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J94RÛ1Û�Û:Þ1Û�Û1Û 6 ^ o�[|qIZ�_uZR[ a �:X d�d qL[F_t[ ^ q w W lkh _ w �:XPZvoL\^�} q ^ ZR[ 6�` _ d a Z a d a or_u[ a XPZ�g ^ J�Ô l N á W�XVq?g ^ JºÔ l N * Wi�B_ ww _u�I��X w [m_uq ; _ d � `@a [rqvg ^ o& Ë �� J�XVq?�v_ w|w _u�I��X w [ �_: Ë� 6 d _ a o�ZBXPZ `@^ o|g ^ q ;?^ Z ^ Z d Õ^ d ^ [ ^ d �BoFW
ZIXPqBogLXVZIZ ^�`@^|w \^ o{q ` [f_u[�g/\^����_$X z [ ^ Z�q.gI_uZvo `@^ �FeB_P� a [ wf^ � w \^ ��\^ g ^ ZR[ È

� Ë â� ÞrUvØ54 ; 3 Ë Þ 3 ÊË 6 Ø � ÞfUVÚ Ì â�� ÞrU�Ø84 ; 3 Ë Þ 7 1,Þ 3 ÊË 9�6 Ø � ÞfUVÚ:Û J�Ô l N�ORW
n Z�[ ^ ZB_uZR[i�1X d �L[ ^ gLq 8 _ a [ } q ^YÈ ; 3 Ë Ì Í � ;  Ë �� ! � J�Ô l N5QPW
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^ [ig ^|` y�\^�} qB_u[ a XPZ J�Ô l N1Ô�WDXPZ X z [ a@^ ZV[ `b^|w \^ orq ` [F_t[ zIab^ Z �:XVZIZ�q g ^|` _ d \^ [feIXLg ^ S
� È

Í � 5 â� ÞrUvØ54 ! � Þ 7 1 Þ ! Ê� 5 976 Ø � ÞrURÚ  Ë� 5 Ì � Ë  Ë� J�Ô l N��RW
X �q `b^|4Ra g ^ Ø � ÞrURÚ/gI_uZBoc� ^ �1_Voco ^�wf^14��^1`b^ Õ^ [ wf^ qIZ g/\^ [ ^1w d a Zv_uZR[�g ^ C ` _u[ ^�w�l3 XPZvo a g/\^�w XVZBo d _ a ZR[ ^ Zv_uZR[ qBZ�_uqI[ wf^ [ � � ^ gky ^:; � a [F_t[ a XPZ \^1` \^ d ^ ZV[F_ abwr^ gLq�o � o�[ �^ d ^ �1X d�d ^?`b^ o 4�a �zIw _t[ a XVZBo*g ^ g ^ ZBo a [I\^ o l �
_uZvo ` _ d \^ [feIXLg ^ C 3 7�hkj�6 [fXPqL[��1X d�d ^ gI_PZBo ` _ d \^ [feIXLg ^ 7�hkj o�[F_uZBgI_ w g 6` y XV�/\^1w _t[ ^ q w gky ^:; � a [f_u[ a XPZ 7�hkj ^ o{[igLXVZIZ�\^ �B_ w|È

ÉmÊË|Ì Í Î�Ï ËÎBÑ ÊÎ�Ò Ó ËÎ�Ñ Î Û J�Ô l N�KRW
h _ w _PZB_ ` X$# a@^ _ 4P^ �2JºÔ l N á W ` y�\^ Z ^�w # a@^ gky ^1; � a [f_t[ a XVZ d X �V^ ZIZ ^T^ o�[igLXVZIZ�\^�^ �v_ w|È

� Ë Ì � � % J�&�� Ò �&�� W1Ø â� Þ$#�Ø É ÊË Ø � ÞrURÚ1Ø % Ò J��&�� Ò �&�� W1Ø â� ÞfUvØ É Ë Ø � Þ$#�Ú�Ø % &
� � % Ø â� Þ$#�Ø É ÊË Ø � ÞrURÚ1Ø % Ò Ø â� ÞrUvØ É Ë Ø � Þ #�Ú1Ø % & J�Ô l Ü URW

X �q,�&�� 6 �&�� 6 Ø � Þ$#�Ú ^ [�Ø � ÞfUVÚ
o{XVZR[ 6k^ Z � wfa Zv� a � ^V6"`@^ o 4 _ `b^ q w o�� w XP� wf^ o ^ [ `b^ o 4V^ ��[ ^ q w o�� w XP� wf^ o�g ^ 1 l3 X d�d ^ � ^�` _�_p\^ [I\^ gD\^����_ d XPZR[ w \^V6�` y�\^�} qB_u[ a XPZ J�Ô l Ü URWD� ^ qL[io1y{\^ � wfa@wf^ orXPqvo ` _ 8 X w d ^�È
� Ë Ì â� ÞfUvØ?7 É Ë Þ 7 1 Þ É ÊË 9?9 Ø � ÞrUVÚâ� ÞfUvØ?7 É Ë Þ É ÊË 9 9 Ø � ÞfUVÚ J�Ô l Ü N5W

� _ d a Z a d a of_t[ a XPZ¢g ^*` _ 4 _ `@^ q w d X �V^ ZIZ ^ g ^*` y{\^ Z ^1w # ab^ gky ^1; � a [f_t[ a XVZ � Ë �B_ w�w _P�I�vX w [�_Pq ; _ d � `ba [fqBg ^ oÏ Ë � ^ [ Ó Ë � ZIXVqBocgLXVZIZ ^YÈ
� Ë â� ÞfUvØ?7 ;uÉ Ë Þ É ÊË 9 Ø � ÞrURÚ Ì â�� ÞrU�Ø87 ;uÉ Ë Þ 7 1 Þ É ÊË 9 9 Ø � ÞfUVÚ J�Ô l ÜPÜ W

X �q ;uÉ Ë Ì � Î ;5Ï Ë �ÎpÑ ÊÎmÒ ; Ó Ë �ÎÐÑ Î lIh _ w �:XVZBoL\^�} q ^ ZV[ 6 XVZ wf^ [ w XPq 4P^izBa@^ Z `b^Tw \^ o{q ` [f_u[/g ^
` _ d \^ [reIXLg ^ g ^ o\^�} qv_t[ a XPZvo"gLq d XPq 4P^ d ^ ZV[ l � ^ � ` qBo 6 �Bq a o } q"y XPZm_�g ^ q ; [ � � ^ o�g ^D4RabzIw _t[ a XVZBo Ñ ÊÎ ^ [ Ñ Î 6�` y�\^�} qB_t[ a XVZYJ�Ô l ÜPÜ WZIXVqBocgLXPZBZ ^|` y ^ Zvo ^ d zI`b^ gky�\^�} qB_t[ a XVZBo�o{q a@4 _uZR[ È
â�� ÞrU�Ø87 Ñ Î Þ 7 1 Þ ÉmÊË 9 9 Ø � ÞrURÚ Ì�� Ë â� ÞfUvØ?7 Ñ Î Þ É�ÊË 9 Ø � ÞfUVÚâ�� ÞrU�Ø87 Ñ ÊÎ Þ 7 1 Þ ÉmÊË 9 9 Ø � ÞrURÚ Ì�� Ë â� ÞfUvØ?7 Ñ ÊÎ Þ É�ÊË 9 Ø � ÞfUVÚ J�Ô l Üuá W

X �q `b^|4�a g ^ Ø � ÞfUVÚ��:X wrwf^ or��XPZBg d _ a ZR[ ^ ZB_PZV[ �_ ` y�\^ [F_t[ 8 XPZBgB_ d ^ ZR[f_ ` Ø 7ihkj Ú l�j�4V^ �|� ^ g ^�w Z a@^�w�w \^ orq ` [F_t[ 6 XVZ� ^ qL[ wr^ d _ wf} q ^�w � ` _ abwr^ d ^ ZR[ ` y _uZv_ ` X$# ab^c^ ZR[ wr^c` _ d \^ [feIXLg ^ C 3 7�hkjä^ [ ` _�[fe/\^ X wrab^ S
� X w g a ZB_ abwf^P6 �Iq a o } q ^` _ C 3 7ihkj � ^ qI[ Õ^ [ wf^�4 q ^ �:X d�d ^ \^ [f_uZR[�qIZ ^ ^:; [ ^ ZBo a XVZ¢g ^.` _ d \^ [reIXLg ^ S
� _Pq ; �1_Vo$g ^ o 8 XPZB�:[ a XPZBog ^ �1X wfw \^�` _u[ a XPZBo �_ g ^ q ; �1X w �Bo l"n Z [ ^ Zv_uZR[��:X d �I[ ^ g ^ JºÔ l N�W
XPZ�� ^ qL[$gLXPZB� ^1; � `@a � a [ ^�wm` y ^ Zvo ^ d zI`b^ g ^ o\^�} qv_t[ a XPZvo/g ^
` _ 8 _ ��1XPZ.o{q a@4 _uZR[ ^$È
Í Î 5 � â 7 Ñ Î Þ 7 1 Þ Ñ ÊÎ 5 9?9 Ú Ï ËÎ 5 Ò â 7 Ñ Î Þ 7 1,Þ Ñ Î 5 9 9 Ú Ó ËÎ 5 * Ì � Ë Í Î 5 â 7 Ñ Î Þ Ñ ÊÎ 5 9 Ú Ï ËÎ 5
Í Î 5 � â 7 Ñ ÊÎ Þ 7 1 Þ Ñ ÊÎ 5 9?9 Ú Ï ËÎ 5 Ò â 7 Ñ ÊÎ Þ 7 1,Þ Ñ Î 5 9 9 Ú Ó ËÎ 5 * Ì Ò

� Ë Í Î 5 â 7 Ñ ÊÎ Þ Ñ Î 5 9 Ú Ó ËÎ 5 J�Ô l Ü Ô�W
X �q â Û�Û1Û Ú Ì â 7�hkj Ø:Û1Û�Û�Ø < > Ñ Ú l"n Z?qL[ a@`ba or_PZV[ `b^$8 _ a [ } q ^$` y XP��\^�w _u[ ^ q w g"y ^1; � a [F_t[ a XVZ 7�hkj�^ o�[|ZIX w d _ `ba oL\^V6XPZ � ^ qL[ ^ ZB�:X wr^ o a d � `ba Ýv^1w�`b^ o�\^�} qB_t[ a XVZBo/� w \^ ��\^ g ^ ZV[ ^ o È

Í Î 5 � â 7 Ñ Î Þ 7 1 Þ Ñ ÊÎ 5 9?9 Ú Ï ËÎ 5 Ò â 7 Ñ Î Þ 7 1,Þ Ñ Î 5 9 9 Ú Ó ËÎ 5 * Ì � Ë Ï ËÎ
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Í Î 5 � Ò â 7 Ñ ÊÎ Þ 7 1 Þ Ñ ÊÎ 5 9?9 Ú Ï ËÎ 5 @ â 7 Ñ ÊÎ Þ 7 1,Þ Ñ Î 5 9 9 Ú Ó ËÎ 5 * Ì Ò

� Ë Ó ËÎ Û J�Ô l Ü$* W
h _ w �1XPZBoI\^�} q ^ ZR[ 6 � ^ o � o�[ �^ d ^V6=} q a �:XVZBo{[ a [rq ^ `b^ o � o{[ �^ d ^ g"y�\^�} qB_t[ a XVZBo 7�hkjm6 o1y{\^ � wfa [ d _t[ wfa � ab^1`b`@^ d ^ ZR[�:X d�d ^ orq a [ È % Ñ �

���
Ñ
� & % Ï ËÓ Ë & Ì�� Ë % N UU Ò N & % Ï ËÓ Ë & J�Ô l Ü ORW

X �q `b^ o�\^�` \^ d ^ ZR[fo�g ^ o d _t[ wfa � ^ o Ñ ^ [�� o{XVZV[�gLXVZIZ�\^�^ o/�B_ w|È
Ñ Î ( Î 5 Ì â 7 Ñ Î Þ 7 1,Þ Ñ ÊÎ 5 9 9 Ú�Þ J�ÔvÛ Ü Q ! W
�
Î ( Î 5 Ì Ò â 7 Ñ Î Þ 7 1 Þ Ñ Î 5 9 9 Ú JºÔBÛ Ü Q��:W

^ [ `b^ oc_ d � `@a [rqvg ^ o 7ihkj �B_ w�È
Ï ËÎ Ì â 7 Ñ Î Þ ÉmÊË 9 Ú J�ÔvÛ Ü � ! WÓ ËÎ Ì â 7 Ñ ÊÎ Þ ÉmÊË 9 Ú�Û JºÔBÛ Ü �	�:W

� XVqBo$_ 4 XPZvom_ a ZBo a \^ [f_ zI`@a/`b^ o � o{[ �^ d ^ gky�\^�} qB_u[ a XPZBo$C 3 7�hkj�l 1Â`/^ o{[$ZBXPZ � `@a Z�\^ _ abwr^ �Bq a o } q ^H`b^ o d _t[ wra � ^ o7�hkj Ñ ^ [
�Ðo{XVZR[�g ^ o 8 XPZB�:[ a XPZBocg ^ o�_ d � `ba [fqBg ^ o 7ihkj Ï Ë ^ [ Ó Ë l+� \^ _uZ d X a ZBo 6 # w Õ_P� ^Y�_ ` y a Z 4V^1w o a XPZHg ^` y XV�/\^1w _t[ ^ q w gky ^1; � a [f_t[ a XVZ 7�hkj�^ [ ` _H�:XVZBg a [ a XPZ gD\^:Ý Z a ofof_uZR[ `b^24�a g ^$7ihkjm6 XPZ,� ^ qI[|��_ ` �:q `b^1w [rXVqL[ ^ o `b^ o8 XPZv��[ a XPZvo
g ^ �:X wrw \^�` _u[ a XPZBo �_�g ^ q ; �:X w �Bo l � ^ � ` qvo 6�`b^�8 _ a [ } q ^2`b^$4Ra g ^�7�hkj�^ o{[ a ZB�:XVZIZ�q,Z ^ �vXRo ^ �B_Vog ^ � w X zI`<�^ d ^2È XPZ Z ^ o ^ o ^1w [ 6L^ Z�� w _t[ a } q ^P65� _ d _ a o/g ^ � ^�4Ra g ^Vl�h _ w _ ab`@`b^ q w o 6Rab`k^ o{[c_uqBofo a�a ZR[I\^�wr^ orof_uZR[/g ^wf^ d _ wF} q ^1wc} q ^�`@^ oH\^�} qB_u[ a XPZBo�JºÔ l N�W 6 J�Ô l ÜPÜ W ^ [mJ�Ô l Ü OVW/o{XVZR[�\^�} q ab4 _ `@^ ZR[ ^ o �_ È
â 7 É Ë Þ 7 1 Þ É ÊË 5 9 9 Ú Ì � Ë ; Ë)( Ë 5 J�Ô l Ü KRWâ 7 ÉmÊË Þ 7 1 Þ É ÊË 5 9 9 Ú Ì UIÛ J�Ô l á URW

����� ¨Ð'2!.-�¥1+.©&0:'$!
n Z,�1XPZB� ` qvo a XPZ 6�` _ d \^ [feIXLg ^ C 3 7ihkj �1XPZBo a o{[ ^ �_ w \^ orXPqBg wr^|`b^ o \^�} qB_u[ a XPZBoig ^2` _ d \^ [reIXLg ^2n�~,~ _PqZ ab4P^ _uq g ^ oT�:X wrw \^1` _t[ a XVZBo �_*g ^ q ; �B_ w [ a �1q `@^ o�gky qIZ ^ d _PZ a��^1wf^ o ^�` 8�� �:XVZBo a o{[f_uZR[ ^PlIj�a ZBo a�6v^1`b`@^ � ^ qL[�Õ^ [ wf^|4 q ^�:X d�d ^ \^ [f_PZR[*qIZ ^ d \^ [reIXLg ^ o ^1`@8�� �1XPZBo a o�[F_uZR[ ^ g ^ [ � � ^ �FeB_ d � d X �V^ Z �_xg ^ q ; �B_ w [ a �1q `b^ o l � a@^ Z } q ^gI_PZBoc� ^ [{[ ^ d \^ [reIXLg ^ ZIXVqBoc_ 4 XVZBo a ZR[ w XLgLq a [�g ^ oi�:X wfw \^1` _t[ a XVZBo�gI_PZBo ` y�\^ [f_u[ 8 XVZBgI_ d ^ ZR[f_ `<6 ZIXVqBoc_ � XVZBo/�Iq8�^1w d ^1wc`b^ o � o{[ �^ d ^ gky{\^�} qv_t[ a XPZvo/of_uZvo wr^ �:XPq w o �_�g ^ oi_u�I� w X ;La d _u[ a XPZBo/o{qB�I� ` \^ d ^ ZR[F_ abwr^ o lLn Z ^19�^ [ 6I` y�\^ [f_u[8 XPZvgI_ d ^ ZR[F_ `�7�hkj o{q wi`@^�} q ^1`�wf^ ��XVo ^ [rXVqL[ `b^ �1_ ` �1q ` C 3 7�hkj ^ o{[ 6B^ Z #(\^ Z�\^�w _ `�6Ra Zv�:XPZBZRq l 3 ^ � ^ ZvgI_uZR[ 6ª�_` y _ a g ^ g ^ o wf^1` _t[ a XVZBo�g ^T8�^1w d ^ [fq wr^T^ [cgky X w [reIXVZIX w d _ `ba of_t[ a XVZ$ZBXPqBo/_ 4 XVZBo=�Iq o{q w d XPZR[ ^1w � ^ [r[ ^ g a �*�1q ` [I\^Pln Z 8 _ a [ 6 � ^ o wf^1` _t[ a XVZBo*� ^1w d ^ [{[ ^ ZR[ ` y a Z 4V^1w o a XPZ�g ^?` y XP��\^1w _t[ ^ q w g"y ^1; � a [F_t[ a XVZ 7�hkj�l/h _ w �:XVZBoL\^�} q ^ ZV[ 6�_ ` y _ a g ^ g ^.` _ �:XVZBg a [ a XPZÆg/\^1Ý Z a orof_uZR[ ` y�\^ [F_t[ 8 XPZBgI_ d ^ ZR[f_ ` ZIXPqBo$��XPq 4 XPZBo���_ ` �:q `b^1w [rXVqL[ ^ o `@^ o 4 _ `@^ q w od X �P^ ZIZ ^ o|gB_uZBo|� ^ [{[ ^ \^ [f_t[ ^ Z 8 XVZB��[ a XVZxg ^ om_ d � `@a [rqvg ^ o 7ihkjml	� XPqBo�X z [ ^ ZIXPZvomg ^ � ^ [{[ ^ d _PZ a��^1wf^ qIZo � o{[ �^ d ^ gky�\^�} qB_u[ a XPZBo�ZIXVZ � `@a Z�\^ _ abwr^ o
gIXPZR[ `b^ o a ZB�:XVZIZ�qBo�orXPZR[ `b^ o2_ d � `ba [fqBg ^ o 7�hkjmlªh XPq w|w \^ o{XVqBg wf^ � ^o � o{[ �^ d ^Tab` ZIXVqBo 8 _uqI[�XP��\^�wr^�w �v_ wca [I\^�w _u[ a XPZBo�orqB�1� ^ ofo ab4P^ o � qvo } q"y �_ ` _��:XVZ 4P^1w # ^ ZB� ^Vl
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�"^ ��_Po�g ^ o�ZBX � _uq ;¢�_ �1XPqB�Fe ^ oT[rXP[f_ `b^ d ^ ZV[ wf^ d � `ba@^ o|�:XVZBo�[ a [fq ^ qIZx�1_Vo
or��\^ � a _ ` gI_PZBo ` _�[re�\^ X wrab^ g ^�FeB_ d � d X �P^ ZpJ�S
�(W l �T_PZBoT� ^ ��_PoT�B_ w [ a �:q `@ab^1w
`@^ o�o{X ` qL[ a XVZBo
S
���1XPZBo ^1wf4P^ ZV[i[rXPq � XPq w o `b^$z XVZ ZIX d zIwf^} qB_uZR[ ab} q ^ J d X d ^ ZR[�� a Z/\^ [ ab} q ^ W l�h _ w �1XPZBoI\^�} q ^ ZR[ 6v` _ d \^ [reIXLg ^ S
�Æ�:XVZBo ^1wf4P^ gI_PZBoi� ^ ��_Po ` _�o � d \^ [ wrab^g ^
w XP[f_u[ a XPZ l�n Z #(\^ Z/\^1w _ `<6 �Iq a o } q ^T` _ 8 XPZB�:[ a XPZ�g"y XVZBg ^ S
�xZ"y ^ o{[��B_Po/qIZ ^T8 XPZv��[ a XPZ�� w XP� wf^ gLq Si_ d ab` [rX �Z ab^ Z?[rXP[f_ ` 1 6 Z a(`@^ oTX wrzBa [F_ `b^ o a Zvg a@4�a gLq ^�`@`b^ o 6 Z a(`@^ g/\^ [ ^�w d a ZB_uZR[�g ^ C ` _u[ ^�w ��XVofo �^ g ^ ZR[ `b^2z XPZ ZIX d zIwf^} qB_uZR[ ab} q ^ J d X d ^ ZV[c� a Z�\^ [ a } q ^ W l�� _ 8 XVZB��[ a XVZ�gky XPZvg ^ S��xZ"y ^ o{[ 8 XPZB�:[ a XPZ � w XV� wf^T} q ^ g ^T` _2�B_ w [ ab^ d X �ZIXV�B_ w [ a �:q ` _ abwf^ gIq*Si_ d ab` [fXPZ ab^ Z 6 �uy ^ o{[ �:�_ � g abwr^ 1 � l . Z�� ^ qL[ ^1; � wra d ^1w=`b^ ST_ d a@` [rXVZ ab^ Z�[rXP[f_ ` gLq*o � o{[ �^ d ^�:X d�d ^ qIZ ^ o{X d$d ^ gLq Si_ d a@` [rXVZ a@^ Z S
� ^ [igky qIZ ^ �B_ w [ a@^.>{w \^ o a gLq ^�`@`b^�A'&)(+*-,2È

1 Ì 1 � @ &)(+*-, Û J *Il N5W. Z ZIXP[ ^m} q ^ � ^1` _YZ ^ o a #VZ a Ýv^ �B_Po } q ^ 1 � ^ [ &.(+*-, oL\^ �B_ w \^ d ^ ZR[/��XVofo �^ g ^ ZR[c[rXPqI[ ^ o `@^ oio � d \^ [ wfa@^ ocg ^ 1 l3 ^ � ^ ZvgI_uZR[ 6 ZBXPqBo w _u�I� ^1` XPZBo } q ^ 1 � ^ o�[�qIZ ^ 8 XVZB��[ a XVZ¢g ^.` y ^ ZBo ^ d zI`b^ g ^ o�X wrzIa [f_ `@^ o�XL���:qI��\^1^ o24  0/ 6J 4 X abw �FeB_P� a [ wr^ N5W l C a�`b^ ocXV�/\^1w _t[ ^ q w o�g ^ o � d \^ [ wfa@^ Õ1 } q a �1X d�d qI[ ^ ZR[T_ 4V^ ��1 Jº�Py ^ o�[ ���_ � g abwf^ 7 1 Þ Õ1 9 Ì URW#V_ w g ^ ZR[ ` y ^ ZBo ^ d zB`@^ 4  0/ 6 a Z 4 _ wra _uZR[�J-2436573 Õ1 4  0/ 6 Ì 4  0/ 6 W 6 _ ` X w o a@` o�y ^ Z�orq a [ } q"y ab` o��:X d�d qL[ ^ ZR[�_ 4P^ ��1 �Jº�Py ^ o�[ ���_ � g a@wf^ 7 1 � Þ Õ1 9 Ì UVW l
� ��� 8 %=01©ª+.%(¤ ©9" '2!�#ª�m!:�¤�¤ ) ¤ ©;�<� �¤�#&%=0:¤
n Z��Ie � o ab} q ^ Z�qB� ` \^ _ abwr^V6 XPZ�[ w _ 4 _ ab`b`@^ eB_ zIa [fq ^1`b`b^ d ^ ZR[D_ 4V^ �cg ^ o=Si_ d ab` [rXPZ a@^ ZBoiJ ^:;L^ d � `b^mÈ d XLg �^�`@^c^ Z�:XVqB�Fe ^ ofW } q a"zIwfa o ^ ZR[ ^:; � `ba � a [ ^ d ^ ZR[�qIZ.� ^�w [F_ a Z�ZBX d zBwr^ g ^ o � d \^ [ wfa@^ o } q a orXPZR[��B_ w �1XPZR[ wf^ �:XPZvo ^�wr4 \^�^ o�B_ wc`@^ Si_ d a@` [rXVZ a@^ Z g ^ g/\^ �B_ w [ 1�J áBl N5W l � XPqBoc_ 4 XPZBo È7 1 Þ Õ> 9 Ì 7 1,Þ Õ= % 9 Ì 7 1 Þ Õ� 9 Ì?>@>A>RÌ U J *Il Ü W

X �q Õ> 6 Õ= ^ [ Õ� o{XVZR[ wf^ or� ^ ��[ ab4P^ d ^ ZR[ `b^ oDXP��\^�w _u[ ^ q w o(gIq d X d ^ ZR[�[fXu[F_ ` J a Z 4 _ wra _uZB� ^ �B_ w [ w _uZvo ` _t[ a XVZvW 6 gLqd X d ^ ZR[c� a Z�\^ [ a } q ^ J a Z 4 _ wfa _PZB� ^ �B_ wDw Xu[F_t[ a XPZ�W 6 gLq ZIX d zIwr^ g ^ �B_ w [ a �:q `@^ o
J z XVZ�ZBX d zBwr^ g ^ �B_ w [ a �:q `b^ oFW 6^ [F� lL�"^ Si_ d ab` [rXPZ a@^ Z�gLq d XLg �^1`b^i^ Z��:XPqv�Fe ^ o 6 �Py ^ o�[ ���_ � g a@wf^ gLq �FeB_ d � d X �P^ Z 1 � J�Si_ w [ wf^1^1� �BXL� E W=XPqHg ^Si_ w [ wr^�^:� �IXL� ER� �/X #PX `ba q z X 4 � ^ qL[ zIwfa o ^�w [fXPqL[ ^ o�� ^ oco � d \^ [ wfab^ o È7 1 � Þ Õ> 9 BÌ U M 7 1 � Þ Õ= % 9CBÌ U M 7 1 � Þ Õ� 9 BÌ U M >A>A> J *Il á W
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_Pq w \^ orq ` [f_u[ � 7�hkjml 3 ^�` _ ^ o{[mo a d a@` _ abwr^ _uq w \^ orq ` [F_t[�gD\^����_ d XPZR[ w \^ orq w�` _ Ý #Vq wf^ J�Ô l N5WigB_uZBo ` _w \^ # a XVZ,o{qI� ^1w �Bq a g ^Vl"h XPq wT` y�\^ Z ^1w # ab^m8 XPZvgI_ d ^ ZR[F_ `b^P6 XPZ wr^ d _ wf} q ^ qIZ ^$a d ��X w [f_PZV[ ^ _ d \^1`ba X w _u[ a XPZ,g ^$` _d \^ [feIXLg ^ C 3�� 7ihkj �B_ wiw _u�I��X w [ �_ ` _�[re�\^ X wrab^ � 3 C l � XPqBoT_ 4 XVZBo�_uqvoro a �1XPZBo a g/\^1w \^ gky _uqL[ wr^ oi�:XVZ Ý #Vq w _ �[ a XPZvo(ZIXPZYo � d \^ [ wfa } q ^ oª�vXVq w �1XPZ ÝBw d ^1w ZIXRo(�:XVZB� ` qBo a XVZBo 6P`@^cw \^ orq ` [f_u[ ^ o�[ } qB_ `@a [f_u[ ab4P^ d ^ ZV[ `b^ d Õ^ d ^Vlu�"^ o�:XVZ Ý #Vq w _u[ a XPZBoD�:XVZBo a g/\^�w \^1^ o�o{XVZV[ wf^1` _t[ ab4P^ o �_$g ^ oDZBX d zBwr^ oDg ^ �B_ w [ a �1q `b^ o � Ì Ô ^ [ � Ì N1Ô ^ [ zIab^ Z.ouÕq w��XPq w = Ì NVN�� Ü M ^�`@`b^ ocorXPZR[�gLXVZIZ�\^�^ o wr^ o{� ^ �:[ ab4P^ d ^ ZR[cgB_uZBo `b^ o Ý #Pq wf^ o�J�Ô l Ô�W ^ [mJ�Ô l * W l7c^�4P^ ZBXPZBo d _ a ZR[ ^ Zv_uZR[m_uqx�1_Vo|gLq d XLg ^ or�Iq wfab^ q ; ^ Z�C 3�� 7�hkj J d XLg ^ g ^Yz _Voro ^ \^ Z ^�w # a@^ W 6 �uy ^ o{[ ��_ � g abwr^ � ^*} q ^Y` y XPZx_u�B� ^�`@`b^ d XLg ^ g ^ � X ` gIo{[rXVZ ^ gI_uZvo ` _ d \^ [reIXLg ^ � 7�hkj�l 1Â`�^ o�[ zBa@^ Z��1XPZIZ�q } q ^Y` _d \^ [feIXLg ^ � 7�hkj � w XLgLq a [io � o{[I\^ d _u[ a } q ^ d ^ ZR[�qIZ d X�g ^ g ^� X ` gIo{[rXPZ ^P6 � ^m} q a � w XVq 4P^�} q ^|` _Yo � d \^ [ wrab^^ o{[ zBwra oL\^1^ gI_uZvo ` _ � 7�hkj zBa@^ Z } q ^�`b^ o � o{[ �^ d ^ o{X a [ Ý Z a<lRjia ZBo a<6V` _ d \^ [reIXLg ^ � 7�hkj o a d q `@^�` _mo a [fqB_t[ a XVZgky qIZ,o � o{[ �^ d ^|a Z Ý Z a<lvh XPq wc4 X abw � ^2} q ^ gLXPZIZ ^m` _ d \^ [reIXLg ^ C 3�� 7�hkjm6 ZIXPqBoi�:XPZvo a g/\^�w XVZBo/�B_ w�^1;L^ d � `b^` _ �:XVZ Ý #Vq w _u[ a XPZ = Ì NVN�� Ü ^ [ � Ì N�U JºXPZ �FeBX a o a [$g ^ o2�1XPZ Ý #Pq w _t[ a XVZBomg a@9 \^1wf^ ZR[ ^ om��XPq w _ 4 X a@w � ` qBogky a Z 8 X w d _u[ a XPZBo�o{q w|`b^ d XLg �^�`@^�^ [$_uqBofo a ��XPq w d XPZR[ wf^1wm} q"y XPZ�� ^ qL[ w \^ _ `ba o ^1w
`b^ �1_ ` �:q ` C 3�� 7�hkj ��XPq wZ"y a d ��X w [ ^m} q ^�`@`b^ �:XVZ Ý #Pq w _u[ a XPZ 6 � ^m} q a d XPZR[ wf^|` _YorXPqB� `@^ oro ^ g ^ ZIXP[ wf^ d \^ [reBX�g ^ W l . Z wf^ d _ wF} q ^ J 4 X abwÝ #Vq wr^ J�Ô l ORW{W } q ^T` _ 4 _ `@^ q w � w XV� wr^ � � g ^T` _2C 3�� 7�hkj orq a [H\^ [ w X a [ ^ d ^ ZR[ ` _ } qB_PZR[ a [I\^ � � �(%� @ � ��' %� Ò
Ü � �� 6/} q aT^ o�[ ` _pg a@9 \^1wf^ ZB� ^ ^ ZR[ wf^,`b^ o�g ^ q ; ��Xu[ ^ ZR[ ab^1` oH�Fe a d ab} q ^ o Ü # � Ì � � �(%� Ò � �� ^ [ Ü # ' Ì�&�� Ò � ��' %� X z [ ^ ZRqvo=gI_uZvo `@^ ��_ ` �:q `B^:; _P�:[ l 3 ^�` _�� ^1w d ^ [DgLXVZB�cgky a g ^ ZR[ a@ÝB^1w�` _ 4 _ `b^ q w � w XP� wf^ C 3�� 7�hkjml3 ^ [r[ ^?a g ^ ZR[ a@Ý �1_u[ a XPZ���XVofo �^ g ^ qBZäo ^ ZBo��Ie � o a } q ^Pl�n Z ^:9�^ [ 6 �Iq a o } q ^?`@^ o � o{[ �^ d ^ ^ o{[ gI_PZBo ` _p�BeB_Po ^orqI� ^�w �vq a g ^ J��BeB_Po ^ X �q ` _,o � d \^ [ wrab^Y^ o{[ zIwfa oL\^�^ W|_ ` X w o ` _ d \^ [reIXLg ^ C 3�� 7�hkj Z ^ g a o�[ a Z #Pq ^ �v_Po ^ ZR[ wf^`b^ o \^ [F_t[fo �_ � / ÜLl�h XPq w�`@^ o # w _PZBg ^ o 4 _ `b^ q w o g ^ � Jºo � o�[ �^ d ^ a Z Ý Z a W 6c`@^ o } qB_PZV[ a [I\^ o Ü #(� ^ [ Ü # '[ ^ ZBg ^ ZV[ a Zvg a@4�a gLq ^�`@`b^ d ^ ZR[ 4P^1w o `b^ o d X�g ^ oig ^ � X ` gIo{[rXVZ ^Pl�h _ w �1XPZR[ wf^P6 �vXVq wi`b^ o 8 _ abzI`@^ o 4 _ `@^ q w oTg ^ � 6ab`�^ o{[ w _ a orXPZBZB_ zI`b^ g ^ g/\^1Ý Z abwY` _�g a@9 \^1wf^ ZB� ^ ^ ZR[ wf^ Ü #(� ^ [ Ü # '¸�:X d$d ^ \^ [f_uZR[ ` y�\^ Z ^1w # ab^ gky ^1; � a [f_t[ a XVZz _Voro ^Pl �
_uZBoT[rXVqL[ ^ o `@^ o Ý #Pq wf^ o��:XVZB� ^�w Zv_uZR[
� ^ d XLg ^ XPZ �:X d �B_ wr^2`@^ o w \^ o{q ` [F_t[fo
g ^$` _.C 3�� 7�hkj _ 4P^ �` _,�:X d zIa ZB_ a orXPZ Ü J# � Ò # ' W l&h XPq w �:XVZ ÝBw d ^�w � ^�w \^ orq ` [F_t[ 6 XPZp�FeIX a o a [�qIZ ^ _uqL[ wr^ �1XPZ Ý #Pq w _t[ a XVZ 6 �B_ w^:;L^ d � `@^V6 = Ì NPN � Ü�^ [ � Ì Ô*�:X wfwf^ or�vXVZBgI_uZR[ �_ ` _ Ý #Vq wr^ JºÔ l QuW l � ^ ZBXPq 4V^ _uq a@`�^ o{[i� ` _ abw�} q ^|` _ 4 _ `b^ q w� w XP� wf^ � � g ^�` _ d \^ [feIXLg ^ C 3�� 7�hkj o1y a g ^ ZR[ a@ÝB^ �:X wfwf^ ��[ ^ d ^ ZR[ �_ ` _2�1X d zIa Zv_ a o{XVZ Ü J #(� Ò # 'ªW lIn Z 8 _ a [ 6ZIXVqBo$[ w XPq 4 XPZBo�g ^ o*of��\^ ZB_ wfa XRo2_PZB_ ` X$#Vq ^ o$��XPq w [fXPqL[ ^ o `b^ oY�1XPZ Ý #Pq w _t[ a XVZBo } q ^ ZIXPqBoY_ 4 XPZBo \^ [rqBg a \^�^ o 6of_uq 8 gI_uZBo `b^ �1_Po�o � d \^ [ wfa } q ^T} q a � w \^ o ^ ZR[ ^ qIZ ^�` \^ # �^1wf^ g a@9 \^1wf^ ZB� ^Pl 3 ^ [r[ ^ �:XVZ Ý #Vq w _u[ a XPZ ^ o�[ wf^ � w \^ o ^ ZR[I\^1^gI_PZBo ` _ Ý #Pq wf^ J�Ô l �VW l 3 ^ [r[ ^ g a@9 \^1wf^ ZB� ^ � w X 4�ab^ ZR[*gLq 8 _ a [ } q ^P6 gI_PZBo `b^ ��_PoYo � d \^ [ wfa } q ^P6 ZIXVqBoY_ 4 XVZBoqIZ ^ [ w _uZBo a [ a XPZ,gLq w \^ # a d ^ ZIX w d _ ` _Pq,o{qB� ^�w �Bq a g ^�} q aª^ o{[T_ z o ^ ZR[ ^ gI_PZBo `b^ o
_uqL[ wr^ oi��_Po��v_ w [ ab^1`b`@^ d ^ ZR[wf^ d � `ba o l�� XPqBo wf^ d _ wF} qIXPZBo�_uqBofo a/} q ^H`b^ o 4 _ `b^ q w o Ü #(� ^ [ Ü # '�orXPZR[m[ w XV� _Po � d \^ [ wfa } q ^ o 6"^ [��uy ^ o{[ ` _} qB_uZR[ a [I\^�Ü # � } q a�� XVq ^Y`b^$w ÕX `b^ gLq d X�g ^ g ^ � X ` gIo�[fXPZ ^Vl"n Z XPqL[ wr^V6k` y _P���:X w g?g ^Y` _.orX ` qL[ a XPZ � � g ^�` _d \^ [feIXLg ^ C 3�� 7�hkj ^ o{[ ` \^ # �^1wf^ d ^ ZR[ d X a Zvo z XVZ } q ^ gI_PZBo/[rXVqBo�_PqL[ wf^ o��1_Vo lh XPq wf} qIX a gI_uZvo ` _ d \^ [reIXLg ^ C 3�� 7�hkjm6 �:XVZR[ w _ abwr^ d ^ ZR[ �_ ` _ d \^ [reIXLg ^ � 7�hkjm6 Z"y _ 4 XPZvo=ZIXVqBo��v_PoDqIZ
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�������vÔ l á � ~ Õ^ d ^|} qB_uZR[ a [I\^ o } q ^|` _ Ý #Pq wf^ J�Ô l N�W 6 �vXVq w � Ì � l
d XLg ^ g ^ � X ` gBo�[fXPZ ^�� 3 ^ � a�^ o{[ ^ Z 8 _ a [ \^ [ w X a [ ^ d ^ ZR[ `ba \^��_ ` _ zIwra orq wr^ o{��XPZR[F_uZ�\^�^ g ^
` _2o � d \^ [ wfab^ ZIX d zIwf^[rXP[f_ ` g ^ �B_ w [ a �:q `@^ o l&7 _u�B� ^�` XVZBo2g"y _ z X w g ` y ^1; � wr^ oro a XPZpg ^ � ^ [2XP��\^1w _t[ ^ q w gB_uZBo ` _ wr^ � w \^ o ^ ZR[f_u[ a XPZ�g ^ o} qB_Po a@� �B_ w [ a �1q `b^ o 6Rab`"^ o�[�gLXVZIZ�\^ �B_ w|È Õ� Ì Í � -�� Õ�  J�Ô l * W
_ 4P^ � È Õ�  Ì J 
 % Ò�� % W Õ��� (  @ Ü � � % @ Ü 
  �  � � J > Ê @ >  W�Þ � Ì / NPÛ J�Ô l ORW
�
_uZBo ` _ d \^ [feIXLg ^ � 7�hkj XPZ�� ^ qI[ 4 \^�wra@ÝB^�wH} q ^P6 o a�`b^ oH[ ^�w d ^ o g ^ [ � � ^ o � Ê � \^ [f_ a@^ ZR[ a ZB� ` qBo gI_uZBo
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�������vÔ l Ô � ~ Õ^ d ^|} qB_uZR[ a [I\^ o } q ^|` _ Ý #Pq wf^ J�Ô l N�W 6 �vXVq w � Ì Ô l
` y XV�/\^1w _t[ ^ q w gky ^:; � a [f_u[ a XPZ 7ihkjm6kab` o�g/\^ �:XVqI� `b^1w _ ab^ ZR[T�:X d � `��^ [ ^ d ^ ZR[�g ^ o,\^�} qB_u[ a XPZBo
g ^�` _ � 7�hkj�lkj�a ZBo agI_PZBo ` _ � 7�hkjm6 [rXPqI[To ^ �v_Pofo ^ �1X d�d ^ o a�` y XP��\^1w _t[ ^ q w ZIX d zIwf^ [rXu[F_ ` g ^ �B_ w [ a �:q `@^ oH\^ [F_ a [i�:XPZR[ ^ Z�q gI_uZBo` y XV�/\^1w _t[ ^ q w gky ^:; � a [f_u[ a XPZ M �B_ w o{q a [ ^V6 qIZ ^ orX ` qL[ a XPZ]�B_ w [ a �1q `@a<�^�wr^ g ^ o¢\^�} qB_t[ a XVZBo � 7ihkjµ^ o�[ É Ê Ì Õ�_ 4P^ �37 1 Þ Õ� 9 Ì U 6 � ^�} q a gLXPZIZ ^ _uqL[fX d _t[ ab} q ^ d ^ ZR[�qIZ d X�g ^ g ^� X ` gIo{[rXVZ ^Pl 3 ^ [T_ w #Pq d ^ ZR[�Z�y ^ o�[i� ` qBo4�w _ a gI_uZBo ` _ d \^ [reBX�g ^ C 3�� 7ihkj X �q `b^ o
[ ^1w d ^ o Õ��� (  g ^�` y XV�/\^1w _t[ ^ q w gLq ZIX d zIwf^ [fXu[f_ ` g ^ �B_ w [ a �:q `@^ o�:XVZR[ wfa@z q ^ ZR[ 6�^ Z � wfa Zv� a � ^V6(�_ ` _.C 3�� 7�hkjml 3 ^ � ^ ZvgI_uZR[ 6 �Bq a o } q ^ � ^ o{XVZR[
g ^ o
[ ^1w d ^ o
e ^�w d a [ a } q ^ o 6 XVZZ ^ � ^ qL[$�B_Po `b^ o a Zv� ` q wr^ gB_uZBo ` y XP��\^�w _u[ ^ q w gky ^1; � a [f_t[ a XVZ l �TXPZB� 6"` _ o{X ` qL[ a XVZ É Ê Ì Õ� Z�y ^ o�[ 4�w _ ab^Y} q ^gI_PZBo ` _ d \^ [reIXLg ^ � 7�hkj�6 d _ a oc� ` qBo�gI_PZBo ` _*C 3�� 7�hkjml�1Â`�� _Y� ^ � ^ ZBgI_PZV[�qBZ._ 4 _PZV[F_+# ^ M ZIXPqBo 4 X � XVZBoorq w�`b^ o Ý #Pq wf^ om� w \^ ��\^ g ^ ZV[ ^ o } q ^ ZBXPqBo2_ 4 XPZvo��Iq a g ^ ZR[ a@Ý \^H` _ 4 _ `@^ q w|Ý Z ab^ g ^ � � _ 4V^ ��qIZ ^*8�w \^�} q ^ ZB� ^
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� ��� �vÔ l * � ~ Õ^ d ^|} qB_uZR[ a [I\^ o } q ^|` _ Ý #Vq wf^ JºÔ l N�W 6 �vXVq w � Ì N�Ô l
g ^�w Xu[f_u[ a XPZ,�v_ w [ a �:q `ba��^1wf^ gI_PZBo ` y ^ or�B_P� ^ g ^i� _Pq # ^ g ^�` _ orX ` qL[ a XPZ ^:; _P�:[ ^ gLq?� w X zI`��^ d ^Pl � ^ � ` qBo 6 ZIXPqBog ^�4 XPZvo2o a #VZB_ `b^1w$} q ^�` _ 4 _ `@^ q w g ^�` y�\^ Z ^�w # a@^*Ý Z ab^ ^ o�[ `@a \^�^ �_ ` _ [f_ a@`b`@^HÝ Z ab^ gLq¢o � o�[ �^ d ^P6 �uy ^ o{[ �:�_ � g abwr^V6`b^ ZBX d zBwr^�Ý Z a g ^ �B_ w [ a �1q `b^ o�gI_uZvo `b^ o � o{[ �^ d ^Pl(h _ w _ ab`@`b^ q w o 6 gI_uZBo$qIZ ^ o a [rqB_u[ a XPZ w \^ _ `ba o{[ ^V6 XVZ � ^ qL[a ZB� ` q wf^ gI_PZBo ` y XV��\^�w _u[ ^ q wm7�hkj `b^ o�[ ^�w d ^ o2g ^H` _ 8 X w d ^ � Ê� � � 5 �vXVq w�� BÌ � 4 J��
CLKVOVW l C ^ q `b^ d ^ ZR[ `b^ oXP��\^1w _t[ ^ q w oªe ^1w d a [ ab} q ^ o � Ê� � � gIX ab4P^ ZR[�Õ^ [ wf^c^:; � ` qBo(��XPq w�` _ w _ a orXPZ�g/\^{� Õ_ d ^ ZR[ a XPZIZ�\^1^Vl 3 ^ o=�1X d ��XVof_uZR[ ^ o�:X wrwf^ or��XPZBg ^ ZR[ 6 gI_uZvo�qIZ o � o{[ �^ d ^
a Z Ý Z a<6ª�_$qIZ ^|a d �Iq ` o a XPZ.g ^ [ w _PZBo 8�^�w Z�q `@`b^ M ab` oio{XVZV[�_ a ZBo a g ^ d ^ orq wf^Z�q `b`@^VlIh _ w �:XVZBoL\^�} q ^ ZR[ 6 gB_uZBo�qIZ.o � o{[ �^ d ^Ta Z Ý Z a ZIXPqvoc_ 4 XPZvo/_PqBofo akwf^ o{[f_Pq w _u[ a XPZY[fXu[F_ `b^ g ^|` _�o � d \^ [ wfa@^Vl�2y _PqL[ wf^ o } qB_PZR[ a [I\^ o 6=} q a o{XVZV[ a ZR[I\^�wr^ orof_uZR[ ^ o �_x�1_ ` �1q `@^�w gI_PZBo `b^ 8 X w d _ `ba o d ^ C 3�� 7�hkjm6 o{XVZV[ `b^ o
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�������DÔ l O � n Z ^1w # ab^ gky ^:; � a [F_t[ a XPZ]gLq d XLg ^ d XPq Jºor�Iq wfa@^ q ; W J `b^ op\^ Z ^1w # ab^ o�orXPZR[Yg ab4Ra oL\^1^ o��B_ w*Ü"� W ^ Z8 XPZv��[ a XPZ�g ^�` _ 4 _ wfa _ zI`b^ & Ì � � � Ü"�
^ [|��XPq w qBZ?ZIX d zIwf^ g ^ �B_ w [ a �:q `b^ o � Ì N�U lk�"^ or� a Z g ^ �FeB_ } q ^Z ab4P^ _uq ^ o{[ = Ì NVN�� ÜLl

0 0.2 0.4 0.6 0.8 1

V

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

E
ex

c

E
0

N+2
+ E

0

N-2
- 2 E

0

N

E
0

N+2
- E

0

N

E
0

N-2
- E

0

N

Ω1
SCQRPA

Ω1
QRPA

N = 4

�������vÔ l Q � ~ Õ^ d ^|} qB_uZR[ a [I\^ o } q ^|` _ Ý #Pq wf^ J�Ô l OVW 6 �vXVq w � Ì Ô l
��Xu[ ^ ZR[ ab^1` oc�Fe a d a } q ^ ocg abwf^ ��[ ^ d ^ ZR[ `ba \^ o �_ ` _�g a@9 \^�wr^ ZB� ^ g ^ oH\^ Z ^�w # a@^ o 8 XVZBgI_ d ^ ZR[f_ `b^ o lIh _ w/^:;L^ d � `@^V6 o{q w`b^ o Ý #Pq wf^ o�JºÔ l KVW 6 J�Ô l N�UVW ^ [�J�Ô l NVN�WªZIXVqBo wf^ � w \^ o ^ ZR[fXPZBo `b^ o=��Xu[ ^ ZR[ ab^1` o��Fe a d a } q ^ o #�- Ì / �% J�� �.-(%� Ò �&�� WX z [ ^ Z�q ^ o
�B_ w�`b^ ��_ ` �:q `&^1; _V��[ ^ [ �_��B_ w [ abw g ^ �1_ ` �:q ` o�oL\^ �B_ w \^ o�_ 4V^ � ` _ d \^ [reBX�g ^ C 3�� 7�hkjm6�^ Z 8 _ a of_uZR[` _Yg a 9 \^�wr^ ZB� ^ g ^ oH\^ Z ^�w # a@^ o 8 XPZBgI_ d ^ ZR[f_ `@^ o l+� XPqBo 4 X � XVZBo } q ^P6 ��XPq w = Ì NPN�� Ü2^ [ � Ì Ô ^ [D� 6L` y _P���:X w gg ^ o w \^ orq ` [f_u[foHg ^?` _ d \^ [reIXLg ^ C 3�� 7�hkj _ 4V^ � `b^ o 4 _ `b^ q w o ^:; _P�:[ ^ o ^ o{[ ^:; � ^�`@`b^ ZR[ ^ [ XVZä_ ^ ZäXVqL[ wf^qIZ ^ _ d \^�`@a X w _t[ a XVZ 8 X w [ ^ �v_ w$w _P�I�vX w [ �_ ` _ d \^ [reIXLg ^ � 3 C l&��^ o d Õ^ d ^ o w \^ orq ` [F_t[Fo�orXPZR[2X z [ ^ ZRqvo���XPq w
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g ^ � ` qBo } q ^$` _ orX ` qL[ a XPZ g ^�` _ d \^ [feIXLg ^�I�vC 3 7�hkj g ^�4�a@^ ZV[H[ w��^ o*o ^ Zvo abzI`b^ _uq ; _u�B� w X ;La d _t[ a XPZvoYgI_uZBo ` _ w \^ # a XPZÆo{qB� ^�w �Bq a g ^Vl �2y _ a@`b`b^ q w o 6 g �^ o} q ^|` _ d XLg �^1`b^
^ ZR[ wf^ gI_uZBo `@^|w \^ # a d ^ o{qB� ^�w �Bq a g ^V6B`b^ o w \^ o{q ` [f_u[fo/X z [ ^ Z�qBo��B_ w�`b^ g/\^�4P^�` XV�I� ^ d ^ ZR[mJ ÜLl Q5Ô�Wo�y ^�` X a #VZ ^ ZR[ g ^ � ^ q ; ��_ ` �:q ` \^ o�_ 4P^ � ` y{\^ [f_t[ 8 XPZBgB_ d ^ ZR[f_ `|7�hkjml.� XVqBo g ^14 XPZBo _uqBofo a o a #VZB_ `b^1w.} q ^ `b^ og/\^�4P^�` XV�I� ^ d ^ ZR[fo�g ^ ZIX d zIwf^ o�gky XL�1�1qI�B_t[ a XVZ.qL[ ab`@a oL\^ o�gB_uZBo `@^ ��_ ` �:q ` o{XVZR[��vXVqBoroI\^ o �_ ` y X w g wf^ g ^ q ; ��XPq wÕ��� ( 
^ [ Õ� %� (  ^ [ �_ ` y X w g wf^ qBZ ��XPq w Õ��� (  Õ� � (  5 l 3 ^ � a d XVZR[ wf^
} q ^ � ^ ocg/\^�4P^1` XP�B� ^ d ^ ZR[fo�o{XVZR[ w _u� a g ^ d ^ ZR[�:XVZ 4P^1w # ^ ZR[fo ^ [|ZIXu[ wr^ d \^ [feIXLg ^ �vXVq w �1_ ` �1q `@^�wT`b^ o�ZBX d zBwr^ o
g"y XL�1�1qI�B_u[ a XPZ?�1XPZBo{[ a [rq ^ gIXPZB�$qIZ ^�z XPZIZ ^
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�"^�w \^ orq ` [f_u[ ^ o{[ wr^ � w \^ o ^ ZR[I\^ o{q wc` _ Ý #Pq wf^ J�Ô l N á W l �
_uZBoc� ^ [{[ ^
Ý #Pq wf^ ZIXPqBoc_ 4 XPZBo wf^ � w \^ o ^ ZR[I\^c^ Z � ` qBocg ^ ow \^ orq ` [f_t[Fo2C 3 7ihkjm6&`@^ o w \^ o{q ` [F_t[fo 7�hkjm6 �FeB_ d � d X �P^ Z ^ [Y_uqBofo aD`b^ o w \^ orq ` [f_t[Fo ^1; _V��[Fo�J�gI_uZBo ` _ �BeB_Po ^ZIX w d _ `b^|zIab^ Z,ouÕq wi`b^ o w \^ orq ` [F_t[Foco{XVZV[i� ^ q ; g ^m` _Y�I� � C 3 7ihkj W l �T_PZBo ` _Y�Iev_Po ^ gLq.�Bq a g ^ ZBX w d _ `�6 ZIXPqBowf^ d _ wF} qIXPZBo } q ^ ZIXP[ wf^ d \^ [reBX�g ^ _ d \^1`ba X wf^ Z ^ [{[ ^ d ^ ZR[ `b^�w \^ orq ` [F_t[&�B_ w(w _u�B�vX w [ �_ ` _ d \^ [reBX�g ^ gIq��Fev_ d �d X �P^ Z 6 � ^ � ^ ZvgI_uZR[ 6 �B_ w&w _P�I�vX w [ �_ ` _ d \^ [reBX�g ^/7�hkj o{[f_PZBgI_ w g ` y _ d \^1`ba X w _u[ a XPZ ^ o�[ 8 _ abzI`b^Pl �
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� ^ ZBXPZBo ^ Z �_ ` _ d \^ [reBX�g ^ C 3 7�hkj M gky _u� w��^ o `b^ o w \^ o{q ` [F_t[fo�X z [ ^ Z�qBo ^ [�_uZB_ `@� oL\^ o � qvo } q"y a � a�6 XPZ wf^ d _ wF} q ^} q"y ^1`b`@^ _ d \^�`@a X wf^/` _
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KPU ������� �
	��������� 
��� � � 	!�	2� � � � 
����� � � � �

0 0.2 0.4 0.6 0.8 1

V

0

1

2

3

4

5

N
1

Exact
SCQRPA
SCRPA
RPA
BCS

N = 12

�������VÔ l N á � � X d zIwf^ g ^ �B_ w [ a �1q `b^ o&gI_uZvo `@^ Z ab4P^ _Pq2orqI��\^�wrab^ q w � � ^ Z 8 XVZB��[ a XVZ2g ^�` _ 4 _ wra _ zI`b^ & Ì � � � Ü��^ [���XPq w � Ì N ÜIlL�"^ or� a Z g ^ �FeB_ } q ^ Z a@4V^ _Pq ^ o�[ \^ #V_ `=�_�= Ì NPN � ÜIl
w _u�I� ^1` XPZBo } q ^V6 �1X d�d ^ gB_uZBo `b^ ��_ ` �:q ` gLq ZIX d zIwf^ g ^ �v_ w [ a �:q `b^ o
gI_uZvo `@^ Z ab4P^ _Pq?orqI��\^�wrab^ q w�6 ZIXPqvoTZ ^��XPq 4 XPZBo��B_VoY�1_ ` �1q `@^�wY` _ 4 _ wra _uZB� ^ gB_uZBo ` _ d \^ [feIXLg ^ � 7�hkjml 3 ^�` _ ^ o�[*gLq�_Pq 8 _ a [ } q ^V6 gI_PZBo*� ^ [{[ ^d \^ [feIXLg ^P6 _|��_uqBo ^ g ^c` y _P�I�B_ wfa [ a XPZ�gLq d X�g ^ d XVq 6u`b^ o wf^1` _t[ a XVZBo&g ^c8�^�w d ^ [fq wf^/^ [Dgky X w [reIXVZIX w d _ `ba of_t[ a XVZ 6Z ^ orXPZR[��B_Vo�of_t[ a o 8 _ a [ ^ o l � XPqBoc� w \^ o ^ ZR[rXPZvocgLXPZB��qBZ ab} q ^ d ^ ZR[ `b^ o w \^ o{q ` [f_u[focg ^ ZIXu[ wr^ d \^ [reIXLg ^|^ [Tg ^|` _d \^ [feIXLg ^ � 3 C lB��^ o w \^ orq ` [f_u[fo�o{XVZR[i_ a ZBo akwf^ � w \^ o ^ ZR[I\^ oDorq w�`b^ o Ý #Pq wf^ o|JºÔ l N1ÔRW 6 J�Ô l N * W ^ [�JºÔ l N�ORW 6 ��XPq w�`b^ oZIX d zIwf^ o
g ^ �B_ w [ a �:q `@^ o � Ì N�U 6 � Ì N Ü*^ [ � Ì N1Ô 6�wr^ o{� ^ �:[ ab4P^ d ^ ZV[ 6 [fXPq � XVq w oT��XPq w
`b^ d Õ^ d ^ or� a Z= Ì NPN�� ÜLl �
_uZvoT� ^ oi[ w X a o Ý #Vq wr^ o�ZIXVqBo
�:XPZvo�[F_t[rXVZBo } q ^2` y _ d \^�`@a X w _t[ a XVZ _P�I��X w [I\^�^ �B_ w ZIXu[ wr^ d \^ [feIXLg ^^ o{[Y[ w��^ o a d ��X w [f_uZR[ ^ ^ Z��:X d �B_ w _ a XPZ]_ 4P^ � ` _ d \^ [feIXLg ^ � 3 C 6 gI_PZBoYZ"y a d ��X w [ ^,} q ^�`@`b^ �:XVZ Ý #Vq w _u[ a XPZ�:XVZBo a g/\^1w \^1^Vl � Z2g ^1w Z ab^1w ��X a ZR[�Z�\^ � ^ ofo a [F_uZR["gky@Õ^ [ wf^&^:; _ d a Z�\^ gI_PZBo"� ^ d X�g �^1`b^P6 _ 4V^ � ` _ d \^ [reBX�g ^ C 3�� 7�hkjm6^ o{[=g ^ or_ 4 X abw o a�`@^ o(�:X wfw \^1` _t[ a XVZBo"gky _u�I�v_ wfa@^ d ^ ZR[fo&o{XVZR[&_Pq # d ^ ZR[I\^1^ o"XPq�g a d a Z�q�\^�^ oª�B_ w�w _u�I��X w [(_uq2��_ ` �:q `� 3 C lBh XVq w � ^1` _ 6 ZBXPqBoc�1XPZBo a g/\^1w XPZBo ` _ 8 XVZB��[ a XVZ g ^ �:X wfw \^1` _t[ a XVZHo{q a@4 _uZR[ ^$È

�,Ì N
�
Í � -��

% â Ñ Ê Ñ  Ú Ò NÔ � % â Õ�  Ú â Õ�  Ú & Û J�Ô l �RW
� XP[rXVZBo|gky _ z X w g 6"} q ^ gI_uZvo ` y�\^ [F_t[ 8 XPZBgB_ d ^ ZR[f_ ` � 3 C 6 � ^ [{[ ^Y^:; � wf^ ofo a XPZ o ^�w \^ gLq a [m_ ` y ^:; � wf^ ofo a XVZ?orq a �4 _uZR[ ^�È

� ��	
� Ì Í � -	� 
 %
� % Û J�Ô l KRW

� ^ � ` qBo 6 ZBXPqBo]o a #PZv_ ` XPZBo } q ^V62^ Z #(\^ Z�\^1w _ `<6
` y ^:; � wf^ ofo a XPZ JºÔ l �VWp�1XPZR[ ab^ ZR[Æg ^ o [ ^�w d ^ o¢ZIXVZ g a _+#PX �ZB_Pq ; Jº� ^1` UIN�W l
� \^ _PZ d X a ZBo 6 �Iq a o } q�y ab`|^ o{[,g a �*� a@`b^ gky ^1; � wra d ^1w � ^ o�[ ^�w d ^ o ^ Z 8 XVZB��[ a XVZ g ^ o._ d � `ba �[rqvg ^ o 7�hkj gI_PZBo `@^ �1_Vo.g ^ ZBXu[ wf^ d \^ [reBX�g ^P6 ZIXPqvo�Z�y _ `@` XPZBo �B_Vo `@^ o �1XPZBo a gD\^1w \^ o l � ^ � ` qBo 6 gB_uZBo ` _d \^ [feIXLg ^ C 3�� 7�hkj�6 ZIXPqvo��vXVq 4 XVZBo|�1_ ` �1q `@^�w|` y ^:; � wf^ ofo a XVZ]JºÔ l �VW
g ^ g ^ q ; 8 _ ��:XPZvo|g a 9 \^�wr^ ZV[ ^ o l �T_PZBo ` _� wf^ d a��^1wf^P6 ZIXPqBo/qL[ a@`ba o{XVZBo `b^ o�_ d � `@a [rqBg ^ o 
 
^ [ � ��_��v_ w [ abw g ^ oY\^�} qB_t[ a XVZBo�g ^ �FeB_ d � d X �P^ Z #(\^ Z�\^�w _ `@a oL\^J d \^ [reIXLg ^ g ^ �FeB_ d � d X �P^ Z wf^ ZIX w d _ `ba oL\^ W ^ [�� ^
w \^ o{q ` [f_u[�o ^1w _mZBXu[I\^ � ( ' �
	�� l �
_uZvo ` _$g ^ q ;�a<�^ d ^V6 ZIXPqBo�1_ ` �1q ` XPZBo `@^ o 4 _ `b^ q w o d X �V^ ZIZ ^ o*gI_PZBo `@^?4Ra g ^ g ^ ` _ d \^ [feIXLg ^ C 3�� 7ihkj ^ [ XPZ�ZBXu[ ^�w _ `@^?w \^ o{q ` [F_t[
� � 	 � ��� � lk��^ o w \^ o{q ` [f_u[foTo{XVZV[ wr^ � w \^ o ^ ZR[I\^ oco{q wT`b^ o Ý #Pq wr^ o�J�Ô l NtQuW ^ [�JºÔ l N��RW 6 ��XPq w qIZ?ZIX d zIwf^ g ^ �v_ wr�[ a �:q `@^ o � Ì N ÜH^ [ � Ì N�Ô 6"wf^ or� ^ ��[ a@4V^ d ^ ZR[ l��"^ or� a Zpg ^ �FeB_ } q ^ Z ab4P^ _uq ^ o{[|[rXVq � XPq w om�FeBX a o a \^ #V_ `��_= Ì NPN � ÜIlP� _2o a [rqB_u[ a XPZY��XPq w � Ì N�U|Z"y ^ o{[D�B_Vo wf^ � w \^ o ^ ZR[I\^�^ �Iq a o } q"y ^�`@`b^
^ o{[D�B_ w{8 _ a [ ^ d ^ ZR[Y\^�} q a@4 _ `@^ ZV[ ^



��� � ��������� �'� ���
��� ��� � � 
��� �'� 	 �	2� KBN

0 0.2 0.4 0.6 0.8 1

V

1

1.5

2

2.5

3

3.5

4

∆ 
Ν

 

SCQRPA
BCS

N = 10

�������ªÔ l N�Ô � � _ 4 _ wra _uZB� ^ gLq�ZIX d zIwr^ [rXP[f_ ` g ^ �B_ w [ a �1q `@^ o ^ Z 8 XPZB�:[ a XPZxg ^Y` _ 4 _ wra _ zB`@^ & Ì � � � Ü"��^ [��XPq w qIZ.ZIX d zIwf^ g ^ �B_ w [ a �1q `@^ o � Ì N�U lI�"^ or� a Z g ^ �Fev_ } q ^ Z a@4V^ _Pq ^ o�[ = Ì NVN�� ÜIl

0.2 0.4 0.6 0.8 1

V

0

1

2

3

4

∆ 
Ν

SCQRPA
BCS

N = 12

����� ��Ô l N * � ~ Õ^ d ^|} qB_uZR[ a [I\^ o } q ^|` _ Ý #Vq wf^ JºÔ l N1Ô�W 6 ��XPq w � Ì N ÜLl
_uq¢�1_Po�X �q � Ì N1Ô 6 �Iq a o } q ^ � ^ o2g ^ q ; �:XVZ Ý #Vq w _u[ a XPZBo�o{XVZV[�o � d \^ [ wfab} q ^ o l�� XPqBo wf^ d _ wF} qIXPZBo } q ^H` _d \^ [feIXLg ^ � 3 C wr^ ZIX w d _ `ba oL\^1^ J w{� � 3 CIW�g a d a Z�q ^?`b^ o.�1X wfw \^�` _u[ a XPZBoHgky _P�I�B_ wrab^ d ^ ZR[FoH�B_ w�w _u�B�vX w [ �_ ` _d \^ [feIXLg ^ � 3 C o�[F_uZBgI_ w g l 3 ^ [{[ ^ orqI�I� wf^ ofo a XPZ.g ^m` y _u�I�B_ wrab^ d ^ ZV[c� ^ qL[�Õ^ [ wr^�^:; � `ba } q�\^1^�^ Z,_PZB_ ` X$# a@^ _ 4P^ �` _,o{qB�I� wf^ ofo a XPZpgLq #V_u� ` X w o�g ^H` y�\^ [rqBg ^ g ^H` _ d _t[ a��^1wf^ Z ^ qL[ w XVZ a } q ^Ha Z Ý Z ab^ _ 4V^ �Yg ^ om[fe/\^ X wrab^ o wr^ ZIX wr�d _ `ba oI\^�^ omJ j���h �PK M C 3 � � KVO M � C���UBN�W l 3 ^ � ^ ZBgI_uZR[ 6 gI_PZBo
� ^ d XLg �^�`@^V6B` _HorqI�I� wf^ ofo a XVZ,g ^ o
�:X wrw \^1` _t[ a XVZBogky _u�I�v_ wfa@^ d ^ ZR[�gI_uZvo ` _ d \^ [feIXLg ^ wr� � 3 C ^ o�[�[ w X d � ^ qBo ^Pl�n Z ^19�^ [ 6�` _ d \^ [feIXLg ^ C 3�� 7�hkj d XPZR[ wf^



K Ü ������� �
	��������� 
��� � � 	!�	2� � � � 
����� � � � �

0 0.2 0.4 0.6 0.8 1

V

1

1.5

2

2.5

3

3.5

4

∆ 
Ν

SCQRPA
BCS

N = 14

����� ��Ô l N�O � ~ Õ^ d ^|} qB_uZR[ a [I\^ o } q ^|` _ Ý #Vq wf^ JºÔ l N1Ô�W 6 ��XPq w � Ì N1Ô l

� ` qL[5ÕXP[$qBZ ^ _Pq # d ^ ZV[F_t[ a XVZ g ^ o��1X wfw \^�` _u[ a XPZBo|g"y _P�I�B_ wfab^ d ^ ZR[$gB_uZBo$ZIXP[ wf^ d XLg �^1`b^Pl'1Â` Z"y ^ o{[�� ^ � ^ ZBgI_PZR[�B_Vo*\^14�a g ^ ZR[ } q ^ � ^ [r[ ^ �:XVZB� ` qBo a XVZH�Iq a ofo ^ Õ^ [ wf^Twf^ � wfa o ^ gI_uZvo `@^ �1_Vo�g ^�` _ d _t[ a��^�wr^ Z ^ qL[ w XPZ a } q ^
a Z Ý Z a@^Vl

0.2 0.4 0.6 0.8 1

V

0

0.1

0.2

0.3

0.4

0.5

C

C
r-BCS

C
SCQRPA

C
BCS

N = 12

�������vÔ l NtQ � � _ 8 XPZB�:[ a XPZ.g ^ �:X wrw \^1` _t[ a XVZ � ^ Z 8 qIZB�:[ a XPZ.g ^�` _ 4 _ wfa _ zI`b^ & Ì � � � Ü"�/^ [c��XPq w qIZ ZIX d zIwf^g ^ �B_ w [ a �1q `b^ o � Ì N ÜLlI�"^ or� a Z.g ^ �FeB_ } q ^ Z ab4P^ _Pq ^ o�[ = Ì NVN�� ÜLl



������� ��� � ���������� ��� ���'� � � � ����	����� 	��������� � K á

0 0.2 0.4 0.6 0.8 1

V

0.1

0.2

0.3

0.4

0.5

C

C
r-BCS

C
SCQRPA

C
BCS

N = 14

����� ��Ô l N�� � ~ Õ^ d ^|} qB_uZR[ a [I\^ o } q ^|` _ Ý #Vq wf^ JºÔ l N5QPW 6 ��XPq w � Ì N1Ô l
����� ¨Ð' �#".�|%(�m01©�'$! ��$¤�- )����m+�#&%(¤�©µ#ª%(��|�m+��

�"^ d XLg �^1`b^ gky _u�I�B_ wrab^ d ^ ZV[ �_.g ^ q ; Z ab4P^ _Pq ; _ w \^ � ^ d�d ^ ZR[
o ^1wf4Ra g ^Yz _Po ^ ��XPq w [ ^ o{[ ^�w|`@^ o
g a@4V^1w o ^ o#(\^ Z�\^�w _ `@a of_t[ a XPZvo�g ^¢` _�[re�\^ X wfab^ � 3 C l
��^ [ w _ 4 _ ab`�`b^ � ` qBo w \^ � ^ ZV[ ^ o�[�� ^�` q a g ^ CI_ d z _t[f_ w X ^ [ � a ZBe�
_uZ #.J�CL�
�
KPK�W l �
_uZBoc� ^ [ w _ 4 _ ab`<6R`b^ oc_PqL[ ^ q w oDXVZR[/qL[ a@`ba oL\^ � ^|} q ^
` y XPZ._u�B� ^�`@`b^�` _ d \^ [feIXLg ^ g ^�>rz XRo{XVZ a@�of_t[ a XPZ A g ^ o�XP��\^1w _t[ ^ q w o 8�^1w d a XPZ ab} q ^ o lRj q `ba@^ qHg ^ [ w _ a [ ^1wD`@^ o�XV��\^�w _u[ ^ q w o(g ^ �B_ abwr^ o�g ^
} qB_Po a � �B_ w [ a �1q `@^ og abwr^ ��[ ^ d ^ ZR[ 6 �1X d�d ^ � ^�} q ^ ZBXPqBo 8 _ a orXPZBo a � a�6�`b^ o
_uqL[ ^ q w o >{z XVorXPZ a o ^ ZR[ AY`b^ o
XP��\^1w _t[ ^ q w ocg ^ �B_ abwr^ oTg ^} qB_Po a@� �B_ w [ a �1q `b^ o ^ [2g/\^14V^1` XP�I� ^ ZR[ `@^ ST_ d ab` [fXPZ ab^ ZxgLq d XLg �^�`@^ _uq } qB_u[ wfa��^ d ^ X w g wf^ J >rz XRo{XVZ d _u�B� a Z #d ^ [feIXLg A W ^ Z 8 XVZB��[ a XVZ�g ^ ZIXPq 4P^ _Pq ; XP��\^1w _t[ ^ q w o z XRo{XVZ ab} q ^ o l�n Zvo{q a [ ^V6Vab` oDqI[ ab`@a o ^ ZR[�� ^ oDXP��\^�w _u[ ^ q w o z X �orXPZ a } q ^ o ^ [ ab` o(_u�I� `ba } q ^ ZR[ ` _ d \^ [feIXLg ^ � 7�hkj Jº� ^ [{[ ^ d \^ [reBX�g ^/4 _�Õ^ [ wr^ ZIXP[I\^�^ � � �Â7�hkj Èu7�hkj]a Z z XVorXPZ8 X w d q ` _u[ a XPZvW l+1Â` o=X z [ a@^ ZIZ ^ ZR[�_ ` X w o(g ^ o�\^�} qB_u[ a XPZBo(g ^ [ � � ^ ST_ w [ wf^1^:� �IXL� ER� �DX #PX ` q abz X 4 ZIXVZ `@a Z�\^ _ abwr^ o } q aorXPZR[c[rXVqL[ �_ 8 _ a [T_PZB_ ` X$#Vq ^ o �_�ZIXRo \^�} qv_t[ a XPZvo�C 3�� 7�hkjmlv�"^ oi�:X ^ �*� ab^ ZR[Foig ^ [ w _PZBo 8 X w d _u[ a XPZ.g ^�} qB_Po a@��B_ w [ a �1q `@^ o|o{XVZR[mX z [ ^ Z�qBo 6 �:X d�d ^ gky eB_ zBa [fqBg ^P6 �B_ w d a Z a d a or_u[ a XPZxg ^Y` y�\^ Z ^�w # a@^ g ^Y` y�\^ [f_u[ 8 XPZBgI_ d ^ ZR[f_ `�B_ w�w _u�I��X w [�_uq ; �:X ^ �Y� a@^ ZR[fo�g ^i` _�[ w _uZBo 8 X w d _t[ a XVZ lPj�a ZBo a�6Rab` oDX z [ a@^ ZIZ ^ ZV[/_uqBofo a g ^ o�\^�} qB_u[ a XPZBo�g ^ [ � � ^�FeB_ d � d X �V^ Z wr^ ZIX w d _ `ba oI\^V6 �:XPqB� ` \^1^ o�_uq ; _ d � `ba [fqBg ^ o 7�hkj�6 _uZv_ ` X$#Pq ^ o �_ ZBXVo \^�} qB_t[ a XVZBomg ^ �Fev_ d �d X �P^ Z�#(\^ Z�\^1w _ `ba oI\^VlP�"^ o � o�[ �^ d ^ gky�\^�} qB_u[ a XPZBoc�1XPqI� ` \^�^ o ^ o�[i_ ` X w o w \^ orX ` q.gky qBZ ^ d _uZ �^1wf^ o ^1`@8�� �1XPZBo a o�[F_uZR[ ^Vlh XPq w qIZ ^ d ^1ab`b`@^ q wr^ �:X d �B_ w _ a orXPZ 6 ZBXPqBo�_ 4 XPZvo$�FeBX a o a<6=`b^ o d Õ^ d ^ o*�1XPZ Ý #Vq w _t[ a XPZvo$g ^ o{� a Z?= ^ [�g ^ZIX d zIwf^ g ^ �v_ w [ a �:q `b^ o � �:X d�d ^ gI_uZvo ` _ w \^:8 \^�wr^ ZB� ^ J<CL�
�TKVKVW l � Z ^ � wf^ d a��^1wf^iwf^ d _ wF} q ^
^ o{[ } q ^V6 gI_uZBo`b^ �1_Vo = Ì NPN � ÜL6I} q a �:X wrwf^ or�vXVZBg �_�qIZ ^ gD\^ #(\^ Z�\^1wf^ of� ^ ZB� ^ _Voro ^ � \^1`b^14 \^1^ g ^ o�Z ab4P^ _uq ;k6I`b^ oiXP��\^1w _t[ ^ q w o/g ^�B_ a@wf^ o(g ^/8�^�w d a XPZBo=orXPZR[=�:X `@`b^ �:[ a@8 o ^ [ ` _ z XRo{XVZ a or_u[ a XPZ ^ o�[�� ^1w [f_ a Z ^ d ^ ZR[(qIZ ^ � w XL��\^ gLq wf^D4 _ ` _ zB`@^Vl 1Â` Z"y ^ o{[gLXVZB�
�B_Po a ZIXP� a Z�\^V6L} q ^
`b^ o w \^ o{q ` [f_u[fo/g ^�` _ d \^ [reIXLg ^ g ^ CL_ d z _t[F_ w X ^ [i� a Z #Y�T_PZ #�o{X a@^ ZV[�[ w��^ o�� w XL�Fe ^ og ^ o(Z�ÕXu[ wr^ o l � Z ^ �1X d �B_ w _ a orXPZ$gD\^ [F_ ab`@` \^�^ d XPZR[ wr^�} q ^ ZIXRo w \^ orq ` [f_t[Fo(o{XVZR[�o � o{[I\^ d _u[ a } q ^ d ^ ZR[ ` \^ # �^1wf^ d ^ ZR[� ` qBoT� w XL�Fe ^ o�g ^ o w \^ orq ` [f_t[Fo ^:; _V��[fo l 3 ^�` _*� ^ qL[2Õ^ [ wf^ gLq _Pq 8 _ a [ } q ^ ZIXVqBoi�1XPZBo ^1wf4 XVZBo `b^ �1_ w _V��[ �^1wf^
8�^1wr�d a XVZ a } q ^ g ^ ZIXVoDXP��\^1w _t[ ^ q w o ^ [DZBXPqBoDZ ^ ZBXPqBoDo ^�wr4 XPZBo��B_PoDg ^i` _ z XVorXPZ a of_t[ a XPZ l � ^ � ` qBo 6 ZIXVqBo�[ w _ a [rXPZvo^:; _V��[ ^ d ^ ZR[ `@^ o w��^ # `b^ o$g ^ �:X d�d qL[F_t[ a XPZÆg ^ �B_ a@wf^ oYg ^ 8�^�w d a XPZBo l 3 ^ � ^ ZBgB_uZR[ 6 �Bq a o } q ^.` _�g a@9 \^1wf^ ZB� ^^ ZR[ wr^�`b^ o�g ^ q ;Hw \^ orq ` [f_u[fo ^ o{[c[ w��^ o/� ^ [ a [ ^P6Bab`k^ o{[ig a �*� ab`@^ g ^ [ a@wf^1w g"y _PqL[ wf^ oc�1XPZB� ` qBo a XPZBo lLh XPq w [f_PZV[ 6 gI_uZBo` _ w \^:8 \^1wf^ ZB� ^ J�CL�
�TKVKVW 6(`@^ o$_PqL[ ^ q w o2gLXVZIZ ^ ZV[YqIZ ^ �1X d �B_ w _ a orXPZ ^:; � `ba � a [ ^ g ^ o w \^ orq ` [f_t[Fo 6 gI_PZBo `@^ �1_Voo � d \^ [ wfab} q ^ g ^ or� a Z<= Ì N�K � ÜLl"� XVqBo&��XPq 4 XPZBo=_ ` X w o ^19�^ ��[rq ^1w qIZ ^ �:X d �B_ w _ a orXPZ2�vXVq w=` y�\^ Z ^�w # a@^ gLq 8 XPZ �gI_ d ^ ZR[f_ ` ��XPq w�` _ d Õ^ d ^ �:XVZ Ý #Pq w _u[ a XPZ l � XPqvo ` _�gIXPZIZIXVZBo/gI_uZBo `b^ [F_ zI`b^ _Pq*Ô l N 6 X �q*ZIXPqvo d XVZV[ w XVZBo `b^ ow \^ orq ` [f_t[Fo(��XPq w�} qB_t[ wr^ _P�I� w XL�Fe ^ o=g a 9 \^1wf^ ZR[ ^ o�g ^ o=� w X zI`��^ d ^ o �_ � �:X w �Bo È ZBXu[ wf^ _P�I� w X��Fe ^ J�C 3�� 7ihkj W 6



KuÔ ������� �
	��������� 
��� � � 	!�	2� � � � 
����� � � � �
� ^�`@`b^ g ^ CL_ d z _u[f_ w X ^ [&� a Z #
�
_uZ #2J� � �Â7�hkj W 6 � qv_Po a � �B_ w [ a �:q `@^ o{[f_PZBgI_ w g 7ihkj J � 7ihkj W ^ [ `@^ d \^ [feIXLg ^� 3 C l � ab^ Z�ouÕq w�6 ZIXPqBoDZIXVqBo w _u�B� ^�` XVZBo } q ^ gI_uZBoDZIXP[ wf^ _u�B� w XL�Fe ^V6 gI_PZBo ` _ ��XPZ ^ g ^ �Bq a g ^ ZIX w d _ `�6 ZIXPqBo^ d � ` X � XVZBo ` _ 4P^�w o a XPZ,�I��C 3 7�hkj [f_PZBg a o } q ^P6 gI_PZBo ` _��1XVZ ^ o{qI� ^1w �Bq a g ^V6 ZIXPqBo ^ d � ` X � XPZBo ` _ 4V^1w o a XPZ#(\^ Z�\^�w _ `@a oL\^1^ g ^|` _ d \^ [feIXLg ^ C 3 7�hkj J<C 3�� 7�hkj W l �
_uZBo `b^ [f_ zI`@^ _uq.Ô l N�ZIXPqvoc�:XPZvo�[F_t[rXVZBo } q ^P6 gI_uZBo `b^ og ^ q ; �1XVZ ^ o2gLq d XLg �^�`@^ J ` _ [ w _uZvo a [ a XPZ g ^ �Iev_Po ^H^ o{[$_ & � � UIÛ Ü$* OuÔRW 6 ZIXP[ wf^ d \^ [feIXLg ^ � w \^ o ^ ZR[ ^ qIZ ^_ d \^�`@a X w _t[ a XVZ a d �vX w [F_uZR[ ^ �B_ w�w _u�I��X w [ �_$[rXPqI[ ^ o `@^ o�_uqI[ wf^ o d \^ [reIXLg ^ o lBh XVq w _P��� ^ ZV[fq ^1wc`b^ oig a 9 \^�wr^ ZB� ^ oXPZ.gLX a [�[ w _ 4 _ ab`@`b^1w _ 4P^ �ig ^ oc�:XVZ Ý #Pq w _u[ a XPZBo/_ � _PZV[cg ^ o/g/\^ #(\^ Z�\^1wf^ of� ^ Zv� ^ o&� ` qBo 8 _ abzI`@^ o/X �q `@^ oc�:XPZR[ w _ a ZR[ ^ ogLq?� wra ZB� a � ^2h _Pq `@a g ^�4Rab^ ZBZ ^ ZR[ z�^ _PqB�:XVqI�,� ` qBo�oL\^14��^�wr^ o l+� XPqBo w _P�I� ^1` XPZBo a � a&} q ^2` _ d \^ [feIXLg ^ C 3 7ihkj_�\^ [I\^ _u�I� `@a } q/\^1^ _uqx��_Po � Ì ÜL6 gB_uZBo `b^ d XLg �^1`b^,�_.� ` qBo ab^ q w o�Z ab4P^ _uq ; gI_uZBo ` _ w \^:8 \^�wr^ ZB� ^ JºS ~ �
CIU Ü W^ [ `@^2w \^ orq ` [F_t[ ^1; _V��[T_]\^ [I\^mwf^ [ w XPq 4 \^Pl�1Â` o ^�w _ a [TgIXPZB� a ZR[I\^�wr^ orof_uZR[ig ^24 X a@w�6 gI_PZBoT� ^ �1_Vo 6v`@^ o w \^ o{q ` [f_u[fo�g ^` y _P�I� w X��Fe ^ _ 4V^ � ` _ z XVorXPZ a of_t[ a XPZ]J�CL�
�
KPK�W l � ab^ Z } q ^ ZIXu[ wr^ _u�B� w XL�Fe ^$^ o{[|[ w��^ o
o ^ d zI` _ zI`b^,�_ � ^1`b`@^ g ^` _ w \^18 \^1wf^ Zv� ^ J�CL�
�TKVKVW 6 ZIXVqBom_ 4 XPZBo|�1XPZBo a g/\^1w \^ � ` qBo ab^ q w om� w X zB`��^ d ^ o } q a orXPZR[ wf^ o{[I\^ o
XPq 4V^1w [fomgI_PZBom� ^[ w _ 4 _ ab` J<CL�
�TKVKVW=[ ^1` o } q ^P6 �B_ wD^1;�^ d � `@^V6�`@^ o w \^ o{q ` [f_u[foD�:XPZv� ^1w ZB_PZV[ ` _ 4 _ `b^ q w � w XP� wf^ � � g ^
` _ d \^ [feIXLg ^C 3�� 7�hkj�l �
_uZBo ` _ w \^18 \^1wf^ ZB� ^ J<CL�
�TKVKVW 6�`@^ o�_PqL[ ^ q w o"Z"y XVZR[��B_Po�gLXPZIZ�\^ gky a ZR[ ^�w � w \^ [f_u[ a XPZTg ^ � ^ [{[ ^ o{X ` qI[ a XPZa d ��X w [f_PZR[ ^ J��uy ^ o{[ �:�_ � g a@wf^|` _Yo{X ` qL[ a XVZ � � g ^2`@^ q w o � o{[ �^ d ^ gky�\^�} qB_u[ a XPZBoFW l 3 ^ � ^ ZBgI_PZV[ 6 ZIXVqBoiorqI�I��XVorXPZvo} q ^H`b^ q w o w \^ orq ` [F_t[Fo|�vXVq w � ^ [p\^ [F_t[ 6�zIab^ Z } q�y ab` o2Z"y _ ab^ ZR[2�v_Po�gIXPZIZ�\^ g ^H4 _ `@^ q w o2Z�q d \^1wfa } q ^ o 6 � ^ q 4P^ ZR[Õ^ [ wf^ \^ #V_ `@^ d ^ ZR[ a ZR[ ^1w � w \^ [I\^ oD�:X d$d ^�` _$g a 9 \^1wf^ Zv� ^|Ü J #(� Ò # 'ªW��:X d$d ^ gI_PZBo�ZIXu[ wr^ �1_Vo lI� _2�BqB��[fqB_t[ a XVZgLq,ZBX d zBwr^ g ^ �B_ w [ a �1q `b^ o�Z�y ^ o�[��B_PoiZIXPZ � ` qvoT�1XPZBo a g/\^1w \^1^ gI_PZBo ` _ w \^18 \^1wf^ Zv� ^ J�CL�
�
KPKVW l � XPqvo�� ^ ZBorXPZBo} q ^�`@^ q w o w \^ o{q ` [f_u[fo
�:XVZB� ^�w ZB_PZR[ ` _*�vqB��[fqB_t[ a XVZ gLq ZIX d zIwf^ g ^ �v_ w [ a �:q `b^ o|o ^1w XPZR[T� w XL�Fe ^ o
g ^ o�Z�ÕXP[ wf^ o l� _�[ w _PZBo a [ a XPZ �_ ` _ �IeB_Vo ^ orqI� ^1w �Bq a g ^ Z"y _ �B_Vo \^ [I\^ [ w _ a [I\^�^ gI_PZBo ` y _ w [ a � `b^ J�CL�
�
KPKVW l 3 ^ � ^ ZvgI_uZR[ 6 [fXPqBo� ^ oT_Vo{� ^ �:[foTo ^�w XVZV[i[rXPqI[ �_ 8 _ a [|o ^ d zB` _ zI`@^ oigI_PZBo `b^ o
g ^ q ; _u�I� w XL�Fe ^ o�[f_PZV[ } q ^�` _ >{z XVorXPZ a of_t[ a XVZ A g ^ oXP��\^1w _t[ ^ q w o(g ^ �B_ a@wf^ o�g ^�8�^�w d a XPZBo wr^ o�[ ^c4 _ ` _ zI`b^Pl � XPqBo�� ^ ZBorXPZBoD� ^ � ^ ZvgI_uZR[ } q"y ab`B^ o{[�� ` qBo/�:X d$d XLg ^ g ^�:XVZBo ^1wf4P^1w/`b^ �1_ w _P�:[ �^�wr^i8�^1w d a XVZ ab} q ^ g ^ o�XP��\^1w _t[ ^ q w o l

� n=; _V��[ C 3�� 7�hkj � � �Â7�hkj � 7�hkj � 3 C� U l * U � N�� l * * ÔPÔRO � N�� l *$* ÔvN�U � N�� l *$*Pá OVU � N�� l * OP�PKVU � N�� l UVUPUVUPU� U l Ô * � N�� l OVOP�uÔRK � N�� l OPOP� Ü N � N�� l OPO�Qt�PÔ � N�� l O�QtK Ü Ô � N�� l Ü UPUVUPU� U l ÔVU � N�� l Qu�RQtUVO � N�� l Qt�POV�PO � N�� l Qt�VOPOVU � N�� l QuKuÔ�QtÔ � N�� l ÔRUPUVUPU� U l á * � N�� l KBN�URQ Ü � N�� l KIN�U * � � N�� l KIN�UuÔRU � N�� l KBN * K Ü � N�� l OVUPUVUPU� U l á U � N�K l UPÔVUIN�U � N�K l UuÔVUVUIN � N�K l U á KPKVU � N�K l UPÔ áPá � � N�� l �VUPUVUPU� U l Ü$* � N�K l NtQtOPUVU � N�K l N5Q * KuÔ � N�K l N5Q * �V� � N�K l NtQPQt��Q � N�K l UVUPUVUPU� U l Ü U � N�K l á N�K á K � N�K l á N�K á O � N�K l á N�K áVá � N�K l áRÜ U á N � N�K l Ü UPUVUPU� U l N * � N�K l ÔLQ�N *Pá � N�K l Ô�Q�N * N � N�K l Ô�QLN * U � N�K l ÔLQ�N��V� � N�K l ÔRUPUVUPU� U l N�U � N�K l O á ÔVUVO � N�K l O á ÔRU * � N�K l O á ÔVU * � N�K l O á ÔBN * � N�K l OVUPUVUPU� U l U * � N�K l �VUPKIN�K � N�K l �PUPKBN�K � N�K l �PUVKIN�K � N�K l �VUPKIN�K � N�K l �VUPUVUPUU l UPU ��Ü U l UVUPUPUVU �ÂÜ U l UPUPUVUPU ��Ü U l UPUVUPUVU ��Ü U l UVUPUPUVU ��Ü U l UVUPUVUPUU l U * ��Ü U l Ü NPN�UBN �ÂÜ U l Ü NPN�UIN ��Ü U l Ü NVN�UBN ��Ü U l Ü NPN�U Ü ��Ü U l Ü UPUVUPUU l N�U ��Ü U l ÔVÔVK Ü N �ÂÜ U l ÔPÔVKBN�� ��Ü U l ÔPÔRKINtQ ��Ü U l ÔVÔVK *Pá ��Ü U l ÔRUPUVUPUU l N * ��Ü U l Q Ü O Ü * �ÂÜ U l Q Ü$* KPK ��Ü U l Q Ü * K á ��Ü U l Q Ü �PKVK ��Ü U l OVUPUVUPUU l Ü U ��Ü N l UVO áPá K �ÂÜ N l UPOIN á U ��Ü N l UPOBN�UVU ��Ü N l UV�PUP�VU ��Ü U l �VUPUVUPUU l Ü$* ��Ü N l * U Ü OVU �ÂÜ N l ÔV�RQ áPá ��Ü N l ÔV�VOuÔRU ��Ü N l OPÔBN5QtÔ ��Ü N l UVUPUVUPUU l á U ��ÜPÜIl N Ü ÔVKBN �ÂÜVÜLl U á O á � ��ÜPÜLl U á O Ü U ��ÜPÜIl N á ÔV�PÔ ��Ü N l á Q�N�K áU l á * ��ÜuáBl U áPáVÜ N �ÂÜVÜLl �PUuÔ *uá ��ÜPÜLl QPQu�PKVK ��ÜPÜIl KVK Ü KVK ��ÜPÜIl Ü N��V�PUU l ÔVU ��Ü Ô l Ü ÔVOPUVK �ÂÜPáIl KPK * �P� ��ÜuáIl KRQuUPUBN ��Ü Ô l Ü N Ü � * ��ÜuáBl á Qt�VK *U l Ô * ��Ü$*Il OV�PK Ü K �ÂÜ *Ll Ô Ü � Ü K ��Ü$*Ll á KV� Ü N ��Ü$*Il O * QPQuK ��Ü Ô l QtÔ�QuK *U l * U ��Ü Q l Ü KPURQVQ �ÂÜ Q l UIN��V� * ��Ü O l KP� á KVU ��Ü Q l Ü * O áVá ��Ü O l Ü O á N�O
����� �DÔ l N � �"^ o w \^ o{q ` [F_t[fo�g ^ ` y�\^ Z ^�w # a@^H8 XPZBgB_ d ^ ZR[f_ `@^ J ^ ZÆqIZ a [I\^ _ wrzIa [ w _ abwf^ W2�:X d�d ^ 8 XPZB�:[ a XPZ g ^.` _
4 _ wfa _ zI`b^ & Ì

�
�Ü"� 6 ��XPq w qIZ.ZIX d zIwf^ g ^ �v_ w [ a �:q `b^ o � Ì Ü U lI��^ o{� a Z.g ^ �FeB_ } q ^ Z ab4P^ _uq ^ o{[ = Ì N�K � ÜLl

�"^ d XLg �^�`@^ g"y _P�I�B_ wfab^ d ^ ZR[ �_ g ^ q ; Z a@4V^ _Pq ; _µ\^ [I\^ _PqBofo a qI[ ab`@a oL\^ gI_uZBo `@^ [ w _ 4 _ a@` g ^ h _PoforXVo 5 �
�� 3TJ h��ch�� KP�uW l �T_PZBo*� ^ [ w _ 4 _ ab`<6(`@^ oY_uqL[ ^ q w o�XPZR[*qL[ a@`ba oI\^.` _ d \^ [reIXLg ^ C 3 7ihkj ^ [ ab` oYXVZR[Y�1XPZBo a gD\^1w \^



��� ��� ����� �����'���
��� K *
o ^ q `b^ d ^ ZR[ ` _$�IeB_Po ^ g ^ �Bq a g ^ ZIX w d _ `�lI��^ o w \^ orq ` [f_t[Fo�o{XVZV[�[fXPqL[ �_ 8 _ a [i_uZv_ ` X$#Pq ^ o�_uq ; Z�ÕXu[ wr^ o l � ^ � ` qBo 6gI_PZBom� ^ [ w _ 4 _ a@`<6 qIZ ^ ZIXPq 4V^1`b`@^ _P�I� w X ;La d _t[ a XVZ¢J�� ^H} q ^*` y XPZx_u�I� ^1`b`b^*` _ 7ihkjÐwr^ ZIX w d _ `ba oL\^1^ J wr�Â7�hkj WrW_Æ\^ [I\^ �:XVZBo a g/\^1w \^1^Vl �T_PZBo�� ^ [{[ ^ _P�I� w X ;�a d _t[ a XVZ 6 o ^ q ` o `@^ o
ZIX d zIwr^ oTg"y XL�1�1qI�B_u[ a XPZ �_HqIZ ^ �B_ w [ a �1q `@^ orXPZR[_ 9�^ �:[I\^ o=�B_ wD`b^ o/�:X wrw \^�` _u[ a XPZBo(g ^
` y�\^ [f_u[ 8 XPZvgI_ d ^ ZR[F_ ` Jº�uy ^ o{[ �:�_ � g abwr^V6 â Õ� Õ� Ú Ì â Õ� Ú â Õ� ÚrW l ��y _ ab`b`@^ q w o 6 gI_uZBo� ^ [ w _ 4 _ a@`<6Lh _Pofo{XRo 5	� 
 � 3ªJ h��ch�� KP�uW/XVZR[ wr^ � w XLgLq a [ 6 � wr^ o } q ^ �B_ w{8 _ a [ ^ d ^ ZR[ 6I`@^�w \^ orq ` [f_u[ ^1; _P��[c��XPq wc`b^ oZIX d zIwf^ o=g"y XL�1�1qI�B_u[ a XPZ 6 �vXVq w [fXPqBo `@^ o��1XPqI� ` _+# ^ o 6 _ 4P^ � ` _ d \^ [reBX�g ^�w{�Â7�hkjÆ^ [DZIXVZ*_ 4P^ � ` _2C 3 7�hkjml 3 ^w \^ orq ` [f_t[�_¢\^ [I\^|a ZR[ ^�w � w \^ [I\^ �:X d$d ^ qIZ,_ 4 _PZV[F_+# ^ g ^m` _ wr�Â7�hkj �B_ wiw _P�I�vX w [ �_ ` _ d \^ [reIXLg ^ C 3 7ihkjmlvh _ w�:XVZBoL\^�} q ^ ZV[ 6ta@` o(XVZV[��1XPZB� ` q } q ^c` _ d \^ [feIXLg ^ C 3 7�hkj orXPqBo � ^ o{[ a d ^�`b^ o=�1X wfw \^1` _t[ a XPZvo l �2y _P� w��^ o `@^ o&[ w _ 4 _uq ;g/\^{���_ 8 _ a [Fo/_ 4V^ � ` _ d \^ [reBX�g ^ C 3 7�hkj�6 ZIXPqBo/Z ^ ��XPq 4 XPZBoD�B_Po/_PgIe/\^1wf^1w��_�� ^ [{[ ^ �:XPZv� ` qBo a XPZ l 3 X d$d ^ ZIXPqBo` y _ 4 XPZBoDg a of�:qI[I\^ � w \^ ��\^ g ^ d�d ^ ZR[ 6P` _ 4�a X ` _t[ a XVZHgLq � wra ZB� a � ^ g ^
h _Pq `@a<6�} q ak^ o{[ wf^ or� ^ ��[I\^ gI_PZBo ` _ d \^ [feIXLg ^C 3 7�hkj�6I^ ZR[ w _5Õ �@Z ^ qIZ ^ o{q wf^ o{[ a d _t[ a XVZ g ^ o��:X wrw \^�` _u[ a XPZBo lRj �1� a g ^ ZR[ ^1`b`b^ d ^ ZR[ 6Ba@` o ^ � ^ qL[ } q ^ o a XPZ zIwfa o ^V6�:XVZ 4P^ Zv_ zI`b^ d ^ ZR[ 6L`@^ � wra ZB� a � ^ g ^�h _Pq `@a XPZ wr^ [ w XPq 4V^�`@^ o w \^ orq ` [f_t[Fo ^:; _P�:[fo lBj �B�B_ wf^ d�d ^ ZR[ 6 �uy ^ o{[i� ^�} q ao�y ^ o�[��B_PofoL\^ ��XPq w�`b^ o
ZIX d zIwf^ o
gky X����:qI�v_t[ a XPZ gI_uZvo ` _ w{�Â7�hkj ^ [m_uqBofo a ��XPq w�` y�\^ Z ^1w # ab^ g ^2` y�\^ [f_u[ 8 XVZBgI_ �d ^ ZR[f_ ` gI_uZBo ` _ � 7�hkj�l 3 ^ � ^ ZBgI_PZV[ 6 ZIXPqBoT� ^ ZBorXPZBo } q ^ � ^�w \^ o{q ` [f_u[TZ ^ � ^ qL[|�B_Po2Õ^ [ wf^ #(\^ Z�\^�w _ `@a oL\^Pl � ^� ` qBo 6 ��XPq w g"y _PqL[ wf^ o d XLg �^�`@^ o�XPq,gky _uqI[ wf^ o�o a [fqB_t[ a XVZBoc�Ie � o ab} q ^ o 6I`b^ of��\^ ZB_ wfa X$� ^ qL[�Õ^ [ wf^ �:X d � `��^ [ ^ d ^ ZR[g a@9 \^1wf^ ZR[ l �iXVZB�mo a�`b^ o w \^ o{q ` [F_t[foig ^m` _ d \^ [feIXLg ^ C 3 7ihkj Z ^ orXPZR[i�v_Po z XPZvo 6va@` Z ^m8 _PqL[T�v_Po 8 _ a@wf^ gky _u� �� w X ;La d _t[ a XVZmo{qB�I� ` \^ d ^ ZR[F_ abwr^ d _ a oª� ` qL[5ÕXP[ ` y _ d \^1`ba X wf^1w J��uy ^ o{[ �:�_ � g a@wf^P6�a ZB� ` q wf^ g ^ o��1XPZ Ý #Pq w _t[ a XVZBo�gky X w g wf^orqI��\^�wrab^ q w W l

� ^ ZBXPZBo ^ Z ^ ZB�:X wr^ qIZ ^i8 X a o �_ ` _ d \^ [feIXLg ^ � 7�hkj�l �
_uZBo `b^ [ w _ 4 _ ab` g ^ ST_+# a ZIX ^ [�� ^�w [For�Fe J�S
��UPUV_PW 6` _ d \^ [reBX�g ^ � 7�hkj ^ o{[i� w \^ �1XPZ a oL\^1^Pl 3 ^1` _�� ^1w d ^ [igky _ 4 X abw qIZ ^ _ ` [ ^1w ZB_t[ a@4V^ ZRq d \^1wfab} q ^ d ^ ZR[ 4�a _ zI`b^ �B_ ww _u�I��X w [ �_ ` _ d \^ [feIXLg ^ � 3 C ^ [ ` _ d \^ [reIXLg ^ g ^ � X$#R_ d a@� ��a � E�a Z J � X$#ROuÔ M �"a �BOVUPW l 1Â`&^ o{[�� ^1w [f_ a Z ^ d ^ ZR[4�w _ aL} q ^P6 gI_uZvoªg ^ o(�1_Vo w \^ _ `ba o{[ ^ o 6�` y qL[ a@`ba of_t[ a XVZ2g ^�` _ d \^ [reIXLg ^ C 3 7�hkj g ^ d _uZBg ^ g ^ o ^:9 X w [foªZ�q d \^1wfab} q ^ o�:XVZBo a g/\^1w _ zI`b^ o lkh XPq w [f_PZV[ 6 _ 4P^ � `@^ omX w g a ZB_t[ ^ q w o d XLg ^1w Z ^ o 6 ZBXPqBo|� ^ Zvo{XVZBo } q ^Y` _ d a o ^*^ ZxX ^ q 4�wr^ g ^` _ d \^ [reBX�g ^ C 3 7�hkj¸^ o�[i��XVofo a@zI`b^Pl �T_PZBo�qIZ ^ � wr^ d a��^�wr^ \^ [f_P� ^|ab`�^ o�[ a ZR[I\^�wr^ orof_uZR[�gky�\^ [fqBg ab^1wc` _ d \^ [feIXLg ^� 7�hkj�lBh _ w�^:;L^ d � `@^V6 o a XPZ.� w \^14 X a [�g ^�8 _ a@wf^ g ^ o��1_ ` �1q ` o �_3# w _PZBg ^ \^ �Fe ^1`b`@^ ��XPq w qBZ # w _uZBg�ZIX d zIwf^ g ^ZIX � _uq ;kl 3 ^ � ^ ZvgI_uZR[ 6Pa@`B8 _uqL[([fXPq � XVq w o�o ^cw _u�I� ^1`b^1w=} q ^c` _ d \^ [feIXLg ^ � 7�hkj � ^ qL[/�:XPZvgLq abwr^��_|g ^ o ^1wfwf^ q w o[ w��^ o a d ��X w [f_uZR[ ^ o } q a o ^�w XVZR[|� ^1w [f_ a Z ^ d ^ ZR[�� ` qBom� w XVZIXPZB��\^1^ o�gI_uZBo2g ^ o�o a [rqB_u[ a XPZBo�X �q `b^ o � o{[ �^ d ^Y^ o{[� w XL�Fe ^ gky qBZ ^ [ w _uZBo a [ a XPZ.g ^ �IeB_Po ^Pl
���{� ¨Ð'2!.-�¥1+.©&0:'$!

�
_uZBo$� ^ [{[ ^ \^ [rqBg ^ ZIXVqBo�ZBXPqBo�orX d�d ^ o a ZR[I\^1wf^ ofoL\^ o 6/�_ ` _?g ^ or� wra �L[ a XVZ g ^ ` _?o{qI� ^1w �Bq a g a [I\^ gI_PZBo `b^ oo � o{[ �^ d ^ o 8�^1w d a XVZ ab} q ^ o �_��B_ w [ a@w gky qIZ ^ _u�I� w XL�Fe ^ d a � w XVof�:XV� a } q ^ o ^�` 8�� �:XVZBo a o{[f_PZV[ ^P6�^ [|ZIXVqBoT_ 4 XPZBo
_u� �� `bab} q�\^$` _ d \^ [feIXLg ^ C 3�� 7�hkj �_ g ^ q ; d XLg �^�`@^ o ^1; _P��[ ^ d ^ ZR[�orX ` q zI`b^ o l"� _.�:X d �B_ w _ a o{XVZ?g ^ o w \^ orq ` [f_t[Fog ^
` _ d \^ [feIXLg ^ C 3�� 7�hkj _ 4V^ �T� ^ q ; X z [ ^ Z�qBo �_ ` y _ a g ^ g"y _PqL[ wf^ o d \^ [feIXLg ^ o 6"�_�of_ 4 X abw�` _ � 7�hkjm6 � 3 C ^ [S
� 6 _ d XPZR[ w \^�} q ^�` _|C 3�� 7ihkj �1XPZBo{[ a [rq ^cw \^�^1`b`@^ d ^ ZR[ªqBZ$XVqL[ ab` [ w��^ o��Bq a ofof_uZR[(� ^�w d ^ [r[f_PZV[ `b^ [ w _ a [ ^ d ^ ZR[�:XVe�\^�wr^ ZV[
g ^ o|�1X wfw \^�` _u[ a XPZBoigI_uZBo ` y�\^ [f_u[ 8 XVZBgI_ d ^ ZV[F_ `&^ [|_uqvoro a gI_uZBo `b^ o \^ [f_t[Fo ^1; � a [I\^ oTg ^ o�o � o{[ �^ d ^ oTg ^8�^1w d a XVZBo lBn Z ^19�^ [ 6�` X w ocg ^ o{XVZ,_u�I� `ba �1_t[ a XVZ �_ ` y�\^ [fqBg ^ g ^m` _YorqI� ^1w �Bq a g a [I\^ g ^ o�o � o�[ �^ d ^ o 8�^1w d a XPZ ab} q ^ o^1`b`b^ _�� w XLgLq a [�g ^ [ w��^ o z XVZBo w \^ orq ` [F_t[FoT��XPq w [rXVqL[ ^ o `@^ o|X z o ^1wf4 _ zI`b^ o
�Ie � o ab} q ^ o|�:XPZvo a g/\^�w \^�^ o l � ^ � ` qBo 6�:XVZR[ w _ abwr^ d ^ ZR[ª_uq ; _uqL[ wr^ o d \^ [reIXLg ^ oª�1XPZBo a gD\^1w \^�^ o 6V�_Tof_ 4 X a@w�`@^ o d \^ [reBX�g ^ o&S
� 6 � 3 C ^ [ � 7ihkj J } q aLzIa@^ Z} q ^
`@^ o � o{[ �^ d ^ orX a [ Ý Z a � w \^ o ^ ZR[ ^ ZR[/qIZ ^
zIwra orq wr^ o{��XPZR[F_uZ�\^�^ g ^ o � d \^ [ wfa@^T^ [�� w XLgLq a o ^ ZR[c_ ` X w o�qIZ d X�g ^or�Iq wfa@^ q ; W 6"` _ d \^ [feIXLg ^ C 3�� 7�hkj gI_PZBo ` y _P�I� w X ;La d _t[ a XVZ g ^ 3 w _PZ E�a Z #.Z ^ d XVZR[ wf^ �v_Pom� ^ [{[ ^*zIwfa orq wf^_ w [ a@Ý � a@`b`@^ g ^ o � d \^ [ wfab^Pl �
_uZBo ` _ d \^ [feIXLg ^ C 3�� 7�hkj�6 [fXPqL[�gD\^ � ^ Zvg gLq �FeIX a ; g ^m` y XV��\^�w _u[ ^ q w gky ^:; � a [f_ �[ a XPZ 7�hkj�lPj�a ZBo a�6 o aL` y XP��\^1w _t[ ^ q w g ^ o � d \^ [ wfa@^V6 � ^ qI[cÕ^ [ wr^�a ZB�:X w ��X w \^ gI_PZBo ` y XV�/\^1w _t[ ^ q w gky ^:; � a [f_u[ a XPZ 7�hkjm6ZIXVqBoiX z [ ^ ZIXPZvo�qIZ d XLg ^ g ^ � X ` gIo{[rXVZ ^�^ [
� ^1` _ d XPZR[ wf^�} q ^2` _�o � d \^ [ wrab^|^ o{[T�v_ wr8 _ a [ ^ d ^ ZV[ wr^ o�[F_uq w \^�^Pl�
_uZBo `b^ ��_Poª�:XPZR[ w _ a@wf^P6 �uy ^ o{[ �:�_ � g a@wf^P6�` X w o } q ^D` y XP��\^1w _t[ ^ q w g ^ o � d \^ [ wfa@^ Z ^ � ^ qL[(�B_Po�Õ^ [ wr^ [rXP[f_ `b^ d ^ ZV[ a ZB� ` qgI_PZBo ` y XP��\^1w _t[ ^ q w�7�hkj J-24365 } qB_uZBg ` y XV�/\^1w _t[ ^ q w g ^ o � d \^ [ wfab^ �1X d � wf^ ZBg g ^ d X w � ^ _Pq ; e ^�w d a [ a } q ^ oFW 6L` _4 _ `b^ q w � w XP� wf^ g ^�z _Pofo ^ \^ Z ^1w # ab^ g ^2` _ d \^ [reIXLg ^ C 3�� 7�hkj¸wf^ � w \^ o ^ ZV[ ^ qIZ ^m4�w _ ab^ \^ Z ^1w # ab^ gky ^1; � a [f_t[ a XVZgLq o � o{[ �^ d ^Plh _ w �:X d �B_ w _ a orXPZ _ 4V^ � `b^ ��_ ` �:q `T^:; _P�:[ ^ [ `@^ �1_ ` �1q ` X z [ ^ Z�q �_ ` y _ a g ^ gky _uqL[ wr^ o d \^ [reIXLg ^ o 6 ZIXPqBo_ 4 XVZBo d XPZR[ w \^Y} q ^Y` _,C 3�� 7�hkj � w XLgLq a [2g ^ [ w��^ o z XPZBo w \^ o{q ` [f_u[fo 6 gI_uZvo `@^ o|g ^ q ; �Iev_Po ^ o|gLqxo � o{[ �^ d ^^ [
�vXVq w g ab4P^�w o ^ oi�:XPZ Ý #Pq w _t[ a XVZBo��FeIX a o ab^ o lBj�a ZBo a�6 �vXVq wi` y�\^ Z ^�w # a@^ gLq 8 XVZBgI_ d ^ ZR[f_ `<6 �1XPZR[ w _ abwf^ d ^ ZR[ �_ ` _d \^ [feIXLg ^ � 7�hkjÐ} q a o{q wr^ o�[ a d ^�`@^ o|�:X wrw \^1` _t[ a XVZBo ^ [ zIwfa o ^ _ a ZBo a&`b^ � wfa ZB� a � ^�4 _ wfa _u[ a XPZIZ ^�`�6k` _ d \^ [feIXLg ^



KPO ������� �
	��������� 
��� � � 	!�	2� � � � 
����� � � � �
C 3�� 7�hkj gLXVZIZ ^ g ^ o w \^ orq ` [f_t[Fo*� w XL�Fe ^ g ^ � ^ q ; X z [ ^ ZRqvo _ 4V^ � `b^ �1_ ` �:q `
^1; _P��[ l.� XPqvo _ 4 XPZBo�_uqBofo a_uZv_ `b� oI\^$`@^ omg ^ q ; \^ Z ^�w # a@^ o
g"y ^1; � a [F_t[ a XVZ 8 XVq w Z a@^ o|�B_ w ZIXu[ wr^ d \^ [reIXLg ^Vl �
_uZBo ` _.�IeB_Vo ^ orqI� ^1w �Bq a g ^*^ [gI_PZBo2[rXPqI[ ^ o `b^ o��:XVZ Ý #Vq w _u[ a XPZBo�\^ [fqBg a \^1^ o 6ª` _ 4 _ `b^ q w � w XP� wr^ g ^ ev_uqL[ ^ \^ Z ^1w # ab^P6 �:X d�d ^ ZIXVqBo ` y _ 4 XVZBo4 q 6 o1y a ZR[ ^1w � w��^ [ ^ �:X d�d ^*^ Z � 7�hkj È&^�`@`b^ _ \^ [I\^*a g ^ ZR[ a@Ý \^�^?�_ ` _ 4�abzIw _u[ a XPZ � 6 �Py ^ o�[ ���_ � g abwf^ �_ ` y�\^ Z ^1w # ab^gky ^:; � a [f_u[ a XPZ,gLq,o � o�[ �^ d ^H�_ � �B_ w [ a �1q `b^ o lB� _*�1X d �B_ w _ a orXPZ._ 4P^ � ` _ d \^ [reIXLg ^ � 7�hkj g ^ o w \^ o{q ` [F_t[focg ^� ^ d XLg ^ gky ^1; � a [f_t[ a XVZ d XPZR[ wr^ qIZ ^ ` \^ # �^1wf^ _ d \^�`@a X w _t[ a XVZ l 3 ^ � ^ ZBgI_uZR[ 6ª` _ �:X d �B_ w _ a orXPZ¢g ^ o w \^ orq ` [f_t[Fo�:XVZB� ^�w Zv_uZR[
� ^ d XLg ^ gI_uZBo ` _H�BeB_Po ^ gLq?�Bq a g ^ ZIX w d _ `<6�} q a o�y a g ^ ZR[ a@ÝB^.�_ Ò Ü # ']gI_uZBo `b^ ��_ ` �:q `&^1; _V��[ 6d XPZR[ wf^ qBZ ^ _ d \^1`ba X w _t[ a XPZ _Voro ^ � a d ��X w [f_uZR[ ^ _P�I�vX w [I\^1^ �B_ w ZIXP[ wf^ d \^ [reIXLg ^ �B_ w�w _u�I��X w [ �_ ` _ � 7�hkjm6d Õ^ d ^ gB_uZBo ` _ ��XPZ ^ g ^ [ w _uZvo a [ a XPZmg ^ �IeB_Po ^Pl � XVqBo w _u�B� ^�` XVZBo } q ^=`b^ o � o�[ �^ d ^ Z ^ � w \^ o ^ ZR[ ^ qIZ ^ [ w _uZBo a [ a XPZg ^ �IeB_Po ^T} q ^ �vXVq w�` _��1XPZ Ý #Pq w _t[ a XVZ*o � d \^ [ wra } q ^Pl �T_PZBo `b^ o/_uqI[ wf^ o��1XPZ Ý #Pq w _t[ a XVZBo `b^ o � o�[ �^ d ^ g ^ d ^ q wf^[rXVq � XPq w ocgI_PZBo ` _2�BeB_Po ^ o{qI� ^1w �Bq a g ^Vl

� ^ ZBXPZBo ^ ZY_uq�� w X zI`��^ d ^ gLq d XLg ^ o{�Bq wrab^ q ;�l �iq 8 _ a [ } q ^c`b^ o � o{[ �^ d ^ orX a [ ^ Z w \^ _ `@a [I\^�Ý Z aIa@` Z"y � _��B_Vog ^mw \^�^1`b`@^
zIwfa orq wf^ o{��XPZR[f_PZ�\^�^ g ^ o � d \^ [ wrab^P6 �1XPZR[ w _ abwf^ d ^ ZR[ �_ ` _ d \^ [reIXLg ^ � 7ihkj¸} q a � w XLgLq a [�qIZ d X�g ^Z�q ` M ZIXP[ wf^ d \^ [reIXLg ^Tw \^ o{XVqBgY� ^ � w X zI`��^ d ^�^ [/� w XLgLq a [�qIZ d XLg ^ g ^i8 _ a@zB`@^ _ d � `ba [fqBg ^�} q a _�\^ [I\^�a g ^ ZV[ a Ý \^�_ ` y�\^ Z ^1w # ab^ gky ^:; � a [f_u[ a XPZ Ü J #(� Ò # 'ªW l 3 ^1` _H�1XPZBo{[ a [rq ^ qIZ w \^ orq ` [F_t[�[ w��^ o a d ��X w [f_uZR[
� w XLgLq a [��B_ w ZIXP[ wf^d \^ [feIXLg ^ �B_ w=w _u�I��X w [ �_ ` _ � 7�hkjml � ^ � ` qvo 6 gI_uZBo ` _��BeB_Po ^ gLqY�vq a g ^ ZIX w d _ `<6 X �q*� ^ d XLg ^ o�y a g ^ ZR[ a ÝB^$�_` y�\^ Z ^1w # ab^ gky ^:; � a [f_u[ a XPZ Ü #(� 6 ZIXP[ wf^ d \^ [feIXLg ^ � w \^ o ^ ZR[ ^ qIZ ^ _ d \^1`ba X w _u[ a XPZ�_Pofo ^ � a d ��X w [f_PZV[ ^ �B_ w�w _u�I��X w [�_ ` _ d \^ [feIXLg ^�7�hkj o�[F_uZBgI_ w g } q a
> �1X `b` _P�Bo ^�A JºgLXVZIZ ^ qBZ ^m4 _ `b^ q w Z�\^ #V_t[ a@4V^ W �_ ` _�[ w _uZvo a [ a XPZ,g ^ �IeB_Vo ^Vl3 ^1` _ d XVZR[ wf^
} q ^
` _ d \^ [feIXLg ^�7�hkj o1y�\^:9 XPZvg wr^$�_ ` _2[ w _uZBo a [ a XVZHg ^ �IeB_Vo ^Vl�� XPqvo/_ 4 XPZBo/_uqvoro avwf^ d _ wf} q�\^V6` X w o�g ^ ZBXu[ wf^ \^ [rqBg ^ o{q w�`b^ o��BqB��[fqB_t[ a XVZBo�gB_uZBo `@^ �1_ ` �:q ` gLqpZBX d zBwr^ [fXu[F_ ` g ^ �B_ w [ a �1q `@^ o 6ª} q ^ ZIXP[ wf^d \^ [feIXLg ^�w \^ gIq a [ 8 X w [ ^ d ^ ZV[ `@^ o=�vqB��[fqB_t[ a XVZBo ^ ZH�:X d �B_ w _ a o{XVZY_ 4P^ � ` _ d \^ [reIXLg ^ � 3 C lRh XVq w � ^iw \^ orq ` [f_t[ 6ZIXVqBo w _P�I� ^1` XPZBo } q ^�` _ d \^ [reBX�g ^ � 7ihkj Z ^ � ^1w d ^ [��B_Voc� ^ ��_ ` �:q `<ln Z w \^ orq d \^P6 gI_PZBocqIZ o � o�[ �^ d ^
8�^1w d a XVZ ab} q ^V6B} q ^ � ^ orX a [igI_PZBo ` _2�BeB_Po ^ ZIX w d _ `b^ XPq gI_uZvo ` _��BeB_Po ^orqI� ^�w �vq a g ^P6 ZIXPqBoi�vXVq 4 XVZBo��1XPZB� ` q wf^�} q ^m` _ d \^ [reIXLg ^ C 3�� 7�hkj 8 XPq w Z a [
g ^ [ w��^ o z XVZBo w \^ o{q ` [f_u[fo���XPq w[rXVqL[ ^ o `b^ oiX z o ^1wf4 _ zI`b^ o��1XPZBo a gD\^1w \^�^ o l 3 ^�` _*Z"y ^ o�[
�B_Po a ZBXP� a Z�\^V6 �Iq a o } q ^ � ^ [r[ ^ d \^ [reBX�g ^ � ^�w d ^ [ ` _Y� wfa o ^^ Z �1X d �L[ ^ g ^ o��:X wrw \^�` _u[ a XPZBo �_$g ^ q ; �B_ w [ a �:q `b^ ocg"y qIZ ^ d _PZ a��^1wf^ �1XPe�\^1wf^ ZR[ ^Vl



� �������	��
� �

� � 	���T� � � �
� � ���� �T� � �c� ��

�
_uZBo.� ^ �FeB_P� a [ wr^V6 ZBXPqBo d XPZR[ w XPZvo } q ^ # w Õ_P� ^¢�_ ` _]o{XVqI� `b^ ofo ^ g ^?` _ d \^ [reBX�g ^ C 3�� 7ihkjm6 ZIXPqBo��XPq 4 XPZBoD�:XPZR[ w ÕX `@^�w _ 4P^ ��� w \^ � a o a XVZ ` _ wr^ o�[F_uq w _t[ a XVZ*gky qBZ ^ o � d \^ [ wfab^ o{��XPZR[F_uZ�\^ d ^ ZR[ zIwfa oI\^�^ _uqYZ ab4P^ _uqHg ^` y _P�I� w X ;�a d _t[ a XVZ�gIq2�FeB_ d � d X �V^ ZmgI_PZBo�qIZ�o � o{[ �^ d ^(Ý Z a<l ��y eB_ zIa [fqBg ^V6 ��XPq w�wf^ o{[f_Pq wr^�w qIZ ^ o � d \^ [ wfa@^ XVZa ZV[ w XLgLq a [cqIZ ^ �1XPZR[ w _ a ZR[ ^�} q a�ÝI;L^|` _ 4 _ `b^ q w d X �V^ ZIZ ^ g ^�` y XV��\^�w _u[ ^ q w �1X wfwr^ o{��XPZBgB_uZR[ �_�� ^ [{[ ^ o � d \^ [ wrab^�_�or_ 4 _ `b^ q w$^1; _P��[ ^Pl 3 ^�` _ � ^1w d ^ [Hg ^.w \^ [f_ zI`ba@w�` _ o � d \^ [ wrab^ d _ a o ` _ d ^ o{q wr^ g ^.` _ 4 _ wra _uZB� ^�wf^1` _t[ a@4V^�_ � ^ [r[ ^ o � d \^ [ wfa@^ d XVZV[ wr^.} q ^ `@^ om�Bqv��[rqv_t[ a XPZvo$g ^ � ^ [{[ ^ o � d \^ [ wrab^ Z ^ orXPZR[$�v_Po2ZRq `@`b^ o l 3 ^1` _ o a #VZ a Ýv^} q ^|` _ wr^ o�[F_uq w _t[ a XVZ�Z"y ^ o{[i�B_Vo�[rXP[f_ `@^VlBjcÝ Z,g ^|w \^ o{XVqBg wf^ � ^ � w X zI`<�^ d ^
^ [ \^14�a [ ^1w � ^ o��vqB��[fqB_t[ a XVZBo 6 ZIXPqBo_ 4 XVZBo�� ^ ZBoL\^¢�_ a ZR[ w X�gIq a@wf^ _PqBoro a qIZ�_uqL[ wr^ �B_ w _ d �^ [ wr^ g ^ � _+# w _PZ # ^ ��XPq wHÝI;L^1wH` _ 4 _ `b^ q w d X �P^ ZBZ ^gLq��1_ wrw \^ g ^$` y XP��\^�w _u[ ^ q w �1X wfwr^ o{��XPZBgB_uZR[ �_.� ^ [{[ ^ o � d \^ [ wrab^.�_ of_ 4 _ `b^ q w|^:; _P�:[ ^Plkh XVq w�` y _u�I� `@a �1_u[ a XPZ?g ^� ^ [{[ ^ ZBXPq 4V^1`b`@^Ta g/\^1^�} q a �1XPZBo{[ a [rq ^ qBZ ^T^1; [ ^ Zvo a XPZ g ^�` _ d \^ [feIXLg ^ C 3�� 7�hkj � w \^ o ^ ZR[I\^�^ � w \^ ��\^ g ^ d$d ^ ZV[ 6ZIXVqBo�_ 4 XPZvoD�FeIX a o a�`@^ d XLg �^�`@^ g ^�` _�oL\^ Z a X wra [I\^Vl � \^ Z�\^�w _ `@^ d ^ ZR[ 6 � ^ d XLg �^1`b^T^ o�[�qL[ ab`ba oL\^ �vXVq w�` y{\^ [rqBg ^ g ^�` _orqI� ^�w �vq a g a [I\^Pl�1Â`=^ o�[ ^1; _P��[ ^ d ^ ZR[�orX ` q zI`b^Pl �
_uZBo ` y _ w [ a � `b^ g ^ �iq EP^1` o ER�?^ [2CL�Fe�qB� E Jº��CLKPORW 6"`b^ d X�g �^1`b^g ^.` _ oI\^ Z a X wra [I\^ _¸\^ [I\^ qI[ ab`@a oL\^ ��XPq w [ ^ o{[ ^�wY` _ d \^ [feIXLg ^ C 3�� 7�hkj _ 4P^ �HqBZ ^ o ^ q `@^ �1XPZR[ w _ a ZR[ ^�^ [ ab` _gLXVZIZ�\^ g ^ [ w��^ o z XPZ w \^ orq ` [f_u[fo(�B_ w=w _u�I��X w [ �_|gky _uqL[ wr^ o d \^ [feIXLg ^ o l � Z ^ �1_ w _V��[I\^1wfa o{[ a } q ^ g ^ � ^ d XLg �^1`b^c^ o{[} q"y a@` g ^ d ^ q wf^ [fXPq � XVq w o/gB_uZBo ` _��Iev_Po ^ orqI� ^1w �Bq a g ^T^ [ } q ^ gI_PZBo ` y _u�B� w X ;La d _t[ a XPZ�gLq �Fev_ d � d X �P^ Z ` _o � d \^ [ wfa@^ gLq.ZIX d zIwf^ g ^ �B_ w [ a �:q `b^ o ^ o�[ zBwra oL\^1^Pl
� ��� ��% �¤�©�¤T!$#ª�
#(0:'2! ),+ � '*)��¤i¥1¤
�"^ d X�g �^1`b^ g ^$` _�CD\^ Z a X wfa [I\^m^ o{[
�1XPZBo{[ a [rq�\^ gky qIZ ^ o ^ q `b^ �1XPqB�Fe ^ g/\^ #(\^ Z�\^�w \^�^P6 gLXVZV[ ` _ g/\^ #(\^ Z�\^�wr^ or� ^ ZB� ^^ o{[ig ^mÜ �ÆÌ Ü � @ N lB��^ Si_ d ab` [fXPZ ab^ Z gLq d XLg �^�`@^
^ o{[igLXPZBZ/\^ �B_ w�È1 Ì Ò � � 1 Ê 1 J *Il N5W

X �q � ^ o{[ ` _ 8 X w � ^ g ^ �B_ a@wfa Z # l 1 ^ [ 1 Ê o{XVZR[ `@^ o*XV�/\^1w _t[ ^ q w oYg ^ } qB_Vo a@� o{� a Z�g/\^1Ý Z ab^ o*g ^ ` _ d _uZ a��^1wf^orq a@4 _PZV[ ^�È
1 Ê Ì N� � Í

�	� � ! Ê� ! Ê ' � Þ 1�Ì J 1 Ê W Ê J *Il Ü W
X �q � ^ o{[ `b^ ZBX d zBwr^|} qB_uZR[ ab} q ^ d _+#VZ/\^ [ ab} q ^
^ [ `b^ o�XV�/\^1w _t[ ^ q w o ! Ê� ^ [ ! Ê ' � � w \^�^ �FeB_V�:qIZ qIZ ^ �v_ w [ a �:q `b^gI_PZBo ` y�\^ [F_t[ � ^ [�gB_uZBo ` y�\^ [f_u[ wf^ Z 4P^�w oL\^ gI_PZBo `@^ [ ^ d �vo Ò � 6�wr^ o{� ^ �:[ ab4P^ d ^ ZR[ l�� y XP��\^�w _u[ ^ q w ZIX d zIwf^ g ^�B_ w [ a �1q `@^�^ o�[igLXVZIZ�\^ �B_ w|È Õ� Ì Í

��� � J ! Ê� ! � @ ! Ê ' � ! ' � W�Û J *Il á W
� \^:Ý Z a ofor_PZR[ `b^ ocXV��\^�w _u[ ^ q w o } qB_Po a � or� a Z �1 Ê 6 �1 ^ [ �1 � �B_ w|È�1 Ê Ì � � 1 Ê Þ �1xÌ J �1 Ê W Ê Þ �1 � Ì Õ� Ò

�Ü J *Il Ô�W
K�Q



KP� ���������
	���� ����� � � ������ ���/� ��� 
� ���
�����
	 
�
^ [�qL[ a@`ba of_uZR[ `@^ o w��^ # `b^ o=g ^ �:X d�d qL[F_t[ a XPZ�g ^ o/XP��\^1w _t[ ^ q w o ! ^ [ ! Ê 6 XVZH� ^ qL[H\^ [F_ zI`babw�`b^ o w��^ # `b^ o�g ^ �1X d�d q �[f_u[ a XPZ.o{q a@4 _uZR[ ^ o È 7 �1�Ê Þ �1 9 Ì Ü �1 � Þ 7 �1 � Þ �1=Ê 9 Ì �1=Ê Þ 7 �1 � Þ �1 9 Ì Ò �1 Û J *Il * W. Z 4 X a [=gLXVZB� } q ^c`@^ oª[ w X a o&XP��\^�w _u[ ^ q w o�XPZR[ `b^ o&� w XP� wra \^ [I\^ oªg ^ �1X d�d qL[F_t[ a XVZ$g ^ o&XP��\^1w _t[ ^ q w o�g ^ d X d ^ ZR[� a Z�\^ [ a } q ^Pl���^ oYXV��\^�w _u[ ^ q w o �1 Ê ^ [ �1 6 o{XVZV[ wf^ or� ^ ��[ a@4V^ d ^ ZR[ 6=`@^ oYXP��\^1w _t[ ^ q w o2g"y _VgIg a [ a XPZ ^ [Hg ^,wr^ [ w _ a [_uZv_ ` X$#Pq ^ _uq ; XP��\^�w _u[ ^ q w ocg ^ d X d ^ ZR[T� a Z�\^ [ a } q ^ = � ^ [ = ' l ��y qIZ ^ d _uZ a��^1wf^ o a d ab` _ a@wf^P6 �1 � �:X wrwf^ or��XPZBg�_ ` _ �:X d ��XVof_uZR[ ^�� gLq d X d ^ ZV[m� a Z�\^ [ a } q ^ = � lkj�a ZBo a�6k`b^ d XLg �^�`@^ or_u[ a o 8 _ a [�qIZ ^ _ ` # �^1zIwf^ 1 , J Ü W l�� y�\^ [f_u[8 XPZvgI_ d ^ ZR[F_ `�^:; _P�:[�gky qBZ ^ �:XPqv�Fe ^ g ^ � �B_ w [ a �:q `@^ o 6 _ 4P^ � � ^ ZR[ ab^1w �v_ abw�6�^ o{[�gLXPZBZ/\^ �v_ w J 1 Ê W$�*( %RØ Ò Ú ^ [` y�\^ Z ^1w # ab^ g ^�` y�\^ [F_t[ 8 XPZvgI_ d ^ ZR[F_ ` �:X wrwf^ or��XPZBgI_PZR[ ^
^ o{[cg ^|` _ 8 X w d ^�È

� � 7 � 9 Ì Ò � Ü J � @ N�W � @ � Ô � % J *Il ORW
� ��� �µ� �¢¡ £H¤i¥1¦�§v-c'2!.©&0:©�#ª¤i!�#ª¤
��¬�c¬{® �p»x¼¶"½I¾ª¿L¶�À�½ � � À�¾ ��²��5»i¾&½L¿I²{ÁkÀT·�¶
h XPq w Z"y a d �vX w [ ^*} q ^1`b`@^H4 _ `@^ q w gLq wf^ d � `ba orof_+# ^ g ^H` _ �1XPqB�Fe ^V6"`b^ d X�g �^1`b^ g ^ d ^ q wr^ [fXPq � XVq w o|gI_uZBo` _,�IeB_Vo ^ g a [ ^ orqI� ^1w �Bq a g ^ XVq g/\^18 X w d \^1^V6 �B_ w �:XVZBoL\^�} q ^ ZR[ 6 qIZ ^ d \^ [reBX�g ^ g ^ �FeB_ d � d X �P^ Zx�vXVq w�`b^ o} qB_Po a@� �B_ w [ a �1q `b^ o ^ o{[ a Zvg a or� ^ ZBof_ zI`b^ ��XPq w d ^ Z ^1w��_ zIab^ Z ` y�\^ [rqvg ^ gI_uZvom� ^ d XLg �^1`b^Pl(� XPqBo 8 _ a o{XVZBo|gLXPZv�` _x[ w _uZvo 8 X w d _t[ a XVZ g ^ �/X$#VX `ba q z X 4]} q a [ w _PZBo 8 X w d ^ `b^ o�XP��\^1w _t[ ^ q w oYg ^ �B_ w [ a �1q `b^ o �_ � ^ q ; g ^?} qB_Po a@��B_ w [ a �1q `@^ o È ! Ê� Ì 
 � Ê� @ � � ' � Þ 
 % @ � % Ì NVÛ J *Il QPW

jÆ` y _ a g ^ g ^�` _T[ w _uZBo 8 X w d _t[ a XPZ�J *Ll QuW 6 XPZ$� ^ qL[DgLXVZB� ^:; � wfa d ^1w(`b^ o&XV��\^�w _u[ ^ q w o��B_ abwr^ o&g ^�} qB_Po a � �B_ w [ a �1q `@^ o^ [igIq ZBX d zBwr^ g ^|} qB_Po a@� �B_ w [ a �1q `b^ o 6 XVZ�X z [ ab^ ZR[ È
> ÊDÌ N� � Í

�	� � � Ê� � Ê ' � Þ > Ì J > Ê W Ê J *Il �RW
Õ��� Ì Í

�	� � J�� Ê� � � @ � Ê ' � � ' � W�Û J *Il KRW
� y ^:; � wf^ ofo a XVZ�g ^ ocXP��\^1w _t[ ^ q w o=�B_ a@wf^ g ^ �B_ w [ a �:q `@^ o ^ Z 8 XPZB�:[ a XPZ g ^ o } qB_Vo a@� �B_ w [ a �:q `b^ o ^ o�[ a d�d \^ g a _t[ È

1 Ê Ì 
 %
> Ê Ò�� % > Ò 
 �� � Õ� � @ 
 � � � Þ
1 Ì 
 % > Ò�� % > Ê Ò 
 �� � Õ� � @ 
 � � � ÞÕ� Ì J 
 % Ò�� % W Õ� � @ Ü 
 � � � J > Ê @ > W @ Ü � � % Û J *Ll N�URW

� ^�8 _ ��:XVZ _PZB_ ` X$#Vq ^P6�`b^ �1_ wrw \^ g ^
` y XP��\^�w _u[ ^ q w ZIX d zIwr^ g ^ �B_ w [ a �1q `b^ o Õ� % ^ o�[�gLXVZIZ�\^ �B_ w
È
Õ� % Ì J 
 % Ò�� % W % Õ� %� @ Ô � % J � J 
 % Ò�� % W Ò 
 % W Õ��� @ Ô 
 � � � J 
 % Ò�� % W1J > Ê Õ��� @ Õ���6> W@ Ô � 
 % � % J > Ê > Ê @ > > W @ � � 
 % � % > Ê > @ Ô 
 � � � J Ü � � % @ J 
 % Ò�� % W{W1J > Ê @ > W@ Ô � � % J 
 % @ � � % W�Û J *Ll NPN5W

��¬�c¬� ��¾*�Ð²{·Â¿L±�ÃT²�¶�Ãµ´iÀ ��±c´��¶�·{¶
j q Z ab4P^ _uq?g ^$` y _u�I� w X ;La d _u[ a XPZ g ^ �FeB_ d � d X �P^ Z 6�` _ o � d \^ [ wfa@^ ZIX d zIwf^ g ^ �v_ w [ a �:q `b^ o ^ o{[ zIwfa oL\^1^Vl�2y eB_ zIa [rqBg ^V6 �vXVq wDwf^ o{[f_Pq wf^1w � ^ [{[ ^ o � d \^ [ wrab^ ZIXVqBo a ZR[ w X�gIq a orXPZvo�qIZH�B_ w _ d �^ [ wf^ g ^T� _+# w _uZ # ^�} q avÝI;L^i` _4 _ `b^ q w d X �P^ ZIZ ^ g ^�` y XP��\^1w _t[ ^ q w ZIX d zIwr^ g ^ �B_ w [ a �1q `@^|�_ ` _ 4 _ `b^ q w&^1; _V��[ ^ �1X wfwr^ o{��XPZBgB_uZR[ ^Vl � ab^ Z } q"y _ 4P^ �� ^ [{[ ^ [ ^ �FeIZ ab} q ^ XPZ2X z [ a@^ ZIZ ^�`b^Dz XPZ$ZIX d zIwf^ g ^ �B_ w [ a �1q `@^ o�Jº�uy ^ o{[ �:�_ � g abwr^ â Õ� Ú Ì � W 65` _ d ^ orq wf^ g ^ o��BqB� �[rqv_t[ a XPZvo�gLq*ZBX d zBwr^ g ^ �B_ w [ a �1q `@^ o } q a o ^ [ w _VgLq a [D�B_ w�`b^ �1_ ` �1q ` g ^i` _ 4 _ wfa _PZB� ^ � � Ì � â Õ� % Ú Ò â Õ� Ú % 6



� � � � �������������� � ����� ����� 	���� 	�� KVK
d XPZR[ wf^�} q ^$`b^ oT�Bqv��[rqv_t[ a XPZvoTZ ^ orXPZR[��B_Po
Z�q `b`@^ o l"n�`@`b^ o�orXPZR[�ZRq `@`b^ o|o ^ q `b^ d ^ ZV[|gI_PZBo�g ^ o|��_Po
�B_ w [ a �:q �`ba@^�w o$X �q ` _ �:XVqB�Fe ^ ^ o{[�o ^ d a@�<wf^ d � `bab^ XVqp[rXP[f_ `@^ d ^ ZR[ wf^ d � `bab^Pl 3 ^1` _?o a #PZ a@ÝB^.} q ^P6&^ ZÆg ^ eBX w o$g ^ o��1_Vo�B_ w [ a �1q `@ab^1w o�o ^ d a@�<wf^ d � `ba orof_+# ^ XPq zIab^ Z wr^ d � `@a orof_+# ^ [rXP[f_ `<6R` _ wr^ o�[F_uq w _t[ a XVZ�g ^ � ^ [{[ ^ o � d \^ [ wfab^ Z"y ^ o�[��B_Vo�B_ w{8 _ a [ ^PlIn Z ^:9�^ [ 6 [f_PZV[ } q ^�` y XV�/\^1w _t[ ^ q w g ^ o � d \^ [ wfa@^ ZIX d zIwf^ g ^ �v_ w [ a �:q `b^ o�Z"y ^ o{[c�B_Po a ZB�1X w �vX w \^ gI_uZBo` y XV�/\^1w _t[ ^ q w g"y ^1; � a [F_t[ a XVZ 7ihkj J�ZIXVqBo w _u�B� ^�` XVZBo } q ^ � ^1` _ ^ o{[TgLq,_uq 8 _ a [ } q ^m` y XP��\^1w _t[ ^ q w g ^ o � d \^ [ wrab^^ o{[me ^�w d a [ a } q ^ W 6�` _ wf^ o{[f_uq w _u[ a XPZ?g ^ o � d \^ [ wrab^ Z ^ gLX a [m�B_Vo$Õ^ [ wr^$^:; _P�:[ ^Vl�j�a ZBo a ZIXPqvo�Z ^ �vXVq 4 XVZBo��B_Vo^ or��\^�wr^�wTwf^ o{[f_Pq wf^1w � ^ [r[ ^ o � d \^ [ wfa@^2^:; _P�:[ ^ d ^ ZR[ l 3 ^ � ^ ZvgI_uZR[ 6 # w Õ_V� ^.�_ ` _ o{XVqI� `b^ ofo ^ g ^ ZIXu[ wr^ d \^ [reIXLg ^V6ZIXVqBo d XPZR[ wf^1w XPZvo } q ^ ZIXPqBoi�vXVq 4 XVZBoc�:XVZR[ w ÕX `b^1w �:X wrwf^ �:[ ^ d ^ ZR[ `b^ oT�:X wrw \^1` _t[ a XVZBo a ZBgIq a [ ^ oi�B_ w � ^ [r[ ^mzIwfa@�orq wr^VlDjia ZBo a<6 ZBXPqBo `@^ d XVZR[ wf^1w XPZBo 6 ��XPq w _ d \^1`ba X wf^1wY` _ wf^ o{[f_uq w _u[ a XPZ g ^ � ^ [r[ ^ o � d \^ [ wrab^P6 ZBXPqBo _ 4 XVZBoa ZV[ w XLgLq a [�qIZ?_PqL[ wf^ �B_ w _ d �^ [ wf^ g ^$� _+# w _PZ # ^�} q aªÝI;L^$`@^ �1_ wrw \^ g ^$` y XV�/\^1w _t[ ^ q w ZIX d zIwf^ g ^ �B_ w [ a �:q `@^.�_of_ 4 _ `b^ q w/^:; _P�:[ ^Vl � XVqBo/_uq w XPZBoD_ a ZBo aBwf^ o{[f_uq w \^c`b^iz XPZHZIX d zIwr^ g ^ �v_ w [ a �:q `b^ o 6P^ Z a d ��XVof_uZR[ ^ Z*� ` qBo } q ^` _ 4 _ wra _uZB� ^ gIX a [YÕ^ [ wr^ Z�q `@`b^Pl 3 ^1` _ \^�`@a d a Z ^ �:X d � `<�^ [ ^ d ^ ZV[ `b^ o
�BqB�:[rqB_u[ a XPZBo�gLq�ZIX d zIwr^ g ^ �B_ w [ a �1q `b^ o l� XVqBo wf^ d _ wF} qIXPZBo } q ^ � ^ [{[ ^ d \^ [reBX�g ^ � ^ qI[,Õ^ [ wr^ 4 q �:X d�d ^ \^ [F_uZR[YqIZ ^ d \^ [feIXLg ^ g ^ 3 w _uZ E�a Z # _Pqo ^ �:XVZBg,X w g wr^Vl�n Z XPqI[ wf^P6 �Iq a o } q ^ ZIXVqBo�_ `b` XVZBo
� w \^ o ^ ZR[ ^�wi` _ d \^ [reIXLg ^ C 3�� 7�hkj _ 4P^ �mqIZ ^ �:XVZR[ w _ a ZV[ ^^ [�_ 4P^ �*g ^ q ; �1XPZR[ w _ a ZR[ ^ o2_ ` X w o|ZIXVqBo2�1XPZBo a gD\^1w XPZvo `@^ Si_ d ab` [fXPZ ab^ Z¢�:XPZR[ w _ a ZR[�_ 4P^ �*g ^ q ; �:XPZR[ w _ a ZR[ ^ oJ ` y _uqL[ wr^ �1_Vo/o�y X z [ a@^ ZV[ ^ Z \^1`ba d a ZB_PZV[/[rXVqBo `@^ oD[ ^1w d ^ o `ba \^ o �_ ` _2g ^ q ;La��^ d ^ �1XPZR[ w _ a ZR[ ^ W l �T_PZBoD[rXPqI[c� ^
} q aorq a [ ` _ d \^ [feIXLg ^ C 3�� 7ihkj _ 4P^ �cqIZ ^ �:XVZV[ w _ a ZR[ ^ o ^�w _mZIXu[I\^1^ C 3�� 7�hkj � ^ [c� ^1`b`b^ _ 4P^ �cg ^ q ; �:XPZR[ w _ a ZR[ ^ oC 3�� 7�hkj % lBh _ w orq a [ ^V6I`@^ ST_ d ab` [fXPZ ab^ Z �:XVZR[ w _ a ZV[ } q ^ ZIXVqBoc_ `b` XVZBo�qL[ a@`ba o ^1wc^ o�[igIXPZIZ�\^ �B_ w|È

1 4 Ì 1 Ò # � Õ� Ò # % Õ� % J *Ll N Ü W
X �q Õ� Ì Í

��� � J ! Ê� ! � @ ! Ê ' � ! ' � W ^ o{[ ` y XV��\^�w _u[ ^ q w ZIX d zIwr^ g ^ �B_ w [ a �:q `@^ o 6 # � ^ [ # % orXPZR[ `b^ oHg ^ q ;�B_ w _ d �^ [ wf^ o�g ^$� _$# w _uZ # ^ � ^1w d ^ [{[F_uZR[
g ^|ÝI;L^1wT`@^ o 4 _ `b^ q w o d X �P^ ZIZ ^ o��:X d$d ^ma ZBg a } q�\^ � w \^ ��\^ g ^ d�d ^ ZR[� Ì â Õ� Ú ^ [ � % Ì â Õ� %�Ú l �T_PZBo ` _ z _Po ^ g ^ o } qB_Po a@� �B_ w [ a �1q `b^ o `@^ ST_ d ab` [fXPZ ab^ Z 1 4 ^ o�[igLXVZIZ�\^ �B_ w|È
1 4 Ì 1 4� � @ 1 4� � @ 1 4% � @ 1 4% % @ 1 4� � @ 1 4� � J *Ll N á W

1 4� � Ì Ò �
� J � 
 % � % @ � � W Ò Ü # � � � % Ò Ô�# % � � % J 
 % @ � � % W:Þ1 4� � Ì � � � J Ü 
 % � % @ � �

�
W Ò # � J 
 % Ò�� % W Ò Ô # % � % J � J 
 % Ò�� % W Ò 
 % W * Õ� � Þ

1 4% � Ì � Ò � � J � � J 
 % Ò�� % W 
 � @ Ü 
 � �� � W
Ò Ü � � # � 
 �Ò Ô � � # % 
 � J Ü � � % @ J 
 % Ò�� % WrW * J > Ê @ > W:Þ

1 4% % Ì Ò J � 
 % � % @ # % J 
 % Ò�� % W % W Õ� %� Ò J � � J 
 � @ � � W @ �"# % � 
 % � % W > Ê > Þ1 4� � Ì J � � � J 
 % Ò�� % W 
 �mÒ Ô�# % � � 
 � J 
 % Ò�� % W{W:J > Ê Õ��� @ Õ���)> W:Þ1 4� � Ì J � � 
 % � % Ò Ô�# % � 
 % � % W:J > Ê > Ê @ > > W J *Ll N1Ô�W
��¬�c¬�� �p»x¼¶"½I¾ª¿L¶�À�½ ´m¹º¶k³�Ák²Â¿L¾ª¿L²{±�Ã ÄÆÅ$Ç
h _ w _uZv_ ` X$# ab^ _ 4P^ � `b^ �1_Po|gIq d XLg �^�`@^ g ^ �B_ a@wfa Z # �_ g ^ q ; Z a@4V^ _Pq ;k6k` y XP��\^1w _t[ ^ q w gky ^1; � a [f_t[ a XVZ 7ihkjo ^1w _�� wfa oco{XVqBo ` _ 8 X w d ^ orq a@4 _PZV[ ^�È

É Ê Ì Ï �> Ê Ò Ï �> Þ Ï % ÒxÓ % Ì NPÛ J *Ll N * W
_ 4P^ � 6 �> Ê/Ì > Ê� N Ò 
 $� � �� Û J *Ll N�ORW
h q a o } q ^ ` y�\^�} qB_t[ a XVZ J *Il N * W,� ^ qL[ÆÕ^ [ wr^ �:XPZvo a g/\^�w \^ �1X d�d ^ qBZ ^ [ w _PZBo 8 X w d _u[ a XPZ g ^ �/X$#VX `ba q z X 4 g ^ oXP��\^1w _t[ ^ q w o(g ^ �v_ abwr^ g ^�8�^1w d a XVZBo 6 XPZY� ^ qI[�gLXVZB� a ZR[ ^�w � w \^ [ ^1w(`b^ o�\^�} qB_u[ a XPZBo/C 3�� 7�hkj �1X d�d ^ \^ [f_uZR[ `b^ o



N�UVU ���������
	���� ����� � � ������ ���/� ��� 
� ���
�����
	 
�
\^�} qv_t[ a XPZvo/gIq.�Fev_ d � d X �V^ Z��1X wfwr^ o{��XPZvgI_uZR[ ^ o lLn Z gky _uqI[ wf^ o/[ ^�w d ^ o 6L`b^ o�\^�} qB_t[ a XVZBocC 3�� 7�hkj o{XVZR[ `b^ o\^�} qv_t[ a XPZvoTgLqx�FeB_ d � d X �P^ Z gky qIZ #V_��$g ^ �vqB��[fqB_t[ a XVZBo } qB_uZR[ a } q ^ o�g ^ �B_ a@wf^ o l . Z?� ^ qI[�g a@wf^ �:[ ^ d ^ ZR[4 \^1wfa@ÝB^1w �:X d�d ^ gI_PZBo ` _$g ^ q ;La��^ d ^ �B_ w [ ab^P6I} q ^|` _ wr^�` _u[ a XPZ�J *Il N * W�� ^ qL[|Õ^ [ wr^�a Z 4P^1w oL\^�È

�> Ê�ÌÆÏ?É�Ê @ Ó É Û J *Ll N5QPW
�"^ oH\^ [F_t[Fo ^:; � a [I\^ o�gI_uZBo ` _ d \^ [feIXLg ^ C 3�� 7�hkjm6 �:X d�d ^ � ^�` _�_p\^ [I\^ gD\^����_ 4 q 6 orXPZR[�gLXPZBZ/\^ o��v_ w�È

Ø ÙIÚ ÌäÉ Ê Ø 7�hkj Ú J *Ll N��RW
X �qxØ 7�hkj Ú ^ o�[ ` y�\^ [f_u[ 8 XPZBgI_ d ^ ZR[f_ ` �:X wfw \^1` \^i7�hkj g/\^:Ý Z a��_ ` y _ a g ^ g ^|` _��1XPZBg a [ a XPZ È

É Ø 7ihkj Ú Ì UIÛ J *Ll N�KRW
n Z$qL[ a@`ba of_uZR[ ` _T�1XPZBg a [ a XPZ.J *Il N�KVW ^ [ ` y�\^�} qB_t[ a XVZ�J *Il NtQuW 6 XVZ2� ^ qI[ ^1; � wra d ^1w qIZY� ^�w [F_ a Z�ZIX d zIwf^ g ^�4 _ `@^ q w od X �P^ ZIZ ^ o ^ Z 8 XVZB��[ a XVZ g ^ oc_ d � `@a [rqBg ^ o 7�hkj Ï ^ [ Ó È

âA> Ê > Ú Ì Ó % J{N Ò â Õ��� Ú
�

W�Þ
âA> > Ê Ú Ì Ï % J�N Ò â Õ� � Ú

�
W�Þ

â=> Ê > Ê Ú Ì âA> > Ú Ì Ï Ó J�N Ò â Õ� � Ú
�
W:Û J *Ll Ü URW

��¬�c¬�« - ¾�¿L½B²rÁ�¶�ÄÆÅ�Ç
C�q ab4 _uZR[ ` _ d \^ [feIXLg ^$^:; � `bab} q�\^�^ gI_PZBo ` _ g ^ q ;La��^ d ^ �B_ w [ a@^$^ [|�B_ w _uZB_ ` X # ab^ _ 4P^ � `b^ ��_Po�gLq d X�g �^1`b^g ^|` y _P�I�B_ wrab^ d ^ ZR[ �_Yg ^ q ; Z ab4P^ _Pq ;k6��_$�B_ w [ abw g ^|` y�\^�} qB_t[ a XVZ�oL\^ �1q ` _ a@wf^ orq ab4 _uZR[ ^�È

â 7 ;uÉ Þ 7 1 4 Þ ÉmÊ 9 9 Ú Ì�� â 7 ;uÉ Þ ÉmÊ 9 Ú:Þ J *Ll Ü N5W
XPZ X z [ ab^ ZR[ `@^ oH\^�} qB_u[ a XPZBocC 3�� 7ihkj orXPqvo ` _ 8 X w d ^ o{q a@4 _uZR[ ^$È% Ñ

�Ò
�

Ò�Ñ & % Ï Ó & Ì�� % Ï Ó & M Ï % Ò�Ó % Ì NPÛ J *Ll ÜPÜ W
�"^ o$\^�` \^ d ^ ZR[fo=g ^�` _ d _u[ wfa � ^i7�hkj � ^ q 4V^ ZR[iÕ^ [ wf^c^:; � `ba � a [I\^ o ^ Z 8 XPZv��[ a XPZ*g ^ o�_ d � `@a [rqvg ^ o Ï ^ [ Ó �1X d�d ^orq a [ È

Ñ Ì â 7$�> Þ 7 1 4 ÞO�> Ê 9 9 Ú
Ì Ü % � � % Ü 
 % � % @ � �

� & Ò # � J 
 % Ò�� % W Ò Ô�# % � % % � J 
 % Ò�� % W Ò 
 % &&Ò Ô % � 
 % � % @ # % J 
 % Ò�� % W % & % Ï % @ Ó % @ â Õ� � Ú Ò 
 $� �� ��N Ò 
 $��P�� & Ò Ô�J ��Ò Ô�# % W 
 % � % Ï Ó
@ % �

� J 
 � @ � � W @ ��# % � 
 % � % & % Ü
�

Ó % Ò N Ò Ü 

$��P�� @ 
 $� �� �� �N Ò�
 $��P�� & Þ J *Ll Üuá W

� Ì Ò â 7 �> Þ 7 1 4 Þ �> 9 9 Ú
Ì Ü J ��Ò Ô�# % W � J 
 � @ � � Ò Ô 
 % � % W Ï Ó Ò � 
 % � % % N� J Ï % @ Ó % WÒ N Ò Ü 


$� � �� @ 
 $� �� �� �N Ò 
 $���M�� & * Û J *Ll Ü Ô�W



� � � � �������������� � ����� ����� 	���� 	�� N�UBN
��¬�c¬�� - ²{Ãi² �Ð²$�R¾ª¿L²{±�Ã ´i¶¸·:¹�¼¶�Ãi¶"½���²{¶

3 X d�d ^ gI_PZBo `@^ �1_Po
gLq d XLg �^�`@^ �_Hg ^ q ; Z a@4V^ _Pq ;k6B`b^ o \^�} qB_u[ a XPZBo�gIq?�FeB_ d � d X �V^ Z o{[f_PZBgI_ w g orXPZR[X z [ ^ Z�q ^ o ^ Z d a Z a d a or_PZR[ ` y�\^ Z ^�w # a@^ â 1 4 Ú"�B_ w�w _u�I��X w [ª_Pq ; g ^ q ; �B_ w _ d �^ [ wf^ o 
 ^ [ � g ^�` _�[ w _PZBo 8 X w d _u[ a XPZg ^ �/X$#VX `ba q z X 4�l �
_uZBo `b^ �1_Po�g ^ � ^ d XLg �^�`@^V6ª`b^ o \^�} qB_t[ a XVZBo�gLqÆ�FeB_ d � d X �P^ Z #(\^ Z�\^�w _ `@a oL\^ orXPZR[Y_ ` X w ogLXVZIZ�\^�^ o/�B_ w|È
� â 1 4 Ú
� 
 @ � â 1 4 Ú

�
� �

�
� 
 ã â 7 104�Þ �> Ê 9 Ú Ì â 7 1 4�Þ �> 9 Ú Ì UBÛ J *Ll Ü$* W

3 ^ [r[ ^ g ^�w Z a��^�wr^ \^�} qB_u[ a XPZ 6=} q a � ^ qI[ Õ^ [ wr^.4 \^1wfa@Ý \^1^�^ Z \^14 _ ` qB_PZR[�oL\^ �v_ w \^ d ^ ZR[ `@^ � wf^ d ab^1wY^ [ `b^ o ^ �:XVZBgd ^ d zIwr^V6k^ o{[T[ w��^ o a ZR[I\^1wf^ ofor_PZR[ ^P6 �Iq a o } q"y ^1`b`b^$^ o�[ \^�} q a@4 _ `@^ ZV[ ^.�_ ` y�\^�} qB_t[ a XVZ â 7 1 4 Þ É 9 Ú Ì �
�

���
â É J � W{Ú Ì U

} q a gLX a [.Õ^ [ wr^ or_u[ a o 8 _ a [ ^��_ ` y�\^�} q a@`babzIwr^Vlªh _ w �1XPZBoL\^�} q ^ ZR[ 6ª^1`b`@^ �:XVZBo�[ a [fq ^ qIZ ^ wr^�` _u[ a XPZ]o{qI�B� ` \^ d ^ ZR[f_ a@wf^�_ ` y _P�I� w XL�Fe ^,n�~,~pl/n�`@`b^ \^ [I\^ qL[ a@`ba oI\^ ��XPq wH` _x� wf^ d a��^1wf^.8 X a o*�B_ w �Tq EP^�` o E�� ^ [ CL�Fe�qB� E Jº��CLKPORW lDn ZqL[ a@`ba of_uZR[ ` _.ZIX w d _ `ba of_t[ a XVZ?g ^ om_ d � `ba [rqBg ^ o 
 ^ [ � 6 XVZ�� ^ qL[ a d�d \^ g a _u[ ^ d ^ ZR[ w \^ \^ � wrabwf^ J *Il Ü * W
o{XVqBo ` _8 X w d ^ o{q ab4 _uZR[ ^�È % × �
�

Ò × & % 
 � & Ì � % 
 � & J *Ll Ü ORW
X �q 6

× Ì Ò J � @ Ô�# % � W � % Ò # � Þ J * Û Ü Q ! W
� Ì J � � @ Ô�# % W 
 ��Ò J ��Ò Ô�# % W 
 � � Ü J Ï Ó @ Ó % W @ â Õ��� Ú Ò 
 $� �� ��N Ò 
 $���M�� * Þ J * Û Ü Q��:W
� Ì � × % @ � % Û J * Û Ü Q M W. Z wr^ d _ wF} q ^�} q ^ o a XVZ wr^ d � ` _V� ^�`@^�4Ra g ^ Ø 7�hkj Úc�B_ w�`b^|4�a g ^ S
� ��ZBXPZ,�:X wrw \^�` \^ gI_uZBo�J *Ll Ü QPW 6��_��v_ w [ abwg ^ J *Ll Ü OVW ^ [co a XVZ orqI�I��XVo ^|} q ^YÈ Ó Ì â Õ� � Ú Ì â Õ� %� Ú Ì U ^ [ # % Ì U J *Ll Ü �RW

_ ` X w o�XPZ�X z [ ab^ ZR[ `@^ om\^�} qB_u[ a XPZBoªS
� �po{[f_PZBgI_ w g l . Z2� ^ qI[(gIXPZB� ^ Z$gD\^ gIq a@wf^P6t} q ^/`@^ om\^�} qB_u[ a XPZBoªgLq2�Fev_ d �d X �P^ Z0#(\^ Z�\^�w _ `@a oL\^ o{XVZV[|�:XVqI� ` \^1^ oT_Pq ; \^�} qv_t[ a XPZvo
C 3�� 7ihkj J *Ll ÜPÜ W �_H[ w _ 4P^�w o `@^ o�_ d � `ba [fqBg ^ o Ï ^ [ Ó l3 ^1` _��:XVZBo�[ a [fq ^ qIZ _Por� ^ ��[�[ w��^ o�or_u[ a o 8 _ a of_uZR[�g ^�` _2[fe/\^ X wrab^ C 3�� 7�hkjmlj�4V^ �|� ^ g ^1w Z ab^1w �1_ ` �1q `�^ [i� ^ o�g ^1w Z a��^1wf^ o wf^ d _ wF} q ^ o `b^ oio ^ q `@^ o a ZB�:XVZIZ�q ^ o } q a�wr^ o�[ ^ ZR[���XPq wc8�^�w d ^�w`b^ o � o{[ �^ d ^ g ^ oH\^�} qB_u[ a XPZBo 7�hkj orXPZR[ `@^ o�ZIX d zIwf^ ocgky XL�1�:qB�B_t[ a XVZ g ^m} qB_Vo a@� �B_ w [ a �:q `b^ o l
��¬�c¬�� � Ãi¶"½���²{¶��p´m¹º¶k³�Ák²Â¿L¾ª¿L²{±�ÃµÄ]Å�Ç
�
_uZBo ` _��IeB_Po ^ orqI� ^1w �Bq a g ^P6�zIab^ Z } q ^T`@^ o � o{[ �^ d ^ o{X a [ Ý Z a<6V` _�o � d \^ [ wfab^ Õ� ^ o{[ zIwfa oL\^�^ o{��XPZR[F_uZ�\^ d ^ ZR[gky qIZ ^ d _uZ a��^1wf^ _ w [ a@Ý � a@^�`@`b^ _PqmZ ab4P^ _Pqmg ^ oª_u�B� w X ;La d _t[ a XPZvo�g ^ �FeB_ d � d X �P^ Zmo�[F_uZBgB_ w g l�h _ w �:XVZBoL\^�} q ^ ZV[ 6` X w o(g ^c` y qL[ a@`ba of_t[ a XVZ$g ^c` _ d \^ [reIXLg ^ C 3�� 7�hkj ZIXVqBo=_ 4 XPZBoª� w XL��\^ gD\^
�_�of_ wr^ o�[F_uq w _t[ a XVZ ^ Z�qL[ a@`ba or_PZV[�g ^ q ;�:XVZR[ w _ a ZV[ ^ o # � ^ [ # % l 3 ^ [{[ ^ _P�I� w X ;La d _t[ a XVZ ^ o{[cqIZ ^ [ ^ �FeIZ a } q ^ g ^ � w X ��^ �:[ a XPZH_P�I� w X��Fe�\^1^
} q a �:XPZvo a o�[ ^�_ a ZR[ w XLgLq abwf^ g ^ q ; �1XPZR[ w _ a ZR[ ^ o ÝI; _PZV[ `b^ o 4 _ `b^ q w o d X �P^ ZIZ ^ oªgB_uZBo ` y�\^ [f_u[ 8 XVZBgI_ d ^ ZR[f_ ` g ^/` y XP��\^�w _u[ ^ q w g ^o � d \^ [ wfa@^i^ [co{XVZH�1_ wrw \^1^��_ `@^ q w o 4 _ `b^ q w o ^:; _P�:[ ^ o l�n=`b`@^ � ^ qL[
Õ^ [ wr^T4 q ^ �:X d�d ^ \^ [F_uZR[DqBZ ^ [ w _PZBo 8 X w d _u[ a XPZgLq w \^:8 \^�wr^ ZR[ ab^1` gLq ` _ z X w _u[rX a@wf^��_Y� ^1` q a�} q a"^ o�[ a ZR[ wfa Zvo �^�} q ^ �vXVq wc`@^ o � o�[ �^ d ^�^ Z �1XPZBo a g/\^1w _t[ a XVZ l C�q ab4 _PZR[` _*ZB_u[rq wf^ gLq?� w X zI`��^ d ^ \^ [rqvg a \^ XPZ gD\^:Ý Z a [ `@^$w \^:8 \^�wr^ ZR[ ab^1`ka ZV[ wra ZBo �^�} q ^Vl�h _ w�^:;L^ d � `@^V6 gB_uZBo `@^ �1_VoTg ^�` _o � d \^ [ wfa@^ g ^ [ w _uZvo ` _t[ a XVZ,XPZ �B_ wf`b^ gLq w \^:8 \^1wf^ ZR[ ab^1` gLq � ^ ZR[ wf^ g ^ d _Pofo ^$^ [|��XPq w|` _.�1_Po�g ^�` _.o � d \^ [ wrab^ZIX d zIwf^ g ^ �B_ w [ a �1q `@^ oiXVZ �B_ wr`b^ gIq w \^:8 \^�wr^ ZR[ ab^1`"^ Z w Xu[f_u[ a XPZ gB_uZBo ` y ^ o{�B_V� ^ g ^i� _Pq # ^2^ [|_ a ZBo a g ^ orq a [ ^Pl3 X d�d ^ ZIXVqBo ` y _ 4 XPZBo�g/\^{���_ 4 q�gB_uZBo `b^ �FeB_P� a [ wr^ orq wm` _ d \^ [feIXLg ^ C 3 7�hkj�6"`@^ o 4 _ `b^ q w o�� w XP� wf^ o 7ihkj� ^ q 4V^ ZR[�Õ^ [ wr^ gLXVZIZ�\^�^ o/�B_ wc` _ wr^�` _u[ a XPZ.o{q a@4 _uZR[ ^$È

�pÌ â 7 É Þ 7 1 4 Þ É Ê 9?9 Úâ 7 É Þ É Ê 9 Ú Û J *Ll Ü KRW



N�U Ü ���������
	���� ����� � � ������ ���/� ��� 
� ���
�����
	 
�
3 ^ o 4 _ `@^ q w o
� w XP� wr^ oT�1X� �bZB� a g ^ ZV[|_ a ZBo a _ 4P^ � `b^ o?\^ Z ^1w # ab^ o
gky ^:; � a [f_u[ a XPZ a ZR[ wfa Zvo �^�} q ^ o
gLqxo � o{[ �^ d ^ �uy ^ o{[ ��_ � g abwr^ `b^ o]\^ Z ^�w # a@^ oYgky ^:; � a [f_u[ a XPZ��1_ ` �1q ` \^1^ oYgI_uZBo `@^ w \^18 \^1wf^ ZR[ a@^�`/a ZR[ wfa Zvo �^�} q ^Pl 3 ^ � ^ ZBgI_PZV[ 6�`b^ o 4 _ `@^ q w o� w XP� wf^ o��1X wfwra #(\^�^ oTJº��CLKPORW 6B} q a orXPZR[�g/\^1Ý Z ab^ o��B_ w�È

�
� Ì�� @ # � â 7 É Þ 7 Õ� Þ É Ê 9 9 Úâ 7 É Þ É Ê 9 Ú @ # % â 7 É Þ 7 Õ� %uÞ É Ê 9?9 Úâ 7 É Þ É Ê 9 Ú Û J *Ll á URW

o�y a g ^ ZR[ a ÝB^ ZR[�_ 4V^ � `b^ o¸\^ Z ^1w # ab^ o g"y ^1; � a [F_t[ a XVZ�gI_PZBo `b^ w \^18 \^1wf^ ZR[ ab^1` gLq ` _ z X w _t[fX abwr^Vl C�q ab4 _uZR[ ` _ wr^�` _ �[ a XPZÐJ *Il á UVW 6/` _]�:X wfwf^ ��[ a XVZä�:XVZBo a o{[ ^ �_ 8 _ a@wf^ ` y XP��\^1w _t[ a XPZ a Z 4P^�w o ^ ^ [ w _ d ^ Z ^1w.` y�\^ [rqBg ^ gLq w \^:8 \^�wr^ ZR[ ab^1`a ZV[ wra ZBo �^�} q ^ _uq w \^:8 \^�wr^ ZR[ ab^1` gLq ` _ z X w _u[rX abwf^Pl
��¬�c¬�� ��±����T½I¶ ´m¹�±cÁkÁkÀ�»T¾ª¿L²{±�Ã

C�q ab4 _uZR[ ` _ d \^ [feIXLg ^ g/\^ � wfa [ ^ gI_PZBo `@^ ��_Pg wf^ gIq d XLg �^�`@^ �_�g ^ q ; Z a@4V^ _uq ;�6�`b^ o } qB_PZV[ a [I\^ o Õ� � ^ [ Õ� %�orXPZR[ 8 _V� ab`@^ d ^ ZR[
X z [ ^ Z�q ^ o ^ Z 8 XPZv��[ a XPZ g ^ o�XV��\^�w _u[ ^ q w o > Ê ^ [ > l"j�a ZBo a�6 gI_PZBo `@^ �1_Vo�g ^ � ^ d XLg �^1`b^P6(�_�B_ w [ a@w g ^ J ÜLl K Ü W ^ [�J ÜLl K á WDXPZ � ^ qL[ \^ � wrabwf^2È
Õ� � Ì Ü > Ê > @ ÜJ � Ò N�W > Ê % > % @ ÔJ � Ò N�W1J � Ò Ü W > Ê � > � @ >@>A> Þ J * Û á N ! W
Õ� %� Ì Ô > Ê > @ ÔvJ � @ N�WJ � Ò N�W > Ê % > % @ �vJ � @ N5WJ � Ò N5W:J � Ò Ü W > Ê � > � @ >A>A> Û J * Û á N �:W

j ` _ `b^ �:[rq wf^ g ^ o \^�} qB_u[ a XPZBomJ * Û á N ! W ^ [YJ * Û á N �:W 6 XPZ wf^ d _ wf} q ^m} q"y _H�FeB_ } q ^ X w g wf^ gLq g/\^14V^1` XP�I� ^ d ^ ZR[ 6ab`"^:;La o�[ ^
` _ wr^�` _u[ a XPZ.o{q a@4 _uZR[ ^$È Õ�)%� Ì Ü J � @ N�W Õ� � Ò Ô � > Ê > Û J *Ll áVÜ W. Z � ^ qI[$ZIXP[ ^�w�} q ^�` y{\^�} qv_t[ a XPZ�J *Ll áVÜ W|Z"y ^ o{[Y_uqL[ wr^ } q ^�` _ wf^1` _t[ a XVZ g ^ 3 _Po a d abw ��XPq w�`b^ o � o�[ �^ d ^ g ^} qB_Po a@� or� a Z ��_ w�^1`b`@^ � ^ qI[i_uqBofo a o ^ d ^ [{[ wr^ orXPqvo ` _ 8 X w d ^ �:XPZBZRq ^ orq ab4 _uZR[ ^YÈ
� Ü J > Ê > @ > > Ê W @ J Õ��� Ò �Ü W % Ì � Ü J � Ü @ N5W�Û J *Ll áPá W

n Z�qL[ ab`ba of_uZR[|J *Ll N�KRW ^ [mJ *Ll N5QPW `b^ o 4 _ `b^ q w o d X �P^ ZBZ ^ o â Õ� � Ú ^ [ â Õ� %� Ú/o{XVZV[ 8 _P� a@`b^ d ^ ZR[��1_ ` �1q ` \^1^ o lRj�a ZBo a<6L`b^o � o{[ �^ d ^ g"y�\^�} qB_t[ a XVZBo/C 3�� 7�hkj ^ o{[ 8�^1w d \^T^ [�XVZ�� ^ qI[i�:X d�d ^ Zv� ^1w of_ w \^ o{X ` qI[ a XPZ l 3 ^ � ^ ZvgI_uZR[ 6 XVZ gIX a [d ^ ZR[ a XPZBZ ^1wm} q ^V6 # w Õ_P� ^.�_ ` _ o a d � `@a � a [I\^ g ^ � ^ d X�g �^1`b^P6 XVZ?� ^ qL[�_PqBofo a ��_ ` �:q `b^1w|`b^ o 4 _ `@^ q w o d X �P^ ZIZ ^ ogI_PZBo `@^Y4�a g ^*7�hkj g ^ o�ZIX d zIwf^ o|gky XL�1�:qB�B_t[ a XVZ g ^ o } qB_Po a@� �B_ w [ a �1q `b^ o ^ Z�qL[ a@`ba of_uZR[ ` y�\^ [f_u[ 8 XPZBgI_ d ^ ZR[f_ `7�hkj�lPh _ w _uZv_ ` X$# ab^ _ 4V^ � `@^ ��_Po �_�g ^ q ; Z ab4P^ _uq ; gB_uZBo ` _��IeB_Vo ^ ZIX w d _ `b^P65` y�\^ [f_u[ 8 XPZBgI_ d ^ ZR[f_ `I7�hkj gI_uZBo`b^ d XLg �^1`b^ g ^|` _�oL\^ Z a X wfa [I\^i^ o�[igIXPZIZ�\^ �B_ w|È
Ø 7�hkj Ú Ì � ( %Í

�
� � � � � � > Ê

% � Ø Ò Ú�Þ"_ 4P^ ��� Ì
Ó
Ï J *Ll á Ô�W

X �q `b^ o��1X ^ �*� ab^ ZR[fo � � orXPZR[�gLXVZIZ�\^ oD�v_ w|È� � Ì
� � J � @ N�WÜ � � ��� �	
� � J � Ò Ü Ö @ N�W Û J *Ll á * W

h _ w o{q a [ ^P6 XPZ?� ^ qL[
X z [ ^ Z abw
`b^�w \^ o{q ` [f_u[T��XPq w
` _ 4 _ `b^ q w d X �P^ ZIZ ^ gLq ZIX d zIwf^ g"y XL�1�1qI�B_u[ a XPZ g ^�} qB_Po a@��B_ w [ a �1q `@^ ocgI_uZvo ` y�\^ [F_t[ 7�hkjÐÈ
â Õ� � Ú Ì N

.
� ( %Í
�
� � J � @ N5W % ��� J Ü � W � Ô �J � Ò Ü � W � J Ü � � � � �	

� � J � Ò Ü Ö @ N5W{W % � % � Û J *Ll á ORW
. ^ o{[ ` _$ZIX w d ^ g ^�` y{\^ [f_t[�Ø 7�hkj Ú } q a�^ o{[igLXPZIZ�\^1^ �B_ w|È

. Ì â 7ihkj Ø 7�hkj Ú Ì � ( %Í
�
� � J � @ N�W % ��� J Ü � W �J � Ò Ü � W � J Ü � � ��� �	

� � J � Ò Ü Ö @ N�WrW % � % � Û J *Ll á QPW



� ����� � 
��� � � 	!�	2� ��	 ����� � ��� ���
��� N�U á
h XPq w|` _ } qB_PZR[ a [I\^ Õ� %� XPZ�� ^ qL[2qI[ ab`@a o ^�w orX a [ ` _ wr^�` _u[ a XPZ ^:; _P�:[ ^ g ^ 3 _Po a d abw J *Il áVá W 6 o{X a [ ` y�\^ [F_t[ 7�hkj MgI_PZBoc� ^ g ^�w Z a@^�w ��_Po ^�`@`b^ _ ` _ 8 X w d ^ o{q ab4 _uZR[ ^YÈ

â Õ� %� Ú Ì N
.
� ( %Í
�
� � J � @ N�W$% ��� J Ü � W � J�Ô � W$%J � Ò Ü � W � J Ü � � � � �	

� � J � Ò Ü Ö @ N5W{W % � % � Û J *Ll á �RW
j�4V^ ��� ^ ocg ^1w Z a��^1wf^ o wf^1` _t[ a XVZBo 6�`b^ o � o{[ �^ d ^ gky{\^�} qv_t[ a XPZvo�C 3 7�hkj ^ o{[ 8�^1w d \^Plj�a ZBo a�6 XPZ*_�qIZ�o � o{[ �^ d ^ g"y�\^�} qB_t[ a XVZBo&ZIXPZ `ba Z/\^ _ a@wf^ �:XVZBo�[ a [fq�\^ g ^ o�\^�} qB_t[ a XVZBo 7�hkjm6 g ^ o2\^�} qB_u[ a XPZBo�gLq�FeB_ d � d X �P^ Z0#(\^ Z�\^�w _ `@a oL\^�^ [�g ^ o,\^�} qB_t[ a XVZBo�gLq�ZIX d zIwf^ g ^ �B_ w [ a �1q `b^ o } q a orXPZR[T[fXPqL[ ^ o 8 XVZB��[ a XVZBo|g ^ o_ d � `ba [rqBg ^ o 7�hkj�l�1Â` o{q+�$[igIXPZB�|g ^ �FeIX a o abw g ^ oc_ d � `@a [rqBg ^ o 7�hkj gky ^ ofof_ a<6 �vXVq w �:X d�d ^ ZB� ^�w�`@^ ��_ ` �:q `<l
� ��� � �¤�©&+ ¥F#&�
#ª© ¤�# ),0:©ª-�+.©ª©ª01'2!

� XVqBo
_ wfwrab4 XVZBo d _ a ZR[ ^ Zv_uZR[ �_ ` _H�B_ w [ ab^�` _*� ` qBo a ZR[I\^1wf^ ofor_PZR[ ^ g ^ ZIXu[ wr^ _u�I� `ba �1_t[ a XVZ g ^$` _ d \^ [feIXLg ^C 3�� 7�hkj _uq d XLg �^1`b^ g ^$` _ oL\^ Z a X wfa [I\^Vl � XVqL[|gky _ z X w g,ZIXPqBo�_ `@` XPZBoT� w \^ o ^ ZR[ ^1wi^ [�_PZB_ `b� o ^�wi`b^ o w \^ orq ` [f_t[Fog ^*` _ d \^ [feIXLg ^ C 3�� 7�hkj � 6 �uy ^ o{[ �:�_ � g a@wf^ _ 4P^ ��qIZ ^ o ^ q `b^ �:XVZR[ w _ a ZV[ ^P6 X �q�ZIXPqBo ^ Z 4�a of_+# ^ XPZvo|�:X d �B_ wr^�wZIXRo w \^ orq ` [F_t[Fo
_ 4V^ ��� ^ q ; g ^ �iq EV^1` o E��?^ [$CL�Fe�qB� E Jº��CLKPORW l�n ZBo{q a [ ^P6 ZBXPqBo?\^ [rqBg a@^�w XVZBo ^ [mZIXVqBom_PZB_ `b�R�o ^1w XPZBo ^ Z¢g/\^ [F_ ab`�`b^ o w \^ orq ` [F_t[FomX z [ ^ Z�qBo ^ Z¢qL[ ab`ba of_uZR[ ` _,ZBXPq 4V^1`b`@^�4P^1w o a XVZ C 3�� 7�hkj % g ^�` _ d \^ [feIXLg ^C 3�� 7�hkj�6 �uy ^ o{[ �:�_ � g a@wf^H` _ d \^ [reBX�g ^ C 3�� 7�hkj _ 4P^ �Hg ^ q ; �:XVZR[ w _ a ZV[ ^ o l�� XPqBo d XPZR[ wr^�w XVZBo } q ^ � ^ [{[ ^4P^�w o a XPZ,_ d \^�`@a X wf^ Z ^ [{[ ^ d ^ ZR[ `b^ o w \^ orq ` [f_u[foc��XPq w [rXVqL[ ^ o `@^ oiX z o ^�wr4 _ zI`@^ o l!1Â` o1y ^ o{[
g ^ � ` qBo
_ 4 \^1w \^|} q ^�` _d \^ [feIXLg ^ C 3�� 7�hkj _ 4P^ �Tg ^ q ; �:XPZR[ w _ a ZR[ ^ o�gLXPZIZ ^|`@^�w \^ orq ` [f_t[ ^:; _V��[ l
��¬��c¬{® ¯ ¾ �¢´�¶¸·�¾ � ¼¶"¿L°i±c´�¶ �i¯ �pÄÆÅ�Ç ¾N��¶�Á�ÀiÃi¶ Á�±DÃ�¿L½I¾(²rÃ�¿L¶

� XVqBo w _P�I� ^�` XVZBo } q ^D` X w o�g ^/` y�\^ [F_ zI`ba ofo ^ d ^ ZR[�gLq�o � o{[ �^ d ^ gky{\^�} qv_t[ a XPZvo�C 3�� 7�hkj�6 ZIXPqBoª_ 4 XVZBo�qL[ ab`@a oL\^` _ 8 X w d q ` _t[ a XPZ$_ 4P^ �Dg ^ q ; �1XPZR[ w _ a ZR[ ^ o ltj�a ZBo a�6 ��XPq w X z [ ^ Z abw(`@^ o � o�[ �^ d ^ g"y�\^�} qB_t[ a XVZBo(C 3�� 7�hkj � ab` orq���[gky a d ��XVo ^1wH�_ ` _ g ^ q ;La��^ d ^ �:XPZR[ w _ a ZR[ ^ # % gky@Õ^ [ wr^ Z�q `@`b^ gI_PZBo
[rXVqL[ ^ o `@^ o,\^�} qB_t[ a XVZBo l � XPqI[��:X d�d ^ gI_uZBo`b^ d X�g �^1`b^ g ^ �B_ a@wfa Z # �_Yg ^ q ; Z ab4P^ _Pq ;k6 ��XPq w�w \^ o{XVqBg wf^T`b^ o \^�} qB_t[ a XVZBo�C 3�� 7�hkj�6 ZIXVqBo�_ 4 XVZBo�qL[ a@`ba oI\^�` _g a _+#VXPZB_ `@a or_u[ a XPZ a [I\^1w _t[ ab4P^Vl 3 ^ � ^ ZBgI_PZR[ 6 gI_PZBo `@^ ��_Po&� w \^ o ^ ZR[ 6�ab` o�y ^ o�[=_ 4 \^1w \^ � ` qBo(�1X d�d XLg ^ g ^ �FeB_uZ # ^1w&`b^w ÕX `b^ g ^ om\^�} qv_t[ a XPZvo�g ^ �FeB_ d � d X �P^ Z #(\^ Z�\^�w _ `@a oL\^ J *Ll Ü OVW ^ [&gLq�ZIX d zIwf^ g ^ �B_ w [ a �1q `@^ oDJ *Ll á KRW l �2y eB_ zIa [rqvg ^P6�_2�B_ w [ abw g ^ oY\^�} qB_u[ a XPZBo/gLq.�FeB_ d � d X �V^ Z #(\^ Z/\^1w _ `ba oL\^ J *Il Ü OVW�XPZ�X z [ a@^ ZV[ `b^ o�_ d � `ba [rqBg ^ o 
 Þ � ^ [ �_ ` y _ a g ^g ^|` y�\^�} qB_t[ a XVZ�gLq.ZIX d zIwf^ g ^ �B_ w [ a �:q `@^ o È� Ì â Õ� Ú Ì J 
 % Ò�� % W â Õ� � Ú @ Ü � � % Û J *Ll á KRW
XPZ�gD\^ [ ^1w d a Z ^ ` _ 4 _ `@^ q w g ^?` _¢�:XVZV[ w _ a ZR[ ^ # � 6�} q a o�y a g ^ ZV[ a Ýv^ _uqä�vXP[ ^ ZR[ a@^�` �Fe a d ab} q ^Vl/n Z ^:9�^ [ 6 g ^` y�\^�} qB_t[ a XVZ?J *Il á KVWDZIXVqBoc�1_ ` �1q ` XVZBo � %|�:X d�d ^ o{q a [ È

� % Ì � Ò â Õ��� Ú
Ü J � Ò â Õ� � Ú{W Þ J *Ll ÔVURW

^ [Yg ^�` y�\^�} qB_u[ a XPZpg ^ �FeB_ d � d X �V^ Z #(\^ Z�\^1w _ `ba oL\^ J *Ll Ü ORW�ZIXVqBo�X z [ ^ ZIXPZvo ` y ^1; � wr^ oro a XPZporq a@4 _PZV[ ^ ��XPq w$` _�:XVZR[ w _ a ZV[ ^ # � È
# � Ì � � Ò NÜ

%
� J 
 % Ò�� % W @ Ü � % & @ J 
 % Ò�� % W:J Ï Ó @ Ó % W @ NÜ J 
 %

Ò�� % W â Õ� � Ú Ò 
 $� �� ��N Ò 
 $��M�� W *�Û J *Ll ÔBN5W
h _ w �:XPZvoL\^�} q ^ ZR[ 6 ZIXPqvo���XPq 4 XPZBo ^:9�^ �:[rq ^�w2` _ g a _+#VXPZB_ `@a of_t[ a XPZ a [I\^�w _u[ ab4P^�8 _V� ab`@^ d ^ ZR[ 6ª^ [$[rXPqI[ ^ o `b^ o wr^1�` _t[ a XPZvo �_ wf^ or� ^ ��[I\^ o.orXPZR[.of_t[ a o 8 _ a [ ^ o o a d q ` [F_uZ�\^ d ^ ZR[ l.� XVqBo orX d�d ^ o._ a ZBo a�6c^ Z d ^ orq wf^ g ^ �1_ ` �:q `@^�w[rXVqL[ ^ o `b^ o�X z o ^�wr4 _ zB`@^ oDZ�\� ^ orof_ abwr^ o �_ d ^ Z ^1w ZIXP[ wf^ \^ [rqvg ^Pl+� XPqBo�_ z X w g ^1w XPZBo d _ a ZV[ ^ ZB_PZR[ ` y ^:; � ` X a [f_u[ a XPZg ^ o w \^ o{q ` [f_u[fo l � XPqBo
�:X d$d ^ Z ��:XVZBo
�B_ w
` y{\^ Z ^1w # ab^|8 XPZvgI_ d ^ ZR[F_ `b^ gLq o � o{[ �^ d ^Vl CLq wT` _ Ý #Pq wf^ J *Ll N�W�ZIXPqBowf^ � w \^ o ^ ZR[fXPZBo ` _��:X d �B_ w _ a o{XVZ ^ ZR[ wf^=`@^Dw \^ orq ` [F_t[�g ^�` _�g a 9 \^1wf^ Zv� ^=^ ZV[ wr^�` y�\^ Z ^1w # ab^�8 XVZBgI_ d ^ ZR[f_ `b^ C 3�� 7ihkj^ [ ^:; _V��[ ^/^ [(� ^�` q a g ^D` _Tg a 9 \^1wf^ Zv� ^�^ ZR[ wf^�` y�\^ Z ^1w # ab^(8 XVZBgI_ d ^ ZV[F_ `b^ � 3 C ^ [ ^:; _P�:[ ^Pl � XVqBo wr^ d _ wF} qBXPZBo } q ^` _ d \^ [reIXLg ^ C 3�� 7�hkj � w \^ o ^ ZR[ ^ qIZ ^ _ d \^1`ba X w _t[ a XPZ a d �vX w [F_uZR[ ^ �B_ w�w _u�I��X w [ �_ ` _ d \^ [reIXLg ^ � 3 C l � XPqBo



N�UPÔ ���������
	���� ����� � � ������ ���/� ��� 
� ���
�����
	 
�

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

N/Ω

0

0.05

0.1

0.15

0.2

0.25

(E
0-E

0ex
ac

t )/
Ω

SCQRPA
BCS

g = 1.0

������� *Ll N � � a@9 \^1wf^ ZB� ^m^ ZR[ wf^�`b^ o,\^ Z ^1w # ab^ o 8 XPZBgI_ d ^ ZR[f_ `@^ oi_u�B� w X ;La d \^1^|^ [ ^:; _V��[ ^2^ Z 8 XPZB�:[ a XPZ gLq wr^ d �� `ba ofof_+# ^ g ^|` _��:XPqv�Fe ^�^ [���XPq w qIZ ^ �:XPZvo�[F_uZR[ ^ g ^ �:XVqI� ` _+# ^ � Ì NPÛ U l
ZIXP[rXPZvo|_uqBofo a=} q ^V6 �:XVZR[ w _ abwr^ d ^ ZR[ �_ ` _ d \^ [reBX�g ^ � 3 C 6�` X w o } q ^�` _.�:XVqB�Fe ^�^ o{[�o ^ d a � wf^ d � `ba@^�` y�\^ Z ^1w # ab^8 XPZvgI_ d ^ ZR[F_ `b^ C 3�� 7ihkj g ^�4�a@^ ZV[¢\^ #V_ `b^?�_ ` y{\^ Z ^1w # ab^Y8 XPZvgI_ d ^ ZR[F_ `b^�^1; _V��[ ^Pl 3 XPZBo a gD\^1w XPZvo d _ a ZR[ ^ Zv_uZR[` _ Ý #Pq wf^ J *Il Ü W } q a"wr^ � w \^ o ^ ZR[ ^
` _$�1X d �B_ w _ a orXPZ ^ ZR[ wf^|` _ 4 _ wra _uZB� ^ gLq.ZIX d zIwr^ g ^ �v_ w [ a �:q `b^ ocX z [ ^ Z�q ^*�_` y _ a g ^ g ^ ZIXP[ wf^ d \^ [reBX�g ^ _ 4V^ �/� ^1`b`b^ X z [ ^ Z�q ^ �B_ w&` _ d \^ [reIXLg ^ � 3 C l"� XPqBo wf^ d _ wF} qIXPZvo } q ^�`b^ o w \^ orq ` [f_t[Fog ^�` _ 4 _ wfa _uZB� ^ o{XVZV[([ w��^ o=o a d ab` _ a@wf^ o �_m� ^ q ; �1XPZB� ^1w ZB_uZR[ ` y�\^ Z ^�w # a@^/8 XPZvgI_ d ^ ZR[F_ `b^Pl 3 ^�` _m_ a Zvo a d XVZR[ wf^�} q ^`b^ oi�BqB��[fqB_t[ a XVZBo
gLq ZIX d zIwf^ g ^ �B_ w [ a �1q `@^ oTgB_uZBo ` _ C 3�� 7�hkj o{XVZV[TZ ^ [r[ ^ d ^ ZV[�� ` qBo 8 _ abzI`b^ o } q ^ � ^�`@`b^ og ^|` _ d \^ [reBX�g ^ � 3 C l � ^ � ` qBo 6 �:X d$d ^ ��XPq wc` y�\^ Z ^�w # a@^T8 XPZBgB_ d ^ ZR[f_ `@^V6��_ d a@� wr^ d � `@a orof_+# ^ g ^|` _��:XVqB�Fe ^V6`b^ o/�BqB�:[rqB_u[ a XPZBo�� w \^ o ^ ZR[ ^ o ` _ 4 _ `b^ q wc^1; _V��[ ^
^�`@`b^ ocorXPZR[ a g ^ ZR[ a } q ^ d ^ ZV[�Z�q `b`b^Pl

� ^ ZBXPZBo ^ Z d _ a ZR[ ^ ZB_uZR[ �_ ` y�\^ [rqBg ^ gLq d XLg ^ d XPq l � XVqBo wr^ d _ wf} qIXVZBo"orq wª` _ Ý #Pq wf^ J *Ll á W } q ^D` _ 4 _ `b^ q w� w XP� wf^ ZIXVZ �:X wrwfa #(\^�^ g ^2` _ d \^ [feIXLg ^ C 3�� 7�hkj�6�} q aªwf^ � w \^ o ^ ZR[ ^ qIZ ^ \^ Z ^�w # a@^ gky ^:; � a [F_t[ a XPZ a ZR[ wfa ZBo �^�} q ^gLq o � o�[ �^ d ^V6 o1y a g ^ ZR[ a@ÝB^.�_*g ^ q ;�8 X a o ` _*g a 9 \^1wf^ Zv� ^ g ^ o���Xu[ ^ ZR[ ab^1` oT�Fe a d a } q ^ o È�Ü J#(� Ò # '&W Ì � � �(%� @� ��' %� Ò Ü ���� l 3 ^ � ^ ZBgI_PZV[ 6I` _ 4 _ `@^ q w � w XP� wf^ �1X wfwra #(\^1^ � � 6B} q a"^ o�[�gLXVZIZ�\^�^ �B_ w�È
�
� Ì � @ Ü # � J 
 % Ò�� % W:J Ï % @ Ó % W�Þ J *Ll Ô Ü W

�:X wrwf^ or��XPZBg �_ ` y{\^ Z ^1w # ab^ gky ^1; � a [f_t[ a XVZ�gI_uZvo `@^ ` _ z X w _u[rX abwf^Pl(n=`b`@^ wr^ � w \^ o ^ ZR[ ^ `@^ oHg a@9 \^1wf^ ZB� ^ o ^ ZV[ wr^ `b^ oZ ab4P^ _uq ;xw Xu[f_u[ a XPZIZ ^1` o2orqB�1� ^ ofo a@8 o$gI_uZBo ` y ^ o{�v_P� ^ g ^2� _uq # ^Pl � ^ � ` qBo 6 ZBXPqBo��:XVZBo{[f_t[fXPZBo } q ^ ` X w o } q ^*` _�:XVqB�Fe ^�^ o{[To ^ d a@�<wf^ d � `ba@^V6L` _ 4 _ `@^ q w � w XP� wf^ �:X wrwfa #(\^1^T^ [�ZIXVZ,�:X wrwfa #(\^1^ o{XVZR[�Z�q `b`b^ o l 3 ^mw \^ orq ` [f_t[ ^ o{[�[ w��^ oa d ��X w [f_PZR[T�Iq a o } q�y ab` d XVZR[ wf^2} q ^ ��XPq w � ^ [{[ ^ �1XPZ Ý #Pq w _t[ a XVZ 6B` _�C 3�� 7ihkj ^ o�[ ^:; _P�:[ ^Pl �
_uZBo `b^ �1_VoTg ^d a � wf^ d � `ba ofor_$# ^V6 ZIXVqBo/X z [ ^ ZIXVZBo/qIZ d XLg ^ g ^ � X ` gIo{[rXVZ ^PlLjcÝ Z g ^ �1XPZ ÝBw d ^1w � ^ o w \^ o{q ` [f_u[foDZIXPqvo/_ `@` XPZvod _ a ZR[ ^ Zv_uZR[ wf^ � w \^ o ^ ZR[ ^1w�` _ 4 _ `b^ q w � w XP� wr^ �:X wrwfa #(\^1^(^ [(ZIXPZ��:X wrwfa #(\^1^(^ Z 8 XVZB��[ a XVZ2g ^�` _T�1XPZBo{[f_PZR[ ^ g ^ �:XPq �� ` _+# ^ � lun Z ^19�^ [ 6 ZIXVqBo(_ 4 XVZBo&�FeIX a o a qIZ ^ �:XVqB�Fe ^ gLXPZR[ ` _�gD\^ #(\^ Z�\^1wf^ of� ^ ZB� ^ [fXu[f_ `@^�^ o�[�\^ #V_ `@^|�_ Ü �¢Ì Ü Ô ^ [ZIXVqBo=_ 4 XVZBo&�:XVZBo a g/\^�w \^�`b^ o=�1XPZ Ý #Vq w _t[ a XPZvoªorq ab4 _uZR[ ^ � Ì ÜI6 N�U 6 N1Ô 6PÜPÜLl C�q w=`b^ o Ý #Vq wf^ o�J *Ll ÔRW 6 J *Ll QuW 6 J *Il * W^ [*J *Ll OVWTZIXPqvo wf^ � w \^ o ^ ZR[rXPZvo `b^ o w \^ orq ` [f_t[FoT�1X wfwr^ o{��XPZvgI_uZR[fo �_ � ^ o|�1XPZ Ý #Pq w _t[ a XVZBo l C�q w|`b^ o Ý #Vq wf^ o�J *Il Ô�W^ [�J *Ll * WDX �q `b^|wr^ d � `@a ofor_$# ^ g ^|` _��1XPqB�Fe ^ � � � ^ o{[ a Z 8 \^1wfa@^ q wm�_ ` y qIZ a [I\^P6 ZIXVqBo wf^ d _ wF} qIXPZBo } q ^|` y�\^ Z ^1w # ab^gky ^:; � a [f_u[ a XPZ a ZR[ wfa ZBo �^�} q ^ orq ab4P^ \^ [ w X a [ ^ d ^ ZR[ ` _$g a@9 \^�wr^ ZB� ^ g ^ o/��Xu[ ^ ZR[ ab^1` o��Fe a d a } q ^ o Ü J#(� Ò # 'ªW 6 _ ` X w o} q ^c` y�\^ Z ^1w # ab^ g"y ^1; � a [F_t[ a XVZ�gB_uZBo `b^c` _ z X w _u[rX a@wf^ �1X wfwr^ o{��XPZBg �_ Ü #(� Ì � � �(%� Ò ���� l�� XPqBo w _u�I� ^1` XPZvo } q ^ZIXVqBo(_uZB_ `@� orXPZBo&g ^ o2# w _uZvg ^ q w o��Ie � o a } q ^ o(g ^�8 _ a@zI`b^ o(_ d � `@a [rqvg ^ o �_|of_ 4 X a@w g ^ o 4 _ `@^ q w o&� w XV� wf^ o&g ^cz _Voro ^\^ Z ^1w # ab^PlPh _ w �:XVZBoL\^�} q ^ ZV[ 6 ZIXVqBo=��XPq 4 XPZBo�_ � w d ^�wD} q ^�` y a g ^ ZV[ a Ý �1_t[ a XVZHg ^T` _ 4 _ `@^ q w � w XP� wr^ �1X wfwra #(\^1^/^ o{[_Pofo ^ � z XVZIZ ^Vl 3 ^ [r[ ^c4 _ `b^ q w(wf^ � w \^ o ^ ZR[ ^/` _�g a@9 \^1wf^ ZB� ^/^ ZR[ wf^/`b^ o=Z a@4V^ _Pq ;mw XP[f_u[ a XPZIZ ^�` o(orqB��� ^ ofo a 8 ocJ5\^ [F_t[fo(g ^



� ����� � 
��� � � 	!�	2� ��	 ����� � ��� ���
��� N�U *

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

N/Ω

0

0.05

0.1

0.15

0.2

0.25

∆Ν
/Ω

SCQRPA
BCS

g = 1.0

������� *Ll Ü � � _ 4 _ wfa _PZB� ^ gLq,ZIX d zIwf^ g ^ �B_ w [ a �:q `b^ o�C 3�� 7�hkj ^ [ � 3 C ^ Z 8 XPZv��[ a XPZ?gLq wf^ d � `ba ofof_+# ^ g ^` _$�1XPqB�Fe ^
^ [��vXVq w qIZ ^ �1XPZBo{[f_PZR[ ^ g ^ �:XVqI� ` _+# ^ � Ì NPÛ U l

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

N/Ω

-1

-0.5

0

0.5

1

1.5

2

E
/Ω

E
0

N+2
+E

0

N-2
-2E

0

N

E
0

N-2
-E

0

N

E
0

N+2
-E

0

N

ωn,c

ωc

g = 1.0

������� *Ll á � n Z ^�w # a@^ oigky ^:; � a [F_t[ a XPZvo�C 3�� 7�hkj ^ Z 8 XPZv��[ a XPZ gLq wf^ d � `ba orof_+# ^ g ^$` _��:XPqv�Fe ^�^ [
��XPq w qIZ ^�:XVZBo{[f_uZR[ ^ g ^ �1XPqI� ` _$# ^ � Ì NVÛ U l



N�UVO ���������
	���� ����� � � ������ ���/� ��� 
� ���
�����
	 
�

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

g

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

E
/Ω

E
0

N+2
+E

0

N-2
-2E

0

N

E
0

N-2
-E

0

N

E
0

N+2
-E

0

N

ωn,c

ωc

N = 2, Ω = 12

������� *Il Ô � n Z ^1w # ab^ o
gky ^:; � a [f_u[ a XPZ ^:; _P�:[ ^ o ^ [mC 3�� 7�hkj�^ Z 8 XVZB��[ a XVZ g ^$` _ �:XPZvo�[F_uZR[ ^ g ^ �:XVqI� ` _+# ^ � 6��XPq w qIZ.ZIX d zIwf^ g ^ �B_ w [ a �1q `@^ � Ì Ü�l

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

g

-0.4

-0.2

0

0.2

0.4

0.6

E
/Ω

E
0

N+2
+E

0

N-2
-2E

0

N

E
0

N-2
-E

0

N

E
0

N+2
-E

0

N

ωn,c

ωc

N=10, Ω = 12

������� *Il * � ~ Õ^ d ^|} qB_PZV[ a [I\^ o } q ^�` _ Ý #Pq wf^ J *Il Ô�W 6 ��XPq w � Ì N�U



� ����� � 
��� � � 	!�	2� ��	 ����� � ��� ���
��� N�U�Q

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

g

0

0.1

0.2

0.3

0.4

E
/Ω

E
0

N+2
+E

0

N-2
-2E

0

N

E
0

N-2
-E

0

N

E
0

N+2
-E

0

N

ωn,c

ωc

N = 14, Ω = 12

������� *Il O � ~ Õ^ d ^|} qB_PZV[ a [I\^ o } q ^�` _ Ý #Pq wf^ J *Il Ô�W 6 ��XPq w � Ì N1Ô

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

g

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

E
/Ω

E
0

N+2
+E

0

N-2
-2E

0

N

E
0

N-2
-E

0

N

E
0

N+2
-E

0

N

ωn,c

ωc

N = 22, Ω = 12

������� *Il Q � ~ Õ^ d ^|} qB_PZV[ a [I\^ o } q ^�` _ Ý #Pq wf^ J *Il Ô�W 6 ��XPq w � Ì ÜPÜ



N�UV� ���������
	���� ����� � � ������ ���/� ��� 
� ���
�����
	 
�
�B_ w [ a �1q `@^ ofW=gI_uZBo ` y ^ or�B_V� ^ g ^(� _Pq # ^Vl C�q w�`b^ o Ý #Pq wf^ o�J *Ll OVW ^ [
J *Ll QuW&X �q `b^iwf^ d � `ba orof_+# ^ g ^�` _��:XPqv�Fe ^ � � �^ o{[=o{qB�/\^1wfab^ q w��_ ` y qIZ a [I\^P6 ZIXVqBo wr^ d _ wF} qBXPZBo } q ^�` y{\^ Z ^1w # ab^ g"y ^1; � a [F_t[ a XVZ a ZR[ wfa ZBo �^�} q ^ o�y a g ^ ZV[ a Ýv^ [rXPq � XPq w o �_Ü J#(� Ò # '�W 6 � ^ � ^ ZBgI_PZV[ 6u` _ 4 _ `@^ q w � w XP� wf^ �:X wrwfa #(\^1^ o1y a g ^ ZR[ a@ÝB^ca � a��_ Ò Ü # ' Ì � ��' %� Ò �&�� l 3 ^ [r[ ^�4 _ `b^ q wwf^ � w \^ o ^ ZR[ ^|` _�g a 9 \^�wr^ ZB� ^m^ ZR[ wf^�`b^ oTZ a@4V^ _Pq ; w Xu[F_t[ a XVZIZ ^1` oiorqB��� ^ ofo a 8 o2J5\^ [f_t[FoTg ^ [ w XPqvofWigI_uZBo ` y ^ or�B_V� ^ g ^� _uq # ^Pl
��¬��c¬� ¯ ¾ �¢´�¶¸·�¾ � ¼¶"¿L°i±c´�¶ �i¯ �pÄÆÅ�Ç ¾N��¶�Á�´�¶�À�³ Á�±DÃ�¿L½I¾(²rÃ�¿L¶��
� \^ Z/\^1w _ `b^ d ^ ZV[ 6 gI_uZvo ` _ d \^ [reIXLg ^ C 3�� 7�hkj�6 [fXPqL[ �:X d$d ^ gI_uZBo `b^ d XLg �^1`b^ g ^ �B_ a@wfa Z # �_ g ^ q ;Z ab4P^ _uq ;k6&` _ d \^ [reIXLg ^ g ^.w \^ orX ` qL[ a XPZ ` _?� ` qvo�� w _u[ a } q ^.^ o{[ ` _ g a _$#PXVZB_ `ba of_t[ a XVZ a [I\^�w _u[ ab4P^Pl 3 ^ � ^ ZvgI_uZR[ 6�Iq a o } q�y ab` _�\^ [I\^.a ZR[ w X�gIq a [�qIZ ^ g ^ q ;La��^ d ^ �:XVZV[ w _ a ZR[ ^ gB_uZBo `b^ ST_ d a@` [rXVZ ab^ Z�gLq d XLg �^�`@^V6 ZIXPqvo*_ 4 XVZBowf^ d _ wF} q/\^ } q"y ab`
^ o{[�� ` qBo �:X d�d XLg ^ g ^?w _ d ^ Z ^�w*`@^ � w X zI`��^ d ^ �_ ` _ w \^ orX ` qL[ a XVZÆg"y qIZ ^ \^�} qv_t[ a XPZÆZIXVZ`ba Z�\^ _ abwf^ orq w qBZ ^ o ^ q `b^c4 _ wfa _ zI`@^ Ó l �2y eB_ zIa [rqBg ^V6��_|�v_ w [ abw g ^ o�\^�} qB_u[ a XPZBo=C 3�� 7ihkj J *Ll ÜPÜ WªXPZYg/\^ [ ^�w d a Z ^`b^ oc_ d � `ba [rqBg ^ o 7�hkj�6 Ï Þ Ó ^ [ �_2�v_ w [ abw g ^ o�\^�} qB_t[ a XVZBocgLq �FeB_ d � d X �P^ Z�#(\^ Z�\^�w _ `@a oL\^ J *Il Ü OVWDXPZ X z [ a@^ ZR[`b^ o�_ d � `@a [rqvg ^ o 
 Þ � lª�"^ o2g ^ q ; �1XPZR[ w _ a ZR[ ^ o 6"} qB_uZR[ �_ ^1`b`@^ o�orXPZR[�g/\^ [ ^1w d a Z�\^1^ o �_ �B_ w [ abw g ^ o�\^�} qB_t[ a XVZBo`ba \^�^ o �_ ` _��1XPZBo ^1wf4 _t[ a XPZ2gLq�ZIX d zIwr^ g ^ �B_ w [ a �1q `b^ o l5h _ w �:XPZvoL\^�} q ^ ZR[ 6 �Iq a o } q ^c` _
�:XVZV[ w _ a ZR[ ^ # � o�y a g ^ ZV[ a Ýv^_uqH�vXP[ ^ ZR[ a@^�` �Fe a d a } q ^P6R^1`b`@^ gLX a [TÕ^ [ wf^ gLXVZB��X z [ ^ Z�q ^��_��B_ w [ abw g ^T` y�\^�} qB_t[ a XVZYgLqHZIX d zIwf^ g ^ �B_ w [ a �1q `@^ o È� Ì â Õ� Ú Ì J 
 % Ò�� % W â Õ� � Ú @ Ü � � % Û J *Ll Ô á W

n Z � wra ZB� a � ^P6 g ^�` _ d Õ^ d ^ d _uZ a<�^�wr^|` _H�1XPZR[ w _ a ZR[ ^ # % gLX a [2Õ^ [ wf^ g/\^ [ ^�w d a Z/\^1^H�_H�B_ w [ abw g ^�` y�\^�} qB_t[ a XVZ,gLq�1_ wrw \^ gLq.ZIX d zIwr^ g ^ �B_ w [ a �1q `b^ ocgLXVZIZ�\^�^ �v_ w�È
� % Ì â Õ� % Ú Ì J 
 % Ò�� % W % â Õ� %� Ú @ � � 
 % � % J�N Ò â Õ� � Ú

�
W:J Ï Ó @ Ó % W @ Ô � � % J 
 % @ � � % W@ Ô � % J � J 
 % Ò�� % W Ò 
 % W â Õ� � Ú:Û J *Ll ÔPÔ�W3 ^ � ^ ZvgI_uZR[ 6 gI_uZvo `b^ �1_VoY� w \^ o ^ ZR[ 6�a@` o1y ^ o{[�_ 4 \^1w \^ � ` qvo��1X d�d X�g ^ g ^ �FeB_PZ # ^�w*`@^ w ÕX `@^ g ^ oÆ\^�} qB_t[ a XVZBog ^ �FeB_ d � d X �P^ Z ^ [*g ^ o \^�} qB_t[ a XVZBo2gIq¢ZIX d zIwf^ g ^ �v_ w [ a �:q `b^ o l . Z w _u�I� ^1`b^.} q ^�`b^ o \^�} qv_t[ a XPZvo$C 3 �� 7�hkj � ^ q 4V^ ZR[*Õ^ [ wf^$a ZR[ ^�w � w \^ [I\^�^ o
�:X d�d ^ \^ [F_uZR[�g ^ o \^�} qB_u[ a XPZBo|g ^ �Fev_ d � d X �V^ Z�gky qIZ #V_���g ^ �BqB� �[rqv_t[ a XPZvo } qB_PZV[ ab} q ^ oDg ^ �B_ a@wf^ o lVh q a o } q ^T`@^ oY\^�} qB_t[ a XVZBo�gLq�ZIX d zIwf^ g ^ �B_ w [ a �:q `b^ oTJ *Il Ô á W ^ [�J *Ll ÔPÔ�W=orXPZR[a ZBg/\^ � ^ ZBgI_uZR[ ^ o�g ^ o d q ` [ a � `@a �1_u[ ^ q w oYg ^,� _+# w _PZ # ^V6�^�`@`b^ o�� ^1w d ^ [{[ ^ ZR[Hg ^ g/\^ [ ^�w d a Z ^1w � ^ [ Ó �1X d�d ^g ^ o 8 XVZB��[ a XVZBoTgIq ZIX d zIwf^ g ^ �B_ w [ a �:q `@^ o � l�j�a ZBo a�6=�_H�B_ w [ abw g ^$` y�\^�} qB_t[ a XVZpJ *Ll ÔPÔ�W�ZIXVqBoiX z [ ^ ZIXPZvoiqIZ ^\^�} qv_t[ a XPZ�ZIXVZ `@a Z�\^ _ abwr^c^ Z Ó ^ [��:X d$d ^ � w \^ ��\^ g ^ d�d ^ ZR[ 6B�_|�B_ w [ abw g ^�` y{\^�} qv_t[ a XPZ J *Ll Ô á W(XPZY� ^ qL[��1_ ` �:q `@^�w� % l 1 Z 4P^�w o ^ d ^ ZR[ 6�`b^ oYg ^ q ; \^�} qB_t[ a XVZBo2g ^ �Fev_ d � d X �V^ Z } q a orXPZR[ `ba Z�\^ _ abwf^ o ^ Z # � ^ [ # % 6 ZIXVqBo$� ^�w{�d ^ [r[ ^ ZR[ a d�d \^ g a _t[ ^ d ^ ZR[=g ^ g/\^ [ ^�w d a Z ^1w&`b^ o=g ^ q ; �:XPZR[ w _ a ZR[ ^ o ltjia ZBo a<6��_
�B_ w [ abw g ^c` y�\^�} qB_t[ a XVZ2g ^ �Fev_ d �d X �P^ Z J *Ll Ü OVW�XPZ.� ^ qL[�X z [ ^ Z abwc` y ^:; � wf^ ofo a XPZ.orq a@4 _PZV[ ^ �vXVq wc` _��1XPZR[ w _ a ZR[ ^ # � È

# � Ì J ��Ò Ô�# % W � J � Ò N�W � % @ J{N Ò Ü � % W:J Ï Ó @ Ó % @ NÜ
â Õ� � Ú Ò 
 $� �� ��N Ò 
 $� � �� W * Ò � Ü �

Ò Ü # % Û J *Ll Ô * W
3 ^ [r[ ^ ^1; � wr^ oro a XVZp� ^ qL[Æ\^ ZIX w d \^ d ^ ZV[�o a d � `ba ÝB^�wY`@^ op\^�} qB_u[ a XPZBoYC 3�� 7�hkj�6 �uy ^ o{[Y�vXVq w � ^�` _ } q ^ ZIXPqBo_ `b` XPZBocgky _ z X w g w \^ \^ � wfa@wf^�`b^ o \^�} qB_t[ a XVZBocC 3�� 7�hkj orXPqBo�qIZ ^�8 X w d ^ � ` qBoio a d � `@a@ÝB^�w�lBh _ w �:XVZBoL\^�} q ^ ZR[ 6R^ Z[ ^ ZB_uZR[|�:X d �I[ ^ g ^$` _ �:XVZBg a [ a XPZ?g ^ ZIX w d _ `@a or_u[ a XPZ J *Ll QuWTg ^ o�_ d � `@a [rqBg ^ o�g ^ �FeB_ d � d X �V^ Z 
 ^ [ � ^ [wf^ d � ` _ ��1_PZR[�# � �B_ w orXPZ ^1; � wr^ oro a XPZxgI_uZvo `b^ o ^:; � wf^ ofo a XPZvomg ^ op\^�` \^ d ^ ZR[fomg ^H` _ d _t[ wra � ^ o 7�hkj J *Ll Üuá W^ [�J *Ll Ü Ô�W�XVZ�X z [ ab^ ZR[ È

Ñ Ì Ü J ��Ò Ô�# % W � J Ü � % J{N Ò�� % W Ò N�W Ï ÓÒ � % J{N Ò�� % W1J�N @ Ü Ó % Ò � N Ò Ü 

$������ @ 
 $� �� �� �N Ò�
 $��P�� W * Þ J *Ll ÔVORW

� Ì Ü J ��Ò Ô�# % W � J�O � % J � % Ò N�W @ N�W Ï Ó



� ����� � 
��� � � 	!�	2� ��	 ����� � ��� ���
��� N�UVK
Ò � % J{N Ò�� % W1J�N @ Ü Ó % Ò � N Ò Ü 


$� � �� @ 
 $� �� �� �N Ò�
 $��P�� W * Û J *Ll Ô�QPW
� ^ � ` qvo 6I^ Z [ ^ Zv_uZR[i�:X d �I[ ^ g ^|` _Y�:XPZvg a [ a XVZ g ^ ZIX w d _ `ba of_t[ a XVZ�g ^ oH\^ [F_t[fo ^1; � a [I\^ o 7ihkjm6 Ï % Ò�Ó % Ì N 6XPZ � ^ qL[Tg/\^ gLq a@wf^
} q ^|` y�\^�} qB_u[ a XPZ?J *Ll ÜPÜ W ^ o�[ \^�} q a@4 _ `@^ ZV[ ^��_ È

Ü Ñ Ï Ó @ �HJ Ï % @ Ó % W Ì UIÛ J *Ll ÔV�RW
j�a ZBo a�6B^ Z.qL[ ab`ba of_uZR[ `@^�8 _ a [ } q ^�` y XVZ.� ^ qL[ \^ � wrabwf^ Ñ Ì J ��Ò Ô�# % W Ñ � ^ [�� Ì J ��Ò Ô�# % W � � 6 _ 4V^ � È

Ñ � Ì � J Ü � % J�N Ò�� % W Ò N�W Ï Ó�Ò�� % J{N Ò�� % W1J�N @ Ü Ó % Ò � N Ò Ü 

$� � �� @ 
 $� �� �� �N Ò�
 $��P�� W * Þ

� � Ì � JºO � % J � % Ò N�W @ N�W Ï Ó�Ò�� % J{N Ò�� % W1J�N @ Ü Ó % Ò � N Ò Ü 

$� � �� @ 
 $� �� �� �N Ò 
 $� � �� W * J *Ll ÔVKRW

XPZ � ^ qL[�[ w _PZBo 8 X w d ^�w�` y�\^�} qB_u[ a XPZ J *Ll ÔV�RW/o{XVqBo ` _ 8 X w d ^ o{q a@4 _uZR[ ^$È
J �$Ò Ô # % W:J Ü Ñ � Ï Ó @ � � J Ï % @ Ó % W{W Ì UIÛ J *Ll * URW

h q a o } q"y XVZ,[ w _ 4 _ ab`b`@^ gI_uZvo ` _��IeB_Vo ^ orqI� ^�w �vq a g ^P6 XPZ�_�[rXVq � XPq w o � BÌ U ^ [ Ï BÌ Ó BÌ U � ^Y} q a � w XPq 4V^} q ^ J Ü Ñ � Ï Ó @ � � J Ï % @ Ó %�WrW BÌ U lIh _ w �:XVZBoL\^�} q ^ ZV[ 6 XPZ � ^ qL[ig/\^ gLq abwr^�` y ^1; � wr^ oro a XVZ�orq ab4 _PZR[ ^ �vXVq wc` _g ^ q ;La��^ d ^ �1XPZR[ w _ a ZR[ ^ # % È # % Ì
�
Ô J *Ll * N5W

} q ak^ o{[cqIZ ^�4 _ `b^ q w�a ZBg/\^ � ^ ZBgI_PZV[ ^ gIq�ZIX d zIwf^ g ^ �B_ w [ a �:q `b^ � l 3 XPZBo a gD\^1w _uZR[ ` y�\^�} qB_u[ a XPZ J *Ll OVW 6 XVZH� ^ qL[
d XPZR[ wf^1w �_��B_ w [ abw g ^ # % Ì � � �

� � % } q ^ J *Ll * N5WYgLXVZIZ ^ ` _ 4 _ `b^ q w*^1; _P��[ ^ g ^,` _xg ^ q ;�a<�^ d ^ �1XPZR[ w _ a ZR[ ^Vl� ^ � ` qvo 6k^ Z wf^ d � ` _ ���_uZR[ # % �v_ w o{XVZ ^1; � wr^ oro a XPZ gI_PZBo ` y�\^�} qB_t[ a XVZ¢J *Il Ô * WiXPZ � ^ qL[mX z [ ^ Z a@w�`b^Yw \^ o{q ` [F_t[orq a@4 _PZV[ ^ �vXVq w�`b^ ��Xu[ ^ ZR[ ab^1` �Fe a d a } q ^ # � È
# � Ì Ò

�
Ü J � @ N�W J *Ll *PÜ W

} q aI^ o�[D_PqBofo aL` _ 4 _ `b^ q w=^1; _P��[ ^ gLqY�vXP[ ^ ZV[ a@^�` �Fe a d ab} q ^Vl � ^ � ` qvo 6 [ ^ Zv_uZR[��:X d �I[ ^ g ^�` _ wf^1` _t[ a XPZ.J *Il * N�W 6B�_�B_ w [ a@w g ^ J *Il ÔROVW ^ [cJ *Ll Ô�QPW"XVZ d XPZR[ wr^�} q ^ Ñ Ì � Ì U ^ [ª�Iq a o } q ^�` _ 4 _ `b^ q w � w XP� wf^D7ihkj ^ o�[=gLXVZIZ�\^�^ �B_ w
�
Ñ % Ò � % � ^1`b`@^1� � a g ^ d ^ q wf^ [rXVq � XPq w ocZ�q `b`@^HÈ �]Ì U l 3 ^1` _Yo a #PZ a@ÝB^m} q ^ gB_uZBo ` _ d \^ [reIXLg ^ C 3�� 7ihkj % 6�:X d�d ^ gI_uZvo ` _ d \^ [feIXLg ^ � 7ihkj XPZHX z [ a@^ ZV[/qIZ d XLg ^ g ^�� X ` gIo{[rXVZ ^PlRn Z*�Be � o ab} q ^ Z�qB� ` \^ _ a@wf^ � ^ d X�g ^^ o{[igky eB_ zBa [fqBg ^ _u�B� ^�` \^ d XLg ^ or�Iq wfa@^ q ; J 7 CL�PURW l 3 ^|w \^ orq ` [f_u[ ^ o�[c[ w��^ o a d ��X w [f_uZR[��Iq a o } q"y ab` o a #VZ a@ÝB^|} q ^` _ o � d \^ [ wrab^ gLqxZIX d zIwf^ g ^ �B_ w [ a �1q `@^ o ^ o{[|[rXP[f_ `@^ d ^ ZR[ wr^ o�[F_uq w \^1^Vlkn Z 8 _ a [ 6�a@`D^ o{[ zIa@^ Zp�:XVZIZ�q } q ^V6"` _wf^ o{[f_uq w _u[ a XPZÆgLq z XPZ�ZIX d zIwf^ g ^ �v_ w [ a �:q `b^ o�gI_uZBo�� ^ d XLg �^�`@^ a d � `bab} q ^ } q ^,`@^ d X�g �^1`b^ ^ o{[�orX ` q zI`b^^:; _V��[ ^ d ^ ZR[ J 7 CL�PUVW l(n Z ^19�^ [ 6 XPZ _?g/\^{���_ 4 q } q ^H` y XVZ _,X z [ ^ Z�q `@^ o 4 _ `@^ q w o ^:; _P�:[ ^ om��XPq w$`@^ o2g ^ q ;�:XVZR[ w _ a ZV[ ^ o�# � _uZvg2# % l� XVqBo*_ `@` XPZBo d _ a ZV[ ^ ZB_PZR[ d XVZR[ wf^1wH} q"y XPZ X z [ ab^ ZR[ _PqBofo a�` _ 4 _ `b^ q w*^:; _P�:[ ^ g ^,` y{\^ Z ^1w # ab^ g ^,` y�\^ [f_u[8 XPZvgI_ d ^ ZR[F_ ` J ^ [�gLXVZB���vXVq w�` _ z _uZvg ^�^ ZR[ a��^1wf^ g ^ ox\^ [f_u[fo 8 XPZvgI_ d XPZR[F_uq ; W l&n Z¢�B_ w [f_PZR[�g ^ ` _ 4 _ `b^ q wd X �P^ ZIZ ^ gLq�ST_ d ab` [fXPZ ab^ Z&1 ^ Z wr^ � w \^ o ^ ZR[f_u[ a XPZ
g ^ o } qv_Po a � �B_ w [ a �:q `@^ o ^ [ ^ ZmqL[ a@`ba of_uZR[ `b^ o wr^�` _u[ a XPZBo�J *Ll N�KRW^ [�J *Ll N5QPW 6 XPZ � ^ qL[.\^ � wfa@wf^$È
� � 	 ������� Ì â 1?Ú

Ì Ò �
� J � J�N Ò�� % W � % @ � � W @ � � J Ü J�N Ò�� % W � % @ � �

�
W â Õ��� Ú Ò � J�N Ò�� % W � % â Õ� %� ÚÒ �

� J{J�N Ò�� % W % @ � � W Ó % J�N Ò â Õ��� Ú
�

W @ Ü � � J�N Ò�� % W � % Ï Ó J�N Ò â Õ� � Ú
�

W
Ì Ò �

�

� % J � @ J{N Ò � W � % W Ò���Ó % J � Ò â Õ��� Ú{W @ Ü � � J�N Ò�� % W � % J Ï Ó @ Ó % W



NPN�U ���������
	���� ����� � � ������ ���/� ��� 
� ���
�����
	 
�
@ � Ü � � � % Ò Ü � � � � @ � � � Ò Ü � J�N Ò�� % W � % J Ï Ó @ Ó % W�� â Õ��� ÚÒ � J�N Ò�� % W � %Vâ Õ�)%� Ú:Þ J *Ll *uá W

��^ ZB_PZV[&�:X d �I[ ^ g ^D` _ wf^1` _t[ a XVZmg ^ 3 _Po a d abw J *Ll áVÜ W 6 XVZm� ^ qL[ wr^ d � ` _V� ^�w Ó %RJ � Ò â Õ� � ÚrW"�B_ w&Ü J � @ N�W â Õ� � Ú Òâ Õ� %� Ú�gI_PZBo `@^ [ ^1w d ^ ��Ó %VJ � Ò â Õ� � Ú{W M XPZ X z [ a@^ ZV[�_ ` X w o È
� � 	�� ����� Ì Ò �

Ü J � @ N5W�4�J�N Ò Ü � % W â Õ��� Ú @ Ü � � % 6 @
�
Ô � J{N Ò Ü � % W % â Õ� %� Ú@ � Ô � % J � J�N Ò Ü � % W Ò N @ � % W Ò �vJ�N Ò�� % W � % J Ï Ó @ Ó % W � â Õ��� Ú@ � � J�N Ò�� % W � % J Ï Ó @ Ó % W @ Ô � � % J{N Ò�� % @ � � % W */Û J *Ll * Ô�W

� a Zv_ `b^ d ^ ZR[ 6 qL[ a@`ba orXPZvo `b^ o ^:; � wf^ ofo a XVZBomg ^ � ^ [ � % gLXPZIZ�\^1^ om�B_ w�`b^ ox\^�} qB_u[ a XPZBo�J *Ll Ô á W ^ [ J *Il ÔVÔRW�XVZX z [ ab^ ZR[ È � � 	�� ����� Ì Ò � Ü J � @ N5W � @ � Ô � % J *Ll *$* W
� ^Y} q a=^ o�[ zIab^ Z ` y�\^ Z ^�w # a@^28 XPZBgB_ d ^ ZR[f_ `@^�^1; _V��[ ^ gIXPZIZ�\^1^ �B_ w|` y�\^�} qB_t[ a XVZ¢J *Ll OVW l"� y�\^ Z ^�w # a@^ gky ^1; � a [f_t[ a XVZgI_PZBo `@^|w \^18 \^1wf^ ZR[ ab^1` gLq ` _ z X w _t[rX a@wf^i^ o�[igIXPZIZ�\^1^ �B_ wc` y ^1; � wr^ oro a XPZ�orq ab4 _uZR[ ^�È

�
� Ì � @ Ü # � J 
 % Ò�� % W:J Ï % @ Ó % W @ # % � % � � % J � J 
 % Ò�� % W Ò 
 % W Ò N�O 
 % � % Ï Ó

@ ÔvJ 
 % Ò�� % W % % Ï % @ Ó % @ â Õ� � Ú Ò 
 $� �� ��N Ò�
 $����� & Ò � � 
 % � % % Ü Ó %�
Ò N Ò 
 $� � �� Ò 
 $� �� �� �N Ò�
 $��P�� & J Ï % @ Ó % W & Ò N�O Ï Ó %�% Ü 
 % � % Ò J 
 % Ò�� % W % & Ï Ó
@ � 
 % � % % Ï % @ Ó %

�

Ò N Ò 
 $���M�� Ò 
 $� �� �� �N Ò 
 $� � �� && *DÞ J *Ll * ORW
n Z w \^ orq d \^P6 �vXVq w qIZ �FeBX a@; gLXPZIZ�\^ gIq?ZIX d zIwf^ g ^ �v_ w [ a �:q `b^ o � 6 g ^$` _ g/\^ #(\^ Z�\^1wf^ of� ^ Zv� ^mÜ � ^ [mgLq�:XVqI� ` _+# ^ � 6 ZIXPqvo��B_ w [rXVZBo�gky qBZ ^ _ d � `ba [fqBg ^m7�hkj gky ^ ofof_ a Ó �Iq a ocZIXPqvoc�1_ ` �:q ` XVZBo â Õ��� Ú ^ [ â Õ� %� Ú 6 � % ^ [^ Z Ý Z?ZBXPqBo w \^ orX `b4 XVZBo ` y�\^�} qB_t[ a XVZ J *Il ÔVÔRW l � _uZR[ } q ^�` y{\^�} qv_t[ a XPZ¢J *Ll ÔPÔ�Wi_Vg d ^ [|qIZ ^ orX ` qL[ a XPZ 6�`b^ d X�g �^1`b^^ o{[/[rXPq � XPq w o ^1; _P��[ ^ d ^ ZR[�o{X ` q zB`@^Vl � \^ _PZ d X a ZBo 6Pab`�^ o�[ a ZV[I\^1wf^ ofof_uZR[Dg ^ ZIXu[ ^1w�} q ^T`b^
w \^ o{q ` [F_t[Dg ^
` y�\^ Z ^1w # ab^gky ^:; � a [f_u[ a XPZÆgI_uZvo `@^.` _ z X w _t[fX abwr^V6 �Py ^ o�[ ���_ � g a@wf^�` _ 4 _ `b^ q w � w XP� wr^ �:X wrwfa #(\^�^ g ^ ` _ d \^ [reIXLg ^ C 3�� 7ihkj_ 4P^ ��g ^ q ; �:XVZR[ w _ a ZV[ ^ o�Z"y ^ o{[��B_Vo ^:; _V��[ l C�q w�` _ Ý #Vq wr^ J *Ll �VW
X �qxZIXPqBo wr^ � w \^ o ^ ZR[rXVZBo ` _ 4 _ `b^ q w � w XP� wf^�:X wrwfa #(\^�^=^ [(ZIXVZ$�1X wfwra #(\^�^ g ^�` _ d \^ [reIXLg ^ C 3�� 7�hkj % 6 ZIXVqBo&�vXVq 4 XVZBo wr^ d _ wF} q ^1w � ^�w \^ orq ` [F_t[ l�jia ZBo a<6 ZIXPqBo��XPq 4 XPZBo��1XPZB� ` q wr^�} q ^�` _ d \^ [reIXLg ^ C 3�� 7�hkj _ 4V^ �mg ^ q ; �:XPZR[ w _ a ZR[ ^ o 8 XPq w Z a [ ` _*orX ` qL[ a XPZ ^1; _V��[ ^ or_Pq 8��XPq w/` y{\^ Z ^1w # ab^ gky ^:; � a [f_u[ a XPZHgB_uZBo `b^i` _ z X w _t[rX a@wf^PlRn Z 8 _ a [ 6 � ^1` _mZ�y ^ o�[��B_PoDqIZ ^ orq w � wra o ^V6 �Bq a o } q"y XPZ*� ^ qL[�1_ ` �1q `b^1w�` _ 4 _ `@^ q w d X �V^ ZIZ ^ o{q w$` y�\^ [f_u[ 8 XPZvgI_ d ^ ZR[F_ ` gIq¢�:q zv^ g ^H` y XP��\^�w _u[ ^ q w ZIX d zIwf^ g ^ �B_ w [ a �:q `@^ o^ [2ZIXPqBo�X z [ ^ ZIXPZvo|qIZ ^YÝ #Pq wf^ o a d a@` _ abwr^ _Pq ; Ý #Pq wf^ oYJ *Ll N�W ^ [HJ *Ll Ü W�gI_PZBo `b^ �1_Vo|g ^*` _ C 3�� 7�hkj _ 4P^ �qIZ ^ �1XPZR[ w _ a ZR[ ^Pl&n Z 8 _ a [ 6 � ^1` _ d XPZR[ wr^.} q ^�` _ 8 XPZB�:[ a XPZÆgky XVZBg ^.7�hkj Z"y ^ o{[��v_Po ^:; _P�:[ ^Vl&jia Zvo a<6 ZIXPqBo��XPq 4 XPZBoT�:XPZv� ` q wr^2} q ^�` _ d \^ [feIXLg ^ C 3�� 7�hkj _ 4V^ �|g ^ q ; �:XVZV[ w _ a ZR[ ^ oc� ^1w d ^ [|g ^�wf^ [ w XVq 4P^�w�6 � wr^ o } q ^V6[rXVqL[ ^ o `@^ o
X z o ^1wf4 _ zI`b^ o
�1_ ` �1q ` \^1^ o
gI_PZBo�� ^ d XLg �^1`b^Plkh _ w
w _P�I��X w [ �_ ` _.C 3�� 7�hkj _ 4P^ ��qBZ ^ �1XPZR[ w _ a ZR[ ^V6ZIXVqBoc_ 4 XVZBo/�Iq�X z [ ^ Z abwc` y�\^ Z ^1w # ab^ gky ^:; � a [F_t[ a XPZ a ZV[ wra ZBo �^�} q ^
^:; _V��[ ^V6L` y{\^ Z ^1w # ab^i8 XVZBgI_ d ^ ZR[f_ `b^
^:; _P�:[ ^P6L`b^ o4 _ `b^ q w o ^:; _P�:[ ^ o
g ^ o|g ^ q ; �:XVZR[ w _ a ZV[ ^ o ^ [|ZIXVqBo|_ 4 XVZBo
_uqBofo a �Iq�\^�`@a d a Z ^1w�`@^ o
�BqB�:[rqB_u[ a XPZBo|gLq ZIX d zIwf^g ^ �B_ w [ a �1q `b^ o l C ^ q `�` y�\^ [F_t[ 8 XPZBgB_ d ^ ZR[f_ `"7�hkj Z"y ^ o{[��B_Po ^1; _P��[ ^ [i_ a ZBo a Z�\^ � ^ ofo a [ ^
^ ZB�1X wf^ g ^ o�\^ [rqBg ^ o l

� �{� ¨Ð'2!.-�¥1+.©&0:'$!
�
_uZBop� ^ �FeB_u� a [ wf^ ZIXVqBox_ 4 XVZBo w \^ _ `ba oL\^ qIZ ^ ^1; [ ^ ZBo a XPZ g ^ ` _ d \^ [reBX�g ^ C 3�� 7�hkj � ^�w d ^ [{[f_PZR[gky�\^1`ba d a Z ^�w �:X d � `��^ [ ^ d ^ ZR[ `@^ om�vqB��[fqB_t[ a XVZBo�gLq ZIX d zIwr^ g ^ �B_ w [ a �1q `b^ o l�n Z 8 _ a [ 6 # w Õ_V� ^ �_ ` _,orXPqI� `@^ oro ^



� � ��� ����� �����'���
��� NPNVN

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

N/Ω

-1

-0.5

0

0.5

1

1.5

2

E
/Ω

E
0

N+2
+E

0

N-2
-2E

0

N

E
0

N-2
-E

0

N

E
0

N+2
-E

0

N

ωn,c

ωc

g = 1.0

������� *Il � � n Z ^1w # ab^ o�gky ^:; � a [F_t[ a XPZvoiC 3�� 7�hkj % ^ Z 8 XPZv��[ a XPZ gLq wf^ d � `ba orof_+# ^ g ^�` _Y�1XPqB�Fe ^�^ [i�vXVq w qIZ ^�:XVZBo{[f_uZR[ ^ g ^ �1XPqI� ` _$# ^ � Ì NVÛ U l
g ^ ZBXu[ wf^ d \^ [feIXLg ^P6 ZIXPqBo�_ 4 XPZvo&�Iq a ZR[ w XLgLq abwf^ qIZ ^ g ^ q ;La��^ d ^ �:XVZV[ w _ a ZR[ ^ � ^1w d ^ [r[f_uZR[Dg ^cÝI;L^1w=` _ 4 _ `b^ q wd X �P^ ZIZ ^ gI_PZBo ` y�\^ [F_t[ 8 XVZBgI_ d ^ ZR[f_ `�7�hkj gLq¢��_ wfw \^ g ^H` y XV�/\^1w _t[ ^ q w ZIX d zIwr^ [rXu[F_ ` g ^ �v_ w [ a �:q `b^ o �_ of_4 _ `b^ q w�^:; _P�:[ ^Pl � XVqBo=_ 4 XVZBo=_P�I� `bab} q�\^ � ^ [{[ ^i^1; [ ^ ZBo a XPZYg ^�` _ d \^ [feIXLg ^ C 3�� 7�hkj gI_uZBo `@^ �1_Po�gLq d X�g �^1`b^g ^�` _ToL\^ Z a X wra [I\^(^ [(ZIXPqBo&_ 4 XPZBo�X z [ ^ Z�qBo&g ^ [ w��^ o z XPZBo w \^ orq ` [f_u[fo l � XPqBo&o a #VZB_ ` XPZBo } q ^ � ^ d X�g �^1`b^ � ^ qL[cÕ^ [ wf^4 q2�1X d�d ^ qIZ$�1_Vo��B_ w [ a �1q `ba@^�w gIq d XLg �^1`b^ g"y _P�I�B_ wfab^ d ^ ZR[ �_
g ^ q ; Z ab4P^ _Pq ;kl�n Z2� ^/} q a �:XVZB� ^�w Z ^�` y�\^ Z ^1w # ab^gLq 8 XVZBgI_ d ^ ZR[f_ `ª^ [ ^ Z �1X d �B_ w _ a orXPZ _ 4P^ � ` _ d \^ [feIXLg ^ � 3 C 6 ZIXPqBoT_ 4 XVZBo wf^ d _ wF} q�\^|} q ^�` _HC 3�� 7ihkj_ 4P^ �*qIZ ^ o ^ q `b^ �1XPZR[ w _ a ZR[ ^H8 XPq w Z a [�g ^ [ w��^ o z XPZBo w \^ orq ` [f_t[Fo l � ^ � ` qBo 6 gI_uZBo `b^ ��_Po$o � d \^ [ wra } q ^ X �q ` _�:XVqB�Fe ^�^ o{[io ^ d a � wf^ d � `ba@^V6L` _ d \^ [reIXLg ^ C 3�� 7�hkj�6 �:XVZR[ w _ abwr^ d ^ ZR[ �_ ` _ d \^ [reBX�g ^ � 3 C 6 g ^14�ab^ ZR[ ^:; _P�:[ ^Vl
� XPq � XVq w o�_ 4P^ ��qBZ ^ o ^ q `b^ �:XVZR[ w _ a ZV[ ^P6 ZBXPqBo2_ 4 XPZvo wr^ d _ wf} q�\^�} q ^H` _ 4 _ `b^ q w � w XP� wf^ g ^*z _Pofo ^ \^ Z ^1w # ab^ZIXVZ �1X wfwra #(\^�^ g ^|` _ d \^ [feIXLg ^ C 3�� 7�hkj wr^ � w \^ o ^ ZR[ ^ qIZ ^ \^ Z ^1w # ab^ gky ^1; � a [f_t[ a XVZ gIq.o � o�[ �^ d ^�a ZV[ wra ZBo �^�} q ^V6_ ` X w o } q ^P6 � ^1`b`@^ �1X wfwra #(\^�^ �:X wrwf^ or��XPZBg �_ ` y�\^ Z ^�w # a@^ gky ^:; � a [f_u[ a XPZ.gI_uZBo `b^|` _ z X w _t[rX a@wf^Pl�n=`b`b^
wf^ � w \^ o ^ ZR[ ^i`b^ og a@9 \^1wf^ ZB� ^ o ^ ZR[ wf^T`b^ o/Z ab4P^ _uq ;Yw Xu[F_t[ a XPZBZ ^1` oDorqB��� ^ ofo a@4V^ o/gI_uZBo ` y ^ o{�v_P� ^ g ^D� _uq # ^Pl � a@^ Z } q ^V6L` _ d \^ [feIXLg ^C 3�� 7�hkj _ 4V^ �DqIZ ^ o ^ q `b^ �1XPZR[ w _ a ZR[ ^ _ a [=gLXPZIZ�\^ g ^ oª[ w��^ o z XPZBo w \^ o{q ` [F_t[fo 6�` y a ZR[ w XLgLqB�:[ a XPZ�g ^�` _�g ^ q ;La��^ d ^�:XVZR[ w _ a ZV[ ^ _ ^ ZB�1X wf^ _ d \^1`ba X w \^ � ^ o w \^ orq ` [f_u[fo l"n Z 8 _ a [ 6�^ Z a ZV[ w XLgLq a of_uZR[ ` _ g ^ q ;La��^ d ^ �:XVZR[ w _ a ZV[ ^ ZIXPqBo_ 4 XVZBo/X z [ ^ Z�q ` y�\^ Z ^1w # ab^i8 XVZBgI_ d ^ ZV[F_ `b^�^:; _P�:[ ^�^ [ `b^ �vXP[ ^ ZR[ a@^�` �Fe a d a } q ^|^:; _V��[ l� ^ � ` qBo 6 ZBXPqBo
_ 4 XVZBo�X z [ ^ ZRq �vXVq wT` _ 4 _ `@^ q w � w XV� wr^ g ^2` _�C 3�� 7�hkj ` _ 4 _ `b^ q w Z�q `b`@^V6 �uy ^ o{[ �:�_ � g a@wf^qIZ d X�g ^ g ^ � X ` gBo�[fXPZ ^ �B_ wr8 _ a [ l 3 ^ � a Z"y ^ o{[|� ^ � ^ ZBgB_uZR[|�B_Po
qIZ ^ orq w � wra o ^ �B_ w � ^2} q ^�` y�\^ Z ^1w # ab^�^1; _P��[ ^gLq 8 XPZvgI_ d ^ ZR[F_ ` \^ [f_uZR[cqIZ.��X `b� ZªÕX d ^ gky X w g wr^ g ^ q ;H^ Z � 6Ia@`�^ o{[i� ` _ abw�} q�y ^ Z a d �vXRor_PZR[ â Õ� %5Ú Ì � %�XVZ4 _Po wf^ � w XLgLq abwr^
`b^|w \^ o{q ` [F_t[ ^:; _P�:[ l



NPN Ü ���������
	���� ����� � � ������ ���/� ��� 
� ���
�����
	 
�



� 
�� ��������� � ��� 
� � �

� � 	���T� � � � � � � �Ð� � � � � � � �
� � �
� � � �� �¸���

NPN á





� � ���Ð� � � � � �T� �

�
_uZBo�� ^ [r[ ^ �B_ w [ a@^ ZBXPqBo ^ Z 4�a of_+# ^ XPZvo/g"y _P�I� `bab} q ^�w�` _ d \^ [reBX�g ^ C 3 7�hkj �_�qIZ d XLg �^�`@^ of�Fe�\^ d _t[ a } q ^g ^�` _H[fe�\^ X wfa@^ g ^ o|�FeB_ d �Bo l 3 ^ d XLg �^1`b^ gD\^ � wra [|gky qBZ ^ d _PZ a��^1wf^ o a d � `b^�`@^ �1XPqI� ` _+# ^ g ^ o 8�^1w d a XVZBo �_ qIZ�FeB_ d ��g ^cz XVorXPZ�or��_ ` _ abwr^Vlt�"^ [ ^�w d ^ g ^ �1XPqI� ` _+# ^ gB_uZBo `b^ Si_ d ab` [rXPZ a@^ Z�g ^ � ^ d XLg �^1`b^/^ o{[��FeIX a o a g ^ [ ^1`b`b^8 _ ��1XPZ } q"y qIZ ^ [ w _PZBo a [ a XPZ �_�qIZ ^ �IeB_Vo ^ g ^ o � d \^ [ wrab^�zIwra oL\^1^V6 g ^ [ � � ^ � _ d z q � � X ` gIo{[rXPZ ^P6 orX a [i�vXRoro abzI`@^ M� ^�` _pZIXPqBo�� ^1w d ^ [ _ a ZBo a g"y�\^ [rqBg a@^�w�` _p�:XVZBg ^ ZBor_u[ a XPZ�g ^ o z XVorXPZvo l 3 ^ d XLg �^1`b^ } q a �vX w [ ^,`b^ ZIX d g ^d XLg �^1`b^ g ^ �T_ � h�w X 4�a g ^ Zv� a _ ^ [2CI�Fe �qL[{[ ^ J�CL�|QPQPW ^ o{[ ^:; _P�:[ ^ d ^ ZV[morX ` q zI`b^Pl�1Â` _.g/\^����_.o ^�wr4�a ��XPq w [ ^ o{[ ^1w`b^ oi_P�I� w X ;La d _t[ a XVZBo a ZR[ w XLgLq a [ ^ oigI_PZBo `b^ o�� w X zI`��^ d ^ o �_ � �:X w �Bo 6 �:X d$d ^V6 �B_ w�^:;L^ d � `b^P6v`@^ o d \^ [reIXLg ^ o7�hkj o{[f_PZBgI_ w g 6 S�� ^ [�� 3 C lBh _ w �1XPZBoL\^�} q ^ ZR[ 6Lab` �:XVZBo�[ a [fq ^ qIZ z XPZ �1_PZBg a gI_t[���XPq w [ ^ o�[ ^1w�` _ d \^ [feIXLg ^C 3 7�hkj�lB� _�� wr^ d a<�^�wr^ _u�I� `@a �1_u[ a XPZ g ^|` _ d \^ [reIXLg ^ C 3 7�hkj �_Y� ^ d XLg �^�`@^ \^ [I\^
w \^ _ `ba oL\^�^ �B_ w � ^1w [ w _uZBg 5 �
�� 3vJ��cC 3 �(UIN�W l+1Â` o&XPZR[(X z [ ^ Z�qYg ^�z XVZBo w \^ orq ` [F_t[Foª�1XPZB� ^1w ZB_uZR[ 6 � wr^ o } q ^V6 [rXPqI[ ^ o `b^ o=� w XV� wfa \^ [I\^ o"�Ie � o ab} q ^ ogLq d XLg �^�`@^Vl 3 ^ � ^ ZBgI_PZR[ 6ª�_���_uqBo ^ g ^|` _ zIwra orq wr^ _ w [ a Ý � ab^1`b`@^ g ^ o � d \^ [ wrab^ gI_uZBoi� ^ d XLg �^1`b^P6Lab`�� _ 4 _ a [�qIZ� w X zI`<�^ d ^ �1XPZB� ^1w ZB_uZR[ `b^ d XLg ^ or�Iq wfa@^ q ;kl 3 ^ � w X zB`��^ d ^|^ o{[ `@a \^ _Pq 8 _ a [ } q ^ gI_PZBo ` _ d \^ [feIXLg ^ C 3 7ihkjZIXVqBomX z [ ^ ZIXPZBo2qIZ ^�4 _ `b^ q w � w XV� wf^*} q a Z ^ �:X wrwf^ or�vXVZBg �B_Po �_ qIZ ^ \^ Z ^1w # ab^ gky ^:; � a [f_u[ a XPZpgLq o � o�[ �^ d ^V6�:XVZR[ w _ abwr^ d ^ ZR[ �_ ` _ d \^ [reIXLg ^.7�hkj o�[F_uZBgB_ w g } q a gLXPZIZ ^ qIZ d X�g ^ g ^ � X ` gIo{[rXVZ ^Pl(n Z w \^ _ `ba [I\^P6 ZIXPqBog ^�4 XPZvo�X z [ ^ Z a@w qIZ ^ \^ Z ^1w # ab^ gky ^:; � a [f_u[ a XPZ]gLq¢o � o�[ �^ d ^ �v_ w � ^�} q ^�`@^ o � o{[ �^ d ^H^ o�[ Ý Z a�^ [��B_ w � ^�} q ^P6^ Z 8 _ a [ 6B` _Yo � d \^ [ wfa@^�^ o{[T_ w [ a Ý � a@^�`@`b^ d ^ ZV[ zBwra oL\^1^Pl �
_uZvo ` _ d \^ [reBX�g ^m7�hkj o�[F_uZBgB_ w g�ZBXPqBocX z [ ^ ZIXPZvo 6 _Pq�:XVZR[ w _ abwr^V6 qIZ d X�g ^ g ^ � X ` gIo{[rXVZ ^ �Bq a o } q"y ^1`b`@^ o a d q `@^$`b^ ��_Po
gky qBZ o � o�[ �^ d ^�a Z Ý Z a�l �
_uZBo�� ^ [{[ ^ �B_ w [ ab^ZIXVqBo ^ Z 4�a of_+# ^ XVZBoDg"y�\^ [rqBg a@^�w � ^ � w X zI`<�^ d ^
^ Z.g/\^ [f_ a@`<l

NPN *



NPN�O



� �������	��
� �

� � �� �¸� ������� �T� � � � � � � 	� �T�

�"^ d XLg �^1`b^$^ o{[��1X d �vXRoL\^ g ^ g ^ q ; Z ab4P^ _uq ; ZIXP[I\^ oTU���XPq w|`b^ Z a@4V^ _uq a Z 8 \^1wfa@^ q w�^ [�N��vXVq w�`@^ Z ab4P^ _uqorqI��\^�wrab^ q w�l 3 eB_ } q ^ Z a@4V^ _Pq ^ o�[Hg/\^ #(\^ Z�\^1w \^ � 8 X a o 6 X �q � Ì NPÞ1Û�Û1Û:Þ � lD��^ oYXV��\^�w _u[ ^ q w o�g ^ � w \^ _t[ a XVZ ^ [gky _uZIZ a e ab` _t[ a XPZÆ_u�B�B_ w [ ^ ZB_uZR[Y_uq]Z a@4V^ _Pq]orqI��\^�wrab^ q w orXPZR[YZIXu[I\^ o wf^ or� ^ ��[ ab4P^ d ^ ZR[ ! Ê � � ^ [ ! � � M � ^ q ; gLqZ ab4P^ _uq a Z 8 \^�wrab^ q w ! Ê� � ^ [ ! � � l 3 ^ d X�g �^1`b^ �1XPZBo{[ a [rq ^ qBZ ^�^:; [ ^ ZBo a XPZ�gLq d X�g �^1`b^ g ^���a � ERa Z �_Tg ^ q ; Z ab4P^ _uq ;��XPq w�a ZB� ` q wf^ qIZ,�:XVqI� ` _+# ^Y�_$qIZ,�Fev_ d � z XVorXPZ ab} q ^|wf^ � w \^ o ^ ZV[I\^ �B_ w�`b^ o�XP��\^1w _t[ ^ q w o � Ê ^ [ � 6 _ � _PZR[/��XPq w8 X w � ^ g ^ �1XPqI� ` _$# ^ � lB��^ Si_ d ab` [fXPZ ab^ Z gLq d XLg �^�`@^�^ o{[�gLXPZBZ/\^ �B_ w|È1 Ì �� @ � � Ê � @�� J�� � � Ê @ � ' �:W J�N l N5W
X �q � wf^ � w \^ o ^ ZR[ ^m` _ 8 X w � ^ gky a ZR[ ^�w _V��[ a XPZ 8�^1w d a XVZ �<z XVorXPZ M �+� ^ [�� ' Jº_ 4P^ ��� � W
o{XVZR[ `b^ o�XV�/\^1w _t[ ^ q w oig ^} qB_Po a@� or� a Z gLq d XLg �^1`b^ g ^ �"a � E�a Z l�1Â` o�orXPZR[ ^1; � wra d \^ o ^ Z 8 XPZB�:[ a XPZ]g ^ o$XP��\^1w _t[ ^ q w o 8�^�w d a XPZ a } q ^ o$g ^ og ^ q ; �1XPqB�Fe ^ o�g ^|` _ d _uZ a��^�wr^ orq a@4 _PZV[ ^�È

� � Ì Í / ! Ê � / ! � /{Þ�� ' Ì Í / ! Ê� / ! � /
� � Ì NÜ J ��

Ò
� W J�N l Ü W

X �q
� Ì Í / ! Ê� / ! � / Þ ��,Ì Í / ! Ê � / ! � / J�N l á W

orXPZR[ wr^ o{� ^ �:[ ab4P^ d ^ ZV[ `b^ o�XP��\^1w _t[ ^ q w o=ZIX d zIwf^ g ^ [ w XPqBo ^ [�ZBX d zBwr^ g ^ �B_ w [ a �1q `@^ o�gLq o � o{[ �^ d ^VlLj�a ZBo a<6L`b^ZIX d zIwf^ [rXu[F_ ` g ^ �v_ w [ a �:q `b^ o ^ o�[ wf^ � w \^ o ^ ZR[I\^ �B_ w�` y XP��\^1w _t[ ^ q w Õ� gIXPZIZ�\^ �B_ w|ÈÕ� Ì � @ �� Û J�N l Ô�W
h q a o } q ^�`@^ o�XP��\^�w _u[ ^ q w o��+� 6 � ' ^ [�� � X z \^1a oro ^ ZR[/_Pq ;Hwf^1` _t[ a XVZBocg ^ �:X d�d qL[F_t[ a XPZ.orq a@4 _PZV[ ^ o È7 � � Þ	� ' 9 Ì Ü � � ^ [ 7 � � Þ	� - 9 Ì / � - Þ J�N l * W
ab` o2�:XPZvo�[ a [fq ^ ZR[2_ ` X w o�qIZ ^ _ ` # �^1zIwf^ 1 , J Ü W l���^ Si_ d a@` [rXVZ a@^ Z�J�N l N5W��:XPZvo�[ a [fq ^ qIZ d XLg �^�`@^ of�Fe�\^ d _t[ a } q ^g ^2` _�[fe�\^ X wfa@^ g ^ oT�Fev_ d �Boi��_ w�ab` gD\^ � wra [ `b^ �1XPqI� ` _+# ^ g ^ o 8�^1w d a XVZBo �_*qIZ �FeB_ d �,g ^�z XVorXPZ,of�1_ ` _ abwf^PlB��^[ ^�w d ^ g ^ �:XVqI� ` _+# ^ J
�+� � Ê @ � ' �1W ^ o{[/�FeIX a o a g ^ [ ^�`@`b^ d _uZ a<�^�wr^�} q ^�` _�[ w _PZBo a [ a XPZ �_ ` _|�BeB_Po ^ g ^ o � d \^ [ wrab^zIwfa oI\^�^P6 g ^ [ � � ^ � _ d z q � � X ` gIo{[rXPZ ^P6 o{X a [���XVofo abzI`b^PlLh XPq w \^ [rqBg ab^1w/`b^ o/[ w _uZvo a [ a XPZBo/g ^ �IeB_Vo ^�} q a � ^ q 4P^ ZR[o ^ � w XLgLq abwf^ gB_uZBoc� ^ o � o{[ �^ d ^V6 XPZ a ZR[ w XLgLq a [ ` y XP��\^1w _t[ ^ q w g ^ o � d \^ [ wfa@^ > gD\^:Ý Z a �B_ w|È> Ì � Ê � Ò �� J�N l ORW
} q aRwr^ � w \^ o ^ ZR[ ^(` _ig a@9 \^1wf^ ZB� ^=^ ZR[ wr^D`@^ ZIX d zIwr^ g ^Dz XVorXPZvo ^ [ `@^ ZIX d zIwf^ g ^�8�^1w d a XPZvo�gLq�Z a@4V^ _Pq�o{qB�/\^1wfab^ q w�l�
w Õ_P� ^ _uq 8 _ a [ } q ^�`@^ d XLg �^�`@^ or_u[ a o 8 _ a [|qIZ ^ _ ` # �^1zBwr^ 1 , J Ü W 6�ab`=^ o{[ 8 _P� ab`b^ g ^ [ w XVq 4P^�w qIZ ^�z _Po ^ X w [reIX �ZIX w d \^�^ gI_uZvo ` _ } q ^�`@`b^i` _$g a _$#PXVZB_ `ba of_t[ a XVZ*gLq�ST_ d ab` [fXPZ ab^ Z�J�N l N5W ^ o{[ ^:; _P�:[ ^Pl 3 ^ [{[ ^
z _Vo ^�} q a o{XVqBo � [ ^ ZBg

NPNtQ



NPN�� ���������
	����� � ��� 
������� 	!�	'�
��� � � � � ���� � �
` y ^ o{�B_V� ^ g ^ S a@`bzv^�w [igIq d XLg �^�`@^
^ o{[igLXVZIZ�\^�^ �B_ w|È

Ø � � Ú Ì � ��� � Ê�� Ø ��Ú:Þ U�� � � � Þ ��� U J�N l QPW
X �q]Ø ��Ú ^ o{[ ` y�\^ [f_u[TZIXVZ,� ^1w [rq wfz \^ gB_uZBo `b^�} q ^1` [rXVqBo `@^ o 8�^�w d a XPZBo
o ^ [ w XPq 4P^ ZR[TgB_uZBo `@^ Z ab4P^ _uq a Z 8 \^�wrab^ q w M� ^ [�\^ [F_t[ ^ o{[�qIZ g/\^ [ ^1w d a Zv_uZR[�g ^ C ` _u[ ^�w gLXPZIZ�\^ �B_ w�È

Ø ��Ú Ì �
�/ � � ! Ê� / Ø

Ò Ú�Þ J�N l �RW
^ [ ` y _P��[ a XVZ g ^ o�XP��\^1w _t[ ^ q w oDg ^m} qv_Po a � o{� a Z.o{q w � ^ [ \^ [f_u[ ^ o�[igIXPZIZ�\^1^ �B_ w|È

� ' Ø ��Ú Ì UBÞ � � Ø ��Ú Ì Ò � Ü Ø ��Ú�Û J�N l KRW
�
_uZBoc� ^ [{[ ^|z _Po ^�` y XP��\^1w _t[ ^ q w g ^ o � d \^ [ wfa@^ > ^ o{[cg a _$#PXPZv_ `k^ [ ab` _+# a [�g ^|` _ d _uZ a��^1wf^ o{q ab4 _uZR[ ^�È> Ø � � Ú Ì J � Ò � W�Ø � � Ú�Û J�N l N�URW
� _corX ` q zIab`ba [I\^ gLq d XLg �^1`b^(^ o{[�qIZ ^ �:XVZBoL\^�} q ^ Zv� ^ gLq 8 _ a [ } q ^�`@^ ST_ d a@` [rXVZ ab^ Z�1Ð�:X d�d qL[ ^ _ 4P^ � ` y XP��\^�w _u[ ^ q wg ^ o � d \^ [ wfab^ > g ^ o{X w [ ^|} q ^ 1 ^ o�[�# ` X z _ `b^ d ^ ZR[ a Z 4 _ wfa _uZR[�gB_uZBo `b^ o�orXPqvo � ^ or�B_P� ^ oD� w XP� wf^ o�g ^ > È

,�� Ì � Ø � Þ � @	� Ú * M � � Ì UIÞ�Û1Û�Û:Þ � M ��XPq w �
� U
� Ì Ò � Þ�Û1Û�Û�Þ � M ��XPq w Ò � � �
� UIÛ J�N l NPN5W

,��.^ o�[�qIZ ^ or�B_P� ^ � w XP� wf^ g ^ > _ 4V^ � > � Ì � � 6 ��XPq w �� ,��&lLjia ZBo a<6 gB_uZBoDqIZ ^
z _Po ^ X w [reIXVZIX w d _ `ba oL\^1^Ø � � Ú Ì Ø � Þ � @�� Ú
� â � Þ � @	� Ø � Þ � @	� Ú g ^ , � 6=`b^ o¢\^�` \^ d ^ ZR[fo�g ^ d _u[ wfa � ^ ZBXPZÆZ�q ` oHgLq Si_ d ab` [fXPZ ab^ Z 1 orXPZR[

gLXVZIZ�\^ oD�v_ w|È
â � � Ø 1 Ø � � Ú Ì � @ �DJ � @	� W�Þâ � � �	� Ø 1 Ø � � Ú Ì â � � Ø 1 Ø � � �	� Ú Ì � � J � @ N�W1J � Ò

� W:J � @	�0@ N�W:Û J�N l N Ü W
�"^ � w X zI`��^ d ^ _uq ;$4 _ `b^ q w o(� w XP� wf^ o�g ^ 1 o ^iw \^ gLq a [�gLXPZv� �_ ` _mg a _$#PXPZv_ `ba of_t[ a XVZ$gky qIZ ^ d _u[ wfa � ^ g ^ g a d ^ Z �o a XVZ � @ N|�vXVq w �
� U ^ [ig ^ g a d ^ ZBo a XPZ � @	�0@ N|��XPq w �
� U l
����� £Y#&%=+.-/#&+.%(¤ ) ¤ ¥1��©�'$¥1+�#(0:'2! ¤ ���|-/#ª¤ ) ¤��
3 X d�d ^ �1XPZBoI\^�} q ^ ZB� ^ g ^?` y ^:;La o{[ ^ ZB� ^ g ^?` y XP��\^1w _t[ ^ q w g ^ o � d \^ [ wfa@^ > 6/`b^ or� ^ ��[ wr^ ^ Z \^ Z ^�w # a@^ gLqSi_ d a@` [rXVZ a@^ Z 1�� ^ qI[ Õ^ [ wf^ # w XPqB�/\^ ^ Z z _uZvg ^ o �:X d$d ^?`@^ o z _PZBg ^ o w Xu[F_t[ a XPZBZ ^1`b`@^ o�gIq�ZIX � _Pq l � XPqBowf^ � w \^ o ^ ZR[fXPZBo&orq w�` _ Ý #Vq wr^ J�N l N�W } q ^1` } q ^ o(qIZ ^ o/g ^ oD� ^ o z _uZvg ^ o ÈP^ ZY�v_ w [ a �:q `ba@^�w�6 � ^�`@`b^ o } q a gLXVZIZ ^ ZR[ `b^ o\^ Z ^1w # ab^ o `@^ oi� ` qBo z _Voro ^ oT�vXVq w �FeB_ } q ^24 _ `@^ q w � w XV� wf^ g ^ > ^ [|� ^ � a �vXVq w g ^ o��:XVZBo{[f_uZR[ ^ oig ^ �1XPqI� ` _+# ^w \^ gLq a [ ^TÝB; \^1^ o È � Ì ��� �

�
Û J�N l N á W

� y{\^ Z ^1w # ab^|8 XPZvgI_ d ^ ZR[F_ `b^ _ z orX ` q ^ g"y qIZ ^$z _uZBg ^�^ o�[ ` y{\^ Z ^1w # ab^�` _ � ` qvo z _Pofo ^ g ^ [rXVqL[ ^ o `@^ o,\^ Z ^�w # a@^ o8 XPZvgI_ d ^ ZR[F_ `b^ o$g ^H` _ z _PZBg ^Vl&� _ o{[ w qB��[fq wf^*^ Z z _uZBg ^ � ^1w d ^ [�g"y a g ^ ZR[ a ÝB^�w�`@^ o2g a@9 \^1wf^ ZR[ ^ om�Iev_Po ^ o$gLqo � o{[ �^ d ^/} q a g/\^ � ^ ZBg ^ ZR[&g a@wf^ �:[ ^ d ^ ZV[=g ^�` _�o � d \^ [ wrab^Pl5h _ w �:XVZBoL\^�} q ^ ZV[ 6 o a�^1`b`b^/^ o�[=or�vXVZR[f_uZ�\^ d ^ ZR[ zIwfa oL\^1^V6`b^ o � o{[ �^ d ^ o ^ [ w XVq 4P^�^ Z���XPZ ^ g a [ ^ g/\^:8 X w d \^�^P6 o a ZIXPZ ab`"^ o{[ ^ Z �1XVZ ^ g a [ ^ o{�Be/\^1wfa } q ^Pln Z._uZv_ `b� of_uZR[ ` _ Ý #Vq wf^ J{N l N�W 6 XPZ wr^ d _ wF} q ^
} q ^ ��XPq w � ��NYJº�Py ^ o�[ ���_ � g a@wf^T`b^ o 8 _ abzI`@^ o 4 _ `b^ q w ocg ^ �XPq g ^ � ^ [ ^ Z #R_ w gI_uZR[ �x�:XPZvo�[F_uZR[FW 6L` y�\^ [F_t[ 8 XPZBgB_ d ^ ZR[f_ ` _ z orX ` q�gky qIZ ^�z _PZBg ^ �:X wrwf^ or�vXVZBg �_ ` _ 4 _ `b^ q w� Ì U } q av^ o{[ ` _ 4 _ `@^ q w � w XP� wf^ g ^c` y XV��\^�w _u[ ^ q w g ^ o � d \^ [ wfa@^ > �vXVq w�` y�\^ [f_u[ 8 XPZBgI_ d ^ ZR[f_ ` ZIXPZY� ^1w [rq wrz \^
È�uy ^ o{[ ` _ w \^ # a XPZ�or�Ie�\^1wfab} q ^Vl�� � �
� �	� 
�� 2 �t6 ��XPq w ��� N ` y�\^ [F_t[ 8 XPZBgB_ d ^ ZR[f_ ` _ z orX ` q Z ^ �:X wrwf^ or�vXVZBg*� ` qBo �_



�$� �$��� 	�� � ��	 �'�� ��� � ��� ���
��	'�
��� � ��� ��	�� � � 1 NPN�K

-20 -10 0 10 20

L

-60

-40

-20

0

20

40

E

3.0

2.5

2.0

1.5

1.0x=0.0

N=30
α = 3.0

�������cN l N � ��_uZBg ^ o�gLqpor� ^ ��[ wr^ g ^*` y�\^ Z ^1w # ab^$8 XPZBgB_ d ^ ZR[f_ `@^ _ 4P^ � � Ì á,^ [ � Ì á U l 3 eB_ } q ^Yz _uZBg ^�:X wrwf^ or��XPZBg �_2qBZ � g a 9 \^1wf^ ZR[ l
` _ 4 _ `@^ q w � Ì U d _ a o �_Yg ^ o 4 _ `b^ q w o ^ ZV[ a��^1wf^ o�g ^ � } q a Z ^ orXPZR[��B_Vo�ZRq `@`b^ o lB�"^ o � o�[ �^ d ^
^ o{[i_ ` X w o�gI_uZBoof_Y�IeB_Vo ^ g/\^:8 X w d \^1^VlI� _YZv_t[rq wr^ g ^ � ^ [{[ ^ �IeB_Vo ^m^ o�[
g a 9 \^�wr^ ZV[ ^ o{q a@4 _uZR[ `@^ o a #PZ ^ g ^ � l�h XPq w � � U ab`��_$qIZ ^ �:XVZBg ^ ZBor_u[ a XPZ g ^�z XRo{XVZBo ^ [ ` y�\^ [f_u[ 8 XVZBgI_ d ^ ZV[F_ ` _ z o{X ` q ^ o{[ > gLX d a Z�\^�A �B_ w � Ê�� Ø ��Ú ^ [���XPq w � � Uab`�� _YqIZ ^ �1XPZBg ^ ZBof_t[ a XPZ g ^�8�^1w d a XVZBo2Jº�B_ w [ a �:q `@^1� [ w XVqvW ^ [�gI_uZvoT� ^ �1_Vo ` y�\^ [f_u[ 8 XPZvgI_ d ^ ZR[F_ ` _ z orX ` q ^ o{[> gIX d a Z�\^�A �B_ w �+���vØ ��Ú l



N Ü U ���������
	����� � ��� 
������� 	!�	'�
��� � � � � ���� � �



� �������	��
� �

� � � �����
	�� � ��� ���������������

����� � '2!.¤ ) �¤i¦u'�%C� �¤�¤
� _ ��XPZ ^ g/\^:8 X w d \^�^2^ o�[ ` _ w \^ # a XVZ X �q ` _ o � d \^ [ wfa@^ > ^ o{[ zIwfa oL\^�^ M ^1`b`@^H^ o{[2�1_ w _V��[I\^1wfa oL\^1^ �B_ w g ^ o 4 _ �`b^ q w o�g ^H` _,�1XPZBo{[f_PZR[ ^ g ^ �:XPqB� ` _$# ^Yw \^ gIq a [ ^ � � N lªn Z w \^ _ `@a [I\^P6 �Iq a o } q ^*`@^ o � o{[ �^ d ^Y^ o�[$qIZpo � o{[ �^ d ^Ý Z a<6k` _�o � d \^ [ wfab^ > Z�y ^ o�[|�B_Vo
or��XPZR[f_PZ/\^ d ^ ZV[ zIwfa oL\^1^ M ^�`@`b^�^ o{[
� ` qL[tÕXu[�_ w [ a@Ý � a@^�`@`b^ d ^ ZR[ zIwfa oL\^1^ g ^$8 _ ��1XPZor�vXVZV[F_uZ�\^1^ ^ [*��XPq w �1X d � wf^ ZBg wr^.`b^ oY� w XP� wra \^ [I\^ o��Ie � o a } q ^ oYgLq�o � o�[ �^ d ^V6 of_ wf^ o{[f_uq w _u[ a XPZ ^ o�[ 8 XVZBgI_ �d ^ ZR[f_ `@^Vl�7 _P�I� ^�` XVZBomgky _ z X w g } q ^ gI_uZvo ` _ w \^18 \^1wf^ ZB� ^ J���C 3 �=UIN�W 6 � ^1w [ w _uZBg 5	� 
 � 3ªXPZR[�g/\^{���_._u�I� `ba } q�\^` _ d \^ [feIXLg ^ C 3 7�hkj �_ � ^ d XLg �^�`@^ gI_PZBo�o ^ o�g ^ q ; �IeB_Vo ^ omor�Ie�\^�wra } q ^Y^ [2g/\^:8 X w d \^�^Pl�1Â` omXPZR[mqL[ a@`ba oL\^ qIZXP��\^1w _t[ ^ q w gky ^1; � a [f_t[ a XVZ 7ihkj�`ba Z/\^ _ a@wf^�^ Z z XVorXPZ l"� _ d \^ [reBX�g ^ C 3 7�hkj gLXPZIZ ^ g ^$z XPZvo w \^ o{q ` [F_t[foT�B_ ww _u�I��X w [ �_ ` _ 7ihkj o{[f_uZvgI_ w g.�vXVq w
` y�\^ Z ^1w # ab^ gLq 8 XVZBgI_ d ^ ZV[F_ `ª^ [�_uqBofo a ��XPq wT`@^ o \^ Z ^1w # ab^ oigky ^1; � a [f_t[ a XVZgI_PZBo `b^ oTg ^ q ; �BeB_Po ^ o
gLq d XLg �^�`@^V6B^ [ d Õ^ d ^ �_ ` _*[ w _uZBo a [ a XVZ,g ^ �BeB_Po ^P6 X �q ` _ 7�hkj o�[F_uZBgB_ w g g a@4V^1w # ^Vl1Â` o{q z o a o{[ ^ � ^ � ^ ZBgB_uZR[
qBZ � w X zI`<�^ d ^ �:XPZv� ^1w ZB_PZV[ `@^ d X�g ^ or�Iq wfa@^ q ;,} q a gIX a [$Õ^ [ wf^m^ Zv�:X wf^ _P�I� w X 8 XVZBg a<l1Â`k^ o{[ zIab^ Z.�:XPZBZRq } q ^ gI_uZBo ` _ d \^ [feIXLg ^ C 3 7�hkjm6L`b^ d XLg ^ or�Iq wfa@^ q ;*^ o{[ `@a \^ \^ [ w X a [ ^ d ^ ZR[ �_ ` y XP��\^�w _u[ ^ q wgky ^:; � a [f_u[ a XPZ 7�hkjml � ^ � ` qBomorXPZ _u�I�B_ wra [ a XPZÆJ d XLg ^,�_�\^ Z ^1w # ab^ Z�q `b`@^ W wr^ � w \^ o ^ ZR[ ^ qIZ ^ o a #VZB_t[fq wr^ g ^�` _wf^ o{[f_uq w _u[ a XPZ�[rXu[F_ `b^ g ^m` _Yo � d \^ [ wfa@^|^ [��B_ w �1XPZBoI\^�} q ^ ZR[ `@^ [fe�\^ X w��^ d ^ g ^ � X ` gIo{[rXVZ ^|^ o{[Tof_t[ a o 8 _ a [ l �
_uZBo` _ d \^ [reBX�g ^ C 3 7�hkjm6 � ^ � w X zB`��^ d ^ gIq d XLg ^ or�Iq wfab^ q ; ^ o{[ w \^ orX ` q�gI_PZBo `b^ �1_Vo�gLq d XLg �^1`b^ g ^���a � E�a Z �_át� Z ab4P^ _uq ;k6 X �q ` _Yo � d \^ [ wfa@^ g ^|w Xu[F_t[ a XVZ ^ o�[ior��XPZR[f_PZ/\^ d ^ ZV[ zIwfa oL\^�^Pl 3 ^ � a�^ o�[ ^1; � `@a } q�\^ gI_PZBo ` y _ w [ a � `@^ g ^� ^1`ba XVZ 5	� 
 � 3ªJº�
�
C�W l �T_PZBoc� ^ ��_Po��B_ w [ a �1q `@ab^1w�6L` _ w \^ o{X ` qL[ a XVZ�gLq.� w X zB`��^ d ^ gLq d XLg ^ or�Iq wfa@^ q ;H^ o{[ `ba \^�^_uq 8 _ a [ } q ^
` y XP��\^1w _t[ ^ q w gky ^:; � a [f_u[ a XPZ 7ihkj qL[ a@`ba oL\^ gI_uZBo `b^ �1_ ` �1q ` C 3 7�hkj [ ab^ ZR[/�1X d �L[ ^ g ^
` _2o � d \^ [ wrab^g ^$w XP[f_u[ a XPZ l 3 ^ o�_uqI[ ^ q w oTXPZR[|_ ` X w o�X z [ ^ Z�q?qIZ d XLg ^ d XVq¢J d XLg ^ g ^ � X ` gIo{[rXVZ ^ W ^ [ ` _ o � d \^ [ wfa@^�^ o{[[rXP[f_ `@^ d ^ ZR[ wf^ o{[f_Pq w \^1^Vl . w�6 gI_uZBo `b^ d X�g �^1`b^ g ^ �
_ �Âh=w X 4�a g ^ ZB� a _ ^ [�CL�Fe �qL[r[ ^V6"` y XP��\^1w _t[ ^ q w gky ^1; � a [f_t[ a XVZ7�hkj �FeIX a o a@^ �B_ w � ^�w [ w _PZBg�5	� 
 � 3BJ��cC 3 �(UIN�WªZ ^ [ a@^ ZR[(�1X d �L[ ^�} q ^ g ^ o�[ ^1w d ^ o `ba Z�\^ _ a@wf^ o ^ Z z XRo{XVZBo&_ ` X w o} q ^i` y XP��\^�w _u[ ^ q w g ^ o � d \^ [ wrab^ > ^ o�[ } qv_Pg w _t[ ab} q ^�^ Z z XVorXPZ � Ê � l . Z*�vXVq wfw _ a [�gLXPZB��� ^ ZBo ^�wDa ZB� ` q wf^i`b^ o[ ^�w d ^ o
g ^ [ � � ^ � Ê � gI_uZvo ` y XP��\^�w _u[ ^ q w
7ihkj ��XPq w
w \^ o{XVqBg wf^m`@^ � w X zB`��^ d ^Plk~ _ a o�� ^ � a Z"y ^ o{[��v_Po ^ Z 4�a@�of_+# ^ _ zI`b^ �1_ w � Ê � ^ o{[ie ^�w d a [ a } q ^Pl 1Â` ZBXPqBo wr^ o�[ ^ _ a ZBo a qIZ ^ o ^ q `b^ ��XVofo abzIab`@a [I\^YÈ � w XL��\^ g ^1w �:X d�d ^ ��XPq w` y XV�/\^1w _t[ ^ q w gky ^:; � a [f_u[ a XPZ 7�hkj g ^�` y XRor� a@`b` _u[ ^ q w _uZIeB_ w d XVZ ab} q ^�^ [ a ZB� ` q wf^�`@^ o�[ ^�w d ^ ocg ^ [ � � ^ � Ê � Ê ^ [

� � l 3 y ^ o{[i� ^ [r[ ^|a g/\^�^
} q ^ ZIXVqBoc_ `b` XPZBo/[ ^ o{[ ^1w gB_uZBoc� ^ �FeB_u� a [ wf^Pl
�¬{®=¬{® ��¶"½ �Ð²�±�Ã��
�
_uZBo ` _ �1XPZ ^ g/\^18 X w d \^1^�a@`ª^ o{[T� ^1w [ a Z ^ ZV[�g ^m8 _ a@wf^m` _�[ w _uZvo 8 X w d _t[ a XVZ g ^ oTXP��\^1w _t[ ^ q w o 8�^1w d a XPZ ab} q ^ oorq a@4 _PZV[ ^�È

� Ê� � ã ! Ê � � Þ � � � ã ! � � Þ
� Ê� � ã ! � � Þ � � � ã ! Ê� � J ÜIl N5W

j � w��^ o�� ^ [r[ ^ [ w _PZBo 8 X w d _u[ a XPZ 6�`b^ ocXV�/\^1w _t[ ^ q w o�g ^m} qv_Po a � o{� a Z.o{XVZR[cgIXPZIZ�\^ o/�B_ w|È
N Ü N



N ÜVÜ ���������
	��� � �������������� � ����������� 	!���"	��
� � Ì Í � � Ê� � � Ê� � Þ � ' Ì�Í � � � � � � �
� � Ì NÜ Í � J � Ê� � � � � @ � Ê� � � � � W Ò � Ü J ÜIl Ü W

ab` okX z \^�a ofo ^ ZR[ zBa@^ ZmouÕq w [rXPq � XPq w ok_uq ;
w��^ # `b^ okg ^ �:X d�d qL[f_u[ a XPZ|gLq d X d ^ ZR[�� a Z�\^ [ a } q ^Pl � XPqvo ^:9�^ �:[rqIXVZBo"qIZ ^[ w _uZvo 8 X w d _t[ a XVZ�g ^ �DX #PX `@a q z X 4 o{q wi`@^ o�XP��\^�w _u[ ^ q w o�g ^ �v_ w [ a �:q `b^ o } q a � w X ��^ [r[ ^ [rXVqL[ `b^ � w X zI`��^ d ^ gI_uZBo` y ^ o{�B_V� ^ g ^ o } qB_Po a � �B_ w [ a �1q `@^ o l 3 ^ �FeIX a ;x^ o�[ � qBo�[ a Ý \^ �Iq a o } q ^�` _ z _Po ^ g a [ ^ g/\^18 X w d \^1^ g ^ �DX #PX `@a q z X 4g a _+#VXPZB_ `@a o ^ qBZ ^ �B_ w [ a@^ gLqäST_ d a@` [rXVZ ab^ Z l�j ` y _ a g ^ g ^?` _�[ w _PZBo 8 X w d _u[ a XPZ�g ^ �/X$#PX `@a q z X 4�6 XPZ � ^ qL[^:; � wfa d ^�wc`@^ o�XP��\^1w _t[ ^ q w o } qB_Vo a@� �v_ w [ a �:q `b^ o��:X d�d ^ orq a [ È
� � � Ì 
 � � � @ � � Ê� �
� Ê � � Ì 
 � Ê� � Ò�� � � � Û J ÜIl á W

_ 4P^ � 
 % @ � % Ì N l � XPqBo�[ w _ 4 _ a@`b`@^�w XVZBo�gLXPZv�|gD\^ orX w d _ a o�gI_uZBoc� ^ [r[ ^ ZIXVq 4P^�`@`b^�z _Po ^ X �q.ZIXVqBo�g/\^:Ý Z a ofo{XVZBo`b^ o�ZIXVq 4P^ _uq ;�} qB_Vo a@� o{� a ZBo È
� � Ì Í � � Ê � � � Ê� � Þ
� ' Ì Í � � � � � � �
� � Ì NÜ Í � J�� Ê � � � � � @ � Ê� � � � � W Ò � Ü J ÜIl Ô�W

h _ w orq a [ ^P6 XPZ X z [ a@^ ZV[ ` y ^:; � wf^ ofo a XPZ g ^ o } qB_Vo a@� or� a ZBo�X wfa # a ZB_uq ;,È
� � Ì Ò� % � ' @ 
 % � � Ò Ü 
 � � � Þ
� ' Ì 
 % � ' Ò�� % � � Ò Ü 
 � � � Þ
� � Ì 
 � J�� � @ � ' W @ J 
 % Ò�� % W�� � J ÜIl * W

^ [ `b^ o�XV��\^�w _u[ ^ q w oDZIX d zIwf^ g ^ �v_ w [ a �:q `b^ o ^ [�ZIX d zIwr^ g ^ [ w XVqBo È
�� Ì 
 � J�� � @ � ' W @ J 
 % Ò�� % W�� � @ � Ü
� Ì Ò 
 � J�� � @ � ' W Ò J 
 % Ò�� % W�� � @ � Ü Û J ÜIl ORW

3 ^ o�XV��\^�w _u[ ^ q w o 4 \^1wfa Ýv^ ZR[ `b^ o d Õ^ d ^ o w��^ # `@^ oDg ^ �1X d�d qI[f_t[ a XVZ } q ^|`b^ o } qB_Vo a@� o{� a ZBo�X wra # a ZB_uq ;.È7 � � Þ�� ' 9 Ì Ü � � Þ 7 � � Þ�� - 9 Ì / � � J ÜIl QPW
�¬{®=¬� ��± �V±DÃ
�
n Z$� ^c} q a �:XVZB� ^�w Z ^/`b^ oªXP��\^1w _t[ ^ q w o z XVorXPZ a } q ^ o 65` _
� w XL��\^ gLq wf^ o�[F_uZBgB_ w gm��XPq w d ^ [r[ wf^/^ Zp\^14�a g ^ ZB� ^�` _[ w _uZvo a [ a XPZ.g ^ �IeB_Vo ^ J��:XPZvg ^ ZBof_t[ a XVZ g ^ o z XVorXPZBoFW/gI_uZBoc� ^ d X�g �^1`b^ �:XPZvo a o�[ ^*�_ a ZR[ w XLgLq abwr^ qIZ �:XVZBg ^ ZBor_u[

� lB��^ o�XP��\^1w _t[ ^ q w o z XVorXPZ ab} q ^ oco{XVZV[�_ ` X w o�gLXVZIZ�\^ oD�v_ w|È
� � � @ � Þ J ÜIl �RW

^ [�XVZ _ zIab^ Z ouÕq w [rXVq � XPq w o ` _ w��^ # `b^ g ^ �:X d�d qL[f_u[ a XPZ.g ^ o z XVorXPZBo È7 �*Þ � Ê 9 Ì N J ÜIl KRW



� � �$���2����� � 
� � ��� ��
� � N ÜPá
�¬{®=¬�� �p»x¼¶"½I¾ª¿L¶�À�½ ´�¶ � � � ¼¶k¿L½B²�¶
� y XP��\^1w _t[ ^ q w g ^ o � d \^ [ wfa@^ > gB_uZBo ` _ z _Po ^ gD\^:8 X w d \^�^i^ o�[igLXVZIZ�\^ �B_ w|È> Ì > � @ >�� @ > � J ÜLl N�URW

X �q
> � Ì � % Ò � Ü Þ> � Ì Ò 
 � J�� � @ � ' W Ò J 
 % Ò�� % W�� � Þ> � Ì � Ê � @ � J � Ê @ �$W�Û J ÜLl NPN5W\n #R_ `b^ d ^ ZR[ 6 ZBXPqBoc��XPq 4 XPZvo ^1; � wra d ^1wc`b^ �1_ wrw \^ g ^
` y XP��\^�w _u[ ^ q w g ^ o � d \^ [ wrab^ > gI_PZBo ` _ z _Po ^ g/\^:8 X w d \^�^�È> % Ì > %� @ > %� @ > %� @ Ü > � >�� @ Ü > � > � @ Ü >��+> �TÞ J ÜLl N Ü W

_ 4P^ �
> %� Ì �

�
Ò

� % � @ � %Ô> %� Ì J 
 % Ò�� % W % � � � @ 
 % � % J � � � � @ � ' � ' @ Ü � � � ' Ò Ü � � W@ Ü 
 � J 
 % Ò�� % W1J � � � � @ � � � ' W @ 
 � J 
 % Ò�� % W1J � � @ � ' W> %� Ì � Ê � Ê � � @ Ü � J � Ê � Ê � @ � Ê � �2W @ � % J � Ê � Ê @ � �$W@ J Ü � % @ N�W � Ê � @ � J � Ê @ �2W @ � %
Ü > � > � Ì Ò Ü J � % Ò � Ü W:J 


� J � � @ � ' W @ J 
 % Ò � % W � � W
Ü > � > � Ì Ü J � % Ò � Ü W:J � Ê � @ � J � Ê @ �2WrW
Ü >�� > � Ì Ò Ü J 
 � J � � @ � ' W @ J 
 % Ò�� % W � � W � Ê � Ò Ü � J 
 % Ò�� % W:J � Ê @ �$W�� �Ò Ü � 
 � J � � � Ê @ � � � @ � ' � Ê @ � ' �$W�Û

h _ w �1XPZBoL\^�} q ^ ZR[ 6 ZIXPqvo��vXVq 4 XVZBo 8 _P� a@`b^ d ^ ZR[��1_ ` �1q `b^1wc` _ 4 _ wra _uZB� ^ gD\^:Ý Z a �B_ w�È
J�� > W % Ì â=> % Ú Ò âA> Ú % J ÜLl N á W

X �q 6
âA> Ú Ì � % Ò � Ü Ò J 
 % Ò�� % W â � � Ú @ â � Ê �$Úâ=> % Ú Ì �

� @ � % J�N Ò � W @ � %Ô @ J 
 % Ò�� % W %Vâ � � � Ú @ 
 % � % J â � � � � Ú @ â � ' � ' Ú @ Ü â � � � ' Ú Ò Ü â � � Ú{WÒ Ü J � % Ò � Ü W1J 
 %
Ò�� % W â � � Ú @ â � Ê � Ê � �$Ú @ � % J â � Ê � Ê Ú @ â � �2ÚrW @ J�Ô � % Ò � @ N�W â � Ê �$ÚÒ Ü J 
 % Ò�� % W â � � � Ê �$Ú Ò Ü � 
 � J â � � � Ê Ú @ â � � �2Ú @ â � ' � Ê Ú @ â � ' �$Ú{W�Û

�¬{®=¬�« ��¾*�Ð²{·Â¿L±�ÃT²�¶�Ã
�
_uZBo ` _ w \^ # a XPZ g/\^:8 X w d \^1^ X �q ` _�o � d \^ [ wfa@^ > ^ o�[�o{��XPZR[F_uZ�\^ d ^ ZR[ zIwfa oI\^�^P6 �1X d�d ^ ZIXVqBo ` y _ 4 XVZBo�g/\^{���_^:; � `ba } q�\^ � w \^ ��\^ g ^ d$d ^ ZV[ 6 XPZ a ZR[ w XLgLq a [iqIZ ^ �:XPZR[ w _ a ZR[ ^|} q a�ÝI;L^|` _ 4 _ `b^ q w d X �V^ ZIZ ^ g ^ � ^ [{[ ^ o � d \^ [ wrab^�_�of_ 4 _ `b^ q w�^:; _V��[ ^VlRjia Zvo a<6 gB_uZBo ` _ z _Po ^ g/\^:8 X w d \^1^�`b^ ST_ d a@` [rXVZ ab^ Z�_ 4V^ �c�1XPZR[ w _ a ZR[ ^ gLq d XLg �^1`b^ o1y{\^ � wfa [ È1 4 Ì 1 Ò # > Ì � ���� @ 1 �� @ 1 �� @ 1 / � � J ÜLl N1Ô�W

_ 4P^ � È
� ���� Ì � � % @ Ü � � 
 � � Ò � Ü J 
 %

Ò�� % W Ò #=J � % Ò � Ü W



N Ü Ô ���������
	��� � �������������� � ����������� 	!���"	��
1 �� Ì � Ü @ J 
 � @ � � J 
 % Ò�� % W1J � � @ � ' W @ J 
 % Ò�� % Ò Ô � 
 � � W:J�� � @ � Ü W@ #=J 
 � J�� � @ � ' W @ � � J 
 % Ò�� % WrW1 �� Ì � � Ê � @ J�� � Ò Ü 
 � � � � W:J � Ê @ �2W Ò #=J � Ê � @ � J � Ê @ �2W{W1 / � � Ì �

% J 
 % � � Ò�� % � ' W � Ê @ J 
 % � ' Ò�� % � � W � & Û J ÜLl N * W
� ^ � ` qvo 6 gB_uZBoc� ^ [{[ ^|w \^ # a XPZ 6V` y�\^ Z ^�w # a@^ g ^|` y�\^ [f_u[ 8 XVZBgI_ d ^ ZV[F_ `"^ o�[�gLXVZIZ�\^�^ �v_ w|È� Ì â 1 Ú Ì â 1 4 Ú @ # â=> Ú�Û J ÜLl N�ORW
�¬{®=¬�� �p»x¼¶"½I¾ª¿L¶�À�½ ´m¹º¶k³�Ák²Â¿L¾ª¿L²{±�Ã ÄÆÅ$Ç

� XVqBo w _u�I� ^1` XPZvo } q ^m` _ d \^ [feIXLg ^ C 3 7�hkj _ \^ [I\^ g/\^{���_Y_u�I� `ba } q�\^1^ gI_PZBoi� ^ d X�g �^1`b^ �B_ w � ^�w [ w _PZBg 5 �
�� 3&J�cC 3 �=UBN�W l�� y XP��\^�w _u[ ^ q w gky ^1; � a [f_t[ a XVZ 7�hkj _]\^ [I\^ �1XPZBo{[ w q a [ �_��B_ w [ a@w g ^ o�XV��\^�w _u[ ^ q w ocgky ^:; � a [F_t[ a XPZvo
� � 6 � ' ^ [
� Ê 6 � �:X d$d ^ orq a [ ÈÉmÊË ÌÆÏ Ë � � Ò Ó Ë � ' @�� Ë � Ê Ò # Ë �*Þ Ù Ì NVÞ Ü J ÜLl N5QPWX �q `b^ ocXV�/\^1w _t[ ^ q w o � -]orXPZR[�gLXPZBZ/\^ o/�B_ w|È

� - Ì ��-
�
Ò Ü â � � Ú Û J ÜLl N��RW

j�4V^ ��� ^ �FeIX a ; gky XP��\^�w _u[ ^ q w gky ^:; � a [f_u[ a XPZ � ^1w [ w _uZBg 5	� 
�� 3"J�cC 3 �(UIN�W(XPZR[=[ w XVq 4 \^ g ^ [ w��^ o z XPZBo w \^ orq ` [f_t[Fo��XPq wc` y�\^ Z ^�w # a@^ gLq 8 XVZBgI_ d ^ ZR[f_ `<6L`b^ ��Xu[ ^ ZR[ ab^1` �Fe a d a } q ^P6L^ [ ` y qIZ g ^ ocg ^ q ; d XLg ^ o�gky ^:; � a [F_t[ a XPZ 7�hkj�6��_of_ 4 X abw=`b^ d XLg ^ gLqH� wf^ d ab^1w \^ [F_t[ ^:; � a [I\^ � % l�1Â` o{q z o a o�[ ^ � ^ � ^ ZBgI_PZR[ `b^ � w X zB`��^ d ^ gLq d XLg ^ o{�Bq wrab^ q ;Y} q ad XPZR[ wf^�} q ^2` _*o � d \^ [ wrab^ > Z"y ^ o{[T�B_Voi�B_ w{8 _ a [ ^ d ^ ZR[ wf^ o{[f_Pq w \^1^ gI_PZBoT� ^ [r[ ^ �BeB_Po ^Pl 3 ^1` _*� w XPq 4V^m} q ^ � ^�FeIX a ; gky XP��\^�w _u[ ^ q w Z"y ^ o{[T�B_Voi_Voro ^ � wfa �Fe ^P6 �:X d�d ^ ZBXPqBo ` y _ 4 XVZBo�g a of�:qL[I\^ gI_PZBo `b^ �FeB_P� a [ wf^ orq wi`b^ �FeIX a ;g ^.` y XV�/\^1w _t[ ^ q w gky ^:; � a [f_u[ a XPZÆgI_uZBo ` _ d \^ [reBX�g ^ C 3 7ihkjml21Â`c^ o{[ a ZR[I\^1wf^ ofor_PZR[2g ^ �FeIX a o a@w qIZÆXP��\^1w _t[ ^ q wgky ^:; � a [f_u[ a XPZ]_ � _uZR[ ` _ d Õ^ d ^ o � d \^ [ wrab^�} q ^ ` y XP��\^1w _t[ ^ q w g ^ o � d \^ [ wrab^H` q a d Õ^ d ^Vlªh q a o } q"y XPZ Z ^ � ^ qL[�B_Vo a ZB� ` q wf^
`@^ o�[ ^1w d ^ o�g a _+#PXVZB_uq ; g ^ [ � � ^ � Ê �µJ 4 X abw � a@� g ^ ororqBoFW 6 XPZ gLX a [��B_ w �:XVZBoL\^�} q ^ ZV[ a ZB� ` q wr^ g ^ o[ ^�w d ^ o } qv_Pg w _t[ ab} q ^ o ^ Z � g ^ [ � � ^ � Ê � Ê ^ [�� � l �
_uZBoc� ^ �1_Po ` y XP��\^�w _u[ ^ q w g"y ^1; � a [F_t[ a XVZ 7ihkj o1y�\^ � wra [orXPqBo ` _ 8 X w d ^�È É ÊË Ì Ï Ë � � Ò�Ó Ë � ' @�� Ë � Ê Ò # Ë � @ , Ë � Ê � Ê Ò & Ë � �=Þ Ù Ì NPÞ Ü Þ á Û J ÜLl N�KRW_ 4P^ � 6
� - Ì ��-

�
Ò Ü â � � Ú ^ [ � Ê � Ê�Ì � Ê � Ê

� Ü J{N @ Ü â � Ê �$Ú{W Û J ÜLl Ü URW
�"^ o 4 _ `b^ q w o d X �P^ ZBZ ^ o â � � Ú ^ [ â � Ê �$Ú�o{XVZV[ \^�4 _ ` q/\^1^ oDgB_uZBo `b^|4�a g ^|7�hkj g/\^:Ý Z a �B_ w|ÈÉ Ë Ø 7ihkj Ú Ì UIÛ J ÜLl Ü N5W�
_uZBoc� ^ �1_Po 6L`b^ o wf^1` _t[ a XPZvocgky X w [feIXPZBX w d _ `@a of_t[ a XPZ ^ [�g ^�8�^1w d ^ [fq wr^ orXPZR[�gLXVZIZ�\^�^ o/�B_ w|È
�������
	���������������	����������'���!�����
	"�! �

Ï %Ë @�� % Ë @ , %Ë Ò�Ó %Ë Ò # % Ë Ò & %ËxÌ NVÞfÙ Ì NVÞ Ü Þ áÏ � Ï % @�� � � % @ , � , % Ò�Ó � Ó % Ò # � # % Ò & � & % Ì UIÞÏ � Ï � @�� � � � @ , � , � Ò�Ó � Ó � Ò # � # � Ò & � & � Ì UIÞÏ % Ï � @�� % � � @ , % , � Ò�Ó % Ó � Ò # % # � Ò & % & � Ì UIÞÏ % Ó � Ò Ï � Ó % @�� % # � Ò � � # % @ , % & � Ò , � & % Ì UIÞÏ � Ó � Ò Ï � Ó � @�� � # � Ò � � # � @ , � & � Ò , � & � Ì UIÞÏ � Ó % Ò Ï % Ó � @�� � # % Ò � % # � @ , � & % Ò , % & � Ì UIÞ J ÜLl ÜPÜ W



� � �$���2����� � 
� � ��� ��
� � N Ü *
�������
	����������� #%�&��� �&	�)����

Í Ë Ï %Ë Ò�Ó %ËxÌ NPÞ Í Ë � % Ë Ò # % ËmÌ NVÞ Í Ë , %Ë Ò & %ËxÌ NVÞ Ù Ì NPÞ Ü Þ á
Í Ë � Ë Ï Ë

Ò�Ó Ë # Ë Ì UIÞ Í Ë Ï Ë , Ë Ò�Ó Ë & Ë Ì UIÞ Í Ë , Ë # Ë Ò & Ë � Ë Ì U
Í Ë Ï Ë # Ë Ò�Ó Ë � Ë Ì UIÞ Í Ë � Ë , Ë Ò # Ë & Ë Ì UIÞ Í Ë Ï Ë & Ë

Ò Ó Ë , Ë Ì UIÛ J ÜLl Üuá W
3 X d�d ^ ZIXVqBo ` y _ 4 XPZvokgD\^����_ ^:; � `bab} q�\^V6:` y a Z 4P^1w o a XVZ
g ^D` y XP��\^1w _t[ ^ q w gky ^:; � a [F_t[ a XPZ ^ o�[ a d�d \^ g a _u[ ^ M XVZ|X z [ a@^ ZR[_ ` X w o È ������

�

� '
�� �
� �
� Ê� Ê � Ê

�������
�
Ì

������
�

Ï � Ï % Ï � Ó � Ó % Ó
�

� � � % � � # � # % # �, � , % , � & � & % & �Ó � Ó % Ó
� Ï � Ï % Ï �# � # % # � � � � % � �& � & % & � , � , % , �

�������
�

�������
�

É �É %É �É Ê �É Ê%É Ê�

��������
�

J ÜLl Ü Ô�W

�¬{®=¬�� - ¾�¿L½B²rÁ�¶�ÄÆÅ�Ç
C�q ab4 _uZR[ ` _ d \^ [feIXLg ^$^:; � `bab} q�\^�^ gI_PZBo ` _ g ^ q ;La��^ d ^ �B_ w [ a@^$^ [|�B_ w _uZB_ ` X # ab^ _ 4P^ � `b^ ��_Po�gLq d X�g �^1`b^g ^ �B_ a@wfa Z # �_�g ^ q ; Z a@4V^ _uq ;�6��_$�B_ w [ a@w g ^
` y�\^�} qB_u[ a XPZ.oL\^ �:q ` _ abwf^ orq a@4 _PZV[ ^�È

â 7 ;uÉ Þ 7 1 4 Þ É�ÊË 9?9 Ú Ì � Ë â 7 ;uÉ Þ ÉmÊË 9 Ú J ÜLl Ü$* W
XPZ � ^ qL[iX z [ ^ Z abwc`@^ oH\^�} qB_u[ a XPZBocC 3 7�hkj orXPqvo 8 X w d ^ d _t[ wra � ab^1`b`b^ �1X d�d ^ o{q a [ È

������
�

Ñ � ( � Ñ � ( % Ñ � ( � � � ( � � � ( % � � ( �Ñ % ( � Ñ % ( % Ñ % ( � � % ( � � % ( % � % ( �Ñ
� ( � Ñ

� ( % Ñ
� ( � � � ( � � � ( % � � ( �Ò

� � ( � Ò
� � ( % Ò

� � ( � Ò�Ñ � ( � Ò�Ñ � ( % Ò�Ñ � ( �Ò
� % ( � Ò

� % ( % Ò
� % ( � Ò�Ñ % ( � Ò�Ñ % ( % Ò�Ñ % ( �Ò

� � ( � Ò
� � ( % Ò

� � ( � Ò�Ñ
� ( � Ò�Ñ

� ( % Ò�Ñ
� ( �

�������
�

������
�

Ï Ë
� Ë, ËÓ Ë# Ë
& Ë

�������
�
Ì � Ë

������
�

Ï Ë
� Ë, ËÓ Ë# Ë
& Ë

�������
�

J ÜLl Ü ORW

X �q `b^ o�\^�` \^ d ^ ZR[fo�g ^ d _t[ wra � ^|7�hkj orXPZR[�gLXVZIZ�\^ oD�v_ w|È
Ñ � ( � Ì J�N @ #�W:J 
 % Ò � % W Ò Ô � 
 � � @ � �

Ò Ü â � � Úâ � � Ú J Ò� % â � ' � Ê Ú @ 
 % â � ' �2ÚrWÑ � ( % Ì Ñ % ( � Ì Ò � � Ò Ü â � � Ú � %Ñ � ( � Ì Ñ
� ( � Ì Ò Ô � 
 �

� Ü J{N @ Ü â � Ê �$Ú{W â � ' � Ê ÚÑ % ( % Ì J�� Ò #�WÑ % ( � Ì Ñ
� ( % Ì UÑ

� ( � Ì Ü J�� Ò #�W @ Ü � �
Ò Ü â � � ÚN @ Ü â � Ê �$Ú J Ò� % â � � �2Ú @ 
 % â � ' �2ÚrW

� � ( � Ì � �
Ò Ü â � � Úâ � � Ú J 
 % â � ' � Ê Ú Ò�� % â � ' �2ÚrW

� � ( % Ì � % ( � Ì � �
Ò Ü â � � Ú 
 %

� � ( � Ì � � ( � Ì Ò Ô � 
 �
� Ü J{N @ Ü â � Ê �$Ú{W â � ' �$Ú

� % ( % Ì U
� % ( � Ì � � ( % Ì U
� � ( � Ì U J ÜLl Ü QPW



N Ü O ���������
	��� � �������������� � ����������� 	!���"	��
�¬{®=¬�� - ²{Ãi² �Ð²$�R¾ª¿L²{±�Ã ´�¹�¼¶�Ãi¶"½���²{¶

C�q ab4 _uZR[ ` _ d Õ^ d ^ g/\^ d _ w �Fe ^.} q ^ gI_uZvo `b^ ��_PoHgIq d X�g �^1`b^¢�_ g ^ q ; Z ab4P^ _uq ;k6�`b^ o��B_ w _ d �^ [ wf^ oYg ^` _x[ w _uZvo 8 X w d _t[ a XVZ g ^ �/X$#VX `ba q z X 4 
 ^ [ � _ a ZBo a�} q ^ `b^ �1XPZBg ^ ZBof_t[ � o{XVZV[�X z [ ^ Z�qBo �_x�B_ w [ abw g ^ ` _d a Z a d a or_u[ a XPZpg ^*` _ 4 _ `b^ q w d X �P^ ZBZ ^ gLqpSi_ d a@` [rXVZ a@^ Zp�:XVZV[ w _ a ZR[�1 4 gI_uZvo ` y{\^ [f_t[ 8 XPZBgI_ d ^ ZR[f_ `�7�hkjml. Z � ^ qL[TgLXVZB�,\^ � wrabwr^$È
� â 1 4 Ú
� 
 @ � â 1 4 Ú

�
� �

�
� 
 Ì â 7 1 4<Þ � � 9 Ú Ì UIÞ J ÜLl Ü �RW

� â 1 4 Ú
� �

Ì â 7 104�Þ � Ê 9 Ú Ì UBÞ J ÜLl Ü KRW
X �q 6

â 1 4�Ú Ì J�N @ #�W:J � Ü @ J 
 % Ò�� % W â � � ÚrW @ J�� Ò #�W:J � % @ â � Ê �2Ú{W Ò Ô 
 � � � â � � Ú@ Ü � � Ò Ü â � � Ú:J 
 %Râ � � � Ê Ú Ò�� %Vâ � ' � Ê ÚrW�Û J ÜLl á URW
h _ w �:XVZBoL\^�} q ^ ZR[ 6D�_,�B_ w [ a@w g ^ ` y�\^�} qB_u[ a XPZ J ÜIl Ü �VWmXPZpX z [ ab^ ZR[ ` y�\^�} qB_u[ a XPZpgLq]�FeB_ d � d X �P^ Z #(\^ Z�\^�w _ `@a oL\^orq a@4 _PZV[ ^�È Ü � 
 � @ � J � % Ò 
 % W Ì UIÞ J ÜLl á N5W
X �q `b^ #V_u� � _ a Zvo a"} q ^�` y�\^ Z ^1w # ab^Y�_2qBZ ^ �B_ w [ a �:q `@^�wf^ ZIX w d _ `ba oL\^�^ � o{XVZR[cgIXPZIZ�\^ o/�B_ w|È

� Ì Ô � â � � Ú � Þ � Ì = � Ò � �Ü J ÜLl áVÜ W
_ 4P^ � 6

� � Ì Ü % J�N @ #�W â � � Ú @ � �
Ò Ü â � � Ú:J â � � � Ê Ú @ â � ' �2ÚrW &

= � Ì Ò Ü % J�N @ #�W â � � Ú @ � �
Ò Ü â � � Ú:J â � ' � Ê Ú @ â � � �2Ú{W & Û J ÜLl áPá W

�"^ oc_ d � `ba [fqBg ^ o�g ^ �FeB_ d � d X �P^ Z 
 ^ [ � o{XVZV[igIXPZIZ�\^1^ o/�B_ w�È

 % Ì NÜ

% N @ �

� � % @ � % &� % Ì NÜ
% N Ò �

� � % @ � % & Û J ÜLl á Ô�W
� ^|` _ d Õ^ d ^ d _uZ a<�^�wr^V6k�_$�B_ w [ a@w g ^|` y�\^�} qB_u[ a XPZ J ÜLl Ü KRWDXPZ X z [ a@^ ZV[ `b^ �:XVZBg ^ Zvor_u[ � È

� Ì Ü � 
 � â � � Ú
�
Ò # Û J ÜLl á * W

n Z qL[ ab`@a of_uZR[ 6�` _ d \^ [reIXLg ^ g ^ ��_ ` �:q ` g ^ oiZIX d zIwf^ o
gky XL�1�:qB�B_t[ a XVZ g ^ o } qB_Vo a@� �v_ w [ a �:q `b^ oi� w \^ o ^ ZR[I\^�^ gI_uZBo` _|�B_ w [ ab^ �:XVZBof_P� w \^�^ _Pq d XLg �^1`b^ gky _P�I�B_ wrab^ d ^ ZR[ �_mg ^ q ; Z ab4P^ _Pq ;k6 XPZY� ^ qI[/g/\^ gLq abwr^ qBZ ^�^:; � wf^ ofo a XVZ2��XPq w
� � È

� � Ì Ò � Ü @ N� � � � ' @ N� % J � Ò N�W � � % � ' % @ Û�Û1Û1Û J ÜLl á ORW
��^ ZB_PZV[Y�:X d �L[ ^ g ^ J ÜIl Ü ÔRW ^ [*g ^ J ÜLl Ü N5W ^ [�of_uZBo��1XPZIZB_5Õ �@[ wf^*` y{\^ [f_t[ 8 XPZvgI_ d ^ ZR[F_ `�7�hkj ^:; � `ba � a [ ^ d ^ ZR[ 6XPZ � ^ qL[���_ ` �:q `b^1w [rXVqL[ ^ o `b^ o 4 _ `b^ q w o d X �V^ ZIZ ^ o ^ [
_ a Zvo a�8�^1w d ^1w
`@^ o � o{[ �^ d ^ gky�\^�} qB_u[ a XPZBoiZIXPZ � `ba Z�\^ _ abwf^ oC 3 7�hkj�lBh _ w �1XPZBoL\^�} q ^ ZR[ 6�a@` Z ^|wr^ o�[ ^�} q"y �_ w \^ orXPqBg wf^ � ^ o � o{[ �^ d ^ gky{\^�} qv_t[ a XPZvo l



� � � ���2����� ����� 
����� � � � N Ü Q
����� � '2!.¤ ©0" �:�¤�%=0 �H+.¤
�
_uZBo�� ^ [r[ ^mw \^ # a XVZ 6L} q a�^ o�[T��_ w _P�:[I\^�wra oL\^1^ �B_ w qIZ ^ �:XPZvo�[F_uZR[ ^ g ^ �1XPqI� ` _$# ^ � � N 6I` _Ho � d \^ [ wrab^ Z"y ^ o{[�B_Vo zIwfa oI\^�^Pl�1Â`�^ o�[�gLXPZv� a Z�qL[ a@`b^ g ^m8 _ abwr^ qBZ ^ [ w _uZvo 8 X w d _t[ a XVZ g ^ �/X$#VX `ba q z X 4*^ [iZIXPqvoc[ w _ 4 _ ab`@` XPZvo�_ ` X w ogI_PZBo ` _ z _Vo ^ or�Ie�\^�wra } q ^ J z _Vo ^ g ^ �B_ w [ a �1q `b^ oFW M gI_uZvo�� ^ �1_Vo�XPZ � ^ qL[.\^ � wfa@wf^2È


 % Ì NPÞ � % Ì U Ì�� � � � � Ì � � �
� Ê � � Ì � Ê� � J ÜLl á QPW

h q a o } q"y ab` Z"y � _Pq w _H�B_PoTg ^$zIwra orq wr^ g ^ o � d \^ [ wrab^ Jº�1XPZBg ^ ZBof_t[ a XVZ,g ^ o z XRo{XVZBoFW 6�`@^ o z XVorXPZBoTZ ^ o{q zBa ofo ^ ZR[� ` qBo�g ^*> ore a@8 [ AI6Va@` Z"y � _Pq w _
� ` qBoDg ^ �FeB_P� ^ _uq d ^:;La �1_ a Z 6u`b^ �1XPZBg ^ ZBof_t[�g a o{�v_ w _�Õ �@[=_ ` X w o ^ [�XVZ�� ^ qL[*\^ � wfa@wf^��XPq wc`b^ o z XVorXPZvo È
� Ì �tÛ J ÜLl á �RW�
_uZBoc� ^ [{[ ^ �IeB_Vo ^�^ [i_ 4V^ ��� ^ [{[ ^ g/\^:Ý Z a [ a XVZ 6I`b^ ST_ d ab` [fXPZ ab^ Z gLq d XLg �^1`b^ g ^14�ab^ ZR[ È

1 Ì � Ü @ � � @ � � Ê � @�� J�� � � Ê @ � ' �:W J ÜLl á KRW
�¬�c¬{® ÄÆÅ�Ç �/¶�· � �P¯?±DÃ
��²$�V¿L¾(Ã�¿L¶

� XVqBo w _u�I� ^1` XPZBo } q ^|` y�\^ [f_u[ 8 XPZBgI_ d ^ ZR[f_ `"7�hkj ^ o{[igD\^:Ý Z a �B_ wc` _ wr^�` _u[ a XPZ.o{q a@4 _uZR[ ^$ÈÉ�ÊË Ø 7ihkj Ú Ì UIÞ J ÜLl ÔVURW
^ [ } q ^V6 gI_uZvo ` _ d \^ [reIXLg ^ C 3 7�hkj�6I`b^ o�\^ [f_t[Fo ^:; � a [I\^ omØ ÙBÚ�o{XVZV[�g/\^:Ý Z a o��B_ w|ÈØ ÙIÚ Ì�ÉmÊË Ø 7�hkj Ú:Û J ÜLl ÔBN5W�
_uZBoc� ^ [{[ ^|w \^ # a XPZ ` y XP��\^1w _t[ ^ q w gky ^:; � a [f_u[ a XPZ 7�hkj ^ o{[�gLXPZIZ�\^ �B_ w|ÈÉ�ÊË�Ì�Ï Ë � � Ò Ó Ë � ' @�� Ë � Ê Ò # Ë � @ , Ë � Ê � Ê Ò & Ë � �=Þ Ù Ì NPÞ Ü Þ á J ÜLl Ô Ü W_ 4P^ � È

� - Ì � -
�
Ò Ü â � � Ú ^ [ � Ê � Ê/Ì � Ê � Ê

� Ü J�N @ Ü â � Ê �:Ú{W Û J ÜLl Ô á W
� ^�} q a � w XPq 4V^2} q ^ â 7 É Ë Þ É ÊË 5 9 Ú Ì ; Ë6( Ë65 lkh�w XL��\^ gI_PZV[
g ^2` _ d Õ^ d ^m8 _ ��1XPZ } q ^ gI_PZBo ` _ w \^ # a XPZ,g/\^:8 X w d \^�^P6` y XV�/\^1w _t[ ^ q w gky ^:; � a [F_t[ a XPZ 7ihkj¸^ o{[i_ ` X w o a Z 4V^1w oL\^Pl � ^ � ` qvo 6v^ Z qL[ a@`ba of_uZR[ `b^ g/\^:Ý Z a [ a XPZ gLq 4�a g ^�7�hkj XVZ� ^ qL[i��_ ` �:q `b^1w [fXPqBo `b^ o�gIXPq zI`b^:� �:X d�d qL[F_t[ ^ q w o ^ [i_ a ZBo a X z [ ^ Z abwc`@^ oH\^1` \^ d ^ ZR[fo�g ^|` _ d _u[ wfa � ^�7ihkjÐÈÑ � ( � Ì N @��

� ' % 
 ��� �

��� � â � ' �$Ú M � � ( � Ì �

� ' % 
 ��� �

��� � â � ' � Ê ÚÑ � ( % Ì Ñ % ( � Ì U M � � ( % Ì � % ( � Ì � �

Ò Ü â � � ÚÑ � ( � Ì Ñ � ( � Ì U M � � ( � Ì � � ( � Ì UÑ % ( % Ì � M � % ( % Ì UÑ % ( � Ì Ñ � ( % Ì U M � % ( � Ì � � ( % Ì UÑ
� ( � Ì Ü � @ Ü � � ' % 
 � � ��$�(% 
 ��� � � â � ' �2Ú M � � ( � Ì UIÛ

J ÜLl ÔPÔ�W

n Z|qI[ ab`@a or_PZR[ ` y a Z 4V^1w o a XPZ�g ^=` y XP��\^�w _u[ ^ q w gky ^:; � a [f_u[ a XPZ 7�hkjx^ [ ^ Zv�:X wf^ qIZ ^=8 X a o ` _cgD\^:Ý Z a [ a XVZmgLq 4�a g ^�7�hkjm6XPZY� ^ qI[ 8 _P� a@`b^ d ^ ZV[��1_ ` �1q `@^�w=`b^ o 4 _ `@^ q w o d X �P^ ZBZ ^ o ^ Z 8 XPZv��[ a XPZ�g ^ oD_ d � `ba [fqBg ^ o 7�hkj�lV� _�g ^ ZBo a [I\^2�_mqIZ�:X w �vo�� � ^ o{[�X z [ ^ Z�q ^�^ Z.qL[ a@`ba of_uZR[ ` y�\^�} q a@4 _ `@^ ZV[�gLq g/\^14P^�` XV�I� ^ d ^ ZR[|J ÜLl á ORW/gI_uZBo ` _ w \^ # a XPZ o{�Be/\^1wfa } q ^2È
� � Ì Ò � Ü @ N� � � � ' @ N� % J � Ò N�W � � % � ' % @ Û�Û1Û:Û J ÜLl Ô * W

h _ w �1XPZBoL\^�} q ^ ZR[ 6 XPZ � ^ qL[ 8 _V� ab`@^ d ^ ZR[ ^:; � wfa d ^1w â � � Ú ^ Z 8 XVZB��[ a XVZxg ^ om_ d � `@a [rqvg ^*7�hkjml � ^*` _ d Õ^ d ^d _uZ a<�^�wr^|` y�\^ Z ^�w # a@^ gLq 8 XPZBgI_ d ^ ZR[f_ ` gI_PZBo ` _ d \^ [feIXLg ^ C 3 7ihkj ^ o{[
_PqBofo a gIXPZIZ�\^1^m^ Z 8 XPZB�:[ a XPZ,g ^ oT_ d �� `ba [fqBg ^ o 7�hkj �B_ w|È
� Ì � Ü @ â � � Ú @ � â � Ê �:Ú @ � �

Ò Ü â � � Ú % â � � � Ê Ú @ â � ' �1Ú & Û J ÜLl ÔVORW



N Ü � ���������
	��� � �������������� � ����������� 	!���"	��



� �������	��
� �

� �� ��� �c�����Ð� � � � ��� � � � ���T� �

� XVqBo�_ wfwrab4 XVZBo d _ a ZR[ ^ ZB_uZR[ �_ ` y _uZB_ `@� o ^ g ^ o w \^ orq ` [F_t[Fo�X z [ ^ ZRqvoY_ 4P^ � ` _ d \^ [feIXLg ^ C 3 7�hkjml � XPqBo� w \^ o ^ ZR[fXPZBo|gky _ z X w g `b^ o w \^ o{q ` [f_u[fomgIqp�1_ ` �:q `�^:; _V��[ 6�^ ZBorq a [ ^ ZIXPqBo ^:9�^ �:[rqIXVZBo ` _,�:X d �B_ w _ a o{XVZ g ^ ZIXRow \^ orq ` [f_t[Foc_ 4P^ �
� ^ q ; g/\^{���_$X z [ ^ Z�qBoc�B_ w � ^1w [ w _uZBg 5	� 
 � 3 ^ Z qI[ ab`@a or_PZR[ `@^ d Õ^ d ^�8 X w d _ `@a o d ^V6 d _ a o ^ Z Z ^[ ^ ZB_uZR[=�:X d �L[ ^�} q ^ g ^ oª[ ^1w d ^ o `@a Z�\^ _ abwr^ o ^ Z z XVorXPZBo&gI_PZBo ` y XP��\^1w _t[ ^ q w gky ^1; � a [f_t[ a XVZ 7�hkj�lun=4�a g ^ d�d ^ ZR[ 6XPZ��:X d �B_ wf^ _uqBofo a ZBXVo w \^ orq ` [f_t[Fo&_ 4P^ �/� ^ q ; g ^c` _ d \^ [feIXLg ^�7�hkj o�[F_uZBgB_ w g�J�� ^�w KV�uW l � XPqvo(�:X d�d ^ Z ��:XPZvogky _ z X w g �B_ w
` _*� w \^ o ^ ZR[f_t[ a XVZ,g ^ o w \^ orq ` [f_u[fo
gLq?��_ ` �:q `&^:; _V��[ ^ [ ^ ZBorq a [ ^ ZIXPqBo�g/\^ [f_ a@`b` XPZBo ` _ g a or�1qBoro a XPZg ^ o w \^ o{q ` [F_t[fo�g ^|` _ d \^ [feIXLg ^ C 3 7�hkjml
�Y��� � �¤�©&+ ¥F#&�
#ª© ¤ � �|-/#ª©
�"^ o w \^ o{q ` [F_t[fo ^1; _V��[Fo|o{XVZV[�X z [ ^ Z�qBo ^ Zxg a _$#PXVZB_ `ba of_uZR[ `@^ Si_ d a@` [rXVZ a@^ ZxgLq d XLg �^�`@^Vl 3 X d�d ^ � ^1` _ _\^ [I\^ g/\^����_2o a #PZB_ ` \^P6u`b^ d XLg �^�`@^ � w \^ o ^ ZR[ ^ qIZ ^ o�[ w qB�:[rq wf^i^ Z z _PZBg ^ o a d a@` _ abwf^ _uq ;�z _uZBg ^ o w Xu[F_t[ a XVZIZ ^1`b`b^ o/gLqZIX � _uq l C�q w
` _ Ý #Pq wr^ J áIl N�W�XPZ d XVZV[ wr^2} q ^1` } q ^ o z _uZBg ^ o�g ^�` y�\^ Z ^�w # a@^m8 XPZBgI_ d ^ ZR[f_ `@^ g ^ � ^ d XLg �^1`b^�^ Z8 XPZv��[ a XPZ g ^�` y a ZR[ ^�w _V��[ a XPZ w \^ gLq a [ ^$È

� Ì ��� �
�
Þ

��XPq w qIZ ^ �:XPZvo�[F_uZR[ ^ g ^ �1XPqI� ` _+# ^2z XVorXPZ ab} q ^ � Ì á ^ [m��XPq w qIZ�ZIX d zIwr^ g ^ �B_ w [ a �1q `b^ o � Ì á U l�n Z^:; _ d a ZB_PZV[$_t[{[ ^ ZR[ ab4P^ d ^ ZR[ `b^ o$g ^ q ; Ý #Pq wf^ o 6 XVZ wr^ d _ wF} q ^*} q ^P6 o{q ab4 _uZR[ `b^ o 4 _ `b^ q w o�g ^ o2�B_ w _ d �^ [ wf^ o
� 6 � ^ [ � Jº�uy ^ o{[ �:�_ � g abwr^ g ^ � W 6=`@^ o � o{[ �^ d ^ � w \^ o ^ ZV[ ^ qIZÆ�FeB_PZ # ^ d ^ ZR[�g ^ �IeB_Vo ^Vl . Z¢�1XPZBo{[f_u[ ^ [rXPqI[gky _ z X w g } q ^ �vXVq w � � N,J 8 _ a@zB`@^ o 4 _ `b^ q w omg ^ � XVqxg ^ � ^ Z #R_ w gI_uZR[ � ÝB;�^ W 6�`@^ o � o�[ �^ d ^ g ^ d ^ q wf^[rXVq � XPq w o�gI_PZBo�qIZ ^ �IeB_Vo ^ g a [ ^ �IeB_Vo ^ or�Ie�\^�wra } q ^P6 �Iq a o } q ^
` y�\^ Z ^�w # a@^i8 XPZBgB_ d ^ ZR[f_ `@^ _ z o{X ` q ^ �:X wrwf^ or��XPZBg�_ ` _ 4 _ `b^ q w � w XV� wr^ g ^H` y XP��\^1w _t[ ^ q w g ^ o � d \^ [ wfab^ > ��XPq w2` y{\^ [f_t[ 8 XVZBgI_ d ^ ZR[f_ ` ZIXPZ�� ^1w [rq wfz \^ È � Ì U l3 ^ � ^ ZvgI_uZR[ 6 ��XPq w J ��� N5WiJ=# w _uZBg ^ o 4 _ `@^ q w o/g ^ � XVq�g ^ � W 6�`b^ o � o�[ �^ d ^ �FeB_uZ # ^ g ^ �IeB_Vo ^
^ [ ` y�\^ Z ^1w # ab^8 XPZvgI_ d ^ ZR[F_ `b^ _ z o{X ` q ^ Z"y ^ o{[
� ` qBo�� ^�`@`b^ �1X wfwr^ o{��XPZvgI_uZR[ �_ � Ì U d _ a oT�1X wfwr^ o{��XPZBg �_HqIZ ^$4 _ `b^ q w g ^ �ZIXVZ�Z�q `b`@^/^ [(o{q a@4 _uZR[ `@^ o a #PZ ^ g ^ � 6 XPZ�� ^ qL[=gD\^:Ý Z a@wª` _�ZB_u[rq wf^ gIq2�:XVZBg ^ ZBor_u[ } q a o ^=8 X w d ^Plth _ w�^:;L^ d � `b^P6��XPq w � � U ab`�� _�qBZ ^ �:XPZvg ^ ZBof_t[ a XVZHg ^�z XVorXPZBo�_ ` X w o } q ^ ��XPq w �
� U ab`k� _uq w _2qIZ ^ �:XVZBg ^ Zvor_u[ a XPZ�g ^�B_ w [ a �1q `@^1� [ w XVqBo l � XPqBoc_ 4 XPZBo 4 q ^ Z ^:9�^ [ } q ^�` y ^ o{�v_P� ^ g ^ S a@`bz�^1w [ ^ o{[igD\^:Ý Z a �B_ w�`b^ o 4V^ �:[ ^ q w o È

Ø � � Ú Ì � � � � Ê�� Ø ��Ú�Û J áBl N5W
h _ w orq a [ ^ o a � � U 6B` y�\^ [F_t[ 8 XPZvgI_ d ^ ZR[F_ `"^ o�[ > gLX d a Z/\^�A �B_ w�` _��v_ w [ ab^|z XRo{XVZ ab} q ^ � Ê�� Ø ��Ú 6 �1XPZR[ w _ abwf^ d ^ ZR[_uq¢�1_Po�X �q � � U } q a �:X wrwf^ or�vXVZBg �_,qIZ ^ > gIX d a Zv_t[ a XPZ A g ^H` _ �1XPZBg ^ ZBof_t[ a XVZpg ^ �B_ a@wf^ o2g ^�8�^1w d a XPZvo
�+���IØ ��Ú$J��B_ w [ a �1q `@^1� [ w XVqvW l�7 _P�I� ^�` XVZBo } q ^2` y�\^ Z ^�w # a@^m8 XPZBgI_ d ^ ZR[f_ `@^ _ z orX ` q ^2} q a �1X wfwr^ o{��XPZBg �_ ` y�\^ [f_u[ `b^� ` qBo�o{[f_ zI`@^ gLq d XLg �^�`@^V6L^ o{[ ` _�� ` qBo�� ^ [ a [ ^ \^ Z ^�w # a@^ g ^ [rXVqL[ ^ o�� ^ oH\^ Z ^1w # ab^ o 8 XPZBgI_ d ^ ZR[f_ `@^ o l�
_uZBo `@^ [f_ zI`@^ _uq áBl NHXPZ gLXVZIZ ^�` y�\^ Z ^1w # ab^�8 XPZBgI_ d ^ ZR[f_ `@^ _ z orX ` q ^ ��XPq w qIZ ^�z _uZvg ^ � �� 6&` _ 4 _ `b^ q w� w XP� wf^ g ^|` y XP��\^1w _t[ ^ q w g ^ o � d \^ [ wfa@^ > �1X wfwr^ o{��XPZvgI_uZR[ ^ ZIXu[I\^1^ � 6L`@^ o�� ` qvo z _Pofo ^ o*\^ Z ^1w # ab^ o/gky ^1; � a [f_t[ a XVZ
� � -	� Ì � �� -�� Ò � �� 6 � � -(% Ì � �� -�% Ò � �� ^ [ ` y�\^ Z ^1w # ab^ gLq � wf^ d a@^�w Z a@4V^ _Pq ^:; � a [I\^ � � � Ì � �� Ò � �� 6��XPq w g a@9 \^1wf^ ZR[ ^ o 4 _ `@^ q w oªg ^c` _��:XVZBo{[f_uZR[ ^ g ^ �1XPqI� ` _+# ^Dw \^ gLq a [ ^ � �:XPq 4Rw _uZR[ `@^ o(g ^ q ;2w \^ # a XVZBo�gLq d XLg �^�`@^Vl

N Ü K



N á U ���������
	���� � � � 
��� �'� 	 �	2����	 ������� �'� ���
���

-20 -10 0 10 20

L

-60

-40

-20

0

20

40

E

3.0

2.5

2.0

1.5

1.0x=0.0

N=30
α = 3.0

������� áBl N �?C�� ^ ��[ wr^ g ^�z _PZBg ^ g ^�` y{\^ Z ^1w # ab^�8 XVZBgI_ d ^ ZR[f_ `b^ �vXVq w � Ì áI6 � Ì á U��1X d�d ^28 XVZB��[ a XVZ g ^` y a ZR[ ^1w _P�:[ a XPZ � Ì �
� � Î l

C a � � -�� �1X wfwr^ o{��XPZvg �_ ` _2g a 9 \^1wf^ Zv� ^ g"y�\^ Z ^1w # ab^i^ ZR[ wf^T`b^ Z a@4V^ _uq 8 XPZBgB_ d ^ ZR[f_ ` _ z orX ` q�g ^ o � d \^ [ wfa@^ � ^ [`b^ o�� wf^ d ab^1w oH\^ [F_t[fo ^1; � a [I\^ ocg ^ o � d \^ [ wrab^ � / N 6 � � -(% �:XVZB� ^�w Z ^
`b^ o�\^ [f_u[fo ^:; � a [I\^ ocg ^ o � d \^ [ wfab^ � / ÜLl
�Y��� � 0:©ª-�+.©�©&0:'$! ¤�# % �¤�©ª+ ¥�#ª�
#&© ¤T!�£ ¨�� � ¡

� XPqL[=gky _ z X w g 6 ZIXVqBo w _u�I� ^1` XPZBo } q ^�`b^ d X�g �^1`b^ g ^ �T_ � � w X 4�a g ^ ZB� a _ ^ [DCI�Fe �qL[{[ ^ d \^1` _uZ # ^D`b^ o 8�^1w d a XPZvo^ [ `@^ o z XVorXPZBo l1h _ w �:XVZBoL\^�} q ^ ZR[ 6 o{XVZ�[ w _ a [ ^ d ^ ZV[ªgI_uZBo `@^ o�_P�I� w X ;�a d _t[ a XVZBo"g ^ [ � � ^ �FeB_ d � d X �V^ Z|o�y _ 4��^�wr^qIZx� ^ qpg a@9 \^1wf^ ZR[ } q ^*`b^ o d XLg �^�`@^ o �_ 8�^1w d a XPZvo|XPq �_ z XVorXPZBo l 1Â`�^ o�[ zBa@^ Zp�:XPZBZRq } q ^Y` y _P�I� `ba ��_t[ a XVZ�g ^` _ d \^ [feIXLg ^ C 3 7�hkj �_?g ^ o d XLg �^1`b^ o�Z ^ d \^1` _uZ # ^ _uZR[m�B_Vo `b^ o 8�^1w d a XVZBo ^ [ `@^ o z XVorXPZBo$gLXVZIZ ^ g ^ [ w��^ oz XPZBo w \^ orq ` [f_t[Fo l&j�a ZBo a�6 ZIXVqBo ^ or��\^�w XVZBo } q ^ o{XVZ _u�B� `@a �1_u[ a XPZ �_?� ^ d XLg �^�`@^ ZIXPqBo�gLXVZIZ ^ _uqBofo a g ^ [ w��^ oz XPZBo w \^ orq ` [f_t[Fo�J��
CLKBN M ��CLKPO M CL� 7 K�Q M �|h � �&KP� M �
STCLUVU M �T��C��=UVU M S ~ ��CLU Ü M 7 � 3 CLU Ü W l �T_PZBo�� ^ [�B_ w _$# w _u�Ie ^ ZIXVqBo/_ `b` XVZBo(� w \^ o ^ ZR[ ^1w=`b^ o w \^ o{q ` [F_t[foDg ^�` y _P�I� `ba ��_t[ a XVZHg ^�` _ d \^ [reIXLg ^ C 3 7�hkj��_m� ^ d XLg �^�`@^Vln Z 8 _ a [ 6 � ^ [ w _ 4 _ ab`�^ o�[�qBZ ^�^:; [ ^ ZBo a XPZ 6 �:X d�d ^ � ^�` _�_p\^ [I\^ gD\^����_$o a #VZB_ ` \^ _Pq g/\^1z qI[cg ^ � ^ [r[ ^ �B_ w [ a@^V6 gky qIZ[ w _ 4 _ ab`&^:9�^ ��[fq�\^ �B_ w � ^�w [ w _PZBg 5	� 
 � 3 l���^ o w \^ orq ` [f_t[Fo�gD\^����_�X z [ ^ Z�qBo|gB_uZBo ` _ w \^18 \^1wf^ Zv� ^ J���C 3 �(UIN�W 4 XPZR[Õ^ [ wf^ ZIXP[I\^ o > C 3 7�hkj J�Ô�W AI6 [F_uZBg a o } q ^�`@^ o�Z�ÕXu[ wr^ o�o ^�w XVZV[�ZIXP[I\^ o > C 3 7�hkj JºOVW AIlI��^ o�_ w #Pq d ^ ZV[Fo/Ô ^ [�O2Z ^orXPZR[D�B_VoD�FeBX a o a o��v_ w eB_Pof_ w g M ab` o a ZBg a } q ^ ZR[ `@^ oDg a d ^ ZBo a XPZBo/g ^ o d _t[ wra � ^ o 7ihkj gI_PZBo��FeB_ } q ^ ��_Po l � XPqBoo a #VZB_ ` XPZBo|_PqBofo a�} q ^ gB_uZBo ` _,C 3 7�hkj J�Ô�W `@^ o|ZIX d zIwf^ omg"y XL�1�1qI�B_u[ a XPZxo{XVZR[��1_ ` �:q ` \^ o�_uqx� wf^ d ab^1w X w g wf^^ Z � � � ' gLq.gD\^14V^1` XP�I� ^ d ^ ZV[|J ÜIl á OVW/_ ` X w o } q ^ � ^ q ; g ^�` _YC 3 7ihkj JºORW�o{XVZR[/��XPqBofoL\^ o�_uq.o ^ �:XVZBg*X w g wr^Vlj�4 _PZV[�g ^ �1X d�d ^ ZB� ^1w=` _�g a of�:qBofo a XVZYZIXPqBo w _P�I� ^1` XPZBo zBwra��^14V^ d ^ ZR[ ` y ^ oro ^ ZR[ a@^�` g ^ o w \^ orq ` [f_u[fo(X z [ ^ ZRqvo ` X w og ^|` y _P�I� `ba ��_t[ a XVZ g ^|` _ d \^ [feIXLg ^ C 3 7�hkj JºÔRW lBn Z.�:X d �v_ w _ a o{XVZ�_ 4P^ � ` _ d \^ [feIXLg ^|7�hkj o�[F_uZBgB_ w g ^ [ `b^ ow \^ orq ` [f_t[Fo ^:; _P�:[fo 6t` _ d \^ [reIXLg ^ C 3 7�hkj J�Ô�W&_
gIXPZIZ�\^1^ g ^�z XVZBo w \^ orq ` [f_u[fo&�:XVZB� ^�w ZB_PZR[ ` y�\^ Z ^�w # a@^�8 XPZBgB_ d ^ Z �[f_ `@^ gI_PZBo `@^ o&g ^ q ; �1XPZ ^ o&o{�Be/\^1wfa } q ^�^ [(g/\^18 X w d \^1^D^ [�\^ #R_ `b^ d ^ ZR[���XPq wª`b^ o2\^ Z ^�w # a@^ o�gky ^:; � a [f_u[ a XPZ$X z [ ^ Z�q ^ o�_ ` y _ a g ^ g ^ o�g a@9 \^1wf^ ZB� ^ o"g"y�\^ Z ^1w # ab^ o��1_ ` �:q ` \^�^ o"oI\^ �B_ w \^ d ^ ZV[ l 1 d � `@a � a [ ^ d ^ ZR[ 6 � ^�` _ a ZBg a } q ^D} q"y ^1`b`b^ _�gLXVZIZ�\^�^g ^mz XPZvo w \^ orq ` [f_t[Foc��XPq wT`@^ ��Xu[ ^ ZR[ ab^1` �Fe a d a } q ^Pl��"^ o ^ q ` � w X zI`<�^ d ^m} q a o{q z o a o{[ ^m^ o�[T� ^1` q a g ^m` y a g ^ ZR[ a ÝI��1_u[ a XPZ,g ^ o 4 _ `b^ q w oi� w XV� wf^ oiC 3 7ihkjµ�_*g ^ o.\^ Z ^1w # ab^ ocg"y ^1; � a [F_t[ a XVZ,gLq o � o{[ �^ d ^Pl �
_uZvo `b^ oTg ^ q ; w \^ # a XVZBogLq d X�g �^1`b^P6 qIZ ^
4 _ `b^ q w � w XP� wf^P6 � ^�`@`b^ g ^ ev_uqL[ ^ \^ Z ^1w # ab^ ZBXu[I\^1^ � % 6 _�\^ [I\^Ta g ^ ZR[ a@Ý \^1^ _ ` X w o } q ^
` y _PqL[ wf^ g ^8 _ abzI`b^ \^ Z ^1w # ab^ � � 6�} q a&^ o�[ `@a \^1^2a ZR[ a d ^ d ^ ZV[ �_ ` _ zBwra o{q wr^ g ^�` _�o � d \^ [ wrab^ > gI_PZBo ` _ ��XPZ ^ g/\^18 X w d \^1^P6 _\^ [I\^ca g ^ ZR[ a Ý \^1^ o ^ q `b^ d ^ ZV[/gI_uZBo ` _ w \^ # a XPZ�or�Ie�\^�wra } q ^PlPj q*Z ab4P^ _uq*g ^ oD_P�I� w X ;�a d _t[ a XVZBo(g ^ �Fev_ d � d X �P^ Z 6



��� � ��������� �'� ���
��� ��	 � 
��� �'� 	 �	2��� ���������� N á N
� � � �� � � �	� � � '(� � � �(% � � ' % � � �U l U U U l UPUPUVUPUVU áIl UPUVUPU N l UVUPUPU O l UVUPU ÜLl UPUVUPU Ô l UPUVUPUU l N U � U l UVURQ * N á ÜLl KPK Ü$* U l KVK á U *Il KV� * N l KP�VO * áIl KP�VOPUU l Ü U � U l U á U Ü N á ÜLl KPOVKP� U l K�Q�N�� *Il KPÔVU N l KuÔ * Q áIl KuÔ á QU l á U � U l UVOP� * KRQ ÜLl K á N * U l K á OIN *Il �VO á N l �RQuOPK áIl �RQ Ü ÔU l Ô U � U l N Üuá *$* Ô ÜLl �RQuORQ U l �V� *PÜ *Il Q * Ô N l QPQuKIN áIl QPQuUPKU l * U � U l N�KPOPÔ�Q5Ô ÜLl �PUPÔ á U l �BN��PU *Il OVUPK N l O * U á áIl O á Q5ÔU l O U � U l Ü �PKPÔ á * ÜLl Q�N Üuá U l Q áPá U *Il Ô Ü O N l ÔV�V�IN áIl ÔVOVK áU l Q U � U l ÔRU * *$* N ÜLl * KV� Ü U l O Ü � Ü *Il Ü UPU N l Ü �VKIN áIl Ü O áVÜU l � U � U l * ÔVKVOPUP� ÜLl Ô * �IN U l * UPUPO Ô l K Üuá N l UuÔR�RQ áIl UIN�ÔVKU l K U � U l Q Ü K á OPK ÜLl Ü �VO * U l á ÔVOIN Ô l * �RQ U l QtOBN1Ô ÜLl Q�N�KRQN l U U � U l K * �PÔVKP� ÜLl URQ *$* U l N * KPK Ô l N��PU U l Ô Ü N Ü ÜLl á QtÔ ÜN l N � N � N l áRÜ OPÔVURQ U l UPO Ü Ô U l UV�P� * N l ��QPQ U l á UBN�O ÜLl á U Ü QN l Ü ��Ü �ÂÜIl NVNPNtQtUuÔ U l UPKBN1Ô U l U�Q *$* U l ÔRUuÔ U l Ü �VK á ÜLl á QuKuÔN l á �Âá � áBl Ü *$* K á � U l UuÔ á * U l N ÜPÜ U U l Ü KIN U l á � *$* ÜLl * KVUPUN l Ô �Âá � Ô l QLN1Ô *uá U U l N ÜPá U U l U * �IN U l ÔRO á U l Ü Q Ü � ÜLl O Ü � *N l * �Âá � O l Ô Ü$* Ô * Q U l N *Pá Q U l U Ü �P� U l * N Ü U l ÜPÜ UP� ÜLl QPQuUPON l O �Âá � � l á �PU á Q á U l N1Ô Ü Ô U l U áVÜ O U l ÔROPK U l ÜPÜ QtK ÜLl KPK�QtKN l Q �Âá � N�U l *$* *uá O U l N�U ÜPÜ U l UVO Ü Q U l á Q Ü U l Ü � á � áIl Ü �BN�ON l � �Âá � N ÜLl K Ü UP�PK U l UuÔ á O U l NVNPN�� U l Ü ÔBN U l á QuORQ áIl * K�Q�NN l K ��Ü � N *Ll Ô�Q * UP� U l NPNtQ5Ô U l U Ü ORQ U l á Q Ü U l Ü UBN�U áIl �POVKuÔÜLl U ��Ü � N�� l Ü NtQ5Ô * U l U áRÜ Ô U l N�UuÔ�Q U l N�K * U l á * UP� Ô l ÜPÜ KPKÜLl N � N �ÂÜ N l N á QtU * U l UPOVK á U l U * OPU U l Ü * O U l Ü Ô á K Ô l OPU áVÜÜLl Ü U �ÂÜ Ô l Ü N�KPUPU U l UP�VKIN U l U Ü$* N U l Ü � * U l N5QLN�K *Ll U ÜVÜ KÜLl á N �ÂÜ Q l ÔVOV� Üuá U l UPKVO * U l UVUP� Ü U l Ü KPU U l N Ü �PO *Ll Ô�QLN ÜÜLl Ô Ü � á U l �P� *uá U U l UPKPÔ�Q U l UVU Ü U U l Ü QtK U l N�U�QtO *Ll K á � áÜLl * á � á Ô l ÔVOV� áVÜ U l UP�VOIN U l UVU á Q U l Ü * O U l N�U á � O l ÔBN��PKÜLl O Ô � á � l Ü N�Ô Ü N U l URQ Ü O U l UBNPN�O U l ÜVÜ Ô U l NPN áPá O l KIN�U áÜLl Q * � Ô ÜLl NPN�K Ü O U l U * *PÜ U l U Ü ÔBN U l N�� * U l N áRÜ K Q l ÔBN�UPKÜLl � O � ÔRO l N5QuKPOuÔ U l U á ÔVK U l UPÔVU Ü U l N�ÔVU U l N�OVUuÔ Q l KIN�KP�ÜLl K Q � * U l á KBN * U U l UIN Ü Ô U l U * KIN U l UVK Ü U l N�KPÔBN � l Ô á OPOáIl U K � * Ô l QtO Ü KPO U l U *VÜ O U l UBNPN�� U l N�OPO U l UPKBN�K K l N ÜPá Ô

����� � áIl N � n Z ^�w # a@^ o 8 XPZBgB_ d ^ ZR[f_ `@^ o�_ z orX ` q ^ o ^:; _P�:[ ^ o 6 � �� 6 ��XPq w g a@9 \^1wf^ ZR[ ^ o 4 _ `b^ q w oªg ^�` _i�1XPZBo{[f_PZR[ ^ g ^�:XVqI� ` _+# ^�w \^ gLq a [ ^V6 � lIh XPq w �FeB_ } q ^T4 _ `b^ q w g ^ � 6 XPZHgIXPZIZ ^ _uqvoro a�6R`b^ oD� ` qvo z _Pofo ^ oY\^ Z ^1w # ab^ o�gky ^1; � a [f_t[ a XVZ_ 4P^ � � Ì � / N 6 � � -�� Ì � �� -�� Ò � �� 6k^ [ � Ì � / ÜI6 � � -�% Ì � �� -�% Ò � �� 6k^ [ `@^ � wf^ d ab^1w Z ab4P^ _uq^:; � a [I\^ � � � Ì � �� Ò � �� l
�Iq a o } q ^ � ^ d XLg �^1`b^�^ o{[D�:XVZBo a g/\^1w \^ �:X d�d ^ qIZ�o � o{[ �^ d ^�Ý Z a�6R` _mo � d \^ [ wfa@^c^ o�[�_ w [ a@Ý � ab^1`b`@^ d ^ ZR[ zIwfa oI\^�^ J ^1`b`b^Z"y ^ o{[D�B_Vo w \^1^�`@`b^ d ^ ZV[ zBwra oL\^1^ W ^ [DXVZYZ ^ gLX a [/�B_Po�X z [ ^ Z abw qBZ d X�g ^ g ^�� X ` gBo�[fXPZ ^V6 �:X d�d ^ gI_uZvo ` _ 7�hkjml�
_uZBo ` _ d \^ [reBX�g ^ C 3 7ihkjm6k` X w o } q"y XPZ wr^ o�[F_uq wf^ � ^ [r[ ^ o � d \^ [ wfa@^V6 � ^ [r[ ^�4 _ `b^ q w � w XP� wf^ gLX a [mo1y a g ^ ZR[ a@ÝB^1w_ 4P^ �
qIZ ^ \^ Z ^1w # ab^ �B_ w d a"`@^ o \^ Z ^1w # ab^ o�gky ^:; � a [f_u[ a XPZ gLq,o � o�[ �^ d ^ J 4 X abw �FeB_u� a [ wf^|zIwfa orq wf^�^ [ wf^ o{[f_Pq w _u[ a XPZg ^ o � d \^ [ wfa@^ W l 3 ^ � ^ ZBgB_uZR[ 6L`b^ � w X zI`��^ d ^P6 gI_PZBo�� ^ d XLg �^1`b^P6 o1y _ 4��^1wf^ qIZ � ^ q.gD\^1`ba �1_t[��Iq a o } q ^T` _�o � d \^ [ wrab^_ wr^ o�[F_uq wf^1wª^ o{[=qIZ ^ o � d \^ [ wfab^D`ba \^1^ _uq$ZIX d zIwr^ g ^ �B_ w [ a �1q `b^ o } q a ��XVofo �^ g ^ g ^ oª[ ^1w d ^ o&e ^1w d a [ ab} q ^ o l"� XPqBo_ 4 XVZBo���XPq w [f_PZV[ ^ ofor_ � \^ gky a Zv�:X w ��X wf^1w g ^ oc[ ^�w d ^ o } qB_Pg w _u[ a } q ^ o ^ Z z XRo{XVZBo�gI_PZBo ` y XP��\^�w _u[ ^ q w gky ^:; � a [f_ �[ a XPZ 7�hkjm6 gI_PZBo `@^Tz qL[cgky qI[ ab`@a o ^�w qIZHXV�/\^1w _t[ ^ q w _ � _uZR[ ` _ d Õ^ d ^ o � d \^ [ wfa@^T} q ^T` y XV��\^�w _u[ ^ q w g ^ o � d \^ [ wrab^> 6I} q ak^ o{[ } qB_Pg w _t[ ab} q ^T^ Z XP��\^1w _t[ ^ q w o�g ^�z XVorXPZBo M � ^1` _2�1XPZBo{[ a [rq ^
` _ d \^ [feIXLg ^ C 3 7�hkj J�OVW l �
_uZvo/[rXPqI[� ^�} q a o{q a [ 6 XPZY[ w _ 4 _ ab`b`@^ gI_uZBo ` _2�1XPZ Ý #Pq w _t[ a XVZ*_ � _uZR[/qIZ ^ �:XPZvo�[F_uZR[ ^ g ^ �:XPqB� ` _$# ^Tz XRo{XVZ ab} q ^ � Ì á�^ [qIZ ZIX d zIwf^ g ^ �B_ w [ a �1q `@^ o � Ì á U l � XVqBo|_ `b` XVZBo
�:X d�d ^ Zv� ^1w �B_ w � w \^ o ^ ZR[ ^1w
`b^ o w \^ orq ` [F_t[Foi�:XVZB� ^�w Zv_uZR[` y�\^ Z ^1w # ab^28 XPZBgI_ d ^ ZR[f_ `@^V6 �Iq a o \^ [rqBg ab^1w|` y a g ^ ZR[ a@Ý �1_u[ a XPZxg ^ o 4 _ `@^ q w o�� w XV� wf^ omC 3 7�hkj JºORW ^ [ ^ Z Ý Z�ZIXPqBo_ `b` XPZBoH\^�4 X } q ^1w�^ [ig a of�:qL[ ^1wc` y a g/\^�^ g ^|` _��1X wfwr^ ��[ a XPZ g ^ o 4 _ `@^ q w o�� w XV� wr^ o�gI_uZBo ` _ d \^ [feIXLg ^ C 3 7�hkjmln Zp� ^H} q a �1XPZB� ^1w Z ^Y` y�\^ Z ^1w # ab^ gLq 8 XVZBgI_ d ^ ZV[F_ `<6�`b^ d Õ^ d ^ of��\^ ZB_ wra X } q ^ � ^�` q a gLq d XLg �^�`@^ �_,g ^ q ;



N áRÜ ���������
	���� � � � 
��� �'� 	 �	2����	 ������� �'� ���
���
Z ab4P^ _uq ; o ^�w \^ � �^ [ ^Pl�� _ d \^ [feIXLg ^ C 3 7�hkj _ d \^�`@a X wf^=` _T� wra o ^/^ Z��:X d �L[ ^ g ^ oª�1X wfw \^1` _t[ a XPZvo�gI_PZBo ` y�\^ [F_t[ 8 XPZ �gI_ d ^ ZR[f_ ` �B_ wªw _u�B�vX w [ �_ ` _ d \^ [reIXLg ^/7�hkjm6�> of_uZvo zIwfa o ^�wfAc`b^ � wra ZB� a � ^D4 _ wra _t[ a XVZIZ ^1`<l C�q w&`@^ o Ý #Pq wf^ o/J áBl Ü W^ [*J áIl á WiZIXPqBo wf^ � w \^ o ^ ZR[rXPZvo `b^ o,\^ Z ^1w # ab^ o
g ^�` y�\^ [F_t[ 8 XPZBgB_ d ^ ZR[f_ ` gI_uZBo `b^ o|g ^ q ;,w \^ # a XVZBo 6 or�Ie�\^�wra } q ^�^ [g/\^18 X w d \^1^V6 gLq d XLg �^�`@^Vlvn Z XPqL[ wr^V6 ��XPq w
^ Z of_ 4 X a@w � ` qvoTorq w � ^2} q a o ^ �B_Pofo ^ _uq 4 X a o a ZB_$# ^ gLq?�vX a ZR[
g ^[ w _uZvo a [ a XPZ 6 ZIXVqBo wr^ � w \^ o ^ ZR[rXVZBo=gI_PZBo ` _ Ý #Pq wf^ J áIl ÔRW=qIZ._+# w _uZvg a ofo ^ d ^ ZR[Dg ^
` _2�1XPq wfzv^ g ^
` y�\^ Z ^1w # ab^c8 XPZ �gI_ d ^ ZR[f_ `b^i` XL�1_ `@a oL\^ _uqL[fXPq w g ^ � Ì N l � XVqBo wr^ d _ wf} qIXVZBo=orq w � ^ o Ý #Vq wr^ o } q ^T` _ d \^ [reBX�g ^T7�hkjäzIwra o ^i`b^� wfa Zv� a � ^T4 _ wra _t[ a XVZIZ ^�`�6R^ ZHg/\^ � a [/gIq 8 _ a [ } q"y ^1`b`@^ gLXVZIZ ^ g ^ o w \^ o{q ` [F_t[fo=� ` qvo�� w XL�Fe ^ oDg ^ o w \^ orq ` [f_t[Fo ^1; _V��[Fo} q ^�` _ d \^ [reIXLg ^ C 3 7�hkjml � ^ � ` qvo 6 _uq 4 X a o a ZB_+# ^ g ^i` _�[ w _PZBo a [ a XPZ*g ^ �IeB_Vo ^V6V} q a o ^ � w XLgLq a [ �_ � Ì N 6P` _4�a X ` _u[ a XPZ gLq � wfa ZB� a � ^�4 _ wra _t[ a XVZIZ ^�` g ^14�ab^ ZR[T_Pofo ^ � a d ��X w [f_PZV[ ^Pl ��y _ ab`@`b^ q w o 6 � ^�` _�Z�y ^ o�[i�v_Po�orq w � wr^ ZB_uZR[ 6ab`/^ o�[ `@a \^��_ ` _ 4�a X ` _u[ a XPZpgLq¢� wfa ZB� a � ^ g ^�h _Pq `@a gI_PZBo ` _ d \^ [reIXLg ^ 7�hkjml � XVqBo$_ 4 XPZvo�g/\^{���_ wf^ ZB�1XPZR[ w \^� ^ � w X zI`��^ d ^ gI_PZBo `@^ d XLg �^1`b^?�_ g ^ q ; Z ab4P^ _Pq ;�^ [2ZBXPqBo ` y _ 4 XVZBo�_ z XVZBgI_ d�d ^ ZR[2g a of�:qL[I\^Pl&h _ w �:XPZR[ wr^V6ab`=^ o{[ a ZR[I\^1wf^ ofor_PZR[�g ^ g a of�:qL[ ^1wm`b^ o w \^ o{q ` [f_u[fo|g ^Y` _ d \^ [feIXLg ^ C 3 7�hkjÐ^ [ ` _ o ^ ZBo abzIa@`ba [I\^ g ^Y` _ d \^ [feIXLg ^_uq �1_ ` �1q ` gLq ZIX d zIwr^ gky X����:qI�v_t[ a XPZ l+� XPqvo w _u�B� ^�` XVZBo } q ^ �Py ^ o�[ ` _2o ^ q `b^|} qB_uZR[ a [I\^ _u�B� w X ;La d \^1^ gB_uZBo ` _d \^ [feIXLg ^ C 3 7�hkjml �T_PZBo `@^ [f_ zI`b^ _uqÆJ áBl Ü W�ZBXPqBo
� w \^ o ^ ZR[fXPZBo `@^ o w \^ o{q ` [F_t[foTg ^�` y{\^ Z ^1w # ab^m8 XVZBgI_ d ^ ZV[F_ `b^

0 0.2 0.4 0.6 0.8 1

x

-1

-0.8

-0.6

-0.4

-0.2

0

E
gs

E
gs

(Exact)

E
gs

(SCRPA(6))

E
gs

(SCRPA(4))

E
gs

(RPA)

������� áIl Ü � n Z ^1w # ab^ g ^ ` y�\^ [f_u[ 8 XPZBgB_ d ^ ZR[f_ ` _ z o{X ` q � �� gI_uZvo ` _ �1XPZ ^ o{�Ie�\^1wfab} q ^.^ Z 8 XVZB��[ a XVZ�g ^ ` _�:XVZBo{[f_uZR[ ^ g ^ �1XPqI� ` _$# ^�w \^ gLq a [ ^ � l
^:; _V��[ ^V6 C 3 7�hkj JºORWk�Iq a o�C 3 7�hkj JºÔRW 6 gky qIZ ^ �v_ w [ ^ Z|qL[ a@`ba of_uZR[ `b^ g/\^14P^�` XV�I� ^ d ^ ZR[�J ÜIl á OVW�_Pqmo ^ �:XPZvgTX w g wr^V6orX a [ > � �� 	 ����� " � & J � ��W AB6I^ [igky _uqI[ wf^ �B_ w [ ^ Z.qL[ ab`ba of_uZR[ `@^ g/\^14V^1` XP�I� ^ d ^ ZR[mJ ÜIl á OVW/_uq � wf^ d ab^1w X w g wf^P6 orX a [> � �� 	������ " � & J ��W Ac^ [ 7�hkj�l � XVqBo wf^ d _ wF} qIXPZvo } q ^(`@^ g/\^14V^1` XP�I� ^ d ^ ZR[=J ÜIl á OVW ^ o�[ w _u� a g ^ d ^ ZR[��:XVZ 4V^1w # ^ ZV[ 6�:X d�d ^ � ^�` _ ^ o{[
_t[r[ ^ ZBgLq l�h _ w _ ab`@`b^ q w o 6 ZIXVqBoiZBXu[rXVZBo } q ^V6 gI_uZBo ` _ w \^ # a XPZ or�Ie�\^�wra } q ^P6v`@^ o w \^ o{q ` [f_u[fo�g ^` _ d \^ [feIXLg ^ C 3 7�hkj J�OVWTo{XVZR[ > � wr^ o } q ^�AYa g ^ ZR[ a } q ^ o�_uq w \^ o{q ` [F_t[ ^1; _P��[ 6 d Õ^ d ^ _uq 4 X a o a Zv_+# ^ gLq ��X a ZR[g ^ [ w _PZBo a [ a XVZ l �
_uZBo ` _ w \^ # a XVZ or�Ie�\^1wfab} q ^V6L` _Y� w \^ � a o a XPZ g ^m` _ d \^ [feIXLg ^ C 3 7�hkj o1y�\^ [ ^ ZBg._Pq } qv_t[ wfa��^ d ^�Fe a@9�wf^ _P� w��^ o `b^$4Rabw #Pq `b^Pl�h=w��^ o�gIq ��X a ZV[�g ^ [ w _uZBo a [ a XVZ 6B`b^$w \^ o{q ` [F_t[Tg ^�4�a@^ ZV[T[ w��^ oTo ^ ZBo a@zI`b^ _Pq �1_ ` �1q ` gLqZIX d zIwf^ g"y XL�1�1qI�B_u[ a XPZ M �uy ^ o{[|�vXVq w � ^�` _ } q ^�`@^ � wf^ d ab^1w X w g wf^ gLq�g/\^�4P^�` XV�I� ^ d ^ ZR[
Z ^ orq���[|�B_Po
��XPq wwf^ or� ^ ��[ ^�wT`b^ � wra ZB� a � ^ g ^$h _uq `ba<l�jia ZBo a<6 ZBXPqBo wr^ d _ wF} qBXPZBo } q ^$` y�\^ Z ^1w # ab^�8 XPZvgI_ d ^ ZR[F_ `b^ � �� 	 ��� � " � & J �RWzIwfa o ^�` \^ # �^1wf^ d ^ ZR[ `b^ � wfa ZB� a � ^�4 _ wfa _u[ a XPZIZ ^�` _ ` X w o } q ^ ��XPq wc` _YC 3 7�hkj J�Ô�W:J 1 1 Wco ^ q `k`b^m} qB_t[ wra��^ d ^ �Fe a 9�wf^�FeB_PZ # ^ M �uy ^ o{[��vXVq w � ^1` _ } q"y XPZY� ^ qL[cg abwr^i} q ^i` _ d \^ [reIXLg ^ C 3 7�hkj ��XVofo �^ g ^ qIZ��1_ w _P�:[ �^�wr^/4 _ wfa _u[ a XPZIZ ^1`<l�
_uZBo ` _ w \^ # a XPZ|g/\^:8 X w d \^1^V6 ZIXVqBo wf^ d _ wF} qIXPZvo } q ^�` y a ZB� ` qvo a XPZ�g ^ o�[ ^1w d ^ o } qB_Pg w _t[ ab} q ^ o�gI_PZBo ` y XP��\^�w _u[ ^ q wgky ^:; � a [f_u[ a XPZ 7ihkj g a d a Z�q ^
` \^ # �^1wf^ d ^ ZR[ ` _�� wfa o ^�^ Z��:X d �L[ ^ g ^ o/�:X wfw \^1` _t[ a XVZBo&gI_uZBo ` y�\^ [f_u[ 8 XPZvgI_ d ^ ZR[F_ `<lh XPq w _ 4 X abw � ` qBo�g"y a Z 8 X w d _t[ a XVZ�orq wm`b^ o2�:X wrw \^1` _t[ a XVZBo 6 ZBXPqBo|� w \^ o ^ ZR[rXPZvo `@^ o w \^ orq ` [F_t[Fomg ^ o \^ Z ^�w # a@^ ogky ^:; � a [f_u[ a XPZ�� � -�� } q a o ^ ��_ ` �:q `b^ ZR[ �_ ` y _ a g ^ g ^ oTg a@9 \^�wr^ ZB� ^ o ^ ZR[ wr^|` y�\^ Z ^�w # a@^
8 XPZvgI_ d ^ ZR[F_ `b^ � �� ^ [ `b^ o



��� � ��������� �'� ���
��� ��	 � 
��� �'� 	 �	2��� ���������� N áVá

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

x

-50

-40

-30

-20

-10

0

E
gs

E
gs

(Exact)

E
gs

(SCRPA(6))

E
gs

(SCRPA(4))

E
gs

(RPA)

������� áIl á � n Z ^1w # ab^ g ^ ` y�\^ [F_t[ 8 XVZBgI_ d ^ ZV[F_ ` _ z orX ` q � �� gI_PZBo ` _ ��XPZ ^ g/\^:8 X w d \^�^ ^ Z 8 XPZv��[ a XPZ�g ^,` _�:XVZBo{[f_uZR[ ^ g ^ �1XPqI� ` _$# ^�w \^ gLq a [ ^ � l

0.8 0.9 1 1.1

x

-2.5

-2

-1.5

-1

-0.5

E
gs

E
gs

(Exact)

E
gs

(SCRPA(6))

E
gs

(SCRPA(4))

E
gs

(RPA)

������� áBl Ô � j # w _PZBg a oro ^ d ^ ZR[�g ^�` _$�1XPq wfz�^ g ^|` y�\^ Z ^1w # ab^ g ^�` y�\^ [f_u[ 8 XPZBgI_ d ^ ZR[f_ ` Jº_uq 4 X a o a ZB_+# ^ gLq.��X a ZR[g ^ [ w _PZBo a [ a XPZ�W l
\^ Z ^1w # ab^ o�g ^ oH\^ [F_t[fo ^1; � a [I\^ o.� �� -	� l �
_uZBo `b^ o Ý #Pq wf^ o|J áIl * W ^ [�J áIl OVW 6 ZIXPqvo wr^ d _ wf} qIXVZBo } q ^|`@^ o w \^ orq ` [f_t[Fog ^ ` _ d \^ [feIXLg ^ C 3 7�hkj orq a@4V^ ZR[¢\^ [ w X a [ ^ d ^ ZR[ `b^ o w \^ orq ` [f_u[fo ^:; _P�:[fo l=h _ w �:XVZBoL\^�} q ^ ZV[ 6��_ ` y _ a g ^ g ^ ` _d \^ [feIXLg ^ C 3 7ihkj XPZY� ^ qI[ wf^ � w XLgLq abwr^ [fXPqL[ `@^ o{� ^ �:[ wf^�^ Z z _PZBg ^ gLqHSi_ d a@` [rXVZ a@^ Z*gLq d XLg �^�`@^ _ 4V^ ��qIZ ^z XPZIZ ^ � w \^ � a o a XPZ l

� Z ^D} qB_uZR[ a [I\^�} q a�^ o{[m\^ [ w X a [ ^ d ^ ZR[ `@a \^�^
�_ ` _�� w \^ � a o a XPZmg ^D` _ d ^ orq wr^ g ^�` y�\^ Z ^�w # a@^=8 XPZBgI_ d ^ ZR[f_ `@^=^ [ } q aZ�\^ � ^ oro a [ ^ gky@Õ^ [ wr^�^:; _ d a Z/\^1^V6I^ o{[ `b^ �vXP[ ^ ZR[ a@^�` �Fe a d ab} q ^Vl � XPqBo
o a #VZB_ ` XPZBo } q ^ � ^ [{[ ^2} qB_PZV[ a [I\^ o�y a g ^ ZV[ a Ýv^



N á Ô ���������
	���� � � � 
��� �'� 	 �	2����	 ������� �'� ���
���
� � � �� � �� 	 ��� � " � & � �� 	������ " � & J � �RW � �� 	 ��� � " � & J �RW � ������U l U U U l UVUPUVUPUPU U l UVUPUVUPUPU U l UPUVUPUPUVU U l UPUVUPUVUPU U l UPUVUPUPUVUU l N U � U l UVURQ * N á � U l UVURQ * N á � U l UPURQ * N á � U l UPU�Q * N á � U l UPURQ * N�ÔU l Ü U � U l U á U Ü N á � U l U á U Ü N á � U l U á U Ü N á � U l U á U Ü N5Q � U l U á U ÜPÜ �U l á U � U l UVOP� * KRQ � U l UVOP� * KRQ � U l UPOP� * K�Q � U l UPOV�POBN�� � U l UPOP�VORQuKU l Ô U � U l N Üuá * * Ô � U l N Üuá * * Ô � U l N Üuá *$* Ô � U l N ÜPá O Ü O � U l N Üuá � á ÔU l * U � U l N�KPOuÔLQ5Ô � U l N�KPOuÔLQ5Ô � U l N�KPOPÔ�QtÔ � U l N�KVOPOVOPK � U l N�KRQ ÜPÜ ÔU l O U � U l Ü �PKuÔ á * � U l Ü �PKuÔ á Q � U l Ü �PKPÔ á Q � U l Ü �VKPKVUIN � U l Ü KINVN�KVKU l Q U � U l ÔRU *$* * N � U l ÔRU *$* * Q � U l ÔVU * *$* Q � U l ÔVUVO * �P� � U l ÔVUPKPÔVU áU l � U � U l * ÔVKPOVUP� � U l * ÔVKPO Ü O � U l * ÔVKVO Ü O � U l *$* N��PÔPÔ � U l *$* QVQPQuKU l K U � U l Q Ü K á OPK � U l Q Ü KuÔvNPN � U l Q Ü KPÔBNVN � U l Q á Ô ÜVÜ O � U l Q5Ô�QuUPUPÔN l U U � U l K * �uÔRKP� � U l K * � * * � � U l K * � *$* � � U l KPOVK *Pá U � N l UPUPUVUPUVUN l N � N � N l áRÜ OuÔRURQ � N l Ü Q * KVO * � N l Ü Q * Ô á O � N l Ü K * ÔRK Ü � N l á QPQuKP�PÔN l Ü �ÂÜ �ÂÜIl NVNPN5QuUuÔ �ÂÜIl UBN�U *VÜPÜ ��ÜLl UPUPK á U á ��ÜLl UuÔvN * N�O ��ÜLl N * U á QuON l á � á � áBl Ü *$* K á � � áBl NVN�UIN ÜPÜ �ÂáIl N�UPK�QtOPÔ �ÂáIl N *Pá � Ü U �ÂáIl Ü QPQuU á NN l Ô � á � Ô l QLN1Ô *Pá U � Ô l *VÜ KPOVU Ü � Ô l *uá N�O * Ô � Ô l * KVUPOPÔVK � Ô l Q Ü U á N�UN l * � á � O l Ô Ü$* Ô * Q � O l Ü UPOPOPÔV� � O l Ü N á N * O � O l Ü �PÔ Ü Q * � O l ÔBN5Q Ü �V�N l O � á � � l á �PU á Q á � � l N á ORQVQtU � � l N1ÔV��Q Ü K � � l ÜPÜ Q5ÔVÔBN � � l á OuÔRURQ ÜN l Q � á � N�U l * *$*Pá O * � N�U l Ü KuÔRU Ü � � N�U l á NVN1Ô * U � N�U l á KuÔVO Ü Q � N�U l *uá *PÜ$* NN l � � á � N ÜIl K Ü UV�PKPU � N ÜIl OPÔVOBN * K � N ÜLl OPOV�uÔROIN � N ÜIl Q * Ô * U á � N ÜLl �PKVKIN�KV�N l K �ÂÜ � N *Il ÔLQ * URQtK � N *Il N��uÔRKRQ5Ô � N *Ll Ü NtQtK Ü O � N *Il á UP� * Q * � N *Ll ÔPÔRK Ü K áÜLl U �ÂÜ � N�� l Ü N5QtÔ * N � N5Q l KBN5Q á �uÔ � N5Q l K * *uá KPO � N�� l UPÔ�Q ÜVÜ N � N�� l N�K Ü ÔVO áÜLl N � N ��Ü N l N á QuU * U ��Ü U l � Ü Q * Q�N ��Ü U l �RQ * KVURQ ��Ü U l KVOPKPOBN Ü �ÂÜ N l NPNVN5QPQuOÜLl Ü U ��Ü Ô l Ü N�KVUPU á ��ÜuáBl KVU Ü N á U ��ÜuáIl KPOVUuÔLQt� ��Ü Ô l U *$* U * Q �ÂÜ Ô l N�KPÔVOPOPÔÜLl á N ��Ü Q l ÔROP� Üuá U ��Ü Q l N�ÔPÔLQt�RQ ��Ü Q l Ü N Ü � Ü$* ��Ü Q l á URQPQVQPQ �ÂÜ Q l ÔPÔ *PÜ �BNÜLl Ô Ü �Âá U l �V� *VÜ K * �Âá U l * *$* ÔV�PU �Âá U l O áRÜ K * � �Âá U l Q Ü �PU á * � á U l �PO á �IN�ÔÜLl * á �Âá Ô l ÔROP� áVÜ$* �Âá Ô l N áVÜVÜPÜ Q �Âá Ô l Ü N��P�VUPO �Âá Ô l á N á � *uá � á Ô l ÔPÔR� Üuá KÜLl O Ô �Âá � l Ü N1Ô Ü U * �Âá Q l ��Q�NtQ�N Ü �Âá Q l KPO�Q�N * Q �Âá � l UVO ÜPÜ N�U � á � l N�K *uá � áÜLl Q * � Ô ÜIl NVN�K Ü OIN � ÔBN l QVQtU Ü QtO � ÔBN l �RQtÔ á *uá � ÔBN l KVOPK á QtK � Ô ÜLl N�UBN * O�QÜLl � O � ÔVO l NtQtKVO á O � Ô *Il � Ü ÔRUPO * � Ô *Ll K á O * ÔBN � ÔVO l U á N * �uÔ � ÔRO l N�O Ü KuÔRUÜLl K Q � * U l á KIN�ÔVKRQ � * U l U Ü K Ü OPO � * U l N1ÔRKPK�QtU � * U l Ü Ô * UBN�K � * U l á Q * OP� ááIl U K � * Ô l QuO Ü KPO á � * Ô l á K * QtKIN � * Ô l *PÜ KP�VU Ü � * Ô l O Üuá N��P� � * Ô l Q5ÔR�PK Ü Q

����� � áIl Ü � n Z ^1w # ab^ o 8 XPZBgB_ d ^ ZR[f_ `@^ o�_ z o{X ` q ^ o ^:; _P�:[ ^P6 C 3 7�hkj JºOVW 6 C 3 7�hkj JºÔRW ^ [ 7�hkj ��XPq w g a@9 \^1wf^ ZR[ ^ o4 _ `b^ q w ocg ^�` _Y�:XPZvo�[F_uZR[ ^ g ^ �:XVqI� ` _+# ^Tw \^ gIq a [ ^ � l
�_ ` _Y�:XPZR[ w _ a ZR[ ^�a ZR[ w X�gIq a [ ^ �vXVq w�wf^ o{[f_Pq wr^�w�` _Yo � d \^ [ wfab^Pl+� XVqBo w _u�I� ^1` XPZvo } q ^|`@^ ��Xu[ ^ ZR[ ab^1` �Fe a d a } q ^ #^ o{[ig/\^1Ý Z a �B_ w�È # Ì NÜ J� �� �	�

Ò � �� '(� W Ì NÜ J � � �	�
Ò
� � '(� W:Û J áBl Ü W

�"^ o w \^ orq ` [f_t[Fo&�:XPZv� ^1w ZB_PZV[ `b^ �vXP[ ^ ZV[ a@^�` �Fe a d ab} q ^ orXPZR[ wf^ � w \^ o ^ ZR[I\^ o�o{q w�` _ Ý #Vq wf^ J áIl QuW l�� XVqBo(ZIXP[rXPZvo } q ^`b^ o w \^ orq ` [F_t[FoTg ^$` _ d \^ [reIXLg ^ C 3 7�hkj o{q a@4V^ ZR[ \^ [ w X a [ ^ d ^ ZR[ `b^�w \^ o{q ` [F_t[ ^1; _P��[ lk�"^$w \^ o{q ` [F_t[
g ^2` _ 7ihkj^ o{[/_Voro ^ � ` X a ZHgLq w \^ o{q ` [f_u[ ^:; _V��[���XPq w qIZ ^T` _ w # ^ #V_ d�d ^ g ^T4 _ `b^ q w g ^�` _��:XVZBo{[f_uZR[ ^ g ^ �1XPqI� ` _+# ^Pl�� XPqBowf^ d _ wF} qIXPZBo } q ^ � ^�` _ ^ o�[ a Zv�:XPe�\^1wf^ ZR["_ 4P^ � `@^ o�_PqL[ wf^ o w \^ o{q ` [F_t[fo wf^1` _t[ a 8 o �_ ` y�\^ Z ^�w # a@^ª8 XPZvgI_ d ^ ZR[F_ `b^ gI_uZvo ` _d \^ [feIXLg ^=7�hkj J 4 X a@w"`b^ o Ý #Pq wr^ o=J áBl * W ^ [DJ áIl OVWrW l �2y _ ab`@`b^ q w o 6 � ^�` _��1XPZBo{[ a [rq ^ qIZ ^ � wr^ q 4P^ g ^�` y a Zv�:XPZvo a o�[F_uZB� ^g ^ � ^ [{[ ^ d \^ [feIXLg ^Pl�n Z w \^ _ `ba [I\^P6B` _��:XPZR[ w _ a ZR[ ^2a d ��XVoL\^1^ gI_uZBo ` _ d \^ [reIXLg ^$7�hkj Z ^ �:X wrwf^ or��XPZBg.�B_VoT_Pq��Xu[ ^ ZR[ ab^1` �Fe a d ab} q ^ ��_ ` �:q ` \^ �B_ w � ^ [{[ ^ d \^ [feIXLg ^Pl
� ^ ZBXPZBo ^ Z �_ ` y�\^ [rqvg ^ g ^ o 4 _ `@^ q w o�� w XV� wr^ o�g ^Y` _ d \^ [reIXLg ^ C 3 7�hkj�l�� XVqBo|_ `b` XPZBo|�1X d�d ^ ZB� ^1w �B_ w` _ 4 _ `b^ q w � w XP� wr^ g ^ ev_uqL[ ^ \^ Z ^1w # ab^ � % l CLq w�` _ Ý #Pq wr^ J áIl �VW 6 ZIXPqBo wf^ � w \^ o ^ ZR[fXPZBo2� ^ [r[ ^ 4 _ `b^ q w�l�� XPqBowf^ d _ wF} qIXPZBo } q ^ gI_uZBo ` _m�IeB_Po ^ or�Ie�\^�wra } q ^P6 � % o1y a g ^ ZR[ a@ÝB^��_ ` y�\^ Z ^1w # ab^ gky ^1; � a [f_t[ a XVZ ^:; _P�:[ ^ � � �	� J ^1; � a �[f_u[ a XPZ a ZR[ w _ � z _uZBg ^ W ^ [/gI_PZBo ` _|�IeB_Vo ^ gD\^:8 X w d \^�^m�_ ` y{\^ Z ^1w # ab^ gLq*� wf^ d ab^1w \^ [f_u[ ^:; � a [I\^ _ z o{X ` q J ^1; � a [f_t[ a XVZa ZV[ wra ZBo �^�} q ^ W � � � Ì � �� Ò � �� J��uy ^ o{[ �:�_ � g abwr^|` y�\^ Z ^�w # a@^ Z�\^ � ^ ofor_ a@wf^ �vXVq w �v_Pofo ^�w g ^2` y�\^ [F_t[ 8 XPZBgI_ d ^ ZR[f_ `



��� � ��������� �'� ���
��� ��	 � 
��� �'� 	 �	2��� ���������� N á *

1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

x

-0.05

0

0.05

0.1

0.15

0.2

0.25

∆Ε
−1

∆Ε−1(exact)

∆Ε−1(SCRPA(6))

∆Ε−1(SCRPA(4))

∆Ε−1(RPA)

����� � áIl * � n Z ^1w # ab^ o�gky ^:; � a [F_t[ a XPZ � � ' � ^ Z 8 XPZB�:[ a XPZ g ^�` _Y�1XPZBo{[f_PZR[ ^ g ^ �:XVqI� ` _+# ^�w \^ gIq a [ ^ � l

1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

x

-0.05

0

0.05

0.1

0.15

0.2

0.25

∆Ε
+1

∆Ε+1(exact)

∆Ε+1(SCRPA(6))

∆Ε+1(SCRPA(4))

∆Ε+1(RPA)

� ��� � áIl O � n Z ^1w # ab^ o�gky ^:; � a [F_t[ a XPZ � � �	� ^ Z 8 XPZB�:[ a XPZ.g ^|` _��1XPZBo{[f_PZV[ ^ g ^ �:XVqI� ` _+# ^
w \^ gLq a [ ^ � l
_ z o{X ` q�_uq$� wf^ d a@^�w(^:; � a [I\^ W l 3 ^ [{[ ^ca g ^ ZR[ a@Ý �1_u[ a XPZ ^ o{[ 4 _ ` _ zI`b^ ��XPq w(`@^ o(g ^ q ; d \^ [feIXLg ^ o(C 3 7�hkjÆ^ [ 7�hkjml�
_uZBo ` _ w \^ # a XPZ|o{�Be/\^1wfa } q ^ ZBXPqBo wr^ d _ wf} qIXVZBo } q ^=` y a g ^ ZR[ a@Ý �1_u[ a XPZ ^ o�[��v_ wr8 _ a [ ^ ��XPq w ZIXu[ wr^ d \^ [reBX�g ^ _ ` X w o} q ^P6 _uq 4 X a o a ZB_+# ^ gIq �vX a ZR[Tg ^ [ w _PZBo a [ a XVZ 6I` _ d \^ [feIXLg ^m7�hkj � w \^ o ^ ZR[ ^ qBZ ^m` \^ # �^1wf^ g/\^14�a _t[ a XPZ l �T_PZBo ` _w \^ # a XVZ.g/\^:8 X w d \^�^m^ [ ` X a Z?gLq ��X a ZR[�g ^ [ w _uZvo a [ a XPZ,ZBXPqBo
ZIXP[rXPZvo } q ^2` _ d \^ [feIXLg ^ C 3 7ihkj _P�I�vX w [ ^ qIZ ^_ d \^�`@a X w _t[ a XVZ$_Voro ^ � a d ��X w [f_uZR[ ^ �B_ w�w _u�I��X w [ �_ ` _ 7�hkj�l 3 ^ � ^ ZBgI_PZV[ 6 ZBXPqBoD�:XPZvo�[F_t[rXVZBo } q ^T` _ d \^ [feIXLg ^C 3 7�hkj � w \^ o ^ ZR[ ^V6 gI_uZBo�qIZ ^*w \^ # a XPZ � w XL�Fe ^ gIqx�vX a ZR[$g ^ [ w _uZBo a [ a XPZ 6 qBZ ^ � ^ [ a [ ^�^1wfwr^ q w �B_ wmw _u�I��X w [_uq w \^ orq ` [F_t[ ^:; _P�:[ d _ a oD[rXVqL[ ^18 X a o/[rXVq � XPq w o a Z 8 \^1wfa@^ q wf^$�_$� ^1`b`b^ g ^
` _ 7�hkjml+� XPqBo wf^ d _ wF} qIXPZBo/_uqvoro ak} q ^` y a ZR[ w X�gIqB��[ a XVZ g ^ o�[ ^�w d ^ o } qv_Pg w _t[ ab} q ^ o/gB_uZBo ` y XV��\^�w _u[ ^ q w�7ihkj Z�y _ 9�^ ��[ ^ �v_Poc� ^ d XLg ^ gky ^:; � a [f_u[ a XPZ l



N á O ���������
	���� � � � 
��� �'� 	 �	2����	 ������� �'� ���
���

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

x

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

µ

(E
0

L+1
-E

0

L-1
)/2

µ(SCRPA(6))
µ(SCRPA(4))
µ(RPA)

-1

-2

-3

-3

-3

-3

-3

-3

-2

-2

-1
0

1 2 3
4

5
6

7

9

������� áBl Q � 3 X d �B_ w _ a orXPZ ^ ZV[ wr^ ` y�\^ Z ^1w # ab^ g"y ^1; � a [F_t[ a XVZ J�� �� �	� Ò � �� ' � W � Ü _ 4P^ � ` _��:XVZV[ w _ a ZR[ ^ g ^.` _C 3 7�hkj J�Ô�W 6 �Bq a o ` _Y�1XPZR[ w _ a ZR[ ^ g ^m` _*C 3 7�hkj JºORW 6 �Bq a o ` _Y�1XPZR[ w _ a ZR[ ^ g ^|` _ 7�hkj�lBj �FeB_ } q ^|4 _ wfa _u[ a XPZg ^|` _��:XPq wrz�^�^:; _P�:[ ^P6L`b^ o 4 _ `@^ q w o�� w XV� wr^ g ^�` y XV��\^�w _u[ ^ q w > o{XVZR[ a ZBg a } q�\^�^ o l

0 0.5 1 1.5 2 2.5 3

x

0

1

2

3

4

5

6

7

8

9

10

Ω
2

∆Ε+1
∆ΕL

Ω2
SCRPA(6)

Ω2
SCRPA(4)

Ω2
RPA

������� áBl � � n Z ^�w # a@^ oªg"y ^1; � a [F_t[ a XVZ � � �	� 6 � � � Ì � �� Ò � �� ^ [ `b^ o 4 _ `b^ q w o&� w XP� wf^ o � % g ^�` _�C 3 7�hkj J�OVW 6` _�C 3 7�hkj JºÔRW ^ [ ` _ 7�hkj ^ Z 8 XPZv��[ a XPZ g ^|` _��:XVZBo�[F_uZR[ ^ g ^ �1XPqI� ` _+# ^�w \^ gLq a [ ^ � l
� Z z qL[ d _ ��^ q w g ^ � ^ [ w _ 4 _ a@`ª^ o{[|g ^�w \^ o{XVqBg wf^m`b^ � w X zB`��^ d ^ gLq d XLg ^ or�Iq wfa@^ q ; gI_PZBo ` _ d \^ [feIXLg ^C 3 7�hkj�lBh XPq w � ^1` _$ZIXPqBo�� w \^ o ^ ZR[rXPZvo `b^ o w \^ orq ` [f_u[fo/�vXVq wc`b^ d XLg ^ � � orq wc` _ Ý #Pq wf^ J áIl KVW l+� XVqBo wf^ d _ wr�} qIXPZvo
_ a Zvo a(} q ^P6 gB_uZBo ` _ w \^ # a XVZ or�Ie�\^�wra } q ^ J � �ÐN�W 6k`@^ d XLg ^ � � g ^�` _ d \^ [reIXLg ^ C 3 7�hkj � ^ qL[YÕ^ [ wf^a ZV[ ^1w � w \^ [I\^ �:X d�d ^ \^ [f_PZV[�qBZ ^�^1; � a [F_t[ a XVZ a ZR[ w _ � z _PZBg ^ gLq,o � o�[ �^ d ^P6 �Iq a o } q"y a@` o�y a g ^ ZR[ a ÝB^2^:; _P�:[ ^ d ^ ZR[ �_` y ^1; � a [F_t[ a XVZ � � ' � l � a@^ Z } q ^P6V`@^ d X�g ^ � � g ^i` _ d \^ [reIXLg ^T7�hkj o�y a g ^ ZV[ a Ýv^ _uqBofo aª�_m� ^ [{[ ^i^1; � a [F_t[ a XVZ*gLq



��� � ��������� �'� ���
��� ��	 � 
��� �'� 	 �	2��� ���������� N á Q
o � o{[ �^ d ^P6 ZIXVqBo wr^ d _ wf} qIXVZBo } q ^ ZBXu[ wf^ d \^ [reBX�g ^2^ o�[|� ` qBo�� w XL�Fe ^ gIq w \^ orq ` [f_u[ ^:; _V��[ } q ^$` _ d \^ [feIXLg ^7�hkj�l �
_uZBo ` _ w \^ # a XPZ�g/\^18 X w d \^1^V6ua@`�^ o{[ zIab^ Z��:XPZBZRq } q ^�` _ d \^ [feIXLg ^i7�hkjä^ Z # ^ ZBg wf^ qIZ d XLg ^ g ^ � X ` g �o{[rXPZ ^Pl �T_PZBoiZBXu[ wf^ d \^ [reIXLg ^V6 ZBXPqBoTZIXu[fXPZBo } q ^P6 d Õ^ d ^ _ 4V^ � ` y a ZR[ w XLgLqB�:[ a XPZ g ^ oT[ ^1w d ^ o } qv_Pg w _t[ ab} q ^ o^ Z z XRo{XVZBo�gB_uZBo ` y XV�/\^1w _t[ ^ q w gky ^1; � a [f_t[ a XVZ 7�hkj�6 ZBXPqBo2Z ^ �vXVq 4 XVZBom�B_Vo a g ^ ZV[ a Ýv^1w�`@^ d XLg ^ g ^ z _Voro ^\^ Z ^1w # ab^ � � _ 4P^ ��qIZ ^$^:; � a [f_u[ a XPZ a ZR[ wfa ZBo �^�} q ^ gLq�o � o{[ �^ d ^P6�^ [|� ^�` _ zIa@^ Z } q ^$` _��1XPq wfzv^2wr^ � w \^ o ^ ZR[f_u[ ab4P^g ^ � ^ d XLg ^ o{q ab4P^ # w XVofo a<�^�wr^ d ^ ZR[2� ^�`@`b^ g"y qIZ ^ ^1; � a [f_t[ a XVZ a ZR[ w _ � z _uZBg ^ J � � '(� W l=h _ w _ ab`@`b^ q w o 6 orq w�` _Ý #Vq wr^ J áIl KVW�ZBXPqBo wf^ d _ wf} qIXVZBoc_uqBofo a�6B} q ^|` _ d \^ [reIXLg ^ C 3 7ihkj JºORW|Jº�Py ^ o�[ ���_ � g a@wf^ _ 4P^ �
g ^ o�[ ^1w d ^ o } qB_ �g w _t[ ab} q ^ o*gI_uZvo ` y XV�/\^1w _t[ ^ q w*7ihkj WY_ d \^1`ba X wr^.` \^ # �^1wf^ d ^ ZR[ `@^ w \^ o{q ` [F_t[Hg ^,` _ C 3 7ihkj J�Ô�W Jº�Py ^ o�[ ���_ � g a@wf^of_uZBo
g ^ oi[ ^�w d ^ o } qB_Vg w _u[ a } q ^ oTgI_uZBo ` y XV�/\^1w _t[ ^ q wT7�hkj W l�jia Zvo a<6 � ^ � w X zI`��^ d ^ gLq d XLg ^ o{�Bq wrab^ q ; orq zL�o a o{[ ^*^ ZB�:X wr^H^ [�ZIXVqBo�_ `@` XPZvo�gLXVZB� } qB_uZvg d Õ^ d ^P6�^ ofor_ �V^1w gky _uqL[ wr^ o a g/\^�^ o l�� XVqBo�o a #VZB_ ` XPZvom_uqBofo aD} q ^P6�:XVZR[ w _ abwr^ d ^ ZR[ �_ ` y�\^ Z ^�w # a@^ gLq 8 XPZvgI_ d ^ ZR[F_ ` _ z o{X ` q 6(`@^ o 4 _ `b^ q w o�� w XP� wf^ o*C 3 7ihkj Z ^ o{XVZR[*�B_Po*o ^ Z �o a@zI`b^ oD_uq*��_ ` �:q ` gLq*ZIX d zIwf^ gky X����:qI�v_t[ a XPZ lVh _ w _ ab`@`b^ q w o 6u` y a ZV[ w XLgLqv��[ a XPZ*g ^ o�[ ^1w d ^ o } qv_Pg w _t[ ab} q ^ o(gI_uZBo` y XV�/\^1w _t[ ^ q w gky ^1; � a [f_t[ a XVZ 7�hkj o ^ [ w _PgIq a [/�B_ w qIZ d XLg ^ � w XP� wf^ orqI�I� ` \^ d ^ ZR[f_ a@wf^ _uq ; g ^ q ; d XLg ^ o/g/\^{���_^:; _ d a Z�\^ o M �uy ^ o{[ `@^ d XLg ^ � � } q ^ ZIXPqBo ^ Z 4Ra of_+# ^ XPZBoªgky _uZB_ `@� o ^1w d _ a ZR[ ^ Zv_uZR[ l �
_uZBo ` _ w \^ # a XPZ2o{�Ie�\^1wfab} q ^V6
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������� áBl K � n Z ^1w # ab^ o/gky ^:; � a [f_u[ a XPZ.gLq d XLg ^ d XPq?J�o{�Bq wrab^ q ; W ^ Z 8 XVZB��[ a XVZ�g ^�` _2�1XPZBo{[f_PZV[ ^ g ^ �1XPqI� ` _+# ^w \^ gLq a [ ^ � l
`b^ d X�g ^ � � g ^�` _ d \^ [reIXLg ^ C 3 7�hkj � ^ qL[2Õ^ [ wr^|a ZR[ ^�w � w \^ [I\^ �:X d$d ^m` y�\^ Z ^�w # a@^ gky ^:; � a [F_t[ a XPZ a ZR[ w _ � z _uZvg ^
� � �(% l 3 ^ � ^ ZBgI_uZR[ 6 gI_PZBo ` _ w \^ # a XVZ g/\^:8 X w d \^1^V6�zIa@^ Z } q ^m` _*�:XVq wfzv^|wf^ � w \^ o ^ ZV[F_t[ a@4V^ gLq d XLg ^ � � orq a@4V^` y _ `@` q wf^ g"y qIZ ^|^:; � a [f_u[ a XPZ a ZR[ w _ � z _PZBg ^P6 ZIXVqBocZ"y _ 4 XVZBo 6 d _ ` e ^ q wf^ qBo ^ d ^ ZR[ 6 �B_Po��Iq ` y a g ^ ZV[ a Ýv^1w�ljcÝ Z¢g ^ �:X d � ` \^ [ ^1w ZIXP[ wf^ \^ [fqBg ^ o{q w2` _,� wfa o ^�^ Z¢�1X d �L[ ^ g ^ o$�1X wfw \^1` _t[ a XPZvo|gI_uZBo$Z�ÕXP[ wf^ d \^ [reIXLg ^V6ZIXVqBo ^ Z 4�a of_+# ^ XPZvo 6 d _ a ZR[ ^ ZB_PZV[ 6 _uZB_ `@� o ^1w ZIXVo w \^ orq ` [f_t[FoT�1XPZB� ^1w ZB_uZR[ `@^ ZIX d zIwf^ g ^�z XVorXPZ gI_uZBo ` y�\^ [f_u[8 XPZvgI_ d ^ ZR[F_ `�^ [�_uqvoro ak`@^ o w \^ o{q ` [F_t[fo/g ^�` _ 4 _ wra _uZB� ^Pl��"^ ZIX d zIwf^ g ^
z XVorXPZ gI_uZvo ` y�\^ [F_t[ 8 XPZBgB_ d ^ ZR[f_ `�^ o{[g/\^1Ý Z a �B_ w|È ��� Ì â � Ê �1Ú Ì â � Ê �2Ú @ � % Þ J áBl á WX �q â � Ê �2Ú ^ o�[igLXVZIZ�\^�^ �v_ w|È â � Ê �$Ú Ì # % � @ # %% @ # %� Û J áBl Ô�WC�q wi` _ Ý #Pq wf^ J áIl NPN5W/ZIXPqvo wr^ � w \^ o ^ ZR[rXVZBo `@^�w \^ o{q ` [F_t[�g ^m` _Yg a@9 \^�wr^ ZB� ^�^ ZV[ wr^|` _ 4 _ `b^ q w _u�I� w X ;La d \^1^
^ [ ` _4 _ `b^ q w&^1; _V��[ ^ gLq$ZIX d zIwf^ g ^/z XRo{XVZ2gI_PZBo ` y{\^ [f_t[ 8 XPZBgB_ d ^ ZR[f_ `�l �
_uZBo&� ^ [{[ ^/Ý #Pq wf^ ZBXPqBo&_ 4 XVZBo wf^ � w \^ o ^ ZR[I\^^ Z � ` qvoig ^ o w \^ orq ` [f_t[FoiC 3 7�hkj JºORW ^ [�C 3 7�hkj JºÔRW 6v`b^ o w \^ o{q ` [F_t[fo 7�hkj¸^ [�_uqBofo a �FeB_ d � d X �V^ Z l �
_uZvo ` _�IeB_Vo ^ or�Ie�\^�wra } q ^P6 ZIXVqBo wf^ d _ wF} qIXPZvo } q ^ ZIXP[ wf^ d \^ [reBX�g ^ _ d \^1`ba X wr^ Z ^ [{[ ^ d ^ ZR[ `@^|w \^ o{q ` [f_u[/�v_ wcw _u�I��X w [�_ ` _ d \^ [reBX�g ^ gIq*�FeB_ d � d X �P^ Z 6 � ^ � ^ ZvgI_uZR[ 6 �B_ w(w _u�B�vX w [ �_ ` _ d \^ [reBX�g ^�7�hkj o�[F_uZBgB_ w g ` y _ d \^1`ba X w _t[ a XPZ
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������� áIl N�U � n Z ^1w # ab^ gky ^:; � a [F_t[ a XPZ � � �(% ^ [ `@^ o 4 _ `@^ q w oD� w XP� wf^ o � � g ^T` _2C 3 7�hkj J�OVW ^ [cg ^T` _ 7�hkjä^ Z8 XPZv��[ a XPZ g ^�` _Y�:XVZBo�[F_uZR[ ^ g ^ �1XPqI� ` _+# ^Tw \^ gLq a [ ^ � l
^ o{[ 8 _ a@zI`b^Pl � � ��� �	� 

� 2 �u6 ZBXPqBo2o a #PZB_ ` XVZBo } q"y _uq 4 X a o a ZB_+# ^ gLqp��X a ZV[$g ^ [ w _uZvo a [ a XPZ ` y _ d \^1`ba X w _u[ a XPZ 6 g ^ZIXP[ wf^ d \^ [feIXLg ^ �B_ w�w _u�I��X w [ �_ ` _ d \^ [feIXLg ^i7�hkj�6 g ^�4�a@^ ZV[/_Pofo ^ � a d ��X w [f_PZV[ ^Pl � XPqvo wf^ d _ wF} qIXPZBo 6 _PqBoro a<6} q ^
`@^ o�C 3 7�hkj J�OVW ^ [iC 3 7�hkj J�Ô�W=� w XLgLq a o ^ ZR[ 6 � w _t[ a } q ^ d ^ ZV[ 6�`@^ o d Õ^ d ^ o w \^ orq ` [F_t[FoDgI_PZBo�� ^ [{[ ^
w \^ # a XVZ l�
_uZBo ` _��IeB_Vo ^ g/\^:8 X w d \^1^V6 ZIXPqBo&ZBXu[rXVZBo } q ^V6u^ ZY�:X d �B_ w _ a o{XVZ2_ 4V^ � `@^cw \^ o{q ` [f_u[&gIq*�1_ ` �:q ` �FeB_ d � d X �P^ Z 6` _ d \^ [feIXLg ^ C 3 7�hkj _ d \^1`ba X wr^ Z ^ [r[ ^ d ^ ZV[ `b^2w \^ orq ` [f_u[ l � ^ � ` qBo 6 ZIXVqBo wr^ d _ wf} qIXVZBo } q ^2` _.C 3 7�hkj JºORW_ d \^�`@a X wf^m` \^ # �^1wf^ d ^ ZV[ `b^�w \^ orq ` [F_t[i�v_ w�w _P�I��X w [ �_ ` _.C 3 7�hkj J�ÔRW lkh _ w _ ab`@`b^ q w o 6 gI_PZBo�� ^ [{[ ^ �Iev_Po ^P6 ZIXPqBoZ"y _ 4 XVZBo��B_Po|gIXPZIZ�\^$`b^*w \^ orq ` [f_u[�g ^ � ^ [r[ ^*} qB_PZV[ a [I\^ gI_uZvo ` _ d \^ [reIXLg ^*7ihkj �B_ w � ^Y} q ^ � ^ [{[ ^ d \^ [feIXLg ^� w XLgLq a [�qIZ d XLg ^ g ^ � X ` gBo�[fXPZ ^H} q a�^ d � �^ �Fe ^Y`@^ �1_ ` �:q ` g ^ � ^ [r[ ^H} qB_PZV[ a [I\^Pl�n Z ^:9�^ [ 6��_ ��_uqBo ^ g ^ � ^d XLg ^P6 _ � _uZR[mg ^ o�_ d � `ba [fqBg ^ o 7�hkjÐa Z Ý Z ab^ o 6�`b^ o wf^1` _t[ a XVZBo|g ^Y8�^�w d ^ [rq wf^Y^ [�gky X w [reBXPZIX w d _ `ba or_u[ a XPZ Z ^orXPZR[��B_Vo=or_u[ a o 8 _ a [ ^ o l 3 ^ � w X zI`��^ d ^ ZIXPqvo ` y _ 4 XVZBo=g/\^����_ wf^ ZB�1XPZR[ w \^ gI_uZvo `@^ �1_Vo=gLq d XLg �^�`@^ gky _u�B�B_ wfa@^ d ^ ZR[�_�g ^ q ; Z ab4P^ _uq ;klh XPq w _ `b`@^�w � ` qBo ` X a Z 6 gI_uZvo ` y�\^ [rqBg ^ g ^ oi�:X wrw \^�` _u[ a XPZBo�gI_PZBo ` _ d \^ [reIXLg ^ C 3 7ihkjm6 ZIXPqBo ^ Z 4�a of_+# ^ XVZBod _ a ZR[ ^ Zv_uZR[igky _uZB_ `@� o ^1wc`b^ o w \^ o{q ` [f_u[focgLq ��_ ` �:q ` g ^|` _ 4 _ wra _uZv� ^P6I} q a�^ o{[iqIZ ^m} qB_PZR[ a [I\^|a ZR[ a d ^ d ^ ZR[ `ba \^�^_uq ; �:X wrw \^�` _u[ a XPZBo l � XPqI[�gky _ z X w g 6 ZIXPqvo w _P�I� ^�` XVZBo } q ^V6 �:X d$d ^ gI_PZBo `b^ �1_ ` �1q ` gLq�ZIX d zIwf^ g ^*z XVorXPZgI_PZBo ` y�\^ [f_u[ 8 XPZBgI_ d ^ ZR[f_ `�6 ZBXPqBo|Z ^ �vXVq 4 XVZBo��B_Vom�1_ ` �1q `@^�wm` _ 4 _ wra _uZv� ^ gI_uZvo ` _ d \^ [reBX�g ^*7�hkjml�� XPqBo� w \^ o ^ ZR[fXPZBo
gLXPZv��qIZ ab} q ^ d ^ ZR[ `@^ o w \^ o{q ` [f_u[fo�g ^ ZIXP[ wf^ d \^ [reIXLg ^$^ [mg ^�` _ d \^ [reIXLg ^ gLq��FeB_ d � d X �P^ Z l�"^ o w \^ orq ` [F_t[Fo2orXPZR[*_ a ZBo acwr^ � w \^ o ^ ZR[I\^ omorq wY` _ Ý #Vq wf^ J áIl N Ü W l �T_PZBoY� ^ [{[ ^.Ý #Pq wf^ ZIXPqBoY�1XPZBo{[f_u[rXVZBo } q ^` y _ d \^1`ba X w _u[ a XPZ�_u�I��X w [I\^�^ �B_ w ZIXu[ wr^ d \^ [reBX�g ^H^ o{[m[ w��^ o a d �vX w [F_uZR[ ^*^ Z �:X d �B_ w _ a XPZx_ 4P^ � ` _ d \^ [feIXLg ^�FeB_ d � d X �P^ Z 6 gI_uZvo�Z"y a d �vX w [ ^m} q ^1`b`@^ �1XPZ Ý #Vq w _t[ a XPZ �:XVZBo a g/\^�w \^1^Pln Z�� ^*} q a �:XPZv� ^1w Z ^�` y a ZR[ w X�gIqB��[ a XVZ g ^ o�[ ^�w d ^ o �_.g ^ q ; z XRo{XVZBo 6 ZIXPqBo|_ 4 XPZBo wf^ d _ wF} q�\^�} q ^Y`@^ q w oa ZV[ w XLgLqv��[ a XPZ�gI_uZBo ` y XP��\^1w _t[ ^ q w g"y ^1; � a [F_t[ a XVZ 7�hkj ^ Z # ^ ZBg wf^ qIZ � w X zI`��^ d ^ gky a Zv�:XPe�\^1wf^ ZB� ^ gI_uZvo ` _d \^ [feIXLg ^ C 3 7�hkj�l � XPqBo w _u�B� ^�` XVZBo } q ^ ZIXP[ wf^ d \^ [feIXLg ^|wr^ �vXRo ^ orq w g ^ q ;.a g/\^1^ o�� wra ZB� a �B_ `@^ o ÈB`b^ �FeIX a ;g ^Y` y XV��\^�w _u[ ^ q w gky ^:; � a [F_t[ a XPZ 7�hkjÐ^ [�o{XVZ a Z 4P^1w o a XVZ lkh XPq w�w \^ orXPqBg wr^2`@^ � w X zB`��^ d ^ gLq d XLg ^ or�Iq wfa@^ q ;k6ZIXVqBo�_ 4 XPZvoi�FeIX a o a qBZ?XV�/\^1w _t[ ^ q w gky ^:; � a [f_u[ a XPZ 7�hkj �1XPZR[ ^ ZB_uZR[
g ^ oT[ ^�w d ^ o `ba Z�\^ _ a@wf^ o ^ [ } qv_Pg w _t[ ab} q ^ o^ Z z XVorXPZBo�g ^|` _ 8 X w d ^YÈ

ÉmÊË|Ì Ï Ë � � Ò�Ó Ë � ' @�� Ë � Ê Ò # Ë � @ , Ë � Ê � Ê Ò & Ë � �=Þ Ù Ì NPÞ Ü Þ á Û J áBl * W
3 ^ � ^ ZvgI_uZR[ 6 ��XPq w$` _ d a o ^�^ Z¢X ^ q 4Rwf^ g ^ ZBXu[ wf^ d \^ [reBX�g ^ ZIXVqBo�g ^14 XPZBo a Z 4V^1w o ^�w � ^ [YXP��\^1w _t[ ^ q w J��B_ w_ z qBo�g ^|` _uZ #R_+# ^ XVZ g a [ a Z 4P^�w o ^1w�` y XV��\^�w _u[ ^ q w�6 _ ` X w o } q ^ � ^�` _Yo a #PZ a@ÝB^|} q"y XVZ.�B_ wf`@^ g ^|` y a Z 4V^1w o a XPZ.g ^|` _
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������� áBl N Ü � � _ 4 _ wra _uZv� ^ g ^ ` y XP��\^�w _u[ ^ q w g ^ o � d \^ [ wfab^ > ^ Z 8 XVZB��[ a XVZ¢g ^.` _?�1XPZBo{[f_PZV[ ^ g ^ �1XPqI� ` _+# ^w \^ gLq a [ ^ � l

d _t[ wra � ^ g ^ �B_Pofof_+# ^�^ ZV[ wr^Y` _ d _t[ wra � ^ g ^ o|XV��\^�w _u[ ^ q w o|gky ^:; � a [F_t[ a XPZ 7ihkj ^ [2� ^1`b`@^ g ^*` y ^1; � a [F_t[ a XVZpgLq
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j�4V^ �*� ^ [r[ ^Ha Z 4P^�w o a XVZ ^ [ ` _,g/\^:Ý Z a [ a XVZpg ^H` y�\^ [f_u[ 8 XPZvgI_ d ^ ZR[F_ `D7ihkjm6 ZIXPqBo��vXVq 4 XVZBo d XVZV[ wr^�w2} q ^*`b^ o4 _ `b^ q w o d X �P^ ZIZ ^ o(gB_uZBo ` y�\^ [f_u[ 7�hkj g ^ o(XP��\^1w _t[ ^ q w o � ^ [ � �,o{XVZR[&Z�q `b`b^ o ^ [�� ^1` _ a ZBgLq a [�qIZ a ZB�:XVe/\^1wf^ Zv� ^�Iq a o } q�y XVZ$� ^ qI[D_uqBofo a �1_ ` �:q `@^�w=` _ 4 _ `b^ q w d X �P^ ZBZ ^ g ^ � � �_ ` y _ a g ^ g ^c` y XP��\^1w _t[ ^ q w � lR�"^ � w X zI`<�^ d ^/4�a@^ ZR[gLq 8 _ a [ } q ^�` y XPZ gLX a [�orqI�I��XVo ^1w qIZ g/\^ �:XVqI� ` _+# ^i^ ZR[ wr^|`b^ o/[ ^1w d ^ o �_$qIZ z XRo{XVZ ^ [ �_$g ^ q ; z XRo{XVZBo lh XPq w*w \^ orXPqBg wf^ `b^ � w X zI`<�^ d ^ gLq d XLg ^ or�Iq wfab^ q ;k6 ZIXPqBo _ `b` XPZBoH� w X Ý [ ^�w g ^ o a Z 8 X w d _u[ a XPZBo�o{q w `b^d XLg �^1`b^ gD\^����_�X z [ ^ Z�q ^ o
� w \^ ��\^ g ^ d$d ^ ZV[ l � XPqBo ^ Z 4�a or_$# ^ XPZBo
g ^ #V_ w g ^�w o ^ q `@^ d ^ ZR[ `b^ o
[ ^1w d ^ o `@a Z�\^ _ abwr^ o^ Z z XVorXPZBo(gI_PZBo ` y XV�/\^1w _t[ ^ q w gky ^:; � a [f_u[ a XPZ 7�hkjm6 J��uy ^ o{[ �:�_ � g abwr^ ZIXVqBo(_ `b` XVZBo&_ z _PZBgLXVZIZ ^1w&` y a g/\^�^ g ^�` y a ZR[ w X �gLqB�:[ a XPZ g ^ o�[ ^�w d ^ o } qB_Vg w _u[ a } q ^ oFW 6 d _ a o�_Pq d Õ^ d ^ [ ^ d �Bo/ZIXVqBoDg ^14 XVZBo/_ d \^1`ba X wf^1w=` _m� wfa o ^T^ Z��1X d �L[ ^g ^ �1X wfw \^�` _u[ a XPZBoTgI_uZvo `@^ o \^ [F_t[fo ^1; � a [I\^1^ o lkh�w _u[ a } q ^ d ^ ZR[ 6 ZBXPqBo|�1X d �L[rXVZBo�� w X Ý [ ^1w g ^ o z XVZBo w \^ orq ` [f_t[FoX z [ ^ Z�qBo�gI_uZBo `@^ d XLg �^�`@^ g ^Y` _ oL\^ Z a X wfa [I\^ J d _ ` # w \^ or_ o a d � `@a � a [I\^ W ^ [ a ZR[ w X�gIq a@wf^ qIZ ^ _uqL[ wr^ �:XVZR[ w _ a ZV[ ^} q a"ÝB;�^�` _ 4 _ `b^ q w d X �P^ ZIZ ^ gI_PZBo ` y�\^ [f_u[ 8 XPZBgI_ d ^ ZR[f_ `�7�hkj gIq,�1_ wfw \^ g ^m` y XV�/\^1w _t[ ^ q w g ^ o � d \^ [ wrab^ > �_of_ 4 _ `b^ q wT^:; _P�:[ ^Vl�h XVq wia Z 8 X w d _t[ a XVZ 6 ZIXVqBo
_ 4 XPZvo ^ ofof_ � \^ g"y _P�I� `bab} q ^�w � ^ [{[ ^2a g/\^�^ ��XPq w�6 _ d \^1`ba X wr^�w ZIXRow \^ orq ` [f_t[FocgLq d X�g �^1`b^ gky _u�I�B_ wrab^ d ^ ZV[ �_Yg ^ q ; Z a@4V^ _Pq ; d _ a o�_Y�1_PqBo ^ g ^ oc� w X zI`��^ d ^ o�Z�q d \^�wra } q ^ o 6 ZIXPqBoZ"y _ 4 XVZBo=�B_Vo w \^ qBofo a&�_2� ^�� XVq w�l � XVqBo ^ or��\^�w XVZBo ` y _P�I� `bab} q ^�w gB_uZBo�� ^ d XLg �^1`b^i^ [ w \^ o{XVqBg wf^c`@^ � w X zI`��^ d ^ gLqd XLg ^ o{�Bq wrab^ q ; g ^ ZIXu[ wr^ d \^ [reIXLg ^Vl
�Y��� ¨Ð'2!.-�¥1+.©&0:'$!
�
_uZBoY� ^ [{[ ^ �B_ w [ ab^P6 ZBXPqBoY_ 4 XPZBox\^ [fqBg a \^ qIZ d XLg �^1`b^.} q a d \^�` _PZ # ^�8�^1w d a XVZBo ^ [ z XVorXPZvo l � ab^ Z } q ^` _ d \^ [feIXLg ^ C 3 7�hkjm6 �:X d$d ^ ZIXPqBo ` y _ 4 XPZBoTo a #PZB_ ` \^P6 � ^1w d ^ [{[ ^ qBZ ^�z XPZIZ ^ g ^ or� wra �L[ a XPZ?g ^ oT� w XP� wfa \^ [I\^ o�Ie � o a } q ^ oDgI_uZvo `b^ o�o � o�[ �^ d ^ o 8�^1w d a XVZ ab} q ^ o�orXPZ*_P�I� `ba ��_t[ a XPZ*_Pq d XLg �^1`b^ g ^ � l CL�Fe �qL[r[ ^T^ [ Gvl �T_ h�w X 4�a@�g ^ ZB� a _*J�CI��QVQuW=o�y _ 4��^1wf^ qBZ*� ^ qÆ\^ Z a # d _t[ a } q ^PlVn Z ^:9�^ [ 6 gI_uZBoD� ^ d XLg �^�`@^i` _ wf^ o{[f_Pq w _t[ a XPZYg ^i` _2o � d \^ [ wrab^> Jºg a@9 \^1wf^ ZB� ^|^ ZR[ wf^|`@^ ZIX d zIwr^ g ^ o z XVorXPZBo ^ [ `b^ ZIX d zIwf^ g ^ o 8�^�w d a XPZBoFW } q a�^ o�[ zIwra oL\^1^ o{��XPZR[F_uZ�\^ d ^ ZR[_uq�Z ab4P^ _uqxg ^ �FeB_ d � d X �V^ Z 6 gI_PZBo ` _ d \^ [feIXLg ^ C 3 7�hkj ^ Z qI[ ab`@a or_PZR[ ` y _u�B� w X ;La d _t[ a XPZ g ^ 3 w _uZ E�a Z #o�y _ 4��^�wr^ qIZ,� ^ q g a �*� ab`b^Pl � XPqBo w _P�I� ^1` XPZBo } q ^P6 gB_uZBo ` _ w \^18 \^1wf^ ZB� ^ J�� ^1w KP�PW 6B` _ d \^ [feIXLg ^ C 3 7�hkj _¢\^ [I\^g/\^{���_�_P�I� `bab} q�\^1^,�_.� ^ d X�g �^1`b^�^ Z qL[ ab`@a of_uZR[mqIZ�XP��\^1w _t[ ^ q w gky ^1; � a [f_t[ a XVZ 7ihkj�`ba Z/\^ _ a@wf^$^ Z z XRo{XVZ l(� XP[ wf^\^ [rqBg ^V65^ Z 8 _ a [ 6 �:XVZBo{[ a [rq ^ qIZ ^�^1; [ ^ ZBo a XPZ2g ^ � ^ [ w _ 4 _ a@`<l5�"^�z qL[(� wfa Zv� a �B_ ` g ^ ZIXP[ wf^ \^ [rqBg ^ \^ [I\^ g ^�w \^ orXPqBg wr^`b^ � w X zI`��^ d ^ gIq d XLg ^ o{�Bq wrab^ q ;�} q ak^ o{[�_u�I�B_ w q ` X w o/g ^
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������� ����� �����'���
��� N1ÔvN
� ^ ZBXPZBo ^ Z _uq�� w X zI`��^ d ^ gIq d XLg ^ o{�Bq wrab^ q ; gB_uZBo `b^ d XLg �^�`@^ g ^ CL�Fe �qL[r[ ^�^ [��
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_uq ��X a ZV[
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g/\^ orX w d _ a oc�vXRoro abzI`@^Vl . Z,� ^ qI[
ZIXP[f_ d$d ^ ZV[
� ^ ZBo ^1w _uq d XLg �^�`@^ g"y _P�I�B_ wfab^ d ^ ZR[ d q ` [ a � �:XVqB�Fe ^ oig/\^{���_d ^ ZR[ a XPZBZ/\^P6 g a [ >fh=a � EP^ [ � ^ ZB� ^m~ XLg ^1` AI6B} q a _ w \^ � ^ d�d ^ ZR[��:XVZIZ�q�qBZ._Voro ^ �-# w _PZBg�orqB��� �^ oD��XPq w�` _Yg ^ o �� wfa �L[ a XPZ g ^ o�� ^ [ a [Fo�# w _ a ZBo d \^ [f_ `@`bab} q ^ o�o{qI� w _V�:XPZvgLqB��[ ^ q w o lR� y _ 4 _uZR[F_+# ^ g ^
` _YC 3�� 7�hkj �B_ w/w _u�B�vX w [ �_

N1Ô *



N1ÔRO
gky _uqL[ wr^ o d \^ [reIXLg ^ o 6 �:X d�d ^�` _Hg a _$#PXPZv_ `ba of_t[ a XVZ g abwf^ ��[ ^P6 XPq ` y _u�I� `ba �1_t[ a XVZ,gLq0# w XVqI� ^ g ^�wf^ ZBX w d _ `@a of_ �[ a XPZ 6 XPq ^ ZB�1X wf^ g ^ o d \^ [feIXLg ^ ocgIqH[ � � ^m~ XPZR[ ^ 3 _ wr` X 6�^ o{[ } q ^�` _YC 3�� 7�hkj gIXPZIZ ^ g abwf^ ��[ ^ d ^ ZR[�_P��� �^ o_uq ;*8 XPZB�:[ a XPZBocg ^ �1X wfw \^1` _t[ a XPZvo } q a orXPZR[��1_ ` �:q ` _ zI`@^ o�_uqBofo a�zIab^ Z �_�[ ^ d ��\^1w _t[fq wr^ �k\^1w X } q"y �_�[ ^ d ��\^�w _u[rq wf^ZIXVZYZRq `@`b^Pl��"^ o w \^ orq ` [f_t[Fo=g ^ ZIXu[ wr^ [ w _ 4 _ ab` ZBXPqBo wr^ ZBg ^ ZR[DgIXPZB�T_Pofo ^ �cXP�L[ a d a o�[ ^T} qB_uZR[ �_ ` _|� ^1wr8 X w d _uZB� ^^ [ ` y _u�I� `ba �1_ zBa@`ba [I\^ g ^|` _YC 3�� 7ihkjml�
_uZBo
qIZ g ^ q ;La��^ d ^24 X `b^ [|g ^ � ^ [{[ ^ [re �^ o ^ ZIXVqBo�_ 4 XVZBoi�1XPZBo a g/\^1w \^ qIZ�_uqL[ wr^ d X�g �^1`b^ � w \^ ��\^ g ^ d�d ^ ZR[\^ [rqBg a \^ �B_ w ��l � ^�w [ w _PZBgTgB_uZBo�or_/[fe �^ o ^ J� ^�w KV�PW d _ a o } q aP` _ a ofor_ a [ ^ ZB�:X wr^=} q ^�`b} q ^ o } q ^ o{[ a XPZvo ^ ZmorqBor� ^ ZBo l3 y ^ o{[�qBZ d XLg �^�`@^ of�Fe�\^ d _u[ a } q ^ \^ #V_ `@^ d ^ ZR[ �_.g ^ q ; Z ab4P^ _uq ; _ 4V^ � z XRo{XVZBo ^ [ 8�^�w d a XPZBo ^ Z a ZR[ ^�w _V��[ a XPZ l�
_uZBo2� ^ d XLg �^1`b^P6�` y a ZR[ ^1w � w \^ [f_u[ a XPZ�gLq > d XLg ^ g ^ � X ` gIo�[fXPZ ^�A �vXRor_ a [ z�^ _PqB�:XVqI�pg ^ � w X zB`��^ d ^ o l � XPqBo_ 4 XVZBo ^ ofof_ � \^ g"y _ d \^1`ba X wr^�wª`b^ o w \^ orq ` [F_t[Fo ^ Z]\^�` _ w # a ofor_PZR[ ` _�C 3 7�hkj��_mg ^ oD�:XVZ Ý #Pq w _u[ a XPZBo �_mg ^ q ;�z XRo{XVZBo ln Z 8 _ a [ 6tab` o�y ^ o�[=_ 4 \^�w \^=} q ^�` y a ZR[ w XLgLqB��[ a XVZ$g ^ � ^ o(�1XPZ Ý #Vq w _t[ a XPZvo �_�g ^ q ;�z XVorXPZBoªZ"y _ } q ^ d _ w # a ZB_ `@^ d ^ ZR[_ d \^�`@a X w \^D` _|o a [fqB_t[ a XVZY�:XPZv� ^1w ZB_PZV[ `b^ d XLg ^�� X ` gIo�[fXPZ ^�^ [D� ^ � aIwf^ o{[ ^ ��XPq w=` y a ZBo{[f_PZR[=qIZY� w X zI`��^ d ^ XPq 4V^1w [gI_PZBo�� ^ d XLg �^�`@^VlL� y a ZR[ w XLgLqB�:[ a XPZHg ^ g ^ q ;*z XRo{XVZBo�_�� ^ � ^ ZBgI_PZR[/� ^1w d a o�g ^
wr^ � w X�gIq a@wf^ qBZ \^ [f_t[�_�ev_uqL[ ^\^ Z ^1w # ab^ _PqBofo a � w \^ o ^ ZR[cgI_uZvo ` _�orX ` qL[ a XPZ ^:; _V��[ ^Vln Z��:XPZv� ` qBo a XPZ 6 ZIXVqBo?� ^ ZBo{XVZBo _ 4 X abw _P�I�vX w [I\^ _ 4V^ �p� ^ [ w _ 4 _ ab` qBZ a Z # w \^ g a@^ ZV[ a d ��X w [f_uZR[�gI_uZBo` y�\^ [f_ zI`@a ofo ^ d ^ ZR[�gky qBZ ^ C 3 7�hkj _ 4P^ �(o � d \^ [ wrab^&zIwra oL\^1^Vl � XPqvo"� ^ ZBorXPZBo�_ a ZBo aP} q ^ ZIXRo w \^ orq ` [F_t[Fo�� ^�w d ^ [r[ ^ ZV[g ^ o1y _t[r[f_ } q ^1wY�_�g ^ o
� w X zI`��^ d ^ oT_ 4P^ ��_u�B�B_ wfa@^ d ^ ZR[ z�^ _PqB�:XVqI� � ` qBo��:X d � `@^1;L^ o } q ^ � ^ q ; [ w _ a [ ^1w gI_uZBo� ^ [{[ ^ [re �^ o ^Vl



� ��� �|�T� � � ��� � �T�

7 j���h �PK 9�� �����	��
�����?J ��lu�=l W 6�� ��� � ����� J GBl W ^ [�� �������iJ�� l W 6������ � 3"! 5 � � 3 6�4 X `<l � ÜVÜPÜI6 N�KP�PK 6 � l NtQ áBl7 ��_ w QtU 9$# ��� ��� �%�&�¸J ~xl W 6�'äj g ^1Ý Z a [ a XPZ X 8 [re ^ o a Z # `b^:� ZRqv� `b^ XPZx��Xu[ ^ ZR[ a _ `�(�6*),+ � � 3 ����� � 3 6(4 X `<lj N�ÔVK 6 N�KRQuU 6 � lBÜVÜ$* � Ü ÔRU l7 � 3 C * Q 9�# ����-��"�&�ÆJ Gvl W 6�. 
/
�0&�"� J �=l ��l W 6.^ [,12����� ���&3�3��&�ÆJ GBlB7ml W 6"' � e ^ X wr� X 8 orqI� ^1w �:XVZBgLqB�:[ a@�4�a [ �4(�6����5� � 3�6%587 3 6I4 X `<l N�UV� 6 N�K * Q 6 � l NPN5Q * ��N Ü UPÔ l7 � ^1w KP� 9�# �&���� ����-�J ��l W 69'�j �I� w X ;La d _u[ a XPZpg ^ om�Iev_Po ^ o�_ ` \^ _t[fX abwr^ o|o ^�` 8�� �:XVZBo a o{[f_PZV[ ^ _u�B� `@a } q�\^�^ �_qIZ d XLg �^�`@^ of�Fe�\^ d _t[ a } q ^ g ^2` _�[fe�\^ X wfa@^ g ^ oT�FeB_ d �Bo (�6%:<;5>= � 2 � 5�? 5 � �A@5 � 5�? 5 �CBED � 2�7 5 � � 2 � ;5F � 
 + ? 5,G%5 � � 
��H?I? 5�! � �
��JLK�6 Z&M � � 3 n �c� � KV�IN�UPK 6 N�KPKP� l7 � n�� OIN 9�# ��
2���"�pJ �$lLnil W 6�NPO �%���|J GBl�jml W ^ [ �,��
%Q�R��"�S�mJ�� lLGvl W 6�)�+ � � 3 ���5� � 3 6�4 X `<l�Ü Ô 6 N�KPOBN 6 � l N l7 � ~ *$* 9�# 
�����J j�l W ^ [UTV
�22�"R��S
���J� l"7|l W 6�: 
 � 3*W � � 3 : 5X?Y? 3�Z 
 � 3\[;2L? 3^]	5 � �C_ 3 6"4 X `<l�á U 6 Z&M�N 6N�K *$*Il7 � h *uá 9�# 
���� J�� l W ^ [�� �����"� Jº� l W 6�'äj �:X `@`b^ �:[ ab4P^ � ^ or� wra �L[ a XPZ¢X 8in�`@^ ��[ w XPZ 1 ZV[ ^1w _P�:[ a XPZBo È'1 1�1�l3 XPq ` X d z 1 ZR[ ^1w _P��[ a XVZBo a Z�_T� ^ # ^ Z ^�w _u[ ^�n=`b^ �:[ w XPZ � _Vo (�6��`��� � 3&6%587 3 6t4 X `<l K ÜL6 N�K *uáB6 � l OVUPK l7 � 7 �PO 9�# R � �bac
��J GBl � h&l W ^ [�d ��0&e �¸J �$l W 6�fA+ 
 � � + =hg � 5 � � � �Cikj � 2 � 5 �	� � � 58= ��l � e ^H~ 1 � � wf^ ofo 6N�KV�PO l7 ��C 3 � UIN 9�# �&���� ����-�J ��l W 6 12����Q���e�J h&l W 6l. � �%��3�� ��m�J �$l W 6 � 
�Q �b�n� �5 J � l W ^ [poUQ�e%�&R��ne�m J GBl W 6
' C ^1`@8�� 3 XVZBo a o{[ ^ ZV[ 7 _PZBgLX d h eB_Vo ^�j �I� w X ;La d _u[ a XPZ a Z�_�of�Fe ^ d _u[ a � Ýv^1` g [fe ^ X wr^ [ a �1_ ` d X �g ^�`*(�6����5� � 3%6%587 3 6B4 X `<l 3 O áB6BÜ UPUBN 6 � l U Ü Ô á UIN l7 3 �
CLKPÔ 9 . �5 ��� �µJ�� l W 6 o �����qo �%� � J �ml W ^ [r1 ��� � �5 ���2
 J ~xl W 6k' �
w XPqBZBg � o�[F_t[ ^ �:X wrwf^1` _t[ a XVZBoz�^1� XVZBg 7�h�js(�6�),+ � � 3 ����� � 3 �|6L4 X `�l * QtK 6 N�KPKuÔ 6 � l N ��N ÜIl7 �T��C 9 ot�&R �b
��¢Jº� l C l W 6 oUQ�e%�&R��ne�mÆJ Gvl W ^ [,12����Q���eÆJ h&l W 6 g �Iu 5wv +"u � 2 �H� 5x? l7 �
��y���UPU 9 ot�&R �b
��{zº� l y l W	|%otQ�e/�&R��8e�m}zL~ l W>|*12����Q���e}z h&l W	|/-���� �/�n�S
%��z n�l ~ l � l W ^ [\������0"
� �b�
z� l W	| '�h�w XP[rXPZ�Z ^ qL[ w XPZ�y ^1`������ XVZBo a o{[ ^ ZV[ � qB_Po a �v_ w [ a � `b^p� _uZvgLX d h eB_Vo ^�j �I� w X � a d _u[ a XPZs a [re a Z.[re ^ . z * W d XLg ^1`*( | ����� � 3�6 5>7 3E|&�PX `�l��l�RÜ | Ü UPUPU"|V� l UuÔVÔ á&�Y�Pl7 � ^�` U � 9 O 
���ot�&RY3��zL~ l W>| � � � 3 ����� � 3A�L! 5 2 v"� 2��>��|"�VX `<l��n� | Üc�c�&� |�� lvÜ5�S�Il7 ����y �Y� 9 otQ�e/�&R��ne�m�zL~ l � |�� �����S����zL~ l�$l����8� 12����Q%��e z h&l � | ' . �1�1qI�"¡ �X¢�£Y¤¥¤ q&¦ z��1w o ¢�¤ y �8§��
�^£c¤ o ¢ o �X�8¤��k��h�j<( |�¨ + �A3 ����� � 3`© 3E|5� £c§<lIj�ª | Ü��Y�c� |�� l�� *$* � �n� *Ll7 � � y � � 9 otQ�e/�&R��ne�m«z¬~ l�� |%d®
�0&e/��z �$l��$�>� 1�����Q���e}zL¯ l�� | ' ���8¤&��w ¡ §�¢ � �S° � w �qB�x± ¤&�1wr� �P¡ wH�rwX�8�1� � £ �x±
�H²"�8£Pwf� ¡ ¤"° o �n§���� � £Y¤ o ¢ o �H�8¤��w� ¯`³ ( | ),+ � � 3 ����� � 3 � |&� £Y§¬´&�RÜ �"| �S�c� �&|�� ´���ª �RÔ �&´7 ��y �Y� 9 otQ�e/�&R��ne�mµzL~ ´ �k�>� 1�����Q���e¶z¬¯ ´ � | ' �%£�· ¡�¸ °&¹ ¡º��¡�¸ ¢ ¡ �H¢E£c¤ ¡ §��X²&�8£ ¸ �I�b£ ¸ � ¯`³ Ò §�¢ ± ��»8£ ¸X¸ �8¼
§ ¡ �H¢E£c¤�¹ ¡ ¤"°I½"¾"»>�H¾ ¡ �H¢E£c¤"¹�( | ),+ � � 3 ����� � 3E|�� £Y§¬´ ³ *&��Ü | �n�c�Y� |�¿ ´ Ô �c� �RÔYÀ Ü5´7 Á�y �"� 9 otQ�e/�&R��ne�mµzL~ ´ �P�>� 12����Q���eµz¬¯ ´ � | ' ��¡c¸ ¢ ¡ �X¢�£Y¤ ¡ §%� ¯`³s¡�¿&¿&¸ £ � ¢ ¦�¡ �H¢E£c¤��b£ ¸ �H²&� ¡ ¤&² ¡�¸X¦ £c¼
¤&¢ÃÂ�¾&�,£Y¹X»>¢E§�§ ¡ �X£ ¸ ( | : � ? 3 �`��� � 3�! 5 � � 3 � |5� £c§Ä´&� | ¤ M Ü�� | �S�c�&� |�¿ ´vÜ Ô Ü�� � Ü Ô á *&´

� Ô ª



� Ô�À � � ��� �
��������� ��� �
7 Á�y �Y� 9 otQ�e/�&R��ne�m zL~ ´����8� 1�����Q���e z¬¯ ´ � | ' y �n§����^£c¤"¹H¢E¹C�H�n¤��9� ¯^³ �b£ ¸ ¹C¾ ¿ � ¸ ½"¾&¢Ã° � � ¸H¦ ¢5¹��5¹C�H� ¦ ¹^( |

���5� � 3%!;5	� � 3�Gk|&� £Y§¬´Iá À ª | �S�c�c� |�¿ ´vÜuáVá � Üuá À ´7 Á�y �Y� 9 otQ�e/�&R��ne�m{zL~ ´��k�8� 1�����Q���e¶z¬¯ ´ � | ' �A²&� y �8§��w�^£Y¤"¹H¢E¹C�H�n¤Y�,� ¯^³ ¢E¤ ¡I¦�¡ ¤�� §�� � �8§ ¿"¡ ¢ ¸ ¢E¤ #¦ £5°5�8§*( | ����� � 3%! 5	� � 3E|5� £Y§¬´ �/Ô � Ô"| �n�Y�c� |�¿ ´��n� Ô � �S� À ´7 � �8¾"�Y� 9 �A�&Q����� z� ´�� | ' Á �n¹X» ¸ ¢ ¿ �H¢E£c¤ ¹H�8§���¼ »8£c¤"¹H¢Ã¹�� ¡ ¤��H� °5�S¹ ½"¾"»>�H¾ ¡ �H¢E£c¤"¹VÂY¾ ¡ ¤��H¢ÃÂ�¾&�n¹�° ¡ ¤"¹V¾&¤¦ £5°���8§E� ¹C¢ ¦t¿ §�� ( |�6 
Xvcv � � �U? 5 � � 
8� 5�? 5�= 
��	 � � 2 � 5 ? 5 �HBED � 2�7 5 � � 2 � ;54? 5�
 � 5 � �cu � 5� � ��+�� � 

? 2 � 5 � � 2 �
� ? 5 � 3^] �x��+ �x_ � K �"� � 2 � + ��? 5 � ] � 245 � � 5 ��),+ � � ;5 
 2 � 5 � ? 5�
 � 5 � �Yu � 5 ����? 2 � v �
� 2 u � 5 �	+ �
���������������������������! �"$#�%��'&)(*���+�,"�� | Ü��c�Y�&´7 � £5»�ác� 9 �^
/��e z � ´ ³ ´�� |.-93 ����� � 3E|�� £c§Ä´&�&� | �n�Vác� |�¿ ´��5Ü��"´7 � � �c� 90/ Q��&Vz ��´��l�>� # R�Q���-%�&RYR zÄy ´�� |�] + � i 3�6%587 3�! 5 � �Ä|5� £c§Ä´$1 | �S�c�Y� |�¿ ´$1c� *5´7 ��¡�¸32�À 9 � ����2���"�rzLÁ ´"�,´�� | � � � � 3 F � = 3 ��� 2 � 3/] �� 3E|"� £Y§¬´ 2�4"| �n� 2�À"|�¿ ´ À �"´7 �
� �Y� ¡ 9 � � � ����
�z �t´ �l�8� # �"�Y��S����z �U´ � ´ � | ' �^£ ¸X¸ �n§ ¡ �H¢E£c¤p�n¤&� ¸65 ��£c���X²&� ¿"¡ ¢ ¸ ¢�¤ 5 ² ¡c¦ ¢E§��H£c¤"¢ ¡ ¤4( |
),+ � � 3 ���5� � 3E|"� £Y§¬´ ³ ��ª�� |�2 �Y�c� |Y¿ ´��n�'1 � ��ª 4 ´7 �
� �Y��7 9 � � � ����
�z �t´��9�>� # �&����S����z �U´ � ´�� | '®� ¿"¡,¡c¿&¿&¸ £ ¡ »x²\�H£ ¸ £c� ¡ �X¢�£Y¤ ¡ §�¹�� ¦t¦ �>� ¸ � ¸ �n¹C�H£ ¸X¡ �H¢E£c¤
¢E¤ ¡ �X² ¸ �n�>¼�§E� � �8§�§E¢ ¿&± ¢E¤ ¦ £5°5�n§*( | �`��� � 3�6%587 3E|&� £Y§¬´��l�"� |$2 �Y�c� |�¿ ´�� 284 1c��ª�´7 ��� �"� 9 � 
 ��� �%�n�&��9 �A�&R�-�� ����zL~ ´ � | ),+ � � 3 ���5� � 3E|"� £Y§¬´ 2cÀ&| �n�Y�&� |�¿ ´ 2':cÀ ´

; �=<�Á$y � 28>\� �����S����zL~ ´ �U´�� |�T ��� � ���%
®zL³ ´ � |�oUQ�e%�&R��ne�m®zL~ ´��2�>� 12����Q���e�z¬¯ ´ � | '@?&¾"§�§A� y �8§���¼ »8£c¤"¹H¢E¹C�H�n¤��
� ¯^³ °5�n¹X» ¸ ¢ ¿ �H¢E£c¤ £c���X²&� ¦�¡ ¤!��§�� � �n§ ¿"¡ ¢ ¸ ¢�¤ 5 ¦ £5°5�n§�( | � � � 
�� �I���5� � 3E|A� £c§Ä´ 2 �Y� |B2 �c� 2&|¿ ´�� À ª ��2 �*1&´

; ~ £c²2ª�� >DC�
%������zFE ´�� | )�+ � � 3 ���5� � 3E|�� £c§Ä´ ³ � :�4"| �n��ª�� |�¿ ´"� : ´
; �HGA� 2�>�� ��- ���%
�3�3}zJI ´ ¯ ´����8� # ��m%� z �U´�� | fA+ 
 � � + = ] � 
 � 2 � � 2 � 
�� : 5 �x� 
 � 2 �	�	´KGl�8¤�L ¡�¦ ¢�¤ |�M �8·

� £ ¸X±2| �n�Y� 2 ´
; � ¯`ÁON � À8>������P0�
� �b� z ?l´ � |%-��V� �%�n�S
/�pzQP ´ ~ ´ � ´�� |�ot�&R �b
��{zLÁ ´ y ´�� |/oUQ�e%�&R��ne�m«zL~ ´ ���>� 1�����Q���e

zL¯ ´�� | ' y �n§���¼C�^£c¤"¹H¢Ã¹��X�8¤��9� ¡ ¤"°5£ ¦ ¯ ² ¡ ¹H� ³P¿&¿&¸ £ � ¢ ¦�¡ �X¢�£Y¤�·w¢��X²&¢E¤\�X²&� EUzQ: � ¦ £5°5�8§ ¡ ¤"°��b� ¸X¦ ¢
� ¸x¡ ¤�¹C¢��H¢E£c¤"¹�( | ),+ � � 3 ����� � 3E|�� £c§Ä´ ³ ��1�ª | �n�c� À&|�¿ ´ 2 � : ´

; I�¡ ¤�� 4�>DR �%��� zL³ ´ < ´ � | ),+ � � 5 

�Ig � 5 � � ��´SGl�8¤�L ¡�¦ ¢�¤ |�M �n· � £ ¸H±2| �n�Y� 4 ´
; I ¢ ¿ �c� >DR���0"e ����zL� ´ ~ ´ � | � � � 3 �`��� � 3A� ) 5UTWV � � _ ��|&� £Y§¬´2� 25| �n�Y�c� |�¿ ´ 4!2�: ´
; I%y�� �&� >DR^
%� � ����-/
�z ��´�� |�12����Q���e zL¯ ´��l�>�HX Q�
�z � ´�� | �`��� � 3�6%587 3E|&� £Y§¬´��l� 4"|�2 �Y�&� |�¿ ´"� 2 �Y1c�"�c´
; M ¢Ã¹	ª�� >DZ �b�8� �Em �%� � z¬y ´�� | � � � � 3Pg � 5 � 3 ���5� � 3E|�� £Y§¬´ :�:5| �n��ª�� |�¿ ´��c� 4 �&´
; M £ 5 � 4�>DZt
 ����� �^z � ´ � | ���5� � 3�6%587 3E|&� £c§Ä´��Y1 4"| �n�Y� 4"|�¿ ´SG�1"�Y1"´

; ¯ � ¯ �,� À�>$-��U� �%�S�S
%�AzQP ´ ~ ´ � ´�� |S-%� ��
�R��&-%
����ba � zL³ ´*?l´S�,´ ���>� ������0"
� �b�Iz ?^´�� | ' y �8§���¼C�^£c¤"¹H¢E¹C�H�n¤��¡ ¤�°U�k�8¤&£ ¸H¦�¡ §E¢ � �n° ¿"¡c¸ �X¢E»8§��8¼ ¿"¡c¸ �X¢E»8§��w� ¯^³ ¢�¤ ¡�y »x²&� ¦�¡ �X¢E» < £�°&�8§�( | ����� � 3"6 5>7 3E|c� £c§Ä´Y� :�À"|
�n�Y� À"|�¿ ´�� À'4 � � � À'4'4 ´

; ¯ �H: ª >,��� ���&��R���z �,´ P ´ �l�8�\[ 
/�2��
/aIzL~ ´ � | � � �� 3 ����� � 3/] � � 3E|&� £c§Ä´ ³ ª�� | �n� : ª |�¿ ´S1 À �Y´
; �=Gw� y � 2�>�d ����� �pzL³ ´�� | # �&��� �����&Q�� z ��´ � | . � ����3�� ��m z �U´ �I�8� 12����Q%��e zL¯ ´�� | ' y �8§���¼ »8£c¤"¹H¢E¹C�H�n¤��

Â�¾ ¡ ¹H¢�¼ ¿"¡c¸ �X¢E»8§�� ¸X¿"¡ �b£ ¸ �X²&�I°&�n¹X» ¸ ¢ ¿ �X¢�£Y¤ £��P¹H¾ ¿ � ¸ ½"¾&¢Ã°r�b� ¸X¦ ¢l¹]�5¹��X� ¦ ¹�( | ���5� � 3l6%587 3E|%� £c§Ä´
�l�c� |�2 �Y� 25|�¿ ´��c� 4 1&� : ´

; �k¢E» ª�� >�d �b��� ����-/�n
%��z �,´�� ´ � | ����� � 3%6%587 3E|&� £c§Ä´2� 4 � | �n��ª�� |�¿ ´�� À ´
; �k£�·k� À8>�d,
��º� zLÁ ´ ~ ´ � | ' P Â�¾ ¡ �X¢�£Y¤"¹�¼ £���¼ ¦ £��X¢�£Y¤ ¦ �>�X²&£5° ¡ ¤"°4�H²&��� � �X�8¤"°&�n°r¹C²"�8§E§ ¦ £�°&�8§A( |%6 5>7 3

: � ? 3 ���5� � 3E|�� £Y§¬´ 4 � | �n�Y� À"|�¿ ´�� : 1 � �S�c�"´



��� �����������
	���
��� � 4 �
; �k£�·�ª�� >�d,
��º�rzLÁ ´ ~ ´ � | ),+ � � 5 

� F � � � 5 � � 2�7 5 : � � 2 �
��´ < �8�H²�¾&�8¤ |�I £Y¤"°5£c¤ | �n��ª��&´
; � y5À � >�d ��� �µzL¯ ´��^�>� 1���Q%��e z¬¯ ´ � |lg � 5 �"+ � � 5 

�,= 
 ����JCu � ? � v � �Yu � 58= ´ y�¿&¸ ¢E¤ 5 � ¸ ¼ � � ¸ § ¡'5"| �n� À �&´

; y ��G I �c� >U12����Q�R�a��{zL� ´ ~ ´ � | . Q �%��
%�sz¬~ ´�� | # �%RY-/
<zJ< ´��t�>� Rl
�� � �%��-%
<z ��´ � | ���5� � 3k!;5	� � 3E|�� £c§Ä´
G 1�ª :5| �n�Y�c� |�¿ ´��c´

; y »x² À � >U12����Q���eVzL¯ ´�� | ' � ¸X¡ ¢��X� ¦ �8¤��^°$��¤ ¡�¦ ¢EÂ�¾&�k°&�n¹`¹]� ¦���>� ¸ ¢E�n¹��!G ¸ ¢Ã¹C¾ ¸ �A�>� ¸ �n¹C� ¡ ¾ ¸x¡ �H¢E£c¤I( |5¨ � � � 5© � � 2 � � J F + � 245t? 5 ���5� � 2�� + 5 ),+ � � ;5 
 2 � 58| �S� À � |�¿ ´ 2 �Y� � 1c� 4 ´
; y5Á ªYª >t12���wQ�2��rzLÁ ´��w�>� o ��0&�2
 O ��-%�&��� � � zL~ ´ � | ' ³ ¹H£c§ ��¡ 7&§E� ¦ £�°&�8§�£c� 7�£�¹C£Y¤ »8£c¤"°&�8¤"¹ ¡ �X¢�£Y¤4( |

),+ � � 3 ���5� � 3 � |&� £c§Ä´ 2�À!25| �n��ªcª |�¿ ´ : � À ��: 1 2 ´
; y5Á�Á �Y� >t1 ��� � �5 ���2
<zJ< ´��U�>� o ��� �<o ��� � zQM ´�� | ' ��¡�¸ ¢ ¡ �H¢E£c¤ ¡ § ¡c¿&¿&¸ £ ¡ »x² �H£r»>£Y§�§E�n»>�H¢ � ��� � »>¢�� ¡ ¼

�H¢E£c¤�¹$( | ���5� � 3�6%587 3E|&� £c§Ä´�� : � | �n�c�Y� |�¿ ´�� 4!2'2 ´
; y&Á �k��ª >t12����Q���e zL¯ ´�� |�otQ�e/�&R��8e�m4zL~ ´����8� d®
�0&e/�ºz �U´ � | ' �A²&� Á ��¹H£c¤��nÂ�¾ ¡ �X¢�£Y¤ ¡c¿&¿&¸ £ ¡ »x²$�X£ ¦�¡ ¤!�

7�£�°$� � ¸ �8�n¤�� ¹w�b¾&¤"»>�H¢E£c¤"¹�( |2! 5 � � + � 5 � � 2�7 5 � 
 ��� 2 � v 
 � 5 �&� 2 � 2 � � 5 � � 
�� 2 �
� 
�� �	+ =\= 5 � � �x���� � �¨ � v 
 � 
�| �S�c��ª5´
; y � ª5� >t12��� ��R�
�� z �U´ �^�>� [ ��� ���PQ�� ��zJ< ´�� | '�� ¤ � �n¹C�H¢ 5Y¡ �H¢E£c¤º£c� 5c¸ £c¾&¤�°º¹�� ¡ �X��»>£ ¸H¸ �8§ ¡ �X¢�£Y¤"¹�¢E¤ ¡ ¤

� � �X�8¤"°5�S° I ¢ ¿&± ¢�¤5¼ < �S¹C² ± £ � ¼ ��§E¢E» ±t¦ £5°5�8§�( | ),+ � � 3 ���5� � 3E|�� £Y§¬´ ³ �S�&� | ¤ M ��1 | �n��ª��Y´
; �A²&£��c� > �,��
%Q�R��"�n��zLÁ ´ ~ ´�� | ),+ � � 3 ����� � 3E|�� £c§Ä´ 2 � | �n�Y�c� |�¿ ´ 2�2': ´
; �`¡c¦ ª 4�> [ ��� ���PQ�� ��zQ< ´ � | � � � � 3Pg � 5 � 3 �`��� � 3E|�� £c§Ä´ :'25| �S��ª 4"|�¿ ´ : 1 À ´



� : � ��� ����������� 	 �� ���





� �����)�� ��
I � ¡c¿&¿&¸ £ � ¢ ¦�¡ �X¢�£Y¤º°5��§ ¡�¿ ² ¡ ¹H� ¡ § �� ¡ �X£c¢ ¸ � ¡ ¾5�H£c¼ »8£c² �� ¸ �n¤��H� z¬y �l� ¯�³ �`�n¹C�^¾&¤"� ¦ ��8�H²&£5°5��ÂY¾"¢ ¿ � ¸X¦ �>�
°�� ¢E¤"»>§E¾ ¸ �®° ¡ ¤"¹t§ ¡ �H² ��n£ ¸ ¢�� °5�®»x² ¡c¦U¿�¦ £8�c�8¤�°5�n¹�»8£ ¸X¸ ��8§ ¡ �H¢E£c¤�¹�° ¡ ¤"¹U§ � ��>� ¡ �U�b£c¤"° ¡�¦ �8¤�� ¡ §w�>��§E�n¹
��>� ¡ �X¹�� � »8¢�� ��n¹n´ P §�§E�t»>£c¤�¹��X¢��X¾&� ¡ §E£ ¸ ¹P¾&¤"� ¦ ��8�H²&£5°5�t°5�U�,� ¿ ��»x² ¡c¦U¿ ¦ £8�c�8¤ ¿ £Y¾ ¸ §��S¹�½"¾"»	�X¾ ¡ �X¢�£Y¤"¹
Â�¾ ¡ ¤��H¢ÃÂY¾"�n¹n´ P §�§E� ¡ § � ¡ ��¡ ¤�� ¡'5 ��°5�\¤&� ¿"¡ ¹ � ¢�£Y§�� ¸ §E� ¿&¸ ¢�¤�»>¢ ¿ �t°5� ¯*¡ ¾&§E¢ | »>£Y¤Y� ¸X¡ ¢ ¸ � ¦ �n¤Y� �¡ § ¡ � ¯�³
¹C� ¡ ¤"° ¡c¸ ° | Â�¾&¢ | �8§E§�� | �n¹C�O7 ¡ ¹ ��8�U¹C¾ ¸ § � ¡c¿&¿&¸ £ � ¢ ¦�¡ �X¢�£Y¤4°5¢��H��°5��Â�¾ ¡ ¹H¢�¼F7�£Y¹H£c¤"¹n´ Á � ¿ §E¾"¹ | § ¡ y �l� ¯�³
¿ �8¾&����>� ¸ ���b£ ¸X¦ ¾"§ ��n� �¡U¿"¡c¸ �X¢ ¸ °�� ¾&¤ ¿&¸ ¢E¤"»>¢ ¿ � ��¡c¸ ¢ ¡ �X¢�£Y¤&¤&�8§Ä´
M £c¾"¹ ¿&¸ ��n¹H�8¤��H£Y¤"¹®§ ¡ ¦���>�X²&£5°5� y �l� ¯�³ ¿ £c¾ ¸ § ¡ °5�n¹X» ¸ ¢ ¿ �H¢E£c¤¥°5��§ ¡ ¹C¾ ¿ � ¸ ½"¾&¢Ã°5¢�� ���° ¡ ¤"¹ §E�n¹

¹]�5¹��Y�� ¦ �S¹^°5�P�b� ¸X¦ ¢�£Y¤"¹l�8¤º¾5�X¢�§E¢Ã¹ ¡ ¤Y�w¹ ¡�� � ¸ ¹H¢E£c¤ � ¾ ¡ ¹C¢�¼ ¿�¡�¸ �H¢Ã»>¾&§E� z¬y � � � ¯�³ �>´ �P¤&� ��>�X¾"°5�$° ��>� ¡ ¢E§�§ ��n�
°&��§ ¡ � ¸x¡ ¤"¹H¢��X¢�£Y¤�°5� ¿ ² ¡ ¹H�I¤&£ ¸H¦�¡ §����¹H¾ ¿ � ¸ ½�¾&¢E°&� ¡ ¢E¤"¹H¢wÂY¾"�I¾&¤"� °&¢E¹X»>¾"¹X¹H¢�£Y¤�°5¾ ¦ £5°5� ¦ £c¾�Â�¾&¢
�n¤"»>§E�8¤�»x²&�\§ ¡ 7 ¸ ¢Ã¹C¾ ¸ ��°&�\¹]� ¦ ��8� ¸ ¢���¤&£ ¦ 7 ¸ �U°5� ¿�¡�¸ �H¢Ã»>¾&§E�n¹�¹C£Y¤�� ¿&¸ ��n¹H�8¤�� ��8�S¹8´��^£ ¦U¦ � ¡�¿&¿ §E¢Ã» ¡ �X¢�£Y¤ |
¤"£c¾"¹ ¡ � £Y¤"¹$� ¸X¡ ¢�� ��º§E� ¦ £5° ��n§��p°�� ¡c¿&¿"¡�¸ ¢E� ¦ �8¤�� �¡ °5�8¾ � ¤"¢ � � ¡ ¾ � Â�¾&¢l�n¹C�t¾&¤ ¦ £5° ��n§��º� �&¡ »	�X� ¦ �8¤��
¹H£c§E¾$7&§E�c´ Á �n¹�7�£c¤"¹ ¸ ��S¹C¾&§�� ¡ �X¹l¹C£Y¤��l£�75�H�n¤�¾�¹^�n¤I»8£ ¦t¿"¡�¸x¡ ¢Ã¹H£c¤ ¡ � �n»k§E�n¹ ¸ ��n¹H¾&§�� ¡ �X¹^� �&¡ »>�X¹n´ I%¡ ¤ ¡ �H¾ ¸ �
°&¾ ¦ £5°5�\¹ ¿ ¾ ¸ ¢��n¾ � ° ¡ ¤�¹k§ ¡Iy � � � ¯�³ �n¹C��¢Ã°5�8¤��X¢�� ��8�c´ �k¤&�\�b£ ¸ �H� ¸ ��S°5¾"»>�H¢E£c¤�°5�\§ ¡ ½"¾"»	�X¾ ¡ �X¢�£Y¤4°5¾
¤"£ ¦ 7 ¸ �,�X£�� ¡ §9°5� ¿"¡c¸ �X¢E»8¾&§��S¹P° ¡ ¤"¹k§ ¡py � � � ¯�³¥¿"¡c¸P¸x¡�¿&¿ £ ¸ � �¡ § ¡�¦���>�X²&£5°5� Gk� y �n¹C� ��8� ¡ 7&§�¢E�c´ I�¡
� ¸X¡ ¤"¹H¢��X¢�£Y¤U°5�A§ ¡�¿ ² ¡ ¹H�w¹C¾ ¿ � ¸ ½"¾"¢E°5�D�¡ § ¡P¿ ² ¡ ¹H�l¤"£ ¸X¦t¡ §��l�n¹C��¹C£Y¢ 5 ¤&�8¾�¹C� ¦ �n¤�� ��8�H¾"°&¢ ��n�c´ �k¤"�l¤"£c¾ � �8§E§��¦ ��8�H²&£5°5��°&�$» ¡ §Ã»>¾&§�°&�n¹w¤&£ ¦ 7 ¸ �n¹A° � £5»8»8¾ ¿"¡ �X¢�£Y¤ �n¹C� ¿"¸ ��S¹C�n¤�� ��n�c´
I �\¹H¾"»8»���n¹k°&�\§ ¡º¦ ��8�H²&£5°5� y � � � ¯�³ �S¹�� ¡ ¾"¹X¹H¢ ¿&¸ ��S¹C�n¤Y�P° ¡ ¤"¹�§��t» ¡ ¹P° � ¾&¤ ¦ £5° ��8§E� ¦���8§ ¡ ¤ 5 � ¡ ¤��

�b� ¸H¦ ¢E£c¤"¹��>�07�£�¹C£Y¤"¹$�H�n§lÂ�¾&�p§�� ¦ £5° ��n§��º°&� Á�¡ ¼ ¯�¸ £ � ¢Ã°5�n¤"»>¢ ¡ ¼ y »x² �¾5�H�H�Y´ � §^¹H¾$7"¹H¢E¹C�H�p»8� ¿ �8¤"° ¡ ¤���¾&¤¿"¸ £�7&§Q�� ¦ ��»8£c¤"»8� ¸ ¤ ¡ ¤��w§E� ¦ £5°5��¹ ¿ ¾ ¸ ¢��n¾ � Â�¾&¢�°&£c¢�����>� ¸ �$�8¤"»8£ ¸ � ¡c¿&¿&¸ £��b£Y¤"°5¢Ä´Á�¡ ¤"¹k§���» ¡ ¹w°5¾ ¦ £5° ��n§��,°5�,§ ¡ ¹ ��8¤&¢E£ ¸ ¢�� �� | £c¤ ¦ £c¤�� ¸ �,Â�¾&��§ ¡U¦���>�H²"£�°&� y � � � ¯�³}¿ � ¸X¦ �8�P° � ¾&¤&�¦�¡ ¤&¢Q�� ¸ ��¤ ¡ �H¾ ¸ �8§E§��U°5� ¸ �S¹�� ¡ ¾ ¸ � ¸ § ¡ ¹�� ¦���>� ¸ ¢E� z ¤&£ ¦ 7 ¸ �\°5� ¿"¡�¸ �H¢Ã»>¾"§��S¹X�K7 ¸ ¢Ã¹ ��8� ¡ ¾4¤&¢ � � ¡ ¾4°&�\§ � ¡c¿ ¼¿"¸ £ � ¢ ¦t¡ �H¢E£c¤�°5�U»x² ¡�¦t¿�¦ £8�Y�8¤�´��^�n»>¢/�n¹C� ¸ �� ¡ §E¢E¹ �� ¿"¡�¸ § � ¢E¤Y� ¸ £5°5¾�»	�H¢E£c¤ ° � ¾"¤4¹C�S»>£Y¤"° ¿"¡c¸X¡c¦ ��>� ¸ �,°5�
I%¡�5Y¸X¡ ¤ 5 ��ÂY¾"¢�� � �$§ ¡���¡c¸ ¢ ¡ ¤"»8��°5�$§ � £ ¿��� ¸X¡ �H�8¾ ¸ °5�,¹]� ¦ ��8� ¸ ¢�� �¡ � �� ¸ £"´5�^�>�H�H�,» ¡c¸X¡ »	� �� ¸ ¢E¹C�H¢ÃÂ�¾&�k¢ ¦U¿ £ ¸ ¼
� ¡ ¤��H��°&�,§ ¡U¦���>�X²&£5°5� y � � � ¯�³ �n¹C�P¹H¢ 5 ¤ ¡ § ��8� ¿ £Y¾ ¸ § ¡U¿&¸ � ¦ ¢Q�� ¸ ���b£c¢Ã¹n´
�  	"�/�	� � �����
�¯`¸ £�7&§Q�� ¦ � �¡ M »>£ ¸H¿ ¹ |�³P¿&¿&¸ £ � ¢ ¦�¡ �X¢�£Y¤ °5�I»x² ¡�¦t¿r¦ £8�c�8¤ | � ¯�³�| � ¾ ¡ ¹H¢�¼ ¿"¡c¸ �X¢E»8¾&§��
� ¯�³{¡ ¾5�H£c¼ »8£c² �� ¸ �n¤��H� |�y ¾ ¿ � ¸ ½"¾&¢Ã°5¢�� ��P¤�¾"»8§ �� ¡ ¢ ¸ � | �k�n¹C� ¡ ¾ ¸X¡ �H¢E£c¤º°5�$¹�� ¦ ��8� ¸ ¢�� | � ¸X¡ ¤"¹C¢��H¢E£c¤º°&� ¿ ² ¡ ¹H� |
< £�° ��8§E�4° � ¡�¿&¿�¡�¸ ¢�� ¦ �n¤�� �¡ °5�8¾ � ¤"¢ � � ¡ ¾ �2|B< £5°���8§E�4°5�4§ ¡ ¹ ��n¤&¢�£ ¸ ¢�� �� | < £5° ��n§�� 7�£Y¹H£c¤&¼¬�b� ¸H¦ ¢E£c¤ °5�Á�¡ ¼ ¯�¸ £ � ¢E°&�8¤"»8¢ ¡ ¼ y »x² �¾5�C�X�c´ �� ��	 ����� 	
�A²"� y �n§���¼ »>£Y¤"¹H¢E¹C�H�n¤Y� ¸X¡ ¤"°5£ ¦ ¿ ² ¡ ¹H� ¡�¿"¿&¸ £ � ¢ ¦�¡ �H¢E£c¤ zÄy �l� ¯�³ �p¢Ã¹ ¡V¦ �>�H²"£�°µ·w²&¢E»x² ¡ §E§�£�·k¹º�H£
¢E¤"»8§�¾"°&�\¢E¤®�H²"� ¦ � ¡ ¤��"�8§Ã°®�X²&�8£ ¸ �I�H²"�\»>£ ¸H¸ �8§ ¡ �X¢�£Y¤"¹w¢E¤®�H²"� 5Y¸ £Y¾&¤"°&¹C� ¡ �H� ¡ ¤"°��H²&�U� � »8¢��X�n°�¹C� ¡ �H�n¹n´
� �t�X²&�8¤�»>£c¤�¹��X¢��X¾5�H�S¹ ¡�¦ �>�X²&£5°V£c�k�H²&� ¦ � ¡ ¤��"�n§E°��,� ¿ ���b£ ¸ Â�¾ ¡ ¤��H¾ ¦ ½"¾"»	�X¾ ¡ �X¢�£Y¤"¹n´ � ��² ¡ ¹��X²&�¡ ° ��¡ ¤�� ¡'5 �\�H£ ¸ �n¹ ¿ �S»	�$�H²&� ¯*¡ ¾&§E¢ ¿"¸ ¢E¤"»>¢ ¿ §E� | »8£c¤�� ¸x¡�¸ � �H£��H²"�t¹C� ¡ ¤"° ¡c¸ ° � ¯�³ ·w²&¢Ã»x² ¢Ã¹�7 ¡ ¹H�n° £c¤¡ ¤ ¡c¿&¿&¸ £ � ¢ ¦�¡ �X¢�£Y¤ ± ¤"£�·w¤ ¡ ¹lÂ�¾ ¡ ¹H¢�¼�7�£Y¹H£c¤"¹n´�?"¾ ¸ �X²&� ¸X¦ £ ¸ � | �H²&� y �l� ¯�³ » ¡ ¤ 7��P�b£ ¸H¦ ¾&§ ¡ �H�S°t� ¸ £ ¦¡t��¡c¸ ¢ ¡ �X¢�£Y¤&¤ ¡ § ¿&¸ ¢E¤"»>¢ ¿ §E�c´
� � ¿&¸ �n¹H�8¤����H²&� y �l� ¯�³s¦ �>�H²"£�°��b£ ¸ �H²&�t°5�S¹H» ¸ ¢ ¿ �H¢E£c¤4£��`¹H¾ ¿ � ¸ ½�¾&¢E° ?&� ¸H¦ ¢*¹��5¹C�H� ¦ ¹ 7�� ¾"¹C¢E¤ 5

¢��X¹ � ¾ ¡ ¹C¢�¼ ¿�¡�¸ �H¢Ã»>§E� � � ¸ ¹C¢E£c¤ z¬y � � � ¯�³ �>´ ³ °&�>� ¡ ¢�§E�n° ¹C�H¾�°���£c�$�H²&�4� ¸x¡ ¤"¹H¢��X¢�£Y¤�� ¸ £ ¦ ¤&£ ¸H¦�¡ §w�H£
¹H¾ ¿ � ¸ ½"¾&¢Ã° ¿ ² ¡ ¹H� ¡ ¹�·^�n§�§ ¡ ¹ ¡ °5¢Ã¹H»8¾"¹X¹C¢E£c¤ £c�w�H²&��¹C£c��� ¦ £5°5�p·w²&¢Ã»x² 5 �8¤&� ¸X¡ �H�n¹ 7 ¸ � ¡�± ¢E¤ 5 £��w�X²&�¿�¡�¸ �H¢Ã»>§E�U¤�¾ ¦ 7�� ¸ ¹�� ¦t¦ �>� ¸ � ¡�¸ � ¿"¸ �S¹C�n¤Y�X�n°�´ ³ ¹ ¡ ¤ ¡c¿&¿ §E¢E» ¡ �X¢�£Y¤ | ·^�U� ¸ � ¡ ���X²&�U��·^£c¼Ä§E� � �8§ ¿"¡ ¢ ¸ ¢�¤ 5¦ £5°5�n§�·w²&¢Ã»x²�¢Ã¹ ¡ ¤�� �&¡ »	�X§ �I¹C£Y§�¾$7"§�� ¦ £5°5�8§Ä´	��£�£5° ¸ �n¹H¾&§��X¹ ¡c¸ �$£'7&� ¡ ¢E¤&�S°I¢E¤®»>£ ¦U¿�¡�¸ ¢E¹H£c¤I·w¢��X²I�X²&�
� �&¡ »	�l£c¤&�S¹8´ �A²&��¤ ¡ �X¾ ¸ �P£����H²"��¹ ¿ ¾ ¸ ¢�£Y¾"¹ ¦ £5°5��¢�¤ y � � � ¯�³ ¢Ã¹`¢Ã°5�n¤Y�X¢����n°�´ ³ ¹C� ¸ £c¤ 5�¸ �S°5¾"»>�H¢E£c¤º£c�
�X²&��¤�¾ ¦ 7�� ¸ ½"¾"»>�H¾ ¡ �H¢E£c¤ ¢�¤��X²&� y � � � ¯�³}� ¹KGk� yI¦ �>�H²"£�°�¢Ã¹w�n¹C� ¡ 7&§E¢E¹H²&�n°�´ �A²&�$� ¸x¡ ¤�¹C¢��H¢E£c¤I� ¸ £ ¦
¹H¾ ¿ � ¸ ½"¾&¢Ã°5¢��,���X£$�H²&�k¤"£ ¸X¦t¡ §5½"¾&¢Ã° ¿ ² ¡ ¹C�A¢Ã¹`» ¡�¸ �>�b¾&§E§ �U¹��X¾"°5¢E�n°�´ ³ ¤&�8· ¦ �>�X²&£5°U�b£ ¸ �X²&�k» ¡ §E»8¾&§ ¡ �H¢E£c¤
£c�%�X²&�,£5»8»8¾ ¿"¡ �X¢�£Y¤I¤�¾ ¦ 7�� ¸ ¹A¢Ã¹ ¿&¸ �n¹H�8¤��X�n°�´
�A²&��¹H¾"»8»8�n¹X¹�£��`�X²&� y � � � ¯�³<¦ �>�X²&£5° ¢E¹ ¡ §E¹H£ ¿"¸ �S¹C�n¤Y�,¢E¤4�X²&�º» ¡ ¹C�U£�� ¡�¦ £5°5�n§�·w²&¢Ã»x² ¦ ¢ � �n¹

�b� ¸H¦ ¢E£c¤"¹ ¡ ¤�° 7�£�¹C£Y¤"¹`¹H¾"»x² ¡ ¹*�H²"� Á�¡ ¼ ¯�¸ £ � ¢Ã°5�n¤"»>¢ ¡ ¼ y »x² �¾5�H�H� ¦ £5°5�8§Ä´ �A²"� ¸ �k¢E¹^²&£�·l� � � ¸`¡,¿"¸ £�7&§�� ¦
»8£c¤"»8� ¸ ¤&¢E¤ 5 �H²&��¹ ¿ ¾ ¸ ¢�£Y¾"¹ ¦ £�°&�,·w²&¢E»x²®¹H²&£c¾"§E° 7���¹C�H¢E§E§�¢�¤ � �n¹C�H¢ 5Y¡ �X�n°�´
� ¤\�H²&�k» ¡ ¹H�^£c���X²&�w¹C�n¤&¢E£ ¸ ¢��,� ¦ £5°5�n§ | £Y¤&�w¹C²&£�·k¹%�X² ¡ �*�X²&� y � � � ¯�³�¦ �>�X²&£5° ¡ §�§E£�·k¹/¢�¤ ¡ ¤ ¡ �X¾ ¸x¡ §

· ¡ � �H£ ¸ �n¹C�H£ ¸ � ¡®¿"¡c¸ �X¢E»8§��p¤�¾ ¦ 7�� ¸ ¹]� ¦t¦ �8� ¸ � ¹ ¿ £c¤�� ¡ ¤&�8£Y¾"¹C§A� 7 ¸ £ ± �8¤ ¡ ���H²&� ¦ � ¡ ¤��"�n§E°�§�� � �8§Ä´
�A²"¢E¹�¢Ã¹ ¡ »x²"¢�� � �n° � ¢ ¡ �X²&��¢E¤�� ¸ £�°&¾"»	�X¢�£Y¤�£�� ¡ ¹C�S»>£c¤�° I�¡�5Y¸X¡ ¤ 5 � ¿�¡�¸x¡�¦ �>�X� ¸ ·w²"¢E»x²4»8£c¤"¹C� ¸x¡ ¢E¤"¹A�X²&���¡c¸ ¢ ¡ ¤"»8�P£c���H²&�$¹]� ¦t¦ �>� ¸ �t£ ¿ � ¸X¡ �H£ ¸ �H£ � � ¸ £�´ �A²&¢Ã¹l¢ ¦t¿ £ ¸ � ¡ ¤Y�^�b� ¡ �H¾ ¸ ��£c���H²&� y � � � ¯�³µ¦ �>�X²&£5° |
¢Ã¹ ¿ £c¢E¤��H�n°�£Y¾5�A�b£ ¸ �H²"��� ¸ ¹C�w�H¢ ¦ �c´
�$����� �������
 <�¡ ¤!��¼�7�£5°�� ¿&¸ £'7&§E� ¦ | < � ¡ ¤&¼��"�n§E° ¡c¿&¿&¸ £ � ¢ ¦�¡ �X¢�£Y¤ | � ¯�³�|/y �n§���¼ »>£Y¤"¹C¢Ã¹C�H�8¤�� � ¾ ¡ ¹H¢�¼¿�¡�¸ �H¢Ã»>§E�$� ¯�³�|�M ¾"»>§E� ¡c¸ ¹H¾ ¿ � ¸ ½"¾&¢Ã°5¢��,� |�y � ¦t¦ �>� ¸ � ¸ �n¹C�H£ ¸X¡ �H¢E£c¤ |5¯ ² ¡ ¹H�P� ¸X¡ ¤"¹H¢��X¢�£Y¤ | �A·^£c¼Ä§E� � �8§ ¿"¡ ¢�¼¸ ¢E¤ 5t¦ £5°5�n§ |�y �8¤&¢E£ ¸ ¢��,� ¦ £�°&�8§ |"Á�¡ ¼ ¯`¸ £ � ¢Ã°5�8¤�»>¢ ¡ ¼ y »x² �¾5�H�H�=7�£Y¹H£c¤&¼¬�b� ¸H¦ ¢E£c¤ ¦ £5°5�n§¬´


