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Y[kDG\ÙL2�ï&OIY[kL>¨YIhK2 J 1325O<G\Y[kDG/>CO<O<XD4<GKFÌY[4[>¨ð/h\ï&kDGK^¶Y[kDGKO<G�ÙL2�ï&OIO<kL>C4<G/4<GKO<25XD4<hKGKO�2C�.Y[kDG
^DGZY8ï:254<ê	2C�}> � ;Nã×GK4<GK^�Y[;?>¨Y[GKF�lmGK4 M ;EhKGKO ³½� ;Nã¥lmGK4 MD· 1D4<2 M ;EFDGK4 �

6 Y[O	25B¼�<GKhZY[; M GÂ;EO/Y[2Ë1D4<251325O<GÂ>C^�GZð/hK;EGK^�Y	Y[4[>¨ð/h�hK25^DFD;NY[;E25^DGK4/;E^)Y[GK4 J O�2C�v�½>C;E4<^DGKO<O
B3GZY8ï:GKGK^(ÙL2�ï&O&2C� Y[kDGvO[> J Gv> 757 4<G 7 >¨Y[GKF�Y[4[>¨ð/hC�]hK25^DO<;EFDGK4<;E^ 7 Y[kDGvO<kL>C4<;E^ 7 2C� Y[kDGI>CO<O<XD4<GKF
>C^DF�G"�]hKGKO<OABL>C^DF]ï&;EF]Y[kDO �

HAOv>�OdYo>C4dY[;E^ 7 1325;E^�Ya�×>/1D4<251325O<GKFÂO<2 = X]Y[;E25^�ha> =E= GKF {�cñ³�å ÝCÆÈÅvæÌÝCÅ[ç�ÃZÅ5· ;EO�1D4<GKO<GK^�Y[GKF �
l¼Y[XDFD;EGKO�Y[kD4<25X 7 k�O<; J X = >¨Y[;E25^DO/>C4<G J >CFDG�;E^é254<FDGK4�Y[2ËXD^DFDGK4<OdYo>C^DF�Y[kDGÂ>CF �<XDOdY J GK^�Y	2C�
;NY[Ov1L>C4[> J GZY[GK4<O�>C^DFÌY[2(G M > = XL>¨Y[G\;NY[OI13GK4d�©254 J >C^DhKG � HnhKhK254<FD;E^ 7 Y[2	Y[kDG/4<GKO<X = Y[OK�¥Y[kDG {�c
7 XL>C4[>C^�Y[GKGKO.>vkD; 7 k�FDG 7 4<GKG&2C�»�½>C;E4<^DGKO<Ox;E^�Y[kDG�>CO<O<XD4<GKF/BL>C^DF]ï&;EF]Y[k�O<kL>C4<;E^ 7 ��FDGK13GK^DFD;E^ 7 25^
Y[kDG$>CFDGKº¼XL>¨Y[GIO J 2m2CY[kD;E^ 7 2C�,;NY[O&1L>C4[> J GZY[GK4<O � @�2�ï:G M GK4K�3Y[kDG {�c O<kD2�ï&OA;NY[O<G = �r;E^Dha>C1L>CB = G
Y[2�1D4<2 M ;EFDG��½>C;E4<^DGKO<O�;E^/Y[kDG�G"�]hKGKO<OnBL>C^DF]ï&;EF]Y[k	O<kL>C4<;E^ 7 �mGKO<13GKhK;?> =E= �\ï&kDGK^�Y[kDGv> 757 4<G 7 >¨Y[GKF
Y[4[>¨ð/hI;EOnhK2 J 1325O<GKF(B��	Y[kDG J ;Ø�mY[XD4<Gv2C� W�e pé>C^DF zA� p)ÙL2�ï&O �

W 2	2 M GK4<hK2 J G$Y[kD;EOAFDGZÑLhK;EGK^DhZ�5��Y[kD;EO�ï:254<ê�1D4<251325O<GKOAY[kDG�XDO<G\2C�.>C^�G"�mY[GK^DO<;E25^Â2C� {�c �
ha> =E= GKF W�e�{�cò³©W kD4<GKG e 2 = 254 { >C;E4 c >C4<êCGK4 · �\ï&kD25O<Gó13GK4d�©254 J >C^DhKGó;EOÌ> = O<2ôG M > = XL>¨Y[GKF
Y[kD4<25X 7 k/O<; J X = >¨Y[;E25^DO � W kDG�4<GKO<X = Y[OxO<kD2�ïéY[kL>¨YxY[kDG W�e�{�c 2 M GK4<hK2 J GKOxY[kDG&FDGZÑLhK;EGK^DhK;EGKO.2C�
Y[kDG {�c ;E^�O<G M GK4[> = O<hKGK^L>C4<;E25O � @�2�ï:G M GK4K�LB3GKha>CXDO<Gv2C�¥Y[kDG W�e põF]�m^L> J ;EhKOK�mB32CY[k J >C4<êCGK4<O
kL> M GIY[kDGK;E4n13GK4d�©254 J >C^DhKGvFDG 7 4[>CFDGKF�>COnY[kDGI^¼X J B3GK4&2C�rÙL2�ï&O�;E^DhK4<Ga>CO<GKO �

M ;



p,> = > M 4[>COts8hokL> M G

6 ^�Y[GK4<^DGZY
� XL> = ;EFL>CFDG�FDG$lmGK4 M ;E_K2
lmGK4 M ;E_K25O � ;N�©GK4<GK^DhK;?>CFD25O
e 25^DFD;EhK;E25^L>CFD254�FDG W 4[§¨�©G 7 2
c >C4<ha>CFD254&FDG W 4[§¨�©G 7 2
px@A9xs8H {

lmGK4 M ;E_K2/HAO<O<G 7 XD4[>CFD2
{,= Xm�]2�H 7 4<G 7 >CFD2
~ XDOdY[;E_a>

M ;E;
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¤5�N¤ H���GKhKGKO<O<;EFL>CFDG�FDG � XL> = ;EFL>CFDGAFDG�lmGK4 M ;E_K2�^L> 6 ^�Y[GK4<^DGZY �����I������������� ¤
¤5�²¢ p�4<251325OdYo>CO&1L>C4[> w B]Y[GK^D_a`C2/FDG � 2¼l�^L> 6 ^�Y[GK4<^DGZY �������������I������������� �

¤5�²¢m�N¤ c p � l �����I�������������������I���������������������I������������� �
¤5�²¢m�²¢ | 2CY[Ga> J GK^�Y[2/9�>CO<Ga>CFD2/G Jj| GKOdY[4<;E_KÍmGKO ���������������I������������� �
¤5�²¢m� ¸ i ^ 7 GK^DkL>C4<;?>\FDG W 4[§¨�©G 7 2 �������I���������������������I�������������ì¤5¤
¤5�²¢m� � lmGK4 M ;E_K25O 6 ^�Y[G 7 4[>CFD25O �����������I���������������������I�������������ì¤��
¤5�²¢m��� lmGK4 M ;E_K25O � ;N�©GK4<GK^DhK;?>CFD25O �������I���������������������I�������������ì¤�®

¤5� ¸ w B¼�<GZY[; M 25O&G w 4 7 >C^D;E�a>C_a`C2\FD2 W G"�mY[2 ���I���������������������I�������������ì¤��
����� ����������� �!�#" � � � ��$%�#&'����� �'(

¢m�N¤ { XD^DFL> J GK^�Y[25OnFL>/p�4<251325OdYo> �����������I���������������������I�������������ª¢C£
¢m�²¢�� GZÑL^D;E_a`C2�FD2 e > J 132 � l �������������I���������������������I�������������ª¢m¤
¢m� ¸ HA4<º¼XD;NY[GZY[XD4[> � ;Nã¥lmGK4 M �����������������I���������������������I�������������ª¢ ¸

¢m� ¸ �N¤ � 2 J bE^D;E25OK� | G 7 ;EÍmGKO�G���q5O � l �I���������������������I�������������ª¢ ¸
¢m� ¸ �²¢ e 2 J 13254dYo> J GK^�Y[2�pr254 i ^ = >ChKG ³ px@A9 ·����������������I�������������ª¢)�
¢m� ¸ � ¸ e:= >CO<O<;NÑLha>C_a`C2�G e 25^DFD;EhK;E25^L> J GK^�Y[2\FDG W 4[§¨�©G 7 2 �����I�������������ª¢��

¢m� � p�4<251325OdYo>CO&FDG�px@A9:O �������������������I���������������������I�������������ª¢ ±
¢m� �D�N¤ px@A9+p,>CFD4[`C2 �������������������I���������������������I�������������ª¢ ±
¢m� �D�²¢ px@A9:OAlmG = GKhK;E25^L>CFD254<GKO&FDG e:= >CO<O<G �������������������I�������������ª¢*�
¢m� �D� ¸ i ^Dha> J ;E^DkL> J GK^�Y[2 i �]1D4<GKO<O<2 ³ px@A9xs ix{�· �����������I�������������ª¢*�
¢m� �D� � i ^Dha> J ;E^DkL> J GK^�Y[2\HAO<O<G 7 XD4[>CFD2 ³ px@A9xs8H {�·)���������I�������������ª¢C¯

¢m��� lmGK4 M ;E_K25O�p�4<251325OdY[25O �������������������I���������������������I������������� ¸ ¤
¢m���m�N¤ lmGK4 M ;E_K2/p�4<G J ;EX J �������������I���������������������I������������� ¸ ¤
¢m���m�²¢ lmGK4 M ;E_K2�HAO<O<G 7 XD4[>CFD2 �����������I���������������������I������������� ¸ ¤
¢m���m� ¸ lmGK4 M ;E_K2 w�= b J 1D;EhK2 �������������I���������������������I������������� ¸ ¢
¢m���m� � +�â�ÃZÅ-,�ß�.DÝCÅ[Ã�ÚIÆ Û�ÃZÅ[ÃZÀLÜ½Æ½ÝCÜ½ÆµÄ¨Àó³½z l �v·Ó�����������������I������������� ¸5¸

M ;E;E;



¢m���m��� � ;N�©GK4<GK^DhK;?>C_a`C2 | G = >¨Y[; M >$FDG$lmGK4 M ;E_K25O �����������������I������������� ¸5¸
¢m� ® w¡� 9:25^DGIFL> 6 ^�Y[GK4<^DGZY ¢����������������I���������������������I������������� ¸ �

/�01��� ���������324��� �65 
���&'��� /�7
¸ �N¤ � GZÑL^D;E_a`C2 �����������I�������������������I���������������������I������������� ¸ ±
¸ �²¢ e 25^DFD;EhK;E25^L>CFD254<GKOnFDG W 4[§¨�©G 7 2�1L>C4[>\2�lmGK4 M ;E_K2/HAO<O<G 7 XD4[>CFD2 �I�������������8��£

¸ �²¢m�N¤ e 25^DFD;EhK;E25^L>CFD254<GKOnFDG W 4[§¨�©G 7 2/9�>CO<Ga>CFD25O&G J 9�> = FDGKO&FDG { ;EhokL>CO ���8�D¤
¸ �²¢m�²¢ c >C4<ha>CFD254<GKO�9�>CO<Ga>CFD25O&G Jfi OdY[; J >CFD254<GKOnFDG W > �D> c �KFD;?> ���������8� ±

¸ � ¸ � ;EO<hK;E1 = ;E^L>CO:FDG�uvGK4<GK^DhK;?> J GK^�Y[2\H�Y[; M 2/FDG { ; = >CO �������������I�������������9�C£
¸ � ¸ �N¤ |�ix��³;:nÝCÀ3Þ¼Ä¨Á=<nÝCÅ"Ð?>\Ú�ÃZÜ8ÃoáZÜ½ÆµÄ¨À�·��������������������I�������������9�m¤
¸ � ¸ �²¢ |�ix� ^D2�lmGK4 M ;E_K2/HAO<O<G 7 XD4[>CFD2 �I���������������������I�������������9���
¸ � ¸ � ¸ {}|�ix��³�åxÐEÄ)@A:nÝCÀ3Þ¼Ä¨Á=<nÝCÅ"Ð?>\ÚIÅ[ÄoÎ¥·����������������I�������������9�*�

BDC 
��E������&F��� ��� ���������324��� �65 
���&'��� G (
�D�N¤ { 254 J X = >C_a`C2�FD2/p�4<25B = G J > �������������I���������������������I������������� ®5£
�D�²¢ p�4<;E^DhK;E1L>C;EO e >CXDO[>CO&FL> 6 ^ �<XDOdY[;E_a> �������I���������������������I������������� ®5®

�D�²¢m�N¤ e 25^�Y[4<2 = GKO&FDG {,= Xm�]2\GIFDG e 25^ 7 GKOdY[;E25^L> J GK^�Y[2�FD2 W�e p ����������� ® ±
�D�²¢m�²¢ p�4<GKO<GK^D_a>/FDG W 4[§¨�©G 7 2/�A`C2¨s | GKO<1325^DO<; M 2 �������������I������������� ®5¯
�D�²¢m� ¸ ��¹ J GK4<2�FDG {,= Xm�]25OnH�Y[; M 25O ���I���������������������I������������� ± ¤
�D�²¢m� � 68J 1 = G J GK^�Yo>C_a`C2\FD2 W�e p �����I���������������������I������������� ± ¢
�D�²¢m��� W > J >C^DkD2�FD2/p,>ChK2CY[G 6 p �������I���������������������I������������� ± ¸

�D� ¸ ~ XDOdY[;E_a>\GK^�Y[4<G {,= Xm�]25OnFDGIX Jfc GKO J 2�H 7 4<G 7 >CFD2 �������������I������������� ± ¸
�D� ¸ �N¤ lm2 = XD_KÍmGKO&p�4<251325OdYo>CO �����������I���������������������I������������� ± �
�D� ¸ �²¢ i OdY[4[>¨Y[� 7 ;?>COnFDG c >C4<ha>C_a`C2/1L>C4[> w B]Y[GK^D_a`C2/FDG ~ XDOdY[;E_a> ����������� ± ®
�D� ¸ � ¸ c >C4<ha>C_a`C2�13254nH 7 4<G 7 >CFD2 ³µc H ·Â���������������������I������������� ± ®
�D� ¸ � � c >C4<ha>C_a`C2�13254 {,= Xm�]2 ³µc�{�·����I���������������������I������������� ±5±
�D� ¸ ��� c >C4<ha>C_a`C2�13254nH 7 4<G 7 >CFD2/H�Y[GK^�Yo>/> {,= Xm�]25O ³µc H {�·��I������������� ± ¯
�D� ¸ � ® w¡c >C4<ha>CFD254 ~ XDOdY[2 ³�å ÝCÆÈÅ�æÌÝCÅ[ç�ÃZÅ5·V�����������������I�������������H�]¤
�D� ¸ � ± w¡c >C4<ha>CFD254 ~ XDOdY[2/FDG W 4<gKO e 254<GKO �����������������I�������������H�%�

IKJL� ��
�MN��&'����� O 7
�m�N¤ e 25^DO<;EFDGK4[>C_KÍmGKOAuvGK4[>C;EO �����������������I���������������������I�������������H� ±

�m�N¤5�N¤ W �KhK^D;Eha>�FDGIH M > = ;?>C_a`C2 ���������I���������������������I�������������H� ±
�m�N¤5�²¢ w B¼�<GZY[; M 25O �I�������������������I���������������������I�������������H���
�m�N¤5� ¸ e GK^L§C4<;E2 i O<hK2 = kD;EFD2 �������������I���������������������I�������������H���
�m�N¤5� � c �ZY[4<;Eha>CO&FDG � GKO<G J 13GK^DkD2 �����I���������������������I������������� ¯]¤

;Ø�



�m�²¢ p�4<; J GK;E4<2 i OdY[XDFD2\s.H��<XDOdY[G�FD25O�p,>C4[è J GZY[4<25OnFD2 {�c �������I������������� ¯�¢
�m�²¢m�N¤ e GK^L§C4<;E2 W�e p�@�GZY[GK4<2 7 gK^DGK25O&O<G JVe 9 |AyCzA� p �����I������������� ¯��
�m�²¢m�²¢ e GK^L§C4<;E2 W�e p�@�2 J 2 7 gK^DGK25OnhK2 Jfe 9 |AyCzA� p �������I��������������¤�£*�

�m� ¸ lmG 7 XD^DFD2 i OdY[XDFD2\s.H M > = ;?>C_a`C2\FDG � GKO<G J 13GK^DkD2/FD2 W�e�{�c �I��������������¤5¤5¤
�m� ¸ �N¤ 6 ^]ÙLXDgK^DhK;?>�FD2 |,WnW �����������I���������������������I��������������¤5¤5¤
�m� ¸ �²¢ 6 ^]ÙLXDgK^DhK;?>�FD2 W 4[§¨�©G 7 2/�A`C2 | GKO<1325^DO<; M 2 �������������I��������������¤5¤ ¢
�m� ¸ � ¸ 6 ^]ÙLXDgK^DhK;?>�FD2/��¹ J GK4<2�FDG {,= Xm�]25OnH�Y[; M 25O �����������I��������������¤5¤��

G�PQ����$%M�
��R�� þ»þ O
®]�N¤ e 25^�Y[4<;EBDXD;E_KÍmGKO �����I�������������������I���������������������I��������������¤5¤��
®]�²¢ e 25^Dh = XDO<ÍmGKO ���������I�������������������I���������������������I��������������¤5¤�¯
®]� ¸ � ; J ;NYo>C_KÍmGKO:G � ;NÑLhKX = FL>CFDGKO i ^DhK25^�Y[4[>CFL>CO �������������������I��������������¤ ¢m¤
®]� � lmX 7 GKOdY[ÍmGKO&1L>C4[> W 4[>CBL> = kD25O { X]Y[XD4<25O ���I���������������������I��������������¤ ¢5¢

JL� " � ��ST��$%�#&'� UV�#WXM��#� 5 ��Y[Z\$�&'� þT�]/
2D^VPQ_a`bPQ����������M � � � PQ��� 5]� �E���#����&'c � ����� ��ÿ c3dXM � c � ����&'��e � � þT/ G

H �N¤ù6 ^�Y[4<2mFDXD_a`C2 ���������I�������������������I���������������������I��������������¤ ¸ ®
H �²¢0w¡e 25^�Y[4<2 = GvFDG e 25^ 7 GKOdY[;E25^L> J GK^�Y[2�FD2 W�e p ���������������I��������������¤ ¸ ±

H �²¢m�N¤ H�Y[;E^ 7 ;E^DFD2\2 i º¼XD; = bEBD4<;E2 �������I���������������������I��������������¤ ¸ �
H �²¢m�²¢ e 25^DO<GK4 M >C^DFD2/2 i º¼XD; = bEBD4<;E2 �����I���������������������I��������������¤ ¸ ¯
H �²¢m� ¸ p�4<G M GK^D_a`C2�>C2 e 25^ 7 GKOdY[;E25^L> J GK^�Y[2 �������������������I��������������¤��¼¢

H � ¸ H =E7 X J >CO 68J 1 = G J GK^�Yo>C_KÍmGKO e 2 J XD^DO&FD2 W�e p ���������������I��������������¤����
H � ¸ �N¤ W�e p W >CkD2mG �������������������I���������������������I��������������¤����
H � ¸ �²¢ W�e p | GK^D2 �I�������������������I���������������������I��������������¤��6�
H � ¸ � ¸ W�e p���GZï | GK^D2 ���������������I���������������������I��������������¤���®
H � ¸ � � W�e pôlmH e�î´�������������������I���������������������I��������������¤�� ±

c 2mFD;NÑLha>C_KÍmGKOn1L>C4[>\2���q � GKOdY[;E^D2 �������������������I��������������¤���¯
c 2mFD;NÑLha>C_KÍmGKOn1L>C4[>\2���q { 25^�Y[G ���������������������I��������������¤��C£

UD24M 5 �]�)�N��c3���f� �hg4� � � ��$%�#&'c � �����i2V���N���F� �kj ��M#&'� þTI¥þ
9 �N¤0|�ix��³;:nÝCÀ3Þ¼Ä¨Á=<nÝCÅ"Ð?>\Ú�ÃZÜ8ÃoáZÜ½ÆµÄ¨À�·������I���������������������I��������������¤��m¤
9 �²¢{}|�ix�¦³�åxÐEÄ)@l:nÝCÀ3Þ¼Ä¨Á=<nÝCÅ"Ð?>\ÚIÅ[ÄoÎ¥· �I���������������������I��������������¤��)�

P JL� ��
�MN��&'�����a2a����$%�#����&'��� þTI O
� g M#�����RY��)�#� þ G �

�



mDm ��� � � � ����� ÿ c3dn�]����&'��� � � ��&hopopo þ G]G

�];



q ü	rasut vxw y ü�z�÷Rû{t|r

¤5�N¤ c p � l �I�������������I�������������������I���������������������I������������� ®
¤5�²¢ e > J 1325OnFD2�2mhZY[GZY[2 W�w l �Ï�������������I���������������������I������������� �
¤5� ¸ | 2CY[Ga> J GK^�Y[2�BL>CO<Ga>CFD2/G J 4<GKOdY[4<;E_KÍmGKO ���I���������������������I�������������ì¤�£
¤5� � i ^ 7 GK^DkL>C4<;?>\FDGvY[4[§¨�©G 7 2�hK2 Jfc p � l3� e 9 | G 6 uIp J 2mFD;NÑLha>CFD25O � ���������ì¤ ¸
¤5��� p�4<G M GK^D_a`C2�FDGIhK25^ 7 GKOdY[;E25^L> J GK^�Y[2�hK2 Jfc p � l	G e 9 |I�������I�������������ì¤ ¸
¤5� ® 9�> = >C^DhKGa> J GK^�Y[2\FDGIha>C4 7 >\hK2 Jfc p � l(G e 9 |I�ó�������������I�������������ì¤��
¤5� ± c 2mFDG = 2\FDGI4<GZ�©GK4<gK^DhK;?>�FL>/>C4<º¼XD;NY[GZY[XD4[> 6 ^�Y"lmGK4 M G J 4<2CY[Ga>CFD254<GKO �n�����������ì¤��
¤5� � lm;E^L> = ;E�a>C_a`C2 | l � p � �������������������I���������������������I�������������ì¤�®
¢m�N¤ e > J 132 � l(^D2 6 p MT� GI^D2 6 p M]®]�}�������I���������������������I�������������ª¢5¢
¢m�²¢�� 2 J bE^D;E25OK�m4<G 7 ;EÍmGKOnGI^Dq5O � l �����������I���������������������I�������������ª¢)�
¢m� ¸ e 25^DFD;EhK;E25^L>CFD254�FDGvY[4[§¨�©G 7 2 �f�����������I���������������������I�������������ª¢C®
¢m� � � 9:25^DGC� � ;Nã¥lmGK4 M ;E^�Y[GK4<FD2 J bE^D;E25O�>¨Y[4[> M �KO�FDG$l � lmO&G�9�9:O �«�I������������� ¸ ®
¸ �N¤ c GKha>C^D;EO J 25OnFDGIO<XL> M ;E�a>C_a`C2/FDGvY[4[§¨�©G 7 2 �����������������������I�������������8�¼¢
¸ �²¢ c >C4<ha>CFD254nBL> = FDGvFDGvÑLhokL>CO�25X W 9 c¶���I���������������������I�������������8���
¸ � ¸ c >C4<ha>CFD254nFDGvY[4<gKO&hK254<GKO�FDGvYo> �D>\¹D^D;Eha>\25X�l |,W�enc¶�Ë�������I�������������8�6�
¸ � � c >C4<ha>CFD254nFDGvY[4<gKO&hK254<GKO�FDGvYo> �D>\FDXD1 = >\25X W&|,W�enc¶�.�������I�������������8� ±
¸ ����| GK1D4<GKO<GK^�Yo>C_a`C2 7 4[§¨ÑLha>\FD2 |�ix�$�«�����I���������������������I�������������9� ¸
¸ � ® | GK1D4<GKO<GK^�Yo>C_a`C2 7 4[§¨ÑLha>\FD2 |&6dw��n�������I���������������������I�������������9�C®
¸ � ± uvGK^DGK4[> = ;E�a>C_a`C2�FD2 |&6dw 1L>C4[>�Y[4<gKO�hK254<GKO �L���������������������I�������������9� ±
�D�N¤ � ;N�©GK4<GK^�Y[GKO&13GK4dÑLO�FDGvY[4[§¨�©G 7 2�G J X JìJ GKO J 2\h = ;EGK^�Y[G ���������I������������� ®]¤
�D�²¢ e 2 J 1L>C4dY[; = kL> J GK^�Y[2$FDGI4<GKhKXD4<O<25O�GK^�Y[4<G�FD; M GK4<O<25OnÙLXm�]25O�G J X Jì6 l]p �í����� ®�¢
�D� ¸ lmXDB3hK25^ �<XD^�Y[2/FDGI4<GKhKXD4<O<25O�FDGKOdY[;E^L>CFD25O�¾\h = >CO<O<GIH {:¤5�T�������I������������� ® ¸
�D� � c >C4<ha>C_a`C2�13254&> 7 4<G 7 >CFD2 �«�������������I���������������������I������������� ±5±
�D��� c >C4<ha>C_a`C2�13254�ÙLXm�]2 ���������������������I���������������������I������������� ± �
�D� ® c >C4<ha>C_a`C2�13254&> 7 4<G 7 >CFD2/>¨Y[GK^�Yo>/>�ÙLXm�]25O �A�������������������I�������������H�5£
�D� ± w�J >C4<ha>CFD254r�<XDOdY[2 �3�I�������������������I���������������������I�������������H� ¸

�];E;



�D� � w�J >C4<ha>CFD254r�<XDOdY[2�FDGvY[4<gKO&hK254<GKO �������I���������������������I�������������H�5®
�m�N¤ e GK^L§C4<;E2�GKO<hK2 = kD;EFD2\1L>C4[>/>COnO<; J X = >C_KÍmGKO �����������������������I�������������H�5¯
�m�²¢ e GK^L§C4<;E2 W�e p)kDGZY[GK4<2 7 gK^DGK25O�O<G JVe 9 |AyCzA� p � �������������I������������� ¯ ¸
�m� ¸ e GK^L§C4<;E2 W�e p)kD2 J 2 7 gK^DGK25O&hK2 Jfe 9 |AyCzA� p �:���������������I������������� ¯ ¸
�m� ��� >C4<;?>C_a`C2\FD2\Yo> J >C^DkD2\FL>\Ñ = > �¥���������I���������������������I������������� ¯*�
�m��� � >C4<;?>C_a`C2\FD2\Yo> J >C^DkD2\FL>�BL> = FDG �V�����I���������������������I������������� ¯5®
�m� ® e GK^L§C4<;E2 W�e p)kDGZY[GK4<2 7 gK^DGK25O�O<G JVe 9 |AyCzA� pn�»1D;E254<GKOn4<GKO<X = Yo>CFD25O �¦��������¤�£5£
�m� ± e GK^L§C4<;E2 W�e p)kDGZY[GK4<2 7 gK^DGK25O�O<G JVe 9 |AyCzA� pn�»4<GKO<X = Yo>CFD25On;E^�Y[GK4 J GKFD;?§C4<;E25O �¼¤�£�¢
�m� � e GK^L§C4<;E2 W�e p)kDGZY[GK4<2 7 gK^DGK25O�O<G JVe 9 |AyCzA� pn� J G = kD254<GKO�4<GKO<X = Yo>CFD25O ��������¤�£ ¸
�m� ¯ e GK^L§C4<;E2 W�e p)kDGZY[GK4<2 7 gK^DGK25O�O<G JVe 9 |AyCzA� pn� {�c � W 9 c¶�ë��������������¤�£*�
�m�N¤�£ôe GK^L§C4<;E2 W�e p)kD2 J 2 7 gK^DGK25O&hK2 Jfe 9 |AyCzA� pn�DY[2mFD25O&25On4<GKO<X = Yo>CFD25O �ª������¤�£��
�m�N¤5¤õe GK^L§C4<;E2 W�e p)kD2 J 2 7 gK^DGK25O&hK2 Jfe 9 |AyCzA� pn� {�c � W 9 c¶�V��������������¤�£5¯
�m�N¤ ¢�e GK^L§C4<;E2 W�e p)kDGZY[GK4<2 7 gK^DGK25O�O<G JVe 9 |AyCzA� pn� W�e�{�c � {�c � W 9 c¶�n����¤5¤ ¢
�m�N¤ ¸ e GK^L§C4<;E2 W�e p)kD2 J 2 7 gK^DGK25O&hK2 Jfe 9 |AyCzA� pn� W�e�{�c � {�c � W 9 c¶�¶����¤5¤ ¸
�m�N¤��+e GK^L§C4<;E2 W�e p)kDGZY[GK4<2 7 gK^DGK25O�O<G JVe 9 |AyCzA� p)hK2 JR¤�£5£ ÙLXm�]25O �x������������¤5¤��
�m�N¤���e GK^L§C4<;E2 W�e p)kD2 J 2 7 gK^DGK25O&hK2 Jfe 9 |AyCzA� p)hK2 JR¤�£5£ ÙLXm�]25O ��������������¤5¤�®
�m�N¤�®ôe GK^L§C4<;E2 W�e p�kDGZY[GK4<2 7 gK^DGK25O$O<G J e 9 |AyCzA� pn� M >C4<;?>C_a`C2�FD2�^¼¹ J GK4<2�FDG

ÙLXm�]25O ���������������I�������������������I���������������������I��������������¤5¤�®
�m�N¤ ± e GK^L§C4<;E2 W�e p¡kD2 J 2 7 gK^DGK25O\hK2 J0e 9 |AyCzA� pn� M >C4<;?>C_a`C2ÂFD2Â^¼¹ J GK4<2ÌFDG

ÙLXm�]25O �������������I�������������������I���������������������I��������������¤5¤ ±
H �N¤�e > J 132\FDGI4<GKhK25^DkDGKhK; J GK^�Y[2/O<G = GZY[; M 2/25X(FDG$lmH e�î\�A���������I��������������¤���¯

�];E;E;



q ü	rasut vxw }~t���w��	t|r

¤5�N¤ HA1 = ;Eha>C_KÍmGKO M GK4<O<XDOAO<GK^DO<;EBD; = ;EFL>CFDGv>C25O&1L>C4[è J GZY[4<25O�FDG � 2¼l �Â�I������������� ¸
¤5�²¢ e > J 132 W�w l �f�����I�������������������I���������������������I������������� ¯
¤5� ¸ H�Y[4<;EBDX]Y[25OnFD25O � l]p�O �ñ�����������������I���������������������I�������������ì¤ ¢
¢m�N¤ | G 7 ;EÍmGKO�FD2/GKO<1L>C_K2/FDG áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜÈâZ�¥�����I���������������������I�������������ª¢5¢
¢m�²¢ �.ÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜÈâ 4<GKhK2 J GK^DFL>CFD25O&1L>C4[>\2�px@A9xs8H {:�����������������I������������� ¸ £
¸ �N¤ l |,W�enc �L4<GKO<X = Yo>CFD2/FL> J >C4<ha>C_a`C2\^D2 J 2mFD2�>¨Y[GK^�Y[2�¾CO&hK254<GKO �}�������������8��®
�D�N¤ e 2 J 1L>C4dY[; = kL> J GK^�Y[2n�<XDOdY[2/FDGI4<GKhKXD4<O<25O�^D2�O<GK4 M ;E_K2�>CO<O<G 7 XD4[>CFD2 ������������� ®%�
�D�²¢ � XL>CFD4<2�hK2 J 1L>C4[>¨Y[; M 2\GK^�Y[4<G�>CO&GKOdY[4[>¨Y[� 7 ;?>CO&FDG J >C4<ha>C_a`C2 �D���I�������������H�5£
�m�N¤ � >C4<;?>C_a`C2\FD25O&1L>C4[è J GZY[4<25O�FD2 {�c �D13GK4<hKGK^�Y[XL>C;EO�G M > = 254<GKO �¡�I������������� ¯5®
�m�²¢ e 25^]Ñ 7 XD4[>C_a`C2�25B]Y[;EFL>COK��^¼X J GK4[>C_a`C2�G M > = 254<GKOnFD25O&1L>C4[è J GZY[4<25O ������������� ¯ ±
�m� ¸ W > �D>CO&4<GKO<GK4 M >CFL>�GIG"�]hKGKFDGK^�Y[G$1L>C4[>�ha>CFL>\hK25^DG"�D`C2/G J ê¼BD1DO �Ì������������� ¯��
�m� ��� ^DFD;EhKG.FDG¥�<XDOdY[;E_a>&^D2AhK2 J 1L>C4dY[; = kL> J GK^�Y[2nFL> = >C4 7 XD4[>&FDGx�½>C;Ø�D>�>CO<O<G 7 XD4[>CFL> �

e GK^L§C4<;E2 W�e p)kDGZY[GK4<2 7 gK^DGK25O�O<G JVe 9 |AyCzA� p � �������������I������������� ¯5¯
�m����� ^DFD;EhKG.FDG¥�<XDOdY[;E_a>&^D2AhK2 J 1L>C4dY[; = kL> J GK^�Y[2nFL> = >C4 7 XD4[>&FDGx�½>C;Ø�D>�>CO<O<G 7 XD4[>CFL> �

e GK^L§C4<;E2 W�e p)kD2 J 2 7 gK^DGK25O&hK2 Jfe 9 |AyCzA� p �:���������������I��������������¤�£%�
�m� ®�W�e p¶kD2 J 2 7 gK^DGK25O}hK2 J�e 9 |AyCzA� pn��4<GKO<X = Yo>CFD25O}^¼X J �K4<;EhK25O}FDG M >C�a`C2v1L> s

4[>�>\hK25^]Ñ 7 XD4[>C_a`C2�± �&�������������������I���������������������I��������������¤5¤�£
eA�N¤�� ^DFD;EhKG.FDG¥�<XDOdY[;E_a>&^D2AhK2 J 1L>C4dY[; = kL> J GK^�Y[2nFL> = >C4 7 XD4[>&FDGx�½>C;Ø�D>�>CO<O<G 7 XD4[>CFL> �

e GK^L§C4<;E2 W�e p)kDGZY[GK4<2 7 gK^DGK25O�O<G JVe 9 |AyCzA� pós ¤�£ ÙLXm�]25O W�e p �ô����������¤��C¯
eA�²¢�� ^DFD;EhKG.FDG¥�<XDOdY[;E_a>&^D2AhK2 J 1L>C4dY[; = kL> J GK^�Y[2nFL> = >C4 7 XD4[>&FDGx�½>C;Ø�D>�>CO<O<G 7 XD4[>CFL> �

e GK^L§C4<;E2 W�e p)kDGZY[GK4<2 7 gK^DGK25O�O<G JVe 9 |AyCzA� pós ¤�£5£ ÙLXm�]25O W�e p �ñ��������¤�®5£
eA� ¸ � ^DFD;EhKG.FDG¥�<XDOdY[;E_a>&^D2AhK2 J 1L>C4dY[; = kL> J GK^�Y[2nFL> = >C4 7 XD4[>&FDGx�½>C;Ø�D>�>CO<O<G 7 XD4[>CFL> �

e GK^L§C4<;E2 W�e p)kD2 J 2 7 gK^DGK25O&hK2 Jfe 9 |AyCzA� pós ¤�£5£ ÙLXm�]25O W�e p ������������¤�®]¤

�]; M
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� XL>C^DFD2$O<G�; J > 7 ;E^L>�2I�©X]Y[XD4<2 J >C;EO�; J GKFD;?>¨Y[2vFL>COxY[G = GKhK2 J XD^D;Eha>C_KÍmGKOK�¼hokDG 7 > s8O<GA;E^DG M ;Øs
Yo> M G =EJ GK^�Y[Gv>�X J hKGK^L§C4<;E2�FDG�X J > 7 4[>C^DFDGA;E^]�©4[> s8GKOdY[4<X]Y[XD4[> 75= 25BL> = G�;E^�Y[G 7 4[>CFL>$FDG�4<GKFDGKOK�
ha>C1L>C��FDG�Y[4[>C^DO<13254dYo>C4�Y[2mFD2	Y[;E132(FDG/;E^]�©254 J >C_a`C2�G"�];EOdY[GK^�Y[G/GK^�Y[4<G/FD25;EOI25X J >C;EO�1325^�Y[25O
º¼XL>C;EO<º¼XDGK4K� 7 GK2 7 4[>¨ÑLha> J GK^�Y[GvFD;EOdY[4<;EBDXDbEFD25O � p,>C4[>�> = ha>C^D_a>C4�GKOdYo>\4<Ga> = ;EFL>CFDGC�D>\O<2 = XD_a`C2\GKOts
hK2 = kD;EFL>$FDG M G�>ChK2 J 1L>C^DkL>C4:2�>CX J GK^�Y[2\FL>�º¼XL>C^�Y[;EFL>CFDGvFDG�Y[4[§¨�©G 7 2 7 GK4[>CFL>�13G = 2�Yo> J B3� J
hK4<GKO<hKGK^�Y[G�^¼¹ J GK4<2ÂFDG�XDO<XL§C4<;E25OK��G	O<GK4�ha>C1L>C�	FDG = ;EFL>C4�hK2 J >CO J >C;EO M >C4<;?>CFL>CO$ha>C4[>ChZY[G"s
4<bEOdY[;Eha>COnFDGvY[4[§¨�©G 7 2 �

� GK^�Y[4<G�>COI4<GKFDGKOIG"�];EOdY[GK^�Y[GKO�kD2 �<GC�r> 6 ^�Y[GK4<^DGZY$O<XD4 7 G�hK2 J 2(> J >C;E254Aha>C^DFD;EFL>¨Yo>	1L>C4[>
O<GK4�2v^¼¹Dh = GK2vFDGKOdYo>v;E^]�©4[> s8GKOdY[4<X]Y[XD4[>A13254}FD25;EO J 2CY[; M 25O,1D4<;E^DhK;E1L>C;EO ¬ ¤  �}i�J 1D4<; J GK;E4<2 = X 7 >C4K�
�[§�1325O<O<XD; J ; = kDÍmGKOvFDG�XDO<XL§C4<;E25O$hK25^DGKhZYo>CFD25OK�}GK^�Y[4<G�13GKO<O<2�>COK��G J 1D4<GKO[>CO$G�254 7 >C^D;E�a>C_KÍmGKO �
i OdYo>�> = Yo>�ha>C1D; = >C4<;EFL>CFDGv>¨Y[4[>C;¥G J 1D4<GKO[>CO�G J �©XD^D_a`C2/FD2/GK^D254 J GI132CY[GK^DhK;?> = 1L>C4[>/> M GK^DFL>
FDG�1D4<2mFDX]Y[25O$G�O<GK4 M ;E_K25O � H =E7 X J >CO�FDGKOdYo>CO$G J 1D4<GKO[>CO�FDGK13GK^DFDG J Y[2CYo> =EJ GK^�Y[G/FL> 6 ^�Y[GK4ts
^DGZY$1L>C4[>�O<25BD4<G M ; M GK4K�}hK2 J 2�^D25O�ha>CO<25O$FDG/1D4<2 M GKFD254<GKO�FDG�>ChKGKO<O<2�G = 2 �[>CO M ;E4dY[XL>C;EO �	i�J
O<G 7 XD^DFD2 = X 7 >C4K�}13254�O<GK4�X J >�4<GKFDG(BL>CO<Ga>CFL>ÂG J hK2 J X]Yo>C_a`C2ÂFDG	1L>ChK2CY[GKOK�:> 6 ^�Y[GK4<^DGZY/�
hK25^DO<;EFDGK4[> M G =EJ GK^�Y[G�ÙLG"�]b M G = > J XDFL>C^D_a>CO M ;EO[>C^DFD2�>CFL>C1]Yo>C_a`C2�>C25O�4<GKº¼XD;EO<;NY[25O�GKO<13GKhKbNÑLhK25O
FDG�>C1 = ;Eha>C_KÍmGKOnG"�];EOdY[GK^�Y[GKO�GIG J GK4 7 GK^�Y[GKO �

��2�GK^�Yo>C^�Y[2D��> 6 ^�Y[GK4<^DGZY��©25; ;EFDGa> = ;E�a>CFL>�254<; 7 ;E^L> =EJ GK^�Y[Gv1L>C4[>�Y[4[>C^DOd�©GK4<gK^DhK;?>�FDG�>C4<º¼XD;Øs
M 25OvGK^�Y[4<G�hK2 J 1DX]Yo>CFD254<GKO�G�>ChKGKO<O<2�>�GKOdYo>C_KÍmGKOv4<G J 2CYo>CO � lmGK^DFD2�>CO<O<; J �×GKOdY[GKOI4<GKº¼XD;EO<;NY[25O
^L`C2 J XD;NY[2�4<GKOdY[4<;NY[; M 25O = G M >C4[> J >C2�FDGKO<GK^DkD2�FDG\X J >�4<GKFDG\O<; J 1 = GKOAG�ha>C4[>ChZY[GK4<;E�a>CFL>�13254
X J ¹D^D;EhK2�^Db M G = FDG�O<GK4 M ;E_K2D�×FDGZÑL^D;EFD2	>¨Y[4[> M �KO�FL>CO�O<G 7 XD;E^�Y[GKO�1D4<251D4<;EGKFL>CFDGKOK�&^L`C2�hK25^]Ñ»§ s
M G = �,1325;EO�^L`C2�kL§ 7 >C4[>C^�Y[;?>	25XÓhK25^]ÑL4 J >C_a`C2�FDG/GK^�Y[4<G 7 >�FDG�X J 1L>ChK2CY[GCÒ�^L`C2�254<;EGK^�Yo>CFD2
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>(hK25^DG"�D`C2D�]�[§(º¼XDG/ha>CFL>	1L>ChK2CY[G/�\Y[4[>¨Yo>CFD2(FDG\�©254 J >�;E^DFDGK13GK^DFDGK^�Y[G�G�132mFDG\O<G 7 XD;E4IX J
ha> J ;E^DkD2IFD;EOdY[;E^�Y[2�FD25O.FDG J >C;EOKÒ¼G&FDG J G = kD254xGKOd�©254<_K2 ³¸·"ÃoâZÜ�,<Ã©Û�Ä¨Å"Ü<· �m^L> J GKFD;EFL>IG J º¼XDGA>CO
13GK4<FL>COIO<q(2mhK254<4<G J 13254vGKO 7 2CYo> J GK^�Y[2(FDG\4<GKhKXD4<O<25OI25XÂ�½> = kL>CO�G J GKº¼XD;E1L> J GK^�Y[25OK� G\^L`C2
13254A;E^D;EhK;?>¨Y[; M >�FL>�1D4<q51D4<;?>�4<GKFDG ¬ ¢  � H = � J FD;EO<O<2D��>CO<O<X J G"s8O<G�º¼XDG�Y[2mFD25OA25OA1L>ChK2CY[GKOAY[g J
> J GKO J >Â; J 13254dYoèC^DhK;?> �Óe >CFL>Ì^DqÌO<; J 1 = GKO J GK^�Y[G(>C4 J >C�KGK^L>�25O�1L>ChK2CY[GKO�^L>Â254<FDG J FDG
hokDG 7 >CFL>/G�25O�GK^Dha> J ;E^DkL>\BL>CO<Ga>C^DFD2¨s8O<G$^D2/GK^DFDGK4<GK_K2�FDGKOdY[;E^D2�1D4<GKO<GK^�Y[G$^D2�ha>CB3GK_a> = kD2�FD2
1D4<2CY[2mhK2 = 2 6 p ��� G M ;EFD2(¾�>CXDO<gK^DhK;?>�FDG�º¼XL> = º¼XDGK4 J GKha>C^D;EO J 2�FDG\FD;N�©GK4<GK^DhK;?>C_a`C2�^D2�Y[4[>¨Yo> s
J GK^�Y[2/FD25O�1L>ChK2CY[GKOK�LY[2mFD25O&1325O<O<XDG J > J GKO J >\hokL>C^DhKG$FDG�O<GK4<G J FDGKO<ha>C4dYo>CFD25O �ni�J B3254[>
GKOdY[G�^Db M G = FDG�O<GK4 M ;E_K2¶Y[GK^DkL>¶O<;EFD2ÓO<X]ÑLhK;EGK^�Y[G�1L>C4[>ÌO[>¨Y[;EOd�½>C�KGK4�¾CO/1D4<;E^DhK;E1L>C;EO/>C1 = ;Eha>C_KÍmGKO
X]Y[; = ;E�a>CFL>CO�;E^D;EhK;?> =EJ GK^�Y[GC�»GKOdY[G\º¼XL>CFD4<2 J XDFL>	>�ha>CFL>�FD;?>�1D4<;E^DhK;E1L> =EJ GK^�Y[G�G J �©XD^D_a`C2	FDG
FD25;EO��½>¨Y[254<GKO �

w 1D4<; J GK;E4<2��½>¨Y[254\��2¶hK4<GKO<hK; J GK^�Y[2ÓFL>Ì13251DX = >C4<;EFL>CFDG	FL> 6 ^�Y[GK4<^DGZY ��� G M ;EFD2Ë¾ÌO<XL>
G"�]1L>C^DO[`C2D��1D4<;E^DhK;E1L> =EJ GK^�Y[GI^D2�hK25^�Y[G"�mY[2	hK2 J GK4<hK;?> = �LO<XD4 7 G J G J 1D4<GKO[>CO�;E^�Y[GK4<GKO<O[>CFL>CO�G J
X J ^Db M G = FDG�O<GK4 M ;E_K2vO<XD13GK4<;E254�>C2�FDG J G = kD254rGKOd�©254<_K2 ��i OdYo>CO}G J 1D4<GKO[>CO M ;EO[> J G"�]1L>C^DFD;E4}25O
O<GKXDO J GK4<ha>CFD25OnG�O<G J >C^�Y[GK4<G J hK2 J 13GZY[;NY[; M >COK� J G = kD254[>C^DFD2�2\^Db M G = FDGvO<GK4 M ;E_K2�2C�©GK4<GKhK;EFD2
^D2 J 2 J GK^�Y[2�G ³ 25X · M ;?>CBD; = ;E�a>C^DFD2A25X]Y[4<25O�^D2 M 25O � H = � J FD;EO<O<2D��º¼XL>C^DFD2�FD;EO<1325OdYo>CO�>v1L> 7 >C4
J >C;EOK��GKO<13GK4[> J hK2 J 2ó4<GZY[254<^D2óX JñJ G = kD254�^Db M G = FDGÌO<GK4 M ;E_K2õG J 4<G = >C_a`C2ó>C25O	FDG J >C;EO
XDO<XL§C4<;E25OK�LFDG J >C^DFL>C^DFD2�X J Y[4[>¨Yo> J GK^�Y[2\FD;N�©GK4<GK^DhK;?>CFD2�13254n1L>C4dY[GIFL>\4<GKFDG �

w O<G 7 XD^DFD2/�½>¨Y[254&hK254<4<GKO<1325^DFDG�>C2/O<XD4 7 ; J GK^�Y[2�FDG$^D2 M >COA>C1 = ;Eha>C_KÍmGKO ��e 2 J 2 7 4[>C^DFDG
FDGKO<GK^ M 2 =NM ; J GK^�Y[2�Y[GKhK^D2 = q 7 ;EhK2n^L>&§C4<Ga>&FDG�Y[4[>C^DO J ;EO<O[`C2&FDGxFL>CFD25Or>¨Y[4[> M �KOrFDGxÑLBD4[>CO qCY[;Eha>COK�
M §C4<;?>CO�>C1 = ;Eha>C_KÍmGKOAhK2 J 4<GKº¼XD;EO<;NY[25OAGKO<13GKhKbNÑLhK25OvFDG\FDGKO<G J 13GK^DkD2	O<G�Y[254<^L>C4[> J 25B¼�<GZY[25OvFDG
13GKO<º¼XD;EO[>�GvGKOdYo`C2�1D4<G M ;EOdYo>CO&1L>C4[>\O<GK4<G J X]Y[; = ;E�a>CFL>CO:^L> 6 ^�Y[GK4<^DGZYa�3> = � J FDG M 25�IG M bEFDGK2A�[§
BL>COdYo>C^�Y[G:FD;N�©XD^DFD;EFD25O �rW G = G"s8; J GK4<O[`C2D� = >CB3254[>¨Y[q54<;E25O M ;E4dY[XL>C;EOK�¨BD;EB = ;E2CY[GKha>CO M ;E4dY[XL>C;EO G.GK^DO<;E^D2
>�FD;EOdYoèC^DhK;?>�O[`C2Â> =E7 X J >CO�FL>CO\>C1 = ;Eha>C_KÍmGKO$> M >C^D_a>CFL>CO�G J FDGKO<GK^ M 2 =NM ; J GK^�Y[2Â^D2�1D4<2 �<GZY[2
6 ^�Y[GK4<^DGZY ¢ � = ;EFDGK4[>CFD2ë13G = > z�e H 6t�°³)+ ÀLÆÈàCÃZÅ[âZÆÈÜ�>¹�.Ä¨Å�ÎLÄ¨Å<ÝCÜ½ÆµÄ¨ÀFºaÄ¨Åu»�ÞCà¨ÝCÀ×áoÃ[ÞÓ¿"ÀLÜ8ÃZÅ"À×ÃZÜ
Ú�ÃZàCÃZÐEÄoÎ3Á�ÃZÀLÜ<·"�:i OdYo>COA>C1 = ;Eha>C_KÍmGKO&FDG J >C^DFL> J 4<GKº¼XD;EO<;NY[25O&FDG�FDGKO<G J 13GK^DkD2�13254&1L>C4dY[GIFL>
4<GKFDG�º¼XDG�^L`C2�132mFDG J O<GK4�O[>¨Y[;EOd�©GK;NY[25O�13G = 2�O<GK4 M ;E_K2	FDG J G = kD254�GKOd�©254<_K2 �v� GK13GK^DFDGK^DFD2	FD2
Y[;E132$FDG�>C1 = ;Eha>C_a`C2D��132mFDGAO<GK4:^DGKhKGKO<O[§C4<;E2\; J 13254 = ; J ;NY[GKO�FDGA4<GZYo>C4<FD2D� M >C4<;?>C_a`C2�FDGA4<GZYo>C4<FD2D�
= >C4 7 XD4[>�FDG��½>C;Ø�D>�G�Yo> �D>�FDG	13GK4<FL> � H�Y[XL> =EJ GK^�Y[GC�x> 6 ^�Y[GK4<^DGZY�^L`C2�Y[G J hK2 J 2Â2C�©GK4<GKhKGK4
Yo>C;EO 7 >C4[>C^�Y[;?>CO	>ë^Db M G =v75= 25BL> =µ�¡6 ^DFD2 J >C;EO	> = � J ��GKOdYo>CO�>C1 = ;Eha>C_KÍmGKO	hK2 J 13GZY[;E4<;?> J G J
; 7 XL> = FL>CFDG�FDG�hK25^DFD;E_KÍmGKO�hK2 J >Cº¼XDG = >CO�º¼XDG�^L`C2�^DGKhKGKO<O<;NYo> J FDGKOdYo>CO 7 >C4[>C^�Y[;?>COK� = G M >C^DFD2
>C2�XDO<2/;E^DGZÑLhK;EGK^�Y[GIFD25O&4<GKhKXD4<O<25O�FD;EO<1325^Db M GK;EO �

pr254dYo>C^�Y[2D� M bNY[; J >\FDG$O<GKX�1D4<q51D4<;E2/O<XDhKGKO<O<2D� > 6 ^�Y[GK4<^DGZY�GK^DhK25^�Y[4[> s8O<G$�©254<_a>CFL>�>/O<2C�©4<GK4
J XDFL>C^D_a>CO�GKOdY[4<X]Y[XD4[>C;EO}1L>C4[>�º¼XDGn1325O<O[>vO<G�ÑL4 J >C4,hK2 J 2vO<2 = XD_a`C2 75= 25BL> = FDG�Y[G = GKhK2 J XD^D;Eha> s
_KÍmGKO �x6 OdY[2/O<; 7 ^D;NÑLha>$Y[4[>C^DOd�©254 J § s = >$G J X J >\4<GKFDGIhK2 J O<XD13254dY[G�> � XL> = ;EFL>CFDG�FDG$lmGK4 M ;E_K2
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W >CB3G = > ¤5�N¤ ��HA1 = ;Eha>C_KÍmGKO M GK4<O<XDO�O<GK^DO<;EBD; = ;EFL>CFDGv>C25O&1L>C4[è J GZY[4<25OnFDG � 2¼l �
W ;E132�FDGvY[4[§¨�©G 7 2 � >C�a`C2 prGK4<FL>CO � >¨Y[gK^DhK;?> ¼ ÆÈÜ½Ü8ÃZÅ
� 25� c XD;NY[2�BL>C;Ø�D> c �KFD;?> H = Yo> H = Yo>
e 2 J �K4<hK;E2�G = GZY[4 É ^D;EhK2 9�>C;Ø�D> H = Yo> H = Yo> 9�>C;Ø�D>
W 4[>C^DO[>C_KÍmGKO 9�>C;Ø�D> H = Yo> H = Yo> 9�>C;Ø�D>
e 254<4<GK;E2�G = GZY[4 É ^D;EhK2 9�>C;Ø�D> H = Yo> 9�>C;Ø�D> 9�>C;Ø�D>
HnhKGKO<O<2�4<G J 2CY[2 ³©W G = ^DGZY · 9�>C;Ø�D> H = Yo> c �KFD;?> 9�>C;Ø�D>
�A> M G 7 >C_a`C2�ï:GKB�ha>CO<XL> = 9�>C;Ø�D> c �KFD;?> c �KFD;?> 9�>C;Ø�D>
�A> M G 7 >C_a`C2�ï:GKB�hK4<bNY[;Eha> c �KFD;?> H = Yo> H = Yo> 9�>C;Ø�D>
W 4[>C^DOd�©GK4<gK^DhK;?>�FDG�>C4<º¼XD; M 25O H = Yo> c �KFD;?> 9�>C;Ø�D> 9�>C;Ø�D>
� ;EFDGK2mhK25^]�©GK4<gK^DhK;?> H = Yo> c �KFD;?> H = Yo> H = Yo>
c X = Y[;Eha>COdY H = Yo> H = Yo> H = Yo> H = Yo>

³E½�ÇDÝCÐ ÆÈÜ�>�Ä¾º$ß�ÃZÅ"à�ÆµáoÃ s � 2¼l ·"��{}ix| u z l w �¡G\@ z l W�w � ¬ ¸ }FDGZÑL^D;E4[> JR� 2¼l�>¨Y[4[> M �KOvFDG
º¼XL>¨Y[4<2v1L>C4[è J GZY[4<25OK� 2�4<GZYo>C4<FD2 ³ 25X = >¨Y[gK^DhK;?> · � Y[G J 132 7 >COdY[2�13G = 25O,FL>CFD25O}1L>C4[>A;E4,FL>��©25^�Y[G
>C2/FDGKOdY[;E^D2DÒ32¥¿ ÆÈÜ½Ü8ÃZÅ 25X M >C4<;?>C_a`C2�FD2�4<GZYo>C4<FD2DÒ3> M >C�a`C2D�»º¼XDG$hK254<4<GKO<1325^DFDG�¾\Yo> �D>/GZ�©GZY[; M >
FDG�Y[4[>C^DOd�©GK4<gK^DhK;?>�FDGvFL>CFD25OKÒDGv>�;E^�Y[G 7 4<;EFL>CFDG�º¼XDGvFD;E��4<GKO<13GK;NY[2�¾�ha>C1L>ChK;EFL>CFDG�FL>�4<GKFDGvG J
GK^�Y[4<G 7 >C4vhK254<4<GZYo> J GK^�Y[G\25OvFL>CFD25O �$��z�WnW H&s |nw©À ¬ � �FDGZÑL^D;EX � 2¼l�hK2 J 2	X J hK25^ �<XD^�Y[2
FDG J �ZY[4<;Eha>COK�DFDGKOdYo>Cha>C^DFD2�>CO&º¼XL>¨Y[4<2 J �ZY[4<;Eha>COn>C^�Y[GK4<;E254<GKO,�<XD^�Yo> J GK^�Y[GIhK2 J >\FD;EO<1325^D;EBD;Øs
= ;EFL>CFDGC�5�©4[>C_a`C2�FD2IY[G J 132�G J º¼XDG�>I4<GKFDG�GKOdYo§�2513GK4[>C^DFD2�G J hK25^DFD;E_KÍmGKOxO[>¨Y[;EOd�½>¨Y[q54<;?>CO � �A>
M GK4<FL>CFDGC� � 2¼l(132mFDG$O<GK4AFDGZÑL^D;EFL>/FDG��©254 J > J >C;EO�> J 1 = >\hK2 J 2�2�> 7 4<G 7 >CFD2/FDG�Y[2mFL>COA>CO
J �ZY[4<;Eha>CO�FDG�FDGKO<G J 13GK^DkD2	4<G = G M >C^�Y[GKO�^L>/FDGZÑL^D;E_a`C2�FD2�^Db M G = FDG$O<GK4 M ;E_K2(>ChK254<FL>CFD2�GK^�Y[4<G
h = ;EGK^�Y[GvGI1D4<2 M GKFD254 �

� ;N�©GK4<GK^�Y[GKO.>C1 = ;Eha>C_KÍmGKO,4<GKº¼XDGK4<G J FD;N�©GK4<GK^�Y[GKO�^Db M GK;EO}FDG � 2¼l3�51325;EO,132mFDG J O<GK4�O<GK^DO<b M GK;EO
>/FD;N�©GK4<GK^�Y[GKO�1L>C4[è J GZY[4<25OK�»hK25^]�©254 J GI; = XDOdY[4[>�>�Yo>CB3G = > ¤5�N¤ ¬ �  � pr254�G"�]G J 1 = 2D�»X J > = 25^ 7 >
Y[4[>C^DOd�©GK4<gK^DhK;?>�FDG�>C4<º¼XD; M 2�1D4<GKhK;EO[>�FDG�> = Yo> = >C4 7 XD4[>(FDG/�½>C;Ø�D>(G�;E^�Y[G 7 4<;EFL>CFDGC� J >CO�^L`C2��
O<GK^DO<b M G = >C2�4<GZYo>C4<FD2�G/¾�O<XL> M >C4<;?>C_a`C2 ��~ §(X J > M ;EFDGK2mhK25^]�©GK4<gK^DhK;?>	Yo> J B3� J 1D4<GKhK;EO[>�FDG
> = Yo> = >C4 7 XD4[>�FDG��½>C;Ø�D>]� J >CO��	> = Yo> J GK^�Y[G�O<GK^DO<b M G = >C2�4<GZYo>C4<FD2ÂG	¾�O<XL> M >C4<;?>C_a`C2D��> = � J
FDG�>CF J ;NY[;E4nX J hKGK4dY[2�^Db M G = FDG$13GK4<FL>CO � lmGK^DFD2	>CO<O<; J �»1D4<2 M GK4 � 2¼l(O<; 7 ^D;NÑLha>/G J Y[GK4 J 25O
1D4[§¨Y[;EhK25O hK25^�Y[4<2 = >C4¥GKOdY[GKO,1L>C4[è J GZY[4<25O¥1L>C4[>&ha>CFL>�>C1 = ;Eha>C_a`C2D�¨>nÑ J FDG.2CY[; J ;E�a>C4�25O 4<GKhKXD4<O<25O
FL>�4<GKFDGIGI2C�©GK4<GKhKGK4&FD;N�©GK4<GK^�Y[GKO&^Db M GK;EO&FDGIO<GK4 M ;E_K2 �

HA13GKO[>C4AFDGIY[2mFL>�>�>C4 7 X J GK^�Yo>C_a`C2�>C1D4<GKO<GK^�Yo>CFL>]�×>/^DGKhKGKO<O<;EFL>CFDG�FDG � 2¼l(^L> 6 ^�Y[GK4<^DGZY
^L`C2��vX J hK25^DO<GK^DO<2 7 GK4[> =µ� H =E7 XD^DO:hK4<gKG J º¼XDGI>�Y[�KhK^D;Eha>�FDG c X = Y[;E1 = G"�D>C_a`C2$13254 � ; M ;EO[`C2
G Jìe 2 J 1D4<; J GK^�Y[2�FDG w ^DFL> ³*Á\ÝCàCÃZÐEÃZÀTÂCÜN.�ÚIÆÈà�ÆEâZÆµÄ¨À�æ�ÇmÐ Ü½Æ Î3ÐEÃ¸Ã5ÆÈÀTÂ s,Ê �vc�·.= G M >C4[§$>$X J
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hKGK^L§C4<;E2�FDG = >C4 7 XD4[>�FDG��½>C;Ø�D>	G"�mY[4<G J > J GK^�Y[G�>CBDXD^DFL>C^�Y[G ¬ �  ��6 OdY[2�O<; 7 ^D;NÑLha>C4<;?>�Y[GK4 � 2¼l
;E^�Y[4<;E^DO<GKha> J GK^�Y[Gx�©254<^DGKhK;EFL>�13G = >&4<GKFDGC�5G = ; J ;E^L>C^DFD2&>�^DGKhKGKO<O<;EFL>CFDG�FDG J GKha>C^D;EO J 25Or>CFD;EhK;E2¨s
^L>C;EO�1L>C4[>vhK25^DOdY[4<XDbØs = > � HA13GKO[>C4xFDG&^L`C2IO<GK4.1325O<O<b M G = 1D4<G M GK4.2v�©X]Y[XD4<2D�m> =E7 XD^DOx>C4 7 X J GK^�Y[25O
�©254dY[GKO M `C2�FDG$GK^DhK25^�Y[4<2(>�GKOdYo> = ;E^DkL>�FDG�13GK^DO[> J GK^�Y[2 ��i�J 1D4<; J GK;E4<2 = X 7 >C4K�»^D2 M >COv>C1 = ;Øs
ha>C_KÍmGKO.Y[GK^DFDG J >IO<GK4:hK4<;?>CFL>COxhK2 J 4<GKº¼XD;EO<;NY[25OxFDG � 2¼l J >C;EOx4<GKOdY[4<;NY[; M 25OxG�1D4<;E^DhK;E1L> =EJ GK^�Y[G
hK2 J J >C;E254,FDG J >C^DFL>IFDG&Y[4[§¨�©G 7 2 7 GK4[>CFD2 �}6 ^Dh = XDO<; M GA>v1D4<q51D4<;?>��½>C4dY[XD4[>IFDG = >C4 7 XD4[>vFDGn�½>C;Øs
�D>$O<GK4 M G�hK2 J 2�;E^DhKGK^�Y[; M 2\>C2$FDGKO<GK^ M 2 =NM ; J GK^�Y[2�FDGKOdYo>CO�>C1 = ;Eha>C_KÍmGKO ��i�J O<G 7 XD^DFD2 = X 7 >C4K�¼2
13GK4dÑ = FD2\XDO<XL§C4<;E2\O<G 7 XDG�>�FD;EO<1325^D;EBD; = ;EFL>CFDG&FDGv4<GKhKXD4<O<25O �:e 2 J 2\G"�]G J 1 = 2\132mFDG J 25O:hK;NYo>C4
>	G M 2 = XD_a`C2(FD2 M 2 = X J G J �KFD;E2�FL>CO J GK^DO[> 7 GK^DOIFDG\hK254<4<GK;E2	G = GZY[4 É ^D;EhK2	^L> 6 ^�Y[GK4<^DGZY ��6 ^D;Øs
hK;?> =EJ GK^�Y[GC�»13GKº¼XDGK^L>CO J GK^DO[> 7 GK^DO�FDG�Y[G"�mY[2 � H�Y[XL> =EJ GK^�Y[GC�»Y[G"�mY[2�hK2 J ; J > 7 GK^DO&G M bEFDGK25O
>C^DG"�D>CFD25O �.e 2 J 2I>CX J GK^�Y[2IFL> = >C4 7 XD4[>AFDG��½>C;Ø�D>]�513254�º¼XDGn^L`C2IGK^ M ;?>C4}Ñ =EJ GKO};E^�Y[GK;E4<25O}G J
X J > J GK^DO[> 7 G JLÆ	i�J Y[GK4<hKGK;E4<2 = X 7 >C4K�54<GZYo>C4<FD25O}hK25^�Y[;E^¼XL>C4[`C2vO<GK^DFD2I; J 1D4<G M ;EO<b M GK;EO,FDG M ;EFD2
¾�1325O<O<;EBD; = ;EFL>CFDG\FDG�O<XD4dY[25O�FDG�> = Yo>(ha>C4 7 >�^L>�4<GKFDG � p,>C4[>�FDGZY[GK4 J ;E^L>CFD25O�XDO<XL§C4<;E25OK�,;EOdY[2
132mFDGvO<GK4n;E^�Y[2 = GK4[§ M G =µ�x{ ;E^L> =EJ GK^�Y[GC�¼�½>C4dY[XD4[>�FDG = >C4 7 XD4[>$FDGv�½>C;Ø�D>\>¨Y[XL> =EJ GK^�Y[GA^L`C2��vX J >
4<Ga> = ;EFL>CFDGvG J XD;NY[2 J GK^D25O&X J >\hKGK4dY[GK�a>]�C�<XDOdY[;NÑLha>C^DFD2/13254nX J B32 J Y[G J 132/>/>CFD2m_a`C2�FDG
J GKha>C^D;EO J 2\FDG � 2¼l�^L> 6 ^�Y[GK4<^DGZY �

lmGK^DFD2õ>CO<O<; J ��>C2 = 25^ 7 2ËFD25O�¹ = Y[; J 25O�>C^D25OK��2 6ti�W&{V³µ¿"ÀLÜ8ÃZÅ"À×ÃZÜ�<:ÀTÂCÆÈÀ×ÃoÃZÅ"ÆÈÀTÂÈÇ»Ý âoç
årÄ¨Å[áoÃ · 1D4<251 É O M §C4<;E25O J 2mFDG = 25OIG J GKha>C^D;EO J 25O�1L>C4[>�O<XD1D4<;E4�>CO$FDG J >C^DFL>CO$FDG � 2¼l � HAO
1D4<;E^DhK;E1L>C;EO�FDGKOdYo>CO�1D4<251325OdYo>COnO<GK4[`C2/FDGKO<hK4<;NYo>CO&O<XDhK;E^�Yo> J GK^�Y[G�>\O<G 7 XD;E4 �

���ÊÉ ËÌ¨X�ÍkQ� ³ ���ÎÍu�Ï¨\�¢Ð9Ñ ³ ��®!¬©Ò¥~�4�Ó¡9 §Ô®!�Õ°�® ³ �©¨\®4� ³

� GK^�Y[4<G\>CO&1D4<251325OdYo>CO�FDGKO<GK^ M 2 =NM ;EFL>COA13G = 2 6ti�W&{ 1L>C4[>/>/; J 1 = G J GK^�Yo>C_a`C2\FDG � 2¼l	^L>
6 ^�Y[GK4<^DGZY�FDGKOdYo>Cha> J s8O<GC� c p � l ³�æ�ÇmÐ Ü½ÆÄÖ:Å[Ä¨Ü8Ä�áoÄ¨Ð6×¥Ý%·"ÃZÐ¼ß]@�ÆÈÜ8áØ.mÆÈÀTÂD· ¬ ® �5± µ� | 2CY[Ga> J GK^�Y[2�9�> s
O<Ga>CFD2/G Jf| GKOdY[4<;E_KÍmGKO ³E�.Ä¨À]âZÜ½Å<ÝCÆÈÀLÜ�,ÚÙAÝ â�Ã[Þf:&Ä¨ÇmÜ½ÆÈÀTÂ s e 9 |A· ¬ � µ� i ^ 7 GK^DkL>C4<;?>\FDG W 4[§¨�©G 7 2
³�ÇDÅ<ÝÜÛ�áV<:ÀTÂCÆÈÀ×ÃoÃZÅ"ÆÈÀTÂ s W&i.· ¬ ¯ µ��lmGK4 M ;E_K25O 6 ^�Y[G 7 4[>CFD25O ³µ¿"ÀLÜ8Ã;ÂCÅ<ÝCÜ8Ã[Þ�ß�ÃZÅ"à�ÆµáoÃoâ s 6 ^�Y"lmGK4 MD·
¬ ¤�£ .G�lmGK4 M ;E_K25O � ;N�©GK4<GK^DhK;?>CFD25O ³�ÚIÆ Û�ÃZÅ[ÃZÀLÜ½Æ½ÝCÜ8Ã[Þ(ß�ÃZÅ"à�ÆµáoÃoâ s � ;Nã¥lmGK4 MD· ¬ ¤5¤ � ¤ ¢  �	i�J B3254[>
Y[2mFL>CO\GKOdYo>CO/1D4<251325OdYo>CO M GK^DkL> J >ÂO<GK4/>CB3254<FL>CFL>CO�>Cº¼XD;nG J X J J GKO J 2Ì^Db M G = �.>CO\Y[4<gKO
1D4<; J GK;E4[>CO&hK25^DO<;EOdY[G J«J >C;EO�G J 2CY[; J ;E�a>CFD254<GKO�FDG$FDGKO<G J 13GK^DkD2(G J 4<GKFDGKOK��GK^Dº¼XL>C^�Y[2	º¼XDG
>CO&FDXL>CO&¹ = Y[; J >CO:FDGZÑL^DG JjJ XDFL>C^D_a>CO&GKOdY[4<X]Y[XD4[>C;EO&^L>�>C4<º¼XD;NY[GZY[XD4[>\FL> 6 ^�Y[GK4<^DGZY �

ÝbÞÚßàÞÜÝ áãâkäaå
w 1D4<;E^DhK;E1L> = 25B¼�<GZY[; M 2ÌFD2 7 4<XD132ÂFDG�Y[4[>CBL> = kD2�FD2 6ti�W&{ G J0c p � l ³�æ�ÇmÐ Ü½ÆÄÖ:Å[Ä¨Ü8Ä�áoÄ¨Ð

×¥Ý%·"ÃZÐ.ß]@�ÆÈÜ8áØ.mÆÈÀTÂD· �	2ÂFDG	1L>CFD4<25^D;E�a>C4�X J >�Y[GKhK^D2 = 2 7 ;?>�º¼XDG	;E^�Y[G 7 4<G	25O\1L>C4[>CFD; 75J >CO�FD2
GK^Dha> J ;E^DkL> J GK^�Y[2	13254vhK2 J X]Yo>C_a`C2(FDG\4<qCY[X = 25O ³tÐNÝ%·"ÃZÐ âE@�ÆÈÜ8áØ.mÆÈÀTÂD· hK2 J 2(FD2(4<2CY[Ga> J GK^�Y[2
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^L>�ha> J >CFL>�FDG�4<GKFDG �Ìi OdYo>�Y[GKhK^D2 = 2 7 ;?> M ;EO[> J G = kD254[>C4�2�FDGKO<G J 13GK^DkD2ÂFD2Â4<2CY[Ga> J GK^�Y[2D�
Y[254<^L§ s = 2 J >C;EO$GKO<ha> = § M G = G	1D4<2 M GK4 J >C;EO�ÙLG"�];EBD; = ;EFL>CFDG�^D25O�O<GKXDO�O<GK4 M ;E_K25OK�x�½>C�KGK^DFD2ÌhK2 J
º¼XDG�1325O<O[> J O<GK4�>CFD;EhK;E25^L>CFD25O�O<G J > = Y[GK4[>C4n>��©254 J >�FDGIGK^Dha> J ;E^DkL> J GK^�Y[2 ¬ ® �»±  �

e >CFL>/1L>ChK2CY[G c p � l(1325O<O<XD;rX J ha>CB3GK_a> = kD2 � �A> J >C;E254<;?>$FD25O�ha>CO<25OK�»GKOdY[G$ha>CB3GK_a> = kD2
��GK^Dha>C1DO<X = >CFD2$GK^�Y[4<GA>CO.ha> J >CFL>vFDG�GK^ = >ChKG�G�FDG�4<GKFDGC�mhK25^�Y[GK^DFD2D�}X J 4<qCY[X = 2D��X J ha> J 132
G"�]13GK4<; J GK^�Yo> = hK25^DkDGKhK;EFD2�hK2 J 2&h = >CO<O<GxFDGxO<GK4 M ;E_K2 ³E�}ÐNÝ âoânÄ¾º�ß�ÃZÅ"à�ÆµáoÃ s e 2¼l · ��X J ;E^DFD;Eha>CFD254
FDGx1D; = kL>:FDG�4<qCY[X = 25O ³tÐNÝ%·"ÃZÐCâZÜ�Ý¼áoçL· G�X J ha> J 132 WnW&��³�Ç ÆÈÁ�ÃE,�Ç3Ä),Ú×,ÆÈàCÃ ·"� ��25O¥FDG J >C;EO¥ha>CO<25OK�
2Aha>CB3GK_a> = kD2 c p � l$�.hK2mFD;NÑLha>CFD2AG J ha>CB3GK_a> = kD25OL�[§�G"�];EOdY[GK^�Y[GKOK��hK2 J 2�^D25O,;EFDGK^�Y[;NÑLha>CFD254<GKO
FDG�ha> J ;E^DkD2�G�hK;E4<hKXD;NY[2 M ;E4dY[XL>C;EO ³È� p 6dy �Ae:6d· G J 4<GKFDGKO�H W�c ³Ú»AâE>¨À×áØ.mÅ[Ä¨À×Ä¨Ç�âkÇDÅ<ÝCÀ]â#ºaÃZÅ
æ¶ÄaÞ¼Ã ·"�

w 1D4<;E^DhK;E1L> = �©XD^DFL> J GK^�Y[2(FD2(1L>C4[>CFD; 75J > c p � lÂ�/>	O<GK1L>C4[>C_a`C2(FD2(4<2CY[Ga> J GK^�Y[2(G J
FDXL>COn�©XD^D_KÍmGKO � H�1D4<; J GK;E4[>��©XD^D_a`C2�4<GK¹D^DG�25On1L>ChK2CY[GKO&º¼XDG�O<GK4[`C2/GK^Dha> J ;E^DkL>CFD25O�FL> J GKOts
J > J >C^DGK;E4[>�G J«7 4<XD1325OvFDGK^D2 J ;E^L>CFD25O e:= >CO<O<GKOIFDG i º¼XD; M > = gK^DhK;?>�FDG i ^Dha> J ;E^DkL> J GK^�Y[2
³�årÄ¨Å-@.ÝCÅ<ÞCÆÈÀTÂ4<àæKÇmÆÈà¨ÝCÐEÃZÀ×áoÃ{�}ÐNÝ âoâ�Ãoâ s {}i.e O ·"� H¦O<G 7 XD^DFL>��©XD^D_a`C2�4<Ga> = ;E�a>(>�GKO<hK2 = kL>�FDG
X J�M > = 254�1L>C4[>\2/4<qCY[X = 2 c p � l	FDGIha>CFL>�h = >CO<O<GC�LFDGZY[GK4 J ;E^L>C^DFD2\2/4<2CY[Ga> J GK^�Y[2 �

i OdYo> M ;EO[`C2AG"�]1 = 254[>�hKGK4dYo>CO,FDGZÑLhK;EgK^DhK;?>CO,FD2A4<2CY[Ga> J GK^�Y[2A^L> 6 ^�Y[GK4<^DGZYa��25^DFDG.ha>CB3GK_a> = kD25O
6 p�O[`C2�G"�D> J ;E^L>CFD25O�G J ha>CFL>�1325^�Y[2�FDG/Y[4[èC^DO<;NY[2 ³©J X = Y[;E1 = G"�D>CFD254K�r4<2CY[Ga>CFD254$25XËhK2 J Xms
Yo>CFD254 ·Êç"�v6 OdY[2	hK25^DO<2 J G$Y[G J 132�G�hK25^�Y[4<;EBDXD;,1L>C4[>�2	4<GZYo>C4<FD2�Y[2CYo> = ^L> J GKFD;EFL>�G J º¼XDG\2
ha>CB3GK_a> = kD2 6 pThK25^�Y[� J�J XD;NY[2 J >C;EOI;E^]�©254 J >C_a`C2(FD2�º¼XDG�2�^DGKhKGKO<O[§C4<;E2�1L>C4[>(FDGZY[GK4 J ;E^L>C4
2�1D4<qa�]; J 2(^Dq � H = � J FD;EO<O<2D�rG J ha>CFL>�4<2CY[Ga>CFD254K� Yo>CB3G = >COIFDG/4<2CY[Ga> J GK^�Y[2�Yo> J B3� J O[`C2
G"�D> J ;E^L>CFL>CO�1L>C4[>Ì>�GKO<hK2 = kL>ÂFD2Ì1D4<qa�]; J 2Â1L>CO<O<2ÌG J FD;E4<GK_a`C2¶>C2ÂFDGKOdY[;E^D2 �ëi OdYo>�Yo>C4<GZ�½>
Yo> J B3� J 132mFDG\O<GK4vhK25^DO<;EFDGK4[>CFL>	;E^DGZÑLhK;EGK^�Y[G\º¼XL>C^DFD2(O<G = G M >�G J hK25^�Yo>	>	4[>C�K2�§ M G = GKOdYo> s
BD; = ;EFL>CFDG�FL>CO�Yo>CB3G = >COIFDG�4<2CY[Ga> J GK^�Y[2�G�>�O<25BD4<GK1325O<;E_a`C2�FDG�4<2CYo>CO�FDG/ÙLXm�]25O�FDG/Y[4[§¨�©G 7 2
FD;EOdY[;E^�Y[25O � H J BL>CO��½>C�KG J hK2 J º¼XDG M §C4<;E25O�1L>ChK2CY[GKO�º¼XL>CO<G�O<G J 1D4<G�25B]Y[GK^DkL> J 2 J GKO J 2
4<GKO<X = Yo>CFD2�^D2�1D4<2mhKGKO<O<2�FDG�4<2CY[Ga> J GK^�Y[2 � pr254dYo>C^�Y[2D� ^D2�GK^Dha> J ;E^DkL> J GK^�Y[2(hK25^ M GK^DhK;E25^L> =
FD2Â1D4<2CY[2mhK2 = 2 6 pr�}X J 4<2CY[Ga>CFD254�hK25^DO<;EFDGK4[>�FD25;EO�1L>ChK2CY[GKO\hK2 J 2Â13GK4dY[GK^DhKGK^�Y[GKO/¾ J GKO J >
{}i.e O<G�G"�];EOdY[G$> =E7 X J 1D4<GZÑ]�]2�^D25O&GK^DFDGK4<GK_K25OAFDGKOdY[;E^D2/FDG�> J B325O&º¼XDGI1D4<2 M 2mha>/2 J GKO J 2
4<GKO<X = Yo>CFD2�^L>(BDXDO<ha>�FD2�1D4<qa�]; J 2(^Dq�^L>(Yo>CB3G = >	FDG�4<2CY[Ga> J GK^�Y[2 �(e 25^�Y[XDFD2D�,2�1D4<2mhKGKO<O<2
O<GI4<GK13GZY[G�>�ha>CFL>\^Dq/>¨Y[4[> M GKO<O[>CFD2D�»25^DFDGv25On1L>ChK2CY[GKO&O[`C2�4<GKG"�D> J ;E^L>CFD25OnGv4<Ga>¨Y[4<;EBDXDbEFD25On>
X J > {}i.eA�

i�J c p � l3�&>óFD; M ;EO[`C2ëFD2õ4<2CY[Ga> J GK^�Y[2óG J FDXL>CO	�©XD^D_KÍmGKO(FD;EOdY[;E^�Yo>CO�Y[254<^L> s82 J >C;EO
ÙLG"�]b M G = �:1325;EO�Y[2mFD25O�25O�1L>ChK2CY[GKO�13GK4dY[GK^DhKGK^�Y[GKO	>ÂX J > J GKO J > {}i.e 132mFDG J 4<GKhKGKB3GK4/2
J GKO J 2�4<qCY[X = 2&ha>CO<2�Y[GK^DkL> J >CO J GKO J >CO 4<GKOdY[4<;E_KÍmGKO � H = Y[GK4<^L>¨Y[; M > J GK^�Y[GC� 4<qCY[X = 25O FD;EOdY[;E^�Y[25O
èêé]ëíì*îEï;ðòñ¸ó#ôÚñ#õ�ð�ó�ñÜö)÷�î�ð-ì*îEï;÷�ðE÷�î¥ø¾îEëÈñÜö�ùúî�ûRü�ñýö�î�ø¾îEöRôÚñ¾þ�ôÚî¥÷�ð¥ÿNöRôÚñÜïÚö�ñ¾ô��������	�Vó�ü�
*îEï�ô;ð���-ï�� îRó


�ïÚî-ôÚî�ø¾î�� îRó�÷�ð©øÜð-ëàðE÷�ð�÷�ñnïÚñ¸÷�ñ��Êõ#ü)ó#ô�� �*øÜð-ö)÷�îàî©ö�îEë©ñ������ ��� ������� ��!"��� #
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132mFDG J O<GK4�XDO[>CFD25O�1L>C4[>$FD;N�©GK4<GK^DhK;?>C4xÙLXm�]25O�FDGAY[4[§¨�©G 7 2$FDGK^�Y[4<2\FDG�X J > J GKO J >�h = >CO<O<G�FDG
GK^Dha> J ;E^DkL> J GK^�Y[2 �,c >CO,>�1D4<;E^DhK;E1L> =CM >C^�Yo> 7 G J �.º¼XDG.X J 1L>ChK2CY[G.�:>¨Y[4<;EBDXDbEFD2&>&X J > {}i.e
>C13GK^L>CO&X J > M GK�C�3^D2/1325^�Y[2�FDG�GK^�Y[4[>CFL>�FDG�X J FD2 J bE^D;E2 c p � l ³ hK25^ �<XD^�Y[2/hK25^�Y[bE^¼XD2/FDG
^Dq5O	º¼XDGÂ2513GK4[> Jñc p � léGÂO[`C2ó>CF J ;E^D;EOdY[4[>CFD25O�O<G 7 XD^DFD2õ>CO J GKO J >CO�132 = bNY[;Eha>CO ·"�T6 OdY[2
4<GKFDXD��2�hKXDOdY[2�13254x^Dq�G J 4<G = >C_a`C2�>C2I4<2CY[Ga> J GK^�Y[2�hK25^ M GK^DhK;E25^L> =µ�xe >CFL>I4<2CY[Ga>CFD254 c p � l3�
FDGK^D2 J ;E^L>CFD2 | 2CY[Ga>CFD254IFDG e 2 J X]Yo>C_a`C2�13254 | qCY[X = 2 ³;×¥Ý%·"ÃZÐ?,�ß]@�ÆÈÜ8áØ.mÆÈÀTÂ4:&Ä¨ÇmÜ8ÃZÅ s � l |A· �
G"�D> J ;E^L>n>C13GK^L>CO 2&4<qCY[X = 2 ³ G�1325O<O<; M G =EJ GK^�Y[Gx2&ha> J 132 e 2¼l · 1L>C4[>nGK^Dha> J ;E^DkL>C4�X J 1L>ChK2CY[G �

HVÑ 7 XD4[> ¤5�N¤ ; = XDOdY[4[>Ì2ÓGK^Dha> J ;E^DkL> J GK^�Y[2¶FDG�X J 1L>ChK2CY[G�>¨Y[4[> M �KO�FDG�X J FD2 J bE^D;E2
c p � l � ��2Ë^Dq c p � lõFDG�;E^ 7 4<GKO<O<2D��2Ó1L>ChK2CY[G���h = >CO<O<;NÑLha>CFD2ÓG�4<2CY[Ga>CFD2ÓhK2 J BL>CO<G�^D2
ha>CB3GK_a> = kD2 6 p¡G(G J ;E^]�©254 J >C_KÍmGKO = 2mha>C;EO�O<25BD4<G�4<2CY[Ga> J GK^�Y[2 J >C^�Y[;EFL>CO�^D2 � l |I�xw ha> s
B3GK_a> = kD2 c p � ló�	GK^�Yo`C2¶;E^DO<GK4<;EFD2 �ë6 ^�Y[GK4<^L> J GK^�Y[GC� � l | O�XDO[> J 2Ì4<qCY[X = 2ÂhK2 J 2ÌbE^DFD;EhKG
FDG\BDXDO<ha>	G J X J >/Yo>CB3G = >�FDG\GK^Dha> J ;E^DkL> J GK^�Y[2 �Ii OdY[G�1D4<2mhKGKO<O<2(� J >C;EOA4[§C1D;EFD2�FD2	º¼XDG
>	BDXDO<ha>(G J Yo>CB3G = >COvFDG\4<2CY[Ga> J GK^�Y[2D�¥13G = >�O<; J 1 = ;EhK;EFL>CFDG�G\�½>ChK; = ;EFL>CFDG�FDG�;E^�Y[G 7 4[>C_a`C2(>C2
.DÝCÅ<Þ*@.ÝCÅ[ÃZ��i�J O<G 7 XD;EFL>]�¥2�4<qCY[X = 2	FDG�GK^�Y[4[>CFL>(��O<XDBDOdY[;NY[XDbEFD2(13G = 2	FDG�O[>CbEFL>	G�2(1L>ChK2CY[G
�$hK2 J X]Yo>CFD2�1L>C4[>�2�1D4<qa�]; J 2 � l |I�»6 OdY[2�O<G�4<GK13GZY[G�>¨Y[�$2�^Dq c p � l�FDG$G 7 4<GKO<O<2D�×25^DFDG�2
ha>CB3GK_a> = kD2��:4<G J 2 M ;EFD2�>C^�Y[GKO,FD2A1L>ChK2CY[G.FDGK;Ø�D>C4r2�FD2 J bE^D;E2 c p � l �5w 1D4<2mhKGKO<O<2A�:BL>COdYo>C^�Y[G
O<; J ; = >C4,¾IhK2 J X]Yo>C_a`C2 � p 6dy �Ae:6 G J 4<GKFDGKO.H W�c¶� H�hK2 J X]Yo>C_a`C2IkD;EGK4[§C4<º¼XD;Eha>v�&13GK4 J ;NY[;EFL>
>¨Y[4[> M �KO�FD2�G J 1D; = kL> J GK^�Y[2\FDGI4<qCY[X = 25OK�m�½>ChK; = ;NYo>C^DFD2\>\; J 1 = G J GK^�Yo>C_a`C2�FDGvY[¹D^DGK;EO �

Fonte DestinoLSR A LSR CLSR B

LSR D LSR E

LSPPDU IP L2 PDU IP L2

LSR A LSR B21

LSR D

26

Entrada Saída

13 LSR E 34

Pacote IP

Tabela de
Encaminhamento

PDU IP 21 L2 PDU IP 26 L2

Nó MPLS de Ingresso
Inserção do Rótulo

Nó MPLS de
Egresso
Remoção do Rótulo

Comutação do Rótulo

Domínio MPLS

PDU - Protocol Data Unit
L2 - Quadro da camada de enlace

{ ; 7 XD4[> ¤5�N¤ � c p � l �

w OIha> J ;E^DkD25O�GK^�Y[4<G � l | OvFDG�;E^ 7 4<GKO<O<2(G�G 7 4<GKO<O<2�O[`C2(hokL> J >CFD25OIFDG e > J ;E^DkD25O e 2¨s
J X]Yo>CFD25O�13254 | qCY[X = 2 ³;×¥Ý%·"ÃZÐ?,�ß]@�ÆÈÜ8áØ.LÃ[ÞLÖnÝCÜN.�â s � l]p�O ·"� HªO<G = GK_a`C2�FL>CO�4<2CYo>COI132mFDG/O<GK4
�©GK;NYo>A^Dq¨st> s8^Dq ³;.LÄoÎ�,Ü·R>),Ú.LÄoÎ¥· �C25^DFDGnha>CFL>�4<2CY[Ga>CFD254}GKO<hK2 = kDG�2v1D4<qa�]; J 2�1L>CO<O<2DÒ¼25X\FDG��©254 J >
G"�]1 = bEhK;NYo>]�]25^DFDGIX J ¹D^D;EhK2�^Dq�GKOdYo>CB3G = GKhKGIY[2mFD2�2�ha> J ;E^DkD2 �

c p � l¶132mFDG�4<Ga> = ;E�a>C4v>�>¨Y[4<;EBDXD;E_a`C2	FDG/4<qCY[X = 25OIFDG\Y[4<gKO J >C^DGK;E4[>CO � �A>(1D4<; J GK;E4[>]��25O
4<qCY[X = 25O/O[`C2Ë>¨Y[4<;EBDXDbEFD25O�1D4<G M ;?> J GK^�Y[G�FDG�>ChK254<FD2ÓhK2 J >CO/;E^]�©254 J >C_KÍmGKO�FD25O�1D4<2CY[2mhK2 = 25O
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FDG�4<2CY[Ga> J GK^�Y[2ÂhK25^ M GK^DhK;E25^L>C;EO � �A>�O<G 7 XD^DFL>]�x;E^]�©254 J >C_KÍmGKO�FDG�hK25^�Y[4<2 = G�FDG	1D4<2CY[2mhK2 = 25O
FDG�4<GKO<GK4 M >¶FDG�4<GKhKXD4<O<25O�FD;EO<1L>C4[> J >ÌhK4<;?>C_a`C2¶FD25O/ha> J ;E^DkD25O\G�FDG�4<qCY[X = 25O\1L>C4[>ÂÙLXm�]25O
;E^DFD; M ;EFDXL>C;EOA25X¶> 7 4<G 7 >CFD25O �\{ ;E^L> =EJ GK^�Y[GC�×4<qCY[X = 25Ov132mFDG J O<GK4�>¨Y[4<;EBDXDbEFD25OAG�FD;EOdY[4<;EBDXDbEFD25O
FD;E^L> J ;Eha> J GK^�Y[G�^L>\hokDG 7 >CFL>/FD2\Y[4[§¨�©G 7 2 � ��GKOdY[G�¹ = Y[; J 2�ha>CO<2D�L2\Y[G J 132�FDGIhK25^]Ñ 7 XD4[>C_a`C2
132mFDGIO<GK4&O<; 7 ^D;NÑLha>C^�Y[Gv1L>C4[>\2�4<GZYo>C4<FD2 �

pr254dYo>C^�Y[2D� c p � l�1D4<2 M g\132CY[GK^DhK;?> = 1L>C4[>�>�hK2 J X]Yo>C_a`C2�FDG$Y[2mFD2�2�Y[4[§¨�©G 7 2�º¼XDG�>¨Y[4[> s
M GKO<O[>�X J >\4<GKFDGC�L25^DFDGI2/^Db M G = FDG 7 4[>C^¼X = 25O<;EFL>CFDGvFL>�>¨Y[4<;EBDXD;E_a`C2\FD25O&4<qCY[X = 25On�vÙLG"�]b M G = G
FDGK13GK^DFDG�FL>/GKO<hK2 = kL>/FDG�X J >�FL>CO�>CB3254<FL> 7 GK^DOA>C^�Y[GK4<;E254<GKO �&| qCY[X = 25O&132mFDG J O<GK4�>¨Y[4<;EBDXDbØs
FD25O�13254,1D4<GZÑ]�]25OxFDG�GK^DFDGK4<GK_K25Ox25X�> 7 4<XD1L> J GK^�Y[25O}FDGKOdY[GKOK�¼132mFDGK^DFD2v4<GK1D4<GKO<GK^�Yo>C4�Yo> J B3� J
4<2CYo>CO�G"�]1 = bEhK;NYo>CO � p,>C4[>�^Db M GK;EOAFDG\ha>C1D; = >C4<;EFL>CFDG J >C;E254<GKOK�34<qCY[X = 25OA132mFDG J O<GK4I>¨Y[4<;EBDXDbEFD25O
13254nXDO<XL§C4<;E25OK�LGKOdYo>C_KÍmGKO&G�>¨Y[� J ;EhK4<2CÙLXm�]25O�$ �

c p � l�^DGKhKGKO<O<;NYo>$FDGAX J J GKha>C^D;EO J 2�1L>C4[>$>�FD;EOdY[4<;EBDXD;E_a`C2IFD25O:4<qCY[X = 25O:>IÑ J FDGAhK25^DOts
Y[4<XD;E4 � l]p�O � H�>C4<º¼XD;NY[GZY[XD4[>(^L`C2�>CO<O<X J G�^DGK^Dk¼X J 1D4<2CY[2mhK2 = 2(G J 1L>C4dY[;EhKX = >C4vG�G"�];EOdY[G J
M §C4<;?>COn>CB3254<FL> 7 GK^DOnº¼XDGv132mFDG J O<GK4&GKO<hK2 = kD;EFL>CO�G J �©XD^D_a`C2\FD25On4<GKº¼XDGK4<; J GK^�Y[25O&; J 1325OdY[25O
1L>C4[>\>�hK4<;?>C_a`C2�FD25O � l]p�O � lmGv25O�ha> J ;E^DkD25O�O<Gv4<G = >ChK;E25^L> J hK2 J >COn4<2CYo>CO�hK25^ M GK^DhK;E25^L>C;EOK�
>ËFD;EOdY[4<;EBDXD;E_a`C2¶FD25O	4<qCY[X = 25O/132mFDG�O<GK4	G J BDX]Y[;EFL>¶^D25O	1D4<2CY[2mhK2 = 25O/FDG�4<2CY[Ga> J GK^�Y[2 ¬ ¤ ¸  �
� XL>C^DFD2�25O$ha> J ;E^DkD25O�GKOdYo`C2�4<GKO<GK4 M >CFD25O\1L>C4[>�1L>ChK2CY[GKO�FDG/ÙLXm�]25O�GKO<13GKhKbNÑLhK25OK�x1D4<2CY[2mhK2¨s
= 25O$FDG	4<GKO<GK4 M >ÂhK2 J 2�2 | l � p ³;:&Ãoâ�Ä¨ÇmÅ[áoÃa:&Ãoâ�ÃZÅ	%LÝCÜ½ÆµÄ¨ÀÅÖ:Å[Ä¨Ü8Ä�áoÄ¨Ð½· ¬ ¤�� �G"�]GKhKX]Yo> J GKOdYo>
Yo>C4<GZ�½> � H = � J FD;EO<O<2D�3^D2 M 25OA1D4<2CY[2mhK2 = 25O&hK2 J 2/2 � � p ³;×¥Ý%·"ÃZÐ�ÚIÆEâZÜ½Å"Æ�·KÇmÜ½ÆµÄ¨À Ö:Å[Ä¨Ü8Ä�áoÄ¨Ð½· GKOts
Yo`C2�G J FDGKO<GK^ M 2 =NM ; J GK^�Y[2/1L>C4[>\FD;EOdY[4<;EBDXD;E_a`C2 7 GK^D�K4<;Eha>\FDGI4<qCY[X = 25O ¬ ¤�� ¥GIO<XD13254dY[G�>\4<2CYo>CO
G"�]1 = bEhK;NYo>CO ¬ ¤�®  �

i�J Y[GK4 J 25OnFDGIO<XD13254dY[GI1L>C4[> � 2¼l3�D2�4<qCY[X = 2 c p � l	GI2513hK;E25^L> =EJ GK^�Y[G�2�ha> J 132 e 2¼l
13GK4 J ;NY[G J >CO<O<2mhK;?>C4�FD;N�©GK4<GK^�Y[GKO�h = >CO<O<GKO&FDGIO<GK4 M ;E_K2�>�FD;N�©GK4<GK^�Y[GKO � l]p�O � H�O<GK1L>C4[>C_a`C2��©XD^ms
FL> J GK^�Yo> = GK^�Y[4<G�h = >CO<O<GKOIFDG\GK^Dha> J ;E^DkL> J GK^�Y[2	G/>¨Y[4<;EBDXD;E_a`C2�FDG\4<qCY[X = 25O 7 >C4[>C^�Y[G�>�ÙLG"�];Øs
BD; = ;EFL>CFDG�1L>C4[>�>\1D4<2 M ;EO[`C2/FDGI^Db M GK;EO&FD;EOdY[;E^�Y[25OnFDG � 2¼l�G J FD;N�©GK4<GK^�Y[GKO&^Db M GK;EO&FDG 7 4[>C^¼X = 2¨s
O<;EFL>CFDG ��e 25^]�©254 J G$O<GK4[§ M ;EOdY[2�^L>�O<XDBDO<GK_a`C2 ¤5�²¢m� ¸ � c p � l�Yo> J B3� J 1D4<2 M g\O<XD13254dY[G�1L>C4[>
GK^ 7 GK^DkL>C4<;?>�FDG$Y[4[§¨�©G 7 2	>¨Y[4[> M �KOvFL>�; J 1 = G J GK^�Yo>C_a`C2/FDG�4<2CY[Ga> J GK^�Y[2�BL>CO<Ga>CFD2	G J 4<GKOdY[4<;Øs
_KÍmGKO ��{ ;E^L> =EJ GK^�Y[GC�xG J 4<GKFDGKO/FDG�1D4<2 M GKFD254<GKO�FDG�>ChKGKO<O<2Ë¾ 6 ^�Y[GK4<^DGZY ³µ¿"ÀLÜ8ÃZÅ"À×ÃZÜvß�ÃZÅ"à�ÆµáoÃ
Ö:Å[Ä¨à�Æ½Þ¼ÃZÅ[â s 6 l]p�O · �D>$FD;N�©GK4<GK^DhK;?>C_a`C2�FD25O:O<GK4 M ;E_K25O�; J 1 = ;Eha>C4[§vG J hK25BD4[>C^D_a>CO�hK2 J 2��©XD^D_a`C2
FD2�^Db M G = FDG � 2¼l�FDGKOd�©4<X]Yo>CFD2�13G = 2�XDO<XL§C4<;E2 � ��GKOdY[GKOI> J BD;EGK^�Y[GKOK� c p � l�132mFDG$O<GK4 J XD;NY[2
¹]Y[; = ^L>\Yo>C4<;N�½>C_a`C2D�D1325;EO&O<XL>/>C4<º¼XD;NY[GZY[XD4[>�13GK4 J ;NY[G�>/>¨Y[4<;EBDXD;E_a`C2\FDG�4<qCY[X = 25OnYo>C^�Y[2�>�^Db M G =
FDGIXDO<XL§C4<;E2�hK2 J 2�13254nGKOdYo>C_a`C2 �

&�'�ëÅë(��ø¾ïÚî*))ü�þ�î�ø¾îEïÚïÚñ¸ó+
*îEö)÷�ñXðbü�ë,))ü�þ�î©÷�ñ-
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��25O$> =E7 254<;NY J 25O�º¼XDG/; J 1 = G J GK^�Yo> J 2�4<2CY[Ga> J GK^�Y[2 6 pThK25^ M GK^DhK;E25^L> = �,2�4<GKO<X = Yo>CFD2��
�©XD^D_a`C2�>C13GK^L>COxFD2$GK^DFDGK4<GK_K2�FDGKOdY[;E^D2�G�FD2�hK25^�Y[GK¹DFD2�FL>vYo>CB3G = >vFDG�4<2CY[Ga> J GK^�Y[2 � H+1L>C4dY[;E4
FDGKOdY[GKO	FD25;EO/1L>C4[è J GZY[4<25OK��2ËGK^ = >ChKG�FDG�O[>CbEFL>¶GKO<hK2 = kD;EFD2Ó��>Cº¼XDG = G�º¼XDG�hK254<4<GKO<1325^DFDGÂ>C2
J GK^D254nhKXDOdY[2�FDG�>ChK254<FD2�hK2 J >CO J �ZY[4<;Eha>CO�X]Y[; = ;E�a>CFL>CO ��e 2 J 2\2�GK^DFDGK4<GK_K2/FDGKOdY[;E^D2/��Ñ]�]2D�
>Ë4<2CYo>Ë1L>C4[>ËX J FDGZY[GK4 J ;E^L>CFD2ÓÙLXm�]2óFDG�Y[4[§¨�©G 7 2ëFDGZÑL^D;EFD2ë13254�X J 1L>C4	FDGÂGK^DFDGK4<GK_K25O
�©25^�Y[G/G/FDGKOdY[;E^D2�O<GK4[§�O<G J 1D4<G�> J GKO J >]�r>�^L`C2�O<GK4$º¼XDG�2mhK254<4[> JRJ XDFL>C^D_a>CO�^L>(Yo>CB3G = >
FDG�4<2CY[Ga> J GK^�Y[2 �Ii OdYo>COI> = Y[GK4[>C_KÍmGKOA2mhK254<4<G J º¼XL>C^DFD2(>�Y[25132 = 2 7 ;?>\FL>�4<GKFDG J XDFL>�25XÂG J
�©XD^D_a`C2�FDG��½> = kL>CO �,{,= X]Y[XL>C_KÍmGKO¥FDGxha>C4 7 >nYo> J B3� J 132mFDG J ;E^]ÙLXDGK^DhK;?>C4¥º¼XL>C^DFD2A2&1D4<2CY[2mhK2 = 2
FDGv4<2CY[Ga> J GK^�Y[2�X]Y[; = ;E�a> J �ZY[4<;Eha>CO M >C4<;?§ M GK;EO:^D2�Y[G J 132D�mYo>C;EO:hK2 J 2�2\4<GZYo>C4<FD2\25X�Yo> J >C^DkD2
FDG�Ñ = >CO �ëw X]Y[4[>Â1325O<O<;EBD; = ;EFL>CFDG/�(>�Y[�KhK^D;Eha>ÂFDG	BL> = >C^DhKGa> J GK^�Y[2ÂFDG(ha>C4 7 >�1D4<GKO<GK^�Y[G�G J
> =E7 XD^DO$1D4<2CY[2mhK2 = 25OK�,>�º¼XL> = hK2 J 1L>C4dY[; = kL>	2�Y[4[§¨�©G 7 2�GK^�Y[4<G�4<2CYo>CO$FDG J GKO J 2�hKXDOdY[2 � pr254
hK25^DO<G 7 XD;E^�Y[GC�3>\GKO<hK2 = kL>\FL>�4<2CYo>\^L`C2�GKOdYo§�4<G = >ChK;E25^L>CFL>\>\^DGK^Dk¼X J 4<GKº¼XD;EO<;NY[2�FDG � 2¼l �

z�J >v1D4<; J GK;E4[>A1325O<O<;EBD; = ;EFL>CFDG:^D2IO<GK^�Y[;EFD2�FDG&X]Y[; = ;E�a>C4r25X]Y[4[>CO M >C4<;?§ M GK;EO�^D2I4<2CY[Ga> J GK^�Y[2
O<GK4<;?>�>¨Y[4[> M �KO\FD2�XDO<2ÂFD2Â2mhZY[GZY[2 W�w l ³�Ç�>oÎLÃRQ º/ß�ÃZÅ"à�ÆµáoÃ · FD2Âha>CB3GK_a> = kD2�FD2�1D4<2CY[2mhK2 = 2
6 p ³ Ñ 7 XD4[> ¤5�²¢ > ·"��w 2mhZY[GZY[2�O<G�;E^D;EhK;?>	hK2 J Y[4<gKO$BD;NY[O�FDG�1D4<GKhKGKFDgK^DhK;?>�º¼XDG�FDGZY[GK4 J ;E^L> J
>�; J 13254dYoèC^DhK;?>/4<G = >¨Y[; M >/FD2(1L>ChK2CY[G �$i�J O<G 7 XD;EFL>�25OvBD;NY[O � � W G | GKO<13GKhK;NÑLha> J 2�Y[;E132
FDG�Y[4[>C^DO<13254dY[G�º¼XDG�2ÓFL>¨Yo> 7 4[> J >ÂFDGKO<G8�[> �íw BD;NY � O<; 7 ^D;NÑLha>ÌBL>C;Ø�]2¶4<GZYo>C4<FD2 ³�Ú�ÃZÐNÝ*>]· �
2óBD;NY W > = Yo> M >C�a`C2 ³�Ç�.mÅ[Ä¨Ç�Â�.�Î3ÇmÜ<· GÂ2óBD;NY | > = Yo>ËhK25^]Ñ»>CBD; = ;EFL>CFDG ³;:&ÃZÐ Æ½Ý%·KÆÈÐ ÆÈÜ�>]·"�ªw O
FD25;EO�BD;NY[O:4<GKOdYo>C^�Y[GKO&^L`C2\O[`C2\X]Y[; = ;E�a>CFD25O � pr254<� J �]GKOdYo>�1D4<251325OdYo>�^L`C2\��; J 1 = G J GK^�Yo>CFL>�FDG
�©254 J >A>CBD4[>C^ 7 GK^�Y[Gn^D25O}4<2CY[Ga>CFD254<GKO � H = � J FD;EO<O<2D�5G J B3254[>A25O}BD;NY[O,FDG�1D4<GKhKGKFDgK^DhK;?>v1325O<O[> J
1D4<2 M GK4:FD;N�©GK4<GK^�Y[GKO.^Db M GK;EOxFDG�1D4<;E254<;EFL>CFDG ³ >C;E^DFL>Iº¼XDG�FDG&�©254 J >vO<; J 1 = GKO · ��25O.BD;NY[O � � W G |
Y[g J O<XL>��©XD^D_a`C2�BL>COdYo>C^�Y[G = ; J ;NYo>CFL> �n6 OdY[2	2mhK254<4<G$13254<º¼XDG�2�^Db M G = FDG�O<GK4 M ;E_K2	FDG J G = kD254
GKOd�©254<_K2�^L`C2�132mFDG 7 >C4[>C^�Y[;E4v^DGK^Dk¼X J FD25O$1L>C4[è J GZY[4<25OIO<2 = ;EhK;NYo>CFD25O ��� 2 7 2D�r2�XDO<2�FDGKOdY[GKO
ha> J 1325O�O<GK4 M ;E4<;?>	^D2 J § �]; J 2(hK2 J 2�FD;Eha>CO�1L>C4[>(1D4<2CY[2mhK2 = 25OIFDG/4<2CY[Ga> J GK^�Y[2�^L>(GKO<hK2 = kL>
FL>CO J �ZY[4<;Eha>CO&>\O<GK4<G J XDO[>CFL>CO&1L>C4[>\ha>CFL>�FL>¨Yo> 7 4[> J > ¬ ¢  �

Precedência

0 1 2 3 4 5 6 7

D T R Não
utilizado

S ð2TJU ð-ì*ñ�.Üð*� V�î©÷�î(
�ïÚî-ôÚî�ø¾î�� î�ÿ �N#

Precedência

0 1 2 3 4 5 6 7

TOS 0

S ìWT��]ïÚî�
*îRó#ô;ð©÷�ñ\ïÚî-ôÚñ¸ð-ë©ñÜöRôÚî(XZY;�[#

{ ; 7 XD4[> ¤5�²¢ � e > J 1325OnFD2/2mhZY[GZY[2 W�w l �
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w X]Y[4[>�1D4<251325OdYo>]�mhK25^DkDGKhK;EFL>�hK2 J 2 | 2CY[Ga> J GK^�Y[2 W�w l ³�Ç3Q:ß4:&Ä¨ÇmÜ½ÆÈÀTÂD· ¬ ¤ ± µ�m4<GKFDGZÑL^DG
2�2mhZY[GZY[2 W�w lÌhK25^]�©254 J G J 25OdY[4[>(>	Ñ 7 XD4[> ¤5�²¢ B ��w ha> J 132(FDG/1D4<GKhKGKFDgK^DhK;?> J >C^�Y[� J 2
J GKO J 2v1D4<2513q5O<;NY[2 �,i�J O<G 7 XD;EFL>�X J ha> J 132vFDGnº¼XL>¨Y[4<2IBD;NY[OK�5Yo> J B3� J hokL> J >CFD2IFDG W�w l3�
;E^DFD;Eha>�25OnhK2 J 1D4<2 J ;EO<O<25O�GK^�Y[4<G�>¨Y[4[>CO<2D� M >C�a`C2D�DhK25^]ÑLBD;?> = ;EFL>CFDG�GvhKXDOdY[2�ÑL^L>C^DhKGK;E4<2 �.w BD;NY
J GK^D25O&O<; 7 ^D;NÑLha>¨Y[; M 2\^L`C2��IX]Y[; = ;E�a>CFD2�GvFDG M G$O<GK4&�KGK4<2 �

�A>vO<XL>�GKO<13GKhK;NÑLha>C_a`C2D�¼2v4<2CY[Ga> J GK^�Y[2 W�w l�hK25^DO<;EFDGK4[>�º¼XDG�>C13GK^L>CO}X J >�FD;E4<GZY[; M >A132mFDG
O<GK4v4<GKº¼XD;EO<;NYo>CFL> � H¡Yo>CB3G = > ¤5�²¢ hK25^�Y[� J 25O M > = 254<GKOA1325O<O<b M GK;EO�G�O<GKXDOvO<; 7 ^D;NÑLha>CFD25O � H = � J
FD;EO<O<2D�¼^L`C2�kL§I25BD4<; 7 >¨Y[254<;EGKFL>CFDG�FDG&º¼XDGA25Ox4<2CY[Ga>CFD254<GKOxO<G8�[> J O<GK^DO<b M GK;EO:>C25O M > = 254<GKOxFDGKOdY[GKO
ha> J 1325O � Hì¹D^D;Eha>�G"�]; 7 gK^DhK;?>���FDG�º¼XDG	13G = 25O J GK^D25O�2�Y[4[>¨Yo> J GK^�Y[2�hK25^ M GK^DhK;E25^L> = O<G8�[>
>C1 = ;Eha>CFD2 �ri OdYo>&ha>C4[>ChZY[GK4<bEOdY[;Eha>nG.>COrO<G J G = kL>C^D_a>CO hK2 J 2�ha>CO<2A>C^�Y[GK4<;E254 ;E^D;EB3G J >&>C1 = ;Eha>C_a`C2
FDGKOdY[G J 2mFDG = 2\hK2 J 2��©254 J >�FDGI1D4<2 M ;EO[`C2�FDG � 2¼l �

W >CB3G = > ¤5�²¢ � e > J 132 W�w l �
� > = 254 lm; 7 ^D;NÑLha>CFD2
¤�£5£5£ c ;E^D; J ;E�a>C4�>¨Y[4[>CO<2
£]¤�£5£ c > �]; J ;E�a>C4 M >C�a`C2
£5£]¤�£ c > �]; J ;E�a>C4�hK25^]Ñ»>CBD; = ;EFL>CFDG
£5£5£]¤ c ;E^D; J ;E�a>C4:hKXDOdY[2�ÑL^L>C^DhKGK;E4<2
£5£5£5£ lmGK4 M ;E_K2/^D254 J > =

z�J 1L>CO<O<2 J >C;EO = >C4 7 2/^DGKOdYo>/FD;E4<GK_a`C2/�©254[> J >CO�1D4<251325OdYo>CO�FDG | 2CY[Ga> J GK^�Y[2�9�>CO<Ga>CFD2
G Jf� 25O ³E½�Ä ß],ÚÙAÝ â�Ã[ÞQ:&Ä¨ÇmÜ½ÆÈÀTÂD· ¬ ¤�� � ¤�¯  �.i OdY[GvY[;E132\FDGI4<2CY[Ga> J GK^�Y[2�13GK4 J ;NY[GC�]FD;E^L> J ;Eha> s
J GK^�Y[GC�D>�FDGZY[GK4 J ;E^L>C_a`C2�FDG�X J >I4<2CYo>�º¼XDGAY[GK^DkL>$X J >�B32�>�hokL>C^DhKG�FDG�>ChK2 J 2mFL>C4x2$^Db M G =
FDG � 2¼lÌ4<GKº¼XD;EO<;NYo>CFD2 � p,>C4[>�;EOdY[2D�,>(O<G = GK_a`C2�FDG�X J >(4<2CYo>(�/BL>CO<Ga>CFL>�G J X J >(25X J >C;EO
J �ZY[4<;Eha>CO�1L>C4[>�ha>CFL>	GK^ = >ChKG ��c �ZY[4<;Eha>COvhK2 J XD^DOvO[`C2(hKXDOdY[2D�¥^¼¹ J GK4<2(FDG\^Dq5OK� = >C4 7 XD4[>�FDG
�½>C;Ø�D>]�DhK25^]Ñ»>CBD; = ;EFL>CFDGC�]>¨Y[4[>CO<2�Gà¿ ÆÈÜ½Ü8ÃZÅ"�

w 13hK;E25^L> =EJ GK^�Y[GC� >C13GKO[>C4IFDG/^L`C2�;E^Dh = XD;E4�X JRJ GKha>C^D;EO J 2(1L>C4[>	4<GKO<GK4 M >�FDG/4<GKhKXD4<O<25OK�
X J 1D4<2CY[2mhK2 = 2ÂFDG	4<GKO<GK4 M >ÌhK2 J 2Â2 | l � p¡132mFDG�O<GK4�XDO[>CFD2Ì1L>C4[>ÂFD;EO<1L>C4[>C4�ha§ = hKX = 25O�FDG
4<2CY[Ga> J GK^�Y[2ËBL>CO<Ga>CFD2ëG Jñ� 2¼lõ1L>C4[>Óº¼XDGÂ>CO�^DGKhKGKO<O<;EFL>CFDGKO(FDG�X J FDGZY[GK4 J ;E^L>CFD2¶ÙLXm�]2
O<G8�[> J O<XD1D4<;EFL>CO �/� GKOdYo>(�©254 J >]��1L>ChK2CY[GKO�13GK4dY[GK^DhKGK^�Y[GKO�>	X JRJ GKO J 2(1L>C4vFDG/GK^DFDGK4<GK_K25O
254<; 7 G J G�FDGKOdY[;E^D2ë132mFDG J O<GK4�GK^Dha> J ;E^DkL>CFD25O�13254�4<2CYo>CO�FD;EOdY[;E^�Yo>CO�FDGÌ>ChK254<FD2ËhK2 J 25O
4<GKº¼XD;EO<;NY[25OnFDG � 2¼l	FDGIha>CFL>�ÙLXm�]2 �

w X]Y[4[>�G M 2 = XD_a`C2 J >C;EOn4<GKhKGK^�Y[G$^DGKOdYo>�§C4<Ga>���2 | 2CY[Ga> J GK^�Y[2�9�>CO<Ga>CFD2/G Jf| GKOdY[4<;E_KÍmGKO
³E�.Ä¨À]âZÜ½Å<ÝCÆÈÀLÜ�,ÚÙAÝ â�Ã[Þa:&Ä¨ÇmÜ½ÆÈÀTÂ s e 9 |A· ¬ �  �Ii OdY[G�Y[GK4 J 2�Y[G J O<;EFD2�XDO[>CFD2	^D2	hK25^�Y[G"�mY[2(FDG
c p � l�hK2 J 2�> = Y[GK4<^L>¨Y[; M >�1L>C4[>�>�hK25^DOdY[4<XD_a`C2�FDG � l]p�O�hK2 J 4<GKº¼XDGK4<; J GK^�Y[25OAFDG�4<GKhKXD4<O<25O
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G\FDGKO<G J 13GK^DkD2D� 25^DFDG�O<G = G M >	G J hK25^�Yo>(>	FD;EO<1325^D;EBD; = ;EFL>CFDGIFDG�4<GKhKXD4<O<25OIFL>	4<GKFDG\G ³ 25X ·
132 = bNY[;Eha>CO$>CF J ;E^D;EOdY[4[>¨Y[; M >COI^D2Ìha§ = hKX = 25O$FL>CO\4<2CYo>CO � pr254<� J �x2ÂhK25^DhKGK;NY[2ÂFDG	4<2CY[Ga> J GK^�Y[2
BL>CO<Ga>CFD2�G J 4<GKOdY[4<;E_KÍmGKOx��>C;E^DFL> J >C;EOx>CBD4[>C^ 7 GK^�Y[GC�¼;E^Dh = XD;E^DFD2v4<2CY[Ga> J GK^�Y[2I1L>C4[>vÙLXm�]25O 6 p
FDGAFD; M GK4<O<25O.^Db M GK;EO.FDG 7 4[>C^¼X = 25O<;EFL>CFDGC�5ÙLXm�]25O�> 7 4<G 7 >CFD25O.25X�hK;E4<hKXD;NY[25O M ;E4dY[XL>C;EOK�¼O<X �<GK;NY[25O:>
4<GKº¼XDGK4<; J GK^�Y[25O&FDG � 2¼l � H = � J FD;EO<O<2D�DFDGK13GK^DFDGK^DFD2�FL>�>C1 = ;Eha>C_a`C2D�mX J GKO<º¼XDG J >�FDG e 9 |
132mFDG = G M >C4�G J hK25^�Yo> J XDFL>C^D_a>CO	4<G = >¨Y[; M > J GK^�Y[G J >C;EO = GK^�Yo>CO	25X J >C;EO/�©4<GKº¼XDGK^�Y[GKO(^D2
GKOdYo>CFD2�FL>�4<GKFDG � pr254�Y[2mFL>CO�GKOdYo>COnha>C4[>ChZY[GK4<bEOdY[;Eha>COK�]2\4<2CY[Ga> J GK^�Y[2\BL>CO<Ga>CFD2�G J 4<GKOdY[4<;E_KÍmGKO
�IX J > 7 GK^DGK4[> = ;E�a>C_a`C2\FD2�hK25^DhKGK;NY[2�FDGI4<2CY[Ga> J GK^�Y[2�BL>CO<Ga>CFD2/G JV� 2¼l �

pr254dYo>C^�Y[2D�m>C2IFDGZY[GK4 J ;E^L>C4}X J >v4<2CYo>]��132mFDG J O<GK4xhK25^DO<;EFDGK4[>CFD25O.> = � J FL>�Y[25132 = 2 7 ;?>�FL>
4<GKFDGC�}4<GKº¼XDGK4<; J GK^�Y[25O$FDG�X J ÙLXm�]2�FDG/Y[4[§¨�©G 7 2�GKO<13GKhKbNÑLhK2D�}FD;EO<1325^D;EBD; = ;EFL>CFDG�FDG�4<GKhKXD4<O<25O
^D25O&GK^ = >ChKGKOK�LGI1325O<O<; M G =EJ GK^�Y[GI25X]Y[4[>CO&132 = bNY[;Eha>CO.FDGZÑL^D;EFL>CO&13254�>CF J ;E^D;EOdY[4[>CFD254<GKO:FDG�4<GKFDG �
i OdYo>CO 132 = bNY[;Eha>CO×132mFDG J 13254¥G"�]G J 1 = 2n4<GKOdY[4<;E^ 7 ;E4�2&XDO<2�FDGxFDGZY[GK4 J ;E^L>CFD25O¥GK^ = >ChKGKOr>n1L>ChK2CY[GKO
254<;EXD^DFD25OIFDG�X J hK25^ �<XD^�Y[2 = ; J ;NYo>CFD2�FDG/GK^DFDGK4<GK_K25O ��w X]Y[4[>(2513_a`C2���>(GKO<hK2 = kL>�FDG/4<2CYo>
J >C;EO = 25^ 7 >CO�GvhK2 J�J GK^D25Onha>C4 7 >�G J FDGZY[4<; J GK^�Y[2�>C2\ha> J ;E^DkD2 J >C;EO�hKXD4dY[2\FDGZY[GK4 J ;E^L>CFD2
13G = 25O&> =E7 254<;NY J 25O:FDGI4<2CY[Ga> J GK^�Y[2 � H�Ñ 7 XD4[> ¤5� ¸ G"�]G J 1 = ;NÑLha>\GKOdYo>/1325O<O<;EBD; = ;EFL>CFDGAº¼XL>C^DFD2
2�ha> J ;E^DkD2�H&st9xs e ��GKO<hK2 = kD;EFD2 ³ >C13GKO[>C4$FD2�ha> J ;E^DkD2�H&s e O<GK4 J >C;EOIhKXD4dY[2 · 13254$132mFDGK4
2C�©GK4<GKhKGK4&X J > = >C4 7 XD4[>�FDGv�½>C;Ø�D>\FDG ��£/c BD;NY y On4<GKº¼XD;EO<;NYo>CFL>\13254nX J ÙLXm�]2/FDGvY[4[§¨�©G 7 2 �

Roteador A Roteador C

Roteador B

Capacidade = 622 Mbit/s
Métrica = 1
Reservado = 600 Mbit/s

Capacidade = 155 Mbit/s
Métrica = 2
Reservado = 60 Mbit/s

Capacidade = 155 Mbit/s
Métrica = 2
Reservado = 50Mbit/s

Rota para fluxo com  re-
querimento de 40 Mbit/s
de largura de  faixa

{ ; 7 XD4[> ¤5� ¸ � | 2CY[Ga> J GK^�Y[2\BL>CO<Ga>CFD2/G J 4<GKOdY[4<;E_KÍmGKO �

i O<O<GK^DhK;?> =EJ GK^�Y[GC�n2¶4<2CY[Ga> J GK^�Y[2ÓBL>CO<Ga>CFD2ÓG J 4<GKOdY[4<;E_KÍmGKO/hK4<;?>ÌX J ^Db M G = FDG�FDGKhK;EO[`C2
O<XD13GK4<;E254	>C25O�GKO<º¼XDG J >CO�Y[4[>CFD;EhK;E25^L>C;EO/FDG�4<2CY[Ga> J GK^�Y[2 �Ï� 2 7 2D�nFD;N�©GK4<G�FDGÂGKO<º¼XDG J >CO	FDG
4<2CY[Ga> J GK^�Y[2	BL>CO<Ga>CFD2(G Jù� 2¼l3��25O�º¼XL>C;EOvhK254<4<GKO<1325^DFDG J ¾�G"�mY[GK^DO<ÍmGKO�FDG\1D4<2CY[2mhK2 = 25OAGKOts
13GKhKbNÑLhK25O:FDGAGKOdYo>CFD2�FD25O:GK^ = >ChKGKO ³tÐ ÆÈÀ]çIâZÜ�ÝCÜ8Ã · ¬ ¢C£ � ¢m¤  � Hí>CFD;E_a`C2$FDGAX J ^Db M G = FDGAFDGKhK;EO[`C2
O<XD13GK4<;E254&13GK4 J ;NY[Gvº¼XDG J XDFL>C^D_a>CO�O<G8�[> J �©GK;NYo>CO&;E^DFDGK13GK^DFDGK^�Y[G J GK^�Y[G$FD2/GKO<º¼XDG J >/FDG�4<2¨s
Y[Ga> J GK^�Y[2IX]Y[; = ;E�a>CFD2 � H = � J FD;EO<O<2D�¼>�FDGZÑL^D;E_a`C2IFDG&X J >�B32�>�;E^�Y[GK4d�½>ChKGnGK^�Y[4<G&25O�FD25;EO}^Db M GK;EO
G = ; J ;E^L>�>\^DGKhKGKO<O<;EFL>CFDGIFD2\FDGKO<GK^ M 2 =NM ; J GK^�Y[2�FDGI>CO<13GKhZY[25O&GKO<13GKhKbNÑLhK25OnFDG � 2¼l�1L>C4[>�ha>CFL>
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> =E7 254<;NY J 2�FDGI4<2CY[Ga> J GK^�Y[2�>�O<GK4�>CFD2CYo>CFD2 �:{ ;E^L> =EJ GK^�Y[GC�]2/4<2CY[Ga> J GK^�Y[2/BL>CO<Ga>CFD2/G J 4<GKOts
Y[4<;E_KÍmGKOIO<GK4 M G�FDG/O<XD13254dY[G/1L>C4[>�>(; J 1 = G J GK^�Yo>C_a`C2	FDG/GK^ 7 GK^DkL>C4<;?>(FDG�Y[4[§¨�©G 7 2�hK25^]�©254 J G
O<GK4[§ M ;EOdY[2�^L>�O<XDBDO<GK_a`C2 ¤5�²¢m� ¸ >\O<G 7 XD;E4 �

ÝbÞÚßàÞ+] ^_AH`E<>AHaH=5LNM0=IGH<cbdLNeEf�<>`E8
H i ^ 7 GK^DkL>C4<;?>�FDG W 4[§¨�©G 7 2	hK254<4<GKO<1325^DFDG�>C2�hK25^�Y[4<2 = G�FDG\hK2 J 2�25OAÙLXm�]25OIFDG$Y[4[§¨�©G 7 2

>¨Y[4[> M GKO<O[> J X J >�4<GKFDG�>�Ñ J FDG\2CY[; J ;E�a>C4A>�X]Y[; = ;E�a>C_a`C2�FD25O�4<GKhKXD4<O<25OIG\G M ;NYo>C4�hK25^ 7 GKOdY[;Øs
25^L> J GK^�Y[25OK� J G = kD254[>C^DFD2�2�FDGKO<G J 13GK^DkD2�FL>	4<GKFDG ¬ ¯  �/e 25^ 7 GKOdY[;E25^L> J GK^�Y[25Ov132mFDG J O<GK4
ha>CXDO[>CFD25O/13G = 2¶GKO 7 2CYo> J GK^�Y[2¶FDG�4<GKhKXD4<O<25O/25Xõ13254�FD;EOdY[4<;EBDXD;E_a`C2Ì;E^DGZÑLhK;EGK^�Y[G(FDG(Y[4[§¨�©G 7 2 �
��2/1D4<; J GK;E4<2�ha>CO<2D�»4<2CY[Ga>CFD254<GKO�GIGK^ = >ChKGKO&ÑLha> J O<25BD4<GKha>C4<4<G 7 >CFD25OAG$>�O<2 = XD_a`C2/1L>CO<O[>/13254
1D4<2 M GK4 J >C;EOr4<GKhKXD4<O<25O�G�O<XDBDOdY[;NY[XD;E4,GKº¼XD;E1L> J GK^�Y[25O � ��2vO<G 7 XD^DFD2vha>CO<2D��> =E7 X J >COr1L>C4dY[GKO}FL>
4<GKFDG/GKOdYo`C2�O<25BD4<GKha>C4<4<G 7 >CFL>CO�GK^Dº¼XL>C^�Y[2�25X]Y[4[>COIGKOdYo`C2�O<XDBDX]Y[; = ;E�a>CFL>CO ��i OdYo>(FD;EOdY[4<;EBDXD;E_a`C2
FDGKO<; 7 XL> = FDG\Y[4[§¨�©G 7 2	�\ha>CXDO[>CFL>(13G = 25O�1D4<2CY[2mhK2 = 25O�FDG�4<2CY[Ga> J GK^�Y[2	FD;E^Lè J ;EhK25O�X]Y[; = ;E�a>CFD25O
>¨Y[XL> =EJ GK^�Y[GC�×Yo>C;EOAhK2 J 2 |&6 p ³;:&Ä¨ÇmÜ½ÆÈÀTÂ�¿"À�ºaÄ¨Å"Á/ÝCÜ½ÆµÄ¨ÀkÖ:Å[Ä¨Ü8Ä�áoÄ¨Ð½· � w l]p {�³�QrÎLÃZÀ¶ß�.LÄ¨Å"Ü8ÃoâZÜ
ÖnÝCÜN.	åxÆÈÅ[âZÜ<· G 6 l�s 6 l ³µ¿"ÀLÜ8ÃZÅ"Á�Ã[ÞCÆ½ÝCÜ8Ãvß]>�âZÜ8ÃZÁV,8Ü8Ä),½¿"ÀLÜ8ÃZÅ"Á�Ã[ÞCÆ½ÝCÜ8Ã�ß]>�âZÜ8ÃZÁ�·"� p�4<2CY[2mhK2 = 25O 6 uIp
³µ¿"ÀLÜ8ÃZÅ"ÆµÄ¨Åhg&ÝCÜ8ÃE@.Ý*>4Ö:Å[Ä¨Ü8Ä�áoÄ¨Ð½· hK2 J 2	GKOdY[GKOIX]Y[; = ;E�a> J 2(ha> J ;E^DkD2 J >C;EOAhKXD4dY[2�1L>C4[>�GK^Dha> s
J ;E^DkL>C4&1L>ChK2CY[GKO � pr254AhK25^DO<G 7 XD;E^�Y[GC�×4<2CY[Ga>CFD254<GKOAG$GK^ = >ChKGKOv>C2 = 25^ 7 2/FD2 J GK^D254�ha> J ;E^DkD2
GK^�Y[4<G�FD25;EO�^Dq5Ox132mFDG J >C1D4<GKO<GK^�Yo>C4xhK25^ 7 GKOdY[;E25^L> J GK^�Y[25Oxº¼XL>C^DFD2$>COxO<XL>COxha>C1L>ChK;EFL>CFDGKOxO[`C2
G"�]hKGKFD;EFL>CO �nw �½>¨Y[2/FDGIha> J ;E^DkD25O J >C;EOnhKXD4dY[25O&FDG�FD;N�©GK4<GK^�Y[GKO&ÙLXm�]25O�FDGIY[4[§¨�©G 7 2�132mFDGK4<G J
O<G�O<25BD4<GK13254�G J > =E7 XD^DOAY[4<GKhokD25OvYo> J B3� J hK25^�Y[4<;EBDXD;,1L>C4[>	;EO<O<2 ��e 2 J 2	4<GKO<X = Yo>CFD2D��2(ha> s
J ;E^DkD2 J >C;EO�hKXD4dY[2ÌGK^�Y[4<G(FD25;EO\1325^�Y[25O�132mFDG�ÑLha>C4\hK25^ 7 GKOdY[;E25^L>CFD2ÌGK^Dº¼XL>C^�Y[2¶ha> J ;E^DkD25O
> = Y[GK4<^L>¨Y[; M 25O J >C;EO = 25^ 7 25O�GKOdYo`C2/2mhK;E25O<25O �

i OdY[GKO�1D4<25B = G J >COAO[`C2(GK^]�©4<GK^�Yo>CFD25O�>¨Y[XL> =EJ GK^�Y[G�13254 6 l]p�OK� J 2CY[; M >C^DFD2�2(XDO<2(FL>�GK^ms
7 GK^DkL>C4<;?>�FDG\Y[4[§¨�©G 7 2(1L>C4[>	2CY[; J ;E�a>C4�4<GKhKXD4<O<25OK�,>CX J GK^�Yo>C4v2(FDGKO<G J 13GK^DkD2�FDG�O<XL>COI4<GKFDGKO
G�>CX J GK^�Yo>C4&>�4<GK^DFL>�O<G J >\^DGKhKGKO<O<;EFL>CFDG�FDG 7 4[>C^DFDGKO�;E^ M GKOdY[; J GK^�Y[25O&^L>\;E^]�©4[> s8GKOdY[4<X]Y[XD4[> �
pr254<� J ��>�GK^ 7 GK^DkL>C4<;?>�FDG�Y[4[§¨�©G 7 2�ÑLha>�FD;N�©bEhK; = FDG�O<GK4�; J 1 = G J GK^�Yo>CFL>(>¨Y[4[> M �KO\FDG�1D4<2CY[2¨s
hK2 = 25O 6 uIp�13254 M §C4<;E25O J 2CY[; M 25O �¶i�J 1D4<; J GK;E4<2 = X 7 >C4K� J GKO J 2�hK2 J > =E7 XD^DO�1D4<2CY[2mhK2 = 25O
;E^DhK254<13254[>C^DFD2�>�2513_a`C2 i.enc p ³;<àæKÇDÝCÐ?,-�.Ä�âZÜ&æ�ÇmÐ Ü½ÆÄÖnÝCÜN.»· ¬ ¢5¢ µ�x>�º¼XL> = 13GK4 J ;NY[G/FD; M ;EFD;E4
>/ha>C4 7 >/; 7 XL> =EJ GK^�Y[GIGK^�Y[4<G M §C4<;E25O�ha> J ;E^DkD25O J >C;EO&hKXD4dY[25OK��>��©4[>C_a`C2�1L>C4[>/ha>CFL>/4<2CYo>/^L`C2
132mFDG	O<GK4�> = Y[GK4[>CFL> � pr254dYo>C^�Y[2D�.> =E7 XD^DO�ha> J ;E^DkD25O$132mFDG J Y[GK4 J ;E^L>C4$ha>C4<4<G 7 >C^DFD2 J XD;NY[2
J >C;EO:Y[4[§¨�©G 7 2\º¼XDGI25O&FDG J >C;EO�13254<º¼XDG�Yo> J B3� J O<XD13254dYo> J Y[4[§¨�©G 7 2\FDGI25X]Y[4[>CO��©25^�Y[GKO �.i�J
O<G 7 XD^DFD2 = X 7 >C4K�L^L`C2/kL§/BL> = >C^DhKGa> J GK^�Y[2�FDG$ha>C4 7 >�GK^�Y[4<G$ha> J ;E^DkD25OnFDG$hKXDOdY[25OAFD;N�©GK4<GK^�Y[GKO
G J 1D4<2CY[2mhK2 = 25O 6 uIp �3i�J Y[GK4<hKGK;E4<2 = X 7 >C4K�3> J 2mFD;NÑLha>C_a`C2�FDG J �ZY[4<;Eha>CO&G J X J 1D4<2CY[2mhK2 = 2
6 uIp�1L>C4[>�FDGKO M ;?>C4,2�Y[4[§¨�©G 7 2AhK25^ M GK^D;EGK^�Y[G J GK^�Y[G�Y[GK^DFDG�>�1D4<2mFDXD�K;E4rGZ�©GK;NY[25OrhK2 = >¨Y[GK4[>C;EOK� 1325;EO
FDGKO M ;E25O�;E^DFDGKO<G8�[§ M GK;EO�Yo> J B3� J 132mFDG J 2mhK254<4<GK4 ��{ ;E^L> =EJ GK^�Y[GC�D1L>C4[>�4<GKFDGKOAO<; J 1 = GKO�Yo> =NM GK�
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W >CB3G = > ¤5� ¸ ��H�Y[4<;EBDX]Y[25OnFD25O � l]p�O �
��2 J GvFD2�>¨Y[4<;EBDX]Y[2 lm; 7 ^D;NÑLha>CFD2
� >C4 7 XD4[>\FDGv�½>C;Ø�D> � > = 254 J bE^D; J 2$1L>C4[>\hK4<;?>C_a`C2�FD2 � l]p
H�Y[4<;EBDX]Y[2�FD2�ha> J ;E^DkD2 � GZY[GK4 J ;E^L>ÌO<G�>Ì4<2CYo>Â��GKO<13GKhK;NÑLha>CFL> J >C^¼XL> =EJ GK^�Y[G

25X(FD;E^L> J ;Eha> J GK^�Y[G
p�4<;E254<;EFL>CFDG�FDGIhK25^]Ñ 7 XD4[>C_a`C2 � GKhK;EFDG�º¼XL> =&� l]pÏÑLha>¶hK2 J X J 4<GKhKXD4<O<2ÓFD;EO<1DX]Yo>CFD2

13254 M §C4<;E25O � l]p�O
p�4<;E254<;EFL>CFDG�FDGI1D4<GKG J 13_a`C2 � GKhK;EFDG/º¼XL>C^DFD2�X J�� l]pó�[§(hK4<;?>CFD2�132mFDG/hKGKFDGK4�X J

4<GKhKXD4<O<2/1L>C4[>�X J ^D2 M 2 � l]p
H�ÑL^D;EFL>CFDG ³ hK254 · p�4<251D4<;EGKFL>CFDGI>CF J ;E^D;EOdY[4[>¨Y[; M >
e >C1L>ChK;EFL>CFDGIFDG�>CFL>C1]Yo>C_a`C2 e 25^�Y[4<2 = >�> J XDFL>C^D_a>\1L>C4[>\4<2CYo>CO J >C;EOn>CFDGKº¼XL>CFL>CO
e 25^]Ñ»>CBD; = ;EFL>CFDG � GKhK;EFDGI13254 J XDFL>C^D_a>�FDGI4<2CYo>\G J ha>CO<2/FDGv�½> = kL>CO

O<G8�[>Ó1325O<O<b M G = 1L>C4[>¶25O�>CF J ;E^D;EOdY[4[>CFD254<GKO�; J 1 = G J GK^�Yo>C4/> =E7 X J >ÌGK^ 7 GK^DkL>C4<;?>¶FDG�Y[4[§¨�©G 7 2
hK25^]Ñ 7 XD4[>C^DFD2 J >C^¼XL> =EJ GK^�Y[G	25O\hKXDOdY[25O/FD25O�GK^ = >ChKGKOK� J >CO\1L>C4[>Ì4<GKFDGKO J >C;E254<GKO�G J >C;EO
hK2 J 1 = G"�D>COn25X]Y[4<25O J GKha>C^D;EO J 25On>Cha>CBL> J O<GK^DFD2/^DGKhKGKO<O[§C4<;E25O �

pr254:GKOdYo>CO:4[>C�KÍmGKOK�m2�XDO<2�FDG&Y[�KhK^D;Eha>CO.º¼XDGAO<XD13254dY[G J >�>CX]Y[2 J >¨Y[;E�a>C_a`C2IFL>�GK^ 7 GK^DkL>C4<;?>
FDG�Y[4[§¨�©G 7 2\O[`C2�GKOdY[; J X = >CFL>CO ��i ^�Y[4<GvGKOdYo>COnY[�KhK^D;Eha>COnGKOdYo`C2 c p � l ¬ ¢ ¸ � ¢)� µ�D2\4<2CY[Ga> J GK^�Y[2
BL>CO<Ga>CFD2ÓG J 4<GKOdY[4<;E_KÍmGKO ¬ ¤�® &G�2ÌXDO<2ÓFDG 6 uIp�O/FDG�GKOdYo>CFD2¶FDG�GK^ = >ChKG ³tÐ ÆÈÀ]ç�âZÜ�ÝCÜ8Ã · hK2 J
J 2mFD;NÑLha>C_KÍmGKO&>C1D4<251D4<;?>CFL>CO ¬ ¢��  �

c p � lõ1D4<2 M g�O<XD13254dY[G�¾¶GK^ 7 GK^DkL>C4<;?>ÌFDG�Y[4[§¨�©G 7 2¶G J hK25^ �<XD^�Y[2ÓhK2 J 2Ó4<2CY[Ga> J GK^�Y[2
BL>CO<Ga>CFD2	G J 4<GKOdY[4<;E_KÍmGKO ��e 25^�Y[XDFD2D��1L>C4[>�º¼XDG�2	4<2CY[Ga> J GK^�Y[2�hK2 J 1DX]Y[G$25O � l]p�O�O<X �<GK;NY[25O
¾CO(4<GKOdY[4<;E_KÍmGKOK��X J 1D4<2CY[2mhK2 = 2 6 uIp�FDGÌGKOdYo>CFD2õFDGÌGK^ = >ChKG J 2mFD;NÑLha>CFD2ëFDG M G¶O<GK4(XDO[>CFD2
1L>C4[>/1D4<251L> 7 >C4�25OA>¨Y[4<;EBDX]Y[25O�FD25O�GK^ = >ChKGKOK��> = � J FL>COA;E^]�©254 J >C_KÍmGKO&^D254 J >C;EO&;E^DGK4<GK^�Y[GKO�>C2
4<2CY[Ga> J GK^�Y[2(hK25^ M GK^DhK;E25^L> =µ� H�Yo>CB3G = > ¤5� ¸ = ;EOdYo>�>¨Y[4<;EBDX]Y[25Ovº¼XDG�132mFDG J O<GK4�>CO<O<2mhK;?>CFD25OI>
X Jj� l]pr�LFDGv�©254 J >\>\hK25^�Y[4<2 = >C4nGZÑLhK;EGK^�Y[G J GK^�Y[G�25O&GK^ = >ChKGKO&º¼XDGI2�hK2 J 13ÍmG J ¬ ¢ ¸  �

e 2 J >�X]Y[; = ;E�a>C_a`C2\FDGKOdYo>COAY[4<gKO�Y[�KhK^D;Eha>COAG J hK25^ �<XD^�Y[2 ³ Ñ 7 XD4[> ¤5� �¼· �3FD25;EO�FD25O�1D4<25B = G"s
J >CO\FD;EO<hKX]Y[;EFD25O\>C^�Y[GK4<;E254 J GK^�Y[G	O[`C2Â4<GKO<2 =NM ;EFD25O�>¨Y[4[> M �KO�FL>ÂGK^ 7 GK^DkL>C4<;?>�FDG	Y[4[§¨�©G 7 2 �ëw
GKO 7 2CYo> J GK^�Y[2$FDGA4<GKhKXD4<O<25O:��O<2 = XDhK;E25^L>CFD2IÑ]�D>C^DFD2\> J § �]; J > = >C4 7 XD4[>IFDG&�½>C;Ø�D>I4<GKO<GK4 M § M G =
1L>C4[>Iha>CFL>IGK^ = >ChKG�hK2 J 2�>IO<XL>�1D4<q51D4<;?>vha>C1L>ChK;EFL>CFDG&G�hK25^]Ñ 7 XD4[>C^DFD2$25Ox4<GKº¼XDGK4<; J GK^�Y[25O.FDG
= >C4 7 XD4[>	FDG��½>C;Ø�D>	1L>C4[>(ha>CFL> � l]p � � GKOdY[G J 2mFD2D� 2�4<2CY[Ga> J GK^�Y[2�BL>CO<Ga>CFD2�G J 4<GKOdY[4<;E_KÍmGKO
G M ;NYo>	hK2 = 2mha>C4 J >C;EO � l]p�OIFD2(º¼XDG�2	O<XD13254dYo§ M G = G J ha>CFL>	GK^ = >ChKG � H�Ñ 7 XD4[> ¤5����J 25OdY[4[>
X J G"�]G J 1 = 2�25^DFDG/2 e 9 | >CX]Y[2 J >¨Y[;Eha> J GK^�Y[G\hK2 = 2mha>	2 � l]p�9xs i ^¼X J ha> J ;E^DkD2 J >C;EO
= 25^ 7 2\1L>C4[>\G M ;NYo>C4nX J hK25^ 7 GKOdY[;E25^L> J GK^�Y[2�^D2/GK^ = >ChKG e s in�



þ'´Ä� _����]dn���E��&'�Vd�&���& 0 W�� � ������Å� �F¶ � � ��& ÿ ��� � �)� � � þT/

Roteamento
Baseado em
Restrições

LSPs
Atributos
do LSPs

Topologia
da Rede

Políticas
Administrativas

Atributos dos
Enlaces

Protocolos
IGP

Modificados

Tabela de
Encaminhamento

{ ; 7 XD4[> ¤5� � � i ^ 7 GK^DkL>C4<;?>\FDGvY[4[§¨�©G 7 2�hK2 Jfc p � l3� e 9 | G 6 uIp J 2mFD;NÑLha>CFD25O �

Roteador C Roteador E

Roteador D

Roteador A

Roteador B

Capacidade = 155 Mbit/s
Métrica = 2

LSP B-E 60 Mbit/s

LSP A-E, 120 Mbit/s

Capacidade = 155 Mbit/s
Métrica = 2

Capacidade = 155 Mbit/s
Métrica = 2

Capacidade = 155 Mbit/s
Métrica = 2 Capacidade = 155 Mbit/s

Métrica = 2

{ ; 7 XD4[> ¤5��� �xp�4<G M GK^D_a`C2�FDGIhK25^ 7 GKOdY[;E25^L> J GK^�Y[2�hK2 Jfc p � l	G e 9 |I�

H�FD;EOdY[4<;EBDXD;E_a`C2�;E^DGZÑLhK;EGK^�Y[GvFDGvY[4[§¨�©G 7 2\�v4<GKO<2 =NM ;EFL>\>¨Y[4[> M �KOA>\hK4<;?>C_a`C2\FDGv^D2 M 25O � l]p�O
º¼XL>C^DFD2Â2�Y[4[§¨�©G 7 2�FDG	X J >(�©25^�Y[G�G"�]hKGKFDG�>�ha>C1L>ChK;EFL>CFDG�FD2�ha> J ;E^DkD2�FDG J GK^D254$hKXDOdY[2 �
H�FD;EOdY[4<;EBDXD;E_a`C2ëFDGÌha>C4 7 >ó�ÌGKO<13GKhK;NÑLha>CFL>õhK25^]�©254 J GÂFDGKO<G8�[>CFD2D�v132mFDGK^DFD2óO<GK4�FDGK4<; M >CFL>
>CX]Y[2 J >¨Y[;Eha> J GK^�Y[G/FL>ÂGKO<13GKhK;NÑLha>C_a`C2ÂFDG = >C4 7 XD4[>�FDG��½>C;Ø�D>�1L>C4[>�2�ÙLXm�]2ÌFDG�Y[4[§¨�©G 7 2 � H
Ñ 7 XD4[> ¤5� ® G"�]G J 1 = ;NÑLha>ÂGKOdY[G�ha>CO<2 � lmG(2ÂY[4[§¨�©G 7 2ÌFDG(Hf1L>C4[> e hokDG 7 >C4/¾ ¤�®5£¶c BD;NY y OK�
GK^�Yo`C2õX J ^D2 M 2 � l]p�FDG ¸ £õc BD;NY y O	�ÂhK4<;?>CFD2óFDGÌHù1L>C4[> e 1L>CO<O[>C^DFD2õ13254	9 �&i OdYo>
O<2 = XD_a`C2(^L`C2(O<GK4<;?>	1325O<O<b M G = hK2 J 2(4<2CY[Ga> J GK^�Y[2(FDG J GK^D254vha> J ;E^DkD2	^DG J hK2 J >	2513_a`C2
i.enc péFD25O&1D4<2CY[2mhK2 = 25O 6 uIp �

w X]Y[4[>CO M >C^�Yo> 7 GK^DO:O[`C2D�}GKO<13GKhK;NÑLha>C_a`C2�FDGA4<2CYo>CO.G"�]1 = bEhK;NYo>COx1L>C4[> � l]p�O:1325O<O<;EBD; = ;NYo>C^DFD2
2/hK25^�Y[4<2 = GI1D4<GKhK;EO<2�FL>\Y[4[>��<GZY[q54<;?>�FD2�Y[4[§¨�©G 7 2D�L25B]Y[GK^D_a`C2�FDG J >¨Y[4<;E�KGKOnFDGIY[4[§¨�©G 7 2�>¨Y[4[> M �KO
FDG/GKOdYo>¨Y[bEOdY[;Eha>CO�13254 � l]pTG�FDGZÑL^D;E_a`C2�FDG � l]p�O$4<GKO<GK4 M >CO$1L>C4[>�1D4<2 M GK4$X J >(FDG 7 4[>CFL>C_a`C2
G = G 7 >C^�Y[GIFD2�^Db M G = FDGIO<GK4 M ;E_K2/G J ha>CO<2/FDGv�½> = kL>CO �
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Roteador A Roteador C

Roteador B
Capacidade = 155 Mbit/s
Métrica = 2

LSP2 A-C 30 Mbit/s

Capacidade = 155 Mbit/s
Métrica = 2

Capacidade = 155 Mbit/s
Métrica = 2

LSP1 A-C 130 Mbit/s

{ ; 7 XD4[> ¤5� ® �x9�> = >C^DhKGa> J GK^�Y[2\FDGIha>C4 7 >\hK2 Jfc p � l(G e 9 |I�

ÝbÞÚßàÞji å6<kL	l6M0O�8EDnm[A3:	<>`5LN=EGH8ED
H�1D4<251325OdYo>�FDG$lmGK4 M ;E_K25O 6 ^�Y[G 7 4[>CFD25O ³µ¿"ÀLÜ8Ã;ÂCÅ<ÝCÜ8Ã[Þ�ß�ÃZÅ"à�ÆµáoÃoâ s 6 ^�Y"lmGK4 MD· ¬ ¤�£ � ¢C® ¥FDGZY[GK4ts

J ;E^L>�º¼XDG�1L>C4[>A1D4<2 M GK4 � 2¼l�1L>C4[>�ÙLXm�]25O}FDG:Y[4[§¨�©G 7 2D�C25O}4<2CY[Ga>CFD254<GKO,FDG M G J O<GK4}ha>C1L>C�KGKO�FDG
4<GKO<GK4 M >C4I4<GKhKXD4<O<25OIGC�¥hK25^DO<GKº¼XDGK^�Y[G J GK^�Y[GC� J >C^�Y[GK4�GKOdYo>CFD25OI1L>C4[>�ha>CFL>	X J FDGKOdY[GKOvÙLXm�]25O
= 2mha> =EJ GK^�Y[G �

i�J O<XL>\>C4<º¼XD;NY[GZY[XD4[>]�¼Y[4<gKO:Y[;E1325O:FDG�O<GK4 M ;E_K2\O[`C2\1D4<251325OdYo>CO:FDGI>ChK254<FD2�hK2 J 25O�4<GKº¼XDG"s
4<; J GK^�Y[25O&FDG�4<GZYo>C4<FD2/FL>CO�>C1 = ;Eha>C_KÍmGKO ��w lmGK4 M ;E_K2	uI>C4[>C^�Y[;EFD2 ³�g�ÇDÝCÅ<ÝCÀLÜ8ÃoÃ[Þ�ß�ÃZÅ"à�ÆµáoÃ · ¬ ¢ ±�
1D4<2 M g = ; J ;NY[GKO�FDGZY[GK4 J ;E^DbEOdY[;EhK25O�FDG�4<GZYo>C4<FD2(GK^Dº¼XL>C^�Y[2�º¼XDG�2�lmGK4 M ;E_K2�FDG e >C4 7 > e 25^�Y[4<2¨s
= >CFL> ³E�.Ä¨ÀLÜ½Å[Ä¨ÐÈÐEÃ[Þ*,Ú× ÄaÝ�Þ$ß�ÃZÅ"à�ÆµáoÃ · ¬ ¢*� 31D4<2 M g = ; J ;NY[GKO�1D4<25BL>CBD; = bEOdY[;EhK25O � H J B325O.BL>CO<GK;?> J s8O<G
G J G"�]; 7 gK^DhK;?>CO�º¼XL>C^�Y[;NYo>¨Y[; M >CO�FDG�^Db M G = FDG�O<GK4 M ;E_K2ÓG�4<GKº¼XDGK4<G J O<;E^L> = ;E�a>C_a`C2ÂG�hK25^�Y[4<2 = G
FDG�>CF J ;EO<O[`C2 �)w Y[GK4<hKGK;E4<2ÌY[;E132Ì�(2¶hK25^DkDGKhK;EFD2ËlmGK4 M ;E_K2ÓFDG c G = kD254 i Od�©254<_K2D�:2¶º¼XL> = �
1L>C4dY[;EhK;E25^L>CFD2�G J Y[4<gKO$ha>¨Y[G 7 254<;?>COK�$4[>��[>CFL>�;E^�Y[GK4[>¨Y[; M > ³tÆÈÀLÜ8ÃZÅ<Ý¼áZÜ½ÆÈàCÃ4·KÇmÅ[âZÜ<· º¼XDG�>CBD4[>C^ 7 G
13254\G"�]G J 1 = 2ÂY[4[§¨�©G 7 2Ì@ WnW p ³ Ê�Ê�Ê · � � G�� { l3Ò,Y[4[>C^DOd�©GK4<gK^DhK;?>ÂG Jä= 2CY[GKO\;E^�Y[GK4[>¨Y[; M >
³tÆÈÀLÜ8ÃZÅ<Ý¼áZÜ½ÆÈàCÃ4·KÇmÐ ç�Ü½Å<ÝCÀ]â#ºaÃZÅ5· hK2 J 2�^D2�ha>CO<2ÂFDG/Y[4[§¨�©G 7 2 {,W pnÒ,G/Y[4[>C^DOd�©GK4<gK^DhK;?>�G J�= 2CY[GKO
>CO<O<bE^DhK4<25^L> ³<Ý âE>¨À×áØ.mÅ[Ä¨À×Ä¨Ç�â ·KÇmÐ ç	Ü½Å<ÝCÀ]â#ºaÃZÅ5· hK2 J 2�^D2	ha>CO<2	FDG�Y[4[§¨�©G 7 2�FDG�hK254<4<GK;E2	G = GZY[4 É s
^D;EhK2 �

w)J 2mFDG = 2nFDG.4<GZ�©GK4<gK^DhK;?>&FL>�>C4<º¼XD;NY[GZY[XD4[> 6 ^�Y"lmGK4 M 1325O<O<XD;�Y[4<gKOrhK2 J 1325^DGK^�Y[GKOr1D4<;E^DhK;E1L>C;EO
³ Ñ 7 XD4[> ¤5� ± · ��hK25^�Y[4<2 = G�FDG\>CF J ;EO<O[`C2D�×2	º¼XL> =rM GK4<;NÑLha>	O<G�>�4<GKFDG�132mFDG�O<XD13254dYo>C4v>�O<2 = ;EhK;Øs
Yo>C_a`C2�FDG�X J ^D2 M 2/O<GK4 M ;E_K2�X J �©XD^D_a`C2/FDGIO<GKXDO�4<GKº¼XDGK4<; J GK^�Y[25OK�»G M ;NYo>C^DFD2/>�FDG 7 4[>CFL>C_a`C2
FDG�25X]Y[4<25OKÒ J GKha>C^D;EO J 25O/FDG�GK^Dha> J ;E^DkL> J GK^�Y[2ÓFDG�1L>ChK2CY[GKOK�&25O�º¼XL>C;EO�4<Ga> = ;E�a> J 2513GK4[> s
_KÍmGKO�FDG�h = >CO<O<;NÑLha>C_a`C2D�mO<XL> M ;E�a>C_a`C2 ³�âØ.DÝ"Î3ÆÈÀTÂD· �¼132 = ;EhK;?> J GK^�Y[2 ³?ÎLÄ¨Ð ÆµáZÆÈÀTÂD· G�GKO<ha> = 25^L> J GK^�Y[2
³�â�áØ.LÃ[ÞCÇmÐ ÆÈÀTÂD· Ò5GnX J 1D4<2CY[2mhK2 = 2�FDG&O<;E^L> = ;E�a>C_a`C2A1L>C4[>v>v4<GKO<GK4 M >IFDGn4<GKhKXD4<O<25O �xi�J B3254[>v>v>C4ts
º¼XD;NY[GZY[XD4[>\^L`C2�GKOdY[G8�[>�> J >C4<4[>CFL>\>\^DGK^Dk¼X J >\O<2 = XD_a`C2�GKO<13GKhKbNÑLha>]� | l � p ¬ ¢C¯ � ¸ £  J XD;NYo>CO
M GK�KGKOA�I4<GZ�©GK4<;EFD2�hK2 J 2\2/1D4<2CY[2mhK2 = 2�FDGIO<;E^L> = ;E�a>C_a`C2\1L>C4[> 6 ^�Y"lmGK4 M ¬ ¸ ¤ � ¸ ¢  �

| l � p��©25;nhK25^DhKGKBD;EFD2ÓhK2 J 2¶X J 1D4<2CY[2mhK2 = 2ÌFDG�O<;E^L> = ;E�a>C_a`C2Ìº¼XDG�13GK4 J ;NY[;EO<O<G	º¼XDG�>CO
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Agente de
Roteamento

Informações de
Roteamento

Informações de
Controle de

Tráfego

Agente de
Configuração
de Reservas

Controle  de
Admissão

Agente de
Gerenciamento

Classificador

Encaminhador de PacotesEntrada Saída

Escalonamento

{ ; 7 XD4[> ¤5� ±m� c 2mFDG = 2�FDGI4<GZ�©GK4<gK^DhK;?>\FL>/>C4<º¼XD;NY[GZY[XD4[> 6 ^�Y"lmGK4 M G J 4<2CY[Ga>CFD254<GKO �

>C1 = ;Eha>C_KÍmGKO(4<GKO<GK4 M >CO<O<G J 4<GKhKXD4<O<25O � �A>óO<;E^L> = ;E�a>C_a`C2 ³ Ñ 7 XD4[> ¤5� ��· �I>ë�©25^�Y[G¶GK^ M ;?>õX J >
J GK^DO[> 7 G J FDG&ha> J ;E^DkD2 ³?ÎDÝCÜN./Á�ÃoâoâaÝ�Â¼Ã · 1L>C4[>v2I1D4<qa�]; J 2v^Dq�FDG&>ChK254<FD2IhK2 J 2I1D4<2CY[2mhK2 = 2
FDG�4<2CY[Ga> J GK^�Y[2 � Hn2v4<GKhKGKB3GK4}X J > J GK^DO[> 7 G J FDG:ha> J ;E^DkD2D�C2�FDGKOdY[;E^D2�4<GKO<1325^DFDGnhK2 J X J >
J GK^DO[> 7 G J FDGI4<GKO<GK4 M > ³tÅ[Ãoâ�ÃZÅ"à¨ÝCÜ½ÆµÄ¨À�Á�ÃoâoâaÝ�Â¼Ã · �]O<2 = ;EhK;NYo>C^DFD2�25O&4<GKhKXD4<O<25O�1L>C4[>\2\ÙLXm�]2/FDG
Y[4[§¨�©G 7 2 �&� XL> = º¼XDGK4�4<2CY[Ga>CFD254&;E^�Y[GK4 J GKFD;?§C4<;E2�132mFDGI4<G8�<GK;NYo>C4�25X�>ChKGK;NYo>C4�2/13GKFD;EFD2�FDG�X J >
J GK^DO[> 7 G J FDGA4<GKO<GK4 M > � lmGA> J GK^DO[> 7 G J �©254x4<G8�<GK;NYo>CFL>]�¼2$4<2CY[Ga>CFD254x^D2CY[;NÑLha>I2$FDGKOdY[;E^D2�GA2
1D4<2mhKGKO<O<2IFDGn4<GKO<GK4 M >v��Y[GK4 J ;E^L>CFD2 � lmG&> J GK^DO[> 7 G J �©254�>ChKGK;NYo>]� = >C4 7 XD4[>AFDG��½>C;Ø�D>AGnGKO<1L>C_K2
G J ·KÇ"Û�ÃZÅ O[`C2$4<GKO<GK4 M >CFD25O:1L>C4[>I2IÙLXm�]2$G�;E^]�©254 J >C_KÍmGKO�O<25BD4<G�2$GKOdYo>CFD2$FDGKOdYo>�4<GKO<GK4 M >�O[`C2
>C4 J >C�KGK^L>CFD25O/^D2Ó4<2CY[Ga>CFD254 �ôi OdYo>CO�4<GKO<GK4 M >CO�O[`C2 J >C^�Y[;EFL>CO/G J GKOdYo>CFD25O M 2 = §¨Y[GK;EO ³�â�Ä¾º"Ü
âZÜ�ÝCÜ8Ãoâ¨· º¼XDG�1D4<GKhK;EO[> J O<GK4.4<GK^D2 M >CFD25O.13GK4<;E2mFD;Eha> J GK^�Y[Gn1L>C4[>I13GK4 J >C^DGKhKGK4<G J >¨Y[; M 25O � p,>C4[>
;EOdY[2D� J GK^DO[> 7 GK^DO�FDG/ha> J ;E^DkD2�O[`C2�13GK4<;E2mFD;Eha> J GK^�Y[G�GK^ M ;?>CFL>CO�FL>(�©25^�Y[G/1L>C4[>(2�FDGKOdY[;E^D2D�
2�º¼XDG$13GK4 J ;NY[GIYo> J B3� J 2�4<GKOdYo>CB3G = GKhK; J GK^�Y[2�>CX]Y[2 J §¨Y[;EhK2/FDG$X J >/4<GKO<GK4 M >�G J ha>CO<25O�FDG
J XDFL>C^D_a>/FL>/4<2CYo> �&w X]Y[4[>\�©XD^DhK;E25^L> = ;EFL>CFDGv1D4<GKO<GK^�Y[G��$>/FDGZÑL^D;E_a`C2�FDG�GKOdY[; = 25O&FDG$4<GKO<GK4 M >
³tÅ[Ãoâ�ÃZÅ"à¨ÝCÜ½ÆµÄ¨ÀëâZÜ�>¨ÐEÃoâ¨· �x25^DFDG�Ñ = Y[4<25O�1D4<GKO<GK^�Y[GKO/^D25O\4<2CY[Ga>CFD254<GKO�G(>CO<O<2mhK;?>CFD25O\¾CO\4<GKO<GK4 M >CO
hK25^�Y[4<2 = > J º¼XL>C;EOn1L>ChK2CY[GKO�132mFDG J X]Y[; = ;E�a>C4:FDGZY[GK4 J ;E^L>CFD25On4<GKhKXD4<O<25O �

H J >C;E254 M >C^�Yo> 7 G J FL>ë1D4<251325OdYo> 6 ^�Y"lmGK4 M �Ì>ëFDGÌ1D4<2 M GK4�h = >CO<O<GKO(FDGÌO<GK4 M ;E_K2óº¼XDG
1325O<O[> J >ChK2 J 2mFL>C4x25O:4<GKº¼XD;EO<;NY[25O:FDG � 2¼l�FDGAFD;N�©GK4<GK^�Y[GKOn>C1 = ;Eha>C_KÍmGKO �}i ^Dº¼XL>C^�Y[2\2$O<GK4 M ;E_K2
7 >C4[>C^�Y[;EFD2¶��>C1D4<251D4<;?>CFD2¶1L>C4[>Ó>C1 = ;Eha>C_KÍmGKO�hK4<bNY[;Eha>CO�G�;E^�Y[2 = GK4[>C^�Y[GKOK��2ÓO<GK4 M ;E_K2ÓFDG�ha>C4 7 >
hK25^�Y[4<2 = >CFL>�O<XD13254dYo>�> =E7 X J >CO}>C1 = ;Eha>C_KÍmGKO�hK4<bNY[;Eha>CO}13254<� J¡J >CO J > = Ga§ M GK;EO � HAOxFDG J >C;EO}O[`C2
O<XD13254dYo>CFL>CO&13G = >COnha>¨Y[G 7 254<;?>COnFD2�O<GK4 M ;E_K2/FDG J G = kD254�GKOd�©254<_K2 �
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{ ; 7 XD4[> ¤5� � �.lm;E^L> = ;E�a>C_a`C2 | l � p �

e 25^�Y[XDFD2D�×>/>ChKGK;NYo>C_a`C2/FD25O�O<GK4 M ;E_K25OA;E^�Y[G 7 4[>CFD25O&13254&1L>C4dY[G�FD25O�1D4<2 M GKFD254<GKOAFDG$O<GK4 M ;Øs
_K2�Y[G J O<;EFD2 = ; J ;NYo>CFL>�1D4<;E^DhK;E1L> =EJ GK^�Y[G�13254�1D4<25B = G J >COIFDG�1D4<251D4<;EGKFL>CFDG/GKO<ha> = >C4 ��i OdY[GKO
1D4<25B = G J >CO:O<XD4 7 G J 13254<º¼XDG��v^DGKhKGKO<O[§C4<;E2\º¼XDGv25O�4<2CY[Ga>CFD254<GKO J >C^�Y[GK^DkL> J 2�hK25^�Y[4<2 = G�FD25O
GKOdYo>CFD25OIFDG\Y[2mFD25Ov25OvÙLXm�]25OIFDG\Y[4[§¨�©G 7 2(º¼XDG�GKOdYo`C2�O<GK^DFD2�GK^Dha> J ;E^DkL>CFD25Ov13254vG = GKO ��i�J
GK^ = >ChKGKO�hK2 J ha>C1L>ChK;EFL>CFDGKO�FL>¶254<FDG J FDG 7 ; 7 >CBD;NY[O�G(Y[GK4[>CBD;NY[OK��hK2 J�J ; = kDÍmGKO\FDG(ÙLXm�]25O
O<; J X = Yo>C^DGa> J GK^�Y[G�>¨Y[; M 25OK��>	>C4<º¼XD;NY[GZY[XD4[> 6 ^�Y"lmGK4 M ; J 13ÍmG�25BDOdYo§ChKX = 25O�G J Y[GK4 J 25O�FDG\; J s
1 = G J GK^�Yo>C_a`C2 ³ FDG M ;EFD2Ë¾¶G"�]1 = 25O[`C2ÓFDG�GKOdYo>CFD25O · � 7 GK4<gK^DhK;?>¶G�hK25^�Yo>CBD; = ;EFL>CFDG � pr254�GKOdY[GKO
J 2CY[; M 25OK�]>¨Y[XL> =EJ GK^�Y[G�2�XDO<2\FDG | l � póGAO<GK4 M ;E_K25O�;E^�Y[G 7 4[>CFD25O:� J >C;EO.4<GKhK2 J GK^DFL>CFD2�1L>C4[>
4<GKFDGKO J GK^D254<GKO&GIhK25^]ÑL^L>CFL>CO ¬ ¸5¸  �

ÝbÞÚßàÞ�o å6<kL	l6M0O�8EDqprM0f�<kLN<>AHs�M0=EGH8ED
z�J >�FL>CO J 2CY[; M >C_KÍmGKOë1L>C4[>�2ÏO<XD4 7 ; J GK^�Y[2�FL>�1D4<251325OdYo>�FDGílmGK4 M ;E_K25O � ;N�©GK4<GK^DhK;Øs

>CFD25O ³�ÚIÆ Û�ÃZÅ[ÃZÀLÜ½Æ½ÝCÜ8Ã[Þ�ß�ÃZÅ"à�ÆµáoÃoâ s � ;Nã¥lmGK4 MD· ¬ ¤5¤ � ¤ ¢ ��©25;�>�FD;NÑLhKX = FL>CFDG�FDGv; J 1 = G J GK^�Yo>C_a`C2
FD25OxO<GK4 M ;E_K25O.;E^�Y[G 7 4[>CFD25OxG | l � p �me 2 J 2�X J >I> = Y[GK4<^L>¨Y[; M >AFDG�1D4<2 M ;EO[`C2�FDG � 2¼l3�¼>I>C4<º¼XD;Øs
Y[GZY[XD4[> � ;Nã¥lmGK4 M 25B¼�<GZY[; M >�1D4<2 M GK4vO<GK4 M ;E_K25OvFD;N�©GK4<GK^DhK;?>CFD25OAFDG��©254 J >/O<; J 1 = GKOAG�GKO<ha> = § M G =µ�
p,>C4[>�;EOdY[2D� � ;Nã¥lmGK4 M BL>CO<GK;?> s8O<G$^L>�1D4<G J ;EO<O[>�FDG�º¼XDGC�×G J ¹ = Y[; J >�;E^DOdYoèC^DhK;?>]�»25OAÙLXm�]25O�FDG
FL>CFD25O}FDGn>C1 = ;Eha>C_KÍmGKOrFD;N�©GK4<GK^�Y[GKO�132mFDG J O<GK4}h = >CO<O<;NÑLha>CFD25O}G J X J hK25^ �<XD^�Y[2 J >C;EO 7 GK^D�K4<;EhK2
GI4<GKFDXD�K;EFD2/FDGIha>¨Y[G 7 254<;?>COnFDGvY[4[§¨�©G 7 2 � lmG 7 XD;E^DFD2�GKOdY[G�1D4<;E^DhKbE1D;E2D�]25OnÙLXm�]25O&FDGIFL>CFD25O&O[`C2
FD;EO<hK4<; J ;E^L>CFD25O:GvY[4[>¨Yo>CFD25O&FDG�>ChK254<FD2�hK2 J >COnO<XL>CO�h = >CO<O<GKO&FDGvY[4[§¨�©G 7 2 �

i ^�Y[4<G\FD2 J bE^D;E25OK�L^Db M GK;EO�FDG$O<GK4 M ;E_K2	XD^D;EFD;E4<GKhK;E25^L>C;EO&O[`C2	>ChK254<FL>CFD25OAGK^�Y[4<G\1D4<2 M GKFD254�G
h = ;EGK^�Y[G ³ XDO<XL§C4<;E2�25X¶25X]Y[4<2�1D4<2 M GKFD254 · 1L>C4[>(2(Y[4[§¨�©G 7 2�º¼XDG/GK^�Y[4[>�^L>(4<GKFDG/FD2�1D4<2 M GKFD254 �
6 ^�Y[GK4<^L> J GK^�Y[GC��2�1D4<2 M GKFD254�FD2vO<GK4 M ;E_K2��:Y[2CYo> =EJ GK^�Y[G:4<GKO<1325^DO[§ M G = 13G = 2v>C1D4<2 M ;EO<;E25^L> J GK^�Y[2
FD25O&4<GKhKXD4<O<25O�GI13G = >COn132 = bNY[;Eha>CO:FDGIO<GK4 M ;E_K2 �

�A>CO��©4<25^�Y[GK;E4[>CO�FDG�X J FD2 J bE^D;E2 � ;Nã¥lmGK4 Më³½� l · ��2�Y[4[§¨�©G 7 2��\hK25^DFD;EhK;E25^L>CFD2�1L>C4[>	>COts
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O<G 7 XD4[>C4:hK25^]�©254 J ;EFL>CFDG�>C2�13GK4dÑ = FDG�Y[4[§¨�©G 7 2$hK254<4<GKO<1325^DFDGK^�Y[Gv>C2$^Db M G = FDG�O<GK4 M ;E_K2�hK25^�Y[4[> s
Yo>CFD2D�]Gvº¼XDG 7 GK4[> =EJ GK^�Y[GA;E4[§$O<GIBL>CO<Ga>C4n^D2�Y[4[§¨�©G 7 2�> 7 4<G 7 >CFD2 � p,>C4[>$Y[4[>¨Yo>C4�25On1L>ChK2CY[GKOnFDG
�©254 J >/FD;N�©GK4<GK^DhK;?>CFL>]�×O[`C2�X]Y[; = ;E�a>CFD25O�BD;NY[OAFDG�X J ha> J 132�FD2�ha>CB3GK_a> = kD2 6 pr�×FDGK^D2 J ;E^L>CFD2
ha> J 132 � l ¬ ¤5¤  � HA^�Y[GKOvFL>�GK^�Y[4[>CFL>�G J X J FD2 J bE^D;E2 � l3�×GKOdY[G�ha> J 132�� J >C4<ha>CFD2�hK2 J
X J¦M > = 254:º¼XDGIGKO<13GKhK;NÑLha>C4[§\2\Y[;E132�FDG�Y[4[>¨Yo> J GK^�Y[2��©254<^DGKhK;EFD2\^D2�GK^Dha> J ;E^DkL> J GK^�Y[2�FDGKOdY[G
1L>ChK2CY[G �

� G M ;EFD2\>�GKOdYo>CO:ha>C4[>ChZY[GK4<bEOdY[;Eha>COK�m>�hK2 J 1 = G"�];EFL>CFDG = ; 7 >CFL>I¾Ih = >CO<O<;NÑLha>C_a`C2$GA>C2 J >C13Ga> s
J GK^�Y[2IFD25O�ÙLXm�]25O.^L>COxh = >CO<O<GKOxFDGnY[4[§¨�©G 7 2I�&FDGKO = 2mha>CFL>vFD2I^¼¹Dh = GK2�1L>C4[>I>COxB3254<FL>CO�FL>I4<GKFDG
FDG(O<GK4 M ;E_K25O/FD;N�©GK4<GK^DhK;?>CFD25OK�xO<; J 1 = ;NÑLha>C^DFD2Ì>Ì>C4<º¼XD;NY[GZY[XD4[>ÂFD2¶O<GKXõ^¼¹Dh = GK2 � H = � J FD;EO<O<2D�
FD;N�©GK4<GK^�Y[GKO�^Db M GK;EO:FDG�O<GK4 M ;E_K2\O[`C2�2C�©GK4<GKhK;EFD25O�>C2$Y[4[§¨�©G 7 2\> 7 4<G 7 >CFD2[t:G�^L`C2\>$ha>CFL>�ÙLXm�]2D�D2
º¼XDGvY[254<^L>�>\1D4<251325OdYo> � ;Nã¥lmGK4 M GKO<ha> = § M G =µ�.i OdY[GKO&FD25;EOn1325^�Y[25O&hK25^DOdY[;NY[XDG J >COn1D4<;E^DhK;E1L>C;EO
M >C^�Yo> 7 GK^DO&FDGKOdYo>�> = Y[GK4<^L>¨Y[; M > �

e 25^�Y[XDFD2D�A>Ó1D4<251325OdYo>ÓFDG�O<GK4 M ;E_K25O	FD;N�©GK4<GK^DhK;?>CFD25O�Yo> J B3� J >C1D4<GKO<GK^�Yo>ó> =E7 XD^DO/25BDOts
Yo§ChKX = 25O�>C2ÂO<GKXõFDGKO<GK^ M 2 =NM ; J GK^�Y[2¶G Jä= >C4 7 >�GKO<ha> = > �óe 25^]�©254 J G	FD;NY[2Ì>C^�Y[GK4<;E254 J GK^�Y[GC�.>
hK2 J 1 = G"�];EFL>CFDGvhK25^DhKGK^�Y[4[>CFL>�^L>CO&B3254<FL>CO&FL>\4<GKFDG$>¨Y[4[> M �KO&FDG�>C1D4<2 M ;EO<;E25^L> J GK^�Y[2�GvhK25^]Ñ]s
7 XD4[>C_a`C2D�]hK25^�Y[4<;EBDXD;�1L>C4[>\>�O<; J 1 = ;NÑLha>C_a`C2�FD2�^¼¹Dh = GK2 � pr254<� J �]1D4<2 M GK4&^Db M GK;EO�FD;EOdY[;E^�Y[25O�FDG
O<GK4 M ;E_K2v>C2 J GKO J 2�Y[G J 132A^L`C2A�:X J >&Yo>C4<GZ�½>AO<; J 1 = GKOrG J �©XD^D_a`C2�FL>CO,1325O<O<b M GK;EO,;E^�Y[GK4[>C_KÍmGKO
>CF M GK4<O[>CO�GK^�Y[4<G$h = >CO<O<GKO�FD;N�©GK4<GK^�Y[GKOK�×25X�>¨Y[� J GKO J 2/FDGK^�Y[4<2�FDG�ha>CFL>/h = >CO<O<G ��c GKha>C^D;EO J 25O
º¼XDG J ;E^D; J ;E�KG J GKOdY[GKO&1D4<25B = G J >CO:Y[g J O<;EFD2�> =NM 2�FDGv13GKO<º¼XD;EO[>/>¨Y[XL> = �m;E^Dh = XD;E^DFD2�GKOdY[G�Y[4[> s
BL> = kD2 ³ O<GK_a`C2 ¤5� ¸ ·"� H = � J FD;EO<O<2D� � ;Nã¥lmGK4 M BL>CO<GK;?> s8O<G/G J >ChK254<FD25O = 2mha>C;EOv^L>CO��©4<25^�Y[GK;E4[>CO
GK^�Y[4<GI1D4<2 M GKFD254<GKO�Gvh = ;EGK^�Y[GKO �.e 25^DO<GKº¼XDGK^�Y[G J GK^�Y[GC�3O<GK4 M ;E_K25OnÑ J st> s�Ñ J O<q/132mFDG J O<GK4&25Bms
Y[;EFD25O\>¨Y[4[> M �KO�FL>�hK25^DhK; = ;?>C_a`C2�FD25O\hK25^�Y[4[>¨Y[25O\GK^�Y[4<G(>CO��©4<25^�Y[GK;E4[>CO�FDG	ha>CFL>ÂFD2 J bE^D;E2�^D2
ha> J ;E^DkD2�GK^�Y[4<G��©25^�Y[G�G\FDGKOdY[;E^D2 � H�hK25^DOdY[4<XD_a`C2	FDGKOdY[G\O<GK4 M ;E_K25O�Ñ J st> s�Ñ J ^L`C2	�$Y[4<; M ;?> = �
hK25^DOdY[;NY[XD;E^DFD2¨s8O<G�Yo> J B3� J G J 25B¼�<GZY[2/FDGI13GKO<º¼XD;EO[>/>¨Y[XL> =µ�

e 2 J 1L>C4[>C^DFD2ÓFDG��©254 J >ÂO<; J 1 = GKO/>CO�1D4<251325OdYo>CO 6 ^�Y"lmGK4 M G � ;Nã¥lmGK4 M ��132mFDG"s8O<G�FD;E�KGK4
º¼XDG$O<2 = XD_KÍmGKOA1L>C4[> � 2¼l(º¼XDG$X]Y[; = ;E�a> J >C4 J >C�KGK^L> J GK^�Y[2/FDG$GKOdYo>CFD25O ³�âZÜ�ÝCÜ8Ã#º"ÇmÐ¥â�Ä¨Ð ÇmÜ½ÆµÄ¨À]â¨·
hK2 J 2 6 ^�Y"lmGK4 M �L1D4<2 M gKG J O<GK4 M ;E_K25O J >C;EOxÙLG"�]b M GK;EO�G��©254<^DGKhKG J¦J >C;E254<GKO.^Db M GK;EO:FDG 7 >C4[>C^�Y[;?>
G J 4<G = >C_a`C2�>/O<2 = XD_KÍmGKO�FDG � 2¼l(O<G J >C4 J >C�KGK^L> J GK^�Y[2/FDG$GKOdYo>CFD25O ³�âZÜ�ÝCÜ8ÃZÐEÃoâoâIâ�Ä¨Ð ÇmÜ½ÆµÄ¨À]â¨·"�
e 25^�Y[XDFD2D�¼>CO}1D4<; J GK;E4[>COrO[`C2 J GK^D25O}GKO<ha> = § M GK;EO�G�4<25BDXDOdYo>CO�º¼XDG&>CO}¹ = Y[; J >CO � H�>C4<º¼XD;NY[GZY[XD4[>
l enwv|�iT³8ß�á[ÝCÐNÝ%·KÐEÃV�.Ä¨Å[Ã · ¬ ¸ � ��vX J G"�]G J 1 = 2�FDGv1D4<251325OdYo>�;E^�Y[GK4 J GKFD;?§C4<;?>�GK^�Y[4<G 6 ^�Y"lmGK4 M
G � ;Nã¥lmGK4 M �LGIº¼XDGvY[GK^�Yo>�4<GKXD^D;E4&>CO M >C^�Yo> 7 GK^DO&FDG�> J BL>CO �

� §C4<;?>COA1D4<251325OdYo>COAFD2 6ti�W&{ 1L>C4[>�>/1D4<2 M ;EO[`C2�FDG � 2¼l�^L> 6 ^�Y[GK4<^DGZY��©254[> J FDGKO<hK4<;NYo>COK�
ha>CFL>AX J >AhK2 J O<GKXDO}25B¼�<GZY[; M 25OK� M >C^�Yo> 7 GK^DO,G = ; J ;NYo>C_KÍmGKO �re 2 J 2A;E^�Y[G 7 4[>C4rGKOdYo>CO}1D4<251325OdYo>CO

u�U�îEë(
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ûRü�ñ;))ü�þ�îàð*wEïÚñ1wRðE÷�î4#
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FDGn�©254 J >v>vhK25^DOdY[4<XD;E4�X J >v;E^]�©4[> s8GKOdY[4<X]Y[XD4[> 75= 25BL> = º¼XDG&; J 1 = G J GK^�Y[G � 2¼l$Ñ J st> s�Ñ J �&X J
1325^�Y[2�>C;E^DFL>vG J FD;EO<hKXDO<O[`C2 ¬ ¤ � � � � � ¸ �  �xw O.1D4<2 M GKFD254<GKO�FDG�O<GK4 M ;E_K2�Yo> J B3� J ^DGKhKGKO<O<;NYo> J
FDG J GKha>C^D;EO J 25Oxº¼XDGA4<G 7 X = G J º¼XL>C;EO.XDO<XL§C4<;E25OK�m>C1 = ;Eha>C_KÍmGKOxG�GKOdYo>C_KÍmGKO:FDG M G J Y[GK4:>ChKGKO<O<2\>
º¼XL>C;EOxO<GK4 M ;E_K25O.G&G J º¼XDG�hK25^DFD;E_KÍmGKO ��i OdYo>�;E^]�©4[> s8GKOdY[4<X]Y[XD4[>�132 = bNY[;Eha>]�ChK2 J 1D4<GKGK^DFDGK^DFD2$X J
hK25^ �<XD^�Y[2�FDG�1D4<2CY[2mhK2 = 25OK� J 2mFDG = 25O�FDG&;E^]�©254 J >C_a`C2vG&O<GK4 M ;E_K25O.�&^DGKhKGKO<O[§C4<;?>�1L>C4[>�Y[4[>C^DOd�©254ts
J >C4I;E^�Y[GK^D_KÍmGKO�>CF J ;E^D;EOdY[4[>¨Y[; M >CO�G J X J Y[4[>¨Yo> J GK^�Y[2�FD;N�©GK4<GK^DhK;?>CFD2�1L>C4[>(25O$1L>ChK2CY[GKO�^L>
4<GKFDG ¬ ¸ ®  �vw 1D4<2CY[2mhK2 = 2 enw p.l ³E�.Ä¨Á\Á�Ä¨ÀqQrÎLÃZÀ Ö&Ä¨Ð ÆµáE>�ß�ÃZÅ"à�ÆµáoÃ · ¬ ¸ ±�}�$X J >�1D4<251325OdYo>
FD2 6ti�W&{ 1L>C4[>\>\1D4<2 M ;EO[`C2�FDG � 2¼l �»w X]Y[4<2/>CO<13GKhZY[2�; J 13254dYo>C^�Y[GA��>�º¼XDGKOdYo`C2/hK25^�Y[4[>¨Y[XL> =
G"�]1D4<GKO<O[>�^D25OIhokL> J >CFD25O e 25^�Y[4[>¨Y[25OvFDG/��b M G = FDG�lmGK4 M ;E_K2 ³8ß�ÃZÅ"à�ÆµáoÃQ× ÃZàCÃZÐ	»íÂCÅ[ÃoÃZÁ�ÃZÀLÜÈâ s
l � HAO · ¬ ¸ � µ�CFDGZY[GK4 J ;E^L>C^DFD2A25O,O<GK4 M ;E_K25O}>AO<GK4<G J FD;EO<1325^D;EBD; = ;E�a>CFD25O � H = � J FD;EO<O<2D�C2AO<XDhKGKO<O<2
FL>�; J 1 = >C^�Yo>C_a`C2	FDG � 2¼lÂFDGK13GK^DFDG�FDG�l � HAO$º¼XDG J > �]; J ;E�KG J 25O 7 >C^DkD25O�FDG�> J BL>CO�>CO
1L>C4dY[GKOK�DYo>C^�Y[2/1D4<2 M GKFD254&hK2 J 2�XDO<XL§C4<;E2 �

���1~ Ð9Ñ���� ³ �-ªfQ�Î��ÐH¨-�Q��®4���à��¬©Ò¥¦�4��3��� ³ 

� GK^�Y[4<G�>CO.1D4<251325OdYo>CO.FD;EO<hKX]Y[;EFL>CO.>C^�Y[GK4<;E254 J GK^�Y[GC�¼25O.O<GK4 M ;E_K25O.FD;N�©GK4<GK^DhK;?>CFD25OxhK25^DOdY[;NY[Xms
G J X J >(> = Y[GK4<^L>¨Y[; M > M ;?§ M G = 1L>C4[>�>(1D4<2 M ;EO[`C2�FDG�^Db M GK;EOIFDG/O<GK4 M ;E_K2�FD;EO<hK4<; J ;E^L>CFD25O�G/FDG
> =E7 X J >\�©254 J >/O<XD13GK4<;E254<GKOv>C2�FDG J G = kD254�GKOd�©254<_K2 �Ie 2 J 2�hK25^DO<GKº¼XDgK^DhK;?>]�¥X J > = >C4 7 > M > s
4<;EGKFL>CFDG�FDG$GKOdY[XDFD25O M G J O<GK^DFD2��©GK;NY[25O&^DGKOdYo>�§C4<Ga> �&� GK^�Y[4<G�G = GKOK�3132mFDG J O<GK4AFDGKOdYo>Cha>CFD25O
Y[4[>CBL> = kD25O\O<25BD4<G J 2mFDG = 25O J >¨Y[G J §¨Y[;EhK25O ¬ ¸ ¯ � ��£ µ�.Yo>C4<;N�½>C_a`C2 ¬ �D¤ � �¼¢ µ�:>CFDGKº¼XL>C_a`C2Ó1L>C4[>
Y[4[>C^DO<13254dY[G\FDG M 25�C� M bEFDGK2	G\Y[4[§¨�©G 7 2 Á\ÇmÐ Ü½Æµá[Ý âZÜ ¬ � ¸ � ��� � �6� µ�¥1D4<251325OdYo>COvG/> M > = ;?>C_KÍmGKOAFDG
^D2 M 25O�O<GK4 M ;E_K25O ¬ ��® � � ±m� �%� µ�»> = � J FDGI25X]Y[4<25O�Y[4[>CBL> = kD25OnhK;NYo>CFD25On^D2�FDGKhK254<4<GK4�FD2\Y[G"�mY[2 �

e 25^]�©254 J G.�[§$�©25;�FD;NY[2D�D>\1D4<251325OdYo> � ;Nã×O<GK4 M BL>CO<GK;?> s8O<GvG J X J hK25^ �<XD^�Y[2�FDG J GKha>C^D;EOts
J 25O�º¼XDG$Y[4[>¨Yo> J 1L>ChK2CY[GKOAFDG$�©254 J >�FD;N�©GK4<GK^DhK;?>CFL>/G J �©XD^D_a`C2�FL> J >C4<ha>C_a`C2�FD25OABD;NY[O�FD2
ha> J 132 � l �»i�J Y[GK4 J 25OnFDGI1L>CFD4<25^D;E�a>C_a`C2D�]FD25;EO�Y[4[>¨Yo> J GK^�Y[25On25X e 2 J 13254dYo> J GK^�Y[25Onpr254
i ^ = >ChKG ³;Ö&ÃZÅ-,���ÄoÎÅÙ�ÃØ.DÝCà�ÆµÄ¨Å[â s�px@A9:O · �©254[> J GKO<13GKhK;NÑLha>CFD25OK�$2 i ^Dha> J ;E^DkL> J GK^�Y[2 i �¼s
1D4<GKO<O<2 ³ px@A9xs ix{�· ¬ ��¯ LGn2 i ^Dha> J ;E^DkL> J GK^�Y[2�HAO<O<G 7 XD4[>CFD2 ³ px@A9xs8H {�· ¬ �C£  ��w px@A9xs8H {
O<GK4 M GvFDG�BL>CO<G�1L>C4[>�>$; J 1 = G J GK^�Yo>C_a`C2�FD2�lmGK4 M ;E_K2�HAO<O<G 7 XD4[>CFD2 ¬ �m¤ µ�]2�º¼XL> = 13GK4 J ;NY[G�º¼XDG
X J 1D4<2 M GKFD254v2C�©GK4<GK_a>�FD;N�©GK4<GK^�Y[GKO�^Db M GK;EO�FDG 7 >C4[>C^�Y[;?>/FDG�GK^Dha> J ;E^DkL> J GK^�Y[2�FDG$Y[4[§¨�©G 7 2	>
O<GKXDO�h = ;EGK^�Y[GKO �ów O\1L>ChK2CY[GKO�O[`C2ÌGK^Dha> J ;E^DkL>CFD25O�hK2 J 1D4<25BL>CBD; = ;EFL>CFDG�> = Yo>�O<G�>�Yo> �D>�FD2
Y[4[§¨�©G 7 2�FDG�ha>CFL>�XDO<XL§C4<;E2�^L`C2	G"�]hKGKFDGK4v2 M > = 254�hK25^�Y[4[>¨Yo>CFD2 �Iw Y[4[§¨�©G 7 2�G"�]hKGKFDGK^�Y[G/�$GK^ms
ha> J ;E^DkL>CFD2�hK2 J 1D4<25BL>CBD; = ;EFL>CFDGKO J GK^D254<GKO �vw GKOdY[XDFD2�FDGKOdY[G�O<GK4 M ;E_K2�Y[G J O<;EFD2�BL>COdYo>C^�Y[G
;E^DhKGK^�Y[; M >CFD2�13G = >$�½> = Yo>�FDG 7 >C4[>C^�Y[;?>�^D2/GK^Dha> J ;E^DkL> J GK^�Y[2\FDGvY[4[§¨�©G 7 2�^L> 6 ^�Y[GK4<^DGZY �

p,>C4[> 7 >C4[>C^�Y[;E4.2\^Db M G = FDG�O<GK4 M ;E_K2�FDGKO<G8�[>CFD2/>¨Y[4[> M �KOnFL> J >C4<ha>C_a`C2�FD2\ha> J 132 � l�FD25O
1L>ChK2CY[GKOK��2�hK25^DFD;EhK;E25^L> J GK^�Y[2�FDG�Y[4[§¨�©G 7 2��$G"�]GKhKX]Yo>CFD2(^L>�GK^�Y[4[>CFL>�FDG$X J FD2 J bE^D;E2 � l �
� §C4<;E25O�GKOdY[XDFD25OA1D4<251DXDO<GK4[> JVJ >C4<ha>CFD254<GKO�1L>C4[>/2�O<GK4 M ;E_K2	>CO<O<G 7 XD4[>CFD2 ¬ �5¢ � � ¸ � �)� � ��� rG
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> M > = ;?>C4[> J 25OAO<GKXDOvFDGKO<G J 13GK^DkD25O ¬ �C® � � ±m� �*� � �C¯ � ®5£ � ®]¤  �ve 2 J 2�hK25^DO<GKº¼XDgK^DhK;?>]�×�©254[> J
;EFDGK^�Y[;NÑLha>CFD25O M §C4<;E25O�1D4<25B = G J >CO�FDG��<XDOdY[;E_a>ËGK^�Y[4<GÌ25O�ÙLXm�]25O	º¼XDGÌhK2 J 13ÍmG J 2ËY[4[§¨�©G 7 2
>CO<O<G 7 XD4[>CFD2õº¼XL>C^DFD2)GKOdY[GKO�hK2 J 1L>C4dY[; = kL> J 4<GKhKXD4<O<25O�FL>ë4<GKFDG¶FDGÌX J 1D4<2 M GKFD254 �jc >C;EO
GKO<13GKhK;NÑLha> J GK^�Y[GC�:>��½> = Yo>�FDG��<XDOdY[;E_a>�GK^�Y[4<G�ÙLXm�]25O�º¼XDG	GKOdYo`C2¶>CO<O<2mhK;?>CFD25O\>�X J J GKO J 2
13GK4dÑ = FDGvY[4[§¨�©G 7 2/>C;E^DFL>��IX J 1D4<25B = G J >�1325XDhK2/G"�]1 = 254[>CFD2 �

w 25B¼�<GZY[; M 2ÓFDGKOdY[G�Y[4[>CBL> = kD2¶��1D4<2513254/X J hK25^DFD;EhK;E25^L>CFD254�FDG�Y[4[§¨�©G 7 2¶GZÑLhK;EGK^�Y[G�G J
Y[GK4 J 25OnFDG.�<XDOdY[;E_a>�GK^�Y[4<GvÙLXm�]25O&FDGvX JìJ GKO J 2�Y[4[§¨�©G 7 2�> 7 4<G 7 >CFD2D�]hK25^DO<;EFDGK4[>C^DFD2�2�hK2 J s
1L>C4dY[; = kL> J GK^�Y[2&FL>CO = >C4 7 XD4[>CO FDG.�½>C;Ø�D>A>CO<O<G 7 XD4[>CFL>AG:G"�]hKGKFDGK^�Y[G �:e 2 J 2A1325^�Y[2AFDG:1L>C4dY[;EFL>]�
X J >�O<2 = XD_a`C2$FDGK^D2 J ;E^L>CFL> {�cä³�å ÝCÆÈÅnæÌÝCÅ[ç�ÃZÅ5· ¬ ®�¢ ×��>C1D4<GKO<GK^�Yo>CFL> �.i OdY[XDFD25On>¨Y[4[> M �KO�FDG
O<; J X = >C_KÍmGKOIO[`C2(�©GK;NY[25O�FDG��©254 J >(>�GK^�Y[GK^DFDGK4$2�>��<XDOdY[G/FDG�O<GKXDO$1L>C4[è J GZY[4<25OIG�> M > = ;?>C4v2
O<GKX	FDGKO<G J 13GK^DkD2 �.� G�>ChK254<FD2�hK2 J 25O:4<GKO<X = Yo>CFD25O:25B]Y[;EFD25O.^L>CO�O<; J X = >C_KÍmGKOK�¼2 {�cV7 >C4[>C^ms
Y[G\X J > = Y[2 7 4[>CXÂFDG��<XDOdY[;E_a>�^D2	hK2 J 1L>C4dY[; = kL> J GK^�Y[2�FL> = >C4 7 XD4[>�FDG��½>C;Ø�D>�>CO<O<G 7 XD4[>CFL>]�r>
FDGK13GK^DFDGK4AFD2�>��<XDOdY[G$>CFDGKº¼XL>CFD2�FDG$O<GKXDOA1L>C4[è J GZY[4<25O � pr254<� J �»2 {�c O<G J 25OdY[4[>�;E^Dha>C1L>C�
FDG�1D4<2 M GK4¥�<XDOdY[;E_a>�^D2$hK2 J 1L>C4dY[; = kL> J GK^�Y[2�FL> = >C4 7 XD4[>vFDG��½>C;Ø�D>vG"�]hKGKFDGK^�Y[GC�LGKO<13GKhK;?> =EJ GK^�Y[G
º¼XL>C^DFD2�2/ÙLXm�]2�> 7 4<G 7 >CFD2��I�©254 J >CFD2/13G = > J ;EOdY[XD4[>\FDG��©25^�Y[GKOAFDGIY[4[§¨�©G 7 2 W�e p�G zA� p �
p,>C4[>	O<XD1D4<;E4�GKOdYo>	FDGZÑLhK;EgK^DhK;?>]�¥GKOdY[G\Y[4[>CBL> = kD2�1D4<2513ÍmG\>	X]Y[; = ;E�a>C_a`C2�FDG\X J >�G"�mY[GK^DO[`C2(FD2
{�c ��FDGK^D2 J ;E^L>CFL> W�e�{�c�³�Ç�.mÅ[ÃoÃQ�.Ä¨ÐEÄ¨Å�å ÝCÆÈÅ:æÌÝCÅ[ç�ÃZÅ5· ¬ ® ¸ µ�¼hKX �<2�FDGKO<G J 13GK^DkD2�Yo> J B3� J
��> M > = ;?>CFD2\>¨Y[4[> M �KO�FDGIO<; J X = >C_KÍmGKO �

w Y[4[>CBL> = kD2�GKOdYo§�254 7 >C^D;E�a>CFD2$FL>$O<G 7 XD;E^�Y[G J >C^DGK;E4[> ��w ha>C1DbNY[X = 2 ¢ >CB3254<FL>$>�>C4<º¼XD;NY[G"s
Y[XD4[> � ;Nã×O<GK4 M �¨O<GKXDOr1D4<;E^DhK;E1L>C;EO�G = G J GK^�Y[25O¥GxO<GK4 M ;E_K25Or1D4<251325OdY[25O �}w ha>C1DbNY[X = 2 ¸ FDGKO<hK4<G M G:25O
J GKha>C^D;EO J 25O,1D4<;E^DhK;E1L>C;EOrX]Y[; = ;E�a>CFD25Or^L>A; J 1 = G J GK^�Yo>C_a`C2AFD2�O<GK4 M ;E_K2I>CO<O<G 7 XD4[>CFD2D��;E^Dh = XD;E^DFD2
J >C4<ha>CFD254<GKOnFDG�Y[4[§¨�©G 7 2\G 7 GK4<GK^DhK;?> J GK^�Y[2�>¨Y[; M 2\FDGvÑ = >CO � ��2�ha>C1DbNY[X = 2 � �D2\1D4<25B = G J >$FL>
�<XDOdY[;E_a>\�IFD;EO<hKX]Y[;EFD2D�DGKOdY[4<X]Y[XD4[>CFD2/GIO<XL>CO&ha>CXDO[>COA>C^L> = ;EO[>CFL>CO ��i�J O<G 7 XD;EFL>]�L>CO&1D4<;E^DhK;E1L>C;EO
GKOdY[4[>¨Y[� 7 ;?>COn1L>C4[>\hK2 J BL>¨Y[GK4n2�1D4<25B = G J >�FL>��<XDOdY[;E_a>\GK^�Y[4<GvÙLXm�]25O�FDGvX JìJ GKO J 2/> 7 4<G 7 > s
FD25O:O[`C2$hK2 J 1L>C4[>CFL>CO � ��2�ÑL^L> = FD2$ha>C1DbNY[X = 2D�¼25O J >C4<ha>CFD254<GKO {�c G W�e�{�c O[`C2$FDGKO<hK4<;NY[25O
G J FDGZYo> = kDGKO �.w ha>C1DbNY[X = 2 � >C1D4<GKO<GK^�Yo>$25O J 2mFDG = 25O�G�hKGK^L§C4<;E25O.X]Y[; = ;E�a>CFD25O}^L>CO:O<; J X = >C_KÍmGKO
G�>�>C^L§ = ;EO<G\FD25O�4<GKO<X = Yo>CFD25O�25B]Y[;EFD25O ��{ ;E^L> =EJ GK^�Y[GC� ^D2�ha>C1DbNY[X = 2 ® O[`C2�>C1D4<GKO<GK^�Yo>CFL>CO�>CO
hK25^Dh = XDO<ÍmGKO&FDGKOdY[GIY[4[>CBL> = kD2D�D>CO<O<; J hK2 J 2\O<X 7 GKOdY[ÍmGKO�1L>C4[>\Y[4[>CBL> = kD25O:�©X]Y[XD4<25O �

w Y[4[>CBL> = kD2/>C1D4<GKO<GK^�Yo>�>C;E^DFL>\hK;E^DhK2�>C13gK^DFD;EhKGKO ��w >C13gK^DFD;EhKGIH�hK25^�Y[� J 25O&hK25^DhKGK;NY[25O
= ; 7 >CFD25O\>C2ÌhK25^�Y[4<2 = G	FDG(hK25^ 7 GKOdY[;E25^L> J GK^�Y[2ÌFD2Ì1D4<2CY[2mhK2 = 2 W�e pr���©XD^DFL> J GK^�Yo>C;EO\1L>C4[>Â2
GK^�Y[GK^DFD; J GK^�Y[2¶FD2ÌY[G"�mY[2¶G(FD25O�4<GKO<X = Yo>CFD25O�25B]Y[;EFD25O � H = � J FD;EO<O<2D�:O<XL>CO�1D4<;E^DhK;E1L>C;EO\; J s
1 = G J GK^�Yo>C_KÍmGKO�O[`C2�FDGKO<hK4<;NYo>CO�G/hK2 J 1L>C4[>CFL>CO �	w >C13gK^DFD;EhKG/9ÏhK25^�Y[� J 25O�> =E7 254<;NY J 25O�FDG
7 GK4<GK^DhK;?> J GK^�Y[2	>¨Y[; M 2�FDG$Ñ = >COAX]Y[; = ;E�a>CFD25O&^D2�Y[4[>CBL> = kD2 ��w >C13gK^DFD;EhKG e >C1D4<GKO<GK^�Yo>	4<GKO<X = s
Yo>CFD25O\>CFD;EhK;E25^L>C;EOI4<GZ�©GK4<GK^�Y[GKO/>C2�ha>C1DbNY[X = 2 �m�¶w >C13gK^DFD;EhKG � hK25^�Y[� J X J�75= 25O<O[§C4<;E2�G�2
>C13gK^DFD;EhKG i X J > = ;EOdYo>COnFDGIGK^DFDGK4<GK_K25O�G = GZY[4 É ^D;EhK25On4<G = >ChK;E25^L>CFD25On>C2\Y[4[>CBL> = kD2 �
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i OdY[GIha>C1DbNY[X = 2\>CB3254<FL>�25O�lmGK4 M ;E_K25O � ;N�©GK4<GK^DhK;?>CFD25O ³½� ;Nã¥lmGK4 MD· ¬ ¤5¤ � ¤ ¢ µ�DX J >�FL>COn1D4<2¨s
1325OdYo>CO�FD2 6ti�W&{ 1L>C4[> � 2¼l�^L> 6 ^�Y[GK4<^DGZYa�¥hK25^]�©254 J G M ;EOdY[2�^D2	ha>C1DbNY[X = 2 ¤5�Ii ^�Y[4<G�25X]Y[4<25O
>CO<13GKhZY[25OK�CO<GK4[`C2A>C1D4<GKO<GK^�Yo>CFD25O,25O 1D4<;E^DhK;E1L>C;EO�hK2 J 1325^DGK^�Y[GKO FDG.O<XL>�>C4<º¼XD;NY[GZY[XD4[>]�¨>CO¥�©254 J >CO
FDG\Y[4[>¨Yo> J GK^�Y[2(FD;N�©GK4<GK^DhK;?>CFD2	FD25OI1L>ChK2CY[GKO�^L>	4<GKFDG�G�25OI1D4<;E^DhK;E1L>C;EO�O<GK4 M ;E_K25OI1D4<251325OdY[25O �
w ha>C1DbNY[X = 2�Y[GK4 J ;E^L>�hK2 J >CO&hK25^DO<;EFDGK4[>C_KÍmGKO J >C;EOn>¨Y[XL>C;EOnO<25BD4<GI2/>CO<O<XD^�Y[2 �

É �R� �L£!®!�!���Õ��® ³ Q�=�!�ÕËÌ¨X�ÍkQ� ³ �

� ;Nã¥lmGK4 M BDXDO<ha> M ;?>CBD; = ;E�a>C4x>$hK4<;?>C_a`C2$FDGA^Db M GK;EO:FD;EOdY[;E^�Y[25O:FDGAO<GK4 M ;E_K2\FDGA�©254 J >IGKO<ha> = § s
M G =µ��6 OdY[2\O<G�FDG M Gv¾�>CXDO<gK^DhK;?>�FDGv>C4 J >C�KGK^L> J GK^�Y[2$FDG�GKOdYo>CFD25O�13254.ÙLXm�]2�G�FDG�O<;E^L> = ;E�a>C_a`C2
13254\^Dq � Hf;EFD�K;?>��©XD^DFL> J GK^�Yo> = �(FDGZÑL^D;E4\X J hK25^ �<XD^�Y[2¶13GKº¼XDGK^D2ÓFDG J GKha>C^D;EO J 25O�º¼XDG
1325O<O[> J O<GK4v; J 1 = G J GK^�Yo>CFD25O�^D25Ov^Dq5OvFL>	4<GKFDG�G\º¼XDG�O<XD13254dY[G J X J > M >C4<;EGKFL>CFDG\FDG\O<GK4ts
M ;E_K25OK�]Ñ J st> s�Ñ J 25X	;E^�Y[4[> s8FD2 J bE^D;E2 �,w On4<GKº¼XDGK4<; J GK^�Y[25O�FDGvFDGKO<G J 13GK^DkD2�º¼XDGvFDGZÑL^DG J 25O
O<GK4 M ;E_K25O�132mFDG J O<GK4Iº¼XL>C^�Y[;NYo>¨Y[; M 25OI25XÌGKOdYo>¨Y[bEOdY[;EhK25OvG J hK; J >�FDG�1L>C4[è J GZY[4<25OvhK2 J 2(13254
G"�]G J 1 = 2 M >C�a`C2D��4<GZYo>C4<FD2D�	¿ ÆÈÜ½Ü8ÃZÅ G	13GK4<FL>COKÒ:25Xó132mFDG J O<GK4\GKO<13GKhK;NÑLha>CFD25O�G J �©254 J >�FDG
1D4<;E254<;EFL>CFDGKOn4<G = >¨Y[; M >CO:FDG$>ChKGKO<O<2�>C25O&4<GKhKXD4<O<25O�FL>\4<GKFDG �

w 1D4<;E^DhKbE1D;E2�FDG��©XD^DhK;E25^L> J GK^�Y[2&FL>&1D4<251325OdYo> � ;Nã¥lmGK4 M 132mFDG�O<GK4r4<GKO<X J ;EFD2nFL>&O<G 7 XD;E^�Y[G
�©254 J > � �A>COrB3254<FL>CO FL>&4<GKFDGC�C25OrBD;NY[O FDG.X J ha> J 132&FD2Aha>CB3GK_a> = kD2 6 p�FDGK^D2 J ;E^L>CFD2&ha> J 132
� lÌO[`C2 J >C4<ha>CFD25OIFDG J 2mFD2�>�>¨Y[4<;EBDXD;E4ts = kDG�X J«M > = 254vGKO<13GKhKbNÑLhK2 �	i OdYo> J >C4<ha>C_a`C2(GKOdYo§
hK25^DFD;EhK;E25^L>CFL>�>C25O$4<GKº¼XDGK4<; J GK^�Y[25O\G�4<G 7 4[>CO�FDG	ha>CFL>�O<GK4 M ;E_K2 � ��2Â;E^�Y[GK4<;E254$FL>�4<GKFDGC�x25O
J GKO J 25O:BD;NY[O.O[`C2�X]Y[; = ;E�a>CFD25Ox1L>C4[>�FDGZY[GK4 J ;E^L>C4.2$Y[4[>¨Yo> J GK^�Y[2$º¼XDG�O<GK4[§$FL>CFD2\>C25O:1L>ChK2CY[GKO
G J Y[GK4 J 25OnFDGIGK^Dha> J ;E^DkL> J GK^�Y[2 �

H¡>C4<º¼XD;NY[GZY[XD4[> � ;Nã¥lmGK4 M ��hK2 J 1325OdYo>\FDG$X J hK25^ �<XD^�Y[2�FDG�G = G J GK^�Y[25O&�©XD^DhK;E25^L>C;EO&; J s
1 = G J GK^�Yo>CFD25O/G J ha>CFL>¶^DqD��;E^Dh = XD;E^DFD2D�(�©254 J >CO�FDG�GK^Dha> J ;E^DkL> J GK^�Y[2¶FD25O�1L>ChK2CY[GKO�G J
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�©XD^D_a`C2(FL> J >C4<ha>C_a`C2D��FDGK^D2 J ;E^L>CFL>CO e 2 J 13254dYo> J GK^�Y[25Ovpr254 i ^ = >ChKG ³;Ö&ÃZÅ-,���ÄoÎ3Ù�ÃØ.DÝCà�ÆN,
Ä¨Å[â s�px@A9:O · � �©XD^D_KÍmGKO�FDG/h = >CO<O<;NÑLha>C_a`C2�FDG�1L>ChK2CY[GKO�G��©XD^D_KÍmGKO�FDG�hK25^DFD;EhK;E25^L> J GK^�Y[2(FDG
Y[4[§¨�©G 7 2 � H+1D4<251325OdYo>IO<G&Y[254<^L>IGKO<ha> = § M G = ^L> J GKFD;EFL>vG J º¼XDGA>COx�©XD^D_KÍmGKO J >C;EO�hK2 J 1 = G"�D>CO
FDG	h = >CO<O<;NÑLha>C_a`C2�G	hK25^DFD;EhK;E25^L> J GK^�Y[2�O[`C2Â; J 1 = G J GK^�Yo>CFL>CO�>C13GK^L>CO�^L>CO\B3254<FL>COK��25^DFDG(>
hK25^DhKGK^�Y[4[>C_a`C2ÓFDG(Y[4[§¨�©G 7 2Ì� J GK^D254 � H = � J FD;EO<O<2D�:25O�px@A9:O/O[`C2Ó>C1 = ;Eha>CFD25O\>C2ÌY[4[§¨�©G 7 2
> 7 4<G 7 >CFD2�G�^L`C2�>�ha>CFL>(ÙLXm�]2D�,G = ; J ;E^L>C^DFD2(>�^DGKhKGKO<O<;EFL>CFDG�FDG J >C^¼X]Y[GK^D_a`C2�FDG/GKOdYo>CFD25O
1L>C4[>�ÙLXm�]25O�;E^DFD; M ;EFDXL>C;EO:^D2/^¼¹Dh = GK2�FL>�4<GKFDG �

� GIX J >$�©254 J > J >C;EOn>CBD4[>C^ 7 GK^�Y[GC�]Y[4<gKO&G = G J GK^�Y[25OnO[`C2�X]Y[; = ;E�a>CFD25O.1L>C4[>\; J 1 = G J GK^�Yo>C4
25O&O<GK4 M ;E_K25O&FD;N�©GK4<GK^DhK;?>CFD25OK�DO<GK^DFD2�; J 13254dYo>C^�Y[G�FD;EOdY[;E^ 7 XDbØs = 25OK�

�õ2�O<GK4 M ;E_K2�>\O<GK4�GK^�Y[4<G 7 XDG$>C2\Y[4[§¨�©G 7 2�> 7 4<G 7 >CFD2DÒ
�õ25O:G = G J GK^�Y[25O:FL>�>C4<º¼XD;NY[GZY[XD4[> � ;Nã¥lmGK4 M G"�]1325OdY[25On>ChK; J > ³ h = >CO<O<;NÑLha>C_a`C2$FDG�1L>ChK2CY[GKOK�
hK25^DFD;EhK;E25^L> J GK^�Y[2�FDG�Y[4[§¨�©G 7 2$GApx@A9:O · �]X]Y[; = ;E�a>CFD25Ox1L>C4[>�; J 1 = G J GK^�Yo>C4�25O.O<GK4 M ;E_K25OKÒ

�õ2 M > = 254�FD2/ha> J 132 � l ³�ÚvßÓáoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜ 25X � l e p · XDO[>CFD2�1L>C4[> J >C4<ha>C4n25O&1L>ChK2CY[GKO
GIO<G = GKhK;E25^L>C4n2/px@A9 �

� > = G$^D2CYo>C4Aº¼XDG�>�FDGZÑL^D;E_a`C2�G\>�1D4<2 M ;EO[`C2	FD25O�O<GK4 M ;E_K25O�GKOdYo`C2	O<GK1L>C4[>CFD25O�FL>CO�FDGZÑL^D;Øs
_KÍmGKO�FL>CO&�©254 J >COnFDG�GK^Dha> J ;E^DkL>C4n25O�1L>ChK2CY[GKO�;E^�Y[GK4<^L> J GK^�Y[G�^L>�4<GKFDG �n� XL>CO�; J 1 = ;Eha>C_KÍmGKO
; J 13254dYo>C^�Y[GKO&O<XD4 7 G J FDGKOdY[G$FDGKO[>ChK251 = > J GK^�Y[2 �ni�J 1D4<; J GK;E4<2 = X 7 >C4K�LX J GKO<1L>C_K2���hK4<;?>CFD2
1L>C4[>�2�FDGKO<GK^ M 2 =NM ; J GK^�Y[2�FDG�X J > M >C4<;EGKFL>CFDG�FDG�O<GK4 M ;E_K25OnG J hK; J >�FD25Onpx@A9:OK�DY[254<^L>C^DFD2
>I1D4<251325OdYo> J >C;EO}ÙLG"�]b M G =µ�xi�J O<G 7 XD^DFD2 = X 7 >C4K��25O.px@A9:O J >C;EO�BL§CO<;EhK25Ox132mFDG J hK25^�Y[;E^¼XL>C4
25O J GKO J 25O�GK^Dº¼XL>C^�Y[2Óº¼XDG�25O�O<GK4 M ;E_K25O/132mFDG J O<GK4/hK4<;?>CFD25O�G�4<GZ�©254 J X = >CFD25O\hK25^�Y[;E^¼XL> s
J GK^�Y[GC� 7 >C4[>C^�Y[;E^DFD2�>�G M 2 = XD_a`C2�FL>�1D4<251325OdYo>�>C2 = 25^ 7 2�FD25O\>C^D25O � pr254$GKOdY[G J 2CY[; M 2D�}>
GKO<13GKhK;NÑLha>C_a`C2�FD25OAO<GK4 M ;E_K25OA^L`C2��½>C��1L>C4dY[G�FD2�GKO<hK25132�FDG�Y[4[>CBL> = kD2/FD2 6ti�W&{ ^L>�§C4<Ga>/FDG
� ;Nã¥lmGK4 M3�

É �ÊÉ � �(�{®4�R¬©Ò¥~�4��|���ÕÍk��1§

w ha> J 132 � l�Y[G J >��©XD^D_a`C2/FDGI;E^DFD;Eha>C4K�]1L>C4[>\ha>CFL>\1L>ChK2CY[GC�Lº¼XL> = 2�hK2 J 13254dYo> J GK^�Y[2
13254:^Dq\º¼XDGvFDG M GvO<GK4n>¨Y[4<;EBDXDbEFD2�>�G = G ��i OdY[Gvha> J 132�O<XDBDOdY[;NY[XD;×25O�2mhZY[GZY[25O W�w l ³©W �m13G w �
lmGK4 M ;EhKG · ^D2 6 p MT� G�h = >CO<O<G$FDGIY[4[§¨�©G 7 2�^D2 6 p M]® ¬ ¤5¤  ��w OAO<GK;EO�1D4<; J GK;E4<25OnBD;NY[OK�3X]Y[; = ;E�a>CFD25O
1L>C4[>�> J >C4<ha>C_a`C2(FDG�Y[4[§¨�©G 7 2D� O[`C2�hokL> J >CFD25O�FDG áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜ 25X � l e p �}w O�25X]Y[4<25OIFD25;EO
BD;NY[O�^L`C2�O[`C2�X]Y[; = ;E�a>CFD25OI>¨Y[XL> =EJ GK^�Y[G\G�GKOdYo`C2�4<GKO<GK4 M >CFD25O$1L>C4[>(XDO<2��©X]Y[XD4<2 � pr254<� J �r�©25;
1D4<251325OdY[2 ¬ ®*�  º¼XDG�2�ha> J 132 � l(hK254<4<GKO<1325^DFL>�>C13GK^L>COA>C2�O<GK;EO�BD;NY[O J GK^D25O�O<; 7 ^D;NÑLha>¨Y[; M 25O
FD25O�2mhZY[GZY[25OK�vG¶º¼XDG¶2õY[GK4 J 2 áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜ hK254<4<GKO<1325^DFL>)>C2 M > = 254(FD2õha> J 132 � l ��i OdYo>
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¹ = Y[; J >/FDGZÑL^D;E_a`C2�Y[G J O<;EFD2(>CFD2CYo>CFL>�^L> = ;NY[GK4[>¨Y[XD4[>/G\2 J GKO J 2	O<GK4[§��©GK;NY[2�^DGKOdY[G�Y[G"�mY[2 çZ�
HTÑ 7 XD4[> ¢m�N¤IJ 25OdY[4[>\> = 2mha> = ;E�a>C_a`C2$FD2�ha> J 132 � l	^D25Onha>CB3GK_a> = kD25OnFD25O&1D4<2CY[2mhK2 = 25O 6 p MT�
G 6 p M]®]�

0

1 2 3 4 5 6 7

DSCP NU

Campo DS

Versão Classe Identificador de Fluxo

Tamanho da Carga Próx. Cabeçalho Limite de Nós

Endereço Fonte

Endereço Destino

Versão TCIP ToS

Identificação I Desvio de Framentação

TTL

Tamanho Total

Protocolo Soma de Checagem do Cabeçalho

Endereço Fonte

Opções Enchimento

IPv6IPv4

Opções

Endereço Destino

TCIP - Tamanho do Cabeçalho IP
TTL - Time To Live(Limite de Nós)
I - Indicadores (Flags)

{ ; 7 XD4[> ¢m�N¤ � e > J 132 � l	^D2 6 p MT� GI^D2 6 p M]®]�

w O�O<GK;EO�BD;NY[O:FD2\ha> J 132 � l�FDGZÑL^DG J X J GKO<1L>C_K2\FDG áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜÈâ FDG�O<GKO<O<GK^�Yo>�GAº¼XL>¨Y[4<2
M > = 254<GKO.1325O<O<b M GK;EO ��i OdY[GAGKO<1L>C_K2��AFD; M ;EFD;EFD2IG J Y[4<gKO:4<G 7 ;EÍmGKOxFDG�>ChK254<FD2$hK2 J >IYo>CB3G = > ¢m�N¤5�
H J >C;E254I4<G 7 ;?`C2�>CBD4<; 7 >�25O M > = 254<GKO$O<X �<GK;NY[25O�¾�1L>CFD4<25^D;E�a>C_a`C2�GK^Dº¼XL>C^�Y[2Âº¼XDG(>CO$FDG J >C;EO
GKOdYo`C2/4<GKO<GK4 M >CFL>CO�1L>C4[>\G"�]13GK4<; J GK^�Y[25O&GvXDO<2 = 2mha> =µ�

W >CB3G = > ¢m�N¤ � | G 7 ;EÍmGKOnFD2/GKO<1L>C_K2/FDG áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜÈâZ�
� > = 254<GKO ��¹ J�� pr2 = bNY[;Eha>$FDGIXDO<2
���������	� ¸ ¢ lmX �<GK;NYo>�¾�>C_a`C2�FD25O&1L>CFD4<ÍmGKO
����������� ¤�® i �]13GK4<; J GK^�Y[25O&GIXDO<2 = 2mha> =
�������	��� ¤�® i �]13GK4<; J GK^�Y[25O\G	XDO<2 = 2mha> = ÒxO<X �<GK;NYo>Ì¾

>C_a`C2�FD25O&1L>CFD4<ÍmGKO&ha>CO<2/^DGKhKGKO<O[§C4<;E2

� XL>C^DFD2ÂX J 1L>ChK2CY[G�Y[G J X JñáoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜ >¨Y[4<;EBDXDbEFD2�>C2�ha> J 132 � l3�,G = G�1L>CO<O[>��½>C�KGK4
1L>C4dY[GAFDGAX J Y[4[§¨�©G 7 2�> 7 4<G 7 >CFD2$hK2 J 1325OdY[2�13254xY[2mFD25O:25O.1L>ChK2CY[GKO�FDG J GKO J 2 M > = 254xFDG áoÄ),
è1�;�JY;�������Z�¡  ¢*£�¤�
�ïÚî�
W¥Ró�ø¾îEïÚïÚñ�.0/�ñ¸ó6ö)ðEó�÷�ñ0�)ö��¦.0/�ñ¸ó�÷�ñ	ð*� wEü�ö)óTôÚñÜïÚë©îRó�÷�î\ø¾îEöRôÚñ¾þ�ôÚî\÷�ñk§Z� ¨���ñÜï��[�RðEój©
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Þ¼Ã8ÎLÄ¨ÆÈÀLÜ½�}wéJ GKO J 2�px@A9ËFDG M G�O<GK4�>C1 = ;Eha>CFD2A>�Y[2mFL>�GKOdYo>�13254<_a`C2AFDG:Y[4[§¨�©G 7 2D�CFDGK^D2 J ;E^L>CFL>
H 7 4<G 7 >CFD2�FDG e 2 J 13254dYo> J GK^�Y[2 ³;Ù�ÃØ.DÝCà�ÆµÄ¨Åý»íÂCÅ[Ã;Â�ÝCÜ8Ã s:9:H ·"�

É �1~ ��¨;¯a£4� ³ � ³ £L¨\��� �*°Å§a�©¨�ª

Hì>C4<º¼XD;NY[GZY[XD4[> � ;Nã¥lmGK4 M �©25;x1D4<251325OdYo> ¬ ¤ ¢ .hK2 JùM §C4<;E25OI25B¼�<GZY[; M 25OK�}FDGK^�Y[4<G�G = GKO$2�FDG
O<GK4IGKO<ha> = § M G = G�132mFDGK4IG M 2 = XD;E4vhK25^�Y[;E^¼XL> J GK^�Y[G �²± >CO<O<; J �ZY[4<;Eha>�1D4<2513254<hK;E25^L>C^DFD2(>	FD;N�©G"s
4<GK^DhK;?>C_a`C2/FD25O�O<GK4 M ;E_K25O�G J >C13GK^L>CO�X J >\FD;E4<GK_a`C2/FD2�Y[4[§¨�©G 7 2 � HÏO<G 7 XD;E4K�LO<GKXDOA1D4<;E^DhK;E1L>C;EO
hK25^DhKGK;NY[25O&O<GK4[`C2/FDGKO<hK4<;NY[25O �

ßàÞ+]�ÞÜÝ pr83?@³0AHM08ED�´µ79<>`EM0P6<>D,<·¶·¸ED,pÌå
z�J ^Dq � l��¶>Cº¼XDG = GÂG J hK25^]�©254 J ;EFL>CFDG�hK2 J 25O(FD2mhKX J GK^�Y[25O	º¼XDG¶FDGZÑL^DG J°� ;Nã»s

lmGK4 M ¬ ¤5¤ � ¤ ¢ µ�rO<GK^DFD2�ha>C1L>C��FDG/O<XD13254dYo>C4v25O�O<GK4 M ;E_K25O�G/px@A9:O�FDGZÑL^D;EFD25O � pr254IO<XL> M GK�C�
X J FD2 J bE^D;E2 � lëhK254<4<GKO<1325^DFDG�>�X J hK25^ �<XD^�Y[2¶hK25^�Y[b 7 XD2ÂFDG	^Dq5O � lëº¼XDG	2513GK4[> J O<25B
X J > J GKO J >�132 = bNY[;Eha>\FDG\1D4<2 M ;EO[`C2�FDG�O<GK4 M ;E_K25OK�¥1325O<O<XDG J 2 J GKO J 2�hK25^ �<XD^�Y[2	FDG\px@A9:O
; J 1 = G J GK^�Yo>CFD25O,G J ha>CFL>v^DqD��Gn1325O<O<XDG J X J >A�©4<25^�Y[GK;E4[>AB3G J FDGZÑL^D;EFL> ��z�J FD2 J bE^D;E2 � l
132mFDG�hK25^DO<;EOdY[;E4vFDG�X J >	25X J >C;EO�4<GKFDGKO�O<25B J GKO J >(>CF J ;E^D;EOdY[4[>C_a`C2D� 6 l]p�O�25XÌ;E^�Y[4[>C^DGZY[O
254 7 >C^D;E�a>ChK;E25^L>C;EO �

z�J FD2 J bE^D;E2 � lõ1325O<O<XD;A^Dq5O � lõFDG��©4<25^�Y[GK;E4[>ÌG�^Dq5O � lõ;E^�Y[GK4<;E254<GKO � ��q5O � lõFDG
�©4<25^�Y[GK;E4[>�;E^�Y[GK4<hK25^DGKhZYo> J X J FD2 J bE^D;E2 � l�>�X J 25X]Y[4<2	FD2 J bE^D;E2 � l�25XÌ>�X J FD2 J bE^D;E2
^L`C2¨s � l �¥W > J B3� J G"�]GK4<hKG J �©XD^D_KÍmGKO�FDG/hK25^DFD;EhK;E25^L> J GK^�Y[2(FDG�Y[4[§¨�©G 7 2(25B3GKFDGKhKGK^DFD2�X J
e 25^�Y[4[>¨Y[2�FDG e 25^DFD;EhK;E25^L> J GK^�Y[2$FDG W 4[§¨�©G 7 2 ³�ÇDÅ<ÝÜÛ�áf�.Ä¨À3ÞCÆÈÜ½ÆµÄ¨ÀLÆÈÀTÂ¥»íÂCÅ[ÃoÃZÁ�ÃZÀLÜ s W�e H · �
1L>C4dY[G/FDG�X J l � H¦º¼XDG/Y[4[>¨Yo>(GKO<13GKhK;NÑLha> J GK^�Y[G�FL>CO�4<G 7 4[>CO$FDG/h = >CO<O<;NÑLha>C_a`C2�FDG�1L>ChK2CY[GKO
GÂhK25^DFD;EhK;E25^L> J GK^�Y[2ÓFDG�Y[4[§¨�©G 7 2[$ � ��q5O � lé;E^�Y[GK4<;E254<GKO�hK25^DGKhZYo> J s8O<GÂ>Ë25X]Y[4<25O�^Dq5O � l
;E^�Y[GK4<;E254<GKO.25X�>�^Dq5O � l/FDG��©4<25^�Y[GK;E4[>]��GA132mFDG J G"�]GK4<hKGK4�hK25^DFD;EhK;E25^L> J GK^�Y[2�FDG&Y[4[§¨�©G 7 2$G J
O<;NY[XL>C_KÍmGKOxGKO<13GKhK;?>C;EO ��z�J ^Dq � l�FDG&�©4<25^�Y[GK;E4[>v132mFDG�>¨Y[XL>C4�hK2 J 2IX J ^Dq � l\;E^�Y[GK4<;E254�ha>CO<2
^L`C2�kL>��[>I^DGKhKGKO<O<;EFL>CFDGAFDG�hK25^DFD;EhK;E25^L>C4�2IY[4[§¨�©G 7 2IGK^�Y[4<G�FD25;EOxFD2 J bE^D;E25O �rW >C^�Y[2�^Dq5O � l�FDG
�©4<25^�Y[GK;E4[>$hK2 J 2$^Dq5O � l�;E^�Y[GK4<;E254<GKO:FDG M G J O<GK4�ha>C1L>C�KGKOnFDGv>C1 = ;Eha>C4x25Onpx@A9:On>C1D4<251D4<;?>CFD25O
>C25O&1L>ChK2CY[GKO&BL>CO<Ga>C^DFD2¨s8O<GI^D2 � l e p �

w Y[4[§¨�©G 7 2�GK^�Y[4[>	G J X J FD2 J bE^D;E2 � lÂ>¨Y[4[> M �KOvFDG�X J ^Dq � l�FDG�;E^ 7 4<GKO<O<2	G\O[>C;,13254
&¹�;�JY;�������Z�º  ¢*£*¤[÷�ñ0�)ö�� ü¥ð*� ö)÷�ð©ëàð*��ó�÷�î���ó�ôÚñÜïÚë©îRó>� ë(
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X J ^Dq � l\FDG&G 7 4<GKO<O<2 � ��q5O � l\FDGn;E^ 7 4<GKO<O<2$>CO<O<G 7 XD4[> J >vhK25^]�©254 J ;EFL>CFDG�FD2vY[4[§¨�©G 7 2IhK2 J
2 W�e H � ��q5O � l�FDG\G 7 4<GKO<O<2(Yo> J B3� J 132mFDG J hK25^DFD;EhK;E25^L>C4A2	Y[4[§¨�©G 7 2	GK^Dha> J ;E^DkL>CFD2�FD2
O<GKX�FD2 J bE^D;E2$1L>C4[>�X J�M ;E�K;E^DkD2\G J �©XD^D_a`C2/FD2 W�e HÏGK^�Y[4<GIG = GKO �

z�J >	4<G 7 ;?`C2 � lÂhK2 J 1D4<GKGK^DFDG/X J 25X J >C;EO�FD2 J bE^D;E25O � lÌhK25^�Y[b 7 XD25Ovº¼XDG�O<XD13254dYo> J
O<GK4 M ;E_K25O\FD;N�©GK4<GK^DhK;?>CFD25O�G J 4<2CYo>CO�º¼XDG	25O�>¨Y[4[> M GKO<O[> J�� �A>CO$�©4<25^�Y[GK;E4[>CO�GK^�Y[4<G	FD2 J bE^D;E25O
>CF �[>ChKGK^�Y[GKOAº¼XDG�O<XD13254dYo> J FD;N�©GK4<GK^�Y[GKOApx@A9:O�G J >C13Ga> J GK^�Y[25O � l e pÑÐÒ px@A9A�»FDG M G$O<GK4
GKOdYo>CB3G = GKhK;EFD2õX J l � H�º¼XDG¶GKO<13GKhK;NÑLº¼XDGÓ2õhK25^DFD;EhK;E25^L> J GK^�Y[2óFDGÌY[4[§¨�©G 7 2ó^L>ë�©4<25^�Y[GK;E4[>
GK^�Y[4<G	G = GKO �Ó~ §�^D2Âha>CO<2ÂFDG	FD2 J bE^D;E25OIº¼XDG	O<XD13254dYo> J X J hK25^ �<XD^�Y[2ÌFDG J GKO J 25O�px@A9:O
G J >C13Ga> J GK^�Y[25O � l e pÓÐÒ´px@A9A�.>Ì^DGKhKGKO<O<;EFL>CFDG�FDG(hK25^DFD;EhK;E25^L> J GK^�Y[2ÌFDG(Y[4[§¨�©G 7 2Ì^L>
�©4<25^�Y[GK;E4[>I132mFDG�O<GK4.G = ; J ;E^L>CFL>�1L>C4[>I25O.1L>ChK2CY[GKO.hK2 J¦� l e p�O:hK2 J XD^DO�>C25OxFD25;EO.FD2 J bE^D;E25O �
H�Ñ 7 XD4[> ¢m�²¢ ; = XDOdY[4[>�25O&hK25^DhKGK;NY[25O&FD;EO<hKX]Y[;EFD25On^DGKOdYo>�O<XDBDO<GK_a`C2 �

Domínio DS 2Domínio DS 1

Região DS

Fonte Destino

Nó DS de Ingresso
no Domínio DS1

Nó DS de Fronteira

Nó DS de Interior Nó DS de Egresso
no Domínio DS1

Nó DS de Ingresso
no Domínio DS2

Nó DS de Egresso
no Domínio DS2

{ ; 7 XD4[> ¢m�²¢ � � 2 J bE^D;E25OK�m4<G 7 ;EÍmGKOnGI^Dq5O � l �

ßàÞ+]�ÞÚß ÔC83?ÖÕd85LF:	=3?@<>A3:	8|â_85L9^_AH×0=Es�<ÙØRâÛÚÜB,Ý
z�J px@A9ËhK254<4<GKO<1325^DFDG&¾�FDGKO<hK4<;E_a`C2vFL>CO�>C_KÍmGKO}º¼XDGnX J ^Dq � l$FDG M G&G"�]GK4<hKGK4�O<25BD4<GnX J

> 7 4<G 7 >CFD2�FDGAhK2 J 13254dYo> J GK^�Y[2 ³ 9:H · G J Y[GK4 J 25OxFD2$GK^Dha> J ;E^DkL> J GK^�Y[2�FD25O:O<GKXDO�1L>ChK2CY[GKO �
lmGK4 M ;E_K25O&132mFDG J O<GK4&hK25^DOdY[4<XDbEFD25OnX]Y[; = ;E�a>C^DFD2�X J 25X M §C4<;E25Onpx@A9:O&4<G = >ChK;E25^L>CFD25O�GK^�Y[4<GIO<;
GIGKO<13GKhK;NÑLha>CFD25O�G J hK25^ �<XD^�Y[2D�LhK25^DOdY[;NY[XD;E^DFD2\X Jì7 4<XD132�FDG�px@A9:O �

w O�px@A9:O�FDG M G J O<GK4$FDGZÑL^D;EFD25O$G J Y[GK4 J 25O�FDG�ha>C4[>ChZY[GK4<bEOdY[;Eha>CO�FDG�hK2 J 13254dYo> J GK^�Y[2
4<G = G M >C^�Y[GKOA¾/132 = bNY[;Eha>$FDG�1D4<2 M ;EO[`C2/FDG�O<GK4 M ;E_K25O�G�^L`C2/G J Y[GK4 J 25O�FDG J GKha>C^D;EO J 25On1L>C4dY[;Øs
hKX = >C4<GKOx1L>C4[>I; J 1 = G J GK^�Yo§ s = 25O � 6 OdY[2��C�mO[`C2 M § = ;EFL>CO�GKO<13GKhK;NÑLha>C_KÍmGKO.FDG�4<GKO<GK4 M >�FDG�4<GKhKXD4<O<25O
Yo>C;EO�hK2 J 2 ·KÇ"Û�ÃZÅ G = >C4 7 XD4[>(FDG��½>C;Ø�D>]�rG�FDG�ha>C4[>ChZY[GK4<bEOdY[;Eha>CO�25BDO<GK4 M § M GK;EO�FDG/Y[4[§¨�©G 7 2�;E^ms
h = XD;E^DFD2Ì4<GZYo>C4<FD2D�.13GK4<FL>CO�G(1D4<;E254<;EFL>CFDG	G J 4<G = >C_a`C2¶>Â25X]Y[4<25O/px@A9:O � pr254�25X]Y[4<2 = >CFD2D�
px@A9:OA^L`C2�132mFDG J O<GK4�FDGZÑL^D;EFD25OAG J hK; J >�FDG�FD;EO<hK;E1 = ;E^L>COnFDG�Ñ = >CO&25X�> =E7 254<;NY J 25O�FDG�GKOts
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ha> = 25^L> J GK^�Y[2vGKO<13GKhKbNÑLhK25OK�]>C;E^DFL>�º¼XDG&Yo>C;EO J GKha>C^D;EO J 25O�1325O<O[> J O<GK4xO<X 7 GK4<;EFD25O �xw �½>¨Y[2IFDG
>�FDGZÑL^D;E_a`C2�FDG$X J px@A9í^L`C2�GKOdYo>C4A1D4<GKO[>�¾CO��©254 J >CO�FDG$; J 1 = G J GK^�Yo§ s = 2����©XD^DFL> J GK^�Yo> =
1L>C4[>�13GK4 J ;NY[;E4�>�hK25^�Y[;E^¼XD;EFL>CFDG$G�G M 2 = XD_a`C2�FD25O�O<GK4 M ;E_K25O�FD;N�©GK4<GK^DhK;?>CFD25O �vw XÂO<G8�[>]�×^D2 M 25O
J GKha>C^D;EO J 25On132mFDG J O<G J 1D4<G�GKOdYo>C4&O<GK^DFD2�FDGKO<GK^ M 2 =NM ;EFD25O�1L>C4[> J G = kD254[>C4�2�FDGKO<G J 13GK^DkD2
FD2(px@A9A�×GK^Dº¼XL>C^�Y[2(º¼XDG�2	O<GKXÂhK25^DhKGK;NY[2	13GK4 J >C^DGKhKG�2 J GKO J 2 �vz�J >C^L> = 2 7 ;?>�132mFDG�O<GK4
GKOdYo>CB3G = GKhK;EFL>ÓhK2 J 2Ë4<2CY[Ga> J GK^�Y[2Ó^L> 6 ^�Y[GK4<^DGZY � p,>CO<O[>CFD25O M §C4<;E25O�>C^D25O�FDGKO<FDG�2Ë;E^DbEhK;E2
FL> 6 ^�Y[GK4<^DGZYa�,2�hK25^DhKGK;NY[2�FDG/4<2CY[Ga> J GK^�Y[2�hK25^�Y[;E^¼XL>�BL>CO<;Eha> J GK^�Y[G�2 J GKO J 2D� 25^DFDG/2�1L> s
hK2CY[G���GK^Dha> J ;E^DkL>CFD2�^DqÂ>�^Dq�G J �©XD^D_a`C2�FD2�GK^DFDGK4<GK_K2 6 p�FDGKOdY[;E^D2 � pr254<� J �}>C2 = 25^ 7 2
FDG�Y[2mFD25O�GKOdY[GKO�>C^D25O�^D2 M 25OI> =E7 254<;NY J 25On�©254[> J hK4<;?>CFD25O�G J 2mFD;NÑLha>CFD25OA1L>C4[> J G = kD254[>C4A2
FDGKO<G J 13GK^DkD2�FDGKOdYo>\Yo>C4<GZ�½> �

Hì; J 1 = G J GK^�Yo>C_a`C2D�rhK25^]Ñ 7 XD4[>C_a`C2D��2513GK4[>C_a`C2�G	>CF J ;E^D;EOdY[4[>C_a`C2�FD25O\px@A9:O\G 7 4<XD1325O
FDG\px@A9�O<XD13254dYo>CFD25O�^D25O�^Dq5O�FDG\X J FD2 J bE^D;E2 � l�FDG M G J 1L>C4dY[;EhK;E25^L>C4�GZ�©GZY[; M > J GK^�Y[G$25O
4<GKhKXD4<O<25O$FL>(4<GKFDG�13254IGK^�Y[4<G/25O�> 7 4<G 7 >CFD25OIFDG/hK2 J 13254dYo> J GK^�Y[2D�¥FDG J 2mFD2�> 7 >C4[>C^�Y[;E4v2
hKX J 1D4<; J GK^�Y[2�FD25O�l � HAO ��e 25^DFD;EhK;E25^L>CFD254<GKOAFDG�Y[4[§¨�©G 7 2	132mFDG J hK25^�Y[4<2 = >C4A2	XDO<2(FDGKOdY[GKO
4<GKhKXD4<O<25OA>¨Y[4[> M �KO&FL>/>C1 = ;Eha>C_a`C2�FD25O W�e HAO�G�Yo> J B3� J FDGv;E^]�©254 J >C_KÍmGKO�2513GK4[>ChK;E25^L>C;EO�FD25O
^Dq5O&GIFDGI25X]Y[4<25OnhK25^DFD;EhK;E25^L>CFD254<GKOnFDGvY[4[§¨�©G 7 2�^D2/FD2 J bE^D;E2 �

ßàÞ+]�Þ+] ÔC×0=EDFDFMÀÞµs�=EO�ßE8I<àÔC8EAHGHM0s�M08EAH=3?@<>A3:	8IGH<cbdLNeEf�<>`E8
p,>C4[>¶GKOdY[GK^DFDGK4�O<GK4 M ;E_K25O�>¨Y[4[> M �KO�FDG�FD2 J bE^D;E25O � l3�x��^DGKhKGKO<O[§C4<;E2ËGKOdYo>CB3G = GKhKGK4/GK^�Y[4<G

GKO<O<GKO�FD2 J bE^D;E25OnX J l � H¡hKX �<2 W�e H¡GKO<13GKhK;NÑLha>C4[§/4<G 7 4[>CO�FDG$h = >CO<O<;NÑLha>C_a`C2/G�hK25^DFD;EhK;E25^L> s
J GK^�Y[2�FDGvY[4[§¨�©G 7 2�^L>CO&O<XL>CO&�©4<25^�Y[GK;E4[>CO �

z�J >�132 = bNY[;Eha>nFDG�h = >CO<O<;NÑLha>C_a`C2AFDG�1L>ChK2CY[GKO,;EFDGK^�Y[;NÑLha>AX J O<XDB3hK25^ �<XD^�Y[2vFDG.Y[4[§¨�©G 7 2Aº¼XDG
FDG M G�O<GK4IhK25^DFD;EhK;E25^L>CFD2�FDG�>ChK254<FD2	hK2 J 2 W�e H$��4<GKhKGKB3GK^DFD2�25O M > = 254<GKOv>C1D4<251D4<;?>CFD25O�FDG
� l e p � p,>C4[>�G"�]GKhKX]Yo>C4nGKOdYo>$Yo>C4<GZ�½>]�]FD;EO<1325O<;NY[; M 25O.FDGK^D2 J ;E^L>CFD25O:h = >CO<O<;NÑLha>CFD254<GKO�BL>CO<GK;?> J s
O<G�G J > =E7 X J >�;E^]�©254 J >C_a`C2\FD2�ha>CB3GK_a> = kD2/FD25O�1L>ChK2CY[GKO 6 pé1L>C4[>�FD;E4<; 7 bØs = 25O�>C25O�O<GKXDOAhK25^ms
FD;EhK;E25^L>CFD254<GKOAFDG$Y[4[§¨�©G 7 2 � �A>�>C4<º¼XD;NY[GZY[XD4[> � ;Nã¥lmGK4 M FD25;EO�Y[;E1325O��©254[> J FDGZÑL^D;EFD25O ¬ ¤ ¢ µ��2
h = >CO<O<;NÑLha>CFD254�9:H ³;Ù�ÃØ.DÝCà�ÆµÄ¨Åý»íÂ�ÂCÅ[Ã;Â�ÝCÜ8Ã · º¼XDG$O<G = GKhK;E25^L>�25O&1L>ChK2CY[GKOABL>CO<Ga>C^DFD2¨s8O<G$>C13GK^L>CO
^D2ëha> J 1325O � l3Ò�G�2ëh = >CO<O<;NÑLha>CFD254 c�{f³�æ�ÇmÐ Ü½ÆN,µåxÆµÃZÐNÞL· º¼XDGÂX]Y[; = ;E�a>ÌX J 25X J >C;EO�ha> J s
1325O�FDGK^�Y[4<G(2ÌGK^DFDGK4<GK_K2 6 pÏ�©25^�Y[GC�.GK^DFDGK4<GK_K2 6 p¡FDGKOdY[;E^D2D�.ha> J 132 � l3��;EFDGK^�Y[;NÑLha>CFD254\FDG
1D4<2CY[2mhK2 = 2D�]13254dYo>��©25^�Y[GIGv13254dYo>\FDGKOdY[;E^D2 �

9 ix| � i�W�ÃZÜ�ÝCÐÁá ¬ ®%� &>C1D4<GKO<GK^�Yo>C4[> J h = >CO<O<;NÑLha>CFD254<GKO�FDG��©254 J > J >C;EO�ÙLG"�]b M G = �x25^DFDG
132mFDG J O<GK4nX]Y[; = ;E�a>CFD25O M §C4<;E25O:hK4<;NY[�K4<;E25O:FDG�O<G = GK_a`C2\FDGK^D2 J ;E^L>CFD25O.Ñ = Y[4<25O �,� > = 254<GKO�G"�D>¨Y[25OK�
1D4<GZÑ]�]25OK� J §CO<ha>C4[>COK�};E^�Y[GK4 M > = 25O�G�ha>CFDGK;?>CO$FDG�ha>C4[>ChZY[GK4<GKO\132mFDG J O<GK4�X]Y[; = ;E�a>CFD25O�1L>C4[>�>
h = >CO<O<;NÑLha>C_a`C2$G J hK; J >IFDGAha> J 1325O.FD2�1D4<2CY[2mhK2 = 2 6 pëG�>¨Y[�AFL>$ha> J >CFL>�FDGAGK^ = >ChKG ��i �]G J s
1 = 25O FDGKOdY[G:¹ = Y[; J 2&ha>CO<2A;E^Dh = XDG J 2�ha> J 132�1D4<;E254<;EFL>CFDGxFD2�1L>CFD4[`C2 6tixixih�5£�¢m�N¤ 1�G.2�ha> J 132
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;EFDGK^�Y[;NÑLha>CFD254nFDG �v� H�� ³W%¥ÆÈÅ"Ü½ÇDÝCÐ × Ä�á[ÝCÐ�»AÅ[Ã[Ýãâ�ÃZÜ�@:Ä¨Å[çL· FD2/1L>CFD4[`C2 6tixixi �5£�¢m�N¤ ���
e 25^DFD;EhK;E25^L>CFD254<GKO/FDG(Y[4[§¨�©G 7 2¶25B¼�<GZY[; M > J >CO<O<G 7 XD4[>C4/º¼XDG�2¶Y[4[§¨�©G 7 2¶º¼XDG�GK^�Y[4[>¶^¼X J

FD2 J bE^D;E2 � lÓGKOdYo§ÂG J hK25^]�©254 J ;EFL>CFDG/hK2 J 2Â13GK4dÑ = GKO<13GKhK;NÑLha>CFD2Â^D2 W�e H ��w 13GK4dÑ = FDG
Y[4[§¨�©G 7 2AhK254<4<GKO<1325^DFDG�>AX J hK25^ �<XD^�Y[2AFDG:1D4<251D4<;EGKFL>CFDGKOrY[G J 13254[>C;EO FDG:X J ÙLXm�]2�FDG.Y[4[§¨�©G 7 2
O<G = GKhK;E25^L>CFD2�13254rX J h = >CO<O<;NÑLha>CFD254 �,� 2 7 2D� J GKFD;E^DFD2�GKOdYo>CO}1D4<251D4<;EGKFL>CFDGKOrY[G J 13254[>C;EOr132mFDG"s
O<G�FDGZY[GK4 J ;E^L>C4&O<G�X J 1L>ChK2CY[G$GKOdYo§�FDGK^�Y[4<2 ³tÆÈÀ',EÎ3Å[Ä0äxÐEÃ · 25X��©254[> ³[Ä¨ÇmÜ�,EÎ3Å[Ä0äxÐEÃ · FD2�13GK4dÑ = G
FD;N�©GK4<GK^�Y[GKOA>C_KÍmGKOn132mFDG J O<GK4�>C1 = ;Eha>CFL>COnG J �©XD^D_a`C2�FDGKOdYo>�hK25^DFD;E_a`C2 �

w O:hK25^DFD;EhK;E25^L>CFD254<GKOxFDG�Y[4[§¨�©G 7 2�G"�]GKhKX]Yo> J �©XD^D_KÍmGKO ³ ^L`C2$^DGKhKGKO<O[>C4<;?> J GK^�Y[G�Y[2mFL>CO · FDG
J GKFD;E_a`C2D� O<XL> M ;E�a>C_a`C2 ³�âØ.DÝ"Î3ÆÈÀTÂD· � J >C4<ha>C_a`C2&Gx132 = ;EhK;?> J GK^�Y[2 ³ FDGKO<ha>C4dY[G ·"� HëhK2 J 1 = G"�];EFL>CFDG
FDGKOdYo>COA�©XD^D_KÍmGKOAFDGK13GK^DFDG�FD2�13GK4dÑ = FDG�Y[4[§¨�©G 7 2D�»º¼XDG�13254�O<XL> M GK��GKOdYo§ = ; 7 >CFD2/>C2/Y[;E132/FDG
O<GK4 M ;E_K2/º¼XDG�O<GIº¼XDGK4&2C�©GK4<GKhKGK4 �

H�Ñ 7 XD4[> ¢m� ¸ J 25OdY[4[>�2�FD;?> 7 4[> J >$FDGvB = 2mhK25OnFDGIX J hK25^DFD;EhK;E25^L>CFD254�FDGvY[4[§¨�©G 7 2 7 GK^D�"s
4<;EhK2	1D4<2mhKGKO<O[>C^DFD2(X J ÙLXm�]2(FDG�Y[4[§¨�©G 7 2	O<G = GKhK;E25^L>CFD2	13254�X J h = >CO<O<;NÑLha>CFD254 �$wªJ GKFD;EFD254
J GKFDG$>CO�1D4<251D4<;EGKFL>CFDGKO&Y[G J 13254[>C;EOnFD2/Y[4[§¨�©G 7 2/O<G = GKhK;E25^L>CFD2/13254�X J h = >CO<O<;NÑLha>CFD254&hK25^�Y[4[>
2	13GK4dÑ = FDGKO<G8�[>CFD2 ��w 4<GKO<X = Yo>CFD2	FDGKOdYo> J GKFD;E_a`C2	> 7 G�O<25BD4<G�> J >C4<ha>C_a`C2D�×2	FDGKO<ha>C4dY[G\G�>
O<XL> M ;E�a>C_a`C2�>C1 = ;Eha>CFL>�O<25BD4<GI2�Y[4[§¨�©G 7 2D�DhK25^]�©254 J GvG = GIGKOdY[G8�[>�FDGK^�Y[4<2�25X	�©254[>\FD2/13GK4dÑ =µ�:w
J >C4<ha>CFD254v>C13GK^L>COI>¨Y[4<;EBDXD;,25X J 2mFD;NÑLha> ³ 4<G J >C4<ha> · 2 M > = 254�FD2(ha> J 132 � l�hK2 J 2 áoÄaÞ¼ÃE,
ÎLÄ¨ÆÈÀLÜ >C1D4<251D4<;?>CFD2D�,>CFD;EhK;E25^L>C^DFD2�ha>CFL>�1L>ChK2CY[G�>�X J > 7 4<G 7 >CFD2�FDG�hK2 J 13254dYo> J GK^�Y[2 ��w
O<XL> M ;E�a>CFD254 ³�âØ.DÝ"ÎLÃZÅ5· >¨Y[4[>CO[>�1L>ChK2CY[GKO�FDG�X J ÙLXm�]2	FDG�Y[4[§¨�©G 7 2�1L>C4[>�>��<XDOdYo§ s = 2�>C2�13GK4dÑ =µ�
e 2 J 2 J GKO J 2�1D4<2513q5O<;NY[2D�]2�ÕtFDGKO<ha>C4dYo>CFD254tÖ ³<ÞCÅ[ÄoÎ�ÎLÃZÅ5· 132mFDGIG = ; J ;E^L>C4.1L>ChK2CY[GKO �
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{ ; 7 XD4[> ¢m� ¸ � e 25^DFD;EhK;E25^L>CFD254nFDGvY[4[§¨�©G 7 2 �
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uvGK4[> =EJ GK^�Y[GC�ChK25^DFD;EhK;E25^L>CFD254<GKOrFDG.Y[4[§¨�©G 7 2AG:h = >CO<O<;NÑLha>CFD254<GKO = 2mha> = ;E�a> J s8O<G�^L>&�©4<25^�Y[GK;E4[>
FDGIX J FD2 J bE^D;E2 � l3�L^D2�^Dq�FDGIG 7 4<GKO<O<2/FD2�FD2 J bE^D;E2�>C^�Y[GK4<;E254 ³tÇ�ÎLâZÜ½Å[Ã[ÝCÁfÞ¼Ä¨Á/ÝCÆÈÀ�· 25X	^D2
^DqIFDGn;E^ 7 4<GKO<O<2vFD2vFD2 J bE^D;E2A1325OdY[GK4<;E254 ³<Þ¼Ä)@�À]âZÜ½Å[Ã[ÝCÁ Þ¼Ä¨Á/ÝCÆÈÀ�·"� HA;E^DFL>�kL§I>�1325O<O<;EBD; = ;EFL>CFDG
FDG$> J B325O&25O�^Dq5O�FDGI�©4<25^�Y[GK;E4[>�FDGKO<G J 13GK^DkL>C4<G J GKOdYo>CO��©XD^D_KÍmGKOK�»2�1D4<; J GK;E4<2\G"�]GKhKX]Yo>C^DFD2
GI2�O<G 7 XD^DFD2�132 = ;EhK;?>C^DFD2$1L>C4[>�>CO<O<G 7 XD4[>C4�25B3GKFD;EgK^DhK;?>\>C2 W�e H �

Híh = >CO<O<;NÑLha>C_a`C2�GA2$hK25^DFD;EhK;E25^L> J GK^�Y[2$FDG�Y[4[§¨�©G 7 2$132mFDG J >C;E^DFL>�GKOdYo>C4 = 2mha> = ;E�a>CFD25O�^D2
FD2 J bE^D;E2 � l�FDGv254<; 7 G J«³ 25^DFDG�2$Y[4[§¨�©G 7 2�� 7 GK4[>CFD2 · �]G J FD2 J bE^D;E25O.^L`C2¨s � l/G�G J ^Dq5O � l
;E^�Y[GK4<;E254<GKO � ��2/1D4<; J GK;E4<2�ha>CO<2D�L�©25^�Y[GKO�FDGvY[4[§¨�©G 7 2/25X�^Dq5O&;E^�Y[GK4 J GKFD;?§C4<;E25O�O<G�GK^Dha>C4<4<G 7 > J
FDGKOdYo>CO.�©XD^D_KÍmGKO � HAO M >C^�Yo> 7 GK^DO:FDGKOdYo> J >C4<ha>C_a`C2�;E^D;EhK;?> = 25X�1D4<�"s J >C4<ha>C_a`C2�O[`C2\>�O<; J 1 = ;NÑ]s
ha>C_a`C2\FL>COn4<G 7 4[>COnFDGvh = >CO<O<;NÑLha>C_a`C2\FDG M ;EFD2�¾�1D4<2a�]; J ;EFL>CFDGAFL>\>C1 = ;Eha>C_a`C2D�mGI>�FD; J ;E^¼XD;E_a`C2
FL>vha>C4 7 >�FDGn1D4<2mhKGKO<O[> J GK^�Y[2I^D25O�^Dq5O�FDG��©4<25^�Y[GK;E4[>v>¨Y[4[> M �KOxFL>�FD;EOdY[4<;EBDXD;E_a`C2�FL> J >C4<ha>C_a`C2 �
��GKOdY[G&ha>CO<2�>C;E^DFL>A132mFDG�kL> M GK4.>�^DGKhKGKO<O<;EFL>CFDG&FDGnhK25^DFD;EhK;E25^L> J GK^�Y[2�^L>��©4<25^�Y[GK;E4[>A1L>C4[>�132¨s
= ;EhK;?>C4 2�Y[4[§¨�©G 7 2 � ��2vO<G 7 XD^DFD2vha>CO<2D�5�©25^�Y[GKO�FDG:Y[4[§¨�©G 7 2vG�^Dq5O};E^�Y[GK4 J GKFD;?§C4<;E25OrG J FD2 J bE^D;E25O
^L`C2\G J hK25^]�©254 J ;EFL>CFDG�hK2 J >�1D4<251325OdYo> � ;Nã¥lmGK4 M G"�]GKhKX]Yo> J >CO:�©XD^D_KÍmGKOnFDGvh = >CO<O<;NÑLha>C_a`C2
G�hK25^DFD;EhK;E25^L> J GK^�Y[2 ³ 1D4<�"s J >C4<ha>C_a`C2 · �×>CO<O<; J hK2 J 2�^D2�ha>CO<2(>C^�Y[GK4<;E254 � pr254<� J �¥>COA4<G 7 4[>CO
= 2mha>C;EO.º¼XDGv4<G 7 G J GKOdYo>CO��©XD^D_KÍmGKO�ÑLha> J GKO<hK25^DFD;EFL>CO � H = � J FD;EO<O<2D�]2\hK25^DFD;EhK;E25^L> J GK^�Y[2$^L>
�©4<25^�Y[GK;E4[>�O<G�Y[254<^L>�25BD4<; 7 >¨Y[q54<;E2I>C^�Y[GKO�FD2$;E^ 7 4<GKO<O<2�G J X J FD2 J bE^D;E2 � l � ��2$¹ = Y[; J 2Iha>CO<2D�
^Dq5O � lÌ;E^�Y[GK4<;E254<GKOI>CBD4<; 7 > J h = >CO<O<;NÑLha>CFD254<GKOIG/hK25^DFD;EhK;E25^L>CFD254<GKOvFDG�Y[4[§¨�©G 7 2 � HA13GKO[>C4IFL>
>C4<º¼XD;NY[GZY[XD4[> � ;Nã¥lmGK4 M FDGZY[GK4 J ;E^L>C4,º¼XDG&>AhK2 J 1 = G"�];EFL>CFDG�>CF M ;E^DFL>AFL>�; J 1 = G J GK^�Yo>C_a`C2�FDGKOts
Y[GKO J GKha>C^D;EO J 25OAGKOdY[G8�[>	^L>CO��©4<25^�Y[GK;E4[>COK�×2(>C1L>C4<GKhK; J GK^�Y[2�FDGKOdYo>COv�©XD^D_KÍmGKOv^D2	;E^�Y[GK4<;E254�FL>
4<GKFDGv^L`C2\��1D4<25;EBD;EFD2 �xe 25^�Y[XDFD2D�DGKOdYo>\> = Y[GK4<^L>¨Y[; M >�O<q�FDG M GIO<GK4nX]Y[; = ;E�a>CFL>IG J ha>CO<25O J XD;NY[2
GKO<13GKhKbNÑLhK25O�FDG M ;EFD2�>C25O�1D4<25B = G J >COvFDG�1D4<251D4<;EGKFL>CFDG�GKO<ha> = >C4 ��z�J G"�]G J 1 = 2�O<GK4<;?>(>(4<GKOts
Y[4<;E_a`C2�FDG�>ChKGKO<O<2�>�GK^ = >ChKGKO&FDG�FL>CFD25O&GKOdY[4[>¨Y[� 7 ;EhK25O&FDGIX J 1D4<2 M GKFD254�1L>C4[>�FDGZY[GK4 J ;E^L>CFD25O
h = ;EGK^�Y[GKO �

É �Àæ ËÌ¨X�ÍkQ� ³ ��� �4��ËèçêéH�

ßàÞjiýÞÜÝ âÛÚÜB±â_=EGÇLNßE8
� G M GÓG"�];EOdY[;E4�X J px@A9f1L>CFD4[`C2óG J ha>CFL>ë^Dq � l ¬ ¤5¤  �¦w ^Db M G = FDGÌO<GK4 M ;E_K2õFDG M G

hK254<4<GKO<1325^DFDGK4�>C2�FDG J G = kD254nGKOd�©254<_K2 ��i OdY[G�px@A9í�$X]Y[; = º¼XL>C^DFD2�O<G$FDGKO<G8�[>�; J 1 = G J GK^�Yo>C4
X J ^Db M G = FDG�O<GK4 M ;E_K2Ó1L>C4[>¶1L>ChK2CY[GKO�º¼XDG�;E^ 7 4<GKO<O[> J ^¼X J FD2 J bE^D;E2 � lóhK2 J áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜ
^L`C2�1L>CFD4<25^D;E�a>CFD2�25X¶^L`C2�FDGZÑL^D;EFD2�1L>C4[>(XDO<2 = 2mha> =µ� HAO<O<; J �r��13GK4 J ;NY[;EFD2	º¼XDG�XDO<XL§C4<;E25O
º¼XDG�^L`C2(hK25^�Y[4[>¨Yo> J O<GK4 M ;E_K25O�FD;N�©GK4<GK^DhK;?>CFD25O�hK25^�Y[;E^¼XDG J X]Y[; = ;E�a>C^DFD2	>	4<GKFDG �/w M > = 254�FDG
áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜ 4<GKhK2 J GK^DFL>CFD2/1L>C4[>\2/px@A9ô1L>CFD4[`C2�� ����������� �
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ßàÞjiýÞÚß âÛÚÜBCD�å6<>×0<>s�M08EAH=EGH85LN<>DnGH<èÔC×0=EDFDF<

p,>C4[>Ó>CO<O<G 7 XD4[>C4�hK2 J 1L>¨Y[;EBD; = ;EFL>CFDG�hK2 J 2ÓXDO<2ÓhK254<4<GK^�Y[G�FD2Óha> J 132¶1D4<GKhKGKFDgK^DhK;?>¶FD2
1D4<2CY[2mhK2 = 2 6 p ³ O<XDBDO<GK_a`C2 ¤5�²¢m�²¢5· �5X J�7 4<XD132vFDG&px@A9:OxFDGK^D2 J ;E^L>CFD2Ipx@A9:O:lmG = GKhK;E25^L>CFD254<GKO
FDG e:= >CO<O<G��©25;rGKO<13GKhK;NÑLha>CFD2 ��w GKO<1L>C_K2�FDG áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜÈâ 4<GKO<GK4 M >CFD2�� �����	����� �v� >CFD25OAFD25;EO
1L>ChK2CY[GKO$hK2 JùM > = 254<GKOIFDG áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜ FD;N�©GK4<GK^�Y[GKO$G/13GK4dY[GK^DhKGK^�Y[GKO�>�px@A9:O$O<G = GKhK;E25^L>CFD254<GKO
FDGAh = >CO<O<GC�]2�1L>ChK2CY[GAFDG J >C;E254 M > = 254.FDG áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜ FDG M G�Y[GK4 J >C;E254x25X ³ ^D2 J bE^D; J 2 · ; 7 XL> =
1D4<;E254<;EFL>CFDG�FDGIGK^Dha> J ;E^DkL> J GK^�Y[2�G J 4<G = >C_a`C2�>C2�FDG J GK^D254 M > = 254 �

ßàÞjiýÞ+] ^_AHs�=3?@M0AHaH=3?@<>A3:	8I^Êë6ÕHLN<>DFDF8ìØRâÛÚÜBRí4^_î_Ý
wùi ^Dha> J ;E^DkL> J GK^�Y[2 i �]1D4<GKO<O<2õ25X�px@A9xs ix{ ¬ ��¯ ���FDGZÑL^D;EFD2ËhK2 J 2Ó2ÓY[4[>¨Yo> J GK^�Y[2

FDG�X J > 7 4<G 7 >CFD2�FDG$hK2 J 13254dYo> J GK^�Y[2�1L>C4dY[;EhKX = >C4K�»25^DFDG$O<XL>�Yo> �D>�FDG$O[>CbEFL>�G J ha>CFL>�^Dq
O<G J 1D4<G(� J >C;E254$25Xó; 7 XL> = >ÂX J >�Yo> �D>ÂhK25^]Ñ 7 XD4[>CFL> �ów px@A9xs ix{ FDG M G J > �]; J ;E�a>C4�2
4<GKhKGKBD; J GK^�Y[2�FDGKOdYo>�Yo> �D>�;E^DFDGK13GK^DFDGK^�Y[G J GK^�Y[G�FL>�;E^�Y[GK^DO<;EFL>CFDG$FDG�25X]Y[4<25O�Y[4[§¨�©G 7 25O�>¨Y[4[> s
M GKO<O[>C^DFD2�X J ^DqD� J ;E^D; J ;E�a>C^DFD2�>C2 J GKO J 2�Y[G J 132�2�; J 1L>ChZY[2\^DGKOdY[GKO �

p,>C4[>�º¼XDG	>�1D4<GKO<GK^D_a>�FDG�25X]Y[4<25O�px@A9:O�^L`C2�;E^�Y[GK4dÑL4[>�^D2�Y[4[§¨�©G 7 2 ix{ � J GKha>C^D;EO J 25O
FDG$1D4<GKG J 13_a`C2�132mFDG J O<GK4AX]Y[; = ;E�a>CFD25O � pr254<� J �»G J ha>CO<2�FDG$1D4<GKG J 13_a`C2�; = ; J ;NYo>CFL>]�mFDG M G
kL> M GK4AX J >�Yo> �D> J § �]; J >�13GK4 J ;NY[;EFL>�1L>C4[>�2�Y[4[§¨�©G 7 2 ix{ >\Ñ J FDG�4<GKOdY[4<;E^ 7 ;E4n2/1D4<G8�<XDbE�K2
>Ì25X]Y[4<25O/px@A9:O �)W 2mFD2¶2¶G"�]hKGKO<O<2ËG J 4<G = >C_a`C2¶¾ÂYo> �D> J § �]; J >�FDG M G�O<GK4/FDGKO<ha>C4dYo>CFD2 �
pr254dYo>C^�Y[2D�3G J Y[GK4 J 25O�FDG$hK25^]Ñ 7 XD4[>C_a`C2D�»2�px@A9xs ix{ 132mFDG�O<GK4�FDGZÑL^D;EFD2�>¨Y[4[> M �KO�FDG�X J >
Yo> �D> J bE^D; J >�GIX J >$Yo> �D> J § �]; J > �

w px@A9xs ix{ 132mFDGIO<GK4AXDO[>CFD2�1L>C4[>�hK25^DOdY[4<XD;E4&X J O<GK4 M ;E_K2/Ñ J st> s�Ñ J FDG�BL>C;Ø�D>�13GK4<FL>]�
BL>C;Ø�]2\4<GZYo>C4<FD2D�DBL>C;Ø�]2ò¿ ÆÈÜ½Ü8ÃZÅ G = >C4 7 XD4[>$FDG��½>C;Ø�D>\>CO<O<G 7 XD4[>CFL> �.� G M ;EFD2/>�GKOdYo>CO&ha>C4[>ChZY[GK4<bEOts
Y[;Eha>COK�rGKOdY[G�O<GK4 M ;E_K2��/hK25^DkDGKhK;EFD2�hK2 J 2 = ;E^DkL>	1D4<; M >CFL> M ;E4dY[XL> =µ� p,>C4[>�O[>¨Y[;EOd�½>C�KGK4�25O�O<GKXDO
4<GKº¼XDGK4<; J GK^�Y[25OK�D>COxÑ = >CO:>C2 = 25^ 7 2IFD2�ha> J ;E^DkD2IFDG M G J O<GK4 J >C^�Y[;EFL>CO M >C�K;?>COx25X�º¼XL>CO<G M > s
�K;?>COK�D1325;EOn13GK4<FL>COK�»4<GZYo>C4<FD2�Gà¿ ÆÈÜ½Ü8ÃZÅ O[`C2�ha>CXDO[>CFD25O�13G = 2�GK^DhokD; J GK^�Y[2�FL>COnÑ = >CO �x6 OdY[2/132mFDG
O<GK4�hK25^DO<G 7 XD;EFD2 7 >C4[>C^�Y[;E^DFD2�º¼XDG�G J ha>CFL>�^DqÌ>�Yo> �D> J § �]; J >(FDG�hokDG 7 >CFL>�FD2�Y[4[§¨�©G 7 2
> 7 4<G 7 >CFD2 ix{ O<G8�[> J GK^D254nFD2/º¼XDG�>�O<XL>�Yo> �D>�FDGIO[>CbEFL> �

H+; J 1 = >C^�Yo>C_a`C2IFD2�O<GK4 M ;E_K2$Ñ J st> s�Ñ J FDGKO<hK4<;NY[2�>ChK; J >v4<GKº¼XDGK4�>�hK25^]Ñ 7 XD4[>C_a`C2$FD25O.^Dq5O
� l�1L>C4[>/º¼XDG$25OA> 7 4<G 7 >CFD25O&Y[GK^DkL> J O<G J 1D4<G�X J >�Yo> �D>/FDG�O[>CbEFL>/B3G J FDGZÑL^D;EFL> �&6 OdY[2��C�
Ñ = >CO J >C^�Y[;EFL>CO�1D4[>¨Y[;Eha> J GK^�Y[G M >C�K;?>COAG�;E^]ÙLXDgK^DhK;?>CO�FDG�25X]Y[4<25OAY[;E1325OAFDG�Y[4[§¨�©G 7 2 J ;E^D; J ;Øs
�a>CFL>CO ��i OdYo>�hK25^]Ñ 7 XD4[>C_a`C2�Yo> J B3� J FDG M G = G M >C4�G J hK25^�Yo>�25O�1325^�Y[25O$FDG�hK25^ M GK4 7 gK^DhK;?>
G$FD; M GK4 7 gK^DhK;?>�FD25O�> 7 4<G 7 >CFD25O�FDG�Y[4[§¨�©G 7 2�>¨Y[4[> M �KO�FD25OAGK^ = >ChKGKO � H = � J FD;EO<O<2D�»�©XD^D_KÍmGKO�FDG
hK25^DFD;EhK;E25^L> J GK^�Y[2\FDGvY[4[§¨�©G 7 2D�];E^Dh = XD;E^DFD2\FDGKO<ha>C4dY[GIGIO<XL> M ;E�a>C_a`C2D�LFDG M G J O<GK4�>C1 = ;Eha>CFL>COn>
ha>CFL>/> 7 4<G 7 >CFD2D� 7 >C4[>C^�Y[;E^DFD2\hK25^]�©254 J ;EFL>CFDGv¾�Yo> �D>�hK25^�Y[4[>¨Yo>CFL> �
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i�J Y[GK4 J 25O�FDG&; J 1 = G J GK^�Yo>C_a`C2D� M §C4<;E25O J GKha>C^D;EO J 25O}132mFDG J O<GK4xG J 1D4<G 7 >CFD25OK��FDGK^�Y[4<G
G = GKOK�nX J >�Ñ = >/hK2 J 1D4<;E254<;EFL>CFDGKO&O<; J 1 = GKOK�»X J >/25X M §C4<;?>COnÑ = >CO�O<GK4 M ;EFL>CO�13254�X J GKO<ha> = 2¨s
^L>CFD254�Ê |�|f³*Á�ÃZÆ Â�.mÜ8Ã[ÞL:&Ä¨ÇmÀ3Þ*,Ú:&Ä�·KÆÈÀ�· ¬ ®5® x25^DFDG/>�Yo> �D>	FD2(Y[4[§¨�©G 7 2 ix{ hK254<4<GKO<1325^DFDG
¾/Yo> �D>�hK25^�Y[4[>¨Yo>CFL>�GC��13254A¹ = Y[; J 2D�LX J GKO<ha> = 25^L>CFD254 e 9 �V³E�}ÐNÝ âoâE,ÚÙAÝ â�Ã[Þ ½�ÇLÃZÇmÆÈÀTÂD· ¬ ® ±�
25^DFDGI2\Y[4[§¨�©G 7 2 ix{ Y[G J 1D4<;E254<;EFL>CFDG�O<25BD4<GI25O&FDG J >C;EOn>¨Y[��>�Yo> �D>�hK25^�Y[4[>¨Yo>CFL> �

w�M > = 254�FDG áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜ 4<GKhK2 J GK^DFL>CFD2�1L>C4[>�2/px@A9xs ix{ � ����������� �

ßàÞjiýÞji ^_AHs�=3?@M0AHaH=3?@<>A3:	8IïðDFDF<>`EñÇLN=EGH8òØRâÛÚÜBRí4ïðî_Ý
e 25^]�©254 J G M ;EOdY[2�^D2Âha>C1DbNY[X = 2 ¤ �}G"�];EOdY[G�X J >�FDG J >C^DFL>�1L>C4[>�X J GK^Dha> J ;E^DkL> J GK^�Y[2

>CO<O<G 7 XD4[>CFD2�FDG/1L>ChK2CY[GKO 6 pT^L> 6 ^�Y[GK4<^DGZY �(w X¶O<G8�[>]�,>(^DGKhKGKO<O<;EFL>CFDG�FDG 7 >C4[>C^�Y[;E4vº¼XDG/1L> s
hK2CY[GKO 6 põO<G8�[> J GK^�Y[4<G 7 XDGKO&hK2 J > = Yo>$1D4<25BL>CBD; = ;EFL>CFDG�FDGKO<FDGIº¼XDG�Y[4[§¨�©G 7 2�^L`C2\G"�]hKGKFL>�X J >
FDGZY[GK4 J ;E^L>CFL>�Yo> �D>\hK25^�Y[4[>¨Yo>CFL> �

wùi ^Dha> J ;E^DkL> J GK^�Y[2¶HAO<O<G 7 XD4[>CFD2ë25X�px@A9xs8H { ¬ �C£ �GKO<13GKhK;NÑLha>Ëº¼XL>¨Y[4<2 7 4<XD1325O�FDG
px@A9:O ³ h = >CO<O<GKO�H {�·"� p,>C4[>�ha>CFL>�h = >CO<O<G���4<GKO<GK4 M >CFL>�X J >�º¼XL>C^�Y[;EFL>CFDG�FDG�4<GKhKXD4<O<25O\G J
ha>CFL>�^Dq � l �×� GK^�Y[4<2	FDG$ha>CFL>�h = >CO<O<G$G"�];EOdY[G J Y[4<gKOA^Db M GK;EOAFD;N�©GK4<GK^�Y[GKOAFDG$1D4<GKhKGKFDgK^DhK;?>�FDG
FDGKO<ha>C4dY[G � p,>ChK2CY[GKO 6 pôº¼XDG\º¼XDGK;E4[> J O<G\X]Y[; = ;E�a>C4&FDG�X JV7 4<XD132�FDG\px@A9:O�H { FDG M G J O<GK4
J >C4<ha>CFD25O ³ 13G = 2�h = ;EGK^�Y[G�25X	1D4<2 M GKFD254 · hK2 Jì� l e põ13GK4dY[GK^DhKGK^�Y[G$¾�h = >CO<O<G�H { hK254<4<GKO<1325^ms
FDGK^�Y[GC�rG\hK2 J X J >�FL>CO�Y[4<gKOI1D4<;E254<;EFL>CFDGKO�FDGK^�Y[4<2�FDGKO<O[>(h = >CO<O<G ��i�J ha>CO<2�FDG\hK25^ 7 GKOdY[;E2¨s
^L> J GK^�Y[2D�L>�1D4<;E254<;EFL>CFDGAFDGIFDGKO<ha>C4dY[GIFDGZY[GK4 J ;E^L>�>\; J 13254dYoèC^DhK;?>I4<G = >¨Y[; M >$FDGvha>CFL>\1L>ChK2CY[G
FDGK^�Y[4<2/FDGIha>CFL>�h = >CO<O<G �

pr254dYo>C^�Y[2D�DG J ha>CFL>�^Dq�FDG�X J FD2 J bE^D;E2 � l�º¼XDG�; J 1 = G J GK^�Y[G�2�px@A9xs8H { �m2\^Db M G = FDG
7 >C4[>C^�Y[;?>�FDGIGK^Dha> J ;E^DkL> J GK^�Y[2�FDGIX J 1L>ChK2CY[G 6 p)FDGK13GK^DFDGK4[§]�»^L>�254<FDG J º¼XDGIO<GIO<G 7 XDGC�

�õFL>Iº¼XL>C^�Y[;EFL>CFDG&FDG&4<GKhKXD4<O<25O.4<GKO<GK4 M >CFL>�1L>C4[>�>vh = >CO<O<G&H { >Iº¼XDG&13GK4dY[GK^DhKG�2�1L>ChK2CY[GCÒ
�õFL>�ha>C4 7 >AFDG�Y[4[§¨�©G 7 2�G"�];EOdY[GK^�Y[G&^L>�4<GKFDG�1L>C4[>v>�h = >CO<O<G�H { >�º¼XL> = 13GK4dY[GK^DhKGn2v1L>ChK2CY[G
³ ^Db M G = FDGIhK25^ 7 GKOdY[;E25^L> J GK^�Y[2�FDGK^�Y[4<2/FL>\h = >CO<O<G · Ò

�õFL>/1D4<;E254<;EFL>CFDGvFDG�FDGKO<ha>C4dY[G$FD2/1L>ChK2CY[G�FDGK^�Y[4<2�FDG�O<XL>/h = >CO<O<G�G J ha>CO<25OAFDG�hK25^ 7 GKOts
Y[;E25^L> J GK^�Y[2 �

H�Yo>CB3G = > ¢m�²¢\J 25OdY[4[>�25O áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜÈâ 4<GKhK2 J GK^DFL>CFD25O�1L>C4[>�2�px@A9xs8H { �»hKX �<2��©254 J >¨Y[2
7 GK4[> = � e p £]� Õ e ÖvhK254<4<GKO<1325^DFDG$>C25O�Y[4<gKO�BD;NY[OnhK2 J 2�^¼¹ J GK4<2�FL>�h = >CO<O<G ³ FDG ¤ > �¼· GAÕdp,Ö
>C25O�FD25;EO:BD;NY[O�º¼XDG�;E^DFD;Eha> J >�1D4<;E254<;EFL>CFDG�FDG�FDGKO<ha>C4dY[G ³ FDG ¤ > ¸ ·"�.� XL>C^�Y[2 J >C;E254x2 M > = 254
FL>�1D4<;E254<;EFL>CFDG\FDG/FDGKO<ha>C4dY[GC� J >C;E254<GKOvO[`C2�>COIhokL>C^DhKGKO�FD2�1L>ChK2CY[GKO�O<GK4�FDGKO<ha>C4dYo>CFD2 �(z�J
áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜ Yo> J B3� J 132mFDGvO<GK4&4<GK1D4<GKO<GK^�Yo>CFD2�13G = >�^D2CYo>C_a`C2�H { �m�5�L25^DFDGAÕ��¼Öv4<GK1D4<GKO<GK^�Yo>�>
h = >CO<O<GIGAÕ8��ÖI>\1D4<;E254<;EFL>CFDG�FDGIFDGKO<ha>C4dY[G �
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W >CB3G = > ¢m�²¢ � �.ÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜÈâ 4<GKhK2 J GK^DFL>CFD25O&1L>C4[>\2�px@A9xs8H {:�
p�4<;E254<;EFL>CFDG�FDGIFDGKO<ha>C4dY[G e:= >CO<O<G ¤ e:= >CO<O<G ¢ e:= >CO<O<G ¸ e:= >CO<O<G �
¤ s:9�>C;Ø�D> ����������� ����������� ����������� �����������
¢ s c �KFD;?> ����������� ����������� ����������� �����������
¸ s.H = Yo> ����������� ����������� ����������� �����������

� GK^�Y[4<2ÓFDG�ha>CFL>Ìh = >CO<O<G(H { ��X J ^Dq � lëFDG M G�>ChKGK;NYo>C4\1L>ChK2CY[GKO/FD25O\Y[4<gKO � l e p�O�G
1D4<2 M GK4�^D2 J bE^D; J 2\FD25;EO�^Db M GK;EO�FD;N�©GK4<GK^�Y[GKOAFDG$1D4<25BL>CBD; = ;EFL>CFDGvFDG$FDGKO<ha>C4dY[G ��e >CO<2	>C13GK^L>CO
FDXL>CO$1D4<25BL>CBD; = ;EFL>CFDGKOIFDG�FDGKO<ha>C4dY[G�O<G8�[> J ; J 1 = G J GK^�Yo>CFL>COIG J X J >�h = >CO<O<G�Õ��¼Öo�,1L>ChK2CY[GKO
hK2 J 2 � l e p¡H { � ¤ Y[GK4[`C2Ì1D4<25BL>CBD; = ;EFL>CFDG/FDG	FDGKO<ha>C4dY[G J GK^D254�GK^Dº¼XL>C^�Y[2¶º¼XDG(1L>ChK2CY[GKO
hK2 J 25O � l e p�O�H { � ¢ GIH { � ¸ Y[GK4[`C2�1D4<25BL>CBD; = ;EFL>CFDG�FDGIFDGKO<ha>C4dY[G J >C;E254 �

| GKhK2 J GK^DFL> s8O<G:º¼XDG:X J ^Dq � lI; J 1 = G J GK^�Y[G�Y[2mFL>CO,>COrº¼XL>¨Y[4<2Ah = >CO<O<GKO,H {:� H = � J FD;EO<O<2D�
J >C;EOAh = >CO<O<GKO�G\1D4<;E254<;EFL>CFDGKO�FDG\FDGKO<ha>C4dY[G\132mFDG J O<GK4vFDGZÑL^D;EFL>CO�1L>C4[>�XDO<2 = 2mha> =µ� p,>ChK2CY[GKO
FDGAX J >�h = >CO<O<GAY[g J º¼XDG�O<GK4:GK^Dha> J ;E^DkL>CFD25O.FDGA�©254 J >I;E^DFDGK13GK^DFDGK^�Y[G�G J 4<G = >C_a`C2$>C25O:FL>CO
FDG J >C;EO � pr254<� J �¥^L>CFL>�; J 13GKFDG$º¼XDG�X J >�h = >CO<O<G\H { 1325O<O[>	4<GKhKGKB3GK4I4<GKhKXD4<O<25OvFDG\25X]Y[4<25O
7 4<XD1325O&FDG�px@A9:O&GI25X]Y[4[>CO&h = >CO<O<GKO&H { �DkL> M GK^DFD2�FD;EO<1325^D;EBD; = ;EFL>CFDG �

� XL>C^�Y[2�>C2/hK25^DFD;EhK;E25^L> J GK^�Y[2\FDGIY[4[§¨�©G 7 2D�LX J FD2 J bE^D;E2 � l(132mFDGIhK25^�Y[4<2 = >C4&>�º¼XL>C^ms
Y[;EFL>CFDG�FDG&Y[4[§¨�©G 7 2�H { FDGAha>CFL>�1D4<;E254<;EFL>CFDGnFDGAFDGKO<ha>C4dY[GAº¼XDGAGK^�Y[4[>$G�O[>C;»FDGKOdY[Gv>¨Y[4[> M �KO:FDG
FDGKO<ha>C4dY[GKOK�»O<XL> M ;E�a>C_a`C2D�L>CX J GK^�Y[2\G�FD; J ;E^¼XD;E_a`C2$FL>\1D4<;E254<;EFL>CFDG�FDGvFDGKO<ha>C4dY[GI25X J XDFL>C^D_a>
FDGAh = >CO<O<GAH {:� ��2$GK^�Yo>C^�Y[2D�]X J ^Dq � l/^¼XD^Dha>�132mFDGK4[§�4<GK254<FDGK^L>C4:1L>ChK2CY[GKO:FDGAX JªJ GKO J 2
J ;EhK4<2CÙLXm�]2�G J GKO J >\h = >CO<O<GIH {:�

w px@A9xs8H { FDG M G J ;E^D; J ;E�a>C4xhK25^ 7 GKOdY[;E25^L> J GK^�Y[25O�FDG = 25^ 7 >�FDXD4[>C_a`C2 �.� XL>C^DFD2\2mhK254ts
4<GK4<G J �¼1L>ChK2CY[GKOxFDG M G J O<GK4xFDGKO<ha>C4dYo>CFD25O:>¨Y[4[> M �KO.FDG&X J > =E7 254<;NY J 2Aº¼XDG&O<G8�[>I;E^DO<GK^DO<b M G = ¾CO
ha>C4[>ChZY[GK4<bEOdY[;Eha>COAFDG$hKXD4dYo>�FDXD4[>C_a`C2�FDG�X JfJ ;EhK4<2CÙLXm�]2 ��6 OdY[2	���½>ChK; = ;NYo>CFD2/>¨Y[4[> M �KO�FD2�XDO<2
FDG�X J >v�©XD^D_a`C2�> = Ga>¨Y[q54<;?>�FDG�FDGKO<ha>C4dY[GKO � HAO<O<; J O<GK^DFD2D�mÙLXm�]25O:FDG�FD;N�©GK4<GK^�Y[GKO.�©254 J >¨Y[25O�FDG
4[>��[>CFL>CO�G J GKO<ha> = >CO�FDG�Y[G J 132 J >C;EO}hKXD4dYo>COK� J >CO}hK2 J¡J GKO J >CO}Yo> �D>CO�FDG�Y[4[>C^DO J ;EO<O[`C2vG J
GKO<ha> = >CO&FDGvY[G J 132 J >C;EO = 25^ 7 >COK�]FDG M G J Y[GK4&>CO J GKO J >CO�Yo> �D>CO&FDGI13GK4<FL>/> = 25^ 7 2\1D4[>C�K2 �

pr254:25X]Y[4<2 = >CFD2D�¼hK25^ 7 GKOdY[;E25^L> J GK^�Y[25O.FDGAhKXD4dYo>$FDXD4[>C_a`C2$FDG M G J O<GK4:O<XD13254dYo>CFD25O�>IÑ J
FDGA>ChK2 J 2mFL>C4x4[>��[>CFL>COxFDG�Y[4[§¨�©G 7 2 ��� XL>C^DFD2$2mhK254<4<GK4<G J ��1L>ChK2CY[GKO:FDG M G J O<GK4.GK^]Ñ = GK;E4[>CFD25O �
e 2 J 2�hK25^DO<GKº¼XDgK^DhK;?>]��FDG M G"s8O<G�X]Y[; = ;E�a>C4vFD;EO<hK;E1 = ;E^L>COvFDG/Ñ = >CO�º¼XDG�2513GK4<G J G J �©XD^D_a`C2�FD2
^Db M G = J �KFD;E2�FDG�1L>ChK2CY[GKO ��| GKhK2 J GK^DFL> s8O<GIYo> J B3� J º¼XDG�hK25^ 7 GKOdY[;E25^L> J GK^�Y[25O&O<G8�[> J O<;E^L> s
= ;E�a>CFD25O.>C25O:^Dq5O.�©25^�Y[GKO�>¨Y[4[> M �KO�FDGAFDGKO<ha>C4dY[GKO 7 4[>CFDXL>C;EOK�]>IÑ J FDGA13GK4 J ;NY[;E4�º¼XDG�2$O<;EOdY[G J >
GK^�Y[4<G�G J GKº¼XD; = bEBD4<;E2 ³ ^L`C2�25O<hK; = G ·"�
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e 25^]�©254 J G M ;EOdY[2�>C^�Y[GK4<;E254 J GK^�Y[GC�3>�FDGZÑL^D;E_a`C2�FD25O�O<GK4 M ;E_K25OAº¼XDG$132mFDG J O<GK4�hK25^DOdY[4<XDbØs
FD25O�>¨Y[4[> M �KO$FL>�>C4<º¼XD;NY[GZY[XD4[> � ;Nã¥lmGK4 M �©254 J >	X J >	ha> J >CFL>	;E^DFDGK13GK^DFDGK^�Y[G/FD2 J 2mFD2(FDG
GK^Dha> J ;E^DkL> J GK^�Y[2�FDGK^�Y[4<2ÂFL>�4<GKFDG	4<GK1D4<GKO<GK^�Yo>CFL>Â13G = 25O�px@A9:O �Ì6 OdY[2Â�C� M §C4<;E25O$O<GK4 M ;E_K25O
FD;EOdY[;E^�Y[25O,132mFDG J O<GK4�FDGKO<GK^ M 2 =NM ;EFD25O�X]Y[; = ;E�a>C^DFD2�X J¡J GKO J 2vpx@A9 �5� Gnº¼XL> = º¼XDGK4 J >C^DGK;E4[>]�
GKOdY[GKO&FD25;EO�hK2 J 1325^DGK^�Y[GKO&; J 13254dYo>C^�Y[GKO:O<G J 1D4<GIGKOdYo>C4[`C2\;E^�Y[; J > J GK^�Y[G = ; 7 >CFD25O:^D2\O<GK^�Y[;EFD2
FL>/>CFDGKº¼XL>C_a`C2/FD2/px@A9+>C2�O<GK4 M ;E_K2/º¼XDG�O<GIº¼XDGK4&FD;EO<1325^D;EBD; = ;E�a>C4 �

H�O<G 7 XD;E4K�L>COn1D4<251325OdYo>COnFDGIO<GK4 M ;E_K2�FD;N�©GK4<GK^DhK;?>CFD25O J >C;EO:; J 13254dYo>C^�Y[GKO�O<GK4[`C2�FDGKO<hK4<;NYo>CO
O<XDhK;E^�Yo> J GK^�Y[G �,� > = G:>�13GK^L>A^D2CYo>C4,º¼XDG�> J >C;E254<;?>�FDG = >CO,O<XD4 7 ;EX�>C^�Y[GKO}FL>AGKO<13GKhK;NÑLha>C_a`C2�FL>
>C4<º¼XD;NY[GZY[XD4[> � ;Nã¥lmGK4 M �CO<GK4 M ;E^DFD2�FDG.; J 1DX = O<2&1L>C4[>&;E^D;EhK;?>¨Y[; M >CO×^L>&FD;E4<GK_a`C2�FDG.1L>CFD4<25^D;E�a§ s = > �

ßàÞ�oàÞÜÝ å6<kL	l6M0O�89âRLN<J?@M0ñµ?
w O<GK4 M ;E_K2A1D4<G J ;EX J ¬ ®�� ¼�xha>C4[>ChZY[GK4<;E�a>CFD2�13254¥X J >nYo> �D>&FDG�Y[4[>C^DO J ;EO<O[`C2&FDG.1D;EhK2&G.13254

4<GZYo>C4<FD25OrG"�mY[4<G J > J GK^�Y[G.BL>C;Ø�]25O � H = � J FD;EO<O<2D�C>nYo> �D>�FDG.1D;EhK2&1L>C4[>&2�Y[4[§¨�©G 7 2&GK^�Y[4[>C^�Y[G:G J
ha>CFL>�B3254<FL>�FDG M GnO<GK4 J GK^D254,º¼XDG&>�ha>C1L>ChK;EFL>CFDG�FD2vGK^ = >ChKG�FDG�O[>CbEFL> � �A>CO�B3254<FL>CO}FL>�4<GKFDGC�
2�Y[4[§¨�©G 7 2v> 7 4<G 7 >CFD2���hK25^DFD;EhK;E25^L>CFD2�FDG:�©254 J >A> 7 >C4[>C^�Y[;E4rGKOdYo>vhK25^DFD;E_a`C2 �,� XL>COx>C_KÍmGKO}O[`C2
13GK4 J ;NY[;EFL>COK��FDGKO<ha>C4dYo>C4�25O$1L>ChK2CY[GKO$>ChK; J >(FL>(Yo> �D>�FDG/1D;EhK2 ³ 132 = ;EhK;?> J GK^�Y[2 · 25XË>¨Y[4[>CO[§ s
= 25O\>¨Y[�	º¼XDG	2ÂY[4[§¨�©G 7 2ÂGK^�Y[4<G(^D2 M > J GK^�Y[G	G J hK25^]�©254 J ;EFL>CFDG�hK2 J 2Ì13GK4dÑ = GKO<13GKhK;NÑLha>CFD2
³ O<XL> M ;E�a>C_a`C2 ·"�

prG = >CO&O<XL>CO&ha>C4[>ChZY[GK4<bEOdY[;Eha>COK�D^L`C2��IFD;N�©bEhK; = 25BDO<GK4 M >C4&º¼XDGI2�O<GK4 M ;E_K2/1D4<G J ;EX J 132mFDGvO<GK4
O<XD13254dYo>CFD2�13G = 2\px@A9xs ix{:� �A> M GK4<FL>CFDGC�LO<XL>$1D4<251325OdYo>\>C^�Y[GKhKGKFDGI>$FD2�px@A9xs ix{ G�O<GK4 M ;EX
FDG�GKOdY[b J X = 2I¾vO<XL>�GKO<13GKhK;NÑLha>C_a`C2 ��i OdY[G�O<GK4 M ;E_K2$132mFDGnO<GK4.X]Y[; = ;E�a>CFD2�1L>C4[> M 25� ¬ � ¸ � ®5¯ �m± £ µ�
M ;EFDGK2mhK25^]�©GK4<gK^DhK;?>]� = ;E^DkL>�1D4<; M >CFL> M ;E4dY[XL> = ��Y[4[>C^DOd�©GK4<gK^DhK;?>(FDG�>C4<º¼XD; M 25O�G J Y[G J 132	Ñ]�]2�G
>C1 = ;Eha>C_KÍmGKO�FDG�BL>C;Ø�]2\4<GZYo>C4<FD2 �

ßàÞ�oàÞÚß å6<kL	l6M0O�8ôïðDFDF<>`EñÇLN=EGH8
w O<GK4 M ;E_K2�>CO<O<G 7 XD4[>CFD2 ¬ �m¤ �r± ¤ x��ha>C4[>ChZY[GK4<;E�a>CFD2�13254vX J ^Db M G = FDG 7 >C4[>C^�Y[;?>�GKOdYo>¨Y[bEOts

Y[;EhK2	G�13254dYo>C^�Y[2 J GK^D25O�4<b 7 ;EFD2�º¼XDG�2	O<GK4 M ;E_K2	1D4<G J ;EX J���w ^Db M G = FDG\O<GK4 M ;E_K2(��FDGZÑL^D;EFD2
^D254 J > =EJ GK^�Y[G�13254�X J > = >C4 7 XD4[>�FDG&�½>C;Ø�D>�hK25^�Y[4[>¨Yo>CFL>IG&1325O<O<; M G =EJ GK^�Y[G&X J hKGK4dY[2 7 4[>CX�FDG
ÙLX]Y[XL>C_a`C2 ³ 4[>��[>CFL>COvhKXD4dYo>CO ·"��w Y[4[§¨�©G 7 2	�\hK25^DFD;EhK;E25^L>CFD2	^L>COvB3254<FL>COv1L>C4[>	ha>CFL>	h = ;EGK^�Y[G
FDG J 2mFD2�> 7 >C4[>C^�Y[;E4�hK25^]�©254 J ;EFL>CFDG�hK2 J 25O$O<GKXDO�4<GKO<13GKhZY[; M 25O�13GK4dÑLO�FDG/Y[4[§¨�©G 7 2 � p,>C4[>
ha>CFL>�XDO<XL§C4<;E2D�32�Y[4[§¨�©G 7 2�º¼XDG\25B3GKFDGKhKG\>C2�O<GKXÌ13GK4dÑ = FDG$Y[4[§¨�©G 7 2�FDG M G\O<GK4�GK^�Y[4<G 7 XDG\hK2 J
> = Yo>A1D4<25BL>CBD; = ;EFL>CFDG �,w 4<GKOdYo>C^�Y[GC���©254[>�FD2v13GK4dÑ = �5hK25^DOdY[;NY[XD;DX J Y[4[§¨�©G 7 2�2513254dY[XD^D;EOdYo>�º¼XDGn�
J >C4<ha>CFD2/FDGI�©254 J >�FD;N�©GK4<GK^�Y[G �ni�J ;E^DOdYo>C^�Y[GKO�FDG$hK25^ 7 GKOdY[;E25^L> J GK^�Y[2D�L1L>ChK2CY[GKO J >C4<ha>CFD25O
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hK2 J 2	�©254[>	FD2(13GK4dÑ = Y[GK4[`C2�1D4<GZ�©GK4<gK^DhK;?>(FDG�FDGKO<ha>C4dY[G ��e >CB3G/>C2(1D4<2 M GKFD254�1D4<2 M ;EO<;E25^L>C4I>
O<XL>(4<GKFDG/1L>C4[> 7 >C4[>C^�Y[;E4v>�> = Yo>�1D4<25BL>CBD; = ;EFL>CFDG�FDG�GK^Dha> J ;E^DkL> J GK^�Y[2(FD2(Y[4[§¨�©G 7 2(FDGK^�Y[4<2
FD2�13GK4dÑ =µ��i OdY[G/O<GK4 M ;E_K2��/>CFDGKº¼XL>CFD2(Yo>C^�Y[2�1L>C4[>(>C1 = ;Eha>C_KÍmGKO�Y[4[>CFD;EhK;E25^L>C;EOABL>CO<Ga>CFL>CO�G J
W�e p�Yo>C;EO�hK2 J 2�Y[4[>C^DOd�©GK4<gK^DhK;?>CO�FDG(>C4<º¼XD; M 25OK�.>ChKGKO<O<25O�>�BL>C^DhK2ÂFDG	FL>CFD25O�G�O<GK4 M ;EFD254<GKO
Ê�Ê�Ê��DhK2 J 2�1L>C4[>\>C1 = ;Eha>C_KÍmGKO J >C;EO.O<2CÑLOdY[;Eha>CFL>COnhK2 J 2 M 25� ¬ � ¸ �»± £ �G M bEFDGK2\G J Y[G J 132
4<Ga> =µ�

w O}1D4<;E^DhKbE1D;E25O FD2�O<GK4 M ;E_K2I>CO<O<G 7 XD4[>CFD2��©254[> J ;E^�Y[4<2mFDXD�K;EFD25O,13254 e�� H |�î G { H���u ¬ �5¢ 
>¨Y[4[> M �KO\FDG	X J >�1D4<251325OdYo>�FDGK^D2 J ;E^L>CFL>�GKOdY[4<X]Y[XD4[>�FDG	ha>C1L>ChK;EFL>CFDG�GKO<13GK4[>CFL> ³[Ã¸ÃZÎLÃoáZÜ8Ã[Þ
á[Ý"ÎDÝ¼áZÆÈÜ�>Xº"Å<ÝCÁ�ÃE@:Ä¨Å[çL·"�,i OdY[G.Y[4[>CBL> = kD2AG J�J XD;NY[2�; J 1DX = O<;E25^D25XI2AO<XD4 7 ; J GK^�Y[2AFL>A1D4<251325OdYo>
� ;Nã¥lmGK4 M3��c >C;EOIYo>C4<FDGC�,GKOdY[G�GKO<º¼XDG J >��©25;xhK2 J BD;E^L>CFD2�hK2 J 2�O<GK4 M ;E_K2�1D4<G J ;EX J 1L>C4[>�>
FDGZÑL^D;E_a`C2�FDGAX J >$>C4<º¼XD;NY[GZY[XD4[>$FDGAO<GK4 M ;E_K25O�FD;N�©GK4<GK^DhK;?>CFD25O.X]Y[; = ;E�a>C^DFD2IX J ha> J 132$FDGAFD25;EO
BD;NY[O(^D2õha>CB3GK_a> = kD2óFD2õ1D4<2CY[2mhK2 = 2 6 p ¬ ± ¢  ��� GK13GK^DFDGK^DFD2)FD2 M > = 254	FDGKOdY[G¶ha> J 132óX J
FD25O&O<GK4 M ;E_K25O&O<GK4<;?>\GKO<hK2 = kD;EFD2D�D;E^�Y[4<2mFDXD�K;E^DFD2�>\;EFD�K;?> J >C;EO:Yo>C4<FDGv�©254 J > = ;E�a>CFL>$>¨Y[4[> M �KO&FL>
FDGZÑL^D;E_a`C2�FD2/ha> J 132 � l3�»25^DFDGI2 áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜ FDGZÑL^DG�2/px@A9 �

w O<GK4 M ;E_K2\>CO<O<G 7 XD4[>CFD2\O<GK4 M ;EX	FDG�BL>CO<G�1L>C4[>�>$GKO<13GKhK;NÑLha>C_a`C2\FD2�px@A9xs8H {:�De 25^]�©254 J G
M ;EOdY[2Â^L>�O<GK_a`C2 �D�N¤ ��2�O<GK4 M ;E_K2Ì>CO<O<G 7 XD4[>CFD2ÌhK25^DOdY[;NY[XD;.2ÂhKGK^L§C4<;E2�1L>C4[>�25O�GKOdY[XDFD25O\FDGKOdY[G
Y[4[>CBL> = kD2\GIO<GK4[§ M ;EOdY[2�G J FDGZYo> = kDGKO&^D2/ha>C1DbNY[X = 2 ¸ �

ßàÞ�oàÞ+] å6<kL	l6M0O�8öõn×0³1?ÖÕµM0s�8
w O<GK4 M ;E_K2�2 = b J 1D;EhK2 ¬ ± ¸ x1D4<2 M g/Y[4<gKO�^Db M GK;EOIFDG�O<GK4 M ;E_K2D��25XD4<2D�r1D4[>¨Yo>	G/BD4<25^D�KG ��i�J

ha>CO<25O�FDG�hK25^ 7 GKOdY[;E25^L> J GK^�Y[2D�]2�O<GK4 M ;E_K2\25XD4<2�;E4[§�25B]Y[GK4:X J > = >C4 7 XD4[>�FDGA�½>C;Ø�D> J >C;E254xº¼XDG
2ÌO<GK4 M ;E_K2Ì1D4[>¨Yo>]��º¼XDG(13254�O<XL> M GK�(;E4[§�25B]Y[GK4\X J >��½>¨Y[;?> J >C;E254$º¼XDG	2ÌO<GK4 M ;E_K2ÌBD4<25^D�KG �
� XL>C^DFD2�^L`C2\G"�];EOdY[G J 1L>ChK2CY[GKO&FD25OnO<GK4 M ;E_K25On25XD4<2�Gv1D4[>¨Yo>]�]2\O<GK4 M ;E_K2�BD4<25^D�KGI132mFDG�25B]Y[GK4
Y[2mFL>õ> = >C4 7 XD4[>ëFDGÌ�½>C;Ø�D>ëFD;EO<1325^Db M G =µ�ìw O�1L>ChK2CY[GKO�O[`C2)h = >CO<O<;NÑLha>CFD25O(G J >C4<ha>CFD25O(FDG
>ChK254<FD2vhK2 J 2v^Db M G = FDGnO<GK4 M ;E_K2IFDGKO<G8�[>CFD2�^L>CO�B3254<FL>CO}FL>v4<GKFDG � �A`C2IG"�];EOdY[GnX J >A�©254 J >AFDG
FD;N�©GK4<GK^DhK;?>C_a`C2v1D4<�"s8FDGZÑL^D;EFL>�1L>C4[>v25O}Y[4<gKO�^Db M GK;EO �}z�J G"�]G J 1 = 2IO<GK4<;?>v>¨Y[4<;EBDXD;E4,13GK4<hKGK^�Y[XL>C;EO
FDGA25B]Y[GK^D_a`C2$FDG = >C4 7 XD4[>vFDG��½>C;Ø�D>IFDG ®5£K÷ 1L>C4[>�2$25XD4<2D� ¸ £K÷ 1L>C4[>�2$1D4[>¨Yo>IG ¤�£K÷ 1L>C4[>�2
BD4<25^D�KG �}i OdYo>CO O<GK4<;?> J >CO��©4[>C_KÍmGKO¥FDG = >C4 7 XD4[>:FDG��½>C;Ø�D>�25B]Y[;EFL>CO�13254¥ha>CFL>&> 7 4<G 7 >CFD2nº¼XL>C^DFD2
X J GK^ = >ChKGÂGKOdY[; M GK4�hK25^ 7 GKOdY[;E25^L>CFD2 � ��2óO<GK4 M ;E_K2õ2 = b J 1D;EhK2D�nXDO<XL§C4<;E25O	^L`C2óGKO<13GKhK;NÑLha> J
X J 13GK4dÑ = FDG(Y[4[§¨�©G 7 2Ì1L>C4dY[;EhKX = >C4K�x^L`C2ÓkL§ÌhK25^�Y[4<2 = G(FDG�>CF J ;EO<O[`C2ÌG(25O�ÙLXm�]25O/^L`C2¶O[`C2
O<XL> M ;E�a>CFD25O�^DG J 132 = ;EhK;?>CFD25O�FDGÌ^DGK^Dk¼X J >ó�©254 J > �ªz�J G"�]G J 1 = 2óFDGÓ>C1 = ;Eha>C_a`C2ëFDGKOdYo>
O<2 = XD_a`C2Ë;E^Dh = XD;&FD;N�©GK4<GK^DhK;?>C_a`C2ÓFD2Ë^Db M G = FDG�O<GK4 M ;E_K2Ë1L>C4[>ÓXDO<XL§C4<;E25O�FDGK^�Y[4<2ëFDG�X J#6 l]pr�
G J 1D4<GKO[>�25X(ha> J 1DXDO �
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ßàÞ�oàÞji øhù�ú�û�üWýÇþ6ÿ5ûFú������ðú�ûFú��	�
��ÿ��
���� Ø
�Ìå6pÜÝ
w O<GK4 M ;E_K2 z l � ¬ ± � ,;E^�Y[4<2mFDXD��FD25;EO�Y[GK4 J 25O�1L>C4[>�>	>¨Y[4<;EBDXD;E_a`C2�FDG = >C4 7 XD4[>/FDG$�½>C;Ø�D>]�

XDO<XL§C4<;E2�G��½>¨Y[;?> ��w XDO<XL§C4<;E2�O<G�4<GZ�©GK4<G\>C2�h = ;EGK^�Y[G$132mFDGK^DFD2�O<GK4�X J >�4<GKFDGC��X Jf7 4<XD132�FDG
4<GKFDGKO&25X	X J XDO<XL§C4<;E2�;E^DFD; M ;EFDXL> =µ� HTha>CFL>�XDO<XL§C4<;E2\�I>¨Y[4<;EBDXDbEFL>�X J >��½>¨Y[;?>$ha> = hKX = >CFL>$G J
�©XD^D_a`C2�FDG�> =E7 XD^DO�1L>C4[è J GZY[4<25O�hK2 J 2v13254xG"�]G J 1 = 2I2Iº¼XL>C^�Y[2�ha>CFL>IXDO<XL§C4<;E2IGKOdYo§I1L> 7 >C^DFD2
13G = 2�O<GK4 M ;E_K2 �x� GZÑL^D;EFL>CO�>COx�½>¨Y[;?>COxFDGAha>CFL>�XDO<XL§C4<;E2D�m2�O<GK4 M ;E_K2 z l � ;E4[§IFD; M ;EFD;E4x> = >C4 7 XD4[>
FDG��½>C;Ø�D>(G"�]hKGKFDGK^�Y[G�G J ha>CFL>�GK^ = >ChKG/13254IGK^�Y[4<G�GKOdY[GKO$XDO<XL§C4<;E25OIFDG/�©254 J >	1D4<2513254<hK;E25^L> =
¾��½>¨Y[;?>�FDG\ha>CFL>	X J�� pr254dYo>C^�Y[2D��GKOdYo>	1D4<251325OdYo>�13GK4 J ;NY[G�X J«6 l]p+FD;N�©GK4<GK^DhK;?>C4�ÙLXm�]25OIFDG
Y[4[§¨�©G 7 2�13254:XDO<XL§C4<;E2�FL>$O<G 7 XD;E^�Y[G��©254 J > � p�4<; J GK;E4<2D�¼ha>CFL>$XDO<XL§C4<;E2$Y[G J X J > 7 >C4[>C^�Y[;?>�FDG
= >C4 7 XD4[>\FDGv�½>C;Ø�D> J bE^D; J >$G J > =E7 XD^DO&25X(Y[2mFD25O&25O&GK^ = >ChKGKO�FD2�O<GKX�FD2 J bE^D;E2D�mº¼XDG�hK254<4<GKOts
1325^DFDG�¾IO<XL>�Yo> �D>�hK25^�Y[4[>¨Yo>CFL> � lmG 7 XD^DFD2D�D> = >C4 7 XD4[>IFDG��½>C;Ø�D>IG"�]hKGKFDGK^�Y[G�G J ha>CFL>�GK^ = >ChKG
�vFD; M ;EFD;EFL>�1D4<2513254<hK;E25^L> =EJ GK^�Y[G�¾$�½>¨Y[;?>$FDGvha>CFL>\XDO<XL§C4<;E2 ��i OdY[GIO<GK4 M ;E_K2\FD;N�©GK4<GvFD2\O<GK4 M ;E_K2
2 = b J 1D;EhK2�^L> J GKFD;EFL>ÂG J º¼XDG(GKOdYo>¶1D4<2513254<_a`C2ÌFDG M G�O<GK4 J >C^�Y[;EFL>Â;E^DFDGK13GK^DFDGK^�Y[G J GK^�Y[G
FL>�2mhK254<4<gK^DhK;?>/FDG�hK25^ 7 GKOdY[;E25^L> J GK^�Y[25O�^L>�4<GKFDG ��� 2 7 2D�3GK^Dº¼XL>C^�Y[2�>/�½>¨Y[;?>�Y[2CYo> = FDG�ha>CFL>
XDO<XL§C4<;E2�FDGK13GK^DFDGvFD2�Y[4[§¨�©G 7 2$hK2 J 13GZY[;EFD254 ³ 25X]Y[4<25On> 7 4<G 7 >CFD25O · �D>$1D4<2513254<_a`C2�GK^�Y[4<G�G = GKO��
J >C^�Y[;EFL>$Ñ]�D> �

9:H z�c uvH |,W � ix|RÝCÜ�ÝCÐÁá ¬ ± � :FDGKO<hK4<G M GK4[> J 2�O<GK4 M ;E_K2 z l � FDG/�©254 J > J >C;EO�FDGZYo> s
= kL>CFL>��<XD^�Yo> J GK^�Y[G/hK2 J 25OIO<GK4 M ;E_K25O$>C^�Y[GK4<;E254<GKO � 9:Hvl z G\ÊÂH���u ¬ ± ® xhK2 J 1L>C4[>C4[> J 2
FDGKO<G J 13GK^DkD2�FD2\O<GK4 M ;E_K2 z l � �L>\>C4<º¼XD;NY[GZY[XD4[>$FDGvFD25;EO�BD;NY[O�Gv>�GKOdY[4<X]Y[XD4[>\FDG�ha>C1L>ChK;EFL>CFDG
GKO<13GK4[>CFL> �

ßàÞ�oàÞ�o prM0f�<kLN<>AHs�M0=EO�ßE8ô79<>×0=;:	MÀl-=IGH< å6<kL	l6M0O�8ED
�A>�FD;N�©GK4<GK^DhK;?>C_a`C2�4<G = >¨Y[; M >(FDG�O<GK4 M ;E_K25O ¬ ��® µ��2�Y[4[§¨�©G 7 2�FL>�4<GKFDG���> 7 4<XD1L>CFD2�G J��

h = >CO<O<GKO$FDG�O<GK4 M ;E_K2D��>CO�º¼XL>C;EO�O[`C2�FD;N�©GK4<GK^DhK;?>CFL>CO�>¨Y[4[> M �KO�FD2�^Db M G = FDG�º¼XL> = ;EFL>CFDG�^D2�GK^ms
ha> J ;E^DkL> J GK^�Y[2�FDG$O<GKXDOv1L>ChK2CY[GKO �Ic >C;EO&�©254 J > =EJ GK^�Y[GC�»X J >/h = >CO<O<G��:� J G = kD254 ³ 25X�13G = 2
J GK^D25O}^L`C2v1D;E254 · FD2vº¼XDG&>�h = >CO<O<G����������"��1L>C4[>�������� � ��G J Y[GK4 J 25O}FDGn4<GZYo>C4<FD2vG:Yo> �D>
FDG�13GK4<FL>(G J ha>CFL>	^Dq ��z�J G"�]G J 1 = 2(O<; J 1 = GKO�FDG�FD;N�©GK4<GK^DhK;?>C_a`C2	4<G = >¨Y[; M >�O[`C2�25OIpx@A9:O
O<G = GKhK;E25^L>CFD254<GKO�FDG�h = >CO<O<G � ��GKOdY[Gvha>CO<2D�]25;NY[2�h = >CO<O<GKOnFD;EOdY[;E^�Yo>CO:O[`C2\25B]Y[;EFL>CO:hK2 J ^Db M GK;EO�FDG
O<GK4 M ;E_K2�FD;N�©GK4<GK^DhK;?>CFD25OK�D25^DFDG$>\h = >CO<O<G J >C;EOn> = Yo> ³©J >C;E254 M > = 254�FDG áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜ<· Y[G JjJ >C;E254
1D4<25BL>CBD; = ;EFL>CFDG$FDG\GK^Dha> J ;E^DkL> J GK^�Y[2	FDG�O<GKXDOI1L>ChK2CY[GKO ³©J G = kD254A^Db M G = FDG\O<GK4 M ;E_K2 · º¼XDG/>
h = >CO<O<GI; J GKFD;?>¨Yo> J GK^�Y[GA;E^]�©GK4<;E254�G�>CO<O<; J 13254&FD;?>C^�Y[G �

w hK25^DhKGK;NY[2IFDG&FD;N�©GK4<GK^DhK;?>C_a`C2v4<G = >¨Y[; M >�O<G&2513ÍmG&¾v^D2m_a`C2IFDG&FD;N�©GK4<GK^DhK;?>C_a`C2I>CBDO<2 = X]Yo>vFDG
O<GK4 M ;E_K25O ¬ ±5±� � ��GKOdY[G�¹ = Y[; J 2�ha>CO<2D�×2�XDO<XL§C4<;E2�4<GKº¼XD;EO<;NYo>�¾/4<GKFDG�X J 1L>C4[è J GZY[4<2�>CBDO<2 = X]Y[2
FDG	FDGKO<G J 13GK^DkD2D�.Yo> = hK2 J 2 = >C4 7 XD4[>�FDG(BL>C^DFL>�25Xó4<GZYo>C4<FD2ÂÑ J st> s�Ñ J��Óe >CB3G	GK^�Yo`C2¶>C2
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1D4<2 M GKFD254�>ChKGK;NYo>C4�25XÓ^L`C2�2�13GKFD;EFD2�G J �©XD^D_a`C2�FD25O�4<GKhKXD4<O<25O�FD;EO<1325^Db M GK;EOK�rG�FDG/25X]Y[4[>CO
7 >C4[>C^�Y[;?>CO$13254 M GK^�Y[XD4[>ÂG"�];EOdY[GK^�Y[GKO\G�1L>CO<O<b M GK;EO\FDG�O<2C�©4<GK4<G J > =E7 X J >(FDG 7 4[>CFL>C_a`C2 �Ìz�J >
ha>C4[>ChZY[GK4<bEOdY[;Eha>�; J 13254dYo>C^�Y[G&FDGKOdY[G J 2mFDG = 2��A>$^DGKhKGKO<O<;EFL>CFDG�FDGA4<GKO<GK4 M >�FDGA4<GKhKXD4<O<25OK�DGA13254
hK25^DO<G 7 XD;E^�Y[GC�LhK25^�Y[4<2 = GvFDGI>CF J ;EO<O[`C2 �xw O<GK4 M ;E_K2/1D4<G J ;EX J �vX J G"�]G J 1 = 2\FDGIFD;N�©GK4<GK^DhK;?> s
_a`C2/>CBDO<2 = X]Yo>\hK2 J 4<G = >C_a`C2/¾ = >C4 7 XD4[>�FDGv�½>C;Ø�D>�hK25^�Y[4[>¨Yo>CFL> �

~ §/^L>�FD;N�©GK4<GK^DhK;?>C_a`C2/4<G = >¨Y[; M >�25O�XDO<XL§C4<;E25O&^L`C2�25B]Y[g Jj7 >C4[>C^�Y[;?>COnFDG�^Db M G = FDG�O<GK4 M ;E_K2
>CBDO<2 = X]Y[2D�»G$132mFDG�^L`C2�kL> M GK4�4<GKO<GK4 M >�FDG$4<GKhKXD4<O<25O�^DG J hK25^�Y[4<2 = G�FDG�>CF J ;EO<O[`C2 � H¡¹D^D;Eha>
7 >C4[>C^�Y[;?>�GKOdYo§v^D2A�½>¨Y[2�FDG�º¼XDGnº¼XL>C^�Y[2 J >C;E254 ³©J G = kD254 · >�h = >CO<O<GC� J G = kD254,2�O<GK4 M ;E_K2 � lmGK^DFD2
>CO<O<; J ��25O XDO<XL§C4<;E25O¥Gx>C1 = ;Eha>C_KÍmGKO�GKO<hK2 = kDG J >nh = >CO<O<G�º¼XDG J G = kD254�O[>¨Y[;EOd�½>C��25O¥O<GKXDOr4<GKº¼XD;EO<;NY[25O
FDGIFDGKO<G J 13GK^DkD2D�»hKXDOdY[2/GI25X]Y[4[>CO&4<GKOdY[4<;E_KÍmGKO �.� GIX J >��©254 J > 7 GK^D�K4<;Eha>]�»>\º¼XL>C^�Y[;EFL>CFDGIFDG
O<GK4 M ;E_K2v4<GKhKGKBD;EFL>�13254}X J >Ah = >CO<O<G�Gn>�4<GKO<X = Yo>C^�Y[G�º¼XL> = ;EFL>CFDG:FDG�O<GK4 M ;E_K2I13GK4<hKGKBD;EFL>�13254,X J
XDO<XL§C4<;E2�25XÓ>C1 = ;Eha>C_a`C2(FDGK13GK^DFDG J FL>(ha>C4 7 >(FDG�Y[4[§¨�©G 7 2�;E^DOdYo>C^�YoèC^DGa>(FDG/ha>CFL>�h = >CO<O<G�^L>
4<GKFDG � pr254dYo>C^�Y[2D� M >C4<;?>C_KÍmGKO}FDG&º¼XL> = ;EFL>CFDG�132mFDG J 2mhK254<4<GK4K�5�½>C�KGK^DFD2�hK2 J º¼XDG&GKOdY[G J 2mFDG = 2
O<G8�[> J >C;EOn>CFDGKº¼XL>CFD2/1L>C4[>�>C1 = ;Eha>C_KÍmGKO&>CFL>C1]Yo>¨Y[; M >CO �

i �];EOdY[G J FD; M GK4<O[>CO J >C^DGK;E4[>COIFDG�1D4<2 M GK4$FD;N�©GK4<GK^DhK;?>C_a`C2�4<G = >¨Y[; M >	FDG/O<GK4 M ;E_K25O �(W > =NM GK�
> J >C;EO&O<; J 1 = GKOnFDG = >CO�O<G8�[>�>¨Y[4[> M �KO�FDG�1D4<;E254<;EFL>CFDGKO&4<b 7 ;EFL>COn25^DFDG$>CO�h = >CO<O<GKO J >C;E254<GKOnO[`C2
O<GK4 M ;EFL>CO�1D4<; J GK;E4<2 � pr254<� J �LGKOdY[G J 2mFDG = 2\132mFDG = G M >C4�> = 25^ 7 25On13GK4<bE2mFD25O&FDG�>CXDO<gK^DhK;?>/FDG
O<GK4 M ;E_K2v1L>C4[>�h = >CO<O<GKO J GK^D254<GKO � H = � J FD;EO<O<2D�5^L`C2AkL§AhK2 J 2v>��<XDOdYo>C4,2&ÕtGKO<1L>C_K2¨Ö ³ FD;N�©GK4<GK^D_a> ·
GK^�Y[4<GA>COxh = >CO<O<GKO � pr254xGKOdYo>COx4[>C�KÍmGKOK�¼FD;E�"s8O<G&º¼XDG�2 J 2mFDG = 2v�&;E^DhK25^�Y[4<2 = § M G =µ�}z�J >vO<G 7 XD^DFL>
�©254 J >�FDG�FD;N�©GK4<GK^DhK;?>C_a`C2/4<G = >¨Y[; M >�O<GK4<;?>/13254AFD;EO<hK4<; J ;E^L>C_a`C2�FDG$hKXDOdY[2D�3Yo> = hK2 J 2�2�GKO<º¼XDG"s
J >�FDG W >C4<;N�½>C_a`C2/FD2 c GZY[4 É FDG�p,>C4<;EO ³;ÖnÝCÅ"ÆEâIæ¶ÃZÜ½Å[ÄaÖ:Å"ÆµáZÆÈÀTÂ snp c p · ¬ �¼¢  � HÏ1D4<G J ;EO<O[>
FDGKOdY[G�GKO<º¼XDG J >��$; J 13254&1D4<GK_K25O J >C;E254<GKO&1L>C4[>/h = >CO<O<GKO J >C;EO�> = Yo>CO�1L>C4[>/4<GKFDXD�K;E4A>�ha>C4 7 >
G J G = kD254[>C4\O<XL>Ìº¼XL> = ;EFL>CFDG(FDG�O<GK4 M ;E_K2ÓG J 4<G = >C_a`C2¶¾CO/h = >CO<O<GKO J >C;EO\BL>C;Ø�D>CO�G�13251DX = 2¨s
O[>CO �.z�J >�FDGKO M >C^�Yo> 7 G J FDGKOdY[GIGKO<º¼XDG J >��vº¼XDGIG"�];EOdY[GI>\1325O<O<;EBD; = ;EFL>CFDG�FDGIO<25BD4<GKha>C4 7 >\FDG
XDO<XL§C4<;E25O:Õt4<;EhK25OtÖo�]�½>C�KGK^DFD2/hK2 J º¼XDG�2/^Db M G = FDG�O<GK4 M ;E_K2/FDG�h = >CO<O<GKO J >C;EOnBL>C;Ø�D>COnO<G8�[> J 2¨s
J GK^�Yo>C^DGa> J GK^�Y[GvO<XD13GK4<;E254n>C2\FDGvh = >CO<O<GKO J >C;EO�> = Yo>CO ��i OdY[GI1D4<25B = G J >�Y[254<^L>�GKOdY[G J 2mFDG = 2
; J 1D4<G M ;EO<b M G =µ�.z�J Y[GK4<hKGK;E4<2/G"�]G J 1 = 2/FDG�FD;N�©GK4<GK^DhK;?>C_a`C2�4<G = >¨Y[; M >\�$>¨Y[4[> M �KO�FL>/4<GKO<GK4 M >/FDG
º¼XL>C^�Y[;EFL>CFDGKO J >C;E254<GKO&FDG�4<GKhKXD4<O<25O ³©= >C4 7 XD4[>/FDG��½>C;Ø�D>/G$GKO<1L>C_K2	G J ·KÇ"Û�ÃZÅ5· 1L>C4[>/h = >CO<O<GKO
J >C;E254<GKOK�¼ha> = hKX = >CFL>CO.4<G = >¨Y[; M > J GK^�Y[G&¾$ha>C4 7 >�GKO<13GK4[>CFL>$1L>C4[>�ha>CFL>$h = >CO<O<G �xi OdY[GAGKO<º¼XDG J >]�
>CO<O<; J hK2 J 2$^D2$ha>CO<2�>C^�Y[GK4<;E254K�¼132mFDGA>C1D4<GKO<GK^�Yo>C4:1D4<25B = G J >COxG J GKO<ha> = >CO.FDG�Y[G J 1325O J >C;EO
hKXD4dYo>CO � ��GKOdY[G�ha>CO<2D� 7 4[>C^DFDGKOvO<XD4dY[25OIFDG\Y[4[§¨�©G 7 2	G J h = >CO<O<GKO J >C;EOv> = Yo>COA132mFDG JR= G M >C4�2
O<GKX�^Db M G = FDGIO<GK4 M ;E_K2/1L>C4[>\1L>¨Yo> J >C4<GKOn;E^]�©GK4<;E254<GKOn>C25O&FDGIh = >CO<O<GKO J >C;EO�BL>C;Ø�D>CO �

e 2 J 2Ì25B¼�<GZY[; M 2ÌFDG	GK^DFDGK4<GK_a>C4/>CO = ; J ;NYo>C_KÍmGKOI1D4<GKO<GK^�Y[GKO�^D25O\GKO<º¼XDG J >CO�hK;NYo>CFD25O\FDG
FD;N�©GK4<GK^DhK;?>C_a`C2�4<G = >¨Y[; M >�FDGvO<GK4 M ;E_K25OK�DX J¦J 2mFDG = 2$FDGvFD;N�©GK4<GK^DhK;?>C_a`C2�1D4<2513254<hK;E25^L> = �©25;3FDGZÑ]s
^D;EFD2 ¬ ±5±  �Aw¡J 2mFDG = 2�FDG$FD;N�©GK4<GK^DhK;?>C_a`C2/1D4<2513254<hK;E25^L> = ��X J O<GK4 M ;E_K2�4<G = >¨Y[; M 2/^D2�O<GK^�Y[;EFD2
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FDGnº¼XDG&kL§ 7 >C4[>C^�Y[;?>�FDGnº¼XDG&>vh = >CO<O<G��¥O<GK4[§vO<G J 1D4<G J G = kD254,FD2Iº¼XDG�>�h = >CO<O<G�� �!� � pr254<� J �
GKOdYo>AFD;N�©GK4<GK^DhK;?>C_a`C2&25B3GKFDGKhKGn>&X J >�4<G = >C_a`C2�1D4<2513254<hK;E25^L> = 25^DFDG:X J >&h = >CO<O<G"�3�$#&%�' #)( M GK�KGKO
J G = kD254�G J 4<G = >C_a`C2(¾	h = >CO<O<G+* �/w Ov1L>C4[è J GZY[4<25O+#-,�./#102.4353536.7#8íO[`C2(FDGK^D2 J ;E^L>CFD25O
p,>C4[è J GZY[4<25O�FDG � ;N�©GK4<GK^DhK;?>C_a`C2ÓFDG � XL> = ;EFL>CFDG ³E½�ÇDÝCÐ ÆÈÜ�>¶ÚIÆ Û�ÃZÅ[ÃZÀLÜ½Æ½ÝCÜ½ÆµÄ¨À ÖnÝCÅ<ÝCÁ�ÃZÜ8ÃZÅ[â s
�v� p�O ·"�

i OdY[G J 2mFDG = 2�25B¼�<GZY[; M >�2C�©GK4<GKhKGK4IX J O<GK4 M ;E_K2(hK25^�Y[4<2 = § M G = ^L> J GKFD;EFL>�G J º¼XDG�25OI>CFms
J ;E^D;EOdY[4[>CFD254<GKOxFL>CO.4<GKFDGKO:FDG M G J O<GK4:ha>C1L>C�KGKO:FDG�>��<XDOdYo>C4:>�FD;N�©GK4<GK^D_a>�FDG�º¼XL> = ;EFL>CFDG&GK^�Y[4<G
>CO&h = >CO<O<GKOK�L;EOdY[2��C�»>��<XDOdYo>C4n25O �v� p�O&FDG�>ChK254<FD2�hK2 J O<GKXDO�1D4<q51D4<;E25OnhK4<;NY[�K4<;E25O � H = � J FD;EOts
O<2D��GKOdYo>�FD;N�©GK4<GK^D_a>�FDG M G�O<GK4�hK25^DO<;EOdY[GK^�Y[G\;E^Dh = XDO<; M G$G J GKO<ha> = >CO�FDG$Y[G J 132 J >C;EO�hKXD4dYo>CO�G
;E^DFDGK13GK^DFDGK^�Y[G�FL>CO M >C4<;?>C_KÍmGKOxFDGAha>C4 7 >�FDGAha>CFL>�h = >CO<O<G ��6 OdY[2$Y[254<^L>�GKOdY[G J 2mFDG = 2IYo> J B3� J
1D4<G M ;EO<b M G = �xFD;N�©GK4<GK^�Y[G J GK^�Y[G	FD2Âº¼XDG(>ChK25^�Y[GKhKG(^D25O\GKO<º¼XDG J >CO\FDG	FD;N�©GK4<GK^DhK;?>C_a`C2�4<G = >¨Y[; M >
>CB3254<FL>CFD25O&>C^�Y[GK4<;E254 J GK^�Y[G �x{ 254[> J FDGZÑL^D;EFL>COnG�> M > = ;?>CFL>CO:1D4<251325OdYo>CO&FDGI; J 1 = G J GK^�Yo>C_a`C2
FD2 J 2mFDG = 2�1D4<2513254<hK;E25^L> = 1L>C4[>�^Db M GK;EOrFD;N�©GK4<GK^DhK;?>CFD25OrFDG.4<GZYo>C4<FD2 ¬ � ±�]GxYo> �D>�FDG:13GK4<FL> ¬ �%�  �

É �)9 Ð ¡Óé8Q®4� �!�Õ°�® ³ �©¨\®4� ³ É

w 1D4<2 �<GZY[2 6 ^�Y[GK4<^DGZY ¢ �:�©254 J >CFD2A13254,X J >A1L>C4<hKGK;E4[>�FDG�hKGK^�Y[GK^L>COxFDG:254 7 >C^D;E�a>C_KÍmGKOK�5;E^ms
h = XD;E^DFD2&XD^D; M GK4<O<;EFL>CFDGKOK�CG J 1D4<GKO[>COrG.25X]Y[4[>CO GK^�Y[;EFL>CFDGKO �}z�J FD25OrO<GKXDOr1D4<;E^DhK;E1L>C;EO¥25B¼�<GZY[; M 25O
Y[�KhK^D;EhK25On�I2\FDGIhK25^DhKGKB3GK4&Gv4<Ga> = ;E�a>C4:X J >\>C4<º¼XD;NY[GZY[XD4[>\FDG � 2¼l�GKO<ha> = § M G = �L>CF J ;E^D;EOdY[4[§ M G =
G$;E^�Y[GK4<2513GK4[§ M G =µ� p,>C4[>�>¨Y[;E^ 7 ;E4nGKOdY[G�25B¼�<GZY[; M 2D�»^D2�ÑL^L> = FDG ¤�¯5¯�� �©25; = >C^D_a>CFL>/>/;E^D;EhK;?>¨Y[; M >
� 9:25^DG ¬ ± �  �nW 4[>¨Yo> s8O<G�FDG$X J > J BD;EGK^�Y[G�FDG�Y[GKOdY[G$;E^DOdY[4<X J GK^�Yo>CFD2/1L>C4[>/1D4<2 M GK4 � ;Nã¥lmGK4 M
GK^�Y[4<G\FD2 J bE^D;E25O � ��2 � 9:25^DGC�¥O<GK4 M ;E_K25OvG"�]13GK4<; J GK^�Yo>C;EO�O<GK4[`C2(FDGKO<GK^ M 2 =NM ;EFD25OK�¥FDGK1DXD4[>CFD25O
G\4<GZÑL^L>CFD25OIFDG��©254 J >�>	>ChK2 J 2mFL>C4�>COv^D2 M >COIG�> M >C^D_a>CFL>COI>C1 = ;Eha>C_KÍmGKOAFDG\4<GKFDG ��6 ^D;EhK;?> = s
J GK^�Y[GC�m>C13GK^L>COx2IO<GK4 M ;E_K2�1D4<G J ;EX J FD2 � B325^DGn25X � p.l ³E½íÙ�Ä¨À×Ã�Ö:Å[ÃZÁ\ÆÈÇmÁ�ß�ÃZÅ"à�ÆµáoÃ · O<GK4[§
Y[GKOdYo>CFD2D�LX]Y[; = ;E�a>C^DFD2�2/px@A9xs ix{:�

wV� 9:25^DG	���©254 J >C^DFD2�13254 M §C4<;?>CO$4<GKFDGKO\GK^�Y[4<G(G = >CO M 9���l3�}HABD; = GK^DG�G e H+: ^DGZY 6<6o�
p,>C4[>/º¼XDG�25O�O<GK4 M ;E_K25O�FD;N�©GK4<GK^DhK;?>CFD25O&1325O<O[> J ;E^�Y[GK4<2513GK4[>C4K�3l � HAO ³©J >C;EOnGKO<13GKhK;NÑLha> J GK^�Y[G
l � lmO · FDG M G J GKO<13GKhK;NÑLha>C4�2�O<GK4 M ;E_K2/FDGvY[4[èC^DO<;NY[2�FD25O�> 7 4<G 7 >CFD25O&FDGvY[4[§¨�©G 7 2�13254nGK^�Y[4<G�25O
FD2 J bE^D;E25O � lmGn2�^¼¹ J GK4<2vFDGnO<GK4 M ;E_K25O�FD;N�©GK4<GK^DhK;?>CFD25O,2C�©GK4<GKhK;EFD2��©254,13GKº¼XDGK^D2IGn25O}hK25^�Y[4[>¨Y[25O
4<G = >¨Y[; M > J GK^�Y[GIGKOdYo§¨Y[;EhK25OK�325O�l � lmO�GK^�Y[4<G$25OAFD2 J bE^D;E25On132mFDGK4[`C2/O<GK4 J >C^¼XL> =EJ GK^�Y[GI^DG 7 2¨s
hK;?>CFD25O�Gv25OnGKº¼XD;E1L> J GK^�Y[25OnhK25^]Ñ 7 XD4[>CFD25O&>¨Y[4[> M �KOnFDGv;E^�Y[GK4 M GK^D_a`C2/k¼X J >C^L> � pr254<� J �]O<GI2
^¼¹ J GK4<2/FDG�O<GK4 M ;E_K25O�GIXDO<XL§C4<;E25On�©254 7 4[>C^DFDGC�LO<GK4[§/^DGKhKGKO<O[§C4<;E2�>CX]Y[2 J >¨Y[;E�a>C4n>�^DG 7 2mhK;?>C_a`C2
FD25O�l � lmOK�x2�hK25^�Y[4<2 = G�FDG	>CF J ;EO<O[`C2�G	>�hK25^]Ñ 7 XD4[>C_a`C2�FD25O�GKº¼XD;E1L> J GK^�Y[25OK��FDG��©254 J >�>
O<XD13254dYo>C4I25OIO<GK4 M ;E_K25O�FDG � 2¼lÂ1D4<2 M ;EO<;E25^L>CFD25O � p,>C4[>(;EOdY[2D� ��^DGKhKGKO<O[§C4<;E2�X JRJ GKha>C^D;EO J 2
º¼XDGvG"�]GKhKX]Y[GvO<;E^L> = ;E�a>C_a`C2�FDG � 2¼l/GK^�Y[4<GvGKOdYo>C_KÍmGKO�G�4<2CY[Ga>CFD254<GKOK�]G�GK^�Y[4<Gv25O:FD2 J bE^D;E25O � l �
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± ; J 13254dYo>C^�Y[G�^D2CYo>C4�º¼XDG�>�>C4<º¼XD;NY[GZY[XD4[> � ;Nã¥lmGK4 M 1D4<251325OdYo>�13G = 2 6ti�W&{ ^L`C2�;E^Dh = XD;�Yo> =
J GKha>C^D;EO J 2\hK2 J 2�4<GKº¼XDGK4<; J GK^�Y[2 ¬ ± ¯  �

p,>C4[>vO<XD1 = >C^�Yo>C4}GKOdYo>vha>C4<gK^DhK;?>]�C�©25;];E^�Y[4<2mFDXD�K;EFD2�2vhK25^DhKGK;NY[2vFDG e 254<4<GZY[254<GKO�FDG � >C4 7 XD4[>
FDG { >C;Ø�D> ³;ÙAÝCÀ3Þ*@�Æ½ÞCÜN.iÙ&Å[Ä�ç�ÃZÅ[â s\9�9 ·"�:z�J 9�9 J >C^�Y[� J ;E^]�©254 J >C_a`C2ÌO<25BD4<G�25O	l � lmO
FDGZÑL^D;EFD25OIGK^�Y[4<G/X J FD2 J bE^D;E2 � lÌG�O<GKXDO�h = ;EGK^�Y[GKOK�rO<G8�[> J G = GKOIXDO<XL§C4<;E25O = 2mha>C;EO�25X¶4<GKFDGKO
>CF �[>ChKGK^�Y[GKO � H = � J FD;EO<O<2D�¨X]Y[; = ;E�a>�>CO¥;E^]�©254 J >C_KÍmGKO�FD25O,l � lmOr1L>C4[>nhK25^]Ñ 7 XD4[>C4¥25O 4<2CY[Ga>CFD254<GKO
^D2/FD2 J bE^D;E2 � l = 2mha> = GvY[2 J >C4�FDGKhK;EO<ÍmGKO&FDGIhK25^�Y[4<2 = GvFDG�>CF J ;EO<O[`C2 �

H Ñ 7 XD4[> ¢m� � ; = XDOdY[4[>�2	�©XD^DhK;E25^L> J GK^�Y[2(FD25O�9�9:O � HA^�Y[GKO�º¼XDG�O<GKXDO�1L>ChK2CY[GKO�1325O<O[> J
O<GK4&Y[4[>C^DO J ;NY[;EFD25OK�]X J >\�©25^�Y[GIFDG M G$hK25^�Yo>ChZYo>C4&2�9�9 = 2mha> = 1L>C4[>�;E^D;EhK;?>C4n>\4<GKO<GK4 M >/FDG�X J
O<GK4 M ;E_K2 � ��GKOdY[G J 2 J GK^�Y[2D�}�©XD^D_KÍmGKO�FDG(>CX]Y[GK^�Y[;Eha>C_a`C2ÌG	hK25^�Y[4<2 = G�FDG�>CF J ;EO<O[`C2ÂO[`C2ÂFDG"s
O<G J 13GK^DkL>CFL>CO � lmG	2ÂO<GK4 M ;E_K2Â�©254\>CF J ;NY[;EFD2D�,2Ì9�9 = 2mha> = ;E^D;EhK;?>�X J 13GKFD;EFD2ÂFDG	4<GKO<GK4 M >
Ñ J st> s�Ñ J >¨Y[4[> M �KOIFD25O�9�9:OIFD25OvFD2 J bE^D;E25O � lÂº¼XDG\�©254 J > J 2(ha> J ;E^DkD2	º¼XDG�O<GK4[§�>¨Y[4[> s
M GKO<O[>CFD2\13G = 2�ÙLXm�]2�FDG�Y[4[§¨�©G 7 2 � ��25O:FD2 J bE^D;E25O � l/25^DFDGA2$O<GK4 M ;E_K2���>CF J ;NY[;EFD2D��ha>CFL>$9�9
hK25^]Ñ 7 XD4[>�25O 4<2CY[Ga>CFD254<GKOr1L>C4[>&O<XD13254dYo§ s = 2 �r� GKOdY[G J 2mFD2D� 25O,9�9:Or13GK4 J ;NY[G J º¼XDG:FD2 J bE^D;E25O
� l�>CF J ;E^D;EOdY[4[>CFD25O�O<GK1L>C4[>CFL> J GK^�Y[G 7 GK4<GK^DhK;EG J O<GKXDO�4<GKhKXD4<O<25OnFDG��©254 J >I;E^DFDGK13GK^DFDGK^�Y[GC�DG
>C;E^DFL>/>CO<O<; J hK2m2513GK4<G J hK2 J 25X]Y[4<25O�FD2 J bE^D;E25On1L>C4[>/1D4<2 M GK4AO<GK4 M ;E_K25OAFDG � 2¼l	Ñ J st> s�Ñ J �
FD;E^L> J ;Eha> J GK^�Y[G �
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e 25^]�©254 J G M ;EOdY[2�^L>�O<XDBDO<GK_a`C2 ¢m���m�²¢ �,2ÂlmGK4 M ;E_K2�HAO<O<G 7 XD4[>CFD2Â��X J FD25O$O<GK4 M ;E_K25O�FD;Øs
�©GK4<GK^DhK;?>CFD25O	1D4<251325OdY[25O(1L>C4[>ó> 6 ^�Y[GK4<^DGZY � ��GKOdY[GÌha>C1DbNY[X = 2D��GKOdY[GÂY[;E132ëFDGÂO<GK4 M ;E_K2õO<GK4[§
FDGKO<hK4<;NY[2$FDGn�©254 J > J >C;EO�FDGZYo> = kL>CFL>Iº¼XDG�^D2�ha>C1DbNY[X = 2 ¢ �K�<XD^�Yo> J GK^�Y[G�hK2 J 25O J GKha>C^D;EO J 25O
X]Y[; = ;E�a>CFD25O�^L>\O<XL>�; J 1 = G J GK^�Yo>C_a`C2 �

~«�R� � �(�{®4�R¬©Ò¥

H J X = Y[;E1 = G"�D>C_a`C2ÂGKOdYo>¨Y[bEOdY[;Eha>Â^L> 6 ^�Y[GK4<^DGZY�1D4<2513254<hK;E25^L>ÂX J XDO<2 J >C;EO\GZÑLhK;EGK^�Y[G�FL>
= >C4 7 XD4[>�FDG��½>C;Ø�D>]�}13GK4 J ;NY[;E^DFD2�X J ^¼¹ J GK4<2�hK4<GKO<hKGK^�Y[G(FDG�XDO<XL§C4<;E25O�G�>C1 = ;Eha>C_KÍmGKO ç"� pr254
25X]Y[4<2 = >CFD2D� kL§&;E^DhKGK4dY[GK�a>&º¼XL>C^�Y[2�¾&ha>C1L>ChK;EFL>CFDGxFD;EO<1325^Db M G = GC�ChK25^DO<GKº¼XDGK^�Y[G J GK^�Y[GC��º¼XL>C^�Y[2
>C2�^Db M G = FDG/O<GK4 M ;E_K2�G"�]13GK4<; J GK^�Yo>CFD2�13254IXDO<XL§C4<;E25OIG�>C1 = ;Eha>C_KÍmGKO�>(ha>CFL>(;E^DOdYo>C^�Y[G �(c >CO
^DG J 13254�;EO<O<2�25O$XDO<XL§C4<;E25O$FL> 6 ^�Y[GK4<^DGZY\O<G�O<GK^�Y[G J ;E^D;EBD;EFD25OIFDG�X]Y[; = ;E�a>C4I>�4<GKFDGC�»�[§�º¼XDG
1325O<O<XDG J X J >ÓG"�]13GKhZYo>¨Y[; M >Ëº¼XL>C^�Y[2ó>ËGKOdY[G�^Db M G = FDGÂO<GK4 M ;E_K2 � H = � J FD;EO<O<2D�&13GKº¼XDGK^L>CO
FDG 7 4[>CFL>C_KÍmGKO&O[`C2�Y[2 = GK4[>CFL>CO�^L> J >C;E254<;?>�FL>CO M GK�KGKO �

9�>CO<Ga>C^DFD2¨s8O<G�^DGKOdYo>CO�1D4<G J ;EO<O[>COK��2ÓO<GK4 M ;E_K2Ë>CO<O<G 7 XD4[>CFD2 M ;EO[>Ó>¨Y[GK^DFDGK4�XDO<XL§C4<;E25O�º¼XDG
13254 M GK^�Y[XD4[>ÂFDGKO<G8�[> J hK25^�Y[4[>¨Yo>C4$X J ^Db M G = FDG�O<GK4 M ;E_K2Ìº¼XDG�^L`C2Â1D4<GKhK;EO[>�O<GK4�O<G J 1D4<G	O[> s
Y[;EOd�©GK;NY[2D� J >COAº¼XDG�>C2 J GKO J 2�Y[G J 132�FDG M G/>C1D4<GKO<GK^�Yo>C4vBL>C;Ø�D>CO�1D4<25BL>CBD; = ;EFL>CFDGKO�FDG��½> = kL> �
i OdY[GvO<GK4 M ;E_K2�132mFDG�13GK4d�©GK;NYo> J GK^�Y[GAhK2mG"�];EOdY[;E4:hK2 J 25O�O<GK4 M ;E_K25OnFDG 7 >C4[>C^�Y[;?>�>CBDO<2 = X]Yo>]�m;EFDG"s
>C;EOn1L>C4[>�FDGZY[GK4 J ;E^L>CFL>CO&>C1 = ;Eha>C_KÍmGKOnGI^DGKhKGKO<O<;EFL>CFDGKOAFDG�^DG 7 qmhK;E2D�DGIº¼XDG�4<GKº¼XDGK4<G JjJ XD;NYo>CO
M GK�KGKO ¤�£5£K÷ FDG�FD;EO<1325^D;EBD; = ;EFL>CFDG � lm25BËGKOdY[G	>CO<13GKhZY[2D��2�O<GK4 M ;E_K2Ì>CO<O<G 7 XD4[>CFD2Â4<GK1D4<GKO<GK^�Yo>
X J >�> = Y[GK4<^L>¨Y[; M > J GK^D25O&hKXDOdY[25O[>\Yo>C^�Y[2/1L>C4[>\2�1D4<2 M GKFD254�º¼XL>C^�Y[2/1L>C4[>\2�h = ;EGK^�Y[G �

i OdY[G/13GK4dÑ = FDG�O<GK4 M ;E_K2�1D4<2 M ;EO<;E25^L>CFD2(FDG\�©254 J >�GKOdYo>¨Y[bEOdY[;Eha>��©25;}BL>¨Y[;E�a>CFD2 ¬ �m¤ � �5¢ xFDG
è é�ó#ôÚñ6wRð-ö�V�îÏ÷�ñàëíü�� ô�� 
�� ñ¾þ�ð�.1x-îòñ¸ó#ô;ðØô�v�ó#ô���øÜðòî�ø¾îEïÚïÚñ©÷�ñ1�¼��÷�î+>òö)ðØôÚü�ïÚñ1ª¸ð ñ¾þ�
�� îRó+� �Øð S ñÜë¹ï;ðØõ�ðE÷�ðEó"TX÷�ð

ëàð*� îEï���ð�÷�î�ôÚï"Øùúñ1wEîàûRü�ñnø0� ï;ø¾ü���ð�ö)ð�ÿNöRôÚñÜïÚö�ñ¾ô�#
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Õt13GK4dÑ = GKO<13GK4[>CFD2¨Ö ³[Ã¸ÃZÎLÃoáZÜ8Ã[Þ.Î3Å[Ä0äxÐEÃ · �¨G:hK254<4<GKO<1325^DFDG:^D254 J > =EJ GK^�Y[Gx>�X JTM > = 254 FDG = >C4 7 XD4[>
FDG��½>C;Ø�D>$4<GKO<GK4 M >CFL>\1L>C4[>�ha>CFL>�XDO<XL§C4<;E2 ³ 4<GKFDGvFDGvX J >$G J 1D4<GKO[>]�DGKOdYo>C_a`C2�FDG�Y[4[>CBL> = kD2$25X
>C1 = ;Eha>C_a`C2 ·"�,i OdY[G�Y[GK4 J 2�^L`C2$O<X 7 GK4<GAX J > 7 >C4[>C^�Y[;?>I>CBDO<2 = X]Yo>]� J >CO.O<; J X J >IG"�]13GKhZYo>¨Y[; M >
º¼XDG�2�XDO<XL§C4<;E2�Y[G J O<25BD4<G�2�^Db M G = FDG�O<GK4 M ;E_K2�º¼XDG M >C;.4<GKhKGKB3GK4�G J�J 2 J GK^�Y[25O$FDG�hK25^ms
7 GKOdY[;E25^L> J GK^�Y[2 �I� G�X J >�hKGK4dYo>��©254 J >]�×;EOdY[2�O<G\>CO<O<G J G = kL>	>C2�º¼XDG�>ChK25^�Y[GKhKG\^D2	hKGK^L§C4<;E2
>¨Y[XL> = FL> 6 ^�Y[GK4<^DGZYa�¼25^DFDG&º¼XL>CO<G�O<G J 1D4<G&O<GnY[G J X J >v;EFD�K;?> ³ >C;E^DFL>�º¼XDG�1325XDhK2I1D4<GKhK;EO[> · FD2
^Db M G = FDG�O<GK4 M ;E_K2�º¼XDG�O<GK4[§$4<GKhKGKBD;EFD2D� J GKO J 2$G J kD254[§C4<;E25OxFDG�1D;EhK2$FDG�Y[4[§¨�©G 7 2 � pr254:25X]Y[4<2
= >CFD2D�mO<Gv^L> 6 ^�Y[GK4<^DGZY�>¨Y[XL> = ha>CFL>�XDO<XL§C4<;E2�4<GKhKGKB3GvX J >��½>¨Y[;?>�; J 1D4<G M ;EO<b M G = FL>$ha>C1L>ChK;EFL>CFDG
FD;EO<1325^Db M G = G J�J 2 J GK^�Y[25O$FDG�hK25^ 7 GKOdY[;E25^L> J GK^�Y[2D�,^D2�O<GK4 M ;E_K2Ì>CO<O<G 7 XD4[>CFD2�GKOdYo>�FD; M ;EO[`C2
FDG M G�O<GK4$B3G J FDGZÑL^D;EFL> � H = � J FD;EO<O<2D�r25O�^Db M GK;EO�FDG/G"�]13GKhZYo>¨Y[; M >�FDG/O<GK4 M ;E_K2�132mFDG J O<GK4
FD;N�©GK4<GK^�Y[GKO�1L>C4[>(ha>CFL>(XDO<XL§C4<;E2D� 1325O<O<;EBD; = ;NYo>C^DFD2�132 = bNY[;Eha>CO�FDG\Yo>C4<;N�½>C_a`C2(hK2 J 1D4<GK_K25O�B3G J
FD;N�©GK4<GK^DhK;?>CFD25O �

i O<O<GK^DhK;?> =EJ GK^�Y[GC�:X J > 7 >C4[>C^�Y[;?>�GKOdYo>¨Y[bEOdY[;Eha>��	�©XD^D_a`C2¶FD;E4<GZYo>�FD2Ó>C1D4<2 M ;EO<;E25^L> J GK^�Y[2
FDG/4<GKhKXD4<O<25O �(� XL>C^�Y[2 J >C;E254�2�^Db M G = FDG�>C1D4<2 M ;EO<;E25^L> J GK^�Y[2(FL>(4<GKFDGC� J >C;E254<GKOvO<GK4[`C2�>CO
7 >C4[>C^�Y[;?>CO:FDGv25B]Y[GK^D_a`C2�FD2\O<GK4 M ;E_K2�G J GK^D254<GKO&>COn1D4<25BL>CBD; = ;EFL>CFDGKO.FDGvFDG 7 4[>CFL>C_a`C2\FD2\O<GKX
^Db M G =µ�vw 1D4<2 M GKFD254�FDG M G\13254dYo>C^�Y[2�hK25^�Y[4<2 = >C4A>�º¼XL>C^�Y[;EFL>CFDG�FDG$Y[4[§¨�©G 7 2�>CO<O<G 7 XD4[>CFD2	º¼XDG
>¨Y[4[> M GKO<O[>Ó25O M §C4<;E25O�GK^ = >ChKGKO/FL>Ì4<GKFDGC��G�1D4<2 M GK4/4<GKhKXD4<O<25O�O<X]ÑLhK;EGK^�Y[GKO�1L>C4[>ÌO<XD13254dYo§ s = 2 �
pr254dYo>C^�Y[2D�]2\hK25^�Y[4<2 = GAFDGv>CF J ;EO<O[`C2�1L>CO<O[>\>�O<GK4 J XD;NY[2$¹]Y[; = hK2 J 2$�©254 J >�FDGI>CX]Y[2 J >¨Y[;E�a>C4
GKOdY[G�1D4<2mhKGKO<O<2 � H = � J FD;EO<O<2D�}FDG M G"s8O<G	1D4<2CY[G 7 GK4$2�Y[4[§¨�©G 7 2�1D4<;E254<;NYo§C4<;E2D�¥hK25^DOdY[;NY[XDbEFD2�13G = >
O<2 J >�FL>COv13254<_KÍmGKOvFDG�ha>CFL>	XDO<XL§C4<;E2	º¼XDG�25B3GKFDGKhKG/>C25O�O<GKXDO�13GK4dÑLOvhK25^�Y[4[>¨Yo>CFD25O � lmGK^DFD2
>CO<O<; J �mG J ;E^DOdYo>C^�Y[GKO�FDGvhK25^ 7 GKOdY[;E25^L> J GK^�Y[2�FDG M G"s8O<GIFDGKO<ha>C4dYo>C4�1D4<GZ�©GK4<GK^DhK;?> =EJ GK^�Y[G�2$Y[4[§ s
�©G 7 2�2513254dY[XD^D;EOdYo>]�»4<GK1D4<GKO<GK^�Yo>CFD2	13G = >/O<2 J >/FL>COA13254<_KÍmGKO��©254[>/FD25OA13GK4dÑLO�hK25^�Y[4[>¨Yo>CFD25OAG
13G = 2�Y[4[§¨�©G 7 2�FDG J G = kD254:GKOd�©254<_K2 �.e 25^DO<GKº¼XDGK^�Y[G J GK^�Y[GC�3X J XDO<XL§C4<;E2\º¼XDGv^L`C2\X = Y[4[>C1L>CO<O[>C4
2�O<GKXË13GK4dÑ = FDG/Y[4[§¨�©G 7 2�;E^DFD; M ;EFDXL> = Y[GK4[§�1D4<25BL>CBD; = ;EFL>CFDGKO J XD;NY[2�BL>C;Ø�D>CO$FDG�FDGKO<ha>C4dY[G�FDG
1L>ChK2CY[GKO �Ae >CO<2�2�O<GKX�13GK4dÑ = O<G8�[>/X = Y[4[>C1L>CO<O[>CFD2D�32�XDO<XL§C4<;E2/FDG M G�GK^�Y[GK^DFDGK4�º¼XDG$2/Y[4[§¨�©G 7 2
G J G"�]hKGKO<O<2�^L`C2�O<GK4[§�GK^�Y[4<G 7 XDG�hK2 J > J GKO J >�> = Yo>�1D4<25BL>CBD; = ;EFL>CFDG �

i�J Y[GK4 J 25O,FDG�; J 1 = G J GK^�Yo>C_a`C2D� 2�O<GK4 M ;E_K2I>CO<O<G 7 XD4[>CFD2v^DGKhKGKO<O<;NYo>�FDG�FD25;EO J GKha>C^D;EO J 25O
1D4<;E^DhK;E1L>C;EOK�:X J >C^�Y[GKO�FL>�GK^�Y[4[>CFL>�FD2�FD2 J bE^D;E2�FD2�1D4<2 M GKFD254K�×1L>C4[>�;EFDGK^�Y[;NÑLha>C4A>/13254<_a`C2
FDGvY[4[§¨�©G 7 2�FDG�ha>CFL>�XDO<XL§C4<;E2�º¼XDGIGKOdYo§/FDGK^�Y[4<2/25X(�©254[>\FD2�13GK4dÑ = ÒLGI25X]Y[4<2D�D^D2/;E^�Y[GK4<;E254�FL>
4<GKFDGC� 1L>C4[>	1D4<;E254<;E�a>C4A2�Y[4[§¨�©G 7 2(FDGK^�Y[4<2(FD2(13GK4dÑ = G J«J 2 J GK^�Y[25O�FDG�hK25^ 7 GKOdY[;E25^L> J GK^�Y[2 �
i�J Y[GK4 J 25O,FDGnG = G J GK^�Y[25O}FL>v>C4<º¼XD;NY[GZY[XD4[> � ;Nã¥lmGK4 M ��2�1D4<; J GK;E4<2 J GKha>C^D;EO J 2AhK254<4<GKO<1325^DFDG
>C25O&hK25^DFD;EhK;E25^L>CFD254<GKOnFDGvY[4[§¨�©G 7 2D�]GK^Dº¼XL>C^�Y[2�º¼XDG�2�O<G 7 XD^DFD2/hK254<4<GKO<1325^DFDG$>C2/px@A9xs8H {:�

pr254dYo>C^�Y[2D�D^L>CO��©4<25^�Y[GK;E4[>CO:FD2�FD2 J bE^D;E2 � l�FD2\1D4<2 M GKFD254K�LhK25^DFD;EhK;E25^L>CFD254<GKO:FDG�Y[4[§¨�©G 7 2
J >C4<ha> J 1L>ChK2CY[GKO$hK2 J�J >C;E254v25X J GK^D254�1D4<;E254<;EFL>CFDG�FDG�FDGKO<ha>C4dY[GC�}FDG�>ChK254<FD2�hK2 J >�> s
FDGK4<gK^DhK;?>¶25X)^L`C2Ó>C2¶13GK4dÑ = FDG(Y[4[§¨�©G 7 2¶hK25^�Y[4[>¨Yo>CFD2 � ��2¶;E^�Y[GK4<;E254�FL>Ì4<GKFDGC��FD;EO<hK;E1 = ;E^L>CO
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FDG 7 GK4<GK^DhK;?> J GK^�Y[2Ë>¨Y[; M 2¶FDG�Ñ = >CO�>C1 = ;Eha> J 2Ëpx@A9xs8H { >¨Y[4[> M �KO�FDG�1D4<25BL>CBD; = ;EFL>CFDGKO�FDG
FDGKO<ha>C4dY[G�FD;EOdY[;E^�Yo>COnG J �©XD^D_a`C2�FL> J >C4<ha>C_a`C2\FDGIha>CFL>�1L>ChK2CY[G �

w O<GK4 M ;E_K2(>CO<O<G 7 XD4[>CFD2	1D4<2 M g 7 4[>C^DFDG$ÙLG"�];EBD; = ;EFL>CFDGIº¼XL>C^�Y[2(¾�FDGZÑL^D;E_a`C2	FD25O�O<GK4 M ;E_K25O
>�O<GK4<G J FD;EO<1325^D;EBD; = ;E�a>CFD25O � 9�>CO<;Eha> J GK^�Y[GC��X J O<GK4 M ;E_K2ÂO<GK4[§Â; J 1 = G J GK^�Yo>CFD2�>¨Y[4[> M �KO\FDG
X J hK25^DFD;EhK;E25^L>CFD254/FDG�Y[4[§¨�©G 7 2ËGKO<13GKhKbNÑLhK2D�&2Ëº¼XL> = >CO<O<G 7 XD4[>Ë>Ë>CFDGK4<gK^DhK;?>ë>C2Ó13GK4dÑ = FDG
Y[4[§¨�©G 7 2�hK254<4<GKO<1325^DFDGK^�Y[G �$� 2 7 2D�×1L>C4[> J XDFL>C4�2�O<GK4 M ;E_K2D��BL>COdYo> J XDFL>C4A2	hK25^DFD;EhK;E25^L>CFD254
FDGÂY[4[§¨�©G 7 2 � 6 ^�Y[GK4<^L> J GK^�Y[GC�v25O(4<2CY[Ga>CFD254<GKO(;E4[`C2ëG"�]GK4<hKGK4�X JñJ GKha>C^D;EO J 2ó¹D^D;EhK2ó1L>C4[>
ha>CFL>v> 7 4<G 7 >CFD2AFDG�hK2 J 13254dYo> J GK^�Y[2D�C;E^DFDGK13GK^DFDGK^�Y[GnFL>A^L>¨Y[XD4<GK�a>�FD25O}O<GK4 M ;E_K25O}2C�©GK4<GKhK;EFD25O �
e 25^]�©254 J GA25O�1L>ChK2CY[GKOnO[`C2�Y[4[>C^DO<13254dYo>CFD25O�>¨Y[4[> M �KOnFL>�4<GKFDG�GI> 7 4<G 7 >CFD25O�>$25X]Y[4<25O:ÙLXm�]25OK�
25O,4<2CY[Ga>CFD254<GKO,^L>CO,B3254<FL>COrFD25O,FD2 J bE^D;E25O M ;E�K;E^DkD25Or132 = ;EhK;?> J O<2 J GK^�Y[G:2�Y[4[§¨�©G 7 2�> 7 4<G 7 >CFD2 �

l]`C2/GKO<13GKhK;?> =EJ GK^�Y[Gv; J 13254dYo>C^�Y[GKO�1L>C4[>�>�FDGKO<hK4<;E_a`C2�FDGIX J O<GK4 M ;E_K2D�

�õ2�º¼XDG�G"�D>¨Yo> J GK^�Y[G$GKOdYo§�O<GK^DFD2	2C�©GK4<GKhK;EFD2�>C2�h = ;EGK^�Y[G ³ 13254�G"�]G J 1 = 2D�3X J�¤�c BD;NY y O
FDG = >C4 7 XD4[>�FDGv�½>C;Ø�D> · Ò

�õ25^DFDGI2/O<GK4 M ;E_K2�� M § = ;EFD2 ³ FD2/h = ;EGK^�Y[Gv1L>C4[>�X J FDGKOdY[;E^D2/GKO<13GKhKbNÑLhK2D�»FD2/h = ;EGK^�Y[GI1L>C4[>
X Jì7 4<XD132�FDGIFDGKOdY[;E^D25OK�LG J Y[2mFD2�2�FD2 J bE^D;E2�FD2/1D4<2 M GKFD254K�LGZY[h �²· Ò

�õ2�^Db M G = FDG 7 >C4[>C^�Y[;?>(FD2�O<GK4 M ;E_K2�25X��rFDG/�©254 J >	GKº¼XD; M > = GK^�Y[GC�,2�^Db M G = FDG/;E^DhKGK4dY[GK�a>
º¼XDGI132mFDGIO<GK4nY[2 = GK4[>CFD2\13G = 2�h = ;EGK^�Y[G �

z�J >�º¼XDGKOdYo`C2�; J 13254dYo>C^�Y[Gn�Aº¼XDGA2$XDO<XL§C4<;E2�132mFDG�^L`C2$º¼XDGK4<GK4:hK25^�Y[4[>¨Yo>C4.O<GK4 M ;E_K25O:FD;EOts
Y[;E^�Y[25Or1L>C4[>�ha>CFL> J ;EhK4<2CÙLXm�]2 ³ 25X$1L>C4 �©25^�Y[G:G:FDGKOdY[;E^D2 · �C1D4<GZ�©GK4<;E^DFD2AX J hK25^�Y[4[>¨Y[2AG J hK; J >
FD2�Y[4[§¨�©G 7 2�> 7 4<G 7 >CFD2 � �A> M GK4<FL>CFDG�G"�];EOdY[G J �©254dY[GKO$FDGKO M >C^�Yo> 7 GK^DO�G J O<G�FDGZÑL^D;E4�^Db M GK;EO
FD;EOdY[;E^�Y[25O,FDG�O<GK4 M ;E_K2v1L>C4[>AÙLXm�]25O�FDG:ÑL^L> 7 4[>C^¼X = 25O<;EFL>CFDG ³ BL>C;Ø�]2�^Db M G = FDG&> 7 4<G 7 >C_a`C2 ·"�,i�J
1D4<; J GK;E4<2 = X 7 >C4K� X J ^¼¹ J GK4<2�G"�]254<BD;NYo>C^�Y[G/FDG/GKO<13GKhK;NÑLha>C_KÍmGKO$132mFDG�O<GK4�^DGKhKGKO<O[§C4<;E2 �(i�J
O<G 7 XD^DFD2 = X 7 >C4K�m>�O<2 J >�FL>CO = >C4 7 XD4[>COxFDG��½>C;Ø�D>�>CO<O<G 7 XD4[>CFL>CO�FDGAha>CFL>IÙLXm�]2�GKOdYo§ = ; J ;NYo>CFL>
>\1D4<;E^DhKbE1D;E2\¾\ha>C1L>ChK;EFL>CFDGIFD2�GK^ = >ChKGvFDG�>ChKGKO<O<2�FD2�h = ;EGK^�Y[Gv1L>C4[>\2�1D4<2 M GKFD254�$ �D2�º¼XDGv�©254ts
_a>�>(FD; J ;E^¼XD;E_a`C2�FD2�^Db M G = FDG�O<GK4 M ;E_K2�1L>C4[>(ha>CFL>	ÙLXm�]2�;E^DFD; M ;EFDXL> =EJ GK^�Y[G �\{ ;E^L> =EJ GK^�Y[GC�
^DG J O<G J 1D4<G���1325O<O<b M G = O[>CB3GK4�Y[2mFD25O$25O$FDGKOdY[;E^D25O$1325O<O<b M GK;EO$FDG	>C^�Y[G J `C2 ��i OdY[GKO J 2CY[;Øs
M 25O:�½> M 254<GKhKG J >C2�hK25^DFD;EhK;E25^L> J GK^�Y[2�FDGAY[4[§¨�©G 7 2$13254�> 7 4<G 7 >C_a`C2D�mhK25^]�©254 J G�O<GK4[§ M ;EOdY[2$^D2
ha>C1DbNY[X = 2 �D�

z�J 25X]Y[4<2�1325^�Y[2v; J 13254dYo>C^�Y[G:O<25BD4<Gn>�X]Y[; = ;E�a>C_a`C2AFD2Ipx@A9xs8H { ^D2vO<GK4 M ;E_K2�>CO<O<G 7 XD4[>CFD2
�n2v^¼¹ J GK4<2vFDGn1D4<;E254<;EFL>CFDGKO}FDGnFDGKO<ha>C4dY[G&>�O<GK4xX]Y[; = ;E�a>CFD2 �re 25^]�©254 J G M ;EOdY[2v^L>vO<GK_a`C2 ¢m� �D� � �
2ópx@A9xs8H { 1D4<2 M g�Y[4<gKO�^Db M GK;EO�FDG�1D4<;E254<;EFL>CFDG�G J ha>CFL>ËX J >ÓFDG�O<XL>CO	º¼XL>¨Y[4<2Ëh = >CO<O<GKO �

&�'�ëàð�ùúîEïÚëàð\÷�ñ	ø¾îEöRôÚï;ð-ï���ð-ï[ñ¸ó#ô;ðXïÚñ1wEï;ð�ó�ñÜï���ð�ôÚï;ð-ì)ð*� V)ð-ï'ø¾îEëhü�ë3ø¾ñÜï�ôÚî;wEï;ð-ü�÷�ñ	ó�ü�ì�÷�� ë©ñÜö)ó+� îEö)ð-ë©ñÜöRôÚî
÷�ð�ïÚñ¸÷�ñnðàó�ñÜï	ø¾îEë(
*ñÜö)óÚðE÷�î(
*îEï	ü�ëqwRð-ö�V�î©÷�ñnëíü�� ô�� 
�� ñ¾þ�ð�.1x-î�ñ¸ó#ô;ðØô�v�ó#ô���øÜð�#
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HA13GKO[>C4�FD;EO<O<2D�×O<XL>�; J 1 = G J GK^�Yo>C_a`C2�132mFDG$;E^Dh = XD;E4&FDXL>COv25X�Y[4<gKO�1D4<;E254<;EFL>CFDGKOAhK25^]�©254 J G�>
^DGKhKGKO<O<;EFL>CFDG ��� G�>ChK254<FD2�hK2 J >/FDGZÑL^D;E_a`C2�FD2�O<GK4 M ;E_K2	>CO<O<G 7 XD4[>CFD2D�3�$^DGKhKGKO<O[§C4<;E2	>C13GK^L>CO
FD;N�©GK4<GK^DhK;?>C4�2/Y[4[§¨�©G 7 2/1D4<;E254<;NYo§C4<;E2\FD2�4<GKOdYo>C^�Y[G$2513254dY[XD^D;EOdYo> �&� 2 7 2D�3FDXL>COA1D4<;E254<;EFL>CFDGKO&FDG
FDGKO<ha>C4dY[G�O[`C2¶O<X]ÑLhK;EGK^�Y[GKO	>Ì1D4<;E^DhKbE1D;E2 � pr254<� J ��FDXL>CO/4[>C�KÍmGKO�FD;EOdY[;E^�Yo>CO�; J 1DX = O<;E25^L>C4[> J
Y[4[>CBL> = kD25O.º¼XDGA1D4<2513ÍmG J >�X]Y[; = ;E�a>C_a`C2IFDG�Y[4<gKO:^Db M GK;EO.FDGA1D4<;E254<;EFL>CFDG&^D2�GK^Dha> J ;E^DkL> J GK^�Y[2
FD25O&1L>ChK2CY[GKOK�

�õ2�FDGKO<G8�<2�FDG$; J 1 = G J GK^�Yo>C4 J GKha>C^D;EO J 25O&FDG�hK25^DFD;EhK;E25^L> J GK^�Y[2/FDGIY[4[§¨�©G 7 2 J >C;EO&O<2¨s
ÑLOdY[;Eha>CFD25O ¬ � ¸ � �)� � ��� µ�×25O�º¼XL>C;EO J GKFDG J 2�Y[4[§¨�©G 7 2�hK25^�Y[4[>�X J ^¼¹ J GK4<2 J >C;E254�FDG
1L>C4[è J GZY[4<25O ��z�J G"�]G J 1 = 2�FD;EO<O<2\� J GKFD;E4:2$Y[4[§¨�©G 7 2\hK25^�Y[4[>�X J >�Yo> �D>\>CO<O<G 7 XD4[>CFL>
G�X J >ÌYo> �D>¶FDG�1D;EhK2D� J >C4<ha>C^DFD2¶25O/1L>ChK2CY[GKO�hK2 J X J >Ì1D4<;E254<;EFL>CFDG(FDG�FDGKO<ha>C4dY[G
;E^�Y[GK4 J GKFD;?§C4<;?>�º¼XL>C^DFD2�2/Y[4[§¨�©G 7 2�O<G$GK^DhK25^�Y[4[>�GK^�Y[4<G$GKOdY[GKO�FD25;EO M > = 254<GKO � H =E7 X J >CO
FDGKOdYo>CO�1D4<251325OdYo>COnO<GK4[`C2/FDGKO<hK4<;NYo>CO&^L>�O<GK_a`C2 ¸ �²¢ FDGKOdY[G�ha>C1DbNY[X = 2DÒ

� J G = kD254[>C4}>.�<XDOdY[;E_a>v^D2IhK2 J 1L>C4dY[; = kL> J GK^�Y[2AFL>CO = >C4 7 XD4[>CO}FDGn�½>C;Ø�D>v>CO<O<G 7 XD4[>CFL>IGnG"�¼s
hKGKFDGK^�Y[GvGK^�Y[4<G�ÙLXm�]25On> 7 4<G 7 >CFD25O:FDG�FD;N�©GK4<GK^�Y[GKOnh = ;EGK^�Y[GKOK�]25X�ÙLXm�]25OnFDG�X J > J GKO J >
> 7 4<G 7 >C_a`C2/FDGIY[4[§¨�©G 7 2 �&e 25^]�©254 J GIO<GK4[§ M ;EOdY[2/G J FDGZYo> = kDGKOA^D2/ha>C1DbNY[X = 2 � �»1D4<25B = G"s
J >CO�FDG��<XDOdY[;E_a>�2mhK254<4<G J FDG M ;EFD2(>�FD; M GK4<O<25Ov�½>¨Y[254<GKO �$� GK^�Y[4<G\G = GKOK� >�1D4<GKO<GK^D_a>(FDG
Y[4[§¨�©G 7 2�^L`C2�4<GKO<1325^DO<; M 2 t J 2CY[; M 25XÓ2�XDO<2ÂFDG/Y[4<gKO�1D4<;E254<;EFL>CFDGKO�FDG�FDGKO<ha>C4dY[G�hK2 J 2
�©254 J >�FDGI1D4<2CY[GK_a`C2�>C2\Y[4[§¨�©G 7 2 W�e p ¬ ®]¤ � �5£ � �]¤ � ��¢ � � ¸ � �*�  �

H O<G 7 XD;E4K�¥hK25^DFD;EhK;E25^L>CFD254<GKO�FDG�Y[4[§¨�©G 7 2 ³ O<GK_a`C2 ¸ �²¢5· G\FD;EO<hK;E1 = ;E^L>COAFDG 7 GK4<GK^DhK;?> J GK^�Y[2
>¨Y[; M 2vFDG�Ñ = >CO ³ O<GK_a`C2 ¸ � ¸ · O<GK4[`C2 M ;EOdY[25O}hK2 J¡J >C;EO}FDGZYo> = kDGKO�>v4<GKO<13GK;NY[2vFD25O�O<GKXDOxG J 1D4<G 7 25O
^L>�; J 1 = G J GK^�Yo>C_a`C2�FD2�O<GK4 M ;E_K2�>CO<O<G 7 XD4[>CFD2 �

~«�ÊÉ ��Q®!�4�R���EQ®!���4¥¨X��� �4� �F¨@?+A)�6�� Íu�Ï¨\�Õ¢§a�©¨�ª«�R¬� � � ²
�	�6�Q£L¨\���4

e 25^]�©254 J G M ;EOdY[2�^L>(O<XDBDO<GK_a`C2 ¢m� ¸ � ¸ � 25O�hK25^DFD;EhK;E25^L>CFD254<GKOvFDG�Y[4[§¨�©G 7 2�25B¼�<GZY[; M > J >COts
O<G 7 XD4[>C4�º¼XDG$25O�1L>ChK2CY[GKOAº¼XDG$GK^�Y[4[> J ^¼X J FD2 J bE^D;E2 � l(GKOdYo`C2�G J hK25^]�©254 J ;EFL>CFDGvhK2 J 2
13GK4dÑ = hK25^�Y[4[>¨Yo>CFD2 �Iw 4<GKO<X = Yo>CFD2�1D4<;E^DhK;E1L> = FD2	hK25^DFD;EhK;E25^L> J GK^�Y[2/FDG$Y[4[§¨�©G 7 2��\> J >C4<ha> s
_a`C2�FD25O&1L>ChK2CY[GKOK�»>�º¼XL> = FDGZY[GK4 J ;E^L>C4[§�2\Y[;E132�FDGIGK^Dha> J ;E^DkL> J GK^�Y[2\º¼XDGIGKOdY[GKO�4<GKhKGKB3GK4[`C2

u YhôÚñÜïÚë©î�ö4x-îýïÚñ¸ó+
*îEö)ó+� �Eî�ó�ñíïÚñ¾ùúñÜïÚñB>ýð-ü)ó+«Üö)ø0��ð�÷�ñ©ø¾îEöRôÚïÚî�� ñb÷�ñ©ø¾îEö�wEñ¸ó#ô�� îEö)ð-ë©ñÜöRôÚî4�)î ûRü)ð*�TùúîEï".Üð�ð
ïÚñ¸÷�ü4.1x-î�÷�ðbô;ðØþ�ðí÷�ñ�ôÚï;ð-ö)ó�ë(��óÚó�x-î�÷�ñXü�ëº))ü�þ�î�ö�ñ¸ó#ô;ð�ó+� ôÚü)ð�.1x-î4#N�J
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FDGK^�Y[4<2�FD2�FD2 J bE^D;E2 � l � pr254xGKOdY[G J 2CY[; M 2D��25O�hK25^DFD;EhK;E25^L>CFD254<GKOxFDGnY[4[§¨�©G 7 2IO[`C2IhokL> J >CFD25O
J XD;NYo>CO M GK�KGKO�FDG J >C4<ha>CFD254<GKO)C �

��2	O<GK4 M ;E_K2	>CO<O<G 7 XD4[>CFD2D��2�13GK4dÑ = FDG$Y[4[§¨�©G 7 2�hK254<4<GKO<1325^DFDG�BL>CO<;Eha> J GK^�Y[G\>�X J >�Yo> �D>
>CO<O<G 7 XD4[>CFL> � pr254dYo>C^�Y[2D�v2 J GKha>C^D;EO J 2óFDG J GKFD;E_a`C2õFD25O�hK25^DFD;EhK;E25^L>CFD254<GKO(FDGÌY[4[§¨�©G 7 2
FDG M G�;E^Dh = XD;E4AX J >��©254 J >�FDG\hK2 J 1L>C4[>C4v>�Yo> �D>	FDG�Y[4[>C^DO J ;EO<O[`C2	FD2�Y[4[§¨�©G 7 2	hK2 J >�Yo> �D>
>CO<O<G 7 XD4[>CFL> � HA13GKO[>C4vFD2	FDGKO<G J 13GK^DkD2�FDG\X J >	>C1 = ;Eha>C_a`C2�O<GK4vO<GK^DO<b M G = ¾ M >C�a`C2(GZ�©GZY[; M > D
³ÚÂ¼Ä�ÄaÞ"Î3ÇmÜ<· �CY[4<gKO}4[>C�KÍmGKO}; J 13254dYo>C^�Y[GKO,GKOdY[; J X = > J > J GKFD;E_a`C2�FL>�Yo> �D>�FDG:Y[4[>C^DO J ;EO<O[`C2 ¬ �%�  �
HAO	FDXL>CO	1D4<; J GK;E4[>CO/O[`C2ëO<; J 1 = ;EhK;EFL>CFDG�G�;E^DFDGK13GK^DFDgK^DhK;?>ëFD2ë1D4<2CY[2mhK2 = 2ÓFDG�Y[4[>C^DO<13254dY[G �
��2�ha>CO<2�FD2 W�e p�13254�G"�]G J 1 = 2D� J GKFD;E4�> M >C�a`C2�GZ�©GZY[; M >(; J 1 = ;Eha>C4<;?>/G J Y[GK4$>ChKGKO<O<2�>C25O
1L>ChK2CY[GKO�FDG�4<GKhK25^DkDGKhK; J GK^�Y[2 ��6 OdY[2�^DG J O<G J 1D4<G���1325O<O<b M G = FDGK13GK^DFDGK^DFD2	FL> = 2mha> = ;E�a>C_a`C2
FD2 J >C4<ha>CFD254K�Z�[§vº¼XDG&25O�ha> J ;E^DkD25O�FDG&;EFL>�G M 2 = Yo>v132mFDG J O<GK4xFD;EOdY[;E^�Y[25O ��c >CO.>v1D4<;E^DhK;E1L> =
4[>C�a`C2Ó1L>C4[> J GKFD;E4/> M >C�a`C2 = 2mha> = ��;E^DhKGK^�Y[; M >C4/2ÓGK^ M ;E2ÓFDG�1L>ChK2CY[GKO�º¼XDG�Y[g J�7 4[>C^DFDGKO
hokL>C^DhKGKO/FDG	O<GK4<G J GK^�Y[4<G 7 XDGKO �õe 2 J ;EO<O<2D�xX J >��©25^�Y[G	FDG	Y[4[§¨�©G 7 2Â^L`C2Â4<GKO<1325^DO<; M > J > =
hK2 J 13254dYo>CFL>�132mFDGIO<GK4&13GK^L> = ;E�a>CFL>�;E^DFDGK13GK^DFDGK^�Y[G J GK^�Y[G�FL>�GK^�Y[4<G 7 >�FD25O&O<GKXDO�1L>ChK2CY[GKO �

w O�hK25^DFD;EhK;E25^L>CFD254<GKO,FDG�Y[4[§¨�©G 7 2�1D4<251325OdY[25O�^L> = ;NY[GK4[>¨Y[XD4[>�132mFDG J O<GK4�h = >CO<O<;NÑLha>CFD25O}G J
FDXL>CO.ha>¨Y[G 7 254<;?>COx1D4<;E^DhK;E1L>C;EO}º¼XL>C^�Y[2�¾I�©254 J >�FDG J GKFD;E_a`C2D�rBL>CO<Ga>CFD25O:G J BL> = FDGKOxFDG&ÑLhokL>CO
G:BL>CO<Ga>CFD25O,G J GKOdY[; J >CFD254<GKO FDG.Yo> �D> J �KFD;?> � H)O<G 7 XD;E4K�¨O<GK4[`C2�FDGKO<hK4<;NYo>CO}>COrha>C4[>ChZY[GK4<bEOdY[;Eha>CO
FDGIha>CFL>�ha>¨Y[G 7 254<;?>&�<XD^�Yo> J GK^�Y[GIhK2 J > =E7 XD^DOnhK25^DFD;EhK;E25^L>CFD254<GKOnFDGvY[4[§¨�©G 7 2�1D4<251325OdY[25O �

]�ÞÚßàÞÜÝ ÔC8EAHGHM0s�M08EAH=EGH85LN<>DRGH<9bdLNeEf�<>`E8ÜBC=EDF<>=EGH8ED¡<J? BC=E×0GH<>DÛGH<nî�M�í
sNaH=ED

w > =E7 254<;NY J 2�BL> = FDGIFDGvÑLhokL>CO ³tÜ8Ä�ç�ÃZÀF·KÇLáoç�ÃZÜ<· ¬ �5®  132mFDG�O<GK4�X]Y[; = ;E�a>CFD2\1L>C4[>�hK25^�Y[4<2 = G
FDG�hK25^ 7 GKOdY[;E25^L> J GK^�Y[2�G J 4<GKFDGKO ³ O<XL> M ;E�a>C_a`C2	FDG�Y[4[§¨�©G 7 2 · ��>CO<O<; J hK2 J 2�2	> =E7 254<;NY J 2\FD2
BL> = FDG��©XD4[>CFD2 ³tÐEÃ[Ý ç)>L·KÇLáoç�ÃZÜ<·"�.i�J B3254[>�O<G J G = kL>C^�Y[GKOK�»G = GKOn^L`C2/FDG M G J O<GK4&hK25^]�©XD^DFD;EFD25O �

H J B325O�25OI> =E7 254<;NY J 25O&1325O<O<XDG J >C13GK^L>COvFD25;EO�1L>C4[è J GZY[4<25OK��2�Yo> J >C^DkD2�FD2(BL> = FDG�E
G�>/Yo> �D>/FDG�1D4<GKGK^DhokD; J GK^�Y[2 ³ BL> = FDG�FDG$ÑLhokL>CO · 25X M >C�a> J GK^�Y[2 ³ BL> = FDGI�©XD4[>CFD2 · FD2�BL> = FDG
F��Ìw 1L>C4[è J GZY[4<2GER132mFDG�O<GK4�G"�]1D4<GKO<O<2¶G J B��¼Y[GKO ³ 25XËBD;NY[O · 25XË1L>ChK2CY[GKO�hK25^]�©254 J G�25O
> =E7 254<;NY J 25O�O<G8�[> J X]Y[; = ;E�a>CFD25O�^D2 J 2mFD2¶G J B��¼Y[GKOIH(25X)G J 1L>ChK2CY[GKOK�&4<GKO<13GKhZY[; M > J GK^�Y[G �
� > J GKO J >/�©254 J >]��2	1L>C4[è J GZY[4<2 F 132mFDG\O<GK4vG"�]1D4<GKO<O<2�G J B��¼Y[GKO ³ 25XÂBD;NY[O · 25XÌ1L>ChK2CY[GKO
13254&O<G 7 XD^DFD2 � H�Ñ J FDG�hK2 J 1L>C4[>C4&25O�FD25;EO�> =E7 254<;NY J 25OK�mO<GK4[§/hK25^DO<;EFDGK4[>CFD2�º¼XDG�ha>CFL>/X J
FD25OvO<XL> M ;E�a>CFD254<GKOv�©XD^DhK;E25^L>	^D2 J 2mFD2	G J 1L>ChK2CY[GKOIG\GKOdYo§(hK25^DGKhZYo>CFD2�>	X J GK^ = >ChKG\hK2 J

J é�ó#ôÚñ�ôÚñ¾þ�ôÚîíü�ô�� � � ª¸ð-ï"í÷�ðEûRü��W
)ð-ï;ð\ùúïÚñÜöRôÚñ�îbôÚñÜïÚë©îíëàð-ï;øÜðE÷�îEï]ñ�ëàð-ï;øÜð�.1x-îbø¾îEë©îíó+� ö�¥Eö�� ë©îRó ÷�ñXø¾îEö)÷�� ©
ø0� îEö)ðE÷�îEï�ñbø¾îEö)÷���ø0� îEö)ð-ë©ñÜöRôÚî4��ïÚñ¸ó+
*ñ¸øêô�� �Øð-ë©ñÜöRôÚñ�#

K&L�ü)ð-öRô���÷�ðE÷�ñ\÷�ñ5� ö�ùúîEïÚëàð�.1x-î©ø¾îEïÚïÚñ¾ô;ð-ë©ñÜöRôÚñ�ñÜöRôÚïÚñ1wEü�ñnð-îà÷�ñ¸ó#ô�� ö�î(
*îEï	ü�ö���÷�ðE÷�ñb÷�ñXôÚñÜë(
*î4#
MÜÿ#÷�ñ¸ð*�K
)ð-ï;ðíïÚñ¸÷�ñ¸ó�îEö)÷�ñ\îRók
)ðEø¾î-ôÚñ¸ó ô�«ÜëAô;ð-ëàð-ö�V�î��Øð-ï��¦¹�Eñ1��#
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ha>C1L>ChK;EFL>CFDGIFDGvY[4[>C^DO J ;EO<O[`C2ON��L25^DFDG�N7P F��
��2�> =E7 254<;NY J 2�BL> = FDG\�©XD4[>CFD2 ³ Ñ 7 XD4[> ¸ �N¤ > · � 2(Y[4[§¨�©G 7 2�132mFDG/O<GK4�;E^ �<GZYo>CFD2�^L>(4<GKFDG�>

X J >IYo> �D> J § �]; J > F �m;E^DFDGK13GK^DFDGK^�Y[G�FD2 M > = 254xFDGQN �xi ^Dº¼XL>C^�Y[2\>IYo> �D>�FDGAhokDG 7 >CFL>$^L`C2
X = Y[4[>C1L>CO<O[> F �»>\Yo> �D>�FDG�O[>CbEFL>�>ChK2 J 1L>C^DkL>/>\Yo> �D>�FDG�hokDG 7 >CFL>SR ³ 1D4<; J GK;E4<2\FDGKO<GK^DkD2�FL>
Ñ 7 XD4[> ¸ �N¤ > ·"� pr254<� J �5º¼XL>C^DFD2�>�Yo> �D>�FDGnhokDG 7 >CFL>�� J >C;E254rº¼XDG F �52AY[4[§¨�©G 7 2�^L>�O[>CbEFL>�ÑLha>
= ; J ;NYo>CFD2.G J�F � O<GK^DFD2�2nG"�]hKGKO<O<2�>ChKX J X = >CFD2�^D2&BL> = FDG ³ O<G 7 XD^DFD2�FDGKO<GK^DkD2�FL>�Ñ 7 XD4[> ¸ �N¤ > ·"�
lmG&GKOdYo>IO<;NY[XL>C_a`C2I13GK4<O<;EOdY[;E4x>¨Y[�&º¼XDG&2�BL> = FDGnO<G8�[>vY[2CYo> =EJ GK^�Y[G�1D4<GKGK^DhokD;EFD2$hK2 J E�1L>ChK2CY[GKOK�
FDGKO<ha>C4dY[GKO�hK2 J GK_a>C4[`C2õ>ë2mhK254<4<GK4 ³ Y[GK4<hKGK;E4<2óFDGKO<GK^DkD2)FL>ËÑ 7 XD4[> ¸ �N¤ > ·"� pr254dYo>C^�Y[2D�AGKOdY[G
> =E7 254<;NY J 2�^L`C2�13GK4 J ;NY[G\º¼XDG/2mhK254<4[> J 4[>��[>CFL>COIFDG�Y[4[§¨�©G 7 2�hK2 J Yo> �D>(O<XD13GK4<;E254�¾ F � ^L>
O[>CbEFL>\FD2/FD;EO<1325O<;NY[; M 2 ��i�J Y[GK4 J 25OnFDG�; J 1 = G J GK^�Yo>C_a`C2D�m2/BL> = FDG��©XD4[>CFD2�hK25^DO<;EOdY[G�G J X J
Ñ = >\FDGIha>C1L>ChK;EFL>CFDGvFDG�>C4 J >C�KGK^L> J GK^�Y[2TE GvYo> �D>�FDGIO<GK4 M ;E_K2/hK25^DOdYo>C^�Y[G F��

B pacotes

T pacotes
1s

C pacote/s

Descarte B pacotes

T pacotes
1s

C pacote/s

B pacotes

C pacote/s

pacote

S ð2TVU�ð*��÷�ñXùúü�ï;ðE÷�î4#

B pacotes

C pacote/s

B pacotes

C pacote/s

T fichas
1s

T pacotes
1s

B pacotes

C pacote/s

T fichas
1s

T fichas
1s

pacote

ficha
ficha consumida

S ìWTVU�ð*��÷�ñn÷�ñ;�*ø"V)ðEó1#
{ ; 7 XD4[> ¸ �N¤ � c GKha>C^D;EO J 25O&FDGIO<XL> M ;E�a>C_a`C2/FDGvY[4[§¨�©G 7 2 �

��2¶> =E7 254<;NY J 2�BL> = FDG	FDG�ÑLhokL>CO ³ Ñ 7 XD4[> ¸ �N¤ B · �x2ÂBL> = FDG	�	1D4<GKGK^DhokD;EFD2ÌhK2 J ÑLhokL>CO/>
X J >�Yo> �D> F��Ìe >CFL>�1L>ChK2CY[G�FDG M G(hK25^DO<X J ;E4$X J >�ÑLhokL>�1L>C4[>�O<GK4�Y[4[>C^DO J ;NY[;EFD2SW �¶e >CO<2

X ��óÚó�ü�ë©ñ0©Nó�ñ�ûRü�ñXðnô;ðØþ�ðí÷�ñ\óÚð*v�÷�ðnñ¸ó#ô"íó�ñÜö)÷�îíîEì)ó�ñÜï��ØðE÷�ð\ñÜëÅñ¸óÚøÜð*��ðEó]÷�ñ�ôÚñÜë(
*î�ì*ñÜëÅëàð*� îEïÚñ¸ó�÷�î�ûRü�ñ
î�ôÚñÜë(
*î�÷�ñ\ôÚï;ð-ö)ó�ë(��óÚó�x-î�÷�ñnü�ëq
)ðEø¾î-ôÚñ���îEö)÷�ñnðíô;ðØþ�ð©÷�ñbóÚð*v�÷�ð3�Øð*� ñ5ªÜñÜïÚî�îEü	Y�#

Z���î\ë©î�÷�înñÜëFì-[RôÚñ¸ó1�EøÜðE÷�ð-
)ðEø¾î-ôÚñ�÷�ñ1�Eñ	ø¾îEö)ó�ü�ë(� ï'ü�ëàðnûRü)ð-öRô���÷�ðE÷�ñ	÷�ñ	ì-[RôÚñ¸ó�ñÜë �*ø"V)ðEóN� wEü)ð*�)ð-înó�ñÜü
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^L`C2$kL>��[>IÑLhokL>COK�]2$1L>ChK2CY[G�^L`C2$�&Y[4[>C^DO J ;NY[;EFD2D��132mFDGK^DFD2$O<GK4:>C4 J >C�KGK^L>CFD2$25X�FDGKO<ha>C4dYo>CFD2
FDGK13GK^DFDGK^DFD2ÂFL>�; J 1 = G J GK^�Yo>C_a`C2 �(� 2 J GKO J 2 J 2mFD2�º¼XDG�^D2�BL> = FDG��©XD4[>CFD2D��>(Yo> �D>�FDG
O[>CbEFL>�>ChK2 J 1L>C^DkL>�>�Yo> �D>�FDG�hokDG 7 >CFL>�>¨Y[��º¼XL>C^DFD2�2 M > = 254�FDGKOdYo>�¹ = Y[; J >	� J GK^D254�25X
; 7 XL> = ¾ FV³ 1D4<; J GK;E4<2�FDGKO<GK^DkD2�FL>�Ñ 7 XD4[> ¸ �N¤ B ·"� ��GKOdY[G/ha>CO<2�>COvÑLhokL>CO�^L`C2�hK25^DO<X J ;EFL>CO
M `C2(O<GK^DFD2�>ChKX J X = >CFL>COv^D2(BL> = FDG/>¨Y[�\GK^DhokDg"s = 2 � Hª1L>C4dY[;E4�FL>Cbµ� >COvÑLhokL>CO�O[`C2(13GK4<FD;EFL>CO �
pr254<� J �×º¼XL>C^DFD2	>/Yo> �D>�FDG�hokDG 7 >CFL>�� J >C;E254&º¼XDG F ��>�Yo> �D>�FDG�O[>CbEFL> M >C;rFDGK13GK^DFDGK4�FL>
º¼XL>C^�Y[;EFL>CFDG�FDG�ÑLhokL>CO�>C4 J >C�KGK^L>CFL>CO&^D2�BL> = FDG �ni ^Dº¼XL>C^�Y[2�kD25X M GK4�ÑLhokL>CO�>/hK25^DO<X J ;E4K�3>
Yo> �D>�FDG�O[>CbEFL>�>ChK2 J 1L>C^DkL>�>�Yo> �D>�FDG�GK^�Y[4[>CFL>(>¨Y[�$X J«J § �]; J 2/; 7 XL> = ¾ M G = 2mhK;EFL>CFDG$FD2
GK^ = >ChKG	N ³ O<G 7 XD^DFD2�FDGKO<GK^DkD2/FL>$Ñ 7 XD4[> ¸ �N¤ B ·"�x� XL>C^DFD2\^L`C2\kL§ J >C;EO.ÑLhokL>CO&>�hK25^DO<X J ;E4K�
2(Y[4[§¨�©G 7 2(���©254<_a>CFD2�>(25B3GKFDGKhKGK4$¾	Yo> �D>(FDG 7 GK4[>C_a`C2�FDG\ÑLhokL>CO Ff³ Y[GK4<hKGK;E4<2�FDGKO<GK^DkD2�FL>
Ñ 7 XD4[> ¸ �N¤ B ·"��� 2 7 2D�¼GKOdY[G�> =E7 254<;NY J 2�13GK4 J ;NY[G&º¼XDG�2mhK254<4[> J 4[>��[>CFL>CO.FDG&Y[4[§¨�©G 7 2�hK2 J Yo> �D>
O<XD13GK4<;E254/¾ F ^L>¶O[>CbEFL>ÌFD2¶FD;EO<1325O<;NY[; M 2D�.O<GK^DFD2 J >C;EO�ÙLG"�]b M G = º¼XDG�2ÓBL> = FDG	�©XD4[>CFD2 � H
FDXD4[>C_a`C2 J § �]; J >]\�^\FDG�X J >Ì4[>��[>CFL>ÌFDG�Yo> �D>_N ³ BL> = FDG(hokDGK;E2¶^D2Ó;E^DbEhK;E2ÂFL>¶4[>��[>CFL> ·
132mFDGIO<GK4&ha> = hKX = >CFL>\>¨Y[4[> M �KO�FL>\GKº¼XL>C_a`C2 ¸ �N¤ ¬ �5®  �

E�` F 3 \�^�abN+3 \�^�cd\�^�abE2'e�fNb� F � ³ ¸ �N¤ ·
i O<O<GK^DhK;?> =EJ GK^�Y[GC�L2�BL> = FDGvFDGvÑLhokL>CO&�vX JìJ GKha>C^D;EO J 2 J >C;EO.Y[2 = GK4[>C^�Y[Gvº¼XL>C^DFD2/FL§�>C2

Y[4[§¨�©G 7 2�G"�]1 = 25O<; M 2 ³ G J 4[>��[>CFL>CO ·vJ >C;EOIhokL>C^DhKGKO�FDG�;E^ �<GZYo>C4I;E^]�©254 J >C_a`C2	^L>�4<GKFDG�>�X J >
Yo> �D> J �KFD;?>�; 7 XL> = ¾ F��,6 OdY[2�2mhK254<4<Gn13254<º¼XDG&º¼XL>C^DFD2I2vY[4[§¨�©G 7 2IGKOdYo§I>vX J >�Yo> �D>+g J GK^D254
º¼XDG F �D> = >C4 7 XD4[>$FDG��½>C;Ø�D>�^L`C2�>C1D4<2 M GK;NYo>CFL> ³hF �ig ·xM >C;�O<GK^DFD2�>C4 J >C�KGK^L>CFL>�G J �©254 J >
FDG	ÑLhokL>CO�1L>C4[>ÂXDO<2Â�©X]Y[XD4<2 �ë� GKOdYo>Â�©254 J >]��1L>C4dY[;E^DFD2ÂFD2Ì1D4<;E^DhKbE1D;E2�º¼XDG!Nkj F G	º¼XDG
^DGK^Dk¼X J >\ÑLhokL>\�©25;�13GK4<FD;EFL>]�L>C;E^DFL>\O<GK4[§�1325O<O<b M G = >¨Y[;E^ 7 ;E4n>�Yo> �D> J �KFD;?> F��

i�J 4<GKFDGKO � ;Nã×O<GK4 M º¼XDG(; J 1 = G J GK^�Yo> J 2ÌO<GK4 M ;E_K2¶>CO<O<G 7 XD4[>CFD2D�.hK25^DFD;EhK;E25^L>CFD254<GKO�FDG
Y[4[§¨�©G 7 2IBL>CO<Ga>CFD25OxG J BL> = FDGnFDGnÑLhokL>COxO<G�ha>C4[>ChZY[GK4<;E�a> J 13254�X]Y[; = ;E�a>C4,hK2 J 2 J GKha>C^D;EO J 2vFDG
J GKFD;E_a`C2�X J 25X J >C;EO�BL> = FDGKO�FDG$ÑLhokL>CO � H J >C4<ha>C_a`C2��$�©XD^D_a`C2 7 GK4[> =EJ GK^�Y[G�>C13GK^L>CO�FL>
FD;EO<1325^D;EBD; = ;EFL>CFDGnFDG�ÑLhokL>COn^D2 ³ O · BL> = FDG ³ O · �]G J B3254[>�> =E7 254<;NY J 25O J >C;EO.hK2 J 1 = G"�]25O�1325O<O[> J
O<GK4A;E^�Y[4<2mFDXD�K;EFD25O&1L>C4[>/4<Ga> = ;E�a>C4nGKOdYo>��©XD^D_a`C2 ��w X]Y[4[>/ha>C4[>ChZY[GK4<bEOdY[;Eha>�; J 13254dYo>C^�Y[Gv�$º¼XDG$2
^¼¹ J GK4<2�FDG�BL> = FDGKO$FDG/ÑLhokL>CO$�/�©XD^D_a`C2�FD2�^¼¹ J GK4<2�FDG�^Db M GK;EO$X]Y[; = ;E�a>CFD25Ov^L> J >C4<ha>C_a`C2 �
p,>C4[>�FD25;EO�^Db M GK;EO�FDG J >C4<ha>C_a`C2D�×X J BL> = FDG���X]Y[; = ;E�a>CFD2 � p,>C4[>�Y[4<gKOv^Db M GK;EO�FDG J >C4<ha>C_a`C2D�
FD25;EOnBL> = FDGKO&O[`C2�X]Y[; = ;E�a>CFD25O �

l &��)$�&'���]�4Uf&'M�� � � �kj ��$�m�&'� ��
�^QU lonqpsrutwvSx�yOz6{ twv}|	~7����twvS���
z�J hK25^DFD;EhK;E25^L>CFD254.FDGAY[4[§¨�©G 7 2�O<; J 1 = GKO:132mFDGAO<GK4�hK25^DOdY[4<XDbEFD2�>$1L>C4dY[;E4.FDG�X J >�>CFL>C1ms

Yo>C_a`C2ËFD2ë> =E7 254<;NY J 2ÂBL> = FDG�FDG�ÑLhokL>CO ��i OdY[G J >C4<ha>CFD254/132mFDG�O<GK4�X]Y[; = ;E�a>CFD2Ìº¼XL>C^DFD2ë2
ô;ð-ëàð-ö�V�î(
)ð-ï;ð�ó�ñÜï�ôÚï;ð-ö)ó�ë(� ô���÷�î4#�Ykñ¾þ�ø¾ñ¸óÚó�î©÷�ñ-�*ø"V)ðEó1��øÜðEó�î�ñ¾þ���ó#ô;ð���¬nïÚñ¸ó�ñÜï��ØðE÷�î3
)ð-ï;ð©ø¾îEö)ó�ü�ë©îíùúü�ôÚü�ïÚî4#
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13GK4dÑ = FDG/Y[4[§¨�©G 7 2�hK25^DO<;EOdY[G�>C13GK^L>CO�G J X J >	Yo> �D>�hK25^�Y[4[>¨Yo>CFL>(G/1325O<O<; M G =EJ GK^�Y[G�G J X J
7 4[>CX�FDG�>CBDO<254<_a`C2�FDG$4[>��[>CFL>CO �Ai �];EOdY[G J >C13GK^L>COAFD25;EOA^Db M GK;EO�FDG J >C4<ha>C_a`C2 ³ 1D4<;E254<;EFL>CFDGKO
FDGIFDGKO<ha>C4dY[G · hK25^]�©254 J Gv2\Y[4[§¨�©G 7 2�25B3GKFDGK_a>�25X(^L`C2�>\GKOdY[G�13GK4dÑ = FDGIY[4[§¨�©G 7 2 �

w�J GKha>C^D;EO J 2Ó�©XD^DhK;E25^L>ËFL>ëO<G 7 XD;E^�Y[GÂ�©254 J > ³ Ñ 7 XD4[> ¸ �²¢5·"� w BL> = FDG�FDGÂYo> J >C^DkD2
N�E2� ³E�.Ä¨Á\Á\ÆÈÜ½Ü8Ã[ÞÏÙ&ÇmÅ[âZÜrß»Æ5� Ã · �&1D4<GKGK^DhokD;EFD2�hK2 J ÑLhokL>CO:>vX J >�Yo> �D>�N+�qg ³E�.Ä¨Á\Á\ÆÈÜ½Ü8Ã[Þ
¿"À�ºaÄ¨Å"Á/ÝCÜ½ÆµÄ¨À«:nÝCÜ8Ã ·"� pr254dYo>C^�Y[2D�]>�ha>CFL>�O<G 7 XD^DFD2�2$BL> = FDG���;E^DhK4<G J GK^�Yo>CFD2$FDG�N+�qgíB��¼Y[GKO
G J ÑLhokL>COv>¨Y[��2 M > = 254 J § �]; J 2�FDG�N�E2�)B��¼Y[GKOI� � p,>C4[>/ha>CFL>�1L>ChK2CY[G�FDG$X JfJ ;EhK4<2CÙLXm�]2
25X�ÙLXm�]2$> 7 4<G 7 >CFD2D��X J ¹D^D;EhK2vY[GKOdY[G��&4<Ga> = ;E�a>CFD2 � lmG�kL§vX J ^¼¹ J GK4<2�FDGnÑLhokL>CO.O<X]ÑLhK;EGK^�Y[GC�
;EOdY[2��C�×2�BL> = FDGIY[G J X J >/º¼XL>C^�Y[;EFL>CFDG$FDG$B��¼Y[GKO�G J ÑLhokL>CO J >C;E254n25X�; 7 XL> = >C2�Yo> J >C^DkD2
FD2�1L>ChK2CY[GC�32/4<GKO<X = Yo>CFD2�FD2/Y[GKOdY[G$��1325O<;NY[; M 2/G�2�1L>ChK2CY[G��$hK25^DO<;EFDGK4[>CFD2�FDGK^�Y[4<2�FD2�13GK4dÑ =
25X]��� ³tÆÈÀ',EÎ3Å[Ä0äxÐEÃ ·"� ��GKOdY[G\ha>CO<2D�¥>COAÑLhokL>COvO[`C2	hK25^DO<X J ;EFL>COAG�2	1L>ChK2CY[G�� J >C4<ha>CFD2�hK2 J
áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜ+���	� � � lmG�^L`C2�kL§�X J ^¼¹ J GK4<2ÂFDG�ÑLhokL>CO\O<X]ÑLhK;EGK^�Y[GC�.2�4<GKO<X = Yo>CFD2ÂFD2�Y[GKOdY[G
�/^DG 7 >¨Y[; M 2�G�2�1L>ChK2CY[G/��hK25^DO<;EFDGK4[>CFD2��©254[>	FD2�13GK4dÑ = 25X�����^ ³[Ä¨ÇmÜ�,EÎ3Å[Ä0äxÐEÃ ·"��� GKOdYo> M GK�C�
^DGK^Dk¼X J >\ÑLhokL>��IhK25^DO<X J ;EFL>\GI2�1L>ChK2CY[GI� J >C4<ha>CFD2\hK2 J�áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜB���	��� 25X ���	���]�

CIR bytes

...1s

Tráfego de um microfluxo
ou fluxo agregado

Há fichas

Não há fichas

IN

OUT

(+)

(-)

Medidor Marcador

CBS bytes

AFx1

AFx2 ou
AFx3pacote

ficha

{ ; 7 XD4[> ¸ �²¢ � c >C4<ha>CFD254nBL> = FDGvFDGvÑLhokL>CO�25X W 9 c¶�

l &��)$�&'���]�h� � ^���ST� PQ�]� � �u� � ^�& } &��!����$�&l��
 ��J ^VP l n
����xs�e�fv��O�w|�v�p���� v�v
¡ re�fre�¢~7����twvS���

w l |,W�enc ¬ � ¸ ��v¹]Y[; = 13254�G"�]G J 1 = 2�G J ha>CO<25On25^DFDGv2�hK2 J 1D4<; J GK^�Y[2�FL>CO�4[>��[>CFL>CO�FD2
Y[4[§¨�©G 7 2\º¼XDGvGKOdYo§\O<GK^DFD2�hK25^DFD;EhK;E25^L>CFD2�� J >C;EO:; J 13254dYo>C^�Y[GAº¼XDGI>$Yo> �D>�FDGv1D;EhK2 �.w 13GK4dÑ =
FDGvY[4[§¨�©G 7 2\�IhK2 J 1325OdY[2\13254nX J >$Yo> �D>\hK25^�Y[4[>¨Yo>CFL>\GvFD25;EO = ; J ;NY[GKO.1L>C4[>\25O�Yo> J >C^DkD25OnFDG
4[>��[>CFL> �$w J >C4<ha>CFD254A1325O<O<XD;,Y[4<gKO�1L>C4[è J GZY[4<25OK�QN+�qg ³E�.Ä¨Á\Á\ÆÈÜ½Ü8Ã[Þ/¿"À�ºaÄ¨Å"Á/ÝCÜ½ÆµÄ¨Àk:nÝCÜ8Ã · �
N�E2� ³E�.Ä¨Á\Á\ÆÈÜ½Ü8Ã[ÞVÙ&ÇmÅ[âZÜxß»Æ5� Ã · G�£¤E2� ³;<\ÃmáoÃoâoâòÙ&ÇmÅ[âZÜxß»Æ5� Ã ·"�

¥¹��ñÜï"bðEóÚó�ü�ë(��÷�î�ûRü�ñ�ôÚî�÷�îRó�îRó�ëàð-ï;øÜðE÷�îEïÚñ¸ó�ð*
�ïÚñ¸ó�ñÜöRô;ðE÷�îRó'î�
*ñÜï;ð-ëiö�îíë©î�÷�î�ñÜëÅì-[RôÚñ¸ó1�¼
*îEï�ó�ñÜï ëàð*��ó
ðE÷�ñ¸ûRü)ðE÷�î 
)ð-ï;ð�ð�ÿNöRôÚñÜïÚö�ñ¾ô�#Z��îEï�ô;ð-öRôÚî4�)ôÚî�÷�îRó�îRó�ô;ð-ëàð-ö�V�îRó�÷�ñíì)ð*��÷�ñ¸óXó�x-î�ë©ñ¸÷���÷�îRó�ñÜë�ì-[RôÚñ¸ó�ñbôÚî�÷�ðEó
ðEó ô;ðØþ�ðEó	÷�ñ;
�ïÚñÜñÜö)ø"V�� ë©ñÜöRôÚîàó�x-î�ë©ñ¸÷���÷�ðEó�ñÜëlì-[RôÚñ¸ók
*îEï�ó�ñ1wEü�ö)÷�î4#
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w�J >C4<ha>CFD254�X]Y[; = ;E�a>�FD25;EO�BL> = FDGKOK�@NjG¦£/�,G�Y[4<gKO$^Db M GK;EO�FDG�1D4<;E254<;EFL>CFDG\FDG�FDGKO<ha>C4dY[G
³ Ñ 7 XD4[> ¸ � ¸ ·"� N�E2�ÌhK254<4<GKO<1325^DFDGA>C2vYo> J >C^DkD2vFD2IBL> = FDG§NíG¨£¤E2�¶>C2vYo> J >C^DkD2vFD2IBL> = FDG
£ � H¦Yo> �D>]N+�qgì��X]Y[; = ;E�a>CFL>(1L>C4[>�GK^DhokDGK4\2�BL> = FDG¦NVG�2ÂBL> = FDG¦£ � pr254<� J ��2�BL> = FDG
£fO<q�4<GKhKGKB3G/ÑLhokL>CO�º¼XL>C^DFD2�2�BL> = FDGTNÏ�[§(GKOdYo§�hokDGK;E2 � p,>C4[>�ha>CFL>�1L>ChK2CY[GC�rX J Y[GKOdY[G��
4<Ga> = ;E�a>CFD2�FDGv>ChK254<FD2$hK2 J 2$^¼¹ J GK4<2�FDG�ÑLhokL>COn^D2$BL> = FDG�N � lmG�kL§$X J ^¼¹ J GK4<2�FDG�ÑLhokL>CO
O<X]ÑLhK;EGK^�Y[GC��GKOdYo>CO�O[`C2¶hK25^DO<X J ;EFL>CO�G(2¶1L>ChK2CY[G(� J >C4<ha>CFD2ÌhK2 J áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜ¤���	� � ³ hK254
M GK4<FDG ·"�:e >CO<2�hK25^�Y[4[§C4<;E2D�¼X J ^D2 M 2$Y[GKOdY[G��A4<Ga> = ;E�a>CFD2IFDG�>ChK254<FD2�hK2 J 2�^¼¹ J GK4<2$FDG�ÑLhokL>CO
^D2�BL> = FDGO£ � lmG�GKOdY[G��©254vO<X]ÑLhK;EGK^�Y[GC�,>COvÑLhokL>CO�O[`C2�hK25^DO<X J ;EFL>COvG�2(1L>ChK2CY[G�� J >C4<ha>CFD2
hK2 JVáoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜ6���	����³ hK254x> J >C4<G = > ·"� lmG&2I^¼¹ J GK4<2IFDGnÑLhokL>COx�©254�;E^DO<X]ÑLhK;EGK^�Y[GC�¼^DGK^Dk¼X J >
ÑLhokL>��IhK25^DO<X J ;EFL>\GI2�1L>ChK2CY[GI� J >C4<ha>CFD2\hK2 J�áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜB���	����³ hK254 M GK4 J G = kL> ·"�

CIR bytes

...1s

Tráfego de um microfluxo
ou fluxo agregado

VERDE(+)

(-)

CBS bytes

(+)

(-)

AMARELO

VERMELHO

EBS bytes

Balde E

Balde C

CIR bytes

...1s

AFx1

AFx2

AFx3

Caso o balde C esteja
cheio.

pacote
ficha para o balde C
ficha para o balde E

{ ; 7 XD4[> ¸ � ¸ � c >C4<ha>CFD254nFDGvY[4<gKO&hK254<GKO�FDGvYo> �D>\¹D^D;Eha>\25X�l |,W�enc¶�

� GKOdY[G J 2mFD2D��2Al |,W�enc ��º¼XL>CO<G.;EFDgK^�Y[;EhK2&>C2 W 9 c¶� pr254<� J �¨G JíJ 2 J GK^�Y[25O¥FDG 7 4[>C^DFDG
2mhK;E25O<;EFL>CFDG�FD2vY[4[§¨�©G 7 2D��2IBL> = FDG�Ní132mFDGnGK^DhokDGK4.G�>v1L>C4dY[;E4}FL>Cb]ÑLhokL>COxO<GK4[`C2$>C4 J >C�KGK^L>CFL>CO
^D2vBL> = FDG�£ �xe 2 J ;EO<O<2D��4[>��[>CFL>CO}FDG J >C;E254rFDXD4[>C_a`C2vO<GK4[`C2I13GK4 J ;NY[;EFL>COr^D2��©X]Y[XD4<2 � pr254<� J �
2�G"�]hKGKO<O<2(FL>/4[>��[>CFL>]�»hK2 J 1325OdY[2�13G = >�1L>C4dY[G�º¼XDG�hK25^DO<2 J G$>CO�ÑLhokL>CO�> J >C4<G = >CO&FD2�BL> = FDG
£/��Y[GK4[§	X J >	1D4<25BL>CBD; = ;EFL>CFDG�;E^�Y[GK4 J GKFD;?§C4<;?>�GK^�Y[4<G�2�Y[4[§¨�©G 7 2(FDGK^�Y[4<2 ³ 1L>ChK2CY[GKO M GK4<FDGKO · G
�©254[> ³ 1L>ChK2CY[GKO M GK4 J G = kD25O · FD2�13GK4dÑ =µ�

i OdY[G J >C4<ha>CFD254�1325O<O<XD;}>C;E^DFL>/X JfJ 2mFD2�FDG�2513GK4[>C_a`C2�FDGK^D2 J ;E^L>CFD2�>¨Y[GK^�Y[2	¾CO�hK254<GKO
³[áoÄ¨ÐEÄ¨Å-,dÝ*@.ÝCÅ[Ã · �}¹]Y[; = 1L>C4[>�hK25^DFD;EhK;E25^L> J GK^�Y[2�FDG�Y[4[§¨�©G 7 2�1D4<�"s J >C4<ha>CFD2 � ��GKOdY[G J 2mFD2D�}2
1L>ChK2CY[G�132mFDG J >C^�Y[GK4A25XÂFD; J ;E^¼XD;E4�>�1D4<;E254<;EFL>CFDG�FDG�GK^Dha> J ;E^DkL> J GK^�Y[2 � p,>C4[> J >C^�Y[g"s = >]�
2(4<GKO<X = Yo>CFD2	FL> J >C4<ha>C_a`C2	FDG M G�O<GK4I; 7 XL> = 25X J >C;E254�FD2(º¼XDG\2(FL>�1D4<�"s J >C4<ha>C_a`C2 ��e >CO<2
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W >CB3G = > ¸ �N¤ �.l |,W�enc �L4<GKO<X = Yo>CFD2/FL> J >C4<ha>C_a`C2\^D2 J 2mFD2�>¨Y[GK^�Y[2�¾CO&hK254<GKO �
p�4<�"s J >C4<ha>C_a`C2 c >C4<ha>C_a`C2 | GKO<X = Yo>CFD2\ÑL^L> =

� GK4<FDG � GK4<FDGC�»> J >C4<G = 2\25X M GK4 J G = kD2 c GKO J 2�FL> J >C4<ha>C_a`C2
H J >C4<G = 2 H J >C4<G = 2\25X M GK4<FDG H J >C4<G = 2
H J >C4<G = 2 � GK4 J G = kD2 � GK4 J G = kD2
� GK4 J G = kD2 �A`C2�; J 13254dYo> � GK4 J G = kD2

hK25^�Y[4[§C4<;E2D�D1D4<G M > = GKhKG�> J >C4<ha>C_a`C2 � H�Yo>CB3G = > ¸ �N¤ FDGKO<hK4<G M G�GKOdYo> = q 7 ;Eha> �

l &��)$�&'���]�A� � ^���ST�3PQ�]� � �3� � ^�& } &Ì�!
�dXM#&¹��
9^ J ^VP l nqp"©¤r��O�w|�vªp���� v�v
¡ re�fre�¢~7����twvS���

wjW&|,W�enc ¬ �)� :O<G	FDGKOdY[;E^L>�13254$G"�]G J 1 = 2Â>�ha>CO<25O�G J º¼XDG	2Â13GK4dÑ = FDG�Y[4[§¨�©G 7 2�GKOts
13GKhK;NÑLha>�^L`C2�O<q�X J >�Yo> �D>Â>CO<O<G 7 XD4[>CFL>]� J >CO�Yo> J B3� J X J >�Yo> �D>�FDG�1D;EhK2�º¼XDG�1D4<GKhK;EO[>
O<GK4vhK25^�Y[4<2 = >CFL> �Iw�J >C4<ha>CFD254A1325O<O<XD;}13254dYo>C^�Y[2�º¼XL>¨Y[4<2	1L>C4[è J GZY[4<25OK�¨N+�qg ³E�.Ä¨Á\Á\ÆÈÜ½Ü8Ã[Þ
¿"À�ºaÄ¨Å"Á/ÝCÜ½ÆµÄ¨À!:nÝCÜ8Ã · ��N�E2� ³E�.Ä¨Á\Á\ÆÈÜ½Ü8Ã[ÞVÙ&ÇmÅ[âZÜxß»Æ5� Ã · ��«+�qg ³;Ö&Ã[Ý ç�¿"À�ºaÄ¨Å"Á/ÝCÜ½ÆµÄ¨À!:nÝCÜ8Ã · G
«�E2� ³;Ö&Ã[Ý çfÙ&ÇmÅ[âZÜxß»Æ5� Ã ·"�

l]`C2	X]Y[; = ;E�a>CFD25OAFD25;EOABL> = FDGKOK�s«ªGON���G�Y[4<gKOv^Db M GK;EO�FDG\1D4<;E254<;EFL>CFDG�FDG\FDGKO<ha>C4dY[G ³ Ñ 7 Xms
4[> ¸ � �¼·"� «�E2�óhK254<4<GKO<1325^DFDG�>C2�Yo> J >C^DkD2\FD2\BL> = FDG+«ÏG+N�E2�õ>C2�Yo> J >C^DkD2\FD2�BL> = FDG	N �
H�Yo> �D>�«+�qgª�\X]Y[; = ;E�a>CFL>�1L>C4[>	GK^DhokDGK4�2(BL> = FDG2«�G�>�Yo> �D>�N+�qgª1L>C4[>	GK^DhokDGK4�2(BL> = FDG
N � p,>C4[>�ha>CFL>�1L>ChK2CY[GC�}X J Y[GKOdY[G���4<Ga> = ;E�a>CFD2�FDG	>ChK254<FD2�hK2 J 2�^¼¹ J GK4<2�FDG/ÑLhokL>CO�^D2
BL> = FDG2« � lmG�GKOdY[G\^L`C2	�©254�O<X]ÑLhK;EGK^�Y[GC�r2	1L>ChK2CY[G\� J >C4<ha>CFD2	hK2 J�áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜQ���	���Ì³ hK254
M GK4 J G = kL> ·"�)e >CO<2¶hK25^�Y[4[§C4<;E2D��ÑLhokL>CO/FD2¶BL> = FDG�««O[`C2¶hK25^DO<X J ;EFL>CO�G(X J ^D2 M 2ÌY[GKOdY[G��
4<Ga> = ;E�a>CFD2/FDG$>ChK254<FD2�hK2 J 2�^¼¹ J GK4<2�FDG�ÑLhokL>CO�^D2�BL> = FDG¤N � lmG$GKOdY[G$^L`C2/�©254�O<X]ÑLhK;EGK^�Y[GC�
2	1L>ChK2CY[G\� J >C4<ha>CFD2	hK2 J�áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜ¨���	���Â³ hK254I> J >C4<G = > ·"� lmGK^L`C2D��ÑLhokL>COIFD2	BL> = FDG2N
O[`C2/hK25^DO<X J ;EFL>COnGI2�1L>ChK2CY[GI� J >C4<ha>CFD2\hK2 J�áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜB���	� � ³ hK254 M GK4<FDG ·"�

� 2 7 2D�»2 W&|,W�enc BL>CO<;Eha> J GK^�Y[G�hK2 J 1L>C4[>�2�Y[4[§¨�©G 7 2/hK2 J FDXL>CO�Yo> �D>CO �&w Y[4[§¨�©G 7 2/4<G"s
hKGKB3G�> = Yo>A1D4<;E254<;EFL>CFDG:FDG&GK^Dha> J ;E^DkL> J GK^�Y[2�ha>CO<2�25B3GKFDGK_a>I¾�Yo> �D>v>CO<O<G 7 XD4[>CFL>]�¼1D4<;E254<;EFL>CFDG
;E^�Y[GK4 J GKFD;?§C4<;?>�ha>CO<2(O<G\O<;NY[XDG�GK^�Y[4<G�>�Yo> �D>	>CO<O<G 7 XD4[>CFL>	G\>�FDG\1D;EhK2D�×G\BL>C;Ø�D>�1D4<;E254<;EFL>CFDG
ha>CO<2/X = Y[4[>C1L>CO<O<G�>�Yo> �D>\FDGI1D;EhK2 �

HAO<O<; J hK2 J 2�2�l |,W�enc �L2 W&|,W�enc Yo> J B3� J 1325O<O<XD;¥X JìJ 2mFD2�>¨Y[GK^�Y[2/¾\hK254<GKO&º¼XDG
; J 1 = G J GK^�Yo>�> J GKO J > = q 7 ;Eha>�FDGKO<hK4<;NYo>\^L> W >CB3G = > ¸ �N¤5�
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PIR bytes

...1s

Tráfego de um microfluxo
ou fluxo agregado

(-)

(+)

PBS bytes

(-)

VERMELHO

CBS bytes

Balde C

Balde P

CIR bytes

...1s

AFx3

AMARELO

AFx2

VERDE

AFx1

(+)

pacote
ficha para o balde P
ficha para o balde C

{ ; 7 XD4[> ¸ � � � c >C4<ha>CFD254&FDGvY[4<gKO&hK254<GKO&FDGvYo> �D>�FDXD1 = >\25X W&|,W�enc¶�

]�ÞÚßàÞÚß á =5LNs�=EGH85LN<>DnBC=EDF<>=EGH8ED,<J? ^_DK:	M1?@=EGH85LN<>D,GH<cb =;ë =Hák¬>GHM0=
�A> J >C4<ha>C_a`C2ÓBL>CO<Ga>CFL>ËG J GKOdY[; J >CFD254<GKO�FDG�Yo> �D> J �KFD;?>]��2Ë1D4<2mhKGKO<O<2ëFDG J GKFD;E_a`C2

�Â�©GK;NY[2õ>¨Y[4[> M �KO�FL>óGKOdY[; J >¨Y[; M >ËFL>ëYo> �D> J �KFD;?>ëFDGÌ;E^]�©254 J >C_a`C2ëGK^ M ;?>CFL>ó13G = 25O�ÙLXm�]25O
;E^DFD; M ;EFDXL>C;EOx25X(> 7 4<G 7 >CFD25O � Hí4[>C�a`C2�1L>C4[> J GKFD;E4�>�Yo> �D> J �KFD;?>$>C2�;E^ M �KO�FL>�;E^DOdYo>C^�YoèC^DGa>
��>ChK2 J 2mFL>C4�>v^L>¨Y[XD4<GK�a>IG J 4[>��[>CFL>COxFD2vY[4[§¨�©G 7 2 W�e p � ��25O J GKha>C^D;EO J 25O�>C^�Y[GK4<;E254<GKOK�¼GKOdYo>
kL>CBD; = ;EFL>CFDGA� M ;?>CBD; = ;E�a>CFL>$13G = 2�>ChK¹ J X = 2�FDGvÑLhokL>CO&^D25O&BL> = FDGKO �

W > =NM GK�&>��©254 J >A>C1L>C4<GK^�Y[G J GK^�Y[G J >C;EOrq5B M ;?>A1L>C4[>AO<Gn25B]Y[GK4}>�Yo> �D> J �KFD;?>�FDG�X J ÙLXm�]2
FDGnY[4[§¨�©G 7 2vO<G8�[>�>¨Y[4[> M �KOxFDG&X J >AÑ = Y[4[> 7 G J 1L>CO<O[> s8BL>C;Ø�D>CO�FL>�Yo> �D>v;E^DOdYo>C^�YoèC^DGa> çf � pr254<� J �
Yo> = >CB3254<FL> 7 G J >C1D4<GKO<GK^�Yo>�X J >�FDGKO M >C^�Yo> 7 G J�� H+Yo> �D> J �KFD;?>�FDGKha>C;3hK2 J >$hokDG 7 >CFL>$FD25O
1L>ChK2CY[GKO�G:^L`C2vhK2 J 2AY[G J 132 �,6 OdY[2��½>C�:hK2 J º¼XDGnX J >AhK25^DG"�D`C2 W�e p¶4[§C1D;EFL> ³½|,WnW BL>C;Ø�]2 ·
GKO<º¼XDGK_a>�>$kD;EOdY[q54<;?>�1L>CO<O[>CFL> J >C;EOx4[>C1D;EFL> J GK^�Y[GAFD2�º¼XDG�X J >$hK25^DG"�D`C2 W�e p = GK^�Yo> ³½|,WnW
> = Y[2 · �LG J X JjJ GKO J 2/;E^�Y[GK4 M > = 2/FDGIY[G J 132 � pr254dYo>C^�Y[2D�×> =E7 254<;NY J 25O J >C;EOnhK2 J 1 = G"�]25O&O[`C2
^DGKhKGKO<O[§C4<;E25O�1L>C4[> J GKFD;E4�FDGv�©254 J >�GZÑLhK;EGK^�Y[G$>�Yo> �D> J �KFD;?>�FD2\Y[4[§¨�©G 7 2 �

w X]Y[4[>�ha>C4[>ChZY[GK4<bEOdY[;Eha>\; J 13254dYo>C^�Y[G�FL>CO�1D4<251325OdYo>CO&FDG J >C4<ha>CFD254<GKO&BL>CO<Ga>CFD25O�G J GKOdY[;Øs
J >CFD254<GKOIFDG\Yo> �D> J �KFD;?>��/>(G"�];EOdY[gK^DhK;?>(FDG�X J > =E7 254<;NY J 2�O<GK1L>C4[>CFD2�1L>C4[>�> J >C4<ha>C_a`C2
1D4<251D4<;?> J GK^�Y[GnFD;NYo> � pr254<� J �¼;EOdY[2v^L`C2��&X J >vhK25^DFD;E_a`C2I25BD4<; 7 >¨Y[q54<;?>A1L>C4[>vº¼XDG�X J�J >C4<ha> s
FD254�O<G8�[>�h = >CO<O<;NÑLha>CFD2�^DGKOdYo>�ha>¨Y[G 7 254<;?>]�»1325;EO�^L>CFL>/; J 13GKFDG�º¼XDG�> J >C4<ha>C_a`C2�O<G8�[>��©XD^D_a`C2
èh®1L�ü)ð*��ûRü�ñÜï�ñ¾þ�
�ïÚñ¸óÚó�x-îbö)ðbùúîEïÚëàð�¯6°²±¦¯6°¢³ ´2µ�¯�¶�³¸·�¹wº	´6»�îEö)÷�ñ6¯6°Ù¬\ðbô;ðØþ�ðbë(¬¸÷���ð��-¯�¶©ðnô;ðØþ�ð

� ö)ó#ô;ð-öRô½¼-ö�ñ¸ðàøÜð*��ø¾ü���ðE÷�ð©ðØôÚï;ð¹��¬¸ó	÷�ð�÷�� �¼��ó�x-îà÷�îàô;ð-ëàð-ö�V�î�÷�î 
)ðEø¾î-ôÚñ5
*ñ1� î � öRôÚñÜï��Øð*� î©ñÜöRôÚïÚñíðàø"V�ñ1wRðE÷�ð©÷�ñ

)ðEø¾î-ôÚñ¸ó1��ñ@´kü�ëq�Øð*� îEï�ñÜöRôÚïÚñ�¾�ñ�¿nûRü�ñ\ïÚñ1wEü���ð©ðíùúïÚñ¸ûRü�«Üö)ø0��ð©÷�ñnø¾îEï�ôÚñn÷�î��4� ôÚïÚî4#



/�´Ä� PQ��������$%�#����&'���]� � � � � ^���Y�" �65 �id�&���&F� ��� ���������324��� �65 
���&'��� B O

FD;E4<GZYo>(FD2�4<GKO<X = Yo>CFD2�FL> J GKFD;E_a`C2D�r>CO<O<; J hK2 J 2�^D2�ha>CO<2�FD25O J >C4<ha>CFD254<GKO�BL>CO<Ga>CFD25O�G J
BL> = FDGKO&FDGvÑLhokL>CO�>C1D4<GKO<GK^�Yo>CFD25O�>C^�Y[GK4<;E254 J GK^�Y[G �

l &��)$�&'���]�h� �iC &'� � M#& � � ��M��j|%&'��� � ��� ^ � c3dn� ��
 ^ � o nqp"��ÀÁvi���Â�)Ã���xs�ÅÄ���x@Æ
Ã�re©¦�

w�W l¼Ê ¬ �5¢ I�Ó>ë1D4<251325OdYo>ó1D;E25^DGK;E4[>Ë1L>C4[> J >C4<ha>CFD254<GKO	FDGÌY[4[§¨�©G 7 2óBL>CO<Ga>CFD25O�G J
GKOdY[; J >CFD254<GKOAFDG�Yo> �D> J �KFD;?> �H± ¹]Y[; = 1L>C4[>�13GK4dÑLO�FDG$Y[4[§¨�©G 7 2�hK25^DOdY[;NY[XDbEFD25OAFDG$X J >�Yo> �D>
>CO<O<G 7 XD4[>CFL>Çg§ÈÓG$X]Y[; = ;E�a>�FD25;EOA^Db M GK;EOAFDG J >C4<ha>C_a`C2 � ��2	> =E7 254<;NY J 2�FDG J GKFD;E_a`C2D�3>/Yo> �D>
J �KFD;?>&�:GKOdY[; J >CFL>�>�ha>CFL>AhokDG 7 >CFL>AFDG:X J 1L>ChK2CY[G ��c >CO,1L>C4[>�G M ;NYo>C4r2A1D4<25B = G J >&FDGKO<hK4<;NY[2
>C^�Y[GK4<;E254 J GK^�Y[GC�m>vYo> �D>I��ha> = hKX = >CFL>vG J X J >:�[>C^DG = >vFDG&Yo> J >C^DkD2vÑL^D;NY[2IG�13254dYo>C^�Y[2�FDGKha>C;
hK2 J 2	Y[G J 132 ��w > =E7 254<;NY J 2 ¸ �N¤ FDGKO<hK4<G M G	> = q 7 ;Eha>�1L>C4[>(>(GKOdY[; J >¨Y[; M >�FL>	Yo> �D> J �KFD;?>
X]Y[; = ;E�a>CFL>$13G = 2 W l¼Ê �

24M 5 �]�)�N��c3� /�´½þ � i OdY[; J >¨Y[; M >$FL>�Yo> �D> J �KFD;?>�^D2 W l¼Ê �
� >C4<;?§ M GK;EOK�

ÉQ���6Ê¨Ë�Ì-��ÍÎ^IÏ���Yo> J >C^DkD2\FL>A�[>C^DG = >�FDGvY[G J 132�1L>C4[>�>\GKOdY[; J >¨Y[; M >�FL>�Yo> �D> J �KFD;?>
Ð}Ñ}Í�Ê§Ò ÐS^)Ì5�}Yo> �D> J �KFD;?>�GKOdY[; J >CFL>
^1Ê�Ó�Ò ����^"��;E^DOdYo>C^�Y[GvFDGvY[G J 132�FL>�hokDG 7 >CFL>�FD2�13GK^¼¹ = Y[; J 2\1L>ChK2CY[G
�V��É$��;E^DOdYo>C^�Y[GIFDGvY[G J 132�FL>\hokDG 7 >CFL>�FD2/¹ = Y[; J 2�1L>ChK2CY[G
Ô�ÕÎ^1Ê�Ö-�½×SÌ5��Yo> J >C^DkD2�FD2�¹ = Y[; J 2�1L>ChK2CY[G

6 ^D;EhK;?> =EJ GK^�Y[GC�
ÉQ���6Ê¨Ë�Ì-��ÍÎ^IÏ¦ØÙ#���ÚÖ
^)Ð}��^)Ì
Ð}Ñ}Í�Ê§Ò ÐS^)Ì�Ødg§È
^1Ê�Ó�Ò ����^�ØdÛ

Ô ha>CFL>\hokDG 7 >CFL>�FDGIX J 1L>ChK2CY[GC�
Ü&Ý ^)Ì�ÖSÊ§���6Ê F ��ÞßØdÐ}Ñ}Í�Ê�Ò ÐS^)ÌS3 ÉQ���6Ê¨Ë�Ì-��ÍÎ^IÏ
�VÌ-É¤Ê Ü&Ý ^)Ì�Ö�Ø Ü&Ý ^)Ì�ÖSÊ§���6Ê F ��Þà`]Ô�ÕÎ^1ÊQÖ-�½×SÌ
Ð}Ñ}Í�Ê§Ò ÐS^)Ì�Øk�VÌ-É¤Ê Ü&Ý ^)Ì�Ö�'e���V��É��i^1ÊQÓ�Ò ����^Ú`áÉQ���6Ê§Ë�Ì-��ÍÎ^IÏw�
^1Ê�Ó�Ò ����^�Øk�V��É

� XL>C^�Y[2�>C2(> =E7 254<;NY J 2/FDG J >C4<ha>C_a`C2D�×2(25B¼�<GZY[; M 2(� J >C^�Y[GK4�X J >�hK25^DG"�D`C2(25X 7 4<XD132
FDG\hK25^DG"�]ÍmGKO W�e pí25O<hK; = >C^DFD2�GK^�Y[4<GOÛu3 âSâSg§ÈÓGÇ�S3 �S� g§È �¥FDG J 2mFD2�º¼XDG\^L> J �KFD;?>�>�Yo> �D>
g§È�O<G8�[>�>¨Y[;E^ 7 ;EFL> �}w Yo> J >C^DkD2�FL>&�[>C^DG = >$X]Y[; = ;E�a>CFD2�1L>C4[>\> J GKFD;E_a`C2���FL>�254<FDG J FDGvX J
FDGK^�Y[G\FDG\O<GK4<4[> W�e p+FDGOÛu3 âSâSg§ÈÓ¾G�S3 �S� g§È �$w Ov1L>ChK2CY[GKO�O[`C2 J >C4<ha>CFD25O�hK2 J 2Ç����^�hK2 J
1D4<25BL>CBD; = ;EFL>CFDG�«ãaÅ�fÐ}Ñ}Í�Ê�Ò ÐS^)ÌQ�äg§ÈV�I'e�fÐ}Ñ}Í�Ê�Ò ÐS^)Ì��"�×º¼XL>C^DFD2ÇÐ}Ñ}Í�Ê�Ò ÐS^)Ì�G"�]hKGKFDGOg§È �vw
XDO<2¶FDG�1D4<25BL>CBD; = ;EFL>CFDG M ;EO[>ÌGKO<1L> = kL>C4�> J >C4<ha>C_a`C2ÌFDG(1L>ChK2CY[GKO�hK2 J 2_����^\>C2 = 25^ 7 2ÂFD2
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Y[G J 132D�D4<GKFDXD�K;E^DFD2�>�hokL>C^DhKG�FDG Ü½ÆÈÁ�ÃoÄ¨ÇmÜ 1L>C4[>\2 W�e péGIhK25^DO<GKº¼XDGK^�Y[G J GK^�Y[G�FL>�GK^�Y[4[>CFL>
^L>/�½>CO<G$FDG�;E^DbEhK;E2 = GK^�Y[2 ³�âZÐEÄ)@éâZÜ�ÝCÅ"Ü<·Êçêç ¬ � ±  � p,>C4[> M > = 254<GKO�FDG�Ð}Ñ}Í�Ê�Ò ÐS^)Ì�>CBL>C;Ø�]2�FDG�g§Èr�
Y[2mFD25On25O&1L>ChK2CY[GKO&O[`C2 J >C4<ha>CFD25OnhK2 J 2O��� �

± ; J 13254dYo>C^�Y[G¶^D2CYo>C4�º¼XDGëº¼XL>C^DFD2�Ð}Ñ}Í�Ê�Ò ÐS^)Ì7jåg§È,�IX J >CX J GK^�Y[2é^D2 M > = 254�FDG
Ð}Ñ}Í�Ê�Ò ÐS^)Ì�>CX J GK^�Yo>Ì>�1D4<25BL>CBD; = ;EFL>CFDG�FDG J >C4<ha>C_a`C2ÂFDG	1L>ChK2CY[GKO\hK2 J 2�����^ �Ëi OdY[G	Y[;E132
FDG�O<2 = XD_a`C2Â>CFL>C1]Yo>¨Y[; M >(��hK2 J X J G J�J >C4<ha>CFD254<GKO�BL>CO<Ga>CFD25O�G J GKOdY[; J >CFD254<GKO$FDG/Yo> �D>
J �KFD;?> ¬ �%� 3GA25B¼�<GZY[; M >I1DXD^D;E4.1D4<2513254<hK;E25^L> =EJ GK^�Y[G�>C2 7 4[>CX�FDGAFDGKO<25B3GKFD;EgK^DhK;?>$>C2$13GK4dÑ = FDG
Y[4[§¨�©G 7 2(FDGKO<G8�[>CFD2 � ��2(GK^�Yo>C^�Y[2D�rGKOdY[G�Y[;E132	FDG J >C4<ha>C_a`C2(1D4<25BL>CBD; = bEOdY[;Eha>�132mFDG��½> M 254<GKhKGK4
2(Y[4[§¨�©G 7 2�^L`C2¨s84<GKO<1325^DO<; M 2 ¬ �C®  � pr254IG"�]G J 1 = 2D�rX J >��©25^�Y[G/FDG�Y[4[§¨�©G 7 2 e 9 |V³E�.Ä¨À]âZÜ�ÝCÀLÜ
Ù&ÆÈÜ�:nÝCÜ8Ã · Y[4[>C^DO J ;NY[;E^DFD2$>�X J >IYo> �D> J >C;E254xº¼XDGv>$hK25^�Y[4[>¨Yo>CFL>�g§È�;E4[§I25B]Y[GK4�X J > M >C�a`C2
FDG$1L>ChK2CY[GKO���� J >C;E254&º¼XDG�GKOdY[G M > = 254 �n6 OdY[2	^L`C2�>ChK25^�Y[GKhKG�hK2 J 2�BL> = FDG�FDG$ÑLhokL>CO�1325;EOA>
M >C�a`C2IFDG&1L>ChK2CY[GKO����(� = ; J ;NYo>CFL>&13G = >AYo> �D>IFDG 7 GK4[>C_a`C2IFDG�ÑLhokL>COK�mº¼XDG&FDG M G�hK254<4<GKO<1325^DFDGK4
¾�Yo> �D>�hK25^�Y[4[>¨Yo>CFL> �

l &��)$�&'���]�Ï� �QC &'� � M#&a� � ��M��j|%&'��� � ���L^ � c3dn�«� � ^���ST� PQ�]� � ��^ � o ^VP lænqp"��ÀÁv
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wôW l¼Ê W�enc ¬ ��� L�nX]Y[; = 1L>C4[>v13GK4dÑLOxFDG�Y[4[§¨�©G 7 2vº¼XDG&GKO<13GKhK;NÑLº¼XDG J X J >AYo> �D>I>CO<O<G 7 Xms
4[>CFL>vGnX J >�Yo> �D>vFDGn1D;EhK2D�¼>CO<O<; J hK2 J 2I2 W&|,W�enc¶�mi OdY[GKO.1L>C4[è J GZY[4<25O}O[`C2IFDGK^D2 J ;E^L>CFD25O
N F g ³E�.Ä¨Á\Á\ÆÈÜ½Ü8Ã[ÞhÇ»ÝCÅÚÂ¼ÃZÜ\:nÝCÜ8Ã · G�« F g ³;Ö&Ã[Ý çkÇ»ÝCÅÚÂ¼ÃZÜ\:nÝCÜ8Ã ·"�

��2 W l¼Ê W�enc �}^DGK^Dk¼X J > =E7 254<;NY J 2(1L>C4dY[;EhKX = >C4IFDG J GKFD;E_a`C2���GKOdY[;E1DX = >CFD2 � ��2�GK^ms
Yo>C^�Y[2D�L4<GKhK2 J GK^DFL> s8O<GIº¼XDG�>�GKOdY[; J >¨Y[; M >$FL>\Yo> �D> J �KFD;?>�FDGKha>C;?>�hK2 J 2\Y[G J 132D�]Yo> = hK2 J 2
^D2 W l¼Ê � ��2ó> =E7 254<;NY J 2¶FDG J >C4<ha>C_a`C2D�&O<G J G = kL>C^�Y[GÌ>C2ëFD2 W l¼Ê��n2ëhK4<GKO<hK; J GK^�Y[2óFL>
Yo> �D> J �KFD;?>¶>CX J GK^�Yo>Ó>Ó1D4<25BL>CBD; = ;EFL>CFDG	FDG J >C4<ha>C_a`C2ÓFD25O�1L>ChK2CY[GKO�hK2 J 2iÐ}ç�Ð}Ò Ì Ë��¶O<G
N F g/.�Ð}Ñ}Í�Ê�Ò ÐS^)Ì���« F g��mGAhK2 J 2¤ÑqÌ-Ò�ç�Ì ËfÏ���O<G�Ð}Ñ}Í�Ê�Ò ÐS^)Ì�j�« F g �xw > =E7 254<;NY J 2 ¸ �²¢
FDGKO<hK4<G M G�> = q 7 ;Eha>$hK2 J 1 = GZYo>�FDG J >C4<ha>C_a`C2�1L>C4[>\2 W l¼Ê W�enc¶�

HAO�GKOdY[4[>¨Y[� 7 ;?>CO(FDG J >C4<ha>C_a`C2õ>C;E^DFL>ë132mFDG J O<GK4�h = >CO<O<;NÑLha>CFL>CO	º¼XL>C^�Y[2é>C2ëY[;E132óFDG
;E^]�©254 J >C_a`C2�G J º¼XDG\1D4<2 M GKFD254vG ³ 25X · XDO<XL§C4<;E2	O<G�BL>CO<GK;?> J 1L>C4[> J >C4<ha>C4A25O�1L>ChK2CY[GKO � H
7 4[>C^DFDG J >C;E254<;?>/FD25OvY[4[>CBL> = kD25OI>C1D4<GKO<GK^�Yo> J FDXL>COI1325O<O<;EBD; = ;EFL>CFDGKOK� J >C4<ha>C_a`C2(13254�ÙLXm�]2
G J >C4<ha>C_a`C2�13254$> 7 4<G 7 >CFD2D�,hK25^]�©254 J G/2 J >C4<ha>CFD254$>¨Y[XDG�G J X J >�hK25^DG"�D`C2�25XËG J X J
7 4<XD132ËFDG�hK25^DG"�]ÍmGKO	4<GKO<13GKhZY[; M > J GK^�Y[G ��i OdYo>CO�GKOdY[4[>¨Y[� 7 ;?>COK��>CO<O<; J hK2 J 2ËX J >¶Y[GK4<hKGK;E4[>
;E^�Y[GK4 J GKFD;?§C4<;?>�GK^�Y[4<G�G = >COK� O<GK4[`C2�>C1D4<GKO<GK^�Yo>CFL>CO$G/FD;EO<hKX]Y[;EFL>COI^D2�ha>C1DbNY[X = 2 � O<25BË>(qCY[;Eha>
FL>A�<XDOdY[;E_a>\GK^�Y[4<GI25OnÙLXm�]25O&FDG�X J�J GKO J 2/> 7 4<G 7 >CFD2�FDGvY[4[§¨�©G 7 2 �
èÚè�Ykø¾îEöRôÚïÚî�� ñ\÷�ñbø¾îEö�wEñ¸ó#ô�� îEö)ð-ë©ñÜöRôÚî�÷�î(
�ïÚî-ôÚî�ø¾î�� î(XZU��Ê¬b÷�ñ¸óÚø¾ï�� ôÚî�ö�î�ð*
W«Üö)÷���ø¾ñ5�E#
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24M 5 �]�)�N��c3� /�´Ä� � c >C4<ha>C_a`C2�^D2 W l¼Ê W�enc¶�
O<G�Ð}Ñ}Í�Ê�Ò ÐS^)Ì���N F g
2/1L>ChK2CY[GI� J >C4<ha>CFD2�hK2 J 2 M GK4<FDG

O<GK^L`C2/O<G�N F g/.�Ð}Ñ}Í�Ê�Ò ÐS^)Ì���« F g
ha> = hKX = >C4�«�Û�aã�fÐ}Ñ}Í�Ê�Ò ÐS^)Ì§�áN F g+�I' Ð}Ñ}Í�Ê�Ò ÐS^)Ì
hK2 J 1D4<25BL>CBD; = ;EFL>CFDG	«�Û�2/1L>ChK2CY[Gv� J >C4<ha>CFD2�hK2 J 2�> J >C4<G = 2
hK2 J 1D4<25BL>CBD; = ;EFL>CFDG��§�Á«�Û\2�1L>ChK2CY[GI� J >C4<ha>CFD2\hK2 J 2 M GK4<FDG

O<GK^L`C2
ha> = hKX = >C4�«O�Qaã�fÐ}Ñ}Í�Ê�Ò ÐS^)Ì§�á« F g+�I' Ð}Ñ}Í�Ê$Ò ÐS^)Ì
ha> = hKX = >C4�« � aã�f« F g��áN F g+�I' Ð}Ñ}Í�Ê$Ò ÐS^)Ì
hK2 J 1D4<25BL>CBD; = ;EFL>CFDG	«O�v2/1L>ChK2CY[Gv� J >C4<ha>CFD2�hK2 J 2 M GK4 J G = kD2
hK2 J 1D4<25BL>CBD; = ;EFL>CFDG	« � 2/1L>ChK2CY[Gv� J >C4<ha>CFD2�hK2 J 2�> J >C4<G = 2
hK2 J 1D4<25BL>CBD; = ;EFL>CFDG��§���f«O�"`ä« � �:2�1L>ChK2CY[GI� J >C4<ha>CFD2�hK2 J 2 M GK4<FDG

~«�1~ � �R�����EÍ!¤E�R®!���p�4�Ùè �©¨X��®!���R���Õ��® ³  � ³ �-ªf~�4� �A�E¤R���

{ 25; M ;EOdY[2�º¼XDG�25OnhK25^DFD;EhK;E25^L>CFD254<GKOnFDGvY[4[§¨�©G 7 2 J >C4<ha> J 25O&1L>ChK2CY[GKO&GK^�Y[4[>C^�Y[GKO�^D2�FD2¨s
J bE^D;E2 � l3�5;EFDGK^�Y[;NÑLha>C^DFD2v>CO}13254<_KÍmGKO}FDG�Y[4[§¨�©G 7 2�FDGK^�Y[4<2vG:�©254[>AFD2v13GK4dÑ =µ� p,>C4[>�hK2 J 1 = GZYo>C4
>�; J 1 = G J GK^�Yo>C_a`C2$FD2\O<GK4 M ;E_K2�>CO<O<G 7 XD4[>CFD2D�D4<GKOdYo>�>C1 = ;Eha>C4.2�Y[4[>¨Yo> J GK^�Y[2�FD;N�©GK4<GK^DhK;?>CFD2\>C25O
> 7 4<G 7 >CFD25O\FDG	hK2 J 13254dYo> J GK^�Y[2D��FDGK^�Y[4<2¶FDGKOdY[GKO/FD2 J bE^D;E25O � p,>C4[>Ì4<Ga> = ;E�a>C4$GKOdYo>��©XD^D_a`C2D�
X]Y[; = ;E�a> s8O<GA2�px@A9xs8H { hK2 J FDXL>CO&25X	Y[4<gKO�1D4<;E254<;EFL>CFDGKO�FDGIFDGKO<ha>C4dY[G �

e 25^]�©254 J G M ;EOdY[2I^L>�O<XDBDO<GK_a`C2 ¢m� �D� � �52�px@A9xs8H { FDG M G J ;E^D; J ;E�a>C4 hK25^ 7 GKOdY[;E25^L> J GK^�Y[25O
FDG = 25^ 7 >�FDXD4[>C_a`C2�>¨Y[4[> M �KO�FDG\FDGKO<ha>C4dY[GKOK�,>CO<O<; J hK2 J 2	O<XD13254dYo>C4v25OIhK25^ 7 GKOdY[;E25^L> J GK^�Y[25O
FDG$hKXD4dYo>/FDXD4[>C_a`C2�>¨Y[4[> M �KO�FD2/GK^]Ñ = GK;E4[> J GK^�Y[2/FD25O�1L>ChK2CY[GKO � p,>C4[>�>¨Y[;E^ 7 ;E4�GKOdY[G$25B¼�<GZY[; M 2D�
FDG M G"s8O<G/X]Y[; = ;E�a>C4�FD;EO<hK;E1 = ;E^L>COAFDG�Ñ = >COvº¼XDG�2513GK4<G J G J hK; J >�FD2(^Db M G =}J �KFD;E2	FDG\hK25^ 7 GKOts
Y[;E25^L> J GK^�Y[2 �A6 OdY[2	O<; 7 ^D;NÑLha>/FD;E�KGK4�º¼XDG�25O�FDGKO<ha>C4dY[GKOvO<q	O<GK4[`C2�GZ�©GZY[XL>CFD25Ovº¼XL>C^DFD2	2�^Db M G =
J �KFD;E2¶FDG�2mhKXD1L>C_a`C2ÓFL>ÌÑ = >Â�©254�> = Y[2D�:ha>C4[>ChZY[GK4<;E�a>C^DFD2ÓX J hK25^ 7 GKOdY[;E25^L> J GK^�Y[2ÓFDG = 25^ms
7 >ÌFDXD4[>C_a`C2 �ôe XD4dYo>CO/4[>��[>CFL>CO/O<GK4[`C2Ë>CBDO<254 M ;EFL>CO�O<G J FDGKO<ha>C4dY[GKO�ha>CO<2Ó^L`C2Ó1D4<2 M 2mº¼XDG J
> = Y[GK4[>C_KÍmGKOnO<; 7 ^D;NÑLha>C^�Y[GKO&^D2\Yo> J >C^DkD2 J �KFD;E2�FL>�Ñ = > �

w px@A9xs8H { Yo> J B3� J FDG M GnO<GK4};E^DO<GK^DO<b M G = ¾CO,ha>C4[>ChZY[GK4<bEOdY[;Eha>CO}FDG�hKXD4dYo>AFDXD4[>C_a`C2vFDG�X J
ÙLXm�]2 �&6 OdY[2��C�»ÙLXm�]25O�FDG�FD;N�©GK4<GK^�Y[GKOA�©254 J >¨Y[25O&FDG�4[>��[>CFL>COAhKXD4dYo>CO J >CO J GKO J >CO&Yo> �D>COAFDG
Y[4[>C^DO J ;EO<O[`C2�> = 25^ 7 2v1D4[>C�K2IFDG M G J Y[GK4.>CO J GKO J >CO�1D4<25BL>CBD; = ;EFL>CFDGKO,FDG&13GK4<FL>IFDG&1L>ChK2CY[GKO �
H = � J FD;EO<O<2D�3hK25^ 7 GKOdY[;E25^L> J GK^�Y[25O�FDG M G J O<GK4AO<;E^L> = ;E�a>CFD25O&FDGI�©254 J > 7 4[>CFDXL> = 1L>C4[>/G M ;NYo>C4
25O<hK; = >C_KÍmGKO � Hõ25B]Y[GK^D_a`C2AFDGKOdYo>CO,1D4<251D4<;EGKFL>CFDGKO,132mFDG.O<GK4 �½>ChK; = ;NYo>CFL>n>¨Y[4[> M �KO,FD2AXDO<2�FDG.X J >
�©XD^D_a`C2	> = Ga>¨Y[q54<;?>\FDG$FDGKO<ha>C4dY[GKOK��GKO<1L> = kL>C^DFD2�>COA13GK4<FL>COAFDG$1L>ChK2CY[GKO�GK^�Y[4<G�>COAhK25^DG"�]ÍmGKO�G
^D2�Y[G J 132 �
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z�J > =E7 254<;NY J 2$hK2 J Yo>C;EOnha>C4[>ChZY[GK4<bEOdY[;Eha>COn�v2 |�ix��³;:nÝCÀ3Þ¼Ä¨Á=<nÝCÅ"Ð?>\Ú�ÃZÜ8ÃoáZÜ½ÆµÄ¨À�· ¬ ��� µ�
º¼XDG�O<GK4[§ M ;EOdY[2ÌhK2 JäJ >C;EO�FDGZYo> = kDGKO�^L>ÂO<XDBDO<GK_a`C2 ¸ � ¸ �N¤ >ÂO<G 7 XD;E4 �õw«|�ix� �(X J Y[;E132
FDGIFD;EO<hK;E1 = ;E^L>$FDG 7 GK4<GK^DhK;?> J GK^�Y[2�>¨Y[; M 2�FDGvÑ = >CO �xi OdY[GKOA> =E7 254<;NY J 25OxY[g J hK2 J 2\1D4<;E^DhK;E1L>C;EO
25B¼�<GZY[; M 25OK�

�õ4<GKFDXD�K;E4�2�Yo> J >C^DkD2 J �KFD;E2�FL>�Ñ = >CO�^D25O�4<2CY[Ga>CFD254<GKOvG\hK25^DO<GKº¼XDGK^�Y[G J GK^�Y[G/4<GKFDXD�K;E4
2�4<GZYo>C4<FD2�Ñ J st> s�Ñ J FD25O&1L>ChK2CY[GKOKÒ

�ó�½>C�KGK4�hK2 J º¼XDG$25O&4<GKhKXD4<O<25OAFL>/4<GKFDG�O<G8�[> J X]Y[; = ;E�a>CFD25O J >C;EOnGZÑLhK;EGK^�Y[G J GK^�Y[GC�34<GKFDXms
�K;E^DFD2A2A^¼¹ J GK4<2AFDG:13GK4<FL>COrº¼XDG�2mhK254<4<G J º¼XL>C^DFD2v>CO Ñ = >COrO<G:GK^DhokDG J 13254rhK2 J 1 = GZY[2 �

w FDGKO<GK^ M 2 =NM ; J GK^�Y[2ÓFDG�FD;EO<hK;E1 = ;E^L>CO\FDG 7 GK4<GK^DhK;?> J GK^�Y[2Ó>¨Y[; M 2¶FDG(Ñ = >CO���^DGKhKGKO<O[§C4<;E2
13254<º¼XDG�2(hK25^�Y[4<2 = G�FDG�hK25^ 7 GKOdY[;E25^L> J GK^�Y[2	FD2 W�e pí^L`C2(��O<X]ÑLhK;EGK^�Y[G�1L>C4[>	; J 13GKFD;E4�º¼XDG
Yo>C;EO�O<;NY[XL>C_KÍmGKO�2mhK254<4[> J�� H = � J FD;EO<O<2D�}^DG J Y[2mFD2�2�Y[4[§¨�©G 7 2�FL> 6 ^�Y[GK4<^DGZY\��4<GKO<1325^DO<; M 2 �
pr254dYo>C^�Y[2D�»> =E7 X J¦J GKha>C^D;EO J 2\;E^�Y[GK4<^D2�¾\4<GKFDGIFDG M G�O<XD1 = >C^�Yo>C4&GKOdYo>�^DGKhKGKO<O<;EFL>CFDG �

]�Þ+]�ÞÜÝ 79^_p Ø é,ÿ��+ê"��ë ì ÿ5û�í�î/�cú���úqïV�
�����Ý
wR|�ix� ¬ ��� &25B¼�<GZY[; M >Ì1D4<;E^DhK;E1L> =EJ GK^�Y[G	G M ;NYo>C4\hK25^ 7 GKOdY[;E25^L> J GK^�Y[25O = 25^ 7 25OK�.hK25^�Y[4<2¨s

= >C^DFD2(2�^Db M G =xJ �KFD;E2	FDG/2mhKXD1L>C_a`C2�FL>COvÑ = >CO � lmXL>(1D4<251325OdYo>(O<G/BL>CO<GK;?>	^D2(�½>¨Y[2�FDG�º¼XDG
2¶4<2CY[Ga>CFD254��(2¶G = G J GK^�Y[2 J >C;EO�>C1]Y[2Ó>ÌFDGZY[GZYo>C4�X J >ÌO<;NY[XL>C_a`C2ÌFDG�hK25^ 7 GKOdY[;E25^L> J GK^�Y[2D�
O<G J 2�4<;EO<hK2�FDGvhK25^]�©XD^DFD;E4n25On4<GZYo>C4<FD25OnFDGI1D4<251L> 7 >C_a`C2\GvY[4[>C^DO J ;EO<O[`C2\hK2 J 2�4<GZYo>C4<FD2�FDG
GK^]Ñ = GK;E4[> J GK^�Y[2 � p,>C4dY[;E^DFD2$FDGKOdY[G�1D4<;E^DhKbE1D;E2D��25O:4<2CY[Ga>CFD254<GKO:132mFDG J O<;E^L> = ;E�a>C4�O<;NY[XL>C_KÍmGKO:FDG
hK25^ 7 GKOdY[;E25^L> J GK^�Y[2Â¾CO��©25^�Y[GKOK�xFDG��©254 J >�>�hK25^�Y[4<2 = >C4�>�º¼XL>C^�Y[;EFL>CFDG	FDG�ha>C4 7 >�^L>�4<GKFDG �
pr254dYo>C^�Y[2D�¥2 |�ix� �\FD;E4<GKhK;E25^L>CFD2	1L>C4[>�4<GKFDGKOI25^DFDG�2	1D4<2CY[2mhK2 = 2�FDG�Y[4[>C^DO<13254dY[G\4<GKO<1325^ms
FDG(¾CO�;E^DFD;Eha>C_KÍmGKO�FDG	hK25^ 7 GKOdY[;E25^L> J GK^�Y[2D�x25X�� J >C;EO$GKO<13GKhK;NÑLha> J GK^�Y[GC�:25^DFDG	X J >�¹D^D;Eha>
J >C4<ha>C_a`C2�25X(FDGKO<ha>C4dY[G�FDGIX J 1L>ChK2CY[GI�IO<X]ÑLhK;EGK^�Y[GI1L>C4[>�O<;E^L> = ;E�a>C4.Yo> = O<;NY[XL>C_a`C2 �

w�W�e pì�ÌX J 1D4<2CY[2mhK2 = 2ëhK2 J GKOdYo>ó1D4<251D4<;EGKFL>CFDGÌ1325;EO	^L>CO(O<XL>CO�; J 1 = G J GK^�Yo>C_KÍmGKO
J >C;EO	hK2 J XD^DO ç $��v>��[>C^DG = >ËFDGÌY[4[>C^DO J ;EO<O[`C2ó�Ì4<GKFDXD�K;EFL>ó^L>ó2mhK254<4<gK^DhK;?>ëFDG Ü½ÆÈÁ�ÃoÄ¨ÇmÜÈâ G
^D2õ4<GKhKGKBD; J GK^�Y[2õFDG¶4<GKhK25^DkDGKhK; J GK^�Y[25O�FDXD1 = ;Eha>CFD25O �ª6 OdY[2)2mhK254<4<GÌ13254<º¼XDGÌ1L>C4dY[;E^DFD2óFD2
1D4<;E^DhKbE1D;E2�FDG�º¼XDG�25O�Y[G J 13254<;E�a>CFD254<GKO�GKOdYo`C2�B3G J >��<XDOdYo>CFD25OK�};EOdY[2��C� Ü½ÆÈÁ�ÃoÄ¨ÇmÜÈâ ^L`C2�O[`C2
FD;EO<1L>C4[>CFD25O.1D4<GKhK;E1D;NYo>CFL> J GK^�Y[GC�¼> J B325O.25OxG M GK^�Y[25O�O[`C2$ha>CXDO[>CFD25O:13254xFDGKO<ha>C4dY[GKO � pr254.O<XL>
M GK�C�.25O\FDGKO<ha>C4dY[GKO�^L> 6 ^�Y[GK4<^DGZY/2mhK254<4<G J 1D4<GKFD2 J ;E^L>C^�Y[G J GK^�Y[G�FDG M ;EFD2¶>C2ÂGKO 7 2CYo> J GK^�Y[2
FD25OA4<GKhKXD4<O<25O ç t ¬ �5¯  ��� 2 7 2D�»2 W�e pôhK25^DO<;EFDGK4[> Ü½ÆÈÁ�ÃoÄ¨ÇmÜÈâ G�4<GKhK25^DkDGKhK; J GK^�Y[25OAFDXD1 = ;Eha>CFD25O
èj&&L�ü)ðØôÚïÚî�÷�ðEóZ� ë(
�� ñÜë©ñÜöRô;ð�.0/�ñ¸ó�ëàð*��ó�ü�ô�� � � ª¸ðE÷�ðEóX÷�îHXZU��N�KX[ð*V�î�ñÇ  ðñ¹¤ �K�	ñÜö�î�  ñ¾¹¤ �K��ñ)òC�	ñÜö�î�  ñ�¿À¤'ñ

���ZU�ón  ñ
ô�¤ ��ñÜö)ø¾îEöRôÚï;ð-ë�©Nó�ñ\÷�ñ¸óÚø¾ï�� ô;ðEó ö�îàð*
W«Üö)÷���ø¾ñE�E#èju���ð*ª1/�ñ¸ó6ë©ñÜö�îRó%ùúïÚñ¸ûRü�ñÜöRôÚñ¸óF� ö)ø0� ü�ñÜëR
*ñÜï;÷�ð�÷�ð	ïÚî-ô;ð S X>X>�6© È �öõ ¾�È � Â �Í¿ ¾ TTñ ø¾îEïÚïÚü�
[.1x-î�÷�î�ø¾îEöRôÚñ)÷)÷�î
S U��JUÊ© Ëeø !0� �Á!@ù ¾ Ì���Æ[Ì�Å�Æ[! ø�Ëqú ¾ !½û�TÀ#
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;E^DFD;Eha>CFD254<GKO�FDGxhK25^ 7 GKOdY[;E25^L> J GK^�Y[2 � 6 OdY[2n�½>C��hK2 J º¼XDGx2 |�ix� O<G�Y[254<^DGx>CFDGKº¼XL>CFD2&1L>C4[>nO<GK4
X]Y[; = ;E�a>CFD2IG J hK25^ �<XD^�Y[2�hK2 J 2 W�e pr�mY[GK^DFD2�G J M ;EOdYo>�º¼XDGAX J ¹D^D;EhK2$FDGKO<ha>C4dY[G�1D4<251325O<;NYo> =
�I2�O<;E^L> = º¼XDG�GKOdY[GI¹ = Y[; J 2�1D4<GKhK;EO[>�1L>C4[>\4<Ga> 7 ;E4n>C2�hK25^ 7 GKOdY[;E25^L> J GK^�Y[2 �

w¡|�ix� 1325O<O<XD; >C;E^DFL>\FD25;EOn25B¼�<GZY[; M 25O�>CFD;EhK;E25^L>C;EOK�
�õG M ;NYo>C4.2$O<;E^DhK4<25^D;EO J 2 75= 25BL> =#ç C:G�>�4<G8�<GK;E_a`C2�>C2IY[4[§¨�©G 7 2$G J 4[>��[>CFL>COK�m25O:º¼XL>C;EO.2mhK254ts
4<G J G J Ñ = >CO {,6t{rw hK25^ M GK^DhK;E25^L>C;EO ³�Ç»ÝCÆÈÐ3ÚIÅ[ÄoÎ¥· Ò

�õ; J 13254�X Jä= ; J ;NY[G/O<XD13GK4<;E254/>C2ÂYo> J >C^DkD2 J �KFD;E2ÂFL>ÂÑ = > J GKO J 2Ì^L>¶>CXDO<gK^DhK;?>ÌFDG
1D4<2CY[2mhK2 = 25O�FDGvY[4[>C^DO<13254dY[GIº¼XDGI4<GKO<1325^DFDG J >C2�hK25^ 7 GKOdY[;E25^L> J GK^�Y[2 �

w > =E7 254<;NY J 2��©XD^DhK;E25^L>ÂFL>¶O<G 7 XD;E^�Y[G J >C^DGK;E4[> �)� XL>C^DFD2Ó>ÂÑ = >ÂGKOdYo§¶hokDGK;?>]�:2 |�ix�
J 25^D;NY[254[>�2ÂYo> J >C^DkD2 J �KFD;E2ÂFL>�Ñ = >]�xha> = hKX = >C^DFD2¨s82Â>¨Y[4[> M �KO/FDG	X J >�Ñ = Y[4[> 7 G J 1L>CO<O[> s
BL>C;Ø�D>CO$FD2�O<GKX M > = 254I;E^DOdYo>C^�YoèC^DGK2 � H�GKº¼XL>C_a`C2 ¸ �²¢�J 25OdY[4[>�hK2 J 2��/�©GK;NY[2�GKOdY[G�ha§ = hKX = 2D�
O<GK^DFD2_Ð}Ñ}ÍÓGÇü�25O$Yo> J >C^DkD25O J �KFD;E2�G(>¨Y[XL> = FL>�Ñ = >]��GÇÉ�ý�X J �½>¨Y[254$1325^DFDGK4[>CFD254�º¼XDG
hK25^�Y[4<2 = >�>��©4<GKº¼XDgK^DhK;?>�FDGIhK254dY[GIFD2\Ñ = Y[4<2 �

Ð}Ñ}ÍOaã�þ�§�iÉ�ý&�13 Ð}Ñ}Í	`áÉ�ý
3 ü ³ ¸ �²¢5·
� XL>C^DFD2Â>�Ñ = >(GKOdYo§ M >C�K;?>]�6Ð}Ñ}ÍÌFDGKha>C; 7 4[>CFDXL> =EJ GK^�Y[G�G J �©XD^D_a`C2�FD2�O<GKXËY[G J 132�FDG

2mhK;E25O<;EFL>CFDGC�¨hK25^]�©254 J G�>AGKº¼XL>C_a`C2 ¸ � ¸ �}w)M > = 254rFDGBçªGKº¼XD; M > = G:>C2�^¼¹ J GK4<2�FDG�1L>ChK2CY[GKO,º¼XDG
132mFDGK4<;?> J O<GK4�Y[4[>C^DO J ;NY[;EFD25O&FDXD4[>C^�Y[G$X J 13GK4<bE2mFD2�FDG$2mhK;E25O<;EFL>CFDGC�»G$132mFDG�O<GK4�ha> = hKX = >CFD2
13G = >$4[>C�a`C2\GK^�Y[4<GvGKOdY[Gv;E^�Y[GK4 M > = 2$FDGAY[G J 132�Gv2$Y[G J 132�FDG�Y[4[>C^DO J ;EO<O[`C2�FDG�X J 1L>ChK2CY[G�FDG
Yo> J >C^DkD2�Y[bE1D;EhK2 �

Ð}Ñ}ÍOa7�þ�§�ÁÉ�ý&��ÿ¨3 Ð}Ñ}Í ³ ¸ � ¸ ·
Ô ha>CFL>\hokDG 7 >CFL>�FDGvX J ^D2 M 2�1L>ChK2CY[GC�L�vha> = hKX = >CFD2\2�Yo> J >C^DkD2 J �KFD;E2\FL>$Ñ = >2Ð}Ñ}Í3�D2

º¼XL> = �IhK2 J 1L>C4[>CFD2�>\FD25;EO&25X]Y[4<25O&1L>C4[è J GZY[4<25OK�"çÇ��������G+ç�Ð � ��� ��� XL>C^DFD2 Ð}Ñ}ÍÇ.�çÇ�������¼�
2Ó> =E7 254<;NY J 2�GKOdYo§¶^D2 J 2mFD2ÌFDG�2513GK4[>C_a`C2¶^D254 J > = G(2Ó1L>ChK2CY[G(��GK^]Ñ = GK;E4[>CFD2 �)� XL>C^DFD2
çÇ������� �æÐ}Ñ}Í . ç�Ð � ���¼�3>�Ñ = >�GK^�Y[4[>�^D2 J 2mFD2�FDG$1D4<G M GK^D_a`C2	>C2�hK25^ 7 GKOdY[;E25^L> J GK^�Y[2 �
��GKOdYo>��½>CO<GC��2Ì> =E7 254<;NY J 2(ha> = hKX = >�X J >�1D4<25BL>CBD; = ;EFL>CFDG/FDG�FDGKO<ha>C4dY[G(1L>C4[>�2Â1L>ChK2CY[G�º¼XDG
hokDG 7 25X ��i OdYo>¶1D4<25BL>CBD; = ;EFL>CFDG	hK4<GKO<hKG�hK2 J 2¶^Db M G = FDG�hK25^ 7 GKOdY[;E25^L> J GK^�Y[2�Ð}Ñ}Íë>¨Y[��X J
M > = 254 J § �]; J 2�ç�Ð ��� ��hK25^]�©254 J G!Ð}Ñ}ÍËY[GK^DFDG�¾_ç�Ð � ��� �ô� XL>C^�Y[2 J >C;E254�ç�Ð ��� � J >C;EO/>
1D4<25BL>CBD; = ;EFL>CFDG�FDGIFDGKO<ha>C4dY[G$>ChK2 J 1L>C^DkL>�>CO M >C4<;?>C_KÍmGKOn^D2/^Db M G =¥J �KFD;E2�FL>\Ñ = >]�]Y[254<^L>C^DFD2
2�> =E7 254<;NY J 2 J >C;EO&> 7 4<GKO<O<; M 2 � pr254dYo>C^�Y[2D�»2 |�ix� ^L`C2/GKO<13GK4[>�º¼XDG$>\Ñ = >\GK^DhokL>/1L>C4[>�FDGKOts
ha>C4dYo>C4�25O�1L>ChK2CY[GKO � Hn2\hK25^�Y[4[§C4<;E2D�mG = G�FDGKO<ha>C4dYo>�25O�1L>ChK2CY[GKO J >C;EO.hKGKFD2/>�Ñ J FDGvO<;E^L> = ;E�a>C4
è J�� ñÜö�¥Eë©ñÜö�îàö�îýûRü)ð*�TðEó�ø¾îEö�ñ¾þ�/�ñ¸óJXZU��4ïÚñ¸÷�ü�ªÜñÜë ñíð-ü�ë©ñÜöRô;ð-ë ðEó�ó�ü)ðEó�õ�ð-ö�ñ1��ðEó�÷�ñnôÚï;ð-ö)ó�ë(��óÚó�x-î�ñÜë

ó+� ö)ø¾ïÚîEö���ð���øÜð-ü)óÚð-ö)÷�î�� ö)ó#ô;ð-ì�� � ��÷�ðE÷�ñnö)ð�ïÚñ¸÷�ñ S øÜð-ï"ØôÚñÜï�îRóÚø0� ��ðØô�ÏEï�� î¼TÀ#
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1L>C4[>�>CO��©25^�Y[GKO.FDG&Y[4[§¨�©G 7 2IX J 1D4<;E^DhKbE1D;E2vFDG�hK25^ 7 GKOdY[;E25^L> J GK^�Y[2D��G�FDGKOdYo>I�©254 J >�hK25^�Y[4<2 = >C4
2IYo> J >C^DkD2 J �KFD;E2vFL>vÑ = > ³ 1D4<; J GK;E4<2v25B¼�<GZY[; M 2 ·"�xw XDO<2$FL>v�©XD^D_a`C2$> = Ga>¨Y[q54<;?>AFDG�FDGKO<ha>C4dY[GKO
M ;EO[>�GKO<1L> = kL§ s = 25OxGK^�Y[4<G�>CO.hK25^DG"�]ÍmGKO�G�^D2�Y[G J 132D�m>IÑ J FDGA^L`C2$1DXD^D;E4x2�Y[4[§¨�©G 7 2$G J 4[>��[> s
FL>CO&G�G M ;NYo>C4n2/O<;E^DhK4<25^D;EO J 2 75= 25BL> = �]4<GKO<13GKhZY[; M > J GK^�Y[G ³ O<G 7 XD^DFD2�25B¼�<GZY[; M 2 ·"�.{ ;E^L> =EJ GK^�Y[GC�
º¼XL>C^DFD2]Ð}Ñ}ÍáPÅç�Ð � ���¼�,2 |�ix� GK^�Y[4[>�^L>��½>CO<G/FDG�hK25^�Y[4<2 = G/FDG�hK25^ 7 GKOdY[;E25^L> J GK^�Y[2D�,25^ms
FDG\Y[2mFD25O�25Ov1L>ChK2CY[GKOIO[`C2(FDGKO<ha>C4dYo>CFD25O � ��GKOdY[G�ha>CO<2	Y[4[>¨Yo> s8O<G�FDG�X J hK25^ 7 GKOdY[;E25^L> J GK^�Y[2
= 25^ 7 2D�»2�º¼XDG�FDG M G\O<GK4�G M ;NYo>CFD2 � p,>C4[>�;EO<O<2D�×2 |�ix� ; J 13ÍmGIX JV= ; J ;NY[Gv;E^DhK25^DFD;EhK;E25^L> = >C2
Yo> J >C^DkD2 J �KFD;E2�FL>�Ñ = > ³ Y[GK4<hKGK;E4<2	25B¼�<GZY[; M 2 ·"�$w > =E7 254<;NY J 2/254<; 7 ;E^L> = hK2 J 1 = GZY[2�FD2 |�ix�
GK^DhK25^�Y[4[> s8O<GA^D2�>C13gK^DFD;EhKG�9 � lmXL>�4<GK1D4<GKO<GK^�Yo>C_a`C2 7 4[§¨ÑLha>��A; = XDOdY[4[>CFL>v^L>IÑ 7 XD4[> ¸ ���m�,� > = G
^D2CYo>C4nº¼XDG�2 |�ix� 132mFDG��©XD^DhK;E25^L>C4n^D2 J 2mFD2\G J B��¼Y[GKO�25X�G J 1L>ChK2CY[GKO �

minth maxth

maxp

1

Operação
Normal

Prevenção ao
Congestionamento

Controle do
Congestionamento

P(descarte)

Avg (pacotes
ou bytes)

{ ; 7 XD4[> ¸ ��� � | GK1D4<GKO<GK^�Yo>C_a`C2 7 4[§¨ÑLha>\FD2 |�ix�$�

HA13GKO[>C4(FD2ëO<GKX+XDO<2ëY[GK4	O<;EFD2ë4<GKhK2 J GK^DFL>CFD2ë13G = 2 6t|,W&{f³µ¿"ÀLÜ8ÃZÅ"À×ÃZÜQ:&Ãoâ�Ã[ÝCÅ[áØ.|Ç»Ý âoç
årÄ¨Å[áoÃ · ^¼X J FD2mhKX J GK^�Y[2�hK25^DkDGKhK;EFD2�hK2 J 2�Õ |�ix�ìc >C^D;N�©GKOdY[2¨Ö ¬ ¯ ¸ µ�,>(GZÑLha§ChK;?>(FD2 |�ix�
>C;E^DFL>�Y[G J O<;EFD2 J 2CY[; M 2�FDG J XD;NYo>$13GKO<º¼XD;EO[> �:c H ÀìÃZÜ:ÝCÐÁá ¬ ¯*� �4<Ga> = ;E�a>C4[> J G"�]13GK4<; J GK^�Y[25O
hK2 J X J > J ;EOdY[XD4[>	FDG�Y[4[§¨�©G 7 2�@ WnW pr� {,W píG zA� p �r{ 25;�25BDO<GK4 M >CFD2�º¼XDG/1L>C4[>	Ñ = >COIFDG
Yo> J >C^DkD2Â13GKº¼XDGK^D2D�.2 |�ix� Y[G J FDGKO<G J 13GK^DkD2¶GKº¼XD; M > = GK^�Y[G	>ÂX J >�Ñ = > Ç»ÝCÆÈÐ�ÚIÅ[ÄoÎ G J
Y[GK4 J 25O�FDG M >C�a`C2�G$FDG$4<GZYo>C4<FD2 � ��2�GK^�Yo>C^�Y[2D�×2 |�ix� O<G J 25OdY[4<25X�GZÑLhK;EGK^�Y[G�^D2�hK25^�Y[4<2 = G
FD2(^Db M G = FDG\2mhKXD1L>C_a`C2(FDG\Ñ = >CO J >C;E254<GKO ��e @ |&6 l Wn6 H���l i � ÃZÜAÝCÐÁá ¬ ¯%� xhK2 J 1L>C4[>C4[> J 2
FDGKO<G J 13GK^DkD2�FD2 |�ix� hK2 J 2	FL>�Ñ = > Ç»ÝCÆÈÐ¥ÚIÅ[ÄoÎ G J Y[GK4 J 25O�FDG�Y[G J 132	FDG\4<GKO<1325OdYo>(>C2
XDO<XL§C4<;E2D�x1L>C4[>�Y[4[§¨�©G 7 2ÌO<2 J GK^�Y[G�Ê�Ê�Ê ³ @ WnW p ·"�.w O\4<GKO<X = Yo>CFD25O\25B]Y[;EFD25O J 25OdY[4[>C4[> J
X J > 7 4[>C^DFDG�GKº¼XD; M > = gK^DhK;?>�FDG�FDGKO<G J 13GK^DkD2(GK^�Y[4<G\25O�FD25;EO J GKha>C^D;EO J 25OK�×G$�©25;}>C1325^�Yo>CFL>
>	^DGKhKGKO<O<;EFL>CFDG�FDG J >C;EOA13GKO<º¼XD;EO[>(1L>C4[>I�<XDOdY[;NÑLha>C4v>	; J 1 = >C^�Yo>C_a`C2�FD2 |�ix� ^L> 6 ^�Y[GK4<^DGZY �
9 w ��H � �RÃZÜAÝCÐÁá ¬ ¯5® �> M > = ;?>C4[> J 2 |�ix� >¨Y[4[> M �KOIFDG J 2mFDG = 25O�>C^L> = bNY[;EhK25O�G�O<; J X = >C_KÍmGKOK�
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G/25O�4<GKO<X = Yo>CFD25O$>C1325^�Yo>C4[> J > =E7 X J >COvFDGZÑLhK;EgK^DhK;?>CO�^D2�O<GKXËFDGKO<G J 13GK^DkD2 �(i�J 1D4<; J GK;E4<2
= X 7 >C4K�¼>�G = ; J ;E^L>C_a`C2�FL>I4<G8�<GK;E_a`C2$>C2IY[4[§¨�©G 7 2�G J 4[>��[>CFL>CO.2mhK254<4<G�>¨Y[4[> M �KO:FD2�>CX J GK^�Y[2�FL>CO
13GK4<FL>CO&1L>C4[>\2�Y[4[§¨�©G 7 2\O<XL> M GC�3GI^L`C2/>¨Y[4[> M �KO�FL>\FD; J ;E^¼XD;E_a`C2�FL>CO&13GK4<FL>CO&1L>C4[>\2\Y[4[§¨�©G 7 2
W�e p �¼i�J O<G 7 XD^DFD2 = X 7 >C4K�52 |�ix� ha>CXDO[>v2�>CX J GK^�Y[2IFD2I^¼¹ J GK4<2IFDG&13GK4<FL>CO�hK25^DO<GKhKX]Y[; M >CO
G J 4<G = >C_a`C2(¾�Ñ = > Ç»ÝCÆÈÐ¥ÚIÅ[ÄoÎ �¥hK25^�Y[4<;EBDXD;E^DFD2	1L>C4[>	2(O<;E^DhK4<25^D;EO J 2�GK^�Y[4<G/>CO��©25^�Y[GKO W�e p �
pr254}¹ = Y[; J 2D�¨>C13GKO[>C4}FD2 |�ix�éJ G = kD254[>C4r2�4<GZYo>C4<FD2AÑ J st> s�Ñ J >¨Y[4[> M �KO�FD2�hK25^�Y[4<2 = G�FD2�^Db M G =
J �KFD;E2\FDGI2mhKXD1L>C_a`C2�FL>CO�Ñ = >COK�DG = GI>CX J GK^�Yo>\2Ï¿ ÆÈÜ½Ü8ÃZÅ 1L>C4[>��©25^�Y[GKO&FDG�Y[4[§¨�©G 7 2�O<XL> M G �.6 OdY[2
hK2 J 1D4<2 J GZY[GK4<;?>�2�XDO<2�FD2 |�ix� G J >C1 = ;Eha>C_KÍmGKOvFDG\Y[4[§¨�©G 7 2�O<XL> M GC�,hK2 J 2 M 25�/O<25BD4<G 6 p �
��2$GK^�Yo>C^�Y[2D� J >C;EOx4<GKhKGK^�Y[G J GK^�Y[GC�LH�9 wvz	��i�6t� G |nw©À ¬ ¯ ± 3hK4<;NY[;Eha>C4[> J >CO:1D4<G J ;EO<O[>CO.FD2
J 2mFDG = 2	X]Y[; = ;E�a>CFD2�13254I9 w ��H � �RÃZÜ�ÝCÐÁá G�GKOdY[XDFL>C4[> J 2(hK2 J 13254dYo> J GK^�Y[2	FD2 |�ix� G J
4<G 7 ; J G�13GK4 J >C^DGK^�Y[G&1L>C4[>�2vY[4[§¨�©G 7 2 W�e p �mw O�4<GKO<X = Yo>CFD25O J 25OdY[4[>C4[> J >vGZÑLha§ChK;?>vFD2 |�ix�
^L>�FD; J ;E^¼XD;E_a`C2$FL>�4<G8�<GK;E_a`C2/>C2\Y[4[§¨�©G 7 2�G J 4[>��[>CFL>CO �

{ 254 J >CO M >C4<;?>C^�Y[GKO�FD2 |�ix� Yo> J B3� J �©254[> J 1D4<251325OdYo>CO$hK2 J 2�;E^�Y[XD;NY[2�FDG�G = ; J ;E^L>C4
> =E7 X J >CO.FDG�O<XL>CO�FDGZÑLhK;EgK^DhK;?>CO �x�¥6 �íG c�wv|�|&6 l ¬ ¯�� �25BDO<GK4 M >C4[> J º¼XDG�2 |�ix� ; J 13ÍmG�>CO
J GKO J >CO}Yo> �D>COxFDG&13GK4<FL>I>C25OxFD;N�©GK4<GK^�Y[GKO�ÙLXm�]25OK�m;E^DFDGK13GK^DFDGK^�Y[G J GK^�Y[G�FD2IGKO<1L>C_K2$2mhKXD1L>CFD2
13254Aha>CFL>�X J FDGKOdY[GKOI^L>�Ñ = > � H�1L>C4dY[;E4�FD;EO<O<2D��1D4<251DXDO<GK4[> J X J > =E7 254<;NY J 2�FDGK^D2 J ;E^L>CFD2
{}|�ix��³�åxÐEÄ)@ :nÝCÀ3Þ¼Ä¨Á�<nÝCÅ"Ð?>�ÚIÅ[ÄoÎ¥· �}25^DFDG(>�Yo> �D>�FDG	13GK4<FL>�1L>C4[>�ha>CFL>�ÙLXm�]2Ì��1D4<2¨s
13254<hK;E25^L> = ¾	O<XL>	2mhKXD1L>C_a`C2(^L>�Ñ = >]� M ;EO[>C^DFD2(2�>CX J GK^�Y[2(FL>��<XDOdY[;E_a> ��e 2 J GKOdY[G J GKO J 2
1D4<2513q5O<;NY[2D�»H�� ~5z�c G W HvlDl 6tzA� Hvl ¬ ¯5¯ ,1D4<251DXDO<GK4[> J X J 25X]Y[4<2�> =E7 254<;NY J 2\FDGK^D2 J ;E^L> s
FD2¶9 |�ix� ³;ÙAÝCÐNÝCÀ×áoÃ[Þ{:�<xÚ/·"�.w�WnW�ÃZÜ$ÝCÐÁá ¬ ¤�£5£ &25BDO<GK4 M >C4[> J º¼XDG�2Ì; J 1L>ChZY[2�FDG(X J >
13GK4<FL>�^L>�FD; J ;E^¼XD;E_a`C2�FL>�Yo> �D>�FDG�hokDG 7 >CFL>�FDG�1L>ChK2CY[GKO�FD2�Y[4[§¨�©G 7 2 W�e p M >C4<;?>�hK2 J >
º¼XL>C^�Y[;EFL>CFDG�G\>�^L>¨Y[XD4<GK�a>�FL>CO�hK25^DG"�]ÍmGKO ��i OdY[G\; J 1L>ChZY[2��\> = Y[2�º¼XL>C^DFD2(>�2mhKXD1L>C_a`C2�FL>
Ñ = >(�/FD2 J ;E^L>CFL>(13254I1325XDha>CO$hK25^DG"�]ÍmGKO$hK2 Jù7 4[>C^DFDGKOn�[>C^DG = >COIFDG�hK25^ 7 GKOdY[;E25^L> J GK^�Y[2D�rG
BL>C;Ø�]2�º¼XL>C^DFD2���FD2 J ;E^L>CFD2/13254 J XD;NYo>CO�hK25^DG"�]ÍmGKOvhK2 J �[>C^DG = >COA13GKº¼XDGK^L>CO �v6 OdY[2	13254<º¼XDG
4<GKFDXD�K;E4:¾ J GZYo>CFDG�X J >:�[>C^DG = > 7 4[>C^DFDG�1D4<2 M 2mha> J >C;E254}4<GKFDXD_a`C2�^L>vYo> �D>�FDG&Y[4[>C^DO J ;EO<O[`C2 �
w�WnWìÃZÜ�ÝCÐÁá 1D4<251DXDO<GK4[> J GK^�Yo`C2	X J > =E7 254<;NY J 2�FDGK^D2 J ;E^L>CFD2	l |�ix�f³8ß»Ü�Ý%·KÆÈÐ Æ5� Ã[Þa:�<xÚ/· �
^D2\º¼XL> = >CO�1D4<25BL>CBD; = ;EFL>CFDGKO.FDG�FDGKO<ha>C4dY[GvO[`C2�1D4<2513254<hK;E25^L>C;EO:>C2�^¼¹ J GK4<2\GKOdY[; J >CFD2$FDG�ÙLXms
�]25O�>¨Y[; M 25O �/e 2 J ;EO<O<2D�¥2�^Db M G = FDG\2mhKXD1L>C_a`C2�FL>�Ñ = >�ÙLX]Y[XL>(G J Y[254<^D2(FDG�X J 1L>¨Yo> J >C4
1D4<�"s8GKOdYo>CB3G = GKhK;EFD2D�,;E^DFDGK13GK^DFDGK^�Y[G J GK^�Y[G�FDGKOdY[G M > = 254 �(� G/�©254 J >�O<G J G = kL>C^�Y[GC� {}i ��u ÃZÜ
ÝCÐÁá ¬ ¤�£]¤ �1D4<251DXDO<GK4[> J 2 |�ix� >CFL>C1]Yo>¨Y[; M 2D�¥25^DFDG/>(> 7 4<GKO<O<; M ;EFL>CFDG�FD2�> =E7 254<;NY J 2���hK25^ms
Y[4<2 = >CFL>�13G = > M >C4<;?>C_a`C2�FD2�1L>C4[è J GZY[4<2Gç�Ð ��� FDG(>ChK254<FD2�2 M > = 254�FDG�Ð}Ñ}Í � pr254<� J � M > = G
^D2CYo>C4&º¼XDG�X J ^Db M G = J �KFD;E2\FDG�2mhKXD1L>C_a`C2 J >C;E254�^DG J O<G J 1D4<GIhK254<4<GKO<1325^DFDG$>�X JjJ >C;E254
^¼¹ J GK4<2/FDGvÙLXm�]25O�>¨Y[; M 25O �

w X]Y[4[>�º¼XDGKOdYo`C2�; J 13254dYo>C^�Y[GvYo>C^�Y[2�1L>C4[>/2 |�ix� hK2 J 2�1L>C4[>�>CO�O<XL>COA�©254 J >CO M >C4<;?>C^ms
Y[GKOK�¥�\2(>��<XDOdY[G/>CFDGKº¼XL>CFD2(FD25OvO<GKXDOI1L>C4[è J GZY[4<25O �$z�J GKOdY[XDFD2�G"�D>¨Y[2	O<25BD4<G�hK2 J 2�25B]Y[GK4
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X J >��<XDOdY[G\qCY[; J 2�1L>C4[>�X J >�FDGZY[GK4 J ;E^L>CFL>�O<;NY[XL>C_a`C2	>C;E^DFL>/^L`C2��©25;r25B]Y[;EFD2 ¬ ¯*� � ¯5® � ¯ ±� �
pr254<� J �:> =E7 X J >CO�4<GKhK2 J GK^DFL>C_KÍmGKO��©254[> J �©GK;NYo>CO ¬ ¤�£�¢ � ¤�£ ¸ &>ÌGKOdY[G�4<GKO<13GK;NY[2¶>¨Y[4[> M �KO/FDG
GKOdY[XDFD25O:º¼XDGAX]Y[; = ;E�a>C4[> JÏJ 2mFDG = 25Ox>C^L> = bNY[;EhK25O �,{}�rw©ÀI� G ~ H enw 9nl w � ¬ ��� »ÑL�KGK4[> J X J >
O<�K4<;EG�FDGvhK25^DO<;EFDGK4[>C_KÍmGKOnO<25BD4<GvGKOdY[GI>CO<O<XD^�Y[2 ç D � pr254<� J �]GKOdYo>COnFD;Eha>CO�FDGvhK25^]Ñ 7 XD4[>C_a`C2 M g J
O<2C�©4<GK^DFD2�> = Y[GK4[>C_KÍmGKOnFDG�>ChK254<FD2�hK2 J ^D2 M 25O�GKOdY[XDFD25O ¬ ¤�£*�  �

e 25^Dh = XD;Øs8O<G�GK^�Yo`C2�º¼XDG$kL§�X J >�hK25^�Y[4<2 M �K4<O<;?>�>/4<GKO<13GK;NY[2/FD25O�4<Ga>C;EO�B3GK^DGZ�©bEhK;E25O&FL>/; J s
1 = >C^�Yo>C_a`C2/FD2 |�ix� ^L> 6 ^�Y[GK4<^DGZY � HA13GKO[>C4�FD;EOdY[2D�»GKOdY[G J GKha>C^D;EO J 2\Y[G J O<;EFD2 = >C4 7 > J GK^�Y[G
X]Y[; = ;E�a>CFD2¶^L>Ó13GKO<º¼XD;EO[>ËFD2ËO<GK4 M ;E_K2ó>CO<O<G 7 XD4[>CFD2D�&13254�1D4<GKGK^DhokDGK4�>CO�4<GKhK2 J GK^DFL>C_KÍmGKO�FD2
px@A9xs8H { >�4<GKO<13GK;NY[2�FDGvhK25^ 7 GKOdY[;E25^L> J GK^�Y[25O�hKXD4dY[25O�G = 25^ 7 25OK�m^L> J GKFD;EFL>$G J º¼XDGv2513GK4[>
G J hK; J >�FD2�Yo> J >C^DkD2 J �KFD;E2\FL>\Ñ = >�GIGZ�©GZY[XL>�2�FDGKO<ha>C4dY[G$> = Ga>¨Y[q54<;E2�FDGI1L>ChK2CY[GKO �

]�Þ+]�ÞÚß 79^_p AH8Îå6<kL	l6M0O�8ôïðDFDF<>`EñÇLN=EGH8
HA13GKO[>C4nFDGv1D4<GKGK^DhokDGK4�> =E7 XD^DO�4<GKº¼XD;EO<;NY[25O�FD2�px@A9xs8H { �]2 |�ix� ^L`C2\1325O<O<XD;�^DGK^Dk¼X J >

= q 7 ;Eha>�1L>C4[>�FD;N�©GK4<GK^DhK;?>C4�>CO\1D4<;E254<;EFL>CFDGKO$FDG	FDGKO<ha>C4dY[G(FD25O�1L>ChK2CY[GKO\G J �©XD^D_a`C2ÌFL> J >C4ts
ha>C_a`C2 �$wª|&6dwf³;:�<xÚ @�ÆÈÜN.�¿"ÀËÝCÀ3Þ Q�ÇmÜ<· ¬ �5¢ ,�©25;,>�1D4<251325OdYo>�1D;E25^DGK;E4[>�^DGKOdY[G\O<GK^�Y[;EFD2	G
Y[4[>CBL> = kL>AhK2 J FD25;EO,^Db M GK;EO}FDG�1D4<;E254<;EFL>CFDG ³ FDXL>CO�hK254<GKO ·"�xw > =E7 254<;NY J 2n�©XD^DhK;E25^L>�FL> J GKO J >
J >C^DGK;E4[>&º¼XDG�2 |�ix�)J >CO,hK2 J FD25;EOrhK25^ �<XD^�Y[25O}FD;EOdY[;E^�Y[25O,FDG:1L>C4[è J GZY[4<25OK� X J 1L>C4[>A25O,1L> s
hK2CY[GKO���� ³ çÇ�������ÎÊ§���,�eç�Ð � ���ÎÊ§���,�eç�Ð ��� Ê§��� · G�25X]Y[4<2\1L>C4[>$25O�1L>ChK2CY[GKO§����^ ³ çÇ�������ÎÊ¨����^"�
ç�Ð � ���ÎÊ¨����^"�@ç�Ð ��� Ê§����^ ·"� H = � J FD;EO<O<2D�}FDXL>CO�GKOdY[; J >¨Y[; M >COI1L>C4[>�2�Yo> J >C^DkD2 J �KFD;E2�FL>
Ñ = >(O[`C2�ha> = hKX = >CFL>COK�¤Ð}Ñ}Í�Ê����,� = G M >C^DFD2�G J hK25^�Yo>�>C13GK^L>CO�25OI1L>ChK2CY[GKO¤���,�,GTÐ}Ñ}Í�Ê�^)� ^)ÐÎË8�
hK25^DO<;EFDGK4[>C^DFD2�Y[2mFD25O�25O�1L>ChK2CY[GKO � �A>�hokDG 7 >CFL>�FDG/X J 1L>ChK2CY[G ���,�,2�> =E7 254<;NY J 2 |�ix� �
G"�]GKhKX]Yo>CFD2	hK2 J Ð}Ñ}Í�Ê����ÓG�25OA1L>C4[è J GZY[4<25O§çÇ�������ÎÊ§���,��ç�Ð � ���qÊ����ÓG¤ç�Ð ��� Ê§��� � p,>C4[>/25O
1L>ChK2CY[GKO¨����^"�LO[`C2�X]Y[; = ;E�a>CFD25O�Ð}Ñ}Í�Ê$^)� ^)ÐÎË8��çÇ�������ÎÊ¨����^"�eç�Ð � ���qÊ§����^�G	ç�Ð ��� Ê¨����^ �

� G�>ChK254<FD2�hK2 J 2�px@A9xs8H { �¥2�FDGKO<ha>C4dY[G�FDG M G�O<GK4 J >C;EOI> 7 4<GKO<O<; M 2�1L>C4[>(25O�1L>ChK2CY[GKO
����^ �ë6 OdY[2��[§Ì>ChK25^�Y[GKhKG�^L> J GKFD;EFL>�G J º¼XDG!Ð}Ñ}Í�Ê$^)� ^)ÐÎËOP Ð}Ñ}Í�Ê���� �õe 25^�Y[XDFD2D�:2 |&6dw
; J 1 = G J GK^�Yo>�>C;E^DFL>�Y[4<gKO&�©254 J >CO�>CFD;EhK;E25^L>C;EO�FDG$FD;N�©GK4<GK^DhK;?>C4&>/1D4<25BL>CBD; = ;EFL>CFDG�FDG�FDGKO<ha>C4dY[G
GK^�Y[4<G�1L>ChK2CY[GKOAFDG$hK254<GKO�FD;EOdY[;E^�Yo>CO � p�4<; J GK;E4<2D��çÇ�������qÊ§����^&� J GK^D254�º¼XDG�çÇ�������ÎÊ§���Ó1L>C4[>
º¼XDG	25O�1L>ChK2CY[GKOO����^�hK2 J GKhKG J >�O<GK4\FDGKO<ha>C4dYo>CFD25O J >C;EO$hKGKFD2 � lmG 7 XD^DFD2D��ç�Ð ��� Ê§����^��
J >C;E254.º¼XDG	ç�Ð ��� Ê§����1L>C4[>�º¼XDGv2\FDGKO<ha>C4dY[GvFD25O�1L>ChK2CY[GKO§����^.O<G8�[> J >C;EO�> 7 4<GKO<O<; M 2\FD2\º¼XDG
2�FD25O.1L>ChK2CY[GKO"���(^L>v�½>CO<G�FDG�1D4<G M GK^D_a`C2�FDG&hK25^ 7 GKOdY[;E25^L> J GK^�Y[2 � pr254x¹ = Y[; J 2D�Sç�Ð � ���ÎÊ¨����^
� J XD;NY[2 J GK^D254	º¼XDG_ç�Ð � ���ÎÊ§����1L>C4[>ëº¼XDGÓ>Ë�½>CO<GÌFDG¶hK25^�Y[4<2 = GÂFDGÌhK25^ 7 GKOdY[;E25^L> J GK^�Y[2
2mhK254<4[>(B3G JùJ >C;EOvhKGKFD2�1L>C4[>(25O�1L>ChK2CY[GKO¤����^ � lmG�> = � J FDGKOdYo>CO�hK25^DFD;E_KÍmGKOK�6ç�Ð � ���ÎÊ¨����^
�©254 J GK^D254�25Xé; 7 XL> = ¾�çÇ�������ÎÊ§���,�&GK^�Yo`C2ó>¶�½>CO<G�FDG�1D4<G M GK^D_a`C2óFDG�hK25^ 7 GKOdY[;E25^L> J GK^�Y[2
1L>C4[>Ó25O�1L>ChK2CY[GKO ���TO<qËhK2 J GK_a>C4[§¶º¼XL>C^DFD2Ë25O�1L>ChK2CY[GKO¦����^A�[§¶GKOdY[; M GK4<G J G J hK25^�Y[4<2 = G
è�KÜé�ó#ô;ðEó�ïÚñ¸ø¾îEë©ñÜö)÷�ð�.0/�ñ¸ó�ñ¸ó#ô"x-î©ïÚñ¸ó�ü�ë(��÷�ðEó�ö�îàð*
W«Üö)÷���ø¾ñ�U-#
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FDG/hK25^ 7 GKOdY[;E25^L> J GK^�Y[2 �/6 OdY[2�O<; 7 ^D;NÑLha>(º¼XDG/2 |&6dw FDGKO<ha>C4dYo>C4[§(25O�1L>ChK2CY[GKO¤����^�1D4<; J GK;E4<2
º¼XL>C^DFD2ÓFDGZY[GKhZYo>C4/X J hK25^ 7 GKOdY[;E25^L> J GK^�Y[2 � lmG�GKOdYo>¶O<;NY[XL>C_a`C2¶13GK4<O<;EOdY[;E4K�:G = G(FDGKO<ha>C4dYo>C4[§
GK^�Yo`C2(Y[2mFD25OI25OI1L>ChK2CY[GKO¤����^ � lm2 J GK^�Y[G�O<G/kD25X M GK4�X JR7 4[>C^DFDG/^¼¹ J GK4<2�FDG�1L>ChK2CY[GKO����,�
2 |&6dw hK2 J GK_a>C4[§	>	FDGKO<ha>C4dYo§ s = 25O � pr254<� J �¥;EOdY[2	^L`C2(FDG M G�>ChK25^�Y[GKhKGK4IO<G/>	4<GKFDG��©254vB3G J
1D4<2 M ;EO<;E25^L>CFL>]�}�[§Ëº¼XDGÌ25O	1L>ChK2CY[GKO�����hK254<4<GKO<1325^DFDG J ¾ë13254<_a`C2ëFDGÂY[4[§¨�©G 7 2ëFDGK^�Y[4<2óFD2
13GK4dÑ =µ� HÏÑ 7 XD4[> ¸ � ®�J 25OdY[4[>�>�4<GK1D4<GKO<GK^�Yo>C_a`C2 7 4[§¨ÑLha>/FD2 |&6dw hK2 J Y[2mFL>CO�>COAhK25^DFD;E_KÍmGKO
>C^�Y[GK4<;E254<GKO&G+ç�Ð � ���ÎÊ¨����^�a�çÇ�������qÊ���� �

minth
(OUT)

maxth
(OUT)

maxp
(OUT)

1

Operação
Normal

Prevenção ao
Congestionamento

Controle do
Congestionamento

P(descarte)

maxp
(IN)

minth
(IN)

maxth
(IN)

= Avg (pacotes
ou bytes)

OUT

IN

{ ; 7 XD4[> ¸ � ® � | GK1D4<GKO<GK^�Yo>C_a`C2 7 4[§¨ÑLha>\FD2 |&6dw��

w�|&6dw 132mFDG�O<GK4 7 GK^DGK4[> = ;E�a>CFD2�1L>C4[>�ha>CO<25O:25^DFDG�Y[4<gKO:hK254<GKO:O[`C2$X]Y[; = ;E�a>CFL>COK��hK25^]�©254 J G
J 25OdY[4[>Â>�Ñ 7 XD4[> ¸ � ± � ��GKOdY[G(ha>CO<2ÌO<GK4<;?> J ^DGKhKGKO<O[§C4<;E25O\Y[4<gKO\hK25^ �<XD^�Y[25O\FDG	1L>C4[è J GZY[4<25OK�
X J 1L>C4[>ëha>CFL>ëhK254 � H = � J FD;EO<O<2D��Y[4<gKO�Yo> J >C^DkD25O J �KFD;E25O�FDGÂÑ = >ËO<GK4<;?> J ha> = hKX = >CFD25O
X]Y[; = ;E�a>C^DFD2�O<2 J GK^�Y[G(25O\1L>ChK2CY[GKO M GK4<FDGKOK�:25O\1L>ChK2CY[GKO M GK4<FDGKO�G(> J >C4<G = 25OK��G	13254�¹ = Y[; J 2
Y[2mFD25O	25O�1L>ChK2CY[GKO � i OdY[GKO M > = 254<GKO�O<GK4<;?> J X]Y[; = ;E�a>CFD25O/13G = 25O�Y[4<gKO�> =E7 254<;NY J 25O |�ix� ^D2
Y[4[>¨Yo> J GK^�Y[2�FD25O&1L>ChK2CY[GKO M GK4<FDGKOK�×> J >C4<G = 25O:G M GK4 J G = kD25OK�L4<GKO<13GKhZY[; M > J GK^�Y[G �

w�|&6dw ^L`C2(�/¹D^D;Eha>��©254 J >	FDG�; J 1 = G J GK^�Yo>C4�FD;N�©GK4<GK^�Y[GKOI1D4<25BL>CBD; = ;EFL>CFDGKO�FDG/FDGKO<ha>C4ts
Y[G�GK^�Y[4<G\> 7 4<G 7 >CFD25OAFDG�hK2 J 13254dYo> J GK^�Y[2�1L>C4[>�2�O<GK4 M ;E_K2(>CO<O<G 7 XD4[>CFD2 ��w X]Y[4[>CO M >C4<;?>C_KÍmGKO
G"�];EOdY[G J G�132mFDG J O<GK4�>C1 = ;Eha>CFL>CO�Yo> J B3� J ¾COv�©254 J >CO M >C4<;?>C^�Y[GKOvFD2 |�ix� hK;NYo>CFL>COI>C^�Y[G"s
4<;E254 J GK^�Y[G ¬ ¤�£%�  �&� G$>ChK254<FD2�hK2 J >CO�2513_KÍmGKO�X]Y[; = ;E�a>CFL>COn^L>/FD;N�©GK4<GK^DhK;?>C_a`C2D�LGKOdYo>CO&�©254 J >CO
132mFDG J O<GK4&h = >CO<O<;NÑLha>CFL>COnFL>�O<G 7 XD;E^�Y[G J >C^DGK;E4[> ¬ ®]¤ µ�

��
�^D;Eha> c �KFD;?>�
�^D;EhK2 � ; J ;?>C4 ³8ß»ÆÈÀTÂCÐEÃQ»AàCÃZÅ<Ý�Â¼Ã\ß»ÆÈÀTÂCÐEÃkÇ�.mÅ[ÃoâØ.LÄ¨ÐNÞ svlmHvl W�· � ^DGKOdY[G
ha>CO<2D�]G"�];EOdY[Gv>C13GK^L>CO�X J Yo> J >C^DkD2 J �KFD;E2$FDG�Ñ = >$ha> = hKX = >CFD2D�¼G�25O = ; J ;?>C4<GKO�çÇ�������IG
ç�Ð � ���nO[`C2A25O J GKO J 25O 1L>C4[>&Y[2mFL>CO,>COrhK254<GKO ��� 2 7 2D�C>�¹D^D;Eha>n�©254 J >&FDG.FD;N�©GK4<GK^DhK;?>C_a`C2
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minth
(VM)

maxth
(VM)

maxp
(AM)

1

P(descarte)

Avg (pacotes
ou bytes)

maxp
(VM)

minth
(AM)

maxth
(VD)

=

maxp
(VD)

maxth
(AM)

minth
(VD)

=

VERM.

AMAR.

VERDE

{ ; 7 XD4[> ¸ � ±m�.uvGK^DGK4[> = ;E�a>C_a`C2\FD2 |&6dw 1L>C4[>\Y[4<gKO&hK254<GKO �

��>¨Y[4<;EBDXD;E^DFD2 M > = 254<GKOAFD;EOdY[;E^�Y[25O�1L>C4[> ç�Ð ��� �×FDG�>ChK254<FD2�hK2 J >�hK254 ¬ � ¸ � �*�  �ve >CO<2
hK25^�Y[4[§C4<;E2D��2ë> =E7 254<;NY J 2ÂhK254<4<GKO<1325^DFDGK4[§ë>C2 |�ix� Y[4[>CFD;EhK;E25^L> = O<G J FD;N�©GK4<GK^DhK;?>C_a`C2
> =E7 X J >$GK^�Y[4<G$>CO&hK254<GKO �

��
�^D;Eha> c �KFD;?> c ¹ = Y[;E1 = 25O � ; J ;?>C4<GKO ³8ß»ÆÈÀTÂCÐEÃX»AàCÃZÅ<Ý�Â¼Ã}æ�ÇmÐ Ü½Æ Î3ÐEÃ¥Ç�.mÅ[ÃoâØ.LÄ¨ÐNÞ â s�lmH c�W�· �
^DGKOdY[G	ha>CO<2D��X J >�¹D^D;Eha>�GKOdY[; J >¨Y[; M >(1L>C4[>�2�Yo> J >C^DkD2 J �KFD;E2�FL>�Ñ = >���ha> = hKX = >CFL>
hK25^�Yo>CBD; = ;E�a>C^DFD2&Y[2mFD25Or25O,1L>ChK2CY[GKO ��e 25^�Y[XDFD2D�51L>ChK2CY[GKO}FDG:hK254<GKO}FD;N�©GK4<GK^�Y[GKO,1325O<O<XDG J
= ; J ;?>C4<GKO:FDGIFDGKO<ha>C4dY[GIFD;EOdY[;E^�Y[25O ¬ ®]¤ � �]¤  �

� c ¹ = Y[;E1 = >CO c �KFD;?>CO
�^D;EhK2 � ; J ;?>C4 ³�æ�ÇmÐ Ü½Æ Î3ÐEÃý»AàCÃZÅ<Ý�Â¼ÃAß»ÆÈÀTÂCÐEÃ«Ç�.mÅ[ÃoâØ.LÄ¨ÐNÞ s c Hvl W�· �
>Cº¼XD;�25O = ; J ;?>C4<GKOAO[`C2�25O J GKO J 25Ov1L>C4[>�Y[2mFL>CO�>COIhK254<GKO � pr254<� J � X J >	GKOdY[; J >¨Y[; M >
1L>C4[>\2\Yo> J >C^DkD2 J �KFD;E2\FL>�Ñ = >\�v�©GK;NYo>�1L>C4[>\ha>CFL>�hK254 ¬ � ¸ � �*�  �

� c ¹ = Y[;E1 = >CO c �KFD;?>CO c ¹ = Y[;E1 = 25O � ; J ;?>C4<GKO ³�æ�ÇmÐ Ü½Æ Î3ÐEÃò»AàCÃZÅ<Ý�Â¼ÃAæ�ÇmÐ Ü½Æ Î3ÐEÃ!Ç�.mÅ[ÃoâØ.LÄ¨ÐNÞ â s
c H c�W�· �xGKOdY[G(ha>CO<2Ì�(2 J >C;EO 7 GK^D�K4<;EhK2D�x25^DFDG�>ÂFD;N�©GK4<GK^DhK;?>C_a`C2Â�(; J 1 = G J GK^�Yo>CFL>
>¨Y[4[> M �KO�FDG = ; J ;?>C4<GKO.G J �KFD;?>COnFD;EOdY[;E^�Yo>CO �.wÏ|&6dw 13GK4dY[GK^DhKG$>\GKOdYo>�ha>¨Y[G 7 254<;?> �

�A>CO M >C4<;?>C_KÍmGKOxhK2 J J ¹ = Y[;E1 = >CO J �KFD;?>CO ³µc Hvl W G c H c�W�· �]FDXL>CO:>CB3254<FL> 7 GK^DO.FD;EOdY[;E^ms
Yo>COx132mFDG J O<GK4.X]Y[; = ;E�a>CFL>CO � Hô1D4<; J GK;E4[>���>IFDGKO<hK4<;NYo>I^D2 |&6dw ��25^DFDG&2�ha§ = hKX = 2IFL>CO J �KFD;?>CO
hK25^�Yo>CBD; = ;E�a>�25O�1L>ChK2CY[GKO�FL>�hK254�hK254<4<GKO<1325^DFDGK^�Y[GC�m�<XD^�Yo> J GK^�Y[G$hK2 J 25O�FL>CO�hK254<GKO�;E^]�©GK4<;E2¨s
4<GKOK�3ha>CO<2�G"�];EOdYo> J�� HÏO<G 7 XD^DFL>�hK25^�Yo>CBD; = ;E�a>\>C13GK^L>CO�25O�1L>ChK2CY[GKO�FL>/1D4<q51D4<;?>�hK254 ¬ � ¸ � �*�  �
HA4 7 X J GK^�Y[25Ox>��½> M 254�FL>v1D4<; J GK;E4[>�>CB3254<FL> 7 G J ;E^Dh = XDG J 2v�½>¨Y[2vFD25O�1L>ChK2CY[GKO��©254[>�FD2I13GK4dÑ =
hK25^DOdY[;NY[XD;E4<G J X J Y[4[§¨�©G 7 2�2513254dY[XD^D;EOdYo>]�¼1L>C4[>�2�º¼XL> =»7 GK4[> =EJ GK^�Y[G�^L`C2$O<G�Y[G J X J >�^D2m_a`C2
G"�D>¨Yo>�FL>�º¼XL>C^�Y[;EFL>CFDGn>CFDGKº¼XL>CFL> ¬ �5¢  �,6 OdY[2IFD;NÑLhKX = Yo>A>�GKO<hK2 = kL>�FD25O}1L>C4[è J GZY[4<25O,1L>C4[>AGKOdY[G
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Y[4[§¨�©G 7 2I^L> M >C4<;?>C_a`C2 c H c�Wv� H = � J FD;EO<O<2D�¼hK2 J >CO J �KFD;?>CO�>ChKX J X = >CFL>COK��hK25^DO<G 7 XDG"s8O<G&Y[GK4
X J >(^D2m_a`C2�h = >C4[>	FL>�2mhKXD1L>C_a`C2�Y[2CYo> = FL>(Ñ = >]�r;E^DFDGK13GK^DFDGK^�Y[G J GK^�Y[G�FL>CO�1D4<2513254<_KÍmGKO�FDG
Y[4[§¨�©G 7 2�FDGK^�Y[4<2/Gv�©254[>\FD2�13GK4dÑ =µ�

H¡O<G 7 XD;E4K�»2	> =E7 254<;NY J 2 {}|�ix� O<GK4[§ M ;EOdY[2�FDGI�©254 J > J >C;EO&FDGZYo> = kL>CFL>]�»FDG M ;EFD2	>C2/O<GKX
G J 1D4<G 7 2�G JìJ >C4<ha>CFD254<GKO&FDGvY[4[§¨�©G 7 2\º¼XDG�O<GK4[`C2 M ;EOdY[25On^D2/ha>C1DbNY[X = 2 �D�

]�Þ+]�Þ+] î�79^_p Ø���í���� é,ÿ��+ê"��ë ì ÿ5û�í�î/�ÑûÎ���²Ý
w XDO<2ëFDGÂX J >¶�©XD^D_a`C2ó> = Ga>¨Y[q54<;?>ÌFDG�FDGKO<ha>C4dY[GKO	�½>C��hK2 J º¼XDGÂ2 |�ix� ; J 1325^DkL>Ó>

J GKO J >$Yo> �D>�FDGI13GK4<FL>�1L>C4[>�25O�ÙLXm�]25O&º¼XDGIhK2 J 1L>C4dY[; = kL> J > = >C4 7 XD4[>$FDG��½>C;Ø�D>�FD2\GK^ = >ChKG
FDGIY[4[>C^DO J ;EO<O[`C2 �.6 OdY[2/�C�»2/^¼¹ J GK4<2/FDG�FDGKO<ha>C4dY[GKOA1L>C4[>�ha>CFL>�ÙLXm�]2/��1D4<2513254<hK;E25^L> = ¾�O<XL>
2mhKXD1L>C_a`C2I^L>�Ñ = > �}i OdYo>I132 = bNY[;Eha>�ha>CXDO[>vFDGKO<; 7 XL> = FL>CFDGKO�^D2�hK2 J 1L>C4dY[; = kL> J GK^�Y[2AFL> = >C4 7 XD4[>
FDGv�½>C;Ø�D>\13254�ÙLXm�]25O&FDGIFD;N�©GK4<GK^�Y[GKO�ha>C4[>ChZY[GK4<bEOdY[;Eha>CO ¬ ¯�� µ�LFDG M ;EFD2�>C25OnO<G 7 XD;E^�Y[GKO&�½>¨Y[254<GKOK�

�õhK25^DG"�]ÍmGKO W�e p J >C;EO = GK^�Yo>CO ³©J >C;E254<GKO |,WnW O · 4<Ga> 7 G JRJ >C;EO = GK^�Yo> J GK^�Y[G�>C25OvFDGKOts
ha>C4dY[GKO �x� 2 7 2D�]>$13GK4<FL>$FDG�X J ¹D^D;EhK2�1L>ChK2CY[GA13GK4<;E2mFD;Eha> J GK^�Y[G&1L>C4[>$GKOdYo>CO�hK25^DG"�]ÍmGKO
132mFDGA�½>C�KGK4�hK2 J º¼XDGvG = >CO�^L`C2\>¨Y[;E^ �[> J >COnO<XL>COn13254<_KÍmGKO �<XDOdYo>COK� J GKO J 2�º¼XDGvhK25^DG"s
�]ÍmGKO W�e p J >C;EO�4[§C1D;EFL>CO:Y[GK^DkL> JìJ >C;EO�13GK4<FL>CO � H = � J FD;EO<O<2D�LhK25^DG"�]ÍmGKO W�e péhK2 J
�[>C^DG = >CO J >C;E254<GKO�O[`C2 J >C;EO}Y[2 = GK4[>C^�Y[GKO.>C25OxFDGKO<ha>C4dY[GKO.13254<º¼XDG�O[`C2 J GK^D25OxO<XDO<hKGZY[b M GK;EO
> Ü½ÆÈÁ�ÃoÄ¨ÇmÜÈâ Ò

�õ2IFDGKO<ha>C4dY[GA> = Ga>¨Y[q54<;E2�132mFDG��½>C�KGK4xhK2 J º¼XDG�2 |�ix� G = ; J ;E^DG:X J 1L>ChK2CY[G&FDG&X J ÙLXm�]2
º¼XDG�1325O<O<XD;.^DGK^Dk¼X J 25XÓ1325XDhK25O�1L>ChK2CY[GKO$^L>(Ñ = > ��6 OdY[2�132mFDG�>ChK25^�Y[GKhKGK4$;E^Dh = XDO<; M G
1L>C4[>ËhK25^DG"�]ÍmGKO(O<; J �ZY[4<;Eha>CO ³©J GKO J 2 |,WnW�· GÂha>CXDO[>ëX J >Ë;E^ �<XDOdY[;E_a>ÓY[G J 13254[§C4<;?>]�
O<; 7 ^D;NÑLha>C^�Y[GÌ1D4<;E^DhK;E1L> =EJ GK^�Y[GÂG J ha>CO<25O�FDGÌY[4[§¨�©G 7 2)hK2 J 1325OdY[2ó13254�hK25^DG"�]ÍmGKO�FDG
hKXD4dYo>�FDXD4[>C_a`C2 ç H Ò

�)>(>ChKGK;NYo>C_a`C2	FDG�X J 1L>ChK2CY[G\1L>C4[>	X J >	FL>CFL>	hK25^DG"�D`C2�hK25^�Y[4<;EBDXD;}1L>C4[>	2�>CX J GK^�Y[2
FD2ÂYo> J >C^DkD2ÌFL>�Ñ = >ÂG	FL>Ì1D4<25BL>CBD; = ;EFL>CFDG�FDG(FDGKO<ha>C4dY[G�1L>C4[>�Y[2mFL>CO�>CO�hK25^DG"�]ÍmGKO �
pr254dYo>C^�Y[2D�,X J Y[4[§¨�©G 7 2�^L`C2�4<GKO<1325^DO<; M 2�132mFDG�; J 13254vX J >�> = Yo>	Yo> �D>�FDG�FDGKO<ha>C4dY[G
1L>C4[>�Y[2mFL>COA>CO�hK25^DG"�]ÍmGKOK�3�½>C�KGK^DFD2�hK2 J º¼XDG$25O&ÙLXm�]25O�>CFL>C1]Yo>¨Y[; M 25O�^L`C2�hK25^DO<; 7 > J
>¨Y[;E^ 7 ;E4�>CO&O<XL>CO&13254<_KÍmGKO,�<XDOdYo>CO �

w > =E7 254<;NY J 2��©XD^DhK;E25^L>�BL>CO<;Eha> J GK^�Y[G(FL> J GKO J >��©254 J >�º¼XDG(2 |�ix� � J >CO�hK2 J > = s
7 X J >CO J 2mFD;NÑLha>C_KÍmGKO � p�4<; J GK;E4<2D�LO[`C2	;E^�Y[4<2mFDXD�K;EFD25O�FD25;EOA^D2 M 25O = ; J ;?>C4<GKOK�wçÇ����ý�G¤ç�Ð � ýa�
è�M���UJY-'��*é]ÿj§�ñ��JY��Ü  ñ��1¤�ë©îRó#ôÚï;ð-ï;ð-ë ûRü�ñ�� ñÜë ïÚñ1w�� ë©ñµ
*ñÜïÚëàð-ö�ñÜöRôÚñ���îã�	é�§�ôÚñÜö)÷�ñ¥ðfø¾îEë(
*ñÜö�©
óÚð-ï\ñ¸ó#ô;ðEón÷�ñ¸ó+� wEü)ð*��÷�ðE÷�ñ¸ó1�K
�ïÚî�
*îEï;ø0� îEö)ð-ö)÷�î ð ë©ñ¸ó�ëàðH�Øð*ª�x-îH
)ð-ï;ð ðEónø¾îEö�ñ¾þ�/�ñ¸ó1�K� ö)ø0� ü)ó+� �Eñ©ñÜëÈøÜðEó�îRóX÷�ñ
ø¾îEö�ñ¾þ�/�ñ¸ó�÷�ñE�NX>X[ó�÷�� ùúñÜïÚñÜöRôÚñ¸ó1#



/�´Ä/ �!����$%�#dXM�����&'�f� �hg4� � � ��$%�#&'c � �����i2V���N���F� �kj ��M#&'� I \

hK254<4<GKO<1325^DFDGK^DFD2�>C25O&^¼¹ J GK4<25O J bE^D; J 2$G J § �]; J 2�FDG�1L>ChK2CY[GKO�º¼XDG�ha>CFL>\ÙLXm�]2/132mFDGvY[GK4
^L>�Ñ = >]�}4<GKO<13GKhZY[; M > J GK^�Y[G � lmG 7 XD^DFD2D�xX J GKOdYo>CFD2Ì�(>C4 J >C�KGK^L>CFD2Â1L>C4[>�ha>CFL>�ÙLXm�]2Ìº¼XDG
1325O<O<XD;x13G = 2 J GK^D25OIX J 1L>ChK2CY[G/^L>	Ñ = > ³ ÙLXm�]2�>¨Y[; M 2 · hK25^�Y[GK^DFD2D�$2(^¼¹ J GK4<2�FDG/1L>ChK2CY[GKO
^L>IÑ = >I1L>C4[>�FDGZY[GK4 J ;E^L>CFD2IÙLXm�]2��<�qü Ë�Ì-��%��mGA2�^¼¹ J GK4<2$FDG M GK�KGKO�º¼XDGAX J ÙLXm�]2¤�rY[GK^�Yo>IY[GK4
J >C;EOvFD2�º¼XDGTç�Ð � ý�1L>ChK2CY[GKO�^L>	Ñ = >]�6Ö
^þÒ���ÕuÌ
% � pr254I¹ = Y[; J 2D��X J >	^D2 M > M >C4<;?§ M G = �sÐ}Ñ}Íu#1üm�
>C4 J >C�KGK^L>\2�^¼¹ J GK4<2 J �KFD;E2\FDGI1L>ChK2CY[GKO&13254�ÙLXm�]2�>¨Y[; M 2 �

� G J 2mFD2ó>óhK2 J BL>¨Y[GK4(>CO	Y[4<gKO(FDGZÑLhK;EgK^DhK;?>CO(FD2 |�ix� FDGKO<hK4<;NYo>CO�>C^�Y[GK4<;E254 J GK^�Y[GC�A2
{}|�ix� X]Y[; = ;E�a>	GKOdY[GKO$^D2 M 25O�1L>C4[è J GZY[4<25OIG M >C4<;?§ M GK;EO�FL>�O<G 7 XD;E^�Y[G/�©254 J > ��i�J 1D4<; J GK;E4<2
= X 7 >C4K�¼1L>C4[>�1D4<2CY[G 7 GK4xÙLXm�]25O:hK2 JªJ GK^D254<GKO¥�[>C^DG = >CO ³©J >C;EO = GK^�Y[25O · �m2 {}|�ix� 13GK4 J ;NY[G&º¼XDG
ha>CFL>�hK25^DG"�D`C2ÂGK^]Ñ = GK;E4<G�>¨Y[� çÇ����ý\1L>ChK2CY[GKO�^L>�Ñ = >]�}FDGKO<FDG	º¼XDG�2Ì> =E7 254<;NY J 2(^L`C2�GKOdY[G8�[>
^L>Ë�½>CO<GÂFDGÂhK25^�Y[4<2 = GÂFDGÂhK25^ 7 GKOdY[;E25^L> J GK^�Y[2 ³ Ð}Ñ}Í7j�ç�Ð � ��� ·"��i�J O<G 7 XD^DFD2 = X 7 >C4K�&2
{}|�ix� 4<GKOdY[4<;E^ 7 G�25O�FDGKO<ha>C4dY[GKO�> = Ga>¨Y[q54<;E25O.1L>C4[>$25O:ÙLXm�]25Onº¼XDGv1325O<O<XDG J�J >C;EO:1L>ChK2CY[GKO�FD2
º¼XDGOÐ}Ñ}Íu#1ü/25X]çÇ����ýa��2�º¼XDG��©254 J >C;E254 ��i�J Y[GK4<hKGK;E4<2 = X 7 >C4K�32 {}|�ix� ^L`C2	13GK4 J ;NY[G�º¼XDG
X J ÙLXm�]2Ë>C4 J >C�KGK^DG J >C;EO�FD2¶º¼XDG!ç�Ð � ý/1L>ChK2CY[GKO/^L>ÂÑ = >]�xhK25^�Yo>CBD; = ;E�a>C^DFD2ÂG J Ö
^þÒ���ÕuÌ
%
>COnY[GK^�Yo>¨Y[; M >CO&FDG�X J ÙLXm�]2 �xG J G"�]hKGKFDGK4AGKOdY[G = ; J ;NY[G �}{ ;E^L> =EJ GK^�Y[GC�D25OnÙLXm�]25O�hK2 J > = Y[25O
M > = 254<GKO�1L>C4[>+Ö
^þÒ���ÕuÌ
%»ÑLha> J 1D4<25;EBD;EFD25O}FDG�>C4 J >C�KGK^L>C4 J >C;EO,FD2Iº¼XDG¨Ð}Ñ}Íu#1ü�1L>ChK2CY[GKO�^L>�Ñ = > �
� GKOdY[G J 2mFD2D�m2 {}|�ix� 13GK4 J ;NY[GAº¼XDG�ÙLXm�]25O&>CFL>C1]Yo>¨Y[; M 25O:GK^ M ;EG J 4[>��[>CFL>CO�FDGAY[4[§¨�©G 7 2D�D>C2
J GKO J 2\Y[G J 132\º¼XDG�1D4<25bEB3Gvº¼XDGvÙLXm�]25O�^L`C2�4<GKO<1325^DO<; M 25OA>CBDXDO<G J FD2/GKO<1L>C_K2/^L>\Ñ = > �

w > =E7 254<;NY J 2 {}|�ix� hK2 J 1 = GZY[2�GK^DhK25^�Y[4[> s8O<G$^D2�>C13gK^DFD;EhKG$9A�C�<XD^�Yo> J GK^�Y[G$hK2 J > =E7 Xms
J >CO�hK25^DO<;EFDGK4[>C_KÍmGKO.O<25BD4<G&2$>��<XDOdY[G&FD25OxO<GKXDO:1L>C4[è J GZY[4<25O � H = � J FDG�132mFDGK4}�©XD^DhK;E25^L>C4�^D25O
J 2mFD25O�G J B��¼Y[GKO.G&G J 1L>ChK2CY[GKOK�]>CO<O<; J hK2 J 2v2 |�ix� ��2 {}|�ix� >C;E^DFL>v1325O<O<XD;LX J >��©254 J >
M >C4<;?>C^�Y[Gv1L>C4[>\X J ^¼¹ J GK4<2/G"�]hKGKO<O<; M 2�FDGvÙLXm�]25O �
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i OdY[G�ha>C1DbNY[X = 2�FD; M ;EFDG"s8O<G\BL>CO<;Eha> J GK^�Y[G\G J FDXL>COv1L>C4dY[GKO � H 1D4<; J GK;E4[>�>CB3254<FL>	2	1D4<2¨s
B = G J >�FL>��<XDOdY[;E_a>�GK^�Y[4<G�25O�ÙLXm�]25OIº¼XDG�hK25^DOdY[;NY[XDG J 2�Y[4[§¨�©G 7 2(>CO<O<G 7 XD4[>CFD2 �\� G��©254 J >	>
�½>ChK; = ;NYo>C4�O<GKXÓGK^�Y[GK^DFD; J GK^�Y[2�G/>C^L§ = ;EO<GC��GKOdY[G/1D4<25B = G J >�O<GK4[§(GKOdY[4<X]Y[XD4[>CFD2�G�FD; M ;EFD;EFD2	G J
FDXL>CO�O<;NY[XL>C_KÍmGKO:FD;EOdY[;E^�Yo>CO:FDG J GK^D254:hK2 J 1 = G"�];EFL>CFDGC�L�<XDOdY[;E_a>$GK^�Y[4<GAÙLXm�]25O&> 7 4<G 7 >CFD25O:hK254ts
4<GKO<1325^DFDGK^�Y[GKO�>vFD;N�©GK4<GK^�Y[GKOx13GK4dÑLOxFDG�Y[4[§¨�©G 7 2IGr�<XDOdY[;E_a>vGK^�Y[4<G&25O�ÙLXm�]25Oxº¼XDG&hK2 J 13ÍmG J X J
J GKO J 2�ÙLXm�]2	> 7 4<G 7 >CFD2 �ni�J O<G 7 XD;EFL>]�3>CO�O<XL>COA1D4<;E^DhK;E1L>C;EOnha>CXDO[>COAO<GK4[`C2�>C1D4<GKO<GK^�Yo>CFL>CO�G
FD;EO<hKX]Y[;EFL>CO �

HÏO<G 7 XD^DFL>�1L>C4dY[G$>CB3254<FL>�GKO<13GKhK;NÑLha> J GK^�Y[G�>��<XDOdY[;E_a>�GK^�Y[4<G$25O&ÙLXm�]25OAFDG�X JjJ GKO J 2
Y[4[§¨�©G 7 2�> 7 4<G 7 >CFD2D� G M ;EFDGK^DhK;?>C^DFD2�>CO M >C^�Yo> 7 GK^DOIFD2�XDO<2�FDG/hK25^DFD;EhK;E25^L>CFD254<GKOvFDG\Y[4[§¨�©G 7 2
hK2 J 2(O<2 = XD_a`C2(1L>C4[>	GKOdY[G/1D4<25B = G J > � H O<G 7 XD;E4K�r>COIGKOdY[4[>¨Y[� 7 ;?>COIFDG J >C4<ha>C_a`C2(G"�];EOdY[GK^�Y[GKO
O<GK4[`C2�>C1D4<GKO<GK^�Yo>CFL>COnG�hK2 J 1L>C4[>CFL>CO �xw ha>C1DbNY[X = 2�Y[GK4 J ;E^L>�hK2 J >�FDGKO<hK4<;E_a`C2�FD2 J >C4<ha>CFD254
{�c´³�å ÝCÆÈÅ�æÌÝCÅ[ç�ÃZÅ5· ¬ ®�¢ µ��X J >ó1D4<251325OdYo>ë1L>C4[>ë�©254<^DGKhKGK4��<XDOdY[;E_a>ëGK^�Y[4<GÌÙLXm�]25O�FDG¶X J
J GKO J 2ÌY[4[§¨�©G 7 2Ë> 7 4<G 7 >CFD2 ��{ ;E^L> =EJ GK^�Y[GC�.X J >¶G"�mY[GK^DO[`C2ë>C2 {�c FDGK^D2 J ;E^L>CFL> W�e�{�c
³�Ç�.mÅ[ÃoÃa�.Ä¨ÐEÄ¨ÅAå ÝCÆÈÅAæÌÝCÅ[ç�ÃZÅ5· ¬ ® ¸ ¥O<GK4[§�1D4<251325OdYo>�FDGv�©254 J >\>\O<XD1D4<;E4nO<XL>CO�FDGZÑLhK;EgK^DhK;?>CO �

æ4�R� �«¥¨;��£4¤R��¬©Ò¥~�4 ËÌ¨X�Ñ!¤E� � �

w 1D4<25B = G J >ÂFL>��<XDOdY[;E_a>Ì^D2¶O<GK4 M ;E_K2Ó>CO<O<G 7 XD4[>CFD2ÓhK25^DO<;EOdY[G�^L>ÌFD; M ;EO[`C2ÂFD25O/4<GKhKXD4<O<25O
FD;EO<1325^Db M GK;EO:GK^�Y[4<G�FD;N�©GK4<GK^�Y[GKO:ÙLXm�]25O�25X J ;EhK4<2CÙLXm�]25O:FDGAY[4[§¨�©G 7 2D�mFDG��©254 J >�^L`C2�FDGKO<G8�[§ M G =
O<G 7 XD^DFD2�25O�;E^�Y[GK4<GKO<O<GKOnFD2\1D4<2 M GKFD254nG ³ 25X · FD2\h = ;EGK^�Y[G ç"��W GK^DFD2\G JªM ;EOdYo>�º¼XDG�^D2\O<GK4 M ;E_K2
>CO<O<G 7 XD4[>CFD2õ> M >C�a`C2ë25B]Y[;EFL>Ó�Â> J �ZY[4<;Eha>ÓFDGÂFDGKO<G J 13GK^DkD2ë�©XD^DFL> J GK^�Yo> = �&25O�4<GKhKXD4<O<25O
èêÿ#ó#ôÚî ¬���ûRü�ñÜë�î-ùúñÜïÚñ¸ø¾ñbñ�ûRü�ñÜë îýü�ô�� � � ª¸ð�îýó�ñÜï��¼�¦.¾î4�)ïÚñ¸ó+
*ñ¸øêô�� �Øð-ë©ñÜöRôÚñ�#�é�ó#ôÚñ¸óX÷�î���óJ
)ð*
W¬1��óZ
*î�÷�ñÜë ó�ñ

ø¾îEö�ùúü�ö)÷�� ï���
*îEï	ñ¾þ�ñÜë(
�� î4�)ûRü)ð-ö)÷�î©ü�ëàð(
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O<XD1D4[>ChK;NYo>CFD25O&hK254<4<GKO<1325^DFDG J 1D4<;E^DhK;E1L> =EJ GK^�Y[G�¾ = >C4 7 XD4[>�FDGv�½>C;Ø�D>�GIGKO<1L>C_K2/G J�·KÇ"Û�ÃZÅ"�
i OdY[G:>CO<O<XD^�Y[2�Y[G J O<;EFD2�>CB3254<FL>CFD2�>¨Y[4[> M �KOrFDG.hKGK^L§C4<;E25O¥BL>COdYo>C^�Y[G.kDGZY[GK4<2 7 gK^DGK25OrFD;NÑLhKX = s

Yo>C^DFD2�2�O<GKX(GK^�Y[GK^DFD; J GK^�Y[2�FDG�X J >��©254 J > 75= 25BL> =µ�-± ^DGKhKGKO<O[§C4<;E2\13254dYo>C^�Y[2$GKOdY[4<X]Y[XD4[§ s = 2D�
;EFDGK^�Y[;NÑLha>C^DFD2$>CO.FD;N�©GK4<GK^�Y[GKO.O<;NY[XL>C_KÍmGKO.G J º¼XDG��½>C�&O<GK^�Y[;EFD2$13GK^DO[>C4.G J �<XDOdY[;E_a>I^L>�FD; M ;EO[`C2
FD25OI4<GKhKXD4<O<25O$FDG�X J >	4<GKFDG/º¼XDG/; J 1 = G J GK^�Yo>�2(O<GK4 M ;E_K2�>CO<O<G 7 XD4[>CFD2 � H = � J FD;EO<O<2D�rFDG M G
ÑLha>C4&h = >C4<2\2/º¼XDGI4<GK1D4<GKO<GK^�Yo>/X J hKGK^L§C4<;E2A�<XDOdY[2/G J ha>CFL>\X J FDGKOdY[GKOAha>CO<25O �

e 25^]�©254 J G M ;EOdY[2�^L>�O<XDBDO<GK_a`C2 ¢m� ¸ � ¸ �¨25Orh = >CO<O<;NÑLha>CFD254<GKO,>¨Y[XL> J O<25BD4<G.ÙLXm�]25O}> 7 4<G 7 >CFD25O
FDG\Y[4[§¨�©G 7 2 ³ Ñ 7 XD4[> �D�N¤ ·"�\� GKOdY[G J 2mFD2D��2	Y[4[§¨�©G 7 2(FDG J G = kD254�GKOd�©254<_K2 ³µc�i.· ��O<GK1L>C4[>CFD2
FD2�Y[4[§¨�©G 7 2(>�O<GK4�hK25^DFD;EhK;E25^L>CFD2�G J >C4<ha>CFD2	>C1D4<251D4<;?>CFL> J GK^�Y[GC�×G J �©XD^D_a`C2	FD25OvO<GK4 M ;E_K25O
FD;N�©GK4<GK^DhK;?>CFD25O/hK25^�Y[4[>¨Yo>CFD25O��<XD^�Y[2ë>C2¶1D4<2 M GKFD254 � ��2Óha>CO<2 J >C;EO 7 GK^D�K4<;EhK2D��X J0J GKO J 2
h = ;EGK^�Y[G�hK25^�Y[4[>¨Yo> J >C;EO�FDG�X J O<GK4 M ;E_K2 �+6 OdY[2¶�½>C��hK2 J º¼XDG�ÙLXm�]25O�FDG J GK^D254/^Db M G = FDG
> 7 4<G 7 >C_a`C2D�,25XËO<G8�[>]� J GK^D254�^¼¹ J GK4<2�FDG J ;EhK4<2CÙLXm�]25OK�,O<G8�[> J hK25^DFD;EhK;E25^L>CFD25O�FDG	>ChK254<FD2
hK2 J 25OAO<GKXDOv4<GKO<13GKhZY[; M 25O�13GK4dÑLO�FDG$Y[4[§¨�©G 7 2 � H = � J FD;EO<O<2D�×X J GKO<ha> = 25^L>CFD254���^DGKhKGKO<O[§C4<;E2
1L>C4[>\2/hK2 J 1L>C4dY[; = kL> J GK^�Y[2$FD2/GK^ = >ChKGvFDGIO[>CbEFL> �

Classificador

Fluxo de
Tráfego

Total
para o

Provedor

Cond. Tráfego 1
(PHB-AF1)

Perfil de
Tráfego 1

Cond. Tráfego 2
(PHB-EF)

Perfil de
Tráfego 2

Cond. Tráfego N
(ME-PHB Default)

Perfil de
Tráfego N Roteador de Saída para a

Internet

Escalonador
(WRR p.ex.)

Fluxo de
Tráfego Total
Condicionado

para o
Provedor

Fila 1

Fila 2

Fila N

{ ; 7 XD4[> �D�N¤ � � ;N�©GK4<GK^�Y[GKO&13GK4dÑLO�FDGvY[4[§¨�©G 7 2\G J X JìJ GKO J 2\h = ;EGK^�Y[G �

pr2mFDG"s8O<G(FD;E�KGK4\GK^�Yo`C2Ìº¼XDG�Y[2mFD2Ì2�Y[4[§¨�©G 7 2Âº¼XDG(GK^�Y[4[>ÂG	O[>C;�FDG	X J 1D4<2 M GKFD254����©254ts
J >CFD2�13G = > J ;EOdY[XD4[>$FDGKOdY[GKOnÙLXm�]25O&> 7 4<G 7 >CFD25On>CO<O<2mhK;?>CFD25On>�FD;N�©GK4<GK^�Y[GKOn13GK4dÑLOnFDG�Y[4[§¨�©G 7 2 �
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��254 J > =EJ GK^�Y[GC��GKOdY[GKO:ÙLXm�]25O M `C2$13GK4dY[GK^DhKGK4�>�FD;N�©GK4<GK^�Y[GKO:h = ;EGK^�Y[GKO.GA>C1D4<GKO<GK^�Yo>C4�FD;N�©GK4<GK^�Y[GKO
^Db M GK;EO�FDGI> 7 4<G 7 >C_a`C2 � H = � J FD;EO<O<2D�D25O�FD; M GK4<O<25O J ;EhK4<2CÙLXm�]25O�º¼XDGv25OnhK2 J 13ÍmG J FD;EO<1DX]Yo> J
25O\4<GKhKXD4<O<25O�FD2Â1D4<2 M GKFD254 �ëi OdY[G(hK2 J 1L>C4dY[; = kL> J GK^�Y[2�132mFDG�O<GK4�BL>COdYo>C^�Y[G	hK2 J 1 = G"�]2ÂG J
�©XD^D_a`C2ÌFL>ÌFD; M GK4<O<;EFL>CFDG	FL>CO�4<2CYo>CO\GK^�Y[4<G(�©25^�Y[G	G(FDGKOdY[;E^D2Ì1L>C4[>Âha>CFL> J ;EhK4<2CÙLXm�]2D�xG	FL>
1D4<q51D4<;?>�hK2 J 1 = G"�];EFL>CFDG$FL>	>C4<º¼XD;NY[GZY[XD4[>�FL>�4<GKFDG\FD2	1D4<2 M GKFD254 � ��2�GK^�Yo>C^�Y[2D�¥G JVJ XD;NY[25O
ha>CO<25OK�:^L`C2Ì�(FD;N�©bEhK; = ;EFDGK^�Y[;NÑLha>C4\hK2 J 2Â25O�4<GKhKXD4<O<25O/GKOdYo`C2¶O<GK^DFD2ÓhK2 J 1L>C4dY[; = kL>CFD25O �Ëz�J
G"�]G J 1 = 2ÌY[bE1D;EhK2Â��; = XDOdY[4[>CFD2Â^L>ÂÑ 7 XD4[> �D�²¢ �.25^DFDG M §C4<;E25O\h = ;EGK^�Y[GKO�O<G = ; 7 > J >ÌX J06 l]p �
��GKOdY[G�ha>CO<2D� = >C4 7 XD4[>/FDG��½>C;Ø�D>�G\GKO<1L>C_K2(G Jã·KÇ"Û�ÃZÅ ^D2	GK^ = >ChKG\FDG�>ChKGKO<O<2�¾ 6 ^�Y[GK4<^DGZYIO[`C2
hK2 J 1L>C4dY[; = kL>CFD25O:13G = 25OnFD; M GK4<O<25O&ÙLXm�]25O�FDGvY[4[§¨�©G 7 2\FD25O&XDO<XL§C4<;E25O �

Cliente 1
Roteador de
Saída para
a Internet

Roteador de
Entrada do
Provedor

Capacidade = 622 Mbit/s
Provisionamento:
30% EF
30% AF1
30% AF2
10% ME

AF1,AF2,EF,ME
Cliente 2

Cliente N

AF1, EF, ME

AF2, EF, ME

AF1, A
F2, M

E

Enlace Compartilhado

{ ; 7 XD4[> �D�²¢ � e 2 J 1L>C4dY[; = kL> J GK^�Y[2$FDGI4<GKhKXD4<O<25O�GK^�Y[4<G�FD; M GK4<O<25OnÙLXm�]25O�G J X Jì6 l]p �

� > = G�^D2CYo>C4vº¼XDG�^L>CO�Ñ 7 XD4[>CO �D�N¤ G �D�²¢ �©254[> J 4<GK1D4<GKO<GK^�Yo>CFD25OI25X]Y[4<25OIpx@A9:O�> = � J FD2
px@A9xs8H { �a; = XDOdY[4[>C^DFD2�X J >�O<;NY[XL>C_a`C2 J >C;EO 7 GK^D�K4<;Eha>�G J º¼XDG�X JTJ GKO J 2n1D4<2 M GKFD254¥O<XD13254dYo>
J >C;EOrFDG�X J px@A9 � ��GKOdY[GKO�ha>CO<25OK�525O}4<GKhKXD4<O<25O�O<GK4[`C2�FD;EOdY[4<;EBDXDbEFD25OrFDG:�©254 J >�;E^DFDGK13GK^DFDGK^�Y[G
GK^�Y[4<G�25O:px@A9:O.G 7 4<XD1325OxFDGApx@A9:O ³ h = >CO<O<GKO.H { FD;EOdY[;E^�Yo>CO�13254xG"�]G J 1 = 2 · ¬ ¤ ¢ µ�m>¨Y[4[> M �KO.FD2
XDO<2$FDGAFD;EO<hK;E1 = ;E^L>CO�FDG�GKO<ha> = 25^L> J GK^�Y[2�Yo>C;EOxhK2 J 2IÊ |�|I� p,>C4[>$>$>C^L§ = ;EO<G&FD2$O<GK4 M ;E_K2�>CO<O<G"s
7 XD4[>CFD2D�D;EOdY[2�13GK4 J ;NY[Gvº¼XDG�>�4<GKFDGIFD2/1D4<2 M GKFD254�1325O<O[>�O<GK4 M ;EO<XL> = ;E�a>CFL>�G J O<XDB3hK25^ �<XD^�Y[25O
�©254 J >CFD25OA13G = 25O�4<GKhKXD4<O<25Ov4<GKO<GK4 M >CFD25O�>�ha>CFL>�h = >CO<O<G�H { FDG�px@A9:O ��W > = >C1D4<2a�]; J >C_a`C2��
�<XDOdY[;NÑLha>CFL>$13G = 2$BL>C;Ø�]2�; J 1L>ChZY[2�FL>$1D4<GKO<GK^D_a>\FDG�25X]Y[4<25O�px@A9:O�^D2\px@A9xs8H { �mG J Y[GK4 J 25O
FDG M >C�a`C2�25B]Y[;EFL> $ � HªÑ 7 XD4[> �D� ¸ J 25OdY[4[>(> J GKO J >	4<GKFDG/FL>	Ñ 7 XD4[> �D�²¢ >C13GK^L>CO�hK2 J 25O
4<GKhKXD4<O<25O�4<GKO<GK4 M >CFD25OA¾\h = >CO<O<GIH {:¤ FD2�px@A9xs8H {:�

&�Y ë©ñ¸ó�ë©î(
*î�÷�ñnö4x-î©î�ø¾îEïÚïÚñÜï�
)ð-ï;ðíî(����U�© é � �)îEö)÷�ñ\ïÚñ¾ô;ð-ï;÷�î�ñ��À�Í��� ¾ ��ó�x-î�� ë(
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Cliente 1
Roteador de
Saída para
a Internet

Roteador de
Entrada do
Provedor

Capacidade = 186,6 Mbit/s

AF1
Cliente 2

Cliente N

AF1

AF1

Enlace Compartilhado

{ ; 7 XD4[> �D� ¸ �.lmXDB3hK25^ �<XD^�Y[2/FDG�4<GKhKXD4<O<25O&FDGKOdY[;E^L>CFD25O�¾�h = >CO<O<GIH {:¤5�

p,>C4dY[;E^DFD2�FL>\1D4<G J ;EO<O[>�FDGvº¼XDGI�v1325O<O<b M G = ;EFDGK^�Y[;NÑLha>C4�hK2 J 2\25On4<GKhKXD4<O<25O&FD2�1D4<2 M GKFD254
GKOdYo`C2�O<GK^DFD2�hK2 J 1L>C4dY[; = kL>CFD25O�13G = 25OvFD;N�©GK4<GK^�Y[GKOvÙLXm�]25O�> 7 4<G 7 >CFD25OIFDG�X J >�FDGZY[GK4 J ;E^L>CFL>
h = >CO<O<GÌH { ��FDG M G"s8O<G 7 >C4[>C^�Y[;E4�º¼XDG¶> =E7 XD^DO	FDGKOdY[GKO(ÙLXm�]25O�^L`C2óO<G8�[> J 1D4<; M ; = G 7 ;?>CFD25O�G J
FDGZY[4<; J GK^�Y[2�FDG�25X]Y[4<25OK�5O<G J FDGK;Ø�D>C4,FDG = G M >C4rG J hK25^�Yo>v>CO,FD;N�©GK4<GK^D_a>CO�GK^�Y[4<G�25O}4<GKO<13GKhZY[; M 25O
13GK4dÑLO(FDGÂY[4[§¨�©G 7 2 � H = � J FD;EO<O<2D�A132mFDGÂO<GK4	; J 13254dYo>C^�Y[GÂ>ó>CXDO<gK^DhK;?>ëFDGÂFD;EOdY[254<_KÍmGKO	^L>
�©254 J >�hK2 J º¼XDG\25O�FD;N�©GK4<GK^�Y[GKO J ;EhK4<2CÙLXm�]25OK�×XDO<XL§C4<;E25OK�¥>C1 = ;Eha>C_KÍmGKOA25XÂO<XDBD4<GKFDGKOIFD; M ;EFDG J
25O�4<GKhKXD4<O<25O�25B]Y[;EFD25O/13254/ha>CFL>¶ÙLXm�]2ë> 7 4<G 7 >CFD2 � lmGK^DFD2ó>CO<O<; J ��1L>C4[>¶ha>CFL>Óh = >CO<O<G�H {
G J º¼XDGKOdYo`C2D�32/1D4<25B = G J >�FL>��<XDOdY[;E_a>�132mFDG�O<GK4�FD; M ;EFD;EFD2�G J FD25;EO&1D4<25B = G J >CO&FD;EOdY[;E^�Y[25O&G
;E^DFDGK13GK^DFDGK^�Y[GKOK�

���<XDOdY[;E_a>¶GK^�Y[4<G�25O�ÙLXm�]25O	> 7 4<G 7 >CFD25O/º¼XDG�hK254<4<GKO<1325^DFDG J >C25O/FD;N�©GK4<GK^�Y[GKO�13GK4dÑLO�FDG
Y[4[§¨�©G 7 2 �
� GK^�Y[4<2�FDGKOdY[G�hK25^�Y[G"�mY[2D��>�FDGZÑL^D;E_a`C2�FDGv�<XDOdY[;E_a>�1L>C4[>�GKOdY[G�Y[;E132�FDG�hK2 J 1L>C4dY[; = kL> s
J GK^�Y[2$>C;E^DFL> M >C;LFDGK13GK^DFDGK4.FL>I�©254 J >�FDGA>C1D4<2 M ;EO<;E25^L> J GK^�Y[2vFD25O.4<GKhKXD4<O<25O.FL>�4<GKFDG �
��2�ha>CO<2$FDG�X J >v4<GKFDGAO<XD13GK4<FD; J GK^DO<;E25^L>CFL>]��X J hKGK^L§C4<;E2��<XDOdY[2�O<GK4[§$>Cº¼XDG = G&G J º¼XDG
Y[2mFD25O/25O�ÙLXm�]25O�> 7 4<G 7 >CFD25O�>¨Y[;E^ 7 G J >CO/O<XL>CO�Yo> �D>CO�hK25^�Y[4[>¨Yo>CFL>CO �é6 OdY[2Ó�C��;E^DFDG"s
13GK^DFDGK^�Y[G J GK^�Y[G$FL>CO�FD;N�©GK4<GK^D_a>CO�GK^�Y[4<G�25O�13GK4dÑLO�FDGvY[4[§¨�©G 7 2�>C25O&º¼XL>C;EO�GKOdY[GKO&ÙLXm�]25O
GKOdYo`C2ë>CO<O<2mhK;?>CFD25OK�nY[2mFD25O�FDG M G J 25B]Y[GK4�2Ë^Db M G = FDG�O<GK4 M ;E_K2Ë13G = 2Ëº¼XL> = GKOdYo`C2ë1L> s
7 >C^DFD2D���[§Âº¼XDG�kL§Ì4<GKhKXD4<O<25O/O<X]ÑLhK;EGK^�Y[GKO/1L>C4[>Ìº¼XDG(GKOdYo>ÌhK25^DFD;E_a`C2¶O<G8�[>ÌO[>¨Y[;EOd�©GK;NYo> �
� XL>C^�Y[25O�>C25O/4<GKhKXD4<O<25O�G"�]hKGKFDGK^�Y[GKOK�A>¶º¼XDGKOdYo`C2ë>CF J ;NY[G�Y[4<gKO�O<2 = XD_KÍmGKO J >C;EO\; J G"s
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FD;?>¨Yo>CO � H�1D4<; J GK;E4[>�FDG = >CO�hK25^DO<;EFDGK4[> J >C;EO:�<XDOdY[2�FD; M ;EFD;E4v25O$4<GKhKXD4<O<25O$G"�]hKGKFDGK^�Y[GKO
1D4<2513254<hK;E25^L> =EJ GK^�Y[G\>C25O M > = 254<GKOvFL>COvYo> �D>CO�>CO<O<G 7 XD4[>CFL>CO�FDG�ha>CFL>	13GK4dÑ = FDG\Y[4[§¨�©G"s
7 2 ¬ ®5£ � ¤�£5® � ¤�£ ±  � pr254dYo>C^�Y[2D�nX J h = ;EGK^�Y[G�º¼XDG�hK25^�Y[4[>¨Yo>¶X J >ÌYo> �D>Ë>CO<O<G 7 XD4[>CFL>
FDG ¤\c BD;NY y OAFDG M GK4[§(>¨Y[;E^ 7 ;E4&X J > M >C�a`C2	>CFD;EhK;E25^L> = FDXL>CO M GK�KGKO J >C;E254&FD2�º¼XDG�X J
25X]Y[4<2/º¼XDG�hK25^�Y[4[>CFL> �C£5£ ê¼BD1DOK�3FDGKO<FDG$º¼XDG$>�4<GKFDG�GKOdY[G8�[>/O<XD13GK4<FD; J GK^DO<;E25^L>CFL> � HAO
FDG J >C;EOIO<2 = XD_KÍmGKO$1L>C4dY[G J FD2�1D4<;E^DhKbE1D;E2(FDG�º¼XDG�25O�4<GKhKXD4<O<25O�G"�]hKGKFDGK^�Y[GKOK�x13254�^L`C2
GKOdYo>C4<G J O<GK^DFD2�hK25^�Y[4[>¨Yo>CFD25OK�m^L`C2�FDG M G J Y[GK4:hK254<4<G = >C_a`C2�hK2 J 25O:13GK4dÑLO:FDG�Y[4[§¨�©G 7 2 �
��2�GK^�Yo>C^�Y[2D�rGKOdYo> J GKO J >	1D4<G J ;EO<O[>(hK25^DFDXD�/>(FDXL>CO$>CB3254<FL> 7 GK^DOvFD;EOdY[;E^�Yo>COK�IFD; M ;Øs
FD;E4�25O&4<GKhKXD4<O<25O�; 7 XL> =EJ GK^�Y[G ¬ �5£ ¥25X�>¨Y[� J GKO J 2\^L`C2/>C1 = ;Eha>C4�º¼XL> = º¼XDGK4&132 = bNY[;Eha>�FDG
hK2 J 1L>C4dY[; = kL> J GK^�Y[2 ¬ �*�  �
��2/ha>CO<2/FDGI4<GKFDGKO�O<XDB3FD; J GK^DO<;E25^L>CFL>COK�L^L`C2�kL§�hK2 J 2\�½>C�KGK4&hK2 J º¼XDGIY[2mFD25On25O&ÙLXms
�]25O�> 7 4<G 7 >CFD25O$>¨Y[;E^ �[> J >CO$O<XL>CO�Yo> �D>CO�>CO<O<G 7 XD4[>CFL>CO�t � ��GKOdY[G�ha>CO<2D�,2 J >C;EO:�<XDOdY[2
O<GK4[§�FD;EOdY[4<;EBDXD;E4�25O�4<GKhKXD4<O<25O\1D4<2513254<hK;E25^L> =EJ GK^�Y[G�>C25O�13GK4dÑLO\FDG�Y[4[§¨�©G 7 2�hK25^�Y[4[>¨Yo> s
FD25O ¬ � ¸ � �*� µ�vha>CXDO[>C^DFD2)X J >óFDG 7 4[>CFL>C_a`C2)O<XL> M GÓ^D2)^Db M G = FDG¶O<GK4 M ;E_K2)FDG¶ha>CFL>
h = ;EGK^�Y[G � ��2�GK^�Yo>C^�Y[2D�3>CO<O<; J hK2 J 2\^D2/ha>CO<2�>C^�Y[GK4<;E254K�D25X]Y[4[>CO�>CB3254<FL> 7 GK^DOnYo> J B3� J
O[`C2\FDGZ�©GK^DFD;EFL>COK�LhK2 J 2�13254�G"�]G J 1 = 2�>�FDGv^L`C2�>C1 = ;Eha>C4.^DGK^Dk¼X J >\132 = bNY[;Eha>IGKO<13GKhKbNÑ]s
ha> ¬ �*�  ��i OdY[G�1325^�Y[2�FDG M ;EOdYo> 7 >C^DkL>v�©254<_a>�>¨Y[4[> M �KO.FD2$>C4 7 X J GK^�Y[2�FDG�º¼XDG�2�h = ;EGK^�Y[G
� J >C;EOvO<GK^DO<b M G = >C2�^L`C2�hKX J 1D4<; J GK^�Y[2(FD2�O<GK4 M ;E_K2D�r;E^DFDGK13GK^DFDGK^�Y[G J GK^�Y[G�FD2�^Db M G =
FL>\FDGZ�½>CO[> 7 G J��

���<XDOdY[;E_a>�GK^�Y[4<G$25OnÙLXm�]25OAº¼XDG�hK2 J 13ÍmG J X J ÙLXm�]2�> 7 4<G 7 >CFD2/hK254<4<GKO<1325^DFDGK^�Y[G\>�X J
13GK4dÑ = FDG�Y[4[§¨�©G 7 2 �(i OdY[GKOIÕtO<XDB]ÙLXm�]25OtÖ�FDG J GK^D254�^Db M G = FDG�> 7 4<G 7 >C_a`C2�^L`C2�hK254<4<GKOts
1325^DFDG J ^DGKhKGKO<O[>C4<;?> J GK^�Y[GÂ> J ;EhK4<2CÙLXm�]25O ³ ha>CO<2Ë132CY[GK^DhK;?> =EJ GK^�Y[G J >C;EO/hK2 J X J�· �
132mFDGK^DFD2�4<GK1D4<GKO<GK^�Yo>C4AYo> J B3� J 2/Y[4[§¨�©G 7 2/FDG$X Jf7 4<XD132/FDG$XDO<XL§C4<;E25OK�3GKOdYo>C_KÍmGKOAFDG
Y[4[>CBL> = kD2D�D>C1 = ;Eha>C_KÍmGKOnGKO<13GKhKbNÑLha>CO&G�>¨Y[�IO<XDBD4<GKFDGKO�FDGIX J >\G J 1D4<GKO[>�25X(ha> J 1DXDO �
HíFDGZÑL^D;E_a`C2$FDGx�<XDOdY[;E_a>�1L>C4[>�GKOdY[G�ha>CO<2�� J >C;EO.O<; J 1 = GKOK�¼1325;EO.1L>C4dY[G"s8O<GAFL>$1D4<G J ;EO<O[>
FDG(º¼XDG(^D2Ól � Hj�	FDGZÑL^D;EFD2¶>C13GK^L>CO�X J 13GK4dÑ = FDG�Y[4[§¨�©G 7 2Â1L>C4[>Â2ÂÙLXm�]2Ó> 7 4<G 7 > s
FD2 �	� 2 7 2D�rO<G�G J Y[GK4 J 25O�hK25^�Y[4[>¨Y[XL>C;EO�^L`C2�kL§�^DGK^Dk¼X J >�FD;N�©GK4<GK^DhK;?>C_a`C2�G"�]1 = bEhK;NYo>
O<25BD4<G$2�^Db M G = FDG�O<GK4 M ;E_K2�º¼XDG�FDG M G�O<GK4�25B]Y[;EFD2/13G = 25O�ÙLXm�]25O�º¼XDG�hK2 J 13ÍmG J 2/Y[4[§ s
�©G 7 2/Y[2CYo> = �3>�1D4<;E^DhKbE1D;E2/FDGKO<G8�[> s8O<G�º¼XDG$25OA4<GKhKXD4<O<25OvFD2�1D4<2 M GKFD254�O<G8�[> J 4<GK1L>C4dY[;EFD25O
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W >CB3G = > �D�N¤ � e 2 J 1L>C4dY[; = kL> J GK^�Y[2&�<XDOdY[2/FDGI4<GKhKXD4<O<25O�^D2�O<GK4 M ;E_K2�>CO<O<G 7 XD4[>CFD2 �
HA1D4<2 M ;EO<;E25^L> J GK^�Y[2 lmXDB3FD; J GK^DO<;E25^L>CFD2 lmXD13GK4<FD; J GK^DO<;E25^L>CFD2

| GKhKXD4<O<25O e 25^�Y[4[>¨Yo>CFD25O e 25^�Y[4[>¨Yo>CFD25O i �]hKGKFDGK^�Y[GKO
i ^�Y[4<G/ÙLXm�]25O
> 7 4<G 7 >CFD25O

p�4<2513254<hK;E25^L> = >C25O
13GK4dÑLO FDG�Y[4[§¨�©G 7 2
hK25^�Y[4[>¨Yo>CFD25O

� G J 2mFD2�>�>¨Y[GK^ms
FDGK4AY[2mFD25OA25O�13GK4dÑLO
FDGÌY[4[§¨�©G 7 2õhK25^�Y[4[> s
Yo>CFD25O

p�4<2513254<hK;E25^L> = >C25O
13GK4dÑLO�FDG#Y[4[§¨�©G 7 2
hK25^�Y[4[>¨Yo>CFD25O 25X
; 7 XL> = 1L>C4[>�Y[2mFD25O

i ^�Y[4<G�ÙLXm�]25O�º¼XDG
hK2 J 13ÍmG J X J
ÙLXm�]2�> 7 4<G 7 >CFD2

687 XL> = 1L>C4[>nY[2mFD25O 25O
ÙLXm�]25O

687 XL> = 1L>C4[>nY[2mFD25O 25O
ÙLXm�]25O

687 XL> = 1L>C4[>nY[2mFD25O 25O
ÙLXm�]25O

; 7 XL> =EJ GK^�Y[G�GK^�Y[4<G�GKOdY[GKO�ÙLXm�]25O ¬ ¤�£�� � ¤�£5¯  �)i OdY[G�1325^�Y[2¶FDG M ;EOdYo>Ì;E^DFDGK13GK^DFDG(FD2
>C1D4<2 M ;EO<;E25^L> J GK^�Y[2�FL>\4<GKFDGC� M > = GK^DFD2\13254dYo>C^�Y[2\1L>C4[>\25Onha>CO<25OnO<XDB3FD; J GK^DO<;E25^L>CFD2\G
O<XD13GK4<FD; J GK^DO<;E25^L>CFD2D�¼^D2$º¼XDG�O<GA4<GZ�©GK4<G�>C2�hK2 J 1L>C4dY[; = kL> J GK^�Y[2IFL>CO.Yo> �D>CO:>CO<O<G 7 XD4[> s
FL>�G.G"�]hKGKFDGK^�Y[G �.e 25^�Y[XDFD2D�C^L>CFL>�; J 13GKFDGxº¼XDG:2�h = ;EGK^�Y[G.>CFD2CY[G.X J >&132 = bNY[;Eha>�;E^�Y[GK4<^L>
1L>C4[>v>AFD; M ;EO[`C2�FD25O}4<GKhKXD4<O<25OxhK25^�Y[4[>¨Yo>CFD25OK�5ÑLha>C^DFD2v2v1D4<2 M GKFD254�4<GKO<1325^DO[§ M G = >C13GK^L>CO
13G = 2I132 = ;EhK;?> J GK^�Y[2AFD2IY[4[§¨�©G 7 2vY[2CYo> = ^L>IGK^�Y[4[>CFL>IFD2IO<GKX�FD2 J bE^D;E2 ³ O<XDBDO<GK_a`C2 �D� ¸ � �¼·"�

H�Yo>CB3G = > �D�N¤ 4<GKO<X J G¶FDGÌ�©254 J >ëGKOdY[4<X]Y[XD4[>CFL>õ2õ1D4<25B = G J >ëFL>��<XDOdY[;E_a>ó^D2õO<GK4 M ;E_K2
>CO<O<G 7 XD4[>CFD2 � p,>C4[>Iha>CFL>IX J >�FL>COxO<;NY[XL>C_KÍmGKOxFD;EO<hKX]Y[;EFL>COx>ChK; J >]�CO[`C2�FDGKO<hK4<;NY[25Ox25OxhKGK^L§C4<;E25O
�<XDOdY[25O J >C;EOIhK2 J XD^DOK�,G J �©XD^D_a`C2�FD25O�4<GKhKXD4<O<25O$º¼XDG/GKOdYo`C2�O<GK^DFD2�hK2 J 1L>C4dY[; = kL>CFD25O�G/FD2
>C1D4<2 M ;EO<;E25^L> J GK^�Y[2(FL>�4<GKFDG �_± ; J 13254dYo>C^�Y[G\^D2CYo>C4Iº¼XDG�GKOdY[GKO$^L`C2�O[`C2�hK4<;NY[�K4<;E25Ov¹D^D;EhK25OK�
ha>CB3GK^DFD2)>C2ó1D4<2 M GKFD254(FDGZÑL^D;E4	2õº¼XDGÌFDG M G¶O<GK4	�©GK;NY[2ëº¼XL>C^�Y[2)>Ë�©254 J >ËFDGÌ4<GK1L>C4dY[;E4�25O
4<GKhKXD4<O<25OK� = G M >C^DFD2�25XÂ^L`C2	G J hK25^DO<;EFDGK4[>C_a`C2	25OI>C^DO<GK;E25O�FDG�O<GKXDOIh = ;EGK^�Y[GKO ��� G\º¼XL> = º¼XDGK4
�©254 J >]�DGKOdYo>��IX J >�FDGKhK;EO[`C2�FDG�^DG 7 qmhK;E25Onº¼XDG�^L`C2/FDG M G�O<GK4�;E^]ÙLXDGK^DhK;?>CFL>\13254 = ; J ;NYo>C_KÍmGKO
Y[�KhK^D;Eha>CO ¬ ¤�£ ±� ��� 2 7 2D�3º¼XL> = º¼XDGK4�º¼XDG�O<G8�[>�>�> = Y[GK4<^L>¨Y[; M >�>CFD2CYo>CFL>/13254�X J 1D4<2 M GKFD254K�×G = G
FDG M GIY[GK4&25O&hK2 J 1325^DGK^�Y[GKO&^DGKhKGKO<O[§C4<;E25O�1L>C4[>\; J 1 = G J GK^�Yo§ s = > �

z�J > M GK��FDGZÑL^D;EFL>�>�132 = bNY[;Eha>�>(O<GK4$>CFD2CYo>CFL>]�rFD25;EOvY[GK4 J 25OI; J 13254dYo>C^�Y[GKOvFDG M G J O<GK4
B3G J º¼XL>C^�Y[;NÑLha>CFD25OxGnFD;N�©GK4<GK^DhK;?>CFD25O}1L>C4[>�º¼XDG&O<G&1325O<O[>I> M > = ;?>C4,>.�<XDOdY[;E_a>]� Yo> �D>v4<GKO<GK4 M >CFL>
³ >CO<O<G 7 XD4[>CFL>\25X(hK25^�Y[4[>¨Yo>CFL> · G�Yo> �D>�> =NM 2 ³tÜ�ÝCÅÚÂ¼ÃZÜxÅ<ÝCÜ8Ã ·"� HíYo> �D>\4<GKO<GK4 M >CFL>\hK254<4<GKO<1325^DFDG
>C2 M > = 254�hK25^�Y[4[>¨Yo>CFD2D�.GK^Dº¼XL>C^�Y[2Óº¼XDG�>ÂYo> �D>Ì> =NM 2Ì��>�Yo> �D>Â4<GKO<GK4 M >CFL> J >C;EO\>Â13254<_a`C2
G"�]hKGKFDGK^�Y[GC�3G J �©XD^D_a`C2\FL>\132 = bNY[;Eha>IGKO<hK2 = kD;EFL> �.c >C;EO:�©254 J > =EJ GK^�Y[GC�mO<G+NÏ�I>�ha>C1L>ChK;EFL>CFDG
Y[2CYo> = FDG�Y[4[>C^DO J ;EO<O[`C2�FDGAX J GK^ = >ChKG�FDG�>ChKGKO<O<2\25X�FDG 7 >C4 7 > = 2IhK2 J 1L>C4dY[; = kL>CFD2v13254 M §C4<;E25O
ÙLXm�]25O\G J X J 1D4<2 M GKFD254K��GÇg¨%n�	>�Yo> �D>�hK25^�Y[4[>¨Yo>CFL>�º¼XDG	FDGZÑL^DG�X J 13GK4dÑ = FDG�Y[4[§¨�©G 7 2
�<�»GK^�Yo`C2�> = >C4 7 XD4[>\FDGI�½>C;Ø�D>\Y[2CYo> = >CO<O<G 7 XD4[>CFL> g¡132mFDG�O<GK4�ha> = hKX = >CFL>�13G = >\GKº¼XL>C_a`C2 �D�N¤ �
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25^DFDG � ��2$^¼¹ J GK4<2�Y[2CYo> = FDGA13GK4dÑLO:FDG&Y[4[§¨�©G 7 2 �xe 25^DO<GKº¼XDGK^�Y[G J GK^�Y[GC�»> = >C4 7 XD4[>vFDG��½>C;Ø�D>
G"�]hKGKFDGK^�Y[G�Y[2CYo> = £ �I25B]Y[;EFL>\>¨Y[4[> M �KO�FL>\GKº¼XL>C_a`C2 �D�²¢m�

g a
8�
%� �, g¨% ³#�D�N¤ ·

£/abNb�Ág ³#�D�²¢5·
� G�>ChK254<FD2�hK2 J 25O�hK4<;NY[�K4<;E25O�FDG&�<XDOdY[;E_a>�FL>/Yo>CB3G = > �D�N¤ �3ha>CFL>�ÙLXm�]2(> 7 4<G 7 >CFD2 ��FDG M G

25B]Y[GK4K�n> = � J FDG�O<XL>ÌYo> �D>¶4<GKO<GK4 M >CFL>ig¨%���X J >ÂYo> �D>¶G"�]hKGKFDGK^�Y[G�£�%AFDGZÑL^D;EFL>¶hK25^]�©254 J G
>óGKº¼XL>C_a`C2 �D� ¸ �j~ §ó1L>C4[>ó2õhK4<;NY[�K4<;E2óFDG¶hK2 J 1L>C4dY[; = kL> J GK^�Y[2ë; 7 XL> = ;NYo§C4<;E2ÓFD25O�4<GKhKXD4<O<25O
G"�]hKGKFDGK^�Y[GKOK�D>AYo> �D>�G"�]hKGKFDGK^�Y[GA1L>C4[>�ha>CFL>AÙLXm�]2I�nFDGZÑL^D;EFL>�FDG��©254 J >AFD;N�©GK4<GK^�Y[GC��hK25^]�©254 J G
>\GKº¼XL>C_a`C2 �D� �D�

£�%Vab£"! g¨%
g$# ³#�D� ¸ ·

£�%Va £
� ³#�D� �¼·

6 ^DFDGK13GK^DFDGK^�Y[G J GK^�Y[G�FD25O\hK4<;NY[�K4<;E25O$>ChK; J >�^D2�GK^�Yo>C^�Y[2D�.>�Yo> �D>Â> =NM 2 F %nO<GK4[§Â25B]Y[;EFL>
>¨Y[4[> M �KO�GKº¼XL>C_a`C2 �D���m�

F %Vabg¨%u`ä£�% ³#�D���5·
e 2 J 4<G = >C_a`C2\>C25O���ÙLXm�]25O&º¼XDGvhK2 J 13ÍmG J X J ÙLXm�]2/> 7 4<G 7 >CFD22�<�D>CO�Yo> �D>COn4<GKO<GK4 M >CFL>

Ò
% ( �.G"�]hKGKFDGK^�Y[GGÌ
% (�G�> =NM 2]^�% (�1L>C4[>Âha>CFL>�ÕtO<XDB]ÙLXm�]2¨Ö ³ 25X J ;EhK4<2CÙLXm�]2 · *L�.O[`C2¶FDGZÑL^D;EFL>CO
>¨Y[4[> M �KO�FL>CO&GKº¼XL>C_KÍmGKO �D� ® � �D� ±\G �D� � �D4<GKO<13GKhZY[; M > J GK^�Y[G �

Ò
% (�a g¨%
� ³#�D� ®�·

Ì
% (§a £�%
� ³#�D� ± ·

^�% (�a�Ò
% (@`äÌ
% (§a F %
� ³#�D� ��·

æ4�ÊÉ ËÌ¨X�R®!���EÍu�¥�R���|��£!�����Î�!�Õ°�®H�	£!� ³ �R¬©�

e 2 J 2\O<XD4 7 ; J GK^�Y[2$FL>�1D4<251325OdYo>$FD2�O<GK4 M ;E_K2�>CO<O<G 7 XD4[>CFD2D� M §C4<;E25OxY[4[>CBL> = kD25O:25B¼�<GZY[; M > s
4[> J ;E^ M GKOdY[; 7 >C4}>¨Y[��º¼XDGn1325^�Y[2vO<G�132mFDG 7 >C4[>C^�Y[;E4,>�25B]Y[GK^D_a`C2vFL>CO,Yo> �D>CO�hK25^�Y[4[>¨Yo>CFL>CO}1L>C4[>



B�´Ä� _��)����$%�#d�&'��� PQ&'
��R&'�«��& ÿ �F{�
��E������& G 7

ÙLXm�]25O.;E^DFD; M ;EFDXL>C;EO}25X�> 7 4<G 7 >CFD25O ¬ �C® � �C¯ � ®5£ � ¤�£5® � ¤5¤�£ � ¤5¤5¤  � �A> 7 4[>C^DFDG J >C;E254<;?>AFDGKOdY[GKO
GKOdY[XDFD25O��©254[> J X]Y[; = ;E�a>CFD25O&25O J GKha>C^D;EO J 25O�FDG\; J 1 = G J GK^�Yo>C_a`C2/FDGKO<hK4<;NY[25Ov^D2�ha>C1DbNY[X = 2 ¸ �
;EOdY[2Ì�C�xÑ = >CO |�ix� hK2 JäJ ¹ = Y[;E1 = 25O�^Db M GK;EO�G J >C4<ha>CFD254<GKO�BL>CO<Ga>CFD25O�G J GKOdY[; J >CFD254<GKO\FDG
Yo> �D> J �KFD;?>�25X(BL> = FDGvFDGvÑLhokL>CO ³©J >C4<ha>CFD254<GKOnhK25^ M GK^DhK;E25^L>C;EO ·"�

H�1L>C4dY[;E4	FL>Cbµ��FD; M GK4<O<25O(�½>¨Y[254<GKO	�©254[> J ;EFDGK^�Y[;NÑLha>CFD25O	hK2 J 2óha>C1L>C�KGKO�FDGÌ;E^]ÙLXD;E4�^D2
FDGKO<G J 13GK^DkD2�FD2AO<GK4 M ;E_K2�>CO<O<G 7 XD4[>CFD2 ³ 25B]Y[GK^D_a`C2AFL>&Yo> �D>�4<GKO<GK4 M >CFL> · G.hK25^DO<GKº¼XDGK^�Y[G J GK^�Y[G
^L>¶º¼XDGKOdYo`C2ëFL>��<XDOdY[;E_a> ³ 25B]Y[GK^D_a`C2ËFL>CO�Yo> �D>CO�4<GKO<GK4 M >CFL>ÓG�> =NM 2 · ¬ �*�  � H =E7 XD^DO/FDGKOdY[GKO
�½>¨Y[254<GKO�O<GK4[`C2\FD;EO<hKX]Y[;EFD25O�>�O<G 7 XD;E4n>$4<GKO<13GK;NY[2\FDG�hK2 J 2�hK25^�Y[4<;EBDXDG J 1L>C4[>�2�1D4<25B = G J >�FL>
�<XDOdY[;E_a>\^D2/O<GK4 M ;E_K2�>CO<O<G 7 XD4[>CFD2 �

iýÞÚßàÞÜÝ ÔC8EA3:FLN8E×0<>DnGH<Üî�×0ñ ë 8I<ÜGH<èÔC8EAH`E<>DK:	M08EAH=3?@<>A3:	8@GH8Ib ÔFâ
w 1D4<2CY[2mhK2 = 2 W�e p X]Y[; = ;E�a>�FDXL>CO��[>C^DG = >CO�1L>C4[>¶GZ�©GZY[XL>C4/25O/hK25^�Y[4<2 = GKO�FDG�ÙLXm�]2ÓG�FDG

hK25^ 7 GKOdY[;E25^L> J GK^�Y[2 ³ >C13gK^DFD;EhKG�H ·"��w ^Dq	FDGKOdY[;E^D2	; J 13ÍmG�X J«= ; J ;NY[GIhK254<4<GKO<1325^DFDGK^�Y[G/>C2
GKO<1L>C_K2�FD;EO<1325^Db M G = ^D2�O<GKX ·KÇ"Û�ÃZÅ FDG�4<GKhKGK13_a`C2 ��i OdY[G M > = 254��\Y[4[>C^DO J ;NY[;EFD2(>C2(^Dq(�©25^�Y[G
>¨Y[4[> M �KO:FD25O.1L>ChK2CY[GKO.FDG�4<GKhK25^DkDGKhK; J GK^�Y[2$G���FDGK^D2 J ;E^L>CFD2��[>C^DG = >I>C^¼XD^DhK;?>CFL> ³<Ý�ÞCàCÃZÅ"Ü½ÆEâ�Ã[Þ
@�ÆÈÀ3Þ¼Ä)@ ·"�:~ §�2�^Dq��©25^�Y[GIha> = hKX = >�X J >��[>C^DG = >\FDGIhK25^ 7 GKOdY[;E25^L> J GK^�Y[2/hK2 J 2�X J > J GKFD;EFL>
FL>�ha>C1L>ChK;EFL>CFDGvFL>�4<GKFDG �:e 2 J 2\4<GKO<X = Yo>CFD2\FDGKOdYo>COnFDXL>CO J GKFD;E_KÍmGKOK�]2\^Dq\�©25^�Y[G�^L`C2�FDGK;Ø�D>
hK;E4<hKX = >C4�^L>�4<GKFDG	X J ^¼¹ J GK4<2ÂFDG�1L>ChK2CY[GKO\^L`C2�4<GKhK25^DkDGKhK;EFD25O J >C;E254IFD2�º¼XDG	2 J bE^D; J 2
GK^�Y[4<G/GKOdY[GKO�FD25;EO M > = 254<GKO �/� XL>C^DFD2�>	13GK4<FL>(FDG�X J 1L>ChK2CY[G���FDGZY[GKhZYo>CFL>]�r2 W�e pTGK^�Y[4[>
^L>$�½>CO<GvFDGv4<GKhKXD13GK4[>C_a`C2�4[§C1D;EFL> ³?ºKÝ âZÜxÅ[ÃoáoÄ¨àCÃZÅ->]· 25X(;E^DbEhK;E2 = GK^�Y[2 ³�âZÐEÄ)@óâZÜ�ÝCÅ"Ü<· �D4<GKFDXD�K;E^DFD2
>��[>C^DG = >ÌFDG�hK25^ 7 GKOdY[;E25^L> J GK^�Y[2Ó¾ J GZYo>CFDG�25X)X J O<G 75J GK^�Y[2D��4<GKO<13GKhZY[; M > J GK^�Y[G �+i OdY[G
hK2 J 13254dYo> J GK^�Y[2IFD2 W�e pë��hK25^DO<GK4 M >¨Y[; M 2$^L> J GKFD;EFL>IG J º¼XDGA^L`C2$��O<GK^DO<b M G = >C2$^Db M G = FDG
O<GK4 M ;E_K2 �&e 25^DO<GKº¼XDGK^�Y[G J GK^�Y[GC��hK25^DG"�]ÍmGKO W�e p�132mFDG J FDGK;Ø�D>C4�FDG$>¨Y[;E^ 7 ;E4n>\Yo> �D>�> =NM 2�25X
>¨Y[� J GKO J 2�>\Yo> �D>\4<GKO<GK4 M >CFL> �

w X]Y[4<2$�½>¨Y[254�> 7 4[> M >C^�Y[GA�A2�O<XD4 7 ; J GK^�Y[2$FDG�;E^�Y[GK4 M > = 25O.^D2$ÙLXm�]2\FDG�4<GKhK25^DkDGKhK; J GK^�Y[25OK�
7 GK4[>C^DFD2�hK25^DO<GKº¼XDGK^�Y[G J GK^�Y[G�;E^�Y[GK4<4<XD13_KÍmGKO�^D2�ÙLXm�]2ÂFDG�Y[4[>C^DO J ;EO<O[`C2 ��i OdY[GKO\;E^�Y[GK4 M > = 25O
�½>C�KG J 1L>C4dY[G�FDG�X J �©GK^ É5J GK^D2\hK25^DkDGKhK;EFD2\hK2 J 2�hK2 J 1D4<GKO<O[`C2\FDGv4<GKhK25^DkDGKhK; J GK^�Y[25O ³<Ý¼áoç),
áoÄ¨ÁAÎ3Å[ÃoâoâZÆµÄ¨À�· ¬ ¤5¤ ¢ xG�132mFDG J O<GK4Iha>CXDO[>CFD25O�13254 M §C4<;E25OA�½>¨Y[254<GKO ¬ ¤5¤�£  ��w > =E7 254<;NY J 2�FDG
;E^DbEhK;E2 = GK^�Y[2��½>C�/hK2 J º¼XDG�2 W�e p�GK^ M ;EG�FD25;EO�1L>ChK2CY[GKOvÕthK2 = >CFD25OtÖ ³¸·oÝ¼áoç),8Ü8Ä),Ü·oÝ¼áoçL· >C2�4<G"s
hKGKBD; J GK^�Y[2�FD2�1D4<; J GK;E4<2�4<GKhK25^DkDGKhK; J GK^�Y[2D�×>CX J GK^�Yo>C^DFD2�>CO�hokL>C^DhKGKOvFDG�º¼XDG$25OA4<GKhK25^DkDG"s
hK; J GK^�Y[25O�O<G8�[> J GK^ M ;?>CFD25Ov13G = 2�FDGKOdY[;E^D2(1D4<qa�]; J 25OAXD^DOvFD25Ov25X]Y[4<25OvG\>CO<O<; J 13254�FD;?>C^�Y[G �
w X]Y[4<2��½>¨Y[254��I>�FD;E^Lè J ;Eha>$FD2�> =E7 254<;NY J 2�FDGv4<GKhKXD13GK4[>C_a`C2�4[§C1D;EFL>]�D>\º¼XL> = �½>C��hK2 J º¼XDGI2
W�e pÓ4<GKFDXD�a>vO<XL>:�[>C^DG = >�¾ J GZYo>CFDG�Gn;E^�Y[GK4<4<2 J 1L>v>AY[4[>C^DO J ;EO<O[`C2vFDGn^D2 M 25OxO<G 75J GK^�Y[25Ox>¨Y[�
º¼XDG J GZYo>CFDGAFD25O.1L>ChK2CY[GKO�FL>��[>C^DG = >I254<; 7 ;E^L> = FDGK;Ø�]G J >�4<GKFDG �.� GKOdY[G J 2mFD2D�¼X J ;E^�Y[GK4 M > = 2
� 7 GK4[>CFD2�^L>$O<GKº¼XDgK^DhK;?>$FDGAY[4[>C^DO J ;EO<O[`C2$GA1D4<251L> 7 >CFD2$1L>C4[>�2$ÙLXm�]2�FDG�4<GKhK25^DkDGKhK; J GK^�Y[25O �
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{ ;E^L> =EJ GK^�Y[GC�»>�;E^]ÙLXDgK^DhK;?>�FD2/Y[4[§¨�©G 7 2/FL>/4<GKFDG�>¨Y[4[> M �KOAFDG�hK25^ 7 GKOdY[;E25^L> J GK^�Y[25O�^L>CO�FD;E4<G"s
_KÍmGKO$^D254 J > = G/4<G M GK4<O[>]�}B3G J hK2 J 2�>¨Y[4[>CO<25O$>CFD;EhK;E25^L>C;EOvG J Ñ = >COIG�¿ ÆÈÜ½Ü8ÃZÅ ha>CXDO[>CFD2�13G = >
>CB3GK4dY[XD4[>	FDG\^D2 M >COvhK25^DG"�]ÍmGKOK�r132mFDG J«7 GK4[>C4�;E^�Y[GK4 M > = 25O�O<; 7 ^D;NÑLha>C^�Y[GKOv^D2	ÙLXm�]2(FDG�4<GKhK2¨s
^DkDGKhK; J GK^�Y[25O ¬ �%�  � pr254IGKOdYo>COI4[>C�KÍmGKOv2 W�e p�>C1D4<GKO<GK^�Yo>(ha>C4[>ChZY[GK4<bEOdY[;Eha>COvFDG\X J Y[4[§¨�©G 7 2
G J 4[>��[>CFL>CO �

lm2 J > J s8O<G�>C;E^DFL>�>(GKOdY[GKOI�½>¨Y[254<GKO$> =E7 XD^DOv25X]Y[4<25O�GKO<13GKhKbNÑLhK25O�FL>�; J 1 = G J GK^�Yo>C_a`C2�FD2
W�e p�º¼XDG�GKOdYo§ÌO<GK^DFD2¶X]Y[; = ;E�a>CFL> �ëe 25^]�©254 J G	O<GK4[§ M ;EOdY[2¶^L>ÂO<XDBDO<GK_a`C2 �D�²¢m� � �:>CO�; J 1 = G"s
J GK^�Yo>C_KÍmGKO J >C;EO/hK2 J XD^DO�FD2 W�e p ¬ ¤5¤ ¸ µ� | GK^D2ËG���GZï | GK^D2D��Y[g J O<GKXéFDGKO<G J 13GK^DkD2
FDG 7 4[>CFL>CFD2�^L>�1D4<GKO<GK^D_a>	FDG J ¹ = Y[;E1 = 25OnFDGKO<ha>C4dY[GKOvG J X J > J GKO J >��[>C^DG = >�FDG$hK25^ 7 GKOdY[;E2¨s
^L> J GK^�Y[2 �

W 2mFD25OAGKOdY[GKOA�½>¨Y[254<GKO�hK25^�Y[4<;EBDXDG J 1L>C4[>/º¼XDG�ÙLXm�]25O�FDG�Y[4[§¨�©G 7 2 W�e p�Y[GK^DkL> J FD;NÑLhKX = s
FL>CFDG�G J >¨Y[;E^ 7 ;E4I>CO$O<XL>CO�Yo> �D>CO$4<GKO<GK4 M >CFL>CO �4ÀIi.wIc G |�ix����À ¬ ¤5¤5¤ :FDGKO<GK^ M 2 =NM GK4[> J
J 2mFDG = 25O J >¨Y[G J §¨Y[;EhK25O 1L>C4[>AGKOdY[; J >C4,> M >C�a`C2�25B]Y[;EFL>�1L>C4[> J ;EhK4<2CÙLXm�]25O,;EO<2 = >CFD25OK�¨25X�O<G8�[>]�
ha>CFL>�hK25^DG"�D`C2vhK2 J 2�O<GKX�13GK4dÑ = FDG�Y[4[§¨�©G 7 2AGKO<13GKhKbNÑLhK2 �xw O}4<GKO<X = Yo>CFD25O}1D4<;E^DhK;E1L>C;EO ;E^DFD;Eha> J
º¼XDG�1L>C4[>�hK25^DG"�]ÍmGKOIhK2 J«J GKO J 2 |,WnW G\1D4<25BL>CBD; = ;EFL>CFDGKOAFDG\FDGKO<ha>C4dY[GC� º¼XL>C^�Y[2 J >C;E254�>
Yo> �D>�4<GKO<GK4 M >CFL> J GK^D254�O<GK4[§�>$Yo> �D>�G"�]hKGKFDGK^�Y[G�4<GKhKGKBD;EFL>�4<G = >¨Y[; M > J GK^�Y[GC�]>¨Y[�v2\1325^�Y[2\G J
º¼XDG\^DG J >/Yo> �D>�4<GKO<GK4 M >CFL>	�\>¨Y[;E^ 7 ;EFL> �ve 2 J 2	hK25^DO<GKº¼XDgK^DhK;?>]�¥2�hK2 J 1L>C4dY[; = kL> J GK^�Y[2/FL>
BL>C^DFL>ÌG"�]hKGKFDGK^�Y[G�Y[GK^DFDG�>��½> M 254<GKhKGK4�25O\ÙLXm�]25O/FDG J GK^D254\Yo> �D>Ì4<GKO<GK4 M >CFL>]�.�©GK4<;E^DFD2Ì25O
hK4<;NY[�K4<;E25O�FDG$�<XDOdY[;E_a>ÂGK^�Y[4<G(ÙLXm�]25O/> 7 4<G 7 >CFD25O�^D25O�hK4<;NY[�K4<;E25O�1D4<2513254<hK;E25^L> = G(; 7 XL> = ;NYo§C4<;E2 �
e 2 J 2¶hK25^DO<GKº¼XDgK^DhK;?>]�&º¼XL>C^�Y[2 J GK^D254/2ÓG"�]hKGKFDGK^�Y[GÂFDG�4<GKhKXD4<O<25OK� J >C;E254\>¶O<GK4[§	�<XDOdY[;E_a>
GK^�Y[4<GvÙLXm�]25OA> 7 4<G 7 >CFD25OnFD;EOdY[;E^�Y[25O ��i OdYo>CO&25BDO<GK4 M >C_KÍmGKO�hK254<4<GKO<1325^DFDG J >C25O&4<GKO<X = Yo>CFD25OnFDG
GKOdY[XDFD25O.>C^�Y[GK4<;E254<GKO}X]Y[; = ;E�a>C^DFD2�O<; J X = >C_KÍmGKO ¬ �5¢ � �C® � �C¯ � ®5£ � �5£ � ¤5¤��  � H¶�<XDOdY[;NÑLha>¨Y[; M >A1L>C4[>
GKOdYo>�Y[GK^DFDgK^DhK;?>���º¼XDGI>�4<GKFDXD_a`C2\FL>&�[>C^DG = >$FDG�Y[4[>C^DO J ;EO<O[`C2�G JªM ;E4dY[XDFDG�FDGvX J FDGKO<ha>C4dY[G
>¨�©GZYo> J XD;NY[2 J >C;EO&ÙLXm�]25OvhK2 J Yo> �D>CO�4<GKO<GK4 M >CFL>CO J >C;E254<GKO ��W > J B3� J �©25;r25BDO<GK4 M >CFD2	º¼XDG
>�Yo> �D>�25B]Y[;EFL>���;E^ M GK4<O[> J GK^�Y[G\1D4<2513254<hK;E25^L> = >C2 |,WnWv� c >C;EO�Yo>C4<FDGC� lmH�@ zfÃZÜAÝCÐÁá ¬ ¤�£5® 
O<G�;E^DO<1D;E4[>C4[> J ^D2�Y[4[>CBL> = kD2�FDG ÀIi.wIc G |�ix����À 1L>C4[>/25B]Y[GK4AX JVJ 2mFDG = 2/º¼XDG = G M >CO<O<G
G J hK25^�Yo>�>(;E^]ÙLXDgK^DhK;?>	FD2�XDO<2�FDG J >C4<ha>CFD254<GKOvBL>CO<Ga>CFD25O�G J BL> = FDGKOIFDG\ÑLhokL>CO ��| GKO<X = s
Yo>CFD25O&º¼XL> = ;NYo>¨Y[; M > J GK^�Y[G�O<G J G = kL>C^�Y[GKO&�©254[> J 25B]Y[;EFD25O � H = � J FD;EO<O<2D�L�©254[> J ;EFDGK^�Y[;NÑLha>CFL>CO
hK25^DFD;E_KÍmGKO:G J º¼XDG�25^DFDG�2\>CX J GK^�Y[2�FD2�BL> = FDGA^L`C2�>¨�©GZYo>�> M >C�a`C2�25B]Y[;EFL> ��c >C;EO:GKO<13GKhK;NÑ]s
ha> J GK^�Y[GC�D>�;E^]ÙLXDgK^DhK;?>IFD2$Yo> J >C^DkD2�FD2$BL> = FDG�FD; J ;E^¼XD;¨�<XD^�Yo> J GK^�Y[GAhK2 J 2 M > = 254xFL>IYo> �D>
4<GKO<GK4 M >CFL>]�L2 |,WnW G�>\1D4<25BL>CBD; = ;EFL>CFDGAFDGIFDGKO<ha>C4dY[G�FDGI1L>ChK2CY[GKO � ��2�GK^�Yo>C^�Y[2D�»1L>C4[>\ha>CO<25O
FDG |,WnW OvG�Yo> �D>COv4<GKO<GK4 M >CFL>CO J >C;EO�> = Yo>COK��2(>CX J GK^�Y[2	FD2	BL> = FDG\>��<XDFL>	^L>�25B]Y[GK^D_a`C2	FL>
Yo> �D>�>CO<O<G 7 XD4[>CFL>�>¨Y[��X Jù= ; J ;NY[G�25^DFDG/4[>��[>CFL>CO J XD;NY[2 7 4[>C^DFDGKOIFDG/1L>ChK2CY[GKOI1D4<;E254<;NYo§C4<;E25O
³tÆÈÀ 25X M GK4<FDGKO · 132mFDG J 1D4<2 M 2mha>C4&2�FDGKO<ha>C4dY[G�FDGvY[4[§¨�©G 7 2/>CO<O<G 7 XD4[>CFD2 ¬ ¤5¤�£  �

e 2 J 2\�©254 J >�> = Y[GK4<^L>¨Y[; M >�>C2/>CX J GK^�Y[2/FD2\Yo> J >C^DkD2�FD25O&BL> = FDGKOK�»9 w ��H �vi � W&zA|�i
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G e � wv����ix| ¬ ¤5¤�� 31D4<251DXDO<GK4[> J FD25;EOxO<XL> M ;E�a>CFD254<GKO�FDG&Y[4[§¨�©G 7 2 ��� GK^D2 J ;E^L>CFD25O:l |�| Hvl
³8ß»ÆÈÀTÂCÐEÃV:nÝCÜ8ÃV:nÝCÜ8ÃV»�Þ�Ý"Î3Ü½ÆÈàCÃ�ß�.DÝ"ÎLÃZÅ5· G W&|�| Hvl ³�Ç�@:Ä4:nÝCÜ8Ã :nÝCÜ8Ãf»�Þ�Ý"Î3Ü½ÆÈàCÃ/ß�.DÝ"ÎLÃZÅ5· �
�©254[> J hK4<;?>CFD25O	1L>C4[>óO<GK4<G J X]Y[; = ;E�a>CFD25O�G J hK25^ �<XD^�Y[2õhK2 J 25O J >C4<ha>CFD254<GKO�l |,W�enc G
W&|,W�enc �×4<GKO<13GKhZY[; M > J GK^�Y[G ��i OdY[GKOvO<XL> M ;E�a>CFD254<GKO�O<G = 2mha> = ;E�a> J >C^�Y[GKO�FD2�hK25^DFD;EhK;E25^L>CFD254
FDG/Y[4[§¨�©G 7 2�G/hK254<4<GKO<1325^DFDG J >�X J >(Ñ = > {,6t{rw hK2 J Yo> �D>�FDG/O<GK4 M ;E_K2 M >C4<;?§ M G = G J �©XD^ms
_a`C2ÓFL>¶2mhKXD1L>C_a`C2ÓFL>ÌÑ = > ��w O�O<XL> M ;E�a>CFD254<GKO M ;EO[> J G = ; J ;E^L>C4$1L>C4dY[G�FL>¶ha>C4[>ChZY[GK4<bEOdY[;Eha>
G J 4[>��[>CFL>COIFD2 W�e p�>C^�Y[GKO�FL>	1L>CO<O[> 7 G J 13G = 2(hK25^DFD;EhK;E25^L>CFD254�FDG�Y[4[§¨�©G 7 2D�¥FDG\�©254 J >(>
>CX J GK^�Yo>C4�>�Yo> �D>ÂFDG J >C4<ha>C_a`C2ÂFDG	1L>ChK2CY[GKO M GK4<FDGKO/G	hK25^�Y[4<;EBDXD;E4$1L>C4[>Ì>�25B]Y[GK^D_a`C2ÌFL>
Yo> �D>�4<GKO<GK4 M >CFL> �nw O�4<GKO<X = Yo>CFD25O�>C1D4<GKO<GK^�Yo>C4[> J X J > J G = kD254[>�^D2/FDGKO<G J 13GK^DkD2 ¬ ��¢ � ¤5¤�� 
>C13GKO[>C4&FL>\FDGKO M >C^�Yo> 7 G J FL>�;E^�Y[4<2mFDXD_a`C2\FDGI4<GZYo>C4<FD25O�>CFD;EhK;E25^L>C;EO �

w X]Y[4[>&hK25^DO<GKº¼XDgK^DhK;?>AFL>&FD;E^Lè J ;Eha>�FD2 W�e p��[§ J GK^DhK;E25^L>CFL>n�:>&;E^]ÙLXDgK^DhK;?>nFD2 |,WnW ^L>
M >C�a`C2�25B]Y[;EFL>v13254xX J >vhK25^DG"�D`C2 �.w+W�e pËX]Y[; = ;E�a>�X J�J GKha>C^D;EO J 2IFDG,�[>C^DG = >COxFDGKO = ;E�a>C^�Y[GKO
25^DFDG�>�hokDG 7 >CFL>�FDGv4<GKhK25^DkDGKhK; J GK^�Y[25O&FD;EO<1L>C4[>�^D2 M >COnY[4[>C^DO J ;EO<O<ÍmGKO �x� 2 7 2D�D> M G = 2mhK;EFL>CFDG
hK2 J º¼XDG.X J >nhK25^DG"�D`C2AhK4<GKO<hKG�>&O<XL>}�[>C^DG = >nFDGxY[4[>C^DO J ;EO<O[`C2&�x;E^ M GK4<O[> J GK^�Y[G:1D4<2513254<hK;E25^L> =
>C2 |,WnWv�.i OdY[G�GZ�©GK;NY[2¶��; = XDOdY[4[>CFD2��©254 J > =EJ GK^�Y[G	^L>ÌG"�]1D4<GKO<O[`C2 �D� ¯ ¬ ��� µ��25^DFDG&% �(' �
> M >C�a`C2D�*) ��� ³�æÌÝ�Ã5ÆÈÁ\ÇmÁ ß�Ã;ÂCÁ�ÃZÀLÜvß»Æ5� Ã · 2ÌYo> J >C^DkD2 J § �]; J 2ÂFD2¶O<G 75J GK^�Y[2ÓG2Ô�>
1D4<25BL>CBD; = ;EFL>CFDG,FDG.FDGKO<ha>C4dY[GxFDGx1L>ChK2CY[GKO C �}wóJ GKO J 2 M > = G�1L>C4[>&>CO M G = 2mhK;EFL>CFDGKO¥FDGxFDGZY[GKhK_a`C2
G�4<Ga>C_a`C2�¾	2mhK254<4<gK^DhK;?>	FDG�FDGKO<ha>C4dY[GKO � p,>C4[>(2(O<GK4 M ;E_K2�>CO<O<G 7 XD4[>CFD2D� GKOdY[GKOI�½>¨Y[254<GKOv�½>C�KG J
hK2 J º¼XDG�ÙLXm�]25O W�e pTFDG J GK^D254 |,WnW Y[GK^DkL> JRJ >C;EOvhokL>C^DhKG/FDG/>¨Y[;E^ 7 ;E4v>COvO<XL>COIYo> �D>CO
4<GKO<GK4 M >CFL>CO � H = � J FD;EO<O<2D�C1L>C4[>A2�ha>CO<2vFDG�4<GKFDGKO}O<XD13GK4<FD; J GK^DO<;E25^L>CFL>COK�5GKOdY[GKO}ÙLXm�]25O}25B]Y[g J
> J >C;E254:1L>C4dY[GvFL> = >C4 7 XD4[>�FDG��½>C;Ø�D>�G"�]hKGKFDGK^�Y[G ��i OdY[GKO�4<GKO<X = Yo>CFD25O��©254[> J 25BDO<GK4 M >CFD25O&G J
M §C4<;E25O,GKOdY[XDFD25Ox>¨Y[4[> M �KO�FDG�O<; J X = >C_KÍmGKO ¬ �5¢ � �C® � �C¯ � �5£ µ�5G"�]13GK4<; J GK^�Y[25O ¬ ®5£ DG:Yo> J B3� J ^D25O
J 2mFDG = 25O J >¨Y[G J §¨Y[;EhK25O�1D4<251325OdY[25On13254 ÀIi.wIc G |�ix����À ¬ ¤5¤5¤ ¥G$lmH�@ z�ÃZÜ�ÝCÐÁá ¬ ¤�£5®  �

% �(',+ ) ���
g F§F 3.- Ô ³#�D� ¯�·

p,>C4[>$2$ha>CO<2�FDGAÙLXm�]25O�> 7 4<G 7 >CFD25O.hK2 J 1325OdY[25O:13254 J ;EhK4<2CÙLXm�]25O W�e póFDG |,WnW FD;EOdY[;E^ms
Y[25OK� 25OvÙLXm�]25O�FDG J GK^D254 |,WnW Yo> J B3� J Y[GK^DFDG J >(25B]Y[GK4 J G = kD254�FDGKO<G J 13GK^DkD2�º¼XL>C^�Y[2
¾COnYo> �D>CO�>CO<O<G 7 XD4[>CFL>�GIG"�]hKGKFDGK^�Y[GC�3º¼XL>C^DFD2/kD25X M GK4 ¬ ¤�£ ±¼� ¤�£�� � ¤�£5¯  �

iýÞÚßàÞÚß âRLN<>DF<>AHO�=@GH<cbdLNeEf�<>`E8I¶·ßE8-í479<>D�Õd8EAHDFMÀlE8
w Y[4[§¨�©G 7 2ë^L`C2¨s84<GKO<1325^DO<; M 2D��>C2ËhK25^�Y[4[§C4<;E2ËFD2 W�e pr�n^L`C2ËGZ�©GZY[XL>ëhK25^�Y[4<2 = G�FDG�ÙLXm�]2

^DG J hK25^�Y[4<2 = G$FDG�hK25^ 7 GKOdY[;E25^L> J GK^�Y[2 � lmGK^DFD2(>CO<O<; J �×^L`C2�4<GKFDXD��>/Yo> �D>�FDG$Y[4[>C^DO J ;EO<O[`C2
J é�ó#ô;ðàñ¾þ�
�ïÚñ¸óÚó�x-î��Øð*� ñE
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^L>Ì2mhK254<4<gK^DhK;?>ÂFDG�FDGKO<ha>C4dY[GKO ��{}�rw©ÀI� G { H � � ¬ ¤5¤�® �1D4<251DXDO<GK4[> J0J GKha>C^D;EO J 25O\1L>C4[>
;EFDGK^�Y[;NÑLha>C4�GÌ13GK^L> = ;E�a>C4�GKOdY[GKO	ÙLXm�]25O �¦w X]Y[4<25O J GKha>C^D;EO J 25O�;E^Dh = XDG J �ÓGKO<ha> = 25^L> J GK^�Y[2
13254 J ;EhK4<2CÙLXm�]2D�LhK2 J 2�13254&G"�]G J 1 = 2 å ÝCÆÈÅ ½�ÇLÃZÇLÃZÆÈÀTÂ ¬ ¤5¤ ±�µÒ»GKO<ha> = 25^L> J GK^�Y[25O&º¼XDGIY[4[>CBL> s
= kL> J hK2 J ^Db M GK;EOnFDG 7 4[>C^¼X = 25O<;EFL>CFDG J >C;E254:FD2\º¼XDG J ;EhK4<2CÙLXm�]25OK�]Yo>C;EO�hK2 J 2 �}ÐNÝ âoâE,ÚÙAÝ â�Ã[Þ
½�ÇLÃZÇLÃZÆÈÀTÂ�³µe 9 �I· ¬ ® ± .G ß»Ü8Ä�áØ.DÝ âZÜ½Æµá�å ÝCÆÈÅ!½�ÇLÃZÇLÃZÆÈÀTÂ)³ l {r�I· ¬ ¤5¤�� µÒ�25X¶Ñ = >CO {,6t{rw hK2 J
FDGKO<ha>C4dY[G/FD;N�©GK4<GK^DhK;?> = 1L>C4[>�ÙLXm�]25O�hK2 J hK25^DO<X J 2�FDGKO<1D4<2513254<hK;E25^L> = FDG = >C4 7 XD4[>�FDG\�½>C;Ø�D>]�
hK2 J 2�2 {}|�ix�$�

��2�O<GK4 M ;E_K2�>CO<O<G 7 XD4[>CFD2D� �©25^�Y[GKOIFDG�Y[4[§¨�©G 7 2 zA� pT132mFDG J ; J 13GKFD;E4�º¼XDG\�©25^�Y[GKO W�e p
25B]Y[GK^DkL> J >CO$O<XL>CO$Yo> �D>CO$4<GKO<GK4 M >CFL>CO�ha>CO<2Â> J B325O$25O�Y[;E1325O�FDG/Y[4[§¨�©G 7 2�O<G8�[> J hK25^DFD;EhK;Øs
25^L>CFD25O�FL> J GKO J >��©254 J >]�x25XóO<G8�[>]�:X]Y[; = ;E�KG J >CO J GKO J >CO\1D4<;E254<;EFL>CFDGKO\FDG(FDGKO<ha>C4dY[G�FDG
X J > J GKO J >Ih = >CO<O<G&H {:��6 OdY[2 M >C;LFDGK13GK^DFDGK4:FDG�> =E7 XD^DO��½>¨Y[254<GKOxhK2 J 2�>�> 7 4<GKO<O<; M ;EFL>CFDG&FL>CO
�©25^�Y[GKO zA� p)G J 4<G = >C_a`C2�¾\ha>C1L>ChK;EFL>CFDGvFD2�GK^ = >ChKGvhK2 J 1L>C4dY[; = kL>CFD2D�m25O M > = 254<GKOnFD25O |,WnW O
GvFL>CO�Yo> �D>COn4<GKO<GK4 M >CFL>COn1L>C4[>\>CO��©25^�Y[GKO W�e pr�LG�Yo> J B3� J >�GKO<hK2 = kL>�FD25On1L>C4[è J GZY[4<25O�FL>CO
Ñ = >CO |&6dw�� lm25BD4<G�GKOdY[G�¹ = Y[; J 2	�½>¨Y[254K�r4<GKhK2 J GK^DFL> s8O<G/X J >�FD;N�©GK4<GK^DhK;?>C_a`C2�B3G J > 7 4<GKO<O<; M >
1L>C4[>/1L>ChK2CY[GKO&�©254[>�FD2�13GK4dÑ =µ��z�J G"�]G J 1 = 2/�$>CFD2CYo>C4&2/GKO<º¼XDG J > c H c�W 25^DFDG�25O = ; J ;Øs
>C4<GKO J bE^D; J 2\G J § �]; J 2�1L>C4[>/25OA1L>ChK2CY[GKOQ���ÓG�����^n^L`C2�O<G$O<XD13GK4<13ÍmG J G�>CO J �KFD;?>CO&O[`C2
>ChKX J X = >¨Y[; M >CO �I� GKOdY[G J 2mFD2D�×25OAÙLXm�]25O W�e pí132mFDG J Y[GK4vO<XL>CO�Yo> �D>CO�4<GKO<GK4 M >CFL>COI1D4<2CY[G"s
7 ;EFL>CO ¬ ®5£ � ¤5¤�� .25XË^L`C2 ¬ �5¢ � �C® µ��>�FDGK13GK^DFDGK4�FDG/Y[2mFD25O$25O�FDG J >C;EOI�½>¨Y[254<GKO ��i�J 4<GKFDGKO
O<XDB3FD; J GK^DO<;E25^L>CFL>COK�L25O&ÙLXm�]25O zA� p�132mFDG J ÕtGKO J > 7 >C4tÖI>CO&�©25^�Y[GKO W�e p�º¼XL>C^DFD2�>�O<2 J >
FDGIO<XL>CO&Yo> �D>CO&>CO<O<G 7 XD4[>CFL>CO&�©254nhK2 J 1L>C4[§ M G = ¾\ha>C1L>ChK;EFL>CFDGIFD2�GK^ = >ChKG 7 >C4 7 > = 2 ¬ ¤5¤��  �

z�J >\O<2 = XD_a`C2\BL>COdYo>C^�Y[GI1D4<251325OdYo>\1L>C4[>�GKOdY[GI1D4<25B = G J >��I>\X]Y[; = ;E�a>C_a`C2�FDG�Y[4<gKO&1D4<;E254<;Øs
FL>CFDGKO.FDG�FDGKO<ha>C4dY[GC�]FDG&�©254 J >vº¼XDG�25O�Y[4[§¨�©G 7 25O W�e pËG zA� pËO<G8�[> J FD;N�©GK4<GK^DhK;?>CFD25Oxº¼XL>C^�Y[2
>C2\^¼¹ J GK4<2�GvGKO<hK2 = kL>\FL>COn1D4<;E254<;EFL>CFDGKO�FDGvFDGKO<ha>C4dY[G �.ix� �rwvz�c�6 G e � wv����ix| ¬ ��¢ ¥; J s
1 = G J GK^�Yo>C4[> J GKOdYo>�1D4<251325OdYo>/X]Y[; = ;E�a>C^DFD2�2 W&|,W�enc G J X J hKGK^L§C4<;E2/hK2 JjM §C4<;?>CO&�©25^�Y[GKO
W�e p�G�X J >(�©25^�Y[G zA� p � p,>C4[>�>CO��©25^�Y[GKO W�e p�2 J >C4<ha>CFD254I��hK25^]Ñ 7 XD4[>CFD2�hK2 J «+�qg
; 7 XL> = ¾\ha>C1L>ChK;EFL>CFDGvFD2�GK^ = >ChKG 7 >C4 7 > = 2�GK^Dº¼XL>C^�Y[2/º¼XDGI1L>C4[>�>��©25^�Y[G zA� p�«+�qgba�N+�qg �
� GKOdYo>Â�©254 J >]�}2ÂY[4[§¨�©G 7 2ÂG"�]hKGKFDGK^�Y[G�1L>C4[>Â>CO��©25^�Y[GKO W�e p¡�(>C13GK^L>CO�> J >C4<G = 2�G	1L>C4[>Ì>
�©25^�Y[G zA� pí>C13GK^L>CO M GK4 J G = kD2 ��i OdY[G\GKO<º¼XDG J >	O<G J 25OdY[4<25X�GZÑLha>C�\^L>�1D4<2CY[GK_a`C2	FL>�Yo> �D>
4<GKO<GK4 M >CFL>(1L>C4[>	>CO��©25^�Y[GKO W�e p � pr254<� J �¥2	ÙLXm�]2 zA� pí25B]Y[g J >C13GK^L>COv2 M > = 254�FL>�Yo> �D>
4<GKO<GK4 M >CFL>Ì;E^DFDGK13GK^DFDGK^�Y[G J GK^�Y[G�FL>�O<XL>ÂYo> �D>ÂFDG�Y[4[>C^DO J ;EO<O[`C2 �Ó6 OdY[2Ì2mhK254<4<G	13254<º¼XDG	^D2
hKGK^L§C4<;E2�X]Y[; = ;E�a>CFD2�> = >C4 7 XD4[>�FDG��½>C;Ø�D>�G"�]hKGKFDGK^�Y[G(��Y[2CYo> =EJ GK^�Y[G/2mhKXD1L>CFL>�13G = 2(Õ8Y[4[§¨�©G 7 2
> J >C4<G = 2¨Ö\FL>CO��©25^�Y[GKO W�e pr�,2�º¼XDG/�©GK4<G�25O$hK4<;NY[�K4<;E25OIFDGv�<XDOdY[;E_a>�GK^�Y[4<G/ÙLXm�]25O\> 7 4<G 7 >CFD25O
1L>C4[>�2	hK2 J 1L>C4dY[; = kL> J GK^�Y[2/FL> = >C4 7 XD4[>�FDG��½>C;Ø�D>�G"�]hKGKFDGK^�Y[G � u w©À H �TÃZÜ�ÝCÐÁá ¬ ®]¤ � �]¤ }Ñ]s
�KGK4[> J X J GKOdY[XDFD2�O<G J G = kL>C^�Y[G�X]Y[; = ;E�a>C^DFD2�2 J GKO J 2�hK4<;NY[�K4<;E2�FDG J >C4<ha>C_a`C2	1L>C4[>��©25^�Y[GKO
W�e pÓG zA� p � H�Y[4[> M �KO.FL>vX]Y[; = ;E�a>C_a`C2�FD2 J �ZY[2mFD2vH�� wn� H ³Ú»AÀ3ÝCÐ?>�âZÆEâ�Ä¾º²%LÝCÅ"Æ½ÝCÀ×áoÃ · ¬ ¤5¤�¯ µ�
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4<GKO<O[> = Yo>C4[> J > 7 4[>C^DFDG�;E^]ÙLXDgK^DhK;?>�FL>�Yo> �D>�FDG J >C4<ha>C_a`C2$FDGA1L>ChK2CY[GKO�> J >C4<G = 25Ox^L>n�<XDOdY[;E_a>
^D2�hK2 J 1L>C4dY[; = kL> J GK^�Y[2�FL> = >C4 7 XD4[>�FDG��½>C;Ø�D>\G"�]hKGKFDGK^�Y[G � l ix���A6 uI@ ÃZÜ�ÝCÐÁá ¬ � ¸ � �*� ¥GKOdY[Xms
FL>C4[> J GKOdYo>(º¼XDGKOdYo`C2�FDG��©254 J > J >C;EOI>CBD4[>C^ 7 GK^�Y[G/>¨Y[4[> M �KO�FDG/G"�]13GK4<; J GK^�Y[25O ��� >C4<;?>C^DFD2
25O J >C13Ga> J GK^�Y[25OAFD25O�1L>ChK2CY[GKO�FDGK^�Y[4<2(G$�©254[>/FDG\13GK4dÑ = 1L>C4[>�25OAÙLXm�]25O W�e p+G zA� p+FDG
O<GK;EO��©254 J >COAFD;N�©GK4<GK^�Y[GKOK�×hokDG 7 >C4[> J >�hK25^Dh = XDO[`C2�FDG$º¼XDG�2�hKGK^L§C4<;E2�hK2 J 4<GKO<X = Yo>CFD25O J >C;EO
1D4<qa�]; J 25OxFD25O.hK4<;NY[�K4<;E25OxFDG}�<XDOdY[;E_a>�GK^�Y[4<G�25O.ÙLXm�]25O:> 7 4<G 7 >CFD25Ox�©25;L2 J GKO J 2�X]Y[; = ;E�a>CFD2v^D25O
GKOdY[XDFD25OA>ChK; J > D �

z�J >é25X]Y[4[>éO<2 = XD_a`C2 J >C;EO�; J GKFD;?>¨Yo>õ1L>C4[>)GKOdY[Gó1D4<25B = G J >õ� J >C13Ga>C4�25O�Y[4[§¨�©G 7 25O
zA� p+G W�e p+G J h = >CO<O<GKOvH { FD;EOdY[;E^�Yo>COK��X]Y[; = ;E�a>C^DFD2�4<GKhKXD4<O<25Ov4<GKO<GK4 M >CFD25OIO<GK1L>C4[>CFL> J GK^ms
Y[G � ��H�� ��ÀfÃZÜ�ÝCÐÁá ¬ ¤�£ ± ¥hK2 J 1D4<2 M >C4[> J >\GZÑLha§ChK;?>\FDGKOdY[G J �ZY[2mFD2\G J 4<G = >C_a`C2�>C2\XDO<2/FDG
1D4<25BL>CBD; = ;EFL>CFDGKO,FDG&FDGKO<ha>C4dY[G&FD;EOdY[;E^�Yo>CO � ��2vGK^�Yo>C^�Y[2D�m>vFDGKO M >C^�Yo> 7 G J GKOdYo§v^L> J >C;E254,hK2 J s
1 = G"�];EFL>CFDG$^L>COv4<G 7 4[>COAFDG\h = >CO<O<;NÑLha>C_a`C2�G\>C1D4<2 M ;EO<;E25^L> J GK^�Y[2 � H = � J FD;EO<O<2D�×2 M 2 = X J G$FDG
Y[4[§¨�©G 7 2 zA� pr�mº¼XL>C^DFD2$hK2 J 1L>C4[>CFD2$>C2 M 2 = X J G&FDG&Y[4[§¨�©G 7 2 W�e p ³ 1D4<;E^DhK;E1L> =EJ GK^�Y[G&@ WnW p
G {,W p · �3132mFDG$^L`C2I�<XDOdY[;NÑLha>C4A>�hK25^�Y[4[>¨Yo>C_a`C2�FDG�X J O<GK4 M ;E_K2	G"�]h = XDO<; M 2D�×2�º¼XDG�4<GZ�©254<_a>�>
hK2mG"�];EOdY[gK^DhK;?>\FD25O&FD25;EOn^¼X J > J GKO J >�h = >CO<O<GIH {:�

��2�ha>CO<2/FDG��©25^�Y[GKO W�e péG zA� põ�½>C�KGK4<G J 1L>C4dY[GvFDGIX J�J GKO J 2�13GK4dÑ = FDGvY[4[§¨�©G 7 2D�D>CO
�©25^�Y[GKO W�e póO[`C2 = G M >CFL>CO:>$hK25^DOdYo>C^�Y[GKO Ü½ÆÈÁ�ÃoÄ¨ÇmÜÈâ GA^L`C2$hK25^DO<G 7 XDG J >¨Y[;E^ 7 ;E4xO<XL>CO:13254<_KÍmGKO
�<XDOdYo>COvFL>�Yo> �D>�4<GKO<GK4 M >CFL>	FD2	ÙLXm�]2�> 7 4<G 7 >CFD2 ¬ ¤ ¢C£ µ��BL>COdYo>C^DFD2(1L>C4[>�;EO<O<2	º¼XDG/>CO��©25^�Y[GKO
zA� pëO<G8�[> J > 7 4<GKO<O<; M >CO:2$O<X]ÑLhK;EGK^�Y[G �.e 2 J ;EO<O<2D�m2$hK4<;NY[�K4<;E2IFDG��<XDOdY[;E_a>�1L>C4[>IÙLXm�]25O:FDGAX J
J GKO J 2�> 7 4<G 7 >CFD2�^L`C2��$1325O<O<b M G = FDG$O<GK4v>¨Y[;E^ 7 ;EFD2 � lm2 = XD_KÍmGKO�1L>C4[>/GKOdY[G�1D4<25B = G J >�O<GK4[`C2
M ;EOdYo>CO&G J FDGZYo> = kDGKO&^L>\O<GK_a`C2 �D� ¸ �

iýÞÚßàÞ+] ¶21µ?@<kLN8@GH<Üî�×0ñ ë 8EDnï :	MÀlE8ED
w ^¼¹ J GK4<2	FDG�ÙLXm�]25O�Yo> J B3� J ;E^]ÙLXD;,^L>v�<XDOdY[;E_a>]��1325;EO�ÙLXm�]25OI> 7 4<G 7 >CFD25O�hK2 J«J >C;E254

M 2 = X J G�FDG J ;EhK4<2CÙLXm�]25O�Y[GK^DFDG J >n25B]Y[GK4 J >C;E254×FDGKO<G J 13GK^DkD2�º¼XL>C^�Y[2A¾CO�Yo> �D>COr>CO<O<G 7 XD4[>CFL>
GxG"�]hKGKFDGK^�Y[GC�5O<G.kD25X M GK4 ¬ ®5£  �r6 OdY[2�2mhK254<4<G�13254<º¼XDG.º¼XL>C^�Y[2 J >C;E254×2&^¼¹ J GK4<2�FDG J ;EhK4<2CÙLXm�]25O
G J X J ÙLXm�]2�> 7 4<G 7 >CFD2D� J GK^D254�O<GK4[`C2&25O�Yo> J >C^DkD25O�FDGxO<XL>COm�[>C^DG = >CO¥FDG�hK25^ 7 GKOdY[;E25^L> J GK^�Y[2
1L>C4[>�X J >�FL>CFL>�Yo> �D>	hK25^�Y[4[>¨Yo>CFL> ¬ ¤�£5£  � lmGK^DFD2�>CO<O<; J ��>COv13GK4<FL>COvO<2C�©4<;EFL>COAY[g J«J GK^D254
; J 1L>ChZY[2\^L>\4<GKFDXD_a`C2/FL>�Yo> �D>\FDGvY[4[>C^DO J ;EO<O[`C2\Y[2CYo> =µ� H = � J FD;EO<O<2D�D2 W�e p�>CX J GK^�Yo>\O<XL>
�[>C^DG = >�FDG�hK25^ 7 GKOdY[;E25^L> J GK^�Y[2/>¨Y[��º¼XDG�kL>��[>/X J >�13GK4<FL> � pr254dYo>C^�Y[2D�»º¼XL>C^�Y[2 J >C;EO�ÙLXm�]25O
J >C;E254\2Ë>CX J GK^�Y[2ËFD2¶Y[4[§¨�©G 7 2¶Y[2CYo> = FD2ë> 7 4<G 7 >CFD2¶G J X J FL>CFD2Ó;E^�Y[GK4 M > = 2¶FDG�Y[G J 132 �
� GKOdYo>¶�©254 J >]� J GKO J 2Óº¼XDG�>CO/Yo> �D>CO�4<GKO<GK4 M >CFL>CO�FD25O�> 7 4<G 7 >CFD25O/O<G8�[> J ; 7 XL>C;EOK��>Cº¼XDG = G
º¼XDG�Y[; M GK4&2 J >C;E254n^¼¹ J GK4<2/FDGIÙLXm�]25OAO<GK4[§ J >C;EOnhK2 J 13GZY[;NY[; M 2\^D2�hK2 J 1L>C4dY[; = kL> J GK^�Y[2�FL>

K¹��é�§-§�ÿ+��� ¾ �;Å�� 3�  ð54��qð*£�¤]ü�ô�� � � ª¸ð-ï;ð-ë ö�îòë6Øþ�� ë©îò÷�ü)ðEó;
�ï�� îEï���÷�ðE÷�ñ¸óX÷�ñà÷�ñ¸óÚøÜð-ï�ôÚñ�
)ð-ï;ð øÜðE÷�ð�ô�� 
*î
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= >C4 7 XD4[>�FDGv�½>C;Ø�D>�G"�]hKGKFDGK^�Y[G ¬ ¤�£�� � ¤�£5¯  �
w ^¼¹ J GK4<2�Y[2CYo> = FDG�ÙLXm�]25O�>¨Y[; M 25O�^D2Ì^¼¹Dh = GK2ÂFL>Â4<GKFDG�Yo> J B3� J Y[G J ;E^]ÙLXDgK^DhK;?>�^L>

M >C�a`C2/25B]Y[;EFL>�13G = 25O J ;EhK4<2CÙLXm�]25O&FDG�X J ÙLXm�]2�> 7 4<G 7 >CFD2 � H�ÙLX]Y[XL>C_a`C2�^L> M >C�a`C2�25B]Y[;EFL>
13254:ÙLXm�]25O W�e p)Gv>�hK25^DO<GKº¼XDGK^�Y[GI�½> = Yo>$FDG.�<XDOdY[;E_a>$^D2�hK2 J 1L>C4dY[; = kL> J GK^�Y[2�FDGvX J GK^ = >ChKG
7 >C4 7 > = 2Ó>CX J GK^�Yo> J hK2 J 2Ë^¼¹ J GK4<2ËFDG J ;EhK4<2CÙLXm�]25O � lmG 7 XD^DFD2 c�wv|�|&6 l ¬ ¤ ¢m¤ µ�nGKOdY[G
GZ�©GK;NY[2$hK2 J GK_a>$>$>C1L>C4<GKhKGK4:º¼XL>C^DFD2\2$^¼¹ J GK4<2$FDG�ÙLXm�]25O�O<XD13GK4[>$2$FDGA1L>ChK2CY[GKO:º¼XDG�ha>CB3G J
^L> J G J q54<;?>$FL>\4<GKFDG ³ 1D4<2mFDX]Y[2�GK^�Y[4<G�2�4<GZYo>C4<FD2�G�> = >C4 7 XD4[>�FDGv�½>C;Ø�D>�FDG 7 >C4 7 > = 2 ·"�

H°GZÑLha§ChK;?>TFD25Oë1L>C4[è J GZY[4<25OËFD2 |�ix� Yo> J B3� J FDGK13GK^DFDGôFD2�^¼¹ J GK4<2�FDGéÙLXm�]25O
>¨Y[; M 25O ¬ ¯��  �(W 2mFL>(hK25^DG"�D`C2 W�e p�Y[GK^�Yo> J >C^�Y[GK4I13G = 2 J GK^D25O�X J 1L>ChK2CY[G/G J Y[4[èC^DO<;NY[2 �
� 2 7 2D��X J ^¼¹ J GK4<2 7 4[>C^DFDG�FDGÌhK25^DG"�]ÍmGKO	Y[GK^DFDG¶>ËGK^DhokDGK4�>CO�Ñ = >COK�&�½>C�KGK^DFD2óhK2 J º¼XDG
2 = ; J ;?>C4 J �KFD;E2 J § �]; J 2 ³ ç�Ð � ��� · O<G8�[>Ì>¨Y[;E^ 7 ;EFD2D�,ha>CXDO[>C^DFD2 J XD;NYo>CO$13GK4<FL>CO\G = G M >C^DFD2
> =E7 X J >COxhK25^DG"�]ÍmGKO�>C2 Ü½ÆÈÁ�ÃoÄ¨ÇmÜ½� lmGK^DFD2\>CO<O<; J �¼2$hK2 J 1L>C4dY[; = kL> J GK^�Y[2vFL> = >C4 7 XD4[>IFDG��½>C;Ø�D>
25B]Y[;EFL>ó13254(X J ÙLXm�]2é> 7 4<G 7 >CFD2õ13254�GK^�Y[4<G¶25O�O<GKXDO J ;EhK4<2CÙLXm�]25O	Y[GK^DFDGÓ>õO<GK4 J GK^D25O
XD^D;N�©254 J G�º¼XL>C^�Y[2 J >C;E254�2�^¼¹ J GK4<2�FDGvÙLXm�]25OK� J GKO J 2�1L>C4[> |,WnW O&; 7 XL>C;EO ¬ ¤5¤ ¸  �

iýÞÚßàÞji mK?ÖÕµ×0<J?@<>A3:	=EO�ßE8@GH8ôb ÔFâ
e >CFL>ó; J 1 = G J GK^�Yo>C_a`C2ëFD2 W�e p�Y[G J >ëO<XL> J >C^DGK;E4[>ËFDGÌ4<Ga> 7 ;E4(>C25O	FDGKO<ha>C4dY[GKO�FDG

1L>ChK2CY[GKO �\w W�e p W >CkD2mG\GK^�Y[4[>�G J ;E^DbEhK;E2 = GK^�Y[2	4<GKFDXD�K;E^DFD2	O<XL>��[>C^DG = >�>�X J O<G 75J GK^�Y[2
Yo>C^�Y[2�^L>�2mhK254<4<gK^DhK;?>�FDG Ü½ÆÈÁ�ÃoÄ¨ÇmÜ hK2 J 2A^D2�4<GKhKGKBD; J GK^�Y[2AFDG�4<GKhK25^DkDGKhK; J GK^�Y[25O,FDXD1 = ;Eha>CFD25O �
6 OdY[2	4<GK1D4<GKO<GK^�Yo>	X J hK2 J 13254dYo> J GK^�Y[2�G"�mY[4<G J > J GK^�Y[G$hK25^DO<GK4 M >¨Y[; M 2	º¼XL>C^DFD2	O[`C2�1325XDhK25O
25O,1L>ChK2CY[GKO,FDGKO<ha>C4dYo>CFD25O}FDGK^�Y[4<2�FDG:X J > J GKO J >}�[>C^DG = >&FDG:hK25^ 7 GKOdY[;E25^L> J GK^�Y[2 �}~ §A2 W�e p
| GK^D2�G M ;NYo>/>�G"�]GKhKXD_a`C2�FD2�> =E7 254<;NY J 2�FDG�;E^DbEhK;E2 = GK^�Y[2/1L>C4[>�2�ha>CO<2�FDG�4<GKhK25^DkDGKhK; J GK^�Y[25O
FDXD1 = ;Eha>CFD25O�>¨Y[4[> M �KO$FD2�> =E7 254<;NY J 2�FDG/4<GKhKXD13GK4[>C_a`C2�4[§C1D;EFL> � ��2�GK^�Yo>C^�Y[2D�r�©25; J 25OdY[4[>CFD2
º¼XDG\2 W�e p | GK^D2�Y[G J 2�O<GKXÌFDGKO<G J 13GK^DkD2	FDG 7 4[>CFL>CFD2�º¼XL>C^DFD2 M §C4<;E25OA1L>ChK2CY[GKO�FDG�X J >
J GKO J >v�[>C^DG = >�O[`C2	FDGKO<ha>C4dYo>CFD25O �$c >C;EO�GKO<13GKhK;NÑLha> J GK^�Y[GC�×Y[4<gKOvFDGKO<ha>C4dY[GKOI25X J >C;EOA^¼X J >
J GKO J >x�[>C^DG = >]�5>vFDGK13GK^DFDGK4xFD2vGKO<1L>C_a> J GK^�Y[2IGK^�Y[4<G&G = GKOK��º¼XL>CO<G&O<G J 1D4<G��½>C�KG J ^DGKhKGKO<O[§C4<;E2
>/GKO<13GK4[>�FDG$X JùÜ½ÆÈÁ�ÃoÄ¨ÇmÜ 1L>C4[>�>/4<GZY[4[>C^DO J ;EO<O[`C2 ¬ ¤ ¢5¢  ��z�J >\�©254 J > M >C4<;?>C^�Y[GC�»hokL> J >CFL>
��GZï | GK^D2D�,G M ;NYo>�>�^DGKhKGKO<O<;EFL>CFDG�FDG J XD;NY[25OIFDGKOdY[GKO Ü½ÆÈÁ�ÃoÄ¨ÇmÜÈâZ� pr254<� J �r2�^Dq��©25^�Y[G�ÑLha>
= ; J ;NYo>CFD2�>	Y[4[>C^DO J ;NY[;E4A^D2 J § �]; J 2	X J O<G 75J GK^�Y[2�13254 |,WnW � FDG 7 4[>CFL>C^DFD2�G JRJ XD;NY[2(2
O<GKX�FDGKO<G J 13GK^DkD2I^DGKOdYo>COx2mha>CO<;EÍmGKO �,{ H � � G {}�rw©ÀI� ¬ ¤ ¢5¢  J 25OdY[4[>C4[> J GKOdYo>CO�FDGZÑLhK;EgK^DhK;?>CO
>¨Y[4[> M �KO�FDG�O<; J X = >C_KÍmGKOK�»hK2 J 1L>C4[>C^DFD2�>CO�Y[4<gKOA; J 1 = G J GK^�Yo>C_KÍmGKO&>ChK; J >�hK2 J 2 W�e p�hK2 J
4<GKhK25^DkDGKhK; J GK^�Y[25O(O<G = GZY[; M 25O(25XílmH e�î°³8ß�ÃZÐEÃoáZÜ½ÆÈàCÃu»f�76�À×Ä)@nÐEÃ[Þ�ÂCÁ�ÃZÀLÜÈâ¨· ¬ ¯�¢  � H�Y[4[> M �KO
FDGKOdY[G�GKOdY[XDFD2D�×FDGZ�©GK^DFDGK4[> J 2�XDO<2�FD2 W�e pílmH e�î 1L>C4[>/hK254<4<; 7 ;E4n25OA1D4<25B = G J >CO�>ChK; J >�G
G M ;NYo>C4�>�4<GZY[4[>C^DO J ;EO<O[`C2�FDG�1L>ChK2CY[GKO�GK^�Y[4<G 7 XDGKOvhK2 J O<XDhKGKO<O<2 � ��2�GK^�Yo>C^�Y[2D��GK^Dº¼XL>C^�Y[2	25O
W�e p�O | GK^D2�G$��GZï | GK^D2�4<GKº¼XDGK4<G JVJ 2mFD;NÑLha>C_KÍmGKO�>C13GK^L>CO�^D2�^Dq��©25^�Y[GC�32 W�e p+lmH e�î
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4<GKº¼XDGK4 J 2mFD;NÑLha>C_KÍmGKOxG J > J B325O.25O.^Dq5O:FL>�hK25^DG"�D`C2 �x� 2 7 2D�]>C13GKO[>C4.FD2�FDGKO<GK^ M 2 =NM ; J GK^�Y[2
> 7 4<GKO<O<; M 2�FDG&^D2 M >CO M GK4<O<ÍmGKOK� J XD;NYo>CO}FDG = >CO}ÑLha> J hK2 J 1D4<2 J GZY[;EFL>CO}º¼XL>C^�Y[2$¾v; J 1 = >C^�Yo>C_a`C2
G Jì= >C4 7 >�GKO<ha> = >\^L> 6 ^�Y[GK4<^DGZY �

pr254dYo>C^�Y[2D� >�ha>C1L>ChK;EFL>CFDG�FDG J >C^�Y[GK4v> M >C�a`C2	^L>�1D4<GKO<GK^D_a>(FDG�FDGKO<ha>C4dY[GKOI�\FD;N�©GK4<GK^�Y[G
G J ha>CFL>Óha>CO<2 � lmGK^DFD2ó>CO<O<; J �:FDXL>CO�hK25^DG"�]ÍmGKO�25X)ÙLXm�]25O�> 7 4<G 7 >CFD25O/hK2 J >CO J GKO J >CO
1D4<25BL>CBD; = ;EFL>CFDGKO.FDGvFDGKO<ha>C4dY[Gv132mFDG J >C1D4<GKO<GK^�Yo>C4nFD;N�©GK4<GK^�Y[GKOnFDGKO<G J 13GK^DkD25OnG J Y[GK4 J 25O�FDG
25B]Y[GK^D_a`C2�FL>CO = >C4 7 XD4[>COvFDG��½>C;Ø�D>	>CO<O<G 7 XD4[>CFL>�G�G"�]hKGKFDGK^�Y[GC�}FDGK13GK^DFDGK^DFD2�FL>(; J 1 = G J GK^ms
Yo>C_a`C2\X]Y[; = ;E�a>CFL> �,{}ix|nw8�õÃZÜ:ÝCÐÁá ¬ ¤5¤ ¸ �hK2 J 1L>C4[>C4[> J 2\FDGKO<G J 13GK^DkD2�FDGvFD25;EO J >C4<ha>CFD254<GKO
hK2 J >CO:; J 1 = G J GK^�Yo>C_KÍmGKO | GK^D2D�D��GZï | GK^D2�GvlmH e�î\�D{ 25;325BDO<GK4 M >CFD2�º¼XDG�2 W�e pélmH e�î
4<GKFDXD�$G JjJ XD;NY[2�2�^¼¹ J GK4<2/FDG Ü½ÆÈÁ�ÃoÄ¨ÇmÜÈâ�J >CO&2�FDGKO<G J 13GK^DkD2�º¼XL>C^�Y[2	>\Yo> �D>/FDG�13GK4<FL>CO
G M >C�a`C2 J �KFD;?>�25B]Y[;EFL>\13G = 25O�ÙLXm�]25O&�©25; = ; 7 GK;E4[> J GK^�Y[GA;E^]�©GK4<;E254n>C2 | GK^D2/G�>C2���GZï | GK^D2 �
�A`C2\�©254[> J 25BDO<GK4 M >CFL>CO 7 4[>C^DFDGKO&FD;N�©GK4<GK^D_a>CO&º¼XL>C^�Y[2�¾��<XDOdY[;E_a> �

iýÞÚßàÞ�o b =3?@=EAHaH8@GH8Hâ_=Es�8;:	<Ñm�â
w Yo> J >C^DkD2ÌFD2Ì1L>ChK2CY[G(X]Y[; = ;E�a>CFD2�13254�X J >ÂhK25^DG"�D`C2 W�e p¡Yo> J B3� J ;E^]ÙLXDGK^DhK;?>Â^L>

�©254 J >/hK2 J 2�25O�4<GKhKXD4<O<25O�O<GK4[`C2	FD; M ;EFD;EFD25O �A{,= Xm�]25O W�e p+hK2 JfJ GKO J 2 |,WnW�J >CO�Yo> J > s
^DkD25O&FDGI1L>ChK2CY[GKO�FD;N�©GK4<GK^�Y[GKO&132mFDG J >C1D4<GKO<GK^�Yo>C4�FD;N�©GK4<GK^�Y[GKO&FDGKO<G J 13GK^DkD25O�G J Y[GK4 J 25OnFDG
25B]Y[GK^D_a`C2¶FL>CO = >C4 7 XD4[>CO\FDG(�½>C;Ø�D>Â>CO<O<G 7 XD4[>CFL>¶G(G"�]hKGKFDGK^�Y[G �ôc >C;EO�1D4<GKhK;EO[> J GK^�Y[GC�:1L>C4[>
ÙLXm�]25O:;E^DFD; M ;EFDXL>C;EOx25X�> 7 4<G 7 >CFD25O.hK2 J J GKO J >IYo> �D>$>CO<O<G 7 XD4[>CFL>$G J GKO J 2 |,WnW �]>Cº¼XDG = GKO
º¼XDG�Y[; M GK4<G JfJ >C;E254�Yo> J >C^DkD2/FDG�1L>ChK2CY[G$;E4[`C2�25B]Y[GK4 J >C;E254 = >C4 7 XD4[>�FDG��½>C;Ø�D>�G"�]hKGKFDGK^�Y[GC�
1325;EOA^¼X JVJ GKO J 2�;E^�Y[GK4 M > = 2�FDG$Y[G J 132�GK^ M ;?> J X JVJ >C;E254 M 2 = X J G$FDG�;E^]�©254 J >C_a`C2 ¬ ®5£  �
6 OdY[2ÓG"�]1 = ;Eha>¶13254<º¼XDG�>CO�G"�]1D4<GKO<O<ÍmGKO J >¨Y[G J §¨Y[;Eha>CO\1L>C4[>Ó> M >C�a`C2¶FD2 W�e pªO[`C2ÓFD;E4<GZYo> s
J GK^�Y[G�1D4<2513254<hK;E25^L>C;EO/>C2¶Yo> J >C^DkD2ÓFD2ËO<G 75J GK^�Y[2 ¬ ¤5¤5¤ � ¤ ¢5¢  ��w«J GKO J 2 M > = G�1L>C4[>Ó2
hK2 J 1L>C4dY[; = kL> J GK^�Y[2�FDG = >C4 7 XD4[>�FDGv�½>C;Ø�D>�GK^�Y[4<GIÙLXm�]25O&FDGIX JìJ GKO J 2/> 7 4<G 7 >CFD2 �

æ4�1~ 9V£!� ³ �R¬©�Õ��® ³ ¨X� �A¤R£��LQ� �4��£_� :D���J�ÕÕ� �¥¨X�6�Q���4

Hí1L>C4dY[;E4xFL>Cº¼XD;µ�mGKOdY[GAY[4[>CBL> = kD2�O<GAhK25^DhKGK^�Y[4[>�^L>CO:1D4<251325OdYo>CO.1L>C4[>�>¨Yo>Cha>C4.2$1D4<25B = G J >
FL>��<XDOdY[;E_a>(GK^�Y[4<G�ÙLXm�]25O$FDG/X JRJ GKO J 2�> 7 4<G 7 >CFD2 �	w¦7 4[>C^DFDG/GKOdY[b J X = 2	1L>C4[>(GKOdY[G�1D4<2¨s
B = G J >(��>(Y[GK^DFDgK^DhK;?>�^L>¨Y[XD4[> = FDG�º¼XDG�25O�h = ;EGK^�Y[GKO�hK25^�Y[4[>¨Y[G J O<GK4 M ;E_K25O$BL>CO<Ga>C^DFD2¨s8O<G/^D2
Y[4[§¨�©G 7 2/Y[2CYo> = G J FD;E4<GK_a`C2�>C2�1D4<2 M GKFD254 ��e 25^]�©254 J G M ;EOdY[2�>C^�Y[GK4<;E254 J GK^�Y[GC� M §C4<;E25On�½>¨Y[254<GKO
;E^]ÙLXDGK^DhK;?> J >.�<XDOdY[;E_a>�^D2IhK2 J 1L>C4dY[; = kL> J GK^�Y[2AFL>CO = >C4 7 XD4[>CO}FDGn�½>C;Ø�D>v>CO<O<G 7 XD4[>vG&G"�]hKGKFDGK^ms
Y[G � HAOA1D4<;E^DhK;E1L>C;EO�>CB3254<FL> 7 GK^DOA1L>C4[>�> J GK^D;E�a>C4�2�GZ�©GK;NY[2�FDGKOdY[GKOA�½>¨Y[254<GKOAO<GK4[`C2�FD;EO<hKX]Y[;EFL>CO
>\O<G 7 XD;E4 �
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iýÞ+]�ÞÜÝ å68E×0ñHO�P6<>DÅâRLN85Õd8EDK:	=ED
HAO.Y[4<gKO:1D4<;E^DhK;E1L>C;EOxO<2 = XD_KÍmGKO.1L>C4[>$>I�½> = Yo>IFDG}�<XDOdY[;E_a>�FD;N�©GK4<G J BL>CO<;Eha> J GK^�Y[GA13G = > = 25ha> s

= ;E�a>C_a`C2AFD2 J GKha>C^D;EO J 2Aº¼XDG�Y[GK^�Yo>��©254<^DGKhKGK4�>x�<XDOdY[;E_a> � Hé1D4<; J GK;E4[>�>CB3254<FL> 7 G J O<G = 2mha> = ;E�a>
^D2�1D4<q51D4<;E2&1D4<2CY[2mhK2 = 2&Gx1D4<2513ÍmG J 2mFD;NÑLha>C_KÍmGKO¥^D2�hK25^�Y[4<2 = GxFDG.hK25^ 7 GKOdY[;E25^L> J GK^�Y[2&FD2 W�e p
FDG��©254 J >(>	Y[254<^L§ s = 2	O<GK^DO<b M G = >C2�^Db M G = FDG/O<GK4 M ;E_K2�FDGKO<G8�[>CFD2 �	w 1D4<2CY[2mhK2 = 2 J 2mFD;NÑLha>CFD2
FDGK^D2 J ;E^L> s8O<G W�e pìFDGÌFDXL>CO$�[>C^DG = >CO ³tÜ�@:Ä),ê@�ÆÈÀ3Þ¼Ä)@,â Çí��Öv· ¬ �5£ � �%� I13254<º¼XDGÌFD; M ;EFDGÌ>
�[>C^DG = >	FDG/hK25^ 7 GKOdY[;E25^L> J GK^�Y[2�G J X J >��[>C^DG = >	4<GKO<GK4 M >CFL>�G/25X]Y[4[>(G"�]hKGKFDGK^�Y[G � Hí�[>C^DG = >
4<GKO<GK4 M >CFL>Ó��ha> = hKX = >CFL> J X = Y[;E1 = ;Eha>C^DFD2¨s8O<G	>ÂYo> �D>¶4<GKO<GK4 M >CFL>Ó13G = 2 |,WnW GKOdY[; J >CFD2Ì13G = 2
W�e pr�DGK^Dº¼XL>C^�Y[2\º¼XDGI>$G"�]hKGKFDGK^�Y[GI��25B]Y[;EFL>�O<XDB]Y[4[>C;E^DFD2\>&�[>C^DG = >�4<GKO<GK4 M >CFL>�FL>&�[>C^DG = >�FDG
hK25^ 7 GKOdY[;E25^L> J GK^�Y[2 ��wìW�e p�� J 2mFD;NÑLha>CFD2�1L>C4[>�4<GKFDXD�K;E4$O<2 J GK^�Y[G	>\�[>C^DG = >�G"�]hKGKFDGK^�Y[G
13G = > J GZYo>CFDGvº¼XL>C^DFD2/X J 1L>ChK2CY[G�����^.�©254�FDGKO<ha>C4dYo>CFD2 ³ > =E7 254<;NY J 2 �D�N¤ ·"� p,>C4[>\2�FDGKO<ha>C4dY[G
FDG�1L>ChK2CY[GKOÇ���T^L`C2ëkL§ J 2mFD;NÑLha>C_KÍmGKO�GÂ>(�[>C^DG = >¶FDGÂhK25^ 7 GKOdY[;E25^L> J GK^�Y[2Ë��4<GKFDXD�K;EFL>ë¾
J GZYo>CFDG �
24M 5 �]�)�N��c3� B�´½þ � e 25^�Y[4<2 = GvFDGIhK25^ 7 GKOdY[;E25^L> J GK^�Y[2 J 2mFD;NÑLha>CFD2 �
� >C4<;?§ M GK;EOK�

#1ÉQ��;L�3�[>C^DG = >\FDGIhK25^ 7 GKOdY[;E25^L> J GK^�Y[2
Ò�ÉQ��;L�3�[>C^DG = >�4<GKO<GK4 M >CFL>
Ì-ÉQ��;L�3�[>C^DG = >\G"�]hKGKFDGK^�Y[G

p,>C4[è J GZY[4<25OK�
Ò
%8�}Yo> �D>�>CO<O<G 7 XD4[>CFL>

HA13q5O&ha>CFL>\13GK4<FL>�FDGIX J 1L>ChK2CY[GC�
O<G�2�1L>ChK2CY[GIFDGKO<ha>C4dYo>CFD2/������^

Ò�ÉQ��;�a�g F§F 3 Ò
%
O<G ��Ò�ÉQ��;T.�#1ÉQ��;q�

Ì-ÉQ��;�a�#1ÉQ��;��iÒ�ÉQ��;
#1ÉQ��;¤a�Ò�ÉQ��;Q`äÌ-ÉQ��;q' �

O<GK^L`C2
#1ÉQ��;�ab#1ÉQ��;q' �

H+1D4<251325OdYo> W�e pËFDG�FDXL>CO��[>C^DG = >COK�m>C13GKO[>C4xFDG&�©254<^DGKhKGK4.X J > J >C;E254�1D4<2CY[GK_a`C2�º¼XL>C^�Y[2
¾A25B]Y[GK^D_a`C2vFL>�Yo> �D>A4<GKO<GK4 M >CFL>]��1325O<O<XD;D> =E7 X J >COrFDGZÑLhK;EgK^DhK;?>CO,º¼XDG = ; J ;NYo> J 25X\>¨Y[� J GKO J 2
hK25^DFDGK^L> J >\O<XL>/>CFD2m_a`C2D�

�õ4<GKº¼XDGK4 J 2mFD;NÑLha>C_KÍmGKO�^D2�1D4<2CY[2mhK2 = 2�FDG�Y[4[>C^DO<13254dY[G\FD;E4<GKhK;E25^L>CFL>COI>C2(O<GK4 M ;E_K2�>CO<O<G"s
7 XD4[>CFD2D�5º¼XL>C^DFD2�> 6 ^�Y[GK4<^DGZY.Gn2v1D4<q51D4<;E2 � ;Nã¥lmGK4 M 2C�©GK4<GKhKG J¡M §C4<;E25O,25X]Y[4<25O}O<GK4 M ;E_K25OKÒ
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�õ^DGKhKGKO<O<;NYo>/º¼XDG�2�^Dq��©25^�Y[GI4<GKhKGKBL>/;E^]�©254 J >C_KÍmGKO�FD2/hK25^DFD;EhK;E25^L>CFD254�FDGIY[4[§¨�©G 7 2�1L>C4[>
O[>CB3GK4$2�4<GKO<X = Yo>CFD2�FL> J >C4<ha>C_a`C2�FDG�ha>CFL>�1L>ChK2CY[G � ��GK^Dk¼X J >�1D4<251325OdYo>��©25;��©GK;NYo>
O<25BD4<GIhK2 J 2�; J 1 = G J GK^�Yo>C4:GKOdY[G J GKha>C^D;EO J 2�>CFD;EhK;E25^L> = Ò

�õ^L`C2�kL§�^DGK^Dk¼X JVJ GKha>C^D;EO J 2/1L>C4[> 7 >C4[>C^�Y[;E4�>/25B]Y[GK^D_a`C2�FL>�Yo> �D>�G"�]hKGKFDGK^�Y[G ��6 OdY[2
�C�×O<G¤Ò�ÉQ��;���O<GK^DO<b M G = > Ò
%��32 J GKO J 2�^L`C2�2mhK254<4<G$1L>C4[>¦Ì-ÉQ��;�G�Ì
% �A� GKOdYo>��©254 J >]�
ÙLXm�]25O�hK2 J�J GK^D254 |,WnW O<GK4[`C2��½> M 254<GKhK;EFD25O&O<25B�GKOdY[G$>CO<13GKhZY[2DÒ

�ó�©XD^DhK;E25^L>)>C13GK^L>CO�1L>C4[>õ2 W�e pfGË^L`C2 = ;EFL>óhK2 J >õ;E^]ÙLXDgK^DhK;?>)FD25O�ÙLXm�]25O�^L`C2¨s
4<GKO<1325^DO<; M 25O �

z�J >�O<G 7 XD^DFL>I>CB3254<FL> 7 G J 1D4<2513ÍmG J 2mFD;NÑLha>C_KÍmGKO,^D25O}4<2CY[Ga>CFD254<GKO�FD25O}^Dq5O � l\>¨Y[4[> M �KO
FD2�XDO<2AFDGxFD;EO<hK;E1 = ;E^L>CO¥FDG 7 GK4<GK^DhK;?> J GK^�Y[2A>¨Y[; M 2&º¼XDG.1D4<2CY[G8�[> J 25O¥ÙLXm�]25O W�e p J >C;EO×�©4[§ 7 GK;EO
³©J >C;E254<GKO |,WnW O · GI13GK^L> = ;E�KG J 25O�ÙLXm�]25O&^L`C2�4<GKO<1325^DO<; M 25O �:z�J >$�©254 J >$FDGI; J 1 = G J GK^�Yo>C4
GKOdY[G J GKha>C^D;EO J 2\�IX]Y[; = ;E�a>C^DFD2$Ñ = >CO {}|�ix� FDG J ¹ = Y[;E1 = 25O.^Db M GK;EO ¬ �%�  �

pr254<� J �]^D2$;E^�Y[GK4<;E254xFDGAX J FD2 J bE^D;E2 � l/2�^Db M G = FDG�> 7 4<G 7 >C_a`C2�O<GAY[254<^L> J >C;E254�GA1D4<2¨s
B = G J >CO�FDG�254<FDG J GKO<ha> = >C4A1L>CO<O[> J >�O<GK4�X J >/1D4<GK2mhKXD1L>C_a`C2D� J GKO J 2�hK25^DO<;EFDGK4[>C^DFD2�º¼XDG
2 {}|�ix� O<q J >C^�Y[� J GKOdYo>CFD25OI1L>C4[>(25OvÙLXm�]25OIº¼XDG/1325O<O<XDG J 1L>ChK2CY[GKOI^L>	Ñ = > � lm25BÌGKOdY[G
>CO<13GKhZY[2(Yo> =NM GK�/>	X]Y[; = ;E�a>C_a`C2�FDG\Ñ = >CO {}|�ix� O<G8�[> J >C;EOv>CFDGKº¼XL>CFL>(1L>C4[>(>��<XDOdY[;E_a>	GK^�Y[4<G
ÙLXm�]25O$> 7 4<G 7 >CFD25OvFD;EOdY[;E^�Y[25O ¬ ¤�£%�  � H = � J FD;EO<O<2D� 2�> =E7 254<;NY J 2 {}|�ix� Y[GK^�Yo>(FD;EOdY[4<;EBDXD;E4v>
= >C4 7 XD4[>�FDG��½>C;Ø�D>�FD;EO<1325^Db M G = ; 7 XL> =EJ GK^�Y[G$GK^�Y[4<G�Y[2mFD25Ov25OAÙLXm�]25O �\� 2 7 2D�¥> =E7 X J >�> = Y[GK4[> s
_a`C2�FDG M G�O<GK4$�©GK;NYo>�^D2Â> =E7 254<;NY J 2	1L>C4[>(Y[4[>¨Yo>C4�ha>CO<25O�hK2 J 13GK4dÑLO�hK25^�Y[4[>¨Yo>CFD25O$FD;EOdY[;E^�Y[25O
³ 132CY[GK^DhK;?> =EJ GK^�Y[G J >C;EO�hK2 J XD^DO ·"�

z�J >\25X]Y[4[>\º¼XDGKOdYo`C2�>\O<GK4&hK25^DO<;EFDGK4[>CFL>���>�>CFD;E_a`C2\FDGIhK2 J 1 = G"�];EFL>CFDG�^D2/;E^�Y[GK4<;E254:FL>
4<GKFDG � H = � J FD;EO<O<2D�r>C13GKO[>C4IFD25O�O<GK4 M ;E_K25O�FD;N�©GK4<GK^DhK;?>CFD25OvGKOdYo>C4<G J >C;E^DFL>	G J 1D4<2mhKGKO<O<2�FDG
1L>CFD4<25^D;E�a>C_a`C2�G/13254dYo>C^�Y[2�O<XDO<hKGZY[b M G = > J XDFL>C^D_a>COK��>�O<XL>�>C4<º¼XD;NY[GZY[XD4[>(kD2 �<G�FDGZY[GK4 J ;E^L>
º¼XDG�2ÌY[4[>¨Yo> J GK^�Y[2¶4<GKhKGKBD;EFD2Ó^D2Ó;E^�Y[GK4<;E254\FDG�X J FD2 J bE^D;E2 � lóO<G8�[>Ì�©XD^D_a`C2Ë>C13GK^L>CO/FD2
M > = 254�FD2 áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜ½� pr254dYo>C^�Y[2D�]>CFD2CYo>C4�GKOdYo>�GKOdY[4[>¨Y[� 7 ;?>IO<; 7 ^D;NÑLha> J XDFL>C4xGKOdY[G�hK25^DhKGK;NY[2�^L>
J GKFD;EFL>/G J º¼XDG�2	px@A9T1L>CO<O[>C4v>�O<GK4A�©XD^D_a`C2�Yo> J B3� J FD2�^Db M G = FDG�O<GK4 M ;E_K2	hK25^�Y[4[>¨Yo>CFD2
13254nha>CFL>�h = ;EGK^�Y[G �

{ ;E^L> =EJ GK^�Y[GC�D25O&4<2CY[Ga>CFD254<GKO&FD2/1D4<2 M GKFD254&Y[GK4<;?> J º¼XDG�O<GK4�4<GKhK25^]Ñ 7 XD4[>CFD25O�^L>�hK25^�Y[4[> s
Yo>C_a`C2�G�GK^DhKGK4<4[> J GK^�Y[2�FDG$O<GK4 M ;E_K25OK�3FDG��©254 J >�>/4<GKFD;EOdY[4<;EBDXD;E4n25O�4<GKhKXD4<O<25O�hK25^�Y[4[>¨Yo>CFD25O�G
G"�]hKGKFDGK^�Y[GKO�FDGv�©254 J >&�<XDOdYo>]�LO<G 7 XD^DFD2/2�hK4<;NY[�K4<;E2�>CFD2CYo>CFD2 �

H�Y[GK4<hKGK;E4[>�>CB3254<FL> 7 G J ��>�X]Y[; = ;E�a>C_a`C2�FDG\GKOdY[4[>¨Y[� 7 ;?>COAFDG J >C4<ha>C_a`C2�º¼XDG\GK^DFDGK4<GKhKG J
>/º¼XDGKOdYo`C2	FL>��<XDOdY[;E_a> ��i OdYo>�1D4<251325OdYo>/hK25^DO<;EOdY[G$G J FD;EOdY[4<;EBDXD;E4&2 M 2 = X J G�FDG$;E^]�©254 J >C_a`C2
J >C4<ha>CFL>¶1D4<;E254<;NYo>C4<;?> J GK^�Y[G�FDG��©254 J >��<XDOdYo>¶GK^�Y[4<G�25O�ÙLXm�]25O�º¼XDG�hK2 J 13ÍmG J 2¶Y[4[§¨�©G 7 2
Y[2CYo> =µ�¶68J 13254dYo>C^�Y[GKO M >C^�Yo> 7 GK^DO\132mFDG J O<GK4�;EFDGK^�Y[;NÑLha>CFL>CO�hK2 J 4<G = >C_a`C2Â¾CO�>CB3254<FL> 7 GK^DO
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>C^�Y[GK4<;E254<GKOK�
�õO<; J 1 = ;EhK;EFL>CFDG�1325;EOv>�;E^]�©254 J >C_a`C2�O<25BD4<G\2(13GK4dÑ = FDG�Y[4[§¨�©G 7 2�ÑLha>(>C4 J >C�KGK^L>CFL>�^D25O
1D4<q51D4<;E25O�hK25^DFD;EhK;E25^L>CFD254<GKO�FDG�Y[4[§¨�©G 7 2D�rG M ;NYo>C^DFD2Â>�^DGKhKGKO<O<;EFL>CFDG�FDG�hK2 J XD^D;Eha>C_a`C2
GK^�Y[4<G�hK2 J 1325^DGK^�Y[GKO&FD;EOdY[;E^�Y[25OnFL>\4<GKFDGCÒ

�)>¨Y[XL>�^L>CO&B3254<FL>CO�FL>\4<GKFDGIO<GK^DFD2 J >C;EO�GKO<ha> = § M G = GvFDGI>ChK254<FD2�hK2 J >$Ñ = 25O<2CÑ»> � ;Nã»s
lmGK4 M Ò

�õ13GK4 J ;NY[G&hK25^DOdYo>C^�Y[GKOnG M 2 = XD_KÍmGKO:FD25O�> =E7 254<;NY J 25O}hKX �[>CO�>¨Y[XL> = ;E�a>C_KÍmGKO.ha>CXDO[> JªJ GK^D254
; J 1L>ChZY[2�FD2$º¼XDGA^D25O:ha>CO<25O�>C^�Y[GK4<;E254<GKO � ��GKOdYo>�>CB3254<FL> 7 G J �¼>C13GK^L>CO:25O J >C4<ha>CFD254<GKO
^L>CO$B3254<FL>CO$FDG�FD2 J bE^D;E25O � ;Nã¥lmGK4 M FDG M G J O<GK4 J 2mFD;NÑLha>CFD25OK�rhKGK4dYo> J GK^�Y[G�G J ^¼¹ms
J GK4<2 J GK^D254�FD2	º¼XDG\25Ov4<2CY[Ga>CFD254<GKO � ;Nã¥lmGK4 Mó³ ^Dq5O � l · G�GKOdYo>C_KÍmGKOvhK2 J«W�e p y¨6 p
;E^DOdYo> = >CFD2 �

�õ� J >C;EO}ÙLG"�]b M G = ^L> J GKFD;EFL>vG J º¼XDGAO<2 = XD_KÍmGKO.GKO<13GKhKbNÑLha>CO:132mFDG J O<GK4.FDGKO<GK^ M 2 =NM ;EFL>CO
FDGK13GK^DFDGK^DFD2�FD2�Y[;E132\FDGvY[4[§¨�©G 7 2/>\O<GK4&hK25^DFD;EhK;E25^L>CFD2\G J X J FD2 J bE^D;E2�4<GKOdY[4<;NY[2 �

pr254�Y[2mFD25O\GKOdY[GKO J 2CY[; M 25OK�.GKOdY[G(Y[4[>CBL> = kD2ÂFDGZ�©GK^DFDG(�©254dY[G J GK^�Y[G(2¶XDO<2¶FDG J >C4<ha>CFD2¨s
4<GKOI�<XDOdY[25O�hK2 J 2ë>Ó1D4<;E^DhK;E1L> = G J >C;EO�>CFDGKº¼XL>CFL>Ó�©254 J >¶FDG�GK^DFDGK4<GK_a>C4	2Ë1D4<25B = G J >¶FL>
�<XDOdY[;E_a>�GK^�Y[4<G�ÙLXm�]25O\FDG�X J�J GKO J 2Â> 7 4<G 7 >CFD2 � HìO<G 7 XD;E4K��>CO�1325O<O<b M GK;EO�GKOdY[4[>¨Y[� 7 ;?>CO�FDG
J >C4<ha>C_a`C2�1L>C4[>\>¨Y[;E^ 7 ;E4:GKOdY[Gv25B¼�<GZY[; M 2\O<GK4[`C2�h = >CO<O<;NÑLha>CFL>CO�GvhK2 J 1L>C4[>CFL>CO�º¼XL>C^�Y[2/>C25O�O<G"s
7 XD;E^�Y[GKO:hK4<;NY[�K4<;E25OK�,1D4<251D4<;EGKFL>CFDG�GKO<ha> = >C4K�mX]Y[; = ;E�a>C_a`C2vFD25O:4<GKhKXD4<O<25O�FL>�4<GKFDGC�]hK2 J 1 = G"�];EFL>CFDG
FD2 J >C4<ha>CFD254K�]hKXDOdY[2�ÑL^L>C^DhKGK;E4<2D�LhKXDOdY[2/FDG J >C^¼X]Y[GK^D_a`C2�GC�L25B M ;?> J GK^�Y[GC�¨�<XDOdY[;E_a> �
iýÞ+]�ÞÚß ^_DK:FLN=;:u¬>`EM0=EDnGH<Èá =5LNs�=EO�ßE8@Õµ=5LN=Ùõ=<Ç:	<>AHO�ßE8@GH<?>�ñHDK:	M0O�=

iýÞ+]�Þ+] á =5LNs�=EO�ßE8@Õd85Lqïð`5LN<>`E=EGH8òØRá ïÑÝ
�A> J >C4<ha>C_a`C2Ì13254/> 7 4<G 7 >CFD2ÌX J ¹D^D;EhK2ÌhK25^DFD;EhK;E25^L>CFD254�>¨Y[XL>ÂFD;E4<GZYo> J GK^�Y[G(O<25BD4<G�2

Y[4[§¨�©G 7 2�> 7 4<G 7 >CFD2�FD2$h = ;EGK^�Y[G�G J FD;E4<GK_a`C2�>C2$1D4<2 M GKFD254 � H = � J FD;EO<O<2D�]> J GKFD;E_a`C2�GA> J >C4ts
ha>C_a`C2�O[`C2��©GK;NYo>CO�BL>CO<Ga>C^DFD2¨s8O<G�>C13GK^L>COA^D2�GKOdYo>CFD2�Y[2CYo> = FD2�ÙLXm�]2	> 7 4<G 7 >CFD2 ³ Ñ 7 XD4[> �D� �¼·"�
pr254dYo>C^�Y[2D�×GKOdYo>�GKOdY[4[>¨Y[� 7 ;?>/FDG J >C4<ha>C_a`C2�^L`C2��©254<^DGKhKG�^DGK^Dk¼X JVJ GKha>C^D;EO J 2�1L>C4[>�hK25^�Y[GK4
>COxha>CXDO[>CO.FL>��½> = Yo>�FDG,�<XDOdY[;E_a>vFD;EO<hKX]Y[;EFL>COx^L>vO<XDBDO<GK_a`C2 �D�²¢ ��2�º¼XDG&;E^ M ;?>CBD; = ;E�a>�O<XL>IGKO<hK2 = kL>
º¼XL>C^DFD2(>v�<XDOdY[;E_a>���X J > J �ZY[4<;Eha>/FDG�FDGKO<G J 13GK^DkD2��©XD^DFL> J GK^�Yo> =µ�Iw O J >C4<ha>CFD254<GKO�hK25^ms
M GK^DhK;E25^L>C;EO�>C1D4<GKO<GK^�Yo>CFD25OA^D2�ha>C1DbNY[X = 2 ¸ O[`C2/G"�]G J 1 = 25O&FDGKOdYo>/GKOdY[4[>¨Y[� 7 ;?>\º¼XL>C^DFD2�>¨Y[XL> J
O<25BD4<GIX J ÙLXm�]2�> 7 4<G 7 >CFD2�FDGvY[4[§¨�©G 7 2 �

c GKO J 2�^L`C2�O<GK^DFD2�X J >/GKOdY[4[>¨Y[� 7 ;?>/;E^DFD;Eha>CFL>/1L>C4[>/4<GKO<2 =NM GK4A2�1D4<25B = G J >�FL>v�<XDOdY[;E_a>]�
M > = GI>�13GK^L> M GK4<;NÑLha>C4�> =E7 XD^DO&FDGIO<GKXDO�B3GK^DGZ�©bEhK;E25O&>\Y[bNY[X = 2\FDGIhK2 J 1L>C4[>C_a`C2�hK2 J >COA>CB3254ts
FL> 7 GK^DOvº¼XDG\O<GK4[`C2(>C1D4<GKO<GK^�Yo>CFL>CO�>�O<G 7 XD;E4 � H = � J FD;EO<O<2D��132mFDG J O<XD4 7 ;E4Aha>CO<25OvG J º¼XDG�>
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Subrede 1

Subrede 2

Subrede N

Cond. Tráfego
para AFx

Roteador de
Saída para o

Provedor

Estado por
Agregado

{ ; 7 XD4[> �D� � � c >C4<ha>C_a`C2�13254&> 7 4<G 7 >CFD2 �

�<XDOdY[;E_a>I^L`C2$O<G8�[>�X J �½>¨Y[254��©XD^DFL> J GK^�Yo> = 1L>C4[>�>�º¼XL> = ;EFL>CFDG&FDG�O<GK4 M ;E_K2$hK25^�Y[4[>¨Yo>CFL> ��z�J >
1D4<; J GK;E4[> M >C^�Yo> 7 G J ��>	BL>C;Ø�D>(hK2 J 1 = G"�];EFL>CFDG\FD25OIhK25^DFD;EhK;E25^L>CFD254<GKOIFDG\Y[4[§¨�©G 7 2�FL>CFL>�>
O<; J 1 = ;EhK;EFL>CFDGIFD25O�O<GKXDOI> =E7 254<;NY J 25O&FDG J >C4<ha>C_a`C2 �Iw X]Y[4[>���2�BL>C;Ø�]2�hKXDOdY[2(hK2 J GKº¼XD;E1L> s
J GK^�Y[2�GKO<13GKhKbNÑLhK2D�x1325;EO$>C13GK^L>CO�X J hK25^DFD;EhK;E25^L>CFD254���^DGKhKGKO<O[§C4<;E2Â1L>C4[>�Y[2mFD2�2�Y[4[§¨�©G 7 2 �
6 OdY[2�4<GKFDXD��>C;E^DFL>�25OIhKXDOdY[25O�FDG J >C^¼X]Y[GK^D_a`C2 ��w X]Y[4[>	2513_a`C2(��º¼XDG�2�1D4<q51D4<;E2	1D4<2 M GKFD254
4<Ga> = ;E�KG&2$hK25^DFD;EhK;E25^L> J GK^�Y[2�FDG&Y[4[§¨�©G 7 2$>C2$;E^ M �KO:FDGA132 = ;EhK;?> J GK^�Y[2vO<; J 1 = GKOK�¼G = ; J ;E^L>C^DFD2I>
^DGKhKGKO<O<;EFL>CFDG$FDG$º¼XL> = º¼XDGK4�hK2 J 1325^DGK^�Y[G�FL>/>C4<º¼XD;NY[GZY[XD4[> � ;Nã¥lmGK4 M ^D2�h = ;EGK^�Y[G ��{ ;E^L> =EJ GK^ms
Y[GC�¥^L`C2(kL§�1D4<25B = G J >CO�FDG\254<FDG J GKO<ha> = >C4�^L> J GKFD;EFL>�G J º¼XDG\2(^¼¹ J GK4<2(FDG�ÙLXm�]25Ovº¼XDG
hK2 J 13ÍmGv2\Y[4[§¨�©G 7 2/> 7 4<G 7 >CFD2�^L>CFL>\;E^]ÙLXD;�^L>�hK2 J 1 = G"�];EFL>CFDG�FD2 J >C4<ha>CFD254 �
iýÞ+]�Þji á =5LNs�=EO�ßE8@Õd85Lqî�×0ñ ë 8ìØRá î_Ý

z�J >ë1D4<; J GK;E4[>ë> = Y[GK4<^L>¨Y[; M >ÓFDGÂY[GK^�Yo>C4(4<GKO<2 =NM GK4�2ó1D4<25B = G J >ËFL>��<XDOdY[;E_a>ë�ÌX]Y[; = ;E�a>C4
M §C4<;E25O J >C4<ha>CFD254<GKOK�}X J 1L>C4[>�ha>CFL>�X J FD25O��)O<XDB]ÙLXm�]25O\1L>C4[>�25O�º¼XL>C;EO$O<G�FDGKO<G8�[>�X J
hK2 J 1L>C4dY[; = kL> J GK^�Y[2.�<XDOdY[2$FL> = >C4 7 XD4[>IFDG&�½>C;Ø�D> � H+hK25^DFD;E_a`C2�^DGKhKGKO<O[§C4<;?>�1L>C4[>�1325O<O<;EBD; = ;NYo>C4
GKOdYo>	O<2 = XD_a`C2	�\O[>CB3GK4vFDG�>C^�Y[G J `C2	º¼XL>C^�Y[25OvG\º¼XL>C;EOvO[`C2	GKOdY[GKO�O<XDB]ÙLXm�]25OK� 2	º¼XDG�� J >C;EO
M ;?§ M G = º¼XL>C^DFD2�hK254<4<GKO<1325^DFDG J >�13254<_KÍmGKO,FDG.Y[4[§¨�©G 7 2AB3G J FDGZÑL^D;EFL>CO,G.hK2 J X J hKGK4dY[2�^Db M G =
FDGn> 7 4<G 7 >C_a`C2 �}z�J G"�]G J 1 = 2�h = §CO<O<;EhK2�O<GK4<;?>A2�Y[4[§¨�©G 7 2�FDG�O<XDBD4<GKFDGKOxFDG�X J ha> J 1DXDO � ��GKOdY[G
ha>CO<2D�3X J hK25^DFD;EhK;E25^L>CFD254&FDG�Y[4[§¨�©G 7 2/O<GK4<;?>/hK2 = 2mha>CFD2/G J ha>CFL>/GK^ = >ChKG$GK^�Y[4<G�>CO�O<XDBD4<GKFDGKO
GI2�4<2CY[Ga>CFD254nFDGIO[>CbEFL>\1L>C4[>\2/1D4<2 M GKFD254 ³ Ñ 7 XD4[> �D���5·"�
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i OdYo>(GKOdY[4[>¨Y[� 7 ;?>	>C1D4<GKO<GK^�Yo>�> M >C^�Yo> 7 G J FDG\13GK4 J ;NY[;E4A>C;E^DFL>�º¼XDG�2(13GK4dÑ = FDG�Y[4[§¨�©G 7 2
hK25^�Y[4[>¨Yo>CFD2ÂO<G8�[>Â4<GK1L>C4dY[;EFD2�FL>��©254 J >�FDGKO<G8�[>CFL>]�.^L`C2Â^DGKhKGKO<O[>C4<;?> J GK^�Y[G	FDG��©254 J >�; 7 XL> =
GK^�Y[4<G(Y[2mFD25O�25O�O<XDB]ÙLXm�]25O � lmGK^DFD2Ë>CO<O<; J �xkL§ÌX J > 7 4[>C^DFDG	ÙLG"�];EBD; = ;EFL>CFDG�1L>C4[>Ì2ÌGKOdYo> s
B3G = GKhK; J GK^�Y[2�FDG�132 = bNY[;Eha>COI;E^�Y[GK4<^L>CO�FDGK^�Y[4<2ÂFD2�FD2 J bE^D;E2�FD2�h = ;EGK^�Y[G � ��2�GK^�Yo>C^�Y[2D��X J >
¹D^D;Eha>�4<GKOdY[4<;E_a`C2	��º¼XDG\>�O<2 J >�FD25O�13GK4dÑLOvFDG$Y[4[§¨�©G 7 2�FDG�ha>CFL>�O<XDB]ÙLXm�]2(^L`C2�X = Y[4[>C1L>CO<O<G
2 M > = 254�hK25^�Y[4[>¨Yo>CFD2D�»>�Ñ J FDGIG M ;NYo>C4nº¼XDGI2�132 = ;EhK;?> J GK^�Y[2$FD2/1D4<2 M GKFD254&GZ�©GZY[XDG�FDGKO<ha>C4dY[GKO
^L>�GK^�Y[4[>CFL>\FD2/O<GKX�FD2 J bE^D;E2 �

Subrede 1

Subrede 2

Subrede N

Cond. Tráfego
para AFx

Cond. Tráfego
para AFx

Cond. Tráfego
para AFx

Roteador de
Saída para o

Provedor

{ ; 7 XD4[> �D��� � c >C4<ha>C_a`C2/13254�ÙLXm�]2 �

w X]Y[4[> M >C^�Yo> 7 G J ��>�>CXDO<gK^DhK;?>�FDG/1D4<25B = G J >COvFDG/1D4<251D4<;EGKFL>CFDG/GKO<ha> = >C4IFL>CFD2�º¼XDG�>
O<XL>Â>C1 = ;Eha>C_a`C2��	4<GKOdY[4<;NYo>�>�ha>CO<25O�25^DFDG	2�^¼¹ J GK4<2ÂFDG�ÙLXm�]25O\� = ; J ;NYo>CFD2 � H = � J FD;EO<O<2D�
hK25^DFD;EhK;E25^L>CFD254<GKO&FDGvY[4[§¨�©G 7 2/hK25^ M GK^DhK;E25^L>C;EO&FDG�O<; J 1 = GKOn; J 1 = G J GK^�Yo>C_a`C2\132mFDG J O<GK4�X]Y[;Øs
= ;E�a>CFD25O&1L>C4[>/FD; M ;EFD;E4�>�Yo> �D>�>CO<O<G 7 XD4[>CFL>�GK^�Y[4<G$25O�ÙLXm�]25O � p,>C4[>/4<GK1L>C4dY[;E4A>CO = >C4 7 XD4[>CO&FDG
�½>C;Ø�D>I>CO<O<G 7 XD4[>CFL>IG�G"�]hKGKFDGK^�Y[GC�]132mFDG J O<GK4xG J 1D4<G 7 >CFD25O J >C4<ha>CFD254<GKOxFDGnY[4<gKO.hK254<GKO �x� 25;EO
G"�]G J 1 = 25O\O<GK4<;?> J 2 W&|,W�enc hK2 J N+�qg a Ò
%&G!«+�qg a ^�%��.G	2 W l¼Ê W�enc hK2 J
N F g a Ò
%rG�« F g aß^�% �

� GK^�Y[4<G�25O.1325^�Y[25O.^DG 7 >¨Y[; M 25OxFDGKOdYo>�> = Y[GK4<^L>¨Y[; M >�GKOdYo`C2$25O J >C;E254<GKOxhKXDOdY[25O.ÑL^L>C^DhKGK;E4<2�G
FDG J >C^¼X]Y[GK^D_a`C2$>CO<O<2mhK;?>CFD25O:>C2 J >C;E254}^¼¹ J GK4<2$FDGAGKº¼XD;E1L> J GK^�Y[25O.^DGKhKGKO<O[§C4<;E25O:1L>C4[>�>�O<XL>
; J 1 = G J GK^�Yo>C_a`C2 � z�J >&25X]Y[4[>&FDGKO M >C^�Yo> 7 G J�J XD;NY[2&; J 13254dYo>C^�Y[G��:>�>¨Y[4<;EBDXD;E_a`C2nFDG.13254<_KÍmGKO
Ñ]�D>CO�FD2�Y[4[§¨�©G 7 2�>CO<O<G 7 XD4[>CFD2 ³ Ò
% · 1L>C4[>$ha>CFL> J >C4<ha>CFD254 �}6 OdY[2$�½>C��hK2 J º¼XDGvO<XDB]ÙLXm�]25OnG J
13GK4<bE2mFD25O J >C;EO�2mhK;E25O<25O�FDGKO<13GK4<FD;EhKG J O<XL>��½>¨Y[;?>�FD2�Y[4[§¨�©G 7 2Â>CO<O<G 7 XD4[>CFD2D�xGK^Dº¼XL>C^�Y[2Âº¼XDG
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25O$FDG J >C;EOvÑLha> J ; J 13GKFD;EFD25OIFDG�4<Ga>C1D4<2 M GK;NYo§ s = >(13254<º¼XDG�O[`C2�hK25^DFD;EhK;E25^L>CFD25OI13254�25X]Y[4<25O
J >C4<ha>CFD254<GKOIH �.i OdY[GI1D4<25B = G J >�^L`C2/2mhK254<4<Gv^L> J >C4<ha>C_a`C2�13254&> 7 4<G 7 >CFD2 �

��2ÌGK^�Yo>C^�Y[2D�.1L>C4[>Â25O\ha>CO<25O\25^DFDG(25O\O<XDB]ÙLXm�]25O/hK254<4<GKO<1325^DFDG J >�ÙLXm�]25O�FDG J GK^D254
^Db M G = FDG�> 7 4<G 7 >C_a`C2D�xYo>C;EO\hK2 J 2Ì2ÂY[4[§¨�©G 7 2ÌFDG�XDO<XL§C4<;E25OK�.GKOdYo>C_KÍmGKO/25X)>¨Y[� J ;EhK4<2CÙLXm�]25OK�
>Â>CFD2m_a`C2ÂFDGKOdY[G	Y[;E132�FDG	O<2 = XD_a`C2 M >C;�O<G�Y[254<^L>C^DFD2Ì;E^ M ;?§ M G =µ�¶6 OdY[2Â13254<º¼XDG(2Â1D4<25B = G J >
FL>�;E^DGZÑLhK;EgK^DhK;?>�^L>�X]Y[; = ;E�a>C_a`C2�FL> = >C4 7 XD4[>�FDG��½>C;Ø�D>�>CO<O<G 7 XD4[>CFL>ÂO<G�Y[254<^L> J >C;EO$hK4<bNY[;EhK2 �
H = � J FD;EO<O<2D�5GKO<13GKhK;?> =EJ GK^�Y[G�1L>C4[>A2�ha>CO<2vFDG J ;EhK4<2CÙLXm�]25OK�51D4<2 M > M G =EJ GK^�Y[G�O<GK4[§�; J 1325O<O<b M G =
1D4<G M GK4A2/^¼¹ J GK4<2/FDG J ;EhK4<2CÙLXm�]25O&B3G J hK2 J 2/>�FDXD4[>C_a`C2/FDG�O<XL>CO�hK25^DG"�]ÍmGKO �n� 2 7 2D�DX J >
25X]Y[4[>AGKOdY[4[>¨Y[� 7 ;?>AO<G:�½>C��^DGKhKGKO<O[§C4<;?>�1L>C4[>AO[>¨Y[;EOd�½>C�KGK4�>��<XDOdY[;E_a>A^DGKOdY[GKO�ha>CO<25OK��hK25^]�©254 J G:O<GK4[§
M ;EOdY[2/>�O<G 7 XD;E4 �
iýÞ+]�Þ�o á =5LNs�=EO�ßE8@Õd85Lqïð`5LN<>`E=EGH8@ï :	<>A3:	=ô=Iî�×0ñ ë 8EDÜØRá ïðî_Ý

H J >C4<ha>C_a`C2�13254�> 7 4<G 7 >CFD2v>¨Y[GK^�Yo>v>AÙLXm�]25O M ;EO[>�XD^D;E4}>CO M >C^�Yo> 7 GK^DO�FL>CO}FDXL>CO�1D4<251325Ots
Yo>CO�>C^�Y[GK4<;E254<GKO �/6 OdY[2�O<; 7 ^D;NÑLha>	1D4<2 M GK4��<XDOdY[;E_a>	GK^�Y[4<G�25OvÙLXm�]25O�º¼XDG/hK2 J 13ÍmG J 2(Y[4[§¨�©G 7 2
> 7 4<G 7 >CFD2�O<G J 25O�1D4<25B = G J >CO$FDG�;E^DGZÑLhK;EgK^DhK;?>�^D2Ì>C1D4<2 M GK;NYo> J GK^�Y[2�FL> = >C4 7 XD4[>�FDG��½>C;Ø�D>
>CO<O<G 7 XD4[>CFL>]�LGIO<GK4&ha>C1L>C�IFDG = ;EFL>C4�hK2 J X J ^¼¹ J GK4<2�; J 1D4<G M ;EO<b M G = FDGvÙLXm�]25O �

p,>C4[>�>¨Y[;E^ 7 ;E4xGKOdY[GA25B¼�<GZY[; M 2D�]GKOdYo>$GKOdY[4[>¨Y[� 7 ;?>�X]Y[; = ;E�a>I>C13GK^L>CO:X JªJ >C4<ha>CFD254.1L>C4[>IY[2mFD2
2vÙLXm�]2�FDGnY[4[§¨�©G 7 2IFD2Ih = ;EGK^�Y[GC��FL> J GKO J >A�©254 J >�º¼XDGA> c H � pr254<� J ��GKOdYo>CFD25OxO[`C2�hK4<;?>CFD25O
G J >C^�Y[;EFD25O�1L>C4[>�ha>CFL>�O<XDB]ÙLXm�]2Ì1L>C4[>�2�º¼XL> = O<G�FDGKO<G8�[>Â1D4<2 M GK4�X J >�13254<_a`C2��<XDOdYo>�FD2
Y[4[§¨�©G 7 2I>CO<O<G 7 XD4[>CFD2 ³ Ñ 7 XD4[> �D� ®�· �5hK25^]�©254 J G�O<GKXDO�1L>ChK2CY[GKO�1L>CO<O[> J 13G = 2�hK25^DFD;EhK;E25^L>CFD254,FDG
Y[4[§¨�©G 7 2 ��i OdY[GKOAGKOdYo>CFD25O 7 XL>C4<FL> J ;E^]�©254 J >C_KÍmGKOnº¼XDG�O<GK4[`C2�X]Y[; = ;E�a>CFL>COn13254&X J > =E7 254<;NY J 2
FDG J >C4<ha>C_a`C2¶º¼XDG�1325O<O<XD;�FDXL>CO��©XD^D_KÍmGKO�BL§CO<;Eha>CO � HV1D4<; J GK;E4[>Â��FD;EOdY[4<;EBDXD;E4\2¶^¼¹ J GK4<2
FDG�1L>ChK2CY[GKO J >C4<ha>CFD25OAhK2 J 2�FDGK^�Y[4<2�FD2�13GK4dÑ = FL>/�©254 J >�FDGKO<G8�[>CFL> � H¡O<G 7 XD^DFL>��$G M ;NYo>C4
º¼XDG�GKOdYo>�FD;EOdY[4<;EBDXD;E_a`C2	1D4<G8�<XDFD;Eº¼XDG/2(ÙLXm�]2�> 7 4<G 7 >CFD2�G J Y[GK4 J 25OIFDG/25B]Y[GK^D_a`C2�FL>	Yo> �D>
>CO<O<G 7 XD4[>CFL> � pr254dYo>C^�Y[2D�x>�GZÑLha§ChK;?>�FL>�GKOdY[4[>¨Y[� 7 ;?> c H { º¼XL>C^�Y[2Ì¾�ha>C1L>ChK;EFL>CFDG�FDG�1D4<2¨s
M GK4�>I�<XDOdY[;E_a>�G�¾�X]Y[; = ;E�a>C_a`C2�FL> = >C4 7 XD4[>�FDG��½>C;Ø�D>�>CO<O<G 7 XD4[>CFL>	FDGK13GK^DFDG J FD2(> =E7 254<;NY J 2
X]Y[; = ;E�a>CFD2 �

±¶M GK4<FL>CFDG�º¼XDGA>vhK2 J 1 = G"�];EFL>CFDGnFD25O J >C4<ha>CFD254<GKO}Y[GK^DFDGA>vO<GK4 J >C;E254,1L>C4[>vGKOdYo>IGKOdY[4[> s
Y[� 7 ;?> � pr254<� J ��25OxhKXDOdY[25OxhK2 J GKº¼XD;E1L> J GK^�Y[2IG J >C^¼X]Y[GK^D_a`C2IO[`C2�BL>CO<;Eha> J GK^�Y[Gn25O J GKO J 25O
1L>C4[>A2Aha>CO<2�FL> J >C4<ha>C_a`C2A13254}> 7 4<G 7 >CFD2D�¨1325;EOrX J ¹D^D;EhK2 J >C4<ha>CFD254r�:X]Y[; = ;E�a>CFD2}R � HõYo>CB3G"s
= > �D�²¢ 4<GKO<X J G�>�hK2 J 1L>C4[>C_a`C2�GK^�Y[4<G�>COnGKOdY[4[>¨Y[� 7 ;?>COnFDG J >C4<ha>C_a`C2�>C1D4<GKO<GK^�Yo>CFL>CO�O<G 7 XD^DFD2
Y[2mFD25On25O&hK4<;NY[�K4<;E25OnFD;EO<hKX]Y[;EFD25O �

M '�ëàð�ùúîEïÚëàðf÷�ñ¥ðØô;ðEøÜð-ï©ñ¸ó#ô;ðd� � ë(� ô;ð�.1x-îVó�ñÜï���ðfðØôÚï;ð¹��¬¸ó�÷�ñÏë©ñ¸øÜð-ö���ó�ë©îRó©÷�ñ¥ø¾îEëíü�ö���øÜð�.1x-îQñÜöRôÚïÚñòîRó
ëàð-ï;øÜðE÷�îEïÚñ¸ó1#

X é�ó#ôÚñòø¾ü)ó#ôÚîd
*î�÷�ñÏó�ñÜï©ð-ü�ë©ñÜöRô;ðE÷�îQñÜëÌùúü�ö4.1x-îf÷�ðQø¾îEë(
�� ñ¾þ���÷�ðE÷�ñ ðEóÚó�î�ø0��ðE÷�ð�>�� ë(
�� ñÜë©ñÜöRô;ð�.1x-îQ÷�ð
� Ï�w���øÜð�÷�îàëàð-ï;øÜðE÷�îEï�#
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Subrede 1

Subrede 2

Subrede N

Cond. Tráfego
para AFx

Roteador de
Saída para o

Provedor

Estado por
Agregado e
por Fluxo

{ ; 7 XD4[> �D� ® � c >C4<ha>C_a`C2�13254�> 7 4<G 7 >CFD2�>¨Y[GK^�Yo>/>�ÙLXm�]25O �

HA13GKO[>C4�FDG/O<GKXDO$B3GK^DGZ�©bEhK;E25OI132CY[GK^DhK;?>C;EOK� 1325XDhK25O J >C4<ha>CFD254<GKOv�©254[> J 1D4<251325OdY[25O�>CFD2¨s
Yo>C^DFD2�GKOdYo>(GKOdY[4[>¨Y[� 7 ;?>	hK2 J 2	�©254 J >�FDG�hK2 J BL>¨Y[GK4�>$�<XDOdY[;E_a> ��{}ix|nw8�TÃZÜAÝCÐÁá ¬ ¤5¤ ¸ x1D4<2¨s
1DXDO<GK4[> J X J0J >C4<ha>CFD254�BL>CO<Ga>CFD2ÓG J BL> = FDG(FDG	ÑLhokL>CO�hKX �<2Ó> =E7 254<;NY J 2�Y[GK^�Yo>Ì1D4<2CY[G 7 GK4
25OIÙLXm�]25O W�e p J >C;EO��©4[§ 7 GK;EO ³ hK2 JùJ >C;E254<GKO M > = 254<GKOIFDG |,WnW�·"� p,>C4[>�;EOdY[2D�r2�> =E7 254<;NY J 2
FD;EOdY[4<;EBDXD;]>CO}ÑLhokL>CO�FD;EO<1325^Db M GK;EO,1D4<;E254<;NYo>C4<;?> J GK^�Y[GxGK^�Y[4<GnGKOdY[GKO�ÙLXm�]25O � H = � J FD;EO<O<2D��2I> =E7 2¨s
4<;NY J 2�Y[GK^�Yo>$GKO<1L>C_a>C4n25O:1L>ChK2CY[GKO J >C4<ha>CFD25O:hK2 J 2¤����1L>C4[>$ha>CFL>$ÙLXm�]2\FDGA�©254 J >$>$G M ;NYo>C4
4[>��[>CFL>COvFDG�Y[4[§¨�©G 7 2	>CO<O<G 7 XD4[>CFD2 �\w Ov4<GKO<X = Yo>CFD25O J 25OdY[4[>C4[> J X J FDGKO<G J 13GK^DkD2�O<XD13GK4<;E254
>C2\BL> = FDG�FDGAÑLhokL>CO&º¼XL>C^�Y[2/¾&�<XDOdY[;E_a> � ��2\GK^�Yo>C^�Y[2D�D�©254[> J 25BDO<GK4 M >CFD25O&4<GKO<X = Yo>CFD25O J XD;NY[2
BL>C;Ø�]25O ³ G J Y[254<^D2�FDG �C£K÷�· 1L>C4[>I2$13GK4<hKGK^�Y[XL> = GK^�Y[4<G�>vYo> �D>I25B]Y[;EFL>IG�>vYo> �D>$>CO<O<G 7 XD4[>CFL>

W >CB3G = > �D�²¢ � � XL>CFD4<2�hK2 J 1L>C4[>¨Y[; M 2\GK^�Y[4<G$>CO&GKOdY[4[>¨Y[� 7 ;?>COnFDG J >C4<ha>C_a`C2 �
e 4<;NY[�K4<;E2 ~ XDOdY[;E_a> p�4<251D4<;EGKFL> s

FDGIGKO<ha> = >C4
z Y[; = ;E�a>C_a`C2
= >C4 7D� �½>C;Ø�D>

e 2 J 1 = G"� �
J >C4<ha>CFD254

e XDOdY[2
ÑL^L>C^DhKGK;E4<2

c >C^¼X]Y[GK^ms
_a`C2

c H @ A A A A A
c�{ A A @ A @ @
c H { Ó@�fÐÎËÂÍe� Ó@�fÐÎËÂÍ�B��Ú� Ó@�fÐÎËÂÍe� @ A A@ÇÒ°1325^�Y[2��©4[>ChK2D�CA²Ò°1325^�Y[2��©254dY[GC�wÓ@�fÐÎËÂÍe�5Òñ�©XD^D_a`C2/FD2/> =E7 254<;NY J 2$FDG J >C4<ha>C_a`C2D�

Ó@���Ú�EÒñ�©XD^D_a`C2�FD2/^¼¹ J GK4<2�FDGvÙLXm�]25O
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FD2�ÙLXm�]2Â> 7 4<G 7 >CFD2D� hK2 J 1D4<2 J GZY[GK^DFD2�2�FDGKO<G J 13GK^DkD2Â> =E7 254<;NY J 2	G J X J FD25O�25B¼�<GZY[; M 25O
G"�]1325OdY[25OA>C^�Y[GK4<;E254 J GK^�Y[G �
ÀIi.wIc G |�ix����À ¬ ¤�£�� � ¤�£5¯ m1D4<251DXDO<GK4[> J X J�J GKha>C^D;EO J 2&FDG J >C4<ha>C_a`C2&BL>CO<Ga>CFD2AG J

GKOdY[; J >¨Y[; M >�FDGxYo> �D> J �KFD;?>n1L>C4[>&2&ÙLXm�]2�> 7 4<G 7 >CFD2�GxYo> J B3� J 1L>C4[>&ha>CFL>&ÙLXm�]2A;E^DFD; M ;EFDXL> =µ�
wôJ >C4<ha>CFD254,O<G J 25OdY[4<25X\O<XD13GK4<;E254�>C2 W l¼Êñ^L>�25B]Y[GK^D_a`C2IFL>�Yo> �D>v>CO<O<G 7 XD4[>CFL>IG�Yo> J B3� J
^L>$�<XDOdY[;E_a> � pr254<� J � 13254IO<GK4�X JRJ >C4<ha>CFD254vBL>CO<Ga>CFD2�G J GKOdY[; J >¨Y[; M >�FDG�Yo> �D> J �KFD;?>]� 2
2\ÙLXm�]2�> 7 4<G 7 >CFD2\hokDG 7 >/>\25B]Y[GK4&X J > M >C�a`C2�FDGvY[4[§¨�©G 7 2�>CO<O<G 7 XD4[>CFD2 ¤ ± ÷ªJ >C;E254:FD2�º¼XDG
2 M > = 254�hK25^�Y[4[>¨Yo>CFD2 � H = � J FD;EO<O<2D�»> =E7 254<;NY J 2$1D4<GKhK;EO[>�O[>CB3GK4&FDG�>C^�Y[G J `C2/º¼XL>C^�Y[25O&O[`C2/25O
ÙLXm�]25O�1L>C4[>\25B]Y[GK4&>CO&O<XL>CO&Yo> �D>CO�> =NM 2 �

w �½>¨Y[2�FD25O�> =E7 254<;NY J 25OnFDGKOdYo>CO�FDXL>CO�1D4<251325OdYo>COAX]Y[; = ;E�a>C4<G J ;E^]�©254 J >C_KÍmGKO&º¼XDG\FDG M G J
O<GK4 J >C^�Y[;EFL>CO�1L>C4[>Ëha>CFL>ËX J FD25O�ÙLXm�]25O	�ÂX J �½>¨Y[254�>ËO<GK4	hK25^DO<;EFDGK4[>CFD2 ��6 OdY[2ó132mFDG
ha>CXDO[>C4n1D4<25B = G J >CO�FDGv254<FDG J GKO<ha> = >C4�º¼XL>C^DFD2�2\^¼¹ J GK4<2�FDG�ÙLXm�]25O��©254�FDG J >CO<;?>CFL> J GK^�Y[G
7 4[>C^DFDG � H = � J FD;EO<O<2D�]^L`C2��©25;3GKO<13GKhK;NÑLha>CFL>\^DGK^Dk¼X J > J >C^DGK;E4[>�FDG = ;EFL>C4.hK2 J >�FD;E^Lè J ;Eha>
FDG�>CB3GK4dY[XD4[>�Gx�©GKhokL> J GK^�Y[2�FL>COrhK25^DG"�]ÍmGKO W�e pr�C>�º¼XL> = 132mFDG.132mFDGx�½>C�KGK4rhK2 J º¼XDG:GKOdYo>CFD25O
O<G8�[> J hK4<;?>CFD25O,G�^L`C2 J >C;EO,X]Y[; = ;E�a>CFD25O � 6 OdY[2v�C��^L`C2���GZÑLhK;EGK^�Y[G J >C^�Y[GK4}GKOdYo>CFD25O}1L>C4[>AY[2mFD25O
25OrÙLXm�]25O,º¼XDG�1L>CO<O[>C4[> J 13G = 2 J GK^D25O,X J > M GK��13G = 2 J >C4<ha>CFD254K�¨O<25BD4<GZY[XDFD2�º¼XL>C^DFD2�2A^Db M G =
FDG�> 7 4<G 7 >C_a`C2���> = Y[2 � pr254dYo>C^�Y[2D�r�/^DGKhKGKO<O[§C4<;E2Â> =E7 X J hK4<;NY[�K4<;E2(1L>C4[>�>C1L> 7 >C4I25OIGKOdYo>CFD25O
FD25O�ÙLXm�]25OA;E^L>¨Y[; M 25O �&i OdY[GKO�GKOdY[XDFD25O�Yo> J B3� J ha>C4<GKhKGK4[> J FDG�4<GKO<X = Yo>CFD25OA^L>/1D4<GKO<GK^D_a>�FDG
Y[4[§¨�©G 7 2�^L`C2¨s84<GKO<1325^DO<; M 2 �

îv6dc ¬ ®�¢ �1D4<251 É O:X J >I�©254 J > M >C4<;?>C^�Y[GAFL>$GKOdY[4[>¨Y[� 7 ;?> c H { >¨Y[4[> M �KO�FL> J >C^¼X]Y[GK^D_a`C2
FDG&GKOdYo>CFD25O:>C13GK^L>COx1L>C4[>�ÙLXm�]25O.>¨Y[; M 25O ��i OdYo>I1D4<251325OdYo> J 25OdY[4<25X�4<GKO<X = Yo>CFD25OxO<XD13GK4<;E254<GKO.>
Y[2mFL>CO}>CO,FDG J >C;EO,1D4<251325OdYo>COrYo>C^�Y[2�G J Y[GK4 J 25O,FDG �<XDOdY[;E_a>�º¼XL>C^�Y[2vG J Y[GK4 J 25O,FDG:25B]Y[GK^D_a`C2
FL>/Yo> �D>�>CO<O<G 7 XD4[>CFL> � H = � J FD;EO<O<2D�×O<G J 25OdY[4<25X�GZÑLha>C�$Yo> J B3� J ^L>�1D4<GKO<GK^D_a>	FDG�Y[4[§¨�©G 7 2
^L`C2¨s84<GKO<1325^DO<; M 2 � pr254xGKOdY[GKO J 2CY[; M 25OK�5GKOdY[G J >C4<ha>CFD254�O<GK4[§IFDGKO<hK4<;NY[2IG J FDGZYo> = kDGKO.>IO<G 7 XD;E4 �
iýÞ+]�ÞED õ¯á =5LNs�=EGH85L�>�ñHDK:	8ìØ���ÿ���ûGF ÿ5ûIH;ú�û3Ý

wÏ{�c0³�å ÝCÆÈÅ�æÌÝCÅ[ç�ÃZÅ<· ¬ ®�¢ ¥hK25^DO<;EOdY[GvG J X J�J >C4<ha>CFD254�BL>CO<Ga>CFD2�G J BL> = FDG�FDG�ÑLhokL>COK�
Gnº¼XDG&GZ�©GZY[XL>I> J >C4<ha>C_a`C2�13254x> 7 4<G 7 >CFD2I>¨Y[GK^�Yo>v>�ÙLXm�]25O �.e 2 J 2vº¼XL> = º¼XDGK4 J >C4<ha>CFD254,º¼XDG
X]Y[; = ;E�a>$>�GKOdY[4[>¨Y[� 7 ;?> c H { �D2 {�c«J >C^�Y[� J GKOdYo>CFD25On1L>C4[>�25O:ÙLXm�]25OnFD2\Y[4[§¨�©G 7 2\> 7 4<G 7 >CFD2
FDG��©254 J >Ì>Ì�©254<^DGKhKGK4��<XDOdY[;E_a>¶GK^�Y[4<G�G = GKO � ��GKOdY[G�ha>CO<2D��ha>CFL>¶GKOdYo>CFD2ÓhK25^�Y[� J ;E^]�©254 J > s
_a`C2Ë>¶4<GKO<13GK;NY[2ÓFD2ÓhK25^DO<X J 2ÓFDG�ÑLhokL>CO�FD25O�ÙLXm�]25O J 25^D;NY[254[>CFD25O � H = � J FD;EO<O<2D��2 {�c
>C4 J >C�KGK^L>ÌGKOdYo>CFD25O�>C13GK^L>CO/1L>C4[>Ì25O�ÙLXm�]25O/º¼XDG�hK25^DO<X J ;E4[> J ÑLhokL>CO ³ Y[; M GK4[> J 1L>ChK2CY[GKO
J >C4<ha>CFD25O�hK2 J 2Ç��� · FDXD4[>C^�Y[G�2	¹ = Y[; J 2/;E^�Y[GK4 M > = 2�FDG�Y[G J 132	hK254<4<GKO<1325^DFDGK^�Y[G/>C2	1D4<GKGK^ms
hokD; J GK^�Y[2(hK2 J 1 = GZY[2�FD2(BL> = FDGC��FDGK^D2 J ;E^L>CFD2 F E �	Fj³�Ç3Ä�ç�ÃZÀkÙ&ÇLáoç�ÃZÜ�åxÆÈÐÈÐýÇ ÆÈÁ�Ã · G\º¼XDG
M > = GON�E2�Ú' N+�qg �\� GKOdYo>	�©254 J >]��2 {�c G M ;NYo>	1D4<25B = G J >CO�FDG�254<FDG J GKO<ha> = >C4I>¨Y[4[> M �KOIFL>
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J >C^¼X]Y[GK^D_a`C2/FDGIGKOdYo>CFD25O�>C13GK^L>CO&1L>C4[>\25OnÙLXm�]25O�>¨Y[; M 25O �
| GKOdYo>IO[>CB3GK4.GK^�Yo`C2IhK2 J 2I2 {�c 4<Ga> = ;E�a>I>vFD;EOdY[4<;EBDXD;E_a`C2vFDGnÑLhokL>CO.FDGn�©254 J >v> 7 >C4[>C^�Y[;E4

>.�<XDOdY[;E_a>�GK^�Y[4<G&25O}ÙLXm�]25O � p,>C4[>v;EO<O<2D��2 {�c O<G&BL>CO<GK;?>�G J X J >v>C^L> = 2 7 ;?>�hK4<;?>CFL>�GK^�Y[4<G&X J
BL> = FDG$FDG$ÑLhokL>COvG�X J >�Ñ = >�FDG J GKO J 2�Yo> J >C^DkD2D�325^DFDG J >C^�Y[GK4AGKOdYo>CFD25O�1L>C4[>�25O�ÙLXm�]25O
º¼XDG�hK25^DO<X J ;E4[> J ÑLhokL>CO$FDXD4[>C^�Y[G�2�¹ = Y[; J 2 F E �	F ��>C^L§ = 2 7 2�> J >C^�Y[GK4�GKOdYo>CFD25O�1L>C4[>
ÙLXm�]25O�º¼XDG�1325O<O<XDG J 1L>ChK2CY[GKO�^¼X J >�Ñ = > � p,>ChK2CY[GKO J >C4<ha>CFD25O�hK2 J 2¦���ÓhK254<4<GKO<1325^DFDG J >
1L>ChK2CY[GKOI>C4 J >C�KGK^L>CFD25Ov^L>�Ñ = > � p,>ChK2CY[GKO J >C4<ha>CFD25O�hK2 J 2Ç����^AhK254<4<GKO<1325^DFDG J >	1L>ChK2CY[GKO
FDGKO<ha>C4dYo>CFD25O}G�13254dYo>C^�Y[2A^L`C2v>C4 J >C�KGK^L>CFD25O,^L>&Ñ = > �}� XL>C^DFD2�2�BL> = FDG:GKOdYo§ M >C�K;E2D�C^DGK^Dk¼X J
1L>ChK2CY[G�132mFDG�O<GK4 J >C4<ha>CFD2¶hK2 J 2����,�n>CO<O<; J hK2 J 2¶º¼XL>C^DFD2Ë>ÂÑ = >ÌGKOdYo§¶hokDGK;?>¶^DGK^Dk¼X J
1L>ChK2CY[G�132mFDG�O<GK4	>C4 J >C�KGK^L>CFD2 ��{ ;EhokL>CO�O[`C2ëFDGKO<13GK4<FD;E_a>CFL>CO	º¼XL>C^DFD2ë2ËBL> = FDG�GK^DhokDGÂG
^DGK^Dk¼X J 1L>ChK2CY[GvhokDG 7 >]�L>CO<O<; J hK2 J 2�X J GK^ = >ChKGvFDG�Y[4[>C^DO J ;EO<O[`C2��vO<XDBDX]Y[; = ;E�a>CFD2�º¼XL>C^DFD2
>�Ñ = >�GKOdYo§ M >C�K;?>�G�^L`C2ÂkL§Â1L>ChK2CY[GKO\1L>C4[>�O<GK4<G J GK^ M ;?>CFD25O �Ó6 ^DFD2 J >C;EO�> = � J �}132mFDG"s8O<G
; J > 7 ;E^L>C4�X J 1L>ChK2CY[G�hK25^DO<X J ;E^DFD2�ÑLhokL>CO�hK2 J 2	X J >	O<;NY[XL>C_a`C2(>C^L§ = 2 7 >	>C2	º¼XDG/O<GK4<;?>	2
O<GKX�Õt4[>COdY[4<2¨Ö ³tÜ½Å<Ý¼áoÃ · O<XDBDOdY[;NY[XD;E^DFD2�GKOdYo>COAÑLhokL>COv^D2�BL> = FDG � �A>�1D4[§¨Y[;Eha>]�»hK4<;?> s8O<G$X J >�Ñ = >
hK2 J 1 = G J GK^�Yo>C4.25^DFDG�GKOdY[GKOn4[>COdY[4<25O:O[`C2�>C4 J >C�KGK^L>CFD25O � lmG J 1D4<G�º¼XDG�X J >�ÑLhokL>�� 7 GK4[>CFL>]�
hK25^DO<X = Yo> s8O<GI>$Ñ = >�1L>C4[>�O[>CB3GK4nO<Gv2\^¼¹ J GK4<2�FDG�ÑLhokL>CO&^D2\BL> = FDG��vO<X]ÑLhK;EGK^�Y[GI1L>C4[>\4<GZY[;E4[>C4
2Â4[>COdY[4<2ÂFD2Ì1L>ChK2CY[G�^D2Ì;E^DbEhK;E2�FL>�Ñ = > ³ 2 J >C;EOvÕd>C^�Y[; 7 2¨Ö ·"� p,>C4[>Â25B]Y[GK4\>��<XDOdY[;E_a>�BL>COdYo>
GK^�Yo`C2�>C1 = ;Eha>C4:X J > =E7 254<;NY J 2��<XDOdY[2\FDG 7 GK4<GK^DhK;?> J GK^�Y[2\FDG�Ñ = >CO �xw X	O<G8�[>]�DO<Gv2\GKO<1L>C_K2\FL>
Ñ = >(�©254�hK2 J 1L>C4dY[; = kL>CFD2(FDG/�©254 J >$�<XDOdYo>]�}GK^�Yo`C2�2 J GKO J 2�>ChK25^�Y[GKhKGK4[§�1L>C4[>�2�hK25^DO<X J 2
FDG�ÑLhokL>CO\^D2ÂBL> = FDG � pr254dYo>C^�Y[2D��FDGZY[GK4 J ;E^L>C4$O<G	X J 1L>ChK2CY[G	FDG M G	hK25^DO<X J ;E4$ÑLhokL>CO ³ O<GK4
J >C4<ha>CFD2IhK2 J 2+��� · GKº¼XD; M > = G&>IFDGZY[GK4 J ;E^L>C4}O<G�2IO<GKX�4[>COdY[4<2�132mFDGnO<GK4:>C4 J >C�KGK^L>CFD2I^L>�Ñ = >
hK2 J 1 = G J GK^�Yo>C4K�]FDG�>ChK254<FD2/hK2 J 2/> =E7 254<;NY J 2$GKO<hK2 = kD;EFD2 �

� 2 7 2D�5FDXL>CO}hK25^DFD;E_KÍmGKO,FDG M G J O<GK4}O[>¨Y[;EOd�©GK;NYo>COr1L>C4[>Aº¼XDGn25O}1L>ChK2CY[GKO}FDG�X J ÙLXm�]2vO<G8�[> J
J >C4<ha>CFD25O�hK2 J 2Ç��� � H 1D4<; J GK;E4[>��\º¼XDG�kL>��[>�ÑLhokL>COIFD;EO<1325^Db M GK;EO�^D2(BL> = FDG � H O<G 7 XD^DFL>
�$º¼XDG�2�hK25^�Y[4<2 = G$13254&ÙLXm�]2�4<GK1D4<GKO<GK^�Yo>CFD2(13G = >\Ñ = >/FDG$4[>COdY[4<25OAG$13G = 2�O<GKXÌ> =E7 254<;NY J 2\FDG
7 GK4<GK^DhK;?> J GK^�Y[2:�<XDOdY[2I13GK4 J ;NYo> J º¼XDG&GKOdY[GnÙLXm�]2�1325O<O[>�Y[GK4�X J 1L>ChK2CY[G J >C4<ha>CFD2vhK2 J 2	���,�
BL>CO<Ga>C^DFD2¨s8O<G�^D2\O<GKX	hK25^DO<X J 2�FDGAÑLhokL>COnFDXD4[>C^�Y[G�2�¹ = Y[; J 2 F E �	F�� HíÑ 7 XD4[> �D� ±�; = XDOdY[4[>
2(�©XD^DhK;E25^L> J GK^�Y[2(FD2 {�c 25^DFDGTN+�qg¦��>�Yo> �D>(FDG/1D4<GKGK^DhokD; J GK^�Y[2�FDG\ÑLhokL>CO�G N�E2�+2
Yo> J >C^DkD2\FD2/BL> = FDG �

H = q 7 ;Eha>/FL> J >C4<ha>C_a`C2�GK^DhK25^�Y[4[> s8O<G\^D2	> =E7 254<;NY J 2 �D�²¢m� p,>C4[>�ha>CFL>�1L>ChK2CY[G�º¼XDG\hokDG"s
7 >]�n2ëBL> = FDG�FDG�ÑLhokL>CO�O<GK4[§ë>¨Y[XL> = ;E�a>CFD2Ó1D4<; J GK;E4<2 � lmGK4[`C2ë>ChK4<GKO<hKGK^�Yo>CFL>CO��h^1Ê§�V��É¤Ê �
^1Ê¨Ë�ÐqÖ
^1Ê��13 N+�qgËÑLhokL>COr>¨Y[��N�E2� �}w ^¼¹ J GK4<2&FDG}ÑLhokL>COr>ChK4<GKO<hKGK^�Yo>CFD2A>C2nBL> = FDGC�u� F Ê§Ë�ÐqÖ
^1Ê��
F Ê§�V��É¤Ê¨�"�:�(X]Y[; = ;E�a>CFD2Â1L>C4[>Â4<GZY[;E4[>C4\4[>COdY[4<25O/FL>ÂÑ = >ÂhK2 J 1 = G J GK^�Yo>C4 �ó6 OdY[2¶GKº¼XD; M > = G�>
>¨Y[XL> = ;E�a>C4�>�Yo>CB3G = >/FDG$GKOdYo>CFD25O�FDGK;Ø�D>C^DFD2	>C13GK^L>COA;E^]�©254 J >C_KÍmGKO�O<25BD4<G�ÙLXm�]25O�º¼XDG�hK25^DO<Xms
J ;E4[> J ÑLhokL>COAFDXD4[>C^�Y[G$2�¹ = Y[; J 2 F E �	F��&e 25^]�©254 J G�25OA4[>COdY[4<25O�FD25OA1L>ChK2CY[GKO M `C2/O<GK^DFD2
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CIR

...

Tráfego de um fluxo
agregado

IN

OUT(-)

CBS

AFx1

AFx2 ou
AFx3

Controle
por Fluxo

(+)

(-)

(+)

OUT

AFx2 ou
AFx3

pacote
ficha

{ ; 7 XD4[> �D� ±m� w�J >C4<ha>CFD254r�<XDOdY[2 �

4<GZY[;E4[>CFD25OK�D>CO�GKOdYo>¨Y[bEOdY[;Eha>CO:FDG�hK25^DO<X J 2\FDGAÑLhokL>COn^D2�BL> = FDG ³ X]Y[; = ;E�a>C_a`C2�FD2�GKO<1L>C_K2�^L>�Ñ = >
FDG�4[>COdY[4<25O ·�M `C2(O<GK^DFD2�>¨Y[XL> = ;E�a>CFL>COK�3Yo>C4<GZ�½>	4<Ga> = ;E�a>CFL>�13G = 2	1D4<q51D4<;E2(> =E7 254<;NY J 2v�<XDOdY[2(FDG
7 GK4<GK^DhK;?> J GK^�Y[2�FDGvÑ = >CO �

24M 5 �]�)�N��c3� B�´Ä� � c >C4<ha>C_a`C2�^D2 {�c¶�
� >C4<;?§ M GK;EOK�

^1Ê¨�V��É¤Êv��;E^DOdYo>C^�Y[GIFDGvY[G J 132�FL>\hokDG 7 >CFL>�FD2/¹ = Y[; J 2�1L>ChK2CY[G
^1ÊQË�ÐqÖ
^1ÊI��;E^DOdYo>C^�Y[GIFDGvY[G J 132�FL>\hokDG 7 >CFL>�FD2/13GK^¼¹ = Y[; J 2�1L>ChK2CY[G
F Ê§�V��É¤Êv�xº¼XL>C^�Y[;EFL>CFDGIFDGvÑLhokL>CO�^D2�BL> = FDGvG J ^1Ê§�V��É¤Ê
F Ê¨Ë�ÐqÖ
^1Ê���º¼XL>C^�Y[;EFL>CFDGIFDGvÑLhokL>CO�^D2�BL> = FDGvG J ^1Ê¨Ë�ÐqÖ
^1Ê
ÔÚÊ§�V��É¤ÊI��¹ = Y[; J 2�1L>ChK2CY[GI4<GKhKGKBD;EFD2

{ XD^D_KÍmGKOK�
^)Ì-ç�Ôw�ÎÊQ#��Ò�Ò Ì-��^)ÌÎ���"��4<GZY[254<^L>�2�;E^DOdYo>C^�Y[GIFDGvY[G J 132�>¨Y[XL> =
^)Ð}ç�Ð}�ÚÏ��u�f«¤�*JD4<GZY[254<^L>�2\Yo> J >C^DkD2\FDGIX J 1L>ChK2CY[G�p;ÎÌ�Ö Ì-�ÚÓ��½Ë�Ì-��Ò Ð�Ê¨Ò ÐqÖ
^þÒ � ÖÎ���"��4<GZY[;E4[>\4[>COdY[4<25OnFL>\Ñ = >�G�>¨Y[XL> = ;E�a>�GKOdYo>CFD25O
Ì-�ÚÓ��½Ë�Ì-��Ò Ð�Ê¨Ò ÐqÖ
^þÒ �u�f«¤�"��O<GIX J 1L>ChK2CY[G�p)132mFDGvO<GK4&GK^]Ñ = GK;E4[>CFD2�^L>�Ñ = >\FDGI4[>COdY[4<25OK�
>¨Y[XL> = ;E�a>�GKOdYo>CFD25O&GI4<GZY[254<^L> M GK4<FL>CFDGK;E4<2DÒDha>CO<2/hK25^�Y[4[§C4<;E2D�D4<GZY[254<^L>��½> = O<2

6 ^D;EhK;?> =EJ GK^�Y[GC�
F Ê¨Ë�ÐqÖ
^1Ê�a F Ê��V��É¤Ê�abN�E2�
^1ÊQË�ÐqÖ
^1Ê�a�^1Ê§�V��É¤Ê�a�^)Ì-ç�Ôw�ÎÊ¨#��Ò�Ò Ì-��^)ÌÎ���

H�ha>CFL>\1L>ChK2CY[GIº¼XDGIhokDG 7 >]�
F Ê§�V��É¤Ê�a F Ê��V��É¤ÊÁ`b�h^)Ì-ç�Ôw�ÎÊ¨#��Ò�Ò Ì-��^)ÌÎ���6�i^1Ê¨Ë�ÐqÖ
^1ÊQ�13 N+�qg
O<G¦� F Ê��V��É¤Êbj�N�E2���

F Ê§�V��É¤Ê�a�N�E2�
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24M 5 �]�)�N��c3� B�´Ä� n $������ ´ � � c >C4<ha>C_a`C2�^D2 {�c¶�
H�ha>CFL>\1L>ChK2CY[GIº¼XDGIhokDG 7 >]� ³ hK25^�Y �²·;ÎÌ�Ö Ì-�ÚÓ��½Ë�Ì-��Ò Ð�Ê¨Ò ÐqÖ
^þÒ � ÖÎ���
O<G¦� F Ê��V��É¤ÊbjQa�^)Ð}ç�Ð}�ÚÏ��u�öÔÚÊ¨�V��É¤Ê¨�I�
O<G �fÌ-�ÚÓ��½Ë�Ì-��Ò Ð�Ê¨Ò ÐqÖ
^þÒ �u�öÔÚÊ§�V��É¤Ê¨�
J >C4<ha>C4�1L>ChK2CY[GIhK2 J 2O���
F Ê��V��É¤Ê�a F Ê��V��É¤Ê ��^)Ð}ç�Ð}�ÚÏ��u�öÔÚÊ¨�V��É¤ÊQ�

O<GK^L`C2
J >C4<ha>C4�1L>ChK2CY[GIhK2 J 2T����^

O<GK^L`C2
J >C4<ha>C4�1L>ChK2CY[GIhK2 J 2T����^

^1ÊQË�ÐqÖ
^1Ê�a�^)Ì-ç�Ôw�ÎÊQ#��Ò�Ò Ì-��^)ÌÎ���
F Ê¨Ë�ÐqÖ
^1Ê�a F Ê��V��É¤Ê
GK^ M ;?>C4&1L>ChK2CY[G

w 1D4<qa�]; J 2ë1L>CO<O<2õGK^�Yo`C2õ�¶>C^L> = ;EO[>C4�2ó^¼¹ J GK4<2õFDGÂÑLhokL>CO(^D2õBL> = FDG � lmGÌGKOdY[GÌ�©254
;E^DO<X]ÑLhK;EGK^�Y[GC�×2�1L>ChK2CY[G$O<GK4[§ J >C4<ha>CFD2�hK2 J 2¦����^nG$GK^ M ;?>CFD2 � lmGKXÂ4[>COdY[4<2�^L`C2��$hK2 = 2mha>CFD2
^L>	Ñ = >(hK2 J 1 = G J GK^�Yo>C4vG/^DGK^Dk¼X J >(GKOdYo>¨Y[bEOdY[;Eha>(13254vÙLXm�]2���> = Y[GK4[>CFL> � lmG/2�^¼¹ J GK4<2�FDG
ÑLhokL>CO��©254:O<X]ÑLhK;EGK^�Y[GC�DGK^�Yo`C2\2�hK25^DO<X J 2\FDGAÑLhokL>COn^D2�¹ = Y[; J 2 F E �	F FDGZY[GK4 J ;E^L>C4[§�GK^�Yo`C2
O<Gv2\1L>ChK2CY[Gv132mFDG�hK25^DO<X J ;E4�>CO�ÑLhokL>CO ³ O<GK4nGK^]Ñ = GK;E4[>CFD2�^L>�Ñ = >$FDGv4[>COdY[4<25O · 25X	^L`C2 �.e >CO<2
G = G�^L`C2�1325O<O[>$O<GK4:GK^]Ñ = GK;E4[>CFD2D�¼2$O<GKX	4[>COdY[4<2$^L`C2$�AhK2 = 2mha>CFD2$^L>IÑ = >]�¼2�1L>ChK2CY[GA� J >C4<ha>CFD2
hK2 J 2G����^IG�GK^ M ;?>CFD2 �Ìe >CO<2�G = G�1325O<O[>�O<GK4�GK^]Ñ = GK;E4[>CFD2D�,2�O<GKXë4[>COdY[4<2�GK^�Y[4[>�^L>�Ñ = >�G	>
Yo>CB3G = >ÂFDG(GKOdYo>CFD25O���>¨Y[XL> = ;E�a>CFL> � H = � J FD;EO<O<2¶>CO\ÑLhokL>CO/O[`C2¶hK25^DO<X J ;EFL>COK�.2Ì1L>ChK2CY[G(�
J >C4<ha>CFD2�hK2 J 22���ÌGIGK^ M ;?>CFD2 �

e 2 J 2�1L>C4[>\º¼XL> = º¼XDGK4 J >C4<ha>CFD254nº¼XDGIX]Y[; = ;E�a>�>\GKOdY[4[>¨Y[� 7 ;?> c H { �L2�O<GKX�FDGKO<G J 13GK^DkD2
º¼XL>C^�Y[2�¾:�<XDOdY[;E_a>IG�25B]Y[GK^D_a`C2�FL>IYo> �D>�>CO<O<G 7 XD4[>CFL>��&�©XD^D_a`C2�FD2�> =E7 254<;NY J 2AGKO<hK2 = kD;EFD2 � ��2
ha>CO<2�FD2 {�c �,>C13GK^L>CO$>CO��©XD^D_KÍmGKOK;ÎÌ�Ö Ì-�ÚÓ��½Ë�Ì-��Ò Ð�Ê¨Ò ÐqÖ
^þÒ � ÖÎ���vGL;ÎÌ�Ö Ì-�ÚÓ��½Ë�Ì-��Ò Ð�Ê¨Ò ÐqÖ
^þÒ � ÖÎ���
O<GK4[`C2 J 2mFD;NÑLha>CFL>COnFDG�>ChK254<FD2 � H = � J FD;EO<O<2D�L^D2 M 25OA1L>C4[è J GZY[4<25On132mFDG J O<GK4A>CFD;EhK;E25^L>CFD25O
1L>C4[>�hK25^]Ñ 7 XD4[>C4�2�> =E7 254<;NY J 2�X]Y[; = ;E�a>CFD2 �rîv6dc ¬ ®�¢ LhK2 J 1L>C4<25X\FDXL>CO�2513_KÍmGKOK� {}|�ix� G �AW
³�Ú¥>¨À3ÝCÁ\Æµá4Ç�.mÅ[ÃoâØ.LÄ¨ÐNÞL· ¬ ¤ ¢ ¸ µ�LO<GK^DFD2�º¼XDGI2�FDGKO<G J 13GK^DkD2�FD2 {}|�ix� �©25; J XD;NY[2\O<XD13GK4<;E254 �

HA1 = ;Eha>C^DFD2/2��©XD^DhK;E25^L> J GK^�Y[2�FD2 {}|�ix�ì³ O<XDBDO<GK_a`C2 ¸ � ¸ � ¸ · ^L>/>C^L> = 2 7 ;?>�GK^�Y[4<G�2/GK^]Ñ]s
= GK;E4[> J GK^�Y[2�FDG$1L>ChK2CY[GKOAG�>/FD;EOdY[4<;EBDXD;E_a`C2�FDG�ÑLhokL>COK�×132mFDG"s8O<G$FD;E�KGK4�º¼XDG$2 {�c G"�]GKhKX]Yo>C4[§
2�O<G 7 XD;E^�Y[GIhK25^�Y[4<2 = GI13254�ÙLXm�]2D�LG J ha>CFL> F E �	F �

�óY[2mFD2AÙLXm�]2v132mFDGK4[§ J >C4<ha>C4}>¨Y[�BçÇ����ý}1L>ChK2CY[GKO�hK2 J 2Q����FDGKO<FDG&º¼XDG�2�^¼¹ J GK4<2 J �KFD;E2
FDGI1L>ChK2CY[GKO J >C4<ha>CFD25OnhK2 J 2O���Ì^L`C2�G"�]hKGKFL>Tç�Ð � ���¼Ò
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�)>CO<O<; J hK2 J 2Ó^D2 |�ix� �.1L>ChK2CY[GKO	>CFD;EhK;E25^L>C;EO�GKOdYo>C4[`C2ËO<X �<GK;NY[25O	>¶O<GK4<G JJ >C4<ha>CFD25O
hK2 J 2	����^"��FDG:�©254 J >�> = Ga>¨Y[q54<;?>]�¨O<Gn2v^¼¹ J GK4<2 J �KFD;E2�FDGn1L>ChK2CY[GKO J >C4<ha>CFD25O}hK2 J 2����
G"�]hKGKFDGK4QçÇ������� � pr254<� J �L;EOdY[2�O<q�>ChK25^�Y[GKhKGK4[§/1L>C4[>\ÙLXm�]25O�º¼XDG:�[§\Y[GK^DkL> JìJ >C4<ha>CFD2
J >C;EO�FD2/º¼XDG�Ð}Ñ}Íu#1ü�1L>ChK2CY[GKO&hK2 J 2O���,Ò

�õX J ÙLXm�]2Ì^¼XD^Dha>Â132mFDGK4[§ J >C4<ha>C4 J >C;EO$FD2Âº¼XDG�ç�Ð � ý\1L>ChK2CY[GKO�hK2 J 2G���,�.G�ha>CFL>
Y[GK^�Yo>¨Y[; M >$FDG�X = Y[4[>C1L>CO<O[>C4:GKOdY[G = ; J ;NY[G&O<GK4[§�hK25^�Yo>CBD; = ;E�a>CFL>IGA�½>C4[§$hK2 J º¼XDGvGKOdY[Gv^L`C2
hK25^DO<; 7 > J >C4<ha>C4 J >C;EO�FD2/º¼XDG�Ð}Ñ}Íu#1ü�1L>ChK2CY[GKO&hK2 J 2O��� �

� GKO<O<G J 2mFD2D��>n; J 1 = G J GK^�Yo>C_a`C2�FD2 {�c X]Y[; = ;E�a>C^DFD2 {}|�ix� Y[GK^DFDG.> J G = kD254[>C4�>r�<XDOdY[;E_a>
GK^�Y[4<GIÙLXm�]25OK�L^L> J GKFD;EFL>�G J º¼XDGC�

�õ1D4<2CY[G 7 G�ÙLXm�]25Ovº¼XDG�O<G\>CFL>C1]Yo> JfJ >C;EO = GK^�Yo> J GK^�Y[G�>�X J > J >C;E254&FD;EO<1325^D;EBD; = ;EFL>CFDG
FDG = >C4 7 XD4[>�FDGv�½>C;Ø�D> ³©J >C;E254<GKO |,WnW O · Ò

�)> J GK^D;E�a>�>�kDGZY[GK4<2 7 GK^DGK;EFL>CFDG.GK^�Y[4<G:25OrÙLXm�]25O,FDGKO<ha>C4dYo>C^DFD2 J >C;EO¥FL>Cº¼XDG = GKO,º¼XDG:GKOdYo`C2
25B]Y[GK^DFD2/X J > J >C;E254.Yo> �D>\FDG J >C4<ha>C_a`C2�FDGI1L>ChK2CY[GKO&hK2 J 2O���,Ò

�õ13GK4 J ;NY[G:º¼XDGnÙLXm�]25O.>CFL>C1]Yo>¨Y[; M 25O}GK^ M ;EG J 4[>��[>CFL>CO}FDG�Y[4[§¨�©G 7 2I>CO<O<G 7 XD4[>CFD2D� J >CO}G M ;Øs
Yo>$º¼XDG�2$Y[4[§¨�©G 7 2$^L`C2¨s84<GKO<1325^DO<; M 2 J 25^D25132 = ;E�KG&2$hK25^DO<X J 2�FDGAÑLhokL>CO�FD2 J >C4<ha>CFD254 �

H = � J FDGKOdY[GKO��½>¨Y[254<GKOK��>Ë>C1 = ;Eha>C_a`C2¶FDGKOdYo> = q 7 ;Eha>¶>C13GK^L>CO�1L>C4[>¶ÙLXm�]25O�º¼XDG�Y[GK^DkL> J
J >C4<ha>CFD2&1L>ChK2CY[GKOrhK2 J 2¨����^D2A¹ = Y[; J 2 F E �	Fë7 >C4[>C^�Y[G.>&1D4<251D4<;EGKFL>CFDGxGKO<ha> = >C4 FL>&O<2 = XD_a`C2 �

H �C�vi l ÃZÜnÝCÐÁá ¬ ¤ ¢C£ ,GKOdY[XDFL>C4[> J 2�FDGKO<G J 13GK^DkD2�FD2 {�c G J �©XD^D_a`C2�FD25OA>��<XDOdY[GKO�FD25O
1L>C4[è J GZY[4<25O�FD2�> =E7 254<;NY J 2 {}|�ix� �rG/1D4<251DXDO<GK4[> J 4<GKhK2 J GK^DFL>C_KÍmGKO$^DGKOdY[G�O<GK^�Y[;EFD2 ��z�J
GKOdY[XDFD2�O<G J G = kL>C^�Y[G:G J >C;EO hK2 J 1 = GZY[2�O<GK4[§AFDGKO<hK4<;NY[2A^D2�ha>C1DbNY[X = 2 �m� H �C�vi l ÃZÜ ÝCÐÁá hK25^DOdYo> s
Yo>C4[> J Yo> J B3� J º¼XDGv>C13GKO[>C4�FD2 {�c O<GK4 J XD;NY[2$GZÑLha>C��^L>�25B]Y[GK^D_a`C2�G�hK2 J 1L>C4dY[; = kL> J GK^�Y[2
�<XDOdY[2$FL>vYo> �D>$>CO<O<G 7 XD4[>CFL>]�m^L`C2�hK25^DO<G 7 XDGA1D4<2 M GK4��<XDOdY[;E_a>I^D2$hK2 J 1L>C4dY[; = kL> J GK^�Y[2�FL>�BL>C^ms
FL>�G"�]hKGKFDGK^�Y[GC�r1D4<;E^DhK;E1L> =EJ GK^�Y[GI^L>�1D4<GKO<GK^D_a>	FDG$Y[4[§¨�©G 7 2�^L`C2¨s84<GKO<1325^DO<; M 2 ��6 OdY[2(>ChK25^�Y[GKhKG
13254<º¼XDG�^DGK^Dk¼X J Y[4[>¨Yo> J GK^�Y[2�FD;N�©GK4<GK^DhK;?>CFD2��	>C1 = ;Eha>CFD2�G J hK; J >�FD25O�1L>ChK2CY[GKO\º¼XDG	^L`C2
O[`C2 J >C4<ha>CFD25O�hK2 J 2���� � lmGKX�FDGKO<G J 13GK^DkD2ëhK2 J 4<G = >C_a`C2Ë>ÓGKOdYo> J �ZY[4<;Eha>¶��13254dYo>C^�Y[2
hK2 J 1L>C4[§ M G = >C2�FDGIX JìJ >C4<ha>CFD254nBL> = FDGvFDGvÑLhokL>CO&hK25^ M GK^DhK;E25^L> =:³©W 9 c�· ¬ ¤ ¢C£  �

iýÞ+]�ÞNM õ¯á =5LNs�=EGH85L�>�ñHDK:	8IGH<ÜbdLPO>D ÔC85LN<>D
� G J 2mFD2�>	hK254<4<; 7 ;E4v>(FDGZÑLhK;EgK^DhK;?>(FD2 {�c ^D2�hK2 J 1L>C4dY[; = kL> J GK^�Y[2�FD2(Y[4[§¨�©G 7 2(G"�]hKG"s

FDGK^�Y[GC����1D4<251325OdY[2v^DGKOdY[G:Y[4[>CBL> = kD2�X J >�G"�mY[GK^DO[`C2�>C2 {�c hokL> J >CFL> W�e�{�cù³�Ç�.mÅ[ÃoÃ¥�.Ä¨ÐEÄ¨Å
å ÝCÆÈÅ:æÌÝCÅ[ç�ÃZÅ5· ¬ ® ¸  �xw�W�e�{�c Y[4[>CBL> = kL>�hK2 J Y[4<gKOx1D4<;E254<;EFL>CFDGKO,FDG&FDGKO<ha>C4dY[G&Gn�&25B]Y[;EFD2�FD2
{�c >CFD;EhK;E25^L>C^DFD2I25X]Y[4<2�BL> = FDGnhK2 J 2�O<GKX�1D4<q51D4<;E2IhK25^�Y[4<2 = G&13254}ÙLXm�]2 �.w 1D4<; J GK;E4<2vBL> = FDG
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CIR

...

Tráfego de um fluxo
agregado

VERDE(+)

(-)

CBS

(+)

(-)

AMARELO

VERMELHO

EBS

Balde E

Balde C

EIR

...

AFx1

AFx2

AFx3

Controle
por Fluxo
para Taxa

Assegurada

(+)

(-)

Controle
por Fluxo
para Taxa
Excedente

(-)

(+)

pacote
ficha para o balde C
ficha para o balde E

{ ; 7 XD4[> �D� � � wÏJ >C4<ha>CFD254 �<XDOdY[2/FDGvY[4<gKO&hK254<GKO �

Y[G J Yo> J >C^DkD2¦N�E2�éG$��1D4<GKGK^DhokD;EFD2	hK2 J >�Yo> �D>�4<GKO<GK4 M >CFL>ÇN+�qg �vw O<GKXÂhK25^�Y[4<2 = G$13254
ÙLXm�]2	Y[4[>¨Yo>�FDG\FD;EOdY[4<;EBDXD;E4A>CO�Õ8ÑLhokL>CO M GK4<FDGKOtÖ�FDG��©254 J >��<XDOdYo>�Yo> = hK2 J 2	^D2 {�c 1L>C4[>�25O
1L>ChK2CY[GKO$��� �.w 25X]Y[4<2�BL> = FDG�1325O<O<XD;×Yo> J >C^DkD2�£¤E2� ³;<\ÃmáoÃoâoâýÙ&ÇmÅ[âZÜ}ß»Æ5� Ã · G���1D4<GKGK^DhokD;EFD2
hK2 J Yo> �D>+£��qg �xw hK25^�Y[4<2 = G�FDGnÙLXm�]2$>CFD;EhK;E25^L> = Y[4[>¨Yo>�FDG&FD; M ;EFD;E4}>CO,Õ8ÑLhokL>CO.> J >C4<G = >COtÖ:FDG
�©254 J >�>��©254<^DGKhKGK4�>A�<XDOdY[;E_a>�^L> = >C4 7 XD4[>\FDG��½>C;Ø�D>�G"�]hKGKFDGK^�Y[G ��w�M > = 254&FDG¤£��qg¡132mFDG�O<GK4
hK25^]Ñ 7 XD4[>CFD2�hK2 J 2 M > = 254Q£�%�hK25^]�©254 J G$>CO�GKº¼XL>C_KÍmGKO �D� ¸ G �D� � ��>�FDGK13GK^DFDGK4�FL>�132 = bNY[;Eha>
>CFD2CYo>CFL>�13G = 2�1D4<2 M GKFD254�1L>C4[>�FD; M ;EO[`C2�FL>�ha>C1L>ChK;EFL>CFDG�G"�]hKGKFDGK^�Y[G �Ów X]Y[4[>�2513_a`C2���º¼XDG
£��qgôG�N+�qgôO<2 J >CFL>CO}hK254<4<GKO<1325^DFL> J >�X JÏM > = 254,FDG�Yo> �D>vFDGn1D;EhK2�hK25^�Y[4[>¨Yo>CFD2D�5Yo> = hK2 J 2
2 M > = 254�«+�qg�1L>C4[>\2 W&|,W�enc¶�

wTW�e�{�c �©XD^DhK;E25^L>�FL>�O<G 7 XD;E^�Y[G��©254 J > ³ Ñ 7 XD4[> �D� ��·"��z�J 1L>ChK2CY[GAO<GK4[§ J >C4<ha>CFD2�hK2 J
M GK4<FDG�O<G.G"�];EOdY[G:X J ^¼¹ J GK4<2AFDG.ÑLhokL>CO,O<X]ÑLhK;EGK^�Y[G:^D2nÕtBL> = FDG M GK4<FDG"Ö:G:O<G:GKOdY[G:132mFDGxO<GK4,GK^]Ñ]s
= GK;E4[>CFD2�^L>&Õ8Ñ = >AFDGn4[>COdY[4<25O M GK4<FDG"Ö � lmGK^L`C2D��;EOdY[2v�C��O<Gn13G = 2 J GK^D25O�X J >AFL>CO�hK25^DFD;E_KÍmGKO�^L`C2
��O[>¨Y[;EOd�©GK;NYo>]�52�1L>ChK2CY[GnO<GK4[§ J >C4<ha>CFD2�hK2 J 2v> J >C4<G = 2AO<G&>CO J GKO J >CO}hK25^DFD;E_KÍmGKO M > = G J 1L>C4[>
2�ÕtBL> = FDGI> J >C4<G = 2¨Ö�G�>$Õ8Ñ = >\FDGI4[>COdY[4<25O�> J >C4<G = > Ö �.e >CO<2/hK25^�Y[4[§C4<;E2D�L2/1L>ChK2CY[GI� J >C4<ha>CFD2
hK2 J 2 M GK4 J G = kD2 ��z�JVJ >C4<ha>CFD254�O<G J G = kL>C^�Y[G$�©25;r1D4<251325OdY[2�13254AH�� ��|&6tî�w p wvzA�rw l�G
p3H �v�rwvz ¬ ¤�£%�  �

| GKO<X = Yo>CFD25O 1D4<G = ; J ;E^L>C4<GKO J 25OdY[4[>C4[> J X J >nO<XDBDOdYo>C^DhK;?> =�J G = kD254[> ³ G J Y[254<^D2&FDG ®5£5£K÷�·
G J 4<G = >C_a`C2	>C2 {�c �×> J B325OAX]Y[; = ;E�a>C^DFD2/2(> =E7 254<;NY J 2 {}|�ix� 1L>C4[>�2	hK25^�Y[4<2 = G$13254�ÙLXm�]2 �
w FDGKO<G J 13GK^DkD2�FD2 W�e�{�c O<GK4[§/> M > = ;?>CFD2�hK2 JìJ >C;EO�FDGZYo> = kDGKO&^D2�ha>C1DbNY[X = 2 �m�
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��GKOdY[G	ha>C1DbNY[X = 2�O<GK4[`C2Â>C1D4<GKO<GK^�Yo>CFD25O\G�FD;EO<hKX]Y[;EFD25O$25O$4<GKO<X = Yo>CFD25O$FD25O$GKOdY[XDFD25O\4<Ga> = ;Øs
�a>CFD25O�>¨Y[4[> M �KO�FDG	O<; J X = >C_KÍmGKO � �A>Â1D4<; J GK;E4[>�1L>C4dY[GC�xO<GK4[`C2��©GK;NYo>CO�hK25^DO<;EFDGK4[>C_KÍmGKO 7 GK4[>C;EO
O<25BD4<G$>��©GK4<4[> J GK^�Yo>�X]Y[; = ;E�a>CFL>]�m25B¼�<GZY[; M 25O�FD25O&GKOdY[XDFD25OK�»hKGK^L§C4<;E2/GKO<hK2 = kD;EFD2�G J �ZY[4<;Eha>COnFDG
FDGKO<G J 13GK^DkD2 � �A>/O<G 7 XD^DFL>�1L>C4dY[GC�32 {�c O<GK4[§�>C^L> = ;EO[>CFD2�º¼XL>C^�Y[2	>C2�; J 1L>ChZY[2�FD2	>��<XDOdY[G
FD25OAO<GKXDO�1L>C4[è J GZY[4<25O�^L>/25B]Y[GK^D_a`C2�FL>��<XDOdY[;E_a> ��{ ;E^L> =EJ GK^�Y[GC�L2 W�e�{�c �31D4<251325OdY[2�^DGKOdY[G
Y[4[>CBL> = kD2D�CY[GK4[§v2IO<GKX/FDGKO<G J 13GK^DkD2�hK2 J 1L>C4[>CFD2I>C2vFD2 {�c G J¡M §C4<;?>CO}O<;NY[XL>C_KÍmGKO�FD;EOdY[;E^�Yo>CO �

ó �R� ��Q®!�	�R�4�©¨\��¬TS ��� è �©¨\�¥�R�

oàÞÜÝbÞÜÝ b]¬>s�AHM0s�=ôGH<Üï�l-=E×0M0=EO�ßE8
{ 25;.GKO<hK2 = kD;EFL>�>(Y[�KhK^D;Eha>�FDG�O<; J X = >C_a`C2�>¨Y[4[> M �KO�FL>(�©GK4<4[> J GK^�Yo>���l�s ¢Ó³"â�ÃZÜ�@:Ä¨Å[ç�ß»ÆN,

Á\ÇmÐNÝCÜ8Ä¨Å�àCÃZÅ[âZÆµÄ¨ÀVU · ¬ ¤ ¢)� µ� = >C4 7 > J GK^�Y[G&X]Y[; = ;E�a>CFL>�^L> J >C;E254<;?>�FD25O.GKOdY[XDFD25O.4<Ga> = ;E�a>CFD25OxG J
� ;Nã¥lmGK4 M3�

w ��l�s ¢ hK25^DO<;EOdY[G\G J X J O<; J X = >CFD254AFD;E4<; 7 ;EFD2�>�G M GK^�Y[25O�FD;EO<hK4<GZY[25OIº¼XDG�; J 1 = G J GK^�Yo>
>CO�>CBDOdY[4[>C_KÍmGKO�FDGI^Dq5O�GIGK^ = >ChKGKOK�»B3G J hK2 J 2�25O&1D4<2CY[2mhK2 = 25OnFDG�4<2CY[Ga> J GK^�Y[2�GIFL>CO�ha> J > s
FL>COAFDG�4<GKFDGC�3Y[4[>C^DO<13254dY[G�G�>C1 = ;Eha>C_a`C2�FL>�>C4<º¼XD;NY[GZY[XD4[> W�e p y¨6 p � p,>C4[>/GKOdY[XDFL>C4A2�O<GK4 M ;E_K2
>CO<O<G 7 XD4[>CFD2D�D�©25;¥^DGKhKGKO<O[§C4<;E2/FDGKO<GK^ M 2 =NM GK4 J qmFDX = 25On>CFD;EhK;E25^L>C;EO�>C2/��l�s ¢ hK25^�Y[GK^DFD2D�

�õ25OvhK25^DFD;EhK;E25^L>CFD254<GKOAFDG�Y[4[§¨�©G 7 2 W 9 c ³�Ç3Ä�ç�ÃZÀkÙ&ÇLáoç�ÃZÜ:æÌÝCÅ[ç�ÃZÅ5· � {�c°³�å ÝCÆÈÅIæÌÝCÅ-,
ç�ÃZÅ5· G W�e�{�c ³�Ç�.mÅ[ÃoÃh�.Ä¨ÐEÄ¨Å/å ÝCÆÈÅ�æÌÝCÅ[ç�ÃZÅ5· �x25O\º¼XL>C;EO J GKFDG J >CO\1D4<251D4<;EGKFL>CFDGKO
Y[G J 13254[>C;EO FD2AY[4[§¨�©G 7 2D�ChK2 J 1L>C4[> J s8^L>COrhK2 J 2�13GK4dÑ = FDG:Y[4[§¨�©G 7 2AG J >C4<ha> J 2 � l e p
FD25O&1L>ChK2CY[GKO&FDG�>ChK254<FD2DÒ

�)>COAFD;EO<hK;E1 = ;E^L>CO&FDG 7 GK4<GK^DhK;?> J GK^�Y[2	>¨Y[; M 2�FDG$Ñ = >CO |&6dw G |�ix� hK2 J Y[4<gKOA^Db M GK;EOK�×FDG
�©254 J >\>\; J 1 = G J GK^�Yo>C4:2�px@A9xs8H { ^D25O&^Dq5O � l	hK2 J 2\�©XD^D_a`C2�FD2 M > = 254�FD2 � l e p �
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w O�º¼XL>¨Y[4<2�25B¼�<GZY[; M 25O�1D4<;E^DhK;E1L>C;EOvFD25O$GKOdY[XDFD25O$4<Ga> = ;E�a>CFD25OK� ^L`C2�^DGKhKGKO<O[>C4<;?> J GK^�Y[G�G J
254<FDG J FDGI; J 13254dYoèC^DhK;?>]�mGKOdYo`C2/4<G = >ChK;E25^L>CFD25On>CBL>C;Ø�]2D�

�õGK^�Y[GK^DFDGK4n>I;E^]ÙLXDgK^DhK;?>IFD2�>��<XDOdY[GAFD25O.1L>C4[è J GZY[4<25OxFD2�> =E7 254<;NY J 2 {}|�ix� ^D2$FDGKO<G J s
13GK^DkD2/FD2 {�c hK2 J 4<G = >C_a`C2�¾A�<XDOdY[;E_a> ç Ò

�)> M > = ;?>C4r2�FDGKO<G J 13GK^DkD2IFD2 W�e�{�c �©4<GK^�Y[Gn¾�1D4<251325OdYo>�254<; 7 ;E^L> =¼{�c �C1D4<;E^DhK;E1L> =EJ GK^�Y[G
º¼XL>C^�Y[2�¾��<XDOdY[;E_a>\^D2/hK2 J 1L>C4dY[; = kL> J GK^�Y[2$FL> = >C4 7 XD4[>�FDGv�½>C;Ø�D>�G"�]hKGKFDGK^�Y[GCÒ

�õG M ;EFDGK^DhK;?>C4I25OIB3GK^DGZ�©bEhK;E25OIFL>(GKOdY[4[>¨Y[� 7 ;?> c H {¡³µc >C4<ha>C_a`C2�13254IH 7 4<G 7 >CFD2�H�Y[GK^�Yo>
¾ {,= Xm�]25O · 1L>C4[>�GK^DFDGK4<GK_a>C4�2/1D4<25B = G J >\FL>A�<XDOdY[;E_a>�GK^�Y[4<G�25O&ÙLXm�]25O�FDG�X JìJ GKO J 2
Y[4[§¨�©G 7 2Â> 7 4<G 7 >CFD2D�,hK2 J 1L>C4[>C^DFD2�25O�FDGKO<G J 13GK^DkD25O\FD25O J >C4<ha>CFD254<GKO&�<XDOdY[25O {�c G
W�e�{�c hK2 J 2/FD2 J >C4<ha>CFD254�hK25^ M GK^DhK;E25^L> = BL> = FDGvFDGvÑLhokL>CO ³©W 9 c�·"�

oàÞÜÝbÞ+] ÔC<>AHe5LNM08I^_DFs�8E×0aHM0GH8
^��]dn��M#� 5 �#&

p,>C4[>�>¨Y[;E^ 7 ;E4.25O�25B¼�<GZY[; M 25OnFDGZÑL^D;EFD25On>C^�Y[GK4<;E254 J GK^�Y[GC�]�©25;3X]Y[; = ;E�a>CFD2$X J O<;EOdY[G J >$hK25^DOts
Y[;NY[XDbEFD2�FDGnX J >�4<GKFDG 6 pr�5FDG&>ChK254<FD2IhK2 J >�Ñ 7 XD4[> �m�N¤5� HéY[25132 = 2 7 ;?>�FDGnX J ¹D^D;EhK2 7 >C4 7 > = 2
��;EFDGa> = 1L>C4[>�2/GKOdY[XDFD2�FL>A�<XDOdY[;E_a>�13254<º¼XDG�hK25^DOdY[;NY[XD; X J hKGK^L§C4<;E2/BL>COdYo>C^�Y[G�hK2 J X J 25^DFDG
M §C4<;E25OAÙLXm�]25O�FDG\Y[4[§¨�©G 7 2	hK2 J 1L>C4dY[; = kL> J X JRJ GKO J 2	4<GKhKXD4<O<2�^L>(4<GKFDG�FDG�X J 1D4<2 M GKFD254
FDGIO<GK4 M ;E_K25O �

HAO = >C4 7 XD4[>CO:FDG��½>C;Ø�D>$Gv4<GZYo>C4<FD25O�FDGv1D4<251L> 7 >C_a`C2\>CO<O<2mhK;?>CFD25On>C25O�GK^ = >ChKGKOnFL>�GKO<1D;E^DkL>
FD254<O[> = FL>�4<GKFDG�FD2Â1D4<2 M GKFD254 ³ 4<2CY[Ga>CFD254<GKO�g��5��g � ��g � GÇg	X · GKOdYo`C2�4<GK1D4<GKO<GK^�Yo>CFD25O\^L>
1D4<q51D4<;?>�Ñ 7 XD4[> �m�N¤5�.w O�4<2CY[Ga>CFD254<GKO � �YB �¤� B-35353ZB � � ÛvY[4[>C^DO J ;NY[G J 2$Y[4[§¨�©G 7 2 7 GK4[>CFD2\13G = >CO
�©25^�Y[GKO�FDG/Y[4[§¨�©G 7 2�G J FD;E4<GK_a`C2�>C2�1D4<2 M GKFD254\>¨Y[4[> M �KO�FDG�GK^ = >ChKGKO$FDG	>ChKGKO<O<2�FDG ¤�£�c BD1DO
1L>C4[>Â2Â4<2CY[Ga>CFD254Og�� � HAO��©25^�Y[GKO�FDG�Y[4[§¨�©G 7 2ÌFDG	X J 4<2CY[Ga>CFD254 � %nY[4[>C^DO J ;NY[G J O<G J 1D4<G
1L>C4[>/> =E7 X J ^DqL[�%r25^DFDG��@a/�YB � B-35353ZB-� Û �:w O&^Dq5O\[�%,O<G = ; 7 > J >C2�4<2CY[Ga>CFD254¨g	X�Yo> J B3� J
13254&;E^�Y[GK4 J �KFD;E2/FDG�GK^ = >ChKGKO�FDG ¤�£�c BD1DOAG�4<GZYo>C4<FD25O�FDG�1D4<251L> 7 >C_a`C2/FDG ¤aJ O �&w O M > = 254<GKO
FD25O&4<GZYo>C4<FD25OnFDGI1D4<251L> 7 >C_a`C2\1L>C4[>\25OnGK^ = >ChKGKO&GK^�Y[4<GKO�>CO��©25^�Y[GKO&GI2�4<2CY[Ga>CFD254�g��I132mFDG J
M >C4<;?>C4 �Ëi�J > =E7 XD^DO\GKOdY[XDFD25OK�.Y[2mFD25O\GKOdY[GKO�4<GZYo>C4<FD25O\O[`C2Ì; 7 XL>C;EO�FDG��©254 J >Â>��½>C�KGK4\hK2 J
º¼XDG�^L`C2�kL>��[>�FD;N�©GK4<GK^D_a>�GK^�Y[4<G�25O |,WnW O J bE^D; J 25O�FDG/ha>CFL>�hK25^DG"�D`C2 W�e p �}i�J 25X]Y[4<25O
GKOdY[XDFD25OK�]G = GKOxO[`C2$FD;N�©GK4<GK^�Y[GKO.FDG&�©254 J >I>I25BDO<GK4 M >C4:>I;E^]ÙLXDgK^DhK;?>IFD2 |,WnW ^L>:�<XDOdY[;E_a>IGK^�Y[4<G
25OnÙLXm�]25O �
è�U�îEö�ùúîEïÚë©ñbø¾îEë©ñÜöRô;ðE÷�î©ö�îýøÜð*
�v ôÚü�� î6£4�)îýð*� wEîEï�� ôÚë©î � �	é�§3ó�ñÜï"©ü�ô�� � � ª¸ðE÷�îàö)ðEóJ� ë(
�� ñÜë©ñÜöRô;ð�.0/�ñ¸ó�÷�î� �ÈñEXZU � �Èø¾îEë©î�ùúîEïÚëàð©÷�ñb÷���ó#ôÚï�� ì�ü��¦.1x-î�õ#ü)ó#ô;ðà÷�ðEó��*ø"V)ðEó�ñÜöRôÚïÚñ\îRó�))ü�þ�îRó1#
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bit

/s

1 m
s

10 M
bit/s

1 m
s

4,5 Mbit/s

1ms

4,5 Mbit/s

1ms
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10 Mbit/s
10 Mbit/s

1 ms
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F 10

F 2

D 1

D 10

D 2

Fontes
de

Tráfego

Fontes
de

Tráfego

Destinos

Destinos

Destinos

{ ; 7 XD4[> �m�N¤ � e GK^L§C4<;E2�GKO<hK2 = kD;EFD2�1L>C4[>�>CO&O<; J X = >C_KÍmGKO �

w hK25^DFD;EhK;E25^L>CFD254&FDG$Y[4[§¨�©G 7 2�O<G�O<;NY[XL>�O<G J 1D4<G$^D2	4<2CY[Ga>CFD254AFDG$GK^�Y[4[>CFL>�1L>C4[>�2�1D4<2¨s
M GKFD254Qg��5�]�½>C�KGK^DFD2�> J >C4<ha>C_a`C2�G J hK; J >�FDGvY[2mFD2�2\Y[4[§¨�©G 7 2/> 7 4<G 7 >CFD2 �

c >C;E254<GKO&FDGZYo> = kDGKOnO<25BD4<G�ha>CFL>\hKGK^L§C4<;E2�O<GK4[`C2 M ;EOdY[25O&^L>CO&O<GK_KÍmGKO �m�²¢ G �m� ¸ �

� ��c3dXM��NZ\$�&'��e � �
w O<GK4 M ;E_K2/�©254<^DGKhK;EFD2�13G = >/4<GKFDG$hK25^DO<;EOdY[G$^L>/GK^�Y[4<G 7 >�FDG$1L>ChK2CY[GKO 6 p�FDG$X J ^Dq/�©25^�Y[G

>�X J ^Dq	FDGKOdY[;E^D2 ��w OvO<G 7 XD;E^�Y[GKOv4<GKO<X = Yo>CFD25OvO[`C2	1325O<O<b M GK;EOK�¥FDG�>ChK254<FD2	hK2 J >CO�ha>C4[>ChZY[G"s
4<bEOdY[;Eha>COnFL>�>C4<º¼XD;NY[GZY[XD4[> W�e p y¨6 p �

�õ1L>ChK2CY[G�GK^�Y[4<G 7 XDG&G J 254<FDG J >C2vFDGKOdY[;E^D2D�525X\O<G8�[>]��º¼XL>C^DFD2I^L`C2�kL§�^DGK^Dk¼X J >C^�Y[GK4<;E254
>\G = GI^L>\O<GKº¼XDgK^DhK;?>/FDGIFL>CFD25O&4<GKhKGKBD;EFD25O&º¼XDG�>C;E^DFL>\GKOdY[G8�[>�13GK^DFDGK^�Y[GCÒ

�õ1L>ChK2CY[GIGK^�Y[4<G 7 XDGI�©254[>�FDGI254<FDG J >C2�FDGKOdY[;E^D2DÒ
�õ1L>ChK2CY[GIFDXD1 = ;Eha>CFD2\GK^�Y[4<G 7 XDG$>C2�FDGKOdY[;E^D2[$aÒ
�õ1L>ChK2CY[GIFDGKO<ha>C4dYo>CFD2/13254 J 2CY[; M 25OnFDGIhK25^ 7 GKOdY[;E25^L> J GK^�Y[2DÒ
�õ1L>ChK2CY[GIFDGKO<ha>C4dYo>CFD2/13254 J 2CY[; M 25OnFDGIhK254<4<XD13_a`C2�FD25O&FL>CFD25O ³[áØ.LÃoáoç�âZÇmÁ�· Ò
�õ1L>ChK2CY[GvFDGKO<ha>C4dYo>CFD2�13254:^¼¹ J GK4<2�G"�]hKGKO<O<; M 2/FDGv^Dq5O&>¨Y[4[> M GKO<O[>CFD25O ³©WnW&� s Ç ÆÈÁ�Ã«Ç3Ä
×,ÆÈàCÃ ·"�

� G M ;EFD2�¾CO J �ZY[4<;Eha>COAFDG�FDGKO<G J 13GK^DkD2D��Y[25132 = 2 7 ;?>\G�Y[�KhK^D;Eha>�FDG\> M > = ;?>C_a`C2/X]Y[; = ;E�a>CFL>COK�
> =E7 XD^DOnFDGKOdY[GKO�4<GKO<X = Yo>CFD25OnO[`C2�hK25^DFDGK^DO[>CFD25O�G J X J �D25X�>¨Y[� J GKO J 2�^L`C2�hK25^�Y[G J 1 = >CFD25O �

&Üé�ó#ô;ðEó ôÚï�«¸ók
�ï�� ë©ñ1� ï;ðEó�
*îRóÚó+� ì�� � ��÷�ðE÷�ñ¸ók�Øð*� ñÜën
)ð-ï;ð�îàøÜðEó�î©÷�ñbø¾îEö�ñ¾þ�/�ñ¸ókXZU��N#
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p,>C4[>�2�ha§ = hKX = 2�FL>CO J �ZY[4<;Eha>CO:FDG�FDGKO<G J 13GK^DkD2 ³ O<XDBDO<GK_a`C2 �m�N¤5� �¼· �m��; J 13254dYo>C^�Y[G�2�^¼¹ms
J GK4<2ÂFDG	1L>ChK2CY[GKO\GK^�Y[4<G 7 XDGKO�hK254<4<GZYo> J GK^�Y[G�G J X J FDGZY[GK4 J ;E^L>CFD2Â;E^�Y[GK4 M > = 2�FDG�Y[G J 132 �
p,>C4[>Â25B]Y[GK4\GKOdYo>Â;E^]�©254 J >C_a`C2D�}�	X]Y[; = ;E�a>CFL>�>ÂFD;N�©GK4<GK^D_a>ÂGK^�Y[4<G	25O\^¼¹ J GK4<25O�FDG	4<GKhK25^DkDG"s
hK; J GK^�Y[2�hK25^�Y[;EFD25O�^D25O�¹ = Y[; J 25O�1L>ChK2CY[GKO$FDG/4<GKhK25^DkDGKhK; J GK^�Y[2�GK^ M ;?>CFD25O�13G = 2�FDGKOdY[;E^D2�^D2
;E^DbEhK;E2�G:^D2AÑ J FDGKOdY[G�;E^�Y[GK4 M > = 2[t � lmGK^DFD2v>CO<O<; J �5>AFD;N�©GK4<GK^DhK;?>C_a`C2AGK^�Y[4<G�1L>ChK2CY[GKO}º¼XDG:�©254[> J
GK^�Y[4<G 7 XDGKOvG J 254<FDG J 25X��©254[>/FDG$254<FDG J ^L`C2��$4<G = G M >C^�Y[G � H = � J FD;EO<O<2D�×>COAGK^�Y[4<G 7 >CO�G J
FDXD1 = ;EhK;EFL>CFDG�^L`C2�O[`C2/hK25^�Yo>CBD; = ;E�a>CFL>CO �

w ��l�s ¢ ^L`C2\hK25^�Y[G J 1 = >\>�1325O<O<;EBD; = ;EFL>CFDG�FDGvFDGKO<ha>C4dY[GIFD2\1L>ChK2CY[Gv13254�GK4<4<25OnFDG�Y[4[>C^DOts
J ;EO<O[`C2 �Ëw XDO<2ÌFDG(X J >�Y[25132 = 2 7 ;?>(hK2 J 4<2CYo>CO\GKOdYo§¨Y[;Eha>CO�G	hK2 J X J ^¼¹ J GK4<2Â13GKº¼XDGK^D2
FDG�4<2CY[Ga>CFD254<GKO&Yo> J B3� J G = ; J ;E^L>�>/1325O<O<;EBD; = ;EFL>CFDG�FDG�FDGKO<ha>C4dY[G$13254�^¼¹ J GK4<2/G"�]hKGKO<O<; M 2	FDG
^Dq5O�>¨Y[4[> M GKO<O[>CFD25O � pr254<� J �xGKOdYo>CO�FDXL>CO\O<; J 1 = ;NÑLha>C_KÍmGKO$^L`C2ÂhK2 J 1D4<2 J GZY[G J 25O\GKOdY[XDFD25O
4<Ga> = ;E�a>CFD25O�1325;EO�4<GK1D4<GKO<GK^�Yo> J X J >�1L>C4<hKG = > J XD;NY[2�4<GKFDXD�K;EFL>�FD25O$ha>CO<25O$FDG�FDGKO<ha>C4dY[G�FDG
1L>ChK2CY[GKO&G J 4<GKFDGKO W�e p y¨6 p ¬ �5¯  �

i �];EOdY[G J >C;E^DFL> J >C;EO.Y[4<gKO&O<; J 1 = ;NÑLha>C_KÍmGKO�>�O<GK4<G J FDGKOdYo>Cha>CFL>CO � HT1D4<; J GK;E4[>$�v2�Y[G J s
132�FDGv1D4<2mhKGKO<O[> J GK^�Y[2/^¼X = 2\^D25On4<2CY[Ga>CFD254<GKO ³©J >C4<ha>CFD254<GKO · �]2�º¼XL> = 132mFDGvO<GK4&FDGKO<1D4<GK�a>CFD2
O<G/hK2 J 1L>C4[>CFD2�>C25OI4<GZYo>C4<FD25OIFDG�Y[4[>C^DO J ;EO<O[`C2(G�FDG/1D4<251L> 7 >C_a`C2(X]Y[; = ;E�a>CFD25O �/w O<G 7 XD^DFL>
��2(�½>¨Y[2�FD2 W�e p�FD2���l�s ¢ X]Y[; = ;E�a>C4�X J 1L>ChK2CY[G/FDG�4<GKhK25^DkDGKhK; J GK^�Y[2�1L>C4[>(ha>CFL>(1L>ChK2CY[G
4<GKhKGKBD;EFD2 � ��2�GK^�Yo>C^�Y[2D�,>(>CXDO<gK^DhK;?>�FDG�4<GKhK25^DkDGKhK; J GK^�Y[25O$>¨Y[4[>CO[>CFD25O ³<Þ¼ÃZÐNÝ*>�Ã[ÞL»f�76vâ¨· �
X J >Iº¼XDGKOdYo`C2�º¼XDG M ;EO[>�>C13GK^L>CO�>CX J GK^�Yo>C4.>�GZÑLhK;EgK^DhK;?>I^L>�X]Y[; = ;E�a>C_a`C2vFL> = >C4 7 XD4[>vFDG��½>C;Ø�D>
³ >C13gK^DFD;EhKG/H · �,^L`C2(Y[GK^DFD2 7 4[>C^DFDGKO�; J 1 = ;Eha>C_KÍmGKOv^L>�FD;E^Lè J ;Eha>�FD2 W�e p � H = � J FD;EO<O<2D�}>
>C4<º¼XD;NY[GZY[XD4[> � ;Nã¥lmGK4 M �AXD^D;EFD;E4<GKhK;E25^L> =µ�,� 2 7 2D�m2�>C1D4<2 M ;EO<;E25^L> J GK^�Y[2$^D2�O<GK^�Y[;EFD2�hK25^�Y[4[§C4<;E2
³ 25^DFDG�25O.4<GKhK25^DkDGKhK; J GK^�Y[25O�>¨Y[4[> M GKO<O[> J >�4<GKFDG · �AX J 1D4<25B = G J >I>�1L>C4dY[G ��{ ;E^L> =EJ GK^�Y[GC��2
��l	^L`C2/; J 1 = G J GK^�Yo>$2/hK25^�Y[4<2 = GvFDGIÙLXm�]2�>¨Y[4[> M �KO�FD2�>C^¼¹D^DhK;E2/FD2�GKO<1L>C_K2�FDG$>C4 J >C�KGK^L> s
J GK^�Y[2�FD;EO<1325^Db M G = ^D2�FDGKOdY[;E^D2 � ��2 = X 7 >C4rFDGKOdY[G J GKha>C^D;EO J 2AG"�];EOdY[G�>C13GK^L>CO}X J 1L>C4[è J GZY[4<2
º¼XDG�FDGZÑL^DGIX J�M > = 254 J § �]; J 2�Ñ]�]2/1L>C4[>�>��[>C^DG = >�FDGIhK25^ 7 GKOdY[;E25^L> J GK^�Y[2 C �
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oàÞÜÝbÞji ák¬�:FLNM0s�=EDnGH<Üpr<>DF<J?ÖÕd<>AHaH8
p,>C4[> J GKFD;E4I>$�<XDOdY[;E_a>	^D2�hK2 J 1L>C4dY[; = kL> J GK^�Y[2�FL> = >C4 7 XD4[>	FDG\�½>C;Ø�D>	O<GK4[§(X]Y[; = ;E�a>CFD2	2

bE^DFD;EhKG(FDG\�<XDOdY[;E_a>Ì1D4<251325OdY[2¶13254 ~ H 6 � ÃZÜ\ÝCÐÁá ¬ ¤ ¢��  � lmGKXéha§ = hKX = 2Ì���©GK;NY[2¶>¨Y[4[> M �KO�FL>
GKº¼XL>C_a`C2 �m�N¤ �×25^DFDG��Ë��2	^¼¹ J GK4<2	FDG$ÙLXm�]25OvFDG�X J Y[4[§¨�©G 7 2	> 7 4<G 7 >CFD2¦��G2Ñ
(I�\> M >C�a`C2
FDGIha>CFL>�X J FDGKOdY[GKO¨�ÂÙLXm�]25OID �

Ó��f%�a �^]`_ba %�c(d �, Ñ
(
� 0
�������13 ] _ba %�c(d �, ��Ñ
(
� 0 ³Ú�m�N¤ ·

w bE^DFD;EhKG�FDG:�<XDOdY[;E_a>�>C1D4<GKO<GK^�Yo> M >C^�Yo> 7 GK^DO&G J 4<G = >C_a`C2�>\25X]Y[4[>CO J �ZY[4<;Eha>COnFDGvFDGKO<G J s
13GK^DkD2 � p,>C4[>(hK;NYo>C4�> =E7 XD^DOvG"�]G J 1 = 25OK�rG = G��/;E^DFDGK13GK^DFDGK^�Y[G�FDG J �ZY[4<;Eha>	G/GKO<ha> = >]� 2�º¼XDG
^L`C2�2mhK254<4<G�hK2 J > M >C4<;?èC^DhK;?> ��W > J B3� J � = ; J ;NYo>CFD2�GK^�Y[4<G £ G ¤ �32�º¼XDG$^L`C2�2mhK254<4<G�hK2 J
>\hK2mGZÑLhK;EGK^�Y[G�FDG M >C4<;?>C_a`C2D�]2�º¼XL> = 132mFDG�>CO<O<X J ;E4 M > = 254<GKOnGK^�Y[4<G £ Gfe �

w bE^DFD;EhKG�FDG:�<XDOdY[;E_a>\1325O<O<XD;¥X J >�1D4<251D4<;EGKFL>CFDGvº¼XDGIGKO<h = >C4<GKhKG�B3G J 2�O<GKX�O<; 7 ^D;NÑLha>CFD2 �
lmG�X J >Âº¼XL>C^�Y[;EFL>CFDGGÕóFDG(X J 4<GKhKXD4<O<2Óº¼XL> = º¼XDGK4/��FD; M ;EFL>Â; 7 XL> =EJ GK^�Y[G�GK^�Y[4<G¢çFDG!�
XDO<XL§C4<;E25O ³ ha>CFL>�X J 4<GKhKGKB3G!Õe'�ç · ��25^DFDGÇÛi� ç � �,��GK^�Yo`C2Â2ÂbE^DFD;EhKG�FDGI�<XDOdY[;E_a> M > = G
ç!'�� �x6 OdY[2/O<; 7 ^D;NÑLha>�º¼XDG$>\FD;EOdY[4<;EBDXD;E_a`C2$�©25;m�<XDOdYo>\1L>C4[>!��ç!'��Ú�135� ÛSÛCg¦FD25O&XDO<XL§C4<;E25O �

��25O�GKOdY[XDFD25O�4<Ga> = ;E�a>CFD25OK�D2 Ó��x132mFDG J GKFD;E4&>��<XDOdY[;E_a>�^D2/hK2 J 1L>C4dY[; = kL> J GK^�Y[2�FL>CO = >C4ts
7 XD4[>CO$FDG/�½>C;Ø�D>�>CO<O<G 7 XD4[>CFL>]�}G"�]hKGKFDGK^�Y[G	G/Y[2CYo> =µ�(6 OdY[2�FDGK13GK^DFDG	>C13GK^L>CO$FDG�hK2 J 2�O<GK4[`C2
ha> = hKX = >CFL>CO,>CO M >C�KÍmGKO}FDG:ha>CFL>AÙLXm�]2v>¨Y[4[> M �KO}FL>AGKº¼XL>C_a`C2 �m�²¢ �C25^DFDG F «�(��:2AYo> J >C^DkD2AFD25O
1L>ChK2CY[GKO 6 pÌ1L>C4[>�>AhK25^DG"�D`C2§*IG J B��¼Y[GKOK� F ��2�;E^�Y[GK4 M > = 2�FDG:Y[G J 132AFDG�Y[G J 132AFDG�FDXD4[>C_a`C2
FL>/O<; J X = >C_a`C2�G J O<G 7 XD^DFD25O�G � «�(v�$2/^¼¹ J GK4<2�FDG�1L>ChK2CY[GKOAGK^�Y[4<G 7 XDGKOv>C2�FDGKOdY[;E^D2�1L>C4[>
>\hK25^DG"�D`C2�*/FDXD4[>C^�Y[GI2/;E^�Y[GK4 M > = 2\FDGvY[G J 132 F ���DO<G J hK25^�Yo>C4&G M GK^�Y[XL>C;EO�FDXD1 = ;Eha>¨Yo>CO �

Ñ
(�a � «�( 3 F «�(�3 h
F � � Ü Ô�Ö�� ³Ú�m�²¢5·

p,>C4[> J GKFD;E4�>&�<XDOdY[;E_a>�^D2\hK2 J 1L>C4dY[; = kL> J GK^�Y[2$FL> = >C4 7 XD4[>$FDG��½>C;Ø�D>�Y[2CYo> = � � «�(�4<GK1D4<G"s
O<GK^�Yo>�Y[2mFD25O�25O�1L>ChK2CY[GKO\GK^�Y[4<G 7 XDGKO/>C2�FDGKOdY[;E^D2 � p,>C4[>Â> = >C4 7 XD4[>�FDG��½>C;Ø�D>�>CO<O<G 7 XD4[>CFL>]�
O<GK4[`C2	hK25^DO<;EFDGK4[>CFD25Ov25O�1L>ChK2CY[GKO�FDGK^�Y[4<2(FD2	13GK4dÑ =n³[áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜ H { � ¤ ·"�I6 OdY[2	GKº¼XD; M > = G�>C25O
1L>ChK2CY[GKO$����1L>C4[>$^D2�ha>CO<2�FDG J >C4<ha>CFD254<GKO:º¼XDGAY[4[>CBL> = kL> J hK2 J FDXL>CO:1D4<;E254<;EFL>CFDGKO.FDG�FDGKOts
ha>C4dY[G ³½{�c G W 9 c�· G�>C25O�1L>ChK2CY[GKO M GK4<FDGKO	^D2Óha>CO<2ËFD2 W�e�{�c¶� pr254�¹ = Y[; J 2D�.1L>C4[>Ë>
= >C4 7 XD4[>�FDG$�½>C;Ø�D>/G"�]hKGKFDGK^�Y[GC�¥O<GK4[`C2�hK25^DO<;EFDGK4[>CFD25O�25OA1L>ChK2CY[GKO��©254[>�FD2�13GK4dÑ =n³[áoÄaÞ¼Ã8ÎLÄ¨ÆÈÀLÜÈâ
H { � ¢ G	H { � ¸ ��O<G(kD25X M GK4 ·"�Ó6 OdY[2ÌGKº¼XD; M > = G	>C25O\1L>ChK2CY[GKOO����^�1L>C4[>�^D2Ìha>CO<2ÌFDG J >C4<ha> s
FD254<GKO�º¼XDG�Y[4[>CBL> = kL> J hK2 J FDXL>COA1D4<;E254<;EFL>CFDGKO�FDG$FDGKO<ha>C4dY[G ³½{�c G W 9 c�· G�>C25OA1L>ChK2CY[GKO
> J >C4<G = 25O�G M GK4 J G = kD25O&^D2�ha>CO<2/FD2 W�e�{�c¶�
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�$:
w 25B¼�<GZY[; M 2�1D4<;E^DhK;E1L> = FDGKOdY[Gv1D4<; J GK;E4<2$GKOdY[XDFD2���Y[GK4�X J >$;EFD�K;?>$FDGvhK2 J 2�2�>��<XDOdY[GvFD25O

1L>C4[è J GZY[4<25OvFD2�> =E7 254<;NY J 2 {}|�ix� 132mFDG\;E^]ÙLXDGK^DhK;?>C4vº¼XL> = ;NYo>¨Y[; M > J GK^�Y[G�^D2(FDGKO<G J 13GK^DkD2
FD2 {�c �}G(>Â1L>C4dY[;E4�FL>Cb�25B]Y[GK4�> =E7 X J >CO$FD;E4<GZY[; M >CO�º¼XL>C^�Y[2Ó¾��©254 J >�FDG	hK25^]Ñ 7 XD4[>C4\GKOdY[G
J >C4<ha>CFD254 �ªi OdY[G¶GKOdY[XDFD2óYo> J B3� J 13GK4 J ;NY[;E4[§¶hK2 J 1L>C4[>C4(>CO(GKOdY[4[>¨Y[� 7 ;?>CO	FDG J >C4<ha>C_a`C2
c H { G c H¦º¼XL>C^�Y[2�¾$�<XDOdY[;E_a>	^L> = >C4 7 XD4[>�FDG��½>C;Ø�D>(>CO<O<G 7 XD4[>CFL>�G/hK254<4<GKO<1325^DFDG�>(X J >
M GK4<O[`C2 J >C;EO�hK2 J 1 = GZYo>�G�>CBD4[>C^ 7 GK^�Y[GIFD2�GKOdY[XDFD2/�©GK;NY[2\13254nH �C�vi l ÃZÜ�ÝCÐÁá ¬ ¤ ¢C£  �

z Y[; = ;E�a>C^DFD2A>&Y[25132 = 2 7 ;?>�FL>�Ñ 7 XD4[> �m�N¤ �CO[`C2AhK4<;?>CFD25O,FD25;EOrhKGK^L§C4<;E25OrFDGK^D2 J ;E^L>CFD25O W�e p�O
kDGZY[GK4<2 7 gK^DGK25O ³½|,WnW O J bE^D; J 25O&FD;EOdY[;E^�Y[25O · O<G J Y[4[§¨�©G 7 2�^L`C2	4<GKO<1325^DO<; M 2(G W�e p�OIkD2 J 2¨s
7 gK^DGK25O ³©J GKO J 2 |,WnWjJ bE^D; J 2 · hK2 J Y[4[§¨�©G 7 2Ó^L`C2Ë4<GKO<1325^DO<; M 2 ��e 2 J ;EO<O<2D����1325O<O<b M G =
25BDO<GK4 M >C4nO<GK1L>C4[>CFL> J GK^�Y[Gv2�FDGKO<G J 13GK^DkD2�FD2 {�c ^L>�1D4<GKO<GK^D_a>�FDGvha>CXDO[>CO&FD;EOdY[;E^�Yo>CO�1L>C4[>
2\1D4<25B = G J >�FL>&�<XDOdY[;E_a>]��>�FD;N�©GK4<GK^D_a>�FDG |,WnW OnGv>�1D4<GKO<GK^D_a>\FDGAY[4[§¨�©G 7 2\^L`C2\>CFL>C1]Yo>¨Y[; M 2 �

i�J > J B325O.25O:hKGK^L§C4<;E25O.G"�];EOdY[GAX J >I�©25^�Y[GAFDG�Y[4[§¨�©G 7 2 {,W p y¨W�e p�HnFL>I�©25^�Y[GQ��1L>C4[>�2
FDGKOdY[;E^D2���`Ç� Û]�C25^DFDGB�¢a �YB � B-35353ZB-� Û �}w)W�e p | GK^D2A�©25;¼GKO<hK2 = kD;EFD2A13254rO<GK4}2 J >C;EO hK2 J X J
^L> 6 ^�Y[GK4<^DGZY � ��2�hKGK^L§C4<;E2 W�e p�O$kDGZY[GK4<2 7 gK^DGK25O ³ Ñ 7 XD4[> �m�²¢5· �r2�4<GZYo>C4<FD2�FDG/1D4<251L> 7 >C_a`C2
^D25O�GK^ = >ChKGKO�GK^�Y[4<GI�©25^�Y[GKO�GI2/4<2CY[Ga>CFD254¨g�� M >C4<;?>\FDG ¤�£CJ O�>¨Y[� ¤�£5£CJ On^¼X J >�1D4<2 7 4<GKO<O[`C2
>C4<;NY J �ZY[;Eha>�FDG�4[>C�a`C2 ¤�£CJ OK�C2vº¼XDGn4<GKO<X = Yo>�G J 4<GZYo>C4<FD25O}FDGn1D4<251L> 7 >C_a`C2AY[2CYo>C;EO,GK^�Y[4<G��©25^�Y[G
G�FDGKOdY[;E^D2 M >C4<;?>C^DFD2�FDG ¢ ¸ J OA>¨Y[� ¤5¤ ¸ J O � ��2�hKGK^L§C4<;E2 W�e p�OvkD2 J 2 7 gK^DGK25O ³ Ñ 7 XD4[> �m� ¸ · �
GKOdY[G M > = 254I��FDG �¨J O � H = � J FD;EO<O<2D�,G"�];EOdY[G�X J >(�©25^�Y[G�FDG/Y[4[§¨�©G 7 2 e 9 |«³E�.Ä¨À]âZÜ�ÝCÀLÜ�Ù&ÆÈÜ
:nÝCÜ8Ã ·<yCzA� pTFD2(^Dq ¤ 1L>C4[>(2(^Dq ¤5¤ hK2 J Yo> �D>	FDG\Y[4[>C^DO J ;EO<O[`C2(FDG ¢ � �5c BD1DO ³t¤�£5£K÷ FL>
M G = 2mhK;EFL>CFDG	FDG�Y[4[>C^DO J ;EO<O[`C2ÂFD2ÌGK^ = >ChKG 7 >C4 7 > = 2 ·"�ÌW 2mFD25O�25O\1L>ChK2CY[GKO�FDG	FL>CFD25O�O[`C2ÌFDG
¤��C£5£ B��¼Y[GKO �.w O�4<2CY[Ga>CFD254<GKO�FD2�1D4<2 M GKFD254�1325O<O<XDG J Ñ = >CO |&6dw�c H c�W¡³�æ�ÇmÐ Ü½Æ Î3ÐEÃý»AàCÃZÅ<Ý�Â¼Ã
æ�ÇmÐ Ü½Æ Î3ÐEÃhÇ�.mÅ[ÃoâØ.LÄ¨ÐNÞ â¨· hK2 JR= ; J ;?>C4<GKO�>ChKX J X = >¨Y[; M 25O �/w OI1L>C4[è J GZY[4<25Ov1L>C4[>(>COvÑ = >CO	���óG
��� `ä����^ M > = G J ¬ £ � � Ò £ � � Ò £ � £5£�¢ Ò £ � £�¢ ÂR&G ¬ £ � ¢ Ò £ � � Ò £ � £5£�¢ Ò £ � ¤ ¥4<GKO<13GKhZY[; M > J GK^�Y[G W �

w)M > = 254 1L>C4[>�2�Yo> J >C^DkD2�FL>COrÑ = >COr^D25O,4<2CY[Ga>CFD254<GKO ³ ü Ëh��ç · �:FDG �C£ 1L>ChK2CY[GKO ³ ± �C£5£5£ B���s
Y[GKO · G.2&Yo> J >C^DkD2�FD2�BL> = FDG ³ N�E2� · �.FDG ¤�£5£ 1L>ChK2CY[GKO � p,>C4[> M GK4<;NÑLha>C4rO<G.GKOdY[GKO M > = 254<GKO ^L`C2
hK2 J 1D4<2 J GZY[G J > M > = ;EFL>CFDG�FD2�GKOdY[XDFD2D�r;EOdY[2(�C�r^L`C2(GKOdYo`C2�O<XDBÓ25X¶O<XD13GK4<FD; J GK^DO<;E25^L>CFD25OK�
O[`C2$�©GK;NY[25O:FD25;EO:hK25^ �<XD^�Y[25O�FDGAO<; J X = >C_KÍmGKO.X]Y[; = ;E�a>C^DFD2�2�hKGK^L§C4<;E2 W�e p�OnkDGZY[GK4<2 7 gK^DGK25O�O<G J
e 9 |AyCzA� p�� � ��2�1D4<; J GK;E4<2�hK25^ �<XD^�Y[2D�¼2IYo> J >C^DkD2IFD2IBL> = FDG&� J >C^�Y[;EFD2�Ñ]�]2�G&2IYo> J >C^DkD2

M�Y � Xk� 
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R1 R3R2

Enlace gargalo

R4

2,5 Mbit/s

10ms

10 M
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50

 m
s

10
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bit
/s

1 m
s

10 M
bit/s

1 m
s

4,5 Mbit/s

1ms

4,5 Mbit/s

1ms

Mecanismo de
Marcação

10 Mbit/s
10 ms

10 Mbit/s

1 ms

Domíno DS

F 1

F 10

F 2

D 1

D 10

D 2

Nó 2
FTP/TCP

Nó 10
FTP/TCP

Nó 11

Nó 12

Nó 20

Nó 1
FTP/TCP

{ ; 7 XD4[> �m�²¢ � e GK^L§C4<;E2 W�e p)kDGZY[GK4<2 7 gK^DGK25O�O<G JVe 9 |AyCzA� p �

R1 R3R2

Enlace gargalo
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2,5 Mbit/s
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10 M
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s
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s

4,5 Mbit/s

1ms

4,5 Mbit/s

1ms

Mecanismo de
Marcação

10 Mbit/s
5 ms

10 Mbit/s

1 ms

Domíno DSNó 1
FTP/TCP
CBR/UDP F 1

F 10

F 2

D 1

D 10

D 2

Nó 2
FTP/TCP

Nó 10
FTP/TCP

Nó 11

Nó 12

Nó 20

{ ; 7 XD4[> �m� ¸ � e GK^L§C4<;E2 W�e pékD2 J 2 7 gK^DGK25OnhK2 Jfe 9 |AyCzA� p �

FL>CO,Ñ = >CO,� M >C4<;?>CFD2 � ��2�O<G 7 XD^DFD2vhK25^ �<XD^�Y[2v�:�©GK;NY[2A2vhK25^�Y[4[§C4<;E2 �,i�J > J B325O,25O}ha>CO<25O�>�Yo> s
�D>�FDGA1D4<GKGK^DhokD; J GK^�Y[2�FD2�BL> = FDG ³ N+�qg ·}M > = G ¤ c BD1DOK�]hK254<4<GKO<1325^DFDGK^DFD2\¾ ��£K÷ FL>�ha>C1L>ChK;Øs
FL>CFDG&FD2vGK^ = >ChKG 7 >C4 7 > = 2 �}w O M > = 254<GKO�FD25O�1L>C4[è J GZY[4<25O}FD2�> =E7 254<;NY J 2 {}|�ix� >CO<O<2mhK;?>CFD2I>C2
{�c �©254[> J GKO<hK2 = kD;EFD25O.hK25^]�©254 J G�4<GKhK2 J GK^DFL>CFD2�13254 �¥6 �+G c�wv|�|&6 l ¬ ¯��  ³ >C13gK^DFD;EhKGA9 ·"�
lmGK^DFD2�>CO<O<; J �sÉ�ý¤aÅÛ�B&ÛSÛ � �sç�Ð ��� aÅÛ�B&Û � �sçÇ����ý�a � ��ç�Ð � ý�a4çÇ��������a �Y� g2N�E2�+G
ç�Ð � ���+a � 3 çÇ�������	a � ÛCg2N�E2� �

w Y[G J 132�Y[2CYo> = 1L>C4[>�ha>CFL>�O<; J X = >C_a`C2/�$FDG �C£5£ O � HAO��©25^�Y[GKO�hK2 J GK_a> J >/Y[4[>C^DO J ;NY[;E4
GK^�Y[4<G £ G ¤�£ O:FDG��©254 J >�> = Ga>¨Y[q54<;?>v1L>C4[>$G M ;NYo>C4.2$O<;E^DhK4<25^D;EO J 2$1L>C4[>�2�Y[4[§¨�©G 7 2 W�e p � p,>C4[>
FDGKO<hK25^DO<;EFDGK4[>C4A>\;E^]ÙLXDgK^DhK;?>\FD2\Y[4[>C^DO<;EGK^�Y[GIFD2 W�e pr�L25O&1D4<; J GK;E4<25O �C£ OnO[`C2/FDGKO<1D4<GK�a>CFD25O �

H+Ñ 7 XD4[> �m� �$J 25OdY[4[>I25O.4<GKO<X = Yo>CFD25O.1L>C4[>$> M >C4<;?>C_a`C2IFD2�Yo> J >C^DkD2�FL>CO.Ñ = >CO ��w bE^DFD;EhKG
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Compartilhamento da Largura de Faixa Assegurada

Pacotes de 1500 bytes
CBS = 100 pcts
CIR = 40%
10 fluxos FTP/TCP
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{ ; 7 XD4[> �m� � � � >C4<;?>C_a`C2\FD2\Yo> J >C^DkD2�FL>�Ñ = > �

FDG��<XDOdY[;E_a>�1L>C4[>/2/hK2 J 1L>C4dY[; = kL> J GK^�Y[2\FL> = >C4 7 XD4[>\FDG��½>C;Ø�D>�>CO<O<G 7 XD4[>CFL>/� J 25OdY[4[>CFD2/^L>CO
Ñ 7 XD4[>CO �m� � >�G �m� � B�� M >C4<;?>C^DFD2�2�Yo> J >C^DkD2�FL>CO�Ñ = >CO$FDG £ >¨Y[� ¤�£5£ 1L>ChK2CY[GKO�G�FDG £ >¨Y[�
¤�£5£5£ 1L>ChK2CY[GKOK�x4<GKO<13GKhZY[; M > J GK^�Y[G � HAO�Ñ 7 XD4[>CO �m� � h�G �m� � F J 25OdY[4[> J >CO M >C�KÍmGKO J �KFD;?>CO
>CO<O<G 7 XD4[>CFL>\GvG"�]hKGKFDGK^�Y[G�hK25^DO<;EFDGK4[>C^DFD2/>CO�FDGK�vhK25^DG"�]ÍmGKOK� M >C4<;?>C^DFD2�2�Yo> J >C^DkD2�FL>CO�Ñ = >CO
FDG £ >¨Y[� ¤�£5£ 1L>ChK2CY[GKO � p,>C4[>Â25B]Y[GK4\º¼XL> = º¼XDGK4\4<GKO<X = Yo>CFD2D�xO[`C2Â�©GK;NYo>CO�FDGK�	O<; J X = >C_KÍmGKO�G
Y[;E4[>CFL>CO	>CO J �KFD;?>CO�GÂ25O(;E^�Y[GK4 M > = 25O�FDGÌhK25^]Ñ»>C^D_a>ëFDG��+Û�B � g ³ ^Db M G = FDGÂhK25^]Ñ»>C^D_a>óFDG
¯5¯K÷�·"� pr254IG"�]G J 1 = 2D� 1L>C4[>	25B]Y[GK4I2�bE^DFD;EhKG\FDGA�<XDOdY[;E_a>(^L> = >C4 7 XD4[>�FDG\�½>C;Ø�D>(>CO<O<G 7 XD4[>CFL>
1L>C4[>�X J FL>CFD2�Yo> J >C^DkD2�FDGAÑ = >]�]�vGZ�©GZY[XL>CFL>\> J �KFD;?>�>C4<;NY J �ZY[;Eha>�FD25O�bE^DFD;EhKGKO�FDG.�<XDOdY[;E_a>
ha> = hKX = >CFD25O�1L>C4[>�ha>CFL>�X J >�FL>COvFDGK�\O<; J X = >C_KÍmGKOAhK25^]�©254 J G�GKº¼XL>C_a`C2 �m�N¤ ��25^DFDG2�Áa²� Û �
p,>C4[>\25B]Y[GK4&> M >C�a`C2OÑ
(�FDGvha>CFL>\hK25^DG"�D`C2D�D�vX]Y[; = ;E�a>CFL>$>\GKº¼XL>C_a`C2 �m�²¢ �D25^DFDG � «�(A�v; 7 XL> =
>C25O�^¼¹ J GK4<25O�FDG�1L>ChK2CY[GKOQ���¶GK^�Y[4<G 7 XDGKOv>C2/FDGKOdY[;E^D2�G J F ��� F «�((� ¤��C£5£ B��¼Y[GKOAG F ���
�C£5£ s �C£ � �6�C£ O �
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pr2mFDG"s8O<GÂhK25^Dh = XD;E4/º¼XDG M > = 254<GKO J XD;NY[2ÓBL>C;Ø�]25O�FDGGü Ëh��ç ³©J GK^D254<GKO�º¼XDG ¢�� 1L>ChK2CY[GKO ·
1D4<G8�<XDFD;Eha> J >:�<XDOdY[;E_a> ³ Ñ 7 XD4[> �m� � > · G ³ 25X · > M >C�a`C2 ³ Ñ 7 XD4[> �m� � h ·"��{ ; = >CO J XD;NY[2I13GKº¼XDGK^L>CO
GK^DhokDG J#J >C;EO��½>ChK; =EJ GK^�Y[G	G�>CX J GK^�Yo> J >CO/hokL>C^DhKGKO�FDG�2513GK4[>C_a`C2¶^L>Ì�½>CO<G�FDG�hK25^�Y[4<2 = G
FDGIhK25^ 7 GKOdY[;E25^L> J GK^�Y[2D�DFD; J ;E^¼XD;E^DFD2�>�GZÑLha§ChK;?>\FL>\hK2 J BD;E^L>C_a`C2\GK^�Y[4<GI25O J GKha>C^D;EO J 25O�FDG
J >C4<ha>C_a`C2IGnFDG 7 GK4<GK^DhK;?> J GK^�Y[2�>¨Y[; M 2IFDGnÑ = >CO �,6 OdY[2�13254<º¼XDG&^L`C2IBL>COdYo>IFD;EOdY[4<;EBDXD;E4}1L>ChK2CY[GKO
���õ�<XDOdYo> J GK^�Y[G�O<GÌ>Ó4<GKFDGÂ^L`C2ë��ha>C1L>C��FDG�1D4<2CY[G 7 g"s = 25O ��i OdY[GKO(FDGKO<ha>C4dY[GKO	FDGÂ1L>ChK2CY[GKO
1D4<;E254<;NYo§C4<;E25O.132mFDG J O<GK4&hK2 J 1D4<2 M >CFD25On>¨Y[4[> M �KO&FL>�Ñ 7 XD4[> �m� � hC�D25^DFDGv25O�ÙLXm�]25O W�e p)^L`C2
hK25^DO<G 7 XDG J >¨Y[;E^ 7 ;E4v>�Yo> �D>�>CO<O<G 7 XD4[>CFL> J �KFD;?>	FDGKO<G8�[>CFL>(FDG ¤�£5£ ê¼BD1DO ³ Ò&( · 1L>C4[> M > = 254<GKO
FDG�ü Ëh��ç J GK^D254<GKO�º¼XDG ¢�� 1L>ChK2CY[GKO � H�Ñ 7 XD4[> �m� � F J 25OdY[4[>\º¼XDG�2/1D4<25B = G J >�>ChK25^�Y[GKhKG�FDG
�©254 J > J >C;EO�;E^�Y[GK^DO[> ³ 1L>C4[>!ü Ëh��ç � � Û�1L>ChK2CY[GKO · hK2 J > M >C�a`C2 J �KFD;?>�G"�]hKGKFDGK^�Y[GC�xhKX �<2
M > = 254�FDGKO<G8�[>CFD2(� ¤��C£ ê¼BD1DO ³ Ì&( ·"� p,>C4[> M > = 254<GKO J >C;EOA> = Y[25OAFDG�ü Ëh��ç ³ P � Û · �×2�bE^DFD;EhKG$FDG
�<XDOdY[;E_a>�O<G J >C^�Y[� J >C1D4<2a�]; J >CFL> J GK^�Y[G�^D2 J GKO J 2�1L>¨Yo> J >C4 ³ Ñ 7 XD4[>CO �m� � >/G �m� � B ·Êçf�� H
Ñ 7 XD4[> �m� � Yo> J B3� J 13GK4 J ;NY[GvhK25^Dh = XD;E4nº¼XDGI2 M > = 254�FDG �C£ 1L>ChK2CY[GKO�1L>C4[>2ü Ëh��çR4<GK1D4<GKO<GK^�Yo>
X J >�B32�>ÂGKO<hK2 = kL>�1L>C4[>Â2ÌGKOdY[XDFD2ÌFD2 J >C4<ha>CFD254 {�c ^D2ÌhKGK^L§C4<;E2ÂGKO<hK2 = kD;EFD2D��Y[GK^DFD2ÌG J
M ;EOdYo>\º¼XDG�^DGK^Dk¼X J FD25O&1D4<25B = G J >COn>ChK; J >�2mhK254<4<G �

HíÑ 7 XD4[> �m���IJ 25OdY[4[>$25O J GKO J 25O:4<GKO<X = Yo>CFD25O:1L>C4[>�> M >C4<;?>C_a`C2$FD2$Yo> J >C^DkD2$FD2�BL> = FDG �
� G J >C^DGK;E4[>�O<G J G = kL>C^�Y[Gv>C2�ha>CO<2�>C^�Y[GK4<;E254K� M > = 254<GKO J >C;EO.BL>C;Ø�]25O�FDG	N�E2� ³©J GK^D254<GKO�º¼XDG
�C£ 1L>ChK2CY[GKO · 1D4<G8�<XDFD;Eha> J >x�<XDOdY[;E_a> ³ Ñ 7 XD4[> �m��� > · G ³ 25X · > M >C�a`C2 ³ Ñ 7 XD4[> �m��� B ·"��� XL>C^DFD2v2
BL> = FDG�� J XD;NY[2�13GKº¼XDGK^D2�^L`C2vkL§vGKO<1L>C_K2�O<X]ÑLhK;EGK^�Y[G&1L>C4[>AY[2mFD25O�25O}ÙLXm�]25OK�¼2Iº¼XDG&1D4<G8�<XDFD;Eha>
>�FD;EOdY[4<;EBDXD;E_a`C2�FL>CO,ÑLhokL>CO�FDG:�©254 J >}�<XDOdYo>�1L>C4[>AX J Y[4[§¨�©G 7 2�G"�]1 = 25O<; M 2vhK2 J 2�2 W�e p �¼e 2 J
;EO<O<2D�×> =E7 XD^DO�ÙLXm�]25Ov>Cha>CBL> J O<GK^DFD2��½> M 254<GKhK;EFD25O � H = � J FD;EO<O<2D�»ÑLhokL>CO�O[`C2�13GK4<FD;EFL>CO J >C;EO
�½>ChK; =EJ GK^�Y[G(13G = 2¶Y[4[>C^DO<B3254<FD2ËFD2ËBL> = FDG(�½>C�KGK^DFD2ëhK2 J º¼XDGÂ> M >C�a`C2 J �KFD;?>Ó>CO<O<G 7 XD4[>CFL>
FDGKO<G8�[>CFL>�^L`C2/O<G8�[>�>¨Y[;E^ 7 ;EFL> ³ Ñ 7 XD4[> �m��� h ·"�xi�J hK2 J 13GK^DO[>C_a`C2D�¨�[§\º¼XDGI2�Yo> J >C^DkD2\FDG �C£
1L>ChK2CY[GKOIFL>COvÑ = >CO |&6dw �/>CFDGKº¼XL>CFD2D�r> M >C�a`C2 J �KFD;?>�G"�]hKGKFDGK^�Y[G ³ Ñ 7 XD4[> �m��� F · >CX J GK^�Yo>
1D4<2513254<hK;E25^L>C^DFD2 ¢��C£ ê¼BD1DO\FDG M >C�a`C2 J �KFD;?>(Y[2CYo> =�³ ^f( ·"�Â� G(>ChK254<FD2�hK2 J 25O 7 4[§¨ÑLhK25OK��2
M > = 254�FDG ¤�£5£ 1L>ChK2CY[GKO�1L>C4[>ON�E2�ëYo> J B3� J 4<GK1D4<GKO<GK^�Yo>/X J >\B32�>\GKO<hK2 = kL>\1L>C4[>\2/GKOdY[XDFD2
FD2 J >C4<ha>CFD254 {�c¶�

� GZÑL^D;EFD25O$GKOdY[GKO�1L>C4[è J GZY[4<25OI132mFDG"s8O<G�1D4<25O<O<G 7 XD;E4�hK2 J 2�GKOdY[XDFD2�FD2 J >C4<ha>CFD254 {�c¶�
p,>C4[>$GK^�Y[GK^DFDGK4&>�;E^]ÙLXDgK^DhK;?>�FD25O�1L>C4[è J GZY[4<25O.FD2 {}|�ix� ^D2�O<GKX(FDGKO<G J 13GK^DkD2D�]25O M > = 254<GKO
FDG çÇ����ýa�6ç�Ð � ýOa çÇ�������	G ç�Ð � ���(O[`C2 M >C4<;?>CFD25O�hK25^]�©254 J G�>(Yo>CB3G = > �m�N¤ �,4<GKO<13GK;NYo>C^DFD2
>CO/FDGKO<; 7 XL> = FL>CFDGKOOçÇ����ý]. ��ç�Ð � ý!a çÇ������� �!. ç�Ð � ��� ��w O�FDG J >C;EO�1L>C4[è J GZY[4<25O\O[`C2
J >C^�Y[;EFD25O.hK25^DOdYo>C^�Y[GKOnhK2 JªM > = 254<GKOBÉ�ý"abÛ�B&ÛSÛ � G�ç�Ð ��� abÛ�B&Û � ¬ ¯��  �x� 2 7 2D�mO[`C2�25B]Y[;EFL>CO
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{ ; 7 XD4[> �m��� � � >C4<;?>C_a`C2\FD2�Yo> J >C^DkD2\FL>\BL> = FDG �

M ;E^�Y[G�G:^D2 M GnhK25^]Ñ 7 XD4[>C_KÍmGKO,hKX �<25O M > = 254<GKO,FD25O,1L>C4[è J GZY[4<25O,GKOdYo`C2�FDGKO<hK4<;NY[25O}^L>�Yo>CB3G = > �m�²¢ �
�<XD^�Yo> J GK^�Y[GIhK2 J X J ^¼¹ J GK4<2�;EFDGK^�Y[;NÑLha>CFD254 çêç"�

W >CB3G = > �m�N¤ � � >C4<;?>C_a`C2\FD25O&1L>C4[è J GZY[4<25OnFD2 {�c �D13GK4<hKGK^�Y[XL>C;EO&G M > = 254<GKO �
çÇ����ý ��� X � � � �þ� � gO� �Q�Y� � �Y� gO�

ç�Ð � ý$a�çÇ������� � Û!�þ� ÛCgO� �Q�Y� � �Y� gO� �q� Û!� � ÛCgO� �q�Y� � �Y� gO�
ç�Ð � ��� �Y� � �Y� gO� �q� Û!� � ÛCgO� �q�Y� � �Y� gO� � � ÛSÛ!�þ� ÛSÛCgO�

H�Ñ J FDG�hK2 J 1L>C4[>C4$>CO$GKOdY[4[>¨Y[� 7 ;?>CO$FDG J >C4<ha>C_a`C2 c H { ³½{�c�· G c H$�,O[`C2�25B]Y[;EFD25O
4<GKO<X = Yo>CFD25O�1L>C4[>�2 J >C4<ha>CFD254�BL> = FDG$FDG$ÑLhokL>COvhK25^ M GK^DhK;E25^L> =n³©W 9 c�· ��hKX �<2�Yo> J >C^DkD2�FD2
BL> = FDG2N�E2���\; 7 XL> = >C2	FD2 {�c ³Ú�C£ 1L>ChK2CY[GKO ·"� p,>C4[>	^L`C2 = ; J ;NYo>C4&2	GKOdY[XDFD2�>�X J ¹D^D;EhK2
èÚè0��ó	ø¾îEö��4wEü�ï;ð�.0/�ñ¸ó�ïÚñ¸ø¾îEë©ñÜö)÷�ðE÷�ðEó�
*îEïJ�6ÿj� ñ5�dY-�J�	ÿ+��  ñð¹¤[ø¾îEïÚïÚñ¸ó+
*îEö)÷�ñÜëá>Eó	÷�ñ\ö-÷�ë©ñÜïÚî��íñ�¿���#
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W >CB3G = > �m�²¢ � e 25^]Ñ 7 XD4[>C_a`C2/25B]Y[;EFL>COK��^¼X J GK4[>C_a`C2�G M > = 254<GKOnFD25O&1L>C4[è J GZY[4<25O �� çÇ����ý ç�Ð � ý$a�çÇ������� ç�Ð � ���
� � � Û �Y�
� � � Û � Û
� � � Û �Y�X � � Û � ÛSÛ� � �Y� � Û
â � �Y� �Y�� � �Y� � ÛSÛh � � Û �Y�� � � Û � ÛSÛ
� Û � �Y� � ÛSÛ
�S� X � Û �Y�
� � X � Û � Û
� � X � Û �Y�
��X X � Û � ÛSÛ
� � X �Y� � Û
� â X �Y� �Y�
� � X �Y� � ÛSÛ
��h X � Û �Y�
� � X � Û � ÛSÛ
� Û X �Y� � ÛSÛ
� � � � �Y� � Û
�S� � � �Y� �Y�
� � � � �Y� � ÛSÛ
� X � � � Û �Y�
�Y� � � � Û � ÛSÛ
� â � � �Y� � ÛSÛ
�Y� �Y� � Û �Y�
� h �Y� � Û � ÛSÛ
� � �Y� �Y� � ÛSÛ

���w�dÑI���P�AY��[§¨���w�Y�D���f�������Y���I�f�y� �P�f w�Y¡C�����b�y���I�f�����d¢s�£�P� ¤�£K÷ ¾ ¯5£K÷ �w¤¥¢�¡P w�d�w¤¦�w¡C���Y§�P�
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Taxa Reservada (%)

Compartilhamento da Largura de Faixa Assegurada

Pacotes de 1500 bytes
qlim = 50 pcts
CBS = 100 pcts
10 fluxos FTP/TCP
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Compartilhamento da Largura de Faixa Assegurada

Pacotes de 1500 bytes

qlim = 50 pcts

CBS = 100 pcts

10 fluxos FTP/TCP
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Taxa Reservada (%)

Compartilhamento da Largura de Faixa Assegurada

Pacotes de 1500 bytes

qlim = 50 pcts

CBS = 100 pcts

10 fluxos FTP/TCP
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N+�qg+'q� Û�¬�¢�§¸���VÃ�¬��À�������Y�q w�Y¡C�����b�y���P�V�P¢Z��¢��P¢��P�`���w���À¡�ëP¤¦�w�d�V�P�%*Iª�Æ��Y§ ¾ �à¢�¡I����¤¦�w¡C����¬��
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Taxa Reservada (%)

Compartilhamento da Largura de Faixa Assegurada

Pacotes de 1500 bytes
qlim = 50 pcts
CBS = 100 pcts
10 fluxos FTP/TCP
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Compartilhamento da Largura de Faixa Excedente

Pacotes de 1500 bytes
qlim = 50 pcts
CBS = 100 pcts
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Pacotes de 1500 bytes
qlim = 50 pcts
CBS = 100 pcts
10 fluxos FTP/TCP

TBM
FM

S ø�TQR*ª�x
S�T(¬VUXWYR�R[Z\Z^]1w[_�`8R[U�RaUXSbZc�_XdXSbZfePgJhji

0

100

200

300

400

500

0 10 20 30 40 50 60 70 80 90 100

V
az

ao
 M

ed
ia

 E
xc

ed
en

te
 F

TP
/T

C
P

 (k
bp

s)

Taxa Reservada (%)

Pacotes de 1500 bytes
qlim = 50 pcts
CBS = 100 pcts
10 fluxos FTP/TCP
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� � X � � �X��� � B � h ��� � B �Y��� h � B � h � � � B � hYh � � B �Y����� XPB � � � �X � �X� �X��� � B �Y� h�� � B �Y� ��� � B � h � � � B � h �E� � B � � h�� XPB � X �E�
� X X �X� �X��� � B �Y� h � � B �Y� ��� � B � h � � � B � � ��� � B � � h � XPB � � � �
� � X � � � � � B �Y� � � � B �Y� �E� � B � h �E� � B � h � X � B � h�� � XPB � ��XYX
� � � � � � � B �Y��� X � B � h � � � B � h � � � B � h � X � B � h�� � XPB � ��� �
� � X �X� � � � B �Y� h�� � B �Y� � � � B � h � � � B � h � X � B ��� ��� XPB ��� � X
� � �X� � � � B �Y� h � � B �Y� �bX � B � h � � � B � h � � � B ��� � � XPB ��� ��h� � � � �X��� � B � � ��� � B � h � � � B � h�X�� � B � h�� � � B �Y� � X XPB ��� � �
� � � � � � �X��� � B � � h � � B � hYh � � B � h � � � B � h � � � B � h�� � XPB ����� h
� � X � � �X��� � B � � ��� � B � h � h � B � h�� � � B � h�� � � B �Y� � X XPB ��� �E�
� � � � � � �X��� � B � �Y� � � B � � � X � B � h���� � B � h�� � � B � h�� � XPB � �����
��� � � � � �X��� � B � h � � � B � h � � � B � h � � � B � � X	� � B � � X � XPByh � � �
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� � X � � �X��� � B � h ��� � B � h�X � � B � � h � � B � � ��� � B ��� � � XPByh � � �
�X� � � � �X��� � B � h � � � B � h�� � � B � h � � � B ��� X � � B ������� XPByh � � �
� h X � � � � � B � h � � � B � h � h � B � � � � � B ��� � � � B � X � � XPByh�X � �
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��� � � � � �X��� � B ����� X � B � � � � � B ����� X � B ����� h � B ��� � � XPByh � � �
��� � � � � � � � B � h � � � B �Y��� � � B ��� h�X � B � � ��� � ByhYh�XYX XPB �Y� � �
� � X � � � � � B ��� � X � B � � � � � B � ��� � � B � h � � � B ��� � � XPB � � � �
� � � � � � � B � � � � � B � � � � � B � ��XYX � B � h ��� � B ��� � � XPB � � � �
� X � � � � � � � Byh��Yh�� � B �Y� � h � B ��� X � � B � � � h � ByhYh�� � XPB � � � �
� � � � � � � � � B � �bX � � B � �Y�Y� � B � X � � � B ��� � � � Byh � X	� XPB�X � �Y�
� � �X� � � � Byh�X � � � Byh � h � � Byh ��� � � ByhYh ��� � B ��� X	� XPB4� � X �
��� X �X� � � � Byh � � � � Byh � X � � Byh � � X � Byh � X � � Byh � XYX XPB �����Y�
� � � � � � � � � Byh � ��� � Byh � h�� � B � � h � � B ������� � B ��� � h ��Byh � � �
� �  "¡%¢ �E£¤���X�E� �E£¤�X� h�� �E£¤�X� � X �E£¤�X� � � �E£4� � � � �E£ � �����



ð?>�ñ´ò£óbôEõ�ö�ô�óm÷µø(ù5úmû7ü�÷ jfý�� û7ù5ú�ö&ü�÷�ù¹ò ² ó ³ õ�öCú�óm÷�ùÖü�÷=þH� �	�J¥

°��¦�P�¹����Îb®��w�Y�¦¡I��¦�d�w§d���Y¡P§d¢Z�Y�µÈ����w���¦¤¦�w¡P�Y§�¡I�¦¢�¡C���w¡P§d¢��I���P�8ª���¢���¢�¯����I� Ì ��Æ�¢��Y�£�P¢Z®��w�d�w¡C���w§ w�Y¤¦���Y§d¢�°w±��w§Ö�I�����µ�Y§Ö�������Y�d�w§¹�P�Y§¹�I����æ�¤¦�5���d�Y§Ö�P�À®��Y�d¤L�µ�k¤¦�w��ÅP�Y�����K�k�P�w§d�w¤¦���w¡PÅP� ¾¨ �P�d¢�¡P w¢��I����¤KªP�I��¡P°���§d�¦�P�5�Y�`����®E�b���V�I�V������¡P§d¤¦¢�§d§���� w�Y¡P§¸�y��¡C���¦�P�L¢�¡�®��Y�d¤L��°���À���Y��I���¸�����P�)*Iª�Æ��¦� Ï	Ç �w���5�������£¡PºZ�Y�w�I¤¦Ãw�P¢��8�I�(»I�s�(�P������§¸���d�Y§ ¾�� §¸���f�� w�Y�d�d�*¤¦�w§d¤¦�8 w�Y¤Ð� w�Y¡C���d�Y�����Æ��w�d w¢��P�8���w���(�����Y�Y�d¢Z��¤¦�"����� Ï ¬Y¡I�	¤¦�w�P¢��I�q�w¤"É�ªP�*�w§¸�y�( w�Y¡P��ÆP��(���w¤"§d�w¤¦�P�d��I���P�Y§8�L������¡P§d¤¦¢Z��¢����K����¢à�� wªP�I���q�����P�À�À�w§d�I��°w�VÉ�ªP�Ö��ÅP�f®��Y�q���w�d¤¦¢Z��¢��P� ¾-� §¸���À®E��¯K w�Y¤É�ªP� w�Y¡�»I�YªP����°w±��w§� w�Y¤¿�Y§7�������Y�d�w§à¤L��¢�§7«I��¢�Æ��Y§à�P� �����N��� È^×�¬ Ë ×�¬�Ê�¬ Ë Ê�¬ Ë ¬ ËYË ¬C× ËmÌ ���I���d��ì°���¤Ð«��w¤Ó¤L��¢�§���«I��¢�Æ��£¡I�(�y��«��w�s�(¡P�w§¸���\ w�w¡IÎ��d¢��P¬����Y���d�w�P�d�w§d�w¡C�y���d�w¤ ªP¤L�£���Y�d�w§d§d¢Z��¢��I���P���ÆP���Y�w�����I� ¾ÝT�Y¤ «I��§d�8¡I�f�y��«��w�s�ÖÊ ¾ Ê�¬P��§*§d�w�YªP¢�¡C���w§��d�w w�Y¤¦�w¡P�I��°w±��w§*�����P�w¤¥§d�w�*®��w¢Z�y��§�Ö�d�w§d���w¢Z����I�¹ w�Y¡�»I�YªP����°���¹�P����Ú©¡P�¹ w�w¡IÎ��d¢��¹Ü\Ý Ç ÅP�Y¤¦�Y�YÞw¡P�w�Y§� w�Y¤ Ýé��qÛ�� Ï	Ç*á
§Á�������Y�d�w§*�P� �����N��� ¤L��¢�§«I��¢�Æ��Y§£È��(���Y�¸�y��¡C���¹¤L��¢�§�P�dç�Æ�¢�¤¦�Y§�P� ���\�J��� Ì �P�w�Y�����I��¤�À�P�w§d�w¤¦���w¡PÅP�V�P����Ú´¬��ÀÉ�ªP�Ö�����P�K§d�w�q�Y�w�d¢Z»I ����P���b�������YÃw§(�P�Y§	§d�w�YªP¢�¡C���w§(«P���� w�Y§�P�8 w�Y¡�»I�YªP����°w±��w§ á�¨�Ë ¬¼×�¬ Ò �8Ñ�©�È ���\�f�nª � � ���\�J���)ª«�X� Ì ¬ ¨ Ê�¬¼âÖ�fß�©�È ���\�f�nª � �
���\�J���)ª � � Ì ¬ ¨�ËYË ¬ Ë ×q¬ Ë�Ò � Ë Ñ�©¼È ���\�f��ª X�� ���\�J���)ª«�X� Ì � ¨�Ë Ê�¬ Ë â� Ë ß�©�È ���\�f�nª X� ���\�J���)ª � � Ì�¾ ÝT�Y¤¦�I������¡P�P�Ö�w¡C���d�8§d¢���§* w�Y¡�»I�YªP����°w±��w§��P�8 ����I�Ö«P���� w�P¬����w�d w�w«���ì§d�\ w�s������¤¦�w¡C���\�£É�ªP�w�I�£�P�\�P�w§d�w¤¦���w¡PÅP�K w�Y¡�®��Y�d¤¦� �����N��� �P¢�¤KªP¡�ªP¢I�P� Ë�¶Y¶ �b��Ã	×YÊ ¾
¬ ªI��¡P�P�`¢�§¸���À�� w�Y¡C���w w��¬��`¡PºZ�Y�w�à¤¦Ãw�P¢��L¤LÎmÆ�¢�¤¦�¹�P�K�I�� w�����w§	¡I�¦»I�s�L�P�f����§¸���d�Y§ �\��P�w w�d�w§d w�f�( w�Y¤ �w���8�Ö ����I�� w¢��I���P�8�P�8���d¤L��¯w�w¡I��¤¦�w¡C���¹�P�8�w§¸�y���P�Y§ ¾ ÝT�Y¤¦�¹�%*Iª�Æ��Ýé��qÛ�� Ï	Ç §d�w¤¦�P�d�f���w��Î`§d�wªµ�w§d�I��°w�V¡I�¦»I�s�µÈ��d�w�PªP¯w¢��P�`¡P�À�P¢��Y�\ ���§d�V�b��Ã ���®E¯
° Ì ¬�&���w�d w�w¡C��ªI���T�P�`�I�� w�����w§ �\�  ���¢��I����� � ����Îb®��w�Y� Ü\Ý Ç �À��ªP¤¦�w¡C�y� �I����� �±� Ï	Ç ¬�P¢�¤¦¢�¡�ªP¢�¡P�P�K��ÄdªP§¸��¢�°�� ¾�¨ ��Ãw¤¥�P¢�§d§d�P¬��������Y�d�w§«I��¢�Æ��Y§�P� �����N���  ���ªP§���¤ �¹��ªP¤¦�w¡C����P�����w�d w�w¡C��ªI�����P�¦�I�� w�����w§£¤L���d ����P�Y§( w�Y¤ ��²N³	���w�s�À�Y���w����°�����I�À»I�s�À�P�¹����§¸���d�Y§¡P�À¤¦���P�±.�02143´587�9;:.¬��`É�ªP�Ö�� w�Y�d�d�f�P�f®��Y�d¤L�¦¤L��¢�§q¢�¡C���w¡P§��`�I�����`��§	 w�Y¡�»I�YªP����°w±��w§Ë � ËYË D

§ ���\�J����ª6������ ¡I��¦�P�5�Y�f§d�w�\¤KªP¢Z���¦���Z���¹¡P�w¤Í¤KªP¢Z���¹«I��¢�Æ��¹�w¤ �d�w�s��°����G �����N��� ¾
µ �(�P�d¢�¤¦�w¢��d�	 ���§d�¦È ������n¶ Ê ¶ �YªLßYÊ Ì ¬Y�(¡�ëP¤¦�w�d�8�P�*�I�� w�����w§�É�ªP�������P�w¤"§d�w��¤L��� ì ����P�Y§� w�Y¤¦� �\� ¡�ªP¤  "¡¦·�  ��ªP¤¦�w¡C�y�8�w¤Ó�P�w¤L��§d¢s��¬��P¢�¤¦¢�¡�ªP¢�¡P�P�(�8 ����I�� w¢��I���P���P������Y�Y�d¢Z��¤¦�)����� Ï �w¤ ���w¡I����¢�¯�������*Iª�Æ��¹Ýé��qÛ�� Ï	Ç7¾ ��§¸�y�fÉ�ªP�w�I�f�P�q�P�w§d�w¤¦���w¡PÅP������P�À§d�w�¹ w�Y¤¦�P�d�������I�k�b�������YÃw§¦�P�Y§Ö§d�w�YªP¢�¡C���w§¦«P���� w�Y§K�P�V w�Y¡�»I�YªP����°w±��w§ á@¨ ß�¬T½µ�Ë�¶ ©	È ���\�f�%ª � � �����N���Kª¸�X��� Ì ¬ ¨�Ë ß�¬ Ë ½��À× ¶ ©	È ���\�f�%ªº¹ � ���\�J���Kª¸�X��� Ì ¬ ¨ â�¦ã�©\È ���\�f��ª � � �����N����ª¼» � Ì ¬ ¨�Ë âÀ� Ë ã�©\È ���\�f��ª½¹ � �����N����ª¼» � Ì � ¨ × Ò ¬à×YÊ�L×�â�©qÈ ���\�f�(ª¾� �À� ���\�J����ª��X��� Ì�¾ ÝT�Y¤¦�I������¡P�P�V�w¡C���d�¦§d¢���§8 w�Y¡�»I�YªP����°w±��w§£�P� ����I�£«P���� w�P¬����w�d w�w«���ì0§d�	�8É�ªP�w�I�f�P�q�P�w§d�w¤¦���w¡PÅP�K w�Y¡�®��Y�d¤¦� ������ ��ªP¤¦�w¡C�y�8�P�(×YÊ�I�����µÊ ¶ �Yª$ßYÊ ¾�µ �µ§d�w�YªP¡P�P�µ ���§d�$È �������ª¾���\�J���±ª¿�X� Ì ¬��&���Y�d�w§d§d¢Z��¢��I���P�L�P�
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�����Y�Y�d¢Z��¤¦�L����� Ï §d�£���Y�d¡I�L�d�w�s�b��¢Z����¤¦�w¡C���£���Z�y��¬I�P�d�0ÄdªP�P¢� ���¡P�P�L�y��¤K«�Ãw¤ �Y§�*Iª�Æ��Y§Ü\Ý Ç7¾ ��§¸�y�LÉ�ªP�w�I�À�P�K�P�w§d�w¤¦���w¡PÅP�À�����P�f§d�w�	 w�Y¤¦�P�d�������I�`�b�������YÃw§(�P�Y§q§d�w�YªP¢�¡C���w§«P���� w�Y§��P�� w�Y¡�»I�YªP����°w±��w§ á�¨ Ñ£�\ß�©àÈ ���\�f�nª � � �����N����ªF�X��� Ì ¬ ¨�Ë Ñ8� Ë ß�©7È ���\�f�nªÂ¹� ���\�J����ªÃ�X��� Ì ¬ ¨ Ò �Àâ�©8È ���\�f��ª � � �����N����ª¸» � Ì � ¨�Ë�Ò � Ë â�©8È ���\�f��ª�¹ �
�����N���)ª�» � Ì�¾ ÝT�Y¤¦�I������¡P�P�f�w¡C���d�	§d¢���§� w�Y¡�»I�YªP����°w±��w§T�P�q ����I�f«P���� w�P¬����w�d w�w«���ì0§d��ÖÉ�ªP�w�I�¦�P�8�P�w§d�w¤¦���w¡PÅP�¦ w�Y¡�®��Y�d¤¦� ���\�J���)ª/������ �P¢�¤¦¢�¡�ªP¢��P�f×YÊK�I����� Ë�¶ D

§ ���\�f� ¡I����P�5�Y�Â��§d§dªP¤¦¢��`�������Y�d�w§V¤KªP¢Z���$���Z���Y§V�I�����Á¡I��$���w�d¤¦¢Z��¢��`É�ªP���Ä*Iª�Æ��Ýé��qÛ�� Ï	Ç ���Y§d§��À�� wªP�I���	¢�¤¦�PªP¡P¢�¤¦�w¡C���fªP¤ �w§d�I��°w���P�w§d�P�d�Y���Y�d w¢��Y¡I���à�P�w¡C���d�À�I�»I�s�Ö�P�£����§¸���d�Y§ ¾T¨ É�ªP�w�I�¦�P�£�P�w§d�w¤¦���w¡PÅP�L���w���L��ªP¤¦�w¡C���¦�P�¹�������Y�*�P� ���\�f� �����P�§d�w�` w�Y¤¦�P�d�������I���b�������YÃw§`�P�Y§`§d�w�YªP¢�¡C���w§`«P���� w�Y§¦�P�& w�Y¡�»I�YªP����°w±��w§ áÅ¨ Ê�¬ Ë Êk�k× Ë ©È ���\�J���Bª � �`� �����N���Bª � � Ì ¬ ¨ â�¬ Ë âÀ�¦×Y×�©\È ���\�J���Bª � �`� �����N���Bª¼» � Ì ¬ ¨ ß�¬ Ë ß�¬× Ò ©È ���\�J���¦ª � �¹� �����N���¦ª½�X��� Ì ¬ ¨ ã�¬ Ë ã�¬�×bÑL�Ö×Yß�©È ���\�J���¦ª � � � �����N���¦ªF» � Ì ¬
¨ ½�¬ Ë ½�¬�×YÊL�¹×�ã�©�È ���\�J����ª � � � �����N����ªÆ�X��� Ì ¬ ¨�Ë�¶ ¬�× ¶ ¬�×�â`�¹×�½�©�È ���\�J����ª�» �L�
�����N����ªF�X��� Ì�¾ ÝT�Y¤¦�I������¡P�P�¹�w¡C���d�£§d¢7��§� w�Y¡�»I�YªP����°w±��w§\�P�£ ����I�¹«P���� w�P¬P���w�d w�w«���ì§d�	�8É�ªP�w�I�f�P�q�P�w§d�w¤¦���w¡PÅP�KÉ�ªI��¡P�P� ���\�f� ��§d§dªP¤¦�q�Y§��������Y�d�w§�¤L��¢�§����Z���Y§��w¤Ð ����I�«P���� w��È Ë ÊK�Yª&×YÊ Ì�¾

å §\�d�w§dªP�Z�y���P�Y§��P�(�����I��§\��§� w�Y¡�»I�YªP����°w±��w§��w¡P w�Y¡C������¤Öì0§d�£¡I�K»I�YªP���LÊ ¾ZË�¶ ¬I���Y�dªP�I���I��§���Y�*�P�w§d�w¤¦���w¡PÅP� ¾Ï �´¤¦�w§d¤L�Â®��Y�d¤L�ÂÉ�ªP�´¡P�$ w�w¡IÎ��d¢��$��¡C���w�d¢��Y�w¬q�Y§��d�w§dªP�Z�y���P�Y§V�P�Y§V¤L���d ����P�Y�d�w§���ÚÈ� w�Y¡�»I�YªP����°���`ß Ì �8Ü�é*Úè§���¦���P�d�w§d�w¡C�y���P�Y§q¡I�K»I�YªP���¦Ê ¾ZËYËY¾¨ »I�YªP���LÊ ¾ZËYË �¹¤¦�Y§¸�����Ö�Lº�¡P�P¢� w�(�P�ÄdªP§¸��¢�°��¹¡P�L w�Y¤¦�I���¸��¢���ÅI��¤¦�w¡C���K�I�¹®E��¢�ÆP�¹��§d§d�w�Yª�ì�����I� ¾�¨ �w§¸�����b��Ãw�Y¢s�&Ú ¨ �T¬7�d�w�P�d�w§d�w¡C�y���I�µ���w���K��Ú´¬7�Y«���Ãw¤ º�¡P�P¢� w�w§£�P�(ÄdªP§¸��¢�°�� §d�w¤¦�P�d��� w¢�¤L�(�P� ¶ ¬ ½Yã ¾ ��§¸���q�P�w§d�w¤¦���w¡PÅP�fÃ\«I��§¸�y��¡C���q§dªP���w�d¢��Y�����£�I�8�w§¸�����b��Ãw�Y¢s�fÚ ¨ ¬��d�w�P�d�w§d�w¡�ì�y���P�À���w���`Ü�é*Ú´¬��ÀÉ�ªI����¤L��¡C��Ãw¤ �Àº�¡P�P¢� w�K���YªP w�V�� w¢�¤L�L�P� Ë Û ËYË ¢�¡P�P�w���w¡P�P�w¡C���w¤¦�w¡C����P�£�������Y���P�-Ç)È'É ¾�� §¸���f§d¢��Y¡P¢Z»I ��8É�ªP�\�P���b��¢� ���¤¦�w¡C���������I�£�8�s���d�YªP���8�P��®E��¢�ÆP�£��§d§d�w�YªP�����I�Ã	ª���¢���¢�¯����I�(���w���(*Iª�Æ��¹Ýé��qÛ�� Ï	Ç7¾ ��§¸���	�C��¡PÅP�K�P�	�P�w§d�w¤¦���w¡PÅP�ÖÃ�ÄdªP§¸��¢Z»I ����P�K���w���K w�Y¡�ì���d�Y���\�P�"*Iª�Æ��Ö�I�f�P¢�§¸���d¢�«PªP¢�°���£�I��§T»I yÅI��§ ¾�¨ »I�YªP���ÖÊ ¾ZËYË «`¤¦�Y§¸�����£É�ªP�(�Y§T�P�w§d�w¤¦���w¡PÅP�Y§§d�¹�wÉ�ªP¢Z�������w¤ ¡I�V¤¦�w�P¢��I�`É�ªP�¹¡P�w¡PÅ�ªP¤è�P�Y§8¤L���d ����P�Y�d�w§8���P�d�w§d�w¡C�y��É�ªI����É�ªP�w�(¤¦�w ���¡P¢�§ ì¤¦�V�I�����V�À�P¢Z��¢�§���fÄdªP§¸�y�V�P�w§¸���¦�d�w wªP�d§d� ¾�µ ������¤¦�w¡C���¹�+��Úê���P�d�w§d�w¡C�y�VªP¤L�ÀÉ�ªP�w�I���P��P�w§d�w¤¦���w¡PÅP�  w�Y¤è����ªP¤¦�w¡C�����P��Ç)È'É¥�P�5��¢��P� ���Y§8¤¦�w§d¤¦�Y§8¤¦����¢Z�Y�Y§(��Æ����Y§¸���Y§£�I�������»I�YªP���´Ê ¾ ½�« ¾´¨ §Ö»I�YªP����§¦Ê ¾ZËYË  `��Ê ¾ZËYË �`¤¦�Y§¸������¤ �&����¯���µ¤¦Ãw�P¢s�µ��§d§d�w�YªP�����I�µ�I�����&�Y§
*Iª�Æ��Y§fÜ\Ý Ç ��� Ï	Ç ¬7�d�w§d���w 5��¢Z����¤¦�w¡C��� ¾ ��§¸�y��§f wªP�¸����§f¤¦�Y§¸������¤©É�ªP�L�I�����V����Úê�w§¸���w§�������Y�d�w§£É�ªI��§d�À�b��¢�¡P�Y�w¤è�Y§£�������Y�d�w§£�P�w§d�0Ä����P�Y§VÈ ÄdªP§¸���Y§ Ì ¬��&É�ªP�L¡I��&�� w�Y�d�d�¦�I����� �  ���§d��P��Ü�é*Ú ¾7¨ �y��«��w�s��Ê ¾ â� w�Y¡C��Ãw¤è�Y§8�������Y�d�w§(¡�ªP¤¦Ãw�d¢� w�Y§ ¾ �à¢�¡I����¤¦�w¡C����¬7��§(»I�YªP����§KÊ ¾ZËYË �
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Taxa Reservada (%)

Compartilhamento da Largura de Faixa Assegurada

Pacotes de 1500 bytes

qlim = 50 pcts

CBS = 100 pcts

10 fluxos FTP/TCP

1 fluxo CBR/UDP a 2,5Mbps

FM 1
FM 5

FM 11
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FM 22
FM 24
FM 27

k RblngJS[pXË�Ì[_�`8R[Í�Î¤]VZ�Ï[ÐÑXÐfÏ[Ï[Ð?Ï2ÑXÐNÒXÏ[ÐNÒ[ÒXÐNÒ4Ó)]
ÒbÔ¤i

0.9

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

0 10 20 30 40 50 60 70 80 90 100 110 120

In
di

ce
 d

e 
Ju

st
ic

a

Taxa Reservada (%)

Compartilhamento da Largura de Faixa Assegurada

Pacotes de 1500 bytes
qlim = 50 pcts
CBS = 100 pcts
10 fluxos FTP/TCP
1 fluxo CBR/UDP a 2,5Mbps
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Taxa Reservada (%)

Compartilhamento da Largura de Faixa Assegurada

Pacotes de 1500 bytes
qlim = 50 pcts
CBS = 100 pcts
10 fluxos FTP/TCP
1 fluxo CBR/UDP a 2,5Mbps
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Taxa Reservada (%)

Compartilhamento da Largura de Faixa Assegurada

Pacotes de 1500 bytes
qlim = 50 pcts
CBS = 100 pcts
10 fluxos FTP/TCP
1 fluxo CBR/UDP a 2,5Mbps
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Taxa Reservada (%)

Compartilhamento da Largura de Faixa Assegurada

Pacotes de 1500 bytes
qlim = 50 pcts
CBS = 100 pcts
10 fluxos FTP/TCP
1 fluxo CBR/UDP a 2.5Mbps

TBM
FM

k RblPO;p�UXWYo�]HUX]PÜÝ_�ZÝr\WYÍqR"p�R�ÞYR
`\Ì[_�`8R UX]nßàR
W d�R"R[ZÝá
Z^]qÌ[_�`8R[U�R�i

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 10 20 30 40 50 60 70 80 90 100

In
di

ce
 d

e 
Ju

st
ic

a

Taxa Reservada (%)

Compartilhamento da Largura de Faixa Excedente
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Taxa Reservada (%)

Pacotes de 1500 bytes
qlim = 50 pcts
CBS = 100 pcts
10 fluxos FTP/TCP
1 fluxo CBR/UDP a 2.5Mbps
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Taxa Reservada (%)

Pacotes de 1500 bytes
qlim = 50 pcts
CBS = 100 pcts
10 fluxos FTP/TCP
1 fluxo CBR/UDP a 2.5Mbps
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Taxa Reservada (%)

Pacotes de 1500 bytes
qlim = 50 pcts
CBS = 100 pcts
10 fluxos FTP/TCP
1 fluxo CBR/UDP a 2.5Mbps
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Taxa Reservada (%)

Pacotes de 1500 bytes
qlim = 50 pcts
CBS = 100 pcts
10 fluxos FTP/TCP
1 fluxo CBR/UDP a 2.5Mbps
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Borda Esquerda do Primeiro Bloco

Borda Esquerda do n-ésimo Bloco

Borda Direita do n-ésimo Bloco

Borda Direita do Primeiro Bloco
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