °6È¤¢ - �Å� ÊP¡�¢qì�²´Æ»Ë[Ê8ÆÏÎzµ¸·!³´Æ»Ä!·Y¾ ²´°/Ê8È¤¢-·i²#²´ÆÇÁ�¾ ¢i²c³Ì°/Áe¹X¢[²Ë¢iÃ8²´°/À#Ä!·iÈ¤¢[²Q¿J¢iÀÌ·iÁ
µ¥¢[Á«¹z·iÀÌä¸Äi°,ÆÇ²/Ð ø ³Ì·iÃ
°,½æ·�þ�Ð þ-µ¥¢[Ê�³Ìì/Á)¢[²�³Ì°/Áe¹X¢[²OÁeì/È8Æ´¢i²6Ë�·!²#³�¢i²6¹X¢[ÀOµ¸·iÈz·'µ�¢[Á«¹X¢[Ê8°,Ê�³´°	¹z·iÀ´·
¹YÀ�¢�µ,°,²#²Ì·iÀ6µ¸·iÈ8·Å¼8Áe·�Èz·i²OÁ«°,Ê8²´·iË[°,ÊY²)°	·�²�¢[Áe·'ÈY°=³�¢�È¤¢[²l¢[²�³Ì°,Á«¹X¢[²�È8°=¹8À�¢�µ,°/²´²´·iÁe°/Ê�³�¢Á¢[Ã�Ò
²#°,ÀKÄi·!È¤¢[²±¹z·iÀÌ·àµ,·iÈz·¦¼8Á È¤¢[²Âµ¥¢[Áe¹X¢[Ê8°/Ê�³Ì°,²/ÐJ]�û çNÈ8°,Á"¢[Ê8²K³ÌÀÌ·àÛ|¼8°�¢[²@³Ì°/Áe¹X¢[²m¢[Ã8²#°,ÀKÄi·!È¤¢[²
Ê¤¡ ¢¦²�¡ ¢«å¤¢[Á"¢[Ëy�/Ê8°�¢[²/Ð
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t©ÆÇË[¼8À´·¦þ�Ð þ�x°�©°/Áe¹X¢¦È8°-¹8À�¢�µ,°/²´²´·iÁe°/Ê�³�¢ � ·iµ,¼8ÁÅ¼8½æ·iÈ±¢ % Èz·i²ÂÁ«°,Ê8²´·iË[°,ÊY²±¹X¢[ÀÂµ�¢iÁe¹X¢[Ê8°/Ê|³´°
Þ5ß^à�á â�ãTä�àgãAå å�ä�æLÞ5ß^à�á �Vånè

�UÕ¼ÚTÞ�ò�Ú��$þyãÿò
0, 92 0, 44 0, 24 0, 18� ò�Õ���
¼ã Õ¼ÖsâûÕlþ�Õ��2ØTð[ãðØ����0ò
1, 72 1, 44 2, 72 2, 92�<Õ¼ÚTÞgò��=ò�âiØ��

4042.67 1941.69 1061.37 771.28

�©·iÃ
°,½Ç·eþ�Ð þ�x°�v°,Á«¹X¢«Á«ì,ÈYÆ´¢àÈ8°-¹8À�¢�µ/°,²´²´·iÁ«°,Ê�³�¢«Èz·i²ÂÁ«°,Ê8²´·iË[°,ÊY²=¹X¢[À@µ�¢iÁe¹X¢[Ê8°/Ê|³´°

»¦¡¼» �N¨Å¤|��ö,ªÜò)§cõ�­ �«ò.�
¯±°,²#³´°�µ,·i¹8º»³´¼8½´¢�¿J¢[Æ-·!¹8À´°/²´°,Ê�³Ì·iÈ¤¢ µ¥¢[Á"¢M°/²#³Ì¼YÈ¤¢ È8°5µ¸·!²�¢�¢Po Z���\_�q�r���s�r����� ¾=¼8Á Î8½»³ÌÀ�¢

ÈY°JË[ÀÌ·iÊYÈ8°Þ¼Y³´ÆÇ½ÇÆ»Õ¸·���¡ ¢8¾)Ê¤¡ ¢�½ÇÆ»ÁeÆÏ³ë·iÈ¤¢�·�¼8Áe·,�8Ê8Æ»µ¸·�³´ì,µ,ÊYÆÇµ¸·�ÈY°ÞÎz½»³´ÀÌ·iË[°/Á °wµ�¢[Á îi³ÌÆ»Á�¢[²
À#°,²#¼8½»³Ì·iÈ¤¢[²-À´°+¿ï°,À#°,Ê�³Ì°/²u�E°/¿ï°/³´Æ»Ä�ÆÇÈ8·iÈ8°à¿ïÀ´°/Ê|³´°É·�¢[¼Y³´ÀÌ·i²-¹8À�¢[¹X¢[²#³Ì·i²,ÐÉá�²K³Ì°«²´°/À#Ä�ÆÇÀ´ä�µ¥¢[Á�¢EÃz·!²´°
¹8·iÀÌ·¦·àÁ�¢iÊ|³Ì·iË[°/ÁíÈ¤¢¦Îz½»³´À�¢àµ¥¢[Áe¹X¢[²K³�¢¦²´°/Ë[¼8ÆÇÊYÈ¤¢�¢eÁ"¢�ÈY°,½´¢Å¹8À�¢[¹X¢[²K³�¢«Ê8°,²K³Ì°q³ÌÀ´·iÃz·i½»å¤¢8Ð

ø ¹8À´°/²´°,Ê�³Ì·iÁ�¢i²=°/Á È8°/³Ì·i½ÇåY°,²r¢«¿ï¼YÊ8µ,Æ�¢[Êz·iÁ«°,Ê�³�¢¦È¤¢Yo Z���\_�q�r���s�r����� ¾8·i½»ì,Á È±¢[²Â¹ ¢[Ê�³�¢[²ÂÈ8°
Û|¼8°/Ã8ÀÌ·'È¤¢ÅÁ«°,²#Á�¢YÐQÑc·!À#³ÌÆ»Ê8È¤¢'È8°Â³ë·iÆ»²â¹ ¢[Ê�³�¢[²,¾�Ë[°,À´·iÁ"¢[²Î¢[²�µ�¢[Á«¹ ¢iÊ8°,Ê�³Ì°/²�¹z·!ÀÌ·s¢'Îz½Ï³ÌÀ�¢'µ¥¢[ÁàÒ
¹X¢[²K³�¢Þ°«ÎzÕ,°/Á�¢[²�¼8Áe·ÝÃ8À#°/Ä[°E·¸Ä!·i½»Ææ·���¡ ¢EÈ¤¢[²ÅÁ«°,²#Á�¢i²,¾Q½»°/Ä!·iÊ8È¤¢Ý°,Áýµ�¢[ÊY²´ÆÇÈY°,ÀÌ·l�H¡ ¢�¢w³Ì°/Áe¹X¢
ÈY°w¹8À�¢�µ/°,²´²´·iÁ«°,Ê�³�¢8¾±·5°/¿ï°/³´Æ»Ä�ÆÇÈ8·iÈ8°w°�¢�Ê��8Á«°,À�¢�È8°wÀ#°,Ë[À´·i²É¼�³ÌÆÇ½»ÆÇÕ,·iÈz·i²¦°,Á µ,·iÈz·�¼8Á�Ð á�²�Ò
³´°,²'µ�¢[Á«¹X¢[Ê8°,Ê�³´°,²'²´°,À�¡ ¢w¼�³ÌÆÇ½»ÆÇÕ,·iÈ¤¢[²qÊ¤¢�µ¸·!¹8º»³´¼8½´¢�ÿE¹z·iÀÌ·EË[°/ÀÌ·���¡ ¢Ý°e·¸Ä!·i½ÇÆÇ·��H¡ ¢ÜÈY°e¼8Á�Î8½»³ÌÀ�¢
µ¥¢[Á«¹ ¢[²K³�¢8Ð
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G�H�IKJ�HML�NPORQSJ�TRU´¢/N�VWNPUYXYNPZ�¢PI[H]\^O:H�_�XSZ6Ha`bJ�NPUSZ6Ha`cJ�H�¢dZ"¢^eRHaU´¢EOR_�¢�O ¢PIKJ�¢CHfNEH�IgJh_�NWJhiaj�XkNCeRH

l _KV®¢P_�H�eRHmeRH]JhH�LanH¡ ¢AeRH�ZAH�`RI�NPj�H�`oI�Z6NPUSXYL�X�¢�IhNWI�prqsN�VWNPUSXkNPn�¡ ¢utJ¢�Xv_�H�NWUYXYw�NPexNuHaZyeRTxNWI�H]J�NPORNPI
eoXYIKJ�XY`bJ�NWI�z{L¥¢�ZAOxNP_hN|JhXSV ¢<e¤¢6}xU~Jh_�¢6L¥¢�Z6OX¢�IgJ�¢AL�¢�Z'¢C���o�P���[�����|���]���r��N�VPNWUYXkNWnH¡ ¢<exNPI l _gV®¢�_KH�I
eoH�eoHaJhHaL�n�¡ ¢6jPH�_hNWexNPI�N�OxNP_KJ�XY_�exN�VWNP_KXkNPn�¡ ¢�e¤¢�I�OxNP_��PZAHaJh_�¢�I�eRH�NPHa_hNPn�¡ ¢<exNAZAH�IKZMN^p

��Z�L�NPexN�TRZ6N�exNPI1HaJhNPOxNPI!tJ¢PX�ToJhXSUYXSw�NPexN�TRZ6N�L�NP_KjbN�eRH�Jh_�NP�xNPUS�¤¢�H�IKO�HaL�Q~}xL�Nop�G
N�OR_KXYZAH�XY_�No�
tJ¢PXrT^JhXYUSXYw�NPexN<TRZMNAL�NP_KjbNo�:OR_�H]V�XkNPZAH�`bJhH�L�UYNPI�IKXS}xL�NPexNo�:eRXYIKO ¢P`RXYUSXYw�NWexN�O�HaU´¢6OR_�¢|�KH]J�¢d���o�P���
�]�
���|���]�������W��pf �JhXYUSXYw�NPZ�¢PI[H�IgJ�N/L�NP_�j�NCOxNW_hNCN�VWNPUSXkNP_[N/XY`oIKJ��W`RL�XYNEe±¢¡���o�P���
�����|���]���¢ToJhXSUYXSw�NPexN
H£ORNP_hNdL¥¢�ZAOxNP_ l¥¤ UkNCL�¢�Z ¢¦}xUSJ�_�¢¦L¥¢�ZAO ¢�IgJ�¢§j�Ha_hNPe±¢Rp©¨ l `xN¦I�Haj�TR`RexNªHaJhNPOxNdtJ¢�X�ToJhXSUYXSw�NPexN
ToZMNfL�NP_�jbNfOo_�¢�V�Ha`RXYHa`cJ�H6eoH�TRZ«I�Ha_KV�XYe±¢�_meRH�L�¢P_�_�HaX´¢£HaUYHaJ�_�¬�`oXYL�¢£_KH�NPU�pu­®HaV�XYe¤¢CN£_�HaIKJ�_�XYna¯^HaI
H�\^XYIKJ�H�`bJhHaI�`¤¢�IKH�_KV�XSe¤¢�_��^NuL¥¢�UYH]J�N�eRNPI{ZAH�`RI�NPj�Ha`RI{tJ¢�X:_�H�NPUYXSw�NPexN�NP`bJhHaI�e¤¢�Oo_�¢�L�H�IKIhNPZAH�`bJ�¢�`¤¢
}RUSJh_�¢�eRH�Z6Ha`RIhNWj�H�`RI�Z6NPUYXSL�X´¢PIhNPI�O�Ha_KJ�H�`RLaH�`bJhHuN ¢<I�XYIgJhHaZMNop

��Z°L�NPexN®TRZMN�exNPI?HaJ�NWOxNPI��bT^JhXYUSXYw�NP`Re¤¢r¢�I?L�¢�ZAO ¢P`RH�`bJhHaI±j�Ha_hNPe¤¢PI�`¤¢[L�NPORQ~JhTRU�¢m²��Pj�H�_�NPZ�¢PI
eoXSt³H�_KH�`bJhHaI l _KV®¢P_�H�I�eRH�eRHaJ�H�LanH¡ ¢6OxNP_hN<OxNP_��PZAHaJh_�¢�I�eRXSIKJhXS`bJ�¢�Iap{G®NAIKH�j�TR`oexN6H]J�NPOxN�tJ¢�X1`RHaL�HaI ¤
I l _�X�¢E_�H�NWUYXYw�NP_�NEL�UkNWI�I�X~}xL�NWnH¡ ¢CexNPI�ZAH�`RI�NPj�H�`oI�L¥¢�UYH]J�NPexNWI�pf´?NP_hN£J�NWUµ�¶ToJhXSUYXSw�NPZ"¢�I]¢COR_K·�OR_�X�¢
���o�P���
�����|���]���x�b¸cTRH[O:H�_KZ6X~JhXYT<¸cTRH�}xw�iaI�I�HaZ�¢PI�TRZ6N�L�¢PZ6OxNW_hNPn�¡ ¢�eRN�L�UYNPI�IKXS}xL�NPnH¡�¢u_�H�NPUYXSw�NPeRN
O:H�U�¢<Z6HaI�Z"¢�H�N�LaUkNPIKI�XS}RL�NPn�¡ ¢<_�H�NWUYXYw�NPexN�O:H�UYNPI l _KV ¢�_�HaI®eoH�eoHaJhHaL�n�¡ ¢6jPH�_hNWexNPI�p

��IKJ�H§L�NPOoQSJhToU´¢¡H�`RL¥¢�`bJh_hN ¤ I�H ¢P_�jbNP`oXYw�NWe¤¢¹exN©I�H�jPTRXY`bJhH/tJ¢�_�Z6Noz§`xN¹IKH�n�¡ ¢(ºop¼»©I�¡ ¢½NPOR_�H ¤
IKH�`bJ�NWexNPI�NWI�ZAiaJ�_�XSL�NPI�ToJ�XYUYXSw�NPI®J�NP`bJ�¢COxNP_�NdN�VWNPUYXYNPnH¡�¢£e¤¢�Im}xUSJ�_�¢�I�¸cTxNP`bJ�¢dOxNP_�NCjPH�_hNWnH¡ ¢CexN
l _KV®¢P_�H�eRH�eRH�LaXYI�¡ ¢Rp¾G
N�IKH�nH¡�¢fºop�¿<eRH�IKL�_�H]V�HaZ�¢�I®N<Z6H]J�¢�e¤¢�U´¢Pj�XkN�eRH�N�VPNWUYXkNWnH¡ ¢�T^JhXYUSXYw�NPexNop�G
N
IKH�n�¡ ¢uº^p¼À�i�NPOR_�HaI�Ha`cJhNPe¤¢�TRZÁ�R_�H]V�H�H�IgJhTRe¤¢�_�H]t³H�_�Ha`bJhH®ÂPI¾L�NP_KjbNPI¾eRH�Jh_�NP�xNPUS�¤¢Rp�Ã[I¾_�HaI�TRU~J�NPe±¢�I
¢P�oJhXSe¤¢�I�H�IgJ¶¡ ¢AeRHaI�L�_KXSJ�¢�I�`xN�I�H�n�¡ ¢6ºopÄ²�p
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Ãè¢��c�KHaJhX~V®¢CeRH�IgJhHAJh_hNW�xNPUY�±¢CiAL�¢PZ��RXY`RNP_[V l _�XYNPI�OR_�¢�OX¢�IgJ�NPI�eRH<}x_�Z6NCNCj�Ha_hNP_�TRZ«}RUSJh_�¢
L¥¢�ZAO ¢�IgJ�¢E`¤¢E¸cTxNPU¾I�Hå��NPZ«�xNWUkNP`RLaH�NPe±¢�I�NCH]t³HaJ�XSV�XYexNWeRH�H�¢CLaTRIKJ�¢deRH<OR_�¢^LaH�IKIhNPZAH�`bJ�¢o��NPUSi�Z
eoH��oTRI�L�NP_�TRZMN�_KH�eRTRn�¡ ¢Ae¤¢6LaTRIKJ�¢6e±¢AHa_�_�¢6eRH�LaUkNPIKI�XS}RL�NPn�¡ ¢Rp

qæHat³H]JhXSV�XSexNPeRHE`RHaIKJhH/L�¢�`bJ�H]\�J�¢©I�H�_ l NªZ6HaeRXYeRN¡exN§J�N¥\RN¡eRH/NPL�Ha_KJ�¢¡e¤¢�I<}xU~Jh_�¢PI6N�VWNPUSXkN ¤
e±¢�I��RIKH�`Re±¢AHaIKJhN<L�NPUYLaTRUkNWexNuO:H�UkN�_hNPw�¡ ¢�H�`bJh_KH�NPI�ZAH�`RI�NPj�H�`oI�L�UkNWI�I�X~}xL�NWexNPI�L¥¢�_�_KHaJ�NWZ6Ha`cJ�HmH{¢
`cçRZAH�_�¢�J�¢PJhNPU!eRH�ZAH�`RI�NPj�H�`oI®exN��xNWI�H�eRH�exNPe¤¢PI�p

Ã&LaTRIKJ�¢feRH�OR_�¢�L�HaI�IhNWZ6Ha`cJ�¢£NPe¤¢WJ�NPe¤¢6_�H]t³H�_�H ¤ IKH�N ¢<JhHaZ6OX¢MZAi�eRX�¢<eRHuOR_�¢^LaH�IKIhNPZAH�`bJ�¢MeRH
L�NPexNfZAH�`RI�NPj�HaZ/pmGd¢M}xU~Jh_�¢ML�¢�ZAO ¢PIKJ�¢o�vH�IgJhH�LaTRIKJ�¢Ei�NMI�¢PZMNMe±¢�I
JhHaZ6OX¢�I®jbNPIKJ�¢�I[HaZèL�NPexN
L¥¢�ZAO ¢�`oH�`bJhHWp

ÃéL�TRIgJ�¢�e¤¢�Ha_�_�¢�eRH[L�UYNPI�IKXS}xL�NPnH¡�¢�JhH�ZêN�t³TR`onH¡ ¢�eRH[tJ¢P_�`RHaL�H�_{TRZMN�Z6HaeRXYexN�¸�TRNP`bJhXSJhNWJhX~VWN
eoHAToZëOR_�¢��RUYHaZMNfIKTR���KH]JhXSV ¢Rp6ÃìLaTRIKJ�¢/eRH�ZAH�`oIhNPj�Ha`RI�ZMNWUYXYLaX´¢�I�NPI
¸cTRH<I�¡ ¢R�1H�_K_�¢�`oH�NPZAH�`bJhHW�
NW_�Z6NPw�Ha`xNPexNPI¾`xN�L�NWX~\oN�eoH®Ha`cJ�_hNPeRN�e¤¢PI�TRIKT l _KX´¢�I¾OX¢^eRHr¢�TA`P¡ ¢�I�Ha_�XSZ6ORNPLaJhNP`bJhH�`¤¢�Jh_hNW�xNPUY�±¢
e±¢�I�ToI�T l _KX´¢�Iap�G�¢�H�`bJhNP`bJ�¢R�^`¤¢�_�Z6NPUSZ6Ha`cJ�HP�®¢�ZMNWX´¢�_±Oo_�¢��RUSH�Z6NmH�IKJ l `¤¢�H�_K_�¢ueoH®LaUkNPIKI�XS}RL�NPn�¡ ¢
eoHMZAH�`RI�NPj�H�`oI�UYHaj�QSJ�XYZ6NPI[L�¢PZ�¢/ZMNPUSXYLaX´¢�I�NPI�pfí?NPU�H�_K_�¢dJ�¢�_�`xN ¤ I�H6L�_KQSJhXSL�¢CH�ZîI�XSIKJ�H�Z6NPI�¢�`oeRH
NWIAZAH�`oIhNPj�Ha`RI<ZMNWUYXYLaX´¢�I�NPIueoHaJhHaLaJhNPexNPIAI�¡ ¢ª_KH�Z"¢¥V�XSexNPI�e¤¢¡I�XSIKJhHaZMN^p(�¾IgJhHCL�TRIgJ�¢¡O ¢�eRH£IKH�_
eoHa}x`RXSe¤¢[L¥¢�Z�¢

Cerro = ML→S ∗α+MS→L∗β
�®¢�`ReoH

α
H
β
I�¡ ¢{¢�I�L�TRIgJ�¢�I±eoH�I�H�LaUkNPIKI�X~}xL�NP_?eRH

tJ¢P_�Z6N®XY`oL�¢�_K_�HaJhNo�P_KH�IKO�HaLaJhX~VWNPZ6Ha`bJhHP�PL�NPexN®Z6Ha`RIhNPjPH�Z°UYH�jPQSJhXSZMN�H{L�NPexN®Z6Ha`RIhNPjPH�ZsZMNWUYXYLaX´¢�I�Nop
q)Z6HaeRXYeRNMOR_�HaL�XSIhNMeRHaI�IKH�ImtïNWJ�¢P_�H�I®i�eRHaO�Ha`ReRH�`bJ�HA�RNPI�XSL�NPZAH�`bJhH�e¤¢£OX¢�`bJ�¢feRH�V^XSIKJhNMeRH�L�NPexN
ToI�T l _KX´¢Rp? ®Z6N�tJ¢�_�Z6N�L�¢�ZuTRZ6Ha`bJhH�H�ZAOR_�HajbNPexN�i�N®eRH]JhH�_KZ6XS`xNPn�¡ ¢�exN�_KH�UYNPnH¡ ¢

λ = α/β
pr��I�IhN

JhN|\oN�XS`ReRXYL�N�¢�¸cTxNP`bJ�¢ui®Z6NPXYI¾L�NP_�¢�L�UkNWI�I�X~}xL�NW_�XS`RL�¢P_�_�H]J�NPZAH�`bJ�H®TRZ6N�Z6Ha`RIhNPjPH�Z3UYHaj�QSJ�XYZ6N
e¤¢
¸cTRH�LaUkNPIKI�XS}RL�NP_�XS`RL�¢�_K_�H]J�NPZAH�`bJhH�TRZ6N�ZAH�`RI�NPj�H�ZðZMNPUSXYLaX´¢�I�NM��À�ño�1ò�À���À�º^��ºP¿|�µp

G�H�IKJ�H�Jh_hNW�xNPUY�±¢£H�IKJhNPZ"¢�ImXY`bJhHa_�HaI�IhNWe¤¢�I�H�ZëN�VWNPUSXkNP_
N£Ha}xL l L�XYNEeRNPI l _KV ¢�_�HaI�eRH�eRHaJ�H�LanH¡ ¢
jPH�_hNWexNPI�p£ób¢�Z�¢�¢/`�çoZ6Ha_�¢CeRH6L¥¢�ZAO ¢�`oH�`bJhHaIui<�xNPIgJ�NP`bJhH6UYXSZ6X~J�NPe¤¢o�!N£VPNW_�XkNWnH¡ ¢EexNEJ�N|\oN

λHaZëTRZ6N�¢�_KeRH�Z«eoH�j�_hNP`oeRH�w�Nu� l iõ¢EIKTo}xL�XSH�`bJhH<OxNW_hN£N�VWNPUYXYNP_]¢£XSZ6OxNWLaJ�¢Me¤¢EL�TRIgJ�¢Ce¤¢£H�_K_�¢
eoHmL�UkNWI�I�X~}xL�NWnH¡ ¢<`xN�Ha}RL l LaXkN�e¤¢�}xU~Jh_�¢�_KH�IKTRUSJhNP`bJhHPp�´ ¢�_KJhNP`bJ�¢R�xNWe¤¢PJ�NW_�H�Z"¢�I�`oH�IKJ�H�J�_hNP�RNPUY�¤¢

λXSj�TxNPUvNCòP��»�HAò�ñop

×65Kô õ)Ý�=?öuÝ @£àø÷¡=±Ý�ùCÝ�äaú£>
ób¢�`^tJ¢�_�ZAH�NPOo_�H�IKH�`bJ�NWe¤¢E`xNfI�HanH¡ ¢Eºop~ò��vtJ¢P_hNPZûToJ�XYUYXSw�NPeRNPI�eRTxNPImL�NP_�jbNWI
eRH�J�_hNP�xNWUY�¤¢6eRXYI ¤

J�XY`bJ�NWI�p�qéOR_KXYZAH�XY_�No��eRXYIKO ¢�`oXY�RXSUYXYw�NPexN�O�HaU´¢�OR_�¢|�KHaJ�¢C���o�P���
�����|���]���½��üW���RI�Ha_KV�H�L�¢PZ�¢<�xNPIKH�eRH
N�VWNPUSXkNPn�¡ ¢EexNdHa}RL l LaXkNdexNWIu_�Haj�_hNWIuXYZAORUSH�ZAH�`bJ�NPeRNPI�`¤¢¹���o�P���
�����|���]���xp£qðI�Haj�TR`ReRN¦iMTRZ6N
L�NP_�j�N<Oo_�¢�V�Ha`RXYHa`cJ�H�e±¢AIKH�_gV^XSe¤¢�_�L�Ha`bJh_hNWU1eRH�L�¢�_K_�H�X�¢<H�UYH]Jh_K¬�`RXYL¥¢�exN< ®`RX~V�Ha_�I�XSexNPeRH�ýxH�eoH�_hNWU1eRH
þCXY`xNPI�ÿmH�_�NPXYI��� 
ý±þ¦ÿ���p!��Z«_KH�I�O:H�X~J�¢CÂfOR_KXSVWNPL�XSexNPeRHue¤¢�I�TRI�T l _�X�¢�I[e¤¢EI�Ha_KV�XYn¥¢/eoH�L�¢�_K_�H�X�¢
HaUYH]Jh_�¬P`RXYL¥¢ueRHaI�IhN�XS`RIKJ�XSJhToXYnH¡�¢R�bJ�¢�exNPI�NPI{Z6Ha`RIhNPjPH�`RI{tJ¢P_hNPZìOR_�¢�L�HaI�I�NPexNPI�eRH®tJ¢�_�Z6NuNP`o¬�`RXYZ6No�
¢P`ReRH�`RHa`R�cTRZMN[XS`otJ¢�_KZMNPn�¡ ¢
_KHat³Ha_�H�`bJ�H�N ¢�I�_�HaZ6H]JhHa`cJ�H�Iò¢�T�eoH�IKJ�XY`xN|J l _KX´¢�IrtJ¢�_hNPZ)N�VWNPUYXYNPexNPI ¢�T



Å�Æ®Ç¾È�É�Ê�ËkÉ1Ì!Í1Î�Ï�Ð�Ñ�Ò:Ó¶Ë�ÔmÒ�Õ¶Ö^É?Ê ²W¿

ZAH�IKZ�¢�L¥¢�`RI�ToUSJ�NWexNPI�p�G®HaIKJ�N�I�HanH¡ ¢�tïNPw�HaZ�¢�I¶TRZ6N�eRH�IKL�_�XSnH¡ ¢�eRHaI�IhNWI�eRTxNWI?L�NP_�jbNWI?eRH¾Jh_�NP�xNPUS�¤¢R�
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qûL�NW_�jbN§tJ¢�_�`oH�L�XSexN§O�HaU´¢¢���o�P���
�����|���]���-`P¡ ¢¡iEeRHCTRZ O:H�_�Q�¢^e±¢§��HaZ eRHa}x`oXYe¤¢R��I�Ha`Re¤¢
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ZAH�`bJ�¢COo_�H�USXYZAXY`xNW_��:`¤¢E¸�TRNPU�tJ¢�_�NPZèHaUYXSZ6XS`xNPexNPI®OxNP_gJhH�Im`±¢^LaXSVWNPI��1L¥¢�Z"¢£L�·�eRXYj®¢PI��o�	�|�W��
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ý�þdÿìtJ¢�X�L�¢ ¤
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q®O�HaIhNP_¾exN�L�NP_KjbN[tJ¢�_�`oH�L�XSexNmO�HaU´¢�OR_�¢|�KHaJ�¢A���o�P���
�����|���]���MIKH�_¾H�ZÁ`cçRZAH�_�¢�eoH�ZAH�`oIhNPj�Ha`RI
Z6NPX�¢�_M¸cTRHªN¢exN( 
ý±þ¦ÿ HaZ J�¢P_�`¤¢(eRH§¿�¿�ñptf�®HaI�IhN(I�Haj�TR`ReRN NWOR_�HaI�H�`bJhN TRZ V®¢�USTRZAH§eRH
eRNPe¤¢�I�J�¢PJhNPU�Z�TRXSJ�¢�I�TRO:H�_KX´¢�_ap¾Ã�j�_ l }RL�¢ueRN�}xj�To_hNuº^pSò
NPOR_�HaI�Ha`cJhN�N�t³TR`on�u ¢�eoH
eRHa`RI�XSexNPeRH®eRH
Oo_�¢��xNW�RXYUSXYexNPeoH�e±¢[J�NPZ6NP`R�¤¢
exNPI±ZAH�`RI�NPj�Ha`RI±`xNPI�eRTxNPI�L�NP_�jbNWI�p±´rH�_KL�H��:H ¤ I�H�¸cTRHP�b`RN[OR_�XSZ6HaXY_hN
L�NP_�j�No�¶OR_hNWJ�XYL�NPZ6Ha`bJhH�J�¢�exNPI�NPI�ZAH�`RI�NPj�H�`oI�OX¢�IKI�TRHaZîJhNPZ6NP`R�¤¢EXY`^t³H�_�X�¢�_mNªò�ñ�ñ�v�w6xcJ�H�I�pM¨ l
ORNP_hNfN6L�NP_KjbNfexNf ®ý�þ¦ÿ���HaZæJ�¢�_�`¤¢£eoHfò�ñptyexNPI
Z6Ha`RIhNPjPH�`RI[OX¢�IKI�TRHaZèJ�NWZMNP`o�¤¢fI�ToO�Ha_�X´¢P_
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q°j�H�_�NPn�u�¢6exN l _gV®¢�_KH�eRH�eRH]JhH�Lan�u ¢o��L¥¢�Z�¢[� l _�H�UYNWJ�NWe¤¢R�xH]\^XSj�H�NA_KH�NPUSXYw�NWn�u ¢<eRH�TRZ6N<tïNPIKH

eoHªJ�_�HaXY`xNPZAH�`bJ�¢RpÁ´�NW_hN½J�NPU��®eoXSV�XYeRXSZ�¢PIfN¢L�NP_KjbN¢H�Z À¢j�_KTROX¢�I£L�¢�Z Z6HaI�Z"¢¢`�çoZ6Ha_�¢ eRH
ZAH�`oIhNPj�Ha`RI�H�ZìL�NWexN�TRZCp±q�OxNP_gJhXS_{eRHaI�IhN�eRX~V�XYI?u�¢R�^T^JhXYUSXYw�NPZ�¢PI{»ue±¢�I�j�_KTRO ¢PI�j�H�_�NPe¤¢�I{L�¢�Z"¢
�RNPI�H®eRH�J�_�HaXY`xNPZAH�`bJ�¢�H�ò
eRHaUYHaI�L¥¢�Z�¢��xNPIKH
eRH�JhHaIKJhHaI�p�z�H�NPUSXYw�NPZ�¢PI�H�IKJhNuN�VWNPUYXYNPn�u�¢�ORNP_hN�Jh_�{aI
LaH�` l _�X´¢PI�eRXSt³Ha_�H�`bJ�H�I��xeoH�tJ¢P_�Z6N�¸�ToH�HaZðL�NPexN<L�H�` l _�X�¢�tJ¢�I�IKH�T^JhXYUSXYw�NPe¤¢�TRZêe¤¢�I�j�_KTRO ¢PI�L�¢�Z"¢
�RNPI�H�eRHmJhHaIKJ�H�I�p

w{ToI�L�NWZ�¢�ImL¥¢�ZAOxNP_hNW_��!HaZëL�NWexN£L�H�` l _�X�¢R�!L�¢PZ�¢�¢£}xU~Jh_�¢fL�¢�ZAOX¢�IKJ�¢£I�H�L�¢PZ6OX¢�_KJhN6t³_�Ha`bJhH
N�¢¦���o�P���[�����|���]���x��N�VPNWUYXkNW`Re¤¢M¸cTRHaIKJ�¯^HaI�L¥¢�Z"¢ENfHa}xL l L�XYNo�ð¢fJhHaZ6OX¢feRH�Oo_�¢�L�H�IKIhNPZAH�`bJ�¢CeRNPI
ZAH�`oIhNPj�Ha`RI±Hh¢
O�Ha_�L�Ha`bJhTxNPUoeRH�ZAH�`RI�NPj�H�`oI±L�UYNPI�IKXS}xL�NPexNPI±XS`RL�¢P_�_�H]J�NPZAH�`bJ�HPp/|¶H]VWNP`bJ�NPZ"¢�I�JhNPZ ¤
�:i�Z$¢®`�çoZ6Ha_�¢
eoH�ZAH�`RI�NPj�Ha`RI�LaUkNPIKI�XS}RL�NPexNWI�NP`bJ�H�L�XSOxNPexNWZ6Ha`cJ�H{`¤¢�}xUSJ�_�¢�L�¢�ZAOX¢�IKJ�¢®HW�PeRHaI�IhNWI��
¸cTxNWU!tJ¢�X1N�Hat³H]JhXSV�XSexNPeRHmeRHaI�IKH�}xU~Jh_�¢op

G�H�I�I�N
OR_KXYZAH�XY_�N�tïNPI�H�`Hu ¢®H�IKJhNPZ"¢�I¶XY`bJhHa_�H�IKIhNPe±¢�I�HaZ)NWOR_�HaI�H�`bJhNP_Ë¢®XYZAOxNPLaJ�¢�eRH�L�NPexN�L�_�X~Jhi ¤
_KX´¢�`RN�Z"¢�`bJ�NWj�H�Z exN l _KV ¢�_�H�eoH�eRHaJ�H�L�n}u ¢Rp?q½t³TR`Rn�u�¢�eoH�ToJhXSUYXYeRNPeRH

Γ(efetiv, custoproc, Cerro)
�

eoHa}x`RXSexN�`¤¢<L�NPOoQSJhToU´¢�¿R�^tïNPwi¢��xNPUYNP`RL�H�NPZAH�`bJ�¢�Ha`cJ�_�H�N�Hat³H]JhXSV�XSexNPeRH~�
efetiv

�]�xL�ToIKJ�¢<eRH�OR_�¢ ¤
LaH�IKIhNPZAH�`bJ�¢��

custoproc

��H[LaTRIKJ�¢�eRHmH�_K_�¢�eoH[L�UYNPI�IKXS}xL�NPn�u ¢��
Cerror

�¾eRTR_�NP`bJhH�NuZ"¢�`bJ�NPjPH�Z3exN
l _KV®¢P_�H�eRH�eRHaJ�H�Lan�u ¢Rp{ób¢�`otJ¢P_�ZAH�� l eoH�I�La_�X~J�¢<`xNP¸cTRHaUYH�L�NPOoQSJhToU´¢R�^OxNP_hN<eRH]JhH�_KZ6XS`xNP_h¢<j�_�NPTCeRH
XSZ6OX¢�_gJ��P`RLaXkN�eRH�L�NWexNmL�_�X~Jhia_�X´¢
`RH�IgJ�N[t³TR`Rn}u ¢R��tJ¢�_�NPZ)La_�XYNPe¤¢�Ia��_�HaI�O:H�LaJ�XSVWNPZAH�`bJhHW�K¢�I�tïNWJ�¢�_�HaI
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κ
H

ρ
p¾Ã[I�Z6HaI�Z"¢�I�O ¢�eRH�Z VWNP_KXkNP_�Ha`bJh_�H
ñ�H�ò��K¢�`ReoH[ñ�XY`ReRXSL�Nm¸cTRH]¢�L�_KXSJhia_�X�¢�`�u ¢�eoHaV�H®j�H�_�NP_

XSZ6ORNPLaJ�¢MNPUSj�TRZß`xN6Z�¢�`bJhNPj�H�ZûexN l _KV ¢�_�H�H6ò�XY`oeRXYL�NA¸cTRHÁ¢ML�_�X~Jhia_�X´¢6eRHaVPH�I�Ha_[L�¢P`RI�XSeRH�_�NPe¤¢
HaZ«I�TRN£J�¢PJ�NWUYXYeRNPeRHueoTR_hNP`bJ�H6N£Z"¢�`bJ�NPjPH�ZëeRN l _KV®¢P_�HPpAób¢PZ�¢£`Hu�¢C¸cTRHa_�HaZ�¢�I�L¥¢�Z6ORNP_hNP_[NPI
l _KV®¢P_�H�I{L�¢�Zì_�HaUkNPn}u ¢�NuL�NPexN�L�_KXSJ�i�_�X�¢u`RHaIKJ�HmOR_�XSZ6HaXY_�¢�Z"¢�Z6Ha`bJ�¢R�cJ�¢�e¤¢�I�_�H�LaH��:H�_�u ¢�¢�Z6HaI�Z"¢
jP_hNPTEeRH�XYZAOX¢�_KJh�P`RL�XYNuHmI�Ha_?u ¢6NP`xNWUYXYI�NPe¤¢�I{H�ZyIKTxN<J�¢PJ�NWUYXYeRNPeRHPp

G�H�I�IKH�OR_�XSZ6HaXY_�¢®Z�¢PZ6Ha`cJ�¢{¢mL�ToIKJ�¢meoH�L�UkNWI�I�X~}xL�NW_�XY`oL�¢�_K_�HaJhNPZAH�`bJhH�ZAH�`oIhNPj�Ha`RI�Z6NPUYXSL�X´¢PIhNPI
IKH�_ l XSj�TxNPUvN ¢<L�TRIgJ�¢MeoH�LaUkNPIKI�X~}xL�NP_�XS`RL�¢P_�_�H]J�NPZAH�`bJ�HmZ6Ha`RIhNPjPH�`RI�UYHaj�QSJ�XYZ6NPI�p

ÃßI�Haj�TR`Re¤¢¡Z"¢�Z6Ha`bJ�¢A� l IKH�_ l ToJ�XYUSXYw�NWe¤¢dOxNW_hN¦_�H�NPUYXSw�NPn}u ¢deRN¡N�VWNPUSXkNPn}u ¢de¤¢§L¥¢�ZAO ¢�_gJ�N ¤
ZAH�`bJ�¢�e±¢�}xU~Jh_�¢�L�¢�ZAO ¢PIKJ�¢�¸cTxNP`oe¤¢®IKTR�RZAHaJ�XYe¤¢�N�TRZMN�L�NP_�j�N�eoH�ZAH�`RI�NPj�Ha`RI¶_�H�NWXYI�p�ób¢�`otJ¢P_�ZAH
ZAH�`oL�X´¢P`xNPe¤¢6`xNfI�Han�u ¢Eºop~ò��vNML�NP_KjbNMtJ¢�_K`RH�LaXYexNMO:H�UYNM ®ý�þ¦ÿÁ`Hu ¢£OX¢�I�IKTRX�TRZ6NMLaUkNPIKI�XS}RL�NPn}u ¢
Oo_�iaV�XYNMeRHa}R`RXYexNf`±¢fI�Ha_KV�XYe¤¢P_�p�´­¢P_KJ�NW`cJ�¢R�vToZèOR_KXYZAH�XS_�¢AOxNPI�I�¢£i�NfL�UYNPI�IKXS}xL�NPn�u�¢fexNMZAH�IKZMNop
��IKIhN/eoHaV�Ha_ l IKH�_�_�H�NPUYXSw�NPexNfL¥¢�ZîNEToJhXSUYXYw�NPn�u�¢fe¤¢dOo_�·�OR_KX´¢§���o�P���
�����|���]���½L�¢�Z«NPI�ZAH�IKZMNWI
_KH�j�_�NPI�ToJhXSUYXYw�NPexNPI�`RN6OR_KXYZAH�XY_�N<N�VWNPUSXkNPn}u ¢Rp{�¾IKIhNMLaUkNPIKI�X~}xL�NPn}u ¢M`�u ¢MO:H�_KZ6X~JhXY_ l ¢��oJ�H�_®N6Hat³H]JhX ¤
V�XSexNPeRH�_�H�NPU!e¤¢<}xU~Jh_�¢<L¥¢�Z6OX¢�IgJ�¢<OxNP_�NAN�L�NP_�jbNAN�VWNPUYXYNPexNo��ZMNWI�I�XYZðL�¢�ZAOR_�HaH�`ReoH�_r¢6XSZ6ORNPLaJ�¢
e±¢�I�La_�X~Jhi�_KX´¢�I¾ToJ�XYUSXYw�NWe¤¢�I±`xN�Z�¢P`cJhNPj�HaZ exNPI l _KV ¢�_�HaI{eRH�eRH]JhH�Lan�u ¢ueRH®ZAH�`oIhNPj�Ha`RI{Z6NPUSXYL�X�¢�IhNWI�p

w{ToI�L�NWZ�¢�I?H]\^ORUSXYL�NW_rL¥¢�Z"¢®eRH]V�HaZ)IKH�_ ¢�Ir}RUSJh_�¢�Ir_�H�IKTRUSJhNP`bJhHaI��WVPH�_KXS}xL�NP`Re¤¢[IKTxNPI?eRXSt³Ha_�H�`on�NPIa�
eRNPexN¦NdVWNP_KXkNPn}u ¢de¤¢PIutïNWJ�¢P_�H�Iu¸�ToHfeRHaJ�H�_KZ6XS`xNPZ ¢§j�_hNWT½eRHfXSZ6OX¢�_KJh�P`RLaXkNEeRHfL�NWexN¦L�_KXSJhia_�X�¢
T^JhXYUSXYw�NPe¤¢�`xN�Z"¢�`bJ�NPjPH�ZðeRN l _gV®¢�_KHPp

´?NP_hN£VWNPUYXSexNP_{¢�I�_�HaI�TRU~J�NPe±¢�I��rNEI�H�jPTR`RexNCL�NP_KjbN£eRHAJ�_hNP�RNPUY�¤¢£JhNPZ��:i�ZètJ¢PX�I�H�ORNP_hNPeRN/H�Z
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J�_�{aI
OxNP_gJhHaI
eRH�Z6HaI�Z"¢6`cçRZAH�_�¢MeRH�Z6Ha`RIhNPjPH�`RIap®q)N�VPNWUYXkNWn�u ¢<Z6NPXYI�TRZ6NAVPH�wu�RNPI�H¥¢�T ¤ IKH�H�Z
J�_�{aI
L�Ha` l _KX´¢�Iap
��ZûL�NPeRNML�Ha` l _�X�¢MTRZ6N6ORNP_KJ�XYn�u�¢AtJ¢�XrI�HaUYHaL�X´¢P`xNPexNAL�¢�Z"¢6�RNPI�H�eoH�JhHaIKJ�H�I[HuNPI
¢PToJh_�NPI�eRTxNPI�tJ¢�_�NPZðToJ�XYUSXYw�NWexNPI{ORNP_hNõ¢�Jh_KH�XY`RNPZ6Ha`bJ�¢Rp

G�H�I�IKH<I�H�jPTR`Re¤¢EZ"¢�Z6Ha`bJ�¢MtïNPwaH�Z"¢�I{¢fUSHaVWNP`bJ�NWZ6Ha`cJ�¢£exNPI l _KV®¢P_�H�ImeoH�eRHaJ�H�L�n}u ¢EeRH�L�NPexN
LaH�` l _�X´¢mH�N�VWNPUYXYNPZ"¢�I­¢PI�_KH�IKTRUSJhNPe¤¢�I�eRH�L�NPexN l _KV ¢�_�HWp���I�IKH�I�_�H�IKTRUSJhNPe¤¢�I¾_KHat³H�_KH�Z ¤ IKH�N ¢�I±J�¢WJ�NPXSI
eoHmZ6Ha`RIhNPjPH�`RI�LaUkNPIKI�XS}RL�NPexNWI�eRH�NPL¥¢�_�e¤¢�L¥¢�ZêN�L�UkNWI�I�X~}xL�NWn�u ¢�_KH�NPUSXYw�NWexN�O:H�U�¢f���o�P���[�����|���]���x�
¢PI�JhH�ZAOX¢�I�J�¢PJhNPXYI{eRHmOR_�¢�L�HaI�I�NPZ6Ha`bJ�¢R�P¢�I�Ha_�_�¢PI�eRH�L�UkNWI�I�X~}xL�NWn�u ¢�H�N�Hat³H]JhX~V^XSexNPeRHm`RN<Ha`bJh_�HajbN
NW`cJ�H�LaXYOxNPeRN<eoH�ZAH�`oIhNPj�Ha`RI�O ¢�_�L�NPexN�TRZye±¢�I�}xUSJ�_�¢�I�L¥¢�Z6OX¢�IgJ�¢�Iap

G�H�I�I�N§HaJ�NWOxNo��VWNP_KXkNPZ"¢�Is¢�IuVWNPU�¢�_�HaI�e¤¢PIutïNWJ�¢P_�H�I�eRH£N¥�KToIKJhHMeRHfXYZAOX¢�_KJh�P`RL�XYN£exN/t³TR`Rn}u ¢
eoHfToJhXSUYXSexNPeRH

Γ
L�¢�Z
¢�¢����KH]JhX~V®¢§eRHfUSHaVWNP`bJ�NW_�H�\oHaZ6OoU´¢�I�eoH l _KV ¢�_�HaI�eRHfeoHaJhHaL�n}u ¢ªj�H�_�NPexNPIap

|1HaZ��R_hNW`Re¤¢ ¸�ToH¹N(t³TR`Rn�u�¢ eRH¡ToJ�XYUYXSexNPeRHdI�H�_gV�H©OxNP_hN(I�HaUYHaL�X´¢P`xNP_��
exNPe¤¢ TRZ L�¢P`|�KTR`bJ�¢ eRH
ZAH�`oIhNPj�Ha`RI��k¢ªZ6HaUY�¤¢P_�L�¢�ZAOX¢�`RH�`bJ�H£OxNP_hN¦L¥¢�ZAO ¢�_�N l _KV®¢P_�HEeRH£eRH]JhH�Lan�u ¢op¢qßZ6HaI�Z6NdtïNPw
ToZß�xNPUkNW`RL�H�NPZ6Ha`bJ�¢Ae¤¢�I�VWNPU´¢�_KH�I�exNAHat³HaJ�XSV�XYeRNPeRHP�xLaTRIKJ�¢MeRH�OR_�¢^LaH�I�I�NPZAH�`bJ�¢6H�LaTRIKJ�¢MeRH�H�_K_�¢
eoHfL�UYNPI�IKXS}xL�NPn�u ¢/eRHfL�NPexN¦L�¢PZ6OX¢�`RHa`cJ�HfNdIKH�_�IKH�USH�L�X�¢�`xNPe±¢Rp¦G®N¦N�VPNWUYXkNWn�u ¢C_�H�NPUYXSw�NPexNC`RH�IKIhN
IKH�j�To`RexNfHaJhNPOxNo��J�NPZ��:i�ZûL¥¢�`RI�XSeRH�_�NPZ"¢�I{¢�I�VPNWU´¢�_KH�I
eRNMJ�N|\oN

λ
_�Hat³Ha_�Ha`cJ�H<N ¢fLaTRIKJ�¢Ce±¢fH�_K_�¢

eoH�LaUkNPIKI�X~}xL�NPn}u ¢ANPOR_KH�I�Ha`bJ�NPexNA`xN�I�Han�u ¢6ºop¼»^p
ÃéL�¢�`¥�KTR`bJ�¢�eRH
VWNPU�¢�_�HaI{eRXSIKJ�XY`bJ�¢�I�e¤¢�I{tïN|J�¢�_KH�I�eRH[N¥�KTRIKJ�HmI�Ha_?u ¢�eRH]JhHa_�ZAXY`xNPe±¢�I{OxNW_hNuL�NPexN

LaH�` l _�X´¢o��eoHCtJ¢�_KZMN§N ¢��^JhH�_ l _gV®¢�_KH�I<eRHEeRH]JhH�Lan�u ¢©¸cTRHEI�H ��NWZ V�H�_KexNPeRHaXY_�NPZ6Ha`bJhHEeRXYIgJhXS`cJhNPI�p
´?NP_hN¦XSIKJ�¢R�±XY_KH�Z"¢�I�VPNW_�XkNW_�L�NPexN¦TRZ eRH�IKI�HaI<tïN|J�¢�_KH�IujPH�_hNW`Re¤¢§TRZ L�¢�`oI�XYeoH�_ l VPH�U�`cçRZAH�_�¢§eRH
L¥¢�Z��RXS`xNPna¯^HaI�H�eoHaJhHa_�ZAXY`xNW_�NPI l _KV ¢�_�HaI�eRXYIgJhXY`bJhNPI�j�H�_�NPexNPI�N�OxNP_gJhXS_�eRH�IKIhNPI�L�¢�Zu�RXY`xNWn�¯�H�I�p

×65?� �yà�Þ¶B£ä];rÝ�@£>uÞ
Ã[I�_�H�IKTRUSJhNPe¤¢�I�tJ¢�_�NPZ'¢��oJ�XYe¤¢�I�N<OxNP_gJhXY_�eRH�H]\^O:H�_KXYZAH�`bJ�¢�I�_�H�NPUYXSw�NPe±¢�I�H�ZßTRZ6NAZ l ¸cTRXS`xN

L¥¢�Zøó�´� êqmþd­yq�J�UY�¤¢�`��m´sºP¿��RX~JhIuÀb»Pñ�ñp���±»�ÿ�w°eRHfZAH�ZA·�_�XYN�z�qmþ HfeRXYIKL�¢¦_KQYj�XSe¤¢CeRH
ò�º�ñbÿ�w
poq®I�L�NP_�j�NPI�tJ¢�_hNWZðeRXSI�OxNP_�NPexNPI�OX¢�_�ZAH�X�¢�eRH�TRZ6N�_�H�eoH�H]Jh�RHa_�`RH]J
eoH�ò�ñ�ñbþ/�oXSJhI?�WI�p�Ã
IKXYIgJhH�Z6N�¢�O:H�_�NPL�X�¢�`xNPU�ToJhXSUYXSw�NPe¤¢CtJ¢�Xh¢ª­
Ha�RXkNW`�|1XS`�T�\¢ºP¿§�oXSJhIa�-v�Ha_�`RHaU{V�Ha_�I�u ¢½»�p¼ºop � ¤ ò�ò�pªq
VPH�_KI?u ¢�e¤¢6���o�P���[�����|���]���EToJ�XYUYXSw�NPeRNmtJ¢PXvN�Àop¼ñ^p ¿Rp�ÃéZAH�IKZ�¢�tJ¢�X:H]\^H�LaToJ�NPe±¢�I�¢��R_KH{¢uXS`bJhH�_KOR_�H ¤
JhNPe¤¢�_&�&�
���¶V�Ha_�I?u�¢f²^p �ops�^p�Ãéj�H�_�NPe¤¢�_�eoH�L�NP_�j�NutJ¢�XvXSZ6ORUSH�ZAH�`bJ�NWe¤¢�`xN�USXY`Rj�TRNPj�H�Z����
���rHmtJ¢�X
T^JhXYUSXYw�NPexN
N
t³Ha_�_�NPZ6Ha`bJ�Nu�å�o�P��
�OxNP_hN[Ha`bV^X�¢�exNPI�ZAH�`RI�NPj�H�`oI±V^XYN[í�ó�´¹OxNP_�N{¢����o�P���[�����|���]���xp
��IKI�HuçoUSJhXSZ�¢�_KH�LaH��:H�NPI�Z6Ha`RIhNWj�H�`RI®NWJ�_hN�V�iaI
eRH�TRZ6NANWORUYXSL�NPn}u ¢<L�¢�`R�oH�L�XSexN6L¥¢�Z"¢E�å�o�P�h�Pp�q
ZAH�IKZMNmi�L�NW_�_�HajbNPexNmHaZÁZ6HaZ6·�_KXkN
H�NPjPTxNP_�eRN�NWI�ZAH�`oIhNPj�Ha`RI¾¸cTRH®IKH�_�u ¢�Oo_�¢�L�H�IKIhNPeRNPI{N|Jh_hN�VPi�I
eoH£TRZ OX¢�_KJ�¢§í�ó�´&H�IKO�HaL�QS}RL�¢R��`¤¢�_KZMNPUSZ6Ha`bJhH<¢��P�PÀop¹q®I�I�XSZøL¥¢�Z�¢ ¢ªIKH�_KV�XSe¤¢�_M�å�o�P�h�P�¾N
t³Ha_�_�NPZ6Ha`bJ�NM�å�o�P��
[i�eRXSI�OX¢�`RXS�RXYUSXYw�NWexN�O:H�U�¢�OR_�¢|�KH]J�¢E���o�P���[�����|���]���xp

ób¢�`^tJ¢�_�ZAH®� l _�HaUkNWJhNPe¤¢R�1NEN�VWNPUYXYNPn�u�¢Me¤¢EZ"¢^eRHaU´¢MtJ¢PX±_�H�NPUYXSw�NPexN6H�Zëe±¢�XYImZ"¢�ZAH�`bJ�¢�I
eRXYI ¤
J�XY`bJ�¢PI�p�Ã[I�_�H�IKTRUSJhNPe¤¢�I�IKH�_�u ¢MNWOR_�HaI�H�`bJhNPe¤¢�I�I�Haj�TRXY`oe¤¢6HaI�I�NAZAH�IKZMN�eRX~V^XSI?u ¢op
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���#���m� ���l�0�:�������-� ���-¡p�¢� £ ¤k¥§¦k¨ª©¬«H« ¦_«H«H­+®
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`±¢�I�J�_�{�I�L�Ha` l _�X�¢�I{eoH[N�VWNPUYXYNPn�u ¢o�cNPI�IKXYZ3L�¢�Z"¢�N�Z6iaeRXkN�exNuH]t³HaJ�XSV�XYexNWeRH®eoH
L�NWexNuL�¢PZ6OX¢�`RHa`cJ�H
HAe¤¢�I�JhHaZ6OX¢�I�jbNPIgJ�¢�I�O ¢P_�L�NPexNCL�¢�ZAO ¢P`RH�`bJhHWpE��Z IKTxN/Z6NPX�¢�_�XYNo�1NPI�L�NP_�NPLaJ�H�_KQYIKJ�XYL�NPI�NPOR_�H ¤
IKH�`bJ�NWexNPIm`RHaI�IhNfJhNP��HaUkNfNWOR_�HaI�H�`bJhNPZë�xNWX~\oN6VWNP_�XYNP�RXSUYXYeRNPeRH�H�`bJh_KHõ¢�I[LaH�` l _KX´¢�I[N�VWNPUSXkNPe±¢�I�p
G�¢
Ha`bJ�NP`bJ�¢o�F¢�L�¢�_K_�HuToZMNMeoXSt³H�_KH�`Rn�NML�¢P`RI�XSeRH�_ l VPH�U±¸cTxNW`Re¤¢fi�L¥¢�`RIKXYeRHa_hNPe¤¢<¢fL�¢�ZAOX¢�`RH�`bJ�H�Ä
Å}�	Æ|p
qêJ�NP�:H�UYN¦ºop�¿§NPOR_KH�I�Ha`bJ�N ¢�IuVWNPU�¢�_�HaIuJ�¢PJhNPXYIa�±OX¢�_uLaH�` l _KX´¢R��_�Hat³Ha_�Ha`cJ�HCN ¢¦L�¢PZ6OX¢�`RHa`cJ�HÇÄ
Å}�	Æ|p
q°J�NP�:H�UYNAeoH�Z"¢�`RIKJ�_hNM¸cTRH�N6L�NW_�jbNAeRHuJh_�NP�xNPUS�¤¢AO ¢�IKI�TRX?TRZûL�¢�`¥�KTR`bJ�¢feRH�Z6Ha`RIhNWj�H�`RI
¸�ToH�¢
L¥¢�ZAO ¢�`oH�`bJhHqÄ
Å}�	ÆM`�u ¢6L¥¢�`RIKH�j�TRH�L�UYNPI�IKXS}xL�NP_�L�¢P_�_�H]J�NPZAH�`bJ�HP�U¢<¸�ToH�L�NPTRIhN"¢<j�_hNP`oeRH�`�çoZ6Ha_�¢



Å�Æ®Ç¾È�É�Ê�ËkÉ1Ì!Í1Î�Ï�Ð�Ñ�Ò:Ó¶Ë�ÔmÒ�Õ¶Ö^É?Ê ²P�

tïNWUYI�¢PI�OX¢�I�X~JhX~V®¢�I¾H
`oH�jbNWJ�XSV ¢�I�p�Gd¢uHa`cJhNP`bJ�¢R�^`¤¢�À D L�Ha` l _�X�¢R�cH�IKI�H[L¥¢�`|�KTR`bJ�¢ui®ZAH�`¤¢P_��@¢u¸cTRH®tïN ¤
V ¢�_�HaL�H
N�Hat³H]JhX~V^XSexNPeRH�`RHaI�IKH
L�NWI�¢Rp¾��IKJhN�VWNP_KXkNP�RXSUYXSexNPeRH�`Hu ¢�¢�L�¢P_�_�H�`¤¢PI{eRHaZMNPXSI�L�¢�ZAOX¢�`RH�`bJ�H�I
OX¢�_K¸�ToH�¢PI�ZAH�IKZ�¢PI�L�UkNWI�I�X~}xL�NWZyN�ZMNWX´¢�_KXkNuexNWI�ZAH�`oIhNPj�Ha`RI�L�¢�Z"¢�UYHaj�QSJ�XYZ6NPI�p

Ã[ImH�IgJhTRe±¢�I�NPOR_�HaI�Ha`cJhNPe¤¢�Im`±¢CL�NPORQ~JhTRU�¢£²MZ"¢�IKJ�_hNPZæ¸cTRH�¢�I[L�¢PZ6OX¢�`RHa`cJ�H�I�ÈH���p�:�
���_�K�	É��
Ä
Å}�	Æ�H�Ê¢����OX¢�I�IKTRH�Zì�xNPX \z¢u`cçRZAH�_�¢ueRH
_KH�j�_�NPI{OX¢�I�X~JhX~VPNWI�p�þCH�I�Z"¢�`¤¢�L�NPI�¢�e¤¢�I�e¤¢�XSI�çRU~JhXSZ�¢�I
L¥¢�ZAO ¢�`oH�`bJhHaI�¸cTRHm`Hu ¢�OX¢�IKI�TRHaZð_�Haj�_hNWI�`RH�j�NWJhX~VPNWI��^NPI�I�TRNPI�_�Haj�_hNWI�O ¢PI�XSJ�XSVWNPI�`Hu ¢�L��oH�jbNPZêN
jPH�_hNW_{`¤¢PJhNPI{_KH�UYNWJhX~VPNWZ6Ha`cJ�H�NPUSJhNPI{`xNWI{ZAH�`RI�NPj�H�`oI�N�VPNWUYXkNWexNPI��K¢�¸cTRH®t³H�w
L¥¢�Zì¸�ToH[H�IKI�H�I�L¥¢�Z ¤
OX¢�`RHa`bJhH�I{L�UkNWI�I�X~}xL�NWI�I�HaZêjP_hNP`ReoH[OxNP_gJhH
eRNPI{ZAH�`RI�NPj�Ha`RI�L�¢PZ�¢�UYH�jPQSJhXSZMNWI�p?�¾IKIhN�LaUkNPIKI�XS}RL�NPn}u ¢
`�u ¢�NWt³HaJhN[Z�TRX~J�¢mN[H]t³HaJhX~V�XYexNPeoH{}x`xNPUoeRH�L�NWexNmL�¢�ZAO ¢P`RH�`bJhH�ToZMN®VPH�w�¸cTRHm¢�`cçRZ6Ha_�¢meRH�tïNWUYI�¢PI
OX¢�IKXSJhX~V®¢�I
NPOR_KH�I�Ha`bJ�NPe¤¢PI�OX¢�_[HaI�IKH�I�i�Z�TRX~J�¢f�xNWX~\z¢fH<NPI[ZAH�`oIhNPj�Ha`RImUYHaj�QSJ�XYZ6NPI�_�HaOR_�HaI�H�`bJhNPZ
Z6NPXSI�eRH���ñpt3e¤¢AJ�¢PJ�NWUµp

��Ë����a���AÌAÍS�V�m!#Îm�������AÏ}$
��Ðp!#Ñm�A� ��Ï}Ò�!1��$
� Ó Ô#!1�YÍ�Õ(Ô3$
�Ö0×mØ+Ù Ú�Û0)
Ø(Û1Ü Ü1)?Ý�Ö0×mØ+Ù Þ}Ü[2]_@VI�JLK0M1@CI?JÃßCRaK0JEJU` à+ßVK0F+K0J:ßCD1>ADGRo@CM1á QU`o>OK0JHWed	fg\
3999, 33(0, 00) 4889, 33(0, 00) 4887, 33(0, 00) 4488, 67(0, 00)]_@VI�JLK0M1@CI?JÃßCRaK0JEJU` à+ßVK0F+K0J:ßCD1>AD/âeãmä1å¯W5d	fH\
894, 67(0, 01) 4, 67(0, 25) 6, 67(0, 31) 405, 33(0, 02)æ�@CM1á QU`o>OK0JTßCRaK0JUJE` à+ßVK0F+K0J¢ßCD1BrBE@nQUK0>A@CI[QE@/Wed	fg\

3747, 33(0, 01) 3959, 33(0, 00) 3959, 33(0, 00) 3914.67(0, 00)ç ã�ä1åGâgßCRaK0JEJU` à+ßVK0F?D1J:ßCD1BEBr@nQLK0>A@CIlQU@9W5d	fg\
678, 00(0, 05) 0, 00(0, 00) 2, 00(0, 50) 356, 00(0, 05)<¢=?>A@CBrD�F?@�èsK0RoJUD1JTé�D1JU` QE` ilD1J�Wed	fg\
216, 67(0, 18) 4, 67(0, 25) 4.67(0, 25) 49, 33(0, 18)<¢=?>A@CBrD�F?@�èsK0RoJUD1JTI?@CMlK#QU` ilD1J�W5d	fH\
252, 00(0, 13) 930, 00(0, 00) 928, 00(0, 00) 574, 00(0, 03)êëèY@CQE` im`oF+K0F?@AW5d	fH\

0, 90(0, 02) 0, 81(0, 00) 0, 81(0, 00) 0, 87(0, 01)NS@V>Aé�D�>A^CF?`oD�F?@Hé?BrD[ßV@CJEJLK0>A@CI[QEDkWsJL\nWed	fg\
0, 46(0, 32) 0, 26(0, 22) 0, 17(0, 15) 0, 17(0, 12)í�NP�:H�UYN<ºop¼À^z-�^TRZ l _�X�¢�exN��xNPI�H�eRHmJ�_�H�XS`xNPZAH�`bJ�¢<`¤¢PI�J�_�{aI�LaH�` l _�X´¢PI

ì�íïîGðUñpò~óõôGò�öë÷(øpñpî ñpò�ù�ú¢ò�û9÷}üëò·ý&ö	ù�þp÷�ðUú:ò ý&ú¢ÿ��Oú¢ù öïù���ö����	��

� $ ý&öïù þp÷�ðEú 
 $ ý&ö	ù�þp÷�ðUú � $ ý&öïù þp÷}ðUú

������������������������� �"!$#��%��&������('�)*'+�,���.-0/"!0)1���
3997 3995 4006������������������������� �"!$#��%��&������('�)*'325476.8
897 899 8889:���.-0/"!0)1���;������� �"!$#��%��&����<�('�="= ��/>��)*���?/ �

3724 3725 3793@ 476�8A2B������� � !$#��%��&C'.�<�('�="= ��/>��)*���D/ �
657 660 717E�FC)*��= '1&C�HGI���,�>'.�KJ�'.�"!0/"!0L�'.�
240 239 171E�FC)*��= '1&C�HGI���,�>'.�K�����D��/"!0L�'.�
273 270 213MNGI��/"!0L?!,&���&C�

0, 90 0, 90 0, 92OP��)+JQ'+)*R(&7!,'1&C�HJC= '	�(�(� �>��)*���?/ '�ST��U
0, 63 0, 40 0, 35í�NW��HaUkN�ºop�¿Rz�ób¢�ZAO ¢P`RH�`bJhHqÄ
Å}�	Æ�z�_�HaI�TRU~J�NPe±¢�I�O ¢�_�LaH�` l _�X´¢

q�J�_hN�V�iaI�eRNmJhNP�:H�UkN
ºop¼À[i{O ¢�IKI�Q~V�H�UoL�¢�`R�oH�L�Ha_���OxNP_�N
H�IKI�H�L�¢�`¥�KTR`bJ�¢�eRH�exNPe±¢�I��cNPI�OxNP_KJ�XYLaTRUkN ¤
_KXYexNWeRH�I�eRH�L�NWexNmL�¢�ZAO ¢P`RH�`bJhH�ToJ�XYUSXYw�NWe¤¢[`xNmZ"¢�`bJ�NPj�HaZ e¤¢m}xU~Jh_�¢�L¥¢�Z6OX¢�IgJ�¢Rp�Ã L�¢PZ6OX¢�`RHa`cJ�H
¸cTRH�NPOR_�HaI�Ha`cJ�¢�T¡NMZAH�UY�±¢�_®H]t³HaJ�XSV�XYexNWeRH�tJ¢�X ¢f¸cTRH�OX¢�IKI�TRX±ToZæZ6NPX�¢�_®`cçRZAH�_�¢feRH�_KH�j�_�NPI
XSZ ¤
OoUYH�ZAH�`bJhNPexNPIap¾´­¢�_Ki�ZC�^J�NWUvHat³H]JhX~V^XSexNPeRH®`Hu ¢�HaIKJ l USXYjbNPeRN�eRXS_�H]J�NPZAH�`bJhH[N ¢�`cçRZAH�_�¢�eoHm_�H�jP_hNPIap



Å�Æ®Ç¾È�É�Ê�ËkÉ1Ì!Í1Î�Ï�Ð�Ñ�Ò:Ó¶Ë�ÔmÒ�Õ¶Ö^É?Ê ²Pü

Ã[ToJ�_�¢�I[tïN|J�¢�_KH�ImH�IgJ+u ¢CNPIKI�¢�L�XYNPe¤¢�Ia�1L�¢�Z"¢EN£¸�TRNPUYXSexNPeRH�eoH�I�I�NPI�_�H�jP_hNPImH<N£L�NW_hNPL]JhH�_KQYIgJhXYL�NfexN
L�NP_�j�N®eRH�Jh_hNW�xNPUY�±¢Rp�Gd¢
L�NPI�¢[eoH�IKJhN[N�VWNPUYXYNPn�u ¢o� ¢
¸�ToH{L�¢P`cJ�_�XS�RTRXYT�OxNP_�N®¸cTRHh¢®L�¢�ZAO ¢P`RH�`bJhH Ê¢���
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VPH�w�¸cTRH�H�IgJhH�L�UYNPI�IKXS}xL�NP_�XYN
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Å}�	Æ¹i�¢¡OR_�XSZ6HaXY_�¢ªN©OR_�¢^LaH�I�I�NP_6NPI
ZAH�`oIhNPj�Ha`RI��btJ¢�Xz¢m¸cTRH�NPOR_�HaI�Ha`cJ�¢�TAZ6HaUY�¤¢�_KH�I±_KH�IKTRUSJhNPe¤¢�I±L¥¢�Z&_KH�UYNPn�u ¢�Â[H]t³HaJ�XSV�XYexNWeRH�_�HaUkNWJ�XSVWNop
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�� � ��� �� �� �� � � �� �� � � � �� �� � � � �� � � ��� �� � � �� � � � � � ��� �� �� �� �� ��� ¡ ¢£¤  ¡ ¢¥ ¦£ ¢ ¢ § ¨¥ £ © £ ¢¥ª «ª ¦ ¤ ¬­ § « £ ¢ ®¯° ±

527, 67(0, 02) 238, 33(0, 06) 238, 33(0, 06) 508, 33(0, 02) 238, 33(0, 06) 508, 33(0, 02)� ¡ ¢£¤  ¡ ¢¥ ¦£ ¢ ¢ § ¨¥ £ © £ ¢¥ª «ª ²³´ µ ®¯° ±

20, 33(0, 59) 309, 67(0, 05) 309, 67(0, 05) 39, 67(0, 30) 309, 67(0, 05) 39, 67(0, 30)� ¡ ¢£¤  ¡ ¢¥ ¦£ ¢ ¢ § ¨¥ £ © £ ¢¥ª «ª ¦ ¤ ¬­ § « £ ¢¶   ¦ª 459, 00(0, 00) 238, 00(0, 06) 238, 00(0, 06) 440, 33(0, 03) 238, 00(0, 06) 440, 33(0, 03)·³´ µ ¸ ² ²´ ² ² ¹º   ¶   ¦ª ¥ª «¶ ª ¡  ¡ ­   ®¯ ° ±� ¡ ¢£¤  ¡ ¢¥ ¦£ ¢ ¢ § ¨¥ £ © £ ¢¥ª «ª ²³´ µ ² ¶   ¦ª 12, 33(0, 95) 80, 67(0, 01) 80, 67(0, 01) 13, 00(0, 83) 80, 67(0, 01) 13, 00(0, 83)·³´ µ ¸ ² ²´ ² ² ¹º   ¶   ¦ª ¨ ¦­»ª ¥ª «¶ ª ¢­ª ®¯° ±� ¡ ¢£¤  ¡ ¢¥ ¦£ ¢ ¢ § ¨¥ £ © £ ¢¥ª «ª ¦ ¤ ¬­ § « £ ¢¶   ¦ª·³´ µ ¸ ² ²´ ² ² ¹º   ¥ª «ª ²³´ µ ² 8, 00(0, 13) 229, 00(0, 06) 229, 00(0, 06) 26, 67(0, 48) 229, 00(0, 06) 26, 67(0, 48)¶   ¦ª ¨ ¦­»ª ¥ª «¶ ª ¢­ª ®¯° ±� ¡ ¢£¤  ¡ ¢¥ ¦£ ¢ ¢ § ¨¥ £ © £ ¢¥ª «ª ²³´ µ ² ¶   ¦ª·³´ µ ¸ ² ²´ ² ² ¹º   ¥ª «ª ¦ ¤ ¬­ § « £ ¢ ¶   ¦ª 68, 67(0, 17) 0, 33(1, 73) 0, 33(1, 73) 68, 00(0, 16) 0, 33(1, 73) 68, 00(0, 16)¨ ¦­»ª ¥ª «¶ ª ¢­ª ®¯° ±¯¼ ¢­ª ©    » »ª ©  ¥ ¦£ ¢ ¢ § ¨¥ £½ ¾ª

λ = 1

®¯° ±

76, 67(0, 15) 229, 33(0, 06) 229, 33(0, 06) 94, 67(0, 22) 229, 33(0, 06) 94, 67(0, 22)¯¼ ¢­ª ©    » »ª ©  ¥ ¦£ ¢ ¢ § ¨¥ £½ ¾ª

λ = 2

®¯° ±

84, 67(0, 13) 458, 33(0, 06) 458, 33(0, 06) 121, 33(0, 27) 458, 33(0, 06) 121, 33(0, 27)¯¼ ¢­ª ©    » »ª ©  ¥ ¦£ ¢ ¢ § ¨¥ £½ ¾ª

λ = 10

®¯° ±

148, 67(0, 08) 2290, 33(0, 06) 2290, 33(0, 06) 334, 67(0, 40) 2290, 33(0, 06) 334, 67(0, 40)¿ À  ­ §Á § ©£ ©  Â  ¦£ ­ §Á £ ®¯° ±

0, 86(0, 02) 0, 58(0, 04) 0, 58(0, 04) 0, 83(0, 05) 0, 58(0, 04) 0, 83(0, 05)Ã  «¶ ª « Ä © §ª ©  ¶ »ª ¥   ¢ ¢£ « ¡ ­ª ® ¢ ± ®¯° ±

1, 29(0, 02) 1, 66(0, 02) 2, 06(0, 01) 1, 90(0, 03) 1, 63(0, 21) 1, 92(0, 09)Ã  «¶ ª ­ª ­ £ ¦ ©  ¶ »ª ¥   ¢ ¢£ «  ¡ ­ª ® ¢ ± ®¯° ±

705, 86(0, 02) 910, 36(0, 03) 1130, 72(0, 01) 1044, 12(0, 03) 893, 68(0, 21) 1050, 80(0, 09)

ÅÇÆ È$É Ê Æ ËPÌ ÍÇÎ Ï0Ð ÑÒ ÆÓ Æ Ô Õ$Ö Ð ×ÐØ Ù Õ Ê ÔÓ ÐØ Ï0Ð Ñ Ò ÐØ ÔÐØ ÚÉ Ó Æ ×ÐØ Ò ÆÓ Æ Æ Û ÆÓ Ú Æ × Æ Ü ÙÝ Þ
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ßáà âã à ä å ä æ åç è éê æë à ç ß à âã à ç æà ç

ìí ìî ìï ìð ìñ ìò

ó0ô õ0ö 53, 95%(0, 08) 85, 83%(0, 03) 84, 00%(0, 02) 50, 43%(0, 06) 85, 83%(0, 03) 50, 43%(0, 06)÷0øù õøú 42, 46%(0, 13) 7, 06%(0, 07) 7, 36%(0, 03) 42, 46%(0, 13) 7, 06%(0, 07) 42, 46%(0, 13)ú ù û ó0ô õ0ö 0, 00%(0, 00) 0, 00%(0, 00) 0, 00%(0, 00) 0, 00%(0, 00) 0, 00%(0, 00) 0, 00%(0, 00)üú ý

3, 59%(0, 61) 7, 12%(0, 32) 8, 64%(0, 13) 7, 12%(0, 32) 7, 12%(0, 32) 7, 12%(0, 32)

ÅÇÆ È$É Ê Æ ËPÌ þÿ Î �É Ó ÛÉ � Ô� Æ Ê ×É ÑÉ �Ø Æ ÚÉ �Ø É � ÔÓ É Ú� ÉØ Ò Ð Ó ÛÐ Ñ Ò Ð �É � ÔÉ �ÐØ � Ê ÔÓ ÐØ ÛÐ ÑÒ ÐØ Ô ÐØ
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� $�����$}Ï}��Ï�Ô3�m� 8:�	�aÔ#!#$
� � $����ë$
�nÔ#$
�
�� 
�
 
�� 
�� 
�� 
���������
1, 00(0, 00) 0, 65(0, 06) 0, 65(0, 06) 1, 00(0, 00) 0, 65(0, 06) 1, 00(0, 00)��� ä ���� 
0, 71(0, 06) 0, 00(0, 00) 0, 00(0, 00) 0, 71(0, 06) 0, 00(0, 00) 0, 71(0, 06) ä�! �����"�
0, 00(0, 00) 0, 00(0, 00) 0, 00(0, 00) 0, 00(0, 00) 0, 00(0, 00) 0, 00(0, 00)#  | 0, 52(0, 51) 0, 32(0, 80) 0, 32(0, 80) 0, 32(0, 80) 0, 32(0, 80) 0, 32(0, 80)í%$P�'&)(�$<ºopSòPò+*��-,.&�/�02130�45$647&847&89:$;45$<9¥¢+=?>X¢+@7&�@A/B&8@5$<&)@A/BCD&)EA$F45$;GH=I&)@7G�$;E+&�@7G
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