
������� ���
	���
���
��������������������
����
���
������! "����#$
�	%���'&
(*)����+),��-���
/. �,#10�����
2�

3�465879;:<$=?> 5 9A@CBD@C9
E?FHGJILKNMPO'QHR�SUTLRVQ�WYX�F�MYZ[Q\T�]_^JGa`bTLQ\K[Q\c�Oed?fgWYTLQ,hiTLZkj\^lWYmnZNMPO�QHRo]p^JGq`LTbQHKkQHcHO

fgQbrs ^lM+r^lGq`LQ�jHF,ted;uwv+t�u\u,foWYTbQLd?x s ^JGa`zy1^J{bIL|bK[Z[G^l}~X�F�ZkK��Lmn^J�HFHTbZ[TbF����bM+� jAILMY|wW+� G s {b`LQ\TL^\�b�i�etH�����LvHvJ�Lv+tAv+�

�'���J�l���b�\�\� ]�`bZ[m�{bFH{;^lW�Z[TeMnWYQA�LILGJ^Jm�F2K[ZNMnMYKk^i|bZNM��LZN�6^lWY^lTAM�jAZk^q��Q\T'^Jj�QHKkjHFH|LK[^
GJQ\X,{LILMaF�MYZ[QHT?FHKAX�F�Gq`LZkTL^Jm_MY`bFHT�ZNM�Z[m�IbmnIbFHK[KNO�{LWY^Jmn^JTeMY^+�6�H�oj�QHK[j\F�|bK[^�X�FHGa`bZ[TL^Jm
F�WY^�GJQ\TLmnZD�w^lWY^+��FHmiX�F�MY`b^lX�F�MYZ[G+FHKpX�FHGa`bZ[Tb^lmJ�6]pWaF\�wZNMYZkQHT?F�K�MYQeQ\K[m8QHRoMY`b^lQHWY^lMYZN}
G+FHKpGJQ\X,{LILMY^lW�mnGJZ[^JTLGJ^�F�WY^$MY`b^lTz^JX,{bK[Q+Oe^+�'Z[T�QHWa�L^qW1MYQ,QH|LMaF�ZkT��eIbFHK[ZNMaF�MYZ[j�^JKNO
Tb^l��ILT?�L^qWYm MaFHT?�wZ[Tbc�MY`L^¡^Jj�QHK[j\F�|bK[^,X�FHGa`bZ[Tb^lmJ�pSUT¢{bF�WnMYZ[GJIbKkF�W�MY`L^,�eIb^Jm MYZ[Q\TLm
WY^JKkF�MY^+�¡MYQ2RVQHWYX�F�K6�L^l�bTbZNMYZ[Q\T'FHTb�,GJQ\X,{LILMaF�MYZ[QHT?FHK;{;Q+��^lW�F�WY^i�LZ[mnGJILmnmn^+�C�w]�`L^
GJQ\TLGJ^J{LMiZ[m${LWYQ\{;QHmn^+��ZkT�R£WaF�X,^l��Q�WY��QHRoMnWaF\�wZ[MYZ[QHT?FHK�mnQ�R£MP��F�WY^�F�T?��`?F�Wa�w��F�WY^
ZkX,{LK[^JX,^JTeMaF�MYZ[Q\TLm�QHR�^lj�Q\K[jHFH|bK[^8X�F�Gq`LZ[Tb^JmJ�
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®6¯l°w± 9 ± 9w²J³6B£@6>�´D>\9 ¯ @6BD@Cµ'¶_> ¯ <a¶_>H²�·qB£¸w>w¹6ºb»�¼�»�½P¾~¿iÀ�ÁqÂlºAÁqÃAÄ�Ä�¾�¼bº�BV<i¸w> ¯qÅz°AÆ ·l>�@¢² ° @p<aBVÇ?È
> ¯ >HÇÉ9w<�9�·q>\²J³6@6BVÊ 4 >%9w´D´ °eË BD@Cµ�·q³6>¢9 4 · °w± 9e·lB£²%Ç;>H<qB£µw@ °wÆ ¿lÂAÄ2À�Ì;½ ÃA½U¾~ÂA¼_ÃAÍiÄ�Ãw¿JÎ?¾�¼�»+Ï
Ð Ñ ¹CÒ�ÓPÔLÕn@z·q³6> ±z° <Y·1¶ ° ¶ 4 ´£9 ¯ 9A¶C¶ ¯q° 9w²J³�¹A9�À�ÁqÂlºAÁqÃAÄÖBV<�>H¸ ° ´£¸w>\Ç�ÔeÕn@ °w¯ Ç;> ¯ · ° ² ¯ >\9e·q>8·l³6>
² °L± ¶ 4 ·l9A·qB ° @C9w´ ± 9w²J³CBD@6>L¹w·l³6>�>H¸ ° ´D¸L>HÇ�¶ ¯l° µ ¯ 9 ± B£< 4 ¶6´ ° 9LÇ;>HÇzB£@b· ° 9 4 @6B£¸w> ¯ <l9A´£´ Å ¶ ¯l° È
µ ¯ 9 ±z± 9A×C´D>1² °w± ¶ 4 ·l> ¯ 9A@CÇ,·q³6>i¶ ¯l° µ ¯ 9 ± B£<�>�Ø?>\² 4 ·l>HÇ�Ô\Õn@�9w@ ° ·l³6> ¯ 9A¶6¶ ¯q° 9w²J³�¹ ¯ > Æ > ¯q¯ >HÇ
· ° 9w<�Ù�ÃeÁ+½n»�ÏJ¾~ÃA¼%ºb»�¼�»�½P¾~¿iÀ�ÁqÂqºwÁqÃAÄ�Ä�¾�¼bº�Ú Û8Ü¡Ý�Þ Ð Ò�ß\Ó ¹6Ç;BDµLBk·J9A´�²�B ¯ ² 4 BD·l<89 ¯ >�>H¸ ° ´D¸L>HÇ�Ç;BDÈ
¯ >H²+·l´ Å ÔCà8³6> ¯ >H< 4 ´k·lBD@Cµz²�B ¯ ² 4 Bk·J<2²�9w@%×_>�² ° @C<aBVÇ;> ¯ >\Çá9w<$² °w± ¶ 4 ·J9e·lB ° @C9A´ ± 9w²J³CBD@6>\<i· °?° Ô

Õ ·i² °w4 ´VÇz·l³6> °L¯ >�·qBV²�9A´£´ Å ×_>�¶ ° <l<aB£×6´£>2· ° >�¸ ° ´£¸w> 4 <qB£@6µ'µL>�@6>�·qBV²2¶ ¯l° µ ¯ 9 ±�± B£@6µ Ë ³C9A·aÈ
>�¸L> ¯ ² °L± ¶ 4 ·l9A·qB ° @C9w´ ± 9w²J³CBD@6>�×C9w<q>HÇ ° @á9w@á9 ¯ ×6BD· ¯ 9 ¯lÅ�±z° Ç;>�´ °AÆ ² °w± ¶ 4 ·l9e·lB ° @�Ô?â °eË È
>�¸L> ¯i° @6´ Åz¯ >H´£9A·qB£¸w>H´ Å <qB ± ¶6´£>�² °w± ¶ 4 ·J9e·lB ° @C9A´ ± 9w²J³6B£@6>H<�Ú~< 4 ²J³¢9w<i< ± 9A´£´_¶ ¯q° µ ¯ 9 ± < Ð Ñ Ó ¹
²�B ¯ ² 4 BD·l< Ð ÒwÒ�ÓP¹6²�>�´£´ 4 ´V9 ¯ 9 4 · °L± 9e·l9 Ð Ò\ã\Ó °L¯ à 4C¯ B£@6µ ± 9L²J³6B£@6>H< Ð ßAä�ÓåÞ Ë > ¯ >¡Ç6>H<qBDµL@6>HÇ¢< 4 ²+È
²�>\<q< Æå4 ´£´ Å ×p>\²�9 4 <a> °wÆ <l²�9A´V9A×CBD´£Bk· Å ¶ ¯q° ×6´£> ± <�Ô

Ü�>�@C>�·qBV²�¶ ¯q° µ ¯ 9 ±z± BD@Cµ'9A´V< ° >�@C9w×6´£>H<1·q³6>¡Ç;>H<qB£µw@ °wÆ ÃwæLÃlÀ�½U¾�çe»�¿JÂAÄ2À�Ì;½ ÃA½U¾~ÂA¼_ÃeÍ�Ä�Ãeè
¿JÎ?¾�¼_»�Ï+ÔeÕn@�·l³6B£<�²H9w<q>w¹ ° ¶6¶ ° <qBD·q>�· ° ·l³6>i>�¸ ° ´ 4 ·qB ° @C9 ¯qÅ ² °L± ¶ 4 ·l9A·qB ° @C9w´ ± 9w²J³CBD@6>\<�Ç;>H<qBDµL@�¹
·q³C>�>�¸ ° ´ 4 ·qB ° @C9 ¯qÅ 9w´Dµ °w¯ Bk·l³ ± BV<$B£@6³6> ¯ >�@b·2¶C9 ¯ · °wÆ 9�·J9 ¯ µw>�·'Ú~>wÔ µCÔ6> ± ×_>HÇ6Ç6>HÇCÞ8< Å <Y·l> ± Ô
à8³6>�>�¸ ° ´ 4 ·qB ° @p9 ¯lÅ 9w´Dµ °w¯ Bk·l³ ± ³C9w<�· ° 9 4 · ° @ °w±z°w4 <q´ Å ¶ ¯q° Ç 4 ²�>%² °w± ¶ 4 ·J9e·qB ° @p9A´ ± 9eÈ
²J³6B£@6>H<19w²�² °w¯ Ç;B£@6µ�· °�¯ >HÊ 4 B ¯ > ± >�@b·l< ¯ >�¶ ¯ >H<q>�@b·l>HÇ�¸bBV9,Ç Å @C9 ± BV²8é6·l@6>H<l< Æå4 @p²+·qB ° @ Ë ³CB£²J³
¯ >�êC>\²+·l<g92²J³C9w@6µwB£@6µ2>H@b¸?B ¯q° @ ± >�@b·HÔHë�Ç69w¶;·qB£¸w>i² °w± ¶ 4 ·l9e·lB ° @C9A´ ± 9L²J³6B£@6>H<H¹ Ë ³6BV²J³ 4 ·lBD´£B£ì�>
·q³C>,>�¸ ° ´ 4 ·qB ° @C9 ¯qÅ 9w¶6¶ ¯l° 9w²J³o¹?9 ¯ > 5 @ °eË @�9w<�»�ç�ÂAÍ[ç�ÃLí�Í£»¢în¿JÂAÄ2À�Ì;½ ÃA½U¾~ÂA¼_ÃeÍ ï�ÄzÃL¿lÎ;¾�¼_»�ÏJÔ

Û °w± ¶ 4 ·q> ¯ >�@6µLBD@6>H> ¯ BD@Cµ�² ° @C²�> ¯ @C<¡BD·l<q>�´ ÆiË BD·q³�B ± ¶6´D> ± >�@b·l9A·qB ° @ °AÆ 9�µwB£¸w>H@ð² °w± È
¶ 4 ·J9e·lB ° @C9A´ ± 9L²J³6B£@6>�BD@ ¯ >H9w´DBD· Å Ú~BD@ñ< °wÆ · Ë 9 ¯ >L¹�³C9 ¯ Ç Ë 9 ¯ >�>�·l²wÔ Þ�Ô�ò�@ó·q³C> ° ·l³6> ¯ ³p9A@CÇ
² °L± ¶ 4 ·q> ¯ <l²�B£>�@C²�> 4 < 4 9A´£´ Å Ç;>�éC@C>H<�·l³6> °L¯ >�·qBV²�9w´ ±�° Ç;>H´£< °AÆ ² °L± ¶ 4 ·l9A·qB ° @ Æå°w¯ ·l³6>H<q>
² °L± ¶ 4 ·l9A·qB ° @C9w´ ± 9L²J³6B£@6>H<HÔ�Õ ·�BV<,9wÇ;¸e9w@L·J9AµL> °w4 <$· ° ³C9�¸L>�< 4 ²J³ ±z° Ç;>�´V<¡×_>H²�9 4 <q>'·l³6>�@
¸e9 ¯ B °L4 < ± >�·q³ ° Ç6< ± BDµL³L·%×p>ð9A¶6¶6´£B£>HÇô· ° B£@b¸L>H<a·qB£µL9A·q> ± 9w²J³6B£@6>\<�õ�¶ ¯q° ¶p> ¯ ·lBD>\<�¹�´DB ± Bk·J<



9w@CÇñ²�´£9L<q<q>H<HÔ ®646¯ ·q³6> ¯q±z°L¯ >L¹�² °w± ¶ 4 ·l> ¯ >H@6µwB£@6>�> ¯ <z²H9A@É¶ ¯ >H¶C9 ¯ >¢9w@É>��_>\²+·qB£¸w>�Ç;>\<aB£µw@
<a· ¯ 9e·l>�µ Å >\9w<qBD´ Å B Æ < 4 BD·l9w×6´D>�·l³6> °L¯ >�·qBV²�9A´ ±z° Ç;>H´£<$>�Ø;B£<a·HÔ

à8³6BV<2¶C9w¶p> ¯ ² °w± ¶C9 ¯ >H<$·q³ ¯ >�>�¸?B£> Ë ¶ ° B£@b·l< ° @ ² °w± ¶ 4 ·l9e·lB ° @C9A´ ± 9w²J³6B£@6>H<�Ç;>H<qBDµL@6>HÇ
4 <qB£@6µ%>H¸ ° ´ 4 ·lB ° @C9 ¯lÅ�± >�·q³ ° ÇC<���9�< °AÆ · Ë 9 ¯ >'B ± ¶C´D> ± >H@b·l9e·lB ° @ ¸?B£> Ë ¶ ° B£@b·H¹�9¢³C9 ¯ Ç Ë 9 ¯ >
B ± ¶6´D> ± >�@b·l9A·qB ° @�¸?BD> Ë ¶ ° BD@b·�9w@CÇ�9 Æå°w¯l± 9A´_9A¶6¶ ¯l° 9L²J³�¸?B£> Ë ¶ ° B£@b·HÔ��!³CBD´£>�< °AÆ · Ë 9 ¯ >$B ± È
¶6´£> ± >H@L·J9e·lB ° @C<�9 ¯ > Ë >�´£´�Ç;>H¸w>�´ ° ¶_>HÇóB£@ó·q³C>áµw>H@6>�·lB£²z¶ ¯q° µ ¯ 9 ±z± BD@6µ�² °w±z±'4 @CBk· Å 9A@CÇ
³C9 ¯ Ç Ë 9 ¯ >�B ± ¶C´D> ± >H@b·l9e·lB ° @C<á9 ¯ > ¯ >H9w´DB£ì�>\Ç BD@ô·l³6> »�ç�ÂAÍ[çeÃwí�ÍD» Î6ÃAÁqæ��1ÃAÁq»¢² °w±z±�4 @6BD· Å ¹
9 Æå°L¯q± 9w´89w¶6¶ ¯l° 9L²J³ <a>H> ± <�· ° ×p>�Ê 4 BD·q> ° ¸w> ¯ ´ °b°L5 >\Ç�Ôgâ�>�@C²�>á·l³6B£<z¶p9A¶_> ¯ BD@b· ¯l° Ç 4 ²�>H<
< °w± > Æå°L¯q± 9A´iÇ;>�ép@6Bk·lB ° @C<�9w<'9 ¶ ° ·q>H@L·lB£9w´ Ë 9 Å B£@ Ë ³CB£²J³ < °AÆ · Ë 9 ¯ >á9w< Ë >H´D´i9w<�³C9 ¯ Ç?È
Ë 9 ¯ >�B ± ¶6´£> ± >H@L·J9e·lB ° @C< °wÆ >H¸ ° ´D¸e9A×C´D> ± 9L²J³6BD@C>H<�²H9A@ < Å <a·q> ± 9e·qBV²�9w´D´ Å ×p>%BD@b·q>Hµ ¯ 9e·l>HÇ�¹
<a· 4 Ç6BD>\Ç�9A@CÇ 4 @CÇ;> ¯ <a· °?° Ç�ÔwÕn@�¶C9 ¯ ·lB£² 4 ´V9 ¯�Ë >2> ± ¶6³p9w<qBDìH>�9á¿JÂeÄ�À_Ì;½nÃe½P¾~Âe¼�ÃeÍpÏ�¿J»�¼_ÃAÁ+¾~Â °wÆ
>H¸ ° ´£¸e9A×6´£> ± 9L²J³6B£@6>H<i·l³C9e·�Ç;B���> ¯ < Æå¯q°L± ² ° @?¸w>�@b·lB ° @C9A´�² °L± ¶ 4 ·l9A·qB ° @C9w´�<q²�>�@C9 ¯ B ° <HÔ

à8³6>�9w¶6¶ ¯l° 9w²J³ 4 <q>HÇ¢BD@�·l³6BV<$¶C9A¶_> ¯�¯ >H¶ ¯ >\<a>H@b·l<89z³6B£µw³;È ´D>H¸w>H´�BD@C<qB£µw³b·8· ° ·q³C>�¶ ¯l° ×;È
´£> ± ÔAà8³6> ± >�·l³ ° Ç�²H9A@z<a³ °eË Ë ³C9e· Ë > ¯ >\9A´£´ Å Ç ° B£@'·l³6>8>�¸ ° ´ 4 ·qB ° @C9 ¯qÅ,± 9L²J³6BD@C>iÇ;>\<aB£µw@
9w@CÇá³ °eË >�¸ ° ´£¸�9w×6´£> ± 9w²J³CBD@6>\<8¶p> ¯aÆå°L¯q± ·l³6>�² °L± ¶ 4 ·l9A·qB ° @�Ô;Õn@¢¶C9 ¯ ·lB£² 4 ´£9 ¯ Bk·$×_>H² °L± >H<
B ± ¶ °L¯ ·J9A@b· Æå°w¯ ÚU<a> ± B�ÞY9 4 · °L± 9e·qBV²�Ç;>\<aB£µw@ · °?° ´V<¡B£@ Ë ³6B£²J³ Ë >�9 ¯ >�´ °?°w5 B£@6µ Æå°w¯ 9 4 @6BDÈ
¸L> ¯ <q9w´�Ç6>H<l² ¯ BD¶;·lB ° @¢< 4 BD·l9w×6´D> Æå°L¯ <a¶_>H²�Bkép²H9e·lB ° @ °wÆ >H¸ ° ´£¸e9A×6´£>,< Å <a·q> ± <HÔ

à8³6>�¶C9w¶p> ¯ BV< °w¯ µL9A@CBDìH>HÇð9w< Æå° ´£´ °eË <�Ôo=?>\²+·lB ° @óß�Ç;>\9A´V< Ë Bk·l³ < °wÆ · Ë 9 ¯ >L¹�³C9 ¯ Ç Ë 9 ¯ >
9w@CÇ Æå°L¯q± 9A´�¸?BD> Ë ¶ ° BD@b·J< ¯ >�´V9e·l>HÇ�· ° ·l³6>z>�¸ ° ´ 4 ·qB ° @C9 ¯qÅ ² °L± ¶ 4 ·l9A·qB ° @C9w´ ± 9w²J³CBD@6>\<�Ç6>�È
<qBDµL@�ÔLë Æå°w¯l± 9A´_Ç;>�éC@CBk·lB ° @ °AÆ 9�Ç Å @p9 ± B£²�>�@?¸?B ¯l° @ ± >H@b·�9A@CÇá² °w± ¶ 4 ·l9e·lB ° @C9A´p¶ °eË > ¯ BD@
Ç Å @C9 ± B£²�>�@?¸?B ¯l° @ ± >H@L·i9 ¯ >�Ç;BV<q² 4 <q<q>HÇ�BD@%=;>H²+·lB ° @	�6Ô;=?>\²+·qB ° @	
'¶ ¯l° ¸?B£Ç;>\<�< 46±z± 9 ¯qÅz°wÆ
·l³6> ° ×;·J9AB£@6>HÇ ¯ >H< 4 ´k·J<�Ô ® B£@C9A´£´ Å ² ° @C²�´ 4 <qB ° @C<89 ¯ >¡µwB£¸w>�@¢B£@�=?>\²+·lB ° @�ã6Ô

� ��
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Õn@�²H9w<q> °AÆ ·q³C>2>�¸ ° ´ 4 ·qB ° @C9 ¯qÅ ² °L± ¶ 4 ·l9A·qB ° @C9w´ ± 9w²J³6B£@6>�Ç;>\<aB£µw@o¹wµw>H@6>�·lB£²2¶ ¯q° µ ¯ 9 ±z± BD@Cµ
BV< ° @6´ Å · ° 9L<q<qBV<Y·�Ú °L¯%$a¯ >�¶6´V9w²�>'&LÞ,·q³6> Ç6>H<qBDµL@6> ¯ 9A@pÇ ·l³ 4 <�9 µL>�@6>�·qBV²¢¶ ¯q° µ ¯ 9 ±z± BD@Cµ
< Å <Y·l> ± BV< 4 ·lBD´£B£ì�>HÇ ° @6´ Å B£@�·q³6>1Ç6>H<qBDµL@�¶C³C9w<q>wÔ\ò�@C´ Å 9$<aB£@6µw´£>�é6·l@6>H<l< Æå4 @p²+·qB ° @,BV< 4 < 4 9w´D´ Å
² ° @C<a· ¯l4 ²+·l>HÇ�Ô(�ð>�9 ¯ >�BD@b·q> ¯ >\<Y·l>HÇ BD@ô¾�¼p¼_ÂeçeÃe½P¾�çe»�Ç;>\<aB£µw@C<HÔ�à8³6> ¯ >H< 4 ´k·lBD@Cµ ± 9L²J³6BD@C>�BV<
±�4 ²J³ ±z°w¯ >'B ± ¶ °L¯ ·J9A@b·�·l³C9A@ ·q³6>zÇ;>H<qB£µw@ ± >�·q³ ° Ç 9w¶6¶6´£BD>\Ç <qBD@C²�> ° @6´ Å ·l³6> ¯ >\< 4 ´D·qB£@6µ
± 9w²J³CBD@6>¡BV<8BD@b·l> ¯ >H<a·qB£@6µ Æå°w¯ ¶ ° ·q>H@b·qBV9A´o² 4 <Y· °w± > ¯ <HÔ

)+*-, .0/21436587:9�;=<?>+@-<A7CB�14@-DE5
3 >�· 4 < ¯ >H²H9A´£´�9É¶ ¯q° µ ¯ 9 ±z± > ¯ õ <�¶p> ¯ <q¶p>\²+·lBD¸L>wÔiÕn@�µw>H@6>�·lB£² ¶ ¯q° µ ¯ 9 ±z± BD@CµC¹�Ú~¸�9 ¯ BV9A×C´D>
´£>�@6µw·q³pÞg²J³ ¯l°w±z° < °w± >\< ¯ >H¶ ¯ >H<q>�@b·g>HBk·l³6> ¯ · ¯ >�>\< °L¯g± 9L²J³6BD@C>�´V9A@6µ 4 9AµL>�B£@C<Y· ¯q4 ²+·qB ° @p<�Ô�ë2´£´
²H9A@CÇ;BVÇ69A·q>�¶ ¯q° µ ¯ 9 ± <�9 ¯ >�>�Ø?>\² 4 ·l>HÇ BD@ °w¯ Ç;> ¯ · °%° ×;·l9wBD@ ·q³C>�B ¯ é6·q@6>\<q<¡¸e9w´ 4 >\<�Ô(F1¸w> ¯lÅ
@6> Ë ¶ ° ¶ 4 ´V9e·lB ° @'BV< Æå°L¯q± >HÇ 4 <aB£@6µ�µw>�@C>�·qBV² ° ¶p> ¯ 9A· °L¯ < Ë�°L¯q5 B£@6µ ° ¸w> ¯ ·q³C>i²J³ ¯l°w±z° < °L± >\<�Ô
à8³6>$9w´Dµ °w¯ Bk·l³ ± B£<�·l> ¯l± B£@C9A·q>HÇ Ë ³6>�@z9�¶p> ¯aÆ >\²+·�< ° ´ 4 ·qB ° @�B£<�¶ ¯l° Ç 4 ²�>HÇ °L¯ 9�¶ ¯ >�ÈnÇ;>�éC@6>HÇ
@ 46± ×p> ¯$°AÆ ¶ ° ¶ 4 ´V9e·qB ° @p<$9 ¯ >�µL>�@6> ¯ 9A·q>HÇ�Ô

®6¯l°w± 9�·l³6> °L¯ >�·qBV²�9w´1² °L± ¶ 4 ·q> ¯ <l²�B£>�@C²�>á¸?BD> Ë ¶ ° BD@b·\¹�· ¯ >�> ¯ >H¶ ¯ >\<a>H@b·l9e·lB ° @�²�9A@�×_>
±z° Ç;>�´£>HÇ 4 <qBD@6µ�>�Ø;¶ ¯ >H<l<qB ° @C< °wÆHG Èn²�9w´£² 4 ´ 4 <�Ô�I 9L²J³6B£@6>�´V9A@Cµ 4 9wµw>2B£@C<a· ¯l4 ²+·lB ° @C<8Ç;B ¯ >H²�·q´ Å
¯ >�¶ ¯ >H<q>�@b·�¶ ¯l° µ ¯ 9 ± < °AÆ ·q³C>KJ2ëKI Ú-J�9A@CÇ °L± ë�²�²�>H<l<�I 9L²J³6BD@C>\Þ�² °w± ¶ 4 ·l> ¯�±�° Ç;>H´ ÐML Ó Ô
â�>�@C²�>�9'·l9 ¯ µL>�·i² °w± ¶ 4 ·J9e·lB ° @C9A´ ± 9w²J³6B£@6>�´ °?°w5 <i´£B 5 >�9%Ì;¼C¾�çe»�ÁJÏ�ÃeÍo¿JÂAÄ2À�Ì;½ »�ÁON?·q³6>�>�¸ ° È
´ 4 ·qB ° @p9 ¯lÅ 9w´Dµ °w¯ Bk·l³ ± BV< ° @6´ Å · ° < 4 ¶6¶6´ Å 92¶ ¯l° µ ¯ 9 ±ÖË ³6BV²J³,B£< 4 ¶6´ ° 9LÇ;>HÇ�BD@b· ° 9 ± > ±z°w¯lÅ
°wÆ ·q³C>�² °w± ¶ 4 ·q> ¯ 9A@CÇ Ë ³6BV²J³¢BV<8>�Ø;>\² 4 ·l>HÇ�Ô



Õn@�9A@ ° ·q³C> ¯ 9A¶C¶ ¯q° 9w²J³�¹+µL>�@6>�·qBV²�¶ ¯l° µ ¯ 9 ±z± B£@6µ Ë 9w<�> ± ¶6´ °eÅ >HÇ�· ° ² ° @p<Y· ¯q4 ²�·o²�>H´D´ 4 ´V9 ¯
9 4 · °w± 9A·l9 ¯l4 ´£>H<HÔ�Ú�� ° @6È 4 @CB Æå°L¯q± Þ ¿J»�Í�Í[Ì;ÍDÃAÁðÃeÌ;½nÂeÄ�Ãe½nÂe¼ñB£<¢9��wÈnÇ;B ± >H@C<aB ° @p9A´�µ ¯ BVÇ °AÆ
éC@6BD·q>�9 4 · °L± 9e·l9�Ú 5 @ °eË @¢9L<�¿l»�Í�ÍNÏaÞ�·q³p9e· ° ¶_> ¯ 9e·l>,9w²�² °w¯ Ç;B£@6µ'· ° ·q³6>HB ¯ Í£ÂH¿JÃeÍo½UÁqÃA¼6Ï+¾�½P¾~Âe¼
� Ì;¼_¿�½P¾~Âe¼6Ï�Ú~9A´V< °%5 @ °eË @ð9w<�Á+Ì;ÍD»�ÏYÞ�Ô�à8³6>�²�>H´D´V< Ë�°L¯q5 < Å @C²J³ ¯l° @ °L4 <a´ Å�� 9�@6> Ë <Y·J9e·q> °AÆ
>�¸L> ¯lÅ ²�>H´D´�BV<,²�9A´V² 4 ´£9A·q>HÇ Æå¯q°L± Bk·J<¡¶ ¯ >�¸?B °L4 <�<Y·J9e·q>�9w@CÇ�·l³6>z¶ ¯ >H¸?B °L4 <¡<Y·J9e·q>\< °AÆ ²�>�´£´Uõ <
$ @C>�B£µw³?× °L¯ < &�BD@¢>H9L²J³á·lB ± >�<a·q>�¶oÔ 3�° ²�9w´�· ¯ 9A@C<qBD·qB ° @ Æå4 @C²+·lB ° @C<$²�9w@�9A´V< ° ×p>�Ç6>�éC@6>\Ç�9w<
< Å @b·J9w²+·lB£²á· ¯ >�>\<�Ô�à8³6>\<a>¢· ¯ >H>H<z²�9w@É×_>¢>H¸ ° ´D¸L>HÇ 4 <qB£@6µóµw>�@C>�·qBV²%¶ ¯q° µ ¯ 9 ±z± BD@CµCÔ�� ° ìH9
Ð Ñ Ó ¹ ® > ¯l¯ >HB ¯ 9 Ð 	 Ó ¹;=;BD¶6¶_> ¯ Ð Ò\ã\Ó�9A@pÇ ° ·l³6> ¯ <1>H¸ ° ´D¸L>HÇ�9�@ 46± ×p> ¯�°wÆ ³6B£µw³;ÈnÊ 4 9A´£BD· Å�¯l4 ´£>H<�BD@
·l9L< 5 < Ë ³6> ¯ >¡³ 46± 9A@�9w¶6¶ ¯l° 9w²J³á³C9w<8´£>HÇ%· ° ¶ °?°w¯$¯ >H< 4 ´D·l<HÔ

à8³6>�¶ ¯ >H¸?B °L4 <�¶C9 ¯ 9wµ ¯ 9A¶6³z³C9L<1Ç;> ±z° @C<a· ¯ 9e·l>HÇz·l³C9e·iµw>�@C>�·qBV²2¶ ¯q° µ ¯ 9 ±z± BD@6µ�²H9A@�×_>
9A¶C¶6´DB£>HÇ'· ° Ç;>\<aB£µw@�@ ° · ° @6´ Å 9�¶ ¯l° µ ¯ 9 ±*Æå°L¯ 9 4 @CBD¸L> ¯ <q9w´?² °w± ¶ 4 ·l> ¯ ¹�× 4 ·�9A´V< ° · ° Ç;>\<aB£µw@
9É¿JÂeÄ�ÀCÂe¼_»�¼C½ °AÆ ² °w± ¶ 4 ·J9e·qB ° @p9A´ ± 9L²J³6BD@C>áÇ;>�ép@6Bk·lB ° @ÖÚåBPÔ >wÔ�²�>�´£´ 4 ´£9 ¯ 9 4 · °w± 9A·l9 ¯l4 ´£>H<
B£@ °w4C¯ >�Ø69 ± ¶C´D>�Þ+Ô
� ° ·q>2·l³C9e·$< 4 ²J³á9'² °w± ¶ 4 ·l> ¯�±�° Ç;>H´�ÚåBPÔ >LÔ?²�>�´£´ 4 ´£9 ¯ 9 4 · °w± 9A· ° @_Þ�Ç;B Æ È
Æ > ¯ < Æå¯l°w± · ¯ 9wÇ;BD·qB ° @C9w´ 4 @6B£¸w> ¯ <l9A´£´ Å ¶ ¯q° µ ¯ 9 ±z± 9A×6´£>¡² °w± ¶ 4 ·q> ¯ <�Ú~>wÔ µCÔ6¸ ° @��2> 4C± 9w@6@�õ <
² °L± ¶ 4 ·q> ¯�°L¯ µb9A@6B£ìH9A·qB ° @pÞ�< 4 ×C<a·l9w@L·lB£9w´D´ Å Ô�â °eË >�¸L> ¯ ·l³6>%²�>�´£´ 4 ´V9 ¯ 9 4 · °w± 9e· ° @�BV<�· Å ¶6BDÈ
²�9w´D´ Å <qB ±�4 ´V9e·q>\Ç ° @�9 ± 9L²J³6BD@C> °wÆ · ¯ 9LÇ;BD·qB ° @C9w´ °w¯ µL9A@CBDì\9e·qB ° @oÔ

® BD@p9A´£´ Å ¹�µw>H@6>�·lB£²�¶ ¯l° µ ¯ 9 ±z± B£@6µóB£@ô² °?° ¶_> ¯ 9e·qB ° @ Ë BD·q³�9�< °AÆ · Ë 9 ¯ >�<qB ±'4 ´V9e· °w¯�°AÆ
¶ ¯ 9w²�·qBV²�9A´£´ Å�Ë ³C9e·l>�¸L> ¯ ×p>H³C9�¸?B °L¯�± B£µw³b·�×_>29A×6´£>i· ° Ç;BV<q² ° ¸w> ¯ B£@6@ ° ¸e9e·lBD¸L>$Ç;>H<qBDµL@C<HÔ�à8³p9e·
BV<$²�´£>H9 ¯ ´ Å Ç6> ±z° @C<a· ¯ 9e·l>HÇ�¹ Æå°L¯ B£@C<a·l9w@C²�>L¹ ° @�·l³6>,9 4 · °w± 9e·lB£²�Ç;>\<aB£µw@ °AÆ 9w@C9A´ ° µ�²�B ¯ ² 4 BD·l<
4 <qBD@Cµ�µw>�@C>�·qBV²�¶ ¯l° µ ¯ 9 ±z± B£@6µ�9w@CÇ�9A@�9A@C9w´ ° µ�²�B ¯ ² 4 BD·2<aB ±'4 ´£9A· °w¯ Ð Ò 	 ÓPÔ

)+* ) .
�H9�;�� 7:9�;�< >+@6< 7CB�14@-DE5

Õn@%²H9w<q> °AÆ ³p9 ¯ Ç Ë 9 ¯ > Ë >�³p9�¸w>$· ° Ç;BV<Y·lBD@Cµ 4 BV<a³á³C9 ¯ Ç Ë 9 ¯ >$B ± ¶6´£> ± >�@b·J9e·qB ° @p< °wÆ µw>H@6>�·lB£²
¶ ¯l° µ ¯ 9 ±�± B£@6µz9A@CÇ%>�¸ ° ´£¸�9w×6´£>�³p9 ¯ Ç Ë 9 ¯ >LÔ

Õn@ °L¯ Ç;> ¯ · ° <a¶_>�>\Ç 4 ¶,·l³6>1>H¸ ° ´ 4 ·lB ° @�¹�¶p9 ¯ 9A´£´D>H´Aµw>H@6>�·lB£²1¶ ¯q° µ ¯ 9 ±z± BD@CµiB ± ¶6´£> ± >�@b·l9AÈ
·qB ° @p<,Úå> ± ¶6´ °eÅ BD@Cµ�³ 4 @pÇ ¯ >\Ç6<i¶ ¯l° ²�>H<l< °L¯ <�´£B 5 >�B£@ Ð Ò 	 Ó�Þ °L¯ ³p9 ¯ Ç Ë 9 ¯ >�B ± ¶6´£> ± >H@L·J9e·lB ° @C<
9 ¯ >¡² ° @p<Y· ¯q4 ²�·q>\Ç�Ô;ë�<$9A@¢>�Ø69 ± ¶C´D> °AÆ ² ° @?¸L>�@b·qB ° @C9w´p³p9 ¯ Ç Ë 9 ¯ >�9A¶6¶ ¯q° 9w²J³�¹ I 9 ¯ ·qB£@áB ± È
¶6´£> ± >�@b·l>HÇ�9z<aB ± ¶6´D>¡¸e9 ¯ BV9A@b· °wÆ ¶p9 ¯ 9A´£´D>H´_µL>�@6>�·qBV²�¶ ¯q° µ ¯ 9 ±z± BD@Cµ'B£@¢9w@ ® Ý�Ü¡ë Ú ® BD>H´£Ç
Ý ¯l° µ ¯ 9 ±z± 9w×6´£>�Ü¡9e·l>�ë ¯q¯ 9 Å Þ Ð ÒHä�Ó Ô�à8³6>z¶ ¯q° µ ¯ 9 ± <H¹ Ë ³6BV²J³ ²H9A@ ×_>z>�¸ ° ´£¸w>HÇ Ç;B ¯ >H²�·q´ Å
B£@ 9A@ ® Ý�Ü¡ë�¹�² ° @C<aBV<a·q>HÇ °AÆ 9 Æ > Ë · Å ¶_>H< °wÆ B£@C<a· ¯l4 ²+·lB ° @C<�9w@CÇ Ë > ¯ >�>H¸�9w´ 4 9e·q>\ÇðBD@��
< ± 9w´D´ $ ¶ ¯q° ²�>\<q< °w¯ < &�² ° @C<a· ¯l4 ²+·l>HÇ�9w@CÇ�Ç;BV<a· ¯ BD× 4 ·q>HÇ�BD@C<qBVÇ;>2·l³6> ® ÝiÜ¡ë�ÔA� > Ë�°L4 ´£Ç�´DB 5 >
· °á± >H@b·qB ° @¢·q³C9A·KI 9 ¯ ·lBD@�õ <29w¶6¶ ¯l° 9w²J³�² °L4 ´VÇ;@�õ ·�×p>�²�´V9w<l<aBDéC>HÇ�9L<$>�¸ ° ´£¸�9w×6´£>�³p9 ¯ Ç Ë 9 ¯ >
×_>H²�9 4 <q>�@ ° ²�B ¯ ² 4 Bk·J< Ë > ¯ >,9L²+· 4 9A´£´ Å >H¸ ° ´D¸L>HÇ�Ô

Õn@'²H9w<q> °AÆ >H¸ ° ´D¸e9A×C´D>�³p9 ¯ Ç Ë 9 ¯ > Ð ß �eÓP¹e²J³ ¯l°w±z° < °w± >\<�9 ¯ >1² ° @C<qB£Ç;> ¯ >\Ç,9w<�²�B ¯ ² 4 BD·�² ° @;È
éCµ 46¯ 9A·qB ° @%×6Bk·J<Y· ¯ >\9 ± < Ë ³6BV²J³¢9 ¯ > 4 <q>HÇá· ° ² ° @;éCµ 46¯ >¡9%Áq»J¿lÂA¼���ºAÌ;ÁqÃLí�Í£»�¿�¾�Áq¿�Ì;¾�½UÔ�F1¸w> ¯lÅ
²�9w@CÇ;BVÇ69e·l>�² ° @6éCµ 46¯ 9e·lB ° @ BV<¡>�¸e9A´ 4 9e·l>HÇ >�BD·q³6> ¯ BD@�9¢²�B ¯ ² 4 Bk·�<qB ±�4 ´V9e· °L¯ ÚåBPÔ >LÔ1»��L½PÁ+¾�¼6Ï+¾~¿
»�ç�ÂAÍ[Ì;½U¾~ÂA¼bÞ °w¯ BD@á9'¶6³ Å <aBV²�9w´C³C9 ¯ Ç Ë 9 ¯ >,ÚåBPÔ >LÔ�¾�¼C½PÁ+¾�¼6Ï+¾~¿,»�çeÂeÍkÌ;½U¾~ÂA¼bÞ+Ô?Õ ·iB£<i² ¯l4 ²�BV9A´C· ° Ç;B£<aÈ
·qB£@6µ 4 B£<q³�·l³6>H<q>�9w¶6¶ ¯l° 9L²J³6>H<HÔ�Õn@�²H9w<q> °AÆ < ° È ²H9A´£´D>\Ç�Ì;¼�¿JÂe¼6Ï+½PÁqÃe¾�¼�»Jæ,»�çeÂeÍ[Ì;½P¾~Âe¼¡Ç;BV<q² ° ¸w> ¯ >\Ç
× Å ë�Ô�à8³ °L± ¶C< ° @ Ð Ò���Ó�Ú~Bk·,BV<�B£@b· ¯ BD@p<aBV²�>H¸ ° ´ 4 ·lB ° @ · °?° Þ+¹_·q³6>�>�¸ ° ´ 4 ·qB ° @ B£< Æå¯ >�>�· ° >�Ø?È
¶6´ ° BD·$¶6³ Å <qBV²�9A´�¶ ¯l° ¶_> ¯ ·qB£>H< °wÆ 9z²J³6BD¶¢9w< Ë >�´£´�9w< ° ·l³6> ¯ >�@?¸?B ¯q° @ ± >�@b·l9w´�²J³p9 ¯ 9w²+·l> ¯ B£<a·qBV²�<
Úå´£B 5 >�·q> ± ¶_> ¯ 9e· 46¯ >�Ç 4C¯ B£@6µ�>�Ø;¶p> ¯ B ± >�@b·JÞ Æå°L¯ × 4 BD´VÇ;B£@6µ�·q³6> ¯ >H< 4 ´D·qB£@6µ�²�B ¯ ² 4 Bk·\Ô��i>\²�9 4 <a>
°AÆ ·l³6> $ <aBVÇ;>,> ��>H²�·l< & °AÆ ·l³6> 4 @p² ° @p<Y· ¯ 9wBD@6>\Ç¢>�¸ ° ´ 4 ·qB ° @�¹6BD·�BV<2¶ ° <l<qBD×6´£>¡· °á° ×;·J9AB£@�· Ë�°
æe¾ ��»�Áq»�¼C½2é6·q@6>\<q<z¸e9w´ 4 >\<�Ú ¯ >�´V9e·l>HÇ�· ° ·q³6> <l9 ± >�² ° @;éCµ 4C¯ 9A·qB ° @pÞ Ë ³6>�@ Æå°w¯l± 9A´£´ Å ·l³6>
<l9 ± >8é6·q@C>H<l<1²�9w´£² 4 ´V9e·qB ° @�¶ ¯l° ²�>H<l<�BV<1²�9 ¯q¯ B£>HÇ °w4 ·�B£@�9,< °wÆ · Ë 9 ¯ >$²�B ¯ ² 4 BD·1<qB ±�4 ´£9A· °L¯ 9A@CÇ
·q³C>�@ðBD@ó9�¶6³ Å <qB£²H9A´ ¯ >\² ° @;éCµ 4C¯ 9w×6´D>�²�B ¯ ² 4 Bk·\Ô�� ° ·l>�·q³C9A·�·l³6>�< °wÆ · Ë 9 ¯ >'<qB ±'4 ´V9e· °w¯ 9A@CÇ



·l³6>¢² ° @C<a· ¯ 9AB£@6>\Ç�>�¸ ° ´ 4 ·qB ° @ B£@É³p9 ¯ Ç Ë 9 ¯ >%9A´ Ë 9 Å < Å B£>�´VÇ�·q³C>�<l9 ± >áé6·q@6>\<q<�¸e9A´ 4 > Æå°w¯
·l³6>�<q9 ± >�² ° @6éCµ 46¯ 9e·lB ° @�Ô�ë2´D·q³ °L4 µw³ 4 @C² ° @C<Y· ¯ 9wBD@C>HÇ >�¸ ° ´ 4 ·qB ° @ó²�9 4 <a>\<,9�@ 4C± ×_> ¯�°wÆ
¶ ¯l° ×C´D> ± <8B£@¢¶ ¯ 9L²+·lB£²�>w¹;BD·2B£<29�· °b° ´�³ °eË · ° Ç;BV<q² ° ¸w> ¯8¯ >H9w´D´ Å BD@C@ ° ¸e9e·qB£¸w>,²�B ¯ ² 4 BD·l< Ð Ò��eÓPÔ

I�B£´D´£> ¯ õ <�Û8Ü¡ÝñBV<8¶ ¯l° ×C9w×6´ Å�° @6> °AÆ ·q³C> ±z° <Y·2Ç;>H¸w>�´ ° ¶_>HÇ ±z° Ç;>�´V< °AÆ�® ÝiÜ¡ë$È ×C9w<q>HÇ
µL>�@6>�·qBV²�¶ ¯q° µ ¯ 9 ±z± BD@6µ Ð Ò\ß\Ó Ô;Õn@ Û8Ü¡Ý 9 ¯ >H² ° @;épµ 46¯ 9A×6´£>�²�B ¯ ² 4 Bk·2BV< ±z° Ç6>�´£>HÇ�9w<$9w@¢9 ¯ È
¯ 9 Åz°AÆ���� Ú~² ° ´ 4C± @p<lÞ�� ��� Ú ¯q°eË <JÞ�¶ ¯q° µ ¯ 9 ±z± 9A×6´£>�@ ° Ç;>\<,Ú~<q>�> ® BDµpÔ�Ò\Þ�Ô6à8³6>¡@ 4C± ×_> ¯
°wÆ ²�B ¯ ² 4 BD·�B£@6¶ 4 ·J< ��� 9A@pÇ °L4 ·q¶ 4 ·l< ��	 9 ¯ >ié6Ø;>\Ç�ÔLëô@ ° Ç;>Lõ <�BD@6¶ 4 ·�²�9w@�×_>�² ° @6@6>\²+·l>HÇ�· °
·l³6> °w4 ·q¶ 4 · °AÆ < °w± >$>�´£> ± >�@b·1B£@�·l³6>2¶ ¯ >�¸?B °w4 <�² ° ´ 46± @C< °L¯ · ° < °L± > °wÆ ²�B ¯ ² 4 Bk·�BD@6¶ 4 ·l<HÔ
ë @ ° Ç;>,³p9w< 4 ¶¢· °
��� B£@6¶ 4 ·J<�9w@CÇ�9�<qB£@6µw´£> °w4 ·l¶ 4 ·\Ô�F�¸L> ¯lÅ @ ° Ç;>,BV<$¶ ¯l° µ ¯ 9 ±z± >HÇ�· °
B ± ¶6´D> ± >�@b· ° @6> °AÆ���
�Æå4 @C²�·qB ° @C<�Ç;>�éC@6>HÇ BD@ <q>�·��zÔ ® B£@C9A´£´ Å ¹_²�B ¯ ² 4 Bk·�BD@b·q> ¯ ² ° @6@C>H²+·lBD¸bÈ
BD· Å BV<2Ç;>�éC@6>\Ç�× Å ÍD»�ç�»�ÍNÏ�íJÃL¿��,ÀCÃeÁqÃAÄz»�½ »�Á��2¹ Ë ³6B£²J³ Ç6>�·q> ¯q± B£@6>H<�³ °eË ± 9w@ Å ¶ ¯ >�¸?B °w4 <
² ° ´ 46± @C< °wÆ @ ° Ç;>H< ± 9 Å ³p9�¸w>z·q³C>�B ¯�°L4 ·q¶ 4 ·l<z² ° @6@6>H²�·q>\Çð· ° 9 @ ° Ç;>áB£@�·l³6>¢² 46¯l¯ >H@L·
² ° ´ 46± @�Ô ®C°w¯ >�Ø69 ± ¶6´£>w¹�B Æ ����ÒL¹ ° @6´ Å @6>HBDµL³b× °w¯ B£@6µ ² ° ´ 4C± @p< ± 9 Å ×p>�² ° @6@6>\²+·q>\Ç(N
B Æ ��� � � ¹�·q³6> Æå4 ´£´�² ° @6@C>H²+·lBD¸?BD· Å BV<,>�@p9A×6´£>HÇ�Ô � ° Ç;>H<�BD@ð·q³C>á<q9 ± >�² ° ´ 46± @�9 ¯ >z@ ° ·
9w´D´ °eË >\Ç�· ° ×_>z² ° @6@C>H²+·l>HÇ · ° >H9w²J³ ° ·l³6> ¯ ¹�9A@CÇ 9A@ Å @ ° Ç;> ± 9 Å ×_>z>�BD·q³6> ¯ ² ° @C@6>H²�·q>HÇ
°L¯ Ç;BV<q² ° @6@C>H²+·l>HÇ�Ô;Û�B ¯ ² 4 Bk· °w4 ·l¶ 4 ·l<i²�9w@�×p>�·l9 5 >�@ Æå¯l°w± 9w@ Å @ ° Ç;> °L4 ·q¶ 4 ·HÔ;ëÖ² ° @;épµ 4 È
¯ 9e·lB ° @ °AÆ >�¸L> ¯lÅ @ ° Ç;>�BV< ¯ >�¶ ¯ >H<q>�@b·q>\ÇzBD@%9'²J³ ¯l°w±z° < °w± > 4 <qB£@6µ � ��� Ò�BD@b·q>Hµw> ¯ ¸e9A´ 4 >H<H¹
Ë ³6BV²J³�Ç;>�ép@6>�² ° @6@6>H²�·qB ° @ °AÆ @ ° Ç;>wõ <,B£@6¶ 4 ·J<�¹�9A@CÇó9 Æå4 @C²�·qB ° @ ¯ >H9w´DB£ì�>\Ç B£@ð·q³6>�@ ° Ç6>wÔ
�!³6B£´£>�²J³ ¯q°L±z° < °w± >H<i9 ¯ > °AÆ éCØ?>\Ç¢´D>H@6µA·l³�¹6¶6³6>H@ ° · Å ¶_>H<$9 ¯ > °AÆ ¸e9 ¯ B£9w×6´D>¡´£>�@6µw·q³�Ô

®6¯l°w± 9 ·q³C> °w¯ >�·lB£²H9A´8² °L± ¶ 4 ·q> ¯ <l²�B£>�@p²�>á¸?B£> Ë ¶ ° B£@b·H¹ � °b° ´D>\9A@É²�B ¯ ² 4 Bk·J< ¯ >�¶ ¯ >\<a>H@L·
9 ±z° Ç;>H´ °wÆ ² °L± ¶ 4 ·l9A·qB ° @�· °?° Ô �!³6B£´£>�à 46¯ BD@6µ ± 9L²J³6B£@6>�9w@CÇ J2ëKI 9 ¯ >�>�Ø69 ± ¶C´D>\< °wÆ
4 @CB Æå°L¯q± 9w@CÇ BD@;ép@6Bk·l>�² °L± ¶ 4 ·q> ¯�±z° Ç;>H´£<�Ú~BD@�<q>�@C<q>�·q³C9A·¡>\9w²J³ ¶C9 ¯ ·qBV² 4 ´V9 ¯ ² °w± ¶ 4 ·l> ¯
²H9A@�¶ ¯l° ²�>H<l<8BD@C¶ 4 ·l< °AÆ 9A@�9 ¯ ×6BD· ¯ 9 ¯lÅ <qBDìH>\Þ�¹C9'<qBD@Cµw´£> � °?° ´D>\9A@�²�B ¯ ² 4 Bk·�² °w± ¶ 4 ·q>H< ° @6´ Å
9�<qB£@6µw´£> � °?° ´£>H9w@ Æå4 @C²+·lB ° @�Ô�Õn@ °w¯ Ç;> ¯ · °%± 9 5 >�9 4 @6B£¸w> ¯ <l9A´�² °L± ¶ 4 ·q> ¯�±z° Ç;>�´ °AÆ ·l³6>
<l9 ± >ð¶ °eË > ¯ 9w<¢à 4C¯ B£@6µ ± 9L²J³6B£@6>H< °w4 · °wÆ � °?° ´£>H9A@*²�B ¯ ² 4 Bk·J<�¹ 4 @CB Æå°L¯q± ´ Å Ç;>H<qBDµL@6>HÇ
Æ 9 ± B£´£BD>\< °AÆ � °?° ´D>\9A@%²�B ¯ ² 4 Bk·J<$³C9�¸w>�· ° ×_>�² ° @C<aBVÇ;> ¯ >\Ç ÐML Ó Ô
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1
2 3 4

0

1
2 3 4

0

1
2 3 4

and and not notand

010 xxx xxx 2 010 221 331 4configurations: xxx xxx 010 4

����� ���?� ]�`LWY^l^ �wZ[�6^qWY^JTeMð{L`b^JTLQHMPOw{;^Jm���ZNMY` Zk�L^JTeMYZ[G+F�Kz|;^J`?F+jAZ[QHW+����F�WaFHX,^lMY^qWYm Q�R�x! "���
#%$!&('*)+#-,.& v )/#-01& t )/#%23& v )+#-4�& t )5#768& t )/9:&:; F�T?�6dbTLQHM�<e�

)+*�= .03 1 ;?> 9%@ >+@-<A7CB�1 @6DE5
A ¶�· ° @ °eË Ë > ± >�@b·lB ° @6>HÇz¸e9 ¯ B °w4 < ±z° Ç;>H´£< °AÆ ² °L± ¶ 4 ·l9A·qB ° @C9w´C¶ ¯l° ²�>\<q<�B£@z·q³CB£<�¶C9A¶_> ¯ Ô
à8³6>\<a> ±z° Ç;>H´£<�9 ¯ > Æå°L¯q± 9A´£´ Å Ç;>�éC@6>HÇ�B£@ ± 9A@ Å ·q>�Ø?·q× °b°L5 <�¹L>wÔ µCÔ ÐML Ó ÔLÜ�>�@6>�·qBV²$¶ ¯l° µ ¯ 9 ± È
± B£@6µ Ë 9L<z> ± ¶6´ °eÅ >HÇñB£@ °L¯ Ç;> ¯ · ° Ç;>\<aB£µw@ô² °L± ¶ 4 ·l9A·qB ° @C9w´ ± 9L²J³6B£@6>H<z×C9L<a>\Ç ° @É·l³6>
Ç;BV<l² 4 <l<a>\Ç ±z° Ç;>H´£<HÔ 3 >�· 4 <8· ¯lÅ · °zÆå°w¯l± 9w´DB£ì�>�·q³CB£< Ë >�´£´DÈ 5 @ °eË @¢² ° @p²�>�¶6·HÔ

ë2@ Å >H¸ ° ´ 4 ·lB ° @C9 ¯lÅ 9A´£µ °L¯ BD·q³ ±CB ÚU9A@CÇ ·q³ 4 <¡µL>�@6>�·qBV²�¶ ¯q° µ ¯ 9 ±z± BD@6µá· °?° Þ�²H9A@ ×_>
² ° @C<qB£Ç6> ¯ >HÇ¡9w<�9$<a· ° ²J³C9L<Y·lB£²�¶ ° ¶ 4 ´V9e·qB ° @6ÈP×C9L<a>\Ç�<q>H9 ¯ ²J³,9w´Dµ °w¯ Bk·l³ ± Ô ®6°L¯ BD@p<Y·J9A@C²�>w¹\= 46¯q¯lÅ



Æå°w¯l± 9A´£´ Å Ç;>�éC@C>H<�9�<a· ° ²J³C9L<Y·lB£²�<q>H9 ¯ ²J³ñ9w´Dµ °w¯ Bk·l³ ± 9L< ¯ >\² 46¯ <qBD¸L> Æå4 @p²+·qB ° @�� Ë ³6BV²J³�¹
Ë ³6>H@�µwB£¸w>�@�9 <q>HÊ 4 >H@C²�> °wÆ ¶ ° BD@b·l< Æå¯q°L± ·l³6> ¯ >�¶ ¯ >H<q>�@b·l9A·qB ° @ó<a¶p9w²�>�9w@CÇð·q³C>á² °L¯q¯ >�È
<q¶ ° @CÇ;B£@6µ <q>HÊ 4 >�@p²�> °AÆ é6·l@6>H<l< Æå4 @C²+·lB ° @�¸�9w´ 4 >H< Æå°L¯ ·q³ ° <q>�¶ ° BD@b·J<�¹�µL>�@6> ¯ 9A·q>\<�9�@6> Ë
¶ ° B£@L·�B£@ó·q³C> ¯ >H¶ ¯ >\<a>H@b·l9e·lB ° @ <q¶C9w²�> Ð Ò L ÓPÔgà8³6>�Ç;>�ép@6Bk·lB ° @ 9w<l< 4C± >\<�·q³6>�>�Ø;B£<a·q>H@C²�> °AÆ
µw>H@ ° · Å ¶_>�È ¶6³6>H@ ° · Å ¶_> ± 9A¶6¶CBD@6µ�Ú~< °w± >�·lB ± >\< ¯ > Æ > ¯q¯ >HÇ�· ° 9L<g9�ºAÁqÂ ��½�Î � Ì;¼�¿�½P¾~Âe¼?Þ Ë ³CB£²J³
BV<$B ± ¶ °w¯ ·l9w@L· Æå¯l°w± Ú °w46¯ Þ ± 9w²J³6B£@6>,Ç;>\<aB£µw@¢¸?BD> Ë ¶ ° BD@b·HÔ

Û�´V9w<l<aBV²�9w´C>�¸ ° ´ 4 ·qB ° @p9 ¯lÅ 9w´Dµ °w¯ Bk·l³ ± < 4 ·lBD´£B£ì�>�é6·q@6>\<q< Æå4 @p²+·qB ° @ °AÆ ·l³6> Æå°w¯l±�� �����
� Ë ³6> ¯ >	�ÉÇ;>�@ ° ·q>\<�9¢<q>�· °AÆ ²J³ ¯l°w±z° < °w± >\<'Ú ¯ >�¶ ¯ >\<a>H@L·J9e·lB ° @ <a¶C9L²�>�Þ+ÔoÛ ° @C²�>�¶;· 4 9A´£´ Å ¹
²J³ ¯l°w±z° < °w± >\<�9 ¯ >�@ ° ·�>�¸e9w´ 4 9A·q>\Ç�Ôiò�@6´ ÅÉ± 9w²J³CBD@6>\< Ú ±z°L¯ >�¶ ¯ >H²�B£<q>�´ Å ¹1×p>H³C9�¸?B °L¯ < °AÆ
·q³C>H<q> ± 9L²J³6BD@C>H<JÞ19 ¯ >¡9A@CÇ¢²�9w@á×_>¡>�¸e9A´ 4 9e·l>HÇ�Ô;â�>�@C²�>�BD·$B£< ¯ >H9L< ° @C9A×C´D>�· ° Ç;>�éC@C>¡9�<q>�·
°AÆ�± 9w²J³6B£@6>\<�
 Ë ³6BV²J³�²�9A@�×_>2² ° @p<Y· ¯q4 ²�·q>\Ç Æå¯l°w± ²J³ ¯q°L±�° < °L± >H< Æå°w¯ 9�µwB£¸w>H@�¶ ¯q° ×6´D> ±
Ç °L± 9wBD@ 4 <aB£@6µ ºwÁqÂ���½åÎ � Ì;¼�¿�½P¾~Âe¼�� �
����
 ÔoÕ ·'B£<�< 4 ¶6¶ ° <a>\Ç ·q³C9A·�� BV<'< 46¯�� >\²+·lBD¸L>wÔ
à8³6> ± 9L²J³6BD@C>H<29 ¯ >¡·l³6>�@�>H¸�9w´ 4 9e·q>\Ç 4 <qBD@6µ $q± 9w²J³6B£@6>'&�éC·q@6>\<q< Æå4 @C²+·lB ° @�� ��
 � � Ô
® BD@p9A´£´ Å ¹ � BV<8>�Ø;¶ ¯ >H<l<q>HÇ¢9w<$² °L± ¶ ° <aBD·qB ° @ � �������_Ô

Õn@ °L¯ Ç;> ¯ · ° BD´£´ 4 <Y· ¯ 9A·q>$·l³6>�¶ ¯q° ¶ ° <a>\Ç Æå°w¯l± 9w´p9w¶6¶ ¯l° 9w²J³o¹w9w<l< 4C± >2·q³C9A·i9�Ç;>�éC@6BD·qB ° @
°AÆ ²�>H´D´ 4 ´V9 ¯ 9 4 · °L± 9A· ° @�� ² ° @C<qB£<a·l< °wÆ�Æå°L46¯ ² °L± ¶ ° @C>�@b·l<�� ��Ú����! "�$#% "�$&% "'¡Þ�¹ Ë ³6> ¯ >
' �)(\ä* �Ò�+ � Ç;>H@ ° ·l>H<�²�>�´£´ 4 ´V9 ¯ 9 4 · °L± 9e· ° @ ¯l4 ´£>H<�>H@C² ° Ç;>\Ç�9L< � ÈP×6BD·1<a· ¯ BD@6µpÔAà8³6>�@�9¡<q>�·
°AÆ 9A´£´ ± 9w²J³CBD@6>\<2·l³C9e·,²�9w@ ×_>�>H¸ ° ´£¸w>\Ç�² °L¯q¯ >H<q¶ ° @CÇ6<2· ° 9%ß � È >�´£> ± >�@b·,<a>�· °wÆ ²�>H´D´ 4 ´V9 ¯
9 4 · °w± 9A·l9 °AÆ ·q³6> Æå°L¯q±


 �,(bÚ�� �  "� #  "� &  "'¡Þ.-/� � �10 �  2� # �30 #  "� & �10 & +
Ë ³6> ¯ >40 �  "0 # ¹$9w@CÇ�0 & 9 ¯ > B£@b¸e9 ¯ BV9A×6´£> ° × � >H²�·l<HÔ2Ü�>�@ ° · Å ¶_>�È ¶6³6>H@ ° · Å ¶_> ± 9A¶C¶6BD@CµñBV<
² ° @C<a· ¯l4 ²+·l>HÇ¢9w</�	�5(�ä6 HÒ%+ � �7
 Ô_Û�>�´£´ 4 ´£9 ¯ 9 4 · °w± 9e·J9�9 ¯ >�·l³6>�@�>�¸e9w´ 4 9A·q>\Ç 4 <qB£@6µ8��Ô

ë�²H² °L¯ Ç;B£@6µ,· ° ·l³6>�¶ ¯ >H¸bB °w4 <19A@p9A´ Å <qBV<�¹ Ë >�²H9A@á< 46±z± 9 ¯ BDìH>$·q³p9e·$9A@ Å >H¸ ° ´ 4 ·lB ° @C9 ¯lÅ
Ç;>\<aB£µw@ °AÆ ² °L± ¶ 4 ·l9A·qB ° @C9w´ ± 9L²J³6B£@6>H<8BV< Æå4 ´£´ Å Ç;>�éC@C>HÇ¢BD@¢·l> ¯l± <'�
B:9 >�¸ ° ´ 4 ·qB ° @C9 ¯qÅ 9w´Dµ °w¯ Bk·l³ ± > ± ¶6´ °eÅ >\Ç Ú Ë Bk·l³%éC·q@6>\<q< Æå4 @C²+·lB ° @ � �;�<� � Þ N

 9 9z<q>�· °wÆ ¶ ° <l<aB£×6´£> ± 9L²J³6BD@C>H< Ë ³6BV²J³�²�9A@¢×_>�² ¯ >H9e·l>HÇ(N
� 9 9z< 4C¯�� >\²+·qB£¸w>¡µ ¯q°eË ·l³ Æå4 @C²�·qB ° @ °AÆ ·q³C> Æå°w¯l± �	�;�=�7
 N
� 9 9 $q± 9L²J³6B£@6>'&'é6·q@C>H<l< Æå4 @C²�·qB ° @ °AÆ ·q³6> Æå°L¯q± � ��
>� � N
� �3�����

�ð>�²�9w@�<a>H>$·q³C9A· ° @C´ Å�Æå°w46¯�± 9e·q³C> ± 9e·lB£²H9A´p² °w± ¶ ° @6>H@L·J<2Ú B  2
7 ?�@ "��Þ�9 ¯ >$@6>�>\Ç;>HÇ
B£@ ·q³C>¢Ç;>�éC@6BD·qB ° @�Ô � ° ·q>%·q³p9e·A� B£<z9 ¶ ¯q° ×6´D> ± <a¶_>H²�Bkép² Æå4 @C²�·qB ° @�¹B��²�9w@É² ° ¸L> ¯ 9A@ Å
· Å ¶p> °wÆ ² ° @C<a· ¯l4 ²+·lB ° @C9A´�¶ ¯l° ²�>H<l<�Úå>wÔ µCÔ�< 4 ²J³ó9w<¡9¢Ç;>�¸L>�´ ° ¶ ± >�@b· °AÆ ¶6³6>�@ ° · Å ¶p>\< Æå¯q°L±
µw>H@ ° · Å ¶_>H<8Ç;>\<q² ¯ B£×p>\Ç%9w@CÇ�B ± ¶6´£> ± >�@b·q>\Ç¢BD@6BD·qBV9A´£´ Å BD@�C�9 Ë$5 B£@C<Hõ <i×6B °w±z°L¯ ¶6³p< Ð ã\ÓåÞi9A@CÇ

 B£<�Ç6>�éC@6>\ÇðB ± ¶6´£B£²�Bk·l´ Åð°w¯ >�Ø;¶6´DBV²�BD·q´ Å ×_> Æå°L¯ >�·l³6>�>�¸ ° ´ 4 ·qB ° @ðBV<¡>�Ø;>H² 4 ·q>\Ç�Ô 3�°?°L5 B£@6µ
¸?B£9�·l³6>,¶ ¯l° ¶ ° <q>HÇáÇ6>�éC@6BD·qB ° @�9w´D´�>�¸ ° ´£¸e9A×6´£> ± 9L²J³6B£@6>H< ° ¶_> ¯ 9e·l>¡BD@%·q³6>zÏ�ÃAÄz»:�1Ã;DeÔ��ð>
² °L4 ´VÇó¶p> ¯ ³C9w¶C<�<l9 Å ·l³C9e·�·l³6> Å 9 ¯ > Ú~B£< ° Þ ±�°L¯ ¶C³6B£²z>\9w²J³ ° ·l³6> ¯ BD@É< °w± >�<q>�@C<q>wÔ�= °w± >
° ·l³6> ¯ ¶ ¯q° ¶p> ¯ ·lBD>\<8³C9�¸w>�×p>H>�@�B£@b¸L>H<a·qB£µL9A·q>HÇ%B£@ Ð Ò'�eÓPÔ

)+*FE G	< @-9�52@-14D 143 5 � < 9�B BH;�1 96H �H< /
�!³6>H@¢< °AÆ · Ë 9 ¯ >w¹L³C9 ¯ Ç Ë 9 ¯ >29A@CÇ�·q³6> °w¯ >�·qBV²�9w´p¸?B£> Ë <�Ú�· ° µw>�·q³6> ¯�Ë BD·q³ 4 @CÇ;> ¯ ´ Å BD@Cµ ±z° Ç?È
>�´V<JÞ�9 ¯ > Æå°L¯q±�4 ´V9e·q>\Ç�¹ Ë >8²H9A@�BD@?¸L>H<a·qB£µL9e·l>1·l³6>�B ¯�¯ >�´V9e·lB ° @C<�9A@CÇ ±'4 · 4 9w´?· ¯ 9A@C<q´£9A·l9w×6BD´£BD· Å Ô
â °eË >�¸L> ¯ ¹CB Æ1Ë >�9w²H²�>H¶;·�·l³6>�¶ ¯q° ¶ ° <a>\Ç�Ç;>�ép@6Bk·lB ° @ 9L<�9%µw>H@6> ¯ 9A´g¶C9 ¯ 9wÇ;B£µ ± ¹ Ë >�² °w4 ´£Ç
>H9L<aB£´ Å µw>�·8B£@b· ° · ¯q°L4 ×6´£>H<HÔ



à8³6> °w¯ >�·qBV²�9w´D´ Å ¹ 
 BV<2B£@;éC@6BD·q>�× 4 ·�>H@ 46± > ¯ 9A×6´£>�<a>�·HÔ_Ý ¯ 9w²+·lB£²H9A´£´ Å ¹6
 BV<�9w´ Ë 9 Å <ié6È
@6BD·q>¡×_>H²H9 4 <q> °wÆ éC@6BD·q> ¯ >H< °w46¯ ²�>\< °wÆ 9A@ Å B ± ¶C´D> ± >H@b·l9A×C´D> 4 @6B£¸w> ¯ <l9A´�² °L± ¶ 4 ·q> ¯8°w¯ 9A@ Å
>H´D>\²+· ¯l° @CB£²z²�B ¯ ² 4 BD·HÔ�Õ Æ8Ë >z9L²�²�>�¶;·,·l³C9e·	
 B£<,9¢ép@6Bk·l>�<a>�·,·q³6>H@�< °wÆ · Ë 9 ¯ >�B ± ¶6´£> ± >H@;È
·J9e·qB ° @p<�²H9A@ó9A´ Ë 9 Å <�² °L¯q¯ >H<q¶ ° @CÇ�· ° ·l³6>z¶ ¯l° ¶ ° <q>HÇ Æå°L¯q± 9w´ ±z° Ç;>H´UÔ ®C46¯ ·l³6> ¯l±z°w¯ >w¹�9A´£´
I 9 ¯ ·lBD@oõ <$<a· Å ´D>,³C9 ¯ Ç Ë 9 ¯ >�B ± ¶6´£> ± >H@L·J9e·lB ° @C< °AÆ µw>H@6>�·lB£²¡¶ ¯l° µ ¯ 9 ±z± B£@6µz9A´ Ë 9 Å <8² °L¯q¯ >�È
<q¶ ° @CÇ Ë Bk·l³%·l³6>,¶ ¯l° ¶ ° <q>HÇ Æå°w¯l± 9A´ ±z° Ç;>�´�· °?° Ô

â °eË >�¸L> ¯ BD·'BV<�¼_ÂA½1²�9L<a> °wÆ >H¸ ° ´D¸e9A×C´D>�³C9 ¯ Ç Ë 9 ¯ >LÔ�à8³C> ¯ >�B£<'@ ° ·�9w@ Å ¶ ¯l° ×6´£> ± BD@
·l³6> ² ° @C<Y· ¯ 9wBD@C>HÇñ>�¸ ° ´ 4 ·qB ° @+��·l³6> @ 46± ×_> ¯á°AÆ ¶ ° <q<qBD×C´D>�Ç;BV<Y·lBD@Cµ 4 BV<a³p9A×6´£>�¶6³6>H@ ° · Å ¶_>H<
ÚU²�B ¯ ² 4 Bk·J<lÞ�BV<8µwB£¸w>H@á× Å ·q³6>,@ 46± ×p> ¯8°AÆ ¶ ° <l<qBD×6´£>,Ç;B��_> ¯ >H@L·2²�B ¯ ² 4 BD·$² ° @6éCµ 46¯ 9e·lB ° @C<HÔ ®C°w¯
B£@C<a·l9A@p²�>w¹ Ë >,Ç;> ¯ B£¸w>HÇ 4 <qBD@Cµz9�<qB ± ¶C´D>,² °L± ×6B£@C9A· °w¯ BV9A´�9A@C9w´ Å <qB£<�·l³C9e·�Û8Ü¡Ýô>H@C9A×6´£>H<

� � � ���+���
 Ú � �1� ��� ��� Þ ��� Ú � � � � ��� Þ ��� ���	� ����

�����
��
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����� Ú � � ��� ��� Þ �������

Ç;B���> ¯ >�@b·¡² ° @;épµ 46¯ 9e·lB ° @C<�9w@CÇ < ° ²�B ¯ ² 4 Bk·J<�· ° > ± > ¯ µw>L¹pBPÔ >wÔ�- 
 - � � Ô�� ° ·q>�·q³C9A·�·l³6>
²�B ¯ ² 4 BD·l<H¹ Ë ³6B£²J³ ¶p> ¯aÆå°L¯q± ·l³6>�<l9 ± >�´ ° µwBV²�9A´g×p>H³C9�¸?B °L¯ ¹_9 ¯ >�· ¯ >\9e·q>\Ç 9w<�Ç;B��_> ¯ >H@b·�¶6³C>�È
@ ° · Å ¶p>\<�×p>\²�9 4 <a> ·q³6> Å 9 ¯ >�@ ° ·á¶6´V9w²�>\ÇôBD@!¶C³ Å <qB£²H9A´£´ Å B£Ç6>�@b·qBV²�9w´2@ ° Ç;>H<%9w<�<q>�>H@ôBD@
® B£µCÔ_ÒwÔ

ë2´D·q³ °w4 µL³�·q³C> 4 @p² ° @p<Y· ¯ 9wBD@6>\Ç!9A¶6¶ ¯q° 9w²J³�< 4 ¶6¶ °w¯ ·l< � ² ° @6éCµ 46¯ 9e·lB ° @C<z· °b° ¹1·l³6>
@ 46± ×p> ¯�°wÆ Ç;B ��> ¯ >�@b·¡²�B ¯ ² 4 Bk·�×p>H³C9�¸?B °L¯ < Ë ³6BV²J³ ²�9w@ 9A¶6¶_>H9 ¯ BV< ��� ¹_× 4 · ��� BV<�µ ¯ >H9A·q> ¯
·l³C9A@ � Ô�Õ ·zB£<�Ç 4 > $ 9w@C9A´ ° µA&%@p9e· 4C¯ > °AÆ ·q³C>%>H¸ ° ´£¸w>\Ç�²�B ¯ ² 4 BD·l<'9w@CÇ ¸e9 ¯ B °w4 <�<aBVÇ;>%> Æ È
Æ >\²+·l<¡Ú~´DB 5 >�¸e9 ¯ B£9w×6BD´£BD· Å�°wÆg± 9e·l> ¯ B£9w´_²J³p9 ¯ 9w²+·l> ¯ B£<a·qBV²�< °AÆ�$ ·q³6>¡<l9 ± >'&�²J³6BD¶p< °L¯ ²J³p9A@6µLBD@6µ
·l> ± ¶p> ¯ 9A· 46¯ >�Ç 46¯ B£@6µ%>�¸ ° ´ 4 ·qB ° @pÞ�Ô_â�>�@C²�>'BD·�BV<�¶ ¯ 9L²+·qBV²�9w´D´ Å B ± ¶ ° <l<aB£×6´£>�· ° <q¶p>\²�B ÆåÅ 

B£@�·q³6BV<�²�9w<q>wÔpâ Å ¶ ° ·q³6>�·qBV²�9w´D´ Å ¹pB Æ�° @6> Ëi°w4 ´VÇ¢´DB 5 >,· ° <q¶p>\²�B ÆåÅ 
 ¹�Ú~<JÞn³6>'³C9w<2· ° ² ¯ >\9e·q>
9%Ç;>�·J9AB£´D>\Ç ±z° Ç;>�´ Æå°L¯ 9%µwB£¸w>H@ ¶6B£>H²�> °AÆ <aB£´DBV² ° @ñÚU²J³6BD¶_Þ+¹_· ° >�Ø;¶6´ °w¯ >�9w´D´�¶ ° <l<aB£×6´£>�² ° @;È
éCµ 46¯ 9e·qB ° @p<�9A@pÇ�· ° ·l9 5 >'B£@ 9L²�² °w4 @b·�9w´D´ Ëi°w¯l5 B£@6µá² ° @CÇ6Bk·lB ° @C<�ÚU< ° È ²H9A´£´D>\ÇÉÂlÀC»�ÁqÃe½P¾~Âe¼�ÃeÍ
»�¼Cçe»�Í£ÂlÀC»$B£@ Ð Ò Ñ Ó�Þ�Ô

à8³6BV<�¶ ¯q° ×6´£> ± ²�9w@ 9A´V< ° ×p>zB£@b·q> ¯ ¶ ¯ >�·l>HÇ�B£@ ·l³6> Æå° ´D´ °eË B£@6µ Ë 9 Å � �óBV<�@ ° ·,9 Æå4 @C²�È
·lB ° @�¹�× 4 ·	�ðB£<¡9 ¯ >H´£9A·qB ° @�Ô�â2>H@C²�>�· Ëi° Ú °w¯�±�°L¯ >�Þ2Ç;B���> ¯ >�@b·¡é6·q@6>\<q<�¸e9A´ 4 >\< ± B£µw³b·�×_>
9L<q<qBDµL@6>HÇ'· ° 9,<qB£@6µw´£> ± 9w²J³6B£@6>$B£@�·l³6> Æå°L¯q± 9A´£´ Å <q9 ± >8é6·q@6>\<q<1²�9A´V² 4 ´£9A·qB ° @z¶ ¯l° ²�>H<l<$Ú~<q>�>
® B£µCÔ�ßLÛ/C¡Þ+Ô�à8³6>z<aBD· 4 9e·qB ° @ · ¯ 9wÇ;BD·qB ° @p9A´£´ Å ´£>H9wÇC<�B£@ ·l³6> °L¯ >�·qBV²�9w´�² °w± ¶ 4 ·l> ¯ <q²�BD>H@C²�>�· °
Ç;>�éC@6BD·qB ° @ °AÆ ¼_Âe¼pèaæw»�½ »�Á+Ä�¾�¼C¾VÏ+½U¾~¿i¸e9 ¯ BV9A@b· °AÆ ·l³6>,² °L± ¶ 4 ·l9A·qB ° @C9w´ ±z° Ç;>H´UÔ;Õn@ °w46¯ ²H9w<q>w¹
Ë >,²�9A@�<q¶p>\9 5 9w× °L4 ·�¼_ÂA¼Cèaæw»�½n»�Á+Ä�¾�¼C¾VÏ+½P¾~¿�»�ç�ÂAÍ[çeÃwí�ÍD»�ÄzÃL¿lÎ;¾�¼_»�Ï+Ô

Õn@�¶ ¯ 9L²+·lB£²H9A´?Ç;>H<qBDµL@C< °AÆ >H¸ ° ´D¸e9A×C´D>�³C9 ¯ Ç Ë 9 ¯ >w¹�µ ¯q°eË ·l³ Æå4 @C²�·qB ° @ �,³C9w<�9A´ Ë 9 Å <o×p>H>�@
9�×CB � >\²+·qB ° @oÔ�à8³CB£< ± >\9A@C<'·q³p9e·�9 <aB£@6µw´£>%² ° @;épµ 46¯ 9e·lB ° @ð×CBk·J<Y· ¯ >\9 ± >�@C² ° Ç6>H<�9�<aB£@6µL´D>
¶6³ Å <qB£²H9A´�²�B ¯ ² 4 Bk·\ÔgÕn@ ²�9w<q> °wÆ < °wÆ · Ë 9 ¯ >L¹ ¯ >HÇ 4 @pÇ69A@C² Å °wÆ >�@C² ° Ç;BD@Cµ BV<�< °w± >�·lB ± >\<'B£@;È
· ¯q° Ç 4 ²�>HÇô9w<á<a³ °eË @ôB£@ ® BDµpÔ�ß � C�Ô1Õ · Å BD>H´£ÇC<�µw>H@ ° · Å ¶_>�¼_»�Ì;½UÁlÃeÍ[¾�½ DeÔ � ° ·q>�·l³C9e·�·l³6>
± 9A¶C¶6BD@CµL<8B£@ ® B£µCÔCßwë >�Ø69w²�·q´ Å ² °L¯q¯ >H<q¶ ° @CÇ Ë BD·q³¢·l³6>�²�B ¯ ² 4 BD·l<$Ç;>H¶6B£²�·q>\Ç%B£@ ® BDµpÔ�ÒwÔ

� ��
1©�� 
 ���K�#� ����¬���­q¦��!�

F1¸ ° ´£¸e9A×6´£> ± 9w²J³6B£@6>\< ° ¶_> ¯ 9e·lBD@6µ�B£@Ö9 Ç Å @p9 ± B£² >�@?¸?B ¯l° @ ± >H@L· Ú~>wÔ µCÔ Ë Bk·l³Ö9 ²J³C9w@6µAÈ
B£@6µzé6·l@6>H<l< Æå4 @C²�·qB ° @�B£@ <q²J³C>HÇ 4 ´£B£@6µz·l9L< 5 < Ð ß�Ó °L¯ BD@ Ç Å @p9 ± B£²¡³p9w<q³6BD@Cµ Ð 
eÓåÞ8B£@b· ¯l° Ç 4 ²�>
B£@É> ± ×_>HÇ6Ç;>\Çñ< Å <Y·l> ± <�·q³6> Æå° ´£´ °eË BD@6µó<qBk· 4 9e·lB ° @+��Ý ¯l° ×6´£> ± ¯ >�¶ ¯ >H<q>�@b·l9A·qB ° @ 9w@CÇÉµL>�È
@6>�·qBV² ° ¶_> ¯ 9e· °w¯ <�ÚU9A@CÇ�9 ¯ ²J³6BD·q>\²+· 46¯ > °wÆ 9 ¯ >H² ° @;éCµ 46¯ 9w×6´£>�²�B ¯ ² 4 BD·2B£@�²H9w<q> °AÆ >�¸ ° ´D¸e9w×6´D>
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M RC
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bijection    deterministic

bijection   non−deterministic

redundancy    deterministic

redundancy   non−deterministic
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³C9 ¯ Ç Ë 9 ¯ >\Þ ¯ > ± 9wBD@ 4 @C²J³C9A@Cµw>HÇ�9w@CÇ ²H9A@6@ ° ·'×_>%9A´D·q> ¯ >\Ç Ë ³6>H@É9�@6> Ë é6·q@6>\<q< Æå4 @C²�È
·qB ° @�BV<�<q¶_>H²�BDéC>\Ç�Ô ®C°w¯l± 9A´£´ Å ¹ B  2
 ¹_9A@CÇ ��9 ¯ >�¾�¼CçeÃeÁ+¾~Ãwí�ÍD»�Ô�à8³6B£<�B£< 4 @6¶6´£>H9L<q9w@b· Æå¯q°L±
9�¶_> ¯qÆå°w¯l± 9A@C²�>�Ú�� °,®6¯ >�> 3�4 @p²J³�·q³C> °w¯ > ± Ð ßwß�Ó�Þg¶ ° B£@L· °wÆ ¸?BD> Ë ÔAâ2>�@p²�>iBk·�BV<�B ± ¶ °w¯ ·l9A@b·
· ° Ç;>�éC@C>�9z¶ ¯q° ×6´£> ± Ç °w± 9AB£@�²�9 ¯ > Æå4 ´D´ Å B£@ °w¯ Ç;> ¯ · °�°w4 ·l¶p> ¯aÆå°L¯q± ¯ 9w@CÇ °L± <q>H9 ¯ ²J³ Æå°w¯
9 ¯ >\9w< ° @C9w×6´£>�²�´£9L<q< °wÆ é6·l@6>H<l< Æå4 @C²�·qB ° @C<HÔ

=!*-, �!1 ;�> 9%@�9�BHBH;=1496H �

Õn@ °w¯ Ç;> ¯ · ° ¶ ¯l° ¸bBVÇ;>�9�<qB ± ¶6´£> Æå°w¯l± 9A´ Æå¯ 9 ± > Ëi°w¯l5�Æå°w¯�± 9L²J³6BD@C>�>H¸ ° ´ 4 ·lB ° @óBD@�9�Ç Å È
@C9 ± BV²�>�@?¸?B ¯l° @ ± >H@L·\¹�·l³6> Æå° ´£´ °eË B£@6µ�<q¶_>H²�BDép²H9e·qB ° @ °AÆ Ä�Ãw¿JÎ?¾�¼�»�¿JÂA¼C½n»��L½�Úå>�@?¸?B ¯q° @ ± >�@b·JÞ
BV<$¶ ¯l° ¶ ° <q>HÇ�Ô6à8³6> ± 9L²J³6BD@C>�² ° @b·l>�Ø?·2B£<�² ° @p<aBVÇ;> ¯ >HÇ¢9w<$9�<q>�· °wÆ éC·q@6>\<q< Æå4 @C²+·lB ° @C<�Ú Ë >
²�9w@ñ²H9A´£´1·l³6> ± ¿JÂA¼C½n»��L½ � Ì;¼_¿�½U¾~ÂA¼6ÏaÞ�· ° µL>�·l³6> ¯�Ë Bk·l³ñ9 ± >H²J³C9w@6B£< ± °AÆ · ¯ 9w@C<qBk·lB ° @ ×p>�È
· Ë >�>�@ ·q³6> ± ÔoÛ ° @L·l>�Ø?· Æå4 @C²+·lB ° @C<�9 ¯ >�²J³C9w@6µw>\Ç�BD@ðÇ;B£<l² ¯ >�·l>�·lB ± >�¶ ° BD@b·l< ±z° Ç;>�´£>HÇ 9w<
@C9A· 46¯ 9A´�@ 46± ×p> ¯ <�� � (bÒ� lß6 
	�	
	 +bÔ�ë <q>�· °wÆ 9A´£´ ± 9A¶6¶CBD@6µb< Æå¯q°L± 
 B£@b· °<� Ë B£´D´�×_>
Ç;>H@ ° ·l>HÇ ��� Ô ®C°w¯l± 9A´£´ Å ¹ ± 9L²J³6B£@6>,² ° @b·l>�Ø?·$B£<$Ç;>�éC@6>\Ç%B£@¢·q> ¯q± <'�

��1��� 9 9á<q>�· °AÆ ² ° @b·q>�Ø?· Æå4 @C²+·lB ° @C<�Ú�� ��� 
 <a¶_>H²�Bkép>H<�é6·q@6>\<q< Æå4 @C²�·qB ° @ BD@ >H@?¸bBDÈ
¯l° @ ± >�@b·��YÞ+Ô
� � � 
 9 9A@¢BD@6BD·qBV9A´g² ° @b·l>�Ø?· Æå4 @C²+·lB ° @�Ô
��� 
 ����� 
 9 9 ¯ >�´V9e·qB ° @%·q³p9e·�Ç;>�·q> ¯l± BD@C>H<$< 4 ²�²�>H<l<aB£¸w>¡² ° @L·l>�Ø?· Æå4 @C²�·qB ° @�Ô

à8³6> Æå° ´£´ °eË B£@6µ%>�Ø69 ± ¶6´£>'B£´D´ 4 <a· ¯ 9e·l>H<�·q³6>�¶ ¯l° ¶ ° <q>HÇ Æå°L¯q± 9A´�Ç;>�éC@6BD·qB ° @C<'�oÛ ° @C<qB£Ç6> ¯
9 ¯ >H9w´kÈP·qB ± >'9wÇC9A¶;·lBD¸L>'B ± 9wµw>,ép´k· ¯ 9A·qB ° @ ¯ >H9w´DB£ì�>\Ç 4 <aB£@6µ¢9A@ >H¸ ° ´£¸e9A×6´£>'² °w± ¶ 4 ·J9e·qB ° @p9A´
± 9w²J³6B£@6>LÔHà8³6>�>�¸ ° ´ 4 ·qB ° @C9 ¯qÅ 9w´Dµ °w¯ Bk·l³ ± BV<o9w¶6¶6´£BD>\Ç¡· ° 9 4 · °w± 9e·lB£²H9A´£´ Å Ç;>H<qBDµL@,B ± 9wµw>�éC´DÈ
·q> ¯ <HÔ�à8³6>�éC´D·q> ¯ <�<q³ °w4 ´VÇ,< 4 ¶6¶ ¯ >H<l<g92@ ° BV<a>�¶ ¯ >H<q>�@b·q>\Ç¡BD@�B ± 9AµL>H<�·J9 5 >�@ Æå¯l°w± 9'²H9 ± > ¯ 96Ô
à8³6>$>H¸ ° ´£¸e9A×6´£> ± 9L²J³6B£@6>8BD@ Æ 9w²�·�¶ ¯q° Ç 4 ²�>H<�9zÚ~¶ ° ·q>�@b·lB£9w´D´ Å >H@CÇ;´£>H<l<lÞ�<q>HÊ 4 >�@p²�> °AÆ éC´D·q> ¯ <
ÚåBPÔ >wÔ ± 9w²J³6B£@6>\< Æå¯l°w± 
 Þ�¹e>H9L²J³ Æå°w¯�±z°w¯ > ¯ >\²�>�@b·�· Å ¶p> °AÆ @ ° BV<a>LÔeë�<l< 46± >L¹ Æå°L¯ BD@C<a·l9w@C²�>L¹
·q³p9e·2·l³6> ± 9w²J³6B£@6>,BV<�9z¶C9 ¯ · °wÆ 9�· ¯ 9���²,² ° @L· ¯q° ´�< Å <a·q> ± Ôpà Å ¶_> °AÆ @ ° BV<q>,B£< ¯ >�êC>H²�·q>HÇ
B£@ô² ° @b·q>�Ø?· Æå4 @p²+·qB ° @�� � 9A@pÇÉ³6>H@C²�>�� � Ç;>H¶p>H@CÇ6< ° @ôÇ69 Å ·qB ± >w¹ Ë >H9A·q³6> ¯ 9w@CÇ ° ·q³C> ¯
Æ 9w²�· °L¯ <HÔLë*²J³C9A@6µL> °AÆ · Å ¶_> °AÆ @ ° BV<a>'Ú~BUÔ >wÔ;9�²J³p9A@6µL> °AÆ ² ° @b·q>�Ø?· Æå4 @C²+·lB ° @áÇ;>\<q² ¯ B£×p>\Ç�× Å
�wÞiB£< 4 @6¶ ¯ >HÇ;BV²+·J9A×6´£>�9w< Ë >H9A·q³6> ¯ BV<HÔ
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à8³6>,>�Ø69 ± ¶6´£>�³p9w<$Ç;> ±�° @C<a· ¯ 9e·q>\Ç�·l³C9e·2B Æ�Ë >¡¶ 4 ·$· ° µL>�·l³6> ¯ ·l³6>�Ç;>�ép@6Bk·lB ° @ Æå¯q°L± =?>\²+È
·lB ° @¢ß;Ô � Ë Bk·l³á·l³6>,Ç;>�éC@CBk·lB ° @ °wÆg± 9w²J³6B£@6>¡² ° @L·l>�Ø?·,ÚåBPÔ >LÔ*� � � � Þ�¹ Ë > ° ×;·J9AB£@%9 Æå°w¯l± 9A´
Ç;>�éC@6BD·qB ° @ °AÆ 9A@¢9 ¯ ×6BD· ¯ 9 ¯lÅ >�¸ ° ´£¸e9A×6´£> ± 9w²J³6B£@6> Ë�°L¯q5 B£@6µ,B£@%9'Ç Å @p9 ± B£²�>�@?¸?B ¯q° @ ± >�@b·HÔ

Õ · Ë 9w<�<q³ °eË @�BD@�9w@�> ± > ¯ µLBD@Cµ�ép>�´VÇ � ³ Å ¶_> ¯ ² °w± ¶ 4 ·l9e·lB ° @�Ú °w¯ < 4 ¶_> ¯ È à 46¯ BD@Cµ¡² °w± È
¶ 4 ·l9e·lB ° @pÞ Ð �;¹ �6¹�ß;Ò�Ó � ·q³C9A·�< °w± >z·q³6> °w¯ >�·lB£²H9A´ ±z° Ç;>�´V<'9w@CÇ ±�° Ç;> ¯ @�² °w± ¶ 4 ·J9e·qB ° @p9A´
< Å <Y·l> ± <$Ç ° @ ° ·�<a³C9 ¯ >�·l³6>�² °L± ¶ 4 ·l9A·qB ° @C9w´o<q²�>�@C9 ¯ B °�°AÆ 9�<Y·J9A@CÇ69 ¯ Ç¢à 46¯ B£@6µ ± 9w²J³6B£@6>
9w@CÇô³6>�@p²�> ·l³6> Å ²H9A@!@ ° ·á×p>ð<aB ±'4 ´£9A·q>HÇ ° @�à 46¯ B£@6µ ± 9L²J³6BD@C>H<HÔ 3 >�· 4 <%@ ° ·l>�·q³p9e·
9�<a·l9w@CÇ69 ¯ Ç�à 46¯ BD@6µ ± 9L²J³6BD@C>�< 4 ¶6¶ ° <a>\<�·l³C9e·iBD@6¶ 4 ·iÇ69A·l9�9 ¯ >29�¸e9wBD´V9A×6´£>$×_> Æå°w¯ >�9�² °w± È
¶ 4 ·l9e·lB ° @'BV<�<Y·J9 ¯ ·q>\ÇáÚå@ ° B£@b·q> ¯ 9w²�·qB ° @�B£<�>�@p9A×6´£>HÇ�´£9A·q> ¯ Þg9A@CÇ�·q³C9A·�9 4 @CB Æå°L¯q± 9w´Dµ °w¯ Bk·l³ ±
Ú Ë ³6B£²J³�BV<8BD@?¸e9 ¯ BV9A×6´£>,9A@CÇ%@6>�¸L> ¯ ²J³C9w@6µw>\ÇáÇ 4C¯ B£@6µz>�Ø;>H² 4 ·qB ° @_Þi¶ ¯q° ²�>H<l<a>\<1·l³6> ± Ô

�2>H¸w> ¯ ·l³6>�´£>H<l<1¸e9w@ 3 >H> 4?Ë >H@á9A@pÇ �!B£>HÇ;> ¯q± 9A@C@�³C9�¸w>�<a³ °eË @�·q³C9A·8< 4 ²J³á² °w± ¶ 4 ·J9eÈ
·lB ° @C< ± 9 Å ×_> ¯ >H9w´DB£ì�>\Ç�× Å 9A@�¾�¼C½n»�ÁqÃw¿�½U¾�çe»��6Ì;Á+¾�¼bº�ÄzÃL¿lÎ;¾�¼_»�Ï���¾�½åÎ%ÃLæeç\¾~¿J» Ð ��Ó ÔwÕn@b·q> ¯ 9L²+È
·lBD¸L>1à 4C¯ B£@6µ ± 9w²J³CBD@6> Ë Bk·l³'9wÇ;¸?BV²�>�BV<o9�²�´V9w<l<aBV²�9w´wà 4C¯ B£@6µ ± 9w²J³CBD@6>1>�@CÇ °eË >HÇ Ë BD·q³�·q³ ¯ >�>
B ± ¶ °L¯ ·J9A@b· Æ >H9A· 46¯ >H<'�w9wÇ6¸bBV²�> Æå4 @p²+·qB ° @ Ú~Bk·�B£<�9 Ë >H9 5 > ¯ · Å ¶_> °AÆ�°L¯ 9L²�´£> ÐML ÓåÞ+¹LBD@b·q> ¯ 9L²+·lB ° @
9w@CÇ¢BD@;ép@6Bk· Å%°AÆ�° ¶_> ¯ 9e·lB ° @�Ô6à8³6>�<l9 ± >,9 4 ·l³ °w¯ <8³C9�¸w>¡¶ ¯l° ¶ ° <q>HÇá·q³C> Æå° ´£´ °eË B£@6µz>�Ø?·q>H@;È
<qB ° @ °AÆ ·q³6>�Û�³ 46¯ ²J³;Ènà 4C¯ B£@6µ�·q³6>\<aBV< Ð �eÓ ����¼*DáîP¼�Âe¼pènÌ;¼C¾ � ÂeÁ+Ä"¾�¼p½ »�ÁqÃw¿�½P¾�ç�»Yï�¿JÂeÄ�À_Ì;½nÃe½P¾~Âe¼
¿JÃe¼óíJ»'æw»�Ï�¿�Á+¾~íJ»Jæ%¾�¼ ½n»�Á+Ä�Ï'Â � ¾�¼C½n»�ÁqÃw¿�½U¾�çe»��;Ì;Á+¾�¼?º�Ä�Ãw¿JÎ?¾�¼�»+Ï ��¾�½åÎ ÃLæeç\¾~¿J»	�

®6°L¯ >�Ø69 ± ¶C´D>L¹g9 ±z° Ç;>�´ °AÆ Õn@b·q> ¯ @6>�·�¶ ° <q<q>H<l<a>\<¡·q³C>á<q9 ± >�² °w± ¶ 4 ·l9e·lB ° @C9A´1¶ °eË > ¯
9L<'9A@�B£@b·q> ¯ 9L²+·qB£¸w>%à 46¯ B£@6µ ± 9w²J³6B£@6> Ë BD·q³ñ9wÇ;¸?BV²�>wÔ�â °eË >�¸L> ¯ ¹ ° @6´ Å BD@ ·q³6>¢²�9w<q>z·q³p9e·
BD·l<�´DB Æ >�Èn<a¶p9A@ BV<�¾�¼ ��¼C¾�½n»�Ô�ò�·q³C> ¯lË B£<q>w¹C·q³6>�² °w± ¶ 4 ·l9e·lB ° @�B£<�éC@6BD·q>�9A@CÇ ¯ > ± 9wBD@C<�BD@�·l³6>
<l² ° ¶p> °AÆ <Y·J9A@CÇC9 ¯ Ç%à 46¯ BD@6µ ± 9w²J³CBD@6>,9w@CÇ%·q³6>�<a·l9w@CÇ69 ¯ Ç¢Û�³ 46¯ ²J³;Ènà 4C¯ B£@6µ�·q³6>\<aBV< Ð ��ÓPÔ

�ð>%²�9w@ ° ×C<q> ¯ ¸w>�·l³C9e·�>�¸ ° ´D¸e9w×6´D>�² °w± ¶ 4 ·J9e·lB ° @C9A´ ± 9L²J³6B£@6>H< ° ¶p> ¯ 9A·qB£@6µ B£@ 9 Ç Å È
@C9 ± B£²,>H@?¸bB ¯l° @ ± >�@b·�<q³ °eË <aB ±'4 ´D·l9w@6> °L4 <2@ ° @;È 4 @6B Æå°w¯l± Bk· Å%°AÆ ² °L± ¶ 4 ·l9A·qB ° @�¹pBD@b·q> ¯ 9L²+È
·lB ° @ Ë BD·q³ 9w@%>H@?¸bB ¯l° @ ± >�@b·\¹69A@CÇ¢B£@;éC@6BD· Å%°wÆ�° ¶p> ¯ 9A·qB ° @C<HÔ ®64C¯ ·l³6> ¯l±z°w¯ >w¹ ¯ >�´V9e·qB ° @ ��BV<
B£@'µL>�@6> ¯ 9w´pÌ;¼�¿lÂAÄ2À�Ì;½ ÃLí�Í£»�Ô�Õ · Ë 9L<o¶ ¯l° ¸w>H@,·q³p9e·�² °w± ¶ 4 ·l9e·lB ° @C9A´b¶ °eË > ¯g°wÆ 9A@�>�¸ ° ´D¸e9w×6´D>
² °w± ¶ 4 ·J9e·qB ° @p9A´ ± 9L²J³6BD@C> ° ¶_> ¯ 9e·lBD@6µáBD@ 9áÇ Å @C9 ± BV²,>�@?¸?B ¯l° @ ± >H@b·�B£<�>HÊ 4 B£¸e9A´£>�@b· Ë BD·q³
·l³6>2² °L± ¶ 4 ·l9A·qB ° @C9w´;¶ °eË > ¯�°wÆ 9A@zB£@b·q> ¯ 9w²�·qB£¸w>$à 46¯ B£@6µ ± 9w²J³6B£@6> Ë BD·q³�9wÇ6¸bBV²�>L¹e³ °eË >�¸w> ¯ ¹
° @6´ Å BD@¢·q³C>�²�9w<q>�·q³C9A·$>�¸ ° ´ 4 ·qB ° @C9 ¯qÅ 9w´Dµ °w¯ Bk·l³ ± B£<$· 4 @6>\Ç%· ° ·q³C>,¶ ¯q° ×6´£> ± Ð Ò�
eÓ Ô

ë2´V< ° ¶C³ Å <qB£²H9A´;B ± ¶6´D> ± >�@b·l9A·qB ° @C< °wÆ >�¸ ° ´£¸e9A×6´£> ± 9L²J³6B£@6>H<8Ú Æå°L¯ BD@p<Y·J9A@C²�>w¹�·q³C>$>�¸ ° ´D¸bÈ
9w×6´D>�B ± 9wµw>�éC´D·q> ¯8± >�@b·lB ° @6>HÇáBD@%·q³6>¡¶ ¯ >�¸?B °w4 <i< 4 ×C<q>H²+·lB ° @pÞ+¹;Õn@b·l> ¯ @6>�·$9A@CÇ ° ·l³6> ¯ <qB ± È
B£´£9 ¯ Ç6>�¸?B£²�>H<�9 ¯ >'¸L> ¯lÅ B£@b·q> ¯ >H<a·qB£@6µ Æå¯q°L± 9¢² °L± ¶ 4 ·l9A·qB ° @C9w´g¸?B£> Ë ¶ ° B£@b·HÔ�ëi·�>\9w²J³�·lB ± >
¶ ° B£@b·�·q³6> Å ³p9�¸w> ��¼p¾�½ »'Ç;>H<l² ¯ B£¶;·qB ° @�Ôgâ °eË >�¸w> ¯ ¹ Ë ³C>�@ ° @C> ° ×C<q> ¯ ¸w>�·l³6>�B ¯ ² °w± ¶ 4 ·J9eÈ
·lB ° @�BD@�·qB ± >L¹i·q³6> Å ¯ >�¶ ¯ >\<a>H@L· ¾�¼���¼p¾�½ »%<q>HÊ 4 >�@p²�>H< °AÆ�¯ >H9L²+·qB£¸w> Ç;>�¸?BV²�>H<¢² °L± ¶ 4 ·qB£@6µ
@ ° @;È 4 @6B Æå°w¯l± ´ Å ÔLà8³6> $ >H¸ ° ´ 4 ·lB ° @�& °AÆ�± 9w²J³6B£@6>Lõ <1×p>H³C9�¸?B °L¯ B£<�< 4 ¶C¶ ° <a>\Ç�· ° ×_>2>�@pÇ;´D>\<q<HÔ
Õn@ Æ 9L²+·2BD· ± >H9A@p<$·q³p9e·2·l³6> Å%° ��> ¯ 9w@�>�Ø69 ± ¶6´£> °AÆ�¯ >H9A´�Ç6>�¸?B£²�>H<�Ú~¶6³ Å <aBV²�9w´�B ± ¶6´£> ± >H@;È
·J9e·qB ° @p<�
NÞ�·l³C9e·$²�9w@á¶_> ¯qÆå°w¯l± ² °w± ¶ 4 ·l9e·lB ° @�·l³C9e·8@ ° <aB£@6µw´£>�à 46¯ BD@Cµ ± 9w²J³6B£@6>zÚ Ë BD·q³ °L4 ·
°L¯ 9L²�´£>\Þ�²�9w@�Ô���>�¸L> ¯ ·q³6>H´D>\<q<�·l³6> Å ²H9A@�×_> ±z° Ç6>�´£>HÇ Ã2ÀCÂ�Ï+½ »�Á+¾~ÂeÁ+¾C× Å B£@L·l> ¯ 9w²�·qB£¸w>2à 46¯ B£@6µ
± 9w²J³CBD@6> Ë BD·q³�9wÇ6¸bBV²�> Ð �eÓ Ô

� 
8«K������¨��

�ð>�²�9w@%@ °eË < 4C±�± 9 ¯ B£ì�>�·q³C> ±�° <Y·$B ± ¶ °L¯ ·J9A@b· ¯ >\< 4 ´D·l< °wÆ ·l³6>,¶C9w¶p> ¯ Ô
� Õ ·�BV< ¯ >\9w< ° @C9w×6´£>�9A@pÇ 4 <q> Æå4 ´?· ° < 4 ¶6¶ °L¯ ·�¸e9 ¯ B °L4 <�9A¶6¶ ¯q° 9w²J³6>\<oB£@ °L¯ Ç6> ¯ · ° Ç;>H<l² ¯ B£×p>
9w@CÇ 4 @CÇ;> ¯ <a·l9w@CÇ%·q³6>,>H¸ ° ´£¸e9A×6´£> ± 9L²J³6B£@6>H<HÔ



� Ü�>H@6> ¯ 9A´ Æå°L¯q± 9A´�Ç6>�éC@6BD·qB ° @ °wÆ 9w@%>H¸ ° ´£¸e9A×6´£> ± 9L²J³6B£@6>�²�9w@%×_>,BD@b· ¯q° Ç 4 ²�>HÇ�Ô
� ò�@6>�ÈU· ° È ° @6> ± 9A¶6¶6B£@6µ�>�Ø;BV<Y·J<g×_>�· Ë >�>H@'·l³6> Æå°w¯l± 9w´;Ç;>�éC@CBk·lB ° @�¹A< °wÆ · Ë 9 ¯ >�9A@CÇ $ ² ° @;È
¸L>�@b·qB ° @C9w´ &�³C9 ¯ Ç Ë 9 ¯ >�B ± ¶6´£> ± >�@b·J9e·qB ° @p< °AÆ 9A@ Å >�¸ ° ´£¸e9A×6´£> ± 9L²J³6BD@C>wÔ

� Õ Æ 9�³p9 ¯ Ç Ë 9 ¯ >,B ± ¶6´£> ± >�@b·l9A·qB ° @ °wÆ 9A@�>�¸ ° ´£¸e9A×6´£> ± 9w²J³6B£@6>�BV< ¯ >H9w´DB£ì�>\Ç 4 <aB£@6µ�·l³6>
4 @p² ° @p<Y· ¯ 9wBD@6>\Ç�>�¸ ° ´ 4 ·qB ° @z·l³6>�@%Bk·iB£<�¶ ¯ 9w²�·qBV²�9A´£´ Å B ± ¶ ° <q<qBD×C´D>�· ° Ç6>�éC@6>¡<q>�· °wÆ�± 9eÈ
²J³6B£@6>\< 
 Ô

� à8³6> 4 @C² ° @C<a· ¯ 9AB£@6>HÇ�>�¸ ° ´ 4 ·qB ° @¡²�9w@,×p> ±z° Ç;>H´D>\Ç 4 <aB£@6µ29$@ ° @;ÈnÇ;>�·l> ¯l± BD@6BV<a·qBV²�>�¸ ° ´D¸bÈ
9w×6´D> ± 9L²J³6BD@C>wÔ

� F1¸ ° ´£¸e9A×6´£> ± 9L²J³6B£@6>H< ° ¶_> ¯ 9e·lBD@Cµ B£@ 9ðÇ Å @C9 ± BV²¢>�@?¸?B ¯l° @ ± >H@b·�>�Ø?³CBD×6BD·�9ó< 4 ¶_> ¯ È
à 46¯ BD@6µ�² °w± ¶ 4 ·J9e·qB ° @p9A´�¶ °eË > ¯ Ô

= °L± > ° ¶p>H@%¶ ¯q° ×6´D> ± < Æå°w¯8Æå4 · 46¯ > ¯ >H<q>H9 ¯ ²J³¢9 ¯ >�9L< Æå° ´£´ °eË <'�
� â °eË Ú~B£< ° Þ ±�°L¯ ¶C³6B£< ± °wÆ >�¸ ° ´£¸e9A×6´£> ± 9L²J³6B£@6>H<8<q³ °w4 ´VÇ¢×p>�Ç6>�éC@6>\Ç�Ô
� â °eË ²�´V9w<l<q>H< °AÆ >�¸ ° ´D¸e9w×6´D> ± 9w²J³6B£@6>\<�Ú~² °L± ¶ ¯ BV<qBD@6µ ± 9w²J³6B£@6>\< °AÆ ·l³6>�<q9 ± >z² °w± È
¶ 4 ·l9e·lB ° @C9A´o¶ °eË > ¯ Þ1<q³ °L4 ´£Ç¢×_>�Ç;>�ép@6>HÇ�Ô

� â °eË · °�¯ >�êp>H²+·29w´D´�·l³6>,¶ ¯l° ¶ ° <q>HÇáB£Ç;>\9w<8B£@�¶ ¯ 9L²+·lB£²H9A´�Ç;>\<aB£µw@%· °?° ´V<HÔ

� � ©1¦�¬(�q«��?­Y©�¦��

à8³6>2¶p9A¶_> ¯ ¶ ¯ >H<q>�@b·J<�9A@ °L¯ B£µwB£@C9A´6² ° @b· ¯ B£× 4 ·qB ° @�· ° ·q³6>2·q³6> °w¯lÅ'°AÆ >�¸ ° ´£¸e9A×6´£> ± 9w²J³6B£@6>H<HÔ
�ð>'<a³ °eË >\Ç�·q³p9e·$·q³C> °w¯ >�·lB£²H9A´�² °w± ¶ 4 ·l> ¯ <l²�B£>�@C²�>¡³C9w< ± >�·q³ ° Ç6< Æå°L¯ > ��>H²�·qB£¸w>�Ç;>\<q² ¯ B£¶;È
·qB ° @ °AÆ >�¸ ° ´£¸e9A×6´£> ± 9w²J³6B£@6>\<�Ôië2¶6¶6´£BV²�9e·lB ° @ °AÆ ·l³6>H<q> ± >�·l³ ° Ç6<�9A´£´ °eË >HÇ B£@b·q> ¯ >H<a·qB£@6µ
¯ >H< 4 ´k·J<�· ° 9A¶6¶_>H9 ¯ ÔH� >�9 ¯ >%µ ° B£@6µ · ° µ °ð° @ÉB£@ ·l³6>�¶ ¯l° ¶ ° <q>HÇ 9w¶6¶ ¯l° 9w²J³�B£@ Æå4 · 46¯ >
¯ >H<q>H9 ¯ ²J³�Ô�à8³6> 4 ´k·lB ± 9A·q>zµ ° 9A´�B£<�ÚaÒ\Þ�· ° >H<a·l9w×6´DBV<q³ 9 Ë B£Ç;>H´ Å 9w²�²�>�¶;·J9A×6´£> ± 9A·q³6> ± 9A·qBDÈ
²�9w´o·l³6> °L¯qÅ�°wÆ >�¸ ° ´D¸e9w×6´D>�² °w± ¶ 4 ·l9e·lB ° @C9A´ ± 9w²J³6B£@6>H<�9A@pÇ ÚUßLÞ$· ° 9A¶C¶6´ Å ·l³6> ¯ >H< 4 ´D·l<�BD@
¶ ¯ 9w²�·qBV²�9A´�Ç6>H<qBDµL@C<�Ô

� ¬��$¦�©�� �#�oª�" � �g¦1§

à8³6> ¯ >H<q>H9 ¯ ²J³ Ë 9L<z¶p> ¯aÆå°L¯q± >HÇ Ë BD·q³ô·q³C>�éC@C9A@p²�BV9A´�< 4 ¶6¶ °w¯ · °AÆ ·q³6> Ü ¯ 9A@b·áë2µL>�@C² Å
°AÆ ·l³6>zÛ�ìH>H²J³?J2>�¶ 4 ×C´DBV² 4 @pÇ;> ¯ � ° Ô�ÒHäbß��Aä��	�AÝ1äLä 
�9w@CÇóÒHäbß��Aä6Ò
�;Ò\ã��6Òw¹?9A@pÇ Æå¯q°L± ·l³6>
J$>\<a>\9 ¯ ²J³áÕn@b·q>H@L·lB ° @ � ° ÔpÛ F��H��
?ßwß�� � Ñ � ß 	 ßwßwäwäLä6Ò\ß;Ô

� ���8��¨��o¦�¬E�!�

vH�$f�F�T s `bF�RPd	�ô�[d��iQ�Wa�LZ[Tpd ���[d��$^JK[K[^lW�y��[db���[d;EwWaFHTbGlQ\Tb^Hd;E��[d����[�  i^JTb^lMYZ[G8��WYQ\cHWaF�X,X,Z[Tbc��
� T�SPTeMnWYQA�LILGlMYZ[Q\TC����Q�WYc�F�T��2FHILR£X�FHTLT ��Ib|bK[Z[mn`b^qWYmJdpv������

te�$fgWaF�Tb��^\d �L�[�o�oj\Q\K[ILMYZ[Q\TbF�WnO � {b{wWYQ�F�Gq`L^Jm�MYQ���OLTbFHX,Z[G"!i{LMYZ[X,Z s F�MYZkQHT ��WYQH|bK[^JX,m#�áhi{w}�bF�MY^+�%$wILWYj\^lOe�ASPTC�*��WYQeG\�LQHR_MY`b^  8�gx�x&!'��Q�WY�wmn`LQ\{�Q\Tz��j�QHKkIwMYZ[Q\T?F�WnO � K[c\Q�WYZ[MY`LX,m�RVQ�W
�iOwT?F�X,Z[G#!i{LMYZ[X,Z s F�MYZkQHT
��WYQ\|bK[^JX,mJd?tH�H�wvHd?{p�?t�(�� ' �

' �2x�Q\{;^lKDF�T?�6d;f��[d��L�[d)$AOwK[j\F�Tpdwy��[�bf�^lOeQHT?��MY`L^$hiTLZkj\^lWYmYFHK_]_ILWYZ[Tbc*�zFHGa`bZ[Tb^\� � ILm MnWaFHKkFHmnZkFHT
�\QHILWYT?F�KpQ�R��o`LZ[KkQHmnQ\{L`AOe��(�(ed_v������Ad?{C�b�\u+�AuHu

�w���$F�X,ZDF�TbZ�do���kd�,CZ[|;^lWaFHK[Z�d.-��[do]_^lMnMaFHX�F�T s Z�d � �k����OLTbFHX,Z[G%!i{LMYZ[X,Z[mYF�MYZ[Q\T Q�R��iQHTL}~K[Z[Tb^+F�WEb^J^J�w}UEbQHWn��F�Wa�Éx�ZNWYGJIbZNMYmJ�1SPTC����WYQeG\��QHR�MY`b^ ' Wa�ñx�Q\TwRV^lWY^JTLGJ^¢QHT ��j�QHKkjHFH|LK[^/$eOLm MY^lX,mJ�
ELWYQHX f�Z[Q\K[Q\c�O�MYQ10iF�Wa�w��F�WY^$S x��.$)2 �H�wd�,3�$x&$�v4�\�Av\d)$w{LWYZ[TLc\^lWn}5-o^lWYKkFHcLd?tH�H�\�Ad;{p�w�Lv6�w���



�e���$FJ���AZ[TbmJd?y2�[�L]�`b^2f�K[Z[T?�%��F�MYGa`bX�F���^lW+� ��^JT?�eILZkT�f�QeQH�wmJd�,pQHT?�LQHTpdCv4� �wv
uA�$Eb^lWnWY^lZ[WaFAdLx��[� �8Z[mnGJQ�j�^lWnO¡Q�R6MY`b^1f�QeQ\K[^+F�T�ELIbTbGqMYZkQHTbm�MYQ$MY`b^1f�^Jm M.�8^JTbmnZNMUOw}Px�KkFHmnmnZN�bG+F�MYZ[Q\T
y1IbK[^Jm�himnZ[Tbc8 i^lTb^�� � {wWY^JmnmnZ[Q\T���WYQ\c�WaFHX,X,Z[Tbcw�\SUTp� ��WYQeG\�\QHR;MY`L^1��MY`¡��ILWYQH{;^+FHT'x�QHTLR£^lWn}^JTLGJ^iQHT  i^JTL^lMYZ[G ��WYQ\cHWaF�X,X,Z[Tbc��oIwWYQ? "�gtH�H��tAd�,3�8x&$'tHt�( �wd�$w{LWYZ[TLc\^lW+dLt��\��tedb{C�L�H�4�w� �

(e�� �WYIbmn�HFwd �L�[��ELQ\IbTb�bF�MYZkQHTbm2QHR�x�Q\X,{bIwMYZ[TbcL�pSPTeMY^lWYTbF�MYZ[Q\TbFHKg]�`bQHX,mnQ\T ��Ib|LK[Zkmn`LZ[Tbc�x�QHX¡}
{bIwMY^lW.��WY^JmnmJd_v����
(

�A���$Q s Fwd �L�[d�y��[d�fg^JTbTL^lMnM¡SnSnSa�kd�E��kd�0��[d � T?�AWY^\d ���kd��$^JFHTb^Hd��%�[d � �[�� i^JTb^qMYZkG���WYQHcHWaF�X¡}X,Z[Tbc�SnSnSq� �$F�Wn��Z[TLZDF�T�SPTAj�^JTeMYZ[Q\T�FHTb����WYQ\|LKk^lX $AQ\K[jAZ[TbcL����QHWYc\FHT��2F�ILRVX�F�TbTCdCv���� �
�A�8jHFHT�,p^J^JIe��^JTpd �L�[d ��Z[^+�L^qWYX�FHTbTCd+�L�[�\]�`b^�]pILWYZ[Tbc��zFHGa`bZ[Tb^ ��F�WaF\�wZ[c\X!Z[T¡x�QHTeMY^JX,{;QHWaF�WnO
x�Q\X,{LILMYZ[Tbcw��SPTp���zF�MY`b^JX�F�MYZkGlm�hiTbK[Z[X,ZNMY^+����tH�H�wv1FHTb��fg^lOeQ\Tb�Cd�$w{wWYZ[Tbc\^qWn} -o^lWYKkFHcwdet��\�Av\d
{p�Cv\v ' �4�?v\v+�\�v+�A� �zF�WnMYZ[TCd ���[� � 0iF�Wa�A��F�WY^iSPX,{bK[^JX,^lTAMaF�MYZ[Q\T,QHR�F� i^JTL^lMYZ[G ��WYQ\cHWaF�X,X,Z[Tbc $AOwm MY^JXÖhimnZ[Tbc
E �� � m8F�T?� 0iFHT?�w^JKN}Px��% i^JTL^lMYZ[G ��WYQ\c�WaFHX,X,Z[Tbc�F�T?����j�Q\K[jHFH|bK[^��zFHGa`bZ[TL^JmJd)-oQ\K��Ct������qd
tH�H�wvHd;{p� ' v4(4� ' � 'v\vH� ��Z[K[Kk^qW+d �L�[d �\Q\|Cd3���kd -gFHmnmnZ[K[^Jj;d -��[�7��WYZ[TbGJZ[{LKk^lm�Z[T�MY`b^,��j�QHKkIwMYZ[Q\T?F�WnO �8^JmnZ[c\T%QHR �iZkcHZNMaFHK
x�ZNWYGJIbZNMYm ����F�WnMoSq�  i^JTL^lMYZ[G���WYQHcHWaFHX,X,Z[TLciF�T?����j�QHKkjHFH|LK[^ �zFHGa`bZ[Tb^lmJd�-oQ\K��Av�� v��qd��$K[Ie��^lW
� GJF\�L^lX,ZkG"�oIL|bK[Z[mn`b^lW+d;tH�\�H�wdb{p�	�+� ' �v�te� ��Z[K[Kk^qW+d)�L�[dL]�`bQHX,mnQ\Tpd ���[�Lx�F�WnMY^JmnZkF�T  i^JTb^qMYZkG"��WYQHcHWaFHX,X,Z[TLcL�wSPTC�*��WYQeG\�LQHRpMY`b^ ' Wa�'�oIw}WYQ\{;^JFHTáx�Q\TwRV^lWY^lTbGJ^�Q\T  i^JTL^lMYZ[G8��WYQHcHWaFHX,X,Z[TLc,�oIwWYQ? "�gtH�H�\�wd , �$x&$%v��\��ted $w{wWYZ[Tbc\^qWn}
-o^lWYKkFHcLd;tH�H�\�wdb{p�Cv�tev �?v ' tv ' � $w^l�\F�TbZ[T?FAd�,��[����j�Q\K[jHFH|LKk^1x�QHX,{bIwMaF�MYZ[Q\TbFHK��zFHGa`bZ[Tb^lmJ�eEbQ�WYX�FHK � {L{LWYQ�F�Gq`C��SPTp��SUTeMY^JK[KkZ[cH^JTeM]_^JGa`bTLQ\K[Q\cHZ[^Jm��¢]�`b^JQ�WnO�F�T?� � {L{bK[Z[G+F�MYZ[QHTbmJdot�T?����ILWYQH}~SUTAMY^qWYT?F�MYZ[QHT?FHK $AOwX,{;Q\mnZ[ILX Q\T
x�Q\X,{LILMaF�MYZkQHT?F�KpSUTAMY^lKkK[Z[c\^lTbGJ^\d;tH�H��tAd?S !#$���WY^Jmnm � X,m MY^qWYQA�bFHX tH�\�\tAd;{C�6v+u\u4�?v4(\t

vJ�w� $w^l�\F�TbZ[T?FAd�,��k�;x�Q\X,{;QHTb^JTeM � {L{LWYQ\FHGa`�MYQ,��j�Q\K[jHFH|bK[^ $eOLm MY^lX,mJ� ��`	�ôMY`L^JmnZ[mJd;fgWYTLQ¡hiTLZN}
j�^lWYmnZNMUO�Q�Ro]_^JGa`bTLQ\K[Q\c�Oed;t��\��ted;{p�6v ' tv��e� $wZ[{L{;^lW+d �%�[�C�oj\Q\K[ILMYZ[Q\TáQHR ��F�WaF�K[Kk^lK�x�^lKkK[ILKDF�W �zFHGa`bZ[TL^Jm �z]�`b^�x�^JK[KkILKkF�W8��WYQ\cHWaF�X,X,Z[Tbc
� {L{LWYQ\FHGa`p��$w{LWYZ[TLc\^lWn}5-o^lWYKkFHc¡fg^lWYK[ZkTCd_v����
(

v+uA� $AMnWY^l^lMY^lW+d �%�kd �L�[d �$^+FHTL^\d �%�kd � �[d��$Q s Fwd.�L�oy��[�oy�QHILMYZ[Tb^ �8Ib{LKkZ[G+F�MYZ[Q\TðQ�R���Q\m Mn}Pt��\�\�
��F�MY^lTAMY^J��SUTAj�^JTeMYZ[Q\Tbm1|eO ��^+F�Tbm�QHR  i^JTb^lMYZ[G ��WYQHcHWaF�X,X,ZkTLcL�6SUTp� ��WYQeG\�6Q�RgMY`L^��+MY`á�oIw}
WYQ\{;^JFHTáx�Q\TwRV^lWY^lTbGJ^�Q\T  i^JTL^lMYZ[G8��WYQHcHWaFHX,X,Z[TLc,�oIwWYQ? "�gtH�H��tAd , �$x&$�tHt�( �Ad $w{wWYZ[Tbc\^qWn}
-o^lWYKkFHcLd;tH�H��tAdb{p�?tHu4� ' uv+(e� $wIwWnWnOed-���kd ���[� � ��WY^JmnGqWYZk{wMYZ[j�^�EbQHWYX�F�K[ZkmnX RVQHW�x�QHTbm MnWYILGlMYZ[Tbc �8QHX�FHZ[TL}~mn{;^JGlZ[�bG¡��j�Q\K[Iw}
MYZ[Q\TbF�WnO � K[c\Q�WYZ[MY`LX,mJ� ��`	�ñMY`b^JmnZ[mJd?h�TbZ[j�^lWYmnZNMUO�QHRo�o�LZ[TA|bILWYcH`pd6v4� ���

v4�A�$]�`bQHX,{bmnQHTpd � �[� !iT�MY`L^ � ILMYQHX�F�MYZ[G&�8^JmnZ[c\T,Q�R6y�QH|bILm M���K[^JGlMnWYQ\TLZ[GJm�]�`wWYQ\IbcH` � WnMYZN�?GlZDF�K
��j�Q\K[ILMYZ[QHTp�ASPTC�?��WYQeG\�eQ�RpMY`L^it�T?��x�QHTLRV^qWY^JTbGJ^�Q\T���j�Q\K[jHFH|LKk^ $AOwm MY^JX,mJ��ELWYQ\XÖf�Z[QHKkQHcHO,MYQ
08F�Wa�w��F�WY^2Snx�� $�2 ���Ad), �$x&$�vl� ( �wd $A{LWYZ[TbcH^lWn}5-g^lWYKkF�cLdCv4��� �wdb{p�Cv ' � ' �v4�A�$]�`bQHX,{bmnQHTpd � �[d ,_FJO s ^JK[K�d ���[d��6^J|LIbK[IbXzd $;�[��� � {bK[QHWaF�MYZ[Q\Tbm�Z[T �i^JmnZ[c\T $A{?F�GJ^\�ghiTbGlQ\TL}
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