
����������	�
��
���������������
���������	��������� !�"�#�$�"�

% 
� �����&�
� ��'�(
)�+*,�$��
.-/�"���102
)	3��
.45	,�$��
 % 
� )6��7	,��	

�����$��68*9�� ��:��������	

;�<>=:?A@CB�DFE+@CG,HJI�KL=M@CB,DFN�<>OP<>=:=L@
Q <>G�@R=:KS@R?T<PB7KMDTU�<�E�HWV>B,XPHY@ZU�@FE�D[?FG,\�KL@C]_^CD
` B,I:KMHWKM\�KLDaU,<#bc@RKM<>?TdRKLHWX_@Z<�e"I:KL@RKLfWI:KLHWX_@

g B,Hih[<>=:IMHWU�@CU,<�U,<#j�^CDFk!@C\,lJD

mRn U�<+oM@RB,<>HW=MDaU,< mCp[p[q



� ���������
	��� �
�������

�����������! #"$�%"'&(�)"+*-,/./�!,102�%�435�!67"$8:9<;=�+�!�?>@�#6A�$3#"+;�BC�+;D #�'�#E
EF97EG���!>C"IHJ97K����=�=L
>@�#6A�M"��)9<�#;IK4�+ #N+"MOIP=�F���!35�!Q=9R�%"S6<"+;=��"S���FK�"���"T"T�=�!H)�#;VU+"�67UV9<EW�!;IK)"M�=�!HJK)�WK)�4�%QD�+67XD"
�Y>@"+��H)PD�FHJ"�679A3597K)PD�=�YZ7EF>D�+�!L��[HJ>@�!3#9<�+67EF�#;IK��1;D"\EW"�EF�#;IK)"\���]BD;C�%6<97^[�+ #N+"W�=�!HJK��F��9AH-_
H)�#�)K��+ !N%"C,

�����������! #"2�2EF�#PDH`>D�%9AH!LR��6<P=Z<H)9<"2�M�?6<��a!;=9A�=Lb>@�#6<"�Hc�!;DH)97;D�+EF�#;IK)"IH`���MUI9A�=�2OIP=�
H)�#EF>=���WEF�$�=�#�4�%ETLd�[HJ>@�!3#9<�+67EF�#;IK��\"2���\Ue�%6<"+��97^[�%�Y�T�!��PC3#�+ !N%"f35"�EF"SPDEg��"IH]�#6<�5_
EF�#;IK)"IH�*hP=;C�=�%EF�#;IK4�%9AH?>D�+���FEF�!Pi35���!H�359<EF�#;IK)"'>@�!H�H)"��%6j,?�?�+�4�+���[ 5"'�\EF�#Pi>D�%9:>C�!6<�6<�#97K)P=�4�W>=�)k!UV9<�W���!HJK)�]K����+QD�%6<X="W�Y>C�!6<��H���9<U+�#�4H��+HlHJPD�+�!HJK)mV�[Hn�=�YEW�!67XD"+��9<�WOIP=�Y�)�[35�!Q=9o,

�����������! #"qprEF9<;=XD�s�[HJ>@"�H��q.?k!QC"����DL1>@"+�tHJ�!Pu9<;D3#�#;IK)9<U+"q�v�%>@"+9<"D,xwy�+E`Q@k#E
�ez-PC��"+P�_{EF�\67�!;D��"t�'�)�!UV9<H��%;D�="f�!HJK��2��9AH�HJ�!�JK4�+ #N+"DL:HJ�!;D��"f*hP=;C�=�%EF�#;IK4�%6n>D�%�4�f�fEF�5_
6<X="+��9<�|;D�FOIPD�%6<9A�=�+���Y��"FK��5}VK)"WBD;C�%6j,

�����������! #"1�+"�H:��97U��#�4HJ"IH~�%EF97��"�H:OIP=�lEW�l9<;D35�!;IK)9<U��+���+E����ez-PD�=�+���+E���P=�4�%;IK)��K)"��=�
EF97;DXD�/z-"+��;D�+�=�D,



���������
	

� 3#"+EF>=P�K4�+ !N%"\�#E
���������!H�"�>C"��JK�P=;=9AH-K4�+H�K)�#E
>@"+�/"+Q�z-�#K)9<U+"$3#"+EF>D�%�)K)9<6<XD�%�����!3#P=�4HJ"IH
35"�EF>=P�K���359<"+;D�+9<Hyz��F�#}V9AHJK)�#;IK��!Hl;D��H�97;CH-K�9 K�P=9< #mV�!H�>D�+���|�!H�3#�+67"�;D�%EF�!;�K�"W�=�]K��%���5* ��H#,R�
���[359AH)N+"|���Y�%6<"�3#�+��P=E\�WE�+OIP=9<;D�|>D�%�4�`���!�+679<^!�� #N+"`���Y���5K��#��EF97;D���=�`K��%���5* �|>@"V�=�]H)�#�
* �+3#976<97K��+�D�|H)�1*h"+��>@"�H�HJZ<U+�!6 �`>=���!�=9< !N%"F���Y"�35"+����a#;D3#9<�|���]"V3#97"IHJ9A�=�����/;D�!H�H)�WE�+OIP=9<;D�=L
35"�;DH)9<���!���+;D��"WHJPD�WP�K�976<9<^!�+ !N%"F>@�#6<"WPCHJP��+�)9<"F"+��97��97;C�%6j,

� HJK)�1K)�4�%QD�+67XD"`9<;IU��!HJK)9<���c�|P�K�976<97^[�+ !N%"|�=�?K�k!35;D9<3!�+Hl���]�%;��+679AHJ�1���]35"+;D�+6<"+EF�#�4�+��"IH>D�+���t" �)�[35"�;=X=�!3#97EF�!;�K�" �=�f>D�+����mV�!HF���fPDH)"v���T���!35PD��H)"�HF35"�EF>=P�K���359<"+;D�+9<H!,q&b�%�4�
K��+;IK)"DL=H)�#�4N%"|9<�=�#;IK)97BC3#����"�H�3#"+EF>@"+�)K��%EF�!;�K�"�H�>=��"%K)"+K)Z<>=9A35"�Hl���YP=K)9<679<^!�� #N%"F���YP=E ���5_
K)�!�)EF9<;D�+�="$���!35PD��H)"D,Y�?H�H)P=EF97;D�="%_ HJ�WO�PD�W�M"�35"+����a#;D3#9<�'�=�!H�HJ�[H?>D������mI�[H/�=�W3#"+EF>C"��J_
K��+EF�#;IK)"TkF�)�[35"��)���#;IK)�W�%"S67"�;=�+"f��"SK��#EF>C"CL k\>@"�H�HJZ<U+�!6:�[H-K4�%Q@�#6<�!3#�#�]P=Ex�+��3!�%Q@"+PD #"
>D�+���M�!HJK)9<E\�%�cH)�+L �!E P=Eg�=�+��"SEF"+EF�#;IK�"DLd�[H-K��F�)�[35P=�4HJ"S�!HJK��+���S��9AHJ>@"+;DZ7U��#6b"+P ;DN+">D�+���W35"�EW>C�%�)K)9<67XD�+EF�#;IK)"F35"�E �W�)�[���+,

.?9<U+�!��H)"�HF3#"+;D3#�#97K)"�HW�!;IU�"+6<UV9<��"IH|�=P=���+;IK)�S" >D�)"�35�[H)H)"t�=�2�%;��+679AHJ�T���f35"�;=�+6<"+EF�#_
�4�+��"IH?H�N%"$��9AH�35P�K�9<��"IH1�|�%>D679A3#����"�H1�%"$3#"+;IK)�#}VK)"M�="M���!3#"+;=X=�[359<EF�#;IK)"$�=�|>D������mI�[H?���
PDH)"S�=�|���!3#P=��H)"�H135"�EF>=P�K���359<"+;D�+9<H!,`� 9<EW>D67�!EW�!;IK��+ !N%"S���FP=EGE�����P=6<"S���\H)"%* K��l�%���
>@"�H�HJ9<Q=9<6797K)"�PrOIP=�T*h"IH)H)�#E ���!�+679<^!����"�HF�+67��P=;DHF�#;CH)�+97"IHF>D�%�4�iUe�+679A�=�+ !N%" �=�+H\K)k!3#;=9A3#�+H
>=��"+>@"�HJK���H#,



��� �������
	��

� >=>@"+�)K)P=;D9<HJK)9A3(���)9A�`3#"+EF>=P�K�97;D�1H��H-K��#E\H~�%9<E�K)"]HJXC�%���n3#"+EF>=P�K��#�~�)�[HJ"�P=�435�!H!Le�%6<�)�[�+��
�5}�9AH-K��#;IKc9<; 97;DHJK)97K)P=K)9<"+;DH!Ly9<; "+�4���#�]K�"2H)34XD�!��P=6<�'35"�EF>=P�K��%K)9<"+;D�+6(�%>D>=679A3#�%K)9<"+;DH!,$wlX=�
34X="�9<3#��"%*y�`E\�+34X=9<;=��K�"`��P=;$H)"+EF��K4�+H�����976<6 QC�]�%9A���!�'Q�\�`�)�[HJ"�P=��3#��9A��67�/>=���!��9A3 K�97"�;
*hP=;D35K)9<"+; ,

� ;SK)X=9AH ��"���� L�356<PDHJK)�!�l�+;D�%6��HJ9AH ��976<6 Q@�c�%>=>=6<9<�!�$K)"F>C�!�J*h"��)E ���!H)"+PD��3#�/PDH��%���?>D�%KJ_
K)�!�);T���!3#"+�+;D9 K�97"�; ,b&R��"%K)"+K�V>=9<31Q@�#XD��UV9<"+�4Hn"%*~�)�[HJ"�P=��3#�]PDH)�+�+� ��976<6dQ@�Y9A���#;IK)97BD�[� ,��l�e_
H)�!�f"�;TK)X=�W�)�[35P=�����#;D3#�Y"%*bK)XD�!H)�`Q@�#XD��UV9<"+�4H#L@�'>D�%KJK)�!�);f���!3#"+��;=9 K�97"�;T*h���+EF� �n"+������9<676
�!HJK)9<E\�eK��/K�X=�cH)XD�%��97;D�W��Ue�%9<6A�%Q=9<6797K�'"+*:�W�)�[HJ"�P=�435�+,

� "+EF�f356<PDHJK)�!�F�+;D�%6��HJ9AHW35"+;C35�#>=K�H ��976<6�Q@�T�=9<H�35PDH�H)�!� �+;D� �+>=>=6<97�[� K�"tK�X=�f35"�E|_
>=P�K��#�F���!H)"+P=�435�[HYPDH��%�+�M>D�eK)K)�!�);v���!3#"+��;=9 K�97"�; *h�4�%EF� �n"+��� ,t� HJ"+* K��n�+�)�$3#"+EF>@"+;=�!;�K
�l�+H����!U+�!67"�>C�[�T97;f"������!��K)"$>C�!�J*h"��)E K)X=�`>=�)"�>C"IHJ�[�MK)�!34XD;=9<OIP=�[H�Ue�%6<9A�=�eK�97"�;TK)X=��"+P=��X
H)97E|P=6<�%K)9<"+;DH!,



� ��� � ��� ���

����� ��� 		� ��
� 	 �
� , � � ;IK)���1������� ,],Y,],Y,Y,],Y,1,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y, �
� ,�� ��"+EF>@"+�)K��+EW�!;IK)"�Hn&R��"%K�"%K�Z7>=9A35"IH',Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y, �
� , � ���[35"+;DX=�!3#97EF�#;IK�"F�=�Y&~������mI�[Hv,Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y, �
� , � � Q�z-�#K)9<U+"�Hg,],Y,],Y,Y,],Y,1,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y, �
� ,�� � HJK)��P�K)PD���F��"'./"�35P=EF�#;IK�"W,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y, �

� ��� � � � ���! �"��	$# 	 � � � ��� 	� 	 � �&% �'�
��, � ��"+;C35�#97K)"IH(�1�#�4�%9AH
,Y,],Y,1,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y, � �

��, � , � �?E`Q=9<�#;IK)�c�=�]�?>=���#;D��9<^!����"�,Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y, � �
��, � ,�� )/�eK)PD�)�!^!�W�=�*���#>D�)�[HJ�!;�K4�+ !N%"|�D� � }V>@�#��9<a#;D3#9<��,],Y,],Y,Y,],Y, � �

��,�� ��>D�)�!;D��9<^!�+�=" � P=>C�!�)UV9AHJ9<"+;C�+��"\,Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y, � �
��, � ��>D�)�!;D��9<^!�+�="+)/N%"+_{H)P=>@�#��UI9AH)97"�;D�+��"g,Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y, � �

��, �=, � ��6A�+H�HJ97BC3!�+ #N+"`�-,/.10325476985:<;>= ,Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y, �@?
��, �=,�� ���[35"�;=X=�!3#97EF�!;�K�"W�=�Y&~������mI�[Hl;="F&R��"%z-�5K�" � ;�K��A�1�4�+��� ,Y,],Y, � �

� � ��B %!� � �C� �D# 	 �FE % 	 � �����&��	 � �"G
�=, � &R��"�35�!H�H)"W���H���!35"�;=X=�[359<EW�!;IK)"\���]&b�+����mV�!H ,Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,I�J
�=,�� ./�5BD;=9A #N+"\��"�H � 6<�#EF�!;�K�"�Hs,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,I�K�

�=,���, � � Q�z-�#K)"IHn�=" � ;�K��A�1�4�+����,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,I�K�
�=,���,�� wl9<>C"IH � ���!�+9<H`,],Y,1,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,I�L�
�=,���, � ��PDZ<��"IHY,],Y,Y,],Y,1,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,I�K�

�=, � � �!67�[ #N%"\�=��HNMR�%��9 ��U��#9AHS,Y,1,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,I�K�
�=, �=, � O K)9<679<^!�� #N%"F��"IHP���!3#P=��H)"�HQ��"�EF>=P�K���359<"+;D�+9<HT,],Y,],Y,],Y,Y,],Y,I��
�=, �=,�� O K)9<679<^!�� #N%"SR@6�8T25032UMR�+�)9A�+ !N%"W��� O K�976<97^[�+ !N%" ,],Y,],Y,],Y,Y,],Y,I��
�=, �=, � .1�+��"IH � ;=�5}�9AH-K��#;IK)�[H�,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,I��

�=, � &b�+����"+;D97^[�+ #N+"`�H)?"+��EF�+679<^!�� #N+"|�=��HNMR�%��9 ��U��#9AH ,Y,Y,],Y,],Y,],Y,Y,],Y,I��
�=,�� 0f�[��9<�D�+H���� � �!EF�#6<XD�%;D !� ,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,V�KJ

�=,���, � ./9<HJKXW+;D359A�W�#;IK)���Y.?"�9<HNMb�#K)"��)�[H ,Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,V� �
�=,���,�� ./9<HJKXW+;D359A�W�#;IK)���Y��"+;ez-PD;�K�"�H����ZMb�#K)"��)�[H�,Y,Y,],Y,],Y,],Y,Y,],Y,V�K�

�=, � 0fk#K)"���"�H��=�c���+��P=>D�+EF�#;IK)"G,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,V�K�
�=, �=, � �?67��"+��9 K�EW"IH � �!O>[=�!;D359A�%9AH ,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,V� ?
�=, �=,�� �?67��"+��9 K�EW"IHN\�9<�#� �%�4O�PD9<3#"�H ,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,V�K�
�=, �=, � �?67��"+��9 K�EW"IHl��� � K)9<EF97^[�+ #N+" ,Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,]�3�

�



�=, ? )��DEW�!�)"\���C,/.103254 6�8T2 ,Y,1,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,]�K�
�=, � ���[35"+;DX=�!3#97EF�#;IK�"F�="F02"V�="F�=� � >C�!���� #N%"M,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,]�3�

�=, �=, � � ���!;IK)97BC3#�� #N%"F���Y&R��"%K��%K�97>@"�H ,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,]�3�
�=, �=,�� ���[OIP=9<H)9A 5mV�!Hl��" � ;IK)���1������� ,Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,]�>�

�=, � � ;IK)�!�)>=���5K4�+ !N%"|�=�H���!H)P=67K��+�="�H ,Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,]�>�
�=, �=, � 02�%K)��97^Y���Y./9<H)>@"+;=9<Q=9<679A�=�+�=��,Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,]� ?

��� � � �&� 	 � ���

�D, � 02��H)H��|�=�c./����"�H�,Y,Y,],Y,1,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,]�>�
�D, � , � 0 ��OIP=97;C�+H ,Y,],Y,1,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,]�>�
�D, � ,�� ���[35P=�4H)"�Hn,Y,Y,],Y,1,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,]�>�

�D,�� 0f�#K)"���"+6<"+��9<�t,Y,],Y,Y,],Y,1,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,]�>�
�D,���, � ./�!H�35��9< !N%"*�1�#�4�%6�,1,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,I�J
�D,���,�� � 9<E`PD6<�� 5mV�!H ,],Y,1,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,I�K�
�D,���, � 0fk#K)��9<3!�+Hl���c./�!H)�#EF>@�#;=X=" ,Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,I�L�

�D, � ���[HJP=67K�����"�H � Q=K)9A��"�H|,],Y,1,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,V�KJ
�D, �=, � �n�+����3 K)�!�)9<^!�� #N+"`��"�H � Q=z-�5K)"IH ,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,V� �
�D, �=,�� �?67��"+��9 K�EW"IH � 97E|P=6A�+��"IH ,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,V�>�
�D, �=, � ./�!H)�#EF>@�#;=X="����#6A�eK)9<U+"�,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,V�>�

�D, � ��; �%6<9<H)�Y��"�HP���[HJPD6 K4�+��"IHF,1,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y,V�K�
� # 	 � 	% ���	� ��� � # 	 � � � � B ��� 	 ��
P� � �&� � � G

��, � � ;IK)���1������� ,],Y,],Y,Y,],Y,1,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y, ? J
��, � , � ��"�;�BD�+PD���� #N%"W��P�K�"+E�eK�9<3!� ,Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y, ?'�

��,�� ��"+;C356<PDHJmV�[H(�1�#�4�%9AH ,],Y,1,Y,],Y,Y,],Y,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y, ? �
� � � � % ��� � � ���"
� 	 � ���"%!�! �&� � �"��c, � ./�!H�35��9< !N%"F�=�F�%�4O�PD9 K��5K)PD���F��"\H)"%* K��l�%���/9<EF>=67�!EF�#;IK�����"$,],Y,],Y,Y,],Y, ? ��c,�� ��E|Q=9<�#;IK)�c���Y�#}��!35PC #N%"F��"IHl�#;DH��%9<"�H ,],Y,],Y,1,Y,Y,],Y,],Y,],Y,Y,],Y, ? �
 �������F% ���&� 	 �+� � ���	� � ��% �"
�� ��� ���

�



� �������	��
� �

� � � ��� ������� �

� H�3#"+EF>=P�K4�+��"��)�[HnK)a#E ���!H)�#EF>@�#;=XC�+��"\>D�+>C�!6d9<EF>C"��JK4�%;IK)�Y;D�\H)"�359<�!�=�����YEF"����#��;D�=LK)�!;D��" HJ9A��" �fBD��P=���t35�!;�K����+6n�D�2���#U+"�67PC #N%"TK��!3#;="+6 �+��9<3!�2"�35"��)��9<�D�T;D�+H��=67K)9<E\�+HW��k5_
3#���=�+H!,?�?;�K��!H1���!HJK)��9 K�"�H?�$35�#;IK��)"IH?���W>C�[H)OIP=9AH��+H?��Ue�+;D #���=�+H!LD�!67�[H?>D��H)H��%�4�%E �\* �+^#�#�
>D�+�JK��l�="]3#"%K�9<��9A�%;D"]�D�+H~>@�!H�HJ"I�+H!L%HJ�JzJ�/;D"1EF�!97"Y�+3!�+��a!EF9<3#"DL+3#"+��>C"����%K)9<U+"�"�P|* �+EF976<9<�+�!,
� >=�)"�6797*h�#�4�+ !N%"'���WHJ�!P2PDH)"'*h�!^W3#"+E OIP=�`*h"IH)H)�#E
�[H-K��)P�K�P=�4�+�=��H����!���[H?35"�E �%6<�+P=E\�+H
35�!;IK)�#;C�+HY"�P EW9<6<XD�%���!Hc�=�$35"�EW>DP�K�����"+���!H]9<;IK)�#��6<97�I�+��"IH#, � H)H��+Hc�)�[���!HYE|P=97K��+H`U+�!^#�!H�%>D�)�[HJ�!;�K4�%Eg;=Z<U+�#9AHW�#6<�#Ue�+�="�HW���M"�3#97"IHJ9A�=�+�=�+LbP=E\�tU+�#^SOIP=�ME|P=97K)"�HF3#"+EF>=P�K4�+��"��)�[H
H�N%"'P�K�976<9<^!�+�="�H1>=6<�#;D�+EW�!;IK)�F�%>@�#;D��H?>@"+�1>C�!�)Z<"���"�H1���|K)�!EW>@"S679<EF9 K4�+��"IH#,Y&~"+�1"+P=K)��"
6A�+��"CL "%K)9<EF97^[�%�]"TPDH)"T�="�H1�)�[35P=�4H)"�H!L H)�-zJ�+E OIPD�%9AH/*h"+���#E H)PD��H/;C�eK)PD�)�!^!�+H!L K)�!ExH)9<�="
P=E ���!H��eBD"F3#���=�WU+�!^1E\�+97"��!,

��"+EF>=P�K4�+ !N%"$�!E �+�4�+���|kFP=E\�'K��!35;D"+6<"+�+9A�\>D�+���MOIP=�|���!3#P=�4HJ"IH/3#"+EF>=P�K4�+359<"+;C�%9AH
��9AH-K��)9<Q=P=ZA��"IH\�+�!"+�+�4�eB@3#�%EF�!;�K��$>@"�H�H)�+E H)�#�$3#"+EF>D�%�)K)9<6<XD�+��"IHF�f97;IK��#�+�4�+�="�HF���2E\�e_
;=�!97�4�'�#BC359<�#;IK)�F�F��9AHJ>@"+;=9<Q=9<679<^!����"�H]�+"�H1HJ�!PDH]356<97�!;�K��!H1�#EG*h"+��EF�M���\HJ�!�)UV9A 5"�� ��� , � H
���!35PD��H)"�HF�vH)�#���#E P=K)9<679<^!����"�H\>C�%�4� >=�)"�3#�!H�H)�+�WPDEF� ���5K��#��EW9<;D���=� K��+�)�#* � H�N%"vH)�#6<�5_359<"+;C�+��"IHY��97;C�%EF9<3!�%EF�#;IK��+Ld�!E K��#EF>@"2���'�5}��[35PD !N%"DLy�)�[HJ>@�#97K��+;D��"T"�Hc�)�[O�PD9<H)9 K�"�HY���
;=Z<U+�!9<H��=�`HJ�!�)UV9A 5"\��"IH�PDH)P��%��97"IHl"+��97��97;C�%9AH���"�H����!3#P=�4HJ"IH#,n.?�`��35"�����"\3#"+E �[H-K��c>D�+���%_
��9<�+E\�=LCP=E\�\�+�4�+�=�YkcP=E\�\���!���c���|35"+EF>=P=K��+�="+���!H�;D�$O�PC�%6d>@"����#E
H)�#�/3#"+;=�[3 K4�+�=��H
E�+OIP=9<;D�+H!LR35"�E 97;IK)�!;D #N+"t���T35"�EF>D�%�)K)9<67XC�%�|�=�'*h"+��E\�2���#���#;D3#9<���=�2�%6<�+PD;DH|�=�SH)�#PDH
���!35PD��H)"�H!LIH)"�359A�%6<97^[�%;D�="|"\H)�#PTPDH)"W>@�#6<"�H��=97U��#�4HJ"IH�>D�)"�35�[H)H)"�Hn�\H)�#���#E �5}��[35P�K4�+��"IH#,

����� ��� �"!$#&%('�)*!
� >=��"%z-�#K)"`���/>C�[H)OIP=9AH�� � ;IK)���1����������� � LI�!E ���!H)�#;VU+"�67UV9<EF�#;IK)"Y;=" � 0 � _ O � &r�#E >D�+�J_
35�!�)9A��35"�E "+P�K�����H 97;CH-K�9 K�P=9< #mV�!H:���(�!;DHJ9<;="��(>C�[H)OIP=9AH)�DL�UI9AH���"��!HJK)PC��"?�R9<EF>=6<�#EF�#;IK��� #N+"
���]P=E\�W97;=*h���%_j�[H-K��)P�K�P=�4�`>D�+���|�+�4�+�=�!Hn���c35"�EW>DP�K�����"+���!H!, � "+Q�z-�#K)9<U+"F��" � ;IK)�A�1�4�+�=�� � � kW�+6<��Ue�%;C3#�%�?"$>@"V�=�#�]���|>D�)"�35�[H)H��%EF�!;�K�"$��"IH?���!3#P=��H)"�H?35"+EF>=P=K��+3#97"�;D�%9AHbz��M�5}�9AH-_K)�!;IK)�!H��#E 9<;DHJK)97K)P=9A 5mV�[H#,n0fP=97K��+H�U+�#^!�!Hl�[H)H)�!Hl���!3#P=��H)"�HnB@3#�%E "V3#97"IHJ"IHl�Y" � ;IK)�A�1�4�+�=�* �%� �tPDHJ" �=� 3!�%>D��359A�=�+�=�M9<;D�eK�97Ue� �=��HFE�+OIP=9<;D�+H!L�3#"+;DHJK)97K)P=9<;D��"v�=�!H�H)�i*h"+��E\�tPDEF�
�+�4�+�=�`"+>@"+�)K)PD;=9<HJK��D, � HJK)"SEF97;=9<EF97^[�%� �$"IH]35PDHJK)"IH1�=�W9<EF>=6A�%;IK��� #N%"T���WP=Ex�+E`Q=9<�#;IK��
K)�[35;="�6 ���+9A35"W>D�%�4�|>=�)"�3#�!H�H)�+EW�!;IK)"|�=�c�%>=6<9<3!�+ #mI�[Hl35"+EF>=P=K��+3#97"�;D�%6<EF�#;IK)�Y3#"+EF>=6<�5}=�+H!,

�



O E �="�H/>=�)9<;D3#97>D�+9<H/���!OIP=9AHJ97K)"IH/��" � ;IK)���1�������`kFOIP=�W�MHJ"�Q=���!3#�+�)�I�\3#�+PDH)���=�'>@"+�H)PD��P�K�976<97^[�+ !N%"?H)�-zJ��OIPD��HJ�(97EF>@�#�435�#>=K)Z<U+�#6I>@�#6<"�H PCHJP��+�)9<"�H "+��97��97;D�+9<Hd�=�+HdE���OIP=97;C�+HdOIP=�35"�EF>CmV�#E �f���������+, � HJK)�[H`PDH)P��+�)9<"�H]K��#�4N%"f>=��9<"+��9<�=�����\;D�fP=K)9<679<^!�� #N%"2�="�Hc���!3#P=�4HJ"IH���`H)PD��H�E�+OIP=9<;D�+H!,Q��"+EF"'"IH��)�[35P=�4H)"�H�>@"����#E H)�#�����!OIP=9AHJ97K�����"�H�>C"��/H)�#PDH?PDHJP �%��97"IH
"+��9<�+9<;D�%9AH?�SOIPD�%6AOIP=�#�1EF"+EF�#;IK)"CL �'K4�%���5* �S���F���!H)97��;D�%�1E�+OIP=9<;D�+H1�=�M�+�4�+���|>D�%�4�$�
�5}��[35PD !N%"|�=�]�+>=6<9<3!�+ 5mV�[H#LI>C"IH)H)9<U+�#6<EF�#;IK)�1>D�+���+67�!6<��H#L�>C"����!���WHJ�!�lQD�+HJK��+;�K��13#"+EF>=6<�5}=�=,

&b�%�4�v�%P�}�9<679A�%�$"v�!H�3#�+67"�;D�%EF�#;IK�" �=�t�%>D679A3#�� 5mV�!H!L��v�%�4OIP=9 K��5K�P=��� �=" � ;IK)�A�1�4�+�=�>=���#U�a("Y���!H)�#;VU�"+6<UI9<EF�#;IK)"1���nP=E 35"�EF>C"�;=�#;IK)�����lH)"%* K��l�%���(>D�+���/�)�[35"�;=X=�!3#97EF�!;�K�"/���
>D�����)mV�[Hn�=�YPDHJ"'�="�Hl���!35PD��H)"�Hl35"�EF>=P�K���359<"+;D�+9<HlOIP=�c3#"+EF>CmV�!E �W�+�4�+����, � "�Q�z-�5K�97U�"
���[H-K��c35"+EF>@"+;=�!;IK)�YkY�!HJK)9<E\�%��"\�[H-K4�+��"F*hP�K�P=��"'���c��9AHJ>@"+;=9<Q=9<679A�=�����c���cP=E ���5K��#��EF9 _
;D����"/���!3#P=�4HJ"C, � H)�#��UV9< #"1���l�[H)3!�%6<"+;D�+EW�!;IK)"?>@"����#� �?* �%^#�!�bP=E\�1EW�!67XD"+�b��9AH-K��)9<Q=P=9A #N+"
���`3!�%�����W;="$H)9AH-K��#E\�=L@�eK)��9<Q=P=9<;D��"\K4�%���5* �+H?�F�)�[35P=�4HJ"IH�35"�E E\�%9<"+�?>=�)"�QD�%QD976<9<�D�+���c���
"�359<"�H)9<�D�+���]��P=�4�%;IK)�]"WK)�!EF>C"'���Y�#}��!35PC #N%"F�=��H��%>=6<9<3!�+ #mI�[H#,

� >=�)9<;D3#Z7>=9<"DL(;D�+�=�i"+P E`P=97K)" >C"�PD35" H)�SH��%Q@�SH)"+QD�)�S35"+EF" HJ�T35"�EW>@"+�)K��+��N+"2"�H
���!35PD��H)"�Hc�D�2�+�4�+�=�'O�PC�%;IK)"iptHJPC�2��9AHJ>@"+;=9<Q=9<679A�=�����+, )?N+"2XD��U+�!���TPDE 3#"+;ez-PD;�K�"t���>D�����)mV�[H'���i3#"+EF>C"��JK4�%EF�#;IK�"Tz��v>=���#UV9A�%EF�#;IK)�23#"+;=XD�!359A��"IH#, � � ;IK)�A�1�4�+�=�i���#U��#� ��%>D�)�!;D���#�b3#"+EF"Y3#�+�D�/PDEF�Y�D�+H~E�+OIP=9<;D�+Hb�D�/���������lHJ��3#"+EF>C"��JK4�=, � H)H)"YHJ�!���/>C"IH)H)Z<U+�#6�eK�����U�k!H1���FP=E >D�)"�35�[H)H)"M�=�'�%>=���#;D�=97^[�+��"S35"+;CH-K4�%;IK)��L QD�+H)�!����"S;="TEW"�;=97K)"+�4�%EF�!;�K�"
35"�;IK)Z<;IPD" �D�tP=K)9<679<^!�� #N%" ��"IH\���!35PD��H)"�HF35"�EF>=P�K���359<"+;D�+9<HF�=��H\E�+OIP=9<;D�+H!LRK4�%9AH'35"�EF"
EF�#E��+��9A� ���/0 L=EF�#E����)9A� ��� ��&~L ��& O �]�!H)>D�+ #"W�!E ��9AH)3#"F�)Z<�+9A��"D,

����� �����
	���% �"'�� ! � ������ %� �� ����	��������
� EF"�;=9 K�"+�4�%EF�#;IK�"T�D�MP=K)9<679<^!�� #N%"TX=9AHJK �+��9A3#�T��"�Hc�)�[35P=�4HJ"IH]35��9<�+���M"�H]�!67�!EW�!;IK)"�HYOIP=�
H)�#��UI9<�4N%"|�=�YQD�+H)�]>D�%�4�W"|K��)�!97;C�%EF�#;IK)"\��"\H)9<HJK)�!E\�=, � H)>C�!���%_{H)�YOIP=�Y"\35"+;DX=�!3#97EF�#;IK�"���135"+EF"|"�H��)�[35P=�4HJ"IHb*h"����+E P�K�976<9<^!�+�="�H�;="`>D��H)H��+�="c67�!U+�1pc9A���#;IK)97BC3!�+ #N+"|���/>D�+�=�)mV�!H
���c3#"+EF>C"��JK4�%EF�#;IK�"WOIP=�Y>@"�H�HJ9<U+�!67EF�!;�K��YHJ�Y���#>@�5K�97�4N%"W;="F*hP�K�P=�)"C, � H�HJ�[Hl>D�+�=�)mV�!Hl���5_>=���!H)�#;IK��+E�"�H~��97*h�#���#;IK)�[H:EW"���"IH~���l"+>@�#�4�+ #N+"/�=��H:E���OIP=97;C�+H!L%HJ�!PDHb35"�EW>@"+�)K��+EF�#;IK)"IH
>=��"%K�"%K)Z<>=9A35"IH#,

&b�%�4� �)�[HJ"�67U��#�\"v>D�)"�Q=67�!E\� ���i9A���#;IK�9 BC3!�+ !N%"v���t>D�+����mV�!H'�=" � ;IK)���1�������+L�H)�#� �;=�[35�!H�H��%��9<�|�\�%>=6<9<3!�+ !N%"F���]K)k[35;=9A3#��H����c�%>=���#;C��97^[�+��"W;DN+"%_ HJP=>@�#��UV9<H)9<"+;D����"DLIP=E\�FU+�!^
OIP=��35"�EW>@"+�)K��+EF�#;IK)"IHd>=��k5_ 356A�+H�H)9 BC3!�+��"IH ;DN+"]�!HJK��%�4N%"1��9AHJ>@"+;=Z<U+�!9<H:>D�+���?K)���#9<;D�+EW�!;IK)"D,

O E\�S�=�+H�K)k!3#;=9A3#�+H1���F�%>=���#;C��97^[�+��"\;CN%"%_ H)P=>C�!�)UV9AHJ9<"+;C�+��"\�#}V9AHJK)�#;IK��!H!LDK��#E\�$3#�#;�_K)�4�%6y���!HJK)�]K����+QD�%6<X="F�`OIP=�c�%Q@"+�4�=�F"\>=��"+QD67�!EF�F���|��97UV9A��9<�?�=�+�="�H��!E H)P=Q@3#"+;ez-PD;�K�"�H
��9AHhz-PD;�K�"�H!Lekn�1�%; �%6<9<H)������3#"+;=��67"�EW�!������"�H��h�#E 97;=��67a[H#L��9.103254 6�85:<;3=��5, � HJK��?K)k[35;=9A3#�1H)�#� ��%>D679A3#���=�c�/K)�[H-K4�+�=�|O�PC�%;IK)"Fp`H)PD�W�+���[O�PC�+ #N+"c;D�WHJ"�67PC #N%"|��"|>D�)"�Q=67�!E\�`���1�)�[35"�;=X=�5_359<EF�#;IK)"\���Y>C�+����mV�!Hl���YP�K�976<97^[�+ !N%"F��"�Hl���!3#P=��H)"�Hl3#"+EF>=P�K4�+359<"+;C�%9AHn�=" � ;IK��A�1�4�+����,�s���5BC;=9< !N%"Y�����+;��%6<9<H)�l����35"�;=�+6<"+EF�#�4�+�="�Hy�!HJK��197;IK�97E\�%EF�!;�K���679<�����=�1�%"Y35"�;D35�!9 K�"
�����9.1032547698 L�K)�!�)EF"]�#E�9<;=�+6<a!H~P=K)9<679<^!����"/>C�%�4�/���[HJ9<�+;C�%�:P=E 35"�;=�+6<"+EF�!������"?���l"+Q=z-�5K)"IH#,
�uK)k[35;=9A3#�F3#"+;DH)9<HJK)�]�!E ��9AH-K��)9<Q=P=9<��P=E\�\���5K��#��EF97;D���=�|EF��H)H��F���Y�=�+�="�Hl�#E ��.103254 6�8T2 L
����EF"���"`OIP=�/"�Hb�!67�!EF�#;IK)"IH(����PDE �=�5K)�!�)EF9<;D�+�="!��. 032T4 698~H)�?��H)H)�#EF�#6<X=�!E E\�%9AHR�!;IK)���
H)9oL@���`�+3#"+�4��"\35"�E �+67��P=E 3#�)97K)k!�)9<"\�!HJK��+QC�!67�[359A��"DLC��"$OIP=�`3#"+E �#6<�#EF�#;IK)"IH����c"�P�K)��"�H
�9.1032547698T2 ,

� EW"�;=97K)"+�4�%EF�!;�K�"�3597K�����"��%;IK)�!�)9<"+��EF�#;IK)�~>@�#��EF9 K�97� ����3#"+;DHJK)��PD #N+"����RP=E\��E\�+H�H�����F�=�+�="�H135"+;IK��#;D��"M"+Q�z-�#K)"IH/OIP=�W�)�!>=���!H)�#;IK��+E �$P�K)9<679<^!�� #N+"$X=9AH-K��+��9<3!�$��"IH?���!3#P=�4HJ"IH

�



35"�EF>=P�K���359<"+;D�+9<H!, �n�+�=�|E�+OIP=9<;D�|OIP=�]35"�EF>CmV�Y�`���!�=�/>@"�H�HJ9<U+�!67EF�!;�K��/k]"�>C�!�����=�`���
U �%��97"IH~EF"V�="�Hb��9AH-K�97;IK�"�H!L����!>C�!;D���#;C��"c�=�+HbBD;D�%6<9A�=�+���[Hb>D�+���1�+HROIPD�+9<H~�!6<�]k�P=K)9<679<^!���=�=,

� P=Q=EF�#K)�#;C��"%_ HJ�Y�WE\�+H�H)�W���c�=����"�HnX=9AHJK �+��9A35"�Hl�+"|>=��"�35�[H)H)"W�=� �9.103254 6�85:<;3= � HJ�!��N+"35��9A�+��"IH 35"�;=�+6<"+EF�#�4�+�="�H ����"+Q�z-�#K)"�H:H)�#EF�#6<XD�%;IK��!H!, � H "�Q�z-�5K�"�H:���(P=E EF�!H)EF"/3#"+;=��67"+_
EF�#�4�+��"`>=�)"eUe��U��#6<EW�!;IK)�����#>=���!H)�#;IK4�%E �5}��#EF>=6<"�Hn���1P=E EF�!H)EW"WEF"���"|���1"+>@�#�4�+ !N%"C,
./�!H�H)�?*h"+��E\�=Le�!H)>@�#�4�e_ HJ�nO�PD�l�/>D�+�JK�9< !N%"1�+�#�4�+�D��>@�#6<"]�+67��"+��9 K�EF"/��� ��. 032T4 6985:<;>=l��9<UV9<�=�
�1E\�+H�H)�]�����=����"�H:�!E 35"�;=�+6<"+EF�!������"�H:OIP=���)�!>=���!H)�#;IK)�!E�"�Hb��9<U+�!��H)"�H~35"�EF>C"��JK4�%EF�#;�_
K)"IHl>=��"%K)"+K)Z<>=9A35"�Hl���YP=K)9<679<^!�� #N%"F��"IHl�)�[35P=�4HJ"IHl�=�+HlE�+OIP=9<;D��H#,

��"+EF" P=E 35"�;=�+6<"+EF�#�4�+�="2�)�!>=���!H)�#;IK��fPDE 35"+EF>@"+�)K��+EW�!;IK)"i>D�)"+K)"%K�Z7>D9<3#"DLbkS;=�5_
35�[H)H��%��9<"c�!HJK��+QC�!67�[35�#�nEF�#9<"�H�>D�%�4�`H)�]���5K��#��EW9<;D�+�n3#"+EF"|3!�%�4�+3 K��#��97^[�%�R�[H)H)�]35"+EF>@"+�)K��%_
EF�#;IK)"C,Ww:�%6R3!�%�4�+35K)�#��9<^!�+ !N%"'9<;D��9A3#�+���M"TEF"V�="T�=�W"�>C�!���� #N+"$�!H)>@�#�4�+��"S>D�%�4�M"�H1�#6<�5_
EF�#;IK)"IHb>@�#�)K)�#;C35�#;IK��!H(�+"`35"�;=�+6<"+EF�!������"/�/HJ�!���]���!�+679<^!���=�]>C"��RP=E "+Q=z-�5K)"|��"cEF�!H)EF"
K)9<>@"'O�PD�1"IHl"+Q�z-�#K)"IH�O�PD�1���#>D�)�[HJ�!;�K4�%E��WP�K�976<97^[�+ !N%"FX=9AH-K��+��9<3!�=,

O Eg"+Q�z-�#K)"fH)P=Q=EF�5K�9<��"2�+" ��.103254 6�85:<;3=W�)�!>=���!H)�#;IK��S�T"+>@�#�4�+ !N%"M�D�TE���OIP=97;C�=L ;="
>D��H)H��+��"CL���PD���+;�K��/PDE����5K��#��EW9<;D����"|9<;IK)�!�)Ue�%6<"|�=�?K��#EF>C"C, � "+Q�z-�#K)"FOIP=�/���#>D�)�[HJ�!;�K4�"$3#"+EF>C"��JK4�%EF�#;IK�"\>=�)"+K)"+K)Z<>=9<3#"DLD�=�#;="�EW9<;D����"'"+Q=z-�5K)"$�)�!>=�)�[HJ�!;IK��eK�97U�"\��"$35"�;=�+6<"+EF�#_
�4�+��"CL!K4�%E|QCk!E��)�!>=�)�[HJ�!;IK����?"+>@�#�4�+ #N+"?�=�?E���OIP=97;C�/��PD���+;�K��(P=E�9<;IK)�!�)Ue�%6<"/�=�(K��#EF>C"
���lEF�!H)EF"]K��%E\�+;=X="D, � H�HJ��"�Q�z-�5K�"1���#>D�)�[HJ�!;�K4�eK�97U�"?���#>=���!H)�#;IK��1�1P�K)9<6<97^[�+ #N+"/�[HJ>@�#�4�+�D���"IHl�)�[35P=�4HJ"IH(>@�#6<"�H��#6<�#EF�#;IK)"IHn>C�!�JK��#;D3#�#;IK)�[H��%"W�)�[HJ>@�!35K)9<U+"\35"�;=�+6<"+EF�!������"D,

\ �iU �+�)9A�+HcEF�+;=�#9<�4�+HY���SHJ�$3#"+;DHJK)��P=9<�c"2"�Q�z-�5K�"2�)�!>=���!H)�#;IK��%K)9<U+"D,-)�"��)E\�+67EF�#;IK��
H)�#�+PD�5_ HJ�YP=E\�M�=�+H/��PD�+H1��9<�)�#K)��97^!�!H����7: �c35��9A�e_ HJ�YP=E "�Q�z-�5K�"$35"�E ��H?9<;�*h"��)E\�+ #mV�!H����
P�K�976<97^[�+ !N%"`EFk[��9<�W��"IH(���!3#P=��H)"�Hn�%>D�)�[HJ�!;�K4�+�=�c>C�!67"IH�"�Q�z-�5K�"�H�"+��97��97;C�%9AH(OIP=�]35"+EF>@mV�#E
"$3#"+;=��67"�EW�!������"W"+P��7:<: �Y�!H�35"+6<X=�#_{H)�Y"'"+Q=z-�5K)"'�="$35"�;=�+6<"+EF�#�4�+�="FOIP=�`EW�!67XD"+�����#>=���5_
H)�#;IK)�Y"IH����#E\�+9<H��o���`��35"+�4��"F35"�E �%6<�+PDEF�FEFk#K)��9<3!�\���c��Ue�%6<9<�� #N%"�� , )?�!HJK)�]K����+QD�%6<X="DL
P�K�976<97^!"+P�_ H)�]�W>=��9<EW�!97�4�W��97���5K��)9<^+,

&b�%�4�f�5}��#EF>=6<97BC3#�+�cP=E 35"�EW>@"+�)K��+EF�#;IK)"f>=��"%K�"%K�Z7>=9A35"CL:H)�-zJ�+Ex"IHc"�Q�z-�5K�"�HY���#>=���5_
H)�#;IK�����"�Hl;D�$8y9<�+PD��� � , � ,Q�n���=�F"+Q�z-�#K)"'kc3!�%�4�+35K)�#��9<^!�+�="F3#"+E 97;�*h"��)E\�� 5mV�!H��=�cP�K)9<6<9 _
^!�� #N+"1>@�#�435�!;IK)PD�+6D����EF�#E����)9A�1*hZ<H)9A3#�=L�>C"��RP=E ���5K��#��EF97;D����"Y9<;�K��#��Ue�%6<"c����K)�!EF>C"CLI���
P=E\�W���5K��#��EW9<;D���=�cE�+OIP=9<;D�D, ��"�;DH)9<���!�)�#_{H)�?OIP=�1�!H�HJ�[H("�Q�z-�5K�"�H(*h"+�4�%E 35"�;DHJK)��P=Z<�="�H(�>D�+�JK�97�1��"$EF"+;D9 K�"+�4�%EF�#;IK)"M���|P=K)9<679<^!�� #N%"$X=9<HJK ���)9A3#�$�=�'E�+OIP=9<;D�$�#E OIP=�!HJK�N+"$�|OIP=�
*h"+�4�%E HJPDQ=EF�5K)9A��"IH#L�z-P=;IK)"IH?35"�E "�P�K)��"�H�;DN%"$�=�#EF"+;DHJK)�4�+�="�H�;D�\BD�+P=�4�=LC�%"'>=��"�35�[H)H)"
��� �9.10325476985:<;>=+,

� H�HJ�[HSOIPD�%K)��" "�Q�z-�5K�"�H � �cL �1LQ�
� . �$���#>D�)�[HJ�!;�K4�%E�35"�EW>@"+�)K��+EF�#;IK)"IHMH)�#EF�5_
6<XD�%;IK)�[H#L 3#"+E EF"����#�4�+�=�$P�K)9<6<97^[�+ #N+"M���WEF�#E��+��9A�$;="M97;DZ<3#97"T��"S>C�!�)Z<"���"SH)�#��P=9A�=�$���
�#6<�#Ue����"�HY;DZ7U��#9AH`���'PCHJ"f;D�iHJ�!�+P=;D�D�fEF�5K������$��"f>@�#��Z<"V�="D, � P=>@"+;DXD�e_ HJ�\�!;IK�N%"2OIP=�
�!H�H)�!Hl"+Q=z-�5K)"IH#LD�c�%>@�#;D��H��!H�HJ�[H#L=*h"+�4�%E 9<;D3#"+��>C"�������"�H��#E P=E EW�[HJEF"'3#"+;=��67"�EW�!������"
�%> ��Hl"\3.10325476985:<;>=`�=�WEF��H)H��F���Y�=�+�="�H!,

� "+Q=z-�5K)"F�%>D�)�[HJ�!;�K4�+��"`;D�F8y9<�+PD��� � ,��c>@"�H�HJPD9 ��H(9<;�*h"��)E\�+ #mV�!Hn���]P�K)9<679<^!�� #N+"`EFk5_��9A�$��"S35"�;=�+6<"+EF�#�4�+�="F*h"+��EF����"$>@�#6<"�H/"+Q=z-�5K)"IH/�`L �1L �u�W.`,	��"T34XD�+EF����"'"�Q�z-�5K�"
���#>=���!H)�#;IK��%K)9<U+"W��"'35"�;=�+6<"+EF�#�4�+�="|�c3!�%�4�+3 K��#��97^[�`PDE ��"IH�35"�EW>@"+�)K��+EF�#;IK)"IH�>D�)"+K)"%K�Z _
>=9A35"IH����]P�K)9<679<^!�� #N+"F�=�YEW�!E��+��9<�`*hZ<H)9A3#�F�=�FE�+OIP=9<;D�=,

��> ��HF" >=��"V3#�!H�HJ" ��� ��. 032T4 6985:<;>=SH)N+"i*h"��)E\����"�HW�%6<�+P=;CHW3#"+;=��67"�EF�#�4�+��"IH#,$�n�+�D�35"�;=�+6<"+EF�!������"1�=97^����!H)>@�#97K)"c�YP=E ���#K)�#��EF97;C�+��"c3#"+EF>C"��JK4�%EF�#;IK�"1>D�)"+K)"%K�Z7>D9<3#"Y��>C"IH-_
H)P=9 HJ�!PT>=� ��>=��97"W"+Q�z-�#K)"F���#>=���!H)�#;IK��%K)9<U+"C,

�



Objeto D

0

25

50

75

100

Tempo

M
em

. (
%

)

Objeto A

0

25

50

75

100

Tempo

M
em

. (
%

)

Objeto B

0

25

50

75

100

Tempo

M
em

. (
%

)

Objeto C

0

25

50

75

100

Tempo

M
em

. (
%

)

Objeto D

0

25

50

75

100

Tempo

M
em

. (
%

)

Objeto A

0

25

50

75

100

Tempo

M
em

. (
%

)

Objeto B

0

25

50

75

100

Tempo

M
em

. (
%

)

Objeto C

0

25

50

75

100

Tempo

M
em

. (
%

)

8:97��P=�4� � , � � � Q�z-�5K�"�HWO�PD�M���#>=���!H)�#;IK4�%E �iP�K�976<9<^!�+ !N%"i�=�SEF�!E ���)9A�T*hZAHJ9A3#�t�#E PDEF�
���#K)�#��EF97;C�+�=�WE�+OIP=9<;D�=,

����� � ! �������*! ��� � ! � ��� ) ! � '�)*%�� ! �
O E\�]�=��H~>=�)9<;D3#97>D�+9<H~�+>=679A3#�� 5mV�!H~�����+;��%6<9AHJ�l����35"�;=�+6<"+EF�#�4�+�="�Hykl�1>=���!�=9< !N%"1QD�+H)�!���=��#E ���)PD>C"IH � � � ,:&b�+���|O�PD�1�`>=�)�[��9A #N%"|HJ�JzJ�`>@"�H�HJZ<U+�!6oLV�cE\��H)H��`���]�=����"�Hn��9AHJ>@"+;=Z<U+�!6CkH)P=Q@�=97UV9A��9<�D�|�!E �9.1032547698T2 � "+PT35"+;D�+6<"+EF�#�4�+��"IH ���~� 3#�+�D�W3#"+;=��67"�EF�#�4�+��"`3#"+;DHJK)97K)PDZ<��"
k]�eK)��9<Q=P=ZA��"`P=E "+Q�z-�#K)"W�)�!>=�)�[HJ�!;IK��eK�97U�"DLIO�PD�1H)97E|QC"�679<^!�|�|3!�%�4�+35K)�#��9<^!�+ !N%"YEFk!�=9<�W��"�H
�#6<�#EF�!;�K�"�H���"\3#"+;=��67"�EW�!������"D,

��"+E���>D�+�JK�9< !N%"?�="�Hd�D�+��"IH �#E �9.1032547698T2 L�"?�%6<�+"��)97K)EF"�����>=�)�[��9A #N%"/���#U��(HJ�!�y3!�%>D�+^
���1���5K��#��EW9<;D�+���`OIP=� ��. 032T4 698:>@�#�)K)�!;D35�/P=E����#K)�#��EF97;C�+��"c�!67�!EF�#;IK)"|;DN%"`3#6<��H)H)97BC3#����"
� OIP=�1;DN+"c*h"+9 H)P=Q=EF�5K�9<��"W9<;=9<3#9<�+67EF�!;�K��1�+" �9.10325476985:<;>= � L�3#"+E �%6<�+P=E\��H�3!�%�4�+3 K��#��Z<HJK)9A3#��H
���[H)3#"+;=X=�[359A�=�+H!,qwy�+6lK��%���5* �tkT�)�[�%6<97^[�+�=� �eK�����U�k!HW�=� 35"�EW>C�%�4�+ #N+"i�!;�K��)�T�+H\3!�%�4�+35_K)�!�)ZAHJK)9A3#�+H`35"+;DX=�!3#9<�=��HY���!H�H)�'�#6<�#EF�#;IK�"f�$�+Hc3!�%�4�+35K)�#��ZAH-K�9<3!�+H]�%;��+67"�����HY��"�Hc�=97U��#�4HJ"IH
"+Q=z-�5K)"IHn�)�!>=�)�[HJ�!;IK��eK�97U�"�H��5}�9AH-K��#;IK)�[H#,

�G>=���!�=9< !N%" �=�+HM3#�+����3 K)�!�)ZAHJK)9A3#�+HF���[H)3#"+;=XD�!359A�=��H'��" "+Q=z-�5K)" ;DN%"v3#6<��H)H)9 B@3#�+�=" k
*h�#97K��F3#"+E�QD��HJ�1;D��H�3#�%�4�+35K)�!�)ZAH-K�9<3!�+H���"F"+Q�z-�#K)"W�)�!>=�)�[HJ�!;IK��eK�97U�"|��"\3#"+;=��67"�EW�!������"`�+"
OIPD�%6 ��OIP=�#6<�]"+Q�z-�#K)"W*h"+9 �%K)��97Q=PDZ<��"C,

� ���!3#"+;=X=�[359<EF�#;IK)"1����>C�+����mV�!H:>=��"+>@"�HJK)"?;D�!HJK)�nK)�4�%QD�+67XD"?k����!H)�#;VU�"+6<UI9A��"?�%K)�4��U+k[H
���[H-K4�1K)k!3#;=9A3#�c���?>=�)�[��9A #N%"YQC�+H)�!�+�D�/�!E ���)PD>C"IH#,~�sE\�+H�H)�Y�=�?�=�+�="�Hb"�Q�K)9A�=�Y�Y>D�+�JK�97�
��"1EF"+;=97K)"����+EW�!;IK)"/�=��P�K�976<9<^!�+ !N%"1X=9AH-K��+��9<3!�?��"IHy���!3#P=�4HJ"IHdklHJPDQ@��9<UV9<�=9<�=�1�!E ��.103254 6�8T2 ,

�



Objeto Representativo

0

25

50

75

100

Tempo

M
em

. (
%

)

8:97��P=�4� � ,�� � � Q�z-�#K)"2���#>D�)�[HJ�!;�K4�eK�97U�"S��"t35"+;D�+6<"+EF�#�4�+��"M*h"+��E\�+��"f>@�#6<"�H`"+Q�z-�#K)"IHc�cL
�1L �s�Y.|,

��"+EF" UV9<HJK)" ;D� HJ�[ #N+"t�%;IK��#��97"��!Lb�[H)H)�!H �9.1032547698T2`���#>=���!H)�#;IK��+E "�HF35"�EW>@"+�)K��+EF�#;IK)"IH
>=��"%K�"%K)Z<>=9A35"IHn�=�YP�K)9<679<^!�� #N+"W���c�=�5K)�!�)EF9<;D�+�="W���!3#P=�4HJ"W35"+EF>=P=K��+3#97"�;D�%6j,

� PD�%;C��" �=� 34X=�#�I�+�=� ���f���!OIP=9AHJ9A #N+" ���fPDH)" �=�fP=E\� E���OIP=97;C�=Ln>C"��'>D�%�)K)�f��"
� ;IK)���1�������+L="'�+67��"+��9 K�EF"F�=�Y>=�)�[��9A #N%"'�=�#U+�Y�[H-K�97E\�+��O�PC�%6d"\EF"���"'3#"+���)�!;�K��Y���c"+>@�5_�4�+ #N+" � 35"�EF>C"��JK4�%EF�#;IK)"$>=�)"+K)"+K)Z<>=9<3#" ���=�!H�H)�\E��O�PD97;D�$35"+E ���#6A�+ #N+"'p\P�K�976<97^[�+ !N%"$���
H)�#PDH1���!35PD��H)"�H135"�EW>DP�K���359<"+;D�+9<H!, ��"+EF"S"�H]��9<U+�#�4H)"�H135"+EF>@"+�)K��+EW�!;IK)"�H?>=��"%K)"+K)Z<>=9A35"�H
H�N%"f35"�;=X=�!3#9<�="�H!Ld>D�+���fOIP=�'�f>D�)�[��9< !N%"fH)�-zJ�T>@"�H�HJZ<U+�!6Rk';=�[35�!H�H��%��97"TOIP=�$H)�'35"+;DX=�! !�
�%6<�+PDEF��HnEW�[��9A�=�+H����YP=K)9<679<^!�� #N%"F��"IHl�)�[35P=�4HJ"IHn;="FEW"�EF�#;IK)"\�=�F���!OIP=9AHJ9A #N+"D,

� ���#;IK�9 BC3!�+��"|"`EF"���"|�=�?"+>@�#�4�+ !N%" � ;="`EF"�EW�!;IK)"|�D�c���!OIP=9AHJ9A #N+" �b���/P=E ���!35PD��H)""f�%6<�+"��)97K)EF"M�=�\>=�)�[��9A #N%"T�+H�H)P=EF�WOIP=�'�SP�K�976<97^[�+ !N%"S�#E PDE *hP�K)PD�)"f>=����}�97EF"T���!H�H)�
���!35PD��H)"vHJ�!�+P=9<� � "vEF�!H)EW" >D�+���4N%"v�=" 35"�EF>C"��JK4�%EF�#;IK)" >D�)"+K)"%K�Z7>D9<3#"v9<�=�#;IK)97BC3#����"D,
�?H�H)97ETL�k1>C"IH)H)Z7U��#6 �!HJK)9<E\�%��H)�/"W�)�[35P=�4H)"`�!HJK��+���|��9AHJ>@"+;=Z<U+�!6 >D�%�4�|3#"+EF>D�+�JK�976<XD�%EF�!;�K�"
35"�E �f�+�4�+����, � H�H��f>=���!��9A #N+"2k'*hP=;C�=�%EF�#;IK4�%6n>D�%�4�2�%P=}V9<6<9<�+�`"i�[H)3!�%6<"+;D�+EF�#;IK)"2����%>D679A3#�� 5mV�!H!LDEF9<;=97EF9<^!�+;D��"M�$EF97������ #N%"'�=�|>=��"�35�[H)H)"�H�>@�#6A�'���!�=�+LIz��$OIP=�|"�H/PDHJP �%��97"IH
"+��9<�+9<;D�%9AHc�=��H`E�+OIP=9<;D��H`OIP=�'*h"��)E\�+Eg�i�+�4�+���\K�a#E >=��97"��)9A�=�����';D�iP�K)9<679<^!�� #N+"i��"�H
���!35PD��H)"�H!,

&b�%�4�c9<67PDHJK)�4�%���!H�HJ�/>=��"V3#�!H�HJ"CL�3#"+;DH)9<�=�#���5_ HJ�?OIP=�1�c>D�+�JK�9< !N%"`�="�Hn�=�+��"IH��=�?P�K�976<97^[�e_
 #N+"'X=9AH-K��+��9<3!�\���`EF�!E ���)9A�F*hZAHJ9A3#�M���`PDEF�$E�+OIP=9<;D�F*h"+��EF"+P23#"+;=��67"�EW�!������"�H�3!�%�4�+35_
K)�!�)9<^!����"�H�>@�#6<"�Hn"+Q�z-�#K)"IH(���#>=���!H)�#;IK4�eK)9<U+"IH(�+>=�)�[HJ�!;IK��+�="�HR;C�|8:9<�+P=�4� � , �=, � ,/.1032547698��
���#>=���!H)�#;IK��`"\EF�!H)EW"\3#"+EF>C"��JK4�%EF�#;IK�"|>=��"%K�"%K�Z7>=9A35"F�%>D�)�[HJ�!;�K4�+��"W;D�FH)�! #N+"W�+;IK)�#��9<"+�[,

�?H�HJ9<ETLe"?EF"+;D9 K�"+�4�%EF�#;IK)"��=�(P�K�976<97^[�+ !N%"�X=9AHJK �+��9A3#������EF�#E��+��9<��>C�!�)EF97K)9<P|OIP=�R*h"IH-_H)�#E�9A���#;IK)97BC3!�+��"IH��135"�EF>C"��JK4�%EF�#;IK)"IHd>D�)"+K)"%K�Z7>D9<3#"�H!, � P=>@"+;=XC�e_ HJ�lOIP=���[H)H��/E���OIP=97;C�
*h"+9y�)�[OIP=9<H)97K��+�D�F>C�!67" � ;�K��A�1�4�+���Y�!E
P=E
EW"�EF�#;IK)"FK4�%6~O�PD�`�\P�K�976<97^[�+ !N%"\���!35�!;IK)�`���
EF�#E��+��9A�c*hZAHJ9A3#�WkY9<67PCH-K������=�W;D�F8y9<�+PD��� � , �=,

��"+EF>D�+���+;D��" " "+Q�z-�#K)" OIP=�f���#>D�)�[HJ�!;�K4� � P�K)9<6<97^[�+ #N+" �)�[35�#;IK��2���2EF�#E��+��9A� *hZ _

?



H)9<3!�S3#"+EG"IHc35"�EF>C"��JK4�%EF�#;IK)"IH1>=�)"+K)"+K)Z<>=9<3#"�H1�5}�9AH-K��#;IK)�[H#Lyk\>C"IH)H)Z<U+�#6b9A���!;�K�9 B@3#�%�cOIP=�
" ,�. 032T4 698 �/kF"T35"+;D�+6<"+EF�#�4�+��"S35Pez-"S"+Q=z-�5K)"T���#>=���!H)�#;IK4�eK)9<U+"$EF�+9<HYH)�F�+H�HJ�!EW�!67XC�M�+""+Q=z-�5K)"F���#>=���!H)�#;IK4�%;D��"W�W"+>@�#�4�+ #N+"W�%K)PD�+6o,

�?H�HJ9<ETLR"t�+67��"+��9 K�EF"2���M>D�)�[��9< !N%"i��H)H)P=EF�$OIP=�T�2P�K�976<9<^!�+ !N%"i�=�MEF�#E����)9A�f;VP=E
*hP�K�P=�)"M>=����}V9<EF"M�=�+�J_ H)�5_ �\35"+;=*h"+��EW�|>=���#UV9<HJK)"M;D�+H13#�+����3 K��#��Z<HJK)9A3#��H���"$"�Q�z-�5K�"$���#>=���5_
H)�#;IK��%K)9<U+"F��" ,/.1032547698 � ,D�/H)H)9<ESLD�!HJK)9<EF�%_{H)�YOIP=�Y�FP�K)9<679<^!�� #N+"F�=�YEW�!E��+��9<�|>C"���>D�+�JK��
��"\PDH)P��+�)9<"F"+��97��97;D�+6 �=�FE�+OIP=9<;D�\���!U+�#� �FHJ�!��97;IK��#;DH��\��P=�4�%;IK)�YPDE >@�#��Z7"���"\9<EF�!��9A�e_
K��+EF�#;IK)�]>@"�HJK)�#��9<"+���%"\�=�W���!OIP=9AHJ9A #N+"D,

� H("�Q�z-�5K�"�H�;DN%"W356A�+H�HJ97BC3!�+��"IH#L��)�!>=�)�[HJ�!;IK��%;C��"`�cP=K)9<679<^!�� #N%"|�)�[35�!;�K��/��"IH(���!3#P=�4HJ"IH
�=��HFE���OIP=97;C�+H!L�H)�#EF>=���SH)�#�4N%" 97;C35"+EF>=6<�5K�"�H\OIPD�+;D��" 35"+EF>D�+������"�HW�%"IHW"+Q�z-�#K)"�HF���5_
>=���!H)�#;IK��%K)9<U+"IH���"�H/35"+EF>@"+�)K��+EW�!;IK)"�Hl>D�)"+K)"%K�Z7>D9<3#"�H!,l�/H�9<;�*h"+��E\�+ #mI�[H����[H)3#"+;=X=�[359A�=�+H
���[H)H)�!H]"�Q�z-�5K�"�HYH�N%"T�5}=�eK4�%EF�#;IK��F��OIP=�#6A�+H]OIP=�'H)�'���!H)�-zJ�S9<;�*h�#��97�[, � ��Ld�!;�K��)�#K��+;�K�"DL "
"+Q=z-�5K)"$;DN%"$3#6<��H)H)97BC3#����"F>C"IH)H)P=9<�?P=E\�$OIPD�+;IK)9A�=�+���`E`P=97K)"'>@�!OIP=�!;D�$�=�c97;=*h"+��EF�� 5mV�!H
35"�;=X=�[359A�=�+H!Ly�f9A���!;�K�9 B@3#�+ !N%"2���MO�PC�%6�3#"+;=��67"�EF�#�4�+��"T�2OIP=�\�#6<�'>@�#�)K)�!;D35�'>@"����MH)�#�
E`PD9 K�"F* �%6<XD�=, � H�HJ"\3#"+EF>=��"+EF�5K��#��9<�W�FO�PC�%6<9<�=�����c�=�W>=���!��9A #N+"F>=�)"�>C"IH-K4�=, ��"+EF"\H)�#� �UV9<HJK)"Y;C� � �! !N%"H�D, �VLI�!H�H)�l* �eK)"`k?35"�;�K�"+��;D�+�="]3#"+E P=E\�c�+�=�!OIPD�+�D�/���#>D�)�[HJ�!;�K4�+ !N%"Y��"�H
�#6<�#EF�!;�K�"�H�OIP=�YH)�#�4N%"FHJP=QDEW�#K)9A��"�H��+" ��.103254 6�85:<;3=%,

��� � ����� ! ���������
� HJK)�MK)�4�%QD�+67XD"i>@"�H�HJP=9��+67��P=;DH|"+Q�z-�#K)9<U+"�H|Q���HJ9A35"IH#, ��6<k#E �=�T�="V3#P=EF�#;IK��+�W�=97U��#�4HJ"IH
�+H)>@�!3 K�"�H����#6<�#Ue�+;�K��!H��D�\K)�!"+��9<�\H)"+QD�)�c�+;��%6<9<H)�c���W35"+;D�+6<"+EF�#�4�+��"IH#L�>D�)�#K)�#;C���5_ HJ�YU��#��9 _
BC3!�%� �

• ��>=���#UV9<H)9<Q=976<9A�=�+�����D�]"V3#97"IHJ9A�=�������������!3#P=��H)"�H
	 � �!H�3#�+67"�;D�%EF�#;IK�"]�=�?�%>=6<9A3#�e_ #mV�!H/;=" � ;IK)���1�������`���!U+�c>=��9<"+��97^[�%�?�'�+67"�3!�+ #N+"'���cK4�%���5* ��H�>D�%�4�'��H�E�+OIP=9<;D�+H3#Pez-"�H��)�[35P=�4HJ"IH��+>=���!H)�#;IK��+�)�!E EF�+97"���>=��"+QD�+Q=976<9A�=�+���]���Y"�359<"�H)9A�=�+���]��P=�4�%;IK��1"
K��#EF>@"i���F�5}��!3#PD #N+"D,'� 9<;IK)�#;C #N%"Tk\EF9<;=97EF9<^!�+�c�T>C"IH)H)97QD976<9<�D�+���\���\"�35"��)��a#;=_3#9<�T���\EF9<�+�4�+ !N%"M�=�\>=�)"�3#�!H�HJ"IH/;C�M���!�=�+, � 97EF>@"+�)K��+;�K��+L >@"+�)K��+;IK)"DLyO�PD�'HJ�JzJ�
U��#��9 B@3#�+�D�iH)�S�[H)H��t"V3#97"IHJ9A�=�����MkS>=���#UV9AHJZ<U+�!6o,r� >D�)"�>C"IH-K4�i>D�+���i>=���!��9A #N+" ���
"�3#9<H)97"IHJ9A�=�����lk�QD�+H)�!���=�1;D�]"+QCHJ�!�)Ue�+ !N%"]��"�H(�=�+��"IH~>D�+H�H��+��"IHb����P�K)9<6<97^[�+ #N+"c�=�+H
E��O�PD97;D��H#,

• �q�+>=679A3#�+Q=9<679A�=�+�=�n���nK�k!35;D9<3!�+Hb�����9.10325476985:<;>=�	G�?H:K�k!3#;=9<3!�+H~�����%; �%6<9<H)�n�=�l3#"+;�_
��67"�EF�#�4�+��"IH(>@"����#E H)�#�lP�K�976<9<^!�+�D�+Hl>D�+���`97EF>=6<�#EF�#;IK4�%��EF�!3!�%;=9AHJEF"IHn�=�1>D�)�[��9 _
 !N%"2QC�+H)�!�+�D�f�#E �+��P=>@"�H!, ��"�;DHJ9A���!���+;D��"2�2�#}�9<HJK)a!;D359A�i���S35"�EW>@"+�)K��+EF�#;IK)"IH
>D�)"+K)"%K�Z7>D9<3#"�H!L��[H)H)��K)�4�%QC�%6<X="cUV9<H��c�[H-K�PD�=�+�n�|�%>=6<9<3!�%Q=9<6<9<�=�����?��"IH��+67��"+��9 K�EF"�HR���
�9.103254 6�85:<;3=1>D�%�4�|�|>=���!��9A #N+"W�=�1"�3#97"IHJ9A�=�+�=�/���]���!35PD��H)"�Hn35"�EW>DP�K���359<"+;D�+9<H!, � H�H)"H)�#;C��"2U+�!�)97BC3!�+��"CLdHJ�!���T>@"�H�H)Z7U��#6R>=��"eU+�!�Y" � ;IK)�A�1�4�+�=�'���$H)"%BCHJK)9A3#����"TEW"����!67"�=�SEF"�;=9 K�"+�4�%EF�#;IK�"t��"IHFEW"���"IHF���T"+>@�#�4�+ #N+"t�=��HWE���OIP=97;C�+H!LR"%K�97EF9<^!�%;C��"t"
>D�)"�35�[H)H)"F���Y�!H�3#�+67"�;D�%EF�#;IK�"|���c�+>=679A3#�� 5mV�!H!,

� �#�4N%"T�[H-K�PD�=�+�D�+HY��9<U+�!��H��+H1>@"�H�HJ9<Q=9<679A�=�+�=�!HY>D�+���S�T9<EW>D67�!EW�!;IK��+ !N%"f��"f>=��"�35�[H)H)"���Y�%; �%6<9<H)�Y���c35"�;=�+6<"+EF�#�4�+�="�H(�+>=6<9<3!�+�=�F�%"W���!35"�;=X=�[359<EW�!;IK)"F���Y>D�+�=�)mV�!H!,

�



����� � ��"%�� ���*% ' ) ��� � ��� � ! � ���
� ���!H)�#;VU�"+6<UI9<EF�#;IK)"c�=�!HJK)��K����+QD�%6<X="Y�!HJK��`���!H�35��9 K�"`35"�;�*h"+��EF���!HJK)��P�K�P=���Y�+>=���!H)�#;IK����=�
�FHJ�!�+P=9<�[,

��"+;IK)�#}VK)PD�+679<^!�+;D��" �+HWK)k[35;=9A3#��HF��� ��. 032T4 6985:<;>=f3#"+EF"tPDEF� *h�!�)�4�%EF�!;�K4�i���TK��)�!9 _
;D�+EW�!;IK)"DLC"-�n�+>=Z K�P=6<" �FK����+^cP=E\�\9<;�K��)"���PC #N%"MHJ"�Q=�)�c�+>=���#;D��9<^!����"'35"�EF>=P�K���359<"+;D�+6o,
� N+"]�=�!H�35��9 K�"�H:Q=���#U+�!EF�#;IK)���%6<�+PD;DHb35"�;D35�!9 K�"�H:�+�!���+9<H:���%>D�)�[HJ�!;�K4�+��"IHd"IHR��"�9<H~EF"����#6<"�H
Q���HJ9A35"IHn�=�]K)���#9<;D�%EF�#;IK�" �bHJPD>C�!�)UV9AHJ9<"+;D����"`�Y;CN%"%_ H)P=>C�!�)UV9AHJ9<"+;C�+��"C,

� �n�%>D9 K�P=67" �?�+>=�)�[HJ�!;IK���"/>=�)"�3#�!H�HJ"?�=�n�+;��%6<9<H)�(���l35"�;=�+6<"+EF�!������"�H >D�)"�>=�)9A�%EF�!;�K����97K)"CL �!HJK��%Q@�#6<�!3#�#;D�="$P=E �!67"M�#;IK)���W�'K)�!"+��9<�$�W�M�%>=6<9<3!�+ !N%"'���!�+679<^!���=�'�%"M�)�[35"�;=X=�!3#9 _
EF�#;IK)"\���Y>C�+����mV�!Hl���YPDH)"\���]�)�[35P=�4HJ"IHl35"+EF>=P=K��+3#97"�;D�%9AHn;=" � ;IK)�A�1�4�+�=�+,

� H?�!;DH��%9<"�H����!�+679<^!����"�H�>D�%�4�'Ue�%6<9A�=�%�1�$�%>D679A3#�� #N%"$�)�[�%6<97^[�+�=�\3#"+E �+H?K)k[35;=9A3#��H/���
�9.10325476985:<;>=WH�N%"$���[H)3#�)97K)"IH?;C�S�n�%>DZ K�P=67"S�D,Y�?67k!EG�=�'EF�5K�"���"+6<"+��9<�$P�K)9<679<^!���=�';D"�H/�#;�_
H��%9<"�H!LRH)N+"t���[H)3#�)97K���H`�+HWEFk5K��)9A3#��H`>C�%�4�29<;�K��#��>=���5K��+�|"IH`���!H)P=67K�����"�H|"+Q�K�9<�="�H!, � H)H)�!H���!H)P=6 K4�+��"IHlH)N+"W��9AH�35P�K�9<��"IH��%"|BD;D�+6d��"\3#�+>=Z7K)P=6<"D,

8:97;D�+67EF�!;�K��+Ly"C�n�+>=Z K�P=6<"C�$K����+^F��H]35"+;C356<PDHJmV�[H?BC;D�%9AHY��"SK)�4�%QD�+67XD"M�\�%>D�)�[HJ�!;�K4�
H)P=�+�[H-K�mI�[H~���nK)�4�%QD�+67X="IHy*hP�K)P=��"�HbOIP=��>@"����#E HJ�!�b���!H)�#;VU+"�67UV9A��"�H~�1>D�+�JK�97�b��"YOIP=���+OIP=9
*h"+9 �+>=���!H)�#;IK�����"D,

�



Cluster II

0

25

50

75

100

Tempo

M
em

. (
%

)

Cluster I

0

25

50

75

100

Tempo

M
em

. (
%

)

Cluster III

0

25

50

75

100

Tempo

M
em

. (
%

)

Cluster II

0

25

50

75

100

Tempo

M
em

. (
%

)

Cluster I

0

25

50

75

100

Tempo

M
em

. (
%

)

Cluster III

0

25

50

75

100

Tempo

M
em

. (
%

)

8:97��P=�4� � , � �d&b�%�)K)9A #N+"1�="�HR�=����"�H~XD9<HJK ���)9A35"IH~�#E�K��)a[HR35"�;=�+6<"+EF�!������"�H!L��)�!>=�)�[HJ�!;IK��%;C��""�HlEF"���"IH����]"+>@�#�4�+ #N+"W�D�|E��O�PD97;D�F3#"+E����#6A�+ !N%"Fp|P=K)9<679<^!�� #N%"F���YEF�#E����)9A�c*hZAH)9<3!�=,
� J



Operação atual

0

25

50

75

100

Tempo

M
em

. (
%

)

8:97��P=�4� � , � �~02"+;=97K)"����+EW�!;IK)"W�)�[35�#;IK��]�=�YP�K)9<679<^!�� #N+"W���YEF�!E ���)9A�`*hZ<H)9<3!�=,

��



� �������	��
� �

� � ���
� � ��� � ��� � �� � � ����	��l��� ���

� ��� ����� � ! � ����&# ! % '�� �
��>D�)�!;D��9<^!�+�="$35"�EW>DP�K���359<"+;D�+6��h"�Pi�%P�K�"+E�eK�9<3#" �nk|P=E
���+EW"M�=�'359<a#;C359A�'�=�$3#"+EF>=P�_
K��� #N+"|OIP=�Y35"�EW�[ 5"�P$�|�=�!H)>C�!�JK4�%���|�%K)�!;D #N+"|��"IH�>@�!H�OIP=9AH)����"+���!Hn�`>C�%�)K)9<�l�D�`EF�5K4�+���
��"iH)k!3#P=6<"2>D�+H�H��+��"CLy35"�E "i���!H)�#;VU�"+6<UI9<EF�#;IK)"f�=��H`3#97a!;D359A�+H|35"+��;=97K)9<U���HY�M�D�f97;IK��#6<9 _
�+a!;D359A�S�%�)K)97BC359A�%6j,*��"�E �%>D679A3#�� #N%"M�#E �=97U��#�4HJ"IH13#"+;IK)�#}VK)"�H!L �!H�H)�|�4�%EF"T���\>C�[H)OIP=9AH��
K)�!E�HJ9A��"WQD�+HJK��+;IK)�/�=�!H)�#;VU+"�67UV9A��"DL+K)�4�%^#�!;D��"|"|�!;�K��#;D�=97EF�#;IK�"W���]OIP=�1"W�+>=�)�!;D��9<^!����"���[HJ�!EW>@�#;DXD�W>D�%>@�#6d3#�#;IK)�4�%6 ;="IH�HJ9AHJK)�#E\��H�O�PD�Y679A�=�%E 35"+E 97;IK��#6<97��a#;D3#9<�D,

&~"V�=�5_ HJ�T���5BC;=97�F�%>D�)�!;D��9<^!�+�="t35"�EF>=P�K���359<"+;D�+6�3#"+EF"i" �!HJK)PD�="t���SEF�!3#�+;=9AHJEF"�H
P�K�976<97^[�+��"IHl>C"��?H)9<HJK)�!EF��H�9<;�K��#6<97���#;IK)�[H#LDUI9AH��%;D��"FEF�#6<X="����+��HJ�!PDH����[HJ�!EW>@�#;DX="�H�3#"+E�"
K)�!EF>C"C, � H)H)�!H]EF�!3!�%;=9AH)EW"IH1�!HJK�N%"S9<;�K�97E\�+EW�!;IK)�F�)�!6<��359<"+;D����"�H135"�E �T�+OIP=9AHJ9A #N+"M���
35"�;=X=�[359<EW�!;IK)"F�F>D�%�)K)9<���=�F�5}�>@�#��97a!;D359A�`�!E �+67��P=E �%E|Q=9<�#;IK)��,

&b�eK��y�%;=��67�� � � � >=��"+>@mV��P=E �%�43#�%Q@"+PC 5"1>D�%�4�Y�]97EF>=6<�#EF�!;�K4�+ !N%"Y��"`�+>=�)�!;D��9<^!����"
35"�EF>=P�K���359<"+;D�+6 QD�+H)�!����"|�!E OIPD�%K)��"`K��#��EW"IHlQ��+H)9A35"�Hl���[H)H��F���5BC;=9< !N%" �

• ��"�;=X=�[359<EW�!;IK)"	� "��)�I�%;=9<^!�� #N%"c�="�Hn�=�+��"IH(�!E��%6<�+P=E\�`�!HJK)��P�K)P=�4�c9<;IK)�!�);D�`"+Q�_
K�9<�D�S�D�M�#}�>C�!�)9<a#;D3#9<�S�eK�����U�k!H1�=�SE\�%;=9<>=P=6A�+ !N%"M�=�F�D�+��"IH/>@"+�cH)9AH-K��#E\�$"�Pt9<;�_
K��#��U+�!;D #N+"|E\�%;VPD�+6o,

• � }V>@�#��9<a#;D3#9<�
� "+QDH)�#��Ue�+ #mI�[H �)�[�%6<97^[�+�=��H@�#E �%6<�+P=E ��"+EFZ<;=9<"���"?35"�;=X=�[359<EW�!;IK)"DL
�#}�>=�)�[H)H��+Hl3#"+EF"FEW�[��9A #N%"F���c�+67��P=E\�|�����+;D���!^!�Y*hZAH)9<3!�=,

• �?E`Q=9<�#;IK���� 35"�;IK)�5}VK�"f�#ExOIP=�'H)�'���#BD;=�'"f>=��"+QD67�!EF�T�fH)�#�c�+;D�%6<9<H��+�="DL >@"%_
�=�#;D��"fH)�#�Y3#�+����3 K��#��97^[�+��"'�%K)�4��U+k!H1��"S"+Q�z-�#K)9<U+"T��"S>=�)"�3#�!H�HJ"S���\�%>=���#;D�=97^[�+��"CL
�D�YHJP=>@�#��UV9<H�N%"Y���[H)H)��>=��"�35�!H�H)"DL%�=�1*h"��)E\�Y������O�PD9<H)9< !N%"Y��"IHR�=�+�="�Hb�����!;�K������=�=L
�D�F�)�!�+P=6A�%��9<�D�+���/�c�=�+H�3#"+;�BD��P=�4�+ 5mV�[H(�#}IK��#��;D�+Hlp�H�O�PC�%9AHl�!HJK��W�5}�>@"�HJK)"D,

• ./�!H)�#EF>@�#;=XD"�� EF�!��9A�=�YOIPD�%;IK�9 K4�eK)9<Ue�]�����%6<�+P=E �+H)>C�[3 K)"Y��"c3#"+EF>@"+�)K��%EF�!;�K�"
�=��P=E\�1K��%���5* �]���#6A�+3#97"�;D�+�D�?�%"Y�+>=�)�!;D��9<^!����"Y���!H)�#;VU+"�67UV9A��"D,y0fPD�=�+;D #��Hb3#�%>=K)P�_
�4�+�D�+H�>@"+���[H)H��FEF�!��9A�=�DLC;D�\�=97���! !N%"'��"'"�Q�z-�5K�97U�"\�!HJK��+QC�!67�[359A��"DLD3!�%�4�+35K)�#��9<^!�%E
�WEF�#6<X="��)9A�W;="\���!H)�#EF>@�#;=X="C,

� �



Ambiente Conhecimento

Desempenho

Aprendizado

8:97��P=�4�-�=, � � � ;�K��#�4�+ #mI�[H1�#;IK)���'�%>=���#;C��97^[�+��"CL ���!H)�#EF>@�#;=XD"DLy3#"+;=XD�!359<EF�#;IK)"T�\"2�+E|_Q=9<�#;IK)��L >=�)"�>C"IH-K4�+H?>C"��/&b�eK	�d�+;=�+6<���,1� H)�5K��'K)�4�+3#�-zJ�+�D�\�)�!>=���!H)�#;IK��\PDEF�$97;IK��#�4�+ #N+"
"+> 359<"+;C�%6j,

�
8y9<�+PD��� ��, � 9<6<PDH-K���� OIP=�T" �+>=���#;D��9<^!����"i;CN%" >C"����fH)�#�F�#;IK)�!;D��9A��" ���S*h"+��E\�9AHJ"�6<���=�=, � �%E|Q=97�!;IK)�M�=�5BD;=�$"t35"�;IK)�5}VK�"f�#E OIP=�$H)�M� �f"t�%>=���#;D�=97^[�+��"f�$*h"+��;=�!3#�
�+HM9<;�*h"+��E\�+ 5mV�[H#L�"�Q�K)9A�=��HS�%K)�4��U+k[H$�=� �5}�>@�#��97a!;D359A�v;="r>=���+>=��9<" �%E|Q=9<�#;IK)��L?>D�+���v�35"�;DHJK)��PD #N+"T�="i35"�;=X=�!3#97EF�!;�K�"D, � 35"�;=X=�[359<EW�!;IK)"2k'P=K)9<679<^!����"2>D�+���2�2EW�!67XD"+��9<�f���
�%6<�+PDEF�SEFk5K��)9A3#�T���'�=�!H)�#EF>C�!;=X="CLy���#BD;=9A�=�T>D�%�4�S"2�%E|Q=97�!;IK)�\��"2�%>D�)�!;D��9<^!�+�="D, �
35"�;=X=�[359<EW�!;IK)"`>@"����197;D3#67PCHJ9<U+�1HJ�!�nP=K)9<679<^!����"`>D�+���|�%>=��9<EW"����+�R"W>=� ��>=��97"c>D�)"�35�[H)H)"`���
�%>D�)�!;D��9<^!�+�="DL�3#�+����3 K)�!�)9<^!�+;D��"|"F�+>=���#;D��9<^!����"F35"+;CH-K4�%;IK)��,
��������� ���
	�������������������������� �!��"

�s3#�+����3 K��#��97^[�+ #N+"/��"Y�+E`Q=9<�#;IK)���!E OIP=��"�35"��)���n"Y>=�)"�3#�!H�HJ"]�����%>D�)�!;D��9<^!�+�="]�=�#>@�#;D���
��� �%6<�+P=;CH\* �eK�"+���!H!, � >=�)9<EF�#9<�)"r���#6<�!HS��9<^t���!H)>@�#97K)" pr���#BD;=9A #N%"r��" "�Q�z-�5K�97U�" ���
EF�#6<X="+��9A�`���Y���[HJ�!EW>@�#;DX="W�="W>D�)"�35�[H)H)"D,:wd"���"F�%>D�)�!;D��9<^!�+�="`k1*h�#97K)"\35"�E��`9<;IK)�!;D #N+"
���]E\�e}�9<EW9<^!�+��"+PSEF97;=9<EF97^[�%���+67��P=E\�|EF�[��9<�D�W�=�Y97;IK)�!�)�[H)H)�]��"FK)�!EF�F���Y�[H-K�PD��"C,

� P�K)��" * �eK�"+�M97EF>@"+�)K��%;IK��fki� P�K�976<97^[�+ !N%" "+Ps;CN%"v���iH)P=>@�#��UV9<H�N%" ;=" >=�)"�3#�!H�HJ"C,
� �%>D�)�!;D��9<^!�+�=" H)P=>C�!�)UV9AHJ9<"+;C�+��"v9<;D��9A3#�r� >=�)�[HJ�!;D #� ��� �%6<�+P=E�K)9<>@"r��� K�P�K)"��M"�P
�!H)>@�!359A�%6<9AH-K4�|�+P�}�976<9<�+;D��"F"F97;DZ<3#97"\��"\>=��"�35�[H)H)"W�=�]�+>=���#;D��9<^!����"D,

&~"+�F�5}��#EF>=6<"DL��#E K����+QD�%6<X="IHW�=�T3#6<��H)H)97BC3#�� #N%"t���f�=�+��"IHW�)�[�%6<97^[�+��"IH`�!E �%E|Q=9 _
�#;IK��!H'H)P=>@�#��UI9AH)97"�;D�+��"IH#L�X�� ��9AHJ>@"+;DZ7U��#6�P=E�35"�;ez-P=;IK)"v���f"�Q�z-�5K�"�H'�=�TK)���#9<;D�%EF�#;IK�"
>=��k5_ 356A�+H�HJ97BC3!�+��"IH#,$# �iH)�$" �%>=���#;C��97^[�+��"t35"+EF>=P=K��+3#97"�;D�%6nkM�+>=6<9<3!�+��"t;D�2���!H)"+6<PD #N+"
����>D�)"�Q=67�!E\�+H!L+P=E �5}��#EF>=6<"`���/�%E`QD97�!;�K��?H)P=>C�!�)UV9AHJ9<"+;C�+��"Y���?�+>=���#;D��9<^!����"Yk?��O�PD�#6<�
OIP=�'35"�;IK��T35"�Ex"2�+P�}�Z76<97"f���$P=EGK�P�K)"��`>D�+���T���#K)�#��EF97;C�+ #N+"f���'�%6<�+P=;CHY�)�[HJPD6 K4�+��"IH�!H)>@�#�4�+��"IH#, � Ex�%E`QD97�!;�K��!H/;DN%"TH)P=>C�!�)UV9AHJ9<"+;C�+��"IH�;DN+"MX��M>=���!H)�#;D !�$���WK�97>@"f�%6<�+P=E
���1K)P=K)"+�[,

wy�+E`Q@k#Eg* �%^S>D�+�JK��$��"t�+E`Q=9<�#;IK��M�f*h"��)E\�2�=�S��O�PD9<H)9< !N%"2��"IH|�D�+��"IH#L~>@"V�=�#;D��"
�!HJK��WH)�#�lK��+;IK)"F>C"�;IK)PD�+6 35"+EF"F35"�;DH-K4�%;IK)��, )�"F>=��97EF�#9<��"W3!�+H)"DLIK)"��=��H��+Hn97;=*h"+��EF�� 5mV�!H
H�N%"2"�Q�K)9A�=�+HWH)97E|P=6 K4�%;=�[�%EF�#;IK��+LR�%;IK��!HW��"t9<;=ZA359<"t��"t>=��"V3#�!��9<EF�#;IK)" ���T�%;��+679AHJ�S��"�H
�=����"�H!,D)?"i"+P=K)��"i3#��HJ"CL:"�3#"+���)�'PDEF�i"+Q�K��#;D !N%"2�������=�eK�97Ue�2�D�29<;�*h"+��E\�+ #N+"DLb35"�Eg�
�+OIP=9AH)9< !N%" ���2P=E\� ���#K)�!�)EF9<;D�+�=� OIPD�+;IK)9A�=�+���f>@"+�$U+�#^�L��%" 6<"+;=��"v��" >=��"V3#�!H�HJ" ���

� �



�%>D�)�!;D��9<^!�+�="D,
\ �'K��%E|QCk!EG�'>@"�H�HJ9<Q=9<679A�=�����`���WP=E
EF"V�="M���W"+>@�#�4�+ !N%"\X=Z<Q=��9<��"C, ��*h�#97K��'PDEF�35"�67�#K��t97;D9<3#9<�+6?���TP=E\� OIPD�%;IK)9A�=�����S3#"+;DH)9A���#� ��U+�!6n���2�D�+��"IH#LnO�PD�TH�N%" >=��"�35�!H�H��+��"IH

6<"+�+"S�#ExHJ�!�+P=9A�=�=, ��"�EG"f���!3#"+���)�!�1��"SK��#EF>C"CLd;="eU�"�H1�#U��#;IK)"IH1�+�#�4�%E E\�+9<HY�=����"�H
OIP=�YH)N+"\35"+6<�5K4�+��"IHn;IPDE >=��"�35�!�=97EF�#;IK�"W3#"+;DHJK��+;�K��+,

� P�K)��"\�+H)>C�[3 K�"F�\H)�#��3#"+;DH)9A���#�4�+��"|;D�\3#�+����3 K��#��97^[�+ #N+"`��"'�+E`Q=9<�#;IK)�Y��9<^Y���!H)>C�!9 K�"
pF���#�+PD6<�+�)9A�=�+�=�]�="\EW�[HJEF" �(���#6<�#U@W%;D3#9<�F�=��H�9<;�*h"+��E\�+ 5mV�[H�"+Q�K�9<�D�+H!L=>=���!H)�#;D !�\���c��P=Z _
��"IH';="IH$�=����"�HM���i�!;�K������=� � �v35"�;DHJ9AHJK)a#;C359A�v��" �+E`Q=9<�#;IK)� �%"v6<"+;D�+"v��" K)�#EF>@"D,
� >=��"�35�[H)H)"i���T�%>=���#;C��97^[�+��" ���#U��SH)�#�F3#�+>D�%^S���S679A�=�%�\3#"+E �!H�H��+HW3#�%�4�+35K)�!�)ZAH-K�9<3!�+H!L
��9AHJ>@"+;D97Q=9<6<97^[�%;D��"WBD67K)��"�H��=�]H)�#6<�! !N%"F�=�F�5}�>@�#��97a!;D359A�W�+�=OIP=9<�)9A�=�D,
������� � � � ������ � � ����� ������� �� ���	��
!" ������ �  � ������� ���

� ���#>=���!H)�#;IK��� #N+"W�=�F�#}�>C�!�)9<a#;D3#9<�Wk]*hP=;C�=�%EF�#;IK4�%6 >D�+���FOIP=�Y"\>=��"�35�[H)H)"\���c�%>=���#;C��9 _
^!����"T>C"IH)H��THJ�!�`3#�+>D�%^\���'3#"+;DHJK)��P=9<�c35"�;=X=�!3#97EF�!;�K�"2�T>D�%�)K)9<�c���!6<�D,$� �5}�>@�#��97a!;D359A�=L
�+OIP=9y���5BD;D9<�=�$35"+EF"\"$3#"+;ez-PD;�K�"'���c"�QDHJ�!�)Ue�� 5mV�!Hl���!�+679<^!���=�+Hl�!E �+67��P=E ��"�EFZ7;=9<"$���
35"�EF>C�#K)a#;C359A�=Le;="��)E\�%6<EF�#;IK)�l��9<^l�)�[HJ>@�#97K)"Yp/EW�[��9A #N%"]�����%6<�+PDEF�/�+�4�%;C���#^[�?OIP=�l>C"����
H)�#� �

• QD97;��+�)9A� � OIP=�YEF�!���c�W>=���!H)�#;D !�`"�PS�+PDH)a#;D3#9<�F���c�+67��P=E\�|3!�%�4�+3 K��#��Z<HJK)9A3#���
• �%K)��97QDP�K)"IH/�!;VP=EF�#�4�+��"IH � H)97EF9<6<�+�]p�H?�����+;D���!^!�+H/Q=9<;��%��9A�+H!L@E\��H1OIP=�W>@�#��EW97K)�
E\�+9<H����c�="+9AHlU��+67"��)�[HnE`P�K�PD�%EF�#;IK��Y�5}=356<PDH)97U�"�H��I"�P

• ;VP=EFk!�)9A3#� ��U��+67"��R9<;�K��#9<�)"Y"�P\�)�[�%6DOIP=�?�)�!>=�)�[HJ�!;IK��]�%6<�+P=E\�]EF�!�=9<�=�c�)�[�%6<97^[�+�=�D,
� H)H��]k?�1*h"+��E\�Y�������#>=���!H)�#;IK��� #N+"/E\�%9AHRH)97EF>=6<�!H(���?H)�#�bPDH��+�=�D,�)?"+��E\�%6<EW�!;IK)�+L3!�+�=�M"+Q=z-�5K)"T�%;C�%6<9<H��+��"��h"+P EF�!��9A��"���k\���[H)3#�)97K)"M>C"��1PDE 35"�;ez-P=;IK)"T���

m
3#�e_

�4�+35K)�!�)ZAH-K�9<3!�+H!,$�?H�H)97ETL~�T�)�!>=�)�[HJ�!;IK��+ !N%"S���!H�HJ�\"�Q�z-�5K�"fkF*h�#97K��2�%K)�4��U+k[H1�=�'P=E
>@"+;IK�"W;D"\�!H)>D�+ #"|U��5K)"��)9A�%6 ���

m
�=97EF�#;CHJmV�!H!,

� ��� � 	*%(! �*) ��� '�) ��� �!	�! % � ��� � ���*' )!�
� H]K��#E\�+H|�%Q@"+�4�=�+��"IH]>C"��cK�k!35;D9<3!�+H`�=�$�%>=���#;C��97^[�+��"2�+P�K)"�E�eK)9A35"2H�N%"TK�97>D9<3!�%EF�#;IK)�
���f��PD��HWEW"��=�+679A�=�����!H��M3#6<��H)H)9 B@3#�+ !N%"i�=�S"�Q�z-�5K�"�HW�T�)�[HJ"�67PC #N%"t���T>=�)"�Q=6<�#E\�+H!, � ;�_���!>C�!;D���#;IK��#EF�#;IK)�c�=�`OIPD�%6 �\�+>=679A3#�� #N+"|�!E �%; �%6<9<H)�+LV*h"�9dUV9<HJK)"\OIP=�Y"\EF�!3!�%;=9AH)EW"\���
�%>D�)�!;D��9<^!�+�="�>C"�����H)�#�b3#�+����3 K��#��97^[�+��"�OIPD�+;�K�"/p1�%PDH)a#;C359A��"+P|>=���!H)�#;D !�?����H)P=>C�!�)UV9AH)N+"
��"F>=��"�35�!H�H)"D,

)�"$�+>=���#;D��9<^!����"\HJPD>C�!�)UV9AHJ9<"+;D����"DL=3#"+;DH)9A���#�4�%;D�="%_ HJ�/>D�%�4�WBD;DH��=�c976<PDHJK)�4�+ !N%"\HJPC�
�%>D679A3#�� #N%"2pt356A�+H�HJ97BC3!�+ #N+"f���S�D�+��"IH#L~P=E 35"�;ez-P=;IK)" ���S"+Q�z-�#K)"�H`>=��k5_ 356A�+H�HJ97BC3#����"�H]k
��9AHJ>@"+;D97Q=9<6<97^[�+��" >C"��'�%6<�+P=E K)P�K�"+�F"+Pr�!H)>C�[359A�%6<9<HJK��D, � P=>C"�;=XD�%_{H)�S�+97;C�=� O�PD�S�[H)H)�!H"+Q=z-�5K)"IH?H�N%"S���!H�35��9 K�"�H?>C"��1PDE U+�5K�"+�1���W3!�%�4�+35K)�#��ZAH-K�9<3!�+H!LC35"�EF>C"IH-K�"$���WU��+67"��)�[H�;VP�_
EFk#��9<3#"�H!,

�?H�HJ9<ETLIH)P=>@"+;D�="c�]�5}�9<HJK)a!;D359A�c���
γ
"+Q�z-�#K)"IHb>=��k5_ 356A�+H�HJ97BC3#����"�H!Le3#�+�D�]P=E �=�5BD;=9A��">@"+�

n
3#�%�4�+35K)�!�)ZAH-K�9<3!�+H!L �f3#�+����3 K)�!�)9<^!�� #N+"$���\P=Eg"+Q�z-�#K)"T>@"V�=�$HJ�!�]*h�#97K��f�%K)�4��U+k!H]���

P=EGU��5K�"+���
x ∈ Rm

, �n�+�=�S3#�+����3 K)�!�)ZAHJK)9A3#�'��"IH]"+Q�z-�#K)"IH/k\���#BD;=9A�=�S>C"��]P=E �[H)3!�%6A�%�[L
x � � , 1 ≤ i ≤ γ

�
1 ≤ j ≤ m

, � Ue�%6<"+�
x � �
���#>D�)�[HJ�!;�K4�=L=>@"+�)K��+;IK)"DL@�'3#�+����3 K��#��Z<HJK)9A3#�

j��"F"+Q=z-�5K)"
i
,

� �



� H�HJ�[Hi"�Q�z-�5K�"�H2>D�)k#_{3#6<��H)H)9 B@3#�+�="�Hf35"�EF>CmV�#E "��=�#;="�EW9<;D����"�35"��)>@"���� K)���#9<;D�e_
EF�#;IK)"C,r� 3!�+�=�tU+�#K)"�� �

xi = {x � � |1 ≤ j ≤ m} kf�+H�HJ"�359A�+�D�iP=E\� 3#�%K)�!�+"+��9A� Qc

L9<;D��9A3#�+�D�Y;="cK����+QD�%6<X="c���1>=��k5_ 356A�+H�HJ97BC3!�+ #N+"D, � �!;D��"
k
"YK)"+K��+6@���13#�eK��#��"+��9<��Hb�5}�9AH-K��#;�_

K)�[H#LVK��#EW_ HJ�cOIP=�
1 ≤ c ≤ k

,
� K����+QD�%6<X="/�=�l�+>=���#;D��9<^!����"?���!�=P=^5_ HJ�n�%"1>=��"+Q=6<�#E\�1�������!H)�#;VU+"�67UV9<EF�#;IK)"?�=�nPDEF�

*hP=;D !N%"
g(
�
x)
OIP=�n���!35�!QD�?3#"+EF"?>C�%�TW%EF�5K��)"�PDE�U+�5K�"+�:���

m
��9<EF�#;DH)mV�!H:�n�)�#K)"+��;=�RPDEF�

3#�%K)�!�+"+��9A�
Qc

L
1 ≤ c ≤ k

, � H�H��$*hPD;D #N+"Sk'�=�#;="�EW9<;D���=�M*hP=;D #N+"f���\356A�+H�HJ97BC3#�� #N+"$����!U+���eK��#;D�=�#���+"�Hb���!OIP=9AH)9 K�"�Hb���1356A�+H�HJ97BC3#�� #N+"1��"|35"+��>@"c����K)���#9<;D�+EW�!;IK)"c��9AHJ>@"+;D97Q=9<6<9 _
^!����"D,/)?�c>=���%K)9A3#�DL+k?���#BD;=9A�=�cPDEF�Y*hP=;D #N+"

g̃
LIP=E\�c�+>=�)"�}�9<E\�+ #N+"Y���

g
,/)?"c>=��"�35�!H�H)"

���1���5BD;D9< !N%"`���[H)H��]*hP=;C #N%"W�%>=��"�}�97E\���=�=LeK��#EW_ HJ�/>C"��("+Q=z-�5K)9<U+"`EW9<;=9<EF97^[�%�n"`�#����"Y�#;�_
K)���

g
�

g̃
LD���Y��35"+�4��"F35"�E �%6<�+P=E\�|EF�!��9A�=�\���]�#����"W���#BD;=9A�=�=, � H�H)"|>@"����cHJ�!��EF�#6<X="+����[H)3#�)97K)"W>C�!67"'�=9<�+�+�4�%E\�`�=�\8:9<�+P=�4�+��,��V,

Entrada

X1

X2

X i Xig(    )

X2g(    )

X1g(    )

.........

Desenvolvimento
do comportamento

de g

g(X)

g~

Entrada

X1X1

X2X2

X iX i XiXig(    )

X2X2g(    )

X1g(    )X1X1g(    )

.........

Desenvolvimento
do comportamento

de g

g(X)

g~

8:97��P=�4�$��,�� � ��>=���#;C��97^[�+��" HJP=>@�#��UV9<H)9<"+;D����" * �%^tPDHJ" ���iP=E�3#"+;ez-P=;IK�" ���t"+Q�z-�#K)"�H
>=��k5_ 356A�+H�HJ97BC3!�+��"IHR>D�+���F�F35"�;DH-K��)PC #N%"F���]P=E\�W*hP=;D !N%"\�%>D�)"�}�9<EF���=�`�=�

g
,

��"+E �[H)H)�/>D�)"�35�[��9<EW�!;IK)"|*h"+9 "+Q�K�9<�="|P=E 356A�+H�HJ97BC3#����"+�nOIP=�]>C�!�)EF97K)�Y�`9A���!;�K�9 B@3#�e_ #N+"W�D�\356A�+H�HJ�]pFO�PC�%6 >@�#�)K)�#;C35�YP=E "+Q�z-�#K)"
m
_ ��9<EF�#;DH)97"�;D�%6 OIPD�+6<OIP=�!�!,

���!U+"+6<PD !N%"'���[H)H)�cEF"����#6<"'>@"V�=�`HJ�!�+P=9<�?;C�'��9<�)�[ #N%"'�="$�%>=���#;C��97^[�+��"'3#"+;DHJK��+;IK)�+L
OIPD�%;C��"?;="eU�"�Hd"+Q�z-�#K)"�Hy356A�+H�HJ97BC3!�+��"IH >D��H)H��%E��?�+>=��97EF"+�4�%�y�?EF�!�=9<�=�/���l���!H)�#EF>@�#;=X="
��"\356A�+H�H)9 BC3!�+��"��!,

&b�%�4�f9<H�H)"DL:k$�!HJK��+QC�!67�[359A�=�fP=E\�f���5K��)"I�%6<97EF�!;�K4�+ !N%"f�%"f>=��"�35�[H)H)"2���M�=�!H)�#;VU+"�67UV97_
EF�#;IK)"W��"|3#"+EF>@"+�)K��%EF�!;�K�"`���

g
LV35"�;�*h"+��EF�?9<67PCH-K�������"c;D�|8y9<�+PD��� ��, ��,b.?�[H)H��Y*h"��)E\�=L

�1*hP=;D !N%"
g̃
*h"��);D�!35�����!H)>@"�HJK��+Hb�+"Y>=���+>=��97"]>=��"�35�[H)H)"DL+OIP=�?>C"����?���=�%>=K��%�RH)PD�YH��%ZA�=�Y���

*h"+��E\�M�SEF�#6<X="����+�1�+67��P=EG9<;D��9A3#�+�="+�Y���'���[HJ�!EW>@�#;DX="DL ;D"+��EF�+67EF�!;�K��|PDEF�SEF�!�=9<�=�
���S�#���)" �=�i*hP=;D #N+"t���!H)P=67K��+;�K��+, ��P=EF>=���5_ H)�M" "+Q�z-�#K)9<U+" ���T"%K)9<EF97^[�%�F�2*hPD;D #N+" ���
356A�+H�H)9 BC3!�+ !N%"

g̃
,

��"+EF"S>C"����FHJ�!�]"+QDH)�#��Ue�+��"CL@�M�)�#K)��"��+679<EF�#;IK��� #N%"\>@"����W* �%^!�#�]PDH)"M���FP=E
K�P�K)"��!L
35"�E 3#"+;=XD�!359<EF�#;IK)"cH)"+QD�)��"`�="+EFZ7;D97"`�="c35"+;DX=�!3#97EF�#;IK�"c"+P\EF�!H)EF"c��"`�+E`Q=9<�#;IK)�?�#E
OIP=�]"�35"+�����/"WK)���#9<;D�+EW�!;IK)"D,

� �



Entrada

X1

X2

Xi Xig(    )

X2g(    )

X1g(    )

.........

Desenvolvimento
do comportamento

de g
g(X)

g

Tutor

~

Entrada

X1

X2

Xi Xig(    )

X2g(    )

X1g(    )

.........

Desenvolvimento
do comportamento

de g
g(X)

g

Entrada

X1X1

X2X2

XiXi Xig(    )XiXig(    )

X2g(    )X2X2g(    )

X1g(    )X1X1g(    )

.........

Desenvolvimento
do comportamento

de g
g(X)

g

Tutor

~

8:97��P=�4� �=, � �����#K)��"��+679<EF�#;IK��� #N%"W��"W>=�)"�3#�!H�HJ"F���Y���!H)�#;VU�"+6<UI9<EF�#;IK)"W�=�`*hP=;D #N+"F�|>=��"%_
EF"eU+�1"\�%>=���#;D�=97^[�+��"F35"�;DH-K4�%;IK)��,

� ��� � 	*%(! �*) ��� '�) ����������� �!	�! % � � � ����� '�) �
&~"����5_ HJ�?�)�#*h�#��97�(�+"c>=��"�35�!H�H)"c���?�%>D�)�!;D��9<^!�+�="Y;DN%"+_{H)P=>@�#��UI9AH)97"�;D�+��"Y3#"+EF"c�+OIP=�!67�?OIP=�
H)�v� �sHJ�!E �q�#}V9AHJK)a#;C359A�s��� P=E 35"+;%z-P=;IK)" ��� K��)�!97;C�%EF�#;IK)"s3#"+E �#}��#EF>=6<"�Hf>=��k5_
356A�+H�H)9 BC3!�+��"IH'"�P�HJ�!E � >D�)�[HJ�!;D #�v�=�iK�P�K)"��)�[HM;D"r��"�EFZ7;=9<" �="r3#"+;=X=�[359<EF�#;IK)" �#E
OIP=�YHJ�c���|"\�+>=�)�!;D��9<^!����"D,

� �#E��[H)H)��3#"+��>C"1����K)���#9<;="DLek�;=�!3#�!H�H �+�)9<"?OIP=�n97;�*h�!�)a!;D359A�+H:H)�-zJ�%Eu*h�!9 K4�+H~HJ�!E�35"�;=X=�5_359<EF�#;IK)"\>D�)k!UI9<"\��"�H�"+Q�z-�#K)"�H��=�c�!HJK)PD�="\�cHJ�!E P=E �)�[HJPD6 K4�+��"F�!H)>@�#�4�+��"1z��\���#BD;=9A��"D,
)?�'>=���%K)9A3#�DLDP=E �=����"$���|�#;IK)�4�+�=�\�=�#U+�WHJ�!�?��Ue�%6<9<����"\�|3#6<��H)H)97BC3#����"'HJ�!E OIP=��LC>C�%�4�
9AH)H)"DL%�#}�9<HJK��+E "�P�K)��"�H~"�Q�z-�5K�"�HR���?�)�#*h�#��a#;D3#9<�Y3#"+E "IHROIPD�%9AHR�!67��>@"�H�H��YHJ�!�(35"�EW>C�%�4�+��"C,

��"+EF"�;DN+"�X���PDEF�?E\�+H�H)���=�(�=�+�="�Hd�=�(�5}��!EW>D67"?3#"+;IK)�4���?OIPD�+6�3#"+;�*h��"+;IK��+� "�Hd;="%_
U+"IHR�!U+�#;IK�"�H��1�=����"�Hn���1�#;IK)�4�+�D�=LIP=E�HJ9AHJK)�#E\�|���1�+>=���#;D��9<^!����"c;DN+"%_ HJPD>C�!�)UV9AHJ9<"+;D����"
* �%^\PCHJ"2���M�%;��+679AHJ�[HY���\���!��P=;C�&W%;D3#9<� � � � � ? � �=�T9<;�*h"+��E\�+ #N+"T�)�[35�#QD9<�=�D, � H�H)�\k'P=E>D��H)H)"f*hP=;D�D�%EF�#;IK��+6l;="t>D�)"�35�[H)H)"i�=� 35"�;DHJK)��PD #N+"i��" 35"+;DX=�!3#97EF�#;IK�"D, � H�H)�t�)�[��P=;�_�&W+;D359A�Y>@"V�=�1H)�#�n"+Q�K�9<�D�c;D�|�e*h�#��9A #N%"c�=�1�+67��P=E\�+HREF�[��9<�D�+H�;D�cE\�+H�H��c���]�=�+��"IH#L+K��+9<H35"�EF"2�fEFk!��9A�=L~�fUe�%��9 W+;D359A�S�$�23#"%_{U��+�)9 W%;C359A�M���$97;�*h"��)E\�� 5mV�!HcH)"+QD�)�\"IHc�=�+�="�HY"�P
EF�!H)EF"F�|*h"��)E\�F35"�EW"W"�Hl"�Q�z-�5K�"�Hl>@"����#E HJ�!��35"+E|Q=9<;D�+��"IHn"+PT�%�+6<"+EF�!������"�H!,

��>=��9<EW�!97�4�2���[H)H��+HcEW�[��9A�=�+H`kM�fEFk!�=9<�D,i��6<�+P=;CHY*h�#;��+EF�#;="IHc>@"����#E H)�#�|�+;D�e_
6<9<H��+��"IH`3#"+E �tH)9<EW>D67�[H`"�QDHJ�!�)Ue�� #N%"2�="tUe�%6<"+�|EFk!��9<"t���S"�35"��)��a#;D3#9<�i���$P=E\� �=�+�D�
�+�4�%;C���#^[�`OIP=�Y"�H�3!�%�4�+35K)�#��9<^!�=LV�%P=}V9<6<9<�+;D��"W;="\>=��"V3#�!H�HJ"F���Y�%>D�)�!;D��9<^!�+�="D,

&~"+�Y�5}��!EW>D67"CLdEF�!H)EF"2HJ�!E "f�%P�}�Z<679<"f���FK)k[35;=9A3#��HY���\EF�5K��#"+��"+6<"+��9<�DL k\>C"IH)H)Z<U+�#6
* �%^!�#�~P=E\�1�!HJK)9<E\�eK)9<Ue�1�)PD�=97EF�#;IK4�%�b�=�/K)�!EW>@�#�4�eK�P=�4�/3#679<E�eK)9A3#�]���lP=E 67PD���%�~9<;=�5}�>=6<"%_
�4�+��"|"+QDH)�#��Ue�%;D��"+_{H)�/�`K)�!EF>C�!���%K)P=�4�|�=�!H�HJ�Y�%E|Q=9<�#;IK)�]�%"W67"�;=�+"F���]P=E �=�5K)�!�)EF9<;D�+�="
K)�!EF>C"\�Y�=�+ZdHJ�]�#}IK����+97;C��"W�WEFk!�=9<�\�=��HnK)�!EW>@�#�4�eK�P=�4�+Hn"+Q�K�9<�D�+H!,

)?�ME\�%9<"+��9<�'�="�H]3#��HJ"IH#L 35"�EW"M;="$>D� ��>=�)9<"$�#}��#EF>=6<"M�+3#97E\�DL@"S35"�;=X=�!3#97EF�!;�K�"M�=�

� �



EFk!��9A�c;CN%"W>C"����]HJ�!�n3#"+;DH)9A���#�4�+��"|���5K��#��EW9<;D�+;�K��?;="W>=��"�35�!H�H)"`���]�%>=���#;D�=97^[�+��"CL�E\�+H
>@"V�=�2HJ�!�WPDE ���2H)�#PDHFUe�+679<"�H)"�HW���!35PD��H)"�H!, � >=���+>=��97" 3 �+6<3#P=6<" �D�tEFk[��9<� �[H-K � H)P�_z-�#97K)"Tp+H1��9<U+�!��H��+H?EW�#K)"���"�67"��+9A�+H��#}�9<HJK)�!;�K��!H!L@K��%9AH135"+EF"S�$EFk!�=9<�M�%��9 K�EWk#K)9A3#�DL@EFk[��9<�
XD�+�)E �+;D9<3!�`�Y�WEFk!��9A�F�+�!"+EFk5K��)9A3#�DLI�!;IK)���1"�P�K)�4�+H!,

� PD�%;C��"`�cH)97EF>=6<�!H("+QDH)�#��Ue�+ !N%"Y�=�YEFk!�=9<�|����P=E\�`H)k#��9<�?���?�=����"�H(;DN%"]*h"���H)P�BC3#9 _
�#;IK��?>D�+���cH)�/34XD�#���+���YPDEF�W35"�;D356<PDH�N%"c���#BD;=97K)9<Ue�|OIPD�+;�K�"`pc"��)�I�%;=9<^!�� #N+"]�="�Hn�=�+��"IH#L
>@"V�=�5_ HJ��* �+^#�!�(PDH)"`�=�`EW�[��9A�=�`���/Ue�%��9 W+;D359A�=,:� Ue�%��9 W+;D359A�]>@"V�=�/H)�#�(�!;IK)�#;C��9<�D�`35"�EF"
"F�+�4�%PS���c��9AHJ>@�#�4H)N+"W�="�HlUe�%6<"+���!Hn"+QCHJ�!�)Ue�+�="�Hl���]P=E\�\�=�+�D�|�����+;D���!^!�=,

&~"+�F�5}��#EF>=6<"DL��iEFk!�=9<� �=� 35"%K4�+ !N%"i���SP=E >C�%>@�#6nBD;D�+;D35�!97��"t>@"����#��9A�29<;D��P=^!97�
� P=E��!�)��"v��� ��U��+679A�+ !N%" H)�i;DN+" *h"�H�HJ�t"+QDH)�#��Ue�+�=� �vU��+�)9 W%;C359A�v���t3#"%K4�+ #N+"v���!H�H)�
>D�+>C�!6o,~0f�!H)EF"c35"�E P=E Q@"+E ���!H)�#EF>@�#;=X="YEFk[��97"CL+P=E\�Y�����+;D���lUe�%��9 W+;D359A�1X=9AH-K��+��9<3!�
��"IHF>=�)�[ 5"IHF>C"����2H)�#�'9<;D��9A3#�%K)9<Ue� ���f�+�4�%;D�=�!HWUe�%��9<�� 5mV�!HF>@"%K��#;D3#9<�+9<H � ;=�#�I�eK)9<Ue�+HF"�P
>@"�H)9 K�97Ue�+H��n�=�F35"+K��+ !N%"F���!H�H)�1>C�%>@�#6jL="\O�PD�Y"|K�"+��;D�|�5}VK)���#E\�%EF�!;�K��Y�%���)9AH)3!�+��"C,

� P�K)�4�/EW�[��9A�=�1�!HJK��eK�Z<HJK)9A3#�/9<EW>@"+�)K��+;IK)�lk��/3#"%_{U��+�)9 W%;C359A�=LeOIP=�l�!HJK��%Q@�#6<�!3#�n�]3#"+���)�#_
6A�+ #N+"��#;IK)���("IHd��9<U+�!��H)"�Hd35"+;%z-P=;IK)"�H:����"+Q�z-�#K)"�Hd�#E��%; �%6<9<H)�+, O E��!HJK)PD�="?���(>@"+>DP=6<�� #N+"���'�+;=97E\�+9<H!Ld>@"+�c�#}��#EF>=6<"DL:>C"����'Ue�+67�!�J_ HJ�\�=�T"�QDH)�#��U��� #N+"S���\PDEF�f�+6 K4�f35"��)���#6A�+ !N%"
�#;IK��)�Y�+H?O�PC�%;IK)9A�=�+�=�!H����c�+;=97E\�+9<H��=�c��PD�+H��!H)>Ck[359<�!H���9AHJK)9<;�K4�+H�>C�%�4�|9<;�*h�!�)9<���F>C"�>=P�_
6A�+ #N+"i���MP=E\�i�=��H`�[HJ>@k!3#97�[H`QD��HJ�[�%;D�="%_ HJ�';D"t35���!H�359<EF�#;IK)"i>C"�>=P=6A�+359<"+;C�%6��D�2"+P=K)�4�
�!H)>@k!359<�+,

8:97;D�+67EF�!;�K��+LI"+P�K����]6<9<;=XD�c���/��U��+679A�+ !N%"Y�=�Y"�3#"+���)a!;D359A�]�������!��P=;C�&W%;D3#9<�];D"�H~*h�!; �%_
EF�#;="IH�"+QCHJ�!�)Ue�+�="�HnkY"\�#;IK)�!;D��9<EF�#;IK)"$�=�c35"+EF"\"IHl"+Q�z-�#K)"�H?HJ�c�+�+��P=>D�%E �#E 3#6<��H)H)�!H
����"�Q�z-�5K�"�H�35"+E 3!�%�4�+3 K��#��Z<HJK)9A3#��HbHJ�!EF�#6<XD�%;IK)�[H#, � H�HJ�?k?"Y*h"�35"|���?P=E\�|�=�+H(>=�)9<;D3#97>D�+9<HK)k[35;=9A3#��H��=�]�+>=���#;D��9<^!����"c;DN+"%_ HJPD>C�!�)UV9AHJ9<"+;D����"DLI35"�;=X=�!3#9<�D�`35"�EF"|�%; �%6<9<H)�/���Y3#"+;=��67"+_
EF�#�4�+��"IH#LdE`P=97K���HYU+�!^#�!H]���5*h�!�)�!;D359A�+�D�M>@�#6<"TK)�!�)EF"f9<;=�+6<a!H!��.103254 6�85:<;3=%, � H�H)�MK)k[35;=9A3#�H)�#� �|��9AH�35P�K�9<�=�\3#"+E�E\�+97"��l�=�5K��+67XC�%EF�#;IK)"F;=�[H-K��Y�!HJK)PD�="D,
����� ��� �����	� � ��� � �	��
!" 	��
���������������

��356A�+H�H)9 BC3!�+ !N%" � � � k]P=E ��"�Hl>D�)"�35�[H)H)"�H�*hP=;C�=�%EF�#;IK4�%9AHl;D�F359<a#;D3#9<�DL�P=E\�|U��#^YOIP=�Y"�H
* �eK�"�H:�l*h�#;��+EF�#;="IH~���#U��#E H)�#�b"������!;D�+�="�H:�%;IK)�[H:�=��>C"����!�J_ HJ�n�#;IK��#;D��a#_j6<"�H:��H)�����!H)�#;�_
U+"�67U��#���#E�>=��9<;D35Z<>=9<"�HbOIP=�l�5}�>=6<9<OIP=�!E H)PD�1"�35"+����a#;D3#9<�D,���"+;D3#�#97K)PD�+67EF�!;�K��+L��#;IK)�!;D���5_ H)�
>@"+��356A�+H�H)9 BC3!�+ !N%"`"F>=��"�35�[H)H)"W�=�Y"+�4���#;D�� #N+"|���]"+Q=z-�5K)"IHl>C"���HJPC�+H�H)�#EF�#6<XD�%;C #�+H!,

��;��+679AH)������35"�;=�+6<"+EF�#�4�+�="�H!L!"�P �9.103254 6�85:<;3=l�#E 97;=��67a[H#L+k�P=E�K�97>@"c����356A�+H�H)9 BC3!�+ !N%"
�!H)>@�!359A�%6jLy*h�#97K��iH)�#Eg"2�%P=}VZ<6<97"i�=�'P=E 35"��)>@"2���\K��)�!97;D�+EF�#;IK)"C,-)?�!H�HJ�$>=�)"�3#�!H�HJ"CLd"�H
�=����"�H�H)N+"`356A�+H�HJ97BC3!�+��"IHb�#E �9.1032547698T2 LI���)PD>C"IH(���/"+Q�z-�#K)"�H�35"�E 3!�%�4�+35K)�#��ZAH-K�9<3!�+HRH)�#EF�5_
6<XD�%;IK)�[Hl�#;IK)���cH)9o,(��>=� ��>=��9<�W���5BC;=9< !N%"\���!�9.103254 6�8�;DN%"\kc�+67��"|E|P=9 K�"\>=���!359AH)"DL=E\�+Hlk
>@"�H�HJZ<U+�!6:�!;D35"�;IK)�4�%�/�+67��P=E\�+H]�%67K)�!�);C�eK)9<Ue�+H/K��+9<H]3#"+EF"S��H]�%>=���!H)�#;IK����=�+H/>@"+� � U+�!�)97KJK� � � �

• �
O E �9.1032547698bk1P=E�35"�;ez-P=;IK)"W���/�!;IK)9A�=�+���[H�OIP=�1H)N+"|H)�#EF�#6<XD�+;�K��!H!L��1�#;IK�9<�=�����!H
�=�c��9 *h�!�)�!;IK)�!H��9.103254 6�8T2(;CN%"\H)N+"\HJ�!EW�!67XC�%;IK)�[H

�
,

• �
O E ��. 032T4 698WkiP=E\�v�%���)�!���+ !N%" ���2>@"+;IK)"IH\;="v�[HJ>C�+ 5"v�+EF"�HJK)�4�%6lK��+6/OIP=�i��=9<HJKXW+;D359A���#;IK��)�R��"�9<Hd>C"�;IK)"�HdO�PC�%9AH)OIP=�!�d���RP=E �9.1032547698 kREF�#;="��dOIP=�(����9AHJKXW%;C359A�
�!;IK)���1PDE >@"+;IK)"\OIPD�%6AOIP=�#���=�!HJK)� ��. 032T4 698��]P=E >C"�;�K�"F;DN%"F>=���!H)�#;IK)�];=�[H-K��

�
,

��?



• �
� H ��.103254 6�8T2/>C"����!E HJ�!�c���!H�35��97K)"�H]3#"+EF"M���#��97mV�[H/3#"+;=�[3 K����=�+H]���FP=E �!H)>D�+ #"
�=�/�=����"�H(E`P=67K)9A��9<EW�!;DH)97"�;D�%6@35"+;IK��#;D��"`P=E\�Y�)�!6<�%K)9<Ue�%EF�#;IK)�/�%67K��c���!;DH)9<�=�����?���>@"+;IK�"�H!L�HJ�!>D�%�4�+�=��HFP=E\�+H'�D�+H'"�P�K)�4�+H'>C"��'�)�!�+9<mV�!H'3#"+;IK)�!;D��" P=E\� ���#6A�eK�97Ue�e_
EF�!;�K��YQD�%97}=�F���#;DH)9A�=�+���Y���]>@"+;IK)"IH

�
,

� 9<EF�!��9A�eK4�i�2>@�#�435�!>@ !N%"i�=�SOIP=�M"t35"�;D35�!9 K�"i��� ��.103254 6�8Y��LR>@"+�|3#"+;DH)�!O>[=a!;D359A�=L
�+HnK�k!3#;=9<3!�+H����c�+;��%6<9AHJ�Y���Y35"�;=�+6<"+EF�!������"�H��!HJK�N+"WQC�+H)�!�+�D�+Hn�#E � : �]35"�EW"F"IHl"+Q�z-�#K)"�H
�!HJK�N+"'���#>=���!H)�#;IK�����"�H�;="$�[HJ>D�� 5"$�=�W�=����"�H!L � :<: �`3#"+EF"$�!67�[H?>@"����#EGH)�#�135"�EW>C�%�4�+��"IH
� �7:<:<: �1;D�W>=���+>D�)9A�|�=�5BD;=9A #N+"\���!H�HJ�]�[HJ>D�� 5"C,
����� � � ���� " ���� � ��� �� ��" ���� � �������� ��"��$��"��  ��"
	 ���������� ��

��"+;=*h"+��EW�/���!H�35��9 K�"c;="W3#�%>DZ K�P=67"|97;IK��)"���P�K��+��97"CL+"|"+Q�z-�#K)9<U+"`�=�|�%>=6<9A3#�+ !N%"c���1�%>=���#;C��9 _^!����"'35"�EF>=P�K���359<"+;D�+6oLC;="$3#"+;IK)�#}IK�"'��"'>=��"%z-�#K)" � ;IK)���1�������+LCkc"'���!3#"+;=X=�[359<EF�#;IK)"'���>D�����)mV�[H#LV�eK�����U�k!Hn�=�|3#6<��H)H)97BC3#�� #N%"|��"�HnEF"���"�Hl���]"+>@�#�4�+ !N%"`�="�Hl��97*h�#���#;IK)�[H����!3#P=�4HJ"IH
35"�EF>=P�K���359<"+;D�+9<Hl���Y3!�+�=�WE�+OIP=9<;D�FOIP=�]* �%^]>D�+�JK��]�D�|���!�=�]OIP=�c3#"+EF>@mI�Y�W�+�4�+�=�+,

)?N+"2X��=L~�f>=��9<;D35Z<>=9<"DL:97;�*h"��)E\�� 5mV�!HcH)"+QD�)�\�!U+�#;IK�PD�%9AHYEF"���"�H|���'"+>@�#�4�+ !N%"T�5}�9AH-_
K)�!;IK)�!H!LV;DN%"FH)�#;D��"|>C"IH)H)Z<U+�#6 �c*h"+��EF�� #N+"|���1P=E�35"��)>@"F���?K��)�!97;C�%EF�#;IK)"W35"�E "+Q�z-�#K)"�H
>=��k5_ 356A�+H�HJ97BC3!�+��"IH#,R���+>=6<9<3!�+ #N+"\���YEFk5K)"���"IH?���c�+;��%6<9AHJ�[H����c35"�;=�+6<"+EF�!������"�Hnk+LC>C"��J_
K��+;IK)"DL=�+>=��"+>=��9<���=�=,

� PDH)" ��"�H$�)�[35P=�4H)"�H'3#"+EF>=P�K4�+359<"+;C�%9AH'���iPDEF�vE���OIP=97;C�=L�35"�EF"v>C"��M�#}��#EF>=6<"
��& O �fEF�#E����)9A�t*hZ<H)9<3!�=LlHJ�!��� EF"+;D9 K�"+�4�+��" �23#�+����3 K)�!�)9<^!�+���2"�HF"+Q=z-�5K)"IH\OIP=�2HJ�!��N+"
H)P=Q=EF�5K�9<��"IH(�+"Y>=�)"�3#�!H�HJ"c��� ��.103254 6�85:<;3=%, O E "�Q�z-�5K�"`HJ�!���Y3#"+EF>@"�HJK)"c����PDE U��5K�"+�(���
Ue�%6<"+���!H/�)�[�%9AH#L "�;D���\3#���=�MU��+67"��]kF�SEF�!�=9<�=�T��"f3#"+EF>C"��JK4�%EF�#;IK�"S�=�ME�+OIP=9<;D�=Ld�#E
���#6A�+ #N+"\�%"'PDH)"$���`P=E
�)�[35P=�4HJ"CLD;VP=E 97;CH-K4�%;IK)�`�=�cK)�!EF>C"C, � U+�5K�"+�/�)�[HJP=67K��+;IK)�+LCP=E
35"�;ez-P=;IK)" ���TUe�%6<"+���!H|97;CH-K4�%;IKXW+;=�#"IH#LR���#>D�)�[HJ�!;�K4�%� �f" 35"+EF>@"+�)K��+EW�!;IK)"t�+>=���!H)�#;IK�����">@"+���!HJK��WE�+OIP=9<;D�DL�;IPDE ���#K)�#��EF97;C�+��"W97;IK��#��U��+67"\���]K��#EF>@"D,

��P=K)9<679<^!�� #N%"W����K�k!3#;=9<3!�+Hn���]�%;��+679AHJ�1���/3#"+;=��67"�EF�#�4�+��"IHb>D�%�4�Y"W�)�[35"�;=X=�!3#97EF�!;�K�"
���c>C�+����mV�!H�;="\>D�)"+z-�5K)" � ;IK��A�1�4�+���`H)�#��P=9<���WP=E\�'H)�!O>[=a!;D359A�\���c>D��H)H)"�H�Q��+H)9<3#"�Hl>=��"%_>@"�HJK)"�H$>C"��S02976<679<���+; � � J � , � H)H�� �+QC"����D�%�+�!E ;CN%"vk "+Q=��9<���eK��+��9<�DL�E\��HMH)�#��P=97�T�+H
�5K4�%>D��H~>=��"+>@"�HJK��+H:k�9<EF>C"��JK4�%;IK)��>D�+���1OIP=��H)��35"+;CHJ9<���135"�;�K��#EF>=6A�%�R��9<U+�!��H)"�H~��HJ>@�!35K)"�H
���#6A�+359<"+;C�+��"IH`�%"t>=��"V3#�!H�HJ"C,v0fP=97K���H|U��#^!�!HW>C"����#_{H)�MK)�#�\�i* �%6AH)�t9<EW>D�)�[H)H�N%" ���SOIP=�
�M97EF>=6<�#EF�#;IK4�+ #N+"M��"TEFk5K�"���"M"�Pt�+67��"+��9 K�EW"M�!H�35"�67X=9A��"S�)�!>=���!H)�#;IK��'K)"��=�S�M�+;��%6<9<H)�+L
E\�+HnK����%K��e_ H)�1�+>C�!;D�+H����]P=E ��"�Hl>C�+H�HJ"IHnOIP=�c�=�#U+�!E H)�#��H)�#�+PD9<��"IH#,

.?�]*h"��)E\�W�+�!���+6oLVP=E >=��"V3#�!H�HJ"F��� �9.10325476985:<;>=]3#"+EF>=���#�!;D��� �
� ,l�=�5BD;=9A #N+"\��"�Hl�!67�!EW�!;IK)"�H��FH)�#���#E 3#"+;DH)9A���#�4�+��"IH �
�=,lH)�#6<�! !N%"F�=�+HlUe�+�)9 ��U+�!9<H��
�D,n>C�+����"+;=9<^!�� #N+"`�Y;="��)E\�%6<9<^!�+ !N%"W�=�+HlUe�%��9 ��U+�#9AH��
�C,l�=�5BD;=9A #N+"\�=�+HlEF�!�=9<�=��H����cH)97EF9<6<�+�)9A�=�+�=�/"�PT�=9<HJK)9<;D #N+"��
�=,n�[H)3#"+6<XD�F��"FEFk5K)"���"\���c�+�+��P=>D�+EW�!;IK)"��
�D,n; �=EF�!�)"\���c3#"+;=��67"�EW�!������"�H��FHJ�!�)�!E 35"�;DHJ9A���!������"�H��V�
? ,�K��!HJK)�[H��]97;IK)�!�)>D�)�#K��+ !N%"F��"�Hl���!H)P=67K�����"�H!,

� �



��HJ�[O>[=a#;D3#9<�W�+3#97E\�W>@"V�=�cHJ�!�l���=�%>=K��+�D�`>D�+���W�+Hl>C�%�)K)9A35P=6A�%��9<�D�+���[Hn�="F�+E`Q=9<�#;IK��
�#ExO�PD�FH)�F�)�[�%6<97^[�$"f�+>=�)�!;D��9<^!����"DL 9<;D356<PDH)97U��\35"+Ex�M9<;D3#67PDH�N%"S"+P �5}=3#67PDH�N%"T���\�#K��e_>D��H#,H)?"M>=��"%z-�#K)" � ;IK)�A�1�4�+�=�+L 35"�EW"TH)�#� �'UV9<HJK)"M;="T3#�%>DZ K�P=67"TH)�#�+PD97;IK)��L *h"+9~P�K�976<97^[�+�=��WHJ�[OK[Da#;D3#9<�W���Y0f9<676<97�I�%;S35"+E��W9<;D356<PDH�N%"F���1P=E\�|�#K��+>D�`���#6A�+3#97"�;D�+�D�`�%"|�)�[35"�;=X=�!3#9 _
EF�#;IK)"f���F>D������mI�[H?>D�)"�>=�)9A�%EF�!;�K��W�=9 K�"D,+)��!H�H��$�#K��%>C�=L "�35"��)���#� �'�T356A�+H�H)9 BC3!�+ !N%"$��"
35"�EF>C"��JK4�%EF�#;IK)"F35"��)���#;IK��1���]P=E\�FE�+OIP=9<;D�D,

� �



� �������	��
� �

� ���������q� ��� � ����� �l�� � ���������

)��[H-K��M3!�%>=Z7K)P=6<"DLbkS�%>=���!H)�#;IK4�+�=�fPDEF�t���!H�35��9A #N%"2�=�5K��+67XC�+�=�t��"�H|>D�+H�H)"�Hc3#9 K4�+��"IH|�+"BD;D�+6 ��"F3#�%>DZ K�P=67"\�+;�K��#��97"��!LI9<;D356<P=9<;D��"'�`K��%���5* �W���Y���!3#"+;=X=�[359<EF�#;IK)"W���]>D�+����mV�!Hn9<;=�5_
���#;IK)�?�+"]K)�!EF�`���!HJK)�?K)�4�%QD�+67X="C,/��"�E 9AH)H)"DLVH)�#� �]�)�[�%6<97^[�+�=�]�]*hP=;C�=�%EF�#;IK4�+ #N+"]K)� �+��9<3!�
�=�t�%;��+679AHJ�M���S3#"+;=��67"�EF�#�4�+��"IH � � � � �� � � � � � � � � � � � � � � � � � �MH)�#� �2UV9AH-K�"t3#"+EF"2�!H�H��K)k[35;=9A3#�Wkc�+>=679A3#���=�W�%"\35"�;�K��5}VK)"F��"\>=��"%z-�#K)" � ;IK)�A�1�4�+�=�+,

� ;=9A359A�%6<EW�!;IK)�+L@>D�+���1z-PDHJK)97BC3!�%�/�$�%>=6<9<3!�+ !N%"\���cK�k!3#;=9<3!�+H/���!�9.10325476985:<;>=+L@H)�#� �W*h�#97K��P=E\�����[H)3#�)9A #N+" �="�>=��"V3#�!H�HJ"������)�[35"�;=X=�!3#97EF�!;�K�"����(>D������mI�[H >=��"+>@"�HJK)"D, � E�HJ�!�+P=9A�=�=LH)�#� �i��9AH)3#P�K)9A��" 35"�EW" HJ�!��N+"t���#BD;=9A��"�HW"IH`"�Q�z-�5K�"�HWO�PD�M���#>=���!H)�#;IK4�%�4N%"2�tP�K)9<679<^!�� #N+"
X=9AH-K��+��9<3!�t�="�HW�)�[35P=�4H)"�H!, � HF�#6<�#EF�#;IK�"�HFOIP=�S* �%�4N%" >D�%�)K)�T�=� E\�+H�H)� ���f�=�+�="�H!L��+HEF�!��9A�=��H'���#>=���!H)�#;IK����=�+H'>C�!6<��H'Ue�%��9 ��U��#9AH'OIP=�i3!�%�4�+3 K��#��97^[�%E �!H�HJ�[H'�#6<�#EF�!;�K�"�H$�t�+H
K)�4�%;CH-*h"��)E\�+ #mV�!Hn�%>=6<9<3 ��U+�!9<Hl�W�!H�H)��HnEW�[��9A�=�+H�H�N%"F�!HJK)PC�=�+��"IHn;D�\HJ�[O>[=a#;D3#9<�D,

�n�%�4�+35K)�#��9<^!�+�="�H/"�H]"+Q=z-�5K)"IH#Ld"S>D� ��}�9<EW"S>D��H)H)"S�D�S�+;��%6<9AHJ�\��9<^\�)�[HJ>@�#97K)"f�T35"�EF"
�!H�H)�!H\"�Q�z-�5K�"�H\>@"����#E�H)�#�$3#"+EF>D�%�4�+�="�HF�#;IK��)�iH)9jL��!HJK��%Q@�#6<�!3#�#;D�=" P=E\� EF�!��9A�=�v���
H)�#EF�#6<XD�%;C #�F�#;IK��)�c�!67�[H#LC*hP=;D�D�%EF�#;IK��+6d>D�+���\�'>D�%�)K)9A #N+"'��"�H/�=�+��"IH��#E 3#"+;=��67"�EW�!���%_��"IH#,\� *h"+��E\�M3#"+EF"f�S>D�%�)K)9A #N+"S��"IHY�=�+�="�H1k\"+Q�K�9<�D�Mk'�=�5BD;=9A�=�S>@�#6<"�HY�%6<�+"��)97K)EF"IH
�����9.103254 6�85:<;3=1>=�)"�>=��9<�+EW�!;IK)����97K)"IHR��>@�#6<"`; �=EF�#��"c���135"+;D�+6<"+EF�#�4�+��"IH~35"+;CHJ9A���#�4�+�="�H!L
��9AH)3#P�K)9A��"IHl67"��+"F�WH)�#��P=9<��p+HlEF�!��9A�=��H����cHJ�!EF�#6<XD�%;D !�=,

8:97;D�+67EF�!;�K��+L�k����5K4�%6<XD�+��"]"Y>=��"�35�[H)H)"1�=��9<�=�#;IK)97BC3#�� #N+"1����>D�)"+K �%K�97>@"�H~��>D�)"�>C"IH-K�"
P=E EFk5K)"���"$>D�%�4�W97;IK)�!�)>D�)�#K��+ !N%"\��"IH����!H)P=6 K4�+��"IHl"+Q�K�9<�="�H�3#"+E
�\�%>=6<9<3!�+ !N%"\���!�9.1032��
4 6�85:<;3=1�)�[�%6<97^[�+�=�D,

� ��� � %� � ! � ��� )*! � ! � ����� ! � � � ! � ��� ) ! � '�)*%�� ! �
� �%>=6<9A3#�+ !N%"S�=�+H/K)k[35;=9A3#��HY���\�%;��+679AH)�W���\3#"+;=��67"�EW�!������"�H!L@;="f35"+;IK��5}VK)"T��"S>=�)"+z-�5K�"
� ;IK)���1�������+L@UV9<H��'>@"�H�HJ9<Q=9<6797K��+�/"M�)�[35"�;=X=�!3#97EF�!;�K�"$��"SEF"V�="M���W"+>@�#�4�+ !N%"\�#EGOIP=�WHJ�
�#;C35"+;IK����?P=E\�1�=�5K)�!�)EF9<;D�+�D�?E�+OIP=9<;D�DL+OIPD�%;D�="1�/EF�!H)EF�1kl���!OIP=9AHJ97K����=�=Le>@�#6<"/���#���#;�_
359A�+�="+�(�=�`�+�4�+����L��`�5}��!3#P�K��+���%6<�+PDEF�Y�+>=6<9<3!�+ #N+"`��9AH-K��)9<Q=P=ZA�=�D, � ���!3#"+;=X=�[359<EF�#;IK)"c��"
EF"���"Y����"+>@�#�4�+ !N%"CL[>@"+��HJPD�1U��#^+L�k�P�K)9<6<97^[�+��"]>D�+���]�]>=���!��9A #N+"Y����"�359<"�H)9<�=�����l��"�Hb���5_
35PD��H)"�H~�=�1E�+OIP=9<;D�1�)�[OIP=9<H)97K��+�D�=, � H)H)��>=��"V3#�!H�HJ"/k�35"�;=X=�!3#9<�="]3#"+EF"]�)�[35"�;=X=�!3#97EF�!;�K�"���]>D�����)mV�[H�35"+E PDHJ"\���]K�k!3#;=9<3!�+H���� �9.10325476985:<;>=Y�cHJ�!���W��9AH)3#P�K)9A��"F;=�!HJK��\H)�! !N%"C,

�LJ



� ;=9A359A�%6<EW�!;IK)�+LbH)�#� �T�)�[�%6<97^[�+��"fPDExEF"+;D9 K�"+�4�%EF�#;IK)"2�D�fP�K)9<6<97^[�+ #N+"2X=9AH-K��+��9<3!�f��"�H
���!35PD��H)"�H\3#"+EF>=P�K4�+359<"+;C�%9AH'�=� E�+OIP=9<;D� �!E�O�PD�!HJK�N%"C, ��"+E��!H�HJ�iEW"�;=97K)"+�4�%EF�!;�K�"H)�#�4N%"'35��9A�+��"IH�"�H?"+Q�z-�#K)"�H/OIP=�`���#>=���!H)�#;IK4�%E �'P�K)9<679<^!�� #N+"$��"�H?�)�[35P=�4H)"�H�;="M>D�+H�H��+��"C,
� H�HJ�[H]"+Q�z-�#K)"IHY35"+EF>@mV�#Ex�TE\��H)H��M�=�'�=�+��"IH]"+��97��97;C�%6b�fHJ�!�c35"�;DHJPDEW9A�=�T��P=�4�%;IK��W"
>=��"�35�!H�H)"T�=�\�)�[35"+;DX=�!3#97EF�#;IK�"D,-��"�;�*h"+��EF�\���!H�35��9 K�"f;D�f8:97��P=�4�C�=, � Ly�[H)H��TE\�+H�H)�T����=����"�HlkcH)P=Q=EF�5K�9<�D�'�%" �9.10325476985:<;>=+, � "+Q�z-�#K)9<U+"Fkc35��9A�%��P=E\�F>D�+�JK�9< !N%"\35"�EW>@"�HJK��F���
35"�;=�+6<"+EF�!������"�H�35"+;IK��#;D��"F"IHl"+Q�z-�#K)"�Hl"��)9<�+9<;D�+9<H!LIH)�#EF�!67XD�+;IK)�!Hl�!;IK)���]H)9j,

� H 35"�;=�+6<"+EF�!������"�HC�)�!>=���!H)�#;IK��+E�35"�EW>@"+�)K��+EF�#;IK)"IH >=�)"+K)"+K)Z<>=9<3#"�H!L#"�;D���R3#���=�l35"�;�_
�+6<"+EF�!������"M>@"�H�H)P=9(P=Eg"+Q=z-�5K)"f���#>D�)�[HJ�!;�K4�eK�97U�"D, ��"+EF"23!�+�=�T"�Q�z-�5K�"2HJP=QDEW�#K)9A��"i�+"
�9.10325476985:<;>=~���#>D�)�[HJ�!;�K4�n"�35"+EF>@"+�)K��+EW�!;IK)"����RP�K�976<9<^!�+ !N%"����bPDE����!3#P=��H)"l>C�!6<��E���OIP=97;C�
��P=�4�%;IK��YP=E
>C�!�)Z<"���"$���YK��#EF>@"DL "'�#6<�#EF�!;�K�"'>=��"%K�"%K)Z<>=9A35"'���`P=E 35"+;D�+6<"+EF�#�4�+��"\���
"+Q=z-�5K)"IH/3#"+;IK)k!E "M3#"+EF>C"��JK4�%EF�#;IK�"$�!H)>@�#�4�+��"'>C�%�4�'P=EG"�Q�z-�5K�"$>@�#�)K)�!;D35�!;�K��W�M�!H�H)�
35"�;=�+6<"+EF�!������"D,

Massa de dados
(monitoramento

histórico )
Clustering

Protótipos
(modos de
operação )

Objeto não
classificado
(observação

corrente )

Reconhecimento
de padrões

Modo de
operação
inferido

8:97��P=���+�D, � �$���!3#"+;=XD�!359<EF�#;IK)"\���Y>C�+����mV�!Hl���YPDH)"\���Y�)�[35P=�4H)"�Hn35"+EF>=P=K��+3#97"�;D�%9AH!,
� H��!67�!EW�!;IK)"�H?>=��"%K)"+K)Z<>=9A35"�H?���5BD;D�#E
"�H�EF"���"IH?���|"+>@�#�4�+ #N+"F>D�+����mV�!H!, � PD�%;D�="

"vH)"%* K��l�%���M���#���#;D3#9<����"+�\�=� ���������S* �%^fP=E\� ���!OIP=9AHJ9A #N+"t>@"+�$OIPD�+6<OIP=�!�\�)�[35P=�4H)" �=�
E�+OIP=9<;D�=L~kS35��9<����"2P=E "�Q�z-�5K�"iOIP=�$���#>=���!H)�#;IK4�f�2P�K�976<97^[�+ !N%"i��"IH`���!3#P=�4HJ"f>@"+�WP=E
>@�#��Z7"���"\���1K)�!EF>C"\9<EF�!��9A�eK4�%EF�#;IK)�c�+;IK)�#��9<"+�lp|���!OIP=9AH)9< !N%"D,

� H�HJ�\"�Q�z-�5K�"DLy�+97;C�=�S;DN%"f356A�+H�H)9 BC3!�+��"CL k\HJPDQ=EF�5K)9A��"2�+"S>D�)"�35�[H)H)"T���\�)�[35"�;=X=�!3#9 _EF�#;IK)"Y���l>D������mI�[H#, � PD�%;C��"]P=E "�Q�z-�5K�"1���[H)3#"+;=XD�!359A��"CL%;DN%"]356A�+H�H)9 BC3!�+��"CLek��%>=���!H)�#;=_

� �



K�����"2�%"2�+67��"+��9 K�EF"T�=�'�)�[35"�;=X=�!3#97EF�!;�K�"2���'>D������mI�[H#L:���5K��#��EF97;D�%_{H)�'OIPD�%6��#6<�#EF�#;IK�"
>=��"%K�"%K)Z<>=9A35"|>C"IH)H)P=9 35"�EF>C"��JK4�%EF�#;IK)"|E\�%9AHn�+>=��"�}V9<E\�+��"|�%"F���!H�HJ�1"+Q=z-�5K)"W;DN+"W3#6<��H)H)9 _BC3!�+��"C, � H)H)�`�!67�!EF�#;IK)"'>D�)"+K)"%K�Z7>D9<3#"'k`35"�;DH)9<���!������"\"'EF"���"M�=�`"+>@�#�4�+ !N%"F�#E OIP=�c"
���!35PD��H)"|�[H-K �FHJ�!;D��"FP�K)9<6<97^[�+��"F;="FEF"+EF�#;IK�"F�D�|���!OIP=9AH)9< !N%"F�=�W�+�4�+����,

��"+E �/9A���#;IK)97BC3!�+ #N+"/��"1�#6<�#EF�!;�K�"/>D�)"+K)"%K�Z7>D9<3#"1OIP=�nE\�%9AHbHJ�l�+H�HJ�!EF�#6<XD�?�+"/"�Q�z-�5K�"
;DN+"]3#6<��H)H)97BC3#����"DLek�>@"�H�HJZ<U+�!6=�+H�HJPDEW9<�ROIP=��"Y35"�EW>@"+�)K��+EF�#;IK)"Y�]HJ�!�R�%>=���!H)�#;IK4�+��"1>C�!6<�
E�+OIP=9<;D� ;VP=E�*hP�K)PD�)"v>D� ��}�9<EW" H)�-zJ�vH)�#EF�!67XD�+;IK)�i�+"v�%>=���!H)�#;IK�����" >C�!67" �#6<�#EF�#;IK�"
>=��"%K�"%K)Z<>=9A35"f���!3#"+;=X=�[359A��"D, � HcUe�+67"��)�[Hc�=�+H`��97EF�!;DHJmV�[Hc;DN+"i35"�;=X=�!3#9<�D�+Hc��"i"+Q�z-�#K)"DL
OIP=�\���#>=���!H)�#;IK��+E �TP�K�976<97^[�+ !N%"S*hP�K)PD���f��"f���!3#P=�4HJ"CLyH�N%"T97;=*h�#��9<��"IH#,M.?�[H)H��S*h"+��E\�=Ldk
>@"�H�HJZ<U+�!6@���!�+679<^!�+���|>D�)�[��9< !N%"F���Y"�359<"�H)9<�D�+���]���YP=E �)�[35P=�4HJ"F35"�EF>=P�K���359<"+;D�+6o,

� ��� ��!��	�!��� ��� ) ��� ��� ! � ! � ����
� H)�#6<�! !N%"'��"IH��!67�!EW�!;IK)"�H?O�PD�|H)�#�4N%"'35"�;DH)9<���!������"�Hl;D"'>=��"V3#�!H�HJ"'�=�|�%���)PD>D�%EF�#;IK�"Wk
���[359AHJ9<Ue�l;D�����#K)�#��EF97;C�+ #N+"��=���[H-K��)P�K�P=�4����"�Hy35"+;D�+6<"+EF�#�4�+��"IH O�PD�(HJ�!��N+"�35��9<����"�H!L#PDEF�
U+�!^YO�PD�c�|EF�#K)"���"+6<"+��9<�WH)�#� �W�+>=6<9<3!�+�=�WHJ"�Q=���1�[H)H)�!Hl�#}��#EF>=6<"�H�H)�#6<�!359<"+;C�+��"IH#,b��>@�!H��%�
��9AH)H)"DL=�W>@�!H�OIP=9<H��F�W�)�[HJ>@�#97K)"\���[H)H)�1K �+>D9<3#"F�=�c��9<H�35PCH)H�N%"F�%9<;D�=�Wk]QC�!E 6<97EF97K����=�=,

O E\� K�k!3#;=9<3!� OIP=�2>@"����tH)�#�S�#EF>=���#�I�+�=� kt� H)�#6<�! #N+"v�%6<�!�%K �+��9A� ���i�#}V�!EF>=67"IH#,
� PD�+;D��" H)�t>D�)�#K)�#;C���i���#;=�!���+679<^!�+�'" ���!H)P=67K��+�="v"+Q�K�9<�=" >D�+���vP=E��+�4�%;D�=�2; �=EF�#��"
���S�#6<�#EF�#;IK�"�H!LR>C"����#_{H)�MK)"+E\�+�|P=E\� �%EF"�HJK)�4�%���#E H)�#6<�!359<"+;C�+�=�2�+67�[�eK�"+��9<�+EW�!;IK)�$�=�
>@"+>=P=6A�+ !N%"'���|"+Q�z-�#K)"IH?��9AHJ>@"+;DZ7U��#9AH#, � ;�K��)�#K��+;�K�"DL@�!H�HJ�`EWk#K)"���"S���|H)�#6<�! !N%"$���!U+�`H)�#�PDH��+��"F35"�E QD�+HJK��+;IK)�]35��9 K�k#��97"CLI>@"+9AHnK)�4�%^1"F�)9AH�35"|�=�]�F�+EW"IH-K����+�+�!E H)�#6<�!3#97"�;D�+�D�c;DN+"
H)�#�����#>=���!H)�#;IK��%K)9<Ue�`��"'��"�EFZ7;=9<"\��"\35"�;=X=�!3#97EF�!;�K�"F>C�[H)OIP=9AH)����"D,� �)�!�+�4�\Q��+H)9A3#�';C�'�!H�35"�67XC�$��"IH/�!67�!EF�#;IK)"IH/�SHJ�!�)�!E �%�+��P=>D����"�H?�!HJK��+QC�!67�[35�|OIP=�
�#6<�!H(���#U��#E �)�!>=�)�[HJ�!;IK��%�b����*h"+��EF�Y3#"+;DH)9AH-K��#;IK)��"c3#"+;ez-PD;�K�"`����"�Q�z-�5K�"�Hb�#}�9<HJK)�!;�K��!H!,:�
>=��"+>@"�HJK��l9<;=9A359A�%6I>D�%�4���%>=6<9A3#�+ !N%"��+"�>=��"%z-�5K�" � ;IK)���1�������Rk��?35"+;CHJ9A���#�4�+ !N%"����(K)"���"�Hy"�H�=����"�H�3#"+6<�5K�����"�H�>C�!67"\>=��"�35�[H)H)"\���cEF"+;=97K)"����+EF�#;IK)"C,(�?H�HJ9<ETL=K�"V�D�+H���H�97;=*h"+��EF�� 5mV�!H
"+Q=K)9A�=�+Hl;D�F3!�%�����|97;=9A359A�%6 �="W>D�)"�35�[H)H)"|K)�#�4N%"W9<;��DP=a!;D359A�F;D�|*h"+��E\�+ #N+"W�="�H��9.1032547698T2 ,
��� � ��� � 	 �  ��" � ��" 	 � �  ����� ��

� PDH)"|��"IH(���!3#P=�4HJ"IH(35"�EF>=P�K���359<"+;D�+9<H����1P=E\�`E�+OIP=9<;D�DLI3#"+EF"`>@"+�n�5}��#EF>=6<"���& O �EF�#E��+��9A��*hZAHJ9A3#�DL�H)�#� �?EF"�;=9 K�"+�4�+��"1��3#�+����3 K��#��97^[�%� ��"�H~"�Q�z-�5K�"�HbOIP=��HJ�!��N+"1H)P=Q=EF�#K)9A��"�H
�%"t>=��"V3#�!H�HJ" ��� ��.103254 6�85:<;3=%, O E "+Q=z-�5K)" H)�#� �i35"�EF>C"IH-K�"t���TP=E U��5K)"��W�=�SUe�+67"��)�[H
���!�%9AH!L@"�;D���F3#���=�$Ue�+67"��1kF�MEW�[��9A�=�T��"S3#"+EF>@"+�)K��%EF�!;�K�"M�=�ME�+OIP=9<;D�=L �!EG���#6A�+ #N+"
�%"`PDHJ"|���/PDE ���!3#P=�4HJ"CL+;VP=E 97;CH-K4�%;IK)�1����K��#EF>C"C, � U+�5K�"+���)�[HJP=67K��+;IK)�+LIP=E 35"�;ez-P=;IK)"
���fUe�%6<"+���!HW9<;DHJK��%;IKTW%;=�!"�H!L����#>=���!H)�#;IK4�%� �2"v35"�EF>C"��JK4�%EF�#;IK)" �%>D�)�[HJ�!;�K4�+��" >@"+�'�[H-K4�
E�+OIP=9<;D�=L�;VP=E ���5K��#��EW9<;D����"F97;IK)�!�)Ue�+67"\���1K)�!EF>C"C,

�?H`EW�[��9A�=�+Hc�fH)�#���#Ex�)�[�%6<97^[�+�=��H1;="f>=��"V3#�!H�HJ"f���'�+>=���#;D��9<^!����"f��9<^#�#Eg���!H)>C�!9 K�"
pfOIPD�%;IK�9<�=�����'�!ExPDH)"2��"IHc���!35PD��H)"�HY3#"+EF>=P�K4�+359<"+;C�%9AH#L:35"+EF"f>@"+�|�5}��#EF>=6<"D��& O �
EF�#E��+��9A�(*hZAH)9<3!�=,/�n���=�lUe�%6<"+� ��"?U+�5K�"+� OIP=�(3!�%�4�+35K)�#��9<^!��"�"+Q�z-�#K)"����#>=���!H)�#;IK��l�lEF�!�=9<�=�
���]PDH)"\���!H�HJ�]���!3#P=��H)"W;IPDE 9<;DH-K4�%;IK)�Y���]K��#EF>@"D,��>@�#;D��Hl"�Hl"�Q�z-�5K�"�Hl��"FEF�!H)EW"WK�97>@"'HJ�!��N+"|3#"+EF>D�%�4�+�="�H��#;IK)���1H)9 ;="F>=��"�35�[H)H)"|���
�%���)PD>D�%EF�#;IK�"D,

��



� "+Q=z-�5K)9<U+"`BD;D�+6 �D�|�+;��%6<9<H)�/�=�]3#"+;=��67"�EF�#�4�+��"IHbk/���!�+679<^!�+�("W�)�[35"�;=X=�!3#97EF�!;�K�"|���
>D�����)mV�[H#L+�%K)�4��U+k[Hy�=�]9A���!;�K�9 B@3#�+ !N%"Y����EF"���"�H(����"+>@�#�4�+ !N%"1>=�)"+K)"+K)Z<>=9<3#"�H!, � �4�%^!" ��U+�!6�+�=EW97K)9<�ROIP=���!H�H)�!H:EF"V�="�Hb����"�>C�!���� #N%"/>C"IH)H��%E HJ�!�b"+QDH)�#��Ue�+��"IHd;VP=E >C�!�)Z<"���"Y����P=E
��9A�'���cP=K)9<679<^!�� #N%"'�D�+H�E�+OIP=9<;D��H#,l�?H�HJ9<ETLC"IH�"+Q=z-�5K)"IH�H)P=Q=EF�5K�9<��"IH?�+" ��.103254 6�85:<;3=Y;="
� ;IK)���1�������/���#>D�)�[HJ�!;�K4�%E���9A�+H?���1K)�4�%QD�+67X="C,

.?�i* �eK�"DL�P=E�"+Q=z-�5K)" 35"+;IK��#� � 97;�*h"��)E\�� 5mV�!H'�=�iPDH)" ���2PDE��=�5K)�!�)EF9<;D�+�=" K)9<>C"
���T���!35PD��H)"t>@"+�FP=E >C�!�)Z<"���" ���-�K� X="�����H#, � H)H)�T>C�!�)Z<"���" HJ�T9<;=9A359A� p EF�#9A�e_{;="�9 K�����\P=Eg��9A�M�'H)�\�!HJK)�!;D���\�eK�k'�THJ�!�+P=;D�D�MEF�!9<�%_j;="�9 K��\HJ�!�+P=9<;IK)�+,'�?>C�[H)�+�c���\P=Eg��9<�
���TP�K�976<97^[�+ !N%" �=� E�+OIP=9<;D� � �@� X="�����H �|H)�#�\P=E QC"�E 9<;�K��#��Ue�%6<" �=�MK��#EF>@" >D�%�4�t�
���#>=���!H)�#;IK��� #N+"`��"�Hn"�Q�z-�5K�"�H!LI"WEF"����#6<"W�=� �>�`XD"+�4�+H(*h"+9 �+�="%K�����"`>C�%�4�`>@"�H�HJ9<Q=9<6797K��+�n�
9<EW>D67�!EW�!;IK��+ !N%"F���YP=E EWk#K)"���"FE\�%9AHl�5BC3#97�!;IK)�c���Y���!3#"+;=X=�[359<EF�#;IK)"F���]>D�+�=�)mV�!H!,

� "+Q�z-�#K)"T;DN%"23#6<��H)H)97BC3#����"fO�PD�$HJ�!���T�+>=�)�[HJ�!;IK��+�="S�+"2�%6<�+"+��97K)EF"f���\�)�[35"�;=X=�!3#9 _
EF�#;IK)"f���#>D�)�[HJ�!;�K4�%� �$PDEx��9A�=L~�%9<;D�=�T;DN+"TK)"+K��%6<EF�#;IK)�'3#"+;=XD�!359A��"CLy���'P=K)9<679<^!�� #N%"f���
���!35PD��H)"�Hc�D�iE�+OIP=9<;D�D, � PDQ=EF�5K)a#_j6<"t�+"t�+67��"+��9 K�EW"2�=�M���!3#"+;=X=�[359<EF�#;IK)"2kS"iEF�[3#�e_
;=9AHJEF"F>=��"+>@"�HJK)"W>D�%�4�W�F97;�*h�!�)a!;D359A�F�=�WP�K)9<6<97^[�+ #N+"W�+97;C�=�W;DN%"\35"�;=X=�[359A�=�=,

� �S"i9<;�K��#��Ue�%6<"i���MK)�#EF>@"tP=K)9<679<^!����"i;D�i�)�!>=���!H)�#;IK��� #N%"2�="�H|"+Q�z-�#K)"�H`*h"�H�H)�M�%>@�5_
;D��H?���+�@�\X="�����H#L@�\9<�=�#;IK)97BC3#�� #N+"$��"'EF"���"M�=�c"+>@�#�4�+ !N%"\���!�%6<9<^!�+�D�F;="'9<;=Z<3#97"S���!H�H)�
>@�#��Z7"���"CL �=P=���+;IK)�|�ME\�+����P=�I�+�=�\>@"+�]�#}V�!EF>=67"CL ;DN%"SHJ�!�)9A�'�#BC359<�#;IK)��, � H)H)"$>@"+�4OIP=�|�3#�+����3 K��#��97^[�+ #N+"S�="2"+Q�z-�#K)" HJ�!�)9A�TE`P=97K)"t>C"�Q=���+Lb35"�;�K��#;D�="i�%>@�#;D��H`�+67��P=E\�+Hc>@"+PC3#�+H
9<;�*h"+��E\�+ 5mV�[H�HJ"�Q=�)�c�FP=K)9<679<^!�� #N%"'�D�FE���OIP=97;C�\;="\>=���!H)�#;IK)��, O E\�\35"+EF>D�+���� #N+"W3#"+E"�H1EF"���"�H]���F"�>C�!���� #N%"M>=��"%K)"+K)Z<>=9A35"�H/>@"V�=�#��9<�M67�!Ue�%�Y�SP=E\�$9<;D35"��)���5K4�$���#BD;=9A #N+"S��"
EF"���"\35"+�����#;IK)�]���Y"+>@�#�4�+ !N%"W�=�WE���OIP=97;C�=,

� �-zJ�DL%>@"+�b�5}��!EW>D67"CL%"]"+Q�z-�#K)"]���!H�35��9 K�"/;C�18:9<�+P=�4� �=,������#>=���!H)�#;IK4�%;D��"1�1P�K)9<679<^!�� #N+"���!35�!;IK)�`���|EF�#E��+��9<�\*hZ<H)9<3!�$�=�$EF�!H)EF�'E���OIP=97;C�FK)"�EF���=�$3#"+EF"'�#}V�!EF>=67"$;D� � �[ #N+"
� , ��, � HR3#"+EF>C"��JK4�%EF�#;IK�"�H~>=��"%K�"%K)Z<>=9A35"IHR���!H�H��]E���OIP=97;C�Y�!HJK�N+"c���!H�35��9 K�"�Hb;D"c3#�%>DZ K�P=67"9<;�K��)"���P=K �+��9<"DLV;D�F8:97��P=��� � , ��,

Operação atual

0

25

50

75

100

Tempo

M
em

. (
%

)

8:9<�+P=�4�+�=,�� � � Q�z-�#K)"F�)�!>=���!H)�#;IK��+;D��"|�WP�K�976<9<^!�+ !N%"F���!35�!;IK)�Y���]EF�#E��+��9<�|*hZAHJ9A3#�D,
� �`XD"+P=U��#�����!OIP=9AHJ9A #N+"F>C"��?PDH)"'���!H�H��\E�+OIP=9<;D�=LC;="'EF"+EF�#;IK�"\�#E OIP=�`H �'HJ�JzJ�%E

�L�



35"�;=X=�[359A�=�+Hl�+Hl9<;�*h"��)E\�+ #mV�!Hl���#>=���!H)�#;IK����=�+H�;="F�+� �eB@35"DLV>@"+PD3#"F>C"����cH)�#���%BD�)E\����"W�
���!H)>C�!9 K�"`��"cEF"���"`�%K)PD�+6C���/"+>@�#�4�+ #N+"c�=�YE�+OIP=9<;D�DL+�#E ���#6A�+ !N%"c�%"YPCHJ"W����EF�#E��+��9A�*hZAHJ9A3#�D,

&b�%�4�/�!UV9 K4�%�R�[H)H)�nK)9<>C"`�=��HJ97K)PD�� #N+"DL+3!�+�=�1;="eU�"1��9A�Y35"�;IK)9<;IPC�YHJ�!;D��"]�)�!>=���!H)�#;IK�����"
>@"+�FP=E "�Q�z-�5K�" ��97*h�#���#;IK��+LRE\�+HW" 97;IK��#��U��+67" ���S�)�!>=���!H)�#;IK��� #N%"ikS���-�>�iX="�����H#,v�
H)�#�+PD;D�=�/EW�#K����������lP=E "�Q�z-�5K�"1H)�#EF>=����35"+9<;D3#9<���l35"�E �1>=��97EF�#9<�4�?EF�5K4�+������"]"�Q�z-�5K�"
OIP=�]�)�!>=���!H)�#;IK��|"\��9<�\H)�#��P=9<;�K��+,

)�" EF"+EF�!;�K�" ���TP=E\� �)�[O�PD9<H)9< !N%" ���fPDH)" �=�fP=E ���!35PD��H)"DL(K)"+E\�%_{H)�+L�>D�%�4�i���5_
>=���!H)�#;IK��+��"M3#"+EF>@"+�)K��%EF�!;�K�"'>=���!H)�#;IK)�|�=�'E�+OIP=9<;D�DL@"M"+Q�z-�#K)"$OIP=�FH)�`�#;C35"+;IK����F;="
H)�#�+PD;D��"]��9<�]�=�]�+EW"IH-K����+�+�!E �=� �>�?XD"+�4�+H!,d�?H�HJ9<ETL+�I�%�4�%;IK)�#_{H)�(OIP=�lXD�ezJ�1>@�#6<"]EW�!;="�H
�@�WX="�����Hn�=�Y97;�*h"��)E\�� 5mV�!HlH)"+Q=���Y�|P=K)9<679<^!�� #N%"F��"\���!3#P=��H)"D,

� PD�%;C��"��!H�H)�!H "�Q�z-�5K�"�H *h"+���#E�35"�EW>C�%�4�+��"IH �%"�HdEF"V�="�H:���("�>C�!���� #N%"l>=��"%K�"%K�Z7>=9A35"IH#L
H)�#EF>=���2XD��U+�!��� P=E\�vOIPD�+;IK)9A�=�+���t���29<;�*h"+��E\�+ #N+" EFZ7;=9<E\� H)"+Q=���2� P�K�976<9<^!�+ !N%"v�=�
E�+OIP=9<;D�c;D"`>=���!H)�#;IK)��LI�+P�}�976<9A�%;D��"|"`>=��"�35�[H)H)"`���/>=�)�[��9A #N%"W�=�cP=K)9<679<^!�� #N%"`*hP�K)PD���D,~�
E\�%;=�!97�4�\35"�EF"'HJ�!���F���!�+679<^!����"F"\�)�[35"+;DX=�!3#97EF�#;IK�"'��"�H�>C�+����mV�!H����`PDHJ"$k`���5K4�%6<XD�+�D�>@"�HJK)�#��9<"+��EW�!;IK)�+LV;D� � �[ #N+"+�D, �=,
��� � � � � ��� " � 	 �� � ���

��6<k#E��=� P�K)9<6<97^[�+ #N+" ���f"+Q�z-�#K)"IHF�)�[�%9AH|"�QDH)�#��U�����"�HW;=" �+E`Q=9<�#;IK)�T�!E OIP=�2H)�T���t"
K)���#9<;D�+EW�!;IK)"DL+>C"����!E|_ H)��P�K)9<679<^!�+�b"+Q�z-�#K)"IHb�%�)K)97BC3#�+9<H!L+���!;="+EF9<;D�+��"IH:K)9<>C"IHb9A���!�+9<H!,:./P�_�4�%;IK)�n��>@�!H�O�PD9<H����nEF"V�=�#6A�%�+�!E���"/>D�)"�35�[H)H)"?���l�%���)PD>D�%EF�#;IK�"DL[>C"����!E HJPD�)��97�:�%6<�+P=;DH
K)9<>@"�Hl>=��"eU ��U+�#9AH(�=�]H)�#���#E �!;D35"�;IK)�4�+��"IH(;="IHl�=�+��"IHl��9<H)>@"+;=Z<U+�!9<H!, � H)H)�!HnK�97>@"�H�H�N%"`* �e_Q=��9<3!�+��"IH�E\�%;VPD�+67EF�#;IK��+LC3#"+EF"'P=E
U��5K)"��?���W3#�%�4�+35K)�!�)ZAH-K�9<3!�+Hl9<;D356<P=ZA��"';D�$E\�+H�H)�\���
�=����"�H!, � H)H)�cK�97>@"M9A���[�%6~k`9<;D356<P=ZA��"S;D�'E\�+H�H��$���W�=�+��"IH?�FH)P=Q=EF�5K�9<��"S�%"M>=�)"�3#�!H�H)�%_EF�#;IK)"\3#"+E�"IH����#E\�%9AHl"+Q=z-�5K)"IH#,

��> ��H]�'3#"+;D3#67PDH�N%"M��"$>=��"�35�[H)H)"'���F�%�+��P=>D�+EF�#;IK)"CLD>@"V�=�#EW_{H)�c* �+^#�!�?U+�!�)97BC3!�+ 5mV�[H
K��+9<H�35"�EW" �yU��#��9 B@3#�+ !N%"cH)��K)"���"IH("IHbK�97>@"�H�9<�=�!�%9AH(BC3#�+���+E �!E 3#"+;=��67"�EF�#�4�+��"IHb��9<HJK)9<;�_
K)"IHn"+PMH)�]HJP=���+9<PM�+67��P=E 35"�;=�+6<"+EF�#�4�+�="`OIP=�];DN%"`*h"+9 >=���#UV9AH-K�"|��P=�4�%;IK��1�|�#6A�%Q@"+�4�+ !N%"
��"IHnK)9<>C"IH�9<�=�!�%9AH!,U��"+E "IHl�)�[HJPD6 K4�+��"IHl"+Q�K�9<��"IH#L�kY>@"�H�H)Z7U��#6 * �%^!�#���F���#EF"����#6A�%���#E���"
>=��"�35�!H�H)"D,

)?��H?E�+OIP=9<;D��H/OIP=�F35"�EW>@mV�#E �'���������c���#���#;D3#9<���=�\>@�#6<" � ;IK)���1�������+L@X��$�5}�>C�[3 _K��%K)9<Ue�c���/H)�#���#E �!;D35"�;�K�������"�Hb�+67��P=;DH�35"+EF>@"+�)K��+EW�!;IK)"�HbK)Z<>=9<3#"�H��b��9<�c;="+��E\�%6C�=��K)�4�e_
QD�+67X="CL ��9<�T�%K��%���5* ����"'�W*h�#��9A�+��"SH)N+"$Q@"+;DH1�5}��!EW>D67"IH#,`� 9A���#;IK)97BC3!�+ #N+"M���[H)H)�!H/K�97>@"�H���\35"�EF>C"��JK4�%EF�#;IK)"S>@"V�=�'HJ�!�]*h�#97K��S>C�!67"IHY>=���+>=��9<"�H/PDHJP �%��97"IH?BC;D�%9AHY�=�+H]E��O�PD97;D��H#L
35"�E�"\�%P�}�Z<679<"\��"�H�����EF97;D9<HJK)�4�+��"��)�[H��D�F�+�4�+����,

���5}�9AH-K�a#;D3#9<�F���[H)H)�!H�K)9<>C"IH����c35"�EF>C"��JK4�%EF�#;IK)"\���!U+�!���W�!HJK��+���)� �D�5K�9<�D�F;="�H��9.1032��
4 6�8T2WBD;D�+9<H'*h"+��EF����"�H$�%> ��H$� >D�%�)K)9A #N+"v��"�HM�=�+�="�H!, � PCHJ" �=�i�#6<�#EF�!;�K�"�H$9<���[�%9AH#L
K)9<>=97BC3#����"�H135"�E �!H�HJ�[H/3#"+EF>@"+�)K��%EF�!;�K�"�H!LCk|P=EG���!3#P=��H)"$H)97EF>=6<�!H]���WHJ�!�]P�K)9<679<^!����"$�
>@"V�=�nH)�#�yQD�+HJK��+;�K�� ��K�976j,:&:"��:H)�RK����%K��+�y�����5K��+>D��K����+;DH)>D�%���#;IK)���%"?���!HJK��+;IK)�(�=�/�%;��+679AH)�
���c3#"+;=��67"�EW�!������"�H!LV>D�%�4�F�F97EF>=6<�#EF�!;�K4�+ !N%"'��"\PDH)"'���]K�97>@"�H?9<���[�%9AH�>D�+���WUe�%6<9<�D�+ #N+"
��"IH ��.103254 6�8T2`*h"+��EF����"�HWkfH)P�BC359<�#;IK��2O�PD�S"IHFPDH)P��%��97"IHF�=�+HFE�+OIP=9<;D��HW�+P�}�976<9<�#E ;="
>=��"�35�!H�H)"W���Y3#"+;�BD��P=�4�+ #N+"`9<;=9A359A�%6 ��"IHl; ��H��=�F���������+,

�@�



��� � ��� � ������" �

8:97;C�%6<EW�!;IK)�+Ln>@"V�=�5_ HJ�SK��+E`Q@k#E 67�!U��+�\�#E�35"+;CHJ9A���#�4�+ !N%" � >=�)�[HJ�!;D #� ���f�!67�!EW�!;IK)"�H
�eK�Z7>D9<3#"�HF;="IH\�=�+��"IH\���f�#;IK������=�=, � H�HJ" H)�2� � >C"���OIP=�f�+67��P=;DHF"+Q=z-�5K)"IH\��9AHJ>@"+;=Z<U+�!9<H>D�+���2�+;��%6<9AHJ�'>@"����#E ;CN%"2>@�#�)K)�!;D35�!�W�f;D�#;=XVP=E 3#"+;=��67"�EW�!������"f�%>=��"+>D�)9A�+�=�+EF�#;IK)��L
���#>=���!H)�#;IK��+;D��"|P=E\�F�!H)>Ck[359<�]�=�Y�)P=ZA��"\���Y�=����"�H!,

��6<�+P=;CH�EFk#K)"���"�Hl��9AH)>C"�;=Z7U��#9AH(;C�`6<9 K��#�4�eK�P=���DLI3#"+EF"`"WEFk5K�"V�="W��� � �%�4� � � � � L�H)N+"���!H)9<HJK)�!;�K��!H]�S�)PDZ<��"IH#, � Eg6<97;=XC�+H]Q@�#E ���#�4�%9AH#L �[H)H)�FEFk5K)"���"T* �+^FP=Ex�+�+��P=>D�%EF�!;�K�"
X=9<�#� �%�4OIP=9<3#"\��"�H��!67�!EF�#;IK)"IH��hUV9A��� � �[ #N%"��D, �D, � � L ���cEF"���"'�\EF97;D97EF9<^!�%�/�\Ue�%��9 W+;D359A�
�h�!�)��" �����Y�eK��)9<Q=P=9A #N+"|���YPDE��#6<�#EF�#;IK�"F�+"��9.103254 6�8(�FOIP=�]>@�#�)K)�#;C35�+, ��"�EW"F"IH���P=ZA��"�H
H�N%"S�#6<�#EF�#;IK)"IHY�eK�Z7>=9A35"IH#Ly�SH)PD�T�eK��)9<Q=P=9A #N+"f�MPDE
�9.1032547698?;D�%K)P=�4�%6RH)�#� �S��9 B@35P=67K����=�=L
�=����"F"W"�Q�z-�5K�97U�"W�=�Y"%K)9<EF97^[�+ !N%"F���5BD;D9<��"C,

O E\�$*h"+��EF�M�%67K)�!�);D�%K)9<Ue�'k`PDEF�M9<;�K��#��U+�!;D #N+"'E\�%;VPD�%6:���W�)�#K)9<�����=�'���W�#U��#;IK)PD�+9<H��P=Z<�="�H��1PDEF�W>@"�HJK)�!�)9<"+�l�%;��+679AH)�/35"�EF>D�%�4�eK�97Ue�`�=�1Ue�+679A�=�+ !N%"W35"+E "IHl35"+;D�+6<"+EF�#�4�+��"IH
"+Q=K)9A��"�H!,�)/�]>=� �eK)9A3#�DL%9<;D356<PDH)97U���;="Y>=���+>=��97" � ;IK)���1�������+L�9<H�H)"1;D�#E HJ�!EW>D�)��k�>@"�H�HJZ<U+�!6oL
�=����"F"WU�"+6<P=EF�Y���Y�=�+��"IHl�c�FO�PC�%;IK)9A�=�+�=�]�=�]�=97EF�#;CHJmV�!H��="�Hl"+Q=z-�5K)"IHl�#;VU+"�67UV9A��"�H!,

� ��� � ! � ! � ��� ) '���� ' % ���
��! � �
�?H~Ue�+�)9 ��U+�!9<Hy�!H�35"�67X=9A�=��Hy>C�%�4�?3#�+����3 K��#��97^[�%�:"�H:"+Q�z-�#K)"IHdK�a#E �5}VK)���#E\�/97EF>@"+�)KXW%;C359A�?;D��%; �%6<9<H)�c���`3#"+;=��67"�EW�!������"�H!, � 6<��H�9<��N+"'���5K��#��EF97;D�+�?35"�EF"'"�H�"�Q�z-�5K�"�H/HJ�!��N+"F�+�+��P=>D�%_��"IH#L!z��cOIP=�/�|35"�EW>C�%�4�+ #N+"]�#;IK)����"�H���9<U+�#�4H)"�Hb"�Q�z-�5K�"�HR>D�)�[HJ�!;�K��!H(;D�YE\�+H�H)�`���/�=����"�H
k1*h�#97K��\3#"+E�QD��HJ�];D��HlEF�!��9A�=�+H��=�!H�H)��HlU��+�)9 ��U+�!9<H!,

��>@�#;D��HY�+H1Ue�%��9 ��U��#9AH?OIP=�W�)�[�%6<EF�#;IK)�|K)a!EG97EF>@"+�)KXW+;D359A�$>C�%�4�'"T�%�+��P=>D�+EF�#;IK)"$�
H)�#�:�)�[�%6<97^[�+��"����!U+�!E H)�#�~35"�;DH)9<���!�����=�+H!, O E �!H)>C�[359A�%6<9<HJK���;D"/��"�EWZ<;=9<"1�D��9<;�*h"+��E\�+ #N+"H)"+Q=����"YOIPD�+6=�!HJK��]H)�#;D��"Y���[HJ�!;VU+"+6<UV9<�="/"1K)�4�%QC�%6<X="1�=�#U+��H)�#�b�!;IU�"+6<UV9<��"CLe>C"�9<H(�13!�%�4�+35_
K)�!�)9<^!�� #N+"F�=�cP=E
"+Q�z-�#K)"'E|P=97K��+H?U+�!^#�!H?���#>@�#;D�=�|���cPDEF�$�%;��+679AHJ�cH)P=Q�z-�#K)9<Ue�=,���9<;D�=�
���!U+�?H)�#�(�=�5BD;=9A��"CL+K4�%E`Q@k#E 3#"+E �c�ez-PD�D�c���!H�H)���!H)>C�[359A�%6<9<HJK��DL�3#"+EF"`H)�?�=�%� �Y�YEF�!�=9 _
 #N+"M�=�S3#�+����3 K��#��Z<HJK)9A3#�D,/&b�%�4�\B@3#�%���#E �+>=�)"�>=��9<���=�+H/�%"�H/EFk5K�"V�="�H]���F�%�+��P=>D�+EF�#;IK)"CL
EF�!H)EF"F��Hl�+�4�%;D�=�#^!��H�OIPD�+6797K��%K)9<Ue�+H����!U+�#E HJ�!��O�PC�%;IK)97BC3#���=�+H!,

� �+�4�%P2�=�W3#"+���)�!6<�� #N%"F�!;�K��)�W�+H/Ue�%��9 ��U��#9AH��!H�35"�67XD9<�=��H�K4�%E`Q@k#E >@"����FHJ�!�/6<�#Ue�+�="
�#EG3#"+;DH)9A���#�4�+ !N%"DLCP=E\�$U��#^WO�PD�|Ue�%��9 ��U+�#9AH�QC�+HJK��%;IK��|35"��)���#6A�eK4�+H�>@"����#Ex�+3#�+QD�%�1��"%_
EF97;C�%;D��"Y�]3#�+����3 K��#��97^[�+ #N+"?����P=E "+Q�z-�#K)"C, � H�HJ"];DN+"1;D�!35�[H)H��%��9A�%EF�#;IK)��k��)PD97ETL%E\�+H~"�%;C�%6<9<HJK��Y���!U+�lK��#�(�!E EF�!;�K��?"Y>D�+>C�!6@OIP=�/3#�+�D�Y3#�%�4�+35K)�!�)ZAH-K�9<3!�]���#U��lK)�#��;D�c���#BD;=9A #N+"���]P=E "+Q�z-�#K)"D,

� P�K)��"2*h�!; �+EF�!;=" OIP=�SEF�#���!3#�M�eK��#;D !N%"t;=�!H�HJ�M>=��"V3#�!H�HJ"ikS�t"�35"+����a#;D3#9<�2�=�MUe�e_
��9 ��U��#9AH/OIP=�\��9AH-K�"+�435�!EG�S3!�%�4�+35K)�#��9<^!�+ !N%"'��"IH]"+Q�z-�#K)"IH ���	�@2�
@:<;3= R��@85:����. 6�2 � , � PDH)"
9<;D�+���[OIPD�+��" ���fUe�%��9 ��U+�#9AHWO�PD�S;CN%" >C"IH)H)PD�+E P=E\�t*h"+�)K)�Wz-PDHJK)97BC3#�%K)9<U�� >C�%�4�tH)�#���#E
35"�;DH)9<���!�����=�+H�>C"����W67�!Ue�%�]�'P=E\�\*h"��)E\�� #N%"M���W3#"+;=��67"�EF�#�4�+��"IH�O�PD�|;DN+"'�����D97K��+E
�
���!�%6<9A�=�+����,

��>@"�H�H)Z7U��#6jLCK�"+E\�%;C��"M3#"+EF"$�#}V�!EF>=67"S"�H/"+Q=z-�5K)"IH/�=" � ;IK)���1�������+L OIP=�|EW�[��9A 5mV�!H���!�%6<9<^!�+�D�+H\;=" >C�!�)Z<"���" ;D"%K)PD�);=" ;DN%"rHJ�JzJ�%E�K�N+" ���#6<�#Ue�%;IK��!H$OIPD�+;IK)" ��HM�=�#E\�%9AH$�
�+3!�%Q@�#E�>@"+��9<;IK)�!�J*h�!�)9<�l97;D�=�#UV9<�D�%EF�#;IK)�Y;C�W3!�%�4�+35K)�#��9<^!�+ !N%"`�=�YP=E "�Q�z-�5K�"D,

0fP=97K)"IHc�!HJK)PC��"�HY>D���%K)9A35"�H!Ly�="V3#P=EF�#;IK�����"�Hc;D�T6797K)�!���%K)P=�4�T�5}�9AH-K��#;IK)��LDz��i35"+;C356<P=Z _
�4�%E OIP=�i� H)97EF>=6<�!HM�+��9A #N+" ���fP=E\� "+Ps��PD��H\Ue�%��9 ��U��#9AHF35"+EF" ��P=ZA��" 67�!U�� � PDEF�

��



w:�%Q@�#6A�+�=, � � O K�976<97^[�+ !N%"F���YEF�#E��+��9<�|*hZAHJ9A3#�W�!E P=E\�F���5K��#��EF97;D���=�WE�+OIP=9<;D�=,
�5;&254 �@; 476 ������� �����	� ����
�� ��� �� ������� �������
� 6 ���@85:� �K�	� �K��� �K�	� �>�	� �>�	� �3���

35"�;DH)9<���!����U��#6@EF"V�=9 BC3!�+ !N%"W;D�|*h"+��EF�� #N+"W���c3#"+;=��67"�EF�#�4�+��"IH#,
� �#� �FUV9<HJK)"CLD�!E H)�! !N%"\"+;C���c��9AH)3#P�K)9<�J_ H)�5_ N%"\�+H�EF�[��9<�D�+H?�=�`HJ�!EF�#6<XD�%;D !�W�#;IK)���c"�H

"+Q=z-�5K)"IH#L OIP=�\"TPDH)"f�=�T��9AH-KTW%;D3#9<�M�#PD3#679A��9A�%;D�S>@"+;D�=�#�4�+�=�M>C"����\EF9<;=9<EW9<^!�+�Y"T�5*h�#97K)"
�=�W�#U��#;IK)PC�%6 �5}�9AH-K�a#;D3#9<�F���[H)H)�?K�97>@"'���]Ue�%��9 ��U��#9AH �o�+H�34XD�+E\�+�=��H�� ��2�
L:<;>= R �L85:� �9. 6�2 �5,
����9AH-KTW%;D3#9<�F���Y02�+XD�%6A�%;D"+Q=9AHnkYP=E �#}V�!EF>=67"\���Y��9AHJKXW%;C359A�|�!PD356<9A��9<�+;D�W>C"�;D���!�����=�=,
����� ��� ����� ����� � ��
!" ��" � ���� ����� " � � " � � � ���	� ��"���� ���

)�"?>=�)"+z-�5K�" � ;IK��A�1�4�+����L[��H Ue�%��9 ��U��#9AH HJ�!67�[359<"+;D���=�+H >D�+������3!�%�4�+35K)�#��9<^!�+ !N%"l��"�H "+Q�z-�#K)"�HH)�#�4N%"lK)"��=��Hy��HdEF�[��9<�D�+Hy�)�[�%6<97^[�+�=��HdH)"+Q=���R"?PCHJ"1����PDE����5K��#��EW9<;D����"�K)9<>@"1���n���!35PD��H)"
35"�EF>=P�K���359<"+;D�+6o, O Eg"+Q=z-�5K)"23#"+���)�[HJ>@"+;C���#� �M�+"235"�EW>@"+�)K��+EF�#;IK)"2�=�2E���OIP=97;C�T�#E
P=E >C�!�)Z<"���"\���1K)�#EF>@"D,

�?HFEF�!�=9<�=��H`���!�+679<^!���=�+HW��9<^#�!E �)�[HJ>@�#97K)" p2P�K�976<9<^!�+ !N%" ��"�H|���!35PD��H)"�H`;IPDE �=�+�="
9<;DH-K4�%;IK)�\���WK��#EF>C"C,\��9<;D�=�=L:�+H]EF�!�=9<�=��H]HJ�!��N+"$K�"+E\�+�=��H1�#E 9<;IK)�!�)Ue�%6<"�H1���FK��#EF>C"
35"�;DHJK��%;IK��!H!,'��>@�#;D��HY>D�%�4�$BD;DHc���\9<6<PDH-K����� #N+"DLd3#"+;DH)9<�=�#���5_ HJ�W"T�5}��#EF>=6<"2�=�fw:�%Q@�#6A�
�=, � , 8="����+E ���!�+679<^!���=�+HbEF�[��9<�D�+H��#E 97;IK��#��U��+67"IHR��� � JYEF9<;VP�K)"IH#, �n�+�=�`EF�!��9A�=�Y���#>=���5_H)�#;IK��DL[�!E K)�!�)EF"�Hy>@�#�435�#;IK�PD�%9AHy�="?K�"%K��+6����(EF�#E����)9A���#}V9AHJK)�#;IK��+Le"1;=Z7U��#6V���nP�K)9<679<^!�� #N+"
���/EW�!E��+��9<�Y;D"|9<;DHJK��%;IK��?�#E OIP=�/*h"+9@�)�[�%6<97^[�+�=�D,F)?�!HJK)�1�5}��#EF>=6<"DL�*h"+9 35"�;DH-K��)PDZ<��"|P=E"+Q=z-�5K)"SOIP=�|���#>D�)�[HJ�!;�K4�'�'P=K)9<679<^!�� #N%"S���WEW�!E��+��9<�F*hZAH)9<3!�M���WP=E\�ME���OIP=97;C�$��P=�4�%;IK��
"F>C�!�)Z<"���"\��� � X="+�4�=,

)�" � ;IK)���1�������+LV>@"V�=�#�4N%"|H)�#�l���!�+679<^!���=�+H�EF�!��9A�=�+Hn;="W9<;�K��#��Ue�%6<"W���1K��#EF>C"\OIP=�]HJ����[HJ�JzJ�%�`�T35"�;DHJK)��P=97�|"+Q�z-�#K)"IH|OIP=�S�)�!>=���!H)�#;IK)�!Eg��97*h�#���#;IK��!H|>C�!�)Z<"���"�HW���T35"+EF>@"+�)K��%_
EF�#;IK)"C, � E�����P=6<"W���YH)"%* K��l�%���/���[HJ�!;VU+"+6<UV9<�="`>@"V�=�#� �|H)�#��>D�+���+EF�5K)��9<^!�+�="`���1*h"+��E\�
�/K)�4�%QD�+67XC�%�b;="]EF"����#6<"c���!H)�-zJ����"D,:&b�%�4�]�/���!�+679<^!�� #N+"1���[H)H)�l�!HJK)PD�="DL%*h"����+E 35"�;DHJK)��P=Z _
��"IHl"+Q�z-�#K)"�H�OIP=�Y���#>D�)�[HJ�!;�K4�%E�"'3#"+EF>@"+�)K��%EF�!;�K�"W�=�YP=E\�FE���OIP=97;C�F;IPDE 9<;�K��#��Ue�%6<"
���1K)�!EF>C"'���Z�>�WX="+�4�+H!,

�?HlEF�!�=9<�=��H�*h"+�4�%E �)�[�%6<97^[�+�=��HR�!E�97;IK��#��U��+67"IH��=�?K��#EF>C"\���Z�`EW9<;VP�K)"IH#, )?"W3!�+H)"
�!H)>@�!35Z7BC3#"t��" PDH)"t���S�)�[35P=�4H)"�H`�=�C��& O LR3#���=�2EF�!�=9<�=�t;DN+"i���#>=���!H)�#;IK��i�2P�K�976<97^[�e_ #N+"\97;CH-K4�%;IKXW+;=�!�\�WHJ9<E �\EFk!��9A�$�D�\P�K)9<6<97^[�+ #N+"$��"'���!3#P=�4HJ"'���[H)�=�|� �=67K)9<E\�'EF�!�=9<�=�
���!�%6<9<^!�+�D�=L 359<;D3#"SEF9<;VP�K)"IHc�%;IK)�[H#, � H�H)"Sk\P=K)9<6R>D�%�4�S679A�=�+�c35"+E �#U+�!;IK)PD�+9<H]>=9A35"IH]97;CH-_
K��+;IKXW%;D�#"�H��=�YP�K)9<679<^!�� #N+"D, � H)H)�!H�>D9<3#"�Hl>@"V�=�#��9<�+E ���#>=���!H)�#;IK��+�lEW�[��9A�=�+H��=9<HJK)"���3#9<�=��H#,� *h"��)E\�\���`3#"+6<�5K4�\���`�=����"�H����+��& O * ��U�"+���!35�]"'3 �%6A35P=6<"'���!H�H��FEWk[��9A�=LCH)�#E 35PDHJK)"
�+�=9<3#97"�;D�%6 �%6<�+PDE �%"F>=��"�35�!H�H)"W���]EF"+;D9 K�"+�4�%EF�#;IK)"C,
����� � � ����� ����� � ��
!"�� ����� �����$�!� ��� ��
!" �������� � ��� �	��
!"

� 35"+EF>@"+�)K��+EW�!;IK)"f�=�+HcE���OIP=97;C�+HY�!E ���#6A�+ #N+"f�%"fPDH)"2���'H)�#PDHY���!3#P=�4HJ"IH]>C"����$H)�#����[H)3#�)97K)"/K��+;�K�"/>@"+�~EF�!�=9<�=��Hb���lP�K)9<6<97^[�+ #N+"?>=��"+>D�)9A�%EF�#;IK��n��97K��]OIPD�+;�K�"/>@"+�~Ue�%��9A�+ 5mV�[H

�L�



wy�+QC�!6<�+�D, � � O K)9<679<^!�� #N+"F�=�1EF�!E ���)9A�|*hZ<H)9A3#�W�#E �W>@�#��Z<"V�="�H����]P=E\�FX="����D,
�5;"254 �L;"4 6 ������� ����� � ����
	� ��� � � ������� �������
� �KJ	� �K�	� �J � �J	� �KJ	� �K�	�
� � �>��� �K�	� �J � � � � ? �	� �J �
� � � �J	� �K��� �L� � � � � �K��� � � �
� � �J	� �>�	� ��	� ���� ��	� �@� �

;D��HlEW�[��9A�=�+H����YP=K)9<679<^!�� #N%"C,
� �-zJ�2P=E "�Q�z-�5K�"f�)�!>=�)�[HJ�!;IK��+�="M>@"+�cPDExU��5K)"�� �

x ∈ Rm
�=�

m
EF�!��9A�=�+H

xi, 1 ≤
i ≤ m

L�OIP=�1�)�!>=�)�[HJ�!;IK��%E �cP=K)9<679<^!�� #N%"|97;CH-K4�%;IKXW+;=�!�|���?P=E��=�5K)�!�)EF9<;D�+�="`���!35PD��H)"`�=�
E�+OIP=9<;D�=, � P�K����M*h"��)E\�T���F�)�!>=���!H)�#;IK��+�1�[H)H)�F"+Q�z-�#K)"TkW*h�#97K��f�%K)�4��U+k!H]���FP=ExU+�#K)"+�
�
y ∈ Rm−1

���
(m−1)

Ue�%��9<�� 5mV�!Hb�=��P�K)9<6<97^!�� #N+"D,y./�!H�H��]*h"+��E\�=L
yi = (xi+1 −xi), 1 ≤

i ≤ m − 1
,

�?H`>D�%�)K)9A 5mV�!Hc�+�#�4�+�D�+H]>@�#6A�+H`�=PD�+H]*h"��)E\��Hc���$H)�$3#�+����3 K��#��97^[�%�Y�+H`U��+�)9 ��U+�!9<H1>@"%_
���!E HJ�!�Y35"+EF>=6<�5K4�%EF�#;IK��W��97*h�#���#;IK��!H1P=E\�T�=�$"�P�K)�4�=, � H/�!;DH��%9<"�H/�)�[�%6<97^[�+��"IH#L 35"�EF"H)�#� �'UV9<HJK)"f����9<�+;IK)�W;=�!HJK)�WK)�#}VK)"DLd67�!U��+���+E �#E 3#"+;DH)9A���#�4�+ !N%"$��H1�=PD�+H1EF�!��9A�=��H#LdOIP=�
>=PD�=�#�4�%E H)�#�135"�EW>C�%�4�+�=��HnOIPD�+;IK)"'�%"MHJPD3#�!H�HJ"F;="$�)�[35"+;DX=�!3#97EF�#;IK�"'���c>D�����)mV�[H���"�H"+Q=z-�5K)"IHn;DN%"\356A�+H�H)9 BC3!�+��"IH#,

&b�%�4�1�=�#EF"+;DHJK)�4�%�bOIP=����H~>D�%�)K)9A 5mV�!H~>@"����#E HJ�!�R35"�EW>D67�#K��%EF�!;�K�����9AH-K�97;IK���H#L�HJ�JzJ�/"
�5}��!EW>D67"1976<PDHJK)�4�+��"/;D�1wy�+QC�!6<� �=,��V,:&~�+���/HJ9<EF>=6<9 BC3!�+ !N%"DL%H)�#E�>@�#�4�=�1���l�+�!;=�#�4�%6<9<�D�+����L
*h"+�4�%E 3#"+;DHJK)��P=ZA��"�HWOIPD�eK��)"t"+Q�z-�#K)"�HWOIP=�T�)�!>=���!H)�#;IK��+Eg�tP�K)9<6<97^[�+ #N+"i>@�#�435�!;�K�PD�%6����
EF�#E��+��9A��*hZAHJ9A3#�1��P=�4�%;IK)�n>@�#��Z7"���"IH:�=��P=E\�1X="����D, � H�HJ�[Hy"�Q�z-�5K�"�H:�!HJK�N+"/���#>D�)�[HJ�!;�K4�+��"IH�+�4�eB@3#�%EF�!;�K��?;D�\8:9<�+P=�4� �=, ��,

� �'3#���=�M"+Q�z-�#K)"TkF�)�!>=�)�[HJ�!;IK��+�="$>@"+�YP=EGU��5K�"+�Y���\EF�!��9A�=��HY���FP�K)9<679<^!�� #N+"M>=��"%_
>=��9<�+EF�#;IK)�T��97K��=L�kT>C"IH)H)Z7U��#6l9<;�*h�#��97�\OIP=�T"�HW"�Q�z-�5K�"�HW�)�!6<�%K)9<U+"IH|�+"�HW>C�!�)Z<"���"�H � � ���H)�-zJ�%EgE\�%9AH|H)�#EF�!67XD�+;IK)�!H`�#;IK)���MH)9l��"iOIP=�MOIPD�+;D��"i3#"+EF>D�+������"�Hc3#"+E "�H`�)�!6<�%K)9<U+"IH
�%"IHb>@�#��Z7"���"IH � ��� � � M|, � H(>=� ��>=��97"IH~"+Q�z-�#K)"�H���"�H(>C�!�)Z<"���"�H � ��� � � M�H�N%"`H)�#EF�!67XD�+;IK)�!H�#;IK��)�YH)9o,

� >D�)9<EF�#9<�)"Y35"�;=�+6<"+EF�!������" � >C�!�)Z<"���"�H � � ��� �~�)�!>=���!H)�#;IK��/P=E >D�+���4N%"]����3#"+EF>C"��J_
K��+EF�#;IK)"������%67K���P�K�976<9<^!�+ !N%"����(EW�!E��+��9<�n*hZAHJ9A3#�D, � HJ�!�+P=;C��"�35"�;=�+6<"+EF�#�4�+�=" � >C�!�)Z<"���"�H
� ��� � � M �l�)�!>=���!H)�#;IK��`P�K)9<679<^!�� #N+"WEF"����!�����=�=,

� �S*h"+���#E P=K)9<679<^!���=�+HF�+HFUe�+�)9A�+ #mI�[H`;C�+HWEF�!��9A�=�+H!Ln"�HW"+Q�z-�#K)"IHWH)�#�4N%" �%���)P=>C�+��"IH
���$*h"+��EF�i35"+EF>=6<�5K4�%EF�#;IK��M��9AH-K�97;IK4�=, � >C"IH)H)Z<U+�#6�"+QDH)�#��Ue�%�`OIP=�MK��+;IK)"2"t"+Q�z-�#K)"i��"
>@�#��Z7"���" � OIPD�+;IK)" " "+Q�z-�#K)" ��" >C�!�)Z<"���" � MG�%>=���!H)�#;IK4�%�4�%E P=E\� Q=�)PCH)3!�iUe�%��9A�+ #N+"
���'P=K)9<679<^!�� #N%"f;C�2HJ�!�+P=;C�=�fEF�5K4�+���$�="2>C�!�)Z<"���"i���$P=E\�fX="+�4�=, # �f"�Hc"+Q�z-�#K)"�H|��"�H
>@�#��Z7"���"IH � � � � � � �)�!>=�)�[HJ�!;IK��%�4�%E P=E 35"+EF>@"+�)K��+EW�!;IK)"fE\�%9AH`PD;=9 *h"��)EF�$OIPD�+;IK)"i�+"
>@�#�435�#;IK�PD�%6 ���]EF�#E����)9A�WP�K)9<679<^!����"D,

��"+E��[H)H��?"�P�K)�4�?�+QC"����D�%�+�!ETL��/>D�+�JK�9< !N%"����!H)P=67K��%;IK���kl35"�EW>D67�#K��%EF�!;�K��n�=9 *h�!�)�!;�K�� �
"+Q=z-�5K)"IH � � � M��!E
P=E 35"+;D�+6<"+EF�#�4�+��"W�`"�Q�z-�5K�"�H ��� � � ��� �#E "+P�K��)"M35"+;D�+6<"+EF�#�4�+��"C,
� H�HJ�1*h�!; �+EF�#;D"|*h"�9 9<;IU��!HJK)9<������"|;D�!HJK)�]�!HJK)PD�="D,

� ?



Período I

0

25

50

75

100

10 20 30 40 50 60

Tempo (min.)

M
em

. (
%

)

Período II

0

25

50

75

100

10 20 30 40 50 60

Tempo (min.)

M
em

. (
%

)

Período III

0

25

50

75

100

10 20 30 40 50 60

Tempo (min.)

M
em

. (
%

)

Período IV

0

25

50

75

100

10 20 30 40 50 60

Tempo (min.)

M
em

. (
%

)

Período I

0

25

50

75

100

10 20 30 40 50 60

Tempo (min.)

M
em

. (
%

)

Período II

0

25

50

75

100

10 20 30 40 50 60

Tempo (min.)

M
em

. (
%

)

Período III

0

25

50

75

100

10 20 30 40 50 60

Tempo (min.)

M
em

. (
%

)

Período IV

0

25

50

75

100

10 20 30 40 50 60

Tempo (min.)

M
em

. (
%

)

8:9<�+P=�4�+�=, � � O K�976<97^[�+ !N%"\���]EF�#E��+��9<�|*hZAHJ9A3#�W�!E �F>C�!�)Z<"���"�H��=9<HJK)9<;IK)"�H!,

����� ��� � �!��" � 	 �� ��� � ���� ����

� >=�)"�3#�!H�HJ"Y���?�+>=���#;D��9<^!����"c���!U+�#� �]HJ�!�(3#�+>D�%^��=��679A�=�+�(35"�E 6A�+3#P=;D�+H(����9<;�*h"+��E\�+ #N+"
���5*h�#���#;IK��!HFp �%PDH)a#;C359A�t���fEF�[��9<�D�+HF�#E P=E �=�5K)�!�)EF9<;D�+�=" �[HJ>C�+ 5" ���TK��#EF>@"D, )�"
3#��HJ"`�#E �!HJK)PC��"DLV�!H�H��+HR6A�+3#P=;D��H(>@"����#E�H)�#�l3#�+PDH)���=�+HR>C"��n>D�)"�Q=67�!E\�+HR;D"|�%��E\�%^!�#;D�%_
EF�#;IK)"T��"IH/�=����"�H!L * �%6<XD��H?;="IH1�!OIP=9<>D�%EF�#;IK�"�H/"+Pt�+67��P=E
>=��"+Q=6<�#E\�M;="M>D�)"�35�[H)H)"$���
EF"+;=97K)"����+EF�#;IK)"F��"FPDH)"F�="�Hl���!35PD��H)"�H!,

#��+97;S�c./P=QC�[H � ���� �!;VP=EF�#�4�%E *h"��)E\�+Hn>D�+���W"WK)�4�eK4�%EF�#;IK�"W���Y6A�+3#P=;D��H�;C�F97;�*h"��J_
E\�+ !N%" �
� , � }�3#67PD97�YK�"���"�HY"IH]"+Q�z-�#K)"IHYO�PD�'�%>=���!H)�#;IK��+�)�!E 6<��35P=;C�+H]���\9<;�*h"+��E\�+ #N+"D, � H�H��K�k!3#;=9<3!�W67�!U��F�|P=E\�WP�K)9<679<^!�� #N+"|>@"+PD3#"|�#BC359<�#;IK��]�D�`E\�+H�H��|���Y�=����"�H!L��WEW�!;="�H
OIP=���YOIPD�+;IK)9A�=�+�����=��"+Q�z-�#K)"�HbOIP=���+>=���!H)�#;IK)�!E �=�+�="�Hb9<;=�5}�9AH-K��#;IK)�[HbHJ�JzJ�]E`P=97K)"
>@�!OIP=�!;D�=,

�=,n&(�)�!�#;D34X=�!�n�|6A�+35PD;D�c�#}V9AHJK)�#;IK��13#"+E��cEFk[��9<�W�=��H(EF�!�=9<�=��Hl���/"�P�K)��"�H�"+Q=z-�5K)"IH#L
�[OIP=97Ue�+67�!;�K��\pM9<;�*h"��)E\�+ !N%"S97;D�5}�9<HJK)�!;IK)�+,'�/H)H)9<ESLy�+H�HJP=EF�#_{H)�\O�PD�W>C�%�4�M��O�PD�#6A�
EF�[��9<�D�=LD"\"�Q�z-�5K�"'�%>=���!H)�#;IK�"+PM3#"+EF>@"+�)K��%EF�!;�K�"F97��PD�%6dpFEFk[��9<�\�=�c"+P�K��)"IHl"+Q�_

�L�



z-�#K)"IH#,
�D,l02"V�=9 BC3!�%�y"�EFk5K)"���"1���(3 �%6A35P=6<"?�=��H EF�!��9A�=��Hy����HJ�!EW�!67XC�%;D !���#;IK)���R"IH "+Q=z-�5K)"IH#L
�=�MEF"���"t�t35"�;DHJ9A���!���+�`�%>@�#;D��H|��HcUe�%��9 ��U+�#9AHY�!E O�PD�M�%E|QC"IH`"IHc"�Q�z-�5K�"�H|�#E
3#"+EF>D�+���� #N%"T�%>D�)�[HJ�!;�K��#EGUe�+67"��)�[H1�=9<H)>C"�;=Z<U+�#9AH!,M�?H�H)97ETLd;D"23#�+H)"T�#E OIP=�\P=E
"�Q�z-�5K�" �+>=���!H)�#;IK)�'6A�+3#P=;D�t���M9<;�*h"��)E\�+ !N%"CLb�!H�H)�i6<��35P=;D�i;DN%" HJ�!���i67�!Ue�+�=�i�#E
3#"+;DH)9A���#�4�+ !N%"`;C�W3#"+EF>D�+���� #N%"W35"�E�"+P�K��)"IHl"+Q�z-�#K)"IH#,

�C,l./�F*h"+��E\�THJ�!EW�!67XC�%;IK)�\pT�%;IK)�!�)9<"+�[L "23 �+6<3#P=6<"S�=��H]EF�!��9A�=�+H`���'HJ�!EF�#6<XD�%;D !�$k
�+6 K��#�4�+��"C,F)/�c35"�EW>C�%�4�+ #N+"1�=��U��+�)9 ��U+�!9<Hb3#"+E 6<��35P=;D��H#L�k�P�K)9<6<97^[�+�=�YPDEF�]EFk[��9<�
�D�+H~��97*h�#���#;D !�+H:�#;IK)����K)"��=�+H~��HyEF�[��9<�D�+H~��9AHJ>@"+;=Z<U+�!9<H!Le;="IHy"�P�K)��"�Hy"+Q=z-�5K)"IH#Le>C�%�4��[H)H��WUe�%��9 ��U��#6j,

&~�#6A�`;D�%K)P=���#^[�`�=��Hn97;�*h"��)E\�� 5mV�!Hn35"�67�#K��+�D�+H�;="|EF"�;=9 K�"+�4�%EF�#;IK�"`���]P�K)9<6<97^[�+ #N+"|���
���!35PD��H)"�H!L!"?K)�4�eK4�%EF�#;IK)"/P�K)9<6<97^[�+��"/;=�!HJK)��K)�4�%QD�+67XD"�*h"+9�H)97EF>=6<�!H)EF�#;IK)���)�!>C�#K)9<�~� �=67K)9<EF�EF�!��9A�=� ��9AH)>C"�;=Z7U��#6j,��?H�HJP=EF�#_{H)�2OIP=�f"v;=Z<U+�!6?���2P�K�976<9<^!�+ !N%"v���iP=E��=�5K)�!�)EF9<;D�+�="
���!35PD��H)"fE\�%;IK)k!E|_ H)�M35"�;DHJK��%;IK��$���!H����S� �=67K)9<E\�iEF�!�=9< !N%"2���!�+679<^!���=�=, � Q�z-�5K�"�H`OIP=�
�%>D�)�[HJ�!;�K4�%���#EgP=E >@�#�435�#;IK�PD�%6����S6<��35P=;C�+H|EF�+97"��WOIP=�SP=E ;=Z<U+�!6l>=�)�[���5K��#��EF97;D����"DL
>D�+���+EW�#K)��97^���U+�!6oLIH)N+"W���[H)3!�%�)K�����"�H!,d&~"+�l�#}V�!EF>=67"CL=HJ�]"W;=Z<U+�#6 �[H)3#"+6<X=9A��"|>C�%�4�c"\35"��JK��
*h"+�H�J	�$L "+Q=z-�5K)"IHYOIP=�\�%>=���!H)�#;IK��+�)�!E
U+�5K�"+���!H]35"�E E\�%9AHY��� �LJ � ���\EF�!��9A�=�+H]3#"+E
6A�+35PD;D�+HlH�N%"\���!H�3#�+�JK4�+��"IH��="W>D�)"�35�[H)H)"D,

� � � � '�)*%� �!��� ' � ��� ! � ��% � ' � ��� ' � ��� ) '���� ' % ���
��! � �
� E�3#��HJ"IH|"�;D���fX�� �����+;D���f��97*h�#���#;D !� �#;IK)���f�+H\E\�+�+;=97K)PD�=�!HFEFk!��9A�+H'"+Pq�#;IK)���2�+H
Ue�%��9 W+;D359A�+H��D�+H�EF�[��9<�D�+H?�D�+H�Ue�+�)9 ��U+�!9<H!L=E`PD9 K�"�H?�+;D�%6<9AH-K4�+H�H�N%"\6<�#Ue�+�="�H?�$35���#�?OIP=�`�
>D�����)"�;=9<^!�+ !N%"2��"IH|�D�+��"IHckSEF�+;D�=�%K �+��9A�=,t� E\�%9<"+��9<�i��"�H|EFk5K)"���"IH|�=�M�%; �%6<9<H)�M���
35"�;=�+6<"+EF�!������"�H(;DN%"\�+H�H)P=EF�+L��#;IK��)�#K��%;IK�"DL��F�5}�9AH-K�a#;D3#9<�F���Y�=����"�Hl>D������"+;=9<^!����"�H!,

� ;="��)E\�%6<9<^!�+ !N%"M"+P �T>D�+�=�)"�;=97^[�+ !N%"DL �+>C�[H)�+�c���\>C"����!�)�!ExH)�#�`�+>=6<9<3!�+�=��H#L ;D�#E
H)�#EF>=���iH)N+"v;=�[35�!H�H��%��9<��H#,�� �5}�9<HJK)a!;D359A�v���tP=E 35"�;=�+6<"+EF�!������" >C"����iK)�#�S���#6A�+ #N+"
35"�E "M�[HJ>C�+ 5"S���\�=�+�="�H/"+��97��97;D�+6y�\�M>D�+�=�)"�;=97^[�+ !N%"$��"IH/�D�+��"IH/>@"����F>=���-z-PD��9A3#�+�/"
�%���)PD>D�%EF�#;IK�"|��"IH��=�+��"IH#,

� �Y�`�#}�9<HJK)a!;D359A�`���Y3#"+;=��67"�EW�!������"�HRk]��H)H)P=EF9A�=�c�!E P=E��!H)>D�� 5"|�=�]�D�+��"IHRK����+;DH-_
*h"+��E\�+��"IH#LV�!;�K4N%"F�W>D�+����"+;D97^[�+ #N+"`>@"����#� �|H)�#���+>=6<9<3!�+�=�D, O E ;="eU�"|OIP=�[H-K�97"�;D�%EF�#;IK�"
��9<^?���!H)>C�!9 K�"|�|35"+EF"c>D�)"�35�[���#�npc>D������"+;=9<^!�� #N%"C,d0f9<676<9<���%;$� ��"V"+>@�#�$� �@?�� �#;VP=EF�#�4�%E"+97K)"W*h"��)E\�+Hl���]* �+^#�!���|EF�[��9< !N%"\�=��HlU��+�)9 ��U+�!9<H!,

� �-zJ�+E �
• x

"rU��+67"��MEF�[��9<�="r��� P=E\�r3#�%�4�+35K)�!�)ZAH-K�9<3!� �hP=K)9<679<^!�� #N%" 97;CH-K4�%;IKXW+;=�!� ��� P=E
���!3#P=�4HJ"��

• µ
"FU��+67"���EFk!��9<"DL��!;�K��)�1K�"V�="�Hl"�Hl"�Q�z-�5K�"�H!L=�=�F3#�+����3 K)�!�)ZAHJK)9A3#�

• σ
"'���!H)UV97"W>D������N+"W�D�+HlEF�!��9A�=��H#L=�!;IK)���/K�"���"�Hl"IHl"+Q�z-�#K)"�H!L��=�\3#�+����3 K��#��Z<HJK)9A3#�

• � ����L � :<;Y�Z8��L; 
�*hPD;D 5mV�!H(O�PD�n���5K�"+��;D�%ETL%���!H)>@�!3 K�97Ue�+EW�!;IK)�+L+"1E\�+97"��bU��+67"��b"+Q�_
H)�#��Ue�+��"1���nP=E\�/3!�%�4�+3 K��#��Z<HJK)9A3#�DL�"?EF�#;="��~U��+67"��yEF�[��9<�="1���nP=E\�]3#�+����3 K)�!�)ZAHJK)9A3#�
�c�W>@"�H)9< !N%"W"+�4��9<;D�%6 �=�WEF�!�=9<�=�

x
�=�#;IK)��"W�D�\��9<HJK)��9<Q=P=9A #N%"F���YEF�!�=9<�=��H#,

�L�



�?H�EF�[��9<�D�+Hl>=��"+>@"�HJK���HnH�N%" �
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• z1 = x−µ

σ

• z2 = x
σ

• z3 = x
max(x)

• z4 = x
max(x)−min(x)

• z5 = x−min(x)
max(x)−min(x)

• z6 = x
P
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• z7 = rank(x)
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�
x,
�
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�
y ∈ Γj}
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�
x,
�
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�
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γiγj
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�
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�
y∈Γj
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�
x,
�
y)
,
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d � � 	 � �	��� (Γi, Γj) =

√

γiγj

γi + γj
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�
zj)
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� �
zj
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0 0.8 1.3 5.6 3.9
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(1 − p)
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)�"IHy�!;DH��%9<"�Hy�)�[�%6<97^[�+��"IH#L[*h"+9VP�K�976<9<^!�+�="

p = 0, 2
,:.?�[H)H��?*h"+��EF�DL%�%>=��"�}�97E\���=�%EF�#;IK��
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H)97E|P=6<�� #N+"W���!�+679<^!���=�=,l��E\�%K)��97^YkW�=�F*h"+��E\�

D = {d � � ; 1 ≤ i ≤ θ, 1 ≤ j ≤ λ} , λ
k

�'��9<EF�#;DH�N%"'�="$35"�;ez-P=;IK)"S��"�HlK��#EF>@"�H1���`��9AHJ>@"+;D97Q=9<6<9<�=�����|OIP=�|HJ�`�=�!H)�-zJ�'H)P=Q=EF�5K��#�
>D�+����Ue�+679A�=�+ !N%"�� �+, �D,/�J?EW9<;VP�K)"IH#L � X="+�4�=L��/X="+�4�+H�� ,:��;D�+67"����%EF�!;�K��+L

θ
kl�?�=97EF�#;CH)N+"

��"F35"�;ez-P=;IK)"F���1;=Z7U��#9AHl���Y��9<H)>@"+;=9<Q=9<679A�=�+�=�1���]P=E ���!3#P=�4HJ"CLIOIP=�YH)�1���[HJ�JzJ�cK��!HJK��+�!, �
;=Z<U+�!6+���(��9AH)>C"�;=97QD976<9<�D�+���(3#"+���)�[HJ>@"+;C���:�+"�;=Z<U+�#6�EFZ7;=9<EF"����(��9AH)>C"�;=97QD976<9<�D�+���(�=�!H)�-zJ�+�D�
>@�#6A�|���������1>D�%�4�WP�K)9<679<^!�� #N+"W��"\���!3#P=�4HJ"C,

�n�+�=�
d � �

kfPDE ; �=EF�#��" �)�[�%6jL
0 ≤ d � � ≤ 1
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xi + δ ≤ 1, ∀i, q < i ≤ (q + κ)
�!;IK�N%"\�WE�+OIP=9<;D�W�!HJK���Ue�|"V3#97"IH)�D,

��



� �/�`�)�[HJ>@"�HJK��cQD�+H)�!���=�];="|3#"+EF>@"+�)K��%EF�!;�K�"Y97;=*h�#��9<��"CL�HJ�JzJ�Y�#6A�c>@"�H)9 K�97Ue�`"+P\;=�!���e_
K)9<Ue�=LD3#"+9<;D359A��9<�?35"�E "'OIP=�c���]* �%K)"\"�35"��)���#PdL��#;IK�N+"\X="+P=U��Y�+35�!�JK�"D, ��"�E �\���#BD;=9A #N+"�=�c*h�#�����+EW�!;IK��]>D�+���c�%*h�#��9< !N%"`�=�/�+3#�#�)K)"IH#L�k/>@"�H�HJZ<U+�!6COIP=�1HJ�JzJ�`3#�+6<3#P=6A�+��"c"|Z7;C��9<3#�/���
�+3#�#�)K)"IH�EF�!;D359<"+;D����"W;="\97;DZ<3#97"\���[H-K4�WH)�! !N%"C,

.?����35"�����"135"�E�"Y���!H�35��9 K�"1�%K)k��+OIP=9jL%XD��U��#;D�="?9<;D��9AHJ>@"+;=9<Q=9<679A�=���������l�)�[35P=�4H)"�Hy�#E
�%6<�+PDE EF"�EW�!;IK)"M�D�YzJ�%;D�#6A�M���`K)�!EW>@"S�)�[O�PD�#��9<�=�DL@�M���!H)>C"IH-K4�'��"M�+67��"+��9 K�EF"'k|;CN%"D,
)?N+"cX��|O�PC�%6AO�PD�#�n>=�)�!"�35P=>D�� #N+"Y�#E �)�[�%6<97^[�%�(3#"+EF>D�+���� 5mV�!Hb9<;DHJK��+;�K��/�`97;DHJK��+;IK)�?>C�%�4�
U+�!�)97BC3!�%��HJ�`"'35"+EF>@"+�)K��+EW�!;IK)"F>=���#UV9<HJK)"'3#"+9<;D359A���c3#"+E "'3#"+EF>@"+�)K��%EF�!;�K�"'�%>=���!H)�#;=_
K�����"]>C�!67"`"+Q�z-�#K)"]�)�[�%6j, � H)H��]�%Q@"+�4�=�%���#E�k���"]K�97>@"`���!;="+EF9<;D�+�="DL%;="c3#"+;IK)�#}VK)"Y���!HJK)�K)�4�%QC�%6<X="DL � �@: � � � 8 694 �%,

� �$X �f97;IK��#���!H�HJ�\;D�2U+�#��97BC3#�� #N%"T9<;DHJK��%;IK��$�f9<;DH-K4�%;IK)��L~�#;IK�N+"2���#U��$HJ�!�cP�K�976<97^[�+�=�
P=E\�\"�P�K)�4�F�%Q@"+�4�=�%���#ETLD��"\K�97>@"�� �@: � � ��8 �@; � �%,()��!HJK��'"+P�K����F�%Q@"+�4�=�+�+�#ETL="'��35�!�JK�"
H �`k]35"+EF>=P=K��+�="|H)�+L��`3!�+�=�`97;DHJK��+;IK)�]���?K��#EF>@"DL��`>D�)�[��9< !N%"`�=�/"�359<"�H)9A�=�+���/35"+9<;D3#9<���
35"�E�"\OIP=�Y"�35"+�����#P$���]* �%K)"C,

� E K)�#��EF"�Hl�%6<�+k!Q=��9<3#"�H!LI"\��35�#�)K)"FH �Wkc3#"+EF>=P�K4�+��"\H)� �
(µi + δ − 1) (xi + δ − 1) ≥ 0, ∀i, q < i ≤ (q + κ)
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δi, 1 ≤ i ≤ θ
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θ ∈ N
Ue�%6<"+���!H�K��!HJK�����"�H!,/./�
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κi, 1 ≤ i ≤ λ

LR"�H
λ ∈ N

Ue�%6<"+���!H
K)�[H-K4�+��"IH#,

&b�%�4�\3#�+�D�\>D�%� 〈δi, κj〉, 1 ≤ i ≤ θ, 1 ≤ j ≤ λ
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Dθxλ = (d � � ) , 1 ≤ i ≤ θ, 1 ≤ j ≤ λ
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√
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���� � , JKJJKJ J=, �� ?K? J=, �K� � � J=, ��>�� J=, �� ?3� JD, � ?3� J J=, ?? �>�
� ��� JD, �K��K� J=, ��K�K� J=, ��K�K� J=, ��>�� J=, � ?'� J JD, �>�@�K� J=, ? � � �
����� JD, �K� ?K? J=, ��K�K� J=, �J�>� J=, ��K� ? J=, ? �� � JD, ? �L� � J=, �� � �
����� JD, �K� ?K? J=, �K� � � J=, ��K�K� J=, �JK�K� J=, �JK�K� JD, ? �L� � J=, �L�3��
� ��� JD, �>� � � J=, � � �� J=, � � �� J=, �� ?3� J=, ?? �>� JD, ? J� ? J=,��L�K��
����� JD, �K�K�K� J=, � � �� J=, � ?3� J J=, ? �KJ� J=, ? JK� ? JD, �K� � � J=, � � �L�
� ��� JD, �K� ?K? J=, �K�@�>� J=, ��� ? J=, ? � � � J=, � ?K? � JD, �>�L�J J=,��@�>�L�
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, �L: � ���(8��@; � � , �@: � � �N8 6�4 �
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A6�2 � 6 �@: ����2 � �L85:���
 6�2

Φ � �� � � Φ � �� � � Φ � ���� � Φ � ���� ��@; � �L4 � � J=, ��KJ � �L� JD, �K�J�>� � JD, �K��>��L� J=, ��K�L�KJ>�
�@; � �L4 � ��� J=, ��>�L�>�@� JD, �K�J ? � JD, � ? �K�� ? J=, ��K�K�L�K�
=@2�� � J=, ��K��K� � JD, �K� ?K? � J=, ���>�� J=, ��K�K�L�
=@2�� ��� J=, �� � ��K� JD, �K���K�K� JD, �K�K�JJL� J=, ���K�K�L�
.1:<;>= ������� � J=, �� ? �KJ� JD, �K�� � �L� JD, ��K��K�� J=, ���K�L�>�
.1:<;>= ������� ��� J=, �K�JK�JL� JD, �K� ? �>�@� JD, �>�L�K��� J=, ��K� � � �

 � �	� � J=, ��>� ? �@� JD, �>��@�>� ? JD, �K�� � �K� J=, ��>�LJK�

 � �	� ��� J=, �K�K�L�K�K� JD, �>�L��K�� JD, �K�JK��� J=, ��K�J�>�

����� ��� � � � � � �� � ��� �	��
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PDH��%;D�="W�+67��"+��9 K�EW"WX=9<�#� �%�4OIP=9<3#"W�+�+6<"+EF�#�4�eK�97U�"D,

, �L: � ���(8��@; � � , �@: � � �N8 6�4 �
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Ψ � ���� � Ψ � ���� � Ψ � �� � � Ψ � �� � ��@; � �L4 � � J=, ��K�K��� JD, �K�� ? � � J=, � � �3�L� J=, ��K��K�K�
�@; � �L4 � ��� J=, �JKJ� � � JD, � ? �L�K�K� JD, � � � � J� J=, ����K�K�
=@2�� � J=, � ? �LJ>�� JD, �K�L��>J� JD, �K��KJ�K� J=, ��K�K� ?K?
=@2�� ��� J=, ��K� ? J� JD, �K�K�L�K� � JD, �K� ? �@�K� J=, ���>�L�K�
.1:<;>= ������� � JD, �K�K�K� JD, �>�L��K�� JD, ? � � �JL� J=, � ?3�K� JK�
.1:<;>= ������� ��� J=, ? J � �K�� JD, ��KJ ? J� JD, ? �L�KJ�� J=, � ? J � ��

 � �	� � J=,��L�>�L� ?3� JD, �>�L� � �� JD, �KJL�>�K�� J=, ��K� � �K�

 � �	� ��� J=,��L�K�K��� JD, �>�L� �K� � JD, ��K�>� ?3� J=, ���>�L�K�
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�5,
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E�+OIP=9<;D�+H!L~*h"+�4�%E "�QDHJ�!�)Ue����"�H`"�HW�)�[HJPD6 K4�+��"IH`���[H)3#�)97K)"IH`;D�iK��+QC�!6<�D, � ; �=EF�#��"t���
�9.1032547698T2�*h"�9y>D�)k#_j�[H-K4�%Q@�#6<�!359A��"\�!E
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Ψ � ���� � Ψ � ���� � Ψ � �� � � Ψ � �� � ��@; � �L4 � � J=, � � �J � � JD, �K�L�>�J� J=, �K� � � J=, �L�K�>�L��

�@; � �L4 � ����� J=, �K��K�� ? JD, �K���K�L� JD, �K�� ? �� J=, �L�K�K��K�
=@2�� � JD, �>�@� �@? JD, � � � ?K?3� JD, �>�LJ�K� � J=, ? �L� ? JK�
=@2�� ����� J=, ��K�K��� JD, �K� ? �K�� JD, �>�L�>� �� J=, ??3� �L�>�
.1:<;>= ������� � J=, � � �K�K�� JD, ��KJ�>� � JD, �>�L�K�K�� J=, �K�L�KJ�K�
.1:<;>= ������� ����� J=, �K��� ?3� JD, �K���>�� JD, ��>�K�@�>� J=, �K� � �L�>�

 � �	� � J=, � �K� �K�@� JD, ? �K� � �� JD, ? ��K��K� J=, �� ? �� ?

 � �	� ����� J=, �KJKJ�KJK� JD, ? �L�K�K�K� JD, �K���L�K� J=, ��K�� � �
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