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This is anupdatedandexpandedversionof TR2000-26,but it is still in draft form.
Beliefpropagation(BP)wasonlysupposedtowork for tree-likenetworksbutworks

surprisinglywell in many applicationsinvolving networkswith loops,includingturbo
codes.However, therehasbeenlittle understandingof thealgorithmor thenatureof
thesolutionsit findsfor generalgraphs.

We show that BP canonly converge to a stationarypoint of an approximatefree
energy, known astheBethefreeenergy in statisticalphysics.This resultcharacterizes
BP fixed-pointsand makes connectionswith variationalapproachesto approximate
inference.

More importantly, our analysislets us build on the progressmadein statistical
physicssinceBethe’s approximationwasintroducedin 1935.Kikuchi andothershave
shown how to constructmoreaccuratefree energy approximations,of which Bethe’s
approximationis the simplest. Exploiting the insightsfrom our analysis,we derive
generalizedbeliefpropagation(GBP)versionsof theseKikuchi approximations.These
new messagepassingalgorithmscanbesignificantlymoreaccuratethanordinaryBP,
at anadjustableincreasein complexity. We illustratesucha new GBPalgorithmon a
grid Markov network andshow thatit givesmuchmoreaccuratemarginalprobabilities
thanthosefoundusingordinaryBP.
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a5fkf}p%¬©c©¡x¡X¬©fË =pRZ9fkUX§x¡XY`pRZ9c�p=e�W`À�¡ n f!YP¬�e`W(U¨c©¡ n _ÌW(U�¡ n fÆp5Yt¡¨ RU¨fÆWPÀ0¡ n f
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¡¨cd£}Y`¬3� n \9§xcd£}§kÊ�Ñ n cd§�UXfk§¨ =¬©¡M£ n YPU¯Y`£w¡¨fkU¨c�Ò}f;§VS m Í=Ð9f;Z�u��¿W`c�p'¡X§�Y`pRZ�_�YP«`f;§
£wW(p=p=fk£w¡¨c�W`pR§Ä[Éc©¡ n ¦tYPUXcdYt¡¨c�W`p5YP¬�YP�=�RU¨W'Y`£ n f;§o¡XW�Y`�=�=UXW]Ð9c©_�Yt¡Xf�c�p9ÀÇfkU¨fkpR£wf(Ê
H W`UXf¥c©_��¿W`U¨¡XY`p(¡X¬©\(g=W` RU�YPpRY`¬©\9§¨c�§Ä¬�fw¡¯§É R§Éa= Rc©¬dZ�W`pÓ¡ n fb�=U¨W(e`UXfk§X§K_�Y(Z9f
c©p/§x¡XYP¡¨cd§�¡Xc�£kYP¬A� n \9§¨c�£k§0§xc�pR£}f�S�f}¡ n f(Ô §ÅYP�=�RU¨W]Ð9c�_�YP¡¨c�W`pÆ[VY(§¥c©p'¡¨UXW9Z9 R£}fkZ
c©p�Q;l`j'y9Ê<Õ¥c�«� R£ n cRY`pRZ�WP¡ n f}U¯§ n Y]¦(f�§ n Wt[Ép n Wt[)¡XW0£wW(pR§�¡XU¨ 5£µ¡K_�W`UXf�Y`£wu
£w =U¯Yt¡XfKÀÇUXf}fÄfkp=f}UXe`\0Y`�=�=UXW]Ð�c�_�Yt¡Xc©W(pR§}g]W`ÀR[ n cd£ n SVfw¡ n f`Ô §AYP�R�=U¨W]Ð9c�_�Yt¡¨c�W`p
c�§T¡ n f�§¨c©_��=¬�fk§x¡kÊ I Ð9�=¬�W`c©¡¨c�p=eÓ¡ n f�c�pR§¨c©e n ¡¯§TÀÇU¨W(_ÖW` RU¥Y`pRYP¬�\9§xcd§kg3[�f�Z9f}u
U¨c�¦`fVe`fkp=f}U¯YP¬�c�Ò}fkZ0a5fk¬©c�fwÀ¿�=U¨W(�RYPe'Yt¡Xc©W(p×ÁGØ¥S m�Ã ¦(f}U¯§xc�W`pR§ÈWPÀ5¡ n f;§xfÉÕ¥c�«' 5£ n c
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ç p¹¡ n fiW`pRf n YPpRZ3gMY!p� =_ba¿f}UÓWPÀ�U¨f;§xf;YPU¯£ n f}U¯§ n Y]¦(f�f}_��=c�U¨cd£}Y`¬©¬�\)Z9fk_�W`pR§x¡¨U¯Yt¡XfkZ¹e`W�W9Z
�¿f}U¨ÀÇW`UX_�Y`pR£wf�ÀÇW`UÉS m YP¬�e`W`UXc©¡ n _�§VYP�=�=¬�c�fkZ×¡¨W�e`U¯YP� n §�[Éc©¡ n ¬©W�W`�5§}Ê ç p=f�Z9U¯YP_�Yt¡Xc�£�£}Y(§xfTc�§
¡ n fÉp=fkY`U�¢ n Y`p=p=W`p=u�¬�c©_�c©¡o�5fkUxÀÇW(U¨_�Y`pR£wfÄWPÀÄä¨Ñ< =UXa5W�£}W�Z=fk§Xå=gP[ n W'§xf�Z=fk£wW9Z9c�p=e�YP¬�e`W(U¨c©¡ n _�c�§
fkè' =c�¦tYP¬�f}p'¡V¡¨W�S m W`p�Y0¬�W�W`��\�e`U¯YP� nÆé j9g�Q;O]ê°Ê ç ¡ n f}UÉ§¨ R£}£}fk§X§�ÀÇ R¬Î£kY`§¨fk§�c©p5£w¬� RZ9f¥£wW`_��= =¡¨f}U
¦�c�§¨c�W`p��=UXW`a=¬�f}_�§ÅYPpRZ!_�fkZ=c�£kYP¬�Z=c�Y`e`W`p5§xcd§ é j=gAN�g�Q]N;êV§¨ =e(e`fk§x¡¨c�p=e�¡ n fÓ§¨ R£}£}fk§X§0W`ÀÉS m W(p
¬�W'W(��\ie`U¯YP� n §¥c�§0p=WP¡0¬�c©_�c©¡¨f;Z!¡¨W$£}W�Z=c©p=e$Y`�=�=¬�c�£kYt¡Xc©W(pR§}Ê ç pË¡ n f�W`¡ n fkU n Y`pRZ�g<ÀÇW`U0W`¡ n fkU
e`U¯YP� n §V[Éc�¡ n ¬�W�W`�R§kg=S m _�Y]\×e`c�¦`f¥�5W�W(UÉU¨f;§x =¬©¡X§ÄW(UÄÀ�YPc�¬Î¡¨W�£}W`p�¦`fkU¨e(f é Q;N;ê°Ê
æ=W(U�Y�e`fkp=f}U¯YP¬�e`U¯YP� n gM¬©c©¡x¡X¬©f n Y(§×a¿f}fkpÂ =pRZ=f}U¯§�¡XW'W9ZÚY`a5W( 9¡Ó[ n Yt¡�YP�=�=UXW]Ð9c©_�YP¡¨c�W`pÚS m
UXf}�=UXfk§¨f}p'¡X§kgoYPp5Z n Wt[Üc�¡�_�c©e n ¡�a¿f�c©_��=UXWt¦`f;Z�Ê�Ñ n cd§��RYP�¿f}U;Ô §�e(W(YP¬Vcd§�¡¨WË�=U¨Wt¦�cdZ9fÓ¡ n YP¡
 =pRZ=f}U¯§�¡¯YPpRZ9c�p=e!YPpRZ�c©p'¡XU¨W9Z9 R£}f�YË§¨fw¡�WPÀMp=fk[ÜYP¬�e`W(U¨c©¡ n _�§ÅUXfk§¨ =¬�¡Xc©pReiÀÇUXW`_ë¡ n Yt¡� =pRZ=f}U¨u
§x¡XYPp5Z9c©pReRÊ Ï f×§ n Wt[�¡ n Yt¡�S m cd§�¡ n f�ÍRU¯§�¡bc�p�Y��=UXW`e`UXfk§X§¨c©W(piWPÀÄ¬�W�£kYP¬o_�f;§¨§XYPe(fwu°�RY`§X§xc�p=e
YP¬�e`W(U¨c©¡ n _�§kg3f;Y`£ n e`c�¦'c�p=e�fkè' =c�¦tYP¬�f}p'¡0U¨f;§x R¬�¡¯§T¡¨W$Y�£wW(U¨UXfk§¨�5W(pRZ9c�p=e�YP�=�=UXW]Ð9c©_�YP¡¨c�W`p�ÀÇUXW`_
§x¡XYt¡Xc�§x¡¨cd£}Y`¬5� n \9§¨c�£k§V«'pRWt[Ép×Y`§K¡ n f�äXÕ¥c©«� R£ n cdå0Y`�=�=UXW]Ð�c�_�Yt¡Xc©W(p�¡¨WÅ¡ n f�ØTc©aRaR§�ÀÇU¨fkf�fkp=f}UXe`\(Ê
Ñ n f;§xf�YP¬�e`W(U¨c©¡ n _�§ n Y]¦`fÓ¡ n f�YP¡x¡XUXY(£µ¡¨c�¦`fÓ�=UXW`�¿f}U¨¡�\ËW`À�a¿f}c�p=eË R§xfkUxuvY`ZtÛ� R§�¡¯YPa=¬�f`qÓa�\��RY]\'u
c�p=e×§¨W`_�f0Y`Z=Z=c�¡Xc©W(pRYP¬7£wW`_��= =¡XYt¡Xc©W(pRYP¬<£wW(§x¡kg5W`p=fÅ£}YPp�W(a9¡XY`c©p$£}W`pR§¨cdZ9f}U¯YPa=¬�f¥c©_��=UXWt¦`fk_�f}p'¡
c�p�¡ n f$Y`£k£w =U¯Y`£}\ËW`À�W(p=f`Ô §�YP�=�=UXW]Ð9c©_�YP¡¨c�W`p3gKY`pRZì£}YPpì§xW(_�fw¡¨c�_�fk§�W(a9¡XY`c©p¹YÆ£}W`p�¦`fkU¨e(f}p'¡
_�fk§X§¨Y`e`f}u��RY(§¨§¨c�p=eÅY`¬©e(W`UXc�¡ n _í[ n f}p�W(UXZ9c�pRY`U¨\�S m Z9W�fk§Äp=W`¡M£wW(p'¦(f}UXe`f(Ê
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æ=W(U�¡ n f��= =UX�5W'§xf�W`ÀÄY`pRYP¬�\�Ò}c�p=e�YPpRZ!Z9f;§¨£}U¨c�a=c�p=e�S m [Vf�Y`§X§¨ =_�fÅ¡ n Yt¡Å[�f�Y`U¨f�e`c�¦`fkpËY`p
 =pRZ=c©UXfk£w¡¨fkZ�e(UXY`� n cd£}Y`¬9_�W9Z9fk¬=WPÀ3üýp=W9Z9f;§o[Éc©¡ n �RY`c©UX[Éc�§¨fÄ�5W`¡¨fkp(¡Xc�Y`¬�§MÁ�Y��RY`c©UX[Écd§xf H Y`U¨«(Wt¦
J Y`pRZ9W`_öæ7c�f}¬dZ Ã Ê h p�\�e`U¯YP� n c�£kYP¬¿_�W�Z=f}¬3£}Y`p×a¿f0£wW(p'¦(f}U¨¡¨f;Z�c©p'¡XWÅ¡ n cd§VÀÇW`UX_ía5f}ÀÇW`UXf¥Z=W`c�p=e
c�p9ÀÇf}UXf}pR£}fÄ¡ n UXW` Re n Y�§x =c©¡XY`a=¬�f�£w¬� R§�¡Xf}UXc©pRe�WPÀÎp=W9Z9fk§Ac�p'¡¨W�¬dYPUXe`fkU7pRW�Z=fk§ é Q]skê°ÊAÑ n UXW` =e n ¡ n c�§
¡¨U¯YPp5§�ÀÇW(U¨_�Yt¡Xc©W(p3gÈW(p=f�£}Y`p/YP�=�R¬©\ËYP¬�¬o¡ n f�U¨f;§x R¬�¡¯§�c©p/¡ n cd§0�RY`�5fkU�¡¨WÆYPUXa=c�¡XUXY`U¨\ie`U¯YP� n cd£}Y`¬
_�W9Z9f}¬d§Kc�pR£}¬© RZ=c©p=eb¡ n W'§xfM[Éc�¡ n×n c�e n fkUxu°W`U¯Z9fkUA�5W`¡¨f}p'¡Xc�Y`¬�§kÊ Ï f�[Éc©¬�¬5e(c©¦(f�fwÐ9�=¬�cd£wc©¡�fwÐ=Y`_��R¬©f;§
WPÀ7¡ n c�§Äc�p�¬�YP¡¨f}U�§¨fk£w¡¨c�W`pR§kÊ
Ñ n f�§�¡¯Yt¡XfÅW`ÀKfkY(£ n  =p=W(aR§xfkU¨¦(fkZ�p=W9Z9f�þÉcd§�Z9fkp=WP¡XfkZia'\�ÿ��xg3Y`pRZ$[VfÅY(§¨§¨ =_�fbf;Y`£ n  Rp=W`a9u
§¨f}UX¦`fkZ�pRW�Z=fMcd§�£}W`p=p=f;£µ¡XfkZ�¡XWÅYPp×W`aR§¨f}UX¦`f;Z�p=W9Z9f����xÊAÑ n fKÛ�W(c©p'¡V�=U¨W(aRYPaRc©¬�c�¡�\�Z9cd§�¡XU¨c�a= 9¡Xc©W(p
ÀÇ =pR£w¡¨c�W`p�cd§Ée`c�¦`fkp×a�\� ÁÇÿ��	�xÿ�
��������¨ÿ���� � Ã�� Q��� ����� ��� ÁÇÿ � �xÿ � Ã � ��� � Á�ÿ � ��� � Ã Á�Q Ã

[ n fkU¨f � �¨Á�ÿ�������� Ã c�§T¡ n f�¬©W9£}Y`¬�äxfk¦'cdZ9fkpR£wf;å�ÀÇW`U�pRW�Z=f�þ¯g � ���(ÁÇÿ�� �¨ÿ!� Ã cd§T¡ n f�£wW(_��RYt¡Xc©a=c�¬�c�¡�\
_�Yt¡XU¨c©Ð�a5f}¡�[�fkf}p�p=W9Z9fk§Äþ�YPpRZ�"5g=YPpRZ � c�§ÉY�p=W(U¨_�YP¬�c�ÒkYt¡Xc©W(p×£wW(pR§x¡XYPp'¡;Ê$#vp�[ n YP¡VÀÇW(¬©¬�Wt[�§kg
[Vf¥§¨c�_��R¬©c©ÀÇ\×p=W`¡XYP¡¨c�W`p�YPpRZ�[ÉUXc�¡Xf � �XÁÇÿ�� Ã Y(§É§ n W(Ux¡ n YPp5Z�ÀÇW(U � �XÁÇÿ���� ��� Ã Ê
Ñ n f0§x¡XY`pRZ=YPU¯Z×S m  =�ÎZ=Yt¡Xf�U¨ R¬©f;§ÉYPUXf`q% ���(Á�ÿ!� Ã'& (*),+.- � ���'ÁÇÿ����¨ÿ!� Ã � �XÁÇÿ�� Ã �/.0 �21 �3546� % / �XÁÇÿ�� Ã ÁGN Ã7 �¨ÁÇÿ�� Ã'& ( � �¨Á�ÿ�� Ã �/.0 �21 ��3 % / �¨Á�ÿ�� Ã Á�j Ã

[ n fkU¨f ( Z=f}p=W`¡¨fk§ÄYÅp=W`UX_�YP¬�c©Ò;Yt¡Xc©W(pÓ£wW(pR§x¡XYPp'¡ÉYPpRZÓü/ÁÇþ Ã�8 "�_�fkY`pR§ÉYP¬�¬Îp=W9Z9fk§Vp=fkc©e n a¿W`UXc�p=e
p=W9Z9f�þ¯g5f}Ð9£}f}�9¡*"5ÊT®Mf}UXf % ���ÅU¨f}ÀÇf}U¯§É¡XW�¡ n fÅ_�fk§X§XYPe`f0¡ n YP¡Tp=W9Z9f�þÉ§xfkpRZ=§M¡¨WÓp=W9Z9f9"�Y`pRZ7 �7cd§K¡ n f¥a5fk¬©c�fwÀÄÁ�Y`�=�=UXW]Ð�c�_�Yt¡XfM_�YPUXe`c�pRYP¬¿�¿W(§x¡¨f}UXc�W`UV�=U¨W(aRYPaRc©¬�c�¡�\ Ã Yt¡Äp=W9Z9f¥þ¯g'W(a9¡XY`c©pRfkZ�a�\



_b R¬�¡Xc©�=¬�\�c©pReÅYP¬�¬Rc�pR£}W`_�c©pReb_�fk§X§¨Y`e`f;§C¡¨W�¡ n Yt¡Vp=W9Z9fMa�\�¡ n fM¬�W�£kYP¬5f}¦�c�Z=f}pR£}f`Êo¢�c�_�c�¬dYPUX¬©\(g`[Vf
£}Y`pËZ=fwÍRp=f�¡ n f�a5fk¬©c�fwÀ 7 ���(ÁÇÿ����¨ÿ!� Ã Yt¡¥¡ n f��RYPc�U¥WPÀ�pRW�Z=fk§�ÁÇÿ����¨ÿ!� Ã Y(§M¡ n f��=UXW9Z9 R£µ¡�W`ÀK¡ n f
¬�W�£kYP¬��¿WP¡Xf}p'¡¨cdYP¬d§ÉYPpRZ�Y`¬©¬�_�fk§X§XYPe`f;§Vc©pR£}W`_�c�p=e�¡¨W�¡ n f��RYPc�UÄWPÀCp=W9Z9fk§kq7 ��� ÁÇÿ � �¨ÿ � Ã:��(<; ��� Á�ÿ � �xÿ � Ã �/.0 �21 ��3=4>� % / � Á�ÿ � Ã �?@0 �21 � 3=4�� % ? � ÁÇÿ � Ã ÁÇz Ã

[ n fkU¨f ; ��� ÁÇÿ � �xÿ � Ã:A � ��� ÁÇÿ � �xÿ � Ã � � Á�ÿ � Ã � � ÁÇÿ � Ã Ê
æ=W(U$Y/¡XU¨fkf`gT¡ n f/S m c©¡¨f}U¯Yt¡Xc©W(pR§�£wW(p�¦`f}UXe`fi¡¨W�Yì =p=cdè' =fËÍ=Ð9fkZ%�5W(c©p'¡iYPp5ZÚ¡ n f�a5fk¬©c�fwÀ�§
YPUXfËfkè' RYP¬T¡XW)¡ n f��¿W(§x¡¨f}UXc�W`U�_�Y`U¨e(c©p5YP¬d§ 7 �xÁÇÿ�� ÃB�C� ÁÇÿ�� Ã ÁÇf(Ê e5Ê é Q;j]ê Ã ÊÙ¢�c©_�c�¬�Y`U¨¬�\`gTW`pRf
£}Y`p�§ n Wt[�¡ n YP¡�ÀÇW`UbYÓ¡XU¨fkf�¡ n f��5YPc�U¨[Écd§xf�a¿f}¬�c©f}À�§0YPUXf�fkè' RY`¬A¡¨W�¡ n f��5W'§�¡Xf}UXc©W(U�_�YPUXe`c�pRYP¬d§7 ���(ÁÇÿ����¨ÿ!� Ã:��� ÁÇÿ����¨ÿ!� Ã ÊoÑ n f�ÀÇW`¬�¬�Wt[Éc©p=eÅ£w¬dYPc�_-£ n Y`UXY(£µ¡Xf}UXc©Òkfk§ 7 �<YPpRZ 7 ����ÀÇW(U�Y`p×YPUXa=c©¡¨U¯YPUX\
e`U¯YP� n g3§ n Wt[Éc©p=eÓ¡ n Yt¡¥¡ n fk\iYPUXf�fkè' =c�¦]Y`¬©fkp'¡T¡XW×¡ n f�_�YPUXe`c�pRYP¬7�=UXW`aRY`a=c�¬©c©¡¨c�fk§TW`a=¡XYPc�p=f;Zic�p
¡ n f0S�f}¡ n f0Y`�=�=UXW]Ð9c©_�Yt¡Xc©W(p×Z9fk¦`f}¬�W`�¿fkZ�c�p�§x¡XYP¡¨cd§�¡Xc�£kYP¬3� n \9§¨c�£k§ é Q}ê�ÊDFEG	H@IKJ�L L fw¡NM % ���POÄa5fÄYM§¨fw¡CWPÀ¿S m _�fk§X§¨Y`e`fk§7YPp5Z�¬©f}¡QM 7 ����� 7 �>OVa¿fK¡ n fVa5fk¬©c�fwÀ�§A£kYP¬d£w =¬dYt¡XfkZ
ÀÇUXW`_ ¡ n W'§xfÅ_�f;§¨§XYPe(fk§kÊÉÑ n f}p�¡ n fba¿f}¬�c�fwÀ�§TYPUXf�Í=Ð9fkZ�u°�¿W`c�p(¡¯§�W`ÀA¡ n f�S m YP¬�e`W`UXc©¡ n _ c�ÀKY`pRZ
W`pR¬©\�c©À7¡ n fk\ÓYPUXf¥Ò}fkU¨W�e`U¯Y`Z9c�f}p'¡É�¿W`c�p(¡¯§ÄWPÀ7¡ n f0SVf}¡ n fTÀÇUXf}f�f}pRf}UXe`\`g!RTS3qRTSÈÁ6M 7 ����� 7 �6O Ã'� U ) ��� )+ -WV +�X<7 ���(ÁÇÿ�� �xÿ<� Ã ¬�p ; ���'Á�ÿ�� �xÿ<� ÃZY ) � Á5[\� U Q Ã )@+ - 7 �xÁÇÿ�� Ã ¬©p � �XÁÇÿ�� ÃY ) ��� )+ -WV +�X 7 ���(ÁÇÿ�� �xÿ<� Ã ¬�p 7 ���(ÁÇÿ�� �xÿ<� Ã$U ) � Á=[\� U Q Ã ) + - 7 �¨Á�ÿ�� Ã ¬�p 7 �xÁ�ÿ�� Ã

Á�y Ã
§¨ =a9Û�fk£w¡$¡¨WÚ¡ n f/pRW`UX_�Y`¬©c�ÒkYP¡¨c�W`p�YPp5Z%_�Y`U¨e(c©pRY`¬©c�ÒkYP¡¨c�W`p�£wW(pR§�¡XUXY`c©p'¡¯§}q^] +.- 7 �¨Á�ÿ�� Ã_� Q`g] +�- 7 ���(ÁÇÿ����¨ÿ!� Ã�� 7 �(ÁÇÿ<� Ã Ê�Á5[\�Acd§V¡ n f�p� =_Åa5fkUÉWPÀCp=f}c�e n a¿W`U¯§VWPÀCp=W9Z9f¥þXÊ Ã`Na b.b>c L Ï fbY(Z=Z L Y`e`U¯YPp=e(f¥_b =¬©¡¨c��=¬�c©fkUX§�¡¨W�ÀÇW`UX_�Y L YPe(UXY`p=e`cdYPped�qgfh���'Á�ÿ!� Ã cd§É¡ n f0_Å =¬�¡Xc�u
�=¬�c©fkU0£wW(U¨UXfk§¨�5W(pRZ9c�p=e�¡XW�¡ n f�£wW(pR§x¡¨U¯YPc�p(¡T¡ n Yt¡ 7 ��� ÁÇÿ � �¨ÿ � Ã _�YPUXe`c�pRYP¬�c�Ò}fk§TZ9Wt[Épi¡¨W 7 � ÁÇÿ � Ã g
YPp5Zji ��� �>i � Y`U¨fA_Å =¬©¡¨c��=¬©c�f}U¯§È£}W`UXU¨f;§x�¿W`p5Z9c©pReÄ¡¨WÉ¡ n fKp=W(U¨_�Y`¬©c�ÒkYP¡¨c�W`p�£wW(pR§�¡XUXY`c©p'¡¯§}ÊÈÑ n fofkè' RYPu
¡¨c�W`p k�lk.m - X 1 + -WV +\X 3 � O�e`c�¦`f;§}q7¬�p 7 ��� Á�ÿ � �xÿ � Ã:� ¬�pÈÁ ; ��� Á�ÿ � �xÿ � ÃxÃ<Y f ��� ÁÇÿ � Ã<Y f � � ÁÇÿ � Ã<Y i ��� U Q(Ê
Ñ n fÉf;è( 5Yt¡¨c�W`p k�lknm - 1 + - 3 � O¥e(c©¦(fk§kqKÁ=[�� U Q Ã ÁÇ¬�p 7 �xÁ�ÿ�� Ã�Y Q Ã:� ¬©p � �xÁ�ÿ�� Ã�Y ] � 0 �21 ��3 f!� �XÁ�ÿ�� Ã�Yi � Ê�¢�fw¡¨¡¨c�p=eof ��� ÁÇÿ � Ãp� ¬�p2q /n0 ��1 � 3=4�� % / � ÁÇÿ � Ã YPpRZÂ R§¨c©p=eì¡ n f!_�Y`U¨e(c©p5YP¬�c©Ò;Yt¡¨c�W`p%£wW`p=u§x¡¨U¯YPc�p(¡¯§}g7[Vf�ÍRpRZ!¡ n Yt¡Å¡ n f�§�¡¯Yt¡Xc©W(pRYPUX\i£wW(pRZ9c©¡¨c�W`pR§bW`p!¡ n f L YPe`U¯YPpRe`cdYPp!YPUXf�fkè' =c�¦]Y`¬©fkp'¡
¡¨W�¡ n f�S m Í=Ð9fkZ9u��¿W`c�p'¡¥£}W`pRZ9c©¡¨c�W`p5§}Ê�ÑÈW�e`W�c�pi¡ n f�W`�=�¿W(§¨c�¡Xf�Z=c©UXfk£w¡¨c�W`p3g3c©À�[Vf�YPUXfÅe(c©¦(f}p7 ��� � 7 � ��f ��� ÁÇÿ � Ã ¡ n YP¡<£wW(U¨UXfk§¨�¿W`pRZM¡¨WMY�Ò}f}UXWPu°e`U¯Y`Z=c©fkp(¡Î�¿W`c�p(¡;g][�fo§¨fw¡ % ��� ÁÇÿ � Ã:� m X 1 + X 3rWsut 1wv - X 1 +�X 3,3 ÊSVfk£kYP R§¨f 7 ��� � 7 � �xf ��� §¨YP¡¨cd§�ÀÇ\�¡ n f0§�¡¯Yt¡Xc©W(pRYPUXc�¡�\�£}W`pRZ=c�¡Xc©W(pR§}g % ��� Z9f}ÍRp=fkZ�c�p×¡ n cd§É[VY]\�_Å R§x¡
a¿f�Y×ÍRÐ�f;ZË�5W(c©p'¡0WPÀÉS m Ê3Ñ n  R§¥¡ n f}UXf�cd§0Y�W`pRfwu�¡¨WPu°W`pRf�£}W`UXU¨fk�R§xW(pRZ9fkpR£wf�a5f}¡�[�fkf}pÆÍ=Ð9fkZ�u
�¿W`c�p(¡¯§ÉWPÀCS m Y`pRZ�§�¡¯YPc�W`pRY`U¨\��¿W`c�p'¡X§ÉW`ÀÈ¡ n f0S�f}¡ n f¥ÀÇUXf}f¥fkp=f}UXe`\(ÊNy
Á I _��=c©UXcd£}YP¬�¬�\`g�[�fMÍRpRZ×¡ n YP¡2z|{ G�}\E~ S m Í=Ð9f;Z�u��¿W`c�p'¡X§V£wW(U¨UXfk§¨�5W(pRZ�¡XWÅ¬�W9£}YP¬ I�H@�hH@I�G W`À3¡ n f
SVfw¡ n f¥ÀÇU¨fkf¥f}p=fkU¨e(\`g9U¯Yt¡ n f}UV¡ n Y`p�_�YPÐ9c©_�Y�W`U�§XY`Z=Z=¬©f}u��¿W`c�p'¡X§kÊ Ã
ª §¨c�p=e�¡ n fb_�YPUXe`c�pRYP¬�c�ÒkYt¡Xc©W(p�£}W`pRZ=c�¡Xc©W(pR§MY`pRZ�¡ n f�Z9fwÍ5p=c�¡Xc©W(p�WPÀ ; ÁÇÿ�� �¨ÿ!� Ã ¡ n f�S�f}¡ n f0ÀÇU¨fkf
f}pRf}UXe`\�£}Y`p�YP¬d§xW�a5f�[ÉUXc©¡x¡¨fkp3qRTSÈÁ6M 7 ����� 7 �>O Ã'� U ) ��� )+.- V + X 7 ���(ÁÇÿ����¨ÿ!� Ã ¬©p � ���(ÁÇÿ����¨ÿ!� ÃFU ) � ),+.-�7 �XÁÇÿ�� Ã ¬©p � �XÁÇÿ�� ÃY�) ��� )+ -WV +\X 7 ���(ÁÇÿ����¨ÿ!� Ã ¬©p 7 ���(ÁÇÿ����¨ÿ!� Ã$U�) � Á=[�� U Q Ãh)=+ - 7 �XÁÇÿ�� Ã ¬�p 7 �¨ÁÇÿ�� Ã

Á�r Ã



Ï�n fkU¨fTZ9W�fk§A¡ n f�SVf}¡ n fMÀÇU¨fkf�f}p=fkU¨e(\�£}W`_�fÉÀÇUXW`_�� Ï fM[Éc�¬©¬ÎZ9cd§¨£} R§¨§o¡ n fT� n \9§xcd£}§Kc©p'¡X =c�¡Xc©W(p
a¿f n c�pRZÆc�¡�c�pË§¨fk£w¡¨c�W`pÆjÓa= 9¡¥¡XW�_�Y`«`f0¡ n f�ÀÇW`UX_b =¬dYÓ¬©f;§¨§T_b\9§x¡¨fkU¨c�W` R§�[VfÅp=Wt[ § n Wt[�¡ n YP¡
c©¡�c�§�Y`pÓf}Ð=Y`£µ¡ÄÀÇUXf}f�fkp=f}UXe`\�[ n fkp�¡ n f�e(UXY`� n cd§ÉY�¡¨UXf}f(ÊF#vp�W`¡ n fkUÉ[�W(UXZR§}g9_�c�p=c©_�c�Ò}c�p=e�¡ n f
SVfw¡ n f¥ÀÇU¨fkf¥f}p=fkU¨e(\�ÀÇW`UMYÅ¡¨UXf}f¥cd§Äfkè' =c�¦tYP¬�f}p'¡É¡¨W��¿f}U¨ÀÇW`UX_�c�p=e�fwÐ=Y(£µ¡Éc©p=ÀÇf}UXf}pR£}f`Ê
Ñ n f�f}Ð9Y(£µ¡ÄÀÇUXf}f¥f}p=fkU¨e(\�cd§É§xc�_��=¬©\×¡ n f0Y]¦(f}U¯YPe(f�f}p=fkU¨e(\�_�c©p� R§V¡ n f�f}p'¡XU¨W(�'\ÎqR�Á>M 7 Á�ÿ Ã O Ã:� ) + 7 ÁÇÿ Ã�� ÁÇÿ Ã�Y ) + 7 ÁÇÿ Ã ¬©W(e 7 Á�ÿ Ã Á�s Ã

[ n fkU¨f 7 Á�ÿ Ã c�§¥¡ n f/ä¨a5fk¬©c�fwÀ¨å$c©p/Y�§x¡XYP¡¨f�ÿ�Y`pRZ � ÁÇÿ Ã ¡ n f/äxfkp=f}UXe`\9å�WPÀÄÿ�_�W`¡¨c�¦]YP¡¨f;ZÆa�\
SVW`¬©¡¨Òk_�Y`p=p3Ô §Ä¬�Y][ � ÁÇÿF� � Ã�� ��Q����� 1 + 3 q� Á�ÿ Ã���U ¬©W(e � ÁÇÿF� � ÃFU ¬©W(e �o��U )� ���u� ¬©W(e � ����ÁÇÿ�� �xÿ<� ÃFU ) � ¬�W`e � �XÁÇÿ�� Ã Á� Ã� W`¡¨fÅ¡ n YP¡�Röcd§�Á� =�Æ¡¨W�YÓ£}W`pR§x¡XY`p(¡ Ã ¡ n f�Õ L Z=c©¦(f}UXe`f}p5£wfba¿fw¡�[Vf}fkp 7 Á�ÿ Ã YPp5Z � Á�ÿ$� � Ã §¨W
¡ n Yt¡�R�cd§É_�c�p=c©_�c�Ò}f;ZÓ[ n f}p 7 ÁÇÿ Ã���� Á�ÿ$� � Ã Ê
SV\×§¨ =aR§x¡¨c©¡¨ 9¡Xc©p=e�f;è' RYt¡Xc©W(p��c�p�¡ n f�Y]¦`fkUXY`e`f�f}p=fkU¨e(\�[�f¥W(a9¡XY`c©p3q) +�7 Á�ÿ Ã�� ÁÇÿ Ã��^U�) ��� )+ -6V +\X<7 ��� ÁÇÿ � �¨ÿ � Ã ¬�p � ��� ÁÇÿ � �xÿ � Ã$UB) � ) + - 7 � ÁÇÿ � Ã ¬©p � � Á�ÿ � Ã Á�l Ã

§¨W�¡ n YP¡É¡ n f�Í5UX§x¡É¡�[�W�¡Xf}UX_�§ÉWPÀ7¡ n fÅS�f}¡ n f¥ÀÇUXf}f�fkp=f}UXe`\ÆÁÇfkè¿Ê¿r Ã YPUXf�fwÐ=Y(£µ¡¨¬�\�¡ n fbY]¦`fkUXY`e`f
f}pRf}UXe`\`Ê#°ÀÉ¡ n fÓe(UXY`� n c�§�Y�¡XU¨fkf`g7¡ n fkp�[Vf×£}Y`p/UXfk§x¡¨UXc�£w¡0¡ n fÓ_�c©p=c�_�c©Ò;Yt¡Xc©W(p�¡¨Wi¡ n f�£w¬dY`§X§0WPÀ 7 ÁÇÿ Ã
¡ n Yt¡M§XYt¡¨cd§xÀÇ\�¡ n fb£wW(pRZ9c©¡¨c�W`pRY`¬�c©pRZ=f}�¿f}pRZ9fkpR£wf;§�c�_��=¬©c�fkZ�a�\�¡ n f0e(UXY`� n ÊK¢� R£ n 7 Á�ÿ Ã £kYPp�a¿f
[ÉUXc�¡¨¡¨f}p�Y(§�YÓ�RU¨W9Z9 R£w¡0WPÀVa5fk¬©c�fwÀ�§�Wt¦(f}U�£w¬�cdè( Rfk§kg<Z9c�¦�c�Z9f;ZËa'\ia5fk¬©c�fwÀ�§�Wt¦(f}U�§¨f}�RY`UXYP¡¨W`U¥§¨fw¡X§
Á�§¨f}fbf`Ê eRÊ é Qkjtê Ã ÊN#vpiW` =UM§¨fw¡¨¡¨c�p=eRgR¡ n f�£w¬�c�è' =f;§�YPUXf��RY`c©U¯§ÉWPÀAp=W9Z9f;§MY`pRZ�¡ n f�§xfk�RYPU¯Yt¡XW`UÉ§¨fw¡X§
YPUXf�§xc�p=e(¬©f¥p=W9Z9f;§É§xW�¡ n Yt¡kq 7 ÁÇÿ ÃQ� q � ���u� 7 ���(ÁÇÿ����¨ÿ!� Ãq � 7 �¨ÁÇÿ�� Ã�� - � � ÁxQkO Ã#°À�[�fö§¨ =aR§x¡¨c©¡¨ =¡¨fÜf;è' RYt¡Xc©W(pÌQ;O=g¹c�p(¡XW�¡ n fÜfwÐ9�=UXfk§X§xc�W`p ÀÇW`U�¡ n föpRf}e(YP¡¨c�¦`f f}p'¡XU¨W(�'\] + 7 ÁÇÿ Ã ¬©p 7 ÁÇÿ Ã [VfTW`a9¡¯YPc�p×¡ n f¥¬�Y(§�¡V¡�[�WÅ¡¨fkU¨_�§VWPÀ<¡ n f�SVfw¡ n f�ÀÇU¨fkfTfkp=f}UXe`\�Á�fkè¿Ê=r Ã ÊCÑ n  R§
ÀÇW`UÓYË¡¨UXf}f�e`U¯YP� n gK¡ n fiSVfw¡ n f�ÀÇUXf}f$fkp=f}UXe`\/cd§�f}Ð9Y(£µ¡×Y`pRZìc�¡×[Éc�¬�¬Ma¿f$_�c©p=c�_�c©ÒkfkZ¹[ n fkp7 ��� ÁÇÿ � �¨ÿ � Ã:��� ÁÇÿ � �¨ÿ � � � Ã Y`pRZ 7 � Á�ÿ � Ã:�o� Á�ÿ � � � Ã Ê� @=� >Z�KD��`FG6=�g�`6=�;D��¥8��<�.��2p�`23E7D��
Ï fÉÀÇW`¬�¬©Wt[�¡ n f�ÀÇW`UX_b =¬dYt¡Xc©W(p�W`ÀÎÑ< =UXa5W0Z=fk£wW9Z9c�p=e��=UXfk§¨f}p'¡XfkZ�c©p é Q`Qµê°Ê h p� =pR«'pRWt[Ép�aRc©pRY`U¨\
¦`f;£µ¡XW`U���cd§�fkpR£wW9Z9f;Z� R§¨c©pReb¡�[VWb£wW(pR§x¡¨c©¡¨ =fkp(¡É£wW9Z9f;§}g�f;Y`£ n WPÀ<[ n c�£ n c�§VfkY(§x\�¡XWÅZ9f;£wW9Z9fMa�\
c©¡X§¨f}¬©ÀKYPpRZ�¡ n fbUXfk§¨ =¬©¡X§�YPUXf�¡¨U¯YPpR§¨_�c�¡¨¡¨f;Z�Wt¦`fkU�Y�p=W(c�§¨\�£ n YPp=p=fk¬Èe(c©¦�c�p=e�¡�[VW�W`aR§¨f}UX¦tYt¡Xc©W(pR§���	����
`Ê�Ñ n fb¡XY`§¨«�WPÀKÑ< =U¨a¿WÓZ=fk£wW9Z9c�p=eÓc�§�¡¨W×c�p9ÀÇfkUM¡ n fÅ¦tY`¬© =f;§�W`Àoa=c�¡¯§MW`À:�iÀÇUXW`_ ¡ n fb¡�[VW
W`a5§xfkU¨¦tYt¡Xc©W(pR§����n� ��
PÊÚÑ n f�Z=fk£wW9Z9fkU�«�p=Wt[�§�¡ n f��RU¨c�W`U�Z9cd§�¡XU¨c�a= 9¡Xc©W(p¹Wt¦`f}U���Á�[ n c�£ n [Vf
Y`§X§¨ =_�f n f}UXfTcd§Ä =p=c©ÀÇW`UX_ Ã YPpRZÓ¡ n f¥¡�[�W�£}W`pRZ9c©¡¨c�W`p5YP¬��=UXW`aRY`a=c�¬©c©¡¨c�fk§$ ��XÁ,� Ã:�  7Á,���x� � Ã Ê
Ñ n f¥¡X =U¨a¿W�Z9fk£}W9Z9c©pRe�Y`¬©e(W`UXc�¡ n _öc©¡¨fkUXYP¡¨fk§V¡ n f¥ÀÇW`¬�¬�Wt[Éc©p=e�c©¡¨f}U¯Yt¡Xc©W(pR§kq¡ �¨Á=��� Ã'& ( )¢T£ ¢ -=¤Z¥n-   � Á=¦ Ã ��n§¤ ��¨ �(Á,¦Q� Ã ÁxQ`Q Ã

¨ �¨Á=��� Ã'& ( )¢T£ ¢ -=¤Z¥n-   
 Á=¦ Ã ��n§¤ � ¡ �(Á,¦Q� Ã ÁxQ;N Ã



message 1

bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7

message 2

æ7c©e( =UXf�Q`qbÑ n f�Ñ< =UXa5W$£}W9Z9f�§�¡XU¨ 5£µ¡¨ RU¨f(Ê J  =pRp=c©pRe$S m W(pË¡ n cd§0e(UXY`� n cd§�f;è( Rc©¦tYP¬�f}p'¡�¡XW
¡ n f¥¡¨ =UXa5W�Z=fk£wW9Z9c�p=e�YP¬�e`W(U¨c©¡ n _�Ê

YPp5Z�¡ n f�_�YPUXe`c�pRYP¬��=UXW`a5YPa=c�¬©c©¡�\�Wt¦`fkUg���Ccd§ÉYP�=�RU¨W]Ð9c�_�YP¡¨f;Z�a�\Îq7 Á,��� Ã:�©( ¨ �¨Á,��� Ã ¡ �XÁ,��� Ã ÁxQkj Ã
YtÀ ¡Xf}UÄ¡ n f�c�¡Xf}U¯Yt¡Xc©W(pR§ n Y]¦`f¥£wW(p�¦`f}UXe`f;ZiÁ�W`UÉUXfkY`£ n fkZ×Y�_�YtÐ9c�_�YP¬�p� =_ba¿f}UMWPÀ<c©¡¨fkUXYP¡¨c�W`pR§ Ã Ê� W`¡¨f�¡ n YP¡�¡ n f¥ÑÈ =UXa¿W�Z9f;£wW9Z9c�p=eÅY`¬©e(W`UXc�¡ n _íY`§KÀÇW`UX_b =¬dYt¡XfkZ n f}UXf�UXfkè' =c�U¨f;§K§¨ =_�_�c©p=e�Wt¦`fkU
YPpÅfwÐ9�¿W`p=fkp(¡Xc�Y`¬©¬�\�¬dYPUXe`fKp� =_Åa5fkUCWPÀ¿§x¡XYP¡¨f;§<c�pbf;Y`£ n c�¡Xf}U¯Yt¡¨c�W`pÈÊ<Ñ n fÄUXfkY`§¨W`p¥¡ n cd§Cc�§7�¿W(§X§xc�a=¬�f
cd§0¡ n Yt¡Å¡ n fÓ¬©c�«`fk¬©c n W�W9Z=§*  � Á,¦ Ã �=  
 Á=¦ Ã £wW(_�f�ÀÇU¨W(_ Y`p/fkY(§x\Æ¡¨WËZ9fk£}W�Z=f×£wW9Z9f(Ê�#vp/W`¡ n fkU
[VW`U¯Z=§}g¿¡ n f}UXf�c�§�Y×À�Y`£w¡¨W`UXc�ÒkYt¡Xc©W(pi§x¡¨UX R£µ¡X =U¨f�W`pÆ¡ n fk§¨f�¬�c�«`f}¬�c n W�W�ZR§M¡ n Yt¡0£}W`UXU¨f;§x�¿W`pRZ�¡¨W�Y
§¨c©p=e(¬©\'uv£wW(p=p=fk£w¡¨f;Z�e`U¯YP� n q�¡ n cd§�f}p5YPa=¬�fk§Å¡¨ RU¨a¿WËZ=fk£wW9Z9fkUX§b¡¨W!£wW(_��= 9¡¨f�¡ n f�fwÐ9�5W(p=f}p'¡Xc�Y`¬
§¨ =_ÜWt¦(f}U�§x¡XYt¡Xfk§Äc�p�¬©c�p=f;YPUÄ¡¨c�_�f`Ê I §X§xfkp(¡Xc�Y`¬©¬�\`g�¡ n cd§�cd§�Z9W`pRf�a'\ÓYPp�YP¬�e`W(U¨c©¡ n _Üfkè' =c�¦]Y`¬©fkp'¡
¡¨W�S m Ê
h §V§ n Wt[Ép�c�p é Q;9g99gÎQkO]ê°g'¡ n fTÑÈ RU¨a¿WÅZ9f;£wW9Z9c�p=eÅY`¬©e(W`UXc�¡ n _-c�§�fkè' =c�¦tYP¬�f}p'¡K¡XWba¿f}¬�c©f}À<�=UXW`�RYPu
e(YP¡¨c�W`p3ÊQ#vp�W` =UÉ RpRZ9c�U¨f;£µ¡¨f;Z�ÀÇW`UX_�YP¬�c�§¨_�g=c�¡�c�§Éf;è' =c©¦tY`¬©fkp(¡M¡¨W�c©¡¨f}U¯Yt¡Xc©pRe�¡ n fbS m f;è( 5Yt¡¨c�W`p5§
W`pb¡ n fÄe(UXY`� n § n Wt[Épbc�pÅÍRe` =UXfTQ`Ê<Ñ n f�¡XW`��YPpRZÅa5W`¡x¡XW`_�p=W9Z9f;§C£wW`UXUXfk§¨�5W(pRZ¥¡¨W�£}W�Z=f}[VW`U¯Z=§¦ � ��¦ 
 YPpRZÓ¡ n f0p=W9Z9fk§�c©p�¡ n f0_�c�Z=Z=¬©f0¬dY]\`fkUÉ£wW`UXUXfk§¨�5W(pRZ�¡XW� =p=«�p=Wt[Ép�a=c©¡X§kÊ�Ñ n f��¿WP¡Xf}p9u
¡¨cdYP¬d§¥a¿fw¡�[Vf}f}p!p=W9Z9f;§�YPUXf�§¨fw¡�¡XW�Z9f}¬©¡XYÓÀÇ =pR£w¡¨c�W`pR§kq � Á=¦ � ����� Ã9� Q�c�ÀV¡ n f�þ�¡ n aRc�¡0W`ÀQ¦ � g¦ �� cd§Kf;è( 5YP¬¿¡¨W����7YPpRZ×Ò}fkU¨W0W`¡ n fkU¨[Écd§¨f`Ê � W9Z9f;§�¦ � Y`pRZ�¦ 
 n Y]¦(f�W`a5§xfkU¨¦tYt¡Xc©W(p��5W`¡¨fkp(¡Xc�Y`¬�§  � Á,¦ Ã �=  
 Á=¦ Ã £wW`UXUXfk§¨�5W(pRZ9c�p=e�¡¨WÆ¡ n fÓ¬�c©«(f}¬�c n W'W9Z�WPÀ�YÆ£wW9Z9f}[VW`U¯Z!ÀÇUXW`_ëW`pRf�£}W`pR§x¡¨c©¡¨ =fkp'¡
£wW9Z9f(Ê
Ï�n fkp)S m cd§ÅUX =p/W(p�¡ n c�§Åe`U¯YP� n g<¡ n f�_�f;§¨§XYPe(fk§�UXfkY(£ n c�p=eª����Y`U¨f�f}Ð=Y`£µ¡X¬©\ ¨ �>� ¡ �� R§xf;Z
c�pÆ¡X =UXa5WiZ=fk£wW9Z9c�p=e�YPp5ZÆf;è' RYt¡Xc©W(pR§�Q`Qu«¿Q]N�ÀÇW(¬©¬�Wt[ Z9c�UXfk£µ¡X¬©\iÀÇU¨W(_Ö¡ n f�§�¡¯YPpRZRYPU¯ZËS m  =�9u
Z=YP¡¨fk§ é Qkr]ê°ÊbÑ n f�S m ÀÇW`UX_�Y`¬©cd§¨_�Y`¬�§¨W�YP¬�¬©Wt[�§� R§�¡¨W�£wW(_��R 9¡¨f�a¿f}¬�c©f}À�§¥Wt¦`f}U2¦ � � ¦ 
 e(c©¦(f}p
a�\Îq
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h �R�=¬©\�c�p=e�£w¬dYPc�_�Q×¡XWi¡ n f�e`U¯YP� n § n Wt[Ép)c©p)ÍRe( =U¨fÆQÓe(c©¦(fk§�YËS�f}¡ n fÓÀÇUXf}f�f}p=fkU¨e(\Ë¡ n YP¡
c�pR£w¬� RZ9f;§�Û�W`c�p'¡Ka¿f}¬�c©f}À�§KW`À¿¡ n fÉÀÇW(U¨_ 7 Á,¦ � � � � Ã g(a= =¡�a¿fk£}Y` R§¨fÄ¡ n f�f}p=fkU¨e(\bcd§oc�p9ÍRp=c©¡¨fÉÀÇW(U�Y`p'\
§¨ R£ n a5fk¬©c�fwÀAÀÇW(U�[ n cd£ n ¦ ���®� � � §¨ R£ n a¿f}¬�c©f}À�§�_b 5§�¡Ma¿f0W`À7¡ n f�ÀÇW(U¨_ 7 Á,¦ � Ã>¯ Á=¦ �� U � � Ã ÀÇW(U
¡ n f�SVfw¡ n fÅÀÇU¨fkfbf}pRf}UXe`\Ó¡¨W�a5fÅÍRp=c©¡¨f(Ê ª §xc�p=e×¡ n cd§�À�Y`£µ¡;gÎ[�f�£}Y`pi§xc�_��=¬�c�ÀÇ\�¡ n f�SVf}¡ n fbÀÇU¨fkf
f}pRf}UXe`\`ÊCÑ n fM§¨c�_��R¬©c©ÍRfkZ�ÀÇU¨fkfMf}pRf}UXe`\bcd§opRWt[ìW(p=¬�\�Y¥ÀÇ RpR£µ¡Xc©W(p�WPÀ 7 � Á,¦ Ã � 7 
 Á,¦ Ã Y`pRZ 7 �xÁ=��� Ã ÊD b	a b E@EG a|° J�L L fw¡ ¨ ��� ¡ �Ca¿fbY�§xf}¡�WPÀAÑÈ RU¨a¿W�Z9fk£}W9Z9c©pRe�_�f;§¨§XYPe(fk§ÄYPp5ZÓ¬�fw¡±M 7 ��Á=¦ Ã � 7 �¯Á,��� Ã O
a¿f0¡ n fba¿f}¬�c©f}À�§T£kYP¬d£w =¬dYt¡XfkZ�ÀÇUXW`_ ¡ n W'§xfÅ_�fk§X§¨Y`e`fk§kÊ�Ñ n fkp�¡ n f�a5fk¬©c�fwÀ�§TYPUXf�Í=Ð9f;Z�u��¿W`c�p'¡X§MWPÀ
¡ n fÓÑ< =U¨a¿WiZ9f;£wW9Z9c�p=eÆY`¬©e(W`UXc�¡ n _ c©À�Y`pRZ!W`p=¬�\Ëc�À�¡ n f}\�Y`U¨f�Òkf}UXW$e`U¯Y`Z9c�f}p'¡0�¿W`c�p'¡X§ÅWPÀÉ¡ n f
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§¨ =a9Û�fk£w¡K¡XW0¡ n f�£wW(pR§x¡¨U¯YPc�p(¡¯§C¡ n Yt¡ 7 �tÁ,¦ Ã Y`pRZ 7 
(Á,¦ Ã _�YPUXe`c�pRYP¬�c©Òkf�Z9Wt[Ép�¡¨W 7 � Á=� � Ã ÀÇW(U�Y`¬©¬5þXÊ`Na b.b>c L Ñ n cd§oÀÇW(¬©¬�Wt[�§AÀÇUXW`_í£w¬dYPc�_�Q`Ê h ¬©¡¨fkU¨p5Yt¡¨c�¦`fk¬©\(g(W(p=fM£kYPp��=UXWt¦`fÉc©¡ÉZ9c©UXfk£w¡¨¬�\�a'\�Y(Z=Z9c�p=e
L Y`e`U¯YPp=e(f�_b =¬©¡¨c��=¬�c©fkUX§�f�´ÈÁ=��� Ã fkp9ÀÇW`U¯£wf;§0¡ n f�£}W`pR§x¡¨U¯YPc�p'¡0¡ n Yt¡ 7 � Á=¦ Ã _�Y`U¨e(c©p5YP¬�c©Òkf×Z9Wt[Ép
¡¨W 7 �XÁ,��� Ã Y`pRZef!S<Á=��� Ã f}p9ÀÇW(UX£}fk§V¡ n f0£wW(pR§�¡XUXY`c©p'¡V¡ n YP¡ 7 
 Á=¦ Ã _�YPUXe`c�pRY`¬©c�Ò}fTZ9Wt[Ép�¡¨W 7 �xÁ=��� Ã Ê
¢�f}¡x¡¨c�p=e�f!SÈÁ=��� Ã:� ¬©p ¡ Á=��� Ã �xf�´<Á,��� Ã:� ¬�p ¨ Á=��� Ã e(c©¦(fk§VYb§¨fw¡ÄWPÀ L YPe(UXY`p=e`fÉ_Å =¬�¡Xc©�R¬©c�f}U¯§�¡ n YP¡§XYt¡¨cd§xÀÇ\/¡ n f$§�¡¯Yt¡¨c�W`p5YPUXc�¡�\�£}W`pRZ=c�¡Xc©W(pR§�c�À0Y`pRZìW`p=¬�\ ¨ � ¡ YPUXf�Í=Ð9fkZ¹�¿W`c�p'¡X§�W`À�¡ n f�¡¨ =UXa¿W
Z9f;£wW9Z9c�p=e�YP¬�e`W`UXc©¡ n _�Êgy� @ � >Z�KD��`FG6=�g�`6=�;D�����2�µÖE7D'47�;FÇ8x¶��C69�tFÇ8x¶·�;:7D��.¸·�(23E7D'�
æ7c©e( =UXfMN¥§ n Wt[�§A¡ n f��5YPc�U¨[Écd§xf HiJ æÆ£}W`UXU¨f;§x�¿W`p5Z9c©pReM¡XWbY¥¬©Wt[¹Z9fkpR§xc©¡�\��RYPUXc�¡�\Å£ n fk£¯«�£wW9Z9f`Ê
Ï f� 5§xf J W`_�YPpÆ¬©f}¡x¡Xf}U¯§�¬�c�«`f�þÄ¡¨W�Z9f}p=W`¡¨fÅ¡ n f�a=c©¡X§¥YPp5ZÆØTUXf}f}«�¬�fw¡¨¡¨fkUX§T¬�c©«(f ¨ ¡¨W�Z9fkp=WP¡Xf¡ n fM�RY`U¨c©¡�\Å£ n f;£¯«9§}Ê$#vp�¡ n cd§of}Ð=YP_��=¬�f`g(¡ n f�a=c�¡¯§oþC£}Y`p�a5f�c�p�W(p=f�WPÀÎ¡�[VW0§�¡¯Yt¡Xfk§KZ=f}p=W`¡¨fkZ�a�\
ÿ � g¿[ n c©¬�f�¡ n fÅ£ n f;£¯«×a=c©¡X§T£}Y`p�a5fÅc©p$W(p=f�WPÀofkc©e n ¡M§�¡¯Yt¡¨f;§MZ9fkp=WP¡XfkZ�a�\�ÿ ´ Ê¹#°ÀA¡ n f0þ�¡ n a=c©¡
cd§T£}W`p=pRfk£µ¡XfkZ�¡XW×¡ n f ¨ ¡ n £ n f;£¯«ÓpRW�Z=f`gÎ¡ n f}pi[Vf� R§xfb¡ n f�p=W`¡XYt¡Xc©W(piÿ�´3ÁÇþ Ã ¡¨W�Z9f}pRWP¡¨fÅ¡ n f
§x¡XYt¡XfÄ¡ n YP¡o¡ n f�þ�¡ n p=W9Z9f�§ n W` =¬dZ�a5fMc©p�¡XW0£wW`UXUXfk§¨�5W(pRZb[Éc©¡ n ¡ n f ¨ ¡ n £ n f;£¯«0p=W9Z9fÉa¿f}c�p=e0c�p¡ n f�§x¡XYt¡Xf�ÿ�´ÈÊAÑ n f��RY`c©UX[Écd§xfÉ�¿WP¡Xf}p'¡¨cdYP¬d§ � ÁÇÿ����¨ÿ�´ Ã YPUXf�§xf}¡K¡XW0W`p=fMc�À3ÿ�´ÈÁ�þ Ã:� ÿ��7YPpRZ�Òkf}UXW
WP¡ n f}UX[Écd§xf(Ê�Ñ n f�§xc�p=e(¬©f}¡¨W`pË�¿WP¡¨fkp'¡¨cdYP¬d§�YPUXf�§¨fw¡�¡XW � �¨Á�ÿ�� Ã9�  <Á=��� � ÿ�� Ã ÀÇW`U�¡ n f�a=c©¡0p=W9Z9fk§
[ n c�¬©f � ´ÈÁ�ÿ�´ Ã cd§TW`p=f�c©ÀKÿ�´Ë£wW(U¨UXfk§¨�¿W`pRZ=§M¡¨W�YPpif}¦`fkpi�RY`U¨c©¡�\�§�¡¯Yt¡Xf�Y`pRZ$Òkf}UXW×WP¡ n f}UX[Écd§xf(Ê
Ñ n f0S m  =�ÎZ=Yt¡Xf�U¨ =¬�fk§ÄW(p×¡ n cd§ H YPUX«`Wt¦�e(UXY`� n e(c©¦(fM¡ n fbØ¥YP¬�¬dYPe`fkUÉZ9fk£}W�Z=c©p=e�Y`¬©e(W`UXc�¡ n _�q
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æ7c©e( =UXfTN9qCÑ n fT�RYPc�UX[Éc�§¨f H Y`U¨«(Wt¦be(UXY`� n ÀÇW`UÄY0U¯Yt¡XfbQn»Pj=gÎÁ�jh�XN Ã ¬©Wt[ÚZ=f}pR§¨c�¡�\��RY`U¨c©¡�\�£ n fk£¯«
£wW9Z9f(Ê�Ñ n fbp=W9Z9fk§Éc�p�¡ n f�a5W`¡x¡¨W(_ ¬dY]\`fkUÉU¨fk�=UXfk§¨f}p'¡É =p=«�p=Wt[Ép�a=c©¡X§MY`pRZÓ¡ n fbp=W9Z9fk§Éc�p�¡ n f
¡¨W(�Ó¬dY]\`fkU�UXf}�RU¨f;§xfkp(¡V¡¨UXc��=¬©f}¡X§ÄW`À<a=c©¡X§kÊ I Y(£ n ¡¨UXc©�R¬©f}¡�p=W9Z9f n Y`§ÄYPp�W`a5§xfkU¨¦tYt¡Xc©W(p×£wW(p=p=f;£µ¡¨f;Z
¡¨W�c©¡�¡ n Yt¡¥e`c�¦`f;§MÒkf}UXW��5W'§�¡Xf}UXc©W(U��RU¨W(aRYPa=c�¬�c�¡�\�c©Ào¡ n fÅ¡¨UXc��=¬©f}¡ n Y`§TW9Z=Z$�RY`U¨c©¡�\`Ê¥Ñ n f�p=W9Z9fk§
c�p�¡ n fMa5W`¡x¡¨W(_ ¬�Y]\(f}U n Y]¦(fÉW`aR§¨f}UX¦tYt¡¨c�W`p�p=W9Z9f;§A¡ n Yt¡Ä£wW`UXUXfk§¨�5W(pRZ0¡XW0p=W(c�§¨\Å¦(f}U¯§xc�W`p5§CWPÀ�¡ n f
 =p=«�p=Wt[Épia=c�¡¯§}Ê¥Ñ n fÅ�5W`¡¨f}p'¡Xc�Y`¬�§�a5f}¡�[�fkf}p�¡ n fbaRc�¡¥p=W9Z9fk§TYPp5Z�¡ n fb¡¨UXc©�R¬©f}¡Tp=W9Z9f;§�Y`U¨fÅ§xf}¡
¡¨W�W(p=f�W`UÄÒ}fkU¨W�Z9fk�5fkpRZ9c�p=e�W`p�[ n f}¡ n fkUÉ¡ n f¥¡XU¨c��=¬�fw¡MY`e`UXf}fk§�[Éc©¡ n ¡ n f�aRc�¡MpRW�Z=f`Ê
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h �R�=¬©\�c�p=e/£w¬dYPc�_ ¡XW!ÍRe` RU¨fiNÆ[Éc�¬©¬TYPe(Y`c©pìe`c�¦`f�Y!SVfw¡ n f�ÀÇUXf}f�f}p=fkU¨e(\�¡ n Yt¡ÓZ9fk�5fkpRZ=§�W(p
Û�W`c�p'¡Va¿f}¬�c�fwÀ�§ÄWPÀ<¡ n f�ÀÇW`UX_ 7 Á�ÿ ´ �xÿ � Ã a= 9¡Äa5f;£}Y` R§xfTWPÀ<¡ n fTc�p9ÍRp=c©¡¨f¥f}pRf}UXe`\�Y`§X§¨W�£}c�YP¡¨f;Z�[Éc�¡ n
£wW(p9ÍRe( =UXYP¡¨c�W`pR§3ÀÇW`U<[ n c�£ n ÿ ´ ÁÇþ Ã ®� ÿ � g 7 ÁÇÿ ´ �xÿ � Ã _b 5§�¡7a5fVWPÀ=¡ n foÀÇW(U¨_ 7 ÁÇÿ ´ Ã>¯ Á�ÿ ´ ÁÇþ ÃnU ÿ � Ã Ê
Ñ n  R§C[Vf�W(a9¡XY`c©p�Y¥§xc�_��=¬©c©ÍRf;ZÅSVfw¡ n fVÀÇU¨fkfÄf}p=fkU¨e(\¥¡ n YP¡AZ=f}�¿f}pRZ=§CW(p=¬�\0W`p 7 ÁÇÿ ´ Ã Y`pRZ 7 ÁÇÿ � Ã ÊD b	a b E@EG a|°�¼ L h §¨fw¡VWPÀ�_�fk§X§¨Y`e`f;§KYPp5Z�a5fk¬©c�fwÀ�§VYPUXfÉÍ=Ð9fkZ9u��¿W`c�p'¡X§�WPÀÎ¡ n f¥Ø¥YP¬�¬�Y`e`fkUKZ9fk£}W9Z9c©pRe
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§¨ =a9Û�fk£w¡É¡¨W�¡ n f0£wW`p5§�¡XUXY`c©p'¡Ä¡ n YP¡ 7 ´ Á�ÿ ´ Ã _�Y`U¨e(c©p5YP¬�c©ÒkfTZ9Wt[Ép�¡XW 7 � ÁÇÿ � Ã ÀÇW`U�YP¬�¬�þ�½�ü/Á ¨ Ã Ê`Na b.b>c L Ñ n c�§AY`e(YPc�p�ÀÇW(¬©¬�Wt[�§3ÀÇUXW`_�£}¬�Y`c©_íQ�W`UA£}Y`pba¿f��RU¨Wt¦(f}pbZ9c�UXfk£µ¡X¬©\�a�\0Y(Z=Z9c�p=e L YPe(UXY`p=e`f
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Á�j'y Ã
Ñ n fÓ_�c�p=c�_�c©Ò;Yt¡¨c�W`p)c�§�£wW(pR§x¡¨U¯YPc�p=fkZ/§¨W�¡ n Yt¡ 7 ÁÇÿ���� �ÀÍ�Î Á�ÿ�� ÃxÃ _�YPUXe`c�pRYP¬�c�Ò}fk§bZ9Wt[Ép�¡¨WÆ¡ n f
§¨c©p=e(¬©f}¡¨W(pÆa¿f}¬�c©f}À 7 ÁÇÿ!� Ã ÀÇW(U0YP¬�¬Aÿ!��½ÂÁ�ÿ���� �ÀÍ�Î ÁÇÿ�� Ã¨Ã Ê�®Mf}UXf�[��Äc�§T¡ n f�p� =_ba¿f}U�W`ÀKÀ�YP_�c�¬©c�fk§



¡ n Yt¡¥p=W9Z9fÅÿ��V�RYPU¨¡¨cd£wc��RYt¡Xfk§Tc�p3g�[ n cd£ n cd§Mf;è( 5YP¬7¡¨W�W`p=fÅ�=¬� R§T¡ n f�p� =_ba¿f}U¥W`À�£ n c�¬�Z9UXf}piWPÀ
ÿ��AÀÇW`U�YP¬�¬�p=W(p=U¨W�W`¡ÄpRW�Z=fk§kÊ� @wÝ Þ}�p�7�GF=�(698kFG2547�
Ñ n f¥À�Y(£µ¡É¡ n Yt¡�RTSÈÁ6M 7 ����� 7 �6O Ã c�§Éa¿W` RpRZ9fkZ�a¿f}¬�Wt[Âc�_��=¬©c�fk§É¡ n YP¡�¡ n f0S m fkè' RYP¡¨c�W`pR§ÉY`¬©[ÄY]\9§
�¿W(§X§xf;§¨§TY�Í=Ð9f;Z�u��¿W`c�p'¡�Á�W`a9¡¯YPc�p=fkZÆYt¡M¡ n f�e`¬�W`aRY`¬<_�c�p=c©_Å =_ÙWPÀNRZS Ã Ê¥Ñ<W×W( =UT«'pRWt[É¬©f;Z9e`f(g
¡ n c�§Écd§V¡ n f¥ÍRUX§x¡É�=UXW'W`À<W`À<fwÐ9cd§�¡Xf}pR£}f¥WPÀ7Í=Ð9fkZ�u°�5W(c©p'¡¯§VÀÇW`U�Y�e`fkp=f}U¯YP¬Îe`U¯YP� n [Éc©¡ n YPUXa=c©¡¨U¯YPUX\
�¿WP¡¨fkp'¡¨cdYP¬d§�Á�§¨f}f é Q;y;ê3ÀÇW(U�Y�_�W(U¨f¥�=UXW�WPÀ<ÀÇW`UÄ¡ n f0§x�¿fk£}c�Y`¬3£}Y`§¨f¥WPÀ<¡¨ =UXa5W�£}W9Z9fk§ Ã Ê
Ñ n fAÀÇUXf}fAfkp=f}UXe`\�ÀÇW`UX_b =¬dYt¡Xc©W(p¥£}¬�Y`U¨c©ÍRf;§¿¡ n foUXf}¬dYt¡Xc©W(pR§ n c©�T¡XWÉ¦]Y`U¨cdYt¡Xc©W(pRYP¬PY`�=�=UXW(Y(£ n fk§¿[ n cd£ n
YP¬d§¨WÅ_�c�p=c©_�c�Ò}f�YPp�YP�R�=U¨W]Ð9c�_�Yt¡¨fMÀÇU¨fkf¥f}p=fkU¨e(\ é r]ê°Êoæ=W(UÄfwÐ=YP_��=¬�f`g�¡ n f¥_�f;YPpÓÍRf}¬dZ�YP�=�=UXW]Ð�u
c�_�YP¡¨c�W`pÓÍRpRZ=§MY�§¨fw¡�W`ÀQM 7 � O�¡ n Yt¡É_�c©pRc©_�c�Ò}f`qRFß�àMÁ6M 7 �6O Ã:��U ) ��� )+ -WV +�X 7 �xÁ�ÿ�� Ã 7 �(Á�ÿ!� Ã ¬�p � ����ÁÇÿ�� �xÿ<� Ã Y ) � ) + - 7 �xÁ�ÿ�� Ã�é ¬©p 7 �xÁÇÿ�� Ã$U ¬�p � �¨Á�ÿ�� Ã ê

ÁGj`r Ã
§¨ =a9Û�fk£w¡É¡¨W�¡ n f0£wW`p5§�¡XUXY`c©p'¡ ] � 7 �xÁ�ÿ�� Ã�� Q(Ê
Ñ n fÉSVfw¡ n fÄÀÇU¨fkfÄf}p=fkU¨e(\�c©pR£}¬© 5Z9fk§7ÍRU¯§x¡xu°W`U¯Z9f}U<¡¨fkU¨_�§ 7 �¨ÁÇÿ�� Ã Y`§C[Vf}¬�¬=Y`§A§¨fk£}W`pRZ9u�W(UXZ9fkU3¡Xf}UX_�§7 ���(ÁÇÿ����¨ÿ!� Ã gR[ n c�¬©f0¡ n f0_�f;YPp�ÍRf}¬dZ�ÀÇUXf}f0fkp=f}UXe`\� 5§xf;§�W`pR¬©\×¡ n f�Í5UX§x¡�W`U¯Z9f}UMW`p=f;§}ÊVÑ n fbS m
ÀÇUXf}f�f}pRf}UXe`\/cd§�f}Ð9Y(£µ¡�ÀÇW(U�¡¨UXf}f;§�[ n c©¬�f�¡ n f$_�fkY`p)Í5f}¬dZ¹W`p=f�cd§�p=W`¡kÊ%æR =U¨¡ n fkU¨_�W`UXf�¡ n f
W`�=¡¨c�_�c�ÒkYP¡¨c�W`pÚ_�f}¡ n W9Z=§�YPUXfiZ9cá¿fkU¨fkp'¡kq�¡�\��=cd£}Y`¬©¬�\_RFß�àícd§Ó_�c�p=c�_�c�Ò}f;ZÚZ9c�U¨f;£µ¡X¬©\¹c�pÚ¡ n f
�=UXc©_�Y`¬V¦tY`U¨cdYPa=¬�fk§ÅM 7 �6O(qÓc�¡�cd§�fkY`§¨\Ë¡¨W�Z9f}ÍRp=f�¬©W9£}Y`¬Ä =�¿ZRYt¡¨f;§�ÀÇW`U 7 �XÁÇÿ�� Ã ¡ n YP¡�_�c�p=c�_�c©ÒkfRFß�à YP¡�fk¦`fkU¨\�c©¡¨fkUXYP¡¨c�W`p3Ê·#vp�£wW(p(¡XUXY(§�¡;go¡ n f�S m c©¡¨fkUXYP¡¨c�W`pR§�[VW`UX«�[Éc�¡ n ¡ n f�_�fk§X§XYPe`f;§
[ n cd£ n YPUXfb£}W`_baRc©pRYP¡¨c�W`pR§MWPÀo¡ n fÅZ= RYP¬7¦tYPUXc�Y`a=¬©f;§ÀM	fh���'ÁÇÿ<� Ã O'ÊTÑ n f�S m c©¡¨f}U¯Yt¡Xc©W(pR§MZ=W×p=W`¡
p=f;£wfk§X§XYPUXc©¬�\Ó_�c�p=c�_�c�Ò}f�R S Yt¡¥f}¦(f}UX\Óc©¡¨fkUXYP¡¨c�W`p3qÉc�p$À�Y(£µ¡kgÎÀÇW(U�c�p'¡¨fkU¨_�fkZ=c�YP¡¨fbc©¡¨fkUXYP¡¨c�W`pR§M¡ n f7 ��� � 7 � £kYP¬d£w =¬dYt¡XfkZÓ R§¨c©p=e�S m Z9W�p=W`¡É§XYt¡Xc�§xÀÇ\�¡ n f�_�YPUXe`c�pRYP¬�c©Ò;Yt¡Xc©W(pÓ£wW(pR§x¡¨U¯YPc�pR§}Ê
Õ�YPa5Y`§ n c©_�YÅYPpRZ�¢9Y`Y(Z é Qkl]ê n Y]¦`fT�=U¨fk¦�c©W( R§x¬�\��¿W`c�p(¡XfkZÓW` 9¡Ä¡ n f�£wW`UXUXfk§¨�5W(pRZ9f}p5£wfMa¿fw¡�[Vf}fkp
S m YPpRZË¡ n fÓSVf}¡ n f×Y`�=�=UXW]Ð9c©_�Yt¡Xc©W(pìÁ�fwÐ9�=UXfk§X§xf;ZË R§xc�p=e�¡ n fÓÑ hMm ÀÇW(U¨_�Y`¬©cd§x_ Ã ÀÇW(UÅ§¨W`_�f
§¨�5f;£wc©Í5£¥e`U¯YP� n c�£kYP¬�_�W9Z9f}¬d§É[Éc©¡ n U¯YPpRZ9W(_ Z9cd§¨W`U¯Z9f}U;Ê ç  =U��=UXW�WPÀAYPpR§¨[Vf}U¯§�c�p�¡ n f0Y	â�U¨_�YPu
¡¨c�¦`fÓ¡ n f}c�U�è' =f;§�¡Xc©W(p)Y`a5W( 9¡�[ n fw¡ n f}U�¡ n fkU¨f�cd§�Y%ä¨Z=f}f}��e`f}pRf}U¯YP¬V¬©c�p=«�a¿fw¡�[Vf}f}p�¡ n f�¡�[VW
_�fw¡ n W9Z=§}Ê å é Q;l]êã ä ã�åÄâ�¾Rú�ãÅ· ó�ó ¼=à ÷ ã�æ-½7»9ãxà ß ºË»9à »=ú ðèç ¼ ð3ðêé�ß�ð ¼=ôoû
Ñ n f�S�f}¡ n f�YP�=�RU¨W]Ð9c�_�YP¡¨c�W`p3g=ÀÇW`UT[ n c�£ n ¡ n fbfkp=f}UXe`\�YPp5Z�f}p'¡¨UXW`��\�YPUXfbYP�=�RU¨W]Ð9c�_�YP¡¨f;ZÓa�\
¡¨fkU¨_�§0¡ n YP¡Åc�p'¦(W`¬�¦`f�YP¡Å_�W(§x¡b�RY`c©U¯§�WPÀ�pRW�Z=fk§kg7cd§b¡ n f×§¨c�_��R¬©f;§�¡�¦`f}U¯§¨c©W(pËW`ÀÉ¡ n f�Õ¥c©«� R£ n c
ä¨£}¬© 5§�¡Xf}UÉ¦tYPUXc�YP¡¨c�W`pRY`¬Î_�f}¡ n W9Z�Ê å é s'g=zRg¿y;êT#vp�Y�e`f}pRf}U¯YP¬3Õ¥c�«' 5£ n c3YP�=�RU¨W]Ð9c�_�YP¡¨c�W`p3g'¡ n f�f}p9u
f}UXe`\�Á�W`UÈfkp'¡¨UXW`��\ Ã c�§7YP�R�=U¨W]Ð9c�_�Yt¡¨f;Z�Y`§7YM§¨ =_�WPÀ9¡ n fVf}p=fkU¨e(c©f;§kÁ�W`UÈfkp'¡¨UXW`�=c�fk§ Ã WPÀ5aRY`§¨c�£K£w¬� R§�u
¡¨fkUX§KWPÀ�p=W9Z9f;§}g'_�c©p� R§K¡ n f�f}p=fkU¨e(c©f;§kÁ�W`UAfkp(¡XU¨W(�=c�fk§ Ã WPÀ�Wt¦`fkUxuv£wW( =p'¡¨f;ZÅ£}¬© R§x¡¨fkUKc�p'¡¨f}U¯§¨fk£µ¡Xc©W(pR§kg
_�c©p� R§�¡ n f�f}p=fkU¨e(c©f;§kÁ�W`UTf}p'¡¨UXW`�=c�fk§ Ã W`ÀK¡ n fÅWt¦(f}U¨u°£}W` =p'¡XfkZ�c�p(¡Xf}U¯§xf;£µ¡Xc©W(pR§TWPÀKc�p'¡¨f}U¯§¨fk£µ¡Xc©W(pR§kg
YPp5ZÓ§¨W�W`p3Ê
æ7c©e( =UXf0z(Y�§ n Wt[�§�Y`p�fwÐ=YP_��=¬�f`Ê�Ñ<W�W(a9¡XY`c©p�¡ n fÅSVf}¡ n fbY`�=�=UXW]Ð9c©_�Yt¡Xc©W(p3g=[Vf0 R§¨fÅY(§�aRY(§xcd£
£w¬� R§x¡¨fkUX§V¡ n f0§xf}¡�WPÀAYP¬�¬��RYPc�U¯§ÄWPÀCp=W9Z9fk§kÊoÑ n f0SVfw¡ n f�f}p'¡¨UXW`��\�cd§Ä¡ n f0§x =_ WPÀAYP¬�¬�f}p'¡¨UXW`�Rc©f;§
c�pÓ¡ n f�aRY(§xcd£¥£w¬� R§�¡Xf}U¯§Ä_�c©p� R§V¡ n f�f}p'¡¨UXW`�Rc©f;§ÄWPÀ<Wt¦(f}U¨u°£}W` =p'¡XfkZ×£}¬© 5§�¡Xf}UÉc�p(¡Xf}U¯§xf;£µ¡Xc©W(pR§}Êë SÈÁ�ÿ Ãì� ë Á�ÿ ��
 ÃZY�ë ÁÇÿ 
 í ÃTY�ë ÁÇÿ�î�ï ÃTY�ë ÁÇÿ�ï ð Ã ÁGj's ÃYjë Á�ÿ � î ÃTY�ë ÁÇÿ 
 ï ÃTY�ë ÁÇÿ í ð Ã ÁGj` Ã
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ÁÇa Ã
æ7c©e( =U¨f¥z5qCÑÄ[VW�fwÐ=YP_��=¬�fk§VÀÇW(UÄ¡ n f0Õ¥c�«� R£ n c3Y`�=�=UXW]Ð�c�_�Yt¡Xc©W(pR§}ÊA¢�fkf�¡XfwÐ�¡ÉÀÇW`U�Z=fw¡XY`c©¬d§kÊ

U*ë Á�ÿ�� ÃÜU�ë Á�ÿ�í Ã$U�ë ÁÇÿ ð ÃFUñë ÁÇÿ î Ã ÁGj`l ÃU N ë ÁÇÿ 
 Ã$U N ë ÁÇÿ�ï Ã Á�z(O Ã
[ n fkU¨f0[Vf0Z9fkp=WP¡Xf0a�\ ë Á�ÿ�� Ã ¡ n f0f}p'¡XU¨W(�'\ÓWPÀAÿ��¨q ë ÁÇÿ�� Ãg�òU ] +.- � Á�ÿ�� Ã ¬�p � ÁÇÿ�� Ã Ê � WP¡Xf
¡ n Yt¡×¡ n cd§×cd§�f}Ð9Y(£µ¡X¬©\)¡ n fËSVfw¡ n fif}p'¡XU¨W(�'\ì R§¨fkZ¹c�pÂ£w¬dYPc�_ Q`Ê^#vp'¡¨ Rc�¡Xc©¦(f}¬�\`g�a¿fk£kYP R§¨f$ÿ �
YP�R�5f;YPU¯§Äc©p�¡�[VW�£}¬© 5§�¡Xf}U¯§}g9c©¡X§Éfkp'¡¨UXW`��\�[ÄY`§ÄWt¦`fkUxuv£wW( =p'¡¨f;Z�§xW�c©¡Mcd§É§x =a=¡¨U¯Y`£µ¡XfkZ�W`p5£wf`ÊoÑ n f
p=W9Z9f(g=ÿ 
 g=W`p�¡ n f0WP¡ n f}U n YPpRZ�g5YP�=�¿fkY`UX§Äc�p�¡ n UXf}f�£}¬© R§x¡¨fkUX§kgR§¨W�c�¡¯§�f}p'¡XU¨W(�'\×c�§É§¨ =a9¡XUXY(£µ¡¨f;Z
¡�[Écd£wf`Ê
h Z9cá¿fkU¨fkp(¡�Õ¥c�«� R£ n c3YP�R�=U¨W]Ð9c�_�Yt¡¨c�W`p�ÀÇW`UV¡ n f�§XYP_�f�è' RYPp'¡¨c©¡�\�£}Y`p×a¿f�W`a9¡¯YPc�p=fkZ×[ n f}p�[Vf
 R§¨f�è( 5YPU¨¡¨fw¡¯§VWPÀÈp=W9Z9f;§ÉY`§�¡ n fTa5Y`§¨c�£¥£w¬� R§x¡¨fkUX§kÊAÑ n f�fkp'¡¨UXW`��\�c©pÓÍRe( =U¨fTz(YÅ[VW` =¬dZ�¡ n f}p�a¿f
YP�R�=U¨W]Ð9c�_�Yt¡¨f;Z×Y(§}q ë�ó:ô ÁÇÿ ÃQ��ë ÁÇÿ���
 î�ï ÃTY�ë ÁÇÿ�
 í ï ð ÃFUñë ÁÇÿ�
 ï Ã Á�zRQ Ã
®�fkU¨fTp=W9Z9f;§Äÿ�
¥YPpRZ×ÿ ï Y`�=�5f;YPU�¡¨W(e`fw¡ n f}UÄc�p×¡�[VW�£w¬� R§�¡Xf}U¯§�§¨W�[�f�§¨ =a9¡¨U¯Y`£w¡�¡ n f}c�UÄf}p'¡¨UXW`��\(Ê
æ7c©e( =UXfTz(a�§ n Wt[�§ÉY�_�W`UXf¥e`fkp=f}UXc�£¥§¨c�¡X RYt¡Xc©W(p3Ê:#°ÀC[�f0Y`e(Y`c©p� R§¨f0è( 5YPU¨¡¨fw¡¯§ÄWPÀCp=W9Z9fk§ÉY(§Ä¡ n f
aRY(§xcd£¥£w¬� R§�¡Xf}U¯§Ä[�f n Y]¦(f`që ó ôõ� ë Á�ÿ ��
 îxï Ã�YBë Á�ÿ 
�í ï�ð ÃTYBë ÁÇÿhîxï�Ù ö ÃZYBë ÁÇÿ�ï�ð�ö ÷ ÃU*ë Á�ÿ 
 ï Ã$Uñë ÁÇÿ�î�ï ÃFUñë ÁÇÿ�ï ð Ã$Upë ÁÇÿ�ï ö ÃYjë Á�ÿ�ï Ã Á�z'N Ã
®�fkU¨f0¡ n f0pRW�Z=fk§�ÿ 
 ÿ�ïbYP�R�5f;YPUÉ¡XW`e`f}¡ n fkU�c�p�¡�[�W�£}¬© R§x¡¨fkUX§�§xW�[Vfb§¨ =a9¡XUXY(£µ¡É¡ n f}c�UMf}p'¡XU¨W(�'\
W`p5£wfÅY`pRZ$§¨c©_�c�¬�Y`U¨¬�\�ÀÇW`U�zh�XyÓy!�Xr�YPpRZÆy!�¨RÊTSV 9¡TW`pR£}fb[VfÅZ9W×¡ n YP¡T[VfÅ§¨f}fb¡ n YP¡TpRW�Z=fbÿ�ï
YP�R�5f;YPU¯§Mc�piÀÇW( =U�£w¬� R§x¡¨f}U¯§¥YPpRZic�¡¯§¥f}p'¡¨UXW`��\�cd§T§¨ =a9¡XUXY(£µ¡XfkZ�ÀÇW( =UT¡¨c�_�fk§�ÁÇc�pÆÀÇW` =U�Z9cá¿fkU¨fkp'¡
�RY`c©U¯§ÄWPÀ7p=W9Z9fk§ Ã §xW�[Vf¥p=f}f;Z×¡XW�Y`Z=ZÓ¡ n f�f}p'¡¨UXW`��\�WPÀCp=W9Z9f¥ÿ ï YPe(Y`c©pÈÊ
Ñ n f0Õ¥c�«� R£ n cÈY]¦(f}U¯YPe`fTf}pRf}UXe`\�cd§ÉaRY(§xf;ZÓW(p�Y�§xc�_�c©¬dYPU�c�p'¡¨ =c©¡¨c�W`pÈÊ�¤�fwÍRp=f0¡ n f0fkp=f}UXe`\×WPÀAY
UXf}e`c�W`pÓa�\¿q � Ô ÁÇÿ Ô Ã:A�U ¬©p � ����� ��� Á�ÿ � �xÿ � ÃFU ¬©p � ��� � ÁÇÿ � Ã:A�U ¬�p � Ô ÁÇÿ Ô Ã Á�z(j Ã

[ n fkU¨fÉ¡ n fT�=U¨W9Z9 5£µ¡X§VYPUXf�Wt¦(f}UKY`¬©¬¿p=W9Z9fk§KW`UV�RYPc�U¯§oWPÀ3pRW�Z=fk§A¡ n Yt¡ÉYPUXfM£}W`p'¡XY`c©p=f;Z�c©p×U¨fke`c�W`pÎ Ê h pRZ¹Z9f}p=W`¡¨f�a�\Ñø� ÁÇÿ Ô�ù 7 Ã ¡ n f$Y]¦`fkUXY`e`fÓWPÀT¡ n f�fkp=f}UXe`\/[Éc©¡ n UXfk§¨�¿fk£µ¡�¡XW!¡ n f�a¿f}¬�c©f}Àø� Á�ÿ Ô�ù 7 ÃN� ] +.ú 7 Ô Á�ÿ Ô Ã>� Ô ÁÇÿ Ô Ã ÊÉÑ n fkp�¡ n fÅY]¦`f}U¯YPe(f�fkp=f}UXe`\ÓWPÀCÍRe( =U¨f�z(a� R§xc�p=e×è' RY`Ux¡Xfw¡¯§



WPÀCp=W9Z9f;§Äc�§kq ø� ó ôõ� ø� Á�ÿ ��
 îxï ÃTY ø� ÁÇÿ 
�í ï ð ÃTY ø� ÁÇÿ�î�ï�Ù ö ÃTY ø� ÁÇÿ�ï ð�ö�÷ ÃU ø� Á�ÿ 
 ï ÃFU ø� Á�ÿhîxï ÃFU ø� Á�ÿ�ï�ð ÃFU ø� Á�ÿ�ï�ö ÃY ø� Á�ÿ ï Ã Á�z`z Ã
ÁÇ[ n f}UXfT[Vf n Y]¦(fT§¨ =�=�=UXfk§X§¨fkZ×¡ n f0Z9fk�5fkpRZ9fkpR£wf�W`À�ø� W`p�a Ã
æ=W(UMY�e(f}p=fkUXY`¬3e`U¯YP� n g=¬©f}¡2û a5f�Y�§xf}¡MWPÀAUXf}e`c�W`p5§Ä¡ n YP¡Mc�pR£w¬� RZ9fb§¨W`_�fb£ n W(§¨f}p�aRY`§¨cd£�£w¬� R§�u
¡¨fkUX§TW`À�p=W9Z9f;§}gÎ¡ n f}c�U�c©p'¡Xf}U¯§xf;£µ¡¨c�W`p5§}gÎ¡ n f�c©p'¡¨fkUX§¨fk£w¡¨c�W`pR§�WPÀ�¡ n f�c�p'¡¨f}U¯§¨fk£µ¡Xc©W(pR§kg3YPpRZÆ§xW�W`p3Ê
Ñ n f�£ n W(c�£}f�WPÀÄaRY`§¨cd£�£w¬� R§�¡Xf}U¯§0Z9f}¡¨f}UX_�c©pRfk§¥¡ n f×Õ¥c�«' 5£ n cKYP�R�=U¨W]Ð9c�_�Yt¡¨c�W`p!«(ÀÇW`U�¡ n f×SVfw¡ n f
YP�R�=U¨W]Ð9c�_�Yt¡¨c�W`pÈg`¡ n f�aRY`§¨cd£�£}¬© R§x¡¨fkUX§Ä£}W`pR§¨c�§x¡ÉWPÀ<Y`¬©¬�¬�c�p=«`f;Z×�RY`c©U¯§VWPÀ7p=W9Z9fk§kÊ L fw¡Éÿ Ô a¿f¥¡ n f§x¡XYt¡Xf¥WPÀ7¡ n f�p=W9Z9f;§Äc©p�UXf}e(c©W(p Î YPpRZ 7 Ô Á�ÿ Ô Ã a5f¥¡ n f�äxa¿f}¬�c©f}À¨å�c�p�ÿ Ô Ê
Ñ n f0Õ¥c�«� R£ n cÎÀÇUXf}f¥f}p=fkU¨e(\�c�§R ó � )Ô\0�ü9ý Ô±þ ) +.ú 7 Ô Á�ÿ Ô Ã>� Ô ÁÇÿ Ô ÃTY ) +�ú 7 Ô ÁÇÿ Ô Ã ¬©W(e 7 Ô Á�ÿ Ô Ã6ÿ Á�z'y Ã

[ n fkU¨f ý Ô c�§7¡ n fÄWt¦`f}U¨uv£wW` Rp(¡Xc©pReÉp' R_ba¿f}UAWPÀ5U¨fke`c�W`p Î g(Z=fwÍRp=f;Zba�\Îq ý Ô � Q U ]�� 0 � ¥ ��� Ô 1 Ô 3 ý �[ n fkU¨f��\��  � Î Á ÎPÃ c�§b¡ n fÓ§¨fw¡�WPÀMYP¬�¬Ä§x =�¿f}U¨u°U¨fke`c�W`pR§�W`À Î ÊËæRW`UÅ¡ n fÓ¬�Y`U¨e(fk§x¡bU¨fke`c�W`pR§bc©p³ûÅgý Ô � Q`ÊÅÑ n f�a¿f}¬�c�fwÀ 7 Ô Á ¨ Ô Ã c�pËU¨fke`c�W`p Î×n Y`§�§¨f}¦(f}U¯YP¬C£wW`p5§�¡XUXY`c©p'¡X§kqMc©¡0_b 5§�¡0§¨ =_Ù¡¨W�W`pRf
YPp5Z/a¿f�£}W`pR§¨c�§x¡¨fkp'¡�[Éc©¡ n ¡ n f�a¿f}¬�c©f}À�§�c©p)U¨fke`c�W`pR§Å[ n cd£ n c�p(¡Xf}U¯§xf;£µ¡�[Éc�¡ n³Î ÊB#vp)e`f}pRf}U¯YP¬�g
c�pR£wUXfkY(§xc�p=e0¡ n f�§xc�Ò}f¥W`À3¡ n f¥aRY(§xcd£T£w¬� R§�¡Xf}U¯§Vc©_��=UXWt¦`f;§o¡ n f�YP�=�=UXW]Ð9c©_�YP¡¨c�W`p�W(p=f�W(a9¡XY`c©p5§�a�\
_�c©pRc©_�c�Ò}c�p=e�¡ n f0Õ¥c�«� R£ n cÎÀÇUXf}f¥f}pRf}UXe`\`Ê� �¹ðÈßMð ¼=½ ñ ã ù�ð áý¸ ðÈñ ã ð3ò�ó ¼Rà ó ½Côo½7»=ã�à ß
	��Úï���
H c�p=c�_�c�Ò}c�p=e)¡ n f�Õ¥c�«� R£ n cTÀÇU¨fkfifkp=f}UXe`\�§¨ =a9Û�fk£w¡�¡¨W)¡ n f!£wW(pR§�¡XUXY`c©p'¡¯§×W(pÚ¡ n fÆa¿f}¬�c©f}À�§�c�§
p=W`¡�§¨c�_��R¬©f(Ê � f;YPUX¬©\�Y`¬©¬�Y`�=�=¬�c�£kYt¡¨c�W`p5§ÅW`À�¡ n f�Õ¥c�«� R£ n cÉYP�R�=U¨W]Ð9c�_�Yt¡¨c�W`p�c©p)¡ n f�� n \9§¨c�£k§
¬�c�¡Xf}U¯Yt¡¨ RU¨f�fwÐ9�=¬�W`c©¡b§¨\'_�_�fw¡XU¨c�fk§¥c�pË¡ n f× =pRZ9fkU¨¬�\�c©p=e�� n \9§¨c�£kYP¬o§¨\�§x¡¨fk_ Y`pRZÆ¡ n f�£ n W(c�£}f�WPÀ
£w¬� R§x¡¨fkUX§¥¡XW�U¨f;Z9 R£}f�¡ n f�p� =_Åa5fkU0WPÀÄfkè' RYP¡¨c�W`pR§�¡ n YP¡bp=f}f;ZÆ¡¨W�a¿f×§xW(¬©¦(fkZÆÀÇUXW`_���ÁGü Ã ¡XW��Á�Q Ã ÊoSV 9¡<Û� R§�¡ÉY`§K¡ n fTSVfw¡ n f�ÀÇUXf}f�f}p=fkU¨e(\�£kYPp�a¿fT_�c�p=c�_�c©ÒkfkZ�a�\�¡ n f�S m Y`¬©e(W`UXc�¡ n _�g`[Vf
c�p(¡XU¨W9Z9 5£wfÉY¥£w¬dY`§X§<W`ÀÎY`pRYP¬�W`e(W` R§�� ~u��~ a GPE�H��.~���}x~\E�H=~ c���a b�� G � G { H b � ÁGØ¥S m�Ã Y`¬©e(W`UXc�¡ n _�§<¡ n YP¡
_�c©pRc©_�c�Ò}f0YPp�Y`U¨a=c©¡¨U¯YPUX\�Õ¥c�«' 5£ n cÎÀÇU¨fkf�f}p=fkU¨e(\`ÊAÑ n f;§xf0Y`¬©e(W`UXc�¡ n _�§�UXf}�RU¨f;§xfkp(¡�Y`p�Y(Z9¦tYPpR£}f
c�p�� n \�§¨cd£}§kg`c�p�¡ n YP¡o¡ n fk\ÅW(�5fkp�¡ n fM[VY]\b¡¨W�¡ n f�fwÐ9�=¬�W`c©¡XYP¡¨c�W`p�WPÀ3Õ¥c�«� R£ n cRY`�=�=UXW]Ð�c�_�Yt¡Xc©W(pR§
ÀÇW`UÉc�p n W(_�W`e`fkp=f}W( R§V� n \9§xcd£}Y`¬3§x\9§x¡¨f}_�§kÊ
Ñ n fkU¨f�YPUXf¥c©p�À�Y(£µ¡�_�YPp�\��¿W(§X§xc�a=¬�fbØ¥S m Y`¬©e(W`UXc�¡ n _�§V[ n c�£ n Y`¬©¬È£}W`UXU¨f;§x�¿W`p5Z�¡¨W�¡ n fb§XYP_�f
Õ¥c�«' 5£ n cKYP�R�=U¨W]Ð9c�_�Yt¡¨c�W`pÈÊ Ï f��RU¨f;§xfkp(¡0Y¹äX£}YPpRW`p=cd£}Y`¬�å�Ø¥S m YP¬�e`W`UXc©¡ n _ [ n c�£ n!n Y(§¥¡ n f
p=cd£wfÉ�=UXW`�¿f}U¨¡�\�WPÀÎUXfkZ9 R£}c©pRe�¡XW¥W`U¯Z9c©p5YPUX\0S m YP¡7¡ n f�SVfw¡ n fÉ¬©fk¦`fk¬GÊ Ï fÉc�p'¡¨UXW9Z9 R£wfÄ_�fk§X§XYPe`f;§% Ô � Á�ÿ � Ã a¿fw¡�[Vf}fkp�YP¬�¬MUXf}e`c�W`p5§ Î Y`pRZ)¡ n fkc©U)ä¨Z9c�U¨f;£µ¡�§¨ =a9u°U¨fke`c�W`pR§Xå��(Ê Á�¤�fwÍRpRf�¡ n fÆ§xf}¡��� 7�� Á ÎtÃ W`ÀbZ9c©UXfk£w¡�§¨ =a9u°U¨fke`c�W`pR§×WPÀ Î ¡XW)a¿f$¡ n W(§¨fiUXf}e(c©W(pR§�¡ n Yt¡�YPUXfi§¨ =a9u°U¨fke`c�W`pR§×WPÀ Î
a= 9¡ n Y]¦(fÅpRW�§¨ =�¿f}U¨u�UXf}e(c©W(pR§É¡ n Yt¡0YPUXf�YP¬d§xW�§x =a=u�UXf}e(c©W(pR§MW`À Î g<Y`pRZi§¨c©_�c�¬�Y`U¨¬�\�ÀÇW`UT¡ n f�§xf}¡����  � Î � Á ÎPÃ W`À�äXZ9c�U¨f;£µ¡�§x R�5fkUxu°U¨fke`c�W`pR§kÊ å Ã #°¡�cd§ n fk¬©�9ÀÇ R¬�¡¨WË¡ n c©pR«)W`ÀM¡ n c�§�Y(§�Y!_�fk§X§¨Y`e`f
ÀÇUXW`_ ¡ n W'§xf×p=W9Z9fk§Åc©p Î a= 9¡�p=WP¡�c©p��ËÁ�[ n c�£ n [�fÓZ9f}p=W`¡¨fÓa'\ Î�8 � Ã ¡¨W�¡ n f�p=W9Z9fk§Åc©p��`Ê#vp'¡¨ =c©¡¨c�¦`fk¬©\(g�[�f�[ÄYPp'¡V_�f;§¨§XYPe(fk§C¡XWb�=UXW`�5YPe(YP¡¨fÉc�p9ÀÇW`UX_�Yt¡Xc©W(p�¡ n YP¡�¬�c©f;§KW( 9¡X§¨c�Z=fMWPÀÈY0U¨fke`c�W`p
c�p(¡XW�c©¡kÊ�Ñ n  R§kg=ÀÇW`UTY�e`c�¦`fkp�U¨fke`c�W`p Î g5[Vf0[ÄYPp'¡É¡ n fÅa5fk¬©c�fwÀ 7 Ô ÁÇÿ Ô Ã ¡XW×Z9fk�5fkpRZ�W`p�f}Ð=Y`£µ¡X¬©\¡ n W(§¨f�_�fk§X§¨Y`e`fk§ % Ô�� � � ¡ n YP¡V§x¡XYPU¨¡oW` =¡X§¨c�Z9fMWPÀ�¡ n f�U¨fke`c�W`p Î YPp5Z�e`W�c�p(¡XW�¡ n fMUXf}e`c�W`p Î Ê Ï f
Z9f}ÍRp=fÅ¡ n cd§�§xf}¡TW`ÀK_�fk§X§¨Y`e`f;§! Á ÎPÃ ¡¨W�a¿fb¡ n W(§¨fÅ_�f;§¨§XYPe(fk§ % Ô � � � ÁÇÿ � � Ã §x 5£ n ¡ n Yt¡¥U¨fke`c�W`pÎ#",8 � "Rn Y`§opRWbp=W9Z9f;§oc�p×£wW(_�_�W(p�[Éc�¡ n UXf}e`c�W`p Î g=YPp5Z�§x R£ n ¡ n YP¡�UXf}e`c�W`p$� " c�§�Yb§¨ =a9u°U¨fke`c�W`p



WPÀ Î W`U�¡ n f�§XYP_�fÅY(§TU¨fke`c�W`p Î Ê Ï f�YP¬d§xW�Z9fwÍRpRfb¡ n f�§xf}¡% Á Î ��� Ã W`ÀK_�fk§X§¨Y`e`f;§�¡XWÓa¿f�Y`¬©¬
¡ n W(§¨fÓ_�fk§X§XYPe`f;§�¡ n Yt¡�§�¡¯YPU¨¡�c�p)YÆ§x Ra9u�UXf}e(c©W(p/WPÀ Î YPpRZ)YP¬d§xWÆa5fk¬©W(p=ei¡XW� Á&� Ã g�Y`pRZ�[Vf
Z9f}ÍRp=f' Á ÎPÃ�8  Á(� Ã ¡XW�a5f¥¡ n W(§¨f¥_�f;§¨§XYPe(fk§�¡ n Yt¡MYPUXfTc©p) Á ÎPÃ aR 9¡�p=WP¡Éc�p) Á(� Ã Ê
Ñ n f0£kYPp=W(p=c�£kYP¬Îe`fkp=f}U¯YP¬�c�Ò}fkZ×a5fk¬©c�fwÀA�=UXW`�5YPe(YP¡¨c�W`p� R�¿Z=YP¡¨f�UX =¬�fk§ÉYPUXf`q

% Ô � & ¨ *+ )+ ú-,/. � Ô 4 � Á�ÿ Ô 4 � Ã �0 ú � � . � � 0 ß 1 Ô 3=4xß 1 � 3 % Ô � � � � �213 » �0 ú � . � 0 ß 1 Ô V � 3 % Ô � � � Á�z(r Ã7 Ô & ¨ � Ô ÁÇÿ Ô Ã �0 ú � . � 0 ß 1 Ô 3 % Ô � � � Á�z�s Ã

[ n fkU¨f�ÀÇW`UVa=UXf}¦�c�¡�\�[Vf n Y]¦`f�§¨ =�=�RU¨f;§¨§¨fkZ�¡ n f�ÀÇ =pR£w¡¨c�W`pRY`¬3Z9f}�¿f}pRZ=f}pR£}fk§VWPÀ3¡ n f¥a5fk¬©c�fwÀ�§ÄY`pRZ
_�fk§X§¨Y`e`f;§}ÊMÑ n fb_�fk§X§¨Y`e`f;§�YPUXfb =�ÎZ=YP¡¨fkZi§�¡¯YPU¨¡¨c�p=e×[Éc©¡ n ¡ n f�_�f;§¨§XYPe(fk§Éc�p'¡¨W×¡ n f�§x_�YP¬�¬�fk§x¡
UXf}e`c�W`p5§ÉÍRU¯§�¡;Ê ç p=fÅ£}YPp$¡ n fkpi R§¨f0¡ n fbp=fk[É¬©\�£}W`_��= 9¡XfkZ$_�f;§¨§XYPe(fk§Éc�p�¡ n fÅ�=UXW9Z9 R£w¡�Wt¦`fkU Á Î ��� Ã WPÀÈ¡ n f�_�fk§X§¨Y`e`f}u� =�ÎZ=YP¡¨f¥U¨ R¬©f(Ê I _��=c©UXcd£}YP¬�¬�\`g�¡ n c�§ n f}¬��R§É£wW(p'¦(f}UXe`fkpR£wf(ÊDFEG	H@I ¼ L L f}¡�M % Ô � Á�ÿ � Ã O�a5f�Y�§xf}¡0WPÀÄ£}YPpRW`p=cd£}Y`¬AØ¥S m _�fk§X§¨Y`e`f;§TY`pRZÆ¬©f}¡�M 7 Ô Á�ÿ Ô Ã O�a¿f¡ n f$a5fk¬©c�fwÀ�§Ó£}Y`¬�£} =¬�YP¡¨f;Z�ÀÇUXW`_ ¡ n W(§¨f�_�f;§¨§XYPe(fk§kÊÂÑ n fkp¹¡ n f$a¿f}¬�c�fwÀ�§×Y`U¨f�ÍRÐ�f;Z�u°�5W(c©p'¡X§�WPÀ
¡ n f�£kYPp=W(p=cd£}YP¬ÉØ¥S m Y`¬©e(W`UXc�¡ n _ c©ÀTYPp5Z/W`pR¬©\�c©ÀM¡ n f}\�Y`U¨fÓÒ}fkU¨WËe`U¯Y`Z9c�f}p'¡��5W(c©p'¡X§�W`ÀM¡ n f
£wW(pR§x¡¨U¯YPc�p=fkZÓÕ¥c©«� R£ n c3ÀÇU¨fkfTfkp=f}UXe`\�R ó Ê
Ï f$�=UXWt¦`fÓ¡ n cd§×£}¬�Y`c©_ a'\ìY`Z=Z=c©p=e L YPe`U¯YPpRe`f�_b =¬©¡¨c��=¬�c©fkUX§kq i Ô ¡¨W�f}p=ÀÇW`U¯£wf�¡ n f�p=W`UX_�YP¬©uc�ÒkYt¡Xc©W(p)W`À 7 Ô Y`pRZ_f Ô � ÁÇÿ � Ã ¡¨W�f}p=ÀÇW`U¯£wfÓ¡ n f$£}W`pR§¨c�§x¡¨fkpR£w\�W`ÀTf;Y`£ n U¨fke`c�W`p Î [Éc�¡ n YP¬�¬ÉWPÀ
c©¡X§0Z9c�UXfk£µ¡0§¨ =a9u°U¨fke`c�W`pR§%�(Ê�Ñ n cd§�§xf}¡0WPÀV£}W`pR§¨cd§�¡Xf}pR£}\i£wW(pR§�¡XUXY`c©p'¡¯§�cd§�Y`£w¡¨ RY`¬©¬�\$_�W`UXf�¡ n Y`p
§¨ !â�£wc�f}p'¡kgÄa= 9¡�¡ n f}UXf�cd§�p=W n Y`U¨_ c�p�Y`Z=Z=c©p=e�f}Ð�¡¨U¯YË£}W`pR§x¡¨U¯YPc�p'¡X§kÊ Ï f�¡ n f}p¹UXWP¡¯Yt¡¨f�¡XW
YPpRWP¡ n f}U�§¨fw¡VWPÀ L YPe`U¯YPpRe`fÉ_b R¬�¡Xc©�=¬�c�f}U¯§54 Ô � ÁÇÿ � Ã W`À3fkè' RY`¬¿Z9c�_�f}pR§¨c�W`pRY`¬©c©¡�\Å[ n c�£ n fkp9ÀÇW`U¯£wf�Y¬�c©p=f;YPUK£}W`_Åa=c©p5Yt¡¨c�W`p�W`À¿¡ n fMW(U¨c�e`c�pRY`¬=£wW`p5§�¡XUXY`c©p'¡X§kq64 Ô � ÁÇÿ � Ã fkp9ÀÇW`U¯£wf;§oYP¬�¬=¡ n W(§¨f�£wW(pR§�¡XUXY`c©p'¡¯§c�p'¦(W`¬�¦�c©p=eÓ_�YPUXe`c�pRYP¬�c©Ò;Yt¡Xc©W(pR§Ma�\$Y`¬©¬oZ9c�UXfk£µ¡0§¨ =�¿f}U¨u�UXf}e(c©W(pR§ Î#" W`À7��c�p'¡¨W8��fwÐ=£wfk�9¡¥¡ n YP¡�WPÀ
UXf}e`c�W`p Î c©¡X§¨f}¬©À�Ê�Ñ n f×UXWP¡¯Yt¡Xc©W(p�_�YP¡¨UXc�Ð�cd§bc�p)Yia=¬�W�£¯«ËÀÇW(U¨_ë[ n cd£ n £}Y`p/a¿fÓe( RYPU¯YPp'¡¨fkfkZ
¡¨W!a¿f�ÀÇ =¬�¬MU¯YPp=«ÎÊ Ï f$£kYPp)¡ n fkp¹§ n Wt[Ü¡ n YP¡�¡ n f84 Ô � ÁÇÿ � Ã £wW(pR§�¡XUXY`c©p'¡¯§�£kYPpìa5f�[ÉUXc©¡x¡¨fkpc�p�¡ n fbÀÇW`UX_94 Ô � ÁÇÿ � Ã ] Ô:�,0�ü 1�; ú/. 3 ý Ô � ] + ú � 7 ÁÇÿ "Ô Ã [ n f}UXf�û�Á<4 Ô � Ã cd§�¡ n fÅ§¨fw¡MW`ÀoYP¬�¬<UXf}e(c©W(pR§[ n cd£ n U¨f;£wf}c�¦`f�¡ n f�_�f;§¨§XYPe(f!4 Ô � c©p�¡ n f�a5fk¬©c�fwÀC =�ÎZ=Yt¡Xf�U¨ =¬�f¥WPÀ7¡ n f0£kYPp=W(p=cd£}YP¬�Y`¬©e(W`UXc�¡ n _�ÊÏ f�¡ n fkp�U¨f}u°Y`U¨U¯YPp=e(f�¡ n f$§x =_ Wt¦`fkU�Y`¬©¬=4AÔ §�c�p'¡¨W�Y!§x R_ Wt¦`fkU�YP¬�¬�U¨fke`c�W`pR§kgK[ n c�£ n¹n Y(§
¡ n f0ÀÇW`UX_ ] Ô\0�ü ý Ô ] +.ú 7 Ô Á�ÿ Ô Ã ] ; ú>. 0@?ß 1 Ô 3 4 Ô � ÁÇÿ � Ã Ê�Á=A Á ÎPÃ c�§TY�§¨fw¡TWPÀB4 Ô:� � � c�p$W(p=fwu�¡¨W`uW`pRfÅ£wW(U¨UXfk§¨�¿W`pRZ9fkpR£wf�[Éc©¡ n ¡ n f % Ô�� � � c�pC Á ÎPÃ Ê Ã æ<c�pRY`¬©¬�\`gÎ[VfbZ9cá¿fkU¨fkp(¡Xc�YP¡¨fb¡ n f�Õ¥c©«� R£ n cÀÇUXf}f�f}p=fkU¨e(\�[Éc�¡ n UXfk§¨�5f;£µ¡T¡¨W 7 Ô Á ÎPÃ g<Y`pRZÆc�Z9fkp'¡¨c©ÀÇ\)4 Ô � Á�ÿ � Ãj� ¬©p % Ô � ÁÇÿ � Ã ¡XWÓW(a9¡XY`c©pÆ¡ n f£}Y`p=W`pRc�£kYP¬VØ¥S m a5fk¬©c�fwÀ� =�¿ZRYt¡¨f�UX =¬©f;§}g I è¿Ê<z9s�Ê ª §¨c©pRe$¡ n fÓa¿f}¬�c©f}À� =�ÎZ=YP¡¨f�U¨ =¬�fk§Åc�p/¡ n f
_�YPUXe`c�pRYP¬�c�ÒkYt¡Xc©W(p/£wW(pR§�¡XUXY`c©p'¡¯§}gC[Vf×W`a=¡XYPc�p/¡ n f�£}YPpRW`p=cd£}Y`¬VØ¥S m _�fk§X§XYPe`f× =�¿ZRYt¡¨f�UX =¬�fk§kg
I è¿Ê9z'r=Ê
I è' RYP¡¨c�W`p�z'r�_�Y]\�Y`�=�¿fkYPUi¡¨W%a5f¹£wW(_��R¬©cd£}YP¡¨fkZ3gba= 9¡!c©¡Ë£}Y`p�a¿fì§¨c©_��=¬�\�Z9f}UXc�¦`fkZ�a�\
_�YPUXe`c�pRYP¬�c�Ò}c�p=e$fkè' RYP¡¨c�W`p/z9s�gA[ n cd£ n cd§ÅU¨f;YP¬�¬©\Ë¡ n fÓ«(f}\!e`fkp=f}U¯YP¬�c©ÒkfkZ�a¿f}¬�c�fwÀM�=UXW`�5YPe(YP¡¨c�W`p
fkè' RYP¡¨c�W`p3Ê�#vp'¡¨ =c©¡¨c�¦`fk¬©\(g3fkè' RYP¡¨c�W`pËz�s×§xc�_��=¬�\i§¨Y]\9§�¡ n Yt¡¥¡ n f�a¿f}¬�c�fwÀÄc©p!Y�U¨fke`c�W`pÆZ=f}�¿f}pRZ=§
W`pi¡ n f��=UXW9Z9 R£µ¡¥WPÀKY`¬©¬7¡ n f�£}W`_��RYP¡¨c�a=c©¬�c©¡�\�_�YP¡¨UXc�£}fk§TYPpRZ$f}¦�c�Z=f}pR£}fb¡ n Yt¡�YPUXfbc�p'¡¨f}UXpRY`¬È¡XW
¡ n f0U¨fke`c�W`p�YPpRZ�Y`¬©¬�¡ n f0_�fk§X§XYPe`f;§�¡ n YP¡MW`UXc©e(c©p5Yt¡¨f¥W( 9¡X§¨c�Z=f�WPÀ7¡ n f0UXf}e(c©W(p�Y`pRZ�f}pRZ�c�pR§¨c�Z=f
c©¡kÊ#°¡ocd§o£w¬�fkY`UCÀÇU¨W(_�¡ n c�§A�RU¨W�WPÀ¿W` 9¡X¬©c�p=fÄ¡ n Yt¡oW`¡ n fkU�Ø¥S m _�f;§¨§XYPe(fV�5Y`§X§xc�p=e�YP¬�e`W(U¨c©¡ n _�§7[ n cd£ n
YPUXf�f;è( Rc©¦tYP¬�f}p'¡�¡¨Wi¡ n f�Õ¥c©«� R£ n cVY`�=�=UXW]Ð�c�_�Yt¡Xc©W(pËf}Ð9c�§x¡kÊ�#°ÀMW`pRf×[ÉUXc�¡Xfk§�YPp�\�§xf}¡ÅWPÀT£wW`p=u
§x¡¨U¯YPc�p(¡¯§A[ n cd£ n YPUXf�§x !â�£}c©fkp(¡K¡¨W�c�pR§x RU¨fÄ¡ n fM£wW(pR§¨c�§x¡¨fkpR£w\ÅWPÀ3YP¬�¬RÕ¥c�«' 5£ n c=UXf}e`c�W`p5§}gPW(p=f�£}Y`p
Y`§X§¨W�£}c�YP¡¨fT¡ n f�fwÐ9�5W(p=f}p'¡Xc�YP¡¨fkZ L YPe`U¯YPpRe`fT_b =¬©¡¨c��=¬�c©fkUX§ÉW`À<¡ n W(§¨f0£wW(pR§x¡¨U¯YPc�p(¡¯§Ä[Éc�¡ n Y�§xf}¡�WPÀ
_�fk§X§¨Y`e`f;§}Ê
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ÁGZ Ã
æ7c©e( =UXfÅy9q 6�@bh §xc�_��=¬�fbe`U¯YP� n Ê �ED�FD�E Ñ n UXf}fÅ[VY]\9§ÉW`ÀK£w¬� R§x¡¨f}UXc�p=e�¡ n fbe`U¯YP� n Ê J  =pRp=c©pRe
W`U¯Z9c�pRYPUX\ÅS m W(p�¡ n fMÍRUX§x¡o¡�[VWb£w¬� R§x¡¨fkU¨c�p=e(§MÁÇa3g £ Ã c�§Kfkè' =c�¦]Y`¬©fkp'¡o¡¨W�Y0Õ¥c©«� R£ n cRYP�=�RU¨W]Ð9c�_�YPu
¡¨c�W`pÈg=a= 9¡�p=W`¡ÉÀÇW`UÄ¡ n f¥¡ n c�U¯ZÓ£}¬© R§x¡¨fkU¨c�p=e�Á�Z Ã

G HËñ â�º`» ð ¼ ð á ï!ðÈñ ã ð3òI� ¼=à ó ½Côo½7»=ã�à ß#vp�¡ n f�Ø¥S m YP¬�e`W(U¨c©¡ n _�g`¡ n fT_�fk§X§¨Y`e`fk§o¡XY`«`f�¡ n f�ÀÇW`UX_-W`À3�=UXW`aRY`a=c©¬�c©¡�\�Z=c�§x¡¨UXc©aR 9¡¨c�W`pR§�Wt¦`fkU
£w¬� R§x¡¨fkUX§AW`À�p=W9Z9fk§kg([ n f}UXfkY`§Cc�p�W(UXZ9c�pRY`U¨\bS m ¡ n fM_�fk§X§XYPe`f;§7¡XY`«`fÄ¡ n f�ÀÇW`UX_�W`À��=U¨W(aRYPaRc©¬�c�¡�\
Z9cd§�¡XU¨c�a= 9¡Xc©W(pR§AWt¦(f}UA§xc�p=e(¬©fÄp=W9Z9f;§}Ê h Z9cá¿fkU¨fkp(¡o[ÄY]\0W`ÀÎZ9fkU¨c�¦�c©pRe¥Y¥S m YP¬�e`W(U¨c©¡ n _�c©p�[ n cd£ n
_�fk§X§¨Y`e`f;§MYPUXf�Z9c�§x¡¨UXc�a= 9¡¨c�W`p5§�Wt¦(f}UT£w¬� R§�¡Xf}U¥WPÀ�p=W9Z9fk§Tcd§�c�¬�¬© R§x¡¨U¯Yt¡XfkZic©piÍRe` =UXf�y9Ê Ï fbÍRU¯§x¡
e`UXW` R�0£w¬� R§�¡Xf}U<WPÀ9p=W9Z9fk§<c�p(¡XW�ä¨§¨ =�¿f}U¨u�pRW�Z=fk§XåÉYPpRZ¥¡ n f}pbU¨ =p�W(UXZ=c©pRY`U¨\TS m W`p¥¡ n f�£}¬© R§x¡¨fkU¨f;Z
e`U¯YP� n Ê Ï�n fkp�¡ n fb£}¬© 5§�¡Xf}U¯§�YPUXf¥¬�Y`U¨e(fTfkp=W` Re n §xW�¡ n Yt¡�¡ n fb£}¬© R§x¡¨fkU�e`U¯YP� n cd§�Y�¡¨UXf}f(g=¡ n c�§
cd§AÛ� R§x¡ m f;YPUX¬GÔ §Ä_�fw¡ n W�Z$WPÀo£w¬� R§x¡¨f}UXc�p=e�ÀÇW`UMfwÐ=Y`£w¡Mc©p=ÀÇf}UXf}pR£}f0c©p$Y`p�\Óe(UXY`� n cd£}YP¬�_�W9Z9fk¬ é Qkj]ê
ÁÇf;è' =c©¦tY`¬©fkp(¡É¡XW�¡ n f�Û� =pR£µ¡Xc©W(p�¡¨UXf}f0Y`¬©e(W`UXc�¡ n _ Ã Ê Ï�n fkp�¡ n fb£}¬© 5§�¡Xf}U�e(UXY`� n §x¡¨c�¬�¬ n Y`§�¬©W�W`�5§
c�pÅc©¡kg n Wt[�fk¦`fkUkg;¡ n fÉa5fk¬©c�fwÀ�§AY`U¨fVp=WP¡of}Ð=Y`£µ¡;Ê<®MWt[)YPUXf�¡ n f;§xfÄa¿f}¬�c©f}À�§AU¨fk¬�YP¡¨f;Z�¡¨WT¡ n f�Õ¥c©«� R£ n c
YP�R�=U¨W]Ð9c�_�Yt¡¨c�W`p��
Ñ n fÄ§xc�_��=¬�fk§x¡7£}Y(§xfK¡¨WTYPpRY`¬©\�Ò}f�c�§<[ n fkp0¡ n fV£}¬© R§x¡¨fkUX§7YPUXfop=W(p9u°Wt¦`f}UX¬dYP�=�=c�p=e�Y(§Èc�p0ÍRe( =UXf�yta3ÊD b	a b E@EG a|°$J L L f}¡LKNM�a5fTY�e`U¯YP� n W(a9¡XY`c©pRfkZ�a�\�£w¬� R§�¡Xf}UXc©pRe�p=W9Z9fk§�c©p�Y0e`U¯YP� n K�Ê h §X§¨ =_�f
¡ n fÉ�5W`¡¨f}p'¡Xc�Y`¬�§Ac�p$K M Y`U¨fÉ§¨fw¡K§¨W¥¡ n YP¡A¡ n fCÛ�W(c©p'¡�Z=c�§x¡¨UXc©aR 9¡¨c�W`p�Z9f}ÍRp=fkZ�a�\@K M c�§ofkè' =c�¦]Y`¬©fkp'¡
¡¨Wb¡ n YP¡VZ9f}ÍRp=f;Z�a�\IK�Ê$#°ÀÈ¡ n fT£w¬� R§�¡Xf}U¯§�Y`U¨fMp=W`p9u°Wt¦`fkU¨¬dYP�R�=c©pRe�¡ n f}p�¡ n fTa5fk¬©c�fwÀ�§Ä£kYP¬d£w =¬dYt¡XfkZ
a�\�U¨ =pRp=c©pReÅS m W(pOKNMÄYPUXfÉ¡ n fT§XYP_�f�Y(§o¡ n W(§¨f�£kYP¬d£w =¬dYt¡XfkZ�a�\�YbÕ¥c�«� R£ n cÎYP�=�RU¨W]Ð9c�_�YP¡¨c�W`p
W`p�K [ n f}UXfT¡ n f�UXf}e(c©W(pR§ÄYPUXf¥Y`¬©¬��5YPc�UX§ÄW`À<p=W9Z9f;§Éc©p8KNMkÊ
Ñ n cd§�£wW(U¨W(¬©¬dYPUX\�ÀÇW`¬�¬©Wt[�§ÄZ9c�UXfk£µ¡X¬©\×ÀÇU¨W(_Ü£w¬dYPc�_ÖQ(Ê
Ï�n fkpÅ¡ n f�£w¬� R§x¡¨fkUX§AY`U¨fVWt¦`fkU¨¬dYP�=�Rc©p=e5g]¡ n f�§¨c©¡¨ RYP¡¨c�W`p�c�§C_�W`UXfÉ£wW(_��R¬©cd£}YP¡¨fkZ3Ê Ï�n fkp�[�fÄUX =p
S m W`p�¡ n f0e`U¯YP� n c�p�ÍRe( =U¨fby`£¥[�f¥Í5pRZ�¡ n YP¡M¡ n f0a¿f}¬�c©f}À�§MYPUXf�c�pRZ9f}f;Z�¡ n fÅ§¨Y`_�f0Y(§Ä¡ n W(§¨f



£}Y`¬�£} =¬dYt¡¨f;Z� 5§xc�p=eÆ¡ n f$Õ¥c�«� R£ n cÉYP�=�RU¨W]Ð9c�_�YP¡¨c�W`p/[Éc©¡ n ¡ n fk§¨f�£w¬� R§�¡Xf}U¯§�Y`§�aRY(§xcd£�U¨fke`c�W`pR§kÊ
Ï�n fkp/[�fÓU¨ Rp�S m W`p�¡ n f×e(UXY`� n c�p�ÍRe` RU¨fÓy`Z�g n Wt[Vf}¦(f}U;gÈ[Vf×W`a=¡XYPc�p�a¿f}¬�c©f}À�§b¡ n Yt¡�YPUXf
è' =c©¡¨f0Z9cá¿fkU¨fkp'¡ÉÀÇU¨W(_í¡ n f0Õ¥c�«� R£ n c�a¿f}¬�c©f}À�§}Ê
ç p=f×Z=c áÎf}UXf}pR£}f�a¿fw¡�[Vf}f}p!¡ n fÓ£}¬© 5§�¡Xf}U¯§0c�p!ÍRe` =UXfÓy`£�YPpRZË¡ n fk§¨f�c�p�ÍRe( =U¨f×y`Z n Y`§0¡¨WiZ=W
[Éc©¡ n ¡ n fTWt¦`fkUX£}W` =p'¡¨c�p=e0p� =_Åa5fkUX§ ý Ô Ê$#vpÓÍRe( =U¨f¥yP£`g(¡ n f¥Õ¥c©«� R£ n cÎfkp(¡XU¨W(��\�cd§VWPÀ3¡ n f�ÀÇW`UX_�që � ë ÁÇÿ�>
 îxï ÃTY�ë Á�ÿ�
�í ï�ð ÃZY�ë Á�ÿ ï�ð ö�÷ Ã�YBë Á�ÿ îxÙ ö Ã Á�z( ÃU*ë ÁÇÿ�
 ï ÃFUñë ÁÇÿ ï ð ÃFUñë ÁÇÿ ö ÃFUñë ÁÇÿ î Ã Á�z(l Ã
¡ n  R§×fwÐ=£wfk�9¡�ÀÇW(U�¡ n fÆaRY`§¨cd£�£w¬� R§�¡Xf}U¯§}gÄp=W�WP¡ n f}U�UXf}e(c©W(p n Y`§��¿W(§¨c�¡Xc©¦(fiZ9W( =a=¬�fi£wW( =p'¡¨c�p=e
p� =_ba¿f}U;Ê�Ñ n cd§��=UXW`�¿f}U¨¡�\�c�§�p=W`¡×§ n YPUXfkZ/a�\�¡ n f$£}¬© R§x¡¨fkUX§�c�pìÍRe` =UXf$yPZ�g n Wt[Vf}¦(f}U;Ê h §
fkè' RYP¡¨c�W`p�z�N�§ n Wt[�§}gV¡ n fiUXf}e`c�W`p�£}W`UXU¨f;§x�¿W`pRZ=c©p=e!¡XW�¡ n fÆ§¨c©p=e(¬©fip=W9Z9fiÿ�ï n Y(§��¿W(§¨c�¡Xc©¦(f
Z9W( =a=¬�f0£wW` Rp(¡Xc©pRe�p� =_Åa5fkUkÊDFEG	H@I È L L fw¡:û¹a¿fÄY¥§¨fw¡CWPÀÎÕ¥c©«� R£ n c�UXf}e(c©W(pR§�Á�aRY`§¨cd£�£}¬© R§x¡¨fkUX§kgtc�p(¡Xf}U¯§xf;£µ¡Xc©W(pR§}gtc�p'¡¨fkUX§¨fk£w¡¨c�W`p
WPÀ3c�p'¡¨fkUX§¨fk£w¡¨c�W`pR§kg(f}¡X£`Ê Ã [Éc©¡ n Z9W( =a=¬�fT£}W` =p'¡Xc©p=ebp' R_ba¿f}U¯§ ý Ô ÊF#°À ý ÔQP ObW`p=¬�\�ÀÇW`U�¡ n fTaRY(§xcd££w¬� R§x¡¨fkUX§kg¿¡ n fkp$¡ n fba¿f}¬�c©f}À�§T£kYP¬d£w =¬dYt¡XfkZ� 5§xc�p=e�¡ n f�Õ¥c©«� R£ n cCYP�R�=U¨W]Ð9c�_�Yt¡¨c�W`p$Y`U¨fbc�Z9fkp'¡¨cd£}YP¬
¡¨W�¡ n W(§¨f�¡ n YP¡¥[VW` R¬�Zia5f�£kYP¬d£w =¬dYt¡XfkZ$ 5§xc�p=e�W`U¯Z9c�pRYPUX\�S m W(pÆY�e`U¯YP� n KNM¥[ n W'§xf�p=W9Z9fk§
YPUXfT¡ n f�a5Y`§¨c�£¥£w¬� R§x¡¨fkUX§kÊ`Na b.b>c L Ñ<WM£}W`pR§x¡¨UX R£µ¡È¡ n f�e`U¯YP� n KNM<[VfKY`Z=Z0fkZ9e(fk§3a¿fw¡�[Vf}fkp¥¡�[�WMU¨fke`c�W`pR§ Î �n� Î 
VZ9f}�¿f}p5Z9c©pRe
W`p�¡ n f�Z9W` Ra=¬©f�£}W` =p'¡Xc©p=e¥p� =_Åa5fkUoWPÀ5¡ n fkc©Uoc�p'¡¨fkUX§¨fk£w¡¨c�W`p ý � ÀÇW`U5� �oÎ �FR Î 
'Ê�#°À ý � �èU QÄ[Vf
§¨c©_��=¬�\$£wW(p=p=fk£w¡�¡ n f�£wW`UXUXfk§¨�5W(pRZ9c�p=e�¡�[VW×UXf}e`c�W`p5§}Êj#°À ý �@S U QÓÁÇc�Ê f`Ê¥¡ n f}UXf�Y`U¨fÅ_b =¬©¡¨c��=¬�f
�RY`c©U¯§�WPÀ¥U¨fke`c�W`pR§�¡ n Yt¡ n Y]¦`f)�$Y(§�¡ n fkc©U×c©p'¡¨fkUX§¨fk£w¡¨c�W`p Ã [Vf$£ n W�W(§¨fp� ý � �A§x 5£ n �5YPc�UX§�Y`pRZ£wW(p=p=f;£µ¡Ä¡ n fk_�Ê Ï f�£ n W�W(§¨f�¡ n f¥fkZ=e`fk§É§¨WÅ¡ n YP¡ÉY`¬©¬�UXf}e(c©W(pR§�[ n W(§¨f�c�p'¡¨fkUX§¨fk£w¡¨c�W`p�c�§T�TÀÇW(U¨_
Y�£}W`p=pRfk£µ¡XfkZ¹e(UXY`� n Ê�Ñ n fË£wW(_��5Yt¡XY`a=c�¬©c©¡�\)_�YP¡¨UXc�£}fk§8U Ô:V V Ô-W ÁÇÿ Ô�V �xÿ Ô-W Ã YPUXf ¯ ÀÇ =pR£w¡¨c�W`pR§
¡ n Yt¡�U¨f;è( Rc©UXf$ÿ Ô�V YPp5Z�ÿ Ô-W ¡¨WìYPe`UXf}fiW`p�¡ n fÆ¦tY`¬© =fÆWPÀ0ÿ � Ê-SVf;£}YP 5§xf$W`À0¡ n c�§×ÀÇW`UX_ WPÀ
¡ n fUÖÀÇ =pR£w¡¨c�W`pR§kgÄ¡ n fÆ_�fk§X§¨Y`e`f�ÀÇUXW`_ Î � ¡XW Î 
 Z9f}�¿f}p5Z=§�W(p=¬©\ìW`p¹¡ n fi¦tY`¬© =fiWPÀ¥¡ n fkc©U
c�p(¡Xf}U¯§xf;£µ¡Xc©W(pËÿ � Ê Ï f�p=Wt[ Y`Z=Z L YPe`U¯YPpRe`f�_b =¬©¡¨c��=¬�c©fkUX§kÊÅ#°À Î � � Î 
 YPUXf�£wW(p=p=fk£w¡¨f;ZÆc�p!¡ n f
e`U¯YP� n [�fTY`Z=Z�¡�[VW0¬dYPe(UXY`p=e`fÉ_Å =¬�¡Xc©�R¬©c�f}U¯§Nf Ô:V V Ô-W Á&� Ã ��f Ô-W V Ô:V ÁÇÿ � Ã ÊAÑ n f�_b =¬©¡¨c��=¬�c©fkU*f Ô:V V Ô-W Á&� Ãf}p=ÀÇW`U¯£wfk§0¡ n f�£wW(pR§x¡¨U¯YPc�p(¡b¡ n YP¡ 7 Á�ÿ Ô-W Ã _�YPUXe`c�pRY`¬©c�Ò}f×Z=Wt[Ép!¡¨W 7 ÁÇÿ � Ã Êñ#°À�[�fÓp=Wt[öZ9f}ÍRp=f`gf Ô-W V Ô�V ÁÇÿ � Ã:� ¬�p % Ô-W V Ô:V ÁÇÿ � Ã [�fÄÍRp5Zb¡ n Yt¡C¡ n f�§�¡¯Yt¡Xc©W(pRYPUXc�¡�\Å£wW`p5Z9c�¡Xc©W(pR§CW`pÅ¡ n fÄÀÇU¨fkfVfkp=f}UXe`\YPp5Z�¡ n f¥Í=Ð9fkZ��¿W`c�p(¡�f;è' RYt¡Xc©W(pR§VÀÇW`UÄ¡ n f�_�fk§X§¨Y`e`fk§ÄY`U¨fTfkè' =c�¦tYP¬�f}p'¡kÊ¹y
h §¨c©_��=¬�f0£wW(pR§¨fkè' =f}p5£wf�WPÀA£w¬dYPc�_ j�cd§Ä¡ n Yt¡M[ n f}p$Y�§¨fw¡�WPÀAÕ¥c�«' 5£ n c3UXf}e`c�W`p5§É§¨YP¡¨cd§�ÍRf;§Ä¡ n f
£wW(pRZ9c©¡¨c�W`p�WPÀC£w¬dYPc�_Üj�YPpRZ×¡ n f¥e(UXY`� n KNMÉc�§ÉYÅ¡¨UXf}f(g�¡ n fkp×¡ n f0Õ¥c�«' 5£ n c�a5fk¬©c�fwÀ�§ÉY`U¨f¥f}Ð9Y(£µ¡;ÊÝ3@=� X�25�t�/6=�GFZY`D�E\[Å�=�7�}8;D(�tD�E·ËÅD��GF�D�¿T]¥�t2h�C6<Á¿698kFG254#vp$Í5e` =UXfÅyPZ3gÎY`¬©¬C£w¬� R§x¡¨fkUX§T£wW(p(¡¯YPc�p�¡ n f�p=W9Z9f�y9Ê¥¢�c©p5£wfÅ¡ n f�£w¬� R§x¡¨f}U¯§MY`U¨f�£wW(p=p=fk£w¡¨f;Z�c©pÆY
¬�W'W(�3gRY`pRZ�¡ n fb�5W`¡¨f}p'¡Xc�Y`¬�§Éa¿fw¡�[Vf}fkp�£w¬� R§�¡Xf}U¯§�YPUXf ¯ ÀÇ =pR£µ¡Xc©W(pR§kgRUX =p=p=c�p=e×S m W`p�ÍRe( =UXf�y`Z
[Éc�¬©¬¿¬©f;Y`Z�¡XW$äxc�p9ÍRpRc�¡Xf�Z9W( =a=¬�f�£wW( =p'¡¨c�p=e(åRq7Y`p�\Åfk¦'cdZ9fkpR£wfMYbp=W9Z9f n Y`§KY`a5W( 9¡�ÿ�ï�[Éc�¬©¬�£}W`_�f
aRY(£¯«�¡¨W�c©¡MY`§V¡ n f�_�f;§¨§XYPe(fk§Ve`W�Y`U¨W( =pRZ×¡ n f�¬�W�W`�3ÊK¢�W�c©ÀCY`p�\�WPÀ7¡ n f�pRW�Z=fk§ n Y(§Äf}¦�c�Z=f}pR£}f
YPa¿W` =¡Kÿ�ï�¡ n f�W(p=¬�\bÍ=Ð9f;Z�u��¿W`c�p'¡X§KWPÀ3S m YPUXfÄ¡ n f;§xfM[ n f}UXf 7 ÁÇÿ�ï Ãon Y`§KYP¬�¬Rc©¡X§o_�Y(§¨§�£wf}p'¡Xf}UXfkZ
W`p�W`pRf�¦]Y`¬© RfTW`À7ÿ ï ÊoÑ n cd§�§¨ =e`e(fk§x¡X§�¡ n Yt¡�UX =p=p=c�p=e�S m W(p�§¨ R£ n e`U¯YP� n §Vc�§ÉY�aRY(Z×cdZ9f;Y=Ê^±bPa I�GPE�H��.~�� £w¬� R§x¡¨f}UXfkZ¹S m c�§�Y`p�YP¬�e`W`UXc©¡ n _ë¡ n Yt¡�Í=Ð9f;§�¡ n cd§�¡�\��¿f�WPÀÓä¨c©p=ÍRp=c©¡¨f$Z9W( =a=¬�f
£wW( =p'¡¨c�p=e(åiYPpRZ!¡X =UXpR§bW( 9¡�¡¨Wie(c©¦(f�¡ n f�§XYP_�f×Y`pR§x[Vf}U�Y`§b¡ n f�Õ¥c©«� R£ n cVY`�=�=UXW]Ð�c�_�Yt¡Xc©W(p3Ê
æ7c©e( =UXfMr�c�¬©¬� R§x¡¨U¯Yt¡¨f;§A¡ n f�Y`¬©e(W`UXc�¡ n _�Ê�#°¡Vc�§Kfkè' =c�¦]Y`¬©fkp'¡K¡¨WbW`U¯Z9c©p5YPUX\ÅS m fwÐ=£}f}�9¡�¡ n YP¡V§¨W`_�f
fkZ=e`fk§ n Y]¦`f0YËäxp=W(U¨_�Y`¬©c�Ò}fkUXåÅ_�W�Z= =¬©f0YP¡x¡¯Y`£ n f;Z×¡XW�¡ n fk_�Ê h §Mc©p�W(UXZ9c�pRY`U¨\×£}¬© 5§�¡Xf}UXfkZ�S m g
_�fk§X§¨Y`e`f;§ÈYP¬�W`pRe�fkY(£ n fkZ9e(f�£}W`UXU¨f;§x�¿W`pRZT¡XW��RU¨W(aRYPa=c�¬�c�¡�\¥Z9cd§�¡XU¨c�a= 9¡Xc©W(pR§7Wt¦`f}U7YM§¨fw¡CWPÀ=p=W9Z9f;§}Ê
Ñ n f¥cdZ9fkYÅWPÀ3¡ n f¥p=W`UX_�YP¬�c©Òkf}UV_�W�Z= =¬©f¥cd§�¡¨W�£wW`UXUXfk£µ¡�ÀÇW`UV¡ n f¥Z=W` =a=¬�f�£wW( =p'¡¨c�p=eÅW`À<Y�§x =a5§xf}¡
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æ7c©e( =UXfVrRq h p�c©¬�¬� R§�¡XUXYP¡¨c�W`pÅWPÀ=¡ n fÄp=W`UX_�YP¬�c©ÒkfkZ0£}¬© R§x¡¨fkU¨f;ZbS m YP¬�e`W`UXc©¡ n _�ÊT#°¡Acd§7c�Z9fkp'¡¨cd£}YP¬'¡XW
W`U¯Z9c�pRYPUX\�S m a= =¡ÉY`¬©W(p=eÅ§¨W`_�fTfkZ9e(fk§ÄYÆäxp=W(U¨_�YP¬�c�Ò}f}U¯å�_�W9Z9 =¬�f¥c�§ÄY`ZRZ9fkZÆÁ�Z9fkp=WP¡XfkZÓa'\�Y`p
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