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�������� !�"$#�%'&
(*),+.-0/1),&
243
&2J�C@PjFHJ�CICI>�FHAK? �:N DGO:PQA � Jfi � A � ?�i2>�FH>�?I?IPQCIo%ABJju�>y> r AI<2>�X�Z4[H\/]G^Q_ \/Z4`ba,J�LtP�O:O-CEJ�h � ?
?ID65bF � >�i«AIOgo�?Bo8i+FE<2CIJfiGJfDG?y7�;W<2>�X�Z�[H\/]2^�_-\/Z4`batJ�L�P�CIJ�h � � ?�P�Og~RP�o(?RAI<2>�ijJ�L �:NYr J�CBz
AIP�iGFH>�¡ ~=<2>�i AI<2>bCIJ�h � r CIJ�e�CEP N FyP�O:O:?"P��WJf�t�I�@n L/DGiGFHA � Jfi�¡->�7�e27�ABJ r >yCIL4J�C N P
?B>�iG?BJ�C N >�P�?IDGCI> N >�i}Ay7�;=<2>=L�JfO:OgJ�~ � i2e r PQC�PQe�CEP r <G? ~ � O:O2U2>�?EFHC � hs>W<2J�~ AI<2>"X�Z�[ \/]G^Q_
\/Z4`baWJ�LqP�CIJ�h � � ? N P � i«AIP � i2>�U�7

;W<2>|X�Z4[H\/]G^Q_+\/Z�`�a J�L�P|CEJ�h � PQA�PKFH>yCIAIP � i�?BAIPQAB>=J�L+AI<2>WFHJfi}ABCIJfO r CEJ�e�CEP N >��8>�FyD2z
A � Jfi � ?�h�P�? � FyP�O:OgoKAI<G>)A �:N >�¡3AI<+PQA�AI<2>tCIJ�h � � ?��R� 1�i2>y>�U2>�U�ABJ�>��8>�FyD2AB>RAI<2> r CIJ�e�C�P N

d



������� ��� � � ��� � � � � �	�

D r ABJMAI< � ? r J � i«Ay¡ � 7�>�7RX�Z�[ \/]G^Q_�\/Z4`ba � iGFHCI>�P�?I>�? UGD2C � i2e�>��8>�FyD2A � JfibJ�L N P�F�< � i2>=FHJ(U2>
P�iGU r Jf?I? � h�Ogo�U+D2C � i2eb~tP � A � i2ebL�J�C,>��(AB>yCEiGP�Oq> � >�i}AI?�� � i}AB>yCICED r AI?,~,< � Og> N >�P�?ID2C � iGe
P"?B>�iG?BJ�C�¡}L4J�C)>��(P N�r Og>�7�� A � ?�i2J�Ati2>�FH>�?I?IPQCIovL�J�C AI<2>�? �:N DGO:PQA � JfivABJ�U2>�P�OG~ � AI<vAI< � ?
OgJ�~ O:> � >�O 7)� i¢AI<G>"? �:N DGO:PQA � JfijAI<2>yCI>"PQCE>MJfiGOgo�A{~tJjU ��� >yCI>�i«A,FHJfi«ABC � h+D2ABJ�CE?=ABJbAI<2>
X�Z4[H\/]G^Q_�\/Z�`ba 

� AI<2>K>��(>�FyD2A � Jfi¢J�L�P��=Jf�)�I�@n�L/DGiGFHA � Jfi�¡
� AI<2>K>��(>�FyD2A � Jfi¢J�L �Bi2J�C N P�O 	 FHJ(U2>�¡ � 7�>�7�JfD2AI? � U2>KJ�L�P��WJf�t�I�@n�L/DGiGFHA � Jfi�7

;W<G>tP N JfD+i«A�J�L+A � N >�¡�AI<GPQA�>�P�FE<��=Jf�t�B�@nML/DGiGFHA � JfivFyP�O:O(i2>y>�U+?�Jfi�AI<2>RCI>�P�O8CIJ�hsJ�Ay¡
FyP�i0hs> N >�P�?ID2CE>�U%Jfi AI<G>�CE>�P�O�CIJ�hsJ�A|P�i+U�?IABJ�CI>�U � i P�AIPQh+Og>vL4J�C@? �:NYr Og>�OgJ8J�u8D r
UGDGC � i2e&AI<2> >��8>�FyD2A � Jfi
J�LMAI<2> ? �:N DGO:PQA � Jfi�7�� � >yCIowA � N > AI<2> r CIJ�e�CEP N FyP�O:O:?jP
�=Jf�)�I�@n0L�DGi+FHA � Jfi�¡�AI<2>yCI> � ?@PjAIPQh+Og>�OgJ}J�u(D r ABJ�UG>yAB>yC N � i2>YAI<G>�A �:N >�¡�AI<+PQA@AI< � ?
FyP�O:O FHJfi+?ID N >�?KP�iGU AI< � ?|A �:N >vAI<2>�i e�>yAI?"P�UGU2>�U ABJ�AI<2>�FyD2CECI>�i«AvX�Z4[H\/]G^Q_�\/Z4`baKJ�L
AI< � ?�CIJ�h � ¡(~=< � FE< � ?=? �:NYr O:o�?BABJ�CI>�U � i�P � PQC � PQh+Og>|L�J�CW>�P�FE<%CIJ�h � 7

;=<2>RJ�AI<2>yC FHJfi}ABC � h+D2ABJ�C � ? N J�CI>WU � 5bFyD+OgA-ABJ ��iGUMJfDGAy¡}? � i+FH>)AI<2>yCE> � ? i2JKU � CI>�FHA
~RP�o�ABJ�e�>yA=AI<2>@P N JfDGi}AWJ�L�A �:N >KAI<2>KCEJ�h � �R� 1 ~tJfDGO:U�i2>y>�U�ABJb>��8>�FyD2AB>�P r � >�FH>
J�L FHJ(U2>�¡GAI<GPQAWAI<G>@? �:N DGO:PQABJ�C=U2J8>�?Wi2J�A�> � >�i�u8iGJ�~ �/<G>@FyP�i�/IDG?BA�>��(>�FyD2AB> � A � 7

;�J�FyO PQC � L�o�~=<+PQA � ? N >�P�i«A,h}ojAI< � ? � r � >�FH>@J�L�FHJ(U2> 	 P�iGU�L�J�C,>�P�? � >yC=CI>yL�>yCIC � iGe
ABJ AI< � ? � iªAI<2>�L/D2AID2CE>�¡ ��~tP�i}AbABJ � i«ABCIJ(UGDGFH>�P�i2J�AI<G>yC�FHJfiGFH> r Ay¡RAI<2> � r CIJ�e�CEP N
?B>ye N >�i«A 	 7!��? P�OgCI>�P�UGo N >�i}A � Jfi2>�U�¡fPKFHJfi}ABCIJfO r CIJ�e�CEP N L�J�C AI<2>RCIJ�h � � ?�FHJ NYr Jf?B>�U
J�LqP"?B>#"8D2>�iGFH>|J�L-�=Jf�t�B�@nbL/DGiGFHA � Jfi�FyP�O:O:? N � �(>�U�~ � AI<�J�Ct> N hs>�UGU2>�U � i �BDG?IDGP�O 	 ¡
FHJ NYr D2AIPQA � JfiGP�O�FHJ(U2>�7!&2CEJ N AI<2> r J � i«AtJ�L � � >y~
J�L-AI<G>|? �:N D+O:PQA � Jfi�>�i � � CIJfi N >�i«Ay¡
AI<2> r Jf?I? � h+O:o,FHJ NYr O:>��K?IABCEDGFHAID2CI>�¡ � iKAB>yC N ?-J�LGiG>�?BAB>�UMOgJ8J r ?y¡3>yAIFQ7g¡�J�L(AI<2> r CIJ�e�CEP N ¡
FyP�i�h�>K?B>y>�i%P�?WP�? � NYr Og>|?B>#"8D2>�iGFH>KJ�L P�OgAB>yCEiGPQAB>�O:o�P��=Jf�t�B�@njL�DGi+FHA � JfijFyP�O:O�P�iGU
~=<+PQAb��FyP�O:O,P�� r CIJ�e�C�P N ?I>ye N >�i«A 	 7 �|i2> r CIJ�e�CEP N ?B>ye N >�i}A � ?bAI<2> r Jf?I? � h+Ogo
> NYr A{oª?B>yAYJ�L N P�F�< � i2>�FHJ(U2> � iG?BABC�DGFHA � JfiG?y¡ AI<+PQAv<+P�?vABJ0h�>j>��(>�FyD2AB>�U�hs>yA{~t>y>�i
A ~)J FHJfiG?B>�FyD2A � � >��WJf�t�I�@n L/DGiGFHA � Jfi0FyP�O:O:?y7�;W<2> r CEJ�e�CEP N ?B>ye N >�i«A � ?K> NYr A o � L
AI<2>yCE> � ? i2JKJ�AI<2>yCt�tz{FHJ N�N P�iGUvhs>yA{~t>y>�i�A ~)J"?IDGFyFH>�?I? � � >W�WJf�t�B�Mn"L�DGi+FHA � JfiYFyP�O:O:?y7
;W< � ? � ? � O:O DG?BABCEPQAB>�U � i �+efD2CI>@687T687

��ibP r+r CIJ#� �:N PQA � JfiYL4J�C)AI<2>WA �:N >�¡«AI<GPQA)AI<2>WCIJ�h � �R� 1
i2>y>�UG?�ABJM>��(>�FyD2AB>�?EDGFE<
P r CIJ�e�CEP N ?B>ye N >�i}Ay¡2FyP�ibhs> N P�UG>Wh}o N >�P�?ID2C � iGeKAI<2>=A �:N >�¡}AI<GPQA)AI<2>,<GJf?BAR�R� 1
i2>y>�U+?vABJ�>��(>�FyD2AB>�AI< � ? r CIJ�e�CEP N ?B>ye N >�i}Ay7&;W< � ? � ?�UGJfi2>jh}o©?IAIPQCIA � i2e0P�A �:N >yC
Jfi%>�i«ABCEo�J�L�P r CIJ�e�CEP N ?B>ye N >�i}Ay¡�~,< � FE< � ?�Jfi%>�� � AWJ�L�P��WJf�t�I�@n¢L�DGi+FHA � Jfi¢P�iGU
?BABJ r+r � i2e Jfi�>�� � A�J�LKAI< � ?b?B>ye N >�i«Ay¡,~=< � F�< � ?bJfiw>�i}ABCIo�J�L@AI<2>�i2>��(A��=Jf�)�I�@n
L/DGiGFHA � Jfi�7�;W<G>�i AI< � ?@A �:N > � ? r P�?I?B>�U©ABJ�P�FyFHJfD+i«A�~ � AI< P�i&P rGr CIJ r C � PQAB>�L/P�FHABJ�C�¡
AI<GPQAjU2>�?IFHC � hs>�?�AI<2>%CEPQA � J h�>yA ~)>y>�i AI<2>%CIJ�h � �R� 1 ? r >y>�U P�iGU�AI<2>%<2Jf?IA��R� 1
? r >y>�U�7�� A � ?�Jfi+Ogo£P�i�P r+r CIJ#� �:N PQA � Jfi�¡�hs>�FyP�DG?B>�AI< � ?bC�PQA � J � ?�i2J�A�i2>�FH>�?I?IPQC � Ogo
U2> ��i � AB>�¡«? � iGFH>�AI<2>=<2Jf?IA N � ef<}A <GP � >,PH&�� 1 h+DGA AI<2>WCIJ�h � <GP�?�i2Jfi2>,P�iGUYhs>�FyP�DG?B>
AI<2>�DG?IPQe�>�J�LRAI<2>b<GJf?BA"�R� 1 A �:N >�FyP�i JfiGOgo%hs>YefPQAI<2>yCI>�U "8D � AB> � NYr CI>�F � ?I> ��L�J�C
AI< � ?YP rGr O � FyPQA � Jfi � 7 � A{o r � FyP�ORCI>�?IJfO:D2A � Jfi � ?YP0<8DGiGU2CE>�U2AI<©J�L|P0?B>�FHJfiGU �/� � i8D �
u�>yCEiG>�Ot687�S27:9yx(¡tDG?B>bJ�L�AI<G>�L/DGiGFHA � Jfi©A �:N >�? � � J�C"e�>yABC�DG?IPQe�> � � � 7 � � AI<&P%CEPQA � J%J�L
VQx�� 6�V $�� p ABJ%9Q7T6�Vj��� p � ¡�~t>MJfiGO:oj<+P � >"PbCIJ�h � ��� 1 A �:N >@CE>�?BJfO:D2A � Jfi¢J�L�<+P�OgL
P0?B>�FHJfi+U�¡�~=< � FE< � ? "}D � AB>�D+?B>�Og>�?I?y7©�Mhs>�O � > � >��"P�FHAIDGP�O Ogo©<GP � >�ABJ0AI< � i2u©PQhsJfD2A
P�i2J�AI<G>yC=~RP�ojABJ�efPQAI<2>yC,AI< � ?KX�Z4[H\/]G^Q_-\/Z�`�a=FHJfi}ABC � h+D2ABJ�C�7

�
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main() {
  flaot v_speed = 0.1;
  char* s = "hallo";
  LCDPutString( s );
  if(
    KEYGet()
  ) {
    float w_speed = rand() / 10;
    VWSetSpeed( 1, speed, 0 );
  }
}

virtual timeprogram

program segment RoBiOS call
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;W<2>�efOgJ�h+P�O)A �:N >�¡ � i&FHJfi}ABCEPQCIo ABJ AI<2> X�Z4[H\/]G^Q_t\/Z�`ba�J�LW>�P�F�<ªCIJ�h � ¡ � i+FHCI>�P�?B>�? � i
U � ?IFHCE>yAB>"A �:N >�?BAB> r ?,J�L�/ ?B>�FHJfiGUG?y¡ � i%AI<2>vFyD2CICI>�i}A �:NYr Og> N >�i«AIPQA � Jfi0/ � ?|?B>yA�ABJ
x(7 xfV�?B>�FHJfiGUG?y7,;W<}D+?WAI<2>�?BAIPQAB>"J�L AI<2>M~tJ�CEO:U�¡ � iGFyO:DGU � i2evAI<2> � i2L4J�C N PQA � Jfi¢~,<2>yCI>
AI<2>�CIJ�h � ?,PQCI>�¡se�>yAI?KD r UGPQAB>�U¢> � >yCIo0/�?I>�FHJfiGUG?�J�L ? �:N DGO:PQAB>�U�A �:N >�7�;W<2>�X�Z�[ \/]G^Q_
\/Z4`ba�J�LKP CIJ�h � FyP�i�hs>¢P�?I? � efi2>�U£P0A � N >¢?IOgJ�A2143 ���65'7�1.8)96:;1<5'=0> � ¡R~=< � FE< � ?�AI<2>
h � e�e�>�?BA � i«AB>ye�>yC;?G¡G?ID+FE<�AI<GPQA@?BAC/ED£��5'7�1<8F9G:�1.5'=0>f7

;W< � ?�U � ?IFHCI>yA �:p PQA � Jfi�J�L�AI<2>KefOgJ�h+P�O-? �:N DGO:PQAB>�U�A �:N >@<GP�?W?BJ N > r J�AB>�i«A � P�O-FHJfi(z
?B>#"8D2>�iGFH>�?|L�J�CKAI<2>Y? �:N DGO:PQA � Jfi�CI>�?IDGOgAI?�AI<GPQA|�W~RP�i}AKABJ r J � i}A�JfD2Ay7M;W<2>v?BAIPQAB>YJ�L
AI<2>=~tJ�CEO:U�FE<GP�iGe�>�?)Jfi+Ogov> � >yCIo2/ ?I>�FHJfiGUG?t? �:N DGO:PQAB>�U�A � N >�¡}?BJ � LsPMCEJ�h �2r CIJ�e�C�P N
~)JfD+O:U�¡R>�7�e27 CE>#"}D2>�?IAbA{~tJ �:N PQe�>�?�L4CEJ N AI<2>�FyP N >yCEP � i}AB>yCIL�P�FH>�~ � AI< � i£P&A �:N >
� i}AB>yC � P�O=J�LKOg>�?I?�AI<+P�iH/�?I>�FHJfiGUG?y¡�AI<2>�A{~tJ �:N PQe�>�?b~tJfDGO:U�hs> � U2>�i«A � FyP�O ¡t? � iGFH>
AI<2> r Jf? � A � JfiG?�J�L�AI<G>¢CIJ�h � ?v~tJfDGO:U�iGJ�Ab<GP � >%hs>y>�i£D r UGPQAB>�Uªhs>yA{~t>y>�i£AI<2>�A{~tJ
N >�P�?ID2CE> N >�i«AI?�7 �RD2AW? � iGFH>|AI<2>@FyP r AID2CI> r CIJ(FH>�?I?�L�J�C�Jfi2> �:N PQe�>KAIPQu�>�?,PQhsJfD2A�x(7Tm
?B>�FHJfiGUG?bJfi£AI<2>%CI>�P�O�CIJ�hsJ�AbP�i+U£AI<2>yCI>yL�J�CI> � i�AI<2>%? �:N D+O:PQA � Jfi�P�?�~t>�O:O ¡tAI< � ? � ?
i2J r CEJ�h+Og> N 7 �=L�AB>yC,AI<G> �:N PQe�>�FyP r AID2CI>M�=Jf�t�B�@n¢FyP�O:O�CE>yAID2CEiG?y¡2AI<G>bX�Z�[H\/]2^�_�\/Z�`�a
J�L�AI<2>�CIJ�h � <GP�? � iGFHCI>�P�?B>�U�x(7Tm�?B>�FHJfiGUG?y¡�?BJ�A{~tJ�?IDGFyFH>�?I? ��� >�FyP�O O:?WJ�L�AI<G>�FyP r AIDGCI>
L�D+iGFHA � JfiYPQCI>=PQA)Og>�P�?BA x(7TmK?I>�FHJfiGUG?�P r PQCEAy7�;W<2>W?IP N >WP r+r O � >�?�ABJ@J�AI<G>yC N >�P�?ID2C � i2e
r CIJ(FH>�?I?B>�?�UG> r >�i+U � i2e�Jfi�AI<2>¢?BAIPQAB>�J�L,AI<2>�~)J�CEO U�7 ;=<2>¢U � ?BAIP�i+FH>�e ��� � i2e��Rn(�
N >�P�?ID2CE> N >�i«Ay¡+L4J�CW>��2P NYr O:>�¡+<GP�?WP�i¢D r U+PQAB>KCEPQAB>@J�L�PQh�JfDGAWx(7 xfd�?B>�FHJfiGU+?y7

�������JI KMLN+�O�"�P*��+&"'Q��)(*"'��+E��RB( " #SP*���&";T�P*����P*��#U 

�,? N >�i}A � Jfi2>�UwP�O:CI>�P�U2o�¡RAI<2>¢JfiGO:o O � i2u©hs>yA{~t>y>�i�AI<2>�? �:N DGO:PQAB>�U£CIJ�h �Rr CIJ�e�C�P N
P�iGU�AI<2>@? �:N D+O:PQABJ�C � ?tAI<2>M?B>yA�J�L��WJf�t�I�@n�L/DGiGFHA � JfijFyP�O:O ?y7)n8JYAI<2>@? � N DGO PQABJ�CWFyP�i
JfiGOgoY?IDG? r >�i+UvAI<2>=CIJ�h �2r CIJ�e�CEP N >��8>�FyDGA � Jfib~,<2>�i � A�>�i}AB>yCE?tPM�=Jf�)�I�@nYL�DGi+FHA � Jfi�7
��7�>�7tAI<2>@>��(>�FyD2A � Jfi�J�LqP r CIJ�e�CEP N ?B>ye N >�i}A,FyP�i�iGJ�AWhs> � i«AB>yCECED r AB>�U�¡2> � >�i � LqAI<2>
>��8>�FyDGA � JfijJ�L�AI< � ? r CEJ�e�CEP N ?B>ye N >�i}A�AIPQu�>�?�P�O:J�AtJ�L X�Z�[ \/]G^Q_�\/Z�`baH7��RD2ARAI< � ? � ?ti2J
r CIJ�h+O:> N ¡3? � iGFH>tAI<2>)>��(>�FyD2A � Jfi�J�LGAI<G>t?B>ye N >�i«A � ?qi2J�A�U2> r >�iGU2>�i}A-JfivP�i«oM>��8AB>yCEi+P�O

l
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UGPQAIP(7K� i�J�AI<2>yC|~)J�C�UG?y¡sAI<2> r CIJ�e�CEP N ?B>ye N >�i}AI?KPQCI> �BPQABJ N � F 	 h�D2A=AI<2>yo%FyP�i h�>
>��(>�FyD2AB>�U � � i�P�U � P�iGFH> 	 ¡�i2J N PQABAB>yC,<2J�~ OgJfi2eYAI<G> � C�>��8>�FyDGA � Jfi¢AIPQu�>�?y7

;=<2>,?Bo(iGF�<2CIJfi �gp PQA � Jfi�J�L�AI<2>,CIJ�h �Gr CIJ�e�CEP N ? � ? UGJfi2>=h8o�?B>�Og>�FHA ��� >�O:ov?IABJ rGr � i2e
AI<2>�>��8>�FyDGA � Jfi©J�L�AI<G> r CIJ�e�C�P N ?MDGi}A � O�P�O O J�L�AI<2> N CE>�P�FE<2>�U J�CMJ � >yCY?BAB> rGr >�U©P
FH>yCIAIP � i X�Z�[H\/]2^�_-\/Z4`bay¡G~=< � F�< � ?RAI<2>MFyDGCICI>�i}AW? �:N DGO:PQA � Jfi�A �:N >�7

;=<2>RCI>�P�O �gp PQA � Jfi � ?�h�P�?B>�UvJfi�P�h � U � CI>�FHA � JfiGP�O N >�?I?IPQe�>�>��2FE<+P�i2e�>Whs>yA{~t>y>�iYAI<2>
U � � >yCI>�i}A|CIJ�h � AI<2CI>�P�UG?KP�i+U%AI<G>�FHJ�CI>vJ�L AI<2>�? � N DGO PQABJ�C�7@� P�F�<0CIJ�h � <GP�?|hs>�? � U2>�?
< � ?�X�Z�[ \/]G^Q_�\/Z4`ba P�i2J�AI<2>yC)A �:N >=P�?I?IJ8F � PQAB>�U�¡«AI<2>WA � N >WJ�L � AI?�O:P�?IA ?Bo(iGFE<2CEJfi �gp PQA � Jfi�7
�|ij>�P�F�<��=Jf�)�I�@n�L/DGiGFHA � Jfij>�i}ABCIo�¡2AI<2>@FyDGCICI>�i}AKX�Z�[ \/]G^Q_�\/Z�`ba � ?�U2>yAB>yC N � i2>�UjP�iGU
FHJ NYr PQCI>�U�~ � AI<ªAI<G>�O:P�?BAY?Bo(iGFE<GCIJfi �gp PQA � JfiªA � N >�7�� L�AI<2>0X�Z4[H\/]G^Q_W\/Z4`ba�O � >�?Yi2J�A
� i%AI<2>v?IP N >�efOgJ�h+P�Oq? �:N DGO:PQA � Jfi¢A �:N >v?IOgJ�A=AI<+P�i�AI<2>vO:P�?BA|?Bo(iGFE<GCIJfi �gp PQA � Jfi�A �:N >�¡
� 7�>�7C143 � :J9 3 1C3 ������� 7	� � 5�
*9�1<5�� � 1<5'=0> �� 143 ���65'7�1.8)96:�1<5'=0> � ¡}AI<2>�i�AI< � ?)CIJ�h � AI<2CI>�P�U
<GP�?RABJYhs>K?Bo(iGFE<GCIJfi �gp >�U�~ � AI<�AI<2>@? �:N D+O:PQA � Jfi�FHJ�CI>�7���AR?I>�iGUG?�Pv?Bo(iGFE<2CEJfi �gp PQA � Jfi
N >�?E?IPQe�>,~ � AI<YAI<2>�FyD2CICI>�i}AWX�Z�[H\/]2^�_�\/Z�`ba�P�? r PQCEP N >yAB>yCtABJMAI<G>,FHJ�CI>�P�iGU�~RP � AI?)L4J�C
PY~RPQu�>�D r�N >�?I?IPQe�>@hs>yL�J�CI> � A r CEJ8FH>y>�UG?�7

;=<2>"FHJ�CI> N P � i}AIP � iG?WP�O � ?BAWFHJfi}AIP � i � i2e�AI<2>�X�Z�[ \/]G^Q_�\/Z4`baWJ�L >�P�FE<�CIJ�h � 7t�)P�FE<
A �:N >tAI<G>WFHJ�CI>�CI>�FH> ��� >�?�PK?Io8iGF�<2CIJfi �:p PQA � Jfi N >�?I?IPQe�>WL�CIJ N Jfi2>RJ�L�AI<2>RCIJ�h � FyO � >�i«AI?y¡
� AqD r UGPQAB>�?�AI<G>=X�Z�[H\/]2^�_(\/Z�`ba-L4J�CqAI<GPQA-CEJ�h � � i � AI?-O � ?BA-P�iGUMAI<2>�i �+iGUG?�AI<G> N � i �:N D N
X�Z4[H\/]G^Q_}\/Z�`ba � i|AI<G>�O � ?BA��J=���1 � 7q� LG1 3 �J=���1 � � ?�h � e�e�>yC�AI<GP�iKAI<2>�1 3 � � 8 7�7*> � 1��G:��	��9G: 1.5'=0> � ¡
� 7�>�7 P�O:O}CIJ�h � ? r P�?I?B>�U�AI<2>RA �:N >��6:��	��9G: 3 5'= 8): 9�1<5�� � 1<5'=0>��2/M¡�AI<2>�i�AI<2>�? �:N DGO:PQA � Jfir CEJ8FH>y>�UG?)Jfi2>|?BAB> r �AI<2>�efOgJ�h+P�O�? �:N DGO:PQA � JfibA �:N > � ? ?B>yAtABJ 143 �J=���1 � A /M¡8AI<2>|?BAIPQAB>
J�L�AI<2>R~)J�CEO U"e�>yAI? D r UGPQAB>�U�¡Q~=< � F�< N >�P�iG? P�O:O}CIJ�h �8r Jf? � A � Jfi+?�<GP � >�ABJ|h�>�D r UGPQAB>�U
L�J�C@AI<2>biG>y~ efOgJ�h+P�O�? � N DGO PQA � Jfi�A �:N >�¡ � i+FyO:DGU � iGebAI<2>�FHJfO:O � ? � Jfi�AB>�?BAI?y7�;W<2>�i AI<2>
FHJ�CI>�?B>�iGUG?�~RPQu�>�D r©N >�?I?EPQe�>�?@ABJ¢P�O:OqCIJ�h � ?y¡�~=<2Jf?B>jX�Z4[H\/]G^Q_�\/Z4`ba � ? � i�AI<2>�?IP N >
A �:N >�?IOgJ�A|AI<GP�i0AI<2>�iG>y~ efOgJ�h+P�O ? �:N DGO:PQA � Jfi�A �:N >�7v;=<}DG?�¡�~=<2>�i�AI<2>YCIJ�h � FyO � >�i«A
CI>�?ED N >�?y¡ � AI?RCEJ�h ��� ?�X�Z�[ \/]G^Q_�\/Z4`ba � ? � i�AI<2>KA �:N >K?IOgJ�A�J�LqAI<2>KefOgJ�h�P�OsA �:N >KP�iGUjAI<2>
CIJ�h �sr CIJ�e�CEP N � ?�?Bo(iGFE<2CEJfi �gp >�U�7

;=<2>|A �:N >@O:P r ?I>|P�i+U�?EOgJ�~ N J�A � Jfij> � >�FHAI?=L4J�C�AI<G>@DG?B>yC N Jfi � ABJ�CWPQCE>KCI>�P�O �gp >�U
h8o ?Bo(iGFE<2CEJfi �gp � i2ejAI<2>�?IFyP�Og>�U&? �:N DGO:PQA � Jfi0A � N >�~ � AI< AI<2>�CI>�P�O)A �:N >�¡�h}o ? � NYr Ogo
?ID+? r >�iGU � i2e�AI<2>¢FHJ�CI>jL4J�C�P�i�P r+r CIJ r C � PQAB>�P N JfD+i«AYJ�L,A �:N >j> � >yCIo A �:N >jhs>yL4J�CI>
AI<2>�~tPQu�>�D r&N >�?I?EPQe�>�?"PQCI>�?B>�i}Ay7�;�J¢efDGPQCEP�i}AB>y>jP¢? N J8J�AI<©D r UGPQAB>bJ�LtAI<G>bDG?B>yC
N Jfi � ABJ�C�¡�AI<2>�PQhsJ � >bU2>�?IFHC � h�>�U P�Oge�J�C � AI< N <GP�?KABJ�h�>Y?IO � ef<«AIO:o N J(U � �G>�U�7���L AI<2>
?BAB> r L�CIJ N AI<2> JfO:U"ABJ�AI<2>tiG>y~&efOgJ�h�P�O«? �:N DGO:PQA � Jfi@A �:N >)~)JfD+O:U@hs> ABJ�h � e2¡3AI<2>yCI>RPQCI>
� i}AB>yC N >�U � PQAB>�?BAB> r ? � i+?B>yCIAB>�U�¡�AI<2>b~tJ�CEO:U&D r UGPQAB>�U©P�iGU&?Bo(iGFE<2CEJfi �gp >�U ~ � AI<0AI<2>
CI>�P�Ogz A �:N >�7�;�J � O:O DG?BABCEPQAB>�AI<2> r CIJ�h�Og> N P�i�>��(P NYr Og> � ? e ��� >�i�7 ��LsAI<2>,DG?I>yCt?B>yAI?)AI<2>
? � N DGO PQA � Jfi"? r >y>�U"ABJ|CI>�P�O z A �:N >tP�iGU"AI<2>yCI> � ?�JfiGOgoKJfiG>tCEJ�h � � i"AI<2>�? �:N DGO:PQA � JfiMP�iGU
AI< � ?@CIJ�h � � ? r CIJ�e�CEP N >��8>�FyDGAB>�?�P¢AID2CEi©FHJ NbN P�iGU�¡qAI<GPQAMAIPQu�>�?v6¢?I>�FHJfiGUG?y¡qAI<2>�i�¡
Jfi%AI<2>"iG>��8A�?Bo8i+FE<2CIJfi �gp PQA � Jfi�J�L AI<2>"CIJ�h � AI<GCI>�P�U�¡+AI<G>"FHJ�CI>"~)JfDGO U � iGFHCE>�P�?B>@AI<2>
efOgJ�h�P�O}? � N DGO PQA � Jfi@A �:N >)PQA PQhsJfD2Aq6,?B>�FHJfiGUG?�¡3AI<G>�i�?EOg>y> r L�J�C�PQh�JfDGAq6,?B>�FHJfiGUG?�P�iGU
AI<2>�i�D r UGPQAB>@AI<G>�U � ? r O:P�o�~=<G>�i¢AI<2>"CIJ�h � P�O:CI>�P�U2o �+i � ?I<2>�UjAI<2>"AID2CEi�FHJ NbN P�iGU�7
n8JYJfijAI<G> N Jfi � ABJ�C�¡2i2J�AI< � i2e�<+P rGr >�iG?tL4J�CWPQhsJfD2AW6v?B>�FHJfiGU+?y¡(AI<2>�i�?IDGUGUG>�iGOgoYAI<2>
CIJ�h � <GP�?WAID2C�i2>�U�7

�



��� � � ��� � � � � ��� � 
 ��� � ��� � � ���

���� �����&(��+* ��' ��,���� '���� ��'-(��+* ,
� ' !��
�=L�AB>yC�<+P � � i2e=U2>�?EFHC � hs>�U|AI<2> r CEJ8FH>�?I?�J�L(?Io8iGF�<2CIJfi �:p � i2eRAI<2>WX�Z4[H\/]G^Q_8\/Z�`ba�J�L2?B> � >yC�P�O
CIJ�h � ?�¡�AI< � ?KF�<GP r AB>yC � ?KPQh�JfDGAKAI<2>b?Bo(iGFE<GCIJfi �gp PQA � Jfi J�LR?B> � >yCEP�O AIP�?Bu(? r >yCIL�J�C N >�U
Jfi¢PY? � iGefOg>,CEJ�h � 7'& � CE?BAWPY?I<GJ�CIA�U2>�?IFHC �gr A � Jfi�J�L�AI<2> N DGOgA � AIP�?Iu � iGe�FyP r PQh � O � A � >�?tJ�L
AI<2>M�=Jf�)�I�@n � ?Re ��� >�i�¡ � i+FyO:DGU � iGe"P�U2>�?EFHC �gr A � Jfi�J�L�AI<2> r CEJ�h+Og> N ?RJ(FyFyD2C � iGeY~ � AI<
AI<2>j? �:N DGO:PQA � Jfi0J�L N DGOgA �:r Og>YAIP�?Bu(? r >yC"CIJ�h � 7¢;W<G>bA{~tJ�L4JfO:O:J�~ � iGe�?ID2h FE<GP r AB>yC�?
e ��� >YP�UG>yAIP � Og>�U�U � ?IFyDG?E? � Jfi�J�L�A ~)J�U � � >yCI>�i}A,P r+r CIJfP�FE<G>�?|ABJ�P�?BJfO:D2A � Jfi�J�L�AI<G>�?B>
r CIJ�h+O:> N ?y7

;W<2>"�WJf�t�B�Mn¢?ID rGr J�CIAI? N D+OgA � AIP�?Bu � i2e r CEJ�e�CEP N ?y¡�h�J�AI< r CI>y> NYr A ��� >MP�iGU%FHJQz
J r >yCEPQA ��� > N DGOgA � AIP�?Bu � i2e27 ;W<G>|D+?IDGP�Os?BAB> r ?�ABJY>�?IAIPQh+O � ?I<jPvCED+iGi � i2e N D+OgA � AIP�?Bu � i2e
?Bo(?BAB> N ~ � AI<bAI<2>K�WJf�t�B�Mn�PQCI>  �+CE?BAtAI<2> � i � A � P�O �:p PQA � JfiYJ�L�AI<2> N DGOgA � AIP�?Iu � iGeM?Bo(? z
AB> N ~ � AI<jAI<2>M? r >�F � ��FyPQA � Jfi�J�L�AI<2> N J(U2>@ABJ�DG?B>�¡GAI<2>�i�AI<2>M?B>yAID r J�L P�O:O�AI<2CE>�P�UG?
AI<GPQAW?I<2JfD+O:U�h�>|>��(>�FyD2AB>�U�7 �)P�FE<�AI<GCI>�P�U¢<GP�?RABJYhs>KP�UGU2>�UjABJYAI<2>KAI<GCI>�P�U "}DG>�D2>�¡
r CIJ � � U � i2e�AI<2>�AI<2CI>�P�U L/DGiGFHA � Jfi P�UGU2CI>�?E?y¡�AI<G> r C � J�C � A{o�¡qP�iGP N >�¡qAI<G>�?BAIP�FEu«z{? �:p >
P�iGU�P�DG?B>yC � U�7R;W<2>@AI<2CE>�P�U�?BAIPQAB>v<GP�?WABJ�hs>M?B>yA=ABJ��=� �,�
	v¡�AI< � ? � ?Wi2>�FH>�?I?IPQCEo�¡
? � iGFH>,AI<2>�AI<2CI>�P�UG?tPQCI> � i � A � P�O OgoM?IDG? r >�i+U2>�U�7�;W<2>,iG>��8At?BAB> r � ?�ABJ � i � A � PQAB>WAI<2>|P�F z
AIDGP�O8AIP�?BuM?B~ � AIFE< � i2e27-� i"FyP�?I>tJ�L�FHJ}J r >yCEPQA ��� > N DGOgA � AIP�?Bu � i2e2¡3AI< � ? � ?qU2Jfi2>)~ � AI<"AI<2>
CI>�?IF�<2>�UGDGOg>�FHJ N�N P�iGUYP�iGU � ivFyP�?B>WJ�L�AI<2> r CI>y> N�r A ��� > N D+OgA � AIP�?Bu � i2e2¡�AI< � ? � ?qUGJfi2>
~ � AI<"AI<2> r >yC N � AqFHJ N�N P�iGU�¡�~,< � FE< r >yC N � AI?�AI<2> r CI>y> N�r A ��� >tAIP�?Bu«z{?I~ � AIFE< � i2e|P�iGU
PQA@O:P�?BA�AI<2>yCI> � ?|DG?ID+P�O:Ogo¢Pj?ID2h+?I>#"}D2>�i}A�~tP � AKFyP�O:O ¡�ABJ�u�>y> r AI<G>���� 1 h+D+?Bo�DGi}A � O
P�A �:N >yCBz � C?"%J(FyFyD2CE?�¡ ~=< � F�< � i&AID2CEi&~ � O:O r >yCEL4J�C N AI<2>�AIP�?Bu}z{?B~ � AIF�<�70;W<2> N P � i
AI<2CI>�P�U�¡ � 7�>�7 AI<G>�FHJfi}AB>��8A�J�L-AI<2> N P � i � � L�DGi+FHA � Jfi�¡ r O:P�o(?RP"? r >�F � P�O+CIJfO:>�7 � A � ?ti2J�A
P�DG?IDGP�O�AI<2CI>�P�U0O � u�>"AI<G>�? r P�~,i2>�U�Jfi2>�?y7M��AKU2J8>�?Ki2J�A|e�>yAKCI>�?IFE<G>�UGDGOg>�U DGi}A � OqP�O:O
J�AI<2>yC AI<GCI>�P�UG? PQCI>=UGJfi2>�J�C ?IDG? r >�i+U2>�U�7��,J�C N P�O(AI<GCI>�P�UG?�FyP�ibh�>Ru � O:Og>�U�h8o"AI<G> N z
?B>�OgL�J�CRh8o�J�AI<2>yCtAI<2CI>�P�UG?y¡(AI<2>yo�FyP�i�hs>|?IDG? r >�iGU2>�UbP�iGUbCE>�?ID N >�U�h}o�P�i}o�AI<2CE>�P�U�¡
AI<2>yo�FyP�ijAB> N�r J�C�PQC � Ogo�?ID+? r >�iGU�AI<2> N ?B>�OgL �/?IO:>y> r � ¡(AI<2>yo�FyP�i�DG?I>�?B> N P r <2J�CI>�?tL�J�C
?B>�FyD2CI> � i«AB>yCMAI<2CI>�P�U FHJ N�N DGi � FyPQA � Jfi�7	��i2J�AI<2>yC@L�>�PQAID2CI>�¡�CI>�O:PQAB>�U ABJ�AI<2> N D+OgA � z
AI<2CI>�P�U � i2e2¡ � ?�AI<2> r CI>�?I>�iGFH>WJ�L�A �:N >yC�?y7 � A �:N >yC � iYAI< � ?�FHJfi}AB>��8A � ?y¡«O � u�>=PKAI<2CE>�P�U�¡
PM?B> r PQCEPQAB>,L/DGiGFHA � Jfi�7�1�iGO � u�>WP@AI<2CI>�P�U�¡ � A)<GP�?�ABJ"h�>=>��8>�FyD2AB>�U r >yC � J(U � FyP�O OgoMPQL�AB>yC
P�? r >�F � �G>�U¢A �:N > � i}AB>yC � P�O 7|n � iGFH> � A � ? � i¢L/P�FHAKP�<+PQCEU2~RPQCI>MA �:N >yC � C?"�<GP�iGUGOg>yC � A
FyP�iªi2J�A"hs> � i«AB>yCECED r AB>�U�¡ � A�? �:NYr Ogo%J(FyFyD r � >�?MAI<2>¢�R� 1 DGi}A � O � A � ?�U2Jfi2>�7 ;W<2>
? �:N DGO:PQA � Jfij>�i � � CIJfi N >�i}AW<GP�?�ABJbh�>@PQh�Og>KABJbP�FE< � > � >MP�O:O�AI< � ?RL�D+iGFHA � JfiGP�O � A{o�7

;W<2>Kh � e�e�>�?BA r CEJ�h+Og> N � ?�AI<2>@FHJ�CECI>�FHA N J(U2>�O � i2e�P�i+U¢<GP�iGUGO � i2e�J�L�AI<2>bX�Z�[ \/]G^Q_
\/Z4`ba�J�LsAI<2>WCIJ�h � 7q;W<G> "}D2>�?IA � Jfi � ?y¡ � L�~t>=<GP � > N DGOgA �gr Og>RAI<2CI>�P�UG? C�DGiGi � iGe,JfibJfi2>
CIJ�h � ¡�>�? r >�F � P�O:Ogo � L�~t>MJ r >yCEPQAB> � i r CI>y> N�r A ��� > N DGOgA � AIP�?Bu � i2e N J(U2>�¡+~=<+PQA � ?=AI<2>
P rGr CIJ r C � PQAB>jX�Z�[ \/]G^Q_�\/Z�`ba|~=<G>�i�P��=Jf�t�B�@n L�DGi+FHA � Jfi � ?|>�i«AB>yCE>�U0h}o%Jfi2>YJ�LtAI<2>
AI<2CI>�P�UG?�7|;=<2> r CIJ�h+Og> N ~ � O:O-e�>yA N J�CI>�J�h � � JfDG?|PQL�AB>yCKAI< � i2u � i2ebP�h � A,PQhsJfD2A�AI<2>
r Jf?I? � h � O � A � >�?)J�L N J8UG>�O � i2evAI<2>@CEJ�h � AI<2CI>�P�U+? � ijAI<2>"? �:N DGO:PQA � Jfi�7 � A � ?W?ID2e�e�>�?BA � i2e
ABJY>�?BAIPQh+O � ?I<�¡8L4J�C�>�P�F�<�AI<2CI>�P�UjABJYhs>K? �:N DGO:PQAB>�U�¡(P�AI<2CI>�P�UjJfijJfD2CW<GJf?BA N P�FE< � i2>�7
;-J r CI> � >�i}A�L�D2CEAI<2>yC"FHJfi2L/DG? � Jfi�¡-�K~ � O:O�FyOg>�PQCEO:o U � ?BA � i2efD � ?I< hs>yA{~t>y>�i AI<2CI>�P�UG? � i
AI<2>�FHJfi}AB>��8A�J�L|AI<2>¢CIJ�h � JfiwJfi2>¢<GP�iGU�¡ � 7�>�7wAI<2CI>�P�UG?y¡t~=< � FE<�PQCI>¢>��(>�FyD2AB>�U � i
P0CIJ�h � P�iGUw?I<GP�O:Oths>�? �:N DGO:PQAB>�U � i AI<2>�? �:N D+O:PQA � Jfi�7&�"~ � O:O)FyP�O ORAI<2>�?B>¢AI<2CE>�P�UG?
AI<2> � CIJ�h � AI<2CI>�P�UG? 	 7 �,iGU&JfiªAI<2>�J�AI<2>yC�<GP�iGU&AI<2CI>�P�U+? � i©AI<2>jFHJfi}AB>��8A�J�L=AI<2>

9yx



����� � ��� � � � � � � �*� 
�� � ��� 
 � � � � � � � ���

? � N DGO PQA � Jfi�¡ � 7�>�7tAI<2>M>�i}A � A � >�?�¡GAI<GPQA N J8U2>�O�AI<2>@CIJ�h � AI<2CI>�P�UG?,P�iGU¢AI<GPQA,PQCI>MABJ�h�>
>��(>�FyD2AB>�U"JfiMAI<2>)<2Jf?BA-?Bo(?BAB> N 7�;W<2>�?I>�AI<2CI>�P�UG?-~ � O:O3hs> FyP�O:O:>�U@? �:N DGO:PQA � Jfi|AI<GCI>�P�UG?y¡
<2Jf?IA=AI<2CI>�P�U+?WJ�C|? �:NYr O:obAI<2CI>�P�U+?y7R� A � ?WAI<2>yCI>yL�J�CI>�?ID2e�e�>�?BA � iGebABJ�D+?B>@AI<2CI>�P�U+?WJfi
AI<2>"<2Jf?BAWABJ�? �:N DGO:PQAB>KCIJ�h � AI<GCI>�P�UG?y¡Ghs>�FyP�DG?I>KAI<2>yo�PQCI>MPQh+Og>MABJ r >yCIL4J�C N FHJfi«AB>��(A
?B~ � AIFE<2>�?�¡�h+D2AbAI<+PQA � ?�P�FHAIDGP�O:Ogo r CI>yABA{o N DGFE<
P�O:O=~)>�FyP�i >�� r >�FHAbL�CIJ N AI<2> N 7
�RA��GC�?BA"? � ef<«Ay¡ AI<2>yCE> � ?"i2J�A N DGFE<ªABJ hs>�?IP � U&PQefP � i+?BAYDG? � i2e%Jfi2>j<2Jf?BAvAI<2CI>�P�U
L�J�C�>�P�F�< CIJ�h � AI<2CE>�P�U�¡WOg>yABA � i2e©AI<2> N � iGU2> r >�iGU2>�i}AIOgo >��(>�FyD2AB>�AI<2>%P rGr CIJ r C � PQAB>
FHJ(U2>�¡ N P � i«AIP � i � i2e�Jfi2>�X�Z�[H\/]2^�_ \/Z4`baKL4J�C@>�P�F�< CIJ�h � P�iGU ~=<2>�i � A@FHJ N >�?KABJ¢AI<2>
r J � i}Ay¡�~=<2>yCE>vP¢AI<2CI>�P�U <GP�?@ABJ¢U2>yAB>yC N � iG> � r CIJ(FH>�?I?KAI<2>�X�Z4[H\/]G^Q_�\/Z4`bay¡ � A@? � NYr Ogo
P�FyFH>�?I?I>�? � AI?"P�?E?BJ8F � PQAB>�?"CEJ�h ��� ?�X�Z4[H\/]G^Q_)\/Z�`baH¡ DG? � i2e N D2AIDGP�O)>��(FyO:D+? � Jfi0~ � AI< AI<2>
J�AI<2>yC�AI<GCI>�P�UG?�CI>yefPQCEU � i2e©AI<2> P�FyFH>�?I?y7 �tDGA�? � iGFH>%~t> FyP�i i2J�A�CE>�Ogo£Jfi
P©L/P � C
U � ? r PQAIFE< � i2e�h}o�AI<2>Y?Bo(?BAB> N � ?@?IF�<2>�UGDGO:>yC�¡�~)>�FyP�i©i2J�AK? �:NYr O:o r CIJ(FH>y>�U O � u�>�AI< � ?
~ � AI<2JfD2A r CIJ r >yCY?Bo(iGFE<2CEJfi �gp PQA � JfiªABJ0efDGPQC�P�i«AB>y>%AI<GPQA¢9 � AI<2>�AI<2CI>�P�U+?Ye�>yA�CIJ�h �

� �R� 1 � A �:N >¢P�FyFHJ�CEU � i2e ABJ AI<2> � C r C � J�C � A{o&P�i+U�> � >�i N J�CE> �:NYr J�CIAIP�i}Ab6 � AI<GPQA
AI<2>�A �:N >b?EO � FH>�?@PQCI>�CI>�P�?BJfiGPQh�Og>�7j� A � ?Mi2J�AMP�FyFH> r AIPQh+Og>�AI<GPQAMJfi2>bAI<2CI>�P�U&e�>yAI?"P
X�Z4[H\/]G^Q_�\/Z�`bat?IO � FH>=J�L N J�CI>=AI<+P�i�PML4>y~
<}D+iGU2CI>�U2AI<vJ�L�P�?B>�FHJfiGU�7�� �(P�FHAIO:o�L4J�C)AI< � ?
CI>�P�?IJfi�¡ � A � ?,i2>�FH>�?I?IPQCEo�¡�ABJ�AI< � i2u�PQh�JfDGA,P N J8UG>�O�J�L ?Bo(iGF�<2CIJfi �gp PQA � Jfi�¡+AI<GPQA�AI<2>
? � N DGO PQA � JfijJ�L�AI<G> N D+OgA � AIP�?Bu � i2evL�>�PQAID2CI>@<GP�?=ABJ�h+P�?B>�U�Jfi�7

;=<2> � UG>�P@<2>yCI> � ?�AI<2>�?IP N >|P�? ~ � AI<�AI<2>�?Bo(iGFE<2CEJfi �gp PQA � JfibJ�L�AI<2>MX�Z4[H\/]G^Q_�\/Z�`ba
hs>yA{~t>y>�i
AI<2>�CIJ�h � ?�7 � >0FyP�i P�Og~tP�o8?�>��(>�FyD2AB>0P&FHJ N�r Og>yAB> r CIJ�e�CEP N ?B>ye N >�i}A
~ � AI<2JfD2A <GP � � i2e|ABJ@~tJ�CICIo�PQhsJfD2A�?Bo(iGFE<2CEJfi �gp PQA � Jfi�7�;W<2>�U2> ��i � A � Jfi"J�L�P r CIJ�e�CEP N
?B>ye N >�i«A�J�L�P0AI<GCI>�P�U � ?./IDG?BAYAI<2>¢?EP N >�P�?�hs>yL�J�CI>�7 � >�<GP � >�ABJ AI< � i2u&PQhsJfD2A
?Bo(iGF�<2CIJfi �gp PQA � Jfi©PQAMAI<G> N J N >�i}AM~t>b>�i}AB>yC�P%�WJf�t�I�@n L/DGiGFHA � Jfi�74�RAMAI<G>�UGPQAB>
J�L�AI<2>M�=Jf�t�B�@n�L�D+iGFHA � Jfij>�i}ABCEP�iGFH>�¡+~t>@~tJfDGO:U¢O � u�>KABJbU2>yAB>yC N � i2>KAI<2> /IDG?BA � P�O � U
X�Z4[H\/]G^Q_,\/Z�`ba ��J�LKAI< � ?�AI<2CE>�P�U � ABJ hs>�PQh+Og>¢ABJ � i}AB>yCEP�FHAb~ � AI<£AI<2>%>�i � � CIJfi N >�i«A
P rGr CIJ r C � PQAB>�O:o�7%;W<2> r CIJ�h+O:> N � ?"AI<GPQA�~)>jPQCI>ji2J�A�iG>�FH>�?I?IPQC � O:o PQh+Og>bABJ0U2J%AI< � ?
PQA|AI< � ?�UGPQAB>�¡�? � iGFH>"AI<G>"A �:N > r P�?E?B>�U�h}o�U+D2C � i2ebAI<2>">��(>�FyD2A � Jfi J�L AI<2> r CIJ�e�CEP N
?B>ye N >�i«AKU2> r >�iGUG?=Jfi�AI<G>"J�AI<2>yC|AI<2CE>�P�UG?=C�DGiGi � iGe � i r PQC�P�O:Og>�O 7W;W<G>yo N � ef<}A=e�J�A
P�?I? � efi2>�UM?IJ N > CIJ�h � �R� 1 A �:N >�J�C N � ef<«A-iGJ�Ay7 ��iGU@~t>)PQCE>)i2J�A-PQh�Og>�ABJ,UG>yAB>yC N � i2>
AI< � ?=DGi}A � O�~t>"P�FHAIDGP�O Ogo�>��8>�FyDGAB>�U%P�O:O-J�L AI<2> N D+i«A � O�AI<2>yo r P�?I?B>�U%AI< � ?WA �:N >�¡+ABJ8J27
�,J�~ AI< � ? r CEJ�h+Og> N FyP�i¢hs>@?BJfO � >�U � ?WU2>�?IFHC � hs>�U � ijAI<2>@i2>��(A=FE<GP r AB>yC�7

�RD2A �GCE?BA�?IJ N >�CI> N PQCEu8?�PQh�JfDGA�AI<2>��B?BAIPQA � F 	�N J(U2>�O � iGeRD+?B>�U ���DG?B>�P,FHJ}J r >yCEP3z
A ��� > N DGOgA � AIP�?Bu � i2e N J(U2>�O}ABJ@? �:N DGO:PQAB> r CI>y> NYr A ��� > �/P�i+UYFHJ}J r >yCEPQA ��� > �qN DGOgA � AIP�?Bu«z
� iGe@Jfi�AI<2>,CIJ�h � 7�� P�F�< r CI>y> NYr A � � > ��J�CtFHJ8J r >yCEPQA ��� > � CIJ�h � AI<2CE>�P�U � ?�CI> r CI>�?B>�i}AB>�U
h8o�Jfi2>%FHJ8J r >yCEPQA ��� > ? �:N DGO:PQA � Jfi£AI<2CI>�P�U�7 ��?bP�OgCE>�P�U2o N >�i}A � Jfi2>�U£>�PQC�O � >yC�¡RAI<2>
CIJ�h � AI<GCI>�P�UG?|FyP�i0hs> � i��+D2>�iGFH>�U � i ?B> � >yCEP�O�~RP�o(?y¡-O � u�>�?ID+? r >�iGU � i2e�P�iGU�CI>�?ID N z
� iGe�AI<G> N ¡-Og>yABA � iGe�AI<G> N ?IOg>y> r ¡�h�OgJ8FEu � i2e�AI<G> N h}o�?B> N P r <GJ�CI>�?y¡�>yAIFQ7	��O:OqAI<2>�?B>
L�>�PQAID2CI>�?�<+P � >�ABJ0hs>�FHJ � >yCI>�Uwh}o&AI<2> N J8UG>�O 7 �MABCEo©ABJ ? �:N�r O � L�o AI<2>�<GP�iGUGO � i2e
J�LWP�O:O AI< � ?Kh8o0U � ?BA � i2efD � ?I< � i2ebJfi+Ogo h�>yA ~)>y>�i&A{~tJ U ��� >yCI>�i«AML�DGi+FHA � JfiGP�O � A � >�?y¡�AI<2>
� i+U2> �+i � AB>�O:ob?IDG? r >�iGU � i2evJ�L P�AI<2CI>�P�U �/O � u�>KAI<2>�DG?IDGP�O-?IDG? r >�iGU � i2e"J�C,h+OgJ(FIu � i2e�P
AI<2CE>�P�U�~ � AI<¢Pb?B> N P r <2J�CI> � P�iGU�AI<G> �+i � AB>�O:o�?ID+? r >�iGU � i2e �/?IO:>y> r � 7W; �:N >yC�?W?I<GP�O:O
hs>K>��2FyO:DGU2>�UjL�CIJ N AI<2> N J8UG>�O�PQAWAI<2> N J N >�i«Ay7

&GJfO:OgJ�~ � i2e PQCI>�A ~)J FE<GP r AB>yC�?�PQhsJfD2AYA{~tJ©U ��� >yCI>�i}AYAIP�?Bu}z{?B~ � AIF�< � i2e N J(U2>�O:?y7
��L �:NYr J�CIAIP�iGFH>�L4J�CvAI<2> �+iGP�Ot? �:N DGO:PQABJ�C � ?"JfiGOgo0AI<2>j?B>�FHJfiGU Jfi2>�70;W<2> �GCE?IA � ?

9�9



��� � � ��� � � � � ��� � 
 ��� � ��� � � ���

N J�CI>bO � u�>bP�i � i}AB>yC N >�U � PQAB>b?BAB> r � N P�U2>Y~=< � O:>�AI< � i2u � i2e�PQhsJfD2AMP¢?BJfO D2A � Jfi L�J�C
AI<2> r CEJ�h+Og> N 7Y� � iGFyO:D+U2> � A@P�i«o8~tP�o�¡ ? � iGFH> � A@UG>�?IFHC � hs>�?|~=<GPQAK�K<GP � >bU2Jfi2>�P�iGU
N � ef<}A�hs>KJ�L � i«AB>yCI>�?IA�L4J�CWL/D2AID2CE>@? �:N DGO:PQABJ�C r CIJ /B>�FHAI?y7

��� I��� !�"$# +N� +����&"� �O P #�(�#�(-�� ����� �� " (*O�"&"�+N� # ��� # �
;W<2> � U2>�P�ABJ�FyP�O FyDGO:PQAB>YAI<2>jX�Z�[H\/]2^�_ \/Z4`ba � ?|h+P�?B>�U Jfi P�i � i+UGDGFHA ��� > N J(U2>�O �AI<2>
� iGUGD+FHA � Jfij<«o r J�AI<2>�? � ? � ?y¡2~t>@<GP � > ��AI<GCI>�P�UG?�AI<GPQA�/IDG?BAR>�i}AB>yCI>�U�PY�=Jf�t�B�@n�FyP�O:O
P�iGU�~)>Ru(i2J�~�L�J�C�> � >yCIo�AI<2CI>�P�U�AI<2>|X�Z�[ \/]G^Q_G\/Z�`baq~=<2>�i � AI?�O:P�?BA r CEJ�e�CEP N ?B>ye N >�i}A
>��8>�FyDGA � Jfi©?BAIPQCEAB>�U P�iGU0AI<2>�FHJfi+?ID N >�U&��� 1 A � N >YL4J�CMAI< � ?K?B>ye N >�i}Ay7 �,J�~ AI<2>
� iGUGD+FHA � Jfi©?BAB> r ¡�~)>�FyP�i�U2>yAB>yC N � i2>�AI<2>�FyD2CICI>�i}A�X�Z4[H\/]G^Q_�\/Z4`ba"L�J�C�a �2P�FHAIOgo&Jfi2>
? � i2efO:>@AI<2CI>�P�U �/<2J�~ ABJ�UGJbAI< � ?�ztO:PQAB>yC � ¡�AI<2>�i�~)>v?BABJ�CI>"AI<2>bX�Z4[H\/]G^Q_�\/Z�`baWJ�L AI< � ?
AI<2CI>�P�U�P�?�AI<2>"?BAIPQCEA,A �:N >MJ�L AI<2>�L4JfO OgJ�~ � i2e�?B>ye N >�i}AKP�iGU¢>��(>�FyD2AB>vAI< � ?,?B>ye N >�i}A
DGi}A � O�P�iKJ�AI<2>yCq�WJf�t�B�Mn|FyP�O:O � ? N P�U2>�AI<2>�iK~t> U2>yAB>yC N � i2> AI<2>)��� 1&A �:N >�¡QDG?B>�U|L�J�C
AI<2> >��(>�FyD2A � Jfi"J�L2AI< � ?-?B>ye N >�i}AqP�iGUM>�iGUMD r ~ � AI<@P=L�D+O��+O:Og>�U � i+UGDGFHA � Jfi@<}o r J�AI<G>�? � ?
P�iGU%~)>�FyP�i�?IAIPQCIA,J � >yC�7,;=<2> � i+UGDGFHA � Jfi�?BAIPQCEA � ?=>�P�?Bo�¡sAI<2>�X�Z�[ \/]G^Q_q\/Z4`ba,J�L >�P�FE<
AI<2CI>�P�U � ?Wx�P�iGUjAI<2>v�R� 1 A �:N >KL�J�CWAI<2> �+CE?BA�?B>ye N >�i}A � ?�? �:NYr Ogo N >�P�?ID2CI>�U�7

�,J�~ ��?BA � O:O�J�~t>YAI<2>vCI>�P�U2>yC@P�i >�� r O:P�iGPQA � Jfi�<GJ�~ ABJ�U2>yAB>yC N � i2>"AI<G>�X�Z�[ \/]G^Q_
\/Z4`baMJ�LWAI<2> N >�i}A � Jfi2>�U�����a�AI<2CI>�P�U P�iGU&<2J�~ ABJ ��iGU0AI< � ?MAI<2CI>�P�U PQA�P�O O 7 � >
~tP�i}A|ABJ �+iGU¢AI<G>"AI<2CE>�P�U�AI<GPQAK<GP�?,AI<2>v? N P�O:O:>�?BAMX�Z4[H\/]G^Q_ \/Z4`baH¡s��~ � O:O-FyP�O:O � A,AI<2>
O:P�?BAjAI<2CI>�P�U�7 � > FE<2J8Jf?B> AI< � ?�AI<2CE>�P�U�¡=hs>�FyP�DG?B> � AI?�X�Z4[H\/]G^Q_K\/Z4`bajFyP�i i2J�Ajhs>
� i��+DG>�iGFH>�U P�i«o N J�CI>Yh8o%AI<G> r CIJ�e�CEP N >��(>�FyD2AB>�U � i0P�i«o�J�L)AI<G>YJ�AI<2>yC@AI<2CI>�P�U+?y¡
?BJ�~)>�FyP�i&U2>yAB>yC N � i2> � AI?�X�Z4[H\/]G^Q_)\/Z�`baH7�;�J�? �:NYr O � L4o¢AI<G> N J(U2>�O �@P�?E?ID N >�AI<2>
?IFE<G>�UGDGOg>�U%A �:N >v?IO � FH>�?�PQCI> � i ��i � AB>�? �:N P�O�P�iGU�AI<2>"A � N >�FHJf?IA�J�L)P�AIP�?Iu%?B~ � AIFE< � ?
p >yCIJ2¡fL/D2CIAI<2>yC N J�CI> AI<G> ��i � AB>�Ogo@?ID+? r >�iG? � JfiKJ�L�P�AI<2CI>�P�UvP�iGU�AI<2CI>�P�U r C � J�C � A � >�?�PQCI>
>��(FyO DGU2>�U�7K;W<2>�i%AI<2>jX�Z�[H\/]2^�_�\/Z�`ba�J�L�AI<2>YO:P�?IA,AI<2CE>�P�U � ? � AI?,O:P�?IA�u(i2J�~=i X�Z�[ \/]G^Q_
\/Z4`ba � AI<2>�FHJfiG?ID N >�U�CIJ�h � ��� 1 A �:N >@J�L � AI?,O:P�?BA r CIJ�e�CEP N ?I>ye N >�i«A,A �:N >�?=AI<2>
i}D N hs>yCvJ�L�FyDGCICI>�i}AIOgo©CED+iGi � i2e�AI<2CI>�P�UG?y7 � > �+i+U&AI< � ?�AI<2CI>�P�Uªh8o �+i+U � i2e%AI<2>
N � i � N D N J�LKAI< � ? � P�O:D2>�?bJ�L@P�O:O�CEDGi+i � i2e AI<2CI>�P�U+?y7 ;W<2>�i£~t>%?I>yA�AI<2>%FyD2CICI>�i}A
X�Z�[ \/]G^Q_�\/Z�`ba)J�L�AI<2>,O P�?BA)AI<GCI>�P�UbABJvAI<2> /IDG?BA)UG>yAB>yC N � i2>�U � P�O D2>�7���i�FyP�?B>|AI<GPQAtAI<2>
O:P�?BA,>�i«AB>yCI>�U �=Jf�)�I�@n�FyP�O:O�J�L AI<2>�O P�?BA=AI<2CE>�P�U%F�<GP�i2e�>�?�AI<2>vi}D N hs>yC=J�L CED+iGi � i2e
AI<2CI>�P�UG?�¡->�7�e27�h8o�?EDG? r >�iGU � iGe � � iGUG> �+i � AB>�Ogo�J�C �+i � AB>�O:o � J�C@CI>�?ED N � i2e�PjAI<2CE>�P�U�¡
~)>v<GP � >"ABJ�D r UGPQAB>MAI<2>�X�Z�[ \/]G^Q_q\/Z4`ba � P�O:D2>�?�P�iGU¢AI<2>"CIJ�h � �R� 1 A �:N > � P�O D2>�?WJ�L
P�O:O�J�AI<2>yC,AI<2CI>�P�UG?�¡ � 7�>�7)AI<2> � C=FyD2CECI>�i«AMX�Z�[ \/]G^Q_q\/Z4`ba=<GP�?WABJ�hs>M?I>yAWABJbAI<2>"FyD2CICI>�i}A
X�Z�[ \/]G^Q_�\/Z4`batJ�L�AI<2>@O:P�?BARAI<2CI>�P�U�P�i+UjAI<2> � C�FHJfiG?ID N >�UjCIJ�h � �R� 1�A �:N >K<GP�?RABJYhs>
U2>�FHCI>�P�?B>�U%P�FyFHJ�CEU � iGefOgo�7

� > r CI> � � JfDG?IOgoW>��2FyO:DGUG>�UKAI<2>�L/DGiGFHA � Jfi+P�O � A{o,J�L ��i � AB>�Ogo�?IDG? r >�iG? � Jfi,J�L2PRAI<2CE>�P�U
P�iGUjAI< � ?RU2> ��F � >�iGFHob?I<GJfDGO:U N >|CI> N >�U � >�Uji2J�~@7�;W<2>Ki2>�FH>�?E?IPQCIo N J8U � �+FyPQA � Jfi�ABJ
AI<2>�PQhsJ � >�U2>�?EFHC � hs>�U%P�O:e�J�C � AI< N � ?�AI<GPQAKAI<2>YO:PQAB>�?IAKAI<2CI>�P�U N � ef<}A|hs>"Jfi2>�¡-AI<GPQA
~tP�?�?EDG? r >�iGU2>�U�P�i+U�?I<GJfDGO:U�hs>,~)J�u�>�i�D r h8oYAI<2>K?IFE<2>�U+DGOg>yC)iGJ�~@7�;W<G>yCI>yL4J�CE>,~t>
<GP � >�ABJ%FHJ N�r PQCI>bAI<G>b? N P�O:O:>�?BA�X�Z�[H\/]2^�_)\/Z�`�aBL4JfD+iGU0h8o�AI<G>bJfO:U P�O:e�J�C � AI< N ~ � AI<
AI<2>W? N P�O Og>�?BAq~tPQu�>�D r A �:N >RJ�L�P�O O8FyDGCICI>�i}AIOgo �+i � AB>�OgoM?IDG? r >�i+U2>�UMAI<GCI>�P�UG?y7q��iYFyP�?I>�¡
Jfi2>tJ�L2AI<2> ��i � AB>�Ogo|?IDG? r >�iGUG>�UKAI<2CI>�P�UG?�~ � i+?y¡�~t>R<GP � >tABJ�D r U+PQAB>)P�O:O+X�Z�[ \/]G^Q_2\/Z�`�ay¡
? � iGFH>KAI< � ?�CI>�?ID N � i2evJ�h � � JfD+?IOgojFE<GP�i2e�>�?,AI<2>Mi8D N hs>yC�J�LqC�DGiGi � iGe"AI<2CE>�P�UG?y7);=< � ?

9�6



����� � ��� � � � � � � �*� 
�� � ��� 
 � � � � � � � ���

CI>�?ED N >�U�AI<2CE>�P�U � ?Re�J � i2ebABJ�hs>K>��8>�FyD2AB>�U%i2>��(Ay7
;=<2> A �:N >yC�L/DGiGFHA � Jfi+P�O � A{o � ? "}D � AB>�>�P�?Bo@ABJ �:NYr Og> N >�i}Ay¡3? � iGFH> � A � ?�P�i � i}AB>yCICED r A

P�iGU�i2J�AtPM?IF�<2>�UGDGOg>�UbAI<2CI>�P�U�7���AI?)FHJfi+?ID N >�UbCIJ�h � ��� 1 A �:N >,e�>yAI?t? �:NYr Ogo�P�UGU2>�U
ABJ�>�P�F�<�AI<2CI>�P�U+?KX�Z�[ \/]G^Q_�\/Z�`baH7!��iGU�? � iGFH> � A � ?RP�i � i}AB>yCICED r AR<GP�iGU+Og>yC�¡8AI<2>KA �:N >yC
L/DGiGFHA � Jfi�e�>yAI? /IDG?BAq>��8>�FyDGAB>�U�DGi}A � O � A�CI>yAIDGCEiG?y7 � > r CIJ�h+PQh+O:o@<GP � >�ABJ|L�J�CIh � U�?BJ N >
J�LsAI<2>=�=Jf�t�B�@nYFyP�O:O:? ABJ@hs>�>��(>�FyD2AB>�U�~ � AI< � i�AI<2>�A � N >yC � i}AB>yCICED r A ��>�7�e27R�@n � P � Ay¡
�@n 	 � >�O U�¡0$�;,n(> N � � 7

�,>��(AKAI< � i2e�ABJ�AI< � i2u%PQh�JfDGA � ?�AI<2>Y? � N DGO PQA � Jfi�J�LR?B> N P r <2J�CI>�?�Jfi AI<2>vCIJ�h � 7
;W<G>Yh+P�? � F � U2>�P � ?,ABJ�CI>�UGDGFH>YAI<2> r CIJ�h+Og> N ABJ¢AI< � ?|J�Lt?ID+? r >�iGU � i2e�P�AI<2CI>�P�U�7v��L
Jfi2>"AI<2CI>�P�U�~RP�i}AI?=ABJ�e�>yA � r >yCIL�J�C N AI<2>���J r >yCEPQA � Jfi � P�h+O:J8FEu�>�U¢?B> N P r <GJ�CI>�¡ � A
~ � O:O+? � NYr Ogo N PQCIu � AI?B>�OgL�P�?t~tP � A � i2eML�J�CRAI<2>|?B> N P r <2J�CE> � i�P &�� &�� P�iGU�AI<2>�i�e�>yA
?ID+? r >�iGU2>�U�7 � <G>�ijAI<2>�?I> N P r <2J�CI>|e�>yAI?�CE>�Og>�P�?B>�U�¡(AI<2> �GCE?IA)AI<2CE>�P�U � i�AI<G> &q� &��
~RP � A � i2e	"8D2>�D2>K~ � O:O�hs>KCI>�?ID N >�U�7

;=<2>KU2>�?IFHC � hs>�UjP�Oge�J�C � AI< N <GP�?RA{~tJ N P /BJ�CWU � ?IP�U � P�i}AIPQe�>�?y7!& � CE?IA)J�L�P�O:O�AI<2>yCI>
� ?KiGJ N J8UG>�O � i2e�J�L r CEJ r >yCK?IF�<2>�UGDGO � i2e�A �:N >�?IO � FH>�?y¡ � 7�>�7vi2J�A � i �+i � AB>�? �:N P�O-Jfi2>�?y¡
P�iGU"P�O:?BJ�i2J N J(U2>�O � iGe�J�L2AI<2>)FHJf?BA�� � i@AB>yC N ?�J�L2A �:N > � J�LGPWAIP�?Iu«z{?B~ � AIFE<�7 � >�O:O ¡3Jfi2>
N � ef<«AWAI< � i2ubAI< � ? � ?WP�i%DGi �:N�r J�CEAIP�i«A � ?I?ED2>@P�iGU � ? r CIJ�h+PQh+O:obC � ef<}Ay7)�RD2A,?B>�FHJfiGU
J�L�P�O:O AI<G> r >yCIL�J�C N P�i+FH>�J�LWAI<G>j? �:N D+O:PQA � Jfi©FHJfD+O:U e�>yA "8D � AB>�h+P�U hs>�FyP�DG?B>�J�L,P
� P�?BAMi8D N h�>yCMJ�Lti2>�FH>�?E?IPQCIo AIP�?Bu}z{?B~ � AIF�<2>�? � i AI<2>b? �:N DGO:PQABJ�C�¡�>�7�e27b~t>b<GP � >bA{~tJ
AI<2CE>�P�UG?@U2J � iGe�AI<2>�?EP N >�¡0/IDG?BA|u�>y> r � i2e�Jfi0FyP�O O � i2e�P��WJf�t�I�@n%L/DGiGFHA � Jfi�¡�~,< � FE<
<GP�?,i2>yefO � e � h+Og>|CIJ�h � ��� 1 A �:N >MFHJfi+?ID NYr A � Jfi��GAI<2>MP�O:e�J�C � AI< N ~tJfDGO:U�?B~ � AIF�<¢AI<2>
FyD2CECI>�i«A)AIP�?BubPQL�AB>yCR> � >yCIobFyP�O:O�J�L�AI< � ? L�DGi+FHA � Jfi�¡«hs>�FyP�DG?I>=AI<2>|O:PQAB>�?BAtAI<2CI>�P�U�u�>y> r ?
Jfi P�OgAB>yCEiGPQA � i2e©PQL�AB>yC�>�P�F�<��=Jf�)�I�@n£FyP�O:O 7 ;-CEo � iGe0ABJ&?BJfO � >%AI<2>�?B> r CIJ�h+Og> N ?Y�
AI<2JfDGef<«AvPQhsJfD2A@AI<2> � U2>�P�J�L � i}ABCIJ(UGDGF � iGej? �:N D+O:PQAB>�U0A �:N >�?IO � FH>�?MP�iGU >�iGUG>�U©D r
~ � AI<�P�i�P�O N Jf?IAWFHJ NYr Og>yAB>�OgojU ��� >yCI>�i}Ay¡2h+D2A�AI<2>yCE>yL4J�C=? �:NYr Og>yC�P�Oge�J�C � AI< N 7

���JI���� ! " # ��"� �O P # (�# (-�  ���  �� "'(*O�"�".+N� # � � # �
;W<G> � U2>�P � ?=ABJbU � CE>�FHAIOgo�? �:N D+O:PQAB>KAI<2>MCEJ�h � ?IFE<G>�UGDGOg>yC�¡+~=< � F�< � ?=P�O N Jf?BA /IDG?BA�AI<2>
>��(>�FyD2A � JfiªJ�LWAI<G>�?IF�<2>�UGDGO:>yC�FHJ(U2> � AI?B>�OgL�7%;W<G>��WJf�t�I�@n&?IFE<G>�UGDGOg>yCv<GP�?vP �0�8>�U
A �:N >�?IO � FH>=Og>�i2e�AI<�J�L-P�<}D+iGU2CI>�U2AI<�J�L�P"?B>�FHJfi+U�¡(� ~ � O:OGFyP�O O+AI< � ?�A �:N > /����
x	� x29 3
��L�J�CWA �:N >@?EO � FH> � P�iGU¢P � r CE>y> NYr A ��� > � CI>�?EFE<2>�UGD+Og>K<GP rGr >�iG?RP�Og~RP�o(?=PQAWP N DGOgA �gr Og>
J�L|P <8DGiGU2CI>�UGAI<©J�L|P0?B>�FHJfiGU�7�� rGr Jf?B>�U ABJ AI<2>�JfO:U � >yCE? � Jfi�¡�~t> N P � i}AIP � i 9 �
JfiGO:o�JfiG>�X�Z�[ \/]G^Q_q\/Z4`baWL4J�C,AI<2>@CIJ�h � ¡ � iG?BAB>�P�U�J�L�Jfi2>@L�J�C=>�P�FE<�? �:N DGO:PQAB>�U¢AI<2CI>�P�U�¡
r O DG?=6 � AI<G>MA �:N >MJ�L AI<2>"i2>��(A=AIP�?Iu¢?B~ � AIF�< ��
0/�� / � ¡�~=< � F�< � ?W? �:NYr Ogo�AI<2>"iG>��8A
N DGOgA �gr Og>MJ�L&/�� O:PQCIe�>yCKAI<+P�i AI<2>�X�Z�[ \/]G^Q_ \/Z�`ba|J�L AI<G>�O:P�?BA|AIP�?Bu ?B~ � AIF�<�¡ r O:DG?Km �
AI<2>�i2J�AMo�>yAvP�?I? � efi2>�U�¡qh+D2AMP�OgCE>�P�U2o0DG?B>�U�¡qCIJ�h � ��� 1 A �:N >bL4J�C�>�P�FE<ª? �:N DGO:PQAB>�U
AI<2CE>�P�U ��
��� / � 7

� ��� >�i�P�i«oj? � AID+PQA � JfijUGD2C � iGeMAI<2>K? �:N DGO:PQA � Jfi�¡}~t>K<GP � >KJfiG>@FyD2CICI>�i}AIOgob?IF�<2>�U(z
DGO:>�U AI<2CI>�P�U�¡�~=<GJf?B>bCIJ�h � �R� 1 A � N >bFHJfiG?ID NYr A � Jfi � iGFHCI>�P�?B>�?MAI<2>�X�Z4[H\/]G^Q_)\/Z�`ba
J�LKAI<2>�CIJ�h � 7��,?�?BJ8JfiwP�?�AI< � ?YAI<2CE>�P�U£>�i}AB>yCE?�P&�WJf�t�I�@n�FyP�O:O=P�iGU£AI<2>�CIJ�h ��� ?
FyD2CECI>�i«A�X�Z�[H\/]2^�_t\/Z�`ba�PQA"AI< � ?"UGPQAB> � ?"e�CI>�PQAB>yCYJ�Cv>#"}D+P�O ABJ�
 /�� /M¡ ~t>�?B>yA�AI<2>

���� / J�L�AI<2>¢FyD2CICE>�i«AvAI<2CI>�P�U£ABJ FyD2CICI>�i}AY��5'7�1<8F9G:;1.5'=0>���
0/�� /�P�iGUªCI>�?B>yA
AI<2> X�Z4[H\/]G^Q_�\/Z4`ba"J�L=AI<G>�CEJ�h � ABJ�
0/�� /M70;W<G>�i&~t> �+iGU©AI<2>�i2>��8AvAIP�?Bu&ABJ h�>

9�m



��� � � ��� � � � � ��� � 
 ��� � ��� � � ���

0 1 2 3 4 5

Thread 1

Thread 2

RoBiOS entry (in thread context 1)

t [TS]

vtNTST
   task       switch

RoBiOS exit (in thread context 2)

0 1 2 3 4 5

Thread 1

Thread 2

t [TS]

vt NTST

not yet
assigned time

assigned time

( ),+ -0/21 
 5 � 7 �� <��������
	�����������  >�� F @ ����� F � :�� ��� >�� � D � A � � : M�� >#@���� :E< A
< ��� M�� � < M=> G�� GEB �6M=I 

>��8>�FyDGAB>�U�¡�D+? � i2e&~=< � F�<2> � >yC�¡ r Jf?I? � h+Ogo r C � J�C � A{o�h+P�?I>�U ?I>�Og>�FHA � Jfi
~t> O � u�>�7 � >
D r UGPQAB>©AI<G> 
0/�� /M¡ � i AI< � ?�FyP�?B> � A � ? /IDG?BA
0/�� / � � /��t7 � > � iGFHCE>�P�?B>
AI<2>�X�Z�[ \/]G^Q_t\/Z4`ba"h8o0AI<2>�iG>y~ AI<2CE>�P�UG?�
�� � / P�iGU � L�AI<2>�X�Z4[H\/]G^Q_t\/Z�`ba � ?MO:>�?I?
AI<GP�i 
 /�� /M¡W~t> r >yCEL4J�C N AI<2> FHJfi«AB>��(A¢?B~ � AIFE<
P�iGU�AI<2>yCI>yh8owe�JªJfi �/?B>y>��GeQz
D2CI>£687Tm � 7 �tDGA � L�AI<2> 
� � / J�LbAI<2>£i2>y~ ?B>�O:>�FHAB>�U AI<2CI>�P�U � ? O:PQCEe�>yC�AI<+P�i
/�� AI<2>�i
AI<G>0��5'7�1<8F9G: 1<5'=0>�� � 
 /��M/M¡�<G>�iGFH>0~)> UGJfi � A¢i2>y>�U
ABJ r >yCIL�J�C N
AI<2>�AIP�?Bu�?B~ � AIFE<�¡)~)> N >yCI>�Ogo r >yCIL�J�C N P � � � CIAIDGP�O 	 AIP�?Iuª?I~ � AIFE<�¡ N >�P�i � i2e2¡ ~t>
JfiGOgo�D r UGPQAB>MP�O O�X�Z�[H\/]2^�_q\/Z�`baWCE>�O:PQAB>�U � PQC � PQh�Og>�? � i�AI<2>"?IP N >M~RP�o�¡�P�?,UG>�?IFHC � hs>�U
PQhsJ � >�¡ � 7�>�7  
���� / � ��5'7�1<8F9G: 1.5�=0>�� 
 /��M/ �/FHJ NYr Ogo � i2e�~ � AI<�
� � /�� �
/�� � ¡R��5�7 1<8F9G:!1<5'=0>�� 
0/�� / �/FHJ NYr Ogo � i2e ~ � AI<£��5'7�1<8F9G:@1<5'=0> � � /�� � P�iGU

 /�� / � � /��t7 � >�u�>y> r JfiªCI> r >�PQA � iGe%AI< � ? �/?B>�O:>�FHA � JfiªJ�L,i2>y~ AI<2CE>�P�U r O:DG?
r >yCIL4J�C N � i2e � � CIAIDGP�O�AIP�?Bu�?B~ � AIF�<2>�? � DGi}A � O���5�7 1<8F9G:M1.5�=0>  
0/�� /�P�i+U�~)>@P�FHAID2z
P�O:Ogo r >yCIL4J�C N P�CI>�P�O�AIP�?Bu�?B~ � AIFE<�7

;�Jw?ID rGr J�CIA �+i � AB>�Ogo�P�iGU � iGU2> �+i � AB>�Ogo£?IDG? r >�iG? � Jfi J�L"AI<2CE>�P�UG?¢P�iGU A � N >yCBz
� C "8?R~)>@iG>y>�U�ABJ�FHJ NYr Og> N >�i«A�AI<2>@P�O:e�J�C � AI< N 7�;=<2> � iGU2> �+i � AB>�Ogo�?IDG? r >�i+? � Jfi�P�iGU
CI>�?ID N�r A � Jfi@J�L�PWAI<2CI>�P�U � ? � >yCIo@>�P�?Bo�¡«~)>t? �:NYr O:o N PQCIuKAI<2> AI<GCI>�P�UvP�?�?ID+? r >�iGU2>�U�¡
?BJ£AI<GPQA�AI<G> ?B>�Og>�FHA � Jfi P�O:e�J�C � AI< N ~ � O:O|?Bu �:r � A�J�C�DGi N PQCEu � AjL�J�C¢CI>�?ID N�r A � Jfi
CI>�? r >�FHA ��� >�Ogo�7

;�J �:NYr O:> N >�i«AYAI<G> �+i � AB>�Ogo ?IDG? r >�iG? � Jfi�¡�~t> N P � i}AIP � i�P0~RPQu�>�D r A �:N >�L�J�C
>�P�FE<�AI<GCI>�P�UjP�iGUb~,<2>�i�AI< � ?)A �:N > � ?)? N P�O:Og>yCtAI<GP�i�AI<2>KFyD2CICI>�i}A�X�Z�[ \/]G^Q_�\/Z�`�ay¡(AI<2>
AI<2CI>�P�U � ?�>��8>�FyDGAIPQh+Og>�¡GJ�AI<2>yCE~ � ?B>K~t>M?Bu �gr � A � i�AI<G>@?B>�Og>�FHA � Jfi¢P�O:e�J�C � AI< N 7

;W<2>RA �:N >yCBz � C "|L�>�PQAID2CI>�i2>y>�UG?�?BJ N > N J�CI>R~)J�CIu"ABJKhs>t?ID rGr J�CIAB>�U�7-;W<G>tA � N >yCBz
� C "�<GP�iGUGO:>yCE?�e�>yA->��(>�FyD2AB>�U"JfiMP N DGO:A �gr Og>�J�LG/���O � u�> AI<2> r CI>y> NYr A ��� > AIP�?BuK?B~ � AIF�<(z
� i2e2¡ � i�L�P�FHA�AI<G> r CI>y> NYr A ��� >|AIP�?Bu�?B~ � AIF�< � i2e N >�F�<GP�i � ? N � ?tCI>�P�O �gp >�U�Jfi�AI<G>�CEJ�h �

9HS



����� � ��� � � � � � � �*� 
�� � ��� 
 � � � � � � � ���

~ � AI<%JfiG>vP�U+U � A � JfiGP�O�A �:N >yCIz � C "�<GP�iGU+Og>yC�7@;�JjP�FyFHJ N�r O � ?I<�AI< � ?=L/DGiGFHA � Jfi+P�O � A{o�~)>
i2>y>�UjA ~)JYAI< � i2ef?y¡2PvO � ?BAtJ�L�P�O O�A � N >yCBz � C "Y<+P�iGUGOg>yCE?)AI<GPQAW?I<GJfDGO:U�h�>�>��(>�FyD2AB>�U¢P�iGU
P � PQC � PQh�Og>�¡�AI<GPQA@?BABJ�CI>�?MAI<2> ��>��8A@A � N >yC � i}AB>yCICED r A�A �:N > 
0/@?*/M7v� L)AI<2>¢X�Z�[H\/]2^�_
\/Z�`ba e�>yAI?)e�CI>�PQAB>yCtJ�C >#"8DGP�O2ABJ�
0/@?*/wAI<2>WA �:N >yCBz � C ""<GP�iGUGOg>yC�? � iYAI<2> "8D2>�D2>W<+P � >
ABJªhs>¢>��(>�FyD2AB>�U�7 &2J�C�>�P�? � >yCjDGiGU2>yC�?BAIP�iGU � iGe2¡)~t>%ABCE>�PQA�AI<G>�A{~tJ�FyP�?B>�?�J�L@AI<2>
r CE>y> NYr A ��� >@P�iGU¢AI<2>MFHJ8J r >yC�PQA ��� > N DGOgA � AIP�?Bu � i2e N J(U2>K?B> r PQC�PQAB>�Ogo�7

� i¢AI<G> r CI>y> N�r A ��� > N J(U2>@AI<G> "}DG>�D2>"<GP�?=ABJbhs> r CEJ8FH>�?I?I>�U¢~=<2>�iG> � >yC,P�AIP�?Iu
?B~ � AIFE< � ? r >yCIL�J�C N >�U�¡+> � AI<2>yC|P�CI>�P�O-J�C�P � � CEAIDGP�O�Jfi2>�7 �,L�AB>yC,AI<2>�X�Z�[ \/]G^Q_q\/Z4`ba � ?
?B>yA=ABJ 
 /��M/M¡(~=< � F�<j>#"}DGP�O ? 
 /@?*/ � i�AI< � ?�FyP�?B>�¡ � A � ?�?ID65bF � >�i«ARABJY>��(>�FyD2AB>MP�O:O
A �:N >yCBz � C " <GP�iGU+Og>yCE?KJfiGFH>�¡ AI<G>yCI>yh}o0u�>y> r � i2e�ABC�P�FIu©J�L�AI<G>�FHJfiG?ID N >�U©CEJ�h � �R� 1
A �:N >|P�i+U�P�U+U�AI< � ? A � N >|ABJ�AI<G>�X�Z4[H\/]G^Q_�\/Z4`baths>yL�J�CI>|AI<2>�~)>|e�JYJfi�~ � AI<�AI<2>|CI>�P�O
J�C � � CIAIDGP�OtAIP�?Bu}z{?B~ � AIFE<�7 �RAYAI< � ? r J � i«A�~t>jFyP�iª>�P�? � Ogo&F�<2>�FIu�¡ � LWAI<2>jA �:N >yCIz � C "
<GP�i+UGOg>yCE?�<GP � >YFHJfiG?ED N >�U N J�CI>�AI<GP�i /���?B>�FHJfiGUG?�¡�~,< � FE<%~tJfDGO:U N >�P�i�~)>ve�>yA
P�i�J�AI<2>yC � i}AB>yCICED r AW~=< � Og>@AI<2>v<GP�iGUGO � i2e�J�L�AI<G>"JfO:U%Jfi2> � ?�?BA � O:O � i r CIJ�e�CI>�?I?y7�����L
AI< � ?=<GP rGr >�iG? � i�AI<2>�FyD2CICI>�i}A �:NYr Og> N >�i}AIPQA � Jfi�¡GAI<2>�? �:N DGO:PQA � Jfi�FHJfi}A � i8D2>�? � i¢P�i
DGi+U2> �+i2>�U ?IAIPQAB> � i AB>yC N ?"J�LWAI<2>%X�Z�[ \/]G^Q_R\/Z�`�ay7 � �|D2C � i2e¢>��(>�FyD2A � Jfi J�L�AI<2> � C "
<GP�i+UGOg>yCE?)~)>K<GP � >KABJY?B>yA�P�? r >�F � P�O �+PQe2¡2AI<+PQA � iGU � FyPQAB>�?tAI<2> � C "�<+P�iGUGOg>yCtFHJfi«AB>��(A
L�J�C�P�i}o¢�WJf�t�I�@njL/DGiGFHA � Jfi¢FyP�O:O N P�U2>@h8o�AI<2>"<GP�i+UGOg>yC�¡G?BJ�AI<GPQA=~t>"UGJfi � AWABCIo�ABJ
N PQu�>�¡�L4J�C=>��(P NYr Og>�¡2AIP�?Bu�?B~ � AIF�<2>�? � i+? � U2>|AI<2> � C?"b<GP�iGU+Og>yC�7

� <2>�i�AI<G> N J(U2> � ?YFHJ}J r >yCEPQA � � > N D+OgA � AIP�?Bu � i2e2¡ � A � ?YP0h � A N J�CE>¢U � 5bFyDGO:Ay7
�|i >�P�F�<w�WJf�t�I�@n©L�D+iGFHA � Jfi >�i«ABCEo � AY<GP�?�ABJ0hs>�F�<2>�FIu�>�U � LW�65'7�1.8)96:@1.5�=0> � �

0/@?-/"7�n � iGFH>YAI<2>�CIJ�h � �R� 1 A �:N >�FHJfiG?ID N >�U h}o AI<2>�O:P�?BA@>��(>�FyD2AB>�U r CIJ�e�CEP N
?B>ye N >�i«AtFHJfDGO:Uvhs>�P N D+OgA �gr Og>tJ�LF/��t¡ � A � ? r Jf?E? � h+Ogo@iG>�FH>�?I?IPQCIovABJ@>��(>�FyD2AB>WAI<2> � C "
<GP�i+UGOg>yCE? N J�CI>vJ�L�AB>�i0AI<GP�i�JfiGFH> � �gp L�J�CK>�P�FE< N DGO:A �gr Og>"J�LN/��whs>yA{~t>y>�i�
0/@?-/
P�iGU ��5'7�1<8F9G:�1.5'=0>f7 �,L4AB>yC¢>�P�F�<�>��(>�FyD2A � Jfi�J�L"AI<G> � C "�<GP�iGUGOg>yC�? 
0/@?*/ e�>yAI?
� i+FHCI>�P�?B>�U h8o /��t7v�t>yL4J�CE>YAI<2>Y>��8>�FyDGA � Jfi J�L)AI<G> � C "¢<GP�iGU+Og>yCE?�AI<2>jX�Z�[ \/]G^Q_�\/Z�`ba
<GP�?,ABJbhs>M?I>yA=h+P�FEu�ABJ 
0/@?-/"¡+?BJ � AI?=FyD2CICE>�i«A � P�O:DG>M<GP�?WABJ�hs>M?IP � >�U P�iGU%? � iGFH>
AI<2>Y>��(>�FyD2A � Jfi©J�L)AI<G>�<GP�iGUGOg>yC�?�FHJfi+?ID N >�?|CIJ�h � �R� 1 A �:N >�¡�ABJ8J2¡ � A|P�O ?BJ¢<GP�?KABJ
hs>¢FHJ�CICI>�FHAB>�U�¡t~,< � FE< N >�P�i+? � iGFHCI>�P�?I>�U�h}o&AI<2>�P N JfD+i«AYJ�L�A �:N >�AI<2>¢<+P�iGUGOg>yCE?
FHJfiG?ED N >�7!�RAWAI< � ? � AW<GP�?�ABJbh�> N � iGU2>�U�AI<GPQAWAI<2>"<GP�iGUGOg>yC�?tP�FHAID+P�O:Ogoj<GP � >@ABJbh�>
>��(>�FyD2AB>�U�L4J�C�>�P�FE< N DGOgA �gr Og>|J�L�/��£D+i«A � O 
 /@?*/ � ?=e�CI>�PQAB>yC|AI<GP�i%AI<2> � J�CICI>�FHAB>�UX�Z4[H\/]G^Q_�\/Z4`bay7 ;W< � ?tFHJfDGO:U�hs> � O:O:D+?BABCEPQAB>�U�~ � AI<jP�ij>��(P NYr Og> �Og>yARAI<2>vX�Z�[ \/]G^Q_�\/Z�`ba
Jfi�AI<G>�>�i}ABCIo J�L,P0�=Jf�)�I�@n&L/DGiGFHA � Jfi hs> 
 /;?-/�� � /����Q6 P�iGUªAI<2>j>��(>�FyD2A � Jfi
J�L�AI<G>MA �:N >yCIz � C "�<GP�iGUGOg>yC�?WAIPQu�>�?@/����Q6�?B>�FHJfiGUG?�¡�AI<2>�i�AI<2>v<GP�iGUGOg>yC�?W<GP � >�ABJ�h�>
>��(>�FyD2AB>�U�A ~ � FH>�¡�AI<2> �GC�?BAMA �:N >�~ � AI<©AI<G>�X�Z4[H\/]G^Q_R\/Z4`bav?B>yAvABJ�
0/@?-/ P�iGU AI<2>
?B>�FHJfi+U¢A �:N >M~ � AI< 
0/@?-/ � �S/��t¡+? � i+FH>@PQL4AB>yC,AI<2> �GCE?IA�>��8>�FyD2A � Jfi¢AI<2>MFHJ�CECI>�FHAB>�U
X�Z4[H\/]G^Q_G\/Z4`ba � ? 
 /;?-/ � � /��t7 �=L�AB>yC�AI<2>R?B>�FHJfiGU">��8>�FyD2A � Jfi�¡�AI<2>RFHJ�CICI>�FHAB>�UjX�Z�[H\/]2^�_
\/Z�`ba � ? 
0/@?*/��	� 9��EV!AC/��ªP�i+U�AI<2>Mi2>y~ 
 /@?*/ � 
0/@?-/�� ��6;A�/��t7

� r ?I>�DGU2J�FHJ(U2>KL4C�PQe N >�i«A=~)JfDGO U�OgJ}J�ujO � u�>KAI< � ?�
��	�
�	�
��
����������� ��	�
�������
 � 
��
 

	!
����
 � 
��

9�V



��� � � ��� � � � � ��� � 
 ��� � ��� � � ���

����� � �����	����
 ��� ��� � ��� � ���� 
 � ����� � � �	� � ��� 	!
���

 ����� 
� 	!
�� � 
 � 
��
�	� � 
 � 
 � �

��
 � � � ��� � � �
��	�
��!� 
 �
��
 � 
���� 
 � �

�
	�
��� 	!
 �

���� ��������������������� �"!$#%� ����� !! �"$#&% # � ������'-!����
;W<2>�L�JfO:OgJ�~ � i2e ?B>�FHA � Jfi£?ED N�N PQC �:p >�?"AI<G> r CI>�?B>�i}AB>�U£P�Oge�J�C � AI< N ?vL�J�CYAI<2> N D+OgA � z
AIP�?Bu � i2e©? � N DGO PQA � JfiªP�iGU£AI<2>¢?Io8iGF�<2CIJfi �:p PQA � Jfi£P�iGU£UG>�?IFHC � hs>�?Y<2J�~ P�iGU�~,<2>yCI>
AI<2>yo�PQCI>@> N hs>�UGU2>�U � ijAI<2>"? �:N DGO:PQABJ�C �:NYr Og> N >�i}AIPQA � Jfi�7

��? N >�i«A � Jfi2>�U � iMAI<G> � i}ABCIJ(UGDGFHA � Jfi�¡3AI<G>)JfiGO:o@~tP�oML�J�C�AI<2>�? �:N DGO:PQABJ�CqABJ � i��+D(z
>�iGFH>MAI<G>@>��8>�FyDGA � Jfi�J�L�AI<2>MCIJ�h ��r CEJ�e�CEP N ?WJ�C,AI<2>@CIJ�h � AI<2CI>�P�UG?�¡GCI>�? r >�FHA ��� >�Ogo�¡ � ?
AI<2CIJfD2ef<¢AI<2> �:NYr O:> N >�i«AIPQA � Jfi�J�LqAI<2>@�=Jf�)�I�@n�L/DGiGFHA � JfiG?y7 ;W<2> �:N�r Og> N >�i}AIPQA � Jfi
J�L�P�O:O��WJf�t�I�@n�L/DGiGFHA � Jfi+?K<GP�?@AI<2>�?EP N >�e�>�i2>yCEP�O)?BABCEDGFHAIDGCI>�¡->�P�F�< � ?KFHJ N�r Jf?I>�U
J�L�AI<2CI>y> r PQCIAI? 
9Q7=AI<G>K>�i«ABCIo r PQCEA�
;=< � ? r PQCIA � ?�>#"8DGP�O=L�J�Cj>�P�FE< �=Jf�)�I�@nwL/DGiGFHA � Jfi�7 ;W<2> �GCE?BA�AI< � i2e&AI<GPQA
� ?"U2JfiG>�<2>yCI>�¡ � ?MABJ0?BABJ r AI<2>�A �:N >yC�¡�AI<GPQAvu�>y> r ?vABC�P�FIu©J�L=AI<2>�D+?B>�U&<GJf?BA
��� 1 A �:N >WL�J�C AI<G>,O:P�?BA r CIJ�e�CEP N ?B>ye N >�i}AtP�iGUbABJ"P�UGUbAI<2> N >�P�?ID2CI>�UbA �:N >
N DGOgA �:r O � >�U�~ � AI< AI<2>v>�PQCEO � >yC@UG>�?IFHC � hs>�U%L�P�FHABJ�C"ABJ�AI<2>�X�Z�[ \/]G^Q_�\/Z�`ba�J�LtAI<2>
CEJ�h � ¡QAI<GPQA�FyP�O:Og>�UvAI< � ?qL�DGi+FHA � Jfi�7q� LGAI<G>�CIJ�h � � ? � i r CI>y> N�r A ��� > N D+OgA � AIP�?Bu � i2e
N J8U2>�P�iGU � AI?M�65'7�1.8)96: 1<5'=0>(' 
0/�� / P�iGU&AI<2>�FHJfi}AB>��(A � ?"i2J�A�P�A � N >yC
� C "fz{<+P�iGUGOg>yC@AI<G>�i©AI<2>�A �:N >yC � C "«z{<GP�iGU+Og>yCE?@PQCI> r CEJ8FH>�?I?I>�U&P�iGU P�O:O � � CIAIDGP�O
AIP�?Iu«z{?B~ � AIFE<2>�? P�iGU r Jf?I? � h+O:oKJfi2>�CI>�P�O(AIP�?Bu}z{?B~ � AIF�< � ? r >yCIL�J�C N >�U�7*&2J�C N J�CI>
UG>yAIP � Og>�U � iGL4J�C N PQA � Jfi¢PQhsJfD2A=<2J�~�AI<2>MCI>�P�O�AIP�?Bu¢?I~ � AIFE< � ? r >yCIL�J�C N >�U�¡�?B>y>
AI<G> �:NYr O:> N >�i«AIPQA � Jfi©U2>yAIP � O ?@FE<GP r AB>yC �C� � 7���LtAI<G> N DGOgA � AIP�?Bu � i2e N J8U2> � ?
iGJ�A r CI>y> NYr A ��� >�¡-AI<2>yCE>bPQCI>bi2J�AIP�?Bu0?B~ � AIF�<2>�? r >yCIL�J�C N >�U�¡-h+D2AKAI<2>�A � N >yC
� C "fz{<+P�iGU2>yCE?RPQCI> r CIJ8FH>�?E?B>�U � i�FyP�?B>"��5'7�1<8F9G: 1<5'=0>)' 
0/@?-/M7
�,J�~�AI<2>WFyD2CICE>�i«A�X�Z4[H\/]G^Q_�\/Z�`ba J�L�AI< � ?�CIJ�h � � ?�U2>yAB>yC N � i2>�UYP�iGU � A�<GP�? ABJ@hs>
F�<2>�FIu�>�U � LsP@?Bo(iGFE<GCIJfi �gp PQA � Jfi�~ � AI<YAI<2>,FHJ�CI> � ?�iG>�FH>�?I?IPQCIo�¡ � 7�>�7 FE<2>�FEu � L�AI<2>
A � N >�?IOgJ�A J�L�AI<2>WO:P�?BA�?Bo(iGF�<2CIJfi �gp PQA � JfivA �:N > � ? P�iYJ�AI<2>yC AI<GP�iYAI<2>�A �:N >R?EOgJ�A
J�LqAI<2>@FyD2CECI>�i«A|X�Z4[H\/]G^Q_-\/Z�`�ay7 ;W<2>K?Bo(iGF�<2CIJfi �gp PQA � Jfi�<GP�?�ABJ�hs>|>�?BAIPQh+O � ?I<2>�U
hs>yL�J�CI>�AI<2>j>��8>�FyD2A � Jfi�J�L=AI<2>jL/DGiGFHA � Jfi+P�O r PQCIAy¡ ? � i+FH>�AI<2>yCE>¢<GP rGr >�iG?"AI<2>
� i«AB>yCEP�FHA � Jfi�~ � AI<jAI<2>M>�i � � CIJfi N >�i«Ay¡ � i+FyO:DGU � iGeMAI<2>KJ�AI<2>yC,CIJ�h � ?�7

687=AI<G>KL�DGi+FHA � JfiGP�O r PQCIA�
;=< � ? � ?�AI<2>¢P�FHAIDGP�O � NYr Og> N >�i}AIPQA � JfiªJ�L�AI<2>�L/DGiGFHA � Jfi�¡ � 7�>�7ªAI<2>�L�D+iGFHA � Jfi
? r >�F � �+F"FHJ(U2>�7v��>yAIP � O:?KPQhsJfD2A|AI<2>�U ��� >yCI>�i}A|L�DGi+FHA � JfiGP�Oqe�CIJfD r ?|P�iGU AI<G> � C
� NYr Og> N >�i}AIPQA � Jfi�PQCI> r CI>�?B>�i}AB>�U � i�F�<GP r AB>yC�m87

9�d



����� � ��� ��� ����� � � � � �	�

m87,AI<2>K>�� � A r PQCIA�
;�~tJMAI< � iGef?)<GP � >,ABJvhs>,UGJfi2> � ibAI< � ? r PQCIAy¡ �GCE?BA)AI<2> � iGFHCI> N >�i}A J�L�AI<G>"X�Z4[��
\/]G^Q_G\/Z4`ba h}o�AI<2>�P N JfDGi}A J�L�A � N >RAI<GPQA AI<2>�L/DGiGFHA � Jfivi2>y>�UG?�ABJMh�>t>��(>�FyD2AB>�U
JfiMAI<G>)CI>�P�O8CIJ�hsJ�Ay¡Q~=< � FE<�<GP�?-ABJ|hs>)O:J}J�u�>�UvD r � i"P,AIPQh+Og>�7�;W<2>)J�AI<2>yC�AI< � i2e
� ?)AI<2>,CE>�?BAIPQCIA � i2e�J�L�AI<2>�A �:N >yCtABJ N >�P�?ID2CE>,AI<2>|DG?B>�Uj<2Jf?IA��R� 1
A �:N >|DG?B>�U
L4J�C|AI<2>v>��(>�FyD2A � Jfi J�L)AI<2>Yi2>��8A r CEJ�e�CEP N ?B>ye N >�i}Ay7";W<G>">�� � A r PQCIA � ?|P�O:?BJ
AI<2>@?IP N >ML4J�CW> � >yCEoj�=Jf�t�B�@njL�DGi+FHA � Jfi�7

� ��� � ���	��!$��* � ( !��+� *
;W< � ?-F�<GP r AB>yC � ?qPQhsJfD2A-AI<2> N J(U2>�O8DG?B>�U"ABJ�? r >�F � L�o|AI<2>t~)J�CEO UMJ�C�AI<2>t>�i � � CIJfi N >�i«A
� i�~=< � FE<%AI<2>vCIJ�h � ?�PQCI>YP�FHA � i2e27 &2J�C@P�O:O � i}AB>yCI>�?BA � i2ej? �:N DGO:PQA � JfiG? � A � ?|?ID65�F � >�i«A
ABJvDG?B>=P �+i � AB>�¡8FyOgJf?B>�U�¡}A{~tJQz{U �:N >�i+? � JfiGP�O r O:P�i2>�7�;W<2>,JfiGOgovP�UGU � A � Jfi+P�OGi2>�FH>�?I?IPQCEo
>�i}A � A � >�?�PQCI>�~tP�O:O ?�Jfi�AI< � ? r O P�i2>�¡�?BJ � A � ? r Jf?I? � h�Og>|ABJ�FHCI>�PQAB> N P p >�?,J�C|P�?BJ(FyFH>yC
�G>�O U�¡}~,< � FE< � ? /IDG?BAtAI<2> r O:P�i2>|P�iGUj?BJ N >K?IDGCICIJfDGiGU � i2e@~RP�O:O:?y7 ;W<G>,~RP�O:O:?RPQCI>Ki2J�A
CI>�P�O OgojAI<2CI>y>MU � N >�iG? � Jfi+P�O ¡2? � iGFH>@AI<G>yo¢<GP � >�i2Jb~ � U2AI<�¡GP�O:O�AI<G>"?IP N >�<2> � ef<}A=P�iGU
AI<2>yo PQCE> r >yC r >�iGU � FyDGO PQC,ABJ%AI<2>�e�CIJfDGi+U r O:P�iG>�7jn8J�P�O O � i2L�J�C N PQA � Jfi�¡-i2>�FH>�?I?IPQCEo
L�J�C U2>�?IFHC � h � i2e�P|~)J�C�O:U�¡ � ? PK?B>yA J�L�A{~tJ@A{~tJQz{U �:N >�i+? � JfiGP�O r J � i}AI?y¡Q>�P�FE< r J � i«A r P � C
U2>�?EFHC � hs>�?|P�~RP�O:O�?B>ye N >�i}Ay7���AI<2>yCKAI<GP�i AI<2>v~RP�O:O:? � A � ?|J�L)FHJfDGCE?B>Yi2>�FH>�?I?IPQCEo%ABJ
? r >�F � L�o¢AI<2>�?IAIPQCIA r Jf? � A � Jfi%J�L AI<2>YCEJ�h � ? � iG? � U2>MAI<2>v~tJ�CEO:U�7 �,i+U%L�J�CKAI<2>�?BJ(FyFH>yC
P rGr O � FyPQA � Jfi�¡(AI<2>Mh+P�O:O���J�CWAI<2>Mh+P�O:O:? � <GP � >MABJ�hs> r Jf? � A � JfiG>�U�P�?�~)>�O O 7

;=<2>yCI>�PQCI>�A ~)J �+Og>YL�J�C N PQAI?@?ID rGr J�CIAB>�U�ABJ�? r >�F � L�o%P�~tJ�CEO:U�7Y;W<G>�?BJ¢FyP�O:Og>�U
� ~tJ�CEO:U�L4J�C N PQA 	 ¡=~=< � FE< � ?�? �:NYr OgoªP r O:P�i2>%AB>��8A �+Og>�¡�>�P�F�< O � i2>�FHJfi}AIP � i � i2e©S
i8D N >yC � F � P�O:D2>�?y¡=? r >�F � L4o � i2e AI<G>%hs>ye � iGi � i2e P�iGU AI<2>�>�iGU�J�LMP ~tP�O:O�?B>ye N >�i}Ay7
�)P�FE<�CIJ�h � � ?=? r >�F � �+>�U � i%Pb?B> r PQC�PQAB>vO � i2>�¡+?BAIPQCEA � i2eb~ � AI<¢AI<2>�?BABC � iGe � r Jf? � A � Jfi 	
L�JfO:OgJ�~)>�Uªh8o©AI<2CE>y>ji8D N >yC � F � P�O:D2>�?�¡�AI<2> �}z o r Jf? � A � Jfi P�iGU AI<2>¢P�i2efOg>jhs>yA{~t>y>�i
AI<2> r Jf? � A ��� > �}z{P � � ?WP�iGU¢AI<2>KL4CEJfi«A�J�LqAI<2>KCIJ�h � ��AI<G>KJ�C � >�i}AIPQA � Jfi � 7 ;W<G>Kh+P�O:O:?RPQCI>
� UG>�i«A � �+>�Ujh}o�AI<2>M?BABC � i2e � h+P�O:O 	 ¡2L�JfO:OgJ�~)>�U¢h}o�AI<2> ��P�iGU�o}z{FHJ}J�C�U � iGPQAB>�7

;=<2>MJ�AI<2>yC�L�J�C N PQA � ?,P�O:?BJ�AB>��8A,h+P�?B>�U�P�iGU � ?=FyP�O:Og>�U¢AI<G> � N P p >Hz L�J�C N PQA 	 7,� A
� ?t?ID r+r J�CEAB>�U�¡}? � iGFH> � A � ? � i«AID � A ��� >,P�i+Ub~ � U2>,? r CI>�P�U�7 �RP�? � FyP�O:Ogo � A � ?tPMe�C�P r < � FyP�O
CI> r CI>�?B>�i}AIPQA � Jfi�J�L�AI<2>W~RP�O:O:? � i �KnG�t�E��DG? � i2e|JfiGOgo�AI<2>WFE<GPQC�P�FHAB>yCE?�
 ��
}P�iGU
���
:7 n8J
AI<2>�~)J�C�O:U FyP�i Jfi+Ogo�FHJfi}AIP � i&> � AI<2>yCM<GJ�C �gp Jfi}AIP�O�J�C � >yCEA � FyP�O ~RP�O:O�?I>ye N >�i«AI?�P�iGU
AI<2>yojP�O:O�<GP � >MAI<2>K?IP N >KOg>�i2e�AI<�7)�|L-FHJfD2CE?B>K?B> � >yC�P�O�?B>ye N >�i}AI?WFyP�ijhs>�FHJfi+i2>�FHAB>�U
ABJvP@OgJfi2e�>yC)~tP�O O 7 ;W< � ?�L�J�C N PQA � ?�>��(AB>�iGU2>�UbABJ"?ID r+r J�CEA AI<2>,? r >�F � ��FyPQA � JfiYJ�L�CIJ�h �

P�iGU¢h+P�O:O r Jf? � A � Jfi+?y¡}h8o � i}ABCIJ8U+DGF � i2e�J�AI<2>yC=F�<GPQCEP�FHAB>yCE?�O � u�> �BOgC�DGU2h 	 7
$�J�CI> r CI>�F � ?B> � iGL4J�C N PQA � Jfi�PQhsJfD2AW<2J�~�ABJbFHCI>�PQAB>"P � P�O � U N P p >@J�CW~tJ�CEO:U �+Og>

FyP�i�h�>KL�JfDGiGUjJfi¢AI<2>@~t>yh r PQe�>�? ��V �qP�iGU ��d � 7

� ��� � ����� !��+' ( ! �+� *
� i¢AI< � ?=FE<+P r AB>yC,��~RP�i}A=ABJjU2>�?IFHC � hs>KAI<2>"~tP�o�AI<2>MCEJ�h � � ? N J8UG>�Og>�U � i¢AI<2>"? � N D(z
O:PQABJ�C�7 ;W<2>yCI>@PQCE>MU ��� >yCI>�i}AWP�? r >�FHAI?�J�L�AI<2> N J(U2>�O 

9��



��� � � ��� � � � � ��� � 
 ��� � ��� � � ���

� e�>yJ N >yABC � FyP�O N J8U2>�O ;=< � ?vP�? r >�FHAbU2>�?IFHC � hs>�?"~,<GPQAYe�>yJ N >yABCIo�AI<2>�CEJ�h � <GP�? � iªAI<G>¢FHJfi«AB>��(AbJ�L
AI<G>�>�i � � CIJfi N >�i«AKJ�C"AI<2>b~tJ�CEO:U�¡ � i0~=< � FE<0AI<G>�CIJ�h � � ?@P�FHA � i2e27j;W< � ?KP�O ?BJ
� iGFyO:DGU2>�?|AI<G> "}DG>�?BA � Jfi J�LWFHJfO O � ? � Jfi0UG>yAB>�FHA � Jfi©hs>yA ~)>y>�i&AI<2>bCEJ�h � P�iGU©AI<2>
~RP�O:O:?RJ�C=J�AI<2>yC=CIJ�h � ?y7

� UGo8iGP N � F N J8UG>�O 
;=< � ?�P�? r >�FHA � ? PQhsJfD2A)AI<2>,UGo8iGP N � Fy?�J�L�AI<2>,CIJ�h � ~=<2>�i � A N J � >�? � iG? � UG>W< � ?
>�i � � CIJfi N >�i}Ay7 � <GPQA N J � > N >�i«AI?@PQCE> r Jf?I? � h+Og>@P�iGU%~=<GPQA|<GP rGr >�iG? � L AI<2>
CEJ�h � FHJfO:O � UG>�?)~ � AI<jJ�h+?BAIP�FyOg>�?��

� e�C�P r < � FyP�O N J(U2>�O 
;=< � ?�P�? r >�FHA � ?vPQh�JfDGA�AI<G>�e�C�P r < � FyP�OtCI> r CE>�?B>�i«AIPQA � JfiªJ�L=AI<2>�CIJ�h � ~ � AI< � i
AI<G>K>�i � � CIJfi N >�i«AWP�?,?B>y>�i�h8o�J�AI<2>yC,CIJ�h � ?�7

� >yCECIJ�C N J(U2>�O ;=<2>b>yCICEJ�C N J(U2>�O)U2>�?IFHC � hs>�?M~=< � F�< >yCICIJ�C�?y¡ J8FyFyDGCIC � i2e � i AI<2>�CI>�P�O)~)J�C�O:U�¡
O � u�>K?B>�iG?BJ�CW>yCECIJ�CE?y¡2>yAIFQ7tPQCI>M? �:N DGO:PQAB>�U�P�i+U¢<2J�~M7

� i©AI<2>�L�JfO:OgJ�~ � i2e�?B>�FHA � JfiG?M�K~ � O:O�U � ?IFyDG?I?KAI<G>�?B>�U ��� >yCE>�i«A N J8UG>�O:?y¡qh+D2A �+CE?BA
J�L�P�O:O���<GP � >"ABJ r J � i«A�JfD2Ay¡�AI<GPQA=AI<G>"DG?B>�U N J8UG>�O�~tP�?�i2J�A r CIJ r >yCEOgo�U2> � >�OgJ r >�U�7
��?IAIPQCIAB>�U�~ � AI<�P � >yCEo ? � NYr Og> N J(U2>�ORP�iGU£<GP�UªABJ0>��(AB>�iGU�AI<GPQAbL4CIJ N A � N >jABJ
A �:N >�¡ ABJ0?ID r+r J�CEAMi2>y~ L4>�PQAID2CE>�?vJ�C �0�©FHJfiGFH> r AIDGP�Oth+D2ef? �/O � u�>�CIJ�h � ?MAIDGi+i2>�O � i2e
AI<2CIJfD2ef<�~RP�O:O:?)>yAIFQ7 � 7 ;W<2>,CI>�?IDGOgA)J�L�AI< � ? r CIJ(FH>�?I? � ?�L/PQCRL4CIJ N � U2>�P�O�P�iGU � A)?I<GJfDGO:U
hs>@FHJfiG? � U2>yCE>�UjABJ�CI>�U2>�? � efi�AI< � ? r PQCEA�J�LqAI<G>@? �:N DGO:PQABJ�C r CIJ r >yCEO:o�7

�������� � # ��# #�(-P�".O ��� # � �$# �
;W<2>vCIJ�h � � ?|? � NYr Ogo N J(U2>�Og>�U P�?KP�F � CEFyO:>"~ � AI<�Pj? r >�F � �+>�U�FH>�i}AB>yC r J � i}A,~ � AI< � i
AI<2>@>�i � � CIJfi N >�i}AWP�iGU¢P �2�(>�U�¡ r CE>�U2> �+i2>�UjCEP�U � DG?y7
�,>�iGFH>�¡+AI<2>"FHJfO:O � ? � Jfi�U2>yAB>�FHA � Jfi¢hs>yA ~)>y>�i%PYCIJ�h � P�i+U¢PY~RP�O:O�J�CWhs>yA{~t>y>�i%A{~tJ

CIJ�h � ?�CI>�? r >�FHA � � >�Ogo � ?,CEPQAI<2>yC@? � NYr Og> W;�~tJjCIJ�h � ?�FHJfO:O � U2> � L)P�iGU�JfiGOgo � L AI<G>vU � ? z
AIP�iGFH>Yhs>yA{~t>y>�i0AI<2> � C|FH>�i}AB>yC r J � i«AI? � ?|Og>�?E?,AI<+P�i%AI<G>v?ED N J�L AI<2> � C|CEP�U � DG?B>�?y7 �
CIJ�h � FHJfO:O � U2>�?M~ � AI< P%~RP�O:O ?B>ye N >�i«A � LWP�iGU©JfiGOgo � LR> � AI<2>yC�Jfi2>bJ�L=AI<2>b~RP�O:O ?I>yeQz
N >�i}AI?�>�iGU r J � i«AI? � ? � i+? � U2>,AI<2>|CIJ�h � F � CEFyOg>�J�C�AI<2> r O:D N h+O � i2>WJ�L�AI<2>|CIJ�h � FH>�i«AB>yC
ABJ@AI<2>W~RP�O:O2?B>ye N >�i«AtO � i2>tABCEP � >yC�?B>�? AI<G>W~tP�O O2?B>ye N >�i}A O � i2>Rhs>yA{~t>y>�i�AI<G>WA{~tJ@~RP�O:O
?B>ye N >�i}A,FHJfi ��i � i2e r J � i}AI?y7

;W< � ?�? � NYr Og> N J8U2>�O8~RP�?�DG?B>�U�¡�hs>�FyP�DG?B> � A � ?q>�P�?BoMABJ �:N�r Og> N >�i}A�P�iGUvFHJfO:O � ? � Jfi
U2>yAB>�FHA � JfijFyP�i�hs> r >yCIL4J�C N >�U�L/P�?BAy7�;W<2>�U � ?IP�U � P�i}AIPQe�>�?)PQCE>�¡8AI<+PQA)AI< � ? ? �:N�r O � F � A o
FHJfDGO:U�i2J�A=hs> r CI>�?B>yC � >�U%L�J�C,AI<2>�h+P�O:Ogz � i«AB>yC�P�FHA � Jfi N J(U2>�O ¡ � A,UGJ}>�?�i2J�A=CE> r CI>�?B>�i}A
AI<2>�CI>�P�O e�>yJ N >yABCIo � >yCIo0P�FyFyD2C�PQAB>�P�iGU � A � ?@U � � >yCI>�i}AKL�CIJ N AI<2>be�CEP r < � FyP�O�CE> r z
CI>�?B>�i}AIPQA � Jfi�7|;W<2> r CIJ�h+Og> N ~ � AI<�AI<2>Mh+P�O O z � i}AB>yCEP�FHA � Jfi N J8U2>�O � ?y¡�AI<GPQA�AI<2>"CEJ�h � ?
?I<2JfDGO U¢hs>"PQh+O:>MABJjP�FHA ��� >�Ogo N P�i �gr DGO:PQAB>MAI<2>"h�P�O:O ¡�O � u�>@u � FIu � i2e � A=J�C � ABC �gr+r � i2e 	
� Ay7,;=<2>yCI>yL�J�CI>"AI<G>�F � C�FyOg>Hz N J(U2>�O�J�L�AI<G>MCIJ�h � ? � ? � iG?ID 5bF � >�i}Ay7�n8J�L4J�C�AI< � ?�P�? r >�FHA
J�L�AI<2>|? �:N DGO:PQA � Jfi�¡«� F�<GP�i2e�>�U�AI<2>�CIJ�h ��N J8UG>�OGABJYP"? "}DGPQCE> � i+?BAB>�P�UbJ�L-AI<2>�F � CEFyOg>�7

9�l



����� � ��� � � ��� � � � � �	�

n(JªP N J�CE> ?IJ r < � ?BA � FyPQAB>�U�e�>yJ N >yABC � F N J(U2>�O�L4J�CjAI<2> CIJ�h � ~tJfDGO:U �:NYr CIJ � >
AI<2>¢? �:N D+O:PQA � Jfi CI>�?IDGO:AI?YP�iGUªAI<2>�J � >yC�P�O:OW? �:N�r O � F � A o h8o&<GP � � iGe0Jfi2>¢FHJfiG? � ?IAB>�i«A
e�>yJ N >yABC � F N J(U2>�O 7

��� ����� � LN+N��#U"�O # � �$#F�

��?KP�OgCI>�P�U2o N >�i«A � JfiG>�U�¡sAI<2>vCIJ�h � � ?,P�A ~)Jj~=<2>y>�OqCIJ�hsJ�Ay7K� P�F�< ~=<2>y>�O � ?|U2C ��� >�i
h8o%P�?B> r PQCEPQAB> N J�ABJ�C�7v;W<2>YP�i2efDGO PQC � >�O:J8F � A o%J�L)AI<2>v~=<2>y>�O:?KFyP�i hs>YFHJfi}ABCIJfO:Og>�U
� i+U2> r >�iGU2>�i}AIOgo�7 � � AI<�AI< � ? ?I>yAID r AI<G>=CIJ�h � � ?�h�P�? � FyP�O:OgoYFyP r PQh�Og>=J�L�U2C ��� � i2eK?BABCEP � A
O � i2>�?y¡2F � CEFyOg>�?WJ�CWAID2CEi � i2evJfi�AI<2>@? r J�Ay7

;=<2>�?B> N J � > N >�i}AI?,FyP�i�hs> r PQC�P N >yAB>yC �gp >�U�~ � AI<jAI<2>M?BAIP�i+UGPQCEUj�«��z � i«AB>yCIL/P�FH>�7
;W<G>��WJf�t�I�@n©P�O:OgJ�~,?MABJ P�FyFH>�?I?vAI<2>�U2C ��� >�U � CI>�FHAIOgo h+DGA"P�O:?BJ r CIJ � � UG>�?@AI<2>��«��z
� i}AB>yCIL/P�FH>�7 &2J�C�AI<2>"? � N DGO PQABJ�C�¡ � AW~RP�?�i2J�A=J�L � i}AB>yCI>�?BA,ABJ �:NYr Og> N >�i}A=P�OgJ�~�z{Og> � >�O
P�FyFH>�?I? N >yAI<2J(U�¡2? � i+FH>|P�O O�< � ef<2>yCBz{O:> � >�O�FHJfi«ABCIJfO-P�Oge�J�C � AI< N ?�DG?B>|AI<2>K�«��z � i«AB>yCIL/P�FH>
P�i}o}~RP�o�7

;=<2>)CEJ�h � ?-<+P � >�i2J N P�?I? � i@AI<G>t? � N DGO PQA � Jfi�¡Q?BJ,~t>RU2J�iGJ�Aq? � N DGO PQAB> hsJfDGiGF � iGe
J�LRCIJ�h � ?@PQefP � iG?BAM~tP�O:O ?|J�CMJ�AI<2>yC"CIJ�h � ?y7Y��LRP�CIJ�h � FHJfO O � U2>�?|~ � AI<0P�i J�h+?BAIP�FyO:>�¡ � A
~ � O:O=? � NYr Ogo hs>%?BABJ rGr >�U�7 �,J N P�?E?�P�O ?BJ � NYr O � >�?�AI<GPQAjAI<2>�P�FyFH>�O:>yCEPQA � Jfi
J�LMP
CIJ�h � � ? � i ��i � AB>�¡ � L�AI<2>,CEJ�h �+r CIJ�e�CEP N ?B>yAI?�P�i2>y~ � >�OgJ8F � A{o�¡2AI<2>�CIJ�h � �:N�N >�U � PQAB>�Ogo
CI>�P�F�<2>�?�AI<GPQA � >�OgJ(F � A{o�7 ;W< � ? � ?-J�h � � JfDG?IO:o|iGJ�A � >yCIoMCI>�P�O � ?BA � F�P�iGU�FHJfDGO:U@L/P�O:? � L4o|AI<2>
? � N DGO PQA � JfijCI>�?IDGO:AI?�FHCEDGF � P�O:O:o�¡(?IJ�AI< � ?�?I<GJfDGO:U�hs> �:NYr CIJ � >�U � i�PYL/D2AID2CE> � >yC�? � Jfi�7

� C�PQAI<2>yC"? � NYr Og>YP rGr CEJfP�FE< ABJ%CI> N >�U2o AI< � ?@U2>yL�>�FHAM~tJfDGO:U0hs>YABJ � i«ABCIJ(UGDGFH>
?BJ N >�u � i+U"J�L � >�OgJ(F � A{ov?IOgJ r >  � iG?BAB>�P�UvJ�L /BD N�r � i2e,L4CIJ N JfiG> � >�OgJ8F � A{o�ABJ@P�i2J�AI<2>yC�¡
AI<2>"? �:N DGO:PQA � JfijFHJfDGO:U¢h+Og>�iGU�L�CIJ N AI<2>@JfO U � >�OgJ8F � A{ojABJ�AI<2>MiG>y~ Jfi2>�7

��� ��� I � P��)T "�".O � �!# � �$# �

;W<G> e�CEP r < � FyP�O N J8UG>�OQJ�L8AI<G>�CIJ�h � � ?�J�L N � i2J�C � i}AB>yCI>�?BAy7q� A � ?�JfiGOgo�ABJ r CIJ � � U2>�?BJ N >
� i r D2A-L�J�C�AI<2>�FyP N >yCEPK? � N DGO PQA � Jfi@J�L�AI<2>RCIJ�h � ?qP�iGU�AI<2>RDG?B>yC � i}AB>yCIL�P�FH> N Jfi � ABJ�C�J�L
AI<2>�? �:N DGO:PQA � Jfi�7t;W<G>@e�>�i2>yCEPQA � Jfi%J�L AI<2> � N PQe�>"UGPQAIP � i¢AI<G>"FyP N >yCEP�? �:N DGO:PQA � Jfi
� ?�h+P�?I>�U�Jfi
P�mQ�§e�CEP r < � Fy?�O � h+CEPQCIo�¡�~=<2>yCE>%AI<2> ~=<GJfOg>�~tJ�CEO:U�¡ � iGFyO:DGU � i2e0AI<2>
CIJ�h � ?y¡2AI<2>@~RP�O:O:?�P�i+U�AI<2>@h+P�O O:? � ? N J(U2>�Og>�U�P�?,PbmQ� ?IFH>�i2>�7t;W<2>yCI>yL�J�CI>@AI<G>@CIJ�h � ?
i2>y>�U�ABJ©hs> N J8U2>�O:>�U£P�?�mQ� J�h0/ >�FHAI?�7 ;W<2> �:N�r Og> N >�i}AIPQA � Jfi � ?bh+P�?B>�UwJfi£AI<2>
� r >�i2� i � >�i«ABJ�C � i«AB>yCEL�P�FH>@~,< � FE<�P�O:OgJ�~,?�AI<2>MDG?I>yCWJ�L�AI<G>M? �:N DGO:PQABJ�CWABJ�? r >�F � L�o � AI?
J�~=iwmQ� N J(U2>�OtL4J�CYAI<2>jCIJ�h � ?y7©;W< � ? N J8U2>�O � ?�FHJ N�r Og>yAB>�Ogo � iGU2> r >�iGU2>�i}AML�CIJ N
AI<2>Me�>yJ N >yABC � FyP�O N J8U2>�OsJ�LqAI<2>@CEJ�h � ?y¡(h+D2ARAI<2>@?E<GP r >|P�i+U�AI<2>@? �gp >KJ�LqAI<2> N J(U2>�O
?I<GJfDGO:UvCIJfD2ef<+Ogo"CE>�?B> N h�Og>�AI<2>WCIJ�h � F � CEFyOg>�ABJ r CI> � >�i}A�e�CEP r < � F�PQCIA � L/P�FHAI?)O � u�>�CIJ�h � ?
r >�i2>yABCEPQA � i2eY~tP�O O:?RJ�C=>�P�F�<¢J�AI<2>yC�7

��� ����� ��P*P*��P # � � # �

� i@AI<2>)CI>�P�O}~)J�CEO U�¡�AI<G>yCI>)PQCI>tPQhsJ � >RP�O:OfA ~)J�u � iGUG?�J�L2>yCICEJ�CE?�CI>�O:> � P�i}A-L�J�C r CIJ�e�CEP N ?
>��(>�FyD2AB>�U%Jfi�AI<2>KCIJ�h � ?�

9��



��� � � ��� � � � � ��� � 
 ��� � ��� � � ���

9Q7,?I>�iG?BJ�CW>yCICEJ�CE?�
n(>�iG?BJ�C�>yCICIJ�CE?,J8FyFyDGC|P�O:~tP�o8?�~=<2>�i�P r <}o8? � FyP�O-U2> � � FH> � ?,D+?B>�U�ABJ r >yCIL�J�C N
N >�P�?ID2CI> N >�i}AI?�J�L�?BJ N > "8DGP�i«A � A{o�¡}?IJML�J�C AI<2>=U � ?BAIP�iGFH>We � � � iGe@�tn(�
?B>�iG?IJ�C�7
� <2>�i N >�P�?IDGC � i2e�P"e � � >�i�U � ?BAIP�iGFH> N J�CI>|AI<GP�i�Jfi2>|A �:N >�¡(AI<2>|CI>�?EDGOgAI?)~ � O:O
N J�CI>KJ�C=Og>�?I?=U ��� >yC�7�;W<2>�?B>K>yCECIJ�CE?W<GP � >Mi2J � ?I>@FE<GPQCEP�FHAB>yC�7

687=J(U2J N >yAB>yC=>yCICIJ�CE?�
;=<2>�CE>�P�ORCIJ�h ��� ?�J(U2J N >yAB>yC � ?vi2J�A r >yCIL�>�FHAIOgo&P�FyFyD2C�PQAB>�¡t? � iGFH> � A�CE>�O � >�?"Jfi
AI<G> N >�P�?ED2CI> N >�i}A�J�L"AI<2> U � ?BAIP�iGFH>�¡,FHJ � >yCI>�U h8o£AI<2> CIJ�h ��� ?b~,<2>y>�O:?�P�iGU
AI<G> r CE>�?ID NYr A � Jfi�¡+AI<GPQA�AI<2>v~=<2>y>�O ?,U2Jfi � A�?IO � U2>@Jfi�AI<2>�e�CIJfDGiGU�7��t>�? � UG>�?y¡
AI<G>�DG?I>�U%P�Oge�J�C � AI< N � ?|P�i8D N >yC � FyP�O � i}AB>ye�CEPQA � Jfi�J�L�AI<G>vFHJ � >yCI>�U0~RP�o�P�iGU
AI< � ?ji}D N >yC � F � ?�P�i2J�AI<2>yC�?BJfD2CEFH>0J�L�>yCICIJ�C�?y¡ � i
AB>yC N ?�J�L�CIJfDGiGU � i2eªP�iGU
U � ?IFHCI>yA �gp PQA � Jfi�>yCICIJ�CE?�7
;=< � ?vCI>�?ID+OgAI? � i£>yCICIJ�CE? � i�AI<2> r CI>�U � FHA � JfiªJ�LKAI<2>
CEJ�h ��� ? r Jf? � A � Jfi�7

� i AI<2>�? �:N DGO:PQA � Jfi�hsJ�AI<�A{o r >�?KJ�L)>yCECIJ�CE?KPQCI>�? � N DGO PQAB>�U%h8o�AI<2>YP�UGU � A � Jfi�J�L
r ?B>�DGUGJbCEP�iGUGJ N i8D N h�>yC�?y7W;W<2> "}D2>�?IA � Jfi � ?=~=< � FE<%?BAIPQA � ?BA � FyP�OqU � ?IABC � h+D2A � JfijAI<2>
r ?B>�DGUGJ©CEP�iGUGJ N i8D N hs>yCE?�?I<2JfDGO U�hs>�h+P�?B>�UwJfi�7 ��i�P�U <2J(F�P�iG?I~)>yC�ABJ&AI< � ?
"}DG>�?BA � Jfi � ?�AI<2>vefP�DG?I?KU � ?BABC � h�D2A � Jfi�7 &2J�C N Jf?IA N >�P�?ID2CI> N >�i«A r CIJ(FH>�?I?B>�?|AI< � ? � ?
AI<2>�CI>�P�O+U � ?BABC � h+DGA � Jfi�7���? � NYr OgovDG?B>�U � Ay¡}~ � AI<2JfD2A P�i�P�iGP�Ogo(? � ?�J�L�AI<2>,CE>�P�OG>yCICIJ�C�?y7
� Og>�P�?I>M?B>y>@AI<2>@iG>��8A=?I>�FHA � Jfi�L�J�C,P./IDG?BA � �+FyPQA � JfijJ�LqAI< � ?�O:P � r JfO � FHo�7

;W<2>)DG?B>yC-FyP�i r PQCEP N >yAB>yC �:p > AI<2> r CIJ8U+DGFH>�U|>yCICIJ�CE?�h}oK? r >�F � L�o � i2eRAI<2> ?BAIP�iGU+PQCEU
U2> � � PQA � Jfi�J�L�AI<G>=efP�DG?I?tU � ?IABC � h+D2A � Jfi�¡�?B> r PQCEPQAB>�OgoYL�J�C >�P�F�<�>yCICIJ�C � PQC � PQh+Og>�7q��ibAI<2>
FyP�?B>�J�L�AI<G>��tn(� � P�O:D2>�?�¡tAI<G>¢>yCICIJ�C � ? /IDG?BAbP�UGUG>�U�ABJ©AI<2>�FHJ�CICI>�FHA � P�O:DG>�7 ;�J
? �:N DGO:PQAB>vAI<2>�>yCECIJ�C � i AI<2>YJ(U2J N >yAB>yC�¡��,? � NYr Ogo�P�U+U0P�CEP�iGU2J N i8D N hs>yC�ABJ�AI<2>
O � i2>�PQCWP�i+U�AI<2>@P�i2efDGO PQC � >�OgJ(F � A{oj~=<2>�ijAI<G> r CIJ�e�CEP N FyP�O:O:?�P�U2C ��� >@FHJ N�N P�iGU�7
��������� � # # � P �C ��+ ( " #ST "�LN �"�O ��� �$# R #FOG(- ��RB( "$# $� # � # � � # �
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CIJfi N >�i}A�J�LsCIJ�h � ?y7���A�~RP�?�CEPQAI<G>yC ABJ"? �:N D+O:PQAB> r CIJ�e�CEP N ? ~WC � ABAB>�i�L4J�C)AI<2>�?B>WCIJ�h � ?y7
��L�FHJfD2CE?B>�¡�AI<2>M? �:N DGO:PQAB>�UjCEJ�h � ?W?I<GJfDGO:U�hs>�<GP � > N J�CI>@J�C�Og>�?I?WO � u�>KAI<2>@CI>�P�O�JfiG>�?
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r <}o8? � FyP�O N J(U2>�O)PQh�JfDGA�<2J�~ AI<G>�CIJ�h � ?"P�i+U©AI<2> � CM>�i � � CEJfi N >�i}A�?I<GJfDGO:U hs>�<GP � >
AI<GP�ivAI<2>R? �:N DGO:PQABJ�C <GP�?y¡�AI<G>yCI> � ?�iGJ|iG>y>�U"ABJ � NYr Og> N >�i}A�P N J�CE>tCE>�P�O � ?BA � F N J(U2>�O 7
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AI<2>��«��z � i}AB>yCIL/P�FH>bCI>�O PQAB>�U L/DGiGFHA � JfiG?@J�CMAI<2>bFyP N >yCEP¢L/DGiGFHA � Jfi+?y7b� i0AI< � ?M?B>�FHA � Jfi
��~ � O:O r CEJ � � U2>¢P�i�J � >yC � � >y~ J�L�AI<2>�U ��� >yCI>�i}AYL�D+iGFHA � Jfiªe�CIJfD r ?YP�iGU£<2J�~ AI<2> � C
? � N DGO PQA � Jfi � ?RCI>�P�O �:p >�U�7

� �-� ����� ' � ��� � # ,�� �
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A ~)JjFHJfiGi2>�FHAB>�U N J�ABJ�CE?�7�� A�P�O:OgJ�~,?WABJ�? r >�F � L4ojPbO � i2>�PQC=P�iGU%P�i%P�i2efD+O:PQC � >�OgJ(F � A o
FHJ NYr Jfi2>�i}Ay7 �tJ�AI< N P�o hs>0i2>yefPQA ��� > J�C r Jf? � A ��� > � i PªC�P�i2e�> U2> r >�iGU � iGe&P�i
AI<2> r <«o(? � FyP�O r CIJ r >yCIA � >�?�J�L,AI<2>¢?Bo(?BAB> N 7&;=<2>��WJf�t�B�Mn � i«AB>yCIL/P�FH>¢P�O:OgJ�~=?v> � >�i
N J�CE>  � A � ? r Jf?E? � h+Og>"ABJ�? r >�F � L�o�P�U2C � � >�FHJ N�N P�iGU�¡-FHJfiG? � ?BA � i2e�J�LtAI<2>Y�%P�iGU �
� >�OgJ(F � A ojP�i+U¢PYA �:N >@PQL�AB>yC=~,< � FE<jAI<G>@CIJ�h � ?I<GJfDGO:UjP�D2ABJ N PQA � FyP�O Ogo�?BABJ r 7 � iG?BAB>�P�U
J�LRAI<2>YA �:N >�¡�DG?ID+P�O:Ogo¢AI<2>b>#"}D � � P�Og>�i}A � P�O:D2>vJ�LRAI<2>bU � ?IAIP�iGFH>Y~=< � F�< � ?|ABJ�FHJ � >yC�¡
� ?�? r >�F � �G>�U�7�� i�FyP�?B> AI<2> FHJ N�N P�i+U � ?�P&AID2CEi FHJ N�N P�iGU�¡W~=<2>yCI>�AI<2> O � i2>�PQC
U � ?BAIP�iGFH> � ?bP�Og~tP�o8? p >yCIJ2¡�AI<2>%P�i2efOg>�¡WPQCIJfDGi+U�~=< � F�<�AI<2>¢CEJ�h � ?I<2JfD+O:UªAID2CEi�¡ � ?
e ��� >�i�7 �=L�AB>yC � i � A � PQA � i2e&?EDGFE<
PªU2C ��� >�FHJ N�N P�iGU�¡=AI<2> r CIJ�e�C�P N FyP�i P�?IuwAI<2>
�=Jf�)�I�@n � L�AI<2>�U2C � � >vFHJ NbN P�iGU � ?KU2JfiG>�¡ � 7�>�7�AI<2>�U2>�? � CE>�U�U � ?BAIP�iGFH> � ?KFHJ � >yCI>�U
P�iGUMAI<2>�CIJ�h � <GP�?-?BABJ r+r >�U�7-;W<2>yCI> � ?�P�O:?BJ=PWh+OgJ(FIu � i2e�L/DGiGFHA � Jfi|ABJ,~tP � A-L4J�C�AI<G> O:P�?BA
U2C ��� >bFHJ N�N P�i+U0ABJ%FHJ NYr Og>yAB>�P�iGU©P�L�D+iGFHA � Jfi0ABJ%e�>yAMAI<2>�CE> N P � i � iGejU � ?BAIP�iGFH>�7
;W<G> �:NYr Og> N >�i«AIPQA � Jfi J�L�AI<2>�?B> FHJ N�N P�iGUG?jJfi AI<2> CI>�P�O@CIJ�h � U2> r >�iGUG?�Jfi P�i
� i}AB>yCEiGP�O�J8U2J N >yAB>yC�7 ;W< � ?RJ8U2J N >yAB>yCWL�D+iGFHA � JfiGP�O � A{o�FyP�i�hs>@D2A � O �gp >�U�AI<2CEJfD2ef<�AI<2>
�=Jf�)�I�@n8>�? � i}AB>yCIL/P�FH>"P�?,~)>�O:O 7t��A,P�O OgJ�~=?=ABJ�? r >�F � L4ojP�i%PQCEh � ABCEPQCIo r Jf? � A � Jfi � i¢P�i
�8z o«z���z{FHJ8J�CEU � iGPQAB>W?Io8?BAB> N P�iGU�ABJ�CE>yABC � > � >�AI<2>�D r UGPQAB>�U r Jf? � A � Jfi�PQA�P|O:PQAB>yC A �:N >�7

��AI<GJfD2ef<«A�PQhsJfD2AWA{~tJ r Jf?E? � h+Og>|P rGr CEJfP�FE<2>�?,L4J�C�AI<2>MFyP�O FyDGO:PQA � Jfi N J8UG>�O�DG?B>�U
� i
AI<G> ? �:N DGO:PQA � Jfi
J�L�AI<2>0CIJ�h � UGo8iGP N � Fy?y7 ;W<2>��GCE?IA � ?�PªA �:N > ?BAB> r h+P�?B>�U�¡
� i}AB>ye�CEPQA � Jfi N >yAI<2J8U�¡3~,<2>yCI>tAI<2>RCIJ�h ��� ?qU2o(iGP N � F � ?�CI> r CI>�?B>�i}AB>�U � i�P|?BAIPQAB> � >�FHABJ�C
FHJfi}AIP � i � iGeKAI<2>�FyD2CICI>�i}A A �:N > 1 ¡fAI<2> r Jf? � A � Jfi
	-¡fAI<G> � >�OgJ8F � A{o�� �/P�iGU r Jf?I? � h+OgoKAI<2>
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P�FyFH>�Og>yCEPQA � Jfi � 7 ;W<2>�?BAIPQAB>�PQAtAI<2>|i2>��(A A �:N >�?BAB> r 1 ����1�~tJfDGO:U�hs>=FyP�O FyDGO:PQAB>�U�h}o
AI<2>M>#"8DGPQA � Jfi+?WJ�L N J�A � Jfi%U2> �+i2>�U¢h}o�AI<2>"FyD2CICI>�i}A,?BAIPQAB>�¡�> � P�O:DGPQAB>�U�PQA=AI<2>"A �:N >
��1 7¢;W< � ? � ?MP¢L/P � CEO:o�? � NYr Og>�P�iGU �G>�� � h+Og> N >yAI<GJ8U&h+D2AM<+P�?@AI<2>�U � ?IP�U � P�i}AIPQe�>�¡
AI<GPQAWCIJfD+iGU � i2e�>yCICIJ�C�?WP�FyFyD N DGO:PQAB>@J � >yC,A �:N >�7

;W<2>RJ�AI<2>yC�P r+r CIJfP�FE< � ?�? �:N � O PQC�¡ � A�FyP�ivhs>te ��� >�iYP�iYP�FyFHJfDGi}A�J�L�P�iv>��(AB>�iG? � Jfi�7
��i+?BAB>�P�U@J�LGD r UGPQA � i2eRAI<2> r Jf? � A � Jfi@Jfi@> � >yCIoKA �:N > ?BAB> r ¡ � A � ?-D r UGPQAB>�UKJfiGOgo|~=<G>�i@P
i2>y~ � >�OgJ8F � A{o � ?�?B>yAy¡ � 7�>�7�~=<2>�i�P=i2>y~ �«��z{FHJ N�N P�iGU � ?->��(>�FyD2AB>�U�h}oKAI<G> r CIJ�e�C�P N 7
;W<2>�?BAIPQAB> � >�FHABJ�C � i�AI< � ? ?BJfO:DGA � JfibFHJfiG? � ?BAI?)J�L �9 � AI<2>,A � N > 1��)~=<G>�i�AI<2>�FyD2CICI>�i}A
�«��z{FHJ N�N P�iGU ~RP�? � i � A � PQAB>�U�¡-6 � AI<G> r Jf? � A � Jfi 	-¡-AI<2>�CIJ�h � ~RP�?MPQAy¡�PQA@AI<2>bA �:N >
1 � ¡Gm � AI<G>K�bP�iGUj�£FHJ NYr Jfi2>�i}AWP�iGUjS � AI<2>KA �:N >;1��3¡2~=<2>�ijAI< � ?)�}��z{FHJ N�N P�iGU � ?
U2Jfi2>�7��)Og>�P�?B>Ki2J�AB>�¡2AI<GPQA 1�� N � ef<«A�<GP � >KAI<2> � P�O:DG>	� 7�;=< � ? � i2L�J�C N PQA � Jfi�P�O:OgJ�~=?
ABJ�U2> �+i2>¢AI<G>%>#"8DGPQA � Jfi J�L N J�A � Jfi�¡=U2>�?IFHC � h � i2e0AI<2>�CIJ�h � � ? N J � > N >�i}AI?y7���i P
? �:NYr O � �G>�U�i2J�AIPQA � JfibAI< � ?�>#"8DGPQA � Jfi � ?�/BDG?IA 	 ��3 5'1<5�� � �J1 � � 	����}� �J= 5 � �J1 �41�� � �21 � � ¡U2>�?IFHC � h � i2e�AI<2> r Jf? � A � Jfi�J�L�AI<2>KCEJ�h � PQA=P�i¢PQCEh � ABCEPQCIo�A �:N > 1 'H1 � 7

� � AI<�AI< � ?=?BJfO D2A � Jfi�¡GAI<G>yCI> � ?,i2J�P�FyFyD N DGO PQA � Jfi�J�L CEJfDGiGU � iGeY>yCICIJ�CE?y¡�P�?|OgJfi2e
P�?tAI<2> � >�OgJ(F � A o � ?ti2J�A)F�<GP�i2e�>�U�7!&GJ�Ct>��2P NYr O:>�¡ � LsAI<2>�CIJ�h � ?I<2JfDGO U�U2C ��� >�P"F � CEFyOg>�¡
~ � AI<jAI< � ? N >yAI<2J(U�¡G<2>K~ � O:O�>�iGU�D r >��2P�FHAIOgoj~=<2>yCI>@<G>@?BAIPQCIAB>�U�7

� <2>�i�PMi2>y~w�}��z{FHJ N�N P�iGU � ?�?B>yAtPQA AI<2>,A �:N > 1 ��¡«AI<2>�?BAIPQAB> � >�FHABJ�C�<GP�? ABJMhs>
D r UGPQAB>�7);=<2>@i2>y~ � P�O:D2>KL�J�C 	 � ?�AI<2> r Jf? � A � JfijJ�L�AI<2>MCIJ�h � PQA=AI<2>@A � N >B1 � h�P�?B>�U
Jfi�AI<2>=JfO:U�?IPQAB>�¡8AI<2>=i2>y~wA �:N > 1 � � ?C1 �(P�i+U � P�O D2>�? L�J�C�1���¡}��P�i+UY�©PQCI> /IDG?BA AIPQu�>�i
J � >yC�7

� iwFyP�?B>�AI<2>�CEJ�h � FHJfO:O � U2>�?Y~ � AI<wP�iwJ�h+?IAIP�FyOg>�¡�AI<2>�A � N >¢J�LKAI<2>�FHJfO:O � ? � Jfi � ?
FyP�O:FyDGO:PQAB>�U�P�i+UbAI<2> � >�OgJ(F � A o � ?t?B>yARABJYx(¡(<G>�iGFH>�¡(AI<2>|CIJ�h � ?BABJ r ?RU � CI>�FHAIO:o � ibL�CIJfi}A
J�L�AI<2>KJ�h+?BAIP�FyOg>�7

;W<2> �:NYr Og> N >�i«AIPQA � JfijJ�L�AI<2>MJ8U2J N >yAB>yC=L/DGiGFHA � JfiGP�O � A{o � ?�h+P�?B>�U¢Jfi¢AI<2>M?EP N >
P�Oge�J�C � AI< N 7 ;=<2>yCI> >�� � ?BAI?�P�?B> r PQCEPQAB> � iG?BAIP�i}A � PQA � Jfi
J�L��«��z{?BAIPQAB> � i2L4J�C N PQA � Jfi
L4J�CYAI<G>�CEJ�h � � i«AB>yCEi+P�O J(U2J N >yAB>yC�7&� L=AI<2>jCIJ�h �)r CIJ�e�CEP N � i � A � P�O �gp >�? � AI? � i«AB>yC�iGP�O
r Jf? � A � Jfi�¡(AI< � ? r Jf? � A � Jfi � ?�DG?B>�U�P�?�AI<2>M?BAIPQCEA r Jf? � A � Jfi 	-7�� � >yCIo�?ED2h+?B>#"8D2>�i}AWFyP�O:O
J�L,P U2C � � >�FHJ N�N P�iGU�D r UGPQAB>�?"h�J�AI< � i+?BAIP�i«A � PQA � JfiG?�J�L=AI<2>�?BAIPQAB> � i2L4J�C N PQA � Jfi�7
;W<2>)e�>yAqL/DGiGFHA � Jfi@L�J�C�AI<2> r Jf? � A � JfiMFyP�O:FyDGO:PQAB>�?qAI<2> r Jf? � A � Jfi@PQA�AI<2>tFyD2CICI>�i}AtX�Z�[ \/]G^Q_
\/Z4`ba@¡2h+P�?B>�U�Jfi�AI<2> � i}AB>yCEiGP�OsJ(U2J N >yAB>yCE?,?BAIPQAB>�7

� � � 
�%�� ��� ��� !.� �
;W<2>@�qJf? � A � Jfi�n8>�iG? � A ��� >K��>yAB>�FHABJ�CE?��/�tn(� � DG?I> � i2L�CEPQCI>�U�hs>�P N ?�ABJ N >�P�?ID2CI>@U � ? z
AIP�iGFH>�7%;=<2>b��o�>��tJ�AYFHJfi}ABCIJfO:Og>yCvFyP�i&<+P�iGUGOg>bD r ABJ�l%FHJfiGi2>�FHAB>�Uª�Rn(� ?B>�iG?BJ�C�?y7
1,?EDGP�O:Ogo�PKCIJ�h � <GP�?�AI<2CI>y>W?B>�iG?IJ�CE?�FHJfiGi2>�FHAB>�U�¡«Jfi r J � i}A � i2e�ABJ@AI<2>=L4CIJfi}Ay¡fAI<2>=J�AI<(z
>yCE?,ABJbAI<2>MO:>yL4A=P�i+U¢C � ef<}Ay7�;W<2>yo�FyP�i¢hs>@J r >yCEPQAB>�U � i�A ~)JjU ��� >yCI>�i}A N J(U2>�?�)AI<2>
? � i2efO:> N >�P�?ID2C � i2e N J(U2>=J�CtAI<2>�FHJfi«A � i8D2JfDG? N >�P�?ID2C � i2e N J(U2>�7 ;W<2>yovAIPQu�>|PQhsJfD2A
dQx N ?�ABJ r >yCIL�J�C N Jfi2> N >�P�?ID2CI> N >�i}Ay7w� i�AI<2>%FHJfi«A � i8D2JfDG? N >�P�?ID2C � i2e N J(U2>�¡
AI<2>yo�?IAIPQCIA)AI<G>|iG>��8A N >�P�?ID2C � i2e"P�DGABJ N PQA � FyP�O:Ogob~=<2>�i�AI<2>�O P�?BA)JfiG> � ?)U2JfiG>�7�;W<2>
�WJf�t�I�@n � i«AB>yCEL�P�FH>jP�O:OgJ�~=?MABJ � i � A � P�O �gp >�P�iGU&CI>�Og>�P�?I>�AI<2>j?B>�iG?IJ�CE?y¡�ABJ0?BAIPQCIAvP�iGU
?BABJ r P N >�P�?ID2CI> N >�i«A �/FHo(FyOg> � ¡+ABJ�FE<2>�FEu�L4J�C=P � P�O � U � P�O:DG>@P�iGUjABJ�e�>yA=AI<G> � P�O:DG>�7
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AI<2>�CEJ�h � 7 ;W<2> � P�O:D2>jCI>yAID2C�i2>�U h}o P�?I>�iG?BJ�C � ?vFyP�O:FyDGO PQAB>�Uªh}o � i«AB>yC�?B>�FHA � i2e � AI?
� N >�P�?ED2CI>|hs>�P N 	 ~ � AI<�> � >yCIo�~tP�O O�?B>ye N >�i«A�P�iGU�> � >yCIobJ�AI<G>yCtCEJ�h � 7�;W<2>|i2>�PQCI>�?BA
� i}AB>yCE?B>�FHA � Jfi£~ � AI<wP�i«o�J�h+?IAIP�FyOg>�e ��� >�?�AI<2>�U � ?BAIP�iGFH> � P�O:D2>�7���? N >�i}A � Jfi2>�U�¡�P
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