
���������
	���


� ��������������� ��� ��!#"$��%'&)(��*�+"��,�-��.0/1�'23"4!�"$%��5��6�%*"�798�%:/��*;$��<=/?>

@BADCFEGCFC4HJI0I0K LNMOCFPRQSCFT=UVAXW�P�I0T Y[Z P�ADEG\']_^`AaU�UVA
bVc$d1eFdXd?fBgBhVi0j*kVlmjndOoOl kFd$i�pBcOq$rtstiOgBhVi0j*kVlmjndOoOl uvc?pVpBcVgBhXiwj*kVlmj�dxoOl

y{zO|N}a~t�n�����V�������a�)������}F�1�n��|N���X�
� zx�n��zx�����B���O�����������
� zx�n��zO�3�B�,�
�O�O�t�=�

�-�) 5¡�¢¤£¦¥�¡
§�¨ª©�«�¬$­�®'¯B° ®B­0±�¨³²�«³´³µ³­[¶·­�¸ª° ¹ª©»º·¨�¶�¯�¼�«D¶½«³´ ° ­¦¾�´ «�©À¿�´ ¯5° Á�­�®'¯V¨)ºX¶½«�­¦´ Â¤¯5°Ã©�«�¸�­n¯�­ ¯'¨w­0´ ­[¶½¹)«�®�«Ä¯V¨³ºX¶½«�Án«[° ²[«³¶½®
¨³²�«³¶B¯�¼�«ÆÅÇ±�¯'«³¶È±�«Ä¯ÄÉw§=¨=©�«[¬V­�®:¯0° ®ÀÊ5Ë*Ì5ËÄÍÏÎ³ËÄÊÄÐÈÍ·ÑªÍ�Ò�ÍÈÓ³ÒÔË*ÕÖ­¦±�¸�¯�¼�¿�®�®:Á�­¦´ ­¦¾�´ «×°Ã±Ø¯�¼�«�±¦¿�©À¾³«)¶t¨³º3¶½«nÁ�«[° ²�«³¶Ï®�Ù
¯�¼�«3¸ª° ²�«³¶½®�«3Á³¼³­[¶·­�ÁÄ¯'«)¶¤° ®:¯5° Án®a¨³ºtµ³­n¯�¼�®�¾)«Ä¯¤Úa«n«³±D®�«³±�¸¦«)¶½®F­¦±�¸×¶½«�Án«[° ²[«³¶½®�ÛÈ«)É ¹ªÉ ©0­�Ü�°Ã©À¿¦©,¾³­¦±�¸¦ÚG° ¸¦¯�¼0­¦±�¸
¶½¨ª¿�±�¸¦Â¤¯�¶¤°Ãµ�Â¤¯5°Ã©�«[Ý�Ùª­¦±�¸{¯�¼�«0¸¦Þ�±³­¦©�° Á�Á�¨ª±�¸ª° ¯5° ¨ª±�®�¨)ºV®Ä¿�Á³¼mµ[­n¯�¼�®DÛÈ«¦É ¹�ÉBÁ�¨ª±�¹)«�®'¯5° ¨ª±nÂ:°ß±�¸1¿�Án«�¸m¸¦«)´ ­�Þ�®3­¦±�¸
´ ¨)®�®:«�®�Ý�Ét§�¨ª©�«�¬$­�®'¯X«³±³­¦¾¦´ «�®F¶½«nÁ�«[° ²�«³¶Ï®x¯'¨�¸)Þ�±[­¦©-° Á�­¦´ ´ Þ3­�¸�à�¿�®'¯x¯�¼�«D¶·­n¯'« ­n¯xÚD¼¦° Á³¼�¯�¼�«�Þ�¶½«nÁ�«³° ²�«D©-¿�´ ¯5° Á�­�®:¯
°Ã±�º·¨¦¶Ô©0­n¯5° ¨ª±{¯'¨Æ«³±³­¦¾¦´ «À¯�¼�«{®5­n¯5° ®:º¤­�ÁÄ¯5° ¨ª±Ö¨)º3¶½«�­¦´ Â¤¯5°ß©D«má�¨¦§SÁn¨=±�®'¯�¶�­)°Ã±�¯'®-ÛÈ«)É ¹�ÉÀ¶�­n¯'«)ÙO¸¦«�­�¸�´ °Ã±�«�®nÙO¨�¶?à:° ¯âÂ
¯'«³¶¤Ý�Étã3¼¦° ®�° ®B¸�¨ª±�«0¾ÄÞD«³±³­¦¾¦´ °Ã±�¹-­�¶½«�Án«[° ²[«³¶ª¯'¨vàÔ¨=°Ã±-ä?å$æ�ç×±�¿¦©À¾)«³¶ª¨)º1Á�¨ª±�Á³¿�¶È¶½«³±�¯v©À¿�´ ¯5°ßèDéVênëm®�«�®:®Ä° ¨ª±�®�Ù
ÚD¼�«)¶½«³¾ÄÞØ«�­�Á³¼Ö®:«n®:®Ä° ¨ª±Ö¸�«³´ ° ²�«)¶½®0­Æµ)¨�¶ì¯5° ¨ª±Ø¨)º�­¦±Ö«)±�Án¨�¸ª°ß±�¹×¨)ºa¯�¼�«�¶½«�­¦´ Â¤¯5°Ã©�«À¸=­n¯�­�É{íxÞm­�¸�à�¿�®'¯5°ß±�¹×¯�¼�«
±�¿¦©À¾)«³¶$¨)ºB®Ä¿�Á³¼Ö®:«n®:®�° ¨ª±�®G¸)Þ�±[­¦©-° Á�­¦´ ´ Þ�Ù1Á)´ ° «³±�¯âÂÈ®Äµ)«�Á[° î�ÁØá ¨�§ïÁ�¨ª±�®:¯�¶·­)°Ã±�¯'®GÁ�­¦±�¾)«m©�«Ä¯0°Ã±�¸¦«)µ³«)±�¸�«³±�¯�´ ÞnÉ
ã3¼�«×§�¨ª©D«[¬V­�®:¯�µ³­[¶·­�¸�° ¹ª©ðÁ�­¦±ï¾)«À¯�¼�¨ª¿�¹ª¼�¯�¨³º�­�®w­m¹)«³±�«³¶�­¦´ ° ñ�­n¯5° ¨ª±m¨)ºF¯�¼�«Öò3±nÞ¦¬V­�®:¯�ÛÈ«¦É ¹�É�óBÞ�±³­¦©�° Á
§�«)¶ì²�«³¶O§�«)´ «nÁÄ¯5° ¨ª±)Ýa­¦±�¸�ôÖ­¦±nÞ¦¬V­�®:¯�ÛÈ«)É ¹ªÉ�ó ° ¹=° ¯�­¦´=õ[¨ª¿¦±�¯�­)°Ã±)Ý�µ[­[¶·­�¸�° ¹ª©�®�Ù³ÚD¼¦° Á³¼À¼³­n²�«w¾)«�«³±-µ³¶½¨ªµ³¨)®:«n¸Ø°Ã±
¯�¼�«�´ ° ¯'«³¶·­n¯�¿�¶½« ¯'¨�­�¸�¸�¶½«n®:®v° ®�®Ä¿�«�®t¨)º�®�Á�­¦´ ­¦¾)°ß´ ° ¯¤Þ�¨³º$öv±)° ¬V­�®:¯B­¦±�¸mô×¿�´ ¯5° ¬V­�®:¯t«³±�²¦°Ã¶½¨ª±�©�«³±�¯'®�Ù�¶Ï«�®Äµ)«�Á�¯5° ²�«)´ ÞnÉ

Å÷±�¯�¼)° ®Gµ³­¦µ³«)¶�Úa«D¨³²�«)¶ì²¦° «�ÚN¯�¼�«�§=¨=©�«[¬V­�®:¯ µ³­[¶·­�¸�° ¹ª©{Ù¦¸�«�®�Á³¶¤°ß¾³«�­¦±À°Ã±�®'¯�­¦±�Á�«D¨)ºV­w§=¨=©�«[¬V­�®:¯ µ³¶½¨³¯'¨�Á�¨ª´ÃÙ
­¦±�¸{µ³¶½«n®:«³±�¯V®Ä°Ã©À¿¦´ ­n¯5° ¨ª±w¶½«�®�¿¦´ ¯'®V¯�¼³­n¯Vø1¿[­¦±�¯5° ºÏÞ�¯�¼�« ®�° ¹ª±¦° î=Á�­¦±�¯t­�¸¦²³­¦±�¯�­�¹)«�®$¹�­)°Ã±�«�¸wºâ¶½¨ª©�­�¸�¨=µ�¯5°Ã±�¹0®Ä¿�Á³¼
­Öµ[¶½¨³¯'¨�Á�¨ª´³º·¨�¶?¯�¼�«-¶Ï«³´ ° ­¦¾¦´ «À©À¿�´ ¯5° Á�­�®'¯F¨)ºX¸=­n¯�­�¯'¨Ö­w¸�° ²�«)¶½®:«�®:«Ä¯v¨)ºB¶Ï«�Á�«³° ²�«)¶½®v®�¿¦¾�àÈ«nÁÄ¯a¯'¨�¶½«�­¦´ Â¤¯5°Ã©�«�á ¨�§
Á�¨ª±�®'¯�¶·­)°ß±n¯'®nÉ
ùïú�ûxüÀý?þ[ÿ����������
	
�
���
����������	
��������������������� 	�!"�$#&%'!"!(�*)*	
���
��	
%�)+�-,/. #0���1	�)*23������45�768%'�
%'!$%')5�9�
	�:'�
��%;4*�����-6;	�!(�*�<�
��	�%')>=

?1@BADC�EGFIHKJMLNFPO�EGE7QDRDR;HKJ�S7TVUWC�XYR8OKJ�S�Z
[]\ ^�_`JMT�E7TaO�JMb�AWcKJ7O�X
S7E�d/^D^WePe/fPgihkj�lKmkmKnko�p�e/q&f&d�dGfrq&\&sifPgihkj�l'tuhKnKn'p
OKXDU�v"fws
dGsiqwgihKnkj�tal
xKx�y

z



ä?å$æ�ç?è�éVênë ����� ���V�
4�	�2'!�� %����N��������� 	
!"� � 4���	*��	�
'�W�����
	<�k�����W��������	
�������
���P%;%')>��� �����V��
���%'������)*4 � �
�1�V� �

� ��������� �"!"#$��%&���

')(+*-,/./021�,/04365�7�8�9:7<;=;>*=?@3A7B8/;�*DCFEG3H(/* IJ*�.:0K8:CF,+LNMHCO;�0K*>3P5Q(�7<MR*=8/;�C<,/L�7�SF*=9Q3&(+*"9@*�T�*�UKCF?+VW*=8�3�CFE�VX7B8Y5
Z 8�3&*�LH8/*>3R7�?/?+UK02;[7�3H0KCF8/M\3&(�7�3]7BL^*_0K8/(/*�LH*�8Y3&U45`C<Ea7-L^*b7�U4cd3&0KVe*_8�7�3&,+LH*AfgC<L\3H(h7b3]9+*b7�U�ij043&(k0K8+ElCFL^V`7�3H0KCF8`3&(�7�3
02MD0K8+(/*�LH*=8�3&U45m3H*=VW?hCFL�7�Un0K8J8h7b3&,+LH*Fop'\(/*`;>CFVWV",+8/02;=7�3&0KC<8qCFE\LH*b7�U4cd3H0KVW*X0K8+ElC<LHV`7b3&0KCF8qCbT�*�L 3&(+* Z 8Y3&*�LH8+*�3
02Mr;�(�7BUKUK*=8+SF0K8+SQ9+,+*s3HCt3&(/*s0K8+(/*�LH*=8�3 ,+8/?/L^*[9@02;>3A7�./0KUK04365�0K8YTFCFU4TF*[9m0K8m,�M^0K8/SpM^,�;�(u7�8qC<?v*=8m0K8+ElL&7<Mw3&L^,�;>3H,/L^*Fo
')(+02Mx,+8/?/L^*[9@02;>3A7�./0KUK04365W02My9@C@;>,/VW*�8Y3&*=9e0K8t7r8O,+V".v*�LnCFE�Mw3&,/9+0K*[M�3H(h7b3\;�CF8+z/L^V{3&(/*](/0KS<(/U45sTF7BL^0|7B.+UK*R8h7�3H,/L^*
CFE Z 8Y3H*=L^8/*�3y3&L�7�}W;�CbTF*=Lj7DV",/U43H043&,/9+*NC<E~3&0KVW*NMH;[7�UK*[M � z=�O�Pz � �Pz����
� 7B8�9X3&(+*_E�,+3H0KUK043P5XCFE~3H*[;�(+8/021�,/*[M\M^,�;&(p7<M
./,+�v*�LH0K8/Ss3HCe*=UK0KVe0K8h7�3H* M^,�;&(kT<7BLH0|7�./0KUK04365J� � � � o

�����b���+�+�[�l�v�n��� 8�0KVW?vC<L^3�7B8Y3k;>U|7<MHM`CFErLH*b7�U4cd3H0KVW*m7�?/?/UK02;=7�3H0KCF8�M`LH*=1Y,+0KLH*[M`3H(/*�;�C<VWV",+8/02;[7b3&0KC<8�CFE_3&(+*
M&7BVW*N;�CF8�3&*�8Y3\3&CW7-TF*=Lw5`U|7BLHS<*_8O,+V".v*�L)C<E$LH*[;>*=04TF*=L&M�o Z 8kCFLH9+*�L\3&Ce;�C<?v*Nij043&(k3H(/*_(+0KSF(/U45YcdT<7BLH0|7�./UK*_8h7�3H,/L^*
CFE�8/*�36i\C<LH��;>CF8/S<*[Mw3&0KC<8 � 7B?+?/UK02;=7�3&0KC<8�MWC<E�3&*�8�3&L�7B9+*QL^*=UK0|7�./0KUK043P5�E�CFLe3H0KVW*=UK0K8+*[MHM � CFLe3HL�7<9@*p3&0KVe*=UK0K8/*=MHMeElC<L
LH*�UK0|7B.+0KUK043P5�o

'$L&7<9+0K8+SmL^*=UK0|7�./0KUK043P5�E�CFL-3H0KVW*=UK0K8+*[MHM-02Ms7:;�C<VWVWC<8J?/L�7B;>3H02;�*`3H(h7�3"0K8YT�C<U4T�*=M-3H(/*t,/MH*`CFER7�L�7b3&*>c
.h7BM^*[9
3&L&7B8/MH?hCFLw3k��*Fo�S/oQ,/M^0K8/S����_��ElC<LD3H(/*`;�C<VWV",+8/02;[7b3&0KC<8uCFE]7�,�9+0KCY�bTO029+*=C�Mw3&L^*b7�VXM��Ao � 8�*>�/7BVe?/UK*XCFE\3H(/02M
7B?+?/L^CY7<;&(`02Mx3&(+*_ :¡yC<8/*RV",/U43H02;[7<Mw3y?+LHC<3HC@;>CFU¢o�')(+02M)7B?+?/L^CY7<;&(`LH*[M^,+U43�Mx0K8`3&(+*N9@*=?/UKC[5@VW*�8Y3yC<E£;�C<8/S<*[Mw3&0KC<8+c
0K8�M^*�8�M^043&04TF*Q7B?/?+UK02;[7b3&0KCF8/M � 7�8�9�02M"T@0K*>i\*=9¤.Y5u3&(/* Z 8�3&*�LH8/*>3W;>CFVWV-,/8/04365�7BMe7:.h7<9�?/L&7<;A3&02;�*J� �<¥ � o�¦�TF*=8
0KEj7B;=;�*�?+3�7B./UK* � M^,/;�(J7B8�7�?/?+LHCY7B;�(mi\C<,/U29qCF8+U45m.v*e,�M^*�El,/U�E�CFLrLH*[7BU4cd3H0KVW* Z 8Y3H*=LH8+*�3-7B?+?/UK02;=7�3&0KC<8�M_3&(�7�3-7BL^*
7B.+UK*_3HC"3&CFUK*�L�7b3&* 7s9@*=S<LH*=*_C<E$,/8+LH*=UK0|7�./0KUK04365u�l0¢o§*<o�?h7B;��<*�3)UKC�MHM^*[M��Ao�¨/CFL)V`7B8�5`L^*b7BU4c¢3&0KVW*r7B?+?/UK02;=7�3&0KC<8�M � M^,/;�(
,/8+LH*�UK0|7B./0KUK04365p02M]8/CB3]3&C<UK*=L�7�./UK*<o)¦G�/7�VW?/UK*=M)0K8�;�UK,/9+* SFL^CF,/?QMH0KV-,/U|7�3H0KCF8/M � UK04TF*"7�,�;>3H0KCF8/M � LH*b7�U4cd3H0KVW* ;�CF8�3&*�8Y3
LH*�?/UK02;=7�3&0KC<8sElC<LaIu*=."?vC<L^3�7BU2M � 7�8�9"M^3HC@;&� ./L^CF�F*�L�7�SF*j7B?/?+UK02;[7b3&0KCF8/M�on©O,/;�(e7B?/?+UK02;[7b3&0KCF8/MGL^*[1Y,+0KLH*]7RV",/U43H02;[7BM^3
0K8/E�L�7BM^3HLH,/;>3&,+LH*N3&(h7b3]02Mj.hC<3H(qª&«�¬<­¯®6°�±�²X«)7B8/9mª&«=­�±¢¬�³=­K«_� ´ �b� o

� ;>CFVWVWC<8:7B?+?/L^CY7<;&(�3HC`0KVW?+LHCbTO0K8/SXL^*=UK0|7B.+0KUK043P5�02M]3&(/L^CF,+SF(�3H(/*D,�M^*DCFEGLH*[9@,/8/9�7B8/;>5Fo�'\i\CXElC<LHVXM]CFE
LH*=9+,+8�9�7�8�;A5�7�LH*D3P5O?/02;=7BUKU45�*>�@?/UKC<043&*=9�µ)3&*�VW?vC<L�7BUa7�8�9:M^?h7b3&0|7BU¢oN'$*=Ve?vCFL&7BU$LH*[9@,/8/9�7B8/;>5p0K8YT�C<U4T�*=M�3H(/*-,/M^*
CFE$3H(/*DM&7BVe*rMH*>3]CFEaL^*[M^CF,+L&;�*=M)3&CeL^*[;�C[T�*�L]ElL^CFV¶E�7B0KUK,/L^*[MjCbTF*=LR7B8Q*>�O3H*=8�9@*[9k?v*�LH0KCO9pCFE·3H0KVW*Fo � 8Q*>�/7BVe?/UK*
CFEx3H(/02MD7B?/?+LHC�7<;�(q02M_3&(+*W,/M^*WC<E �N¸)¹ cd.h7BMH*=9º�lCFL L^*�3&L&7B8/MHVe02M&M^0KC<8+c
.�7<M^*[9��RLH*=;�CbTF*=Lw5�3H*[;&(/8/021�,/*=M=o`©O?h7b3&0|7�U
LH*=9+,+8�9�7�8�;A5`0K8�T�CFU4TF*[My3H(/*N,�M^*_C<E·7<9+9+043H0KCF8h7�U�L^*[M^CF,+L&;>*[My3&C-V`7<M^�WE�7B0KUK,/L^*[M�o � 8k*>�/7�VW?/UK*NC<E~3&(+02Mj7B?+?/LHC�7<;&(
02M)3H(/*r,/M^*rCFE·¨G¦y»�3&*=;�(/8+021Y,+*[M�o

'$L&7<9+0K8+SD3H0KVW*=UK0K8+*[MHMnElC<LyLH*�UK0|7B.+0KUK043P5W02Mx*�T@029@*=8�3y0K8p7�UKUv;�C<VWV",/8+02;[7b3&0KCF8e?/LHCB3&CO;�CFU2M�3&(�7�3y,�M^*RL^*�3&L&7B8/MHVe02M^c
M^0KCF8/Mx3HC-LH*[;>CbTF*=LyE�LHC<V¼?�7<;&�F*�3yUKCFMHMH*=My9+,/*R3HC-8/*>3PiyCFLH�e;�C<8/SF*=Mw3&0KCF8���0K8/;�UK,�9@0K8/Ss']»)�x�Ao � 8`*��+7BVW?+UK*RCFE�3H(/02M
7B?+?/L^CY7<;&(sElC<L�V",+U43&02;[7BMw3�;�C<VWV",/8+02;[7b3&0KCF8-02MG3H(/*R©O;[7BU|7�./UK* ¸ *�UK0|7B./UK*] Q,/U43&02;=7<Mw3��d© ¸  ��)� z[½[� 7B8/9"3H(/*R»x5@;�UK02;
�N�N�¾ Q,+U43&02;[7BMw3X� � � 7�8�9Q3&(+*e�R0KSF043A7�UG¨/CF,/8�3A7�0K8q Q,/U43&02;=7<Mw3W�§¿ � ?�7BL&7<9+0KS<VXM�oDÀ�.�T@0KCF,/M^U45 � MH,/;�(:3H*[;&(/8/021�,/*=M
7BL^*r8/C<3R7<9@*[1Y,�7�3H*_ElCFLjL^*b7BU4c¢3&0KVW* 7�?/?+UK02;[7�3H0KCF8/M � E�CFL)ij(/02;&(gÁ^7"U|7b3&*r?h7B;��F*>3]02MR7-UKC�Mw3]?h7B;��F*>3�Â@o

'$L&7<9+0K8+SqL^*[M^CF,+L&;�*=MsE�CFLsLH*�UK0|7B.+0KUK043P5�02Ms;�CFVeVWCF8¤E�CFLsVW02MHM^0KCF8@c6;>LH043&02;=7BU)Mw5+Mw3&*�VXM-3H(h7b3W;[7B8+8/CB3s3HCFUK*=L&7�3H*
LH*=;�C[T�*=Lw5m9@*=U|7=5@MW�l*Fo§S+os,/M^0K8/SQÃjc
VWCO9+,+U|7BL_LH*=9+,+8�9�7�8�;A5�ElC<L ;>CFUKUK02M^0KCF8J7=TFCF029/7B8�;>*WMw5+Mw3H*=VXM��]C<LrElC<L Mw5+Mw3H*=V
;�C<VW?vC<8/*�8Y3�M"ij043&(º0KLHLH*=;�C[T�*=L&7B.+UK*�E�7B0KUK,/L^*�VeC@9+*=M���*<o§S+og,�M^0K8+SJVW0KL^LHC<LX9+02M^�@Ms3&Cq?/LHCB3&*=;>3t7�SY7B0K8/Mw3t7u9@02M^�
;�L&7<M^(v��o

I�(/0KUK* 7Di]029@*=U45p7<;�;�*�?+3&*=9t?+L�7B;>3&02;>*_E�CFL)(�7BL&9tL^*b7�U4cd3&0KVe*rMw5+Mw3H*=VXM � 3&(+*N3&L�7B9+0K8+SsCFE£LH*[M^C<,/L&;>*[M\ElCFL\LH*�UK0|7�c
./0KUK04365e7�8�9h�bCFLa3&0KVW*�UK0K8/*[MHMa02Ma8/C<3x7N;>CFVWVeCF8-?/L&7<;>3H02;�*)E�CFL�Mw5+Mw3&*�VXM$i]043&(uÁwM^CFE�3H*=LHÂ_9@*b7<9@UK0K8/*j;�CF8/Mw3&L�7�0K8Y3&M � ElC<L
*��+7BVW?+UK*NCbTF*=L\3H(/* Z 8Y3H*=L^8/*�3=o Z 8t3H(/02M\?h7�?v*�L � i\* 7�LHS<,/*N3&(�7�3\3&(+*_,/MH*_C<E$L^*[9@,/8�9/7B8�3jLH*[M^C<,/L&;>*[My3HCs0KVW?+LHC[T�*



ä?å$æ�ç?è�éVênë ����� ���V�
4�	�2'!�� %����N��������� 	
!"� � 4���	*��	�
'�W�����
	<�k�����W��������	
�������
���P%;%')>��� �����V��
���%'������)*4 � �
�1�V� �

3&(+*"LH*�UK0|7B.+0KUK043P5q7�8�9�3H0KVW*=UK0K8+*[MHM�C<E Z 8�3&*=L^8/*>3 7�?/?+UK02;[7�3H0KCF8/MN0K8mS<*=8/*�L�7�Uj�d7�8�9:V",+U43&02;=7<Mw3_;�CFVeV",/8+02;[7�3H0KCF8�0K8
?h7�L^3H02;�,/U|7�LA�]02M 7�?/?/L^CF?+LH0|7�3H*e9@,/*-3&C`3H(/*Q¬<­�ª&«�¬ ��� «��B±���°�±��	�-V",/U43H0K?/UK02;>043P5�CFEnL^*[M^CF,+L&;�*=MN0K8qM^,/;�(mMw5+Mw3H*=VXMPf�7
V",+U43&0K?/UK02;>043P5`3&(�7�3j02MjLH*=1Y,/0KL^*[9kElC<Lj?h*=LHE�CFL^V`7B8/;�*r7B8�9pMH;[7�U|7B.+0KUK043P5t?/,+LH?vCFM^*[M�o


 �v�v���B��
��£�[�l�v�n� Z 8s3&(+02M�?h7�?v*=LGiy*]?/L^*[M^*=8�3\©OC<VW*�»\7<Mw3^f�7�V",+U43&02;=7<Mw3n?�7BL�7B9+0KS<V 3&(�7�3n*=8�7B./UK*=MG3&(+*]M�7b3&02Mwc
E¢7B;>3H0KCF8"CFE�3&0KVe0K8/S_;�CF8/Mw3&L�7�0K8Y3&M·i]043&(+CF,@3xM&7<;>LH0Kz�;>0K8/Sr;>CFVWV",+8/02;=7�3&0KC<8-LH*=UK0|7�./0KUK04365�o�')(+02MG02M�9+C<8/*\.Y5-*�8h7B.+UK0K8/S
LH*=;�*�04T�*=LHM]3&C`9@5O8h7�VW02;[7�UKU45:7<9��^,/M^3R3H(/*DL&7�3&*"7�3Rij(/02;�(�3H(/*�5pL^*[;>*=04T�*DV",/U43H02;[7BM^3R0K8/E�CFL^V`7�3H0KCF8Q3&CXSF,�7BL�7�8Y3H*=*
3&(+*-M&7b3&02M^E¢7B;>3&0KC<8QCFE·LH*b7�U4cd3H0KVW* ¹ CO©k;>CF8/M^3HL�7�0K8Y3�MD��*<o§S+o\L�7b3&* � 9+*b7B9+UK0K8+*[M � CFL��^043^3&*=L��Ao)'\(/02M]L&7�3&*-7<9��^,/M^3HVW*=8�3
02MDVX7<9+*e?vC�MHM^0K./UK*X.�5q*=8�7B./UK0K8+S�7pLH*=;�*=04TF*=L 3HC��wCF0K8��������q8Y,/V".h*=L C<Ej;>CF8�;>,/L^LH*=8�3-V-,/U43&0����� "!�MH*=MHMH0KC<8�M �
i](+*=L^*=.Y5-*[7<;&(eMH*=MHMH0KC<8e9+*�UK04T�*=LHMn7�?vCFLw3&0KC<8sCFE�7B8s*�8�;>C@9+0K8+S_CFE�3H(/*)LH*[7BU4c¢3&0KVW*)9�7b3A7@oG¡n5s7<9��^,�Mw3H0K8/S�3&(/*)8Y,/Vec
.v*�L-C<E]M^,�;&(�MH*=MHMH0KC<8�MD9@5@8�7BVW02;=7BUKU45 � ;>UK0K*=8Y3^c6M^?v*=;�0Kz/; ¹ CY©u;>CF8�Mw3HL�7B0K8�3�MD;[7B8J.h*`VW*>3-0K8/9+*�?v*=8/9+*�8Y3&U45Fo:')(+*
©OC<VW*�»\7<Mw3$?�7BL�7B9+0KS<V�;[7B8D.h*n3H(/C<,/SF(�3·C<E�7BMa7)SF*�8/*=L&7BUK0$#[7�3&0KC<8DCFE@3H(/* � 8Y5/»)7BM^3a7B8/9- :7B8Y5/»)7BM^3$?h7�L�7B9+0KSFVWM �
i](+02;�("(h7�T�*\.v*=*�8s?+LHC<?vC�M^*=9-0K8"3H(/*\UK043&*�L�7�3H,/L^*\3HC 7B9/9+L^*[MHM·02M&M^,+*[M·CFEhM&;=7BU|7�./0KUK043P5DCFEh�R8+0�»)7BM^3n7B8/9e Q,+U43&0�»)7BMw3
*=8�T@0KL^CF8/Ve*=8Y3&M � LH*=MH?h*[;A3&04T�*�U45�o)')(+*s©YCFVW*b»)7<Mw3]02MDªH«�%�«�±'&<«>ª>®
±��/±�°�±¢¬<°
« � 7B8�9k3&(Y,�MRMH;[7�U|7B.+UK*D0K8Q3H(/* 8O,/V-.v*=LjCFE
LH*=;�*�04T�*=LHM � 3H(/*D9+04T�*�L&M^*D;�(h7�L�7B;>3&*�LH02Mw3&02;�M]C<EG?�7�3H(�Mj.v*�36i\*�*=8�MH*�8�9@*=L&MR7B8/9QL^*[;>*=04T�*�L&M-�l*Fo§S+oyV`7��O0KV",/V .h7�8�9Oc
i]029O3&(�7�8�9uLHCF,+8�9Ocd3&L^0K?+c¢3&0KVW*b� � 7B8�9u3H(/*t9O5@8�7BVW02;X;�CF8/9+043H0KCF8�MDCFE]M^,�;�(J?h7b3&(�Mt�l*Fo§S+o�;�CF8+SF*=M^3H0KCF8@c
0K8�9@,�;>*[9
9+*�U|7=5@MR7�8�9kUKC�MHM^*[M���o

(*) �,+.-�� Iu*"Mw3A7�L^3�3&(+02M�?h7�?v*=LRi]043&(m7XL^*�TO0K*�i C<EnL^*=U|7b3&*[9QiyCFLH�p0K8u©O*=;>3&0KC<8 � o�Iu*-ElC<UKUKCbi 3H(h7�3�ij043&(q7�8
CbTF*=LwT@0K*�i¼C<E)3&(+*p©OCFVe*�»)7BMw3-?�7BL�7B9+0KS<V 0K8�©O*[;A3&0KC<8 � o�IJ*X?/L^*[M^*=8�3e7B8�0K8/M^3�7B8/;�*`C<ER7�©OC<VW*�»\7<Mw3Hcd.h7BMH*=9
LH*[7BU4c¢3&0KVW* L^*=UK0|7�./UK*-V-,/U43&02;=7<Mw3R?/LHCB3&CO;�CFU~0K8q©O*=;>3H0KCF8Q´/o)Iu*D?+LH*[M^*�8Y3R?v*=L^ElC<LHV`7�8�;�*r*>TF7BUK,�7�3H0KCF8�LH*=M^,/U43�Mj3&(�7�3
1Y,�7B8�3&0KE�5`3&(/* .v*�8/*�z+3�MjCFE·CF,/L]?/L^CF?hC�M^*[9p?/L^C<3&CO;�C<U£0K8m©Y*[;A3&0KCF8 ½ o\¨a0K8�7BUKU45 � iy*-;>CF8/;�UK,�9@* ij043&(:7WM^,+VWV`7BLw5
7B8/9Q7B8pC[T�*�L^T@0K*>i CFE·E�,+3H,/LH*Ni\C<LH�`0K8:©O*[;A3&0KC<8 ¥ o

/ 0214365\�71x�98 �]�;:

<>=@?BA 
$�DC�-FEHGI- )�J �·�LK;��-FC<� ')(+*ez/L&Mw3 ;[7�3H*=S<CFL^5:C<EyL^*=UK0|7B.+UK*eV",/U43H02;[7<Mw3_3HL�7B8/M^?vCFLw3 ?+LHC<3HC@;>CFU2M_02Mr.h7BM^*[9
CF8 �N¸)¹ � � ,+3HCFV`7b3&02; ¸ *=?h*b7�3NLH* ¹ ,+*[Mw3>��oNMR*�LH* � 3&(+*eM^*=8/9+*�L_L^*�3&L&7B8/MHVe043�M�UKC�Mw3 9/7�3�7`,+?vCF8�LH*=1Y,+*[Mw3rE�LHC<V
3&(+*sL^*[;>*=04T�*�L=o � Mw3&L�7�0KSF(�3&ElC<L^i)7BL&9�7B?/?+UK02;[7b3&0KCF8mC<E ��¸j¹ 0K8u7XV",+U43&02;[7BMw3rM^*>3H3&0K8+SkL^*[M^,/U43&MN0K8�3H(/*sM^C<c6;=7BUKUK*=9
OQPSRUT ±�²WVv­$X��&±YXZ��?/L^CF.+UK*=VQo '\(/02Mk?/L^CF./UK*�V C@;�;�,+L&Mtij(/*�8 *>T�*�L^5�L^*[;>*=04T�*�LQM^*=8/9/MQ7�Ã � »\[�VW*[MHM&7BS<*
3&CJL^*[1�,/*[Mw3`L^*�3&L&7B8/MHVe02M&M^0KC<8�C<EN3&(/*:M&7�VW*�?�7<;&�F*�3 � ;[7�,�M^0K8/S¤7B8�0KVW?+UKC�M^0KCF8�7�3X3&(+*:M^*=8�9@*=L�o�'$CJ?/LH*>T�*�8Y3
3&(+02M�0KVW?+UKC�M^0KCF8:CFE�;�C<8Y3&L^CFU$?h7<;&�F*>3�M ��] ?/L^*[MHMN'£L�7B8/M^?vCFLw3r��L^C<3&CO;�C<U\� ] 'j�y�-� ´ z�� ?/L^CF?vCFM^*[9Q3&(�7�3r7WL^*[;�*�04T�*�L
V",+U43&02;[7BMw3�M];�CF8�3&L^CFU£?h7<;&�F*>3�Mj3&CW3H(/* *=8�3&0KLH*DS<LHC<,/?~o � L^*[;�*�04T�*�LRij7�043�M]ElCFL�7eL�7�8�9@CFV 3H0KVW* .v*=E�CFL^*-M^*=8/9+0K8+S
7`Ã � »\[ ?�7<;��<*�3 � 7�8�9:LH*=E�L�7�0K8�MNElL^CFV M^*=8/9+0K8+SQ7`Ã � »I[ 0KEn043rMH*�*[M_7tÃ � »\[ ElL^CFV 7B8+C<3&(+*=LNLH*=;�*=04TF*=LNElC<L
3&(+*WM&7BVe*s?�7<;��<*�3=oX© ¸   �
©O;[7�U|7B./UK* ¸ *=UK0|7�./UK*X Q,/U43&02;=7<Mw3>�s� z=½[� ,�M^*=MrM^0KVW0KU|7BL_VW*[;&(h7�8/02M^VXMR3&CQ;>CF8�3&LHC<Ua3&(+*
M^*=8/9+0K8/SkC<ExLH*=1Y,/*=Mw3X�¢Ã � »I[D�_7�8�9�L^*=?h7�0KLX�lLH*�3HL�7�8�M^VW043H3H*[9�9/7�3�7��R?h7B;��<*�3�M�o Z 8J© ¸   � 3H(/*sL�7�8�9@CFV 9@*=U|7�5
.v*�ElC<LH* M^*�8�9+0K8+SX7-LH*[1�,/*=M^3D�lLH*�?h7B0KL��y?h7<;&�F*>3j02MR7-El,+8�;>3H0KCF8kCFE$3H(/*_L^*[;�*�04T�*�L�^ Mj9@02M^3�7B8/;�*rE�LHC<V 3&(+*r8+C@9+*N3&(�7�3
3&L^0KSFS<*=LH*=9`3&(+*_L^*=?h7�0KLD�lLH*[1�,/*=M^3A�AoG¦y7B;�(t8/CO9+*_*[Mw3H0KV`7�3H*[My043&Mj9+02Mw3�7B8�;>*[M\E�LHCFV CB3&(+*=L\8/C@9@*[M\.Y5XV",/U43H02;[7<Mw3H0K8/S
M^*[MHM^0KCF8�VW*=MHM�7�SF*=M=oJ')(+*pL&7B8�9@CFV 3&0KVW*�Ls02MsMH*>3s3&Cm.h*k0K8YT�*�L&M^*=U45�?/L^CF?vC<L^3H0KCF8h7�U\3&C�3H(/*p9+02Mw3�7B8�;>*Fo�')(O,/M �
7BU43H(/C<,/SF(`7_8O,/V-.v*=L�CFE�LH*[;>*=04TF*=L&MnVX7=5e7BUKU�VW02MHM�3H(/*RM&7�VW*]?h7B;��<*�3 � 7_LH*[;>*=04TF*=Lx;�UKC�M^*j3&Cr3&(+*R?hCF0K8Y3xCFEvE¢7B0KUK,+LH*
02MRUK0K�<*=U45k3&Ce3&0KVW*�CF,+3]z/L&Mw3_7�8�9pV",/U43H02;[7<Mw3]3H(/*DL^*[1Y,+*[Mw3[oRÀR3H(/*=LjLH*[;>*=04TF*=L&Mj3&(�7�3N7BLH*"7�U2M^CXVW02MHMH0K8+Se3&(+*-9/7�3�7
(/*[7BL)3&(+*rL^*[1Y,+*[Mw3�7�8�9kMH,+?/?+LH*[MHM\3&(+*=0KLjCbij8pL^*[1Y,+*[Mw3[o



ä?å$æ�ç?è�éVênë ����� ���V�
4�	�2'!�� %����N��������� 	
!"� � 4���	*��	�
'�W�����
	<�k�����W��������	
�������
���P%;%')>��� �����V��
���%'������)*4 � �
�1�V� ´

� M�iy*R(+0K8Y3&*=9W*b7�LHUK0K*=L � L^*�3&L&7B8/MHVe02M&M^0KC<8+c
.�7<M^*[9W7�?/?/L^CY7B;�(/*=M�3HL�7B9+*j3&0KVW*�UK0K8/*[MHM�ElC<LxL^*=UK0|7B.+0KUK043P5X7B8�9W(+*=8/;�*
7BL^*r8/C<3j,�M^*=E�,/U�E�CFL)3H(/*r;�U|7<MHMjC<E·V",+U43&02;=7<Mw3R7B?+?/UK02;[7b3&0KC<8�M)3H(h7�3jLH*=1Y,/0KL^*`³�X<° � LH*�UK0|7B.+0KUK043P5Q7B8�9`3&0KVW*�UK0K8/*=M&M�o

�>-O�DE������U- A 
 ���v�$�������v�>G\- )ZJ �·�LK;��-FC<�  QC�Mw3�L^*=UK0|7�./UK*D3&L&7B8�M^?hCFL^3R?/L^C<3HC@;�C<U2M"��i](/*>3&(+*=LR,/8+02;[7BM^3RCFLRV-,/U4c
3&02;=7<Mw3>�]7�LH*D0K8�;�C<SF8+0$#b7B8�3NC<EG3&(+* 3&*�VW?vC<L�7BU$M^*=V`7�8Y3H02;=MjCFEG3H(/*-9�7�3�7e.v*�0K8/St;>CFVWV-,/8/02;=7�3H*[9�o � M_7eL^*[M^,/U43 � 7
LH*�UK0|7B.+UK* 3&L�7�8�M^?vC<L^3R?+LHCB3&C@;>CFU£VX7=5t*=8/9Q,+?pij7BM^3H0K8/SWLH*=MHC<,/LH;�*[MR7�3^3&*�VW?+3H0K8/Ss3HCXL^*[;>CbT�*�L]ElL^CFV 3&(+* UKC�MHM]CFEG7
?h7B;��<*�3\3&(h7b3j02M)C<E$8+C"TF7BUK,+*N3&C"3H(/*NLH*[;>*=04TF*=L ��.h*[;=7B,�M^*N043j02M)U|7�3&*b�Aox©Y,�;�(ti)7<Mw3&*�El,+U�,+3H0KUK0$#b7�3H0KCF8kCFE$LH*=M^CF,/LH;�*=M
V`7�5pL^*[M^,/U43�0K8m9@*=U|7�5@0K8/SXVWCFL^*D?h7B;��F*>3�M � LH*=M^,/U43&0K8+S`0K8:El,+L^3H(/*=L]TO0KCFU|7b3&0KCF8/M�CFEa3&0KVW*�UK0K8/*=M&MR;>CF8/M^3HL�7�0K8Y3�M�oR')(+*
i\C<LH�¤C<E	�£0 � MN7 ��
 7�LHS<(h7=T<7B8�� � zA� 02MX7�8º*��+7BVW?+UK*pCFE_7�8g7�?/?+LHCY7B;�(�3H(h7b3`7�3^3&*�VW?+3&M"3&CJ7B9/9+L^*[MHMWM^,�;&(�7
MH;�*�8h7BL^0KC/oxI�(/0KUK* 3H(/02Mj3&*=;�(+8/021Y,+*rij7BM]?+LHC<?vC�M^*=9Q?+LH0KV`7�LH0KU45kElCFLj,/8/02;=7<Mw3�;�CFVeV",/8+02;[7�3H0KCF8u�l8h7BVe*=U45k'R»\�y� �
043W02Ms;�C<8�;�*�04TF7�./UK*t3&(�7�3WM^0KVW0KU|7�L"3&*[;&(/8+021Y,/*=Me;>CF,/U29¤.v*k,/MH*=9�3&Cu7�T�CF029¤,+8/*=;�*[MHM&7BLw5�LH*>3&L�7�8�M^VW02MHM^0KCF8/M"0K8º7
V",+U43&02;[7BMw3j*=8YTO0KLHC<8/VW*�8Y3D��*<o§S+ox© ¸  m��o

��*[7<9@UK0K8/*x;>CFSF8+0$#b7�8�;�*�02M£UK0K�<*=U45N3&Cj0KVW?/L^CbTF*�3H(/*�3H0KVW*=UK0K8+*[MHM�CFE/7\LH*=UK0|7�./UK*x;�C<VWV",/8+02;[7b3&0KCF8_.�5_?/L^*[M^*=LwT@0K8+S
8/*>3PiyCFLH�XL^*[M^CF,+L&;>*[M � ./,@3j043j02M),+8h7B.+UK*N3HCsV`7<M^�:�lCFL\(/029@*��n3&(+*r9@*=U|7�5+M)L^*[M^,/U43H0K8/SsE�LHCFV ;>CF8+SF*[Mw3H0KCF8t.v*�36i\*�*=8
7sM^*=8�9@*=L]7B8�9p7"LH*[;>*=04TF*=L=o

��
 
 A 
·�DC�-	E G\- )ZJ �·�LK;��-FC<� � 8+C<3&(+*=Lp;[7�3H*=S<CFL^5gC<E-L^*=UK0|7B.+UK*qV",/U43H02;[7<Mw3k?/L^C<3&CO;�C<U2Mp02Mk.h7<M^*=9�CF8 ¨a¦y»
�¢¨/CFLwij7�L&9k¦�LHLHC<LR»yC<LHLH*=;>3H0KCF8v��o.M]*=LH* � 3&(+*_C<LH0KSF0K8�7BU~9/7�3A7-02M\*=8/;�C@9@*[9X3&CsC<.+3A7�0K8Q7<9+9+043&0KC<8h7�U�LH*=?�7B0KL)?�7<;��<*�3&M
3&(�7�3 7BL^*s,�M^*[9�3&CtLH*=;�CbTF*=Lr9/7�3A7X?h7B;��<*�3_UKC�MHM�o � 8m*��+7BVW?+UK*sC<En3H(/02Mr7B?/?+LHC�7<;�(�02MN3H(/*",�M^*sCFEx¨a¦\» 0K8�3&(+*
©FM �N¸)¹ ¨G¦y» ?/L^C<3HC@;�C<UnCFEI[r*�LHVWCO9+*:� � �b� 7�8�9m3H(/*W,/M^*XC<E)¨G¦y» 0K8u3H(/*WL^*b7BU4c¢3&0KVW*eL^*=UK0|7B.+UK*XV",/U43H02;[7BM^3 CFE
¸ ,/.v*�8�Mw3&*�0K8 � [r,+LHCFMH* � 7B8/9p'$C[iRM^UK*�5u� ����� o

»yC<VW?h7�LH*[9Q3HCkL^*�3&L&7B8/MHVe02M&M^0KC<8+c
.�7<M^*[9�7�?/?/L^CY7B;�(/*=M � ¨G¦y»xcd.h7<M^*=9�3&*=;�(/8+021Y,+*[M�*=8h7�./UK*e7`VeCFLH*-*=}W;�0K*�8Y3
�d7�8�9s3H0KVW*=U45/�·LH*[;>CbTF*=L^5"ElLHC<V ?�7<;&�F*�3nUKCFM&M^*=M=o MRCbiy*�TF*=L � 3H(/*>5e;[7�8/8/CB3nV`7<M^�k��C<Ln(/029@*��·3H(/*R9@*=U|7=5@MnLH*=MH,+U43&0K8+S
ElL^CFV¶;�C<8/S<*[Mw3&0KC<8p.v*>3Piy*=*=8Q7sM^*=8/9+*�LR7B8/9Q7"LH*=;�*�04T�*=L�o

�2�����[� A�� ����- � A 
·�DC�-	E G\- )ZJ �$�LK;�U-	C<� À�8/*e7�?/?/L^CY7B;�(:3&Ct?/LHC[T@029@0K8/SpMH;[7�U|7B./UK*sL^*=UK0|7�./UK*sV",+U43&02;[7BMw3_02M�3&(+*
,�M^*sC<ExV",+U43&0K?+UK*e;�(h7�8/8+*=U2MW�lCFL_U|7�5�*=LHM�� � i](+*=LH*�.Y5:L^*[;�*�04T�*�L&M_*>�@?h*=LH0K*�8�;>0K8/SQ7`(/0KS<(/*�L 9+*�SFL^*=*sCFEnUKC�MHM^*[M4�^C<0K8
VWC<LH*r;�(�7B8+8/*=U2M\3&CeL^*[;>CbT�*�LjUKCFM^3]?�7<;��<*�3&M=o � 8p*��+7BVW?+UK*_CFE£3&(/02M]7B?/?+LHC�7<;�(p02M)3H(/*Ni\CFL^�`CFE [ 7BMH*�L�7 � M �H7BUKVec
3P5@MHMHC<8 � '£CbiRM^UK*>5 � 7�8�9 [_,/L^C�M^*`� z��b� o

 Q,/U43&04cdU|7=5F*=L^cd.h7BMH*=9�3&*=;�(+8/021Y,+*[MPfºi](+0KUK*s*��v*[;A3&04TF*"0K8q9+*[7BUK0K8/Stij043&(:3&(+*-TF7�LH0|7B.+0KUK043P5:CFEnUKCFM&M_;&(h7�L�7<;A3&*�L^c
02Mw3&02;�M�7<;�L^C�MHM�7sU|7BLHS<*-M^*�3RCFEaLH*[;>*=04TF*=L&MPfg9+CW8/CB3_7�UKUKCbi�L^*[;�*�04T�*�L&MR*>�@?h*=LH0K*�8�;>0K8/SW(/0KSF(�UKCFMHMRL�7b3&*=Mj3HCXL^*[;�C[T�*�L
ElL^CFV M^,�;&(mUKC�MHM^*[M_0K8J7`3&0KVe*=U45�E�7<M^(/0KC<8~o Z 8qC<3H(/*�L_i\C<L&9+M � 3&(/*sLH*�UK0|7B./0KUK04365qC<E)7`V",/U43H02;[7<Mw3r02M_SF,�7BL&7B8Y3H*=*=9 �
./,@3]8+C<3]043�M\3&0KVe*=UK0K8/*=MHM=o

< ��� 
 �,C>� A 
·�DC�-	E G\- )ZJ �$�LK;�U-	C<� '£Cs7B9�7B?@3y3HC 3&(/*�9@5O8h7BVe02;R;>CF8�9@043&0KC<8�MxCFE�3&(/*R8+*�36i\CFL^� � MH*>T�*�L�7BU�3H*[;&(+c
8/021�,/*=Mr(�7=TF*s.v*=*�8q?+LHCF?hC�M^*[9:3HCp*�8h7B.+UK*X7`L^*[;�*�04T�*�L_3&CpM^*=UK*[;A3�ÁP3H(/*s.v*=Mw3�ÂtCF8+*eC<ExV`7B8�5:?vC�MHM^0K./UK*eM^*=L^TF*=LHM
3&CXEl,+UKz/UKU·043�M�L^*[1�,/*[Mw3=or©O,/;�(:MH*�UK*[;A3&0KCF8�;>CF,/U29Q.v*"9+C<8/*"7�3�3&(+*"M^*=LwT�*=LRCFL_7�3�3H(/*";>UK0K*=8�3[o � 8:*��+7BVW?+UK*DCFEn7
M^*=LwT�*=Lwc
.�7<M^*[9"7B?+?/L^CY7<;&("02M$3&(/* P � � R ¬��A°O?h7�L�7B9+0KSFV CFE�¨/*=0 � ¡y(�7�3H3�7<;&(h7BL��^*�* ��� *=SF,+L�7 � 7B8�9 � VWV`7�Lj� z ´ � o � 8
*��+7BVW?+UK*�CFE·7-;>UK0K*=8�3Hc
.�7<M^*[9t7B?/?+LHC�7<;�(`02My3H(/*_9O5@8h7�VW02;�M^*=L^TF*=L)M^*�UK*[;>3H0KCF8t?+LHCB3&C@;>CFUvCFE·»)7BLw3&*�L]7�8�9p»xLHCbTF*=UKU|7
� �b� oDI (+0KUK*"3&(+*[M^*"3&*=;�(/8+021Y,+*[M�i\*�LH*s?+LHCF?hC�M^*[9�?+LH0KV`7�LH0KU45:E�CFL_,/8+02;[7BM^3 ;>CFVWV-,/8/02;=7�3H0KCF8 � 043 02Mr;>CF8/;�*=04T<7B.+UK*



ä?å$æ�ç?è�éVênë ����� ���V�
4�	�2'!�� %����N��������� 	
!"� � 4���	*��	�
'�W�����
	<�k�����W��������	
�������
���P%;%')>��� �����V��
���%'������)*4 � �
�1�V� ½

3&(�7�3"7kMH0KVe0KU|7BL � 8Y5/»)7BM^3 ?h7BL&7<9@0KSFV ;�C<,/U29q.h*X,/M^*[9m3HC�M^*=UK*[;A3 3&(+*�Áw.h*[Mw3�ÂkV",/U43H02;[7<Mw3 SFL^CF,+?uElC<L-7pS<04T�*�8
LH*=;�*�04T�*=LD�lCF,+3jCFE$V`7B8�5`?vC�MHM^0K./UK* 7BU43H*=LH8�7�3H04T�*[M)CF�v*�LH0K8+Se3H(/*rM�7�VW*_MH*�L^TO02;�*���o

� 04T�*�8k3&(/*_(/0KS<(pTF7�LH0|7B.+0KUK043P5k0K8p8/*�36i\C<LH�t;�C<8�9+043H0KCF8/M � � 8Y5�»\7<Mw3Hcd.h7BMH*=9t3H*[;�(+8/021�,/*[M]7BLH*r,+8/UK0K�F*�U45t3&Ce.h*
*=�h*[;A3&04T�*_ElC<LR7B?+?/UK02;=7�3&0KC<8�M)3H(h7b3]0K8YTFCFU4TF*-7"?+LHCFUKC<8/S<*[9p;�C<VWV",/8+02;[7b3&0KCF8kM^*[MHM^0KCF8u��*Fo�S/oaTO029+*=CBc
C<8+c69@*=V`7�8�9��Ao

���h��� 
 �DC�� A 
$�,C -FE G\- )ZJ �$�LK;�U-	C<��� 8+C<3H(/*=LN7�?/?+LHCY7B;�(Q3HCtM^?v*�*[9+0K8+SX,/?�7<;=;>*[MHMj3&CX?hCF?+,/U|7BL�;�C<8Y3&*�8Y3�02M
3&(+*\,�M^*\CFE�V-,/U43&0K?+UK*)M^CF,+L&;�*=MG;>CF8/;�,/L^LH*�8Y3&U45�f�CFL��m¬Z� � R ¬��A°�±'�	�<oG'\(/02Ma02Ma*��@*�VW?/UK0Kz+*[9D0K8"3&(+*yi\C<LH� CFEv¡n5�*�L&M �
�~,/.Y5 � 7B8�9� �043 #=*�8/V`7B;�(/*�Ls� ���d� ij(/02;&(�,�M^*"'$C<LH8h7B9+C`*=8/;�CO9+0K8/SX3HCt*�8�M^,/L^*D3&(/*-*�}X;>0K*=8/;>5QC<EG3&(/*DLH*>3&LH0K*>TF7�U
7B8/9�LH*=;�C<8�Mw3&L^,�;>3H0KCF8º?+LHCO;�*[MHM^*[M�oºI (+0KUK*�8+C<3t7B9/9@LH*[MHM^0K8/Sm3&(/*p?/LHC<./UK*�V CFENL^*b7BU4c¢3&0KVW*pL^*=UK0|7B.+UK*�V",/U43H02;[7BM^3
M^?v*=;�0Kz�;=7BUKU45 � 3&(+02MRi\C<LH�Q02MNM^0KVW0KU|7�LR3&C`CF,+L&M�0K8�3&(�7�3N043N*=8�7B./UK*=M_7WLH*=;�*=04TF*=LR3&Ct;>CFVWV",+8/02;=7�3&* ;�CF8/;�,+LHLH*�8Y3HU45
i]043H(pV`7B8�5tMH*�8�9@*=L&M�o

� ����1n���D%61	� ��
��
�B1�� ��� 1�� 5��/��� 5j�;5j�s%����

������� < ��� 
 �DC�������E ������� 
 �DC��Q�=� ( ��� - 
 �DC��F� ')(+*t©OC<VW*�»\7<Mw3r?h7�L�7<9@0KSFV ;[7�8u.v*s3&(+CF,+SF(Y3 CFE
7<M)7 SF*�8/*=L&7BUK0$#[7�3&0KC<8t3H(h7b3)*�8�;>CFVW?�7<MHM^*[Mx.hC<3H(`3&(+* � 8Y5/»)7<Mw3]7�8�9X3H(/*_ :7B8�5�»)7BMw3)?�7BL&7<9+0KS<VXMx3HC-ij(/02;&(tiy*
*=UK,/9+*=9p0K8:©Y*[;>3H0KCF8 � o

¡yCB3&(¤3H(/* � 8Y5/»)7<Mw3X7B8�9�3&(+*Q �7�8Y5/»)7<Mw3e?�7BL�7B9+0KS<VXMW7�LH* �>«>ª"&B«>ª�®w³�¬Z��« � 7B?/?+LHC�7<;�(+*[M"ElCFLs0KVW?/L^CbTO0K8/S
3&(+* M&;=7BU|7�./0KUK043P5 � E�7B,+U43]3HCFUK*�L�7B8/;�* � 7B8/9p?v*�LHElC<LHV`7�8�;>*_CFE]³�«"�A°¢®w«��QXBª>° Z 8�3&*=L^8/*>3�Mw5@M^3H*=VXMr��*<o§S/o�Iu*=.QM^*=LwT�*=LHM��Ao
�R8/9+*�Ln3H(/* � 8Y5/»)7BM^3x?h7�L�7B9+0KSFV � 3H(/*`ÁP.v*[Mw3x?hC�MHM^0K./UK*=Â ?+LHCbTO029+*�LxCFE�M^*=LwT@02;>*R02Mn029@*=8Y3H0Kz/*=9WC<,+3xCFE�V`7�8Y5eM^,/;�(
?/L^CbTO029+*=LHM-CFEjM^*=L^TO02;�*<o��R8/9+*�L-3&(+*k :7B8�5�»)7BMw3"?h7�L�7B9+0KSFV � ÁH7�UKU2Â:?/L^CbT@029@*=LHM-CFEjMH*�L^TO02;�*k7�LH*t;�C<8Y3�7<;>3H*[9q3HC
M^?v*�*[9e,+?e3&(+*RM^*=L^TO02;�*<o Z 8W.hC<3H(X;[7BMH*=M � 3&(+*]V",/U43H0K?/UK02;>043P5sC<E�?/L^CbT@029@*=LHMnC<E�M^*=L^TO02;�*]02M�8/*=;�*=M&M&7�L^5-3&CD9@*b7�U/ij043&(
3&(+*r02MHM^,/*_CFEaMH;[7BUK*_0K8�7�³�«"��°¢®w«��QXBª>°v*=8YTO0KLHC<8/VW*�8Y3[o

�R8/9+*=L·3&(+*R©YCFVW*b»)7BM^3a?�7BL�7B9+0KS<V � ;�UK0K*�8Y3�M�7�LH*\*=VW?hCbiy*=LH*=9 3&CN*��@?+UKCF043a3&(+*)V",+U43&0K?+UK02;�043P5DCFE/LH*[M^C<,/L&;>*[MaM^C
7<M�3&CjVW*=*>3$M^?v*=;�0Kz�;GLH*=UK0|7�./0KUK04365-7B8/9rLH*[7BU4c¢3&0KVW* ¹ CO©_;>CF8/M^3HL�7�0K8Y3�M�o Z 8 CB3&(+*=L~iyCFL&9+M � 3H(/*\©YCFVW*b»)7BM^3~?h7�L�7<9@0KSFV
02MQ%�­�±d«"��°¢®w³�¬���« � o Z 3G*=8�7B.+UK*[MGV-,/U43&0K?+UK*)L^*[M^CF,+L&;>*[M�7=T<7B0KU|7�./UK*j0K8W7�8s0K8/(+*=LH*�8Y3HU45".v*=Mw3Hc
*��vC<L^3G*�8YT@0KL^CF8+VW*=8�3G3HC_.h*
UK*�TF*=L&7BSF*=9"3&CD7B;�(+0K*�T�*R7N?/L^*[MH;�L^0K.v*=9 ¹ CY©vo � ;>UK0K*=8Y3��lCFL�LH*=;�*=04TF*=L��G;>CF8�3A7<;A3�MrÁ^M^CFVW*=ÂN?/L^CbT@029@*=LHM�CFE�M^*=LwT@02;�*]7<M
8/*�*[9@*[9�oG')(+*N9+*=UK*�SY7b3&0KCF8`C<E ¹ CO©sV`7B8�7BSF*�VW*=8�3n3&C-;�UK0K*�8Y3�Mx02M)7�3^3&L�7B;>3H04T�*�.h*[;=7B,�M^*R043\*=8�7B.+UK*[Mx3H(/*�L^*[;>*=04T�*�L&M
3&C (h7�T�*jT�*�L^5e9+04T�*�L&M^* ¹ CY©"LH*=1Y,+0KLH*=Ve*=8Y3&M�ij043&(+CF,+3xLH*=M^,/U43&0K8+SD0K8t7 Mw3�7�3&*>c
*>�@?/UKCFM^0KCF8W?+LHCF.+UK*=V¼7b3x3H(/*RM^*=8/9+*�L
��C<Lj8+*�3PiyCFL^�/�Ao

< � )�J ��� - ) �����Z-���� 
 �v�v� -O�v� �>- �����,-	� � �·�UEU-	� ( ��� - 
 �,C>�F� ¨·0KSF,+LH* z 0KUKUK,�Mw3&L&7�3H*[M\3&(+*_SF*=8+*=L&7BU£7BLH;�(+04c
3&*=;>3H,/LH*XC<E]7�©YCFVW*b»)7<Mw3-Mw5+Mw3&*�VQokIJ*t7BMHMH,+VW*e3&(h7b3mÁ^;>CF8Y3H*=8�3�ÂQ02M 3&C�.h*t9+*�UK04T�*�LH*[9JE�LHCFV 7 � X! @ª6%�«r3HC�7
?vCB3&*�8Y3&0|7�UKU45kTF*=Lw5kU|7BL^SF* 8O,/V-.v*=LjC<E\ª&«�%�«>±�&B«�ª ����CFL];�UK0K*=8�3�M��y3H(/LHC<,/S<(�7s8Y,/V".h*=LjCFE\��«"� � «�ª � � *b7B;�(QC<E·i](+02;�(
7<;A3�My7<M\7r?+LHC[�O5eCFE�3H(/*�M^CF,+L&;>*"��0¢o§*<on7BM\7�8XCF,+3HUK*�3yE�CFLn3&(+*�;�C<8Y3&*�8Y3A�Ao#""�]8�9@*=Lj©YCFVW*b»)7BM^3 � *[7<;&(`MH*�8�9@*=LyM^*�3&M
,/?Q7-V-,/U43&02;=7<Mw3)S<LHCF,+?Q7B8/9p7-LH*[;>*=04TF*=L��^C<0K8�Mj7<M\V`7�8Y5XV",+U43&02;=7<Mw3jS<LHC<,/?�Mj7<MW�v«�%�«"���>¬Bª � 3HCeM�7b3&02M^E�5X043�M ¹ CO©
;�C<8�Mw3&L&7B0K8�3�M � 0K8�7B8�7<9/7B?+3H04T�*_E¢7<M^(+0KCF8~o

Z 3s02M"0KVW?vC<L^3�7B8Y3-3&C�*=VW?+(h7<M^0$#�*`3&(�7�3"3H(/*=L^*Q7�LH*q°%$4X�Á^9@02Mw3&LH0K.+,+3H0KCF8�Â�?+LHC<./UK*=VWM"0K8¤3&(/*p7BLH;�(+043&*[;A3&,+LH*
& @BADC�EwO�JMb�ADC S7TVb�S7QDJMT(' bVH*)YRDJMC�E7C XDcYO,+�O�JMcKT X�Q-) Z;TVJBH*.-E7TVJ%/kTVJMEPOKb1S7C�XDcYOKEBRDJMH10'C TVE2.
HKJPO E7C�XDc*+�T bVHKX
S7T�X
SwEMHKQDJMbVT3'rC�E
4�QDC�b�L5+ [

Z;TVC�XDcWOKb�bVTVR'S7TVU"O�EPC�XDT6/'C S�OKZ-+ T	.
HKJPEMbaO7+�O�Z-+�T siXkS7TVJMXDT�SwEM[�EMS7T8)YE:9 t�p<;Kh'p�tan1= y



ä?å$æ�ç?è�éVênë ����� ���V�
4�	�2'!�� %����N��������� 	
!"� � 4���	*��	�
'�W�����
	<�k�����W��������	
�������
���P%;%')>��� �����V��
���%'������)*4 � �
�1�V� ¥

C
on

te
nt

 D
el

iv
er

y 
N

et
w

or
k


Source S0


Client


C
on

te
nt

 D
is

tr
ib

ut
io

n

N

et
w

or
k


Proxy S1


Proxy S2


Client


Client


Client


Proxy S3


Senders
   SomeCast
 Receivers


¨·0KSF,+LH* z µn')(/*D©OC<VW*�»\7<Mw3R�G7�L�7B9+0KSFV

9+*�?/02;A3&*[9:0K8q¨·0KSF,/L^* z µs� z �j3&(/*sM^CF,+L&;�*-V",�Mw3_9+02Mw3&L^0K./,@3&*"3&(+*e;>CF8�3&*=8�3N3&Ct043�MN?+LHC[�@0K*[Me��3&(+*sM^*=8�9@*=LHMA� � 7B8/9
� � �]3&(+*eMH*�8�9@*=L&MNV",�Mw3_LH*�U|7=5:3H(h7b3 ;�CF8�3&*�8Y3N3&Ck3H(/*sL^*[;�*�04T�*�L&M�os')(+*[M^*"3PiyCp?+LHCF.+UK*=VXMr7�LH*e1Y,/043H*e9+0K�h*=LH*�8Y3=o
Z 8p3&(+*Dz/LHM^3 � 3H(/*-Mw5+Mw3H*=V¶02MtÁ^;>UKC�M^*[9+ÂW0K8Q3&(+*-M^*=8/M^* 3H(h7�3]3&(+*-M^*>3�C<EG?+LHCb�O0K*[M�7BLH*"7�UKU$�Y8/C[i]8�¬NV�ª>±�XBªA± � 7B8/9
7BL^*Q��VWCFMw3_UK0K�<*=U45/�Ri]043H(/0K8�3&(/*s;�C<8/z+8/*[MNCFEy7tM^0K8/SFUK*sC<LHS�7B8/0$#[7�3H0KCF8mCFL_8+*�36i\CFL^�¤��*<o§S/o-;>CF8�3&*=8�3rL^*=?+UK02;[7�3H0KCF8
M^*=LwT@02;�*=M~CF8_3H(/* Z 8Y3H*=LH8+*�3y� z��b���b� �Ao Z 8N3&(+*xM^*=;�CF8/9 � 3H(/*nMw5@M^3H*=V¾02MRÁPCF?v*�8�Â)0K8_3&(+*xM^*�8�M^*G3H(h7�3�3&(+*��l?vCB3&*=8�3&0|7�UKU45
T�*�L^5mU|7BL^SF*��_M^*�3DCFE\LH*=;�*=04TF*=LHM-7BLH*W8/CB3-�Y8/C[i]8�¬ VhªA±YXBªA± � 3&(+*�5mCF?h*=L�7b3&*W0K8/9+*�?v*=8/9+*�8Y3&U45J7�8�9qV`7=5�L^*[1Y,+0KLH*
M^0KSF8+0Kz�;[7�8Y3HU45Q9@0K�v*=L^*=8�3 ¹ CO©ho�')(/*"©OC<VW*�»\7<Mw3]?�7BL&7<9+0KS<V 7B9/9@LH*[MHM^*[M)3&(+*D;�(�7BUKUK*�8/SF*=M]?hC�M^*[9k.Y5t3&(/* MH*=;�C<8�9
CFE£3&(+*D7B.hCbTF*_3PiyCW9+02Mw3&L^0K./,+3H0KCF8p?/L^CF.+UK*=VXM�o��

( �=�,�Z- A �h�UE A �£�,���-�D�ZE:�,-	�ZC ��C ( � �Z-Y� �J�����k�2���|�b� ) �DC��N����E�- �LCB��� 8/C<3H(/*�La0KVW?vC<L^3�7B8Y3G;>CF8�M^029@*=L�7b3&0KC<8
0K8�3&(+*q7BLH;�(+043&*[;A3&,+LH*m9+*=?+02;>3H*[9g0K8¾¨·0KSF,+LH* zB� 02M`3H(/*�8h7b3&,/L^*mC<Er3&(+*q;>CF8�3&*=8�3k.v*�0K8/S�9+02Mw3&L^0K./,@3&*[9�o '\iyC
?vCFMHMH0K.+0KUK043&0K*=Ms*��O02Mw3[µ�� z �r3&(+*k;�C<8Y3H*=8Y3s;>CFVW?+LH02M^*[Ms7:M^0K8/S<UK*kC<.F�^*=;>3p��*<o§S+oJ;>,/L^LH*=8�3s./029+M�� 3H(h7�3"02M",+?�9�7b3&*=9
ElL^*[1�,/*=8�3&U45-.Y5-3H(/*jMHC<,/LH;�* � C<LR� � �$3H(/*];>CF8�3&*=8�3n;�C<VW?/L^02MH*=M�7NUK04TF*]E�*=*=9Q��*<o§S+oa?+LH02;>*[MGCF8"3&(/*jMw3&C@;&�D*��@;�(h7�8/S<*��
3&(�7�3N02MN;�CF8/Mw3A7B8�3&U45�S<*=8+*=L�7b3&*=9m7b3�3&(/*"MHC<,/LH;�*Fo_')(+*X©YCFVW*b»)7BM^3�?�7BL&7<9+0KS<V ;=7B8�.h*",�M^*=9�3HCkM^,/?+?vCFLw3W³�X<° �
CFE£3&(+*[M^*rVWCO9+*�U2M=o

�R8/9+*=L_3&(/*ez+L&Mw3 VWC@9@*=U � MH*�8�9@*=L&M 7<;>3-7BMeª&« V/«�¬<°
«>ª ��oW'\(/*�5m;�CF8�3&0K8Y,/CF,/M^U45u7B8/9qL^*=?h*b7�3H*[9@U45mV",/U43H02;[7BM^3
3&(+*pVWC�Mw3Hcd,/?@cd3&CBc69/7�3&*t;�CF8�3&*�8Y3WCF8�3&(+*=0KLWL^*[M^?v*=;>3H04T�*pV",/U43H02;[7BM^3eSFL^CF,/?/M�o ¸ *[;>*=04T�*�L&MW�wCF0K8�7<MeV`7�8Y5�M^,/;�(
V",+U43&02;[7BMw3�SFLHC<,/?/Mx7BMG8/*[;>*[MHM&7BLw5D3&CrL^*�3HLH0K*�TF*]M^,�;&(W;>CF8Y3H*=8�3�0K8`7R3&0KVW*�U45"E�7<M^(/0KC<8~oa')(+*R;>CF8�3&0K8O,+CF,/M � ?h*=LH0KCO9+02;

� @BADTVJMT OKJMT�)�O�X
[`RDJMH�UDQDb1S7EYC X S7ADT�)WO�JMLKT�SMg R-+�O�bVTWS7A8O�S]OKUDUDJMT�E7E S7ADT�UDC�EMS7JMC�ZDQ'S7C HkX H*.PbVHKXkS7TVX
S�.
JMH*) E7HKQDJMbVT�S7H RDJMH10'C�T�E
9 tan'p��kl�= y



ä?å$æ�ç?è�éVênë ����� ���V�
4�	�2'!�� %����N��������� 	
!"� � 4���	*��	�
'�W�����
	<�k�����W��������	
�������
���P%;%')>��� �����V��
���%'������)*4 � �
�1�V� ¿

LH*>3&L&7B8�M^VW02MHM^0KCF8XCFE£;�C<8Y3H*=8Y3y.Y5XM^*=8/9+*=LHMy02M\MH0KVe0KU|7BLx3&CD3&(+*_¡yL^CY7<9+;[7BM^3)��02M^�e3H*[;&(/8/021�,/*=My?/L^CF?vCFM^*[9X0K8u� �O� ´ �
�
3&(+*R��0KS<043A7BU�¨�C<,/8Y3�7B0K8s3&*=;�(+8/021Y,+*[M�?+LHC<?vC�M^*=9e0K8��§¿ �d� 7�8�9"3&(+*N»x5@;�UK02;R¡x*[Mw3x¦��vCFLw3x�N�N���GLHC<3HC@;>CFU/?+LHC<?vC�M^*=9
0K8J� � � o�')(Y,�M � ,/8/9+*=Ly3&(+02M)VWCO9+*�U � ;�C<8Y3&*�8Y3 � Cbi]M)0K8p7"M^3HCFL^*�cP7�8�9Oc
ElC<L^i)7BL&9XE¢7<M^(+0KCF8tElLHC<V¼3&(+*rM^CF,+L&;>*�3&C-3&(+*
M^*=8/9+*=LHMx7B8/9"3&(/*�8eElLHC<V 3&(+*]MH*�8�9@*=L&Ma3&C_3&(+*]L^*[;>*=04T�*�L&M�oG¦G�/7�VW?/UK*]7B?/?+UK02;[7b3&0KCF8/M�3H(h7b3xz@3�3&(h7b3nVWC@9@*=U@i\C<,/U29
.v*N3&(+* V-,/U43&02;=7<Mw3jCFE$L�7B9�7BL)0K8/E�CFLHVX7�3&0KC<8 � C<Lj3H(/*_V",/U43H02;[7<Mw3jC<E$3&(+* Mw3A7b3&,/MjC<EG7�8pCF8@c
UK0K8+*-7�,�;A3&0KCF8�o

�R8/9+*=LN3H(/*sM^*[;�C<8�9:VWC@9@*=U � M^*=8/9+*�L&M 7B;>3 7<M"ª&«�­K¬ � �&o-')(+*�5:LH*=;�*�04T�*W7`MH*�SFVW*�8Y3_C<En3H(/*sMw3&LH*[7BV � i](+02;�(
3&(+*�5mV-,/U43&02;=7<Mw3 CF8/;�*eCF8q3&(+*=0KL L^*[M^?v*=;>3&04TF*WV",+U43&02;[7BMw3DS<LHC<,/?�M�o ¸ *=;�*=04TF*=LHM �wCF0K8�7BM V`7�8Y5mM^,�;&(uV",/U43H02;[7BM^3
SFL^CF,+?�M)7BMy8/*=;�*[MHM&7BLw5e3&C-.v*_7B.+UK*�3&C-L^*[;�C[T�*�L)M^,/;�(kM^*=S<VW*=8�3�Mn0K8p7r3&0KVW*�U45WE¢7BM^(/0KCF8m�l0¢o§*FoG.h*=E�CFLH*R3H(/*NM^*=8�9@*=LHM
Mwi]043&;�(u3&CQ3&(+*X8/*��Y3"M^*�SFVW*�8Y3>��op')(Y,�M � ,+8�9@*=L 3&(+02MDVWC@9@*=U � ;�C<8Y3&*�8Y3 � C[iRMD0K8�7p?+0K?v*=UK0K8+*[9JE¢7BM^(/0KCF8JE�LHC<V
3&(+*-M^C<,/L&;>* 3HCW3H(/*DM^*=8�9@*=LHMj3&Ce3&(/* LH*=;�*�04T�*=LHM�oj¦��+7BVW?+UK*-7B?+?/UK02;[7b3&0KC<8�M]3H(h7b3�z@3R3&(h7b3RVWCO9+*=U�i\CF,+U29Q.v*r3&(+*
V",+U43&02;[7BMw3DC<E)UK04TF*XEl*�*[9/MrElL^CFV 7QMw3HC@;��:V`7BL^�F*�3 *>�+;�(�7B8+SF* � CFLr3&(+*XV",+U43&02;=7<Mw3 CFE)MH*�8�M^CFLw5m0K8/E�CFL^V`7�3H0KCF8uC<L
UK04T�*_TO029+*=C+o

Z 3$M^(/C<,/U29r.h*x;�UK*[7BL~3H(h7�3£ElLHC<V¾3&(+*�?v*=LHM^?v*[;A3&04TF*nCFE@9+02Mw3HLH0K./,@3&0K8+S�;>CF8Y3H*=8�3$E�LHC<V¾3&(+*n?/L^Cb�@0K*=My�l0¢o§*<obM^*�8�9+*�L&M��
3&Ct3H(/*"LH*=;�*=04TF*=LHM � 3H(/*"?/LHC<./UK*�V 02M_029+*�8Y3&02;=7BUa,/8/9+*=L_.hC<3H(mVWC@9@*=U2M�o-')(Y,�M � 3&CpM^0KVW?/UK0KE|5:C<,/L_?+LH*[M^*�8Y3A7b3&0KC<8 �
ElC<Ln3H(/*RL^*[Mw3yC<E�3H(/02Mn?h7B?h*=LN�¢7B8�9si]043H(/C<,+3yUKC�MHMnC<E�SF*=8+*=L&7BUK043P5/� � iy*N7<MHM^,/VW*j3H(h7b3x3H(/*]z/L&Mw3xCFE�3H(/*�7B.vC[T�*j3PiyC
VWCO9+*=U2M\02Mj0K8p?/U|7�5�o

= -	-	E A ( �������u�v� 
�� ) ��E$�����m�l� ( ��� - 
 �DC��F� Z 8p©YCFVW*b»)7<Mw3 � L^*[;�*�04T�*�L&MxLH*=;�*=04TF*R3H(/*�V-,/U43&02;=7<Mw3y;�CF8�3&*�8Y3
ElL^CFV V",/U43H0K?/UK*)M^*�8�9+*�L&M�oa')(Y,�M � 7R�<*�5-;�C<VW?vC<8/*=8�3aC<E�3H(/*]©YCFVW*b»)7<Mw3a?h7�L�7B9+0KSFV 02Ma3H(/*\,/M^*\CFEv7RVW*=;�(h7�8/02M^V
3&(�7�3j*�8�M^,/L^*[My3&(�7�3)3H(/*�TF7BL^0KCF,/M]M^*�SFVW*�8Y3�MxCFE·;�C<8Y3H*=8Y3 ��L^*[;>*=04T�*=9tE�LHC<V 3&(+*NTF7�LH0KCF,/MjM^*=8/9+*�L&M��\7�LH*_0K8/9+*=?h*=8@c
9+*�8Y3 � 7B8�9k3&(Y,�MR;=7B8�.v*D;�C<V"./0K8+*[9p*=}W;�0K*�8Y3HU45k3HCXC<.+3A7�0K8Q3&(+*DCFLH0KS<0K8h7�U·;�CF8�3&*�8Y3[o)'$CW3H(h7b3�*�8�9 � ©YCFVW*b»)7BM^3
7<MHM^,/Ve*[My3&(�7�3];�CF8�3&*�8Y3j02Mj*�8�;�CO9+*=9k,�M^0K8+S`7 ¸ *=*=9@cw©YCFUKC<VWCF8t*=8/;�C@9@0K8/SeVW*=;�(h7�8/02M^VQo

¸ *�*[9Ocw©OC<UKCFVWC<8�»yCO9+*=Ms� ¸ ©+»j�D� � ¿ � 7�LH*"7e?vCF?+,/U|7�L_¨a¦y»¾;�C@9@0K8/SX3&*=;�(+8/021Y,+* � ij(/02;�(:02MR,�M^*=9Q0K8�VX7B8Y5
¨a¦\»nc
.h7BM^*[9QLH*�UK0|7B.+UK*"V-,/U43&02;=7<Mw3R?/LHCB3&CO;�CFU2M"� � �O�����b� o ¸ *=*=9@cP©OCFUKC<VWCF8Q;�C@9@*[M�7BLH*D.h7BMH*=9QCF8Q3&(/*"7�LH043H(/VW*>3&02;
CFEyz+8/043&*�� � 7BUKC<02MA��z/*=U29+M`� �F½[� o ¸ *�*[9Ocw©OC<UKCFVWC<8+cdUK0K�F*W;>C@9@*[M_(h7�T�*e.v*�*=8u?+LHCF?hC�M^*[9u7�8�9m,�M^*[9m0K8�7t8Y,/V".h*=L
CFED?/L^C��^*=;>3&MkElC<Lp*�}X;>0K*=8�3Q0K8/E�CFL^V`7�3H0KCF8 LH*>3&L^0K*�TF7�U¢o¶¦��+7BVW?+UK*[Mt0K8�;>UK,�9@*g� z �W3&(/* Z 8+ElCFL^V`7�3H0KCF8 �R02M^?v*=LHM&7BU
� UKS<CFL^043&(/V � Z � � ��� � ´ � ,�M^*=9�ElC<L`*�}X;>0K*=8�3 � M^*=;�,/L^* � 7B8/9�E�7B,/U43^cd3HCFUK*=L&7B8�3t?h7�L�7�UKUK*=UN9�7b3A7J7<;�;�*=M&Mm� � ½[�
� � � �
3&(+* � 9/7B?@3&04T�* Z � � ;>CFVWV",+8/02;=7�3&0KC<8:?+LHC<3HC@;>CFUj� ½[� ,�M^*[9�0K8q']»)�¾¡yCFMw3&CF8�3HCp7<9+9+LH*=MHM�3H(/*"E�L�7BS<VW*=8�3A7b3&0KCF8
?/L^CF.+UK*=V CFE Z �JC[T�*=L � 'j  � ¥ �d� 7B8/9�� � �G3H(/*�'$CFL^8h7B9+C";>C@9@*[M_� � �b� ,�M^*[9W0K8p�R0KSF043�7BU4c
¨�C<,/8Y3�7B0K8XV",/U43H02;[7<Mw3r��¿ � o

»yC<8�;�*�?+3H,h7BUKU45 � 7 ¸ *�*[9@cP©OC<UKCFVWC<8�;�CO9+*"02M_7XV`7�?/?+0K8/S`ElL^CFV 7�8��tc69@0KVW*=8�3&0KCF8�7BU£T�*[;A3&C<L_M^?�7<;�*-C[T�*=L_7
z/8+043&*Xz/*=U29�� 0K8Y3HCm7kT�*[;A3&C<L-MH?�7<;>*XCFEj(+0KSF(+*=L"9@0KVW*=8/M^0KCF8JCbTF*=L 3&(/*`M&7BVW*Wz/*�U29�o�©Y3A7�L^3H0K8/S:E�LHC<V�7Q9/7�3�7
M^*=S<VW*=8�3D�����
	�� " 	
������	������ " � � i](/*�LH* *[7<;&(���� 02M�7�8Q*�UK*=VW*�8Y3jCFE·3H(/*rz/*�U29 � 7 ¸ *=*[9Ocw©YCFUKCFVeCF8Q;>C@9@* ?+LHCO9+,�;>*[M
���e� � ��	��e���+��	��e��� �A��	
������	��W����� � " �^� � ij(/*�LH* � 02M]3&(/*D8Y,/V".h*=L]CFEG*=UK*=Ve*=8Y3&M]0K8!� � �k02MN7WS<*=8/*�L�7b3&CFLRC<Ea3&(+*
;>5@;�UK02;RSFL^CF,+?tC<E~8/CF8 #=*�LHC-*�UK*=VW*�8Y3&Mx0K8"� � 7�8�9#�e�%$���02Mx3H(/*�?vC<U45@8/C<VW0|7BU&���(')� " $*'+������',����� " $

��� "�o Z E-�
02MjS<LH*b7b3&*�Lj3H(h7�8.� � 3&(+*=8k3&(+*rT<7BUK,+*[MjC<E/� CbT�*�L&M^?v*=;�0KE|5"� � 7B8�9t3H(/*r?/L^CF?v*�L^3H0K*[MjC<E·z/8+043&* z+*=U29+MjSF,�7BL�7�8Y3H*=*
3&(�7�3]3H(/*D;>CO*�}X;>0K*=8�3�M)CFE0� �l8h7�VW*=U45 � 3&(+* CFL^0KSF0K8�7BU$9�7�3�7eM^*=S<VW*=8�3>�y;[7�8Q.v*rLH*[;>CbTF*=LH*=9pElL^CFV 7B8�51� CFE$3&(+*
TF7�UK,/*=M=o

')(+* ©OC<VW*�»\7<Mw3\?h7BL&7<9@0KSFV i\*N?/LHC<?vCFMH*�0K8t3H(/02M\?h7�?v*�L\02MN±�� � « V/«"� � «"�h°hC<E~3&(+*_M^?v*[;>0Kz�; ¸ *=*=9@cP©OCFUKC<VWCF8
;�CO9+0K8+S-3H*[;&(/8/021�,/*�;�(/CFM^*=8XElC<L)7�8`0KVW?+UK*=VW*�8Y3A7b3&0KC<8~o MRC[i\*�TF*=L � 3&CDV`7B�<*RC<,/Ly?/L^*[M^*=8�3A7�3H0KCF8`;>CF8�;>LH*>3&*>f�7�8�9
ElC<L_?/,+LH?vCFM^*[MNCFEx0KUKUK,/Mw3&L�7b3&0KC<8J7B8/9m9+*�LH04TF7b3&0KC<8mCFEyM^?v*=;�0Kz�;"L^*b7�UK0$#b7�3H0KCF8/Mwfºiy*"i]0KUKUx7B9+C<?+3rCF8+*eM^,/;�(q;�CO9+0K8+S
3&*=;�(+8/021Y,+* � 8h7BVe*=U45 3&(/* Z 8+ElC<LHV`7b3&0KCF8s��02M^?v*�L&M&7BU � UKS<CFL^043&(/V¶� Z � � �$C<E ¸ 7�./0K8�� � ´ � oaÃRCB3&*y3&(�7�3GC<3&(+*=L ¸ *=*=9@c



ä?å$æ�ç?è�éVênë ����� ���V�
4�	�2'!�� %����N��������� 	
!"� � 4���	*��	�
'�W�����
	<�k�����W��������	
�������
���P%;%')>��� �����V��
���%'������)*4 � �
�1�V� �

©OC<UKCFVWC<8+cdUK0K�F*];�CO9+0K8/Sr3&*=;�(+8/021Y,+*[MR�l*Fo�S/oG'£CFLH8�7<9@Ct� � ��� �·V`7�5"(h7=TF*]VWC<LH*R7b3H3HL�7<;A3&04TF*]?/L^CF?v*�L^3H0K*[MG3&(h7�8e3&(+C�M^*
CFE Z � � i]043H(JL^*[M^?v*=;>3r3&CQ*�8�;>C@9+0K8+S:7B8/9J9@*[;>C@9+0K8+SQ*=}W;>0K*=8�;A5���ElC<L *��+7BVW?+UK*���o`')(O,/M � 0KER©YCFVW*b»)7<Mw3r02Mr3HC
.v*D9+*�?/UKC[5�*[9 � Z � � V`7�5k8/CB3�.h* 3H(/* .h*[Mw3N;&(/C<02;�*Fo)ÃR*>T�*�L^3&(+*=UK*=M&M � ElC<Lj3&(+*D?+,/LH?hC�M^*[M]C<E·3&(+02MR?�7B?v*�L � Z � � ^§M
*=UK*�SY7�8�;�* 7�8�9kM^0KVW?+UK02;�043P5Xij0KUKU$7�UKUKCbi ,�My3&CsElCO;�,/M\CF8t3&(+*r9+*>3A7B0KU2M)C<E£3H(/*D©OC<VW*�»\7<Mw3)?�7BL�7B9+0KS<V 7BM)C<?/?vCFM^*[9
3&C"3&(+* 9+*>3A7�0KU2MjCFE£3&(/*_,/8/9+*=L^U45@0K8+SW*=8/;�C@9@0K8/SY�B9+*=;�CO9+0K8/S"3&*=;�(/8+CFUKC<S<5�o

'$C�,+8�9@*=L&Mw3�7B8�9J(+Cbi Z � � iyCFL^�@M � ;>CF8�M^029@*=Lp�¢7:M^*=SFVe*=8Y3-C<E��D7:9�7b3A7QCF.	�^*[;A3-3&C�.h*tV-,/U43&02;=7<Mw3[o �~*�3
3&(�7�3sC<.F�w*[;>3s;�CF8/M^02M^3sCFE�� ³�­ X % � �W�lCFL"?h7<;&�F*>3�M��Aou��M^0K8+S Z � � ^ M � ±��YV/«>ª ��¬B­ X�V/«>ª&¬<°�±�X�� � 3H(/02M"C<.F�^*=;>3e;>CF,+U29
.v*t?/L^C@;>*[MHM^*[9u3&C�CF.@3A7B0K8 ��� � ./UKC@;&�@M � i](+*=LH*.��� z 02M-3H(/* �A°�ª&«�° % ��� ¬ %�° XBªAo ¸ *=;�C<V"./0K8+0K8/S�¬�� � � CFE
3&(+*[M^*N.+UKC@;��OM � ,�M^0K8/S Z � � ^§MNªH«�%�X�� �A°�ª* D%�°�±YX�� X V/«>ª&¬<°�±�X�� � 02M)MH,+}W;�0K*=8�3\3&C-LH*�3HLH0K*>T�*�3&(/*�CFLH0KS<0K8h7�U~9/7�3A7DCF.	�^*=;>3[o
¨·0KSF,/L^* � 0KUKUK,�Mw3HL�7�3H*[M)3H(/*r9+02M^?v*�L&M&7BU � ;�C<VWV",+8/02;[7b3&0KC<8 � 7�8�9kLH*=;�CF8/Mw3&LH,/;>3H0KCF8pC<EG7�8pCF.	�^*=;>3],/M^0K8/S Z � � o

D
is

p
er

se

R
ec

o
n

st
ru

ct

memory page,
video frame,
D.B. record.

 N
et

w
o

rk

Source Senders Client

Dispersed
   Object 

   Original 
    Object

  Retrieved
    Object

Blocks received from 
multicast groups to 
which client is a member

Unavailable
   blocks

¨·0KSF,/L^* � µy�R02M^?v*�L&M&7BU£7�8�9kLH*=;�CF8/Mw3&LH,/;>3H0KCF8pC<E·0K8+ElCFL^V`7�3H0KCF8k,/MH0K8+S Z � � o

� 021.5�3	��
g%7� 1 0 1.3�%65
� 361�� !B3^��%�# 5��/� ! �v%�� � �
�B1��r� � 1 � 5��/��� 5)�;5]�"%�� �

Z 8¤3&(+02MWM^*=;>3&0KC<8 � i\*p?+LH*=MH*�8Y3X7B8�0K8/Mw3A7B8/;�*kCFE_7q©OC<VW*�»\7<Mw3Hcd*=8h7�./UK*=9¤?+LHC<3HC@;>CFU\3&(�7�3e*=VW?hCbi\*�L&Me7mM^*�3eCFE
LH*=;�*�04T�*=LHMy3&CsM&7b3&02M^E�5`9+04TF*=L&M^*NLH*[7BU4cd3H0KVW* ¹ CO©X;�CF8/Mw3&L�7�0K8Y3&M\0K8p7-L^*=UK0|7�./UK*rV-,/U43&02;=7<Mw3)M^*�3H3H0K8/S+o Z 8Q©Y*[;>3H0KCF8t´/o zB�
i\*rS<04T�*D7�8pCbT�*�L^TO0K*�i CFE£3&(/*_?/L^C<3&CO;�C<U � ElC<UKUKCbiy*[9k0K8:©O*[;A3&0KC<8Q´+o � i]043&(�7"9+*�3�7B0KUK*=9Q9@*[MH;�L^0K?+3H0KCF8~o

����� �������������! �"$#!%&�'#�()%+*

Iu*W;�CF8/M^029+*=L_3&(/*eL^*=UK0|7B.+UK*XV-,/U43&02;=7<Mw3 C<E)7B8uC<.F�^*=;>3rCFE\M^0$#=* � ?h7B;��F*>3�M�oeIu*`7BM&M^,+VW*"3&(�7�3r3&(+*WC<.F�w*[;>3 02M
*=8/;�CO9+*[9qM^Cp3H(h7�3 *[7<;�(uM^*=8/9+*�L-,/.)(�7<M�0$� � ?�7<;&�F*�3&M � ij(/*=L^*1032 �5456 � �e02M_3&(/*WM^3HLH*>3�;�(mE¢7B;>3&C<LrCFEx3&(+*
*=8/;�CO9+0K8/S`7B8/976�02Mj3&(/*_3&C<3�7BU£8Y,/V".h*=L]C<EGM^*=8/9+*=LHM�o8,/.�M^3�7BLw3�MR7eV",+U43&02;=7<Mw3]SFLHC<,/?QCbTF*=Lji](/02;&(�043�M]?�7<;��<*�3&M
i]0KUKUn.v*WMH*�8Y3 CF8+U45m0KEy3H(/*=L^*W02MD7�3DUK*[7<Mw3 CF8/*eLH*[;>*=04TF*=Lr3H(h7�3 02M-7kVe*=V".h*=L_CFEy043&M S<LHCF,+?~o � 3s7�8Y5�?vC<0K8Y3D0K8
3&0KVe* � 0KE�,/.az/8/9/M\3&(�7�3j043�MjS<LHCF,+?p02Mj*�VW?+365m��0¢o�*Fo � ij043&(p8/CsVW*=V-.v*=LHM�� � ,/.GMw3HCF?�M\3HL�7B8/M^VW043H3H0K8/Ss?h7B;��<*�3�M�o

�£*>39, �W.h*W3&(+*X?/LH0KVX7BL^5uM^*�8�9+*�L=o Z Ey3&(+*=L^*X02M-8+C:9+*[7<9+UK0K8+*`L^*[1Y,+0KLH*�VW*=8�3�MrCFLD3H(/*`9@*=U|7=5q.hCF,+8�9/M-7BL^*
T�*�L^5:UKCYC�M^* � 3&(+*=8u7`L^*[;�*�04T�*�L_V`7=5�CF8+U45 �^CF0K8�3&(+*sV",/U43H02;[7<Mw3_S<LHC<,/?mCFE:, �-3HCkLH*=;�*=04TF*W7�3rUK*[7<Mw3 � ?�7<;��<*�3&M
7B8/9kLH*=UK0|7�./U45kL^*[;>CbT�*�L)3H(/*rC<LH0KS<0K8h7BU£9/7�3A7-.Y5`3&(+* 9@*b7<9@UK0K8/*<o

Z 8+043&0|7BUKU45 � 7_LH*=;�*�04T�*=LnV`7�5��wCF0K8WC<8/*]C<LnVWC<LH*jV",/U43H02;[7BM^3nS<LHCF,+?�Mx7<MHM^C@;>0|7�3&*=9"i]043&(WCF8+*]CFL�VWCFL^*RM^*�8�9+*�L&M�o



ä?å$æ�ç?è�éVênë ����� ���V�
4�	�2'!�� %����N��������� 	
!"� � 4���	*��	�
'�W�����
	<�k�����W��������	
�������
���P%;%')>��� �����V��
���%'������)*4 � �
�1�V� �

')(+C�M^*-M^*=8/9+*=LHM�M^*=8/9Q?h7B;��F*>3�M]C[T�*=L]3H(/*�0KL�V",+U43&02;[7BMw3RSFL^CF,/?/M�o�¡x5�7�UKUKCbij0K8/Sk7eLH*=;�*=04TF*=L]3HC �^CF0K8�7�UKU·S<LHCF,+?�M �
3&(+*`?+LHC<3HC@;>CFU\;=7B8J*=�v*=;>3H04T�*=U45u(�7B8�9@UK*tMw3&L^0K8/S<*=8Y3s9@*=U|7=5q.vC<,/8�9+M�o�¨/CFL-UK*[MHM-Mw3&LH0K8+SF*�8Y3s9@*=U|7�5J.hCF,+8�9/M � 3&(+*
LH*=;�*�04T�*=LjV`7�5`UK*b7�T�*D7�UKU~./,+3)3&(+*rz/LHMw3]SFL^CF,+?:7BMHMHCO;�0|7b3&*[9`i]043H(p3H(/*_?/LH0KVX7BL^5tM^*=8�9@*=L8, � o

�·*�LH0KCO9+02;[7�UKU45 � 7WLH*[;>*=04TF*=LN,+?�9�7b3&*=M�043&M�*[Mw3H0KV`7�3H*[MRC<E�043�M�UKCFM&MRL�7�3H*s7B8�9Q3H(/LHC<,/S<(/?/,@3NCFEG3&(+*"?�7�3H(�E�LHC<V
M^*=8/9+*=L ,/.wo � LH*=;�*�04T�*=Ln;=7B8s3&(+*=8e*=Mw3&0KV`7b3&*\3&(+*)3HC<3A7�U+8O,+V".v*�L�CFEh?h7B;��F*>3�M·3&(h7b3n043_«6� V/«�%�°L�£3HCrL^*[;�*�04T�*j.Y5D3&(+*
9+*[7<9@UK0K8/*\E�LHCFV MH*�8�9@*=L&M��bSFLHC<,/?/M$3&CRi](+02;�("043a02MGM^,/./MH;�LH0K.h*[9�o Z E+3&(/02M$02Ma8+C<3a*=8+CF,/S<(-3&C�L^*[;�*�04T�*)7BUKU � ?�7<;��<*�3&M
.Y5r3H(/*\9@*b7B9+UK0K8/* � 3&(+*=8D3&(+*yLH*=;�*�04T�*=LD�^CF0K8/Ma7<M·V`7�8Y5rS<LHCF,+?�MG7BM·8/*�*[9@*[9�oGÀ�8D3&(+*yCB3&(/*�L·(h7B8/9 � 0KE+3&(/*yL^*[;�*�04T�*�L
7B8�3&02;>0K?h7�3H*[MR3&CtL^*[;>*=04T�*`²  D% � VWCFL^*-3H(h7�8)��?h7B;��F*>3�M�.�5Q3&(+*s9+*[7<9@UK0K8/* � 3H(/*�8:3&(+*"LH*=;�*=04TF*=LN,+8�M^,/./MH;�LH0K.h*[M
ElL^CFV Á^M^C<VW*[ÂuS<LHCF,+?�MW3&C�C<8/U45ºLH*=;�*=04TF*�i](h7b3t02M`8+*=*=9+*[9�7�8�9º3H(O,/Mk7=TFCF029�,/8+8/*[;>*[MHM&7BLw5�3&L�7�8�M^VW02MHM^0KCF8/M=o
I�043&(+CF,+3sUKC�MHM"CFE]S<*=8/*�L�7�UK043P5 � i\*k(+*=8/;�*=E�CFLw3&(�7BM&M^,+VW*X3&(h7b3e0KE�7:LH*=;�*�04T�*=Ls9+*=;�029@*[M-3&C�,/8/M^,/.�MH;>LH0K.v*kE�LHC<V
M^CFVW*_V-,/U43&02;=7<Mw3)SFLHC<,/?/M � 043R9+CO*=MjMHCe.�5t,/8/M^,/.�MH;>LH0K./0K8+SeElLHC<V (/0KSF(+*=Lj8O,+V".v*�LH*=9tCF8/*=M)z/L&Mw3=o

Z 8q7B9/9@043&0KCF8:3&Ck9@5O8h7�VW02;[7�UKU45�7<9��^,�Mw3H0K8/S`3H(/*"8O,/V-.v*=L�C<EnSFL^CF,/?/M�3&C`ij(/02;&(u7XLH*=;�*=04TF*=L_M^,/.�MH;>LH0K.v*=M � 0K8
LH*=M^?vCF8/M^*r3HCe?/LHC<.v*=MjElL^CFV¶M^*=8�9@*=LHM � 7sLH*=;�*�04T�*=L]M^*=8/9/M]M^*�8�9+*�L , .GÃ � »I[ VW*=M&M&7�SF*[M)M^?h*[;�0KE|5@0K8+SW(+Cbi�VX7B8Y5
VWC<LH*-?h7B;��F*>3�M�043N8/*=*=9/M�ElL^CFV ,/.wo '\(O,�M � ,/.y;[7�8mM^*=8�9Q3&(/*-LH0KSF(�3 7BVeCF,/8�3NCFEx7<9+9+043&0KC<8h7�UG?�7<;��<*�3&MNM^C`3&(�7�3
7BUKU�L^*[;>*=04T�*�L&M)MH,+.�MH;�L^0K.v*=9`3&C"043�M)S<LHC<,/?pVe*=*�3y3&(/*�0KLj9+*[7<9+UK0K8+*[M�oGI�(+*=8/*>T�*�L]7-L^*[;�*�04T�*�LjLH*=;�*�04T�*[M � ?�7<;��<*�3&M �
043]UK*b7�T�*[M]7�UKU£V-,/U43&02;=7<Mw3)SFLHC<,/?/M)3&C"i](/02;&(p043R02Mj;�,/L^LH*�8Y3&U45kM^,/./MH;�LH0K.h*[9�o

��� � �������������! �� %�� ��� (�� �'( ���

'a7�./UK* z 0K8Y3HLHCO9+,�;>*[M�3&(/*R8/CB3A7�3H0KCF8Wiy*_7<9@CF?@3y3&(+LHC<,/SF(+CF,@3x3&(/02Mn?h7�?v*=Ln3&C-9+*[MH;>LH0K.v*RC<,/L)©OCFVe*�»)7BMw3Hc
*�8h7�./UK*[9
?/L^C<3HC@;�C<U¢oaIu*N9+*=MH;�LH0K.h*R3H(/*N9@*�3�7B0KU2MyC<E~CF,+Lj©OCFVe*�»)7BMw3Hc
*�8h7�./UK*[9e?/L^C<3HC@;�C<Uh.Y5W?/L^*[M^*=8�3&0K8+SD3&(+*NMw3&*�?�Mn,/8�9@*=Lwc
3A7��F*�8p.Y5X3&(+*"©Y*=8/9+*=L[�¢M��\7B8/9 ¸ *=;�*=04TF*=L[�¢M��\7�3)TF7BL^0KCF,/M]Mw3A7BS<*[M\CFE$3&(+*r?/L^C<3HC@;�C<U¢o

	 û�

�Bý�� � ú����������
� ���*� );�*!�� �H�w%[��%=��	
2�	
)����*4��
�V�n	-�
�V:D�u����=I.&�����R��������	 
D�H�P���*%'�*�
4���������	�
D� � 	����V:'�����I���(� �*� 4*����4*�
	
)*�
! �G%��V���+)8�*!�� �H� %=�/�1��)�4*�H���
"�# 68��)�4*�H� "�#
$ 6D�6���u���%��� ���u��%=� %[�N� �*� ������45�768%'�
%'!$%')5�9�
	�:'� ��)*��%;4*	
)*2'& ��= 2*=)(�* �,+ =w���8�*��� � �*� � %���	
2'	�)��
��4��
�V�

	�����:D�u���N�����Y��)*��%;4*��4`��%"%
���V�
	
) �<	 ��% $ > � 	�����:D�u����=
- > � ���*�"! �/.5	
!(�*! )8��!W�>�H��%[�£	�����:D�u���Y�6�V��)*�1!"	��1����4 ���r�`�1��)*4*�&���102���H��� -435$/6 ! =7(M) � �*	
�y	���	 �&�

0 �]�V�
:D� -83:9 =
;=<?>@$BADC/E�F # ���*�Y! �G.5	�!(�*! �1�BH8�*��)*���Y)8��!W�>�H�N%[�/4��
�V�(��%$� �Y�6�V��)*�1!"	��1����4`��� "@#
$BADC/E�F # ���*�Y�1�BH8�*��)*���Y)8��!W�>�H�N%[�h	�����:D�u�JIA	F��%�� �W�1��)D�����KIA��������	 
D��4-�K��%'! "�#
LNM "�# ���*�Y);�*!�� �H�N%[�h	�����:D�u���O�D�u�1�i��%��i� ���i�6�V�
)��1!$	��1����4 �k� � ���]��	
!$� "�# �1��)�4*�N�R	F��%�� �
PQLSR # ���*�Y�N������	 
D��4 � �
�V:D�u�Y#&%���)D���H��4*��)*%������ � �*�Y);�*!�� �H�N%[�h	�����:D�u���a��������	 
D��4 � �8�*��� �����4��%'! "�#
M2PQLSR ���*� �G%��V���G�N������	 
D��4 � ����:D�u�W#&%'�*)D���&��& M2PQLSR + 4*��)�%
������� �*����%
�V����)8�*!�� �H�]%[��	�����:D�u���n��������	 
D��4

� �8�*��� ���
T #&�<�6����)8��)8��!W�>�H�N%=�/2=��%'�<	�� ��%�02�*	
��� �R��������	�
'�&��	����1�5���1�&��	��>��4
U � ��������	�
'�&�DV � 4�����4*�
	�)*�
P # .w����	�! �
����4 � �<��%'�*2W�<	��*���4��%'! �1��)*4*�&� "�#
X # .w����	�! �
����4 �
%��1�G�V�
���Y%')`� �*�\	��
� �"�4��%'! �1��)*4��H� "�#
PYMOM ���*�Y! �G.5	�!(�*! �N%���)*45������	 	 � 	�!"�Y� ����0 ����) � �*�Y�1��)*4*�H� ��)*4 �R��������	 
D�&�

'·7B./UK* z µnÃRCB3A7b3&0KCF8k,�M^*[9k0K8pCF,+L�©YCFVW*b»)7<Mw3^c
*=8�7B.+UK*[9t?/L^C<3HC@;�C<U~9+*=M&;>LH0K?@3&0KCF8



ä?å$æ�ç?è�éVênë ����� ���V�
4�	�2'!�� %����N��������� 	
!"� � 4���	*��	�
'�W�����
	<�k�����W��������	
�������
���P%;%')>��� �����V��
���%'������)*4 � �
�1�V� z��

( -O��E�-	�Y� ( �=�D�[�
©/©ho z ¦y7B;�(�M^*=8�9@*=L ,/.N� � 2 � 	 z 	�������	 6�� z �]M^*�3�MR043�M�0K8/043&0|7�U �����
	��5.nCFEn043&M�z/LHM^3N?h7<;&�F*>3 7�8�9:043&M

��
 $ ������	�� . 7<M)ElCFUKUKC[iRM�µ

������	��5. 2 � � �
��
 $ ������	��5. 2 � � � '+��� z

©/©ho � Z EyM^*=8/9+*=L_(�7<MNLH*[;>*=04TF*=L&MN0K8q043&MrV-,/U43&02;=7<Mw3_SFLHC<,/? � 043 Mw3A7BLw3�M�3HCk3&L&7B8/MHE�*=L�3&(+*sz/L&Mw3 � 9�7b3A7
?h7<;&�F*>3�M�o

©/©ho � »yCF8/;�,+LHLH*�8Y3HU45`i]043H(QM^3H*=?�©+©vo � ��� 3H(/*rMH*�8�9@*=L]7B?+?/UK0K*=M];�CO9+0K8/S"3&C"3&(/*_z+L&Mw3 � 9�7�3�7-?h7B;��F*>3�M
3&CeC<.+3�7B0K8 � � ?�7<;&�F*�3&M�o

( -O��E�-	�Y��� ���,
·�����
©+�$o z �·*�LH0KC@9@02;[7�UKU45 � 7eMH*�8�9@*=Lj3HL�7B8/M^VW043�MR7s?/L^CF.h*D?+0KSFS<5Yc
.�7<;��<*[9pC<8:7e9�7�3�7e?�7<;&�F*�3=o\'\(/* ?/LHC<.v*

;�CF8/M^02M^3&M·CFE�7j3&0KVW*>c6Mw3A7�VW?r3&(�7�3a029+*�8Y3H0Kz/*[M£3&(/*n3&0KVW*\7�3·i](+02;�(D3&(+*y?/LHC<.v*y02MaM^*=8�3�7B8�9 ��� ,/.Po
ÃN7BVe*=U45 �

���8, . 2 ��
 $&������	�� . �+�����
	�� .

i](/*�LH* ������	��5.a02M)3&(+* M^*[1�,/*�8�;�*_8Y,/V".h*=L)CFE$3H(/*_?h7<;&�F*>3)3&L�7�8�M^VW043^3&*[9`ij043&(k3&(+*r?+LHCF.h*Fo

( -O��E�-	�Y��� < 
�� � ��� ) -FC�C[�����
©@Ã o z �R?vC<8pL^*[;�*�0K?+3jCFEa7sÃ � »\[ � M^*=8�9@*=L8, .·,+?�9/7�3&*=M ��
 $ ������	�� .$3&Cs3H(/*s²W¬ �B±l²  @² LH*=1Y,+*[Mw3&*=9

.Y5�7BUKU_LH*=;�*�04T�*=LHMt0K8 LH*=MH?hCF8/MH*:3&C�3&(+*qM&7�VW*�?/L^CF.h* � M^C�7<M`3HC�V`7B�<*mM^,+LH*u7BUKUNLH*=;�*�04T�*=LHM
MH,+.�MH;�L^0K.v*=9k3&Cs3&(+* V",+U43&02;[7BMw3]SFL^CF,+?QCFE�, . LH*=;�*�04T�*r3H(/*D7<9+9+043&0KC<8h7�U£?h7B;��F*>3�M)3H(/*>5k8+*=*=9p.Y5
3&(/*�0KL]9+*b7B9+UK0K8+*[M�o

©@Ã o � �R?vC<8"LH*=;�*�0K?+3GC<Ev7RÃ � »\[ � M^*=8�9@*=L�,/.�7BU2M^CN,+?�9/7�3&*=M·043�M$*[Mw3&0KV`7b3&*xCFE+3&(+*\VX7��@0KV-,/V ¸ CF,+8�9
'$LH0K?Q'\0KVW*X� ¸ ')'R�Ao

©@Ã o � Z EhM^*=8/9+*�L ,/.v9+CO*=Ma8/CB3�L^*[;�*�04T�*)Ã � »I[�LH*=1Y,+*[Mw3�M·ElC<L � ?/L^CF./0K8+S_0K8Y3H*=L^T<7BU2M·3HC_*�043&(/*�LG0K8/;�L^*b7<M^*
CFLW9+*=;�LH*[7<M^*"��
 $&�����
	��5. � 3H(/*=8�3H(/*p.hC<3^3&UK*=8+*[;&��LH*=;�*�04T�*=Lsij(/02;�(�LH*[1�,/*=M^3H*[9�3&(/*p;�,+LHLH*�8Y3
��
 $ ������	�� . V`7�5:(h7=TF*sUK*=E|3r3&(+*eV",+U43&02;=7<Mw3rS<LHC<,/?qCFE:, . o , . 3&(/*�8u9@*[;�L^*b7BMH*=M*��
 $&������	�� .
7<M)ElC<UKUKCbiRM�µ

��
 $&�����
	��5. 2 �����
	��5. ' �%��
 $ ������	��5.���������	��5.d� 4 �

©@Ã o§´ I (+0KUK*s3HL�7B8/M^VW043H3H0K8/S`3&(/*"U|7<Mw3 ¸ ')'�i\CFLw3&(mCFEn?h7<;&�F*>3�M � M^*=8/9+*�L_0KSF8/C<LH*=MrÃ � »I[ LH*=1Y,+*[Mw3�M
ElCFL]9+*[;>LH*[7<M^0K8/S ��
 $&�����
	��5.a3&CX7=T�C<029p*=L^LHC<L&MR9+,+*r3&Ce?vC�MHM^0K./UK* ,/8/9+*�L^c
*=Mw3&0KV`7b3&0KCF8pC<EaUKC�MHM^*[M
0K8p3H(/*_U|7<Mw3RM^3�7BS<*Fo

( -O��E�-	�Y� 
���E
©@¦jo z ©O*=8/9+*�L , . M^3HCF?/Mj043&M\3&L�7�8�M^VW02MHM^0KCF8kC<8�;�* 7BUKU~VW*�V".v*�L&M_��LH*=;�*�04T�*=LHM��y0K8p043�M)SFL^CF,+?QUK*[7=TF*[M�o
��� QDJ/RDJMH�S7H
bVH*+<)�OV[]H1/kTVJ�+�OKRWU8O�S�O S7J7OKXDE�)WC E7E7C HkX FPC S7AWTVXDbVH
UDC�XDc� �UDT�bVH�UDC�XDcDp�ADTVXDbVTwUDJ7O*)WO�S7C�baO7+ + [ JMTVUDQDbVC XDc +�O�S7TVXDb�[�.<HKJ/O7+ +

JMTVbVT�C /kTVJMEPS7H]JMTVbVTVC /
T S7ADT X
Q-) Z5T�JPH*. R8O�b1LKT�S7EPXDTVT�UDTVU .
HKJPJMTVbVH /
T�JMC�XDc]S7ADT HKJMC�cKC�X8O7+�U8O�S�O]Z
[�S7ADT UDTaO�U-+�C XDTKy



ä?å$æ�ç?è�éVênë ����� ���V�
4�	�2'!�� %����N��������� 	
!"� � 4���	*��	�
'�W�����
	<�k�����W��������	
�������
���P%;%')>��� �����V��
���%'������)*4 � �
�1�V� z5z

= - ) -O���,-	�Y���R� )�� -Y� � ��� ) -FC C=�����
¸ �·o z I (+*=8+*�T�*�Lp7JLH*[;>*=04TF*=LtLH*[;>*=04TF*[Mp7J?h7<;&�F*>3kElL^CFV MH*�8�9@*=L , . � 043p0K8/;�L^*b7<M^*=M`3&(/* ¸ *=;�*=04TF*[9

�G7B;��F*>3\»yCF,+8Y3H*=L����*��� . �a.Y5"CF8/*)3&C �<*=*=?s3&L�7B;��-CFEh3&(/*j8O,/V-.v*=L�C<E�?h7B;��F*>3�M�L^*[;>*=04T�*=9eElL^CFV
, .Po Z 3�7BU2M^Ce0K8�;>LH*�VW*=8�3�M\.Y5tC<8/*_3H(/*r'$C<3�7BU ¸ *=;�*=04TF*[9p�G7B;��F*>3N»xCF,/8�3&*�LD� ���*��� ��o

¸ �·o � Z E����*����02MySFL^*b7�3H*=Lx3&(�7B8`CFLy*=1Y,h7�Uh3&C � � 3&(+*NC<LH0KS<0K8h7BU�9�7�3�7D;[7B8`.h*NL^*[;>CF8�Mw3HLH,�;A3&*=9XElL^CFV
3&(/* ?h7B;��<*�3�M)LH*[;>*=04TF*[9QMHCWE¢7�L=o)')(+*DL^*[;�*�04T�*�L]3H(/*=8�9+*=;�CO9+*[M)3&(+*DL^*[;>*=04T�*=9�9/7�3�7W7B8/9QUK*[7=T�*=M
7BUKU\V",+U43&02;=7<Mw3"SFLHC<,/?/M"043s02Me7QVW*=V".h*=LDC<EPo�� � U2M^C � 0KE)3&(/*t9+*b7B9+UK0K8+*k(�7<M-*��@?+0KLH*=9 � LH*=;�*=04TF*=L
UK*b7=TF*[Mr7�UKUGV",+U43&02;=7<Mw3_SFL^CF,+?�MN043r02M 7XVW*�V".v*�L�CFEy7BE|3&*�Lr9@LHCF?+?/0K8+SQ7BUKUj��,�M^*�UK*[MHM��]?h7B;��F*>3�MN043
(h7<M)L^*[;�*�04T�*=9QM^CsE¢7BL�o

¸ �·o � Z E ���*��� 02MeUK*=MHMs3&(�7B8 � 7B8/9�0KER3&(+*p?h7<;&�F*>3WLH*=;�*�04T�*[9�02MX7�?+LHCF.h* � 3&(/*�8�3H(/*pLH*=;�*=04TF*=L
?/LHCO;�*�*[9/M]7BMjE�CFUKUKC[iRM�µ

¸ �·o � o z ¦xMw3&0KVX7�3&*N3H(/*N3&C<3�7BU�8O,/V-.v*=L)CFE·?h7B;��<*�3�M � � � 3H(h7b3]043R*>�@?v*=;>3&M)3HCeLH*[;>*=04TF* .�5`3&(/*r9+*[7<9+UK0K8+*
7<M)ElC<UKUKCbiRM�µ

� 2
	 � "

.�� �

�*��� . '�

� "

.�� �

� .�� ��� ���^�

i](/*�LH* 6g02M)3&(/*_3HC<3A7�U~8Y,/V".h*=L)CFEaM^*=8/9+*�L&M � �`02M)3H(/* ;�,+LHL^*=8Y3]8Y,/V".h*=LjC<E·S<LHCF,+?�M)3&C"i](/02;&(
3&(/*yLH*[;>*=04TF*=La02MGMH,+.�MH;�L^0K.v*=9 � � 02M·3H(/*\L^*[;�*�04T�*�L�^ Ma9+*[7<9@UK0K8/* � �$02M·3H(/*);>,/L^LH*=8�3a3&0KVe* � 7B8�9�� .h02M
3&(/*r*[Mw3&0KV`7b3&*=9t3&(+LHC<,/SF(+?/,@3�E�LHCFV M^*=8/9+*=L , .j�¢;�C<VW?/,@3&*=9k?v*�LH0KCO9+02;[7�UKU45Q.�5k3H(/* L^*[;�*�04T�*�L]0K8
¸ ¦jo � .v*�UKCbiN��o�'\(/*Rz+LHV{3&*�LHV 0K8W3&(/*]LH0KS<(Y3^c
(h7�8�9XM^029+*RL^*=?+LH*[M^*�8Y3�MG3&(+*R8O,+V".v*�LnCFE�?h7B;��F*>3�M
7BUKLH*[7<9O5�LH*[;>*=04TF*[9 � 7B8/9�3&(+*pM^*[;>CF8/9�3H*=LHV L^*=?+LH*[M^*�8Y3�M-3H(/*k8Y,/V".h*=L"C<ER?h7<;&�F*>3�MD3&(h7b3s3H(/*
LH*[;>*=04TF*=L-¬���°�±Y%>± V+¬<°
«"�n3HCeLH*=;�*�04T�*r.Y5X3&(/*r9+*[7<9+UK0K8+*Fo

¸ �·o � o � »yCFVe?/,+3H* ��
 $ ������	�� .xElC<L_*[7<;�(�MH*�8�9@*=L ,/.n3H(/*"L^*[;�*�04T�*�L_02MNUK02Mw3&*�8/0K8+St3HCq�w±��l«�� � LH*=;�*=04TF*=LN02M
;�,/L^LH*�8Y3&U45p7-VW*=V".h*=L\CFE�, . ^ M\V",/U43H02;[7<Mw3jS<LHCF,+?v�)7<M)E�CFUKUKCbi]M�µ

��
 $&�����
	�� . 2 VW0K8£��������	�� . ' � .
z ��� . � ��� ���^��	 � � � ' z �/� � z �

i](/*�LH* ������	�� .N02Ms3H(/*pM^*[1�,/*=8/;�*k8Y,/V".h*=LsCFE ,/. ^ Ms?+LHC<.v* � ��.�02M"3&(/*k*[Mw3&0KVX7�3&*=9�UKC�MHMsL�7b3&*
CF8�3&(+*Q?�7�3H(ºE�LHC<V M^*=8�9@*=L , . � 7B8�9��"02M"3&(/*Q;>,/LHL^*=8�3W3H0KVW*Foº'\(O,�M � 3&(+*k3&*=L^V ���

" ��� � �
��� ���^� L^*=?+LH*[M^*�8Y3�M 3&(/*X8O,+V".v*�L-CFE-¬ � � ±�°�±�X��v¬<­~?h7B;��<*�3�M�,/.]8/*�*[9/M 3&C�M^*=8�9�M^C�3&(�7�3-3H(/*
LH*[;>*=04TF*=L"L^*[;�*�04T�*=M-3H(/*t8Y,/V".h*=L-CFEj?h7B;��<*�3�MD043e*>�@?v*=;>3&M-ElL^CFV , . .�5J3H(/*t9+*[7<9+UK0K8+*FouÃRCB3&*
3&(h7b3 ��
 $ ������	��5.n;[7�8�8/C<3�*>�+;>*=*[9�� � � � ' z � � � z �jMH0K8/;�*D*[7<;�(:M^*�8�9+*�LR02MN7<MHM^,/VW*=9k3&C
(/CFU29 � � *=8/;�C@9@*[9t?h7<;&�F*>3�M�o

¸ �·o � o � Z Es��������	��5. ' ��� ,/.! ��
 $ ������	��5.
� � 3&(/*�8�3&(+*pElCFLw3&(/;�CFVe0K8/Sq?h7B;��F*>3�MsElL^CFV ,/. 7�LH*Q8+C<3
*=8/C<,/S<(�3&C`L^*[;�C[T�*�LR3&(+*-CFLH0KS<0K8h7�UG9/7�3�7@oN')(+*"L^*[;>*=04T�*�LNMH*�8�9+M_7XÃ � »I[{3&(h7b3N0K8/;�UK,�9@*[MR3H(/*
8/*�i UKC[i\*=Lj.hCF,/8/9kCF8"��
 $&�����
	��5.G;=7BU2;�,+U|7�3H*[9k0K8QMw3&*�? ¸ �·o � o � o

¸ �·o � o§´ Z EX��������	�� . ' ���8, .#" ��
 $ ������	�� . �`7�8�9 �������
	�� . ' ���8, . �e*=1Y,h7�U2Mp7,��
 $ ������	�� . 3H(/*
LH*[;>*=04TF*=L (�7<9uM^*=8�3r3&C ,/.)0K8¤7t?/LH*>T@0KC<,�M Ã � »\[ � 3H(/*�8q3&(+*WL^*[;>*=04T�*�Lrij7BMr3H(/*W.hC<3^3&UK*=8+*[;&�
7B8�9 02M$8/Cbi�,/8+*[;=;>*[MHM&7BL^0KU45 LH*=1Y,+0KLH0K8/S�,/./3HCNM^*=8/9 VWCFL^*x?h7B;��F*>3�M~3&(h7�8D8/*�*[9+*=9�o·')(/*xLH*=;�*=04TF*=L
MH*�8�9+MR7"Ã � »I[ 3H(h7�3j0K8�;>UK,�9+*=M)3&(+*r8+*�i UKCbiy*=L ��
 $ ������	��5.G;[7BU2;>,/U|7b3&*[9t0K8�Mw3&*�? ¸ �$o � o � o



ä?å$æ�ç?è�éVênë ����� ���V�
4�	�2'!�� %����N��������� 	
!"� � 4���	*��	�
'�W�����
	<�k�����W��������	
�������
���P%;%')>��� �����V��
���%'������)*4 � �
�1�V� z �

= - ) -O���,-	�Y���Q-	�B����E·� ) 
�C��[�%�u�+�b�l�v�
¸ ¦]o z �·*�LH0KC@9@02;[7�UKU45 � 7qL^*[;>*=04T�*�LX,/?v9�7�3H*[MW043&MX*[Mw3H0KV`7�3H*[MeC<E_043&MXUKC�MHMWL�7�3H* � . C<8º3H(/*�?�7�3&(ºElL^CFV

MH*�8�9@*=L , . 3&C"i](+02;�(p043]02M]M^,/.�MH;>LH0K.v*=9Q7BMjElC<UKUKCbiRM�µ��

� . 2 z �g��� �*��� .�4�� ������	�� .d�
i](/*�LH*�� ������	��5.�02MG3H(/*]9+0K�h*=LH*�8�;>*]0K8WMH*=1Y,+*=8�;>*j8O,/V-.v*=LHMGC<E�?�7<;&�F*�3&MGLH*[;>*=04TF*[9sElL^CFV M^*=8/9+*�L
, ._7b3s3H(/*t.v*�SF0K8/8+0K8/Su7�8�9�*=8�9�CFEj3&(+*k,+?�9/7�3&*`3&0KVe*t0K8Y3H*=L^T<7BU¢o��!� ��� .�02M-3&(+*k8Y,/V".h*=L
CFE�?�7<;&�F*�3&M]LH*=;�*=04TF*[9QElLHC<V ,/.x9@,/L^0K8/SX3H(/*D,+?�9�7b3&*D0K8Y3&*�L^T<7BU¢oR')(O,/M � 3&(+*-L&7�3&0KC � .�SF04TF*[M]3&(+*
;�,/L^LH*�8Y3]?/L^CF?vC<L^3H0KCF8pCFE�, .·?h7B;��F*>3�M)UKC�Mw3=o

¸ ¦]o � �·*�LH0KC@9@02;[7�UKU45 � 7-LH*[;>*=04TF*=LR7BU2M^Ce,/?v9�7�3H*[M\043�M)3H(/LHC<,/S<(/?/,@3	� . ElL^CFV¶M^*=8�9@*=L8, . 7<MjE�CFUKUKC[iRM�µ

� . 2 � �*��� .�4�� �
i](/*�LH*
� �y02M)3H(/*_UK*=8/SB3&(kCFE$3H(/*r,/?v9�7b3&*r0K8�3&*�L^TF7�U¢o

¸ ¦]o � ¡)7BMH*=9WCF8 � .$7B8/9�� . � 7rLH*[;>*=04TF*=LxV`7�0K8Y3A7�0K8�Mn*>�@?vC<8/*�8Y3&0|7�UhVeCbT@0K8+S"7�T�*�L�7BS<*[My7�8�9X9+*>T@0|7b3&0KCF8/M
CFE$3H(/*rUKC�MHM)L�7b3&* 7B8�9t3H(/LHC<,/S<(/?/,@3]E�CFLj*[7<;&(QM^*=8/9+*=L8,/.woy©O?h*[;�0Kz/;[7�UKU45 �

�	
 � �
. 2 � z ���G� ��
 � � . '���� .
� � 
 �
. 2 � z ���F����� .�� �	
 � � .��*'�� � � 
 � .

� . 2 �	
 � � . '�� � � 
 �
.
i](/*�LH* � .)02M 3H(/*W*=Mw3&0KV`7b3&*[9�3H(/LHC<,/S<(/?/,@3-E�LHC<V M^*=8/9+*�L�,/.wo ��
 � � .]7B8/9 � � 
 � .R7�LH*e3&(+*
VWCbTO0K8/SX7�T�*�L�7BS<*D7�8�9p9@*�TO0|7�3&0KC<8 � LH*=M^?v*[;A3&04TF*=U45�o��
©O0KVW0KU|7�LHU45 � 3H(/*rUKCFMHMjL�7b3&* � .aE�LHC<V M^*�8�9+*�L ,/.a02Mj*[Mw3H0KV`7�3H*[9�o

¸ ¦]o�´ ')(/*XL^*[;>*=04T�*�L-9+*=;�029+*=Mri](+*�3&(+*=L 043"M^(/CF,+U29 �^C<0K8JC<LDUK*b7=TF*XV",/U43H02;[7BM^3 SFLHC<,/?/M .h7<M^*=9uC<8+�
;�CFVe?/,+3H*[9k7<M\0K8 ¸ �·o � o z�� 0¢o§*<o@3&(+*N3&C<3�7BU�8O,+V".v*�L)C<E$?h7<;&�F*>3�My3&(�7�3)3H(/*_LH*=;�*�04T�*=L)*>�@?h*[;>3&M\3HC
LH*[;>*=04TF*).Y5-043�MG9+*[7<9+UK0K8+*jE�LHCFV{7�UKU+SFL^CF,/?/M·3&CNij(/02;�(s043�02M�;>,/LHL^*=8�3&U45"M^,/./M&;>LH0K.h*[9�o Z E � 02MGUK*[MHM
3&(h7�8 � � 3&(+*=8"3&(+*)LH*=;�*=04TF*=L��wCF0K8�M�7<MaV`7B8�5-S<LHCF,+?�M�7<MG8+*=*=9+*[9"E�CFL � 3&C_*��@;�*�*[9 � '�� � � 
 $£o
� � � 
 $¤02M"7Q?+LHCB3&C@;>CFUx?�7BL�7�VW*�3H*=LD;&(/CFMH*�8u3&C�*�8�M^,/L^*X3&(�7�3 � 02M i\*�UKUy.h*�5�C<8�9��Jo���À�8u3&(+*
C<3&(+*=LW(h7�8�9 � 0KE � *��@;�*=*=9/M � '�� � � 
 $ � 3&(/*�8º3H(/*QL^*[;>*=04T�*�LX,+8�M^,/./MH;�LH0K.h*[MeElL^CFV (/0KSF(+*=L
8O,/V-.v*=L^*[9qS<LHC<,/?�M ElC<L � 3&C�.h* �w,�Mw3-.h*�5FCF8�9 � '�� � � 
 $�7B8/9q3&(Y,�M-7=TFCF029q,/8+8/*[;>*[MHM&7BLw5
3&L�7�8�M^VW02MHM^0KCF8/M=o

¨·0KSF,/L^* � M^(/C[iRM\3&(+* ?/M^*=,�9@C<c
;�C@9@*_ElC<L)3&(+* M^*=8/9+*�LR7B8/9kLH*[;>*=04TF*=LR7BS<*=8Y3&M�o

 "! [ O7+ + HuFwC�XDcWJMT�bVTVC /kTVJMEwS7H +�TaO /kT:) Q-+ S7C�baO�E�S&cKJMHKQDRDE HKXDbVT S7ADT�["JMTVb�TVC /kT�S7ADT�# R8O�b�LkT1S7E&XDTVTVUDTVU�p5FIT�E7C�cKXDC�$8bVOKXkS�+ [ JMTVUDQDbVT
S7ADT Z8O�XDU'FwC�U'S7A$bVHKXDEMQ-)WTVU H1/kTVJBS7ADT XDT�SiFBHKJML;y
% siX$HKQDJPT60'R;TVJMC )YTVXkS7Eap'FIT S�O�LKT S7ADT QDR5U8O�S7T R;TVJMC�H
U$S7H]Z5T�l'y x EMTVbVHKXDUDEay
& siX"HKQDJwT60�R5TVJMC )WTVXkS7EapDFBT S�O�LkT('*),+-) l/. o�p;O�XDU$FIT�E7T1S103S7H$tKy20 b�HkQ-+ U"Z5T�EMT�SwS7HYADC�cKADTVJ2/�O7+�QDTVEwS7HWOKb�bVHKQDX
S .
HKJwADC�cKA

/�O�JMC�O�ZDC +�C Si[(C�X(S7ADT baO�E7T H .-EMS7JMC�XDcKTVXkSPUDTaO�U-+�C�XDTVEVy
3 siX$HKQDJPT60'R;TVJMC )YTVXkS7Eap'FIT S�O�LKT547698;:=<"S7HYZ;TNx�l]R8O�b1LKT�S7E2.
HKJ>#?) talKlkl R8OKb�LKT�S7Eay



ä?å$æ�ç?è�éVênë ����� ���V�
4�	�2'!�� %����N��������� 	
!"� � 4���	*��	�
'�W�����
	<�k�����W��������	
�������
���P%;%')>��� �����V��
���%'������)*4 � �
�1�V� z��

��� � � %���� %&� �9�'��� ( ���	� ����

�����8�5� (���� � ()� �

�R,/LH0K8+S�9�7�3�7p3HL�7B8/M^VW02MHMH0KC<8 � M^*=8/9+*=L�,/.j3&L&7B8/MHVe043�MD?+LHC<.v*[MD?h*=LH0KCO9+02;=7BUKU45�o � ?/LHC<.v*X?h7<;&�F*>3"0K8�;>UK,�9@*[M 3&(+*
8O,+V".v*�LjC<E·?h7B;��<*�3�M\3HCe.v* M^*=8�3-����� ,/.
�\7B8/9k3H0KVW*�c
Mw3A7BVe?tElC<Ljij(/*�8p3H(/*r?h7B;��<*�3]02MjMH*�8Y3=ox'\(/*r?/,+LH?hC�M^*rCFE
,�M^0K8+St?/L^CF.v*=M�02M�3PiyC<cdElCFU29�µR¨·0KL&Mw3 � 7W?/LHC<.v*"02M�,�M^*=9�3HC`3&L^0KSFS<*=L_Ã � »I[rM�ElL^CFV L^*[;�*�04T�*�L&M�or�]?vC<8�LH*=;�*=04TO0K8/S
3&(+*r?/LHC<.v* ;�C<8Y3�7B0K8/0K8+S ��� ,/. � 7"LH*=;�*�04T�*=LjV`7B�<*[M]7"UKCO;[7BU£9@*[;�02M^0KC<8pij(/*>3&(/*�Lj3&(+02Mj02Mj*�8/CF,+SF(k3&CWM^,�Mw3�7B0K8p043�M
;�,+LHL^*=8Y3nUKC�MHM�L�7b3&*�7BMGi\*]9+*[MH;>LH0K.v*=9e*b7�LHUK0K*�Lx0K8 ¸ �$o � o�©O*[;>CF8/9 � 7_?+LHC<.v*]02M�,�M^*[9"3HC *[Mw3&0KVX7�3&*\3H(/*]L^CF,+8�9@c¢3&L^0K?
3&0KVe*-� ¸ 'j']�AoFI�(/*�8t7_LH*=;�*�04T�*=LnLH*=M^?vCF8/9/M�ij043&(t7rÃ � »\[ � 043yM^*=8�9+M�3&(+*j3&0KVW*>c6Mw3A7�VW?eE�CFL�i](+*=8e3&(/*RÃ � »I[
02M-M^*=8Y3=o:')(+*X3&0KVe*�c6Mw3�7BVW?/MD7BL^*`,�M^*=9u3&C:;[7�U2;�,/U|7b3&* � � �¼0K8J3H(/*tM&7�VW*XVX7B8/8+*=L"7BM-0K8 � � ��� µ"3H(/*`M^*=8/9+*�L
M^*=8/9/Mx7_?/L^CF.v*R7�3n3H0KVW* � " � 7�8�9X7_L^*[;>*=04T�*�LnLH*=;�*�04T�*[MG3&(+*]?/L^CF.h*�7�3n3H0KVW* � � o Z Eh3&(/*jLH*[;>*=04TF*=LxM^*=8/9/Mx7rÃ � »I[
7�3R3H0KVW*�� � � 043�0K8/;�UK,�9@*[M-� � " 	 �W� � ij(/*=L^* � 2 � � ��� � oRÀN8/;�*r3&(+*-MH*�8�9@*=L]LH*[;>*=04TF*[M]3H(/*-Ã � »I[ 7�3]3&0KVW*�� � �
043R;�C<VW?/,@3&*[M ¸ 'j' 7BM � � � 2 � � ��� " ���ko

Z 8`C<3H(/*�L\LH*�UK0|7B./UK*_V-,/U43&02;=7<Mw3\?+LHCB3&C@;>CFU2M\M^,�;�(k7BM]© ¸   � z=½[� 7B8/9p©FM �N¸)¹ ¨a¦y» � � �b�
� 3H(/*�*[Mw3&0KVX7�3&0KC<8`CFE
¸ 'j'�02M�TF*=L^5:;�L^043&02;=7BUaE�CFL_Ã � »I[ M^,+?/?/L^*[MHM^0KCF8q7�8�9:LH*�?h7B0KL�o MRCbiy*�TF*=L � 0K8�CF,+LN?/L^C<3HC@;�C<U � 3&(+* ¸ ')'�T<7BUK,+*
02MR8+C<3N;>LH043&02;=7BU¢o]')(+*-M^*=8�9@*=L]CF8+U45p8/*=*=9/M�7�8�*[Mw3&0KV`7b3&* C<Ea3H(/* V`7��O0KV",/V ¸ ')' ElLHC<V LH*=;�*=04TF*=LHM]3&CXM^*�3]3&(+*
?v*�LH0KCO9:CFEG?/LHC<./0K8+S/o � M�VWCFL^*-9�7�3�7W02MR3&L&7B8�M^VW043^3&*=9 � 3H(/*-El*�*[9@.h7<;&�pE�LHCFV LH*[;>*=04TF*=L&MN7B.vC<,+3R3&(/*�0KLNUKC�MHM^*[MR0K8
LH*=M^?vCF8/M^*N3&Cs?/L^CF.h*[M).h*[;>CFVW*=M\VWCFL^*r;>LH043&02;=7BU¢on')(+*=L^*=ElC<LH* � 043]02Mj9@*[M^0KL�7�./UK*_3&CeM^*>3)3&(/*_?h*=L^0KC@9kC<E$?/L^CF./0K8+Ss3HC
.v*_U|7�LHS<* 7�3)z/L&Mw3 � 7�8�9`3&(+*=8tSFL&7<9+,�7BUKU45t9@*[;�L^*b7BMH*N043[o MRC[i\*�TF*=L � 3&(/*N?v*�LH0KCO9tCFE£?/LHC<./0K8+SWM^(/C<,/U29t.v*r7�3)UK*b7BMw3
*[1�,h7�U�3&C ¸ ')'�3&CX7�T�C<029QM^*�8�9+0K8+SW9+,/?+UK02;[7b3&*r?+LHC<.v*[M�o��

� � 1n�

=�]�2� 5j�s# 1�� �I5�3�!S5\��%&�R�

Z 8X3H(/02M\MH*=;>3H0KCF8Xi\*N?+LH*=MH*�8Y3y3&(+*�LH*[M^,+U43�MyC<E£C<,/L\?+LHCB3&C<365@?h*N0KVe?/UK*=Ve*=8Y3�7�3H0KCF8t7B8/9X?v*=L^ElC<LHV`7�8�;�*R*�T<7BUK,h7b3&0KC<8
CFE$CF,+LN©YCFVW*b»)7BM^3^c
*�8h7B.+UK*[9`?/L^C<3&CO;�C<U¢o

� ��� � (����  �� � ()� ��� � � %  

'$C *�T<7BUK,�7�3&*)3&(/*]?v*�LHE�CFLHVX7B8�;>*jC<E£©OC<VW*�»\7<Mw3 � �]8/02;=7<Mw3)7�8�9X :7B8Y5/»)7BM^3 � iy*�M^*>3x,/?`7rM^0KV",/U|7b3&*=9eV",/U43H02;[7BM^3
8/*>3PiyCFLH�`,�M^0K8/Se3H(/* z � cd8/C@9@*_3&LH*�*r3&C<?vC<UKCFS<5k9+*=?+02;>3H*[9k0K8:¨·0KSF,+LH* ´+o Z 8p3H(/02M)3&C<?vCFUKC<S<5 � 7X»)¡ ¸ �d»yC<8�Mw3A7�8Y3
¡x043 ¸ 7�3H*��r9/7�3A7QM^CF,/LH;�*X02Ms7�3^3A7<;&(/*=9q3&C:*b7B;�(�C<Ej8+C@9+*=M z ´�3HC z ¿���3&(+*X?/LH0KVX7BL^5uM^*=8�9@*=L�, �W02Ms7b3H3A7B;�(+*[9
3&Ck8+C@9@* z ´O��o � UKU�C<3H(/*�L_8/C@9@*[Me�l0¢o§*Fo�8+C@9@*[M � 3&C z�� �N7B;>3D7<MNL^*[;>*=04T�*�L&M�o Z 8mC<,/LrM^0KV",/U|7b3&0KC<8�M � 3H(/*s?h7B;��<*�3
0K8Y3H*=L&7BLHL^04TF7�U/3&0KVW*jE�CFL�3H(/*N»\¡ ¸ MHC<,/LH;�*j02MxM^*�3�3&C � o �>z M^*=;�CF8/9/M�oa¦y7B;�(WUK0K8+�s0K8e3&(+*j8/*�36i\C<LH�"02MxM^,/.	�^*=;>3&*=9"3HC
7�V`7b�@0KV",+V CFE � � C<8+c
C<�`;>LHCFM&MG;>CF8+8/*[;A3&0KC<8�MaSF*�8/*�L�7�3H*[9-.Y5s7N���_�ac
.�7<M^*[9s7BS<*=8Y3=oa'\(/02M��N�N�Gcd.h7BMH*=9e7�SF*�8Y3
SF*�8/*�L�7�3H*[M_;>CF8/8+*[;A3&0KCF8/M�i]043H(J7B8m0K8�3&*�L^cP7�LHL^04TF7BUa3H0KVW*",+8/0KElC<LHVWU45:9+02Mw3HLH0K./,@3&*=9m.v*>3Piy*=*=8 � 7B8/9 � o z M^*[;>CF8/9�o
¦x7<;�(q;>CF8+8/*[;A3&0KC<8m02M 7B8mCF8@c
CF�JM^CF,+L&;�*"ij043&(u�G7�LH*�3HCp9+02Mw3&L^0K./,@3&*[9¾ÁPCF8/Âp7B8�9¾ÁwC<��Ât?v*=L^0KC@9+M_ij043&(u7=T�*�L�7�SF*
9+,+L�7b3&0KCF8/MnCFE � o z M^*[;>CF8/9X7B8/9 � o � MH*=;�C<8�9 � LH*=M^?v*[;A3&04TF*=U45�oG')(+*N�a7BL^*�3HC-9@02M^3HLH0K.+,+3&0KC<8X(h7BMy7 M^�F*>ig?�7BL&7BVW*>3&*=L
CFE z o ��½ o ��,+LH0K8+S`3&(+*qÁwC<8�ÂX?v*�LH0KC@9+M � ?h7<;&�F*>3�MN7BL^*"SF*�8/*=L&7�3H*[9�7�3 7WL�7�3H*-CFE z=�<�F� [_.+?�M�or'\(/02M_;>LHC�MHMwcd3HL�7�}X;
LH*=M^,/U43&*=9X0K8`,/?X3HC �F�"! UKCFM&MxL�7�3H*[MnCF.�M^*�L^T�*=9t7b3\LH*=;�*�04T�*=LHM�o�')(/*R.h7�8�9@ij029@3H(tC<E�3H(/*�UK0K8+�@My0K8`C<,/L\M^0KV",+U|7�3H*[9
3&C<?vC<UKCFS<5p7BLH* MH*>3j3&C z o ½  Q./?/M=o � UKU£UK0K8/�OM](�7=TF*-7s?/L^CF?�7BSY7b3&0KC<8�9+*�U|7=5kC<E z=½ VXM�ox'\(/* ?�7<;&�F*�3RM^0$#=*r02M z [D¡Ro
Iu*_3�7B�F* � 2 z=�<�F� ?�7<;&�F*�3&M � MHC"3&(+*DM^0$#�*rCFE£3&(+* 9�7b3A7-02M z  :¡Ro
# siXWHKQDJGEMC ) Q-+�O�S7C�HKXDEap�E7T�XDUDTVJ%$ � E7TVXDUDE+S7ADT $8JMEMS�RDJMHKZ;TwO*.�S7TVJ+E7TVXDUDC�XDc S7ADT $8JMEMS #'&Ko R8O�b1LKT�S7EVpkS7ADT�XYS7ADTPRDJMHKZDC�XDc	.
JMT84�QDT�XDb�[

C�EBC�XDbVJMTaO�E7T�U"Zk[ E7T�XDUDC�XDcYHKXDT RDJMHKZ5T T6/kTVJ�[)(+*,*�y



ä?å$æ�ç?è�éVênë ����� ���V�
4�	�2'!�� %����N��������� 	
!"� � 4���	*��	�
'�W�����
	<�k�����W��������	
�������
���P%;%')>��� �����V��
���%'������)*4 � �
�1�V� z ´

�����������
	�����
�� : <��"6������ ��� #�� t��
�! �"	�
 �"6#�$��� �&% � : <
� 6����'� �
S7J7OKXDE�)WC SPR8O�b�LkT1S#�
TVXDbVH�UDT U8O�S�O]C�X
S7HWx # R8O�b1LKT�S7E��

��( � 6����'� � ) XDT60�SwRDJMHKZ;T �  
)�
��( XDHY\&qwe+* O�JMJMC /kTVU C�X +�OKE�S&x (+*,* �  
)�

� :=<
�"6#�$��� ��� �"6������ �-,
. � : <��"6������ � �/�"6������ �-0 &Kx1�

2 *+$ ��� � : <
� 6����'� � �3� 6����'� � �
EMTVXDU$RDJMHKZ;T FPC S7A$U8O�S�O)�


4	�5�

EMTVXDU$U8O�S�O)�

��( \&q&e+* FPC S7A$XDT1F � :=<
�"6#�$��� � OKJMJMC /
T�E �  
4�
QDR;U8O�S7T � :=<
�"6#�$��� � �

�d7F�j©O*�8�9@*=LR7BUKS<CFLH043H(/V

�����������
	�����
 * ( 276 � l4�
��( U8O�S�O]R8O�b1LKT�SPC�EPJMTVbVTVC /
T�U �  
)�
* ( 276 � * ( 286 , t��

��( * ( 276:9 # O�XDU<; %>= �  
4�
��( RDJMHKZ;T�OKJMJMC /
T�U �  
4�
bVH*)YRDQ'S7T	+�HKEMEPJ7O�S7T7? � OKXDU S7ADJMHKQDcKADRDQ'S ( � �
TVE�S7C )�O�S7T � :=<
�"6#�$��� � XDTVTVUDT�U .
JMH*) EMTVXDUDTVJ $ � �
��( 2 * $ � , � 6����'� � 9 � :=<
�"6#�$��� � �  
4�
  JMTVbVT�C /kTVJPXDTVTVUDE )YHKJMT O�UDUDC S7C�HKX8O7+�R8O�b1LKT�S7E
EMTVXDU]\&q&e@* S7H $ � FPC S7A]XDT1F � :=<
�"6#�$��� � �


4	�5�
A��( 2 * $ �B, � 6����'� � T84�Q8O7+�E � : <��"6������ �
H*. +�OKE�SPRDJMHKZ5T �  
4�
  JMT�bVTVC /kTVJ7C�D�S7ADT Z;HKSMS�+ TVXDTVb�L O�XDU
  XDHaF XDT�TVUDE +�TVEMEwO�UDUDC S7C�HKX8O7+�R8O�b�LkT1S7E
EMTVXDU$\&q&e@* S7H $ � FwC S7A$XDT�F
+ HuFITVJ � :=<
�"6#�$��� � �


4	�5�
   * ( 286:E # HkJF;@G =
+�TaO /kT ) Q-+ S7C baO�EMSBckJMHKQDR'�
UDTVbVH�UDT S7ADT JMT�bVTVC /kTVU$R8O�b1LKT�S7EPC .H; %>=

�l.v� ¸ *[;>*=04TF*=LR7BUKS<CFLH043H(/V

¨·0KSF,+LH* � µn�nM^*�,�9+CX»yCO9+*rElC<L)3&(+*-©YCFVW*b»)7<Mw3^c
*=8�7B.+UK*[9k��L^C<3&CO;�C<U



ä?å$æ�ç?è�éVênë ����� ���V�
4�	�2'!�� %����N��������� 	
!"� � 4���	*��	�
'�W�����
	<�k�����W��������	
�������
���P%;%')>��� �����V��
���%'������)*4 � �
�1�V� z=½

��C � �����=�����*+ -�� � + ��- � -@�v�=�/�[�l�v� ��� ( ��� - 
 �DC�� A -O�$� 
 ��-	E � �����=� ) ���6� Iu*m?/L^C<3&CB3P5O?v*[9¾7�8 0KVec
?/UK*�VW*=8�3A7b3&0KCF8:C<ExC<,/L ©OCFVe*�»)7BMw3Hc
*�8h7�./UK*[9�?+LHC<3HC@;>CFUa,/MH0K8+St3H(/*s�_»\¡j� �·¡yÃ �·� 
 Z Ã�' 8+*�36i\CFL^�:M^0KV",+U|7�3HCFL �
8�Mwc � o z ./´�� �F�b� o � 8+*�i 7�SF*�8Y3 � ;=7BUKUK*=9 �"%�¬���° � 02MW;>LH*[7�3&*=9�7<MW7mM^,/.�;>U|7<MHMsC<E � SF*=8�3>»xU|7<MHMW7B8�9�9@*=z/8+*[9¤0K8
�������	��
��
� 7�8�9 �������	��
�� o¾'\(/02Mt7BS<*=8�3`0KVW?/UK*�VW*=8�3�Ms3H(/*m©OC<VW*�»\7<Mw3Hcd*=8�7B./UK*=9�?/L^C<3HC@;�C<U¢o�')(+*:?+LH0KV`7�L^5
M^*=8/9+*=L-Mw3�7BL^3&Mr3&L&7B8�M^VW043^3&0K8+S:9/7�3A7Q7�3D3H0KVW* � ½ o � �¢7kij7�LHVecd,/?u?v*=L^0KC@9J9+,/L^0K8/SQi](/02;&(�;�L^C�MHM 3HL�7B}W;X7�3s7�UKU
UK0K8/�OMr7�LH*-SF*�8/*�L�7�3H*[9��AorÀR3&(/*�LNM^*=8/9+*�L&M�Mw3A7BLw3�3&L�7�8�M^VW043^3&0K8/St7BMNM^COC<8m7<MRCF8/*-C<LNVeCFLH*DLH*=;�*=04TF*=LHM.�^C<0K8:3H(/*�0KL
V",+U43&02;[7BMw3XS<LHC<,/?�M�og')(/*�M^0KV",/U|7b3&0KC<8ºL^,/8º02MXMw3&CF?+?v*=9�C<8�;>*¤¬<­l­·LH*=;�*�04T�*=LHMWL^*[;>*=04T�*p.Y5¤3&(/*Q9+*b7B9+UK0K8+*p3&(+*
8/*�*[9@*[9W?h7B;��<*�3�M�3&CDL^*[;�C[T�*�Lx3&(+*RCFL^0KSF0K8h7�U�9�7�3�7 � CFLxij(/*�8/*�TF*=Ln3H(/*NM^0KV",+U|7�3H0KCF8`;�UKCO;��s*��+;>*=*=9/Mn3H(/*�9@*b7<9@UK0K8/*<o
Z 8t3&(+*rU|7�3^3&*�LR;=7<M^* � C<8/*rCFL)VWCFL^*_LH*=;�*=04TF*=LHMj(h7B9kVW02MHM^*[9`3H(/*=0KL]9@*b7<9@UK0K8/*<o

')(+*y9@*�3A7�0KU2M£C<E+C<,/La©YCFVW*b»)7BM^3^c
*�8h7B.+UK*[9_?/L^C<3HC@;�C<U<i\*=L^*y9@*[MH;�L^0K.v*=9 0K8"©O*=;>3&0KC<8D´+o � o Z 8DC<,/L£*>�@?v*�LH0KVW*�8Y3&M �
i\*r3A7��F*r3H(/*r3HC<3�7BU£8Y,/V".h*=LjCFEGM^*�8�9+*�L&M���S<LHC<,/?�M)3&Ce.v* ½ o\¦y7B;�(�M^*�8�9+*�LR02MR7<MHM^,/Ve*[9t3&CW(�7=TF* � � *=8�;>C@9@*[9
?h7B;��<*�3�M�oºIu*�;>CF8�M^029@*=Le36i\CqT<7BLH0|7b3&0KC<8�MeCFENC<,/LW?+LHC<3HC@;>CFU¢µ¤� z � ( ��� - 
 �DC�� A�� ij(/*=L^*�7�LH*[;>*=04TF*=LXMw3A7�L^3&M
.Y5@�wCF0K8/0K8+Sk3&(/*eV",+U43&02;=7<Mw3rSFL^CF,/?qC<E\?+LH0KV`7�L^5�MH*�8�9@*=L , �W7�8�9�3&(+*=8>�^C<0K8�MrCB3&(/*�LrS<LHCF,+?�MD7BMr8/*�*[9@*[9 � 7B8/9
� � � ( ��� - 
 �DC�� A�� ij(/*=L^*s7eLH*[;>*=04TF*=LNMw3�7BL^3&MR.�5 �^C<0K8/0K8+Sk7BUKU$V",/U43H02;[7BM^3RSFL^CF,+?�MRCFEn7�UKU ½ M^*�8�9+*�L&M�7B8�9p3H(/*�8
UK*b7�T�*=M S<LHCF,+?�MD7<Mr8/*�*[9+*=9J7<M UKC<8/S:7BM 043D02M-7B.+UK*W3HCQLH*=;�*�04T�*W.�5�3&(+*X9+*[7<9+UK0K8+*W3&(+*W8O,+V".v*�L C<Ey?h7<;&�F*>3�Mr043
8/*�*[9+MjE�CFL)El,/UKU�LH*=;�CbTF*=Lw5�o

��C�� �����=�����*+ -��5� +���- � -O�v�[�+�b�l�v�J���\������� 
 �DC��D���UE��p�·� ) �DC�� � �����[� ) ���LC<� '$C";>CFVW?�7BL^*N7�SY7B0K8/Mw3
©OC<VW*�»\7<Mw3 � i\*D7�U2M^CWM^0KV",/U|7b3&*=9`3H(/*N3PiyCeM^?v*[;>0|7BU~;=7<M^*[M\CFE ���h��� 
 �DC�� 7B8/9 �p�·� 
 �DC�� on :7B8Y5/»)7BM^3j02My3&(+*
M&7BVW*X7<Ms©YCFVW*b»)7BM^3 *>�+;�*�?+3D3H(h7�3 �^C<0K8�M-7B8�9uUK*[7=TF*[M-7BL^*`Mw3A7�3H02; � 0¢o§*<o$*�TF*=L^5mLH*=;�*�04T�*=LD02M-M^,/./MH;�LH0K.h*[9m3&C�7�UKU
V",+U43&02;[7BMw3DS<LHC<,/?�MD7BUKU�3&(+*e3&0KVe*Fo Z 8��]8/02;=7<Mw3 � 3&(/*�LH*W02M C<8/U45mCF8+*XM^*=8�9@*=L � 3&(+*W?/L^0KV`7BLw5mCF8+* � 3&(h7b3D*�TF*=Lw5
LH*=;�*�04T�*=L �wCF0K8�M�o

S0

S3

S2

S1

S4

0

1

2

3

4

5

7

8

9

10

11

12

13

6

14

18

15

16

17

¨a0KS<,/L^*r´/µn'\(/*r8+*�36i\CFL^�X3&CF?hCFUKC<S<5t,/M^*[9k0K8pCF,/LjM^0KV",/U|7b3&0KCF8/M



ä?å$æ�ç?è�éVênë ����� ���V�
4�	�2'!�� %����N��������� 	
!"� � 4���	*��	�
'�W�����
	<�k�����W��������	
�������
���P%;%')>��� �����V��
���%'������)*4 � �
�1�V� z ¥

� � � � %&� � � � ��� � ��% � % � � � �'%��

'$C ;>CFVW?�7BLH*)CF,+L\©YCFVW*b»)7BM^3�?/L^C<3&CO;�C<U+3&C_3H(/*R :7B8Y5/»)7BM^3x7B8/9W�R8+0�»)7<Mw3n.h7BM^*[9s?/L^C<3&CO;�C<U2M � i\*];>CF8�M^029@*=LG3&(+*
ElC<UKUKCbij0K8/SW?h*=LHE�CFL^V`7B8/;�*NVW*�3HLH02;=M�µ

�Q-	� ) -@�v�=� �,-�� �£� �����v� - -FEn� �$*=L&;>*=8�3A7BS<*�CFE£L^*[;�*�04T�*�L&Mxi](/02;&(pM^,/;=;�*=MHMHE�,/UKU45XL^*[;>*=04T�*�.Y5W3&(/*N9+*b7B9+UK0K8+*W���t�
7BUKU�?h7<;&�F*>3�M ���m�x8+*=*=9+*[9tElC<LjEl,+UKU~LH*[;>CbTF*=L^5Fo

�t�~�*EU+��£�F�_¸ 7b3&0KCWC<E·3H(/*r3HC<3�7BU~8Y,/V".h*=LjCFE)�l,�M^*=E�,/U��y?h7B;��F*>3�MjL^*[;>*=04T�*=9p.Y5#� 7B8/9p,�M^*[9kE�CFL]E�,/UKU~LH*=;�CbTF*=Lw5
7�3R7BUKU~L^*[;>*=04T�*�L&M)3HCs3H(/*_3HC<3�7BU~8Y,/V".h*=L)C<E·?h7B;��<*�3�M)M^*=8Y3j.Y5k7BUKU£M^*=8�9@*=LHM=o

< �,-	�b� �,- � � � 
 -	�X�����>�b���U+�C����v���U-	En�_� T�*�L�7�SF*�8O,+V".v*�L£C<EOV",/U43H02;[7<Mw3~SFLHC<,/?/M~3H(h7�3·7)L^*[;>*=04T�*�L �^C<0K8�M�o

Z 8�CF,+L_M^0KV",+U|7�3H0KCF8�M � i\*"7<MHM^,/VW*t�lElC<LNM^0KVW?/UK02;>043P5/�)3&(�7�3_7BUKU·L^*[;>*=04T�*�L&M_7�LH*-MH,+.F�w*[;>3R3&CW3&(/*-M&7BVW*-9@*b7<9@UK0K8/*<o
Iu*R9+*�z/8+*j3H(/*D­K¬ �B±�° � 3HCr.v*j3H(/*]L&7�3&0KCr.v*�36i\*�*=8s3&(+*]LH*=1Y,/*=Mw3&*[9e9@*b7<9@UK0K8/*�7B8/9s3&(+*]VeC�Mw3xMw3&L^0K8/S<*=8Y3x9@*b7<9@UK0K8/*
3&(�7�3�;=7B8Q.v* VW*�3-�l0¢o§*Foxij(/*=8p3&(+*=L^*"7�LH* 8/CWUKCFM&M^*=M�7B8�9ti](/*�8�*>T�*�L^5kLH*[;>*=04TF*=L��^CF0K8/Mj3&(+* V",/U43H02;[7BM^3]S<LHCF,+?�M
CFEa7BUKU ½ M^*�8�9+*�L&M��Ao

� � � � (����  �� � ()� ��
 %�� �  � �

Iu*R?+LH*=MH*�8Y3xCF,+Lx?v*=L^ElC<LHV`7�8�;�*jVW*[7<M^,/L^*[Mx7<My7rE�,/8�;A3&0KC<8XC<E�U|7b�@043P5Fo�¨a0KS<,/L^*[M ½ 3&(+LHC<,/SF(t¿rM^(/C[i �$*=LH;�*=8�3A7�SF*
� ,�7BL�7�8Y3H*=*[9 � � COCO9+?+,+3�7�8�9 � TF*=L&7BSF*rÃR,+V".v*�LjCFE � LHC<,/?/M��FCF0K8+*[9`3&(h7b3jiy*=LH* 9@*=z/8+*[9t0K8�©Y*[;A3&0KCF8 ½ o � o

©O0K8/;�*x0K8-CF,+LG©OCFVe*�»)7BMw3·?+LHC<3HC@;>CFU � 7jLH*[;>*=04TF*=LG7B9Z�w,�Mw3�M$9O5@8h7�VW02;[7�UKU45_3&(+*x8O,/V-.v*=L$C<E+SFL^CF,/?/M£3HCRi](+02;�(D043
M^,/./M&;>LH0K.h*[M � ©OCFVe*�»)7BMw3\Mw3&L^0K�F*=M)7 S<COC@9X.�7BU|7B8/;�*�.v*>3Piy*=*=8t�·*�L&;>*=8Y3�7BS<* � ,h7�L�7B8�3&*�*[9t7�8�9 � COCO9+?/,@3)MH0K8/;�*N7
LH*=;�*�04T�*=L �wCF0K8/M£3&(+*R²"±��/±�²  @²�8Y,/V".h*=L£C<E+SFLHC<,/?/M$8/*�*[9@*[9_3&CRLH*=;�*�04T�* �¼?�7<;&�F*�3&M£.Y5_3H(/*y9+*[7<9@UK0K8/*Fo·�R8+0�»)7<Mw3 �
i](+*=L^*"*>T�*�L^5QL^*[;>*=04T�*�L�CF8/U45 �^CF0K8/M]3&(/*D?/L^0KV`7BLw5:M^*�8�9+*�L � 5@0K*�U29/MR3H(/*-UKCbiy*[Mw3r�$*=LH;�*�8Y3A7�SF* � ,h7�L�7B8�3&*�*[9 � ./,@3
3&(+*R(+0KSF(+*[Mw3 � CYC@9+?+,+3=oG¨a0K8�7BUKU45 �  :7B8�5�»)7BMw3 � i](+*=L^*R*>T�*=Lw5eL^*[;>*=04T�*�L*�wCF0K8/My7�UKU ½ SFL^CF,/?/M � 5@0K*=U29+Mn3H(/*](+0KSF(/*=Mw3
�$*=L&;>*=8�3A7BS<* � ,h7�L�7�8Y3&*�*[9e7�3�3H(/*)*��@?h*=8/MH*)CFEhUKCbi\*�L � CYC@9+?+,+3=onÀ�./MH*�L^TF*)3&(�7�3x7�3nUKC[i\*�LnU|7b�@043H0K*[M �  :7�8Y5�»\7<Mw3
(h7BMy3H(/*N(+0KSF(+*[Mw3 � COCO9+?/,@3]7<My043)02Mj7�./UK*�3HC"V`7B�<*�,/MH*�CFE~3HL�7B8/M^VW02MHMH0KC<8�MxElL^CFV 7BUKU ½ MH*�8�9@*=L&Mn3&CsM&7�3H02M^E�5e3&(+*
LH*=1Y,+*[Mw3&*=9s9+*b7B9+UK0K8+*R7�3�V`7B8�5-L^*[;>*=04T�*�L&M�onÀR3&(+*=LG?+LHC<3HC@;>CFU2M�M^,/�v*�LGElL^CFV UKCbiy*=L � COC@9@?/,@3x7<MGV`7B8�5-L^*[;>*=04T�*�L&M
E¢7�0KU�3HCeVW*�*�3)3&(+*=0KL]9+*[7<9@UK0K8/*[M]7�8�9t3&L&7B8�M^VW02MHM^0KCF8/M � 7�UK.v*=043]E�LHCFV E�*�i\*�L]M^*=8/9+*�L&M � 7�LH*_i)7<Mw3&*=9�o

¨a0KS<,/L^*[M � 3H(/L^CF,/S<( z�� ;�CFVe?h7BL^*Q©OC<VW*�»\7<Mw3Hc z 7B8/9�©YCFVW*b»)7<Mw3^c ½O� ij(/*=L^*Q7�L^*[;�*�04T�*�LeM^3�7BLw3�M"ElL^CFV z
M^*=8/9+*=Ls7�8�9 ½ M^*=8/9+*�L&M � LH*=MH?h*[;A3&04T�*�U45�oq©Y3�7BLw3&0K8/S:E�LHCFV ½ M^*=8/9+*=LHM � 7QLH*=;�*�04T�*=L-0K8º©YCFVW*b»)7BM^3^c ½ SFL&7<9+,�7BUKU45
,/8/M^,/.�MH;>LH0K.v*=MtElL^CFV MH*�8�9@*=L&Mp7BMtUKCF8+Sº7BMt043Q;[7B8�LH*=;�*�04T�*)� ?h7<;&�F*>3�M`.Y5�3&(+*m9+*[7<9@UK0K8/*Fo � Mk*>�@?v*=;>3H*[9 �
©OC<VW*�»\7<Mw3Hc ½ (h7BM"7p(+0KSF(/*�Ls�$*=LH;�*=8�3A7�SF* � ,h7�L�7B8�3&*�*[9 � 0¢o§*Fo$043";=7B8JVW*�*�3DVWCFL^*`Mw3HLH0K8/S<*=8�3"9+*b7B9+UK0K8+*[M 3H(h7�8
©OC<VW*�»\7<Mw3Hc z o`'\(/02MD02M-7b3 3&(+*W*��O?v*�8�M^*WCFEyUKCbi\*�L � COCO9+?+,+3"7BM"©YCFVW*b»)7<Mw3^c ½ 7�3^3&*=Ve?+3�M�3&CQCbTF*=L&;>CFVW*s8/CB3
CF8+U45¤UKC�MHM^*[Me9+,+*p3HCu;>LHC�MHM"3&L&7B}W; � .+,+3`7BU2M^CmUKC�MHM^*[Me9+,+*p3HCq0K8�3&*=L^El*�LH*=8/;�*Q7BVWC<8/SmV",+U43&0K?/UK*pM^*=8�9@*=LHMeC[T�*�L
;�C<VWVWC<8tUK0K8/�OM=o

¨a0KS<,/L^* z=� M^(/Cbi]M~3H(h7b3$ElC<L£(/0KS<(/*=L£U|7��O043&0K*=M � ,+8�9+*�LG©YCFVW*b»)7BM^3^c ½Y� L^*[;�*�04T�*�L&M�3&*=8/9_3&C �^CF0K8 VWC<LH*�V",/U43H02;[7BM^3
SFL^CF,+?�M�CF8q7�T�*=L&7BS<*For')(+02MN02MN.h*[;=7B,�M^*s7�3Nz/L&Mw3 � 7XLH*=;�*�04T�*=LN,/8/M^,/.�MH;>LH0K.v*=M�ElL^CFV M^C<VW*-C<E�3&(+* ½ SFL^CF,+?�MR3HC
i](+02;�(�043r0K8+043&0|7�UKU45mM^,/./M&;>LH0K.h*[M � ij(/02;&(m02MN*>�@?v*=;>3H*[9�*[M^?v*=;�0|7�UKU45�ij(/*=8m9+*[7<9@UK0K8/*[Mr7�LH*"8+C<3N3H0KSF(�3[o MRC[i\*�TF*=L �
3&(+02Mr0K8�;>LH*[7<M^*[M_3H(/*s3&0KVe*s3A7��F*�8m3&CpL^*[;�*�04T�*s3&(+* � ?�7<;��<*�3&M=oW'\(/02M 9@*=U|7=5�0K8�;�L^*b7BMH*=M_3&(+*W;&(h7B8/;�*eCFEyUKCFM&M^*=M
9+,+*"3&Ck0K8�3&*=L^El*�LH*=8/;�*W7�VWCF8+StV",/U43H0K?/UK*eM^*=8/9+*�L&MNCbTF*=Lr;�CFVeVWCF8�UK0K8/�@M � ij(/02;&(q0K8m3H,/L^8q;[7B,/M^*[MNLH*=;�*�04T�*=LHMN3HC
�^C<0K8�VWCFL^*`SFL^CF,+?�M"M^Cm7<MD3HC:VW*=*>3D3&(/*�0KLs9+*[7<9@UK0K8/*[M � 3&(O,/M-LH*=M^,/U43&0K8+S:0K8�9+*�SFL�7B9�7b3&0KCF8�0K8¤S<COCO9+?/,@3[omÃ]C<3H*



ä?å$æ�ç?è�éVênë ����� ���V�
4�	�2'!�� %����N��������� 	
!"� � 4���	*��	�
'�W�����
	<�k�����W��������	
�������
���P%;%')>��� �����V��
���%'������)*4 � �
�1�V� z ¿

0

0.2

0.4

0.6

0.8

1

0 1 2 3 4 5 6

Pe
rc

en
ta

ge
 G

ua
ra

nt
ee

d

Laxity

Percentage Guaranteed vs Laxity

SomeCast-1
ManyCast

AnyCast

¨·0KSF,/L^* ½ µy�$*=LH;�*�8Y3A7�SF* � ,�7BL&7B8Y3H*=*=9`T�*=LHM^,�M��·7b�@04365�o

0

0.2

0.4

0.6

0.8

1

0 1 2 3 4 5 6

G
oo

dp
ut

Laxity

Goodput versus Laxity

SomeCast-1
ManyCast

AnyCast

¨·0KSF,/L^* ¥ µ � COC@9@?/,@3)T�*=LHM^,�M��·7b�@04365�o



ä?å$æ�ç?è�éVênë ����� ���V�
4�	�2'!�� %����N��������� 	
!"� � 4���	*��	�
'�W�����
	<�k�����W��������	
�������
���P%;%')>��� �����V��
���%'������)*4 � �
�1�V� z �

0

1

2

3

4

5

6

0 1 2 3 4 5 6

A
vg

 #
 o

f 
G

ro
up

s 
Jo

in
ed

Laxity

Avg # of Groups Joined vs Laxity

SomeCast-1
ManyCast

AnyCast

¨·0KSF,+LH*D¿Oµ � TF*=L�7�SF*rÃRCeCFE � LHC<,/?�M\TF*=L&M^,/M �$7��O043P5Fo

3&(�7�3 7B9/9@043&0KCF8�7BUaUKC�MHM^*[M_9@,/*-3&C`3HL�7B}W;-E�LHC<V V",/U43H0K?/UK*sM^*=8/9+*�L&MN;[7B8�.v*"LH*=9+,/;�*[9:0KE�3&(/*"MH*�8�9@*=L&M�3HC`i](+02;�(
7XL^*[;�*�04T�*�Lr;&(/COCFM^*[MR3HCkM^,/.�MH;>LH0K.v*e7BL^*s;�(+C�M^*=8:0K8Y3&*�UKUK0KSF*�8Y3&U45:.�7<M^*[9�CF8:3H(/*-3H0KSF(Y3H8/*=M&MRCFE�3H(/*s9@*=U|7=5�.vC<,/8/9
��U|7b�@04365��)7B8/9k3H(/*rUKC�MHMjL&7�3H*[MjC<8p3H(/*r?h7b3&(/MjE�LHC<V 9+0K�h*=LH*�8Y3RM^*=8/9+*=LHM�o�Iu*_i]0KUKU~0K8YT�*=Mw3&0KSY7b3&*_3&(+02Mj0K8:7"El,@3&,+LH*
?h7�?v*�L=o

� �g���"#�3�! �v%&�R�
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