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��WPTVK-� c _ptNXYKPl�XYK�{iaNK*J e X�U�T,KN\NX]_ c K e TVK^I'G,�
J^{PJ g I)X]K*l4I c JhU'W*JfKPlfTxXYKDI)WPT	T,KN\NX]_ c K e TVKqI0M�T�r
U cfe TVG:X ehg�c _pI)JLKqI|y���KPTo�0J�a4I c {PTVJLQ��+XzI)W�G`O�U'W
U'W*JfKPlfT�O�G`XYKPl�lfTVKPT�I)XYU JLQYl c _)X]IpW e G¡X�G¢Jf{*{iX]K*l
{iX g Q c X�{ia4�+X]IpW�J4{ cfe XYK*JLK*U,T e T|U'W*JLK*XYG e y1£ c GHI
{ c^e X]K*JLIpX c K e T|U'W*JLKPX�G e G�¤ c OPK*{¥XYK QYX]IpT,_'J$I)OP_)T
Jf_pT.{iT,\^T,Q cfg TV{¢¤ c _nO*GpT.�+XzI)W¦J§MPXYK*Jf_pa@TVK*U c {Nr
XYKPl c ¤0lfT,K*TVGVy�¨ c �0T,\^T,_xX]K¡G cfe T©J gPg QYXYUVJ$I)X c K*G,�
X]I g _ c \NXY{iT|GnM�T�I`I)T,_ g TV_`¤ c _ e JLK�U�Tf�ªT|JfGpT c ¤	X e r
g QYT e TVK^I'J$I)X c KBJLK*{8«*T�¬iXYMPXYQ]X]IHa�I c _)T g _pT|G`TVK^I�IpWPT
l^T,KPT|G[�+X]IpW ehc _pT	I)W*JLK8IH� c JfQ]QYT,QYTVGVyoRªWPT e JLXYK
JfX e�c ¤	I)WPX�G�G`IpO*{Pa¦X�GDI c XYKqIp_ c {iO*U�T­JLK J^{PJ g r
I)X]\^T©{ c^e X]K*JLIpX c K e T|U'W*JLK*XYG e ¤ c _ e OPQ]IpX]r®JLQYQ]TVQ]X�UL�
{iX g Q c X�{	lfTVKPT�I)XYUdJLQYl c _pX]IpW e GSIpW*JLI
X�G
JfMPQ]T:I c W*JLKir
{iQYT@{iX]¯�TV_pTVKqI�IHa g TVG c ¤nU'W*JLKPl^T¡X]K°K c Kir c _){PT,_pr
M*J^G`T|{ g _ c MPQYT e GVy�±²GpX e OPQYJLIpX c K c ¤4J@G`X ehg QYXzr
³ T|{B{iaNK*J e XYU4Q c Jf{.M*JfQYJfK*U�XYKPl c ¤µ´ c M*G��+X]IpWB_)T�r
G c OP_'U�T+_)TV¶qOPXY_)T e T,KqI)G c K g _ c U�T|GpGpX]K*l	OPKPX]I)Gd�+XzI)W
UVJ g J^U�X]IpXYTVGSX�GSO�G`T|{·¤ c _<IpTVG`IpXYKPl�y b W*JfKPlfT:XYG<X]KqIp_ c r
{iO�U�TV{§MNa­JfQ]Q c �+XYKPl�JLKNa8KNO e M�T,_ c ¤+U,J g JfU�X]IpXYTVG
c ¤ g _ c U,TVG)G`XYKPl�OPKPX]I)G�I c U'W*JLK*lfT c _·Mqa8JfQ]Q c �+XYKPl
I)WPT8Jf{P{PXzI)X c K c _h{PT,QYT�IpX c K c ¤ g _ c U,TVG)G`XYKPl§OPKPX]I)G
JfK*{¡´ c M�G�I c IpW*T§GpaiGHI)T e y¹¸k_ cfe X�G`XYKPlº_pT|G`OPQ]I)G
I)W*J$I g _ cfehc IpT�¤»OP_`I)WPT,_�GHI)O*{ia�Jf_pT c MPI)JLXYKPT|{µy
¼ �q½µ¾4¿�~$À
Á^Â {iX g Q c X�{­l^T,KPT,IpX�U�JLQYl c _pX]IpW e GV�<{iaqr
K*J e XYUªTVKq\NXY_ c K e T,KqI)GV� e O*QzI)Xzr®JLQYQ]TVQ]X�U0_pT g _)TVGpT,KqI)JLr
I)X c K*G,�$l^T,K c IHa g T�I cog W*T,K c IHa g T e J gPg XYKPl*�$J^{PJ g r
I)X]\^T·{ cfe X]K�J$IpX c K e TVU'W*JfKPX�G e y
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��WPTVK�� c _ptNXYKPl°X]KÍ{iaNK*J e XYU�TVKN\qXY_ c K e T,KqI'G,�DJ^{PJ g IpXYKPl
I c J�U'W*JfKPlfT�XYKºI)WPT�T,KN\NXY_ c K e T,KqI©M�TVU cfe TVGhX ehg�c _`I'JLKqIVy
��KPT.�ªJ�a¡I c {iTVJfQ[�+X]IpW�G`O*U'W�U'W*JfKPlfT.O*GpX]K*l§l^T,KPT,IpX�U.JLQ]r
l c _pX]IpW e G·X�G�J^{P{iXYKPl8{iX g Q c XY{PaB�+X]IpW@J�{ c^e XYK*JfK*U�T e TVU'WPr
JLK*XYG e y�m�XYG)U�O*G)GpX c K*G c K8{iX g Q c XY{BlfTVKPT�I)XYU�JLQYl c _)X]IpW e G[JfK*{

\$JL_)X c O*G�J gPg QYXYUVJ$IpX c K�G�U,JfK�M�Tn¤ c OPK*{�XYK¥Î>Ï0_'JLKPt^Tf��ÐLÑ^Ñ^ÐfÒ��
Î bdc Q]QYXYKPlf� cNc {S�qÓ|ÔfÔ^Õ^Ò��NÎ×Ö c QY{PM�TV_pl��qÓ|ÔfØ^Ô^Ò��NÎ×Öx_)T�¯sT,K�GHI)T�I`I)Tf�
ÓVÔ^ÔfÕqÒ��DÎ×¨oJf{*Jf{µ��ÓVÔ^ÔqÙLÒ��DÎ>Ú·X e �.ÓVÔfÔ^Õ^Ò��DÎ>Û<T,�+X�G,��ÓVÔ^ÔfØ^Ò��
Î>Üol*�SÓ|ÔfÔqÝfÒ��µÎ×Þ+a^JfKS�µÓVÔ^ÔLßqÒ��µÎ×à e X]IpWS�
ÓVÔfÔqÐfÒ�y
Fá¤nJ¦{PX g Q c X�{Ç_pT g _)TVGpT,KqI)JLIpX c K c ¤�XYK*{iXY\NXY{iO�JLQ�G�XYG.O�G`T|{µ��J
e TVU'W*JfKPX�G e ¤ c _ e J gPg X]KPl§I)WPT8lfTVK c IHa g T c KqI c IpW*T g WPT�r
K c IHa g T8X�G�KPTVTV{iT|{µy�ZoGpO*JLQYQYa¢I)WPXYG e TVU'W*JfKPXYG e XYG�{ cfe Xzr
K*JLIpX c KSy�£ c G`I4{ cfe XYK*J$I)X c K e T|U'W*JLK*XYG e Gx¤ c OPK*{¡XYK�QYXzI)T,_pr
J$I)OP_)TBJL_)TB{iTV\fT,Q cfg TV{�¤ c _DO�G`T­�+XzI)WâJ�MPXYK*Jf_pa�T,K�U c {iXYKPl
c ¤·lfTVKPTVGVy�¨ c �0T,\^T,_hX]K�G cfe T�J gPg Q]X�U,JLIpX c K*GV�:X]I g _ c \NXY{iT|G
M�T�I`I)T,_ g T,_p¤ c _ e JLK*U,Tf�iT|JfGpT c ¤ X ehg QYT e T,KqI'J$IpX c K�JfK*{�«�T�¬iXzr
MPXYQ]X]IHa�I c _)T g _)TVGpT,KqI+IpW*T�lfTVKPTVGª�+X]IpW ehc _pTxIpW�JLK.IH� c JLQYQ]T,r
QYTVGVy RªW*T,_)T[W*JfG:K c I0M�TVT,K e O*U'WDG`IpO*{Pa4¤ c U�O�G`T|{ c KDJ gPg QYaqr
XYKPl�{ cfe XYK*J$I)X c KnX]K�{PX g Q c X�{hU'WP_ cfehc G cfe T+GHI)_pO�U�IpO*_pT|G��+XzI)W
e O*QzI)Xzr®JLQYQ]TVQ]X�UxlfTVKPT·_pT g _pT|G`TVKqI)J$I)X c K*GVy
F®K�Q]X]IpTV_)JLIpOP_)T ehc G`I g J g T,_'GhIpW�J$ID{iT|JLQ[�+X]IpW�K c KiráMPX]K�JL_)a
lfTVKPT:_)T g _pT|G`TVK^I'J$I)X c K*G,� e JLXYKPQ]ax¤ c U�O�G c K�lfTVK c IHa g T�I c�g WPT�r
K c IHa g T e J g*g X]K*l�J gPg _ c J^U'WPTVG
¤ c _ c _'{iT,_práM*JfGpTV{ g _ c MPQYT e GVy
��KPT�GpO*U'W�GHI)O*{iaãÎ»ä c GpWPX�{PJP�hÓVÔ^ÔLßNÒn¤ c _8G c Q]\NXYKPl�J¦R[ài¸
g _ c MPQYT e O*GpTVG�J e T,X c GpX�G	Q]XYtfT�J gPg _ c J^U'WB¤ c _ c MiI'JLXYKPXYKPl8J
W*J g Q c XY{�U'W*_ c^e©c G c^e Th¤»_ c^e IH� c U'WP_ cfehc G c^e T|GxIpWP_ c O*lfW
_)TVU c^e MPXYK*JLIpX c K cfg T,_'J$I c _'G,y[±oK c I)WPT,_·J gPg _ c JfU'W�Î�äxX]Q e JLåf�
ÐLÑ^Ñ^Ð^Ò�¤ c _¡G c Q]\NXYKPl�IpW*TºR[àN¸ g _ c MPQYT e �+XzI)W¹JLK c _'{iT,_pr
M*J^G`T|{µ�ªX]KqIpTVlfTV_�_pT g _)TVGpT,KqI)JLIpX c K�J gPg QYXYTVGnI)WPT8_)TVU cfe M*X]K*JLr
IpX c K c^g TV_)JLI c _)G+{iXY_)TVU�I)Q]a c K.I)WPT4{iX g Q c X�{.lfT,K c IHa g T^ydÏ c I)W
c ¤dIpWPT|G`TnJ gPg _ c JfU'W*TVGx{ c K c I	XYK*U c _ g�c _'J$I)T©J.{ c^e XYK*JLIpX c K
e TVU'W*JfKPX�G e JLK�{�JL_)T ehc G`IpQYa°GpOPX]I)JfMPQ]T¢I c M�T¦O*GpTV{°¤ c _
c _'{iTV_`ráM*JfGpTV{ g _ c MPQYT e GVy�±[K c IpW*T,_4J gPg _ c JfU'W­�+WPX�U'W e J�a
M�T:O*GpTV{	�+X]IpW e OPQ]IpX]ráJfQ]QYT,QYX�Uk_)T g _)TVGpT,KqI)JLIpX c K*GsXYK�K c Kir c _'{iT,_pr
M*J^G`T|{ g _ c MPQ]T e G0¤ c _[{iaNK*J e X�U·T,KN\NXY_ c K e T,KqI)GªX�G+lfXY\fTVK�MNa
Þ+aqJLKÇX]K�Î>Þ[a^JLK<�©Ó|ÔfÔ^Õ^Ò�JLK*{âXYG8M*JfGpTV{ c KâIpWPT�K�J$IpO*_)JfQ
e TVU'W*JfKPX�G e�c ¤dX]K*U cfehg QYT�I)T�{ c^e XYK*JfK*U�T^y·Þ[a^JLK­U,JLQYQ�G[I)WPXYG
J g*g _ c JfU'WhI)WPT	{iT,l^_pTVT c ¤1Ü+r'æ�ç�è)èx�+WPT,_)T·ÜâX�GdIpWPTxKNO e M�T,_
c ¤oIpWPT.Q�JfG`I g�c G)G`XYMPQYT g WPT,K c IHa g T^y¢RªWPT.JLQYQ]TVQ]T|G©UVJLK¢I)JLt^T
c K�JfKqaB¤ c _ e y�RªWPTDKqO e M�T,_ c ¤+JfQ]QYT,QYTVG�_pT|¶^O*X]_)TV{BI c l^X]\^T
Üé{iXz¯sT,_)T,KqI g WPT,K c IHa g T|GDX�G�U,JLQ�U�O*QYJLIpTV{�JfK*{�T|JfU'W JfQ]QYT,QYT
X�G�J^GpGpX]l^KPTV{�JBKNO e T,_)XYUD\�JfQ]O*T�U'W c G`TVK�X]K¦G`O*U'WºJ8�ªJ�a§J^G
I c JfQ]Q c �ãGpOPX]I)JLM*Q]TnU�OPI c ¯ g�c X]KqI)GxI c�c MiI'JLXYKBI)WPT�{iX]¯�TV_pTVKqI
g WPTVK c IHa g TVGVy:± e J$´ c _[{iXzê�U,OPQzIHa e J�a�JL_)X�G`TxX]K8J^GpGpXYlfKPXYKPl



GpOPXzI'JLMPQYT.\$JLQYOPTVG�I c JfQ]QYT,QYTVG©�+WPTVK¢I)WPT.KqO e M�T,_ c ¤·JLQYQ]TVQ]T|G
XYK*U�_)TVJ^G`T^y
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F®K Î×Z[a^Jf_V�:ÐfÑfÑqÐLJ^ÒxMNa§IpW*T�JfOiIpW c _)G c ¤+I)WPXYG g J g TV_V��JBMPXzr
K*Jf_pah_)T g _)TVGpT,KqI)JLIpX c KnX�G0O*G`T|{n¤ c _dl^T,KPT|G0JfK*{�JfK�J g*g _ c JfU'W
Q cqc G`TVQ]a�M*J^G`T|{ c K�I)WPT©XY{iT|J c ¤�IpWPT g TVKPT�I)_)JfK*U�T c ¤dJDlfTVKPT
Î»�§TVJ�\^T,_|�4Ó|ÔfÔqÙfÒnX�G�{iT,\^T,Q cfg TV{¥¤ c _ e J gPg XYKPlºIpWPT¡l^T,K c r
IHa g T c ¤�JLK�XYK*{iXY\qX�{iO*JfQ c K^I c J g WPTVK c IHa g Tfy°F®K*G`IpTVJ^{ c ¤
W*J�\NXYKPlºJfQ]QYT,QYTVG��+WPX�U'WâJf_pT¡GHI)_pX�U�I)Q]a�TVXzI)WPT,_�{ c^e X]K*JfKqI c _
_)TVU�T|GpGpXY\fTf� QYT,\^T,Q�G c ¤ g TVKPT�I)_)JfK*U�T^���+WPX�U'W@�+X]QYQªWPT,K�U�T�¤ c _`I)W
M�T§UVJLQYQ]T|{�IpWPT¡{ c^e XYK*JLIpX c K�¤>J^U�I c _)G�¤ c _.JLQYQ]TVQ]T|G,��JL_)TB{iT�r
³ KPT|{µy·F®K­{iT,IpTV_ e XYKPX]K*l�IpW*T©{ c^e X]K*JLIpX c K�¤>J^U�I c _ c ¤dJLK­JLQ]r
QYT,QYTf�sJn�dTVX]l^WqIpTV{ g _ cfg�c _pIpX c K.M*J^G`T|{ c K�_)T,Q�J$I)X]\^T ³ IpK*TVG)G`T|G
c ¤�X]K*{PX]\NX�{iO*JLQ�G�W*J�\NX]K*l@IpW�J$I8JLQYQ]TVQ]T§X�G�UVJLQ�U�OPQ�J$I)TV{µyÍRªW*T
XYK^I)_ c {iO�U�IpX c K c ¤ g _ c^g�c _`I)X c K*GoM�T,XYKPl��dTVX]l^WqIpTV{­JfUVU c _'{iXYKPl
I c _)T,Q�J$I)X]\^T ³ IpKPT|GpGD\$JLQYOPTVGnXYK�J g�c^g OPQ�J$I)X c KS�+JL_pIpX ³ U�X�JLQYQ]a
XYK*U c _ g�c _'J$I)TVG�IpWPTDT�¯sTVU�I'G c ¤+TVKq\NXY_ c K e T,KqI)JfQ1¤>JfU�I c _'G·X]KqI c
IpW*T�U,JfQYU,OPQ�J$IpX c K c ¤�I)WPT�{ cfe X]K�JLK*U,T+\�JfQ]O*T c ¤SJLK�JfQ]QYT,QYTfy R c
_)T g _)TVGpT,KqI:I)WPT�{ c^e XYK*JLIpX c K�¤>J^U�I c _'G c ¤
JLQYQsIpW*TxQ c U�Xv�PJLK�JL_pr
_'J�af�sW*J�\NX]K*lDI)WPTnGpJ e T©QYT,KPlfIpW¡JfG�IpWPTnU'WP_ cfehc G c^e T|GoJfK*{
U c^ehg�c G`T|{ c ¤�_)TVJfQiKqO e M�T,_'G X]K©IpW*T[X]KqI)T,_)\�JfQ�������������������XYG
O*GpTV{µy�j:JfU'W­\$JLQYOPT c K8I)WPTnJL_)_)J�a.GpW c �[G�IpWPTn{ c^e XYK*JLIpX c K
¤>JfU�I c _ c ¤oI)WPT8JLQYQYT,QYT�� c \fT,_©I)WPT8JLQYQ]TVQ]T��§¤ c _hIpWPT8U c _)_pT,r
G g�c K*{iXYKPlDQ c U,J$I)X c K c K.I)WPT©U'W*_ c^e©c G c^e TVGVyªRªW*T�{ c^e XYK*JLr
IpX c K.JL_)_'J�a©U'W*JfKPlfT|GdJfQ c KPl4�+X]IpW�IpW*TxXYK*{iXY\NXY{PO*JLQ�G0IpWP_ c O*lfW
lfTVKPT,_'J$I)X c K*G�JLK�{nXYG:_pT|U,JfQYU,OPQYJLIpT|{©JLIkIpW*ToT,K�{ c ¤µTVJ^U'WnlfT,KPr
T,_'J$I)X c K�O�G`XYKPlhj:¶qO*J$I)X c K­Ó^y
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�+WPTV_pT .)0 1 , XYGSIpWPT g WPTVK c IHa g X�U�\$JLQYOPT c ¤qI)WPT C IpW4X]K*{PX]\NX�{iO*JLQJ$I�I)WPT�%vIpWnU'WP_ cfehc G cfe JfQqQ c U,JLIpX c KS� 5 , X�G IpW*T ³ IpKPT|GpGk\�JfQ]O*Tc ¤ I)WPT C IpW8XYK*{iXY\NXY{PO*JLQv� B X�G+I)WPT4U'WP_ cfehc G c^e T·QYT,KPlfIpW8JfK*{
E
X�G0IpW*T	KqO e M�T,_ c ¤ XYK*{iXY\qX�{iO*JfQYGVy

j�¬NIpTVK*{iXYKPl�I)WPXYG¢J gPg _ c J^U'W�I c�e OPQ]IpX�JLQYQ]TVQ]X�U�_)T g _)TVGpT,KqI)JLr
IpX c K�G,�k�+W*T,_)TDlfTVKPTVG e J�a§I)JLt^T c K ehc _)T�I)W*JLK¢IH� c JLQYQ]T,r
QYTVGV�:_)TV¶qOPXY_pT|G4I)WPT.O*GpT c ¤xJ§{ cfe XYK*J$I)X c K e JLIp_)Xz¬@XYK*G`IpTVJ^{
c ¤0JLK­Jf_p_'J�afy·RªWPT©KNO e M�T,_ c ¤dU c QYO e K*GxX]KBIpWPT e J$I)_pX]¬�XYG
{iT,IpT,_ e X]K*TV{�MNa�IpWPT�Q]TVKPlLI)W c ¤�I)WPT�U'WP_ cfehc G c^e T	JfK*{.IpW*T
KNO e M�T,_ c ¤:_ c �[G�X�G·{iT�I)T,_ e X]KPT|{BMNa�I)WPThKNO e M�T,_ c ¤ g�c G`r
GpX]MPQYTDJfQ]QYT,QYTVGV�<Xvy T^y.TVJfU'W�U c QYO e K@U c _)_)TVG g�c K*{PG�I c J.Q c U�O*G
c KBIpWPT�U'W*_ c^e©c G c^e TVGoJfK*{8T|JfU'W­_ c �¹U c _)_pT|G g�c K�{PG[I c JfK
JLQYQYT,QYTfy¦j:JfU'W¦T,KqIp_)a@XYK¢I)WPT e J$I)_pX]¬¢G`W c �[G4I)WPT8{ c^e XYK*JLr
IpX c Kn\$JfQ]OPT c ¤�I)WPToU c _)_pT|G g�c K*{PX]KPl	JfQ]QYT,QYT+X]Kn_)T,Q�J$I)X c K4I c IpW*T
c I)WPT,_dJLQYQ]TVQ]T|G�¤ c _kIpW*JLIdQ c UVJ$I)X c K c KhIpWPT�U'WP_ c^ehc G cfe TVGVy<R c
_)TVU,JfQYU,OPQ�J$IpT4IpWPTh{ c^e XYK*JLIpX c K e JLIp_)Xz¬BJLI�I)WPT�TVK*{ c ¤:T|JfU'W
lfTVKPT,_'J$I)X c K�I)WPT g GpT,O*{ c U c {PTxl^X]\^T,K�X]KGF1XYlfOP_)ThÓxX�GªO*GpTV{µy

6IHKJ�¿�~$;ML�N
=PO ¸:GpT,O*{ c U c {PT�¤ c _<m cfe XYK*J$I)X c K�£8J$I)_pX]¬ b JLQ]r
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]Zb8c"_Z`"`�R"`�R$dZYQSR8TSUeVXZY8[gf�\^hiaZY
jZblk?alm"R?VZR8nSYlk�dZYQSR�TSUeVoZbl`�\�p)qXZY8[�VZ\�hraZY�jZbZk?aSsWVZdSU?tSUud8vSbl`$dZYQSR�TSUWVU?Xxw�UeVZdSUutSU?d8vSb"`zy{VZ|~}{�"�SR?V^Y?a"�8�SR~yKf8|l\ZUZ�olbl`�\8oZb"`��ZUeVZdZU?tSU?d8vZbl`zy{VZ|z}KXSU?a8VZRZk"k�qR?VZdzq�SYW�S]lb�a"[SU?c~y�U���f8|"\8oZbl`"�?�ZY8albl`?�SU?a8VSRlk"k�qR?VZdzqR?VldzqR?VZdzq

±oG)GpO e T·IpW*JLI[IpWPT g�cfg OPQYJLIpX c K�U c K*GpXYG`I)G c ¤
¤ c OP_[XYK*{iXY\qX�{iOir
JLQ�G·�+X]IpW§IpWPT�U,OP_)_pTVK^I�U'WP_ cfehc G c^e T^� g WPTVK c IHa g ThJfK*{ ³ I`r
KPT|GpGª\$JLQYOPT|G+JfGªlfXY\fTVK�XYKGF1X]l^OP_pThÓ^y
RªWPT�\$JL_)X�JLMPQYTVG°XYK IpWPT g G`TVO*{ c U c {iT�XYK�±[QYl c _pX]IpW e Ó
JL_)T�I)JftfTVK JfG��G��æ����{�Yçu�]ç��������
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¨ãJfK*{ª©�¡l���l� «��{�væ�ç�è'è?��¬^­$y
RªWPTnT,¬iJ ehg Q]T�{ cfe X]K�J$IpX c K e J$I)_pX]¬­l^X]\^T,K§X]KgF1XYlfOP_)T�Ð�XYG
c MPI)JLXYKPT|{µy
F c _dT,¬PJ ehg QYTf�^¤ c _dIpWPT g�c^g OPQ�J$I)X c KDlfXY\fTVKnX]KrF1X]l^OP_pT�Óf�qIpW*T
{ c^e XYK*JLIpX c K¡\$JLQYOPT c ¤ªIpW*TDJLQYQ]TVQ]T�Ï�¤ c _�Q c U�O*G�ÓnXYG�U,JLQ�U�OPr
Q�J$IpT|{.JfG0X]K.j:¶qO*JLIpX c K8Ðiy
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àNXYK*U�T·I)WPT�JLQYQYT,QYT�±�JLK*{.JLQYQYT,QYT·mãJL_)T·K c I[GpT,T,K�JLI[Q c U�O�G	Ó
c K�JLKNa c ¤SI)WPT g WPT,K c IHa g T|G c ¤SIpW*T�XYK*{iXY\NXY{iO�JLQ�G,�qIpW*T,XY_0U c _pr
_)TVG g�c K*{iXYKPln\$JLQYOPTVGª¤ c _+IpW*T4U�OP_)_)T,KqI[T�¬PJ ehg QYT g�cfg OPQ�J$I)X c K
JL_)TDÑ*y­RªWPX�G e T|JLK*G4IpW*JLI�XYK�IpW*T�KPT,¬NI�lfTVKPT,_'J$I)X c K�Xz¤oJfK
XYK*{iXY\qX�{iO*JfQ W*JfG·JLQYQYT,QYT©Ï�JLIxQ c U�O*G©Ó c KBX]I)G ³ _)G`I·U'W*_ c^e©c r
G cfe T[JLK*{©JLQYQYT,QYT b JLIkQ c U�O�G+Ó c KhX]I)GkGpTVU c K*{©U'WP_ cfehc G cfe T
c _x\NXYU,T4\^T,_'GpJ*�PIpW*T©U c _)_pT|G g�c K*{PX]KPl g WPT,K c IHa g T©\$JLQYOPT4�+XYQ]Q
M�TVU c^e T§Ï��+X]IpW g _ c M*JfMPX]QYX]IHa�ÐPÓ"½fÝiÓ"¾xÑ*y ß�Ó�JfK*{ b �+XzI)W
g _ c M*JfMPXYQ]X]IHa7º^Ñ�½LÝPÓ"¾xÑ*y ÝfÔPy ±oK¥JLQYQ]TVQ]T8�+W*XYU'W�W*J^GDJ�U c _pr
_)TVG g�c K*{iXYKPl�Ñ*y ÑD\�JfQ]O*T�XYKBI)WPTh{ cfe XYK*J$I)X c K e J$I)_pX]¬�XYGxK c I
T�¬ g _)TVG)GpTV{8XYK§IpWPT g WPT,K c IHa g ThX]¤dI)WPT c I)WPT,_�JfQ]QYT,QYT©¤ c _·IpW*T
G)J e T�Q c U�O*G·W�JfG·JDK c Kiráå,TV_ c { cfe XYK*J$I)X c KB\$JLQYOPTfy©Fá¤dM c I)W
JLQYQYT,QYTVG·W*J�\^T©Ñ*y Ñ�{ cfe XYK*J$I)X c K­\$JfQ]OPT|G,�SIpWPTVK§TVXzI)WPT,_ c KPThXYG
T�¬ g _)TVG)GpTV{�XYK�IpWPT g WPT,K c IHa g T	�+X]IpW.TV¶qO*JfQ g _ c M*JfMPX]QYX]IHafy



individual 1: A B C B D

B B A D A

A B C B D

(chromosome 1)

(chromosome 2)

(phenotype)

fitness = 12

individual 3: B B B A C

B A C C A

B B C C C

(chromosome 1)

(chromosome 2)

(phenotype)

fitness = 8

individual 4: A B D A C

B B C C C

B B C A C

(chromosome 1)

(chromosome 2)

(phenotype)

fitness = 1

individual 2: A C B C D

A C B D B

A C B C D

(chromosome 1)

(chromosome 2)

(phenotype)

fitness = 30
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0
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±¹GpX e©g Q]X ³ TV{­G`X e O*QYJLIpX c K ehc {iT,Q c ¤:J�{iaNK*J e X�U	Q c Jf{�M�JLQ]r
JLK�U�XYKPl c ¤�´ c M�G c K g _ c U�T|GpGpXYKPl+OPKPX]I)GdÎ»¸:ZxÒSX�GSO*GpTV{	J^GSJªI)TVG`I
U,J^G`T g _ c MPQ]T e ¤ c _	IpWPT g _ c^g�c G`T|{¡{ cfe XYK*J$I)X c K¡J gPg _ c J^U'WSy
RªWPT c Mi´HTVU�IpXY\fT·XYG+I cne X]K*X e XYå,T	I)WPT·I c I)JLQ<Q c Jf{�X e M*JLQ�JLK*U,T
IpW*_ c OPlfW c OiIDI)WPT¡G`aiG`IpT e y�RªWPT¡{iT ³ KPXzI)X c K c ¤	IpWPT­I c I)JLQ
Q c Jf{BX e M*JLQ�JLK�U�T©�+X]QYQkM�T©l^X]\^T,K­X]K�GpTVU�I)X c K�º*y ÐPy©RªWPX�G g JLr
g T,_1¤ c U�O*GpTVG c K4IpWPTªl^T,K c IHa g TkI c·g WPT,K c IHa g T e J gPg X]KPl·J g r
g _ c J^U'W8{iT,\^T,Q cfg TV{�¤ c _�IpW*TVGpT�IHa g T|G c ¤ g _ c MPQYT e { c^e JfX]K�G
W c �0T,\^T,_|�|J e©c _pT0{iT�I'JLXYQ]T|{	T�¬ g Q c _'J$I)X c K c ¤iI)WPT0lfT,K*T�IpX�U:{Pa^r
K*J e X�UªQ c Jf{©M*JfQYJfK*U�XYKPl	J g*g _ c JfU'WhU,JfK©M�T+¤ c OPK*{©X]K8Î×Z[aqJL_|�
ÐLÑ^Ñ^ÐLM�ÒkMNanI)WPT�G)J e T	JLOiI)W c _'G c ¤
IpWPX�G g J g TV_Vy
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RªWPT:GpX e OPQ�J$I)TV{·G`aiG`IpT e U c K*GpXYG`I)G c ¤PJªKNO e M�T,_ c ¤i¸:ZoG<¤»OPQYQ]a
U c KPKPT|U�IpT|{B\NX�J.JDKPT,IH� c _ptsyn��KPT g _ c U,TVG)G c _�X�G	{iTV{PXYUVJ$IpT|{
I c lfTVKPT�I)XYUDQ c Jf{�M*JfQYJfK*U�XYKPl c^g TV_)JLIpX c K*GVy­Û c J^{¡X]Ki¤ c _ e JLr
IpX c K.¤»_ cfe JLQYQ<¸dZoGoJf_pT�GpT,KqI[I c IpW*T�U�TVKqIp_'JLQSQ c J^{�M�JLQ�JLK*U�r
XYKPl g _ c U�T|GpG c _d�+WPT,KDJ©U'W*JfKPlfT c UVU�OP_'G,y RªWPX�G0X]Ki¤ c _ e JLIpX c K
X�G·O*G`T|{§Mqa8IpWPTnl^T,KPT,IpX�U�Q c J^{8M*JfQYJfK*U�TV_nÎ×Ö·Û<Ï+Ò�I c.³ K*{¡J
M�T�I`I)T,_·{iX�GHI)_pXYMPOiI)X c K c ¤µ´ c M�G c K8IpWPT�¸dZoGVyo��WPTVKBJ ehc _)T
T�ê�U,X]TVK^I[Q c J^{�{PXYG`Ip_)X]M*OiIpX c K�XYG+¤ c OPK*{S�*JLQYQµ¸:ZoG[X]K�IpW*T�G`aiG`r
IpT e Jf_pT+K c IpX ³ T|{hI c XYKPX]IpX�J$IpToIpWPToKPTVU,TVG)GpJf_pa+´ c MhIp_'JLK*G`¤»T,_'GVy

 c M¡Ip_'JLK�GH¤»TV_)G�J ehc KPlB¸:ZoG©U,JfO*G`T c \fTV_pWPT|Jf{PG·�+W*XYU'W g T�r
K*JfQ]XYå,TDIpWPT g TV_`¤ c _ e JLK�U�T�\$JLQYOPTD¤ c _�IpW*JLIh{iX�G`Ip_)X]MPOPIpX c K@XYK
g _ cfg�c _pIpX c K�I c I)WPT	KNO e M�T,_ c ¤�´ c M�Ip_'JLK*G`¤»T,_'GªKPT,T|{iTV{.JfK*{
IpW*T·GpXYå,TVG c ¤<I)WPT0´ c M*G0I c M�TxIp_'JLK*G`¤»T,_)_)TV{µy1Fá¤
I)WPT·X ehg _ c \fT,r
e T,KqIoXYK.IpWPT�G`aiG`IpT e�g T,_p¤ c _ e JfK*U�TxI)WP_ c OPlfW�I)WPT�KPTV�º´ c M
{iX�GHI)_pXYMPOiI)X c KºÎ>X]K*U,Q]O�{iX]K*lDI)WPT g T,K�JLQ]IHa�X]KqIp_ c {iO*U,TV{�MNa.IpW*T
U c GHI c ¤^´ c M4Ip_'JLK*G`¤»T,_'GSI c JfU'WPXYT,\^TkIpW�J$Ik{iX�GHI)_pXYMPOiI)X c K�Ò
XYG1K c I
JLM c \fT·J©U�T,_pI)JfX]K�IpW*_pT|G`W c QY{S�iK c ´ c M�Ip_'JLK*G`¤»T,_'GdJf_pT	UVJL_)_pXYTV{
c OPIVy
R c GpX e©g Q]X]¤»a�IpW*T�G`X e OPQ�J$I)X c KS�8G cfe T�JfG)G`O ehg I)X c K*G�JL_)T
e Jf{iT	JfM c OiI+IpWPT�GpaiGHI)T e y�RªWPTVGpT�JfG)GpO ehg IpX c K*GªJf_pT^u

� ±oQ]Qi¸:Z�G�XYK4I)WPT+G`aiG`IpT e Jf_pT0TV¶qOPX gPg TV{��+XzI)W©IpWPT+G)J e T
IHa g T c ¤
_)TVG c O*_)U,TVG0�+XzI)W�{iXz¯sT,_)T,KqI[U,J g JfU,XzI)X]T|G,y

� ±oQ]Qi´ c M*G e J�a�M�T e XYlf_'J$I)TV{µy

� Fá¤	J§KPT,�ã´ c M�JL_)_pXY\fT|G�IpW*JLI��+X]QYQ[U,JfO*G`T�I)WPT8U�OP_)_)T,KqI
GpaiGHI)T e Q c J^{@I c T�¬PU�TVTV{ºIpW*T.I c I'JLQoUVJ g J^U�X]IHa c ¤xIpW*T
GpaiGHI)T e �NIpWPTª´ c M.XYG+{iTVKPXYTV{�T,KqIp_)afy

� ±�KPTV� ´ c M§IpW*JLI4XYG	JfQ]Q c �0TV{­T,KqIp_)a8XYK^I c IpWPT�GpaiGHI)T e
G`I)Jf_`I'GªT�¬iTVU,OiIpX c K c K.J©¸:Z�{iT,IpT,_ e X]K*TV{�_)JfK*{ cfe QYafy

� RªWPTV_pTxJL_)T[K c U c K*GHI)_)JfX]KqI'G,y1RªWPToI c I'JLQ�Q c Jf{ c KDJ�¸:Z
e J�a�T,¬iU,T,T|{DX]I)G[UVJ g J^U�X]IHafy

� ±0I�IpWPT¡M�T,l^X]KPK*X]KPl c ¤o´ c M T,¬iTVU�OPIpX c KS�oIpWPT�J�\fTV_)JflfT
_)TVG c OP_'U�T­Î b ¸:Z4�1F ½^���1£8T ehc _)aPÒ	_)TV¶qOPXY_pT e TVKqI)G g T,_
OPK*XzI	I)X e Th¤ c _	T|JfU'WD´ c M¡JL_)Th{PT�IpTV_ e XYKPTV{­_'JLK*{ c^e Q]a^y



FáI�X�GnJfG)G`O e T|{@I)W*J$I�J^U�IpO�JLQ+_)TVG c OP_'U�T�_pT|¶^O*X]_)T e T,KqI'G
{ c K c Iª{iTV\NXYJLIpT[I cNc�e O*U'W�¤»_ cfe IpW*TxJ�\^T,_'JLlfT+\$JfQ]OPT|G,y
RªWPToQ c Jf{©\$JLQYOPT[JfG)G`XYlfK*TV{�I c I)WPT�´ c MnX�G:Jx¤»O*K*U�I)X c K c ¤
J�\^T,_'JLlfTh_)TV¶qOPXY_pT e T,KqI)G g T,_�OPKPX]I4I)X e T�¤ c _�JfQ]Q:IHa g TVG
c ¤1_)TVG c OP_'U�T|G,y

� RªWPT e XYlf_'J$IpX c K¦U c GHIh\$JLQYOPT�JfG)G`XYlfKPT|{�I c J�´ c MºX�GnJ
¤»OPK�U�IpX c K c ¤	I)WPT­U c G`I)G c ¤ g J^U'tqXYKPl¢JfK*{�OPK g JfU'tNXYKPl
Q c J^{PGkJ$IdIpWPT�W c G`IdJfK*{©I)Jf_pl^T�I:¸:Z�G:_)TVG g TVU�I)X]\^T,QYa�JfK*{
I)WPT8U c^e©e OPKPX�U,JLIpX c K c \fT,_)WPT|Jf{PG©JfGnJ¡_)TVGpOPQ]I c ¤d´ c M
I)_)JfK*GH¤»TV_)G c \^T,_.I)WPT@KPT,IH� c _pt�¤»_ cfe W c G`I8I c I)JL_)lfT,I
¸:Z�G,y

� RªWPT[GpaiGHI)T e XYGkK c IkXYKPX]IpX�JLQYQ]a©T ehg IHa©JLK*{©X�G:JLQY�ªJ�aNG JLI
QYTVJ^GHI ehc {iT,_'J$I)T,QYa�Q c Jf{iT|{µy

RªWPT�¸:ZoG©XYK@I)WPT�GpaiGHI)T e Jf_pT�_)T g _pT|G`TVK^I)TV{�MNa§IpW*T,XY_ ���
æ2§����'ç��'è��	�W��
2���?�{�K�>ç�èB�+WPX�U'W¥JL_)T�JfG)G`XYlfK*TV{¦_)JfK*{ c^e QYa¢JLI
IpW*T	IpX e T�IpW*T,a�´ c XYK.IpWPT4GpaiGHI)T e JLK*{�Jh\$JfQ]OPT�IpW*JLI�G`W c �[G
IpW*T,XY_
�?§����pç,æ2� �A¡��S¤�è�y:±@´ c M�X]KnI)WPT�GpaiGHI)T e X�G:_)T g _)TVGpT,KqI)TV{
MNa4X]I)G��?¡��xæ2§����'ç����LX]I)G��l¥$ç�� ���qç��pç�è?¡Z§����'ç��pç��?§ ���pç��hç,æ2��
Pç��§iæ2�{�¶�K���nçnJLK�{�IpW*TG¡Z¥�ç����PçW�^¤§XzI	MP_)X]K*l^G�I c�e X]l^_)JLIpT�IpW*JLI
´ c M<y1F®K�J^{P{iX]IpX c K©I c IpWPT|G`T+_)T g _)TVGpT,KqI'J$IpX c K�JLQiXYKi¤ c _ e J$IpX c K<�
IpW*T·U,T,KqIp_'JLQ�lfTVKPT�I)XYU�Q c Jf{DM*JLQ�JLK�U�T,_0OPKPX]I[JLQ�G c tfTVT g G:Ip_'JfU't
c ¤��+WPTV_pT4TVJfU'W©´ c M�XYGoQ c U,JLIpT|{�JLK*{.�+W*JLIoTVJ^U'W.¸:Z	� G�U,OP_pr
_)T,KqIoQ c Jf{�X�G,y+RªWPX�G[XYKi¤ c _ e J$I)X c K.XYGoO g {*J$IpT|{�TVJ^U'W�IpX e T©J
U'W*JfKPlfT c UVU�OP_'G[XYK�IpW*T©GpaiGHI)T e y�RªWPT©JfU�IpO*JfQ
GpaNG`IpT e Q c Jf{
{iX�GHI)_pXYMPOiI)X c K­X�G·O g {PJ$I)TV{ c KPQYa�X]¤dI)WPTn{iXYG`Ip_)XYMPOiIpX c K­¤ c O*K*{
MNa�IpW*TnÖ·Û
Ï��+XYQ]Q�XYK*U�_)TVJ^G`T�IpW*T�G`aiG`IpT e�g T,_p¤ c _ e JLK*U,T�MNa
JDIpWP_)TVGpW c Q�{ g T,_'U�TVKqIVy4R c�g _pTV\fT,KqI�IpWP_'JfGpWPXYKPl�M�T�¤ c _pT�IpW*T
Ö·Û<Ï�U c KN\fTV_pl^TVG�J$I0Q]T|JfG`I g Jf_`I)XYJfQ]QYaf�NJ g _)TV{PT ³ KPT|{nKNO e M�T,_
c ¤ªlfTVKPT,_'J$I)X c K*G	JL_)Th_pT|¶qOPX]_)TV{BI c�g JfG)G·OPKqIpXYQkIpW*TDG c Q]OPIpX c K
U,JfK*{iX�{PJ$I)Tn¤ c O*K*{¡MNaBI)WPT�Ö·Û
Ï¹X�G4U c K*GpXY{PT,_)TV{­¤ c _4J gPg QYXzr
U,JLIpX c K§I c I)WPT�GpaNG`IpT e y�RªWPTnl^T,KPTV_)JfQ « c � U'W�JL_pIx¤ c _	IpW*T
GpaNG`IpT e T�¬iT|U�OiI)X c K�X�G+lfXY\fTVK�XYKGF1X]l^OP_pT ºPy
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RªWPT ³ IpKPT|GpG c ¤oJLK¡XYK*{iXY\NXY{iO�JLQªG`W c �[G�W c �ãM�JLQ�JLK*U,TV{§IpW*T
Q c Jf{©{iX�GHI)_pXYMPOiI)X c Kh_pT g _pT|G`TVKqIpTV{�MNa�I)WPT g WPTVK c IHa g T c ¤�IpW*JLI
XYK*{iXY\qX�{iO*JfQ�XYGVyhR c U,JfQYU,OPQYJLIpT�IpWPT ³ IpKPT|GpGV�µIpW*ThJ ehc OPKqI c ¤
Q c Jf{ g TV_ªOPKPX]I+UVJ g J^U�X]IHa�U,JfQ]QYTV{�IpWPT §iæ2�{���@¡8�^¤­Î×ZoÛ1Ò:X�Gª{iT�r
IpTV_ e XYKPTV{.J^GªX]K�j:¶qO*J$I)X c K.ß*y
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F c _�TVJ^U'W�¸:Z��
IpW*TDJ ehc O*K^I c ¤+Q c Jf{§¤ c _�IpW*JLI4¸:ZÍO*K*{iT,_
X�{iTVJfQ�U c K*{iX]IpX c K�G,�N�+WPX�U'WD�+XYQ]QsM�TxUVJLQYQ]T|{G�¦¤fçW�Z�z�A¡8�^¤BÎ>FHÛ
Ò:XYG
U,JfQYU,OPQ�J$IpT|{µy�RªWPT	X�{iTVJfQµQ c Jf{D¤ c _ªIpW*T %'° 0 ¸dZ°�+WPXYU'W.W*J^G+J
U,J g JfU,XzIHa c ¤�¼ ¯ . ¯10u%'° ) 1 X�G[UVJLQ�U�OPQ�J$I)TV{�JfGªXYK�j:¶qO*JLIpX c K8Ýiy
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Has change 
occurred?

Initialize

Run 1 GLB generation Handle the change

Update load info on
central PU

Modify GLB

Has a new and better
distribution been found?

yesno

Notify all PUs to
start load exchange

yesno

F1XYlfOP_)T ºPukÖxT,K*T,_'JLQs« c �ÇU'W*JL_pId¤ c _[G`aiG`IpT e T�¬iT|U�OiI)X c K

RªWPT �A¡��S¤ ���4�W�l�@�$æ5�'ç�Î>Û<F`Ò c ¤1J©¸:Z°X�G0IpWPT	JfM*G c Q]OPIpTx\�JfQ]O*T
c ¤sI)WPTo{iX]¯�TV_pTVK*U�ToM�T,IH�dTVT,K©IpWPT ���?�K§2�Z���A¡��S¤8Î>±oÛ1Ò c ¤SJ·¸:Z
JLK�{BX]I)G �¦¤^ç �Z�4�A¡��S¤¦Î>FHÛ
Ò�y
RªWPTnJLX e�c ¤dIpWPTnQ c J^{8M*JfQYJfK*U�TV_
X�G:I c�e XYKPX e XYå,TxI)WPTxI c I'JLQsQ c Jf{DX e M*JLQ�JLK�U�ToXYK�IpWPT·G`aiG`IpT e y
R c K c _ e JLQYX]åVThIpWPThI c I)JfQ:X e M*JfQYJfK*U�Th\$JLQYOPT^�
X]I4X�G4{iXY\NXY{iT|{
MNaxIpWPTªU�OP_)T,KqI1I c I)JLQqQ c Jf{�X]K4IpWPTªG`aiG`IpT e y1RªWPT0K c _ e JLQYX]åVTV{
Q c Jf{�X e M*JfQYJfK*U�TxXYG[lfXY\fT,K�MNa�j:¶qO*JLIpX c K.ÕPy

%62�7�( 8 1�9 : % 1�; 21% 1�9
& �"°�¯ B<'*) E

°,+8!3%4�l¯/. % ( ¸
9
;
9?>@>@>A9

=��<> 5@? $ EÎ>ÕqÒ
F®K4UVJLQ�U�OPQ�J$I)X]KPlªI)WPT ³ IpKPT|GpG c ¤PJLK4X]K*{PX]\NX�{iO*JLQfIpWPT e X]l^_)JLIpX c K
c \fTV_pW*TVJf{�X�G:O*GpTV{nJ^G:J g T,K�JLQ]IHafy RªWPT�J^U�IpO�JLQ ³ IpKPT|GpG:\�JfQ]O*T
5<A c ¤�JLK�X]K*{PX]\NX�{iO*JLQ<XYG+UVJLQ�U�OPQ�J$I)TV{�JfGªXYK�jd¶^O�J$IpX c KBÙiy

5<A (B%62�7 ÎvÙfÒ

F®K�I)WPX�G X ehg QYT e T,KqI'J$IpX c K4IpWPT e X]l^_)JLIpX c K4U c G`I)G1{iT�I)T,_ e X]KPT|{
_'JLK*{ c^e Q]a¢¤ c _DT|JfU'W§´ c MâJ$I�G`I)Jf_`I c ¤ª´ c MC� G�T,¬NT|U�OiI)X c K�XYG
J¡_)TVJLQ+\$JfQ]OPT.XYK�IpWPTED ÑP�YÓ�F[XYKqIpTV_p\$JLQvy RªWPT.I c I'JLQ g T,K*JfQzIHa
\$JLQYOPT�¤ c _�J�{iXYG`Ip_)XYMPOiIpX c K­U,JLK�{iXY{*J$IpT4XYGxJh¤»OPK*U�IpX c K c ¤�IpW*T
GpO e-c ¤·JLQYQdI)WPT e XYlf_'J$I)X c K¢U c GHI'G�¤ c _©IpWPT�´ c M�G4I)W*J$In�+XYQ]Q
M�T+Ip_'JLK*G`¤»T,_)_)TV{µyS��W*T,K�U,JfQYU,OPQ�J$IpXYKPlxIpW*T g TVK*JLQ]IHa4\$JfQ]OPT^�fXYK
IpW*T�� c _)G`IoU,J^G`TxI)WPT�KPTV�°{PXYG`Ip_)X]M*OiIpX c K8UVJLK*{iX�{PJLIpT	�+XYQ]Q
_pT,r
¶qOPXY_pToJfQ]Q�IpW*Tk´ c M�GkI c M�T[Ip_'JLK�GH¤»TV_p_)TV{µy1±oG)G`O e XYKPl4IpWPTV_pT�� _)T
G ´ c M*GkX]KhI)WPToGpaNG`IpT e �fTVJ^U'Wh�+XzI)W e JL¬iX e O eãg�c G)GpX]MPQYT e Xzr
lf_'J$I)X c K�U c GHI'GoÎHÓ^y ÑqÒ��qIpW*ToO gPg T,_ªM c OPK�{h¤ c _dIpWPT e X]l^_)JLIpX c K
U c GHI'G+�+XYQ]Q
M�T G ydF®K�I)WPT�M�TVG`I�U,J^G`T^�*K c ´ c M.Ip_'JLK*G`¤»T,_'G+�+XYQ]Q
M�T�_pT|¶qOPX]_)TV{S�ilfXY\qXYKPl©IpW*T�Q c �0T,_+M c O*K*{�¤ c _+I)WPT e X]l^_)JLIpX c K
U c GHI'G�JfG ¸

>
¸ y
RªWPT g T,K�JLQYX]åVTV{ ³ IpK*TVG)G�\$JLQYOPT 5#H ¤ c _kJLKhX]K�{iXzr\NXY{PO*JLQ
XYG�U,JLQ�U�O*QYJLIpTV{�J^G+XYK8j:¶qO*J$I)X c K8Øn�+WPTV_pT ¼JI¦X�G+IpW*T



JfU�IpO*JfQ e XYlf_'J$I)X c KDU c GHI'GªJLK*{r¼���X�GdIpWPT·O g*g TV_+M c OPK*{ c K
IpW*T e XYlf_'J$I)X c K�U c G`I)GVy
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RªWPT.Ö·Û<Ï�JLQYl c _pX]IpW e � c _)tiG c K¢JfK@T,\^T,KqI©{P_pXY\fTVK¢G`X e OPr
Q�J$IpX c K c ¤xIpW*T8{iT ³ K*TV{�GpaNG`IpT e y�jk\fTVK^I'G c U,U,OP_n�+XzI)W�X]Kir
IpTV_)Jf_p_)XY\�JfQNIpX e TVG0JfU,U c _'{iXYKPlxI c J	¸ c XYG)G c KnJL_)_pXY\$JLQ g _ c U�TVG)GVy
RªWPTV_pThJL_)T�¤ c OP_xIHa g TVG c ¤:T,\^T,KqI)G�X]K­IpW*ThGpaiGHI)T e �sK*J e TVQ]a
IpW*T�æ�ç�� �?¡��nç?¥$ç�æ��×�*IpWPT	�:æ2��è��PçW¤ �?¡��nç?¥�ç,æ2�v�PI)WPT�æsç
�-���
ç?¥�ç,æ2�ªJLK*{�I)WPT��pç�� ¡Z¥�çW¤ ����ç?¥�ç,æ2���
RªWPT©M*JfGpX�U4G`IpT g G c ¤kIpW*Th{PX g Q c X�{8l^T,KPT,IpX�U4JfQ]l c _)XzI)W e O*G`T|{
X�GhlfXY\fT,KºX]K�±[QYl c _pX]IpW e Ð­JfK*{ºT�¬ g Q�JLXYKPTV{¢MP_pXYT�«�a@X]KºIpW*T
¤ c QYQ c �+X]KPlhGpTVU�I)X c K*GVy

6IHKJ�¿�~$;ML�N
= � RªW*T·m�X g Q c XY{�ÖxTVKPT�I)XYU	±oQ]l c _)XzI)W e
QSR�TSUWVUeV^U?aSU8bl`"U�
lR��^Yu��v^`�b�aSU8YuV�qUeV^U?aSU8bl`"U�
lR$dZYW��UeVSb�aSU8YuV$��b�a"[SUuczqdZY k8Rl`�R��uaSU�YuV�q

�?[ZYlk"k�UeVZT��?Y?tlR�[zq�ZvZalb�aZU�YuV�qdZYW� UeVZb�aSU�YuV$��b8a"[SU?c$["R��8bl`��Wv^`�b�aSU8YuV�qv"VlaSU�`������
��������� �!�"��#�$�%'&'���)(¶qR?VZd~}

F®K�I)WPT ��æ��{�K�¦�Z� �+*��l�'�¦¡$æBG`IpT g �NTVJ^U'W c ¤µI)WPT�l^T,KPT|G c KnIpW*ToIH� c
U'WP_ cfehc G cfe T|G c ¤ IpWPT�XYK*{iXY\NXY{PO*JLQ
XYG+XYKPX]IpX�JLQYX]åVTV{._'JLK*{ cfe Q]a
I c W*J�\^TxJ©\$JLQYOPT·XYKDI)WPT g�c GpGpXYMPQ]T·JLQYQYT,QYT·GpT�I|yk±[QYQµIpW*TxQ c U,JLr
IpX c K�G c K�IpW*T�{ cfe XYK*J$I)X c K e JLIp_)Xz¬�XYG+XYKPX]IpX�JLQYX]åVTV{�I c ¸

>
¸ I c

JLQYQ c ��TV¶qO*JLQ g _ c M*JfMPXYQ]X]IHa c ¤�{ c^e X]K*JLIpX c K�I c JfQ]Q g�c G)G`XYMPQYT
JLQYQYT,QYTVGVy
RªWPT-�pç 
@� ¡�¤l§��?�K�¦¡Læ g W�JfGpTºU c K*GpXYG`I)G c ¤DG`TVQ]T|U�I)X c K c ¤nIpW*T
e J$I)X]KPl g JLXY_'GD\NX�J�I c OP_)K*J e T,KqI.G`TVQ]T|U�IpX c K e T,IpW c {â�+XzI)W
I c OP_)K*J e T,KqI+G`XYå,T|G+U'W c GpT,K�JfG0IH� c JfK*{�J�_'JLK�{ cfe�g JfX]_)XYKPl
c ¤1IpW*TxXYK*{iXY\NXY{PO*JLQ�G+XYK�I)WPT e J$I)X]KPl g�cNc Qvy
R
� c¡g�c XYK^I ��� ¡$è)èe��æ/�Z��¡Z¥�ç�� c UVU�OP_'G©�+XzI)WPX]K�I)WPT�lfTVK c IHa g T
c ¤�T|JfU'W g JL_)T,KqI|y:j:J^U'W c ¯µG g _)XYKPlhX]K*{PX]\NX�{iO*JLQ
_pT|U�TVX]\^TVG c K*T
U'WP_ cfehc G cfe Tn{iT,IpT,_ e X]K*TV{¡_'JLK*{ c^e Q]aB¤»_ c^e T|JfU'W g JL_)T,KqI|y
�o¯µG g _)XYKPlB_)T g Q�JfU,TnIpW*T,XY_ g JL_)T,KqI)G�JLK*{¡I)WPT,_)T�XYG�K cBc \^T,_pr
Q�J gPg XYKPlhM�T�IH�0T,T,K.l^T,KPTV_)JLIpX c K*GVy
RªWPT � § ���l�'�¦¡$æ cfg T,_'J$I c _DU'W*JfKPlfT|GhIpWPT­\$JLQYOPT c ¤	J¢lfTVKPT
¤»_ cfe�c K*T�JLQYQYT,QYToI c JfK c I)WPT,_0X]KDIpWPT·GpT�I c ¤
JfQ]Q c �dT|{�JLQYQYT,QYTVGVy
RªWPX�G cfg T,_'J$I c _dJ^U�I)G c K�IpW*T�l^T,K c IHa g T c ¤SI)WPT�XYK*{iXY\NXY{PO*JLQ�G,y
±0IDI)WPT8TVK*{ c ¤	T|JfU'W�lfTVKPT,_'J$I)X c KS�0IpWPTBKPT,� ¤^¡(� ��æ �l�'�¦¡$æ
� ��
���è
�pç��W�l� �?§ �A�Z�áçW¤�O*GpX]KPl�IpW*T�J gPg _ c J^U'W�lfXY\fTVKDXYK�{PT�I)JfX]Q

XYKâàNTVU�IpX c KâÐPyãRªWPX�G�KPT,��{ c^e X]K*JLIpX c K e J g XYG�O*GpTV{�XYK
IpW*T�KPT,¬NI©l^T,KPTV_)JLIpX c K¡I c§c MPI)JLXYK�I)WPT g WPT,K c IHa g T|G c ¤[IpW*T
XYK*{iXY\qX�{iO*JfQYG0¤»_ cfe IpWPTVX]_+l^T,K c IHa g T|G,y
RªWPTV_pT�JL_)T.K c G`I cfg*g X]K*l@U�_)XzI)T,_)XYJ*y¥RªWPT8JLQYl c _pX]IpW e _pOPK�G
c KâX]K�{iT ³ K*XzI)T,QYa�OPKqIpXYQ·IpWPT§�+W c QYT¡G`X e OPQ�J$I)X c K GpaNG`IpT e XYG
G`I cfg*g T|{DI)WP_ c OPl^WDI)WPT·XYG)G`O*T c ¤1JfK�J gPg _ cfg _)X�J$IpT·GpX]l^K*JLQvy

, �.- ���.È¦Ä��P��ÅâÆg�
F c _nJ§{PaqK�J e XYUf�dGpX]K*lfQYT�tNK*J g GpJ^U't g _ c MPQYT e �+WPTV_pT c KPQ]a
IpW*T��dTVX]l^WqI+U c K*G`Ip_'JLXYKqIoU'W*JLK*lfTVG0XYK.IpX e Tf�PI)TVG`I)G�JLK*{.U c^e r
g Jf_pX�G c K*G.�0T,_)T g T,_p¤ c _ e TV{ÇJLK*{Ç_)TVGpOPQ]I)G.¤ c _.IpWPT@M*X]K*Jf_pa
_)T g _)TVGpT,KqI)JLIpX c K¢UVJfGpTD�+X]IpW c KPQYa c K*T�tNK*J g GpJ^U't¡�dTV_pT�_pT,r
g�c _pIpTV{hXYK�{iT,I)JLXYQ�X]K8Î×Z[a^Jf_V�NÐLÑ^Ñ^ÐLJqÒ
Mqa�IpW*T�G)J e T[JLOiI)W c _'GVy
FáI­�ªJfGBG`W c �+K�XYK�I)W*J$I­G`IpO�{iaÇIpW*JLIBIpW*T g _ cfg�c GpTV{�J g r
g _ c J^U'W¡¤ c _©IpWPT�MPXYK*JL_)a�U,J^G`T��+WPT,_)T�I)WPT.G`TV\fT,_)X]IHa c ¤[IpW*T
U'W*JfKPlfT·JLK*{�QYT,KPlfIpW c ¤<I)WPT	U'W*JLK*lfT·GHI)T g G+Jf_pT·{iT�I)T,_ e X]KPT|{
_'JLK*{ c^e Q]a^� c OiI g T,_p¤ c _ e TV{8Þ[a^JLK � GxJf{P{PXzI)X]\^T©{iX g Q c X�{ia8J g r
g _ c J^U'WBÎ>Þ+aqJLKS�µÓ|ÔfÔfßqÒ e©c {iX ³ T|{DXYK§Î×ÛSTV�+XYGV�µÓVÔ^ÔfØ^ÒkI c GpOPX]I
{iaNK*J e X�UxT,KN\NX]_ c K e TVKqI)GVy1¨ c �dTV\fT,_0X]I[�0J^G0JfQYG c G`TVT,K�IpW*JLI
T,\^T,K�IpWPT g _ c^g�c G`T|{�J gPg _ c J^U'W�¤>JLXYQYTV{�I c l^X]\^T0l cNc { g T,_p¤ c _pr
e JLK*U,ThX]K­IpWPThI)TVG`I�U,JfGpTVGx�+WPTV_pT©I)WPTnU'W*JLKPl^T��ªJfGxWPXYlfW*Q]a
GpT,\fTV_pT^y<FáIk�ªJfG U c K*U�QYO*{iT|{�I)W*J$I�I)WPTVGpTªIHa g T|G c ¤µU'W*JLK*lfT0_pT,r
¶qOPXY_pT�\^T,_)aDWPXYlfWBQ]TV\fT,Q�G c ¤k{iX]\^T,_'G`X]IHa�IpW*JfK8{iX g Q c XY{ia�JfQ c KPT
X�G4JLM*Q]ThI c8g _ c \qX�{iT^y�FáI�UVJLK�M�TDGpT,T,K¡I)W*J$I4IpWPT|G`TDU c K*U,Q]OPr
GpX c K*G[� c OPQ�{�W c Q�{.I)_pOPT�¤ c _+I)WPT�GpX ehg QYX ³ TV{8{PaqK�J e XYU�Q c Jf{
M*JfQYJfK*U�XYKPl c ¤k´ c M�G�O�G`XYKPl­IpWPT g _ cfg�c GpTV{¢Ö·Û
Ï�JLK*{¢�+XzI)W
c K*Q]a.�0T,XYlfWqIxU c K*G`Ip_'JLXYKqI)GoU'W�JLKPl^TV{µyxF®K�IpW*T©G)U c^g T c ¤kI)WPXYG
g J g TV_V�fIpWPT e©c _pT+l^T,KPTV_)JfQ*U,J^G`T+�+W*T,_)ToJLQ�G c tNK*J g G)JfU'tiG�JL_)T
Jf{*{iTV{ c _+_)T ehc \fT|{��+XYQ]Q<M�T	T,¬ g Q c _pT|{µy
F®K�I)WPTBG c QYOiIpX c K¥J gPg _ c JfU'WºI c IpWPX�G g _ c MPQ]T e �ªIpWPT§U'WP_ c r
ehc G cfe T8QYT,KPlfIpW�X�G�Jfl^JfX]K¦IpW*T­G)J e TBJfG�IpWPT­KNO e M�T,_ c ¤
´ c M�G�Î»X]IpT e G'Ò�X]K¦IpW*T.GpaiGHI)T e JfK*{¢T|JfU'WºlfT,K*T�_)T g _pT|G`TVK^I'G
c K¢�+WPXYU'W¢¸:Z IpWPT�U c _)_)TVG g�c K*{iXYKPln´ c M¢XYG©Q c UVJ$I)TV{µy§¸:ZoG
JL_)T·XY{PT,KqIpX ³ TV{.MNa�X]KqIpTVlfTV_+\�JfQ]O*TVGVy:±oG)G`O e XYKPlhI)WPT,_)T�JL_)T º
¸:Z�G,�iI)WPT�JLQYQYT,QYTx\$JfQ]OPT|G e J�a�M�TnÓ^�*Ði�2º*y
RªWP_)T,T e JLXYK§IHa g TVG c ¤+U'W*JLKPl^T©Jf_pThX ehg Q]T e T,KqIpT|{B¤ c _	IpW*T
IpT|GHI)X]K*l g W*JfGpT c ¤
IpWPT g _ cfg�c GpTV{�{ cfe XYK*J$I)X c K�J gPg _ c J^U'WSy

� ¸:Z�G e J�a�M�T�Jf{P{iT|{i½�_)T ehc \^TV{
� 
 c M*G e J�a�M�T	Jf{P{PTV{�½4_pT e©c \^TV{
� Û c Jf{�U,J g JfU,XzI)X]T|G c ¤ X]K*{PX]\NX�{iO*JLQµ¸dZoG e J�a�U'W*JfKPlfT

F c _1IpWPT ³ _'GHI IH� c IHa g TVG c ¤�U'W*JLK*lfT0�+WPT,_)T<´ c M*G c _ ¸:Z�G�JL_)T
Jf{*{iTV{ c _S_pT ehc \fTV{S��IpW*TdU'W*JfKPlfT�X�GST,¬ g Q]X�U�X]IpQYa e J^{iTktNK c �+K
I c IpWPT.Ö·Û<Ï¹IpWP_ c O*lfW@JLK¢T,\fTVKqI e TVU'W*JfKPXYG e yB¨ c �0T,\^T,_|�
�+WPTVKDJ�U'W*JfKPlfT�Î>X]K*U,_pT|JfGpT c _d{iTVU,_pT|JfGpT|Ò XYK�XYK*{iXY\qX�{iO*JfQ*¸:Z
U,J g JfU,XzI)X]T|G c UVU�OP_'G,� I)WPT�Ö·Û<Ï�X�G4K c I©T,¬ g Q]X�U�X]IpQYa�K c IpX ³ TV{µy
Þ+aqJLKC� G�J g*g _ c JfU'W�Î>{PT,lf_)T,T c ¤[Ü[KPT|GpG'Ò	KPTVTV{PG�IpWPT�U'W*JLKPl^T
I c M�T:{iT,IpT|U�IpT|{µy ¨ c �0T,\fTV_�IpWPT g _ c^g�c G`T|{�J gPg _ c JfU'W·Jf{*J g I'G
JLOPI cfe JLIpX�U,JLQYQYa�I)WP_ c OPl^W�IpW*T·J^{PJ g I)J$I)X c K�XYK*U c _ g�c _'J$I)TV{nXYK



IpW*T4{ cfe XYK*J$I)X c K e TVU'W*JfKPXYG e �*K c Io_)TV¶qOPXY_pXYKPl©I c M�T e Jf{PT
J��ªJL_)T c ¤1IpW*XYGªIHa g T c ¤ U'W*JLKPl^Tfy
±+{P{iXYKPl c _�_)T ehc \NX]KPl�¸dZoGDI c I)WPTBGpaNG`IpT e e T|JLK*G�IpW*JLI
IpW*T�KNO e M�TV_ c ¤oJLQYQ]TVQ]T|G�Jf_pTDU'W�JLKPl^TV{µy¡Þ+a^JfKC� G4J g*g _ c JfU'W
Î>{PT,lf_)T,T c ¤�Ü[KPT|GpG'ÒnX�G�K c I�T|¶qOPX g*g T|{�I c {iTVJfQo�+X]IpW�I)WPXYG
IHa g T c ¤PU'W*JfKPlfTkM�TVUVJLO*GpTkX]I
_)TV¶qOPXY_pT|GsIpW*T:_)T�r®{iT�I)T,_ e XYK*JLIpX c K
c ¤0\$JLQYOPTVG·JfG)GpX]l^KPTV{8I c TVJ^U'W­JLQYQYT,QYT©JfK*{­U,OiI c ¯@\$JLQYOPTVGx¤ c _
g WPTVK c IHa g X�U0T�¬ g _)TVG)G`X c K�G1JfK*{�_pT|GHI'JL_pI JL¤�IpT,_kGpO*U'WhJ·U'W*JLKPl^T
Î>Þ[a^JLK<��Ó|ÔfÔfÕqÒ�yº��WPT,K¦IpW*T8J gPg _ c J^U'W g _ cfg�c GpTV{¢X]K¦I)WPXYG
G`IpO*{ia­XYG·O�G`T|{µ�<XYK§IpWPT�UVJfGpT c ¤ªJ.U'W*JfKPlfT©XYK­I)WPTnKNO e M�T,_
c ¤	JLQYQYT,QYTVGV�ªJfK�Jf{P{iX]IpX c K c _�J�{iT,QYT�I)X c K c ¤�J­_ c � I c IpW*T
{ c^e XYK*JLIpX c K e J$I)_pX]¬nXYG0G`OPênU,X]TVKqI0JLK�{hIpWPTxU c^e©g OiI)JLIpX c K*JfQ
U c GHI'G c KPQYa�XYK*U�_)TVJ^G`T c _[{PTVU�_)TVJ^G`TxQYX]KPT|JL_)Q]a^y
±+{P{iXYKPl c _�_)T ehc \NX]K*lh´ c M*G4¤»_ c^e I)WPT�GpaiGHI)T e _pT|¶qOPX]_)TVG�J
ehc {iX ³ U,J$I)X c K¦I c IpW*T�_pT g _pT|G`TVKqI)J$I)X c K c ¤xI)WPT�XYK*{iXY\qX�{iO*JfQ×y
àNXYK*U�T�TVJ^U'W�lfT,K*T�Q c UVJ$IpX c K¡_)T g _)TVGpT,KqI'G4Jh´ c MS��J�KPT,�°´ c M
U,JfO*GpTVGDJfK�X]K�U�_)TVJfGpT�XYK�IpWPT§U'WP_ cfehc G cfe T.Q]TVKPlLI)W JLK�{¥J
_)T ehc \fT|{	´ c M�UVJLO*GpTVGªJh{iTVU,_pT|JfGpTfy
��WPTVK�IpWPT�Q c J^{ºUVJ g J^U�X]IpXYTVG c ¤·XYK*{iXY\qX�{iO*JfQo¸:Z�G�U'W*JfKPlfT^�
X]I c KPQ]a�JL¯�T|U�I)GoIpW*T c Mi´HTVU�IpXY\fT�\$JLQYOPT©U,JLQ�U�O*QYJLIpX c KBJfK*{.IpW*T
Ö·Û<ÏÇJf{*J g I'G0I c I)WPT4U'W*JfKPlfT	JLOPI cfe JLIpX�U,JLQYQYa�IpW*_ c OPlfW�IpW*T
Jf{*J g I)X]\^T·{ cfe X]K�J$IpX c K e TVU'W*JfKPX�G e y
RªWPTªU'W*JLK*lfTVG
XYK�IpW*TªGpaiGHI)T e Jf_pTdX ehg QYT e T,KqI)TV{©JfG
_)JfK*{ cfe
T,\^T,KqI)G c UVU�OP_)_)X]KPl�J^U,U c _){PX]KPl§I c J¡¸ c X�GpG c K�JL_)_)X]\$JLQ g _ c r
U�T|GpGVy·±+{P{iX]IpX c K ½$_pT e©c \$JfQ c ¤<´ c M*GxJLK*{B¸:ZoG·UVJLO*GpT4TV\fT,KqI'G
I c�c U,U�O*_k�+WPXYQ]TxJ�U'W*JLK*lfT[XYKDJ	¸:ZâU,J g JfU,XzIHa©XYG:K c I0X ehg QYT�r
e T,KqIpT|{DJ^G0JfKDTV\fT,KqI|y F c _ªG`X ehg QYXYU,XzIHaDJfK*{n¤ c _dT|JfGpT c ¤
JLKPr
JLQYaNå,XYKPl�IpWPT	_)TVGpOPQ]I)GV� c KPQYa c KPT�IHa g T c ¤1U'W*JfKPlfTxX�G+JLQYQ c �0TV{
J$I c KPT	GHI)T g yk£�O*QzI)X g QYT�TV\fT,KqI'G c UVU�OP_)_pXYKPlhG`X e O*QzI'JLKPT c O*GpQ]a
�+XYQ]QiK c I U'W�JLKPl^T:I)WPTªM�TVW*J�\NX c OP_ c ¤PIpW*TªJfQ]l c _)XzI)W e MPOiI��+XYQ]Q
e JLt^ThIpWPT�X ehg QYT e T,KqI)JLIpX c K ehc _)TDU cfehg QYXYUVJ$IpT|{¡JLK*{¡�+XYQ]Q
g _)T,\^T,KqI[J©U,Q]T|JL_+JLK�JLQYaNGpX�G c ¤
_)TVGpOPQ]I)GVy
RªWPT�GpaNG`IpT e g JL_'J e T,IpT,_'G�O*GpTV{�¤ c _.IpWPT�GpX e OPQ�J$IpX c KÇJL_)T
lfXY\fTVK@XYKºR1JLMPQYT­Ó^y�RªWPT�l^T,KPT,IpX�UDJfQ]l c _)XzI)W e g JL_'J e T�I)T,_'G
O*GpTV{�XYK�IpW*TBT�¬ g T,_)X e TVK^I'GDJf_pT8l^X]\^T,K�XYK¥R
JfMPQYT§Ðiy�RªW*T
XYK*{iXY\qX�{iO*JfQYG+Jf_pTxXYKPXzI)XYJfQ]XYå,T|{�O*G`XYKPl�IpWPT�{PT�¤>JLO*QzI g Jf_)J e T�IpTV_
GpT�I`I)X]K*l^G0¤ c _ªI)WPT�GpX e OPQYJLIpT|{�GpaiGHI)T e y
RªWPTnIHa g TVG c ¤[U'W*JLKPl^Tf�<IpWPT�XYK*G`I)JfK*U�T|G�Î»l^T,KPTV_)JLIpX c K§KqO e r
M�T,_'G)Ò
I)WPT,a c UVU�OP_dJLK*{�IpW*T[G`aiG`IpT e GHI'J$I)T[J$¤�IpTV_�IpW*T[U'W*JLKPl^T
JL_)T·lfXY\fTVKDXYK.R1JLM*Q]T ºPy
� Æ
���ªÆ È	���ªË �dÆg�
RªWPT g _ c lf_'J e X�G+_)OPKBÐLÑ©I)X e TVGVyo��KPT	_)T g _)TVGpT,KqI)JLIpXY\fT·_)OPK
¤ c _:IpWPTolfT,K*T,_'JLQPM�T,W*J�\NX c OP_ c ¤sIpWPT�G`aiG`IpT e X�G:GpT,QYTVU�I)TV{nJfK*{
J g Q c I c ¤�I)WPT[M�TVG`I ³ I)KPTVG)G`T|G c MPI)JLXYKPT|{©JLIkTVJ^U'W©l^T,KPTV_)JLIpX c K
X�Gol^X]\^T,K�XYK
F1X]l^OP_pT4ß*y�RªW*T�¬NráJL¬iXYG[GpW c �[G[IpWPT©KNO e M�T,_ c ¤
lfTVKPT,_'J$I)X c K*G0JLK*{�IpWPT	aqr®J$¬iXYG0GpW c �[GkI)WPT	M�TVG`I+JfK*{nI)WPT	J�\qr
T,_'JLl^T+U�OP_)_pTVKqI ³ IpK*TVG)G`T|G ¤ c _dTVJfU'Whl^T,KPTV_)JLIpX c KSy1RªWPTo\$JLQYOPT|G
c K§I)WPTDaqr®J$¬iXYG·W�J�\fTnM�T,T,K c MiI)JfX]K*TV{§MNa e OPQzI)X g Q]aNXYKPl�IpW*T
JfU�IpO*JfQ ³ IpKPT|GpG·\$JfQ]OPT|GxMqa¢ÓVÑfÑ�¤ c _·TVJ^G`T c ¤ g Q c I`I)X]K*l*y�RªW*T
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JLM c \fT g Q c I)Q]XYKPThX]K­IpW*T ³ lfOP_)ThXYGxI)W*J$I c ¤dIpWPTnU,OP_p_)T,KqI	J�\qr
T,_'JLl^TVG�JfK*{¡I)WPT�M�T,Q c � g Q c I)Q]XYKPTDX�G4¤ c _�IpWPT�U�OP_)_pTVKqI�M�TVG`I
³ I)KPTVG)G`T|G,y
FáI XYG1T�¬ g TVU�IpTV{�IpW*JLI JL¤�IpTV_1T|JfU'W4U'W�JLKPl^TkX]K�GHI'JLK*U,Tf��IpW*T g�cfg r
OPQ�J$I)X c K��+XYQ]QsI)_pa�I cnehc \fT�I c �ªJL_'{PG0J ³ IpKPT|GpG+U,Q c G`TxI c Ñ*y Ñ*y
RªWPT c Mi´HT|U�I)X]\^TBX�G�I cºe XYKPX e XYå,T­IpWPT§Q c Jf{¥X e M*JLQ�JLK*U,TBXYK
IpW*TDG`aiG`IpT e y�RªWPTDQ c �0TVG`I g�c GpGpXYMPQ]Tn\$JfQ]OPT�¤ c _�I)WPT c Mi´HTVU�r
IpXY\fT­¤»OPK*U�IpX c KâXYG.ÑPy ÑP�oW c �dTV\fTV_�{iOPT­I c XYK*{iXY\qX�{iO*JfQ�O*KPXzI
U,J g JfU,XzI)X]T|G�JLK�{�´ c M��0T,XYlfWqI)GV�
J g T,_p¤»TVU�I©ÑPy Ñ e J�aBK c I4M�T
g WNaiG`X�U,JfQ]QYa g�c G)GpX]MPQYTfy�RªWPT­JLQYl c _)X]IpW e Ip_)X]T|GhI c�³ K*{�IpW*T
M�TVG`I g�c GpGpXYMPQ]T[{PXYG`Ip_)X]M*OiIpX c K c ¤�IpW*T�´ c M*G c K©IpWPTo¸:ZoGVy�RªWPXYG
U,JfK¡M�TDGpT,TVK§¤»_ c^e IpW*T g Q c IVy.±+¤�I)T,_©J�U'W*JLKPl^Tf�µI)WPT g�cfg r
OPQ�J$I)X c K¡Ip_)X]T|G·I c8ehc \^ThI c �ªJL_'{PGxIpWPT e XYKPX e O e y8m�OPTnI c
IpW*TnWPX]l^WPT,_	_'J$I)T c ¤ e OiI)JLIpX c KS�SIpWPT g�cfg O*QYJLIpX c K¡{ c TVG·K c I
¤»OPQYQ]a·U c KN\fT,_)lfT�JfK*{�IpWPT:J�\^T,_'JLl^T<¤ c _STVJ^U'W g�cfg OPQYJLIpX c K	{ c TVG
K c I[¤»OPQYQ]a.J gPg _ c JfU'W�IpWPT e XYKPX e O e y+RªWPX�G[X�G[M�TVUVJLO*GpT	IpW*T
WPXYlfWPTV_ e OPI)J$I)X c K¡_)JLIpT g _)TVGpT,_)\fT|Gx{PX]\^T,_'G`X]IHa8XYK¡IpWPTnl^T,K c r
IHa g T^yd¨ c �dTV\fT,_ªI)WPT e X]K*X e O e G ehc \fT	U�Q c GpT·I c Ñ*y Ñ e O*U'W
¶qOPX�U'tfT,_|y<RªWPX�G1XYG e JLXYKPQYa�{iOPT0I c IpW*T0l^OPX�{iX]K*l[¤>JfU�I c _ c ¤PIpW*T
lfTVK c IHa g T[I c4g WPTVK c IHa g T e J g*g X]K*l e TVU'W*JfKPX�G e �NG g T,T|{iX]K*l
O g IpW*T g WPT,K c IHa g X�UxU c KN\fTV_pl^T,K*U,To_'J$I)Tfy
RªWPTxJ�\fT,_'JLl^TVG c ¤SM�TVG`I ³ IpKPT|GpG:\�JfQ]O*TVGoÎ e OPQ]IpX g QYX]T|{�MNa�ÓVÑfÑqÒ
c \fTV_©ÐfÑ8_)OPK*G�¤ c _©TVJ^U'WºU'W*JfKPlfT�XYKqIpTV_p\$JLQ+JfK*{�I)WPT�U c _)_pT,r
G g�c K*{iXYKPlnGHI'JLK*{PJf_){�{iTV\qX�J$I)X c K*GªJL_)T·lfXY\fT,K�XYK.R1JLM*Q]T·ß*y

RªWPTÇJ�\fT,_'JLl^TVG c ¤�IpWPTâlfQ c M*JfQDM�TVG`I ³ I)KPTVG)G`T|G@¤ c _¢T|JfU'W
U'W*JfKPlfT�XYKqIpTV_p\$JLQ0Î>JfQ]Q e OPQ]IpX g QYX]T|{8MNa§ÓVÑfÑqÒ��sJ�\fTV_)JflfTV{ c \fTV_
ÐLÑx_)OPK*GV�LlfT,I)G \^T,_)a4U�Q c GpT0I c å,TV_ c XYKhJ	GpW c _`I IpX e T�Î>Jf_ c OPK*{
ÝLÑhl^T,KPTV_)JLIpX c K*G'ÒªJLK�{�IpWPT4G`I)JfK*{PJf_){.{iTV\qX�J$I)X c K*G c MiI)JfX]KPT|{
¤»_ cfe IpW*TDÐLÑ�_)OPK*G	GpW c �[GoIpW*JLI·IpWPT c MPI)JLXYKPT|{B_)TVGpOPQ]I)G·JL_)T
JfUVU�T g I)JfMPQ]T	JfK*{DXYK*{iT g TVK*{iTVK^I c ¤<I)WPT	XYKPXzI)XYJfQ g�cfg OPQ�J$I)X c KSy

, Ì@É¢Å�Ì ��Ë �0ÄPÉ¢Å

RªWPT�IpT|GHI g _ c MPQYT e U'W c G`TVK�¤ c _xI)WPXYG·G`IpO*{Pa�XYGx_)T g _)TVGpT,KqI)JLr
IpXY\fT c ¤[JB{ cfe JLXYK c ¤[K c Kir c _'{iT,_	M*J^G`T|{ g _ c MPQYT e G4�+WPT,_)T
J e OPQ]IpX]ráJfQ]QYT,QYXYU8_pT g _pT|G`TVKqI)J$I)X c K�XYGDO*GpTV{¥JfK*{��+WPTV_pT§{iXz¤�r
¤»T,_)T,KqIxIHa g T|G c ¤d_'JLK*{ cfe U'W*JLK*lfT c UVU�OP_'GoXYK­IpWPThT,KN\NXY_ c Kir
e T,KqIVyxRªWPT�U'W�JLKPl^T	X]K�I)WPT4TVKN\qXY_ c K e T,KqI�UVJLK8M�T�UVJ$I)T,l c r
_)X]åVTV{§Î>Ï0_)JfKPtfT^�PÐLÑfÑqÐfÒ:O*GpX]KPlhI)WPT·¤ c QYQ c �+X]KPlhU�_)X]IpT,_)X�JPu

� ¤»_)TV¶qOPTVK*U�a c ¤ U'W�JLKPl^T

� GpT,\^T,_)XzIHa c ¤ U'W*JfKPlfT

� g _)TV{PXYU�I)JLM*X]QYXzIHa c ¤�U'W*JLKPl^T©Î>XYG+IpWPTV_pT	J g J$IpIpTV_pK.-�Ò

� U,aNU,Q]TxQYT,KPlfIpWi½�U�aiU�QYT·JfU,U,OP_'JfU�a.Î>Jf_pToIpWPTV_pTx_)T�rá\qX�GpXzI)TV{
TVKq\NXY_ c K e T,KqI)JfQµGHI'J$IpT|G/-�Ò

±[QYQªIHa g T|G c ¤·U'W*JLKPl^T�O�G`T|{¢XYK¢I)WPX�GnGHI)O*{iaºJf_pT�K c I g T,_)Xzr
c {iX�UL�SK c I g _pT|{iXYU�I)JfMPQ]T^� c U,U�O*_x_'JLK�{ cfe QYa��+XzI)W ehc {iT,_'J$I)T
GpT,\fTV_pX]IpXYTVGªJfK*{��+XzI)W ehc {iTV_)JLIpT,QYanQ c KPlnU'W*JfKPlfT	G`IpT g G,y
��WPTVK@� c _ptNXYKPl.X]Kº{iaNK*J e X�UnT,KN\NX]_ c K e TVKqI)GV�<¤ c _�IpW*TD{iT�r
GpX]l^K c ¤<JLK�J gPg _ cfg _pX�J$I)T+T,\ c Q]OPIpX c K*Jf_pa©JLQYl c _)X]IpW e �LI)WPT[¤ c Qzr
Q c �+X]KPlnJ^G g TVU�I)G	Î>Ï0_'JLKPt^Tf�PÐLÑ^Ñ^Ð^Ò:GpW c O*QY{�M�T�U c K*GpX�{iT,_)TV{µu

� Jf_pT+I)WPT c UVU�OP_)T,K*U,TVG c ¤µIpW*TxU'W*JfKPlfToT�¬ g QYXYU,XzI)Q]ahtNK c �+K
I c I)WPT�GpaNG`IpT e c _ª{ c IpWPTVa�W*J�\fTxI c M�T�{iT,IpTVU�IpT|{�-

� X�G�I)WPT�lfT,K*T�IpX�UÍ_)T g _pT|G`TVK^I'J$I)X c K JL¯�T|U�I)TV{�MNaéIpW*T
U'W*JfKPlfT0-

� X�G�IpWPTnU'W*JfKPlfT�TV¶qOPXY\�JfQ]TVKqI�I c J�U'W*JLK*lfT4XYK­IpWPT cfg I)Xzr
e XYåVJ$I)X c K8¤»OPK�U�IpX c K<�µIpWPT g _ c M*Q]T e XYK*G`I)JfK*U�T c _	G cfe T
_)TVG`Ip_)XYU�IpX c K*G�-

RªWPT�IHa g TVG c ¤4U'W*JfKPlfT�XYKqIp_ c {PO*U�T|{¢I c I)WPT8T,KN\NXY_ c K e T,KqI
¤ c _ I)WPX�GkGHI)O*{ia��0T,_)T+G`TVQ]T|U�I)TV{4I c XYK*U c _ g�c _'J$I)T0{iX]¯sT,_)T,KqIkJfG`r
g TVU�I'G c ¤<U'W*JLK*lfT+T�¯sTVU�IpXYKPl4l^T,KPT,IpX�UoJfQ]l c _)XzI)W e {iT|G`XYlfK<y ±oQ]Q
c ¤ I)WPT�U'W c G`TVK�U'W*JLKPl^T·IHa g T|GoJfU�IoMNa�U'W�JLKPl^X]KPlhI)WPT g _ c MPr
QYT e XYK*GHI'JLK*U,Tfy·RªWPT c Mi´HT|U�IpXY\fT©JLK*{8T,\$JLQYO*J$I)X c K�¤»OPK*U�IpX c K*G
G`I)J�a.IpW*ThG)J e ThJLK*{8IpWPTV_pTnJf_pT©K c _pT|GHI)_pX�U�I)X c K*G,y©à cfe T c ¤
IpW*TªU'W�JLKPl^TVG1JL_)T e Jf{iTªT,¬ g Q]X�U�X]IpQYa	tNK c �+K�I c I)WPT[Ö·Û<Ï¡MPOiI
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