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± DFS�\o²�OFGJ³FELSnIHSnO¢W]Sj\�´µGJObKHSnE]W]\_OVOFS�W]KLS�¶5OFSnKY·�\_EH¸bI�S]¹pM_W]STEHºpM�KHSnI�KHDFSROFSnS�¶:´»\_E�DFGJ¼oD+^UST½_Sn^
^NM
OV¼_QpM�¼_SnI�M
^J^J\
·�GJOF¼�KL\�S]¹F³FELSnIHI�M�Op¶BW]\_ObKLEH\_^�·�GN¶bSn^JaB¶bGJIHKHELGJºFQFKHSc¶�W]\o²�³FQFK]M
KLGU\oOFI�¾u¿�Q¢WHD
OFSTKY·ª\oEH¸ÀIHSnEL½bG°WqSnI�IHQ¢WHDÁM
I%ÂuÃ¨Ä¢ÅFÆ�Ç¢ÈcÂFÉ¢Ã¨ÊuÆ�Ë_Ê¢ÌcÍuÈbÃÎÆ=ÂuÃ
ÏbÇ¢È�ÂFÐÑSnKwW
¾2Ò Ó�Ô�Õ¥Öo×cØ�ºpM
ILG°WTM
^J^Ja
²�M
OpM�¼_SjM2IHSnK�\�´4GJOb´»\oEH²�M�KHGJ\_OVI4·�DVG°WLD�GJI?MoWnW]SnILIHS�¶�M
O¢¶+SnOFELGNWHDVS�¶�\_O�M ·ª\oEH^N¶omH¶bGJIHKLEHGJºFQFKLS�¶
ºpM�IHGJI�¾¢ÙBS KHDFGJOF¸�KLDpM
K�GJKj·�GJ^J^�ºpS�Wq\_²�S ²�\oEHS�M
O¢¶�²5\_EHS2OFS�W]SnILIwM�EHa�´»\oEjKHDVSnIHS5IHSnEL½�GNW]STI&M
I
·�Sn^J^jM
I2´»QFKLQFEHS�\oOFSnI+KL\B\
ÚuSnE�WnM
QVIwM
^�W]\_DVSnEHSnO¢W]a�¾*fYOÀKHDFS�WnM�IHS�\�´}KHDVS�ÂuÃ
Ä¢Å�IHabIHKLSn²Û´»\oE
GJOFILKwM
O¢W]S_ÆFKL\+EHS�WqSnGJ½_S&M�OFIH·�SnEHIRºpSq´»\_ELS8doQFSTIHKHGJ\oOFIj·�\_QF^N¶%OF\_K�º¢S�³p\oIHIHGJºF^JS_¾
ÙBS DpMc½_S+º¢SnSnOÀ¶bSnIHGJ¼oOFGJOF¼�M
OBS]¹FKHSTOFIHGJ\_OB\�´?KLDFS�ÜVWHDVSn²�S ³FEH\o¼_E]M
²�²5GJOF¼&^NM�OF¼_QpM�¼_S_Æ=M

ÕÝGUIL³�¶bGNM
^JS�W]K WnM
^J^JS�¶ÑÞHßuànáoâ¥à_Æ�M
^J^J\
·�GJOF¼�KL\ã·�ELGJKHS+IHQ¢WHDÀM
³F³V^UGNWnM�KHGJ\_OVI�¾uÙBS�¶b\�OF\oK�S]¹F³pScW]K
·�DF\o^JS&M
³F³V^UGNWnM�KHGJ\_OVI�KH\�º¢S ·�EHGJKHKLSnO�GJO�\_QVEj^NM
OF¼oQpM
¼oS�ºFQFKREwM�KHDFSnE�·�GJIHD-KH\�\�ÚµSTE}KLDFS G°¶ÎS�M
^
¼o^UQVS4KL\jKLGUS�KH\o¼_SnKLDFSnE�IHScd_QVSnObKHGNM
^bIHQVºbm�M�³F³F^JGNWnM
KLGJ\_OFIc¾nfYK¥·�GJ^J^_M_WqK>M�I4Mk¸�GJOp¶R\�´ªäHILDFSn^J^Jå�\
ÚuSnEHGJOF¼
DFGJ¼oD�^JSn½oSn^�W]\_OVIHKHELQpW]KLI&M
Op¶æºFQFGJ^JKYmYGUO�WnM�QFIwM�^ªW]\oDFSnEHSTOpW]ab¾ ± DFSnELS]´»\_ELS&KLDFS5Þ�ßuàTá_â¥à2^NM
OF¼oQpM
¼oS
DpM�I�OF\_K�º¢SnSnOã¶bSTIHGJ¼_OFSc¶5´»\_E�IL³pSTS�¶omYQF³�ºFQFK�´�\_E�S]¹F³FELSnIHILGU½oSnOFSnILI�¾
ç SnGJOF¼:M8²�Sn²+º¢SnE�\
´¥KLDFS}ÕÝGUIL³+´èM�²�GJ^Jaj\�´>¶bGNM
^JS�WqKHI�ÆoKHDVS�ÞHßuànáoâ¥àR^°M�OF¼_Q¢M
¼_S�GJI�DVGU¼oDF^Ja:¶Îa_m

OpM�²�GNW�M
Op¶ ILQF³F³¢\_EHKLS�¶5ºba�M�¼�M�EHºpM�¼_SjW]\o^U^JS�WqKH\_ERéèê2C�ën¾ ± DFGJI?¶bGJILKHEHGJºFQVKHS�¶5ê�CÑGUI�¶bSnI]W]EHGJº¢S�¶
GJOãÒ­Õ=P}`*Ö_ìcØH¾_C�M�QFIwM�^¥W]\_DVSnEHSnO¢W]a�GUI�QVIHQpM�^U^Ja IHKLQp¶bGJS�¶5GJOp¶bSn³¢SnOp¶bSTO�KL^Ja�\
´�M
Oba+^NM
OF¼oQpM
¼oS}M�Op¶
\�´»KHSnOÀ^JGJ²�GJKHI�KLDFS�ObQF²+º¢SnE&\�´}ILDpM
ELS�¶À²+QFK]M
ºF^JS+½_M
^JQFSTI+\_E+EHScd_QVGUELSnI�ºVEH\�Mo¶FWnM�IHK�é�\_E+²+QF^ím
KLG°WTM
IHK]ë�KL\�º¢S�M_WLDFGJSn½oS�¶u¾�ÜbGJOpWqS�ÞHßuànáoâ¥à�M
^J^J\
·�I}KL\ãW]ELS�M
KLSæM�K&ELQFObmYKHGJ²�S+M
I ²�M�Oba�ILDpM
ELS�¶
²+QFK]M
ºF^JS+½_M�^UQVSnI:M�I+·?M�ObKHS�¶îé»·�GJKHDFGJOÑ²�Sn²5\_EHaBW]\oOFIHKLEwM
GJObKHI]ë+M
Op¶ïIHGJOpW]S�W]\_²5²+QFOFGNWnM
KLGJ\
O
¶bST^°McabIRKHDFEL\_QF¼oDãOFSTKY·ª\oEH¸bI�M
I�·ªST^U^�M
I�W]\o²�³FQFKLSnE�´YM
GJ^JQFEHSnI�²�M
¸_S�ºFEL\�Mo¶FWnM
ILK�¶bGíð�W]QF^JK�ÆV\_QFE
W]\oDFSnELSnOpW]a�³FEL\_KH\FW]\o^JIjW]GJEwW]QF²+½oSnObK�KHDFSTIHS�KY·�\&³VEH\_ºV^UST²�I�¾
fYK�GJI�\�´»KHSnOBKLDFS�WnM�IHS�KLDpM
K2\_OFS5·?M�O�KLI�KH\�W]\oObKHEH\o^ªKLDFS�³VEH\_¼oEHSnILI&\�´k¶ÎGUILKHELGUºVQFKHS�¶ÑW]\_²%m

³FQVKwM
KLGJ\_OFI�M
O¢¶�³p\oIHIHGJºF^Ja�IHQFIL³pSTOp¶bI+\_E2EHSnILQF²�SnI2KHDFSn²�¾ ± DFS-Þ�ßuàTá_â¥à%^NM
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¼oS:¶b\bSnI2OF\_K
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ÚuSnE��pELIHK�m�W]^NM�IHI�KwM
IL¸bI�é»IHGJOpWqSjKHDVSna+³p\oIHS�IHST²�M
ObKLG°WTM
^F³FEL\_ºF^JSn²5I�·�GUKLD�ELSnIH³¢S�W]KRKH\��pELIHK�m�W]^NM�IHI
W]\oO�KLGJO�Q¢M
KHGJ\oOFIwë�OF\oE������	��
qmèºpM�IHS�¶ Å�È
ÉoÂpË
� ²�M_WLDFGJOFSTEHa�ºVQFKjE]M
KHDVSnEj\�ÚµSnELI�KHDFS&Wq\_OpW]ST³FK�\
´
¼_EL\_QF³VIj\
´�KwM
IL¸bI�¾Fl ³FEH\o¼_E]M
² é»\_ER²�\oEHS�¼_SnOVSnEwM�^U^Ja�M
O�S]¹F³FELSnIHILGJ\_Opë�WnM�O�ºpS2IH³¢\_OFIL\_EHSc¶�ºba
M��pELIHKYmHW]^NM
ILI����������+\_º��qS�W]K�·�DFGNWLD�M
^J^J\
·�I�KH\+W]\_ObKLEH\_^=KHDFGJI�Sn½_M
^JQpM�KHGJ\_O�M�IjM�·�DV\_^JS_¾Fê�EL\_QF³FI
WnM�O º¢S ¶Îa�O¢M
²�GNWnM�^J^UaBW]ELS�M
KLS�¶ÁM
Op¶î²�McaBº¢SãDFGJSnE]M
E]WHDVG°WTM
^J^Ja�Sn²+º¢S�¶F¶bSc¶u¾ ± \ÑIHQFIL³pSTOp¶ M
¼_EL\_QF³ÑGJ²�³F^JGNW]GJKH^Ja�IHQFIL³pSTOp¶bI�M
^J^�GJKHI+ILQFºF¼oEH\_QV³FI+·�DFGNWLD1WnM�O�º¢S�ELSnIHQV²�S�¶ïGUO¢¶bSn³¢SnOp¶bSnObKL^Uab¾
ÙBS+³FEL\_³¢\_IHS�M�W]\oDFSnEHSTOpW]aB³FEL\_KH\FW]\o^ªKL\ãM_WLDFGJSn½oS�KLDFS�¶bGJIHKLEHGJºFQFKLS�¶B²�M
OpM�¼_Sn²5SnObK�\
´jKHDVSnIHS
¼_EL\_QF³VI�¾
ÜbScW]KHGJ\_O�� GJOb´»\oEH²�M
^J^�a5³FEHSnILSnObKHI KHDFS+STIHIHSTO�KLGNM
^*´»S�M
KLQFEHSTI&\�´ªKHDFS�ÞHßuàTá_â¥à%^°M�OF¼_Q¢M
¼_SoÆµM�^ím

EHScM_¶baÀ¶bSnIwWqEHGJºpSc¶÷GJO�²5\_ELS�¶bSnK]M
GJ^JI&GJO0Ò PRQFScÖ_ìFÆ�P�Ô�Ö_×VÆ�PRQFS�Ö���ØH¾ ± DFS�ºpM
ILG°W5\o³pSnE]M
KLGU\oOpM
^
²�MoWLDFGJOFSnEHa-·ªS+QFILS+KH\�¶bS��¢OFS�KLDFS+^NM
OF¼oQpM
¼oS:M�³F³pScM
EHI2GUOBÜbS�WqKHGJ\_O�ìF¾uÙBS+M
^JIH\�S]¹FSnE]W]GJIHS�GJK
KH\�¶bS��pOFS KHDFS2´»QFOpWqKHGJ\_OpM�^¥¸oSnEHOFST^ªM
Op¶æKHDFS+W]\_O¢W]QFEHELSnObK�´»S�M�KHQFELSnI�\
´ªKLDFS ^°M�OF¼_Q¢M
¼_So¾pÔRGJIHKHELGím
ºFQFKLGJ\_OãM�IH³¢S�W]KHI M
I�·ªST^U^�M
I�KHDVS&³FEL\_KL\ÎWq\_^�KH\5²�M
O¢M
¼_S�ILDpM
ELS�¶�²+QVKwM
ºV^US�\oº��]S�W]KLI8M�EHS+¶bS�M�^UK
·�GJKHD�GJO�ÜbScW]KHGJ\_O�×V¾�C�\oO�KLEH\o^U^JGJOF¼�¼oEH\oQF³FI�\
´�KwM�IH¸+GJI�DpM
O¢¶b^JS�¶+GJO�ÜÎS�W]KHGJ\oO��p¾FikSn^NM
KLS�¶+·�\_EL¸�I
GJIjW]\_OVIHGN¶bSnELS�¶�M
K�KLDFS�SnO¢¶�\�´4S�MoWLD�\
´�KHDFSnILS�IHScW]KHGJ\_OVI�¾
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± DFGJIjILS�W]KLGU\oO�GUOÎ´»\_EL²�M
^J^Ja&¶bSTIwW]ELGUº¢SnI�KLDFS�²�M�GUO%´»S�M�KHQFELSnIj\�´*M W]\oOpW]QFELEHSnObK�M
Op¶-¶bGJIHKHELGJºFQFKHSc¶
KH\
a2´»QFO¢W]KHGJ\_O¢M
^F^NM
OV¼_QpM�¼_S_¾ ± DFGJI�^NM
OV¼_QpM�¼_SRé»IHSTSA�p¼oQFEHSB��ë�GJI�ºpM
ILS�¶+\oO�ÜFWLDFSn²5S}Ò­C�ijÖ<�]ØpM
O¢¶
GJI&M
OBSTIHIHSTO�KLGNM
^�½_STEHIHGJ\oOB\
´jKHDVS�^NM
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± DFSR½_M
^JQFS�\�´>M�½_M�EHGNM
ºF^JS�GJI�\_ºFK]M
GJOFS�¶%½�GNM�GJKLIªOpM�²�S�ékjpëT¾�C�\oOFIHK]M
ObKHI�½_M
^JQFSnIRéml
ë�WnM
O�º¢S
W]GJKHSc¶B·�GJKHDonCprqoÏpÃF¾uC�^J\_ILQFEHSnI+M
ELS�W]ELS�M
KLS�¶ÑºbaãM
ºFILKHE]M_W]KLGU\oOFI�Æ�GN¶bSTO�KLGs�pS�¶�ºbat�bËCu
vFÐÎË¢ÆuM
O¢¶
WnM�O+ºpSjM�³F³F^JGJS�¶�·�GJKHD+W]\_²+ºVGUO¢M
KHGJ\oOFIAwbxyxBz�ziz|{o¾ ± DVSnIHS�³FELSn½bGJ\_QFI�´�S�M
KLQFEHSnI>´»\_EL²ùKHDVS�¸_SnELOFSn^
\
´¥KLDFS�^NM
OF¼oQpM
¼oSª¼oGJ½�GJOF¼�GJK�KHDFSR³p\
·�SnE�\�´4MRIHQF¼bM
EHSc¶�M
³V³F^JGUSc¶~}Îm�WTM
^NW]QF^JQFIc¾_lR^UKLSnEHO¢M
KHGJ½oSnIªM
O¢¶
IHScd_QVSnOpW]SnI M
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IHILGJ¼_OF²5SnObK�¾�ÜbGN¶bS]mYS]ÚµScW]KHI�WnM
OÀOFSn½oSnEHKLDFSn^JSnILI
º¢S�³¢SnEY´»\oEH²5S�¶�KHDFEL\_QF¼oDBºp\c¹FSnI2KHDpM�K&M
ELS�IHGJ²5GU^NM�E�KH\ã¿�ÕîÊpÃ
ÇbSnELSnOpW]SnIc¾ ± DFEHSTS�³FELS�¶bS��pOVS�¶
´»QFO¢W]KHGJ\_OVI�S]¹FGJIHK�KL\8WqEHS�M�KHSjº¢\c¹FSnI�·�GJKHD+M
O+GJOFGJKLG°M�^�W]\oObKHSnObK�é ÂµÃ
Ä)�Cvrq��FëTÆ�KL\�EHS�Mo¶ KHDFSjW]\oObKHSnObK
\
´�M+º¢\c¹ é�vrq��)�oÊ¢Ã
ÇÎë*\_ERKH\�M
^JKHSnE�KLDFS&W]\oO�KLSnObK�\
´?M%ºp\c¹�é	vrq:�;�VÅbÃ
ÏA�èëT¾ ± DFGJIR^°M�IHK�´»QVOpW]KHGJ\oO
GJI�M
OãM�KH\_²5GNW�S]¹pWLDpM
OV¼_S Gè¾ S_¾JÆVGUK�M
KL\_²�GNWnM�^J^Ua ·�EHGJKLSnI&M+½_M�^JQFS�GUO�M+º¢\c¹æ·�DVGU^JS�ELSnKHQVEHOFGJOF¼�M
I
EHSTIHQF^JK�KLDFS�´�\_EH²5SnEj½_M�^JQFS�KHDVS&º¢\c¹ã·�M
IjDV\_^N¶bGJOF¼p¾¢¿�QFK]M
ºF^JS ½_M
EHGNM�ºF^JSnI}M�Op¶�\_KLDFSnE�²+QVKwM
ºV^US
½_M
^JQFSTIjWnM
O�S�M�IHGJ^Ja+ºpS�ILGJ²+QF^NM
KHSc¶ º�a5ºp\c¹FSnI�Ò�����i4�-���¨ØH¾
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± DFS6w]Ç)q_Ê�� x��tx 
 {5IH³¢S�W]GNM
^k´»\_EL² ¸�GJ^J^JI�KHDVSæWqQFEHELSnObK�KwM�IH¸Ñ·�DFGJ^US�WqEHS�M�KHGJOF¼BKY·�\ãOFST·
GJOp¶bST³pSnO¢¶bSnObK+KwM�IH¸bI�Æ�\oOFS�Sn½_M
^JQpM�KHGJOF¼Vx���M�Op¶�M�OF\_KLDFSnE \_OFS�Sn½_M�^UQ¢M
KHGJOF¼ x 
 ¾=f�´ x��+abGUST^°¶ÎIM-½_M
^JQFS_Æ�KLDFGJI+½_M
^JQFS5GUI�M�^JIH\BabGJSn^N¶bS�¶BºbaÑKHDFS�GJOFGJKLG°M�^ªÇ)qoÊ��B´»\_EL²ãÆ¥M�Op¶ÑIHGJ²�GJ^NM
EL^Ja�´»\_E�x 
 ¾± S�WLDFOFGNWnM�^J^Ua+IL³pScM
¸bGJOF¼pÆ x � M�Op¶Px 
 DpMc½_S�KLDFS�I]M
²�S�W]\_ObKLGUObQpM�KHGJ\_O5�bKHDFS ½_SnELa�W]\oObKHGJObQpM
KLGU\oO\�´8KLDFS�Ç;qoÊ��À´»\_EL²ã¾ ± DbQFIcÆª\oQFE�²5\F¶bSn^}M�^J^U\
·�I�M ´»\_EL² KL\ÀEHSnKLQFEHO0²+QF^JKHGJ³F^JaBM
I5´»\_E5KHDFS
¼oSnOFSnE]M
KH\oEHI \
´jfHW]\oObmY^UGJ¸oS&^NM
OV¼_QpM�¼_SnI�Ò­¿��RÖ��¨Ø�¾ ± DFS5Ç)q_Ê��ãIL³pScW]GNM
^�´»\oEH²9GJI�KLDFS�\oOF^Ja�´»\oEH²
KLDpM
K�W]EHS�M�KHSnI�K]M
IH¸bIc¾µC�\oOb½_SnELIHSn^JaãM K]M
IH¸�WnM�OãSq¹Î³V^UGNW]GJKL^Ua5KHSnEL²�GJOpM�KHSnI�GJKHILSn^í´ª·�GJKHD�Å�puÈ�ÌbÈ
Ð¢ÃF¾
lRO�GJ²�³¢\_EHK]M
ObK�WHD¢M
EwMoW]KHSTEHGJIHKLG°W \�´�\_QFER^°M�OF¼_Q¢M
¼_S�GJIjKLDpM
KRKwM�IH¸bI�M
EHS2OF\_K>�pEHILKYmHW]^NM
IHI�½_M�^UQVSnI�Æ
KLDFSna�D¢Mc½_S�OF\ G°¶ÎSnObKHGJKYa�KLDFSnEHSq´»\_ELS�KHDFSTaæWTM
OFOF\oK�ºpS�ILSnObKjIHGJ¼oOpM
^JI
	�
��� �����	��¾ÔRGJIHKHELGJºFQFKHGJ\oO�GJI}GJObKHEL\F¶bQpW]S�¶-KHDVEH\_QV¼_D�KHDFSSw]Ê¢Ã�u<qoÏ¢Ãox � x 
 {�IL³pScW]GNM
^*´»\_EL²ã¾ ± DFSB�pELIHKKLSnEH² x � GJI�Sn½_M
^JQpM�KHS�¶-M
Op¶5²+QFILK�EHSnKLQFEHOBM��������n¾ ± DVS&ILS�W]\_O¢¶�KHSnEL² x 
 GJI�KHDFSTOãSn½_M�^JQpM
KLS�¶\oO�KHD¢M
K+IHGJKLS_¾�l�IHGJKHS�GJI+M �pEHILKYmHW]^NM
IHI+½_M�^JQFS�KLDpM
K+ELSn³FEHSTIHSnObKHI�M�O1GJOp¶ÎSn³pSTOp¶bSnObK�²�M_WLDFGJOFS
\oE�ÆpM�O�GUO¢¶bSn³¢SnOp¶bSnObK�³FEL\ÎWqSnIHI�\oO�KHDFS IwM�²�Sj²�M_WLDFGJOFS�·�GJKHD�M+ILSn³pM�EwM
KLS:¶VM
KwM IL³pM_WqS_¾��FEL\_²
M�OãGJ²�³V^UST²�SnObKwM�KHGJ\_O¢M
^u³¢\_GJObK�\
´�½bGUST·�ÆuIHGJKHSTI:WnM�OB\_OF^Ja�S]¹pWLDpM
OF¼oS+²�SnILIwM�¼_SnIc¾¥f�´4x 
 abGUST^°¶ÎIM�½_M�^UQVS_Æ�KLDFGJI+½_M
^JQFS�GJI�M
^JIL\Ba�GJSn^N¶bSc¶Àºba�KHDVS�\_ELGU¼oGJOpM
^�Ê¢Ã�urq_Ï¢Ã-´»\_EL² \oO1KLDFS�½oSnEHaÀIHGJKLS_¾
ÓRQFE�SnILIHSnObKHGNM�^4^NM�OF¼_QpM�¼_S�ILQF³F³¢\_ELKHI�KHDFS+¶bGJIHKLEHGJºFQFKLS�¶-IHDpM�EHS�¶�²5Sn²�\oEHa�éèÔ�ÜF¿-ë�²�\F¶bST^¥GY¾ S_¾JÆ
Ê¢Ã�urq_Ï¢ÃR´»\_EL²�I�M
ELS}KLEwM�OFIH³pM�EHSnObKR·�EHK�IHGJKLSnI�¾
± M
IL¸�I�WnM
O5ºpS�W]\_ObKHEL\_^J^JS�¶ ºba&KLDFS�Å��rq�ÂuÅCqoÊ�´�QFOpW]KLGU\oO¥¾
Ù÷DVSnO�GJOb½_\o¸_S�¶uÆoM
I�GJOSwcÅ��<q�ÂuÅ�qoÊ

� {oÆbÅ��rq
ÂuÅ�qoÊ}W]ELS�M
KLSnIjMROFSn·À\_º��qS�W]KªWnM�^J^USc¶&M����R�����&M�Op¶ M
³F³F^JGJSnI�GJKHIªM�EH¼oQF²�SnObK*é»KHDVS�QFOpM
ELa´»QVOpW]KHGJ\oO � ë%\_O÷GJK�¾ ± DFS�º¢\F¶baÀ\
´�´»QVOpW]KHGJ\oO � ²�McaB³pSnE�´»\_EL² M
ELºFGJKHEwM�EHa÷W]\o²�³FQFK]M
KLGU\oOFI
·�DFGNWLD�WTM
O�GJOb½_\o^J½_SjM2O�QV²+ºpSnE*\
´¥KwM�IH¸bI�\_O�M�ObQF²+º¢SnE�\�´4ILGUKLSnI�¾ ± DVGUI�W]\o²�³FQFK]M
KLGU\oO:WTM
O�ºpS
W]\oObKHEH\o^J^USc¶+M
IªM�·�DV\_^JS�KHDFEL\_QF¼oD+KHDFS�����������\oº��]S�W]KRé»ELS�W]SnGJ½_Sc¶�ºba � M�I?M�EH¼oQF²�SnObK]ë4M�Op¶ KY·�\OFST· GJ²�³¢SnE]M
KHGJ½oS�´»QFO¢W]KHGJ\_OVI�¾ ± DFS��pËCpuÅbÃ �Ý´»QFO¢W]KHGJ\_O�·�DFSTOæM�³F³F^JGJS�¶5\_O�M ¼_EH\oQF³¥ÆbILQFIH³¢SnOp¶bI
éYM
^J^FKHDVS}K]M
IL¸�I�W]\b\_³¢SnE]M
KHGJOF¼+KL\�³¢SnEY´»\oEH²�ë�KHDFS�M�IHIH\FW]GNM�KHS�¶�W]\o²�³FQFK]M
KLGU\oO&·�DVGU^JS�KLDFS�Ë_ÄFË��uÃ0�
´»QVOpW]KHGJ\oO�EHSTIHQF²5SnI�GJK�¾bÙ÷DFSTO�M KwM�IH¸+²�M
¸_STIªKLDFS Å��rq�ÂuÅ�q_Ê+WnM�^U^uKL\&abGJSn^N¶�M2½_M
^JQFSoÆbKHDFGJI�KwM
IL¸
S]¹FGJKHI8´»EH\o²)KLDFS�M�IHIL\ÎWqG°M�KHS�¶ï¼_EL\_QF³B\�´jKwM
IL¸bIi��GJK�GJI�OF\�^J\oOF¼_SnE M�²�Sn²+º¢SnE�\
´jKLDpM
K2¼_EH\oQF³¥¾
± S�WLDFOFGNWnM�^J^UabÆuK]M
IH¸bI ºpST^U\oOF¼�KL\ M-¼_EL\_QF³B·�DFGJ^JS+KHDVSna1M�EHS�GJOBKLDFS�¶babOpM
²5G°W2S]¹FKHSTO�K+\�´jKHDFS
Å��rq�ÂµÅ�qoÊ2´»QFOpW]KLGJ\_O�KHDpM�KjW]EHScM
KHSc¶�KHDpM�K�¼_EL\_QF³¥¾
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± DFS�³VEH\_¼oEwM�²÷\
´
�p¼oQFEHSªì�GJ^J^JQFIHKLEwM�KHSnIuOFScM
EH^Ja�M
^J^
KLDFS�´»S�M�KHQFELSnI¥\�´F\_QFEuSnILIHSnObKLG°M�^b^°M�OF¼_Q¢M
¼_So¾
ÙBS�M
ILIHQF²5SªKLDFSjQFILQpM
^ÝÌ�ËoÊuÆbÌ
ÐbÊ&M
O¢¶5ÌCq�ÂuÅ�´»QVOpW]KHGJ\oOFI�KH\�º¢S�³FEHSc¶bS��pOFSc¶�M�Op¶5Ì�q�ÂµÅRKH\�\_OF^Ja
W]ELS�M
KLS�GJ²�²+QVKwM
ºV^�S�³pM�GJEHI�¾ ± DFS�ILDF\
·�O�´»QFOpWqKHGJ\_O�EHS�WqSnGJ½_SnI�M�Wq\_²�³VQFKwM�KHGJ\_O�STOpW]\F¶bS�¶ÀM
I M



KHDbQFOV¸&éYM�W]^J\_ILQFEHS�ºpM
ILS�¶�\oO&M
O�M
ºVIHKHE]M_W]KLGJ\_O�·�GJKHDV\_QFKu½_M�EHGNM
ºF^JSnI]ënÆTGUKuKLDFSnO&WqEHS�M�KHSnI�M�²+QVKwM
ºV^US
º¢\c¹�KH\5DF\_^N¶�M º¢\�\o^JS�M
O��µM�¼�é»GJOFGJKHGNM
^J^Ja2´èM
^JIHS��bÇFënÆVºFGJOp¶bI�GJK�KH\+KLDFS�vpËoÊ�Ê¢ÈbÃ
Ê�é»GJ²�²+QVKwM
ºV^UScë
½_M
ELGNM
ºF^JS_Æ¥M�Op¶-IHKwM�EHKLI:M�Å��rq�ÂuÅCqoÊomYS�¶�W]\o²�³FQFK]M
KLGU\oOãW]\oOpW]QFELEHSnObKH^JaBGJOb½_\o¸�GJOF¼5KHDFS5EHS�WqSnGJ½_S�¶
KHDbQFOV¸�\_O�KY·�\�¶bGíÚµSTEHSnObK�IHGJKLSnI�é�DFSn^N¶5GUO�½_M�EHGNM
ºF^JSnIRÅbÈ
ÏpÃ���M�Op¶-Å�È
Ï¢Ã��bën¾oljIjIL\b\_O�M
I�\oOFS�\
´
KHDVSnIHS�KHDbQFOV¸�I*a�GJSn^N¶bI�Mj½_M�^JQFS_Æ
KLDFGJI�½_M
^JQFS�GJI�³pM
GJELS�¶ ·�GJKHD+GJKHI�IL³p\oOFIH\oEHGJOF¼�¼oEH\oQF³+\_º��]ScW]KªM
O¢¶
GJI�ºp\oQFOp¶2KH\�KHDFS�ÉbÊ)qCp"�	�oÊ¢ÃbÅ�p<�oÏ�½_M�EHGNM
ºF^JS_¾ ± DFS�º¢\�\o^JS�M
O�DVSn^N¶�GJO KHDFS�vpËoÊbÊpÈbÃ
Êjº¢\c¹&GJI¥KLDFSnO
WLDpM
OV¼_S�¶-KH\+KLEHQFS5é
�bÏFën¾ ± DFS&²+QVKwM
KLGJ\_O+\_³¢SnE]M
KH\oE1v<q:�)�VÅbÃ¨ÏA��ELSnKHQFELOFI�KHDFS2´»\oEH²�STE?W]\oObKHSnObK
\
´�KHDVSBvVËoÊbÊ¢ÈbÃ¨Ê�º¢\c¹�IH\�KY·�\�WnM�IHSnI+M
ELS+³p\oIHILGUºV^USo¾uf�´ªKHDVS ´»\_EL²�SnE�W]\_ObKHSTO�K2·?M�I}KLEHQFS+KLDFSnO
KHDVS}K]M
IL¸�W]\o²�²�GJKLI4ILQFGNW]GN¶bS�IHGJOpW]S�GJK�GUI�OF\oK�KHDFS1�pELIHK�\_OVS}KLDpM
K�²+QFK]M
KHSTIªKLDFS1vVËoÊbÊ¢ÈbÃ¨Ê º¢\c¹Ý¾
C�\_Ob½oSnEHILSn^Ja�ÆuGí´�KHDFS ´�\_EH²5SnE}Wq\_ObKHSnObK�·�M
IR´èM�^JIHS KHDFSnOBKLDFS+¼_EL\_QF³�GJI�³pM
QFILS�¶�GY¾ S_¾JÆµM�Oba�KwM�IH¸
\_O�M�O�a+ILGJKHS�·�DFGNWLD�GJIªILKHGJ^J^uEHQFOVOFGJOF¼&QVOp¶bSnE�KLDFS�IH³¢\_OFIL\_EHILDFGJ³�\
´¥KLDpM
K�¼oEH\oQF³�GJI�IHQVIH³¢SnOp¶bS�¶��
KHDVS�EHSnILQF^JKjGJI�KHDFSnO-EHSnKLQFEHOFSc¶�M
I�KLDFS�½_M
^JQFSR\
´�KHDFS�´�QFOpW]KLGU\oO¥¾
± DFS-EHGJ¼_DbK�³¢M
EHK5\
´��¢¼_QFELSãìB²�McaBDFSn^J³ KL\B½bGUILQpM
^JG�
nS�KLDFS�²�M
GJOÑIHKHST³FI�¾�fYK5GJI�M�×oÔkm

M
³V³FEH\c¹FGJ²�M�KHGJ\_O+\�´4KHDVS�ºpSTDpMc½bGU\oE�\
´�KHDVS&M
º¢\
½_S�S]¹pM
²5³F^JS_¾ ± DFS��pELIHK}M¨¹FGUI�ELSn³FELSnIHSnObKLI}KLGJ²�S
é��wëTÆ_KLDFS�IHScW]\_Op¶5Mc¹FGJI�IHDV\
·�I�KHDFS�½_M�EHGJ\_QVI4K]M
IL¸�Iké����
ë�M�Op¶ KHDFS�KLDFGJEw¶+M¨¹ÎGJI�M
³V³FEH\c¹FGJ²�M�KHSnI�KHDVS
¶bSn³VKHD+\
´uW]\_ObKHGJObQpM�KHGJ\_OFI*é��¢ë=Gè¾ S_¾JÆcEHScW]QFEHILGJ\_O+IHK]M_WL¸u¾
lÀ³F^NM
O�GJI�M
ILIH\FW]GNM
KLS�¶2KH\�KHDFS�GJOb½_\FWnM
KLGJ\_O
\
´�Å��rq�ÂuÅCqoÊ�ILDF\
·�GJOF¼�KHDFS�¶babOpM
²5GNW�S]¹FKLSnObK&\�´jKHDFS5¼_EH\oQF³��uK]M
IL¸�I º¢Sn^J\_OF¼�KL\�KHD¢M
K�¼oEH\_QV³
·�DFGJ^JS&M
º¢\
½_S�KLDFGJIj³F^NM
O=¾ [ ObKHELa�GUO-KHDFS�¼oEH\oQF³�GJIj²�M
EH¸oS�¶+ºba�M+ºV^°MoWL¸�IwdoQpM�EHS_Æ¢S]¹FGJKj·�GJKLDæM
·�DFGJKHS2IwdoQpM
ELS_¾ ± DFS�GJOb½_\FWnM�KHGJ\_O5KH\�Ç)qoÊ��ãé�²�M
EL¸_S�¶%ºbaæM ºV^°MoWL¸�W]GJEwWq^UScë}WqEHS�M�KHSnI�KY·�\+KwM
IL¸bI�Æ
\_OVS&\�´>·�DVG°WLDãWq\_²�²5GJKHI�ILQFGNW]GN¶bS+é»²�M
EL¸_S�¶5ºba�M+·�DFGJKHS W]GJEwW]^JS�ë�Mc´�KHSnERS]¹FGUKLGJOF¼+KHDFS5Å��rq
ÂuÅ�qoÊ
´»\oEH²
ik\_QF¼oDF^Ja+IHKwM�KHS�¶ÝÆuKHDFS S]¹pM
²5³F^JSjIL³pMc·�OFI�KY·ª\+ILGJ²�GJ^NM
E�W]\_²5³FQFKwM�KHGJ\_OVI�\_O�KY·�\�¶bGíÚµSTEHSnObK

IHGJKLSnI�Æ=EHSnKLQFEHOVI+KHDFS+½_M�^UQVS&\�´?KLDFSB�pEHILK�\_OVS+KH\ãW]\o²�³F^JSnKLS:M�Op¶�¶bGJIH³¢\_IHSTI&\�´?KLDFS+EHSn²�M
GJOFGJOF¼
IH³¢Mc·�OFS�¶�K]M
IH¸��b¾nlB³pM�QFIHSc¶�¼_EL\_QF³�KHD¢M
K¥º¢S�W]\o²�SnIuQVOFEHS�MoWLDpM
ºF^JS�GJI�W]\_^J^JS�W]KLS�¶�ºbajKLDFSªê�M�EHºpM�¼_S
C�\_^J^JS�W]KL\_E+éYê�C�ënÆÝºFQFK�KLDFS�³pM�³pSTE�·�GJ^U^*OF\_K�Sn²5³FDpM
ILG�
nS+KHDFS�Wq\_OFOFScW]KHGJ\_OÑKH\�KHDVS�ê�C�¾ ± DVS
³FELSn½bGU\oQFI�S]¹pM
²�³V^US*S]¹FDFGJºFGJKHIªMR³¢\�\oEYmY²�M�O�� I4GJ²5³F^JSn²+SnObKwM�KHGJ\_O�\
´¢´èM�QF^JK4KL\_^JSnE]M
OpW]SR·�DFSnELSjKHDVS
ºFQFE]¶bSnO÷\�´j²�M�¸�GJOF¼�ÏoÍ
pbÂ �BGJOFIHSTOFIHGJKHGJ½oS�KL\ãKLDFS5´èM_WqK&KLDpM
K GJK&GJI+W]\_OpWqQFEHELSnObKH^JaÀGUOb½o\_¸_Sc¶�GUI
SnObKHGJELSn^Ja�\_O�KLDFS�IHDV\_QF^N¶bSnELI�\
´�KHDVS}³VEH\_¼oEwM�²�²�STE�¾
± DFGJIªWq\_OpW]^JQp¶ÎSnIªKLDFSjGJOb´�\_EH²�M
^b¶bSnIwWqEHGJ³FKHGJ\oO�\
´u\_QVEªSnILIHSnObKLG°M�^p^NM�OF¼_QpM�¼_S_¾�ljEH\oQFOp¶+M�³VQFEHS

´»QFO¢W]KHGJ\_O¢M
^u¸_STEHOFSn^YÆVGUK�\
ÚuSnELIj\_ELKHDF\o¼_\oOpM
^V´»S�M�KHQFELSnIjILQpWLDæM�I�IHGN¶bS]mYS]ÚuS�W]KLI�Æ¥W]\oOpW]QFELEHSnO¢W]a�Æ¢¶bGJIYm
KHELGJºFQFKHGJ\oOæM�Op¶5¼_EL\_QF³FI�\�´�KwM
IL¸bI�¾ ± DVSnIHS�OVSn·0´»S�M�KHQFELSnI}M�EHS�M_¶F¶ÎS�¶�M
I�´�QFOpW]KLGU\oOFI�\_E�IL³pScW]GNM
^
´»\oEH²�I M
I ´»Sn^JK+W]\_Ob½oSnOFGJSnObK+KH\�S]¹F³FEHSTIHI�KLDFSnGJE+IHST²�M
ObKLG°WqI&º¢Sn^J\
·�¾ [ ¹pM
²5³F^JSnI�\
´�KHDFS5´»QV^U^Jaom
�pS�¶Î¼_S�¶�½oSnEHILGJ\_O�\
´�KHDVGUI�STIHIHSTO�KLGNM
^�^NM
OF¼oQpM
¼oS}M
I�·�Sn^J^¥M
I�M&Wq\_²�³¢M
EHGJIL\_O�·�GJKLD�ELSn^NM
KLS�¶5·ª\oEH¸
²�Mca º¢S�´»\_QVOp¶+GJOBÒ­PjQVS�Ö_ìVÆFP}Ô�Öo×FÆFPRQFS�ÖC�
ØH¾
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± DFGJI�IHScW]KHGJ\_O-³FEHSnILSnObKHI�M
O�\o³pSnE]M
KLGU\oOpM
^=IHSn²�M
ObKHGNW]I�¶bSnI]W]EHGJºFGJOF¼5\_QFE�^NM�OF¼_QpM�¼_S_¾ ± DVS}³VEH\_KL\
m
W]\o^UIRKHDpM�K�²�M�OpM
¼oS}W]\oDFSnEHSTOpW]a�\�´>º¢\c¹FSnI}M�Op¶5¼_EL\_QF³FI�M
ELS}³¢M
EHKLIj\�´>KLDFS&¶bS��pOFGJKHGJ\_OVI�¾ ± DVSnIHS
¶bS��¢OFGJKHGJ\_OFI�WnM�O�M
^JIL\�ºpS�½bGJSn·�S�¶�M�IªKLDFSjIL³pS�WqG��uWnM
KLGU\oO�\
´4M
O�M�ºFIHKLEwMoW]K�²�MoWHDVGUOVS�·�GUKLD+KHE]M
Obm
IHGJKLGU\oOFI�ºpSTKY·ªSnSTOÁIHKwM�KHSnIc¾jÙBS�M
IHILQF²�S�IH\o²�S5´èM�²�GJ^JG°M�EHGJKYa�·�GUKLD ¶ÎSnOF\_K]M
KLGU\oOpM
^�ILSn²�M�O�KLGNW]I
Ò­ÜbKH\�"�"VÆ4ÜFWLDr�:�cØ�\_E+M
K ^JS�M
ILK&DFGJ¼oDFSnE \_Ew¶ÎSnE ´»QFOpWqKHGJ\_OpM�^ª³VEH\_¼oEwM�²�²�GJOF¼�Ò ��SnOr���FÆ �=Ù �jÖoìcØH¾
± \�GJ²�³FEL\
½_S�KLDFS�^JSn¼oGJºFGJ^UGJKYa�\
´j¶bS��¢OFGJKHGJ\_OFIcÆ¥·�S�M_¶Î\_³FK&MæIHabObKwMc¹�W]^J\_ILS�KL\�KHDpM�K�\
´jM�³FEL\
m
¼_E]M
²5²�GJOF¼�^NM
OF¼oQpM
¼oS_¾_ÙBS�S]¹F³¢S�W]KRKHDFSnILS&¶bSnOV\_KwM�KHGJ\_OVI�KH\+º¢S}ILSn^í´�S]¹F³F^NM
OpM�KH\_ELa�¾
W |�~_�]�Y���n�n� �b�j���c�Y���Y~��T�&�c�_�R�H�n�Y���­� E ����
���a)H=�N�c�Y�
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± DFS5^°M�OF¼_Q¢M
¼_S+ELQFOFI \_O�M�OVSnKY·ª\oEH¸B\�´jDFSnKHSTEH\_¼oSnOFSn\oQFI�·�\_EL¸bIHKwM�KHGJ\_OVI�¾=l$IHGJKHS5GJI&ELSn³bm
ELSnIHSnObKLS�¶÷ºbaÀM�EHSn¼oQF^NM
EP�����	� ³VEH\FW]SnILI�¾�l9ILGUKLS�DpM
I�MBW]\o³ba�\
´�KLDFS�EHQVO�KLGJ²�S�^JGJºFE]M
EHaB\�´
KLDFS�^NM
OF¼oQpM
¼oS_ÆFGJK�ELQFOFI�M+^J\FWnM
^=IwWLDFS�¶ÎQF^JSnE�·�DFGNWHD�WHDV\�\oIHSnI�·�DFGNWLD�K]M
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K�³pM�IHILSnI�EHSn¼oQF^NM
EH^Ja5KHEH\oQF¼_D
M�^U^¢IHGJKLSnIjGJO�\oEw¶bSTEjKH\+³VEH\_³¢M
¼�M�KHS�W]^J\FWL¸�Ic¾
Ù÷DFSTOãM+º¢\c¹�GJI}WLDpM�OF¼_Sc¶�\oOæM%IHGJKHS2KHDFSnO�KHDVS&³FEL\_³¢SnE}Wq^U\FWL¸�GJIjGJOpW]ELSn²�SnObKLS�¶ãM�Op¶5KHDFGJI
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ºFQVK?WnM�O�º¢S}M�^U^JSn½bGNM
KLS�¶ ºba&KLDFSjQVIHS�\
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IHQV³F³p\oIHSjM�^UIL\�KHDpM�K4GJK�GJI�³p\oIHIHGJºF^JS�KH\�¸bOF\
·BKH\�·�DFGNWLD+W]^J\ÎWL¸ GJI
M�IHIH\FW]GNM�KHS�¶�Mkºp\c¹¥ÆTKHDFSnO M
Oba�KHGJ²�S�M�º¢\c¹}GJI4WLDpM�OF¼_S�¶8\_OF^JajGJKLI¥EHST^°M�KHS�¶2W]^J\ÎWL¸�GJI¥GJOpW]ELSn²�STO�KLS�¶uÆ
KLDFSnEHSq´»\_ELS}\oOF^Ja&º¢\c¹FSnIjM
ILIH\FW]GNM
KLS�¶+KL\&KLDpM
K�IwM�²�SjW]^J\FWL¸+·�GJ^U^VºpS�GJOb½_M
^JGN¶FM
KLS�¶u¾ ± \�DpM�Op¶b^JS}M�O
QFObº¢\_QFO¢¶ÀObQF²+ºpSTE+\
´&º¢\c¹FSnI�·�DFGJ^US-ºp\oQFOp¶bGJOF¼BKLDFSãILG�
nSã\�´&²�STIHIwM�¼_SnI5GJO�KLEH\F¶bQpWqSnI�IH\_²5S
GJ²�³VEHS�W]GJILGU\oO¥¾���\
·�Sn½_STE�Gí´kM5º¢\c¹ GJI�\�´kW]\oOFIHGN¶bSTEwM
ºV^US+½_M�^JQFS_ÆuGJK�WnM
OÑDpMc½_S GJKHI�\
·�O�³FEL\_³¢SnE
W]^J\FWL¸�é�KHDFS�³FEL\_KL\ÎWq\_^�KHDFSnOÀELSnIHSn²+ºV^USTI&KLDpM
K \
´&Ò­¿�ÜFiRhjÖoìcØ»ën¾uÓk´8W]\oQFEHILS�KH\ãM�QF¼_²5SnObK�KHDFS
ObQF²+º¢SnE�\�´}W]^J\ÎWL¸bI+M
^JIH\BM
QF¼o²�SnObKLI}KLDFS�IHG�
nS5\
´}²5SnIHI]M
¼oSnI&KLDpM
K DpMc½oS+KH\BWnM
ELEHa�M
^J^�KHDFSTIHS
W]^J\FWL¸�½_M�^UQVSnIjé�ºFQFK�ILSnS��V¾­ì_ën¾
± DFS�³FEH\oKH\FW]\o^}GJI5EwM
KLDFSnE�OpM�� �U½oS�M
Op¶ÀOV\_K�½oSnEHa S]ð�W]GJSnObK�ºFQVK�GJK5\_OF^Ja�Sq¹Î³VEHSnILIHSnI�KHDFS

SnILIHSnO¢W]S&\�´�KHDFS�³FEL\_KH\FW]\o^Y¾ �V\_E�GUOVIHKwM�OpW]S_ÆuM ELSn²�\oKHSjº¢\c¹�·�ELGJKHGJOF¼+WnM
OãM�^JIH\ EHSnKLQFEHO�KLDFS�OFST·
½_M�^UQVS�KH\5QF³µ¶VM
KHS+KLDFS ^U\FWnM�^�WnM_WLDFS_¾=i�Sn²5\_KHS2ºp\c¹�EHScM_¶-EHS�doQFSnILKHI+WnM
O�º¢S&ILDpM
ELS�¶�KH\�IH³¢M
EHS
ºpM�Op¶b·�GN¶bKLD¥¾¢ljOF\oKHDFSnE2IH\_QVEwW]S5\
´ªGJ²�³VEH\
½_ST²�SnObK�GJI�KH\�\_OF^Ja�GJOpW]ELSn²�SnObK�W]^J\FWL¸�I2G�´�KHDFS+OFST·
½_M�^UQVSjGJIj¶bGíÚµSTEHSnObK�´»EL\_² KHDFSR´»\oEH²�STEª½_M�^UQVS_¾
ÓRQFE�³FEL\_KL\ÎWq\_^u¶bSnIwWqEHGJºpSTIªDF\
·ÀILDpM
ELS�¶ ²+QFKwM�ºF^JS�º¢\c¹ÎSTIªM
ELS+äH²�GJ¼oEwM
KLS�¶bå¢¾¨¿æ\_EHSjWq\_²�³V^USq¹

²+QFK]M
ºF^JS�\oº��]S�W]KLI:WTM
O�º¢S�Wq\_OFILKHEHQ¢W]KHS�¶Ñ·�GJKHDB\oQFE�º¢\c¹FSnI�QFILGUOV¼�GJOp¶bGJEHS�WqKHGJ\_OFIc¾¥Gí´�KHDFSTa�M
EHS
KL\�º¢S+²�GJ¼_E]M
KHSc¶uÆFGJ²�² QFK]M
ºF^JSj½_M�^JQFSnI�IHQpWLD�M�I}ObQF²+º¢SnELI�Æ¢ºp\b\o^UScM
OFIcÆµWLDpM�EwMoW]KHSnELI:M�Op¶-Sn½_SnO
W]^J\oIHQFELSnI�M
ELS�IHGJ²5³F^JaãW]\_³VGUSc¶B´�EH\_² \oOFS�ILGUKLS�KH\BM
OF\oKHDFSnEc¾ ± DFS�KLEwMo¶bGJKHGJ\_OpM�^?¶ÎG�ÚuSnELSnOpW]S�\�´
ÕÝGUIL³�º¢SnKY·ªSTSnOã³VD�abILG°WTM
^�S�doQpM
^JGJKYa�éLÃ�n��_ë�M�Op¶�IHKLEHQpWqKHQFE]M
^�S�doQpM�^JGUKYa-éHÃ�nCppËZ���_ë�½_M�OFGJIHDFSTI�´»\oE
GJ²�² QFK]M
ºF^JS�\_º��]S�WqKHI�¾
± \�IHQV²$QF³¥Æb\oQFEª³VEH\_KL\FW]\_^�é�KHDFS ���	��
 � ? 
 ��� � 1�� � �m� ? �r����� � � � � �m� ? ë�GUOVOF\
½_M
KLSnI�\_O5IHSn½oSnEwM�^³¢\_GJObKHI��

�_¾�GJK�GJI�IL³pS�WqG��¢S�¶+GJO+M�¶bSnOF\oKwM�KHGJ\_OpM�^ímè^JGJ¸_S�ILKYab^USo¾ ± DFSj¶ÎSnIwW]ELGJ³FKHGJ\_O5²�M�¸_SnI=QFIHSR\
´¢´»QFOpW]KLGJ\_OFI
M�Op¶ÀW]\_ObKHGJObQpM�KHGJ\_OFI+Sq¹Î³VEHSnILIHGJOF¼1M�KH\o²�GNW�W]\o²�³FQVKwM
KLGJ\_OBIHKLSn³FI�M
O¢¶1Wq\_²�²+QVOFGNWnM
KLGU\
OVI�¾
fYK+DpM�I:M-DFGJ¼_DVSnE&^JSn½oSn^jW]\o²�³pM�EHS�¶�KL\�¶bSnIwWqEHGJ³FKHGJ\oOFI+QFIHGJOF¼�²�STIHIwM�¼_SnIcÆ4M�QFKH\o²�M�KwM�M�Op¶
ILG°¶ÎS]mèSqÚµS�WqKHI�¾¢i�Sn^NM�KHS�¶%IHS�doQFSnObKLG°M�^µWq\_²�³VQFKwM�KHGJ\_OFI�M�EHS�OpM�KHQFE]M
^J^Ja&S]¹F³FELSnIHILS�¶5½bG°M2W]\_ObKHGJObm
QpM�KHGJ\_OVI�¾

ìF¾�GJKjWnM�O�D¢M
Op¶b^JS�M
O�M
ELºFGJKHEwM�EHa5O�QV²+ºpSnE�\
´�ºp\c¹FSnIcÆ
×F¾�GJKj¶b\bSnI�OF\oK�EHS�doQFGJELS&W]\_²5²+QFOFGNWnM�KHGJ\
OFI�KL\&º¢S �=f��¥Ó Æ
�p¾�GJKj¶b\bSnI�OF\oK�EHS�doQFGJELS&M+W]SnObKHE]M
^JG�
nS�¶�W]\oO�KLEH\o^U^JSnEcÆ



�V¾ªGJK�¶b\bSnI�OF\_K�EHScd_QVGUELS&ºVEH\�Mo¶FWnM�IHK�KHS�WLDFOV\_^J\_¼oa�ºVQFKR´èMc½_\oEHIjGJOFILKHS�Mo¶ãM%^NM�
na�³FEL\_³pM�¼�M
KLGJ\_O
\�´4GJOb½_M
^JGN¶FM
KLGJ\_O GUOÎ´»\_EL²�M
KLGJ\_O¥¾ ± DVGUI�K]M
¸oSnI�OpM
KLQFEwM�^J^Ua+GJObKH\+M_WTW]\_QFObKRºp\oQFOp¶bS�¶�W]\o²�²+Qbm
OVG°WTM
KHGJ\oO�ºFELS�M
¸F¶b\
·�O�³FEL\
½�GN¶bSc¶�OV\&²5SnIHI]M
¼_S�GJI�^J\_ILK�¾
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± DFGJI�ILS�W]KHGJ\oO+S]¹F³p\oIHSnI�KHDFS�W]\_DVSnEHSnO¢W]a+³FEH\oKH\FW]\o^pQFILS�¶ KH\ W]\_ObKHEL\_^FDVGUSTEwM
E]WLDFGNWnM
^J^Ja�Sn²+º¢S�¶F¶bSc¶
¼_EL\_QF³VI&\�´jKwM
IL¸bI�KHDpM�K:WTM
OBº¢S�³pM�QFIHS�¶ï\_E&Mc·�M
¸oSnOFS�¶Ý¾4ê�EL\_QF³VI�\
´jK]M
IH¸bI+M
ELS�W]EHS�M�KHS�¶Ñ½bGNM
KHDVS&Å��rq�ÂuÅCqoÊ�´�QFOpW]KLGU\oO¥¾bê�EH\oQF³FI�WnM
O5ºpS�M
EHºVGUKLEwM�EHGJ^Ja&Sn²+º¢S�¶F¶ÎS�¶uÆoKHDFSna ´�\_EH²$M�KLEHSnSo¾FÙ÷DFSTO
W]ELS�M
KLS�¶uÆ
¼oEH\_QV³FI�M
EHS*EHQFOFOVGUOV¼p¾ ± DVSna�WnM
O ºpS*IHQFIL³pSnO¢¶bS�¶5é»ELSnIH³=¾
EHSnILQF²�Sc¶Fëu·�GJKHD2KHDFS �pËCpuÅbÃ �
é»ELSnIH³=¾jËoÄÎË��uÃ0�Yë GU²5³pSTEwM
KLGJ½_S�³FEHGJ²5GUKLGJ½_S_¾ ± DFSTIHS-´»QFOpW]KLGJ\_OFI5³p\oIHS�²�M
ObaB³FEL\_ºF^JSn²5I�KL\�º¢S
¶bS��¢OFS�¶�M�Op¶5GU²5³F^JSn²�STO�KLS�¶u¾
± DFSB�¢EHIHK2³FEH\oºF^JSn²<W]\_²5SnIR´»EH\o²9KHDVSnGJE�IHSn²�M
ObKHGNW]Ic¾ � SnELaãEL\_QF¼oDF^Ja�IwM�GN¶uÆuKH\ �VËCpuÅbÃ0�?M

¼_EL\_QF³-GUIRIHGJ²�GJ^NM
E�KH\5IHSnK�KLDFS&ELQFOFOFGJOF¼5IHK]M
KHQVI}\�´�KHDFS ¼_GJ½_STO�¼_EL\_QF³�KL\+´èM�^JIHS_¾Vl�KjKHD¢M
KjKLGJ²�S
M
O¢¶+\_O+ST½_SnELa+IHGJKHS_ÆoKHDVSjKwM�IH¸bI�KHDpM�Kªº¢Sn^J\_OF¼2KH\�KLDFSj¼oEH\_QV³+²+QFIHK�º¢SjILQFIH³¢SnOp¶ÎS�¶u¾FÙ DFSnO+KHDVGUI
GJI0�¢OFGJIHDFS�¶ÝÆ��VËCpuÅbÃ0�¥ELSnKHQFELOFI�KH\ GJKHI�WnM
^J^JSnE�KHDFSR´»\oEH²5SnE�EHQVOFOFGJOF¼�ILKwM
KLQFI�\
´¥KLDFS�OF\
·À³pM
QVIHS�¶
¼_EL\_QF³=¾¨ÜÎQFIH³¢SnOp¶bGJOF¼RKwM�IH¸bI¥KLD�QVI4ILSnSn²5I¥KH\�GJ²5³p\oIHS�M�IL\_EHK=\
´F¼_^J\oºpM
^
ILa�O¢WHDVEH\_OVG 
cM
KHGJ\oO&M
²5\_OF¼
M
^J^uILGUKLSnI�¾ ± DFSR´»\o^J^U\
·�GJOF¼�³FEL\_KL\ÎWq\_^4Mc½o\_GN¶bI�KHDFGJI�¼o^U\oºpM
^uILabOpWLDFEH\oOFG�
�M
KLGU\oO�M
Op¶5QFILSnIjGJOFILKHS�Mo¶
é»\oOpW]S&M�¼�M�GUO¢ëªM ^NM�
Ta+³FEH\o³pM
¼bM
KHGJ\oO�\
´�³pM
QVIHGJOF¼ \_EjMc·�M
¸_STOFGJOF¼&GJOb´�\_EH²�M
KLGU\oO¥¾
f�´ �pËCpuÅbÃ �ké»ELSnIH³¥¾=Ë_ÄFË��uÃ0�èë�GJI�KH\5EHSnKLQFEHO�GJ²�²5S�¶bGNM
KLSn^Ja&KLDFSnO�OF\_O�^J\ÎWTM
^¥K]M
IL¸�I�DpMc½oS�KH\

º¢S�³pM
QVIHS�¶�é�EHSnIL³¥¾¥Mc·�M
¸oSnOFS�¶Fë�^NM 
nGJ^Uab¾ofYK�²+QFIHK�º¢S�SnOFILQFEHSc¶�KLDpM
K�KLDFSnEHS GJI�OF\+IHKLGJ^U^uELQFOFOFGJOF¼
KwM�IH¸ GJO�KHDFS�¼oEH\oQF³&KLDpM
K*²�Mca}M�^JKHSnE�KHDVS�ºpSnD¢Mc½�GJ\oE4\�´pKHDVSjWnM
^J^JSnE�\
´ �pË�puÅbÃ0�]¾nfYO+\_KLDFSnE�·�\_Ew¶ÎI�Æ
Gí´4M�K]M
IL¸+³pM
QFILSnI�M�¼oEH\_QV³�éèM�Op¶+¶b\bSnI�OF\oK�º¢Sn^J\_OF¼ KH\ KHDFGJI�I]M
²5S�¼_EH\oQF³�\oKHDFSTEH·�GJIHS�GJK�·�\_QF^N¶
º¢S}M
^JIL\�³pM
QVIHS�¶Fë*KHDVSnO+GJKªWnM
OVOF\_K�ºpS�^NM�KHSnEªM¨ÚµScW]KHS�¶5ºba KHDFSRKwM
IL¸bI�KHDpM�K?M�EHS�ILQF³F³¢\_IHSc¶�KL\�º¢S
IHQVIH³¢SnOp¶bS�¶�´»EH\o²ùGJKHI�³¢\_GJObK�\
´¥½bGJSn·�¾��V\_E�Sq¹VM�²�³F^JS_Æc\oOB�p¼_QFELS �VÆ
IHGJKHS F 
 ¸bOF\
·�I�KHD¢M
K�¼oEH\_QV³É+GJIª³¢M
QFILS�¶uÆFGJK�KHDbQFI�WnM
OVOF\_KjMoWnW]Sn³FK�KL\&ELQFO�M�KLDFEHScM_¶�Wq\_²�GJOF¼8´»EH\o² F � M�Op¶+º¢Sn^J\_OF¼oGJOF¼�KH\
KHD¢M
K�½_STEHa�¼_EL\_QF³��b·�DVSnO�EHS�W]STGU½oS�¶�\oO$F 
 ÆbKHDVGUI�KLDFEHScM_¶�GJI�M
QFKL\_²�M�KHGNWnM�^U^Ja�³¢M
QFILS�¶u¾
± \jScM_WLD+¼_EL\_QF³ GJIªM
ILIH\FW]GNM
KLS�¶+MRºp\c¹&KLDpM
K�DF\o^N¶bI�GUKLI�EHQVOFOFGJOF¼�IHK]M
KHQVI�Æ_MRº¢\�\o^JS�M
O IHK]M
KHGJOF¼

Gí´4KLDFS�¼_EH\oQF³�GJI�EHQFOVOFGJOF¼&\oEªOV\_K�Gè¾ S_¾JÆbMc·?M�¸_SnOVS�¶+\oEª³pM�QFIHSc¶u¾ ± DFSRºp\c¹�Wq\_DFSnELSnOpW]a�³FEL\_KL\ÎWq\_^
GJI�QFILS�¶0KH\Ñ²�M�OpM
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OFI ³pM
QVIHGJOF¼ãM�^U^
KHDVS&ILQFºF¼_EL\_QF³VI}GJK�W]\_ObKwM�GJOFI�SnKwW
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OF\oKHDFSnERKwM�IH¸�EHS�doQFGJELSnI�KH\�Mc·�M
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´�GJKHIRIHQFºF¼oEH\oQF³¥¾
± DFGJI}Wq\_ObKHSnObKLGU\oO�³FEL\_ºF^JSn² DpM
IR\_OF^Ja5KY·ª\5S]¹pW]^JQFIHGJ½_S2IH\_^JQFKLGJ\_OFI��F\_E�M
^J^uKwM�IH¸bIjº¢Sn^J\_OV¼_GJOF¼+KH\
ÉãM�EHS ³pM
QFILS�¶-Sn½_SnO�KHDV\_IHS+\�´jÅ
É�\_E�ÆuM�^U^=KwM�IH¸bI�º¢Sn^J\_OF¼oGUOV¼+KH\�É�M
EHS ³pM�QFIHS�¶-S]¹pW]Sn³VK�KHDF\oIHS
º¢Sn^J\_OF¼oGUOV¼&KL\�Å
Éu¾ ± DFS�WLDF\_GNW]S�º¢SnKY·ªSTSnO�KHDVS}KY·�\ IH\_^JQFKLGJ\_OFI�¶bSn³¢SnOp¶bIR\_O�·�DFSnKLDFSnER³pM
QFILGJOF¼
É�GJI�³pSnE]W]SnGJ½_Sc¶BMc´»KLSnEj\oE�ºpS]´�\_EHS+Mc·�M
¸_STOFGJOF¼�Å
É%´»EH\o² KLDFS&³¢\_GJObK�\
´�½bGJSn·Á\
´�KLDFS�ºFGJEHKLD�IHGJKLS
\
´�Å
Éu¾
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± DFS�STIHIHSTOpW]S \
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¼oEH\_QV³+·�GUKLD�M
O5QFOpW]SnELKwM�GUO5EHQFOVOFGJOF¼�IHK]M
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ILKwM
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ILKwM
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´jM
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^
¼oEH\_QV³FI�¾¢f�´�KHDFS EHQFOVOFGJOF¼�IHKwM�KHQFI�\�´?M5¼_EH\oQF³�GUIR\_ºFIL\_^JSnKLS+\_EjQVOF¸bOF\
·�OãKLDFSnO�KHDFS+ILGJKHS+M
IH¸bI
´»\oE�GUKcÆ¥²5S�M
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Oba�KHDFELS�M_¶ÎI&º¢Sn^J\_OF¼oGJOF¼�KH\�KLDpM
K
¼oEH\_QV³¥¾uÙ÷DFSTOãKLDFS�ILKwM
KLQFI�\�´kM5OF\oOB^U\FWnM�^�¼_EL\_QF³BWLDpM
OV¼_SnI�KLDFSnOÑKHDFGJI�OFSn· IHK]M
KLQFI&D¢M
I�KL\
º¢S�EHS�W]QVEHIHGJ½oSn^Ja�³FEL\_³pM�¼�M
KLS�¶+KL\&KLDFS�^J\ÎWTM
^¢¼_EH\oQF³FIc¾ ± DFSnIHS2²+QFKwM�KHGJ\_OFI�\�´4EHQVOFOFGJOF¼ IHKwM�KHQFI�\�´
^J\FWnM
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t2 < t3  means group status of sg is obsolete

sg = super(ssg) g = super(sg)

t3  true   ...t1  false   t2

t   true    t1

ssg is running since t

g is running since t3

sg is paused since t1

ssg perceived sg’s changes till t1

sg perceived g’s changes till t2

ssg

g

sg
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ELEHaÀKHDVS�IHSnK5\
´&W]^J\FWL¸�I+Sq¹Î³VEHSnILIHGJOF¼ÀKHDFS�³¢SnEwWqSn³FKHGJ\oO KLDFS�Sn²5GUKLKHGJOF¼�ILGJKHS�DpMo¶
\�´kM�^U^*³FEH\o³pSnE+W]^J\FWL¸�Ic¾¥fYK2GUI2EwM
KLDFSnE IHGJ²�³V^US2KH\ãMo¶b�]\_GJOBM�OFSn· IHGJKHS+KL\�KHDFS5OFSnK�\�´}M
^JEHScM_¶ba
S]¹FGJIHKLGJOF¼�ILGUKLSnI�¾¢Ù÷DVSnOãM+ILGJKHS F�¶bS�W]GN¶bSnI�KL\�GJOb½_\_^J½oS8M%OFSn· IHGJKHS�F s GJObKH\+KLDFS:Wq\_²�³VQFKwM�KHGJ\_O
GJKj³¢M
EHKLGNW]GJ³pM
KLSnI�GUO=ÆFGJKj\oOF^Ja�D¢M
IjKL\�²5SnObKHGJ\_O�KHDVS&OFST· W]^J\FWL¸�\�´GF s GJOãM
^J^¥KLDFS ²�SnILIwM
¼oSnI�GJK
Sn²5GJKHI�¾�Ù÷DFSnO�M�KLDFGJEw¶+ILGJKHSjDVS�M
ELIjM
º¢\_QFK�KLDFS�S]¹FGJIHKHSTOpW]S�\
´/F s ÆbGJK�IHGJ²5³F^Ja&M_¶F¶ÎIªGJK�KL\&KLDFSjILSnK
\�´¥IHGJKHSnIRGJKªGJI�Mc·?M�EHSj\�´>M�Op¶+GJK�KHDFSnO�³FEL\_³pM�¼�M�KHSnI�KLDFS�S]¹FGUILKHSnO¢W]S�\
´/F s é»KLDFEH\oQF¼_D*F s � I�W]^J\FWH¸Fë
GJO�M�^J^uKHDFS�²�STIHIwM�¼_SnI�GJK�OF\
· Sn²�GJKHIc¾
Ù÷DFSTO�M�²�SnILIwM�¼_S+GJI�Sn²5GUKLKHS�¶ÝÆpKLDFS�ST²�GJKHKLGUOV¼�IHGJKLS�³pM�GUELI&M
^J^�KLDFS+IHGJKLSnI&GJK�¸bOF\
·�I2·�GUKLD

KLDFS:Wq^U\FWL¸�½_M�^UQVS&GJKjKLDFGJOF¸bI�KHDVSnaãM
ELS_¾ ± DFSTIHS+³pM�GUELI�M
EHS�M�³F³¢SnOp¶bS�¶�KL\�KHDFS�W]\oObKHSnObK�\
´�KHDFS
²5SnIHI]M
¼_S�M
Op¶5KLEwM
OVIH²�GJKLKHS�¶u¾VÙ÷DFSnO�M ²5SnIHI]M
¼_S�GJI�EHScW]SnGJ½_S�¶-M
Op¶�M
I�³¢M
GJEHI�é�IHGJKHS_ÆuW]^J\FWL¸Fë�M
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OF¼oS�¶u¾ ± DFGJI�EHS�¶ÎQpW]SnI�²�STIHIwM�¼_SRIHG�
nS�ºFQFK�EHS�doQFGJELSnI
�=f��¥ÓROFSTIHI�¾
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M
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·�M
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IjM ELSn¼_QF^NM�E�IHGJKHSR´»EL\_²$KLDFS�\_QVKHIHGN¶bSo¾
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GJOb½_M
^JGN¶FM
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KHDVS+¼�M
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^JGN¶FM
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¼�M�GJOæM
¼_\b\F¶�²�M
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ILIH\FW]GNM
KLS�¶ãWq^U\FWL¸bIjGJI�OFS�WqSnIHI]M
EHa�KH\�M_WLDFGJSn½oS
¼_\b\F¶5³pSTEY´»\oEH²�M�OpW]SnIc¾
± DFGJI�GN¶bS�M ·�M
Ij¶bSn½oSn^J\_³¢S�¶�W]\_O��]QFOpW]KL^Ja�·�GJKHD��_\oIFZS&`>G°doQFSTE�¾
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Op¶2KHDFS�GJOp¶ÎGUELS�W]K�EHSq´»SnEHSTOpW]S�W]\_QVO�K

KHScWHDVOFGNd_QVS�\
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·�IªGJKjKL\�S�M�IHGJ^Ja�W]\o³pS ·�GJKHD�ILDF\_ELKYm
KHSTEH² W]\o²�²+QFOVG°WTM
KHGJ\oO�´èM
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^JS�WqKHI�Æ�GUK*DpM
IªM�^J^FGJKHI�QFILQpM
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